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ɺʠʨʢʦ ʊ.ʇ.,1 ɿʘʡʢʦʚ ɼ.ɼ.,2 ɻʨʘʙʦʚʩʢʠʡ ʃ.ɸ.2  

 
ʀʥʩʪʠʪʫʪ ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʤʦʨʩʢʦʡ ʘʨʢʪʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʉʝʚʝʨʦʜʚʠʥʩʢ, ʈʦʩʩʠʷ  

ɺʳʩʰʘʷ ʰʢʦʣʘ ʵʥʝʨʛʝʪʠʢʠ, ʥʝʬʪʠ ʠ ʛʘʟʘ, ɸʨʭʘʥʛʝʣʴʩʢ, ʈʦʩʩʠʷ  

 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʀɼ-2000 ʚ Matlab simulink 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚʝʥʪʠʣʴʥʦ-

ʠʥʜʫʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʀɼ-2000 ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ ʩʫʜʦʚ. ʆʧʠʩʘʥʘ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʚ ʩʨʝʜʝ MATLAB  

Simulink. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ð ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʇʀ-ʨʝʛʫʣʷʪʦʨʘ ʠ ʙʝʟ ʥʝʛʦ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ ʠ ʩʠʩʪʝʤʳ ʪʦʨʤʦʞʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ: ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ, ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ, ʚʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨʥʳʡ ʜʚʠʛʘʪʝʣʴ, 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʇʀ-ʨʝʛʫʣʷʪʦʨ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

Virko T.P., Zaikov D.D., Grabovsky L.A. 

  

 

Development of a valve-inductor motor and d2000 control system 

in matlab simulink  

 

Abstract:  This article discusses the use of a valve-inductor motor in electric propulsion 

systems of ships. The control system of a real engine was simulated. Based on the 

results of the study, a proposal is being put forward to introduce a PI controller. 

Conducted mathematical modeling, confirming the feasibility.  

Keywords: Electric propulsion system, valve-inductor motor, control system, PI 

controller, modeling. 

ɺʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨʥʳʝ ʜʚʠʛʘʪʝʣʠ (ɺʀɼ) ʧʨʠʚʣʝʢʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ 

ʚʥʠʤʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʫʜʦʩʪʨʦʝʥʠʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʚʳʩʦʢʦʤʫ ʂʇɼ, 

ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʶ ʠ ʤʘʣʳʤ ʛʘʙʘʨʠʪʘʤ. ʊʝʭʥʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ ɺʀɼ 

ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʭ 

ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʵʪʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʧʦʥʠʤʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʪʘʢʠʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʥʦ ʠ ʨʘʟʨʘʙʦʪʢʘ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʠʭ ʩʧʝʮʠʬʠʢʝ ʘʣʛʦʨʠʪʤʦʚ 

ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʭʝʤ ʠ ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ 
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ʜʚʠʛʘʪʝʣʷʤʠ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʘʟʨʘʙʦʪʦʢ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʜʦʣʞʥʳ 

ʦʪʚʝʯʘʪʴ ʚʳʩʦʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʢʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ɺʀɼ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʘʚʪʦʥʦʤʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʦʩʣʫʞʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʀɼ-

2000 ʢʦʥʬʠʛʫʨʘʮʠʠ 6/4, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʫʢʩʠʨʝ ʧʨʦʝʢʪʘ 745.1.  

ʇʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ cʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ɺʀɼ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ɺʀɼ 

 

ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʝʥʘ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ (ʨʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɺʀɼ 

 

ʕʪʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣ ʩʳʤʠʪʠʨʦʚʘʥ ʚ 

ʩʠʩʪʝʤʝ MATLAB Simulink (ʨʠʩ. 3) [1,2]. 
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ʈʠʩʫʥʦʢ 3. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ɺʀɼ 

 

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ Control, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʷʪ ʟʘʜʘʶʱʠʡ ʩʠʛʥʘʣ, ʘ ʪʘʢʞʝ 

ʩʠʛʥʘʣʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʬʘʟʥʦʤʫ ʪʦʢʫ, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ ʫʛʣʦʚʦʤʫ 

ʩʤʝʱʝʥʠʶ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʥʫʪʨʝʥʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4. 

 
ʈʠʩʫʥʦʢ 4. ɺʥʫʪʨʝʥʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʜʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɺʀɼ: ʩ ʇʀ-

ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʙʝʟ. ʂʘʞʜʘʷ ʠʟ ʩʭʝʤ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ɺ 

ʤʦʜʝʣʠ ʩ ʨʝʛʫʣʷʪʦʨʦʤ ʜʚʠʛʘʪʝʣʴ ʚʳʭʦʜʠʪ ʥʘ ʥʦʤʠʥʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʟʘ 6 ʩʝʢʫʥʜ, ʚʦ ʚʨʝʤʷ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʨʘʟʛʦʥ ʟʘʥʠʤʘʝʪ 4 

ʩʝʢʫʥʜʳ, ʟʘʪʝʤ ʪʦʨʤʦʞʝʥʠʝ ʟʘ 1 ʩʝʢʫʥʜʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ ʟʘ 1 ʩʝʢʫʥʜʫ [3]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʤʠ ʦʪʣʠʯʠʷʤʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʚʳʰʝ, ʦʪ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʶʪʩʷ: ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, 

ʦʪʩʫʪʩʪʚʠʝ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʳ ʪʦʨʤʦʞʝʥʠʷ. 
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ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʦʪ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠ ʙʝʟ 

ʇʀ-ʨʝʛʫʣʷʪʦʨʘ ʠ ʩʠʩʪʝʤʳ ʪʦʨʤʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

 
ʈʠʩʫʥʦʢ 5. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʦʪ ʚʨʝʤʝʥʠ ʚ ʤʦʜʝʣʠ ʙʝʟ 

ʇʀ-ʨʝʛʫʣʷʪʦʨʘ ʠ ʩʠʩʪʝʤʳ ʪʦʨʤʦʞʝʥʠʷ 

 

ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʤʦʜʝʣʠ ʜʚʠʛʘʪʝʣʴ ʚʳʭʦʜʠʪ ʥʘ ʥʦʤʠʥʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʟʘ 9 ʩʝʢʫʥʜ, ʚʦ ʚʨʝʤʷ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʨʘʟʛʦʥ ʟʘʥʠʤʘʝʪ 6 ʩʝʢʫʥʜ, ʟʘʪʝʤ 

ʪʦʨʤʦʞʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ ʟʘ 5 ʩʝʢʫʥʜ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ ʟʘ 2 ʩʝʢʫʥʜʳ. 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʦʪ ʚʨʝʤʝʥʠ ʚ ʤʦʜʝʣʠ ʩ 

ʇʀ-ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʚʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʪʦʨʤʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 6. 

 
ʈʠʩʫʥʦʢ 6. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʦʪ ʚʨʝʤʝʥʠ ʚ ʤʦʜʝʣʠ ʩ ʇʀ-

ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʚʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʪʦʨʤʦʞʝʥʠʷ 

 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʜʚʠʛʘʪʝʣʴ ʚʳʭʦʜʠʪ ʥʘ ʥʦʤʠʥʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʟʘ 6 ʩʝʢʫʥʜ, ʚʦ ʚʨʝʤʷ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʨʘʟʛʦʥ ʟʘʥʠʤʘʝʪ 4 

ʩʝʢʫʥʜʳ, ʟʘʪʝʤ ʪʦʨʤʦʞʝʥʠʝ ʟʘ 1 ʩʝʢʫʥʜʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ ʟʘ 1 ʩʝʢʫʥʜʫ. 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʨʘʬʠʢʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ ʠ 

ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʪʦʨʤʦʞʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ɺʀɼ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. ʕʪʦ 

ʫʣʫʯʰʝʥʠʝ ʚ ʜʠʥʘʤʠʢʝ ʩʠʩʪʝʤʳ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʜʘʥʥʳʭ ʫʣʫʯʰʝʥʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, 

ʧʦʚʳʰʘʷ ʝʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʪʦʯʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. [4, 5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ. ʉʦʟʜʘʥʥʳʝ ʤʦʜʝʣʠ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ 
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ʉʚʠʨʠʥ ʆ.ɼ.  
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

ɸʢʪʫʘʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɼʅʂ ʧʨʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ 
 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ɼʅʂ-

ʛʝʥʦʪʠʧʦʩʢʦʧʠʠ ʠ ʠʭ ʨʦʣʠ ʚ ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʪʦʨʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʯʠʥʘʷ ʩ ʦʪʢʨʳʪʠʷ ɸʣʝʢʘ ɼʞʝʬʬʨʠʩʘ ʚ 1980-ʭ 

ʛʦʜʘʭ, ʢʦʪʦʨʦʝ ʟʘʣʦʞʠʣʦ ʦʩʥʦʚʳ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʶ ɼʅʂ-ʘʥʘʣʠʟʘ ʧʨʠ ʨʘʩʢʨʳʪʠʠ ʪʷʞʢʠʭ ʠ ʦʩʦʙʦ ʪʷʞʢʠʭ 

ʧʨʝʩʪʫʧʣʝʥʠʡ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʩʤʝʨʪʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ. 

ɺ ʩʪʘʪʴʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʠʥʮʠʧʳ STR-ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʠʟʫʯʝʥʠʠ ʢʦʨʦʪʢʠʭ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ: ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʩʢʦʨʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ 

ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʙʠʦʤʘʪʝʨʠʘʣʘ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʌʝʜʝʨʘʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʛʝʥʦʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʌɹɼɻʀ) ʚ ʈʦʩʩʠʠ, ʝʝ 

ʥʦʨʤʘʪʠʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʩʰʠʨʝʥʠʷ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʳ ʠʟ ʩʣʝʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɼʅʂ-ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʩʢʨʳʪʠʠ ʜʘʚʥʠʭ 

ʧʨʝʩʪʫʧʣʝʥʠʡ. ʆʪʤʝʯʘʶʪʩʷ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʣʦʞʥʦʩʪʴ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʜʥʦʷʡʮʝʚʳʭ ʙʣʠʟʥʝʮʦʚ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ɼʅʂ-ʛʝʥʦʪʠʧʦʩʢʦʧʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ 

ʧʨʦʛʨʝʩʩʦʤ, ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʨʘʩʢʨʳʚʘʝʤʦʩʪʠ ʧʨʝʩʪʫʧʣʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʅʂ-ʛʝʥʦʪʠʧʦʩʢʦʧʠʷ, ʢʨʠʤʠʥʘʣʠʩʪʠʢʘ, STR-ʘʥʘʣʠʟ, 

ʬʝʜʝʨʘʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʛʝʥʦʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʌɹɼɻʀ), ʨʘʩʢʨʳʪʠʝ 

ʧʨʝʩʪʫʧʣʝʥʠʡ. 

 

 

Current perspectives of using dna in personal identification 
 

 Abstract: The article is devoted to the analysis of modern DNA-genotyposcopy 

methods and their role in forensics. Historical aspects of the development of the 

technology are considered, starting with the discovery of Alec Jeffries in the 1980s, 

which laid the foundations of genetic identification. Special attention is paid to the 

application of DNA analysis in solving serious and especially serious crimes, 

identification of individuals in case of significant postmortem changes. 

 The article describes in detail the principles of STR-analysis based on the study of short 

tandem repeats, which are characterized by a number of advantages: high accuracy, 

speed of performance and the possibility of working with minimal amounts of 

biomaterial. The article also discusses the importance of the Federal Database of 

Genomic Information (FBDGI) in Russia, its regulatory framework and prospects for 

expansion. 

Of particular interest are examples from investigative practice demonstrating the 

effectiveness of DNA technologies in solving long-standing crimes. The existing 
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limitations, such as the difficulty of identifying identical twins, are also noted. In 

conclusion, it is emphasized that further development of DNA genotyposcopy, driven 

by scientific and technological progress, will contribute to improving crime detection 

rates. 

 Keywords: DNA genotyposcopy, forensic science, STR analysis, Federal Genomic 

Information Database (FGID), crime detection. 

 

ʉʝʛʦʜʥʷ ʚ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ ʪʝʨʤʠʥ ɼʅʂ-ʛʝʥʦʪʠʧʦʩʢʦʧʠʷ ʦʧʠʩʳʚʘʝʪ 

ʤʝʪʦʜʠʢʫ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʣʠʯʥʦʩʪʴ, 

ʦʧʠʨʘʷʩʴ ʥʘ ʝʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʜʘʢʪʠʣʦʩʢʦʧʠʠ, ʢʦʪʦʨʘʷ ʠʩʩʣʝʜʫʝʪ ʧʘʧʠʣʣʷʨʥʳʝ ʫʟʦʨʳ, ʤʝʪʦʜ ɼʅʂ-

ʘʥʘʣʠʟʘ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʩʧʝʢʪʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʨʦʜʩʪʚʦ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʪʝʣʘ ʢʦʥʢʨʝʪʥʦʤʫ ʯʝʣʦʚʝʢʫ, 

ʚʳʷʚʠʪʴ ʛʝʥʝʪʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʜʘʞʝ ʦʧʨʝʜʝʣʠʪʴ ʵʪʥʠʯʝʩʢʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ʉʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʠʤʝʥʥʦ ɸʣʝʢ ɼʞʝʬʬʨʠʩ ʚ ʢʦʥʮʝ XX ʚʝʢʘ 

ʩʣʫʯʘʡʥʦ ʦʙʥʘʨʫʞʠʣ ʫʥʠʢʘʣʴʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʳʷʚʠʚ ʚʘʨʠʘʙʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ɼʅʂ [1, 

ʩ. 111]. ʀʟʥʘʯʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ɼʅʂ ʧʨʠʤʝʥʷʣʦʩʴ ʚ ʤʝʜʠʮʠʥʝ, ʯʪʦʙʳ 

ʫʩʪʘʥʦʚʠʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʣʝʯʝʥʠʝ, ʚ ʘʨʭʝʦʣʦʛʠʠ ï ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʠ 

ʠʟʫʯʝʥʠʠ ʜʨʝʚʥʠʭ ʦʩʪʘʥʢʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʠʩʧʦʣʴʟʫʷ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʦʝʥʠʷ ɼʅʂ, ʢʨʠʤʠʥʘʣʠʩʪʠʢʦʡ ʙʳʣʠ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, 

ʢʦʪʦʨʳʝ ʫʞʝ ʥʝ ʦʜʥʦ ʜʝʩʷʪʠʣʝʪʠʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʣʠʯʥʦʩʪʠ ʧʨʝʩʪʫʧʥʠʢʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣʦ ʥʘ 

ʨʘʩʢʨʳʪʠʝ ʧʨʝʩʪʫʧʣʝʥʠʡ. 

ʊʘʢ, ʚ 1987 ʛʦʜʫ ʤʝʪʦʜ ɼʅʂ-ʘʥʘʣʠʟʘ ʩʳʛʨʘʣ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʦʧʨʘʚʜʘʥʠʠ ʤʫʞʯʠʥʳ, ʣʦʞʥʦ ʦʙʚʠʥʷʝʤʦʛʦ ʚ ʩʝʨʠʠ ʫʙʠʡʩʪʚ ʠ 

ʠʟʥʘʩʠʣʦʚʘʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʷʚʥʳʭ ʩʣʝʜʦʚ ʥʘ ʤʝʩʪʝ 

ʧʨʦʠʩʰʝʩʪʚʠʷ, ʚ 3-ʭ ʤʝʪʨʘʭ ʦʪ ʥʝʛʦ ʙʳʣ ʠʟʲʷʪ ʦʢʫʨʦʢ ʩʠʛʘʨʝʪʳ ʩʦ ʩʣʝʜʘʤʠ 

ʩʣʶʥʳ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʪʠʟʳ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʣʝʜʘ, 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʥʘ ʠʟʲʷʪʦʤ ʦʢʫʨʢʝ, ʚʳʜʝʣʝʥ ʫʥʠʢʘʣʴʥʳʡ ɼʅʂ-ʧʨʦʬʠʣʴ, 

ʢʦʪʦʨʳʡ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʦʚʧʘʣ ʩ ʦʙʨʘʟʮʦʤ ʣʠʮʘ, ʨʘʥʝʝ ʥʝ ʧʦʜʦʟʨʝʚʘʝʤʳʤ ʚ 

ʩʦʚʝʨʰʝʥʠʠ ʧʨʝʩʪʫʧʣʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʨʘʤʢʘʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʝʛʦ ʧʨʠʯʘʩʪʥʦʩʪʴ ʢ ʩʦʚʝʨʰʝʥʠʶ ʵʪʦʛʦ 

ʧʨʝʩʪʫʧʣʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʳʣ ʥʝ ʪʦʣʴʢʦ ʦʧʨʘʚʜʘʥ ʥʝʚʠʥʦʚʥʳʡ, ʥʦ ʠ 

ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʣʝʜʦʚ ʤʦʞʝʪ 

ʩʪʘʪʴ ʨʝʰʘʶʱʠʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʧʦ ʫʛʦʣʦʚʥʳʤ ʜʝʣʘʤ [2, ʩ. 52]. 

 ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʩʣʫʯʘʠ, ʥʘʧʨʠʤʝʨ, ʜʝʣʦ ʦ 12 ʵʧʠʟʦʜʘʭ 

ʠʟʥʘʩʠʣʦʚʘʥʠʡ, ʩʦʚʝʨʰʝʥʥʳʭ ʚ ʛ. ʊʫʣʫʥʝ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2019 ʛʦʜʫ. 

ɹʣʘʛʦʜʘʨʷ ʨʝʟʫʣʴʪʘʪʘʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʠʟ, ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ɼʅʂ-ʘʥʘʣʠʟʘ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʠ ʧʨʝʩʪʫʧʣʝʥʠʷ ʩʦʚʝʨʰʝʥʳ ʦʜʥʠʤ 

ʠ ʪʝʤ ʞʝ ʣʠʮʦʤ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʚʝʨʢʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 
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ʫʩʪʘʥʦʚʣʝʥʘ ʣʠʯʥʦʩʪʴ ʤʫʞʯʠʥʳ, ʧʨʠʯʘʩʪʥʦʛʦ ʢ ʩʦʚʝʨʰʝʥʠʶ ʵʪʠʭ 

ʧʨʝʩʪʫʧʣʝʥʠʡ [2, ʩ. 53].  

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʪʥʦʡ ʠ ʩʣʝʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ, ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʣʝʜʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ, 

ʠʟʳʤʘʶʪʩʷ ʚ ʭʦʜʝ ʦʩʤʦʪʨʦʚ ʤʝʩʪ ʧʨʦʠʩʰʝʩʪʚʠʡ ʧʦ ʧʨʝʩʪʫʧʣʝʥʠʷʤ ʧʨʦʪʠʚ 

ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ, ʘ ʪʘʢʞʝ ʧʦ ʧʨʝʩʪʫʧʣʝʥʠʷʤ ʧʨʦʪʠʚ ʧʦʣʦʚʦʡ 

ʥʝʧʨʠʢʦʩʥʦʚʝʥʥʦʩʪʠ ʣʠʯʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʠʭ ʩʣʝʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʝʪ ʢʨʠʤʠʥʘʣʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝʥʥʫʶ ʙʘʟʫ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʢʨʳʪʠʶ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʧʨʝʩʪʫʧʣʝʥʠʡ. 

ʊʘʢ, ʚʳʜʝʣʝʥʠʝ ɼʅʂ ʚʦʟʤʦʞʥʦ ʠʟ ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘ ʤʝʩʪʝ 

ʧʨʦʠʩʰʝʩʪʚʠʷ ʩʣʝʜʦʚ ʢʨʦʚʠ, ʩʣʶʥʳ, ʩʧʝʨʤʳ, ʧʦʪʦʞʠʨʦʚʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʚʦʣʦʩ (ʧʨʠ ʥʘʣʠʯʠʠ ʣʫʢʦʚʠʮʳ), ʤʳʰʝʯʥʳʭ ʪʢʘʥʝʡ ʠ ʢʦʩʪʥʳʭ ʦʩʪʘʥʢʦʚ.  

ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ ɼʅʂ-ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʜʦʩʪʦʚʝʨʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʣʠʯʥʦʩʪʠ ʫʤʝʨʰʝʛʦ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʢʝʣʝʪʠʨʦʚʘʥʥʦʛʦ ʪʨʫʧʘ. ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨ 1991 

ʛʦʜʘ, ʢʦʛʜʘ ʧʦ ʦʙʥʘʨʫʞʝʥʥʳʤ ʩʢʝʣʝʪʠʨʦʚʘʥʥʳʤ ʦʩʪʘʥʢʘʤ, ʠʩʧʦʣʴʟʫʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʨʦʜʩʪʚʦ ʫʤʝʨʰʝʛʦ ʩ ʮʘʨʩʢʦʡ ʩʝʤʴʝʡ ʅʠʢʦʣʘʷ II [3, ʩ. 93]. 

ʇʨʠ ʵʪʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʣʝʜʳ ʩʧʦʩʦʙʥʳ ʩʦʭʨʘʥʷʪʴ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ. ʊʘʢ, ʚ 

2021 ʛʦʜʫ ʋʧʨʘʚʣʝʥʠʝʤ ʉʂ ʈʦʩʩʠʠ ʧʦ ʋʣʴʷʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʢʨʳʪʦ 

ʧʨʝʩʪʫʧʣʝʥʠʝ ʜʚʘʜʮʘʪʠʣʝʪʥʝʡ ʜʘʚʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʤʝʪʦʜʫ ɼʅʂ-ʘʥʘʣʠʟʘ 

ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʞʠʪʝʣʴ ʛ. ʉʳʟʨʘʥʠ, ʢʦʪʦʨʳʡ ʩʦʚʝʨʰʠʣ ʫʙʠʡʩʪʚʦ 

ʤʘʣʦʣʝʪʥʝʡ ʜʝʚʦʯʢʠ [3, ʩ. 95]. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʜʝʣʘʝʪ ʛʝʥʝʪʠʯʝʩʢʫʶ 

ʵʢʩʧʝʨʪʠʟʫ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ 

ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʩʪʫʧʣʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʝʩʪʫʧʣʝʥʠʡ ʧʨʦʰʣʳʭ ʣʝʪ. 

ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ ʠʛʨʘʝʪ ʤʝʪʦʜ ɼʅʂ-ʘʥʘʣʠʟʘ ʥʘ ʵʪʘʧʝ 

ʨʘʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʛʜʘ ʧʦʜʦʟʨʝʚʘʝʤʳʡ ʠʣʠ ʦʙʚʠʥʷʝʤʳʡ ʝʱʸ ʥʝ ʫʩʪʘʥʦʚʣʝʥ. 

ʗʨʢʦʡ ʠʣʣʶʩʪʨʘʮʠʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʪʘʣ ʩʣʫʯʘʡ 2011 ʛʦʜʘ 

ʚ ʘʵʨʦʧʦʨʪʫ ɼʦʤʦʜʝʜʦʚʦ. ʊʘʢ, ʧʦʩʣʝ ʚʟʨʳʚʘ, ʫʩʪʨʦʝʥʥʦʛʦ ʪʝʨʨʦʨʠʩʪʦʤ-

ʩʤʝʨʪʥʠʢʦʤ, ʵʢʩʧʝʨʪʳ-ʛʝʥʝʪʠʢʠ ʧʨʦʚʝʣʠ ɼʅʂ-ʘʥʘʣʠʟ ʧʦ ʦʙʨʘʟʮʫ, ʠʟʲʷʪʦʤʫ 

ʩ ʬʨʘʛʤʝʥʪʦʚ ʢʠʩʪʠ ʨʫʢʠ ʧʦʜʦʨʚʘʚʰʝʛʦʩʷ ʧʨʝʩʪʫʧʥʠʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ Y-ʭʨʦʤʦʩʦʤʳ ʙʳʣ ʚʳʷʚʣʝʥ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ ʨʝʛʠʦʥ 

ʵʪʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʉʝʚʝʨʥʦʛʦ 

ʂʘʚʢʘʟʘ, ʘ ʠʤʝʥʥʦ ʜʣʷ ʞʠʪʝʣʝʡ ʀʥʛʫʰʝʪʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ 

ʩʫʟʠʪʴ ʛʝʦʛʨʘʬʠʶ ʧʦʠʩʢʘ ʠ ʫʩʢʦʨʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʨʝʩʪʫʧʥʠʢʘ. 

ʕʢʩʧʝʨʪʳ ʚ ʦʙʣʘʩʪʠ ʩʫʜʝʙʥʦʡ ʛʝʥʝʪʠʢʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʪʠʟ 

ʘʥʘʣʠʟʠʨʫʶʪ ʫʯʘʩʪʢʠ ɼʅʂ, ʚ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ ʢʦʨʦʪʢʠʤ ʪʘʥʜʝʤʥʳʤ ʧʦʚʪʦʨʘʤ (STR) ï ʧʦʚʪʦʨʷʶʱʠʤʩʷ 

ʬʨʘʛʤʝʥʪʘʤ ɼʅʂ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʚʪʦʨʦʚ [4, ʩ. 112]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʪʘʢʦʡ ʘʥʘʣʠʟ ʜʘʞʝ ʧʨʠ 

ʥʘʣʠʯʠʠ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ɼʅʂ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʦʠʥʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ɼʅʂ-ʘʥʘʣʠʟʘ, ʥʝʣʴʟʷ ʥʝ 

ʦʪʤʝʪʠʪʴ ʠ ʦʧʨʝʜʝʣʸʥʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʢʨʠʤʠʥʘʣʠʩʪʠʯʝʩʢʦʡ ʛʝʥʦʪʠʧʦʩʢʦʧʠʠ. ʊʘʢ, ʦʥʠ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʦʚʝʨʥʦ ʨʘʟʣʠʯʘʪʴ ʤʦʥʦʟʠʛʦʪʥʳʭ ʙʣʠʟʥʝʮʦʚ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʠʜʝʥʪʠʯʥʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʢʦʜʦʤ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ 

ʙʣʠʟʥʝʮʳ ʨʘʟʚʠʚʘʶʪʩʷ ʠʟ ʝʜʠʥʦʡ ʦʧʣʦʜʦʪʚʦʨʸʥʥʦʡ ʷʡʮʝʢʣʝʪʢʠ. ʆʜʥʘʢʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʚ 

ʧʦʩʪʝʧʝʥʥʦʤ ʥʘʢʦʧʣʝʥʠʠ ʨʘʟʣʠʯʠʡ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚ 

ɼʅʂ ʙʣʠʟʥʝʮʦʚ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʪʦʯʝʯʥʳʝ ʤʫʪʘʮʠʠ, ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ 

ʢ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʨʝʘʢʮʠʠ ʥʘ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ 

ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ, ʧʦ ʪʠʧʫ: ʚʨʝʜʥʳʭ ʧʨʠʚʳʯʝʢ, ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [5, ʩ. 198]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜ 

ɼʅʂ-ʘʥʘʣʠʟʘ ʥʝ ʩʧʦʩʦʙʝʥ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʝʚ, 

ʫʢʘʟʘʥʥʳʭ ʨʘʥʝʝ, ʨʘʟʣʠʯʘʪʴ ʤʦʥʦʟʠʛʦʪʥʳʭ ʙʣʠʟʥʝʮʦʚ. 

ɽʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɼʅʂ-ʛʝʥʦʪʠʧʦʩʢʦʧʠʠ 

ʷʚʣʷʝʪʩʷ ʚʥʝʩʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ɼʅʂ-ʘʥʘʣʠʟʘ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʵʢʩʧʝʨʪʥʦ-ʢʨʠʤʠʥʘʣʠʩʪʠʯʝʩʢʠʝ 

ʫʯʝʪʥʳʝ ʩʠʩʪʝʤʳ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʣʠʯʥʦʩʪʴ ʧʨʝʩʪʫʧʥʠʢʘ ʧʦ ʨʘʥʝʝ ʦʙʥʘʨʫʞʝʥʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʣʝʜʘʤ. ɺ 

ʈʦʩʩʠʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʯʝʪʘ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ï ʌʝʜʝʨʘʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʛʝʥʦʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʌɹɼɻʀ), 

ʨʘʙʦʪʘʶʱʘʷ ʥʘ ʧʣʘʪʬʦʨʤʝ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ çʂʩʝʥʦʥ-2è. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʨʝʜʘʢʮʠʝʡ ʩʪ. 7 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ çʆ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʥʦʤʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè [6], 

ʦʙʷʟʘʪʝʣʴʥʦʡ ʛʝʥʦʤʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʚʥʝʩʝʥʠʶ ʜʘʥʥʳʭ ʚ ʌɹɼɻʀ 

ʧʦʜʣʝʞʘʣʠ: 1) ʣʠʮʘ, ʦʩʫʞʜʝʥʥʳʝ ʠ ʦʪʙʳʚʘʶʱʠʝ ʥʘʢʘʟʘʥʠʝ ʚ ʚʠʜʝ ʣʠʰʝʥʠʷ 

ʩʚʦʙʦʜʳ ʟʘ ʩʦʚʝʨʰʝʥʠʝ ʪʷʞʢʠʭ ʠʣʠ ʦʩʦʙʦ ʪʷʞʢʠʭ ʧʨʝʩʪʫʧʣʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʚʩʝʭ ʢʘʪʝʛʦʨʠʡ ʧʨʝʩʪʫʧʣʝʥʠʡ ʧʨʦʪʠʚ ʧʦʣʦʚʦʡ ʥʝʧʨʠʢʦʩʥʦʚʝʥʥʦʩʪʠ ʠ 

ʧʦʣʦʚʦʡ ʩʚʦʙʦʜʳ ʣʠʯʥʦʩʪʠ; 2) ʥʝʫʩʪʘʥʦʚʣʝʥʥʳʝ ʣʠʮʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ ʢʦʪʦʨʳʭ ʠʟʲʷʪ ʚ ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʝʜʩʪʚʝʥʥʳʭ ʜʝʡʩʪʚʠʡ; 3) 

ʥʝʦʧʦʟʥʘʥʥʳʝ ʪʨʫʧʳ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʧʝʨʝʯʝʥʴ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʧʨʝʪʝʨʧʝʚʘʣ ʠʟʤʝʥʝʥʠʷ. ʊʘʢ, ʙʳʣʠ ʚʥʝʩʝʥʳ: 1) ʣʠʮʘ, ʦʪʙʳʚʘʶʱʠʝ 

ʥʘʢʘʟʘʥʠʝ ʚ ʚʠʜʝ ʣʠʰʝʥʠʷ ʩʚʦʙʦʜʳ ʟʘ ʩʦʚʝʨʰʝʥʠʝ ʧʨʝʩʪʫʧʣʝʥʠʡ; 2) 

ʧʦʜʦʟʨʝʚʘʝʤʳʝ ʠ ʦʙʚʠʥʷʝʤʳʝ ʚ ʩʦʚʝʨʰʝʥʠʠ ʧʨʝʩʪʫʧʣʝʥʠʡ. ɺ 2024 ʛʦʜʫ 

ʜʘʥʥʳʡ ʧʝʨʝʯʝʥʴ ʧʦʧʦʣʥʠʣʩʷ ʙʣʠʟʢʠʤʠ ʨʦʜʩʪʚʝʥʥʠʢʘʤʠ ʣʠʮʘ, ʧʨʦʧʘʚʰʝʛʦ 

ʙʝʟ ʚʝʩʪʠ, ʘ ʚ 2025 ʛʦʜʘ ï ʣʠʮʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤʫ ʘʨʝʩʪʫ [7]. ɹʝʟʫʩʣʦʚʥʦ, ʥʘʣʠʯʠʝ ʩʧʠʩʢʘ ʣʠʮ, 

ʧʦʜʣʝʞʘʱʠʭ ʦʙʷʟʘʪʝʣʴʥʦʡ ʛʝʥʦʤʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʧʨʦʚʝʨʢʠ ʧʦ ʌɹɻɼʀ, ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʢʨʠʤʠʥʘʣʠʩʪʠʯʝʩʢʦʛʦ ʫʯʝʪʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʦʢ ʭʨʘʥʝʥʠʷ 

ʛʝʥʦʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʛʣʘʩʥʦ ʦʙʱʝʤʫ ʧʨʘʚʠʣʫ, ʩʦʩʪʘʚʣʷʝʪ ʜʦ 70 ʣʝʪ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ. 
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ʅʝʢʦʪʦʨʳʝ ʫʯʝʥʳʝ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʝʨʝʯʝʥʴ ʣʠʮ, ʧʦʜʣʝʞʘʱʠʭ 

ʦʙʷʟʘʪʝʣʴʥʦʡ ʛʝʥʦʤʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ, ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʧʦʣʥʝʥ 

ʚʦʝʥʥʦʩʣʫʞʘʱʠʤʠ, ʯʪʦ ʦʩʦʙʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ 

ʚʦʝʥʥʦʡ ʦʧʝʨʘʮʠʠ. ɺʦ ʤʥʦʛʠʭ ʛʦʩʫʜʘʨʩʪʚʘʭ ʫʞʝ ʧʨʘʢʪʠʢʫʶʪ ʧʦʜʦʙʥʦʝ, 

ʥʘʧʨʠʤʝʨ, ʚ ʉʐɸ. ʊʘʤ ʥʦʚʦʙʨʘʥʮʳ ʩʜʘʶʪ ʦʙʨʘʟʝʮ ʢʨʦʚʠ, ʢʦʪʦʨʳʡ 

ʭʨʘʥʠʪʩʷ ʚ ʛʝʥʦʤʥʦʡ ʙʘʟʝ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ ʚ 

ʩʣʫʯʘʝ ʛʠʙʝʣʠ ʚʦʝʥʥʦʩʣʫʞʘʱʝʛʦ [3, ʩ. 96]. ɺ ʟʦʥʘʭ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʛʠʙʝʣʴ 

ʚʦʝʥʥʦʩʣʫʞʘʱʠʭ ʥʝʨʝʜʢʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʘʩʰʪʘʙʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ 

ʪʝʣ, ʯʪʦ ʜʝʣʘʝʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʜʘʢʪʠʣʦʩʢʦʧʠʷ ʠʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʯʝʣʦʚʝʢʘ ʧʦ ʚʥʝʰʥʠʤ ʧʨʠʟʥʘʢʘʤ, 

ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ. ɺ ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʪʦʣʴʢʦ ʟʘʨʘʥʝʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 

ɼʅʂ-ʧʨʦʬʠʣʠ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʠʪʴ ʣʠʯʥʦʩʪʴ ʧʦʛʠʙʰʝʛʦ, 

ʦʙʝʩʧʝʯʠʚ ʦʧʝʨʘʪʠʚʥʦʝ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʨʦʜʩʪʚʝʥʥʠʢʦʚ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʝ ʚ ʩʪ. 7 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ çʆ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʥʦʤʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʦʪ 03.12.2008 ˉ 242-ʌɿ, ʜʦʧʦʣʥʠʚ ʝʸ ʧ. 6 

ʩʣʝʜʫʶʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ: çɺʦʝʥʥʦʩʣʫʞʘʱʠʝ, ʧʨʦʭʦʜʷʱʠʝ ʚʦʝʥʥʫʶ ʩʣʫʞʙʫ 

ʧʦ ʧʨʠʟʳʚʫ ʠʣʠ ʢʦʥʪʨʘʢʪʫè. 

ʅʘʛʣʷʜʥʳʤ ʧʨʠʤʝʨʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʦʩʩʠʡʩʢʦʡ ʙʘʟʳ 

ʌɹɼɻʀ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʫʛʦʣʦʚʥʦʝ ʜʝʣʦ, ʢʦʛʜʘ ʙʳʣ ʟʘʜʝʨʞʘʥ ʤʫʞʯʠʥʘ, 

ʦʙʚʠʥʷʝʤʳʡ ʚ ʧʦʭʠʱʝʥʠʠ ʠ ʠʟʥʘʩʠʣʦʚʘʥʠʠ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʝʡ ʜʝʚʦʯʢʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʝʥʦʤʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʣʝʜʦʚ, ʠʟʲʷʪʳʭ ʩ 

ʤʝʩʪʘ ʧʨʦʠʩʰʝʩʪʚʠʷ, ʚʳʜʝʣʝʥʥʳʡ ɼʅʂ-ʧʨʦʬʠʣʴ ʩʦʚʧʘʣ ʩ ʜʘʥʥʳʤʠ, ʨʘʥʝʝ 

ʠʤʝʶʱʠʤʠʩʷ ʚ ʌɹɼɻʀ. ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʫʜʘʣʦʩʴ 

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʵʪʦʪ ʞʝ ʯʝʣʦʚʝʢ ʜʝʩʷʪʴ ʣʝʪ ʥʘʟʘʜ ʩʦʚʝʨʰʠʣ 

ʥʘʩʠʣʴʩʪʚʝʥʥʳʝ ʜʝʡʩʪʚʠʷ ʩʝʢʩʫʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʦʪʥʦʰʝʥʠʠ ʜʚʫʭ 

ʤʘʣʴʯʠʢʦʚ, ʢʦʪʦʨʳʭ ʦʥ ʚʩʪʨʝʪʠʣ ʚ ʣʝʩʫ ʚʦ ʚʨʝʤʷ ʠʭ ʣʳʞʥʦʡ ʧʨʦʛʫʣʢʠ [8, ʩ. 

131]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ɼʅʂ-ʘʥʘʣʠʟʘ ʫ ʩʣʝʜʩʪʚʠʷ ʥʝ ʙʳʣʦ 

ʥʠʢʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʠʯʘʩʪʥʦʩʪʠ ʟʘʜʝʨʞʘʥʥʦʛʦ ʢ ʜʨʫʛʠʤ 

ʧʨʝʩʪʫʧʣʝʥʠʷʤ. ʆʜʥʘʢʦ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʙʘʟʳ ʜʘʥʥʳʭ ʛʝʥʦʤʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʩʣʝʜʦʚʘʪʝʣʠ ʧʦʣʫʯʠʣʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʝʛʦ ʚʠʥʦʚʥʦʩʪʠ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʣʝʜʦʚ ʚ ʝʜʠʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʧʨʠʚʝʜʝʪ 

ʥʘ ʧʨʘʢʪʠʢʝ ʢ ʧʦʚʳʰʝʥʠʶ ʨʘʩʢʨʳʚʘʝʤʦʩʪʠ ʢʘʢ ʪʝʢʫʱʠʭ ʧʨʝʩʪʫʧʣʝʥʠʡ, ʪʘʢ 

ʠ ʧʨʝʩʪʫʧʣʝʥʠʡ ʧʨʦʰʣʳʭ ʣʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɼʅʂ-ʛʝʥʦʪʠʧʦʩʢʦʧʠʷ, ʢʘʢ ʦʜʠʥ ʠʟ 

ʢʨʠʤʠʥʘʣʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ, ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ: 

ɺʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʜʘʞʝ ʤʠʥʠʤʘʣʴʥʳʭ ʦʙʲʝʤʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʪʝʣʘ, ʦʜʝʞʜʳ ʧʦʪʝʨʧʝʚʰʝʛʦ ʠʣʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ɼʅʂ. 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʜʝʞʥʫʶ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʣʠʯʥʦʩʪʠ. 
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ʅʝʟʘʤʝʥʠʤʦʩʪʴ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʝʣʦ ʧʦʜʚʝʨʛʣʦʩʴ ʩʢʝʣʝʪʠʨʦʚʘʥʠʶ. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʩʣʝʜʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʫʩʪʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʩʦʚʝʨʰʝʥʠʷ ʧʨʝʩʪʫʧʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʝʪʦʜ ɼʅʂ-ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʢʨʠʤʠʥʘʣʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʯʥʦʩʪʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ ɼʅʂ-ʛʝʥʦʪʠʧʦʩʢʦʧʠʠ ʧʝʨʝʜ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʜʘʢʪʠʣʦʩʢʦʧʠʠ ʦʯʝʚʠʜʥʳ: ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʦʜʩʪʚʘ, ʵʪʥʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʘʥʘʣʠʟʘ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ, ʘ ʪʘʢʞʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʮ ʜʘʞʝ 

ʩʧʫʩʪʷ ʜʝʩʷʪʠʣʝʪʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʢʦʨʦʪʢʠʭ 

ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ (STR), ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɹʫʜʫʱʝʝ ʢʨʠʤʠʥʘʣʠʩʪʠʢʠ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ɼʅʂ-

ʛʝʥʦʪʠʧʦʩʢʦʧʠʝʡ, ʪʘʢ ʢʘʢ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʘʢʪʠʚʥʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 

ʨʦʩʪ ʨʘʩʢʨʳʚʘʝʤʦʩʪʠ ʧʨʝʩʪʫʧʣʝʥʠʡ. 
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ʉʘʚʝʥʢʦ ʇ. ʉ., ʉʝʥʘʥ ɸ.ʄ. 
ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 

 

ʉʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʷ ʦʩʘʜʦʢ ʠ ʩʜʚʠʛʘ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʩʦʦʨʫʞʝʥʠʡ 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʦʩʘʜʦʢ ʠ ʩʜʚʠʛʘ ʟʜʘʥʠʡ 

ʠ ʩʦʦʨʫʞʝʥʠʡ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʪʠʧʦʤ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʧʪʠʤʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ 

ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ. ʇʝʨʝʯʠʩʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʜʢʠ ʟʜʘʥʠʡ, ʩʜʚʠʛ ʢʦʥʩʪʨʫʢʮʠʡ, ʤʦʥʠʪʦʨʠʥʛ ʜʝʬʦʨʤʘʮʠʡ, 

ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

  

ʆʩʘʜʢʘ ʠ ʩʜʚʠʛ ï ʵʪʦ ʜʝʬʦʨʤʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʩʥʦʚʘʥʠʝ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʛʨʫʥʪʘ, ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ, ʦʰʠʙʢʘʤʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʣʠ ʯʨʝʟʤʝʨʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʬʫʥʜʘʤʝʥʪ. 

ʇʦ ʚʝʣʠʯʠʥʝ ʦʩʘʜʢʠ ʜʝʣʷʪʩʷ ʥʘ: 

ð ʜʦʧʫʩʪʠʤʳʝ ï ʜʦ 5 ʩʤ; 

ð ʧʨʝʜʝʣʴʥʳʝ ï 5-10 ʩʤ; 

ð ʢʨʠʪʠʯʝʩʢʠʝ ï ʙʦʣʝʝ 10 ʩʤ. 

ʉʜʚʠʛʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ: 

ð ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ; 

ðʚʝʨʪʠʢʘʣʴʥʳʝ; 

ðʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ. 

 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ 

ɺʠʟʫʘʣʴʥʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ð ʵʪʦ ʧʨʦʩʪʦʡ ʠ ʜʦʩʪʫʧʥʳʡ 

ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ ʜʝʬʦʨʤʘʮʠʡ ʟʜʘʥʠʡ, ʩʦʯʝʪʘʶʱʠʡ ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʩ 

ʙʘʟʦʚʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. ʇʨʠʤʝʥʷʷ ʦʪʚʝʩʳ, ʫʨʦʚʥʠ ʠ ʨʫʣʝʪʢʠ, ʩʧʝʮʠʘʣʠʩʪʳ 

ʚʳʷʚʣʷʶʪ ʪʨʝʱʠʥʳ, ʧʝʨʝʢʦʩʳ ʠ ʦʪʢʣʦʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪ ʚʝʨʪʠʢʘʣʠ ʠʣʠ 

ʛʦʨʠʟʦʥʪʘʣʠ. ʄʝʪʦʜ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʩʦʦʨʫʞʝʥʠʡ, ʭʦʪʷ ʠ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʪʦʯʥʦʩʪʴ. 

ʆʩʥʦʚʫ ʤʝʪʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʨʝʛʫʣʷʨʥʳʡ ʦʩʤʦʪʨ ʟʜʘʥʠʷ ʩ ʬʠʢʩʘʮʠʝʡ 

ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʠ ʟʘʤʝʨʦʤ ʠʟʤʝʥʝʥʠʡ. ʆʪʚʝʩʳ ʧʦʤʦʛʘʶʪ ʦʧʨʝʜʝʣʠʪʴ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ, ʫʨʦʚʥʠ - ʧʝʨʝʢʦʩʳ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʨʝʱʠʥʦʤʝʨʳ - 

ʜʠʥʘʤʠʢʫ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʡ, ʵʪʦʪ ʧʦʜʭʦʜ 

ʦʩʪʘʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʠ ʥʘʛʣʷʜʥʦʩʪʠ. 

ʏʘʱʝ ʚʩʝʛʦ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʟʜʘʥʠʡ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʙʶʜʞʝʪʝ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʠʤʝʥʠʪʴ ʩʣʦʞʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʍʦʪʷ ʜʣʷ ʪʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʝʛʦ 
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ʦʙʳʯʥʦ ʜʦʧʦʣʥʷʶʪ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤʠ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʠʣʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

 

ɻʝʦʜʝʟʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʪʦʯʥʳʡ ʤʝʪʦʜ 

ʢʦʥʪʨʦʣʷ ʜʝʬʦʨʤʘʮʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʚʠʟʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʵʪʦʪ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʲʝʢʪʠʚʥʳʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʩʤʝʱʝʥʠʷʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʤʠʣʣʠʤʝʪʨʦʚ. ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʨʝʧʝʨʥʳʭ 

ʪʦʯʝʢ ʥʘ ʩʦʦʨʫʞʝʥʠʠ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʟʘ ʧʝʨʝʤʝʱʝʥʠʷʤʠ 

ʢʦʪʦʨʳʭ ʚʝʜʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ. 

ʆʩʥʦʚʫ ʤʝʪʦʜʠʢʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ - ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʭʝʦʤʝʪʨʦʚ, ʧʨʝʮʠʟʠʦʥʥʳʭ ʥʠʚʝʣʠʨʦʚ ʠ 

ʩʧʫʪʥʠʢʦʚʳʭ GPS-ʧʨʠʝʤʥʠʢʦʚ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ 

ʤʘʣʝʡʰʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʚ ʪʨʝʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʩʪʘʙʠʣʴʥʦʡ ʦʧʦʨʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʥʝʠʟʤʝʥʥʳʤ ʙʘʟʠʩʦʤ ʜʣʷ ʚʩʝʭ 

ʧʦʩʣʝʜʫʶʱʠʭ ʠʟʤʝʨʝʥʠʡ. 

ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ - ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʪʴ ʜʘʞʝ ʤʠʥʠʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʄʝʪʦʜʠʢʘ ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʘ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʟʘ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ, ʚʳʩʦʪʥʳʤʠ ʟʜʘʥʠʷʤʠ ʠ ʦʙʲʝʢʪʘʤʠ, 

ʧʦʩʪʨʦʝʥʥʳʤʠ ʥʘ ʧʨʦʙʣʝʤʥʳʭ ʛʨʫʥʪʘʭ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʬʘʢʪ ʜʝʬʦʨʤʘʮʠʡ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʨʘʟʚʠʪʠʝ, 

ʘʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʷʜʳ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʠʩʧʦʣʥʠʪʝʣʝʡ ʠ ʪʱʘʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʮʠʢʣʦʚ. 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟ ʚ ʩʫʪʢʠ (ʧʨʠ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ) ʜʦ ʝʞʝʢʚʘʨʪʘʣʴʥʳʭ ʟʘʤʝʨʦʚ (ʧʨʠ ʧʣʘʥʦʚʦʤ 

ʤʦʥʠʪʦʨʠʥʛʝ). ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʚʢʣʶʯʘʶʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʪʘʥʮʠʠ, ʧʝʨʝʜʘʶʱʠʝ ʜʘʥʥʳʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʚʣʝʯʝʥʠʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʛʝʦʜʝʟʠʯʝʩʢʠʡ 

ʤʦʥʠʪʦʨʠʥʛ ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ 

ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʦ ʧʦʚʝʜʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʄʝʪʦʜ 

ʦʩʦʙʝʥʥʦ ʮʝʥʝʥ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʜʝʬʦʨʤʘʮʠʡ ʜʣʷ ʵʢʩʧʝʨʪʥʳʭ ʟʘʢʣʶʯʝʥʠʡ ʠʣʠ ʩʫʜʝʙʥʳʭ 

ʨʘʟʙʠʨʘʪʝʣʴʩʪʚ. 

 

ɻʝʦʪʝʭʥʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ï ʵʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ ʧʦʜʭʦʜ ʢ 

ʢʦʥʪʨʦʣʶ ʜʝʬʦʨʤʘʮʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʧʨʝʨʳʚʥʦʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

ʩʙʦʨʝ ʜʘʥʥʳʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʲʝʤʦʢ, ʟʜʝʩʴ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ ʜʘʪʯʠʢʦʚ, ʚʩʪʨʦʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʛʨʫʥʪʦʚʳʡ ʤʘʩʩʠʚ. ʊʘʢʦʡ "ʚʥʫʪʨʝʥʥʠʡ" ʤʦʥʠʪʦʨʠʥʛ ʜʘʝʪ 

ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʦʦʨʫʞʝʥʠʷ ʚ ʨʝʞʠʤʝ 

ç24/7è. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ ʮʝʣʳʡ ʘʨʩʝʥʘʣ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ: ʪʝʥʟʦʤʝʪʨʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʘʧʨʷʞʝʥʠʡ, ʠʥʢʣʠʥʦʤʝʪʨʳ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʥʘʢʣʦʥʦʚ, ʧʴʝʟʦʤʝʪʨʳ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʫʨʦʚʥʝʤ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ, ʘ ʪʘʢʞʝ ʘʢʩʝʣʝʨʦʤʝʪʨʳ ʠ ʜʨʫʛʠʝ ʩʝʥʩʦʨʳ. ʆʩʦʙʝʥʥʦʩʪʴ ʤʝʪʦʜʘ ï 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʢʩʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʘʤʠ ʜʝʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʠʭ ʧʨʠʯʠʥʳ: 

ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʣʝʙʘʥʠʷ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʠʩʪʝʤʳ ï ʨʘʥʥʝʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦʙ ʦʧʘʩʥʳʭ 

ʧʨʦʮʝʩʩʘʭ. ɼʘʪʯʠʢʠ ʫʣʘʚʣʠʚʘʶʪ ʤʘʣʝʡʰʠʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʦʣʛʦ 

ʜʦ ʧʦʷʚʣʝʥʠʷ ʚʠʜʠʤʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʜʣʷ 

ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʪʦʥʥʝʣʝʡ, ʬʫʥʜʘʤʝʥʪʦʚ ʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ, ʛʜʝ 

ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʥʝʚʦʟʤʦʞʝʥ. 

 

ʅʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʠʟʘʮʠʷ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʝʪʠ. ɼʘʪʯʠʢʠ ʨʘʟʤʝʱʘʶʪ ʚ ʢʣʶʯʝʚʳʭ ʪʦʯʢʘʭ ʧʦ 

ʩʧʝʮʠʘʣʴʥʳʤ ʩʭʝʤʘʤ, ʫʯʠʪʳʚʘʶʱʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʘʥʥʳʝ ʩ 

ʩʝʥʩʦʨʦʚ ʧʦʩʪʫʧʘʶʪ ʚ ʝʜʠʥʳʡ ʮʝʥʪʨ ʤʦʥʠʪʦʨʠʥʛʘ, ʛʜʝ ʩʧʝʮʠʘʣʴʥʦʝ ʇʆ 

ʘʥʘʣʠʟʠʨʫʝʪ ʪʝʥʜʝʥʮʠʠ ʠ ʛʝʥʝʨʠʨʫʝʪ ʪʨʝʚʦʞʥʳʝ ʩʠʛʥʘʣʳ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. 

ʍʦʪʷ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʟʥʘʯʠʪʝʣʴʥʘ, ʦʥʘ ʦʢʫʧʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ. ʉʝʛʦʜʥʷ 

ʛʝʦʪʝʭʥʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʩʪʘʥʦʚʠʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʜʣʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ: ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ, ʤʦʩʪʦʚ, ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. ʄʝʪʦʜ 

ʦʩʦʙʝʥʥʦ ʮʝʥʝʥ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʛʜʝ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ. 

ʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʜʠʦʚʦʣʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʝʬʦʨʤʘʮʠʡ. ʉʧʝʮʠʘʣʴʥʳʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʬʠʢʩʠʨʫʶʪ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʦʞʝʥʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʄʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʙʝʟ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʜʥʘʢʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ 

ʦʛʨʘʥʠʯʝʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ. 

 

ɸʢʫʩʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ 

ʜʠʘʛʥʦʩʪʠʢʝ ʩʦʦʨʫʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʟʚʫʢ ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʩʢʨʳʪʳʭ 

ʜʝʬʦʨʤʘʮʠʡ. ʕʪʦʪ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʠʟʤʝʥʝʥʠʡ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʠʡ ï ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʟʚʫʢʦʚʳʭ ʚʦʣʥ, ʠʭ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʟʜʝʩʴ ʢʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʧʨʷʤʦʛʦ 

ʢʦʥʪʘʢʪʘ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤʠ ʫʯʘʩʪʢʘʤʠ. 
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ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʢʝ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʫʣʘʚʣʠʚʘʶʪ ʤʘʣʝʡʰʠʝ ʟʚʫʢʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ ʚ ʤʘʪʝʨʠʘʣʘʭ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʤʠʢʨʦʪʨʝʱʠʥ ʠʣʠ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʭʘʨʘʢʪʝʨ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʤʝʥʷʝʪʩʷ ï 

ʧʦʷʚʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ "ʱʝʣʯʢʠ" ʠʣʠ ʠʟʤʝʥʷʝʪʩʷ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʨʘʟʣʠʯʘʪʴ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʥʘ 

ʫʨʦʚʥʝ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʡ. 

ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ï ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʷʚʣʷʪʴ 

ʟʘʨʦʞʜʘʶʱʠʝʩʷ ʜʝʬʝʢʪʳ ʚ ʩʘʤʳʭ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ: ʚʥʫʪʨʠ 

ʤʘʩʩʠʚʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ, ʚ ʩʚʘʨʥʳʭ ʰʚʘʭ, ʧʦʜ ʦʙʣʠʮʦʚʢʦʡ. ʆʩʦʙʝʥʥʦ 

ʵʬʬʝʢʪʠʚʝʥ ʤʦʥʠʪʦʨʠʥʛ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʚʥʝʟʘʧʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʚ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʟʣʘʭ ï ʦʧʦʨʘʭ ʤʦʩʪʦʚ, ʥʝʩʫʱʠʭ 

ʢʦʣʦʥʥʘʭ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ, ʵʣʝʤʝʥʪʘʭ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʪʴ ʜʘʪʯʠʢʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʇʆ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʩʨʘʚʥʠʚʘʝʪ ʪʝʢʫʱʠʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩ ʵʪʘʣʦʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʠʢʩʠʨʫʷ ʘʥʦʤʘʣʠʠ. ʇʨʠ ʵʪʦʤ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʲʝʢʪʘ ï ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʨʘʙʦʯʠʭ 

ʥʘʛʨʫʟʢʘʭ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʘʥʥʳʭ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʭʚʘʪʳʚʘʝʪ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ: 

ʘʪʦʤʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʧʣʦʪʠʥʳ, ʪʨʫʙʦʧʨʦʚʦʜʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʄʝʪʦʜ ʥʝʟʘʤʝʥʠʤ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʜʘʥʠʡ, ʛʜʝ ʟʘʧʨʝʱʝʥʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʢʦʥʩʪʨʫʢʮʠʶ. ʍʦʪʷ ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʠʥʚʝʩʪʠʮʠʡ, ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʩʪʚʠʷ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʷ ʦʧʘʩʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

 

 ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʅʘʧʨʠʤʝʨ, ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʜʦʧʦʣʥʷʶʪʩʷ 

ʛʝʦʪʝʭʥʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ, ʘ ʘʢʫʩʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ 

ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʡ ʤʝʪʦʜ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʩʦʦʨʫʞʝʥʠʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʠʥʠʤʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʜʝʬʦʨʤʘʮʠʡ 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʪʨʦʣʷ ʦʩʘʜʦʢ ʠ ʩʜʚʠʛʦʚ ʩʦʦʨʫʞʝʥʠʡ 

ʦʙʨʘʟʫʶʪ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʜʠʘʛʥʦʩʪʠʢʠ, ʛʜʝ ʢʘʞʜʳʡ ʤʝʪʦʜ 

ʟʘʥʠʤʘʝʪ ʩʚʦʶ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʥʠʰʫ. ɺʠʟʫʘʣʴʥʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ 

ʩʧʦʩʦʙʳ ʦʩʪʘʶʪʩʷ ʚʘʞʥʳʤ ʧʝʨʚʠʯʥʳʤ ʬʠʣʴʪʨʦʤ, ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʧʨʠʚʷʟʢʫ, ʛʝʦʪʝʭʥʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʜʘʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ ʦ ʩʢʨʳʪʳʭ ʧʨʦʮʝʩʩʘʭ, ʘ 

ʘʢʫʩʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʜʝʪʝʢʪʦʨ 

ʟʘʨʦʞʜʘʶʱʠʭʩʷ ʜʝʬʝʢʪʦʚ. 
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ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʚʳʙʦʨ ʦʪʜʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʠʭ 

ʛʨʘʤʦʪʥʘʷ ʢʦʤʙʠʥʘʮʠʷ. ʅʘʧʨʠʤʝʨ, ʩʪʘʮʠʦʥʘʨʥʳʝ ʜʘʪʯʠʢʠ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠʜʝʘʣʴʥʦ ʜʦʧʦʣʥʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ 

ʩʲʝʤʢʘʤʠ, ʘ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʝʢʨʘʩʥʦ ʨʘʙʦʪʘʶʪ ʚ ʪʘʥʜʝʤʝ ʩ 

ʚʠʟʫʘʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ. ʊʘʢʦʡ ʩʠʥʪʝʟ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ 

ʧʨʦʩʪʦʡ ʬʠʢʩʘʮʠʠ ʜʝʬʦʨʤʘʮʠʡ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʠʭ ʨʘʟʚʠʪʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʦʩʦʙʝʥʥʦ ʦʯʝʚʠʜʥʘ ʧʨʠ 

ʤʦʥʠʪʦʨʠʥʛʝ ʫʥʠʢʘʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʦʙʲʝʢʪʦʚ ʚ ʩʣʦʞʥʳʭ ʛʨʫʥʪʦʚʳʭ 

ʫʩʣʦʚʠʷʭ. ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ ʠʥʪʝʛʨʠʨʫʶʪ ʜʘʥʥʳʝ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʦʟʜʘʚʘʷ ʜʠʥʘʤʠʯʝʩʢʠʝ 3D-ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʕʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʝʥʷʝʪ ʢʫʣʴʪʫʨʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ, 

ʧʝʨʝʚʦʜʷ ʝʸ ʥʘ ʧʨʝʜʠʢʪʠʚʥʫʶ ʦʩʥʦʚʫ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʚʷʟʘʥʳ ʩ ʚʥʝʜʨʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʪʠʧʦʚ ʩʝʥʩʦʨʦʚ. ʆʜʥʘʢʦ 

ʢʣʶʯʝʚʳʤ ʦʩʪʘʸʪʩʷ ʧʨʠʥʮʠʧ ʨʘʟʫʤʥʦʡ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ï ʚʳʙʦʨ ʤʝʪʦʜʦʚ 

ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʨʠʩʢʘʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ. 
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ɺʘʣʠʝʚ ʊ.ʀ.  
ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

  

ʇʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘʪʠʢʘ ʚʥʝʜʨʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ. ɹʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʪʘʢʠʝ ʘʩʧʝʢʪʳ, ʢʘʢ ʧʨʘʚʦʚʦʡ, ʵʪʠʯʝʩʢʠʡ, ʢʘʜʨʦʚʳʡ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʠ ʬʠʥʘʥʩʦʚʳʡ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʯʝʥʴ ʚʘʞʝʥ ʜʣʷ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʱʝʩʪʚʘ. ʈʦʩʩʠʷ 

ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʚʠʪʠʠ ʀʀ-ʪʝʭʥʦʣʦʛʠʡ, ʦʜʥʘʢʦ ʠʭ ʚʥʝʜʨʝʥʠʝ ʥʝʩʝʪ ʩ ʩʦʙʦʡ 

ʨʷʜ ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ. ʆʪʩʫʪʩʪʚʠʝ ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʜʣʷ ʨʝʛʫʣʷʮʠʠ ʀʀ, ʵʪʠʯʝʩʢʠʝ 

ʤʦʤʝʥʪʳ ʠ ʨʠʩʢʠ, ʜʝʬʠʮʠʪ ʢʘʜʨʦʚ, ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʜʦʩʪʫʧʝ ʢ ʥʝʢʦʪʦʨʳʤ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠʟ-ʟʘ ʩʘʥʢʮʠʡ ʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʛʦʪʦʚʥʦʩʪʴ ʙʠʟʥʝʩʘ ʠ 

ʛʦʩʩʝʢʪʦʨʘ ʢ ʤʘʩʩʦʚʦʤʫ ʚʥʝʜʨʝʥʠʶ ʀʀ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʵʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʩʦʮʠʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ 

 

Valiev T.I. 

The problem of using and implementing artificial intelligence in 

the Russian Federation 

Abstract: This article will consider the problems of the introduction and development 

of artificial intelligence in the territory of the Russian Federation at the moment. Such 

aspects as legal, ethical, personnel, infrastructural and financial will be considered. 

Artificial intelligence (AI) is currently very important for the digital transformation of 

society. Russia is actively involved in the development of AI technologies, but their 

implementation brings with it a number of serious problems. The lack of a legal 

framework for regulating AI, ethical issues and risks, staff shortages, restrictions on 

access to some modern technologies due to sanctions, and insufficient willingness on 

the part of businesses and the public sector to massively implement AI. 

Key words: artificial intelligence, ethical issues, social issues, machine learning, 

computer vision, big data 

1.ʇʨʘʚʦʚʦʡ ʘʩʧʝʢʪ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʛʨʘʜ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʀʀ ʚ ʈʌ, ʤʦʞʥʦ 

ʜʘʞʝ ʩʢʘʟʘʪʴ ʦʩʥʦʚʥʦʡ ʠʟ ʥʠʭ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʯʝʪʢʦʛʦ ʠ ʧʦʥʷʪʥʦʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʨʠʥʷʪ 

ʟʘʢʦʥ, ʢʦʪʦʨʳʡ ʙʳ ʫʢʘʟʳʚʘʣ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʧʦʨʷʜʢʠ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʨʝʛʫʣʷʮʠʠ ʝʛʦ ʬʫʥʢʮʠʡ. ʍʦʪʷ ʚ 

2023 ʛʦʜʫ ʄʠʥʮʠʬʨʳ ʠ ʨʘʟʨʘʙʦʪʘʣʦ ʢʦʥʮʝʧʮʠʶ ʪʘʢʦʛʦ ʟʘʢʦʥʘ, ʦʥ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʧʦʢʘ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʪʘʜʠʠ ʦʙʩʫʞʜʝʥʠʷ ʠ ʝʱʝ ʥʝ ʙʳʣ ʧʨʠʥʷʪ 

[1]. 
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ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʚʦʧʨʦʩʳ: 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʦʰʠʙʢʠ ʀʀ; 

ʧʨʘʚʘ ʥʘ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ; 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʉʪʘʪʠʩʪʠʢʘ: ʇʦ ʜʘʥʥʳʤ ɸʥʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ 

ʈʌ, ʙʦʣʝʝ 60% ʢʦʤʧʘʥʠʡ ʩʪʘʣʢʠʚʘʣʠʩʴ ʩ ʶʨʠʜʠʯʝʩʢʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ 

ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʀʀ-ʨʝʰʝʥʠʡ [2]. 

2.ʕʪʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʀʀ ʚʩʸ ʯʘʱʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʠʩʢʦʤ 

ʥʘʨʫʰʝʥʠʷ ʧʨʘʚ ʯʝʣʦʚʝʢʘ ʠ ʛʨʘʞʜʘʥʩʢʠʭ ʩʚʦʙʦʜ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʵʪʦ 

ʧʨʦʙʣʝʤʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʬʝʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʩʣʝʞʢʠ. ʂ 

ʧʨʠʤʝʨʫ, ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ, ʚʥʝʜʨʝʥʥʳʝ ʚ ʙʦʣʴʰʠʭ ʛʦʨʦʜʘʭ ʠ 

ʤʝʛʘʧʦʣʠʩʘʭ, ʚʳʟʳʚʘʶʪ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʩʨʝʜʠ ʧʨʘʚʦʟʘʱʠʪʥʠʢʦʚ ʠ 

ʵʢʩʧʝʨʪʦʚ ʧʦ ʧʦʚʦʜʫ ʥʘʨʫʰʝʥʠʷ ʧʨʘʚ ʥʘ ʧʨʠʚʘʪʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʥʘʤ ʙʣʘʛʦʜʘʨʷ ʂʦʥʩʪʠʪʫʮʠʠ [3]. 

ʊʘʢʞʝ ʚʘʞʥʘ ʧʨʦʙʣʝʤʘ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ï ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʀʀ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʨʝʜʫʙʝʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʪʦʪ ʤʦʤʝʥʪ ʝʱʝ ʥʝ ʙʳʣʠ ʪʘʢ 

ʘʢʪʫʘʣʴʥʳ 

ʅʘʧʨʠʤʝʨ, ʚ 2022 ʠʩʩʣʝʜʦʚʘʥʠʝ "ʉʢʦʣʢʦʚʦ" ʧʦʢʘʟʘʣʦ, ʯʪʦ 47% 

ʨʦʩʩʠʷʥ ʦʧʘʩʘʶʪʩʷ, ʯʪʦ ʀʀ ʤʦʞʝʪ ʠʣʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʩ ʮʝʣʴʶ 

ʤʘʥʠʧʫʣʷʮʠʡ ʠʣʠ ʥʘʨʫʰʝʥʠʷ ʣʠʯʥʳʭ ʩʚʦʙʦʜ [4]. 

3. ɼʝʬʠʮʠʪ ʢʘʜʨʦʚ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʦʜʛʦʪʦʚʢʠ 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʩʠʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʰʢʦʣʳ ʚ ʈʦʩʩʠʠ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ. ʕʪʦ ʪʘʢʞʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʩ ʦʪʲʝʟʜʦʤ ʪʘʣʘʥʪʣʠʚʳʭ ʣʶʜʝʡ ʟʘ ʨʫʙʝʞ, ʪʘʢ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʚ ʚʫʟʘʭ. 

ɸʥʘʣʠʪʠʢʘ: ʇʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʜʘʥʥʳʤ HeadHunter ʚ 2023 ʛʦʜʫ 

ʩʧʨʦʩ ʥʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʀʀ ʚʳʨʦʩ ʥʘ 40%, ʦʜʥʘʢʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ 

ʧʨʝʜʣʦʞʝʥʠʝ ʫʚʝʣʠʯʠʣʦʩʴ ʚʩʝʛʦ ʥʘ 12% [5]. 

ɺ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʧʦʜʜʝʨʞʢʠ ʚ ʦʪʨʘʩʣʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʚ ʅʘʮʠʦʥʘʣʴʥʦʤ ʧʨʦʝʢʪʝ 

"ʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ", ʚʢʣʶʯʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʬʝʨʝ AI. ʇʨʦʙʣʝʤʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝʰʠʪʴ ʜʦʣʛʦʩʨʦʯʥʦ ʠ 

ʤʘʩʰʪʘʙʥʦ [6]. 

4. ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʈʘʟʚʠʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʪʨʝʙʫʝʪ ʤʦʱʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ 

ʙʘʟʳ: ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʚʠʜʝʦʢʘʨʪ, ʩʝʨʚʝʨʦʚ ʠ 

ʜʦʩʪʫʧʘ ʢ ʦʛʨʦʤʥʳʤ ʤʘʩʩʠʚʘʤ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʩʘʥʢʮʠʡ ʧʨʦʪʠʚ ʈʌ, ʜʦʩʪʫʧ ʢʦ ʤʥʦʛʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʩʪʘʣ ʦʛʨʘʥʠʯʝʥ 
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ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʘʤʝʜʣʝʥʠʶ ʨʘʟʚʠʪʠʷ ʀʀ ʚ 

ʈʦʩʩʠʠ. 

ʌʘʢʪ: ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʘʤʝʨʠʢʘʥʩʢʘʷ ʢʦʨʧʦʨʘʮʠʷ NVIDIA ʦʩʪʘʥʦʚʠʣʘ 

ʧʦʩʪʘʚʢʠ ʩʘʤʳʭ ʤʦʱʥʳʭ ʚʠʜʝʦʢʘʨʪ A100 ʠ H100, ʨʦʩʩʠʡʩʢʠʝ ʢʦʤʧʘʥʠʠ 

ʚʳʥʫʞʜʝʥʳ ʧʝʨʝʢʣʶʯʠʪʴʩʷ ʥʘ ʤʝʥʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʘʥʘʣʦʛʠ ʠʣʠ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʚʨʦʜʝ "ʕʣʴʙʨʫʩʘ" ʠʣʠ 

ʧʨʦʮʝʩʩʦʨʦʚ "ɹʘʡʢʘʣ" [7]. 

ʊʘʢʞʝ ʨʘʟʚʠʪʠʝ ʀʀ ʪʦʨʤʦʟʠʪ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʤʝʞʦʪʨʘʩʣʝʚʦʡ 

ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʘʪʴ ʤʦʜʝʣʠ ʜʣʷ ʪʘʢʠʭ ʩʬʝʨ 

ʢʘʢ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʤʝʜʠʮʠʥʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʜʨʫʛʠʭ [8]. 

5. ʆʪʨʘʩʣʝʚʘʷ ʩʧʝʮʠʬʠʢʘ ʠ ʥʝʛʦʪʦʚʥʦʩʪʴ ʢ ʚʥʝʜʨʝʥʠʶ 

ʀʀ ʤʦʞʝʪ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʤʥʦʛʠʝ ʦʪʨʘʩʣʠ, ʥʦ ʫʨʦʚʝʥʴ ʝʛʦ 

ʚʥʝʜʨʝʥʠʷ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ɺ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʵʧʠʜʝʤʠʡ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʣʝʯʝʥʠʷ. ʆʜʥʘʢʦ ʚ 

ʈʦʩʩʠʠ ʥʝʪ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʨʪ, ʢʦʪʦʨʘʷ ʙʳ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʦ ʚʩʝʭ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʢʘʢ ʯʘʩʪʥʳʭ, ʪʘʢ ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʘʪʴ ʤʦʜʝʣʠ ʀʀ ʥʘ ʙʦʣʴʰʠʭ 

ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʤʦʱʠ ʚ ʧʦʩʪʘʥʦʚʢʝ ʜʠʘʛʥʦʟʘ ʠʣʠ ʥʘʭʦʞʜʝʥʠʷ 

ʧʨʝʜʧʦʩʳʣʦʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʙʦʣʝʟʥʝʡ [9]. ɺ ʦʙʨʘʟʦʚʘʥʠʠ 

ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʠʚʥʦʡ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʪʦʣʴʢʦ 

ʥʘʯʠʥʘʶʪ ʚʥʝʜʨʷʪʴʩʷ ʣʦʢʘʣʴʥʦ, ʠ ʧʦʢʘ ʥʝ ʧʨʦʜʫʤʘʥʳ ʩʧʦʩʦʙʳ ʦʮʝʥʢʠ 

ʟʥʘʥʠʡ. ɺ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʩʠʩʪʝʤʳ ʀʀ ʥʘʯʘʣʠ ʚʥʝʜʨʷʪʴ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʨʘʞʜʘʥʘʤʠ, ʥʘʧʨʠʤʝʨ ʚ ʛʦʩʫʩʣʫʛʘʭ ʠʣʠ 

ʄʌʎ. ʆʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʠʭ ʬʫʥʢʮʠʦʥʘʣʘ, ʚ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤʳ ʀʀ ʥʝ ʤʦʛʫʪ ʧʦʢʨʳʪʴ ʚʝʩʴ ʩʧʝʢʪʨ ʚʦʧʨʦʩʦʚ 

ʛʨʘʞʜʘʥ [10]. 

6. ɻʣʦʙʘʣʴʥʦʝ ʩʦʧʝʨʥʠʯʝʩʪʚʦ ʠ ʛʝʦʧʦʣʠʪʠʢʘ 

ʈʦʩʩʠʷ ʫʯʘʩʪʚʫʝʪ ʚʦ ʚʩʝʤʠʨʥʦʡ ʛʦʥʢʝ ʟʘ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʚ ʦʙʣʘʩʪʠ ʀʀ, 

ʥʦ ʝʡ ʪʨʫʜʥʦ ʩʦʧʝʨʥʠʯʘʪʴ ʠʟ-ʟʘ ʩʘʥʢʮʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʦʙʤʝʥʘ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʩ ʜʨʫʛʠʤʠ ʩʪʨʘʥʘʤʠ. ʇʦ ʠʥʜʝʢʩʫ ʨʘʟʚʠʪʠʷ ʀʀ (AI Index 

Report 2023) ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ 12-ʝ ʤʝʩʪʦ ʧʦ ʧʫʙʣʠʢʘʮʠʷʤ ʚ ʦʙʣʘʩʪʠ ʀʀ, ʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʩʪʘʸʪ ʧʦ ʠʥʚʝʩʪʠʮʠʷʤ ʠ ʯʠʩʣʫ ʩʪʘʨʪʘʧʦʚ [11]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ 

ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʢʦʥʦʤʠʢʠ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ. ʆʜʥʘʢʦ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ: 

ʫʩʪʨʘʥʠʪʴ ʧʨʦʙʝʣʳ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ ʢʘʩʘʶʱʠʝʩʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ; 

ʫʢʨʝʧʠʪʴ ʵʪʠʯʝʩʢʠʡ ʠ ʦʙʱʝʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ; 

ʨʘʟʚʠʚʘʪʴ ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ; 

ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʪʝʭʥʦʣʦʛʠʠ; 

ʧʦʜʜʝʨʞʘʪʴ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʝ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. 
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ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʈʦʩʩʠʠ ʟʘʥʷʪʴ ʜʦʩʪʦʡʥʦʝ ʤʝʩʪʦ ʚ ʮʠʬʨʦʚʦʤ 

ʤʠʨʝ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʠʥʠʩʪʝʨʩʪʚʦ ʮʠʬʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʩʚʷʟʠ ʠ ʤʘʩʩʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʂʦʥʮʝʧʮʠʷ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://digital.gov.ru/ru/documents/4581/, ʩʚʦʙʦʜʥʳʡ. ï ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.04.2025. 

2. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʈʘʟʨʘʙʦʪʢʠ 
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʦʚ ʧʦ ʀʀ ʥʘʰʣʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʟʥʝʩʝ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://ac.gov.ru/news/page/razrabotki-

issledovatelskih-centrov-po-ii -nasli-prakticeskoe-primenenie-v-biznese-27797, ʩʚʦʙʦʜʥʳʡ. ï 

ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.04.2025. 

3. ʈʘʜʠʦ ʉʚʦʙʦʜʘ. ʉʣʝʞʢʘ ʯʝʨʝʟ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ ʚ ʨʦʩʩʠʡʩʢʠʭ ʛʦʨʦʜʘʭ 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.svoboda.org/a/russia-facial-

recognition-surveillance-cities/31941992.html , ʩʚʦʙʦʜʥʳʡ. ï ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.04.2025. 

4. ʌʦʥʜ çʉʢʦʣʢʦʚʦè. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʈʦʩʩʠʠ: ʯʪʦ ʥʫʞʥʦ ʟʥʘʪʴ? 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://sk.ru/foundation/news/20221121/iskusstvennyy-intellekt-v-rossii-chto-nuzhno-znat/ , 

ʩʚʦʙʦʜʥʳʡ. ï ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.04.2025. 

5. HeadHunter. ɸʥʘʣʠʟ ʨʳʥʢʘ ʪʨʫʜʘ: ʩʧʨʦʩ ʥʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʀʀ ʚ 2023 ʛʦʜʫ 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://hh.ru/article/36843 , ʩʚʦʙʦʜʥʳʡ. ï ɼʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 05.04.2025. 

6. ʄʠʥʠʩʪʝʨʩʪʚʦ ʮʠʬʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ. ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ çʎʠʬʨʦʚʘʷ 

ʵʢʦʥʦʤʠʢʘè [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://digital.gov.ru/target/naczionalnaya-programma-czifrovaya-ekonomika-rossijskoj-

federaczii, ʩʚʦʙʦʜʥʳʡ. ï ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.04.2025. 

7. ʈɹʂ. ʈʦʩʩʠʡʩʢʠʝ ʢʦʤʧʘʥʠʠ ʠʱʫʪ ʘʣʴʪʝʨʥʘʪʠʚʳ NVIDIA ʧʦʩʣʝ ʩʘʥʢʮʠʡ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://rbc.ru/technology_and_media/2023/09/14/6501c7e99a794720f9d87a5b, ʩʚʦʙʦʜʥʳʡ. ï 

ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.04.2025. 

8. ʊɸʉʉ. ʀʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ ʚ ʩʬʝʨʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://tass.ru/ekonomika/17947255, ʩʚʦʙʦʜʥʳʡ. 

ï ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.04.2025. 

9. ʈʦʩʟʜʨʘʚʥʘʜʟʦʨ. ʂʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʀʀ ʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://roszdravnadzor.gov.ru/upload/med_files/ai_healthcare_strategy_2024.pdf , 

ʩʚʦʙʦʜʥʳʡ. ï ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.04.2025. 

10. ʈʀɸ ʅʦʚʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʚ ʛʦʩʫʧʨʘʚʣʝʥʠʠ: ʧʨʦʙʣʝʤʳ ʧʨʦʟʨʘʯʥʦʩʪʠ 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://ria.ru/20250416/ii-2011536930.html, 

ʩʚʦʙʦʜʥʳʡ. ï ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.04.2025. 

11. Stanford HAI. AI Index Report 2023 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://hai.stanford.edu/research/ai-index-report , ʩʚʦʙʦʜʥʳʡ. ï ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

05.04.2025. 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ:  

ɺʘʣʠʝʚ ʊ.ʀ. ʩʪʫʜʝʥʪ, ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʘʥʯʝʥʢʦ ʆ.ɺ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

Valiev T.I ., Student, Kazan National Research University, Kazan, Russia  

cientific supervisor: Panchenko O.V., Candidate of Technical Sciences, Associate Professor, Kazan National 

Research University, Kazan, Russia 

file:///C:/Users/User/AppData/YandexDisk/Work/Парадигма.%20Лето-2016/Сборник/www.paradigma.science


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 5̄. ʏʘʩʪʴ 5 www.paradigma.science 

 

23 
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ɼʞʫʨʘʝʚʘ ɿ.ɸ. 

ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. 

ʆʩʠʤʠ, ʍʫʜʞʘʥʜ, ʊʘʜʞʠʢʠʩʪʘʥ 

 

ʂʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʢʘʢ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʰʚʝʡʥʳʭ 

ʠʟʜʝʣʠʡ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʢʨʠʪʝʨʠʷʤ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ, ʤʝʪʦʜʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʘ 

ʪʘʢʞʝ ʚʣʠʷʥʠʶ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʮʠʠ ʥʘ ʨʳʥʢʝ. 

ʇʨʠʚʝʜʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʥʘ 

ʧʨʠʤʝʨʝ ʪʘʜʞʠʢʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʨʘʩʯʸʪʘ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʰʚʝʡʥʳʝ 

ʠʟʜʝʣʠʷ, ʩʪʘʥʜʘʨʪʳ, ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʧʨʝʜʧʦʯʪʝʥʠʷ, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ, 

ʊʘʜʞʠʢʠʩʪʘʥ.  

Juraeva Z.A. 

 

Product quality as the competitiveness of garments 
 

Abstract: The article explores the relationship between product quality and the 

competitiveness of sewing products. Special attention is paid to quality assessment 

criteria, methods for ensuring high product quality, and the impact of these factors on 

market positioning. Practical research results on product quality are presented using 

examples of Tajik sewing manufacturers, including the calculation of an integral 

competitiveness index. 

Key words: product quality, competitiveness, sewing products, standards, consumer 

preferences, quality control, Tajikistan. 

 

ɺʚʝʜʝʥʠʝ 

 

ʇʨʦʙʣʝʤʘ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʰʚʝʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʪʨʝʙʠʪʝʣʴ ʜʝʣʘʝʪ 

ʚʳʙʦʨ ʥʝ ʪʦʣʴʢʦ ʧʦ ʮʝʥʝ, ʥʦ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʦ ʢʘʯʝʩʪʚʫ ʠʟʜʝʣʠʷ. ɺ 

ʫʩʣʦʚʠʷʭ ʥʘʩʳʱʝʥʥʦʩʪʠ ʨʳʥʢʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʧʨʦʜʫʢʮʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʛʣʘʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʠʜʞʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʝʛʦ 

ʫʟʥʘʚʘʝʤʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ. 

ʂʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʦʞʠʜʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʚʣʠʷʝʪ ʥʘ ʨʝʧʫʪʘʮʠʶ ʙʨʝʥʜʘ ʠ 

ʫʨʦʚʝʥʴ ʜʦʚʝʨʠʷ ʢʣʠʝʥʪʦʚ. ʆʥʦ ʪʘʢʞʝ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʜʦʣʛʦʩʨʦʯʥʳʭ ʜʝʣʦʚʳʭ ʩʚʷʟʝʡ ʠ ʫʢʨʝʧʣʝʥʠʷ ʧʦʟʠʮʠʡ ʥʘ ʨʳʥʢʝ. ɺ 
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ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʨʳʥʦʢ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʢʣʠʝʥʪʘ, ʚʘʞʥʦʩʪʴ ʢʘʯʝʩʪʚʘ ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʘʟʳ. 

ʇʦʢʫʧʘʪʝʣʠ ʦʞʠʜʘʶʪ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʥʦ ʠ ʵʩʪʝʪʠʢʠ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠ ʵʪʠʯʝʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʧʨʝʜʧʨʠʷʪʠʷ: ʩʥʠʞʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʚʨʘʪʦʚ ʠ ʨʝʢʣʘʤʘʮʠʡ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʧʦʚʪʦʨʥʳʭ 

ʧʨʦʜʘʞ ʠ ʣʦʷʣʴʥʦʩʪʠ ʢʣʠʝʥʪʦʚ, ʤʠʥʠʤʠʟʠʨʫʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʢʦʥʢʫʨʝʥʮʠʠ, ʙʳʩʪʨʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʤʦʜʥʳʭ 

ʪʝʥʜʝʥʮʠʡ ʠ ʨʦʩʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʢʘʯʝʩʪʚʫ ʠʟʜʝʣʠʡ. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʰʚʝʡʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʊʘʜʞʠʢʠʩʪʘʥʘ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

ɸʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ɻʆʉʊ, ISO ʠ ʜʨ.) [1, 2]; 

ʉʦʮʠʦʣʦʛʠʯʝʩʢʠʡ ʦʧʨʦʩ ʧʦʪʨʝʙʠʪʝʣʝʡ [5]; 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʩʩʦʨʪʠʤʝʥʪʘ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ; 

ʄʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 

ʕʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ [3, 4].  

ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʰʚʝʡʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: 

ʂʘʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

ʋʨʦʚʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

ʂʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ; 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʊʘʙʣʠʮʘ 1 ï ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʥʘ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ 

ʌʘʢʪʦʨ ʋʜʝʣʴʥʳʡ ʚʝʩ ʚʣʠʷʥʠʷ 

(%) 

ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

ʂʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ 35 ɸʚʪʦʨʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʦʧʨʦʩ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʩʥʘʱʝʥʠʝ 

25 ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʪʯʸʪʳ 

ʧʨʝʜʧʨʠʷʪʠʡ 

ʂʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ 20 ʀʥʪʝʨʚʴʶ ʩ 

ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚ 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ 15 ɺʥʫʪʨʝʥʥʠʝ ʨʝʛʣʘʤʝʥʪʳ 

ɼʨʫʛʠʝ ʬʘʢʪʦʨʳ 5 ʆʙʦʙʱʸʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 
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ʀʩʪʦʯʥʠʢ ʪʘʙʣʠʮʳ: ʈʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʘ. 

 
ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʦʢʘʟʳʚʘʝʪ ʢʘʯʝʩʪʚʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʜʘʥʥʳʤʠ ʦʧʨʦʩʘ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʪʘʢ ʠ ʘʥʘʣʠʟʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [3, ʩ. 88]. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʪʘʢʞʝ ʠʛʨʘʶʪ ʪʝʭʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ ʠ ʫʨʦʚʝʥʴ 

ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ. 

 
ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʠʥʜʝʢʩ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʰʚʝʡʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʊʘʜʞʠʢʠʩʪʘʥʘ 

ʂʨʠʪʝʨʠʡ ɺʝʩ 

(w_i) 

ʆʆʆ 

çGulistonè 

ɿɸʆ 

çAtlasè 

ʆʆʆ 

çTextile TJè 

ʕʪʘʣʦʥ 

(H&M)  

ʂʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ 0.30 6.8 6.0 7.5 10 

ʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴ 

ʧʦʰʠʚʘ 

0.25 7.5 6.8 8.0 9.5 

ɼʠʟʘʡʥ/ ʚʥʝʰʥʠʡ ʚʠʜ 0.20 6.5 5.5 7.0 9.0 

ʕʨʛʦʥʦʤʠʯʥʦʩʪʴ 

ʠʟʜʝʣʠʷ 

0.15 8.0 7.0 8.5 9.0 

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 0.10 8.5 8.0 9.0 10 

ʀʂ (ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʠʥʜʝʢʩ) 

 0.757 0.678 0.829 1.000 

ʀʩʪʦʯʥʠʢ ʪʘʙʣʠʮʳ: ʉʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʨʘʩʯʸʪʳ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ ʠ ʘʥʘʣʠʟʘ 

ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ. 

 

- ʆʆʆ çTextile TJè ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʚʳʩʰʠʡ ʠʥʜʝʢʩ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ (0.829), ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʮʠʠ; 

- ʆʆʆ çGulistonè ʟʘʥʠʤʘʝʪ ʩʨʝʜʥʶʶ ʧʦʟʠʮʠʶ ʩ ʠʥʜʝʢʩʦʤ 0.757; 

- ɿɸʆ çAtlasè ʦʪʩʪʘʸʪ (0.678) ʠʟ-ʟʘ ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʜʠʟʘʡʥʫ. 

ʆʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʫʜʝʣʷʶʱʠʝ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ 

ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ ʠ ʚʥʝʜʨʷʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʤʝʶʪ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʝ ʧʦʟʠʮʠʠ ʥʘ ʨʳʥʢʝ. ɺʥʝʜʨʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

(ISO 9001 ʠ ʜʨ.) ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʜʦʚʝʨʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʧʘʨʪʥʸʨʦʚ [2]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʷʜ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʫʞʜʘʶʪʩʷ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʢʘʜʨʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ [4, ʩ. 57]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠ ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʥʦ ʠ ʧʦʚʳʩʠʪʴ ʜʦʚʝʨʠʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʨʳʥʢʘʭ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʚʝʜʸʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʠʥʜʝʢʩʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʤʧʘʥʠʠ, ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʱʠʝ ʩʪʘʥʜʘʨʪʳ ISO, ʜʦʙʠʚʘʶʪʩʷ ʣʫʯʰʝʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʢʘʯʝʩʪʚʘ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʧʨʦʩʘ. ʊʘʢʞʝ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʡ ʦʧʨʦʩ 
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ʚʳʷʚʠʣ, ʯʪʦ ʙʦʣʝʝ 67% ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʳʙʠʨʘʶʪ ʠʟʜʝʣʠʷ ʠʤʝʥʥʦ ʧʦ 

ʧʨʠʟʥʘʢʫ ʢʘʯʝʩʪʚʘ, ʘ ʥʝ ʪʦʣʴʢʦ ʮʝʥʳ, ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ 

ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʳʥʦʯʥʦʡ ʩʪʨʘʪʝʛʠʠ [5]. 

ʊʘʢʞʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʜʠʟʘʡʥʝʨʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ ʧʨʦʜʫʢʮʠʠ ʢʦʥʝʯʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ. 

ɻʘʨʤʦʥʠʯʥʦʝ ʩʦʯʝʪʘʥʠʝ ʵʩʪʝʪʠʢʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʦʟʚʦʣʷʝʪ 

ʰʚʝʡʥʳʤ ʠʟʜʝʣʠʷʤ ʫʩʧʝʰʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʩʪʨʘʥʳ, ʥʦ ʠ 

ʥʘ ʚʥʝʰʥʝʤ ʨʳʥʢʝ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʜʦʣʞʥʦ 

ʦʧʠʨʘʪʴʩʷ ʥʘ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ, ʚʢʣʶʯʘʶʱʠʡ 

ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʘʩʧʝʢʪʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʣʛʦʩʨʦʯʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʩʰʠʨʝʥʠʶ ʨʳʥʦʯʥʳʭ ʧʦʟʠʮʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ 

[3]. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʪʝʥʜʝʥʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʥʝʜʨʝʥʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʜʝʬʝʢʪʳ, ʘ ʪʘʢʞʝ 

ʬʦʨʤʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʦʙʣʝʛʯʘʶʱʠʝ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ [2]. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʫʩʪʦʡʯʠʚʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʤʠʨʦʚʳʤ 

ʪʨʝʥʜʘʤ ʠ ʬʦʨʤʠʨʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʤʠʜʞ ʢʦʤʧʘʥʠʠ. ʇʦʪʨʝʙʠʪʝʣʠ ʚʩʸ 

ʯʘʱʝ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ. ʕʪʦ ʪʨʝʙʫʝʪ ʦʪ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ ʪʦʣʴʢʦ 

ʪʝʭʥʠʯʝʩʢʠʭ, ʥʦ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʩʝʨʪʠʬʠʢʘʮʠʶ ʧʨʦʜʫʢʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, Oeko-Tex) [1]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʞʝ ʚʘʞʥʘ ʛʠʙʢʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʦʜ ʠʟʤʝʥʷʶʱʠʝʩʷ ʪʨʝʙʦʚʘʥʠʷ ʨʳʥʢʘ. 

ʂʦʤʧʘʥʠʠ, ʚʥʝʜʨʷʶʱʠʝ ʤʦʜʫʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠ 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʨʠʥʮʠʧʳ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʦʙʠʚʘʶʪʩʷ ʣʫʯʰʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʩʪʘʙʠʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʩʦʢʨʘʱʝʥʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʟʜʝʨʞʝʢ [3]. 

 

ɺʳʚʦʜʳ: 

 

1. ʂʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ, ʪʘʢ ʢʘʢ ʥʘʧʨʷʤʫʶ 

ʚʣʠʷʝʪ ʥʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ, ʫʨʦʚʝʥʴ ʧʨʦʜʘʞ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʨʳʥʢʝ. 
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2. ʂʣʶʯʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ 

ʷʚʣʷʶʪʩʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʩʪʦʷʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʟʘʥʷʪʳʭ ʢʘʢ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʪʘʢ ʠ ʚ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ. 

3. ɺʥʝʜʨʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʪʘʢʠʭ ʢʘʢ ISO 9001, ʘ ʪʘʢʞʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ (ʥʘʧʨʠʤʝʨ, Oeko-Tex), ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʦʚʝʨʠʷ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʧʘʨʪʥʸʨʦʚ, ʦʪʢʨʳʚʘʷ 

ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʳʥʢʘʭ. 

4. ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʥʝʜʨʝʥʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʪʨʦʣʷ, ʫʩʢʦʨʠʪʴ ʦʙʨʘʙʦʪʢʫ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ 

ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

5. ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʨʳʥʢʘ ʪʨʝʙʫʶʪ ʦʪ ʧʨʝʜʧʨʠʷʪʠʡ ʣʸʛʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʛʠʙʢʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʙʳʩʪʨʦʡ ʘʜʘʧʪʘʮʠʠ ʧʦʜ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʟʘʧʨʦʩʳ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ 

ʧʨʠʤʝʥʝʥʠʶ ʙʝʨʝʞʣʠʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʦʜʫʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʠʥʥʦʚʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʰʚʝʡʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 

ʊʘʜʞʠʢʠʩʪʘʥʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ, ʘʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʠ 

ʧʦʩʪʦʷʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ ʨʳʥʢʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʳʩʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʥʦ ʠ ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ 

ʫʢʨʝʧʣʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʙʨʝʥʜʘ ʠ ʧʨʦʜʚʠʞʝʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʪʝʢʩʪʠʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ. 
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ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʜʦʙʘʚʣʝʥʠʷ ʜʝʵʤʫʣʴʛʘʪʦʨʘ ʚ ʦʙʦʨʦʪʥʫʶ 

ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʜʦʙʘʚʣʝʥʠʷ 

ʜʝʵʤʫʣʴʛʘʪʦʨʘ ʚ ʦʙʦʨʦʪʥʫʶ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʫʣʫʯʰʝʥʠʝ ʝʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʜʝʵʤʫʣʴʛʘʪʦʨʦʚ, ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʦʭʣʘʞʜʘʶʱʠʭ 

ʞʠʜʢʦʩʪʝʡ. ʆʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 

ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ, ʫʣʫʯʰʝʥʠʝ, ʜʝʵʤʫʣʴʛʘʪʦʨ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ. 

 

Berezutsky D.S., Odoevtseva M.V. 

 

Numerical method of adding a demulsifier to a circulating cooling 

system 
 

Abstract: This article presents a numerical method for adding a demulsifier to a 

circulating cooling system, aimed at improving its efficiency and reducing energy costs. 

The basic principles of operation of demulsifiers and their effect on the properties of 

coolants are considered. The results of numerical experiments confirming the 

effectiveness of the proposed approach are described, and recommendations for 

optimizing the system parameters are proposed. The analysis allows us to conclude that 

it is advisable to use this method in industrial conditions to increase the reliability and 

stability of cooling systems. 

Keywords: numerical method, improvement, demulsifier, efficiency, reliability 

improvement. 

 

ɺʚʝʜʝʥʠʝ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʘʤ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʦʙʦʨʦʪʥʳʭ ʩʠʩʪʝʤ 

ʦʭʣʘʞʜʝʥʠʷ, ʛʜʝ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʦʮʝʩʩʳ ʵʤʫʣʴʛʠʨʦʚʘʥʠʷ ʠ 

ʜʝʵʤʫʣʴʛʠʨʦʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʜʝʵʤʫʣʴʛʘʪʦʨʦʚ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʝʪ 
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ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʫʣʫʯʰʠʚ ʪʝʧʣʦʦʪʚʦʜ ʠ ʩʥʠʟʠʚ 

ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʜʦʙʘʚʣʝʥʠʷ 

ʜʝʵʤʫʣʴʛʘʪʦʨʘ ʚ ʦʙʦʨʦʪʥʫʶ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ. ʀʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʳ 

ʩʪʨʝʤʠʤʩʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʦʙʘʚʣʝʥʠʷ ʜʝʵʤʫʣʴʛʘʪʦʨʘ ʚ ʦʙʦʨʦʪʥʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

 

ɸʥʘʣʠʟ ʥʘʨʫʰʝʥʠʡ ʚ ʨʘʙʦʪʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʝʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ.  

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʝʝ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʥʦ ʠ ʧʨʦʪʝʢʘʥʠʝ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʦʙʦʨʦʪʥʳʭ ʩʠʩʪʝʤ ʜʦʣʞʝʥ 

ʚʳʧʦʣʥʷʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦ, ʪʘʢ ʢʘʢ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʠ ʥʝ ʚʩʝʛʜʘ ʚʣʠʷʥʠʝ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ ʯʠʩʪʦʤ ʚʠʜʝ. ʕʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʰʝʥʘ ʣʠʰʴ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʠʩʪʝʤʳ ʢʘʢ ʝʜʠʥʦʛʦ ʮʝʣʦʛʦ ʩ ʫʯʝʪʦʤ ʚʩʝʭ 

ʚʣʠʷʶʱʠʭ ʥʘ ʝʝ ʨʘʙʦʪʫ ʬʘʢʪʦʨʦʚ. 

ɺʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ; ʚ ʨʘʙʦʪʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʨʝʘʛʝʥʪʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʢʘʢ ʩʧʦʩʦʙ ʜʦʚʝʜʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ ʜʦ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ɼʣʷ ʦʮʝʥʢʠ ʨʦʣʠ ʬʘʢʪʦʨʦʚ ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ (ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʦʨʦʪʥʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠʤʝʥʷʣʩʷ 

ʤʝʪʦʜ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ 

ʧʘʨʘʤʝʪʨʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʨʠʥʷʪʳʭ ʠʥʪʝʨʚʘʣʘʭ ʠʟʤʝʥʝʥʠʷ 

ʬʘʢʪʦʨʦʚ. ʇʨʠ ʚʳʙʦʨʝ ʬʘʢʪʦʨʦʚ ʠ ʠʥʪʝʨʚʘʣʦʚ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ, 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ [1]. 

ɺʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʫʨʦʚʝʥʴ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ, 

ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʢʨʠʪʝʨʠʝʤ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʘ ʠʟ ʬʫʥʢʮʠʡ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʧʨʦʮʝʩʩ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ 

ʧʦʠʩʢ ʟʥʘʯʝʥʠʡ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʵʢʩʪʨʝʤʫʤ 

ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ (ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʣʦʞʝʥʥʳʭ ʥʘ ʚʩʝ 

ʚʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ ʠ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ). 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʜʚʫʭ ʬʘʢʪʦʨʦʚ:  

1 ʌʘʢʪʦʨ ʍ1ïʦʙʲʝʤ ʨʝʘʛʝʥʪʘ, ʤʣ 

2 ʌʘʢʪʦʨ ʍ2ï ʚʨʝʤʷ ʦʪʩʪʘʠʚʘʥʠʷ, ʤʠʥ 

ʉʭʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʠ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʋʨʦʚʥʠ ʧʝʨʝʤʝʥʥʳʭ ʚ ʫʩʣʦʚʥʳʭ ʠ ʥʘʪʫʨʘʣʴʥʳʭ ʝʜʠʥʠʮʘʭ  

ʌʘʢʪʦʨʳ 

ʄʠʥʠʤʘ

ʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʄʘʢʩ

ʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ɿʥʘʯʝʥʠʷ 

ʫʨʦʚʥʝʡ 

ʧʝʨʝʤʝʥʥʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʫʩʣʦʚʥʳʤ ʝʜ. 

min 
ʩ

ʨ 

m

ax 

ʆʙʲʝʤ ʨʝʘʛʝʥʪʘ , ʤʣ 

(X1) 
2,5 10 -1 0 1 

ɺʨʝʤʷ 

ʦʪʩʪʘʚʘʥʠʷ,ʤʠʥ (ʍ2) 
10 60 -1 0 1 

ʇʨʠʥʷʪʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

i(ʩʨ)ʭ  - ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʘ; 

h ï ʰʘʛ ʚʘʨʴʠʨʦʚʘʥʠʷ; 

îý

î
ü
û

+=

-=

+

-

hʭʭ

hʭʭ

)ʩʨ(i(min)1i

)ʩʨ(i(min)1i
      

ʌʦʨʤʫʣʳ ʧʝʨʝʚʦʜʘ ʚ ʫʩʣʦʚʥʳʡ ʤʘʩʰʪʘʙ ʜʣʷ 

  ʭ,ʭ,ʭ )ʩʨi(i(max)i(min) ʩʣʝʜʫʶʱʠʝ: 

î
î
ý

îî
ü

û

=-=

+=-=

-=-=

0h/)xx(x

1h/)xx(x

1h/)xx(x

)ʩʨ(i)ʩʨ(i)ʩʨ(i

)ʩʨ(i(max)i(max)i

)ʩʨ(i(min)i(min)i

     

ʃʶʙʦʝ ʟʥʘʯʝʥʠʝ ʭi, ʟʘʢʣʶʯʝʥʥʦʝ ʤʝʞʜʫ ,ʭʠʭ i(max)i(min) ʧʝʨʝʚʦʜʠʪʩʷ 

ʚ ʫʩʣʦʚʥʳʡ ʤʘʩʰʪʘʙ ʧʦ ʬʦʨʤʫʣʝ: 

h/)xx(x )ʩʨ(iii -=       

ʛʜʝ iʭ - ʟʥʘʯʝʥʠʝ ʠʟʫʯʘʝʤʦʛʦ ʬʘʢʪʦʨʘ ʚ ʫʩʣʦʚʥʦʤ ʤʘʩʰʪʘʙʝ, ʘ iʭ - ʚ 

ʬʠʟʠʯʝʩʢʠʭ. ɽʜʠʥʠʮʘʭ [2]. 

ɺʩʝ ʨʘʩʯʝʪʳ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʚʦʜ 

ʟʥʘʯʝʥʠʷ ʠʟʫʯʘʝʤʦʛʦ ʬʘʢʪʦʨʘ ʠʟ ʥʘʪʫʨʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ ʚ ʫʩʣʦʚʥʳʡ.  

 ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʦʙʲʝʤʘ ʜʦʟʠʨʫʝʤʦʛʦ 

ʨʝʘʛʝʥʪʘ -ʜʝʵʤʫʣʴʛʘʪʦʨʘ 2495 (ʬʠʨʤʳ ʅʘʣʢʦ) ʠ ʚʨʝʤʝʥʠ ʦʪʩʪʘʠʚʘʥʠʷ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʦʙʦʨʦʪʥʦʡ ʚʦʜʝ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 

ʨʝʘʛʝʥʪʘ  
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 Y =23,39+42,14ĀX1+19,59ĀX2 -51,95ĀX1
2+200,29X2

2+34,13ĀX1ĀX2 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ -10,0% 

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʬʘʢʪʦʨʦʚ: ʦʙʲʝʤ ʜʦʟʠʨʫʝʤʦʛʦ ʨʝʘʛʝʥʪʘ ʠ ʚʨʝʤʷ ʦʪʩʪʘʠʚʘʥʠʷ ʛʨʷʟʥʦʛʦ 

ʮʠʢʣʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʦʙʦʨʦʪʥʦʡ ʚʦʜʝ [3]. 

ʈʘʙʦʪʘ ʨʝʘʛʝʥʪʘ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʥʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 10 

ʤʣ ʨʝʘʛʝʥʪʘ ʠ ʦʪʩʪʘʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʠ 10 ʤʠʥʫʪ ʙʳʣ ʧʦʣʫʯʝʥ ʥʘʠʣʫʯʰʠʡ 

ʨʝʟʫʣʴʪʘʪ: ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʨʘʙʦʯʝʡ ʧʨʦʙʝ ʩʦʩʪʘʚʠʣʦ 47,2 

ʤʛ/ʜʤ3, ʯʪʦ ʚ 26 ʨʘʟ ʤʝʥʴʰʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ(1222 ʤʛ /ʜʤ3) ʚ 

ʠʩʭʦʜʥʦʡ ʧʨʦʙʝ (ʨʠʩʫʥʦʢ 1) [4]. 

 
ʈʠʩʫʥʦʢ 1 ï ɺʣʠʷʥʠʝ ʦʙʲʝʤʘ ʨʝʘʛʝʥʪʘ ʠ ʚʨʝʤʝʥʠ ʦʪʩʪʘʚʘʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʝ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʳʪʦʚ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʤʘʩʣʘ, ʦʩʘʞʜʘʝʤʦʛʦ 

ʥʘ ʦʢʘʣʠʥʫ ʠ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʚʦʜʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʜʝʵʤʫʣʴʛʘʪʦʨʘ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʤʘʩʣʘ ʚʩʧʣʳʚʘʝʪ, ʪ.ʝ. 

ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʫʜʘʣʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ; ʦʙʦʨʦʪʥʘʷ ʚʦʜʘ ʠ 

ʩʪʘʥʦʚʷʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʯʠʱʝ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʉ ʫʯʝʪʦʤ ʩʨʝʜʥʝʛʦ ʨʘʩʭʦʜʘ ʜʝʵʤʫʣʴʛʘʪʦʨʘ 2495 - 0.4-0.5 ʤʛ/ʜʤ; 

ʩʪʦʠʤʦʩʪʠ ʧʦʪʝʨʴ ʚʦʜʳ (ʧʦʢʫʧʢʠ ʠ ʧʣʘʪʳ ʟʘ ʩʙʨʦʩ); ʩʥʠʞʝʥʠʷ ʦʧʣʘʪʳ 

ʟʘ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ; ʩʥʠʞʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ (ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ 

ʥʘ ʝʞʝʛʦʜʥʫʶ ʦʯʠʩʪʢʫ ʨʝʟʝʨʚʫʘʨʘ, ʩʥʠʞʝʥʠʝ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʥʘʩʦʩʦʚ, 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʪ.ʜ.); ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʚʦʟʚʨʘʪʘ 

ʦʢʘʣʠʥʳ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʦʩʪʘʚʠʪ 3,98 ʤʣʥ. ʨʫʙ.ʚ ʛʦʜ.  
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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1. ʇʨʦʩʢʫʨʷʢʦʚ ɺ.ɸ. ʆʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ / ɺ.ɸ. 

ʇʨʦʩʢʫʨʷʢʦʚ, ʃ.ʀ. ʐʤʠʜʪ. ï ʃʝʥʠʥʛʨʘʜ: ʍʠʤʠʷ, 1977. ï 464 ʩ. 

2. ɹʦʣʴʰʠʥʘ, ɽ.ʇ. ʕʢʦʣʦʛʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʢʫʨʩ ʣʝʢʮʠʡ / 

ɹʦʣʴʰʠʥʘ, ɽ.ʇ. ï ʅʦʚʦʪʨʦʠʮʢ: ʅʌ ʅʀʊʋ çʄʀʉʠʉè, 2012. ï 155 ʩ. 

3. ʐʤʠʛʦʣʴ, ɺ.ɺ. ʄʝʪʦʜʳ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʦʙʦʨʦʪʥʳʭ ʩʠʩʪʝʤʘʭ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ / ɺ.ɺ., ʐʤʠʛʦʣʴ, ʂ.ʀ. ʊʝʥ // ʊʨʘʜʠʮʠʠ ʠ ʠʥʥʦʚʘʮʠʠ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʘʨʭʠʪʝʢʪʫʨʝ. ʉʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï ʉʘʤʘʨʘ. - 2016. ï ʩ.211-214. 

4. ɺʠʣʴʩʦʥ, ɽ.ɺ. ʄʝʪʦʜʦʣʦʛʠʷ ʚʳʙʦʨʘ ʢʦʘʛʫʣʷʥʪʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ / 

ɽ.ɺ. ɺʠʣʴʩʦʥ, ʅ.ʉ. ʉʝʨʧʦʢʨʳʣʦʚ, ɻ.ʅ. ɿʝʤʯʝʥʢʦ, ʉ.ɺ. ɻʝʪʤʘʥʮʝʚ // ɺʝʩʪʥʠʢ 

ʛʨʘʞʜʘʥʩʢʠʭ ʠʥʞʝʥʝʨʦʚ. ï 2007. ï ˉ 3(12). ï ʉ. 52-57. 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ:  

ɹʝʨʝʟʫʮʢʠʡ ɼʘʥʠʣ ʉʝʨʛʝʝʚʠʯ, ʠʥʞʝʥʝʨ, ɸʆ çɺʊɿè, ɺʦʣʞʩʢʠʡ, ʈʦʩʩʠʷ 

ʆʜʦʝʚʮʝʚʘ ʄʘʨʠʥʘ ɺʷʯʝʩʣʘʚʦʚʥʘ, ʢ.ʪ.ʥ,,ʜʦʮʝʥʪ, ʅʀʋ çʄʕʀè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

Berezutsky Danil Sergeevich, JSC "VTZ", engineer  

Odoevtseva Marina Vyacheslavovna, NRU "MEI", Candidate of Technical Sciences,Associate Professor 
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ʋɼʂ 004.021 

 

ʅʝʣʝʧʦʚ ʈ.ɸ.,  
ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅʇʀ) ʠʤʝʥʠ ʄ.ʀ. ʇʣʘʪʦʚʘ, 

ʅʦʚʦʯʝʨʢʘʩʩʢ, ʈʦʩʩʠʷ 
  

ʆʙʟʦʨ ʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, 

ʚʳʷʚʣʝʥʠʝ ʠʭ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʜʣʷ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʨʝʰʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʙʨʘʢʦʚʘʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ, ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʩʨʘʚʥʝʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘ 

ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝʣʷʶʪʩʷ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʚʳʙʦʨ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʚʳʷʚʣʝʥʠʝ, ʙʨʘʢʦʚʘʥʥʘʷ ʧʨʦʜʫʢʮʠʷ, 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʜʦʩʪʦʠʥʩʪʚʘ, ʥʝʜʦʩʪʘʪʢʠ, 

ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ 

 
 

Nelepov R. A.  
 

Review and analysis of existing software solutions, identification 

of their advantages and disadvantages for automated detection of 

defective products using computer vision or artificial intelligence 
 

Abstract: The article provides an overview and analysis of current software solutions 

used for automated detection of defective products using computer vision and artificial 

intelligence technologies. The existing systems, their functionality, as well as 

advantages and disadvantages are considered. Particular attention is paid to comparing 

image processing, machine learning, and deep learning algorithms, as well as their 

effectiveness in different production environments. Based on the analysis, the key 

factors influencing the choice of the system are identified, as well as recommendations 

for optimizing quality control processes. 

Keywords: automated detection, defective products, computer vision, artificial 

intelligence, advantages, disadvantages, quality control 
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ɺʚʝʜʝʥʠʝ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʟʘʜʘʯ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ 

ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʳʡ ʪʨʘʜʠʮʠʦʥʥʦ ʚʳʧʦʣʥʷʣʩʷ ʚʨʫʯʥʫʶ, 

ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʣʦ ʝʛʦ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ. ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʧʦʷʚʠʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʣʫʯʰʠʪʴ ʝʛʦ ʧʦʢʘʟʘʪʝʣʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʚʥʝʜʨʝʥʠʝʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. ʅʘʧʨʠʤʝʨ, ʚʳʙʦʨ 

ʧʦʜʭʦʜʷʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʠ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʦʙʟʦʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʘʥʘʣʠʟ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʳʷʚʣʝʥʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ 

ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʟʥʘʥʠʷ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʝʜʣʦʞʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʠ ʚʥʝʜʨʝʥʠʶ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ 

 

ʉʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʢʦʤʧʴʶʪʝʨʘʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʚʠʟʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. ʕʪʠ 

ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʛʜʝ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. ʇʦʷʚʣʝʥʠʝ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʜʘʪʠʨʫʝʪʩʷ 1980-ʤʠ 

ʛʦʜʘʤʠ, ʢʦʛʜʘ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩʜʝʣʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʥʘ ʢʦʥʚʝʡʝʨʘʭ. ʉ ʪʝʭ ʧʦʨ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ʩʪʘʣʦ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʘʥʘʣʠʟʘ ʠ ʤʠʥʠʤʠʟʠʨʫʷ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. 
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ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʟʘʭʚʘʪʝ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨ, ʝʸ ʦʙʨʘʙʦʪʢʝ ʠ 

ʘʥʘʣʠʟʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ 

ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ, ʧʦʩʣʝ ʯʝʛʦ ʘʣʛʦʨʠʪʤʳ ʚʳʜʝʣʷʶʪ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʪʘʢʠʝ ʢʘʢ ʬʦʨʤʳ, ʪʝʢʩʪʫʨʳ ʠʣʠ ʮʚʝʪʦʚʳʝ ʘʥʦʤʘʣʠʠ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ 

ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ. ʇʦʣʫʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʨʦʛʦʚʦʡ 

ʦʙʨʘʙʦʪʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ. 

ʂʣʘʩʩʠʬʠʮʠʨʫʷ ʟʘʜʘʯʠ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʪʘʢʠʝ ʢʘʢ ʨʘʙʦʪʘ ʩ ʚʠʜʝʦʧʦʪʦʢʦʤ ʠ ʘʥʘʣʠʟ ʦʪʜʝʣʴʥʳʭ ʩʥʠʤʢʦʚ (ʅʘʫʯʥʦ-

ʠʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɸʢʪʫʘʣʴʥʦʩʪʴ.ʈʌè, 2017). ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʧʨʠʤʝʥʷʶʪ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʚʢʣʶʯʘʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʘʥʘʣʠʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

MarketsandMarkets ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʪʝʭʥʦʣʦʛʠʡ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʩʪʫʱʫʶ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʵʪʠʭ ʩʠʩʪʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. 

 

ʈʦʣʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ 

 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʠ ʦʙʫʯʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ. ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʢʣʶʯʘʶʪ ʘʣʛʦʨʠʪʤʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʝʬʝʢʪʦʚ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʠʤʝʥʷʶʱʠʝ 

ʘʣʛʦʨʠʪʤʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ çʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʚʳʷʚʣʝʥʠʝ ʙʨʘʢʦʚʘʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠè (ʇʦʧʦʚ, 2018. 1 ʩ.). ʅʘʧʨʠʤʝʨ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩʧʦʩʦʙʥʳ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʜʘʥʥʳʭ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʀʀ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ. 

ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʷ Tesla ʚʥʝʜʨʠʣʘ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ 

ʧʨʦʮʝʥʪ ʙʨʘʢʘ ʥʘ 15%. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, Samsung ʠʩʧʦʣʴʟʫʝʪ ʀʀ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʘ ʩʚʦʠʭ ʟʘʚʦʜʘʭ, ʛʜʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʦ 99% ʧʨʦʜʫʢʮʠʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʷʚʣʷʝʪ ʜʝʬʝʢʪʳ, ʯʪʦ ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ (ɸʙʜʫʣʣʠʥ, ɻʘʣʠʤʦʚ, 2025. 4 ʩ.). ʕʪʠ ʧʨʠʤʝʨʳ 

ʧʦʜʯʝʨʢʠʚʘʶʪ, ʢʘʢ ʀʀ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. 
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ɺʥʝʜʨʝʥʠʝ ʀʀ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʠʥʦʩʠʪ 

ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ 

ʜʝʬʝʢʪʦʚ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʀʩʩʣʝʜʦʚʘʥʠʝ McKinsey ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʀʀ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ 20-30%. ʇʨʠ ʵʪʦʤ ʚʥʝʜʨʝʥʠʝ 

ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʧʨʷʞʝʥʦ ʩ ʚʳʟʦʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ, ʩʣʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʘʭ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʌʠʥʘʥʩʦʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ çʧʦʜʩʠʩʪʝʤʘ ʙʶʜʞʝʪʠʨʦʚʘʥʠʷ ʚ ç1ʉ: ʋʧʨʘʚʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤè ʚʢʣʶʯʘʝʪ ʬʫʥʢʮʠʠ ʬʠʥʘʥʩʦʚʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ, ʫʯʝʪʘ ʠ ʢʦʥʪʨʦʣʷ ʜʦʭʦʜʦʚ ʠ ʨʘʩʭʦʜʦʚ ʢʘʢ ʥʘ ʫʨʦʚʥʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʥʘ ʫʨʦʚʥʝ ʎʌʆè (ʉʫʢʠʘʩʷʥ, 2015, ʩ. 4). 

ʀʥʪʝʛʨʘʮʠʷ ʀʀ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ 

ʬʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

 

ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʚʳʷʚʣʝʥʠʷ ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʇʨʠʤʝʥʝʥʠʝ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʝʣʢʠʭ ʜʝʬʝʢʪʦʚ. ʂʘʢ ʦʪʤʝʯʘʝʪ 

ʂʘʙʘʯʥʠʢ (2022), çʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʠʣʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʪʨʝʙʫʶʪ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʦʱʥʳʭ 

ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡè. ɺ 

ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʢʦʤʧʘʥʠʠ, ʪʘʢʠʝ ʢʘʢ NVIDIA ʠ Intel, ʘʢʪʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʩʩʦʨʳ, ʢʦʪʦʨʳʝ ʫʩʢʦʨʷʶʪ 

ʚʳʧʦʣʥʝʥʠʝ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʕʪʦ ʜʝʣʘʝʪ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʀʥʪʝʛʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʣʠʥʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʠ ʨʝʰʝʥʠʷ ʥʝ ʪʦʣʴʢʦ 

ʧʦʟʚʦʣʷʶʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʜʝʬʝʢʪʳ, ʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦ ʚʥʦʩʠʪʴ ʢʦʨʨʝʢʪʠʚʳ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ. ɺ ʯʘʩʪʥʦʩʪʠ, çʩʝʛʦʜʥʷ ʦʜʥʠʤ ʠʟ ʤʝʥʝʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʭ ʵʪʘʧʦʚ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʪʝʢʩʪʠʣʴʥʦʡ ʠ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʠ 

ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè (ɺʦʨʦʥʢʦʚʘ, 2022. 41 ʩ.). 

ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʧʨʦʮʝʩʩʦʨʦʚ ʫʣʫʯʰʘʝʪ 

ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʠʭ ʠʥʪʝʛʨʘʮʠʶ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ 
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ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʠ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ. 

 

ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ 

 

ʇʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ 

ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ. ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʚʢʣʶʯʘʶʪ ʩʠʩʪʝʤʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ, ʩʦʨʪʠʨʦʚʢʠ, ʠʟʤʝʨʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʕʪʠ 

ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ 

ʚʳʷʚʣʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ, ʪʨʝʱʠʥ ʠʣʠ ʠʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ, ʪʦʛʜʘ ʢʘʢ ʩʠʩʪʝʤʳ ʩʦʨʪʠʨʦʚʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʧʦ ʢʘʪʝʛʦʨʠʷʤ. ʀʟʤʝʨʠʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʶʪ ʪʦʯʥʳʝ ʟʘʤʝʨʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ, 

ʘ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʟʘʥʠʤʘʶʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʧʨʦʜʫʢʮʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʯʝʪʢʦ ʚʳʜʝʣʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ, ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʥʘʟʥʘʯʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʩʧʦʩʦʙʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʚʳʷʚʣʷʪʴ ʤʝʣʴʯʘʡʰʠʝ ʠʟʲʷʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʨʦʜʫʢʮʠʠ, ʠʩʧʦʣʴʟʫʷ 

ʘʣʛʦʨʠʪʤʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʉʦʨʪʠʨʦʚʦʯʥʳʝ 

ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʷ 

ʨʘʩʧʨʝʜʝʣʷʪʴ ʠʟʜʝʣʠʷ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʮʠʠ ʚ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ. ʅʘʢʦʥʝʮ, ʩʠʩʪʝʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʨʦʜʫʢʮʠʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʣʦʛʠʩʪʠʢʠ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. ʕʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʣʘʶʪ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʝʟʘʤʝʥʠʤʳʤʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʠʩʪʝʤʫ Cognex In-Sight, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʣʷ ʠʥʩʧʝʢʮʠʠ ʠ ʘʥʘʣʠʟʘ 

ʧʨʦʜʫʢʮʠʠ. ʕʪʘ ʩʠʩʪʝʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ 

ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ 

ʙʠʙʣʠʦʪʝʢʘ OpenCV, ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʦʙʰʠʨʥʳʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʚʢʣʶʯʘʷ ʟʘʜʘʯʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʩʦʨʪʠʨʦʚʢʠ. TensorFlow, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʤʝʥʷʝʪʩʷ 
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ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ çʠʩʢʘʞʝʥʠʝ ʬʦʨʤʳ ʰʪʘʤʧʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠ 

ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʠ ʬʦʨʤʦʠʟʤʝʥʷʶʱʠʭ ʦʧʝʨʘʮʠʷʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚʠʜʦʚ ʙʨʘʢʘ ʚ ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʝè 

(ʉʝʚʝʨʜʝʥʢʦ, ʆʚʯʠʥʥʠʢʦʚ, ʈʦʟʝʥʙʝʨʛ, 1973. 1 ʩ.). ʕʪʠ ʧʨʠʤʝʨʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ 

ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʩʠʩʪʝʤ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. 

 

ɸʥʘʣʠʟ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʦʧʫʣʷʨʥʳʭ ʩʠʩʪʝʤ 

 

ʇʦʧʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʪʘʢʠʝ 

ʢʘʢ OpenCV ʠ TensorFlow, ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʠʥʜʫʩʪʨʠʠ. OpenCV ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʠʟʫʘʣʴʥʳʝ ʜʘʥʥʳʝ. TensorFlow, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʜʣʷ ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʢʦʥʪʨʦʣʷ. ʕʪʠ ʩʠʩʪʝʤʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʛʠʙʢʦʩʪʴʶ ʚ ʥʘʩʪʨʦʡʢʝ ʠ 

ʠʥʪʝʛʨʘʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʉʨʝʜʠ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

çʦʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʣʫʯʘʡʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʠʟʦʙʨʘʞʝʥʠʷ ʩ 

ʢʨʳʰʢʦʡ. ʌʨʘʛʤʝʥʪʳ ʤʦʛʣʠ ʥʝ ʩʦʜʝʨʞʘʪʴ ʥʠ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʦʢʘʟʘʣʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʪ. ʢ. ʚ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʤʦʜʝʣʴ ʧʝʨʝʦʙʫʯʘʣʘʩʴè (ʀʚʘʥʶʢ, ʃʫʟʘʥ, ɻʦʣʦʚʢʦ, 

ʅʦʚʠʢ, ʙ. ʛ. 5 ʩ.). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʠ ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ 

ʧʝʨʝʦʙʫʯʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʜʝʞʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ. 

ʂ ʦʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʦʪʥʦʩʠʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʪʴ ʫʨʦʚʝʥʴ ʜʝʬʝʢʪʦʚ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʜʝʬʝʢʪʦʚ ʥʘ 30-40%. ʆʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʩʦʢʨʘʱʘʶʪ 

ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. ɺ 

ʣʠʩʪʦʰʪʘʤʧʦʚʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʙʲʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʠʟʜʝʣʠʡ. ʉʠʩʪʝʤʳ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʂʦʩʪʶʯʝʥʢʦ, 

2022, ʩ. 1). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʩʫʨʩʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ. 
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ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʠʤʝʶʪ ʠ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʆʜʥʠʤ ʠʟ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʘʢʠʭ 

ʨʝʰʝʥʠʡ. ɼʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʚ 

ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʦʞʥʦʩʪʴ 

ʠʥʪʝʛʨʘʮʠʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ. ɺ ʵʪʦʤ 

ʢʦʥʪʝʢʩʪʝ ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʥʪʨʦʣʷ ʜʝʬʝʢʪʦʚ 

ʠʟʜʝʣʠʡ ʠʟ AlSiC ʩ ʧʦʤʦʱʴʶ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʥʝʡʨʦʥʥʫʶ 

ʩʝʪʴ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʦʙʫʯʝʥʠʝʤ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ (ɸʥʜʨʠʷʥʦʚ, 2024. 128 ʩ.). 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʧʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ OpenCV ʠ 

TensorFlow, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ 

ʩʠʣʴʥʳʤʠ ʩʪʦʨʦʥʘʤʠ. OpenCV ʚʳʜʝʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʙʦʛʘʪʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ TensorFlow 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʦʱʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʝʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʦʙʝ ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʠ 

ʚʥʝʜʨʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ 

ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ çʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʜʣʘʛʘʶʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, 

ʧʣʘʪʬʦʨʤʫ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʩʣʫʛʠ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʜʦʩʪʫʧʥʫʶ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʩʨʝʜʫ ʦʙʫʯʝʥʠʷè (ʂʘʧʣʫʥ, 2024, ʩ. 12), ʯʪʦ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʤʘʣʳʤ ʢʦʤʧʘʥʠʷʤ ʧʨʝʦʜʦʣʝʪʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʙʘʨʴʝʨʦʚ. 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʨʷʜʝ ʢʣʶʯʝʚʳʭ ʢʨʠʪʝʨʠʝʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʘʚʠʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʝʬʝʢʪʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʡ ʩ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. ʅʘʜʝʞʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʠʛʨʘʶʪ 

ʟʥʘʯʠʤʫʶ ʨʦʣʴ, ʪʘʢ ʢʘʢ ʦʥʠ ʚʣʠʷʶʪ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʧʨʦʩʪʦʝʚ ʠ ʦʰʠʙʦʢ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʩʪʦʚʳʝ 

ʥʘʙʦʨʳ ʜʘʥʥʳʭ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʨʝʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʨʝʰʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʨʠʢʠ, ʪʘʢʠʝ 

ʢʘʢ ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ. 

ʉʨʘʚʥʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʭ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ TensorFlow ʠ PyTorch, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 

ʜʝʬʝʢʪʦʚ, ʜʦʩʪʠʛʘʶʱʫʶ 95%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʘʶʪ ʦʢʦʣʦ 80%. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʷʭ ʩ 

ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʙʶʜʞʝʪʦʤ. 

ʇʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘʧʨʠʤʝʨ, 

ʢʦʤʧʘʥʠʷ Tesla ʚʥʝʜʨʠʣʘ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʘ 

ʩʚʦʠʭ ʩʙʦʨʦʯʥʳʭ ʣʠʥʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʥʘ 

30%. ɼʨʫʛʦʡ ʧʨʠʤʝʨ - ʧʨʠʤʝʥʝʥʠʝ ʨʝʰʝʥʠʡ ʥʘ ʙʘʟʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʜʫʢʮʠʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ. ʕʪʠ ʧʨʠʤʝʨʳ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʧʦʪʝʥʮʠʘʣ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʘʜʘʧʪʘʮʠʠ ʩʠʩʪʝʤ ʧʦʜ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ 

 

ɸʜʘʧʪʘʮʠʷ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʦʜ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʠʭ ʚʥʝʜʨʝʥʠʷ, ʪʘʢ 

ʢʘʢ ʢʘʞʜʘʷ ʦʪʨʘʩʣʴ ʠʤʝʝʪ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʘʜʘʧʪʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʳʷʚʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ, ʛʜʝ ʚʦʟʤʦʞʥʳ ʜʝʬʝʢʪʳ, ʠ 

ʥʘʩʪʨʦʡʢʫ ʩʠʩʪʝʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʪʢʣʦʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʠʯʥʳʭ 

ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ, ʘ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ð ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʢʘʯʝʩʪʚʘ ʩʣʦʞʥʳʭ ʜʝʪʘʣʝʡ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

MarketsandMarkets, ʨʳʥʦʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 2,5 

ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ ʉʐɸ ʚ 2023 ʛʦʜʫ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʪʘʢʠʭ ʨʝʰʝʥʠʡ. 

ʇʨʠʤʝʨʳ ʫʩʧʝʰʥʦʡ ʘʜʘʧʪʘʮʠʠ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʭ ʧʦʪʝʥʮʠʘʣ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʷ 

Amazon Robotics ʚʥʝʜʨʠʣʘ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʥʘ ʩʚʦʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ ʥʘ 20%. ʕʪʦʪ ʩʣʫʯʘʡ ʠʣʣʶʩʪʨʠʨʫʝʪ, ʢʘʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 
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ʠʥʪʝʣʣʝʢʪ, ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʢʦʥʪʨʦʣʷ. ɺ ʪʝʢʩʪʠʣʴʥʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʘʜʘʧʪʘʮʠʷ 

ʩʠʩʪʝʤ ʚʢʣʶʯʘʝʪ ʥʘʩʪʨʦʡʢʫ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʠ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʉʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ 

ʥʘ ʣʶʙʳʝ ʦʪʢʣʦʥʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʙʨʘʢʘ (ʂʦʣʣʝʢʪʠʚ 

ʘʚʪʦʨʦʚ, 2023. 216 ʩ.). 

 

ʇʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʶ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʥʜʝʥʮʠʡ ʷʚʣʷʝʪʩʷ ʚʩʸ ʙʦʣʝʝ 

ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʠ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʠʩʪʝʤʘʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʙʫʯʘʪʴʩʷ ʠ 

ʫʣʫʯʰʘʪʴ ʩʚʦʠ ʘʣʛʦʨʠʪʤʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, 

ʩʦʛʣʘʩʥʦ ʦʪʯʝʪʫ ʢʦʤʧʘʥʠʠ McKinsey & Company ʟʘ 2021 ʛʦʜ, ʧʨʠʤʝʥʝʥʠʝ 

ʀʀ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʘ 20ï30%, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɼʨʫʛʦʡ 

ʚʘʞʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʨʠʷʪʠʷʤ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩʳ ʘʥʘʣʠʟʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʟʚʠʪʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʪʦʯʥʳʤʠ 

ʙʣʘʛʦʜʘʨʷ ʫʣʫʯʰʝʥʠʶ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʕʪʠ ʪʝʥʜʝʥʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ. 

ɺʣʠʷʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʪʦʯʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ. 

ʅʘʧʨʠʤʝʨ, ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʢʦʪʦʨʳʝ, ʧʦ ʜʘʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ MarketsandMarkets, ʢ 2027 ʛʦʜʫ ʜʦʩʪʠʛʥʫʪ ʦʙʲʝʤʘ ʨʳʥʢʘ ʚ 48 

ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ, ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʜʝʬʝʢʪʦʚ ʧʨʦʜʫʢʮʠʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʤʘʩʩʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʛʜʝ ʦʰʠʙʢʠ ʤʦʛʫʪ ʠʤʝʪʴ ʩʝʨʴʸʟʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʩʪʚʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʨʠʷʪʠʷʤ ʙʳʩʪʨʝʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʪʢʨʳʚʘʝʪ ʧʝʨʝʜ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ 
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ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʚʥʝʜʨʝʥʠʝ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʰʘʛʦʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠʭ ʨʘʙʦʪʳ, ʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 

ʜʝʬʝʢʪʦʚ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʫʯʝʥʠʶ ʥʦʚʳʤ ʟʘʜʘʯʘʤ ʠ ʠʥʪʝʛʨʘʮʠʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʆʜʥʘʢʦ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ ʥʝʜʦʩʪʘʪʢʠ, 

ʚʢʣʶʯʘʷ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʧʝʮʠʬʠʯʝʩʢʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʩʣʦʞʥʦʩʪʠ ʘʜʘʧʪʘʮʠʠ ʢ ʫʥʠʢʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʠ ʘʩʧʝʢʪʳ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ 

ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ 

ʵʬʬʝʢʪʠʚʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʫʣʫʯʰʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʚʥʝʜʨʝʥʠʝ ʠ 

ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤ. ʕʪʠ ʫʩʠʣʠʷ ʩʤʦʛʫʪ 
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ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʪʚʝʪʳ ʥʘ ʪʠʧʦʚʳʝ ʚʦʧʨʦʩʳ ʩʪʫʜʝʥʪʦʚ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɺʥʝʜʨʝʥʠʝ ʯʘʪ-ʙʦʪʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ 

ʦʩʚʦʙʦʜʠʪʴ ʚʨʝʤʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʨʘʙʦʪʳ ʩ ʛʨʫʧʧʦʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʪ-ʙʦʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ 

ʩʪʫʜʝʥʪʘʤʠ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, 

ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʉʇʆ), ʩʪʘʣʢʠʚʘʶʪʩʷ 

ʩ ʚʳʟʦʚʘʤʠ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʤʝʞʜʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʠ ʩʪʫʜʝʥʪʘʤʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʠʥʥʦʚʘʮʠʡ ʩʪʘʣʠ ʯʘʪ-ʙʦʪʳ 

- ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʦʙʫʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʘʪ-ʙʦʪʳ, ʢʦʤʤʫʥʠʢʘʮʠʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʧʦʜʜʝʨʞʢʘ ʩʪʫʜʝʥʪʘ, ʣʠʯʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

 

Makarova V.A., Malysh A.E. 

 

A chatbot. An effective interactive tool for the educational process 
 

Abstract: The article examines the role of chatbots as an innovative tool in the system 

of secondary vocational education, capable of automating answers to typical questions 

from students and optimizing the work of teachers. The introduction of a chatbot into 

the educational system makes it possible to significantly simplify the process of 

obtaining information for students and free up teachers' time for deeper work with the 

group. The use of chatbots helps to improve communication between students and 

teachers, as well as increase the effectiveness of the educational process as a whole. 

Modern educational institutions, including secondary vocational education (SPE) 

systems, face the challenges of digitalization, which require new approaches to 

interaction between teachers and students. One of these innovations is chatbots, 

intelligent systems designed to automate communication and learning processes.  

Keywords: chatbots, communication, effectiveness of the educational process, student 

support, personal interaction. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʫʜʝʥʪʦʚ. ʇʦʪʨʝʙʥʦʩʪʴ 

file:///C:/Users/User/AppData/YandexDisk/Work/Парадигма.%20Лето-2016/Сборник/www.paradigma.science


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 5̄. ʏʘʩʪʴ 5 www.paradigma.science 

 

45 

 

ʩʪʫʜʝʥʪʦʚ ʚ ʙʳʩʪʨʦʤ ʜʦʩʪʫʧʝ ʢ ʠʥʬʦʨʤʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʨʘʩʧʠʩʘʥʠʝ, 

ʟʘʜʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ ʠ ʪ.ʜ.). 

ʇʦʩʪʝʧʝʥʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ 

ʪʨʫʜʘ. 

ʉʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʎʝʣʴ: ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʠ ʩʪʫʜʝʥʪʘʤʠ 

ʀʩʩʣʝʜʦʚʘʥʠʝ. ɺ ʦʧʨʦʩʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʦʥʣʘʡʥ-ʦʧʨʦʩ 24 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʪʦ ʙʳʣʠ 

ʞʝʥʱʠʥʳ ʜʦ 55 ʣʝʪ(ʨʠʩ.1). ʆʥʣʘʡʥ-ʦʧʨʦʩʥʠʢ ʠʟ ʚʦʧʨʦʩʦʚ ʟʘʢʨʳʪʦʛʦ ʠ 

ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ. ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ, 

ʘʥʢʝʪʠʨʦʚʘʥʠʝ, ʦʧʨʦʩ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

 

 
ʈʠʩ. 1 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʚʦʟʨʘʩʪʫ. 

 

ʂʦʥʢʨʝʪʥʳʝ ʮʝʣʠ, ʩʪʦʷʱʠʝ ʧʝʨʝʜ ʯʘʪ-ʙʦʪʦʤ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʢʨʫʛʣʦʩʫʪʦʯʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩʪʫʜʝʥʪʦʚ [1]. ʏʘʪ-

ʙʦʪʳ ʤʦʛʫʪ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ ʩʪʫʜʝʥʪʦʚ ʚ ʣʶʙʦʝ ʚʨʝʤʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʜʣʷ ʫʯʘʱʠʭʩʷ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʠʣʠ ʠʤʝʶʪ ʛʠʙʢʠʡ ʛʨʘʬʠʢ. ʏʘʪ-

ʙʦʪʳ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʢʘʢ ʥʘʧʦʤʠʥʘʥʠʷ ʦ ʩʨʦʢʘʭ ʩʜʘʯʠ 

ʟʘʜʘʥʠʡ, ʧʨʦʚʝʨʢʘ ʪʝʩʪʦʚ ʠ ʚʳʜʘʯʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ(ʨʠʩ.2). 
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ʈʠʩ.2 ʇʦʚʳʰʝʥʠʝ ʤʦʪʠʚʘʮʠʠ ʩʪʫʜʝʥʪʦʚ 

 

 

ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʬʦʨʤʘʪ ʦʙʱʝʥʠʷ ʩ ʙʦʪʘʤʠ ʜʝʣʘʝʪ ʦʙʫʯʝʥʠʝ ʙʦʣʝʝ 

ʠʥʪʝʨʝʩʥʳʤ ʠ ʫʜʦʙʥʳʤ ʜʣʷ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʤʦʪʠʚʘʮʠʠ ʩʪʫʜʝʥʪʦʚ.  

 
ʈʠʩ.3 ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ ʧʨʝʧʦʜʘʚʘʪʝʣʷ 

 

ɹʦʪʳ ʤʦʛʫʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʦʪʚʝʪʳ ʠ ʟʘʜʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ 

ʟʥʘʥʠʡ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ. 

ʄʥʦʛʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʚʠʜʷʪ ʚ ʯʘʪ-ʙʦʪʘʭ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʩʦʙʝʥʥʦ ʚ ʪʘʢʠʭ ʘʩʧʝʢʪʘʭ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʯʘʪ-ʙʦʪʦʚ ʙʨʘʪʴ ʥʘ ʩʝʙʷ ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʦʪʚʝʪʳ ʥʘ 

ʯʘʩʪʦ ʟʘʜʘʚʘʝʤʳʝ ʚʦʧʨʦʩʳ, ʨʘʩʩʳʣʢʘ ʫʚʝʜʦʤʣʝʥʠʡ, ʧʨʦʚʝʨʢʘ ʪʝʩʪʦʚ(ʨʠʩ3). 

ʏʪʦ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩʦ ʩʪʫʜʝʥʪʘʤʠ [2]. ʏʘʪ-

ʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʨʫʛʣʦʩʫʪʦʯʥʳʡ ʜʦʩʪʫʧ ʩʪʫʜʝʥʪʦʚ ʢ ʠʥʬʦʨʤʘʮʠʠ.  
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ʈʠʩ.4 ʆʙʝʩʧʝʯʝʥʠʝ ʢʨʫʛʣʦʩʫʪʦʯʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩʪʫʜʝʥʪʘ 

 

ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʦʥʠ ʧʦʤʦʛʘʝʪ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʩ 

ʢʦʤʤʫʥʠʢʘʮʠʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʠʣʠ ʩʤʝʰʘʥʥʦʤ ʬʦʨʤʘʪʝ 

ʦʙʫʯʝʥʠʷ(ʨʠʩ.4). ʏʘʪ-ʙʦʪʳ ʤʦʛʫʪ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʙʦʣʝʝ 

ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʠ ʠʥʪʝʨʝʩʥʳʤ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʟʘ ʩʯʸʪ ʛʝʡʤʠʬʠʢʘʮʠʠ ʠ 

ʘʜʘʧʪʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ.  

 
 

ʈʠʩ. 5 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʪ-ʙʦʪʦʚ ʚ ʨʘʙʦʪʝ 

ʆʜʥʘʢʦ, ʤʥʦʛʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʠ, ʦʩʦʙʝʥʥʦ ʩʪʘʨʰʝʛʦ ʧʦʢʦʣʝʥʠʷ, 

ʠʩʧʳʪʳʚʘʶʪ ʪʨʫʜʥʦʩʪʠ ʩ ʦʩʚʦʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʯʠʪʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʪ-ʙʦʪʦʚ ʩʣʦʞʥʳʤ ʠ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʫʯʝʥʠʷ(ʨʠʨʩ.5). ʅʝʢʦʪʦʨʳʝ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʩʦʤʥʝʚʘʶʪʩʷ, ʯʪʦ ʯʘʪ-ʙʦʪʳ 

ʤʦʛʫʪ ʧʦʣʥʦʮʝʥʥʦ ʟʘʤʝʥʠʪʴ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʪʫʜʝʥʪʘʤʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʚʦʧʨʦʩʘʭ ʦʙʫʯʝʥʠʷ ʩʣʦʞʥʳʤ ʪʝʤʘʤ[3]. ʅʝʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʪ-ʙʦʪʦʚ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʣʠʯʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʠ ʩʪʫʜʝʥʪʦʤ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ 

ʧʨʦʮʝʩʩʝ. ʄʥʦʛʠʝ ʩʯʠʪʘʶʪ ʯʘʪ-ʙʦʪʦʚ ʥʝʥʘʜʸʞʥʳʤʠ ʠ ʥʝʩʧʦʩʦʙʥʳʤʠ 

ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʟʘʜʘʯʠ.  

30%

15%30%

25%

ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʮʝʥʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʯʘʪ-ʙʦʪʦʚ

ʩʥʠʟʠʪʴ ʠʭ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ 

ʥʘʛʨʫʟʢʫ

ʫʣʫʯʰʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʦ ʩʪʫʜʝʥʪʘʤʠ
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ʈʠʩ. 6 ʅʝʡʪʨʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʯʘʪ-ʙʦʪʘʤ 

ʏʘʩʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚʦʩʧʨʠʥʠʤʘʶʪ ʯʘʪ-ʙʦʪʦʚ ʢʘʢ ʫʛʨʦʟʫ ʩʚʦʝʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʨʦʣʠ, ʧʦʣʘʛʘʷ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʛʫʪ 

ʟʘʤʝʥʠʪʴ ʠʭ(ʨʠʩ.6). 

 
ʈʠʩ. 7. ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʯʘʪ-ʙʦʪʘʤ 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩʧʦʣʴʟʫʶʪ ʯʘʪ-ʙʦʪʳ ʘʢʪʠʚʥʦ, ʯʝʪʚʝʨʪʴ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʪʝʧʝʥʠ, ʪʨʝʪʴʷ ʯʘʩʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʯʘʪ-

ʙʦʪʳ(ʨʠʩ7). ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʦʧʘʩʘʶʪʩʷ, ʯʪʦ ʩʪʫʜʝʥʪʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʯʘʪ-ʙʦʪʦʚ ʜʣʷ ʦʙʤʘʥʘ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʡ ʠʣʠ ʪʝʩʪʦʚ.  

 
ʈʠʩ. 8 ɸʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʪʫʜʝʥʪʦʚ (35%). 

ʊʘʢʞʝ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʯʘʪ-ʙʦʪʳ ʜʣʷ ʦʪʚʝʪʦʚ ʥʘ ʯʘʩʪʳʝ ʚʦʧʨʦʩʳ 

(25%) ʠ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ, ʥʘʧʨʠʤʝʨ ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʘʩʧʠʩʘʥʠʝʤ (20%) ʠʣʠ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʦʤʦʱʠ ʩʪʫʜʝʥʪʘʤ 

(15%)(ʨʠʩ.8). 
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ʈʠʩ. 9 ʎʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʏʘʪ-ʙʦʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʯʝʛʦ 

ʚʨʝʤʝʥʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʪʠʪʴ 

ʨʫʪʠʥʥʫʶ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ. ʋʜʝʣʠʪʴ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ 

ʪʚʦʨʯʝʩʢʠʤ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʟʘʜʘʯʘʤ. ʈʘʙʦʪʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʩ 

ʫʯʘʱʠʤʠʩʷ(ʨʠʩ.9). ʇʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʦʜʥʦʪʠʧʥʳʝ ʚʦʧʨʦʩʳ 

ʧʦʯʪʠ ʥʘ 80% ʩ ʧʦʤʦʱʴʶ ʯʘʪ-ʙʦʪʦʚ. ʏʘʪ-ʙʦʪʳ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʨʦʚʝʨʷʪʴ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʦʪʚʝʪʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʩʪʫʜʝʥʪʘʤ ʠ ʚʝʩʪʠ ʫʯʸʪ ʫʩʧʝʚʘʝʤʦʩʪʠ [4]. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʪʝʩʪʠʨʦʚʘʥʠʠ ʛʨʫʧʧʳ ʠʟ 30 ʩʪʫʜʝʥʪʦʚ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʩʵʢʦʥʦʤʠʪʴ ʜʦ 

3-4 ʯʘʩʦʚ ʥʘ ʧʨʦʚʝʨʢʝ ʟʘʜʘʥʠʡ. ʏʘʪ-ʙʦʪʳ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʪʫʜʝʥʪʘʤ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʙʘʟʦʚʳʝ 

ʦʙʲʷʩʥʝʥʠʷ ʪʝʦʨʠʠ ʠʣʠ ʜʘʚʘʪʴ ʩʩʳʣʢʠ ʥʘ ʧʦʣʝʟʥʳʝ ʨʝʩʫʨʩʳ. ʊʘʢ ʢʘʢ ʙʦʪ 

ʦʪʚʝʯʘʝʪ ʥʘ ʙʘʟʦʚʳʝ ʟʘʧʨʦʩʳ, ʘ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ 

ʩʣʦʞʥʳʭ ʚʦʧʨʦʩʘʭ(ʨʠʩ.10). 

 

ʈʠʩ.10 ɺʣʠʷʥʠʝ ʯʘʪ-ʙʦʪʦʚ ʥʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʷ 

ʏʘʪ-ʙʦʪʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ, 

ʪʘʢʠʭ ʢʘʢ ʦʪʚʝʪʳ ʥʘ ʯʘʩʪʦ ʟʘʜʘʚʘʝʤʳʝ ʚʦʧʨʦʩʳ, ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʩʧʠʩʘʥʠʷ, 

ʥʘʧʦʤʠʥʘʥʠʷ ʦ ʩʨʦʢʘʭ ʩʜʘʯʠ ʟʘʜʘʥʠʡ ʠ ʧʨʦʚʝʨʢʘ ʪʝʩʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯʘʭ, ʪʘʢʠʭ ʢʘʢ 
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ʨʘʟʨʘʙʦʪʢʘ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʨʘʙʦʪʘ ʩʦ ʩʪʫʜʝʥʪʘʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʪ-ʙʦʪʦʚ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʧʦʜ ʧʦʪʨʝʙʥʦʩʪʠ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ (ʨʠʩ.11). ʅʘʧʨʠʤʝʨ, ʤʦʛʫʪ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, 

ʧʦʚʪʦʨʷʪʴ ʩʣʦʞʥʳʝ ʪʝʤʳ ʠʣʠ ʪʝʩʪʠʨʦʚʘʪʴ ʟʥʘʥʠʷ ʏʘʪ-ʙʦʪʳ ʜʦʩʪʫʧʥʳ 24/7, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʩ ʛʠʙʢʠʤ ʛʨʘʬʠʢʦʤ ʦʙʫʯʝʥʠʷ. ʆʥʠ 

ʤʦʛʫʪ ʟʘʜʘʚʘʪʴ ʚʦʧʨʦʩʳ ʠ ʧʦʣʫʯʘʪʴ ʦʪʚʝʪʳ ʚ ʣʶʙʦʝ ʚʨʝʤʷ, ʥʝ ʦʞʠʜʘʷ 

ʣʠʯʥʦʡ ʚʩʪʨʝʯʠ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. ʏʘʪ-ʙʦʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʶʪ 

ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʦʪʚʝʪʳ ʥʘ 

ʦʜʥʦʪʠʧʥʳʝ ʚʦʧʨʦʩʳ, ʚʳʜʘʯʘ ʨʘʩʧʠʩʘʥʠʷ ʠʣʠ ʧʨʦʚʝʨʢʘ ʪʝʩʪʦʚ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʩʦʩʨʝʜʦʪʘʯʠʚʘʪʴʩʷ ʥʘ ʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯʘʭ. 

ɺʥʝʜʨʝʥʠʝ ʯʘʪ-ʙʦʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʥʜʘʤ ʮʠʬʨʦʚʠʟʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʫʯʨʝʞʜʝʥʠʷʤ ʙʳʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ. 

 

ʈʠʩ. 11 ɿʥʘʯʠʤʦʩʪʴ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʦʪʘʤʠ, ʛʝʡʤʠʬʠʢʘʮʠʷ ʦʙʫʯʝʥʠʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦʚʳʰʘʶʪ ʠʥʪʝʨʝʩ 

ʩʪʫʜʝʥʪʦʚ ʢ ʦʙʫʯʝʥʠʶ ʠ ʠʭ ʤʦʪʠʚʘʮʠʶ. ʏʘʪ-ʙʦʪʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʫʯʝʙʥʳʝ ʢʫʨʩʳ, ʨʘʩʧʠʩʘʥʠʝ, ʩʠʩʪʝʤʫ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘʧʨʠʤʝʨ, ʙʦʪ ʤʦʞʝʪ 

ʥʘʧʦʤʠʥʘʪʴ ʦ ʩʨʦʢʘʭ ʩʜʘʯʠ ʟʘʜʘʥʠʡ, ʚʳʜʘʚʘʪʴ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʣʠ 

ʧʨʦʚʝʨʷʪʴ ʪʝʩʪʳ. ɼʦʙʘʚʣʝʥʠʝ ʠʛʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ 

ʦʯʢʦʚ, ʫʨʦʚʥʝʡ, ʥʘʛʨʘʜ) ʚ ʨʘʙʦʪʫ ʯʘʪ-ʙʦʪʦʚ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʠʥʪʝʨʝʩ 

ʩʪʫʜʝʥʪʦʚ ʢ ʦʙʫʯʝʥʠʶ ʠ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʙʦʣʝʝ ʫʚʣʝʢʘʪʝʣʴʥʳʤ. ɺʥʝʜʨʝʥʠʝ 

ʯʘʪ-ʙʦʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʥʜʘʤ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʪʨʝʙʫʶʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. ʕʪʦ 

ʧʦʤʦʛʘʝʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʫʯʨʝʞʜʝʥʠʷʤ ʙʳʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ. 
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ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʆʧʨʦʩʘ EdTech Magazine (2022): 

ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ, ʛʜʝ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʯʘʪ-ʙʦʪʳ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ 

ʩʪʫʜʝʥʪʘʤʠ, ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʚʳʨʦʩʣʘ ʥʘ 25-35%. 

ʙʦʣʴʰʠʥʩʪʚʦ (80%) ʩʪʫʜʝʥʪʦʚ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʠʤ ʫʜʦʙʥʝʝ ʟʘʜʘʚʘʪʴ 

ʚʦʧʨʦʩʳ ʯʘʪ-ʙʦʪʫ, ʯʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʶ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʚʦʧʨʦʩʳ ʢʘʩʘʶʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʤʝʥʪʦʚ ʠʣʠ ʯʘʩʪʦ ʟʘʜʘʚʘʝʤʳʭ ʪʝʤ. 

ɼʘʥʥʳʝ ʠʟ ʨʦʩʩʠʡʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅʀʋ ɺʐʕ (2021): 

ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʉʇʆ), ʛʜʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʘʪ-ʙʦʪʳ, ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 20-

25%. 

ʩʪʫʜʝʥʪʳ ʯʘʱʝ ʧʨʦʭʦʜʠʣʠ ʪʝʩʪʳ ʠ ʦʧʨʦʩʳ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʙʦʪʘʤʠ, 

ʯʝʤ ʪʝ ʞʝ ʟʘʜʘʥʠʷ, ʦʪʧʨʘʚʣʷʝʤʳʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʥʘʧʨʷʤʫʶ. 

ʉʪʠʣʠʩʪʠʢʘ ʦʙʱʝʥʠʷ ʚ ʯʘʪ-ʙʦʪʘʭ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʠʭ 

ʚʦʩʧʨʠʷʪʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʍʦʨʦʰʦ ʧʨʦʜʫʤʘʥʥʘʷ ʩʪʠʣʠʩʪʠʢʘ ʜʝʣʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʦʪʦʤ ʢʦʤʬʦʨʪʥʳʤ, ʧʦʥʷʪʥʳʤ ʠ ʜʘʞʝ ʧʨʠʷʪʥʳʤ [5]. ʆʥʘ 

ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ, ʟʘʜʘʯ ʙʦʪʘ, ʘ ʪʘʢʞʝ ʢʦʥʪʝʢʩʪʘ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ (ʦʙʨʘʟʦʚʘʥʠʝ, ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ, ʨʘʟʚʣʝʯʝʥʠʝ ʠ ʪ.ʜ.). 

ʉʪʠʣʠʩʪʠʢʘ ʦʙʱʝʥʠʷ ʯʘʪ-ʙʦʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʛʠʙʢʦʡ, ʧʦʥʷʪʥʦʡ ʠ 

ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. ʋʩʧʝʰʥʳʡ ʙʦʪ ʪʦʪ, ʢʦʪʦʨʳʡ 

ʦʙʱʘʝʪʩʷ ʜʨʫʞʝʣʶʙʥʦ ʠ ʧʦʥʷʪʥʦ. ʋʯʠʪʳʚʘʝʪ ʢʦʥʪʝʢʩʪ ʠ ʥʘʩʪʨʦʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʢʨʘʪʢʦ ʠ ʵʬʬʝʢʪʠʚʥʦ. ʍʦʨʦʰʦ 

ʧʨʦʜʫʤʘʥʥʘʷ ʩʪʠʣʠʩʪʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʤʬʦʨʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʥʦ ʠ ʧʦʚʳʰʘʝʪ ʜʦʚʝʨʠʝ ʠ ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ɺʳʚʦʜʳ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʪ-ʙʦʪʦʚ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʩʜʝʣʘʪʴ ʝʛʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʢʘʢ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɺʥʝʜʨʝʥʠʝ 

ʯʘʪ-ʙʦʪʦʚ ʚ ʩʠʩʪʝʤʫ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʉʇʆ) 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʣʝʛʯʝʥʠʷ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ. ʋʩʧʝʭ ʚʥʝʜʨʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ 

ʧʦʜʛʦʪʦʚʢʠ, ʘʜʘʧʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜ ʥʫʞʜʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʠ ʨʝʛʫʣʷʨʥʦʡ ʦʮʝʥʢʠ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʪʥʦʰʝʥʠʝ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʢ ʯʘʪ-ʙʦʪʘʤ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʜʦ 

ʦʩʪʦʨʦʞʥʦʛʦ ʠʣʠ ʩʢʝʧʪʠʯʝʩʢʦʛʦ. ʅʘʠʙʦʣʝʝ ʧʦʟʠʪʠʚʥʦ ʥʘʩʪʨʦʝʥʳ 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʫʞʝ ʠʤʝʶʪ ʦʧʳʪ ʨʘʙʦʪʳ ʩ ʮʠʬʨʦʚʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʚʠʜʷʪ ʚ ʯʘʪ-ʙʦʪʘʭ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʦʝʡ ʨʘʙʦʪʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʥʘʩʪʨʦʠʪʴ ʯʘʪ-ʙʦʪʦʚ, ʦʙʫʯʠʪʴ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʨʝʛʫʣʷʨʥʦ ʩʦʙʠʨʘʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ. ʇʦʚʳʰʝʥʠʝ ʤʦʪʠʚʘʮʠʠ ʩʪʫʜʝʥʪʦʚ. ʂʦʤʬʦʨʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ.  
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 ʊʘʢʞʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʩʣʳʰʘʣʠ ʦ 

ʯʘʪ-ʙʦʪʘʭ, ʦʜʥʘʢʦ ʫʨʦʚʝʥʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʪʘʸʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʤ, ʦʩʦʙʝʥʥʦ ʚ ʩʨʝʜʥʝʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ. ʆʩʥʦʚʥʳʤʠ 

ʙʘʨʴʝʨʘʤʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʯʘʪ-ʙʦʪʦʚ ʩʨʝʜʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʢ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʆʪʩʫʪʩʪʚʠʝ ʛʦʪʦʚʳʭ 

ʨʝʰʝʥʠʡ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ. ʉʦʤʥʝʥʠʷ ʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʯʘʪ-ʙʦʪʦʚ ʠ ʠʭ ʚʣʠʷʥʠʠ ʥʘ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. ʇʨʠ ʵʪʦʤ 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʯʘʪ-ʙʦʪʦʚ, ʦʪʤʝʯʘʶʪ ʠʭ ʧʦʣʴʟʫ ʚ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ, ʧʦʚʳʰʝʥʠʠ ʚʦʚʣʝʯʸʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʠ 

ʫʧʨʦʱʝʥʠʠ ʜʦʩʪʫʧʘ ʢ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʘʪ-ʙʦʪʳ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ, ʧʦʚʳʩʠʪʴ ʚʦʚʣʝʯʸʥʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʙʨʘʟʦʚʘʥʠʶ. ʎʝʣʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʫʧʨʦʱʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ. 
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ʉʘʷʥʦ-ʐʫʰʝʥʩʢʠʡ ʬʠʣʠʘʣ ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʧʛʪ. ʏʝʨʝʤʫʰʢʠ, ʈʦʩʩʠʷ; ɸʆ 

çɹʦʛʫʯʘʥʩʢʘʷ ɻʕʉè, ʛ. ʂʦʜʠʥʩʢ, ʈʦʩʩʠʷ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ 
 

ɸʥʥʦʪʘʮʠʷ: ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ ɻʕʉ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʟʘʨʦʞʜʘʶʱʝʛʦʩʷ ʜʝʬʝʢʪʘ, 

ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʦʪʨʝʟʢʦʚ, ʧʦʜʣʝʞʘʱʠʭ 

ʘʥʘʣʠʟʫ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʤʦʛʫʪ ʦʙʣʝʛʯʠʪʴ ʨʘʙʦʪʫ 

ʧʝʨʩʦʥʘʣʘ ʧʦ ʧʦʠʩʢʫ ʜʝʬʝʢʪʦʚ, ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ɻɸ, ʩʥʠʟʠʪʴ ʚʨʝʤʷ 

ʥʝʧʣʘʥʦʚʳʭ ʨʝʤʦʥʪʦʚ ʠ, ʯʪʦ ʩʘʤʦʝ ʚʘʞʥʦʝ, ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ 

ʨʝʤʦʥʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʥʘ ʧʫʪʠ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʘʜʝʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʘʛʥʦʩʪʠʢʘ, ʛʠʜʨʦʘʛʨʝʛʘʪ, ʚʠʙʨʦʤʦʥʠʪʦʨʠʥʛ, 

ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ. 

 

Savkov A.A. 
 

Modern diagnostic systems for hydroaggregates 
 

Abstract:  Traditional monitoring systems for hydroaggregates at hydropower plants do 

not allow for guaranteed detection of emerging defects due to the large amount of data 

and extensive time periods that need to be analyzed. Automated diagnostic systems can 

facilitate the work of personnel in defect detection, increase the reliability of 

hydroaggregates, reduce unplanned repair times, and, most importantly, enable a shift to 

equipment repairs based on technical condition. The main challenge is the difficulty of 

creating reliable fault detection algorithms. 

Keywords: diagnostics, hydraulic unit, vibration monitoring, vibration diagnostics. 

 

ɿʘ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɻʕʉ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʙʳʣ ʥʘʢʦʧʣʝʥ 

ʢʦʣʦʩʩʘʣʴʥʳʡ ʦʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʥʦʚʥʦʛʦ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɻʕʉ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʦʧʳʪʥʳʤ ʧʫʪʝʤ 

ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʚ ʪʦʯʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ɻɸ ʙʦʣʴʰʦʡ 

ʤʦʱʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʠʢʩʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʳ, ʚʠʙʨʘʮʠʠ, ʫʨʦʚʥʷ ʠ ʜʘʚʣʝʥʠʷ), ʚʨʝʤʝʥʝʤ 

ʨʘʟʚʠʪʠʷ ʜʝʬʝʢʪʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʟʥʘʯʝʥʠʡ ʦʪ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ɺʩʝ ʵʪʦ 

ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʙʦʣʴʰʠʭ ʙʘʟ ʜʘʥʥʳʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɻʕʉ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʠʩʪʝʤ ɸʉʋ ʊʇ, ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʠʙʨʘʮʠʠ ʛʠʜʨʦʘʛʨʝʛʘʪʘ. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʳʤ ʩʠʩʪʝʤʘʤ 
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ʫʧʨʦʱʘʝʪʩʷ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɻɸ 

ʜʣʷ ʧʨʠʥʷʪʠʷ ʜʘʣʴʥʝʡʰʠʭ ʨʝʰʝʥʠʡ ʧʦ ʠʟʤʝʥʝʥʠʶ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠʣʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʚʦʜʘ ʘʛʨʝʛʘʪʘ ʚ ʨʝʤʦʥʪ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʥʠʡ ʦʧʝʨʘʪʦʨʘ, ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʜʝʬʝʢʪʘ ʠ 

ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʝʛʦ ʨʘʟʚʠʪʠʷ ʚ ʙʫʜʫʱʝʤ.  

ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʠʘʛʥʦʩʪʠʢʠ ɻɸ ʩʦʟʜʘʶʪʩʷ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʙʘʟʝ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʠʩʪʝʤ ʪʝʨʤʦ ʠ ʚʠʙʨʦʢʦʥʪʨʦʣʷ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʘʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨʦʤ, ʢʘʢ ʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʤʦʥʠʪʦʨʠʥʛʘ - ʯʝʨʝʟ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ɸʉʋ ʊʇ ɻʕʉ. 

ʉʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʧʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʚʳʜʘʶʪ ʩʦʦʙʱʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʜʝʬʝʢʪʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʟʣʝ ʘʛʨʝʛʘʪʘ ʚ ʦʧʨʝʜʝʣʸʥʥʦʝ 

ʚʨʝʤʷ, ʪʝʤ ʩʘʤʳʤ ʫʧʨʦʱʘʷ ʧʨʦʮʝʩʩ ʜʠʘʛʥʦʩʪʠʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʠʩʪʝʤʳ 

ʜʠʘʛʥʦʩʪʠʢʠ ʥʝ ʤʦʛʫʪ ʧʨʝʜʩʪʘʪʴ ʚ ʚʠʜʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ 

ʜʠʘʛʥʦʩʪʠʢʘ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʩʧʦʩʦʙʥʦʛʦ ʥʘ 

ʪʚʦʨʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʨʘʙʦʪʝ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʞʝʩʪʢʠʤ ʘʣʛʦʨʠʪʤʘʤ. ʆʪʩʶʜʘ 

ʚʳʪʝʢʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ ʜʠʘʛʥʦʩʪʠʢʠ: 

1. ʉʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝ ʟʘʤʝʱʘʶʪ ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ, ʘ 

ʧʦʤʦʛʘʶʪ ʝʤʫ ʚ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ 

ʟʘ ʦʮʝʥʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʘʢʞʝ ʥʝʩʝʪ ʧʝʨʩʦʥʘʣ; 

2. ʉʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ 

ʫʩʣʦʚʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ ʩ ʥʠʤʠ; 

3. ʉʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʜʣʷ ʠʟʤʝʥʝʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʣʠ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʩʠʣʘʤʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʩʪʘʥʮʠʠ ʧʦʩʣʝ ʥʘʢʦʧʣʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʧʳʪʘ ʨʘʙʦʪʳ ʢʘʢ ʩʘʤʦʛʦ ʘʛʨʝʛʘʪʘ, ʪʘʢ ʠ ʩʘʤʦʡ ʩʠʩʪʝʤʳ; 

4. ʉʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝ ʜʦʣʞʥʳ "ʟʘʩʦʨʷʪʴ" ʦʢʥʦ ʩʠʛʥʘʣʠʟʘʮʠʠ 

ʦʰʠʙʦʯʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʧʦʨʦʛ 

ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʠʩʪʝʤʳ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʘ ʦʪʩʪʨʦʡʢʘ ʩʠʩʪʝʤ ʦʪ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʦʚ; 

5. ʉʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ɻʕʉ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. 

ʅʦʨʤʘʪʠʚʥʦʡ ʙʘʟʦʡ ʚ ʚʦʧʨʦʩʝ ʩʦʟʜʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ 

ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʉʊʆ ʈʫʩɻʠʜʨʦ 02.02.106-2019 

"ɻʀɼʈʆɸɻʈɽɻɸʊʓ. ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʁ ʄʆʅʀʊʆʈʀʅɻ ʀ 

ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀɽ. ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʀ ʊɽʍʅʀʏɽʉʂʀɽ 

ʊʈɽɹʆɺɸʅʀʗ"[1]. ɺ ʜʘʥʥʦʤ ʩʪʘʥʜʘʨʪʝ ʫʢʘʟʘʥʦ, ʯʪʦ ʦʥ "ʨʘʟʨʘʙʦʪʘʥ ʚ 

ʮʝʣʷʭ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʘ 

ʢ ʨʝʤʦʥʪʫ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʦʩʥʦʚʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ". ʆʪ ʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

file:///C:/Users/User/AppData/YandexDisk/Work/Парадигма.%20Лето-2016/Сборник/www.paradigma.science


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 5̄. ʏʘʩʪʴ 5 www.paradigma.science 

 

55 

 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʢʦʛʜʘ ʠʤʝʥʥʦ 

ʧʨʦʠʟʦʡʜʝʪ ʧʝʨʝʭʦʜ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʨʘʙʦʪʘ ʩ ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʨʘʚʥʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʪʦʨʳʭ ʠ ʩʦʟʜʘʶʪʩʷ ʜʘʥʥʳʝ 

ʩʠʩʪʝʤʳ. ʀʥʘʯʝ, ʢʘʢ ʫʢʘʟʘʥʦ ʚ ʩʪʘʥʜʘʨʪʝ [1] ɼʘʥʥʳʝ, ʬʦʨʤʠʨʫʝʤʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ, ʜʦʣʞʥʳ 

ʷʚʣʷʪʴʩʷ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʝʢʩʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʄʝʪʦʜʠʢʦʡ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʫʪʚʝʨʞʜʝʥʥʘʷ ʧʨʠʢʘʟʦʤ 

ʄʠʥʵʥʝʨʛʦ ʈʦʩʩʠʠ ʦʪ 26.07.2017 ˉ 676. 

ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʩʪʘʥʜʘʨʪʘ [1] ʦʙʲʷʩʥʷʶʪ ʟʘʜʘʯʠ, ʬʫʥʢʮʠʠ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʧʨʦʡʜʝʤʩʷ ʦʪʜʝʣʴʥʦ ʧʦ ʩʠʩʪʝʤʘʤ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. 

ʉɼ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ: 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʦʚʝʱʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ɻʕʉ ʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʜʝʬʝʢʪʘʭ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʷʭ ɻɸ; 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤʫ ʧʝʨʩʦʥʘʣʫ ʧʦ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʨʘʟʚʠʪʠʷ ʜʝʬʝʢʪʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ɻɸ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʨʦʷʪʥʳʭ ʦʪʢʘʟʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʥʘ ɻɸ ʠʣʠ ʝʛʦ ʫʟʣʘʭ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʙʦʪʳ ɻɸ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ 

ʛʠʜʨʦʪʫʨʙʠʥʳ, ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʘ ʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʜʦʣʞʝʥ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ɻʕʉ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 25 ʄɺʪ ʠ ʚʳʰʝ. 

ʌʫʥʢʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʣʠ 

ʚʥʦʚʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʘʛʨʝʛʘʪʥʦʛʦ ʫʨʦʚʥʷ ʚ 

ʩʦʩʪʘʚʝ ʉɸʋ ɻɸ ʠ ʩʪʘʥʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ ʚ ʩʦʩʪʘʚʝ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ 

ɸʉʋʊʇ.  

ʅʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʫʢʘʟʘʥʳ ʢʘʢʠʝ ʜʝʬʝʢʪʳ ʜʦʣʞʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 1. ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʝ ʜʝʬʝʢʪʳ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 1 ʠ 2, ʢʦʣʠʯʝʩʪʚʦ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ, ʧʦʵʪʦʤʫ ʠʟ ʪʠʧʦʚʦʛʦ ʩʧʠʩʢʘ ʚʳʙʠʨʘʶʪʩʷ 

ʪʝ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʦʣʴʟʫ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʩʪʦʨʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʘʛʨʝʛʘʪʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʟʜʘʪʴ ʩʚʦʡ ʥʘʙʦʨ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʨʠʩʚʦʠʪʴ ʨʘʟʥʳʡ ʧʨʠʦʨʠʪʝʪ ʠ ʟʥʘʯʠʤʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʜʝʬʝʢʪʘ ʥʘ 

ʢʘʞʜʦʤ ʘʛʨʝʛʘʪʝ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 2. ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʝ ʜʝʬʝʢʪʳ ʧʦ ʨʦʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

 

ʉʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʜʦʣʞʥʘ ʧʦʟʚʦʣʷʪʴ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ 

ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʙʦʣʴʰʠʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʚʳʜʘʯʝ ʩʠʛʥʘʣʘ ʦ ʠʭ ʟʘʨʦʞʜʝʥʠʠ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ɸʈʄ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʧʨʠʥʮʠʧʳ, ʠʟʣʦʞʝʥʥʳʝ ʚʦ 

ɺʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʷʭ ɸʉʋʊʇ ʋʉ [2]. 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʣʠʯʝʩʪʚʫ, ʚʠʜʫ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʥʘʧʦʣʥʷʝʤʦʩʪʠ ɸʈʄ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ɺʨʝʤʝʥʥʳʤ ʤʝʪʦʜʠʯʝʩʢʠʤ 

ʫʢʘʟʘʥʠʷʤ ɸʉʋʊʇ ʊʇʉ [3]. 

ɺ ʜʘʥʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʠʟʣʦʞʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʛʨʘʬʠʯʝʩʢʦʤʫ 

ʦʬʦʨʤʣʝʥʠʶ ʦʢʦʥ ɸʈʄ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʧʝʨʘʪʦʨʘ ʩ ʩʠʩʪʝʤʦʡ. 

ʕʢʨʘʥʥʳʝ ʬʦʨʤʳ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ ʥʝʠʟʤʝʥʷʝʤʫʶ ʩʪʘʪʠʯʝʩʢʫʶ ʯʘʩʪʴ 

(ʤʥʝʤʦʩʭʝʤʫ, ʠʟʦʙʨʘʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʩʭʝʤʳ ʛʠʜʨʦʘʛʨʝʛʘʪʘ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʫʟʣʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʜ.) ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʯʘʩʪʴ 

(ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠ ʪ.ʜ.), ʢʦʪʦʨʘʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʠʟʤʝʥʷʝʪ ʮʠʬʨʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʮʚʝʪ ʠʣʠ ʤʠʛʘʝʪ. 

ʌʨʘʛʤʝʥʪʳ ʤʥʝʤʦʩʭʝʤ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʪʦʣʴʢʦ ʪʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʦʧʝʨʘʪʦʨʫ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ, ʠ 
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ʧʨʝʜʩʪʘʚʣʷʪʴ ʣʦʛʠʯʝʩʢʠ ʟʘʚʝʨʰʝʥʥʳʝ ʯʘʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʩʠʪʫʘʮʠʶ, ʜʦʣʞʝʥ 

ʩʦʜʝʨʞʘʪʴʩʷ ʥʘ ʦʙʱʠʭ ʬʨʘʛʤʝʥʪʘʭ ʤʥʝʤʦʩʭʝʤ. ɺ ʩʣʫʯʘʝ ʦʪʢʣʦʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʥʦʨʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʥʠʤʘʥʠʝ 

ʧʝʨʩʦʥʘʣʘ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʚʣʝʯʝʥʦ ʮʚʝʪʦʤ ʠ ʤʠʛʘʥʠʝʤ. ʊʘʢʞʝ ʧʝʨʩʦʥʘʣ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʨʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʢʥʦ ʩ ʧʦʜʨʦʙʥʦʡ 

ʩʭʝʤʦʡ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʝʛʦ ʫʟʣʘ ʛʠʜʨʦʘʛʨʝʛʘʪʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ 

ʨʝʤʦʥʪʫ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʧʨʠ ʵʪʦʤ ʥʝ 

ʩʥʠʞʘʷ ʥʘʜʝʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʝʨʩʦʥʘʣ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʚʥʦʚʴ ʚʚʦʜʠʤʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ ʥʝ 

ʧʦʪʝʨʷʪʴ ʩʚʦʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ, ʙʳʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʚ ʨʘʙʦʪʝ 

ʩʠʩʪʝʤʳ ʙʣʘʛʦʜʘʨʷ ʛʨʘʤʦʪʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʤʫ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ɸʉʋ ʊʇ ɻʕʉ. ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ ɻʕʉ ʈʦʩʩʠʠ ʥʘʭʦʜʷʪʩʷ ʧʦʢʘ 

ʝʱʝ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ ʦʙʝʩʧʝʯʠʪ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ.  
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ʆʯʠʩʪʢʘ ʦʙʦʨʦʪʥʦʡ ʩʠʩʪʝʤʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʦʯʠʩʪʢʠ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʩʥʠʞʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʫʜʘʣʝʥʠʶ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʦʮʝʥʝʥʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʩʠʩʪʝʤʘʤ ʦʯʠʩʪʢʠ, ʚʢʣʶʯʘʷ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʬʠʣʴʪʨʘʮʠʶ ʠ ʭʠʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʦʙʦʨʦʪʥʳʭ ʚʦʜ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʪʦʜʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʚʥʝʜʨʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʦʙʦʨʦʪʥʳʭ ʚʦʜ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʟʘʛʨʷʟʥʝʥʠʷ, ʢʦʤʧʣʝʢʩʥʳʝ 

ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ, ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʢʘʯʝʩʪʚʦ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ. 

 

Berezutsky D.S., Odoevtseva M.V. 

 

Cleaning of the recycling system of a metallurgical enterprise 
 

Abstract: The article discusses modern methods and technologies of recycling water 

treatment at a metallurgical enterprise aimed at reducing environmental impacts and 

increasing resource efficiency. The existing approaches to the removal of organic and 

mechanical contaminants are analyzed and their effectiveness is evaluated. Special 

attention is paid to complex purification systems, including mechanical filtration and 

chemical treatment to achieve optimal indicators of recycled water, the results of 

numerical experiments confirming the improvement of the quality of recycled water 

using the proposed methods are presented. The data obtained make it possible to 

recommend the introduction of modern technologies for the treatment of recycled water 

to reduce costs and ensure the environmental safety of metallurgical production. 

Keywords: metallurgical enterprise, pollution, integrated purification systems, 

numerical experiments, recycled water quality. 

 

ɺʚʝʜʝʥʠʝ 

 

ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʆʙʦʨʦʪʥʘʷ ʚʦʜʘ, ʮʠʨʢʫʣʠʨʫʶʱʘʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʧʦʯʢʘʭ 
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ʧʨʝʜʧʨʠʷʪʠʡ, ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʧʨʝʩʥʦʡ ʚʦʜʳ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ. ʆʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʵʪʦʡ ʚʦʜʳ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʚ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʦʯʠʩʪʢʠ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ 

ʦʪ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ð ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʟʚʝʩʝʡ, ʩʦʣʝʡ ʠ 

ʤʝʪʘʣʣʦʚ. ʅʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʢʠʧʠ, 

ʢʦʨʨʦʟʠʠ, ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʜʨʫʛʠʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ, ʘ ʪʘʢʞʝ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʷʤ ʧʨʠ 

ʩʙʨʦʩʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʨʘʟʚʠʪʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ 

ʦʯʠʩʪʢʠ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʯʠʩʪʢʝ 

ʦʙʦʨʦʪʥʦʡ ʩʠʩʪʝʤʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʶʪʩʷ 

ʧʫʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʙʦʨʦʪʥʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʯʠʩʪʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ ʞʠʜʢʦʩʪʝʡ 

(ʩʦʞ), ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʝʚʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʩʠʩʪʝʤʘʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʆʙʦʨʦʪʥʳʡ ʮʠʢʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʦʨʦʪʥʫʶ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ 

"ʛʨʷʟʥʦʛʦ" ʪʠʧʘ, ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʜʦʡ ʨʘʟʣʠʯʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʝʜʧʨʠʷʪʠʠ. ʊʠʧ ʮʠʢʣʘ- "ʛʨʷʟʥʳʡ" 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʙʦʨʦʪʥʘʷ ʚʦʜʘ ʩʦʜʝʨʞʠʪ ʟʘʛʨʷʟʥʝʥʠʷ- ʦʢʘʣʠʥʘ, ʤʘʩʣʘ ʠ 

ʜʨʫʛʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʠʤʝʩʠ [1]. 

ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʜʘʥʥʦʤ ʦʙʦʨʦʪʥʦʤ ʮʠʢʣʝ 

ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

- ʆʭʣʘʞʜʝʥʠʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʪʨʫʙʦʧʨʦʢʘʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ (ʧʨʷʤʦʡ ʢʦʥʪʘʢʪ ʚʦʜʳ): ɺʦʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘʛʨʝʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʪʘʢʠʭ ʢʘʢ ʨʦʣʠʢʠ, ʧʦʜʰʠʧʥʠʢʠ, ʬʦʨʩʫʥʢʠ ʠ ʜʨʫʛʠʝ ʯʘʩʪʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʚʦʜʳ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʝʸ ʥʘʛʨʝʚʘʥʠʝʤ ʠ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʘʣʠʥʦʡ. 

- ʋʜʘʣʝʥʠʝ ʦʢʘʣʠʥʳ: ɺʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʜʣʷ 

ʩʤʳʚʘ ʦʢʘʣʠʥʳ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʨʠ ʚʳʩʦʢʠʭ 
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ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʧʨʦʮʝʩʩʝ ʵʪʦʛʦ ʦʯʠʱʝʥʠʷ ʚʦʜʘ ʟʘʛʨʷʟʥʷʝʪʩʷ ʦʢʘʣʠʥʦʡ ʠ 

ʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʘ. 

- ʆʭʣʘʞʜʝʥʠʝ ʟʘʛʦʪʦʚʦʢ: ɺʦʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʛʦʨʷʯʠʭ 

ʟʘʛʦʪʦʚʦʢ ʧʝʨʝʜ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʦʡ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠ 

ʧʦʜʛʦʪʦʚʠʪʴ ʠʭ ʢ ʧʦʩʣʝʜʫʶʱʠʤ ʵʪʘʧʘʤ. 

- ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ: ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʮʠʢʣʘ ʚʦʜʘ ʪʘʢʞʝ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʨʫʛʠʭ ʮʝʣʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʪʨʫʙ, 

ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʩʧʝʢʪʨ ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. 

ɺʦʜʘ çʛʨʷʟʥʦʛʦè ʮʠʢʣʘ ʧʨʦʭʦʜʠʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʧʦʜʜʝʨʞʘʥʠʝ 

ʢʘʯʝʩʪʚʘ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ: 

- ʋʜʘʣʝʥʠʷ ʦʢʘʣʠʥʳ, ʤʘʩʝʣ ʠ ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʝʥʠʡ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʦʪʩʪʦʡʥʠʢʠ, ʬʠʣʴʪʨʳ ʠ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ. 

- ʆʭʣʘʞʜʝʥʠʝ ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʜʠʨʥʠ. 

 - ʈʝʛʫʣʷʨʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʚʦʜʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʨʨʦʟʠʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʢʠʧʠ. ʉ ʫʯʝʪʦʤ ʩʦʩʪʘʚʘ 

ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ ʦʨʛʘʥʠʟʫʝʪʩʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʧʨʦʜʫʚʢʠ 

ʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʘ. ʂʘʯʝʩʪʚʦ ʩʙʨʦʩʥʳʭ ʚʦʜ (ʪʘʙʣʠʮʘ 1) ʥʦʨʤʠʨʫʝʪʩʷ [2]. 
ʊʘʙʣʠʮʘ 1 - ʂʘʯʝʩʪʚʦ ʩʙʨʦʩʥʳʭ ʚʦʜ 

ʇʦʢʘʟʘʪʝʣʠ ʂʘʯʝʩʪʚʦ ʩʙʨʘʩʳʚʘʝʤʦʡ ʚʦʜʳ (ʥʦʨʤʘ) 

ʨʅ, ʝʜ. ʨʅ 7,2-8,5 

ɺʟʚʝʰʝʥʥʳʝ ʚʝʱ-ʚʘ,  50 

ʉʦʣʝʩʦʜʝʨʞʘʥʠʝ,  1680 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ,  25 

ʍʇʂ,  300 

ɺ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʭʝʤʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʨʝʚʳʰʘʶʪ ʥʦʨʤʳ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ çʛʨʷʟʥʦʛʦè ʮʠʢʣʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʤʘʟʦʯʥʦ-

ʦʭʣʘʞʜʘʶʱʠʝ ʞʠʜʢʦʩʪʠ ʠ ʤʘʩʣʘ, ʧʦʚʳʰʘʶʱʠʝ ʟʥʘʯʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ 

ʦʙʦʨʦʪʥʦʡ ʚʦʜʝ ʠ ʦʢʘʣʠʥʦʡ [3]. ʉʦʜʝʨʞʘʥʠʝ ʉʆɾ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (ʍʇʂ). 
ʊʘʙʣʠʮʘ 2 - ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʦʙʦʨʦʪʥʦʡ ʩʠʩʪʝʤʝ SR-9 

ʇʦʢʘʟʘʪʝʣʠ ʇʨʝʜʝʣʳ ʢʘʯʝʩʪʚʘ 

ʨʅ, ʝʜ. ʨʅ 9,2-9,4 

ɺʟʚʝʰʝʥʥʳʝ ʚʝʱ-ʚʘ,  30-280 

ʉʦʣʝʩʦʜʝʨʞʘʥʠʝ,  <1680 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ,  35-320 

ʍʇʂ,  300-1200 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʙʦʨʦʪʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ʈʠʩʫʥʦʢ 1 ï ʆʙʦʨʫʜʦʚʘʥʠʝ ʮʠʢʣʘ: 1-ʛʨʫʧʧʘ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ,2-ʛʨʘʜʠʨʥʷ;3-

ʥʘʧʦʨʥʳʝ ʬʠʣʴʪʨʳ, 4-ʷʤʘ ʜʣʷ ʦʢʘʣʠʥʳ ʘʚʘʨʠʡʥʳʡ ʙʘʢ; 5-ʨʝʟʝʨʚʫʘʨʳ; 6- ʫʩʪʘʥʦʚʢʘ 

ʜʦʟʠʨʦʚʘʥʠʷ. 

 

ɺʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ 

ʚʝʣʠʯʠʥʫ ʍʇʂ ʚ ʦʙʦʨʦʪʥʦʡ ʚʦʜʝ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ- 

 Y = 699,17+416,67ĀX1+13,33ĀX2 -61,00ĀX1
2+9X2

2+5,00ĀX1ĀX2 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ -10,0% 

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ ʍʇʂ (300 ʤʛ/ʜʤ3) ʚ ʦʙʦʨʦʪʥʦʡ ʩʠʩʪʝʤʝ ʦʭʣʘʞʜʝʥʠʷ. 

ʊʘʢʘʷ ʚʝʣʠʯʠʥʘ ʍʇʂ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 40-60 

ʤʛ/ʜʤ3 ʠ ʩʦʜʝʨʞʘʥʠʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ -60-120 ʤʛ/ʜʤ3. ʇʨʠ ʚʩʝʭ ʧʨʦʯʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʝʣʠʯʠʥʘ ʍʇʂ ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʫ ʠ 

ʦʙʦʨʦʪʥʫʶ ʚʦʜʫ ʚʳʥʫʞʜʝʥʳ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʢʘʢ ʟʘʛʨʷʟʥʝʥʥʳʡ ʩʪʦʢ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʜʝʡʩʪʚʫʶʱʝʡ ʩʭʝʤʝ, ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʥʘʧʦʨʥʳʝ ʬʠʣʴʪʨʳ ʠ ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ 

ʦʪʩʪʘʠʚʘʥʠʷ ʚʦʜʳ [4]. ʅʦ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʙʫʝʤʳʡ 

ʵʬʬʝʢʪ ʦʯʠʩʪʢʠ. ʋʩʠʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʯʠʩʪʢʠ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ 

ʧʫʪʝʤ ʟʘʤʝʥʳ ʬʠʣʴʪʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʫʩʪʘʥʦʚʢʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʠʣʴʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʜʦʣʛʦʩʨʦʯʥʫʶ ʨʘʙʦʪʫ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʬʠʣʴʪʨʦʚ ʙʝʟ ʧʨʦʤʳʚʦʢ. ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʚʘʨʠʘʥʪʳ ʬʠʣʴʪʨʫʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʥʦʡ ʫʜʝʣʴʥʦʡ ʛʨʷʟʝʝʤʢʦʩʪʴʶ. 
ʊʘʙʣʠʮʘ 3 ïʋʜʝʣʴʥʘʷ ʛʨʷʟʝʝʤʢʦʩʪʴ ʬʠʣʴʪʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʛ/ʤ3 

ʌʠʣʴʪʨʫʶʱʠʝ 

ʤʘʪʝʨʠʘʣʳ 

ʂʦʘʛʫʣʷʮʠʷ 

ʙʝʟ ʦʩʚʝʪʣʠʪʝʣʷ 

ʂʦʘʛʫʣʷʮʠʷ ʩ 

ʦʩʚʝʪʣʠʪʝʣʝʤ 

ɹʝʟ ʢʦʘʛʫʣʷʮʠʠ 

ɸʥʪʨʘʮʠʪ 1,75 1,5 1,0 

ʂʚʘʨʮ 1,5 1,25 0,75 

ʂʝʨʘʤʟʠʪ 10,0 8,0 6,8 
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ʈʠʩʫʥʦʢ 2 - ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʬʠʣʴʪʨʘ ʤʝʞʜʫ ʧʨʦʤʳʚʢʘʤʠ ʨʘʟʥʦʛʦ 

ʬʠʣʴʪʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ 

 
ʊʘʙʣʠʮʘ 4 ï ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʜʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ ʠ ʧʦʩʣʝ  

ʇʦʢʘʟʘʪʝʣʠ ʇʘʨʘʤʝʪʨʳ ʜʦ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ 

ʇʘʨʘʤʝʪʨʳ ʧʦʩʣʝ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ 

ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʤʛ/ʣ 150 70 

ʍʇʂ, ʤʛʆ/  800 300 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ, ʤʛ/ 250 100 

ɼʘʚʣʝʥʠʝ, ʢʛ/ 2,5 1,5 

ʊʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ ʚ 

ʩʫʩʧʝʥʟʠʠ ʤʛ/ʣ 

120 10 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ 

ʩʦʢʨʘʪʠʪ ʢʦʣʠʯʝʩʪʚʦ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʜʦ 0. 48 . 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ [4] ʧʨʠʤʝʩʝʡ ʚ 

ʦʯʠʱʘʶʱʝʤ ʧʦʪʦʢʝ ʦʪ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʧʨʠʤʝʩʝʡ ʚ ʬʠʣʴʪʨʫʶʱʝʤ 

ʧʦʪʦʢʝ ʦʪ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʰʝʥʠʷ ʬʠʣʴʪʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʢ ʠʩʭʦʜʥʦʤʫ 

ʧʦʪʦʢʫ 95% ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ- 50%.  

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʜʝʡʩʪʚʫʶʱʝʡ ʩʭʝʤʳ ʥʦʨʤʘʪʠʚʥʘʷ ʚʝʣʠʯʠʥʘ ʍʇʂ ʚ 

ʦʙʦʨʦʪʥʦʡ ʚʦʜʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 40-60 ʤʛ/ʜʤ3 

ʠ ʢʦʣʠʯʝʩʪʚʝ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ -60-120 ʤʛ/ʜʤ3.ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʝʣʠʯʠʥʘ ʍʇʂ ʚ ʦʙʦʨʦʪʥʦʡ ʚʦʜʝ 

ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʘʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʦʙʦʨʦʪʥʫʶ ʚʦʜʫ çʛʨʷʟʥʦʛʦè ʮʠʢʣʘ 

ʚʳʥʫʞʜʝʥʳ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʢʘʢ ʟʘʛʨʷʟʥʝʥʥʳʡ ʩʪʦʢ. 

ʋʩʠʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʯʘʩʪʢʘ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ, ʧʫʪʝʤ 

ʟʘʤʝʥʳ ʬʠʣʴʪʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʙʦʣʝʝ ʛʨʷʟʝʝʤʢʠʡ ʤʘʪʝʨʠʘʣ ʠ 

ʚʥʝʜʨʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ ʥʦʨʤʘʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʩʦʢʨʘʪʠʪ ʢʦʣʠʯʝʩʪʚʦ 

ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʜʦ 0. 48 . 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʰʝʥʠʷ ʬʠʣʴʪʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʢ ʠʩʭʦʜʥʦʤʫ 

ʧʦʪʦʢʫ 95% ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ- 50%.  

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 
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ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɻʠʤʘʟʦʚʘ ʕ.ʈ., ʆʩʠʧʦʚ ɽ.ɸ. 
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ɺʣʠʷʥʠʝ ʣʠʥʝʡʥʳʭ ʨʘʟʤʳʪʠʡ ʥʘ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʥʠʤʢʦʚ ʣʝʛʢʠʭ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ 
 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʨʘʟʤʳʪʠʡ ʥʘ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʥʠʤʢʦʚ ʣʝʛʢʠʭ, ʚʳʧʦʣʥʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʟʫʯʝʥʠʠ ʪʦʛʦ, ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʘʟʤʳʪʠʡ 

(ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ) ʚʣʠʷʶʪ ʥʘ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʜʦʨʦʚʳʭ 

ʣʝʛʢʠʭ, ʘ ʪʘʢʞʝ ʣʝʛʢʠʭ ʩ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠ ʚʠʨʫʩʥʦʡ ʧʥʝʚʤʦʥʠʝʡ. ɹʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: Resize ʠ CenterCrop. 

ʆʙʘ ʤʝʪʦʜʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʮʝʥʪʘ 

ʩʤʘʟʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʪʝʨʝʡ ʜʝʪʘʣʝʡ, ʚʘʞʥʳʭ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʟʜʦʨʦʚʳʝ ʣʝʛʢʠʝ, 

ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʧʥʝʚʤʦʥʠʷ, ʚʠʨʫʩʥʘʷ ʧʥʝʚʤʦʥʠʷ, ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʣʠʥʝʡʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʤʘʟʳ, ʪʦʯʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. 

 

Gimazova E.R., Osipov E.A.  

The effect of linear blurred lines on the accuracy of classification 

of lung x-rays by neural networks 
 

Abstract:  the article examines the effect of blurred on the accuracy of classification of 

lung X-rays performed using neural networks. The aim of the study was to study how 

different types of blurred (horizontal and vertical) affect the accuracy of classification of 

healthy lungs, as well as lungs with bacterial and viral pneumonia. Data preprocessing 

methods were used: Center Crop and Resize. Both methods demonstrated a decrease in 

accuracy with an increase in the percentage of lubrication, which is associated with the 

loss of parts important for classification. 

Keywords: neural networks, classification, healthy lungs, bacterial pneumonia, viral 

pneumonia, image preprocessing, linear vertical and horizontal blurs, accuracy and 

sensitivity. 

 

ɺʚʝʜʝʥʠʝ 

ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ ʣʝʛʢʠʭ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʣʝʛʢʠʭ, ʚʢʣʶʯʘʷ ʪʘʢʠʝ ʩʦʩʪʦʷʥʠʷ, 

ʢʘʢ ʧʥʝʚʤʦʥʠʷ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩʧʦʩʦʙʥʳ ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ ʧʘʪʪʝʨʥʳ ʚ 

ʠʟʦʙʨʘʞʝʥʠʷʭ, ʥʦ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʢʘʯʝʩʪʚʫ ʚʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [1]. ʆʜʥʦʡ ʠʟ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʩʥʠʞʘʶʱʠʭ ʢʘʯʝʩʪʚʦ ʩʥʠʤʢʦʚ, ʷʚʣʷʶʪʩʷ 

ʨʘʟʤʳʪʠʷ. ʇʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʤʳʪʠʡ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ: 
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ʜʚʠʞʝʥʠʝ ʧʘʮʠʝʥʪʘ, ʥʝʢʦʨʨʝʢʪʥʘʷ ʬʦʢʫʩʠʨʦʚʢʘ, ʠʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ. 

ʈʘʟʤʳʪʠʷ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʥʠʤʢʘʭ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʦʛʦ ʪʠʧʘ, ʥʦ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʣʠʥʝʡʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ 

ʩʤʘʟ. ʆʙʘ ʪʠʧʘ ʨʘʟʤʳʪʠʡ ʧʨʠʚʦʜʷʪ ʢ ʠʩʢʘʞʝʥʠʷʤ ʨʝʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʣʝʛʢʠʭ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʤʝʜʠʮʠʥʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʡ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ 

ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ [2, 3]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʘʟʤʳʪʠʡ ʥʘ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʩʥʠʤʢʦʚ ʣʝʛʢʠʭ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʤʝʪʦʜʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: Resize ʠ CenterCrop. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ, ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʨʘʟʤʳʪʠʡ ʚʣʠʷʶʪ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʄʝʪʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ ʦʧʝʨʘʮʠʠ ʠ ʢʨʠʪʝʨʠʠ ʧʦʪʝʨʴ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʕʪʠ 

ʪʝʭʥʠʢʠ ʧʦʤʦʛʘʶʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʛʠʙʢʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʙʦʨ ʜʘʥʥʳʭ Curated X-

Ray Dataset, ʩʦʜʝʨʞʘʱʠʡ 7932 ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʥʠʤʢʘ ʣʝʛʢʠʭ. ɺ ʥʘʙʦʨʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʩʥʠʤʢʠ ʩʦ ʟʜʦʨʦʚʳʤʠ ʣʝʛʢʠʤʠ, ʪʘʢ ʠ ʩʥʠʤʢʠ ʩ 

ʧʘʪʦʣʦʛʠʝʡ (ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠʣʠ ʚʠʨʫʩʥʦʡ ʧʥʝʚʤʦʥʠʝʡ). ʀʩʩʣʝʜʦʚʘʥʦ 

ʚʣʠʷʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʤʘʟʦʚ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʶ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʫʯʝʪʦʤ ʤʝʪʦʜʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ Resize ʠ 

CenterCrop. 

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ (Resize). ʆʧʝʨʘʮʠʷ Resize 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦ ʟʘʜʘʥʥʳʭ 

ʨʘʟʤʝʨʦʚ. ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʤʝʪʦʜʘ 

ʠʥʪʝʨʧʦʣʷʮʠʠ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʢʫʙʠʯʝʩʢʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʪʝʨʴ ʜʝʪʘʣʝʡ. 

ʎʝʥʪʨʠʨʦʚʘʥʥʘʷ ʦʙʨʝʟʢʘ (CenterCrop). ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʤʝʪʦʜʘ 

ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʦʙʨʝʟʢʠ (CenterCrop) ð ʠʟʚʣʝʯʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʨʘʟʤʝʨʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʤʦʛʘʝʪ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʪʴ ʨʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʥʮʝʥʪʨʠʨʫʷ ʚʥʠʤʘʥʠʝ ʥʘ 

ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʢʘʜʨʘ, ʩʦʜʝʨʞʘʱʠʭ ʚʘʞʥʫʶ ʚʠʟʫʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ. 
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ʌʠʣʴʪʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ʄʝʪʦʜ filter2D ʠʟ ʙʠʙʣʠʦʪʝʢʠ OpenCV 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʠʣʴʪʨʦʚ ʩʚʸʨʪʢʠ ʢ 

ʠʟʦʙʨʘʞʝʥʠʷʤ. ʇʦʜʦʙʥʳʡ ʬʠʣʴʪʨ ʧʦʟʚʦʣʷʝʪ ʧʦʜʛʦʪʦʚʠʪʴ ʜʘʥʥʳʝ ʩ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʣʠʥʝʡʥʳʤʠ ʩʤʘʟʘʤʠ. 

ʂʨʦʩʩ-ʵʥʪʨʦʧʠʡʥʳʡ ʢʨʠʪʝʨʠʡ ʧʦʪʝʨʴ. ʂʨʠʪʝʨʠʡ ʧʦʪʝʨʠ 

CrossEntropyLoss ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʬʫʥʢʮʠʡ ʧʦʪʝʨʴ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʦʙʫʯʝʥʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ. ʆʥ ʠʜʝʘʣʴʥʦ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʟʘʜʘʯ ʤʥʦʛʦʢʣʘʩʩʦʚʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʚʳʯʠʩʣʷʝʪ 

ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ ʢʨʦʩʩ-ʵʥʪʨʦʧʠʠ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠ 

ʠʩʪʠʥʥʳʤʠ ʤʝʪʢʘʤʠ ʢʣʘʩʩʦʚ. 

ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʚʢʣʶʯʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʫʯʝʥʠʝ 

ʤʦʜʝʣʠ ʥʘ ʥʘʙʦʨʝ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʝʟ ʠʩʢʘʞʝʥʠʡ. ɺʳʧʦʣʥʝʥʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʦʨʠʛʠʥʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ AlexNet ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʢ ʟʘʜʘʯʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʨʝʭ ʢʣʘʩʩʦʚ ʦʙʲʝʢʪʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ AlexNet: 

ʅʘ ʧʝʨʚʦʤ ʩʣʦʝ ʚʳʙʨʘʥ ʦʜʠʥ ʚʭʦʜʥʦʡ ʢʘʥʘʣ, ʪʘʢ ʢʘʢ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʚʝʜʝʥʳ ʚ ʯʝʨʥʦ-ʙʝʣʳʡ ʬʦʨʤʘʪ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʷ: 

ʚʳʭʦʜʷʱʠʝ ʢʘʥʘʣʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 64, ʨʘʟʤʝʨ ʷʜʨʘ ʩʚʝʨʪʢʠ: 11Ĭ11 

ʧʠʢʩʝʣʝʡ, ʰʘʛ ʧʝʨʝʤʝʱʝʥʠʷ ʦʢʥʘ: 4 ʧʠʢʩʝʣʷ, ʟʘʧʦʣʥʝʥʠʝ ʢʨʘʝʚ 

ʠʟʦʙʨʘʞʝʥʠʷ padding=2 ʧʠʢʩʝʣʷ. ʇʦʩʣʝ ʩʚʝʨʪʢʠ ʧʨʠʤʝʥʝʥʘ ʬʫʥʢʮʠʷ 

ʘʢʪʠʚʘʮʠʷ ReLU, ʜʘʣʝʝ ʧʨʦʚʦʜʝʥʘ ʦʧʝʨʘʮʠʷ MaxPooling ʨʘʟʤʝʨʦʤ 3Ĭ3, ʩ 

ʰʘʛʦʤ 2 ʧʠʢʩʝʣʷ. 

ʅʘ ʚʪʦʨʦʤ ʩʣʦʝ ʠʟʤʝʥʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʷʱʠʭ ʠ ʚʳʭʦʜʷʱʠʭ ʢʘʥʘʣʦʚ 

(64 ʠ 192 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʪʘʢʞʝ ʨʘʟʤʝʨ ʷʜʨʘ ʩʚʝʨʪʢʠ ʨʘʚʝʥ 5Ĭ5 

ʧʠʢʩʝʣʝʡ. ɿʘʧʦʣʥʝʥʠʝ ʢʨʘʝʚ, ʘʢʪʠʚʘʮʠʷ ReLU ʠ MaxPooling ʧʨʦʠʟʚʝʜʝʥʳ 

ʘʥʘʣʦʛʠʯʥʦ ʧʝʨʚʦʤʫ ʩʣʦʶ ʩ ʪʝʤʠ ʞʝ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʇʦʩʣʝʜʫʶʱʠʝ ʪʨʠ ʩʣʦʷ ʠʩʧʦʣʴʟʫʶʪ ʷʜʨʦ ʩʚʝʨʪʢʠ ʨʘʟʤʝʨʘ 3Ĭ3. 

ʂʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʠʟʤʝʥʝʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪ 384 ʜʦ 256, ʩʦʭʨʘʥʷʷ ʪʦʪ 

ʞʝ ʨʘʟʤʝʨ ʢʘʨʪ ʧʨʠʟʥʘʢʦʚ ʙʣʘʛʦʜʘʨʷ ʟʘʧʦʣʥʝʥʠʶ ʛʨʘʥʠʮ ʠʟʦʙʨʘʞʝʥʠʝʤ. 

ʆʧʝʨʘʮʠʷ ʩʚʝʨʪʢʠ ʟʘʚʝʨʰʝʥʘ ʥʘ ʧʷʪʦʤ ʩʣʦʝ MaxPooling, 

ʫʤʝʥʴʰʘʶʱʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚʳʭʦʜʘ. ɿʘʪʝʤ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʦʣʥʦʩʚʷʟʥʘʷ ʯʘʩʪʴ ʤʦʜʝʣʠ: 

- ɼʚʘ ʩʢʨʳʪʳʭ ʧʦʣʥʦʩʚʷʟʥʳʭ ʩʣʦʷ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʡʨʦʥʦʚ 4096 

ʢʘʞʜʳʡ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʝʨʘʮʠʠ dropout ʜʣʷ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ (ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ). ʂʘʞʜʳʡ ʧʦʣʥʦʩʚʷʟʥʳʡ 

ʩʣʦʡ ʩ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ ReLU. 

- ɺʳʭʦʜʥʦʡ ʩʣʦʡ ʧʨʦʠʟʚʦʜʠʪ ʧʨʷʤʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʢʣʘʩʩʦʚ. 
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ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚʢʣʶʯʘʝʪ ʩʦʟʜʘʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʤʘʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨʘ filter2D. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʩʤʘʟ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʩʥʠʤʢʘʭ ʩʦʟʜʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʨʘʟʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʝʜʠʥʦʦʙʨʘʟʥʦʩʪʴ ʵʬʬʝʢʪʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʟʨʝʰʝʥʠʷ ʠ ʨʘʟʤʝʨʘ 

ʩʥʠʤʢʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʣʠʥʝʡʥʦʛʦ ʩʤʘʟʘ ʩʦʟʜʘʥʦ 3 ʚʳʙʦʨʢʠ ʩ ʨʘʟʥʳʤʠ 

ʵʬʬʝʢʪʘʤʠ ʠʩʢʘʞʝʥʠʡ (1%, 2%, 4%).  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʘʪʴ ʨʝʘʣʠʩʪʠʯʥʳʝ ʠʩʢʘʞʝʥʠʷ, 

ʘʥʘʣʦʛʠʯʥʳʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʩʲʝʤʢʠ (ʨʠʩ.1). 

ʘ)  ʙ)  

ʈʠʩʫʥʦʢ 1. ʉʤʘʟʘʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠʤʝʥʝʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʘ) ʧʨʠʤʝʥʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʤʘʟʘ; 

ʙ) ʧʨʠʤʝʥʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʤʘʟʘ. 

 

ʅʘ ʦʙʫʯʝʥʠʝ ʧʦʜʘʚʘʣʦʩʴ 70% ʩʥʠʤʢʦʚ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, 

ʚ ʥʝʛʦ ʚʦʰʣʦ 5555 ʩʥʠʤʢʦʚ, ʘ ʵʪʦ 2290 ʩʥʠʤʢʦʚ ʟʜʦʨʦʚʳʭ ʣʝʛʢʠʭ, 2101 

ʩʥʠʤʦʢ ʣʝʛʢʠʭ ʩ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʥʝʚʤʦʥʠʝʡ ʠ 1160 ʩ ʚʠʨʫʩʥʦʡ 

ʧʥʝʚʤʦʥʠʝʡ. ʆʙʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʜʚʘ ʨʘʟʘ ʩ ʫʯʝʪʦʤ ʜʚʫʭ ʤʝʪʦʜʦʚ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ, ʥʦ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʙʳʣ ʝʜʠʥʳʤ. 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ: 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʧʨʠʚʝʜʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʯʸʨʥʦ-ʙʝʣʳʡ ʬʦʨʤʘʪ 

(transforms.Grayscale()); 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦ ʨʘʟʤʝʨʘ 227*227 ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʧʦ ʫʤʦʣʯʘʥʠʶ ʙʠʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ (transforms.Resize((227,227))); 

ʧʨʠʚʝʜʝʥʠʝ ʢ ʪʝʥʟʦʨʫ (transforms.ToTensor()); 

ʥʦʨʤʘʣʠʟʘʮʠʷ (transforms.Normalize((0.5,), (0.5,))). 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ: 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʧʨʠʚʝʜʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʯʸʨʥʦ-ʙʝʣʳʡ ʬʦʨʤʘʪ 

(transforms.Grayscale()); 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʜʦ 

227 ʠ ʧʨʠʤʝʥʝʥʠʝ ʙʠʢʫʙʠʯʝʩʢʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ (transforms.Resize(227, 

interpolation = transforms.InterpolationMode.BICUBIC)); 

ʮʝʥʪʨʠʨʦʚʘʥʥʦʝ ʢʘʜʨʠʨʦʚʘʥʠʝ ʜʦ ʨʘʟʤʝʨʦʚ 227*227 

(transforms.CenterCrop(227)); 
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ʧʨʠʚʝʜʝʥʠʝ ʢ ʪʝʥʟʦʨʫ (transforms.ToTensor()); 

ʥʦʨʤʘʣʠʟʘʮʠʷ (transforms.Normalize((0.5,), (0.5,))). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʝ ʦʙʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʠ ʧʦʩʪʨʦʝʥʳ loss-

ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʇʨʦʮʝʜʫʨʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʦʵʪʘʧʥʦ ʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʥʳʭ ʣʠʥʝʡʥʳʭ ʩʤʘʟʦʚ ʥʘ 

ʢʘʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ. 

ʂʘʯʝʩʪʚʦ ʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʦ ʧʨʦʚʝʨʝʥʦ ʥʘ ʦʩʪʘʚʰʠʭʩʷ 30% 

ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ʉʥʘʯʘʣʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʦʚʝʨʢʘ ʪʦʯʥʦʩʪʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʙʝʟ ʩʤʘʟʦʚ. ɼʘʣʝʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʜʣʷ ʩʥʠʤʢʦʚ, ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʭ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘʯʠʥʘʷ ʩ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩ  

ʘ)  
ʙ)  

ʈʠʩʫʥʦʢ 2. Loss-ʬʫʥʢʮʠʷ 

ʘ) ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ; 

ʙ) ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʦʙʨʝʟʢʠ. 

 

ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʩʤʘʟʘ ʢ ʠʟʦʙʨʘʞʝʥʠʷʤ ʩ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʨʘʟʤʳʪʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʤʘʟʘ. 

ʇʨʦʚʝʨʢʘ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʤʘʟʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʘʥʘʣʦʛʠʯʥʦ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʮʝʥʠʚʘʣʘʩʴ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠ 

ʧʨʘʚʠʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʣʘʩʩ ʦʙʲʝʢʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʨʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ 

ʫʩʧʝʰʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʡ. 

Accuracy (ʊʦʯʥʦʩʪʴ). ʄʝʪʨʠʢʘ Accuracy ʦʪʨʘʞʘʝʪ ʦʙʱʫʶ ʜʦʣʶ 

ʧʨʘʚʠʣʴʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʚ ʪʝʩʪʦʚʦʤ ʥʘʙʦʨʝ. ʌʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 Accuracy = TP + TN / TP + TN + FP 

+ FN 

(1) 

ʛʜʝ TP ð ʠʩʪʠʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, TN ð ʠʩʪʠʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ, FP 

ð ʣʦʞʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, FN ð ʣʦʞʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ. 
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Precision (ʊʦʯʥʦʩʪʴ). ʇʦʢʘʟʘʪʝʣʴ Precision ʦʮʝʥʠʚʘʝʪ ʜʦʣʶ ʨʝʘʣʴʥʳʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʣʫʯʘʝʚ ʩʨʝʜʠ ʪʝʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʦʜʝʣʴʶ ʢʘʢ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ. ɺʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 Precision = TP / TP + FP (2) 

Recall (ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ). Recall, ʠʟʚʝʩʪʥʳʡ ʪʘʢʞʝ ʢʘʢ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʦʣʶ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʩʣʫʯʘʝʚ, ʫʩʧʝʰʥʦ ʚʳʷʚʣʝʥʥʳʭ ʤʦʜʝʣʴʶ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

 Recall = TP / TP + FN (3) 

F1-Score (ɹʘʣʘʥʩ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ). F1-Score ʩʣʫʞʠʪ 

ʙʘʣʘʥʩʠʨʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʤʝʞʜʫ Precision ʠ Recall. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 F1 = 2 ẗ Precision ẗ Recall / (Precision + 

Recall) 

(4) 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʫʯʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʚʠʜʦʚ 

ʣʠʥʝʡʥʳʭ ʩʤʘʟʦʚ ʩ ʫʯʝʪʦʤ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ. ʆʙʱʘʷ ʪʦʯʥʦʩʪʴ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʠ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʦʙʨʝʟʢʠ 

ʧʦʣʫʯʘʣʘʩʴ 84,48% ʠ 80,86% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʘ ʤʝʪʦʜʘ ʧʦʢʘʟʘʣʠ 

ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʮʝʥʪʘ ʩʤʘʟʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʪʝʨʝʡ 

ʜʝʪʘʣʝʡ, ʚʘʞʥʳʭ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʇʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʚʣʠʷʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʜʝʬʝʢʪʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʦʜʝʣʠ ʠʤʝʥʥʦ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʜʝʬʝʢʪʘʤ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ. ʆʜʥʘʢʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʦʙʨʝʟʢʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʢʘʨʪʠʥʘ: ʪʦʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʜʝʬʝʢʪʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʥʝʚʤʦʥʠʠ. 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʜʝʬʝʢʪʳ, ʥʘʧʨʦʪʠʚ, ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʝ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʦʙʨʝʟʢʠ ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʠ 

ʠʤʝʥʥʦ ʢ ʚʝʨʪʠʢʘʣʴʥʳʤ ʜʝʬʝʢʪʘʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʣʫʯʰʝʝ ʩʦʭʨʘʥʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʬʝʢʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʦʯʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʘ)  ʙ)  

ʈʠʩʫʥʦʢ 3. ʉʨʘʚʥʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʤʘʟʘʭ 

ʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ; 

ʙ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʦʙʨʝʟʢʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʮʝʥʪʘ ʩʤʘʟʘ. ʄʦʜʝʣʴ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʦʙʨʝʟʢʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʙʦʣʴʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʝʨʪʠʢʘʣʴʥʳʤ ʜʝʬʝʢʪʘʤ, ʪʦʛʜʘ ʢʘʢ ʤʦʜʝʣʴ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʣʫʯʰʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʜʝʬʝʢʪʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʤʝʪʦʜʘ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʡ ʣʝʛʢʠʭ.  
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Juraeva Z.A., Mirzoboboeva Z.M.  

Designing a women's dress with elements of traditional 

embroidery on the example of Sughd region 

Abstract:  The article explores the process of designing a women's dress incorporating 

decorative elements inspired by traditional embroidery of the Sughd region. It analyzes 

the artistic concept of the model, design features, choice of materials, and the technique 

of embroidery placement on the garment. An example of a real product is presented, 

reflecting the synthesis of cultural traditions and contemporary design solutions. 

Key words: clothing design, traditional embroidery, Sughd region, decorative elements, 

women's dress. 

 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʦʜʝʞʜʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ 

ʢʘʞʜʦʛʦ ʥʘʨʦʜʘ. ɺʳʰʠʚʢʘ ʢʘʢ ʦʜʠʥ ʠʟ ʚʳʨʘʟʠʪʝʣʴʥʳʭ ʜʝʢʦʨʘʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʘʜʞʠʢʩʢʦʡ ʦʜʝʞʜʝ ʚʳʧʦʣʥʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʵʩʪʝʪʠʯʝʩʢʫʶ, ʥʦ ʠ ʩʠʤʚʦʣʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ. ʉʦʚʨʝʤʝʥʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʜʝʞʜʳ ʚʩʸ ʯʘʱʝ ʦʙʨʘʱʘʝʪʩʷ ʢ ʵʪʥʠʯʝʩʢʠʤ ʤʦʪʠʚʘʤ, 

ʩʪʨʝʤʷʩʴ ʩʦʭʨʘʥʠʪʴ ʠ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʪʨʘʜʠʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʜʝ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʤʦʜʘ ʚʩʸ ʯʘʱʝ ʦʙʨʘʱʘʝʪʩʷ ʢ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʳʤ 

ʢʦʨʥʷʤ, ʚʜʦʭʥʦʚʣʷʷʩʴ ʜʨʝʚʥʠʤʠ ʨʝʤʸʩʣʘʤʠ, ʚʢʣʶʯʘʷ ʥʘʮʠʦʥʘʣʴʥʫʶ 

ʚʳʰʠʚʢʫ. ʊʨʘʜʠʮʠʦʥʥʘʷ ʚʳʰʠʚʢʘ, ʚʝʢʘʤʠ ʭʨʘʥʠʚʰʘʷ ʩʘʢʨʘʣʴʥʳʝ ʠ 

ʜʝʢʦʨʘʪʠʚʥʳʝ ʬʫʥʢʮʠʠ, ʩʝʛʦʜʥʷ ʥʘʭʦʜʠʪ ʥʦʚʦʝ ʚʦʧʣʦʱʝʥʠʝ ʚ ʘʚʪʦʨʩʢʠʭ 

ʢʦʣʣʝʢʮʠʷʭ, ʩʮʝʥʠʯʝʩʢʠʭ ʢʦʩʪʶʤʘʭ ʠ ʜʘʞʝ ʧʦʚʩʝʜʥʝʚʥʦʡ ʦʜʝʞʜʝ. 

ʉʠʥʪʝʟ ʵʪʠʭ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʨʥʘʤʝʥʪʦʚ ʠ ʫʟʦʨʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʢʨʦʷʤʠ, 

ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʠʪʴ 

ʨʝʤʝʩʣʝʥʥʳʝ ʪʨʘʜʠʮʠʠ, ʥʦ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʭ ʧʦʜ ʘʢʪʫʘʣʴʥʳʝ ʤʦʜʥʳʝ 
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ʪʝʥʜʝʥʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʝʞʜʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʦʩʪʦ ʩʨʝʜʩʪʚʦʤ 

ʩʘʤʦʚʳʨʘʞʝʥʠʷ, ʥʦ ʠ ʥʦʩʠʪʝʣʝʤ ʢʫʣʴʪʫʨʥʦʡ ʧʘʤʷʪʠ ʥʘʨʦʜʘ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʪʘʜʞʠʢʩʢʦʡ ʤʦʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ, ʪʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʣʦʜʸʞʠ ʚʦʩʧʨʠʥʠʤʘʪʴ ʪʨʘʜʠʮʠʦʥʥʫʶ ʵʩʪʝʪʠʢʫ ʢʘʢ 

ʩʪʠʣʴʥʫʶ ʠ ʘʢʪʫʘʣʴʥʫʶ, ʘ ʤʘʩʪʝʨʘʤ ð ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʨʫʯʥʦʡ ʪʨʫʜ ʚ 

ʢʦʤʤʝʨʯʝʩʢʠ ʫʩʧʝʰʥʳʝ ʠʟʜʝʣʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʠʥʪʝʨʝʩ ʢ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʢʫʣʴʪʫʨʝ ʠ ʵʪʥʠʯʝʩʢʠʤ ʤʦʪʠʚʘʤ ʚ ʤʦʜʝ. ɺʦʟʨʦʞʜʝʥʠʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʤʸʩʝʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʝʢʦʨʘʪʠʚʥʦʡ ʚʳʰʠʚʢʠ, ʩʪʘʥʦʚʠʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʩʨʝʜʩʪʚʦʤ ʩʦʭʨʘʥʝʥʠʷ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʥʦ ʠ ʚʘʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʜʠʟʘʡʥʘ ʦʜʝʞʜʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʦʛʜʠʡʩʢʦʡ ʚʳʰʠʚʢʠ ʚ ʞʝʥʩʢʦʤ ʧʣʘʪʴʝ ʧʦʟʚʦʣʷʝʪ 

ʩʦʝʜʠʥʠʪʴ ʠʩʪʦʨʠʶ ʠ ʩʦʚʨʝʤʝʥʥʦʩʪʴ, ʧʨʠʜʘʚʘʷ ʠʟʜʝʣʠʷʤ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʠ ʛʣʫʙʦʢʠʡ ʩʤʳʩʣ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʛʣʦʙʘʣʠʟʘʮʠʠ, ʢʦʛʜʘ ʩʦʭʨʘʥʝʥʠʝ ʢʫʣʴʪʫʨʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʧʨʠʦʙʨʝʪʘʝʪ 

ʦʩʦʙʫʶ ʮʝʥʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʜʝʞʜʳ ʩ ʵʪʥʠʯʝʩʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʘʢʪʫʘʣʴʥʦ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʫʣʴʪʫʨʥʦʛʦ ʚʦʟʨʦʞʜʝʥʠʷ, ʪʘʢ ʠ 

ʩ ʧʦʟʠʮʠʠ ʤʦʜʥʳʭ ʪʝʥʜʝʥʮʠʡ ʠ ʩʧʨʦʩʘ ʥʘ ʫʥʠʢʘʣʴʥʳʝ ʜʠʟʘʡʥʝʨʩʢʠʝ 

ʨʝʰʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʞʝʥʩʢʦʝ ʧʣʘʪʴʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʬʦʪʦ, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʩ ʫʯʸʪʦʤ ʵʣʝʤʝʥʪʦʚ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʩʦʛʜʠʡʩʢʦʡ ʚʳʰʠʚʢʠ. ʄʘʪʝʨʠʘʣ ʧʣʘʪʴʷ ð ʧʣʦʪʥʘʷ ʦʜʥʦʪʦʥʥʘʷ ʪʢʘʥʴ 

ʪʸʤʥʦ-ʬʠʦʣʝʪʦʚʦʛʦ ʮʚʝʪʘ, ʥʘ ʬʦʥʝ ʢʦʪʦʨʦʡ ʷʨʢʦ ʚʳʜʝʣʷʶʪʩʷ ʜʝʢʦʨʘʪʠʚʥʳʝ 

ʵʣʝʤʝʥʪʳ ʧʝʩʦʯʥʦʛʦ ʮʚʝʪʘ ʩ ʚʳʰʠʚʢʦʡ. 

 ɺʳʰʠʚʢʘ ʚʳʧʦʣʥʝʥʘ ʚ ʬʦʨʤʝ ʩʪʠʣʠʟʦʚʘʥʥʳʭ "ʙʦʜʦʤ" - ʦʙʨʘʟʥʳʭ ʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʫʟʦʨʦʚ, ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ ʨʝʛʠʦʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʥʠʪʠ 

ʙʝʞʝʚʦʛʦ, ʨʦʟʦʚʦʛʦ, ʩʠʨʝʥʝʚʦʛʦ ʠ ʛʦʣʫʙʦʛʦ ʮʚʝʪʦʚ, ʜʦʧʦʣʥʝʥʥʳʝ ʧʘʝʪʢʘʤʠ 

ʠ ʙʠʩʝʨʦʤ. ʊʘʢʞʝ ʚ ʢʦʥʪʝʢʩʪʝ ʪʘʜʞʠʢʩʢʦʡ ʤʦʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʉʦʛʜʠʡʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʣʦʜʸʞʠ ʚʦʩʧʨʠʥʠʤʘʪʴ ʪʨʘʜʠʮʠʦʥʥʫʶ 

ʵʩʪʝʪʠʢʫ ʢʘʢ ʩʪʠʣʴʥʫʶ ʠ ʘʢʪʫʘʣʴʥʫʶ, ʘ ʤʘʩʪʝʨʘʤ - ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʨʫʯʥʦʡ 

ʪʨʫʜ ʚ ʢʦʤʤʝʨʯʝʩʢʠ ʫʩʧʝʰʥʳʝ ʠʟʜʝʣʠʷ. 
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ʈʠʩʫʥʦʢ 1. ɾʝʥʩʢʦʝ ʧʣʘʪʴʝ ʩ ʫʯʸʪʦʤ ʥʘʮʠʦʥʘʣʴʥʦʡ ʚʳʰʠʚʢʠ 

 

ɼʝʢʦʨʘʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚʳʩʪʫʧʘʝʪ ʚʳʰʠʚʢʘ ʛʫʣʠ ʣʦʣʘ - 

ʩʪʠʣʠʟʦʚʘʥʥʳʡ ʫʟʦʨ ʪʶʣʴʧʘʥʘ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʚʳʰʠʚʢʝ ʨʝʛʠʦʥʘ. ʕʪʦʪ ʤʦʪʠʚ ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʚʝʩʥʫ, ʦʙʥʦʚʣʝʥʠʝ ʠ 

ʞʝʥʩʪʚʝʥʥʦʩʪʴ. ɺʳʰʠʚʢʘ ʚʳʧʦʣʥʝʥʘ ʥʠʪʷʤʠ ʷʨʢʠʭ ʮʚʝʪʦʚ: ʨʦʟʦʚʦʛʦ, 

ʩʠʨʝʥʝʚʦʛʦ, ʙʝʣʦʛʦ ʠ ʛʦʣʫʙʦʛʦ, ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʙʣʝʩʪʷʱʠʭ ʧʘʝʪʦʢ ʠ ʙʠʩʝʨʘ, 

ʧʦʜʯʸʨʢʠʚʘʶʱʠʭ ʠʟʷʱʝʩʪʚʦ ʦʨʥʘʤʝʥʪʘ. ʋʟʦʨʳ ʨʘʟʤʝʱʝʥʳ ʥʘ ʚʦʨʦʪʥʠʢʝ, 

ʤʘʥʞʝʪʘʭ ʠ ʙʘʩʢʝ, ʯʪʦ ʧʨʠʜʘʸʪ ʦʙʨʘʟʫ ʛʘʨʤʦʥʠʯʥʫʶ ʟʘʚʝʨʰʸʥʥʦʩʪʴ ʠ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʢʦʣʦʨʠʪ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʘʪʴʷ ʢʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʠʡ 

ʚʦʨʦʪʥʠʢ, ʩʥʠʤʘʶʱʘʷʩʷ ʙʘʩʢʘ ʠ ʜʝʢʦʨʘʪʠʚʥʳʝ ʤʘʥʞʝʪʳ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ 

ʩʦʟʜʘʶʪ ʚʳʨʘʟʠʪʝʣʴʥʳʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʦʙʨʘʟ. ʐʠʨʦʢʠʡ ʚʦʨʦʪʥʠʢ 

ʚʠʟʫʘʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʣʠʥʠʶ ʧʣʝʯ ʠ ʧʨʠʜʘʸʪ ʠʟʜʝʣʠʶ ʵʣʝʛʘʥʪʥʦʩʪʴ ʠ 

ʦʩʦʙʳʡ ʰʘʨʤ, ʚʳʩʪʫʧʘʷ ʚʘʞʥʳʤ ʘʢʮʝʥʪʦʤ ʚ ʢʦʤʧʦʟʠʮʠʠ. ɽʛʦ ʬʦʨʤʘ ʠ 

ʧʨʦʧʦʨʮʠʠ ʧʨʦʜʫʤʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʛʘʨʤʦʥʠʯʥʦ ʩʦʯʝʪʘʪʴʩʷ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʧʣʘʪʴʷ ʠ ʧʦʜʯʸʨʢʠʚʘʪʴ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʩʠʣʫʵʪʘ. 

ʉʲʸʤʥʘʷ ʙʘʩʢʘ ʜʦʙʘʚʣʷʝʪ ʤʦʜʝʣʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʧʦʟʚʦʣʷʝʪ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʨʘʟ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʪʫʘʮʠʠ. ʆʥʘ ʧʦʜʯʸʨʢʠʚʘʝʪ 

ʪʘʣʠʶ, ʩʦʟʜʘʚʘʷ ʵʬʬʝʢʪ ʧʝʩʦʯʥʳʭ ʯʘʩʦʚ, ʠ ʧʨʠʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʙʲʸʤ 

ʚ ʦʙʣʘʩʪʠ ʙʸʜʝʨ, ʯʪʦ ʜʝʣʘʝʪ ʩʠʣʫʵʪ ʙʦʣʝʝ ʞʝʥʩʪʚʝʥʥʳʤ ʠ ʚʳʨʘʟʠʪʝʣʴʥʳʤ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʥʷʪʠʷ ʙʘʩʢʠ ʜʝʣʘʝʪ ʧʣʘʪʴʝ ʙʦʣʝʝ ʧʨʘʢʪʠʯʥʳʤ ʠ ʨʘʩʰʠʨʷʝʪ 

ʚʘʨʠʘʥʪʳ ʩʪʠʣʠʟʘʮʠʠ. 

ʄʘʥʞʝʪʳ ʥʘ ʨʫʢʘʚʘʭ, ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʜʝʢʦʨʘʪʠʚʥʳʤʠ ʜʝʪʘʣʷʤʠ, 

ʫʩʠʣʠʚʘʶʪ ʦʙʱʫʶ ʩʪʨʦʛʦʩʪʴ ʠ ʪʦʨʞʝʩʪʚʝʥʥʦʩʪʴ ʠʟʜʝʣʠʷ. ʆʥʠ ʛʘʨʤʦʥʠʯʥʦ 

ʜʦʧʦʣʥʷʶʪ ʰʠʨʦʢʠʡ ʚʦʨʦʪʥʠʢ, ʩʦʟʜʘʚʘʷ ʙʘʣʘʥʩ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʯʘʩʪʷʤʠ ʧʣʘʪʴʷ. ɼʣʠʥʥʳʝ ʨʫʢʘʚʘ ʩ ʤʘʥʞʝʪʘʤʠ ʧʨʠʜʘʶʪ ʦʙʨʘʟʫ 

ʟʘʚʝʨʰʸʥʥʦʩʪʴ ʠ ʧʦʜʯʸʨʢʠʚʘʶʪ ʫʪʦʥʯʸʥʥʦʩʪʴ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʯʝʪʘʥʠʝ ʰʠʨʦʢʦʛʦ ʚʦʨʦʪʥʠʢʘ, ʩʲʸʤʥʦʡ ʙʘʩʢʠ ʠ 

ʤʘʥʞʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʧʣʘʪʴʝ, ʢʦʪʦʨʦʝ ʦʪʣʠʯʘʝʪʩʷ 

ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴʶ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ, ʩʦʭʨʘʥʷʷ 

ʧʨʠ ʵʪʦʤ ʵʣʝʛʘʥʪʥʦʩʪʴ ʠ ʛʘʨʤʦʥʠʯʥʳʡ ʩʠʣʫʵʪ. 

ʂʨʦʤʝ ʵʩʪʝʪʠʯʝʩʢʦʡ ʠ ʩʠʤʚʦʣʠʯʝʩʢʦʡ ʨʦʣʠ, ʪʨʘʜʠʮʠʦʥʥʘʷ ʚʳʰʠʚʢʘ 

ʚʳʧʦʣʥʷʝʪ ʪʘʢʞʝ ʬʫʥʢʮʠʶ ʢʫʣʴʪʫʨʥʦʛʦ ʢʦʜʘ, ʧʦʟʚʦʣʷʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʨʝʛʠʦʥʘʣʴʥʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʠ ʜʘʞʝ ʩʦʮʠʘʣʴʥʳʡ ʩʪʘʪʫʩ ʥʦʩʠʪʝʣʷ. ɺ 

ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʊʘʜʞʠʢʠʩʪʘʥʘ, 

ʦʧʨʝʜʝʣʸʥʥʳʝ ʫʟʦʨʳ ʠ ʮʚʝʪʦʚʳʝ ʨʝʰʝʥʠʷ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʢʦʥʢʨʝʪʥʳʤʠ 

ʤʝʩʪʥʦʩʪʷʤʠ ʠ ʵʪʥʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʚʳʰʠʚʢʫ ʥʝ ʪʦʣʴʢʦ 

ʜʝʢʦʨʘʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʥʦ ʠ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʪʥʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ [1, ʩ. 45]. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʞʝʥʩʢʦʛʦ ʧʣʘʪʴʷ ʙʳʣʦ ʫʜʝʣʝʥʦ 

ʪʝʭʥʠʢʝ ʠʩʧʦʣʥʝʥʠʷ ʚʳʰʠʚʢʠ. ɺʘʞʥʦ ʙʳʣʦ ʩʦʭʨʘʥʠʪʴ ʨʫʯʥʦʡ ʭʘʨʘʢʪʝʨ 

ʨʘʙʦʪʳ, ʯʪʦ ʧʦʜʯʝʨʢʥʫʣʦ ʙʳ ʝʸ ʫʥʠʢʘʣʴʥʦʩʪʴ ʠ ʨʝʤʝʩʣʝʥʥʫʶ ʮʝʥʥʦʩʪʴ. 

ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʪʢʘʥʠ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʫʟʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʥʝʥʠʷ ʙʝʟ ʧʦʪʝʨʠ ʘʫʪʝʥʪʠʯʥʦʩʪʠ [2, ʩ. 

37]. ʊʘʢʦʡ ʩʠʤʙʠʦʟ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʜʭʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʟʜʝʣʠʷ ʠ ʝʛʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʨʳʥʢʝ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ ʜʝʢʦʨʘʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʚʘʣʦʩʴ ʤʦʪʠʚʘʤ, ʠʤʝʶʱʠʤ ʛʣʫʙʦʢʦʝ ʩʠʤʚʦʣʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʤʦʪʠʚ çʛʫʣʠ ʣʦʣʘè ʥʝʨʝʜʢʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ 

ʤʘʪʝʨʠʥʩʪʚʦʤ ʠ ʚʦʟʨʦʞʜʝʥʠʝʤ, ʘ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʨʥʘʤʝʥʪʳ ʚ ʚʠʜʝ 

ʚʠʥʦʛʨʘʜʥʳʭ ʣʦʟ ʠʣʠ ʣʠʩʪʴʝʚ ð ʩ ʧʣʦʜʦʨʦʜʠʝʤ ʠ ʞʠʟʥʝʥʥʦʡ ʩʠʣʦʡ [3, ʩ. 

22]. ɺʢʣʶʯʝʥʠʝ ʪʘʢʠʭ ʩʠʤʚʦʣʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʧʣʘʪʴʷ ʫʩʠʣʠʚʘʝʪ ʝʛʦ 

ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʥʘʧʦʣʥʝʥʠʝ, ʜʝʣʘʷ ʝʛʦ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʤʝʪʦʤ ʦʜʝʞʜʳ, ʥʦ ʠ 

ʩʚʦʝʛʦ ʨʦʜʘ ʥʦʩʠʪʝʣʝʤ ʧʦʩʣʘʥʠʷ. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʚʳʰʠʚʢʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʷʭ ʪʨʝʙʫʝʪ ʘʜʘʧʪʘʮʠʠ ʧʦʜ 

ʥʦʚʳʝ ʬʦʨʤʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʵʪʦʤ ʧʨʦʝʢʪʝ ʨʘʟʤʝʱʝʥʠʝ ʚʳʰʠʚʢʠ ʙʳʣʦ 

ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʘʥʦ ʩ ʫʯʸʪʦʤ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʠ 

ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʅʘʧʨʠʤʝʨ, ʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʫʟʦʨʦʚ ʥʘ ʚʦʨʦʪʥʠʢʝ ʠ ʤʘʥʞʝʪʘʭ ʩʦʟʜʘʸʪ ʚʠʟʫʘʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʜʝʢʦʨʘʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ ʙʘʩʢʝ ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʪʘʣʠʠ, 

ʧʦʜʯʝʨʢʠʚʘʷ ʬʠʛʫʨʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ 

ʠʥʪʝʛʨʘʮʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʚʳʰʠʚʢʠ ʚ ʩʦʚʨʝʤʝʥʥʳʡ ʜʠʟʘʡʥ ʞʝʥʩʢʦʡ 

ʦʜʝʞʜʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʝʥʠʶ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʥʦ ʠ 

ʨʘʩʰʠʨʷʝʪ ʵʩʪʝʪʠʯʝʩʢʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʢʘʢ ʚ 

ʩʬʝʨʝ ʤʦʜʳ, ʪʘʢ ʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, 
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ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʦʟʨʦʞʜʝʥʠʝ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʶ ʥʘʮʠʦʥʘʣʴʥʳʭ ʨʝʤʸʩʝʣ 

[1ï3]. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʞʝʥʩʢʦʛʦ ʧʣʘʪʴʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʚʳʰʠʚʢʠ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʧʝʰʥʦʝ 

ʦʙʲʝʜʠʥʝʥʠʝ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʟʘʡʥʝʨʩʢʠʭ 

ʪʝʥʜʝʥʮʠʡ. ɺʥʝʜʨʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʦʨʥʘʤʝʥʪʦʚ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʜʝʪʘʣʠ 

ʦʜʝʞʜʳ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʠʪʴ ʫʥʠʢʘʣʴʥʳʝ ʪʨʘʜʠʮʠʠ, ʥʦ ʠ 

ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ ʚ ʘʢʪʫʘʣʴʥʦʤ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʤ ʬʦʨʤʘʪʝ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʦʙʨʘʟʝʮ ʩʣʫʞʠʪ ʦʪʣʠʯʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʣʣʝʢʮʠʡ ʚ ʵʪʥʦ-ʩʪʠʣʝ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʪʘʜʞʠʢʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʫʢʨʝʧʣʝʥʠʶ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʯʝʨʝʟ ʤʦʜʫ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʪʚʦʨʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʨʳʥʢʘ ʦʜʝʞʜʳ ʩ 

ʘʢʮʝʥʪʦʤ ʥʘ ʵʪʥʠʯʝʩʢʫʶ ʩʘʤʦʙʳʪʥʦʩʪʴ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʣʷ 

ʦʪʦʧʣʝʥʠʷ. ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ ʠ ʠʩʯʝʨʧʘʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ 

ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʧʝʨʝʭʦʜʘ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ. ʆʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʯʝʨʧʘʝʤʳʡ ʨʝʩʫʨʩ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʧʨʠʥʮʠʧʳ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʝʝ ʚʠʜʳ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʪʝʧʣʘ ʠʟ ʥʝʜʨ ɿʝʤʣʠ. ɺʘʞʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʘʥʘʣʠʟʫ ʤʠʨʦʚʦʛʦ 

ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʚʢʣʶʯʘʷ ʫʩʧʝʰʥʳʝ ʧʨʠʤʝʨʳ ʠʟ 

ʀʩʣʘʥʜʠʠ, ʉʐɸ ʠ ʀʪʘʣʠʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʚʥʝʜʨʝʥʠʝʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ 

ʥʘʯʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ, ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʫʜʫʱʝʛʦ. ɺ 

ʩʪʘʪʴʝ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʚʳʟʦʚʳ, ʩʪʦʷʱʠʝ ʧʝʨʝʜ 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʦʡ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʪʨʘʥʘʭ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, 

ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʛʦʩʪʠʥʠʯʥʳʡ ʢʦʤʧʣʝʢʩ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʨʝʩʫʨʩʳ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʝʧʣʦʚʘʷ 

ʵʥʝʨʛʠʷ ɿʝʤʣʠ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

  

Kocharyan Y.G., Abrahamyan E.R. 

Utilization of renewable energy sources for heating. Geothermal 

energy 
                  

Abstract:  In the context of global environmental challenges and exhaustion of 

traditional energy sources, renewable energy sources are becoming an essential element 

of the transition to sustainable development. One of the promising directions in this area 

is the use of geothermal energy, which is an environmentally friendly and practically 

inexhaustible resource. This article discusses the basic principles of geothermal energy, 

its types, as well as technologies used to extract heat from the Earth's interior. Important 

attention is paid to the analysis of the world experience of geothermal installations, 

including successful examples from Iceland, USA and Italy, as well as economic, 

environmental and technical aspects related to their implementation. Despite high initial 

investments and technological challenges, geothermal energy appears to be an important 

component of future energy security. The article also discusses the prospects and 

challenges facing geothermal energy, including the possibilities of its application in 

countries with limited resources. 
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ɺʚʝʜʝʥʠʝ 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʜʝʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʧʝʨʝʭʦʜʘ ʥʘ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʟʘʥʷʣʘ ʢʣʶʯʝʚʦʝ ʤʝʩʪʦ ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ. ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ, ʠʩʪʦʱʝʥʠʷ ʟʘʧʘʩʦʚ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʨʘʩʪʫʱʝʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ ʤʥʦʛʠʝ 

ʩʪʨʘʥʳ ʚʠʜʷʪ ʚʘʞʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʪʦʡ ʩʬʝʨʝ 

ʩʯʠʪʘʝʪʩʷ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ. ʇʦʯʝʤʫ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʯʠʪʘʝʪʩʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ? ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʫʛʣʝʨʦʜʥʳʭ ʚʳʙʨʦʩʦʚ. 

ʕʪʦʪ ʚʠʜ ʵʥʝʨʛʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʧʣʘ ʠʟ ʥʝʜʨ ɿʝʤʣʠ, 

ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʨʝʩʫʨʩʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʪʘʢ ʠ ʜʣʷ ʦʙʦʛʨʝʚʘ ʧʦʤʝʱʝʥʠʡ.  

  ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ  

ɺ ʫʩʣʦʚʠʷʭ ʦʙʦʩʪʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʧʝʨʝʭʦʜ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ 

ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʦʚ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʦʙʫʩʣʦʚʣʝʥ ʨʷʜʦʤ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ:  

1. ʉʦʢʨʘʱʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʚʳʙʨʦʩʦʚ 

 - ʀʩʢʦʧʘʝʤʦʝ ʪʦʧʣʠʚʦ, ʚʢʣʶʯʘʷ ʫʛʦʣʴ, ʥʝʬʪʴ ʠ ʛʘʟ, ʦʩʪʘʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ʇʝʨʝʭʦʜ ʥʘ ʛʝʦʪʝʨʤʘʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʶʱʠʝ ʚʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 

ʧʦʤʦʛʘʝʪ ʩʪʨʘʥʘʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʪʘʢʠʤ ʢʘʢ 

ʇʘʨʠʞʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ.  

2. ʆʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ  

 - ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʝʪ ʩʪʨʘʥʘʤ, 

ʦʙʣʘʜʘʶʱʠʤ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʛʝʦʪʝʨʤʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ (ʥʘʧʨʠʤʝʨ, 

ʀʩʣʘʥʜʠʠ, ʂʝʥʠʠ ʠ ʌʠʣʠʧʧʠʥʘʤ), ʫʤʝʥʴʰʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʤʧʦʨʪʥʦʛʦ 

ʪʦʧʣʠʚʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ 

ʤʠʨʦʚʳʭ ʨʳʥʢʘʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ.  

3. ʀʩʪʦʱʝʥʠʝ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ  

 - ʅʝʬʪʴ ʠ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʦʪʥʦʩʷʪʩʷ ʢ ʦʛʨʘʥʠʯʝʥʥʳʤ ʨʝʩʫʨʩʘʤ, ʪʦʛʜʘ 

ʢʘʢ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʩʯʝʨʧʘʝʤʳʡ ʠʩʪʦʯʥʠʢ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʪʦʣʝʪʠʷʤʠ ʧʨʠ 

ʛʨʘʤʦʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

4. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

file:///C:/Users/User/AppData/YandexDisk/Work/Парадигма.%20Лето-2016/Сборник/www.paradigma.science


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 5̄, ʯʘʩʪʴ 5 www.paradigma.science 
 

80 

 - ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ, 

ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʦʢʘʟʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ 

ʧʨʠʨʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʨʝʛʠʦʥʦʚ ʩ ʫʷʟʚʠʤʦʡ 

ʵʢʦʣʦʛʠʝʡ.  

5. ʐʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

 - ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʘʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ 

(IEA), ʥʘ 2023 ʛʦʜ ʜʦʣʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʤʠʨʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʦʢʦʣʦ 1%. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʜʣʷ ʝʸ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ ʠ 

ʚʥʝʜʨʝʥʠʷ.  

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʘ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʚʳʟʦʚʦʚ ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʢʦʤʬʦʨʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʩʪʘʪʴʠ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʪʦʯʥʝʥʠʠ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʦʮʝʥʢʝ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʡ 

ʵʢʦʥʦʤʠʢʝ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʥʦʚʣʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʪʝʥʮʠʘʣʘ 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʢʦʥʢʨʝʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʸ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

  ʎʝʣʴ ʨʘʙʦʪʳ  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ 

ʫʩʪʦʡʯʠʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺ ʩʪʘʪʴʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʦʮʝʥʝʥʳ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʠ ʣʦʢʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʦʭʚʘʪʳʚʘʝʪ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʪʘʢ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʪʝʨʤʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ. 

ɸʥʘʣʠʟ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. 

ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ð ʵʪʦ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʘʷ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʪʝʧʣʘ, 

ʭʨʘʥʷʱʝʛʦʩʷ ʚʥʫʪʨʠ ɿʝʤʣʠ. ʕʪʦ ʪʝʧʣʦ ʚʦʟʥʠʢʘʝʪ ʙʣʘʛʦʜʘʨʷ 

ʨʘʜʠʦʘʢʪʠʚʥʦʤʫ ʨʘʩʧʘʜʫ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʘ ʪʘʢʞʝ ʦʪ ʦʩʪʘʪʦʯʥʦʛʦ 

ʪʝʧʣʘ, ʢʦʪʦʨʦʝ ɿʝʤʣʷ ʧʨʦʜʦʣʞʘʝʪ ʩʦʭʨʘʥʷʪʴ ʩ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ. ɻʝʦʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʛʣʫʙʠʥʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ, ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʦʪʝʨʤʘʣʴʥʫʶ 

ʵʥʝʨʛʠʶ ʚ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

ʕʣʝʢʪʨʦʛʝʥʝʨʘʮʠʷ: ɻʝʦʪʝʨʤʘʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʘʢʪʠʚʥʦ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʩʪʨʘʥʘʭ ʩ ʚʳʩʦʢʦʡ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʪʘʢʠʭ 

ʢʘʢ ʀʩʣʘʥʜʠʷ, ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ ʠ ʌʠʣʠʧʧʠʥʳ. ʇʦ ʜʘʥʥʳʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ (IEA), ʚ 2022 ʛʦʜʫ ʛʣʦʙʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʪʘʥʮʠʡ ʧʨʝʚʳʩʠʣʘ 15 ɻɺʪ. 

ʆʪʦʧʣʝʥʠʝ ʠ ʦʭʣʘʞʜʝʥʠʝ: ɻʝʦʪʝʨʤʘʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʟʜʘʥʠʷʭ ʜʣʷ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʆʥʠ ʦʩʦʙʝʥʥʦ 

ʧʦʧʫʣʷʨʥʳ ʚ ʩʪʨʘʥʘʭ ʩ ʫʤʝʨʝʥʥʳʤ ʢʣʠʤʘʪʦʤ. 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ: ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʩʫʰʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʘʢʚʘʢʫʣʴʪʫʨʳ ʠ ʜʨʫʛʠʭ ʥʫʞʜ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ: 

ʕʢʦʣʦʛʠʯʥʦʩʪʴ. 

ʇʦʩʪʦʷʥʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʣʥʝʯʥʦʡ ʠʣʠ ʚʝʪʨʦʚʦʡ 

ʵʥʝʨʛʠʠ). 

ʄʘʣʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʇʨʦʙʣʝʤʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ: 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʙʫʨʝʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ. 

ʈʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʮʝʣʝʡ ʦʪʦʧʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ. ʆʩʥʦʚʥʦʡ 

ʧʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʛʦʨʷʯʝʡ ʚʦʜʳ ʠʣʠ ʧʘʨʘ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ.  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʩʧʦʩʦʙʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ: 

ʉʠʩʪʝʤʳ ʩʫʭʦʛʦ ʧʘʨʘ 

ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʘʨ, ʧʦʩʪʫʧʘʶʱʠʡ 

ʠʟ ʧʦʜʟʝʤʥʳʭ ʧʣʘʩʪʦʚ, ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʚʠʞʝʥʠʝ 

ʪʫʨʙʠʥ ʠ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɹʠʥʘʨʥʳʝ ʩʠʩʪʝʤʳ 

ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʊʝʧʣʦ 

ʦʪ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʚʦʜʳ ʧʝʨʝʜʘʝʪʩʷ ʚʪʦʨʠʯʥʦʤʫ ʪʝʧʣʦʥʦʩʠʪʝʣʶ, ʢʦʪʦʨʳʡ 

ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ. ʕʪʦʪ ʪʝʧʣʦʥʦʩʠʪʝʣʴ 

ʠʩʧʘʨʷʝʪʩʷ, ʠ ʝʛʦ ʧʘʨ ʚʨʘʱʘʝʪ ʪʫʨʙʠʥʳ ʛʝʥʝʨʘʪʦʨʘ. 

ʉʠʩʪʝʤʳ ʩ ʦʪʢʨʳʪʳʤ ʮʠʢʣʦʤ 
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ʊʘʢʠʝ ʫʩʪʘʥʦʚʢʠ ʧʦʜʘʶʪ ʛʦʨʷʯʫʶ ʚʦʜʫ ʠʣʠ ʧʘʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʪʫʨʙʠʥʳ, ʘ ʟʘʪʝʤ ʩʙʨʘʩʳʚʘʶʪ ʦʪʨʘʙʦʪʘʥʥʫʶ ʞʠʜʢʦʩʪʴ ʚ ʧʨʠʨʦʜʥʳʝ 

ʚʦʜʦʝʤʳ ʠʣʠ ʦʙʨʘʪʥʦ ʚ ʧʦʯʚʫ. 

ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʥʫʪʨʝʥʥʝʝ 

ʪʝʧʣʦ ɿʝʤʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠ ʩʪʘʙʠʣʴʥʦʡ ʵʥʝʨʛʠʠ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʩʪʘʥʮʠʠ: 

ɼʦʙʳʯʘ ʪʝʧʣʘ ʠʟ ʥʝʜʨ ɿʝʤʣʠ: 

ɺ ʟʝʤʥʦʡ ʢʦʨʝ ʙʫʨʷʪʩʷ ʩʢʚʘʞʠʥʳ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʛʝʦʪʝʨʤʘʣʴʥʳʤ 

ʨʝʩʫʨʩʘʤ: 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ð ʛʦʨʷʯʘʷ ʚʦʜʘ ʠʣʠ ʧʘʨ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʧʦʜʟʝʤʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ. 

ʉʫʭʦʡ ʧʘʨ ð ʧʘʨ, ʥʘʭʦʜʷʱʠʡʩʷ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɻʦʨʷʯʠʝ ʩʢʘʣʴʥʳʝ ʧʦʨʦʜʳ ð ʪʝʧʣʦ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʛʣʫʙʦʢʠʭ ʩʣʦʝʚ 

ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʥʘʛʨʝʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʟʘʢʘʯʢʠ ʚʦʜʳ. 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʪʝʧʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ: 

ɻʦʨʷʯʘʷ ʚʦʜʘ ʠʣʠ ʧʘʨ ʧʦʜʥʠʤʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʪʨʫʙ. 

ʇʨʝʚʨʘʱʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ: 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʤʝʪʦʜʦʚ: 

ʊʠʧʳ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ: 

ʉʪʘʥʮʠʠ ʩʫʭʦʛʦ ʧʘʨʘ: 

ʀʩʧʦʣʴʟʫʶʪ ʧʘʨ ʠʟ ʧʦʜʟʝʤʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʜʣʷ ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥ, 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʛʝʥʝʨʘʪʦʨʫ. 

ʇʨʠʤʝʨ: Geysers ʚ ʂʘʣʠʬʦʨʥʠʠ. 

ʉʪʘʥʮʠʠ ʥʘ ʛʦʨʷʯʝʡ ʚʦʜʝ (ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ): 

ɻʦʨʷʯʘʷ ʚʦʜʘ ʥʘʛʨʝʚʘʝʪ ʚʪʦʨʠʯʥʫʶ ʞʠʜʢʦʩʪʴ (ʦʙʳʯʥʦ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʨʘʙʦʯʠʡ ʬʣʶʠʜ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ). ʇʘʨ ʦʪ ʵʪʦʡ ʞʠʜʢʦʩʪʠ 

ʚʨʘʱʘʝʪ ʪʫʨʙʠʥʳ. 

ɹʠʥʘʨʥʳʝ ʩʪʘʥʮʠʠ: 

ʇʦʜʭʦʜʷʪ ʜʣʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (85ï

170 ÁC). 

ʈʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʠʩʧʘʨʝʥʠʷ ʠ ʧʨʠʚʦʜʠʪ ʚ ʜʝʡʩʪʚʠʝ 

ʪʫʨʙʠʥʳ. 

ʆʭʣʘʞʜʝʥʠʝ ʠ ʨʝʠʥʞʝʢʮʠʷ: 

ʇʦʩʣʝ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʚʦʜʘ ʦʭʣʘʞʜʘʝʪʩʷ ʠ ʟʘʢʘʯʠʚʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ 

ʧʦʜʟʝʤʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʮʠʢʣʘ. 

ʊʠʧʳ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ: 

ɻʝʦʪʝʨʤʘʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ: ʕʪʦ ʢʨʫʧʥʳʝ ʫʩʪʘʥʦʚʢʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʦʙʳʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ 
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ʚ ʟʦʥʘʭ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʚ ʀʩʣʘʥʜʠʠ ʠʣʠ ʉʐɸ). ʆʥʠ 

ʤʦʛʫʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʩʦʪʥʠ ʤʝʛʘʚʘʪʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɻʝʦʪʝʨʤʘʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ: ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʠ 

ʦʭʣʘʞʜʝʥʠʷ ʟʜʘʥʠʡ. ʊʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʧʣʘ, ʢʦʪʦʨʦʝ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʝʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ (ʜʦ 400 ʤʝʪʨʦʚ) ʠ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʝʪ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 10 ʜʦ 30ÁC. 

ʊʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ: 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʧʨʦʜʦʣʞʘʶʪ 

ʨʘʟʚʠʚʘʪʴʩʷ. ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʙʫʨʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʥʘʩʦʩʦʚ. ʈʘʟʨʘʙʦʪʢʠ ʚ 

ʦʙʣʘʩʪʠ ʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʝ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʨʝʛʠʦʥʘʭ, ʨʘʥʝʝ ʩʯʠʪʘʚʰʠʭʩʷ 

ʥʝʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ. ɺ ʜʦʧʦʣʥʝʥʠʝ, ʥʦʚʳʝ ʤʝʪʦʜʳ 

ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ, ʪʘʢʠʝ ʢʘʢ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʟʨʳʚ 

(ʛʠʜʨʦʨʘʟʨʳʚʳ), ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʦʢ ʠ ʩʜʝʣʘʪʴ 

ʠʭ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ: 

ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʩʢʦʧʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʛʝʦʪʝʨʤʘʣʴʥʳʝ 

ʩʪʘʥʮʠʠ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɺʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʜʨʫʛʠʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, 

ʯʝʤ ʫ ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʛʦʣʴʥʳʭ ʠʣʠ ʛʘʟʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʕʢʦʥʦʤʠʯʝʩʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪ ʢʨʫʧʥʳʭ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ 

ʚʣʦʞʝʥʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʫʩʪʘʥʦʚʦʢ, ʦʜʥʘʢʦ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʘ ʩʨʦʢ ʩʣʫʞʙʳ ʪʘʢʠʭ ʩʪʘʥʮʠʡ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 

ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ. ʕʪʦʪ ʨʝʩʫʨʩ ʦʙʲʝʜʠʥʷʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ. ɺ ʫʩʣʦʚʠʷʭ 

ʥʘʨʘʩʪʘʶʱʝʛʦ ʜʝʬʠʮʠʪʘ ʠʩʢʦʧʘʝʤʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʙʦʩʪʨʝʥʠʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʘ ɿʝʤʣʠ ʩʪʘʥʦʚʠʪʩʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʰʘʛʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʮʝʣʝʡ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ.  

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʥʠʟʢʦʤʫ ʫʨʦʚʥʶ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʢʣʠʤʘʪʫ. ʆʥʘ 

ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 
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ʩʪʨʘʥ, ʦʙʣʘʜʘʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʠʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʠ 

ʧʦʤʦʛʘʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʥʝʰʥʠʭ ʧʦʩʪʘʚʦʢ ʪʦʧʣʠʚʘ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʤʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʠʟʚʣʝʯʝʥʠʷ ʪʝʧʣʘ ʠ ʧʨʝʦʜʦʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʧʦʟʚʦʣʠʪ ʨʘʩʢʨʳʪʴ ʧʦʣʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʝʸ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʥʝ ʪʦʣʴʢʦ ʦʪʚʝʯʘʝʪ ʥʘ 

ʚʳʟʦʚʳ ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʥʦ ʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʫʜʫʱʝʛʦ. ʀʥʚʝʩʪʠʮʠʠ ʚ ʝʸ ʨʘʟʚʠʪʠʝ 

ʩʪʘʥʫʪ ʟʘʣʦʛʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʩʪʘʙʠʣʴʥʦʛʦ ʨʦʩʪʘ.  
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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʰʫʤʘ 

çʩʦʣʴ ʠ ʧʝʨʝʮè ʥʘ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʩʥʠʤʢʦʚ ʣʝʛʢʠʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʎʝʣʴ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʰʫʤʘ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ 

ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʥʠʤʢʦʚ ʟʜʦʨʦʚʳʭ ʣʝʛʢʠʭ, ʘ ʪʘʢʞʝ ʩʥʠʤʢʦʚ ʣʝʛʢʠʭ ʩ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠʣʠ ʚʠʨʫʩʥʦʡ ʧʥʝʚʤʦʥʠʝʡ. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʤʝʪʦʜʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: ʩʪʨʦʛʦʝ ʩʞʘʪʠʝ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. ʆʙʘ ʤʝʪʦʜʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʮʝʥʪʘ ʰʫʤʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʪʝʨʝʡ ʜʝʪʘʣʠʟʘʮʠʠ ʥʘ ʟʘʰʫʤʣʝʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʜʦʨʦʚʳʝ ʣʝʛʢʠʝ, ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʧʥʝʚʤʦʥʠʷ, ʚʠʨʫʩʥʘʷ 

ʧʥʝʚʤʦʥʠʷ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʰʫʤ 

çʩʦʣʴ ʠ ʧʝʨʝʮè, ʪʦʯʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. 

 

Sagirova A.R., Osipov E.A. 

The effect of "salt and pepper" noise on the accuracy of 

classification of lung x-rays by neural networks 
 

Abstract: The article examines the effect of "salt and pepper" noise on the accuracy of 

classification of lung X-rays performed using neural networks. The aim of the study 

was to study how noise of different intensity (1,5,10 and 15%) affects the accuracy of 

classification of healthy lungs, as well as lungs with bacterial and viral pneumonia. Two 

methods of data preprocessing were used: strict compression and proportional scaling. 

Both methods demonstrated a decrease in accuracy with an increase in the percentage of 

noise, which is associated with the loss of details important for classification. 

Keywords: healthy lungs, bacterial pneumonia, viral pneumonia, neural networks, 

classification, image preprocessing, salt and pepper noise, accuracy and sensitivity. 

 

ɺʚʝʜʝʥʠʝ 

 

ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʡ ʥʘʛʨʫʟʢʠ ʥʘ ʤʝʜʠʮʠʥʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ ʠ 

ʜʝʬʠʮʠʪʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʦʧʨʦʩ ʧʨʠʤʝʥʝʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʤʝʜʠʮʠʥʝ ʩʪʘʣ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʝʥ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʸʤʳ 

ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʷʪʴ ʧʘʪʦʣʦʛʠʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʅʘʧʨʠʤʝʨ, ʚʳʷʚʣʝʥʠʝ 

ʧʘʪʦʣʦʛʠʡ ʟʘʙʦʣʝʚʘʥʠʡ ʣʸʛʢʠʭ, ʛʜʝ ʨʘʥʥʝʝ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʜʫʛʘ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʰʘʥʩʳ ʥʘ ʫʩʧʝʰʥʦʝ ʣʝʯʝʥʠʝ. 
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ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚʦʟʥʠʢʘʶʪ ʠ ʩʝʨʴʸʟʥʳʝ 

ʚʳʟʦʚʳ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʰʫʤʘ ʪʠʧʘ 

çʩʦʣʴ ʠ ʧʝʨʝʮè ʥʘ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ [1, 2], ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʢʘʟʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠ ʧʨʠʚʝʩʪʠ ʢ ʥʝʚʝʨʥʳʤ ʟʘʢʣʶʯʝʥʠʷʤ. ʕʪʦʪ ʚʠʜ ʰʫʤʘ 

ʦʩʦʙʝʥʥʦ ʦʧʘʩʝʥ, ʪʘʢ ʢʘʢ ʦʥ ʤʦʞʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʧʘʪʦʣʦʛʠʠ, ʯʪʦ ʩʪʘʚʠʪ ʧʦʜ 

ʫʛʨʦʟʫ ʪʦʯʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ [3]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʚʸʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʰʫʤʘ 

ʦʩʪʘʸʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʦʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʰʫʤʘ ʪʠʧʘ çʩʦʣʴ 

ʠ ʧʝʨʝʮè ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʥʘʜʸʞʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʘʢʪʫʘʣʴʥʦ, ʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʝʜʠʮʠʥʳ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʰʫʤʘ ʪʠʧʘ 

çʩʦʣʴ ʠ ʧʝʨʝʮè ʥʘ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʥʠʤʢʦʚ ʣʝʛʢʠʭ 

ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʤʝʪʦʜʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: ʩʪʨʦʛʦʝ ʩʞʘʪʠʝ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʨʘʩʰʠʨʠʪʴ ʟʥʘʥʠʷ ʦ ʚʣʠʷʥʠʠ 

ʰʫʤʦʚ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʥʠʤʢʦʚ ʣʝʛʢʠʭ. 

 

ʄʝʪʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ 

ʣʝʛʢʠʭ ʠʟ ʥʘʙʦʨʘ ʜʘʥʥʳʭ Curated Dataset for COVID-19 Posterior-Anterior 

Chest Radiography Images (X-Rays). ɺ ʨʘʙʦʪʫ ʙʳʣʠ ʚʟʷʪʳ 7593 ʩʥʠʤʢʘ 

ʣʝʛʢʠʭ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʣʠ ʠʟ ʪʨʝʭ ʛʨʫʧʧ: ʟʜʦʨʦʚʳʝ ʣʝʛʢʠʝ, ʘ ʪʘʢʞʝ 

ʧʦʨʘʞʝʥʥʳʝ ʚʠʨʫʩʥʦʡ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʥʝʚʤʦʥʠʝʡ. 

ʇʝʨʝʜ ʦʙʫʯʝʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʜʣʷ ʧʦʜʘʯʠ ʚ 

ʥʝʡʨʦʩʝʪʴ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʦʙʨʘʙʦʪʢʠ ʤʝʜʠʮʠʥʩʢʠʭ ʩʥʠʤʢʦʚ. ʀʟʦʙʨʘʞʝʥʠʝ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʦʩʴ ʚ ʦʪʪʝʥʢʠ ʩʝʨʦʛʦ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʧʨʦʩʪʠʪʴ ʩʪʨʫʢʪʫʨʫ 

ʜʘʥʥʳʭ ʠ ʩʥʠʟʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ. ɿʘʪʝʤ ʨʘʟʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʡ 

ʩʪʨʦʛʦ ʫʤʝʥʴʰʘʣʠʩʴ ʜʦ ʬʦʨʤʘʪʘ 227Ĭ227 ʧʠʢʩʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʫʯʝʥʠʷ 

ʤʦʜʝʣʠ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʙʳʣʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʪʝʥʟʦʨʳ, 

ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʙʣʠʦʪʝʢ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ PyTorch. ɿʘʚʝʨʰʘʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʣʘʩʴ ʥʦʨʤʘʣʠʟʘʮʠʷ 

ʟʥʘʯʝʥʠʡ ʧʠʢʩʝʣʝʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʠ 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʭʦʜʠʤʦʩʪʠ ʤʦʜʝʣʠ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʦʙʨʘʙʦʪʢʠ ʤʝʜʠʮʠʥʩʢʠʭ ʩʥʠʤʢʦʚ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ʩʭʦʞ ʩ ʧʝʨʚʳʤ, ʥʦ ʨʘʟʤʝʨ ʠʟʤʝʥʷʣʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʤʝʥʴʰʝʡ ʩʪʦʨʦʥʳ ʜʦ 
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227. ɹʦʣʴʰʘʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʦʞʝ ʫʤʝʥʴʰʘʣʘʩʴ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʧʨʦʧʦʨʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʟʦʙʨʘʞʝʥʠʝ ʠʤʝʝʪ ʨʘʟʤʝʨ (H, W), ʛʜʝ 

H - ʚʳʩʦʪʘ, W ï ʰʠʨʠʥʘ. ɽʩʣʠ H > W, ʪʦ ʥʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʙʫʜʝʪ (H * 227 / 

W, 227), ʠʥʘʯʝ (227, W * 227 / H). ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʠʢʫʙʠʯʝʩʢʘʷ 

ʠʥʪʝʨʧʦʣʷʮʠʷ, ʢʦʪʦʨʳʡ ʙʝʨʝʞʥʦ ʩʦʭʨʘʥʷʝʪ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʜʘʞʝ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʩʰʪʘʙʘ. ʕʪʦʪ ʤʝʪʦʜ ʘʢʢʫʨʘʪʥʦ ʚʳʯʠʩʣʷʝʪ ʥʦʚʳʝ ʮʚʝʪʘ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʝʢ, ʤʠʥʠʤʠʟʠʨʫʷ ʘʨʪʝʬʘʢʪʳ ʠ ʩʦʭʨʘʥʷʷ ʯʸʪʢʦʩʪʴ 

ʢʦʥʪʫʨʦʚ ʦʙʲʝʢʪʦʚ. ɿʘʪʝʤ ʚʳʨʝʟʘʝʪʩʷ ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ 

ʨʘʟʤʝʨʦʤ 227Ĭ227 ʧʠʢʩʝʣʝʡ ʠ ʥʦʨʤʘʣʠʟʫʝʪʩʷ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʧʫʣʷʨʥʘʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ 

CrossEntropyLoss, ʢʦʪʦʨʘʷ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ softmax-ʘʢʪʠʚʘʮʠʶ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʣʦʛ-ʧʨʘʚʜʦʧʦʜʦʙʠʝ (NLL), ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʫʜʦʙʥʦʡ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʠʭ ʚʝʨʦʷʪʥʦʩʪʠ ʢʣʘʩʩʦʚ [4]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʦʜʭʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʤʦʱʥʳʡ ʘʨʩʝʥʘʣ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʟʫʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

 

ʆʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ AlexNet, ʛʜʝ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠʩʴ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ ʣʝʛʢʠʭ ʙʝʟ ʰʫʤʘ. 

ʆʨʠʛʠʥʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʙʳʣʘ ʥʝʤʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʜʣʷ ʘʜʘʧʪʘʮʠʠ 

ʢ ʟʘʜʘʯʝ. 

AlexNet, ʘʥʘʣʦʛʠʯʥʦ ʦʨʠʛʠʥʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʚʢʣʶʯʘʝʪ ʚʦʩʝʤʴ 

ʦʙʫʯʘʝʤʳʭ ʩʣʦʝʚ, ʠʟ ʢʦʪʦʨʳʭ ʧʷʪʴ ʷʚʣʷʶʪʩʷ ʩʚʝʨʪʦʯʥʳʤʠ, ʘ ʪʨʠ ð 

ʧʦʣʥʦʩʚʷʟʥʳʤʠ. 

ɼʣʷ ʧʝʨʚʦʛʦ ʩʚʝʨʪʦʯʥʦʛʦ ʩʣʦʷ AlexNet ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚʭʦʜʷʱʠʡ 

ʢʘʥʘʣ ʨʘʚʥʳʡ 1, ʪʘʢ ʢʘʢ ʠʟʦʙʨʘʞʝʥʠʝ ʧʝʨʝʚʦʜʠʣʦʩʴ ʚ ʯʝʨʥʦ-ʙʝʣʳʡ ʬʦʨʤʘʪ. 

ʊʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 64 ʬʠʣʴʪʨʘ, ʚʤʝʩʪʦ 96, ʨʘʟʤʝʨʦʤ 11x11, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʣʠʩʴ ʩ ʰʘʛʦʤ 4 ʧʠʢʩʝʣʷ. ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʩʣʦʷ ʩʣʝʜʦʚʘʣ ʩʣʦʡ 

ʧʦʜʚʳʙʦʨʢʠ (max pooling), ʢʦʪʦʨʳʡ ʫʤʝʥʴʰʘʣ ʨʘʟʤʝʨ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ 

ʧʦʤʦʛʘʣ ʠʟʙʝʞʘʪʴ ʧʝʨʝʦʙʫʯʝʥʠʷ. ɺʦ ʚʪʦʨʦʤ ʩʚʝʨʪʦʯʥʦʤ ʩʣʦʝ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 256 ʬʠʣʴʪʨʦʚ ʨʘʟʤʝʨʦʤ 5x5, ʪʘʢʞʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʣʦʝʤ 

ʧʦʜʚʳʙʦʨʢʠ. ʊʨʝʪʠʡ, ʯʝʪʚʝʨʪʳʡ ʠ ʧʷʪʳʡ ʩʚʝʨʪʦʯʥʳʝ ʩʣʦʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

384 ʠ 256 ʬʠʣʴʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʤʝʥʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʷʜʝʨ ʠ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʫʣʫʯʰʘʣʦ ʢʘʯʝʩʪʚʦ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ. 

ʇʦʩʣʝ ʩʚʝʨʪʦʯʥʳʭ ʩʣʦʝʚ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʭʦʜʠʣʦ ʯʝʨʝʟ ʪʨʠ ʧʦʣʥʦʩʚʷʟʥʳʭ 

ʩʣʦʷ. ʇʝʨʚʳʡ ʧʦʣʥʦʩʚʷʟʥʳʡ ʩʣʦʡ ʩʦʜʝʨʞʘʣ 4096 ʥʝʡʨʦʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ 

ʩʝʪʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʣʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʠʟʚʣʝʯʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ɺʳʭʦʜʥʳʭ ʢʣʘʩʩʦʚ ʫʤʝʥʴʰʠʣʦʩʴ ʜʦ 3 - ʥʦʨʤʘʣʴʥʳʝ ʣʸʛʢʠʝ, ʣʸʛʢʠʝ ʩ 

ʧʨʠʟʥʘʢʘʤʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠ ʚʠʨʫʩʥʦʡ ʧʥʝʚʤʦʥʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚʢʣʶʯʘʣʘ ʩʦʟʜʘʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʰʫʤʦʚ çʩʦʣʴ ʠ ʧʝʨʝʮè. ʆʧʨʝʜʝʣʷʣʠʩʴ ʨʘʟʤʝʨʳ 
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ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʧʦʜʩʯʸʪʘ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʠʢʩʝʣʝʡ ʠ ʠʟ ʵʪʦʡ ʮʠʬʨʳ ʙʨʘʣʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʮʝʥʪ ʧʠʢʩʝʣʝʡ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 1, 5, 10 ʠ 15%, ʢʦʪʦʨʳʤ 

ʨʘʥʜʦʤʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠʩʚʘʠʚʘʣʩʷ ʯʝʨʥʳʡ ʠʣʠ ʙʝʣʳʡ ʮʚʝʪ (ʨʠʩ.1). 

ʘ)  ʙ)  

ʈʠʩʫʥʦʢ 1. ɿʘʰʫʤʣʝʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʘ) ʧʨʠʤʝʥʝʥʠʝ 1% ʰʫʤʘ çʩʦʣʴ ʠ ʧʝʨʝʮè; ʙ) ʧʨʠʤʝʥʝʥʠʝ 10% ʰʫʤʘ çʩʦʣʴ ʠ ʧʝʨʝʮè 

 

ʇʨʦʮʝʜʫʨʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩ ʰʫʤʘʤʠ 

ʪʠʧʘ çʩʦʣʴ ʠ ʧʝʨʝʮè ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʪʫ ʞʝ 

ʧʨʝʜʦʙʨʘʙʦʪʢʫ, ʯʪʦ ʠ ʧʨʠ ʦʙʫʯʝʥʠʠ, ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʥʘ ʢʘʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ. 

 

ʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʤʝʪʨʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʫʩʧʝʰʥʦʩʪʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʡ. 

Accuracy (ʊʦʯʥʦʩʪʴ). ɼʦʣʷ ʧʨʘʚʠʣʴʥʳʭ ʧʨʝʜʩʢʘʟʘʥʠʡ ʩʨʝʜʠ ʚʩʝʭ 

ʧʨʦʛʥʦʟʦʚ. 

 Accuracy = TP + TN / TP + TN 

+ FP + FN 

(1) 

ʛʜʝ TP ð ʠʩʪʠʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, TN ð ʠʩʪʠʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ, FP 

ð ʣʦʞʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, FN ð ʣʦʞʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ. 

Precision (ʊʦʯʥʦʩʪʴ). ɼʦʣʷ ʚʝʨʥʦ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʩʣʫʯʘʝʚ ʩʨʝʜʠ ʚʩʝʭ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ. 

 Precision = TP / TP + FP (2) 

Recall (ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ). ɼʦʣʷ ʚʝʨʥʦ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʩʣʫʯʘʝʚ ʩʨʝʜʠ ʚʩʝʭ ʨʝʘʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ. 

 Recall = TP / TP + FN (3) 

F1-Score (ɹʘʣʘʥʩ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ). ʂʦʤʙʠʥʠʨʫʝʪ Precision ʠ Recall 

ʚ ʦʜʥʫ ʤʝʪʨʠʢʫ. 

 F1 = 2 ẗ Precision ẗ Recall / (Precision 

+ Recall) 

(4) 

   

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʨʠʩʫʥʢʘʭ 2-5 ʤʳ ʚʠʜʠʤ, ʯʪʦ ʟʜʦʨʦʚʳʝ 

ʩʥʠʤʢʠ ʣʝʛʢʠʭ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʠʙʦʣʴʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʦʚʳʤ 

ʠʩʢʘʞʝʥʠʷʤ ʩʨʝʜʠ ʚʩʝʭ ʢʣʘʩʩʦʚ ʟʘʙʦʣʝʚʘʥʠʡ. ʉʥʠʤʢʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʧʥʝʚʤʦʥʠʠ ʧʦʢʘʟʳʚʘʶʪ ʥʝʤʥʦʛʦ ʭʫʞʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʥʠʤʢʘʤʠ ʟʜʦʨʦʚʳʭ ʣʸʛʢʠʭ, ʦʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠ ʚʠʨʫʩʥʦʡ ʧʥʝʚʤʦʥʠʠ.  

ʘ)  

ʙ)  

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʰʫʤʘ çʩʦʣʴ ʠ ʧʝʨʝʮè  

ʘ) ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ; ʙ) ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ 

 

ʘ)  
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ʙ)  

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʰʫʤʘ çʩʦʣʴ ʠ ʧʝʨʝʮè  

ʘ) ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ; ʙ) ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ʘ)  

ʙ)  

ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʰʫʤʘ çʩʦʣʴ ʠ ʧʝʨʝʮè  

ʘ) ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ; ʙ) ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ʘ)  

file:///C:/Users/User/AppData/YandexDisk/Work/Парадигма.%20Лето-2016/Сборник/www.paradigma.science


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 5̄, ʯʘʩʪʴ 5 www.paradigma.science 
 

92 

ʙ)  

ʈʠʩʫʥʦʢ 5. ɿʘʚʠʩʠʤʦʩʪʴ F-ʤʝʨʳ ʦʪ ʫʨʦʚʥʷ ʰʫʤʘ çʩʦʣʴ ʠ ʧʝʨʝʮè  

ʘ) ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ; ʙ) ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ɺʦʟʤʦʞʥʘʷ ʧʨʠʯʠʥʘ ï ʦʩʦʙʝʥʥʦʩʪʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʯʘʛʦʚ ʟʘʙʦʣʝʚʘʥʠʷ: 

ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʧʥʝʚʤʦʥʠʷ ʚʳʟʳʚʘʝʪ ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʪʢʘʥʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʪʝʨʷʪʴʩʷ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʟʘʰʫʤʣʝʥʥʦʩʪʠ, ʪʦʛʜʘ 

ʢʘʢ ʚʠʨʫʩʥʘʷ ʧʥʝʚʤʦʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʬʬʫʟʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠ 

ʯʘʩʪʦ ʜʚʫʩʪʦʨʦʥʥʠʤʠ ʧʦʨʘʞʝʥʠʷʤʠ, ʣʝʛʢʦ ʩʢʨʳʚʘʝʤʳʤʠ ʩʣʫʯʘʡʥʳʤʠ 

ʘʨʪʝʬʘʢʪʘʤʠ. ʀʟʙʳʪʦʯʥʳʝ ʟʘʪʝʤʥʝʥʠʷ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʰʫʤʘ ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʤʥʦʞʝʩʪʚʘ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʥʠʞʘʶʪ 

ʦʙʱʫʶ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ. 

ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʯʠʩʪʳʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʣʸʛʢʠʭ ʧʝʨʚʳʡ ʤʝʪʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʦʯʥʦʩʪʴ 88,85%, ʪʦʛʜʘ 

ʢʘʢ ʚʪʦʨʦʡ ð 86,94%. ʆʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʚʥʷ ʰʫʤʦʚ ʪʦʯʥʦʩʪʴ 

ʧʝʨʚʦʛʦ ʤʝʪʦʜʘ ʩʥʠʞʘʝʪʩʷ ʙʳʩʪʨʝʝ: ʧʨʠ ʰʫʤʝ ʚ 15% ʝʛʦ ʪʦʯʥʦʩʪʴ ʧʘʜʘʝʪ 

ʜʦ 79,39%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʦʡ ʩʦʭʨʘʥʷʝʪ ʧʦʢʘʟʘʪʝʣʴ ʥʘ ʫʨʦʚʥʝ 85,91%. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʋʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʰʫʤʘ çʩʦʣʴ ʠ ʧʝʨʝʮè ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʟʜʦʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʦʩʪʘʸʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʸʛʢʠʤ ʚʧʣʦʪʴ ʜʦ ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʰʫʤʘ 

ʜʦ 15%, ʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚʠʨʫʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʡʥʝ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʟʘʤʝʪʥʳʭ ʢʦʥʪʨʘʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʦ ʩʢʨʳʚʘʶʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʰʫʤʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʟʘʰʫʤʣʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʙʦʣʝʟʥʝʡ ʣʝʛʢʠʭ. 
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ʂʨʝʤʣʝʚʘ ʕ. ʐ., ʉʝʨʛʝʝʚ ɸ. ɺ. 
ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ-ʂɸʀè, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ʉʨʘʚʥʠʪʝʣʴʥʡr ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʠʥʝʡʥʦʡ ʠ 

ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ: ʚʣʠʷʥʠʝ ʦʙʲʸʤʘ ʜʘʥʥʳʭ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʨʝʜʩʢʘʟʘʥʠʡ 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʝʡ 

ʣʠʥʝʡʥʦʡ ʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʚ ʟʘʜʘʯʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʣʠʷʥʠʶ ʦʙʲʸʤʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

ʩʥʘʯʘʣʘ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʤʦʜʝʣʠ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʝʨʠʦʜʝ ʚ ʜʝʚʷʪʴ ʥʝʜʝʣʴ, ʘ ʟʘʪʝʤ 

ï ʥʘ ʨʘʩʰʠʨʝʥʥʦʡ ʚʳʙʦʨʢʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ 

ʠʥʬʦʨʤʘʮʠʠ ʤʝʥʷʝʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʝʡ, ʚʳʷʚʣʷʷ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʩʪʫʧʥʦʛʦ 

ʦʙʲʸʤʘ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʚʳʚʦʜʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʨʠʝʥʪʠʨʦʤ ʧʨʠ ʚʳʙʦʨʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ, ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʜʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʢʦʧʣʝʥʠʝ 

ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʨʠʨʦʜʝ, ʦʙʱʝʩʪʚʝ ʠ 

ʵʢʦʥʦʤʠʢʝ. ʆʜʥʠʤ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ 

ʦʧʠʩʘʥʠʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ï ʤʝʪʦʜ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʨʝʘʣʴʥʳʝ ʷʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʠ ʘʣʛʦʨʠʪʤʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʤʦʛʘʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦʥʷʪʴ 

ʚʥʫʪʨʝʥʥʠʝ ʤʝʭʘʥʠʟʤʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ, ʥʦ ʠ ʩʜʝʣʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʧʨʦʛʥʦʟʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʤʝʜʠʮʠʥʘ, ʵʢʦʣʦʛʠʷ, 

ʵʢʦʥʦʤʠʢʘ ʠ ʩʦʮʠʘʣʴʥʳʝ ʥʘʫʢʠ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ 

ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʟʘʥʠʤʘʝʪ 

ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʬʘʢʪʦʨʘʤʠ ʠ ʮʝʣʝʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʩʚʷʟʠ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʤʦʜʝʣʝʡ ʨʝʛʨʝʩʩʠʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʷʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ ʠ ʦʙʣʘʜʘʶʪ ʩʚʦʠʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ʃʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ï ʵʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʠ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʠ 

ʨʝʟʫʣʴʪʘʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʧʨʷʤʦʡ ʣʠʥʠʝʡ ʠʣʠ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴʶ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ, ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʦ 
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ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ ʜʘʥʥʳʝ ʯʘʩʪʦ 

ʠʤʝʶʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʠ ʩʚʷʟʴ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʣʠʥʝʡʥʦʡ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʤ ʧʨʦʛʥʦʟʘʤ ʠ ʧʦʪʝʨʝ ʟʥʘʯʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ [1]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ, 

ʢʦʪʦʨʘʷ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘ ʩʯʸʪ ʚʢʣʶʯʝʥʠʷ ʚ ʤʦʜʝʣʴ 

ʩʪʝʧʝʥʥʳʭ ʯʣʝʥʦʚ ʧʝʨʝʤʝʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʛʠʙʢʦ ʦʧʠʩʳʚʘʪʴ 

ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʫʣʫʯʰʘʪʴ ʢʘʯʝʩʪʚʦ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʣʦʞʥʳʭ 

ʜʘʥʥʳʭ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʣʠʥʦʤʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʝʨʝʦʙʫʯʝʥʠʶ ʤʦʜʝʣʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʸʤʝ ʜʘʥʥʳʭ, ʯʪʦ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʝʸ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʦʙʱʝʥʠʶ ʠ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ 

ʥʘ ʥʦʚʳʭ ʜʘʥʥʳʭ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʦʩʪʨʦʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ 

ʦʙʲʸʤʘ ʠ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʠʪʦʛʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʅʝʜʦʩʪʘʪʦʢ ʜʘʥʥʳʭ ʠʣʠ ʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʢ ʣʠʥʝʡʥʳʭ, ʪʘʢ ʠ 

ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʚʳʟʳʚʘʷ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʝʜʩʢʘʟʘʥʠʡ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʦʪ 

ʦʙʲʸʤʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʠʢʣʘʜʥʳʭ 

ʦʙʣʘʩʪʷʭ, ʛʜʝ ʩʙʦʨ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʸʥ ʠʣʠ ʜʦʨʦʛʦʩʪʦʷʱ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ ʷʚʣʷʝʪʩʷ ʵʧʠʜʝʤʠʦʣʦʛʠʷ, ʛʜʝ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʠ 

ʪʦʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠʛʨʘʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʢʦʥʪʨʦʣʷ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʣʷʪʴ ʪʝʥʜʝʥʮʠʠ, ʥʦ ʠ ʦʮʝʥʠʚʘʪʴ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʝʡ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ʚʳʙʦʨ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ ʠ ʧʦʥʠʤʘʥʠʝ ʚʣʠʷʥʠʷ ʦʙʲʸʤʘ ʜʘʥʥʳʭ ʥʘ 

ʢʘʯʝʩʪʚʦ ʧʨʝʜʩʢʘʟʘʥʠʡ ʩʪʘʥʦʚʷʪʩʷ ʢʣʶʯʝʚʳʤʠ ʟʘʜʘʯʘʤʠ. 

ɺ ʨʘʤʢʘʭ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʧʨʦʚʦʜʠʤ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʠʥʝʡʥʦʡ ʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ, ʫʜʝʣʷʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʪʦʤʫ, ʢʘʢ ʚʣʠʷʝʪ ʦʙʲʸʤ ʜʦʩʪʫʧʥʳʭ 

ʜʘʥʥʳʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ 

ʢʘʞʜʦʡ ʠʟ ʤʦʜʝʣʝʡ ʠ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠ ʢʘʢʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ 

ʨʝʛʨʝʩʩʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʣʠʥʝʡʥʫʶ, ʘ ʢʦʛʜʘ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ 

ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ 

ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ, ʩʪʨʝʤʷʱʠʭʩʷ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʦʚ ʠ ʫʣʫʯʰʠʪʴ 

ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʚʨʝʤʝʥʥʳʭ ʧʝʨʠʦʜʘ: ʜʘʥʥʳʝ ʟʘ 1ï9-

ʶ ʥʝʜʝʣʠ ʠ ʟʘ 1ï19-ʶ ʥʝʜʝʣʠ, ʚʟʷʪʳʝ ʠʟ ʦʪʢʨʳʪʳʭ ʙʶʣʣʝʪʝʥʝʡ ʧʦ ʛʨʠʧʧʫ ʠ 

ʆʈɺʀ ʌɻɹʋ çʅʀʀ ʛʨʠʧʧʘ ʠʤ. ɸ. ɸ. ʉʤʦʨʦʜʠʥʮʝʚʘè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ [2]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʝʤʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. 
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ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʠʥʝʡʥʘʷ ʠ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ 

ʨʝʛʨʝʩʩʠʠ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʜʚʫʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʢʠ. 

 
ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʧʝʨʚʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ 

 

 
ʈʠʩʫʥʦʢ 3. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʚʪʦʨʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ 

 ʅʘ ʈʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ 

ʧʝʨʚʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (1ï9 ʥʝʜʝʣʠ). ʃʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʧʦʢʘʟʘʣʘ 

ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʛʠʙʢʦʩʪʴ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʘʥʠʞʝʥʠʶ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ 

ʟʥʘʯʝʥʠʡ ʚ ʧʝʨʠʦʜʳ ʧʠʢʦʚʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ. 

ɼʣʷ ʚʪʦʨʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (1ï19 ʥʝʜʝʣʠ) ʨʘʟʥʠʮʘ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʦʜʝʣʝʡ ʩʪʘʣʘ ʝʱʸ ʙʦʣʝʝ ʟʘʤʝʪʥʦʡ (ʈʠʩʫʥʦʢ 3). ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʣʝʙʘʥʠʷʤ ʜʘʥʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʧʨʦʜʦʣʞʘʣʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʟʘʥʠʞʘʪʴ ʧʨʦʛʥʦʟʳ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʦ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʣʫʯʰʝ ʚʳʷʚʠʪʴ ʩʝʟʦʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

ʊʘʢʞʝ ʧʦʣʫʯʠʣʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʥʘ 10-ʶ ʠ 20-ʶ ʥʝʜʝʣʶ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 4. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʚʳʷʚʠʣ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʥʘʜ ʣʠʥʝʡʥʦʡ ʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʛʨʠʧʧʦʤ ʠ ʆʈɺʀ. ʇʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʥʘ 10-ʶ ʥʝʜʝʣʶ ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʳʭ 9 ʥʝʜʝʣʴ 

ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʜʘʣʘ ʨʝʟʫʣʴʪʘʪ 108,3 ʩʣʫʯʘʷ ʧʨʦʪʠʚ ʦʞʠʜʘʝʤʳʭ 

103,5, ʘ ʥʘ 20-ʶ ʥʝʜʝʣʶ ʧʦ 19-ʥʝʜʝʣʴʥʳʤ ʜʘʥʥʳʤ - 39,8 ʩʣʫʯʘʝʚ ʧʨʠ 

ʦʞʠʜʘʝʤʳʭ 40,1. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʤʦʜʝʣʠ. 

ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ ʣʫʯʰʝ ʫʯʠʪʳʚʘʝʪ ʥʝʣʠʥʝʡʥʫʶ ʜʠʥʘʤʠʢʫ 

ʵʧʠʜʧʨʦʮʝʩʩʘ, ʚʢʣʶʯʘʷ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠ ʧʝʨʝʛʠʙʳ ʵʧʠʜʝʤʠʯʝʩʢʦʡ 

ʢʨʠʚʦʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʝ, ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʟʘʥʠʞʘʝʪ 

ʧʦʢʘʟʘʪʝʣʠ ʚ ʧʠʢʦʚʳʝ ʧʝʨʠʦʜʳ, ʥʝ ʦʪʨʘʞʘʝʪ ʩʝʟʦʥʥʦʩʪʴ ʠ ʙʳʩʪʨʦ 

ʥʘʢʘʧʣʠʚʘʝʪ ʦʰʠʙʢʫ. 

ʃʠʥʝʡʥʘʷ ʠ ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʨʝʛʨʝʩʩʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʧʨʦʩʪʦʪʫ ʠ 

ʧʨʦʟʨʘʯʥʦʩʪʴ, ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʵʧʠʜʝʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʵʪʠ ʤʦʜʝʣʠ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ, ʣʠʙʦ 

ʟʘʤʝʥʠʪʴ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ Lasso ʠ Ridge, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʙʦʨʦʪʴʩʷ ʩ 

ʧʨʦʙʣʝʤʦʡ ʧʝʨʝʦʙʫʯʝʥʠʷ ʠ ʧʦʚʳʰʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʠ. Lasso-

ʨʝʛʨʝʩʩʠʷ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʘ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʙʠʨʘʪʴ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʨʠʟʥʘʢʠ, ʦʙʥʫʣʷʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʝʥʝʝ ʚʘʞʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ. Ridge-ʨʝʛʨʝʩʩʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʚʩʝ ʧʨʠʟʥʘʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳ, ʥʦ ʩʠʣʴʥʦ 

ʢʦʨʨʝʣʠʨʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ɽʱʝ ʙʦʣʝʝ ʛʠʙʢʠʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ Elastic 

Net, ʢʦʤʙʠʥʠʨʫʶʱʠʡ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʙʦʠʭ ʤʝʪʦʜʦʚ. ʕʪʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʠʪʴ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʷ ʠʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ [3]. 

ʇʦʣʠʥʦʤʠʘʣʴʥʫʶ ʨʝʛʨʝʩʩʠʶ ʤʦʞʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ, ʢʦʤʙʠʥʠʨʫʷ 

ʝʝ ʩ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʅʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ ARIMA-

ʢʦʤʧʦʥʝʥʪʳ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʘʚʪʦʢʦʨʨʝʣʷʮʠʶ ʚ ʜʘʥʥʳʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʜʣʷ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ɼʨʫʛʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 
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ʧʦʜʭʦʜ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʣʘʡʥʦʚ ʚʤʝʩʪʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʣʠʥʦʤʦʚ, ʯʪʦ 

ʜʘʝʪ ʙʦʣʝʝ ʛʠʙʢʫʶ ʠ ʫʩʪʦʡʯʠʚʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. ʉʧʣʘʡʥʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʣʠʥʦʤʦʚ, ʤʝʥʴʰʝ ʩʢʣʦʥʥʳ ʢ 

ʨʝʟʢʠʤ ʢʦʣʝʙʘʥʠʷʤ ʥʘ ʢʨʘʷʭ ʜʠʘʧʘʟʦʥʘ ʜʘʥʥʳʭ ʠ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʧʣʘʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ [4]. 

ʂʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʧʦʠʩʢʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ, ʩʪʦʠʪ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɻʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ 

(XGBoost, LightGBM) ʠ ʩʣʫʯʘʡʥʳʝ ʣʝʩʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʜʘʶʱʫʶʩʷ 

ʪʦʯʥʦʩʪʴ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʷʚʣʷʷ ʚʘʞʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ. ʕʪʠ 

ʘʣʛʦʨʠʪʤʳ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ 

ʜʘʥʥʳʭ ʠ ʥʘʣʠʯʠʠ ʤʥʦʞʝʩʪʚʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ. ʆʜʥʘʢʦ 

ʠʭ ʛʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ - ʩʣʘʙʘʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ 

ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʛʜʝ 

ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ, ʯʝʤ 

ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ. 

ɹʘʡʝʩʦʚʩʢʠʝ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʦʣʦʪʫʶ ʩʝʨʝʜʠʥʫ ʤʝʞʜʫ 

ʩʣʦʞʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʨʝʛʨʝʩʩʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʫʯʠʪʳʚʘʪʴ ʘʧʨʠʦʨʥʳʝ ʟʥʘʥʠʷ ʵʢʩʧʝʨʪʦʚ ʠ ʦʮʝʥʠʚʘʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʧʨʦʛʥʦʟʦʚ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʳʭ ʜʘʥʥʳʭ. ɻʘʫʩʩʦʚʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʥʘʧʨʠʤʝʨ, ʧʨʝʜʣʘʛʘʶʪ 

ʵʣʝʛʘʥʪʥʳʡ ʩʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ 

ʦʮʝʥʢʦʡ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ [5]. 

ʇʨʠʤʝʥʠʤʦʩʪʴ ʣʠʥʝʡʥʦʡ ʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʡ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʭʘʨʘʢʪʝʨʘ ʜʘʥʥʳʭ ʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. ʃʠʥʝʡʥʳʝ ʤʦʜʝʣʠ ʭʦʨʦʰʦ 

ʨʘʙʦʪʘʶʪ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ, ʢʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ, ʘ ʪʘʢʞʝ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʥʠ ʦʩʪʘʶʪʩʷ 

ʧʦʧʫʣʷʨʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʠ ʙʳʩʪʨʦʡ ʦʮʝʥʢʠ 

ʪʝʥʜʝʥʮʠʡ. ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʘ ʠ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʜʠʥʘʤʠʢʠ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʣʠʥʝʡʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ. ʆʜʥʘʢʦ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʦʩʪʦʨʦʞʥʦʩʪʠ - 

ʩʣʠʰʢʦʤ ʚʳʩʦʢʠʝ ʩʪʝʧʝʥʠ ʧʦʣʠʥʦʤʦʚ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʝʨʝʦʙʫʯʝʥʠʶ ʠ 

ʘʨʪʝʬʘʢʪʘʤ ʚ ʧʨʦʛʥʦʟʘʭ. 

ɺ ʨʝʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʜʭʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʥʦʤʠʘʣʴʥʫʶ ʨʝʛʨʝʩʩʠʶ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʦʩʥʦʚʥʦʡ ʪʝʥʜʝʥʮʠʠ, ʜʦʧʦʣʥʠʚ ʝʝ ARIMA-ʢʦʤʧʦʥʝʥʪʦʡ ʜʣʷ 

ʫʯʝʪʘ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʙʘʡʝʩʦʚʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʦʮʝʥʢʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʊʘʢʦʡ ʠʥʪʝʛʨʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ 

ʦʛʨʘʥʠʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʥʘʜʝʞʥʳʝ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ.  
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ʋɼʂ 004 

ʍʠʪʴ ʗ.ɺ.1, ʏʝʨʝʜʥʠʯʝʥʢʦ ʄ. ɺ.2, ʊʠʣʠʢʠʥ ɸ. ʖ.2 
 1ʀʥʩʪʠʪʫʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʢ, ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 

2ʀʥʩʪʠʪʫʪ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ  

ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʧʠʜʝʤʠʡ ʥʘ ʦʩʥʦʚʝ 

ʘʣʛʦʨʠʪʤʘ SIR 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ SIR 

(ɺʦʩʧʨʠʠʤʯʠʚʳʝ ï ʀʥʬʠʮʠʨʦʚʘʥʥʳʝ ï ɺʳʟʜʦʨʦʚʝʚʰʠʝ). ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ð 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʵʧʠʜʝʤʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʷ ʨʘʟʥʳʝ 

ʫʨʦʚʥʠ ʟʘʨʘʟʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʚʳʟʜʦʨʦʚʣʝʥʠʷ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʝʨʝʭʦʜʦʚ ʥʘʩʝʣʝʥʠʷ 

ʤʝʞʜʫ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʠʩʪʝʤʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʝʜʝʥʳ ʚ Python ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʟʚʠʪʠʷ ʵʧʠʜʝʤʠʠ ʚʦ ʚʨʝʤʝʥʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʩʢʦʨʦʩʪʴ ʠ 

ʤʘʩʰʪʘʙ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʣʝʟʥʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʵʧʠʜʝʤʠʡ ʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʵʧʠʜʝʤʠʠ, ʤʦʜʝʣʴ SIR, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. . 

 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʧʠʜʝʤʠʡ 

SIR-ʤʦʜʝʣʴ 

SIR-ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʤʦʜʝʣʝʡ 

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʆʥʘ ʜʝʣʠʪ ʥʘʩʝʣʝʥʠʝ ʥʘ ʪʨʠ 

ʛʨʫʧʧʳ: ʚʦʩʧʨʠʠʤʯʠʚʳʝ ʢ ʟʘʙʦʣʝʚʘʥʠʶ, ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ, ʚʳʟʜʦʨʦʚʝʚʰʠʝ. 

 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ (ʨʠʩ. 1).  

 
ʈʠʩ. 1. ɺʠʟʫʘʣʠʟʘʮʠʷ SIR-ʤʦʜʝʣʠ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ:  

, 

, 

. 
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  ï ʯʠʩʣʝʥʥʦʩʪʴ ʚʦʩʧʨʠʠʤʯʠʚʳʭ ʠʥʜʠʚʠʜʦʚ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t; 

  ï ʯʠʩʣʝʥʥʦʩʪʴ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʠʥʜʠʚʠʜʦʚ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t; 

ð ʯʠʩʣʝʥʥʦʩʪʴ ʧʝʨʝʙʦʣʝʚʰʠʭ ʠʥʜʠʚʠʜʦʚ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t; 

 ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʥʪʘʢʪʦʚ ʠʥʜʠʚʠʜʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʠʥʬʠʮʠʨʦʚʘʥʠʝʤ; 
ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʟʜʦʨʦʚʣʝʥʠʷ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ. 

ʇʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʟʜʦʨʦʚʳʭ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʪʘʢʪʘʤ ʩ ʠʥʬʠʮʠʨʦʚʘʥʥʳʤʠ. 

ɺʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʨʦʩʪ ʯʠʩʣʘ ʟʘʨʘʞʝʥʥʳʭ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʥʪʘʢʪʦʚ ʟʜʦʨʦʚʳʭ ʠ ʙʦʣʴʥʳʭ, ʥʦ ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʟʜʦʨʦʚʣʝʥʠʷ. 

ʊʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʯʠʩʣʦ ʚʳʟʜʦʨʦʚʝʚʰʠʭ ʨʘʩʪʝʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ. 

ʄʦʜʝʣʴ SIR ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɺʠʯ 

[1]. 

SEIR-ʤʦʜʝʣʴ 

ʗʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ SIR-ʤʦʜʝʣʠ ʠ ʫʯʠʪʳʚʘʝʪ ʠʥʢʫʙʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ ʙʦʣʝʟʥʠ. ɼʦʙʘʚʣʷʝʪʩʷ ʥʦʚʘʷ ʢʘʪʝʛʦʨʠʷ: ʥʦʩʠʪʝʣʠ ʠʥʬʝʢʮʠʠ. 

ʋʨʘʚʥʝʥʠʷ SEIR-ʤʦʜʝʣʠ: 

 

ð ʯʠʩʣʝʥʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t; 

  ð ʚʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʩʨʝʜʥʝʤʫ ʠʥʢʫʙʘʮʠʦʥʥʦʤʫ ʧʝʨʠʦʜʫ; 

 ð ʫʨʦʚʝʥʴ ʩʤʝʨʪʥʦʩʪʠ; 

ʇʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʟʜʦʨʦʚʳʭ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʪʘʢʪʘʤ ʩ ʠʥʬʠʮʠʨʦʚʘʥʥʳʤʠ. 

ɺʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʜʝʨʞʢʫ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʥʪʘʢʪʘ 

ʢ ʟʘʙʦʣʝʚʘʥʠʶ, ʨʘʚʥʫʶ ʠʥʢʫʙʘʮʠʦʥʥʦʤʫ ʧʝʨʠʦʜʫ. 

ʊʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʧʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ çʢʦʥʪʘʢʪʥʳʡè ʚ 

ʩʦʩʪʦʷʥʠʝ çʠʥʬʠʮʠʨʦʚʘʥʥʳʡè. 

ʏʝʪʚʝʨʪʦʝ ʫʨʘʚʥʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʦʩʪ ʯʠʩʣʘ ʚʳʟʜʦʨʦʚʝʚʰʠʭ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ, ʫʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʨʪʠ 

[2]. 

SEIR-ʤʦʜʝʣʴ ʙʦʣʝʝ ʪʦʯʥʘ ʜʣʷ ʟʘʙʦʣʝʚʘʥʠʡ ʩ ʣʘʪʝʥʪʥʦʡ ʬʘʟʦʡ, ʪʘʢʠʭ 

ʢʘʢ COVID-19 ʠ ʛʨʠʧʧ.  
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ʈʠʩ. 2. ɺʠʟʫʘʣʠʟʘʮʠʷ SEIR -ʤʦʜʝʣʠ. 

SIS-ʤʦʜʝʣʴ  

ʄʦʜʝʣʴ ʧʨʠʤʝʥʠʤʘ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, ʢ 

ʢʦʪʦʨʳʤ ʥʝ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʠʤʤʫʥʠʪʝʪ, ʥʘʧʨʠʤʝʨ ʛʨʠʧʧʘ ʠ ʆʈɺʀ. ʆʥʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ:  

 

ʇʝʨʚʦʝ ʠ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʱʝʝ ʯʠʩʣʦ ʟʜʦʨʦʚʳʭ ʠ 

ʙʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʦ, ʘ ʟʘʨʘʞʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʥʠʤʠ. 

ɺʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʟʘʙʦʣʝʚʰʠʭ, ʢʦʪʦʨʦʝ 

ʨʘʩʪʝʪ ʟʘ ʩʯʝʪ ʢʦʥʪʘʢʪʦʚ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʠʟ-ʟʘ ʚʳʟʜʦʨʦʚʣʝʥʠʡ. 

ʄʦʜʝʣʴ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʙʦʣʝʟʥʷʤ ʙʝʟ ʧʦʞʠʟʥʝʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, 

ʥʘʧʨʠʤʝʨ, ʚʝʥʝʨʠʯʝʩʢʠʤ ʠʥʬʝʢʮʠʷʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʤʫʣʷʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʧʠʜʝʤʠʡ 

ʈʘʟʨʘʙʦʪʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ SIR, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʳʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʙʝʟ ʚʳʨʘʙʦʪʢʠ 

ʠʤʤʫʥʠʪʝʪʘ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʨʦʛʨʘʤʤʘ, 

ʨʝʘʣʠʟʫʶʱʘʷ ʵʪʫ ʤʦʜʝʣʴ. 

ʉʠʤʫʣʷʮʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠ ʧʦʤʦʱʠ ʷʟʳʢʘ Java, ʚʢʣʶʯʘʷ 

ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ (Java FX) ʠ ʨʘʙʦʪʝ ʩ ʜʘʥʥʳʤʠ 

(Spring). 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʦʣʦʯʢʠ. 

 
ʈʠʩ. 3. ʄʝʪʦʜ spreadInfection. 

ɸʣʛʦʨʠʪʤ ʨʘʩʩʯʠʪʳʚʘʝʪ ʥʦʚʳʝ ʩʣʫʯʘʠ ʟʘʨʘʞʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʪʝʢʫʱʝʝ 

ʯʠʩʣʦ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ, ʟʘʨʘʟʥʦʩʪʴ ʚʠʨʫʩʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ. 
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ʋʯʠʪʳʚʘʶʪʩʷ ʪʘʢʞʝ ʚʳʟʜʦʨʦʚʝʚʰʠʝ ʠ ʫʤʝʨʰʠʝ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʯʠʩʣʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʟʘʨʘʞʝʥʠʡ. ɽʩʣʠ ʫ ʨʝʛʠʦʥʘ ʝʩʪʴ ʩʦʩʝʜʠ ʙʝʟ ʢʘʨʘʥʪʠʥʘ, 

ʯʘʩʪʴ ʟʘʨʘʞʝʥʥʳʭ "ʧʝʨʝʤʝʱʘʝʪʩʷ" ʚ ʥʠʭ, ʤʦʜʝʣʠʨʫʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʠʥʬʝʢʮʠʠ. ʇʦʩʣʝ ʨʘʩʯʝʪʦʚ ʦʙʥʦʚʣʷʝʪʩʷ ʯʠʩʣʦ ʟʘʨʘʞʝʥʥʳʭ ʚ ʪʝʢʫʱʝʤ ʠ 

ʩʦʩʝʜʥʠʭ ʨʝʛʠʦʥʘʭ, ʦʪʩʣʝʞʠʚʘʷ ʜʠʥʘʤʠʢʫ ʵʧʠʜʝʤʠʠ. ɸʣʛʦʨʠʪʤ ʫʯʠʪʳʚʘʝʪ 

ʩʢʦʨʦʩʪʴ ʚʠʨʫʩʘ, ʢʘʨʘʥʪʠʥ ʠ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ. 

 
ʈʠʩ. 4. ʄʝʪʦʜ updateRecoveryAndDeaths. 

ɸʣʛʦʨʠʪʤ ʥʘʯʠʥʘʝʪ ʩ ʨʘʩʯʝʪʘ ʚʳʟʜʦʨʦʚʝʚʰʠʭ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʘ 

ʟʘʨʘʞʝʥʥʳʭ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʟʜʦʨʦʚʣʝʥʠʷ. ɿʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʫʤʝʨʰʠʭ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʨʪʥʦʩʪʠ. ʏʠʩʣʦ ʟʘʨʘʞʝʥʥʳʭ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚʳʟʜʦʨʦʚʝʚʰʠʭ ʠ ʫʤʝʨʰʠʭ, ʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʪʝʛʦʨʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʕʪʦ ʤʦʜʝʣʠʨʫʝʪ ʜʠʥʘʤʠʢʫ 

ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʚʳʟʜʦʨʦʚʣʝʥʠʝ ʠ ʩʤʝʨʪʥʦʩʪʴ. 

ɻʨʘʬʠʯʝʩʢʘʷ ʯʘʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʚʠʟʫʘʣʠʟʠʨʫʝʪ ʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʮʚʝʪʦʚʦʡ ʛʨʘʜʘʮʠʠ: ʩʠʥʠʡ ð ʚʩʝ ʟʜʦʨʦʚʳ, ʢʨʘʩʥʳʡ ð ʙʦʣʝʝ 1000 

ʟʘʨʘʞʝʥʥʳʭ ʥʘ 100 ʪʳʩ. ʢʤĮ, ʦʨʘʥʞʝʚʳʡ ð ʦʪ 500 ʜʦ 699, ʠ ʪ.ʜ. ʇʨʦʛʨʘʤʤʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʛʣʷʜʥʫʶ ʩʠʤʫʣʷʮʠʶ ʵʧʠʜʝʤʠʠ.  

 
ʈʠʩ. 5. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

ʅʘ ʨʠʩʫʥʢʝ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʜʪʚʝʨʞʜʸʥʥʘʷ ʢʘʨʪʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʠ ʚ ʈʦʩʩʠʠ. ʉʨʘʚʥʠʚʘʷ 2 ʚʘʨʠʘʥʪʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ 

ʩʭʦʞʝʩʪʴ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. 
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ʈʠʩ. 6. ʂʘʨʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɺʠʯ ʚ ʈʦʩʩʠʠ. [3] 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʧʠʜʝʤʠʡ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʨʠʟʠʩʥʳʤʠ ʩʠʪʫʘʮʠʷʤʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠ ʘʜʘʧʪʠʚʥʳʝ ʤʦʜʝʣʠ, 

ʩʧʦʩʦʙʥʳʝ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʟʚʠʪʠʝ 

ʵʧʠʜʝʤʠʡ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʵʧʠʜʝʤʠʡ ʚʠʨʫʩʦʚ ʥʦʚʦʛʦ ʪʠʧʘ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ 
ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚʦ ʚʨʝʤʷ 

ʧʘʥʜʝʤʠʡ: 2023 ʛ. ʵʪʘʧ 1 // Saint Petersburg State University URL: 

https://pureportal.spbu.ru/ru/publications/-sir----%28a95940d7-063d-

4f64-b8df-0e8a6c58716c%29.html?utm_source=chatgpt.com (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 13.03.2025). 

2. ɿʘʨʘʟʘ, ʛʦʩʪʴʷ ʥʘʰʘ. ʂʘʢ ʤʘʪʝʤʘʪʠʢʘ ʧʦʤʦʛʘʝʪ ʙʦʨʦʪʴʩʷ ʩ ʵʧʠʜʝʤʠʷʤʠ// N+1 

URL: https://nplus1.ru/material/2019/12/26/epidemic-math (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

13.03.2025). 

3. ɺʀʏ/ʉʇʀɼ ʚ ʈʦʩʩʠʠ// ʈʋɺʀʂʀ URL: (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.03.2025). 
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ʋɼʂ 004.42 

 

ʄʘʞʝʡ ʗ.ɺ. 
ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʙʠʙʣʠʦʪʝʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʨʘʫʟʝʨʦʚ: 

seleniumbase ʠ puppeteer 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ Python-

ʙʠʙʣʠʦʪʝʢʠ SeleniumBase ʠ JavaScript-ʙʠʙʣʠʦʪʝʢʠ Puppeteer ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʙʨʘʫʟʝʨʦʚ ʠ ʧʘʨʩʠʥʛʘ ʜʘʥʥʳʭ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʭ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʨʘʫʟʝʨʦʤ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʢʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʜʘʯʠ. ʅʘ ʵʤʧʠʨʠʯʝʩʢʦʤ ʧʨʠʤʝʨʝ ʧʘʨʩʠʥʛʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʘʡʪʘ 

(ʚʳʧʦʣʥʝʥʠʝ ʚʭʦʜʘ, AJAX-ʟʘʛʨʫʟʢʘ ʠ ʠʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ) ʩʨʘʚʥʠʚʘʶʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ, ʧʦʪʨʝʙʣʝʥʠʝ CPU/RAM) ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʙʠʙʣʠʦʪʝʢ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʤ ʚʳʙʦʨʝ SeleniumBase ʠʣʠ 

Puppeteer ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʟʘʜʘʯ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: SeleniumBase, Puppeteer, ʧʘʨʩʠʥʛ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, WebSocket, 

GraphQL, cookie, ʧʘʨʘʣʣʝʣʴʥʳʝ ʟʘʧʨʦʩʳ ʢʦʨʫʪʠʥʳ. 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʙʨʘʫʟʝʨʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʢʘʢ ʜʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʩʠʥʛʘ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʘʡʪʦʚ. ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʚʷʟʢʘ 

Selenium WebDriver (ʩ ʜʨʘʡʚʝʨʘʤʠ Chrome, Firefox ʠ ʜʨ.) ʠ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʚ ʯʘʩʪʥʦʩʪʠ, Python). ʆʜʥʘʢʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʧʘʨʩʠʥʛʘ ʩʪʘʥʜʘʨʪʥʳʡ WebDriver ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʤ ʠ ʙʳʩʪʨʳʤ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʩʘʡʪ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ 

AJAX, GraphQL-ʟʘʧʨʦʩʳ ʠʣʠ ʘʥʪʠʙʦʪ-ʟʘʱʠʪʫ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ: ʥʘ Python ð ʬʨʝʡʤʚʦʨʢ SeleniumBase, ʘ ʥʘ JavaScript ð 

Puppeteer. SeleniumBase ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʫʨʦʚʥʝʚʫʶ ʦʙʝʨʪʢʫ ʥʘʜ 

Selenium WebDriver ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ [1]. Puppeteer ʞʝ 

ð ʦʬʠʮʠʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ Google ʜʣʷ Node.js, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʫʧʨʘʚʣʷʶʱʘʷ ʙʨʘʫʟʝʨʘʤʠ ʥʘ ʦʩʥʦʚʝ Chromium (ʠ ʯʘʩʪʠʯʥʦ Firefox) ʯʝʨʝʟ 

Chrome DevTools Protocol. 

ɺ ʦʩʥʦʚʝ SeleniumBase ʣʝʞʠʪ ʪʨʘʜʠʮʠʦʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ Selenium 

WebDriver: ʢʣʠʝʥʪ (ʢʦʜ ʥʘ Python) ʧʦʩʳʣʘʝʪ ʢʦʤʘʥʜʘʤ WebDriver (ʯʝʨʝʟ 

HTTP/JSON) ʫʧʨʘʚʣʷʶʱʝʤʫ ʧʨʦʮʝʩʩʫ ʙʨʘʫʟʝʨʘ (ʥʘʧʨʠʤʝʨ, chromedriver), 

ʢʦʪʦʨʳʡ ʫʞʝ ʥʘʧʨʷʤʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʙʨʘʫʟʝʨʦʤ ʢʘʢ çʧʦʣʴʟʦʚʘʪʝʣʴè 

[1]. ʊʘʢʘʷ ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʫʣʴʪʠʙʨʘʫʟʝʨʥʦʩʪʴ (Chrome, Firefox, Safari 

ʠ ʜʨ.), ʥʦ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʝʪʝʚʦʡ ʦʚʝʨʭʝʜ ʠ ʟʘʜʝʨʞʢʠ ʧʨʠ ʢʘʞʜʦʤ 

ʜʝʡʩʪʚʠʠ [2,3]. 

Puppeteer, ʥʘʧʨʦʪʠʚ, ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʩʨʝʜʥʠʢʘʭ WebDriver: ʦʥ 

ʦʪʢʨʳʚʘʝʪ ʩʝʩʩʠʠ DevTools ʚ ʙʨʘʫʟʝʨʝ Chromium ʠ ʦʪʧʨʘʚʣʷʝʪ ʢʦʤʘʥʜʳ 
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ʥʘʧʨʷʤʫʶ ʧʦ ʜʚʦʠʯʥʦʤʫ ʧʨʦʪʦʢʦʣʫ CDP. ʕʪʦ ʫʙʠʨʘʝʪ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ 

WebDriver, ʜʝʣʘʷ ʢʦʤʘʥʜʳ (ʥʘʧʨʠʤʝʨ, page.goto ʠʣʠ page.click) ʙʦʣʝʝ 

çʣʝʛʢʦʚʝʩʥʳʤʠè ʠ ʙʳʩʪʨʳʤʠ. ʂʘʢ ʦʪʤʝʯʘʶʪ ʩʧʝʮʠʘʣʠʩʪʳ, ʪʘʢʘʷ ʧʨʷʤʘʷ 

ʩʚʷʟʴ ʯʝʨʝʟ DevTools Protocol ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʙʨʘʫʟʝʨʦʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. ʆʜʥʘʢʦ Puppeteer ʦʛʨʘʥʠʯʝʥ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ Chromium-based ʙʨʘʫʟʝʨʘʤʠ (ʦʬʠʮʠʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʦʡ 

Chrome/Chromium, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ Firefox) [3]. 

Puppeteer ʠ SeleniumBase ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ ʘʨʭʠʪʝʢʪʫʨʝ, ʪʘʢ ʠ ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʦʨʛʘʥʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ. Puppeteer, ʙʫʜʫʯʠ 

ʙʠʙʣʠʦʪʝʢʦʡ ʜʣʷ Node.js, ʠʟʥʘʯʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʘʩʠʥʭʨʦʥʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ. ɹʣʘʛʦʜʘʨʷ ʧʦʜʜʝʨʞʢʝ ʧʨʦʤʠʩʦʚ ʠ ʩʦʙʳʪʠʡʥʦʡ ʤʦʜʝʣʠ 

JavaScript, ʚ Puppeteer ʣʝʛʢʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ: ʤʦʞʥʦ 

ʦʪʢʨʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʢʣʘʜʦʢ ʚ ʦʜʥʦʤ ʙʨʘʫʟʝʨʥʦʤ ʵʢʟʝʤʧʣʷʨʝ ʠ ʚʳʧʦʣʥʷʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʜʝʡʩʪʚʠʷ ʯʝʨʝʟ ñPromise.allò, ʧʨʠʤʝʨ ʚ ʃʠʩʪʠʥʛʝ 1. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʩʢʨʘʧʠʪʴ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʩʪʨʘʥʠʮ ʟʘ ʩʯʝʪ 

ʥʝʙʣʦʢʠʨʫʶʱʝʛʦ ʠʩʧʦʣʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʧʫʩʢʘʪʴ ʥʝʟʘʚʠʩʠʤʳʝ ʧʨʦʮʝʩʩʳ 

Node.js ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ. ʂʨʦʤʝ ʪʦʛʦ, Puppeteer ʦʪʣʠʯʥʦ 

ʨʘʙʦʪʘʝʪ ʩ headless-ʨʝʞʠʤʦʤ, ʙʳʩʪʨʦ ʩʦʟʜʘʚʘʷ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʝʩʩʠʠ.  

 
ʃʠʩʪʠʥʛ 1 ð ʇʨʠʤʝʨ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʟʘʧʫʩʢʘ ʩʝʩʩʠʠ ʥʘ JavaScript 

const puppeteer = require('puppeteer'); 

 

(async () => { 

 const urls = [ 

 'https://example.com/page1', 

 'https://example.com/page2', 

 'https://example.com/page3' 

 ]; 

 const browser = await puppeteer.launch({ headless: true }); 

  

 // Promise.all ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʦʪʢʨʳʪʠʷ ʩʪʨʘʥʠʮ 

 const results = await Promise.all(urls.map(async (url) => { 

 const page = await browser.newPage(); 

 await page.goto(url, { waitUntil: 'domcontentloaded' }); 

 const title = await page.title(); 

 await page.close(); 

 return { url, title }; 

 }));  

 

 console.log(results); 

 await browser.close(); 

})();  
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SeleniumBase, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ WebDriver ʠ Python, ʠʩʧʦʣʴʟʫʝʪ ʙʦʣʝʝ 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ. ɼʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʟʘʧʫʩʢʘ ʪʝʩʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʤʥʦʛʦʧʨʦʮʝʩʩʥʦʩʪʴ (ʯʝʨʝʟ pytest-xdist ʠʣʠ multiprocessing), ʯʪʦ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʙʨʘʫʟʝʨʘ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʦʪʦʢʘ ʠʣʠ ʧʨʦʮʝʩʩʘ. ɿʘʧʫʩʢ ʢʦʨʫʪʠʥ (asyncio) ʚ SeleniumBase ʥʘʧʨʷʤʫʶ 

ʥʝʚʦʟʤʦʞʝʥ ʠʟ-ʟʘ ʙʣʦʢʠʨʫʶʱʝʡ ʧʨʠʨʦʜʳ WebDriver. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 

SeleniumBase ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʘʩʩʦʚʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʥʦ ʢʘʞʜʳʡ ʵʢʟʝʤʧʣʷʨ 

ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʩʠʣʴʥʝʝ ʥʘʛʨʫʞʘʝʪ ʩʠʩʪʝʤʫ. 

ʇʦʜʜʝʨʞʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ AJAX ʠ 

GraphQL  

ʆʙʝ ʙʠʙʣʠʦʪʝʢʠ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʩ ʜʠʥʘʤʠʯʝʩʢʠ ʟʘʛʨʫʞʘʝʤʳʤ 

ʢʦʥʪʝʥʪʦʤ. AJAX-ʟʘʧʨʦʩʳ (XMLHttpRequest, Fetch) ʚʳʧʦʣʥʷʶʪʩʷ ʚʥʫʪʨʠ 

ʙʨʘʫʟʝʨʘ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʣʶʙʳʤʠ ʩʢʨʠʧʪʘʤʠ. 

SeleniumBase ʪʨʘʜʠʮʠʦʥʥʦ ʦʞʠʜʘʝʪ ʧʦʷʚʣʝʥʠʷ ʥʫʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʩʪʨʘʥʠʮʝ (ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ wait_for_element), ʘ ʟʘʪʝʤ ʠʟʚʣʝʢʘʝʪ 

ʜʘʥʥʳʝ ʯʝʨʝʟ DOM [4]. Puppeteer ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ: 

ʤʝʪʦʜʳ page.waitForSelector ʠʣʠ page.waitForNavigation ʧʦʟʚʦʣʷʶʪ 

ʜʦʞʠʜʘʪʴʩʷ ʦʢʦʥʯʘʥʠʷ ʩʝʪʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʝʞʜʝ ʯʝʤ ʯʠʪʘʪʴ ʩʦʜʝʨʞʠʤʦʝ 

ʩʪʨʘʥʠʮʳ [5]. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝ ʙʠʙʣʠʦʪʝʢʠ ʤʦʛʫʪ ʧʝʨʝʭʚʘʪʳʚʘʪʴ 

AJAX-ʟʘʧʨʦʩʳ: Puppeteer ʯʝʨʝʟ ʚʩʪʨʦʝʥʥʳʝ ʩʦʙʳʪʠʷ 

(page.on('request')/('response') ʧʨʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ 

page.setRequestInterception), ʘ SeleniumBase ð ʯʝʨʝʟ ʠʥʪʝʛʨʘʮʠʶ ʩ 

çselenium-wireè ʠʣʠ DevTools. 

GraphQL-ʟʘʧʨʦʩʳ ʪʝʭʥʠʯʝʩʢʠ ʷʚʣʷʶʪʩʷ HTTP-ʟʘʧʨʦʩʘʤʠ (ʯʘʱʝ ʚʩʝʛʦ 

POST) ʩ JSON-payload. ʆʥʠ çʩʢʨʳʪʳè ʚʥʫʪʨʠ ʩʪʨʘʥʠʮ ʪʝʤ ʞʝ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʠ AJAX. ɺ Puppeteer ʪʘʢʦʡ ʟʘʧʨʦʩ ʤʦʞʥʦ ʧʦʡʤʘʪʴ ʯʝʨʝʟ ʩʦʙʳʪʠʝ 

page.on('response') ʠ ʬʠʣʴʪʨʘʮʠʶ ʧʦ URL. ɺ SeleniumBase ʜʣʷ ʵʪʦʛʦ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʚʨʦʜʝ selenium-wire. 

ʇʦʜʢʣʶʯʝʥʠʷ ʧʦ WebSocket ʩʣʦʞʥʝʝ ʧʝʨʝʭʚʘʪʳʚʘʪʴ: ʵʪʦ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ ʢʘʥʘʣʳ ʧʦʚʝʨʭ ʧʨʦʪʦʢʦʣʘ HTTP. Puppeteer ʥʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʧʨʷʤʦʡ ʨʘʙʦʪʳ ʩ WebSocket-

ʬʨʝʡʤʘʤʠ ð ʤʦʞʥʦ ʣʠʰʴ ʧʦʜʧʠʩʘʪʴʩʷ ʥʘ ʩʦʙʳʪʠʷ DevTools 

Network.webSocketFrameSent/Received (ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ CDP-ʩʦʙʳʪʠʷ). 

Selenium/WebDriver ʪʘʢʞʝ ʥʝ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ WS ð 

ʪʨʝʙʫʶʪʩʷ ʩʪʦʨʦʥʥʠʝ ʧʨʦʢʩʠ (mitmproxy, browsermob) ʠʣʠ CDP-ʢʦʤʘʥʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʜʣʷ SeleniumBase, ʠ ʜʣʷ Puppeteer ʨʘʙʦʪʘ ʩ WebSocket 

ʦʩʪʘʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʨʘʩʰʠʨʝʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ 

(ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ DevTools API ʠʣʠ ʚʥʝʰʥʠʝ ʙʠʙʣʠʦʪʝʢʠ). 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʘʩʪʨʦʡʢʠ ʦʢʨʫʞʝʥʠʷ, ʪʦ ʜʣʷ SeleniumBase ʪʨʝʙʫʝʪʩʷ 

ʫʩʪʘʥʦʚʢʘ Python ʠ ʜʨʘʡʚʝʨʦʚ ʙʨʘʫʟʝʨʦʚ (ʦʙʳʯʥʦ ChromeDriver, 

Geckodriver ʠ ʪ.ʧ.). ɹʠʙʣʠʦʪʝʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʙʠʨʘʝʪ ʩʦʚʤʝʩʪʠʤʫʶ 

ʚʝʨʩʠʶ ʜʨʘʡʚʝʨʘ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʢʘʯʠʚʘʷ) [1]. Puppeteer 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʯʝʨʝʟ npm (npm install puppeteer) ʠ ʧʦ ʫʤʦʣʯʘʥʠʶ ʩʘʤ 
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ʟʘʛʨʫʞʘʝʪ ʩʦʚʤʝʩʪʠʤʳʡ Chromium-ʧʘʢʝʪ. Puppeteer-ʢʦʜ ʢʦʤʧʦʥʫʝʪʩʷ ʚ 

Node.js-ʧʨʦʝʢʪʘʭ, ʘ SeleniumBase-ʬʘʡʣʳ ʧʠʰʫʪʩʷ ʥʘ Python (ʦʙʳʯʥʦ ʚ 

ʬʦʨʤʘʪʝ pytest). 

ʇʨʠ ʧʘʨʩʠʥʛʝ ʯʘʩʪʦ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʠʪʴ HTTP-ʟʘʛʦʣʦʚʢʠ ʟʘʧʨʦʩʦʚ 

(ʥʘʧʨʠʤʝʨ, ʫʢʘʟʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ User-Agent ʠʣʠ ʜʦʙʘʚʣʷʪʴ ʟʘʛʦʣʦʚʢʠ 

ʘʚʪʦʨʠʟʘʮʠʠ). ʆʙʘ ʠʥʩʪʨʫʤʝʥʪʘ ʵʪʦ ʧʦʟʚʦʣʷʶʪ, ʥʦ ʩ ʨʘʟʥʳʤʠ ʧʦʜʭʦʜʘʤʠ: 

SeleniumBase (WebDriver). ɼʣʷ ʫʩʪʘʥʦʚʢʠ User-Agent ʚ Chrome-ʦʧʮʠʷʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʨʛʫʤʝʥʪ --user-agent 

ʇʨʠʤʝʨ ʢʦʜʘ ʥʘ Python ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʃʠʩʪʠʥʛʝ 2. 
ʃʠʩʪʠʥʛ 2 ð ʋʩʪʘʥʦʚʢʘ --user-agent SeleniumBase 

@from selenium import webdriver 

from selenium.webdriver.chrome.options import Options 

options = Options() 

options.add_argument("--user-agent=MyAgent/1.0") 

self.driver = webdriver.Chrome(options=options) 

 

Puppeteer. ʀʤʝʝʪ ʚʩʪʨʦʝʥʥʳʝ ʤʝʪʦʜʳ: page.setUserAgent("ʩʪʨʦʢʘ") 

ʟʘʜʘʝʪ User-Agent. ʏʪʦʙʳ ʜʦʙʘʚʠʪʴ ʜʨʫʛʠʝ HTTP-ʟʘʛʦʣʦʚʢʠ ʢʦ ʚʩʝʤ 

ʟʘʧʨʦʩʘʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ page.setExtraHTTPHeaders({ 'X-My-Header': 'value' 

}).  

ɽʩʣʠ ʥʘ ʩʘʡʪ ʥʝʦʙʭʦʜʠʤʦ ʦʪʧʨʘʚʠʪʴ ʩʣʦʞʥʳʝ ʜʘʥʥʳʝ (ʥʘʧʨʠʤʝʨ, 

GraphQL-ʟʘʧʨʦʩʳ ʠʣʠ JSON ʚ POST). 

ɺʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʥʘ ʩʘʡʪʘʭ ʨʘʟʥʦʡ ʩʣʦʞʥʦʩʪʠ ʜʣʷ 

Puppeteer ʠ SeleniumBase ʨʘʟʣʠʯʥʦʝ. ʅʘ ʈʠʩʫʥʢʝ 1 ʩʨʘʚʥʠʚʘʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʝ ʚʨʝʤʷ ʦʪʢʨʳʪʠʷ ʩʪʨʘʥʠʮʳ ʠ ʠʟʚʣʝʯʝʥʠʷ ʢʦʥʪʝʥʪʘ ʥʘ ʧʨʦʩʪʦʤ, 

ʩʨʝʜʥʝʤ ʠ ʪʷʞʝʣʦʤ ʩʘʡʪʘʭ. ʅʘ ʣʝʛʢʠʭ ʩʪʨʘʥʠʮʘʭ ʦʙʘ ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʙʦʪʘʶʪ 

ʙʳʩʪʨʦ, ʨʘʟʥʠʮʘ ʤʠʥʠʤʘʣʴʥʘ (Puppeteer ~0,3 ʩ ʧʨʦʪʠʚ ~0,4 ʩ ʫ 

SeleniumBase). ʅʦ ʥʘ ʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʩʪʨʘʥʠʮʘʭ ʨʘʟʨʳʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ: 

ʥʘ ʩʨʝʜʥʝʤ ʩʘʡʪʝ Puppeteer ʚ ʩʨʝʜʥʝʤ ʟʘʚʝʨʰʘʝʪ ʟʘʜʘʯʫ ʟʘ ~0,85 ʩ, ʪʦʛʜʘ 

ʢʘʢ SeleniumBase ~1,0ʩ. ʅʘ ʩʪʨʘʥʠʮʘʭ ʩ ʦʙʠʣʠʝʤ ʩʢʨʠʧʪʦʚ ʠ ʜʘʥʥʳʭ 

Puppeteer ʩʦʭʨʘʥʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʫʩʣʦʚʥʦ ~3 ʩ ʧʨʦʪʠʚ ~4 ʩ ʫ 

SeleniumBase. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ Puppeteer ʦʙʳʯʥʦ ~15ï20% 

ʙʳʩʪʨʝʝ Selenium ʧʨʠ ʨʝʥʜʝʨʠʥʛʝ ʠ ʩʢʨʘʧʠʥʛʝ ʩʪʨʘʥʠʮ [3]. ɹʦʣʝʝ ʚʳʩʦʢʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ Selenium (WebDriver) ʚ ʨʝʩʫʨʩʘʭ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʥʘ 

ʪʷʞʝʣʳʭ ʩʪʨʘʥʠʮʘʭ, ʪʦʛʜʘ ʢʘʢ Puppeteer ʵʬʬʝʢʪʠʚʥʝʝ ʫʧʨʘʚʣʷʝʪ ʙʨʘʫʟʝʨʦʤ 

ʥʘʧʨʷʤʫʶ ʯʝʨʝʟ DevTools-ʧʨʦʪʦʢʦʣ [6]. 
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 ʈʠʩʫʥʦʢ 1 ð ʉʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʥʘ ʩʘʡʪʘʭ ʨʘʟʥʦʡ ʩʣʦʞʥʦʩʪʠ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩʫʥʢʘ 2, SeleniumBase ʧʦʪʨʝʙʣʷʝʪ ʙʦʣʴʰʝ ʨʝʩʫʨʩʦʚ, 

ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʟʘʛʨʫʟʢʝ CPU ʠ ʧʘʤʷʪʠ. ɺ ʧʨʠʚʝʜʝʥʥʦʤ 

ʧʨʠʤʝʨʝ Puppeteer ʠʩʧʦʣʴʟʦʚʘʣ ~30% CPU, ʪʦʛʜʘ ʢʘʢ SeleniumBase ~45% 

(ʥʘ ʪʦʤ ʞʝ ʟʘʜʘʥʠʠ). ʈʘʟʣʠʯʠʝ ʚ ʧʦʪʨʝʙʣʝʥʠʠ RAM ʝʱʝ ʟʘʤʝʪʥʝʝ: ~300ʄɹ 

ʫ Puppeteer ʧʨʦʪʠʚ ~500ʄɹ ʫ SeleniumBase. ʕʪʠ ʜʘʥʥʳʝ ʩʦʚʧʘʜʘʶʪ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʥʩʪʨʫʤʝʥʪʦʚ: Selenium (ʠ ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʥʝʤ 

SeleniumBase) ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʩʠʩʪʝʤʥʳʭ ʨʝʩʫʨʩʦʚ ʠʟ-ʟʘ ʨʘʙʦʪʳ 

ʦʪʜʝʣʴʥʦʛʦ ʜʨʘʡʚʝʨʘ ʠ ʙʨʘʫʟʝʨʘ. Puppeteer ʞʝ ʙʦʣʝʝ çʣʝʛʢʠʡè ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ ʧʘʤʷʪʴ, ʥʘʧʨʷʤʫʶ ʫʧʨʘʚʣʷʷ Chromium [6]. 

 
 ʈʠʩʫʥʦʢ 2 ð ʇʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ (CPU ʠ RAM)  
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ʅʘ ʈʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʧʦʧʫʣʷʨʥʦʩʪʠ ʠ ʪʨʝʥʜʳ ʥʘ 

ʧʝʨʠʦʜ 2018ï2023 ʛʦʜʦʚ. Puppeteer ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʩʚʦʝʡ ʥʠʰʝ ʟʘ ʵʪʦ ʚʨʝʤʷ: ʢʦʣʠʯʝʩʪʚʦ ʟʚʝʟʜ (GitHub) 

ʚʳʨʦʩʣʦ ʩ ~43 ʪʳʩ. (2018) ʜʦ ~90 ʪʳʩ. ʢ 2023 ʛʦʜʫ [7]. SeleniumBase, 

ʧʦʷʚʠʚʰʠʩʴ ʧʦʟʞʝ, ʥʘʙʨʘʣ ʙʦʣʝʝ ʩʢʨʦʤʥʳʝ ~8ï9 ʪʳʩ. ʟʚʝʟʜ, ʯʪʦ ʣʦʛʠʯʥʦ, 

ʫʯʠʪʳʚʘʷ ʝʛʦ ʙʦʣʝʝ ʫʟʢʫʶ ʘʫʜʠʪʦʨʠʶ (Python-ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʪʝʩʪʠʨʦʚʘʥʠʠ 

ʠ ʧʘʨʩʠʥʛʝ)[2]. 

 
 ʈʠʩʫʥʦʢ 3 ð ʇʦʧʫʣʷʨʥʦʩʪʴ Puppeteer vs SeleniumBase ʧʦ ʛʦʜʘʤ 

 

ɿʘʛʨʫʟʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʨʘʞʘʶʪ ʩʭʦʞʠʡ ʪʨʝʥʜ. Puppeteer ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʦʙʱʝʩʪʚʝ JavaScript: ʫʞʝ ʢ 2020 ʛʦʜʫ ʦʥ ʠʤʝʣ ʜʝʩʷʪʢʠ 

ʤʠʣʣʠʦʥʦʚ ʟʘʛʨʫʟʦʢ, ʘ ʚ 2023 ʛʦʜʫ ʝʞʝʥʝʜʝʣʴʥʦ ʫ Puppeteer ʬʠʢʩʠʨʦʚʘʣʦʩʴ 

ʩʚʳʰʝ 3 ʤʣʥ ʩʢʘʯʠʚʘʥʠʡ (ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ~150 ʤʣʥ ʚ ʛʦʜ). SeleniumBase 

ʧʦ ʜʘʥʥʳʤ PyPI ʦʪʩʪʘʝʪ ʥʘ ʧʦʨʷʜʢʠ ð ʚ 2023 ʛʦʜʫ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʣʣʠʦʥʦʚ ʟʘʛʨʫʟʦʢ ʟʘ ʚʝʩʴ ʛʦʜ (ʦʢʦʣʦ 200 ʪʳʩ. ʚ ʥʝʜʝʣʶ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 

2024 ʛʦʜ [2]. 

ʈʦʩʪ Puppeteer ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʝʛʦ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʚʝʙ-

ʩʢʨʘʧʠʥʛʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʢʦʡ Google ï ʦʥ ʩʪʘʣ çʜʝ-ʬʘʢʪʦ 

ʩʪʘʥʜʘʨʪʦʤè headless-ʘʚʪʦʤʘʪʠʟʘʮʠʠ Chrome [7]. SeleniumBase ʞʝ ʦʩʪʘʝʪʩʷ 

ʥʠʰʝʚʳʤ ʥʘʜʩʪʨʦʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʥʘʜ Selenium, ʧʦʧʫʣʷʨʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʨʘʩʪʝʪ ʙʦʣʝʝ ʫʤʝʨʝʥʥʦ, ʭʦʪʷ ʠ ʦʪʤʝʯʝʥ ʧʨʦʛʨʝʩʩ  

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, Puppeteer ʦʧʝʨʝʞʘʝʪ SeleniumBase ʢʘʢ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ 

ʤʝʪʨʠʢʘʤ (ʩʢʦʨʦʩʪʴ, ʵʢʦʥʦʤʥʦʩʪʴ), ʪʘʢ ʠ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʟʘʚʠʩʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʩʪʘʪʠʩʪʠʢʘ ʩʢʘʯʠʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʤʝʪʨʠʢʠ ʩʦʦʙʱʝʩʪʚʘ (GitHub)[3]. 

SeleniumBase, ʙʫʜʫʯʠ ʫʣʫʯʰʝʥʠʝʤ Selenium, ʚʳʠʛʨʳʚʘʝʪ ʚ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ (ʧʦʜʜʝʨʞʢʘ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʦʚ, ʙʨʘʫʟʝʨʦʚ) ʠ ʜʦʧʦʣʥʷʝʪʩʷ 
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ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʦʙʭʦʜʘ ʙʣʦʢʠʨʦʚʦʢ, ʥʦ ʚ ʧʨʷʤʦʤ ʩʨʘʚʥʝʥʠʠ ʧʦ ʩʢʦʨʦʩʪʠ 

Puppeteer ʚʳʛʣʷʜʠʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʜʣʷ Chrome/Chromium-ʩʮʝʥʘʨʠʝʚ. 
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ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ:  

ʄʘʞʝʡ ʗʨʦʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʘʩʩʠʩʪʝʥʪ, ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  
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ʋɼʂ 517.95 

ʂʠʩʣʦʚ ɺ.ʀ. 
ʌɻɹʆʋ ɺʆ çʖʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢ, ʈʦʩʩʠʷ 

 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʣʦʢʘʣʴʥʳʝ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʠ ʟʘʜʘʯʠ ʩ 

ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʣʦʢʘʣʴʥʳʭ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʠ ʟʘʜʘʯ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤʠ ʟʘʜʘʯʘʤʠ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ 

ʟʘʜʘʯ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʧʣʦʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʥʝʣʦʢʘʣʴʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʛʣʫʙʣʝʥʠʝ 

ʧʦʥʠʤʘʥʠʷ ʥʝʣʦʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʭ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʣʦʢʘʣʴʥʳʝ ʟʘʜʘʯʠ, ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ 

ʫʨʘʚʥʝʥʠʷ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʥʝʣʦʢʘʣʴʥʳʝ ʵʬʬʝʢʪʳ, ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʣʦʢʘʣʴʥʳʝ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ 

ʢʣʘʩʩ ʟʘʜʘʯ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʥʝʣʦʢʘʣʴʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʣʦʢʘʣʴʥʳʭ ʟʘʜʘʯ, ʟʜʝʩʴ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʣʦʚʠʷ, 

ʩʚʷʟʳʚʘʶʱʠʝ ʟʥʘʯʝʥʠʷ ʨʝʰʝʥʠʷ ʠ (ʠʣʠ) ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʛʨʘʥʠʯʥʳʭ 

ʪʦʯʢʘʭ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚ ʜʨʫʛʠʭ ʛʨʘʥʠʯʥʳʭ ʠʣʠ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʢʘʭ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʣʦʢʘʣʴʥʳʝ ʢʨʘʝʚʳʝ 

ʟʘʜʘʯʠ ʠ ʟʘʜʘʯʠ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ, ʨʘʟʨʝʰʠʤʦʩʪʴ ʪʘʢʠʭ ʟʘʜʘʯ ʠ 

ʩʚʦʡʩʪʚʘ ʠʭ ʨʝʰʝʥʠʡ. 

ʅʝʣʦʢʘʣʴʥʳʝ ʟʘʜʘʯʠ ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʚʥʝʩʣʠ ɸ.ɺ. ɹʠʮʘʜʟʝ ʠ ɸ.ɸ. 

ʉʘʤʘʨʩʢʠʡ.  

ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʨʘʟʚʠʪʠʠ ʪʝʦʨʠʠ ɸ.ɺ. ɹʠʮʘʜʟʝ ʷʚʣʷʶʪʩʷ: 

ʈʘʟʨʘʙʦʪʢʘ ʪʝʦʨʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʩʠʥʛʫʣʷʨʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ. 

ʉʦʟʜʘʥʠʝ ʚʘʞʥʳʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʝʦʨʠʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʦʨʠʠ ʥʝʣʦʢʘʣʴʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 

ɺʢʣʘʜ ʚ ʪʝʦʨʠʶ ʢʚʘʟʠʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʩʠʩʪʝʤ 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʢʚʘʟʠʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ. 

ʆʩʥʦʚʥʳʤʠ ʥʘʫʯʥʳʤʠ ʨʝʟʫʣʴʪʘʤʠ ɸ.ɸ. ʉʘʤʘʨʩʢʠʡ ʷʚʣʷʶʪʩʷ: 

ʉʦʟʜʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʪʝʦʨʠʠ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ. 
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ʉʦʟʜʘʥʠʝ ʥʦʚʭr ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. 

ɺʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. 

ʅʝʣʦʢʘʣʴʥʳʝ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʦʙʱʝʥʠʝʤ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʛʜʝ ʚʤʝʩʪʦ ʟʘʜʘʥʠʷ ʟʥʘʯʝʥʠʡ ʨʝʰʝʥʠʷ ʥʘ 

ʛʨʘʥʠʮʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʚʷʟʴ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʩ ʜʨʫʛʠʤʠ ʪʦʯʢʘʤʠ ʦʙʣʘʩʪʠ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʣʦʢʘʣʴʥʳʝ ʟʘʜʘʯʠ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʢʣʶʯʘʶʪ ʫʨʘʚʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʪʦʯʢʝ, 

ʥʦ ʠ ʦʪ ʟʥʘʯʝʥʠʡ ʚ ʜʨʫʛʠʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʣʠ ʚʨʝʤʝʥʠ. ʕʪʦ 

ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʠʥʪʝʛʨʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʣʦʢʘʣʴʥʳʝ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʜʣʷ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʇʫʩʪʴ  ï ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ: 

 
(

1) 

ʚ ʦʙʣʘʩʪʠ  

ʂʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʥʝʣʦʢʘʣʴʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ 

ʦʧʝʨʘʪʦʨʳ, ʥʘʧʨʠʤʝʨ: 

 

(

2) 

ʛʜʝ, 

 ï ʷʜʨʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ; 

 ï ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ. 

ɿʘʜʘʯʠ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʬʦʨʤʠʨʫʶʪʩʷ ʪʘʢ: 

ʇʫʩʪʴ  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ (3) ʚ ʦʙʣʘʩʪʠ : 

 
(

3) 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ, 

ʥʘʧʨʠʤʝʨ, ʢʘʢ ʦʧʝʨʘʪʦʨ, ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʫʨʘʚʥʝʥʠʠ (2) [1, c. 59-64]. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʥʝʣʦʢʘʣʴʥʳʤʠ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: 

 
ʚ ʦʙʣʘʩʪʠ . ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
ʛʜʝ, 

 ï ʷʜʨʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ [2, c. 43]. 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʨʘʟʨʝʰʠʤʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʣʦʢʘʣʴʥʳʭ 

ʟʘʜʘʯ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 
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ʤʝʪʦʜʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʝʦʨʠʠ ʦʧʝʨʘʪʦʨʦʚ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ 

ʚʢʣʶʯʘʶʪ: 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʷ: ʥʝʦʙʭʦʜʠʤʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʭʦʪʷ 

ʙʳ ʦʜʥʦ ʨʝʰʝʥʠʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʟʘʜʘʥʥʳʤ ʠʥʪʝʛʨʘʣʴʥʳʤ ʠʣʠ 

ʥʝʣʦʢʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. ɿʘʯʘʩʪʫʶ ʦʥʦ ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ ʧʦʩʪʨʦʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʠʭ 

ʩʭʦʜʠʤʦʩʪʠ ʢ ʪʦʯʥʦʤʫ ʨʝʰʝʥʠʶ. 

ɽʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ: ʥʝʦʙʭʦʜʠʤʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ʆʥʦ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʯʝʨʝʟ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʠ 

ʠʭ ʷʜʝʨ. 

ʈʝʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʣʦʢʘʣʴʥʳʭ ʟʘʜʘʯ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʩʚʦʡʩʪʚ ʷʜʨʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʚʢʣʶʯʘʶʪ: 

ʅʝʧʨʝʨʳʚʥʦʩʪʴ: ʨʝʰʝʥʠʷ ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ, ʝʩʣʠ ʷʜʨʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʛʣʘʜʢʦʩʪʠ. 

ɼʠʬʬʝʨʝʥʮʠʨʫʝʤʦʩʪʴ: ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʤʠ, 

ʝʩʣʠ ʷʜʨʦ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʦʧʫʩʢʘʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦʜ ʟʥʘʢʦʤ 

ʠʥʪʝʛʨʘʣʘ. 

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ: ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʥʘ ʚʩʝʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ: ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʷ ʦʙʣʘʜʘʶʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʤʘʣʳʤ ʚʦʟʤʫʱʝʥʠʷʤ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ. [3, c. 1174]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʣʦʢʘʣʴʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, ʚʢʣʶʯʘʷ: 

ʄʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ: ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ʄʝʪʦʜ ʌʫʨʴʝ: ʜʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ: ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʫʝʪ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʨʝʰʘʶʪʩʷ ʯʠʩʣʝʥʥʦ. 

ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʙʘʟʠʩʥʳʭ 

ʬʫʥʢʮʠʡ. 

ʄʝʪʦʜ ɻʘʣʝʨʢʠʥʘ: ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʚʘʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʝʢʮʠʡ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʣʦʢʘʣʴʥʳʝ ʟʘʜʘʯʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ: 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʩ ʥʝʣʦʢʘʣʴʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: ʫʯʸʪ 

ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʨʫʛʠʭ ʪʦʯʢʘʭ ʪʝʣʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. 
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ɺʦʣʥʦʚʳʝ ʫʨʘʚʥʝʥʠʷ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʤʦʞʝʪ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʢʦʣʝʙʘʥʠʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɼʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ: ʠʥʪʝʛʨʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʥʘ ʜʠʥʘʤʠʢʫ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ: ʦʧʠʩʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ [4, c. 126]. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʣʦʢʘʣʴʥʳʝ 

ʟʘʜʘʯ:  

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʨʘʟʨʘʙʦʪʢʫ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʨʘʚʥʝʥʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʚʘʣʠʜʘʮʠʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʘʣʠʙʨʦʚʢʫ ʧʘʨʘʤʝʪʨʦʚ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ. 

 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʥʝʣʦʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ: 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʀʟʫʯʝʥʠʝ ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʥʝʣʦʢʘʣʴʥʳʭ ʟʘʜʘʯ. 

ʈʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʨʘʟʨʝʰʠʤʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʨʝʰʝʥʠʡ. 

ʇʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ: 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʉʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯʘʭ. 

ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʬʠʟʠʢʦʡ. 

ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʠʥʞʝʥʝʨʠʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʵʢʦʣʦʛʠʠ ʠ ʵʢʦʥʦʤʠʢʝ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʣʦʢʘʣʴʥʳʝ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʠ ʟʘʜʘʯʠ ʩ 

ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʠ ʘʢʪʠʚʥʦ 

ʠʟʫʯʘʝʤʳʡ ʢʣʘʩʩ ʟʘʜʘʯ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ. ʆʥʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʪʝʧʣʦʧʝʨʝʜʘʯʫ, ʜʠʬʬʫʟʠʶ ʠ ʚʦʣʥʦʚʳʝ 

ʧʨʦʮʝʩʩʳ. ʈʝʰʝʥʠʝ ʪʘʢʠʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʋɼʂ 004 

ʄʠʨʦʥʦʚ ɸ.ʅ., ʂʦʧʳʣʦʚʘ ʗ.ɸ. 
ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɸʩʧʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʦʡ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ ʚ ʩʮʝʥʘʨʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʦʨʬʤʘʮʠʠ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ ʚʳʟʦʚʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ 

ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʡ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ: ʦʪʨʳʚ ʘʨʭʠʪʝʢʪʫʨʳ ʦʪ ʨʝʘʣʴʥʳʭ ʙʠʟʥʝʩ ʪʨʝʙʦʚʘʥʠʡ, 

ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʝʬʠʮʠʪ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʝʢʪʥʳʤʠ ʤʦʜʝʣʷʤʠ ʠ ʬʘʢʪʘʤʠ ʨʘʙʦʪʳ ʀʊ ʩʨʝʜʳ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʘʨʘʜʠʛʤʳ (Event Driven Architecture, 

ʤʠʢʨʦʩʝʨʚʠʩʳ, Data Lake, Data Mesh) ʠ ʠʭ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʝʦʜʦʣʝʥʠʷ 

ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ, ʨʝʘʣʠʟʫʝʤʳʡ ʚ ʧʣʘʪʬʦʨʤʝ SILA Union, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʲʝʜʠʥʷʪʴ ʤʥʦʛʦʩʣʦʡʥʳʝ ʤʦʜʝʣʠ ʙʠʟʥʝʩʘ ʠ ʀʊ ʩ ʤʝʪʨʠʢʘʤʠ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʠʥʮʠʜʝʥʪʘʤʠ ʠ CI/CD ʜʘʥʥʳʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜʦʙʥʘʷ çʞʠʚʘʷè 

ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʤʦʜʝʣʝʡ, ʫʩʢʦʨʷʝʪ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʠ 

ʩʥʠʞʘʝʪ ʪʝʭʥʠʯʝʩʢʠʡ ʜʦʣʛ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʨʧʦʨʘʪʠʚʥʦʝ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ; ʘʨʭʠʪʝʢʪʫʨʘ ʜʘʥʥʳʭ; 

ʞʠʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ; ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ; SILA Union. 

 

Mironov A.N., Kopylova Y.A. 

Aspects of managing the architecture of corporate data 

warehouses in digital transformation scenarios 
 

Abstract: The article explores the challenges faced by corporate data warehouses in the 

context of rapid digital transformation: the disconnection of architecture from real 

business requirements, the fragmentation of development and operation processes, as 

well as the lack of feedback between design models and the facts of the IT environment. 

Modern paradigms (Event-Driven Architecture, microservices, Data Lake, Data Mesh) 

and their limitations in the absence of integration with operational data are analyzed. As 

a tool for overcoming the identified problems, an approach implemented in the SILA 

Union platform is proposed, which allows combining multi-layered business and IT 

models with monitoring metrics, incidents and CI/CD data. It is shown that such a 

ñliveò architecture ensures the relevance of models, accelerates decision-making and 

reduces technical debt. 

Key Words: Enterprise data warehouse; data architecture; living architecture; 

operational data; SILA Union. 

 

 ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚʩʸ ʯʘʱʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʙʳʩʪʨʦʡ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʚʥʝʜʨʝʥʠʷ 

ʥʦʚʳʭ ʀʊ-ʨʝʰʝʥʠʡ, ʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʧʦʜʭʦʜʘ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʜʘʥʥʳʤʠ. ʍʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ (ʍɼ), ʨʘʥʝʝ 
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ʧʦʩʪʨʦʝʥʥʳʝ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʘʥʘʣʠʪʠʢʠ ʠ ʧʦʜʜʝʨʞʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʫʞʝ ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚʨʝʤʝʥʠ. ʆʥʠ ʠʩʧʳʪʳʚʘʶʪ 

ʚʩʸ ʚʦʟʨʘʩʪʘʶʱʝʝ ʜʘʚʣʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʙʦʟʥʘʯʘʝʤʳʭ ʢʘʢ 

çʧʷʪ ɹVè: Volume, Velocity, Variety, Veracity, Value [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʚʳʟʦʚʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʢʦʤʧʘʥʠʠ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

ʉʢʦʨʦʩʪʴ: ʯʘʩʪʦʪʘ ʛʝʥʝʨʘʮʠʠ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʜʘʥʥʳʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʨʘʟʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ ʙʳʣʠ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʦʧʝʨʘʪʠʚʥʳʭ 

ʩʠʩʪʝʤ (ʥʘʧʨʠʤʝʨ, ETL-ʧʨʦʮʝʩʩʦʚ ʥʘ ʫʨʦʚʥʝ ʜʥʷ ʠʣʠ ʥʝʜʝʣʠ). ʉʝʛʦʜʥʷ 

ʙʠʟʥʝʩ ʪʨʝʙʫʝʪ ʩʦʙʳʪʠʡʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʨʝʘʣʴʥʦʤ ʠʣʠ ʧʦʯʪʠ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ð ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʠʠ ʧʦʪʦʢʦʚʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

ʆʙʲʸʤ: ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ IDC, ʤʠʨʦʚʦʡ ʦʙʲʸʤ ʜʘʥʥʳʭ 

ʜʦʩʪʠʛʥʝʪ 175 ʟʝʪʪʘʙʘʡʪ ʢ 2025 ʛʦʜʫ [2]. ʍʨʘʥʠʣʠʱʘ ʜʦʣʞʥʳ 

ʤʘʩʰʪʘʙʠʨʦʚʘʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʭʨʘʥʝʥʠʝ ʢʘʢ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʠ ʙʳʪʴ ʛʦʪʦʚʳʤʠ 

ʢ ʦʙʨʘʙʦʪʢʝ ʧʝʪʘʙʘʡʪʥʳʭ ʦʙʲʸʤʦʚ; 

ʅʘʜʸʞʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ: ʩʦʚʨʝʤʝʥʥʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʦʧʠʨʘʶʪʩʷ 

ʥʘ ʜʘʥʥʳʝ ʚ ʢʨʫʛʣʦʩʫʪʦʯʥʦʤ ʬʦʨʤʘʪʝ. ʃʶʙʦʝ ʥʘʨʫʰʝʥʠʝ ʚ ʜʦʩʪʫʧʝ ʢ 

ʜʘʥʥʳʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʷʤʳʤ ʫʙʳʪʢʘʤ ʠ ʨʝʧʫʪʘʮʠʦʥʥʳʤ ʨʠʩʢʘʤ. ʇʨʠ 

ʵʪʦʤ ʤʥʦʛʠʝ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʙʳʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʙʝʟ 

ʫʯʸʪʘ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ; 

ʈʘʟʨʦʟʥʝʥʥʦʩʪʴ ʩʠʩʪʝʤ: ʚ ʧʨʦʮʝʩʩʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʢʘʞʜʳʡ ʧʨʦʝʢʪ, 

ʙʠʟʥʝʩ-ʶʥʠʪ ʠʣʠ ʢʦʤʘʥʜʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ 

ʚʠʪʨʠʥʳ ʜʘʥʥʳʭ, ʯʘʩʪʦ ʙʝʟ ʝʜʠʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʫ data silos, ʢʦʛʜʘ ʜʘʥʥʳʝ ʦʜʥʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʥʝ 

ʜʦʩʪʫʧʥʳ ʠʣʠ ʥʝ ʩʦʚʤʝʩʪʠʤʳ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ [3]; 

ʋʩʪʘʨʝʚʰʠʝ ʘʨʭʠʪʝʢʪʫʨʳ: ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʭʨʘʥʠʣʠʱ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʩʭʝʤʘʤ Data Warehouse, ʧʣʦʭʦ 

ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ, ʚʳʩʦʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʨʝʙʦʚʘʥʠʡ ʠ ʧʝʨʝʭʦʜʘ ʢ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ. 

ɺʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʝʨʝʭʦʜʝ ʢ ʛʠʙʢʠʤ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʤʦʜʝʣʷʤ, 

ʪʘʢʠʤ ʢʘʢ Data Lake, Data Mesh, Event-Driven Architecture (EDA) [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʩʪʦʠʪ ʩʠʩʪʝʤʥʘʷ ʧʨʦʙʣʝʤʘ: 

ʢʦʨʧʦʨʘʪʠʚʥʦʝ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ, ʢʘʢ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ ʵʣʝʤʝʥʪ ʀʊ-

ʣʘʥʜʰʘʬʪʘ, ʥʝ ʧʦʩʧʝʚʘʝʪ ʟʘ ʪʝʤʧʘʤʠ ʠʟʤʝʥʝʥʠʡ ʙʠʟʥʝʩ-ʩʨʝʜʳ ʠ ʀʊ-

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʨʦʙʣʝʤʘ ʫʞʝ ʚʳʰʣʘ ʟʘ ʨʘʤʢʠ ʫʨʦʚʥʷ ʩʠʩʪʝʤʥʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʠ ʪʨʝʙʫʝʪ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʠ ʧʨʦʮʝʩʩʥʦʛʦ ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʨʦʣʠ 

ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ ʚ ʮʠʬʨʦʚʦʤ ʣʘʥʜʰʘʬʪʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

 ʇʨʠʯʠʥʳ ʧʨʦʙʣʝʤʳ 

ʅʝʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʝʜʢʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 
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ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʢʣʶʯʝʚʳʝ ʧʨʠʯʠʥʳ, 

ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʝʛʨʘʜʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ. 

ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʜʘʥʥʳʤʠ 

ɺʦ ʤʥʦʛʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʙʠʟʥʝʩ-ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠʣʠ ʀʊ-ʢʦʤʘʥʜ, ʙʝʟ 

ʝʜʠʥʦʛʦ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʣʝʜʫʶʱʝʤʫ: 

ʜʫʙʣʠʨʦʚʘʥʠʶ ʣʦʛʠʢʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 

ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʙʠʟʥʝʩ-ʪʝʨʤʠʥʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʡ; 

ʢʦʥʬʣʠʢʪʫʶʱʠʤ ʠʩʪʦʯʥʠʢʘʤ "ʠʩʪʠʥʥʳʭ" ʟʥʘʯʝʥʠʡ; 

ʦʪʩʫʪʩʪʚʠʶ ʧʨʦʮʝʩʩʦʚ ʚʘʣʠʜʘʮʠʠ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ. 

ʕʪʠ ʩʠʤʧʪʦʤʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

Data Governance ð ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʠʪʠʢ, ʧʨʦʮʝʜʫʨ, ʨʦʣʝʡ ʠ ʩʪʘʥʜʘʨʪʦʚ, 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʘʢʪʠʚʦʤ 

ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʪʦʯʢʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ 

ɺ ʨʘʤʢʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʞʜʳʡ ʀʊ-ʩʝʨʚʠʩ ʠʣʠ ʧʨʠʢʣʘʜʥʦʝ ʨʝʰʝʥʠʝ 

ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʢʦʤʘʥʜʫ ʧʦʜʜʝʨʞʢʠ ʠ ʨʘʟʚʠʪʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʚ ʨʘʤʢʘʭ ʢʦʥʢʨʝʪʥʦʛʦ 

ʨʝʰʝʥʠʷ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʢʘʯʝʩʪʚʦ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ 

ʨʘʟʤʳʪʦʡ, ʘ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʚ ʦʜʥʦʤ ʠʟ ʫʟʣʦʚ (ʥʘʧʨʠʤʝʨ, ʦʙʥʦʚʣʝʥʠʠ 

ʩʭʝʤʳ ɹɼ) ʧʦʩʣʝʜʩʪʚʠʷ ʥʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʚʩʝʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʋʭʫʜʰʘʝʪ ʩʠʪʫʘʮʠʶ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩ ʧʦʷʚʣʝʥʠʝʤ çʵʧʦʭʠ Highloadè 

ʧʝʨʚʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʨʝʣʷʮʠʦʥʥʳʝ ʉʋɹɼ ʧʦʷʚʠʣʠʩʴ 

ʫʞʝ ʚ ʩʝʨʝʜʠʥʝ 2000 ʭ: Memcached (2004), ʘ ʧʦʟʜʥʝʝ ð Redis (2009). ʆʥʠ 

ʧʦʟʚʦʣʷʣʠ ʫʩʢʦʨʷʪʴ ʦʙʨʘʙʦʪʢʫ çʛʦʨʷʯʠʭè ʟʘʧʨʦʩʦʚ ʟʘ ʩʯʸʪ ʭʨʘʥʝʥʠʷ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ ʚ ʧʘʤʷʪʠ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʝʛʦ ʢʵʰʘ 

ʚʚʦʜʠʪ ʩʣʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʢʠ ʮʝʣʦʩʪʥʦʩʪʠ: ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʩʥʦʚʥʦʡ 

ɹɼ ʪʨʝʙʫʶʪ ʠʥʚʘʣʠʜʘʮʠʠ ʠʣʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʵʰʘ, ʯʪʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʶ ʠ ʪʷʞʸʣʳʤ ʜʣʷ ʦʪʣʘʜʢʠ ʧʨʦʙʣʝʤʘʤ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ. 

ɺ ʠʪʦʛʝ ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ ʚʣʘʜʝʥʠʷ ʜʘʥʥʳʤʠ, ʯʪʦ ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʨʝʘʣʠʟʘʮʠʶ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʝʜʠʥʳʡ 

ʢʘʪʘʣʦʛ ʜʘʥʥʳʭ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ. 

ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʦʜʭʦʜʘ 

ɺ ʦʨʛʘʥʠʟʘʮʠʷʭ ʯʘʩʪʦ ʦʪʩʫʪʩʪʚʫʝʪ ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʜʘʥʥʳʭ, 

ʦʭʚʘʪʳʚʘʶʱʘʷ ʧʨʠʥʮʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤ, ʧʨʘʚʠʣʘ ʠʥʪʝʛʨʘʮʠʠ 

ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʠ ʵʪʘʣʦʥʥʫʶ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʧʦʥʪʘʥʥʦʤʫ ʨʦʩʪʫ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ 

ʫʩʣʦʞʥʷʝʪ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʵʪʘ ʧʨʦʙʣʝʤʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʤʫʣʴʪʠʦʙʣʘʯʥʳʭ ʠ ʛʠʙʨʠʜʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʭ, ʛʜʝ ʙʝʟ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʩʠʩʪʝʥʪʥʦʩʪʴ ʠ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʘʨʪʝʬʘʢʪʳ (ʝʩʣʠ ʦʥʠ ʩʫʱʝʩʪʚʫʶʪ) ʯʘʩʪʦ 

ʦʩʪʘʶʪʩʷ "ʤʸʨʪʚʳʤʠ" ʜʦʢʫʤʝʥʪʘʤʠ, ʥʝ ʦʪʨʘʞʘʶʱʠʤʠ ʨʝʘʣʴʥʫʶ ʢʘʨʪʠʥʫ 
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ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʨʘʟʦʚʦ ʥʘ 

ʵʪʘʧʝ ʚʥʝʜʨʝʥʠʷ, ʘ ʟʘʪʝʤ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʇʦʧʫʣʷʨʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʘʨʘʜʠʛʤʳ ð ʪʘʢʠʝ ʢʘʢ Data Lake ʠʣʠ 

Event-Driven Architecture (EDA) ð ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ, ʥʦ ʙʝʟ 

ʥʘʜʣʝʞʘʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦ ʫʩʫʛʫʙʣʷʶʪ ʧʨʦʙʣʝʤʫ: 

ʚ Data Lake ʜʘʥʥʳʝ ʩʙʨʘʩʳʚʘʶʪʩʷ ʚ ʩʳʨʦʤ ʚʠʜʝ, ʙʝʟ ʤʝʪʘʜʘʥʥʳʭ ʠ 

ʧʦʣʠʪʠʢʠ ʢʘʯʝʩʪʚʘ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ Data Swamp ð ñʙʦʣʦʪʦ ʜʘʥʥʳʭò, 

ʥʝʧʨʠʛʦʜʥʦʝ ʜʣʷ ʘʥʘʣʠʟʘ [5]; 

ʚ EDA ʩʦʙʳʪʠʷ ʧʝʨʝʜʘʶʪʩʷ ʤʝʞʜʫ ʤʠʢʨʦʩʝʨʚʠʩʘʤʠ, ʥʦ ʙʝʟ ʝʜʠʥʦʡ 

ʩʭʝʤʳ ʩʦʙʳʪʠʡ, ʨʝʧʣʠʢʘʮʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ 

ʬʨʘʛʤʝʥʪʘʨʥʦʡ. 

ɸʨʭʠʪʝʢʪʫʨʘ, ʜʘʞʝ ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʮʝʧʮʠʷʭ, ʙʳʩʪʨʦ 

ʫʩʪʘʨʝʚʘʝʪ, ʝʩʣʠ ʦʥʘ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʝʜʠʥʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʫʩʣʦʚʠʷʭ ʢʦʨʦʪʢʠʭ ʠʪʝʨʘʪʠʚʥʳʭ ʮʠʢʣʦʚ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʤʝʞʜʫ ʢʦʤʘʥʜʘʤʠ 

ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʥʝ ʚ ʪʦʤ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝ 

ʩʪʨʦʠʪʩʷ ð ʧʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʩʪʨʦʠʪʩʷ ʨʘʟʨʦʟʥʝʥʥʦ, ʩʪʠʭʠʡʥʦ, ʠ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ. 

 ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʠ ʠʭ ʦʛʨʘʥʠʯʝʥʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʦʙʣʝʤʳ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʭʨʘʥʠʣʠʱʘʭ 

ʜʘʥʥʳʭ ʠ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʚ ʮʝʣʦʤ ʥʝʚʦʟʤʦʞʥʦ ʨʝʰʠʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʟʘ ʩʯʸʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʣʠ ʧʣʘʪʬʦʨʤ. ʆʜʥʘʢʦ ʩʧʨʘʚʝʜʣʠʚʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʛʠʝ ʢʦʥʮʝʧʮʠʠ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʦʪʨʘʩʣʝʚʦʤ ʠ ʘʢʘʜʝʤʠʯʝʩʢʦʤ ʩʦʦʙʱʝʩʪʚʝ.  

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʚʝʨʝʥʥʳʭ ʚʨʝʤʝʥʝʤ ʧʦʜʭʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ: 

Enterprise Data Architecture (EDA) ð ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ, 

ʦʧʠʩʳʚʘʶʱʘʷ, ʢʘʢ ʦʨʛʘʥʠʟʘʮʠʷ ʩʦʙʠʨʘʝʪ, ʭʨʘʥʠʪ, ʠʥʪʝʛʨʠʨʫʝʪ ʠ 

ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʝ. ɺʢʣʶʯʘʝʪ ʢʦʥʮʝʧʮʠʠ subject area models, data domains, 

data stewardship, master data ʠ ʜʨʫʛʠʝ. 

Data Warehouse + ETL-ʧʦʜʭʦʜ ð ʢʣʘʩʩʠʯʝʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ 

ʜʘʥʥʳʝ ʠʟ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ETL-

ʧʨʦʮʝʩʩʦʚ ʠ ʟʘʛʨʫʞʘʶʪʩʷ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʭʨʘʥʠʣʠʱʝ. ʕʪʦʪ ʧʦʜʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʸʞʥʦʩʪʴ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʛʠʙʦʢ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʢʦʨʦʩʪʠ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʪʦʢʦʚʫʶ 

ʦʙʨʘʙʦʪʢʫ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʣʦʭʦ ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ ʧʨʠ ʨʦʩʪʝ ʯʠʩʣʘ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʦʙʲʸʤʘ ʜʘʥʥʳʭ, ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʩʭʝʤʳ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ; 

Data Lake ð ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ʚ ʩʳʨʦʤ ʚʠʜʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʥʘ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʨʘʙʦʪʫ ʩ ʧʦʣʫ- ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ. ɺ 

ʪʝʦʨʠʠ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʩʪʦʯʥʠʢʦʚ, ʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ 
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ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ "ʙʦʣʦʪʦ ʜʘʥʥʳʭ" ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʠʪʠʢʠ ʤʝʪʘʜʘʥʥʳʭ ʠ 

ʢʘʯʝʩʪʚʘ. 

Event-Driven Architecture (EDA) ð ʘʨʭʠʪʝʢʪʫʨʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʧʝʨʝʜʘʯʝ ʩʦʙʳʪʠʡ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʠ ʤʠʢʨʦʩʝʨʚʠʩʘʤʠ. ʇʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʚʳʩʦʢʦʡ ʨʝʘʢʪʠʚʥʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʥʦ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʩʦʙʳʪʠʡ ʠ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

Data Mesh ð ʧʦʜʭʦʜ ʢ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʜʘʥʥʳʭ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʜʦʤʝʥ (ʥʘʧʨʠʤʝʨ, ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʠʣʠ ʙʠʟʥʝʩ-ʬʫʥʢʮʠʷ) 

ʚʣʘʜʝʝʪ ʩʚʦʠʤʠ ʜʘʥʥʳʤʠ ʢʘʢ ʧʨʦʜʫʢʪʦʤ. ʕʪʦʪ ʤʝʪʦʜ ʫʩʠʣʠʚʘʝʪ 

ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʶ ʠ ʫʩʢʦʨʷʝʪ ʠʥʥʦʚʘʮʠʠ, ʥʦ ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʟʨʝʣʦʩʪʠ; 

ʂʵʰʠʨʦʚʘʥʠʝ ð ʢʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʣʘʪʝʥʪʥʦʩʪʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ in-memory ʢʵʰʠ (Memcached, Redis). ʆʥʠ 

ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ çʛʦʨʷʯʠʭè ʚʳʙʦʨʦʢ, ʥʦ ʚʚʦʜʷʪ ʨʠʩʢʠ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 

ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, Redis ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʩʪʨʦʛʫʶ ʢʦʥʩʠʩʪʝʥʪʥʦʩʪʴ ʧʨʠ 

ʨʝʧʣʠʢʘʮʠʠ ð ʤʝʞʜʫ ʤʘʩʪʝʨʦʤ ʠ ʨʝʧʣʠʢʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʝʨʞʢʘ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʫʩʪʘʨʝʚʰʠʤ ʜʘʥʥʳʤ ʥʘ ʯʪʝʥʠʠ, ʪʦ ʝʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʢʵʰ-ʩʣʦʡ ʫʩʣʦʞʥʷʝʪ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʪʨʝʙʫʝʪ ʤʝʭʘʥʠʟʤʦʚ ʠʥʚʘʣʠʜʘʮʠʠ ʠ 

ʨʝʢʦʥʩʠʩʪʝʥʮʠʠ. 

ɺʥʝʜʨʝʥʠʝ ʣʶʙʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʘʨʘʜʠʛʤʳ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ: ʙʳʩʪʨʦ ʤʝʥʷʶʱʘʷʩʷ ʀʊ-ʩʨʝʜʘ ʠ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʥʝʜʨʝʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ. ɿʘʯʘʩʪʫʶ ʚ 

ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʘʷ ʩʠʪʫʘʮʠʷ: ʚʥʝʜʨʷʝʪʩʷ ʥʦʚʘʷ 

ʩʠʩʪʝʤʘ (ʥʘʧʨʠʤʝʨ, CRM, ERP, BI), ʥʦ ʘʨʭʠʪʝʢʪʫʨʘ ʜʘʥʥʳʭ ʧʨʠ ʵʪʦʤ ʥʝ 

ʦʙʥʦʚʣʷʝʪʩʷ, ʫ ʢʘʞʜʦʡ ʢʦʤʘʥʜʳ ʩʚʦʠ ʩʨʦʢʠ ʠ ʩʪʘʥʜʘʨʪʳ ʨʘʟʨʘʙʦʪʢʠ, 

ʦʙʱʠʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʜʘʥʥʳʭ ʨʘʟʨʫʰʘʝʪʩʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʭʝʤʘʤʠ, ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʘ, ʩʝʤʘʥʪʠʢʦʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʨʭʠʪʝʢʪʫʨʘ ʫʩʪʘʨʝʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ 

ʧʦʩʣʝ ʝʸ ʫʪʚʝʨʞʜʝʥʠʷ. ɹʝʟ ʧʦʩʪʦʷʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʘʨʪʝʬʘʢʪʦʚ ʩ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʩʪʘʪʠʯʥʳʡ ʜʦʢʫʤʝʥʪ, ʥʝ ʦʪʨʘʞʘʶʱʠʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ. 

 ɼʘʥʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʢ ʦʩʥʦʚʘ ʞʠʚʦʡ ʤʦʜʝʣʠ 

ʉʦʚʨʝʤʝʥʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʙʢʦʡ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʯʸʪʢʦ 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʩʪʦʷʥʥʫʶ 

ʘʢʪʫʘʣʠʟʘʮʠʶ ʵʪʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʘʪʬʦʨʤʫ SILA Union, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʚʢʣʶʯʘʷ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʳ, ʀʊ ʣʘʥʜʰʘʬʪ ʠ ʥʦʨʤʘʪʠʚʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ.  
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ɺ SILA Union ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪ ʘʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ: 

ʧʦʜʜʝʨʞʢʘ ʤʝʪʦʜʦʣʦʛʠʡ ʠ ʥʦʪʘʮʠʡ ð SILA Union ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ 200 

ʚʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ (BPMN 2.0, UML, ArchiMate, TOGAF ʠ ʜʨ.), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʝʜʠʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʦʚ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, 

ʩʦʙʳʪʠʡʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

ʛʝʥʝʨʘʮʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʦʪʯʸʪʦʚ ð ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʟʜʘʥʥʳʭ 

ʤʦʜʝʣʝʡ ʧʣʘʪʬʦʨʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ 

(ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʧʠʩʘʥʠʷ, ʨʝʛʣʘʤʝʥʪʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ) ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʪʯʸʪʳ, ʩʦʢʨʘʱʘʷ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʦʜʛʦʪʦʚʢʫ 

ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; 

ʠʤʧʦʨʪ ʠ ʵʢʩʧʦʨʪ ʜʘʥʥʳʭ ð SILA Union ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʫʶ 

ʠʥʪʝʛʨʘʮʠʶ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʯʝʨʝʟ REST API, ʧʦʜʜʝʨʞʢʫ ʧʨʷʤʦʛʦ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʉʋɹɼ (PostgreSQL, Oracle, ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ʪʠʧʘ 

Jatoba), ʙʨʦʢʝʨʘʤ ʩʦʦʙʱʝʥʠʡ ʠ ʬʘʡʣʦʚʳʤ ʠʤʧʦʨʪʸʨʘʤ (CSV, Excel, XML, 

JSON). 

ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʠʥʩʪʨʫʤʝʥʪʳ CI/CD, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʥʮʠʜʝʥʪʘʤʠ, 

ʢʘʪʘʣʦʛʠ ʩʝʨʚʠʩʦʚ ʠ CMDB. ʏʝʨʝʟ REST API ʠʣʠ ʧʨʷʤʳʝ ʢʦʥʥʝʢʪʦʨʳ ʵʪʠ 

ʜʘʥʥʳʝ ʨʝʛʫʣʷʨʥʦ ʟʘʛʨʫʞʘʶʪʩʷ ʚ SILA Union ʠ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʤʦʜʝʣʴʶ 

ʘʨʭʠʪʝʢʪʫʨʳ ð ʬʦʨʤʠʨʫʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʝʢʪʥʳʤʠ 

ʘʨʪʝʬʘʢʪʘʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʨʝʘʣʠʟʘʮʠʷʤʠ.  

ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʩʥʦʚʝ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʘʥʘʣʠʟʘ: 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʪʦʠʤʦʩʪʥʦʡ ʘʥʘʣʠʟ ð ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʟʘʪʨʘʪʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʳʝ ʵʣʝʤʝʥʪʳ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ; 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ð ʥʘ ʦʩʥʦʚʝ ʟʘʛʨʫʞʝʥʥʳʭ ʤʝʪʨʠʢ ʠ 

ʩʪʘʪʠʩʪʠʢ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʮʝʥʘʨʠʠ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠʣʠ 

ʦʪʢʘʟʘ ʫʟʣʦʚ, ʧʨʦʛʥʦʟʠʨʫʷ ʚʣʠʷʥʠʝ ʥʘ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ ʤʝʨʘʤ; 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ð ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʷʚʣʷʝʪ ʨʘʩʭʦʞʜʝʥʠʷ 

ʤʝʞʜʫ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʠ ʨʝʘʣʴʥʳʤʠ 

ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʤʦʜʝʣʠ ʠ 

ʩʥʠʞʘʪʴ ʪʝʭʥʠʯʝʩʢʠʡ ʜʦʣʛ; 

ʥʦʨʤʘʪʠʚʥʦ ʧʨʘʚʦʚʦʡ ʢʦʥʪʨʦʣʴ ð ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʨʝʧʦʟʠʪʦʨʠʝʚ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ SILA Union ʧʨʦʚʝʨʷʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʠ 

ʩʠʩʪʝʤ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ (ISO, ʀɹ ʩʪʘʥʜʘʨʪʳ, ʚʥʫʪʨʝʥʥʠʝ 

ʨʝʛʣʘʤʝʥʪʳ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʫʶ ʨʝʘʣʠʟʫʝʪ SILA Union, ʧʦʟʚʦʣʷʝʪ 
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ʧʝʨʝʡʪʠ ʦʪ ʩʪʘʪʠʯʝʩʢʠʭ ʩʭʝʤ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ çʞʠʚʳʤè ʤʦʜʝʣʷʤ, ʙʦʣʝʝ 

ʪʦʯʥʦ ʦʪʨʘʞʘʶʱʠʤ ʩʦʩʪʦʷʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʀʊ-ʩʨʝʜʳ ʠ 

ʘʜʘʧʪʠʨʫʶʱʠʤʩʷ ʢ ʜʘʥʥʳʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚ ʩʠʩʪʝʤʝ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʭʨʘʥʠʣʠʱʘ 

ʜʘʥʥʳʭ ʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʥʝ ʫʩʧʝʚʘʶʪ ʟʘ ʪʝʤʧʘʤʠ 

ʨʘʟʚʠʪʠʷ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʤʝʥʷʶʱʠʤʠʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʙʠʟʥʝʩʘ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʦʪʩʪʘʚʘʥʠʷ ð ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʜʘʥʥʳʤʠ, ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ ʢʦʤʘʥʜ ʠ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. 

ʆʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʧʘʨʘʜʠʛʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʠʭ ʧʦʪʝʥʮʠʘʣ, ʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʷʚʠʣ ʠʭ ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʨʘʟʨʦʟʥʝʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʝʜʦʩʪʘʪʢʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʝʢʪʥʳʭ ʤʦʜʝʣʝʡ ʠ ʨʝʘʣʴʥʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʤʦʪʨʝʥʘ ʧʣʘʪʬʦʨʤʘ SILA Union. ʆʥʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʥʦʛʦʩʣʦʡʥʦʝ ʦʧʠʩʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʠʤʧʦʨʪ ʤʝʪʨʠʢ ʠ ʠʥʮʠʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʜʣʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ çʧʨʦʝʢʪʥʦʛʦè ʠ çʬʘʢʪʠʯʝʩʢʦʛʦè ʩʦʩʪʦʷʥʠʷ. 

ɺʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ çʞʠʚʫʶè 

ʘʨʭʠʪʝʢʪʫʨʫ, ʩʧʦʩʦʙʥʫʶ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ, ʩʥʠʞʘʪʴ 

ʪʝʭʥʠʯʝʩʢʠʡ ʜʦʣʛ ʠ ʫʩʢʦʨʷʪʴ ʧʨʠʥʷʪʠʝ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ. ʂʣʶʯʝʚʳʤ 

ʫʩʣʦʚʠʝʤ ʫʩʧʝʭʘ ʷʚʣʷʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʩʢʦʣʴʢʦ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʜʘʥʥʳʝ ʦ ʝʸ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʝʜʠʥʦʤ ʮʠʢʣʝ çʧʨʦʝʢʪʠʨʦʚʘʥʠʝïʚʥʝʜʨʝʥʠʝïʦʙʥʦʚʣʝʥʠʝè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʢ ʘʜʘʧʪʠʚʥʦʤʫ ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ 

ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʵʪʘʧʦʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 
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ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 

 

ʉʧʦʩʦʙʳ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʪʨʝʱʠʥʘʤʠ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʪʨʝʱʠʥʘʤʠ ʚ 

ʟʜʘʥʠʷʭ ʠ ʩʦʦʨʫʞʝʥʠʷʭ. ɺ ʭʦʜʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʦʩʦʙʳ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʪʨʝʱʠʥʘʤʠ, ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʠʟ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʟʜʘʥʠʡ. ʊʘʢʞʝ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʨʝʱʠʥ ʠ 

ʦʧʪʠʤʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʢʦʥʪʨʦʣʷ ʜʠʥʘʤʠʢʠ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ. ʇʝʨʝʯʠʩʣʝʥʦ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʪʨʝʱʠʥʘʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʪʦʯʥʦʩʪʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʩʣʝʜʦʚʘʥʠʝ ʟʜʘʥʠʡ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʨʝʱʠʥʳ, 

ʨʘʩʢʨʳʪʠʝ ʪʨʝʱʠʥ, ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʪʨʝʱʠʥʘʤʠ. 

 

Panchenko E.A., Senan A.M. 

Methods of monitoring cracks in structures of buildings and 

structures 

Abstract: The article discusses ways to monitor cracks in buildings and structures. In 

the course of a comprehensive analysis of the scientific literature, modern methods of 

monitoring cracks were identified, and the main advantages and disadvantages of each 

of the building monitoring methods were presented. The relationship between the 

geometric characteristics of cracks and the optimal way to control the dynamics of crack 

opening was also established. The equipment that must be used for crack monitoring is 

listed, depending on the level of accuracy and responsibility of the structure. 

Key words: buildings survey, technical equipment, cracks, opening of cracks, cracks 

monitoring. 

ʊʨʝʱʠʥʳ ï ʵʪʦ ʨʘʟʨʳʚ ʚ ʤʘʪʝʨʠʘʣʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʭʦʜʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʥʝʧʨʘʚʠʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʰʠʙʢʘʭ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʤʦʥʪʘʞʝ, ʥʝʚʝʨʥʦ ʧʦʜʦʙʨʘʥʥʦʛʦ ʩʝʯʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ 

ʪʘʢʞʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʝʨ ʧʨʝʜʦʩʪʝʨʝʞʝʥʠʷ ʦʪ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ[2, ʩ. 118]. 

ʇʦ ʨʘʟʤʝʨʫ ʪʨʝʱʠʥʳ ʜʝʣʷʪʩʷ ʥʘ: 

ʚʦʣʦʩʥʳʝ ï ʰʠʨʠʥʘ ʨʘʩʢʨʳʪʠʷ ʜʦ 0.1 ʤʤ; 

ʤʝʣʢʠʝ ï ʜʦ 0.3 ʤʤ; 

ʨʘʟʚʠʪʳʝ ï ʦʪ 0.3 ʜʦ 0.5 ʤʤ; 

ʙʦʣʴʰʠʝ ï ʜʦ 1 ʤʤ; 

ʟʥʘʯʠʪʝʣʴʥʳʝ ï ʙʦʣʝʝ 1 ʤʤ. 

ʊʨʝʱʠʥʳ ʚ ʟʜʘʥʠʷʭ ʠ ʩʦʦʨʫʞʝʥʠʷʭ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. 

ʇʦʵʪʦʤʫ ʤʦʥʠʪʦʨʠʥʛ ʠ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʪʨʝʱʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ 

ʟʘʜʘʯʘʤʠ ʜʣʷ ʠʥʞʝʥʝʨʦʚ[4].  

ʉʧʦʩʦʙʳ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʪʨʝʱʠʥʘʤʠ: 
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ɺʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ï ʵʪʦ ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ 

ʚʳʷʚʣʝʥʠʷ ʪʨʝʱʠʥ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ[2]. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ 

ʚʳʷʚʠʪʴ ʭʘʨʘʢʪʝʨ ʪʨʝʱʠʥ, ʠʭ ʯʠʩʣʦ ʠ ʥʘʧʨʘʚʣʝʥʠʝ, ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʤʝʨʥʫʶ 

ʰʠʨʠʥʫ ʨʘʩʢʨʳʪʠʷ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʳʤ ʚ ʭʦʜʝ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʟʜʘʥʠʡ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɻʣʘʚʥʳʤʠ 

ʧʣʶʩʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ ʥʘʙʣʶʜʝʥʠʡ. 

ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʠʪʩʷ ʥʠʟʢʘʷ ʪʦʯʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʪʨʝʱʠʥ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʪʩʣʝʞʠʚʘʥʠʝ ʜʠʥʘʤʠʢʠ 

(ʨʦʩʪʘ ʨʘʟʤʝʨʘ ʪʨʝʱʠʥ ʚʦ ʚʨʝʤʝʥʠ) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʧʫʩʢʘ ʤʝʣʢʠʭ ʪʨʝʱʠʥ 

ʚ ʩʠʣʫ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʠ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʝʡʰʠʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʪʘʢʠʭ 

ʢʘʢ: ʣʠʥʝʡʢʘ, ʨʫʣʝʪʢʘ, ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ. ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʰʠʨʠʥʫ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ, 

ʜʣʠʥʫ ʪʨʝʱʠʥʳ ʠ ʛʣʫʙʠʥʫ ʨʘʟʨʳʚʘ ʤʘʪʝʨʠʘʣʘ, ʝʩʣʠ ʪʨʝʱʠʥʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʦʛʦ ʩʧʦʩʦʙʘ, ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʦʩʪʘ ʪʨʝʱʠʥ, ʧʫʪʝʤ ʬʠʢʩʘʮʠʠ 

ʨʘʟʤʝʨʦʚ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʢʦʪʦʨʳʡ ʧʦʜʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʝʧʝʥʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʜʘʥʠʷ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʩʸ ʝʱʝ 

ʷʚʣʷʝʪʩʷ ʥʝ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ. 

ʊʨʝʪʠʡ ʩʧʦʩʦʙ ï ʤʘʨʢʝʨʳ ʠʣʠ ʤʘʷʢʠ. ʄʘʨʢʝʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚʜʦʣʴ 

ʪʨʝʱʠʥ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʭ ʨʦʩʪʘ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʥʘʥʝʩʝʥʥʳʝ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʶ ʣʠʥʠʠ ʧʦʧʝʨʝʢ ʪʨʝʱʠʥʳ, ʣʠʙʦ ʞʝ ʩʧʝʮʠʘʣʴʥʳʝ ʤʘʷʢʠ, ʢʦʪʦʨʳʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʦʪ ʥʝʝ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʤʘʷʢʠ ʩʦʩʪʦʷʪ ʠʟ 

ʜʚʫʭ ʧʨʦʟʨʘʯʥʳʭ ʧʣʘʩʪʠʥ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ 

ʪʨʝʱʠʥʳ ʧʫʪʝʤ ʰʧʘʢʣʝʚʢʠ, ʣʠʙʦ ʞʝ ʧʫʪʝʤ ʭʦʣʦʜʥʦʡ ʩʚʘʨʢʠ [3, c. 8]. ʅʘ ʦʜʥʫ 

ʧʣʘʩʪʠʥʫ ʥʘʢʣʝʠʚʘʶʪ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʩ ʤʘʣʝʥʴʢʦʡ ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʢʦʡ 

ʦʜʠʥʘʢʦʚʦʛʦ ʰʘʛʘ, ʘ ʥʘ ʜʨʫʛʫʶ ʧʝʨʝʢʨʝʩʪʠʝ, ʢʦʪʦʨʦʝ ʧʦʪʦʤ ʧʦʜʛʦʥʷʶʪ ʧʦʜ 

ʮʝʥʪʨ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʦʩʪʘ ʪʨʝʱʠʥ ʧʣʘʩʪʠʥʳ 

ʨʘʟʲʝʟʞʘʶʪʩʷ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʠ ʧʝʨʝʢʨʝʩʪʠʝ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʚʜʦʣʴ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʨʘʩʰʠʨʝʥʠʷ 

ʪʨʝʱʠʥ ʠ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʪʦʯʥʳʤ ʠ ʥʝ 

ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɻʣʘʚʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ ʵʪʦʛʦ ʤʝʪʦʜʘ ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʮʝʧʣʝʥʠʝ ʤʘʷʢʘ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʚ 

ʩʚʷʟʠ ʩʦ ʩʣʘʙʳʤ ʢʣʝʝʤ ʠʣʠ ʞʝ ʧʫʪʝʤ ʦʪʨʳʚʘ ʝʛʦ ʧʨʦʭʦʞʠʤʠ ʠʣʠ ʞʠʚʦʪʥʳʤʠ. 

ʏʝʪʚʝʨʪʳʡ ï ɻʝʦʜʝʟʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʕʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ ʠ 

ʥʘʜʝʞʥʳʭ ʩʧʦʩʦʙʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʣʦʞʝʥʠʠ ʠ ʬʦʨʤʝ ʦʙʲʝʢʪʦʚ. 

ʀʥʩʪʨʫʤʝʥʪʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

ʊʝʦʜʦʣʠʪʳ ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ ʤʝʞʜʫ ʪʦʯʢʘʤʠ; 

ʅʠʚʝʣʠʨʳ ï ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʚʳʩʦʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʪʴ 

ʫʨʦʚʝʥʴ; 
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GPS ʠ GNSS ï ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʪʦʯʝʢ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ: 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ: ʇʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʤʠʣʣʠʤʝʪʨʦʚ. 

ɼʦʣʛʦʩʨʦʯʥʳʡ ʤʦʥʠʪʦʨʠʥʛ: ʇʦʜʭʦʜʠʪ ʜʣʷ ʨʝʛʫʣʷʨʥʳʭ ʧʨʦʚʝʨʦʢ 

ʩʦʩʪʦʷʥʠʷ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʢʪʦʚ: ʕʬʬʝʢʪʠʚʝʥ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʢʨʫʧʥʳʭ ʟʜʘʥʠʡ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʅʝʜʦʩʪʘʪʢʠ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ: 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʤ ʧʝʨʩʦʥʘʣʝ: ʊʨʝʙʫʝʪʩʷ ʦʧʳʪʥʳʡ 

ʛʝʦʜʝʟʠʩʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ: ɿʘʢʫʧʢʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʟʘʪʨʘʪʥʳʤʠ. 

ɺʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ: ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠ ʚʠʙʨʘʮʠʠ ʤʦʛʫʪ 

ʧʦʚʣʠʷʪʴ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʵʪʠ ʬʘʢʪʦʨʳ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʥʘʙʣʶʜʝʥʠʡ. 

ʇʷʪʳʡ ï ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʨʝʱʠʥ ʚ 

ʟʜʘʥʠʷʭ ʠ ʩʦʦʨʫʞʝʥʠʷʭ ð ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʥʝʨʘʟʨʫʰʘʶʱʠʝ ʤʝʪʦʜʳ 

ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʠ ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ï ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ: 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʟʚʫʢʦʚʳʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʚʚʦʜʷʪʩʷ ʚ ʤʘʪʝʨʠʘʣ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʂʦʛʜʘ ʫʣʴʪʨʘʟʚʫʢ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʪʝʨʠʘʣ, ʦʥ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ 

(ʥʘʧʨʠʤʝʨ, ʦʪ ʪʨʝʱʠʥ, ʧʫʩʪʦʪ ʠʣʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ). ɸʥʘʣʠʟ ʦʪʨʘʞʝʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʠ ʭʘʨʘʢʪʝʨ ʜʝʬʝʢʪʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ: ʇʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʤʝʣʢʠʝ ʪʨʝʱʠʥʳ ʠ ʜʝʬʝʢʪʳ 

ʩ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ɻʣʫʙʦʢʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ: ʋʣʴʪʨʘʟʚʫʢ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʛʣʫʙʠʥʳ ʚ ʤʘʪʝʨʠʘʣʘʭ. 

ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʤʝʪʦʜ: ʅʝ ʪʨʝʙʫʝʪ ʨʘʟʨʫʰʝʥʠʷ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ: ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʤʦʞʝʪ 

ʩʥʠʞʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʧʦʚʝʨʭʥʦʩʪʠ: ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʚʘʣʠʬʠʢʘʮʠʷ ʦʧʝʨʘʪʦʨʘ: ʊʨʝʙʫʝʪʩʷ ʦʧʳʪʥʳʡ ʩʧʝʮʠʘʣʠʩʪ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ï ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ: 
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ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ (ʠʣʠ ʛʝʦʨʘʜʘʨʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ) 

ʠʩʧʦʣʴʟʫʝʪ ʨʘʜʠʦʚʦʣʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʥʩʪʨʫʢʮʠʠ. ʉʠʛʥʘʣʳ, 

ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʨʘʟʣʠʯʥʳʭ ʩʣʦʝʚ ʠ ʜʝʬʝʢʪʦʚ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ, 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ʅʝ ʪʨʝʙʫʝʪ ʢʦʥʪʘʢʪʘ ʩ ʦʙʲʝʢʪʦʤ: ʄʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʙʝʟ ʠʭ ʨʘʟʨʫʰʝʥʠʷ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʩʣʝʜʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ: ʕʬʬʝʢʪʠʚʝʥ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ ʠ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʄʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʪʨʝʱʠʥ, ʥʦ ʠ ʧʫʩʪʦʪ, ʘʨʤʘʪʫʨʳ ʠ 

ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ: ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʥʘ 

ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʠʣʠ ʚ ʧʣʦʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʩʣʦʚʠʡ ʩʨʝʜʳ: ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʢʘʞʝʥʳ 

ʥʘʣʠʯʠʝʤ ʚʣʘʛʠ, ʟʘʛʨʷʟʥʝʥʠʡ ʠʣʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ʉʣʦʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ: ʊʨʝʙʫʝʪʩʷ ʦʧʳʪʥʳʡ ʩʧʝʮʠʘʣʠʩʪ ʜʣʷ 

ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʐʝʩʪʦʡ ï ɼʘʪʯʠʢʠ ʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʪʨʝʱʠʥʘʤʠ. ʕʪʦ ʚʘʞʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʷʶʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥ, ʠʭ ʨʘʟʤʝʨʳ ʠ 

ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʠ 

ʧʨʠʥʠʤʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ. 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʜʘʪʯʠʢʦʚ: 

ɼʘʪʯʠʢʠ ʧʝʨʝʤʝʱʝʥʠʷ (ʜʘʪʯʠʢʠ ʩʤʝʱʝʥʠʷ) ï ʀʟʤʝʨʷʶʪ ʧʝʨʝʤʝʱʝʥʠʝ 

ʠʣʠ ʩʜʚʠʛ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʛʝʦʤʝʪʨʠʠ ʪʨʝʱʠʥ. 

ɼʘʪʯʠʢʠ ʜʝʬʦʨʤʘʮʠʠ (ʩʪʨʝʡʥ-ʛʝʡʜʞʠ) ï ʀʟʤʝʨʷʶʪ ʜʝʬʦʨʤʘʮʠʶ 

ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʪʨʝʱʠʥʳ. 

ʋʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚʥʫʪʨʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʊʝʨʤʦʜʘʪʯʠʢʠ ï ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʠ ʩʞʘʪʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʪʨʝʱʠʥ. 

ɼʘʪʯʠʢʠ ʚʣʘʞʥʦʩʪʠ ï ʀʟʤʝʨʷʶʪ ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ ʠʣʠ ʚʥʫʪʨʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ 

ʦʮʝʥʢʠ ʨʠʩʢʘ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ï ʀʩʧʦʣʴʟʫʶʪ ʣʘʟʝʨʳ ʠʣʠ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠʟʤʝʥʝʥʠʡ ʚ ʛʝʦʤʝʪʨʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʚʳʩʦʢʦʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʪʨʝʱʠʥ. 
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ɸʢʫʩʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ï ʋʣʘʚʣʠʚʘʶʪ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʨʘʟʚʠʪʠʠ ʪʨʝʱʠʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʠʭ ʥʘʣʠʯʠʝ ʜʦ ʚʠʟʫʘʣʴʥʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ [1, ʩ. 103]. 

ɺʠʜʳ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ: 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ (ASM) ï ʉʦʯʝʪʘʶʪ 

ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʜʘʪʯʠʢʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʟʘʧʠʩʴ ʠ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ. ʇʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʦʪʧʨʘʚʣʷʪʴ 

ʫʚʝʜʦʤʣʝʥʠʷ ʦ ʧʨʝʚʳʰʝʥʠʠ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ. 

ʉʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ï ʀʩʧʦʣʴʟʫʶʪ ʙʝʩʧʨʦʚʦʜʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʩʝʨʚʝʨ ʠʣʠ 

ʦʙʣʘʯʥʦʝ ʭʨʘʥʠʣʠʱʝ. ʆʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ. 

ʉʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ï ʀʩʧʦʣʴʟʫʶʪ ʢʘʤʝʨʳ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. ʄʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʪʨʝʱʠʥʘʤʠ ʚ ʟʜʘʥʠʷʭ ʠ ʩʦʦʨʫʞʝʥʠʷʭ ð ʵʪʦ ʚʘʞʥʳʡ 

ʘʩʧʝʢʪ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ. ɺʳʙʦʨ 

ʤʝʪʦʜʘ ʥʘʙʣʶʜʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ, ʙʶʜʞʝʪʘ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʪʦʯʥʦʩʪʠ. ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ 

ʧʦʣʥʦʝ ʧʦʥʠʤʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʠʥʷʪʠʝ ʤʝʨ ʧʦ ʝʛʦ 

ʟʘʱʠʪʝ. ʈʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʩʝʨʴʝʟʥʳʝ ʘʚʘʨʠʠ ʠ 

ʩʦʭʨʘʥʠʪʴ ʞʠʟʥʴ ʣʶʜʷʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʜʘʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. 
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ʂʘʟʘʥʮʝʚʘ ɸ.ʄ. 
ʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʣʷ ʟʘʜʘʯ ʦʩʚʦʝʥʠʷ ʩʢʚʘʞʠʥ 
 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʦʜʥʦʤ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʧʦʩʪʨʦʝʥʠʝ 1ɼ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʨʘʩʩʤʦʪʨʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʜʠʟʘʡʥʦʚ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʧʣʘʩʪʘ, ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ. ɺ 

ʭʦʜʝ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʝʜʦʩʪʘʶʱʠʝ ʜʘʥʥʳʝ ʠ ʢʨʠʚʳʝ, 

ʧʦʜʙʠʨʘʣʠʩʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ɺ ʨʘʤʢʘʭ ʚʳʜʝʣʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʮʠʡ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʟʨʝʟʘ 

ʧʦʣʫʯʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʠ 

ʛʨʘʜʠʝʥʪʦʚ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʚʝʣʠʯʠʥʳ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʤʝʭʘʥʠʢʘ, ʦʩʚʦʝʥʠʝ ʩʢʚʘʞʠʥ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʜʘʥʥʳʭ, ʙʠʙʣʠʦʪʝʢʘ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

 

Kazantseva A.M., 

Clustering of data based on the results of geomechanical modeling 

for well development tasks 

Abstract: The article is devoted to clusterization of data obtained by modeling 

geomechanical parameters at one of the deposits in Western Siberia. The article presents 

the construction of a 1D geomechanical model, the technology of constructing hydraulic 

fracturing designs using the classical approach, and the library of elastic properties. 

During the construction of the model, missing data and curves were restored, and 

certain dependencies were selected to calculate the necessary parameters. Within the 

framework of the identified mechanical facies of the rocks of the section, correlation 

dependences of the average values of elastic properties and stress gradients on the 

reservoir pressure are obtained. 

Key words: geomechanics, well development, modeling, data clustering, library of 

geomechanical properties. 

 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʛʠʜʨʦʨʘʟʨʳʚ ʧʣʘʩʪʘ (ɻʈʇ) ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʤʝʪʦʜʦʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʘ ʜʣʷ 

ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ. 

 ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ɻʈʇ ʥʘʨʷʜʫ ʩ ʨʦʩʪʦʤ ʜʦʙʳʯʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʨʠʩʢʠ ʧʨʦʨʳʚʘ ʚ ʚʦʜʦ- ʠ ʛʘʟʦʥʘʩʳʱʝʥʥʳʝ ʟʦʥʳ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʧʪʠʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʩʢʚʘʞʠʥ. ɻʣʘʚʦʡ ʟʘʜʘʯʝʡ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʪʘʢʠʭ ʨʠʩʢʦʚ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʳʭ, ʬʠʟʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʜʠʟʘʡʥʦʚ ɻʈʇ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʝ ʜʦʧʫʩʢʘʪʴ ʧʨʦʨʳʚʘ ʚ 
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ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʟʦʥʳ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʳ. 

ʇʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʟʘʡʥʘ 

ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ ʚʥʦʩʷʪ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ (ʤʦʜʫʣʴ ʖʥʛʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ) ʠ ʛʨʘʜʠʝʥʪʳ ʥʘʧʨʷʞʝʥʠʡ ʧʦʨʦʜ ʢʦʣʣʝʢʪʦʨʘ, 

ʟʘʜʘʯʘ ʤʠʥʠʤʘʣʠʟʘʮʠʠ ʨʠʩʢʦʚ ʩʚʦʜʠʪʩʷ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʚʳʩʦʢʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʦ ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʦʡ ʪʘʙʣʠʮʳ (ʙʠʙʣʠʦʪʝʢʠ) ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʧʦʨʦʜ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʘ 

ʧʦʣʥʘʷ ʢʦʥʜʠʮʠʦʥʥʘʷ ʠʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ. ʂ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦʪʥʦʩʠʪʩʷ [1, c.70]:  

ʉʪʘʥʜʘʨʪʥʳʡ ʢʦʤʧʣʝʢʩ ɻʀʉ ʜʣʷ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ 

(ʵʣʝʢʪʨʦʤʝʪʨʠʷ, ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʢʘʨʦʪʘʞ, ʢʘʚʝʨʥʦʤʝʪʨʠʷ);  

ʈʘʩʰʠʨʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ɻʀʉ: ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ 

ʚʦʣʥʳ (ɸʂʐ), ʚʦʣʥʦʚʦʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʨʦʪʘʞ (ʩ ʥʘʣʠʯʠʝʤ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ), ʧʣʦʪʥʦʩʪʥʦʡ ʤʝʪʦʜ (ɻɻʂ-ʧ), ʟʘʤʝʨʳ 

ʜʠʘʤʝʪʨʘ ʩʢʚʘʞʠʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʣʦʩʢʦʩʪʷʭ (ʧʨʦʬʠʣʝʤʝʪʨʠʷ), XMAC, 

FMI; 

ɻʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ɻʊʀ): ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʫʨʝʥʠʷ, ʚʝʩ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ (ɹʈ), ʪʝʤʧʝʨʘʪʫʨʘ ɹʈ, 

ʨʘʩʭʦʜ ɹʈ, ʥʦʤʠʥʘʣʴʥʳʡ ʜʠʘʤʝʪʨ, ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ; 

ɹʫʨʦʚʳʝ ʩʦʙʳʪʠʷ: ʟʘʪʷʞʢʠ, ʧʦʩʘʜʢʠ, ʧʦʛʣʦʱʝʥʠʷ, ʚʳʭʦʜʳ ʛʘʟʘ ʠʟ 

ʧʣʘʩʪʘ; 

ʂʝʨʥʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ, 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʩʢʦʨʦʩʪʥʳʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ; 

ʀʩʩʣʝʜʦʚʘʥʠʷ XLOT, LOT, ʤʠʥʠɻʈʇ. 

ʂʘʯʝʩʪʚʦ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʚʣʠʷʝʪ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ 

ʧʦʩʪʨʦʝʥʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʘʤʦʡ ʤʦʜʝʣʠ. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʪʨʝʙʫʶʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʝ ʟʘʤʝʨʳ ʜʘʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʦʛʦ (ȹT (DT) 

ïʠʥʪʝʨʚʘʣʴʥʦʝ ʚʨʝʤʷ ʧʨʦʙʝʛʘ ʚʦʣʥʳ, ȹTs (DTS) ï ʠʥʪʝʨʚʘʣʴʥʦʝ ʚʨʝʤʷ 

ʧʨʦʙʝʛʘ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ) ʠ ʧʣʦʪʥʦʩʪʥʦʛʦ ʛʘʤʤʘ-ʛʘʤʤʘ (ɻɻʂ-ʧ) 

ʢʘʨʦʪʘʞʝʡ ï ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ 

(ɻʀʉ), ʜʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʝ 1ɼ ɻʄʄ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʥʢʪʳ: 

ʉʙʦʨ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ɻʀʉ, ʚʳʙʦʨ ʦʧʦʨʥʳʭ ʩʢʚʘʞʠʥ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʥʝʜʦʩʪʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ; 

ɸʥʘʣʠʟ ʢʝʨʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʪʨʦʝʥʠʝ ʩʦʧʦʩʪʘʚʣʝʥʠʡ ʫʧʨʫʛʦ-

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ; 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ɻʊʀ, ʧʨʦʚʝʜʝʥʥʳʭ ɻʈʇ, ʩʦʟʜʘʥʠʝ ʢʘʣʠʙʨʦʚʦʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ; 
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ʈʘʩʯʝʪ ʛʦʨʥʦʛʦ ʠ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʡ; 

ʈʘʩʯʝʪ ʧʨʦʬʠʣʝʡ ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ; 

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ; 

ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (1D ʛʝʦʤʝʭʘʥʠʢʘ). 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʨʘʩʯʝʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. ɺʝʨʪʠʢʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʝ ʠʣʠ ʛʦʨʥʦʝ 

ʜʘʚʣʝʥʠʝ) ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʤʝʪʦʜʦʤ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ: ʧʫʪʝʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʥʦʛʦ ʢʘʨʦʪʘʞʘ ʧʦ ʛʣʫʙʠʥʝ ʩ 

ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʜʦ ʫʩʪʴʷ. ʈʘʩʯʝʪ ʧʦʨʦʚʳʭ ʜʘʚʣʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ɻʀʉ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʘʣʠʙʨʦʚʢʦʡ ʧʦ ʜʘʥʥʳʤ 

ʟʘʤʝʨʦʚ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. 

ɼʘʣʝʝ ʚʳʧʦʣʥʷʣʩʷ ʨʘʩʯʝʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ. ʇʝʨʝʭʦʜ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢ ʩʪʘʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʭʦʜʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʢʝʨʥʘ ʚʦ ʤʥʦʛʠʭ ʠʥʪʝʨʚʘʣʘʭ, ʧʝʨʝʭʦʜ 

ʢ ʩʪʘʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʧʦʨʦʜ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʡ ʢʦʨʨʝʣʷʮʠʝʡ.  

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʮʠʡ ʧʦ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʧʣʘʩʪʦʚ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʧʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʠʭ ʩ ʜʘʥʥʳʤʠ ʢʝʨʥʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʤʝʭʘʥʦʬʘʮʠʠ [2, c.7]. 

ʇʦʩʣʝʜʥʠʤ ʰʘʛʦʤ ʧʦʩʪʨʦʝʥʠʷ 1D ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ɻʈʇ 

ʙʳʣ ʨʘʩʯʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʤʠʥʠ-ɻʈʇ ï 

ʜʘʚʣʝʥʠʝ ʟʘʢʨʳʪʠʷ ʪʨʝʱʠʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 1D ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʦʬʠʣʠ ʩʪʘʪʠʯʝʩʢʠʭ 

ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʦʬʠʣʠ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʠ ʥʘʧʨʷʞʝʥʠʡ 

ʧʦʟʚʦʣʷʶʪ ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʛʦ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʧʣʘʩʪʢʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʥʝʧʨʝʨʳʚʥʳʭ ʢʨʠʚʳʭ ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʬʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ (ʦʩʨʝʜʥʝʥʠʝ) ʥʝʧʨʝʨʳʚʥʳʭ ʜʘʥʥʳʭ ʚ ʩʪʫʧʝʥʯʘʪʫʶ 

ʬʫʥʢʮʠʶ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʢʘʞʜʦʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʬʘʮʠʠ [3, c.102]. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʠʘʛʨʘʤʤ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʧʣʘʩʪʘʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1. 
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ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʳʜʝʣʝʥʥʳʭ ʤʝʭʘʥʦʬʘʮʠʡ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʧʣʘʩʪʘʭ 

ʇʣʘʩʪ ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʬʘʮʠʠ (ʩ 

ʧʨʠʚʷʟʢʦʡ ʢ 

ʣʠʪʦʣʦʛʠʠ) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ 

ʄʦʜʫʣʴ 

ʖʥʛʘ, 

ʄʧʩʠ  

ʅʘʧʨʷʞʝʥʠʝ, 

ʇʩʠ 

ɻʨʘʜʠʝʥʪ 

ʥʘʧʨʷʞʝʥʠʡ, 

ʘʪʤ/ʤ 

 X1 ɸʣʝʚʨʦʣʠʪ 0.205 4.179 5815.98 0.14 

ɸʨʛʠʣʣʠʪ 0.227 3.995 6100.99 0.147 

ɻʣʠʥʘ 0.238 3.744 6043.75 0.149 

ʇʝʩʯʘʥʥʠʢ 0.215 3.861 5783.34 Grad_PP+0.073

7 

ʧʣʦʪʥʳʡ 0.243 5.112 6288.61 0.148 

X2 ɸʨʛʠʣʣʠʪ 0.257 4.106 7266.90 0.219 

ɸʨʛʠʣʣʠʪ ʙʠʪ. 0.194 3.102 6119.93 0.139 

ɻʣʠʥʘ 0.230 3.656 6599.12 0.147 

ʇʝʩʯʘʥʥʠʢ 0.188 4.274 6008.69 0.454*Grad_PP

+0.0036 

ʇʣʦʪʥʳʡ 0.158 4.456 5897.91 0.128 

X3 ɸʣʝʚʨʦʣʠʪ 0.238 4.171 6941.42 0.144 

ɸʨʛʠʣʣʠʪ 0.241 4.005 7046.61 0.13 

ɻʣʠʥʘ 0.239 3.608 6829.39 0.151 

ʇʝʩʯʘʥʥʠʢ 0.217 4.256 6731.44 0.0025*Grad_P

P+0.0351 

ʇʣʦʪʥʳʡ 0.219 4.957 6912.10 0.131 

ʋʛʦʣʴ 0.183 3.413 6637.22 0.095 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʠʘʛʨʘʤʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

- ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ 

ʚʥʫʪʨʠʧʣʘʩʪʦʚʳʭ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ 

ʚʝʣʠʯʠʥ ʧʦ ʧʣʦʱʘʜʠ, ʩʚʷʟʘʥʥʫʶ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ;  

- ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʣʦʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠʤʝʶʪ 

ʚʳʜʝʨʞʘʥʥʳʭ ʭʘʨʘʢʪʝʨ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʩʨʝʜʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʠ 

ʛʨʘʜʠʝʥʪʦʚ ʥʘʧʨʷʞʝʥʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʜʘʥʥʳʤʠ ʈʀɻʀʉ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʪʫʧʝʥʯʘʪʦʡ (ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʦʡ/ 

ʦʩʨʝʜʥʝʥʥʦʡ) ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ɻʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ ʧʣʘʩʪʘ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʫʝʤʳʭ ʪʨʝʱʠʥ ɻʈʇ. 

ʇʦʣʫʯʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ 

ʦʪ ʢʘʯʝʩʪʚʘ ʠ ʧʦʣʥʦʪʳ ʚʭʦʜʷʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʧʨʦʬʠʣʝʡ ʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ ʠ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʦʣʴʰʠʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʜʠʟʘʡʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʜʠʩʢʨʝʪʥʳʭ (ʩ ʰʘʛʦʤ 0.1-
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0.2ʤ) ʜʘʥʥʳʭ ʩʪʠʤʫʣʠʨʫʶʪ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʆʪʢʣʦʥʝʥʠʝ ʦʩʨʝʜʥʝʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʠ ʜʘʥʥʳʭ ʬʘʢʪʘ ɻʈʇ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 5%. 

ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʚʘʞʠʥ ʧʦ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

ʰʠʨʦʢʠʡ ʦʭʚʘʪ ʥʝʦʙʭʦʜʠʤʳʤ ʥʘʙʦʨʦʤ ʚʭʦʜʥʦʡ ʠ ʢʘʣʠʙʨʦʚʦʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʜʝʪʘʣʴʥʦʩʪʴʶ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʚʳʜʝʣʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʮʠʡ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʟʨʝʟʘ 

ʧʦʣʫʯʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ ʠ ʛʨʘʜʠʝʥʪʦʚ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʚʝʣʠʯʠʥʳ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. 

ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʙʠʙʣʠʦʪʝʢʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ 

ʩʠʤʫʣʷʪʦʨʘ ɻʈʇ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʮʝʥʢʫ ʫʧʨʫʛʦ-ʧʨʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʥʘʣʠʯʠʠ ʜʘʥʥʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʙʠʚʢʠ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʈʀɻʀʉ ʠ ʛʨʘʜʠʝʥʪʘ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʤʦʤʝʥʪ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ɻʈʇ. 

ʅʘ ʧʣʘʥʠʨʫʝʤʳʭ ʢ ʦʩʚʦʝʥʠʶ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚʦʟʤʦʞʝʥ 

ʧʝʨʝʥʦʩ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʦʧʦʨʥʳʭ ʩʢʚʘʞʠʥ ʜʣʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʪʝʭʥʦʣʦʛʠʠ ɻʈʇ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʤʦʞʥʦ ʩʧʣʘʥʠʨʦʚʘʪʴ ʩ ʥʘʠʤʝʥʴʰʠʤʠ 

ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʪʨʝʱʠʥʫ ɻʈʇ ʠ ʠʟʤʝʨʠʪʴ ʝʝ ʛʝʦʤʝʪʨʠʶ, ʪʘʢʞʝ ʧʦʜʦʙʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʧʘʥʪʘ.  
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ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʶ ʨʘʙʦʪʳ ʩʘʣʦʥʘ ʜʣʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ 
 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʘ ʧʨʠʤʝʨʝ ʩʦʟʜʘʥʠʷ web-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʢʣʠʝʥʪʦʚ ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʤʘʩʩʘʞʥʦʛʦ ʩʘʣʦʥʘ ʜʣʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʚ ʨʘʙʦʪʝ ʩʘʣʦʥʘ ʠ ʧʦʜʭʦʜʳ ʢ ʠʭ ʨʝʰʝʥʠʶ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʀʜʝʪ ʘʥʘʣʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʙʠʟʥʝʩʘ, ʚʢʣʶʯʘʷ ʦʥʣʘʡʥ-ʟʘʧʠʩʴ, ʫʧʨʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʝʤ, CRMðʩʠʩʪʝʤʫ ʠ 

ʬʠʥʘʥʩʦʚʫʶ ʠʥʪʝʛʨʘʮʠʶ. ʇʨʝʜʣʦʞʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʫʯʪʝʥʳ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʚʢʣʶʯʘʷ ʟʘʱʠʪʫ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʩʪʘʥʜʘʨʪʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʤʘʩʩʘʞʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʘʣʦʥʘ, ʫʣʫʯʰʠʪʴ 

ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʠ ʫʚʝʣʠʯʠʪʴ ʧʨʠʙʳʣʴ ʟʘ ʩʯʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʙʠʟʥʝʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: (WEB ʧʨʠʣʦʞʝʥʠʝ, ʤʘʩʩʘʞʥʳʡ, ʩʘʣʦʥ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʯʠʩʪʦʪʘ, 

ʨʘʩʧʠʩʘʥʠʝ, ʩʧʝʮʠʘʣʠʩʪ). 

Ganiev A.A. 

 

The need to develop a softwhere tool for the administration of the 

salon for newborns 

Abstract: The article is devoted to the problem of automation of internal and external 

processes in small enterprises using the example of creating a web application for 

clients and the administrator of a massage salon for newborns. The problems in the 

work of the salon and approaches to their solution using computer technology are 

considered. Key aspects of business digitalization are being analyzed, including online 

recording, schedule management, CRMðsystem, and financial integration. The 

architecture of the software solution based on modern technologies is proposed, as well 

as regulatory requirements, including personal data protection and medical massage 

standards, are taken into account. The implementation of the project will increase the 

efficiency of the salon, improve the quality of customer service and increase profits by 

scaling the business. 

Keywords: WEB application, massage, salon, automation, cleanliness, schedule, 

specialist 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʥʠʢʘʝʪ ʚʦ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ, 

ʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʮʝʩʩʳ ʠ ʀʊ-ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʞʠʚʫʪ 

ʠ ʨʘʙʦʪʘʶʪ ʚ ʵʪʠʭ ʠʟʤʝʥʠʚʰʠʭʩʷ ʨʝʘʣʠʷʭ. ʂʦʤʧʘʥʠʠ, ʩʪʨʝʤʷʱʠʝʩʷ ʢ 

ʫʩʧʝʰʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʤʦʛʫʪ ʣʠʙʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ 
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ʙʠʟʥʝʩ-ʤʦʜʝʣʴ ʠ ʧʨʦʮʝʩʩʳ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʚʳʨʫʯʢʠ, ʣʠʙʦ ʟʘʤʝʥʠʪʴ ʩʚʦʶ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ ʥʘ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʫʶ [5]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʤʝʜʠʮʠʥʝ ʠ ʦʪʢʘʟ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʫʤʘʛʠ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʢʪʫʘʣʴʥʘ ʠ ʩʝʛʦʜʥʷ. ɺʘʞʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ, ʠ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʌ. 

ʂʦʪʣʝʨʘ[1] ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʜʣʷ ʫʩʧʝʭʘ ʩʝʨʚʠʩʥʳʭ ʢʦʤʧʘʥʠʡ ʢʣʶʯʝʚʳʤ 

ʷʚʣʷʝʪʩʷ ʢʣʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. [5] 

ɹʠʟʥʝʩ ʤʦʜʝʣʴ ʤʘʩʩʘʞʥʦʛʦ ʩʘʣʦʥʘ ʜʣʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʜʝʨʞʠʪʩʷ ʥʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ ïʤʘʩʩʘʞʘ. ɼʣʷ ʫʩʧʝʭʘ ʙʠʟʥʝʩʘ, 

ʤʘʩʩʘʞ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥ ʤʘʣʝʥʴʢʦʤʫ ʢʣʠʝʥʪʫ ʚ ʫʥʠʢʘʣʴʥʦʡ 

ʫʧʘʢʦʚʢʝ ʩʦʜʝʨʞʘʱʠʤ ʧʦʣʴʟʫ ʜʣʷ ʟʜʦʨʦʚʴʷ, ʫʜʦʙʩʪʚʦʤ ʧʦʣʫʯʝʥʠʷ ʫʩʣʫʛʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʤʘʩʩʘʞ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʦʨʛʘʥʠʟʤ, 

ʟʘʪʨʘʛʠʚʘʝʪ ʚʩʝ ʝʛʦ ʩʠʩʪʝʤʳ ʠ ʫʣʫʯʰʘʝʪ ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʨʝʛʫʣʷʨʥʦʤ 

ʧʨʠʤʝʥʝʥʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʠʩʪʝʤʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʤʳʰʮʳ, ʩʫʩʪʘʚʳ 

ʩʫʭʦʞʠʣʠʷ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʠʨʫʝʪ ʧʨʘʚʠʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʦʨʛʘʥʦʚ, ʫʩʧʦʢʘʠʚʘʝʪ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ, ʠ ʩʪʘʥʦʚʠʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ 

ʛʘʨʤʦʥʠʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʙʝʥʢʘ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʨʦʮʝʜʫʨʘ 

ʤʘʩʩʘʞʘ ʤʦʞʝʪ ʠʤʝʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʠʣʠ ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʠʷ, ʧʦʵʪʦʤʫ 

ʧʨʦʛʨʘʤʤʳ ʤʘʩʩʘʞʘ ʚ ʤʘʩʩʘʞʥʳʭ ʩʘʣʦʥʘʭ ʜʣʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʜʦʣʞʥʳ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʚ ʩʪʨʦʛʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʤʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʫʣʫʯʰʠʪʴ ʩʦʩʪʦʷʥʠʝ 

ʟʜʦʨʦʚʴʷ ʤʘʣʝʥʴʢʦʛʦ ʧʘʮʠʝʥʪʘ, ʧʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʳ [8]. 

ʉʪʘʥʜʘʨʪʳ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʯʪʦ: 

ʚ ʧʦʤʝʱʝʥʠʷʭ ʟʘʚʝʜʝʥʠʡ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʯʠʩʪʦʪʳ;  

ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʘʩʣʘ ʛʠʧʦʘʣʣʝʨʛʝʥʥʳ ʠ ʠʤʝʶʪ ʩʝʨʪʠʬʠʢʘʪʳ ʢʘʯʝʩʪʚʘ; 

ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʧʨʘʢʪʠʢʝ, ʷʚʣʷʶʪʩʷ ʙʝʟʦʧʘʩʥʳʤʠ ʠ 

ʵʬʬʝʢʪʠʚʥʳʤʠ.  

ʣʠʯʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʨʦʜʠʪʝʣʝʡ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʘ, ʥʘʙʣʶʜʘʷ ʟʘ 

ʧʨʦʮʝʩʩʦʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʢʨʝʧʣʷʝʪ ʜʦʚʝʨʠʝ ʠ ʫʩʠʣʠʚʘʝʪ ʯʫʚʩʪʚʦ 

ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ʧʦʜʨʦʙʥʘʷ ʦʪʯʝʪʥʦʩʪʴ ʠ ʧʦʷʩʥʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʧʨʦʚʝʜʝʥʥʳʤ 

ʧʨʦʮʝʜʫʨʘʤ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʚ ʞʫʨʥʘʣʘʭ. 

ʦʪʩʫʪʩʪʚʠʝ ʦʯʝʨʝʜʝʡ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʟʠʪʴ ʦʪʟʳʚ ʦ ʨʘʙʦʪʝ ʧʦʚʳʰʘʝʪ 

ʫʜʦʙʩʪʚʦ ʜʦʚʝʨʠʝ ʢ ʧʨʦʚʦʜʠʤʳʤ ʧʨʦʮʝʜʫʨʘʤ  

ʨʝʛʫʣʷʨʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʫʨʩʘʭ; 

ʧʨʦʟʨʘʯʥʳʡ ʫʯʝʪ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʚ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʦʨʛʘʥʘʭ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʦʝ ʥʝʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʙʝʟ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ 

ʦʧʝʨʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʳ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʪʨʘʜʠʮʠʦʥʥʳʭ çʤʘʩʩʘʞʥʳʭè ʩʘʣʦʥʦʚ, ʟʜʝʩʴ ʤʦʞʥʦ 
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ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʠ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ: 

  1) ʇʨʦʙʣʝʤʘ ʟʘʧʠʩʠ ʥʘ ʩʝʘʥʩ  

ʅʝ ʚʩʝʛʜʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʟʚʦʥʠʪʴʩʷ ʚ ʩʘʣʦʥ. ʊʝʣʝʬʦʥ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʥʷʪ, ʥʝ ʫʩʣʳʰʘʥ ʠʣʠ ʧʨʦʠʛʥʦʨʠʨʦʚʘʥ ʨʘʙʦʪʥʠʢʦʤ. 

ɿʘʧʠʩʴ ʯʝʨʝʟ ʤʝʩʩʝʥʜʞʝʨʳ ʤʦʞʝʪ ʪʘʢʞʝ ʥʝ ʦʩʫʱʝʩʪʚʠʪʴʩʷ ʧʦ ʨʷʜʫ 

ʧʨʠʯʠʥ, ʩʙʦʡ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨ  

ʅʝ ʚʩʝʛʜʘ ʝʩʪʴ ʯʝʪʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʦʩʪʫʧʥʦʩʪʠ ʩʧʝʮʠʘʣʠʩʪʦʚ- 

ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʪʤʝʥʝ ʠʣʠ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘ ʩʧʝʮʠʘʣʠʩʪʘ, 

ʥʝʧʦʣʥʦʛʦ ʛʨʘʬʠʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ 

2) ʉʣʦʞʥʦʩʪʠ ʚʝʜʝʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ɺʝʜʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʩʘʣʦʥʘ ʥʘ ʙʫʤʘʞʥʦʤ ʥʦʩʠʪʝʣʝ 

(ʞʫʨʥʘʣ, ʝʞʝʜʥʝʚʥʠʢ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ, ʧʝʨʝʢʨʳʪʠʶ ʚʨʝʤʝʥʠ, 

ʦʪʩʫʪʩʪʚʠʷ ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ.  

ʇʣʘʥʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʥʘ ʜʣʠʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ, ʤʦʞʝʪ ʟʘʥʷʪʴ 

ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʠʚʝʩʪʠ ʢ ʭʘʦʪʠʯʥʳʤ ʧʝʨʝʜʝʣʢʘʤ ʨʘʩʧʠʩʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʘ ʧʦʪʝʨʷ ʠʥʬʦʨʤʘʮʠʠ. 

3) ʆʪʩʫʪʩʪʚʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʩʣʫʛʝ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ 

ʊʨʝʙʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛʘʭ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʦʟʥʘʢʦʤʣʝʥʠʷ ʩʦ ʩʧʠʩʢʦʤ ʧʦʢʘʟʘʥʠʡ ʠ ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʠʡ, ʠ ʜʠʩʪʘʥʮʠʦʥʥʘʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʢʦʥʩʫʣʴʪʘʮʠʷ ʩʧʝʮʠʘʣʠʩʪʘ. 

4) ʆʪʩʫʪʩʪʚʠʝ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʢʣʠʝʥʪʘʤ 

ʇʦʣʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʪʦʨʠʠ ʧʦʩʝʱʝʥʠʡ ʩʘʣʦʥʘ ʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʢʘʟʘʥʥʳʭ ʫʩʣʫʛ. 

5) ʉʣʦʞʥʦʩʪʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʦʧʣʘʪʳ.  

ʅʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʦʧʣʘʪʳ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʢʣʠʝʥʪʦʚ. 

6) ʉʣʦʞʥʦʩʪʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʫʯʝʪʘ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, 

ʦʪʩʣʝʞʠʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʥʦʚʣʷʪʴ ʩʝʨʪʠʬʠʢʘʪʳ ʠ ʤʝʜʢʥʠʞʝʢ. 

7) ʉʣʦʞʥʦʩʪʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʫʯʝʪʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʤʝʜʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʤʘʩʩʘʞʥʦʛʦ ʩʘʣʦʥʘ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʠ ʪʨʝʙʫʝʪ 

ʦʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʫʩʝʨʜʥʦʡ ʨʘʙʦʪʳ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʢʘʯʝʩʪʚ.  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʫʚʝʣʠʯʠʚʘʶʪ ʨʠʩʢ ʧʦʪʝʨʠ ʢʣʠʝʥʪʦʚ, ʨʠʩʢ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʢʫʨʝʥʮʠʠ, ʨʠʩʢʫ ʧʦʪʝʨʠ ʧʨʠʙʳʣʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʙʠʟʥʝʩʘ.  

ʆʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʢʦʤʧʘʥʠʠ McKinsey[4], ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʬʝʨʝ ʫʩʣʫʛ ʠʟʤʝʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

ʇʦʚʳʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ 

ʦʧʝʨʘʮʠʡ, ʦʩʚʦʙʦʞʜʘʶʪʩʷ ʪʨʫʜʦʚʳʝ ʨʝʩʫʨʩʳ 

ʉʥʠʞʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʪʝʭʥʠʢʫ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʢʣʠʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 25-40 %.  
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ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʝʨʞʘʥʠʷ ʢʣʠʝʥʪʦʚ ʫʣʫʯʰʘʝʪʩʷ ʥʘ 20-25 %,  

ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʤʝʥ ʟʘʧʠʩʝʡ ʥʘ 15-20 %.  

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ ʥʘ 25 %,  

ʅʘ ʦʩʥʦʚʝ ʩʢʘʟʘʥʥʦʛʦ ʠ ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʝʨʝʯʠʩʣʠʤ ʢʘʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʭʦʨʦʰʦ ʛʨʘʤʦʪʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʛʨʫʟʠʪʴ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʦʪ 

ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʦʪ ʟʘʧʠʩʠ ʥʘ ʧʨʠʝʤ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʩʧʠʩʘʥʠʷ, ʜʦ 

ʟʘʢʘʟʘ ʤʘʪʝʨʠʘʣʦʚ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʜʘʝʪ ʣʝʛʢʦʩʪʴ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʙʝʟ 

ʨʠʩʢʘ ʦʙʨʫʰʠʪʴ ʦʩʪʘʣʴʥʳʝ ʜʦʛʦʚʦʨʝʥʥʦʩʪʠ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʢʨʘʪʠʪ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʟʘ 

ʩʯʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʧʦʠʩʢʘ, ʧʦʜʩʪʘʥʦʚʢʠ ʜʘʥʥʳʭ ʚ ʰʘʙʣʦʥʳ ʜʦʢʫʤʝʥʪʦʚ, 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʨʘʙʦʪʥʠʢʘʤ.  

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʘʣʦʥʝ 

ʜʦʩʪʫʧʥʦʡ ʠ ʧʦʥʷʪʥʦʡ ʢʘʢ ʜʣʷ ʢʣʠʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʚʨʘʯʝʡ, ʟʘ ʩʯʝʪ 

ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʪʨʘʥʠʮʘʭ.  

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʜʥʠʤʝʪ ʧʝʨʩʦʥʘʣʠʟʘʮʠʶ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʞʝʣʘʥʠʷʭ ʢʣʠʝʥʪʘ ʠ ʠʩʪʦʨʠʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʙʫʜʝʪ ʜʦʩʪʫʧʥʘ ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʥʝ ʙʫʜʝʪ 

ʫʧʫʱʝʥʦ ʥʠ ʦʜʥʦʡ ʜʝʪʘʣʠ.  

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʬʫʥʢʮʠʠ ʧʦ ʫʯʝʪ ʜʦʭʦʜʦʚ ʠ 

ʨʘʩʭʦʜʦʚ, ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʰʠʙʢʠ. 

 ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʣʘʥʠʨʦʚʘʪʴ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ 

ʛʣʫʙʠʥʫ, ʘ ʠʤʝʥʥʦ ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʘʨʢʝʪʠʥʛʦʚʳʭ, ʢʨʝʜʠʪʥʦ- ʬʠʥʘʥʩʦʚʳʭ 

ʦʧʝʨʘʮʠʡ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʠʤʫʱʝʩʪʚ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʟʚʠʪʠʶ ʩʘʣʦʥʘ, ʘ ʧʨʠ ʥʘʣʘʞʠʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʤʦʞʥʦ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩʘ ʚ ʩʝʪʴ ʩʘʣʦʥʦʚ ʠ ʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʜʦʭʦʜʦʚ.  

ʆʧʠʨʘʷʩʴ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʌ. ʈʘʡʭʝʣʴʜʘ[3] ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʜʣʷ ʟʘʚʦʝʚʘʥʠʷ ʜʦʚʝʨʠʷ ʢʣʠʝʥʪʦʚ ʠ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʣʠ 

ʚʳʙʨʘʪʴ ʦʜʥʦ ʠʟ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʦʩʪʨʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, 

ʚʳʧʦʣʥʷʶʱʠʝ ʘʥʘʣʦʛʠʯʥʳʝ ʬʫʥʢʮʠʠ, ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʥʘ ʈʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʢʘʢ 1ʉ:ʄʝʜʠʮʠʥʘ, 

ʄʝʜʆʬʠʩ. ɼʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʳʭ ʨʝʰʝʥʠʡ ʥʝʦʩʧʦʨʠʤʳ ʦʥʠ ʠʤʝʶʪ 

ʧʨʠʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʚʦʟʤʦʞʥʘ ʨʘʙʦʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ, 

ʨʝʘʣʠʟʦʚʘʥʳ ʠʥʪʝʛʨʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʦʜ ʤʘʩʩʘʞʥʳʡ ʩʘʣʦʥ. ʅʝʜʦʩʪʘʪʢʠ ʜʣʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʪʦʞʝ 

ʝʩʪʴ, ʵʪʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʣʠʮʝʥʟʠʠ, ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʥʝʧʨʦʟʨʘʯʥʦʝ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ, ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʢ ʩʧʝʮʠʬʠʢʝ ʩʘʣʦʥʘ.  
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 ɺʳʜʝʣʠʤ ʛʣʘʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʩʦʟʜʘʥʠʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʧʝʨʝʯʠʩʣʠʤ ʠʭ: 

ɹʦʣʴʰʘʷ ʩʪʦʠʤʦʩʪʴ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ  

ɹʦʣʴʰʘʷ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ 

ɿʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʈʦʩʩʠʠ.  

ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʩʬʦʨʤʫʣʠʨʫʝʤ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ, ʦʛʣʷʜʳʚʘʷʩʴ ʥʘ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʊʦʤʘʩʘ ɼʘʚʝʥʧʦʨʪʘ[2] ʧʦ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʟʥʝʩʘ, 

ʥʦʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʤʘʩʩʘʞʥʦʛʦ ʩʘʣʦʥʘ, ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ: 

1) ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʟʘʧʠʩʠ ʢʣʠʝʥʪʦʚ ʠ ʨʘʩʧʠʩʘʥʠʷ 

2) ʇʣʘʥʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʠʩʘʥʠʷ 

3) CRM-ʩʠʩʪʝʤʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʢʣʠʝʥʪʘʤʠ  

4) ʌʠʥʘʥʩʦʚʘʷ ʠʥʪʝʛʨʘʮʠʷ 

5) Telegram-ʙʦʪ ʜʣʷ ʩʚʷʟʠ ʩ ʢʣʠʝʥʪʘʤʠ 

ʅʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: 

ʉʢʦʨʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʨʚʝʨʘ ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʩʪʝʢʫ ʜʠʢʪʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ web ʧʨʠʣʦʞʝʥʠʷʤ, ʠʟ ʩʦʦʙʨʘʞʝʥʠʷ ʮʝʥʘ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʠ 

ʥʘʣʠʯʠʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʪʨʠ ʫʨʦʚʥʷ ʠ 

ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ʌʨʦʥʪʝʥʜ: Next.js, React, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʨʝʤʝʥʥʳʡ ʠ ʫʜʦʙʥʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ  

ɹʵʢʝʥʜ: Strapi, Node.js  

ɹʘʟʘ ʜʘʥʥʳʭ: MongoDB ʠʣʠ Postgesql ʠʣʠ ʥʘʙʠʨʘʶʱʘʷ ʧʦʧʫʣʷʨʥʦʩʪʴ 

ʢʦʣʦʥʦʯʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ClickHouse.  

API ʜʣʷ Telegram-ʙʦʪʘ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʩʚʷʟʴ ʩ 

ʢʣʠʝʥʪʘʤʠ  

ʍʦʩʪʠʥʛ: Vercel, DigitalOcean ʠʣʠ AWS, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʩʦʢʫʶ 

ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. 
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ʈʠʩʫʥʦʢ 1. ʆʙʣʦʞʢʘ ʞʫʨʥʘʣʘ çɸʣʣʝʷ ʥʘʫʢʠè 

 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʫʢʘʟʘʥʥʳʝ ʚ ʜʦʢʫʤʝʥʪʘʭ: 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʌɿ-152 çʆ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭè. ʇʨʦʙʣʝʤʘ 

ʩʦʭʨʘʥʝʥʠʷ ʦʭʨʘʥʷʝʤʳʭ ʛʦʩʫʜʘʨʩʪʚʦʤ ʩʚʝʜʝʥʠʷʭ ʦ ʯʝʣʦʚʝʢʝ [6]  

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʨʷʜʢʫ ʦʢʘʟʘʥʠʷ ʧʝʜʠʘʪʨʠʯʝʩʢʠʤ ʧʦʤʦʱʠ, 

ʩʦʛʣʘʩʥʦ ʧʨʠʢʘʟʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʈʌ 16.04.2012 ʥʦʤʝʨ 366ʥ. ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ ʤʘʩʩʘʞʘ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ ʧʘʮʠʝʥʪʦʚ.[7] 

ʇʨʠʢʘʟ ʄʠʥʠʩʪʝʨʩʪʚʘ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ ʈʌ ʦʪ 26.11.2018 

744ʥ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ñʉʧʝʮʠʘʣʠʩʪ ʧʦ 

ʤʝʜʠʮʠʥʩʢʦʤʫ ʤʘʩʩʘʞʫòè. ʋʯʝʪ ʩʧʝʮʠʬʠʢʠ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʫʩʣʫʛ ʤʘʩʩʘʞʘ[8] 

ʀʟʫʯʘʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʧʨʠʝʤʘ ʚ ʤʘʩʩʘʞʥʦʤ ʩʘʣʦʥʝ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʟʘʧʠʩʴ, ʧʨʠʝʤ, ʧʨʦʮʝʜʫʨʘ, ʦʧʣʘʪʘ, ʩʙʦʨ 

ʩʪʘʪʠʩʪʠʢʠ, ʧʫʙʣʠʢʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ ʦ ʧʦʣʴʟʝ ʤʘʩʩʘʞʘ. ʆʪʩʶʜʘ ʤʦʞʥʦ 

ʫʪʦʯʥʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ: 

ʆʥʣʘʡʥ-ʟʘʧʠʩʴ, ʢʘʣʝʥʜʘʨʴ ʩʝʘʥʩʦʚ, ʜʣʷ ʯʝʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʨʘʩʧʠʩʘʥʠʷ 

ʢʣʠʝʥʪʦʤ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʤʝʱʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʮʝʜʫʨ ʚ ʪʝʯʝʥʠʝ ʥʫʞʥʦʛʦ ʦʪʨʝʟʢʘ ʚʨʝʤʝʥʠ 

ʉʦʟʜʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʮʠʝʥʪʝ ʜʦ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʜʫʨʳ ʠ ʝʝ ʚʳʙʦʨʘ, ʘ ʪʘʢʞʝ ʛʦʪʦʚʳʝ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʥʘʙʦʨʳ ʧʨʦʮʝʜʫʨ  
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ʉʦʟʜʘʥʠʝ ʧʦʜʩʠʩʪʝʤʳ ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʧʦʧʘʜʘʥʠʷ ʣʠʯʥʦʡ ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʣʠʮʘʤ ʥʝ ʠʤʝʶʱʠʭ ʧʨʘʚ 

ʜʦʩʪʫʧʘ. 

ʉʦʟʜʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʚʥʝʩʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʣʝ ʧʨʠʝʤʘ. 

ʉʦʟʜʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʪʘʚʠʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʠ  

ʉʦʟʜʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʦʧʣʘʪʳ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʠʭ ʦʪʩʫʪʩʪʚʠʝ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʦʪʢʘʟʫ ʦʪ ʧʦʢʫʧʢʠ ʫʩʣʫʛʠ 

ʉʦʟʜʘʥʠʝ ʧʦʜʩʠʩʪʝʤʳ ʩʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʦʮʝʜʫʨ.  

ʉʦʟʜʘʥʠʝ ʧʦʜʩʠʩʪʝʤʳ ʦʪʯʝʪʥʦʩʪʠ - ʥʘʙʦʨ ʦʪʯʝʪʦʚ ʠ ʚʳʭʦʜʥʳʭ ʬʦʨʤ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ  

ʇʫʙʣʠʢʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʪʘʪʝʡ  

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʰʠʨʠʪʴ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: 

ɺʨʝʤʷ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʝʝ ʦʜʥʦʡ ʩʝʢʫʥʜʳ. 

ʈʘʟʤʝʱʝʥʠʝ ʩʝʨʚʠʩʦʚ ʠ ʙʘʟ ʜʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 

ʉʢʦʨʦʩʪʴ ʩʢʘʯʠʚʘʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʘʡʪʝ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʦʟʜʘʥ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʙʦʪʘʶʱʠʡ ʧʨʦʝʢʪ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʘʙʦʪʫ ʤʘʩʩʘʞʥʦʛʦ ʩʘʣʦʥʘ ʜʣʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: ʧʨʦʮʝʜʫʨʘ ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, 

ʬʦʨʤʘ ʟʘʧʠʩʠ ʥʘ ʧʨʠʝʤ, ʢʘʣʝʥʜʘʨʴ ʩʝʘʥʩʦʚ, ʚʳʙʦʨ ʧʨʦʮʝʜʫʨ ʠ ʥʘʙʦʨʦʚ 

ʧʨʦʮʝʜʫʨ, ʦʬʦʨʤʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʝʤʘ, ʨʝʘʣʠʟʘʮʠʷ ʦʧʣʘʪʳ, ʥʘʙʦʨ 

ʦʪʯʝʪʥʳʭ ʬʦʨʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʫʙʣʠʢʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʬʦʨʤʘʪʠʨʦʚʘʥʠʝ 

ʪʝʢʩʪʘ ʩʪʘʪʴʠ. ʆʧʳʪ ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʤʘʩʩʘʞʥʳʡ 

ʩʘʣʦʥ ʜʣʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʫʤʝʥʴʰʠʣ ʟʘʪʨʘʪʳ ʥʘ ʨʫʪʠʥʥʳʝ ʦʧʝʨʘʮʠʠ 

ʟʘʧʠʩʠ ʥʘ ʧʨʠʝʤ ʠ ʥʘ ʦʟʥʘʢʦʤʣʝʥʠʝ ʢʣʠʝʥʪʦʚ ʩ ʧʨʦʮʝʜʫʨʘʤʠ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʠʣ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʥʣʘʡʥ ʦʧʣʘʪʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʟʨʘʙʦʪʢʘ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʚʝʨʩʠʠ ʘʢʪʫʘʣʴʥʘ ʠ 

ʥʝʦʙʭʦʜʠʤʘ, ʪʘʢ ʢʘʢ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʦʟʚʦʣʠʪ ʠʩʢʣʶʯʠʪʴ 

ʙʫʤʘʞʥʳʝ ʧʨʦʮʝʜʫʨʳ, ʦʙʝʩʧʝʯʠʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʫʣʫʯʰʠʪ ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʦʧʪʠʤʠʟʠʨʫʝʪ ʫʧʨʘʚʣʝʥʠʝ ʩʘʣʦʥʦʤ. ʀ ʥʘʢʦʥʝʮ, ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʧʨʠʙʳʣʴ. ʅʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʛʝʦʛʨʘʬʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʩʩʘʞʥʦʛʦ ʩʘʣʦʥʘ. 
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ɽʣʠʩʝʝʚ ɸ.ɺ., ʂʘʤʝʥʷʨ ʄ.ɽ.  
ʀʨʢʫʪʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ɼʠʥʘʤʠʢʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʥʝʡʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʘʥʘʣʦʛʠʡ 
 

ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʥʝʡʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠʠ ʤʝʞʜʫ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

(ʨʳʯʘʞʥʳʝ ʩʚʷʟʠ, ʥʝʫʜʝʨʞʠʚʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʠʙʨʘʮʠʦʥʥʳʝ ʧʦʣʷ) ʠ 

ʤʦʜʝʣʷʤʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʩʦʯʝʪʘʶʱʠʭ 

ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʠ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʎʝʣʴ ð ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʤʝʭʘʥʠʢʠ ʠ ʀʀ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʘʜʘʧʪʘʮʠʶ ʢ ʥʘʛʨʫʟʢʘʤ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʟʘ ʩʯʸʪ ʩʠʥʪʝʟʘ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ. ɸʥʘʣʦʛʠʠ ʦʭʚʘʪʳʚʘʶʪ ʵʣʝʤʝʥʪʥʫʶ 

ʙʘʟʫ, ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʷ 

ʚʳʨʘʞʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʥʝʡʨʦʩʝʪʷʤʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ: ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʩʦʟʜʘʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʩ ʧʨʠʟʥʘʢʘʤʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʦʩʪʦʷʥʠʷ, ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʥʝʫʜʝʨʞʠʚʘʶʱʠʝ ʩʚʷʟʠ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. 

 

Eliseev A.V., Kamenyar M.E.  

Dynamics of mechanical oscillatory systems in the development of 

methodological foundations of thermomechanical analogies 
 

Abstract: The subject of the research is neuromechanical analogies between the 

structural and functional properties of mechanical oscillatory systems (lever 

connections, unilateral interactions, etc.) and neural network models for creating hybrid 

systems combining physical laws and machine learning algorithms. The goal is to 

develop a methodological framework for integrating mechanics and AI, ensuring load 

adaptation, energy efficiency, and reliability through the synthesis of physical and 

algorithmic principles. Analogies cover the elementary base, structural schemes, and 

equivalent transformations, demonstrating pronounced connections between mechanical 

systems and neural networks. The results point to promising areas: the development of 

intelligent systems for dynamic control and the creation of neural networks with signs 

of mechanical vibrations. 

Key words: Mechanical oscillatory systems, dynamic states, adaptive control, structural 

and functional analysis, non-retaining connections, neural networks. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʚ ʚʠʜʝ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ð ʤʝʭʘʥʠʯʝʩʢʠʭ, 

ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʨʝʦʜʦʣʝʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʢʦʥʘʤ ʬʠʟʠʢʠ. ɸʥʘʣʦʛʦʚʳʝ 
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ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʧʦʢʘʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʫʩʢʦʨʝʥʠʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʇʦʷʚʠʣʠʩʴ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ, ʫʯʠʪʳʚʘʶʱʠʝ ʨʝʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʉʬʦʨʤʠʨʦʚʘʣʠʩʴ ʜʚʝ ʢʣʶʯʝʚʳʝ ʪʝʥʜʝʥʮʠʠ: ʨʦʩʪ ʩʧʨʦʩʘ ʥʘ 

ʩʘʤʦʦʙʫʯʘʶʱʠʝʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚ ʚ ʚʠʜʝ 

ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʚʳʯʠʩʣʝʥʠʡ ʙʝʟ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ [1-5]. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʨʘʙʦʪʢʘ ʘʥʘʣʦʛʠʡ ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʛʜʝ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ 

ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ.  

I. ɼʠʥʘʤʠʢʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢʘʢ ʦʩʥʦʚʘ ʥʝʡʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʘʥʘʣʦʛʠʡ. ʄʝʪʦʜʦʣʦʛʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʚʠʜʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʭʝʤ, ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤʘʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʛʜʝ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʩʭʝʤ ʦʩʥʦʚʘʥʦ ʥʘ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ, 

ʚʢʣʶʯʘʶʱʝʡ ʧʘʨʘʤʝʪʨʳ ʞʝʩʪʢʦʩʪʠ, ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʠ ʤʘʩʩʦ-ʠʥʝʨʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ, ʘ ʘʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ 

ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʨʳʯʘʞʥʳʝ ʩʚʷʟʠ ʠ ʧʦʜʘʪʣʠʚʦʩʪʴ. ʀʥʪʝʛʨʘʮʠʷ ʵʪʠʭ 

ʤʝʪʦʜʦʚ ʩ ʢʦʥʮʝʧʮʠʷʤʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʙʱʠʝ 

ʧʨʠʥʮʠʧʳ: ʧʘʨʘʤʝʪʨʳ ʞʝʩʪʢʦʩʪʠ ʠ ʧʦʜʘʪʣʠʚʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʘʥʘʣʦʛʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʷʟʝʡ ʚ ʩʝʪʷʭ, ʤʘʩʩʦ-ʠʥʝʨʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ð 

ʢʘʢ ʠʥʝʨʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʫʟʣʦʚ, ʘ ʚʷʟʢʦʝ ʪʨʝʥʠʝ ð ʢʘʢ ʤʝʭʘʥʠʟʤʳ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʥʝʡʨʦʩʝʪʝʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʪʝʦʨʠʶ ʫʧʨʘʚʣʝʥʠʷ, ʩʪʨʫʢʪʫʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩʦʯʝʪʘʶʱʠʭ ʬʠʟʠʯʝʩʢʫʶ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʩ 

ʘʜʘʧʪʠʚʥʦʩʪʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʩʣʫʞʠʪ 

ʨʘʟʚʠʪʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʘʥʘʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ 

ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʝʞʜʫ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʜʚʠʞʝʥʠʷ ʢʦʪʦʨʳʭ ʟʘʜʘʶʪʩʷ ʩʭʦʞʠʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ[6]. 

II. ɸʥʘʣʠʟ ʨʳʯʘʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʈʳʯʘʞʥʳʝ ʩʚʷʟʠ ʠʛʨʘʶʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʜʠʥʘʤʠʢʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, 

ʦʧʨʝʜʝʣʷʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʯʝʨʝʟ ʤʝʞʧʘʨʮʠʘʣʴʥʳʝ 

ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ, ʚʳʨʘʞʘʶʱʠʝ ʦʪʥʦʰʝʥʠʷ ʘʤʧʣʠʪʫʜ ʩʤʝʱʝʥʠʡ, ʩʠʣ 

ʠʣʠ ʤʦʤʝʥʪʦʚ[7]. ʄʝʪʨʠʢʘ ʧʣʝʯ ʨʳʯʘʛʦʚ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʵʪʠ 

ʩʚʷʟʠ ʠ ʚʳʜʝʣʷʪʴ ʪʠʧʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ð ʣʠʥʝʡʥʳʝ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʨʝʟʦʥʘʥʩ ʠʣʠ 

ʧʦʜʘʚʣʝʥʠʝ ʢʦʣʝʙʘʥʠʡ. ʀʥʪʝʛʨʘʮʠʷ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʳʯʘʞʥʳʝ ʩʚʷʟʠ ʢʘʢ ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʘ ʢʨʠʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ð ʢʘʢ ʧʦʨʦʛʦʚʳʝ ʫʩʣʦʚʠʷ, 

ʘʥʘʣʦʛʠʯʥʳʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʥʝʡʨʦʥʦʚ. ʕʪʦ ʩʦʟʜʘʸʪ ʦʩʥʦʚʫ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʛʠʙʨʠʜʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʛʜʝ ʧʘʨʘʤʝʪʨʳ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʨʝʛʫʣʠʨʫʶʪʩʷ ʤʝʪʦʜʘʤʠ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʤʠ ʠʟ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

III. ʋʯʝʪ ʥʝʫʜʝʨʞʠʚʘʶʱʠʭ ʩʚʷʟʝʡ. ʅʝʫʜʝʨʞʠʚʘʶʱʠʝ ʩʚʷʟʠ ð ʵʪʦ 

ʦʩʦʙʝʥʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʳ 

ʚʨʝʤʝʥʥʳʝ ʥʘʨʫʰʝʥʠʷ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʠʥʪʝʥʩʠʚʥʳʭ ʥʘʛʨʫʟʦʢ. ʆʥʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʬʘʟʘʤʠ ʢʦʥʪʘʢʪʘ ʠ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʤʘʰʠʥ. ʕʪʠ 

ʩʚʷʟʠ ʦʧʠʩʳʚʘʶʪʩʷ ʦʙʦʙʱʸʥʥʦʡ ʬʫʥʢʮʠʝʡ ʟʘʟʦʨʘ, ʫʯʠʪʳʚʘʶʱʝʡ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʩʤʝʱʝʥʠʝ, ʩʢʦʨʦʩʪʴ, ʫʩʢʦʨʝʥʠʝ ʠ ʨʝʟʢʦʩʪʴ 

(ʪʨʝʪʴʶ ʧʨʦʠʟʚʦʜʥʫʶ ʩʤʝʱʝʥʠʷ). ʋʩʣʦʚʠʷ ʦʪʨʳʚʘ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ 

ʧʦʨʷʜʢʫ: ʦʪʨʳʚ ʧʦ ʫʩʢʦʨʝʥʠʶ ʩʚʷʟʘʥ ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʥʘʜ 

ʩʠʣʘʤʠ ʩʮʝʧʣʝʥʠʷ, ʘ ʦʪʨʳʚ ʧʦ ʨʝʟʢʦʩʪʠ ð ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʧʨʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʶʪʩʷ ʪʨʘʝʢʪʦʨʠʠ 

ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ð ʦʪ ʧʨʦʩʪʳʭ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʜʦ ʭʘʦʪʠʯʝʩʢʠʭ, ʯʪʦ 

ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʥʦ-ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ. 

ɸʥʘʣʦʛʠʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ: 

ʦʙʦʙʱʸʥʥʘʷ ʬʫʥʢʮʠʷ ʟʘʟʦʨʘ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʩʠʛʤʦʠʜʥʘʷ ʠʣʠ ʩʪʫʧʝʥʯʘʪʘʷ. ʉʠʛʤʦʠʜʥʘʷ ʬʫʥʢʮʠʷ ʦʪʨʘʞʘʝʪ 

ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʩʪʝʧʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʘ ʩʪʫʧʝʥʯʘʪʘʷ ð ʨʝʟʢʠʡ ʦʪʨʳʚ. ʌʘʟʘ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʣʘʪʝʥʪʥʳʡ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʷʭ ʩʝʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠʥʮʠʧʳ ʥʝʫʜʝʨʞʠʚʘʶʱʠʭ ʩʚʷʟʝʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʨʦʛʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʚ ʥʝʡʨʦʩʝʪʷʭ. 

IV. ʇʦʩʪʨʦʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʡ ʧʦʣʝʡ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʠʩʪʝʤʳ ʪʨʝʙʦʚʘʥʠʡ ʠ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʟʘʜʘʯʘʭ ʜʠʥʘʤʠʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʢʦʥʮʝʧʮʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. ɺʠʙʨʘʮʠʦʥʥʦʝ ʧʦʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʛʜʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ 

ʩʠʩʪʝʤʳ ʦʪʨʘʞʘʶʪ ʝʸ ʨʝʘʢʮʠʶ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʣʦʢʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ ʢ ʦʮʝʥʢʝ 

ʩʠʩʪʝʤʳ ʢʘʢ ʮʝʣʦʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʛʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ 

ʬʦʨʤʠʨʫʶʪ ʦʙʱʫʶ ʜʠʥʘʤʠʢʫ. ʅʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʠʣʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
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ʵʥʝʨʛʠʠ ʚ ʧʦʣʝ, ʯʪʦ ʪʨʝʙʫʝʪ ʘʜʘʧʪʠʚʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʞʝʩʪʢʦʩʪʴ ʠʣʠ ʜʝʤʧʬʠʨʦʚʘʥʠʝ. 

ʀʥʪʝʨʝʩʥʦʡ ʧʘʨʘʣʣʝʣʴʶ ʷʚʣʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʚʠʙʨʘʮʠʦʥʥʳʤʠ ʧʦʣʷʤʠ ʩ ʧʨʠʥʮʠʧʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʩʣʦʞʥʳʭ 

ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ. ʅʘʧʨʠʤʝʨ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʚʠʙʨʘʮʠʦʥʥʦʤ ʧʦʣʝ ʤʦʞʝʪ ʙʳʪʴ ʘʥʘʣʦʛʠʯʥʘ ʘʣʛʦʨʠʪʤʘʤ, ʛʜʝ ʤʥʦʞʝʩʪʚʦ 

ʣʦʢʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʮʝʣʠ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʧʝʨʝʜʘʯʫ 

ʵʥʝʨʛʠʠ, ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʷʭ, ʢʦʪʦʨʳʝ ʙʘʣʘʥʩʠʨʫʶʪ ʚʢʣʘʜ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʙʱʝʝ 

ʩʦʩʪʦʷʥʠʝ. ʊʘʢʠʝ ʘʥʘʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʛʜʝ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʘʣʛʦʨʠʪʤʳ ʢʦʨʨʝʢʪʠʨʫʶʪ ʩʚʦʠ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʳʝ ʧʦʠʩʢʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʟʘʢʣʘʜʳʚʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʙʘʟʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʥʘʣʦʛʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʜʠʥʘʤʠʢʫ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʧʨʠʥʮʠʧʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʈʘʩʩʤʦʪʨʝʥ ʨʷʜ ʘʩʧʝʢʪʦʚ ð ʦʪ 

ʫʯʝʪʘ ʥʝʫʜʝʨʞʠʚʘʶʱʠʭ ʩʚʷʟʝʡ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʢʨʠʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ, ð ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʤʦʪʨʝʥ ʢʘʢ ʚ ʨʘʤʢʘʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʠ ʚ 

ʨʘʤʢʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʚʳʚʦʜʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ. ʉʪʨʫʢʪʫʨʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʝʡʨʦʥʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʝʡʨʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʘʥʘʣʦʛʠʡ. ɺ 

ʨʘʤʢʘʭ ʥʝʡʨʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʘʥʘʣʦʛʠʡ ʨʳʯʘʞʥʳʝ ʩʚʷʟʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʡʨʦʩʝʪʝʡ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʧʫʪʴ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʘʜʘʧʪʠʚʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʛʜʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʨʝʛʫʣʠʨʫʶʪʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʦʙʫʯʝʥʠʝʤ ʥʝʡʨʦʥʦʚ. 

ʅʝʫʜʝʨʞʠʚʘʶʱʠʝ ʩʚʷʟʠ ʚ ʨʘʤʢʘʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʧʦʩʦʙʥʳ 

ʨʝʘʣʠʟʦʚʘʪʴ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʦʚ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʘʥʘʣʦʛʠʶ ʩ ʪʠʧʘʤʠ ʨʘʟʣʠʯʥʳʭ ʥʝʡʨʦʥʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʋʧʨʘʚʣʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʤʠ ʧʦʣʷʤʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʘʥʘʣʦʛʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʟʘʠʤʦʩʚʷʟʴ 

ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʝʡʨʦʥʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʥʝʡʨʦʥʥʫʶ 

ʩʝʪʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʬʦʨʤʠʨʫʶʪ ʥʘʫʯʥʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʤʝʭʘʥʠʢʫ, ʪʝʦʨʠʶ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʕʪʦ 
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ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ, 

ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʘʢʠʭ 

ʦʙʣʘʩʪʷʭ, ʢʘʢ ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʜʘʧʪʠʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Draghici, Sorin. (2000). Neural Networks in Analog Hardware - Design and 

Implementation Issues. International journal of neural systems. 10. 19-42. 10.1016/S0129-

0657(00)00004-1.  

2. Wright, L.G., Onodera, T., Stein, M.M. et al. Deep physical neural networks trained 

with backpropagation. (2022). Nature 601, 549ï555. https://doi.org/10.1038/s41586-021-

04223-6 

3. Stern, Menachem & Arinze, Chukwunonso & Perez, Leron & Palmer, Stephanie & 

Murugan, Arvind. (2020). Supervised learning through physical changes in a mechanical 

system. Proceedings of the National Academy of Sciences. 117. 202000807. 

10.1073/pnas.2000807117.  

4. Markovic, Danijela & Mizrahi, Alice & Querlioz, Damien & Grollier, Julie. (2020). 

Physics for Neuromorphic Computing. 10.48550/arXiv.2003.04711.  

5. Stern, Menachem & Murugan, Arvind. (2023). Learning Without Neurons in 

Physical Systems. Annual Review of Condensed Matter Physics. 14. 417-441. 

10.1146/annurev-conmatphys-040821-113439. 

6. Olson H.F. (1958) Dynamical Analogies, 2nd ed., Van Nostrand 

7. Eliseev S.V., Eliseev A.V. (2020) Theory of Oscillations. Structural Mathematical 

Modeling in Problems of Dynamics of Technical Objects. Series: Studies in Systems, 

Decision and Control, Vol.252, Springer International Publishing, Cham, 521 p. 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ:  

ɽʣʠʩʝʝʚ ɸ.ɺ., ʜʦʮʝʥʪ, ʀʨʢʫʪʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʨʢʫʪʩʢ, 

ʈʦʩʩʠʷ 

ʂʘʤʝʥʷʨ ʄ.ɽ., ʩʪʫʜʝʥʪ, ʀʨʢʫʪʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

Eliseev A.V., Associate Professor, Irkutsk National Research Technical University, Irkutsk, Russia  

Kamenyar M.E., Student Irkutsk National Research Technical University, Irkutsk, Russia  

file:///C:/Users/User/AppData/YandexDisk/Work/Парадигма.%20Лето-2016/Сборник/www.paradigma.science


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 5̄. ʏʘʩʪʴ 5 www.paradigma.science 

 

149 

 

ʋɼʂ 622.276.4 

ɻʫʤʙʘʪʦʚ ʕ.ʕ.  
ʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

 

ʄʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ 

ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʦʜʦʛʘʟʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 
 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʤʝʪʦʜʫ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʬʘʟʦʚʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ (ʆʌʇ) ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʦʜʦʛʘʟʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʣʘʩʪ (ɺɻɺ), ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʳʭ ʢʨʠʚʳʭ, ʙʝʟ ʫʯʝʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ɺɻɺ. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʆʌʇ ʩ ʫʯʝʪʦʤ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʩʤʝʰʠʚʘʶʱʝʛʦʩʷ 

ʚʳʪʝʩʥʝʥʠʷ ʠ ʙʝʟ ʠʭ ʫʯʝʪʘ, ʜʣʷ ʯʠʩʪʦ ʪʨʝʭʬʘʟʥʦʡ ʤʦʜʝʣʠ. ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʆʌʇ ʩ ʧʦʤʦʱʴʶ ʢʦʨʨʝʣʷʮʠʡ ʠ ʠʭ ʚʳʙʦʨ ʧʨʠ 

ʧʦʤʦʱʠ ʘʚʪʦʘʜʘʧʪʘʮʠʠ ʚ ʩʠʤʫʣʷʪʦʨʝ tNavigator. ɺʩʝ ʨʘʩʯʝʪʳ ʚ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʳ 

ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʝʨʥʘ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʛʘʟʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʌʇ ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʬʘʟʦʚʳʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ɺɻɺ ï 

ʚʦʜʦʛʘʟʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʣʘʩʪ, ʉɺ ï ʩʤʝʰʠʚʘʶʱʝʝʩʷ ʚʳʪʝʩʥʝʥʠʝ, ɻʠʩʪʝʨʝʟʠʩ 

ʆʌʇ. 

 

Gumbatov E.E.  

A method for constructing curves of relative phase permeability 

in the modeling of water and gas effects in conditions of limited 

initial data  

Abstract:  The article is devoted to the method of constructing relative phase 

permeability (RPP) curves when modeling water-gas stimulation on the reservoir 

(WGS), based on basic curves, without taking into account the WGS effect. The article 

considers the construction of RPP taking into account hysteresis and miscible 

displacement and without taking them into account, for a purely three-phase model. The 

article also discusses the modeling of RPP using correlations and their selection using 

autoadaptation in the tNavigator simulator. All calculations in the work were performed 

in the absence of laboratory data from the core study experiment of oil displacement by 

gas. 

Keywords: RPP - relative phase permeabilities, WGS - water-gas stimulation on the 

reservoir, MS - miscible displacement, RPP hysteresis. 

 

ɺʚʝʜʝʥʠʝ 

 

ʇʦʩʪʨʦʝʥʠʝ ʢʨʠʚʳʭ ʆʌʇ ʜʣʷ ʚʦʜʦʛʘʟʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʜʝʬʠʮʠʪʝ 

ʜʘʥʥʳʭ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʢʨʠʚʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ (ʆʌʇ) ʷʚʣʷʶʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ 
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ʧʨʦʮʝʩʩʦʚ ʠ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʕʪʠ ʢʨʠʚʳʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʠʩʳʚʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʞʜʦʡ ʬʘʟʳ (ʥʝʬʪʠ, ʚʦʜʳ, ʛʘʟʘ) 

ʪʝʯʴ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ ʧʨʠ ʥʘʣʠʯʠʠ ʜʨʫʛʠʭ ʬʘʟ, ʷʚʣʷʷʩʴ ʢʣʶʯʝʚʦʡ 

ʬʫʥʢʮʠʝʡ ʦʪ ʥʘʩʳʱʝʥʥʦʩʪʠ. ʊʦʯʥʦʩʪʴ ʟʘʜʘʥʠʷ ʆʌʇ ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʝʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʧʨʦʛʥʦʟʘ ʜʝʙʠʪʦʚ, 

ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ [1]. 

ʆʩʦʙʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʜʦʛʘʟʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ (ɺɻɺ ʠʣʠ WAG - Water Alternating Gas), ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ. ʇʨʠ ɺɻɺ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʧʝʨʝʤʝʥʥʦʝ ʠʣʠ ʩʦʚʤʝʩʪʥʦʝ ʟʘʢʘʯʠʚʘʥʠʝ ʚʦʜʳ ʠ ʛʘʟʘ (ʯʘʩʪʦ ï 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʠʣʠ ʉʆ2), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʬʘʟ: ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʚʳʪʝʩʥʝʥʠʶ ʥʝʬʪʠ ʢʘʢ ʚʦʜʦʡ, ʪʘʢ ʠ ʛʘʟʦʤ, 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʤʝʰʘʥʥʳʭ ʟʦʥ, ʧʨʦʷʚʣʝʥʠʶ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʵʬʬʝʢʪʦʚ 

(ʟʘʚʠʩʠʤʦʩʪʠ ʆʌʇ ʦʪ ʠʩʪʦʨʠʠ ʠʟʤʝʥʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʝʡ). ʊʨʘʜʠʮʠʦʥʥʳʝ 

ʜʚʫʭʬʘʟʥʳʝ ʢʨʠʚʳʝ ʆʌʇ (ʥʝʬʪʴ-ʚʦʜʘ ʠʣʠ ʥʝʬʪʴ-ʛʘʟ) ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ. ʊʨʝʙʫʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʝʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩ 

ʫʯʝʪʦʤ ʛʠʩʪʝʨʝʟʠʩʘ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʥʘʙʦʨʦʚ ʪʨʝʭʬʘʟʥʳʭ ʆʌʇ ʠʣʠ ʤʦʜʝʣʝʡ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʬʘʟʥʳʭ 

ʜʘʥʥʳʭ [2]. 

ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʢʨʠʚʳʭ 

ʟʘʯʘʩʪʫʶ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʳ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʭʬʘʟʥʳʭ 

ʆʌʇ ʠ ʛʠʩʪʝʨʝʟʠʩʘ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʳ, ʜʦʨʦʛʠ ʠ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʘ ʢʝʨʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʢʘʯʝʩʪʚʘ ʤʦʞʝʪ 

ʦʪʩʫʪʩʪʚʦʚʘʪʴ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʣʘʩʪʘ ʜʝʣʘʝʪ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦʡ ʵʢʩʪʨʘʧʦʣʷʮʠʶ ʦʛʨʘʥʠʯʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʘʥʥʳʭ ʥʘ 

ʚʩʶ ʤʦʜʝʣʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʥʞʝʥʝʨ-ʤʦʜʝʣʴʱʠʢ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʩʪʨʦʝʥʠʷ ʘʜʝʢʚʘʪʥʳʭ ʢʨʠʚʳʭ ʆʌʇ ʜʣʷ ɺɻɺ, ʦʧʠʨʘʷʩʴ 

ʣʠʰʴ ʥʘ ʩʢʫʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ: ʚʦʟʤʦʞʥʦ, ʦʜʥʫ-ʜʚʝ ʜʚʫʭʬʘʟʥʳʝ ʢʨʠʚʳʝ 

(ʥʘʧʨʠʤʝʨ, ʥʝʬʪʴ-ʚʦʜʘ ʧʨʠ ʜʨʝʥʠʨʦʚʘʥʠʠ), ʙʘʟʦʚʳʝ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ) ʠ ʦʙʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʧʣʘʩʪʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ 

ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʢʨʠʚʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʜʦʛʘʟʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʚ ʫʩʣʦʚʠʷʭ 

ʦʩʪʨʦʛʦ ʜʝʬʠʮʠʪʘ ʠʩʭʦʜʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʘʥʥʳʭ. ʄʳ ʩʦʩʨʝʜʦʪʦʯʠʤʩʷ ʥʘ 

ʤʝʪʦʜʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʩʪʫʧʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʦʧʠʨʘʪʴʩʷ ʥʘ ʢʦʨʨʝʣʷʮʠʠ, ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʠ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʜʦʧʫʱʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʤʝʥʠʤʳʭ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠ ʦʩʤʳʩʣʝʥʥʳʭ ʢʨʠʚʳʭ ʆʌʇ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʠʝʤʣʝʤʫʶ 

ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʥʳʭ ʨʘʩʯʝʪʦʚ ɺɻɺ. 

1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ɹʘʟʦʚʳʝ ʢʨʠʚʳʝ ʆʌʇ ʜʝʡʩʪʚʫʶʱʝʛʦ ʇʊɼ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ: 
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ʈʠʩʫʥʦʢ 1 ï ʆʌʇ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʩʠʩʪʝʤʝ ʥʝʬʪʴ-ʚʦʜʘ 

ʆʙʲʝʢʪ ʥʝʬʪʷʥʦʡ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʚ ʩʠʩʪʝʤʝ ʛʘʟ-ʥʝʬʪʴ ʥʝʪ, ʦʜʥʘʢʦ 

ʛʘʟʦʚʳʡ ʬʘʢʪʦʨ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʡ ï 90 ʤ3/ʪ, ʯʪʦ ʫʞʝ ʚʳʟʳʚʘʝʪ ʨʠʩʢ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʭʥʦʛʝʥʥʦʡ ʛʘʟʦʚʦʡ ʰʘʧʢʠ ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʧʣʘʩʪʦʚʦʛʦ ʥʠʞʝ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʠʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʝʱʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʢ ʪʝʤʘʪʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [3]. 

2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 3ʭ ʬʘʟʥʦʛʦ ʆʌʇ ʙʝʟ ʫʯʝʪʘ ʛʠʩʪʝʨʝʟʠʩʘ 

ʠ ʩʤʝʰʠʚʘʶʱʝʛʦʩʷ ʚʳʪʝʩʥʝʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʣʠʯʠʷ ʛʠʩʪʝʨʝʟʠʩʘ ʠ 

ʩʤʝʰʠʚʘʶʱʝʛʦʩʷ/ʥʝʩʤʝʰʠʚʘʶʱʝʛʦʩʷ ʚʳʪʝʩʥʝʥʠʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʚʦʜʦʛʘʟʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʣʘʩʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʬʣʶʠʜʘ. ɽʩʣʠ ʚʳʪʝʩʥʝʥʠʝ ʥʝʩʤʝʰʠʚʘʶʱʝʝʩʷ ʠ ʚʣʠʷʥʠʝ 

ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ, ʪʦ ʝʛʦ ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ. ɺ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʦ ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʪʴ ʢʨʠʚʳʝ ʆʌʇ ʧʦ ʤʘʪ.ʤʦʜʝʣʷʤ 

ʢʦʨʨʝʣʷʮʠʠ Corey ʠ LET [4]. 

ʊʘʢʦʡ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʙʨʘʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ, ʪ.ʝ. ʬʘʟʦʚʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦ ʛʘʟʫ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʡ ʯʘʩʪʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʥʘʯʘʣʴʥʫʶ ʠ ʦʩʪʘʪʦʯʥʫʶ ʥʘʩʳʱʝʥʥʦʩʪʴ ʛʘʟʦʤ, ʘ ʠʭ ʚʠʜ ʧʦ 

ʢʦʨʨʝʣʷʮʠʷʤ. 

ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʧʦ ʢʦʨʨʝʣʷʮʠʠ LET 

 
ʈʠʩʫʥʦʢ 2 ï ʆʌʇ ʧʦ LET ʢʦʨʨʝʣʷʮʠʠ 

3. ʇʦʩʪʨʦʝʥʠʝ ʆʌʇ ʩ ʫʯʝʪʦʤ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʩʤʝʰʠʚʘʶʱʝʛʦʩʷ 

ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʛʘʟʦʤ 

ɼʘʞʝ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʥʘ ʚʳʪʝʩʥʝʥʠʝ ʛʘʟʦʤ, ʚ 

ʇʆ tNavigator. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ ʛʠʩʪʝʨʝʟʠʩ ʠ 
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ʩʤʝʰʠʚʘʶʱʝʝʩʷ ʚʳʪʝʩʥʝʥʠʝ, ʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʩʪʨʦʠʪʴ ʢʦʨʨʝʣʷʮʠʶ ʧʦ 

Corey ʠ LET, ʢʘʢ ʨʘʥʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ. 

 
ʈʠʩʫʥʦʢ 3 ï ʢʦʨʨʝʣʷʮʠʷ LET ʚ ʩʠʩʪʝʤʝ ʥʝʬʪʴ-ʛʘʟ 

ɺʩʝ ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʆʌʇ ʠʟ ʘʢʪʫʘʣʴʥʦʛʦ ʇʊɼ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʦʞʥʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʩʣʝʜʫʶʱʝʤʫ ʧʫʥʢʪʫ, ʘ ʠʤʝʥʥʦ 

ʥʘʩʪʨʦʡʢʝ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʩʤʝʰʠʚʘʶʱʝʛʦʩʷ ʚʳʪʝʩʥʝʥʠʷ. ʉʤʝʩʠʤʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ PVT, ʘ ʛʠʩʪʝʨʝʟʠʩ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʧʨʠ 

ʧʦʤʦʱʠ ʨʘʩʯʝʪʦʚ ʥʘ ɻɼʄ, ʘ ʠʤʝʥʥʦ ʟʘʧʫʩʪʠʪʴ ʩʝʨʠʶ ʨʘʩʯʝʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʛʠʩʪʝʨʝʟʠʩʦʤ ʥʘ ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʫʶ ʢʨʠʚʫʶ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʧʨʦʠʟʚʝʜʝʥʘ ʩʝʨʠʷ ʨʘʩʯʝʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʨʠʚʳʤʠ 

ʆʌʇ ʚʦ ʚʩʝʭ ʝʝ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʮʠʷʭ ʩ ʫʯʝʪʦʤ ʛʠʩʪʝʨʝʟʠʩʘ. 

 
ʈʠʩʫʥʦʢ 4 ï ʘʚʪʦʘʜʘʧʪʘʮʠʷ ʚ tNavigator 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʥʘʡʜʝʥʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ ʢʨʠʚʘʷ, ʩʦʛʣʘʩʥʦ 

ʨʘʩʯʝʪʘʤ ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʭʦʞʜʝʥʠʝ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʩʦʩʪʘʚʠʣʦ 

ʚʩʝʛʦ 3% (ʨʠʩʫʥʦʢ 5) 
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ʈʠʩʫʥʦʢ 5 ï ʀʪʦʛʦʚʘʷ ʢʨʠʚʘʷ ʆʌʇ 

ɺʳʚʦʜʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʦʧʠʩʘʥ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʢʨʠʚʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ 

ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʩ ʫʯʝʪʦʤ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʩʤʝʰʠʚʘʶʱʝʛʦʩʷ ʚʳʪʝʩʥʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 
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ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʪʦʢʦʦʪʢʣʦʥʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʘ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʪʦʢʦʦʪʢʣʦʥʷʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʪʝʨʠʠ ʚʳʙʦʨʘ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʘʨʘʤʝʪʨʳ ʧʣʘʩʪʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ. ʆʧʠʩʘʥʳ 

ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʦʙʨʘʙʦʪʦʢ ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ. ɺʳʜʝʣʝʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ, 

ʧʦʪʦʢʦʦʪʢʣʦʥʷʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʝʤʠʩʪʦʩʪʴ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ, 

ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʘ. 

 

Gulyaev V.N. 

Features of application of flow-deflecting technologies of physico-

chemical methods of increasing oil recovery 
 

Abstract: The article examines flow-diverting technologies within the framework of 

physicochemical methods for enhancing oil recovery. Criteria for selecting technologies 

and reservoir parameters for the application of various compositions are presented. The 

conditions for performing treatments at different stages of field development are 

described. The ecological aspects of technology application are analyzed. 

Recommendations for the scope of application and limitations of method effectiveness 

are outlined. 

Key words: Physicochemical methods of enhanced oil recovery, flow-diversion 

technologies, injectivity, permeability, porosity, formation thickness. 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʥʝʬʪʝʜʦʙʳʚʘʶʱʘʷ ʦʪʨʘʩʣʴ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ ʠʟ ʟʘʣʝʞʝʡ 

ʩ ʚʳʩʦʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ, ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʦʡ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʠ ʦʙʚʦʜʥʝʥʥʳʤʠ ʟʦʥʘʤʠ. ʆʩʪʨʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʥʘ 

ʨʳʥʢʝ ʠ ʫʞʝʩʪʦʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʪʨʝʙʫʶʪ ʚʥʝʜʨʝʥʠʷ ʚʩʝ 

ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ 

(ʌʍ ʄʋʅ), ʦʩʥʦʚʫ ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ʧʦʪʦʢʦʦʪʢʣʦʥʷʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʠ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʛʠʙʢʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘʥʷʣʠ ʧʨʦʯʥʦʝ ʤʝʩʪʦ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʘʨʩʝʥʘʣʝ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ. [1, ʩ. 331]. 

ʇʦʪʦʢʦʦʪʢʣʦʥʷʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ 
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ʟʘʢʘʯʠʚʘʝʤʳʝ ʘʛʝʥʪʳ, ʩʥʠʞʘʷ ʧʦʪʝʨʠ ʚʳʪʝʩʥʷʶʱʠʭ ʬʘʟ ʯʝʨʝʟ ʟʦʥʳ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʚʣʝʯʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʢʫ 

ʥʝʵʬʬʝʢʪʠʚʥʦ ʜʨʝʥʠʨʫʝʤʳʭ ʟʦʥ.  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʦʙʣʘʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʪʦʢʦʦʪʢʣʦʥʷʶʱʠʭ ʩʦʩʪʘʚʦʚ, 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʦ ʛʨʫʧʧʘʤ ʪʝʭʥʦʣʦʛʠʡ, ʩ ʜʝʪʘʣʠʟʘʮʠʝʡ ʢʨʠʪʝʨʠʝʚ 

ʚʳʙʦʨʘ ʥʘ ʦʩʥʦʚʝ ʛʝʦʣʦʛʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ. [2, ʩ.807]. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʧʦʪʦʢʦʦʪʢʣʦʥʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʜʝʪʝʨʤʠʥʠʨʫʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʢʨʠʪʝʨʠʝʚ: ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ ʧʣʘʩʪʘ, 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʧʦʨʠʩʪʦʩʪʴʶ, ʠʥʪʝʛʨʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʨʘʩʯʝʪʥʦʡ ʠ 

ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʧʨʠʝʤʠʩʪʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʨʘʩʯʣʝʥʸʥʥʦʩʪʴʶ ʢʦʣʣʝʢʪʦʨʦʚ. 

ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʦʢʘʟʳʚʘʶʪ ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʜʝʨʞʘʥʠʷ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. 

ʊʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʥʘ ʣʶʙʦʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʫʯʘʩʪʢʘ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʙʝʟʚʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʨʘʙʦʪʳ ʜʦʙʳʚʘʶʱʠʭ 

ʩʢʚʘʞʠʥ, ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʧʨʦʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ 

ʟʘʢʘʯʠʚʘʝʤʦʡ ʚʦʜʳ ʤʝʞʜʫ ʧʨʦʧʣʘʩʪʢʘʤʠ ʜʦ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, 

ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʧʨʦʨʳʚʘ ʟʘʢʘʯʠʚʘʝʤʦʡ ʚʦʜʳ ʧʦ ʥʘʠʙʦʣʝʝ ʧʨʦʥʠʮʘʝʤʳʤ 

ʠʥʪʝʨʚʘʣʘʤ ʧʣʘʩʪʘ ʠʟ-ʟʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʌɽʉ (ʢʘʢ ʣʘʪʝʨʘʣʴʥʦʡ, ʪʘʢ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ), ʩʥʠʞʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʳʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ, 

ʚʳʟʚʘʥʥʦʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʨʦʝʢʪʥʦʛʦ ʬʦʥʜʘ 

ʩʢʚʘʞʠʥ. 

ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʭʚʘʪʘ ʧʣʘʩʪʘ ʟʘʚʦʜʥʝʥʠʝʤ, ʨʘʚʥʦʤʝʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʧʦ ʨʘʟʨʝʟʫ, 

ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ. 

ʅʘ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʦʚ ʧʘʜʝʥʠʷ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

ʅʘ ʯʝʪʚʸʨʪʦʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʜʦʚʳʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʥʝʬʪʠ - 

ʜʦʩʪʠʞʝʥʠʷ (ʣʠʙʦ ʫʚʝʣʠʯʝʥʠʷ) ʧʨʦʝʢʪʥʦʛʦ ʂʀʅ, ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʢʫʱʝʡ 

ʜʦʙʳʯʠ ʥʝʬʪʠ, ʧʦʜʜʝʨʞʘʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʙʳʚʘʶʱʠʭ 

ʩʢʚʘʞʠʥ, ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɻʝʣʝʦʙʨʘʟʫʶʱʠʝ ʩʦʩʪʘʚʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ (ʇɸɸ): ɻʆʉ ʠ 

ɻʆʉ(ʊ). 

ɻʝʣʝʦʙʨʘʟʫʶʱʠʝ ʩʦʩʪʘʚʳ ʩʝʨʠʠ ɻʆʉ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʠʟʦʣʷʮʠʠ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʚ 

ʥʘʛʥʝʪʘʝʤʦʡ ʚʦʜʳ.  
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ʉʪʘʥʜʘʨʪʥʳʝ ɻʆʉ ʵʬʬʝʢʪʠʚʥʳ ʚ ʧʣʘʩʪʘʭ ʩ ʤʦʱʥʦʩʪʴʶ ʧʣʘʩʪʘ 0,5ï25 

ʤʝʪʨʦʚ (ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʦʙʣʘʩʪʴ), ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʤʝʥʝʝ 300 ʤɼ ʠ 

ʧʦʨʠʩʪʦʩʪʴʶ 0,16ï0,22. ʇʨʠ ʵʪʦʤ ʧʨʠʝʤʠʩʪʦʩʪʴ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ 

ʩʦʩʪʘʚʣʷʝʪ 100ï250 ʤ3/ʩʫʪ.  

ʊʝʨʤʦʩʪʘʙʠʣʴʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ (ɻʆʉ(ʊ)) ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʫʩʣʦʚʠʡ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʭ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʧʨʠ ʤʦʱʥʦʩʪʠ 1ï25 ʤ, ʧʨʦʥʠʮʘʝʤʦʩʪʠ 5ï150 ʤɼ, ʧʦʨʠʩʪʦʩʪʠ 0,14ï0,20 ʠ 

ʧʨʠʝʤʠʩʪʦʩʪʠ ʜʦ 300 ʤ3/ʩʫʪ. 

ʆʩʘʜʢʦ-ʛʝʣʝʦʙʨʘʟʫʶʱʠʝ ʩʠʩʪʝʤʳ: ɻʆʉ-1ɸʉ, ɻʆʉ-1ɸʉ(ʊ), ɹʆ ɻʆʉ-

1ɸʉ. 

ʕʪʠ ʩʦʩʪʘʚʳ (ʚʢʣʶʯʘʷ ʪʝʨʤʦʩʪʦʡʢʠʝ ʚʘʨʠʘʥʪʳ) ʩʦʟʜʘʥʳ ʜʣʷ 

ʬʠʣʴʪʨʘʮʠʠ ʠ ʩʝʣʝʢʪʠʚʥʦʡ ʠʟʦʣʷʮʠʠ ʢʘʥʘʣʦʚ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʫʩʣʦʚʠʷʭ ʩ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ.  

ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʦʚ: ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ 1ï37 ʤ 

(ɻʆʉ-1ɸʉ) ʠ 5ï35 ʤ (ɻʆʉ-1ɸʉ(ʊ)), ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʙʦʣʝʝ 5 ʤɼ (ʠʣʠ ʙʦʣʝʝ 

50 ʤɼ ʜʣʷ ʪʝʨʤʦʩʪʦʡʢʦʛʦ ʚʘʨʠʘʥʪʘ), ʧʦʨʠʩʪʦʩʪʴ 0,15ï0,25, ʧʨʠʝʤʠʩʪʦʩʪʴ 

150ï900 ʤ3/ʩʫʪ.  

ɹʦʣʴʰʠʝ ʦʙʲʝʤʳ (ɹʆ ɻʆʉ-1ɸʉ) ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʩʦʙʦ ʢʨʫʧʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʠʣʠ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʧʨʠʝʤʠʩʪʦʩʪʠ (ʩʚʳʰʝ 200 ʤ3/ʩʫʪ.). [1, ʩ. 

342]. 

ʕʤʫʣʴʩʠʦʥʥʳʝ ʠ ʵʤʫʣʴʩʠʦʥʥʦ-ʩʫʩʧʝʥʟʠʦʥʥʳʝ ʩʦʩʪʘʚʳ: ʕʉ, ʕʉʉ-ɸʉ. 

ʕʤʫʣʴʩʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʕʉ) ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʤʦʱʥʦʩʪʠ ʧʣʘʩʪʘ 6ï46 

ʤ, ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʨʠʝʤʠʩʪʦʩʪʠ (100ï300 ʤ3/ʩʫʪ). 

ʕʤʫʣʴʩʠʦʥʥʦ-ʩʫʩʧʝʥʟʠʦʥʥʳʝ ʩʦʩʪʘʚʳ (ʕʉʉ-ɸʉ) ʨʘʩʰʠʨʷʶʪ ʜʠʘʧʘʟʦʥ 

ʧʨʠʤʝʥʝʥʠʷ: ʤʦʱʥʦʩʪʴ 1ï36 ʤ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ 5ï550 ʤɼ, ʧʦʨʠʩʪʦʩʪʴ 0,15ï

0,25. ʕʉʉ-ɸʉ ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʧʨʠ ʨʘʙʦʪʘʭ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʪʝʨʨʠʛʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʝʣʝʢʪʠʚʥʦʝ ʧʝʨʝʢʨʳʪʠʝ 

ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʭ ʠʥʪʝʨʚʘʣʦʚ. 

ʊʝʨʤʦʛʝʣʝʦʙʨʘʟʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ: ʊʝʨʤʦɻʆʉ, ʈɺ-3ʇ-1ʄʉ. 

ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʣʘʩʪʳ. 

ʊʝʨʤʦɻʆʉ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʤʦʱʥʦʩʪʠ ʜʦ 25 ʤ, ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʦ 180 ʤɼ, 

ʧʦʨʠʩʪʦʩʪʠ 0,13ï0,23 ʠ ʧʨʠʝʤʠʩʪʦʩʪʠ 50ï400 ʤ3/ʩʫʪ.  

ʉʦʩʪʘʚ ʈɺ-3ʇ-1ʄʉ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʝʥʴʰʠʭ ʜʠʘʧʘʟʦʥʦʚ: ʤʦʱʥʦʩʪʴ 

1ï16 ʤ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʦ 25 ʤɼ, ʧʦʨʠʩʪʦʩʪʴ 0,14ï0,19. 

ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʦʩʘʜʢʦʦʙʨʘʟʫʶʱʠʝ: ʉʆʊ-12. 

ʊʝʭʥʦʣʦʛʠʷ ʉʆʊ-12 ʵʬʬʝʢʪʠʚʥʘ ʚ ʧʣʘʩʪʘʭ ʩʨʝʜʥʝʡ ʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ 

(ʜʦ 27 ʤ), ʩ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʜʦ 260 ʤɼ ʠ ʧʦʨʠʩʪʦʩʪʴʶ 0,14ï0,22, 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʧʨʠʝʤʠʩʪʦʩʪʴ 40ï210 ʤ3/ʩʫʪ. ʇʦʜʦʙʥʳʝ ʨʝʘʛʝʥʪʳ ʫʜʦʙʥʳ 

ʜʣʷ ʨʘʙʦʪ ʚ ʩʢʚʘʞʠʥʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦ ʟʘʢʘʯʢʝ 

ʨʝʘʛʝʥʪʦʚ. 

ɻʝʣʝʦʙʨʘʟʫʶʱʠʝ ʪʝʨʤʦʪʨʦʧʥʳʝ ʩʠʩʪʝʤʳ: EW225R, Sixell. 

ʆʩʥʦʚʘʥʳ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.  
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EW225R ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʧʣʘʩʪʦʚ ʤʦʱʥʦʩʪʴʶ 1,5ï35 ʤ, 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʦ 65 ʤɼ, ʧʦʨʠʩʪʦʩʪʠ 0,14ï0,21, ʧʨʠʝʤʠʩʪʦʩʪʠ 60ï210 

ʤ3/ʩʫʪ. 

Sixell ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʤʦʱʥʦʩʪʠ 1ï16 ʤ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʦ 70 ʤɼ. 

[3, ʩ. 117]. 

ʆʩʘʜʢʦ-ʛʝʣʝʦʙʨʘʟʫʶʱʠʝ: ɻʝʦʧʘʥ ʄʉ. 

ɻʝʣʝʦʙʨʘʟʫʶʱʠʡ ʩʦʩʪʘʚ ɻʝʦʧʘʥ-ʄʉ ʦʪʣʠʯʘʝʪʩʷ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʦ ʤʦʱʥʦʩʪʠ (2ï32 ʤ) ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (1ï200 ʤɼ), ʧʨʠ 

ʧʦʜʜʝʨʞʘʥʠʠ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʡ ʠʟʦʣʷʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʨʠʩʪʦʩʪʠ 0,13ï

0,17.  

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩ ʥʝʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ ʚʦʜʳ, ʩʣʦʞʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʣʦʡ ʧʨʠʝʤʠʩʪʦʩʪʴʶ (75ï240 ʤ3/ʩʫʪ). 

ɼʣʷ ʛʝʣʝʦʙʨʘʟʫʶʱʠʭ ʩʦʩʪʘʚʦʚ ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥʘʭ ʩ ʚʳʷʚʣʝʥʥʳʤ ʧʦ ʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʘ ɻʀʉ 

ʥʘʣʠʯʠʝʤ ɿʂʎ (ʜʦ 20%), ʝʩʣʠ ʠʥʪʝʨʚʘʣ ɿʂʎ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʣʘʩʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ 

ʩʚʷʟʘʥʥʳʤ ʩ ʨʝʘʛʠʨʫʶʱʠʤʠ ʩʢʚʘʞʠʥʘʤʠ.  

ʅʘʣʠʯʠʝ ɿʂʎ (ʜʦ 20%) ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʢʚʘʞʠʥʝ ʚ ʠʥʪʝʨʚʘʣʝ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ ʟʘʢʘʯʢʫ 

ʚʦʜʳ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʝʡ ʟʘ ʩʯʸʪ ʯʘʩʪʠʯʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʨʝʘʛʝʥʪʘ 

ʚ ʟʦʥʫ ɿʂʎ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʣʝʚʦʡ çʧʨʦʙʢʠè. 

ɽʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʩʪʠʞʝʥʠʷ ʧʣʘʥʦʚʦʛʦ ʦʙʲʸʤʘ ʟʘʢʘʯʢʠ ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ 

ʨʦʩʪʘ ʜʘʚʣʝʥʠʷ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʤʝʥʴʰʠʪʴ ʦʙʲʸʤʥʫʶ ʩʢʦʨʦʩʪʴ ʟʘʢʘʯʢʠ 

ʩʦʩʪʘʚʘ. 

ɽʩʣʠ ʵʪʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʩʣʝʜʫʝʪ ʩʥʠʟʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʦʜʥʘʢʦ ʦʥʘ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʥʠʞʝ 

ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ.  

ʇʨʠ ʨʝʟʢʦʤ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ (ʙʦʣʝʝ ʯʝʤ ʥʘ 30% ʦʪ ʨʘʙʦʯʝʛʦ 

ʟʥʘʯʝʥʠʷ) ʟʘʢʘʯʢʫ ʩʦʩʪʘʚʘ ʧʨʝʢʨʘʱʘʶʪ, ʘ ʟʘʪʝʤ ʚʳʧʦʣʥʷʶʪ ʧʨʦʜʘʚʢʫ ʣʠʙʦ 

ʟʘʢʘʯʢʫ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʜʘʚʣʝʥʠʝ ʥʝ ʩʥʠʟʠʪʩʷ ʜʦ 

ʫʨʦʚʥʷ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʥʝ ʙʦʣʝʝ 10-15% ʦʪ ʜʘʚʣʝʥʠʷ ʚʦʜʦʚʦʜʘ. 

ʂʘʞʜʘʷ ʪʝʭʥʦʣʦʛʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʦʙʣʘʩʪʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚʳʭ ʩʚʦʡʩʪʚ.  

ɻʝʣʝʦʙʨʘʟʫʶʱʠʝ ʥʘ ʦʩʥʦʚʝ ʇɸɸ ʠ ʠʭ ʪʝʨʤʦʩʪʦʡʢʠʝ ʘʥʘʣʦʛʠ ʣʫʯʰʝ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʣʘʙʦ ʠ ʩʨʝʜʥʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʟʦʥ, ʪʨʝʙʫʶʱʠʭ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʠʟʦʣʷʮʠʠ.  

ʆʩʘʜʢʦ-ʛʝʣʝʦʙʨʘʟʫʶʱʠʝ ʩʠʩʪʝʤʳ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ ʵʬʬʝʢʪʠʚʥʳ ʚ 

ʟʦʥʝ ʚʳʩʦʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ.  

ʕʤʫʣʴʩʠʦʥʥʳʝ ʠ ʵʤʫʣʴʩʠʦʥʥʦ-ʩʫʩʧʝʥʟʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʝʟʘʤʝʥʠʤʳ 

ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʨʘʟʦʙʱʸʥʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ. 
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ʊʝʨʤʦʛʝʣʝʦʙʨʘʟʫʶʱʠʝ ʠ ʪʝʨʤʦʪʨʦʧʥʳʝ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʫʶʪ 

ʩʚʝʨʭʙʳʩʪʨʫʶ ʠʣʠ ʫʧʨʘʚʣʷʝʤʫʶ ʠʟʦʣʷʮʠʶ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʣʘʩʪʘ. 

ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʦʩʥʦʚʘʥ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʟʦʥʳ ʧʨʠʤʝʥʝʥʠʷ. [3, ʩ. 114]. 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʇʨʠ ʟʘʢʘʯʠʚʘʥʠʠ ʨʘʙʦʯʠʭ ʘʛʝʥʪʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʤʝʨʦʧʨʠʷʪʠʷʤʠ, ʚʳʧʦʣʥʷʝʤʳʤʠ ʧʨʠ ʦʙʫʩʪʨʦʡʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʆʩʥʘʱʝʥʠʝ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʫʩʪʨʦʡʩʪʚʘʤʠ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʤʠ ʠʟʣʠʚ ʚʦʜʳ ʠʟ ʧʣʘʩʪʘ ʚ ʩʣʫʯʘʝ ʨʘʟʨʳʚʘ ʥʘʧʦʨʥʦʛʦ 

ʚʦʜʦʚʦʜʘ (ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʜʚʠʞʢʦʡ ʠʣʠ ʢʨʘʥʦʤ ʂɺɼ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʧʨʘʚʥʦʛʦ ʛʝʨʤʝʪʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʘʨʤʘʪʫʨʳ ʚ 

ʩʠʩʪʝʤʘʭ ʧʦʜʛʦʪʦʚʢʠ ʠ ʟʘʢʘʯʠʚʘʥʠʷ ʨʘʙʦʯʠʭ ʘʛʝʥʪʦʚ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʠʟʦʣʷʮʠʠ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʩʢʚʘʞʠʥʘʭ 

ʦʪ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ. 

ʇʦʪʦʢʦʦʪʢʣʦʥʷʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʢʘʟʘʣʠ ʩʚʦʶ ʥʝʟʘʤʝʥʠʤʫʶ ʨʦʣʴ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʬʪʝʜʦʙʳʯʝ, ʦʩʦʙʝʥʥʦ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʘ 

ʦʙʲʝʢʪʘʭ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʣʦʛʠʝʡ. ʀʭ ʛʨʘʤʦʪʥʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʠ ʮʝʣʝʚʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʩʪʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ 

ʜʦʙʳʯʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʠ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ 

ʟʘʜʘʯʠ ʠʟʦʣʷʮʠʠ ʟʦʥ ʦʙʚʦʜʥʝʥʠʷ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʠ ʧʦʚʳʰʝʥʠʷ 

ʦʭʚʘʪʘ ʧʣʘʩʪʘ ʚʳʨʘʙʦʪʢʦʡ.  

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʠʥʝʨʛʠʠ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʨʝʘʛʝʥʪʦʚ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. 
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ʐʝʚʮʦʚ ʄ.ʅ., ɻʫʩʴʢʦʚʘ ɽ.ɸ. 
ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʍʘʙʘʨʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ ʠ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ 
 

ɸʥʥʦʪʘʮʠʷ: ʆʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ: ʥʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʟʘʱʠʪʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʆʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʢʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʭ ʟʘʛʨʷʟʥʝʥʠʝ. ʉʝʛʦʜʥʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ 

ʨʝʚʦʣʶʮʠʦʥʥʳʝ ʩʜʚʠʛʠ, ʦʪʢʨʳʚʘʶʱʠʝ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʟʘʱʠʪʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ɿʘʨʦʞʜʝʥʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ɺ ʵʧʦʭʫ ʙʫʨʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʫʞʝ ʥʝ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʩʧʨʘʚʠʪʴʩʷ ʩ 

ʚʦʟʨʦʩʰʠʤʠ ʧʨʦʙʣʝʤʘʤʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʣʠ ʥʦʚʳʝ ʚʟʛʣʷʜʳ ʠ ʧʦʜʭʦʜʳ, 

ʦʙʲʝʜʠʥʝʥʥʳʝ ʧʦʥʷʪʠʝʤ "ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʍʍI ʚʝʢʘ". ʕʪʠ ʧʦʜʭʦʜʳ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ. 

ɺʦʜʥʳʡ ʜʝʬʠʮʠʪ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʦʡ ʚʦʜʳ ɼʦʩʪʫʧʥʦʩʪʴ ʯʠʩʪʦʡ ʚʦʜʳ 

ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʠ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ. ɺ 

ʈʦʩʩʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʤ ʨʝʛʠʦʥʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ 

ʚʦʜʦʟʘʙʦʨ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʦʯʥʳʝ ʚʦʜʳ, ʤʝʭʘʥʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ, ʦʪʩʪʦʡʥʠʢʠ, ʘʵʨʦʪʝʥʢʠ. 

  

 
ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʢʘʜʘʩʪʨʘ, ʛʦʜʦʚʦʡ ʦʙʲʝʤ 

ʟʘʙʠʨʘʝʤʦʡ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2400-2500 ʤʠʣʣʠʦʥʦʚ ʢʫʙʠʯʝʩʢʠʭ 

ʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ (51%) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʧʨʝʩʥʳʝ ʚʦʜʳ, ʦʩʪʘʣʴʥʳʝ ʦʙʲʝʤʳ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʤʝʞʜʫ ʧʦʜʟʝʤʥʳʤʠ ʠ 

ʤʦʨʩʢʠʤʠ ʚʦʜʘʤʠ.  

ɺʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ɺ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ʚʦʜʥʳʝ 

ʨʝʩʫʨʩʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʝ 

ʭʦʟʷʡʩʪʚʦ. ʉʨʝʜʠ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʳʜʝʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʧʦʪʨʝʙʣʷʶʱʘʷ ʜʦ 70% ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʦʜʳ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʝʢʪʦʨʦʤ. ʅʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʦʯʠʩʪʢʝ 

ʩʪʦʯʥʳʭ ʚʦʜ ʊʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʍʍI ʚʝʢʘ ʚ ʩʬʝʨʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʨʝʜʧʦʣʘʛʘʶʪ:  

* ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʤʝʤʙʨʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʬʦʪʦʢʘʪʘʣʠʟ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ, ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʷʪʴ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʰʠʨʦʢʠʡ 
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ʩʧʝʢʪʨ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʤʠʢʨʦʧʣʘʩʪʠʢ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ 

ʧʨʝʧʘʨʘʪʳ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ ʧʦʜʜʘʚʘʣʠʩʴ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ. [1] 

ɼʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ: ɺʤʝʩʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʢʨʫʧʥʳʭ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ. ʕʪʦ ʩʥʠʞʘʝʪ 

ʟʘʪʨʘʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʦʙʨʘʙʦʪʢʫ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʣʦʢʘʣʴʥʦʤʫ ʦʯʠʱʝʥʠʶ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ.  

* ʈʝʛʝʥʝʨʘʮʠʷ ʨʝʩʫʨʩʦʚ: ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʠʟʚʣʝʢʘʪʴ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʮʝʥʥʳʝ ʨʝʩʫʨʩʳ, ʪʘʢʠʝ ʢʘʢ ʬʦʩʬʦʨ ʠ ʘʟʦʪ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʣʷʭ.  

* ʋʩʪʦʡʯʠʚʳʝ ʨʝʰʝʥʠʷ: ʊʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʍʍI ʚʝʢʘ ʫʜʝʣʷʶʪ 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ 

ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ.  

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ: ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʫʧʨʘʚʣʝʥʠʝ, 

ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʥʠʞʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. ɿʥʘʯʝʥʠʝ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʆʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʥʦʚʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ:  

* ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʩʥʠʞʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ.  

* ɿʘʱʠʪʘ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʠ ʵʢʦʩʠʩʪʝʤ. ʕʢʦʥʦʤʠʷ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ.  

* ʉʦʭʨʘʥʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ.  

ʋʚʝʣʠʯʝʥʠʝ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʠ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʦʜʦʝʤʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ ʆʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʠʢ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʍʍI ʚʝʢʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʤʝʨʦʡ ʜʣʷ ʟʘʱʠʪʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ, ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʨʝʛʝʥʝʨʘʮʠʷ ʨʝʩʫʨʩʦʚ, ʫʩʪʦʡʯʠʚʳʝ ʨʝʰʝʥʠʷ ʠ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʟʜʘʶʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ, 

ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʨʘʩʪʫʱʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʦʙʱʝʩʪʚʘ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ 

ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʠ 

ʟʘʱʠʪʠʪʴ ʟʜʦʨʦʚʴʝ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 

ɺ ʩʨʝʜʥʝʤ ʧʦ ʍʘʙʘʨʦʚʩʢʦʤʫ ʢʨʘʶ ʙʦʣʝʝ 70% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʙʠʨʘʝʤʦʡ ʚʦʜʳ, ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʚ 

ʚʠʜʝ ʩʪʦʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ, ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ, ʣʠʚʥʝʚʳʭ ʠ ʰʘʭʪʥʦ-

ʨʫʜʥʠʯʥʳʭ ʚʦʜ. 

ʇʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʚʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ʩʚʷʟʘʥʳ ʩ ʨʝʘʣʠʟʘʮʠʝʡ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʙʦʣʴʰʠʤʠ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʫʭʫʜʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 
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ʠʩʪʦʯʥʠʢʘʭ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ 

ʙʘʩʩʝʡʥʘʭ ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ. 

ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʨʝʛʠʦʥʝ ʥʘ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʦʢʘ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʘʷ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, 

ʩʥʠʞʘʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʷʚʣʷʝʪʩʷ 

ʤʝʜʣʝʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ 

ʚʦʜʦʠʩʪʦʯʥʠʢʠ ʩʦ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ʝʞʝʛʦʜʥʦ ʧʦʩʪʫʧʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʩʫʣʴʬʘʪʳ, ʭʣʦʨʠʜʳ, ʬʦʩʬʦʨ ʦʙʱʠʡ, ʘʟʦʪ ʘʤʤʦʥʠʡʥʳʡ ʉʇɸɺ, ʥʠʪʨʘʪʳ, 

ʞʝʣʝʟʦ, ʘʣʶʤʠʥʠʡ, ʤʝʜʴ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ.[2] 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʨʘʙʦʪʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʚʳʥʦʩʠʤʳʭ ʩ 

ʦʯʠʱʝʥʥʳʤʠ ʚʦʜʘʤʠ, ʧʨʝʚʳʰʘʝʪ ʩʘʤʦʦʯʠʱʘʶʱʫʶʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʦʜʦʝʤʦʚ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʧʨʦʙʣʝʤʳ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʦʦʯʠʩʪʢʘ. ʕʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʦʦʯʠʩʪʢʠ ʷʚʣʷʝʪʩʷ 

ʬʠʣʴʪʨʦʚʘʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ, ʪʘʢ ʠ 

ʜʣʷ ʜʦʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʬʠʣʴʪʨʦʚ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʧʦʣʫʯʠʣʠ ʟʝʨʥʠʩʪʳʝ ʬʠʣʴʪʨʳ, 

ʨʘʙʦʪʘʶʱʠʝ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʫʶʱʝʡ 

ʟʘʛʨʫʟʢʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʨʷʟʝʝʤʢʦʩʪʴ ʦʙʳʯʥʳʭ ʩʢʦʨʳʭ ʬʠʣʴʪʨʦʚ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1,5 ʢʛ/ʤ2, ʜʚʫʭʢʘʤʝʨʥʳʭ ʬʠʣʴʪʨʦʚ ï 40 ʢʛ/ʤ2. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʠʣʴʪʨʦʚʘʥʠʝ ʚ 

ʥʝʩʢʦʣʴʢʦ ʩʪʫʧʝʥʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʧʦʨʠʩʪʦʛʦ ʬʠʣʴʪʨʫʶʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʘʚʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʩ ʫʙʳʚʘʶʱʝʡ ʢʨʫʧʥʦʩʪʴʶ ʟʝʨʝʥ ʠ 

ʙʝʟʨʝʘʛʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʦʩʚʝʪʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ 

ʛʨʷʟʝʝʤʢʦʩʪʴ ʟʘʛʨʫʟʢʠ. 

ʋʩʪʘʥʦʚʣʝʥ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʚʳʩʦʪʳ ʟʘʛʨʫʟʢʠ, ʜʠʘʤʝʪʨʘ ʟʝʨʝʥ 

ʟʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʦʚʘʥʠʷ ʥʘ ʵʬʬʝʢʪ ʦʯʠʩʪʢʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʬʠʣʴʪʨʦʮʠʢʣʘ, ʩʢʦʨʦʩʪʴ ʧʨʠʨʦʩʪʘ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʠ ʛʨʷʟʝʝʤʢʦʩʪʴ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʟʫʯʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʪʝʥʜʝʥʮʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʟʝʨʥʠʩʪʳʭ ʬʠʣʴʪʨʦʚ ʚ ʍʘʙʘʨʦʚʩʢʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʬʠʣʴʪʨʦʚ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʛʨʷʟʝʝʤʢʦʩʪʴʶ.  

ʀʟʚʝʩʪʥʳ ʨʘʜʠʘʣʴʥʳʝ ʬʠʣʴʪʨʳ, ʚ ʢʦʪʦʨʳʭ ʜʚʠʞʝʥʠʝ ʦʯʠʱʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʥʘʧʨʘʚʣʝʥʦ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ, ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʨʝʞʠʤʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʪʘʢʦʡ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʘ ʙʫʜʝʪ ʦʪ ʧʝʨʠʬʠʨʠʠ ʢ ʮʝʥʪʨʫ, ʪʦ ʝʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʢʦʨʦʩʪʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʨʫʛʠʭ 

ʘʚʪʦʨʦʚ. ʅʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʨʘʜʠʘʣʴʥʦʤ ʬʠʣʴʪʨʝ ʦʜʥʦʩʣʦʡʥʦʡ 

ʟʘʛʨʫʟʢʠ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʜʦʩʪʠʛʘʶʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʧʝʨʚʳʝ ʧʦ ʜʚʠʞʝʥʠʶ ʞʠʜʢʦʩʪʠ ʩʣʦʠ ʟʘʛʨʫʟʢʠ. [3] 
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 ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʠʣʴʪʨ ʟʘʢʘʥʯʠʚʘʝʪ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʴʥʳʭ ʧʦʪʝʨʴ 

ʥʘʧʦʨʘ, ʠ ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʧʝʨʚʳʭ ʩʣʦʝʚ ʟʘʛʨʫʟʢʠ, ʪʦʛʜʘ ʢʘʢ 

ʧʨʝʜʳʜʫʱʠʝ ʩʣʦʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʛʨʫʞʝʥʥʳʤʠ. ɼʣʷ ʙʦʣʝʝ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʛʦ ʦʙʲʝʤʘ ʬʠʣʴʪʨʫʶʱʝʡ ʟʘʛʨʫʟʢʠ ʥʘʤʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ ʧʝʨʝʛʦʨʦʜʢʫ 

ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʘʟʜʝʣʷʶʱʫʶ ʚʩʶ ʟʘʛʨʫʟʢʫ ʥʘ ʜʚʘ ʩʣʦʷ: 

ʥʘʨʫʞʥʳʡ ï ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ï ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ. ʇʨʠ ʯʝʤ 

ʨʘʟʤʝʨ ʬʨʘʢʮʠʡ ʚ ʦʙʦʠʭ ʩʣʦʷʭ ʟʘʛʨʫʟʢʠ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʦʙʨʘʥ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʜʦʩʪʠʛʘʣʠ ʧʨʝʜʝʣʴʥʳʭ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʧʦʯʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. ʕʪʦ ʧʨʝʜʣʦʞʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʨʘʜʠʘʣʴʥʦʤ ʬʠʣʴʪʨʝ 

(ʧʘʪʝʥʪ ˉ1722529). ɼʣʷ ʥʝʙʦʣʴʰʠʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʤʦʞʥʦ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʥʘʧʦʨʥʦʛʦ ʬʠʣʴʪʨʘ (ʘ.ʩ. 

ˉ1719018) ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʪʝʤ, ʯʪʦ ʦʥ ʠʤʝʝʪ ʚʥʫʪʨʝʥʥʠʡ 

ʮʠʣʠʥʜʨʦʢʦʥʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʨʘʟʜʝʣʷʶʱʠʡ ʬʠʣʴʪʨ ʥʘ ʜʚʝ ʩʪʫʧʝʥʠ, ʪʝʤ 

ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʛʨʷʟʝʝʤʢʦʩʪʴ ʬʠʣʴʪʨʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʬʠʣʴʪʨʦʮʠʢʣʘ. 

ʅʘ ʨʝʢʘʭ ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ ʚ ʧʝʨʠʦʜ ʧʘʚʦʜʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ 

ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʚʠʜʝ ʧʝʩʢʘ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʟʘ 

ʩʯʝʪ ʨʫʩʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʩʝ ʵʪʦ ʩʦʟʜʘʝʪ ʪʨʫʜʥʦʩʪʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʉʦʨʦʫʜʝʨʞʠʚʘʶʱʠʝ ʩʝʪʢʠ ʥʘ ʚʦʜʦʟʘʙʦʨʘʭ ʥʝ ʫʜʝʨʞʠʚʘʶʪ ʤʝʣʢʠʡ ʧʝʩʦʢ, 

ʢʦʪʦʨʳʡ ʧʦʧʘʜʘʝʪ ʥʘ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʫʭʫʜʰʘʷ ʠʭ ʨʘʙʦʪʫ ʠ ʵʬʬʝʢʪ 

ʦʯʠʩʪʢʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʍʘʙʘʨʦʚʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʄʋʇ ɺʦʜʦʢʘʥʘʣ ʛ. ʍʘʙʘʨʦʚʩʢʘ 

ʧʨʦʨʘʙʘʪʳʚʘʶʪʩʷ ʧʫʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʜʝʣʷʪʴ ʤʝʣʢʠʡ ʧʝʩʦʢ ʠʟ ʚʦʜʳ ʚ 

ʥʘʯʘʣʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʦʜʦʧʨʦʚʦʜʘ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʝʩʢʦʣʦʚʦʢ, 

ʤʦʜʫʣʝʡ ʪʦʥʢʦʩʣʦʡʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʧʝʨʝʜ ʩʤʝʩʠʪʝʣʷʤʠ, ʘ 

ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʳʝ ʛʠʜʨʦʮʠʢʣʦʥʳ. ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʧʠʪʴʝʚʦʡ ʚʦʜʳ 

ʚ ʛ. ʍʘʙʘʨʦʚʩʢʝ ʧʦʜʘʯʘ ʚʩʝʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ ʥʘ ʦʯʠʩʪʢʫ ʧʨʠʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʮʠʢʣʦʥʦʚ, ʦʩʣʦʞʥʠʪ ʧʨʦʮʝʩʩ ʦʪʜʝʣʝʥʠʷ 

ʧʝʩʢʘ ʦʪ ʚʦʜʳ (ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʦʯʠʩʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʫʩʧʝʥʟʠʷʭ), ʠ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʦʩʘʞʜʝʥʠʷ ʢʦʘʛʫʣʠʨʦʚʘʥʥʦʡ ʚʟʚʝʩʠ ʚ 

ʦʪʩʪʦʡʥʠʢʘʭ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʘʚʘʪʴ ʥʘ ʛʠʜʨʦʮʠʢʣʦʥʳ ʪʦʣʴʢʦ 

ʯʘʩʪʴ ʦʪ ʦʙʱʝʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ ʩ ʥʘʠʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʝʩʢʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʩʧʦʩʦʙ 

ʦʪʜʝʣʝʥʠʷ ʧʝʩʢʘ ʦʪ ʚʦʜʳ ʚ ʥʘʧʦʨʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ. 
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ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʝʩʢʘ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʚ ʥʘʧʦʨʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚ 

ʫʰʠʨʝʥʠʠ. ʅʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʩʢʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʚ ʝʛʦ ʥʠʞʥʝʡ ʯʘʩʪʠ. ʋʰʠʨʝʥʠʝ ʧʦʟʚʦʣʠʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʚʳʧʘʜʝʥʠʷ 

ʧʝʩʢʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʫʜʘʣʷʪʴʩʷ ʯʝʨʝʟ ʦʪʚʦʜʥʦʡ ʪʨʫʙʦʧʨʦʚʦʜ ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʫʰʠʨʝʥʠʷ. ʕʪʘ ʩʭʝʤʘ ʧʨʦʩʪʘ, ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ 

ʟʘʙʠʨʘʝʤʦʡ ʥʘ ʦʯʠʩʪʢʫ ʛʠʜʨʦʮʠʢʣʦʥʘʤʠ ʚʦʜʳ, ʘ ʚ ʧʝʨʠʦʜʳ ʩ ʥʝʙʦʣʴʰʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʝʩʢʘ ʚ ʠʩʭʦʜʥʦʡ ʚʦʜʝ, ʧʦʟʚʦʣʷʝʪ ʦʪʢʣʶʯʘʪʴ 

ʛʠʜʨʦʮʠʢʣʦʥʳ. 

ɺ ʦʩʥʦʚʥʦʤ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʥʦʛʦ ʣʝʪ ʠ ʤʥʦʛʠʝ ʠʭ ʫʟʣʳ ʪʨʝʙʫʶʪ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ, 

ʩʪʘʥʮʠʷʭ ʥʝ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʦʙʨʘʙʦʪʢʠ ʧʨʦʤʳʚʥʳʭ ʚʦʜ ʠ ʦʩʘʜʢʦʚ. ʅʘ 

çɻʠʜʨʘʚʣʠʢʘ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʝè ʍɻʊʋ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚ ʚʠʜʝ ʢʦʤʧʘʢʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʧʨʦʤʳʚʥʳʭ ʚʦʜ ʬʠʣʴʪʨʦʚ, ʵʪʦ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʮʝʥʪ 

ʵʢʦʥʦʤʠʠ ʚʦʜʳ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʩʪʘʥʮʠʠ ʠ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʚʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʦʭʨʘʥʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʦʢʨʘʱʝʥʠʝ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʥʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʠʨʦʜʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

ɼʨʫʛʦʡ ʧʫʪʴ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʟʘʪʨʘʪʥʦʛʦ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʙʦʪʳ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʚʦʜʦʧʦʚʦʜʥʦ-ʢʘʥʘʣʠʟʘʧʠʧʥʥʳʭ ʦʙʲʝʢʪʦʚ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʩʦʦʨʫʞʝʥʠʠ.  

ɺ ʛʦʨʦʜʝ ʍʘʙʘʨʦʚʩʢʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩʦʚʤʝʩʪʥʘʷ ʠʥʠʮʠʘʪʠʚʘ ʧʦ 

ʦʯʠʩʪʢʝ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʨʝʢʠ ɸʤʫʨ, ʚ ʢʦʪʦʨʫʶ ʚʦʚʣʝʯʝʥʳ ʛʦʨʦʜʩʢʘʷ 

ʘʜʤʠʥʠʩʪʨʘʮʠʷ, ʚʦʣʦʥʪʝʨʳ, ʥʝʨʘʚʥʦʜʫʰʥʳʝ ʞʠʪʝʣʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ. ʏʪʦʙʳ 

ʫʤʝʥʴʰʠʪʴ ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʨʝʢʫ, ʧʣʘʥʠʨʫʝʪʩʷ 

ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʥʦʚʳʝ ʤʦʱʥʦʩʪʠ ʥʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʄʋʇ 

çɺʦʜʦʢʘʥʘʣè. ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠʤʝʥʷʝʪʩʷ 

ʮʝʣʳʡ ʩʧʝʢʪʨ ʤʝʪʦʜʦʚ. ʋʥʠʚʝʨʩʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʚʩʝʭ 

ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ.  

ʆʙʳʯʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʪʨʝʙʫʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʦʚ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ: ʄʝʭʘʥʠʯʝʩʢʠʡ ï ʫʜʘʣʝʥʠʝ ʢʨʫʧʥʳʭ ʧʨʠʤʝʩʝʡ 

ʬʠʣʴʪʨʦʚʘʥʠʝʤ, ʦʪʩʪʘʠʚʘʥʠʝʤ ʠ ʜʨʫʛʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʍʠʤʠʯʝʩʢʠʡ ï ʧʨʠʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ 

ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʠʣʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʄʝʤʙʨʘʥʥʳʡ ï 

ʧʨʦʧʫʩʢ ʩʪʦʯʥʳʭ ʚʦʜ ʯʝʨʝʟ ʧʦʣʫʧʨʦʥʠʮʘʝʤʳʝ ʤʝʤʙʨʘʥʳ, ʢʦʪʦʨʳʝ 

ʦʪʜʝʣʷʶʪ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ ʚʦʜʳ. ʇʦ ʤʝʨʝ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ. [4] 
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ʊʘʢ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚ ʵʪʫ ʩʬʝʨʫ ʧʝʨʝʜʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ: ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ï ʦʯʠʩʪʢʘ ʚʦʜʳ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ï ʧʨʠʤʝʥʝʥʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ. ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʜʨʫʛʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ 

ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

ɹʠʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ï ʩʦʯʝʪʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ. 

ʇʝʨʝʜʦʚʳʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʴʥʳʭ 

ʦʢʠʩʣʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʦʟʦʥ ʠʣʠ ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ, ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ï ʢʦʤʙʠʥʘʮʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʬʝʨʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʨʝʢʘʭ ʠ ʜʨʫʛʠʭ ʚʦʜʦʝʤʘʭ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
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ɸʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ 

ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʛʦ ʘʢʪʘ 

ɸʥʥʦʪʘʮʠʷ: ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʘʩʧʝʢʪʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʝ ʘʢʪʳ. ʇʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʠʜʦʚ 

ʪʝʨʨʦʨʠʟʤʘ ʠ ʤʝʪʦʜʦʚ ʠʭ ʥʝʡʪʨʘʣʠʟʘʮʠʠ. ʃʠʢʚʠʜʘʮʠʷ ʧʦʩʣʝʜʩʪʚʠʡ 

ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʪʘʢ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʩʣʘʞʝʥʥʦʡ ʨʘʙʦʪʳ ʚʩʝʭ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʬʝʨʝ ʧʨʦʚʝʜʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ɺ ʧʝʨʠʦʜ ʩ ʢʦʥʮʘ XX ʜʦ ʥʘʯʘʣʘ XXI  ʚʝʢʘ ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ ʩʪʦʣʢʥʫʣʘʩʴ ʩ ʨʝʟʢʠʤ ʦʙʦʩʪʨʝʥʠʝʤ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʫʛʨʦʟʳ. 

ʊʝʨʨʦʨʠʩʪʠʯʝʩʢʠʝ ʘʢʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʤʘʩʩʦʚʳʤʠ ʞʝʨʪʚʘʤʠ, ʟʘʭʚʘʪʦʤ 

ʟʘʣʦʞʥʠʢʦʚ ʠ ʚʟʨʳʚʘʤʠ, ʧʨʝʩʣʝʜʦʚʘʣʠ ʮʝʣʴ ʦʢʘʟʘʪʴ ʜʘʚʣʝʥʠʝ ʥʘ ʦʨʛʘʥʳ ʚʣʘʩʪʠ 

ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʰʝʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʝʨʨʦʨʠʩʪʠʯʝʩʢʠʡ ʘʢʪ, ʣʠʢʚʠʜʘʮʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʨʘʢʪʘ, 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʪʝʨʨʦʨʠʟʤʫ, ɸʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʥʝʦʪʣʦʞʥʳʝ 

ʨʘʙʦʪʳ, ʈʉʏʉ, ɸʉʈ. 

Shevtsov M.N., Guskova E.A.  

Emergency rescue operations in the aftermath of a terrorist act 

Abstract:  This study examines the aspects of preventing and responding to terrorist 

acts. The classification of types of terrorism and methods of their neutralization is 

carried out. Eliminating the consequences of terrorist attacks requires a comprehensive 

approach and coordinated work by all interested government agencies, including in the 

field of special operations. In the period from the end of the 20th century to the 

beginning of the 21st century, the Russian Federation faced a sharp escalation of the 

terrorist threat. Terrorist acts, characterized by mass casualties, hostage-taking and 

explosions, aimed to put pressure on the authorities to make certain decisions.  

Keywords: Terrorist act, elimination of the consequences of a terrorist act, 

counteraction to terrorism, Emergency rescue and other urgent work, Emergency 

response, ASR. 

 

ɺʚʝʜʝʥʠʝ 

ʉʧʦʩʦʙʳ ʫʩʪʨʘʥʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ ʟʘʚʠʩʷʪ ʦʪ 

ʪʠʧʘ ʠ ʤʘʩʰʪʘʙʘ ʚʦʟʥʠʢʰʠʭ ʨʘʟʨʫʰʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ 

ʘʢʪʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʚʟʨʳʚʘʤʠ ʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʦʙʲʝʢʪʘʭ ʩ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʴʶ, 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʷʭ ʠ ʚ ʟʜʘʥʠʷʭ, ʷʚʣʷʶʪʩʷ ʨʘʟʨʫʰʝʥʠʷ, 

ʤʘʩʩʦʚʳʝ ʧʦʞʘʨʳ, ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʠ ʭʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʟʘʪʦʧʣʝʥʠʷ ʠ 

ʚʩʧʳʰʢʠ ʵʧʠʜʝʤʠʡ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ, ʩʦʚʝʨʰʘʝʤʳʭ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʬʝʨʝ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʦʨʛʘʥʠʟʘʮʠʠ ʘʚʘʨʠʡʥʦ-

ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ (ɸʉʈ) ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʨʘʢʪʦʚ ʠ 
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ʫʧʨʘʚʣʝʥʠʶ ʵʪʠʤʠ ʨʘʙʦʪʘʤʠ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʫʧʨʘʚʣʝʥʠʝ ɸʉʈ, ʘ ʪʘʢʞʝ 

ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʳ ʦʨʛʘʥʠʟʘʮʠʠ ɸʉʈ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ 

ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʊʝʨʨʦʨʠʩʪʠʯʝʩʢʠʡ ʘʢʪ - ʩʦʚʝʨʰʝʥʠʝ ʚʟʨʳʚʘ, ʚʟʷʪʠʝ ʟʘʣʦʞʥʠʢʦʚ ʠʣʠ 

ʠʥʳʭ ʜʝʡʩʪʚʠʡ, ʫʩʪʨʘʰʘʶʱʠʭ ʥʘʩʝʣʝʥʠʝ ʠ ʩʦʟʜʘʶʱʠʭ ʦʧʘʩʥʦʩʪʴ ʛʠʙʝʣʠ 

ʯʝʣʦʚʝʢʘ, ʧʨʠʯʠʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʫʱʝʨʙʘ ʣʠʙʦ 

ʥʘʩʪʫʧʣʝʥʠʷ ʠʥʳʭ ʪʷʞʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʚ ʮʝʣʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʥʷʪʠʝ 

ʨʝʰʝʥʠʷ ʦʨʛʘʥʘʤʠ ʚʣʘʩʪʠ ʠʣʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. [1] 

ʊʝʨʨʦʨʠʩʪʠʯʝʩʢʠʝ ʘʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʳ ʢʘʢ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʤʠ ʣʠʮʘʤʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ: 

1. ʇʦ ʤʘʩʰʪʘʙʫ ʚʦʟʜʝʡʩʪʚʠʷ: ʊʝʨʨʦʨʠʩʪʠʯʝʩʢʠʝ ʘʢʪʳ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 

ʝʜʠʥʠʯʥʳʭ ʧʨʝʩʪʫʧʣʝʥʠʡ ʧʨʦʪʠʚ ʣʠʯʥʦʩʪʠ ʜʦ ʤʘʩʰʪʘʙʥʳʭ ʜʠʚʝʨʩʠʡ, 

ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʮʝʣʳʝ ʩʪʨʘʥʳ ʠʣʠ ʜʘʞʝ ʤʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ. ʉʧʝʢʪʨ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʙʠʡʩʪʚʘ, ʤʘʩʩʦʚʳʝ ʞʝʨʪʚʳ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʠ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʘʢʮʠʠ. 

2. ʇʦ ʤʦʪʠʚʘʤ ʠ ʮʝʣʷʤ: ʎʝʣʠ ʪʝʨʨʦʨʠʩʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ: ʦʪ 

ʫʩʪʨʘʥʝʥʠʷ ʧʦʣʠʪʠʯʝʩʢʠʭ ʧʨʦʪʠʚʥʠʢʦʚ ʠ ʟʘʧʫʛʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʜʦ 

ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʘʚʠʪʝʣʴʩʪʚʘ, ʥʘʥʝʩʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ, 

ʨʘʟʞʠʛʘʥʠʷ ʢʦʥʬʣʠʢʪʦʚ (ʤʝʞʥʘʮʠʦʥʘʣʴʥʳʭ, ʤʝʞʢʦʥʬʝʩʩʠʦʥʘʣʴʥʳʭ, 

ʚʦʝʥʥʳʭ) ʠ ʜʘʞʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʩʪʨʦʷ. ʄʦʪʠʚʦʤ ʤʦʞʝʪ ʙʳʪʴ ʠ 

"ʘʢʪ ʚʦʟʤʝʟʜʠʷ". 

3. ʇʦ ʤʝʪʦʜʘʤ ʨʝʘʣʠʟʘʮʠʠ: ʊʝʨʨʦʨʠʩʪʳ ʠʩʧʦʣʴʟʫʶʪ ʰʠʨʦʢʠʡ ʘʨʩʝʥʘʣ 

ʩʨʝʜʩʪʚ, ʚʢʣʶʯʘʷ ʦʛʥʝʩʪʨʝʣʴʥʦʝ ʦʨʫʞʠʝ, ʚʟʨʳʚʳ, ʧʦʜʞʦʛʠ, ʟʘʭʚʘʪ 

ʟʘʣʦʞʥʠʢʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʦʥʠ ʤʦʛʫʪ ʧʨʠʙʝʛʘʪʴ ʢ ʧʨʠʤʝʥʝʥʠʶ ʷʜʝʨʥʦʛʦ, 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ, ʭʠʤʠʯʝʩʢʦʛʦ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʨʫʞʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ, ʫʥʠʯʪʦʞʝʥʠʶ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ 

ʦʧʝʨʘʮʠʷʤ. 

ɸʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʥʝʦʪʣʦʞʥʳʝ ʨʘʙʦʪʳ ï ʜʝʡʩʪʚʠʷ ʧʦ 

ʩʧʘʩʝʥʠʶ ʣʶʜʝʡ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʟʘʱʠʪʝ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʟʦʥʝ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʣʦʢʘʣʠʟʘʮʠʠ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʧʦʜʘʚʣʝʥʠʶ ʠʣʠ ʜʦʚʝʜʝʥʠʶ ʜʦ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʥʠʭ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ. 

[2] 

ɸʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʥʝʦʪʣʦʞʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ 

ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷʤʠ ʠ ʩʣʫʞʙʘʤʠ ʩ ʮʝʣʴʶ: 

1. ʩʧʘʩʝʥʠʝ ʣʶʜʝʡ ʠ ʦʢʘʟʘʥʠʷ ʧʦʤʦʱʠ ʧʦʩʪʨʘʜʘʚʰʠʤ, 

2. ʣʦʢʘʣʠʟʘʮʠʷ ʘʚʘʨʠʡ ʠ ʫʩʪʨʘʥʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ 

ʧʨʦʚʝʜʝʥʠʶ ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ, 
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3. ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʚʝʜʝʥʠʷ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, 

4. ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʥʦʨʤʘʣʴʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʪʨʘʜʘʚʰʠʭ ʠ 

ʥʘʩʝʣʝʥʠʷ. 

ʄʘʩʰʪʘʙ, ʪʷʞʝʩʪʴ ʠ ʭʘʨʘʢʪʝʨ ʪʨʘʚʤ, ʧʦʣʫʯʝʥʥʳʭ ʥʘʩʝʣʝʥʠʝʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʘʢʪʘ, ʦʧʨʝʜʝʣʷʶʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʬʦʨʤʳ ʠ ʦʙʲʝʤʳ ʨʘʙʦʪʳ 

ʧʦ ʦʢʘʟʘʥʠʶ ʤʝʜʠʢʦ-ʩʘʥʠʪʘʨʥʦʡ ʧʦʤʦʱʠ. ʇʨʠ ʵʪʦʤ, ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʨʘʟʣʠʯʠʡ ʚ ʜʝʡʩʪʚʠʷʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʤʝʜʠʮʠʥʳ ʢʘʪʘʩʪʨʦʬ ʠ ʩʢʦʨʦʡ 

ʧʦʤʦʱʠ ʧʨʠ ʦʢʘʟʘʥʠʠ ʵʢʩʪʨʝʥʥʦʡ ʧʦʤʦʱʠ ʧʦʩʪʨʘʜʘʚʰʠʤ ʦʪ ʪʝʨʘʢʪʘ ʠ 

ʧʦʩʪʨʘʜʘʚʰʠʤ ʚ ʜʨʫʛʠʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ (ʪʝʭʥʦʛʝʥʥʳʭ ʠʣʠ 

ʧʨʠʨʦʜʥʳʭ) ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ɺ ʢʘʞʜʦʤ ʚʘʨʠʘʥʪʝ ʷ ʧʦʩʪʘʨʘʣʩʷ ʩʦʭʨʘʥʠʪʴ ʩʤʳʩʣ ʦʨʠʛʠʥʘʣʴʥʦʛʦ 

ʪʝʢʩʪʘ, ʠʩʧʦʣʴʟʫʷ ʙʦʣʝʝ ʧʦʥʷʪʥʳʝ ʩʣʦʚʘ ʠ ʩʪʨʫʢʪʫʨʫ ʧʨʝʜʣʦʞʝʥʠʡ. 

ɺʳʙʝʨʠʪʝ ʪʦʪ ʚʘʨʠʘʥʪ, ʢʦʪʦʨʳʡ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʘʰʝʡ ʮʝʣʠ. 

ʃʠʢʚʠʜʘʮʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʨʘʢʪʘ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ: ʦʧʨʝʜʝʣʝʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʧʫʪʝʡ ʧʦʜʭʦʜʘ ʠ 

ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ; ʧʦʜʘʚʣʝʥʠʝ ʦʯʘʛʦʚ ʚʦʟʛʦʨʘʥʠʷ; ʧʦʠʩʢ ʠ 

ʠʟʚʣʝʯʝʥʠʝ ʧʦʩʪʨʘʜʘʚʰʠʭ ʠʟ ʨʘʟʨʫʰʝʥʥʳʭ ʟʜʘʥʠʡ, ʟʘʚʘʣʦʚ ʠ ʜʨʫʛʠʭ 

ʦʧʘʩʥʳʭ ʤʝʩʪ; ʦʢʘʟʘʥʠʝ ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʨʘʥʝʥʳʭ ʚ 

ʤʝʜʠʮʠʥʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ; ʵʚʘʢʫʘʮʠʷ ʥʘʩʝʣʝʥʠʷ ʠʟ ʦʧʘʩʥʦʡ ʟʦʥʳ; 

ʧʨʦʚʝʜʝʥʠʝ ʩʘʥʠʪʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʜʝʟʠʥʬʝʢʮʠʠ ʦʜʝʞʜʳ; 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʪʝʭʥʠʢʠ, ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʠ ʚʦʜʳ. 

ʇʦʤʠʤʦ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʟʘʜʘʯ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʝʨʘʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ 

ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʨʦʚʝʜʝʥʠʝ ʩʧʘʩʘʪʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

ʉʦʟʜʘʥʠʝ ʧʫʪʝʡ ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʚ ʟʘʚʘʣʘʭ ʠ ʦʧʘʩʥʳʭ ʟʦʥʘʭ. 

ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʚʘʨʠʡ ʥʘ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʷʭ (ʛʘʟ, 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʚʦʜʘ, ʢʘʥʘʣʠʟʘʮʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʝʪʠ), ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʫʶ ʩʨʝʜʫ ʜʣʷ ʩʧʘʩʘʪʝʣʝʡ. 

ʋʩʪʨʘʥʝʥʠʝ ʫʛʨʦʟʳ ʦʙʨʫʰʝʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʩʧʘʩʘʪʝʣʴʥʳʭ ʢʦʤʘʥʜ ʠ ʟʘʪʨʫʜʥʷʶʱʠʭ 

ʜʦʩʪʫʧ ʢ ʧʦʩʪʨʘʜʘʚʰʠʤ (ʚʢʣʶʯʘʷ ʫʢʨʝʧʣʝʥʠʝ ʠʣʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʩʥʦʩ 

ʢʦʥʩʪʨʫʢʮʠʡ). 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʠ ʠ ʨʘʙʦʪʳ ʩʧʘʩʘʪʝʣʴʥʳʭ ʩʣʫʞʙ. 

ʇʦʠʩʢ, ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʠ ʫʥʠʯʪʦʞʝʥʠʝ ʥʝʨʘʟʦʨʚʘʚʰʠʭʩʷ ʙʦʝʧʨʠʧʘʩʦʚ 

ʠ ʜʨʫʛʠʭ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʫʛʨʦʟʫ. 

ɸʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʵʢʩʪʨʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʦʙʲʝʤʦʤ ʨʘʙʦʪ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤ ʚʨʝʤʝʥʝʤ ʜʣʷ ʠʭ 

ʚʳʧʦʣʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴʶ ʩʠʪʫʘʮʠʠ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 

ʩʠʣ ʚʩʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ ʚ ʵʪʠʭ ʜʝʡʩʪʚʠʷʭ. ʆʥʠ ʙʫʜʫʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʝʨʴʝʟʥʳʭ ʨʘʟʨʫʰʝʥʠʡ, ʤʘʩʩʦʚʳʭ ʧʦʞʘʨʦʚ, 
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ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʪʝʨʨʠʪʦʨʠʠ, ʟʘʪʦʧʣʝʥʠʷ ʠ ʜʨʫʛʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʬʘʢʪʦʨʦʚ. 

ʇʦʞʘʨʳ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʫʛʨʦʟʫ ʢʘʢ ʜʣʷ ʣʶʜʝʡ, ʧʦʩʪʨʘʜʘʚʰʠʭ ʚ 

ʵʧʠʮʝʥʪʨʝ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʪʘʢ ʠ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ ʩʧʘʩʘʪʝʣʴʥʳʭ 

ʬʦʨʤʠʨʦʚʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʚʟʨʳʚʦʚ ʠʣʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʛʘʟʘ ʠ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʪʝʢʘʪʴ ʠʟ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʠ 

ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ ʚʝʱʝʩʪʚ. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʠʣʠ ʝʝ 

ʧʨʝʜʚʝʩʪʥʠʢʘʭ, ʦʧʝʨʘʪʠʚʥʦ-ʜʝʞʫʨʥʳʝ ʩʣʫʞʙʳ ɻʆ ʠ ʏʉ ʥʝʤʝʜʣʝʥʥʦ 

ʧʨʠʩʪʫʧʘʶʪ ʢ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʢʦʤʠʩʩʠʠ ʧʦ ʏʉ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩʦʟʜʘʝʪʩʷ ʦʧʝʨʘʪʠʚʥʘʷ ʛʨʫʧʧʘ. ɼʣʷ ʙʳʩʪʨʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʢʦʤʠʩʩʠʷ ʧʦ ʏʉ (ʠʣʠ, ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʚʩʝ 

ʫʧʨʘʚʣʝʥʠʝ ɻʆ ʠ ʏʉ) ʠ ʦʧʝʨʘʪʠʚʥʘʷ ʛʨʫʧʧʘ ʥʘʣʘʞʠʚʘʶʪ ʥʝʧʨʝʨʳʚʥʫʶ 

ʩʚʷʟʴ ʩ ʦʨʛʘʥʘʤʠ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ, ʧʦʞʘʨʥʳʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ, 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʩʣʫʞʙʘʤʠ ʠ ʤʝʩʪʥʳʤʠ ʥʝʰʪʘʪʥʳʤʠ ʘʚʘʨʠʡʥʦ-

ʩʧʘʩʘʪʝʣʴʥʳʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷʤʠ. 

ʃʠʢʚʠʜʘʮʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʢʘʪʘʩʪʨʦʬ ʠ ʩʧʘʩʝʥʠʝ ʣʶʜʝʡ ʚ ʟʦʥʘʭ 

ʧʦʨʘʞʝʥʠʷ ʪʨʝʙʫʝʪ ʤʘʩʰʪʘʙʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʥʞʝʥʝʨʥʦʡ ʪʝʭʥʠʢʠ. ɹʝʟ 

ʤʝʭʘʥʠʟʘʮʠʠ ʚʩʝʭ ʵʪʘʧʦʚ ʨʘʙʦʪ, ʦʪ ʨʘʟʙʦʨʘ ʟʘʚʘʣʦʚ ʜʦ ʦʪʢʘʯʢʠ ʚʦʜʳ, 

ʦʧʝʨʘʪʠʚʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʥʝʚʦʟʤʦʞʥʦ. ɼʣʷ ʵʪʠʭ 

ʮʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʣʶʙʘʷ ʜʦʩʪʫʧʥʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ, ʜʦʨʦʞʥʘʷ 

ʠ ʢʦʤʤʫʥʘʣʴʥʘʷ ʪʝʭʥʠʢʘ, ʢʦʪʦʨʘʷ ʫʩʣʦʚʥʦ ʜʝʣʠʪʩʷ ʥʘ ʛʨʫʧʧʳ: 

ʊʝʭʥʠʢʘ ʜʣʷ ʧʦʜʲʝʤʘ, ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʧʦʛʨʫʟʢʠ ʦʙʣʦʤʢʦʚ (ʢʨʘʥʳ, 

ʣʝʙʝʜʢʠ, ʜʦʤʢʨʘʪʳ). 

ʊʝʭʥʠʢʘ ʜʣʷ ʨʘʩʯʠʩʪʢʠ ʟʘʚʘʣʦʚ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʥʪʘ (ʵʢʩʢʘʚʘʪʦʨʳ, 

ʙʫʣʴʜʦʟʝʨʳ, ʘʚʪʦʛʨʝʡʜʝʨʳ, ʩʘʤʦʩʚʘʣʳ). 

ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʨʦʜʝʣʳʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ ʚ ʩʪʝʥʘʭ ʠ ʧʝʨʝʢʨʳʪʠʷʭ 

(ʙʫʨʠʣʴʥʳʝ ʤʦʣʦʪʢʠ, ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʩʪʘʥʮʠʠ). 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʨʝʟʢʠ ʤʝʪʘʣʣʘ ʠ ʞʝʣʝʟʦʙʝʪʦʥʘ (ʢʝʨʦʩʠʥʦʨʝʟʳ, 

ʙʝʥʟʦʨʝʟʳ, ʩʚʘʨʦʯʥʳʝ ʘʧʧʘʨʘʪʳ, ʨʝʟʘʢʠ). 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʪʢʘʯʢʠ ʠʣʠ ʧʦʜʘʯʠ ʚʦʜʳ (ʥʘʩʦʩʳ, ʤʦʪʦʧʦʤʧʳ, 

ʧʦʣʠʚʦʯʥʳʝ ʠ ʧʦʞʘʨʥʳʝ ʤʘʰʠʥʳ). 

ʉʨʝʜʩʪʚʘ ʜʣʷ ʨʝʤʦʥʪʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʝʭʥʠʢʠ (ʨʝʤʦʥʪʥʳʝ 

ʤʘʩʪʝʨʩʢʠʝ, ʟʘʧʨʘʚʱʠʢʠ, ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ). 

ʉʧʝʮʠʬʠʢʘ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ (ɸʉʈ) ʜʠʢʪʫʝʪʩʷ ʫʩʣʦʚʠʷʤʠ 

ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʅʘ ʚʳʙʦʨ ʪʘʢʪʠʢʠ ʠ ʤʝʪʦʜʦʚ ɸʉʈ ʚʣʠʷʶʪ ʪʘʢʠʝ 

ʬʘʢʪʦʨʳ, ʢʘʢ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʘʚʘʨʠʠ ʥʘ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʫʨʦʚʝʥʴ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʧʦʞʘʨʦʚ. ʇʨʠʦʨʠʪʝʪʦʤ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʧʦʩʪʨʘʜʘʚʰʠʤ ʠ ʫʩʪʨʘʥʝʥʠʝ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʨʛʘʥʠʟʫʶʪʩʷ 

ʧʨʦʝʟʜʳ ʠ ʧʨʦʭʦʜʳ ʢ ʨʘʟʨʫʰʝʥʥʳʤ ʟʜʘʥʠʷʤ ʠ ʤʝʩʪʘʤ ʘʚʘʨʠʡ. ʐʠʨʠʥʘ 
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ʧʨʦʝʟʜʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʝʭʥʠʢʠ. ɼʣʷ 

ʨʘʩʯʠʩʪʢʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʩʦʟʜʘʥʠʷ ʧʨʦʝʟʜʦʚ ʧʨʠʚʣʝʢʘʶʪʩʷ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 

ʤʝʭʘʥʠʟʘʮʠʠ ʩ ʘʚʪʦʢʨʘʥʘʤʠ ʠ ʙʫʣʴʜʦʟʝʨʘʤʠ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ, 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʟʘʥʠʤʘʶʪʩʷ ʪʫʰʝʥʠʝʤ ʧʦʞʘʨʦʚ.[2] 

ʇʦʠʩʢ ʠ ʩʧʘʩʝʥʠʝ ʧʦʩʪʨʘʜʘʚʰʠʭ 

ʂʘʢ ʪʦʣʴʢʦ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ, ʩʧʘʩʘʪʝʣʴʥʳʝ 

ʢʦʤʘʥʜʳ ʥʝʤʝʜʣʝʥʥʦ ʧʨʠʩʪʫʧʘʶʪ ʢ ʨʘʙʦʪʝ ʥʘ ʤʝʩʪʝ ʧʨʦʠʩʰʝʩʪʚʠʷ. 

ʕʚʘʢʫʘʮʠʷ ʧʦʩʪʨʘʜʘʚʰʠʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʪʫʘʮʠʠ ʠ ʜʦʩʪʫʧʥʳʭ ʩʨʝʜʩʪʚ: ʚʨʫʯʥʫʶ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʜʨʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʣʘʱʠ, ʙʨʝʟʝʥʪ, ʧʣʝʥʢʘ, ʦʜʝʷʣʘ), ʚʦʣʦʢʦʤ ʠʣʠ ʥʘ 

ʥʦʩʠʣʢʘʭ. ʇʦʩʪʨʘʜʘʚʰʠʤ ʦʢʘʟʳʚʘʝʪʩʷ ʧʝʨʚʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʧʦʤʦʱʴ, ʧʦʩʣʝ 

ʯʝʛʦ ʠʭ ʧʝʨʝʤʝʱʘʶʪ ʚ ʙʝʟʦʧʘʩʥʦʝ ʤʝʩʪʦ. 

ʈʘʟʙʦʨ ʟʘʚʘʣʦʚ 

ʈʘʟʙʦʨ ʟʘʚʘʣʦʚ, ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʥʘʛʨʦʤʦʞʜʝʥʠʝ 

ʦʙʣʦʤʢʦʚ ʙʝʪʦʥʥʳʭ ʧʣʠʪ ʠ ʙʘʣʦʢ, ʠ ʧʦʠʩʢ ʣʶʜʝʡ ʧʦʜ ʥʠʤʠ ï ʢʨʘʡʥʝ 

ʪʨʫʜʦʝʤʢʘʷ ʟʘʜʘʯʘ. 

ʃʠʢʚʠʜʘʮʠʷ ʤʝʜʠʢʦ-ʩʘʥʠʪʘʨʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠʤʝʥʝʥʠʷ ʆʍɺ 

ʃʠʢʚʠʜʘʮʠʷ ʤʝʜʠʢʦ-ʩʘʥʠʪʘʨʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠʤʝʥʝʥʠʷ 

ʦʪʨʘʚʣʷʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʆʍɺ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʘʢʪʘ ï ʵʪʦ 

ʢʦʤʧʣʝʢʩ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʨʘʞʝʥʠʷ 

ʣʶʜʝʡ ʠ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʠʩʪʦʯʥʠʢʘ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ 

ʭʘʨʘʢʪʝʨʘ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʨʘʢʪʘ, ʧʝʨʚʳʤʠ ʨʝʘʛʠʨʫʶʪ ʤʝʩʪʥʳʝ ʩʣʫʞʙʳ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠʭ ʨʝʩʫʨʩʦʚ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʩʧʨʘʚʠʪʴʩʷ ʩ ʩʠʪʫʘʮʠʝʡ ʧʨʠʚʣʝʢʘʶʪʩʷ ʩʠʣʳ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʠʣʠ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ʇʦʤʠʤʦ ʙʨʠʛʘʜ ʩʢʦʨʦʡ ʧʦʤʦʱʠ, ʦʢʘʟʳʚʘʶʱʠʭ 

ʧʝʨʚʫʶ ʧʦʤʦʱʴ, ʢ ʣʠʢʚʠʜʘʮʠʠ ʤʝʜʠʢʦ-ʩʘʥʠʪʘʨʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʨʘʢʪʦʚ 

ʧʨʠʚʣʝʢʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʙʨʠʛʘʜʳ, ʩʘʥʠʪʘʨʥʦ-

ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʦʢʩʠʢʦ-ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʙʨʠʛʘʜʳ ʩʣʫʞʙʳ ʤʝʜʠʮʠʥʳ 

ʢʘʪʘʩʪʨʦʬ. 

ʄʝʜʠʮʠʥʩʢʘʷ ʧʦʤʦʱʴ ʧʨʠ ʧʦʨʘʞʝʥʠʠ ʆʍɺ 

ʇʨʠ ʧʦʨʘʞʝʥʠʠ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʤʠ ʆʍɺ ʢʨʘʡʥʝ ʚʘʞʥʦ ʢʘʢ ʤʦʞʥʦ 

ʙʳʩʪʨʝʝ ʦʢʘʟʘʪʴ ʧʝʨʚʫʶ ʚʨʘʯʝʙʥʫʶ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʫʶ ʤʝʜʠʮʠʥʩʢʫʶ 

ʧʦʤʦʱʴ ʧʦʩʪʨʘʜʘʚʰʠʤ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʟʠʚ ʝʝ ʢ ʤʝʩʪʫ ʧʨʦʠʩʰʝʩʪʚʠʷ. 

ɺ ʩʣʫʯʘʝ ʪʝʨʘʢʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪʨʘʚʣʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʆɺ) ʠʣʠ 

ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʆʍɺ) ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʷʚʣʷʶʪʩʷ 

ʦʧʝʨʘʪʠʚʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʝ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʥʘʩʝʣʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ: 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʣʣʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ (ʫʙʝʞʠʱʘ, 

ʬʠʣʴʪʨʦʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ (ʧʨʦʪʠʚʦʛʘʟʳ, 

ʟʘʱʠʪʥʳʝ ʢʦʩʪʶʤʳ). 

ɹʳʩʪʨʘʷ ʵʚʘʢʫʘʮʠʷ ʣʶʜʝʡ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʘʨʘʞʝʥʥʳʭ ʨʘʡʦʥʦʚ. 

ʆʧʝʨʘʪʠʚʥʳʡ ʧʦʠʩʢ, ʩʙʦʨ ʠ ʚʳʚʦʟ ʧʦʩʪʨʘʜʘʚʰʠʭ ʩ ʦʢʘʟʘʥʠʝʤ ʠʤ 

ʥʝʦʪʣʦʞʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ. 
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ʅʝʧʨʝʨʳʚʥʦʝ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʩʝʣʝʥʠʷ ʦ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʩʪʨʫʢʮʠʡ ʦ ʧʨʘʚʠʣʘʭ ʧʦʚʝʜʝʥʠʷ. 

ʋʩʧʝʭ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ 

ʪʝʨʘʢʪʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʚʩʝʤʠ 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤʠ ʩʣʫʞʙʘʤʠ ʠ ʨʝʩʫʨʩʘʤʠ. ʋʯʠʪʳʚʘʷ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ, ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠ ʣʠʢʚʠʜʘʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʜʝʪʘʣʴʥʦ ʧʨʦʨʘʙʦʪʘʥʳ ʠ 

ʚʢʣʶʯʝʥʳ ʚ ʧʣʘʥʳ ʜʝʡʩʪʚʠʡ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʠ ʣʠʢʚʠʜʘʮʠʠ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʨʛʘʥʘʤʠ. 

ʆʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʝʨʘʢʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʝ. ɸʚʘʨʠʠ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʧʝʨʝʚʦʟʷʱʝʤ ʦʧʘʩʥʳʝ ʛʨʫʟʳ, ʤʦʛʫʪ 

ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʧʦʞʘʨʳ, ʚʟʨʳʚʳ, ʭʠʤʠʯʝʩʢʦʝ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʝ 

ʟʘʨʘʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʤʝʩʪʥʦʩʪʠ. ʍʘʨʘʢʪʝʨʥʦʡ 

ʯʝʨʪʦʡ ʪʘʢʠʭ ʩʠʪʫʘʮʠʡ ʷʚʣʷʝʪʩʷ ʦʙʰʠʨʥʘʷ ʟʦʥʘ ʧʦʨʘʞʝʥʠʷ ʠ ʙʳʩʪʨʦʝ 

ʨʘʟʚʠʪʠʝ ʩʦʙʳʪʠʡ. ʇʨʠ ʘʚʘʨʠʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʧʝʨʝʚʦʟʷʱʝʛʦ ʦʧʘʩʥʳʝ 

ʛʨʫʟʳ, ʚʳʟʚʘʥʥʦʡ ʪʝʨʘʢʪʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʝʡ 

ʠʟ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ (ʘʚʘʨʠʡʥʦʡ ʢʘʨʪʦʯʢʠ) ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʘʙʣʠʯʝʢ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ. ʕʪʠ ʪʘʙʣʠʯʢʠ 

ʩʦʜʝʨʞʘʪ ʢʦʜ ʵʢʩʪʨʝʥʥʳʭ ʤʝʨ, ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ʦʧʘʩʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʆʆʅ ʠ ʟʥʘʢʠ ʦʧʘʩʥʦʩʪʠ. 

ɺ ʩʣʫʯʘʝ ʪʝʨʘʢʪʘ ʥʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʤ ʩʦʦʨʫʞʝʥʠʠ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ 

ʟʘʪʦʧʣʝʥʠʷ ʛʦʨʦʜʦʚ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʨʫʰʝʥʠʷ ʟʜʘʥʠʡ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʨʦʚʝʜʝʥʠʝ ʤʘʩʰʪʘʙʥʳʭ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ, 

ʚʢʣʶʯʘʷ ʵʚʘʢʫʘʮʠʶ ʥʘʩʝʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʝʛʦ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ, ʧʦʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʠʣ ʠ ʩʨʝʜʩʪʚ. 

ɺ ʈʦʩʩʠʠ ʩʫʱʝʩʪʚʫʝʪ ʩʝʨʴʝʟʥʘʷ ʦʧʘʩʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʷʜʝʨʥʦʛʦ 

ʪʝʨʨʦʨʠʟʤʘ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ (ʙʦʣʝʝ 57 ʤʠʣʣʠʦʥʦʚ 

ʯʝʣʦʚʝʢ) ʧʨʦʞʠʚʘʝʪ ʚ ʟʦʥʘʭ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʨʘʞʝʥʠʷ. ɺ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ʚ 30-

ʢʠʣʦʤʝʪʨʦʚʦʡ ʟʦʥʝ) ʧʨʦʞʠʚʘʝʪ ʙʦʣʝʝ 800 ʪʳʩʷʯ ʯʝʣʦʚʝʢ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʦʩʦʙʝʥʥʦ ʫʷʟʚʠʤʳʤʠ. 

ɹʠʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʝ ʦʙʲʝʢʪʳ ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʳ ʨʠʩʢʫ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʚʳʟʚʘʥʥʳʭ ʢʘʢ ʫʤʳʰʣʝʥʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ 

(ʥʘʧʨʠʤʝʨ, ʩʘʙʦʪʘʞʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʚʳʙʨʦʩʦʤ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ), ʪʘʢ ʠ 

ʧʨʠʨʦʜʥʳʤʠ ʢʘʪʘʩʪʨʦʬʘʤʠ (ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, ʥʘʚʦʜʥʝʥʠʷʤʠ). 

ʇʨʦʚʝʜʝʥʠʝ ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ ʤʝʪʨʦʧʦʣʠʪʝʥʝ ʦʩʣʦʞʥʷʝʪʩʷ 

ʟʘʤʢʥʫʪʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʴʶ, ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ 

ʚʝʥʪʠʣʷʮʠʠ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʊʝʨʘʢʪʳ ʚ ʤʝʪʨʦ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʞʝʨʪʚ ʠ ʧʦʪʨʝʙʦʚʘʪʴ ʤʘʩʰʪʘʙʥʳʭ ʩʧʘʩʘʪʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ. 

ʋʧʨʘʚʣʝʥʠʝ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ 

ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʧʘʩʘʪʝʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ ʧʦʩʣʝ ʪʝʨʘʢʪʘ 

ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʢʦʦʨʜʠʥʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʦ 
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ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʫʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʥʦʩʪʠ, 

ʧʣʘʥʠʨʦʚʢʫ ʟʜʘʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʤʤʫʥʠʢʘʮʠʡ 

ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʪʝʡ. ʉʧʘʩʘʪʝʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʥʝʦʪʣʦʞʥʳʝ ʨʘʙʦʪʳ 

ʧʨʦʚʦʜʷʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʨʘʟʣʠʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ. 

ʃʠʢʚʠʜʘʮʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʨʘʢʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠ ʤʘʩʰʪʘʙʘ 

ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʊʝʨʘʢʪʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʚʟʨʳʚʘʤʠ, ʘʚʘʨʠʷʤʠ 

ʥʘ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ, ʨʘʟʨʫʰʝʥʠʷʤʠ, ʧʦʞʘʨʘʤʠ, ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʠʣʠ 

ʭʠʤʠʯʝʩʢʠʤ ʟʘʨʘʞʝʥʠʝʤ, ʟʘʪʦʧʣʝʥʠʷʤʠ ʠ ʵʧʠʜʝʤʠʷʤʠ, ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ 

ʧʦʜʭʦʜʘ. 

ɿʘʜʘʯʠ ʈʉʏʉ: 

ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʟʘʜʘʯʠ ʦʨʛʘʥʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʈʉʏʉ (ɽʜʠʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ 

ʣʠʢʚʠʜʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ) ʧʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ ʪʝʨʨʦʨʠʟʤʫ, 

ʟʘʱʠʪʝ ʥʘʩʝʣʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʨʘʢʪʦʚ. 

ɿʘʱʠʪʘ ʥʘʩʝʣʝʥʠʷ: 

ɿʘʱʠʪʘ ʥʘʩʝʣʝʥʠʷ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʚʩʝʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʈʉʏʉ. ʕʪʘ 

ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ: 

ʈʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨ ʧʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ ʪʝʨʨʦʨʠʟʤʫ, 

ʧʦʣʠʪʠʯʝʩʢʦʤʫ, ʥʘʮʠʦʥʘʣʴʥʦʤʫ ʠ ʨʝʣʠʛʠʦʟʥʦʤʫ ʵʢʩʪʨʝʤʠʟʤʫ. 

ʉʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʘʥʪʠʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ ʚ ʛʦʨʦʜʘʭ 

ʠ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʂʦʥʪʨʦʣʷ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʩʬʝʨʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʠ ʙʦʨʴʙʳ ʩ ʪʝʨʨʦʨʠʟʤʦʤ ʦʨʛʘʥʘʤʠ ʚʣʘʩʪʠ ʠ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ. 

ʆʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʩʠʩʪʝʤ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ. 

ʆʢʘʟʘʥʠʷ ʧʦʤʦʱʠ ʦʨʛʘʥʘʤ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, 

ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʘʤ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ ɻʆʏʉ ʚ ʧʨʝʜʫʧʨʝʞʜʝʥʠʠ 

ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ. 

ɸʥʘʣʠʟ ʦʧʳʪʘ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʨʘʢʪʦʚ ʚʳʷʚʠʣ ʨʷʜ ʧʨʦʙʣʝʤ, 

ʦʩʣʘʙʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʣ ʈʉʏʉ. 

ʂʣʶʯʝʚʳʝ ʥʝʜʦʩʪʘʪʢʠ ʚʢʣʶʯʘʶʪ[4]: 

ʅʝʯʝʪʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ: ʆʪʩʫʪʩʪʚʫʝʪ ʯʝʪʢʦʝ 

ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʧʦʣʥʦʤʦʯʠʡ ʠ ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʚʝʜʦʤʩʪʚʘʤʠ, 

ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʅʝʜʦʩʪʘʪʦʢ ʠʥʬʦʨʤʘʮʠʠ: ʅʝ ʭʚʘʪʘʝʪ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʤʝʩʪʝ ʧʨʦʠʩʰʝʩʪʚʠʷ, ʪʘʢʦʡ ʢʘʢ ʧʣʘʥʳ ʟʜʘʥʠʡ, ʩʧʠʩʢʠ ʞʠʣʴʮʦʚ, ʜʘʥʥʳʝ ʦ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʝʩʪ ʵʚʘʢʫʘʮʠʠ ʧʦʩʪʨʘʜʘʚʰʠʭ ʠ 

ʮʝʥʥʦʩʪʝʡ. 

ʅʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʅʝʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʫʰʝʥʠʶ ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʯʪʦ 

ʪʨʘʚʤʠʨʫʝʪ ʩʧʘʩʘʪʝʣʝʡ ʠ ʧʦʩʪʨʘʜʘʚʰʠʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʟʘʚʘʣʘʤʠ. 
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ɺ ʈʦʩʩʠʠ ʟʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʪʝʨʘʢʪʦʚ ʦʪʚʝʯʘʶʪ ʫʧʦʣʥʦʤʦʯʝʥʥʳʝ 

ʬʝʜʝʨʘʣʴʥʳʝ ʦʨʛʘʥʳ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʠ ʩʧʝʮʩʣʫʞʙʳ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʌʉɹ ʠ ʄɺɼ. ʄʏʉ ʈʦʩʩʠʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʝʜʫʧʨʝʞʜʝʥʠʠ 

ʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʨʘʢʪʦʚ. ʉʠʣʳ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ ʄʏʉ 

ʯʘʩʪʦ ʥʘʯʠʥʘʶʪ ʨʘʙʦʪʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʧʝʮʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʠ 

ʩʣʫʞʙʘʤʠ. ɺ ʩʣʫʯʘʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʨʘʢʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʨʫʞʠʷ 

ʤʘʩʩʦʚʦʛʦ ʧʦʨʘʞʝʥʠʷ, ʧʦ ʨʝʰʝʥʠʶ ʥʘʯʘʣʴʥʠʢʘ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ 

ʩʫʙʲʝʢʪʘ ʈʌ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʚʣʝʯʝʥʳ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʄʠʥʦʙʦʨʦʥʳ 

ʈʦʩʩʠʠ.[3] 

ʃʠʢʚʠʜʘʮʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʨʘʢʪʦʚ ʚʢʣʶʯʘʝʪ ʜʚʘ 

ʵʪʘʧʘ: ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʠ ʘʚʘʨʠʡʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ. 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʡ ʵʪʘʧ ï ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʝ ʨʘʙʦʪʳ. ʅʘ ʵʪʦʤ 

ʵʪʘʧʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʯʝʪʢʦʝ 

ʨʫʢʦʚʦʜʩʪʚʦ ʠ ʧʦʜʯʠʥʝʥʠʝ ʝʜʠʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, ʥʘʜʝʞʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʩʧʘʩʘʪʝʣʷʤʠ ʠ ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʪʝʨʨʦʨʠʟʤ ʩʝʛʦʜʥʷ ï ʵʪʦ ʦʜʥʘ 

ʠʟ ʩʘʤʳʭ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʫʛʨʦʟ. ʉʦʦʙʱʝʥʠʷ ʦ ʪʝʨʘʢʪʘʭ ʚʳʟʳʚʘʶʪ ʥʝ 

ʪʦʣʴʢʦ ʫʞʘʩ, ʥʦ ʠ ʩʪʨʝʤʣʝʥʠʝ ʧʦʥʷʪʴ ʧʦʯʝʤʫ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠ ʢʘʢ ʪʘʢʦʝ 

ʚʦʟʤʦʞʥʦ. ʊʝʨʨʦʨʠʟʤ, ʚ ʣʶʙʦʡ ʬʦʨʤʝ, ʩʪʘʣ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʤʘʩʰʪʘʙʥʦʩʪʴʶ, ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ ʠ ʪʷʞʝʣʳʤʠ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ʆʥ ʧʦʜʨʳʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʪʨʘʥ ʠ ʠʭ ʛʨʘʞʜʘʥ, ʥʘʥʦʩʠʪ 

ʦʛʨʦʤʥʳʡ ʫʱʝʨʙ ʚ ʧʦʣʠʪʠʯʝʩʢʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʤʦʨʘʣʴʥʦʡ ʩʬʝʨʘʭ, ʘ 

ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʤʦʱʥʦʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʣʶʜʝʡ. 

ʇʨʝʦʜʦʣʝʥʠʝ ʵʪʦʡ ʫʛʨʦʟʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʧʦ ʤʠʨʫ, ʢʘʢ ʙʦʣʝʟʥʴ, 

ʪʨʝʙʫʝʪ ʦʙʲʝʜʠʥʝʥʥʳʭ ʫʩʠʣʠʡ ʚʩʝʛʦ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. 
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ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ 
 

ɸʥʥʦʪʘʮʠʷ: ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʩʥʦʚʥʳʝ ʫʛʨʦʟʳ ʠ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʚ 

ʚʠʨʪʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠ ʢʦʥʪʝʡʥʝʨʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʩ ʧʦʟʠʮʠʠ ʪʨʠʘʜʳ CIA: 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ. ʆʧʠʩʘʥʳ ʘʪʘʢʠ ʥʘ 

ʛʠʧʝʨʚʠʟʦʨʳ, ʧʦʙʦʯʥʳʝ ʢʘʥʘʣʳ, ʫʷʟʚʠʤʦʩʪʠ ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʦʨʢʝʩʪʨʘʮʠʠ. 

ʇʨʝʜʣʦʞʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʝʨʳ ʟʘʱʠʪʳ: ʰʠʬʨʦʚʘʥʠʝ, VMI , RBAC, ʢʦʥʪʨʦʣʴ 

ʨʝʩʫʨʩʦʚ, DevSecOps-ʧʦʜʭʦʜ. ʇʦʜʯʸʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʜʭʦʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʨʪʫʘʣʠʟʘʮʠʷ, ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʷ, ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ, 

ʮʝʣʦʩʪʥʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ, VM-escape, ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʦʥʪʝʡʥʝʨʦʚ 
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Integrity, availability, confidentiality of virtualization and 

containerization 
 

Abstract: the article analyzes key threats and protection methods in virtualized and 

containerized environments based on the CIA triad: confidentiality, integrity, and 

availability. It covers hypervisor exploits, side-channel attacks, container 

vulnerabilities, and orchestration risks. Practical defense mechanisms are proposed, 

including encryption, VMI, RBAC, resource control, and DevSecOps practices. The 

study emphasizes a holistic security approach combining hardware and software tools. 

Key words: virtualization, containerization, confidentiality, integrity, availability, VM-

escape, container security 

 

ɺʚʝʜʝʥʠʝ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʩʚʷʟʘʥʥʳʝ ʩʦ 

ʩʬʝʨʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʚʦʠʭ ʩʠʩʪʝʤʘʭ 

ʪʝʭʥʦʣʦʛʠ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʚʦʠʭ ʩʝʨʚʠʩʦʚ. ɺʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ ʠ 

ʢʦʥʪʝʡʥʝʨʳ ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʘʮʠʷʤ ʙʳʩʪʨʦ ʨʘʟʚʦʨʘʯʠʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʠ 

ʦʧʪʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʟʜʘʶʪ ʥʦʚʳʝ ʚʝʢʪʦʨʳ 

ʘʪʘʢ. ʂʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ð ʜʘʥʥʳʝ ʠ 

ʩʝʨʚʠʩʳ ð ʥʫʞʜʘʶʪʩʷ ʚ ʟʘʱʠʪʝ ʧʦ ʧʨʠʥʮʠʧʘʤ ʪʨʠʘʜʳ CIA (confidentiality, 

integrity, availability). ʇʦʩʢʦʣʴʢʫ ʤʥʦʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 
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ʫʯʨʝʞʜʝʥʠʷ ʧʝʨʝʭʦʜʷʪ ʥʘ ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (DevOps, ʤʠʢʨʦʩʝʨʚʠʩʳ, 

ʵʣʝʢʪʨʦʥʥʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ), ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʦʧʨʦʩ ʢʦʤʧʘʥʠʠ Red Hat (2024) ʧʦʢʘʟʘʣ, ʯʪʦ 67% 

ʢʦʤʧʘʥʠʡ ʟʘʜʝʨʞʠʚʘʣʠ ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠʟ-ʟʘ 

ʧʨʦʙʣʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ 46% ʦʨʛʘʥʠʟʘʮʠʡ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʧʦʪʝʨʝʡ ʜʦʭʦʜʦʚ 

ʧʦʩʣʝ ʠʥʮʠʜʝʥʪʘ ʚ ʢʦʥʪʝʡʥʝʨʥʦʤ/Kubernetes ʦʢʨʫʞʝʥʠʠ 

[1, ʩ. 34]. 

 ʇʦʜʦʙʥʳʝ ʧʨʠʤʝʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʣʠʷʥʠʝ ʫʷʟʚʠʤʦʩʪʝʡ 

ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʥʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 

ʩʠʩʪʝʤʳ. ʈʦʩʪ ʯʠʩʣʘ ʢʠʙʝʨʘʪʘʢ, ʫʪʝʯʝʢ ʜʘʥʥʳʭ ʠ ʩʙʦʝʚ ʚ ʨʘʙʦʪʝ ʩʝʨʚʠʩʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʩʝʩʪʦʨʦʥʥʝʡ ʟʘʱʠʪʳ ʩʨʝʜ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʶʪ ʚʠʨʪʫʘʣʠʟʘʮʠʶ ʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʶ. 

ʊʨʝʥʜʳ: ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ 

ʢʦʥʪʝʡʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (Kubernetes, Docker) ʧʦʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʜʦʚʝʨʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡè 

(hardware-based confidential computing) ʩ AMD SEV/Intel TDX ʩʪʘʥʦʚʠʪʩʷ 

ʦʪʨʘʩʣʝʚʳʤ ʪʨʝʥʜʦʤ [2, ʩ. 16]. 

ɺʣʠʷʥʠʝ: ʠʥʮʠʜʝʥʪʳ ʩ ʫʪʝʯʢʘʤʠ ʜʘʥʥʳʭ ʠ ʩʙʦʷʤʠ ʚ ʚʠʨʪʫʘʣʴʥʳʭ 

ʩʨʝʜʘʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʢʨʫʧʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ, ʰʪʨʘʬʘʤ ʠ 

ʫʱʝʨʙʫ ʨʝʧʫʪʘʮʠʠ. ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʛʜʝ ʚʥʝʜʨʷʶʪʩʷ ʦʙʣʘʢʘ ʜʣʷ 

ʛʦʩʩʝʨʚʠʩʦʚ ʠ ʀʀ, ʦʩʦʙʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʵʪʠʤ ʧʨʦʠʩʰʝʩʪʚʠʷʤ. 

ɺʳʟʦʚʳ: ʠʟʦʣʷʮʠʷ ʤʝʞʜʫ ʢʦʥʪʝʡʥʝʨʘʤʠ ʥʝ ʘʙʩʦʣʶʪʥʘ ð ʘʪʘʢʠ 

ʧʦʙʦʯʥʳʤʠ ʢʘʥʘʣʘʤʠ (Spectre/Meltdown ʠ ʜʨ.), ʵʢʩʧʣʫʘʪʘʮʠʷ ʫʷʟʚʠʤʦʩʪʝʡ 

ʛʠʧʝʨʚʠʟʦʨʘ/ʢʦʥʪʝʡʥʝʨʘ ʠ ʩʙʦʠ ʚ ʦʨʢʝʩʪʨʘʮʠʠ ʤʦʛʫʪ ʥʘʨʫʰʠʪʴ CIA-

ʪʨʠʘʜʫ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʫʷʟʚʠʤʦʩʪʴ CVE-2015-3456 

(çVenomè) - ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʧʦʣʥʝʥʠʝʤ ʙʫʬʝʨʘ ʚ ʵʤʫʣʷʪʦʨʝ 

ʢʦʥʪʨʦʣʣʝʨʘ ʛʠʙʢʠʭ ʜʠʩʢʦʚ (FDC) ʠʣʠ ʘʪʘʢʘ CacheWarp ʧʨʦʪʠʚ AMD SEV. 

ɿʥʘʯʠʤʦʩʪʴ: ʧʦʜʜʝʨʞʘʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ, ʜʦʩʪʫʧʥʦʩʪʠ ʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʚ ʪʘʢʠʭ ʛʠʙʨʠʜʥʳʭ ʩʨʝʜʘʭ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʟʘʱʠʪʳ: ʘʧʧʘʨʘʪʥʦ-ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ 

ʚ ʨʘʥʪʘʡʤʝ, ʫʧʨʘʚʣʝʥʠʷ ʩʝʢʨʝʪʘʤʠ ʠ ʩʪʨʦʛʠʭ ʧʦʣʠʪʠʢ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤʘ ʟʘʱʠʪʳ CIA-ʪʨʠʘʜʳ ʚ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʠ 

ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʢʘʢ ʜʣʷ ʙʠʟʥʝʩʘ, ʪʘʢ ʠ ʜʣʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʀʊ-ʩʠʩʪʝʤ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʸʥ ʦʙʟʦʨ ʫʛʨʦʟ, 

ʠʥʮʠʜʝʥʪʦʚ ʠ ʤʝʨ ʟʘʱʠʪʳ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʘʩʧʝʢʪʦʚ CIA ʜʣʷ ʦʙʦʠʭ 

ʧʦʜʭʦʜʦʚ. 

 

ɻʣʘʚʘ 1. ɺʠʨʪʫʘʣʠʟʘʮʠʷ 

 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ð ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ, ʦʧʝʨʘʮʠʦʥʥʳʤ 

ʩʠʩʪʝʤʘʤ, ʩʝʪʝʚʳʤ ʢʦʤʧʦʥʝʥʪʘʤ, ʢʦʪʦʨʳʝ ʘʙʩʪʨʘʛʠʨʦʚʘʥʳ ʦʪ ʘʧʧʘʨʘʪʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ. ʂʣʶʯʝʚʘʷ ʧʨʠʯʠʥʘ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ð 
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ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʤʝʩʪʦ ʟʘʧʫʩʢʘ ʜʝʩʷʪʢʦʚ 

ʩʝʨʚʝʨʦʚ ʢʦʤʧʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʠʟʠʯʝʩʢʠʭ 

ʤʦʱʥʦʩʪʝʡ ʠ ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʨʝʩʫʨʩʳ, 

ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʜʠʥʘʤʠʯʥʫʶ ʥʘʛʨʫʟʢʫ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʪʦ ʧʨʦʮʝʩʩ, 

ʧʨʦʮʝʜʫʨʘ ʠ ʧʦʣʠʪʠʢʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʫ ʚʠʨʪʫʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʘʧʧʘʨʘʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʊʘʢʘʷ ʟʘʱʠʪʘ ʢʘʩʘʝʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʭ 

ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ, ʪʘʢ ʠ ʛʠʧʝʨʚʠʟʦʨʘ. ʆʥʘ ʟʘʱʠʱʘʝʪ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʫʪʝʯʢʠ ʜʘʥʥʳʭ ʠ ʨʘʟʥʳʭ 

ʘʪʘʢ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʫʷʟʚʠʤʦʩʪʠ ʠʣʠ ʚʨʝʜʦʥʦʩʥʳʡ ʢʦʜ 

1.1 ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ 

ɺ ʚʠʨʪʫʘʣʴʥʳʭ ʩʨʝʜʘʭ ʥʘʨʫʰʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ, 

ʢʦʛʜʘ ʘʪʘʢʫʶʱʠʡ ʠʟ ʛʦʩʪʝʚʦʡ ɺʄ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʜʨʫʛʠʭ ɺʄ 

ʠʣʠ ʢ ʭʦʩʪʫ. ʆʩʦʙʝʥʥʦ ʦʧʘʩʥʳ ʘʪʘʢʠ ʚʳʭʦʜʘ ʟʘ ʧʨʝʜʝʣʳ ʚʠʨʪʫʘʣʴʥʦʡ 

ʤʘʰʠʥʳ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʘʪʘʢʠ ʧʦʙʝʛʘ ʠʟ ɺʄ), ʧʨʠ ʢʦʪʦʨʳʭ ʚʨʝʜʦʥʦʩʥʳʡ 

ʢʦʜ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʛʦʩʪʝʚʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʦʥʠʢʘʝʪ ʚ ʛʠʧʝʨʚʠʟʦʨ. ʕʪʠ 

ʘʪʘʢʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʦʣʥʳʡ ʜʦʩʪʫʧ ʢ ʧʘʤʷʪʠ ʠ ʜʠʩʢʦʚʳʤ ʦʙʨʘʟʘʤ 

ʚʩʝʭ ɺʄ ʥʘ ʭʦʩʪʝ. ʅʘʧʨʠʤʝʨ, ʫʷʟʚʠʤʦʩʪʴ CVE-2015-3456 (çVenomè) ʚ 

QEMU ʧʦʟʚʦʣʷʣʘ ʛʦʩʪʝʚʦʡ ʆʉ ʚʳʡʪʠ ʟʘ ʧʨʝʜʝʣʳ ʛʠʧʝʨʚʠʟʦʨʘ ʠ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʫʧ ʢ ʭʦʩʪ-ʆʉ; ʢʘʢ ʦʪʤʝʯʝʥʦ, ʵʪʦ çʦʜʠʥ ʠʟ ʭʫʜʰʠʭ ʢʣʘʩʩʦʚ ʫʷʟʚʠʤʦʩʪʝʡ 

ʚʠʨʪʫʘʣʠʟʘʮʠʠè (ʛʦʩʪʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʟʘʨʘʞʝʥʠʷ ʜʨʫʛʠʭ 

ʩʠʩʪʝʤ). ɸʥʘʣʦʛʠʯʥʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ 2023 ʛ. ʚʳʷʚʠʣʦ ʘʪʘʢʫ CacheWarp ʥʘ 

ʪʝʭʥʦʣʦʛʠʶ AMD SEV, ʧʦʢʘʟʳʚʘʶʱʫʶ, ʯʪʦ ʜʘʞʝ ʟʘʰʠʬʨʦʚʘʥʥʘʷ ʧʘʤʷʪʴ 

ɺʄ ʤʦʞʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʜʣʷ ʵʩʢʘʣʘʮʠʠ ʧʨʠʚʠʣʝʛʠʡ. ɺ ʮʝʣʦʤ, 

ʫʷʟʚʠʤʦʩʪʠ ʛʠʧʝʨʚʠʟʦʨʘ (Intel, AMD, VMware) ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʪʝʯʢʝ 

ʜʘʥʥʳʭ ʤʝʞʜʫ ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ ʠ ʭʦʩʪʦʤ. 

ɼʨʫʛʠʤʠ ʚʘʞʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʘʪʘʢʠ ʧʦ ʢʦʩʚʝʥʥʳʤ ʢʘʥʘʣʘʤ: 

ʧʨʠ ʩʧʝʢʫʣʷʪʠʚʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʢʦʜʘ, ʧʨʠ ʘʥʘʣʠʟʝ ʢʵʰʘ ʠʣʠ ʠʟʫʯʝʥʠʠ 

ʟʘʜʝʨʞʝʢ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʘʥʥʳʝ ʠʟ ʧʘʤʷʪʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ɺʄ. ʊʘʢ, 

ʩʝʤʝʡʩʪʚʘ Spectre/Meltdown, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʫʷʟʚʠʤʦʩʪʠ 

ʧʨʦʮʝʩʩʦʨʦʚ (L1TF, MDS ʠ ʧʨ.) ʜʦʢʘʟʘʣʠ, ʯʪʦ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʫʷʟʚʠʤʘ ʜʣʷ 

ʤʝʞʚʠʨʪʫʘʣʴʥʳʭ ʫʪʝʯʝʢ. ɼʣʷ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʚ 

ʚʠʨʪʫʘʣʠʟʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʘʢʪʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ: 

ɸʧʧʘʨʘʪʥʳʝ çʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝè ɺʄ: Intel Trust Domain 

Extensions (TDX) ʠ AMD Secure Encrypted Virtualization (SEV) ʧʦʟʚʦʣʷʶʪ 

ʰʠʬʨʦʚʘʪʴ ʧʘʤʷʪʴ ʛʦʩʪʝʚʦʡ ɺʄ ʫʥʠʢʘʣʴʥʳʤ ʢʣʶʯʦʤ, ʠʟʦʣʠʨʫʷ ʝʸ ʜʘʞʝ ʦʪ 

ʛʠʧʝʨʚʠʟʦʨʘ. ʅʘʧʨʠʤʝʨ, AMD SEV-SNP ʩʦʜʝʨʞʠʪ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ 

ʧʘʤʷʪʠ ɺʄ ʦʪ ʥʝʜʦʚʝʨʝʥʥʦʛʦ ʛʠʧʝʨʚʠʟʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʧʷʪʩʪʚʫʝʪ ʘʥʘʣʠʪʠʢʝ ʩʦʜʝʨʞʠʤʦʛʦ ʆɿʋ ɺʄ. 

ʐʠʬʨʦʚʘʥʠʝ çʥʘ ʤʝʩʪʝè: ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʰʠʬʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ, ʥʦ ʠ ʜʠʩʢʠ/ʬʘʡʣʳ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʦ ʩʝʪʠ ʠ ʜʨʫʛʠʝ 

ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʨʦʤʝʪʘʮʠʠ 

ʢʦʤʧʦʥʝʥʪ ʜʘʥʥʳʝ ʦʩʪʘʥʫʪʩʷ ʟʘʱʠʱʸʥʥʳʤʠ. 
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ʄʥʦʛʦʬʘʢʪʦʨʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʠ ʩʪʨʦʛʠʡ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ: 

ʠʥʪʝʨʬʝʡʩʳ ʫʧʨʘʚʣʝʥʠʷ ʛʠʧʝʨʚʠʟʦʨʦʤ (CLI, API) ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ, ʩʝʨʪʠʬʠʢʘʪʘʤʠ ʠ ʨʦʣʝʚʳʤʠ ʧʨʘʚʘʤʠ. 

ʂʘʢ ʦʪʤʝʯʘʝʪ ʵʢʩʧʝʨʪ Microsoft, ʢʦʤʧʨʦʤʝʪʘʮʠʷ API-ʩʝʨʚʝʨʘ ʠʣʠ ʢʣʶʯʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ Kubernetes ʩʨʘʟʫ ʜʘʸʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ 

ʢʣʘʩʪʝʨʦʤ; ʘʥʘʣʦʛʠʯʥʦ ʜʣʷ ʛʠʧʝʨʚʠʟʦʨʦʚ ʢʨʘʡʥʝ ʚʘʞʥʦ ʦʛʨʘʥʠʯʠʪʴ ʜʦʩʪʫʧ 

ʢ ʥʠʤ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʛʠʧʝʨʚʠʟʦʨʘ: ʛʠʧʝʨʚʠʟʦʨ (ʠʣʠ ʭʦʩʪ-ʆʉ) ʥʝʦʙʭʦʜʠʤʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʦʙʝʟʦʧʘʩʠʪʴ: ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʘʪʘʢʠ ʠ ʩʪʨʦʛʦ 

ʥʘʩʪʨʦʠʪʴ.ʕʪʦ ʚʢʣʶʯʘʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʘʪʯʠʨʦʚʘʥʠʝ, ʦʪʢʣʶʯʝʥʠʝ 

ʥʝʥʫʞʥʳʭ ʩʝʨʚʠʩʦʚ (clipboard sharing, usb redirection ʠ ʜʨ.), ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

Hypervisor Introspection (VMI) ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ɺʄ ʠʟ ʭʦʩʪ-

ʩʨʝʜʳ. ʀʥʩʪʨʫʤʝʥʪʳ VMI ʠ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ guest-ɺʄ ʧʦʤʦʛʘʶʪ 

ʚʳʷʚʣʷʪʴ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʥʝʟʘʤʝʪʥʦ ʧʦʜʤʝʥʘ 

ʦʙʨʘʟʦʚ). 

ʅʘʜʸʞʥʦʝ ʭʨʘʥʝʥʠʝ ʢʣʶʯʝʡ: ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʧʘʨʘʪʥʳʭ 

ʨʘʩʰʠʨʝʥʠʡ ʚʘʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʦʚʝʨʝʥʥʳʡ KMS (Key Management 

Service) ʩ ʙʝʟʦʧʘʩʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʣʶʯʝʡ ʤʝʞʜʫ ʭʦʩʪʦʤ ʠ ɺʄ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʚ 

ʚʠʨʪʫʘʣʠʟʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʪʨʝʙʫʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʘʧʧʘʨʘʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

(SEV/TDX), ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ (TLS, VPN ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ), 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ. ʇʦ ʨʝʢʦʤʝʥʜʘʮʠʠ 

NIST (ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʉʐɸ), ʩʣʝʜʫʝʪ 

ʧʨʠʤʝʥʷʪʴ ʪʝ ʞʝ ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʠ ʜʣʷ ʦʙʳʯʥʳʭ ʆʉ, ʧʣʶʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʘʢʪʠʢʠ ʟʘʱʠʪʳ ʛʠʧʝʨʚʠʟʦʨʘ. 

1.2 ʎʝʣʦʩʪʥʦʩʪʴ 

ʎʝʣʦʩʪʥʦʩʪʴ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʠ ʛʠʧʝʨʚʠʟʦʨʘ ʚʘʞʥʘ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʦʜʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʋʛʨʦʟʳ ʮʝʣʦʩʪʥʦʩʪʠ ʚʢʣʶʯʘʶʪ ʧʦʜʤʝʥʫ ʦʙʨʘʟʦʚ ɺʄ, ʚʥʝʜʨʝʥʠʝ 

ʚʨʝʜʦʥʦʩʥʦʛʦ ʢʦʜʘ ʚ ʛʠʧʝʨʚʠʟʦʨ ʠʣʠ ʛʦʩʪʝʚʫʶ ʩʠʩʪʝʤʫ, ʘ ʪʘʢʞʝ 

ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʚʠʨʪʫʘʣʴʥʦʡ ʩʝʪʠ ʠ ʜʠʩʢʦʚ. ʇʨʠ ʧʦʣʥʦʤ 

ʢʦʥʪʨʦʣʝ ʥʘʜ ʛʠʧʝʨʚʠʟʦʨʦʤ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʩʢʨʳʪʴ ʩʚʦʸ 

ʧʨʠʩʫʪʩʪʚʠʝ ʠ ʧʦʜʤʝʥʷʪʴ ʜʘʥʥʳʝ ʚ ʣʶʙʦʡ ʛʦʩʪʝʚʦʡ ɺʄ. 

ɼʣʷ ʟʘʱʠʪʳ ʮʝʣʦʩʪʥʦʩʪʠ ʚ ʚʠʨʪʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʤʝʨʳ: 

ɹʝʟʦʧʘʩʥʘʷ ʟʘʛʨʫʟʢʘ: ʚʢʣʶʯʝʥʠʝ Secure Boot ʠ Platform TPM (TPM) 

ʥʘ ʭʦʩʪʘʭ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʟʘʛʨʫʟʷʪʩʷ ʪʦʣʴʢʦ ʜʦʚʝʨʝʥʥʳʝ 

ʛʠʧʝʨʚʠʟʦʨ ʠ ʦʙʨʘʟʳ ʛʦʩʪʝʚʳʭ ʆʉ. ʅʘʧʨʠʤʝʨ, ʤʝʭʘʥʠʟʤ UEFI Secure Boot 

ʧʨʦʚʝʨʷʝʪ ʧʦʜʧʠʩʠ ʛʠʧʝʨʚʠʟʦʨʘ ʠ ʦʙʨʘʟʦʚ ɺʄ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʟʘʧʫʩʢ 

ʚʟʣʦʤʘʥʥʦʛʦ ʢʦʜʘ. 

ʂʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʛʠʧʝʨʚʠʟʦʨʘ: ʩʪʦʨʦʥʥʠʝ ʨʝʰʝʥʠʷ VMI 

(Virtual Machine Introspection) ʠ ʛʠʧʝʨʚʠʟʦʨʥʳʝ ʤʦʥʠʪʦʨʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʝʨʷʪʴ ʩʦʩʪʦʷʥʠʝ ɺʄ çʩʥʘʨʫʞʠè. ʀʥʩʪʨʫʤʝʥʪʳ ʪʠʧʘ vProtect ʠ Falco 
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ʤʦʛʫʪ ʦʪʩʣʝʞʠʚʘʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʬʘʡʣʦʚ ʠ ʠʟʤʝʥʝʥʠʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʥʫʪʨʠ 

ɺʄ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʄʠʥʠʤʠʟʘʮʠʷ ʜʦʚʝʨʝʥʥʦʡ ʙʘʟʳ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʸʛʢʠʭ ʤʠʢʨʦʷʜʝʨ 

(ʥʘʧʨʠʤʝʨ, HypSec) ʜʣʷ ʛʠʧʝʨʚʠʟʦʨʘ ʫʤʝʥʴʰʘʝʪ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʘʪʘʢʠ. 

ʏʝʤ ʤʝʥʴʰʝ ʢʦʤʧʦʥʝʥʪʦʚ ʛʠʧʝʨʚʠʟʦʨʘ, ʪʝʤ ʩʣʦʞʥʝʝ ʚʥʝʩʪʠ ʥʝʟʘʤʝʪʥʳʝ 

ʠʟʤʝʥʝʥʠʷ. ʈʝʛʫʣʷʨʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʠ ʧʘʪʯʠʥʛ ʛʠʧʝʨʚʠʟʦʨʘ ʠ ʛʦʩʪʝʚʳʭ 

ʩʠʩʪʝʤ (ʘʥʪʠʚʠʨʫʩ, ʬʘʡʨʚʦʣʳ) ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʮʝʣʦʩʪʥʦʩʪʴ. 

ʄʦʥʠʪʦʨʠʥʛ ʠ ʘʫʜʠʪ: ʥʫʞʥʦ ʚʝʩʪʠ ʞʫʨʥʘʣʠʨʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ 

ʫʧʨʘʚʣʝʥʠʷ ɺʄ, ʯʪʦʙʳ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʧʳʪʢʠ ʠʟʤʝʥʝʥʠʷ ʦʙʨʘʟʦʚ ʠʣʠ 

ʥʘʩʪʨʦʝʢ. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʠʨʪʫʘʣʠʟʘʮʠʝʡ (vCenter, OpenStack APIs) 

ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʠ ʧʦʜʚʝʨʛʘʪʴʩʷ ʘʫʜʠʪʫ ʠʟʤʝʥʝʥʠʡ. 

ʉʣʝʜʫʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʤʫ ʧʦʜʭʦʜʫ, ʢʨʠʪʠʯʥʦ ʩʦʯʝʪʘʪʴ ʘʧʧʘʨʘʪʥʳʝ 

ʩʨʝʜʩʪʚʘ (TPM/Secure Boot) ʩ ʧʨʘʢʪʠʢʘʤʠ DevOps-ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʫʧʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʥʘʨʫʞʠʪʴ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʜʤʝʥʫ 

ʛʠʧʝʨʚʠʟʦʨʘ ʠʣʠ ʦʙʨʘʟʦʚ ɺʄ, ʩʦʭʨʘʥʷʷ ʥʝʠʟʤʝʥʥʦʩʪʴ ʩʨʝʜʳ[3, ʩ. 22]. 

1.3 ɼʦʩʪʫʧʥʦʩʪʴ 

ɼʦʩʪʫʧʥʦʩʪʴ ʚʠʨʪʫʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʦʟʥʘʯʘʝʪ, ʯʪʦ ɺʄ ʠ ʩʝʨʚʠʩʳ 

ʦʩʪʘʶʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤʠ ʜʘʞʝ ʧʨʠ ʧʦʧʳʪʢʘʭ ʘʪʘʢ ʠʣʠ ʩʙʦʷʭ. ʋʛʨʦʟʳ 

ʜʦʩʪʫʧʥʦʩʪʠ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʚʢʣʶʯʘʶʪ: 

DDoS ʠ ʠʩʯʝʨʧʘʥʠʝ ʨʝʩʫʨʩʦʚ: ʘʪʘʢʠ, ʩʦʟʜʘʶʱʠʝ ʠʟʙʳʪʦʯʥʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ ʛʠʧʝʨʚʠʟʦʨ ʠʣʠ ʩʝʪʴ (ʥʘʧʨʠʤʝʨ, ʨʘʟʤʝʩʪʠʪʴ ʚ ɺʄ ʤʘʡʥʝʨ ʠʣʠ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʙʦʪʥʝʪ), ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʟʘʤʝʜʣʝʥʠʝ ʠʣʠ ʥʝʜʦʩʪʫʧʥʦʩʪʴ ʜʨʫʛʠʭ 

ɺʄ. ʇʝʨʝʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʟʣʦʚ ʥʝʩʢʦʣʴʢʠʤʠ ɺʄ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʦʪʢʘʟ ʦʜʥʦʡ ɺʄ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʩʦʩʝʜʠ. 

ʉʙʦʠ ʛʠʧʝʨʚʠʟʦʨʘ/ʭʦʩʪʘ: ʦʪʢʘʟ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʩʝʨʚʝʨʦʚ, ʩʝʪʠ, ʉʍɼ) 

ʧʨʠʚʝʜʸʪ ʢ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʚʩʝʭ ɺʄ ʥʘ ʥʸʤ. ʉʧʝʮʠʘʣʴʥʳʝ ʵʢʩʧʣʦʡʪʳ ʪʘʢʞʝ 

ʤʦʛʫʪ ʚʳʚʝʩʪʠ ʛʠʧʝʨʚʠʟʦʨ ʠʟ ʩʪʨʦʷ. 

ʄʘʥʠʧʫʣʷʮʠʠ ʢʦʥʬʠʛʫʨʘʮʠʝʡ: ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʩ ʜʦʩʪʫʧʦʤ ʢ 

ʩʨʝʜʩʪʚʫ ʦʨʢʝʩʪʨʘʮʠʠ ʠʣʠ ʛʠʧʝʨʚʠʟʦʨʫ ʤʦʞʝʪ ʩʥʷʪʴ ʣʠʤʠʪʳ ʨʝʩʫʨʩʦʚ, ʯʪʦ 

ʧʨʠʚʝʜʸʪ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ (ʧʦʟʞʝ ʦʪʢʘʟ ʩʝʨʚʠʩʦʚ). 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʘʢʪʠʢʠ: 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ: ʠʩʧʦʣʴʟʫʶʪ ʚʳʩʦʢʦʜʦʩʪʫʧʥʳʝ 

ʢʣʘʩʪʝʨʳ ʛʠʧʝʨʚʠʟʦʨʦʚ. ʇʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʭʦʩʪʘ ʛʦʩʪʝʚʳʝ ɺʄ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʤʝʱʘʶʪʩʷ (live migration) ʥʘ ʜʨʫʛʦʡ ʫʟʝʣ ʢʣʘʩʪʝʨʘ. ʕʪʦ 

ʩʥʠʞʘʝʪ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʩʝʨʚʠʩʦʚ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʨʝʩʫʨʩʦʚ: ʜʣʷ ʢʘʞʜʦʡ ɺʄ ʟʘʜʘʶʪ ʢʚʦʪʳ CPU, RAM, 

ʩʝʪʝʚʦʡ ʧʦʣʦʩʳ. ʕʪʦ ʥʝ ʜʘʸʪ ʦʜʥʦʡ ɺʄ çʟʘʭʚʘʪʠʪʴè ʚʩʝ ʨʝʩʫʨʩʳ ʫʟʣʘ. 

Windows ʠʣʠ Linux-ʢʦʥʪʨʦʣʴ ʛʨʫʧʧ (cgroups) ʧʦʤʦʛʘʶʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʠʩʯʝʨʧʘʥʠʝ ʨʝʩʫʨʩʦʚ ʩʦʩʝʜʷʤʠ. 

ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ: ʩʨʝʜʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ (Nagios, Zabbix) 

ʦʪʩʣʝʞʠʚʘʶʪ ʟʘʛʨʫʟʢʫ ʭʦʩʪʦʚ ʠ ʩʪʘʪʫʩ ɺʄ, ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ 

ʘʥʦʤʘʣʠʠ (ʥʘʧʨʠʤʝʨ, ʧʝʨʝʟʘʧʫʩʢʘʶʪ ʫʧʘʚʰʠʝ ɺʄ). 
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ʈʝʛʫʣʷʨʥʳʝ ʨʝʟʝʨʚʥʳʝ ʢʦʧʠʠ ʠ ʧʣʘʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ: ʜʣʷ 

ʢʨʠʪʠʯʥʳʭ ɺʄ ʜʝʣʘʶʪʩʷ ʩʥʘʧʰʦʪʳ ʠ ʙʵʢʘʧʳ ʦʙʨʘʟʦʚ. ʇʨʠ 

ʢʠʙʝʨʠʥʮʠʜʝʥʪʝ ʩ ʥʘʨʫʰʝʥʠʝʤ ʛʠʧʝʨʚʠʟʦʨʘ ʤʦʞʥʦ ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʦʢʨʫʞʝʥʠʝ ʠʟ ʨʝʟʝʨʚʥʳʭ ʢʦʧʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʯʝʪʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʤʝʨ (ʢʣʘʩʪʝʨʠʟʘʮʠʷ, 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ) ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʨʝʩʫʨʩʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʚʠʨʪʫʘʣʴʥʳʭ ʩʨʝʜ ʢ ʘʪʘʢʘʤ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ[4, ʩ. 7]. ɺ ʩʣʫʯʘʝ ʨʦʩʪʘ ʫʛʨʦʟ 

ʩʣʝʜʫʝʪ ʨʘʩʰʠʨʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʠ ʟʦʥ ʧʨʠʩʫʪʩʪʚʠʷ, ʤʠʥʠʤʠʟʠʨʫʷ 

ʚʨʝʤʷ ʧʨʦʩʪʦʷ. 

 

ɻʣʘʚʘ 2. ʂʦʥʪʝʡʥʝʨʠʟʘʮʠʷ 

 

ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ 

ʘʙʩʪʨʘʛʠʨʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʦʪ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʭʦʩʪʘ. ʕʪʦ ʜʝʣʘʝʪ 

ʠʭ ʘʚʪʦʥʦʤʥʳʤʠ ʠ ʣʝʛʢʦ ʧʝʨʝʥʦʩʠʤʳʤʠ. ɸ ʝʱʝ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʟʘʧʫʩʢʘ ʚ 

ʣʶʙʦʡ ʩʨʝʜʝ: ʥʘ ʣʦʢʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʚ ʦʙʣʘʢʝ ʠʣʠ ʥʘ ʚʠʨʪʫʘʣʴʥʳʭ 

ʩʝʨʚʝʨʘʭ ʵʪʦ ʘʙʩʪʨʘʢʮʠʠ ʥʘ ʫʨʦʚʥʝ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ 

ʚʥʫʪʨʠ ʩʝʙʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʢʦʜ. ʆʥʠ ʜʝʣʷʪ ʦʜʥʫ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ 

ʭʦʩʪʘ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʟʦʣʷʮʠʶ ʥʘ ʫʨʦʚʥʝ ʧʨʦʮʝʩʩʦʚ ʠ ʬʘʡʣʦʚʦʡ 

ʩʠʩʪʝʤʳ. 

2.1 ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ 

ɺ ʚʠʨʪʫʘʣʴʥʳʭ ʩʨʝʜʘʭ ʥʘʨʫʰʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ, 

ʢʦʛʜʘ ʘʪʘʢʫʶʱʠʡ ʠʟ ʛʦʩʪʝʚʦʡ ɺʄ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʜʨʫʛʠʭ ɺʄ 

ʠʣʠ ʢ ʭʦʩʪʫ. ʆʩʦʙʝʥʥʦ ʦʧʘʩʥʳ VM -escape-ʘʪʘʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʚʨʝʜʦʥʦʩʥʳʡ ʢʦʜ çʚʳʨʳʚʘʝʪʩʷè ʠʟ ʛʦʩʪʷ ʚ ʛʠʧʝʨʚʠʟʦʨ. ʕʪʠ ʘʪʘʢʠ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʦʣʥʳʡ ʜʦʩʪʫʧ ʢ ʧʘʤʷʪʠ ʠ ʜʠʩʢʦʚʳʤ ʦʙʨʘʟʘʤ ʚʩʝʭ ɺʄ 

ʥʘ ʭʦʩʪʝ. ʅʘʧʨʠʤʝʨ, ʫʷʟʚʠʤʦʩʪʴ CVE-2015-3456 (çVenomè) ʚ QEMU 

ʧʦʟʚʦʣʷʣʘ ʛʦʩʪʝʚʦʡ ʆʉ ʚʳʡʪʠ ʟʘ ʧʨʝʜʝʣʳ ʛʠʧʝʨʚʠʟʦʨʘ ʠ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ 

ʭʦʩʪ-ʆʉ; ʢʘʢ ʦʪʤʝʯʝʥʦ, ʵʪʦ ñʦʜʠʥ ʠʟ ʭʫʜʰʠʭ ʢʣʘʩʩʦʚ ʫʷʟʚʠʤʦʩʪʝʡ 

ʚʠʨʪʫʘʣʠʟʘʮʠʠò (ʛʦʩʪʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʟʘʨʘʞʝʥʠʷ ʜʨʫʛʠʭ 

ʩʠʩʪʝʤ)[5, ʩ. 21]. ɸʥʘʣʦʛʠʯʥʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ 2023 ʛ. ʚʳʷʚʠʣʦ ʘʪʘʢʫ 

CacheWarp ʥʘ ʪʝʭʥʦʣʦʛʠʶ AMD SEV, ʧʦʢʘʟʳʚʘʶʱʫʶ, ʯʪʦ ʜʘʞʝ 

ʟʘʰʠʬʨʦʚʘʥʥʘʷ ʧʘʤʷʪʴ ɺʄ ʤʦʞʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʜʣʷ ʵʩʢʘʣʘʮʠʠ 

ʧʨʠʚʠʣʝʛʠʡ. ɺ ʮʝʣʦʤ, ʫʷʟʚʠʤʦʩʪʠ ʛʠʧʝʨʚʠʟʦʨʘ (Intel, AMD, VMware) ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʫʪʝʯʢʝ ʜʘʥʥʳʭ ʤʝʞʜʫ ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ ʠ ʭʦʩʪʦʤ. 

ɼʨʫʛʠʤʠ ʚʘʞʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʘʪʘʢʠ ʧʦʙʦʯʥʳʤʠ ʢʘʥʘʣʘʤʠ: 

ʧʨʠ ʩʧʝʢʫʣʷʪʠʚʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʢʦʜʘ, ʧʨʠ ʘʥʘʣʠʟʝ ʢʵʰʘ ʠʣʠ ʠʟʫʯʝʥʠʠ 

ʟʘʜʝʨʞʝʢ ʤʦʞʥʦ ʚʳʯʠʪʘʪʴ ʜʘʥʥʳʝ ʠʟ ʧʘʤʷʪʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ɺʄ. ʊʘʢ, 

ʩʝʤʝʡʩʪʚʘ Spectre/Meltdown, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʫʷʟʚʠʤʦʩʪʠ 

ʧʨʦʮʝʩʩʦʨʦʚ (L1TF, MDS ʠ ʧʨ.) ʜʦʢʘʟʘʣʠ, ʯʪʦ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʫʷʟʚʠʤʘ ʜʣʷ 

ʤʝʞʚʠʨʪʫʘʣʴʥʳʭ ʫʪʝʯʝʢ[5,ʩ. 25]. ɼʣʷ ʟʘʱʠʪʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʚ 

ʚʠʨʪʫʘʣʠʟʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʘʢʪʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ: 
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ɸʧʧʘʨʘʪʥʳʝ çʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝè ɺʄ: Intel Trust Domain 

Extensions (TDX) ʠ AMD Secure Encrypted Virtualization (SEV) ʧʦʟʚʦʣʷʶʪ 

ʰʠʬʨʦʚʘʪʴ ʧʘʤʷʪʴ ʛʦʩʪʝʚʦʡ ɺʄ ʫʥʠʢʘʣʴʥʳʤ ʢʣʶʯʦʤ, ʠʟʦʣʠʨʫʷ ʝʸ ʜʘʞʝ ʦʪ 

ʛʠʧʝʨʚʠʟʦʨʘ. ʅʘʧʨʠʤʝʨ, AMD SEV-SNP ʩʦʜʝʨʞʠʪ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ 

ʧʘʤʷʪʠ ɺʄ ʦʪ ʥʝʜʦʚʝʨʝʥʥʦʛʦ ʛʠʧʝʨʚʠʟʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʧʷʪʩʪʚʫʝʪ ʘʥʘʣʠʪʠʢʝ ʩʦʜʝʨʞʠʤʦʛʦ ʆɿʋ ɺʄ. 

ʐʠʬʨʦʚʘʥʠʝ çʥʘ ʤʝʩʪʝè: ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʰʠʬʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ, ʥʦ ʠ ʜʠʩʢʠ/ʬʘʡʣʳ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʦ ʩʝʪʠ ʠ ʜʨʫʛʠʝ 

ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ[6, ʩ. 12]. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʨʦʤʝʪʘʮʠʠ 

ʢʦʤʧʦʥʝʥʪ ʜʘʥʥʳʝ ʦʩʪʘʥʫʪʩʷ ʟʘʱʠʱʸʥʥʳʤʠ. 

ʄʥʦʛʦʬʘʢʪʦʨʥʘʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʠ ʩʪʨʦʛʠʡ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ: 

ʠʥʪʝʨʬʝʡʩʳ ʫʧʨʘʚʣʝʥʠʷ ʛʠʧʝʨʚʠʟʦʨʦʤ (CLI, API) ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ, ʩʝʨʪʠʬʠʢʘʪʘʤʠ ʠ ʨʦʣʝʚʳʤʠ ʧʨʘʚʘʤʠ. 

ʂʦʤʧʨʦʤʝʪʘʮʠʷ API-ʩʝʨʚʝʨʘ ʠʣʠ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ Kubernetes ʩʨʘʟʫ 

ʜʘʸʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʢʣʘʩʪʝʨʦʤ; ʘʥʘʣʦʛʠʯʥʦ ʜʣʷ 

ʛʠʧʝʨʚʠʟʦʨʦʚ ʢʨʘʡʥʝ ʚʘʞʥʦ ʦʛʨʘʥʠʯʠʪʴ ʜʦʩʪʫʧ ʢ ʥʠʤ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʛʠʧʝʨʚʠʟʦʨʘ: ʛʠʧʝʨʚʠʟʦʨ (ʠʣʠ ʭʦʩʪ-ʆʉ) ʥʝʦʙʭʦʜʠʤʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʦʙʝʟʦʧʘʩʠʪʴ: ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʘʪʘʢʠ ʠ ʩʪʨʦʛʦ 

ʥʘʩʪʨʦʠʪʴ.ʕʪʦ ʚʢʣʶʯʘʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʘʪʯʠʨʦʚʘʥʠʝ, ʦʪʢʣʶʯʝʥʠʝ 

ʥʝʥʫʞʥʳʭ ʩʝʨʚʠʩʦʚ (clipboard sharing, usb redirection ʠ ʜʨ.), ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

Hypervisor Introspection (VMI) ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ɺʄ ʠʟ ʭʦʩʪ-

ʩʨʝʜʳ[7, ʩ. 11]. ʀʥʩʪʨʫʤʝʥʪʳ VMI ʠ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ guest-ɺʄ ʧʦʤʦʛʘʶʪ 

ʚʳʷʚʣʷʪʴ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʥʝʟʘʤʝʪʥʦ ʧʦʜʤʝʥʘ 

ʦʙʨʘʟʦʚ). 

ʅʘʜʸʞʥʦʝ ʭʨʘʥʝʥʠʝ ʢʣʶʯʝʡ: ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʧʘʨʘʪʥʳʭ 

ʨʘʩʰʠʨʝʥʠʡ ʚʘʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʦʚʝʨʝʥʥʳʡ KMS (Key Management 

Service) ʩ ʙʝʟʦʧʘʩʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʣʶʯʝʡ ʤʝʞʜʫ ʭʦʩʪʦʤ ʠ ɺʄ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʚ 

ʚʠʨʪʫʘʣʠʟʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʪʨʝʙʫʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʘʧʧʘʨʘʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

(SEV/TDX), ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ (TLS, VPN ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ), 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ. ʇʦ ʨʝʢʦʤʝʥʜʘʮʠʠ 

NIST, ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʪʝ ʞʝ ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʠ ʜʣʷ ʦʙʳʯʥʳʭ ʆʉ, 

ʧʣʶʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʘʢʪʠʢʠ ʟʘʱʠʪʳ ʛʠʧʝʨʚʠʟʦʨʘ. 

2.2 ʎʝʣʦʩʪʥʦʩʪʴ 

ʎʝʣʦʩʪʥʦʩʪʴ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʠ ʛʠʧʝʨʚʠʟʦʨʘ ʚʘʞʥʘ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʦʜʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʋʛʨʦʟʳ ʮʝʣʦʩʪʥʦʩʪʠ ʚʢʣʶʯʘʶʪ ʧʦʜʤʝʥʫ ʦʙʨʘʟʦʚ ɺʄ, ʚʥʝʜʨʝʥʠʝ 

ʚʨʝʜʦʥʦʩʥʦʛʦ ʢʦʜʘ ʚ ʛʠʧʝʨʚʠʟʦʨ ʠʣʠ ʛʦʩʪʝʚʫʶ ʩʠʩʪʝʤʫ, ʘ ʪʘʢʞʝ 

ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʚʠʨʪʫʘʣʴʥʦʡ ʩʝʪʠ ʠ ʜʠʩʢʦʚ. ʇʨʠ ʧʦʣʥʦʤ 

ʢʦʥʪʨʦʣʝ ʥʘʜ ʛʠʧʝʨʚʠʟʦʨʦʤ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʩʢʨʳʪʴ ʩʚʦʸ 

ʧʨʠʩʫʪʩʪʚʠʝ ʠ ʧʦʜʤʝʥʷʪʴ ʜʘʥʥʳʝ ʚ ʣʶʙʦʡ ʛʦʩʪʝʚʦʡ ɺʄ. 

ɼʣʷ ʟʘʱʠʪʳ ʮʝʣʦʩʪʥʦʩʪʠ ʚ ʚʠʨʪʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʤʝʨʳ: 
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ɹʝʟʦʧʘʩʥʘʷ ʟʘʛʨʫʟʢʘ: ʚʢʣʶʯʝʥʠʝ Secure Boot ʠ Platform TPM (TPM) 

ʥʘ ʭʦʩʪʘʭ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʟʘʛʨʫʟʷʪʩʷ ʪʦʣʴʢʦ ʜʦʚʝʨʝʥʥʳʝ 

ʛʠʧʝʨʚʠʟʦʨ ʠ ʦʙʨʘʟʳ ʛʦʩʪʝʚʳʭ ʆʉ. ʅʘʧʨʠʤʝʨ, ʤʝʭʘʥʠʟʤ UEFI Secure Boot 

ʧʨʦʚʝʨʷʝʪ ʧʦʜʧʠʩʠ ʛʠʧʝʨʚʠʟʦʨʘ ʠ ʦʙʨʘʟʦʚ ɺʄ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʟʘʧʫʩʢ 

ʚʟʣʦʤʘʥʥʦʛʦ ʢʦʜʘ[8, ʩ. 16]. 

ʂʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʛʠʧʝʨʚʠʟʦʨʘ: ʩʪʦʨʦʥʥʠʝ ʨʝʰʝʥʠʷ VMI 

(Virtual Machine Introspection) ʠ ʛʠʧʝʨʚʠʟʦʨʥʳʝ ʤʦʥʠʪʦʨʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʝʨʷʪʴ ʩʦʩʪʦʷʥʠʝ ɺʄ çʩʥʘʨʫʞʠè. ʀʥʩʪʨʫʤʝʥʪʳ ʪʠʧʘ vProtect ʠ Falco 

ʤʦʛʫʪ ʦʪʩʣʝʞʠʚʘʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʬʘʡʣʦʚ ʠ ʠʟʤʝʥʝʥʠʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʥʫʪʨʠ 

ɺʄ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʄʠʥʠʤʠʟʘʮʠʷ ʜʦʚʝʨʝʥʥʦʡ ʙʘʟʳ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʸʛʢʠʭ ʤʠʢʨʦʷʜʝʨ 

(ʥʘʧʨʠʤʝʨ, HypSec) ʜʣʷ ʛʠʧʝʨʚʠʟʦʨʘ ʫʤʝʥʴʰʘʝʪ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʘʪʘʢʠ. 

ʏʝʤ ʤʝʥʴʰʝ ʢʦʤʧʦʥʝʥʪʦʚ ʛʠʧʝʨʚʠʟʦʨʘ, ʪʝʤ ʩʣʦʞʥʝʝ ʚʥʝʩʪʠ ʥʝʟʘʤʝʪʥʳʝ 

ʠʟʤʝʥʝʥʠʷ. ʈʝʛʫʣʷʨʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʠ ʧʘʪʯʠʥʛ ʛʠʧʝʨʚʠʟʦʨʘ ʠ ʛʦʩʪʝʚʳʭ 

ʩʠʩʪʝʤ (ʘʥʪʠʚʠʨʫʩ, ʬʘʡʨʚʦʣʳ) ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʮʝʣʦʩʪʥʦʩʪʴ. 

ʄʦʥʠʪʦʨʠʥʛ ʠ ʘʫʜʠʪ: ʥʫʞʥʦ ʚʝʩʪʠ ʞʫʨʥʘʣʠʨʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ 

ʫʧʨʘʚʣʝʥʠʷ ɺʄ, ʯʪʦʙʳ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʧʳʪʢʠ ʠʟʤʝʥʝʥʠʷ ʦʙʨʘʟʦʚ ʠʣʠ 

ʥʘʩʪʨʦʝʢ. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʠʨʪʫʘʣʠʟʘʮʠʝʡ (vCenter, OpenStack APIs) 

ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʠ ʧʦʜʚʝʨʛʘʪʴʩʷ ʘʫʜʠʪʫ ʠʟʤʝʥʝʥʠʡ[9, ʩ. 8]. 

ʉʣʝʜʫʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʤʫ ʧʦʜʭʦʜʫ, ʢʨʠʪʠʯʥʦ ʩʦʯʝʪʘʪʴ ʘʧʧʘʨʘʪʥʳʝ 

ʩʨʝʜʩʪʚʘ (TPM/Secure Boot) ʩ ʧʨʘʢʪʠʢʘʤʠ DevOps-ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʫʧʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʥʘʨʫʞʠʪʴ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʜʤʝʥʫ 

ʛʠʧʝʨʚʠʟʦʨʘ ʠʣʠ ʦʙʨʘʟʦʚ ɺʄ, ʩʦʭʨʘʥʷʷ ʥʝʠʟʤʝʥʥʦʩʪʴ ʩʨʝʜʳ. 

2.3 ɼʦʩʪʫʧʥʦʩʪʴ 

ɼʦʩʪʫʧʥʦʩʪʴ ʚʠʨʪʫʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʦʟʥʘʯʘʝʪ, ʯʪʦ ɺʄ ʠ ʩʝʨʚʠʩʳ 

ʦʩʪʘʶʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤʠ ʜʘʞʝ ʧʨʠ ʧʦʧʳʪʢʘʭ ʘʪʘʢ ʠʣʠ ʩʙʦʷʭ. ʋʛʨʦʟʳ 

ʜʦʩʪʫʧʥʦʩʪʠ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʚʢʣʶʯʘʶʪ: 

DDoS ʠ ʠʩʯʝʨʧʘʥʠʝ ʨʝʩʫʨʩʦʚ: ʘʪʘʢʠ, ʩʦʟʜʘʶʱʠʝ ʠʟʙʳʪʦʯʥʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ ʛʠʧʝʨʚʠʟʦʨ ʠʣʠ ʩʝʪʴ (ʥʘʧʨʠʤʝʨ, ʨʘʟʤʝʩʪʠʪʴ ʚ ɺʄ ʤʘʡʥʝʨ ʠʣʠ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʙʦʪʥʝʪ), ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʟʘʤʝʜʣʝʥʠʝ ʠʣʠ ʥʝʜʦʩʪʫʧʥʦʩʪʴ ʜʨʫʛʠʭ 

ɺʄ. ʇʝʨʝʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʟʣʦʚ ʥʝʩʢʦʣʴʢʠʤʠ ɺʄ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʦʪʢʘʟ ʦʜʥʦʡ ɺʄ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʩʦʩʝʜʠ. 

ʉʙʦʠ ʛʠʧʝʨʚʠʟʦʨʘ/ʭʦʩʪʘ: ʦʪʢʘʟ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʩʝʨʚʝʨʦʚ, ʩʝʪʠ, ʉʍɼ) 

ʧʨʠʚʝʜʸʪ ʢ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʚʩʝʭ ɺʄ ʥʘ ʥʸʤ. ʉʧʝʮʠʘʣʴʥʳʝ ʵʢʩʧʣʦʡʪʳ ʪʘʢʞʝ 

ʤʦʛʫʪ ʚʳʚʝʩʪʠ ʛʠʧʝʨʚʠʟʦʨ ʠʟ ʩʪʨʦʷ. 

ʄʘʥʠʧʫʣʷʮʠʠ ʢʦʥʬʠʛʫʨʘʮʠʝʡ: ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʩ ʜʦʩʪʫʧʦʤ ʢ 

ʩʨʝʜʩʪʚʫ ʦʨʢʝʩʪʨʘʮʠʠ ʠʣʠ ʛʠʧʝʨʚʠʟʦʨʫ ʤʦʞʝʪ ʩʥʷʪʴ ʣʠʤʠʪʳ ʨʝʩʫʨʩʦʚ, ʯʪʦ 

ʧʨʠʚʝʜʸʪ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ (ʧʦʟʞʝ ʦʪʢʘʟ ʩʝʨʚʠʩʦʚ). 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʘʢʪʠʢʠ: 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ: ʠʩʧʦʣʴʟʫʶʪ ʚʳʩʦʢʦʜʦʩʪʫʧʥʳʝ 

ʢʣʘʩʪʝʨʳ ʛʠʧʝʨʚʠʟʦʨʦʚ. ʇʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʭʦʩʪʘ ʛʦʩʪʝʚʳʝ ɺʄ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʤʝʱʘʶʪʩʷ (live migration) ʥʘ ʜʨʫʛʦʡ ʫʟʝʣ ʢʣʘʩʪʝʨʘ. ʕʪʦ 

ʩʥʠʞʘʝʪ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʩʝʨʚʠʩʦʚ. 

file:///C:/Users/User/AppData/YandexDisk/Work/Парадигма.%20Лето-2016/Сборник/www.paradigma.science


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 5̄. ʏʘʩʪʴ 5 www.paradigma.science 

 

181 

 

ʆʛʨʘʥʠʯʝʥʠʷ ʨʝʩʫʨʩʦʚ: ʜʣʷ ʢʘʞʜʦʡ ɺʄ ʟʘʜʘʶʪ ʢʚʦʪʳ CPU, RAM, 

ʩʝʪʝʚʦʡ ʧʦʣʦʩʳ. ʕʪʦ ʥʝ ʜʘʸʪ ʦʜʥʦʡ ɺʄ çʟʘʭʚʘʪʠʪʴè ʚʩʝ ʨʝʩʫʨʩʳ ʫʟʣʘ. 

Windows ʠʣʠ Linux-ʢʦʥʪʨʦʣʴ ʛʨʫʧʧ (cgroups) ʧʦʤʦʛʘʶʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʠʩʯʝʨʧʘʥʠʝ ʨʝʩʫʨʩʦʚ ʩʦʩʝʜʷʤʠ. 

ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ: ʩʨʝʜʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ (Nagios, Zabbix) 

ʦʪʩʣʝʞʠʚʘʶʪ ʟʘʛʨʫʟʢʫ ʭʦʩʪʦʚ ʠ ʩʪʘʪʫʩ ɺʄ, ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ 

ʘʥʦʤʘʣʠʠ (ʥʘʧʨʠʤʝʨ, ʧʝʨʝʟʘʧʫʩʢʘʶʪ ʫʧʘʚʰʠʝ ɺʄ). 

ʈʝʛʫʣʷʨʥʳʝ ʨʝʟʝʨʚʥʳʝ ʢʦʧʠʠ ʠ ʧʣʘʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ: ʜʣʷ 

ʢʨʠʪʠʯʥʳʭ ɺʄ ʜʝʣʘʶʪʩʷ ʩʥʘʧʰʦʪʳ ʠ ʙʵʢʘʧʳ ʦʙʨʘʟʦʚ. ʇʨʠ 

ʢʠʙʝʨʠʥʮʠʜʝʥʪʝ ʩ ʥʘʨʫʰʝʥʠʝʤ ʛʠʧʝʨʚʠʟʦʨʘ ʤʦʞʥʦ ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʦʢʨʫʞʝʥʠʝ ʠʟ ʨʝʟʝʨʚʥʳʭ ʢʦʧʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʯʝʪʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʤʝʨ (ʢʣʘʩʪʝʨʠʟʘʮʠʷ, 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ) ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʨʝʩʫʨʩʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʚʠʨʪʫʘʣʴʥʳʭ ʩʨʝʜ ʢ ʘʪʘʢʘʤ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ. ɺ ʩʣʫʯʘʝ ʨʦʩʪʘ ʫʛʨʦʟ ʩʣʝʜʫʝʪ 

ʨʘʩʰʠʨʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʠ ʟʦʥ ʧʨʠʩʫʪʩʪʚʠʷ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʨʝʤʷ 

ʧʨʦʩʪʦʷ 

[10, ʩ. 3]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʷ ʦʪʢʨʳʚʘʶʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʛʠʙʢʦʩʪʠ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ 

ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ, ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʥʘ 

ʥʦʚʦʤ ʫʨʦʚʥʝ. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʣʘʯʥʳʝ ʩʨʝʜʳ ʩ ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ ʠ 

ʢʦʥʪʝʡʥʝʨʘʤʠ ʥʫʞʜʘʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʦʭʚʘʪʳʚʘʶʱʝʡ ʚʩʶ ʪʨʠʘʜʫ CIA. ʕʪʦ ʚʢʣʶʯʘʝʪ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʟʘʱʠʪʫ: 

ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʥʘ ʜʠʩʢʝ ʠ ʚ ʧʘʤʷʪʠ, ʜʦʚʝʨʝʥʥʳʡ ʚʚʦʜ/ʚʳʚʦʜ, 

ʘʧʧʘʨʘʪʥʫʶ ʧʨʦʚʝʨʢʫ ʮʝʣʦʩʪʥʦʩʪʠ (TPM, Secure Boot) ʠ ʞʸʩʪʢʠʡ ʢʦʥʪʨʦʣʴ 

ʜʦʩʪʫʧʘ ʩ ʩʝʛʤʝʥʪʘʮʠʝʡ ʩʝʪʠ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʨʝʙʫʝʪ ʟʘʱʠʱʸʥʥʳʭ ʛʠʧʝʨʚʠʟʦʨʦʚ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʨʘʩʰʠʨʝʥʠʡ ʧʘʤʷʪʠ (Intel TDX, AMD SEV) ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʪʝʯʝʢ ʤʝʞʜʫ ɺʄ. ʂʦʥʪʝʡʥʝʨʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ ʦʙʨʘʟʦʚ ʠ ʥʘʜʸʞʥʦʡ ʥʘʩʪʨʦʡʢʠ 

ʦʨʢʝʩʪʨʘʪʦʨʘ. ʇʨʘʢʪʠʢʠ DevSecOps ʠ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʤʦʛʘʶʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʥʘʭʦʜʠʪʴ ʠ ʠʩʧʨʘʚʣʷʪʴ ʫʷʟʚʠʤʦʩʪʠ: ʨʝʛʫʣʷʨʥʳʝ ʘʫʜʠʪʳ 

ʢʦʥʬʠʛʫʨʘʮʠʡ (ʥʘ ʦʩʥʦʚʝ CIS Benchmarks), ʦʙʥʦʚʣʝʥʠʝ ʩʠʩʪʝʤ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʥʘ ʠʥʮʠʜʝʥʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʨʠʩʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʩʪʘʥʜʘʨʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʸʞʥʫʶ ʟʘʱʠʪʫ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʚ ʚʠʨʪʫʘʣʠʟʦʚʘʥʥʳʭ ʠ 

ʢʦʥʪʝʡʥʝʨʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ð ʦʪ ʨʘʟʨʘʙʦʪʢʠ 

ʜʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ð ʷʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 
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ʮʠʬʨʦʚʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨ, ʛʜʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʷ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ. 
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ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʠʟ ʥʝʜʨ ʚ ʫʩʣʦʚʠʷʭ ʫʩʣʦʞʥʝʥʠʷ ʜʦʙʳʯʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʨʘʩʩʝʨʥʳʡ (ʠʥʜʠʢʘʪʦʨʥʳʡ) ʤʝʪʦʜ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʢʦʥʪʨʦʣʷ 

ʧʨʦʮʝʩʩʘ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, 

ʚʢʣʶʯʘʷ ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʬʠʣʴʪʨʘʮʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʤʝʞʩʢʚʘʞʠʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʪʨʘʩʩʝʨʥʳʡ (ʠʥʜʠʢʘʪʦʨʥʳʡ) ʤʝʪʦʜ, ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʨʠʭʦʜʘ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʥʘʣʘ ʬʠʣʴʪʨʘʮʠʠ, ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʲʝʤ ʢʘʥʘʣʘ, 

ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʜʦʣʷ ʚʳʥʝʩʝʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ. 

ʇʦʣʥʦʪʘ ʠʟʚʣʝʯʝʥʠʷ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʠʟ ʥʝʜʨ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ ʦʪʤʝʯʘʝʪʩʷ ʫʩʣʦʞʥʝʥʠʝʤ 

ʫʩʣʦʚʠʡ ʜʦʙʳʯʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʕʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʦ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʚ ʟʘʣʝʞʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʪʫʧʣʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 

ʧʦʟʜʥʶʶ ʩʪʘʜʠʶ ʨʘʟʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʦʙʚʦʜʥʝʥʥʦʩʪʠ 

ʧʨʦʜʫʢʮʠʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʦʚ 

ʜʦʙʳʯʠ ʥʝʬʪʠ [6, ʩ. 3]. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʩʪʘʪʦʯʥʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʧʦ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʢ 

ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʤ (ʧʨʝʦʙʣʘʜʘʥʠʝ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʭ ʧʣʘʩʪʦʚ ʥʝʙʦʣʴʰʦʡ 

ʪʦʣʱʠʥʳ ʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʳʩʦʢʦʚʷʟʢʠʭ ʥʝʬʪʝʡ ʠ ʪ.ʜ.). 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʚʚʦʜʠʤʳʭ ʚ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʫʨʦʯʝʥʦ ʢ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʤ ʢʦʣʣʝʢʪʦʨʘʤ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʦʪʣʦʞʝʥʠʡ. 

ʇʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʚʳʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʚʦʟʤʦʞʥʦ ʯʝʨʝʟ ʜʝʪʘʣʴʥʦʝ 

ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʤʝʞʩʢʚʘʞʠʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʫʯʘʩʪʢʦʚ ʧʣʘʩʪʘ, ʥʝ 

ʦʭʚʘʯʝʥʥʳʭ ʧʨʦʮʝʩʩʦʤ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ, ʘ ʪʘʢʞʝ ʟʦʥʳ ʦʧʝʨʝʞʘʶʱʝʛʦ 

ʦʙʚʦʜʥʝʥʠʷ ʧʦ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʤ ʧʨʦʧʣʘʩʪʢʘʤ. ɼʣʷ ʦʮʝʥʢʠ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʸʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʝʞʩʢʚʘʞʠʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ, 
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ʦʪʨʘʞʘʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʠ ʚ 

ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ ʫʩʨʝʜʥʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ ʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʣʘʩʪʘ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʤʝʞʩʢʚʘʞʠʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʝʪʩʷ ʪʨʘʩʩʝʨʥʳʡ (ʠʥʜʠʢʘʪʦʨʥʳʡ) 

ʤʝʪʦʜ. ʊʨʘʩʩʝʨʥʳʡ ʤʝʪʦʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʞʩʢʚʘʞʠʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʣʘʩʪʘ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʥʘʛʥʝʪʘʝʤʦʡ 

ʚʦʜʦʡ. ʇʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʪʨʝʙʫʝʪ 

ʠʟʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ [4, ʩ. 

355].  

ʇʨʦʮʝʜʫʨʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷ-ʚʨʝʤʷ ʦʪ ʥʘʯʘʣʘ ʟʘʢʘʯʢʠ ʠ ʚʳʜʝʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʦʨʮʠʡ (ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 1) [1, ʩ. 40].  

 
ʈʠʩʫʥʦʢ 1 - ʊʝʢʫʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʥʜʠʢʘʪʦʨʦʚ ʚ ʧʦʧʫʪʥʦ ʜʦʙʳʚʘʝʤʦʡ ʚʦʜʝ ʠʟ 

ʩʢʚʘʞʠʥʳ 

ɺʳʯʠʩʣʷʝʪʩʷ ʚʨʝʤʷ ʚʳʥʦʩʘ ʧʦʨʮʠʡ ʠʥʜʠʢʘʪʦʨʘ (ʬʦʨʤʫʣʘ 1): 

 
(

1) 

ʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʭʦʜʘ ʧʦʨʮʠʡ (ʬʦʨʤʫʣʘ 2): 

 
(

2) 

ɺʳʯʠʩʣʷʶʪʩʷ ʤʘʩʩʳ Mn ʦʪʜʝʣʴʥʳʭ ʧʦʨʮʠʡ ʠʥʜʠʢʘʪʦʨʘ ʧʦ ʬʦʨʤʫʣʝ 3: 

 

(

3) 

ʛʜʝ Qw,i = Qi * Wi ï ʦʙʲʝʤʥʳʡ ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ ʧʦ ʚʦʜʝ ʚ ʤʦʤʝʥʪ 

ʟʘʤʝʨʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ti, i1(n) ï ʥʦʤʝʨ ʧʝʨʚʦʡ ʪʦʯʢʠ ʛʨʘʬʠʢʘ ʜʣʷ n-ʪʦʡ 

ʧʦʨʮʠʠ, ʘ nj ï ʦʙʱʝʝ ʯʠʩʣʦ ʚʳʜʝʣʝʥʥʳʭ ʧʦʨʮʠʡ ʧʦʩʪʫʧʣʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘ 

ʜʣʷ j-ʪʦʡ ʩʢʚʘʞʠʥʳ.  
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ʊʘʢʞʝ ʚʳʯʠʩʣʷʝʪʩʷ ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʚʳʥʝʩʝʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʜʣʷ 

ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʳ ʧʦ ʬʦʨʤʫʣʝ 4: 

 

(

4) 

ʆʮʝʥʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʜʚʠʞʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘ ʧʦ 

ʧʦʨʦʚʦʡ ʯʘʩʪʠ ʢʦʣʣʝʢʪʦʨʘ ʢ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʦʨʤʫʣʦʡ 5: 

 

(

5) 

ʛʜʝ æPj = Pin ï Pj - ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʟʘʙʦʡʥʳʤʠ ʜʘʚʣʝʥʠʷʤʠ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʠ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʦʡ.  

ʇʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʧʦʨʮʠʡ ʠʥʜʠʢʘʪʦʨʘ ʥʘ ʧʨʠʰʝʜʰʠʝ ʧʦ 

ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʤ ʪʨʝʱʠʥʥʳʤ ʢʘʥʘʣʘʤ ʠ ʧʦ ʧʦʨʦʚʳʤ ʧʨʦʧʣʘʩʪʢʘʤ. 

ʇʦʨʮʠʠ ʠʥʜʠʢʘʪʦʨʘ, ʩʢʦʨʦʩʪʴ ʧʨʠʭʦʜʘ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ Umax,j, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʠʰʝʜʰʠʝ ʧʦ ʪʨʝʱʠʥʥʳʤ ʢʘʥʘʣʘʤ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʝʜʠʥʷʶʱʠʤ ʥʘʛʥʝʪʘʪʝʣʴʥʫʶ ʠ ʜʦʙʳʚʘʶʱʫʶ 

ʩʢʚʘʞʠʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʨʮʠʠ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʧʨʠʭʦʜʘ, ʯʝʤ Umax,j, 

ʩʯʠʪʘʶʪʩʷ ʧʨʠʰʝʜʰʠʤʠ ʯʝʨʝʟ ʧʦʨʦʚʫʶ ʯʘʩʪʴ ʢʦʣʣʝʢʪʦʨʘ [5, ʩ. 73]. 

ɼʣʷ ʢʘʞʜʦʡ ʧʦʨʮʠʠ ʠʥʜʠʢʘʪʦʨʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨ,r ʢʘʢ 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʨʠʭʦʜʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʥʘʣʘ ʬʠʣʴʪʨʘʮʠʠ, 

ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʲʝʤ ʢʘʥʘʣʘ, ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʜʦʣʷ 

ʚʳʥʝʩʝʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʫʤʤʘʨʥʦʤʫ ʚʳʥʦʩʫ ʠʥʜʠʢʘʪʦʨʘ ʚ ʩʢʚʘʞʠʥʫ ʠ ʜʦʣʷ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʧʦ 

ʢʘʥʘʣʫ ʬʠʣʴʪʨʘʮʠʠ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʦʜʳ, ʜʦʙʳʚʘʝʤʦʡ ʩʢʚʘʞʠʥʦʡ ʠ 

ʜʨʫʛʠʭ. 

ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʨʮʠʡ ʠʥʜʠʢʘʪʦʨʘ ʦʪ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʜʦ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʧʦ ʬʦʨʤʫʣʝ 6: 

 

(

6) 

ɺʳʯʠʩʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʬʠʣʴʪʨʘʮʠʠ 

(ʬʦʨʤʫʣʘ 7): 

 

(

7) 

ʠ ʩʫʤʤʘʨʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʥʘʣʦʚ ʩʢʚʘʞʠʥʳ (ʬʦʨʤʫʣʘ 8): 

 

(

8) 

ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʝ ʦʙʲʝʤʳ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ 

(ʬʦʨʤʫʣʘ 9): 

 (
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9) 

ʠ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʜʣʷ ʩʢʚʘʞʠʥʳ ʚ ʮʝʣʦʤ 

ʧʦ ʬʦʨʤʫʣʝ 10: 

 

(

10) 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʪʨʝʱʠʥʥʳʭ ʢʘʥʘʣʦʚ ʬʠʣʴʪʨʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 11: 

 

(

11) 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ ʬʠʣʴʪʨʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 12: 

 

(

12) 

ɼʦʣʷ ʚʳʥʝʩʝʥʥʦʡ ʤʘʩʩʳ ʠʥʜʠʢʘʪʦʨʘ n-ʛʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʫʤʤʘʨʥʦʤʫ ʚʳʥʦʩʫ ʠʥʜʠʢʘʪʦʨʘ ʚ ʩʢʚʘʞʠʥʫ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 13: 

 

(

13) 

ɼʦʣʷ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʘʷ ʢ ʩʢʚʘʞʠʥʝ ʧʦ n-ʤʫ ʢʘʥʘʣʫ ʬʠʣʴʪʨʘʮʠʠ ʦʪ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, ʜʦʙʳʚʘʝʤʦʡ ʩʢʚʘʞʠʥʦʡ (ʬʦʨʤʫʣʘ 14): 

 

(

14) 

ɼʦʣʷ ʚʩʝʛʦ ʚʳʥʝʩʝʥʥʦʛʦ ʚ ʢʘʞʜʫʶ ʩʢʚʘʞʠʥʫ ʠʥʜʠʢʘʪʦʨʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢʦ ʚʩʝʤʫ ʟʘʢʘʯʘʥʥʦʤʫ ʠʥʜʠʢʘʪʦʨʫ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 15: 

 

(

15) 

ɼʦʣʷ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʘʷ ʢ ʩʢʚʘʞʠʥʝ ʧʦ ʚʩʝʤ ʢʘʥʘʣʘʤ ʬʠʣʴʪʨʘʮʠʠ ʦʪ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, ʜʦʙʳʚʘʝʤʦʡ ʩʢʚʘʞʠʥʦʡ (ʬʦʨʤʫʣʘ 16): 

 

(

16) 

ɼʦʣʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʩʢʚʘʞʠʥʝ (ʬʦʨʤʫʣʘ 

17): 

 

(

17) 

ʛʜʝ  - ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʚʳʥʝʩʝʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʧʦ ʚʩʝʤ 

ʨʝʘʛʠʨʫʶʱʠʤ ʩʢʚʘʞʠʥʘʤ.  

ɿʘʧʦʣʥʝʥʠʝ ʬʦʨʤʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʝʦʣʦʛʦ-ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʦʣʣʝʢʪʦʨʘ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʳ, ʚ ʢʦʪʦʨʦʡ ʜʣʷ 
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ʢʘʞʜʦʡ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʫʢʘʟʳʚʘʶʪʩʷ ʧʝʨʠʦʜ ʦʪʙʦʨʘ ʧʨʦʙ, 

ʢʦʣʠʯʝʩʪʚʦ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʤʠʥʠʤʘʣʴʥʘʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʨʠʭʦʜʘ ʠʥʜʠʢʘʪʦʨʘ, ʤʘʩʩʘ ʚʳʥʝʩʝʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ, ʩʫʤʤʘʨʥʳʡ 

ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʲʝʤ ʪʨʫʙʦʢ ʪʦʢʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʪʨʫʙʦʢ ʪʦʢʘ, ʦʙʱʠʡ ʜʝʙʠʪ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʧʦ ʪʨʫʙʢʘʤ 

ʪʦʢʘ, ʘ ʪʘʢʞʝ ʜʦʣʷ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʧʦ ʪʨʫʙʢʘʤ ʪʦʢʘ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 

ʚʦʜʳ, ʜʦʙʳʚʘʝʤʦʛʦ ʩʢʚʘʞʠʥʦʡ [3, ʩ. 341]. 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʠ ʜʠʘʛʨʘʤʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʳ. ɼʣʷ ʢʘʞʜʦʡ 

ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʩʪʨʦʷʪʩʷ ʜʠʘʛʨʘʤʤʳ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ, ʜʠʘʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʦʚ ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʜʠʘʧʘʟʦʥʘʤ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʜʨʫʛʠʝ ʜʠʘʛʨʘʤʤʳ. 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ, ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʠ ʜʠʘʛʨʘʤʤ ʬʦʨʤʠʨʫʝʪʩʷ ʚʳʚʦʜ 

ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʭʘʨʘʢʪʝʨʝ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʩʩʠʨʫʝʤʳʭ ʟʦʥ ʧʣʘʩʪʘ ʠ ʜʨʫʛʠʭ 

ʘʩʧʝʢʪʘʭ. ɺʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 

ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ (ʪʠʧ ʝʤʢʦʩʪʠ) ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ 

ʢʘʥʘʣʦʚ. ʂʦʨʦʪʢʠʝ ʧʦʨʮʠʠ ʠʥʜʠʢʘʪʦʨʘ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʥʘ ʛʨʘʬʠʢʘʭ, 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʜʚʠʞʝʥʠʝ ʧʦ ʣʦʢʘʣʴʥʳʤ ʢʘʥʘʣʘʤ (ʦʙʳʯʥʦ ʪʨʝʱʠʥʘʤ), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʠʪʝʣʴʥʳʡ ʚʳʥʦʩ ʠʥʜʠʢʘʪʦʨʘ ʚ ʚʠʜʝ ʩʧʣʦʰʥʦʛʦ ʬʨʦʥʪʘ ʩʦ 

ʩʢʦʨʦʩʪʷʤʠ, ʥʠʞʝ ʧʨʝʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʧʦ ʪʨʝʱʠʥʘʤ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʭʦʞʜʝʥʠʠ ʤʝʯʝʥʦʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʧʦʨʦʚʫʶ ʯʘʩʪʴ 

ʧʣʘʩʪʘ [2, ʩ. 197]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʪʨʘʩʩʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʧʣʘʩʪʝ ʠ ʝʛʦ ʩʪʨʦʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʮʝʥʠʚʘʪʴ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʜʦʙʳʯʠ ʥʝʬʪʠ. 
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ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢ ʨʠʩʢʘʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
 

 ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʨʦʣʴ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʧʦʚʳʰʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ ʢʘʪʝʛʦʨʠʠ ʨʠʩʢʦʚ (ʪʝʭʥʠʯʝʩʢʠʝ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ, ʚʥʝʰʥʠʝ, ʢʠʙʝʨ- ʠ ʬʠʥʘʥʩʦʚʳʝ) ʠ ʤʝʪʦʜʳ ʠʭ ʘʥʘʣʠʟʘ (ʄʦʥʪʝ-

ʂʘʨʣʦ, ʜʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʦʝ, ʘʛʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʀʄ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʮʝʥʘʨʠʠ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʰʝʥʠʷ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʨʠʩʢʠ ʙʝʟ ʨʝʘʣʴʥʳʭ ʟʘʪʨʘʪ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʋʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʋʧʨʘʚʣʝʥʠʝ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ. 

 

Astaev K.A., Isabekova O.A. 

Analysis of technological process resilience to risks using 

simulation methods 

 Abstract: The article explores the role of simulation modeling in enhancing the 

resilience of production processes under uncertainty. Key risk categories (technical, 

organizational, external, cyber, and financial) and their analysis methods (Monte Carlo, 

discrete-event, and agent-based modeling) are examined. The study demonstrates that 

simulation modeling enables scenario forecasting, solution optimization, and risk 

mitigation without real-world costs. This article proposes methods for assessing 

resilience based on various modeling approaches, which allows improving risk 

management efficiency in industrial enterprises. 

 Key words: Simulation modeling, Production process resilience, Technological 

risks, Uncertainty management. 

 

ɺʚʝʜʝʥʠʝ 

 

 ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʙʳʩʪʨʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʥʝʩʪʘʙʠʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ 

ʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ð ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʦʟʥʘʯʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʩʦʭʨʘʥʷʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ 
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ʚʦʟʜʝʡʩʪʚʠʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʚʥʝʟʘʧʥʳʝ ʠʣʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʨʠʩʢʠ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʨʠʟʚʘʥʘ ʦʙʦʩʥʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʢ ʢʣʶʯʝʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʠʩʢʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʝʪʦʜʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʠʚʷʟʢʝ ʢ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʠʩʢʦʚ. 

 ʉʘʤʠ ʧʦ ʩʝʙʝ ʨʠʩʢʠ ʥʝʠʟʙʝʞʥʳ ð ʦʥʠ ʩʦʧʨʦʚʦʞʜʘʶʪ ʣʶʙʫʶ 

ʯʝʣʦʚʝʯʝʩʢʫʶ ʠ ʪʝʭʥʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʆʜʥʘʢʦ ʩʪʝʧʝʥʴ ʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, 

ʥʘʩʢʦʣʴʢʦ ʛʨʘʤʦʪʥʦ ʧʨʝʜʧʨʠʷʪʠʝ ʫʧʨʘʚʣʷʝʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ ʠ 

ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʦʥʦ ʧʨʦʛʥʦʟʠʨʫʝʪ ʚʦʟʤʦʞʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ 

ʩʦʙʳʪʠʡ. ɿʜʝʩʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʥʘʯʠʥʘʝʪ ʠʛʨʘʪʴ ʠʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ð ʩʦʚʨʝʤʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʝ ʧʨʦʩʪʦ 

ʧʨʝʜʩʢʘʟʘʪʴ ʚʦʟʤʦʞʥʳʝ ʠʩʭʦʜʳ, ʥʦ ʠ ʫʧʨʘʚʣʷʪʴ ʠʤʠ ʩ ʫʯʸʪʦʤ ʚʩʝʡ 

ʩʣʦʞʥʦʩʪʠ ʩʠʩʪʝʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

 ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʩʪʠ çʚʠʨʪʫʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳè ʥʘʜ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʦʡ, 

ʥʝ ʧʦʜʚʝʨʛʘʷ ʝʸ ʨʠʩʢʫ. ʕʪʦ ʜʘʸʪ ʰʘʥʩ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ ʢ ʚʥʫʪʨʝʥʥʠʤ ʠ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʚʳʨʘʙʦʪʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʩʪʨʘʪʝʛʠʠ 

ʨʝʘʛʠʨʦʚʘʥʠʷ. 

 

 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ 

 ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʡ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʯʸʪʢʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʝ ʢʘʪʝʛʦʨʠʠ [1]: 

ʊʝʭʥʠʯʝʩʢʠʝ ʨʠʩʢʠ 

 ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʦʣʦʤʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʟʥʦʩ ʜʝʪʘʣʝʡ, ʩʙʦʠ ʚ 

ʘʚʪʦʤʘʪʠʢʝ ʠ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. ʏʘʩʪʦ ʪʘʢʠʝ ʨʠʩʢʠ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʝʟʘʤʝʪʥʦ ð ʠʟ-ʟʘ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʨʝʚʰʠʭ ʩʠʩʪʝʤ ʠʣʠ ʦʰʠʙʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʤʦʞʝʪ ʩʪʘʪʴ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʢʣʶʯʝʚʳʭ ʫʟʣʦʚ, ʧʨʦʩʪʦʠ, ʥʘʨʫʰʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʠ ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʨʠʩʢʠ 

 ʉʶʜʘ ʚʭʦʜʷʪ ʬʘʢʪʦʨʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ: ʦʰʠʙʢʠ ʦʧʝʨʘʪʦʨʘ, ʥʝʭʚʘʪʢʘ ʠʥʩʪʨʫʢʮʠʡ, ʥʝʵʬʬʝʢʪʠʚʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʦʣʝʡ ʠ ʩʤʝʥ, ʢʦʥʬʣʠʢʪ ʠʥʪʝʨʝʩʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʜʦʣʞʥʦʛʦ 

ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ. ʕʪʠ ʨʠʩʢʠ ʤʦʛʫʪ ʥʝʩʪʠ ʢʘʢ ʣʦʢʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʪʘʢ ʠ ʢʘʩʢʘʜʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʩʶ ʮʝʧʦʯʢʫ ʧʨʦʮʝʩʩʘ. 

ɺʥʝʰʥʠʝ ʨʠʩʢʠ 

 ɺʢʣʶʯʘʶʪ ʬʘʢʪʦʨʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʝ ʧʨʷʤʦʛʦ ʢʦʥʪʨʦʣʷ 

ʧʨʝʜʧʨʠʷʪʠʷ: ʧʝʨʝʙʦʠ ʚ ʧʦʩʪʘʚʢʘʭ, ʠʟʤʝʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʩʳʨʴʷ, ʬʦʨʩ-
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ʤʘʞʦʨʥʳʝ ʩʦʙʳʪʠʷ (ʥʘʚʦʜʥʝʥʠʷ, ʧʘʥʜʝʤʠʠ, ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʝ ʢʦʥʬʣʠʢʪʳ), 

ʠʟʤʝʥʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ. ʆʥʠ ʪʨʝʙʫʶʪ ʦʪ ʩʠʩʪʝʤʳ ʛʠʙʢʦʩʪʠ 

ʠ ʙʳʩʪʨʦʡ ʘʜʘʧʪʘʮʠʠ. 

ʂʠʙʝʨ-ʨʠʩʢʠ 

 ʉ ʫʯʸʪʦʤ ʨʦʩʪʘ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

(SCADA, MES, ERP) ʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʫʷʟʚʠʤʦʩʪʴ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʥʦʡ. ʂʠʙʝʨʘʪʘʢʠ, ʩʙʦʠ ʚ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ, ʚʠʨʫʩʳ ʠʣʠ 

ʭʘʢʝʨʩʢʠʝ ʚʪʦʨʞʝʥʠʷ ʤʦʛʫʪ ʧʘʨʘʣʠʟʦʚʘʪʴ ʨʘʙʦʪʫ ʚʩʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʌʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʠʩʢʠ 

 ʉʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ: ʢʦʣʝʙʘʥʠʷ ʚʘʣʶʪ, ʨʦʩʪ 

ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ, ʠʟʤʝʥʝʥʠʷ ʚ ʥʘʣʦʛʦʚʦʡ ʧʦʣʠʪʠʢʝ. ʕʪʠ ʨʠʩʢʠ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʙʠʟʥʝʩʘ. 

 ʂʘʞʜʦʤʫ ʨʠʩʢʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ çʚʝʩè ʚ ʩʠʩʪʝʤʝ, ʘ ʪʘʢʞʝ 

ʚʨʝʤʝʥʥʘʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʝʢʦʪʦʨʳʝ ʨʠʩʢʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳ, ʥʦ ʤʦʱʥʳ (ʥʘʧʨʠʤʝʨ, ʘʚʘʨʠʷ), ʜʨʫʛʠʝ ʨʘʟʚʠʚʘʶʪʩʷ 

ʤʝʜʣʝʥʥʦ, ʥʦ ʚʣʠʷʶʪ ʢʫʤʫʣʷʪʠʚʥʦ (ʠʟʥʦʩ, ʥʝʜʦʬʠʥʘʥʩʠʨʦʚʘʥʠʝ). ʇʦʵʪʦʤʫ 

ʫʧʨʘʚʣʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʫʯʠʪʳʚʘʪʴ ʩʣʦʞʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʬʘʢʪʦʨʘʤʠ. 

 ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʘ 

ʨʠʩʢʦʚ 

 ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (ʀʄ) ð ʵʪʦ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʧʫʪʸʤ ʧʦʩʪʨʦʝʥʠʷ ʝʸ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʣʠ 

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʠʛʨʳʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ. ʉʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʮʠʬʨʦʚʦʡ 

ʤʦʜʝʣʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʸʥʥʦʡ ʢ ʨʝʘʣʴʥʦʤʫ ʦʙʲʝʢʪʫ, ʠ ʦʮʝʥʢʝ ʝʸ 

ʨʝʘʢʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ [2]. 

 ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʠʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

ɼʠʥʘʤʠʯʥʦʩʪʴ: ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢ ʧʨʦʮʝʩʩʳ 

ʨʘʟʚʠʚʘʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚ, ʛʜʝ 

ʜʝʡʩʪʚʠʷ ʧʦʚʪʦʨʷʶʪʩʷ ʠʣʠ ʠʜʫʪ ʥʝʧʨʝʨʳʚʥʦ ð ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ, ʢʘʢ 

ʠʟʤʝʥʝʥʠʷ ʚ ʦʜʥʦʤ ʤʦʤʝʥʪʝ ʧʦʚʣʠʷʶʪ ʥʘ ʚʩʸ ʦʩʪʘʣʴʥʦʝ. 

ɻʠʙʢʦʩʪʴ: ʚ ʪʘʢʠʭ ʤʦʜʝʣʷʭ ʣʝʛʢʦ ʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ: ʢʦʣʠʯʝʩʪʚʦ 

ʨʝʩʫʨʩʦʚ, ʨʘʩʧʠʩʘʥʠʝ, ʧʦʨʷʜʦʢ ʦʧʝʨʘʮʠʡ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʨʷʪʴ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʠ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʤʦʛʘʝʪ ʟʘʨʘʥʝʝ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ 

ʧʨʦʠʟʦʡʜʸʪ ʧʨʠ ʩʙʦʷʭ, ʘʚʘʨʠʷʭ ʠʣʠ ʜʨʫʛʠʭ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɺʩʸ 

ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʙʝʟ ʨʠʩʢʘ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʣʶʜʝʡ ʠʣʠ ʙʠʟʥʝʩʘ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ: ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ ʧʨʦʮʝʩʩʳ ʥʘ ʵʢʨʘʥʝ ð ʚ ʚʠʜʝ ʩʭʝʤ, ʛʨʘʬʠʢʦʚ, ʘ ʠʥʦʛʜʘ ʠ 

ʘʥʠʤʘʮʠʠ. ʕʪʦ ʜʝʣʘʝʪ ʤʦʜʝʣʴ ʙʦʣʝʝ ʧʦʥʷʪʥʦʡ ʠ ʥʘʛʣʷʜʥʦʡ ʜʘʞʝ ʜʣʷ ʪʝʭ, 

ʢʪʦ ʥʝ ʩʧʝʮʠʘʣʠʩʪ. 
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 ɺʥʝʜʨʝʥʠʝ ʀʄ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʠ 

ʧʦʩʣʝʜʩʪʚʠʷ ʨʠʩʢʦʚ, ʥʦ ʠ ʚʳʨʘʙʦʪʘʪʴ ʧʨʝʚʝʥʪʠʚʥʳʝ ʤʝʨʳ, ʚʳʷʚʠʪʴ ʪʦʯʢʠ 

ʫʷʟʚʠʤʦʩʪʠ, ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʪʠʢʨʠʟʠʩʥʳʭ ʩʪʨʘʪʝʛʠʡ [3]. 

 ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʙʘʟʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʠʩʪʝʤ ʠ ʟʘʜʘʯ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ 

ʠʟ ʥʠʭ ʩ ʫʛʣʫʙʣʸʥʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ: 

ʄʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ 

 ʕʪʦʪ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʫʯʘʡʥʳʭ 

ʯʠʩʝʣ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʮʝʥʘʨʠʝʚ. ʉʮʝʥʘʨʠʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʩ ʫʯʸʪʦʤ ʟʘʜʘʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʨʦʠʛʨʳʚʘʥʠʝ ʤʦʜʝʣʠ. 

 ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 5% 

ʚ ʩʫʪʢʠ, ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʯʘʩʪʦ ʠ ʩ ʢʘʢʠʤʠ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʵʪʦ ʧʨʠʚʝʜʸʪ ʢ ʧʨʦʩʪʦʷʤ ʟʘ ʛʦʜ. ʄʝʪʦʜ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʚ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʤ ʘʥʘʣʠʟʝ, ʦʮʝʥʢʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʠʩʢʦʚ ʧʨʠ ʟʘʧʫʩʢʝ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ [4]. 

ɼʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (DES) 

 ʇʦʜʭʦʜʠʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ ʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʢʨʝʪʥʳʭ ʩʦʙʳʪʠʡ: ʧʦʩʪʫʧʣʝʥʠʝ ʟʘʢʘʟʘ, ʟʘʚʝʨʰʝʥʠʝ 

ʦʧʝʨʘʮʠʠ, ʦʪʢʘʟ ʫʟʣʘ. ʄʦʜʝʣʠ DES ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʯʝʨʝʜʷʭ, ʩʦʙʳʪʠʷʭ ʠ 

ʨʝʩʫʨʩʘʭ. ʉ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʟʘʛʨʫʟʢʫ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʚʳʷʚʠʪʴ ʫʟʢʠʝ ʤʝʩʪʘ, ʨʘʩʩʯʠʪʘʪʴ ʚʨʝʤʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʘ. 

 ʕʪʦʪ ʤʝʪʦʜ ʥʘʰʸʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʣʦʛʠʩʪʠʢʝ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ, ʫʧʨʘʚʣʝʥʠʠ ʩʢʣʘʜʘʤʠ ʠ ʮʝʧʦʯʢʘʤʠ 

ʧʦʩʪʘʚʦʢ. 

ʉʠʩʪʝʤʥʘʷ ʜʠʥʘʤʠʢʘ 

 ʕʪʦ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʪʨʘʞʘʶʱʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ. ʆʥ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ð ʥʘʧʨʠʤʝʨ, ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʨʦʩʘ 

ʧʦʚʣʠʷʶʪ ʥʘ ʟʘʧʘʩʳ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʠʙʳʣʴ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ [5]. 

 ʉʠʩʪʝʤʥʘʷ ʜʠʥʘʤʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʤʘʢʨʦʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ 

ʚʣʠʷʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚ, ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɸʛʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

 ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ (ʘʛʝʥʪʦʚ), 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɸʛʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʤʘʰʠʥʘʤʠ, 

ʣʶʜʴʤʠ, ʩʢʣʘʜʩʢʠʤʠ ʝʜʠʥʠʮʘʤʠ, ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʫʟʣʘʤʠ ð ʠ ʢʘʞʜʳʡ 

ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤ ʥʘʙʦʨʦʤ ʧʨʘʚʠʣ. 
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 ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ (ʥʘʧʨʠʤʝʨ, 

ʵʚʘʢʫʘʮʠʷ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʘʚʘʨʠʠ, ʨʝʘʢʮʠʠ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ ʥʘ ʩʙʦʡ, 

ʧʦʚʝʜʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʛʨʫʟʢʠ). 

ʉʤʝʰʘʥʥʳʝ ʧʦʜʭʦʜʳ 

 ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ 

ʤʦʜʝʣʠ çʧʦʣʥʦʛʦ ʮʠʢʣʘè, ʦʭʚʘʪʳʚʘʶʱʠʝ ʢʘʢ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʪʘʢ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʘʛʝʥʪʥʫʶ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ 

ʧʝʨʩʦʥʘʣʘ ʩ ʜʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʦʡ ʤʦʜʝʣʴʶ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʦʩʪʫʧʣʝʥʠʷ ʩʳʨʴʷ. 

 ʇʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʀʄ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʨʠʩʢʘʤʠ 

 ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʣʴʟʫ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

ʄʝʪʘʣʣʫʨʛʠʷ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʪʢʘʟʦʚ ʥʘ 

ʜʦʤʝʥʥʦʡ ʧʝʯʠ ʧʦʟʚʦʣʠʣʦ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʳ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʥʠʪʴ ʛʨʘʬʠʢ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [6, 7]. 

ʍʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ: ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʦʮʝʥʠʚʘʣʠʩʴ ʨʠʩʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʚʳʙʨʦʩʝ. ʕʪʦ ʜʘʣʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʴ ʨʝʩʫʨʩʳ ʩʠʩʪʝʤʳ ʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʳ. 

ʃʦʛʠʩʪʠʢʘ: DES-ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʤʝʞʜʫ ʩʢʣʘʜʘʤʠ, ʩʦʢʨʘʪʠʚ ʟʘʜʝʨʞʢʠ ʧʦʩʪʘʚʦʢ ʥʘ 

15%. 

IT -ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʠʙʝʨʘʪʘʢ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʮʝʥʘʨʠʷʤʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʤʦʛʣʦ ʫʩʠʣʠʪʴ ʩʣʘʙʳʝ ʟʚʝʥʴʷ ʚ ʩʠʩʪʝʤʘʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʕʥʝʨʛʝʪʠʢʘ: ʘʛʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ 

ʦʪʚʝʪ ʥʘ ʘʚʘʨʠʠ ʚ ʩʝʪʷʭ ʧʦʤʦʛʣʦ ʧʦʥʷʪʴ, ʢʘʢ ʣʫʯʰʝ ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʠ 

ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʙʦʝʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

 ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʫʧʨʘʚʣʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ: 

ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʨʝʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢ ʧʨʦʘʢʪʠʚʥʦʤʫ; 

ʫʯʠʪʳʚʘʪʴ ʩʣʦʞʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ; 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ; 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʢ ʥʦʚʳʤ ʚʳʟʦʚʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʨʳʥʢʘ; 

ʦʙʫʯʘʪʴ ʧʝʨʩʦʥʘʣ ʥʘ ʙʘʟʝ ʚʠʨʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. 

 ɺ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʣʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʠʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʪʢʘʟ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʚʥʦʩʠʣʝʥ ʦʪʢʘʟʫ ʦʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʧʦʣʴʟʫ ʜʦʛʘʜʦʢ. ʇʦʵʪʦʤʫ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʠ 

ʜʦʣʛʦʩʨʦʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚʩʸ ʯʘʱʝ ʚʥʝʜʨʷʶʪ ʀʄ ʚ ʩʚʦʠ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. 
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ʎʫʪʠʝʚ ʉ.ʀ.ʀ., ɸʭʤʘʪʭʘʥʦʚʘ ɸ.ʄ.-ʕ. 
ʌɻɹʆʋ ɺʆ ñɻɻʅʊʋ ʠʤ. ʘʢʘʜ. ʄ.ɼ. ʄʠʣʣʠʦʥʱʠʢʦʚʘò, ɻʨʦʟʥʳʡ, ʈʦʩʩʠʷ 

 

ʇʝʨʩʧʝʢʪʠʚʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʪʠʚʠʨʫʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʠʙʝʨʫʛʨʦʟ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʦʜʭʦʜʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʘʥʪʠʚʠʨʫʩʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʦʙʩʫʞʜʘʶʪʩʷ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʊʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ 

ʨʝʘʣʴʥʳʭ ʚʥʝʜʨʝʥʠʡ ʠ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʩʬʝʨʝ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʥʦʚʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʠ ʢʦʥʮʝʧʮʠʡ ʥʝʡʨʦʩʝʪʝʡ, ʥʘʜ ʢʦʪʦʨʳʤʠ ʫʞʝ ʨʘʙʦʪʘʶʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠ ʨʘʟʨʘʙʦʪʯʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʥʝʡʨʦʩʝʪʠ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʘʥʪʠʚʠʨʫʩʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

 

Tsutiev S.I.I.. Akhmatkhanova A.M.-E.  
 

Prospects and use of neural networks as antivirus software  
 

Abstract: This article discusses the use of neural networks to identify and prevent cyber 

threats. The existing approaches to the use of machine learning in antivirus systems are 

analyzed, their advantages and disadvantages are discussed. Examples of real-world 

implementations and successful application of neural network solutions in the field of 

information security are also given. The article examines the prospects for the 

development of neural networks in the field of cybersecurity, and provides examples of 

new architectural solutions and concepts of neural networks that researchers and 

developers are already working on. 

Keywords: Machine learning, neural networks, neural networks, antivirus software. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ 

ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʝʜʣʘʛʘʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ 

ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ ʠ ʧʦʟʚʦʣʷʷ ʟʥʘʯʠʪʝʣʴʥʦ ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ. ʀʭ 

ʚʳʩʦʢʘʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʥʦʚʳʤ ʜʘʥʥʳʤ: ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʤʦʛʫʪ ʦʙʫʯʘʪʴʩʷ ʢʘʢ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

çʫʯʠʪʝʣʷè ð ʯʝʣʦʚʝʢʘ ʠʣʠ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ ʢ ʦʧʨʝʜʝʣʸʥʥʳʤ ʢʘʪʝʛʦʨʠʷʤ, ʪʘʢ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʷʚʣʷʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʧʦʩʪʫʧʘʶʱʠʭ ʜʘʥʥʳʭ ʙʝʟ ʚʥʝʰʥʠʭ ʫʢʘʟʘʥʠʡ. 

ʈʘʟʚʠʪʠʝ ʢʨʠʧʪʦʚʘʣʶʪ ʚʳʟʚʘʣʦ ʚʩʧʣʝʩʢ ʧʦʧʫʣʷʨʥʦʩʪʠ 

ʢʨʠʧʪʦʜʞʝʢʠʥʛʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʨʝʜʦʥʦʩʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʶʪ 

file:///C:/Users/User/AppData/YandexDisk/Work/Парадигма.%20Лето-2016/Сборник/www.paradigma.science


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 5̄, ʯʘʩʪʴ 5 www.paradigma.science 
 

196 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʞʝʨʪʚ ʜʣʷ ʜʦʙʳʯʠ ʮʠʬʨʦʚʳʭ ʘʢʪʠʚʦʚ ʙʝʟ ʠʭ 

ʚʝʜʦʤʘ [1]. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʠʛʥʘʪʫʨʥʦʤ ʘʥʘʣʠʟʝ, 

ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʟ-ʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʣʠʤʦʨʬʥʳʭ 

ʚʠʨʫʩʦʚ ʠ ʤʝʪʦʜʦʚ ʦʙʬʫʩʢʘʮʠʠ [2]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʚʳʷʚʣʝʥʠʠ ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦʛʨʘʤʤ ʟʘ ʩʯʸʪ ʘʥʘʣʠʟʘ ʠʭ ʧʦʚʝʜʝʥʠʷ ʠ ʧʦʠʩʢʘ 

ʘʥʦʤʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʵʚʦʣʶʮʠʠ ʫʛʨʦʟ ʚʩʸ ʙʦʣʴʰʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʙʨʘʱʘʶʪʩʷ ʢ ʚʦʟʤʦʞʥʦʩʪʷʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʩʠʩʪʝʤʘʭ [3]. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘʱʠʪʳ ʦʪ 

ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ 

ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

 

ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʘʥʪʠʚʠʨʫʩʥʳʭ ʩʠʩʪʝʤʘʭ 

 

ɺ ʩʬʝʨʝ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʝ 

ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ʄʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʫʞʝ ʘʢʪʠʚʥʦ 

ʩʧʦʩʦʙʥʳ ʨʘʩʧʦʟʥʘʚʘʪʴ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʫʛʨʦʟʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʥʘʯʠʥʘʷ ʩ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ, ʟʘʢʘʥʯʠʚʘʷ ʧʝʨʩʦʥʘʣʴʥʳʤʠ 

ʢʦʤʧʴʶʪʝʨʘʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʚʥʦ 

ʧʝʨʝʩʪʘʣʦ ʙʳʪʴ ʨʝʜʢʦʩʪʴʶ. ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʫʞʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʫʛʨʦʟ, ʦʭʚʘʪʳʚʘʷ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʫʩʪʨʦʡʩʪʚ ð ʦʪ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʜʦ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʙʦʨʴʙʝ ʩ ʚʨʝʜʦʥʦʩʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʘʡʣʦʚ: ʦʙʫʯʝʥʥʳʝ 

ʤʦʜʝʣʠ ʘʥʘʣʠʟʠʨʫʶʪ ʠʩʧʦʣʥʷʝʤʳʝ ʬʘʡʣʳ ʠ ʦʧʨʝʜʝʣʷʶʪ, ʦʪʥʦʩʷʪʩʷ ʣʠ ʦʥʠ 

ʢ ʙʝʟʦʧʘʩʥʳʤ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʨʝʜʦʥʦʩʥʳʤ. ɺ ʨʘʤʢʘʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʶ ʩʢʨʳʪʦʛʦ ʤʘʡʥʠʥʛʘ, ʧʦʩʢʦʣʴʢʫ ʢʨʠʧʪʦʜʞʝʢʠʥʛ 

ʟʘʯʘʩʪʫʶ ʤʘʩʢʠʨʫʝʪʩʷ ʧʦʜ ʙʝʟʦʙʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ [6]. 

 ɼʨʫʛʠʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʷʚʣʷʪʴ ʧʦʜʦʟʨʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʯʝʨʝʟ 

ʦʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ ʚ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ. ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠ 

ʤʦʥʠʪʦʨʠʥʛ ʧʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ɿʘ ʩʯʸʪ 

ʧʦʩʪʦʷʥʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʝʡʩʪʚʠʡ ʟʘʧʫʱʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʤʦʞʥʦ 

ʚʳʷʚʣʷʪʴ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʧʘʪʪʝʨʥʳ ð ʥʘʧʨʠʤʝʨ, ʥʝʭʘʨʘʢʪʝʨʥʳʝ ʧʠʢʠ 

ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʦʮʝʩʩʦʨ ʠʣʠ ʩʝʪʴ, ʯʪʦ ʯʘʩʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʩʢʨʳʪʦʛʦ ʤʘʡʥʠʥʛʘ ʠʣʠ ʜʨʫʛʦʡ ʚʨʝʜʦʥʦʩʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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 ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʪʘʸʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (GAN). ʊʘʢʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʦʙʫʯʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʩʦʧʝʨʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʤʧʦʥʝʥʪʘʤʠ: ʛʝʥʝʨʘʪʦʨʦʤ, ʩʦʟʜʘʶʱʠʤ 

ʥʦʚʳʝ ʦʙʨʘʟʮʳ ʚʨʝʜʦʥʦʩʥʦʛʦ ʢʦʜʘ, ʠ ʜʠʩʢʨʠʤʠʥʘʪʦʨʦʤ, ʩʪʨʝʤʷʱʠʤʩʷ 

ʦʪʣʠʯʠʪʴ ʚʨʝʜʦʥʦʩʥʦʝ ʇʆ ʦʪ ʙʝʟʦʧʘʩʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʝʣʷʤ ʨʘʟʚʠʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʥʘʨʫʞʠʚʘʪʴ ʜʘʞʝ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ 

ʫʛʨʦʟʳ. 

ʎʝʥʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʫʞʝ 

ʥʘʪʦʣʢʥʫʣʘ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ ʥʘ ʠʜʝʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʟʘʱʠʪʳ ʦʪ 

ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʚ ʩʣʫʯʘʝ ʩ ʢʨʫʧʥʦʡ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʴʶ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʅʠʞʝ 

ʧʨʠʚʝʜʸʥ ʩʧʠʩʦʢ ʢʦʤʧʘʥʠʡ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʱʠʭ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ: 

Microsoft Defender 

ʀʩʧʦʣʴʟʫʝʪ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʥʷʝʤʳʭ 

ʬʘʡʣʦʚ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʛʨʘʤʤ. 

ʅʝʡʨʦʩʝʪʴ ʦʙʫʯʝʥʘ ʥʘ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ ʠ ʩʧʦʩʦʙʥʘ 

ʦʧʨʝʜʝʣʷʪʴ ʚʨʝʜʦʥʦʩʥʦʝ ʇʆ, ʜʘʞʝ ʝʩʣʠ ʦʥʦ ʝʱʸ ʥʝ ʚʥʝʩʝʥʦ ʚ ʙʘʟʳ ʜʘʥʥʳʭ. 

Darktrace 

ʇʨʠʤʝʥʷʝʪ ʩʘʤʦʦʙʫʯʘʶʱʠʝʩʷ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. 

ʉʠʩʪʝʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʥʦʨʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʷʚʣʷʝʪ ʦʪʢʣʦʥʝʥʠʷ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʢʠʙʝʨʘʪʘʢʠ. 

Cylance Smart Antivirus 

ʀʩʧʦʣʴʟʫʝʪ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʪʘʢ ʜʦ ʠʭ 

ʚʳʧʦʣʥʝʥʠʷ. 

ʉʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʘʚʪʦʥʦʤʥʦ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʦʙʥʦʚʣʝʥʠʠ ʩʠʛʥʘʪʫʨ. 

Google DeepMind ʠ VirusTotal 

Google ʧʨʠʤʝʥʷʝʪ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʭ ʫʛʨʦʟ ʚ VirusTotal. 

ɻʣʫʙʦʢʠʝ ʥʝʡʨʦʩʝʪʠ ʘʥʘʣʠʟʠʨʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʡʣʦʚ ʠ ʥʘʭʦʜʷʪ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʨʝʜʦʥʦʩʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʝʱʸ ʜʦ ʠʭ ʤʘʩʩʦʚʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ʉʧʦʩʦʙʥʦʩʪʴ ʦʙʥʘʨʫʞʠʚʘʪʴ ʥʦʚʳʝ ʚʠʜʳ ʫʛʨʦʟ ʙʝʟ ʦʙʥʦʚʣʝʥʠʷ 

ʩʠʛʥʘʪʫʨʥʳʭ ʙʘʟ. 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʘ ʙʦʣʴʰʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ. 
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ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʦʛʨʘʤʤ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʘʢʪʠʚʥʦʡ ʢʠʙʝʨʟʘʱʠʪʝ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ɺʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʩʫʨʩʘʭ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʠ ʜʦʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ. 

ʋʷʟʚʠʤʦʩʪʴ ʢ ʘʪʘʢʘʤ ʥʘ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ (ʥʘʧʨʠʤʝʨ, ʦʙʬʫʩʢʘʮʠʷ 

ʚʨʝʜʦʥʦʩʥʦʛʦ ʢʦʜʘ ʜʣʷ ʦʙʭʦʜʘ ʤʦʜʝʣʠ). 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʩʨʝʜʩʪʚ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ, ʥʘʜ 

ʢʦʪʦʨʳʤʠ ʫʞʝ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠ ʨʘʟʨʘʙʦʪʯʠʢʠ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʚʳʩʪʫʧʘʶʪ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ. ɼʦʣʛʦʝ 

ʚʨʝʤʷ ʩʠʛʥʘʪʫʨʥʳʝ ʤʝʪʦʜʳ ʦʩʪʘʚʘʣʠʩʴ ʦʩʥʦʚʦʡ ʘʥʪʠʚʠʨʫʩʥʦʡ ʟʘʱʠʪʳ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʫʛʨʦʟʘ ʫʞʝ ʠʟʚʝʩʪʥʘ ʠ ʚʥʝʩʝʥʘ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʩ ʨʘʟʚʠʪʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ ʤʘʩʢʠʨʦʚʢʠ, ʧʦʷʚʣʝʥʠʝʤ ʧʦʣʠʤʦʨʬʥʳʭ ʚʠʨʫʩʦʚ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʢʨʠʧʪʦʜʞʝʢʠʥʛʘ ʠ ʘʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʰʠʬʨʦʚʘʥʠʷ ʚʨʝʜʦʥʦʩʥʦʛʦ ʢʦʜʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʛʥʘʪʫʨʥʳʭ ʤʝʪʦʜʦʚ 

ʟʘʤʝʪʥʦ ʩʥʠʟʠʣʘʩʴ. ɺ ʦʪʚʝʪ ʥʘ ʵʪʠ ʚʳʟʦʚʳ ʩʪʘʣʦ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʪʴʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʡʨʦʩʝʪʝʡ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ɻʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʦʙʲʝʜʠʥʷʶʪ ʣʫʯʰʠʝ ʢʘʯʝʩʪʚʘ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʙʳʩʪʨʘʷ ʧʨʦʚʝʨʢʘ ʩʠʛʥʘʪʫʨʥʦʡ ʙʘʟʦʡ, ʘ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʨʝʟʫʣʴʪʘʪʘ ʚ ʨʘʙʦʪʫ ʚʩʪʫʧʘʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʥʝʡʨʦʩʝʪʝʚʘʷ 

ʤʦʜʝʣʴ, ʘʥʘʣʠʟʠʨʫʶʱʘʷ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʦʚ. ʊʘʢʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʷʪʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʟʚʝʩʪʥʳʭ 

ʫʛʨʦʟ, ʥʦ ʠ ʦʙʥʘʨʫʞʠʚʘʪʴ ʥʦʚʳʝ ʠʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚʨʝʜʦʥʦʩʥʳʝ 

ʧʨʦʛʨʘʤʤʳ ʧʦ ʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʮʝʥʝʥ ʵʪʦʪ ʤʝʪʦʜ ʚ ʢʦʥʪʝʢʩʪʝ 

ʙʦʨʴʙʳ ʩ ʢʨʠʧʪʦʜʞʝʢʠʥʛʦʤ, ʢʦʛʜʘ ʚʨʝʜʦʥʦʩʥʳʝ ʧʨʦʮʝʩʩʳ ʤʘʩʢʠʨʫʶʪʩʷ 

ʧʦʜ ʩʠʩʪʝʤʥʳʝ ʠ ʚʠʟʫʘʣʴʥʦ ʥʝ ʚʳʟʳʚʘʶʪ ʧʦʜʦʟʨʝʥʠʡ. ɻʠʙʨʠʜʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʫʛʨʦʟʳ ʟʘ ʩʯʸʪ ʘʥʘʣʠʟʘ ʥʝ ʪʦʣʴʢʦ 

ʠʤʝʥʠ ʠʣʠ ʧʦʜʧʠʩʠ ʧʨʦʮʝʩʩʘ, ʥʦ ʠ ʝʛʦ ʧʦʚʝʜʝʥʠʷ ð ʥʘʧʨʠʤʝʨ, ʘʥʦʤʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʦʮʝʩʩʦʨ ʠʣʠ ʚʠʜʝʦʢʘʨʪʫ, ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʩʝʪʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʚʳʰʘʝʪ ʛʠʙʢʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʡ ʵʚʦʣʶʮʠʠ ʢʠʙʝʨʫʛʨʦʟ. 

ʊʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʯʠʪʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʬʝʜʝʨʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʙʝʟ ʨʘʩʢʨʳʪʠʷ ʜʘʥʥʳʭ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ [8]. ɻʝʥʝʨʘʪʠʚʥʳʝ ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʩʝʪʠ (GAN) ʘʢʪʠʚʥʦ 

ʠʩʩʣʝʜʫʶʪʩʷ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʥʪʠʚʠʨʫʩʥʳʭ ʤʦʜʝʣʝʡ ʠ 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ [7]. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 
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ʧʨʦʙʣʝʤ ʧʨʠ ʦʙʫʯʝʥʠʠ ʤʦʜʝʣʝʡ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʦʩʪʘʸʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ, ʟʘʯʘʩʪʫʶ 

ʩʦʜʝʨʞʘʱʠʭ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʵʪʘ 

ʧʨʦʙʣʝʤʘ ʩʪʦʠʪ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʝ, ʛʜʝ ʧʝʨʝʜʘʯʘ ʣʦʛʦʚ ʠʣʠ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʥʘ ʚʥʝʰʥʠʝ ʩʝʨʚʝʨʳ ʤʦʞʝʪ ʧʨʦʪʠʚʦʨʝʯʠʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʬʝʜʝʨʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ: ʚʤʝʩʪʦ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʩʘʤʘ ʤʦʜʝʣʴ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ 

ʫʩʪʨʦʡʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʛʜʝ ʣʦʢʘʣʴʥʦ ʜʦʦʙʫʯʘʝʪʩʷ ʥʘ ʠʤʝʶʱʠʭʩʷ 

ʜʘʥʥʳʭ, ʘ ʟʘʪʝʤ ʧʝʨʝʜʘʸʪ ʦʙʨʘʪʥʦ ʣʠʰʴ ʦʙʥʦʚʣʸʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʟʘ ʩʯʸʪ 

ʫʯʘʩʪʠʷ ʤʥʦʞʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ. ɺ ʢʦʥʪʝʢʩʪʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ 

ʢʨʠʧʪʦʜʞʝʢʠʥʛʫ ʵʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʦʚʝʜʝʥʠʝ ʚʨʝʜʦʥʦʩʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ. Federated Learning ʧʦʟʚʦʣʷʝʪ ʥʝʡʨʦʩʝʪʷʤ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʣʦʢʘʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʨʝʜʳ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʦʙʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʳʷʚʣʷʪʴ ʫʛʨʦʟʳ. ʇʨʠʤʝʥʝʥʠʝ ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ (Federated 

Learning) ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, 

ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʦʩʪʘʶʪʩʷ ʥʘ ʣʦʢʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʘ ʦʙʫʯʘʝʪʩʷ ʣʠʰʴ 

ʤʦʜʝʣʴ [4]. 

ʅʘʢʦʥʝʮ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʝʛʦʜʥʷ ʫʜʝʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʶ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʘʤʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʣʠ 

ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʫʛʨʦʟ ð ʣʠʰʴ ʧʦʣʦʚʠʥʘ ʟʘʜʘʯʠ. ʇʨʠ ʵʪʦʤ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʢ adversarial-ʘʪʘʢʘʤ, ʢʦʛʜʘ ʚʨʝʜʦʥʦʩʥʳʡ ʢʦʜ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʜʣʷ ʦʙʭʦʜʘ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ [5]. 

 ʏʪʦʙʳ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʪʘʢʠʤ ʘʪʘʢʘʤ, ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʷʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ ʟʘʱʠʪʳ: ʦʙʫʯʘʪʴ ʤʦʜʝʣʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʚʨʝʜʦʥʦʩʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʥʝʨʘʮʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʰʫʤʘ 

ʥʘ ʵʪʘʧʝ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦʚʪʦʨʥʦʝ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ 

ʠ ʤʦʥʠʪʦʨʠʥʛ ʦʪʢʣʦʥʝʥʠʡ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʭʦʜʷʱʠʭ 

ʜʘʥʥʳʭ. ʊʘʢʠʝ ʤʝʨʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ 

ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝ ʪʦʣʴʢʦ ʦʙʥʘʨʫʞʝʥʠʝ ʫʛʨʦʟ, ʥʦ ʠ ʝʸ ʩʦʙʩʪʚʝʥʥʫʶ 

ʟʘʱʠʪʫ ʦʪ ʤʘʥʠʧʫʣʷʮʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʚʥʝʜʨʝʥʠʝ 

ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʡʨʦʩʝʪʝʡ ʢ ʘʪʘʢʘʤ 

ʦʧʨʝʜʝʣʷʶʪ ʦʩʥʦʚʥʳʝ ʚʝʢʪʦʨʳ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʚ 

ʦʙʣʘʩʪʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʘʥʪʠʚʠʨʫʩʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʦʨʴʙʳ ʩ ʚʨʝʜʦʥʦʩʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 
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ʦʙʝʩʧʝʯʝʥʠʝʤ. ʇʨʠʚʝʜʸʥʥʳʝ ʧʨʠʤʝʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ ʫʞʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʫʛʨʦʟ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ, ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʸʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʪʦʯʥʦʩʪʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʟʘʱʠʪʦʡ ʩʘʤʠʭ ʤʦʜʝʣʝʡ 

ʦʪ ʘʪʘʢ. ɺ ʙʫʜʫʱʝʤ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʘʚʪʦʥʦʤʥʳʭ 

ʨʝʰʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. 
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ɺʝʜʝʥʠʥ ɼ. ʀ., ʂʘʨʧʦʚʘ ʅ. ʂ., ʃʴʚʦʚ ɽ.ʉ., ɼʨʦʟʜʦʚʘ ɸ. ɸ. 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɸʥʘʣʠʟ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʙʦʪʦʤ ʜʣʷ ʩʦʮʩʝʪʝʡ ʠ ʯʝʣʦʚʝʢʦʤ 

ɸʥʥʦʪʘʮʠʷ: ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʙʦʪʘʤʠ ʠ ʣʶʜʴʤʠ ʚ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ, ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʩʦʦʙʱʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʙʦʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʶʜʴʤʠ. ɼʘʸʪʩʷ ʫʪʦʯʥʸʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʮʠʘʣʴʥʦʛʦ ʙʦʪʘ ʠ ʦʙʩʫʞʜʘʶʪʩʷ 

ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʠ ʫʛʨʦʟʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. ʈʘʙʦʪʘ ʧʦʜʯʸʨʢʠʚʘʝʪ 

ʟʥʘʯʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʙʦʪʦʚ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦʡ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʙʦʪʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ, ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ, ʢʦʥʪʝʥʪ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

  

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʦ ʛʣʦʙʘʣʴʥʳʭ ʩʦʙʳʪʠʷʭ ʧʠʰʫʪ 20% ʙʦʪʦʚ ʠ 80% 

ʣʶʜʝʡ. ɹʦʪʳ ʠ ʣʶʜʠ ʧʦ-ʨʘʟʥʦʤʫ ʧʠʰʫʪ ʦ ʛʣʦʙʘʣʴʥʳʭ ʩʦʙʳʪʠʷʭ: ʙʦʪʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʦʜʩʢʘʟʢʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʣʝʛʢʦ 

ʚʳʯʠʩʣʠʪʴ (ʥʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʭʵʰʪʝʛʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʟʠʪʠʚʥʳʭ ʪʝʨʤʠʥʦʚ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʶʜʠ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʩʢʘʟʢʠ, 

ʪʨʝʙʫʶʱʠʝ ʧʦʥʠʤʘʥʠʷ ʜʠʘʣʦʛʘ (ʥʘʧʨʠʤʝʨ, ʦʪʚʝʪʳ ʥʘ ʩʦʦʙʱʝʥʠʷ ʚ 

ʢʦʤʤʝʥʪʘʨʠʷʭ). ɹʦʪʳ ʠʩʧʦʣʴʟʫʶʪ ʩʣʦʚʘ ʠʟ ʢʘʪʝʛʦʨʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʣʠʯʥʦʩʪʷʤ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʶʜʠ ʤʦʛʫʪ 

ʦʪʧʨʘʚʣʷʪʴ ʩʦʦʙʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʥʦ ʥʝ ʩʚʷʟʘʥʳ ʩ ʠʭ ʣʠʯʥʦʩʪʷʤʠ. ɹʦʪʳ ʠ 

ʣʶʜʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʢʦʤʤʫʥʠʢʘʮʠʠ: ʫ ʚʳʙʨʘʥʥʳʭ ʙʦʪʦʚ 

ʩʪʨʫʢʪʫʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ çʟʚʝʟʜʘè, ʘ ʫ ʚʳʙʨʘʥʥʳʭ ʣʶʜʝʡ ð 

ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ. ʕʪʠ ʚʳʚʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤ 

ʘʥʘʣʠʟʝ ʧʦʩʪʦʚ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʦʭʚʘʪʠʚʰʝʤ ~200 ʤʠʣʣʠʦʥʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ 7 ʩʦʙʳʪʠʷʭ. ɹʦʪʳ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʧʨʦʠʟʚʝʣʠ ʬʫʨʦʨ, 

ʢʦʛʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʦʙʣʘʩʪʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʥʷʣʠ, ʯʪʦ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ - ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʣʶʜʠ, ʥʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

ʘʛʝʥʪʳ, ʥʘʟʳʚʘʝʤʳʝ ʙʦʪʘʤʠ [1]. ʕʪʠ ʙʦʪʳ ʩʝʶʪ ʭʘʦʩ ʚ ʠʥʪʝʨʥʝʪʝ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʷ ʜʝʟʠʥʬʦʨʤʘʮʠʶ ʠ ʤʘʥʠʧʫʣʠʨʫʷ ʥʘʨʨʘʪʠʚʘʤʠ. ʆʜʥʘʢʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʦʪʦʚ ʦʩʥʦʚʘʥʳ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʦʧʨʝʜʝʣʝʥʠʷʭ, 

ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʘʝʤʳʤ ʩʦʙʳʪʠʝʤ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʩʥʘʯʘʣʘ 

ʧʦʜʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩ: çʏʪʦ ʪʘʢʦʝ ʙʦʪ?è ð ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʧʨʠʥʮʠʧʳ, ʦʪʣʠʯʘʶʱʠʝ ʙʦʪʦʚ ʦʪ ʣʶʜʝʡ. ʕʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʫʪʦʯʥʷʝʪ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʠ ʦʪʨʘʩʣʝʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ: çɹʦʪ ʚ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ð ʵʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʫʯʸʪʥʘʷ ʟʘʧʠʩʴ, ʢʦʪʦʨʘʷ 

ʚʳʧʦʣʥʷʝʪ ʨʷʜ ʜʝʡʩʪʚʠʡ ʥʘ ʧʣʘʪʬʦʨʤʘʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʩʙʦʨʘ ʢʦʥʪʝʥʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʳʚʘ 

ʦʪʥʦʰʝʥʠʡè [2][3]. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʧʨʦʚʦʜʠʪʩʷ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʦʪʦʚ ʠ ʣʶʜʝʡ ʚ ʢʦʥʪʝʢʩʪʝ 

file:///C:/Users/User/AppData/YandexDisk/Work/Парадигма.%20Лето-2016/Сборник/www.paradigma.science


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 5̄, ʯʘʩʪʴ 5 www.paradigma.science 
 

202 

ʛʣʦʙʘʣʴʥʳʭ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʙʦʪ ʢʘʢ 

ʘʣʛʦʨʠʪʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʝʛʦ ʧʦʪʝʥʮʠʘʣ ʢ ʵʚʦʣʶʮʠʠ ʧʦ ʤʝʨʝ 

ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʦʟʜʘʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʙʦʪʦʚ, ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʶʜʠ ʥʝ ʤʦʛʫʪ ʦʪʣʠʯʠʪʴ ʙʦʪʘ ʦʪ ʦʙʳʯʥʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʙʦʪʦʚ ʩʪʫʜʝʥʪʘʤʠ, 

ʠʟʫʯʘʶʱʠʤʠ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʨʦʜʥʠ ʩʣʫʯʘʡʥʳʤ ʜʦʛʘʜʢʘʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚʘʞʥʦ ʠʟʫʯʘʪʴ ʙʦʪʦʚ, ʠʭ ʭʘʨʘʢʪʝʨ ʠ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ. ɼʘʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ ʩʦʮʠʘʣʴʥʦʡ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ, ʢʘʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʬʨʦʚʫʶ ʩʨʝʜʫ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʙʦʪʦʚ, ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʢʦʥʪʝʥʪʘ ʠ ʦʪʥʦʰʝʥʠʡ ʚ ʩʦʦʙʱʝʩʪʚʝ. 

ʏʪʦ ʪʘʢʦʝ ʙʦʪ ʜʣʷ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ? 

ʏʪʦʙʳ ʣʫʯʰʝ ʦʧʠʩʘʪʴ ʙʦʪʘ ʜʣʷ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʩʥʘʯʘʣʘ ʥʫʞʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʦʥ ʨʘʙʦʪʘʝʪ: ʧʣʘʪʬʦʨʤʫ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʝʡ. ʅʘ ʧʣʘʪʬʦʨʤʝ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʝʩʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘ: 

ʧʦʣʴʟʦʚʘʪʝʣʠ, ʢʦʥʪʝʥʪ ʠ ʩʚʷʟʠ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʦʠʤʠ 

ʚʠʨʪʫʘʣʴʥʳʤʠ ʘʢʢʘʫʥʪʘʤʠ ʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ, 

ʫʧʨʘʚʣʷʶʱʠʤʠ ʩʠʩʪʝʤʦʡ, ʩʦʟʜʘʶʱʠʤʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʠ 

ʠʥʬʦʨʤʘʮʠʶ. ʂʦʥʪʝʥʪ ð ʵʪʦ ʠʥʬʦʨʤʘʮʠʷ, ʩʦʟʜʘʥʥʘʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʥʘ 

ʧʣʘʪʬʦʨʤʝ. ʉʚʷʟʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʢʦʥʪʝʥʪʦʤ ʠ ʢʦʥʪʝʥʪʘ ʩ 

ʢʦʥʪʝʥʪʦʤ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʣʘʪʬʦʨʤʘ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ 

ʦʩʥʦʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ, ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʙʦʪʘ ʜʣʷ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʜʦʣʞʥʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʠʥʮʠʧʘʭ 

ʧʣʘʪʬʦʨʤʳ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʙʦʪʘ: 

ʇʦʣʴʟʦʚʘʪʝʣʴ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʫʯʸʪʥʘʷ ʟʘʧʠʩʴ, ʚʳʧʦʣʥʷʶʱʘʷ ʨʷʜ 

ʜʝʡʩʪʚʠʡ. ʂʣʶʯʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʦʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʠʜʘʸʪ ʠʤ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠ ʥʝʜʦʩʪʦʚʝʨʥʳʡ 

ʭʘʨʘʢʪʝʨ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ð ʵʪʦ ʘʩʧʝʢʪ, ʢʦʪʦʨʳʡ ʫʧʦʤʠʥʘʝʪʩʷ ʚʦ ʚʩʝʭ 

ʩʧʨʘʚʦʯʥʳʭ ʦʧʨʝʜʝʣʝʥʠʷʭ. ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʙʦʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ. ʄʦʜʝʣʴ, ʣʝʞʘʱʘʷ ʚ ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʥʝ ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʷ; ʣʶʙʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʩ ʦʜʠʥʘʢʦʚʳʤ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʪʴ ʢʘʢ ʢ 

ʣʶʜʷʤ, ʪʘʢ ʠ ʢ ʙʦʪʘʤ. ɹʦʪ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥ ʜʣʷ ʠʤʠʪʘʮʠʠ ʜʝʡʩʪʚʠʡ 

ʯʝʣʦʚʝʢʘ ʠʣʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʜʨʫʛʠʭ ʬʫʥʢʮʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʦʪʳ ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʠʤʠʪʘʮʠʠ ʜʝʡʩʪʚʠʡ 

ʯʝʣʦʚʝʢʘ, ʥʦ ʚ ʜʨʫʛʠʭ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʙʦʪʳ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʣʠʷʶʪ ʥʘ 

ʩʦʮʠʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʣʶʜʠ ʠʤʠʪʠʨʫʶʪ ʙʦʪʦʚ.  

ʂʦʥʪʝʥʪ: ʜʣʷ ʩʦʟʜʘʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʢʦʥʪʝʥʪʘ. ɹʦʪʳ ʯʘʩʪʦ ʛʝʥʝʨʠʨʫʶʪ ʢʦʥʪʝʥʪ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʯʪʦʙʳ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʦʧʨʝʜʝʣʸʥʥʫʶ ʠʜʝʦʣʦʛʠʶ, ʥʘʧʨʠʤʝʨ, ʭʦʨʦʰʝʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʚʦʝʡ ʩʪʨʘʥʝ. ɹʦʪʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪ ʢʦʥʪʝʥʪ, ʢʦʛʜʘ 
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ʨʘʩʧʨʦʩʪʨʘʥʷʶʪ ʬʝʡʢʦʚʳʝ ʥʦʚʦʩʪʠ ʠ ʜʝʟʠʥʬʦʨʤʘʮʠʶ, ʠʣʠ ʢʦʛʜʘ ʦʥʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪ ʦʙʱʫʶ ʥʦʚʦʩʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ʆʪʥʦʰʝʥʠʷ: ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʳʚʘ ʦʪʥʦʰʝʥʠʡ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʥʦʰʝʥʠʡ ʚ ʠʥʪʝʨʥʝʪʝ ʦʟʥʘʯʘʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʧʫʙʣʠʢʘʮʠʷʭ ʠʣʠ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷʭ (ʥʘʧʨʠʤʝʨ, ʧʦʜʧʠʩʢʘ, ʜʦʙʘʚʣʝʥʠʝ ʚ 

ʜʨʫʟʴʷ). ʈʘʟʨʳʚ ʦʪʥʦʰʝʥʠʡ ʦʟʥʘʯʘʝʪ ʫʥʠʯʪʦʞʝʥʠʝ ʩʚʷʟʠ ʧʫʪʝʤ 

ʧʨʠʥʫʞʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʚʳʭʦʜʫ ʠʟ ʩʦʦʙʱʝʩʪʚʘ. ɹʦʪʳ ʘʢʪʠʚʥʦ 

ʬʦʨʤʠʨʫʶʪ ʠ ʨʘʟʨʫʰʘʶʪ ʦʪʥʦʰʝʥʠʷ ʥʘ ʧʣʘʪʬʦʨʤʘʭ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʝʡ. ʇʨʠʤʝʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʥʦʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʦʚ ʷʚʣʷʝʪʩʷ 

ʘʢʪʠʚʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʨʨʘʪʠʚʦʚ [5][6]. ʕʪʦʪ ʤʝʪʦʜ ʚ ʦʩʥʦʚʥʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʬʝʨʝ, ʛʜʝ ʙʦʪʳ ʦʨʛʘʥʠʟʦʚʘʥʥʦ ʨʝʪʚʠʪʷʪ 

ʧʦʣʠʪʠʯʝʩʢʫʶ ʠʜʝʦʣʦʛʠʶ. ʆʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʤʦʛʫʪ 

ʨʘʟʚʠʚʘʪʴʩʷ ʙʣʘʛʦʜʘʨʷ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʙʦʪʘʤ-ʧʦʜʨʘʞʘʪʝʣʷʤ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʧʫʣʷʨʥʦʩʪʠ ʚ ʠʥʪʝʨʥʝʪʝ, ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʨʫʰʝʥʳ ʪʦʢʩʠʯʥʳʤʠ ʙʦʪʘʤʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʠ ʥʝʥʘʚʠʩʪʴ ʠ 

ʨʝʣʠʛʠʦʟʥʳʝ ʠʜʝʦʣʦʛʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʠ 

ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʩʦʦʙʱʝʩʪʚʘ. 

ʉʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʙʦʪʦʚ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ 

ʉʠʩʪʝʤʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ð ʵʪʦ ʤʘʰʠʥʘ ʠʣʠ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʣʣʝʢʪ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʝʡʩʪʚʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʮʝʣʝʡ. ɹʦʪ ʚ ʩʦʮʠʘʣʴʥʳʭ ʝʪʷʭ ʘʥʘʣʠʟʠʨʫʝʪ 

ʮʠʬʨʦʚʫʶ ʩʨʝʜʫ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʚʦʠ ʮʝʣʠ ʠ ʨʘʟʫʤʥʦ ʠʩʧʦʣʴʟʫʝʪ 

ʢʦʥʪʝʥʪ ʠ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʚʦʠʭ ʮʝʣʝʡ 

(ʥʘʧʨʠʤʝʨ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʞʠʛʘʥʠʝ ʨʘʟʥʦʛʣʘʩʠʡ, 

ʧʦʤʦʱʴ ʩʦʦʙʱʝʩʪʚʫ). ʇʨʦʛʨʘʤʤʥʳʡ ʙʦʪ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ð ʵʪʦ 

ʘʣʛʦʨʠʪʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʡ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚʦ ʙʣʘʛʦ ʦʙʱʝʩʪʚʘ. 

ɺʦ-ʧʝʨʚʳʭ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʝ ʨʝʪʚʠʪʦʚ ʠ 

ʫʧʦʤʠʥʘʥʠʡ, ʯʝʤ ʣʶʜʠ, ʠ ʧʫʙʣʠʢʫʶʪ ʤʥʦʛʦ ʪʚʠʪʦʚ ʚ ʯʘʩ, ʠʭ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ ʦʙʲʷʚʣʝʥʠʷ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ [4]. ɺʦ-ʚʪʦʨʳʭ, ʧʦʩʢʦʣʴʢʫ ʫ ʙʦʪʦʚ ʝʩʪʴ 

ʟʚʸʟʜʥʘʷ ʩʝʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʨʫʧʥʳʭ 

ʦʙʲʷʚʣʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʦʦʙʱʝʥʠʷ ʦ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʷʭ ʠ ʢʨʠʟʠʩʘʭ, ʙʝʟ 

ʠʩʢʘʞʝʥʠʷ ʩʤʳʩʣʘ. ɿʚʸʟʜʥʘʷ ʩʝʪʴ ʦʪʧʨʘʚʣʷʝʪ ʩʦʦʙʱʝʥʠʷ ʥʘʧʨʷʤʫʶ ʯʝʨʝʟ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʧʦʵʪʦʤʫ ʠʩʭʦʜʥʳʡ ʩʤʳʩʣ ʩʦʭʨʘʥʷʝʪʩʷ. ʆʜʥʘʢʦ 

ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʝʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʙʫʜʝʪ ʠʩʢʘʞʘʪʴ ʩʦʦʙʱʝʥʠʝ 

ʧʦ ʤʝʨʝ ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʫʨʦʚʥʠ. ɺ-ʪʨʝʪʴʠʭ, ʙʦʪʳ ʦʙʳʯʥʦ 

ʧʫʙʣʠʢʫʶʪ ʢʦʥʪʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʭ ʣʠʯʥʦʩʪʠ, ʠ ʠʭ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʝʤʘʤ, 

ʢʦʪʦʨʳʝ ʣʶʜʠ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʧʨʦʬʝʩʩʠʝʡ. ʅʘʧʨʠʤʝʨ, ʙʦʪ ʩ 

ʥʦʚʦʩʪʷʤʠ ʦ ʧʦʛʦʜʝ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʛʦʜʝ. ʅʘʢʦʥʝʮ, 
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ʧʦʩʢʦʣʴʢʫ ʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʝ ʦʩʢʦʨʙʠʪʝʣʴʥʳʭ ʠ ʥʝʮʝʥʟʫʨʥʳʭ 

ʚʳʨʘʞʝʥʠʡ, ʯʝʤ ʣʶʜʠ, ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʘʤ ʪʦʢʩʠʯʥʳʡ 

ʷʟʳʢ, ʤʦʞʥʦ ʟʘʧʨʝʪʠʪʴ ʙʦʪʘʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʫʤʝʥʴʰʠʪ ʢʦʣʠʯʝʩʪʚʦ ʛʠʧʝʨʙʦʣ ʠ ʦʩʢʦʨʙʣʝʥʠʡ ʚ ʠʥʪʝʨʥʝʪʝ. ʕʪʘ 

ʨʝʢʦʤʝʥʜʘʮʠʷ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʦʩʥʦʚʘʥʘ ʥʘ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʤʝʪʦʜʦʤ ʥʘʙʣʶʜʝʥʠʷ, ʠ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʧʨʦʚʝʩʪʠ ʧʦʩʣʝʜʫʶʱʠʝ 

ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʝʨʝʜ 

ʚʥʝʜʨʝʥʠʝʤ ʧʦʣʠʪʠʢʠ. 

ʇʨʦʙʣʝʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʙʦʪʦʚ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʙʦʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ 

ʚʳʷʚʣʝʥʠʝ. ʆʜʥʘʢʦ ʵʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʘʛʝʥʪʳ ʧʦʩʪʦʷʥʥʦ 

ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʘʜʘʧʪʠʨʫʶʪ ʩʚʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʥʘʩʪʨʦʡʢʘʭ ʧʣʘʪʬʦʨʤ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʧʘʪʪʝʨʥʦʚ. ɹʦʣʝʝ ʩʪʨʦʛʠʝ ʧʨʘʚʠʣʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʘ ʧʣʘʪʬʦʨʤʘʭ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʨʘʩʪʫʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʚ ʵʪʠʭ ʙʦʪʘʭ ʩʦʟʜʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʚ ʮʠʬʨʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʚ ʢʦʪʦʨʳʭ 

ʦʙʠʪʘʶʪ ʙʦʪʳ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʳʜʫʱʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. 

ʋʞʝ ʚ 2017ï2020 ʛʦʜʘʭ ʷʟʳʢʦʚʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʪʚʠʪʘʤʠ ʙʦʪʦʚ ʠ 

ʣʶʜʝʡ ʩʦʢʨʘʪʠʣʠʩʴ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ 

ʙʦʪʦʚ [7]. ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʧʦʷʚʠʣʠʩʴ ʙʦʪʥʝʪʳ ʥʘ ʙʘʟʝ ʀʀ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʤʦʜʝʣʠ ChatGPT ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʪʝʥʪʘ, ʧʦʭʦʞʝʛʦ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʡ, ʯʪʦ 

ʩʦʢʨʘʱʘʝʪ ʨʘʟʨʳʚ ʤʝʞʜʫ ʙʦʪʘʤʠ ʠ ʣʶʜʴʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʚʦʣʶʮʠʷ ʙʦʪʦʚ ʠ ʠʭ ʦʙʥʘʨʫʞʝʥʠʝ ð ʵʪʦ 

çʥʝʧʨʝʢʨʘʱʘʶʱʝʝʩʷ ʩʪʦʣʢʥʦʚʝʥʠʝè, ʠ ʠʥʦʛʜʘ ʘʢʢʘʫʥʪʳ ʙʦʪʦʚ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʠʟʚʝʩʪʥʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʘʣʛʦʨʠʪʤʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʙʦʪʦʚ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʙʦʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʠʭ 

ʘʜʘʧʪʘʮʠʠ, ʫʩʢʦʨʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʈʘʩʪʫʱʘʷ ʪʝʥʜʝʥʮʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʠ ʙʦʣʴʰʠʭ ʚʠʟʫʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʪʝʢʩʪʦʚ ʠ ʜʠʧʬʝʡʢʦʚ ʧʦʤʦʛʘʝʪ 

ʙʦʪʘʤ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʧʨʘʚʜʦʧʦʜʦʙʥʳʝ ʧʦʚʝʩʪʚʦʚʘʥʠʷ. ʕʪʠ ʞʝ 

ʛʝʥʝʨʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʩʢʦʨʙʠʪʝʣʴʥʳʭ 

ʙʦʪʦʚ ʚ ʶʤʦʨʠʩʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. ʆʜʥʘʢʦ ʪʝʢʫʱʠʝ ʪʝʥʜʝʥʮʠʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʦʯʝʥʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ. ʅʘʧʨʠʤʝʨ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʪʦʣʴʢʦ 

ʦʜʠʥ ʪʘʢʦʡ ʙʦʪʥʝʪ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʙʦʪʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʦʣʘʛʘʶʪʩʷ 

ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʚʝʨʦʷʪʥʦ, ʧʦʪʦʤʫ, ʯʪʦ ʪʘʢʠʝ ʵʚʨʠʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʧʨʦʱʝ ʠ ʙʳʩʪʨʝʝ ʚʥʝʜʨʷʪʴ ʤʘʩʩʦʚʦ. [ʗʥʛ, ʂ.-ʉ. ʠ ʄʝʥʮʝʨ, ʌ. 

ɸʥʘʪʦʤʠʷ ʚʨʝʜʦʥʦʩʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʙʦʪʥʝʪʘ ʥʘ ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. ɾʫʨʥʘʣ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ: ʮʠʬʨʦʚʳʝ ʤʝʜʠʘ4 (2024).] 

ɿʘʢʣʶʯʝʥʠʝ 
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ɹʦʪʳ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʪʝʩʥʦ ʚʧʣʝʪʝʥʳ ʚ ʥʘʰʫ ʮʠʬʨʦʚʫʶ 

ʵʢʦʩʠʩʪʝʤʫ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʠʥʪʝʨʥʝʪ-ʪʨʘʬʠʢʘ ʚ 2023 ʛʦʜʫ ʙʳʣʦ 

ʩʛʝʥʝʨʠʨʦʚʘʥʦ ʵʪʠʤʠ ʘʛʝʥʪʘʤʠ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ. ɹʦʪʳ 

ʩʧʦʩʦʙʥʳ ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʘʢʦʡ ʦʙʲʸʤ ʪʨʘʬʠʢʘ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʤ ʩʦʟʜʘʚʘʪʴ ʙʦʣʴʰʝ ʢʦʥʪʝʥʪʘ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʙʦʣʴʰʝ ʩʚʷʟʝʡ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʙʦʪʘ ʚ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʪʨʸʭ ʵʣʝʤʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʠʪ 

ʧʣʘʪʬʦʨʤʘ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ: ʧʦʣʴʟʦʚʘʪʝʣʴ, ʢʦʥʪʝʥʪ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ɼʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʣʠʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʥʘ ʧʣʘʪʬʦʨʤʘʭ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʢʣʘʜʳʚʘʝʪ ʦʩʥʦʚʫ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʥʘʣʠʟʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʠʪʠʢʠ, ʨʝʛʫʣʠʨʫʶʱʝʡ 

ʮʠʬʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʫ ʙʦʪʦʚ ʠ ʣʶʜʝʡ ʝʩʪʴ 

ʫʩʪʦʡʯʠʚʳʝ ʨʘʟʣʠʯʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʵʪʠʭ ʜʚʫʭ ʚʠʜʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
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ɺʣʠʷʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʢʘʯʝʩʪʚʦ ʦʮʝʥʢʠ 

ʫʜʦʙʩʪʚʘ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʦʚ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʢʦʥʮʝʧʮʠʠ 

ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ). ʇʝʨʚʘʷ ʢʦʥʮʝʧʮʠʷ ʩʚʷʟʘʥʘ ʩ 

ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʦʮʝʥʢʠ, ʚʪʦʨʘʷ ð ʩ ʦʢʘʟʘʥʠʝʤ ʧʦʤʦʱʠ ʧʨʠ ʦʮʝʥʢʝ. ʕʪʠ ʧʦʜʭʦʜʳ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʦʮʝʥʢʠ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʙ ʩʘʡʪʦʚ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʫ ʦ ʪʦʤ, ʚʣʠʷʝʪ ʣʠ ʩʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʠʥʩʪʨʫʤʝʥʪʝ ʜʣʷ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʫʜʦʙʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʵʢʩʧʝʨʪʘʤʠ ʧʨʦʙʣʝʤ ʵʨʛʦʥʦʤʠʢʠ 

ʠʥʪʝʨʬʝʡʩʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʪʨʠ 

ʚʘʨʠʘʥʪʘ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʨʘʟʥʳʝ ʫʨʦʚʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: ʦʪ 

ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʜʦ ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʦʜʜʝʨʞʢʝ ʵʢʩʧʝʨʪʦʚ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʦʮʝʥʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʦʮʝʥʢʘ ʫʜʦʙʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʫʨʦʚʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

  

ɺʚʝʜʝʥʠʝ 

ʄʦʜʝʣʠ ʀʀ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠʣʠ ʜʦʧʦʣʥʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ 

ʟʘʜʘʯʠ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ ʦʙʱʝʝ ʢʘʯʝʩʪʚʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ (UX). ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠʣʠ ʪʨʫʜʦʝʤʢʠʭ ʟʘʜʘʯ, ʚʳʩʚʦʙʦʞʜʘʷ ʚʨʝʤʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʣʷ ʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ. ʇʨʠʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ ʀʀ, 

ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʟʘʜʘʯʠ, ʪʘʢʠʝ 

ʢʘʢ ʚʚʦʜ ʜʘʥʥʳʭ, ʚʳʩʪʘʚʣʝʥʠʝ ʩʯʝʪʦʚ ʠʣʠ ʧʣʘʥʠʨʦʚʘʥʠʝ. [1] 

ɺ ʢʘʯʝʩʪʚʝ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ DALL-E, ʩʠʩʪʝʤʫ ʀʀ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ: ʩʠʩʪʝʤʘ ʧʦʣʫʯʘʝʪ ʟʘʧʨʦʩ, ʦʧʠʩʳʚʘʶʱʠʡ ʪʦ, ʯʪʦ 

ʭʦʯʝʪ ʧʦʣʫʯʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ (ʥʘʧʨʠʤʝʨ, çʥʘʨʠʩʫʡ ʢʦʰʢʫ ʚ ʩʪʠʣʝ ʄʦʥʝè), 

ʠ ʠʩʧʦʣʴʟʫʝʪ ʝʛʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ʍʦʪʷ ʧʦʣʴʟʦʚʘʪʝʣʠ ʠʤʝʶʪ 

ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʟʘʧʨʦʩʦʤ (ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥʠ ʝʛʦ ʧʠʰʫʪ), ʧʦʩʣʝ 

ʧʦʣʫʯʝʥʠʷ ʟʘʧʨʦʩʘ ʀʀ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪ, ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʥʝ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʘʤ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ. ʀ 

ʥʘʦʙʦʨʦʪ, ʘʫʛʤʝʥʪʘʮʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʫʪʝʤ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠʜʝʡ ʠʣʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ. ʇʨʠʤʝʨʦʤ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʀʀ, 

ʢʦʪʦʨʘʷ ʜʦʧʦʣʥʷʝʪ ʜʠʘʛʥʦʟ ʚʨʘʯʘ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʤʝʜʠʮʠʥʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʘʢʫʶ ʢʘʢ ʚʦʟʤʦʞʥʳʝ ʜʠʘʛʥʦʟʳ ʠʣʠ ʚʘʨʠʘʥʪʳ 

ʣʝʯʝʥʠʷ, ʠʣʠ ʤʦʜʝʣʴ ʀʀ, ʢʦʪʦʨʘʷ ʜʦʧʦʣʥʷʝʪ ʨʘʙʦʪʫ ʬʠʥʘʥʩʦʚʦʛʦ 

ʘʥʘʣʠʪʠʢʘ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʬʠʥʘʥʩʦʚʳʝ ʜʘʥʥʳʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ 
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ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʳʥʢʝ ʜʣʷ ʧʨʠʥʷʪʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʨʝʰʝʥʠʡ. [2] 

ɺ ʥʦʚʦʡ ʦʙʣʘʩʪʠ ʀʀ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʯʝʣʦʚʝʢʘ (HCAI), ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʥʘʜʝʞʥʳʭ, 

ʙʝʟʦʧʘʩʥʳʭ ʠ ʟʘʩʣʫʞʠʚʘʶʱʠʭ ʜʦʚʝʨʠʷ ʩʠʩʪʝʤ ʀʀ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ 

ʮʝʣʠ ʩʠʩʪʝʤʳ ʀʀ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʛʘʨʘʥʪʠʨʫʷ ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ ʯʝʣʦʚʝʢʘ, 

ʢʦʛʜʘ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʠʩʪʝʤʳ ʀʀ ʜʦʣʞʥʳ 

ʥʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʟʘʜʘʯʠ, ʘ ʫʩʠʣʠʚʘʪʴ, ʨʘʩʰʠʨʷʪʴ, ʨʘʩʰʠʨʷʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʦʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʨʘʚʠʣʴʥʳʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʣʠ ʨʘʩʰʠʨʝʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʘ ʪʘʢʞʝ ʦʪ ʦʙʱʝʛʦ ʢʦʥʪʝʢʩʪʘ ʟʘʜʘʯʠ ʠ ʜʦʣʞʝʥ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ. [3] 

ʇʣʘʪʬʦʨʤʘ SERENE ʠ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʯʠʩʣʘ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ 

(ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ) ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʦʮʝʥʢʫ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʵʤʦʮʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʚʳʷʚʣʝʥʠʷ ʧʨʦʙʣʝʤ 

ʩ ʫʜʦʙʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʛʜʘ ʚʦ ʚʨʝʤʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʦʮʝʥʠʚʘʝʤʳʤʠ ʩʠʩʪʝʤʘʤʠ ʚʦʟʥʠʢʘʶʪ ʥʝʛʘʪʠʚʥʳʝ ʵʤʦʮʠʠ. ʅʝʢʦʪʦʨʳʝ 

ʘʚʪʦʨʳ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʳ ʘʬʬʝʢʪʠʚʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʵʤʦʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʠʟ ʞʫʨʥʘʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʜʥʘʢʦ 

ʪʘʢʠʝ ʨʘʙʦʪʳ ʥʝ ʩʚʷʟʳʚʘʶʪ ʵʤʦʮʠʠ ʠ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɼʨʫʛʠʝ, 

ʥʘʧʨʦʪʠʚ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟʘʪʦʨʦʚ ʧʨʦʙʣʝʤ ʩ 

ʫʜʦʙʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʙʟʦʨ, ʧʨʦʚʝʜʝʥʥʳʡ ʅʘʤʫʥʦʤ ʚʳʜʝʣʷʝʪ 

ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʆʜʥʘ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʩʠʩʪʝʤ ʚʳʜʘʶʪ ʦʮʝʥʢʠ ʚ ʚʠʜʝ ʦʙʱʝʛʦ ʧʨʦʮʝʥʪʘ ʠʣʠ 

ʨʝʡʪʠʥʛʘ (ʦʪ A ʜʦ F), ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚʳʷʚʣʝʥʠʝ ʨʝʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩ 

ʫʜʦʙʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. [4] 

ʇʣʘʪʬʦʨʤʘ SERENE ʩʪʨʝʤʠʪʩʷ ʦʙʲʝʜʠʥʠʪʴ ʵʪʠ ʜʚʝ ʪʝʥʜʝʥʮʠʠ, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʩʧʦʩʦʙ ʚʳʷʚʣʝʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩ ʫʜʦʙʩʪʚʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʥʘ ʠʟʤʝʨʷʝʪ ʵʤʦʮʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʶʪ ʧʦʩʝʪʠʪʝʣʠ 

ʚʝʙ-ʩʘʡʪʘ (ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʤʴ ʵʤʦʮʠʡ ʠʟ ʤʦʜʝʣʠ ʕʢʤʘʥʘ) ʚʦ ʚʨʝʤʷ 

ʧʨʦʩʤʦʪʨʘ ʚʝʙ-ʩʘʡʪʘ, ʥʝ ʪʨʝʙʫʷ ʫʩʪʘʥʦʚʢʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʣʠ 

ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʠʭ ʫʩʪʨʦʡʩʪʚʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʞʘʪʠʷ ʢʣʘʚʠʰ 

ʤʳʰʠ ʠ ʢʣʘʚʠʘʪʫʨʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʘʡʣʘ 

JavaScript, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʚʝʙ-ʩʘʡʪʝ. ɿʘʪʝʤ ʵʪʠ ʜʘʥʥʳʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ 

ʵʤʦʮʠʠ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʀʀ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. [5] 

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʥʦʚʰʝʩʪʚ SERENE ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ 

ʧʨʦʛʥʦʟʠʨʫʝʪ ʵʤʦʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʥʠʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʝʜʠʥʷʷ ʚʩʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʣʦʛʠ, ʤʦʞʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʨʝʜʥʠʝ ʵʤʦʮʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʶʪ ʧʦʩʝʪʠʪʝʣʠ ʩʘʡʪʘ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʘʞʜʳʤ ʵʣʝʤʝʥʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 
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(UI). SERENE ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʤʦʮʠʷʭ, ʯʪʦʙʳ ʧʦʜʩʢʘʟʘʪʴ 

ʩʚʦʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ (ʦʮʝʥʱʠʢʘʤ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ), ʛʜʝ ʥʘ ʢʘʞʜʦʡ 

ʚʝʙ-ʩʪʨʘʥʠʮʝ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩ ʫʜʦʙʩʪʚʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʕʪʦ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʵʣʝʤʝʥʪʳ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ (ʥʘʧʨʠʤʝʨ, ʤʝʥʶ, ʷʨʣʳʢʠ, ʠʟʦʙʨʘʞʝʥʠʷ, 

ʚʠʜʞʝʪʳ), ʚʳʟʳʚʘʶʱʠʝ ʧʨʦʙʣʝʤʳ ʩ ʫʜʦʙʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚʳʟʳʚʘʶʪ 

ʥʝʛʘʪʠʚʥʳʝ ʵʤʦʮʠʠ. ʅʘʧʨʠʤʝʨ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʉʝʦ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʦʢʨʘʰʝʥʥʦʩʪʴʶ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ð ʩ 

ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʚʦʚʣʝʯʸʥʥʦʩʪʴʶ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʢʦʥʪʝʢʩʪʝ 

ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ, ʚ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʫʯʘʣʦʩʴ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʠ 

ʢʦʛʥʠʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʦʮʝʥʢʝ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ UX 

ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʦʥʣʘʡʥ-ʢʫʨʩʦʚ, ʯʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ 

ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʪʦ, ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʠ 

ʚʦʩʧʨʠʥʠʤʘʶʪ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʪʬʦʨʤ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ɿʘʢʘʨʠʷ ʦʙʥʘʨʫʞʠʣʠ ʚʳʩʦʢʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ 

ʫʜʦʙʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʵʤʦʮʠʷʤʠ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʣʠʷʥʠʝ ʵʤʦʮʠʡ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ. 

[6] 

ʄʘʪʝʨʠʘʣʳ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʯʘʩʪʥʠʢʠ ʦʮʝʥʠʚʘʣʠ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ 

ʚʝʙ-ʩʘʡʪʦʚ. ʕʢʩʧʝʨʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʷʚʠʣʠ 46 ʦʰʠʙʦʢ ʠʥʪʝʨʬʝʡʩʘ, 

ʠʩʧʦʣʴʟʫʷ ʵʚʨʠʩʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʧʦ ʤʝʪʦʜʠʢʝ ʅʠʣʴʩʝʥʘ. ʕʪʠ ʦʰʠʙʢʠ 

ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʧʦ ʩʝʨʴʝʟʥʦʩʪʠ ʠ ʚʢʣʶʯʘʣʠ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ ʛʨʦʤʦʟʜʢʘʷ 

ʥʘʚʠʛʘʮʠʷ, ʟʘʧʫʪʘʥʥʳʝ ʠʢʦʥʢʠ, ʧʣʦʭʘʷ ʘʜʘʧʪʘʮʠʷ ʢʦʥʪʝʥʪʘ, ʧʝʨʝʛʨʫʟʢʘ 

ʮʚʝʪʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ ʜʦʩʪʫʧʥʦʩʪʠ. ʕʪʠ ʜʘʥʥʳʝ ʣʝʛʣʠ ʚ 

ʦʩʥʦʚʫ ʚʠʟʫʘʣʠʟʘʮʠʡ, ʩ ʢʦʪʦʨʳʤʠ ʨʘʙʦʪʘʣʠ ʫʯʘʩʪʥʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʧʨʦʙʣʝʤ ʠʥʪʝʨʬʝʡʩʘ. 

ʉ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʫʯʘʩʪʥʠʢʠ ʩʨʘʚʥʠʚʘʣʠ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʠʥʪʝʨʬʝʡʩ, ʫʢʘʟʳʚʘʷ, ʢʘʢʠʝ ʧʨʦʙʣʝʤʳ ʦʥʠ ʟʘʤʝʪʠʣʠ, ʠ 

ʤʦʛʣʠ ʩʦʦʙʱʠʪʴ ʦʙ ʦʰʠʙʢʘʭ, ʥʝ ʦʪʨʘʞʝʥʥʳʭ ʚ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʠʟʫʘʣʴʥʳʭ ʧʦʜʩʢʘʟʦʢ ʠ 

ʚʳʷʚʠʪʴ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʚʦʩʧʨʠʷʪʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʵʢʩʧʝʨʪʥʦʡ 

ʦʮʝʥʢʦʡ. ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ SERENE ʢ 

ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʦʰʠʙʦʢ ʶʟʘʙʠʣʠʪʠ ð ʢʘʢ ʷʚʥʳʤ, ʪʘʢ ʠ 

ʪʨʫʜʥʦʫʣʦʚʠʤʳʤ. 

ʆʙʩʫʞʜʝʥʠʝ ʠ ʠʟʚʣʝʯʝʥʥʳʝ ʫʨʦʢʠ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʢʦʣʠʯʝʩʪʚʦ, ʪʘʢ ʠ ʥʘ ʩʝʨʴʝʟʥʦʩʪʴ ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʩ 

ʫʜʦʙʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʕʢʩʧʝʨʪʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʚʳʷʚʣʷʶʪ ʤʝʥʴʰʝ ʧʨʦʙʣʝʤ, ʯʝʤ ʧʨʠ ʜʨʫʛʠʭ 

ʫʩʣʦʚʠʷʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʫʜʦʙʩʪʚʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʘʢʠʝ ʦʮʝʥʱʠʢʠ ʩʧʦʩʦʙʥʳ ʥʘʭʦʜʠʪʴ 
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ʧʨʦʙʣʝʤʳ ʚʥʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʦʪʯʝʪʘ, ʝʩʣʠ ʦʙʣʘʜʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʟʥʘʥʠʷʤʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʧʫʱʝʥʥʳʭ ʧʨʦʙʣʝʤ 

ʠʟ-ʟʘ ʯʨʝʟʤʝʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʋʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝ ʧʦʚʣʠʷʣ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʜʦʚʝʨʠʝ ʢ ʩʠʩʪʝʤʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʩʪʠ. ʊʘʢʞʝ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʥʝ ʧʦʚʣʠʷʣʘ ʥʘ ʚʳʷʚʣʝʥʠʝ 

ʧʨʦʙʣʝʤ ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʝʨʴʝʟʥʦʩʪʠ, ʦʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ 

ʤʘʣʦʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʦʙʣʝʤ ʙʳʣʦ ʥʠʞʝ ʚ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʫʢʘʟʘʥʠʷ ʩʪʝʧʝʥʠ 

ʩʝʨʴʝʟʥʦʩʪʠ ʚ ʦʪʯʝʪʝ, ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʤʦʛ 

ʵʢʩʧʝʨʪʘʤ ʣʫʯʰʝ ʦʮʝʥʠʚʘʪʴ ʩʝʨʴʝʟʥʦʩʪʴ ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ. 

ɺ ʠʪʦʛʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʮʝʣʠ ʠ 

ʢʦʥʪʝʢʩʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ ʚʳʙʦʨʝ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ 

ʦʮʝʥʢʠ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʙʳʩʪʨʦʡ ʦʮʝʥʢʠ ʩʝʨʴʝʟʥʦʩʪʠ ʧʨʦʙʣʝʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʛʠʙʨʠʜʥʳʝ ʨʝʰʝʥʠʷ ʠʣʠ ʧʦʜʭʦʜʳ ʩ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʧʦʣʥʦʝ ʚʳʷʚʣʝʥʠʝ ʧʨʦʙʣʝʤ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʚʘʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʀʀ-ʩʠʩʪʝʤ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ 

ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ HCAI, ʧʦʜʯʝʨʢʠʚʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʠ ʯʝʣʦʚʝʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ 

ʚ ʦʮʝʥʢʝ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʙ-ʩʘʡʪʦʚ. ʇʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʠ ʧʦʤʦʛʘʝʪ ʚʳʷʚʣʷʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙʣʝʤ ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʝʨʴʝʟʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʩʧʝʢʪʨʘ, ʦʩʦʙʝʥʥʦ ʤʝʣʢʠʭ 

ʧʨʦʙʣʝʤ, ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʠʤʝʥʷʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʢʘʢ ʧʝʨʚʳʡ ʵʪʘʧ ʘʥʘʣʠʟʘ, ʜʦʧʦʣʥʷʷ 

ʝʛʦ ʨʘʩʰʠʨʝʥʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʠʩʩʣʝʜʫʷ 

ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʚʦʚʣʝʢʘʷ ʵʢʩʧʝʨʪʦʚ ʠ ʘʥʘʣʠʟʠʨʫʷ 

ʙʦʣʴʰʝ ʩʘʡʪʦʚ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʧʨʦʙʣʝʤ ʶʟʘʙʠʣʠʪʠ. ʊʘʢʞʝ ʙʫʜʝʪ 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʵʤʦʮʠʡ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʧʨʦʙʣʝʤʘʤʠ, ʚʳʷʚʣʝʥʥʳʤʠ ʵʢʩʧʝʨʪʘʤʠ ʠ ʩʠʩʪʝʤʦʡ 
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ɸʩʪʘʰʢʠʥʘ ɸ.ɸ., ɹʫʢʠʥ ɼ.ɺ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ 

ʬʠʰʠʥʛʘ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʶ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʠ ʙʳʩʪʨʦʨʘʩʪʫʱʠʭ ʬʠʰʠʥʛʦʚʳʭ ʫʛʨʦʟ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʘʛʝʥʪʦʚ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʱʠʪʳ, ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʫʩʧʝʰʥʳʭ ʘʪʘʢ ʥʘ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʦʭʨʘʥʝʥʠʶ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʰʠʥʛ, ʤʥʦʛʦʘʛʝʥʪʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ, ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. 

Astashkina A.A., Bukin D.V. 

Study of fishing detection methods using multi-agent intelligent 

systems 

Abstract: The article analyzes traditional fishing detection methods, discusses the 

advantages and disadvantages of each approach. Special attention is paid to application 

of multi-agent intelligent systems in conditions of rapidly developing and fastest 

growing phishing threats. The article proposes the use of hybrid architecture based on 

hierarchical agent organizations. It is emphasized that implementation of main fishing 

detection methods using multi-agent intelligent systems contributes to the effectiveness 

of the protection, decrease in the number of successful attacks on users' devices and 

preservation of organization's confidential information. 

Keywords: phishing, multi-agent intelligent systems, cybersecurity, attack detection 

methods, machine learning. 

ɺʚʝʜʝʥʠʝ. ʌʠʰʠʥʛ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʩʧʦʩʦʙʦʚ 

ʩʦʮʠʘʣʴʥʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʤʦʞʝʪ ʧʨʠʯʠʥʠʪʴ ʦʛʨʦʤʥʳʡ ʚʨʝʜ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʝʸ ʘʢʪʠʚʘʤ, ʦʩʪʘʚʘʷʩʴ ʥʝʟʨʠʤʳʤ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ ʢʦʤʧʘʥʠʠ. ʊʨʫʜʥʦʩʪʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʘ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʯʝʪʘʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ 

ʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ɿʣʦʫʤʳʰʣʝʥʥʠʢʠ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ 

ʤʝʪʦʜʳ ʦʙʭʦʜʘ ʟʘʱʠʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʘ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʟʥʘʶʱʠʝ, ʯʪʦ ʧʝʨʝʜ 

ʥʠʤʠ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʬʠʰʠʥʛʦʚʦʝ ʧʠʩʴʤʦ, ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ ʝʛʦ ʦʧʦʟʥʘʪʴ. 

ʉʦʛʣʘʩʥʦ ʥʝʜʘʚʥʝʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʧʦ ʠʪʦʛʘʤ ʧʨʦʰʣʦʛʦ ʛʦʜʘ ʢʦʣʠʯʝʩʪʚʦ 

ʬʠʰʠʥʛʦʚʳʭ ʘʪʘʢ ʚʳʨʦʩʣʦ ʥʘ 33% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2023 ʛʦʜʦʤ [1]. ɺ ʪʘʢʦʡ 

ʩʠʪʫʘʮʠʠ ʚʩʸ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʥʘʙʠʨʘʶʪ ʤʥʦʛʦʘʛʝʥʪʥʳʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ (ʄɸʀʉ), ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʬʠʰʠʥʛʦʚʳʝ ʫʛʨʦʟʳ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʘ. ʉʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ 
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ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʦʚʳʭ ʘʪʘʢ. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ [2-4] ʜʘʥʥʳʝ ʤʝʪʦʜʳ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʵʚʨʠʩʪʠʯʝʩʢʠʝ, ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʤʝʪʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʥʠ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʣʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ, ʪʨʝʙʫʝʤʳʤ ʨʝʩʫʨʩʘʤ, ʪʦʯʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʥʦʚʳʤ ʬʦʨʤʘʤ ʘʪʘʢ. 

ʉʘʤʳʝ ʧʨʦʩʪʳʝ ʚ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʵʚʨʠʩʪʠʯʝʩʢʠʭ 

ʧʨʘʚʠʣʘʭ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʸʥʥʳʝ ʰʘʙʣʦʥʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʢʦʜʝ ʧʨʦʚʝʨʷʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʍʦʪʷ ʵʪʠ ʤʝʪʦʜʳ 

ʭʦʨʦʰʦ ʨʘʙʦʪʘʶʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʤʠʪʠʚʥʳʭ ʘʪʘʢ, ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʪʠʚ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʚʨʝʜʦʥʦʩʥʳʭ ʢʦʜʦʚ ʦʩʪʘʸʪʩʷ ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʡ, 

ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʚʳʩʦʢʦʡ. 

ʉʦʚʨʝʤʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʨʝʛʨʝʩʩʠʶ (LR), ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ 

(DT), ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (SVM), ʩʣʫʯʘʡʥʳʡ ʣʝʩ (RF) ʠ ʘʥʩʘʤʙʣʝʚʳʝ 

ʤʦʜʝʣʠ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ 

ʜʘʥʥʳʭ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʦʜ ʥʦʚʳʝ ʬʦʨʤʳ ʘʪʘʢ, ʥʦ ʧʨʠ ʵʪʦʤ ʟʘʚʠʩʷʪ ʦʪ 

ʢʘʯʝʩʪʚʘ ʠ ʦʙʲʸʤʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ [3]. 

ʆʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ ï ʚʠʜ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʤʥʦʛʦʩʣʦʡʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

(RNN, CNN ʠ ʪʨʘʥʩʬʦʨʤʝʨʳ) ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ 

ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ. ʕʪʠ ʤʝʪʦʜʳ ʧʨʝʚʦʩʭʦʜʷʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʧʦ 

ʪʦʯʥʦʩʪʠ, ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ [4]. 

ɺ ʪʘʙʣʠʮʝ 1 ʦʙʦʙʱʝʥʳ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʘ. 
ʊʘʙʣʠʮʘ 1. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʘ 

ɻʨʫʧʧʘ ʤʝʪʦʜʦʚ ʄʝʪʦʜʳ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʕʚʨʠʩʪʠʯʝʩʢʠʝ ɸʥʘʣʠʟ URL, 

ʩʠʤʚʦʣʦʚ, 

ʜʦʤʝʥʥʳʭ ʠʤʸʥ 

ʇʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ, 

ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʥʝ 

ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʦʙʫʯʝʥʠʷ 

ʋʷʟʚʠʤʦʩʪʴ ʢ 

ʠʟʤʝʥʝʥʠʷʤ, ʥʠʟʢʘʷ 

ʪʦʯʥʦʩʪʴ 

ʄʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ (ML) 

LR, DT, SVM, 

RF, ʘʥʩʘʤʙʣʝʚʳʝ 

ʤʦʜʝʣʠ 

ʆʙʫʯʘʝʤʦʩʪʴ, ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʢ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ 

ʧʨʠʟʥʘʢʦʚ 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʦʙʲʸʤʘ ʠ ʢʘʯʝʩʪʚʘ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 

ɻʣʫʙʦʢʦʝ 

ʦʙʫʯʝʥʠʝ (DL) 

CNN, RNN, 

LSTM, 

ʪʨʘʥʩʬʦʨʤʝʨʳ 

ʈʘʙʦʪʘ ʩ ʪʝʢʩʪʘʤʠ ʠ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʚʳʩʦʢʘʷ 

ʪʦʯʥʦʩʪʴ 

ɺʳʩʦʢʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʟʘʪʨʘʪʳ, ʩʣʦʞʥʦʩʪʴ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʟʘʯʘʩʪʫʶ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʬʠʰʠʥʛʦʚʳʭ ʘʪʘʢ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʘ ʩʘʤʠ ʘʪʘʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʠ 

ʠʟʦʱʨʸʥʥʳʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ 

ʤʥʦʛʦʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʭʦʜʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʛʠʙʢʦʝ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ 

ʦʙʥʘʨʫʞʝʥʠʝ ʬʠʰʠʥʛʘ.  

ʄʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʘʛʝʥʪʥʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʄʥʦʛʦʘʛʝʥʪʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

(ʄɸʀʉ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʛʝʥʪʦʚ ï ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ 

ʘʚʪʦʥʦʤʥʳʤ ʜʝʡʩʪʚʠʷʤ ï ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʩ ʢʦʪʦʨʳʤʠ ʦʜʥʦʤʫ 

ʘʛʝʥʪʫ ʠʣʠ ʩʠʩʪʝʤʝ ʪʨʫʜʥʦ ʩʧʨʘʚʠʪʴʩʷ ʚ ʦʜʠʥʦʯʢʫ. ɺ ʢʦʥʪʝʢʩʪʝ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʘʛʝʥʪʳ ʤʦʛʫʪ ʨʝʰʘʪʴ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʢʘʢ ʦʙʥʘʨʫʞʝʥʠʝ 

ʫʛʨʦʟ, ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʠʥʮʠʜʝʥʪʳ ʠ ʘʜʘʧʪʘʮʠʷ ʢ ʥʦʚʳʤ ʫʛʨʦʟʘʤ. 
ɺ ʨʘʙʦʪʝ [5] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʘ ʥʘ ʦʩʥʦʚʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʩʢʦʣʴʢʠʭ ʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ 

ʤʦʜʝʣʠ (LLM). ʇʦʜʭʦʜ ʠʤʠʪʠʨʫʝʪ ʜʝʙʘʪʳ ʤʝʞʜʫ ʜʚʫʤʷ ʘʛʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ, 

ʘʥʘʣʠʟʠʨʫʷ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʠʩʴʤʘ, ʛʦʣʦʩʫʶʪ çʟʘè ʠʣʠ çʧʨʦʪʠʚè 

ʝʛʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʢ ʬʠʰʠʥʛʘ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʚʳʥʦʩʠʪʩʷ 

ʪʨʝʪʴʠʤ ʘʛʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʝʪ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʘʨʛʫʤʝʥʪʦʚ. ʉʭʝʤʘ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʝʙʘʪʦʚ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʬʠʰʠʥʛʦʚʳʭ ʧʠʩʝʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʷʤ ʢʨʠʪʠʯʝʩʢʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʥʪʝʢʩʪʥʳʝ 

ʧʦʜʩʢʘʟʢʠ ʠ ʦʙʤʘʥʥʳʝ ʬʨʘʟʳ ʚ ʪʝʢʩʪʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʝʙʘʪʦʚ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʬʠʰʠʥʛʦʚʳʭ ʧʠʩʝʤ 
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ɺ ʨʘʙʦʪʝ [6] ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʘ CBR-PDS ʧʫʪʸʤ ʠʥʪʝʛʨʘʮʠʠ 

ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʫ PDSA. ʅʦʚʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʛʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ: ʩʙʦʨʱʠʢʘ 

ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ URL ʠ ʣʦʛʦʚ, ʩʢʘʥʝʨʘ ʚʝʙ-ʩʪʨʘʥʠʮ, ʢʦʦʨʜʠʥʘʪʦʨʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘʛʝʥʪʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʦʙʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʜʣʷ 

ʤʝʞʩʝʨʚʝʨʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʘʧʪʠʚʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʫʛʨʦʟ ʚ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʩʨʝʜʝ, ʛʜʝ ʣʦʢʘʣʴʥʳʝ ʩʝʨʚʝʨʳ CBR-PDS 

ʦʙʤʝʥʠʚʘʶʪʩʷ ʜʘʥʥʳʤʠ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ, ʧʦʚʳʰʘʷ ʪʦʯʥʦʩʪʴ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʘ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [7] ʧʨʝʜʩʪʘʚʣʷʶʪ PhishAgent ï ʤʫʣʴʪʠʤʦʜʘʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʦʚʳʭ ʚʝʙ-ʩʪʨʘʥʠʮ. PhishAgent ʩʦʩʪʦʠʪ ʠʟ 

4 ʦʩʥʦʚʥʳʭ ʤʦʜʫʣʝʡ: 1) Agent Core ï ʮʝʥʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ 

ʦʪʚʝʯʘʝʪ ʟʘ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ, 2) Preprocessing 

Module ï ʠʟʚʣʝʢʘʝʪ ʠʟ ʚʝʙ-ʩʪʨʘʥʠʮʳ ʣʦʛʦʪʠʧ, ʦʯʠʱʘʝʪ HTML ʦʪ 

ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚʳʜʝʣʷʝʪ ʜʦʤʝʥ ʠʟ URL ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʥʘʣʠʟʘ, 3) Online Knowledge-Based Module ï ʟʘʧʨʘʰʠʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʝʙ-ʩʪʨʘʥʠʮʝ ʠʟ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ ʟʘʧʨʦʩʦʚ ʧʦ ʜʦʤʝʥʫ ʠ 

ʥʘʟʚʘʥʠʶ ʙʨʝʥʜʘ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʠʭ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʣʝʛʠʪʠʤʥʦʩʪʴ ʩʪʨʘʥʠʮʳ, 4) Offline Knowledge-Based Module ï ʩʨʘʚʥʠʚʘʝʪ 

HTML ʠ ʣʦʛʦʪʠʧ ʚʝʙ-ʩʪʨʘʥʠʮʳ ʩ ʠʤʝʥʘʤʠ, ʜʦʤʝʥʘʤʠ ʠ ʣʦʛʦʪʠʧʘʤʠ 

ʠʟʚʝʩʪʥʳʭ ʙʨʝʥʜʦʚ, ʠʩʧʦʣʴʟʫʷ ʙʘʟʫ ʟʥʘʥʠʡ KnowPhish. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʄɸʀʉ ʚ ʟʘʜʘʯʘʭ ʦʙʥʘʨʫʞʝʥʠʷ 

ʬʠʰʠʥʛʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ 

ʨʘʩʧʨʝʜʝʣʸʥʥʦʤʫ ʧʦʜʭʦʜʫ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʘʜʘʧʪʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʥʘʣʠʟʘ. ʂʘʞʜʦʝ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʨʝʜʣʘʛʘʝʪ 

ʫʥʠʢʘʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʛʝʥʪʦʚ ʠ ʧʨʠʤʝʥʷʝʪ ʢʘʢ 

ʢʣʘʩʩʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: ʦʪ ʤʝʪʦʜʘ ʧʨʝʮʝʜʝʥʪʦʚ ʜʦ 

ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʜʦʙʥʳʝ 

ʩʠʩʪʝʤʳ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʶʪ ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʘ, ʥʦ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʠʙʢʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʩʦʙʝʥʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʫʛʨʦʟ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʚ ʟʘʜʘʯʘʭ ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄɸʀʉ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʘ, 

ʜʦʢʘʟʘʥʥʫʶ ʚ ʨʘʙʦʪʘʭ [4, 5, 6], ʩʫʱʝʩʪʚʫʶʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʘʢʠʭ ʨʝʰʝʥʠʡ: 

1) ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʄɸʀʉ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʢʦʦʨʜʠʥʘʮʠʠ ʤʥʦʞʝʩʪʚʘ ʘʛʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʫʝʪ ʘʚʪʦʥʦʤʥʦ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʜʦʣʞʝʥ ʩʦʙʣʶʜʘʪʴ ʝʜʠʥʳʝ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, 

ʚ ʘʨʭʠʪʝʢʪʫʨʝ PDSA [6] ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʤʝʞʜʫ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʝʨʚʝʨʘʤʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʩʪʦʡʯʠʚʦʡ 
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ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʟʘʱʠʱʸʥʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʯʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʤʦʞʝʪ 

ʩʪʘʪʴ ʫʷʟʚʠʤʦʩʪʴʶ. 

2) ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, ʜʦʩʪʠʛʘʝʤʘʷ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʳʭ 

ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʢʘʢ ʚ [5], ʩʦʧʨʷʞʝʥʘ ʩ ʙʦʣʴʰʠʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʠʤʝʥʝʥʠʶ ʄɸʀʉ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʜʚʝʨʞʝʥʳ ʧʨʦʙʣʝʤʝ 

çʛʘʣʣʶʮʠʥʘʮʠʡè LLM, ʢʦʛʜʘ ʘʛʝʥʪʳ ʤʦʛʫʪ ʜʘʚʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ, ʥʦ 

ʥʝʚʝʨʥʳʝ ʦʪʚʝʪʳ, ʯʪʦ ʦʧʘʩʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

3) ʄʫʣʴʪʠʤʦʜʘʣʴʥʳʝ ʧʦʜʭʦʜʳ ʚʨʦʜʝ PhishAgent [7] ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʧʨʦʙʣʝʤʦʡ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʘʥʘʣʠʟʘ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ ʚʠʟʫʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. ʇʦʜʜʝʣʴʥʳʝ ʩʘʡʪʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʠʟʤʝʥʸʥʥʳʝ ʣʦʛʦʪʠʧʳ ʠʣʠ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʚʸʨʩʪʢʫ, ʤʦʛʫʪ ʚʚʦʜʠʪʴ ʟʘʱʠʪʥʫʶ ʩʠʩʪʝʤʫ ʚ ʟʘʙʣʫʞʜʝʥʠʝ. 

ʊʘʢʞʝ ʠʥʪʝʛʨʘʮʠʷ ʚʥʝʰʥʠʭ ʙʘʟ ʟʥʘʥʠʡ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ, ʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʞʘʝʪ ʘʚʪʦʥʦʤʥʦʩʪʴ ʠ ʧʦʚʳʰʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʝʪʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

4) ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʧʨʦʙʣʝʤʫ ʦʙʫʯʝʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʘʛʝʥʪʦʚ. 

ʍʦʪʷ ʤʥʦʛʠʝ ʄɸʀʉ ʦʙʣʘʜʘʶʪ ʵʣʝʤʝʥʪʘʤʠ ʘʜʘʧʪʠʚʥʦʩʪʠ, ʦʙʥʦʚʣʝʥʠʝ ʙʘʟʳ 

ʟʥʘʥʠʡ ʠʣʠ ʧʦʚʪʦʨʥʘʷ ʥʘʩʪʨʦʡʢʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʪʨʝʙʫʝʪ ʣʠʙʦ ʨʫʯʥʦʛʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ, ʣʠʙʦ ʩʣʦʞʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʛʠʙʨʠʜʥʦʡ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʘʛʝʥʪʦʚ ʠ ʘʜʘʧʪʠʚʥʦʡ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʟʘʜʘʯ. ɸʨʭʠʪʝʢʪʫʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʠ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ 2 ʫʨʦʚʥʷ. 

1) ʇʝʨʚʠʯʥʳʡ ʫʨʦʚʝʥʴ ʨʝʘʣʠʟʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʸʛʢʠʭ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʠ ʦʪʙʦʨ ʦʙʲʝʢʪʦʚ, ʟʘʚʝʜʦʤʦ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʙʝʟʦʧʘʩʥʳʤ ʣʠʙʦ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʦʜʦʟʨʠʪʝʣʴʥʳʤ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʥʘʛʨʫʟʢʫ ʥʘ ʩʠʩʪʝʤʫ. 

2) ɺʪʦʨʠʯʥʳʡ ʫʨʦʚʝʥʴ ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʩʣʫʯʘʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʠ ʥʘʧʨʘʚʣʷʝʪ ʪʘʢʠʝ ʩʣʫʯʘʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʘʛʝʥʪʘʤ ʜʣʷ 

ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ ʠ ʚʠʟʫʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʢʠ ʧʦ 

ʚʥʝʰʥʠʤ ʙʘʟʘʤ. 

ʀʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝʜʘʶʪʩʷ ʘʛʝʥʪʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʡ 

ʬʦʨʤʠʨʫʝʪ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʢʦʥʢʨʝʪʥʳʭ ʧʨʘʚʠʣ ʠʣʠ 

ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʘʛʝʥʪʦʚ, 

ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʧʝʨʝʛʨʫʟʢʝ ʠ ʯʘʩʪʠʯʥʦʤʫ ʦʪʢʘʟʫ ʩʠʩʪʝʤʳ ʟʘ ʩʯʸʪ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʘʥʘʣʠʟʘ 

ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 
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ʈʠʩʫʥʦʢ 2. ɻʠʙʨʠʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʥʘʨʫʞʝʥʠʷ ʬʠʰʠʥʛʘ  

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ 

ʬʠʰʠʥʛʘ: ʵʚʨʠʩʪʠʯʝʩʢʠʝ, ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʄɸʀʉ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʛʠʙʢʠʡ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ ʧʦʜʭʦʜ ʢ ʚʳʷʚʣʝʥʠʶ 

ʬʠʰʠʥʛʦʚʳʭ ʘʪʘʢ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʄɸʀʉ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʠ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʛʠʙʨʠʜʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʩ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʘʛʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʵʪʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ. ʈʘʟʚʠʪʠʝ ʄɸʀʉ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʫʛʨʦʟ. 
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ɿʘʜʦʨʦʞʥʳʡ ɸ.ʌ., ɿʣʳʭ ɼ.ʀ. 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, 

ʈʦʩʩʠʷ 

 

3D-ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɻʀʉ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʟʜʘʥʘ 3D-ʤʦʜʝʣʴ ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʛʦʨʦʜʢʘ 

ʅɻɸʉʋ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʟʜʘʥʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ 

ʃɺʉ, ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʠ ʘʙʠʪʫʨʠʝʥʪʘʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 3D-ʤʦʜʝʣʴ, ʤʦʥʠʪʦʨʠʥʛ, Blender, SketchUp, 

AutoCAD.  

Zadorozhny A.F., Zlykh D.I. 

3D mapping of a territory using GIS 

Abstract: During the work, a 3D model of the Sibstrin student campus was created by 

combining photogrammetric data, radar topographic images, and technical building 

plans. The developed model is intended for integration into the LAN monitoring 

system, for clear visualization in the modern information environment, and for use by 

students and applicants of the university. 

Key words: modeling, 3D model, monitoring, Blender, SketchUp, AutoCAD. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 2D-ʪʝʭʥʦʣʦʛʠʠ ʦʩʪʘʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʚʩʸ ʯʘʱʝ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ 

ʜʚʫʤʝʨʥʳʭ ʯʝʨʪʝʞʝʡ ʚ ʪʨʸʭʤʝʨʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ. ʕʪʦʤʫ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʬʘʢʪʦʨʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʙʫʤʘʞʥʳʝ ʥʦʩʠʪʝʣʠ, 

ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʣʠ. ʊʘʢ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʨʠʤʝʥʷʪʴ 3D-ʤʦʜʝʣʠ ʟʜʘʥʠʡ ð ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʜʚʘ ʨʘʟʘ 

ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʝʸ 

ʧʦʜʛʦʪʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ. 

ʊʨʸʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʡ 

ʩʧʦʩʦʙ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʘ ʚʠʨʪʫʘʣʴʥʘʷ ʩʨʝʜʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʸ ʙʦʣʴʰʫʶ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʬʝʨʝ ð ʢʘʢ ʚ ʦʯʥʦʤ, ʪʘʢ ʠ ʚ 

ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ. 

ʊʨʸʭʤʝʨʥʘʷ ʛʨʘʬʠʢʘ ʘʢʪʫʘʣʴʥʘ ʥʘ ʥʳʥʝʰʥʠʡ ʤʦʤʝʥʪ ʙʣʘʛʦʜʘʨʷ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʘʤ ʧʨʠʤʝʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ: ʙʝʟ ʥʝʝ ʥʝ 

ʦʙʭʦʜʠʪʩʷ ʥʠ ʦʜʥʘ ʩʦʚʨʝʤʝʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʠʛʨʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʸʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʤʘʨʢʝʪʠʥʛʝ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʘʢʦʡ-ʣʠʙʦ ʪʦʚʘʨ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʦʢʫʧʘʪʝʣʷʤ ʠ ʪ.ʜ. [1]. 
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ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦʙʣʘʜʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʧʨʠʚʷʟʢʦʡ, ʟʥʘʯʝʥʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʩʪʦʷʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ. ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ɻʀʉ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʪʨʸʭʤʝʨʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ, 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʪʦʙʨʘʞʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʬʦʨʤʘʪʝ 3D. ʕʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʘʩʰʠʨʝʥʥʳʡ 

ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʜʝʣʷʤʠ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʬʝʨʝ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʪʦʯʥʦʡ ʠ 

ʦʙʣʝʛʯʸʥʥʦʡ 3D-ʤʦʜʝʣʠ ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʛʦʨʦʜʢʘ ʅɻɸʉʋ ʧʫʪʸʤ ʠʥʪʝʛʨʘʮʠʠ 

ʜʘʥʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʟʜʘʥʠʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʠʟʫʘʣʴʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʮʠʬʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʧʝʨʝʯʝʥʴ ʟʘʜʘʯ, 

ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʪ ʫʩʧʝʰʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ: 

ï ʧʦʣʫʯʝʥʠʝ ʧʣʘʥʦʚ ʟʜʘʥʠʡ ʠʟ ɹʊʀ, ʠʭ ʧʦʩʣʝʜʫʶʱʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʠ 

ʨʘʟʤʝʪʢʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʤʧʦʨʪʘ ʚ SketchUp; 

ï ʩʦʟʜʘʥʠʝ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʧʣʘʥʠʨʦʚʦʢ ʟʜʘʥʠʡ ʩʪʫʜʝʥʯʝʩʢʦʛʦ 

ʢʘʤʧʫʩʘ; 

ï ʧʦʣʫʯʝʥʠʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʪʝʨʨʠʪʦʨʠʠ ʢʘʤʧʫʩʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ Google Maps; 

ï ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʪʳ ʚʳʩʦʪ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ SRTM ʠ GMRT; 

ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʪʝʨʨʠʪʦʨʠʠ ʢʘʤʧʫʩʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ OpenTopography; 

ï ʧʦʣʫʯʝʥʠʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʬʘʩʘʜʦʚ ʟʜʘʥʠʡ, ʩʦʟʜʘʥʥʳʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ; 

ï ʬʠʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʮʝʥʳ ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʛʦʨʦʜʢʘ ʅɻɸʉʋ ʚ 

ʧʨʦʛʨʘʤʤʝ Blender. 

ʂʣʶʯʝʚʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʦʝʢʪʘ, ʩʪʘʣʠ: 3D-ʨʝʜʘʢʪʦʨ Blender ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʤʦʜʫʣʷʤʠ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ SketchUp, ʘ ʪʘʢʞʝ AutoCAD. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʘʥʳ ʟʜʘʥʠʡ ʠʟ ɹʊʀ, ʚʳʧʦʣʥʝʥʘ ʠʭ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʠ ʨʘʟʤʝʪʢʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʤʧʦʨʪʘ ʚ ʩʨʝʜʫ SketchUp (ʨʠʩ. 

1). 
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ʈʠʩ. 1. ʇʣʘʥ ʛʣʘʚʥʦʛʦ ʢʦʨʧʫʩʘ ʅɻɸʉʋ 

ɺʳʧʦʣʥʝʥ ʠʤʧʦʨʪ ʩʪʝʥ ʚ SketchUp ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʠ 

ʫʜʘʣʝʥʠʝʤ ʣʠʰʥʠʭ ʣʠʥʠʡ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ʀʤʧʦʨʪ ʩʪʝʥ ʚ SketchUp 

 

ɿʘʪʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʞʘ ʦʪʜʝʣʴʥʦ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʩʪʝʥʳ ʚ 

SketchUp (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʇʦʜʥʷʪʠʝ ʩʪʝʥ ʚ SketchUp 

 

ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʠ ʠʤʧʦʨʪʠʨʦʚʘʥʳ ʦʩʪʘʚʰʠʝʩʷ ʩʣʦʠ, ʚʳʧʦʣʥʝʥʘ ʠʭ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʠ ʦʯʠʩʪʢʘ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʝʜʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʢʦʥ, ʜʚʝʨʝʡ, 

ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʴʝʨʘ ʠ ʵʢʩʪʝʨʴʝʨʘ (ʨʠʩ. 4). 

 

 
ʈʠʩ. 4. ʈʘʟʤʝʪʢʘ ʚʠʟʫʘʣʠʟʘʮʠʠ 

 

ɿʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʦʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ 3D-ʩʣʦʸʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʙʫʣʝʚʳʭ ʦʧʝʨʘʮʠʡ. ʂ ʠʪʦʛʦʚʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʨʠʩ. 5). 
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ʈʠʩ. 5. ʂʦʨʧʫʩ ʅɻɸʉʋ ʚ 3D 

 

ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʢʦʨʧʫʩʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʩʦʟʜʘʥʳ 3D-ʤʦʜʝʣʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʜʝʣʠ ʙʳʣʠ 

ʠʤʧʦʨʪʠʨʦʚʘʥʳ ʠʟ SketchUp ʚ Blender ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʬʦʨʤʘʪ *.skp (ʨʠʩ. 6). 

 

 
ʈʠʩ. 6. ʀʤʧʦʨʪʠʨʦʚʘʥʥʳʝ ʢʦʨʧʫʩʘ ʅɻɸʉʋ ʚ 3D 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ Google Maps ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʘʜʜʦʥ BlenderGIS, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʟʘʛʨʫʟʠʪʴ ʩʚʝʞʫʶ ʩʧʫʪʥʠʢʦʚʫʶ ʢʘʨʪʫ 

ʪʝʨʨʠʪʦʨʠʠ ʢʘʤʧʫʩʘ (ʨʠʩ. 7). 
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ʈʠʩ. 7. ɸʢʪʫʘʣʴʥʘʷ ʩʧʫʪʥʠʢʦʚʘʷ ʢʘʨʪʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʤʧʫʩʘ 

BlenderGIS ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʢʘʨʪʳ ʚʳʩʦʪ ʥʘ ʦʩʥʦʚʝ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʡ 

ʤʠʩʩʠʝʡ SRTM 2000 ʛʦʜʘ ʠ GMRT. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ API-ʢʣʶʯ 

ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʩʝʨʚʝʨʫ ʩ ʜʘʥʥʳʤʠ. 

ɿʘʪʝʤ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʚʳʩʦʪ, ʥʘʣʦʞʝʥʥʘʷ ʥʘ ʘʢʪʫʘʣʴʥʫʶ 

ʩʧʫʪʥʠʢʦʚʫʶ ʢʘʨʪʫ ʪʝʨʨʠʪʦʨʠʠ ʢʘʤʧʫʩʘ (ʨʠʩ. 8). 

 

 
ʈʠʩ. 8. ʇʣʦʩʢʦʩʪʴ ʩ ʚʳʩʦʪʘʤʠ 

 

ʉ ʧʦʤʦʱʴʶ BlenderGIS ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʫʧʨʦʱʸʥʥʳʝ ʤʦʜʝʣʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʪʝʨʨʠʪʦʨʠʠ ʢʘʤʧʫʩʘ, ʪʘʢʠʝ ʢʘʢ ʟʜʘʥʠʷ, ʜʦʨʦʛʠ, 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʫʪʠ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ, ʥʝ ʚʭʦʜʷʱʠʝ ʚ ʧʝʨʝʯʝʥʴ ʩʪʨʦʝʥʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʨʠʩ. 9). 
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ʈʠʩ. 9. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʤʧʫʩʘ ʅɻɸʉʋ 

 

ɹʳʣʘ ʚʳʧʦʣʥʝʥʘ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʦʙʲʝʢʪʦʚ ʩʮʝʥʳ, ʚʢʣʶʯʘʷ ʠʭ ʧʦʟʠʮʠʠ; 

ʫʧʨʦʱʸʥʥʳʝ ʤʦʜʝʣʠ ʢʘʤʧʫʩʘ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʝ 

ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ. ʊʘʢʞʝ ʧʨʦʠʟʚʝʜʝʥʘ ʦʙʱʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʵʣʝʤʝʥʪʦʚ 

ʩʮʝʥʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʨʝʜʫ Three.js (ʨʠʩ. 10). 

 

 
ʈʠʩ. 10. ʉʮʝʥʘ ʜʣʷ ʠʤʧʦʨʪʘ 

 

ʅʘ ʧʦʣʝʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʢʚʘʜʨʦʢʦʧʪʝʨ ʚʳʧʦʣʥʷʝʪ ʧʦʣʸʪ ʧʦ ʟʘʨʘʥʝʝ 

ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʬʠʢʩʠʨʫʷ ʥʘ ʚʠʜʝʦ ʟʜʘʥʠʷ ʢʘʤʧʫʩʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʘʵʨʦʩʲʝʤʢʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʠʜʝʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʙʦʪʘʪʴ. ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʢʘʜʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ Adobe Premiere 

Pro ð ʦʜʠʥ ʠʟ ʣʫʯʰʠʭ ʚʠʜʝʦʨʝʜʘʢʪʦʨʦʚ [2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ 

ʚʠʜʝʦʤʘʪʝʨʠʘʣʦʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʦʢʦʣʦ 1000 ʬʦʪʦʛʨʘʬʠʡ ɻʣʘʚʥʦʛʦ ʢʦʨʧʫʩʘ 
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ʅɻɸʉʋ. ɸʥʘʣʦʛʠʯʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʠ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʟʜʘʥʠʡ 

ʢʘʤʧʫʩʘ. 

ɼʘʣʝʝ ʧʨʦʠʟʚʝʜʝʥʦ ʘʧʨʦʙʠʨʦʚʘʥʠʝ ʤʝʪʦʜʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ Agisoft Metashape Professional. ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ 

ʬʦʪʦʛʨʘʬʠʡ, ʧʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ 

ʢʘʤʝʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʜʨʘ ʠ ʩʪʨʦʠʪ ʨʘʟʨʝʞʝʥʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ Metashape ʩʪʨʦʠʪ ʧʣʦʪʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʠʩʧʦʣʴʟʫʷ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʢʘʤʝʨ (ʨʠʩ.11). ʇʣʦʪʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʤʦʞʥʦ 

ʦʪʩʝʯʴ/ʠʩʢʣʶʯʠʪʴ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ. 

 

 
ʈʠʩ. 11. ʇʣʦʪʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ 

 

ʇʦ ʧʣʦʪʥʦʤʫ ʦʙʣʘʢʫ ʪʦʯʝʢ ʩʪʨʦʠʪʩʷ ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 12). 

ɽʩʪʴ ʜʚʘ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ: ʂʘʨʪʘ ʚʳʩʦʪ ð ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʘʢ ʨʝʣʴʝʬ, ʠ 

ʇʨʦʠʟʚʦʣʴʥʳʡ ð ʜʣʷ ʣʶʙʳʭ ʪʠʧʦʚ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʦʣʫʯʝʥʥʫʶ ʤʦʜʝʣʴ 

ʤʦʞʥʦ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʧʨʷʤʦ ʚ Metashape ʠʣʠ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ.  

 
ʈʠʩ. 12. ʇʦʣʠʛʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ 
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ʄʦʜʝʣʠ, ʩʦʟʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ, ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʨʫʯʥʫʶ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʤʠ ð ʦʥʠ ʙʦʣʝʝ 

ʪʦʯʥʳʝ ʠ ʨʝʘʣʠʩʪʠʯʥʳʝ. ʆʜʥʘʢʦ ʠʭ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʪʦʧʦʣʦʛʠʷ (ʨʠʩ. 13). 

 

 
ʈʠʩ. 13. ʊʦʧʦʣʦʛʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʦʙʱʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʨʘʙʦʪʳ ʤʦʜʝʣʠ, ʩʦʟʜʘʥʥʳʝ 

ʤʝʪʦʜʦʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ, ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ ʥʘ ʧʨʝʟʝʥʪʘʮʠʦʥʥʦʡ ʩʮʝʥʝ. 

ʆʜʥʘʢʦ ʜʣʷ ʠʤʧʦʨʪʘ ʚ Three.js ʦʥʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ (ʨʠʩ. 14). 

 

 
ʈʠʩ. 14. ʇʨʝʟʝʥʪʘʮʠʦʥʥʘʷ ʩʮʝʥʘ 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ð ʩʦʟʜʘʥʠʝ ʪʦʯʥʦʡ ʠ ʣʝʛʢʦʚʝʩʥʦʡ 3D-ʤʦʜʝʣʠ 

ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʛʦʨʦʜʢʘ ʅɻɸʉʋ ʧʫʪʸʤ ʦʙʲʝʜʠʥʝʥʠʷ ʜʘʥʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ, 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ð ʙʳʣʘ 

ʫʩʧʝʰʥʦ ʜʦʩʪʠʛʥʫʪʘ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʵʪʘʧʳ: ʧʦʣʫʯʝʥʳ ʠ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ɹʊʀ ʧʣʘʥʳ ʟʜʘʥʠʡ, ʚʳʧʦʣʥʝʥʘ ʠʭ 

file:///C:/Users/User/AppData/YandexDisk/Work/Парадигма.%20Лето-2016/Сборник/www.paradigma.science

