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ʋɼʂ 621+614.842  
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ʅʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ: ʩʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ 

XVI  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʀʚʘʥʦʚʦ, 17 ʘʧʨʝʣʷ 

2025 ʛ. ï ʀʚʘʥʦʚʦ : ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ 

ʄʏʉ ʈʦʩʩʠʠ, 2025. ï 480 ʩ. ï ISBN 978-5-907492-79-0 

 

 

ɺ ʩʙʦʨʥʠʢʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʚʳʩʪʫʧʣʝʥʠʡ ʠ ʩʪʘʪʴʠ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ, 

ʦʪʨʘʞʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ; ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; ʧʨʦʙʣʝʤʳ ʠʟʥʦʩʘ ʚ ʤʘʰʠʥʘʭ ʠ ʤʝʭʘʥʠʟʤʘʭ; ʧʝʜʘʛʦʛʠʢʘ ʠ ʤʝʪʦ-

ʜʦʣʦʛʠʷ ʦʙʱʝʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʞʘʨʥʳʭ ʠ ʩʧʘʩʘʪʝʣʝʡ. 

ʄʘʪʝʨʠʘʣʳ ʩʙʦʨʥʠʢʘ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʥʘʫʯʥʳʭ ʠ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ, ʘʜʲʶʥʢʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʢʫʨʩʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ, ʟʘʥʠ-

ʤʘʶʱʠʭʩʷ ʚʦʧʨʦʩʘʤʠ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʠ ʤʦ-

ʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ, ʥʘʫʯʥʦʡ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ. 

The collection contains materials of speeches and articles by conference participants reflect-

ing the results of scientific research in the following areas: improving the reliability and durability 

of parts, mechanisms, aggregates, machines; current problems of calculating and designing ma-

chines and mechanisms; modeling, control, automation of mechanical system design; problems of 

wear in machines and mechanisms; pedagogy and methodology of general and special training of 

firefighters and rescuers. 

The materials of the conference collection are intended for a wide range of scientific and en-

gineering-technical workers, adjuncts, graduate students, cadets and students involved in improving 

the reliability and durability of machines and mechanisms, and can be used to improve practical, 

scientific and educational activities. 
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FOXINJ 1.3 UNIVERSAL FUEL INJECTION SYSTEM  
 

Abstract:  The article describes the development of the universal fuel injection system, 

which was developed in connection with the problems of carburetor engines, as well as further 

development in this area is proposed. 

Keywords: carburetor, injection system, fuel, engine, injection system. 
 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʧʨʳʩʢʘ ʥʘ ʙʘʟʝ ʧʣʘʪʳ ɸʨʜʫʠʥʦ, ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʨʘ ATMEGA 328P ʧʦʣʫʯʠʣʘ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ. 

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʧʨʳʩʢʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ 2020 ʛ, ʧʦʣʫʯʠʣʘ 

ʧʨʦʜʦʣʞʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʙʦʪʳ, ʚ 2023 ʛʦʜʫ ʧʦʷʚʠʣʘʩʴ ʚʝʨʩʠʷ V1.2, ʘ ʚ 2024 

ʛʦʜʫ ʝʡ ʥʘ ʩʤʝʥʫ ʜʦʣʞʥʘ ʙʳʣʘ ʚʩʪʘʪʴ ʚʝʨʩʠʷ V2 ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ 

ʠʟʤʝʥʝʥʠʷ:  

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ CDI ʟʘʞʠʛʘʥʠʷʤ ʧʦ ʩʨʝʜʩʪʚʘʤ ʩʥʷʪʠʷ ʩʠʛʥʘʣʘ ʩ 

ʜʘʪʯʠʢʘ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʮʠʬʨʦʚʦʡ ʩ 

ʧʦʤʦʱʴʶ ɸʎʇ (ʨʠʩ. 1).  

- ʥʦʚʳʡ ʨʘʟʲʸʤ ʧʠʪʘʥʠʷ  

- ʯʪʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʭʦʣʣʘ  
  

 
ʈʠʩ. 1. ɸʎʇ  
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ʀʩʧʳʪʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚʝʩʥʦʡ 2024 ʛʦʜʘ, ʚʳʷʚʠʣʠ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ:  

- ʥʝʢʦʨʨʝʢʪʥʘʷ ʨʘʙʦʪʳ ɸʎʇ ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʢʘʯʝʩʪʚʝʥʥʳʤʠ ʜʝʪʘʣʷʤʠ ʥʘ ʨʳʥʢʝ 

- ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʧʣʘʪʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʦʩʪʦʩʪʨʦʝʥʠʝ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʣʘʪʳ 

V2 ʥʝ ʷʚʣʷʝʪʩʷ ʫʜʘʯʥʳʤ, ʥʝʦʙʭʦʜʠʤʦ ʜʨʫʛʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʚ 

ʩʪʦʨʦʥʫ ʜʦʨʘʙʦʪʢʠ ʚʝʨʩʠʠ V1.  

ʇʣʘʪʘ V1.3 (ʨʠʩ. 2) ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʚ ʤʘʝ 2024 ʛʦʜʘ, ʧʦʣʫʯʠʚ ʤʝʥʴʰʠʡ 

ʨʘʟʤʝʨ ʚ ʦʪʣʠʯʠʝ ʦʪ V1.2 ʠ V2.  

ʅʘ ʦʩʥʦʚʝ ʚʝʨʩʠʠ V1.2 ʧʣʘʪʘ V1.3 ʜʦʧʦʣʥʠʣʘʩʴ ʩʣʝʜʫʶʱʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ:  

- ʠʥʘʷ ʣʦʛʠʢʘ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʢʘʪʫʰʢʠ ʟʘʞʠʛʘʥʠʷ; 

- ʦʧʪʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʬʦʨʩʫʥʦʢ;  

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʣʦʛʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ ʭʦʣʣʘ; 

- ʦʪʢʘʟ ʦʪ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ; 

- ʠʟʤʝʥʝʥʠʷ ʧʠʪʘʥʠʷ; 

- ʚʳʧʫʩʢ ʚ ʨʘʟʤʝʨʘʭ FAT ʠ MINI ;  

- ʛʝʨʤʝʪʠʯʥʳʡ ʢʦʨʧʫʩ. 

ʆʪʣʠʯʠʝ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʢʘʪʫʰʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ, ʝʩʣʠ ʥʘ 

ʧʝʨʚʳʭ ʚʝʨʩʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 12V ʤʦʤʝʥʪ ʟʘʨʷʜʢʠ, ʪʦ ʩʝʡʯʘʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʠʢ 

ʟʘʨʦʞʜʝʥʠʷ ʠʩʢʨʳ ʩʚʳʰʝ 24V (ʨʠʩ. 3), ʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʩʥʠʤʘʪʴ ʩʠʛʥʘʣ ʩ 

ʢʘʪʫʰʝʢ ʟʘʞʠʛʘʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʠʩʪʝʤʘʭ CDI. 

ɺ ʥʦʚʦʤ ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʪʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʯʝʨʝʟ 

ʩʪʘʙʠʣʠʪʨʦʥ ʩ ʦʪʩʝʯʝʥʠʷ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʧʦʤʝʭ (ʨʠʩ. 4).  
 

  
ʈʠʩ. 2. ʇʣʘʪʘ V1.3 

 

ʈʠʩ. 3. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʨʘʙʦʪʳ ʢʘʪʫʰʢʠ 

ʟʘʞʠʛʘʥʠʷ 

 

 

ʈʠʩ. 4. ʆʧʪʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ  



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚʝʨʩʠʠ V1.2 ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʯʘʩʪʠʯʥʳʝ ʧʦʤʝʭʠ, ʠʜʫʱʠʝ ʦʪ 

ʩʠʣʦʚʳʭ ʤʦʩʬʝʪʦʚ, ʵʪʦ ʩʚʷʟʥʦ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʝʡ, ʧʦʷʚʣʷʶʱʝʡʩʷ ʚʦ 

ʚʨʝʤʷ ʟʘʢʨʳʪʠʷ ʬʦʨʩʫʥʢʠ. ʏʪʦ ʙʳ ʠʟʙʝʞʘʪʴ ʠʥʜʫʢʮʠʦʥʥʳʭ ʧʦʤʝʭ, ʦʢʦʣʦ ʬʦʨʩʫʥʦʢ 

ʙʳʣ ʜʦʙʘʚʣʝʥ ʜʠʦʜ HER306, ʘ ʩʘʤʠ ʤʦʩʬʝʪʳ ʧʦʣʫʯʠʣʠ ʦʧʪʠʯʝʩʢʫʶ ʨʘʟʚʷʟʢʫ PC817.  

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʘ ʭʦʣʣʘ ʜʦʙʘʚʠʣʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʪʘʢʠʝ 

ʢʘʢ: ʨʘʙʦʪʘ ʚ ʩʠʩʪʝʤʘʭ ʙʝʟ ʩʯʠʪʳʚʘʥʠʷ ʩʠʛʥʘʣʘ ʢʘʪʫʰʢʠ ʠ ʬʘʟʠʨʦʚʘʥʥʳʡ ʚʧʨʳʩʢ 

ʪʦʧʣʠʚʘ ʚ ʩʣʫʯʘʝ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʘ ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʚʘʣ. 

ʆʪʢʘʟ ʦʪ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʦʩʥʦʚʘʥ ʩʣʝʜʫʶʱʠʤ:  

-ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ; 

-ʠʟʣʠʰʥʠʝ ʧʨʦʚʦʜʘ; 

-ʩʣʦʞʥʦʩʪʴ ʚ ʥʘʩʪʨʦʡʢʠ.  

ʅʘ ʩʤʝʥʫ ʜʘʪʯʠʢʫ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʰʣʘ ʢʥʦʧʢʘ ʦʙʦʛʘʱʝʥʠʷ, ʠʟʥʘʯʘʣʴʥʦ ʩʠ-

ʩʪʝʤʘ ʩʦʟʜʘʚʘʣʘʩʴ ʢʘʢ ʵʤʫʣʷʪʦʨ ʢʘʨʙʶʨʘʪʦʨʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢ-

ʪʨʦʥʠʢʠ, ʢʥʦʧʢʘ ʦʙʦʛʘʱʝʥʠʷ ʢʦʧʠʨʫʝʪ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʨʳʯʘʛʘ çchokeè ʥʘ ʢʘʨʙʶʨʘ-

ʪʦʨʝ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʨʝʰʘʝʪʩʷ ʫʩʪʘʥʦʚ-

ʢʦʡ ʪʝʨʤʦʨʠʟʠʩʪʦʨʥʦʛʦ ʤʦʜʫʣʷ ʩ ʥʘʩʪʨʦʡʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʘʙʘʪʳʚʘʥʠʷ. 

ʇʠʪʘʥʠʝ ʧʨʦʮʝʩʩʦʨʘ ʪʘʢ ʞʝ ʧʨʝʪʝʨʧʝʣʦ ʠʟʤʝʥʝʥʠʷ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʛʨʝʚʘ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ CV7805 ʚ ʩʭʝʤʫ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʜʠʦʜʳ ʩ 

ʧʘʜʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ 0.9V. 

ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʧʣʘʪʳ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʛʝʨʤʝʪʠʯʥʦʛʦ 

ʢʦʨʧʫʩʘ (ʨʠʩ. 5) ʚ 2 ʚʘʨʠʘʮʠʷʭ, ʨʘʟʤʝʨ FAT ʠ MINI  ʦʪʣʠʯʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ:  

-FAT ʛʘʙʘʨʠʪʳ ʜʣʠʥʥʘ 68ʤʤ ʚʳʩʦʪʘ 34 ʤʤ ʰʠʨʠʥʘ 49 ʤʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʥʳ 

ʧʨʦʮʝʩʩʦʨʘ. 

-MINI  ʛʘʙʘʨʠʪʳ ʜʣʠʥʥʘ 68ʤʤ ʚʳʩʦʪʘ 25 ʤʤ ʰʠʨʠʥʘ 49 ʤʤ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʤʝʥʳ ʧʨʦʮʝʩʩʦʨʘ ʙʝʟ ʧʘʡʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. 

 

 
ʈʠʩ. 5. ɺʘʨʠʘʥʪʳ ʢʦʨʧʫʩʘ V1.3 

 

 

ʀʪʦʛʦʤ ʨʘʙʦʪʳ ʩʪʘʣʦ ʫʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤʳ ʚʧʨʳʩʢʘ ʥʘ ʤʦʪʦʮʠʢʣ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʜ ʤʘʨʢʦʡ FCT MOTO, ʜʘʥʥʳʡ ʤʦʪʦʮʠʢʣ ʧʨʦʰʝʣ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʠʩʧʳʪʘʥʠʷ ʠ ʩʝʨʪʠʬʠʢʘʮʠʶ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʧʫʱʝʥ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʜʦʨʦʛʘʭ ʦʙʱʝʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ. 

ɼʘʣʴʥʝʡʰʠʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʣʫʯʝʥʠʝ ʧʨʦʩʪʦʛʦ ʠ 

ʥʘʜʝʞʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʠʟʫʯʝʥʠʝ ʨʳʥʢʘ ʧʦʭʦʞʠʭ ʩʠʩʪʝʤ ʫʩʪʘʥʦʚʠʣʦ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʨʘʤʢʠ ʚ ʥʘʟʥʘʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʣʠ ʜʦʩʪʫʧʥʳʭ ʚ 

ʧʨʦʜʘʞʝ ʢʦʤʧʦʥʝʥʪʦʚ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʚʳʩʦʢʦ ʨʝʤʦʥʪʘ ʧʨʠʛʦʜʥʦʡ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʫʩʪʘʥʦʚʢʘ ʠ ʠʩʧʳʪʘʥʠʝ ʩʠʩʪʝʤʳ ʩ ʜʠʟʝʣʴʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ.   



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʀ ʇʈʆɹʃɽʄʓ ʋʇʈɸɺʃɽʅʀʗ  

ʄʆɹʀʃʔʅʆʁ ʈʆɹʆʊʆʊɽʍʅʀʂʆʁ ʇʈʀ ʊʋʐɽʅʀʀ ʇʆɾɸʈʆɺ 

 
ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʙʠʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚ ʪʫʰʝʥʠʠ 

ʧʦʞʘʨʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ-

ʤʝʥʝʥʠʷ ʨʦʙʦʪʦʚ ʚ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʧʫʣʷ-

ʨʠʟʘʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ. ʇʨʠʚʦʜʷʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ 

ʧʨʠʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʦʙʦʪʦʚ ʚ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪ-

ʢʠ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤʠ ʨʦʙʦʪʘʤʠ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʙʩʫʞʜʘʶʪʩʷ ʧʝʨ-

ʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʢʘʢ ʩʨʝʜʩʪʚʘ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʠ ʤʦʙʠʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʤʦʙʠʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʪʫʰʝʥʠʝ, ʧʦʞʘʨʦʪʫʰʝʥʠʝ, ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʠʩʪʝʤ ʧʦʞʘʨʦ-

ʪʫʰʝʥʠʷ, ʨʠʩʢʠ 

 

V.I. Andreev, M.V. Davydov, T.A. Yakovenko 

 

PROSPECTS FOR THE USE AND MANAGEMENT PROBLEMS  

OF MOBILE ROBOTICS IN FIREFIGHTING 

 
Abstract: The article is devoted to the importance of using mobile robotics in firefighting. 

It considers modern technologies in robotics, the advantages of using robots in firefighting. The 

main attention is paid to the need to popularize the use of robotics in firefighting. Specific exam-

ples of application are given, as well as the results of practical use, confirming the effectiveness of 

the use of robots in firefighting. The problems of development, operation and management of mo-

bile robots are considered. In conclusion, the prospects for further development of robotics as a 

means of firefighting are discussed. 

Keywords: mobile robotics technology, mobile robotics, automated systems, extinguish-

ing, firefighting, perspectives for firefighting systems, risks 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʭʥʦʣʦʛʠʠ ʤʦʙʠʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʧʨʝʪʝʨʧʝʣʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʤʠ 

ʩʠʪʫʘʮʠʷʤʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʚ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ, ʛʜʝ 

ʦʥʠ ʩʧʦʩʦʙʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʜʣʷ ʞʠʟʥʠ ʧʦʞʘʨʥʳʭ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢ-

                                                 
  É ɸʥʜʨʝʝʚ ɺ.ʀ., ɼʘʚʳʜʦʚ ʄ.ɺ., ʗʢʦʚʝʥʢʦ ʊ.ɸ., 2025 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʪʠʚʥʦʩʪʴ ʣʠʢʚʠʜʘʮʠʠ ʦʛʥʷ. ʄʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ, ʦʩʥʘʱʸʥʥʳʝ ʜʘʪʯʠʢʘʤʠ, ʢʘʤʝʨʘʤʠ ʠ 

ʩʠʩʪʝʤʘʤʠ ʫʜʘʣʸʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʪʘʥʦʚʷʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ ʧʦʤʦʱʥʠʢʘʤʠ ʚ ʙʦʨʴ-

ʙʝ ʩ ʦʛʥʸʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʧʝʨʘʪʠʚʥʫʶ ʦʮʝʥʢʫ ʩʠʪʫʘʮʠʠ ʠ ʜʦʩʪʘʚʢʫ ʪʫʰʘʱʠʭ ʩʨʝʜʩʪʚ 

ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʤʝʩʪʘ. 

ʀʭ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʟʘʜʳʤʣʝʥʠʷ, ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨ ʠ ʥʘ ʦʧʘʩʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʪʝʨʨʠʪʦʨʠʷʭ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʠ-

ʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʤʦʙʠʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʦʪ ʧʦʞʘʨʦʚ, ʥʦ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʣʦʢʘʣʠʟʘʮʠʶ ʦʛʥʝʥʥʦʡ 

ʩʪʠʭʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʩʧʘʩʝʥʠʷ ʞʠʟʥʝʡ ʠ ʩʦʭʨʘʥʝʥʠʷ ʠʤʫʱʝ-

ʩʪʚʘ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʠʤʝʥʥʦ ʤʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ 

ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ, ʠ ʢʘʢʦʚʘ ʠʭ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʄʦʙʠʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʦʪʢʨʳʚʘʝʪ ʥʦʚʫʶ ʵʨʫ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʧʦ ʪʫʰʝʥʠʶ ʧʦʞʘʨʦʚ. ʉʶʜʘ ʚʭʦʜʷʪ ʫʩʪʨʦʡʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʩʘʤʦʩʪʦ-

ʷʪʝʣʴʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʤʝʩʪʥʦʩʪʠ ʠ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ ʚ ʫʩʣʦʚʠ-

ʷʭ, ʦʧʘʩʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʕʪʠ ʨʦʙʦʪʳ ʦʩʥʘʱʝʥʳ ʜʘʪʯʠʢʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʚʠʛʠʨʦʚʘʪʴʩʷ ʠ ʧʨʠʥʠ-

ʤʘʪʴ ʨʝʰʝʥʠʷ ʚ ʜʠʥʘʤʠʯʥʦʡ ʠ ʯʘʩʪʦ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʡ ʩʨʝʜʝ ʧʦʞʘʨʘ. ʆʥʠ ʤʦʛʫʪ ʧʨʦ-

ʚʦʜʠʪʴ ʨʘʟʚʝʜʢʫ, ʦʧʨʝʜʝʣʷʪʴ ʦʯʘʛʠ ʚʦʟʛʦʨʘʥʠʷ, ʜʦʩʪʘʚʣʷʪʴ ʦʛʥʝʪʫʰʘʱʠʝ ʩʨʝʜʩʪʚʘ 

ʠʣʠ ʚʳʧʦʣʥʷʪʴ ʩʧʘʩʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʫʰʝ-

ʥʠʷ ʧʦʞʘʨʦʚ ʠ ʩʥʠʞʘʷ ʨʠʩʢʠ ʜʣʷ ʧʦʞʘʨʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʤʦʙʠʣʴʥʦʡ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚ ʧʨʘʢʪʠʢʫ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʢ ʧʦ-

ʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʄʦʙʠʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʨʝʚʦʣʶʮʠʦʥʠʟʠʨʫʝʪ ʧʦʜʭʦʜ ʢ ʪʫʰʝʥʠʶ ʧʦʞʘʨʦʚ, 

ʧʨʝʜʣʘʛʘʷ ʚʳʩʦʢʫʶ ʤʦʙʠʣʴʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʦʙʦʪʳ, 

ʦʩʥʘʱʸʥʥʳʝ ʜʘʪʯʠʢʘʤʠ ʠ ʢʘʤʝʨʘʤʠ, ʩʧʦʩʦʙʥʳ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ 

ʟʘʜʳʤʣʝʥʠʷ, ʣʦʢʘʣʠʟʫʷ ʦʯʘʛ ʦʛʥʷ ʙʝʟ ʨʠʩʢʘ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʨʝʩʫʨʩʳ ʧʨʠ ʪʫʰʝʥʠʠ, 

ʦʧʠʨʘʷʩʴ ʥʘ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʩ ʤʝʩʪʘ ʩʦʙʳʪʠʡ. ʂ ʪʦʤʫ ʞʝ, ʠʥʪʝʛʨʘʮʠʷ ʚʦʜʦʤʸʪʦʚ ʠʣʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʫʰʘʱʠʭ ʩʨʝʜʩʪʚ ʥʘʧʨʷʤʫʶ ʥʘ ʤʦʙʠʣʴʥʦʤ ʨʦʙʦʪʝ ʫʤʥʦʞʘʝʪ 

ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʦʟʚʦʣʷʷ ʦʧʝʨʘʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʚ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʠ ʦʧʘʩʥʳʭ 

ʫʯʘʩʪʢʘʭ ʧʦʞʘʨʘ. ʕʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʥʘ ʪʫʰʝʥʠʝ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʦʟʤʦʞʥʳʝ 

ʫʙʳʪʢʠ, ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʦʙʣʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘ-

ʮʠʡ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʚʥʝʜʨʷʝʤʳʝ ʚ ʤʦʙʠʣʴʥʫʶ ʨʦʙʦʪʦʪʝʭʥʠʢʫ ʜʣʷ 

ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ, ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦ-

ʜʘʤʠ. ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʧʦʚʳʰʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʧʦʞʘʨʥʳʭ 

ʙʨʠʛʘʜ. ʈʦʙʦʪʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦʢʩʠʯʥʦʛʦ ʜʳʤʘ ʠ 

ʦʧʘʩʥʦʩʪʠ ʦʙʨʫʰʝʥʠʷ ʙʝʟ ʨʠʩʢʘ ʜʣʷ ʞʠʟʥʠ ʣʶʜʝʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʦ-

ʣʝʝ ʨʘʥʥʝʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ, ʩʥʠʞʘʷ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʫʱʝʨʙ ʦʪ ʧʦʞʘʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʘʥʘ-

ʣʠʟʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʶ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘʜʘʧʪʠʨʫʷ ʪʘʢʪʠʢʫ ʪʫʰʝʥʠʷ ʢ ʠʟʤʝʥʷʶ-

ʱʠʤʩʷ ʫʩʣʦʚʠʷʤ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʝʩʫʨʩʦʚ ʠ 

ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʦʛʥʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ 

ʤʦʙʠʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚ ʩʠʩʪʝʤʫ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʝʨʘʮʠʡ. 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚ ʩʬʝʨʝ ʤʦʙʠʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʠʣ ʚʦʟʤʦʞʥʦʩʪʠ ʩʧʘʩʘʪʝʣʝʡ ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʦʙʦʪʳ, 

ʩʧʦʩʦʙʥʳʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʩʣʦʞʥʳʤ ʠ ʦʧʘʩʥʳʤ ʫʯʘʩʪʢʘʤ, ʛʜʝ ʨʠʩʢ 

ʜʣʷ ʯʝʣʦʚʝʢʘ ʩʣʠʰʢʦʤ ʚʝʣʠʢ. ʉʨʝʜʠ ʠʥʥʦʚʘʮʠʡ ï ʜʨʦʥʳ ʜʣʷ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʯʘʛʦʚ ʚʦʟʛʦʨʘʥʠʷ ʩ ʚʦʟʜʫʭʘ ʠ ʨʦʙʦʪʳ-ʧʦʞʘʨʥʳʝ, ʢʘʢ Thermite, ʩʧʦʩʦʙʥʳʝ ʧʨʦʥʠʢ-

ʥʫʪʴ ʚ ʩʘʤʳʝ ʦʧʘʩʥʳʝ ʟʦʥʳ, ʢʫʜʘ ʯʝʣʦʚʝʢʫ ʚʭʦʜ ʚʦʩʧʨʝʱʸʥ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʠ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʕʪʠ ʤʘʰʠʥʳ ʦʩʥʘʱʝʥʳ ʤʦʱʥʳʤʠ ʥʘʩʦʩʘʤʠ ʜʣʷ ʚʦʜʳ ʠ 

ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʧʦʟʚʦʣʷʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʛʥʷ ʠʟ ʙʝʟʦʧʘʩʥʦʛʦ 

ʤʝʩʪʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚʥʫʪʨʴ ʛʦʨʷʱʠʭ ʟʜʘʥʠʡ, ʯʪʦʙʳ ʣʦʢʘʣʠʟʦʚʘʪʴ ʦʛʦʥʴ. 

ɺ ʈʦʩʩʠʠ ʞʝ ʬʣʘʛʤʘʥʦʤ ʧʦʞʘʨʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʄʦʙʠʣʴʥʘʷ ʨʦʙʦʪʠʟʠʨʦ-

ʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ çʄʈʋʇ-ʉʇ-ɻ-ʊɺ-ʋ-40-17ʂʉè. ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ 

ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʦʧʝʨʘʪʠʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʞʘʨʦʚ ʚ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʳʭ ʩʠʩʪʝʤʘʭ ʤʘʩʩʦʚʳʭ ʧʝʨʝʚʦʟʦʢ, ʘʚʪʦʜʦʨʦʞʥʳʭ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʪʫʥʥʝʣʷʭ, 

ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʥʮʠʷʭ, ʢʨʳʪʳʭ ʘʚʪʦʩʪʦʷʥʢʘʭ, ʚ ʧʝʰʝʭʦʜʥʳʭ ʪʫʥʥʝʣʷʭ, ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʚ ʤʝʩʪʘʭ ʦʙʨʫʰʝʥʠʷ ʧʦʨʦʜʳ ʠ ʪ. 

ʧ. ï ʪʦ ʝʩʪʴ ʚ ʤʝʩʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʠʷʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʦʙʳʯʥʳʝ ʤʝ-

ʪʦʜʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʤʦʙʠʣʠʟʦʚʘʥʳ ʜʣʷ ʥʝʤʝʜʣʝʥʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡ-

ʩʪʚʠʷ ʩʪʠʭʠʠ ʚ ʪʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʘʤʳʭ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʪʫ ʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚʳʧʦʣʥʝ-

ʥʠʷ ʨʘʙʦʪ ʧʦ ʧʦʞʘʨʦʪʫʰʝʥʠʶ. ʄʘʰʠʥʘ ʨʘʟʨʘʙʦʪʘʥʘ ɿɸʆ ʅʇʆ çʂʫʨʛʘʥʩʢʠʡ ʟʘʚʦʜ 

ʩʧʝʮʪʝʭʥʠʢʠè. 

ʈʘʜʠʦʫʧʨʘʚʣʷʝʤʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʦʩʥʘʱʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝ-

ʟʝʨʚʥʦʡ ʨʫʯʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʩʣʫʯʘʡ ʩʙʦʷ ʨʘʜʠʦʢʘʥʘʣʘ. ɺʳʩʦʢʘʷ ʤʦʙʠʣʴ-

ʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʛʫʩʝʥʠʯʥʦʛʦ 

ʭʦʜʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʫʩʪʘʥʦʚʢʝ ʚʚʝʨʭ ʠ ʚʥʠʟ ʧʦ ʣʝʩʪʥʠʮʘʤ ʩ ʥʘʢʣʦ-

ʥʦʤ ʜʦ 30 Á ʠ ʣʝʛʢʦ, ʢʘʢ ʙʫʣʴʜʦʟʝʨʦʤ, ʧʝʨʝʜʚʠʛʘʪʴ ʦʙʳʯʥʳʝ ʩʝʤʝʡʥʳʝ ʣʝʛʢʦʚʳʝ ʘʚ-

ʪʦʤʦʙʠʣʠ, ʨʘʩʯʠʱʘʷ ʩʝʙʝ ʧʫʪʴ.   

ʄʦʙʠʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʚ ʦʙʣʘʩʪʠ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ ʦʙʝʱʘʝʪ ʨʘʜʠʢʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʦʩʦʙʘʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʦʛʥʝʥʥʳʭ ʩʪʠʭʠʡ. ʆʜʥʘʢʦ, ʥʝ-

ʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʪʦʨʤʦʟʷʪ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʩʮʝʥʘʨʠʝʚ ʧʦʞʘʨʘ ʪʨʝʙʫʝʪ ʦʪ ʨʦʙʦʪʦʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʘʚʪʦʥʦ-

ʤʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʜʘʯʝ ʨʘʟʨʘʙʦʪʢʠ ʨʦʙʦʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʝ-

ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʧʦʞʘʨʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ 

ʤʥʦʛʠʭ ʧʦʞʘʨʥʳʭ ʩʣʫʞʙ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʪʦʢʦʣʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʵʪʘʧʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʯʪʦʙʳ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʨʦʙʦʪʦʪʝʭʥʠʢʫ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʞʘʨ-

ʥʳʝ ʦʧʝʨʘʮʠʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʦʙʦʪʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʆʜ-

ʥʠʤ ʠʟ ʪʘʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ 

ʟʘʜʳʤʣʝʥʠʷ ʠ ʜʝʬʠʮʠʪʘ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʥʘʷ ʚʠʜʝʦ ʜʝʪʘʣʠʟʘʮʠʷ ʦʙʩʪʘ-

ʥʦʚʢʠ. ʆʧʝʨʘʪʦʨ ʫʧʨʘʚʣʷʝʪ ʨʦʙʦʪʦʤ ʩ ʧʦʤʦʱʴʶ ʜʞʦʡʩʪʠʢʦʚ ʠʣʠ ʟʘʜʘʶʱʠʭ ʨʫʢʦʷʪʦʢ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʘʝʤʦʛʦ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʊʘʢʞʝ 

ʥʝʜʦʩʪʘʪʢʦʤ ʤʦʙʠʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʝ ʚʩʝ 

ʜʝʡʩʪʚʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʧʨʦʧʠʩʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʘʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï 

ʦʛʨʘʥʠʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʤʦʙʠʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. ʆʥʦ ʦʙʫʩʣʦʚʣʝ-

ʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ (ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʤʘʩʩʘ, 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 

_______________________________________________________________________________ 
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ʧʨʦʭʦʜʠʤʦʩʪʴ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ ʠ ʜʨ.). ʅʘʧʨʠʤʝʨ, ʚʳʩʦʪʘ ʧʨʝʦʜʦʣʝʚʘʝʤʦʛʦ ʧʦʨʦʛʦʚʦʛʦ 

ʧʨʝʧʷʪʩʪʚʠʷ ʫ ʤʦʙʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ (ʄʋʇʈ). 

ʄʋʇʈ ʥʝ ʩʧʦʩʦʙʝʥ ʧʨʝʦʜʦʣʝʚʘʪʴ ʣʝʩʪʥʠʮʳ ʩ ʯʠʩʣʦʤ ʩʪʫʧʝʥʝʡ ʙʦʣʝʝ ʪʨʝʭ ʠ ʚʳʩʦʪʦʡ 

ʩʪʫʧʝʥʠ ʙʦʣʝʝ 0,2 ʤ.  ʆʪʩʫʪʩʪʚʠʝ ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʟʘ-

ʨʷʜʢʠ ʩʘʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʫʣʴʪʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʨʫʛʠʝ ʥʝʜʦʩʪʘʪʢʠ 

ʪʨʝʙʫʶʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʦʙʠʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʠʩʳʚʘʝʤʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʤʦʙʠʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚʢʣʶʯʘʶʪ ʜʘʪʯʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʠʜʝʦ-

ʢʘʤʝʨʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʕʪʠ ʨʦʙʦʪʳ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳ-

ʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʥʦ ʠ ʩʥʠʞʘʶʪ ʨʠʩʢʠ ʜʣʷ ʞʠʟʥʠ ʧʦʞʘʨʥʳʭ, 

ʧʦʟʚʦʣʷʷ ʧʨʦʚʦʜʠʪʴ ʦʧʝʨʘʮʠʠ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʤʦʙʠʣʴ-

ʥʳʭ ʨʦʙʦʪʦʚ ʚ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʦʙʥʘʜʸʞʠʚʘʶʱʠʤʠ. 
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FORECASTING RELIABILITY INDICATORS OF MECHANICAL SYSTEMS 
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Abstract:  The article considers the possibility of predicting reliability indicators of ma-

chines and mechanisms using methods based on extrapolation of time series in the presence of 

atypical deviations in the values of the series 
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ʕʢʩʪʨʘʧʦʣʷʮʠʷ ʥʘ ʦʩʥʦʚʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʠ-

ʤʝʥʠʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʨʢʦʚ ʤʘʰʠʥ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʘʨʘʤʝʪ-

ʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘ-

ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʝʭʥʠʢʠ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʟʘʣʦʞʝʥ ʘʥʘʣʠʟ ʩʣʦʞʠʚʰʠʭʩʷ ʪʝʥʜʝʥ-

ʮʠʡ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʝʝ ʥʘʜʝʞʥʦʩʪʠ.  

ʎʝʣʳʡ ʨʷʜ ʟʥʘʯʠʤʳʭ ʩ ʧʦʟʠʮʠʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʘʢʠʭ, ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʚ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ ʦʜʥʦ-

ʪʠʧʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʠ ʮʝʣʳʡ ʨʷʜ ʜʨʫʛʠʭ ʚ ʢʘʢ ʧʨʘʚʠʣʦ 

ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʨʫʩʣʝ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ ʧʦʪʦʢʘ [1].    

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʧʘʨʢʦʚ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟ-

ʤʦʚ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʧʨʦʷʚʣʷʝʪ ʠʥʳʝ, ʦʪʣʠʯʥʳʝ ʦʪ ʧʫʘʩʩʦʥʦʚʩʢʠʭ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʦʪʦʢʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʯʘʩʪʠ, 

ʢʘʩʘʶʱʝʡʩʷ ʫʩʣʦʚʠʡ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʧʦʩʣʝʜʝʡʩʪʚʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʮʝʣʳʤ ʨʷʜʦʤ ʦʙʲʝʢʪʠʚʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʜʝʣʴʥʳ ʜʠʩʢʨʝʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ 

çʚʳʧʘʜʘʶʪè ʠʟ ʦʙʱʝʛʦ ʨʷʜʘ, ʣʦʤʘʷ ʩʣʦʞʠʚʰʠʝʩʷ ʪʝʥʜʝʥʮʠʠ ʠ ʟʘʤʝʪʥʦ ʩʥʠʞʘʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʚʳʯʥʳʭ, ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜʦʚ ʵʢʩʪʨʘ-

ʧʦʣʷʮʠʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ (ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ, 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʨ.), ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʷ ʦʞʠʜʘʝʤʫʶ ʪʦʯʥʦʩʪʴ. 

ʇʦʜʦʙʥʳʝ ʚʳʙʨʦʩʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʨʝʟʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚʦʟʜʝʡʩʪʚʠʡ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ ʩʬʝʨʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʨʢʘ ʤʘʰʠʥ, ʚʘʨʠʘʮʠʷʤʠ ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʦʛʦ, ʣʠʙʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʛʘʪʠʚʥʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʪ. ʜ. ʇʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳ ʜʣʷ ʧʘʨʢʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʢʘʪʝʛʦʨʠʷʤ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʮ ʪʝʭʥʠʢʠ. 

ʀʤʝʶʱʠʝʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʝʰʝʥʠʶ ʧʦʜʦʙʥʳʭ ʧʨʦʙʣʝʤ ʧʦʜʨʘʟʫʤʝʚʘʶʪ 

ʟʘʤʝʥʫ ʚʳʧʘʜʘʶʱʝʛʦ ʠʟ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʠ ʟʥʘʯʝʥʠʷ ʥʘ ʩʨʝʜʥʶʶ ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ 

ʩʦʩʝʜʥʠʭ, ʦʜʥʘʢʦ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ ʤʝʪʦʜʦʤ, ʦʙʨʫʰʠʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʛʥʦʟʘ, ʭʦʪʷ ʦʙʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʮʝʣʦʤ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴ ʚʝʨʥʦ.       

ʆʜʥʠʤ ʠʟ ʜʝʡʩʪʚʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘ-

ʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʪʘʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʛʦ ʧʨʦʛʥʦʟʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʠʟ ʩʦʩʪʘʚʘ ʠʟʫʯʘʝʤʦʛʦ ʧʘʨʢʘ, ʧʨʠʟʥʘ-

ʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʘʣʛʦʨʠʪʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʚʦʟʤʦʞʥʦ-

ʩʪɹʶ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʩʦʚʳʝ ʢʦ-



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʵʬʬʠʮʠʝʥʪʳ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʩ ʥʝʪʠ-

ʧʠʯʥʳʤ ʚʳʙʨʦʩʦʤ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦ-

ʜʘ ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʝʪ ʩʪʝʧʝʥʴ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ ʚʣʝʯʝʪ ʫʩʣʦʞʥʝʥʠʝ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʪ. ʢ. ʠʟʤʝʥʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʩʦʙʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʚ ʩʢʦʣʴʟʷʱʝʤ ʦʢʥʝ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʘʤʦʛʦ ʘʣʛʦʨʠʪʤʘ.    

ɺ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ 

[2], ʛʜʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ, ʥʝ ʪʨʝʙʫʶʱʠʡ ʩʨʘʚʥʝʥʠʷ ʠ ʚʳʙʦʨʘ ʚʝʩʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʜʣʷ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʚ ʢʘʞʜʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ. ʉʫʪʴ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʝʩʣʠ ʚ ʩʢʦʣʴʟʷʱʝʝ ʦʢʥʦ ʧʦʧʘʜʘʝʪ ʟʥʘʯʝʥʠʝ ʧʦʢʘ-

ʟʘʪʝʣʷ, ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʝ ʢʘʢ ʥʝʪʠʧʠʯʥʦʝ, ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ 

ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ ʚʤʝʩʪʦ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʛʦ ʧʨʦʛʥʦʟʥʦʝ 

ʟʥʘʯʝʥʠʝ. 

ɼʣʷ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʧʦʥʷʪʠʷ çʥʝʪʠʧʠʯʥʦʝ ʟʥʘʯʝʥʠʝè ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʪʦʣʢʦʚʘʥʠʝʤ çʘʥʦʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝè, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʨʠ ʧʦʤʦʱʠ ʢʨʠʪʝʨʠʷ ʀʨʚʠʥʘ 

[3]:  

 

 l , t = 1, 3 é n,                                           (1) 

 

ʛʜʝ yt  ï ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ; 

  sy ï ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ y.       

 

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ li ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʪʘʙʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʨʠʪʝʨʠʷ ʀʨ-

ʚʠʥʘ ʠ ʜʝʣʘʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ ʦʙ ʘʥʦʤʘʣʴʥʦʩʪʠ (ʥʝʪʠʧʠʯʥʦʩʪʠ) ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ 

ʨʷʜʘ.   

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʧʨʦ-

ʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʠ, ʢʘʢ ʧʦʟʠʮʠʦʥʠʨʫʶʪ ʝʛʦ ʩʘʤʠ ʘʚʪʦʨʳ, ʩʣʫʞʠʪ ʜʦʧʦʣʥʝʥʠʝʤ ʢ 

ʦʩʥʦʚʥʦʤʫ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʧʦʚʳʰʘʶʱʠʤ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʛʥʦʟʘ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠʣʠ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʘʥʘʣʠʟʘ, ʢʘʢ ʧʨʘʚʠʣʦ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʠʣʠ ʩʝʟʦʥʥʫʶ ʢʦʤʧʦʥʝʥʪʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʚʣʠʷʥʠʝʤ 

ʩʝʟʦʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝʥʠʷ [3], ʚ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʵʢʩʪʨʘʧʦ-

ʣʷʮʠʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʤʝʩʪʦ ʥʝʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ, ʤʝ-

ʪʦʜʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʪʨʝʥʜ [4].      

ʊʨʝʥʜʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʣʦʞʝʥʠʷ ʤʝʜʣʝʥʥʦ ʟʘʪʫ-

ʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʥʝʢʦʪʦʨʦʡ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ b, b > 0. ʆʪʜʝʣʴʥʳʝ ʟʥʘʯʝ-

ʥʠʷ b ʤʦʜʝʣʠʨʫʶʪʩʷ ʢʘʢ ʥʝʪʠʧʠʯʥʳʝ. 

 

    ὼὸ ὼ̓ ὸ̑ ὼ̒ ὸ̌ ὥÓÉÎ ὦ ὼ̒ ὸ̌,                             (2) 

 

ʛʜʝ xʪʨ(t) ï ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʨʝʥʜʘ; 

xʩʣ(t) ï ʩʣʫʯʘʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ; 

a       - ʘʤʧʣʠʪʫʜʘ ʩʠʥʫʩʦʠʜʳ; 

t        - ʟʥʘʯʝʥʠʝ ʘʨʛʫʤʝʥʪʘ ʬʫʥʢʮʠʠ (ʪʝʢʫʱʝʝ ʚʨʝʤʷ); 

T       - ʠʥʪʝʨʚʘʣ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ;   



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ɿʘ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʥʠʤʘʪʴ ʚʝʣʠʯʠʥʫ [5] 

 

ɿ
ȿ ȿ

,                                                          (3) 

 

ʛʜʝ Z(t) ï ʪʝʢʫʱʝʝ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. 

 

ʀʥʪʝʨʚʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠ a ʚʳʙʠʨʘʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ b.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʦʨʤʘʣʴʥʦ ʥʘ ʥʝ-

ʢʦʪʦʨʦʤ ʠʥʪʝʨʚʘʣʝ, ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ n ʚʟʚʝʰʝʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝ-

ʣʠʯʠʥ Ni, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʨʘʚʥʦʤʝʨʥʦ [1] 

 

 ὼ̒ ̌ В ὔ.                                                       (4)       

 

ɿʥʘʯʝʥʠʝ n ʧʨʠʥʠʤʘʝʪʩʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʟʥʘʯʝʥʠʷ xʩʣ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʩʦ ʩʣʫʯʘʡʥʳʤ ʧʝʨʠʦʜʦʤ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʤ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʧʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʦʤ ʧʦ-

ʩʣʝʜʥʝʤ ʰʘʛʝ ʧʝʨʠʦʜʘ xʩʣ ʠʟʤʝʥʷʣʠʩʴ ʙʦʣʝʝ, ʯʝʤ ʥʘ 0,2b. ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ (2): 

 

ὼ̒ ̌̃ ὼ̒ ̌ πȟςὦ ÁÂÓὼ̒ .̌                                          (5)    

 

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ (2) - (5) ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʘʣʠʟʘʮʠʶ ʦʙʦʙʱʝʥ-

ʥʦʡ ʤʦʜʝʣʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʠʢʠ, ʠʤʝʶʱʝʛʦ ʚʳʧʘʜʘ-

ʶʱʠʝ ʟʥʘʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʦʣʫʯʠʪʴ ʨʷʜʳ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʧʘʨʢʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʝ ʥʦʩʠʪ ʬʘʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 
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ʋɼʂ 621.8 
ɹʝʣʳʰʝʚ ʀ.ɸ., ʇʦʢʨʦʚʩʢʠʡ ɸ.ɸ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ  

 
ʀ.ɸ. ɹʝʣʳʰʝʚ, ɸ.ɸ. ʇʦʢʨʦʚʩʢʠʡ  
ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 

 
ʇʈʀʄɽʅɽʅʀɽ ʉʀʉʊɽʄ ɺʉʊʈʆɽʅʅʆɻʆ ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀʗ  

ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ ʅɽʀʉʇʈɸɺʅʆʉʊɽʁ ʂʆʈʆɹʆʂ ʇɽʈɽɼɸʏ  

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠʭ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʯʠʥʳ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʤʝ-

ʭʘʥʠʯʝʩʢʦʡ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ. ɼʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʨʘʥʩʤʠʩʩʠʡ ʘʚʪʦʤʦʙʠʣʝʡ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʚʩʪʨʦʝʥʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ, ʪʨʘʥʩʤʠʩʩʠʷ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ, ʠʟʥʦʩ. 

 

I.A. Belyshev, A.A. Pokrovsky 

 
APPLICATION OF BUILT -IN DIAGNOSTICS SYSTEMS  

TO DETERMINE GEARBOX FAULT  

 
Abstracts: The article describes the design features of mechanical and automatic transmis-

sions. The causes of failure of parts and units of a mechanical transmission are considered. The 

use of built-in diagnostic systems is proposed to assess the performance of vehicle transmissions. 

Keywords: ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ, ʪʨʘʥʩʤʠʩʩʠʷ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ, ʠʟʥʦʩ.                       
 
ʂʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ð ʵʪʦ ʤʝʭʘʥʠʟʤ, 

ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʦʩʥʦʚʥʦʤ ʚ ʘʚʪʦʤʦʙʠʣʷʭ, 

ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝ-

ʥʠʷ, ʪʦ ʝʩʪʴ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

ʠ ʚʝʜʫʱʠʭ ʢʦʣʝʩ ʘʚʪʦʤʦʙʠʣʷ (ʨʠʩ. 1).  

ʂʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʚʳʧʦʣʥʷʝʪ ʩʣʝ-

ʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

- ʧʝʨʝʜʘʯʘ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ 

ʜʚʠʛʘʪʝʣʷ ʥʘ ʚʝʜʫʱʫʶ ʧʘʨʫ ʢʦʣʝʩ; 

- ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚ-

ʪʦʤʦʙʠʣʷ; 

 

ʈʠʩ. 1. ʄʝʭʘʥʠʯʝʩʢʘʷ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ 

- ʨʘʟʲʝʜʠʥʝʥʠʝ ʠ ʩʦʝʜʠʥʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʪʨʘʥʩʤʠʩʩʠʠ; 

- ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠʝ. ʇʨʠ ʵʪʦʤ ʤʝʭʘʥʠʯʝʩʢʘʷ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʩʧʦʩʦʙʥʘ ʚʳʧʦʣʥʷʪʴ ʪʦʣʴʢʦ ʙʘʟʦ-

ʚʳʝ ʬʫʥʢʮʠʠ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ, ʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʫʝʪ ʧʦʣʥʳʡ ʩʧʝʢʪʨ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ. 
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ʄʝʭʘʥʠʯʝʩʢʘʷ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ (ʄʂʇʇ) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʙʦʨ ʟʫʙʯʘʪʳʭ ʢʦ-

ʣʝʩ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʯʠʩʣʘ, ʢʦʪʦʨʳʝ 

ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʤʫʬʪʫ ʩʮʝʧʣʝʥʠʷ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʄʂʇʇ ʚʦʜʠ-

ʪʝʣʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʙʦʪʘʝʪ ʩ ʧʝʜʘʣʴʶ ʩʮʝʧʣʝʥʠʷ ʠ ʨʳʯʘʛʦʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʢʦʨʦ-

ʩʪʝʡ. ʄʂʇʇ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ.  

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʄʂʇʇ ʷʚʣʷʶʪʩʷ:  

- ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

- ʪʦʧʣʠʚʥʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ; 

- ʣʫʯʰʘʷ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʘʚʪʦʤʦʙʠʣʝʤ, ʦʩʦʙʝʥʥʦ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʚʦʞʜʝʥʠʷ; 

- ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʄʂʇʇ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʫʩʠʣʠʡ ʠ ʚʥʠʤʘʥʠʷ ʚʦʜʠʪʝʣʷ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ; 

- ʥʝʫʜʦʙʩʪʚʦ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʘʚʪʦʤʦʙʠʣʝʤ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʯʘʩʪʳʤʠ 

ʦʩʪʘʥʦʚʢʘʤʠ ʠ ʩʪʘʨʪʘʤʠ. 

- ʧʦʚʳʰʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʜʚʠʛʘʪʝʣʴ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʠʣʠ ʥʝ-

ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʧʝʨʝʢʣʶʯʝʥʠʠ ʧʝʨʝʜʘʯ.  

ʄʂʇʇ ʘʚʪʦʤʦʙʠʣʝʡ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʪʫʧʝʥʝʡ ʥʘ ʯʝʪʳʨʝʭ, ʧʷʪʠ ʠ 

ʰʝʩʪʠ ʩʪʫʧʝʥʯʘʪʳʝ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʧʷʪʠ ʩʪʫʧʝʥʯʘʪʘʷ ʪʨʘʥʩ-

ʤʠʩʩʠʷ, ʢʦʪʦʨʘʷ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ (ɸʂʇʇ) ʥʝ ʪʨʝʙʫʝʪ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ ʚ ʧʨʦ-

ʮʝʩʩʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ. ʇʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ ɸʂʇʇ ʙʳʚʘʶʪ 

ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ɸʂʇʇ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ. ɺ ʜʨʫʛʠʭ ʪʠʧʘʭ ɸʂʇʇ ï ʚʘʨʠʘʪʦʨʘʭ ʚʦʟʤʦʞ-

ʥʦ ʙʝʩʩʪʫʧʝʥʯʘʪʦʝ ʠʟʤʝʥʝʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʧʣʘʚʥʳʡ 

ʨʘʟʛʦʥ ʘʚʪʦʤʦʙʠʣʷ. ɺ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʨʦʙʢʘʭ ʧʝʨʝʜʘʯ ʧʝʨʝʢʣʶʯʝʥʠʝ ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʩʝʨʚʦʧʨʠʚʦʜʦʚ. ʊʘʢʞʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ɸʂʇʇ ʩ ʜʚʦʡ-

ʥʳʤ ʩʮʝʧʣʝʥʠʝʤ (DCT), ʢʦʪʦʨʦʝ ʩʦʯʝʪʘʝʪ ʵʣʝʤʝʥʪʳ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʠ ʢʣʘʩʩʠʯʝ-

ʩʢʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʪʨʘʥʩʤʠʩʩʠʡ. ʂʘʞʜʳʡ ʪʠʧ ɸʂʇʇ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ, ʠ ʚʳʙʦʨ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʧʦʯʪʝʥʠʡ ʚʦʜʠʪʝʣʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʤʦʙʠʣʷ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʣʦʤʢʠ ʢʦʨʦʙʢʠ ʧʝʨʝ-

ʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ ʥʘ ʘʚʪʦʤʦʙʠʣʷʭ ʂɸʄɸɿ ʤʦʜʝʣʝʡ 

5320 ʠ 4310 ʷʚʣʷʝʪʩʷ ʠʟʥʦʩ ʟʫʙʴʝʚ. ʈʝʰʘʝʪʩʷ ʜʘʥʥʘʷ 

ʧʨʦʙʣʝʤʘ ʧʫʪʝʤ ʟʘʤʝʥʳ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦʛʦ ʫʟʣʘ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ (ʨʠʩ. 2).  

ʅʘ ʥʝʧʨʘʚʠʣʴʥʫʶ ʨʘʙʦʪʫ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ 

ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʨʷʜ ʧʨʠʟʥʘʢʦʚ. ʇʦʷʚʣʝʥʠʝ ʟʘʪʨʫʜ-

ʥʝʥʠʡ ʚ ʧʝʨʝʢʣʶʯʝʥʠʠ ʧʝʨʝʜʘʯ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʥʘʨʫʰʝʥʠʷ ʨʝʛʫʣʠʨʦʚʢʠ ʫʟʣʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʘʛʨʝʛʘ-

ʪʘ. ʋʩʪʨʘʥʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʠʨʦʚʦʢ, 

ʜʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʷ. 

 

ʈʠʩ. 2. ʀʟʥʦʩ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ 

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʦʜʠʪʝʣʴ ʦʱʫʱʘʝʪ ʧʫʣʴʩʘʮʠʶ ʠ ʩʣʳʰʠʪ ʨʘʚʥʦʤʝʨʥʳʡ, ʩʠʣʴ-

ʥʳʡ ʰʫʤ, ʠʩʭʦʜʷʱʠʡ ʦʪ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ, ʪʦ ʵʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʙʦʣʴʰʦʡ ʠʟʥʦʩ 

ʧʦʜʰʠʧʥʠʢʦʚ ʚʘʣʦʚ ʠʣʠ ʟʫʙʴʝʚ ʰʝʩʪʝʨʝʥ, ʠʣʠ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʤʘʟʦʯ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ɿʘʪʨʫʜʥʝʥʥʦʝ ʚʢʣʶʯʝʥʠʝ ʧʝʨʝʜʘʯ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʦʣʥʦʤ ʚʳʢʣʶʯʝʥʠʠ 

ʩʮʝʧʣʝʥʠʷ. ʊʘʢʘʷ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʧʨʠʚʦʜʘ ʩʮʝʧʣʝʥʠʷ. 

ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʩʢʨʝʞʝʪʘ ʠʣʠ ʙʠʝʥʠʷ ʚʦ ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ 2-ʡ, 3-ʡ, 4-ʡ ʠ 5-ʡ 

ʧʝʨʝʜʘʯ ʩʣʝʜʫʝʪ ʧʨʦʚʝʨʠʪʴ ʢʦʥʫʩʥʳʝ ʢʦʣʴʮʘ ʢʦʨʦʙʢʠ. ʆʙʳʯʥʦ ʪʘʢʦʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ ʠʭ ʯʨʝʟʤʝʨʥʦʤ ʠʟʥʦʩʝ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʠ. ʇʨʠʯʠʥʦʡ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʠʟʥʦʩ ʢʘ-

ʨʝʪʦʢ ʩʠʥʭʨʦʥʠʟʘʪʦʨʦʚ ʠʣʠ ʙʣʦʢʠʨʫʶʱʠʭ ʬʘʩʦʢ ʧʘʣʴʮʝʚ. ɺʩʝ ʧʦʚʨʝʞʜʝʥʥʳʝ ʵʣʝ-

ʤʝʥʪʳ ʥʫʞʥʦ ʩʤʝʥʠʪʴ ʥʘ ʥʦʚʳʝ ʘʥʘʣʦʛʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ. 

ɽʩʣʠ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʜʝʣʠʪʝʣʷ ʧʝʨʝʜʘʯ ʩʣʳʰʝʥ ʩʢʨʝʞʝʪ ʠ ʫʜʘʨʳ, ʪʦʛʜʘ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʴ ʥʫʞʥʦ ʠʩʢʘʪʴ ʚ ʩʠʥʭʨʦʥʠʟʘʪʦʨʝ ʜʝʣʠʪʝʣʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʦʜʦʙʥʳʡ ʵʬ-

ʬʝʢʪ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʘʷ ʦʪ-

ʚʝʯʘʝʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʜʝʣʠʪʝʣʝʤ. ʋʩʪʨʘʥʠʪʴ ʥʝʧʦʣʘʜʢʠ ʧʦʟʚʦʣʷʝʪ ʦʯʠʩʪʢʘ ʚʦʟʜʫʰ-

ʥʳʭ ʢʘʥʘʣʦʚ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʢʦʣʧʘʯʢʘ ʦʪ ʩʢʦʧʠʚʰʝʡʩʷ ʛʨʷʟʠ. ɼʣʷ ʵʪʦʛʦ ʧʦʪʨʝʙʫʝʪ-

ʩʷ ʜʝʤʦʥʪʠʨʦʚʘʪʴ ʨʝʜʫʢʮʠʦʥʥʳʡ ʢʣʘʧʘʥ, ʨʘʟʦʙʨʘʪʴ ʝʛʦ ʥʘ ʜʝʪʘʣʠ ʠ ʪʱʘʪʝʣʴʥʦ ʧʨʦ-

ʤʳʪʴ ʠʭ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʦʙʨʘʪʴ ʢʣʘʧʘʥ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʚ ʩʧʝʮʠʘʣʴʥʦʡ ʩʤʘʟ-

ʢʦʡ ʚʩʝ ʪʨʫʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠ ʦʪʢʘʟʝ ʚʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʨʫʰʝʥʠʠ ʨʝʛʫʣʠʨʦ-

ʚʦʢ ʧʨʠʚʦʜʘ ʠ ʠʟʥʦʩʝ ʜʝʪʘʣʝʡ ʢʦʨʦʙʢʠ. ʊʘʢʞʝ ʧʨʠʯʠʥʦʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʨʝʞʜʝʥʠʝ 

ʧʦʜʰʠʧʥʠʢʦʚ ʚʪʦʨʠʯʥʦʛʦ ʚʘʣʘ ʠʣʠ ʨʘʟʙʘʣʘʥʩʠʨʦʚʢʘ ʥʘʩʪʨʦʝʢ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢʣʘʧʘʥʘ ʚʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʤʦʥʪ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʫ ʘʚʪʦʤʦʙʠʣʷ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴ-

ʥʳʝ ʚʳʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ, ʪʦ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ: 

- ʦʩʣʘʙʣʝʥʠʝ ʬʠʢʩʘʪʦʨʦʚ ʨʳʯʘʛʦʚ ʠ ʚʠʣʦʢ; 

- ʠʟʥʦʩ ʠʣʠ ʨʘʟʨʫʰʝʥʠʝ ʜʝʪʘʣʝʡ; 

- ʧʦʚʨʝʞʜʝʥʠʝ ʢʨʝʧʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʢʨʝʧʣʝʥʠʷ; 

- ʥʘʨʫʰʝʥʠʷ ʨʝʛʫʣʠʨʦʚʦʢ ʧʨʠʚʦʜʘ. 

ʇʦʚʨʝʞʜʝʥʠʷ ʩʘʣʴʥʠʢʦʚ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʪʝʯʴʶ 

ʩʤʘʟʢʠ ʠʟ ʢʘʨʪʝʨʘ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʘʣʴʥʠʢʠ ʪʝʨʷʶʪ 

ʩʚʦʶ ʵʣʘʩʪʠʯʥʦʩʪʴ, ʘ ʠʩʧʨʘʚʠʪʴ ʩʠʪʫʘʮʠʶ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʘ ʠʟʥʦʰʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɽʩʣʠ ʞʝ ʧʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʢʘʨʪʝʨʝ, ʪʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ 

ʫʩʪʨʘʥʠʪʴ ʟʘʛʨʷʟʥʝʥʠʝ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʢʦʣʧʘʯʢʘ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʪʝʯʴ ʩʤʘʟʢʠ ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʦ ʫʧʣʦʪʥʷʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. ʊʘʢʘʷ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʧʦʜʪʷʛʠʚʘʥʠʝʤ 

ʢʨʝʧʝʞʘ ʢʦʥʢʨʝʪʥʦʡ ʜʝʪʘʣʠ ʠʣʠ ʞʝ ʟʘʤʝʥʦʡ ʫʧʣʦʪʥʷʶʱʝʡ ʧʨʦʢʣʘʜʢʠ. 

ʈʝʩʫʨʩ ʨʘʙʦʪʳ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, 

ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʠ ʧʨʦʝʢʪʥʦʤ ʨʘʩʯʝʪʝ ʧʨʦʚʦʜʷʪ 

ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʜʝʪʘʣʝʡ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʝʨʝʜʘʪʦʯʥʳʝ ʯʠʩʣʘ ʩʪʫ-

ʧʝʥʝʡ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʰʝʩʪʝʨʝʥ ʠ ʚʘʣʦʚ. ɺʪʦʨʦʡ ʵʪʘʧ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʨʘʩʯʝʪʳ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʚʳʥʦʩʣʠʚʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ ʧʦ ʠʟʛʠʙʘʶʱʠʤ, ʢʦʥʪʘʢʪʥʳʤ, ʥʦʨ-

ʤʘʣʴʥʳʤ ʠ ʢʘʩʘʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʦʪ ʨʘʩʯʝʪʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʰʝ-

ʩʪʝʨʥʷʭ ʠ ʚʘʣʘʭ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʷʪ ʨʘʩʯʝʪ ʩʠʥʭʨʦʥʠʟʘʪʦʨʦʚ ʠ ʧʦʜ-

ʰʠʧʥʠʢʦʚ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʦʭʦʜʠʪ ʚ ʜʦʩʪʘʪʦʯʥʦ 

ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʠʭ ʨʝʩʫʨʩʘ ʧʦʤʠʤʦ ʩʦʙʣʶʜʝʥʠʷ ʨʷʜʘ ʨʝ-

ʢʦʤʝʥʜʘʮʠʡ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʫʢʘʟʘʥʥʳʭ ʟʘʚʦʜʦʤ ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦ-

ʢʫʤʝʥʪʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʘʛʨʝʛʘʪʘ. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʜʠʘ-

ʛʥʦʩʪʠʨʦʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝ-

ʤʦʥʪ.     
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ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʣʦʞʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʦʪʜʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘ-

ʛʘʪʴ ʜʘʥʥʳʤʠ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʤʝʞʜʫ ʚʦʟʤʦʞʥʳʤʠ ʥʝʠʩʧʨʘʚʥʦ-

ʩʪʷʤʠ ʠ ʠʭ ʩʠʤʧʪʦʤʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʮʝʣʘʷ ʩʠʩʪʝʤʘ ʠʟʤʝʨʠ-

ʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʦʚʘʣʠ ʙʳ ʚʦʟʥʠʢʘʶʱʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʘʷ ʠ ʩʣʦʞʥʘʷ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʚʩʪʨʦʝʥʥʦ-

ʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. ɺ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʟʣʘʭ ʘʚʪʦʤʦʙʠʣʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʘʪʯʠ-

ʢʠ, ʩʠʛʥʘʣʳ ʦʪ ʢʦʪʦʨʳʭ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʤ ʙʣʦʢʝ ʠ ʦʪʦʙʨʘʞʘʶʪʩʷ 

ʥʘ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʜʠʩʧʣʝʝ. ʇʦʣʫʯʝʥʥʘʷ ʚʦʜʠʪʝʣʝʤ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʟʚʦʣʷʝʪ 

ʚʦʜʠʪʝʣʶ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʫ-

ʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʬʦʨʤʠʨʫʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʠʣʠ ʨʝʤʦʥʪʘ. 

ɼʝʪʘʣʠ ʠ ʫʟʣʳ ʪʨʘʥʩʤʠʩʩʠʠ ʧʦ-

ʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʯʘʩʪʦ ʨʘʙʦʪʘʶʪ ʚ 

ʫʩʣʦʚʠʷʭ ʧʝʨʝʛʨʫʟʦʢ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝ-

ʥʠʝ ʩʠʩʪʝʤʳ ʚʩʪʨʦʝʥʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦ-

ʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʩʣʘ (ʨʠʩ. 3) ʧʦʟʚʦʣʠʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʚʳʰʝʥʥʳʝ 

ʥʘʛʨʫʟʢʠ ʥʘ ʵʣʝʤʝʥʪʳ ʪʨʘʥʩʤʠʩʩʠʠ. 
 

ʈʠʩ. 3. ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ ʚ ʢʦʨʦʙʢʝ ʧʝʨʝʜʘʯ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

90 Áʉ. ɺ ʞʘʨʢʫʶ ʧʦʛʦʜʫ ʦʥʘ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴʩʷ ʜʦ 140 Áʉ. ʂʦʛʜʘ ʩ ʜʚʠʛʘʪʝʣʷ ʩʥʠʤʘ-

ʝʪʩʷ ʤʦʱʥʦʩʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝ-

ʥʠʶ, ʪʦ ʝʝ ʠʟʙʳʪʦʢ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ ʤʘʩʣʘ, ʠ ʦʥʦ ʧʦʣʫʯʘʝʪ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ. ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʘʩʣʘ ʚ ʨʝʜʫʢʪʦʨʝ 

ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʝ ʚʩʧʝʥʠʚʘʥʠʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ 

ʦʢʠʩʣʝʥʠʶ ʤʘʩʣʘ ʠ ʢʦʨʨʦʟʠʠ ʤʘʪʝʨʠʘʣʘ ʢʦʨʧʫʩʘ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʠ ʦʪʜʝʣʴʥʳʭ ʝʝ ʜʝ-

ʪʘʣʝʡ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʚʩʪʨʦʝʥʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʫʚʝ-

ʣʠʯʠʪʴ ʫʨʦʚʝʥʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʩʥʠʟʠʪʴ 

ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʞʘʨ-

ʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚʦʟʤʦʞʥʦ ʦʪʦʡʪʠ ʦʪ ʧʨʘʢʪʠʢʫʝʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʦʮʝʥʢʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʘʯʝ-

ʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʪʝ-

ʢʫʱʠʤ ʟʥʘʯʝʥʠʷʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʥʘʨʘʙʦʪʢʫ ʜʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʧʠʩʘʥʠʷ. 
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ANALYSIS OF INSTALLATIONS FOR CONVECTIVE DRYING  

OF FIRE HOSES 

 
Abstracts: The article discusses the main methods of drying pressure fire hoses. The main 

types of devices for convective drying of fire hoses with hot air are given. The main advantages 

and disadvantages of existing methods of convective drying are noted. Measures for moderniza-

tion of the tower dryer are proposed. 
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ʉʫʰʢʘ ʥʘʧʦʨʥʳʭ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʠʜʦʚ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʩʫʰʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʚ 

ʙʘʰʝʥʥʳʭ ʩʫʰʠʣʢʘʭ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʨʠʥʫʜʠʪʝʣʴʥʘʷ ʩʫʰʢʘ ʧʦʞʘʨʥʳʭ 

ʥʘʧʦʨʥʳʭ ʨʫʢʘʚʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʘʱʝ ʚʩʝʛʦ ʥʘʛʨʝʪʳʤ ʚʦʟʜʫʭʦʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʰʠʣʢʘʭ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 40 Áʉ ʜʦ 50 Áʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʨʫʢʘʚʘ ʠ ʬʦʨ-

ʤʳ ʩʚʷʟʠ ʚʣʘʛʠ ʩ ʤʘʪʝʨʠʘʣʦʤ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʨʘʟʣʠʯʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʩʫʰʢʠ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʟʘʩʣʫʞʠʚʘʝʪ ʩʫʰʠʣʴʥʳʡ ʰʢʘʬ ʤʦʜʝ-

ʣʠ ʐʉʇʈ 2 (ʨʠʩ. 1), ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʥʘʰʝʡ ʩʪʨʘʥʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɸʥʘʣʠʟʠʨʫʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʢʣʶʯʝʚʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ. ʂʦʨʧʫʩ ʰʢʘʬʘ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʚʳʩʦʢʦʢʘ-

ʯʝʩʪʚʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʯ-

ʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʥʦʩʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʨʝ-

ʞʜʝʥʠʷʤ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʜʘʞʝ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʰʢʘʬʘ  

ʐʉʇʈ 2 

ɹʣʘʛʦʜʘʨʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʰʢʘʬ ʐʉʇʈ 2 ʦʙʣʘʜʘʝʪ ʫʚʝʣʠʯʝʥʥʦʡ 

ʚʤʝʩʪʠʤʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦ-

ʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ, ʚʢʣʶʯʘʷ ʪʝʤʧʝʨʘʪʫʨʫ, ʯʪʦ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʦʤʫ ʢʦʥʪʨʦʣʶ ʥʘʜ ʚʩʝʤʠ ʵʪʘʧʘʤʠ ʦʙʨʘʙʦʪʢʠ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʠ ʫʜʦʙʩʪʚʦʤ ʨʘʟʤʝʱʝ-

ʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʨʫʢʘʚʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʨʫʛʦʡ ʫʩʪʘʥʦʚʢʦʡ, ʟʘʩʣʫʞʠʚʘʶ-

ʱʝʡ ʚʥʠʤʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʉʈ-3 

(ʨʠʩ. 2), ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʩʫʰʢʠ ʧʦ-

ʞʘʨʥʳʭ ʨʫʢʘʚʦʚ ʚʩʝʭ ʪʠʧʦʨʘʟʤʝʨʦʚ ʧʦ-

ʩʣʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʤʦʡʢʠ. ɺʳʩʦʢʘʷ 

ʤʦʱʥʦʩʪʴ ʵʪʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʵʬ-

ʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʫʢʘʚʘ ʜʠʘʤʝʪ-

ʨʦʤ ʜʦ 150 ʤʤ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʙʦʣʴ-

ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʫʢʘʚʦʚ ʢʨʫʧʥʳʭ ʜʠʘ-

ʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, 77 ʠ 150 ʤʤ). 

 

ʈʠʩ. 2. ʋʩʪʘʥʦʚʢʘ ʉʈ-3 ʩ ʧʦʞʘʨʥʳʤ ʨʫʢʘʚʦʤ 

ʜʠʘʤʝʪʨʦʤ 150 ʤʤ 

ʉʫʰʠʣʴʥʳʡ ʰʢʘʬ STS-820 (ʨʠʩ. 3) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʱʝ ʦʜʥʦ ʧʦʧʫʣʷʨʥʦʝ 

ʨʝʰʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʘ ʤʦʜʝʣʴ ʩʧʦʩʦʙʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳ-

ʩʫʰʠʚʘʪʴ ʜʦ 10 ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ. ʐʢʘʬ ʚʳʧʦʣʥʝʥ ʠʟ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʬʠʣʝʡ ʠ ʦʩʥʘʱʝʥ ʘʢʨʠʣʦʚʳʤ ʩʪʝʢʣʦʤ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʢʨʳʚʘʥʠʷ ʜʚʝʨʝʡ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʦʪʝʨʶ ʪʝʧʣʘ. ʉʠʩʪʝʤʘ ʥʘʛʨʝʚʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʜʠʘʣʴʥʦʤ ʚʝʥʪʠʣʷʪʦʨʝ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʫʝʤʦʤ ʊʕʅʝ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʤ ʧʦʩʪʦʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫ-



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 

_______________________________________________________________________________ 

 

19 

ʨʫ ʥʘ ʫʨʦʚʥʝ 60ÁC. ʊʝʨʤʦʩʪʘʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ, ʛʘʨʘʥʪʠʨʫʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʩʫʰʢʠ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ TG-812 (ʨʠʩ. 

4), ʦʩʥʘʱʝʥʥʫʶ ʨʘʜʠʘʣʴʥʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ ʩ ʪʨʝʭʬʘʟʥʳʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʧʝʨʝ-

ʤʝʥʥʦʛʦ ʪʦʢʘ. ʄʦʜʝʣʴ ʜʦʩʪʫʧʥʘ ʚ ʜʚʫʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ: ʩ ʜʚʫʤʷ ʠʣʠ ʯʝʪʳʨʴʤʷ ʨʫ-

ʢʘʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʨʘʟʤʝʨʦʤ 77 ʤʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʰʠʪʴ ʨʫʢʘʚʘ ʜʠʘʤʝʪʨʘʤʠ 

ʦʪ 51 ʜʦ 77 ʤʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 6 ʢɺʪ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʘʷ ʙʳʩʪʨʫʶ ʩʫʰʢʫ ʯʝʪʳʨʝʭ ʨʫʢʘʚʦʚ ʧʨʠʤʝʨʥʦ ʟʘ ʜʚʘ ʯʘʩʘ. ʋʧʨʘʚʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫ-

ʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴʥʦ-ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʤ ʪʝʨʤʦʨʝʣʝ. 

 

  
 

ʈʠʩ. 3. ʐʢʘʬ ʩʫʰʠʣʴʥʳʡ  

STS-820 

 

ʈʠʩ.4. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʩʫʰʢʠ  

ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ TG-812 
 

 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʩʫʰʢʝ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʩ ʥʘʭʦʞʜʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦ- 

ʠ ʚʣʘʛʦʧʝʨʝʥʦʩʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʫʰʢʠ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʳʤ ʧʦʜʭʦʜʦʤ ʙʫʜʝʪ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʙʘʰʝʥʥʦʡ ʩʫʰʠʣʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʤʦʥʪʘʞ ʚ ʙʘʰʝʥʥʫʶ ʩʫʰʠʣʢʫ ʧʦʜʲʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʪʝʧʣʦʚʝʥʪʠʣʷʪʦʨʘ. ʕʪʦ ʥʦʚʦʚʚʝʜʝʥʠʝ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʝʨʘ-

ʪʠʚʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʧʣʘʪʬʦʨʤʳ 

ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ, ʚʳʧʦʣʥʝʥ ʧʨʦʯʥʦʩʪʥʦʡ ʨʘʩʯʸʪ ʧʣʘʪʬʦʨʤʳ, ʨʘʟʨʘ-

ʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʜʣʷ ʧʦʜʲʝʤʘ - ʩʧʫʩʢʘ ʧʣʘʪʬʦʨʤʳ ʩ ʟʘʢʨʝʧʣʝʥ-

ʥʳʤʠ ʧʦʞʘʨʥʳʤʠ ʨʫʢʘʚʘʤʠ, ʧʦ ʪʨʝʙʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʦʚʝʜʝʥ ʚʳʙʦʨ ʪʝʧʣʦʚʝʥʪʠʣʷ-

ʪʦʨʘ ʠ ʚʳʧʦʣʥʝʥ ʧʨʦʯʥʦʩʪʥʦʡ ʨʘʩʯʝʪ ʵʣʝʤʝʥʪʦʚ ʛʨʫʟʦʧʦʜʲʝʤʥʦʡ ʣʝʙʝʜʢʠ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʇʦʢʨʦʚʩʢʠʡ ɸ.ɸ, ʀʚʘʥʦʚ ɺ.ɽ. ʄʘʰʠʥʘ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʡ ʩʫʰʢʠ ʥʝʪʢʘʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ // ɺʝʩʪʥʠʢ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ï 2025. ï ʊ.104. ˉ 2. ï ʩ. 133-136. 
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2. ɺʦʜʷʩʦʚ ɸ.ʅ., ʇʦʢʨʦʚʩʢʠʡ ɸ.ɸ. ʊʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʫʰʢʠ ʥʘʧʦʨʥʳʭ 

ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ. ʉʙʦʨʥʠʢ 

ʤʘʪʝʨʠʘʣʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨ-
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ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ ʩʣʦʞʠʚʰʠʭʩʷ ʪʝʥʜʝʥʮʠʡ ʠ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʘ 

ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʤʝʞʜʫ ʬʘʢʪʦʨʘʤʠ, ʦʢʘʟʳʚʘʶʱʠʤʠ ʚʣʠʷʥʠʝ ʥʘ ʠʟʫʯʘʝʤʳʝ ʧʨʦʮʝʩʩʳ ʠ ʢʦʥʝʯ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

ʂʘʢ ʠ ʚ ʣʶʙʦʡ ʦʙʣʘʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʩʬʝʨʝ ʥʘʜʝʞʥʦʩʪʠ ʤʘ-

ʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʢʘʢ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʚʦʡʩʪʚʘ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʣʶʙʦʡ ʜʠʩ-

ʢʨʝʪʥʳʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʟ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʠ ʟʘʚʠʩʠʤʦ-
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ʩʪʝʡ ʤʝʞʜʫ ʥʠʤʠ ʦʩʪʘʝʪʩʷ ʭʘʦʪʠʯʥʦʡ ʘʤʦʨʬʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ, ʥʝʧʦʜʣʝʞʘʱʝʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʥʘʣʠʟʫ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʠʟʫʯʝʥʠʝ ʩʚʷʟʝʡ ʠ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʪʠʧʘ çʬʘʢʪʦʨ ï ʦʪʢʣʠʢè 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘ-

ʜʘʯ, ʨʝʰʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʪʠʧʘ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʦʮʝʥʢʘ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʙʲʝʢʪʠʚʥʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ, ʠʩʩʣʝ-

ʜʦʚʘʪʴ ʩʣʦʞʠʚʰʫʶʩʷ ʜʠʥʘʤʠʢʫ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʣʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʣʠʷʥʠʷ ʥʘ ʦʪʢʣʠʢ ʯʝʨʝʟ ʬʦʨʤʠʨʫʶʱʠʝ ʝʛʦ ʬʘʢʪʦʨʳ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʝ.             

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ 

ʠ ʷʚʣʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʥʘʜʝʞʥʦʩʪʴ ʤʘʰʠʥʳ ʠʣʠ ʤʝʭʘʥʠʟʤʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʪʝʤ, ʢʘʢʦʡ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʪʢʣʠʢʘ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʪʘʥʦʚʠʪʴ ʚʳʙʦʨ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʥʘʜʝʞʥʦʩʪʠ, 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʬʠʛʫʨʠʨʫʶʱʠʭ ʚ ʧʣʘʥʠʨʫʶʱʠʭ ʠ ʦʪʯʝʪʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʮʠʨʢʫʣʠ-

ʨʫʶʱʠʭ ʚ ʩʬʝʨʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʨʢʦʚ ʤʘʰʠʥ. ɺʳʙʨʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʦʣʞʝʥ ʦʙʲʝʢ-

ʪʠʚʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʩʝʙʝ ʚʘʨʠʘʮʠʠ ʚʩʝʭ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʬʠʛʫʨʠʨʫʶʱʠʭ ʚ ʩʦ-

ʟʜʘʚʘʝʤʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚ ʨʦʣʠ ʬʘʢʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʦʜʠʥ ʠʟ ʩʘʤʳʭ çʧʦ-

ʧʫʣʷʨʥʳʭè ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ï ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʣʠʙʦ ʢʦʤ-

ʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ). 

 ʆʧʨʝʜʝʣʠʚʰʠʩʴ ʩ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʩʣʝʜʫʝʪ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʘʣʴʥʦʡ 

ʣʦʛʠʢʠ, ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ ʠ ʥʘʢʦʧʣʝʥʥʦʛʦ ʥʘ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʧʝʨʠʦʜʘʭ ʤʘʩʩʠʚʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʠʪʴ ʥʦʤʝʥʢʣʘʪʫʨʫ ʧʨʠʯʠʥ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʥʝʛʦ ʚʣʠʷʥʠʝ. 

ɼʘʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʚʝʨʰʠʪʴ ʧʝʨʝʭʦʜ ʦʪ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʧʨʠʯʠʥ 

ʠ ʠʭ ʩʣʝʜʩʪʚʠʡ) ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʦʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʳʙʦʨʘ ʯʠʩʣʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʠʩʠʪ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʙʫʜʫʱʝʡ ʤʦʜʝʣʠ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʩʙʦʨʘ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ ʩʪʨʦʠʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʪ-

ʨʘʞʘʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʤʝʥʥʦʡ ʦʪʢʣʠʢʘ (y) ʦʪ ʬʘʢʪʦʨʦʚ-ʧʝʨʝʤʝʥʥʳʭ (x1, x2 é, 

xm): 

 

     y = f(x1, x2 é, xm).                                                     (1) 

 

ɺʳʨʘʞʝʥʠʝ (1) ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʣʠʥʝʡʥʦʡ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ [1], ʝʩʣʠ 

ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ y, x1, x2 é, xm ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ G(y), g(x1), 

g(x2) é, g(xm), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʘʢʪʦʨʥʳʭ ʧʝʨʝ-

ʤʝʥʥʳʭ [2]: 

 

G(y) = a + b1 g(x1) + b2 g(x2) + é + bm g(xm).                              (2)  

 

ʃʠʥʝʡʥʳʝ ʤʦʜʝʣʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʦʙʣʘʜʘʶʪ, ʧʦʤʠʤʦ ʦʜʥʦʛʦ ʦʯʝʚʠʜʥʦ-

ʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʳ, ʪʘʢʞʝ ʠ ʝʱʝ ʤʝʥʴʰʠʤ ʨʠʩʢʦʤ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʦʰʠʙʢʠ ʧʨʦʛʥʦʟʘ [3], ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ. 

ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʘʢʪʦʨʳ, ʥʘʠʙʦʣʝʝ ʷʚʥʦ ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʩ ʦʪʢʣʠʢʦʤ y, ʠ 

ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʦʪʜʘʪʴ ʧʨʠʦʨʠʪʝʪ ʚ ʦʯʝʨʝʜʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʚ ʤʦʜʝʣʴ.  
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ʇʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʦʪʙʦʨʝ ʬʘʢʪʦʨʦʚ ʚ 

ʤʦʜʝʣʴ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, 

ʥʦʩʷʱʠʝ ʚʳʨʘʞʝʥʥʳʡ ʧʨʠʢʣʘʜʥʦʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʚʝʜʝʥʳ, ʥʘʧʨʠʤʝʨ, ʚ [4]. ɺ ʨʝʜʘʢʪʦ-

ʨʝ ʪʘʙʣʠʮ Excel ʝʩʪʴ ʚʩʪʨʦʝʥʥʳʝ ʬʦʨʤʫʣʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʙʳʩʪʨʦ ʦʩʫʱʝʩʪʚʠʪʴ ʨʷʜ 

ʰʘʛʦʚ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ.    

ʅʘʯʠʥʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩ ʧʘʨʥʦʡ ʨʝʛʨʝʩʩʠʠ ʤʝʞʜʫ ʫ ʠ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʢʦʨ-

ʨʝʣʠʨʫʶʱʝʡ ʩ ʥʝʡ ʧʝʨʝʤʝʥʥʦʡ xk; ʬʠʢʩʠʨʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ [5]: ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ R2, ʩʪʘʥʜʘʨʪʥʫʶ ʦʰʠʙʢʫ ʨʝ-

ʛʨʝʩʩʠʠ ʠ ʟʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʪʨʦʠʪʩʷ ʤʦʜʝʣʴ ʩ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: ʧʝʨʚʳʡ ʚʳʙʨʘʥʥʳʡ ʬʘʢʪʦʨ 

ʦʩʪʘʝʪʩʷ ʚ ʤʦʜʝʣʠ, ʘ ʥʘ ʤʝʩʪʦ ʚʪʦʨʦʛʦ ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʦʜʥʘ ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʧʝʨʝʤʝʥ-

ʥʳʭ. ʉʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ ʜʚʫʭʬʘʢʪʦʨʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʪʦʡ, ʢʦʪʦ-

ʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʳʡ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ R2.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ R2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʣʶ ʚʘʨʠʘʮʠʠ y, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʠʟ-

ʤʝʥʝʥʠʝʤ ʚʚʝʜʝʥʥʳʭ ʚ ʤʦʜʝʣʴ ʬʘʢʪʦʨʦʚ. 

ʂʘʯʝʩʪʚʦ ʤʦʜʝʣʠ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʦʰʠʙʢʝ ʨʝʛʨʝʩʩʠʠ ʠ ʟʥʘʯʠʤʦ-

ʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʤʝʞʜʫ ʬʘʢʪʦʨʘʤʠ, ʧʨʠʯʝʤ ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʬʘʢʪʦʨʳ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʜʨʫʛ ʩ ʜʨʫ-

ʛʦʤ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʦʜʝʣʠ ʦʙʲʝʢʪʠʚʥʦ ʦʪʨʘʞʘʝʪ ʚʢʣʘʜ 

ʩʚʦʝʛʦ ʬʘʢʪʦʨʘ ʚ ʚʘʨʠʘʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʦʪʢʣʠʢʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʤʝʝʪ ʤʝ-

ʩʪʦ ʟʘʤʝʪʥʘʷ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʴ ʬʘʢʪʦʨʦʚ, ʩʣʫʯʘʝʪʩʷ ʠʭ ʩʤʝʰʝʥʠʝ ʠ ʚʟʘʠʤʥʦʝ ʟʘ-

ʤʝʱʝʥʠʝ, ʯʪʦ ʚʣʝʯʝʪ ʠʩʢʘʞʝʥʠʝ ʠʩʪʠʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʰʠʙʦʯʥʫʶ ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʷʚʥʦ ʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚʢʣʶʯʘʪʴ ʚ ʤʦʜʝʣʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ.  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʚʦʡʩʪʚʦ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚ ʨʝʘʣʴʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʠʨʫʶʪ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʠ ʚ ʵʪʦʡ ʩʚʷʟʠ ʩʪʝʧʝʥʴ ʵʪʦʡ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ. 

ɼʝʡʩʪʚʫʷ ʜʘʣʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʥʦʚʠʪʴ ʩʚʦʡ ʚʳʙʦʨ ʥʘ ʦʪʦʙʨʘʥʥʦʡ ʜʚʫʭʬʘʢ-

ʪʦʨʥʦʡ ʤʦʜʝʣʠ ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝ-

ʥʠʷ ʝʱʝ ʦʜʥʦʛʦ ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʬʘʢʪʦʨʦʚ, ʦʮʝʥʠʚʘʷ, ʢʘʢ ʠ ʨʘʥʝʝ ʝʝ ʢʘʯʝʩʪʚʦ. ʈʝʟʫʣʴ-

ʪʘʪ ʜʦʙʘʚʣʝʥʠʷ ʚ ʤʦʜʝʣʴ ʥʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʛʘʪʠʚʥʳʤ, ʝʩʣʠ ʧʨʠ 

ʵʪʦʤ ʥʠʚʝʣʠʨʫʝʪʩʷ ʚʢʣʘʜ ʢʘʢʦʡ-ʣʠʙʦ ʧʝʨʝʤʝʥʥʦʡ, ʚʢʣʶʯʝʥʥʦʡ ʨʘʥʝʝ. ʊʦʛʜʘ ʧʦ ʨʝ-

ʢʦʤʝʥʜʘʮʠʷʤ [6] ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʤʦʜʝʣʠ 

ʩʪʘʨʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʚʳʙʨʘʪʴ ʤʦʜʝʣʴ, ʥʘʧʨʠʤʝʨ, ʩ ʙʦʣʴʰʠʤ R2. 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ ʜʝʡʩʪʚʠʷ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʚʢʣʶʯʝ-

ʥʠʝ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʨʠʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝ-

ʪʝʨʤʠʥʘʮʠʠ R2, ʧʨʠʯʝʤ ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ 

ʟʥʘʯʝʥʠʷ, ʥʦ ʠ ʥʘ ʟʥʘʯʝʥʠʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʛʦR̀2, ʦʩʦʙʝʥʥʦ, ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝ-

ʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ ʚ ʤʦʜʝʣʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʧʨʠʩʫʱʠʭ ʢʦʨʨʝʣʷʮʠʦʥʥʦʤʫ 

ʘʥʘʣʠʟʫ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʩʬʝʨʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʚ ʮʝʣʦʤ, ʚ ʦʙʣʘʩʪʠ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʦʩʦʙʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʙʲʝʢʪʘ, ʠʤʝʶʱʝʛʦ ʪʝʭʥʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ. 
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ABOUT THE NEED TO USE A COMPRESSED AIR DRYER  

FOR THE OPERATION OF PNEUMATIC TOOLS  
 

Abstract: ʪhe article is devoted to the issue of improving the quality of compressed air 

generated by a compressor for the operation of pneumatic tools. Special attention is paid to the 

equipment used in repair shops for the maintenance of firefighting equipment and mobile fire ex-

tinguishing equipment. A dehumidifier design is proposed, which is designed to reduce the 
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amount of condensate in the compressed air coming from the compressor. 

Keywords: maintenance, pneumatic tools, condensate reduction, compressor,  

compressed air. 
 
ʅʝ ʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʤʝʭʘʥʠʟʤʘ, ʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʩʣʦʞʥʦ-

ʩʪʠ ʠʩʧʦʣʥʝʥʠʷ, ʤʝʩʪʘ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʜʦʣʞʥʦʝ ʚʥʠʤʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʦʙʩʣʫʞʠʚʘʥʠʶ, ʘ ʧʨʠ ʧʦʣʦʤʢʘʭ ʧʨʦʚʝʜʝʥʠʶ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʨʝʤʦʥʪʘ. ʆʧʝʨʘʮʠʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟ-

ʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʫʯʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʠʥʩʪʨʫʤʝʥʪ ʩ ʨʘʟʣʠʯ-

ʥʳʤʠ ʪʠʧʘʤʠ ʧʨʠʚʦʜʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʯʠʭ ʦʧʝʨʘʮʠʡ. 

 

   
ʘ)                                            ʙ)                                             ʚ) 

ʈʠʩ. 1. ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʙʦʪʳ ʩ ʨʝʟʴʙʦʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ: ʘ ï ʨʫʯʥʳʝ ʛʘʝʯʥʳʝ ʢʣʶʯʠ;  

ʙ ï ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʛʘʡʢʦʚʝʨʪ; ʚ ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʘʡʢʦʚʝʨʪ. 

 

 

ʇʨʠʤʝʥʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʦʩʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʚʦʜʠ-

ʤʦʡ ʦʧʝʨʘʮʠʝʡ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ. ɼʘʞʝ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʧʥʝʚ-

ʤʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʦʚʝʩʪʠ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʙʝʟ ʨʫʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʜʥʘʢʦ ʠʥʩʪʨʫʤʝʥʪ ʩ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʤ ʠʣʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦ-

ʨʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʦʧʝʨʘʮʠʡ, ʨʘʩʰʠʨʷʝʪ ʩʧʠʩʦʢ ʚʦʟʤʦʞʥʳʭ ʜʝʡʩʪʚʠʡ ʠ 

ʦʙʣʝʛʯʘʝʪ ʪʨʫʜ ʦʙʩʣʫʞʠʚʘʶʱʝʤʫ ʧʝʨʩʦʥʘʣʫ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʳʥʦʢ ʥʘʩʳʱʝʥ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚʳʙʦʨ ʢʦʪʦʨʦʛʦ ʦʙʦʩʥʦʚʘʥ ʟʘʜʘʯʘʤʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ-

ʩʪʴʶ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʩʪʦʠʤʦʩʪʴʶ. ɺ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʢʨʘʪʢʦʩʨʦʯʥʳʭ, ʥʝ ʩʣʦʞ-

ʥʳʭ ʨʘʙʦʪ ʩ ʥʝʙʦʣʴʰʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʜʦ-

ʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɸ ʚ ʩʣʫʯʘʝ ʢʘʞʜʦʜʥʝʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʦʜʥʦʪʠʧʥʳʭ ʣʠ-

ʙʦ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʭ ʨʘʙʦʪ ʦʧʪʠʤʘʣʴʥʳʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʣʠ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʇʨʦʚʦʜʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʨʝʜʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʝʡ 

ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘ-

ʟʠʝ ʥʘʟʚʘʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ 

ʩʪʦʠʤʦʩʪʠ. ʀ ʝʩʣʠ ʧʦ ʥʘʙʦʨʫ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ ʚʩʝ ʚʠʜʳ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠʤʝʨ-

ʥʦ ʦʜʠʥʘʢʦʚʳʝ, ʪʦ ʧʦ ʬʠʥʘʥʩʦʚʳʤ ʟʘʪʨʘʪʘʤ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʝ-

ʤʦʥʪʥʳʭ ʤʘʩʪʝʨʩʢʠʭ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʦ. ʀ ʚʦʦʙʱʝ, ʥʘʣʠʯʠʝ ʚ ʤʘʩʪʝʨʩʢʦʡ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤ-

ʣʝʤʦʡ ʯʘʩʪʴʶ ʝʝ ʦʩʥʘʱʝʥʠʷ. 
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ʉʞʘʪʳʡ ʚʦʟʜʫʭ, ʩʦʟʜʘʚʘʝʤʳʡ ʢʦʤ-

ʧʨʝʩʩʦʨʦʤ, ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʨʝʤʦʥʪʥʳʭ ʟʘʜʘʯ: ʧʦʜ-

ʢʘʯʢʘ ʢʦʣʝʩ; ʧʨʦʜʫʚʢʘ ʪʦʧʣʠʚʥʳʭ ʠ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; ʧʨʦʜʫʚʢʘ ʩʠʩʪʝʤ 

ʦʭʣʘʞʜʝʥʠʷ ʩ ʮʝʣʴʶ ʦʯʠʩʪʢʠ ʦʪ ʧʳʣʠ ʠ 

ʛʨʷʟʠ; ʧʦʢʨʘʩʢʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʢʨʘʩʢʦ-

ʧʫʣʴʪʦʤ; ʧʝʩʢʦʩʪʨʫʡʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʝʪʘ-

ʣʝʡ; ʨʘʙʦʪʘ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʧʦʜʲʝʤʥʠ-

ʢʦʚ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ 

ʨʫʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʤʝʷ ʦʜʥʫ ʩʪʘʥʮʠʶ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ (ʢʦʤʧʨʝʩʩʦʨ) ʝʩʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʠʚʝʩʪʠ ʚ ʨʘʙʦʪʫ ʙʦʣʴʰʦʡ 

ʩʧʠʩʦʢ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʈʠʩ. 2. ʂʦʤʧʨʝʩʩʦʨ ʧʦʨʰʥʝʚʦʡ 

ʉʦʚʨʝʤʝʥʥʦʝ ʢʦʤʧʨʝʩʩʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʨʝʤʦʥʪʥʳʭ ʤʘʩʪʝʨʩʢʠʭ ʩʧʦ-

ʩʦʙʥʦ ʩʦʟʜʘʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʨʘʙʦʪʳ ʙʦʣʴʰʠʥ-

ʩʪʚʘ ʝʜʠʥʠʮ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʩʥʘʩʪʢʠ. 

ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʩʪʦʠʪ ʦʙʨʘʱʘʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʠʜʝʪ ʦʪ ʢʦʤʧʨʝʩʩʦʨʘ 

ʢ ʠʥʩʪʨʫʤʝʥʪʫ. ɺʣʘʛʘ, ʧʳʣʴ, ʤʘʩʣʷʥʳʝ ʧʘʨʳ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʩʞʘʪʦʤ ʚʦʟʜʫʭʝ 

ʠ ʥʘʥʝʩʪʠ ʚʨʝʜ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʢʘʯʝʩʪʚʫ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʫʢʘʟʘʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʨʘʙʦʯʝʡ ʩʨʝʜʳ, ʚ ʧʥʝʚʤʘʪʠʯʝʩʢʫʶ ʩʠ-

ʩʪʝʤʫ ʚʥʝʜʨʷʶʪ ʬʠʣʴʪʨʳ ʠ ʦʩʫʰʠʪʝʣʠ ʚʦʟʜʫʭʘ. ɸʥʘʣʠʟ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʚ 

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʘʟ-

ʜʝʣʝʥʠʝ ʪʘʢʠʭ ʦʯʠʩʪʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʙʳʪʦʚʦʛʦ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ. ɿʜʝʩʴ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ çʙʳʪʦʚʳʝè ʦʯʠʩʪʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʦʟʥʘʯʘʶʪ 

ʥʠʟʢʦʝ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʘʯʝʩʪʚʦ, ʘ ʩʢʦʨʝʝ ʚʩʝʛʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʘʤʦʛʦ ʦʯʠʩʪʠʪʝʣʴʥʦʛʦ ʫʟʣʘ. ʇʨʠʯʝʤ ʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ. 

 

 
 

 

ʈʠʩ. 3. ʉʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ 

ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ 

 

 

ʈʠʩ. 4. ɸʜʩʦʨʙʮʠʦʥʥʳʡ ʦʩʫʰʠʪʝʣʴ 

ʚʦʟʜʫʭʘ ʜʣʷ ʢʦʤʧʨʝʩʩʦʨʘ 
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ɺ ʩʣʫʯʘʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʧʨʦʩʘ ʦʩʥʘ-

ʱʝʥʠʷ ʨʝʤʦʥʪʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʧʦʞʘʨʥʦ-

ʩʧʘʩʘʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫ-

ʤʝʥʪʦʤ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʦʩʦ-

ʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʦʩʪʳʭ 

ʦʩʫʰʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘ-

ʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯ-

ʥʦʝ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʜʣʷ ʨʘʙʦʪʳ ʙʦʣʴʰʠʥ-

ʩʪʚʘ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʘ ʧʨʠʦʙʨʝʪʝ-

ʥʠʝ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʦʪ ʚʣʘʛʠ, ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʠʟʛʦʪʦʚʣʝʥʠʶ 

ʦʩʫʰʠʪʝʣʴ ʚʦʟʜʫʭʘ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦ-

ʨʦʛʦ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʮʝʩʩʘʭ ʢʦʥʜʝʥʩʘʮʠʠ ʞʠʜ-

ʢʦʩʪʠ ʠʟ ʛʘʟʘ. ʉʭʝʤʘ ʦʩʫʰʠʪʝʣʷ ʚʦʟʜʫʭʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5. 

 

ʈʠʩ. 5. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ  

ʦʩʫʰʠʪʝʣʷ ʚʦʟʜʫʭʘ 

ʆʩʫʰʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʥʘ ʦʧʦʨʳ ʤʝʪʘʣ-

ʣʠʯʝʩʢʫʶ ʪʨʫʙʫ ʜʠʘʤʝʪʨʦʤ 100 ʤʤ, ʜʣʠʥʦʡ 1500 ʤʤ. ʊʦʨʮʳ ʪʨʫʙʳ ʛʝʨʤʝʪʠʯʥʦ ʟʘ-

ʢʨʳʪʳ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʨʫʛʘʤʠ ʧʦ ʩʨʝʜʩʪʚʘʤ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʥʠʞʥʝʡ ʟʘ-

ʛʣʫʰʢʝ ʫʩʪʘʥʦʚʣʝʥ ʢʨʘʥ ʜʣʷ ʩʣʠʚʘ ʢʦʥʜʝʥʩʘʪʘ ʠ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʤʘʛʠʩʪʨʘʣʠ. 

ɼʣʷ ʚʭʦʜʘ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʚʳʩʦʪʝ 100 ʤʤ ʦʪ ʥʠʞʥʝʡ ʟʘʛʣʫʰʢʠ ʚʚʘʨʝʥ ʰʪʫʮʝʨ, ʥʘ 

ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʳʩʪʨʦʩʲʝʤʥʳʡ ʢʣʘʧʘʥ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʘʧʦʨʥʦʡ ʤʘ-

ʛʠʩʪʨʘʣʠ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʣʝʥ ʘʥʘʣʦʛʠʯʥʳʡ ʰʪʫʮʝʨ ʩ ʢʣʘʧʘʥʦʤ ʜʣʷ ʚʳʭʦʜʘ 

ʚʦʟʜʫʭʘ ʠ ʧʦʜʩʦʝʜʠʥʝʥʠʷ ʤʘʛʠʩʪʨʘʣʠ ʢ ʠʥʩʪʨʫʤʝʥʪʫ. ʆʩʦʙʝʥʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʰʪʫʮʝ-

ʨʘ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. ɼʠʘʤʝʪʨʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʦʪ ʦʩʠ ʩʠʤʤʝʪ-

ʨʠʠ ʩʝʯʝʥʠʷ ʦʩʥʦʚʥʦʡ ʪʨʫʙʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ. 

ʇʦʧʘʜʘʷ ʚ ʦʩʫʰʠʪʝʣʴ, ʯʝʨʝʟ ʚʧʫʩʢʥʦʡ ʰʪʫʮʝʨ, ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʜʚʠʞʝʪʩʷ ʧʦ ʢʘʩʘʪʝʣʴ-

ʥʦʡ ʢ ʩʪʝʥʢʘʤ ʦʩʫʰʠʪʝʣʷ ʩʦʟʜʘʚʘʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʘʢʨʫʯʠʚʘʥʠʝ. ʇʨʠ ʪʘʢʦʤ ʜʚʠʞʝʥʠʠ 

ʥʘ ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʞʘʪʦʤ ʚʦʟʜʫʭʝ, ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʥʘ ʩʪʝʥʢʠ 

ʦʩʫʰʠʪʝʣʷ ʠ ʩʪʝʢʘʶʪ ʚʥʠʟ. ʅʘʢʦʧʣʝʥʥʳʡ ʢʦʥʜʝʥʩʘʪ ʫʜʘʣʷʝʪʩʷ ʠʟ ʦʩʫʰʠʪʝʣʷ ʯʝʨʝʟ 

ʩʣʠʚʥʦʡ ʢʨʘʥ. 

ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʦʩʫʰʠʪʝʣʷ ʚ ʩʠʩʪʝʤʫ ʧʦʜʛʦʪʦʚʢʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʢʦʣʠʯʝʩʪʚʦ 

ʚʣʘʛʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ɺʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʠ ʧʨʦʚʝʨʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚ-

ʣʝʥʥʦʛʦ ʚʦʟʜʫʭʘ. ʕʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʘʙʦʪʳ ʠʥʩʪʨʫ-

ʤʝʥʪʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ ʚʣʘʛʠ ʚ ʚʦʟʜʫʭʝ, ʧʦʩʣʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʦʩʫʰʠʪʝʣʷ, 

ʩʥʠʞʘʝʪ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʨʝʟʠʥʦʚʳʝ ʜʝʪʘʣʠ, ʘ ʠʤʝʥʥʦ ʪʨʫʙʦʧʨʦʚʦʜʳ ʠ ʫʧʣʦʪʥʝʥʠʷ ʤʝʥʴʰʝ ʧʦʜ-

ʚʝʨʞʝʥʳ ʥʝʛʘʪʠʚʥʦʤʫ ʚʣʠʷʥʠʶ ʚʣʘʛʠ ʠ ʧʦʣʥʦʩʪʴʶ ʚʳʨʘʙʘʪʳʚʘʶʪ ʩʚʦʡ ʨʝʩʫʨʩ ʤʠ-

ʥʠʤʠʟʠʨʫʷ ʜʦʩʨʦʯʥʳʡ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʦʪ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʚ ʥʝ-

ʙʦʣʴʰʠʭ ʨʝʤʦʥʪʥʳʭ ʤʘʩʪʝʨʩʢʠʭ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʦʩʫʰʠʪʝʣʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʠʟʛʦ-

ʪʦʚʣʝʥʠʝ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ 

ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʙʦʣʴʰʠʥʩʪʚʘ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʢʨʘʩʦʯʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʨʘʩʢʦʧʫʣʴʪʘ.  



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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IMPROVING THE RELIABILITY OF POWER PLANT PIPELINES  

 
Abstracts: The paper considers the problem of improving the reliability of pipelines of 

electric power plants that are used to supply water from open reservoirs for cooling. The maintain-

ability of these objects is critical. The paper presents the main patterns of destruction of pipes and 

water fittings. Electrochemical destruction of individual sections of metal structures occurs in 

seawater and freshwater. It is proposed to use protectors that are placed directly in the structure. 

Keywords: reliability, electric station, pipeline, maintainability, electrochemical corrosion, 

tread protection 

 

ʊʨʫʙʦʧʨʦʚʦʜʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʩʥʘʙʞʘʶʱʠʝ ʚʦʜʦʡ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʘʛʨʝʛʘʪʦʚ, 

ʨʘʙʦʪʘʶʪ ʚ ʪʷʞʝʣʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʦʡ ʩʨʝʜʝ 

ʵʣʝʢʪʨʦʣʠʪʦʚ. ʉʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʚʦʜʦʝʤʘ ʜʣʷ ʟʘʙʦʨʘ ʚʦʜʳ. ʇʨʘʢʪʠʯʝ-

ʩʢʠ ʚʦ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ ʥʘʪʨʠʷ, ʤʘʛʥʠʷ ʢʘʣʴʮʠʷ, 

ʞʝʣʝʟʘ.  

ɿʘʱʠʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʢʦʨʨʦʟʠʠ ʦʩʣʦʞʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʙʣʫʞʜʘʶʱʠʭ ʪʦʢʦʚ 

ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʚʠʜʝ ʚʦʜʦʨʦʩʣʝʡ ʠ ʤʦʨʩʢʠʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪ-

ʥʳʭ, ʪʘʢ ʢʘʢ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʘʛʨʝʛʘʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʘ ʠʟ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜ-

ʥʳʭ ʚʦʜʦʝʤʦʚ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ.  

ʆʙʦʨʫʜʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦ-

ʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʘʚʘʨʠʡʥʳʝ ʢʦʨʨʦʟʠʦʥʥʳʝ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʩʪʨʘʥʷʪʴ ʟʘʤʝʥʦʡ ʫʯʘʩʪʢʦʚ ʪʨʫʙ ʠʣʠ ʥʘʣʦʞʝʥʠʝʤ ʭʦʤʫʪʦʚ ʠʣʠ ʟʘʚʘʨʠʚʘʥʠʝʤ 

ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʤʦʨʩʢʦʡ ʚʦʜʦʡ. 

ʊʨʫʙʳ ʠ ʚʦʜʦʟʘʧʦʨʥʘʷ ʘʨʤʘʪʫʨʘ ʤʦʛʫʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʢʘʢ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦ-

ʩʪʦʡʢʠʭ ʩʪʘʣʝʡ, ʪʘʢ ʠ ʠʟ ʫʛʣʝʨʦʜʠʩʪʳʭ ʧʦ ɻʆʉʊ 10704-91, ɻʆʉʊ 10705-80, 

ɻʆʉʊ 8731-87, ɻʆʉʊ 8732-78, ɻʆʉʊ 8733-74 ʠ ʜʨʫʛʠʤ. [1, 2, 3, 4]  

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʤʠʢʨʦʬʣʦʨʘ ʠ ʤʠʢʨʦʬʘʫʥʘ ʚʦʜʳ, ʨʅ ʚʦʜʳ. 

ɼʣʷ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʦʢʘʟʳʚʘʝʪʩʷ ʢʨʠʪʠʯʥʳʤ ʪʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʘʷ ʢʦʨʨʦʟʠʷ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʣʠʯʠʝ ʨʘʟʨʫʰʝʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʈʝʤʦʥʪ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʦʟʤʦʞʝʥ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʤʝʣʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʊʨʫʙʳ ʠʟ ʩʪʘʣʝʡ ʘʫʩʪʝʥʠʪʥʦʛʦ ʢʣʘʩʩʘ ʩʪʦʡʢʠ ʢ ʣʦʢʘʣʴ-

ʥʦʡ ʢʦʨʨʦʟʠʠ. ʍʨʦʤ, ʥʠʢʝʣʴ ʠ ʜʨʫʛʠʝ ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ 

ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʩʦʩʪʘʚʝ ʤʘʪʝʨʠʘʣʘ ʪʨʫʙ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝ-

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ʉʫʣʴʬʠʜʳ ʠ ʥʠʪ-

ʨʠʜʳ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʩʦʩʪʘʚʝ ʩʪʘʣʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʧʠʪʪʠʥʛ ʠ 

ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʫʶ ʢʦʨʨʦʟʠʶ. 

ʆʮʝʥʢʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ, ʘ ʜʣʷ ʦʮʝʥ-

ʢʠ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʡ ʢʦʨʨʦʟʠʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ. [5] 

ʂʦʨʨʦʟʠʦʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠʟ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʧʨʦʪʝʢʘʝʪ 

ʚʩʧʣʦʰʥʫʶ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʨʫʰʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. ʊʘʢʦʡ ʫʯʘʩʪʦʢ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪ ʨʝʤʦʥʪʫ. ɺʩʷ ʪʨʫʙʘ ʤʦʞʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʜʦ ʧʣʘʥʦʚʦʛʦ 

ʨʝʤʦʥʪʘ. ʕʪʦ ʥʝʩʦʤʥʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦ ʧʨʦ-

ʪʷʞʝʥʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ.    



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ɺ ʧʦʪʦʢʝ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʪʘʜʠʷʤ: ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʣʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʦʚ ʠ 

ʵʣʝʢʪʨʦʥʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʠʩʣʠʪʝʣʷ (ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʳ) ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʦʚ   ʆʅ-, ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʜʦʚ. 

ʇʨʦʜʫʢʪʳ ʢʦʨʨʦʟʠʠ ʜʦʣʞʥʳ ʟʘʤʝʜʣʷʪʴ ʜʘʣʴʥʝʡʰʫʶ ʢʦʨʨʦʟʠʶ, ʪʘʢ ʢʘʢ ʦʙʨʘʟʫʶʪ 

ʧʘʩʩʠʚʠʨʫʶʱʫʶ ʧʣʝʥʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. [6] 

ɺ ʤʝʪʘʣʣʝ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʦʜʥʦʨʦʜʝʥ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʠʢʨʦʛʘʣʴʚʘʥʦʧʘʨʳ, ʢʦʪʦ-

ʨʳʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʤʠʢʨʦʪʦʢʦʚ. ʕʪʦ ʟʝʨʥʘ ʬʝʨʨʠʪʘ ʠ ʧʝʨʣʠʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʦʢʩʠʜʘ ʭʨʦʤʘ, ʥʠʢʝʣʷ ʠ ʰʧʠʥʝʣʠ, ʠ ʜʨʫʛʠʝ ʥʝʤʝʪʘʣʣʠ-

ʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ʧʨʠʚʦʜʠʪ ʢ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʡ 

ʢʦʨʨʦʟʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ ʧʣʦʭʦ ʧʦʜʜʘʶʪʩʷ ʨʝʤʦʥʪʫ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʘʥʦʜʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʢʠʩʣʠʪʝʣʝʡ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʠʦʥʦʚ ʞʝʣʝʟʘ ʠ ʠʭ ʩʚʷʟʳʚʘʥʠʝʤ ʚ ʛʠʜʨʦʢʩʠʜ: 

 

2Fe + O2 +2H2O Ÿ 2Fe(OH)2  .                                            (1) 

 

ɺ ʚʦʜʝ, ʧʦʜʘʚʘʝʤʦʡ ʠʟ ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʦʣʠ ʠ ʠʦʥʳ ʩʦʣʝʡ. 

ʕʪʦ Na+, Mg2+, Ca2+, NO3
-, Cl-, PO4

3-, SiO2, S-, SO4
2-, NH4

+. ʇʦʢʘʟʘʪʝʣʴ ʨʅ ʤʦʞʝʪ ʤʝ-

ʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ ʦʪ 7,7 ʜʦ 10,3 [7, 8]. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʬʘʢʪʦʨ ʫʩʠʣʝʥʠʷ ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ʢʦʨʨʦʟʠʦʥ-

ʥʦʡ ʩʨʝʜʳ, ʪʘʢ ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʩʢʦ-

ʨʦʩʪʴ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʙʫʜʝʪ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠ-

ʞʝʥʠʷ.  

ʈʘʟʨʫʰʝʥʠʝ ʤʝʪʘʣʣʘ ʤʠʢʨʦʛʘʣʴʚʘʥʦʧʘʨʳ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ, 

ʝʩʣʠ ʦʥ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʧʦʪʝʥʮʠʘʣʦʤ. ʊʘʢ ʜʣʷ ʤʦʨ-

ʩʢʦʡ ʚʦʜʳ ʩʪʘʮʠʦʥʘʨʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʤʝʪʘʣʣʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʷʜʫ: Mg Ÿ Zn Ÿ 

Al Ÿ Cd Ÿ Fe Ÿ Pb Ÿ Sn Ÿ Ni Ÿ Cu Ÿ Ti Ÿ Au. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʧʣʘʚʦʚ ʠ ʭʨʦʤʦʥʠʢʝʣʝʚʳʭ ʢʦʨʨʦʟʠ-

ʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʨʦʪʝʢʪʦʨʳ ʠʟ ʤʘʛʥʠʷ ʠʣʠ ʮʠʥʢʘ. 

ʈʘʟʤʝʨ ʧʨʦʪʝʢʪʦʨʘ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʣʦʱʘʜʠ ʟʘʱʠʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ, ʪʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʪʦʢʘ ʘʥʦʜʘ ʤʝʪʘʣʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

A

K
KA

S

S
ii =  ,                                                             (2) 

 

ʛʜʝ SK ï ʧʣʦʱʘʜʴ ʢʘʪʦʜʘ, SA- ʧʣʦʱʘʜʴ ʘʥʦʜʘ. 

 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʛʠʧʦʪʝʟʳ ʙʳʣ ʩʧʣʘʥʠʨʦʚʘʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʚ ʩʨʝʜʝ 3% ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ. ɼʣʷ 

ʵʪʦʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʠʟ ʩʪʘʣʠ 08ʍ18ʅ10ʊ ʠ ʩʪʘʣʴ 20 ʚ 

ʚʠʜʝ ʣʠʩʪʦʚ ʪʦʣʱʠʥʦʡ 0,8 ʤʤ. ɼʝʪʘʣʠ ʧʦʤʝʱʘʣʠʩʴ ʚ ʨʘʩʪʚʦʨ ʠ ʩʦʝʜʠʥʷʣʠʩʴ ʩ ʧʨʦ-

ʪʝʢʪʦʨʦʤ ʠʟ ʮʠʥʢʘ ʤʘʨʢʠ ʎ0 ʠ ʢʘʜʤʠʷ ʤʘʨʢʠ ʂʜ0, ʢʦʪʦʨʳʝ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʠʟ ʣʠʩʪʘ 

ʪʦʣʱʠʥʦʡ 2 ʤʤ. ʈʘʟʤʝʨʳ ʜʝʪʘʣʝʡ ʠ ʘʥʦʜʦʚ 100ʭ100. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʝ-

ʯʝʥʠʠ 168 ʯʘʩʦʚ ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʧʝʨʝʤʝʰʠʚʘʶʱʠʡʩʷ ʨʘʩʪʚʦʨ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚʟʚʝʰʠʚʘʥʠʝ ʜʝʪʘʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʫʙʳʣʠ ʤʝʪʘʣʣʘ.  

ɼʣʷ ʜʝʪʘʣʝʡ ʠʟ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʦʩʴ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʡ ʢʦʨʨʦʟʠʠ ʧʦ ɻʆʉʊ 6032-2017. 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʩʪʘʣʴ 20 ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʚ ʩʨʝʜʝ 

ʭʣʦʨʥʦʛʦ ʞʝʣʝʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʦʪʝʢʪʦʨʘ ʧʦ ʚʝʩʦʚʦʤʫ ʤʝʪʦʜʫ. 

ʅʝʨʞʘʚʝʶʱʠʝ ʜʝʪʘʣʠ ʪʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʥʘ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʫʶ ʢʦʨʨʦʟʠʶ 

ʠ ʩʣʝʜʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʨʦʪʝʢʪʦʨʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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IMPROVING THE RELIABILITY OF TECHNICAL PRODUCTS BASED  

ON NON-DESTRUCTIVE TESTING METHODS  
 

Annotation. The issues of quality control of welds by non-destructive testing methods are 

investigated. The analysis of the application of visual and measuring control, radiographic control 

is carried out. The features of styloscopy in quality control of welds are shown. The requirements 

for control methods are analyzed and diagrams of the control process are developed. 

Keywords: reliability, visual and measuring inspection of welds, radiographic inspection, 

styloscopy. 

 
ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʚʝʨʢʠ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢ-

ʪʦʚ ʷʚʣʷʶʪʩʷ ʥʝʨʘʟʨʫʰʘʶʱʠʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ. ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʳʭ ʤʝ-

ʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʧʨʠʛʦʜʥʦʩʪʴ 

ʠʟʜʝʣʠʷ. ʇʦʵʪʦʤʫ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʚʘʨ-

ʥʳʭ ʰʚʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʠʩʪʝʤʳ ʛʘʟʦʚʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʜʣʷ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʰʚʦʚ. ʉʨʝʜʠ ʚʩʝʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʚʠʟʫ-

ʘʣʴʥʳʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ (ʜʘʣʝʝ - ɺʀʂ). ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ, ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ - ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʦʨʛʘ-

ʥʘʤʠ ʟʨʝʥʠʷ. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ - ʢʦʥʪʨʦʣʴ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ (ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ) [1]. 

ɺʀʂ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ, ʢʘʢ ʦʩʪʘʪʦʯʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʦʣʦʩʪʠ, ʢʨʫʧʥʳʝ ʪʨʝʱʠʥʳ, ʧʦʜʨʝʟʳ, ʨʠʩʢʠ, ʟʘʜʠʨʳ, 

ʧʦʚʨʝʞʜʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʵʨʦʟʠʠ ʠʣʠ ʢʦʨʨʦʟʠʠ, ʩʣʝʜʳ ʦʪ ʟʘʢʣʝʧʦʢ, ʘ ʪʘʢʞʝ ʦʪʢʣʦʥʝ-

ʥʠʷ ʚ ʬʦʨʤʝ ʜʝʪʘʣʝʡ ʠ ʠʟʜʝʣʠʡ, ʜʝʬʝʢʪʳ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥʠ ʤʦʛʫʪ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʧʦ ʮʚʝʪʫ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʜʨʫʛʠʭ ʬʫʥʢʮʠʡ ʢʦʥʪʨʦʣʷ. 

ʆʪʣʠʯʠʝ ɺʀʂ ʦʪ ʚʩʝʭ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ. 

ɺʀʂ ʤʘʪʝʨʠʘʣʘ (ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʟʘʛʦʪʦʚʦʢ, ʜʝʪʘʣʝʡ) ʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʦʚʦʜʷʪ ʥʘ ʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ:  

1) ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ 

2) ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʠ ʠʟʜʝʣʠʡ  

3) ʧʦʜʛʦʪʦʚʢʠ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʢ ʩʙʦʨʢʝ 

4) ʧʦʜʛʦʪʦʚʢʠ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʢ ʩʚʘʨʢʝ 

5) ʩʙʦʨʢʠ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʧʦʜ ʩʚʘʨʢʫ;  

6) ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ; 

7) ʢʦʥʪʨʦʣʷ ʛʦʪʦʚʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʘʧʣʘʚʦʢ;  

8) ʠʩʧʨʘʚʣʝʥʠʷ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʤʘʪʝʨʠʘʣʝ ʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 

(ʥʘʧʣʘʚʢʘʭ). 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʮʝʩʩʫ ɺʀʂ ʩʚʘʨʥʳʭ 

ʰʚʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ SADT ʜʠʘʛʨʘʤʤʳ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʜʝʥʠʷ ɺʀʂ 

ʥʘ ʨʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʝʡ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ: ɻʆʉʊ ʈ 50.05.08-2018 çʆʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʬʦʨʤʝ ʢʦʥʪʨʦʣʷ. ʋʥʠʬʠʮʠʨʦ-

ʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ. ɺʠʟʫʘʣʴʥʳʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴè [1]. 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʈʠʩ. 1. ʆʙʦʙʱʘʶʱʘʷ SADT ʜʠʘʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ɺʀʂ 

 

 
ɺʠʟʫʘʣʴʥʦʛʦ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʦ, ʧʦʵʪʦʤʫ ʨʘʩ-

ʩʤʦʪʨʠʤ ʷʚʣʷʝʪʩʷ ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ. 

ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶ-

ʱʝʛʦ ʢʦʥʪʨʦʣʷ - ʤʝʪʦʜ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʨʘʜʠʦʛʨʘ-

ʬʠʯʝʩʢʠʡ ʩʥʠʤʦʢ ʠʣʠ ʟʘʧʠʩʠ ʵʪʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʟʘʧʦʤʠʥʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʩʚʝʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ [2; 3]. 

ʈʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ (ʜʘʣʝʝ - ʈʂ) ʧʨʦʚʦʜʷʪ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚ ʩʚʘʨ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ (ʰʚʝ ʠ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ) ʠ ʥʘʧʣʘʚʣʝʥʥʳʭ ʧʦʢʨʳʪʠʷʭ: 

1) ʪʨʝʱʠʥ;  

2) ʥʝʧʨʦʚʘʨʦʚ;  

3) ʥʝʩʧʣʘʚʣʝʥʠʡ;  

4) ʧʦʨ; 

5) ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘ-
ʝʪʩʷ ʦʪ ʧʣʦʪʥʦʩʪʠ ʤʝʪʘʣʣʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʚʦʣʴʬʨʘʤʦʚʳʭ, ʰʣʘʢʦʚʳʭ, ʦʢʩʠʜ-

ʥʳʭ ʠ ʪ. ʧ.); 

6) ʥʝʜʦʩʪʫʧʥʳʭ ʜʣʷ ʚʥʝʰʥʝʛʦ ʦʩʤʦʪʨʘ ʧʦʜʨʝʟʦʚ, ʧʨʦʞʦʛʦʚ ʠ ʪ. ʧ [2]. 

ʇʨʠ ʈʂ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʷʚʣʝʥʠʝ:  ʜʝʬʝʢʪʦʚ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʚ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʤʝʥʴʰʝ ʫʜʚʦʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʦʥʪʨʦʣʷ; ʣʶʙʳʭ ʥʝ-

ʩʧʣʦʰʥʦʩʪʝʡ, ʢʦʛʜʘ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʩʥʠʤʢʝ ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʜʨʫʛʦʡ ʜʝʪʘ-

ʣʠ, ʦʩʪʨʳʭ ʫʛʣʦʚ, ʨʘʟʣʠʯʠʡ ʚ ʪʦʣʱʠʥʝ ʧʨʦʩʚʝʯʠʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ; ʥʝʧʨʦʚʘʨʦʚ, ʥʝ-

ʩʧʣʘʚʣʝʥʠʡ, ʪʨʝʱʠʥʳ, ʝʩʣʠ ʠʭ ʨʘʩʢʨʳʪʠʝ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʡ, ʫʢʘʟʘʥʥʳʭ ʚ [ 3] 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʮʝʩʩʫ ʈʂ ʩʚʘʨʥʳʭ 

ʰʚʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ SADT ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩ. 2.   

 

 
ʈʠʩ. 2. ʆʙʦʙʱʘʶʱʘʷ SADT ʜʠʘʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʈʂ 

 

 

ɼʠʘʛʨʘʤʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʝʡ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ: ɻʆʉʊ ʈ 50.05.07-2018 çʆʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʬʦʨʤʝ ʢʦʥʪʨʦʣʷ. ʋʥʠʬʠʮʠʨʦ-

ʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ. ʈʘʜʠʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴè [4]. 

ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʰʚʦʚ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʄʆɾʅʆ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʪʠʣʦʩʢʦʧʠʨʦʚʘʥʠʝ. ʕʪʦ ʵʢʩʧʨʝʩʩʥʳʡ ʤʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʤʘʨʢʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʩʚʘʨʢʠ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʚʠʟʫʘʣʴʥʦʤ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʢʦʥʪʨʦʣʝ, 

ʢʦʛʜʘ ʷʨʢʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʵʪʘʣʦʥʥʳʤ ʠʟʦʙʨʘ-

ʞʝʥʠʝʤ. 

ʉʪʠʣʦʩʢʦʧʠʨʦʚʘʥʠʝ ï ʵʪʦ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʷʚʣʝʥʠʝ ʩʚʝʯʝʥʠʷ ʧʘʨʦʚ ʤʝʪʘʣʣʘ ʚ ʜʫʛʦʚʦʤ ʨʘʟʨʷʜʝ (ʥʠʟʢʦʚʦʣʴʪʥʦʡ ʠʩʢʨʝ). ʇʦʩʣʝʜ-

ʥʠʡ ʩʦʟʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ ʵʣʝʢʪʨʦʜʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ, ʘ ʜʨʫʛʠʤ ï çʧʦʩʪʦʷʥʥʳʡè ʵʣʝʢʪʨʦʜ ʧʨʠʙʦʨʘ. ʆʥ ʚʳʧʦʣʥʝʥ ʚ 

ʚʠʜʝ ʩʪʘʣʴʥʳʭ ʩʪʝʨʞʥʝʡ ʠʣʠ ʤʝʜʥʳʭ ʜʠʩʢʦʚ. ɺʦ ʚʨʝʤʷ ʛʦʨʝʥʠʷ ʜʫʛʠ ʤʘʪʝʨʠʘʣ ʧʝʨʝ-

ʭʦʜʠʪ ʩ ʵʣʝʢʪʨʦʜʦʚ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʥʠʤʠ ʟʘʧʦʣʥʷʝʪʩʷ ʨʘʩʢʘʣʝʥʥʳʤ ʧʘʨʦʤ. 

ʂʘʞʜʳʡ ʪʠʧ ʤʝʪʘʣʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ. ʀʟʣʫ-

ʯʝʥʠʝ ʧʘʨʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʧʪʠʢʫ ʩʪʠʣʦʩʢʦʧʘ, ʛʜʝ ʚ ʧʨʠʟʤʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʩʧʝʢ-

ʪʨʘʣʴʥʳʝ ʣʠʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʣʠʥ ʚʦʣʥ. ʕʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʯʝʨʝʟ ʦʢʫʣʷʨ. ɽʩʣʠ 

ʚ ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ 

ʜʘʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʚʘʨʦʯʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʠ ʥʘʦʙʦʨʦʪ. 
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ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʧʝʢʪʨʦʛʨʘʤʤʘʤ, ʩʦʙʨʘʥʥʳʤ ʚ ʘʪʣʘʩʝ, ʘ 

ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʘʷ - ʧʦ ʪʘʙʣʠʮʘʤ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʕʪʠ ʜʘʥʥʳʝ ʧʨʠ-

ʣʘʛʘʶʪʩʷ ʢ ʫʧʘʢʦʚʢʝ ʩʧʝʢʪʨʦʤʝʪʨʘ. 

ʂʦʥʪʨʦʣʴ ʩʪʠʣʦʩʢʦʧʠʨʦʚʘʥʠʝʤ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ: 

1) ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʫʧʥʦʩʪʠ 

ʩʚʘʨʥʳʭ ʰʚʦʚ; 

2) ʧʦ ʫʩʣʦʚʠʷʤ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʮʝʩʩʫ ʩʪʠʣʦʩʢʦʧʠʨʦʚʘ-

ʥʠʝ ʩʚʘʨʥʳʭ ʰʚʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ SADT ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩ. 3.  

 

 
ʈʠʩ. 3. ʆʙʦʙʱʘʶʱʘʷ SADT ʜʠʘʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʪʠʣʦʩʢʦʧʠʨʦʚʘʥʠ ̫

 

 

ɼʠʘʛʨʘʤʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʝʡ ʜʦʢʫʤʝʥʪʘ-

ʮʠʠ: ʈɼ 26.260.15-2001 çʉʪʠʣʦʩʢʦʧʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʠ ʩʚʘʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠè, ʈɼ ʕʆ 0505-03-2004 çʀʥʩʪʨʫʢʮʠʷ ʧʦ ʩʪʠʣʦʩʢʦʧʠʨʦʚʘʥʠʶ ʤʝ-

ʪʘʣʣʘè [5, 6]. 

ʉʦʛʣʘʩʥʦ ʈɼ 26.260.15-2001 ʠ ʈɼ ʕʆ 0505-03 ʩʦʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ 

ʧʨʦʚʝʜʝʥʠʷ ʩʪʠʣʦʩʢʦʧʠʨʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 4. 
ɽʩʣʠ ʨʝʟʫʣʴʪʘʪʳ ʩʪʠʣʦʩʢʦʧʠʨʦʚʘʥʠʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤ ʠ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʨʦʠʟʚʦʜʷʪʩʷ ʜʨʫʛʠʝ ʠʩʧʳʪʘʥʠʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ 

ʜʝʣʘʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʚʦʜ ʦ ʧʨʠʛʦʜʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ɺʀʂ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʪʨʘʩʪʘ ʤʝʞʜʫ ʬʦʥʦʤ ʟʦʥʳ ʢʦʥ-

ʪʨʦʣʷ ʠ ʜʝʬʝʢʪʘʤʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩʥʦʡ ʠʩʪʦʯʥʠʢ ʩʚʝ-

ʪʘ, ʪ.ʝ. ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʦʩʚʝʱʝʥʠʝ. ʆʩʚʝʱʝʥʥʦʩʪʴ ʢʦʥʪʨʦʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝ-

ʥʝʝ 500 ʣʶʢʩʦʚ ʜʣʷ ʦʙʱʝʛʦ ʦʩʚʝʱʝʥʠʷ ʠ ʥʝ ʤʝʥʝʝ 1250 ʣʶʢʩʦʚ ʜʣʷ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. 
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ʈʠʩ. 4. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʜʝʥʠʷ ʩʪʠʣʦʩʢʦʧʠʨʦʚʘʥʠʷ 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʠʟʤʝʨʠʪʝʣʴ-

ʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʨʘʜʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʰʚʦʚ. ʅʝʨʘʟʨʫʰʘʶʱʠʝ ʤʝ-

ʪʦʜʳ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʰʚʦʚ ʦʙʣʘʜʘʶʪ ʪʘʢʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʢʘʢ ʚʳʩʦʢʘʷ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦ-

ʩʪʠ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝ-

ʪʘʣʝʡ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʚʢʣʶʯʘʷ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʨʝʤʦʥʪʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦʩʪʠ ʠ ʚʣʠʷʥʠʝ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʦ ʚ ʮʝʣʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʪʝʭʥʠʢʠ ʠ ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʨʠ ʩʦʭʨʘʥʝ-

ʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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R.R. Kapov, V.A. Naminov, V. E. Ivanov 

 

MODERN METHODS OF REPAIRING FIRE TRUCK PARTS  
 

Abstract:  the article examines innovative methods for restoring fire engine parts, includ-

ing additive technologies, composite materials and other repair methods. An analysis of their ef-

fectiveness, economic feasibility and impact on the durability of the device as a whole is conduct-

ed. The results demonstrate a significant reduction in equipment downtime and maintenance costs 

while maintaining safety requirements. 

Keywords: device, fire fighting equipment, repair, reliability, additive technologies. 

 

ʇʦʞʘʨʥʳʝ ʘʚʪʦʤʦʙʠʣʠ - ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤ ʵʢʩʪʨʝʥʥʦ-

ʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ. ʀʭ ʥʘʜʝʞʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʣʠʢʚʠʜʘʮʠʠ ʯʨʝʟʚʳ-

ʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʆʜʥʘʢʦ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ, ʚʠʙʨʘʮʠʠ, ʢʦʥʪʘʢʪ ʩ ʘʛʨʝʩʩʠʚʥʳʤʠ ʩʨʝʜʘʤʠ) ʧʨʠʚʦʜʷʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ 

ʠʟʥʦʩʫ ʫʟʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʘʩʦʩʥʳʝ ʩʠʩʪʝʤʳ, ʵʣʝʤʝʥʪʳ ʰʘʩʩʠ ʠ ʢʫʟʦʚʘ [1, 2]. ʊʨʘʜʠ-

ʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʝʤʦʥʪʘ, ʪʘʢʠʝ ʢʘʢ ʩʚʘʨʢʘ ʠʣʠ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʜʝʪʘʣʝʡ, ʟʘʯʘʩʪʫʶ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʳ ʠ ʪʨʝʙʫʶʪ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [3, 4]. ʈʘʩʩʤʦʪʨʠʤ ʩʦʚʨʝ-

ʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʠʣʝʡ, ʚʢʣʶʯʘʷ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ, ʤʘʪʝʨʠʘʣʴʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ [5]. 

ʂ ʦʩʥʦʚʥʳʤ ʜʝʬʝʢʪʘʤ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦ-

ʚʨʝʞʜʝʥʠʷ [6, 7], ʢʦʨʨʦʟʠʶ ʠ ʪʝʨʤʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ. ʉʨʝʜʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦ-

ʚʨʝʞʜʝʥʠʡ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʪʨʝʱʠʥʳ ʥʘ ʢʦʨʧʫʩʘʭ ʥʘʩʦʩʦʚ ʠʟ-ʟʘ ʛʠʜʨʦʫʜʘʨʦʚ, ʢʦʨ-

ʧʫʩʘʭ ʧʘʪʨʫʙʢʦʚ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʷ ʨʘʤʳ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʛʨʫʟʦʢ, ʠʟ-

ʥʦʩ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʠ ʜʨ. ʂʦʨʨʦʟʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʚʳʭʣʦʧʥʳʭ ʩʠʩʪʝʤ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʢʫʟʦʚʥʳʭ ʜʝʪʘʣʝʡ ʠ ʸʤʢʦʩʪʝʡ ʜʣʷ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʠ ʦʛʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ. ʊʝʨʤʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʥʝ ʪʦʣʴʢʦ ʧʦʞʘʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʥʘʧʨʠʤʝʨ, ʧʦʞʘʨʥʳʝ ʨʫʢʘʚʘ), ʥʦ ʠ ʜʚʠʛʘʪʝʣʴ ʘʚ-

ʪʦʤʦʙʠʣʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʛʨʝʚʘ, ʢʦʪʦʨʳʡ ʤʦʛ ʧʨʦʠʟʦʡʪʠ ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʠʣʠ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ɼɺʉ [8, 9]. 

                                                 
  É ʂʘʧʦʚ ʈ.ʈ., ʅʘʤʠʥʦʚ ɺ.ɸ., ʀʚʘʥʦʚ ɺ.ɽ., 2025 
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ʆʜʥʠʤ ʠʟ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ ʜʝʪʘʣʝʡ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʘʢ ʜʣʷ ʧʣʘʩʪʠʢʦʚʳʭ ʜʝʪʘʣʝʡ, ʪʘʢ ʠ 

ʜʝʪʘʣʝʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʤʝʪʘʣʣʘ. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (3D-ʧʝʯʘʪʴ) ʩʪʘʥʦʚʷʪʩʷ 

ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʝʪʘʣʝʡ ʧʦʞʘʨʥʳʭ ʘʚ-

ʪʦʤʦʙʠʣʝʡ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʠ ʨʝʤʦʥʪʠʨʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯ-

ʥʦʩʪʴʶ, ʠʩʧʦʣʴʟʫʷ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ: Laser Metal Deposition (LMD), 

Selective Laser Melting (SLM), Fused Deposition Modeling (FDM), Electron Beam Melt-

ing (EBM), Stereolithography (SLA). Laser Metal Deposition (LMD) ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʧʦʩʣʦʡʥʦʝ ʥʘʥʝʩʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʘ. ʇʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʚʘʣʳ, ʰʝʩʪʝʨʥʠ, ʢʦʨʧʫʩʘ ʥʘʩʦʩʦʚ). 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʧʨʠʤʝʥʷʪʩʷ ʩʣʝʜʫʶʱʠʝ: ʩʪʘʣʠ, ʪʠʪʘʥʦʚʳʝ 

ʩʧʣʘʚʳ, ʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ. ɺʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʝʤʦʥʪʘ ʪʨʝʱʠʥ ʚ ʢʦʨʧʫʩʥʳʭ 

ʜʝʪʘʣʷʭ. Selective Laser Melting (SLM) ï ʚ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʘ ʤʝʣ-

ʢʠʝ ʯʘʩʪʠʮʳ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʨʘʩʧʣʘʚʣʷʶʪʩʷ ʧʦ ʟʘʜʘʥ-

ʥʦʡ ʛʝʦʤʝʪʨʠʠ. ʇʦʜʭʦʜʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʦʞʥʳʭ ʜʝʪʘʣʝʡ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʢʘʥʘ-

ʣʘʤʠ (ʥʘʧʨʠʤʝʨ, ʬʦʨʩʫʥʢʠ), ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʦʥʰʪʝʡʥʦʚ ʢʨʝʧʣʝʥʠʷ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ. ʄʘʪʝʨʠʘʣʳ: ʘʣʶʤʠʥʠʡ, ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ, ʢʦʙʘʣʴʪ-ʭʨʦʤ. Fused 

Deposition Modeling (FDM) ï ʚ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʘʷ ʥʠʪʴ (ʧʣʘʩʪʠʢ) 

ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʵʢʩʪʨʫʜʝʨ ʠ ʟʘʩʪʳʚʘʷ ʩʣʦʷʤʠ ʦʙʨʘʟʫʝʪ ʜʝʪʘʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠʤʝʥʷʶʪʩʷ: ABS, PLA, ʥʝʡʣʦʥ, ʢʦʤʧʦʟʠʪʳ (ʫʛʣʝʚʦʣʦʢʥʦ). ʇʦʜʭʦʜʠʪ ʜʣʷ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ ʧʣʘʩʪʠʢʦʚʳʭ ʧʘʪʨʫʙʢʦʚ, ʰʝʩʪʝʨʝʥ, ʢʨʦʥʰʪʝʡʥʦʚ, ʚʪʫʣʦʢ ʠ ʜʨ. Binder Jetting ï 

ʚ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʧʝʮʠʘʣʴʥʦʝ ʩʚʷʟʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʩʢʣʝʠʚʘʝʪ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ 

(ʤʝʪʘʣʣ, ʢʝʨʘʤʠʢʘ, ʧʝʩʦʢ). ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʠʪʝʡʥʳʭ ʬʦʨʤ ʧʨʠ ʠʟʛʦʪʦʚ-

ʣʝʥʠʠ ʘʣʶʤʠʥʠʝʚʳʭ ʜʝʪʘʣʝʡ. Stereolithography (SLA) ï ʚ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʋʌ-

ʣʘʟʝʨ ʟʘʪʚʝʨʜʝʚʘʝʪ ʞʠʜʢʠʡ ʬʦʪʦʧʦʣʠʤʝʨ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʧʨʠʤʝʥʷʶʪ 

ʵʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ, ʘʢʨʠʣʘʪʳ. ʄʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʯʥʳʭ ʤʘʩʪʝʨ-

ʤʦʜʝʣʝʡ ʜʣʷ ʣʠʪʴʷ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʚʝʰʠʚʘʶʪ ʥʝʜʦʩʪʘʪ-

ʢʠ ʚ ʥʠʰʝʚʳʭ ʦʙʣʘʩʪʷʭ: ʨʝʤʦʥʪ ʫʥʠʢʘʣʴʥʳʭ ʠʣʠ ʫʩʪʘʨʝʚʰʠʭ ʜʝʪʘʣʝʡ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʩʣʦʞʥʦʩʦʩʪʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʚʝʩʦʤ, ʙʳʩʪʨʦʝ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ ʠ 

ʢʘʩʪʦʤʠʟʘʮʠʷ. ʆʛʨʘʥʠʯʝʥʠʷ: ʥʝ ʟʘʤʝʥʷʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ, ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʠ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝ-

ʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

 
ʊʘʙʣʠʮʘ. ʉʨʘʚʥʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʄʝʪʦʜ ʄʘʪʝʨʠʘʣʳ 
ʊʦʯʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʉʢʦʨʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʉʪʦʠʤʦʩʪʴ 

LMD  ʄʝʪʘʣʣʳ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

SLM  ʄʝʪʘʣʣʳ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʆʯʝʥʴ ʚʳʩʦʢʘʷ 

FDM  ʇʦʣʠʤʝʨʳ ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ ʅʠʟʢʘʷ 

Binder Jetting 
ʄʝʪʘʣʣʳ, ʢʝ-

ʨʘʤʠʢʘ 
ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ 

EBM  ʊʠʪʘʥ, ʩʧʣʘʚʳ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʆʯʝʥʴ ʚʳʩʦʢʘʷ 

SLA ʌʦʪʦʧʦʣʠʤʝʨʳ ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ 
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ɼʣʷ ʨʝʤʦʥʪʘ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʪ LMD (ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ) ʠ SLM (ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʝʨʤʦʩʪʦʡʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ). ɼʣʷ 

ʥʝʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠ ʧʨʦʪʦʪʠʧʦʚ ʵʬʬʝʢʪʠʚʝʥ FDM. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ð ʵʪʦ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʜʦʧʦʣʥʷʝʪ, ʥʦ ʥʝ ʟʘʤʝʥʷʝʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʀʭ 

ʚʥʝʜʨʝʥʠʝ ʦʧʨʘʚʜʘʥʦ ʪʘʤ, ʛʜʝ ʢʨʠʪʠʯʥʳ ʩʢʦʨʦʩʪʴ, ʛʠʙʢʦʩʪʴ ʠ ʤʠʥʠʤʠʟʘʮʠʷ ʦʪʭʦʜʦʚ. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʫʟʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʫʩʠʣʝʥʠʷ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʩʷ 

ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʫʛʣʝʧʣʘʩʪʠʢʠ, ʢʝʚʣʘʨ). ʅʘʧʨʠʤʝʨ, ʘʨʤʠʨʦʚʘʥʠʝ ʵʧʦʢʩʠʜ-

ʥʳʤʠ ʩʤʦʣʘʤʠ ʩ ʫʛʣʝʚʦʣʦʢʥʦʤ ʫʚʝʣʠʯʠʚʘʝʪ ʞʝʩʪʢʦʩʪʴ ʜʚʝʨʝʡ ʥʘ 30% ʙʝʟ ʫʚʝʣʠʯʝ-

ʥʠʷ ʤʘʩʩʳ. ʄʝʪʦʜʳ ʭʦʣʦʜʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʥʘʧʨʠʤʝʨ, ʙʝʟ ʩʚʘʨʢʠ ʠʣʠ ʧʘʡʢʠ). ʆʥʠ ʦʩʥʦʚʘʥʳ 

ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʦʣʠʤʝʨʦʚ, ʢʦʤʧʦʟʠʪʦʚ, ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʧʦʣʥʠʪʝʣʝʡ) ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ/ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʢʦʪʦʨʳʝ ʥʝ ʚʳʟʳʚʘʶʪ ʪʝʨʤʠ-

ʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠʣʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʙʘʟʦʚʦʤ ʤʘʪʝʨʠʘʣʝ. ʕʪʠ ʤʝʪʦʜʳ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʛʜʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʩʦʭʨʘʥʠʪʴ 

ʮʝʣʦʩʪʥʦʩʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʟʣʦʚ (ʜʚʠʛʘʪʝʣʴ, ʥʘʩʦʩʳ, ʪʦʧʣʠʚʥʳʝ ʩʠʩʪʝʤʳ) ʠ ʠʟʙʝ-

ʞʘʪʴ ʨʠʩʢʘ ʢʦʨʦʙʣʝʥʠʷ ʠʣʠ ʦʩʣʘʙʣʝʥʠʷ ʤʝʪʘʣʣʘ. 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʭʦʣʦʜʥʳʭ ʤʝʪʦʜʦʚ: ʭʦʣʦʜʥʘʷ ʩʚʘʨʢʘ, ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʳ-

ʣʝʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ. ʇʨʠ ʭʦʣʦʜʥʦʡ ʩʚʘʨʢʝ ʚʦʟʤʦʞʥʦ ʩʢʣʝʠʚʘʥʠʝ 

ʪʨʝʱʠʥ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʦʨʤʳ ʜʝʪʘʣʠ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʦʩʪʘʚʦʚ 

(ʵʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ, ʤʝʪʘʣʣʦʥʘʧʦʣʥʝʥʥʳʝ ʧʦʣʠʤʝʨʳ), ʥʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʜʝʣʢʝ ʪʨʝ-

ʱʠʥ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʷʭ ʩʦʩʪʘʚʦʤ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʩ ʢʝ-

ʨʘʤʠʯʝʩʢʠʤ ʥʘʧʦʣʥʠʪʝʣʝʤ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʚʠʙʨʘʮʠʷʤ ʠ ʪʝʤʧʝʨʘʪʫʨʘʤ ʜʦ 200 ÁC.  

ɻʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʥʝʩʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʠʣʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʙʝʟ ʧʣʘʚʣʝʥʠʷ ʦʩ-

ʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʄʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʰʝʝʢ ʢʦʣʝʥʯʘ-

ʪʦʛʦ ʚʘʣʘ ʥʘʧʳʣʝʥʠʝʤ ʢʘʨʙʠʜʘ ʭʨʦʤʘ (Cr C ), ʧʨʠ ʵʪʦʤ, ʧʦʢʨʳʪʠʝ ʥʝ ʦʪʩʣʘʠʚʘʝʪʩʷ 

ʜʘʞʝ ʧʨʠ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ [10].  

ʄʝʭʘʥʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʙʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʫʣʦʢ, 

ʰʧʠʣʝʢ ʠʣʠ ʨʝʟʴʙʦʚʳʭ ʚʩʪʘʚʦʢ ʜʣʷ ʨʝʤʦʥʪʘ ʧʦʚʨʝʞʜʝʥʥʦʡ ʨʝʟʴʙʳ ʠʣʠ ʦʪʚʝʨʩʪʠʡ. 

ʅʘʧʨʠʤʝʨ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʨʚʘʥʥʦʡ ʨʝʟʴʙʳ ʚ ʛʦʣʦʚʢʝ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʣʴʥʦʡ ʚʩʪʘʚʢʠ.  

ʇʦʣʠʤʝʨʥʦ-ʢʦʤʧʦʟʠʪʥʳʝ ʙʘʥʜʘʞʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʫʩʠʣʝʥʠʷ ʪʨʝʩʥʫʚ-

ʰʠʭ ʜʝʪʘʣʝʡ (ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʙʘʢʦʚ) ʘʨʤʠʨʫʶʱʠʤʠ ʣʝʥʪʘʤʠ ʠʟ ʫʛʣʝʚʦʣʦʢʥʘ, ʧʨʦʧʠ-

ʪʘʥʥʳʤʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ. ʅʘʧʨʠʤʝʨ, ʨʝʤʦʥʪ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ ʩ ʪʨʝʱʠʥʦʡ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʥʜʘʞʘ ʠʟ ʢʝʚʣʘʨʘ. 

ʍʦʣʦʜʥʳʝ ʤʝʪʦʜʳ ʨʝʤʦʥʪʘ ð ʵʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʫʟʣʦʚ 

ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʚʝʨʥʫʪʴ ʪʝʭʥʠʢʫ ʚ ʩʪʨʦʡ ʩ ʤʠʥʠ-

ʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʩʦʭʨʘʥʷʷ ʝʸ ʥʘʜʝʞʥʦʩʪʴ. ʆʜʥʘʢʦ ʜʣʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʜʝʪʘ-

ʣʝʡ (ʥʘʧʨʠʤʝʨ, ʵʣʝʤʝʥʪʦʚ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ) ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʳʝ 

ʤʝʪʦʜʳ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʤʦʥʪʘ, ʪʘʢʠʝ ʢʘʢ ʘʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʭʦ-

ʣʦʜʥʳʝ ʤʝʪʦʜʳ, ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʧʦʜʭʦʜ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. 

ʆʥʠ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʶʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʝʭʥʠʢʠ, ʥʦ ʠ ʩʦʢʨʘʱʘʶʪ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ, ʜʦʣʛʦ-

ʩʨʦʯʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ (ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦ-
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ʩʪʦʷ) ʜʝʣʘʶʪ ʵʪʠ ʤʝʪʦʜʳ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤʠ. ɺʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʨʝʤʦʥʪʘ ð ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʠʯʝʩʢʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ, ʥʦ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ 

ʰʘʛ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʩʣʫʞʙ. 
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ʩʣʝʜʩʪʚʠʡ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, 2021. ï ʉ. 142-145.  
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ʆʧʳʪ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʚʦʝʥʥʦʡ ʦʧʝʨʘʮʠʠ ʥʘ ʋʢʨʘʠʥʝ ʧʦʢʘʟʘʣ 

ʚʳʩʦʢʫʶ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʘʚʪʦʥʦʤʥʳʭ ʙʝʥʟʦʵʣʝʢʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʝʚʳʭ ʠ ʧʦʚʩʝʜʥʝʚʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʣʦʯʠʩʣʝʥʥʳʭ ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ 

ʧʨʠ ʠʭ ʘʚʪʦʥʦʤʥʦʤ ʨʘʟʤʝʱʝʥʠʠ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ ʤʦʙʠʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʨʝʜʩʪʚʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ ʧʦʣʝʚʳʭ ʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʫʢʨʳʪʠʡ, ʤʘʣʦʤʦʱʥʳʝ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʪʳʣʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʚʦʜʦʛʨʝʡʢʠ, ʢʠʧʷʪʠʣʴʥʠʢʠ, 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʠ). ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʵʪʠʭ ʤʘʣʳʭ 

ʚʦʠʥʩʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 7ï10 ʯʝʣʦʚʝʢ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʠʤʝʨʥʳʡ ʨʘʩʯʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘʪʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʩʫʤʤʘʨʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʘʙʦʥʝʥʪʦʚ ʘʚʪʦʥʦʤʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ.  
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ʈʘʩʯʸʪ ʯʘʩʦʚʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (Qʯ) ʜʣʷ ʧʦʢʨʳʪʠʷ ʙʦʝʚʳʭ ʠ 

ʧʦʚʩʝʜʥʝʚʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʫʩʣʦʚʠʷʭ ʘʚʪʦʥʦʤʥʦʛʦ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1). ʇʦʪʨʝʙʥʦʩʪʴ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ: 

 

Qʯ = (Qʥ+nʣ.ʩ.*Qʥ+1)/dʤʝʩ./tʩʫʪ. = (96+10*40)/30/24 = 0,7 ʢɺʪ/ʯ,                       (1) 

 

ʛʜʝ, Qʥ  - ʩʦʮʠʘʣʴʥʘʷ ʥʦʨʤʘ ʝʞʝʤʝʩʷʯʥʦʛʦ ʵʣʝʢʪʨʦʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʧʝʨʚʦʛʦ 

ʧʦʪʨʝʙʠʪʝʣʷ [1]; 

nʣ.ʩ. - h ʪʘʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʤʦʪʦʩʪʨʝʣʢʦʚʦʤ ʦʪʜʝʣʝʥʠʠ; 

Qʥ+1 - ʩʦʮʠʘʣʴʥʘʷ ʥʦʨʤʘ ʝʞʝʤʝʩʷʯʥʦʛʦ ʵʣʝʢʪʨʦʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʢʘʞʜʦʛʦ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʪʨʝʙʠʪʝʣʷ [1]; 

dʤʝʩ. - ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʚ ʤʝʩʷʮʝ; 

tʩʫʪ. - ʯʠʩʣʦ ʯʘʩʦʚ ʚ ʩʫʪʢʘʭ. 

 

ʇʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 30 % ʨʝʟʝʨʚ ʤʦʱʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʥʘʷ 

ʪʨʝʙʫʝʤʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ (ʈʠʩʭ ) ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ 

ʵʣʝʢʪʨʠʯʝʩʪʚʝ ʙʦʝʚʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʘʚʪʦʥʦʤʥʦ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ: 

 

ʈʠʩʭ  = Qʝʩʫʪ +Qʝʩʫʪ*kʨʝʟ=0,7 + 0,7*0,3=0,91 ʢɺʪ/ʯ,                                (2) 

 

ʛʜʝ,  kʨʝʟ  - ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʟʝʨʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʘʛʨʝʛʘʪʘ. 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʡ ʙʝʟʦʪʢʘʟʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʥʝʨʘʪʦʨʘ, 

ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʤʘʣʦʟʘʤʝʪʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʬʦʥʘ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʥʘʛʨʫʟʦʯʥʳʡ ʨʝʞʠʤ 

ʚ ʦʙʲʸʤʝ 60ï70 % ʦʪ ʠʩʭʦʜʥʦʡ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ. 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ (ʈnɻ ʫ) 

ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ: 

 

ʈʥʦʤ = ʈʠʩʭ+ ʈʠʩʭ*kʨʝʟ = 0,91+ 0,91*0,4 =1,27 ʢɺʪ                       (3) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʚʳʰʝ ʧʨʠʚʝʜʸʥʥʳʭ ʘʨʛʫʤʝʥʪʦʚ, ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʝ ʙʦʝʚʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʘʚʪʦʥʦʤʥʦ. 

ʆʧʳʪ ʧʨʘʢʪʠʯʝʩʢʦʡ ʙʦʝʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʘʣʦʯʠʩʣʝʥʥʳʭ ʚʦʠʥʩʢʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʝʥʝʨʘʪʦʨʳ ʤʦʛʫʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʨʝʞʠʤʝ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʚʢʣʶʯʝʥʠʷ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʚʠʩʠʪ ʦʪ ʪʝʢʫʱʠʭ ʫʩʣʦʚʠʡ 

ʪʘʢʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʢʦʥʢʨʝʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘʪʘ). 

ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʝʚʦʛʦ ʜʝʞʫʨʩʪʚʘ, ʧʦʠʩʢʦʚʦʡ ʨʘʙʦʪʳ, 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʟʘ ʣʠʥʠʝʡ ʙʦʝʚʦʛʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ, ʩ ʧʝʨʝʨʳʚʘʤʠ ʥʘ 

ʟʘʧʨʘʚʢʫ ʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʞʩʤʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɺ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʩʣʫʯʘʝʚ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ 

ʧʦʜʨʘʟʜʝʣʝʥʠʠ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥ ʚʪʦʨʦʡ ʜʫʙʣʠʨʫʶʱʠʡ 

(ʩʤʝʥʥʳʡ) ʛʝʥʝʨʘʪʦʨ. ɺʥʝʰʥʠʡ ʚʠʜ ʚʦʟʤʦʞʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʙʝʥʟʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ. 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʈʠʩʫʥʦʢ. ɹʝʥʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ:  

1 ï ʨʦʟʝʪʢʘ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʢʘʙʝʣʷ; 

 2 ï ʚʦʣʴʪʤʝʪʨ;  

3 - ʪʦʧʣʠʚʥʳʡ ʙʘʢ; 

4 - ʚʦʟʜʫʰʥʳʡ ʧʘʪʨʫʙʦʢ;  

5- ʚʝʥʪʠʣʷʪʦʨ 

 

 

ʅʝʧʨʝʤʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʥʟʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʫ: 

- ʫʩʪʦʡʯʠʚʘʷ ʨʘʤʘ ʚʩʝʛʦ ʘʛʨʝʛʘʪʘ; 

- ʟʘʱʠʪʘ ʜʚʠʛʘʪʝʣʷ ʦʪ ʫʜʘʨʦʚ ʠ ʧʨʦʯʠʭ ʧʦʚʨʝʞʜʝʥʠʡ;  

- ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ; 

- ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ï 40 ʜʦ + 50ʦʉ; 

- ʥʘʣʠʯʠʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʫʩʢʘ; 

- ʥʘʣʠʯʠʝ ʩʯʝʪʯʠʢʘ ʤʦʪʦʯʘʩʦʚ; 

- ʥʘʣʠʯʠʝ ʩʠʩʪʝʤʳ ʦʪʢʣʶʯʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʝʨʝʛʨʫʟʢʝ ʠ ʢʦʨʦʪʢʦʤ 

ʟʘʤʳʢʘʥʠʠ; 

- ʥʘʣʠʯʠʝ ʩʠʩʪʝʤʳ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ; 

- ʥʘʣʠʯʠʝ ʠʥʜʠʢʘʪʦʨʘ ʫʨʦʚʥʷ ʤʘʩʣʘ; 

- ɻ ʬʬʝʢʪʠʚʥʦʝ ʛʘʰʝʥʠʝ ʚʠʙʨʘʮʠʠ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ; 

- ʫʨʦʚʝʥʴ ʰʫʤʘ ʧʨʠ ʥʘʛʨʫʟʢʝ ʚ 50% ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ï ʥʝ ʙʦʣʝʝ 60 ʜɹ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 7 ʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ ʤʘʣʦʟʘʤʝʪʥʦʩʪʠ; 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʙʦʯʠʡ ʮʠʢʣ ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

(ɼɺʉ) ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ 4-ʭʪʘʢʪʥʳʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2-ʭʪʘʢʪʥʳʤ, ʚ ʚʠʜʫ 

ʤʝʥʴʰʝʡ çh ʫʤʥʦʩʪʠè ʧʝʨʚʦʛʦ, ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʘ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʚʪʦʨʦʛʦ, ʪ.ʢ. ʙʦʝʚʳʝ ʜʝʡʩʪʚʠʷ, ʩʘʤʠ ʧʦ ʩʝʙʝ, ʚʝʩʴʤʘ 

ʥʝʨʝʥʪʘʙʝʣʴʥʳ; 

ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʩʛʣʘʞʠʚʘʥʠʷ ʩʠʥʫʩʦʠʜʳ, ʪ.ʝ. ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʠʥʚʝʨʪʦʨʥʳʡ 

ʛʝʥʝʨʘʪʦʨ, ʥʦ ʵʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʝʛʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʦʧʨʘʚʜʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʚ ʩʝʪʴ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ; 

ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʛʝʥʝʨʘʪʦʨʘ ʚ ʙʦʝʚʳʭ ʫʩʣʦʚʠʷʭ ʠʤʝʶʪ ʪʘʢʞʝ ʥʝ ʧʦʩʣʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ, ʚ ʚʠʜʫ ʥʝʦʪʲʝʤʣʝʤʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʘʢʪʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʤʘʩʢʠʨʦʚʢʠ 

ʤʝʩʪʘ ʝʛʦ ʨʘʟʤʝʱʝʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʭʦʜʘ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ, ʢʦʪʦʨʦʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʤʝʱʘʪʴ ʥʘ ʫʜʘʣʝʥʠʠ 10ï15 ʤ ʩ ʧʦʤʦʱʴʶ ʛʦʬʨʠʨʦʚʘʥʥʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʪʨʫʙʳ ʟʘʢʦʧʘʥʥʦʡ ʚ ʟʝʤʣʶ. ʇʨʠ ʵʪʦʤ ʚʳʭʣʦʧʥʘʷ ʪʨʫʙʘ ɼɺʉ 

ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʠʣʠ ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʪʨʫʙʦʡ ʯʝʨʝʟ 

ʧʝʨʝʭʦʜʥʠʢ 3/4 ʜʶʡʤʘ.  



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 

_______________________________________________________________________________ 

 

43 

ʇʨʠ ʨʘʟʤʝʱʝʥʠʠ ʪʘʢʦʛʦ ʛʘʟʦ-ʦʪʚʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʜʥʦʡ ʠʟ 

ʦʧʝʨʘʮʠʡ ʝʞʝʜʥʝʚʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʷʚʣʷʝʪʩʷ ʧʨʦʯʠʩʪʢʘ ʪʨʫʙʳ ʦʪ ʥʘʛʘʨʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʫʜʦʙʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʦʧʝʨʘʮʠʠ. ʇʨʠ ʚʳʙʦʨʝ ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʠʣʠ 

ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʪʨʫʙʳ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʛʦʬʨʠʨʦʚʘʥʥʘʷ ʪʨʫʙʘ 

ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʪ.ʢ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʧʘʜʘʥʠʷ ʥʘʛʘʨʘ (ʩʘʞʠ) ʚ ʫʛʣʫʙʣʝʥʠʷ 

ʛʦʬʨʳ ʙʦʣʝʝ ʜʦʣʛʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʨʘʙʦʯʝʝ ʩʝʯʝʥʠʝ ʪʨʫʙʳ ʦʩʪʘʸʪʩʷ ʩʚʦʙʦʜʥʳʤ ʜʣʷ 

ʚʳʭʦʜʘ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʨʘʪʦʨʦʚ (ʪʘʙʣʠʮʘ), 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʨʢʝʪʧʣʝʡʩʘʭ, ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʠ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʨʘʚʥʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ [2] ʙʳʣ ʧʨʦʚʝʜʸʥ 

ʘʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʡ ʠʤʝʶʱʠʤʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʦʙʨʘʟʮʦʚ ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘʪʦʚ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʙʳʣ ʚʳʙʨʘʥ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ ʨʘʥʞʠʨʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ: 

1 - ʫʨʦʚʝʥʴ ʰʫʤʘ (ʜɹ) ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʟʘʤʝʪʥʦʩʪʠ ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘ; 

2 ï ʚʝʩ (ʢʛ) ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʙʠʣʴʥʦʩʪʴ ʧʦʜʨʘʟʜʝʣʝʥʠʷ; 

3 ï ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ (ʣ/ʯ) ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘ ʥʘ ʦʜʥʦʡ ʟʘʧʨʘʚʢʝ ʪʦʧʣʠʚʦʤ; 

4 ï ʚʳʜʘʚʘʝʤʫʶ ʤʦʱʥʦʩʪʴ (ʢɺʪ) ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ; 

5 ï ʩʪʦʠʤʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʚʝʜʝʥʠʝ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʫʞʝ ʩʘʤʦ ʧʦ ʩʝʙʝ, ʚ ʦʙʱʝʤ 

ʧʦʥʠʤʘʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘʪʨʘʪʥʘʷ, ʧʦʵʪʦʤʫ: çʮʝʣʴ ï ʦʧʨʘʚʜʳʚʘʝʪ 

ʩʨʝʜʩʪʚʘè. 

ʊʘʢʦʡ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʦʩʥʦʚʥʦʡ ʧʘʨʘʤʝʪʨ ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘ ʢʘʢ 

ʚʳʜʘʚʘʝʤʘʝʤʘʷ ʤʦʱʥʦʩʪʴ (ʢɺʪ) ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʦʢʘʟʘʣʩʷ ʥʘ ʧʨʝʜʧʦʩʣʝʜʥʝʤ 

ʤʝʩʪʝ ʚ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʥʝ ʦʪʚʝʯʘʝʪ ʨʘʩʯʝʪʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʚ 1,27 ʢɺʪ. ʇʦʵʪʦʤʫ, ʧʦʩʢʦʣʴʢʫ 

ʨʘʥʝʝ ʫʧʦʤʠʥʘʣʘʩʴ ʦʯʝʚʠʜʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ ʨʝʟʝʨʚʥʦʛʦ 

ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʢʦʤʧʣʝʢʪʦʚʳʚʘʪʴ ʤʘʣʦʯʠʩʣʝʥʥʳʝ ʚʦʠʥʩʢʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʤʷ ʦʜʥʦʪʠʧʥʳʤʠ ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘʤʠ.  

 
ʊʘʙʣʠʮʘ. ʇʷʪʠʬʘʢʪʦʨʥʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʨʝʡʪʠʥʛʘ ʦʙʨʘʟʮʦʚ 

ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʦʚ [3] 
 

ʇʘʨʘʤʝʪʨ 
ʄʦʱʥʦʩʪʴ 

(ʢɺʪ) 

ʈʘʩʭʦʜ 

ʪʦʧʣʠʚʘ 

(ʣ/ʯ) 

ʋʨʦʚʝʥʴ ʰʫʤʘ 

(ʜɹ) 
ɺʝʩ (ʢʛ) 

ʉʪʦʠʤʦʩʪʴ 

(ʨʫʙ) 

ʉʨʝʜʥʷʷ 

ʦʮʝʥʢʘ 

ʨʝʡʪʠʥʛʘ 

ʦʙʨʘʟʮʘ 

ʇʦʨʷʜʦʢ 

ʧʨʠʦʨʠʪʝʪʘ 
4 3 1 2 5 

ʄʦʜʝʣʴ 

 

ɿ
ʥ
ʘ
ʯ
ʝ
ʥ
ʠ
ʝ
 

ʧ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪ
ʨ
ʘ

 

ʆ
ʮ
ʝ
ʥ
ʢ
ʘ

 

ʨ
ʝ
ʡ
ʪ
ʠ
ʥ
ʛ
ʘ

 

ɿ
ʥ
ʘ
ʯ
ʝ
ʥ
ʠ
ʝ
 

ʧ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪ
ʨ
ʘ

 

ʆ
ʮ
ʝ
ʥ
ʢ
ʘ

 

ʨ
ʝ
ʡ
ʪ
ʠ
ʥ
ʛ
ʘ

 

ɿ
ʥ
ʘ
ʯ
ʝ
ʥ
ʠ
ʝ
 

ʧ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪ
ʨ
ʘ

 

ʆ
ʮ
ʝ
ʥ
ʢ
ʘ

 

ʨ
ʝ
ʡ
ʪ
ʠ
ʥ
ʛ
ʘ

 

ɿ
ʥ
ʘ
ʯ
ʝ
ʥ
ʠ
ʝ
 

ʧ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪ
ʨ
ʘ

 

ʆ
ʮ
ʝ
ʥ
ʢ
ʘ

 

ʨ
ʝ
ʡ
ʪ
ʠ
ʥ
ʛ
ʘ

 

ɿ
ʥ
ʘ
ʯ
ʝ
ʥ
ʠ
ʝ
 

ʧ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪ
ʨ
ʘ

 

ʆ
ʮ
ʝ
ʥ
ʢ
ʘ

 

ʨ
ʝ
ʡ
ʪ
ʠ
ʥ
ʛ
ʘ

 

Husqvarna 

G1300P 
1 0,25 1 0,163 95 0,600 28 0,209 34990 0,057 0,256 

Huter 

HT950A 
0,65 0,1625 1 0,163 57 1,000 19 0,308 12390 0,162 0,359 
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ʇʘʨʘʤʝʪʨ 
ʄʦʱʥʦʩʪʴ 

(ʢɺʪ) 

ʈʘʩʭʦʜ 

ʪʦʧʣʠʚʘ 

(ʣ/ʯ) 

ʋʨʦʚʝʥʴ ʰʫʤʘ 

(ʜɹ) 
ɺʝʩ (ʢʛ) 

ʉʪʦʠʤʦʩʪʴ 

(ʨʫʙ) 

ʉʨʝʜʥʷʷ 

ʦʮʝʥʢʘ 

ʨʝʡʪʠʥʛʘ 

ʦʙʨʘʟʮʘ 

ʇʦʨʷʜʦʢ 

ʧʨʠʦʨʠʪʝʪʘ 
4 3 1 2 5 

ʄʦʜʝʣʴ 

 

ɿ
ʥ
ʘ
ʯ
ʝ
ʥ
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ʝ
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ʘ
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ʠ
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ʠ
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ʧ
ʘ
ʨ
ʘ
ʤ
ʝ
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ʨ
ʘ
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ʮ
ʝ
ʥ
ʢ
ʘ
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ʝ
ʡ
ʪ
ʠ
ʥ
ʛ
ʘ
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ʘ
ʯ
ʝ
ʥ
ʠ
ʝ
 

ʧ
ʘ
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ʘ
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ʝ
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ʮ
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ʥ
ʢ
ʘ
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ʝ
ʡ
ʪ
ʠ
ʥ
ʛ
ʘ

 

ɿ
ʥ
ʘ
ʯ
ʝ
ʥ
ʠ
ʝ
 

ʧ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪ
ʨ
ʘ

 

ʆ
ʮ
ʝ
ʥ
ʢ
ʘ

 

ʨ
ʝ
ʡ
ʪ
ʠ
ʥ
ʛ
ʘ

 

ɿ
ʥ
ʘ
ʯ
ʝ
ʥ
ʠ
ʝ
 

ʧ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪ
ʨ
ʘ

 

ʆ
ʮ
ʝ
ʥ
ʢ
ʘ

 

ʨ
ʝ
ʡ
ʪ
ʠ
ʥ
ʛ
ʘ

 

ʉʠʙʨʪʝʭ  

ɹʉ-1200 
1 0,25 0,8 0,204 95 0,600 22,9 0,255 15300 0,131 0,288 

Champion 

IGG950 
0,9 0,225 0,93 0,176 65 0,877 11,7 0,500 11990 0,167 0,389 

Eurolux 

G950A 
0,95 0,24 0,49 0,680 70 0,814 16,3 0,359 10020 0,200 0,458 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʨʘʥʞʠʨʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘʪ Eurolux G950A. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʨʷʜ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʭʦʜʝ 

ʚʦʡʩʢʦʚʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʥʟʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʤ: 

ʫʩʪʘʥʦʚʢʘ ʧʣʘʤʝʛʘʩʠʪʝʣʝʡ ʥʘ ʚʳʭʦʜʝ ʠʟ ʛʣʫʰʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʤʘʣʦʦʧʨʘʚʜʘʥʥʦʡ 

ʜʦʨʘʙʦʪʢʦʡ, ʧʦʵʪʦʤʫ ʧʨʠ ʥʘʣʠʯʠʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʙʝʥʟʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʝʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʜʘʣʠʪʴ ʚ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦʤ ʫʜʘʣʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʫʙ ʤʝʩʪʘ ʚʳʭʦʜʘ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ ʦʪ ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘʪʘ, ʚʳʭʣʦʧʥʳʝ ʛʘʟʳ ʚʳʭʦʜʷʪ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʙʝʟ ʧʨʠʟʥʘʢʦʤ ʛʦʨʝʥʠʷ. ʊʝʤ ʩʘʤʳʤ ʩʥʠʞʘʝʪʩʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʠʟʙʝʞʥʦʛʦ ʙʳʩʪʨʦʛʦ ʧʦʚʳʰʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʳʭʦʜʫ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʧʣʘʤʝʛʘʩʠʪʝʣʷ ʥʘʛʘʨʦʤ;  

ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ɼɺʉ, ʧʝʨʝʜ ʝʛʦ ʦʩʪʘʥʦʚʢʦʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʥʠʟʠʪʴ 

ʦʙʦʨʦʪʳ ʜʦ ʭʦʣʦʩʪʳʭ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ çʟʘʢʦʢʩʦʚʳʚʘʥʠʷè ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ; 

ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʠʝʡ 

ʦʪʩʫʪʩʪʚʠʷ ʧʳʣʠ ʚ ʚʦʟʜʫʭʝ, ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ ʨʘʙʦʪʫ ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘ ʙʝʟ 

ʚʦʟʜʫʰʥʦʛʦ ʬʠʣʴʪʨʘ, ʯʪʦ ʧʦʚʳʩʠʪ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʝʛʦ ɼɺʉ; 

ʙʝʥʟʦʙʘʢ ʩʣʝʜʫʝʪ ʚʩʝʛʜʘ ʜʝʨʞʘʪʴ ʧʦʣʥʳʤ, ʚ  ʟʠʤʥʝʝ ʚʨʝʤʷ ʧʨʠ ʢʘʞʜʦʡ ʟʘʧʨʘʚʢʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʦʙʘʚʣʷʪʴ 20-30 ʛʨʘʤʤ ʩʧʠʨʪʘ ʠʣʠ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʚʦʜʳ; 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʦʩʪʘʪʦʯʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʝʦʙʭʦʜʠʤʦ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʩʥʠʞʘʪʴ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʙʝʥʟʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ 

ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʦʙʟʦʨʘ, ʘʥʘʣʠʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ 

ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʘ ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘʪʦʚ, ʧʨʦʚʝʜʝʥʠʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʵʪʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣ ʚʳʙʨʘʥ ʥʘʠʙʦʣʝʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʦʜʭʦʜʷʱʠʡ ʧʨʦʪʦʪʠʧ 

ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʤʘʣʦʯʠʩʣʝʥʥʳʭ ʚʦʠʥʩʢʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʡ ʧʨʠ ʠʭ ʘʚʪʦʥʦʤʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʵʪʘ ʥʠʰʘ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʫʞʝ 

ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʟʘʧʦʣʥʷʣʘʩʴ ʠʥʦʩʪʨʘʥʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ. ʇʦʵʪʦʤʫ 

ʦʯʝʚʠʜʝʥ ʚʳʚʦʜ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʙʦʝʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ɺʦʦʨʫʞʝʥʥʳʭ ʉʠʣ 

ʈʦʩʩʠʠ, ʥʘʩʫʱʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʦʛʦ ʚʠʜʘ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʠʤʝʥʥʦ 

ʙʝʥʟʦʵʣʝʢʪʨʦʘʛʨʝʛʘʪʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 1,5 ʢɺʪ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʀ ɺʀɹʈʆʅɸʃɸɼʂʀ ʈʆʊʆʈʅʓʍ ʄɸʐʀʅ 

 
ɸʥʥʦʪʘʮʠʷ: ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʠ ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʘʧʨʦʙʘʮʠʷ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʪʝʭʥʦʣʦʛʠʠ çoff-lineè ʚʠʙʨʦʤʦʥʠʪʦʨʠʥʛʘ, 

ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʝ ʠ ʚʠʙʨʦʥʘʣʘʜʢʝ ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ ʥʘ ʩʪʝʥʜʝ ʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʦʤʦʥʠʪʦʨʠʥʛ, ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ, ʜʝʬʝʢʪʳ, ʙʘʣʘʥʩʠʨʦʚʢʘ. 

 

A.B. Kolobov, P.A. Vorobyov, K.A. Shumilov, E.S. Shpakov  

 

DEVELOPMENT OF A LABORATORY WORKSHOP ON VIBRATION 

MONITORING TECHNOLOGY, FUNDAMENTALS OF VIBRATION 

DIAGNOSTICS AND VIBRATION CONTROL OF ROTARY MACHINES  

 
Abstract:  methodological guidelines have been developed and practical testing of 

laboratory and practical work on the technology of çoff-lineè vibration monitoring, vibration 

diagnostics and vibration adjustment of rotary machines on the stand and during operation has 

been carried out.  

Keywords: vibration monitoring, vibration diagnostics, defects, balancing. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʦʩʪʘʥʦʚʢʠ ʢʦʤʧʣʝʢʩʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʳʩʦʢʦʪʝʭʥʦ-

ʣʦʛʠʯʥʳʭ ʨʘʙʦʪ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʎʝʥʪʨʝ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʮʠʬʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʦʛʣʘʩʥʦ ʜʦʨʦʞʥʦʡ ʢʘʨʪʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʛʝʥʝʨʘʣʴʥʳʤ ʧʘʨʪ-

ʥʝʨʦʤ ʀɻʕʋ ɸʆ çʂʦʥʮʝʨʥ ʈʦʩʵʥʝʨʛʦʘʪʦʤè. 

                                                 
  É ʂʦʣʦʙʦʚ ɸ.ɹ., ɺʦʨʦʙʴʝʚ ʇ.ɸ., ʐʫʤʠʣʦʚ ʂ.ɸ., ʐʧʘʢʦʚ ɽ.ʉ., 2025 
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ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ (ʧʦʜʯʝʨʢʠʚʘʝʤ ï ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʚ 

ʧʝʨʩʧʝʢʪʠʚʝ ʨʘʙʦʪ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʙʦʣʴʰʝ) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʣʘʙʦʨʘʪʦʨ-

ʥʳʭ ʨʘʙʦʪ, ʪʝʤʘʪʠʢʘ ʢʦʪʦʨʳʭ, ʮʝʣʠ ʠ ʨʝʰʘʝʤʳʝ ʟʘʜʘʯʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. ʈʘʟʨʘ-

ʙʦʪʯʠʢʦʤ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ï ʚʠʙʨʦʤʝʪʨ ʉʄ-21ʄ ʠ ʚʠʙʨʦ-

ʘʥʘʣʠʟʘʪʦʨ ʉɼ-23, ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ɺɸʉʊ ʊʉ-2, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ 

çVibroLevelè ʠ çDREAM32 v.5è ʷʚʣʷʝʪʩʷ ʆʆʆ çɸʩʩʦʮʠʘʮʠʷ ɺɸʉʊè (ʉʇʙ). 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʝ ʙʘʢʘʣʘʚʨʠʘʪʘ 

ʥʘʧʨʘʚʣʝʥʠʷ 01.03.03 çʂʦʤʧʴʶʪʝʨʥʳʡ ʠʥʞʠʥʠʨʠʥʛ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤè ʠ ʧʣʘʥʠ-

ʨʫʝʪʩʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʚ ʤʝʞʬʘʢʫʣʴʪʝʪʩʢʠʭ ʧʨʦʛʨʘʤʤʘʭ ʙʘʢʘʣʘʚʨʠʘʪʘ 

/ʤʘʛʠʩʪʨʘʪʫʨʳ/ʩʧʝʮʠʘʣʠʪʝʪʘ ʥʝʢʦʪʦʨʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʧʨʦ-

ʛʨʘʤʤʘʭ ɼʇʆ ʜʣʷ ʩʣʫʰʘʪʝʣʝʡ ʀʇʂ ʠ ʇʂ ʀɻʕʋ. ʉ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʘ-

ʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʚʝʨʭʫ-ʚʥʠʟ (ʪʘʙʣ. 1). 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʘʢʪʠʢʫʤʘ ʦʙʫʯʘʝʤʳʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʨʘʙʦʪʘʪʴ ʤʘʪʝʨʠʘʣ ʧʦ 

ʦʩʥʦʚʘʤ ʚʠʙʨʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʘʤ ʠʟʤʝʨʝʥʠʷ ʚʠʙʨʘʮʠʠ [1ï3], ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʦ ʧʨʠʙʦʨʘʤ ʉʄ-21ʄ ʠ ʉɼ-23, ʧʨʦʛʨʘʤʤʘʤ çVibroLevelè ʠ çDREAM32 v.5è [4ï6]. 

ɿʘʜʘʯʘ ʩʦʚʩʝʤ ʥʝʧʨʦʩʪʘʷ, ʧʦʩʢʦʣʴʢʫ ʠʥʪʝʨʬʝʡʩ ʧʨʠʙʦʨʦʚ, ʢʘʢ ʠ ʠʝʨʘʨʭʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʛʨʘʤʤ, ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ ʜʣʷ ʩʪʫʜʝʥʪʘ, ʠʤʝʶʱʝʛʦ ʦʛʨʘ-

ʥʠʯʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʠʙʨʦʤʝʪʨʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ. 

ʇʦʷʩʥʠʤ ʦʙʲʝʤ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʧʨʠʚʝʜʝʥʥʳʭ 

ʚ ʪʘʙʣ. 1. 

 
ʊʘʙʣʠʮʘ 1. ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ, ʠʭ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʚ ʨʘʤʢʘʭ  

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʚʠʙʨʦʤʦʥʠʪʦʨʠʥʛʘ,  

ʦʩʥʦʚʘʤ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʠ ʚʠʙʨʦʥʘʣʘʜʢʠ ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʘʙʦʪʳ ʎʝʣʴ ʨʘʙʦʪʳ ʈʝʰʘʝʤʳʝ ʟʘʜʘʯʠ 

ʃʘʙʦʨʘʪʦʨʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ ʚʠʙʨʦʤʦʥʠʪʦ-

ʨʠʥʛʘ ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ 

ʈʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʚʠʙʨʦʤʦʥʠʪʦʨʠʥʛʘ, ʦʩʥʦ-

ʚʘʥʥʦʛʦ ʥʘ ʥʦʨʤʘʪʠʚʥʳʭ ʤʝ-

ʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʟʨʘʙʦʪ-

ʢʘʭ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʦʩ-

ʥʦʚʝ ʧʨʦʛʨʘʤʤʳ 

çVibroLevelè ʠ ʠʟʤʝʨʠʪʝʣʴ-

ʥʦʛʦ ʩʨʝʜʩʪʚʘ ï ʚʠʙʨʦʤʝʪʨ 

ʉʄ-21ʄ*. ɺ ʧʨʦʛʨʘʤʤʝ çVi-

broLevelè ʩʦʟʜʘʥʳ ʜʚʝ ʩʪʘʥ-

ʮʠʠ çʂʦʪʝʣʴʥʘʷè ʠ çʉʪʝʥʜè, 

ʜʣʷ ʢʦʪʦʨʳʭ ʦʙʫʯʘʝʤʳʝ 

ʬʦʨʤʠʨʫʶʪ ʤʘʨʰʨʫʪʳ ʠʟ-

ʤʝʨʝʥʠʡ, ʟʘʛʨʫʞʘʶʪ ʠʭ ʚ 

ʚʠʙʨʦʤʝʪʨ ʉʄ-21ʄ, ʧʨʦʠʟ-

ʚʦʜʷʪ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʚʠʙʨʘʮʠʠ, ʚʳʛʨʫʞʘʶʪ ʨʝ-

ʟʫʣɹʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚ ʧʨʦ-

ʛʨʘʤʤʫ ʠ ʘʥʘʣʠʟʠʨʫʶʪ ʧʦ-

ʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

1 ʫʨʦʚʝʥʴ (ʥʘʯʘʣʴʥʳʡ) ï ʣʘʙʦ-

ʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʧʦ ʩʪʘʥʮʠʠ 

çʉʪʝʥʜè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʜʝʤʦʥʩʪʨʘʮʠʦʥ-

ʥʳʭ ʠ ʦʙʫʯʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠ ʦʩʚʦʝʥʠʠ ʥʘʚʳʢʦʚ ʠʟʤʝ-

ʨʝʥʠʷ ʦʙʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙ-

ʨʘʮʠʠ ʜʣʷ ʚʠʙʨʦʤʦʥʠʪʦʨʠʥʛʘ  

ʠ ʧʦʥʠʤʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʧʦʜ-

ʭʦʜʦʚ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʨʘʟ-

ʣʠʯʥʳʭ, ʤʦʜʝʣʠʨʫʝʤʳʭ ʥʘ 

ʩʪʝʥʜʝ ɺɸʉʊ ʊʉ-2, ʜʝʬʝʢʪʦʚ 

2 ʫʨʦʚʝʥʴ (ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ) 

ï ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʧʦ 

ʩʪʘʥʮʠʠ çʂʦʪʝʣʴʥʘʷè, ʢʦʪʦʨʘʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ 

ʚʠʙʨʦʤʦʥʠʪʦʨʠʥʛʘ ʨʦʪʦʨʥʳʭ 

ʤʘʰʠʥ ʛʘʟʦʚʦʡ ʢʦʪʝʣʴʥʦʡ 

ʌɻɹʆʋ ɺʆ ʀɻʕʋ 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʘʙʦʪʳ ʎʝʣʴ ʨʘʙʦʪʳ ʈʝʰʘʝʤʳʝ ʟʘʜʘʯʠ 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʧʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʶ ʜʠʩʙʘ-

ʣʘʥʩʘ ʚʘʣʘ   

ʆʧʨʝʜʝʣʝʥʠʝ ʘʧʨʦʙʠʨʦʚʘʥ-

ʥʳʤʠ ʥʘ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜʘʤʠ 

ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʦʛʦ ʜʝʬʝʢʪʘ ʨʦʪʦʨ-

ʥʦʡ ʩʠʩʪʝʤʳ ï ʜʠʩʙʘʣʘʥʩʘ 

ʚʝʜʫʱʝʛʦ ʚʘʣʘ (ʨʦʪʦʨʘ 

ʫʩʣʦʚʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝ-

ʣʷ) ʚ ʤʦʜʝʣʠ ʧʨʠʚʦʜʘ ʥʘ 

ʩʪʝʥʜʝ ɺɸʉʊ ʊʉ-2 ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʚʠʙʨʦʘʥʘʣʠʟʘʪʦʨʘ 

ʉɼ-23, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʳ 

çDREAM32 v.5è 

ʀʟʫʯʝʥʠʝ ʦʙʱʠʭ ʤʝʪʦʜʠʯʝ-

ʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʠ ʚʳʨʘʙʦʪʢʘ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʚʠʙʨʦ-

ʜʠʘʛʥʦʩʪʠʢʠ ʜʠʩʙʘʣʘʥʩʦʚ ʨʘʟ-

ʣʠʯʥʳʭ ʚʠʜʦʚ: ʩʪʘʪʠʯʝʩʢʠʡ, 

ʤʦʤʝʥʪʥʳʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ, 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʥʘ ʩʪʝʥʜʝ 

ɺɸʉʊ ʊʉ-2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ: 

ʚʨʝʤʝʥʥʦʡ ʜʘʤʧ, ʧʨʷʤʦʡ 

ʩʧʝʢʪʨ ʠ ʬʘʟʘ ʧʝʨʚʦʡ ʛʘʨʤʦ-

ʥʠʢʠ ʚʠʙʨʘʮʠʠ 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʧʦ 

ʧʨʦʚʝʜʝʥʠʶ ʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʨʦʪʦʨʘ 

ʚ ʩʦʙʩʪʚʝʥʥʳʭ ʦʧʦʨʘʭ 

ʇʨʦʚʝʜʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʣʡ 

(ʦʜʥʦ- ʠʣʠ ʜʚʫʭʧʣʦʩʢʦʩʪ-

ʥʦʡ) ʙʘʣʘʥʩʠʨʦʚʢʠ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʜʠʩʙʘʣʘʥʩʘ ʚʝ-

ʜʫʱʝʛʦ ʚʘʣʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʤʦʡ ʤʦʜʝʣʠ ʧʨʠʚʦʜʘ ʥʘ 

ʩʪʝʥʜʝ ɺɸʉʊ ʊʉ-2 ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʚʠʙʨʦʘʥʘʣʠʟʘʪʦʨʘ 

ʉɼ-23 ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʠ 

ʧʨʦʛʨʘʤʤʳ çDREAM32 v.5è 

ʀʟʫʯʝʥʠʝ ʦʙʱʠʭ ʤʝʪʦʜʠʯʝ-

ʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʠ ʚʳʨʘʙʦʪʢʘ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʧʨʦʚʝ-

ʜʝʥʠʷ ʚʠʙʨʦʥʘʣʘʜʦʯʥʦʡ ʨʘʙʦ-

ʪʳ ï ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʘʣʘʥʩʠ-

ʨʦʚʢʠ ʚ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʧʣʦʩ-

ʢʦʩʪʷʭ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʛʦ ʥʘ 

ʩʪʝʥʜʝ ɺɸʉʊ ʊʉ-2 ʜʠʩʙʘʣʘʥ-

ʩʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝ-

ʥʠʷ ʘʤʧʣʠʪʫʜ ʠ ʘʤʧʣʠʪʫʜ/ʬʘʟ 

ʚʠʙʨʘʮʠʠ 

 

 

ʃʘʙʦʨʘʪʦʨʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʚʠʙʨʦʤʦʥʠʪʦʨʠʥʛʘ 

ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʜʚʫʭ ʫʨʦʚʥʷʭ. 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ 1 ʫʨʦʚʥʷ (ʥʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ). 

ɺ ʦʙʲʝʤ ʟʘʜʘʥʠʷ ʚʭʦʜʠʪ: 

1. ʀʟʫʯʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʜʘ ɺɸʉʊ ʊʉ-2, ʘʥʘʣʠʟ ʪʦʧʦʣʦʛʠʠ ʪʦʯʝʢ ʠʟʤʝʨʝ-

ʥʠʷ, ʚʳʙʦʨ ʜʦʩʪʫʧʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʟʤʝʨʝʥʠʷ ʠ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ [4] ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ: 

ǒ ʫʩʣʦʚʥʦ ʙʝʟʜʝʬʝʢʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʦʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ;  

ǒ ʩʦʩʪʦʷʥʠʝ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ: 

ī ʜʠʩʙʘʣʘʥʩʦʤ ʚʝʜʫʱʝʛʦ ʚʘʣʘ (ʤʦʜʝʣʴ ʜʠʩʙʘʣʘʥʩʘ ʨʦʪʦʨʘ ʫʩʣʦʚʥʦʛʦ ʧʨʠʚʦʜ-

ʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ) 

ī ʩʦʩʪʦʷʥʠʝ ʩ ʨʘʜʠʘʣʴʥʦʡ ʨʘʩʮʝʥʪʨʦʚʢʦʡ (ʥʝʩʦʦʩʥʦʩʪʴʶ) ʚʘʣʦʚ; 

ī ʦʩʣʘʙʣʝʥʠʝ ʢʨʝʧʣʝʥʠʷ ʦʜʥʦʡ ʠʟ ʦʧʦʨ ʚʝʜʦʤʦʛʦ ʚʘʣʘ (çʤʷʛʢʘʷ ʣʘʧʘè). 

3. ʉʦʟʜʘʥʠʝ ʚ ʧʨʦʛʨʘʤʤʝ çVibroLevelè ʩʪʘʥʮʠʠ çʉʪʝʥʜè (ʩʤ. ʨʠʩʫʥʦʢ), ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʝ ʤʘʨʰʨʫʪʘ ʠʟʤʝʨʝʥʠʷ ʠ ʝʛʦ ʟʘʛʨʫʟʢʘ ʚ ʚʠʙʨʦʤʝʪʨ ʉʄ-21ʄ, ʧʨʦʚʝʜʝ-

ʥʠʝ ʠʟʤʝʨʝʥʠʡ ʚʠʙʨʘʮʠʠ ʚ ʪʦʯʢʘʭ ʤʘʨʰʨʫʪʘ ʠ ʚʳʛʨʫʟʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʚ 

ʧʨʦʛʨʘʤʤʫ.  

4. ʇʨʦʚʝʜʝʥʠʝ ʚʥʝʤʘʨʰʨʫʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʨʷʜʝ ʪʦʯʝʢ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ). 

5. ɸʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʠ 

ʧʦ ʪʦʧʦʣʦʛʠʠ ʤʘʨʰʨʫʪʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʝʬʝʢʪʦʚ. 
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ʈʠʩʫʥʦʢ. ʆʙʦʟʥʘʯʝʥʠʷ ʫʩʪʘʥʦʚʢʠ ʚʠʙʨʦʜʘʪʯʠʢʦʚ ʚ ʜʝʨʝʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ çVibroLevelè  

ʥʘ ʩʪʝʥʜʝ ɺɸʉʊ ʊʉ-2 (ʩʪʘʥʮʠʷ çʉʪʝʥʜè): ʘ ï ʚʠʜ ʩʙʦʢʫ; ʙ ï ʚʠʜ ʩʚʝʨʭʫ 

 

 

ʃʘʙʦʨʘʪʦʨʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ 2 ʫʨʦʚʥʷ (ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ). 

ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʜʚʫʭ ʣʦʢʘʮʠʷʭ: 

ǒ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʀɻʕʋ, ʛʜʝ ʚ ʧʨʦʛʨʘʤʤʝ çVibroLevelè ʩʦʟʜʘʝʪʩʷ ʩʪʘʥʮʠʷ çʂʦ-

ʪʝʣʴʥʘʷè (ʩʤ. ʪʘʙʣ. 2), ʧʨʦʛʨʘʤʤʠʨʫʶʪʩʷ ʤʘʨʰʨʫʪʳ ʠʟʤʝʨʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ-

ʛʨʫʟʢʘ ʤʘʨʰʨʫʪʦʚ ʚ ʚʠʙʨʦʤʝʪʨ ʉʄ-21ʄ; 

ǒ ʚ ʢʦʪʝʣʴʥʦʡ ʀɻʕʋ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʠʟʫʘʣʴʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʦʥʪʨʦʣʴ-

ʥʳʭ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ ʚʠʙʨʘʮʠʠ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʜʰʠʧʥʠʢʦʚʳʤʠ ʦʧʦʨʘʤʠ ʤʘʰʠʥ ʠ 

ʚʝʩʴ ʦʙʲʝʤ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʦʙʲʝʤ ʟʘʜʘʥʠʷ ʚʭʦʜʠʪ: 

1. ʀʟʫʯʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʤʧʦʥʦʚʢʠ ʧʨʠʚʦʜʘ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ ʥʘʩʦʩʥʦʡ ʠ ʪʷʛʦʜʫʪʴʝʚʦʡ ʛʨʫʧʧ. 

2. ɺʳʙʦʨ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʧʦ ʩʝʨʠʠ ɻʆʉʊ ʀʉʆ 10816 ʜʣʷ ʤʘʰʠʥ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʚʭʦʜʠʪʴ ʚ ʤʘʨʰʨʫʪ ʠʟʤʝʨʝʥʠʡ (ʧʦ ʫʢʘʟʘʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ) [4]. 

3. ɸʥʘʣʠʟ ʪʦʧʦʣʦʛʠʠ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ, ʚʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʡ ʠʟʤʝʨʝʥʠʷ ʠ ʠʟʤʝ-

ʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʤʘʰʠʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ ʀʉʆ 10816 

[4]. 

4. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʳʜʫʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʚʠʙʨʘʮʠʠ ʤʘʰʠʥʳ ʚ ʙʘʟʝ 

ʧʨʦʛʨʘʤʤʳ ʠʣʠ ʧʦ ʜʘʥʥʳʤ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ 

ʫʨʦʚʥʝʡ ʦʛʨʘʥʠʯʝʥʠʷ çʇʈɽɼʋʇʈɽɾɼɽʅʀɽè ʠ çʆʉʊɸʅʆɺè [4]. 

5. ʇʨʦʚʝʜʝʥʠʝ ʚʥʝʤʘʨʰʨʫʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʨʷʜʝ ʪʦʯʝʢ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ). 

6. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʠ, ʚʢʣʶʯʘʶʱʠʡ: 

ī ʦʮʝʥʢʫ ʪʝʢʫʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʚʳʧʦʣʥʝ-

ʥʠʷ/ʥʝʚʳʧʦʣʥʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ; 

ī ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʟʘʧʘʩʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ [4]; 

ī ʧʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʪʨʝʥʜʘ ʚʠʙʨʘʮʠʠ, ʧʨʦʛʥʦʟʥʘʷ ʦʮʝʥʢʘ (ʧʦ ʪʨʝʥʜʫ) ʠʟʤʝ-

ʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ [4]. 
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ʊʘʙʣʠʮʘ 2. ʆʙʦʟʥʘʯʝʥʠʷ ʚ ʜʝʨʝʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʦʯʝʢ ʠ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʟʤʝʨʝʥʠʷ ʚʠʙʨʘʮʠʠ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʥʘʩʦʩʦʚ (ʈʅ) (ʩʪʘʥʮʠʷ çʂʦʪʝʣʴʥʘʷè) 
 

ɺʥʝʰʥʠʡ ʚʠʜ ʠ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʪʦʯʝʢ ʢʦʥʪʨʦʣʷ 

ʆʙʦʟʥʘʯʝʥʠʝ ʪʦʯʝʢ  

ʚ ʜʝʨʝʚʝ  

ʦʙʦʨʫʜʦʚʘʥʠʷ çVibroLevelè 

 

ʇʦʣʦʞʝʥʠʝ 

ʪʦʯʢʠ 
ʅʘʧʨ. ʊʦʯʢʘ 

ɹʣʠʞʥʠʡ ʢ 

ʤʫʬʪʝ  

ʧʦʜʰʠʧʥʠʢ 

ʜʚʠʛʘʪʝʣʷ 

(ʪ. 1) 

ɺʝʨʪ. ʈʅ11ɺ 

ɻʦʨ. ʈʅ11ɻ 

ʆʩʝʚʦʝ ʈʅ11ʆ 

ɹʣʠʞʥʠʡ ʢ 

ʤʫʬʪʝ 

ʧʦʜʰʠʧʥʠʢ 

ʥʘʩʦʩʘ 

(ʪ. 2) 

ɺʝʨʪ. ʈʅ12ɺ 

ɻʦʨ. ʈʅ12ɻ 

ɼʘʣʴʥʠʡ 

ʧʦʜʰʠʧʥʠʢ 

ʥʘʩʦʩʘ 

(ʪ. 3) 

ɺʝʨʪ. ʈʅ13ɺ 

ɻʦʨ. ʈʅ13ɻ 

 

ʇʨʠʤʝʨ ʦʙʦʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥ 

ʜʣʷ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ 

ʧʦʜ ʥʦʤʝʨʦʤ 1 (ʈʅ1). 

 

ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʥʘʩʦʩʦʚ ʚ 

ʦʙʦʟʥʘʯʝʥʠʠ ʪʦʯʢʠ ʤʝʥʷʝʪʩʷ 

ʥʦʤʝʨ ʥʘʩʦʩʘ 

 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʧʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʶ ʜʠʩʙʘʣʘʥʩʘ ʚʘʣʘ. 

ɺ ʦʙʲʝʤ ʟʘʜʘʥʠʷ ʚʭʦʜʠʪ: 

1. ɺʳʧʦʣʥʝʥʠʝ ʚʥʝʤʘʨʰʨʫʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʙʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʠ 

ʚʠʙʨʦʤʝʪʨʦʤ ʉʄ-21ʄ [4] ʥʘ ʩʪʝʥʜʝ ɺɸʉʊ ʊʉ-2 ʚ ʜʚʫʭ ʩʦʩʪʦʷʥʠʷʭ ʧʨʠʚʦʜʘ: 

ǒ ʙʝʟʜʝʬʝʢʪʥʦʝ ʩʦʩʪʦʷʥʠʝ; 

ǒ ʩʦʩʪʦʷʥʠʝ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʤʠ ʚʠʜʘʤʠ ʜʠʩʙʘʣʘʥʩʘ ʚʝʜʫʱʝʛʦ ʚʘʣʘ 

(ʤʦʜʝʣʴ ʜʠʩʙʘʣʘʥʩʘ ʨʦʪʦʨʘ ʫʩʣʦʚʥʦʛʦ ʧʨʠʚʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ): 

ʘ) ʩʪʘʪʠʯʝʩʢʠʡ:  

ʙ) ʤʦʤʝʥʪʥʳʡ; 

ʚ) ʜʠʥʘʤʠʯʝʩʢʠʡ. 

2. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʚʠʯʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʜʠʩʙʘʣʘʥʩʘ [2, 3] (ʧʦʩʪʘʥʦʚʢʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʜʠʘʛʥʦʟʘ). 

3. ʇʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʚʠʙʨʘʮʠʠ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ ʚ ʩʦʩʪʦʷʥʠʠ ʩ ʩʦ-

ʟʜʘʥʥʳʤ ʨʘʥʝʝ ʚʠʜʦʤ ʜʠʩʙʘʣʘʥʩʘ ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʦʘʥʘʣʠʟʘʪʦʨʘ ʉɼ-23 ʚ ʨʝʞʠʤʝ 

ʚʥʝʤʘʨʰʨʫʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʙʨʘʮʠʠ [2, 3]: 

ī ʚʨʝʤʝʥʥʦʡ ʜʘʤʧ ʚʠʙʨʘʮʠʠ; 

ī ʧʨʷʤʦʡ ʩʧʝʢʪʨ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʠʣʠ ʚʠʙʨʦʩʢʦʨʦʩʪʠ; 
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ī ʬʘʟʘ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʠʣʠ ʚʠʙʨʦʩʢʦʨʦʩʪʠ, 

ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʜʠʘʛʥʦ-

ʟʘ. 

4. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʳʭ ʩʚʷʟʝʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ ʩ ʜʝʬʝʢʪʦʤ, ʧʦʜʛʦʪʦʚʢʘ ʦʪʯʝʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ. ɸʥʘʣʠʟ ʜʦʣʞʝʥ 

ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ 

ʜʝʬʝʢʪʘ ʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ ʧʨʦʷʚʣʝʥʠʷ. 

5. ɼʦʧʦʣʥʠʪʝʣʴʥʦ (ʧʦ ʫʢʘʟʘʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ) ʧʨʦʠʟʚʝʩʪʠ ʚʳʛʨʫʟʢʫ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠʟ ʚʠʙʨʦʘʥʘʣʠʟʘʪʦʨʘ ʉɼ-23 ʚ ʧʨʦʛʨʘʤʤʫ DREAM32 v.5 [5, 6], ʟʘʧʫ-

ʩʪʠʪʴ ʤʦʜʫʣʴ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʟʦʚ. 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʨʦʪʦʨʘ 

ʚ ʩʦʙʩʪʚʝʥʥʳʭ ʦʧʦʨʘʭ. 

ɺ ʦʙʲʝʤ ʟʘʜʘʥʠʷ ʚʭʦʜʠʪ: 

1. ʇʨʠ ʩʦʟʜʘʥʥʦʤ ʜʠʩʙʘʣʘʥʩʝ ʚʝʜʫʱʝʛʦ ʚʘʣʘ (ʤʦʜʝʣʴ ʜʠʩʙʘʣʘʥʩʘ ʨʦʪʦʨʘ 

ʫʩʣʦʚʥʦʛʦ ʧʨʠʚʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ) ʥʘ ʩʪʝʥʜʝ ɺɸʉʊ ʊʉ-2 ʚʳʧʦʣʥʝʥʠʝ ʚʠʙʨʦ-

ʘʥʘʣʠʟʘʪʦʨʦʤ ʉɼ-23 ʚ ʨʝʞʠʤʝ ʚʥʝ ʤʘʨʰʨʫʪʘ ʠʟʤʝʨʝʥʠʡ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ: 

ī ʚʨʝʤʝʥʥʦʛʦ ʜʘʤʧʘ ʚʠʙʨʘʮʠʠ; 

ī ʧʨʷʤʦʛʦ ʩʧʝʢʪʨʘ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʠʣʠ ʚʠʙʨʦʩʢʦʨʦʩʪʠ; 

ī ʬʘʟʳ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʠʣʠ ʚʠʙʨʦʩʢʦʨʦʩʪʠ. 

2. ɿʘʧʦʣʥʝʥʠʝ ʪʘʙʣʠʮ ʠʟʤʝʨʝʥʠʷ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʠʤʝʶʱʝʤʩʷ ʜʠʩʙʘ-

ʣʘʥʩʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʤʦʡ ʜʘʣʝʝ ʙʘʣʘʥʩʠʨʦʚʢʠ. 

3. ʆʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ (ʤʝʪʦʜʠʢʠ ʠ ʧʨʘʢʪʠʢʠ) ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʚ 

ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ çɹʘʣʘʥʩʠʨʦʚʢʘè 

ʚʠʙʨʦʘʥʘʣʠʟʘʪʦʨʘ ʉɼ-23 [5]. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ: 

ī ʚʭʦʜ ʚ ʧʨʦʛʨʘʤʤʫ çɹʘʣʘʥʩʠʨʦʚʢʘè ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʙʲʝʢʪʘ (ʦʙʦʟʥʘʯʝʥʠʝ ʚ 

ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ), ʟʘʜʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʣʦʩʢʦʩʪʝʡ ʙʘʣʘʥʩʠʨʦʚʢʠ (ʥʝ ʙʦʣʝʝ 

ʜʚʫʭ) ʩ ʫʢʘʟʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʠʟʤʝʨʝʥʠʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ; 

ī ʥʘʯʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʘʟʳ ʚʠʙʨʘʮʠʠ ʚ ʢʘʞʜʦʡ ʠʟ ʚʳʙʨʘʥʥʳʭ 

ʪʦʯʝʢ ʢʦʥʪʨʦʣʷ, ʪ.ʝ. ʧʦʣʫʯʝʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʨʘʟʙʘʣʘʥʩʠʨʦʚʘʥʠʠ (çʥʫʣʝʚʦʡ 

ʧʫʩʢè); 

ī ʨʘʩʯʝʪ ʧʨʦʙʥʦʡ ʤʘʩʩʳ, ʬʠʟʠʯʝʩʢʠʡ ʧʦʜʙʦʨ ʤʘʩʩʳ ʠ ʫʩʪʘʥʦʚʢʘ ʝʝ ʚ ʙʘʣʘʥʩʠ-

ʨʫʝʤʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʫʝʤʳʤ ʨʘʩʯʝʪʥʳʤ ʫʛʣʦʤ ʫʩʪʘʥʦʚʢʠ; 

ī ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʘʟʳ ʚʠʙʨʘʮʠʠ ʚ ʢʘʞʜʦʡ ʠʟ ʪʦʯʝʢ ʢʦʥ-

ʪʨʦʣʷ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʧʨʦʙʥʦʡ ʤʘʩʩʳ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʦʣʥʠʪʴ ʧʦʜʙʦʨ ʚʝʣʠ-

ʯʠʥʳ ʤʘʩʩʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʝʝ ʚʣʠʷʥʠʷ ʥʘ ʜʠʩʙʘʣʘʥʩ; 

ī ʨʘʩʯʝʪ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʤʘʩʩʳ ʠ ʫʛʣʘ ʢʦʨʨʝʢʮʠʠ ʝʝ ʫʩʪʘʥʦʚʢʠ, ʦʢʦʥʯʘʪʝʣʴ-

ʥʘʷ ʫʩʪʘʥʦʚʢʘ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʤʘʩʩʳ ʚ ʙʘʣʘʥʩʠʨʫʝʤʦʡ ʧʣʦʩʢʦʩʪʠ; 

ī ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʘʟʳ ʚʠʙʨʘʮʠʠ ʚ ʢʘʞʜʦʡ 

ʠʟ ʪʦʯʝʢ ʢʦʥʪʨʦʣʷ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʤʘʩʩʳ, ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʙʘ-

ʣʘʥʩʠʨʦʚʢʠ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ ʟʘʚʝʨʰʝʥʠʠ ʠʣʠ ʧʨʦʜʦʣʞʝʥʠʠ ʙʘʣʘʥʩʠʨʦʚʢʠ. 

ī ʧʨʦʩʤʦʪʨ ʦʪʯʝʪʘ ʦ ʙʘʣʘʥʩʠʨʦʚʢʝ ʚ ʧʨʠʙʦʨʝ ʉɼ-23, ʚʳʛʨʫʟʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʧʨʦʛʨʘʤʤʫ DREAM32v.5 ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʥʦʛʦ ʦʪʯʝʪʘ ʦ ʙʘʣʘʥʩʠʨʦʚʢʝ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʠʪʦʛʦ-

ʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʚʠʙʨʘʮʠʠ ʚ ʪʝʭ ʞʝ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ ʩ ʥʘʯʘʣʴʥʳʤʠ 

(ʜʦ ʙʘʣʘʥʩʠʨʦʚʢʠ).  
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4. ɼʦʧʦʣʥʠʪʝʣʴʥʦ (ʧʦ ʫʢʘʟʘʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ) ʧʨʦʠʟʚʝʩʪʠ ʚʳʛʨʫʟʢʫ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠʟ ʚʠʙʨʦʘʥʘʣʠʟʘʪʦʨʘ ʉɼ-23 ʚ ʧʨʦʛʨʘʤʤʫ DREAM32 v.5, ʟʘʧʫʩʪʠʪʴ 

ʧʨʦʛʨʘʤʤʫ ʙʘʣʘʥʩʠʨʦʚʢʠ ʚ DREAM32 v.5 [6], ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʧʨʦʮʝʜʫʨʳ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʦʛʨʘʤʤʳ, ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʙʘʣʘʥʩʠʨʦʚʢʠ 

ʠ ʩʫʙʲʝʢʪʠʚʥʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʮʝʥʠʪʴ ʫʜʦʙʩʪʚʦ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ 

ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ. 

ɺʳʰʝ ʦʧʠʩʘʥ ʦʙʲʝʤ ʫʞʝ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪ. ʇʨʠ ʠʭ 

ʧʦʩʪʘʥʦʚʢʝ ʧʨʠʰʣʦʩʴ ʨʝʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʠ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦ-

ʷʥʠʷ ʧʦ ʦʙʱʠʤ ʧʘʨʘʤʝʪʨʘʤ ʚʠʙʨʘʮʠʠ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʦʣʦʛʠʶ, ʪʦʧʦʣʦʛʠʯʝʩʢʫʶ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʢʘʨʪʳ ʧʦ-

ʩʪʘʥʦʚʢʠ ʧʝʨʚʠʯʥʦʛʦ ʜʠʘʛʥʦʟʘ ʦ ʜʠʩʙʘʣʘʥʩʝ ʧʦ ʦʙʱʠʤ ʧʘʨʘʤʝʪʨʘʤ ʚʠʙʨʘʮʠʠ ʠ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʫʶ ʢʘʨʪʫ ʧʦʩʪʘʥʦʚʢʠ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʜʠʘʛʥʦʟʘ ʦ ʜʠʩʙʘʣʘʥʩʝ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʜʚʫʭʧʣʦʩʢʦʩʪʥʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ, ʤʝʪʦʜʠʢʫ ʚʳʙʦʨʘ 

ʧʨʦʙʥʦʡ ʤʘʩʩʳ, ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ ʜʠʩʙʘʣʘʥʩʘ ʠ ʙʘʣʘʥʩʠʨʦʚʢʝ. 

4. ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʯʘʩʪʦʪʥʦ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʨʠʚʦʜʘ 

ʩʪʝʥʜʘ ɺɸʉʊ ʊʉ-2 ʠ ʚʝʣʠʯʠʥʳ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʡ ʤʘʩʩʳ ʜʠʩʙʘʣʘʥʩʘ, ʯʪʦʙʳ ʠʩʢʣʶ-

ʯʠʪʴ ʨʝʟʦʥʘʥʩʳ ʦʧʦʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʛʨʫʟʢʫ ʥʘ ʦʧʦʨʥʳʝ ʧʦʜʰʠʧʥʠʢʠ. 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦ ʙʘʣʘʥʩʠʨʦʚʢʝ ʨʦʪʦ-

ʨʘ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʤʝʪʦʜʘ ʘʤʧʣʠʪʫʜ ʙʝʟ ʠʟʤʝʨʝʥʠʷ ʬʘʟʳ ʚʠʙʨʘʮʠʠ (ʧʨʦʚʦʜʠʪʩʷ 

ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʦʤʝʪʨʘ ʉʄ-21ʄ). 
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DEVELOPMENT OF A MODEL OF CHANGES IN DIAGNOSTIC SIGNS  

OF DEFECTS IN TASKS OF PREDICTIVE ANALYTICS 

 
Abstract: the main results of the development of a digital model of wear of bearing bodies 

and treadmills to detect changes in the frequency components of vibration are presented; the 

convergence of modeling results and real vibration spectra is estimated. 

Keywords: vibration diagnostics, modeling, wear, spectrum, bearing, defects. 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʘʮʠʠ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ 

ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ 1,2 ʧʦ ʩʪʨʫʢʪʫʨʝ çoff-lineè ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʷʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʜʝʬʝʢʪʦʚ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ (ʯʘʩʪʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʷʤʦʛʦ ʩʧʝʢʪʨʘ), 

ʪ.ʝ. ʨʘʟʨʘʙʦʪʢʠ ʘʜʘʧʪʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ (ɸʎɼ), ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʦʟʥʠʢʰʝʛʦ ʜʝʬʝʢʪʘ. 

ʈʦʣʴ ʤʦʜʝʣʠ ʜʝʛʨʘʜʘʮʠʠ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʤʘʰʠʥ ʚ ʢʦʥʮʝʧʮʠʠ ʧʨʝʜʠʢʪʠʚʥʦʡ 

ʘʥʘʣʠʪʠʢʠ ʢʨʘʡʥʝ ʚʘʞʥʘ ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʙʲʝʢʪʠʚʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʚʳʩʪʨʦʠʪʴ ʘʣʛʦʨʠʪʤ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʝʰʘʶʱʫʶ ʬʫʥʢʮʠʶ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (ʨʠʩ. 1). ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ, ʠʟʥʦʩʘ 

ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʷʚʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ, ʟʘʟʦʨʦʚ ʠ ʣʶʬʪʦʚ ʚ 

ʩʦʧʨʷʞʝʥʠʷʭ ʠ ʪ.ʧ.  

ʇʨʝʜʠʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʧʦ ʩʚʦʝʡ ʠʜʝʦʣʦʛʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʟʘ ʠʩʪʦʨʠʶ ʢʦʥʪʨʦʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ 

ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ ʠʣʠ ʚʝʨʦʷʪʥʦʩʪʥʦʤ ʬʦʨʤʘʪʝ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ɹʘʡʝʩʘ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, ʚ ʚʠʜʫ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʡ 

ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ ʩʪʘʪʠʩʪʠʢʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠ ʜʝʛʨʘʜʘʮʠʠ 

ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʤʘʰʠʥ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʞʝʩʪʢʠʝ ʩʢʝʣʝʪʥʳʝ ʘʣʛʦʨʠʪʤʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʦʮʝʥʢʠ ʪʝʢʫʱʝʛʦ ʠ ʧʨʦʛʥʦʟʥʦʛʦ 
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ʩʦʩʪʦʷʥʠʷ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦʩʪʴ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ [1, 2].  

ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʦʙʱʝʛʦ ʠʟʥʦʩʘ ʪʝʣ ʢʘʯʝʥʠʷ ʰʘʨʠʢʦʚʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ 

ʧʦʜʰʠʧʥʠʢʘ 76-180609 ʉ9ʐ1 ʢʦʥʮʝʚʦʡ ʦʧʦʨʳ ʨʦʪʦʨʘ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ɸʀʈ160S6ʋ3 ʤʦʱʥʦʩʪʴʶ 11 ʢɺʪ (ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

970 ʤʠʥ-1) ʧʨʠʚʦʜʘ ʜʫʪʴʝʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ (ʪʠʧ ɺɼʅ-10) ʩ ʢʦʥʩʦʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʛʘʟʦʚʦʡ ʢʦʪʝʣʴʥʦʡ ʌɻɹʆʋ ɺʆ ʀɻʕʋ. 

 

 
 

ʈʠʩ. 1. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʧʨʦʛʨʘʤʤʝ COMSOL Multiphysics 6.1, ʜʣʷ 

ʢʦʪʦʨʦʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ CAD ʧʨʦʛʨʘʤʤʘʤʠ, ʟʘʷʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʥʦʩʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʩʧʝʢʪʨʦʚ [4].  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟʥʦʩʘ ʪʝʣ ʢʘʯʝʥʠʷ ʧʦʜʰʠʧʥʠʢʘ 76-180609 ʉ9ʐ1 

ʠʩʧʦʣʴʟʦʚʘʥ ʪʨʝʭʤʝʨʥʳʡ ʯʝʪʳʨʝʭ ʫʟʣʦʚʦʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ (ʂʕ) ï ʪʝʪʨʘʵʜʨ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʫʧʨʦʱʝʥʥʘʷ (ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʘʜʦʯʥʳʭ ʬʘʩʦʢ, ʟʘʭʦʜʥʳʭ ʬʘʩʦʢ ʧʦʜ ʚʘʣ, 

ʤʝʩʪ ʧʦʜ ʫʩʪʘʥʦʚʢʫ ʢʨʳʰʝʢ ʧʦʜʰʠʧʥʠʢʘ ʠ ʩʘʤʠʭ ʢʨʳʰʝʢ) ʤʦʜʝʣʴ ʧʦʜʰʠʧʥʠʢʘ ʩ 

ʟʦʥʘʤʠ ʢʦʥʪʘʢʪʦʚ (ʙʝʛʦʚʳʝ ʜʦʨʦʞʢʠ ʪʝʣ ʢʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʢʦʣʝʮ) 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʦʩʢʦʣʴʢʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʥʦʩ ʪʝʣ ʢʘʯʝʥʠʷ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ (ʂʕʉ) ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʢʦʣʴʮʘʭ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʦʡ. 

ɿʘʜʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ï ʩʪʘʣʴ ʐʍ-15, ʢʦʪʦʨʳʝ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʚʩʝʤ 

ʵʣʝʤʝʥʪʘʤ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: ʚʥʝʰʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʥʝʰʥʝʛʦ ʢʦʣʴʮʘ ʧʦʜʰʠʧʥʠʢʘ ï ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪ ʧʦʚʦʨʦʪʦʚ ʠ 

ʧʝʨʝʤʝʱʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʯʘ ʩʪʘʪʠʯʝʩʢʘʷ ʠ ʠʥʳʭ ʥʘʛʨʫʟʦʢ, ʢʨʦʤʝ ʨʘʜʠʘʣʴʥʳʭ 

ʧʦʜʰʠʧʥʠʢ ʥʝ ʠʩʧʳʪʳʚʘʝʪ, ʪʦ ʦʩʪʘʣʴʥʳʝ ʯʘʩʪʠ ʤʦʜʝʣʠ ʤʦʞʥʦ ʥʝ ʟʘʢʨʝʧʣʷʪʴ. 

ʇʦʜʰʠʧʥʠʢ ʚʦʩʧʨʠʥʠʤʘʝʪ ʨʘʜʠʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʨʘʚʥʫʶ ʚʝʩʫ ʚʘʣʘ ʠ ʨʦʪʦʨʘ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʨʠʣʦʞʝʥʥʫʶ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ. 
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ɺ ʭʦʜʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ, ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʪʝʣʘʭ ʢʘʯʝʥʠʷ 

ʧʦʜʰʠʧʥʠʢʘ (ʨʠʩ. 2). ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʘʩʯʝʪʫ ʠʟʥʦʩʘ [3], 

ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ: ʜʦʙʘʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʟʘʜʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ, ʜʦʙʘʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʠʟʥʦʩʘ ʠ 

ʟʘʜʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʟʥʦʩʘ ʪʝʣʘ ʢʘʯʝʥʠʷ ʧʦʜʰʠʧʥʠʢʘ ʟʘ ʤʠʥʫʪʫ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʛʣʫʙʠʥʳ ʠʟʥʦʩʘ ʨʘʚʥʦʝ 0,3 ʤʢʤ. 

 

  

 

 

 
ʈʠʩ. 2. ʅʘʧʨʷʞʝʥʠʷ ʥʘ ʪʝʣʘʭ ʢʘʯʝʥʠʷ 

ʧʦʜʰʠʧʥʠʢʘ 

 

 

 

 
 

 

 

 

 

ʈʠʩ. 3. ʇʣʦʱʘʜʢʘ ʠʟʥʦʩʘ ʪʝʣʘ ʢʘʯʝʥʠʷ 

ʧʦʜʰʠʧʥʠʢʘ ʠ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  

ʠʟʥʦʩʘ (ʤʢʤ) 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʮʠʬʨʦʚʳʭ ʩʧʝʢʪʨʦʚ ʚʠʙʨʘʮʠʠ ʚ ʧʨʦʛʨʘʤʤʝ COMSOL 

Multiphysics 6.1 ʩʦʟʜʘʥ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʩ ʜʚʫʤʷ 

ʧʦʜʰʠʧʥʠʢʘʤʠ: ʢʦʥʮʝʚʦʡ ʧʦʜʰʠʧʥʠʢ 76-180609 ʉ9ʐ1 ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩʯʠʪʘʝʪʩʷ 

ʠʟʥʦʰʝʥʥʳʤ (ʟʥʘʯʝʥʠʝ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʧʨʠʥʠʤʘʣʦʩʴ 10 ʤʢʤ ʠ 100 ʤʢʤ), 

ʙʣʠʞʥʠʡ ʢ ʨʘʙʦʯʝʤʫ ʢʦʣʝʩʫ ʧʦʜʰʠʧʥʠʢ 6-310ʂ ʩʯʠʪʘʝʪʩʷ ʠʜʝʘʣʴʥʳʤ (ʨʠʩ. 4). 

ʇʦʜʰʠʧʥʠʢʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ COMSOL Multiphysics 6.1 ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʘʙʩʪʨʘʢʪʥʫʶ ʤʦʜʝʣʴ ʢʦʥʪʘʢʪʘ ʵʣʝʤʝʥʪʦʚ ʢʘʯʝʥʠʷ ʠ ʢʦʣʝʮ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ 

ʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʝ ɻʝʨʮʘ [4], ʦʧʨʝʜʝʣʷʶʱʫʶ ʜʝʬʦʨʤʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʢʘʯʝʥʠʷ ʠ 

ʚʝʣʠʯʠʥʫ ʚʝʢʪʦʨʘ ʫʩʠʣʠʷ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ ʢ ʚʥʝʰʥʝʤʫ (ʨʠʩ. 5). 
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ʈʠʩ. 4. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ,  

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʜʰʠʧʥʠʢ 
ʈʠʩ. 5. ʇʨʠʤʝʨ ʪʦʯʝʯʥʦʛʦ ʢʦʥʪʘʢʪʘ: 

ʚʥʫʪʨʝʥʥʝʝ ʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ  

ʠ ʪʝʣʦ ʢʘʯʝʥʠʷ 

 

 

ʉʦʛʣʘʩʥʦ ʟʘʜʘʯʝ ɻʝʨʮʘ, ʟʘʜʘʝʪʩʷ ʩʠʣʘ ʚ ʢʦʥʪʘʢʪʝ, ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ 

ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ï ʧʨʠʚʝʜʝʥʥʳʡ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ. ʕʪʠ 

ʧʘʨʘʤʝʪʨʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʝʤʫ ʜʝʬʦʨʤʘʮʠʠ (ʧʝʨʝʤʝʱʝʥʠʷ), ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʠ 

ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ, ʧʦʣʫʯʘʝʪʩʷ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, 

ʬʦʨʤʠʨʫʶʱʠʡ ʤʦʜʝʣʴʥʳʡ ʩʧʝʢʪʨ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʧʦʜʰʠʧʥʠʢʝ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʟʘʟʦʨʘʭ, ʚʦʟʥʠʢʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʥʦʩʘ ʪʝʣ ʢʘʯʝʥʠʷ [4]. 

ʎʠʬʨʦʚʳʝ ʩʧʝʢʪʨʳ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʡ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 0ï500 ɻʮ, 

ʵʤʫʣʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʦʡ COMSOL Multiphysics 6.1, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʘʣʴʥʳʭ 

ʟʘʟʦʨʘʭ ʚ ʧʦʜʰʠʧʥʠʢʝ 76-180609 ʉ9ʐ1 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 6 ʠ 7. ʉʦʛʣʘʩʥʦ 

ʥʘʟʥʘʯʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ɸʎɼ ʵʪʠ ʩʧʝʢʪʨʳ ʜʦʣʞʥʳ ʭʦʪʷ ʙʳ ʢʘʯʝʩʪʚʝʥʥʦ ï ʧʦ 

ʯʘʩʪʦʪʥʦʤʫ ʩʦʩʪʘʚʫ ï ʢʦʨʨʝʣʠʨʦʚʘʪʴʩʷ ʩ ʨʝʘʣʴʥʳʤʠ ʩʧʝʢʪʨʘʤʠ, ʠʟʤʝʨʷʝʤʳʤʠ ʚ 

ʨʘʜʠʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ɺ ʠʣʠ ɻ) ʧʨʠ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʝ.  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ 

ʜʫʪʴʝʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʦ ʫʨʦʚʥʶ ʚʠʙʨʘʮʠʠ ʥʘʭʦʜʠʣʩʷ ʚ ʟʦʥʝ ʉ (ɻʆʉʊ 

ʀʉʆ 10816-1ï97), ʥʝ ʜʦʧʫʩʢʘʶʱʝʡ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ (ʧʦʜʨʦʙʥʦ ʥʝ ʧʨʠʚʦʜʷʪʩʷ), ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʨʝʤʦʥʪʥʦʡ 

ʩʣʫʞʙʳ, ʟʘʤʝʥʷʚʰʝʡ ʧʦʜʰʠʧʥʠʢ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʥʘʣʠʯʠʠ ʣʶʬʪʦʚ, ʚʳʟʚʘʥʥʳʭ 

ʠʟʥʦʩʦʤ ʪʝʣ ʢʘʯʝʥʠʷ ʠ ʜʦʨʦʞʝʢ, ʚ ʧʦʜʰʠʧʥʠʢʝ 76-180609 ʉ9ʐ1. 
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ʈʠʩ. 6. ʉʧʝʢʪʨ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠ ʟʘʟʦʨʝ 10 ʤʢʤ  

ʚ ʧʦʜʰʠʧʥʠʢʝ 76-180609 ʉ9ʐ1 

 

 

 
ʈʠʩ. 7. ʉʧʝʢʪʨ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠ ʟʘʟʦʨʝ 100 ʤʢʤ  

ʚ ʧʦʜʰʠʧʥʠʢʝ 76-180609 ʉ9ʐ1 

 

 

ʀʟʤʝʨʝʥʠʝ ʚʠʙʨʘʮʠʠ ʠ ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʢʨʳʰʢʝ 

ʦʧʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ 76-180609 ʉ9ʐ1 ʧʨʦʠʟʚʝʜʝʥ ʚʠʙʨʦʘʥʘʣʠʟʘʪʦʨʦʤ ɸɻɸʊ (ʆʆʆ 

çɼʠʘʤʝʭ 2000è). ʉʧʝʢʪʨʳ ʙʳʣʠ ʪʨʘʥʩʣʠʨʦʚʘʥʳ ʠʟ ʧʨʦʛʨʘʤʤʳ ɸɻɸʊ-ʇʨʦʪʦʢʦʣ ʚ 

ʬʘʡʣ .txt ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʨʤʘʪʝ Mathcad. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ ʨʘʜʠʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ (ɺ ʠ ɻ) ʚ ʨʘʙʦʯʝʤ 

ʨʝʞʠʤʝ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 970 ʤʠʥ-1 (16,2 ɻʮ). ʏʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ  

0ï1000 ɻʮ. ʅʘ ʨʠʩ. 8 ʠ 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʢʦʨʦʯʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʩʧʝʢʪʨʦʚ ʜʦ 500 ɻʮ. 

ʏʠʩʣʦ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʝ 800, ʰʠʨʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ 1,25 ɻʮ. 
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ʈʠʩ. 8. ʉʧʝʢʪʨ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ɺ) 

 

 

 
ʈʠʩ. 9. ʉʧʝʢʪʨ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ɻ) 

 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʵʤʫʣʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʦʡ COMSOL Multiphysics 

6.1 ʩʧʝʢʪʨʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ.  

ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʨʘʟʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʧʦʥʷʪʠʶ ʩʧʝʢʪʨ, ʢʦʪʦʨʳʡ ʬʠʟʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʧʝʢʪʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ (ʉʇʄ), ʦʪʨʘʞʘʶʱʫʶ ʧʦ ʪʝʦʨʝʤʝ 

ʇʘʨʩʝʚʘʣʷ ʧʝʨʝʭʦʜ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ ʠʟ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʯʘʩʪʦʪʥʫʶ. ʎʠʬʨʦʚʳʝ 

ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʝʨʝʩʯʝʪʦʤ ʚ ʜʝʬʦʨʤʘʮʠʶ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʨʘʩʯʝʪʘ, 

ʦʧʨʝʜʝʣʷʝʤʦʤ ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ ʢʦʥʪʘʢʪʘ ʧʘʨʳ çʰʘʨʠʢïʢʦʣʴʮʦè, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪʩʷ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʚʘʣʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 16,2 ɻʮ 

(ʧʝʨʠʦʜʠʯʥʦʩʪʴ 62 ʤʩ), ʜʘʞʝ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʯʠʩʣʦ ʰʘʨʠʢʦʚ ʨʘʚʥʦ 8 ʠ 

ʫʯʠʪʳʚʘʝʪʩʷ ʢʦʥʪʘʢʪ ʢʘʞʜʦʛʦ ʰʘʨʠʢʘ, ʜʠʩʢʨʝʪʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʙʫʜʝʪ ʧʦʯʪʠ 130 ɻʮ 

(ʧʝʨʠʦʜʠʯʥʦʩʪʴ 7,7 ʤʩ). ʎʠʬʨʦʚʦʡ ʩʧʝʢʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʦʙʦʨʦʪʥʦʡ ʯʘʩʪʦʪʳ. ʇʦʵʪʦʤʫ ʵʤʫʣʠʨʦʚʘʥʥʳʝ 

ʧʨʦʛʨʘʤʤʦʡ COMSOL Multiphysics 6.1 ʩʧʝʢʪʨʳ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 
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ʰʠʨʦʢʦʧʦʣʦʩʥʳʤʠ, ʢʦʪʦʨʳʝ ʜʣʷ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʠʤʝʥʠʤʳ ʚ 

ʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʂ ʜʨʫʛʠʤ, ʤʝʥʝʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ, ʬʘʢʪʦʨʘʤ ʦʪʣʠʯʠʷ ʩʧʝʢʪʨʦʚ ʦʪʥʦʩʷʪʩʷ: 

1. ʢʦʨʨʝʢʪʥʦʩʪʴ ʜʦʧʫʱʝʥʠʡ, ʧʨʠʥʠʤʘʝʤʳʭ ʚ ʨʘʩʯʝʪʝ, ʠ ʩʣʦʞʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʤʦʜʝʣʠʨʫʝʤʦʡ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʨʦʪʦʨʘ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʰʠʭʪʦʚʘʥʥʳʝ ʧʣʘʩʪʠʥʳ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ, ʧʘʟʳ ʩ 

ʤʝʜʥʳʤʠ ʩʪʝʨʞʥʷʤʠ ʠ ʪ.ʧ.), ʪʦʯʥʦʩʪʴ ʟʘʜʘʥʠʷ ʤʘʩʩʦʚʦ-ʛʘʙʘʨʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʪ.ʜ.; 

2. ʥʘʣʠʯʠʝ ʠʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʝ, ʥʘʧʨʠʤʝʨ, 

ʜʠʩʙʘʣʘʥʩʘ ʢʘʢ ʨʦʪʦʨʘ, ʪʘʢ ʠ ʢʦʥʩʦʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʚʝʥʪʠʣʷʪʦʨʘ. 

ʇʨʦʛʨʘʤʤʘ COMSOL Multiphysics 6.1 ʵʤʫʣʠʨʫʝʪ ʪʦʣʴʢʦ ʩʧʝʢʪʨʳ 

ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ 

ʧʦʜʰʠʧʥʠʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʪʠʚʥʫʶ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʯʘʩʪʴ, 

ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʦʜʰʠʧʥʠʢʦʚʳʤʠ ʯʘʩʪʦʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʜʝʬʝʢʪʘʭ, ʠʭ 

ʚʳʩʦʢʠʤʠ ʛʘʨʤʦʥʠʢʘʤʠ ʠ ʤʦʜʫʣʷʮʠʦʥʥʳʤʠ ʙʦʢʦʚʳʤʠ ʧʦʣʦʩʘʤʠ ʚʙʣʠʟʠ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʯʘʩʪʦʪ.  

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ: ʈʘʟʨʘʙʦʪʘʥ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʠʟʤʝʥʝʥʠʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʛʣʫʙʠʥʳ ʨʘʟʚʠʪʠʷ ʜʝʬʝʢʪʘ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ COMSOL Multiphysics 6.1. ʉʦʟʜʘʥʘ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʧʦʜ 

ʟʘʜʘʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ çʨʦʪʦʨ-ʧʦʜʰʠʧʥʠʢè, ʧʨʦʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʟʘʟʦʨʦʚ (ʨʘʜʠʘʣʴʥʳʭ ʣʶʬʪʦʚ) ʠ ʵʤʫʣʠʨʦʚʘʥʳ 

ʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʡ.  

ʇʦʣʫʯʠʪʴ ʧʨʠʝʤʣʝʤʦʡ ʩʭʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʠʟʥʦʰʝʥʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʥʝ ʫʜʘʣʦʩʴ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤʘʤʠ, 

ʟʘʣʦʞʝʥʥʳʤʠ ʚ ʧʨʦʛʨʘʤʤʫ COMSOL Multiphysics 6.1. ʇʦʩʢʦʣʴʢʫ ʨʦʣʴ ʬʠʟʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʜʝʛʨʘʜʘʮʠʠ ʚ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʝ ʢʨʘʡʥʝ ʚʘʞʥʘ ʧʦ ʧʨʠʯʠʥʝ 

ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʤʦʜʝʣʷʭ ʜʠʘʛʥʦʩʪʠʢʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʘʪʴ ʪʫ ʧʨʦʛʨʘʤʤʥʫʶ ʩʨʝʜʫ, 

ʢʦʪʦʨʘʷ ʙʳ ʤʦʛʣʘ ʦʙʝʩʧʝʯʠʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʦʙʦʙʱʝʥʥʳʭ 

ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʠʟʥʦʩ, ʥʦ ʠ ʣʦʢʘʣʴʥʳʭ ʜʝʬʝʢʪʦʚ: ʪʨʝʱʠʥ, ʨʘʢʦʚʠʥ, ʧʨʦʙʣʝʤ ʩʤʘʟʢʠ ʠ 

ʜʨ. 
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STATISTICAL ANALYSIS OF THE VIBRATION OF A ROLLING BEARING 

WITH AN INNER RING DEFECT  

 
Abstract. the results of experimental studies of the vibration of a rolling bearing with an 

inner ring defect and the results of a statistical vibration analysis are presented. 

Key words:. vibration diagnostics, shock pulse, statistical analysis. 

 

ɼʝʬʝʢʪ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ ʚ ʧʦʜʰʠʧʥʠʢʝ ʢʘʯʝʥʠʷ (ʪʨʝʱʠʥʘ, ʨʘʢʦʚʠʥʘ ʠ ʪ.ʜ.) 

ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʚ ʤʘʰʠʥʘʭ ʧʨʠ ʥʘʣʠʯʠʠ ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ 

ʩʤʘʟʢʠ, ʥʝʩʦʙʣʶʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʤʦʥʪʘʞʝ ʠ ʜʨ. ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʪʘʢʦʛʦ ʜʝʬʝʢʪʘ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʙʳʩʪʨʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩʝʧʘʨʘʪʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʚʘʨʠʡʥʦʡ ʩʠ-

ʪʫʘʮʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʙʣʝʤʘ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʪʘʢʦʛʦ ʜʝʬʝʢʪʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʤʝʪʦʜʘʤʠ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʦʩʥʦʚʘʥʳ ʥʘ ʪʦʤ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʜʝʬʝʢʪʘ ʩ ʪʝʣʦʤ ʢʘʯʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʚʩʧʣʝʩʢ ʚʠʙʨʘʮʠʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʫʜʘʨʥʳʡ ʠʤ-

ʧʫʣʴʩ, ʢʦʪʦʨʳʡ ʬʠʢʩʠʨʫʝʪʩʷ ʜʘʪʯʠʢʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʧʦʜʰʠʧʥʠʢʦʚʦʤ ʫʟʣʝ. ʀʟ-

ʚʝʩʪʥʳ ʤʝʪʦʜʠʢʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʝʬʝʢʪʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʘ ʚʠʙʨʘʮʠʠ 

ʠʣʠ ʩʧʝʢʪʨʘ ʦʛʠʙʘʶʱʝʡ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʠ ʧʝʨʠʦʜʘ ʧʦʷʚʣʝʥʠʷ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ.  

ɺ [1] ʠ ʜʨ. ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʨʠʟʥʘʢʘ ʫʢʘʟʳʚʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʚ 

ʩʧʝʢʪʨʝ ʤʘʢʩʠʤʫʤʦʚ, ʢʨʘʪʥʳʭ ʯʘʩʪʦʪʝ ʧʨʦʷʚʣʝʥʠʷ ʜʝʬʝʢʪʘ 

 
 

  
 

ʛʜʝ  ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ,   ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʝʧʘʨʘʪʦʨʘ, z ï ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʣ ʢʘʯʝʥʠʷ. 

ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʠ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʘʢʪ ʚʩʝʭ ʪʝʣ ʢʘʯʝʥʠʷ (ʜʘʣʝʝ ʊʂ) ʩ ʚʥʫʪʨʝʥʥʠʤ ʢʦʣʴʮʦʤ. ʈʝ-

ʘʣʴʥʦ ʞʝ ʩʪʨʦʛʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚʦʟʥʠʢʥʝʪ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʝʬʝʢʪ ʠʤʝʝʪ ʭʘ-

ʨʘʢʪʝʨ ʚʳʩʪʫʧʘ. ɼʣʷ ʩʣʫʯʘʷ ʚʧʘʜʠʥʳ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʣʶʬʪʘ ʫʜʘʨʥʳʡ ʠʤʧʫʣʴʩ ʤʦʞʝʪ 
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,z*)ff(f c0ʜ -=

0f cf
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ʚʦʟʥʠʢʥʫʪʴ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ ʜʘʥʥʦʤ ʊʂ ʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʳʨʘʙʘ-

ʪʳʚʘʝʪʩʷ ʨʝʘʢʮʠʷ. ʇʨʠ ʵʪʦʤ ʨʝʘʢʮʠʠ ʚʳʨʘʙʘʪʳʚʘʶʪ ʪʦʣʴʢʦ ʪʨʠ ʊʂ ʠʟ ʚʩʝʭ ʠʤʝʶ-

ʱʠʭʩʷ, ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʷ ʚ ʧʨʦʮʝʩʩʝ ʚʨʘʱʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩʪʘʥʦʚʠʪʩʷ ʩʣʫʯʘʡʥʳʤ, ʘ ʦʮʝʥʢʠ, ʦʩʥʦʚʘʥ-

ʥʳʝ ʥʘ ʨʘʟʣʦʞʝʥʠʠ ʚ ʨʷʜ ʌʫʨʴʝ, ʩʪʘʥʦʚʷʪʩʷ ʥʝʥʘʜʝʞʥʳʤʠ, ʠ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʧʨʦʙʘʮʠʷ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʦʮʝʥ-

ʢʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʘ ʚʥʫʪʨʝʥʥʝʛʦ 

ʢʦʣʴʮʘ ʧʦʜʰʠʧʥʠʢʘ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʥʘʛʨʫʟʢʘ ʥʘ ʧʦʜʰʠʧʥʠʢ 

ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʦʡ (ʥʘʧʨʠʤʝʨ, ʚʝʩ ʨʦʪʦʨʘ). 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢ-

ʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢ 6205 ʩ ʜʝʬʝʢʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ ʚ ʚʠ-

ʜʝ ʢʘʥʘʚʢʠ ʰʠʨʠʥʦʡ ʧʦʨʷʜʢʘ 500 ʤʢʤ ʠ ʛʣʫʙʠʥʦʡ ʦʢʦʣʦ 100 ʤʢʤ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦ-

ʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʪʝʥʜʝ ɺɸʉʊ ʊʉ-2. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʨʘʱʘʣʦʩʴ 

ʚʥʫʪʨʝʥʥʝʝ ʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ, ʠ ʟʘʧʠʩʳʚʘʣʩʷ ʩʠʛʥʘʣ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʩ ʜʘʪʯʠʢʘ 

ʪʠʧʘ KS-50, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʥʘʨʫʞʥʦʤ ʢʦʣʴʮʝ, ʚ ʪʝʯʝʥʠʝ 10 ʩ. ʉʪʘʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟ-

ʢʘ ʚʝʣʠʯʠʥʦʡ 2 ʢɻʩ ʧʨʠʢʣʘʜʳʚʘʣʘʩʴ ʥʘ ʥʘʨʫʞʥʦʝ ʢʦʣʴʮʦ ʚʝʨʪʠʢʘʣʴʥʦ.  

ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʜʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʦʜʰʠʧʥʠʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.1. ɺ 

ʢʘʯʝʩʪʚʝ ʫʩʠʣʠʪʝʣʷ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʠʙʨʦʤʝʪʨ RFT 042, ʜʘʣʝʝ ʦʮʠʬʨʦʚʢʘ ʠ 

ʚʚʦʜ ʚ ʢʦʤʧʴʶʪʝʨ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʘʤʦʧʠʩʮʘ S-Recorder.  

ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʟʘʧʠʩʴ ʩʠʛʥʘʣʘ ʩ ʜʘʪʯʠʢʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ. 

 

 
 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ 
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ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 25 ɻʮ (1500 ʦʙ/ʤʠʥ), ʯʘ-

ʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʝʧʘʨʘʪʦʨʘ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʩʦʩʪʘʚʣʷʣʘ 10,2 ɻʮ, ʯʠʩʣʦ ʪʝʣ ʢʘʯʝʥʠʷ ʚ 

ʧʦʜʰʠʧʥʠʢʝ ʨʘʚʥʦ 9. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʬʦʨʤʫʣʝ, ʚ ʠʩ-

ʩʣʝʜʫʝʤʦʤ ʩʠʛʥʘʣʝ ʜʦʣʞʥʳ ʙʳʣʠ ʙʳ ʚʦʟʥʠʢʘʪʴ ʫʜʘʨʥʳʝ ʠʤʧʫʣʴʩʳ ʩ ʯʘʩʪʦʪʦʡ ʧʦ-

ʚʪʦʨʝʥʠʷ 133 ɻʮ ʠ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ 7,5 ʤʩ. 

ɼʘʤʧ ʩʠʛʥʘʣʦʚ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʠ ʦʛʠʙʘʶʱʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʉʠʛʥʘʣ 

ʦʛʠʙʘʶʱʝʡ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ. 

 
 

 

t, ʩ      
ʈʠʩ. 2. ɼʘʤʧ ʩʠʛʥʘʣʦʚ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʠ ʦʛʠʙʘʶʱʝʡ 

 

 

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʜʘʤʧʘ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʫʜʘʨʥʳʝ ʠʤʧʫʣʴʩʳ ʚʦʟʥʠʢʘʶʪ, ʦʜʥʘʢʦ 

ʧʝʨʠʦʜ ʠʭ ʧʦʚʪʦʨʝʥʠʷ ʩʣʫʯʘʡʥʦ ʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 20 ʜʦ 50 ʤʩ, ʪ.ʝ. ʯʘʩʪʦʪʘ 

ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ ʦʞʠʜʘʝʤʦʡ. 

ɼʘʣʝʝ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʩʠʛʥʘʣʦʚ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʠ 

ʦʛʠʙʘʶʱʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 3 ʠ ʨʠʩ. 4. 
 

 

 

f, ɻʮ 
ʈʠʩ. 3. ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ 
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f, ɻʮ 
ʈʠʩ. 4. ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʦʛʠʙʘʶʱʝʡ 

 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʧʠʢ ʥʘ ʯʘʩʪʦʪʝ 133 ɻʮ ʚ ʩʧʝʢʪʨʘʭ ʦʪʩʫʪʩʪʚʫ-

ʝʪ, ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʣʘʥʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʝʬʝʢʪʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. ʇʨʦʙʣʝʤʘ ʘʥʘʣʠʟʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʣʦʪ-

ʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʜʚʫʭ ʚʨʝʤʝʥ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ï ʚʨʘʱʝʥʠʷ ʜʝʬʝʢʪʘ ʠ ʚʨʘʱʝʥʠʷ ʩʝʧʘʨʘʪʦʨʘ, ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨ-

ʥʦʡ. ɽʜʠʥʩʪʚʝʥʥʦʡ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʜʘʤʧ 

ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʄʦʞʥʦ ʜʦʧʫʩʪʠʪʴ ʵʨʛʦʜʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, 

ʠ ʚʳʯʠʩʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʨʝʜʥʝʥʠʝʤ ʧʦ ʨʝʘʣʠʟʘʮʠʷʤ, ʦʜʥʘʢʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ 

ʧʨʠʥʮʠʧʝ ʨʘʟʙʠʝʥʠʷ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʥʮʠʧʝ ʫʩʨʝʜʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʛʨʘʥʠʯʝʥʳ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ ʩʦʦʙʨʘʞʝʥʠʷ. 

ʄʦʞʥʦ ʚʚʝʩʪʠ ʧʦʥʷʪʠʝ ʟʦʥʳ ʥʘʛʨʫʞʝʥʠʷ ï ʩʝʢʪʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʠʟ-ʟʘ ʨʘʜʠʘʣʴ-

ʥʦʡ ʥʘʛʨʫʟʢʠ ʣʶʬʪ ʧʦʜʰʠʧʥʠʢʘ ʚʳʙʨʘʥ, ʠ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʪʝʣʘ ʢʘʯʝʥʠʷ ʚ ʵʪʫ ʟʦʥʫ ʚ 

ʥʝʤ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʝʪ ʢʘʢʘʷ-ʪʦ ʨʝʘʢʮʠʷ. ʌʠʟʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʟʦʥʳ ʥʘʛʨʫʞʝ-

ʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ ʨʘʜʠʘʣʴʥʦʡ ʩʠʣʳ ʠ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ʥʝ ʤʝʥʷʝʪ-

ʩʷ.  

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʧʦʧʘʜʘʥʠʝ ʊʂ ʚ ʟʦʥʫ ʜʝʬʝʢʪʘ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʷʚʣʝʥʠʝ ʫʜʘʨ-

ʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʘ ʪʘʢʞʝ, ʯʪʦ ʠʤʧʫʣʴʩ ʙʫʜʝʪ ʝʜʠʥʩʪʚʝʥʥʳʤ. 

ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ ʧʦʷʚʣʝʥʠʷ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ U(t) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʦʙʳʪʠʷʤʠ ɸ ʠ ɺ: 
 

- ʈ(ɸ(t)) > 0: ʪʝʣʦ ʢʘʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʟʦʥʝ ʜʝʬʝʢʪʘ, ʠʥʘʯʝ P(A(t)) = 0; 

- ʈ(B(t)) = 1: ʜʝʬʝʢʪ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʥʘʛʨʫʞʝʥʠʷ, ʠʥʘʯʝ P(B(t)) = 0. 
 

ʆʯʝʚʠʜʥʦ, ʯʪʦ P(U(t)) = P(A(t))*P(B(t)). 

ɼʘʣʝʝ ʤʦʞʥʦ ʚʝʩʪʠ ʧʝʨʝʤʝʥʥʳʝ: 

- : ʫʛʦʣ ʤʝʞʜʫ ʜʝʬʝʢʪʦʤ ʠ ʪʝʣʦʤ ʢʘʯʝʥʠʷ; 

- : ʫʛʦʣ ʤʝʞʜʫ ʜʝʬʝʢʪʦʤ ʠ ʚʝʢʪʦʨʦʤ ʨʘʜʠʘʣʴʥʦʡ ʩʠʣʳ. 

ʊʦʛʜʘ, ʧʦʩʢʦʣʴʢʫ P(A(t)) = f( (t)) ʠ P(B(t)) = f( (t)), ʠ ʩʦʙʳʪʠʷ ɸ ʠ ɺ ʥʝʟʘʚʠ-

ʩʠʤʳ, ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʠʤʧʫʣʴʩʘ ʢʘʢ ʬʫʥʢʮʠʶ 
 

P(U( ) = P(A( ))*P(B( )). 
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ʇʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʚʨʘʱʝʥʠʠ ʬʫʥʢʮʠʷ  ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʝʨʠʦ-

ʜʠʯʝʩʢʘʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʘʤʧ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʨʝʘʣʠʟʘʮʠʠ, ʨʘʚʥʳʝ ʧʝʨʠʦʜʫ 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʊ, ʩʠʥʭʨʦʥʠʟʠʨʫʷ ʥʘʯʘʣʦ ʜʘʤʧʦʚ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʫʛʣʘ ʧʦʚʦʨʦʪʘ. 

ʊʦʛʜʘ ʚ ʧʨʝʜʝʣʘʭ ʜʘʤʧʘ 
 

 

 

ʛʜʝ   - ʫʛʦʣ ʤʝʞʜʫ ʜʝʬʝʢʪʦʤ ʠ ʚʝʢʪʦʨʦʤ ʨʘʜʠʘʣʴʥʦʡ ʩʠʣʳ ʚ ʥʘʯʘʣʝ ʜʘʤʧʘ; 

 - ʫʛʦʣ ʤʝʞʜʫ ʜʝʬʝʢʪʦʤ ʠ ʥʫʣʝʚʳʤ ʪʝʣʦʤ ʢʘʯʝʥʠʷ ʚ ʥʘʯʘʣʝ ʜʘʤʧʘ; 

ʢ ï ʥʦʤʝʨ ʪʝʣʘ ʢʘʯʝʥʠʷ. 

ʅʫʤʝʨʘʮʠʷ ʚ ʢʘʞʜʦʤ ʜʘʤʧʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʙʣʠʞʘʡʰʝʛʦ ʚ ʥʘʯʘʣʝ ʜʘʤʧʘ ʢ ʜʝʬʝʢ-

ʪʫ ʪʝʣʘ ʠ ʠʜʝʪ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ. 

ʇʨʠ ʞʝʩʪʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʤʧʦʚ  ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ. ʆʜʥʘʢʦ ʫʛʦʣ  

ʚ ʨʘʟʥʳʭ ʨʝʘʣʠʟʘʮʠʷʭ ʤʝʥʷʝʪʩʷ, ʠ ʚ ʧʨʝʜʝʣʝ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʯʠʩʣʦʤ ʩ ʨʘʚʥʦ-

ʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ.  

ʇʨʠ ʵʪʦʤ 
 

 

 

ʛʜʝ - ʜʣʠʥʘ ʟʦʥʳ ʥʘʛʨʫʞʝʥʠʷ; 

- ʜʣʠʥʘ ʜʝʬʝʢʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʨʘʟʤʝʪʦʚ ʜʝʬʝʢʪʘ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʥʝ ʩʪʘʚʠʪ-

ʩʷ, ʜʘʣʝʝ ʜʝʣʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

- ʜʣʠʥʘ ʜʝʬʝʢʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʟʦʥʳ ʥʘʛʨʫʞʝʥʠʷ (ʪ.ʝ. ),  

- ʠ ʧʨʠ ʵʪʦʤ ʜʝʬʝʢʪ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʪʘʢ ʯʪʦ ʚ ʟʦʥʝ ʜʝʬʝʢʪʘ ʧʦʷʚʣʝʥʠʝ ʫʜʘʨ-

ʥʦʛʦ ʠʤʧʫʣʴʩʘ ʛʘʨʘʥʪʠʨʦʚʘʥʦ (ʪ.ʝ. p = 1). 

ʊʦʛʜʘ, ʚʳʨʘʞʘʷ ʟʘʚʠʩʠʤʦʩʪʴ  = f( ), ʧʦʣʫʯʘʝʤ ʫʩʣʦʚʠʝ ʧʦʷʚʣʝʥʠʷ ʫʜʘʨʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʚ ʜʘʤʧʝ u( ): 
 

 

 

ʛʜʝ m ï ʮʝʣʦʝ ʯʠʩʣʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʨʥʳʝ ʠʤʧʫʣʴʩʳ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʬʘʟʦʚʳʭ ʫʛʣʦʚ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʩʘʤʦʛʦ ʫʛʣʘ ʚ ʢʘʞʜʦʤ ʜʘʤʧʝ ʷʚʣʷʝʪʩʷ 

ʩʣʫʯʘʡʥʳʤ ʯʠʩʣʦʤ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʨʝʘʣʴʥʦ ʚ ʜʘʤʧʝ ʧʦʷʚʣʷʝʪʩʷ 

ʦʜʠʥ ʠʣʠ ʜʚʘ ʠʤʧʫʣʴʩʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʫʥʢʮʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʘʤ-
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ʧʣʠʪʫʜ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ , ʜʘʣʝʝ ï ʬʘʟʦʚʫʶ ʜʠʘʛʨʘʤʤʫ ʘʤʧʣʠʪʫʜ, ʤʦʞʥʦ ʚʳ-

ʯʠʩʣʠʪʴ ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʚʟʚʝʰʝʥʥʳʤ ʠ ʫʩʣʦʚʥʳʤ (ʪ.ʝ. ʠʩʢʣʶʯʘʷ ʥʫʣʝ-

ʚʳʝ ʟʥʘʯʝʥʠʷ) ʫʩʨʝʜʥʝʥʠʝʤ ʧʦ ʨʝʘʣʠʟʘʮʠʷʤ. 

ɸʤʧʣʠʪʫʜʘ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʯʠʩʣʦʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʧʨʠ ʟʘʜʘʥʥʦʤ  ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʦʨʤʘʣʴʥʳʤ. ʄʘ-

ʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʘʤʧʣʠʪʫʜʳ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ ʚ ʪʝ-

ʣʝ ʢʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʛʣʫʙʠʥʦʡ ʜʝʬʝʢʪʘ ʠ ʩʢʦʨʦʩʪʴʶ ʪʝʣʘ ʢʘʯʝʥʠʷ (ʪ.ʝ. ʯʘʩʪʦʪʦʡ ʚʨʘ-

ʱʝʥʠʷ ʚʘʣʘ). ɼʠʩʧʝʨʩʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʣʥʠʩʪʦʩʪʴʶ ʜʦʨʦʞʝʢ, ʩʣʫʯʘʡʥʳʤ ʩʤʝʱʝʥʠʝʤ 

ʪʝʣ ʢʘʯʝʥʠʷ ʠ ʪ.ʧ. ʄʦʞʥʦ ʚʚʝʩʪʠ ʬʫʥʢʮʠʶ R( ), ʦʧʠʩʳʚʘʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʘʢ-

ʮʠʠ ʚ ʊʂ ʦʪ ʝʛʦ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʢʪʦʨʫ ʨʘʜʠʘʣʴʥʦʡ ʩʠʣʳ Q. 

ʕʪʘ ʬʫʥʢʮʠʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʘ, ʧʦʩʢʦʣʴʢʫ ʨʝʘʢʮʠʠ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʥʘ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ: 
 

 

ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 
 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʠ 

ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ʜʠʘʛʨʘʤʤʘ ʘʤʧʣʠʪʫʜ ʦʧʨʝʜʝʣʷʪʩʷ ʢʘʢ 
 

 
 

ʛʜʝ D ï ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʛʣʫʙʠʥʳ ʜʝʬʝʢʪʘ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘ-

ʱʝʥʠʷ ʚʘʣʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʤʝʪʦʜʠʢʘ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʘʶʪʩʷ ʚʨʝʤʝʥʥʦʡ ʜʘʤʧ ʢʦʚʨʦʚʳʭ ʠ 

ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ , ʠ ʜʘʤʧ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʜʘʪʯʠʢʘ ʦʙʦʨʦʪʦʚ. ɼʘʣʝʝ ʨʘʟʙʠʝʥʠ-

ʝʤ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʠ ʫʩʨʝʜʥʝʥʠʝʤ ʚʳʯʠʩʣʷʝʪʩʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʘʤʧʣʠʪʫʜ . ɺ 

ʧʨʝʜʝʣʝ, ʦʪ ʢʦʚʨʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʜʠʘʛʨʘʤʤʝ ʜʦʣʞʥʘ ʧʦʷʚʠʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʧʨʷʤʘʷ, ʘ ʦʪ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ - ʧʦʜʦʙʠʝ ʭʦʣʤʘ ʩ ʤʘʢʩʠʤʫʤʦʤ, ʬʘʟʦʚʳʡ ʫʛʦʣ ʢʦʪʦ-

ʨʦʛʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʬʝʢʪʘ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʤʘʢʩʠʤʫʤʘ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʝʨʦʡ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʦʩʪʠ ʜʝʬʝʢʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʚʳʜʝʣʝʥʠʝ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʥʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ, 

ʜʣʷ ʦʮʝʥʢʠ ʧʨʠʛʦʜʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʛʥʘʣʘ ʚʠʙ-

ʨʦʫʩʢʦʨʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 5. ʆʞʠʜʘʣʦʩʴ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʣʠʥʝʡʥʦʡ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʫʩʢʦʨʝʥʠʷ ʠ ʘʤʧʣʠʪʫʜʳ ʫʜʘʨʥʳʭ ʠ ʢʦʚʨʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʚʠʜ ʬʘ-

ʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʢʘʯʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʠʪʩʷ, ʥʦ ʚʩʣʝʜʩʪʚʠʝ ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʫʩʨʝʜʥʝ-

ʥʠʷ ʦʥʘ ʙʫʜʝʪ ʟʘʰʫʤʣʝʥʘ ʠ ʥʝʩʢʦʣʴʢʦ ʠʩʢʘʞʝʥʘ. 
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ʈʠʩ. 5. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ 
 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ, ʝʝ ʬʦʨʤʘ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʞʠʜʘʝ-

ʤʦʡ. ʋʛʦʣ ʧʦʣʦʞʝʥʠʷ ʜʝʬʝʢʪʘ ʧʦ ʜʠʘʛʨʘʤʤʝ ʧʨʠʤʝʨʥʦ 230-240 ʛʨʘʜʫʩʦʚ, ʧʨʠ ʠʩʪʠʥ-

ʥʦʤ ʟʥʘʯʝʥʠʠ 225 ʛʨʘʜʫʩʦʚ, ʪʦ ʝʩʪʴ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʤʝʩʪʘ ʧʦʣʦʞʝʥʠʷ ʜʝʬʝʢʪʘ 

ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘ. 

ʆʧʨʝʜʝʣʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʪʯʠʢʘ ʦʙʦʨʦʪʦʚ ʠ ʟʘʧʠʩʠ ʜʣʠʥʥʦʛʦ ʜʘʤʧʘ ʩʠʛʥʘʣʘ, ʧʦʨʷʜʢʘ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʦʙʦʨʦʪʦʚ ʚʘʣʘ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʇʆɺʓʐɽʅʀɽ ʈɸɹʆʊʓ ʇʆ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʖ ʊʈɽʑʀʅ  

ʇʈʀ ʀʉʇʓʊɸʅʀʗʍ ʅɸ ʋɼɸʈʅʋʖ ɺʗɿʂʆʉʊʔ ʊʀʊɸʅʆɺʆɻʆ ʉʇʃɸɺɸ 

ɺʓʉʆʂʆʁ ʇʈʆʏʅʆʉʊʀ 

 
ɸʥʥʦʪʘʮʠʷ: ʠʩʩʣʝʜʦʚʘʣʠ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʣʠʩʪʦʚʳʭ ʪʠʪʘʥʦʚʳʭ ʦʙʨʘʟʮʦʚ   ʩ ʦʭʨʫʧ-

ʯʝʥʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʠ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. ɺʳʷʚʣʝʥʦ, 

ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ ʠ ʦʢʩʠʜʥʳʝ ʧʣʸʥʢʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʟʘʤʝʪʥʦʝ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʨʝʱʠʥʳ.  ʅʝʙʦʣʴʰʦʡ ʧʝʨʝʧʘʜ ʤʠʢʨʦʪʚʸʨ-

ʜʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʢʩʠʜʥʦʡ ʧʣʸʥʢʦʡ ʧʦʚʳʰʘʶʪ 

ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʠʪʘʥ, ʦʪʞʠʛ, ʛʘʟʦʥʘʩʳʱʝʥʠʝ, ʦʢʩʠʜʥʳʝ ʧʣʸʥʢʠ, ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ   
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A.B. Kolomenskiy, S.V. Shahov, B.A. Kolomenskiy, I .I . Emelianov, A.V. Kochegarov 

 

INCREASE OF WORK ON CRACKS PROPAGATION A T IMPACT STRENGTH 

TEST OF A HIGH STRENGTH TITANIUM ALLOY  
 

Abstracts:  The impact strength of titanium sheet samples with an embrittled concentrator 

and various surface oxidation variants was studied. It has been revealed that the condition of the 

surface layers and the oxide films can have a noticeable effect on the propagation work. A small 

difference in the microhardness of surface in combination with a low-temperature oxide film in-

creases the impact strength. 

Keywords: titanium, annealing, gas saturation, oxide films, impact strength test. 

 

ɺ ʨʘʙʦʪʘʭ [1, 2] ʩʦʦʙʱʘʝʪʩʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ-

ʥʦʛʦ ʛʘʟʦʥʘʩʳʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʮʠʢʣʠʯʝʩʢʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʣʠ-

ʩʪʦʚʦʛʦ ʪʠʪʘʥʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʪʦʤʦʚ ʚʥʝʜʨʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʸʥʥʳʤ ʟʥʘʯʝʥʠʷʤ   ʧʝ-

ʨʝʧʘʜʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʝʨʜʮʝʚʠʥʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʧʣʘʚʦʚ. ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʧʘʜʦʚ ʧʦʣʫʯʘʣʠ   ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʦʪʞʠʛʦʤ ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʪʨʘʚʣʝʥʠʝʤ ʥʘ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʫʶ ʛʣʫʙʠʥʫ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚʘʨʠʘʥʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʥʮʝʥʪʨʘʪʦʨ ʦʙʨʘʟʮʦʚ 

ʩʦʭʨʘʥʷʣ ʦʭʨʫʧʯʝʥʥʳʝ ʩʪʝʥʢʠ ʧʦʩʣʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ, ʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʠʟʤʝʥʷʣʠ, ʧʨʠʤʝʥʷʷ ʪʨʘʚʣʝʥʠʝ ʥʘ ʨʘʟʥʫʶ ʛʣʫʙʠʥʫ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦʩʣʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʛʘʟʦʥʘʩʳʱʝʥʥʦʛʦ ʩʣʦʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʘʣʠʯʠʝʤ ʦʢʩʠ-

ʜʥʳʭ ʧʣʸʥʦʢ ʧʦʩʣʝ ʬʠʥʠʰʥʦʛʦ ʦʪʞʠʛʘ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥʳ ʧʨʠ ʫʜʘʨʝ ʤʘʷʪʥʠʢʦʚʦʛʦ ʢʦʧʨʘ ʧʨʠ ʠʩ-

ʧʳʪʘʥʠʷʭ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʨʘʚʥʦʡ ʚʦ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʘʭ ʟʘʪʨʘʪʦʡ ʵʥʝʨ-

ʛʠʠ, ʘ ʚʩʷ ʨʘʟʥʠʮʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ KCU ʧʨʠʭʦʜʠʣʘʩʴ ʥʘ ʨʘʟʥʫʶ ʨʘʙʦʪʫ ʜʦ-

ʣʦʤʘ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʪʨʝʱʠʥʳ. 

ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʩʤ. ʨʠʩ. 1) ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʬʨʝʟʝʨʦʚʘʥʠʝʤ ʠʟ ʚʳʩʦ-

ʢʦʧʨʦʯʥʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ6ʯ.  
 

 

ʈʠʩ. 1. ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ  

ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ 

 

 

 

ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦ-

ʤʫ ʚʦʟʜʫʰʥʦʤʫ ʦʪʞʠʛʫ ʧʦ ʨʝʞʠʤʫ 850 ʉ̄, 1ʯ. ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʝʯʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʛʘʟʦʥʘʩʳʱʝʥʥʳʡ ʩʣʦʡ ʥʘ ʛʣʫʙʠʥʫ ~ 100 ʤʢʤ (ʩʤ. ʨʠʩ. 2). ʇʦʩʣʝ ʵʪʦʛʦ 

ʫʜʘʣʷʣʠ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʦʢʘʣʠʥʫ ʧʝʩʢʦʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ ʜʘʚʣʝ-

ʥʠʠ 0,1 ʄʧʘ, ʧʨʠ ʵʪʦʤ ʟʦʥʘ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʠʟʦʣʠʨʦʚʘʣʘʩʴ, ʪ.ʝ. ʦʢʘʣʠʥʘ ʪʘʤ ʦʩʪʘʚʘ-

ʣʘʩʴ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʦʙʣʘʛʦʨʘʞʠʚʘʶʱʝʝ ʪʨʘʚʣʝʥʠʝ ʚ ʩʤʝʩʠ ʢʠʩʣʦʪ HF ʠ HNO3 ʥʘ 

ʨʘʟʣʠʯʥʫʶ ʛʣʫʙʠʥʫ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʩʥʷʪʠʷ ʩʣʦʷ, ʧʨʠ ʵʪʦʤ ʩʥʷʪʠʷ ʛʘʟʦʥʘʩʳʱʝʥ-

ʥʦʛʦ ʚ ʢʦʥʮʝʥʪʨʘʪʦʨʝ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʪʘʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʘʚʘʣʘʩʴ 

ʦʢʘʣʠʥʘ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʙʨʘʟʮʳ ʧʨʦʭʦʜʠʣʠ ʦʜʥʦʯʘʩʦʚʦʡ ʚʦʟʜʫʰʥʳʡ ʬʠʥʠʰʥʳʡ ʦʪ-

ʞʠʛ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 350-650 Áʉ. 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ  

ʧʦʚʝʨʭʥʦʩʪʠ HV ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6ʯ 

ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ  

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ  

ʦʪ ʛʣʫʙʠʥʳ ʪʨʘʚʣʝʥʠʷ Lʪʨ. 

 

 

ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ (KCU) ʧʨʦʠʟʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʪʨʝ-

ʙʦʚʘʥʠʷʤ ɻʆʉʊ 9454-78 ʥʘ ʤʘʷʪʥʠʢʦʚʦʤ ʢʦʧʨʝ ʩʦ ʰʢʘʣʦʡ 5 ʢʛĿʤ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʠʟʛʠʙʘ ʣʠʩʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ ʧʨʠʤʝʥʷʣʠ 

ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3. 
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ KCU ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʬʠʥʠʰʥʦʛʦ ʦʪʞʠʛʘ Tʦʪʞ  

ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʘ ɺʊ6ʯ, ʧʨʦʰʝʜʰʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ  

ʧʨʠ 850 ʉ̄, 1ʯ. ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʝ ʪʨʘʚʣʝʥʠʝ ʥʘ ʛʣʫʙʠʥʫ Lʪʨ, ʤʢʤ: 20 (ʘ), 

35 (ʙ), 43 (ʚ), 55 (ʛ) ʠ 100 (ʜ), (ʝ) ï ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ Lʪʨ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ KCU. 

 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʬʠʥʠʰʥʦʛʦ ʦʪʞʠʛʘ, ʧʨʠʚʦ-

ʜʷʱʝʝ ʢ ʧʦʷʚʣʝʥʠʶ ʪʦʥʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʸʥʢʠ, ʟʘʤʝʪʥʦ ʧʦʚʳʰʘʝʪ ʫʜʘʨʥʫʶ ʚʷʟ-

ʢʦʩʪʴ ʦʙʨʘʟʮʦʚ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʘʙʦʪʘ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥʳ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʨʘʟʨʫʰʝʥʠʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ (ʚ ʢʦʥ-

ʮʝʥʪʨʘʪʦʨʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʭʨʫʧʯʝʥʥʳʡ ʩʣʦʡ ʩ ʦʢʘʣʠʥʦʡ), ʚʩʷ ʨʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ 

KCU ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʨʘʟʥʫʶ ʨʘʙʦʪʫ ʜʦʣʦʤʘ.  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʷʟʢʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʨʠʘʥʪʫ ʩ ʛʘʟʦʥʘʩʳʱʝʥʥʳʤ ʧʦʜʩʣʦʝʤ, 

ʦʩʪʘʶʱʝʤʩʷ ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ ʥʘ Lʪʨ = 55 ʤʢʤ (æHV = 8,7 %) ʠ Lʪʨ = 43 ʤʢʤ  

(æHV = 20,2 %). ʈʦʩʪ ʟʥʘʯʝʥʠʡ KCU ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 75 % ʠ 87 %. 

ʄʝʥʴʰʠʡ ʩʲʸʤ - 20 ʤʢʤ (æHV = 40 %), ʢʘʢ ʠ ʧʦʣʥʦʝ ʩʪʨʘʚʣʠʚʘʥʠʝ ʛʘʟʦʥʘʩʳ-

ʱʝʥʥʦʛʦ ʧʦʜʩʣʦʷ Lʪʨ = 100 ʤʢʤ (æHV = 0) ʜʘʶʪ ʤʝʥʴʰʠʝ ʧʨʠʨʦʩʪʳ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ï 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 27 % ʠ 56 %. 

ɺ ʮʝʣʦʤ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʦʥʢʘʷ ʦʢʩʠʜʥʘʷ ʧʣʸʥʢʘ, 

ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʦʪʞʠʛʝ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 350 ʜʦ 

650 Üʉ, ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʨʘʙʦʪʳ ʜʦʣʦʤʘ ʧʨʠ 

ʠʩʧʳʪʘʥʠʠ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ [2, 3]. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʠʥʠʰʥʦʛʦ ʦʪʞʠʛʘ, ʪʦ ʥʝʩʢʦʣʴʢʦ ʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ (~ ʥʘ 7 %) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤʧʝʨʘʪʫʨʝ 350 Üʉ.  

ɺʳʚʦʜ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʢʩʠʜʥʦʡ 

ʧʣʸʥʢʠ, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ ʧʨʠ 350 ʜʦ 650 Üʉ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘ-

ʝʪ ʨʘʙʦʪʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ɸ.ɹ. ʂʦʣʦʤʝʥʩʢʠʡ, ʉ.ɺ. ʐʘʭʦʚ, ɹ.ɸ. ʂʦʣʦʤʝʥʩʢʠʡ ʇʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʥʳʭ ʭʘʨʘʢ-
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ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʘʣʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ "ɺɸʆ2-

450Lb 2ʋ 2,5" ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʧʨʦʙʣʝʤʘ, ʘ ʠʤʝʥʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʩʪʝʥʦʢ 

ʰʧʦʥʦʯʥʦʛʦ ʧʘʟʘ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʦʚʪʦʨʝʥʠʠ ʮʠʢʣʘ çʚʳʭʦʜʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʤʦʱʥʦʩʪʴ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʥʳʤ ʪʦʨʤʦʞʝʥʠʝʤè 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ï ʥʘʩʢʦʣʴʢʦ ʢʨʠʪʠʯʥʘ ʥʘʛʨʫʟʢʘ ʚ ʰʧʦʥʦʯʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ï 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ T-FLEX ɸʥʘʣʠʟ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝ-

ʜʦʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʨʘʩʯʸʪʦʚ ʚ ʩʠʩʪʝʤʫ T-FLEX CAD. ʆʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʞʝ-

ʥʝʨʘʤ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʦʙʝʩ-

ʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɺ ʝʝ ʦʩʥʦʚʝ ʣʝʞʠʪ ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʩʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʤʝʥʝ ʠʩʭʦʜʥʦʡ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʥʘ ʜʠʩʢʨʝʪʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʦʪ-

ʨʘʞʘʶʱʫʶ ʬʠʟʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ ʠ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʠʟʜʝʣʠʷ.  

  

                                                 
  É ʂʫʧʨʠʷʥʦʚ ʄ.ɽ., ɺʝʜʝʨʥʠʢʦʚʘ ʀ.ʀ., 2025 
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ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 1, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʢʨʫʪʷ-

ʱʝʛʦ ʤʦʤʝʥʪʘ ʯʝʨʝʟ ʰʧʦʥʢʫ ʥʝ ʜʦʧʫʩʪʠʤʘ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʟʘʤʝʥʠʪʴ 

ʰʧʦʥʦʯʥʳʡ ʧʘʟ ʥʘ ʰʣʠʮʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʘ ʧʦʩʢʦʣʴʢʫ ʰʣʠʮʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʪʦʣʴʢʦ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʪʦ ʜʦʧʫʩʢʠ ʥʘ ʠʭ ʦʙʨʘʙʦʪʢʫ ʙʫʜʫʪ ʙʦʣʴʰʝ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʵʪʦ ʫʤʝʥʴʰʠʪ ʩʪʦʠʤʦʩʪʴ ʦʧʝʨʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʰʣʠʮʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2, ʧʦʢʘʟʳ-

ʚʘʁʪ ʥʘʤ, ʯʪʦ ʰʣʠʮʳ ʧʦʟʚʦʣʷʶʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʫ ʧʦ ʚʩʝ ʧʣʦʱʘʜʠ 

ʢʦʥʪʘʢʪʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʠʞʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ. 

 

  
ʈʠʩ. 1. ʄʦʜʫʣʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʰʧʦʥʦʯʥʦʛʦ ʧʘʟʘ 

ʈʠʩ. 2. ʄʦʜʫʣʴ ʧʝʨʝʤʝʱʝʥʠʷ  

ʰʣʠʮʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

 

 

ʊʘʢʞʝ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʦʡ çT-FLEX ɸʥʘʣʠʟè ʙʳʣʦ ʚʳʷʚʣʝ-

ʥʦ, ʯʪʦ ʟʘʣʦʞʝʥʥʳʡ ʨʘʥʝʝ ʤʘʪʝʨʠʘʣ, ʘ ʠʤʝʥʥʦ ʩʪʘʣʴ 30, ʥʝ ʤʦʛ ʜʘʪʴ ʪʨʝʙʫʝʤʳʝ ʧʨʦʯ-

ʥʦʩʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʞʝ ʩ ʫʯʝʪʦʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʙʳʣ ʥʝʜʦʩʪʘʪʦʯʝʥ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʫʚʝʣʠʯʝʥʠʶ ʨʠʩʢʘ ʜʝʬʦʨʤʘʮʠʠ ʠʣʠ ʨʘʟʨʫʰʝʥʠʷ ʦʧʠʩʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ. ʀʟʦʙʨʘʞʝʥʠʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʣʝʛʠʨʦʚʘʥʥʘʷ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʘʷ ʩʪʘʣʴ 40ʍ13, ʪʘʢ ʢʘʢ ʦʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʚʳʙʦʨʘ 

ʙʳʣʦ ʦʜʥʦ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʦʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʛʦ 

ʦʙʲʝʢʪʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʨʘʚʥʦʡ 100 %. ʇʦʩʣʝʜʫʶʱʝʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ çT-FLEX ɸʥʘʣʠʟè ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪ-

ʩʪʚʠʝ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɸʥʘʣʠʟ ʚʘʣʘ ʠʟ ʤʘʪʝʨʠʘʣʘ 40ʍ13 ʥʘ ʥʘʢʦʧʣʝʥʠʝ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4. 

 

 
 

ʈʠʩ. 3. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ  

ʧʦ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ, ʩʪʘʣʴ 30 

ʈʠʩ. 4. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ  

ʧʦ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ,  

ʩʪʘʣʴ 40ʍ13 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 

_______________________________________________________________________________ 

 

71 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʨʘʩʯʸʪʦʚ ʧʦʟʚʦʣʷʶʪ ʥʝ 

ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʠʟʜʝʣʠʷ ʠ ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʯʠʚʘʝʤʦʝ 

ʚʨʝʤʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʝʰʝʥʠʡ. 
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ANALYZE EXISTING METHODS OF IMPROVING THE RELIABILITY  

OF PUMP-AND-SLEEVE SYSTEMS WHEN EXTINGUISHING FIRES  

AT SUB-ZERO AMBIENT TEMPERATURES  
 

Abstract:  The article analyzes the existing solutions used to improve the reliability and 

maintain the serviceability of pump-and-sleeve systems when firefighting by firefighting units in 

the ambient air temperature of -10ᴈ and below. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙ-

ʥʦʩʪʠ ʥʘʩʦʩʥʦ-ʨʫʢʘʚʥʳʭ ʩʠʩʪʝʤ (ʜʘʣʝʝ ʅʈʉ) ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷ-

ʤʠ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚ-

ʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘ-

ʮʠʡ, ʘʚʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʠ ʧʘʪʝʥʪʦʚ [1,2,3,4,5,6,7,8,9,10]. 

ʅʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦ-

ʦʨʫʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʣʠʯʥʳʡ ʩʦʩʪʘʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʪʫʰʝʥʠʠ ʧʦʞʘ-

ʨʦʚ, ʧʨʦʜʦʣʞʘʶʪ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʅʈʉ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʩʦʭʨʘʥʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʅʈʉ 

ʧʨʠ ʧʦʜʘʯʝ ʚʦʜʳ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
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ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʤʝʶʱʠʭʩʷ ʧʫʙʣʠʢʘʮʠʡ ʠ ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ 

ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʥʘ çʧʘʩʩʠʚʥʳʝè (ʩʦ-

ʭʨʘʥʷʶʱʠʝ ʪʝʧʣʦ) ʠ çʘʢʪʠʚʥʳʝè (ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʫ ʦʛʥʝʪʫʰʘʱʝʛʦ ʚʝʱʝ-

ʩʪʚʘ) [10]. 

çʇʘʩʩʠʚʥʳʝè ʨʝʰʝʥʠʷ ʠ ʩʧʦʩʦʙʳ: 

1. ʇʦʞʘʨʥʳʡ ʨʫʢʘʚ ʪʝʧʣʦʩʙʝʨʝʛʘʶʱʠʡ [6]; 

2. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʞʠʜʢʦʩʪʠ ʚ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʘʭ, ʚʳʧʦʣʥʝʥʥʦʝ 
ʥʘ ʦʩʥʦʚʝ ʧʦʞʘʨʥʦʛʦ ʛʠʜʨʦʵʣʝʚʘʪʦʨʘ ɻ-600ɸ [8]; 

3. ʋʪʝʧʣʝʥʠʝ ʧʦʞʘʨʥʳʭ ʪʨʝʭʭʦʜʦʚʳʭ ʨʘʟʚʝʪʚʣʝʥʠʡ, ʦʩʥʦʚʥʳʝ ʚʘʨʠʘʥʪʳ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. [10]. 

 

 
ʘ ʙ ʚ 

 

ʈʠʩ. 1. ɺʘʨʠʘʥʪʳ çʧʘʩʩʠʚʥʦʡè ʪʝʧʣʦʟʘʱʠʪʳ ʪʨʝʭʭʦʜʦʚʳʭ ʨʘʟʚʝʪʚʣʝʥʠʡ  

(ʘ ï ʪʢʘʥʝʚʳʡ ʯʝʭʦʣ, ʙ ï ʢʨʠʦʛʝʥʥʳʡ ʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ,  

ʚ ï ʩʣʦʡ ʫʪʝʧʣʠʪʝʣʷ ʠʟ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʘ) 

 

çɸʢʪʠʚʥʳʝè ʨʝʰʝʥʠʷ ʠ ʩʧʦʩʦʙʳ: 

1. ʇʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʡ ʘʚʪʦʤʦʙʠʣʴ ʩʝʚʝʨʥʳʡ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʢʣʠʤʘʪʠ-

ʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʍʃ (ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ) [4]; 

2. ɺʠʭʨʝʚʦʡ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨ ɺʊɻ-110 [2]; 

3. ɺʩʪʘʚʢʘ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʚʦʜʳ, ʧʦʜʘʚʘʝʤʦʡ ʧʦ ʨʫʢʘʚʥʦʡ ʧʦʞʘʨʥʦʡ ʣʠʥʠʠ [5]; 

4. ʋʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘʩʦʩʥʦ-

ʨʫʢʘʚʥʳʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ [4] ʨʠʩ.2. 
 

 
 

ʈʠʩ. 2. ɺʠʜ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʢʦʤʧʘʢʪʥʦʛʦ ʨʘʩʢʣʘʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ,  

ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘʩʦʩʥʦ-ʨʫʢʘʚʥʳʭ ʩʠʩʪʝʤ  

ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [4]  



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ɺʦ ʚʨʝʤʷ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʦʧʳʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʯʝʥʠʷ ʩʠʣ ʠ 

ʩʨʝʜʩʪʚ ʝʜʠʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʯʨʝʟʚʳ-

ʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (çɹʝʟʦʧʘʩʥʘʷ ɸʨʢʪʠʢʘ 

ï 2023è) ʘʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʪʝʧʣʦʟʘʱʠʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʦʜʥʦʛʦ ʠʟ çʧʘʩʩʠʚʥʳʭè ʩʧʦʩʦʙʦʚ) ʪʝʧʣʦʠʟʦʣʷʮʠʠ 

ʧʦʞʘʨʥʦʛʦ ʪʨʝʭʭʦʜʦʚʦʛʦ ʨʘʟʚʝʪʚʣʝʥʠʷ (ʜʘʣʝʝ ʈʊ-80) ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʦʩʪʳʚʘʥʠʷ ʚʦʜʳ ʚ ʨʘʟʚʝʪʚʣʝʥʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ (ʨʠʩ. 3ʘ), ʠ ʨʘʟʚʝʪʚʣʝʥʠʷ ʩ 

ʪʝʧʣʦʟʘʱʠʪʦʡ (ʨʠʩ. 3ʙ), ʚʳʧʦʣʥʝʥʥʦʡ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʥʘ ʥʘʨʫʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʚʦʡ ʤʦʥʪʘʞʥʦʡ ʧʝʥʦʡ [10]. 

 

 

ʈʠʩ. 3. ʌʨʘʛʤʝʥʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ  

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʟʘʱʠʪʳ ʈʊ-80, ʚʳʧʦʣʥʝʥʥʦʡ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʩʣʦʷ  

ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʚʦʡ ʤʦʥʪʘʞʥʦʡ ʧʝʥʳ (ʬʦʪʦ ʘʚʪʦʨʦʚ) 

 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ ʦʜʠʥ ʠʟ ʧʘʪʨʫʙʢʦʚ ʢʘʞʜʦʛʦ ʈʊ-80 ʩ ʥʦʤʠ-

ʥʘʣʴʥʳʤ ʜʠʤʝʪʨʦʤ DN80 ʟʘʢʨʳʚʘʣʠ ʩʪʘʥʜʘʨʪʥʦʡ ʧʦʞʘʨʥʦʡ ʛʦʣʦʚʢʦʡ-ʟʘʛʣʫʰʢʦʡ. 

ɿʘʪʝʤ ʚ ʧʦʣʦʩʪʴ ʟʘʣʠʚʘʣʠ ʚʦʜʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʣʘ +28ᴈ. ʇʦʩʣʝ ʵʪʦʛʦ 
ʚʪʦʨʦʡ ʧʘʪʨʫʙʦʢ ʨʘʟʚʝʪʚʣʝʥʠʡ ʩ ʪʘʢʠʤ ʞʝ ʥʦʤʠʥʘʣʴʥʳʤ ʜʠʤʝʪʨʦʤ DN80 ʪʘʢʞʝ ʟʘ-

ʢʨʳʚʘʣʠ ʧʦʞʘʨʥʦʡ ʛʦʣʦʚʢʦʡ-ʟʘʛʣʫʰʢʦʡ (ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ). ʇʦʜʛʦʪʦʚ-

ʣʝʥʥʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈʊ-80 ʨʘʟʤʝʱʘʣʠ ʩʥʘʨʫʞʠ ʟʜʘʥʠʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʩʦʦʨʫ-

ʞʝʥʥʦʤ ʩʪʝʥʜʝ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʤʦʤʝʥʪ ʬʠʢʩʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 

ï18ᴈ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʧʦʞʘʨʥʳʭ ʨʘʟʚʝʪʚʣʝʥʠʷʭ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 15 ʤʠʥʫʪ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʭʨʦʤʝʣʴ-

ʘʣʶʤʝʣʝʚʳʝ ʪʝʨʤʦʧʘʨʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʬʫʥʢʮʠʶ ʪʦʯʝʯʥʳʭ ʪʝʨʤʦʜʝʪʝʢʪʦʨʦʚ. ɼʠʥʘ-

ʤʠʢʘ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʧʦʣʦʩʪʠ ʈʊ-80 ʚʠʜʥʘ ʠʟ ʪʘʙʣʠʮʳ. 
 

ʊʘʙʣʠʮʘ. ɼʠʥʘʤʠʢʘ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʧʦʞʘʨʥʳʭ ʨʘʟʚʝʪʚʣʝʥʠʷʭ 

ɺʨʝʤʷ, ʤʠʥ 0 15 30 45 60 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʨʘʟʚʝʪʚʣʝʥʠʠ 

(ʙʝʟ ʪʝʧʣʦʟʘʱʠʪʥʦʛʦ ʩʣʦʷ), ᴈ 

28 10 2   

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʧʦʞʘʨʥʦʤ ʨʘʟʚʝʪʚʣʝʥʠʠ ʩ 

ʪʝʧʣʦʟʘʱʠʪʦʡ, ʚʳʧʦʣʥʝʥʥʦʡ ʧʫʪʝʤ ʟʘʧʝʥʠʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ,ᴈ 

28 18 11 6 2 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ᴈ -18 -18 -18 -18 -18 
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ʀʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ, ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʠʜʝʥʪʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ - ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ +28ᴈ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ī18ᴈ -

ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʦʢʦʣʦʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʦʯʢʠ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ) ʚ ʧʦʞʘʨʥʦʤ 

ʨʘʟʚʝʪʚʣʝʥʠʠ ʩ ʪʝʧʣʦʟʘʱʠʪʦʡ, ʩʦʟʜʘʥʥʦʡ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʘ ʥʘ 

ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʩʦʩʪʘʚʣʷʝʪ 60 ʤʠʥʫʪ. ʕʪʦ ʚ ʜʚʘ ʨʘʟʘ ʜʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʤ ʨʘʟʚʝʪʚʣʝʥʠʝʤ, ʛʜʝ ʘʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 30 

ʤʠʥʫʪ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʝʧʣʦʟʘʱʠʪʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʅʈʉ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

1. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘ-
ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʥʘʩʦʩʥʦ-ʨʫʢʘʚʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧ-

ʣʦʟʘʱʠʪʳ ʜʣʷ ʧʦʞʘʨʥʦʛʦ ʨʘʟʚʝʪʚʣʝʥʠʷ, ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʥʘ ʝʛʦ ʚʥʝʰʥʶʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʩʣʦʷ ʧʦʣʠʫʨʝʪʘʥʦʚʦʡ ʤʦʥʪʘʞʥʦʡ ʧʝʥʳ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 10 ʤʤ, ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʚʘʨʠʘʥʪʦʤ ʈʊ-80.  

3. ɼʘʥʥʳʡ ʤʝʪʦʜ ʪʝʧʣʦʟʘʱʠʪʳ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʨʦʩʪʦʪʦʡ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ 

ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʘʚʪʦʨʘʤʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ 

ʄʏʉ ʈʦʩʩʠʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ. 

4. ɺ ʜʘʣʴʥʝʡʰʝʤ ʘʚʪʦʨʳ ʥʘʤʝʨʝʥʳ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʪʝʧʣʦʟʘʱʠʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʝʰʝʥʠʡ ʧʘʩʩʠʚʥʦʛʦ ʠ ʘʢʪʠʚʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʥʘʩʦʩʥʦ-ʨʫʢʘʚʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʭ ʦʪʢʘʟʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 
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ʮʠʠ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʙʦʪʳ ʚʠʥʪʦʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʥʘ ʦʙʱʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʨʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. ʇʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠ-

ʤʦʚ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇɻʋ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʥʪʦʚʳʝ ʢʦʤʧʨʝʩʩʦʨʳ, ʧʘʨʦʛʘʟʦʚʳʝ ʫʩʪʘʥʦʚʢʠ, ʥʘʜʝʞʥʦʩʪʴ, ʨʝ-

ʞʠʤʳ ʨʘʙʦʪʳ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ, ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ. 
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ANALYSIS OF SCREW COMPRESSOR OPERATING MODES AND THEIR  

IMPACT ON THE RELIAB ILITY OF COMBINED CY CLE POWER PLANTS 
 

Abstracts: The article is devoted to the analysis of operating modes of screw compressors 

used as part of the auxiliary equipment in combined cycle power plants (CCPP). The main factors 

affecting compressor performance and operating conditions are examined. The impact of screw 

compressor operation on the overall reliability and efficiency of CCPPôs is evaluated. Recommen-

dations for optimizing compressor operating modes to enhance equipment durability and reduce 

the risk of failures are provided. The results of the study can be used to improve the operational 

performance of CCPPôs and reduce maintenance costs. 

Keywords: screw compressors, combined cycle power plants, reliability, operating modes, 

auxiliary equipment, operation, optimization, maintenance. 
 

ɺʠʥʪʦʚʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʝʡ ʥʘʜʝʞʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʙʦʪʘʪʴ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʠʥʪʦʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʫʣʴʥʘʷ ʢʦʤʧʨʝʩʩʦʨʥʘʷ ʩʪʘʥʮʠʷ (ʄʂʉ), 

ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʠ ʫʩʪʨʦʡʩʪʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ (ʮʝʭʘ) - ʧʥʝʚʤʦʧʨʠʚʦʜʳ ʘʨʤʘ-

ʪʫʨʳ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʮʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. [1-3] 
 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʂʉ 
 

ʇʘʨʘʤʝʪʨ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʂʦʤʧʨʝʩʩʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ R4IU-10-2000 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ  
ʦʩʫʰʠʪʝʣʴ, ʦʭʣʘʜʠʪʝʣʴ, ʢʦʥʜʝʥʩʘʪʦʩʙʦʨʥʠʢ, ʘʜʩʦʨʙʮʠ-

ʦʥʥʳʡ ʦʩʫʰʠʪʝʣʴ, ʬʠʣʴʪʨ, ʘʢʢʫʤʫʣʠʨʫʶʱʠʡ ʨʝʩʠʚʝʨ   
ʉʞʠʤʘʝʤʳʡ ʛʘʟ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ 

ɼʘʚʣʝʥʠʝ ʩʞʘʪʠʷ, ʥʝ ʙʦʣʝʝ 

ʢʛʩ/ʩʤ2 
10 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʮʠʠ, 

ʤ3/ʤʠʥ 
0,47 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟ-

ʜʫʭʘ, Áʉ 
+5é+35 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʇʘʨʘʤʝʪʨ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʢɺʪ 4 

ʊʠʧ ʢʦʤʧʨʝʩʩʦʨʘ 
ɺʠʥʪʦʚʦʡ, ʤʘʩʣʦʟʘʧʦʣʥʝʥʥʳʡ 

 ʈʦʪʘʮʠʦʥʥʳʡ ʚʠʥʪʦʚʦʡ ʙʣʦʢ 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 
ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʡ Xe-50  

ɼʚʫʭʧʦʟʠʮʠʦʥʥʦʝ (Load/Unload) 

 

ɸʛʨʝʛʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʡ, ʚʠʥʪʦʚʦʡ ʢʦʤʧʨʝʩʩʦʨ ʩ ʧʨʠʚʦ-

ʜʦʤ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʉʞʘʪʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʜʚʫʭ ʩʮʝʧʣʝʥ-

ʥʳʭ (ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʥʘʨʫʞʥʦʛʦ) ʩʧʠʨʘʣʴʥʳʭ ʨʦʪʦʨʦʚ. ʂʦʤʧʨʝʩʩʦʨ ʦʙʦʨʫʜʦʚʘʥ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʧʫʩʢʦʤ ʠ ʦʩʪʘʥʦʚʦʤ. ɺʦʟʜʫʭ ʧʨʦʡʜʷ ʚʧʫʩʢʥʦʡ 

ʢʣʘʧʘʥ ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʨʧʫʩ ʢʦʤʧʨʝʩʩʦʨʘ. ʉʞʘʪʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʧʠʨʘʣʴʥʳʭ ʨʦʪʦʨʘʭ 

ʜʦ ʜʘʚʣʝʥʠʷ 10 ʢʛʩ/ʩʤ2.  

ɺ ʧʨʦʮʝʩʩʝ ʩʞʘʪʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦʚʳʰʘʝʪʩʷ. ɼʣʷ ʝʸ ʩʥʠʞʝʥʠʷ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʢʦʤʧʨʝʩʩʦʨʘ ʭʣʘʜʘʛʝʥʪʘ, ʠʩʧʘʨʠ-

ʪʝʣʷ, ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʪʝʨʤʦʩʪʘʪʘ ʠ ʩʝʧʘʨʘʪʦʨʘ. ʆʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ ʧʦʜ ʜʘʚʣʝ-

ʥʠʝʤ ʧʦʜʘʝʪʩʷ ʚ ʢʘʤʝʨʫ ʩʞʘʪʠʷ. ʉʤʝʩʴ ʚʦʟʜʫʭʘ ʩ ʭʣʘʜʘʛʝʥʪʦʤ ʚʳʧʫʩʢʘʝʪʩʷ ʠʟ ʢʦʤ-

ʧʨʝʩʩʦʨʘ ʚ ʩʝʧʘʨʘʪʦʨ, ʛʜʝ ʠʟ ʚʦʟʜʫʭʘ ʫʜʘʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʭʣʘʜʘʛʝʥʪ, ʟʘ ʠʩ-

ʢʣʶʯʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʪʳʩʷʯʥʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ. ʍʣʘʜʘʛʝʥʪ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ 

ʦʭʣʘʞʜʘʶʱʫʶ ʩʠʩʪʝʤʫ, ʘ ʚʦʟʜʫʭ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʪʦʨʠʯʥʳʡ ʦʭʣʘʜʠʪʝʣʴ ʠ ʚʳʧʫʩʢʘ-

ʝʪʩʷ ʠʟ ʢʦʤʧʨʝʩʩʦʨʘ. ʆʭʣʘʞʜʝʥʥʳʡ ʠ ʯʘʩʪʠʯʥʦ ʦʩʫʰʝʥʥʳʡ ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʬʠʣʴʪʨ, ʟʘʪʝʤ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʦʩʫʰʠʪʝʣʴ. 

ʉʞʘʪʳʡ, ʦʭʣʘʞʜʝʥʥʳʡ ʠ ʦʩʫʰʝʥʥʳʡ ʚʦʟʜʫʭ ʩʦʙʠʨʘʝʪʩʷ ʚ ʘʢʢʫʤʫʣʠʨʫʶʱʝʤ 

ʨʝʩʠʚʝʨʝ ʠ ʧʦʩʪʫʧʘʝʪ ʚ ʩʠʩʪʝʤʫ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝ-

ʤʝ ʙʦʣʝʝ 10 ʢʛʩ/ʩʤ2 ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʨʳʪʠʝ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ. [4ï5] 

ʉʨʘʚʥʝʥʠʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ: ɺʠʥʪʦʚʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʨʝʞʠʤʘʭ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ ʢʦʤʧʨʝʩʩʦʨʦʤ: 

ʨʘʙʦʪʘ ʩ ʚʢʣʶʯʝʥʠʝʤ/ʦʪʢʣʶʯʝʥʠʝʤ ʧʦ ʫʩʪʘʚʢʘʤ ʜʘʚʣʝʥʠʷ ʠ ʧʦʩʪʦʷʥʥʘʷ ʨʘʙʦʪʘ ʩʦ 

ʩʙʨʦʩʦʤ ʠʟʣʠʰʢʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʨʝʛʫʣʷʪʦʨ. ʕʪʠ ʨʝʞʠʤʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ 

ʫʧʨʘʚʣʝʥʠʷ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ, ʠʟʥʦʩʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʤ ʧʘʨʘʤʝʪʨʘʤ 

(ʪʘʙʣ. 2). 

1. ʈʝʞʠʤ ʚʢʣʶʯʝʥʠʷ/ʦʪʢʣʶʯʝʥʠʷ ʧʦ ʫʩʪʘʚʢʘʤ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 1) 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: ʂʦʤʧʨʝʩʩʦʨ ʚʢʣʶʯʘʝʪʩʷ, ʢʦʛʜʘ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʧʘʜʘʝʪ 

ʥʠʞʝ ʟʘʜʘʥʥʦʡ ʥʠʞʥʝʡ ʫʩʪʘʚʢʠ (ʥʘʧʨʠʤʝʨ, 6 ʙʘʨ). ʂʦʤʧʨʝʩʩʦʨ ʦʪʢʣʶʯʘʝʪʩʷ, ʢʦʛʜʘ 

ʜʘʚʣʝʥʠʝ ʜʦʩʪʠʛʘʝʪ ʚʝʨʭʥʝʡ ʫʩʪʘʚʢʠ (ʥʘʧʨʠʤʝʨ, 8 ʙʘʨ). ʎʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ ʧʦ ʤʝʨʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ.  
 

 

ʈʠʩ. 1. ʈʝʞʠʤ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ ʧʦ ʫʩʪʘʚʢʘʤ ʜʘʚʣʝʥʠʷ 
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ʇʨʝʠʤʫʱʝʩʪʚʘ: 1. ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ: ʂʦʤʧʨʝʩʩʦʨ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦ-

ʛʜʘ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠ ʥʝʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʝ. 2. 

ʋʤʝʥʴʰʝʥʠʝ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʧʦʩʢʦʣʴʢʫ ʢʦʤʧʨʝʩʩʦʨ ʥʝ ʨʘʙʦʪʘʝʪ ʧʦʩʪʦʷʥʥʦ, 

ʩʥʠʞʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʜʰʠʧʥʠʢʠ ʠ ʨʦʪʦʨʳ. 

3 ʇʨʦʩʪʦʪʘ ʫʧʨʘʚʣʝʥʠʷ: ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʜʦ-

ʩʪʘʪʦʯʥʦ ʨʝʣʝ ʜʘʚʣʝʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ: 1. ʏʘʩʪʳʝ ʧʫʩʢʠ ʠ ʦʩʪʘʥʦʚʢʠ: ʧʨʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʮʠʢʣʦʚ ʚʢʣʶ-

ʯʝʥʠʷ/ʦʪʢʣʶʯʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟʥʦʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʧʫʩʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. 2. 

ʂʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʷ: ɺ ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʝʨʝʧʘʜʳ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʥʠʞ-

ʥʝʡ ʠ ʚʝʨʭʥʝʡ ʫʩʪʘʚʢʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʪʠʯʥʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʦʚ. 3. 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʛʠʙʢʦʩʪʴ: ʈʝʞʠʤ ʧʣʦʭʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʠʩʪʝʤ ʩ ʨʝʟʢʦ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʥʘʛʨʫʟʢʦʡ, ʪʘʢ ʢʘʢ ʢʦʤʧʨʝʩʩʦʨ ʤʦʞʝʪ ʥʝ ʫʩʧʝʚʘʪʴ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ. (ʨʠʩ. 2) 

 

 
 

ʈʠʩ. 2. ʈʝʞʠʤ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʨʘʩʭʦʜʦʚ ʚʦʟʜʫʭʘ   

 

 

2. ʈʝʞʠʤ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʳ ʩʦ ʩʙʨʦʩʦʤ ʠʟʣʠʰʢʘ ʚʦʟʜʫʭʘ (ʨʠʩ. 3) 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: ʂʦʤʧʨʝʩʩʦʨ ʨʘʙʦʪʘʝʪ ʥʝʧʨʝʨʳʚʥʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʢʫʱʝʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʟʜʫʭʘ. ʀʟʣʠʰʢʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʩʙʨʘʩʳʚʘʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʯʝʨʝʟ 

ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ (ʥʘʧʨʠʤʝʨ, ʢʣʘʧʘʥ ʩʙʨʦʩʘ ʜʘʚʣʝʥʠʷ). ɼʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ. 

 

 
ʈʠʩ. 3. ʈʝʞʠʤ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ ʩʦ ʩʙʨʦʩʦʤ ʠʟʣʠʰʢʘ ʚʦʟʜʫʭʘ 

 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 1. ʉʪʘʙʠʣʴʥʦʝ ʜʘʚʣʝʥʠʝ: ɺ ʩʠʩʪʝʤʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥ-

ʥʦʝ ʜʘʚʣʝʥʠʝ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʨʦʮʝʩʩʦʚ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. 2. ʆʪ-

ʩʫʪʩʪʚʠʝ ʯʘʩʪʳʭ ʧʫʩʢʦʚ/ʦʩʪʘʥʦʚʦʢ: ʂʦʤʧʨʝʩʩʦʨ ʨʘʙʦʪʘʝʪ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ, 

ʯʪʦ ʩʥʠʞʘʝʪ ʠʟʥʦʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʧʫʩʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. 3. ʇʦʜʭʦʜʠʪ ʜʣʷ ʧʝʨʝ-
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ʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ: ʈʝʞʠʤ ʭʦʨʦʰʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦʪʨʝʙʣʝʥʠʷ 

ʚʦʟʜʫʭʘ, ʪʘʢ ʢʘʢ ʢʦʤʧʨʝʩʩʦʨ ʚʩʝʛʜʘ ʛʦʪʦʚ ʢ ʧʦʜʘʯʝ. 

ʅʝʜʦʩʪʘʪʢʠ: 1. ɺʳʩʦʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ: ʂʦʤʧʨʝʩʩʦʨ ʨʘʙʦʪʘʝʪ ʧʦʩʪʦʷʥʥʦ, 

ʜʘʞʝ ʢʦʛʜʘ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʟʜʫʭʘ ʤʠʥʠʤʘʣʴʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʭʦʜʫ ʵʥʝʨʛʠʠ. 

2. ʇʦʪʝʨʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ: ʉʙʨʦʩ ʠʟʣʠʰʢʦʚ ʚʦʟʜʫʭʘ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝ-

ʨʷʤ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʝʛʦ ʩʞʘʪʠʝ. 3. ʋʚʝʣʠʯʝʥʠʝ ʠʟʥʦʩʘ ʢʦʤʧʨʝʩʩʦʨʘ: ʇʦʩʪʦ-

ʷʥʥʘʷ ʨʘʙʦʪʘ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʨʦʪʦʨʳ ʠ ʧʦʜʰʠʧʥʠʢʠ. 
 

ʊʘʙʣʠʮʘ 2. ʉʨʘʚʥʝʥʠʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ 

ʇʘʨʘʤʝʪʨ ɺʢʣʶʯʝʥʠʝ/ʦʪʢʣʶʯʝʥʠʝ ʧʦ ʫʩʪʘʚʢʘʤ ʇʦʩʪʦʷʥʥʘʷ ʨʘʙʦʪʘ ʩʦ ʩʙʨʦʩʦʤ ʠʟʣʠʰʢʦʚ 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 
50ï70% ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ) 
70ï80% ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʜʘʚʣʝʥʠʷ ʂʦʣʝʙʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 6ï8 ʙʘʨ ʇʦʩʪʦʷʥʥʦʝ ʜʘʚʣʝʥʠʝ 7 ʙʘʨ Ñ 0,2 ʙʘʨ 

ʀʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʀʟʥʦʩ ʠʟ-ʟʘ ʯʘʩʪʳʭ ʧʫʩʢʦʚ/ʦʩʪʘʥʦʚʦʢ 

(10ï20 ʮʠʢʣʦʚ ʚ ʯʘʩ) 
ʀʟʥʦʩ ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʳ (24/7) 

ʇʦʪʝʨʠ ʚʦʟʜʫʭʘ ʅʝʪ 
10ï30% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʩʞʘʪʦʛʦ ʚʦʟ-

ʜʫʭʘ 

ɻʠʙʢʦʩʪʴ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ 

ʥʘʛʨʫʟʢʘʭ 
ɿʘʜʝʨʞʢʘ ʨʝʘʢʮʠʠ 5ï10 ʩʝʢʫʥʜ ʄʛʥʦʚʝʥʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʉʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʇʨʦʩʪʦʝ ʫʧʨʘʚʣʝʥʠʝ (ʨʝʣʝ ʜʘʚʣʝʥʠʷ) 
ʊʨʝʙʫʝʪʩʷ ʨʝʛʫʣʷʪʦʨ ʩʙʨʦʩʘ ʠ ʩʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʷ 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 2-2,8 ʢɺʪ (50-70% ʥʘʛʨʫʟʢʠ) 3-3,5 ʢɺʪ (75-85% ʥʘʛʨʫʟʢʠ) 

ʎʠʢʣʳ ʨʘʙʦʪʳ 
4-8 ʚ ʯʘʩ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʣʝʥʠʷ 

ʚʦʟʜʫʭʘ) 
ʅʝʧʨʝʨʳʚʥʘʷ ʨʘʙʦʪʘ 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʜʘʚʣʝʥʠʷ Ñ1 ʙʘʨ (6-8 ʙʘʨ) Ñ0,2 ʙʘʨ (7Ñ0,2 ʙʘʨ) 

ɻʦʜʦʚʦʡ ʠʟʥʦʩ 20% (ʧʫʩʢʦʚʳʝ ʥʘʛʨʫʟʢʠ) 15% (ʨʘʚʥʦʤʝʨʥʳʡ ʠʟʥʦʩ) 

ʇʦʪʝʨʠ ʚʦʟʜʫʭʘ ʅʝʪ 0,05-0,09 ʤį/ʤʠʥ (10-20%) 

 

ɺʳʚʦʜʳ. ʉʪʘʨʪ-ʩʪʦʧ ʨʝʞʠʤ ʵʢʦʥʦʤʠʯʥʝʝ ʧʦ ʧʦʪʨʝʙʣʝʥʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 

25ï30 %, ʦʜʥʘʢʦ ʧʦʩʪʦʷʥʥʳʡ ʨʝʞʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪ: ʥʘ 40 % ʩʪʘʙʠʣʴʥʝʝ ʜʘʚʣʝʥʠʝ, ʥʘ 

25 % ʤʝʥʴʰʝ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ. ʈʝʞʠʤ ʚʢʣʶʯʝʥʠʷ/ʦʪʢʣʶʯʝʥʠʷ ʧʦ ʫʩʪʘʚʢʘʤ ʧʨʝʜ-

ʧʦʯʪʠʪʝʣʝʥ ʜʣʷ ʩʠʩʪʝʤ ʩ ʥʝʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʛʜʝ ʚʘʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨ-

ʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʩʥʠʟʠʪʴ ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʦʥ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʠʩʪʝʤ, 

ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʘʚʣʝʥʠʷ. ʈʝʞʠʤ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʳ ʩʦ ʩʙʨʦʩʦʤ 

ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʠʩʪʝʤʘʭ ʩ ʧʦʩʪʦʷʥʥʦʡ ʠʣʠ ʨʝʟʢʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʥʘʛʨʫʟʢʦʡ, 

ʛʜʝ ʢʨʠʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʵʪʦʪ ʨʝʞʠʤ ʪʨʝʙʫʝʪ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʜʣʷ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘ-

ʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ ʚ ʦʙʦʠʭ ʨʝʞʠʤʘʭ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ: ʏʘʩʪʦʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ: ʧʦʟʚʦʣʷʶʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ, ʩʥʠʞʘʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʠʟʥʦʩ. 

ʉʠʩʪʝʤʳ ʨʝʢʫʧʝʨʘʮʠʠ ʪʝʧʣʘ: ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦ, ʚʳʜʝʣʷʝʤʦʝ ʢʦʤʧʨʝʩ-

ʩʦʨʦʤ, ʜʣʷ ʜʨʫʛʠʭ ʥʫʞʜ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ: ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʚʳʙʠʨʘʶʪ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʠʭ ʫʩʣʦʚʠʡ. [5ï8] 

ɿʘʢʣʶʯʝʥʠʝ. ɺʳʙʦʨ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʚʠʥʪʦʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʦ-

ʚʘʥʠʡ ʩʠʩʪʝʤʳ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʝʞʠʤ ʚʢʣʶʯʝʥʠʷ/ʦʪʢʣʶʯʝʥʠʷ ʧʦ ʫʩʪʘʚʢʘʤ 

ʜʘʚʣʝʥʠʷ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʠʩʪʝʤ ʩ ʥʝʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʪʦʛʜʘ ʢʘʢ ʧʦʩʪʦʷʥʥʘʷ ʨʘ-



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʙʦʪʘ ʩʦ ʩʙʨʦʩʦʤ ʠʟʣʠʰʢʦʚ ʚʦʟʜʫʭʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʘʚʣʝʥʠʷ, ʥʦ ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʠʭ ʵʥʝʨʛʦʟʘʪʨʘʪ. ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ ʚʦʟʤʦʞʥʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʀ ʣʫʯ-

ʰʠʡ ʚʘʨʠʘʥʪ ʙʫʜʝʪ, ʢʦʛʜʘ ʚʦʟʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʨʝʞʠʤʳ ʧʦ ʧʦʪʨʝʙʥʦʩʪʷʤ, ʩʦ-

ʭʨʘʥʷʷ ʥʘʜʝʞʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʨʘʙʦʪʳ ʢʘʢ ʦʪʜʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʪʘʢ ʠ ʚʩʝʛʦ ʦʩʥʦʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʘʨʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʉ.ʃ. ʇʘʥʯʝʥʢʦ  
ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ɻ. ʌ. ʄʦʨʦʟʦʚʘè 

 

ʀʅʊɽʅʉʀʌʀʂɸʎʀʗ ʇʈʆʎɽʉʉɸ ʆʍʃɸɾɼɽʅʀʗ ɺʆɿɼʋʍɸ  

ɺ ɺʆɿɼʋʍʆ-ɺʆɿɼʋʐʅʆʄ ʊɽʇʃʆʆɹʄɽʅʅʀʂɽ  

ɸɺʀɸʎʀʆʅʅʆɻʆ ʊʋʈɹʆʈɽɸʂʊʀɺʅʆɻʆ ɼɺʀɻɸʊɽʃʗ 

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʭʣʘ-

ʞʜʝʥʠʷ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʚ ʘʚʠʘʮʠʦʥʥʳʭ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʷʭ. ʅʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠ-

ʪʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʧʝʨʝʜ 

ʪʫʨʙʠʥʦʡ. ʆʜʥʘʢʦ ʜʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʵʣʝʤʝʥʪʳ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʚ 

ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦ-

ʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʫʨʙʠʥʳ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ 

ʚʦʟʜʫʭʘ ʚ ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʢʦʣʴʮʝʚʦʡ ʥʘʢʘʪʢʠ ʚ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ, ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ, ʠʥʪʝʥ-

ʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ, ʧʦʧʝʨʝʯʥʘʷ ʢʦʣʴʮʝʚʘʷ ʥʘʢʘʪʢʘ. 

 

S.L. Panchenko 

 

INTENSIFICATION OF AIR -COOLING PROCESS  

IN AIR -TO-AIR HEAT EXCHANGER OF AIRCRAFT TURBOJET ENGINE 

 
Abstract: The article substantiates the need to intensification of gas turbine cooling pro-

cess in aircraft turbojet engines. The direction of engines development implies an increase the 

temperature of the gases in front of the turbine. However, this circumstance leads to an increase of 

gas turbine elements thermal load. Therefore, the air cooling process intensification in air-to-air 

heat exchanger is the main way to gas turbine elements cooling intensification. It is proposed to 

the air cooling process intensification in air-to-air heat exchanger of aircraft turbojet engine by 

creating a transverse annular knurling in heat exchange tubes. 

Keywords: air cooling, air-to-air heat exchanger, heat transfer process intensification, 

transverse annular knurling. 

 

ʊʨʫʙʯʘʪʳʝ ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʚʠʘʮʠʦʥʥʳʭ 

ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʚ ʦʩʥʦʚʥʦʤ ʩʘʤʦʣʝʪʦʚ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʜʚʠʛʘʪʝʣʠ 

ɸʃ-31ʌ, ɼ-30ʌ6, ʅʂ-25) [5]. ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫ-

ʭʘ, ʠʜʫʱʝʛʦ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ. ʇʦʩʢʦʣʴʢʫ ʛʘʟʦʚʘʷ ʪʫʨʙʠʥʘ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʡ ʯʘʩʪʴʶ ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʦʭʣʘʞʜʝ-

ʥʠʝ ʝʝ ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝʛʜʘ, ʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʨʝʞʠʤʦʚ ʩ ʥʘʠʙʦʣʴʰʝʡ ʪʝʧʣʦ-

ʚʦʡ ʥʘʛʨʫʟʢʦʡ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʥʫʞʥʦ ʝʱʝ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʠ ʦʥʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʯʘʪʦʤ ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ. 

                                                 
  É ʇʘʥʯʝʥʢʦ ʉ.ʃ., 2025 
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ɼʘʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 1). 

ʊʨʫʙʯʘʪʳʡ ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʫʩʪʘʥʦʚʣʝʥ ʚ ʥʘʨʫʞʥʦʤ ʢʦʥʪʫʨʝ 2 

ʜʚʠʛʘʪʝʣʷ ʠ ʟʘʢʨʝʧʣʝʥ ʥʘ ʢʦʨʧʫʩʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 3. ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʜʫʭʘ, ʠʩʧʦʣʴʟʫ-

ʝʤʦʛʦ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʪʫʨʙʠʥʳ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʪʦʨʠʯʥʳʡ ʚʦʟʜʫʭ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, 

ʥʝ ʧʨʠʥʠʤʘʶʱʠʡ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ. ʆʥ ʧʦʜʘʝʪʩʷ ʚ ʪʨʫʙʳ ʚʦʟʜʫ-

ʭʦ-ʚʦʟʜʫʰʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ 3. ʇʨʠ ʵʪʦʤ ʩʥʘʨʫʞʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʦʙʜʫʚʘʝʪʩʷ 

ʚʦʟʜʫʭʦʤ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʛʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʛʨʘʜʫʩʦʚ ʥʠʞʝ, 

ʯʝʤ ʫ ʚʦʟʜʫʭʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʚ ʪʨʫʙʘʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʪʫʨʙʠʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʜʫʚʘ ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ 

ʚʦʟʜʫʭʦʤ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʜʘʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ 

ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʠʜʝʪ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ, ʩʥʠʞʘʝʪʩʷ 

ʥʘ 150é220 ʛʨʘʜʫʩʦʚ [2, 5]. 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ 

ʚ ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ: 

1 ï ʢʦʤʧʨʝʩʩʦʨ; 

2 ï ʥʘʨʫʞʥʳʡ ʢʦʥʪʫʨ ʜʚʠʛʘʪʝʣʷ; 

3 ï ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ; 

4 ï ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ; 

5 ï ʩʦʧʣʦʚʘʷ ʣʦʧʘʪʢʘ ʪʫʨʙʠʥʳ; 

6 ï ʨʘʙʦʯʘʷ ʣʦʧʘʪʢʘ ʪʫʨʙʠʥʳ 

 

 

ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʠ ʚʩʝ ʙʦʣʝʝ ʪʨʝʙʫʶʪʩʷ ʩʘʤʦʣʝʪʳ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʩ ʙʦʣʴʰʦʡ ʪʷʛʦʡ ʠʣʠ ʛʨʘʞʜʘʥʩʢʠʝ ʩ ʙʦʣʴʰʝʡ ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ. ɼʘʥʥʳʝ ʮʝʣʠ ʜʦʩʪʠ-

ʛʘʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʪʷʛʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʣʠʙʦ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʷʛʝ ï 

ʩʥʠʞʝʥʠʝʤ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʘʢʦ-

ʛʦ ʚʘʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʨʘʙʦʪʳ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝ-

ʣʝʡ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʝʝ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʪʝʪ ʧʦ-

ʣʝʟʥʘʷ ʨʘʙʦʪʘ ʮʠʢʣʘ, ʘ ʟʥʘʯʠʪ ʠ ʚʦʟʨʘʩʪʘʝʪ ʪʷʛʘ, ʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʪʷʛʝ ʟʘ ʩʯʝʪ ʫʚʝ-

ʣʠʯʝʥʠʷ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʤʦʞʥʦ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ 

ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʫ ʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʜʣʷ ʘʚʠʘʮʠʠ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ. ɽʱʸ 

ʥʝʜʘʚʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʥʝ ʧʨʝʚʳʰʘʣʘ ʟʥʘʯʝʥʠʷ 1000 K, ʪʦʛʜʘ ʢʘʢ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʘ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 1600é1700 K ʠ ʚʳʰʝ, ʥʦ ʜʘʞʝ ʪʘʢʠʝ 

ʟʥʘʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʥʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ. ɼʣʷ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʷʚʣʷʝʪʩʷ 

ʫʞʝ ʟʥʘʯʝʥʠʝ 2000é2200 K, ʠ ʚʦʦʙʱʝ, ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʧʝʨʝʜ ʛʘʟʦʚʦʡ 

ʪʫʨʙʠʥʦʡ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ [1]. 

ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʧʝʨʝʜ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʦʡ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʨʘʩʪʘʥʠʠʶ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʜʚʠʛʘʪʝʣʴ ʠ ʚʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʥʘ ʝʛʦ ʥʘʠʙʦʣʝʝ 

ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʛʘʟʦʚʘʷ 

ʪʫʨʙʠʥʘ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʦʢ ʚʘʣʘ ʨʦʪʦʨʘ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ ʩ ʦʧʦʨʥʳʤʠ 

ʧʦʜʰʠʧʥʠʢʦʚʳʤʠ ʫʟʣʘʤʠ ʚ ʤʝʩʪʝ ʢʨʧʝʣʝʥʠʷ ʪʫʨʙʠʥʳ. ɺʦʟʨʘʩʪʘʥʠʝ ʪʝʧʣʦʚʦʡ 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʥʘʛʨʫʟʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʠʪʠ ʢ ʩʥʠʞʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʪʫʨʙʠʥʳ ʠ ʚʩʝʛʦ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʦʚ ʪʫʨʙʠʥʳ, 

ʢʘʢ ʥʘʠʙʦʣʝʝ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʧʨʝʜʝʣʷʝʪ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ ʠ ʘʚʠʘʮʠʦʥʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʮʝʣʦʤ. ʍʦʪʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʧʦʧʳʪʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʦʧʣʦʚʳʭ, ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʪʫʨʙʠʥʳ ʠʟ ʞʘʨʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʵʪʠ ʨʘʙʦʪʳ ʜʦʚʦʣʴʥʦ ʥʘʫʢʦʝʤʢʠ, 

ʪʨʫʜʦʝʤʢʠ ʠ ʨʝʩʫʨʩʦʝʤʢʠ, ʥʘʭʦʜʷʪʩʷ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʠʩʧʳʪʘʥʠʡ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʠ ʦʪʩʪʘʶʪ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʧʝʨʝʜ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʦʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʠ 

ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʦʤ, ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʪʫʨʙʠʥʳ, ʯʝʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʥʝʢʦʪʦʨʳʤ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ 

ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʧʨʦʮʝʩʩʘ 

ʪʝʧʣʦʦʙʤʝʥʘ. 

ʀʟ ʪʝʦʨʠʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠʟʚʝʩʪʥʦ [4], ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʚ ʛʣʘʜʢʠʭ ʢʘʥʘʣʘʭ (ʪʨʫʙʘʭ), ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʚʠʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʤ 

(ʠʤʝʥʥʦ ʪʘʢʦʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʠʟ-

ʟʘ ʝʛʦ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʚʷʟʢʦʩʪʠ), ʦʢʦʣʦ ʩʪʝʥʢʠ ʪʨʫʙʳ ʠʤʝʝʪʩʷ 

ʣʘʤʠʥʘʨʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʛʜʝ ʜʚʠʞʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚʦʟʜʫʭʘ) ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʣʘʤʠʥʘʨʥʦʛʦ, ʩʣʦʠʩʪʦʛʦ, ʠ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʥʝ 

ʢʦʥʚʝʢʮʠʝʡ, ʘ ʪʝʧʣʦʧʨʦʚʘʦʜʥʦʩʪʴʶ ʯʝʨʝʟ ʩʣʦʠ ʚʦʟʜʫʭʘ. ʅʦ ʚʦʟʜʫʭ ʠʤʝʝʪ ʤʘʣʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʯʪʦ ʠ ʚʣʠʷʝʪ ʥʘ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʪʝʧʣʦʪʳ ʯʝʨʝʟ ʩʪʝʥʢʫ ʪʨʫʙʳ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʦʪ ʛʦʨʷʯʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʢ 

ʭʦʣʦʜʥʦʤʫ. ʇʦʵʪʦʤʫ ʨʘʟʨʫʰʝʥʠʝ ʣʘʤʠʥʘʨʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʜʩʣʦʷ, (ʪʫʨʙʫʣʠʟʘʮʠʷ 

ʧʨʠʩʪʝʥʥʦʛʦ ʩʣʦʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ) ʧʦʟʚʦʣʠʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʘʪʴ ʧʧʨʦʮʝʩʩ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʣʫʯʰʝ ʦʭʣʘʜʠʪʴ ʚʦʟʜʫʭ, ʧʨʦʭʦʜʷʱʠʡ ʚʥʫʪʨʠ ʪʨʫʙʳ 

ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʨʫʙʘʭ ʙʝʟ 

ʫʩʣʦʞʥʝʥʠʷ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʜʠʩʢʨʝʪʥʦ-ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʧʣʦʦʙʤʝʥʘ [3]. ʇʨʠʤʝʨʦʤ ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʧʝʨʝʯʥʘʷ ʢʦʣʴʮʝʚʘʷ 

ʥʘʢʘʪʢʘ ʥʘ ʩʪʝʥʢʝ ʪʨʫʙʳ, ʧʦʣʫʯʘʝʤʘʷ ʩʧʦʩʦʙʦʤ ʥʘʢʘʪʳʚʘʥʠʷ ʨʦʣʠʢʘʤʠ ʠ ʷʚʣʷʶʱʘʷ-

ʩʷ ʥʘʠʤʝʥʝʝ ʪʨʫʜʦʝʤʢʦʡ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ (ʨʠʩ. 2). 

 

 

 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʦʧʝʨʝʯʥʦʡ 

 ʢʦʣʴʮʝʚʦʡ ʥʘʢʘʪʢʠ ʚ ʪʨʫʙʝ 

 
 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʚ ʪʨʫʙʝ, ʤʝʪʦʜʦʤ ʥʘʢʘʪʳʚʘʥʠʷ ʨʦʣʠʢʦʤ, ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ t (ʩʤ. ʨʠʩ. 2) ʩʥʘʨʫʞʠ ʦʙʨʘʟʫʶʪʩʷ ʢʦʣʴʮʝʚʳʝ ʫʛʣʫʙʣʝʥʠʷ, ʘ 

ʚʥʫʪʨʠ ʪʨʫʙʳ ï ʢʦʣʴʮʝʚʳʝ ʚʳʩʪʫʧʳ ʚʳʩʦʪʦʡ h, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʠ ʨʘʟʨʫʰʘʝʪʩʷ 

ʣʘʤʠʥʘʨʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʧʦʜʩʣʦʡ, ʯʪʦ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. 

ʇʨʠ ʵʪʦʤ ʚ ʤʝʩʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʴʮʝʚʳʭ ʚʳʩʪʫʧʦʚ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʳ D 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʨʘʟʤʝʨʘ d, ʨʘʚʥʦʛʦ D ï 2h. ʈʘʟʤʝʨʳ t ʠ h ʧʦʜʙʠʨʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʩ ʮʝʣʴʶ ʥʘʠʙʦʣʴʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪ ʛʦʨʷʯʝʛʦ 

ʚʦʟʜʫʭʘ ʢ ʭʦʣʦʜʥʦʤʫ ʯʝʨʝʟ ʩʪʝʥʢʫ ʪʨʫʙʳ. 
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ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʦʙʲʝʤʥʘʷ ʤʦʜʝʣʴ ʫʯʘʩʪʢʘ ʦʙʳʯʥʦʡ ʛʣʘʜʢʦʡ ʪʨʫʙʳ ʪʝʧʣʦʦʙ-

ʤʝʥʥʠʢʘ ʠ ʪʨʫʙʳ ʩ ʥʘʥʝʩʝʥʠʝʤ ʧʦʧʝʨʝʯʥʦʡ ʢʦʣʴʮʝʚʦʡ ʥʘʢʘʪʢʠ. 

 

 
ʘ) 

 
ʙ) 

 

ʈʠʩ. 3. 3D-ʤʦʜʝʣʴ (ʚ ʨʘʟʨʝʟʝ) ʛʣʘʜʢʦʡ ʪʨʫʙʳ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ (ʘ)  

ʠ ʪʨʫʙʳ ʩ ʥʘʥʝʩʝʥʠʝʤ ʧʦʧʝʨʝʯʥʦʡ ʢʦʣʴʮʝʚʦʡ ʥʘʢʘʪʢʠ (ʙ) 

 

 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʢʦʣʴʮʝʚʦʡ ʥʘʢʘʪʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʜʣʠʥʳ ʪʨʫʙʳ 

ʚʦʟʜʫʭʦ-ʚʦʟʜʫʰʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ ʪʫʨʙʫʣʠʟʘʮʠʶ ʧʦʪʦʢʘ 

ʚʦʟʜʫʭʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʚ ʜʘʥʥʦʡ ʪʨʫʙʝ, ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʮʝʩʩ 

ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʦʪ ʜʘʥʥʦʛʦ ʚʦʟʜʫʭʘ ʙʦʣʝʝ ʭʦʣʦʜʥʦʤʫ ʚʦʟʜʫʭʘ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ, ʢʦ-

ʪʦʨʳʤ ʪʨʫʙʘ ʦʙʜʫʚʘʝʪʩʷ ʩʥʘʨʫʞʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ, ʠʜʫ-

ʱʝʛʦ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ, ʜʦ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ, ʯʝʤ ʧʨʠ ʧʨʠʤʝʥʝ-

ʥʠʠ ʰʪʘʪʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʩ ʛʣʘʜʢʦʡ ʪʨʫʙʦʡ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʛʘʟʦʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʧʦʟʚʦʣʠʪ ʣʫʯʰʝ ʦʭʣʘʜʠʪʴ ʝʝ ʵʣʝʤʝʥʪʳ, ʩʥʠʟʠʪʴ ʪʝʤʧʝ-

ʨʘʪʫʨʥʳʝ ʥʘʛʨʫʟʦʢ ʥʘ ʥʠʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʝ-

ʩʫʨʩʘ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ, ʘ ʪʘʢʞʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʮʝ-

ʣʦʤ. 
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ʣʦʚʢʘ. 

 

B.A. Polosa, I.V. Saraev 

 

ON THE ISSUE OF INCREASING THE RELIABILITY  

OF PRESSURE FIRE HOSES 

 
Abstract: the article solves the urgent problem of improving the reliability of pressure fire 

hoses at the attachment point of the hoses and connecting fittings by applying a heat-shrinkable 

material (çlatex coverè). The issue of replacing sealing rings on semi-nuts has also been worked 

out. 

Keywords: fire hose, heat shrink, modernization, connecting head. 

 

ʆʜʥʦʡ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʨʦʙʣʝʤ ʚ ʨʘʙʦʪʝ ʥʘʧʦʨʥʳʭ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ 

ʷʚʣʷʶʪʩʷ ʠʭ ʧʦʨʝʟʳ/ʧʦʨʳʚʳ, ʘ ʪʘʢʞʝ ʧʝʨʝʪʠʨʘʥʠʝ ʚ ʤʝʩʪʘʭ ʢʨʝʧʣʝʥʠʷ ʢ ʩʦʝʜʠʥʠ-

ʪʝʣʴʥʦʡ ʛʦʣʦʚʢʝ. ʅʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʠ ʧʨʦ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʢʦʣʴʮʘ ʥʘ ʩʦʝʜʠʥʠʪʝʣʴ-

ʥʦʡ ʘʨʤʘʪʫʨʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʤʝʥʷʪʴ ʵʣʘʩʪʠʯʥʦʩʪʴ (ʟʘʪʚʝʨʜʝʚʘʪʴ) ʥʘ ʤʦʨʦʟʝ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʥʝʧʣʦʪʥʦʤʫ ʧʨʠʣʝʛʘʥʠʶ ʚ ʦʙʣʘʩʪʠ ʢʨʝʧʣʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʧʦʪʝʨʝ ʦʛ-

ʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ. ɺʩʝ ʵʪʠ ʤʘʥʠʧʫʣʷʮʠʠ ʟʘʥʠʤʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘ 

ʫʩʪʨʘʥʝʥʠʝ ʠ ʟʘʤʝʥʫ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʦʝʚʳʭ 

ʜʝʡʩʪʚʠʡ ʧʦ ʪʫʰʝʥʠʶ ʧʦʞʘʨʦʚ. 

ʇʨʠ ʵʪʦʤ ʦʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʧʦʞʘʨʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʚʦʜʦʠʩʪʦʯ-

ʥʠʢ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʘʢʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʜʨʘʟʜʝ-

ʣʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ [1, 2]. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʧʘʩʘ ʚʦ-

ʜʳ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʧʦʞʘʨʥʳʭ ʤʘʰʠʥʘʭ, ʟʘʯʘʩʪʫʶ ʭʚʘʪʘʝʪ ʣʠʰʴ ʥʘ 8-10 ʤʠʥʫʪ ʠʥ-

ʪʝʥʩʠʚʥʦʡ ʧʦʜʘʯʠ ʦʛʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ (ʆʊɺ), ʯʪʦ ʨʝʜʢʦ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ 

ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʞʘʨʘ. 

                                                 
  É ʇʦʣʦʩʘ ɹ.ɸ., ʉʘʨʘʝʚ ʀ.ɺ., 2025 
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ʇʦʜʘʯʘ ʆʊɺ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷ-

ʶʪʩʷ ʚ ʚʠʜʝ ʛʠʙʢʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʆʊɺ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ (ʨʠʩʫʥʦʢ 1). ʈʫʢʘʚʘ ʠʤʝʶʪ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʧʦʞʘʨʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʢʦʤʤʫʥʠʢʘʮʠʷʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ [3]. 
 

 

 

 

 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʥʘʧʦʨʥʦʛʦ  

ʧʦʞʘʨʥʦʛʦ ʨʫʢʘʚʘ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʞʘʨʥʳʝ ʨʫʢʘʚʘ ʠʟʛʦʪʦʚʣʷʶʪʩʷ ʠʟ ʧʨʦʧʠʪʘʥʥʦʛʦ ʩʧʝʮʠʘʣʴʥʳʤ 

ʩʦʩʪʘʚʦʤ ʙʨʝʟʝʥʪʘ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʢʘʥʠ ʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʥʝ 

ʤʝʥʝʝ 1,0 ʄʇʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʦʪ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ (ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʢʠʩʣʦʪ, ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ) ʨʫʢʘʚʘ 

ʤʦʛʫʪ ʠʤʝʪʴ ʨʝʟʠʥʦʚʦʝ ʠʣʠ ʧʦʣʠʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ ʠʟʥʫʪʨʠ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʘʨʤʠʨʦʚʘ-

ʥʠʝ (ʦʧʣʸʪʢʫ) ʠ/ʠʣʠ ʧʦʣʠʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ ʩʥʘʨʫʞʠ [4]. 

ɼʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʧʦʞʘʨʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ (ʛʠʜʨʘʥʪʘʤ, ʨʘʟʚʝʪʚʣʝʥʠʷʤ, 

ʛʠʜʨʦʵʣʝʚʘʪʦʨʘʤ, ʧʝʥʦʛʝʥʝʨʘʪʦʨʘʤ, ʩʪʚʦʣʘʤʠ ʪ.ʜ.) ʠ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʨʫʢʘʚʘ 

ʠʤʝʶʪ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʛʦʣʦʚʢʠ (ʨʠʩ. 2). ɼʠʘʤʝʪʨʳ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʛʦʣʦʚʦʢ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʠ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʦʞʘʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʩʝ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʛʦʣʦʚʢʠ ʠʤʝʶʪ ʚ ʩʝʙʝ ʨʝʟʠʥʦʚʳʝ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʢʦʣʴʮʘ (ʧʨʦ-

ʢʣʘʜʢʠ).  
 

 

 

 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ  

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ 

 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʩʪʦ ʢʨʝʧʣʝʥʠʷ ʧʦʞʘʨʥʦʛʦ ʨʫʢʘʚʘ ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʘʨʤʘ-

ʪʫʨʝ ï ɻ ʪʦ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʡ ʵʣʝʤʝʥʪ ʨʫʢʘʚʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʦʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʝʪ-

ʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʥʝʰʥʠʤ ʥʘʛʨʫʟʢʘʤ (ʨʠʩ. 3). 
 

 

ʈʠʩ. 3. ɼʝʬʦʨʤʠʨʦʚʘʥʥʳʡ  

ʧʦʞʘʨʥʳʡ ʨʫʢʘʚ 
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ʈʠʩ. 4. ʇʦʞʘʨʥʳʡ ʨʫʢʘʚ  

ʩ ʪʝʨʤʦʫʩʘʜʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ  

(çʣʘʪʝʢʩʥʳʤ ʯʝʭʣʦʤè)  

ʥʘ ʤʝʩʪʝ ʢʨʝʧʣʝʥʠʷ ʨʫʢʘʚʘ  

ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʘʨʤʘʪʫʨʳ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʱʠʱʘʪʴ ʤʝ-

ʩʪʦ ʢʨʝʧʣʝʥʠʷ ʨʫʢʘʚʘ ʢ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʘʨʤʘʪʫʨʝ ʪʝʨʤʦʫʩʘʜʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʤʝʩʪʝ ʩʦʝʜʠʥʝʥʠʷ ʨʫʢʘʚʘ ʩ ʧʦʣʫʛʘʡʢʦʡ ʙʫʜʝʪ ʟʘʢʨʳʪ çʣʘʪʝʢʩʥʳʤ 

ʯʝʭʣʦʤè, ʢʦʪʦʨʳʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʛʠʙʦʚ (ʨʠʩ. 4). 

ʊʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʟʘʤʝʥʫ ʩʪʘʥʜʘʨʪʥʳʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʨʝʟʠ-

ʥʦʢ ʥʘ ʧʦʣʫʛʘʡʢʘʭ (ʨʠʩ. 5). ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʟʚʦʣʷʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʸʞ-

ʥʦʩʪʴ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦ-

ʞʘʨʥʳʭ ʨʘʩʯʸʪʦʚ ʠ ʫʤʝʥʴʰʠʪ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʠ ʟʘʤʝʥʫ ʥʝʠʩ-

ʧʨʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

 
 

ʈʠʩ. 5. ʉʪʘʥʜʘʨʪʥʳʝ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʢʦʣʴʮʘ ʠ ʧʨʝʜʣʘʛʘʝʤʳʝ ʜʣʷ ʟʘʤʝʥʳ 

 

 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʦʪʝʨʠ ʵʣʘʩʪʠʯʥʦʩʪʠ (ʟʘʤʝʨʟʘʥʠʷ) ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʢʦʣʝʮ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʤʝʥʝ ʨʝʟʠʥʦʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 5, ʥʘ ʠʟʜʝʣʠʷ ʠʟ ʧʦʣʠʫʨʝ-

ʪʘʥʘ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʫʩʪʦʡʯʠʚ ʢ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʙʦʣʝʝ ʤʷʛʢʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʣʦʪʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʯʪʦ ʨʝʰʘʝʪ ʥʘʰʫ ʟʘʜʘʯʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʩ ʧʦʞʘʨʥʳʤʠ ʨʫʢʘʚʘʤʠ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʦʩʥʘʱʝʥʠʝ ʤʝʩʪʘ ʢʨʝʧʣʝʥʠʷ ʨʫʢʘʚʦʚ ʪʝʨʤʦʫʩʘʜʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (çʣʘʪʝʢʩ-

ʥʳʤ ʯʝʭʣʦʤè). ʊʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʤʝʥʠʪʴ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʨʝʟʠʥʢʠ ʥʘ ʧʦʣʫʛʘʡ-

ʢʘʭ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʟʚʦʣʷʪ ʫʣʫʯʰʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ, 

ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʞʘʨʥʳʭ ʨʘʩʯʸʪʦʚ ʠ ʫʤʝʥʴʰʠʪ 

ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʠ ʟʘʤʝʥʫ ʥʝʠʩʧʨʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʇʨʠʢʘʟ ʄʏʉ ʈʦʩʩʠʠ ʦʪ 26 ʦʢʪʷʙʨʷ 2017 ʛ. ˉ 472 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʦʨʷʜʢʘ 

ʧʦʜʛʦʪʦʚʢʠ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳè. 

2. ʇʨʠʢʘʟ ʄʏʉ ʈʦʩʩʠʠ ʦʪ 20 ʦʢʪʷʙʨʷ 2017 ʛ. ˉ 452 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʋʩʪʘʚʘ ʧʦʜ-
ʨʘʟʜʝʣʝʥʠʡ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳè 
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3. ʇʨʠʢʘʟ ʄʏʉ ʈʦʩʩʠʠ ʦʪ 01.10.2020 ˉ 737 çʆʙ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ ʄʠʥʠʩʪʝʨʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʜʝʣʘʤ 

ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ, ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ ʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʩʪʠʭʠʡʥʳʭ 

ʙʝʜʩʪʚʠʡè 

4. ɻʆʉʊ 34779-2021 çʊʝʭʥʠʢʘ ʧʦʞʘʨʥʘʷ. ʈʫʢʘʚʘ ʧʦʞʘʨʥʳʝ ʥʘʧʦʨʥʳʝ. ʆʙʱʠʝ ʪʝʭ-

ʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡè. 

 

 

ʋɼʂ 66.047 
ʈʳʙʘʢʦʚ ʅ.ɸ., ʇʫʯʢʦʚ ʇ.ɺ. ʂ ʚʦʧʨʦʩʫ ʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ 

 

ʅ.ɸ. ʈʳʙʘʢʦʚ, ʇ.ɺ. ʇʫʯʢʦʚ   
ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 

 
ʂ ɺʆʇʈʆʉʋ ʆ ʄʆɼɽʈʅʀɿɸʎʀʀ ʇʆɼʒɽʄʅʆ-ʊʈɸʅʉʇʆʈʊʅʓʍ 

ʋʉʊʈʆʁʉʊɺ ɼʃʗ ʇʈʆɺɽɼɽʅʀʗ ʈɽʄʆʅʊɸ  

ʀ ʆɹʉʃʋɾʀɺɸʅʀʗ ʇʆɾɸʈʅʆʁ ʊɽʍʅʀʂʀ 

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʨʝʤʦʥʪʘ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ɺʦ-ʧʝʨʚʳʭ, 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʝʤʦʥʪʘ 

ʪʝʭʥʠʢʠ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʦʞʘʨʥʳʭ ʩʣʫʞʙ. ɺʦ-ʚʪʦʨʳʭ, ʩʦʚʨʝʤʝʥ-

ʥʳʝ ʧʦʜʲʝʤʥʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʤʠʥʠ-

ʤʠʟʠʨʫʷ ʨʠʩʢ ʪʨʘʚʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʤʦʥʪ, ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʤʦʜʝʨʥʠʟʘʮʠʷ, ʪʝʭ-

ʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʚʦʣʥʦʚʘʷ ʧʝʨʝʜʘʯʘ 
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ON THE ISSUE OF MODERNIZATION OF LIFTING  

AND TRANSPORT DEVICES FOR REPAIR AND MAINTENANCE  

OF FIRE FIGHTING EQUIPMENT  

 

  
Abstract:  this article discusses an engineering and technical solution for the modernization 

of lifting and transport devices. The modernization of lifting and transport equipment for the re-

pair of fire trucks is an extremely important task. Firstly, modern technologies can significantly 

speed up the process of diagnostics and repair of equipment, which is critically important for the 

efficiency of fire services. Secondly, modern lifts provide safer working conditions for specialists, 

minimizing the risk of injury.  

Keywords: repair, lifting and transport device, modernization, maintenance,  

wave transmission 

 
ʀʟʥʦʩ ʧʘʨʢʘ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ ʠ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ. 

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʤʥʦʛʠʝ ʤʘʰʠʥʳ ʪʝʨʷʶʪ ʩʚʦʶ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ, ʯʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʚʳʧʦʣʥʝʥʠʷ ʩʧʘʩʘ-
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ʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʤʦʥʪʘ ʪʝʭʥʠʢʠ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴ-

ʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʈʝʛʫʣʷʨʥʳʝ ʧʨʦʚʝʨʢʠ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʪʢʘʟʦʚ ʪʝʭʥʠʢʠ. ʀʩʧʨʘʚʥʘʷ ʪʝʭʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ ʨʝʘʛʠʨʦ-

ʚʘʪʴ ʥʘ ʚʳʟʦʚʳ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʚʦʟʛʦʨʘʥʠʷʤʠ ʠ ʘʚʘʨʠʷʤʠ. ɺ ʫʩʣʦ-

ʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʟʦʚʦʚ ʚʘʞʥʦ, ʯʪʦʙʳ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 

ʠʤʝʣʠ ʜʦʩʪʫʧ ʢ ʥʘʜʝʞʥʦʡ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʠʢʝ, ʩʧʦʩʦʙʥʦʡ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ 

ʬʫʥʢʮʠʠ ʥʘ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʤʦʥʪ ʪʝʭʥʠʢʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝ-

ʤʦʡ ʯʘʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʣʫʞʙʳ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʨʝʤʦʥʪʘ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠ-

ʣʝʡ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ɺʦ-ʧʝʨʚʳʭ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷ-

ʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʝʤʦʥʪʘ ʪʝʭʥʠʢʠ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʦ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʦʞʘʨʥʳʭ ʩʣʫʞʙ. ɺʦ-ʚʪʦʨʳʭ, ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʲʝʤʥʠʢʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʤʠʥʠʤʠʟʠʨʫʷ 

ʨʠʩʢ ʧʦʣʫʯʝʥʠʷ ʪʨʘʚʤ.  

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷ-

ʥʠʝ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʠʚ ʧʨʦʚʦʜʠʪʴ ʧʣʘ-

ʥʦʚʳʝ ʨʝʤʦʥʪʳ ʜʦ ʧʦʷʚʣʝʥʠʷ ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞ-

ʥʦʩʪʴ ʪʝʭʥʠʢʠ, ʥʦ ʠ ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʝʸ ʩʣʫʞʙʳ. 

  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʚʥʝʜʨʝʥʠʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʲʝʤ-

ʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʨʠʩʫ-

ʥʦʢ), ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʩʧʝʮʠʬʠ-

ʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʨʝʤʦʥʪʘ ʧʦʞʘʨ-

ʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʨʝʰʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʪ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʟ-

ʤʝʥʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

 

ʈʠʩʫʥʦʢ. ʆʜʥʦʙʘʣʦʯʥʳʡ ʤʠʥʠ ʢʦʟʣʦʚʦʡ ʢʨʘʥ  

ʩ ʨʫʯʥʳʤ ʧʦʜʲʝʤʦʤ ʛʨʫʟʦʚ 

ʊʘʢʞʝ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʥʦʚʠʟʥʳ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʠ ʩʥʠʟʠʪʴ 

ʪʨʫʜʦʟʘʪʨʘʪʳ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʩʦʟʜʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʩʬʝʨʝ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʦʜʝʨʥʠʟʘʮʠʠ: 

- ʫʣʫʯʰʝʥʠʝ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩʠʩʪʝʤʳ ʧʦʚʦʨʦʪʥʳʭ ʢʦʣʝʩ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʚ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʛʘʨʘʞʘ. 

- ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʟʘʤʝʥʦʡ ʨʫʯʥʦʛʦ 

ʧʦʜʲʝʤʘ ʛʨʫʟʦʚ ʥʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʧʠʪʘʥʠʷ. 
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- ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘ ʩʯʝʪ ʧʝʨʝʩʤʦʪʨʘ ʜʠʟʘʡʥʘ ʛʨʫʟʦʧʦʜʲʝʤʥʦʛʦ ʤʝ-

ʭʘʥʠʟʤʘ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʚʝʩʘ, ʯʪʦ ʫʣʫʯʰʠʪ ʤʘʥʝʚʨʝʥʥʦʩʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʦʣʝʝ ʣʝʛʢʠʭ ʠ ʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʧʣʘʚʦʚ), ʪʘʢʠʭ ʢʘʢ ʘʣʶʤʠʥʠʡ (ʠ ʝʛʦ ʩʧʣʘʚʳ) 

ʠʣʠ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

- ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʲʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʜʘʪʯʠʢʦʚ ʧʨʝʚʳʰʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʩʠʩʪʝʤ ʘʚʘʨʠʡʥʦʡ ʦʩʪʘʥʦʚʢʠ, ʢʦ-

ʪʦʨʳʝ ʙʫʜʫʪ ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʦʧʝʨʘʪʦʨʘ ʦ ʧʝʨʝʛʨʫʟʢʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʦʜʲʝʤʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʚ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʤ ʛʘʨʥʠʟʦʥʝ ʠ ʧʨʦʜʣʠʪʴ ʩʨʦʢ 

ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʧʝʨʝʜʚʠʞʥʘʷ ʩʪʦʡʢʘ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʢʦʣʝ-

ʩʘʤʠ-ʨʦʣʠʢʘʤʠ ʦʙʣʘʜʘʝʪ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʮʠʦʥʘʨ-

ʥʦʡ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʧʦʟʚʦʣʷʷ ʣʝʛʢʦ ʧʝʨʝ-

ʤʝʱʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʘʙʦʪʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʨʫʟʦʚ. 

ʕʪʦ ʦʩʦʙʝʥʥʦ ʫʜʦʙʥʦ ʚ ʧʦʤʝʱʝʥʠʷʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, 

ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʯʘʩʪʘʷ ʧʝʨʝʥʘʩʪʨʦʡʢʘ. ɺʦ-ʚʪʦʨʳʭ, ʧʝʨʝʜʚʠʞʥʳʝ ʩʪʦʡʢʠ ʟʘʥʠʤʘʶʪ 

ʤʝʥʴʰʝ ʤʝʩʪʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʯʪʦ ʫʚʝʣʠ-

ʯʠʚʘʝʪ ʠʭ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʯʘʩʪʦ ʣʝʛʯʝ ʚ ʫʩʪʘʥʦʚʢʝ ʠ ʜʝʤʦʥʪʘʞʝ, 

ʯʪʦ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʠ ʫʩʠʣʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ. ʅʘʢʦʥʝʮ, ʤʦʙʠʣʴʥʦʩʪʴ ʧʝʨʝ-

ʜʚʠʞʥʳʭ ʩʪʦʝʢ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ, ʯʪʦ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ʇʝʨʝʜʚʠʞ-

ʥʳʝ ʩʪʦʡʢʠ ʠʤʝʶʪ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʙʣʦʢʠʨʦʚʢʠ ʢʦʣʝʩ ʠ ʩʪʘʙʠʣʠʟʘ-

ʪʦʨʳ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʝ ʦʧʨʦʢʠʜʳʚʘʥʠʝ ʠʣʠ ʜʚʠʞʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ. 

ɿʘʤʝʥʘ ʨʫʯʥʦʛʦ ʧʦʜʲʝʤʘ ʛʨʫʟʦʚ ʥʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ ð ʵʪʦ ʨʝ-

ʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʦ ʠ ʧʦʚʳʩʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʠ ʢʦʤʬʦʨʪ ʨʘʙʦʪʳ. ʃʝʙʝʜʦʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʫʩʠʣʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʜʲʝʤʘ ʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʪʷʞʝʩʪʝʡ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʜʲʝʤʘ ʛʨʫʟʘ ʜʦʩʪʘ-

ʪʦʯʥʦ ʙʦʣʴʰʦʡ ʤʘʩʩʳ, ʯʪʦ ʦʙʣʝʛʯʠʪ ʪʨʫʜ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ ʯʘʩʪʠ, 

ʢʦʪʦʨʳʝ ʦʙʩʣʫʞʠʚʘʶʪ ʧʦʞʘʨʥʳʝ ʘʚʪʦʤʦʙʠʣʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʭʘʥʠʟʤ ʣʝʙʝʜʦʯʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʇʉʏ ˉ 55 ʌɻʂʋ ç26 ʦʪʨʷʜ ʌʇʉ ɻʇʉ ɻʋ ʄʏʉ ʈʦʩʩʠʠ ʧʦ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠè, 

ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦ-

ʥʦʤ ʨʘʟʚʠʚʘʝʤʳʭ ʤʦʤʝʥʪʦʚ ʠ ʩʢʦʨʦʩʪʝʡ, ʢʦʛʜʘ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤ ʙʦʣʴʰʦʡ ʢʨʫʪʷ-

ʱʠʡ ʤʦʤʝʥʪ, ʥʦ ʤʘʣʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ, ʘ ʟʘʪʝʤ ʤʘʣʳʡ ʤʦʤʝʥʪ ʠ ʙʦʣʴʰʘʷ ʩʢʦ-

ʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʘ ʦʜʥʦʙʘʣʦʯʥʳʡ ʤʠʥʠ ʢʦʟʣʦʚʦʡ ʢʨʘʥ ʩ ʨʫʯʥʳʤ ʧʦʜʲʝʤʦʤ ʛʨʫ-

ʟʦʚ ʩʤʦʥʪʠʨʦʚʘʪʴ ʚ ʦʧʦʨʘʭ ʩʪʦʝʢ ʧʣʘʪʬʦʨʤʳ ʪʨʦʩʦʚʳʡ ʙʘʨʘʙʘʥ ʠ ʚʦʣʥʦʚʦʡ ʨʝʜʫʢʪʦʨ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩʦʦʩʥʦ ʩ ʧʦʩʣʝʜʥʠʤ ʠ ʚʢʣʶʯʘʶʱʠʡ ʧʣʫʥʞʝʨʥʳʡ ʚʦʣʥʦʦʙʨʘʟʦʚʘʪʝʣʴ 

ʩ ʪʨʫʙʯʘʪʳʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʤ. ʉʦʟʜʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʦʪʩʣʝʞʠʚʘʶʱʠʡ ʜʠʩʢ, ʠ ʤʦʤʝʥʪʥʦ-

ʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʬʨʠʢʮʠʦʥʥʦʡ ʚʦʣʥʦʚʦʡ ʧʝʨʝʜʘʯʝʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʨʝʩʥʫʶ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʫʶ ʠʥʞʝʥʝʨʥʫʶ ʟʘʜʘʯʫ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʫʶ ʠʟ ʵʪʠʭ ʪʝʭ-

ʥʦʣʦʛʠʡ, ʠʭ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʝʜʠʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʉʢʦʨʦʩʪʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤ ʢʨʫʪʷʱʝʤ ʤʦʤʝʥʪʝ. ʆʥʠ ʭʦʨʦʰʦ 
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ʧʦʜʭʦʜʷʪ ʜʣʷ ʫʩʪʨʦʡʩʪʚ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʙʳʩʪʨʦʝ ʜʚʠʞʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʘʭ ʧʝ-

ʨʝʜʘʯʠ ʠʣʠ ʤʝʭʘʥʠʟʤʘʭ ʫʧʨʘʚʣʝʥʠʷ. ʆʪʩʣʝʞʠʚʘʶʱʠʡ ʜʠʩʢ ð ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʦʤ-

ʧʦʥʝʥʪ, ʢʦʪʦʨʳʡ ʦʪʩʣʝʞʠʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʠʣʠ ʧʦʣʦʞʝʥʠʝ ʜʨʫʛʠʭ ʯʘʩʪʝʡ ʤʘʰʠʥʳ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʪʦʯʥʦʩʪʴ ʠ ʙʳʩʪʨʫʶ ʨʝʘʢʮʠʶ ʥʘ ʢʦʤʘʥʜʳ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢ, ʦʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʪʦʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʝʤ ʠ ʩʢʦʨʦʩʪʴʶ. 

ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ: 

1. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ. ʆʙʲʝʜʠʥʝʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʬʨʠʢʮʠʦʥʥʦʡ ʚʦʣ-

ʥʦʚʦʡ ʧʝʨʝʜʘʯʝʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ - ʦʪ 

ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʜʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʦʤʝʥʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʦʙʭʦ-

ʜʠʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʘʜʘʧʪʠʨʫʷʩʴ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

2. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʉʢʦʨʦʩʪʥʦʡ ʜʚʠʛʘʪʝʣʴ ʤʦʞʝʪ ʦʙʝʩ-

ʧʝʯʠʚʘʪʴ ʙʳʩʪʨʫʶ ʨʝʘʢʮʠʶ ʥʘ ʢʦʤʘʥʜʳ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʤʝʥʪʥʳʡ ʜʚʠ-

ʛʘʪʝʣʴ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʩʠʣʫ ʜʣʷ ʧʦʜʲʝʤʘ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʷʞʝʣʳʭ 

ʛʨʫʟʦʚ. ʕʪʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

3. ʉʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʜʝʪʘʣʠ. ʌʨʠʢʮʠʦʥʥʘʷ ʚʦʣʥʦʚʘʷ ʧʝʨʝʜʘʯʘ ʤʦʞʝʪ ʵʬ-

ʬʝʢʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʠʟʥʦʩ ʜʝʪʘʣʝʡ, ʫʚʝʣʠʯʠʚʘʷ 

ʩʨʦʢ ʩʣʫʞʙʳ ʢʦʥʩʪʨʫʢʮʠʠ. 

4. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʝʨʝʛʨʫʟʢʘʤ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʦʡ ʢ ʧʝʨʝʛʨʫʟʢʘʤ ʠʣʠ ʫʜʘʨʘʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʙʦʣʝʝ ʥʘʜʝʞʥʦʡ ʚ ʩʣʦʞʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʝʤʦʥʪʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʚ ʵʢʩʪʨʝʥʥʳʭ ʩʠ-

ʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʢʘʞʜʘʷ ʤʠʥʫʪʘ ʥʘ ʩʯʝʪʫ. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʝ ʧʦʜʲʝʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʩʥʠʞʘʷ ʨʠʩʢ ʪʨʘʚʤ ʠ ʧʦʚʳʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 
1. ʇʨʠʢʘʟ ʄʏʉ ʈʦʩʩʠʠ ʦʪ 1 ʦʢʪʷʙʨʷ 2020 ʛ. ˉ 737 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʈʫʢʦʚʦʜʩʪʚʘ ʧʦ 
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ʉ ʕʂʉʊʈɽʄɸʃʔʅʆ-ʅʀɿʂʀʄʀ ʊɽʄʇɽʈɸʊʋʈɸʄʀ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʘʚʪʦʤʦʙʠʣʴ-

ʥʳʭ ʰʠʥ ʚ ɿʘʧʦʣʷʨʴʝ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʸ ʩʚʦʡʩʪʚʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶ-

ʱʠʝ ʫʭʫʜʰʝʥʠʶ ʩʚʦʡʩʪʚ ʨʝʟʠʥʳ, ʚʢʣʶʯʘʷ ʛʝʨʤʝʪʠʯʥʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʩʮʝʧʣʝʥʠʝ ʩ 

ʜʦʨʦʛʦʡ. ʊʘʢʞʝ ʠʟʫʯʘʶʪʩʷ ʤʝʪʦʜʠʢʠ ʘʜʘʧʪʘʮʠʠ ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʢ ʵʢʩʪʨʝʤʘʣʴ-

ʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶ-

ʱʠʝ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʨʝʟʠʥʳ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʘʚʪʦʤʦʙʠʣʠʩʪʦʚ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦ-

ʙʠʣʴʥʦʡ ʨʝʟʠʥʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʩʪʨʝʤʷ-

ʱʠʭʩʷ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʚʦʝʛʦ ʘʚʪʦʤʦʙʠʣʷ ʚ ʫʩʣʦ-

ʚʠʷʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ. 
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ANALYSIS OF TIRE RELIABILITY IN AREAS WITH EXTREMELY  

LOW TEMPERATURES 

 
Abstract: The article provides a detailed analysis of changes in the properties of automo-

bile tires in the Arctic, where negative temperatures prevail, which have a significant impact on its 

properties. The main factors contributing to the deterioration of rubber properties, including tight-

ness, wear resistance and traction, are considered. Methods of adapting rubber products to extreme 

operating conditions are also being studied. The article presents research data confirming the cor-

relation between climatic conditions and the physico-mechanical properties of rubber, and also 

offers recommendations for motorists on the operation of automotive rubber. The results of the 

study may be useful for consumers seeking to ensure the safety and efficiency of their car in the 

Far North. 

Keywords: detailed analysis, automobile tires, Arctic, climate, properties of rubber prod-

ucts.  
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʯʝʣʦʚʝʢ ʥʝ ʤʦʞʝʪ ʩʝʙʝ ʧʨʝʜʩʪʘʚʠʪʴ ʞʠʟʥʴ ʙʝʟ ʘʚʪʦʤʦʙʠ-

ʣʝʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʘʰʠʥʘ ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʥʳʭ ʫʟʣʦʚ, ʦʜʥʦʡ ʠʟ ʥʝʤʘʣʦ ʚʘʞʥʳʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʘʚʪʦʤʦʙʠʣʷ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʨʝʟʠʥʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʣʘʚʥʦʝ ʜʚʠʞʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ, ʝʛʦ ʧʦʜʨʝʩʩʦʨʠʚʘʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠ-

ʞʝʥʠʷ ʠ ʧʝʨʝʜʘʯʫ ʚʩʝʭ ʥʘʛʨʫʟʦʢ ʦʪ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʜʦʨʦʛʫ. ɺʩʝ ʤʳ ʟʘʜʫʤʳʚʘʣʠʩʴ ʦ 

ʪʦʤ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʦʚʝʜʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ɿʘʜʫʤʳʚʘʣʠʩʴ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. ɺʩʝ ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ.  ɸʚʪʦʤʦ-

ʙʠʣʴʥʘʷ ʰʠʥʘ ð ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʣʝʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦ-

ʙʦʡ ʫʧʨʫʛʫʶ ʨʝʟʠʥʦ-ʤʝʪʘʣʣʦ-ʪʢʘʥʝʚʫʶ ʦʙʦʣʦʯʢʫ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʥʘ ʦʙʦʜ ʜʠʩʢʘ. 

ʅʘʧʨʠʤʝʨ, ʚ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ, ʘʚʪʦʤʦʙʠʣʷʭ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʣʝʛʢʦʚʳʭ ʘʚ-

ʪʦʤʦʙʠʣʷʭ ʜʣʷ ʩʚʷʟʠ ʩ ʜʦʨʦʛʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʰʠʥʳ ʩ ʚʳʩʦʢʦʡ ʠʟʥʦ-

ʩʦʩʪʦʡʢʦʩʪʴʶ, ʭʦʨʦʰʠʤ ʩʮʝʧʣʝʥʠʝʤ ʩ ʣʶʙʳʤ ʪʠʧʦʤ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ (ʨʠʩ.1).   

ʆʜʥʘʢʦ ʚʦʟʥʠʢʘʶʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ 

ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦ-ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ.  ʇʝʨʚʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʦʪʝʨʷ 

ʵʣʘʩʪʠʯʥʦʩʪʠ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʮʝʧʣʝʥʠʠ ʩ ʜʦʨʦʛʦʡ (ʨʠʩ. 2). ʕʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʦʨʤʦʟʥʦʛʦ ʧʫʪʠ ʠ ʧʦʚʳʰʝʥʥʦʤʫ ʨʠʩʢʫ ʘʚʘʨʠʡ. ʊʘʢ ʞʝ ʚ 

ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʰʠʥʳ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʡ ʩʪʦʷʥʢʝ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʚʣʠʷʝʪ ʥʘ ʠʭ ʛʝʦʤʝʪʨʠʶ ʠ ʨʘʙʦʪʦʩʧʦʦʙʥʦʩʪʴ. 

ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʰʠʥʘʭ ʤʦʞʝʪ ʧʦʥʠʞʘʪʴʩʷ, ʯʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. ʉ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʦʯʝʥʴ ʩʠʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʨʝʟʠʥʳ, ʧʨʠʯʝʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʝ-

ʪʘʣʝʡ ʠʟ ʥʝʝ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ ʫʤʝʥʴʰʘʝʪʩʷ.   

 

  
 

ʈʠʩ. 1. ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʰʠʥʘ  

ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ  

ʵʢʩʧʣʫʘʪʘʮʠʠ  

 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʧʦʪʝʨʠ  

ʵʣʘʩʪʠʯʥʦʩʪʠ ʨʝʟʠʥʳ  

ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

 
ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 3, ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʠʥʳ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʨʘʩʪʝʪ, ʘ ʵʣʘʩʪʠʯʥʦʩʪʴ ʧʘʜʘʝʪ ʠ ʧʨʠ - 80Áʉ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʡ ʥʫʣʶ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʨʝʟʠʥʳ, ʫʚʝʣʠʯʠʚʘʶʱʘʷʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ (ʨʠʩ. 3), ʜʦʩʪʠʛʘʝʪ ʧʨʠ - 80Áʉ ʧʨʠ-

ʤʝʨʥʦ ʪʘʢʦʛʦ ʞʝ ʟʥʘʯʝʥʠʷ, ʢʘʢʦʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʤʝʝʪ ʩʦʚʝʨʰʝʥʥʦ ʣʠ-

ʰʝʥʥʳʡ ʵʣʘʩʪʠʯʥʦʩʪʠ ʵʙʦʥʠʪ. 
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ůz  

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ Ůz ʨʝʟʠʥʳ ʠʟ ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʘʫʯʫʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʵʣʘʩʪʠʯʥʦʩʪʠ ʨʝʟʠʥʳ, ʢʦʪʦʨʘʷ ʧʦ ʤʝʨʝ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ-

ʙʣʠʞʘʝʪʩʷ ʧʦ ʭʨʫʧʢʦʩʪʠ ʢ ʵʙʦʥʠʪʫ. ʋʞʝ ʧʨʠ - 4 Áʉ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʦʨ-

ʪʘ ʨʝʟʠʥʳ ʥʝ ʩʧʦʩʦʙʥʳ ʦʙʨʘʪʠʤʦ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʝʜʝʣʘʭ, ʠ ʪʦʣʴ-

ʢʦ ʚʫʣʢʘʥʠʟʘʪʦʨ ʥʘ ʙʘʟʝ ʩʧʝʮʠʘʣʴʥʳʭ ʤʦʨʦʟʦʩʪʦʡʢʠʭ ʢʘʫʯʫʢʦʚ ʩʦʭʨʘʥʷʶʪ ʪʨʝʙʫʶ-

ʱʫʶʩʷ ʵʣʘʩʪʠʯʥʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -50Áʉ ʠ ʥʠʞʝ. ʀʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʟʠʥʦʚʳʝ 

ʠʟʜʝʣʠʷ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʪʨʝʙʫʶʪ ʢ ʩʝʙʝ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʦʩʪʦʨʦʞʥʦʛʦ ʦʙ-

ʨʘʱʝʥʠʷ. 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʦʩʪʦʨʦʞʥʦʤʫ ʦʙʨʘʱʝʥʠʶ ʧʨʠ ʟʠʤʥʝʡ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʜʝʪʘʣʷʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʙʝʥʟʦ- ʠ ʤʘʩʣʦʩʪʦʡʢʦʡ ʨʝ-

ʟʠʥʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʦʡ ʨʝʟʠʥʦʡ ʦʥʘ ʦʙʣʘʜʘʝʪ ʧʦʥʠʞʝʥʥʦʡ ʤʦʨʦʟʦʩʪʦʡʢʦ-

ʩʪʴʶ, ʠ ʧʦʵʪʦʤʫ ʫʞʝ ʧʨʠ - 20 Áʉ ʠʟʜʝʣʠʷ ʠʟ ʥʝʝ ʩʪʘʥʦʚʷʪʩʷ ʭʨʫʧʢʠʤʠ. ɺʘʞʥʦ ʧʨʦ-

ʛʨʝʚʘʪʴ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʰʠʥʳ, ʩʠʣʴʥʦ ʦʭʣʘʜʠʚʰʠʝʩʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʩʪʦʷʥʢʝ ʠʣʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʦʩʪʘʥʦʚʢʝ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʤʦʨʦʟʝ. ʊʘʢʦʝ ʥʘʛʨʝʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʩʘʤʦ ʧʦ ʩʝʙʝ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʟʘ ʩʯʝʪ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʪʝʧʣʦ ʵʥʝʨʛʠʠ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʝʢʘʪʳʚʘʶʱʠʭʩʷ ʰʠʥ (ʨʠʩ. 4). 

 

 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ  

ʚ ʰʠʥʝ tʐ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʙʝʛʘ Űʧʨ: 

1 ð ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ;  

2 ð ʧʨʠ ʜʘʚʣʝʥʠʠ, ʧʦʥʠʞʝʥʥʦʤ  

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʦʡ ʥʘ 30 % 
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ʆʜʥʘʢʦ ʧʝʨʚʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʢʦʣʝʩʘ ʩ ʤʝʩʪʘ ʭʦʣʦʜʥʳʝ ʰʠʥʳ 

ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʵʣʘʩʪʠʯʥʦʩʪʴ ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʨʝʞʜʝ-

ʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʴʰʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ (ʨʠʩ. 5).  

 

 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʝʪʘʣʝʡ ʰʠʥʳ t h 

ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʙʝʛʘ Űʧʨ  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ:  

1 ð ʚ ʢʘʤʝʨʝ;  

2 ð ʚ ʧʣʝʯʝʚʦʡ ʯʘʩʪʠ ʰʠʥʳ 

 

 
ʇʦʵʪʦʤʫ ʩʥʘʯʘʣʘ ʘʚʪʦʤʦʙʠʣʴ ʜʦʣʞʝʥ ʜʚʠʛʘʪʴʩʷ ʩ ʥʝʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦ 

ʥʘʠʙʦʣʝʝ ʨʦʚʥʳʤ ʫʯʘʩʪʢʘʤ ʤʝʩʪʥʦʩʪʠ ʠʣʠ ʜʦʨʦʛʠ, ʠʟʙʝʛʘʪʴ ʢʨʫʪʳʭ ʧʦʚʦʨʦʪʦʚ, ʨʝʟ-

ʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʠ ʪ. ʜ. ɺʩʝ ʨʝʟʠʥʦʚʳʝ ʜʝʪʘʣʠ ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝ, ʢʦʪʦʨʳʝ ʜʝʬʦʨ-

ʤʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ, ʥʫʞʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʟʠʤʦʡ ʧʦʜʦʛʨʝʚʘʪʴ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʧʨʝʜʩʪʘʚʠʤ ʥʝʩʢʦʣʴʢʦ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ: 

1. ɺʩʝ ʨʝʟʠʥʦʚʳʝ ʜʝʪʘʣʠ ʥʝʦʙʭʦʜʠʤʦ ʝʞʝʜʥʝʚʥʦ ʧʨʦʚʝʨʷʪʴ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʧʦ-

ʚʨʝʞʜʝʥʠʡ. ʂʨʘʡʥʝ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʪʨʝʱʠʥʳ ʥʘ ʰʠʥʘʭ çʦʜʝʨʝʚʝ-

ʥʝʥʠʝè ʜʝʪʘʣʝʡ ʠ ʜʘʞʝ ʠʭ ʧʦʣʥʦʝ ʨʘʩʩʳʧʘʥʠʝ, ʘ ʣʝʜ ʥʘ ʜʦʨʦʛʘʭ ð ʧʨʠʚʝʩʪʠ ʢ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʶ ʧʦʨʝʟʦʚ ʠ ʚʳʟʚʘʪʴ ʘʚʘʨʠʡʥʫʶ ʩʠʪʫʘʮʠʶ. 

2. ʉʣʝʜʫʝʪ ʥʘʢʘʯʠʚʘʪʴ ʰʠʥʳ ʞʝʣʘʪʝʣʴʥʦ ʚ ʦʙʦʛʨʝʚʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ, ʫʯʠʪʳ-

ʚʘʷ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʊʘʢ ʢʘʢ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʛʘʟ ʠʤʝʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʞʠʤʘʪʴʩʷ, ʰʠʥʳ ʩʣʝʜʫʝʪ ʩʣʝʛʢʘ ʧʝ-

ʨʝʢʘʯʘʪʴ, ʯʪʦʙʳ ʥʘ ʤʦʨʦʟʝ ʦʥʠ ʦʙʨʝʣʠ ʥʦʨʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ. ʇʝʨʝʜ ʧʦʝʟʜʢʦʡ ʧʦʩʣʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʩʪʦʷʥʢʠ ʩʣʝʜʫʝʪ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ çʧʦʢʘʪʘʪʴè ʘʚʪʦʤʦʙʠʣʴ ʚʟʘʜ-

ʚʧʝʨʝʜ. ɼʣʠʪʝʣʴʥʦ ʢʦʥʪʘʢʪʠʨʫʶʱʘʷ ʩ ʛʨʫʥʪʦʤ ʨʝʟʠʥʘ ʦʪ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠʦʙʨʝʪʘʝʪ ʧʣʦʩʢʫʶ ʬʦʨʤʫ, ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʪʦʨʦʡ ʧʦʪʨʝʙʫʝʪʩʷ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ ʠ ʧʣʘʚʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ. 

3. ʈʝʛʫʣʷʨʥʦ ʧʨʦʚʝʨʷʡʪʝ ʜʘʚʣʝʥʠʝ ʚ ʰʠʥʘʭ ʩ ʧʦʤʦʱʴʶ ʤʘʥʦʤʝʪʨʘ ʠ ʫʙʝʜʠʪʝʩʴ, 

ʯʪʦ ʦʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʚʘʰʝʛʦ ʘʚʪʦʤʦʙʠʣʷ. ɺʦ ʚʨʝʤʷ 

ʩʠʣʴʥʳʭ ʭʦʣʦʜʦʚ ʧʦʜʫʤʘʡʪʝ ʦ ʪʦʤ, ʯʪʦʙʳ ʥʝʤʥʦʛʦ ʫʚʝʣʠʯʠʪʴ ʜʘʚʣʝʥʠʝ ʚ ʰʠʥʘʭ, ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʧʘʜʦʚ, ʚʳʟʚʘʥʥʳʭ ʭʦʣʦʜʥʦʡ ʧʦʛʦʜʦʡ. 

4. ɿʠʤʥʠʝ ʰʠʥʳ ʚʤʝʩʪʝ ʩ ʢʦʣʝʩʥʳʤʠ ʜʠʩʢʘʤʠ ʩʣʝʜʫʝʪ ʨʝʛʫʣʷʨʥʦ ʤʳʪʴ, ʯʪʦʙʳ 

ʫʜʘʣʠʪʴ ʛʨʷʟʴ ʠ ʚʨʝʜʥʳʝ ʜʦʨʦʞʥʳʝ ʨʝʘʛʝʥʪʳ. ʇʨʠ ʵʪʦʤ ʣʫʯʰʝ ʩʨʘʟʫ ʥʝ ʚʳʝʟʞʘʪʴ ʥʘ 

ʩʠʣʴʥʳʡ ʤʦʨʦʟ, ʯʪʦʙʳ ʚʦʜʘ ʚ ʤʠʢʨʦʪʨʝʱʠʥʘʭ, ʨʘʩʰʠʨʷʷʩʴ, ʥʝ ʧʦʨʪʠʣʘ ʨʝʟʠʥʫ ʠ ʟʘ-

ʱʠʪʥʳʡ ʩʣʦʡ ʥʘ ʜʠʩʢʘʭ. ʇʦʤʦʯʴ ʤʦʛʫʪ ʩʧʝʮʠʘʣʴʥʳʝ ʩʦʩʪʘʚʳ-ʢʦʥʜʠʮʠʦʥʝʨʳ ʜʣʷ ʧʦ-

ʢʨʳʰʝʢ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʶʪ ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ ʦʙʨʘʟʫʶʪ ʪʦʥʢʫʶ ʟʘʱʠʪʥʫʶ ʧʣʝʥʢʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝ-

ʮʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʭʦʣʦʜʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʵʣʘʩʪʠʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʰʠʥ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ 
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ʚʘʞʥʦ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ 

ʧʨʦʪʝʢʪʦʨʫ: ʝʛʦ ʜʠʟʘʡʥ ʠ ʛʣʫʙʠʥʘ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʩʮʝʧʣʝʥʠʝ ʩ ʜʦʨʦ-

ʛʦʡ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʭʦʣʦʜʘ ʢʨʘʡʥʝ ʚʘʞʥʦ ʫʯʠ-

ʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʠʥ ʠ ʚʳʙʠʨʘʪʴ ʤʦʜʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʫʩʣʦʚʠʷʤ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʠʤ-

ʥʠʭ ʰʠʥ ʧʦʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʟʘʱʠʪʠʪ ʚʦʜʠʪʝʣʝʡ ʦʪ ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʦʚ ʥʘ ʜʦʨʦʛʝ. 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʈʆʊʆʈʅʆɻʆ  

ʀ ʇʆʈʐʅɽɺʆɻʆ ɼɺʀɻɸʊɽʃɽʁ ɺʅʋʊʈɽʅʅɽɻʆ ʉɻʆʈɸʅʀʗ  
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʪʦʨ-

ʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʰʥʝʚʳʤ ʜʚʠʛʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ. ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʩʪʘʪʴʠ ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʨʦʪʦʨʥʦʛʦ ʜʚʠ-

ʛʘʪʝʣʷ, ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴ-

ʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʠʭ ʪʠʧʦʚ 
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ʜʚʠʛʘʪʝʣʝʡ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʦʜʥʠʤʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦ ʙʫʜʫʱʝʤ ʨʦʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʩʚʝʪʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ ʘʵʨʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. ʉʪʘʪʴʷ ʙʫʜʝʪ ʧʦʣʝʟʥʘ ʜʣʷ ʠʥʞʝʥʝʨʦʚ, ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘ-

ʣʠʩʪʦʚ ʠ ʚʩʝʭ, ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʪʦʨʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪ-

ʢʠ, ʪʝʭʥʦʣʦʛʠʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. 

 
O.A. Smirnova, P.V. Puchkov 

 
COMPARATIVE ANALYSIS OF ROTARY  

AND RECIPROCATING INTERNAL COMBUSTION ENGINES  

 
Annotation:  This article discusses the distinctive features of a rotary internal combustion 

engine compared to a reciprocating internal combustion engine. The first part of the article de-

scribes the basic principles of operation of a rotary engine, its design features and advantages. Af-

ter a comparative analysis of the efficiency, reliability and performance of both types of engines. 

In conclusion, questions are raised about the future of rotary engines in the light of current trends 

in environmental friendliness and energy efficiency in automotive and aerospace technology. The 

article will be useful for engineers, students of technical specialists and anyone interested in the 

development of internal combustion engine technologies. 

Keywords: rotary engine, characteristics, advantages and disadvantages, technology of in-

ternal combustion engines. 

 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʠ ʜʨʫʛʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ ʜʚʠʛʘʪʝʣʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʦʙʭʦʜʠʤʫʶ ʤʦʱʥʦʩʪʴ 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʘʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʜʚʘ ʥʘʠʙʦʣʝʝ ʠʟ-

ʚʝʩʪʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ð ʵʪʦ ʨʦʪʦʨʥʳʝ ʠ ʧʦʨʰʥʝʚʳʝ ʜʚʠʛʘʪʝʣʠ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʦʙ-

ʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʧʨʠʥʮʠʧʘʤʠ ʨʘʙʦʪʳ ʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ. ɸʥʘʣʠʟ 

ʨʦʪʦʨʥʦʛʦ ʠ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʧʦʤʦʞʝʪ ʧʦʥʷʪʴ ʠʭ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʪʘʢʞʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʨʘʟʣʠʯʠʡ 

ʧʦʤʦʞʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦ ʦʮʝʥʠʪʴ, ʢʘʢʠʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʈʦ-

ʪʦʨʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʠʤʝʥʫʝʪʩʷ ʢʘʢ ʜʚʠʛʘʪʝʣʝʤ ɺʘʥʢʝʣʷ, ʢʘʢ ʠ ʙʦʣʝʝ 

ʧʨʠʚʳʯʥʳʝ ʥʘʤ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʤʦʪʦʨʳ, ʦʪʥʦʩʠʪʩʷ ʢ ʜʚʠʛʘʪʝʣʷʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘ-

ʥʠʷ, ʭʦʪʷ ʠ ʥʝ ʧʦʭʦʞ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʨʰʥʝʚʳʝ ʘʛʨʝʛʘʪʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʩʪʨʦʡʩʪʚʦ ʜʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʚʘʣʫ ʨʦʪʦʨ 

ʞʸʩʪʢʦ ʩʦʝʜʠʥʸʥ ʩ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʦʤ, ʢʦʪʦʨʦʝ ʚʭʦʜʠʪ ʚ ʟʘʮʝʧʣʝʥʠʝ ʩ ʥʝʧʦʜʚʠʞʥʦʡ 

ʰʝʩʪʝʨʥʸʡ ʩʪʘʪʦʨʘ. ɼʠʘʤʝʪʨ ʨʦʪʦʨʘ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʜʠʘʤʝʪʨ ʰʝʩʪʝʨʥʠ ʩʪʘʪʦʨʘ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʨʦʪʦʨ ʩ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʦʤ ʦʙʢʘʪʳʚʘʝʪʩʷ ʚʦʢʨʫʛ ʰʝʩʪʝʨʥʠ. ʂʘʞʜʘʷ 

ʠʟ ʚʝʨʰʠʥ ʪʨʸʭʛʨʘʥʥʦʛʦ ʨʦʪʦʨʘ ʩʦʚʝʨʰʘʝʪ ʜʚʠʞʝʥʠʝ ʧʦ ʵʧʠʪʨʦʭʦʠʜʘʣʴʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʮʠʣʠʥʜʨʘ, ʠ ʦʪʩʝʢʘʶʪ ʧʝʨʝʤʝʥʥʳʝ ʦʙʲʸʤʳ ʢʘʤʝʨ ʚ ʮʠʣʠʥʜʨʝ ʩ ʧʦʤʦʱʴʶ ʪʨʸʭ 

ʨʘʜʠʘʣʴʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ð ʘʧʝʢʩʦʚ. 
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ʈʠʩ. 1. ʆʩʥʦʚʥʳʝ ʜʝʪʘʣʠ ʈʇɼ: 

1 ï ʵʢʩʮʝʥʪʨʠʢʦʚʳʡ ʚʘʣ; 2 ï ʨʦʪʦʨ ʩ ʰʝʩʪʝʨʥʝʡ; 3 ï ʢʦʨʧʫʩ;  

4 ï ʥʝʧʦʜʚʠʞʥʘʷ ʰʝʩʪʝʨʥʷ; 5 ï ʙʦʢʦʚʘʷ ʢʨʳʰʢʘ.  

 

 

ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʣʶʙʦʡ 4-ʪʘʢʪʥʳʡ ʮʠʢʣ. ʈʦʪʦʨʥʳʡ, 

ʘ ʪʦʯʥʝʝ ð ʨʦʪʦʨʥʦ-ʧʦʨʰʥʝʚʦʡ ʜʚʠʛʘʪʝʣʴ (ʈʇɼ) ʨʘʙʦʪʘʝʪ ʥʘ ʙʝʥʟʠʥʝ, ʠʤʝʝʪ ʚ ʩʚʦʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ, ʦʭʣʘʞʜʝʥʠʷ, ʟʘʞʠʛʘʥʠʷ ʩʦ ʩʚʝʯʘʤʠ, ʠ ʧʠʪʘʥʠʷ ð ʩ 

ʬʦʨʩʫʥʢʘʤʠ, ʘ ʨʘʥʴʰʝ ʠ ʩ ʢʘʨʙʶʨʘʪʦʨʦʤ. ɺʩʝ ʦʥʠ ʧʦʭʦʞʠ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʨʰ-

ʥʝʚʳʝ ʜʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. 

ʉʝʨʜʮʝʤ ʨʦʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʪʘ ʞʝ ʜʝʪʘʣʴ, ʯʪʦ ʜʘʸʪ ʝʤʫ ʥʘʟʚʘʥʠʝ, ð 

ʨʦʪʦʨ. ʆʥ ʚ ʈʇɼ ʬʘʢʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʧʦʨʰʥʝʡ ʚʤʝʩʪʝ ʩ ʰʘʪʫʥʘʤʠ. ʉʜʝʣʘʥ 

ʨʦʪʦʨ ʠʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʯʫʛʫʥʘ ʠ ʚʳʛʣʷʜʠʪ ʢʘʢ ʪʨʝʫʛʦʣʴʥʠʢ ʈʝʣʦ. 

ʈʦʪʦʨ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʘʥʘʣʦʛʝ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ - ʩʪʘʪʦʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦ-

ʙʦʡ ʢʘʤʝʨʫ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ. ʇʨʘʚʠʣʴʥʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʬʦʨʤʳ ʥʘʟʳʚʘʝʪʩʷ 

ʵʧʠʪʨʦʭʦʠʜʘ. ʇʨʠʥʮʠʧʦʤ ʜʘʥʥʦʡ ʢʘʤʝʨʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʪʨʠ ʚʝʨʰʠʥʳ ʨʦʪʦʨʘ ʚ 

ʣʶʙʦʡ ʤʦʤʝʥʪ ʝʛʦ ʜʚʠʞʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩʦ ʩʪʝʥʢʦʡ ʢʘʤʝʨʳ. ʊʦ ʝʩʪʴ ʤʝʞʜʫ 

ʩʪʦʨʦʥʘʤʠ ʨʦʪʦʨʘ ʠ ʢʘʤʝʨʦʡ ʚʩʝʛʜʘ ʦʩʪʘʶʪʩʷ ʧʦʣʦʩʪʠ, ʥʝ ʩʦʦʙʱʘʶʱʠʝʩʷ ʜʨʫʛ ʩ ʜʨʫ-

ʛʦʤ. ɸ ʥʘ ʚʝʨʰʠʥʘʭ ʨʦʪʦʨʘ ʠʤʝʶʪʩʷ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʧʣʘʩʪʠʥʢʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʛʝʨʤʝʪʠʯʥʦʝ ʧʨʠʣʝʛʘʥʠʝ ʢ ʢʦʨʧʫʩʫ. 

ʈʦʪʦʨ ʚ ʈʇɼ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʦʜʠʥ, ʘ ʙʦʣʴʰʝ. ɺʤʝʩʪʝ ʩʦ ʩʪʘʪʦʨʘʤʠ ʦʥʠ ʨʘʩʧʦ-

ʣʘʛʘʶʪʩʷ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ, ʠ ʚʩʝ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʵʢʩʮʝʥʪʨʠʢʦʚʦʤ ʚʘʣʫ ð ʘʥʘʣʦʛʦʤ ʷʚ-

ʣʷʝʪʩʷ ʢʦʣʝʥʚʘʣ ʚ ʧʦʨʰʥʝʚʳʭ ʜʚʠʛʘʪʝʣʷʭ. ʇʨʠ ʵʪʦʤ ʨʦʪʦʨʳ ʥʝ ʧʨʦʩʪʦ ʚʨʘʱʘʶʪʩʷ, ʘ 

ʜʚʠʛʘʶʪʩʷ ʚʥʫʪʨʠ ʢʘʤʝʨ ʧʦ ʦʩʦʙʦʡ ʪʨʘʝʢʪʦʨʠʠ. ɺ ʮʝʥʪʨʝ ʨʦʪʦʨʘ ʠʤʝʝʪʩʷ ʦʪʚʝʨʩʪʠʝ ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʰʝʩʪʝʨʥʸʡ, ʢʦʪʦʨʘʷ ʩʦʚʝʨʰʘʝʪ ʦʙʦʨʦʪ ʚʦʢʨʫʛ ʩʪʘʮʠʦʥʘʨʥʦʡ (ʥʝʧʦʜʚʠʞ-

ʥʦʡ) ʰʝʩʪʝʨʥʠ ʥʘ ʙʦʢʦʚʦʡ ʩʪʝʥʢʝ ʢʘʤʝʨʳ. 

ʄʝʭʘʥʠʟʤ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʚʘʣ ʠ ʢʣʘʧʘʥʳ ʚ ʜʘʥʥʦʤ 

ʜʚʠʛʘʪʝʣʠ ʟʘʤʝʥʝʥʳ ʚʧʫʩʢʥʳʤʠ ʠ ʚʳʧʫʩʢʥʳʤʠ ʦʢʥʘʤʠ ʚ ʙʦʢʦʚʳʭ ʠʣʠ ʪʦʨʮʝʚʳʭ 

ʩʪʝʥʢʘʭ ʢʦʨʧʫʩʘ. ɺ ʤʦʤʝʥʪ ʜʚʠʞʝʥʠʷ ʨʦʪʦʨ ʚ ʥʫʞʥʳʝ ʤʦʤʝʥʪʳ ʦʪʢʨʳʚʘʝʪ ʠ ʟʘʢʨʳ-

ʚʘʝʪ ʩʦʙʦʡ ʚʧʫʩʢʥʳʝ ʠ ʚʳʧʫʩʢʥʳʝ ʦʢʥʘ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʚʠ-

ʛʘʪʝʣʷ ɺʘʥʢʝʣʷ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʚʠʛʘʪʝʣʷ ɺʘʥʢʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
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ʈʠʩ. 2. ʉʪʘʜʠʠ ʨʘʙʦʪʳ ʨʦʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

 

 
ʊʘʙʣʠʮʘ. ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʚʠʛʘʪʝʣʷ ɺʘʥʢʝʣʷ 

 

ɼʦʩʪʦʠʥʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʄʘʣʝʥʴʢʠʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʘ ʜʚʠʛʘʪʝʣʷ. ɺ 

ʨʦʪʦʨʥʦʤ ʜʚʠʛʘʪʝʣʝ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʜʝʪʘ-

ʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʧʦʨʰʥʝʚʳʤ ð 

ʟʜʝʩʴ ʥʝʪ ʤʘʩʩʠʚʥʦʛʦ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ, 

ʧʦʨʰʥʝʡ ʩ ʰʘʪʫʥʘʤʠ, ʧʨʠʚʦʜʘ ɻʈʄ. 

ʋʩʪʨʦʡʩʪʚʦ ʨʦʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝ-

ʣ ̫ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʦʨʰʥʝʚʳʤʠ ʤʦʪʦʨʘʤʠ. ɺʩʸ ʧʦʪʦʤʫ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚʳʩʦʢʦʦʙʦʨʦʪʥʦʛʦ ʨʦʪʦʨ-

ʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʪʦʧʣʠʚʦ ʯʘʩʪʦ ʥʝ ʫʩʧʝʚʘʝʪ 

ʧʦʣʥʦʩʪʴʶ ʩʛʦʨʝʪʴ. 

ʍʦʨʦʰʘʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ. 

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʈʇɼ ʚ ʥʸʤ ʥʝʪ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʝʪʘʣʝʡ. ʈʘʙʦʪʘ 

ʨʦʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʵʪʦʤʫ ʝʱʸ ʠ ʪʠʰʝ, 

ʯʝʤ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦ-

ʨʘʥʠʷ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʤʘʩʣʘ. ɼʣʷ ʩʤʘʟʢʠ 

ʫʧʣʦʪʥʝʥʠʡ ʦʧʨʝʜʝʣʸʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦ-

ʪʦʨʥʦʛʦ ʤʘʩʣʘ ʧʦʧʘʜʘʝʪ ʚ ʨʘʙʦʯʫʶ ʧʦʣʦʩʪʴ ʠ 

ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ, 

ʩʛʦʨʘʷ ʚʤʝʩʪʝ ʩ ʥʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʘʢʠʭ ʤʦ-

ʪʦʨʘʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʥʳʝ ʤʘʩʣʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʤʠʥʠ-

ʤʫʤ ʥʘʛʘʨʘ. 

ɹʳʩʪʨʦʝ ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷ-

ʱʝʛʦ ʤʦʤʝʥʪʘ. ɽʩʣʠ ʫ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʤʦʱʥʦʩʪʴ ʥʘ ʢʦʣʝʥʚʘʣ ʦʪ ʦʜʥʦʛʦ ʧʦʨʰʥʷ 

ʧʝʨʝʜʘʸʪʩʷ ʪʦʣʴʢʦ ʚ ʪʝʯʝʥʠʝ ʝʛʦ ʧʦʣʫʦʙʦʨʦ-

ʪʘ (180 ʛʨʘʜʫʩʦʚ), ʪʦ ʫ ʨʦʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʛʦ ʨʘʙʦʪʳ ʵʪʦ ʞʝ 

ʜʣʠʪʩʷ ʧʦʨʷʜʢʘ Ĳ ʦʙʦʨʦʪʘ ʚʘʣʘ (270 ʛʨʘʜʫ-

ʩʦʚ) 

ʉʢʣʦʥʥʦʩʪʴ ʢ ʧʝʨʝʛʨʝʚʫ. ʅʘʤʥʦʛʦ ʩʠʣʴʥʝʝ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʥʘʛʨʝʚʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʨʰʥʝʚʳʤʠ. ʏʘʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʛʜʝ ʧʨʦʪʝʢʘ-

ʶʪ ʪʘʢʪʳ ʚʧʫʩʢʘ ʠ ʩʞʘʪʠʷ, ʭʦʣʦʜʥʝʝ, ʯʝʤ ʚ 

ʯʘʩʪʠ, ʛʜʝ ʧʨʦʭʦʜʷʪ ʪʘʢʪʳ ʩʛʦʨʘʥʠʷ ʠ ʚʳʧʫʩ-

ʢʘ. 

ɺʳʩʦʢʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʨʘʙʦʯʝʤ 

ʦʙʲʸʤʝ. 

ʄʘʣʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʝʨʚʠʩʦʚ. 

ʈʇɼ ʤʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ 

ʤʥʦʛʦ ʥʶʘʥʩʦʚ ʧʨʠ ʨʝʤʦʥʪʝ. 
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ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʨʦʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʪ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʩʛʦʨʘʥʠʷ ʷʚʣʷʝʪʩʷ: 

1. ʂʦʣʠʯʝʩʪʚʦ ʜʚʠʞʫʱʠʭ ʯʘʩʪʝʡ. ɺ ʧʦʨʰʥʝʚʦʤ ʜʚʠʛʘʪʝʣʝ ʧʦʜʚʠʞʥʳʭ ʜʝʪʘ-
ʣʝʡ ʙʦʣʝʝ 40: ʰʘʪʫʥʳ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʚʘʣ, ʢʣʘʧʘʥʳ, ʢʦʨʦʤʳʩʣʘ, ʟʫʙʯʘʪʳʡ 

ʨʝʤʝʥʴ, ʰʝʩʪʝʨʥʠ, ʢʦʣʝʥʯʘʪʳʡ ʚʘʣ ʠ ʧʦʨʰʥʠ. ɺ ʨʦʪʦʨʥʦʤ ʜʚʠʛʘʪʝʣʝ ʪʦʣʴʢʦ ʪʨʠ 

ʜʚʠʞʫʱʠʝʩʷ ʯʘʩʪʠ: ʨʦʪʦʨʳ ʠ ʚʳʭʦʜʥʦʡ ʚʘʣ. 

2. ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʜʝʪʘʣʝʡ. ɺ ʧʦʨʰʥʝʚʦʤ ʜʚʠʛʘʪʝʣʝ ʜʝʪʘʣʠ ʤʝʥʷʶʪ 
ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠ ʚʨʘʱʝʥʠʠ, ʘ ʚ ʨʦʪʦʨʥʦʤ ʦʥʠ ʧʦʩʪʦʷʥʥʦ ʜʚʠʞʫʪʩʷ ʚ ʦʜʥʦʤ ʠ ʪʦʤ 

ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ.  

3. ʇʨʦʮʝʩʩ ʩʛʦʨʘʥʠʷ. ʇʦʨʰʥʝʚʦʡ ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʟʘ ʪʘʢʪ 
ʩʞʠʛʘʝʪ ʧʨʠʤʝʨʥʦ 80 % ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ, ʘ ʨʦʪʦʨʥʳʡ 

ʜʚʠʛʘʪʝʣʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʞʠʛʘʝʪ ʪʦʣʴʢʦ 70 %. 

4. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʳʩʦʢʠʤ ʦʙʦʨʦʪʘʤ. ʈʦʪʦʨʥʳʡ ʜʚʠʛʘʪʝʣʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ 
ʢ ʚʳʩʦʢʠʤ ʦʙʦʨʦʪʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʛʦʥʷʪʴ ʘʚʪʦʤʦʙʠʣʴ ʥʘ ʥʠʟʰʠʭ ʧʝʨʝʜʘʯʘʭ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʥʘ ʥʠʭ ʩʢʦʨʦʩʪʝʡ ʙʝʟ ʧʝʨʝʛʨʫʟʢʠ ʜʚʠʛʘʪʝʣʷ. 

ʆʙʘ ʪʠʧʘ ʜʚʠʛʘʪʝʣʝʡ ʠʤʝʶʪ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʇʦʨʰʥʝʚʳʝ ʜʚʠʛʘʪʝʣʠ ʜʦʢʘʟʘʣʠ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʤʥʦʛʠʭ ʣʝʪ, ʦʩʪʘʚʘʷʩʴ ʦʩʥʦʚʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ. ʆʜʥʘ-

ʢʦ ʨʦʪʦʨʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʢʦʤʧʘʢʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʝʥʴʰʝʤʫ ʢʦʣʠ-

ʯʝʩʪʚʫ ʧʦʜʚʠʞʥʳʭ ʜʝʪʘʣʝʡ ʠ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ, ʦʙʣʘʜʘʶʪ ʧʦ-

ʪʝʥʮʠʘʣʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʥʳʭ ʩʬʝʨʘʭ, ʪʘʢʠʭ ʢʘʢ ʩʧʦʨʪʠʚʥʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʣʝʛ-

ʢʠʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʠ ʜʘʞʝ ʚ ʢʘʯʝʩʪʚʝ ʜʨʦʥʦʚ. ɹʫʜʫʱʝʝ ʨʦʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʠʭ ʪʦʧʣʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʜʥʳʭ ʚʳʙʨʦ-

ʩʦʚ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʠ-

ʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʦʪʦʨʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʢʦʣʦʛʠʠ ʠ ʫʩʪʦʡʯʠʚʦʡ ʤʦʙʠʣʴʥʦʩʪʠ 

ʨʦʪʦʨʥʳʝ ʜʚʠʛʘʪʝʣʠ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʚʪʦʨʦʝ ʜʳʭʘʥʠʝ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʠʭ ʘʜʘʧʪʠʨʦʚʘʪʴ 

ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʘʭ ʪʦʧʣʠʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʦʪʴ ʧʦʨʰʥʝʚʳʝ ʜʚʠʛʘʪʝʣʠ ʩʝʛʦʜʥʷ ʟʘʥʠʤʘʶʪ ʣʠʜʠʨʫʶʱʠʝ 

ʧʦʟʠʮʠʠ, ʨʦʪʦʨʥʳʝ ʜʚʠʛʘʪʝʣʠ ʤʦʛʫʪ ʟʘʥʷʪʴ ʩʚʦʝ ʤʝʩʪʦ ʚ ʙʫʜʫʱʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, 

ʝʩʣʠ ʙʫʜʫʪ ʧʨʘʚʠʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʠ ʩʬʦʢʫʩʠʨʦʚʘʥʳ ʥʘ ʧʦʪʨʝʙʥʦʩʪʷʭ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʨʳʥʢʘ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʟʤʝʥʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʞʠʜʘʥʠʡ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʤʳ ʫʚʠʜʠʤ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʨʦʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ 

ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. 
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RESTORATION OF THREADED CONNECTION S USED IN FIRE TRUCKS 
 

Abstract:  the article is devoted to the problem of restoration of threaded connections in 

fire trucks. The work systematizes the main types of thread defects: loss of mobility, seizure, wear 

of threads, thread stripping, cracks and breaks of fasteners. Modern methods of restoration are 

considered, including mechanical methods (tapping, use of extractors, surfacing), the use of 

threaded bushings, as well as diagnostic tools (ultrasonic testing, visual inspection). The correct 

choice of thread restoration methods directly affects the reliability and performance of fire trucks. 
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ʉʦʩʪʦʷʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʞʘʨʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ. ʇʦʞʘʨʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʯʘʩʪʦ ʨʘʙʦʪʘʶʪ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ: ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ, ʘʛʨʝʩʩʠʚʥʳʝ ʩʨʝʜʳ ʤʦʛʫʪ ʧʨʠ-

ʚʝʩʪʠ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ [1, 2]. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʥʦʩ ʜʝʪʘʣʝʡ ʠ ʠʭ 

ʩʪʘʨʝʥʠʝ ʪʘʢʞʝ ʠʛʨʘʶʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʙʦʝʚʦʡ ʛʦʪʦʚʥʦʩʪʠ ʧʦʞʘʨʥʦʡ ʪʝʭ-
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ʥʠʢʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʘʩʘʝʪ ʞʠʟʥʠ ʣʶʜʝʡ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʨʘʟʨʫʰʝʥʠʷ [3]. 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ, ʙʦʣʝʝ 30 % ʧʦʣʦʤʦʢ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʫʟʣʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʟʴʙʦʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩʘ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʶʪ 

ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʪʘʢʠʝ ʨʘʙʦʪʳ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʨʘʟ-

ʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʤʥʦʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. 

ʆʩʥʦʚʥʳʤʠ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤʠ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ: ʢʦʨʨʦʟʠʷ, ʠʟ-

ʥʦʩ ʨʝʟʴʙʳ, ʜʝʬʦʨʤʘʮʠʷ ʵʣʝʤʝʥʪʦʚ, ʫʩʪʘʣʦʩʪʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʠ ʜʨ. ɺʦʟʤʦʞʥʦ ʪʘʢ ʞʝ 

ʦʩʣʘʙʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʠ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ 

ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʂʦʨʨʦʟʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʴʶ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʨʝʟʴʙʳ, ʟʘʝʜʘ-

ʥʠʶ ʠ ʟʘʪʨʫʜʥʝʥʠʶ ʩʙʦʨʢʠ ʠ ʨʘʟʙʦʨʢʠ [4, 5].  ɿʘʝʜʘʥʠʝ ʨʝʟʴʙʳ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʧʦ ʨʝʟʴʙʝ ʨʝʢʦʤʝʥʜʫʝʤʳʤ ʟʥʘʯʝʥʠʷʤ, ʧʦʧʘʜʘʥʠʝʤ 

ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ ʤʝʞʜʫ ʚʠʪʢʘʤʠ ʨʝʟʴʙʳ ʧʨʠ ʟʘʢʨʫʪʢʝ. ʀʟʥʘʰʠʚʘʥʠʝ ʚʠʪʢʦʚ ʨʝʟʴ-

ʙʳ ʩʚʷʟʘʥʦ ʜʝʤʦʥʪʘʞʝʤ ʠ ʨʝʤʦʥʪʦʤ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ.  ɼʣʷ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʥʳ ʦʙʣʦʤʳ ʙʦʣʪʦʚ (ʰʧʠʣʝʢ) ʚ ʦʪʚʝʨʩʪʠʷʭ, 

ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʕʪʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʧʨʠʤʝʨʳ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʨʝʙʫ-

ʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʚ ʠʭ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʩʧʦʩʦʙʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʟʴʙʳ 

ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ, 

ʵʢʦʥʦʤʠʯʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ. 

ʄʝʭʘʥʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ: ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʟʴʙʳ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʯʠʢ ʜʣʷ 

ʥʘʨʝʟʢʠ ʥʦʚʦʡ ʨʝʟʴʙʳ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

ʨʝʟʴʙʘ ʥʘ ʢʨʝʧʣʝʥʠʠ ʦʜʥʦʛʦ ʠʟ ʫʟʣʦʚ ʧʦʞʘʨʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʧʦʚʨʝʞʜʝʥʘ, ʪʦ ʤʘʩʪʝʨ 

ʤʦʞʝʪ ʥʘʨʝʟʘʪʴ ʥʦʚʫʶ ʨʝʟʴʙʫ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʯʠʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʤʝʨʘ. ʕʪʦʪ 

ʤʝʪʦʜ ʪʘʢʞʝ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʩʪʦʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʜʣ̫ ʫʜʘʣʝʥʠʷ ʠʟʥʦʰʝʥʥʦʡ ʯʘʩʪʠ ʨʝʟʴʙʳ.  

ʇʝʨʚʳʤ ʰʘʛʦʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʢʨʫʪʠʪʴ çʧʨʠʢʠʧʝʚʰʠʝè ʙʦʣʪʳ, ʜʣʷ ʵʪʦʛʦ ʧʨʠ-

ʤʝʥʷʶʪ ʥʘʛʨʝʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʨʝʣʦʢ ʠ ʧʨʦʯʠʭ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢ 

ʞʝ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʤʝʩʠ ʜʣʷ ʦʯʠʱʝʥʠʷ ʨʝʟʴʙʳ ʦʪ ʢʦʨʨʦʟʠʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʧʳʣʠ, ʛʨʷʟʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʨʝʟʴʙʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ [6]. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ɼʣʷ ʵʪʦʛʦ ʚʦʢʨʫʛ ʛʦʣʦʚʢʠ 

ʧʨʠʢʠʧʝʚʰʝʛʦ ʙʦʣʪʘ ʜʝʣʘʶʪ ʙʦʨʪʠʢ ʠʟ ʚʦʩʢʘ, ʧʣʘʩʪʠʣʠʥʘ ʠʣʠ ʜʨʫʛʦʛʦ ʠʥʝʨʪʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ. ɺ ʧʦʣʫʯʠʚʰʠʡʩʷ çʙʘʩʩʝʡʥè ʢʣʘʜʫʪ ʥʝʙʦʣʴʰʦʡ ʢʫʩʦʯʝʢ ʮʠʥʢʘ ʠ ʟʘʣʠʚʘʶʪ 

ʝʛʦ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ʅʘʯʠʥʘʝʪʩʷ ʨʝʘʢʮʠʷ ʛʘʣʴʚʘʥʠʟʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ 

ʨʞʘʚʯʠʥʘ ʥʘ ʙʦʣʪʝ ʨʘʟʨʫʰʘʝʪʩʷ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʚʳʢʨʫʯʠʚʘʥʠʷ 

ʨʝʟʴʙʳ ʩʯʠʪʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʪʨʘʢʪʦʨʦʚ. ʉʥʘʯʘʣʘ ʧʨʠ ʧʦʤʦʱʠ ʢʝʨʥʘ ʚ ʙʦʣʪʝ ʜʝ-

ʣʘʝʪʩʷ ʫʛʣʫʙʣʝʥʠʝ, ʩʚʝʨʣʠʪʩʷ ʦʪʚʝʨʩʪʠʝ, ʧʦʩʣʝ ʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪ ʚʩʪʘʚʣʷʝʪʩʷ ʚ ʝʛʦ 

ʮʝʥʪʨ. ʕʢʩʪʨʘʢʪʦʨ ʚʚʠʥʯʠʚʘʝʪʩʷ ʜʦ ʫʧʦʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʢʨʫʯʠʚʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʙʦʣ-

ʪʦʤ.  

  



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ɺʳʩʚʝʨʣʠʚʘʥʠʝ. ʕʪʦʪ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʫʶʪ ʪʦʣʴʢʦ ʚ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷʭ, ʪʘʢ ʢʘʢ 

ʚʝʣʠʢ ʨʠʩʢ ʧʦʚʨʝʜʠʪʴ ʨʝʟʴʙʫ. ʉʥʘʯʘʣʘ ʧʦ ʮʝʥʪʨʫ ʦʙʣʦʤʢʘ ʪʦʥʢʠʤ ʩʚʝʨʣʦʤ ʜʝʣʘʝʪʩʷ 

ʦʪʚʝʨʩʪʠʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʝʛʦ ʥʘʯʠʥʘʶʪ ʤʝʜʣʝʥʥʦ ʨʘʩʰʠʨʷʪʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʪ ʙʦʣʪʘ 

ʥʝ ʦʩʪʘʥʝʪʩʷ ʪʦʣʴʢʦ ʪʦʥʢʘʷ ʩʪʝʥʢʘ ʩ ʨʝʟʴʙʦʡ. ʆʩʪʘʚʰʠʡʩʷ ʤʝʪʘʣʣ ʘʢʢʫʨʘʪʥʦ ʣʦʤʘʝʪ-

ʩʷ ʠ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʦʪʚʝʨʩʪʠʷ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʟʴʙʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʯʠʢʘ. ʀʥʩʪʨʫʤʝʥʪ ʧʨʠʤʝʥʷʶʪ ʧʨʠ 

ʥʘʨʝʟʘʥʠʠ ʢʘʥʘʚʦʢ, ʦʙʨʘʟʫʶʱʠʭ ʥʝʦʙʭʦʜʠʤʫʶ ʛʝʦʤʝʪʨʠʶ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʤʝʪʯʠʢʦʤ 

ʥʫʞʥʦ ʩʤʘʟʘʪʴ ʝʛʦ ʤʘʩʣʦʤ, ʨʘʩʧʦʣʘʛʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʩʣʝʜʫʝʪ ʯʸʪʢʦ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʘ 

ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʝʨʠʪʴ ʨʝʟʫʣʴʪʘʪ ʢʦʥʪʨʦʣʴʥʳʤ ʙʦʣ-

ʪʦʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʚʝʨʪʳʰʘ. ʕʪʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʩ ʨʝʟʴʙʦʡ 

ʥʫʞʥʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʰʘʛʘ ʚʥʫʪʨʠ ʠ ʢʨʫʧʥʦʡ ð ʩʥʘʨʫʞʠ. ʏʪʦʙʳ ʚʦʩʩʪʘʥʦʚʠʪʴ ʨʝʟʴʙʫ, 

ʥʫʞʥʦ ʚʳʩʚʝʨʣʠʪʴ ʦʪʚʝʨʩʪʠʝ ʠ ʧʦʜʦʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʪʯʠʢ. ɺ ʦʪʚʝʨʩʪʠʝ 

ʩʪʘʚʷʪ ʚʚʝʨʪʳʰ, ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʫʩʪʠʤʦ ʩʨʝʟʘʪʴ. ɿʘ-

ʪʝʤ ʥʘ ʛʨʘʥʠʮʝ ʜʝʣʘʶʪ ʟʘʩʝʯʢʠ ʧʨʠ ʧʦʤʦʱʠ ʢʝʨʥʘ, ʯʪʦʙʳ ʚʚʝʨʪʳʰ ʥʝ ʩʤʦʛ ʚʳʢʨʫ-

ʪʠʪʴʩʷ ʠʟ ʦʪʚʝʨʩʪʠʷ.  

 ʅʘʨʝʟʘʥʠʝ ʨʝʟʮʦʤ. ɺʳʧʦʣʥʷʝʪʩʷ ʥʘ ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʘʭ ʠ ʩʪʘʥʢʘʭ ʩ ʏʇʋ. ɿʘʛʦ-

ʪʦʚʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʰʧʠʥʜʝʣʴ, ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ, ʨʝʟʴʙʦʚʦʡ ʨʝʟʝʮ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʫʧʧʦʨʪ ʩʪʘʥʢʘ. 

ʌʨʝʟʝʨʦʚʘʥʠʝ. ʉʧʝʮʠʘʣʴʥʳʝ ʨʝʟʴʙʦʬʨʝʟʝʨʦʚʘʣʴʥʳʝ ʩʪʘʥʢʠ ʧʦʟʚʦʣʷʶʪ ʥʘʨʝ-

ʟʘʪʴ ʬʨʝʟʦʡ ʚʥʫʪʨʝʥʥʠʝ ʠ ʥʘʨʫʞʥʳʝ ʨʝʟʴʙʳ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʧʦʢʩʠʜʥʦʛʦ ʢʣʝʷ. ʕʪʦʪ ʩʧʦʩʦʙ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ ʠ ʫʩʠʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚʳʩʦʢʠʤ ʥʘʛʨʫʟʢʘʤ ʠ ʚʠʙʨʘʮʠʷʤ [7]. 

ʊʘʢʞʝ ʵʧʦʢʩʠʜʥʳʡ ʢʣʝʡ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʝʩʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʝʛʦ ʨʘ-

ʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʍʦʣʦʜʥʘʷ ʩʚʘʨʢʘ. ʄʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʪʦʣʴʢʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʝʦʪʚʝʪʩʪʚʝʥʥʳʤʠ 

ʜʝʪʘʣʷʤʠ, ʥʝ ʧʦʜʚʝʨʛʘʶʱʠʤʠʩʷ ʚʳʩʦʢʠʤ ʥʘʛʨʫʟʢʘʤ ʠ ʚʠʙʨʘʮʠʷʤ. ʉʦʝʜʠʥʝʥʠʷ ʧʦʣʫ-

ʯʘʶʪʩʷ ʙʦʣʝʝ ʥʘʜʸʞʥʳʤʠ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʟʴʙ ʵʧʦʢ-

ʩʠʜʥʦʛʦ ʢʣʝʷ. 

ɿʘʤʝʥʘ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʚʨʝʞʜʝʥʠʝ ʨʝʟʴʙʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠ ʥʝ ʧʦʜʜʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʧʦʣ-

ʥʘʷ ʟʘʤʝʥʘ ʜʝʪʘʣʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʨʝʟʴʙʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʢʨʝʧʣʝʥʠʠ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʛʦ ʥʘʩʦʩʘ ʧʨʦʰʣʦ ʢʨʠʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʟʘʤʝʥʠʪʴ ʚʝʩʴ ʫʟʝʣ. 

ʕʪʦ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʥʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʥʘʜʝʞ-

ʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʘʷ ʧʨʦʚʝʨʢʘ ʩʦʩʪʦʷʥʠʷ ʨʝʟʴʙʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ ʚʳʷʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʘʚʪʦ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʩʝʨʴʝʟʥʳʝ ʧʦʣʦʤʢʠ ʚ ʙʫ-

ʜʫʱʝʤ. ʇʨʦʚʦʜʠʤʳʝ ʧʨʦʚʝʨʢʠ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ ʜʝʪʘʣʴʥʳʡ ʦʩʤʦʪʨ ʚʩʝʭ ʨʝʟʴʙʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʥʘʣʠʯʠʝ ʪʝʱʠʥ, ʢʦʨʨʦʟʠʠ ʠʣʠ ʜʨʫʛʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʫʣʴ-

ʪʨʘʟʚʫʢʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʚ ʚʳʷʚʣʝʥʠʠ ʩʢʨʳʪʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʥʝʩʦʤʥʝʥʥʦ ʪʨʝʙʫʝʪ ʢʨʦʧʦʪʣʠʚʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʨʝʘʣʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʇɸ, ʝʛʦ ʫʟʣʳ ʠ ʘʛʨʝʛʘʪʳ ʚ ʠʩʧʨʘʚ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʩʧʝʮʠʘʣʠʩʪʳ ʜʦʣʞʥʳ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʩʧʦʩʦʙ ʨʝʤʦʥʪʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʝʛʦ ʨʘ-

ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ  



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ð ʵʪʦ ʢʣʶ-

ʯʝʚʦʡ ʧʨʦʮʝʩʩ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʠ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. ʉ ʫʯʝʪʦʤ ʘʢʪʫʘʣʴʥʦʩʪʠ ʜʘʥʥʦʡ 

ʪʝʤʳ ʩʣʝʜʫʝʪ ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʟʴʙʦʚʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʝ ʧʨʦʚʝʨʢʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʜʝʨ-

ʞʠʚʘʷ ʧʦʞʘʨʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʚ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʤʳ ʦʙʝʩʧʝʯʠʚʘʝʤ ʙʦʣʝʝ ʚʳʩʦ-

ʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʢ ʜʣʷ ʧʦʞʘʨʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʛʨʘʞʜʘʥ, ʯʪʦ ʜʝʣʘʝʪ ʥʘʰʫ 

ʞʠʟʥʴ ʙʦʣʝʝ ʟʘʱʠʱʝʥʥʦʡ. 
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IMPACT STRENGTH OF SOME ALUMINUM ALLOYS USED  

IN FIRE FIGHTING EQUIPMENT  

 
Abstract:  this article examines the impact strength of aluminum-based alloys: silumin 

AK7 and duralumin D16T, used for the manufacture of fire-fighting equipment. Impact bending 

tests were performed using the Sharpie method. The impact strength of aluminum-based alloys is 

analyzed. 
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ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʩʪʨʦʝʥʠʷ. ʀʩʧʳʪʘʥʠʝ ʤʘʪʝʨʠʘ-

ʣʦʚ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ (ʤʝʪʦʜ ʐʘʨʧʠ) ʦʪʥʦʩʠʪʩʷ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʨʫʧʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʄʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʴʶ ʧʦʛʣʦʱʘʪʴ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʘʣʶ-

ʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩʦʧʨʦʪʠʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ. ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʜʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘ: ʣʠʪʝʡʥʳʡ ʩʧʣʘʚ - ʩʠʣʫʤʠʥ ʤʘʨʢʠ ɸʂ7 (ʉʦʩʪʘʚ: 

Al ð 87,6ï93,6 %, Si ð 6ï8 %, Fe ð ʜʦ 1,3 %, Cu ð ʜʦ 1,5 %, Mn ð 0,2ï0,6 %) ʠ 

ʜʝʬʦʨʤʠʨʫʝʤʳʡ ʩʧʣʘʚ - ʜʶʨʘʣʶʤʠʥʠʡ ɼ16ʊ (Al ð 90,9ï94,7 %, Cu ð 3,8ï4,9 %, 

Mg ð 1,2ï1,8 %, Mn ð 0,3ï0,9 %, Fe ð ʜʦ 0,5 % ). ɼʘʥʥʳʝ ʩʧʣʘʚʳ ʚʳʙʨʘʥʳ ʥʝ ʩʣʫ-

ʯʘʡʥʦ, ʪʘʢ ʢʘʢ ʠʟ ʵʪʠʭ ʩʧʣʘʚʦʚ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

ʠʟ ʩʠʣʫʤʠʥʘ ɸʂ7 ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʛʦʣʦʚʢʠ ʧʦʞʘʨʥʳʝ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ɻʄ-65, ɻʈ-50 ʠ 

ʪ.ʜ. (ʨʠʩ. 2ʘ), ʘ ʠʟ ʩʧʣʘʚʘ ɼ16ʊ ʣʝʩʪʥʠʮʳ ʧʦʞʘʨʥʳʝ ʰʪʫʨʤʦʚʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

                                                 
  É ʊʘʥʛʘʪʘʨʦʚ ʀ.ʌ., ʇʫʯʢʦʚ ʇ.ɺ., 2025 
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ʃʐʄ (ʨʠʩ. 2ʙ). ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʨʘʟʣʠʯʥʳ, 

ʦʩʦʙʝʥʥʦ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦʜʛʦʪʦʚ-

ʣʝʥʳ ʦʙʨʘʟʮʳ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 9454 ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ 10ʭ10 ʤʤ ʠ ʜʣʠʥʦʡ 55 ʤʤ. 

ʅʘ ʦʙʨʘʟʮʘʭ ʧʦ ʩʝʨʝʜʠʥʝ ʚʳʧʦʣʥʝʥ ʢʦʥʮʝʥʪʨʘʪʦʨ ʥʘʧʨʷʞʝʥʠʡ U-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ 

(ʨʠʩ. 1ʘ).  

ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʘʷʪʥʠʢʦʚʦʤ ʢʦʧʨʝ ʂʄ-1, ʩ ʤʦʣʦʪʦʤ ʚʝ-

ʩʦʤ 10 ʅ ʠ ʟʘʧʘʩʦʤ ʵʥʝʨʛʠʠ ʧʨʠ ʫʛʣʝ Ŭ =116Á ʨʘʚʥʳʤ 100 ʢʛʩʤ.  

 

 
ʈʠʩ. 1. ʉʪʘʥʜʘʨʪʥʳʝ ʦʙʨʘʟʮʳ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ  

(ˉ1 - ʩʠʣʫʤʠʥ ʤʘʨʢʠ ɸʂ7; ˉ2 - ʜʝʬʦʨʤʠʨʫʝʤʳʡ ʩʧʣʘʚ ɼ16ʊ):  

ʘ ï ʜʦ ʠʩʧʳʪʘʥʠʷ; ʙ ï ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ 

 

 

  

ʘ) ʙ) 
 

ʈʠʩ. 2. ʇʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

ʘ - ʛʦʣʦʚʢʘ ʧʦʞʘʨʥʘʷ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ɻʄ-65;  

ʙ - ʣʝʩʪʥʠʮʘ ʧʦʞʘʨʥʘʷ ʰʪʫʨʤʦʚʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʃʐʄ 

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ ʦʙʨʘʟʝʮ ʠʟ ʩʠʣʫʤʠʥʘ ʙʳʣ ʨʘʟʨʫʰʝʥ 

ʩʚʦʙʦʜʥʦ ʧʘʜʘʶʱʠʤ ʤʦʣʦʪʦʤ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ: ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʨʝʱʠʥʳ, ʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʩʝʯʝʥʠʶ ʦʙʨʘʟʮʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʣʦʤʘ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʛʦʣ ʧʦʜʲʝʤʘ ʤʘʷʪʥʠʢʘ ɓ=113 Á ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ 

ʦʙʨʘʟʮʘ. ɼʣʷ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʠʟ ʜʶʨʘʣʶʤʠʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʟʘʧʘ-



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʩʝʥʥʦʡ ʢʦʧʨʦʤ, ʚʟʚʝʜʝʥʥʳʤ ʥʘ ʫʛʦʣ Ŭ=116 Á ʦʢʘʟʘʣʦʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩ. 1ʙ ʦʙʨʘʟʝʮ ʠʟ ʜʶʨʘʣʶʤʠʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʣʩʷ, ʥʦ ʥʝ ʨʘʟʨʫʰʠʣʩʷ ʧʦʩʣʝ ʧʝʨʚʦʛʦ 

ʫʜʘʨʘ ʤʦʣʦʪʦʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʝʛʦ ʚʳʩʦʢʦʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ.  

 

 

ʈʠʩ. 3. ʇʦʚʝʨʭʥʦʩʪʴ ʠʟʣʦʤʘ ʦʙʨʘʟʮʦʚ:  

(ˉ1 - ʩʠʣʫʤʠʥ ʤʘʨʢʠ ɸʂ7;  

ˉ2 - ʜʝʬʦʨʤʠʨʫʝʤʳʡ ʩʧʣʘʚ ɼ16ʊ) 

 

 

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʣʦʤʘ ʦʙʨʘʟʮʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʪʦ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩʣʝʜʫʶʱʝʝ (ʨʠʩ. 3): ʫ ʦʙʨʘʟʮʘ ˉ 1 (ʩʠʣʫʤʠʥ) ʥʘʙʣʶʜʘʝʪʩʷ ʙʣʝ-

ʩʪʷʱʘʷ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʠʟʣʦʤ) ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʣʦʤʘ, ʩʪʨʦʝʥʠʝ ʠʟʣʦʤʘ ʨʫʯʴʠʩʪʦʝ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʟʦʥ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ 

ʩʧʣʘʚ ʜʦʩʪʘʪʦʯʥʦ ʭʨʫʧʢʠʡ. ʋ ʦʙʨʘʟʮʘ ˉ 2 (ʜʶʨʘʣʶʤʠʥʠʡ) ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʣʦʤʘ ʥʝ-

ʛʣʘʜʢʘʷ, ʤʘʪʦʚʘʷ, ʨʘʩʩʝʠʚʘʝʪ ʩʚʝʪ, ʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʠʩʪʦʝ, ʢʨʦʤʝ ʪʦʛʦ, ʩ 

ʣʝʚʦʡ ʠ ʩ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʦʙʨʘʟʮʘ ʥʘʙʣʶʜʘʶʪʩʷ ʟʦʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʯʝ-

ʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʉʨʘʚʥʠʚʘʷ ʟʥʘʯʝʥʠʷ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʘʣʶʤʠʥʠʷ ʠ ʩʧʣʘʚʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ (ʧʨʠ 

ʊ = 20 Áʉ): KCU (ʯʠʩʪʳʡ Al) = 140 ɼʞ/ʩʤ2 , KCU (ɼ16ʊ ʧʨʦʬʠʣʴ) = 41,2 ɼʞ/ʩʤ2
, 

KCU (ɸʂ7) = 0,6 ɼʞ/ʩʤ2 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʦʙ-

ʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʚʷʟʢʦʩʪʴʶ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʯʝʤ ʯʠʩʪʳʡ ʘʣʶʤʠʥʠʡ. ɼʘʥʥʳʡ ʬʘʢʪ 

ʩʚʷʟʘʥ ʩ ʥʘʣʠʯʠʝʤ ʚ ʩʧʣʘʚʘʭ ʘʣʶʤʠʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʥʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ. ʅʘʧʨʠʤʝʨ: ʢʨʝʤʥʠʡ ʚ ʩʦʩʪʘʚʝ 

ʩʧʣʘʚʘ ʩʠʣʫʤʠʥ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʝʛʦ ʭʨʫʧʢʦʩʪʴ. ʆʜʥʘʢʦ ʢʨʝʤʥʠʡ ʥʘʜʝʣʷʝʪ 

ʜʘʥʥʳʡ ʩʧʣʘʚ ʦʯʝʥʴ ʮʝʥʥʳʤ ʣʠʪʝʡʥʳʤ ʩʚʦʡʩʪʚʦʤ ï ʚʳʩʦʢʦʡ ʞʠʜʢʦʪʝʢʫʯʝʩʪʴʶ, ʯʪʦ 

ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʣʠʪʝʡʥʳʭ ʩʧʣʘʚʦʚ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʂʈʀʊɽʈʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʇʃɸʉʊʀʏʅʆʉʊʀ  

ʇʈʀ ʇʈʆʂɸʊʂɽ ʈɽɾʋʑʀʍ ʀʅʉʊʈʋʄɽʅʊʆɺ  

ʀɿ ɹʓʉʊʈʆʈɽɾʋʑɽʁ ʉʊɸʃʀ 
 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʨʝʞʫʱʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ (ʧʨʦʢʘʪʢʘ ʩʚʝʨʣ, ʟʝʥʢʝʨʦʚ, ʰʪʘʤʧʦʚʢʘ ʬʨʝʟ ʠ ʪ. ʜ.) ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ 

ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʂʦʥʩʪʘʪʠʨʫʝʪʩʷ, ʯʪʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʘʛʦʪʦ-

ʚʦʢ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʈ18 ʤʝʪʦʜʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʷʚʣʷ-

ʝʪʩʷ ʙʨʘʢ ʚ ʚʠʜʝ ʪʨʝʱʠʥ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥ ʤʝʪʦʜ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ 

ʢʨʫʯʝʥʠʝ ʚ ʥʘʛʨʝʪʦʤ ʩʦʩʪʦʷʥʠʠ (ʛʦʨʷʯʝʝ ʢʨʫʯʝʥʠʝ). ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʧʨʠʟʥʘʢ 

(ʙʨʘʢ ʠʣʠ ʛʦʜʥʳʡ) ʠʤʝʝʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʩʥʦʪʳ ʩʚʷʟʠ ʙʳʣʘ ʧʨʠ-

ʤʝʥʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɺ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥ-

ʥʳʭ, ʧʦʢʘʟʘʥʦ ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʦʢʘʟʘ-
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ʪʝʣʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʡ ʤʘʨʢʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʪʘʣʠ ʜʣʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʧʨʦʢʘʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʛʦʨʷʯʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʠʩʧʳʪʘʥʠʝ ʦʙʨʘʟʮʦʚ ʥʘ 

ʢʨʫʯʝʥʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ, ʢʦʨʨʝʣʷʮʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʘʩʩʦʮʠʘʮʠʠ. 

 

ɸ.V. Tokarev  
 

DETERMIN ATION OF THE CRITERION OF TECHNOLOGICAL PLASTICITY 

WHEN ROLLING CUTTING TOOLS MADE OF HIGH -SPEED STEEL 

 
Abstract:  the article discusses the technology of manufacturing blanks of cutting tools 

(rolling drills, countersinks, punching cutters, chisels, etc.) from high-speed steels by hot plas-

tic deformation. It is stated that in the manufacture of tool blanks from high-speed steel P18 by 

plastic deformation methods, defects appear in the form of cracks. The method of testing sam-

ples for torsion in a heated state (hot torsion) is recommended as a criterion. Considering that 

the effective feature (marriage or berry) has a qualitative character, correlation of qualitative 

features was used to determine the closeness of the relationship. Based on the analysis of the 

data obtained, it is shown that mathematical statistics make it possible to establish a laboratory 

indicator of the ductility of a particular brand of tool steel for a given technological operation of 

plastic rolling. 

Keywords: hot plastic deformation method, torsion testing of samples, mathematical 

statistics, correlation of qualitative characteristics, association coefficient. 

 
ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʘʛʦʪʦʚʦʢ 

ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʧʨʦʢʘʪʢʘ ʩʚʝʨʣ, ʟʝʥʢʝʨʦʚ, ʰʪʘʤʧʦʚʢʘ ʬʨʝʟ ʠ ʪ. ʜ.) ʚʳʜʚʠʥʫ-

ʣʦ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʩʪʘʣʷʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʢ ʠʭ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ 

ʛʦʨʷʯʝʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʨʘʢʪʠʢʘ ʥʘ ʥʘʰʝʤ ʧʨʝʜʧʨʠʷʪʠʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʘʛʦʪʦʚʦʢ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʈ18 ʤʝʪʦʜʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦ-

ʷʚʣʷʝʪʩʷ ʙʨʘʢ ʚ ʚʠʜʝ ʪʨʝʱʠʥ. ɺʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʤʝʪʦʜʘ ʦʧʝʨʘʪʠʚ-

ʥʦʛʦ ʢʦʥʪʨʦʣʷ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʧʦ ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʛʦʜʥʦʩʪʠ 

ʝʝ ʜʣʷ ʚʠʥʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʩʚʝʨʣ. ɼʣʷ ʵʪʦʛʦ ʥʘʜʦ ʙʳʣʦ ʥʘʡʪʠ ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ 

ʩʚʦʡʩʪʚ ʩʪʘʣʠ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʪʴ ʠ ʢʦʪʦʨʳʡ ʙʳʣ ʙʳ ʪʝʩʥʦ 

ʩʚʷʟʘʥ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʩʪʘʣʠ ʧʨʠ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʝ. 

ɹ ʣr ʚʳʙʨʘʥ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʧʦʜʨʘʟʜʝʣʝʥʠʶ ʟʘʚʦʜʘ ʤʝʪʦʜ 

ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʢʨʫʯʝʥʠʝ ʚ ʥʘʛʨʝʪʦʤ ʩʦʩʪʦʷʥʠʠ (ʛʦʨʷʯʝʝ ʢʨʫʯʝʥʠʝ). 

ɿʘ ʧʦʢʘʟʘʪʝʣʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ ʢʨʫʯʝʥʠʠ ʧʨʠʥʠʤʘʝʤ ʚʝʣʠʯʠʥʫ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʛʦ ʩʜʚʠʛʘ 

‎  , 

 

ʛʜʝ D ï ʜʠʘʤʝʪʨ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ; 

ὰ ʜʣʠʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ; 

ὲ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʦʜʥʦʛʦ ʪʦʨʮʘ ʟʘʛʦʪʦʚʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ 

ʧʨʠ ʝʛʦ ʜʝʬʦʨʤʘʮʠʠ ʜʦ ʨʘʟʨʫʰʝʥʠʷ. 

ʇʨʠ ʧʦʩʪʦʷʥʥʳʭ ʨʘʟʤʝʨʘʭ ʦʙʨʘʟʮʘ ʫʛʦʣ ʩʜʚʠʛʘ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʯʠʩʣʫ ʦʙʦʨʦ-

ʪʦʚ n, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʦʵʪʦʤʫ ʧʨʠʥʷʪʴ ʟʘ ʧʦʢʘʟʘʪʝʣʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴ-

ʥʦʡ ʦʮʝʥʢʝ ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʠ ʧʣʘʚʦʢ. 
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ʇʦʩʪʫʧʘʶʱʫʶ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ ʙʳʩʪʨʦʨʝʞʫʱʫʶ ʩʪʘʣʴ ʧʦʧʣʘʚʦʯʥʦ ʧʦʜʚʝʨʛʘʣʠ 

ʠʩʧʳʪʘʥʠʶ ʥʘ ʫʩʪʘʥʦʚʢʝ ʥʘ ʢʨʫʯʝʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (700, 800, 900, 

1000, 1100, 1150, 1200 0ʉ). ʌʠʢʩʠʨʦʚʘʣʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʣʘʚʢʠ, ʚʝʣʠʯʠʥʫ ʟʝʨʥʘ, 

ʢʘʨʙʠʜʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʮʝʥʪʨʘʣʴʥʫʶ ʨʳʭʣʦʩʪʴ, ʜʠʘʤʝʪʨ ʧʨʦʢʘʪʘ, ʘ ʪʘʢʞʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʧʨʦʢʘʪʘ ʩʚʝʨʣ ʠʟ ʜʘʥʥʦʡ ʧʣʘʚʢʠ ʩʪʘʣʠ (ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʙʨʘʢʘ ʧʦ 

ʪʨʝʱʠʥʘʤ ʧʨʠ ʧʨʦʢʘʪʢʝ). 

ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʩʥʦʪʳ ʩʚʷʟʠ ʤʝʞʜʫ ʢʘʞʜʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʦʡ ʧʣʘʚʦʢ (ʬʘʢʪʦʨʠʘʣʴʥʳʡ ʧʨʠʟʥʘʢ) [1, ʩ. 20] ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʢʘʪʘ ï ʥʘʣʠʯʠʝ 

ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʙʨʘʢʘ (ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʧʨʠʟʥʘʢ) [2, ʩ. 32]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʘʚʢʠ, 

ʠʤʝʶʱʘʷ ʥʘʠʙʦʣʝʝ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʢʘʪʘ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʘ ʢʘʢ 

ʢʨʠʪʝʨʠʡ ʜʣʷ ʦʮʝʥʢʠ ʧʨʠʛʦʜʥʦʩʪʠ ʧʣʘʚʢʠ ʜʣʷ ʧʨʦʢʘʪʘ [3, ʩ. 40]. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʧʨʠʟʥʘʢ (ʙʨʘʢ ʠʣʠ ʛʦʜʥʳʡ) ʠʤʝʝʪ ʢʘʯʝʩʪʚʝʥ-

ʥʳʡ ʭʘʨʘʢʪʝʨ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʩʥʦʪʳ ʩʚʷʟʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʧʨʠʟʥʘʢʘ ʦʪ ʢʘʞʜʦʛʦ ʠʟ ʬʘʢʪʦʨʠʘʣʴʥʳʭ ʧʨʠʟʥʘ-

ʢʦʚ (ʪʝʩʥʦʪʘ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʘʩʩʦʮʠʘʮʠʠ A, ʢʦ-

ʪʦʨʳʡ ʚʳʯʠʩʣʷʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (1). ʆʧʨʝʜʝʣʷʝʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ 

ʬʘʢʪʦʨʠʘʣʴʥʦʛʦ ʧʨʠʟʥʘʢʘ [4, ʩ. 31]. ɿʘʪʝʤ ʯʘʩʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʨʠʟʥʘʢʘ ʨʘʟʙʠʚʘ-

ʝʤ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, ʚ ʧʝʨʚʫʶ ʚʢʣʶʯʘʝʤ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʘ ʤʝʥʴʰʠʝ ʠ ʨʘʚʥʳʝ ʩʨʝʜʥʝ-

ʤʫ, ʘ ʚʦ ʚʪʦʨʫʶ - ʙʦʣʴʰʝ ʩʨʝʜʥʝʛʦ. ɼʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʧʦʜʩʯʠʪʳʚʘʝʤ ʢʦʣʠʯʝʩʪʚʦ 

ʧʣʘʚʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ (ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʙʨʘʢʘ 

ʧʨʠ ʧʨʦʢʘʪʢʝ ʩʚʝʨʣ). ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ (ʪʘʙʣ. ˉ1) ʨʘʩʩʯʠʪʳʚʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ 

ʘʩʩʦʮʠʘʮʠʠ: 

 

A= ,                                                 (1) 

 

ʛʜʝ a ʠ c ï ʢʦʣʠʯʝʩʪʚʦ ʧʣʘʚʦʢ ʩʪʘʣʝʡ, ʜʘʶʱʠʭ ʧʨʠ ʧʨʦʢʘʪʢʝ ʙʨʘʢ ʧʨʠ ʯʠʩʣʝ ʦʙʦʨʦʪʦʚ 

ʦʙʨʘʟʮʘ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ n ὲ ʠ n ὲ; 
b ʠ dïʢʦʣʠʯʝʩʪʚʦ ʧʣʘʚʦʢ ʩʪʘʣʝʡ, ʜʘʶʱʠʭ ʧʨʦʢʘʪ ʙʝʟ ʙʨʘʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ 

n ὲ ʠ n ὲ; 
 

ʊʘʙʣʠʮʘ 1. ʂʦʣʠʯʝʩʪʚʦ ʩʣʫʯʘʝʚ ʙʨʘʢʘ ʧʨʠ ʧʨʦʢʘʪʝ ʩʚʝʨʣ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

 

ʏʠʩʣʦ ʦʙʦʨʦʪʦʚ ʦʙʨʘʟʮʘ 

ʜʦ ʨʘʟʨʫʰʝʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ ʧʣʘʚʦʢ, 

ʧʨʦʢʘʪʘʥʥʳʭ ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʣʘʚʦʢ 
ʩ ʙʨʘʢʦʤ ʙʝʟ ʙʨʘʢʘ 

n χȟυχ 19 7 26 

n χȟυχ 1 18 19 

 ςπ ςυ τυ 

 
ʂʘʢ ʧʨʠʤʝʨ ʨʘʩʩʤʦʪʨʠʤ ʟʥʘʯʝʥʠʷ A ʜʣʷ ʧʦʢʘʟʘʪʝʣʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ 1100 0ʉ. 

1. ʅʘʭʦʜʠʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ n ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʦʙʨʘʟʮʘ ʜʦ ʨʘʟʨʫʰʝʥʠʷ: 
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ὲ=
В

=
ȟ
=7,57. 

 

2. ʇʦʜʩʯʠʪʳʚʘʝʤ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʪʠʡ, ʧʨʦʢʘʪʘʥʥʳʭ ʙʝʟ ʙʨʘʢʘ ʠ ʩ ʙʨʘʢʦʤ, 
ʜʣʷ n χȟυχ ʠ n χȟυχȢ 

3. ʉʦʩʪʘʚʣʷʝʤ ʢʦʤʙʠʥʘʮʠʦʥʥʫʶ ʪʘʙʣ. 1. 

4. ʈʘʩʩʯʠʪʳʚʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʩʦʮʠʘʮʠʠ 

 

A=
ᶻ ᶻ

=0,67. 

 

ʊʘʢ ʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʪʝʩʥʦʪʳ ʩʚʷʟʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʢʘʪʘ ʟʘʛʦʪʦ-

ʚʦʢ ʩ ʜʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʣʘʚʦʢ (ʪʘʙʣ. 2). 
 

ʊʘʙʣʠʮʘ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʙʨʘʢʘ ʧʨʠ ʧʨʦʢʘʪʢʝ ʩʚʝʨʣ ʠʟ ʩʪʘʣʠ ʈ18  

ʦʪ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ 

ʀʩʩʣʝʜʫʝʤʳʡ ʬʘʢʪʦʨ 
ʂʦʣʠʯʝʩʪʚʦ  

ʦʧʳʪʦʚ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʘʩʩʦʮʠʘʮʠʠ A 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ  

ʜʦ ʨʘʟʨʫʰʝʥʠʷ n 

ʇʣʘʩʪʠʯʥʦʩʪʴ  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 0ʉ: 
   

1200 31 0,35 6,81 

1150 20 0,9 6,69 

1100 45 0,67 7,57 

1000 45 0,46 7,08 

900 37 -0,19 6,08 

800 35 0,31 6,68 

700 11 -0,44 2,9 

ʂʘʨʙʠʜʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 25 -0,05 - 

ɼʠʘʤʝʪʨ ʟʘʛʦʪʦʚʢʠ 45 -0,36 - 

ʎʝʥʪʨʘʣʴʥʘʷ ʨʳʭʣʦʩʪʴ 18 -0,11 - 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʦʪ 

ʤʘʨʢʠ ʩʪʘʣʠ (ʈ18 ʠ ʈ18ʄ) 
40 0,09 - 

 
ʅʘʠʙʦʣʝʝ ʪʝʩʥʦ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʢʘʪʘ ʩʚʷʟʘʥ ʧʦʢʘʟʘʪʝʣʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1150 ʠ 11000ʉ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʜʠʥ ʠʟ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥ ʜʣʷ ʦʮʝʥʢʠ ʧʘʨʪʠʠ ʤʝʪʘʣʣʘ ʧʦ ʝʝ ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʧʨʦʢʘʪʘ ʩʚʝʨʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʮʝʥʢʠ ʧʨʠʛʦʜʥʦʩʪʠ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʈ18 ʜʘʥʥʦʡ 

ʧʣʘʚʢʠ ʜʣʷ ʚʠʥʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʳʪʘʪʴ ʦʙʨʘʟʝʮ ʥʘ ʛʦʨʷʯʝʝ ʢʨʫʯʝʥʠʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1150 ʠ 11000ʉ. ɽʩʣʠ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʙʫʜʝʪ ʙʦ-

ʣʝʝ 7,6 (ʠʣʠ 6,7), ʪʦ ʩʪʘʣʴ ʧʨʠʛʦʜʥʘ ʜʣʷ ʚʠʥʪʦʚʦʛʦ ʧʨʦʢʘʪʘ. 
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ɺʳʚʦʜʳ. 

1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʦʢʘʟʘ-
ʪʝʣʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʡ ʤʘʨʢʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʪʘʣʠ ʜʣʷ ʜʘʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʧʨʦʢʘʪʢʠ [5, ʩ. 523]. 

2. ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʜʣʷ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʈ18 ʧʦʢʘʟʘʪʝʣʴ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʚ ʚʠʜʝ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʦʙʨʘʟʮʘ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 ʠʣʠ 1150 0ʉ 

ʦʧʨʝʜʝʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʠʛʦʜʥʦʩʪʴ ʧʣʘʚʢʠ ʜʣʷ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʩʝʢ-

ʪʦʨʥʦʛʦ ʧʨʦʢʘʪʘ ʟʘʛʦʪʦʚʦʢ. 
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ɸɺʊʆʄɸʊʀʏɽʉʂʆʁ ʇʆɾɸʈʅʆʁ ʉʀɻʅɸʃʀɿɸʎʀʀ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʡ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ, 
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ʧʨʦʛʨʘʤʤʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ; ʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; ʘʚʪʦʤʘ-
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ʨʘʩʣʴ. 
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Abstracts: The article presents a software tool designed for calculating the reliability of 

automatic fire alarm systems. It discusses the prerequisites for reliability calculations, the im-

portance of this characteristic for fire automation equipment, and fire protection systems. The 

functional capabilities of the software, its workflow, and the results of the conducted analysis are 

presented. 

Keywords: probability of failure-free operation; fire safety; automatic fire alarm; reliabil-

ity of technical devices; oil and gas industry. 

 

ʉʨʦʢ ʩʣʫʞʙʳ ʠ ʥʘʜʝʞʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ. ʅʘʜʝʞʥʦʩʪʴ, ʢʘʢ ʢʦʤʧʣʝʢʩʥʦʝ ʩʚʦʡʩʪʚʦ ʫʩʪʨʦʡʩʪʚʘ, ʦʪʨʘʞʘʝʪ ʝʛʦ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʪʨʝʙʫʝʤʳʝ ʬʫʥʢʮʠʠ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥ-

ʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʳʤ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʦʪʢʘʟ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʯʝʣʦʚʝ-

ʯʝʩʢʠʝ ʞʝʨʪʚʳ, ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʠʣʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʘʪʘʩʪʨʦʬʳ. 

ɼʣʷ ʩʨʝʜʩʪʚ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ ʠ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʥʘʜʝʞ-

ʥʦʩʪʴ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝ-

ʥʠʷ, ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʞʘʨʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʱʠʪʳ ʞʠʟʥʠ ʣʶʜʝʡ ʠ ʤʘʪʝ-

ʨʠʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ. ʆʪʢʘʟ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʢʨʠʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʪʨʘʛʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʧʦʵʪʦʤʫ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʷ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʪʨʦʛʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʥʘʜʝʞʥʦʩʪʠ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʧʦʩʦʙʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ 

ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ð ʚʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʩʨʝʜʩʪʚ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ, ʢʘʢ ʠ ʜʣʷ ʣʶʙʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦ-

ʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʩʥʠʞʘʶʪʩʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʚʦ ʚʨʝʤʝʥʠ, 

ʢʦʪʦʨʘʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʵʪʘʧʘʤʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʩʨʦ-

ʢʦʤ ʩʣʫʞʙʳ ʚ ʮʝʣʦʤ [1]. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʚʦ 

ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʟʜʝʩʴ I ð ʧʝʨʠʦʜ ʧʨʠʨʘʙʦʪʢʠ, ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ 

ʤʦʥʪʘʞʘ; II ð ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ; III ð ʧʝʨʠʦʜ ʨʦʩʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ). 
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ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʠʣʠ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʨʝʜʩʪʚ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʢʘʟʘʥʥʦʛʦ ʚ ʪʝʭʥʠ-

ʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʜʘʣʴʥʝʡʰʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʘʢʠʭ ʩʨʝʜʩʪʚ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʦ-

ʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʝʞʝ-

ʛʦʜʥʦ, ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʠ ʜʦ ʟʘʤʝʥʳ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ. ʈʝʰʝʥʠʝ ʦ ʧʨʦʜʦʣʞʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʩʚʝʨʭ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʨʦ-

ʢʘ ʩʣʫʞʙʳ ʧʨʠʥʠʤʘʝʪʩʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʣʠʮʦʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝ-

ʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ɼʣʷ ʥʝʙʦʣʴʰʠʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʜʘʥʠʡ ʠ ʦʙʲʝʢʪʦʚ, ʛʜʝ ʦʪ-

ʩʫʪʩʪʚʫʶʪ ʧʦʤʝʱʝʥʠʷ ʚʳʩʦʢʦʡ ʢʘʪʝʛʦʨʠʠ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʥʝ 

ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ, ʪʘʢ ʢʘʢ ʟʘʤʝʥʘ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠʣʠ ʩʠʩʪʝʤʳ ʮʝʣʠʢʦʤ ʧʦ 

ʠʩʪʝʯʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʥʝ ʧʦʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. ʆʜʥʘʢʦ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʮʠʢʣʦʤ, ʛʜʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠʩʫʪ-

ʩʪʚʫʶʪ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʝʩʷ ʞʠʜʢʦʩʪʠ, ʛʘʟʳ, ʚʟʨʳʚʦʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʩʨʝʜʳ, 

ʚʦʧʨʦʩ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʠ ʩʨʝʜʩʪʚ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʲʝʢʪʠʚʥʦʡ 

ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʩʨʝʜʩʪʚ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [2]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʩʯʝʪ ʥʘʜʝʞʥʦʩʪʠ ʣʶʙʦʡ ʩʠʩʪʝ-

ʤʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʨʘʙʦʪʢʠ ʥʘ ʦʪʢʘʟ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʧʣʘʥʠʨʫʝʤʦʛʦ ʩʨʦʢʘ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʘ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ JupyterNote-

book ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2 [3]. 

 

 
ʈʠʩ. 2. ʌʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʘ 

 

 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʥʘʜʞʥʦʩʪʠ ʪʨʝʭ ʩʠʩʪʝʤ ʩ ʮʝʣʴʶ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ʠʣʠ ʟʘʤʝʥʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʩʣʝʜʫʝʤ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʩ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʝʝ ʣʠʥʝʡʥʳʤʠ ʧʦʞʘʨʥʳʤʠ ʠʟʚʝʱʘʪʝʣʷʤʠ (ʪʝʨʤʦʢʘʙʝʣʝʤ Protec-

towire) ʥʘ ʧʨʠʤʝʨʝ ʨʝʟʝʨʚʫʘʨʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ ʜʚʫʤʷ ʫʩʪʘʥʦʚʣʝʥʥʳ-

ʤʠ ʠʟʚʝʱʘʪʝʣʷʤʠ ʀʇ101-07ʝʤ ʠ ʣʠʥʝʡʥʳʤ ʧʦʞʘʨʥʳʤ ʠʟʚʝʱʘʪʝʣʝʤ. ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 3, ʩʠʛʥʘʣ çʇʦʞʘʨè ʧʦʩʪʫʧʘʝʪ ʥʘ ʇʂʇ ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʧʦ 

ʩʭʝʤʝ çʀʃʀè: ʣʠʙʦ ʜʚʫʭ ʠʟʚʝʱʘʪʝʣʝʡ ʀʇ101-07ʝʤ, ʣʠʙʦ ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʪʝʨʤʦ-

ʢʘʙʝʣʷ. 
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ʈʠʩ. 3. ʃʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ: 

1 ï ʧʨʠʝʤʥʦ-ʢʦʥʪʨʦʣʴʥʳʡ ʧʨʠʙʦʨ çɼʦʟʦʨ-4è; 2 ï ʤʦʜʫʣʴ ʠʥʪʝʨʬʝʡʩʥʳʡ PIM-530;  

3 ï ʣʠʥʝʡʥʳʡ ʪʝʧʣʦʚʦʡ ʠʟʚʝʱʘʪʝʣʴ Protectowire (ʪʝʨʤʦʢʘʙʝʣʴ);  

4, 5 ï ʠʟʚʝʱʘʪʝʣʴ ʧʦʞʘʨʥʳʡ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʡ ʪʝʧʣʦʚʦʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʀʇ101-07ʝʤ 

 

ɿʥʘʯʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʥʘ ʦʪʢʘʟ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʧʦ-

ʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

 
ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʥʘ ʦʪʢʘʟ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʵʣʝʤʝʥʪʦʚ  

ʩʠʩʪʝʤʳ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʳ 
ʅʘʨʘʙʦʪʢʘ  

ʥʘ ʦʪʢʘʟȟ  ̘

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʦʪʢʘʟʦʚ ɚ, ρȾ̘ 

ʄʦʜʫʣʴ ʠʥʪʝʨʬʝʡʩʥʳʡ PIM-530 590 000 ρȟχ Ͻ ρπ 

ʇʨʠʙʦʨ ʧʨʠʝʤʥʦ-ʢʦʥʪʨʦʣʴʥʳʡ çɼʦʟʦʨ-4è 590 000 ρȟχ Ͻ ρπ 

ʀʟʚʝʱʘʪʝʣʴ ʧʦʞʘʨʥʳʡ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʳʡ  

ʪʝʧʣʦʚʦʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʀʇ101-07ʝʤ 
60 000 ρȟφ Ͻ ρπ 

ʃʠʥʝʡʥʳʡ ʪʝʧʣʦʚʦʡ ʠʟʚʝʱʘʪʝʣʴ Protectowire 

 (ʪʝʨʤʦʢʘʙʝʣʴ) 
219 000 τȟφ Ͻ ρπ 

 

ʅʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʚʦʜʷʪʩʷ ʚ ʧʨʦʛʨʘʤʤʥʫʶ ʩʨʝʜʫ ʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ (ʨʠʩ. 4). 

 

 
ʈʠʩ. 4. ʌʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʘ  



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʇʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 
 

ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 
 

ɺʝʨʦʷʪʥʦʩʪʴ  

ʙʝʟʦʪʢʘʟʥʦʡ  

ʨʘʙʦʪʳ  

ʩʠʩʪʝʤʳ   

ʉʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, t 

1 

ʛʦʜ 

2 ʛʦ-

ʜʘ 

3 ʛʦ-

ʜʘ 

4 ʛʦ-

ʜʘ 

5 

ʣʝʪ 

6 

ʣʝʪ 

7 

ʣʝʪ 

8 

ʣʝʪ 

9 

ʣʝʪ 

10 

ʣʝʪ 

P1 (t) 0,932 0,869 0,811 0,756 0,705 0,657 0,613 0,572 0,533 0,497 

P2 (t) 0,967 0,908 0,836 0,757 0,679 0,603 0,531 0,466 0,406 0,353 

P3 (t) 0,984 0,964 0,938 0,905 0,868 0,827 0,783 0,737 0,692 0,647 

 

ɿʘʪʝʤ ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʦʪ 

ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ (ʨʠʩ. 5). 

 

 
ʈʠʩ. 5. ɻʨʘʬʠʢ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ  

ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʘʷ ʧʦʞʘʨʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ ʩ ʠʟʚʝʱʘʪʝʣʷʤʠ ʀʇ101-07ʝʤ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʫʞʝ ʢ 7 ʛʦʜʫ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʵʪʦʤʫ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʝʝ ʣʠʥʝʡʥʳʤ 

ʧʦʞʘʨʥʳʤ ʠʟʚʝʱʘʪʝʣʝʤ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘ-

ʙʦʪʳ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ, ʯʪʦ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʘ. 

ʈʘʩʯʝʪʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ Python ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʨʝʜʳ ʨʘʟʨʘ-

ʙʦʪʢʠ JupyterNotebook, ʙʠʙʣʠʦʪʝʢ Pandas ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʠ 

Matplotlib ð ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʵʬʬʝʢʪʠʚʥʦ ʚʳ-

ʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʠ ʩʨʘʚʥʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʦʚʦʢ ʩʠʩʪʝʤʳ ʧʦʞʘʨʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʝ ʧʦ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʕɺʄ ˉ 2024691471 ʦʪ 
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23.12.24 çʇʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʞʘʨʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠè [4]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʡ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʩʨʘʚʥʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝ-

ʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʇʨʦʛʨʘʤʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʫʯʝʙʥʳʭ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʨʦʝʢʪʥʳʭ ʮʝʣʷʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʠʩʪʝʤ ʦʧʦʚʝʱʝʥʠʷ ʦ ʧʦʞʘʨʝ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ. 
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ɸbstracts: provides an analysis of the statistics of the failure of rolling bearings operating 

in mechanisms subject to shock and vibration loads and provides recommendations for improving 

structures. 

Keywords: rolling bearings, mechanisms with increased shock and vibration loads, abso-

lute bearing vibrations, inertial loads, intense heat generation in bearing assemblies. 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʠ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙ-

ʨʘʟʠʝ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʨʰ-

ʥʝʚʦʛʦ ʪʠʧʘ. ɼʘʥʥʳʡ ʬʘʢʪ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ 

ʜʘʥʥʳʡ ʪʠʧ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʤʝʩʪʝ ʩ ʪʝʤ, ʧʦʜʦʙʥʳʡ ʪʠʧ ʤʝʭʘʥʠʟʤʦʚ ʦʙʣʘʜʘʝʪ ʠ ʨʷʜʦʤ 

ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʨʝʩʫʨʩ ʦʧʦʨ ʢʘʯʝʥʠʷ ʢʦʣʝʥʯʘʪʳʭ ʚʘʣʦʚ. ɼʘʥʥʳʡ ʬʘʢʪ ʷʚʣʷʝʪʩʷ ʧʨʷ-

ʤʳʤ ʩʣʝʜʩʪʚʠʝʤ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʶʪ ʧʦʜʦʙʥʳʝ ʫʟʣʳ, ʛʜʝ ʦʩʥʦʚʥʳʤ ʥʝʛʘ-

ʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʫʜʘʨʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ. ʅʘʜʝʞʥʦʩʪʴ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ 

ʢʘʯʝʩʪʚʦ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

 ʆʪʢʘʟʳ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʭ ʠ ʵʢʩʮʝʥʪʨʠʢʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʚʷʟʘʥʳ ʩ ʚʳʭʦʜʦʤ ʠʟ ʩʪʨʦʷ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨ ʚʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ. ɸʥʘʣʠʟ ʧʨʠ-

ʯʠʥ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʧʦʜʰʠʧʥʠʢʦʚ [1, 2], ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʝʭʘʥʠʟʤʘʭ ʩ ʧʦʚʳʰʝʥʥʳ-

ʤʠ ʫʜʘʨʥʳʤʠ ʠ ʚʠʙʨʘʮʠʦʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢ ʦʩʥʦʚʥʳʤ ʧʨʠʯʠʥʘʤʠ 

ʥʘʨʫʰʝʥʠʷʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʘʥʥʦʛʦ ʫʟʣʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: 

- ʧʝʨʝʛʨʝʚ ʩʝʧʘʨʘʪʦʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʚʳʰʝ-

ʥʠʷ ʪʨʝʥʠʷ ʚ ʧʘʨʘʭ çʩʝʧʘʨʘʪʦʨ-ʪʝʣʦ ʢʘʯʝʥʠʷè ʠ çʩʝʧʘʨʘʪʦʨ-ʢʦʣʴʮʦè, ʧʨʦʚʦʨʘʯʠʚʘʥʠʝ 

ʦʙʦʡʤʳ ʧʦʜʰʠʧʥʠʢʘ ʚ ʧʦʩʘʜʦʯʥʳʭ ʦʪʚʝʨʩʪʠʷʭ, ʨʝʞʝ ʧʨʦʚʦʨʘʯʠʚʘʥʠʝ ʥʘ ʚʘʣʫ; 

- ʘʙʨʘʟʠʚʥʦʝ, ʫʩʪʘʣʦʩʪʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ, ʥʘʢʣʝʧ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʣ ʢʘʯʝʥʠʷ ʠ 

ʨʝʙʦʨʜ ʦʙʦʡʤ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ, ʤʝʭʘʥʠʟʤʳ ʥʘ ʦʩʥʦʚʝ ʢʨʠʚʦʰʠʧʥʦ-ʢʦʣʝʥʯʘʪʳʭ ʠ ʵʢʩʮʝʥʪʨʠ-

ʢʦʚʳʭ ʚʘʣʦʚ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʯʝʪʘʥʠʷ ʥʝʛʘ-

ʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʦʜʰʠʧʥʠʢ. ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʫʩʣʦʚʠʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʧʦʜʦʙʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤ-

ʧʦʥʝʥʪʦʚ, ʪʦ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʝʝ:  

- ʠʟ ʘʥʘʣʠʟʘ ʧʣʘʥʦʚ ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʜʥʦ, 

ʯʪʦ ʟʥʘʯʝʥʠʷ ʫʩʢʦʨʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʧʦʜʦʙʥʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝ-

ʚʳʰʘʶʪ çʥʦʨʤʘʣʴʥʳʝè ʟʥʘʯʝʥʠʷ ï ʟʥʘʯʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ʋʯʠʪʳ-

ʚʘʷ ʚʦʟʜʝʡʩʪʚʠʷ ʜʘʥʥʳʭ ʫʩʢʦʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ 

ʜʚʠʞʝʥʠʷ, ʥʝʤʠʥʫʝʤʦ ʙʫʜʫʪ ʚʦʟʥʠʢʘʪʴ ʢʦʣʝʙʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ (ʩʝʧʘʨʘ-

ʪʦʨʘ, ʪʝʣ ʢʘʯʝʥʠʷ), ʘ ʫʯʠʪʳʚʘʷ ʚʝʩ ʢʦʤʧʦʥʝʥʪʦʚ, ʙʫʜʝʪ ʚʦʟʥʠʢʘʪʴ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʠʥʝʨʮʠʦʥʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ. 

- ʝʩʣʠ ʚʳʜʝʣʠʪʴ ʨʘʜʠʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚ ʚʦʟʥʠʢʘʶʱʠʭ ʫʩʢʦʨʝʥʠʷʭ, ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʠʣʦʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʦ ʤʦʞʥʦ ʫʙʝ-

ʜʠʪʴʩʷ, ʯʪʦ ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʜʦ 10 % ʦʪ ʰʪʘʪʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ 

ʫʟʣʘ [3].  ɼʘʥʥʳʡ ʬʘʢʪ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʘʩʩʦʡ ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʩʪʨʫʢʮʠʠ; 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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- ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʨʘʙʦ-

ʪʫ ʩ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʚʨʘʱʝʥʠʷ ʚʘʣʦʚ (ʜʦ 3000 ʦʙ/ʤʠʥ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʥʘʯʝʥʠʷ 

ʣʠʥʝʡʥʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 20 ʤ/ʩ; 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʣʝʤʝʥʪʳ ʧʦʜʰʠʧʥʠ-

ʢʦʚʦʛʦ ʫʟʣʘ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠ ʧʨʠʨʦʜʳ ʠʩʪʦʯʥʠʢʘ 

ʢʦʣʝʙʘʥʠʡ. ɽʩʣʠ ʚʠʙʨʘʮʠʠ ʫʟʣʘ ʚʳʟʚʘʥʳ ʢʦʣʝʙʘʥʠʷʤʠ ʩʘʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʠʭ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʢ ʦʙʱʠʤ ʠʣʠ ʘʙʩʦʣʶʪʥʳʤ ʚʠʙʨʘʮʠʷʤ. ɽʩʣʠ ʚʠʙʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʢʦʣʝʙʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʘʤʦʛʦ ʫʟʣʘ (ʦʙʦʡʤ ʧʦʜʰʠʧʥʠʢʘ, ʪʝʣ ʢʘʯʝʥʠʷ, ʩʝʧʘ-

ʨʘʪʦʨʘ), ʪʦ ʠʭ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ ʯʘʩʪʥʳʤ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʚʠʙʨʘʮʠʷʤ. 

ʀʟʫʯʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʠʙʨʘʮʠʡ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ [3]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʦʙʱʠʭ ʠʣʠ ʘʙʩʦʣʶʪʥʳʭ ʚʠʙʨʘ-

ʮʠʡ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʠʭ ʚʣʠʷʥʠʡ ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʡ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʫʩʢʦʨʝʥʠʡ ʠ ʩʠʣ ʠʥʝʨʮʠʠ, ʩʜʝʣʘʝʤ ʜʦʧʫʱʝʥʠʝ, ʦ ʪʦʤ, ʯʪʦ 

ʵʣʝʤʝʥʪʳ ʧʦʜʰʠʧʥʠʢʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣ (ʙʝʟ ʦʧʠʩʘʥʠʷ ʠʭ ʧʨʠʨʦʜʳ) ʧʦʜʚʝʨʞʝ-

ʥʳ ʫʧʨʫʛʠʤ ʜʝʬʦʨʤʘʮʠʷʤ, ʯʪʦ ʠʟʤʝʥʷʝʪ ʠʭ ʛʝʦʤʝʪʨʠʶ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʫʩʣʦ-

ʚʠʠ ʜʝʡʩʪʚʠʷ ʜʘʥʥʦʛʦ ʜʦʧʫʱʝʥʠʷ, ʦʩʴ ʚʘʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʩʠ ʢʦʣʝʮ ʧʦʜʰʠʧʥʠʢʘ 

ʫʞʝ ʥʘ ʷʚʣʷʶʪʩʷ ʩʦʚʧʘʜʘʶʱʠʤʠ ʠ  ʩʪʘʪʠʯʥʳʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʘʢ ʢʘʢ ʩʦʚʝʨʰʘʶʪ 

ʥʝʢʠʝ ʧʝʨʝʤʝʱʝʥʠʷ.  ʊʦ ʝʩʪʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʳ ʨʘʙʦʪʳ ʫʟʣʘ, ʟʜʝʩʴ 

ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʫʩʣʦʚʠʷ ʥʘʛʨʫʞʝʥʠʷ ʧʦʜʰʠʧʥʠʢʘ, ʛʜʝ ʝʛʦ ʵʣʝʤʝʥʪʳ ʧʦʜʚʝʨ-

ʞʝʥʳ ʢʦʣʝʙʘʥʠʷʤ, ʠ ʦʩʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʘʥʥʳʭ ʢʦʣʝʙʘ-

ʥʠʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʢʨʫʛʦʚʦʡ ʠʣʠ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʠ-

ʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʝ ʦʩʠ,  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʢʦʣʝʙʘʥʠʡ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʠʣʳ ʠʥʝʨʮʠʠ, ʢʦʪʦʨʳʝ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʰʠʧʥʠʢʘ (ʨʠʩ. 1). ʉʦʩʨʝʜʦ-

ʪʦʯʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʚʘʨʠʘʥʪʝ, ʚ ʢʦʪʦʨʦʤ ʦʩʴ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʥʠʷ ʧʦ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢ-

ʪʦʨʠʠ. ɼʘʥʥʳʡ ʩʣʫʯʘʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʘʢʪʠʢʝ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʫʶ ʩ ʢʦʨʧʫʩʦʤ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʩ ʥʘʨʫʞʥʳʤ ʢʦʣʴʮʦʤ ʧʦʜʰʠʧʥʠʢʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠ-

ʩʪʝʤʘ, ʥʘʟʦʚʝʤ ʝʝ ʩʠʩʪʝʤʘ ʍʆʋ, ʙʫʜʝʪ ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʦʩʴ 

ʧʦʜʰʠʧʥʠʢʘ OZ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʢʦʣʝʙʘʥʠʡ (ʪʦʯʢʘ ʆ, ʨʠʩ.1). ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ 

ʩʠʩʪʝʤʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʚʥʫʪʨʝʥʥʠʤ ʢʦʣʴʮʦʤ ʧʦʜʰʠʧʥʠʢʘ, ʥʘʟʦʚʝʤ ʝʝ ʩʠʩʪʝʤʘ ʍôʆôYô. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʷʚʣʷʝʪʩʷ ʧʦʜʚʠʞʥʦʡ, ʪ.ʢ. ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘ-

ʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʝʥʝʨʠʨʫʝʤʳʭ ʩʠʣ, ʦʩʴ ʧʦʜʰʠʧʥʠʢʘ (OZô) ʠʟ-

ʤʝʥʷʝʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʍôʆôYô ʩʚʷʟʘʥʥʘʷ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʢʦʣʴʮʦʤ ʧʦʜʰʠʧʥʠʢʘ ʠ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ, ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ ʆô ʪʘʢ ʞʝ ʙʫ-

ʜʝʪ ʠʟʤʝʥʷʪʴ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ (ʨʠʩ.1ʘ).  

ʆʧʨʝʜʝʣʠʤ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʫʩʢʦʨʝʥʠʝ ʪʝʣ ʢʘʯʝʥʠʷ ʚ ʧʦʜʚʠʞʥʦʡ ʠ ʥʝʧʦʜʚʠʞ-

ʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʪʝʣʘ ʢʘʯʝʥʠʷ (ʪʦʯʢʘ ɸ, ʨʠʩ.1ʘ).  ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʘ ʪʝʣʦ ʢʘʯʝʥʠʷ ʙʫʜʝʪ 

ʩʦʚʝʨʰʘʪʴ ʩʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʧʝʨʝʥʦʩʥʦʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʚʤʝʩʪʝ ʩ 

ʩʠʩʪʝʤʦʡ XôOôYô ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʦʡ ʩʠʩʪʝʤʝ ʚ 

ʧʣʦʩʢʦʩʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʧʦʜʰʠʧʥʠʢʘ OZ. ɺʨʘʱʝʥʠʝʤ ʪʝʣʘ ʢʘʯʝʥʠʷ ʚʦʢʨʫʛ 

ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʨʝʥʝʙʨʝʛʘʝʤ (ʨʠʩ. 1ʙ). 
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ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢʦʣʝʙʘʥʠʡ ʧʦʜʰʠʧʥʠʢʘ 

 

 

ʀʩʭʦʜʷ ʠʟ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʮʝʥ-

ʪʨʘ ʪʷʞʝʩʪʠ ʪʝʣʘ ʢʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 

‫  ‫ὶ̋ ςὶ̓̋ ὶ̋ϳ ,     (1) 

 

ʛʜʝ ‫  - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʪʝʣʘ ʢʘʯʝʥʠʷ; 

;ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʘʙʩʦʣʶʪʥʦʛʦ ʜʚʠʞʝʥʠʷ - ‫ 

ὶ̋  -  ʨʘʜʠʫʩʳ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ ʧʦʜʰʠʧʥʠʢʘ; 

ὶ̓  ̋- ʨʘʜʠʫʩ ʪʝʣʘ ʢʘʯʝʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʫʱʝʩʪʚʫʶʱʠʡ ʨʘʟʤʝʨʥʳʡ ʨʷʜ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ  ὶ̋ḻὶ̓,̋ ʪʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʴ (1) ʧʨʠʤʝʪ ʚʠʜ: 

 

‫ .‫Ⱦς 
 

ʋʯʠʪʳʚʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ, ʧʦʛʨʝʰ-

ʥʦʩʪʴ ʨʘʩʯʝʪʦʚ [3] ʥʝ ʧʨʝʚʳʰʘʝʪ 15 %. 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʪʝʣʘ ʢʘʯʝʥʠʷ (ʪʦʯʢʘ ɸ) ʚ ʥʝʧʦ-

ʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʪ.ʝ. ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ ʍʆʋ: 

 

ὼ ᴢÃÏÓ‫ὸ ὶÃÏÓ‫ὸςϳ • Ƞ     
ώ ᴢÓÉÎ‫ὸ ὶÓÉÎ‫ὸςϳ • ,                                   (2) 

 

ʛʜʝ ὶ Ὀ Ὠ τϳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

Ὀ - ʜʠʘʤʝʪʨʳ ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ ʧʦʜʰʠʧʥʠʢʘ; 

Ὠ - ʚʥʫʪʨʝʥʥʠʡ ʧʦʩʘʜʦʯʥʳʡ ʜʠʘʤʝʪʨʳ ʧʦʜʰʠʧʥʠʢʘ; 

 •  - ʫʛʦʣ, ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ ʢʘʯʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʝ. 

ɺʝʣʠʯʠʥʫ ʘʙʩʦʣʶʪʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ‐ ʠ ʪʝʢʫʱʠʡ ʫʛʦʣ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ ʢʘʯʝʥʠʷ 

•, ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʫʩʢʦʨʝʥʠʷ,  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʘʤ:                                         

‐ ὼ ώ,               •  ὥὶὧÔÁÎ,                                  (3) 

 

ʛʜʝ ὼȟώ - ʧʨʦʝʢʮʠʠ ʘʙʩʦʣʶʪʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘ ʥʝʧʦʜʚʠʞʥʳʝ ʦʩʠ ʢʦʦʨʜʠʥʘʪ.  



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʷ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʚʝʣʠʯʠʥʫ ʫʩʢʦʨʝʥʠʷ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʩʠʣʫ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʪʝʣʦ ʢʘʯʝʥʠʷ, ʧʦ ʬʦʨʤʫʣʝ: 

 

ὖ ά‐ ,                                                       (4) 

 

ʛʜʝ ά - ʤʘʩʩʘ ʪʝʣʘ ʢʘʯʝʥʠʷ. 

ʀʟ ʘʥʘʣʠʟʘ ʧʣʘʥʘ ʫʩʢʦʨʝʥʠʡ ʠ ʚʦʟʥʠʢʘʶʱʠʭ ʩʠʣ ʠʥʝʨʮʠʠ (ʨʠʩ. 2) ʚʠʜʥʦ, ʯʪʦ 

ʩʠʣʳ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʝʣʘ ʢʘʯʝʥʠʷ ʧʦʜʰʠʧʥʠʢʘ, ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝ-

ʥʠ, ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ ʢʘʯʝʥʠʷ, 

ʪ.ʝ. ʫʛʣʘ • ) [3]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣʘ ʢʘʯʝʥʠʷ, ʩʠʣʳ ʠʥʝʨ-

ʮʠʠ ʙʫʜʫʪ ʦʪʢʣʦʥʷʪʩʷ ʦʪ ʨʘʜʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢ ʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʤʦʤʝʥʪʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʜʚʠʞʝʥʠʷ, ʧʨʠ-

ʥʠʤʘʶʪ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ: ʚ ʨʷʜʝ ʧʦʣʦʞʝʥʠʡ ʦʥʠ ʙʫʜʫʪ ʩʦʥʘʧʨʘʚʣʝʥʳ ʩ ʥʘʧʨʘʚ-

ʣʝʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʪ.ʝ. ʤʦʤʝʥʪʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʢʘʯʝʥʠʶ, ʘ 

ʚ ʨʷʜʝ ʧʦʣʦʞʝʥʠʡ ï ʧʨʦʪʠʚʦʥʘʧʨʘʚʣʝʥʳ, ʪ.ʝ. ʧʨʝʧʷʪʩʪʚʫʶʪ ʚʨʘʱʝʥʠʶ (ʨʠʩ. 2). ʇʨʠ 

ʵʪʦʤ, ʩʠʣʳ ʠʥʝʨʮʠʠ ʙʫʜʫʪ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʢʦʪʦʨʳʝ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʚʝʣʠʯʠʚʘʶʪ ʪʨʝʥʠʷ ʚ ʧʘʨʝ çʪʝʣʦ ʢʘʯʝʥʠʷ - ʩʝʧʘʨʘʪʦʨè ʘ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʨʘʱʝʥʠʶ. 

 

 
 

ʘ) ʙ) 
 

ʈʠʩ. 2. ʇʣʘʥ ʩʠʣ ʠʥʝʨʮʠʠ ʪʝʣ ʚʨʘʱʝʥʠʷ 

ʘ ï ʧʦʣʦʞʝʥʠʝ ʖÔ πЈ; ʙ ï ʧʦʣʦʞʝʥʠʝ ʖÔ ωπЈ; 
 ʚʨʘʱʝʥʠʝ ʪʝʣ ʢʘʯʝʥʠʷ - ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ 

 

 

ʊʘʢ ʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʫʩʪʘʥʦʚʢʠ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʢʦʣʴʮʘ ʧʦʜʰʠʧʥʠʢʘ ʥʘ ʚʘʣʫ ʠ ʚʥʝʰʥʝʛʦ ʚ ʢʦʨʧʫʩʝ ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʩʠʣʘ ʚ ʧʘʨʝ çʩʝʧʘʨʘʪʦʨ-ʢʦʣʴʮʦ (ʚʥʫʪʨʝʥʥʝʝ ʠʣʠ ʥʘʨʫʞʥʦʝ), ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʩʦʟʜʘʝʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʷʜ ʚʳʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-

ʚʘʪʴ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʤʝʭʘʥʠʟʤʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦ-

ʚʠʷʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ: 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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- ʘʙʩʦʣʶʪʥʳʝ ʚʠʙʨʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʜʠʘʣʴʥʳʭ ʫʜʘʨʥʳʭ 

ʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ, 

ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʦʤʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʨʘʱʝʥʠʶ 

ʪʝʣ ʢʘʯʝʥʠʷ ʠ ʧʦʜʰʠʧʥʠʢʦʚ ʚ ʮʝʣʦʤ; 

- ʫʚʝʣʠʯʝʥʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʝʣʘ ʢʘʯʝʥʠʷ, ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʧʦʜʰʠʧʥʠʢʘ ʚ ʮʝʣʦʤ; 

- ʫʚʝʣʠʯʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʚʠʙʨʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʦʤʝʥʪʘ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʚʨʘʱʝʥʠʶ ʩʝʧʘʨʘʪʦʨʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʩʣʝʜʫʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦ-

ʚʠʷʭ ʫʜʘʨʥʳʭ ʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʢʘʭ:  

- ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʜʰʠʧʥʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ [5,6]; 

- ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʧʦʜʰʠʧʥʠʢʠ ʩ ʣʘʪʫʥʥʳʤʠ ʩʝʧʘʨʘʪʦʨʘʤʠ, ʮʝʥʪʨʠʨʦʚʘʥ-

ʥʳʤʠ ʧʦ ʥʘʨʫʞʥʦʤʫ ʢʦʣʴʮʫ, ʣʠʙʦ ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʧʦʜʰʠʧʥʠʢʘʤ ʩ ʣʝʛʢʠʤʠ 

(ʧʦʣʠʤʝʨʥʳʤʠ) ʩʝʧʘʨʘʪʦʨʘʤʠ, ʥʝʞʝʣʘʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ 

ʠ ʩʝʧʘʨʘʪʦʨʦʚ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʧʦ ʪʝʣʘʤ ʢʘʯʝʥʠʷ; 

- ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ ʦʩʝʚʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʧʦʜʰʠʧʥʠʢʘ; 

- ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʧʦʜʰʠʧʥʠʢʘ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʘʜʢʠ ʩ ʥʝʙʦʣʴʰʠʤ 

ʥʘʪʷʛʦʤ, ʥʦ ʩ ʦʙʷʟʘʪʝʣʴʥʦʡ ʬʠʢʩʘʮʠʝʡ ʢʦʣʝʮ ʧʦʜʰʠʧʥʠʢʘ ʦʪ ʧʨʦʚʦʨʘʯʠʚʘʥʠʷ; 

ʉʦʙʣʶʜʝʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʥʘʜʝʞʥʳʝ ʠ ʜʦʣʛʦ-

ʚʝʯʥʳʝ ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʫʟʣʳ, ʩʧʦʩʦʙʥʳʝ ʨʘʙʦʪʘʪʴ ʚ ʤʘʰʠʥʘʭ ʠ ʤʝʭʘʥʠʟʤʘʭ ʧʦʜ-

ʚʝʨʞʝʥʥʳʭ ʫʜʘʨʥʳʤ ʠ ʚʠʙʨʘʮʠʦʥʥʳʤ ʥʘʛʨʫʟʢʘʤ. 
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DEVELOPMENT OF A CONTROL SYSTEM  FOR A MULTIPHASE  

SYNCHRONOUS ELECTRIC DRIVE WITH IMPROVED  

VIBRATION -NOISE CHARACTERISTICS  

 
Abstracts: The structure of a synchronous electric drive with improved vibration-noise 

characteristics is proposed and an approach to its modeling is given, taking into account the satura-

tion of the actuator and the gearing of the cores. 

Keywords: synchronous electric drive, multiphase electric motor, vibration-noise character-

istics. 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ (ʕʇ) 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʙʘʟʝ ʩʠʥʭʨʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ (ʉɼʇʄ). 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʨʘʜʠʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ, ʷʚʣʷʶʪʩʷ ʧʨʷʤʦʡ ʬʫʥʢʮʠʝʡ ʢʚʘʜʨʘʪʘ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ. ʕʪʠ ʩʠʣʳ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ 

ʩʪʘʪʦʨʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ [1]. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʝʩʣʠ ʧʝʨʠʦʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʚʦʣʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʵʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʠʙʨʘʮʠʷʤ ʩʪʘʪʦʨʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʨʷʜʢʘ ʛʘʨʤʦʥʠʢ 

ʚʦʣʥʳ, ʵʬʬʝʢʪ ʦʪ ʩʠʣ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʠʙʨʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʝ 

ʚʠʙʨʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩʦ ʚʪʦʨʳʤ ʠ ʯʝʪʚʝʨʪʳʤ ʧʦʨʷʜʢʘʤʠ ʛʘʨʤʦʥʠʢ. [1] 
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ʇʝʨʝʭʦʜʷ ʢ ʩʧʝʮʠʬʠʢʝ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ 

(ʉɼʇʄ), ʛʜʝ ʪʦʢ ʚʦʟʙʫʞʜʝʥʠʷ Ὅ  = 0, ʤʳ ʦʙʥʘʨʫʞʠʚʘʝʤ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʚʠʙʨʘʮʠʡ 

ʤʝʥʷʝʪʩʷ. ɺ ʉɼʇʄ ʦʪʩʫʪʩʪʚʠʝ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʠʞʘʝʪ ʚʝʣʠʯʠʥʫ ʨʘʜʠʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʩʠʣ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʡ ʠ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ [2]. ʕʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʜʚʠʛʘʪʝʣʝʡ. ʆʜʥʘʢʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʪʘʢʞʝ 

ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʥʘ ʧʦʪʝʨʷʭ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʠ ʫʭʫʜʰʠʪʴ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ.  

ʂʚʘʜʨʘʪʳ ʘʤʧʣʠʪʫʜ ʨʘʜʠʘʣʴʥʳʭ ʩʠʣ ʨʘʚʥʳ: 

 

ὖ ὖ ὖ   (1) 

 

ὖ ὖ ὖ   (2) 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʚʘʜʨʘʪ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʩʪʘʪʦʨʘ 

 

Ὅ
ρ

ς
Ὅ Ὅ

ȟ

ȟ (3) 

 

ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

 

ὓ
ά

ς
ὴ ‡Ὥὒ Ὅ

ȟ

Ȣ (4) 

 

ɺ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚʪʦʨʘʷ ʛʘʨʤʦʥʠʢʘ ʨʘʜʠʘʣʴʥʦʡ ʩʠʣʳ, ʪʘʢ 

ʢʘʢ ʦʥʘ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʘʛʥʠʪʥʳʡ ʰʫʤ ʠ ʚʠʙʨʘʮʠʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. ʇʨʠʚʝʜʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʱʝʤʫ ʩʣʫʯʘʶ: 

ʥʘʣʠʯʠʶ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʦʚ Ὅ Ȣ  

ɺʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʪʦʢʘ ʠʛʨʘʶʪ ʨʦʣʴ ʚ ʩʥʠʞʝʥʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʉɼʇʄ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ, ʯʪʦʙʳ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ 

ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʣʠʰʴ ʧʦʧʝʨʝʯʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ [3]. ʇʨʦʜʦʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʥʫʣʶ Ὅ πȟ‡ σȟυȢȢάȢ ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʤʝʥʴʰʝʥʠʷ ʚʠʙʨʦʫʩʠʣʠʡ, 

ʠʤʝʝʪ ʤʝʩʪʦ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʦʧʝʨʝʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ ʉɼʇʄ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʶ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʥʦ ʪʘʢ ʢʘʢ ʚʚʝʜʝʥʠʝ ʜʘʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʚ ʘʩʠʥʭʨʦʥʥʳʭ ʠ ʩʠʥʭʨʦʥʥʳʭ ʕʇ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʨʦʪʦʨʘʤʠ, 

ʜʘʝʪ ʨʝʟʫʣʴʪʘʪ ʩʥʠʞʝʥʠʷ ʚʠʙʨʦʫʩʠʣʠʡ [3], ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʕʇ ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ ʉɼʇʄ.  

ɿʘ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʪʦʢʘ ʩʪʘʪʦʨʘ ʦʪʚʝʯʘʝʪ ʙʣʦʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ (ɹʌ) (ʨʠʩ. 2).  

ɹʣʦʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʙʣʦʢʘ 

ʥʝʣʠʥʝʡʥʦʩʪʠ: ɹʅ1 ʠ ɹʅ2. 
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ʈʠʩ. 2. ʄʦʜʝʣʴ ʙʣʦʢʘ  

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ (ɹʌ) 

 

 

ɹʅ1 ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʦʪʚʝʯʘʝʪ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʧʦʧʝʨʝʯʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʪʦʢʘ ʩʪʘʪʦʨʘ, ʘ ɹʅ2 ï ʟʘ ʚʳʨʘʙʦʪʢʫ ʧʨʦʜʦʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʪʦʢʘ 

ʩʪʘʪʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ 

 

Ό
ρ

ς
Ό  Ό

ȟ

άὭὲȟ (5) 

 

 Ὅ άὭὲ

ȟ

ȟ 
(6) 

 

ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʪʨʝʙʫʝʤʦʛʦ ʤʦʤʝʥʪʘ 

 

ὓ
ά

ς
ὴ ’Ὥᴂὒ Ὅ

ȟ

=0Ȣ 
(7) 

 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ 

 

Ὂ Ὅ ‗ ὓ
ά

ς
‡Ὥὒ Ὅ

ȟȟ

ȟ 
(8) 

 

ʛʜʝ ‗ ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʧʝʨʝʤʝʥʥʘʷ.  

 

ʊʦʛʜʘ 
‬Ὂ

‬Ὅ
ςὍ

ά

ς
ὴ‡Ὥὒ‗ πȟ (9) 
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Ὅ
ά

τ
ὴ‡Ὥὒ ‗ȟὒ

ὓ
ά
ς
ὴ’Ὅ
ȟ (10) 

 

‬Ὂ

‬‗
ὓ

ά

ς
ὴ ‡Ὥὒ Ὅ π

ȟ

ȟ 
(1.22) 

 

ὓ
ά

ψ
ὴ‗ ‡ Ὥὒ π

ȟ

Ȣ 
(11) 

ʆʪʩʶʜʘ  

 

‗
ψὓ

ά ὴВ ‡ Ὥὒ πȟ

ȟ (12) 

 

 

Ὅ
ςὓ

άὴ

‡Ὥὒ

В ‘Ὥὒȟ

Ȣ (13) 

 

ʉʭʝʤʘ ʙʣʦʢʘ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʨʝʘʣʠʟʫʝʤʘʷ ʚ Simulink, ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ (ʨʠʩ. 3). 

 
 

 

 
ʈʠʩ. 2. ɹʣʦʢ ʥʝʣʠʥʝʡʥʦʩʪʠ ɹʅ1: 

ʘ ï ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ; ʙ ï Simulink-ʤʦʜʝʣʴ 

 

 

Simulink ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʨʝʘʣʠʟʫʶʱʠʡ ʨʝʰʝʥʠʝ ʥʘ 

Cʥ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʟʘʛʨʫʟʢʠ ʙʠʙʣʠʦʪʝʢʠ ʠ ʚʳʟʦʚʘ ʝʝ ʬʫʥʢʮʠʡ. ʂʦʜ ʢʦʤʧʠʣʠʨʫʝʪʩʷ ʚ 

ʙʠʥʘʨʥʳʡ ʬʘʡʣ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʟʥʘʝʪʩʷ Simulink ʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʙʱʝʡ ʙʠʙʣʠʦʪʝʢʦʡ. 

ʕʪʦʪ ʜʚʦʠʯʥʳʡ ʬʘʡʣ ʥʘʟʳʚʘʝʪʩʷ S-ʬʫʥʢʮʠʝʡ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʛʘʨʤʦʥʠʢ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʧʦʤʦʱʠ S-ʬʫʥʢʮʠʠ, ʟʘʥʦʩʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʠʣʠʪʝʣʠ ɹʅ1 (ʨʠʩ. 3ʘ), 

ʢʦʪʦʨʳʝ ʦʪʨʘʙʘʪʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʠʣʝʥʠʝ ʧʦ ʢʘʥʘʣʘʤ.  

  

ʘ) 
ʙ) 
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ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ ʪʦʢʘ ʩʪʘʪʦʨʘ, 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʢ ʧʝʨʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʘʨʤʦʥʠʢʝ. ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʩʪʘʚʠʪʩʷ 

ʟʘʜʘʯʘ ʢʦʤʧʨʦʤʠʩʩʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʩʪʘʪʦʨʘ ʠ 

ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ [3]:  

 

Ὂ ὖ ὖ
Ὢ

ρ Ὢ

ὄ

‏
Ὅ άὭὲȟ (14) 

 

ʇʦʜʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʷ ʚ (1.26) ʠ ʧʨʝʦʙʨʘʟʫʝʤ ʢ ʚʠʜʫ 

 
ρ

ς

‬Ὂ

‬Ὅ

ρ

τ‘

‘ήά

‏“
‮ Ὅ Ὅ  

 ς ‮

ȟ

‮ Ὅ Ὅ Ὅ Ὅ  

ὄ

“‘ῳ‌
ὧέίςῳ‌

ίὭὲςῳ‌

ςῳ‌

ήάὄ

‏“
‮ Ὅ ίὭὲ

“‡

ς
ȟ

 

ρ

‡ ς

ίὭὲ‡ ςῳ‌

‡ ςῳ‌

ρ

‡

ίὭὲ‡ῳ‌

‡ῳ‌

ίὭὲ‡ῳ‌

‡ῳ‌
‮ Ὅ  

 
ρ

ς‘

‘ήά

‏“
‮ Ὅ Ὅ

ήάὄ

‏“
 

‡‮

ȟ

Ὅ ίὭὲ
“‡

ς

ρ

‡ ς

ίὭὲ‡ ςῳ‌

‡ ςῳ‌

ρ

‡

ίὭὲ‡ῳ‌

‡ῳ‌
 

ίὭὲῳ‌

ῳ‌
‮ Ὅ

‬

‬Ὅ

ρ

ς‘

‘ήά

‏“
‮ Ὅ Ὅ  

ήάὄ

‏“
‡‮

ȟ

Ὅ ίὭὲ
“‡

ς

ρ

‡ ς

ίὭὲ‡ ςῳ‌

‡ ςῳ‌
 

ρ

‡

ίὭὲ‡ῳ‌

‡ῳ‌

ίὭὲῳ‌

ῳ‌
‡ Ὅ

‬

‬Ὅ

ρ

ς‘

‘ήά

‏“
 

‮ Ὅ Ὅ
ήάὄ

‏“
‡‮

ȟ

Ὅ ίὭὲ
“‡

ς
 

ρ

‡ ς

ίὭὲ‡ ςῳ‌

‡ ςῳ‌

ρ

‡

ίὭὲ‡ῳ‌

‡ῳ‌

ίὭὲῳ‌

ῳ‌
‡ Ὅ  

Ὢ

ρ Ὢ

ὄ

‏
Ὅ άὭὲȢ 

(15) 

 

ɼʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʚʚʝʜʝʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʫʧʨʦʱʘʶʱʠʭ ʚʳʨʘʞʝʥʠʝ ʠ 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʝʩʪʠ ʨʝʘʣʠʟʘʮʠʶ ʚ Simulink: 
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ὥ
‘

τ

ήά‮

‏“
ȟ (16) 

 

ὦ
ήά‮ ὄ

‏“
ς
ίὭὲῳ‌

ῳ‌

ρ

σ

ίὭὲσῳ‌

σῳ‌
ȟ 

(17) 

 

ὧ
‘

τ

ήά

‏“
‮ Ὅ ς ‮

ȟ

‮ Ὅ Ὅ  

ὄ

“‘ῳ‌
ίὭὲςῳ‌

ίὭὲςῳ‌

ςῳ‌
ȟ 

 

 

 

(18) 

 

Ὠ
‘

ς

ήά

‏“
‮ Ὅ ȟ 

(19) 

 

Ὡ
ήάὄ

‏“
‮

ȟ

Ὅ ίὭὲ
“‡

ς

ρ

‡ ς

ίὭὲ‡ ςῳ‌

‡ ςῳ‌
 

ρ

‡

ίὭὲ‡ῳ‌

‡ῳ‌

ίὭὲῳ‌

ῳ‌
‮ Ὅ Ȣ 

(20) 

 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʫʨʘʚʥʝʥʠʝ (14) ʧʦ ʪʦʢʫ Ὅ  ʠ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ 

ʫʨʘʚʥʝʥʠʝ:  

 

ρ

ς

ὨὊ

ὨὍ
ὖ
Ὠὖ

ὨὍ
ὖ
Ὠὖ

ὨὍ

Ὢ

ρ Ὢ

ὄ

‏
Ὅ άὭὲ (21) 

 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʦʪʜʝʣʴʥʦ ʩʣʘʛʘʝʤʳʝ ʫʨʘʚʥʝʥʠʷ 

 
Ὠὖ

ὨὍ
ςὥὍ ὦȟ 

(22) 

 
Ὠὖ

ὨὍ
ὨȢ 

(23) 

 

ʇʦʜʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʷ 

 
ρ

ς

ὨὊ

ὨὍ
ὥὍ ὦὍ ὧ ςὥὍ ὦ ὨὨὍ Ὡ  

 

̕

ρ ̕

ὄ

‏
Ὅ ςὥὍ σὥὦὍ  

ὦ ςὥὧὨ
̕

ρ ̕

ὄ

‏
Ὅ ὨὩὦὧ π 

(24) 
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ʋʧʨʦʩʪʠʤ ʧʦʣʫʯʝʥʥʦʝ 

 

ὴ
τὥὧὦ ςὨ

Ὢ
ρ Ὢ

ὄ
‏

ρςὥ
Ƞ 

(25) 

 

ή
τὥὨὩὦὨ

Ὢ
ρ Ὢ

ὄ
‏

ψὥ
Ȣ 

(26) 

ʇʦʩʣʝ ʫʧʨʦʱʝʥʠʷ ʚʳʨʘʞʝʥʠʷ ʠ ʚʳʨʘʟʠʚ ʠʟ ʥʝʛʦ ʪʦʢ Ὅ  ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ 

ʚʳʨʘʞʝʥʠʝ: 

 

Ὅ ὴ ή ή ὴ ή ή
ὦ

ςὥ
Ȣ 

 

(27) 

 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ ʪʦʢʘ ʩʪʘʪʦʨʘ 

ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʨʦʛʨʘʤʤʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʙʣʦʢʝ ɹʅ 2 (ʨʠʩ. 3ʙ). 

ɺ ʠʪʦʛʝ ʧʨʝʜʣʘʛʘʝʤʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ Simulink ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

ʨʠʩ. 4. 

 
ʈʠʩ. 4. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʛʦʬʘʟʥʳʤ ʉɼʇʄ, ʨʝʰʘʶʱʘʷ ʟʘʜʘʯʫ 

ʢʦʤʧʨʦʤʠʩʩʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʩʪʘʪʦʨʘ ʠ ʤʘʛʥʠʪʥʳʭ 

ʰʫʤʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʧʦʢʘʟʘʣʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʣʫʯʰʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʉɼʇʄ. 
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MONITORING OF THE TECHNICAL CONDITION  

OF COMMUNICATIONFACILITIES  
 

Abstracts: Analysis of the degree of compliance of the control results with the actual tech-

nical condition of the communication facility. 

Keywords: the control system, the indicator of the reliability of control, the probability of 

making the right decision based on the results of control. 

 
ʉʣʦʞʥʦʩʪʴ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʦʪʨʘʞʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʠʭ ʩʚʦʡʩʪʚʘ. 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʷʚʣʷʶʪʩʷ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʜʦ-

ʩʪʦʚʝʨʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʥʪʨʦʣʷ, ʨʝʩʫʨʩ (ʦʙʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʳ), 

ʩʪʦʠʤʦʩʪʴ ʠ ʦʙʲʝʤ ʢʦʥʪʨʦʣʷ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʭʘʨʘʢʪʝʨ ʟʦʥʜʠʨʫʶʱʠʭ ʠ ʥʘʙʣʶʜʘʝʤʳʭ 

ʩʠʛʥʘʣʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʠ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʦʣʷ, ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʪʦʯʥʠʢʠ 

ʧʠʪʘʥʠʷ, ʤʘʩʩʘ ʠ ʛʘʙʘʨʠʪʳ, ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʚʘʣʠʬʠʢʘʮʠʷ ʦʙʩʣʫ-

ʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ï ʩʪʝʧʝʥʴ ʜʦʚʝʨʠʷ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʨʦʣʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʢʘʟʘʪʝʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʨʦʣʷ. ʃʶʙʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʘʝʪ ʩ ʦʰʠʙʢʘʤʠ, 

ʢʨʦʤʝ ʪʦʛʦ, ʢʦʥʪʨʦʣʶ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʦʣʴʢʦ ʯʘʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʣʫʯʘʝʤʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʨʦʣʷ ʠʥʬʦʨʤʘʮʠʷ ʩʦʜʝʨʞʠʪ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʠ ʦʙʲʝʤʘ 

ʢʦʥʪʨʦʣʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʬʫʥʢʮʠʠ. 

                                                 
  É ɹʫʨʣʘʢʦʚ ɸ.ɸ., 2025 
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ʇʦʜ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʢʦʥʪʨʦʣʷ ʧʦʥʠʤʘʝʪʩʷ ʩʪʝʧʝʥʴ ʦʙʲʝʢʪʠʚʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʦʣʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʜʦʩʪʦʷʥʠʶ ʦʙʲʝʢʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʧʨʘ-

ʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʨʦʣʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʢʦʥʪʨʦʣʝ 

ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʥʝʟʘʚʠʩʠʤʳʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʝ ʩʦʙʳ-

ʪʠʷ: ʛʦʜʥʳʡ ʧʘʨʘʤʝʪʨ  ʦʮʝʥʠʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʢʘʢ ʛʦʜʥʳʡ , ʛʦʜʥʳʡ ʧʘʨʘ-

ʤʝʪʨ  ʦʮʝʥʠʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʢʘʢ ʥʝʛʦʜʥʳʡ , ʥʝʛʦʜʥʳʡ ʧʘʨʘʤʝʪʨ  ʦʮʝ-

ʥʠʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʢʘʢ ʥʝʛʦʜʥʳʡ , ʥʝʛʦʜʥʳʡ ʧʘʨʘʤʝʪʨ  ʦʮʝʥʠʚʘʝʪʩʷ ʩʠ-

ʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʢʘʢ ʛʦʜʥʳʡ . 

ʋʢʘʟʘʥʥʳʝ ʩʦʙʳʪʠʷ ʩʦʩʪʘʚʣʷʶʪ ʧʦʣʥʫʶ ʛʨʫʧʧʫ ʩʦʙʳʪʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʤʤʘ ʠʭ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʨʘʚʥʘ ʝʜʠʥʠʮʝ 

 

.                             (1) 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʨʦʣʷ ʧʨʠʥʠʤʘʝʪ ʚʝʨʥʳʝ ʨʝ-

ʰʝʥʠʷ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ: ʛʦʜʥʳʡ ʧʘʨʘʤʝʪʨ  ʦʮʝʥʠʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʢʘʢ ʛʦʜʥʳʡ 

, ʥʝʛʦʜʥʳʡ ʧʘʨʘʤʝʪʨ  ʦʮʝʥʠʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʢʘʢ ʥʝʛʦʜʥʳʡ , 

. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʘ , ʧʦʜ ʢʦʪʦʨʦʡ 

ʧʦʥʠʤʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʠ ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʧʘʨʘʤʝʪʨʘ, 

ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

 

.                                                (2) 

 

ɼʚʘ ʜʨʫʛʠʭ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʥʝʛʦʜʥʳʡ ʧʘʨʘʤʝʪʨ  ʦʮʝʥʠʚʘʝʪ 

ʢʘʢ ʛʦʜʥʳʡ  ʠ ʢʦʛʜʘ ʛʦʜʥʳʡ ʧʘʨʘʤʝʪʨ  ʦʮʝʥʠʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʢʘʢ ʥʝʛʦʜ-

ʥʳʡ , ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʰʠʙʢʫ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʨʠʩʢ ʟʘʢʘʟʯʠʢʘ ) ʠ ʧʝʨʚʦʛʦ ʨʦʜʘ 

(ʨʠʩʢ ʠʟʛʦʪʦʚʠʪʝʣʷ ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

 

.                                                     (3) 

 

ɺʝʨʦʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʩʦʙʳʪʠʡ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

 

,                                    (4) 
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,                        (5) 

 

,                      (6) 

 

,          (7) 

 

ʛʜʝ  ʠ  ï ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ 

ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʷ; 

ʠ  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʳ ʜʦʧʫʩʢʘ ʥʘ ʧʘʨʘʤʝʪʨ. 

ʊʘʢ ʢʘʢ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʟʮʘ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʦʚ , ʪʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʠʟʜʝʣʠʝ ʙʫʜʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ ʚ ʩʣʫ-

ʯʘʝ, ʝʩʣʠ ʚʩʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʙʫʜʫʪ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʷ ʜʦʧʫʩʢʘ. ʊʦʛʜʘ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʩʨʝʜʩʪʚʦ ʩʚʷʟʠ ʦʢʘʞʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ 

 

.                                                     (8) 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʡ 4ï8, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢ-

ʪʦʨʦʚ: 

ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ ʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ; 

ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʭ ʚʝʣʠʯʠʥ ʠ ʧʦʣʥʦʪʳ ʢʦʥʪʨʦʣʷ; 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ; 

ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ ʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ; 

ʚʨʝʤʝʥʠ ʢʦʥʪʨʦʣʷ; 

ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʜʦʧʫʩʢʦʚ ʥʘ ʧʨʦʚʝʨʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ; 

ʤʝʪʦʜʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʦʧʪʠʤʘʣʴʥʳʡ, ʢʚʘʟʠʦʧʪʠʤʘʣʴʥʳʡ) ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ; 

ʩʢʦʨʦʩʪʠ ʩʪʘʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʚʨʝʤʷ ʢʦʥʪʨʦʣʷ; 

ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʦʥʪʨʦʣʷ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʨʢʠ, ʥʘʣʠʯʠʝ ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʧʨʦʚʝʨʦʢ); 

ʥʘʣʠʯʠʷ ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʨʦʮʝʜʫʨʦʡ ʢʦʥʪʨʦʣʷ; 

ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ; 

ʥʘʜʝʞʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ; 
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ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ,  ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ (ʢʦʣʠʯʝʩʪʚʘ ʦʙʣʘʩʪʝʡ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ); 

ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ; 

ʪʦʯʥʦʩʪʠ ʟʘʜʘʥʠʷ ʩʪʠʤʫʣʠʨʫʶʱʠʭ (ʚʭʦʜʥʳʭ) ʚʦʟʜʝʡʩʪʚʠʡ; 

ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʨʦʣʷ (ʪʝʤʧʝʨʘʪʫʨʘ, 

ʚʣʘʞʥʦʩʪʴ). 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠ-

ʩʪʝʤ ʢʦʥʪʨʦʣʷ. 

ʇʨʠ ʚʳʙʨʘʥʥʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʥʘʯʝʥʠʷʤʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ.  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʜ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʥʠʤʘʶʪʩʷ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝʢʦʪʦʨʳʤ ʦʙʦʙʱʝʥʠʝʤ ʟʘʢʦʥʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʝʚʳʤ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʤ 

ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ. 

ʃʶʙʦʡ ʠʟ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʫʥʢ-

ʮʠʶ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ: ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʘʨʘʟʠʪʥʳʭ ʤʦʥʪʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʪ. ʜ., ʟʘʚʠʩʠʤʦʩʪʴ ʣʶʙʦʛʦ ʚʳ-

ʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ  ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʬʫʥʢʮʠʝʡ ʤʥʦʛʠʭ ʧʝʨʝ-

ʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

.                                         (9) 

 

ʅʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʩʨʝʜʩʪʚ ʩʚʷʟʠ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝ-

ʥʠʝ ʟʥʘʯʝʥʠʡ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʕʪʦ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ, ʢʦʣʝʙʣʶʱʝʝ-

ʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʝʣʘʭ, ʦʪʨʘʞʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʦʩʪʠʛʥʫʪʦʛʦ ʫʨʦʚʥʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚʳʟʳʚʘʝʪʩʷ ʪʝʤ ʢʦʤʧʣʝʢʩʦʤ ʩʣʫʯʘʡʥʳʭ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʠ-

ʯʠʥ, ʢʦʪʦʨʳʝ, ʚʦʟʜʝʡʩʪʚʫʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ. ɺʩʣʝʜʩʪʚʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʟʥʘʯʝʥʠʷ 

ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʧʧʘʨʘʪʫʨʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʵʪʠʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʘʧʧʘʨʘʪʫʨʳ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ 

 

                        (10) 

 

ʛʜʝ  ï ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ; 

 ï ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ, ʚʳʟʚʘʥʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ ʩʚʷʟʠ ʥʘ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʚʦʟʜʝʡʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ (ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ) ʬʘʢʪʦ-

ʨʳ: ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ ʠ ʪ. ʜ.  
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ɺʦʟʜʝʡʩʪʚʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʵʣʝʤʝʥʪʳ ʘʧʧʘʨʘʪʫʨʳ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʉ ʫʯʝ-

ʪʦʤ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ (9) ʧʨʠʤʝʪ ʚʠʜ 
 

                           (11) 

 

ʛʜʝ  ï ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ, ʚʳʟʚʘʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʏʪʦʙʳ ʘʧʧʘʨʘʪʫʨʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʥʦʨʤʘʤ ʊʋ ʥʘ ʚʝʣʠʯʠʥʳ ʚʳʭʦʜʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʈʕɸ) ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʦʧʫʩʢʠ, 

ʧʦʜ ʢʦʪʦʨʳʤʠ ʧʦʥʠʤʘʶʪ ʛʨʘʥʠʮʳ ʜʣʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʜʝʣʠʷ.  

ɺʩʝ ʜʦʧʫʩʢʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʠʭ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʦʙʳʯʥʦ 

ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʫʩʪʦʨʦʥʥʠʝ ʠ ʦʜʥʦʩʪʦʨʦʥʥʠʝ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʜʦʧʫʩʢʠ ʙʳʚʘʶʪ: ʚʳʥʝʩʝʥʥʳʝ ʚʚʝʨʭ ʠ ʚʳʥʝʩʝʥʥʳʝ ʚʥʠʟ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʚʫʩʪʦ-

ʨʦʥʥʠʝ ʜʦʧʫʩʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʘʟʜʝʣʷʶʪ ʥʘ ʩʠʤʤʝʪʨʠʯ-

ʥʳʝ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʦʧʫʩʢʦʚ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʩʪʚ 

ʚʦʝʥʥʦʡ ʩʚʷʟʠ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʨʝʜʠ ʥʠʭ ʚʩʝʭ ʚʠʜʦʚ. 

ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʦʣʷ ʜʦʧʫʩʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʤʠ-

ʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ  ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʳ ʧʦʣʷ ʜʦʧʫʩʢʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʯʝʨʝʟ  ï ʰʠʨʠʥʫ ʧʦʣʷ 

ʜʦʧʫʩʢʘ. 

ʊʘʢ ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʣʝʤʝʥʪʳ 

ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʥʦʩʠʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦ, ʧʦʣʘʛʘʷ, ʯʪʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ i-ʛʦ 

ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʛʨʘʥʠʯʝʥʳ ʚʝʨʭʥʠʤ ʠ ʥʠʞʥʠʤ ʧʨʝʜʝʣʘʤʠ, ʥʘʜʝʞʥʦʩʪʴ ʘʧʧʘʨʘ-

ʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʝʚʳʭʦʜʘ ʟʥʘʯʝʥʠʡ ʝʸ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʧʨʝʜʝʣʳ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʜʦʧʫʩʢʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʚʳʭʦʜʘ ʟʥʘʯʝʥʠʷ i-ʛʦ ʧʘʨʘʤʝʪʨʘ 

ʟʘ ʛʨʘʥʠʮʳ ʧʦʣʷ ʜʦʧʫʩʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 
 

.                                            (12) 

 

ʀʟ ʚʳʨʘʞʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʩʦʙʳʪʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʧʝʨʝʩʝʯʝʥʠʠ ʟʥʘʯʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʘ ʦʜʥʦʡ ʠʟ ʛʨʘʥʠʮ ʝʛʦ ʧʦʣʷ ʜʦʧʫʩʢʘ, ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʦʪʢʘʟ ʘʧ-

ʧʘʨʘʪʫʨʳ. 

ʉʪʨʝʤʣʝʥʠʝ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʩʨʝʜʩʪʚ ʩʚʷʟʠ 

ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʦʧʫʩʢʦʚ ʥʘ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʢʦʨʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʚʳʟʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʞʝʩʪʦʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʜʦʧʫʩʢʘʤ 

ʧʘʨʘʤʝʪʨʦʚ ʘʧʧʘʨʘʪʫʨʳ ʩʚʷʟʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʝʪ ʥʘʣʠʯʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠ-

ʙʦʯʥʳʭ ʨʝʰʝʥʠʡ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ ʠ ʧʦʚʳʩʠʪʴ ʪʝʤ ʩʘʤʳʤ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʠʩʪʝ-

ʤʳ ʢʦʥʪʨʦʣʷ.  
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ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ,  ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ 2 ʠ 3d ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘ-

ʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. ɿʘʪʨʘʛʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʦʤʫ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʮʝʧʮʠʡ ʚ ʚʳʩʰʝʤ 

ʦʙʨʘʟʦʚʘʥʠʠ ʩʦʛʣʘʩʥʦ ʌʆʉ. 
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USING CAD FOR MODELING, AUTOMATION DESIGNING  

AND VISUALIZING OBJECTS IN THE EDUCATIONAL PROCESS  
 

Abstract:  The article is devoted to the current problems of 2D and 3d object modeling and 

visualization in the educational process. The issues related to the methodically sound integrated use 

of electronic tools in the educational process are discussed. The research is aimed at the organiza-

tion and application of modern concepts in higher education according to the FOS. 

Key words: design and parametric modeling, two-dimensional graphics, combinatorial op-

tions, design features, laws of composition. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʩʚʷʟʘʥʥʳʡ  ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʩʪʫʜʝʥʪʦʚ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢ-

ʩʘ ʢʦʤʧʝʪʝʥʮʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʥʳʭ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ, ʧʨʠ 
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ʵʪʦʤ, ʫʩʧʝʰʥʦ ʨʝʰʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʪʫʜʝʥʪʘʤʠ, ʢʘʢ ʩ ʫʯʘʩʪʥʠʢʘʤʠ ʝʜʠʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ ʧʦʣʫʯʝʥʠʠ ʚʳʙʨʘʥʥʦʡ 

ʧʨʦʬʝʩʩʠʠ, ʥʦ ʠ ʥʘʧʨʘʚʠʪʴ ʠʭ ʫʩʠʣʠʷ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʣʠʯʥʦʩʪʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʦʟʜʘʥʠʝ 

ʦʙʲʝʤʥʦʛʦ ʨʝʩʫʨʩʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ ʠʟʫʯʘʝʤʳʤ ʜʠʩʮʠʧʣʠʥʘʤ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠ-

ʯʝʩʢʠʭ ʠ ʥʘʛʣʷʜʥʳʭ ʧʦʩʦʙʠʡ ʟʘʥʠʤʘʝʪ ʩʚʦʝ ʪʨʘʜʠʮʠʦʥʥʦʝ ʤʝʩʪʦ. ʂʘʢ ʧʝʯʘʪʥʳʝ ʠʟʜʘ-

ʥʠʷ ʪʘʢ ʠ ʨʝʩʫʨʩʳ ʵʣʝʢʪʨʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʧʦʣʴʟʫʶʪʩʷ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʫ ʩʪʫʜʝʥʪʦʚ ʠ 

ʦʙʣʝʛʯʘʶʪ ʠʟʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʘʤʢʘʭ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘʜʘʥʠʷ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʢʘʢ ʚ AutoCAD, ʂʆʄʇɸʉ (ʨʠʩ. 1), ʪʘʢ ʠ ʚ ʪʘʢʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝ-

ʤʘʭ ʢʘʢ ADEM. ɺ ʩʚʷʟʠ ʩ ʧʦʩʣʝʜʥʠʤʠ ʩʦʙʳʪʠʷʤʠ ʚ ʤʠʨʝ ʠʥʪʝʨʝʩ ʢ ʦʪʝʯʝʩʪʚʝʥʥʳʤ 

CAD/CAM ʩʠʩʪʝʤʘʤ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʨʦʩ. ʉʠʩʪʝʤʘ  ADEM ï ʩʦʚʨʝʤʝʥʥʳʡ ʨʦʩʩʠʡʩʢʠʡ 

ʧʨʦʜʫʢʪ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 
 

 
 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AutoCAD 

 

 

ʆʪʤʝʯʝʥʦ, ʯʪʦ, ʪʘʢ ʢʘʢ ʢʘʯʝʩʪʚʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ð ʵʪʦ ʩʦ-

ʩʪʘʚʥʘʷ ʧʨʦʮʝʩʩʫʘʣʴʥʘʷ ʯʘʩʪʴ ʜʠʜʘʢʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʥʘʷ ʩ ʫʣʫʯ-

ʰʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ. ʕʣʝʢʪʨʦʥʥʳʝ ʫʯʝʙʥʳʝ ʨʝʩʫʨʩʳ ʧʦʟʚʦʣʷʶʪ 

ʦʩʚʦʠʪʴ ʧʨʦʛʨʘʤʤʳ AutoCAD, ʂʆʄʇɸʉ, ʢʘʢ ʚ ʦʙʲʝʤʝ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʪʘʢ ʠʭ ʫʛʣʫʙʣʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ. 

ɼʘʥʥʳʝ ʚʠʜʳ ʫʯʝʙʥʳʭ ʠ ʥʘʫʯʥʳʭ ʩʪʫʜʝʥʯʝʩʢʠʭ ʨʘʙʦʪ ʩʧʦʩʦʙʥʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʨʘʙʦʪʳ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʨʘʟʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʧʨʘʚʦʯʥʦʡ ʠ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ, ʘ ʪʘʢʞʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʩʚʦʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʄʦʜʫʣʴ ADEM CAD ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʯʝʨʯʝʥʠʷ, ʧʣʦʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʲʝʤʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ ʠ ʦʬʦʨʤʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. ʄʦʜʫʣʴ CAM ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ,  ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ʣʶʙʳʭ ʪʠʧʦʚ ʩʪʘʥʢʦʚ ʠ ʩʠʩʪʝʤ ʏʇʋ, ʚʢʣʶʯʘʷ ʤʥʦʛʦʢʘʥʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʆʙʝʩ-

ʧʝʯʠʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ (ʤʘʢʩʠʤʫʤ) 5-ʶ ʥʝʟʘʚʠʩʠʤʳʤʠ ʦʩʷʤʠ. ʋʧʨʘʚʣʷ-

ʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʩʦʟʜʘʝʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ ʜʝʪʘʣʠ. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʤʦʜʫʣʷ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʤʘʨʰʨʫʪʦʚ ʦʙ-

ʨʘʙʦʪʢʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩ ʏʇʋ ī ʧʨʦʛʨʘʤʤʥʳʝ ʦʧʝʨʘʮʠʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʥʘ ʪʘʢʠʭ 

ʩʪʘʥʢʘʭ, ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʦʙʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʝʪʘʣʠ. ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʩʪʫʜʝʥʪʳ ʧʦʟʥʘʶʪ ʠ ʪʦʥʢʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʧʨʦʮʝʩʩʘ: ʦʙʨʘʙʦʪʢʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʣʫʙʠʥʳ (ʫʩʪʨʘʥʝʥʠʝ ʵʬʬʝʢʪʘ ʥʘʢʣʝʧʘ ʨʘʙʦʯʝʡ 

ʢʨʦʤʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ï ʧʦʚʳʰʘʝʪ ʚʨʝʤʷ ʞʠʟʥʠ ʠʥʩʪʨʫʤʝʥʪʘ); ʦʙʨʘʙʦʪʢʘ ʙʦʢʦʚʳʭ ʧʘ-

ʟʦʚ (ʫʯʝʪ ʛʝʦʤʝʪʨʠʠ ʠʥʩʪʨʫʤʝʥʪʘ); ʬʨʝʟʝʨʦʚʘʥʠʝ ʨʝʟʴʙʳ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʚ ʤʦʜʫʣʝ ADEM CAD 

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʧʮʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʢʣʘʜʳʚʘ-

ʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʦʧʨʝʜʝʣʝʥʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʧʫ-

ʪʝʡ ʨʝʘʣʠʟʘʮʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʢʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʘʩʧʝʢʪʦʚ ʢʘʯʝʩʪʚʘ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʯʝʪʘ-

ʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʘ 

ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦ-

ʮʝʩʩʝ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉɸʇʈ ɼʃʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ, ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ  

ʀ ɺʀɿʋɸʃʀɿɸʎʀʀ ʆɹʒɽʂʊʆɺ ʅɸ ʇʈʀʄɽʈɽ ʉʅɽɾʀʅʂʀ ʂʆʍɸ 

 
ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ 2 ʠ 3d ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘ-

ʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʬʠʨʤʝʥʥʦʛʦ ʩʪʠʣʷ ʥʘ 

ʧʨʠʤʝʨʝ ʠʟʫʯʝʥʠʷ ʩʥʝʞʠʥʢʠ ʂʦʭʘ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ 

ʥʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʩʣʦʞʥʦʩʦʯʠʥʝʥʥʦʛʦ ʙʠʦʦʙʲʝʢʪʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʢʘʢ ʚʦʧʨʦʩʳ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʚ ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʚʳʙʦʨ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʢ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʚʳʙʦʨ ʠʩ-

ʧʦʣʴʟʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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USING CAD FOR MODELING, DESIGNING  

AND VISUALIZING OBJECTS USING THE KOCH SNOWFLAKE  
 

Abstract:  The article is devoted to the current problems of 2D and 3d modeling and visuali-

zation of an object in the educational process when creating an experimental corporate identity us-

ing the example of studying a Koch snowflake. The complex influence of various factors on the 

shaping of a complex biological object is analyzed. These include issues of modeling in different 

programs, the choice of different reproduction techniques, and the choice of the 

Key words: design and parametric modeling, two-dimensional graphics, combinatorial op-

tions, design features, laws of composition. 

 

                                                 
  É ɺʦʣʢʦʚʘ ʄ.ʖ., ɹʝʨʝʟʠʥʘ ʅ.ʉ., ɹʝʨʝʟʠʥʘ ʉ.ʉ., 2025 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʟʫʯʝʥʠʝʤ ʙʠʦʥʠʯʝʩʢʠʭ 

ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʪʦʪʠʧʦʚ, ʦʩʚʦʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʝʯʘʪʠ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʪʩʷ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʧʨʦʛʨʘʤʤ ʜʣʷ 2 D ʠ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʲ-

ʝʢʪʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʦʟʜʘʥʠʷ ʟʘʜʫʤʘʥʥʦʛʦ ʦʙʨʘʟʘ, ʩʪʘʚʠʣʠʩʴ ʟʘ-

ʜʘʯʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʉʨʘʚʥʠʚʘʣʠʩʴ ʢʦʤʙʠʥʘʪʦʨʥʳʝ ʚʘʨʠʘʥ-

ʪʳ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ ʚʠʟʫʘʣʠʟʘ-

ʮʠʷ ʚʳʧʦʣʥʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʫʪʠʣʠʪʘʨʥʳʭ ʧʨʝʜʤʝʪʘʭ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚ ʧʨʦʮʝʩʩʝ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʛʣʷʜʥʦ ʠʟʫʯʠʪʴ ʪʘʢʠʝ ʧʦʥʷʪʠʷ ʢʘʢ ʤʘʩʰʪʘʙ, ʩʦʤʘʩ-

ʰʪʘʙʥʦʩʪʴ ʠʟʜʝʣʠʷ, ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʉɸʇʈ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʬʠʨʤʝʥʥʦʛʦ ʩʪʠʣʷ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʠʟʫʯʝʥʳ: ʧʨʠʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ 

AutoCAD ʠ Paint; ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ; ʟʘʢʦʥʳ ʢʦʤʧʦʟʠʮʠʠ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʬʦʨʤʠʨʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʠʟʜʝʣʠʷʭ ʩ ʨʘʟʣʠʯʥʦʡ ʬʫʥʢʮʠʝʡ, ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʨʠʩ. 1). 

 

            
 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʩʦʟʜʘʥʠʷ ʩʥʝʞʠʥʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AutoCAD ʠ Paint 

 

 

ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ 

ʩʥʝʞʠʥʦʢ ʥʘ ʠʟʜʝʣʠʷ ʧʨʦʙʦʚʘʣʩʷ ʨʘʟʥʳʡ ʤʘʩʰʪʘʙ ʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʥʘʥʝʩʝʥʠʷ ʥʘ ʠʟ-

ʜʝʣʠʷ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ, ʤʫʞʩʢʠʭ, ʞʝʥʩʢʠʭ ʠ ʜʝʪʩʢʠʭ ʨʘʟʤʝʨʦʚ ʦʜʝʞʜʳ. 

ʉʧʝʨʝʜʠ ʬʫʪʙʦʣʢʠ ʩʥʝʞʠʥʢʠ ʙʳʣʠ ʫʤʝʥʴʰʝʥʳ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʥʘ ʩʧʠʥʝ ï ʫʚʝʣʠʯʝ-

ʥʳ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ Paint ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʩʦʧʦʩʪʘʚʠʤʳʡ ʩ ʪʘ-

ʢʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʢʘʢ Gimp ʠ Photoshop. ʇʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʧʨʦʩʪʦʡ, ʫʜʦʙʥʳʡ ʠ ʧʦ-

ʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʥʝ ʩʦʜʝʨʞʠʪ ʠʟʣʠʰʝʩʪʚ, ʦʩʣʦʞʥʷʶʱʠʭ ʨʘʙʦʪʫ; ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʙʦʪʳ ʩʨʘʟʫ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʧʦʜʜʝʨʞʢʘ ʩʣʦʝʚ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʘʨʠʘʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʩʪʚ 

ʢʦʤʧʦʟʠʮʠʠ, ʠʥʪʝʨʬʝʡʩ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ AutoCAD ʠ Paint. 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʘʤʦʧʦʜʦʙʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʧʨʠʤʝʨʝ ʩʥʝ-

ʞʠʥʢʠ ʂʦʭʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʉɸʇʈ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʠʟʫʯʝʥʳ: ʧʨʠʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ 

AutoCAD ʠ Paint, ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʥʝʞʠʥʦʢ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʷʚʣʝʥʦ, ʜʘʞʝ ʧʨʦʩʪʝʡʰʠʝ ʠʟ ʬʨʘʢ-

ʪʘʣʦʚ ï ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʘʤʦʧʦʜʦʙʥʳʝ ʬʨʘʢʪʘʣʳ ʦʙʣʘʜʘʶʪ ʥʝʧʨʠʚʳʯʥʳʤʠ ʩʚʦʡʩʪʚʘ-

ʤʠ.  

ʅʘʧʨʠʤʝʨ, ʩʥʝʞʠʥʢʘ ʬʦʥ ʂʦʭʘ ʦʙʣʘʜʘʝʪ ʧʝʨʠʤʝʪʨʦʤ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ, ʭʦʪʷ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʦʥʝʯʥʫʶ ʧʣʦʱʘʜʴ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʪʘʢʘʷ ʢʦʣʶʯʘʷ, ʯʪʦ ʥʠ ʚ ʦʜʥʦʡ ʪʦʯ-

ʢʝ ʢʦʥʪʫʨʘ ʢ ʥʝʡ ʥʝʣʴʟʷ ʧʨʦʚʝʩʪʠ ʢʘʩʘʪʝʣʴʥʫʶ (ʩʥʝʞʠʥʢʘ ʬʦʥ ʂʦʭʘ ʥʠʛʜʝ ʥʝ ʜʠʬʬʝ-

ʨʝʥʮʠʨʫʝʤʘ, ʪʦ ʝʩʪʴ ʥʝ ʛʣʘʜʢʘʷ ʥʠ ʚ ʢʘʢʦʡ ʪʦʯʢʝ). 

 

 
 

 
 

  
 

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʩʦʟʜʘʥʠʷ ʩʥʝʞʠʥʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AutoCAD 2 D ʠ 3D 

 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʘʨʠʘʥʪʦʚ ʩʥʝʞʠʥʦʢ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʬʨʘʢʪʘʣʦʚ, 

ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʠʥʪʝʨʬʝʡʩ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʚ AutoCAD. 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ,  ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʘʨʠʘʥʪʦʚ ʩʥʝʞʠʥʦʢ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʬʨʘʢʪʘʣʦʚ, 

ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʠʥʪʝʨʬʝʡʩ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʚ AutoCAD (ʨʠʩ. 2). 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʘʨʠʘʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʩʪʚ 

ʢʦʤʧʦʟʠʮʠʠ, ʠʥʪʝʨʬʝʡʩ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ AutoCAD ʠ Paint. 
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CURRENT PROBLEMS OF RESEARCH OF INFORMATION DISPLAY  

SYSTEMS IN THE DESIGN OF MACHINES AND MECHANISMS  
 

Abstract: The article is devoted to the current problems of research of information display 

systems in the design of machines and mechanisms. The aim of the study was the problems associ-

ated with the cognitive abilities of perception of information display systems by the consumer in the 

design of machines and mechanisms. Only by presenting information in the most convenient way, it 

can be transmitted, stored, processed. 

Key words: Perception of form, visual information, design, methodical approach, anthro-

pometry. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʘʢʪʫʘʣʠʟʘʮʠʠ ʧʨʦʙʣʝʤ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘ-

ʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʥʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʩʠʩʪʝʤ ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚʦʩʧʨʠʷʪʠʷ. ʕʪʦ ʟʘʯʘʩʪʫʶ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʨʘʟʚʠ-

ʪʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʪʦ ʝʩʪʴ ʩʦʙʠʨʘʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʩʦ-

ʟʜʘʚʘʝʤʦʡ ʬʦʨʤʝ, ʝʝ ʦʩʤʳʩʣʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʘʢʪʠʢʝ ʚʳʧʦʣʥʝʥʠʷ, ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘ-

ʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʣʫʯʝʥʠʠ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. ʅʦ ʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ, ʧʨʦ-

ʜʘʞʠ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʬʦʨʤʘʭ ʜʣʷ ʫʜʦʙʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʩ ʫʯʝʪʦʤ ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʥʮʠ-

ʧʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ: 

Å ʠʟʫʯʝʥʠʝ ʧʦʥʷʪʠʷ, ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʠ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ; 

Å ʦʧʠʩʘʥʠʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʠʜʦʚ ʠʥʬʦʨʤʘʮʠʠ; 

Å ʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʵʨʛʦʥʦʤʠʢʠ ʠ ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʵʨʛʦʥʦ-

ʤʠʯʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ); 

Å ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʦʥʷʪʠʷ çʢʦʜʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠè; 

Å ʘʥʘʣʠʟ ʤʝʪʦʜʠʢ ʚʦʩʧʨʠʷʪʠʷ ʨʘʟʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

Å ʧʨʦʚʝʜʝʥʠʝ ʦʧʨʦʩʘ ʩʨʝʜʠ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʥʘ ʧʨʝʜʤʝʪ ʚʦʩʧʨʠʷʪʠʷ ʨʝ-

ʢʣʘʤʳ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʚʝʜʝʥʠʡ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʝ ʥʘʟʳ-

ʚʘʝʪʩʷ ʢʦʜʠʨʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʢʦʜʠʨʦʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʥ-

ʬʦʨʤʘʮʠʠ ʠʟ ʦʜʥʦʡ ʬʦʨʤʳ ʚ ʜʨʫʛʫʶ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʨʝʞʥʝʛʦ ʩʤʳʩʣʘ. ʊʦʣʴʢʦ ʧʨʝʜ-

ʩʪʘʚʠʚ ʠʥʬʦʨʤʘʮʠʶ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ, ʝʸ ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ, ʭʨʘʥʠʪʴ, ʦʙ-

ʨʘʙʘʪʳʚʘʪʴ. ʋ ʯʝʣʦʚʝʢʘ ʝʩʪʴ ʧʷʪʴ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ (ʛʣʘʟʘ, ʫʰʠ, ʥʦʩ, ʷʟʳʢ, ʢʦʞʘ), ʢʦʪʦ-

ʨʳʝ ʧʦʟʚʦʣʷʶʪ ʝʤʫ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ. ʏʝʣʦʚʝʯʝʩʢʠʝ ʯʫʚʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨ-

ʤʘʮʠʠ ʥʘʟʳʚʘʶʪʩʷ: ʟʨʝʥʠʝ, ʩʣʫʭ, ʦʙʦʥʷʥʠʝ, ʚʢʫʩ, ʦʩʷʟʘʥʠʝ.  

ɺʦʩʧʨʠʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ ð ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʟ ʚʥʝʰʥʝʛʦ ʤʠʨʘ ʚ 

ʧʨʠʛʦʜʥʫʶ ʬʦʨʤʫ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ (ʪʘʙʣʠʮʘ). 

ɻʨʘʤʦʪʥʦʝ ʩʦʟʜʘʥʠʝ ʩʘʡʪʘ ʩ ʫʯʝʪʦʤ ʘʣʛʦʨʠʪʤʦʚ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʦʩʥʦ-

ʚʘʥʥʳʭ ʥʘ ʟʥʘʥʠʠ ʧʩʠʭʦʣʦʛʠʠ, ʵʨʛʦʥʦʤʠʢʠ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʜʝʡʩʪʚʠʡ ʠ ʤʳʰʣʝʥʠʷ ʧʦ-

ʪʨʝʙʠʪʝʣʝʡ. 

ɺ ʟʘʜʘʯʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʭʦʜʠʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʢʘʢ ʠʥʬʦʨʤʘʮʠʷ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʬʦʨʤʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʫʜʦʙʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷʤʠ, ʩ ʫʯʝʪʦʤ ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ.   



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ,  ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ʊʘʙʣʠʮʘ. ʌʘʢʪʦʨʳ ʚʣʠʷʶʱʠʝ ʥʘ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ 

ʄʝʪʦʜʳ 

ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ 

ʕʪʘʧʳ 

ʚʦʩʧʨʠʷʪʠʷ 

ɺʠʜʳ 

ʠʥʬʦʨʤʘʮʠʠ 

ʊʠʧʳ 

ʚʦʩʧʨʠʷʪʠʷ 

ʂʦʛʥʠʪʠʚʥʳʝ 

ʩʪʠʣʠ 

ʉʚʦʡʩʪʚʘ 

ʚʦʩʧʨʠʷʪʠʷ 

1. ɽʩʪʝʩʪʚʝʥ-

ʥʳʝ:  

ʦʨʛʘʥʳ 

ʯʫʚʩʪʚ, 

ʤʳʰʣʝʥʠʝ. 

2. ɸʧʧʘʨʘʪ-

ʥʳʝ: ʫʩʪʨʦʡ-

ʩʪʚʘ ʜʣʷ ʘʥʘ-

ʣʠʟʘ ʜʘʥʥʳʭ. 

3. ʇʨʦ-

ʛʨʘʤʤʥʳʝ: 

ʘʣʛʦʨʠʪʤʳ, 

ʀʀ. 

 

1. ʇʝʨʚʠʯʥʦʝ 

ʚʦʩʧʨʠʷʪʠʝ 

(ʧʦʠʩʢ, ʣʦʢʘʣʠ-

ʟʘʮʠʷ). 

2. ɸʥʘʣʠʟ (ʢʦʨ-

ʨʝʣʷʮʠʷ, ʨʝ-

ʛʨʝʩʩʠʷ). 

3. ʈʘʩʧʦʟʥʘʚʘ-

ʥʠʝ (ʜʠʘʛʥʦʩʪʠ-

ʢʘ, ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʷ). 

4. ʇʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʝ (ʦʮʝʥʢʘ 

ʙʫʜʫʱʝʛʦ). 

 

1. ʊʝʢʩʪʦʚʘʷ 

(ʩʠʤʚʦʣʳ). 

2. ʏʠʩʣʦʚʘʷ 

(ʜʘʥʥʳʝ). 

3. ɿʚʫʢʦʚʘʷ (ʤʫ-

ʟʳʢʘ, ʨʝʯʴ). 

4. ɻʨʘʬʠʯʝʩʢʘʷ 

(ʛʨʘʬʠʢʠ, ʩʭʝ-

ʤʳ). 

 

1. ɺʠʟʫʘʣʳ: 

ʠʟʦʙʨʘʞʝʥʠʷ, 

ʛʨʘʬʠʢʠ. 

2. ɸʫʜʠʘʣʳ: 

ʟʚʫʢʠ, ʨʘʟʛʦʚʦ-

ʨʳ. 

3. ʂʠʥʝʩʪʝʪʠ-

ʢʠ: ʪʘʢʪʠʣʴʥʳʝ 

ʦʱʫʱʝʥʠʷ. 

4. ɼʠʛʠʪʘʣʳ: 

ʣʦʛʠʢʘ ʠ ʤʳʰ-

ʣʝʥʠʝ. 

 

1. ʇʦʣʝʟʘʚʠʩʠʤʦʩʪʴ/ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ: ʚʣʠ-

ʷʥʠʝ ʬʘʢʪʦʨʦʚ. 

2. ʐʠʨʦʪʘ ʢʘʪʝʛʦ-

ʨʠʡ: ʦʙʦʙʱʝʥʠʝ/ 

ʜʝʪʘʣʠʟʘʮʠʷ. 

3. ɻʠʙʢʦʩʪʴ/ ʨʠʛʠʜ-

ʥʦʩʪʴ: ʘʜʘʧʪʘʮʠʷ ʢ 

ʧʦʜʘʯʝ. 

4. ʈʝʬʣʝʢʪʠʚʥʦʩʪʴ/ 

ʠʤʧʫʣʴʩʠʚʥʦʩʪʴ: 

ʘʥʘʣʠʟ/ʨʝʘʢʮʠʷ. 

 

1. ʇʨʝʜʤʝʪʥʦʩʪʴ 

ï ʩʚʷʟʴ ʜʘʥʥʳʭ ʩ 

ʦʙʲʝʢʪʘʤʠ. 

2. ʎʝʣʦʩʪʥʦʩʪʴ ï 

ʦʙʲʝʜʠʥʝʥʠʝ 

ʜʝʪʘʣʝʡ. 

3. ʂʦʥʩʪʘʥʪ-

ʥʦʩʪʴ ð ʩʦʭʨʘ-

ʥʝʥʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ. 

4. ʆʩʤʳʩʣʝʥ-

ʥʦʩʪʴ ï ʩʦʦʪʥʝ-

ʩʝʥʠʝ ʩ ʢʘʪʝʛʦ-

ʨʠʷʤʠ. 

5. ʀʟʙʠʨʘʪʝʣʴ-

ʥʦʩʪʴ ð ʬʦʢʫʩ 

ʥʘ ʚʘʞʥʦʤ. 

 

   

 
ʈʠʩʫʥʦʢ. ʇʨʠʤʝʨʳ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʦʧʨʦʩʘ 

 

 

ʀʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʦʙʲ-

ʝʢʪʠʚʥʦʩʪʴ, ʧʦʣʥʦʪʘ, ʘʢʪʫʘʣʴʥʦʩʪʴ, ʧʦʥʷʪʥʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ, ʨʝʣʝʚʘʥʪʥʦʩʪʴ, ʵʨʛʦʥʦ-

ʤʠʯʥʦʩʪʴ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʚʦʧʨʦʩʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥ 

ʦʬʣʘʡʥ ʠ ʦʥʣʘʡʥ ʦʧʨʦʩ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʨʠʩʫʥʦʢ). 

  



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 

_______________________________________________________________________________ 

 

144 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦ-

ʮʝʩʩʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʠʩʪʝʤʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʪ-

ʨʘʞʘʶʱʠʡ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ. ʈʝʩʧʦʥʜʝʥʪʳ ʯʘʩʪʦ 
ʚʙrʠʨʘʶʪ ʚʠʜʝʦ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʬʦʨʤʳ ʟʘʧʦʤʠʥʘʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʳʩʪʨʝʝ ʚʦʩʧʨʠʥʠʤʘʪʴ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʝʥʪ. 
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ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʪʝʛʨʘʮʠʷ ʥʘʫʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ - ʦʩʥʦʚʘ ʨʝʘʣʠ-

ʟʘʮʠʠ  ʇʣʘʥʘ ʥʘʮʠʠè  (ʉʘʛʠʥʦʚʩʢʠʝ ʯʪʝʥʠʷ ˉ15),  ʧʦʩʚʷʱʝʥʥʘʷ 70-ʣʝʪʠʶ ʫʥʠʚʝʨʩʠʪʝʪʘ //  16-

17  ʠʶʥʷ 2023 ʛʦʜʘ ʥʘ ʙʘʟʝ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ 

ʉʘʛʠʥʦʚʘ.: ʉʝʢʮʠʷ 2. ʆʙʨʘʟʦʚʘʥʠʝ XXI ʚʝʢʘ, ʂʘʨʘʛʘʥʜʘ, ʠʶʥʴ 2023 ʛ. ʉ. 
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M. Volkova, S.A. Smirnova 
 

STUDY OF THE PROBLEMS OF INFLUENCE OF ILLUMINATION  

IN CALCULATIONS AND IN THE DESIGN OF MACHINES AND MECHANISMS  
 

Abstract: The article is devoted to the actual problems of the influence of illumination in the 

construction of machines and mechanisms. The purpose of the study was the problems related to the 

targeted study of labor protection issues. Labor efficiency and human efficiency depend on many 

factors, one of the most important components of which is illumination. The right choice of lighting 

not only helps to improve the quality of tasks performed, but also has a positive effect on the health 

and emotional state of the employee. 

Key words: Labor protection, illumination, design, efficiency, ergonomics, psychophysio-

logical factors. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʘʢʪʫʘʣʠʟʘʮʠʠ ʧʨʦʙʣʝʤ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘ-

ʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʥʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʚʦʧʨʦʩʦʚ ʦʭʨʘʥʳ ʪʨʫʜʘ.  

ʆʩʚʝʱʝʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʤʬʦʨʪʘ 

ʪʨʫʜʘ. ɽʛʦ ʢʘʯʝʩʪʚʦ ʚʣʠʷʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʥʘ ʨʝʟʫʣʴʪʘ-

ʪʠʚʥʦʩʪʴ ʪʨʫʜʘ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʫʜʘ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʩʚʝʱʝʥʥʦʩʪʴ. ʇʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʩʚʝʪʘ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʤʳʭ ʟʘʜʘʯ, ʥʦ ʠ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʟʜʦʨʦʚʴʝ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʙʦʪʥʠʢʘ, ʘ ʪʫʩʢʣʳʡ, ʩʣʘʙʳʡ 

ʩʚʝʪ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʧʦʨʪʠʪ ʥʝ ʪʦʣʴʢʦ ʟʨʝʥʠʝ, ʥʦ ʠ ʧʩʠʭʠʢʫ ʨʘʙʦʪʥʠʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʙʳʩʪʨʦʤʫ ʧʝʨʝʫʪʦʤʣʝʥʠʶ ʠ ʨʘʥʥʝʤʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʚʳʛʦʨʘʥʠʶ.  ʏʪʦʙʳ ʟʘʱʠʪʠʪʴʩʷ ʦʪ 

ʪʘʢʠʭ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʜʫʤʘʪʴ ʦʩʚʝʱʝʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɺ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦʜʠʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ: 

1. ʈʘʩʩʤʦʪʨʝʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʚʦʩʧʨʠʷʪʠʷ 
ʦʩʚʝʱʝʥʥʦʩʪʠ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ; 

2. ʆʪʩʣʝʜʠʪʴ ʦʩʚʝʱʝʥʠʝ ʢʘʢ ʦʙʲʝʢʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʨʛʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; 

3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʪʠʧʦʚ ʦʩʚʝʱʝʥʠʷ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ; 

4. ʋʟʥʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʩʚʝʱʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʤʝʱʝʥʠʡ ʠ ʨʘʟʥʳʭ 
ʩʪʨʘʥ ʠ ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠ ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ. 

ɹʦʣʝʝ 80 % ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ ʚʠʟʫʘʣʴʥʦ. 

ʆʩʚʝʱʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦ 

ʦʥʦ ʪʘʢʞʝ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʩʠʭʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʟʜʦ-

ʨʦʚʴʝ ʚʦʦʙʱʝ.  

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʥʘʩʝʣʝʥʠʷ, ʟʠʤʦʡ ʠ ʦʩʝ-

ʥʴʶ ʩʚʝʪʦʚʦʡ ʜʝʥʴ ʤʦʞʝʪ ʙʳʪʴ ʢʦʨʦʯʝ ʨʘʙʦʯʝʛʦ, ʠ ʣʶʜʠ ʥʘʯʠʥʘʶʪ ʪʨʫʜʠʪʴʩʷ ʝʱʝ ʜʦ 

ʨʘʩʩʚʝʪʘ, ʘ ʟʘʢʘʥʯʠʚʘʶʪ ʫʞʝ ʧʦʩʣʝ ʟʘʢʘʪʘ. ʀʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʨʠ ʪʘʢʦʤ ʨʝ-

ʞʠʤʝ ʯʘʩʪʠʯʥʦ ʟʘʤʝʥʷʝʪ ʩʦʣʥʮʝ, ʧʦʜʘʚʣʷʷ ʚʳʨʘʙʦʪʢʫ ʤʝʣʘʪʦʥʠʥʘ ʠ ʩʥʠʞʘʷ ʩʦʥʣʠ-

ʚʦʩʪʴ. ʅʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʨʛʘʥʠʟʤ ʥʝ ʧʨʦʠʟʚʦʜʠʪ ʛʦʨʤʦʥʳ ʙʦʜʨʦʩʪʠ, ʠʟ-ʟʘ ʯʝʛʦ ʧʦʣʫ-

ʯʘʝʪ ʚʷʣʦʝ ʠ ʙʝʟʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʧʦʜʲʝʤʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʝ ʯʫʚʩʪʚʫ-

ʝʪ. ɼʣʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʥʦ ʠ ʮʚʝʪ 

ʦʩʚʝʱʝʥʠʷ, ʪʘʢ ʯʪʦ ʜʣʷ ʟʘʱʠʪʳ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ ʥʫʞʥʦ ʚʳʙʠʨʘʪʴ ʩʚʝʪʠʣʴʥʠʢʠ 

ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ (ʦʥʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʂʝʣʴʚʠʥʘʭ). ʏʝʤ ʪʝʧʣʝʝ ʩʚʝʪ, ʪʝʤ ʙʦʣʴʰʝ ʦʥ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʨʘʩʩʣʘʙʣʝʥʠʶ. ɼʣʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʣʫʯʰʝ ʧʦʜʦʡʜʝʪ ʥʝʡʪʨʘʣʴʥʳʡ ʙʝʣʳʡ ʩ 
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ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʦʣʦ 4000ï5000ʂ, ʠʤʠʪʠʨʫʶʱʠʡ ʧʦʣʫʜʝʥʥʦʝ ʩʦʣʥʮʝ. ɹʦʣʝʝ ʭʦʣʦʜʥʳʡ 

ʮʚʝʪ ʙʫʜʝʪ ʚʳʟʳʚʘʪʴ ʧʩʠʭʠʯʝʩʢʦʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʩʠʥʠʡ ʩʚʝʪ ʚʨʦʜʝ ʪʦʛʦ, ʯʪʦ ʠʩʭʦʜʠʪ ʦʪ ʧʨʠʙʦʨʦʚ, ʟʘʜʝʡʩʪʚʫʶ-

ʱʠʭ ʩʚʝʪʦʜʠʦʜʳ, ʟʘʥʠʤʘʝʪ ʫʯʘʩʪʦʢ ʩʧʝʢʪʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʤʝʞʜʫ 380ï500 ʥʤ. 

ʅʘʠʙʦʣʝʝ ʚʨʝʜʝʥ ʩʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 415ï455 ʥʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ HEV-ʠʟʣʫʯʝʥʠʝ 

(ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʚʝʪ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ). ɺ ʵʪʦʤ ʧʨʦʤʝʞʫʪʢʝ 

ʨʘʙʦʪʘʶʪ ʥʦʫʪʙʫʢʠ, ʧʣʘʥʰʝʪʳ ʠ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ; ʠʤʝʥʥʦ ʦʪ ʪʘʢʦʛʦ ʩʚʝʪʘ ʟʘʱʠ-

ʱʘʶʪ ʩʦʣʥʮʝʟʘʱʠʪʥʳʝ ʦʯʢʠ ʠ ʤʘʩʢʠ ʜʣʷ ʩʚʘʨʢʠ. 

ʇʨʠ ʚʳʙʦʨʝ ʠʩʪʦʯʥʠʢʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʫʣʴʩʘʮʠʶ ʦʩʚʝʱʝʥʥʦʩʪʠ ï ʤʝʨʮʘʥʠʝ ʣʘʤʧʳ. ɺ ʥʦʨʤʝ ʤʝʨʮʘʥʠʝ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘ-

ʤʝʪʥʦ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʛʣʘʟʫ, ʝʛʦ ʧʦʩʪʦʷʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʨʚʥʦʤʫ 

ʥʘʧʨʷʞʝʥʠʶ. ʇʫʣʴʩʘʮʠʶ ʦʩʚʝʱʝʥʠʷ ʯʝʣʦʚʝʢ ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʠʜʠʪ, ʥʦ ʝʝ ʧʨʝʚʳʰʝ-

ʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ï ʩʣʘʙʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʥʠʤʘʥʠʷ, ʯʫʚ-

ʩʪʚʦ ʫʩʪʘʣʦʩʪʠ, ʫʧʘʜʦʢ ʥʘʩʪʨʦʝʥʠʷ, ʥʘʨʫʰʝʥʠʝ ʩʥʘ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʜʚʠʞʫʱʠʤʠʩʷ ʤʝʭʘ-

ʥʠʟʤʘʤʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʫʣʴʩʘʮʠʷ ʦʩʚʝʱʝʥʠʷ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʪʨʦʙʦʩʢʦʧʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ï ʦʙʤʘʥ ʟʨʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʞʝʪʩʷ, ʯʪʦ ʜʚʠʞʫʱʘʷʩʷ ʯʘʩʪʴ ʩʪʘʥʢʘ ʥʝʧʦ-

ʜʚʠʞʥʘ, ʘ ʵʪʦ ʪʨʘʚʤʦʦʧʘʩʥʦ.  

ʇʫʣʴʩʘʮʠʷ ʦʩʚʝʱʝʥʠʷ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʶʤʠʥʝʩʮʝʥʪ-

ʥʳʭ ʣʘʤʧ, ʪʘʢ ʠ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ. ɺ ʉʘʥʇʠʅ 2.2.2/2.4.1340-03 "ɻʠʛʠʝʥʠʯʝʩʢʠʝ ʪʨʝ-

ʙʦʚʘʥʠʷ ʢ ʧʝʨʩʦʥʘʣʴʥʳʤ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʤʘʰʠʥʘʤ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦ-

ʪʳè ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʡ ʦʩʚʝʱʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʇʕɺʄ ʥʝ 

ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 5 %. ʀʩʧʨʘʚʠʪʴ ʪʘʢʫʶ ʩʠʪʫʘʮʠʶ ʤʦʛʫʪ ʪʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦ-

ʙʨʘʥʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ, ʫʣʫʯʰʘʶʱʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ʉʚʝʪ ʦʢʘʟʳʚʘʝʪ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʪʦʥʠʟʠʨʫʶʱʠʡ ʵʬʬʝʢʪ, ʫʣʫʯʰʘʝʪ ʪʝʧʣʦ-

ʦʙʤʝʥ, ʚʣʠʷʝʪ ʥʘ ʠʤʤʫʥʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʣʠʷʥʠʝʤ ʦʩʚʝʱʝʥʥʦʩʪʠ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙ-

ʥʦʩʪʴè ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʨʦʩʳ ʣʶʜʝʡ ʨʘʟʥʳʭ ʧʨʦʬʝʩʩʠʡ ʠ ʚʦʟʨʘʩʪʦʚ ʦʪ 18 ʜʦ 60+ 

(43 ʫʯʘʩʪʥʠʢʘ) ʠ ʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 18-19 ʣʝʪ (29 ʯʝʣʦʚʝʢ) (ʨʠʩʫʥʦʢ). 
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ɺ ʦʥʣʘʡʥ-ʦʧʨʦʩʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʜʦʤʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʩʤʝʰʘʥʥʦʤ ʦʩʚʝʱʝʥʠʠ 

ʙʦʣʴʰʠʥʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʦʪʤʝʪʠʣʠ ʣʝʛʢʫʶ ʫʩʪʘʣʦʩʪʴ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʡ 

ʚʳʙʦʨ ʢʦʤʬʦʨʪʥʦʛʦ ʩʚʝʪʘ. ɺ ʦʬʠʩʝ ʚʩʝ ʨʝʩʧʦʥʜʝʥʪʳ ʦʪʤʝʪʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʫʩʪʘʣʦʩʪʠ 

ʙʣʘʛʦʜʘʨʷ ʩʦʙʣʶʜʝʥʠʶ ʥʦʨʤ ʦʩʚʝʱʝʥʠʷ. ʅʘ ʫʯʝʙʝ 50 % ʠʩʧʳʪʳʚʘʣʠ ʣʝʛʢʫʶ ʫʩʪʘ-

ʣʦʩʪʴ, 36 % ʥʝ ʟʘʤʝʯʘʣʠ ʫʩʪʘʣʦʩʪʠ, ʘ 14 % ʦʪʤʝʪʠʣʠ ʩʠʣʴʥʫʶ ʫʩʪʘʣʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʦʩʚʝʱʝʥʠʝʤ. ʆʩʚʝʱʝʥʠʝ ʥʘ ʤʝʩʪʝ ʫʯʝʙʳ ʚʘʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʦʜ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʩʣʦʞʥʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ.  

46,5 % ʫʯʘʩʪʥʠʢʦʚ ʦʪʤʝʪʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʩʚʝʱʝʥʠʷ ʥʘ ʢʦʥʮʝʥʪʨʘ-

ʮʠʶ, 30,2 % ï ʫʤʝʨʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʠ 23,3 % ʫʢʘʟʘʣʠ, ʯʪʦ ʦʩʚʝʱʝʥʠʝ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝ-

ʥʠʷ. ʅʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʝ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʫ 48,8 % ʨʝʩʧʦʥʜʝʥʪʦʚ, ʫʤʝʨʝʥʥʦ ï 

ʫ 34,9 %, ʘ 16,3 % ʦʪʤʝʪʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ. ʋʨʦʚʝʥʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʦʩʚʝʱʝ-

ʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ: 32,6 % ʚʳʙʠʨʘʶʪ ʷʨʢʠʡ ʩʚʝʪ, 30,2 % ï ʤʷʛʢʠʡ, 14 % ï ʝʩʪʝʩʪʚʝʥʥʳʡ, 

ʘ 23,3 % ʟʘʷʚʣʷʶʪ, ʯʪʦ ʩʧʨʘʚʣʷʶʪʩʷ ʧʨʠ ʣʶʙʦʤ ʦʩʚʝʱʝʥʠʠ. ʅʘʩʪʨʦʝʥʠʝ 42 % ʣʶʜʝʡ 

ʫʤʝʨʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʩʚʝʱʝʥʠʷ, 23 % ʠʩʧʳʪʳʚʘʶʪ ʨʘʟʜʨʘʞʝʥʠʝ ʧʨʠ ʝʛʦ ʯʨʝʟʤʝʨʥʦʡ 

ʷʨʢʦʩʪʠ ʠʣʠ ʪʫʩʢʣʦʩʪʠ, 21 % ʥʝ ʟʘʤʝʯʘʶʪ ʠʟʤʝʥʝʥʠʡ ʥʘʩʪʨʦʝʥʠʷ. ʅʝʡʪʨʘʣʴʥʳʡ ʙʝʣʳʡ 

ʩʚʝʪ ʧʨʝʜʧʦʯʠʪʘʶʪ 51,2 % ʫʯʘʩʪʥʠʢʦʚ, ʭʦʣʦʜʥʳʡ ï 25,6 %, ʪʝʧʣʳʡ ï 23,3 %. 

ɺ ʦʯʥʦʤ ʪʝʩʪʠʨʦʚʘʥʠʠ ʦʪʤʝʯʘʣʦʩʴ ʭʦʨʦʰʝʝ ʩʘʤʦʯʫʚʩʪʚʠʝ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ 

ʦʩʚʝʱʝʥʠʠ. ʇʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠ ʩʤʝʰʘʥʥʦʤ ʦʩʚʝʱʝʥʠʠ 50 % ʠʩʧʳʪʳʚʘʣʠ ʣʝʛʢʫʶ 

ʫʩʪʘʣʦʩʪʴ. ɼʦʤʘ ʨʝʟʫʣʴʪʘʪʳ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ ʧʦʣʥʦʛʦ ʢʦʤʬʦʨʪʘ ʜʦ ʩʠʣʴʥʦʡ ʫʩʪʘʣʦ-

ʩʪʠ, ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʠ ʫʩʣʦʚʠʡ. ɺ ʩʧʦʨʪʟʘʣʘʭ ʜʦʩʪʘʪʦʯ-

ʥʦʝ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʦʜʨʦʩʪʠ, ʘ ʚ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʨʘʙʦʪʘ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʙʶʨʦ) ʫʯʘʩʪʥʠʢʠ ʞʘʣʦʚʘʣʠʩʴ ʥʘ ʧʣʦʭʦʝ ʩʘʤʦʯʫʚʩʪʚʠʝ, ʯʪʦ, 

ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʟʨʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʆʩʚʝʱʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʣʦ 

ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʫ 41 % ʨʝʩʧʦʥʜʝʥʪʦʚ, ʫʤʝʨʝʥʥʦ ï ʫ 52 %. ʉʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦ-

ʜʫʢʪʠʚʥʦʩʪʴ ʦʪʤʝʪʠʣʠ 62 %, ʩʣʘʙʦʝ ï 38 %. ʄʷʛʢʦʝ ʦʩʚʝʱʝʥʠʝ ʧʨʝʜʧʦʯʣʠ 37,9 % 

ʫʯʘʩʪʥʠʢʦʚ, ʷʨʢʦʝ ï 27,6 %, ʝʩʪʝʩʪʚʝʥʥʦʝ ï 13,8 %. ʍʦʣʦʜʥʳʡ ʩʚʝʪ ʚʳʙʨʘʣʠ 41,4 % 

ʨʝʩʧʦʥʜʝʥʪʦʚ, ʥʝʡʪʨʘʣʴʥʳʡ ï 31 %, ʪʝʧʣʳʡ ï 27,6 %. ʋʤʝʨʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʩʚʝʱʝʥʠʷ 

ʥʘ ʥʘʩʪʨʦʝʥʠʝ ʦʪʤʝʪʠʣʠ 48,3 %, ʨʘʟʜʨʘʞʝʥʠʝ ï 20,7 %.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʘ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʦʩʚʝʱʝʥʠʝ ʚʣʠʷʝʪ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʶ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʥʘʩʪʨʦʝʥʠʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʚʳʰʘʶʪ ʤʷʛʢʦʝ ʠ 

ʥʝʡʪʨʘʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʭʦʣʦʜʥʳʡ ʩʚʝʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʩʪʠ, ʪʝʧʣʳʡ ï 

ʫʶʪʫ. ʕʢʩʪʨʝʤʘʣʴʥʘʷ ʷʨʢʦʩʪʴ ʠʣʠ ʪʫʩʢʣʦʩʪʴ ʚʳʟʳʚʘʝʪ ʫʩʪʘʣʦʩʪʴ ʠ ʨʘʟʜʨʘʞʝʥʠʝ. ʇʨʘ-

ʚʠʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʦʩʚʝʱʝʥʠʷ ʫʣʫʯʰʘʝʪ ʩʘʤʦʯʫʚʩʪʚʠʝ ʠ ʧʦʚʳʰʘʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. 

ɺʘʞʥʘʷ ʨʝʢʦʤʝʥʜʘʮʠʷ ð ʩʪʘʨʘʪʴʩʷ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʡ 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ. ɺʳʙʠʨʘʪʴ ʧʦʤʝʱʝʥʠʷ ʩ ʫʜʘʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʢʦʥ, ʥʝ ʟʘʥʘʚʝʰʠ-

ʚʘʡʪʝ ʠʭ ʪʷʞʝʣʳʤʠ ʰʪʦʨʘʤʠ ʠʣʠ ʞʘʣʶʟʠ. ɽʩʪʝʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʥʘʠʣʫʯʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʠ ʩʘʤʦʯʫʚʩʪʚʠʝ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ ʧʨʠ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ. 

ʀʪʘʢ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʧʦ ʦʩʥʦʚʦʧʦ-

ʣʘʛʘʶʱʠʤ ʬʘʢʪʦʨʘʤ ʦʩʚʝʱʝʥʠʷ: 

¶ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ð ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ï ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚ-

ʥʦʤʝʨʥʫʶ ʦʩʚʝʱʝʥʥʦʩʪʴ, ʙʝʟ ʯʨʝʟʤʝʨʥʦ ʟʘʩʚʝʯʝʥʥʳʭ ʠʣʠ ʟʘʪʝʥʸʥʥʳʭ ʫʯʘʩʪʢʦʚ; 

¶ ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʦʥʥʳʤ ʧʨʦʸʤʘʤ ʜʦʣʞʥʦ ʠʩ-

ʢʣʶʯʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʪʦʚʳʭ ʙʣʠʢʦʚ ʠ ʦʪʨʘʞʝʥʠʡ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ (ʪʦ ʞʝ ʢʘʩʘʝʪʩʷ 

ʩʚʝʪʘ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʣʘʤʧ ʚ ʪʸʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ); 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʩ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʧʘʨʘ-
ʤʝʪʨʘʤʠ ʷʨʢʦʩʪʠ ʠ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʘ ʤʝʨʮʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʠʣʴʥʠʢʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʥʜʝʢʩʦʤ ʮʚʝʪʦʧʝʨʝʜʘʯʠ. 
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COMPARISON OF RELIABILITY OF TVF-60-2 AND TZV-63-2UZ GENERATORS 

IN THE AREAS OF THE FAR NORTH 
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Abstracts: The reliability comparison of TVF-60-2 and TZV-63-2UZ generators with water 

and hydrogen cooling, respectively, is given. The features of each cooling system that can affect the 

reliability level of the generator, which will operate in the regions of the far north together with the 

RITM-200-N reactor plant, are indicated. 

Keywords: generator, cooling system, water, hydrogen, reliability. 

 

ʊʫʨʙʦʛʝʥʝʨʘʪʦʨ ï ʘʛʨʝʛʘʪ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʚʠʞʫʱʝ-

ʛʦʩʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʪʫʨʙʠʥʳ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʉʦʩʪʦʠʪ ʠʟ ʚʨʘʱʘʶʱʝʛʦʩʷ ʨʦʪʦʨʘ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʦʛʦ ʥʘ ʜʚʫʭ ʧʦʜʰʠʧʥʠʢʘʭ ʩʢʦʣʴʞʝʥʠʷ, ʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʪʘʪʦʨʘ. ɿʘ ʧʝʨʝʜʘʯʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʛʝʥʝʨʘʪʦʨʝ ʦʪʚʝʯʘʶʪ ʤʝʜʥʦ-ʛʨʘʬʠʪʦʚʳʝ ʱʸʪʦʯʢʠ ʠ ʤʝʜʥʘʷ ʦʙ-

ʤʦʪʢʘ ʩʪʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʩʠʣʴʥʦ ʥʘʛʨʝʚʘʶʪʩʷ. ʕʪʦ ʪʝʧʣʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʚʦʜʠʪʴ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʝʚʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʣʘʚʣʝʥʠʶ ʜʝʪʘʣʝʡ, ʦʩʪʘʥʦʚʢʝ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʠ ʚʩʝʡ ʩʪʘʥʮʠʠ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʢ ʦʪʢʣʶʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ ʦʪ ʩʝʪʠ, ʢʦʪʦʨʦʤʫ ʚ ʩʣʝʜʩʪʚʠʝ ʘʚʘʨʠʠ ʧʨʠʜʸʪʩʷ ʧʦʥʝʩʪʠ ʫʙʳʪʢʠ ʚ ʩʚʷʟʠ ʩ 

ʨʝʤʦʥʪʦʤ. ɼʣʷ ʜʘʥʥʳʭ ʮʝʣʝʡ ʩʫʱʝʩʪʚʫʝʪ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ. ʉʫʱʝʩʪʚʫ-

ʶʪ 6 ʚʠʜʦʚ ʦʭʣʘʞʜʘʶʱʠʭ ʩʠʩʪʝʤ: ʂɺɿ ï ʢʦʩʚʝʥʥʦʝ ʚʦʟʜʫʭʦʤ; ʅɺɿ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦʝ ʚʦʟʜʫʭʦʤ; ʂɺʈ ï ʢʦʩʚʝʥʥʦʝ ʚʦʜʦʨʦʜʦʤ; ʅɺʈ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʜʦʨʦʜʦʤ; ʅɺ ï 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʜʦʡ; ʅʄ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʤʘʩʣʦʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʶʪʩʷ ʛʝʥʝʨʘʪʦʨʳ ʪʠʧʘ ʊɺʌ-60-2 ʠ ʊɿɺ-63-2ʋ3 ʩ ʚʦʜʦʨʦʜʥʳʤ ʠ ʚʦʜʷʥʳʤ ʦʭʣʘ-

ʞʜʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. [1] 

ʊʫʨʙʦʛʝʥʝʨʘʪʦʨʳ ʩʝʨʠʠ ʊɺ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ ʩ ʧʘʨʦʚʳʤʠ ʠ ʛʘʟʦ-

ʚʳʤʠ ʪʫʨʙʠʥʘʤʠ. ʀʩʧʦʣʥʝʥʠʝ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʊɺʌ - ʛʝʨʤʝʪʠʯʥʦʝ, ʟʘʢʨʳʪʦʝ. ɺʝʥʪʠ-

ʣʷʪʦʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ, ʦʩʫʱʝʩʪʚʣʷʶʪ ʮʠʨʢʫʣʷʮʠʶ ʛʘʟʘ. ʊʫʨʙʦʛʝʥʝʨʘ-

ʪʦʨʳ ʠʤʝʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʬʦʨʩʠʨʦʚʘʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ ʚʦʜʦʨʦʜʦʤ 

ʠ ʢʦʩʚʝʥʥʦʝ ʚʦʜʦʨʦʜʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ. ɻʘʟʦʦʭʣʘʜʠʪʝʣʠ ʚʩʪʨʦʝʥʳ ʚ 

ʢʦʨʧʫʩ ʩʪʘʪʦʨʘ. ʋʧʣʦʪʥʝʥʠʝ ʚʘʣʘ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʊɺʌ - ʢʦʣʴʮʝʚʦʛʦ ʪʠʧʘ. ʉʠʩʪʝʤʘ 

ʚʦʟʙʫʞʜʝʥʠʷ - ʩʪʘʪʠʯʝʩʢʘʷ ʪʠʨʠʩʪʦʨʥʘʷ ʧʦ ʩʭʝʤʝ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ. ʂʦʨʧʫʩ ʩʪʘʪʦʨʘ - 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ, ʩʚʘʨʝʥ ʠʟ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ, ʛʘʟʦʥʝʧʨʦʥʠʮʘʝʤʳʡ, ʥʝʨʘʟʲʝʤʥʳʡ. ɺʥʫʪ-

ʨʠ ʢʦʨʧʫʩʘ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʣʴʮʝʚʳʝ ʧʝʨʝʛʦʨʦʜʢʠ ʞʝʩʪʢʦʩʪʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʣʫʞʘʱʠʝ 

ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʩʝʨʜʝʯʥʠʢʘ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʢʦʨʧʫʩʘ ʩʪʘʪʦʨʘ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʢʦʨʧʫʩʘ ʜʦʩʪʘʪʦʯʥʘʷ, ʯʪʦʙʳ ʩʪʘʪʦʨ ʚʳʜʝʨ-

ʞʠʚʘʣ ʙʝʟ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ ʚ ʩʣʫʯʘʝ ʚʟʨʳʚʘ ʚʦʜʦʨʦʜʘ. 

ʈʦʪʦʨ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʮʝʣʴʥʦʡ ʧʦʢʦʚʢʠ. ɺʝʥʪʠʣʷʮʠʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ. ʎʠʨʢʫʣʷʮʠʷ ʚʦʜʦʨʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʚʫʤʷ ʚʝʥʪʠʣʷʪʦʨʘʤʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ. ɺʦʜʦʨʦʜ ʦʭʣʘʞʜʘʝʪʩʷ ʛʘʟʦʦʭʣʘʜʠʪʝʣʷʤʠ, ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦ ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʢʦʨʧʫʩ ʩʪʘʪʦʨʘ. ʊʝʧʣʦʚʦʡ ʢʦʥʪʨʦʣʴ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʪʫʨ-

ʙʦʛʝʥʝʨʘʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʥʠʭ ʪʝʨʤʦʤʝʪʨʘʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʧʨʠʙʦʨʘʤ. ʊʫʨʙʦʛʝʥʝʨʘʪʦʨʳ ʩ ʢʦʩʚʝʥʥʳʤ ʚʦʜʦ-

ʨʦʜʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʫʶ ʩʭʝʤʫ ʚʝʥʪʠʣʷʮʠʠ, ʢʘʢ ʠ ʧʨʠ ʚʦʟʜʫʰʥʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʩ ʦʪʣʠʯʠʝʤ ʚ ʪʦʤ, ʯʪʦ ʦʙʲʸʤ ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʦʜʦʨʦʜʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʢʦʨʧʫʩʦʤ ʛʝʥʝʨʘʪʦʨʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʦʭʣʘʜʠʪʝʣʠ ʚʩʪʨʘʠʚʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʨ-

ʧʫʩ. [2] 

ɺʦʜʦʨʦʜ, ʢʘʢ ʦʭʣʘʞʜʘʶʱʠʡ ʛʘʟ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʟʜʫʭʦʤ ʠʤʝʝʪ ʨʷʜ ʩʫʱʝ-

ʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ. ʆʥ ʠʤʝʝʪ ʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʙʦʣʝʝ ʚʳ-

ʩʦʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ʇʦʩʣʝʜʥʠʡ ʬʘʢʪ ʚʝʜʸʪ ʢ ʤʘʣʦʤʫ ʪʝʧʣʦʚʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʧʨʦʩʣʦʝʢ ʚʦʜʦʨʦʜʘ ʚ ʠʟʦʣʷʮʠʠ ʠ ʟʘʟʦʨʘʭ ʧʘʟʦʚ. ʇʣʦʪʥʦʩʪʴ ʚʦʜʦʨʦʜʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʘ 

ʟʥʘʯʠʪ ʥʠʞʝ ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʧʦʪʝʨʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʂʇɼ ʛʝʥʝʨʘʪʦʨʘ ʩʪʘʥʦʚʠʪʩʷ 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 

_______________________________________________________________________________ 

 

150 

ʚʳʰʝ. ʊʘʢʞʝ ʚ ʩʨʝʜʝ ʚʦʜʦʨʦʜʘ ʦʪʩʫʪʩʪʚʫʝʪ ʦʢʠʩʣʝʥʠʝ ʠ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʛʦʨʝʥʠʝ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʚʦʜʦʨʦʜʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʛʦʨʘʟʜʦ ʵʬʬʝʢʪʠʚʥʝʝ ʚʦʟʜʫʰʥʦʛʦ. 

ʅʦ ʚʦʜʦʨʦʜʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ɺʦʜʦʨʦʜ ʚ ʩʤʝʩʠ ʩ ʚʦʟʜʫʭʦʤ 

ʦʪ 4 ʜʦ 74 % (ʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʦʚ ʤʘʩʣʘ - ʦʪ 3 ʜʦ 82 %), ʦʙʨʘʟʫʝʪ ʛʨʝʤʫʯʠʡ ʛʘʟ, ʧʦ-

ʵʪʦʤʫ ʫ ʤʘʰʠʥ ʩ ʚʦʜʦʨʦʜʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʚʳʩʦʢʘʷ ʛʝʨʤʝ-

ʪʠʯʥʦʩʪʴ, ʯʪʦʙʳ ʥʝ ʧʦʧʘʜʘʣ ʚʦʟʜʫʭ. ʊʘʢʞʝ ʯʝʤ ʚʳʰʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ, 

ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ ʦʭʣʘʞʜʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ, ʥʦ ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ ʙʦʣʝʝ  

0,4ï0,6 ʄʇʘ ʧʨʠʨʦʩʪ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʥʝ ʦʧʨʘʚʜʳʚʘʝʪ ʟʘʪʨʘʪ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʵʪʦʤʫ ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʛʝʥʝʨʘʪʦʨʘʭ ʙʦʣʝʝ 0,6 ʄʇʘ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ. 

ʀʩʪʦʯʥʠʢʦʤ ʚʦʜʦʨʦʜʘ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʮʠʷʭ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʣʠʟʥʳʝ ʫʩʪʘ-

ʥʦʚʢʠ, ʚ ʢʦʪʦʨʳʭ ʚʦʜʦʨʦʜ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʚʦʜʦʨʦʜ ʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʙʘʣʣʦʥʘʭ ʩ ʵʣʝʢʪʨʦʣʠʟʥʳʭ ʟʘʚʦʜʦʚ. ʂ ʪʦʤʫ ʞʝ, ʛʝʥʝʨʘʪʦʨʳ ʩ 

ʢʦʩʚʝʥʥʳʤ ʚʦʜʦʨʦʜʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʚʦʟʜʫʰ-

ʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʥʦ ʩ ʧʦʪʝʨʝʡ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʝʛʦ ʂʇɼ. 

ʇʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʦʨʧʫʩʘ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʦʨʦʜʦʤ ʚʦʟʜʫʭ ʩʥʘʯʘʣʘ ʚʳʪʝʩʥʷʝʪʩʷ ʫʛ-

ʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʚʦ ʠʟʙʝʞʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʛʨʝʤʫʯʝʡ ʩʤʝʩʠ. ʋʛʣʝʢʠʩʣʦʪʘ ʧʦʜ ʜʘʚʣʝʥʠ-

ʝʤ ʠʟ ʙʘʣʣʦʥʘ "6" ʧʦʜʘʝʪʩʷ ʚ ʥʠʞʥʠʡ ʢʦʣʣʝʢʪʦʨ, ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ ʣʝʛʢʠʡ ʚʦʟʜʫʭ ʚʳʪʝʩ-

ʥʷʝʪʩʷ ʯʝʨʝʟ ʚʝʨʭʥʠʡ ʢʦʣʣʝʢʪʦʨ ʠ ʦʪʢʨʳʚʘʝʤʳʡ ʥʘ ʵʪʦ ʚʨʝʤʷ ʚʝʥʪʠʣʴ "ɺʳʧʫʩʢ ʛʘʟʘ". 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʠʚʘʥʠʷ ʛʘʟʦʚ ʧʨʠ ʚʳʪʝʩʥʝʥʠʠ ʨʘʩʭʦʜ ʫʛʣʝʢʠʩʣʦʪʳ ʩʦʩʪʘʚʣʷʝʪ ʜʚʘ-

ʪʨʠ ʦʙʲʝʤʘ ʢʦʨʧʫʩʘ ʛʝʥʝʨʘʪʦʨʘ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʝʩʴ ʦʙʲʝʤ ʙʫʜʝʪ ʟʘʧʦʣʥʝʥ ʫʛʣʝʢʠʩʣʦ-

ʪʦʡ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʢʦʣʦ 90 %, ʚ ʚʝʨʭʥʠʡ ʢʦʣʣʝʢʪʦʨ ʧʦʜʘʶʪ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚʦʜʦʨʦʜ, 

ʢʦʪʦʨʳʡ ʚʳʪʝʩʥʷʝʪ ʫʛʣʝʢʠʩʣʦʪʫ ʯʝʨʝʟ ʥʠʞʥʠʡ ʢʦʣʣʝʢʪʦʨ ʠ ʦʪʢʨʳʚʘʝʤʳʡ ʚʝʥʪʠʣʴ 

"ɺʳʧʫʩʢ ʫʛʣʝʢʠʩʣʦʪʳ". ʂʘʢ ʪʦʣʴʢʦ ʯʠʩʪʦʪʘ ʚʦʜʦʨʦʜʘ ʚ ʢʦʨʧʫʩʝ ʜʦʩʪʠʛʥʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʛʦ ʫʨʦʚʥʷ, ʚʝʥʪʠʣʴ "ɺʳʧʫʩʢ ʫʛʣʝʢʠʩʣʦʪʳ" ʟʘʢʨʳʚʘʶʪ ʠ ʜʦʚʦʜʷʪ ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ 

ʚ ʢʦʨʧʫʩʝ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ. ɺʳʪʝʩʥʝʥʠʝ ʚʦʜʦʨʦʜʘ ʧʨʦʠʟʚʦʜʷʪ ʫʛʣʝʢʠʩʣʦʪʦʡ, ʢʦʪʦʨʘʷ 

ʟʘʪʝʤ ʚʳʪʝʩʥʷʝʪʩʷ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʚʦʜʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ 
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ʊɿɺ ð ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʳ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʦʙʤʦʪʦʢ ʨʦʪʦʨʘ ʠ 

ʩʪʘʪʦʨʘ ʚʦʜʦʡ, ʩ ʢʦʩʚʝʥʥʳʤ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʘʢʪʠʚʥʦʡ ʩʪʘʣʠ ʩʝʨʜʝʯʥʠʢʘ ʩʪʘʪʦʨʘ 

ʠ ʟʘʧʦʣʥʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʝʥʝʨʘʪʦʨʘ ʚʦʟʜʫʭʦʤ ʧʨʠ ʜʘʚʣʝʥʠʠ, ʙʣʠʟʢʦʤ 

ʢ ʘʪʤʦʩʬʝʨʥʦʤʫ. ʂʦʥʩʪʨʫʢʮʠʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʩ ʧʦʣʥʳʤ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʷʚ-

ʣʷʝʪʩʷ ʚʟʨʳʚʦ- ʠ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʡ ʠ ʥʝ ʪʨʝʙʫʝʪ ʦʩʥʘʱʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʧʦʞʘʨʦʪʫʰʝ-

ʥʠʷ. ʊʫʨʙʦʛʝʥʝʨʘʪʦʨʳ ʪʠʧʘ ʊɿɺ ʦʙʣʘʜʘʶʪ ʥʘʠʚʳʩʰʝʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʤʘʥʝʚʨʝʥʥʦʩʪʴʶ 

ʠ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʠʭ ʫʨʦʚʥʝʡ ʥʘʛʨʝʚʘ ʠ ʚʠʙʨʘʮʠʠ, ʦʪ-

ʩʫʪʩʪʚʠʷ ʤʘʩʣʷʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ʚʘʣʘ, ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʚʩʪʨʦʝʥʥʳʭ ʚ ʩʪʘʪʦʨ ʛʘʟʦʦʭʣʘʜʠ-

ʪʝʣʝʡ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʠʣʠ ʤʘʩʣʦ, ʢʦ-

ʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʦ-

ʨʦʜʦʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʟʚʦʣʷʶʪ ʝʱʝ ʙʦʣʴʰʝ ʫʚʝʣʠʯʠʪʴ ʝʜʠʥʠʯʥʳʝ ʤʦʱʥʦʩʪʠ ʛʝ-

ʥʝʨʘʪʦʨʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʨʘʟʤʝʨʦʚ. [3] 

ɼʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʣʦʤ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʜʦ-

ʩʪʦʠʥʩʪʚ: ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʧʣʦʦʪʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʦʱʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. 
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ʍʦʣʦʜʥʘʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʧʦ ʧʘʪʨʫʙʢʫ "ɸ" ʚ ʥʘʧʦʨʥʳʡ ʢʦʣʴ-

ʮʝʚʦʡ ʢʦʣʣʝʢʪʦʨ "1" ʠ ʠʟ ʥʝʛʦ ʩ ʧʦʤʦʱʴʶ ʠʟʦʣʠʨʫʶʱʠʭ ʰʣʘʥʛʦʚ "2" ʧʦʜʚʦʜʠʪʩʷ ʢ ʛʦ-

ʣʦʚʢʘʤ "3" ʠ ʩʪʝʨʞʥʷʤ "4" ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ. ʇʦ ʪʨʫʙʯʘʪʳʤ ʧʨʦʚʦʜʥʠʢʘʤ 

ʮʠʨʢʫʣʠʨʫʝʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʢʦʪʦʨʘʷ, ʥʘʛʨʝʚʘʷʩʴ, ʧʦʩʪʫʧʘʝʪ ʚ ʩʣʠʚʥʦʡ ʢʦʣʴ-

ʮʝʚʦʡ ʢʦʣʣʝʢʪʦʨ "5", ʦʪʢʫʜʘ ʧʦ ʧʘʪʨʫʙʢʫ "ɹ" ʚʳʭʦʜʠʪ ʚʦ ʚʥʝʰʥʶʶ ʩʠʩʪʝʤʫ. 

ɼʣʷ ʦʭʣʘʞʜʝʥʠʷ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ ʭʦʣʦʜʥʘʷ ʚʦʜʘ ʧʦ ʧʘʪʨʫʙʢʫ "ɺ" ʧʦʜʚʦʜʠʪʩʷ ʯʝ-

ʨʝʟ ʩʢʦʣʴʟʷʱʝʝ ʫʧʣʦʪʥʷʶʱʝʝ ʩʦʝʜʠʥʝʥʠʝ ʚ ʪʦʨʮʝ ʚʘʣʘ ʨʦʪʦʨʘ "6" ʠ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʦʝ 

ʦʪʚʝʨʩʪʠʝ ʧʦʩʪʫʧʘʝʪ ʚʥʫʪʨʴ ʨʦʪʦʨʘ "7". ɿʘʪʝʤ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ "8" ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ 

ʢʘʥʘʣʳ "9" ʧʨʦʚʦʜʥʠʢʦʚ ʦʙʤʦʪʢʠ, ʫʣʦʞʝʥʥʳʭ ʚ ʧʘʟʳ ʨʦʪʦʨʘ, ʠ, ʥʘʛʨʝʚʘʷʩʴ, ʧʦʩʪʫʧʘʝʪ 

ʚ ʩʣʠʚʥʳʝ ʢʘʥʘʣʳ "10" ʠ "11", ʦʪʢʫʜʘ ʯʝʨʝʟ ʨʘʜʠʘʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚʘʣʘ ʨʦʪʦʨʘ "12" 

ʚʳʚʦʜʠʪʩʷ ʚʦ ʚʥʝʰʥʶʶ ʩʠʩʪʝʤʫ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ "ɻ". 

ɺʦ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʝ ʥʘʛʨʝʪʘʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʨʫʙʢʠ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʠ ʦʭʣʘʞʜʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ ʥʘʩʦʩʦʚ ʚʥʦʚʴ ʧʦʜʘʝʪʩʷ ʢ ʦʙʤʦʪʢʘʤ ʩʪʘ-

ʪʦʨʘ ʠ ʨʦʪʦʨʘ. 

ɺ ʩʝʨʠʷʭ ʛʝʥʝʨʘʪʦʨʦʚ ʊɻɺ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʦʜʦʨʦʜ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ. ʅʘʣʠʯʠʝ ʚʦʜʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ ʦʭʣʘʞʜʝʥʠʷ ʥʝ ʠʟʙʘʚʣʷʝʪ 

ʛʝʥʝʨʘʪʦʨ ʦʪ ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ ʦʭʣʘ-

ʞʜʝʥʠʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʧʨʠʚʝʣʦ ʢ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʫʶ ʫʩʣʦʚʥʦ ʥʘʟʳʚʘʶʪ çʪʨʠ ʚʦʜʳè. 

ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ, ʨʦʪʦʨʘ, ʤʘʛʥʠʪʦʧʨʦʚʦʜ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʯʘʩʪʠ 

ʦʭʣʘʞʜʘʶʪʩʷ ʚʦʜʦʡ. 

ʉʝʨʠʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʊɿɺ ʩ ʧʦʣʥʳʤ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʚʟʨʳʚʦ- ʠ ʧʦʞʘ-

ʨʦʙʝʟʦʧʘʩʥʘ, ʪʘʢ ʢʘʢ ʥʝ ʩʦʜʝʨʞʠʪ ʤʘʩʣʘ ʠ ʚʦʜʦʨʦʜʘ. ɺʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʛʝʥʝʨʘʪʦʨʘ ʟʘ-

ʧʦʣʥʝʥ ʧʦʜ ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʦʤ, ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʯʝʨʝʟ 

ʦʩʫʰʠʪʝʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ. ɼʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩʤʘʟʢʠ ʧʦʜʰʠʧʥʠʢʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʥʝʛʦʨʶʯʝʝ ʤʘʩʣʦ ʆʄʊʀ. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʩʝʨʠʠ ʷʚʣʷʝʪʩʷ çʩʘʤʦʥʘʧʦʨ-

ʥʘè̫ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʨʦʪʦʨʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʜʘʚʣʝʥʠʝ 

ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ ʨʦʪʦʨʝ ʚʦʜʳ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʶ ʨʦʪʦʨʘ, ʘ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ. [4] 

ɼʣʷ ʛʝʥʝʨʘʪʦʨʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʫʱʝʩʪʚʝʥ-

ʥʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ ʩʭʝʤʳ 

ʩʦʝʜʠʥʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʩ ʵʥʝʨʛʦʩʠʩʪʝʤʦʡ, ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʚʦʜʘʭ ʛʝ-

ʥʝʨʘʪʦʨʘ ʠ ʝʛʦ ʤʦʱʥʦʩʪʴ. ʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʠ-

ʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠ ʜʘʥʥʳʭ. [5] 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʘʥʘʣʦʛʠʯʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʥʘʜʸʞ-

ʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʟʘʚʠʩʠʪ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪ ʝʛʦ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʚʦʜʦʨʦʜʥʦʡ ʠ ʚʦʜʷʥʦʡ ʩʠʩʪʝʤ ʦʭʣʘ-

ʞʜʝʥʠʷ, ʚ ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ, ʛʜʝ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʪʘʥʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʚʦʜʷʥʫʶ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ, 

ʪʦ ʝʩʪʴ ʛʝʥʝʨʘʪʦʨ ʪʠʧʘ ʊɿɺ-63-2ʋɿ. 
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JUSTIFICATION OF THE CHOICE OF THE BASE CHASSIS FOR MOBILE 

METROLOGICAL LABORATORY, USED IN EMERCOM OF RUSSIA 
 

Abstract:  the article is devoted to substantiating the choice of the best variant of the base 

chassis available on the market for a mobile metrological laboratory, used in EMERCOM of Russia, 

based on the developed methodology, the essence of which is to evaluate the target purchase effi-

ciency indicator and select a sample with its maximum value, through the integrated use of the dif-

ference method, hierarchy analysis method and requirements of the budget Code of the Russian 

Federation for government customers. 

Keywords: verification, EMERCOM of Russia department, measuring instruments, mobile 

metrological laboratory, selection methodology, car, basic chassis, competitiveness. 

 

ɺ ʨʘʙʦʪʝ [1] ʦʙʦʩʥʦʚʘʥʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ ʧʦʜʚʠʞʥʦʡ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʚʝʨʢʠ ʩʨʝʜʩʪʚ  

ʠʟʤʝʨʝʥʠʡ ʚʦʝʥʥʦʛʦ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ 

ʄʏʉ ʈʦʩʩʠʠ. ɺ ʨʘʙʦʪʝ [2] ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ, ʷʚʣʷʶʱʝʛʦ-

ʩʷ ʦʩʥʦʚʦʡ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

                                                 
  É ɻʘʨʝʣʠʥʘ ʉ.ɸ., ʃʘʪʳʰʝʥʢʦ ʂ.ʇ., ʃʶʙʢʠʥ ʈ.ʅ., 2025 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʙʦʩʥʦʚʘʥʠʶ ʚʳʙʦʨʘ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ ʠʟ ʠʤʝʶʱʠʭʩʷ ʥʘ ʨʳʥ-

ʢʝ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. 

ʂʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʮʦʚ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ ʦʩʥʦʚʳʚʘʣʠʩʴ 

ʥʘ ʜʚʫʭ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʘʭ: ʚʦ-ʧʝʨʚʳʭ, ʠʭ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ 

ʜʦʣʞʥʳ ʫʩʪʫʧʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʙʘʟʦʚʦʛʦ ʦʙʨʘʟʮʘ, ʚʦ-ʚʪʦʨʳʭ, ʚʘʞʥʘ ʙʳʣʘ ʚʳʩʦʢʘʷ 

ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʥʘʣʠʯʠʝ ʨʘʟʚʠʪʦʡ ʩʝ-

ʪʠ ʩʝʨʚʠʩʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʴ ʨʘ-

ʙʦʪʳ ʧʦʜʚʠʞʥʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ʕʪʦ ʛʘʨʘʥʪʠʨʦʚʘʣʦ ʙʳ ʤʠʥʠʤʠʟʘʮʠʶ 

ʧʨʦʩʪʦʝʚ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ.  

ʆʮʝʥʢʘ ʨʳʥʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʦʙʨʘʟʮʘʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝ-

ʜʫʶʱʠʝ ʘʚʪʦʤʦʙʠʣʠ: ʩʧʝʮʘʚʪʦʤʦʙʠʣʴ ɻɸɿʦʥ-NEXT; ɻʘʟʝʣʴ çʅʝʢʩʪè ʤʦʜʝʣʴ ʉ45R02; 

FIAT DUCATO L2/L3H2; Renauit Master L3H2 (ʨʠʩʫʥʦʢ) [3 ï 6].  

 

 
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

ʈʠʩʫʥʦʢ. ʂʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʧʦʜʭʦʜʷʱʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ ʜʣʷ ʧʦʜʚʠʞʥʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ: 

ʘ ï ɻɸɿʦʥ-NEXT ʚ ʤʦʥʦʢʫʟʦʚʝ; ʙ ï ɻʘʟʝʣʴ çʅʝʢʩʪè ʉ45R02; 

ʚ ï FIAT DUCATO L2/L3H2; ʛ ï Renauit Master L3H2 

 
 

ɹʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʜʝʚʷʪʴ ʛʨʫʧʧ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʣʠ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʯʠʥʘʷ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʨʘʟʤʝʨʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ) ʠ ʚʝʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʠ ʤʘʥʝʚʨʝʥ-

ʥʦʩʪʴ, ʠ ʟʘʢʘʥʯʠʚʘʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʘʩʧʝʢʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʩʪʦʠʤʦʩʪʴ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ), ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʭ ʩʠʩʪʝʤ, ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʨʛʦʥʦʤʠʯʥʦʩʪʴ 

ʢʘʙʠʥʳ ʜʣʷ ʧʝʨʩʦʥʘʣʘ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʠ, ʥʘʢʦʥʝʮ, ʢʣʶʯʝʚʦʡ ʧʦʢʘʟʘ-



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ,  ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ʪʝʣʴ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʚʝʨʦʯʥʳʭ ʨʘʙʦʪ. ʂʘʞʜʘʷ 

ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʘ ʪʱʘʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ.  

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦ-

ʩʦʙʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʦʙʨʘʟʮʦʤ Ford Transit.  

 
ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ  

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ 
 

ɻʨʫʧʧʳ ʇʦʢʘʟʘʪʝʣʠ  
ɻɸɿʦʥ-

NEXT 

ɻʘʟʝʣʴ 

çʅʝʢʩʪè 

ʉ45R02 

FIAT  

DUCATO 

L2/L3H2 

Renauit 

Master 

L3H2 

Ford Transit  

2,2 ʣ 

ʈʘʟʤʝʨʥʳʝ 

i = 1 

ʇʦʣʝʟʥʳʡ ʦʙʲʸʤ 

ʬʫʨʛʦʥʘ, ʤ3 

ɼʦ 20 15,5 13 12,5 ɼʦ 15 

ʇ1 ï ʇ1ʙʘʟ 5 0,5 2 -  

ʂʦʣʠʯʝʩʪʚʦ ʤʝʩʪ ʚ 

ʢʘʙʠʥʝ 

6 3 3 3 3 

ʇ2 ï ʇ2ʙʘʟ 3 0 0 0  

ɺʳʩʦʪʘ ʬʫʨʛʦʥʘ, ʤʤ 1900 2400 2500 ï 

2700 

2500 1972 

ʇ3 ï ʇ3ʙʘʟ - 428 728 528  

ʐʠʨʠʥʘ 

 ʬʫʨʛʦʥʘ, ʤʤ 

2050 2000 2100 2070 1974 

ʇ4 ï ʇ4ʙʘʟ 78 26 126 96  

ȹ1 w1 = 0,199 0,873016 0,223565 0,6 0,495726  

ʉʠʣʦʚʳʝ ʠ ʚʝʩʦʚʳʝ 

i = 2 

ɻʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ, 

ʢʛ 

4700 ï 5000 1790 1525 1455 1129 

ʇ1 ï ʇ1ʙʘʟ 3871 661 396 326  

ʉʥʘʨʷʞʸʥʥʘʷ ʤʘʩʩʘ, 

ʢʛ 

8700 2805 2800 ï 

3500 

2800 ï 3500 2500 ï 3000 

ʇ2 ï ʇ2ʙʘʟ 6200 305 300 300  

ʊʠʧ ʜʚʠʛʘʪʝʣʷ  ʜʠʟʝʣʴ ʜʠʟʝʣʴ ʜʠʟʝʣʴ ʜʠʟʝʣʴ ʜʠʟʝʣʴ 

ʇ3 ï ʇ3ʙʘʟ 0 0 0 0  

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝ-

ʣʷ, ʣ.ʩ. 

169 149 140 125 125 

ʇ4 ï ʇ4ʙʘʟ 44 24 15 0  

ʊʨʘʥʩʤʠʩʩʠʷ ʄʝʭʘʥ. 

6-ʩʪʫʧ. 

ʄʝʭʘʥ. 

 5-ʩʪʫʧ. 

ʄʝʭʘʥ. 

6-ʩʪʫʧ. 

ʄʝʭʘʥ. 

6-ʩʪʫʧ. 

ʄʝʭʘʥ. 

6- ʩʪʫʧ. 

ʇ5 ï ʇ5ʙʘʟ 0 - 0 0  

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ 

ʥʘ ʧʝʨʚʦʡ ʧʝʨʝʜʘʯʝ 

6,555 3,786 3,727 4,182 3,8 

ʇ6 ï ʇ6ʙʘʟ 2,755 - - 0,382  

ʂʣʠʨʝʥʩ, ʤʤ 253 170 155 172 156 
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ɻʨʫʧʧʳ ʇʦʢʘʟʘʪʝʣʠ  
ɻɸɿʦʥ-

NEXT 

ɻʘʟʝʣʴ 

çʅʝʢʩʪè 

ʉ45R02 

FIAT  

DUCATO 

L2/L3H2 

Renauit 

Master 

L3H2 

Ford Transit  

2,2 ʣ 

ʇ7 ï ʇ7ʙʘʟ 97 14 0 16  

ȹ2 w2 = 0,073 0,8 0,191351 0,122899 0,054252  

ɼʠʥʘʤʠʯʝʩʢʠʝ  

ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ 

i = 3 

ʊʦʨʤʦʟʥʦʡ ʧʫʪʴ ʧʨʠ 

80 ʢʤ/ʯ, ʤ 

30-50 10-15 30-40 30-40 35-40 

ʇ1ʙʘʟ ï ʇ1 10 - 0 0  

ʈʫʣʝʚʦʝ 

ʫʧʨʘʚʣʝʥʠʝ 

ʛʠʜʨʦʫʩʠʣʠ-

ʪʝʣʴ 

ʛʠʜʨʦʫʩʠʣʠ-

ʪʝʣʴ 

ʛʠʜʨʦʫʩʠ-

ʣʠʪʝʣʴ 

ʛʠʜʨʦʫʩʠʣʠ-

ʪʝʣʴ 

ʛʠʜʨʦʫʩʠʣʠ-

ʪʝʣʴ 

ʇ2 ï ʇ2ʙʘʟ 0 0 0 0  

ȹ3 w3 = 0,021 1 0 0 0  

ʕʢʦʥʦʤʠʯʝʩʢʠʝ 

i = 4 

ʎʝʥʘ ʂɸʉʂʆ ɼʦ 200000 ɼʦ 200000 ɼʦ 200000 ɼʦ 200000 ɼʦ 200000 

ʇ1 ï ʇ1ʙʘʟ 0 0 0 0  

ʎʝʥʘ ʟʘ ʊʆ ʟʘ  

30 ʪʳʩ. ʢʤ, ʨʫʙ. 

41250 ɼʦ 20000 ɼʦ 30000 26920 ɼʦ 25000 

ʇ2ʙʘʟ ï ʇ2  - 5000 - -  

ʊʨʘʥʩʧʦʨʪʥʳʡ 

ʥʘʣʦʛ, ʨʫʙ. 

7650 5215 4900 3125 3125 

ʇ3ʙʘʟ ï ʇ3 - - - 0  

ʈʘʩʭʦʜ 

ʪʦʧʣʠʚʘ, 

ʣ. 

ʚ ʛʦʨʦʜʝ 13 ï 15 12 ï 14 8 ï 12 9 ï 12 9 ï 12 

ʇ4ʙʘʟ ï ʇ4 - - 1 0  

ʟʘ ʛʦʨʦ-

ʜʦʤ 

10 ï 12 10 ï 12 6 ï 9 7 ï 10 7 ï 9 

 ʇ5ʙʘʟ ï ʇ5 - - 1 0  

ʆʙʲʸʤ ʪʦʧʣʠʚʥʦʛʦ 

ʙʘʢʘ, ʣ 

80 80 75 100 80 

ʇ6 ï ʇ6ʙʘʟ 0 0 - 20  

ȹ4 w4 = 0,027 0 0,5 1 0,33333  

ʅʘʜʸʞʥʦʩʪʴ 

i = 5 

ɻʘʨʘʥʪʠʷ, ʛʦʜ 1 ï 3 3 2 2 3 

ʇ1 ï ʇ1ʙʘʟ 0 0 - -  

ɻʘʨʘʥʪʠʷ, ʪʳʩ. ʢʤ 100000 100000 ɹʝʟ ʦʛʨʘ-

ʥʠʯʝʥʠʷ 

ɹʝʟ ʦʛʨʘ-

ʥʠʯʝʥʠʷ 

100000 

ʇ2 ï ʇ2ʙʘʟ 0 0 1 1  

ȹ5 w5 = 0,033 0 0 1 1  

ɹʝʟʦʧʘʩʥʦʩʪʴ 

i = 6 

ʏʠʩʣʦ ʧʦʜʫʰʝʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ 

1 ï 2 1 ï 2 2 ʠ ʙʦʣʝʝ 2 ʠ ʙʦʣʝʝ 2 ï 4 

ʇ1 ï ʇ1ʙʘʟ - - 0 0  

ɸɹʉ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ 

ʇ2 ï ʇ2ʙʘʟ 0 0 0 0  

ʉʠʩʪʝʤʘ ʩʪʘʙʠʣʠʟʘ-

ʮʠʠ 

ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ 
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ɻʨʫʧʧʳ ʇʦʢʘʟʘʪʝʣʠ  
ɻɸɿʦʥ-

NEXT 

ɻʘʟʝʣʴ 

çʅʝʢʩʪè 

ʉ45R02 

FIAT  

DUCATO 

L2/L3H2 

Renauit 

Master 

L3H2 

Ford Transit  

2,2 ʣ 

ʇ3 ï ʇ3ʙʘʟ 0 0 0 0  

ȹ6 w6 = 0,052 0 0 0 0  

ʕʨʛʦʥʦʤʠʢʘ 

i = 7 

ʅʘʣʠʯʠʝ ʢʦʥʜʠʮʠʦ-

ʥʝʨʘ ʚ ʩʘʣʦʥʝ 

ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ 

ʇ1 ï ʇ1ʙʘʟ 0 0 0 0  

ʅʘʣʠʯʠʝ ʢʦʥʜʠʮʠʦ-

ʥʝʨʘ ʚ ʬʫʨʛʦʥʝ 

ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ Eʩʪʴ Eʩʪʴ 

ʇ2 ï ʇ2ʙʘʟ 0 0 0 0  

ʂʣʠʤʘʪ ʢʦʥʪʨʦʣʴ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ 

ʇ3 ï ʇ3ʙʘʟ 0 0 0 0  

ʇʦʜʚʝʩʢʘ ʧʝʨʝʜʥʷʷ 
ʅʝʟʘʚʠʩʠʤʘʷ 
ʧʨʫʞʠʥʥʘʷ 

ʅʝʟʘʚʠʩʠʤʘʷ 
ʧʨʫʞʠʥʥʘʷ 

ʅʝʟʘʚʠʩʠ-

ʤʘʷ ʧʨʫ-
ʞʠʥʥʘʷ 

ʅʝʟʘʚʠʩʠʤʘʷ 
ʧʨʫʞʠʥʥʘʷ 

ʅʝʟʘʚʠʩʠʤʘʷ, 

ʘʤʦʨʪʠʟʘʮ. 
ʩʪʦʡʢʘ 

ʇ4 ï ʇ4ʙʘʟ 0 0 0 0  

ʇʦʜʚʝʩʢʘ ʟʘʜʥʷʷ 

 

ɿʘʚʠʩʠʤʘʷ 

ʨʝʩʩʦʨʥʘʷ 

ɿʘʚʠʩʠʤʘʷ 

ʨʝʩʩʦʨʥʘʷ 

ɿʘʚʠʩʠʤʘʷ, 

ʨʝʩʩʦʨʥʘʷ 

ɿʘʚʠʩʠʤʘʷ, 

ʨʝʩʩʦʨʥʘʷ 

ɿʘʚʠʩʠʤʘʷ, 

ʨʝʩʩʦʨʥʘʷ 

ʇ5 ï ʇ5ʙʘʟ 0 0 0 0  

ʇʦʜʦʛʨʝʚ  

ʧʝʨʝʜʥʠʭ ʩʠʜʝʥʠʡ 

ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ ɽʩʪʴ Eʩʪʴ 

ʇ6 ï ʇ6ʙʘʟ 0 0 0 0  

ȹ7 w7 = 0,129 0 0 0 0  

ʕʢʦʣʦʛʠʯʥʦʩʪʴ 

i = 8 

ʋʨʦʚʝʥʴ ʰʫʤʘ ʚ 

ʩʘʣʦʥʝ, ʜɹ 

70 ï 80 60 ï 70 65 ï 75 70 ï 8 0 70 ï 80 

ʇ1ʙʘʟ  ï ʇ1 0 10 5 0  

ʕʢʦʣʦʛʠʯʝʩʢʠʡ 

ʢʣʘʩʩ 

ɽʚʨʦ-5 ɽʚʨʦ-3 ɽʚʨʦ-6 ɽʚʨʦ-5 ɽʚʨʦ-4 

ʇ2 ï ʇ2ʙʘʟ 1 - 2 1  

ȹ8 w8 = 0,021 0,25 1 0,75 0,25  

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

i = 9 

ʂʦʣʠʯʝʩʪʚʦ  

ʧʦʚʝʨʷʝʤʳʭ  

ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ 

ʟʘ ʨʘʙʦʯʠʡ ʜʝʥʴ 

1000 400 400 400 400 

ʇ1 ï ʇ1ʙʘʟ 600 0 0 0  

ȹ9 w9 = 0,446 1 0 0 0  

ʎʝʥʘ Z, ʤʣʥ ʨʫʙ. 8,5 4,5 5 6 7,5 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʘʯʝʩʪʚʘ ʂʢ 0,70 0,09 0,20 0,15  

ʂʢ/Z, 1/ ʤʣʥ ʨʫʙ. 0,083 0,021 0,041 0,025  

ʄʝʩʪʦ ʧʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 1 4 2 3  
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ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʄɸʀ ʜʣʷ ʨʘʩʯʸʪʘ ʚʝʩʦʤʦʩʪʠ 

ʛʨʫʧʧ. 

 
ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʚʝʩʦʤʦʩʪʠ ʛʨʫʧʧ 

ʛʨʫʧʧʳ 

ʈʘʟ-

ʤʝʨ-

ʥʳʝ 

ʉʠ-

ʣʦ-

ʚʳʝ 

ʠ 

ʚʝ-

ʩʦ-

ʚʳʝ 

ɼʠʥʘ-

ʤʠʯʝ-

ʩʢʠʝ ʠ 

ʫʧʨʘʚ-

ʣʷʝʤʦ-

ʩʪʠ 

ʕʢʦʥʦ-

ʤʠʯʝ-

ʩʢʠʝ 

ʅʘʜʸʞ

ʥʦʩʪʴ 

ɹʝʟ-

ʦʧʘʩ-

ʥʦʩʪʴ 

ʕʨʛʦ-

ʥʦʤʠ-

ʢʘ 

ʕʢʦʣʦ-

ʛʠʯ-

ʥʦʩʪʴ 

ʇʨʦʠʟ-

ʚʦʜʠ-

ʪʝʣʴ-

ʥʦʩʪʴ 

Wi 

ʈʘʟʤʝʨʥʳʝ 1 5 7 7 9 5 3 5 0,17 19,9 

ʉʠʣʦʚʳʝ ʠ 

ʚʝʩʦʚʳʝ 
0,2 1 5 3 3 3 0,25 5 0,12 7,3 

ɼʠʥʘʤʠʯʝ-

ʩʢʠʝ ʠ 

ʫʧʨʘʚʣʷʝ-

ʤʦʩʪʠ 

0,14 0,2 1 0,5 0,5 0,2 0,14 2 0,11 2,1 

ʕʢʦʥʦʤʠ-

ʯʝʩʢʠʝ 
0,14 0,33 2 1 0,5 0,25 0,2 2 0,12 2,7 

ʅʘʜʸʞʥʦʩʪʴ 0,11 0,33 2 2 1 0,5 0,25 2 0,12 3,3 

ɹʝʟʦʧʘʩ-

ʥʦʩʪʴ 
0,2 0,33 5 4 2 1 0,25 2 0,12 5,2 

ʕʨʛʦʥʦʤʠʢʘ 0,33 4 7 0,5 4 4 1 7 0,12 12,9 

ʕʢʦʣʦʛʠʯ-

ʥʦʩʪʴ 
0,2 0,2 0,5 0,5 0,5 0,5 0,14 1 0,11 2,1 

ʇʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ 
6 8 9 8 8 8 8 9 1 44,6 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, ʧʦʟʚʦʣʠʣʠ ʩʨʘʚʥʠʪʴ ʢʘʞʜʳʡ 

ʠʟ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʵʪʘʣʦʥʥʳʤ Ford Transit ʧʦ ʚʩʝʤ ʜʝʚʷʪʠ ʛʨʫʧʧʘʤ ʧʦʢʘʟʘʪʝʣʝʡ. ɺʘʞʥʦ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝ ʧʝʨʝʚʦʜʠʣʠʩʴ ʚ ʙʘʣʣʳ, ʯʪʦ ʦʙʝʩ-

ʧʝʯʠʣʦ ʤʘʢʩʠʤʘʣʴʥʫʶ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʩʨʘʚʥʝʥʠʷ ʠ ʧʦʟʚʦʣʠʣʦ ʠʟʙʝʞʘʪʴ ʩʫʙʲʝʢʪʠʚʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʳ ʙʘʣʣʦʚ ʧʦʟʚʦʣʠʣʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ 

ʥʘ ʬʘʢʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʚʳʩʠʣʦ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ.  

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ɻɸɿʦʥ-NEXT (ʦʙʨʘʟʝʮ 1) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʮʝʣʝʚʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʝʚʦʩʭʦʜʷ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ. 

ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʮʳ 2 (ɻʘʟʝʣʴ çʅʝʢʩʪè ʉ45R02) ʠ 4 (Renault Master 

L3H2) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʦʪʣʠʯʘʷʩʴ ʣʠʰʴ 

ʥʘ ʩʦʪʳʝ ʜʦʣʠ ʝʜʠʥʠʮʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʥʠʮʫ ʚ ʮʝʣʝʚʦʤ ʧʦʢʘʟʘʪʝʣʝ, 

Renault Master L3H2 (ʦʙʨʘʟʝʮ 4) ʧʦʢʘʟʘʣ ʥʘ 17 % ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻʘʟʝʣʴʶ çʅʝʢʩʪè ʉ45R02 (ʦʙʨʘʟʝʮ 2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʵʪʠʭ ʜʚʫʭ 

ʘʚʪʦʤʦʙʠʣʝʡ, Renault Master L3H2 ʙʳʣ ʧʨʠʟʥʘʥ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʩʪʘʚʘʥʠʝ ʧʦ ʮʝʣʝʚʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ 

ʣʠʜʝʨʘ.  
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ɺʳʚʦʜʳ 

ɺ ʠʪʦʛʝ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʣʘ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʠ ʩʨʘʚʥʠʪʴ 

ʨʘʟʣʠʯʥʳʝ ʦʙʨʘʟʮʳ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ, ʦʙʝʩʧʝʯʠʚ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʚʠʞʥʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ ʄʏʉ ʈʦʩʩʠʠ, 

ʫʯʠʪʳʚʘʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʢʨʠʪʝʨʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʩʧʘʩʘʪʝʣʴʥʳʭ ʩʣʫʞʙ. ɺʳʙʦʨ ɻɸɿʦʥ-NEXT ʚ ʢʘʯʝʩʪʚʝ ʣʫʯʰʝʛʦ ʚʘʨʠ-

ʘʥʪʘ ʙʳʣ ʧʦʜʢʨʝʧʣʝʥ ʢʦʤʧʣʝʢʩʥʳʤ ʘʥʘʣʠʟʦʤ, ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʥ-

ʢʫʨʝʥʪʦʚ, ʦʙʦʩʥʦʚʘʥ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʚʳʷʚʣʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ. ʕʪʦʪ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʜʭʦʜ ʛʘʨʘʥʪʠʨʫʝʪ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʩʧʦʩʦʙ-

ʥʦʡ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʬʫʥʢʮʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ.  
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ɸʥʥʦʪʘʮʠʷ: ʧʦʜʚʠʞʥʘʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʚʝʨʢʠ ʥʘ 

ʤʝʩʪʝ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʄʉʏ ʈʦʩʩʠʠ) ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʚʦʝʥʥʦʛʦ ʠ ʩʧʝ-
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ʧʦʚʝʨʦʯʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʠʢʠ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷ-

ʶʪ ʜʣʷ ʚʳʙʦʨʘ ʙʘʟʦʚʳʭ ʰʘʩʩʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘ-

ʣʠʟʘ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ɹʶʜʞʝʪʥʦʛʦ ʢʦʜʝʢʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʟʘʢʘʟʯʠʢʘʤʠ ʧʨʠ ʟʘʢʫʧʢʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʚʝʨʢʘ, ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʄʏʉ ʈʦʩʩʠʠ, ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʧʦ-

ʜʚʠʞʥʘʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ, ʘʚʪʦʤʦʙʠʣʴ, ʙʘʟʦʚʦʝ ʰʘʩʩʠ, ʢʦʥ-

ʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

 

S.A. Garelina, K.P. Latyshenko, R.N. Lyubkin  

 

BASE CHASSIS SELECTION METHODOLOGY FOR MOBIL E  

METROLOGICAL LABORAT ORY OF EMERCOM OF RU SSIA 
 

Abstract:  the mobile metrological laboratory is designed for on-site verification (directly in 

the units of EMERCOM of Russia) of military and special-purpose measuring instruments in the 

system of the Ministry of Emergency Situations of Russia, which eliminates the need for their de-

livery to verification organizations. The paper analyzes the techniques that are widely used to select 

basic chassis in various industries. Based on this analysis, a new methodology is proposed that takes 

into account the need for government customers to meet the requirements of the Budget Codec dur-

ing procurement. 

Keywords: verification, EMERCOM of Russia department, measuring instruments, mobile 

metrological laboratory, selection methodology, car, basic chassis, competitiveness. 

 

ɺ ʨʘʙʦʪʝ [1] ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝ-

ʩʪʚʫʶʱʝʡ ʧʦʜʚʠʞʥʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʩʠʩʪʝʤʝ ʄʏʉ 

ʈʦʩʩʠʠ (ʨʠʩʫʥʦʢ). ɸʥʘʣʠʟ ʚʳʷʚʣʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʸ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʦ-

ʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ, ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʧʦʜʚʠʞʥʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘ-

ʪʦʨʠʠ, ʩʧʦʩʦʙʥʦʡ ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 

ʧʦʚʝʨʢʝ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʚʦʝʥʥʦʛʦ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʄʏʉ ʈʦʩ-

ʩʠʠ. ɼʣʷ ʵʪʦʛʦ ʧʦʥʘʜʦʙʠʣʦʩʴ ʥʦʚʦʝ ʘʚʪʦʤʦʙʠʣʴʥʦʝ ʰʘʩʩʠ. 

 

 

ʈʠʩʫʥʦʢ. ʇʦʜʚʠʞʥʘʷ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ 

ʌʂʋ çʎɹʀʊ ʄʏʉ ʈʦʩʩʠʠè 

ʥʘ ʙʘʟʝ ʘʚʪʦʤʦʙʠʣʷ  

çFord transitè 

 

 

ʇʦʜʚʠʞʥʘʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʢʘʢ ʣʶʙʘʷ ʩʣʦʞʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʩʠ-

ʩʪʝʤʘ, ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʫʨʦʚʥʶ 

ʩʣʦʞʥʦʩʪʠ. ʅʘ ʚʳʩʰʝʤ ʫʨʦʚʥʝ ʠʝʨʘʨʭʠʠ ʥʘʭʦʜʠʪʩʷ ʙʘʟʦʚʦʝ ʰʘʩʩʠ, ʷʚʣʷʶʱʠʡʩʷ ʦʩʥʦ-

ʚʦʡ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʝʨʢʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʥʘ ʵʪʦ ʰʘʩʩʠ. ʂʘʯʝʩʪʚʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴ-



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ,  ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ʥʦʩʪʴ ʧʦʜʚʠʞʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ. 

ɼʘʞʝ ʩʘʤʦʝ ʩʦʚʨʝʤʝʥʥʦʝ ʠ ʩʦʚʝʨʰʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʦʚʝʨʢʠ ʥʝ ʩʤʦʞʝʪ ʧʦʣʥʦ-

ʩʪʴʶ ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ, ʝʩʣʠ ʦʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʫʩʪʘʨʝʚʰʝʤ ʠʣʠ ʥʝʧʦʜʭʦ-

ʜʷʱʝʤ ʙʘʟʦʚʦʤ ʰʘʩʩʠ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝ-

ʥʦ ʪʝʩʥʦʡ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴʶ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ: ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ ʰʘʩʩʠ, 

ʝʛʦ ʧʨʦʭʦʜʠʤʦʩʪʴ, ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ ʜʣʷ ʧʝʨʩʦʥʘʣʘ, ʥʘʜʸʞʥʦʩʪʴ 

ï ʚʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʚʣʠʷʶʪ ʥʘ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʣʘʙʦʨʘʪʦʨʠʠ. ʇʦʵʪʦʤʫ 

ʚʳʙʦʨ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘ-

ʥʠʷ ʥʦʚʦʡ ʧʦʜʚʠʞʥʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʥʜʘʨʪʥʳʝ ʘʚʪʦ-

ʤʦʙʠʣʴʥʳʝ ʰʘʩʩʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ɿʘʜʘʯʘ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝ-

ʨʘʪʫʨʝ (ʥʘʧʨʠʤʝʨ, [2 ï 4]). ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [2 ï 5], ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ, ʦʙʱʝ-

ʧʨʠʥʷʪʦʛʦ ʤʝʪʦʜʘ. ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʢʘʪʝʛʦʨʠʠ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʸ ʤʥʦʛʦʛʨʘʥʥʦʩʪʴʶ, 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʙʲʝʢʪʦʚ ʦʮʝʥʢʠ ʠ ʮʝʣʝʡ, ʧʨʝʩʣʝʜʫʝʤʳʭ ʩʫʙʲʝʢʪʘʤʠ ʦʮʝʥʢʠ. ʂʘʞʜʳʡ 

ʧʨʦʚʦʜʷʱʠʡ ʦʮʝʥʢʫ ʵʢʩʧʝʨʪ ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʠ ʧʨʠʦʨʠʪʝʪʳ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ 

ʚʳʙʦʨʘ. ʅʘʧʨʠʤʝʨ, ʦʜʠʥ ʩʫʙʲʝʢʪ ʤʦʞʝʪ ʦʪʜʘʚʘʪʴ ʧʨʠʦʨʠʪʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʨʫʟʦ-

ʧʦʜʲʸʤʥʦʩʪʠ, ʜʨʫʛʦʡ ï ʚʳʩʦʢʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ, ʪʨʝʪʠʡ ï ʢʦʤʬʦʨʪʫ ʜʣʷ ʧʝʨʩʦʥʘʣʘ ʠ 

ʪ.ʜ. 

ʇʨʦʙʣʝʤʘ ʫʩʫʛʫʙʣʷʝʪʩʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʩʪʴʶ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʙʘʟʦ-

ʚʦʛʦ ʰʘʩʩʠ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʪʦʡ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʚ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʫʶ  

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝ-

ʪʦʜʦʚ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʚʝʩʦʤʦʩʪʠ, ʤʝʪʦʜ ʙʘʣʣʴʥʦʡ ʦʮʝʥʢʠ, ʤʝʪʦʜ ʍʘʨʨʠʥʛʪʦʥʘ, ʤʝʪʦʜ ʜʝʣʝʥʠʷ 

ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʟʜʝʣʠʷ ʥʘ ʜʨʫʛʦʡ, ʤʝʪʦʜ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʟʤʝʨʝʥ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ, ʥʘʧʨʠʤʝʨ, çʨʘʜʘʨʘè ʠʣʠ 

çʧʨʦʬʠʣʝʡè, ʚ ʦʜʠʥ ʯʠʩʣʦʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʙʝʟ çʚʟʚʝʰʠʚʘʥʠʷè ʠ ʜʨ. [2 ï 5]. ʂʘʞʜʳʡ ʠʟ 

ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʧʦʵʪʦʤʫ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʙʨʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʪʚʝʯʘʶʱʘʷ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʙʫʜʫʱʝʡ 

ʧʦʜʚʠʞʥʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʝʸ ʨʘʙʦʪʳ ʠ ʚʳʧʦʣʥʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ ʄʏʉ ʈʦʩʩʠʠ. ʇʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʢʫʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʥʦ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟ-

ʚʠʪʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʙʫʜʫʱʝʤ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ (ʥʘʧʨʠʤʝʨ, [2]), ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ ʰʘʩʩʠ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚ ʪ.ʯ. ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʠʢʠ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ (ʜʘʣʝʝ ï ʄɸʀ).  

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʚʳʙʦʨʘ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʢʘʟʯʠʢʦʚ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʨʳʥʢʝ ʦʙʨʘʟʮʘʭ, ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ, ʦʩʦʙʝʥʥʦ ʚ ʘʩʧʝʢʪʝ ʫʯʸʪʘ ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ. ɺ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ɹʶʜʞʝʪʥʳʤ ʢʦʜʝʢʩʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [6], ʘ ʠʤʝʥʥʦ ʚ ʩʪ. 34, ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʝ ʟʘʢʘʟʯʠʢʠ ʦʙʷʟʘʥʳ ʩʣʝʜʦʚʘʪʴ ʧʨʠʥʮʠʧʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʠ ʜʦʣʞʥʳ ʩʪʨʝʤʠʪʴʩʷ ʜʦ-

ʩʪʠʯʴ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʪʨʝʙʦʚʘʥʠʝʤ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʠʩʧʦʣʥʝʥʠʠ ʙʶʜʞʝʪʦʚ. ɺʘʞʥʦ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʢʦʥʦʤʠʝʡ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʧʨʠʥʮʠʧ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʚ ʢʦʥʪʝʢʩʪʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʢʫʧʦʢ. ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦ-

ʥʠʤʘʥʠʷ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

 

ừ
Ử
Ừ

Ử
ứ
Ὁ O  ÃÏÎÓÔȟ
ὤ O  ÍÉÎȟ

Ὁ̞̕
Ὁ

ὤ
ᴼÍÁØȟ

ὤ  ɴ:Ƞ ὤ ȟ

 (1) 

 

ʛʜʝ ɽ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʝʟʫʣʴ-

ʪʘʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʨʘʟʮʘ; Z ï ʟʘʪʨʘʪʳ, ʪ.ʝ. ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʪʨʘʯʝʥʥʳʝ ʥʘ ʠʭ 

ʟʘʢʫʧʢʫ ʠ ʚʥʝʜʨʝʥʠʝ; Eʵʬ ï ʮʝʣʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʢʫʧʢʠ; [Z1] ï ʜʠʘʧʘ-

ʟʦʥ ʜʦʧʫʩʪʠʤʳʭ ʟʘʪʨʘʪ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʛʨʘʥʠʮʳ ʧʨʠʝʤʣʝʤʳʭ ʬʠʥʘʥʩʦʚʳʭ ʚʣʦ-

ʞʝʥʠʡ.  

ɺ ʩʪʘʪʴʝ [3] ʧʨʝʜʣʦʞʝʥ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤ ʄɸʀ. 

ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠ ʪ.ʥ. çʠʜʝʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘè, ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʠʥʪʝʛʨʘʮʠʠ ʤʝʪʦ-

ʜʦʚ ʧʨʦʬʠʣʝʡ ʚ ʛʨʫʧʧʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʨʘʩʯʝʪʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʩ 

ʫʯʝʪʦʤ ʚʝʩʦʤʦʩʪʠ ʛʨʫʧʧ. ɼʘʣʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ʨʘʩʩʯʠʪʳʚʘʶʪ 

ʤʝʪʦʜʦʤ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʦʢʫʧʘʪʝʣʝʡ ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʠ ʮʝʥʳ ʩ 

ʫʯʝʪʦʤ ʚʘʞʥʦʩʪʠ ʜʣʷ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʚ ʵʪʦʤ ʤʝʪʦʜʝ ʷʚ-

ʣʷʝʪʩʷ ʚʳʙʦʨ çʠʜʝʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘè, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʥʘʠʣʫʯʰʠʤʠ ʧʦʢʘʟʘ-

ʪʝʣʷʤʠ ʧʦ ʚʩʝʤ ʧʘʨʘʤʝʪʨʘʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʘʰʝʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʫʶʪ 

ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʥʘʧʨʷʤʫʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʠʩʘʥ-

ʥʳʡ ʚ [3] ʤʝʪʦʜ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʦʩʥʦʚʘʥʠʷ 

ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʛʦ ʚʘʨʠʘʥʪʘ ʠʟ ʨʷʜʘ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʦʙʨʘʟʮʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦ-

ʚʳʤ, ʧʨʠ ʵʪʦʤ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ, ʠʟʣʦʞʝʥʥʳʝ ʚ ɹʶʜʞʝʪʥʦʤ ʢʦʜʝʢʩʝ ʈʌ 

[6]. ʕʪʦ ʩʦʟʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ, ʪ.ʢ. ʪʨʝʙʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʳʙʨʘʪʴ ʣʫʯʰʠʡ 

ʚʘʨʠʘʥʪ, ʥʦ ʠ ʦʙʦʩʥʦʚʘʪʴ ʝʛʦ ʚʳʙʦʨ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʙʣʶʜʝʥʠʷ ʙʶʜʞʝʪʥʳʭ ʥʦʨʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ 

ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ ʜʣʷ ʧʦʜʚʠʞʥʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʄʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ ʜʣʷ ʧʦʜʚʠʞʥʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦ-

ʨʠʠ. 

1. ɺʳʙʦʨ ʦʙʨʘʟʮʦʚ ʰʘʩʩʠ, ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʩ ʙʘʟʦʚʳʤ ʦʙʨʘʟʮʦʤ. 

2. ɺʳʙʦʨ ʥʦʤʝʥʢʣʘʪʫʨʳ ʦʮʝʥʦʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʧʦ-

ʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʜʚʠʞʥʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘ-

ʪʦʨʠʠ. 

3. ɻʨʫʧʧʠʨʦʚʢʘ ʧʦ ʩʭʦʞʠʤ ʧʨʠʟʥʘʢʘʤ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ (i ʛʨʫʧʧ, ʚ ʢʘʞʜʦʡ 

ʛʨʫʧʧʝ ni ï ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ). 

4. ʈʘʩʯʸʪ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ȹi ʜʣʷ ʢʘʞʜʦʡ i-ʦʡ ʛʨʫʧʧʳ  

 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ,  ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

________________________________________________________________________________ 

 

163 

ῳ
 ȣ  

, (2) 

ῳ̠̐̑̍ 
˜̂́̈̃

˜
 ï ʜʣʷ ʧʨʷʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ  

(ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʮʘ ʧʦʚʳʰʘʝʪʩʷ), 

ῳ̏̂̑ 
˜ ˜̂́̈

˜
  ï ʜʣʷ ʧʨʷʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ  

(ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʮʘ ʧʦʥʠʞʘʝʪʩʷ), 

 

ʛʜʝ ɝ̐ ̠̑̍, ɝ̏ ̂ ̑ï ʧʨʠʚʝʜʸʥʥʘʷ ʨʘʟʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʙʘʟʦʚʦʛʦ ʠ ʩʨʘʚʥʠʚʘʝ-

ʤʦʛʦ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʇj, ˜̂́ï̈ ʟʥʘʯʝʥʠʷ j-ʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʨʘʚʥʠʚʘʝʤʦʛʦ ʠ 

ʙʘʟʦʚʦʛʦ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ɝ̃  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ j-ʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʩʨʝʜʠ ʩʨʘʚʥʠʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚ ʛʨʫʧʧʝ. 

ɽʩʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʫ ʩʨʘʚʥʠʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʭʫʞʝ, ʯʝʤ ʫ ʙʘ-

ʟʦʚʦʛʦ, ʪʦ ʝʛʦ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʸʪʘʭ.  

5. ʈʘʩʯʸʪ ʚʝʩʦʤʦʩʪʠ ʛʨʫʧʧ ύ ʧʦ ʄɸʀ.  

6. ʈʘʩʯʸʪ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ὑ ʩ ʫʯʸʪʦʤ ʚʝʩʦʤʦʩʪʠ ʛʨʫʧʧ ύ 

 

ὑ Вύῳ. (3) 

 

ʃʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʙʫʜʝʪ ʦʙʨʘʟʝʮ ʩ ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ὑ . 

7. ʆʮʝʥʢʘ ʮʝʣʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʢʫʧʢʠ ὑ /Z. 

5. ɺʳʙʦʨ ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ, ʫ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʪʝʣʴ ὑ /Z ʙʫʜʝʪ 

ʥʘʠʙʦʣʴʰʠʤ. 

ɺʳʚʦʜʳ 

ɺʳʙʦʨ ʙʘʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʜʣʷ ʧʦʜʚʠʞʥʦʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʷʚ-

ʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʝʸ ʨʘʙʦʪʳ ʟʘʚʠʩʠʪ ʚʨʝʤʷ ʧʦʚʝʨʢʠ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʄʏʉ ʈʦʩʩʠʠ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ ʜʣʷ ʧʦʜʚʠʞʥʦʡ ʤʝʪʨʦ-

ʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʧʦʚʝʨʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. 

ʉʫʪʴ ʤʝʪʦʜʠʢʠ ʩʦʩʪʦʠʪ ʚ ʦʮʝʥʢʝ ʮʝʣʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʢʫʧʢʠ ʠ 

ʚʳʙʦʨʝ ʦʙʨʘʟʮʘ ʩ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʨʘʟʥʦʩʪʥʦʛʦ ʤʝʪʦʜʘ, ʧʦʣʦʞʝʥʠʡ ʤʝʪʦʜʘ çʧʨʦʬʠʣʝʡè, ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ ʠ 

ʪʨʝʙʦʚʘʥʠʡ ʙʶʜʞʝʪʥʦʛʦ ʢʦʜʝʢʩʘ ʈʌ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʢʘʟʯʠʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ ʧʦʟʚʦʣʷʝʪ ʦʙʲ-

ʝʢʪʠʚʥʦ ʨʘʥʞʠʨʦʚʘʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʮʳ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʥʘʩʢʦʣʴʢʦ ʦʥʠ ʣʫʯʰʝ ʙʘʟʦʚʦʛʦ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʠ ʧʦ ʩʦʦʪʥʦ-

ʰʝʥʠʶ ʮʝʥʳ ʠ ʢʘʯʝʩʪʚʘ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ON THE ISSUE OF CREATING A DEVICE FOR THE MANUFACTURE  
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the manufacture of heat-insulating, fireproof building material from waste from the woodworking 

and agricultural industries. 
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proof material. 

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʫʘʣʝʥ ʚʦʧʨʦʩ, ʩʚʷʟʘʥʥʳʡ ʩʦ ʩʙʝʨʝʞʝʥʠʝʤ ʨʝʩʫʨʩʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʨʷʜ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʥʝ ʤʦʛʫʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʚʦʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʧʨʦʮʝʩʩʳ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʯʠʩʪʦʪʘ ʧʨʦʜʫʢ-

ʮʠʠ ʠ ʯʘʩʪʴ ʩʳʨʴʷ ʥʝʠʟʙʝʞʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʦʪʭʦʜʳ, ʧʦʜʣʝʞʘʱʠʝ ʫʪʠʣʠʟʘʮʠʠ. 

                                                 
  É ɻʦʣʫʙʝʚʘ ɽ.ʉ., ʄʘʢʘʨʦʚ ɽ.ɺ., ɿʘʨʫʙʠʥʘ ɽ.ɺ., ʅʠʢʠʬʦʨʦʚ ɸ.ʃ., ʐʤʝʣʝʚʘ ʊ.ɺ., ʐʤʝ-

ʣʝʚ ɸ.ʉ., 2025 
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ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʥʥʳʝ ʦʪʭʦʜʳ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʩʳ-

ʨʴʝ. ʅʠʢʪʦ ʥʝ ʟʘʜʫʤʳʚʘʝʪʩʷ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ: ʥʘʧʨʠʤʝʨ, ʥʘ ʪʝʢ-

ʩʪʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʵʪʦ ï ʦʪʭʦʜʳ ʚʩʝʭ ʵʪʘʧʦʚ ʯʝʩʘʥʠʷ ʠ ʪʨʝʧʘʥʠʷ. 

ɺ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʝʞʝʛʦʜʥʦ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ (ʥʘʧʨʠʤʝʨ, ʧʨʦʜʫʢʪʳ ʩʦʨʪʠʨʦʚʢʠ ʩʳʨʴʷ ʠ ʤʷ-

ʢʠʥʘ), ʘ ʚ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʝ ð ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʦʧʠʣʦʢ ʠ ʩʪʨʫʞʢʠ. 

ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʫʪʠʣʠʟʘʮʠʠ ʵʪʠʭ ʦʪʭʦʜʦʚ ï ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʧʨʦʪʠʚʦ-

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʠʭ ʩʞʠʛʘʥʠʝ. ʆʜʥʘʢʦ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʮʝʥ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʦʥʠ ʵʢʦʣʦʛʠʯʥʳ ʠ ʣʝʛʢʦ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ; ʝʜʠʥʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘ-

ʪʦʢ ð ʚʳʩʦʢʘʷ ʛʦʨʶʯʝʩʪʴ. 

ɺ ʩʦʯʝʪʘʥʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʦʪʭʦʜʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʧʣʦ-

ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʬʦʨʤʦʚʘʥʥʳʭ ʧʣʠʪ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʚʢʣʶʯʘʝʪ ʩʚʷʟʫʶʱʠʝ ʚʝʱʝʩʪʚʘ ʠ ʘʥʪʠʧʠʨʝʥʳ (ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ) ʠ 

ʥʝ ʷʚʣʷʝʪʩʷ ʤʦʥʦʣʠʪʥʳʤ ʵʣʝʤʝʥʪʦʤ; ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ ʧʫʩʪʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʪʝʧʣʦʠʟʦʣʷʮʠʶ. 

ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʩʝ-

ʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʠʭ ʧʣʠʪ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚ-

ʣʷʪʴ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʛʦʪʦʚʦʛʦ 

ʠʟʜʝʣʠʷ: ʬʨʘʢʮʠʠ ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʩʠʩʪʝʤʫ ʦʪʜʝʣʴʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ; ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʧʦ-

ʨʝʟʘʥʥʘʷ ʩʦʣʦʤʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʨʠʬʣʸʥʳʝ ʚʘʣʠʢʠ ʜʣʷ ʧʨʠʜʘʥʠʷ ʦʙʲʸʤʘ (ʨʠʩʫʥʦʢ 1) 

[1, 2].  

 

ʈʠʩ. 1. ʉʣʦʝʬʦʨʤʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʦ 

ʉʣʦʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʪʨʘʥʩʧʦʨʪʸʨʥʦʡ ʣʝʥʪʝ ʟʘ ʩʯʸʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʫʢʣʘʜʢʠ 

ʧʨʦʜʫʢʪʘ.  

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ ʜʦʩʪʘʪʦʯʥʦ ʚʚʝʜʝʥʠʷ ʧʨʦʜʫʢʪʘ ʯʝʨʝʟ ʱʝʣʴ 1ʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
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ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʪʦʨʦʛʦ ʩʣʦʷ ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʩʦʣʦʤʘ ʚʚʦʜʠʪʩʷ ʯʝʨʝʟ ʮʠ-

ʣʠʥʜʨ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. ʇʦʧʘʜʘʷ ʥʘ ʬʦʨʤʠʨʫʶʱʠʝ ʚʘʣʠʢʠ, ʩʦʣʦʤʘ ʧʨʠʦʙ-

ʨʝʪʘʝʪ ʣʦʤʘʥʫʶ ʬʦʨʤʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʫʩʪʦʪ ʚ ʢʦʥʝʯʥʦʤ ʤʘʪʝʨʠʘ-

ʣʝ, ʧʨʠʜʘʚʘʷ ʠʟʜʝʣʠʶ ʦʙʲʸʤʥʦʩʪʴ ʠ ʫʤʝʥʴʰʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʝʪʴʝʛʦ ʩʣʦʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʠ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴ-

ʥʳʡ ʚʘʨʠʘʥʪ ʧʣʘʚʥʦʛʦ ʧʦʚʦʨʦʪʘ ʚ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʧʦʜʘʯʠ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʦʧʠ-

ʣʦʢ) ʚ ʜʘʣʴʥʶʶ ʱʝʣʴ ʢʦʥʩʪʨʫʢʮʠʠ 1ʙ. 

ɺ ʤʝʩʪʘʭ ʧʨʝʦʜʦʣʝʥʠʷ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (ʢʨʫʛʣʳʡ ʮʠʣʠʥʜʨ ʜʣʷ ʧʦʜʘʯʠ 

ʩʦʣʦʤʳ ʠ ʧʣʘʚʥʳʡ ʧʦʚʦʨʦʪ ʫ ʱʝʣʠ 1ʙ), ʧʨʠ ʜʝʣʝʥʠʠ ʠ ʩʣʠʷʥʠʠ ʧʦʪʦʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʧʦʪʦʢʝ ʧʝʨʝʤʝʱʘʶʱʝʛʦʩʷ ʚʦʟʜʫʭʘ ʩ ʩʳʧʫʯʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɺ 

ʫʢʘʟʘʥʥʳʭ ʤʝʩʪʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʡʢʘ ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʠʭʨʝʚʳʭ ʟʦʥ ʫ ʩʪʝʥʦʢ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʪʝʨʝʡ ʵʥʝʨʛʠʠ. ʅʘʨʫʰʝʥʠʝ ʫʩʪʘʥʦʚʠʚ-

ʰʝʛʦʩʷ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʥʘʯʠʥʘʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ, ʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʧʦʩʣʝ ʥʝʛʦ. ʅʘ 

ʚʩʝʤ ʫʯʘʩʪʢʝ ʚʦʟʤʫʱʸʥʥʦʛʦ ʧʦʪʦʢʘ ʧʨʦʠʩʭʦʜʷʪ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʚʷʟʢʦʝ ʪʨʝʥʠʝ ʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʦ ʩʪʝʥʢʠ. ʆʜʥʘʢʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ ʫʩʣʦʚʥʦ ʩʯʠʪʘʶʪ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ. ʇʦʪʝʨʷ ʜʘʚʣʝʥʠʷ ʚ ʤʝʩʪʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ æʈʤʩ, ʇʘ, ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʘ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ ʚ ʧʦʪʦʢʝ ʠ ʨʘʚʥʘ: 

 

                                       rV ÖÖ=D ä
2

ʈʤʩ
2V

                                                      (1) 

ʂʦʵʬʬʠʮʠʝʥʪ ɕ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʦʧʨʝ-

ʜʝʣʷʝʪ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʤʝʩʪʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʚ ʜʦʣʷʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ɿʥʘʯʝʥʠʷ ɕ ʜʣʷ ʧʣʘʚʥʦʛʦ ʧʦʚʦʨʦʪʘ ʙʫʜʝʪ ʨʘʚʥʘ, ʧʨʠ ʚʳʙʦʨʝ ʫʛʣʘ ɓ=70Á: 

                                                                 

 bVV sin9,0 ,Ö=

              

                                           (2) 

ʛʜʝ: 

                                                            
R

d
Ö+= 19,0051,0,V                                                      (3) 

ʛʜʝ: 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʜʣʷ ʨʘʩʯʸʪʘ  

ʧʣʘʚʥʦʛʦ ʧʦʚʦʨʦʪʘ  

ʚ ʫʩʪʨʦʡʩʪʚʝ 
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ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʘʩʯʸʪʥʳʤ ʜʘʥʥʳʤ, ʙʳʣ ʚʳʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʧʦ-

ʚʦʨʦʪʘ ʚ ʫʩʪʨʦʡʩʪʚʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʚ ʧʦʪʦʢʝ ʩʳʧʫʯʝʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʝʪʴʝʛʦ ʩʣʦʷ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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CALCULATION OF BENDING FORCES  
 

Abstract: The article presents a calculation of bending forces for subsequent use as data for 

designing parts and their possible deformation. 

Keywords: bending, matrix, punch, metal, force, elasticity, deformation. 

 

ɺ ʧʨʦʮʝʩʩʝ ʛʠʙʢʠ ʤʝʪʘʣʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʩʪʷʛʠ-

ʚʘʶʱʠʭ ʠ ʩʞʠʤʘʶʱʠʭ ʫʩʠʣʠʡ. ʅʘ ʥʘʨʫʞʥʦʡ ʩʪʦʨʦʥʝ ʜʝʪʘʣʠ ʚ ʤʝʩʪʝ ʠʟʛʠʙʘ ʚʦʣʦʢʥʘ 

ʤʝʪʘʣʣʘ ʨʘʩʪʷʛʠʚʘʶʪʩʷ, ʠ ʜʣʠʥʘ ʠʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ; ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʞʝ, ʥʘʦʙʦʨʦʪ, ʚʦ-

ʣʦʢʥʘ ʩʞʠʤʘʶʪʩʷ, ʠ ʜʣʠʥʘ ʠʭ ʫʢʦʨʘʯʠʚʘʝʪʩʷ. ʀ ʪʦʣʴʢʦ ʥʝʡʪʨʘʣʴʥʳʡ ʩʣʦʡ, ʠʣʠ, ʢʘʢ 

ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ, ʥʝʡʪʨʘʣʴʥʘʷ ʣʠʥʠʷ, ʚ ʤʦʤʝʥʪ ʩʛʠʙʘ, ʧʦʣʘʛʘʶʪ, ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʥʠ 

ʩʞʘʪʠʷ, ʥʠ ʨʘʩʪʷʞʝʥʠʷ, ʠ ʧʦʵʪʦʤʫ ʜʣʠʥʘ ʥʝʡʪʨʘʣʴʥʦʡ ʣʠʥʠʠ ʧʦʩʣʝ ʠʟʛʠʙʘ ʜʝʪʘʣʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ. ʇʨʠ ʛʠʙʢʝ ʤʝʪʘʣʣʘ ʧʨʠʭʦʜʠʪʩʷ ʧʨʝʦʜʦʣʝʚʘʪʴ ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ ʟʘʛʦʪʦʚʢʠ 

ʠʟ ʤʝʪʘʣʣʘ. 

                                                 
  É ɻʦʨʰʢʦʚ ʉ.ɺ., ɺʝʜʝʨʥʠʢʦʚʘ ʀ.ʀ., 2025 
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ʆʪʚʝʨʩʪʠʷ ʠ ʧʘʟʳ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʣʠʥʠʠ ʛʠʙʘ ʯʘʩʪʦ ʜʝʬʦʨʤʠ-

ʨʫʶʪʩʷ. ʀʭ ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 2-3 ʪʦʣʱʠʥ ʤʝʪʘʣʣʘ ʦʪ ʥʘʯʘʣʘ 

ʨʘʜʠʫʩʘ ʠʟʛʠʙʘ ʜʦ ʢʨʘʷ ʦʪʚʝʨʩʪʠʷ. ʅʦ ʜʣʷ ʟʘʢʘʟʯʠʢʘ ʙʳʣʦ ʢʨʠʪʠʯʥʦ ʤʝʥʷʪʴ ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ ʦʪʚʝʨʩʪʠʡ, ʣʠʙʦ ʤʝʥʷʪʴ ʛʘʙʘʨʠʪ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʢʦʥʩʪʨʫʢʪʦʨ ʨʝʰʠʣ ʜʦʙʘ-

ʚʠʪʴ ʨʘʜʠʘʣʴʥʳʝ ʧʨʦʨʝʟʠ ʚʦʢʨʫʛ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʛʠʙʢʝ. 

ʅʘ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ 

ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʛʠʙʦʯʥʳʡ ʩʪʘʥʦʢ ʠ ʠʥʩʪʨʫʤʝʥʪ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʧʨʦʚʦ-

ʜʠʪʴʩʷ ʠʩʧʳʪʘʥʠʷ. 

ɿʘ ʦʩʥʦʚʫ ʙʳʣ ʚʟʷʪ ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʛʠʙʦʯʥʳʡ ʧʨʝʩʩ ʩ ʏʇʋ çDurma AD-R 

25100è, ʢʦʪʦʨʳʡ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 1. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘʤ ʧʦʪʨʝʙʫʶʪʩʷ ʧʫʘʥʩʦʥ ʛʫʩʝʚʠʜʥʦʛʦ ʪʠʧʘ ʠ ʊ-

ʦʙʨʘʟʥʘʷ 1-ʨʫʯʴʝʚʘʷ ʤʘʪʨʠʮʘ TR80.14.60.300 (ʨʠʩ. 2). 

 

  

ʈʠʩ. 1. ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʛʠʙʦʯʥʳʡ ʧʨʝʩʩ  

ʩ ʏʇʋ çDurma AD-R 25100è 
ʈʠʩ. 2. ʊ-ʦʙʨʘʟʥʘʷ 1-ʨʫʯʴʝʚʘʷ ʤʘʪʨʠʮʘ 

TR80.6.60.300 

 

 
ʇʨʠʤʝʨʦʤ ʜʣʷ ʛʠʙʢʠ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʴ, 100.00.001 ʋʛʦʣʦʢ (ʨʠʩ. 3.). 

 

  
 

ʈʠʩ. 3. ɼʝʪʘʣʴ ç100.00.001 ʋʛʦʣʦʢè  



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ,  ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ɼʝʪʘʣʴ ç100.00.001 ʋʛʦʣʦʢè ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʩʪʘʣʠ 08ʍ13 ɻʆʉʊ 5632-2014. 

ɼʝʪʘʣʴ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʣʠʩʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʪʦʣʱʠʥʦʡ S=1 ʤʤ. 

ʈʘʜʠʫʩʳ ʛʠʙʢʠ ʫ ʜʘʥʥʦʡ ʜʝʪʘʣʠ ʙʦʣʴʰʝ, ʯʝʤ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʨʘʜʠʫʩʘ 

ʛʠʙʘ ʣʠʩʪʦʚʳʭ ʜʝʪʘʣʝʡ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʣʠʥʠʠ ʛʠʙʢʠ ʧʨʠ ʰʪʘʤʧʦʚʢʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ ʙʝʟʨʘʟʣʠʯʥʦ (ʚʜʦʣʴ ʠʣʠ ʧʦʧʝʨʝʢ ʣʠʥʠʠ ʧʨʦʢʘʪʢʠ), ʪ.ʢ. r>S. ʅʘʠʤʝʥʴʰʘʷ ʚʳʩʦʪʘ ʦʪ-

ʛʠʙʘʝʤʦʡ ʧʦʣʢʠ ʚ 20 ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʠʪ ʪʦʣʱʠʥʫ ʜʝʪʘʣʠ, ʪ.ʝ. hÓS, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʛʥʫʪʳʭ ʣʠʩʪʦʚʳʭ ʜʝʪʘʣʝʡ. 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʘʥʥʘʷ ʜʝʪʘʣʴ çʩʢʦʙʘè ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʥʦʡ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʘ ʦʧʝʨʘʮʠʝʡ çʛʠʙʢʘè. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʟʤʝʨʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʟʘʛʦʪʦʚʢʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʫʪʝʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʟʘʛʦʪʦʚʢʠ (ʨʘʟʚʝʨʪʢʠ) ʜʣʷ ʜʝʪʘʣʝʡ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ 

ʛʠʙʢʦʡ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʥʝʡʪʨʘʣʴʥʦʤʫ ʩʣʦʶ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʜʦ ʠ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ɼʣʷ ʪʦʥʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (S<2 ʤʤ) ʧʨʠ ʨʘʩʯʝʪʘʭ ʫʩʣʦʚʥʦ ʧʨʠʥʠ-

ʤʘʝʪʩʷ, ʯʪʦ ʥʝʡʪʨʘʣʴʥʳʤ ʩʣʦʡ ʧʨʦʭʦʜʠʪ ʧʦʩʨʝʜʠʥʝ ʩʝʯʝʥʠʷ ʟʘʛʦʪʦʚʢʠ.  

ʈʘʜʠʫʩ ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʣʦʷ ʚ ʠʟʦʛʥʫʪʦʤ ʫʯʘʩʪʢʝ ʧʨʠ ʫʛʣʝ 90Á ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

lʥ ὶ ὼί ρȟυχὶ ὼίȠ 

 

ʛʜʝ lʥ ï ʜʣʠʥʘ ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʣʦʷ ʠʟʦʛʥʫʪʦʛʦ ʫʯʘʩʪʢʘ;  

r ï ʨʘʜʠʫʩ ʛʠʙʘ;  

s ï ʪʦʣʱʠʥʘ ʤʘʪʝʨʠʘʣʘ; 

ʭ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʣʦʷ. 

 

ɼʣʠʥʘ ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʣʦʷ ʥʘ ʫʯʘʩʪʢʝ ʨʘʜʠʫʩʥʦʛʦ ʟʘʢʨʫʛʣʝʥʠʷ ʨʘʚʥʘ: 

 

lʥ ρȟψ πȟτρϽρ σȟτχ ̍  ̍

 

ɼʣʠʥʫ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʦʜʥʦʫʛʣʦʚʦʡ ʛʠʙʢʝ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

L= l1 + l2 + 2lʥ , 

 

ʛʜʝ: l1, l2 ï ʜʣʠʥʳ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʈʘʩʩʯʠʪʘʝʤ ʜʣʠʥʫ ʟʘʛʦʪʦʚʢʠ: 

 

, ρυȟς ρσȟς ςϽσȟτχ συȟτ ̍  ̍

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ: Lʟʘʛ = 35,4 ʤʤ, ɺʟʘʛ = 30 ʤʤ 

ʋʩʠʣʠʝ ʛʠʙʢʠ ʟʘʚʠʩʠʪ ʦʪ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: ʬʦʨ-

ʤʘ ʠ ʨʘʟʤʝʨʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʟʘʛʦʪʦʚʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʧʦʨʘʤʠ, ʨʘʜʠʫʩʳ ʩʢʨʫʛʣʝʥʠʷ ʧʫʘʥʩʦʥʘ ʠ ʨʘʙʦʯʠʭ ʢʨʦ-

ʤʦʢ ʤʘʪʨʠʮʳ ʠ ʜʨʫʛʠʝ. ɻʠʙʢʘ ʚ ʰʪʘʤʧʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʣʦʞʝʥʠʝʤ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʠʣʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʚʢʘ ʠ ʢʘʣʠʙʨʦʚʢʘ ʠʟʦʛʥʫʪʦʛʦ 

ʫʯʘʩʪʢʘ ʟʘʛʦʪʦʚʢʠ.  



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʋʩʠʣʠʝ ʛʠʙʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʘʚʝʥʩʪʚʘ ʚʥʝʰʥʝʛʦ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʤʦ-

ʤʝʥʪʫ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ. 

ɼʣʷ ʛʠʙʢʠ ʫʩʠʣʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

 

ὖ
ὄϽ3ς

ὰ
„ὲ 

ʛʜʝ: ɺ- ʰʠʨʠʥʘ ʟʘʛʦʪʦʚʢʠ, ʤʤ; S ï ʪʦʣʱʠʥʘ ʤʘʪʝʨʠʘʣʘ, ʤʤ;  

l ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʦʧʦʨʳ, ʤʤ;  

n ï ʧʦʢʘʟʘʪʝʣʴ ʫʧʨʦʯʥʝʥʠʷ, ʜʣʷ ʩʪʘʣʠ 08ʍ13, n=2,8; 

 „ ï ʇʨʝʜʝʣ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʄʧʘ 

ʊʦʛʜʘ: 

P=
Ͻ
τρπϽςȟψ ςψχπ ̊ 

ʆʙʱʝʝ ʫʩʠʣʠʝ ʛʠʙʢʠ: 

P=1,2Pʛʠʙ 

P=1,2Pʛʠʙ=1,2Ͻ2870 = 3444 ʅ. 

ʋʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ (ʧʨʫʞʝʥʠʝ) ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʨʘʟʤʝʨʦʚ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʜʣʷ ʛʠʙʢʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʪʨʫʜʦʝʤʢʠʝ ʦʧʝʨʘʮʠʠ ʨʫʯʥʦʡ ʧʨʘʚʢʠ 

ʧʦʩʣʝ ʛʠʙʢʠ. 

ʈʘʩʯʝʪ ʫʧʨʫʛʦʛʦ ʧʨʫʞʝʥʠʷ ʧʨʠ ʛʠʙʢʝ ʇ-ʦʙʨʘʟʥʳʭ ʧʦʣʦʩ ʧʨʦʚʦʜʷʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

ÔÇ ɼ πȟχυϽ
ὰϽ„̒ ̑

ὯϽὛϽὉ ȟ
       

 

ʛʜʝ: 

ɼ - ʫʛʦʣ ʧʨʫʞʠʥʝʥʠʷ (ʦʜʥʦʩʪʦʨʦʥʥʠʡ); 

l - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ ï ʨʘʩʢʨʳʪʠʝ ʤʘʪʨʠʮʳ; 

k - ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʣʦʷ, 

ʨʘʚʥʳʡ k=1-x ; 

E - ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʜʝʪʘʣʠ. 

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʚʝʣʠʯʠʥʳ ʫʧʨʫʛʦʛʦ ʧʨʫʞʠʥʝʥʠʷ ʧʨʠ ʛʠʙʢʝ ʜʘʥʥʦʡ 

ʜʝʪʘʣʠ: 

x=0.41; 

k=1-0.41=0.59; 

l = 12 ʤʤ; 

 

ÔÇ ɼ πȟσχυϽ
ὰϽ„̒ ̑

ὯϽὛϽὉ 
πȢχυ

ρςϽτρπ

πȟυωϽρϽςρχπππ
πȟπςψȠ 

 

ɼ ὥὶὧὸὫπȟπςψ ρȟσφ 
 

ɺʝʣʠʯʠʥʘ ʫʧʨʫʛʦʛʦ ʧʨʫʞʝʥʠʷ ʜʝʪʘʣʠ ç100.00.001 ʋʛʦʣʦʢè ʨʘʚʥʘ 1036ô ʛʨʘʜʫʩʘ. 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ,  ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ʇʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʫʩʣʦʚʠʶ ʥʘ ʜʘʥʥʫʶ ʜʝʪʘʣʴ ʥʝʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ ʜʝʪʘʣʠ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 2 ʛʨʘʜʫʩʦʚ, ʧʦʵʪʦʤʫ ʚʝʣʠʯʠʥʘ ʫʧʨʫʛʦʛʦ ʧʨʫ-

ʞʠʥʝʥʠʷ ʠʭ ʧʨʠ ʛʠʙʢʝ ʷʚʣʷʝʪʩʷ ʜʦʧʫʩʪʠʤʦʡ. 

ʊʘʢ ʢʘʢ ʜʝʪʘʣʴ ç100.00.001 ʋʛʦʣʦʢè ʠʤʝʝʪ ʦʜʥʫ ʦʩʴ ʩʠʤʤʝʪʨʠʠ, ʪʦ ʮʝʥʪʨ ʜʘʚʣʝ-

ʥʠʷ ʧʫʘʥʩʦʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩ ʮʝʥʪʨʦʤ ʦʩʠ ʛʠʙʘ. 

ʅʘʧʨʷʞʝʥʠʝ ʩʤʷʪʠʷ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʢʠ ʧʫʘʥʩʦʥʘ ʜʣʷ ʛʠʙʢʠ ůʩʤ ʚʳ-

ʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

„̒ ̑

˝

&̄ ̏̌
 

 

ʈ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʫʩʠʣʠʝ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʧʫʘʥʩʦʥʦʤ, ʅ; 

Fʛʦʣ ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʢʠ ʧʫʘʥʩʦʥʘ, ʤʤ2 

ʈʘʩʩʯʠʪʘʝʤ ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʫʩʠʣʠʝ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʧʫʘʥʩʦʥʦʤ, ʙʫʜʝʪ 

ʨʘʚʥʦ ʫʩʠʣʠʶ ʧʨʦʮʝʩʩʘ ʛʠʙʢʠ. 

ʈ = 4650 ʅ. 

Fʛʦʣ = 960 ʤʤ2 

ʅʘʧʨʷʞʝʥʠʝ ʧʫʘʥʩʦʥʘ ʥʘ ʩʞʘʪʠʝ ʜʣʷ ʰʪʘʤʧʘ ʛʠʙʢʠ „̒  ̍ʚʳʯʠʩʣʷʶʪ ʧʦ 

ʪʦʡ ʞʝ ʬʦʨʤʫʣʝ, ʯʪʦ ʠ ʜʣʷ ʰʪʘʤʧʘ ʚʳʨʫʙʢʠ. 

 

„̒ ̍

τφυπ

ωφπ
τȟψττ  

˚

̍̍
τψȟττ  ̇̐́ 

 

ʈʘʩʩʯʠʪʘʝʤ ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ. 

f = 350 ʤʤ2. 

„̒ ̍ ρσȟςω ̊Ⱦ̍  ̍= 132,9 ʄʧʘ 

 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʩʞʘʪʠʝ ʧʫʘʥʩʦʥʘ ʤʝʥʴʰʝ, ʯʝʤ ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ ʩʞʘʪʠʝ. 

ʈʘʩʯʝʪ ʩʚʦʙʦʜʥʦʡ ʯʘʩʪʠ ʧʫʥʩʦʥʘ ʥʘ ʧʨʦʜʦʣʴʥʳʡ ʠʟʛʠʙ l ʚʳʯʠʩʣʷʶʪ ʧʦ 

ʪʦʡ ʞʝ ʬʦʨʤʫʣʝ, ʯʪʦ ʠ ʜʣʷ ʰʪʘʤʧʘ ʚʳʨʫʙʢʠ: 

J = 2563,1 ʤʤ4; 

n = 2,5; 

 

ὰ τȢτσ
Ὁὐ

ὲὖ
τȢτσ

ςρχπππϽςυφσȢρ

ςȢυϽτφυπ
σχ  ̍  ̍

 

l - ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʡ ʯʘʩʪʠ ʧʫʘʥʩʦʥʘ, ʤʤ; 

J ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ, ʤʤ4; 

ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʅ/ ʤʤ2; 

n ï ʢʦʵʬʬʠʮʠʝʥʪ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

P ï ʫʩʠʣʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʙʠʚʢʠ, ʅ. 

ʇʦʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʙʦʣʴʰʝ ʬʘʢʪʠʯʝʩʢʦʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʳʡ ʧʫʘʥʩʦʥ ʥʝ 

ʧʦʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. 
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ʅʘʧʨʷʞʝʥʠʝ ʩʞʘʪʠʷ ʧʫʘʥʩʦʥʘ „̒  ̇ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

„̒ ̇  
˝

Ὢ
  „̒ Ƞ̍ 

„̒ ̍ ρσςȟω 
˚

̍̍
Ƞ 

„̒ ̇  
τφυπ

ρωȟρϽς
  ρσςȟω ρρψȟφς

˚

̍̍
  ρσςȟω 

˚

̍̍
Ƞ 

 

ʛʜʝ: ʈ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʫʩʠʣʠʝ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʧʫʘʥʩʦʥʦʤ, ʅ; 

f ï ʧʣʦʱʘʜʴ ʥʘʠʤʝʥʴʰʝʛʦ ʩʝʯʝʥʠʷ ʧʫʘʥʩʦʥʘ, ʤʤ2; 

„̒ ̍
 ï ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʤʷʪʠʝ; 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʩʤʷʪʠʝ ʧʫʘʥʩʦʥʘ ʤʝʥʴʰʝ, ʯʝʤ ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ. 
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S.V. Gorshkov, I.I. Vedernikova  

 
CALCULATION OF STRESSES DURING PLASTIC DEFORMATION OF METAL  
 

Abstract: The article studies mechanical loads on parts that arise during their plastic defor-

mation. 

Keywords: bending, matrix, punch, metal, tension, elasticity, deformation.  

                                                 
  É ɻʦʨʰʢʦʚ ʉ.ɺ., ɺʝʜʝʨʥʠʢʦʚʘ ʀ.ʀ., 2025 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  
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ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʤʝʪʘʣʣʘ, ʷʚʣʷʝʪʩʷ çʫʪʷʛʠʚʘʥʠʝ ʦʪʚʝʨʩʪʠʡè ʧʨʠ ʛʠʙʢʝ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʦʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʧʦʩʪʨʦʝʥʠʝ ʵʧʶʨ, ʧʨʦʚʝʜʝʤ ʚ ʧʨʦʛʨʘʤʤʝ 

Solidworks. 

ɿʘʜʘʜʠʤ ʤʘʪʝʨʠʘʣ ʧʫʘʥʩʦʥʫ, ʤʘʪʨʠʮʝ ʠ ʠʩʩʣʝʜʫʝʤʦʡ ʜʝʪʘʣʠ. ɺ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʠʩʩʣʝʜʫʝʤʦʡ ʜʝʪʘʣʠ ʟʘʜʘʜʠʤ ʤʦʜʝʣʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦ ʄʠʟʝʩʫ.  

ʂʨʠʪʝʨʠʡ ʪʝʢʫʯʝʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ:  

 

ὼ Ѝσʎ „=0; 

 

ʛʜʝ ʎ ï ʵʬʬʝʢʪʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʘ „ ï ʥʘʧʨʷʞʝʥʠʝ ʪʝʢʫʯʝʩʪʠ ʠʟ ʥʝʦʩʝʚʳʭ ʠʩʧʳʪʘ-

ʥʠʡ. ʄʦʜʝʣʴ ʧʦ ʄʠʟʝʩʫ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʤʝʪʘʣʣʦʚ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʳ ʧʨʠʥʠʤʘʪʴʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʶ-

ʱʠʝ ʬʘʢʪʦʨʳ: 

¶ ɼʦʧʫʩʢʘʝʪʩʷ ʤʘʣʦʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʣʳʭ 

ʠʣʠ ʙʦʣʴʰʠʭ ʧʝʨʝʤʝʱʝʥʠʡ. 

¶ ʉʦʟʜʘʝʪʩʷ ʩʚʷʟʘʥʥʦʝ ʜʦʧʫʱʝʥʠʝ ʧʨʘʚʠʣʘ ʧʦʪʦʢʘ. 

¶ ɼʦʩʪʫʧʥʳ ʧʨʘʚʠʣʘ ʠʟʦʪʨʦʧʥʦʛʦ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ. ʃʠʥʝʡʥʦʝ 

ʩʦʯʝʪʘʥʠʝ ʠʟʦʪʨʦʧʥʦʛʦ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ, ʚ ʩʣʫʯʘʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ ʠ ʮʝʥʪʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʢʫʯʝʩʪʠ ʚ ʜʝʚʠʘʪʦʨʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ. 

ʇʘʨʘʤʝʪʨ RK ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʧʦʨʮʠʶ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʠʟʦʪʨʦʧʥʦʛʦ ʦʪʚʝʨ-

ʞʜʝʥʠʷ. ɼʣʷ ʯʠʩʪʦʛʦ ʠʟʦʪʨʦʧʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ, ʧʘʨʘʤʝʪʨ RK ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 0. ʈʘʜʠ-

ʫʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʢʫʯʝʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʦʜʥʘʢʦ, ʮʝʥʪʨ ʦʩʪʘʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʚ 

ʜʝʚʠʘʪʦʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʯʠʩʪʦʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ, ʧʘʨʘʤʝʪʨ RK 

ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 1. ʈʘʜʠʫʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʢʫʯʝʩʪʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʩ ʧʝʨʝʤʝʱʝ-

ʥʠʝʤ ʮʝʥʪʨʘ ʚ ʜʝʚʠʘʪʦʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɹʠʣʠʥʝʡʥʘʷ ʠʣʠ ʤʥʦʛʦʣʠʥʝʡʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʝʦʩʝʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ 

ʜʣʷ ʧʣʘʩʪʠʯʥʦʩʪʠ. ɼʣʷ ʥʘʟʥʘʯʝʥʠʷ ʙʠʣʠʥʝʡʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʄʘʪʝʨʠʘʣ ʚʚʦʜʷʪʩʷ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʤʦʜʫʣʴ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ɼʣʷ ʥʘʟʥʘʯʝʥʠʷ ʤʥʦʛʦʣʠʥʝʡʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʷ-

ʜʝʬʦʨʤʘʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠ-̫ʩʜʚʠʛʘ (ʨʠʩ. 1). 

 

 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ  

ʥʘʧʨʷʞʝʥʠʷ-ʩʜʚʠʛʘ 
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ʇʘʨʘʤʝʪʨʳ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʙʠʣʠʥʝʡʥʳʭ 

ʢʨʠʚʳʭ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʢʨʠʚʳʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʩʪʠ. ʊʝʨʤʦʧʣʘʩʪʠʯʥʦʩʪʴ ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʦʙʦʣʦ-

ʯʝʢ. 

ʄʦʜʝʣʴ Huber-von Mises ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʯʝʨʥʦʚʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ) ʠ ʧʣʦʪʥʳʭ ʦʙʦʣʦʯʝʢ (ʯʝʨʥʦʚʦʛʦ ʠ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ). 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʪʝʨʘʪʠʚʥʳʡ ʤʝʪʦʜ NR (ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ). 

ʊʠʧʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ 

ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ 

ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 
 

ʊʝʣʦ, ʢʦʛʜʘ ʢ ʥʝʤʫ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘʛʨʫʟʢʠ, ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʠ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘʛʨʫʟʦʢ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʚʩʝ ʪʝʣʦ. ɺʥʝʰʥʠʝ ʥʘʛʨʫʟʢʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚʥʫʪʨʝʥʥʠʝ 

ʩʠʣʳ ʠ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʢʦʤʧʝʥʩʠʨʫʶʪ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚʦʟʚʨʘʱʘʶʪ ʪʝʣʦ ʚ ʩʦʩʪʦʷʥʠʝ 

ʨʘʚʥʦʚʝʩʠʷ. ʃʠʥʝʡʥʳʡ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʩʯʠʪʳʚʘʝʪ ʩʠʣʳ ʧʝʨʝʤʝʱʝʥʠʡ, ʥʘʧʨʷ-

ʞʝʥʠʷ, ʥʘʛʨʫʟʢʠ ʠ ʨʝʘʢʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʠʣʦʞʝʥʥʳʭ ʥʘʛʨʫʟʦʢ. 

ɺ ʣʠʥʝʡʥʦʤ ʩʪʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

ɼʦʧʫʱʝʥʠʝ ʩʪʘʪʠʢʠ 

ɺʩʝ ʥʘʛʨʫʟʢʠ ʧʨʠʣʘʛʘʶʪʩʷ ʤʝʜʣʝʥʥʦ ʠ ʧʦʩʪʝʧʝʥʥʦ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʫʪ ʩʚʦʠʭ 

ʧʦʣʥʳʭ ʚʝʣʠʯʠʥ. ʇʦ ʜʦʩʪʠʞʝʥʠʶ ʩʚʦʠʭ ʧʦʣʥʳʭ ʚʝʣʠʯʠʥ ʥʘʛʨʫʟʢʠ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥ-

ʥʳʤʠ (ʥʝʠʟʤʝʥʥʳʤʠ ʧʦ ʚʨʝʤʝʥʠ). ʊʘʢʦʝ ʜʦʧʫʱʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʥʝʙʨʝʯʴ ʚʥʫʪʨʝʥ-

ʥʠʤʠ ʠ ʜʝʤʧʬʠʨʫʶʱʠʤʠ ʩʠʣʘʤʠ ʚʚʠʜʫ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʭ ʫʩʢʦʨʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ. 

ʄʝʥʷʶʱʠʝʩʷ ʧʦ ʚʨʝʤʝʥʠ ʥʘʛʨʫʟʢʠ, ʚʢʣʶʯʘʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʠ/ʠʣʠ 

ʜʝʤʧʬʠʨʫʶʱʠʝ ʩʠʣʳ, ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟ-

ʢʠ ʤʝʥʷʶʪʩʷ ʧʦ ʚʨʝʤʝʥʠ ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʚʥʫʪ-

ʨʝʥʥʠʝ ʠ ʜʝʤʧʬʠʨʫʶʱʠʝ ʩʠʣʳ, ʧʨʝʥʝʙʨʝʯʴ ʢʦʪʦʨʳʤʠ ʥʝʣʴʟʷ. 

ɺʘʞʥʦ ʧʨʦʚʝʨʠʪʴ ʩʦʩʪʦʷʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʦʧʫʱʝʥʠʷ, ʪʘʢ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʦ 1/(2x) ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʡ, 

ʛʝʥʝʨʠʨʫʝʤʳʭ ʩʪʘʪʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʩ ʪʘʢʠʤʠ ʞʝ ʟʥʘʯʝʥʠʷʤʠ, ʛʜʝ x ï ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʚʷʟʢʦʩʪʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. ɼʣʷ ʩʣʘʙʦʜʝʤʧʬʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʜʝʤʧ-

ʬʠʨʦʚʘʥʠʠ 5% ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʙʫʜʫʪ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʩʪʘʪʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ. ʉʮʝʥʘʨʠʡ ʥʘʠʭʫʜʰʝʡ ʩʠʪʫʘʮʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʷʚʣʝʥʠʠ ʨʝʟʦʥʘʥʩʘ. 

ʇʨʦʩʠʤ ʚʘʩ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʘʟʜʝʣʦʤ ɼʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʝʘʢʮʠʠ ʪʝʣ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʨʘʱʘʶʱʠʭʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʠʣʠ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʫʩʢʦʨʝʥʠʷʭ, ʚʳ ʤʦʞʝʪʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʪʘ-

ʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʛʝʥʝʨʠʨʫʝʤʳʝ ʥʘʛʨʫʟʢʠ ʥʝ ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ,  ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ɺʦʩʧʦʣʴʟʫʡʪʝʩʴ ʣʠʥʝʡʥʳʤʠ ʠ ʥʝʣʠʥʝʡʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʝʘʢʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. ɼʠʥʘʤʠʯʝʩʢʠʝ 

ʥʘʛʨʫʟʢʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʩʮʠʣʣʠʨʫʶʱʠʝ ʥʘʛʨʫʟʢʠ, ʫʜʘʨʳ, ʩʦʫʜʘʨʝʥʠʷ ʠ ʩʣʫʯʘʡʥʳʝ 

ʥʘʛʨʫʟʢʠ. 

ɼʦʧʫʱʝʥʠʝ ʣʠʥʝʡʥʦʩʪʠ 

ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʘʛʨʫʟʢʘʤʠ ʠ ʚʳʟʚʘʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʧʨʝʜʧʦʣʘʛʘʶʪ-

ʩʷ ʣʠʥʝʡʥʳʤʠ. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʠʪʴ ʚʜʚʦʝ ʚʝʣʠʯʠʥʫ ʥʘʛʨʫʟʦʢ, ʨʝʘʢʮʠʷ ʤʦʜʝʣʠ 

(ʧʝʨʝʤʝʱʝʥʠʷ, ʥʘʛʨʫʟʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ) ʪʘʢʞʝ ʫʚʝʣʠʯʠʪʩʷ ʚʜʚʦʝ. ʄʦʞʥʦ ʧʨʠʥʠʤʘʪʴ 

ʜʦʧʫʱʝʥʠʝ ʣʠʥʝʡʥʦʩʪʠ, ʝʩʣʠ ʚʩʝ ʤʘʪʝʨʠʘʣʳ ʚ ʤʦʜʝʣʠ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ɻʫʢʘ, ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʥʘʧʨʷʞʝʥʠʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʧʨʝʥʝʙʨʝʯʴ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʞʝʩʪ-

ʢʦʩʪʠ, ʚʳʟʚʘʥʥʳʤʠ ʥʘʛʨʫʞʝʥʠʝʤ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʝ ʠʟʤʝʥʷʶʪʩʷ 

ʚʦ ʚʨʝʤʷ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʦʢ. ʅʘʛʨʫʟʢʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ, 

ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ʆʥʠ ʥʝ 

ʜʦʣʞʥʳ ʠʟʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʷ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʤʦʜʝʣʠ (ʨʠʩ. 3). 

ɼʣʷ ʥʘʰʠʭ ʨʘʩʯʸʪʦʚ ʚʳʙʝʨʝʤ ʩʪʘ-

ʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʯʸʪ 

ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʩʪʘ-

ʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʧʨʦʩʪʳʤ ʠ ʧʨʦʭʦʜʠʪ ʧʦ ʜʦʧʫʱʝʥʠʶ ʣʠ-

ʥʝʡʥʦʩʪʠ. ʉʧʨʦʝʢʪʠʨʫʝʤ ʧʨʠʙʣʠʞʝʥʥʳʝ 

ʧʫʘʥʩʦʥ ʠ ʤʘʪʨʠʮʫ, ʧʦʜʩʪʘʚʠʤ ʠʩʩʣʝʜʫʝ-

ʤʫʶ ʜʝʪʘʣʴ ʠ ʧʨʦʚʝʜʝʤ ʨʘʩʯʸʪ. 

 

ʈʠʩ. 3. ʃʠʥʝʡʥʳʡ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

 ʉʦʟʜʘʥʠʝ ʩʝʪʢʠ ï ʦʯʝʥʴ ʚʘʞʥʳʡ ʵʪʘʧ ʚ ʘʥʘʣʠʟʝ ʢʦʥʩʪʨʫʢʮʠʡ. ɸʚʪʦʤʘʪʠʯʝ-

ʩʢʠʡ ʩʦʟʜʘʪʝʣʴ ʩʝʪʢʠ ʚ ʧʨʦʛʨʘʤʤʝ ʩʦʟʜʘʝʪ ʩʝʪʢʫ ʥʘ ʦʩʥʦʚʝ ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʵʣʝ-

ʤʝʥʪʘ, ʜʦʧʫʩʢʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʦʢʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʢʦʡ. ʋʧʨʘʚʣʝʥʠʝ ʩʝʪʢʦʡ 

ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʨʘʟʥʳʝ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʘ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʛʨʘʥʝʡ, ʢʨʦʤʦʢ ʠ ʚʝʨ-

ʰʠʥ. 

 ʋʞʝ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʩʝʪʢʠ ʚʠʜʥʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʤʝʩʪʝ ʩʛʠʙʘ, ʥʦ ʠ ʦʢʦʣʦ ʩʘʤʦʛʦ ʦʪʚʝʨʩʪʠʷ (ʨʠʩ. 4, 5). 
 

 

ʈʠʩ. 4. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʝʩʪʝ ʛʠʙʢʠ ʠ ʫ ʦʪʚʝʨʩʪʠʷ  
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ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪʳ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʄʠʟʝʩʫ, ʠʩʧʳʪʫʝʤʘʷ ʜʝʪʘʣʴ 

 

 

ʂʨʠʪʝʨʠʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʄʠʟʝʩʫ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʝʦʨʠʠ ʄʠ-

ʟʝʟ-ʍʝʥʢʠ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʡ ʢʘʢ ʪʝʦʨʠʷ ʵʥʝʨʛʠʠ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ. 

ɺ ʠʩʯʠʩʣʝʥʠʠ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ů1, ů 2 ʠ ů 3, ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʄʠʟʝʩʫ ʚʳʨʘ-

ʞʝʥʦ ʢʘʢ: 

 

 
 

ʊʝʦʨʠʷ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʣʘʩʪʠʯʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘʯʠʥʘʝʪ ʧʦʚʨʝʞʜʘʪʴʩʷ ʚ ʤʝʩʪʘʭ, 

ʛʜʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʄʠʟʝʩʫ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʧʨʝʜʝʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ. ɺ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʆʜʥʘʢʦ, ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʝʣʴʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʠʣʠ ʟʘʜʘʚʘʪʴ ʩʚʦʝ 

ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. 

 
ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ - ʩʚʦʡʩʪʚʦ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘʩʪʦʷʱʘʷ ʟʘʜʘʥʥʘʷ 

ʚʝʣʠʯʠʥʘ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʤʧʦʥʝʥʪʘ. ʂʦʵʬʬʠʮʠ-

ʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

; 

ʏʠʩʪʳʡ ʩʜʚʠʛ (ʩʨʝʟ) 

ɺ ʩʣʫʯʘʝ ʯʠʩʪʦʛʦ ʩʜʚʠʛʘ (ʩʨʝʟʘ) t, ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʄʠʟʝʩʫ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ 

ʢʘʢ: 
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ʈʘʟʨʫʰʝʥʠʝ ʧʦʷʚʣʷʝʪʩʷ, ʝʩʣʠ: 

 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʪʝʩʪʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʛʠʙʢʝ ʥʘʧʨʷʞʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩ-

ʧʨʝʜʝʣʷʶʪʩʷ, ʧʨʠ ʵʪʦʤ ʧʦʷʚʣʷʶʪʩʷ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʣʘʩʪʠ ʦʪʚʝʨʩʪʠʡ. ʕʪʦ 

ʚʩʸ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʪʚʝʨʩʪʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʟʦʥʝ ʛʠʙʘ, ʢʨʘʷ 

ʝʛʦ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʜʝʡʩʪʚʠʷ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʕʪʫ ʧʨʦʙʣʝʤʫ ʠ ʙʳ-

ʣʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʨʝʟʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʨʘʜʠʘʣʴʥʳʭ ï ʨʝʰʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝ-

ʪʘʣʝʡ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ, ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʜʝʣʠʡ, ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʥʘʜʸʞ-

ʥʦʩʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʙʨʘʢ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ. 
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ʀ.ɸ. ɻʨʘʯʝʚ, ʅ.ɸ. ʄʦʨʦʟʦʚ  
ʌɻɹʆʋ ɺʆ ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ. ʀ. ʃʝʥʠʥʘ 

 

ɺʆɿʄʆɾʅʆʉʊʀ ɼʀɸɻʅʆʉʊʀʂʀ ʕʂCʎɽʅʊʈʀʉʀʊɽʊɸ  

ʈɸɹʆʏɽɻʆ ɿɸɿʆʈɸ ʉʀʅʍʈʆʅʅʆʁ ʄɸʐʀʅʓ  

ʇʆ ʂʆʕʌʌʀʎʀɽʅʊʋ ʉʄɽʑɽʅʀʗ ʇʆʃʗ 

 
ɸʥʥʦʪʘʮʠʷ: ʀʟʚʝʩʪʥʳ ʤʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦ ʭʘʨʘʢ-

ʪʝʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʘʰʠʥʳ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʨʦʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʧʦ-

ʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʚʳʨʘʙʦʪʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ. 

ʈʘʟʨʘʙʦʪʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ ʧʦʣʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙʥʘʨʫʞʠʪʴ ʥʘʣʠʯʠʝ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ, ʥʦ ʠ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʚʝʣʠʯʠʥʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʜʠʘʛʥʦʩʪʠʢʘ, ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ ʧʦʣʷ, ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ 

 

I.A. Grachev, N.A. Morozov 

 

POSSIBILITIES OF DIAGNOSTICS OF ECCENTRICITY  

OF WORKING GAP ECCENTRICITY OF SYNCHRONOUS MACHINE  

BY FIELD DISPLACEMENT COEFFICIENT  

 
Abstracts: The methods of detection of electromagnetic damages by the character of distri-

bution of external magnetic field of the machine are known. The possibility to determine the rotor 

eccentricity on the basis of the results of external magnetic field measurement is shown, which in-

creases the reliability of diagnostics of bearing development under conditions of long-term opera-

tion. The coefficient of field displacement is developed, which allows not only to detect the pres-

ence of eccentricity, but also to determine its magnitude. 

Keywords: synchronous generator, diagnostics, external magnetic field, field displacement 

coefficient, eccentricity. 

 

ɺ ʦʙʣʘʩʪʠ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʝ ʤʘʰʠʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʠʥʭʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ. ʉʧʘʩʘʪʝʣʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ 

ʧʝʨʝʜʚʠʞʥʳʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʳʝ ʧʠʪʘʶʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ 

ʧʦʜʩʪʘʥʮʠʠ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʧʨʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ.  

ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʧʝʨʝʜʚʠʞʥʳʭ ʫʩʪʘʥʦʚʦʢ ʷʚʣʷ-

ʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʚ ʵʢʩʪʨʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʟʘ-

ʜʘʥʥʳʭ ʬʫʥʢʮʠʡ. ɻʘʨʘʥʪʠʷ ʥʘʜʝʞʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʫʩʪʘʥʦʚʣʝʥ-

ʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʠʟʥʦʩ 

ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʠ ʩʫʱʝʩʪʚʝʥ-

ʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʠʙʨʘʮʠʠ ʤʘʰʠʥʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ, ʥʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʝʪʦʜʫ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʚʨʝʞʜʝ-

ʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ɺʄʇ) [1]. ʆʩʥʦʚʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ 
                                                 
  É ɻʨʘʯʝʚ ʀ.ɸ., ʄʦʨʦʟʦʚ ʅ.ɸ., 2025 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʥʘ ʠʟʤʝʥʝʥʠʷ ɺʄʇ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʠʢʩʘ-

ʮʠʠ ʧʦʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʢʦʦʨʜʠʥʘʪʥʦʛʦ ʜʘʪʯʠʢʘ (ʨʠʩ. 1) ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʘʥʘ-

ʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ.  

ʊʨʠ ʜʘʪʯʠʢʘ ʍʦʣʣʘ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʱʫʧ 2, 

ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3D-ʧʝʯʘʪʠ. ɺ 

ʢʦʨʧʫʩʝ 1 ʨʘʩʧʦʣʦʞʝʥʘ ʩʭʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʨʝʭ 

ʨʝʟʠʩʪʦʨʦʚ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʥʫʣʝʚʦʛʦ ʩʠʛʥʘʣʘ. ʇʠʪʘʥʠʝ ʜʘʪʯʠ-

ʢʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʪ ʙʘʪʘʨʝʠ ʪʠʧʘ "ʢʨʦʥʘ". ɺʳ-

ʚʦʜʳ 4 ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʧʠʪʘʥʠʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʪʯʠʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʜʝʣʘʥʳ ʚʳ-

ʚʦʜʳ ʜʘʪʯʠʢʦʚ 3 ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʢʦʥʥʝʢʪʦʨʫ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ɼʘʪʯʠʢ ʙʳʣ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʧʣʘʪʳ. ɺʳʚʦʜʳ 3 ʟʘʤʝʥʝʥʳ ʥʘ 

USB-ʨʘʟʲʝʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʧʨʦ-

ʚʦʜ ʢ ʢʦʤʧʴʶʪʝʨʫ ʠʣʠ ʥʦʫʪʙʫʢʫ. ʂʦʨʧʫʩ 1 ʪʘʢʞʝ 

ʙʳʣ ʦʙʥʦʚʣʝʥ ʠ ʥʘʧʝʯʘʪʘʥ ʥʘ 3D-ʧʨʠʥʪʝʨʝ, ʘ 

ʥʘʩʪʨʦʡʢʘ ʥʫʣʝʚʦʛʦ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 
 

 

ʥʘʞʘʪʠʠ ʩʧʝʮʠʘʣʴʥʦʡ ʢʥʦʧʢʠ ʥʘ ʧʣʘʪʝ. ɺʳʚʦʜ 4 ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʙʘʪʘʨʝʠ, ʙʳʣ ʫʜʘʣʝʥ, ʧʦʩʢʦʣʴʢʫ ʧʠʪʘʥʠʝ ʜʘʪʯʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʥʦʫʪʙʫʢʫ. 

ʄʝʪʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʪʦʤ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʚ ɺʄʇ 

ʤʘʰʠʥʳ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʸʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʦʩʚʷʱʸʥʥʳʡ ʩʪʘʪʠʯʝ-

ʩʢʦʤʫ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʫ. 

ʅʘ ʢʘʬʝʜʨʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ. 2) 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʨʦʪʦʨʘ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝ-

ʥʝʨʘʪʦʨʘ ʥʘ ʚʠʙʨʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ɺʄʇ). ʋʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʝʪ ʤʦ-

ʜʝʣʴ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ 1 ʥʘ ʦʩʥʦʚʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʦʩʥʘʱʝʥʥʫʶ ʥʦʚʳʤ ʨʦʪʦ-

ʨʦʤ, ʢʦʪʦʨʳʡ ʠʤʠʪʠʨʫʝʪ ʨʝʘʣʴʥʳʡ ʨʦʪʦʨ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ. 
 

ʈʠʩ. 2. ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʨʦʪʦʨʘ  

ʥʘ ɺʄʇ 

ʈʠʩ. 1. ʊʨʸʭʢʦʦʨʜʠʥʘʪʥʳʡ ʜʘʪʯʠʢ  

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ɺʄʇ 
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ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʦʜʝʣʠ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ ʙʳʣʠ 

ʫʜʘʣʝʥʳ ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʱʠʪʳ, ʯʪʦ ʦʙʣʝʛʯʠʣʦ ʬʠʢ-

ʩʘʮʠʶ ʨʦʪʦʨʘ ʠ ʠʟʤʝʥʝʥʠʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ. ʂʘʪʫʰ-

ʢʠ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ. ʄʦʜʝʣʴ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ 7. ɺʘʣ ʨʦʪʦʨʘ ʟʘʢʨʝʧʣʝʥ ʚ ʬʠʢʩʘʪʦʨʘʭ 2 (ʨʠʩ. 3). 

ʀʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦ-

ʱʴʶ ʪʨʝʭʢʦʦʨʜʠʥʘʪʥʦʛʦ ʜʘʪʯʠʢʘ 3, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ 

ʥʦʫʪʙʫʢʫ 8. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʧʦʜ 

ʬʠʢʩʘʪʦʨʳ ʚʘʣʘ ʧʦʤʝʱʘʣʠʩʴ ʩʪʘʣʴʥʳʝ ʱʫʧʳ 6 ʨʘʟ-

ʣʠʯʥʳʭ ʥʦʤʠʥʘʣʦʚ. ɺʦʟʙʫʞʜʝʥʠʝ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚ-

ʣʷʣʦʩʴ ʦʪ ʥʝʟʘʚʠʩʠʤʦʛʦ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ 5. ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 4. 

ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ ʬʠʢʩʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʩʪʨʝʣʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʚʘʣʫ, 

ʠ ʫʢʘʟʘʪʝʣʷ ʫʛʣʘ, ʨʘʟʤʝʱʝʥʥʦʛʦ ʥʘ ʦʜʥʦʤ ʠʟ ʬʠʢʩʘʪʦʨʦʚ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤ ʟʘʧʫʩʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʪʨʝʭʢʦʦʨʜʠʥʘʪʥʦʛʦ ʜʘʪʯʠ-

ʢʘ ʥʘ ʥʦʫʪʙʫʢʝ, ʘ ʟʘʪʝʤ ʧʦʜʢʣʶʯʝʥʠʝ ʜʘʪʯʠʢʘ ʯʝʨʝʟ USB. ʇʦʩʣʝ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʦʪʢʘ-

ʣʠʙʨʦʚʘʪʴ ʜʘʪʯʠʢ, ʥʘʞʘʚ ʢʥʦʧʢʫ ʥʘ ʧʣʘʪʝ, ʯʪʦʙʳ ʧʨʠʚʝʩʪʠ ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʮʠʠ ʢ ʥʫʣʶ 

ʠ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. 

ɺ ʧʝʨʚʦʤ ʧʦʣʦʞʝʥʠʠ ʨʦʪʦʨ ʣʝʞʠʪ ʥʘ ʨʘʩʪʦʯʢʝ ʩʪʘʪʦʨʘ, ʬʠʢʩʘʪʦʨʳ ʚʘʣʘ ʧʨʠ ʵʪʦʤ 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʧʦʜʘʯʝ ʥʘ ʦʙʤʦʪʢʫ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ 1 ɸ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʲʝʤ ʧʦʢʘʟʘʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭʢʦʦʨʜʠʥʘʪ-

ʥʦʛʦ ʜʘʪʯʠʢʘ. ʇʝʨʚʘʷ ʪʦʯʢʘ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʩʚʝʨʭʫ ʤʘʰʠʥʳ, ʚʪʦʨʘʷ ʠ ʯʝʪʚʝʨ-

ʪʘʷ ð ʩ ʙʦʢʦʚ, ʪʨʝʪʴʷ ð ʩʥʠʟʫ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʠ ʧʦ ʜʣʠʥʝ ʤʘʰʠʥʳ, ʥʘ ʮʝʥ-

ʪʨʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʠ ʥʘʜ ʪʦʨʮʘʤʠ ʩʝʨʜʝʯʥʠʢʘ ʩʪʘʪʦʨʘ. ʇʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʘ ʦʩʪʘʝʪʩʷ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʤʘʰʠʥʳ, ʦʩʴ ʜʘʪʯʠʢʘ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʨʘʜʠʫ-

ʩʫ ʢ ʦʩʠ ʤʘʰʠʥʳ. ʑʫʧ ʥʝʦʙʭʦʜʠʤʦ ʧʣʦʪʥʦ ʧʨʠʞʠʤʘʪʴ ʢ ʩʪʘʥʠʥʝ ʩʪʘʪʦʨʘ. ʅʝʦʙʭʦʜʠ-

ʤʘ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʦʤʝʱʝʥʠʷ ʜʘʪʯʠʢʘ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚʥʝʰ-

ʥʝʛʦ ʧʦʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘ-

ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʨʘʜʠʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʮʠʠ ʚ ʧʦʣʦʞʝʥʠʠ ʨʦʪʦʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʝ-

ʚʝʨʥʳʡ ʧʦʣʶʩ ʦʨʠʝʥʪʠʨʦʚʘʥ ʚʚʝʨʭ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. 

 
ʊʘʙʣʠʮʘ 1. ʈʘʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʨʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʝ ʨʦʪʦʨʘ 

ʅʦʤʝʨ ʛʨʘʬʠʢʘ. 1 2 3 4 5 6 7 

 ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ Ů, ʤʤ 

ű, ʛʨʘʜ. -0,15 -0,1 -0,05 0 0,05 0,1 0,15 

0 0,384 0,38243 0,38414 0,38532 0,42064 0,45227 0,49812 

90 0,04217 0,03034 0,06097 0,0085 -0,03532 -0,0533 -0,08381 

180 -0,502 -0,45456 -0,42093 -0,39692 -0,39059 -0,36424 -0,34157 

270 0,02039 0,03512 0,05342 0,00949 -0,03215 -0,05482 -0,09594 

360 0,384 0,38243 0,38414 0,38532 0,42064 0,45227 0,49812 

 

  

ʈʠʩ. 3. ʌʠʢʩʘʪʦʨ ʚʘʣʘ 



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ,  ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʚ ʧʨʦʛʨʘʤʤʝ Excel ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʘʣʴ-

ʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʥʜʫʢʮʠʠ ɺʄʇ (ʨʠʩ. 4). ʅʫʤʝʨʘʮʠʷ ʛʨʘʬʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʩʪʦʣʙʮʘʤ ʪʘʙʣʠʮʳ. ʇʨʠ ʧʦʜʲʝʤʝ ʨʦʪʦʨʘ ʩ ʨʘʩʪʦʯʢʠ ʩʪʘʪʦʨʘ ʜʦ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ, ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʮʠʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʤʘʰʠʥʳ, ʩʪʨʦʢʘ ʪʘʙʣʠʮʳ 

180 ʛʨʘʜʫʩʦʚ, ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʜʣʷ ʨʘʟʥʳʭ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʚ. ʕʪʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʛʨʘʬʠʢʘʤʠ 1, 2, 3 ʠ 4. ʆʜʥʘʢʦ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʲʝʤʝ ʨʦʪʦʨʘ, 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʠʥʜʫʢʮʠʠ ʩʥʠʟʫ ʤʘʰʠʥʳ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ, ʢʘʢ ʚʠʜʥʦ ʥʘ 

ʛʨʘʬʠʢʘʭ 5, 6 ʠ 7. 

 

 

 

ʉʚʝʨʭʫ ʤʘʰʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʢʘʨʜʠʥʘʣʴʥʦ ʠʥʦʝ. ʊʦʣʴʢʦ ʢʦʛʜʘ ʨʦʪʦʨ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʦʪ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʢ ʚʝʨʭʥʝʡ ʪʦʯʢʝ, ʟʥʘʯʝʥʠʷ 

ʠʥʜʫʢʮʠʠ ʥʘʯʠʥʘʶʪ ʠʟʤʝʥʷʪʴʩʷ ʟʘʤʝʪʥʦ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʷʨʤʝ ʤʘʰʠʥʳ ʠ ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʥʘʩʳʱʝʥʠʷ. ʂʦʛʜʘ 

ʨʦʪʦʨ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʨʘʩʪʦʯʢʝ ʩʪʘʪʦʨʘ, ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʦ ʩʪʦʨʦʥʳ ʙʦʣʴʰʝʛʦ ʟʘʟʦʨʘ ʤʘʛʥʠʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʦ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠ ʤʝʥʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ. 

ʅʘ ʢʘʬʝʜʨʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ ʀɻʕʋ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ. ɺʣʠʷʥʠʝ ʵʪʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʮʝʥʠʚʘʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʩʠʤʤʝʪʨʠʠ ʧʦʣʷ [2,3]. ɸʥʘʣʦʛʠʯʥʦ, ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʨʦʪʦʨʘ ʥʘ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ ʧʦʣʷ (ʂʉʇ), ʢʦʪʦʨʳʡ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʨʘʟʥʦʩʪʠ ʠʥʜʫʢʮʠʠ 

ȹɺ ʧʨʠ ʥʘʣʠʯʠʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʠ ʙʝʟ ʥʝʛʦ ʢ ʟʥʘʯʝʥʠʶ ʠʥʜʫʢʮʠʠ ɺ ʙʝʟ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ (ʨʠʩ. 5). 

 

ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʥʜʫʢʮʠʠ ɺʄʇ 

ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʢʦʨʧʫʩʘ ʤʘʰʠʥʳ 
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ʈʠʩ. 5. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʤʝʱʝʥʠʷ ʧʦʣʷ (ʂʉʇ) 

 

 

ʇʦ ʨʘʜʠʘʣʴʥʦʡ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʤ ʧʨʦʚʝʜʸʥ ʨʘʩʯʝʪ ʂʉʇ, ʜʣʷ ʜʚʫʭ 

ʧʘʨ ʜʘʪʯʠʢʦʚ: ɸ ï ʧʘʨʘ ʜʘʪʯʠʢʦʚ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʂʉʇ ʨʘ-

ʜʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʥʜʫʢʮʠʠ, ʠ ɹ ï ʧʘʨʘ ʜʘʪʯʠʢʦʚ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʂʉʇ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʥʜʫʢʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2 ʠ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 6. 

 
ʊʘʙʣʠʮʘ 2. ʂʉʇ ʨʘʜʠʘʣʴʥʦʡ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʥʜʫʢʮʠʠ 

ʇʘʨʳ 

ʜʘʪʯʠʢʦʚ 

ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ Ů, ʤʤ 

-0,15 -0,1 -0,05 0 0,05 0,1 0,15 

ɸ 0,2647 0,1452 0,0604 0 -0,0159 -0,0823 -0,1394 

-0,0034 -0,0075 -0,003 0 0,0916 0,1737 0,2927 

ɹ 0,09 0,083 0,021 0 0,0404 0,036 0,0333 

0,086 0,071 0,031896 0 -0,014 -0,0186 0,0159 

 

ʈʠʩ. 6. ʂʉʇ ʨʘʜʠʘʣʴʥʦʡ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʥʜʫʢʮʠʠ ɺʄʇ 

 

 

  


