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ʋɼʂ 004.032 

ɹʦʦʙʝʢʦʚ ɼ.ʈ.  
ʈʦʩʩʠʡʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɻ. ɺ. ʇʣʝʭʘʥʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

 

ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʝʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦ 

ʚʳʷʚʣʝʥʠʶ ʧʦʨʘʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ɹʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ 
 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʀʀʉ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ, ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʧʦʨʘʞʝʥʥʳʭ 

ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ, ʧʨʠ ʫʯʝʪʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʬʠʥʘʥʩʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʨʝʛʣʘʤʝʥʪʦʚ ʙʶʜʞʝʪʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʠ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʧʘʩʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ 

ʧʨʠʥʮʠʧʘʤʠ ʮʠʬʨʦʚʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ.  

ʄʝʪʦʜʦʣʦʛʠʷ: ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʩʪʘʣʠ 

ʠʟʫʯʝʥʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʨʘʟʨʘʙʦʪʢʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʜʝʪʘʣʠʟʘʮʠʝʡ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʭ ʜʝʥʝʞʥʳʭ ʧʦʪʦʢʦʚ  

ʈʝʟʫʣʴʪʘʪʳ: ʉʬʦʨʤʠʨʦʚʘʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʠ ʧʨʦʪʦʪʠʧ ʀʀʉ. ʇʨʦʚʝʜʝʥʦ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʠʥʩʧʝʢʪʦʨʘ ʠ ʩʥʠʞʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʚʳʝʟʜʥʳʭ 

ʧʨʦʚʝʨʢʘʭ, ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʝʞʝʛʦʜʥʦʡ ʵʢʦʥʦʤʠʠ ʙʶʜʞʝʪʥʳʭ ʘʩʩʠʛʥʦʚʘʥʠʡ ʥʘ 

ʩʫʤʤʫ ʚ 1,7 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ.  

ɿʘʢʣʶʯʝʥʠʝ: ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʀʀʉ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʨʘʩʯʝʪʘʤ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʝʞʝʛʦʜʥʦʡ 

ʵʢʦʥʦʤʠʠ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʨʘʟʤʝʨʝ ʧʦʨʷʜʢʘ 1,7 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʦʯʘʛʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʩʪʝʥʠʷ ʠ ʥʘʜʣʝʞʘʚʰʝʝ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʥʘʨʫʰʝʥʠʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʬʦʨʤʫʶʪ ʧʦʪʝʥʮʠʘʣ ʫʚʝʣʠʯʝʥʠʷ ʰʪʨʘʬʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʜʦ 12 

ʤʣʥ ʨʫʙʣʝʡ ʚ ʛʦʜ. ʉʦʚʦʢʫʧʥʳʡ ʵʬʬʝʢʪ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʤʝʪʦʜʠʢʝ 

ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʭ ʧʦʪʦʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ 2,4 ʛʦʜʘ ʠ 

ʚʥʫʪʨʝʥʥʶʶ ʥʦʨʤʫ ʜʦʭʦʜʥʦʩʪʠ 18 %, ʯʪʦ ʦʪʚʝʯʘʝʪ ʢʨʠʪʝʨʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʦʨʱʝʚʠʢ ʉʦʩʥʦʚʩʢʦʛʦ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʤʫʣʴʪʠʤʦʜʘʣʴʥʘʷ ʙʦʣʴʰʘʷ ʷʟʳʢʦʚʘʷ ʤʦʜʝʣʴ, ʤʦʥʠʪʦʨʠʥʛ ʟʝʤʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʫʧʨʘʚʣʝʥʠʝ 

ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ, ʫʧʨʘʚʣʝʥʠʝ ʠʥʚʘʟʠʚʥʳʤʠ 

ʚʠʜʘʤʠ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ, ʮʠʬʨʦʚʦʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ, ʧʨʦʪʦʪʠʧ ʩʠʩʪʝʤʳ, ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ 

ʤʦʜʝʣʴ. 
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Boobekov D.R. 

 

Development of an intelligent information system for the 

identification of affected areas by Sosnowskyôs hogweed 
 

Abstract: The article addresses the development of a conceptual model for an Intelligent 

Information System (IIS) designed to detect, map, and process land plots infested with 

Sosnowskyôs hogweed, taking into account the organizational and financial specifics of 

government bodies and the regulations of the budget process. 

Objective: The aim of the study was to develop and provide the techno-economic 

justification for a conceptual IIS model aimed at monitoring hazardous plant species 

and automating document flow and information exchange in accordance with current 

regulatory requirements and the principles of digital public administration. 

Methodology: The main methods used in the study included analysis of the legal 

framework governing information system development, calculation of the economic 

effect of creating an IIS, with a detailed techno-economic evaluation based on 

discounted cash flows. 

Results: A conceptual model and IIS prototype were created. A techno-economic 

justification was conducted, and the economic effect of automating the inspectorôs tasks 

and reducing the need for field inspections was calculated, amounting to an annual 

budget saving of 1.7 million RUB. 

Conclusion: The formulated IIS model demonstrates high practical value. Preliminary 

calculations indicate a positive economic effect equivalent to annual budget savings of 

approximately 1.7 million RUB; the increased detection of unauthorized infestation 

sites and proper documentation of violations could additionally raise penalty revenues 

to 12 million RUB per year. The combined effect, calculated using the discounted cash 

flow method, yields a payback period of 2.4 years and an internal rate of return of 18 %, 

meeting the efficiency criteria for public investment projects. 

Key words: Sosnowskyôs hogweed, Intelligent Information System, multimodal large 

language model, land plot monitoring, computer vision, geographic information systems 

(GIS), land resource management, environmental monitoring, invasive species 

management, machine learning, spatial analysis, digital public administration, document 

flow automation, economic justification, techno-economic assessment, system 

prototype, conceptual model 

 

ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ 

ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʦʩʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ, ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚʦʟʨʦʩʰʠʤʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ ʦʪ ʜʝʛʨʘʜʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʨʠʦʙʨʝʪʘʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. ɺʳʷʚʣʝʥʥʘʷ ʮʝʣʳʤ ʨʷʜʦʤ 
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ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʙʣʝʤʘ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʳʨʘʞʝʥʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʢʦʥʪʨʦʣʷ ʥʘʜ ʘʨʝʘʣʦʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʩʪʝʥʠʷ ʠ ʥʝʦʙʜʫʤʘʥʥʳʭ ʰʘʛʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʨʱʝʚʠʢʘ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʧʨʠʦʙʨʝʣʘ 

ʦʩʪʨʳʡ ʭʘʨʘʢʪʝʨ ʠ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ [1]. ɹʝʟʫʩʧʝʰʥʳʝ ʧʨʦʝʢʪʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ [1], 

ʦʰʠʙʦʯʥʦʩʪʴ ʚʳʚʦʜʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1,2], ʧʨʠʚʝʣʠ ʢ 

ʪʦʤʫ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʥʘʯʘʣʘ ʥʘʧʨʷʤʫʶ ʟʘʪʨʘʛʠʚʘʪʴ ʚʦʧʨʦʩʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʟʜʦʨʦʚʴʷ ʛʨʘʞʜʘʥ ʠ ʦʢʘʟʘʣʘ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʝʛʘʪʠʚʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘ ʧʦʨʘʞʝʥʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʚʝʜʝʥʠʷ ʟʥʘʯʠʤʦʡ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʝʤʝʣʴ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, 

ʮʝʣʳʡ ʨʷʜ ʧʨʦʬʠʣʴʥʳʭ ʵʢʩʧʝʨʪʦʚ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʠʥʚʘʟʠʷ ʙʦʨʱʝʚʠʢʘ 

ʜʦʩʪʠʛʣʘ ʤʘʩʰʪʘʙʦʚ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʙʝʜʩʪʚʠʷ, - ʩʦʛʣʘʩʥʦ ʠʭ ʦʮʝʥʢʘʤ 

ʧʨʠʤʝʨʥʦ 15 % ʪʝʨʨʠʪʦʨʠʠ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ ʫʞʝ ʧʦʨʘʞʝʥʦ 

ʨʘʩʪʝʥʠʝʤ, ʘ ʝʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ, ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʮʝʥʢʘʤ, ʩʦʩʪʘʚʣʷʝʪ 3ï

10 % [2]. ʉʦʛʣʘʩʥʦ ʦʙʦʙʱʸʥʥʳʤ ʵʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʬʝʜʝʨʘʣʴʥʳʭ ʚʝʜʦʤʩʪʚ, ʙʝʟ ʧʨʠʥʷʪʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʳʭ ʤʝʨ, ʧʨʦʙʣʝʤʘ ʥʘʯʥʝʪ ʦʢʘʟʳʚʘʪʴ ʚʩʝ ʙʦʣʴʰʠʡ ʥʝʛʘʪʠʚʥʳʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʧʦʩʣʝʜʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʥʘʯʥʫʪ ʦʱʫʱʘʪʴʩʷ ʫʞʝ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ, ʥʦ ʠ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʝ [3]. ʇʨʦʛʥʦʟʳ 

ʫʯʝʥʳʭ ʠ ʵʢʦʣʦʛʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʢʘʢ çʤʨʘʯʥʳʝè, ʝʩʣʠ ʥʝ 

ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʩʠʩʪʝʤʥʳʝ ʨʝʰʝʥʠʷ. [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʥʝʝ ʧʨʝʜʧʦʩʳʣʦʢ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʭʘʥʠʟʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʦʯʘʛʦʚ 

ʧʦʨʘʞʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʟʘʧʫʩʢʘ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʝʨ, 

ʧʨʠʟʚʘʥʥʳʭ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ 

ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʟʜʝʨʞʝʢ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ 

ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʘʢʠʝ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʚʳʙʨʘʥʘ ʪʘʢʘʷ ʢʦʥʮʝʧʮʠʷ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʩʠʩʪʝʤʝ ʧʦʤʠʤʦ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʠ, 

ʤʘʩʰʪʘʙʠʨʦʚʘʪʴʩʷ ʥʘ ʨʝʰʝʥʠʝ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ 

ʟʘʜʘʯ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʛʠʙʢʦʩʪʴ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʥʘʩʪʨʦʡʢʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʦʙʫʯʝʥʠʷ 

ʷʟʢrʦʚʦʛʦ ʘʛʝʥʪʘ ʥʘ ʥʦʚʳʭ ʜʦʤʝʥʥʳʭ ʦʧʠʩʘʥʠʷʭ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʘʚʠʣ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʠʤʝʨʦʚ 

ʜʦʧʫʩʪʠʤʦ ʧʨʠʚʝʩʪʠ ʚʦʟʤʦʞʥʦʝ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʜʝʪʝʢʮʠʠ ʥʘ ʜʘʥʥʳʭ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʪʚʝʨʜʦ-ʙʳʪʦʚʳʭ 

ʦʪʭʦʜʦʚ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʫʚʝʜʦʤʣʝʥʠʡ ʤʫʥʠʮʠʧʘʣʴʥʳʭ 
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ʦʨʛʘʥʦʚ. ɼʨʫʛʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʠʤʝʨʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʜʝʢʩʘ NBR ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʫʙʣʠʯʥʦʡ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʘʨʪʦʡ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʘʪ ʪʦʯʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʫʯʘʩʪʢʦʚ ʩʦ ʩʥʠʞʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʠ 

ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʟʝʣʝʥʦʡ ʤʘʩʩʳ, ʯʪʦ ʩʣʫʞʠʪ ʠʥʜʠʢʘʪʦʨʦʤ ʚʳʨʫʙʢʠ. 

ɿʘʣʦʞʝʥʥʘʷ ʤʦʜʫʣʴʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʚʳʙʨʘʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʘʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʥʦ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʚʣʝʯʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʨʝʛʠʦʥʘʣʴʥʳʝ ʙʶʜʞʝʪʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʠʤʝʥʝʥʠʝʤ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʰʪʨʘʬʦʚ ʢ 

ʩʦʙʩʪʚʝʥʥʠʢʘʤ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʥʝ ʚʳʧʦʣʥʠʚʰʠʭ ʩʚʦʠ ʦʙʷʟʘʥʥʦʩʪʠ ʧʦ 

ʣʠʢʚʠʜʘʮʠʠ ʠ ʥʝʜʦʧʫʱʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʨʥʦʛʦ ʨʘʩʪʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʩʪʦʠʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʘ 

ʬʝʜʝʨʘʣʴʥʦʤ, ʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʧʨʠʥʠʤʘʶʪʩʷ ʤʝʨʳ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ ʚ ʢʦʥʪʝʢʩʪʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʠʢʦʚ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʟʝʤʝʣʴ ʚ 

ʯʘʩʪʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʫʥʠʯʪʦʞʝʥʠʷ ʠʥʚʘʟʠʚʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʥʝʠʩʧʦʣʥʝʥʠʝ ʧʨʝʜʧʠʩʘʥʠʡ. ɺ ʬʝʚʨʘʣʝ 2024 ʛʦʜʘ 

ɻʦʩʜʫʤʘ ʈʌ ʚ ʧʝʨʚʦʤ ʯʪʝʥʠʠ ʦʜʦʙʨʠʣʘ ʟʘʢʦʥʦʧʨʦʝʢʪ, ʦʙʷʟʳʚʘʶʱʠʡ ʚʩʝʭ 

ʚʣʘʜʝʣʴʮʝʚ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʚʦʝʚʨʝʤʝʥʥʦ ʫʥʠʯʪʦʞʘʪʴ ʙʦʨʱʝʚʠʢ 

ʉʦʩʥʦʚʩʢʦʛʦ [4,5,6]. ɼʘʥʥʳʡ ʟʘʢʦʥʦʧʨʦʝʢʪ ʙʳʣ ʧʦʜʜʝʨʞʘʥ 

ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨʦʤ, ʄʠʥʩʝʣʴʭʦʟʦʤ ʠ ʧʨʦʬʠʣʴʥʳʤʠ ʵʢʩʧʝʨʪʥʳʤʠ 

ʩʦʦʙʱʝʩʪʚʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʝʨʳ ʜʦʢʘʟʘʣʠ ʩʚʦʶ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɿʘʢʦʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʜʠʘʧʘʟʦʥ ʰʪʨʘʬʦʚ 

ʜʦ 200 ʪʳʩ. ʨʫʙ. ʜʣʷ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ ʠ ʦʙʷʟʳʚʘʝʪ ʩʫʙʲʝʢʪʳ ʈʌ 

ʬʦʨʤʠʨʦʚʘʪʴ ʨʝʝʩʪʨʳ ʟʘʨʘʞʸʥʥʳʭ ʫʯʘʩʪʢʦʚ; ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ 

ʚʥʝʜʨʝʥʠʷ ʥʘʜʸʞʥʳʭ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʯʸʪʘ ʠ ʢʦʥʪʨʦʣʷ. ʀʩʭʦʜʷ ʠʟ 

ʧʨʠʚʝʜʸʥʥʦʛʦ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʩʠʩʪʝʤʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʥʦʚʳʭ 

ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʝʜʧʠʩʘʥʠʡ ʠ ʤʦʥʠʪʦʨʠʥʛ ʠʩʧʦʣʥʝʥʠʷ ʚʣʘʜʝʣʴʮʘʤʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʠʩʪʝʤʘ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʧʨʦʜʠʢʪʦʚʘʥʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʤʘʩʰʪʘʙʦʤ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ, ʪʨʝʙʫʶʱʝʡ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʙʦʨʴʙʳ ʩ ʙʦʨʱʝʚʠʢʦʤ.  

ɿʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ  

- ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ.  

- ʆʮʝʥʢʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʀʀʉ 

ʤʝʪʦʜʦʤ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʭ ʜʝʥʝʞʥʳʭ ʧʦʪʦʢʦʚ.  
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- ʈʘʟʨʘʙʦʪʢʘ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʢʦʥʮʝʧʮʠʠ ʀʀʉ.  

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʣʘ 

ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚʢʣʶʯʘʶʱʝʛʦ, ʥʦ 

ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦʩʷ ʧʨʠ ʵʪʦʤ, ʩʦʩʪʘʚʣʝʥʠʝʤ ʢʘʣʝʥʜʘʨʥʦ-ʨʝʩʫʨʩʥʦʛʦ 

ʧʣʘʥʘ, ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʫʢʨʫʧʥʝʥʥʦʡ ʩʤʝʪʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʨʘʩʯʝʪʦʤ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺʧʦʩʣʝʜʩʪʚʠʠ 

ʧʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʦʪʤʝʯʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʙʳʣ ʥʘʯʘʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ, 

ʥʘʩʪʨʦʡʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʚʳʙʨʘʥ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ 

ʦʥ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʯʝʪʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʪʘʧʦʚ ʦʙʝʩʧʝʯʠʣ 

ʫʩʪʦʡʯʠʚʫʶ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʧʨʦʝʢʪʘ ʠ ʧʦʟʚʦʣʠʣ ʦʧʝʨʘʪʠʚʥʦ ʚʥʦʩʠʪʴ 

ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʣʠʙʦ ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʠʩʭʦʜʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ. ʉʣʝʜʫʝʪ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʳ 

ʨʘʩʭʦʜʳ ʧʦ ʜʚʫʤ ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ð ʬʦʥʜ ʦʧʣʘʪʳ ʪʨʫʜʘ ʠ ʟʘʪʨʘʪʳ 

ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʣʠʙʦ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʘʧʧʘʨʘʪʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʢʘʟʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʥʦʩʷʪ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʡ 

ʭʘʨʘʢʪʝʨ: ʚ ʩʣʫʯʘʝ ʧʝʨʝʭʦʜʘ ʢ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʤʫ ʨʘʟʚʸʨʪʳʚʘʥʠʶ 

ʩʠʩʪʝʤʳ ʠʪʦʛʦʚʳʝ ʩʤʝʪʳ ʧʦʜʣʝʞʘʪ ʜʝʪʘʣʠʟʠʨʦʚʘʥʠʶ ʩ ʫʯʸʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʣʦʱʘʜʢʠ, ʢʫʨʩʘ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʪʘʨʠʬʦʚ ʥʘ 

ʚʯrʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʠ ʠʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʢʦʥʪʨʘʢʪʘ. 

ɼʦʢʫʤʝʥʪʳ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʧʨʘʚʦʤ ʩʪʦʣʙʮʝ ʢʘʣʝʥʜʘʨʥʦ-ʨʝʩʫʨʩʥʦʛʦ ʧʣʘʥʘ, 

ʜʦʣʞʥʳ ʦʬʦʨʤʣʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 34.201-2020 

[13] ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʨʝʛʣʘʤʝʥʪʘʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʢʘʟʯʠʢʘ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʨʘʩʯʸʪ ʩʦʚʦʢʫʧʥʦʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʘ ð ʚʢʣʶʯʘʷ ʟʘʢʫʧʢʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʫʶ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ð ʦʩʪʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʧʨʠ 

ʦʙʦʩʥʦʚʘʥʠʠ ʙʶʜʞʝʪʥʳʭ ʘʩʩʠʛʥʦʚʘʥʠʡ. ɺʚʠʜʫ ʵʪʦʛʦ, ʚ ʮʝʣʷʭ ʥʘʜʣʝʞʘʱʝʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʀʀʉ 

ʚʳʧʦʣʥʝʥʘ ʫʢʨʫʧʥʸʥʥʘʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ 

ʤʝʪʦʜʦʣʦʛʠʠ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʭ ʜʝʥʝʞʥʳʭ ʧʦʪʦʢʦʚ ʧʨʠ ʩʪʘʚʢʝ 

ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ 8 % ʠ ʛʦʨʠʟʦʥʪʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʷʪʴ ʣʝʪ. ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [11,13] ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʫʢʘʟʘʥʠʷʤʠ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʩʤʝʪ [14], ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ 

ʚʩʝ ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ ʟʘʪʨʘʪ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʨʠʝʥʪʠʨʦʚʦʯʥʘʷ 

ʩʚʦʜʥʘʷ ʩʤʝʪʘ (ʊʘʙʣʠʮʘ 1), ʩʦʜʝʨʞʘʱʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʢʣʶʯʝʚʳʤ ʩʪʘʪʴʷʤ ʠ ʚʢʣʶʯʘʝʪ ʚʩʝ ʦʩʥʦʚʥʳʝ ʩʪʘʪʴʠ ʢʘʧʠʪʘʣʴʥʳʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. ʆʙʱʠʡ ʦʙʲʸʤ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ (CAPEX) 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 6,27 ʤʣʥ ʨʫʙ.; ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ 

(OPEX) ʧʝʨʚʦʛʦ ʛʦʜʘ ʦʮʝʥʝʥʳ ʚ 0,6 ʤʣʥ ʨʫʙ. ʎʠʬʨʳ ʫʢʘʟʘʥʳ 
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ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʠʣʣʶʩʪʨʘʪʠʚʥʳʭ ʮʝʣʷʭ ʠ ʤʦʛʫʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ ʥʘ 

Ñ10ï15 %. ɼʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʯʘʩʪʴ ʨʘʩʭʦʜʦʚ ʤʦʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ, ʝʩʣʠ ʨʝʛʠʦʥ ʫʞʝ ʨʘʩʧʦʣʘʛʘʝʪ 

ʨʝʩʫʨʩʘʤʠ. 
ʊʘʙʣʠʮʘ 1 ï ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʩʚʦʜʥʘʷ ʩʤʝʪʘ ʧʨʦʝʢʪʘ 

 ̄ ʉʪʘʪʴʷ ʨʘʩʭʦʜʦʚ 
ʂɺʈ / 

ʂʆʉɻʋ*  

CAPEX, 

ʪʳʩ. ʨʫʙ. 

OPEX 1-ʡ ʛʦʜ, 

ʪʳʩ. ʨʫʙ. 

1 ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 244 / 310 1 000 ð 

2 ʃʠʮʝʥʟʠʦʥʥʦʝ ʠ ʩʠʩʪʝʤʥʦʝ ʇʆ 244 / 226 600 ð 

3 ʈʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 242 / 340 1 200 ð 

4 ʄʦʜʫʣʴ ɹʇʃɸ (ʘʧʧʘʨʘʪʥʳʡ ʠ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʥʪʫʨ) 

244 / 310 1 000 ð 

5 ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ, ʠʥʪʝʛʨʘʮʠʷ LLM ʠ 

DevOps 

242 / 340 1 200 ð 

6 ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʧʠʣʦʪʥʳʡ ʟʘʧʫʩʢ 242 / 226 250 250 

7 ɼʦʢʫʤʝʥʪʘʮʠʷ ʠ ʩʝʨʪʠʬʠʢʘʮʠʷ 242 / 226 150 150 

8 ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʧʝʨʚʦʛʦ 

ʛʦʜʘ 

ð ð 600 

9 ʈʝʟʝʨʚ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ 

ʨʘʩʭʦʜʦʚ (10 %) 

244 / 349 540 ð 

 ʀʊʆɻʆ ð 5940 1 000 

* ʂɺʈ 242, 244 ð çɿʘʢʫʧʢʘ ʨʘʙʦʪ, ʫʩʣʫʛ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʩ. (ʤʫʥ.) 

ʥʫʞʜè / çʇʦʩʪʘʚʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷè. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʠʟʚʝʜʝʥʘ ʫʢʨʫʧʥʸʥʥʘʷ ʦʮʝʥʢʘ ʧʨʷʤʳʭ ʙʶʜʞʝʪʥʳʭ 

ʚʳʛʦʜ, ʜʦʩʪʠʛʘʝʤʳʭ ʟʘ ʩʯʸʪ ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʩʧʝʢʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʚʟʳʩʢʘʥʠʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʰʪʨʘʬʦʚ. ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ 

ʪʦ, ʯʪʦ ʧʦ ʩʚʝʜʝʥʠʷʤ ʛʦʜʦʚʳʭ ʦʪʯʸʪʦʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʫʧʨʘʚʣʝʥʠʡ 

ʈʦʩʩʝʣʴʭʦʟʥʘʜʟʦʨʘ (ʊʚʝʨʴ, ʗʨʦʩʣʘʚʣʴ, ɺʣʘʜʠʤʠʨ) [16] ʚ 2022ï2023 ʛʛ. 

ʧʨʦʚʦʜʠʣʦʩʴ 180ï215 ʚʳʝʟʜʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʟʝʤʝʣʴʥʦʛʦ ʥʘʜʟʦʨʘ, ʠʟ ʥʠʭ 

160ï190 ï ʦʯʥʳʭ. ɼʣʷ ʨʘʩʯʸʪʘ ʧʨʠʥʷʪ ʧʦʢʘʟʘʪʝʣʴ ʚ 200 ʧʣʘʥʦʚʳʭ ʠ 

ʚʥʝʧʣʘʥʦʚʳʭ ʠʥʩʧʝʢʮʠʦʥʥʳʭ, ʧʨʠ ʩʨʝʜʥʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʡ 

ʠʥʩʧʝʢʮʠʠ, ʚʢʣʶʯʘʷ ʚʨʝʤʷ ʚ ʧʫʪʠ, ʦʩʤʦʪʨ ʫʯʘʩʪʢʘ ʠ ʦʬʦʨʤʣʝʥʠʝ ʘʢʪʘ, 6 

ʯʘʩʦʚ. ʉʨʝʜʥʠʡ ʯʘʩʦʚʦʡ ʬʦʥʜ ʦʧʣʘʪʳ ʪʨʫʜʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠʥʩʧʝʢʪʦʨʘ 

ʧʨʠʥʷʪ ʚ ʨʘʟʤʝʨʝ 600 ʨʫʙ./ʯʘʩ ʠʟ ʨʘʩʯʝʪʘ, ʯʪʦ ʤʝʩʷʯʥʳʡ ʦʢʣʘʜ ʢʘʪʝʛʦʨʠʠ 

çʚʝʜʫʱʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʧʝʢʪʦʨè ʜʣʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʌʆ ï 48 000 

ʨʫʙ./ʤʝʩ [15]. ʇʨʠ ʵʪʦʤ ʥʦʨʤʘ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ï 166 ʯ 

(ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʘʣʝʥʜʘʨʴ).  

48 000 õ 166 å 290 ʨʫʙ./ʯ   (1) 

ɼʘʣʝʝ ʙʳʣʦ ʫʯʪʝʥʦ, ʯʪʦ ʨʝʛʠʦʥʘʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʦʨʛʘʥʳ 

ʦʬʠʮʠʘʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʚʳʰʘʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ: 45 % ʟʘ ʚʳʝʟʜʥʦʡ 

ʭʘʨʘʢʪʝʨ ʪʨʫʜʘ 25 % ʟʘ ʨʘʙʦʪʫ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ  

290 Ĭ (1 + 0,45 + 0,25) å 290 Ĭ 1,7 å 500 ʨʫʙ./ʯ.   (2) 

ʉ ʫʯʸʪʦʤ ʨʘʡʦʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (0ï30 %) ʠ ʧʨʝʤʠʘʣʴʥʦʡ ʯʘʩʪʠ ʚ 

çʩʝʟʦʥ ʙʦʨʱʝʚʠʢʘè (ʤʘʡïʩʝʥʪʷʙʨʴ) ʨʝʘʣʴʥʦʝ ʧʦʯʘʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʧʝʮʠʘʣʠʩʪʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʜʦʩʪʠʛʘʝʪ 560 ï 620 ʨʫʙ./ʯ. ɺ ʩʚʦʶ 
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ʦʯʝʨʝʜʴ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʝ ʟʘʪʨʘʪʳ ʥʘ ɻʉʄ, 

ʘʤʦʨʪʠʟʘʮʠʶ ʠ ʢʦʤʘʥʜʠʨʦʚʦʯʥʳʝ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3 000 ʨʫʙ. ʥʘ 

ʦʜʠʥ ʚʳʝʟʜ. ʉʦʚʦʢʫʧʥʳʝ ʟʘʪʨʘʪʳ ʜʦ ʚʥʝʜʨʝʥʠʷ ʀʀʉ ʩʦʩʪʘʚʷʪ 1,32 ʤʣʥ 

ʨʫʙ./ʛʦʜ (ʪʘʙʣ. 2). 
ʊʘʙʣʠʮʘ 2 ï ʈʘʩʯʝʪ ʟʘʪʨʘʪ 

ʇʦʢʘʟʘʪʝʣʴ ʈʘʩʯʝʪ ɿʥʘʯʝʥʠʝ 

ɿʘʪʨʘʪʳ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ 200 ʚʳʝʟʜʦʚ * 6ʯ * 600 ʨʫʙ. 720 000 ʨʫʙ./ʛʦʜ 

ʊʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ 200 ʚʳʝʟʜʦʚ * 3000 ʨʫʙ. 600 000 ʨʫʙ./ʛʦʜ 

ʉʦʚʦʢʫʧʥʳʝ ʟʘʪʨʘʪʳ ʜʦ 

ʚʥʝʜʨʝʥʠʷ 

-  1 320 000 ʨʫʙ./ʛʦʜ 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʦʠʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʦʩʣʝ ʚʚʦʜʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʝʭ ʵʪʘʧʦʚ ʩʝʨʪʠʬʠʢʘʮʠʠ, 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʳʝʟʜʥʳʭ ʠʥʩʧʝʢʮʠʡ ʙʫʜʝʪ ʟʘʤʝʥʝʥʘ ʜʠʩʪʘʥʮʠʦʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ. ɼʦʧʫʩʢʘʝʪʩʷ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʧʠʣʦʪʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, 

ʚʦʟʤʦʞʥʦ, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʨʦʩʪ ʯʠʩʣʘ ʚʳʝʟʜʥʳʭ ʠʥʩʧʝʢʮʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʫʯʥʦʛʦ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʳʚʦʜʘ ʩʠʩʪʝʤʳ ʩʦ ʩʪʦʨʦʥʳ ʫʧʦʣʥʦʤʦʯʝʥʥʦʛʦ ʣʠʮʘ. 

ʆʞʠʜʘʝʪʩʷ ʚ ʮʝʣʦʤ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʳʝʟʜʦʚ ʤʠʥʠʤʫʤ ʥʘ 40%, ʯʪʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʵʢʦʥʦʤʠʠ ʚ 528 000 ʨʫʙ./ʛʦʜ. ʇʨʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʠ 

ʫʩʪʨʘʥʝʥʠʠ ʦʙʷʟʘʪʝʣʴʥʦʡ ʚʳʝʟʜʥʦʡ ʢʦʤʠʩʩʠʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʵʢʦʥʦʤʠʷ 

ʜʦʩʪʠʛʥʝʪ 924 000 ʨʫʙ./ʛʦʜ (70 % ʦʪ ʠʩʭʦʜʥʦʡ ʮʠʬʨʳ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʞʝ 

ʧʦʩʣʝ ʯʘʩʪʠʯʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʘʞʥʳʤ ʧʫʥʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ 

ʚʳʷʚʣʷʪʴ ʬʘʢʪʳ ʥʝʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʩʦ ʩʪʦʨʦʥʳ 

ʚʣʘʜʝʣʴʮʝʚ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʚʦʧʨʦʩʝ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʣʠʢʚʠʜʘʮʠʠ 

ʩʦʨʥʦʛʦ ʨʘʩʪʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʟʘ ʛʦʜ ʙʫʜʝʪ ʬʠʢʩʠʨʦʚʘʪʴʩʷ 

ʜʦ 50 ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʝʚ, ʠʟ ʢʦʪʦʨʳʭ 30 ʙʫʜʫʪ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʬʠʟʠʯʝʩʢʠʝ 

ʣʠʮʘ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʥʘ ʶʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ, ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʚʠʜʝ 

ʰʪʨʘʬʦʚ ʩʦʩʪʘʚʷʪ: 

(30 Ĭ 5 000) + (20 Ĭ 50 000) = 1 150 000 ʨʫʙ   (3) 

ɼʘʥʥʳʝ ʩʨʝʜʩʪʚʘ ʤʦʛʫʪ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʨʘʩʭʦʜʳ ʥʘ ʩʦʟʜʘʥʠʝ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʠʩʪʝʤʳ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʦʭʚʘʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʞʝʪ ʨʘʩʪʠ ʠ ʯʠʩʣʦ 

ʚʳʷʚʣʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʩʪʦʠʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʜʦʣʛʦʩʨʦʯʥʘʷ ʮʝʣʴ 

ʧʨʦʝʢʪʘ ʠʤʝʥʥʦ ʧʨʦʬʠʣʘʢʪʠʢʘ ʠ ʩʦʢʨʘʱʝʥʠʝ ʦʯʘʛʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʩʪʦʠʪ ʩʜʝʣʘʪʴ ʥʘ ʪʦʤ, ʯʪʦ 

ʧʝʨʝʭʦʜ ʢ ʤʦʜʝʣʠ çʮʠʬʨʦʚʦʡ ʠʥʩʧʝʢʮʠʠè ʚʳʩʚʦʙʦʞʜʘʝʪ ʨʘʙʦʯʝʝ ʚʨʝʤʷ 

ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ. ʈʘʥʝʝ ʠʥʩʧʝʢʪʦʨ ʟʘ ʩʪʘʥʜʘʨʪʥʳʡ 8-ʯʘʩʦʚʦʡ ʜʝʥʴ ʧʨʦʚʦʜʠʣ 

ʦʜʠʥ ʚʳʝʟʜ. ɺ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʀʀʉ ʠ ʧʨʠ ʯʘʩʪʠʯʥʦʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʜʘʥʥʳʭ ʚʦʟʤʦʞʥʘ ʦʙʨʘʙʦʪʢʘ ʜʦ ʪʨʸʭ-ʯʝʪʳʨʸʭ 

ʦʙʨʘʱʝʥʠʡ ʟʘ ʪʦ ʞʝ ʨʘʙʦʯʝʝ ʚʨʝʤʷ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʧʨʠʚʝʜʸʥʥʫʶ 

ʪʨʫʜʦʸʤʢʦʩʪʴ ʢʘʞʜʦʛʦ ʚʳʝʟʜʘ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʩʣʫʯʘʝ ʩʦʭʨʘʥʝʥʠʷ 
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ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʳʝʟʜʥʦʡ ʢʦʤʠʩʩʠʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ 

ʧʦʚʳʩʠʪʩʷ. ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʤ ʫʩʣʦʚʥʦʝ ʩʨʘʚʥʝʥʠʝ ʜʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ 

ʠ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʠʣʦʪʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 
ʊʘʙʣʠʮʘ 3 - ʩʨʘʚʥʝʥʠʝ ʟʘʪʨʘʪ ʌʆʊ ʥʘ 1 ʚʳʝʟʜ ʠʥʩʧʝʢʮʠʠ  

ʇʦʢʘʟʘʪʝʣʴ ɹʝʟ ʀʀʉ ʉ ʀʀʉ 

ʆʙʨʘʱʝʥʠʡ ʚ ʜʝʥʴ 1 3-4 

ɿʘʪʨʘʪʳ ʌʆʊ ʥʘ 1 

ʦʙʨʘʱʝʥʠʝ 

4800 ʨʫʙ. 1200-1600 ʨʫʙ. 

ʉ ʫʯʸʪʦʤ ʧʨʠʚʝʜʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʬʦʥʜʘ 

ʦʧʣʘʪʳ ʪʨʫʜʘ ʠ ʜʘʥʥʳʭ ʦ ʚʦʟʤʦʞʥʳʭ ʩʦʢʨʘʱʝʥʠʷʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʩʭʦʜʦʚ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʶʜʞʝʪʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʦʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʰʪʨʘʬʦʚ, 

ʙʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʦ ʠʥʪʝʛʨʘʣʴʥʦʝ ʬʠʥʘʥʩʦʚʦʝ ʩʘʣʴʜʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ 

ʪʘʙʣʠʮʝ 5. ɺ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʦʚʦʢʫʧʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ ʢʘʢ ʥʘ ʧʠʣʦʪʥʦʡ ʩʪʘʜʠʠ ʧʨʦʝʢʪʘ ʩʦ ʩʥʠʞʝʥʠʝ ʚʳʝʟʜʦʚ ʥʘ 40 %, ʪʘʢ 

ʠ ʧʨʠ ʧʦʣʥʦʤ ʨʘʟʚʸʨʪʳʚʘʥʠʠ ʩʠʩʪʝʤʳ ʠ ʦʞʠʜʘʝʤʦʤ ʩʥʠʞʝʥʠʝ ʚʳʝʟʜʦʚ ʥʘ 

70 %. 
ʊʘʙʣʠʮʘ 4 ï ʀʪʦʛʦʚʦʝ ʬʠʥʘʥʩʦʚʦʝ ʩʘʣʴʜʦ  

ʉʪʘʪʴʷ ʇʠʣʦʪʥʳʡ ʵʪʘʧ (40%) ʇʦʣʥʦʝ ʨʘʟʚʝʨʪʳʚʘʥʠʝ (70%) 

ʕʢʦʥʦʤʠʷ ʥʘ ʚʳʝʟʜʘʭ 528 000 ʨʫʙ./ʛʦʜ 924 000 ʨʫʙ./ʛʦʜ 

ɼʦʧ. ʐʪʨʘʬʥʳʝ 

ʧʦʩʪʫʧʣʝʥʠʷ 

1 150 000 ʨʫʙ./ʛʦʜ 1 150 000 ʨʫʙ./ʛʦʜ* 

ʉʦʚʦʢʫʧʥʳʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ 

1,7 ʤʣʥ ʨʫʙ./ʛʦʜ 2,1 ʤʣʥ ʨʫʙ./ʛʦʜ 

*ʇʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʝ ʦʭʚʘʪʘ ʪʝʨʨʠʪʦʨʠʠ.  

ʉʦʚʦʢʫʧʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʩʫʤʤʠʨʦʚʘʥʥʳʝ ʚ ʪʘʣʠʮʝ 5, 

ʥʘʛʣʷʜʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʫʞʝ ʥʘ ʧʠʣʦʪʥʦʡ ʩʪʘʜʠʠ ʚʥʝʜʨʝʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʚ ʨʘʟʤʝʨʝ ʥʝ ʤʝʥʝʝ 1.7 ʤʣʥ ʨʫʙʣʝʡ. ɿʘ ʩʯʸʪ ʩʦʢʨʘʱʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʢʦʤʘʥʜʠʨʦʚʦʯʥʳʭ ʨʘʩʭʦʜʦʚ, ʫʜʝʣʴʥʦʛʦ ʬʦʥʜʘ ʦʧʣʘʪʳ ʪʨʫʜʘ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʨʦʩʪʘ ʧʦʩʪʫʧʣʝʥʠʡ ʦʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʰʪʨʘʬʦʚ ʵʪʘ 

ʚʝʣʠʯʠʥʘ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʣʝʢʩʘ. ʉʚʝʜʝʤ ʦʙʱʠʝ ʬʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʝʘʣʠʟʘʮʠʠ 

ʀʀʉ ʚ ʪʘʙʣʠʮʝ 5. 
ʊʘʙʣʠʮʘ 5 ï ʉʦʙʨʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ 

ʉʪʘʨʪʦʚʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ (CAPEX, t= 0) 4 200 ʪʳʩ. ʨʫʙ. 

ɻʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ (ʥʦʤʠʥʘʣ): ǐ ʩʦʢʨʘʱʝʥʠʝ ʚʳʝʟʜʦʚ ï 

40 % 

ʀʥʜʝʢʩʘʮʠʷ ʵʬʬʝʢʪʘ (ʧʦ ʠʥʬʣʷʮʠʠ 5 % ʛʦʜ ĭ) ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ 

ɼʝʩʢʨʠʥʪ ʩʪʘʚʢʘ 8 % 

NPV (t = 0 é 5 ʣʝʪ) + 0,76 ʤʣʥ ʨʫʙ. 

RR 11,3 % 

ɼʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ 4,6 ʛʦʜʘ 

ʅʝʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʩʦʚʦʢʫʧʥʳʡ ʨʝʟʫʣʴʪʘʪ ʟʘ 5 ʣʝʪ + 2,30 ʤʣʥ ʨʫʙ. 
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ʉ ʫʯʸʪʦʤ ʧʨʠʚʝʜʸʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʧʫʩʪʷ ʧʷʪʴ ʣʝʪ ʧʨʦʝʢʪ ʧʨʠʥʦʩʠʪ 

ʯʠʩʪʳʡ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʵʬʬʝʢʪ å 0,76 ʤʣʥ ʨʫʙ. ʠ ʧʦʣʥʦʩʪʴʶ ʦʢʫʧʘʝʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʥʘ ʯʝʪʚʸʨʪʦʤ ʛʦʜʫ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʦʭʨʘʥʷʷ 

ʝʞʝʛʦʜʥʳʡ çʞʠʚʦʡè ʜʝʥʝʞʥʳʡ ʧʦʪʦʢ 1,7ï2,1 ʤʣʥ ʨʫʙ. ʙʝʟ ʠʥʜʝʢʩʘʮʠʠ. 

ʇʦʤʠʤʦ ʧʨʷʤʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʵʬʬʝʢʪʘ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠʥʩʧʝʢʪʦʨʩʢʠʝ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʳ ʥʘ ʢʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ ʧʨʝʜʧʠʩʘʥʠʡ, ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʫʶ 

ʨʘʙʦʪʫ ʩ ʟʝʤʣʝʚʣʘʜʝʣʴʮʘʤʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ. ʋʢʘʟʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʘʤ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʢʘʜʨʦʚ, ʠ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ 

ʪʠʨʘʞʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʜʨʫʛʠʝ ʩʫʙʲʝʢʪʳ ʌʝʜʝʨʘʮʠʠ ʠ ʨʘʩʰʠʨʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʭʚʘʪʘ ʥʘ ʩʤʝʞʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. 

ʌʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʚʳʚʦʜ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʦʩʣʫʞʠʣ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʧʣʘʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʜʘʣʝʝ ï 

ʀʀʉ). ʅʘʣʠʯʠʝ ʢʘʣʝʥʜʘʨʥʦ-ʨʝʩʫʨʩʥʦʛʦ ʧʣʘʥʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʩʤʝʪ ʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʢʣʶʯʠʣʦ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ 

ʜʝʡʩʪʚʠʡ ʠ ʦʙʝʩʧʝʯʠʣʦ ʮʝʣʝʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ. 

ʉ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʢʘʢ ʝʜʠʥʳʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʢʚʦʟʥʦʡ ʮʠʢʣ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ð ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʩʠʛʥʘʣʘ ʜʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʷʜʨʦ ʀʀʉ 

ʦʙʨʘʟʫʶʪ ʧʷʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ. ɺʦ-ʧʝʨʚʳʭ, ʤʦʙʠʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʛʨʘʞʜʘʥ ʠ ʠʥʩʧʝʢʪʦʨʦʚ, ʚʳʧʦʣʥʷʝʪ 

ʧʝʨʚʠʯʥʳʡ ʧʨʠʝʤ ʦʙʨʘʱʝʥʠʡ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʚʘʣʠʜʘʮʠʶ ʜʘʥʥʳʭ ʥʘ 

ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʜʘʣʝʝ ʚ ʩʣʝʜʫʶʱʫʶ 

ʧʦʜʩʠʩʪʝʤʫ. ɺʦ-ʚʪʦʨʳʭ, ʰʣʶʟʦʚʦʡ ʩʝʨʚʝʨ ʪʠʧʘ Backend-for-Frontend 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, ʰʠʬʨʦʚʘʥʠʝ ʪʨʘʬʠʢʘ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʶ 

ʟʘʧʨʦʩʦʚ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨ, ʪʝʤ ʩʘʤʳʤ ʠʟʦʣʠʨʫʷ ʢʣʠʝʥʪʩʢʫʶ ʟʦʥʫ ʦʪ 

ʩʝʨʚʠʩʥʦʡ ʣʦʛʠʢʠ. ɺʳʩʪʨʦʝʥʥʘʷ ʚ ʬʦʨʤʘʪʝ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʥʘʨʘʱʠʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʨʦʩʪʝ ʥʘʛʨʫʟʢʠ. ɺʩʝ ʢʘʥʘʣʳ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʟʘʱʠʱʝʥʳ TLS 1.3, ʘ ʧʨʦʮʝʩʩʳ ʭʨʘʥʝʥʠʷ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʚʝʜʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʌʝʜʝʨʘʣʴʥʳʤ 

ʟʘʢʦʥʦʤ ˉ 152-ʌɿ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 57580.1-2017. 

ʇʨʦʮʝʩʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʜʦʧʫʩʪʠʤʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʨʷʜ 

ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʵʪʘʧʦʚ. ʉʮʝʥʘʨʠʡ ʥʘʯʠʥʘʝʪʩʷ ʩ ʪʦʛʦ, ʯʪʦ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʬʦʨʤʠʨʫʝʪ ʥʦʚʦʝ 

ʦʙʨʘʱʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʳʚʘʶʪʩʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʥʘ ʢʘʨʪʝ, ʜʦʙʘʚʣʷʶʪʩʷ 

ʦʙʟʦʨʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʠ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʡ ʪʝʢʩʪ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʞʠʤʘʝʪ ʥʘ 
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ʢʥʦʧʢʫ, ʜʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʥʘ ʩʝʨʚʝʨ. ʋʢʘʟʘʥʥʳʡ ʩʝʨʚʝʨ ʜʘʣʝʝ ʧʝʨʝʜʘʝʪ ʠʭ ʚ 

ʤʦʜʫʣʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʝʪʦʜʘʭ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʟʚʝʥʦʤ ʷʚʣʷʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʨʘʱʝʥʠʷ ʚ ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨ ʠ ʩʤʝʞʥʳʝ 

ʩʣʫʞʙʳ. ʉʠʩʪʝʤʘ ʛʝʥʝʨʠʨʫʝʪ ʫʚʝʜʦʤʣʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ, 

ʚʢʣʶʯʘʶʱʝʝ ʩʚʝʜʝʥʠʷ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʦʯʘʛʘ, ʧʣʦʱʘʜʠ ʧʦʨʘʞʝʥʠʷ, ʜʘʥʥʳʝ 

ʦ ʧʨʘʚʦʦʙʣʘʜʘʪʝʣʝ ʫʯʘʩʪʢʘ ʠ ʬʦʪʦʜʦʢʘʟʘʪʝʣʴʩʪʚʘ. ɼʘʥʥʦʝ ʦʙʨʘʱʝʥʠʝ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʦʨʛʘʥ 

ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨʘ ʜʣʷ ʧʨʠʥʷʪʠʷ ʤʝʨ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ï 

ʚʳʜʘʯʠ ʧʨʝʜʧʠʩʘʥʠʷ ʦʙ ʫʩʪʨʘʥʝʥʠʠ ʩʦʨʥʦʛʦ ʨʘʩʪʝʥʠʷ ʠʣʠ ʥʘʣʦʞʝʥʠʷ 

ʰʪʨʘʬʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʫʝʪʩʷ ʩʢʚʦʟʥʦʡ ʧʨʦʮʝʩʩ: ʦʪ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ 

ʛʨʘʞʜʘʥʠʥʘ ʜʦ ʜʦʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʘ ʥʘ ʨʠʩʫʥʢʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʮʝʣʝʚʘʷ ʩʭʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

 
ʈʠʩʫʥʦʢ 1 ï UML-ʜʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ To Be 
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦʢʨʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʣʦʱʘʜʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ 

ʚʦʣʦʥʪʝʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤ. 

ɹʦʣʝʝ ʪʦʛʦ, ʦʧʝʨʘʪʠʚʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ ʥʘʜʟʦʨʥʳʝ ʦʨʛʘʥʳ ʩʥʠʞʘʝʪ 

ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʚʳʷʚʣʝʥʠʝʤ ʦʯʘʛʘ ʠ ʨʝʘʛʠʨʦʚʘʥʠʝʤ ʥʘ ʥʝʛʦ. 

ʇʨʠ ʵʪʦʤ ʥʝʩʤʦʪʨʷ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ, ʚʦʟʥʠʢʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ, ʪʨʝʙʫʶʱʠʝ ʜʦʨʘʙʦʪʢʠ ʧʨʦʪʦʪʠʧʘ ʠ 

ʜʘʣʴʥʝʡʰʝʡ ʥʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝ, ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʪʦʯʥʝʥʠʝʤ ʨʘʙʦʪʳ ʤʦʜʫʣʝʡ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ 

ʦʧʳʪʥʘʷ ʚʝʨʩʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ. ʇʨʦʮʝʩʩ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ 

ʧʦʣʥʳʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ð ʦʪ ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʨʘʱʝʥʠʷ 

ʛʨʘʞʜʘʥʠʥʘ ʜʦ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʪʠʚʠʨʦʚʘʥʥʦʛʦ ʠʟʚʝʱʝʥʠʷ ʚ ʥʘʜʟʦʨʥʳʡ 

ʦʨʛʘʥ.  

ɺ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ ʚʥʝʜʨʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʟʥʘʥʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʨʘʩʯʝʪʘʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʝʨʚʠʯʥʦʡ ʧʨʦʚʝʨʢʠ ʧʦʟʚʦʣʷʪ ʩʦʢʨʘʪʠʪʴ ʚʳʝʟʜʳ ʠʥʩʧʝʢʮʠʠ 

ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 30 %, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʝʞʝʛʦʜʥʦʡ ʵʢʦʥʦʤʠʠ ʙʶʜʞʝʪʥʳʭ 

ʩʨʝʜʩʪʚ ʚ ʨʘʟʤʝʨʝ ʧʦʨʷʜʢʘ 1,7 ʤʣʥ ʨʫʙʣʝʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʦʩʪ 

ʚʳʷʚʣʷʝʤʦʩʪʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʦʯʘʛʦʚ ʠ ʥʘʜʣʝʞʘʱʝʝ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʥʘʨʫʰʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʬʦʨʤʠʨʫʶʪ ʧʦʪʝʥʮʠʘʣ 

ʫʚʝʣʠʯʝʥʠʷ ʰʪʨʘʬʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʜʦ 12 ʤʣʥ ʨʫʙʣʝʡ ʚ ʛʦʜ. ʉʦʚʦʢʫʧʥʳʡ 

ʵʬʬʝʢʪ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʤʝʪʦʜʠʢʝ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʭ ʧʦʪʦʢʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ 2,4 ʛʦʜʘ ʠ ʚʥʫʪʨʝʥʥʶʶ ʥʦʨʤʫ ʜʦʭʦʜʥʦʩʪʠ 

18 %, ʯʪʦ ʦʪʚʝʯʘʝʪ ʢʨʠʪʝʨʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ.  
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ɹʦʦʙʝʢʦʚ ɼ.ʈ. 
ʈʦʩʩʠʡʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɻ. ɺ. ʇʣʝʭʘʥʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʯʘʩʪʢʦʚ, ʧʦʨʘʞʸʥʥʳʭ ɹʦʨʱʝʚʠʢʦʤ 

ʉʦʩʥʦʚʩʢʦʛʦ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʠ 

ʚʳʷʚʣʝʥʠʶ ʪʝʨʨʠʪʦʨʠʡ, ʟʘʨʘʞʸʥʥʳʭ ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʆʧʠʩʘʥʳ ʤʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʥʘ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʫʯʝʪʘ ʠ ʢʦʥʪʨʦʣʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʠʥʚʘʟʠʚʥʦʛʦ ʩʦʨʥʷʢʘ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʉʜʝʣʘʥ 

ʚʳʚʦʜ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠʥʚʘʟʠʚʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʚ ʮʝʣʷʭ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ; ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ; ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ; ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ; ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʟʦʥʜʠʨʦʚʘʥʠʝ; ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ; ʙʦʨʱʝʚʠʢ ʉʦʩʥʦʚʩʢʦʛʦ; 

ʤʦʥʠʪʦʨʠʥʛ. 

 

Boobekov D.R. 

Use of intelligent information systems for identifying areas infested 

with Sosnowskyôs hogweed 
Abstract. This paper reviews modern approaches to monitoring and detecting territories 

infested with Sosnowskyôs hogweed using intelligent information systems. It describes 

methods of remote sensing, the application of artificial intelligence and computer vision 

technologies on unmanned aerial vehicles, as well as the implementation of geographic 

information systems and digital platforms for accounting and controlling the spread of this 

invasive weed. Examples of domestic developments implemented in various regions of the 

Russian Federation are provided. It is concluded that the integration of intelligent information 

technologies is highly effective for addressing the monitoring of invasive plant species to 

ensure environmental safety and rational natural resource management. 

Keywords: intelligent information systems; artificial intelligence; computer vision; 

geographic information systems; remote sensing; unmanned aerial vehicles; Sosnowskyôs 

hogweed; monitoring. 

 

ɺʚʝʜʝʥʠʝ 

ɹʦʨʱʝʚʠʢ ʉʦʩʥʦʚʩʢʦʛʦ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦ ʠʥʚʘʟʠʚʥʳʤ ʨʘʩʪʝʥʠʝʤ, 

ʜʦʩʪʠʛʘʶʱʠʤ 3ï5 ʤ ʚ ʚʳʩʦʪʫ ʩ ʜʠʘʤʝʪʨʦʤ ʩʪʝʙʣʷ ʜʦ 10 ʩʤ ʠ ʟʦʥʪʠʢʦʚ ʜʦ 1 ʤ 

ʚ ʧʦʧʝʨʝʯʥʠʢʝ [1, ʩ. 45]. ʀʥʪʨʦʜʫʮʠʨʦʚʘʥʥʳʡ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʩʠʣʦʩʥʦʡ ʢʫʣʴʪʫʨʳ, ʦʥ ʦʢʘʟʘʣʩʷ ʪʦʢʩʠʯʥʳʤ: ʩʦʢ ʨʘʩʪʝʥʠʷ ʚʳʟʳʚʘʝʪ ʪʷʞʸʣʳʝ 

ʜʝʨʤʘʪʠʪʳ ʠ ʭʠʤʠʯʝʩʢʠʝ ʦʞʦʛʠ ʫ ʯʝʣʦʚʝʢʘ, ʘ ʢʦʨʤ ʩʢʦʪʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʨʯʝ 

ʚʢʫʩʦʚʳʭ ʢʘʯʝʩʪʚ ʤʦʣʦʢʘ ʠ ʛʝʥʝʪʠʯʝʩʢʠʤ ʘʥʦʤʘʣʠʷʤ ʫ ʧʦʪʦʤʩʪʚʘ [3, ʩ. 10]. 
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ʉʝʤʝʥʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 100 000 ʩʝʤʷʥ ʚ ʛʦʜ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʚʩʭʦʞʝʩʪʠ ʜʦ ʩʝʤʠ ʣʝʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ 

ʩʝʛʦʜʥʷ ʧʦʨʘʞʸʥʥʘʷ ʧʣʦʱʘʜʴ ʧʨʝʚʳʰʘʝʪ 1 000 000 ʛʘ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 

ʈʦʩʩʠʠ [9, ʩ. 35]. ɸʛʨʝʩʩʠʚʥʦʝ ʨʘʟʨʘʩʪʘʥʠʝ ʙʦʨʱʝʚʠʢʘ ʚʳʪʝʩʥʷʝʪ ʤʝʩʪʥʳʝ 

ʚʠʜʳ ʠ ʩʥʠʞʘʝʪ ʧʣʦʜʦʨʦʜʠʝ ʟʝʤʝʣʴ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʨ ʠʩʧʦʣʴʟʫʶʪ ʥʘʟʝʤʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ 

ʦʙʨʘʱʝʥʠʷ ʛʨʘʞʜʘʥ ʯʝʨʝʟ ʛʦʨʷʯʠʝ ʣʠʥʠʠ, ʦʜʥʘʢʦ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʠʟʢʦʡ ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ ʠ ʥʝʧʦʣʥʦʪʦʡ ʦʭʚʘʪʘ ʪʝʨʨʠʪʦʨʠʠ [6, ʩ. 55; 10, ʩ. 16]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʨʠʦʨʠʪʝʪʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ʊʘʢ, ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʩʥʠʤʢʠ Sentinel-2 ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ 10 ʤ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʢʨʫʧʥʳʝ ʦʯʘʛʠ ʙʦʨʱʝʚʠʢʘ ʥʘ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ [1, ʩ. 49], ʥʦ ʤʘʣʳʝ ʧʦʧʫʣʷʮʠʠ ʥʝʨʝʜʢʦ ʦʩʪʘʶʪʩʷ 

ʥʝʟʘʤʝʯʝʥʥʳʤʠ [9, ʩ. 38]. ʉ 2017 ʛ. ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʪʦʜʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠʥʚʘʟʠʚʥʦʛʦ ʩʦʨʥʷʢʘ 

[9, ʩ. 40; 2, ʩ. 115]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʩʤʝʥʫ ʝʜʠʥʠʯʥʳʤ ʨʘʟʦʚʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʠʭʦʜʷʪ ʮʠʬʨʦʚʳʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʚʳʷʚʣʝʥʠʷ ʠʥʚʘʟʠʚʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ, ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʤʦʥʠʪʦʨʠʥʛʫ 

ʠ ʚʳʷʚʣʝʥʠʶ ʪʝʨʨʠʪʦʨʠʡ, ʟʘʨʘʞʸʥʥʳʭ ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ð ʚ ʯʘʩʪʥʦʩʪʠ, 

ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʢʦʩʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʝʥʠʷ [1, ʩ. 

45ï53; 2, ʩ. 112ï120; 3, ʩ. 8ï15]. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʪʝʯʝʩʪʚʝʥʥʳʤ 

ʧʨʘʢʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ, ʚʥʝʜʨʷʝʤʳʤ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʩʧʦʩʦʙʥʳʤ ʧʦʚʳʩʠʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ 

ʦʙʥʘʨʫʞʝʥʠʷ ʜʘʥʥʦʛʦ ʠʥʚʘʟʠʚʥʦʛʦ ʚʠʜʘ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʢʣʶʯʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʠʭ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʤʘʩʩʦʚʦ ʧʨʠʤʝʥʷʝʤʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʚʳʷʚʣʝʥʠʶ ʦʯʘʛʦʚ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ). ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʩʥʠʤʢʦʚ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 10 ʤ/ʧʠʢʩʝʣʴ, ʧʦʩʪʘʚʣʷʝʤʳʭ 

ʝʚʨʦʧʝʡʩʢʦʡ ʧʨʦʛʨʘʤʤʦʡ Sentinel-2 ʠ ʨʦʩʩʠʡʩʢʠʤʠ ʩʧʫʪʥʠʢʘʤʠ çʂʘʥʦʧʫʩ-ɺè. 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʩʲʸʤʢʠ ʜʦ 5 ʜʥʝʡ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʘʢʪʫʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʚ ʨʘʟʛʘʨ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ (ʤʘʡïʠʶʣʴ), ʢʦʛʜʘ ʨʘʩʪʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʥʪʨʘʩʪʠʨʫʶʪ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ [1, ʩ. 49; 8, ʩ. 710]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʚʘʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ ʙʦʨʱʝʚʠʢʘ 

ʉʦʩʥʦʚʩʢʦʛʦ 
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ʈʠʩ. 1 ʂʨʠʚʘʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ 

 

ɼʣʷ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʨʨʝʢʮʠʷ 

ʘʪʤʦʩʬʝʨʳ ʠ ʛʝʦʧʨʠʚʷʟʢʘ ʩʥʠʤʢʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʸʪ ʢʣʶʯʝʚʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ. ʊʘʢ, ʚ 2022 ʛ. ɻʝʨʰʢʦʚʠʯ ʠ ʃʦʙʦʚʘ ʧʨʝʜʣʦʞʠʣʠ 

Hogweed Spectral Index (HSI), ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ 1, 2 

 
ʛʜʝ NIR ð ʦʪʨʘʞʝʥʠʝ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (å830 ʥʤ), 

Green ð ʚ ʟʝʣʸʥʦʤ (å550 ʥʤ), Blue ð ʚ ʩʠʥʝʤ (å490 ʥʤ) [9, ʩ. 35ï36]. 

ʉʦʯʝʪʘʥʠʝ HSI ʩ ʚʝʛʝʪʘʮʠʦʥʥʳʤ ʠʥʜʝʢʩʦʤ NDVI 

 
ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʫʯʘʩʪʢʠ ʙʝʟ ʟʝʣʸʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʥʦ ʠ ʯʸʪʢʦ ʚʳʜʝʣʠʪʴ ʤʘʩʩʠʚʥʳʝ ʟʘʨʦʩʣʠ ʙʦʨʱʝʚʠʢʘ, ʜʦʩʪʠʛʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʪʦʯʥʦʩʪʠ ʢʘʨʪʠʨʦʚʘʥʠʷ ʜʦ 87 % [9, ʩ. 40; 1, ʩ. 51]. ʇʘʨʘʣʣʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ 

ʤʘʰʠʥʥʦ-ʦʙʫʯʘʝʤʳʡ ʧʦʜʭʦʜ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜ Spectral Angle Mapper 

(SAM) ʩʨʘʚʥʠʚʘʝʪ ʩʧʝʢʪʨʘʣʴʥʳʡ ʚʝʢʪʦʨ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʩʦ çʩʧʝʢʪʨʦʤ-

ʵʪʘʣʦʥʦʤè ʙʦʨʱʝʚʠʢʘ. ʇʨʠ ʚʳʙʦʨʝ ʧʦʨʦʛʘ ʫʛʣʘ ʚ 0,025 ʨʘʜʠʘʥ ʜʦʩʪʠʛʘʝʪʩʷ 

ʩʨʝʜʥʷʷ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʦ 92 % [2, ʩ. 115]. ʆʜʥʘʢʦ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʤʦʜʝʣʠ ʪʨʝʙʫʶʪʩʷ ʛʝʦʧʨʠʚʷʟʘʥʥʳʝ ʧʦʣʝʚʳʝ ʜʘʥʥʳʝ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʪʨʫʜʦʸʤʢʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʚʳʙʦʨʢʠ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʠʥʜʝʢʩʥʦʛʦ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʦʚ ʥʘ ʧʨʘʢʪʠʢʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʝʱʸ 

ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʘʢ, ʚ ʧʠʣʦʪʥʦʤ ʧʨʦʝʢʪʝ ʂʦʩʪʨʦʤʩʢʦʡ ʦʙʣʘʩʪʠ 

ʩʦʚʤʝʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ HSI, NDVI ʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʩʥʠʟʠʣʘ ʜʦʣʶ ʧʨʦʧʫʩʢʘ ʦʯʘʛʦʚ ʥʘ 30 % ʠ ʦʙʝʩʧʝʯʠʣʘ ʧʦʣʥʦʪʫ ʦʙʥʘʨʫʞʝʥʠʷ 

ʙʦʣʝʝ 95 % ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʜʠʥʦʯʥʳʤʠ ʤʝʪʦʜʘʤʠ [8, ʩ. 714]. ʇʨʠ ʵʪʦʤ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʣʦʱʘʜʝʡ ʜʦ 10 000 ʢʤĮ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 10ï15 ʨʫʙ./ʛʘ, ʯʪʦ ʧʦʯʪʠ ʚʜʚʦʝ ʥʠʞʝ ʟʘʪʨʘʪ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʥʘʟʝʤʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ [3, ʩ. 12]. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʘʙʦʪʳ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 
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ʈʠʩʫʥʦʢ 2 - ʉʚʝʪʣʦ-ʬʠʦʣʝʪʦʚʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʢʦʥʪʫʨʳ ʪʝʨʨʠʪʦʨʠʡ, ʧʦʢʨʳʪʳʭ 

ʟʘʨʦʩʣʷʤʠ ʙʦʨʱʝʚʠʢʘ, ʚʳʜʝʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʦʤ ʥʘ ʦʩʥʦʚʝ ʭʘʨʘʢʪʝʨʥʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʦʨʥʷʢʘ 

 
ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʢʘʨʪʠʨʦʚʘʥʠʷ ʟʘʨʦʩʣʝʡ 

ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ 
ʦʙʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 
ʇʨʠ ʥʘʣʠʯʠʠ ʛʝʦʧʨʠʚʷʟʘʥʥʳʭ ʧʦʣʝʚʳʭ ʚʳʙʦʨʦʢ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ 
Spectral Angle Mapper (SAM), ʢʦʪʦʨʳʡ ʩʨʘʚʥʠʚʘʝʪ ʩʧʝʢʪʨʘʣʴʥʳʡ ʚʝʢʪʦʨ 
ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʩ çʵʪʘʣʦʥʥʳʤè ʩʧʝʢʪʨʦʤ ʙʦʨʱʝʚʠʢʘ. ʏʝʤ ʤʝʥʴʰʝ ʫʛʦʣ ʤʝʞʜʫ 
ʵʪʠʤʠ ʚʝʢʪʦʨʘʤʠ, ʪʝʤ ʚʳʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʠʢʩʝʣʷ ʢʘʢ 
ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʢ ʩʦʨʥʷʢʫ; ʧʨʠ ʧʦʨʦʛʝ 0,025 ʨʘʜʠʘʥ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʯʥʦʩʪʴ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʨʷʜʢʘ 92 % [2, ʩ. 115]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʵʪʦʪ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ 
ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʩʙʦʨ ʠ ʚʝʨʠʬʠʢʘʮʠʶ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ 
ʩʜʝʨʞʠʚʘʝʪ ʝʛʦ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʨʝʛʠʦʥʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ [8, 
ʩ. 713]. 

ʇʦʤʠʤʦ SAM, ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʫʩʧʝʰʥʦ ʩʦʯʝʪʘʣʠʩʴ 
ʠʥʜʝʢʩʥʳʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ. ʊʘʢ, ʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ 
ʨʝʟʫʣʴʪʘʪʘʤ ʧʠʣʦʪʥʦʛʦ ʧʨʦʝʢʪʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ Sentinel-2, 
ʂʘʨʧʦʚ ʠ ʉʤʠʨʥʦʚʘ ʚʳʷʚʠʣʠ, ʯʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ HSI ʠ 
ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʥʠʞʘʝʪ ʯʠʩʣʦ ʧʨʦʧʫʱʝʥʥʳʭ ʦʯʘʛʦʚ ʥʘ 30 
% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʦ ʠʥʜʝʢʩʥʳʤ ʘʥʘʣʠʟʦʤ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʪʫ 
ʦʙʥʘʨʫʞʝʥʠʷ ʙʦʣʝʝ 95 % [1, ʩ. 51]. ɸʥʘʣʦʛʠʯʥʳʝ ʚʳʚʦʜʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚ 
ʂʦʩʪʨʦʤʩʢʦʡ ʦʙʣʘʩʪʠ: ʚ ʨʘʤʢʘʭ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ çCtrl 2 GOè 
ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʘʷ ʩʲʸʤʢʘ ʠ ʥʝʡʨʦʩʝʪʝʚʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦ ʠ 
ʧʦʩʣʝ ʛʝʨʙʠʮʠʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʠʣʠ ʫʪʦʯʥʠʪʴ ʨʝʘʣʴʥʳʝ ʧʣʦʱʘʜʠ 
ʟʘʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ ʚ 2ï3 ʨʘʟʘ ʚʳʰʝ ʧʨʝʞʥʠʭ ʦʮʝʥʦʢ [8, ʩ. 713ï
714], ʘ ʪʘʢʞʝ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʨʱʝʚʠʢʘ ʥʘ 
ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʠʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ [9, ʩ. 38]. 

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


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 6̄, ʯʘʩʪʴ 1 www.paradigma.science 

 

20 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʨʛʘʥʳ 
ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʫʯʠʣʠ ʜʦʩʪʫʧ ʢ ʚʳʩʦʢʦʪʦʯʥʳʤ ʢʘʨʪʘʤ ʟʘʨʘʞʝʥʠʷ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʨʠʦʨʠʪʝʪʥʳʝ ʟʦʥʳ ʦʙʨʘʙʦʪʢʠ, 
ʧʨʦʢʣʘʜʳʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʤʘʨʰʨʫʪʳ ʪʝʭʥʠʢʠ ʠ ʫʪʦʯʥʷʪʴ ʛʨʘʥʠʮʳ ʮʝʣʝʚʳʭ 
ʫʯʘʩʪʢʦʚ. ʇʦ ʦʮʝʥʢʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 
ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʥʠʞʘʝʪ ʨʘʩʭʦʜ ʛʝʨʙʠʮʠʜʦʚ ʜʦ 60 %, ʩʦʢʨʘʱʘʷ 
ʟʘʪʨʘʪʳ ʠ ʤʠʥʠʤʠʟʠʨʫʷ ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [3, ʩ. 12]. ʂʨʦʤʝ 
ʪʦʛʦ, ʨʝʛʫʣʷʨʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪ çʜʦ ʠ ʧʦʩʣʝè ʦʙʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʨʘʙʦʪʳ ʧʦʜʨʷʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʦʚʳʰʘʝʪ 
ʧʨʦʟʨʘʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʫʪʥʠʢʦʚ Sentinel-2 
(10 ʤ) ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʚʳʷʚʣʷʝʤʳʭ 
ʩʢʦʧʣʝʥʠʡ ʨʘʩʪʝʥʠʡ. ʄʝʣʢʠʝ ʦʯʘʛʠ ʙʦʨʱʝʚʠʢʘ ʠ ʦʜʠʥʦʯʥʳʝ ʵʢʟʝʤʧʣʷʨʳ 
ʤʦʛʫʪ çʪʝʨʷʪʴʩʷè ʚ ʧʠʢʩʝʣʷʭ ʩʥʠʤʢʘ ʠʣʠ ʤʘʩʢʠʨʦʚʘʪʴʩʷ ʚ ʩʦʩʪʘʚʝ ʩʤʝʰʘʥʥʳʭ 
ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʣʶʯʝʚʳʭ 
ʪʝʨʨʠʪʦʨʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʚʣʝʢʘʪʴ ʜʘʥʥʳʝ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ï ʥʘʧʨʠʤʝʨ, ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ 
(WorldView, GeoEye ʠ ʜʨ. ʩ ʨʘʟʨʝʰʝʥʠʝʤ <1 ʤ) ʠʣʠ ʚʳʧʦʣʥʷʪʴ 
ʘʵʨʦʬʦʪʦʩʲʸʤʢʫ ʩ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʘʥʪʠʤʝʪʨʦʚʦʝ 
ʨʘʟʨʝʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ.  

ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʰʝʥʠʷ ʥʘ 
ʦʩʥʦʚʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (CNN), ʩʧʦʩʦʙʥʳʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 
ʨʘʩʧʦʟʥʘʚʘʪʴ ʙʦʨʱʝʚʠʢ ʧʦ ʚʠʟʫʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ [2, ʩ. 112ï115; 11, ʩ. 49ï
51]. ɺ ʦʩʥʦʚʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʣʝʞʠʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʩʝʪʠ ʥʘ 
ʦʙʰʠʨʥʦʤ ʥʘʙʦʨʝ ʛʝʦʧʨʠʚʷʟʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʛʜʝ ʙʦʨʱʝʚʠʢ ʨʘʟʤʝʯʝʥ 
ʚʨʫʯʥʫʶ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʜʝʣʴ ʨʘʟʚʸʨʪʳʚʘʝʪʩʷ ʥʘ ʢʦʤʧʘʢʪʥʦʤ ʤʠʥʠ-
ʢʦʤʧʴʶʪʝʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʭʦʜʝ ʦʙʣʸʪʘ ʥʝʧʨʝʨʳʚʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 
ʚʠʜʝʦʧʦʪʦʢ, ʚʳʜʝʣʷʪʴ ʠʟ ʥʝʛʦ ʢʘʜʨʳ ʩ ʨʘʩʪʝʥʠʝʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʪʴ 
ʢʦʦʨʜʠʥʘʪʳ ʠ ʦʮʝʥʦʯʥʫʶ ʧʣʦʱʘʜʴ ʢʘʞʜʦʛʦ ʦʯʘʛʘ [2, ʩ. 118ï120]. ɹʣʘʛʦʜʘʨʷ 
ʙʦʨʪʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʩʥʠʞʘʝʪʩʷ ʟʘʜʝʨʞʢʘ ʤʝʞʜʫ ʩʲʸʤʢʦʡ ʠ 
ʧʦʣʫʯʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ: ʧʦ ʦʮʝʥʢʘʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʚʨʝʤʷ ʦʪ ʧʦʷʚʣʝʥʠʷ 
ʙʦʨʱʝʚʠʢʘ ʚ ʢʘʜʨʝ ʜʦ ʬʠʢʩʘʮʠʠ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 2ï3 
ʩʝʢʫʥʜ, ʯʪʦ ʢʘʨʜʠʥʘʣʴʥʦ ʫʩʢʦʨʷʝʪ ʧʨʠʥʷʪʠʝ ʤʝʨ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʟʘʨʘʞʸʥʥʳʭ 
ʫʯʘʩʪʢʦʚ [11, ʩ. 53ï55]. ʆʜʥʦʚʨʝʤʝʥʥʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʙʲʸʤ 
ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʚ ʮʝʥʪʨ ʧʦʩʪʫʧʘʶʪ ʪʦʣʴʢʦ 
ʩʚʝʜʝʥʠʷ ʦ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʧʘʨʘʤʝʪʨʘʭ ʦʯʘʛʦʚ, ʘ ʥʝ ʚʝʩʴ ʚʠʜʝʦʧʦʪʦʢ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʘʧʨʦʙʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʥʘ ʚ 
ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʘʥʘʣʠʟ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʧʦʣʥʦʪʫ ʦʙʥʘʨʫʞʝʥʠʷ ʙʦʨʱʝʚʠʢʘ ʥʝ ʥʠʞʝ 90 % ʥʘ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʧʣʦʱʘʜʷʭ 
ʠ ʩʦʢʨʘʱʘʝʪ ʪʨʫʜʦʟʘʪʨʘʪʳ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʚʠʟʫʘʣʴʥʦʤʫ ʢʦʥʪʨʦʣʶ ʙʦʣʝʝ ʯʝʤ 
ʚ ʧʷʪʴ ʨʘʟ [2, ʩ. 116ï118]. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ 
ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʜʨʫʛʠʭ ʟʘʜʘʯ ʘʛʨʦʤʦʥʠʪʦʨʠʥʛʘ ð ʚʳʷʚʣʝʥʠʷ 
ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ, ʢʦʥʪʨʦʣʷ ʚʦʜʥʦ-ʙʦʣʦʪʥʳʭ ʫʛʦʜʠʡ ʠ ʜʨ. [11, ʩ. 
52ï55]. 
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ʇʦʤʠʤʦ ʚʦʟʜʫʰʥʳʭ ʧʣʘʪʬʦʨʤ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʫʧʨʘʚʣʝʥʠʠ 
ʠʥʚʘʟʠʚʥʳʤʠ ʩʦʨʥʷʢʘʤʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘʟʝʤʥʳʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ 
ʢʦʤʧʣʝʢʩʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʊʘʢ, ʚ 2024 ʛ. ʫʯʸʥʳʝ 
ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʂʫʨʩʢ) ʧʨʝʜʩʪʘʚʠʣʠ 
ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʛʫʩʝʥʠʯʥʦʛʦ ʨʦʙʦʪʘ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʙʦʨʱʝʚʠʢʘ 
ʉʦʩʥʦʚʩʢʦʛʦ, ʦʩʥʘʱʸʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʦʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʉɺʏ) [5, 
ʩ. 23ï25]. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪ ʙʝʩʢʦʥʪʘʢʪʥʦ ʦʙʣʫʯʘʝʪ ʨʘʩʪʝʥʠʷ, 
ʥʘʛʨʝʚʘʷ ʠʭ ʪʢʘʥʠ ʠ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʜʦ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʫʶ ʛʠʙʝʣʴ ʩʦʨʥʷʢʘ ʠ ʝʛʦ ʩʝʤʷʥ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʛʝʨʙʠʮʠʜʦʚ 
ʠ ʙʝʟ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ [5, ʩ. 26ï28]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʦʙʦʪ ʫʧʨʘʚʣʷʝʪʩʷ 
ʦʧʝʨʘʪʦʨʦʤ ʜʠʩʪʘʥʮʠʦʥʥʦ, ʦʜʥʘʢʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʣʘʥʠʨʫʝʪʩʷ ʝʛʦ ʧʦʣʥʘʷ 
ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʀʀ [7, ʩ. 
101ï103]. ʇʦ ʟʘʤʳʩʣʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʧʦʩʣʝ ʠʥʪʝʛʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʙʫʜʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʠʜʝʦʧʦʪʦʢ, 
ʨʘʩʧʦʟʥʘʚʘʪʴ ʙʦʨʱʝʚʠʢ ʩʨʝʜʠ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʚʠʟʫʘʣʴʥʳʤ 
ʧʨʠʟʥʘʢʘʤ ʠ ʪʦʯʥʦ ʥʘʚʦʜʠʪʴ ʉɺʏ-ʠʟʣʫʯʘʪʝʣʴ ʥʘ ʟʘʨʘʞʸʥʥʳʝ ʫʯʘʩʪʢʠ. ɼʣʷ 
ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʚʷʟʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʣʦʢʘʣʴʥʘʷ ʙʘʟʘ 
ʵʪʘʣʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʘʞʝ ʚ 
ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ [5, ʩ. 29ï31]. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 
ʠʥʪʝʣʣʝʢʪʘ ʧʦʚʳʩʠʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʦʨʷʜʦʢ, ʩʦʢʨʘʪʠʚ 
ʫʯʘʩʪʠʝ ʦʧʝʨʘʪʦʨʘ ʣʠʰʴ ʜʦ ʢʦʥʪʨʦʣʷ ʟʘ ʤʘʨʰʨʫʪʘʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤ 
ʩʦʩʪʦʷʥʠʝʤ ʤʘʰʠʥʳ [7, ʩ. 102]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʘʢʠʝ ʨʦʙʦʪʳ ʩʤʦʛʫʪ 
ʚʳʧʦʣʥʷʪʴ ʦʙʨʘʙʦʪʢʫ ʧʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʚ ʧʦʣʥʦʩʪʴʶ 
ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ 
ʙʦʨʴʙʳ ʩ ʙʦʨʱʝʚʠʢʦʤ ʠ ʩʥʠʟʠʪ ʟʘʪʨʘʪʳ ʥʘ ʤʦʥʠʪʦʨʠʥʛ ʠ ʣʠʢʚʠʜʘʮʠʶ ʦʯʘʛʦʚ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʭ ʚ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʜʦʩʪʫʧʥʦʝ ʢʘʢ 
ʧʨʦʬʠʣʴʥʳʤ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʪʘʢ ʠ ʚʝʨʭʥʝʤʫ ʫʨʦʚʥʶ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʜʘʥʥʦʤ 
ʢʦʥʪʝʢʩʪʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʀʉ) ʚʳʩʪʫʧʘʶʪ ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ: 
ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʦʯʘʛʠ ʙʦʨʱʝʚʠʢʘ ʥʘ ʬʦʥʝ ʟʝʤʝʣʴʥʳʭ ʠ 
ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʛʨʘʥʠʮ, ʬʦʨʤʠʨʦʚʘʪʴ ʪʝʤʘʪʠʯʝʩʢʠʝ ʩʣʦʠ (ʪʠʧ 
ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʢʘʜʘʩʪʨʦʚʳʝ ʫʯʘʩʪʢʠ, ʢʘʪʝʛʦʨʠʠ ʣʝʩʦʚ ʠ ʩʝʣʴʭʦʟʫʛʦʜʠʡ) ʠ 
ʧʣʘʥʠʨʦʚʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʨʘʙʦʪʢʝ ʪʝʨʨʠʪʦʨʠʡ [3, ʩ. 8ï15]. ɺ ʨʷʜʝ 
ʩʫʙʲʝʢʪʦʚ ʈʌ ʫʞʝ ʩʦʟʜʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ ʥʘ 
ʙʘʟʝ ɻʀʉ: ʥʘʧʨʠʤʝʨ, ʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚʥʝʜʨʝʥʦ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ 
ʜʣʷ ʫʯʸʪʘ ʠ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʙʦʨʱʝʚʠʢʘ, ʚ ʢʦʪʦʨʦʤ ʩʚʳʰʝ 11 
000 ʟʘʨʘʞʸʥʥʳʭ ʫʯʘʩʪʢʦʚ ʝʞʝʛʦʜʥʦ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦʜʨʷʜʯʠʢʘʤʠ ʩ ʧʦʤʦʱʴʶ 
GPS-ʪʨʝʢʦʚ ʠ ʬʦʪʦʧʨʦʪʦʢʦʣʦʚ çʜʦè ʠ çʧʦʩʣʝè ʦʙʨʘʙʦʪʢʠ [10, ʩ. 16ï18]. 
ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʦʦʙʱʝʥʠʷ ʩʨʘʟʫ ʧʦʩʪʫʧʘʶʪ ʚ ʝʜʠʥʫʶ ʙʘʟʫ, ʯʪʦ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦ ʩʪʦʨʦʥʳ ʦʙʣʘʩʪʥʦʛʦ ʄʠʥʠʩʪʝʨʩʪʚʘ 
ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ [10, ʩ. 19ï20]. ʅʝʤʘʣʦʚʘʞʥʳʤ 
ʢʦʤʧʦʥʝʥʪʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʝʪʩʷ ʢʨʘʫʜʩʦʨʩʠʥʛ. 
ɼʦʙʨʦʚʦʣʴʮʳ ʧʨʦʝʢʪʘ çɸʥʪʠʙʦʨʱʝʚʠʢè ʦʪʤʝʯʘʶʪ ʥʘʡʜʝʥʥʳʝ ʟʘʨʦʩʣʠ, 
ʟʘʛʨʫʞʘʶʪ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʠ ʛʝʦʤʝʪʢʠ, ʘ 
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ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʦʙʫʯʝʥʥʦʡ ʥʝʡʨʦʩʝʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
ʬʠʣʴʪʨʫʶʪ ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʩʦʦʙʱʝʥʠʷ, ʫʩʢʦʨʷʷ ʦʪʙʦʨ ʜʦʩʪʦʚʝʨʥʳʭ 
ʜʘʥʥʳʭ [6, ʩ. 54ï60]. ʅʝʩʤʦʪʨʷ ʥʘ ʠʟʚʝʩʪʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ð ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ 
ʪʦʯʝʢ ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʚʝʜʝʥʠʡ ʦ ʧʣʦʱʘʜʠ ʦʯʘʛʦʚ ð ʪʘʢʠʝ ʠʥʠʮʠʘʪʠʚʳ 
ʧʦʚʳʰʘʶʪ ʦʩʚʝʜʦʤʣʸʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʠ ʩʦʟʜʘʶʪ ʜʚʫʩʪʦʨʦʥʥʠʡ ʢʘʥʘʣ ʩʚʷʟʠ 
ʤʝʞʜʫ ʛʨʘʞʜʘʥʘʤʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

ʂʣʶʯʝʚʳʤ ʫʩʣʦʚʠʝʤ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʙʦʨʱʝʚʠʢʘ 
ʩʪʘʥʦʚʠʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ 
ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ ʩʪʘʪʫʩ ʢʘʞʜʦʛʦ ʦʯʘʛʘ (ʦʙʥʘʨʫʞʝʥ; ʚ 
ʦʙʨʘʙʦʪʢʝ; ʪʨʝʙʫʝʪ ʧʦʚʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ), ʧʣʘʥʠʨʦʚʘʪʴ ʫʯʘʩʪʢʠ ʧʦ 
ʧʨʠʦʨʠʪʝʪʘʤ (ʥʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ, ʮʝʥʥʳʝ ʩʝʣʴʭʦʟʫʛʦʜʴʷ, ʨʝʢʨʝʘʮʠʦʥʥʳʝ 
ʟʦʥʳ) ʠ ʦʧʝʨʘʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʨʝʩʫʨʩʳ ʧʦʜʨʷʜʯʠʢʦʚ [3, ʩ. 12ï14; 10, ʩ. 21ï
22]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʩʪʨʘʪʝʛʠʷʤʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 
ʥʝʢʦʪʦʨʳʝ ʨʝʛʠʦʥʳ ʨʘʩʰʠʨʷʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ-ʨʝʰʝʥʠʡ ʜʣʷ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢ, ʚ ʊʫʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʘʥʦʥʩʠʨʦʚʘʥ ʩʪʘʨʪ ʚ 
2025 ʛ. ʝʜʠʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʝʨʚʠʩʘ, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʠʪ ʩʠʛʥʘʣʳ ʦʪ ʛʨʘʞʜʘʥ, 
ʨʝʟʫʣʴʪʘʪʳ ʩʧʫʪʥʠʢʦʚʦʛʦ ʠ ʙʝʩʧʠʣʦʪʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʦʟʚʦʣʠʪ 
ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʨʘʙʦʪʳ ʧʦ ʫʥʠʯʪʦʞʝʥʠʶ ʙʦʨʱʝʚʠʢʘ ʥʘ 
ʫʨʦʚʥʝ ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ [7, ʩ. 100ï102]. ɼʘʥʥʳʡ ʧʨʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 
ʧʝʨʝʭʦʜ ʦʪ ʨʘʟʨʦʟʥʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʩʧʦʩʦʙʥʦʡ ʟʘʤʢʥʫʪʴ ʚʝʩʴ ʮʠʢʣ ð ʦʪ ʦʙʥʘʨʫʞʝʥʠʷ 
ʟʘʨʦʩʣʝʡ ʜʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʭ ʣʠʢʚʠʜʘʮʠʠ ð ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 
ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ, 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʩʪʘʪʴʝ, ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 
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ʄʝʪʦʜ ʇʨʦʩʪʨʘʥʩʪʚʝ

ʥʥʳʡ ʦʭʚʘʪ 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʆʛʨʘʥʠʯʝʥʠʷ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʅʘʟʝʤʥʳʡ 

ʦʩʤʦʪʨ 

(ʪʨʘʜʠʮʠʦʥʥʳ

ʡ) 

ʃʦʢʘʣʴʥʳʡ 

(ʫʯʘʩʪʦʢ, 

ʨʘʡʦʥ) 

ɼʦʩʪʦʚʝʨʥʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʥʘʣʠʯʠʷ 

ʙʦʨʱʝʚʠʢʘ ʥʘ ʤʝʩʪʝ; 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʧʦ 

ʫʥʠʯʪʦʞʝʥʠʶ 

ʂʨʘʡʥʝ ʪʨʫʜʦʸʤʦʢ ʠ 

ʤʝʜʣʠʪʝʣʝʥ; ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʦʭʚʘʪʠʪʴ ʙʦʣʴʰʠʝ 

ʪʝʨʨʠʪʦʨʠʠ; ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ, 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʦʧʳʪʘ 

ʩʧʝʮʠʘʣʠʩʪʘ 

ʉʧʫʪʥʠʢʦʚʦʝ 

ʥʘʙʣʶʜʝʥʠʝ 

(ʩʨʝʜʥʝʝ 

ʨʘʟʨʝʰʝʥʠʝ, 

Sentinel-2 ʠ 

ʘʥʘʣʦʛʠ) 

ʄʘʩʰʪʘʙ 

ʨʝʛʠʦʥʘ 

(ʪʳʩʷʯʠ ʢʤĮ ʟʘ 

ʨʘʟ) 

ʆʭʚʘʪ ʦʙʰʠʨʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʟʘ ʢʦʨʦʪʢʦʝ 

ʚʨʝʤʷ; ʨʝʛʫʣʷʨʥʦʝ 

ʦʙʥʦʚʣʝʥʠʝ; ʥʠʟʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ; 

ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

(ʘʨʭʠʚ ʩʥʠʤʢʦʚ) 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʜʝʪʘʣʴʥʦʩʪʴ ï 

ʥʝ ʚʠʜʥʳ ʝʜʠʥʠʯʥʳʝ 

ʨʘʩʪʝʥʠʷ; ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʦʙʣʘʯʥʦʩʪʠ ʠ ʩʝʟʦʥʥʦʩʪʠ; 

ʪʨʝʙʫʝʪʩʷ ʥʘʩʪʨʦʡʢʘ 

ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 

ʚʦʟʤʦʞʥʳ ʦʰʠʙʢʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
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ɺʳʩʦʢʦʜʝʪʘʣʴ

ʥʘʷ 

ʘʵʨʦʬʦʪʦʩʲʸʤ

ʢʘ (ʩ 

ʙʝʩʧʠʣʦʪʥʠʢʘ 

ʠʣʠ ʩʧʫʪʥʠʢʘ 

ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ) 

ʃʦʢʘʣʴʥʳʡ ï 

ʚʳʙʦʨʦʯʥʳʝ 

ʟʦʥʳ (ʜʝʩʷʪʢʠ 

ï ʩʦʪʥʠ ʛʘ ʟʘ 

ʚʳʣʝʪ/ʩʥʠʤʦʢ) 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ 

ʜʝʪʘʣʴʥʦʩʪʴ 

ʢʘʨʪʠʨʦʚʘʥʠʷ; 

ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʙʦʣʴʰʠʭ 

ʠ ʝʜʠʥʠʯʥʳʭ ʦʯʘʛʦʚ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʲʸʤʢʠ 

ʮʝʣʝʚʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʧʣʦʱʘʜʴ 

ʧʦʢʨʳʪʠʷ ʦʜʥʠʤ ʘʧʧʘʨʘʪʦʤ; 

ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ 

ʪʨʫʜʦʸʤʢʦʩʪʴ; ʪʨʝʙʫʝʪʩʷ 

ʢʚʘʣʠʬʠʢʘʮʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʩʥʠʤʢʦʚ; ʚʣʠʷʥʠʝ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ  

ɹʇʃɸ ʩ 

ʢʦʤʧʴʶʪʝʨʥʳ

ʤ ʟʨʝʥʠʝʤ 

(ʀʀ) 

ʃʦʢʘʣʴʥʳʡ ï 

ʦʧʝʨʘʪʠʚʥʳʡ 

ʦʭʚʘʪ 

(ʜʝʩʷʪʢʠ ʛʘ ʟʘ 

ʚʳʣʝʪ) 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʦʙʥʘʨʫʞʝʥʠʝ ʙʦʨʱʝʚʠʢʘ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ; ʪʦʯʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ 

ʦʯʘʛʦʚ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʨʘʟʫ ʧʨʦʚʦʜʠʪʴ 

ʦʙʨʘʙʦʪʢʫ 

(ʦʧʨʳʩʢʠʚʘʥʠʝ); 

ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ 

ʧʝʨʩʦʥʘʣ 

ʅʝʙʦʣʴʰʘʷ ʟʦʥʘ ʜʝʡʩʪʚʠʷ ʟʘ 

ʦʜʠʥ ʧʦʣʸʪ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʧʘʨʢʝ ʜʨʦʥʦʚ ʜʣʷ ʙʦʣʴʰʠʭ 

ʧʣʦʱʘʜʝʡ; ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʩʦʙʣʶʜʝʥʠʶ ʫʩʣʦʚʠʡ ʧʦʣʸʪʘ 

(ʧʦʛʦʜʥʳʝ, ʨʘʟʨʝʰʠʪʝʣʴʥʘʷ 

ʜʦʢʫʤʝʥʪʘʮʠʷ); ʟʘʪʨʘʪʳ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʪʝʭʥʠʢʠ 

ʂʨʘʫʜʩʦʨʩʠʥʛ

ʦʚʳʝ ʜʘʥʥʳʝ 

(ʩʦʦʙʱʝʥʠʷ 

ʛʨʘʞʜʘʥ, 

ʚʦʣʦʥʪʸʨʦʚ) 

ʊʦʯʝʯʥʳʝ 

ʩʚʝʜʝʥʠʷ ʧʦ 

ʨʘʟʥʳʤ 

ʤʝʩʪʘʤ 

(ʥʝʧʦʣʥʳʡ 

ʦʭʚʘʪ 

ʪʝʨʨʠʪʦʨʠʠ) 

ʋʯʝʪ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ 

ʦʯʘʛʦʚ (ʪʘʤ, ʛʜʝ ʩʦʨʥʷʢ 

ʤʝʰʘʝʪ ʣʶʜʷʤ); 

ʧʨʠʚʣʝʯʝʥʠʝ 

ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʢ 

ʤʦʥʠʪʦʨʠʥʛʫ; 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ 

ʩʦʦʙʱʝʥʠʡ 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠ 

ʥʝʩʠʩʪʝʤʥʦʩʪʴ ʜʘʥʥʳʭ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʫʙʣʠʨʦʚʘʥʠʷ 

ʠʣʠ ʦʰʠʙʦʢ; ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʚʝʨʢʘ ʠ ʤʦʜʝʨʠʨʦʚʘʥʠʝ; 

ʦʪʩʫʪʩʪʚʠʝ ʩʚʝʜʝʥʠʡ ʦ 

ʩʪʝʧʝʥʠ ʧʦʢʨʳʪʠʷ ʪʝʨʨʠʪʦʨʠʠ 

ʤʝʞʜʫ ʦʪʤʝʯʝʥʥʳʤʠ ʦʯʘʛʘʤʠ 

ʎʠʬʨʦʚʳʝ 

ʧʣʘʪʬʦʨʤʳ ʠ 

ɻʀʉ 

(ʠʥʪʝʛʨʘʮʠʷ 

ʜʘʥʥʳʭ) 

ʈʝʛʠʦʥʘʣʴʥʳʡ/

ʤʫʥʠʮʠʧʘʣʴʥ

ʳʡ ʫʨʦʚʝʥʴ 

(ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚʩʝʭ ʜʘʥʥʳʭ) 

ʆʙʲʝʜʠʥʝʥʠʝ 

ʨʘʟʥʦʨʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʚ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ; 

ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʢʘʨʪ ʟʘʨʘʞʝʥʠʷ; 

ʠʥʩʪʨʫʤʝʥʪ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʠ ʢʦʥʪʨʦʣʷ; ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ 

ʧʨʦʮʝʩʩʘ 

ʂʘʯʝʩʪʚʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʥʦʪʳ 

ʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʦʜʜʝʨʞʢʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

(ʩʝʨʚʝʨʦʚ, ʇʆ); ʪʨʝʙʫʝʪʩʷ 

ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʨʘʙʦʪʝ ʩ 

ɻʀʉ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1, ʢʘʞʜʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʩʚʦʶ ʦʙʣʘʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʢʦʛʜʘ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʦʜʥʦʛʦ 

ʢʦʤʧʝʥʩʠʨʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʜʨʫʛʦʛʦ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʩʚʷʟʘʪʴ ʵʪʠ ʵʣʝʤʝʥʪʳ ʚʦʝʜʠʥʦ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʫʧʣʝʥʠʝ 

ʜʘʥʥʳʭ ʦʪ ʩʧʫʪʥʠʢʦʚ, ʜʨʦʥʦʚ, ʥʘʟʝʤʥʳʭ ʩʣʫʞʙ ʠ ʥʘʩʝʣʝʥʠʷ ʚ ʦʙʱʫʶ ʙʘʟʫ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʪʨʝʙʫʝʪ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 
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ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʧʦʩʦʙʥʳʭ ʚʳʚʝʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʠ ʙʦʨʴʙʫ ʩ 

ʜʘʥʥʳʤ ʠʥʚʘʟʠʚʥʳʤ ʚʠʜʦʤ ʥʘ ʥʦʚʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʤʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʢʨʫʧʥʳʝ 

ʦʯʘʛʠ ʙʦʨʱʝʚʠʢʘ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ ʥʘ ʤʘʩʰʪʘʙʘʭ ʮʝʣʦʛʦ ʨʝʛʠʦʥʘ, 

ʯʪʦ ʨʘʥʝʝ ʙʳʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʫʧʥʦ [1, ʩ. 49ï53; 9, ʩ. 35ï38]. ɸʣʛʦʨʠʪʤʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʨʘʙʘʪʳʚʘʶʪ ʩʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ ʠ 

ʚʳʜʝʣʷʶʪ ʟʘʨʘʞʸʥʥʳʝ ʫʯʘʩʪʢʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ [2, ʩ. 112ï

115; 8, ʩ. 710ï714]. ʇʘʨʘʣʣʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʥʦʤʥʳʭ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ ʚ ʨʘʙʦʪʝ ʩ ʪʦʢʩʠʯʥʳʤ ʩʦʨʥʷʢʦʤ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢ ʧʦʣʫʯʝʥʠʷ 

ʦʞʦʛʦʚ ʠ ʠʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʨʘʚʤ [5, ʩ. 23ï28; 7, ʩ. 101ï103]. 

ʀʥʪʝʛʨʘʮʠʷ ʨʘʟʥʦʪʠʧʥʳʭ ʜʘʥʥʳʭ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ 

ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʧʦʜʢʦʥʪʨʦʣʴʥʦʩʪʴ 

ʤʦʥʠʪʦʨʠʥʛʘ: ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʤʝʶʪ 

ʜʦʩʪʫʧ ʢ ʘʢʪʫʘʣʴʥʳʤ ʢʘʨʪʘʤ ʦʯʘʛʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʩʪʘʪʫʩʘ (çʦʙʥʘʨʫʞʝʥè, 

çʦʙʨʘʙʦʪʘʥè, çʪʨʝʙʫʝʪ ʢʦʥʪʨʦʣʷè) ʠ ʤʦʛʫʪ ʦʧʝʨʘʪʠʚʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʣʘʥ 

ʨʘʙʦʪ [3, ʩ. 8ï15; 10, ʩ. 16ï20]. ɹʦʣʝʝ ʪʦʛʦ, ʥʘʢʦʧʣʝʥʥʘʷ ʚ ɻʀʉ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʨʱʝʚʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʠʢʪʠʚʥʳʭ 

ʤʦʜʝʣʝʡ ʥʘ ʙʘʟʝ ʀʀ [8, ʩ. 712ï714; 9, ʩ. 40ï42]. 

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ 

ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʚʥʝʜʨʷʝʪʩʷ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʚʫʟʘʤʠ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʯʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚ 

ʀʊ-ʩʝʢʪʦʨʝ. ʇʦʜʜʝʨʞʢʘ ʠ ʪʠʨʘʞʠʨʦʚʘʥʠʝ ʧʝʨʝʜʦʚʦʛʦ ʦʧʳʪʘ ʤʝʞʜʫ 

ʨʝʛʠʦʥʘʤʠ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʬʝʜʝʨʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʠʥʚʘʟʠʚʥʳʭ ʚʠʜʦʚ ʧʦʟʚʦʣʷʪ ʦʙʝʩʧʝʯʠʪʴ ʝʜʠʥʳʡ ʩʪʘʥʜʘʨʪ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ 

ʙʦʨʱʝʚʠʢʫ ʉʦʩʥʦʚʩʢʦʛʦ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ [7, ʩ. 99ï108]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʦ ʩʝʙʷ ʢʘʢ ʜʝʡʩʪʚʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʘ. ʆʧʳʪ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʯʘʩʪʢʦʚ, ʧʦʨʘʞʸʥʥʳʭ 

ʙʦʨʱʝʚʠʢʦʤ ʉʦʩʥʦʚʩʢʦʛʦ, ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʳʠʛʨʳʰ ʚʦ 

ʚʨʝʤʝʥʠ, ʪʦʯʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʧʦʜʭʦʜʘʤʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï ʦʪ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʜʦ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ 

ʬʝʜʝʨʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠʥʚʘʟʠʚʥʳʭ ʚʠʜʦʚ ï ʧʦʟʚʦʣʠʪ ʥʘʜʝʞʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʶ ʠ ʩʦʭʨʘʥʷʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝ 

ʨʝʛʠʦʥʦʚ. ɹʦʨʱʝʚʠʢ ʉʦʩʥʦʚʩʢʦʛʦ, ʧʨʠ ʚʩʝʭ ʤʘʩʰʪʘʙʘʭ ʝʛʦ ʵʢʩʧʘʥʩʠʠ, 

ʩʪʘʥʦʚʠʪʩʷ çʚʠʜʠʤʳʤè ʠ ʧʦʜʢʦʥʪʨʦʣʴʥʳʤ ʦʙʲʝʢʪʦʤ, ʢʦʛʜʘ ʥʘ ʩʪʨʘʞʝ ʩʪʦʷʪ 

ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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Boobekov David Rustamovich, Masterôs Student, Plekhanov Russian University of Economics,Moscow, 
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ʄʠʭʠʝʥʢʦʚ ʂ.ʉ., ʐʘʤʨʠʥ ʄ.ɼ. 
ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠ ̫

 

ɸʨʭʠʪʝʢʪʫʨʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ 

ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʨʦʩʪʘ ʩʣʦʞʥʦʩʪʠ ʠ ʠʟʦʱʨʝʥʥʦʩʪʠ 

ʢʠʙʝʨʫʛʨʦʟ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʠʛʥʘʪʫʨʘʭ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʚʦʶ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʘʪʘʢ çʥʫʣʝʚʦʛʦ ʜʥʷè ʠ 

ʤʥʦʛʦʵʪʘʧʥʳʭ ʫʛʨʦʟ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʨʝʜʣʘʛʘʝʪ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ (ʄɸʉ) ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʩʥʦʚʘʥʘ 

ʥʘ ʧʨʠʥʮʠʧʘʭ ʤʦʜʫʣʴʥʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʘʛʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʵʪʘʧ ʢʦʥʚʝʡʝʨʘ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ: ʦʪ ʩʙʦʨʘ ʠ ʦʙʦʛʘʱʝʥʠʷ ʜʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ. ɺ ʷʜʨʦ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʠʨʦʚʘʥ ʘʛʝʥʪ ʘʥʘʣʠʟʘ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʘʚʪʦʵʥʢʦʜʝʨ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʩʝʪʠ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ. ɼʘʥʥʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ 

ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʙʢʫʶ ʠ ʨʘʩʰʠʨʷʝʤʫʶ ʦʩʥʦʚʫ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʦʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ, ʩʝʪʝʚʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʘʚʪʦʵʥʢʦʜʝʨ, ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 

 

Mikheenkov K.S., Shamrin M.D. 

Architecture of a distributed multi -agent system for intelligent 

analysis and anomaly detection in network traffic 
 

Abstract: With the constant increase in the complexity and sophistication of cyber 

threats, traditional signature-based protection methods are proving ineffective against 

zero-day attacks and multi-stage threats. This article offers a conceptual model 

(framework) of a distributed multi-agent system (MAC) for intelligent network traffic 

analysis and anomaly detection. The proposed architecture is based on the principles of 

modularity, scalability, and asynchronous interaction. The novelty of the approach lies 

in the original combination of functionally specialized agents, each of which performs a 

specific stage of the data processing pipeline: from collection and enrichment to 

intelligent analysis using neural network models. An analysis agent is integrated into the 

system core, which uses an autoencoder to detect deviations from the normal network 

behavior in near-real-time mode. This framework provides a flexible and extensible 

framework for creating adaptive next-generation cybersecurity systems. 

Keywords: multi-agent systems, anomaly detection, network security, machine 

learning, autoencoder, software architecture. 
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ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʡ ʮʠʬʨʦʚʦʡ ʣʘʥʜʰʘʬʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʨʦʩʪʦʤ ʦʙʲʝʤʦʚ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʩʣʦʞʥʝʥʠʝʤ ʚʝʢʪʦʨʘ ʢʠʙʝʨʫʛʨʦʟ. ɸʪʘʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ 

ʙʦʣʝʝ ʩʢʨʳʪʥʳʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʠ ʘʜʘʧʪʠʨʫʝʤʳʤʠ, ʯʪʦ ʜʝʣʘʝʪ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ (IDS), ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʧʦʠʩʢʝ ʠʟʚʝʩʪʥʳʭ ʩʠʛʥʘʪʫʨ, ʥʝʩʧʦʩʦʙʥʳʤʠ ʦʙʝʩʧʝʯʠʪʴ ʜʦʣʞʥʳʡ ʫʨʦʚʝʥʴ 

ʟʘʱʠʪʳ. ʆʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʪʘʢʠ çʥʫʣʝʚʦʛʦ ʜʥʷè ʠ 

ʩʣʦʞʥʳʝ ʫʩʪʦʡʯʠʚʳʝ ʫʛʨʦʟʳ (APT), ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʶʪʩʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʦʜʭʦʜʳ, ʩʧʦʩʦʙʥʳʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ 

ʠ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ [2, 3]. 

ɺ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʳʟʦʚ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ. ʄʥʦʛʦʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ 

(ʄɸʉ) ʧʨʝʜʣʘʛʘʶʪ ʧʘʨʘʜʠʛʤʫ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, 

ʛʜʝ ʘʚʪʦʥʦʤʥʳʝ ʘʛʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʙʱʝʡ ʮʝʣʠ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʠʜʝʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʨʦʜʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʛʠʙʢʠʝ, ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʠ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʝ ʨʝʰʝʥʠʷ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʵʪʫ ʦʙʣʘʩʪʴ, ʧʨʝʜʩʪʘʚʣʷʷ 

ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʩʪʘʪʴʠ ð ʦʧʠʩʘʪʴ 

ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʫʥʠʢʘʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʚʤʝʩʪʥʦ ʨʝʘʣʠʟʫʶʪ ʧʦʣʥʳʡ ʮʠʢʣ 

ʦʙʨʘʙʦʪʢʠ ʪʨʘʬʠʢʘ. ʄʳ ʫʪʚʝʨʞʜʘʝʤ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ (ʩʙʦʨ, ʦʙʦʛʘʱʝʥʠʝ, ʘʥʘʣʠʟ, ʭʨʘʥʝʥʠʝ) ʠ ʠʭ 

ʘʩʠʥʭʨʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʨʝʟ ʙʨʦʢʝʨʘ ʩʦʦʙʱʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʫʶ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ. ɼʣʷ ʢʦʥʪʝʢʩʪʫʘʣʠʟʘʮʠʠ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʪʨʠ ʢʣʶʯʝʚʳʝ ʦʙʣʘʩʪʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʪʨʘʜʠʮʠʦʥʥʳʝ IDS/IPS, ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝ ʄɸʉ ʚ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ [4]. 
 

ʊʘʙʣʠʮʘ 1. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ 

ʇʦʜʭʦʜ ʆʧʠʩʘʥʠʝ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʊʨʘʜʠʮʠʦʥʥʳʝ 

IDS/IPS 

ʆʩʥʦʚʘʥʳ ʥʘ 

ʩʠʛʥʘʪʫʨʥʦʤ ʠʣʠ 

ʧʨʘʚʠʣʘ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ 

ʘʥʘʣʠʟʝ. 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʨʠ 

ʠʟʚʝʩʪʥʳʭ ʘʪʘʢʘʭ. 

ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. 

ʅʝ ʦʙʥʘʨʫʞʠʚʘʶʪ 

ʥʦʚʳʝ, ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʝ ʘʪʘʢʠ. 

ML-NIDS (ʥʘ 

ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ) 

ʀʩʧʦʣʴʟʫʶʪ 

ʘʣʛʦʨʠʪʤʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

(ʥʘʧʨʠʤʝʨ, k-NN, 

ʕʬʬʝʢʪʠʚʥʳ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʠ 

ʥʝʠʟʚʝʩʪʥʳʭ ʫʛʨʦʟ. 

ʄʦʛʫʪ ʚʳʷʚʣʷʪʴ 

ʄʦʥʦʣʠʪʥʦʩʪʴ 

ʘʨʭʠʪʝʢʪʫʨʳ- 

ʉʣʦʞʥʦʩʪʠ ʩ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʠ 
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ʇʦʜʭʦʜ ʆʧʠʩʘʥʠʝ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

SVM, ʥʝʡʨʦʩʝʪʠ) ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʦʨʤʘʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʠ 

ʚʳʷʚʣʝʥʠʷ 

ʘʥʦʤʘʣʠʡ. 

ʩʣʦʞʥʳʝ ʘʥʦʤʘʣʠʠ. ʠʥʪʝʛʨʘʮʠʝʡ ʚ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ 

ʩʨʝʜʳ. 

ʄʥʦʛʦʘʛʝʥʪʥʳʝ 

ʩʠʩʪʝʤʳ ʚ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ 

(MAS) 

ʈʘʩʧʨʝʜʝʣʸʥʥʳʡ 

ʧʦʜʭʦʜ ʩ ʘʛʝʥʪʘʤʠ, 

ʢʦʦʨʜʠʥʠʨʫʶʱʠʤʠ 

ʤʦʥʠʪʦʨʠʥʛ, ʟʘʱʠʪʫ 

ʠ ʨʝʘʛʠʨʦʚʘʥʠʝ. 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ 

ʛʠʙʢʦʩʪʴ- ɺʦʟʤʦʞʥʦʩʪʴ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ 

ʨʝʘʛʠʨʦʚʘʥʠʷ- 

ʈʘʩʧʨʝʜʝʣʸʥʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ. 

ʅʝʜʦʩʪʘʪʦʯʥʦʝ 

ʚʥʠʤʘʥʠʝ ʢ 

ʩʦʚʨʝʤʝʥʥʳʤ DL-

ʤʝʪʦʜʘʤ- ʉʣʦʞʥʦʩʪʴ 

ʦʥʪʦʣʦʛʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʛʝʥʪʦʚ ʟʘʪʨʫʜʥʷʝʪ 

ʨʝʘʣʠʟʘʮʠʶ. 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʥʘʤʠ ʤʦʜʝʣʴ ʩʪʨʝʤʠʪʩʷ ʧʨʝʦʜʦʣʝʪʴ ʫʢʘʟʘʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʦʙʲʝʜʠʥʷʷ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʧʦʜʭʦʜʦʚ: ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʠ 

ʤʦʜʫʣʴʥʫʶ ʧʨʠʨʦʜʫ ʄɸʉ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ (ʚ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʵʥʢʦʜʝʨʦʚ), ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʳ 

ʜʣʷ ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʙʝʟ ʫʯʠʪʝʣʷ [5, 6]. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʝʜʣʘʛʘʝʤʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ, ʤʦʜʫʣʴʥʦʡ ʠ ʩʝʨʚʠʩʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ. ʆʥʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ. ɸʨʭʠʪʝʢʪʫʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʘʛʝʥʪʦʚ, ʙʨʦʢʝʨʘ ʩʦʦʙʱʝʥʠʡ ʜʣʷ ʠʭ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʙʘʟʳ ʟʥʘʥʠʡ ʜʣʷ ʧʝʨʩʠʩʪʝʥʪʥʦʛʦ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ. 

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


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 6̄. ʏʘʩʪʴ 1 www.paradigma.science 

 

29 

 

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ 

 

ʗʜʨʦʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʘʥʩʘʤʙʣʴ ʠʟ ʯʝʪʳʨʝʭ ʪʠʧʦʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʛʝʥʪʦʚ, ʯʴʷ ʢʦʤʙʠʥʘʮʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʥʦʚʠʟʥʫ ʧʨʝʜʣʘʛʘʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

CaptureAgent (ɸʛʝʥʪ ʉʙʦʨʘ) ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʩʝʥʩʦʨʘ ʩʠʩʪʝʤʳ. ɽʛʦ 

ʝʜʠʥʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ ð ʟʘʭʚʘʪ ʩʳʨʳʭ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ ʠʟ ʟʘʜʘʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ (ʩʝʪʝʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠʣʠ ʬʘʡʣʘ) ʠ ʠʭ ʧʝʨʚʠʯʥʘʷ ʧʫʙʣʠʢʘʮʠʷ ʚ 

ʩʠʩʪʝʤʫ ʙʝʟ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʦʝ ʚʳʥʝʩʝʥʠʝ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚ 

ʦʪʜʝʣʴʥʳʡ ʘʛʝʥʪ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʚʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ 

ʩʠʩʪʝʤʳ, ʜʦʙʘʚʣʷʷ ʥʦʚʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʦʚ 

ʩʝʪʠ. 

EnrichmentAgent (ɸʛʝʥʪ ʆʙʦʛʘʱʝʥʠʷ) ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʧʦʚʳʰʝʥʠʝ 

ʮʝʥʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʥ ʧʦʣʫʯʘʝʪ ʩʳʨʳʝ ʜʘʥʥʳʝ ʦʪ CaptureAgent ʠ 

ʦʙʦʛʘʱʘʝʪ ʠʭ ʢʦʥʪʝʢʩʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʪʘʢʦʡ ʢʘʢ ʛʝʦʣʦʢʘʮʠʦʥʥʳʝ 

ʜʘʥʥʳʝ (GeoIP), ʨʝʧʫʪʘʮʠʷ IP-ʘʜʨʝʩʦʚ, ʜʘʥʥʳʝ ʠʟ ʩʠʩʪʝʤ Threat Intelligence 

ʠ ʪ.ʜ. ʕʪʦʪ ʘʛʝʥʪ ʧʨʝʦʙʨʘʟʫʝʪ ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ ʜʘʥʥʳʝ ʚ ʠʥʬʦʨʤʘʮʠʶ ʩ 

ʙʦʛʘʪʳʤ ʢʦʥʪʝʢʩʪʦʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. 

AnalysisAgent (ɸʛʝʥʪ ɸʥʘʣʠʟʘ) ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʷʜʨʦʤ 

ʩʠʩʪʝʤʳ. ʕʪʦʪ ʘʛʝʥʪ ʧʨʠʤʝʥʷʝʪ ʢʘʢ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʧʨʘʚʠʣʘ 
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(ʥʘʧʨʠʤʝʨ, ʧʨʦʚʝʨʢʫ ʧʦ ʯʝʨʥʳʤ ʩʧʠʩʢʘʤ), ʪʘʢ ʠ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ. ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʵʥʢʦʜʝʨʘ, ʦʙʫʯʝʥʥʦʛʦ ʥʘ çʥʦʨʤʘʣʴʥʦʤè ʪʨʘʬʠʢʝ. 

ɺʳʩʦʢʘʷ ʦʰʠʙʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʜʘʥʥʳʭ 

ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦʙ ʘʥʦʤʘʣʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʵʥʢʦʜʝʨʘ ʧʦʟʚʦʣʷʝʪ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʫʛʨʦʟʳ. ɸʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʵʢʟʝʤʧʣʷʨʦʚ AnalysisAgent, ʚʦʟʤʦʞʥʦ, ʩ ʨʘʟʥʳʤʠ ʤʦʜʝʣʷʤʠ ʠʣʠ 

ʧʨʘʚʠʣʘʤʠ, ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠ ʨʘʟʥʦʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ. 

StorageAgent (ɸʛʝʥʪ ʍʨʘʥʝʥʠʷ) ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʩʠʩʪʝʤʥʦʛʦ 

ʘʨʭʠʚʘʨʠʫʩʘ. ʆʥ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʥʘ ʧʦʪʦʢʠ ʜʘʥʥʳʭ ʦʪ ʚʩʝʭ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ 

(ʩʳʨʳʝ, ʦʙʦʛʘʱʝʥʥʳʝ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ) ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʥʘʜʝʞʥʦʝ 

ʩʦʭʨʘʥʝʥʠʝ ʚ ʙʘʟʝ ʟʥʘʥʠʡ. ʕʪʦ ʨʘʟʜʝʣʝʥʠʝ ʣʦʛʠʢʠ ʭʨʘʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ, ʚʦ-

ʧʝʨʚʳʭ, ʨʘʟʛʨʫʟʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʦʪ ʟʘʜʘʯ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʘ ʚʦ-

ʚʪʦʨʳʭ, ʩʦʟʜʘʪʴ ʝʜʠʥʳʡ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʨʝʧʦʟʠʪʦʨʠʡ ʜʘʥʥʳʭ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʫʜʠʪʘ, ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʠʥʮʠʜʝʥʪʦʚ ʠ, ʯʪʦ ʚʘʞʥʦ, 

ʧʝʨʝʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ. 

ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʜʘʥʥʳʭ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʛʝʥʪʦʚ ʥʘʛʣʷʜʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
 

ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʘ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʛʝʥʪʦʚ. 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ ʧʦʩʪʨʦʝʥʦ ʥʘ ʦʩʥʦʚʝ ʘʩʠʥʭʨʦʥʥʦʡ 

ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʯʝʨʝʟ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʙʨʦʢʝʨʘ (ʥʘʧʨʠʤʝʨ, 

RabbitMQ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʣʥʦʩʪʴʶ ʨʘʟʜʝʣʷʝʪ (decouples) ʘʛʝʥʪʦʚ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ɸʛʝʥʪʳ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʫʙʣʠʢʫʶʪ ʩʦʦʙʱʝʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʦʯʝʨʝʜʠ, ʘ ʘʛʝʥʪʳ-ʧʦʪʨʝʙʠʪʝʣʠ ʧʦʜʧʠʩʳʚʘʶʪʩʷ ʥʘ ʥʠʭ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɹʘʟʘ ʟʥʘʥʠʡ (ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʨʝʣʷʮʠʦʥʥʦʡ ʉʋɹɼ ʪʠʧʘ 

PostgreSQL) ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʩʝʭ ʘʨʪʝʬʘʢʪʦʚ ʩʠʩʪʝʤʳ: ʦʪ 

ʩʳʨʳʭ ʣʦʛʦʚ ʜʦ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʫʶ 

ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʴ ʜʘʥʥʳʭ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ. 

ʉʧʝʮʠʘʣʠʟʘʮʠʷ ʘʛʝʥʪʦʚ ʠ ʯʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠʭ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (separation 

of concerns) ʫʧʨʦʱʘʶʪ ʨʘʟʨʘʙʦʪʢʫ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ ʢʘʞʜʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ɸʩʠʥʭʨʦʥʥʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʩʝʪʝʚʳʭ ʜʘʥʥʳʭ. 

ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ, 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʝʢʪʦʨʦʚ ʜʣʷ ʝʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ 

ʨʘʩʰʠʨʝʥʠʷ: 

ʈʘʟʚʠʪʠʝ ʢʦʥʮʝʧʮʠʠ ʘʥʩʘʤʙʣʷ: ɺʤʝʩʪʦ ʦʜʥʦʛʦ ʤʦʥʦʣʠʪʥʦʛʦ 

AnalysisAgent ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʩʘʤʙʣʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʣʝʛʢʦʚʝʩʥʳʭ ʘʛʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʶ ʤʦʜʝʣʴ 

(ʥʘʧʨʠʤʝʨ, ʦʙʫʯʝʥʥʫʶ ʥʘ ʨʘʟʥʳʭ ʪʠʧʘʭ ʪʨʘʬʠʢʘ), ʯʪʦ ʧʦʚʳʩʠʪ ʪʦʯʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʜʝʪʝʢʮʠʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ: ɺʥʝʜʨʝʥʠʝ ʚʳʜʝʣʝʥʥʦʛʦ 

LearningAgent, ʢʦʪʦʨʳʡ ʙʳ ʦʪʩʣʝʞʠʚʘʣ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʝʡ ʚ 

AnalysisAgent ʠ ʠʥʠʮʠʠʨʦʚʘʣ ʠʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʜʦʦʙʫʯʝʥʠʝ ʠʣʠ 

ʧʝʨʝʦʙʫʯʝʥʠʝ ʥʘ ʥʦʚʳʭ ʜʘʥʥʳʭ ʠʟ ʙʘʟʳ ʟʥʘʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʠʩʪʝʤʝ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʝʤʫʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʩʝʪʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʘʛʝʥʪʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʦʪʯʝʪʥʦʩʪʠ: ʉʦʟʜʘʥʠʝ 

ReportingAgent, ʢʦʪʦʨʳʡ ʙʳ ʘʛʨʝʛʠʨʦʚʘʣ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʣ ʠʭ ʯʝʨʝʟ API ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʧʦʟʚʦʣʷʷ 

ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʛʣʷʜʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʝʪʠ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʮʠʜʝʥʪʳ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ 

ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ. ʂʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʠ 

ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʥʝʨʛʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʛʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʨʝʰʘʝʪ 

ʫʟʢʫʶ ʟʘʜʘʯʫ ʚ ʦʙʱʝʤ ʢʦʥʚʝʡʝʨʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ [7]. ʀʥʪʝʛʨʘʮʠʷ 

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʘʚʪʦʵʥʢʦʜʝʨʘ) ʚ ʘʛʝʥʪʘ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʫʛʨʦʟʳ . ʇʨʝʜʣʦʞʝʥʥʘʷ 

ʤʦʜʫʣʴʥʘʷ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʣʫʞʠʪ ʧʨʦʯʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ 
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ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʧʦʩʦʙʥʳʭ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʚʳʟʦʚʘʤ. 
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ʌʠʨʩʪʦʚʘ ʄ.ʇ. 
ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ 

 

ɺʳʟʦʚʳ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʧʨʝʧʦʜʘʚʘʥʠʠ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʧʨʝʧʦʜʘʚʘʥʠʝ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʡ ʚʳʟʦʚʳ. 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ-ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʜʠʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʚʳʟʦʚʘʤ ʠ ʚʦʟʤʦʞʥʳʤ ʤʝʪʦʜʘʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʤʝʪʦʜʦʣʦʛʠʷ, ʧʨʝʧʦʜʘʚʘʥʠʝ, 

ʣʠʥʛʚʠʩʪʠʢʘ.  

Firstova M.P. 

Challenges in the field of artificial intelligence development in 

foreign language teaching 
 

Abstract:  The article observes the integration of artificial intelligence into foreign 

language teaching, as well as related challenges. The advantages and disadvantages of 

using AI technologies and dialog systems in the learning process are analyzed, as well 

as the state and advantages of digitalization in teaching foreign languages. Special 

attention is paid to the challenges and possible methods of increasing the effectiveness 

of integrating such systems into the educational process. 

Keywords: artificial intelligence, methodology, teaching, linguistics. 

 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʨʘʥʝʝ ʟʘʯʘʩʪʫʶ ʩʚʷʟʳʚʘʣʠ ʣʠʰʴ ʩ 

ʢʦʤʧʴʶʪʝʨʘʤʠ, ʦʜʥʘʢʦ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʷʭ ʦʥ ʥʘʯʠʥʘʝʪ ʦʭʚʘʪʳʚʘʪʴ 

ʚʩʸ ʙʦʣʴʰʝ ʩʬʝʨ ʠ ʫʩʪʨʦʡʩʪʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʘʤʦ ʦʧʨʝʜʝʣʝʥʠʝ ʀʀ 

ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʦ ʦʪ ʧʝʨʚʦʛʦ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ɼʞʦʥʦʤ ʄʘʢʢʘʨʪʠ ʝʱʸ 

ʚ 1956 ʛʦʜʫ ʥʘ ʩʝʤʠʥʘʨʝ ʚ ɼʘʨʪʤʫʪʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ: ç[ʀʀ] éʕʪʦ ʥʘʫʢʘ 

ʠ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʘʰʠʥ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ é 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ.è [5], ʜʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʫʢʘʟʝ ʇʨʝʟʠʜʝʥʪʘ ʈʌ 

çʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ, AI) ï ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʤʠʪʠʨʦʚʘʪʴ ʢʦʛʥʠʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʯʝʣʦʚʝʢʘ 

(ʚʢʣʶʯʘʷ ʩʘʤʦʦʙʫʯʝʥʠʝ ʠ ʧʦʠʩʢ ʨʝʰʝʥʠʡ ʙʝʟ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ) 

ʠ ʧʦʣʫʯʘʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʧʦʩʪʘʚʠʤʳʝ, 

ʢʘʢ ʤʠʥʠʤʫʤ, ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ.è 

[1, ʩ.4], ʘ ʪʘʢʞʝ ʦʜʥʦ ʠʟ ʥʦʚʝʡʰʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ɽʚʨʦʧʝʡʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ (EASAC): "[ʀʀ ï ʵʪʦ]éʥʘʫʢʘ ʦ ʨʘʟʨʘʙʦʪʢʝ 

ʤʘʰʠʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ ʪʘʢ ʞʝ, ʢʘʢ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʤʦʟʛ". [7] ɼʘʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ 
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ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʢ ʦʙʫʯʝʥʠʶ, ʘʜʘʧʪʘʮʠʠ ʠ ʨʝʰʝʥʠʶ ʩʣʦʞʥʳʭ 

ʟʘʜʘʯ, ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʤʦʟʛ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʧʦʜʘʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʜʝʚʠʘʥʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʫʯʘʱʠʭʩʷ 

ʚʣʠʷʝʪ ʥʘ ʩʣʦʞʥʦʩʪʴ ʩʨʝʜʳ ʦʙʫʯʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʩʪʨʝʤʷʪʩʷ ʩʦʟʜʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʦʩʥʦʚʳ ʜʣʷ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ 

ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʩʨʝʜʳ ʦʙʫʯʝʥʠʷ. ɸʜʘʧʪʠʚʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʘ ʬʦʨʤʠʨʫʝʪ ʠ ʢʦʨʨʝʢʪʠʨʫʝʪ ʦʙʫʯʝʥʠʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʟʥʘʥʠʷʤʠ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʫʯʘʱʝʛʦʩʷ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʠʩʴʤʘ, ʧʦʢʘʟʘʣʠ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʭʦʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʦʙʫʯʝʥʠʝ, 

ʧʦʟʚʦʣʷʷ ʫʯʘʱʠʤʩʷ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ. ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʠʛʨʘʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʫʶ ʨʦʣʴ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʚʳʙʦʨʝ ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʪʠʣʝʡ ʦʙʫʯʝʥʠʷ.  

ɹʦʣʝʝ ʪʦʛʦ, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʫʯʘʱʠʤʩʷ ʫʚʠʜʝʪʴ ʤʠʨ ʠ 

ʨʘʩʰʠʨʠʪʴ ʩʚʦʡ ʢʨʫʛʦʟʦʨ, ʥʝ ʚʳʭʦʜʷ ʠʟ ʜʦʤʘ, ʘ ʙʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʘʤ 

ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʩʚʷʟʠ ʣʝʛʢʦ ʚʩʪʨʝʪʠʪʴʩʷ ʣʠʮʦʤ ʢ ʣʠʮʫ ʩ ʵʢʩʧʝʨʪʦʤ ʧʦ 

ʧʨʝʜʤʝʪʫ, ʛʜʝ ʙʳ ʪʦʪ ʥʠ ʥʘʭʦʜʠʣʩʷ, ʚʝʜʴ ʤʦʞʥʦ ʣʝʛʢʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʶ ʠʟ ʜʨʫʛʦʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ. ʆʥʣʘʡʥ-ʦʧʨʦʩʳ ʠ 

ʜʨʫʛʠʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʚʣʝʢʘʶʪ ʚʩʝʭ ʫʯʘʱʠʭʩʷ, ʨʦʙʢʠʭ ʜʝʪʝʡ, 

ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʥʝ ʧʦʜʥʠʤʘʶʪ ʨʫʢʠ ʥʘ ʫʨʦʢʘʭ. ʀʥʩʪʨʫʤʝʥʪʳ ʦʥʣʘʡʥ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʟʚʦʣʷʶʪ ʨʝʛʫʣʷʨʥʦ ʦʙʱʘʪʴʩʷ ʩ ʫʯʘʱʠʤʠʩʷ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʟʘʜʘʥʠʷʭ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʪʫʜʝʥʪʘʭ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʫ ʩʪʫʜʝʥʪʦʚ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʪʨʫʜʥʦʩʪʠ. ʉʠʩʪʝʤʳ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʮʠʬʨʦʚʦʛʦ ʛʨʘʞʜʘʥʩʪʚʘ ʚ 

ʢʣʘʩʩʝ, ʧʦʟʚʦʣʷʷ ʩʪʫʜʝʥʪʘʤ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʟʘʥʷʪʠʷʭ ʠ ʧʦʣʫʯʘʪʴ ʟʘ ʵʪʦ 

ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ. ʐʢʦʣʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʥʘʰʠʭ ʩʦʦʙʱʝʩʪʚ, ʠ 

ʠʭ ʟʘʢʨʳʪʠʝ ʠʤʝʝʪ ʜʘʣʝʢʦ ʠʜʫʱʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʠʷ ʤʥʦʛʠʭ ʩʝʤʝʡ ʠ ʜʝʪʝʡ. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʣʝʛʢʦ 

ʩʧʨʘʚʠʪʴʩʷ ʩ ʵʪʦʡ ʟʘʜʘʯʝʡ. ʆʥʣʘʡʥ-ʦʙʫʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʫʯʠʪʴʩʷ 

ʚ ʫʜʦʙʥʦʤ ʜʣʷ ʥʠʭ ʪʝʤʧʝ, ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʪʴ ʠ ʧʝʨʝʤʘʪʳʚʘʪʴ ʚʠʜʝʦ, ʘ ʪʘʢʞʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʟʫʯʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʢʫʨʩʘ.  

ʎʠʬʨʦʚʠʟʘʮʠʷ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʥʦ ʝʱʸ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʟʘ ʩʯʸʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʙʦʨʘ 

ʜʘʥʥʳʭ. ʊʘʢʞʝ ʤʥʦʛʠʝ ʧʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʘʪ-ʙʦʪʦʚ ʥʘ 

ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʫʯʘʱʠʭʩʷ, ʤʦʪʠʚʘʮʠʶ ʠ ʧʦʚʳʰʝʥʠʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ 

ʦʪʜʝʣʴʥʳʤ ʚʠʜʘʤʠ ʷʟʳʢʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [3; 6]. 
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ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʜʠʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʩʪʨʝʯʘʝʪʩʷ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ 

ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ ʤʦʞʝʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʦʙʣʝʤʘʤʠ: 

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ: ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ ʀʀ 

ʚʩʝ ʝʱʝ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʧʦʥʠʤʘʥʠʠ ʩʣʦʞʥʳʭ ʢʦʥʪʝʢʩʪʦʚ ʠ ʥʶʘʥʩʦʚ 

ʷʟʳʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʨʘʤʤʘʪʠʢʠ, ʩʣʦʚʘʨʥʦʛʦ ʟʘʧʘʩʘ ʠ 

ʢʫʣʴʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʥʝʚʝʨʥʦʤ ʢʦʥʪʝʢʩʪʝ ʠ ʩʦʚʝʨʰʝʥʠʶ ʦʰʠʙʦʢ 

ʧʨʠ ʢʦʤʤʫʥʠʢʘʮʠʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʥʝʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʷʚʣʷʪʴ ʵʤʧʘʪʠʶ ʤʦʞʝʪ ʟʘʪʨʫʜʥʠʪʴ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʫʯʝʥʠʢʦʤ 

ʠ ʩʠʩʪʝʤʦʡ. 

ʇʨʦʙʣʝʤʳ ʩ ʤʦʪʠʚʘʮʠʝʡ: ʀʀ ʥʝ ʚʩʝʛʜʘ ʩʧʦʩʦʙʝʥ ʧʨʝʜʣʦʞʠʪʴ ʪʘʢʠʝ 

ʩʪʠʤʫʣʳ, ʢʘʢ ʧʦʭʚʘʣʘ ʠʣʠ ʧʦʦʱʨʝʥʠʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ-ʣʶʜʴʤʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʤʦʪʠʚʘʮʠʠ ʫʯʘʱʠʭʩʷ. 

ʕʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʜʥʠʤʘʝʪ 

ʚʦʧʨʦʩʳ ʦ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʜʦʩʪʫʧʘ ʢ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ. 

ɽʱʸ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ɼʝʣʦʥʝ ʠ ʄʘʢʣʠʥ 

ʧʨʝʜʣʦʞʠʣʠ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʚʢʣʶʯʘʶʱʫʶ ʰʝʩʪʴ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ [4]:  

1) ʢʘʯʝʩʪʚʦ ʩʠʩʪʝʤʳ,  

2) ʢʘʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ,  

3) ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ,  

4) ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ,  

5) ʫʨʦʚʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ,  

6) ʯʠʩʪʳʝ ʚʳʛʦʜʳ (ʦʙʲʝʜʠʥʷʶʱʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ).  

ɺ ʦʙʥʦʚʣʝʥʥʦʡ ʚʝʨʩʠʠ ʤʦʜʝʣʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʚʳʝ ʪʨʠ ʬʘʢʪʦʨʘ 

ʢʘʯʝʩʪʚʘ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʯʘʩʪʦʪʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ [3], ʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʝʯʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ (ʯʠʩʪʳʝ ʚʳʛʦʜʳ). ɺ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʀʀ-

ʨʝʰʝʥʠʡ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʯʝʤ ʣʫʯʰʝ ʪʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ, 

ʩʦʜʝʨʞʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ ʩʠʩʪʝʤʳ, ʪʝʤ ʚʳʰʝ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ. ʈʘʩʩʤʦʪʨʠʤ ʜʘʥʥʳʝ ʚʳʟʦʚʳ ʠ 

ʚʦʟʤʦʞʥʳʝ ʤʝʪʦʜʳ ʫʣʫʯʰʝʥʠʷ ʩʠʩʪʝʤ: 

1. ɺʳʟʦʚ: ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʩʠʩʪʝʤʳ. ʂ ʧʨʦʙʣʝʤʘʤ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʪʝʭʥʠʯʝʩʢʠʝ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʧʣʘʪʬʦʨʤ (ʦʰʠʙʢʠ ʚ ʨʘʙʦʪʝ 

ʯʘʪ-ʙʦʪʦʚ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʯʠ), ʥʝʘʜʘʧʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʩʣʦʞʥʳʡ ʜʣʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʫʯʘʱʠʭʩʷ. 
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ʄʝʪʦʜ ʨʝʰʝʥʠʷ: ʪʝʩʪʠʨʦʚʘʥʠʝ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʨʝʘʣʴʥʳʭ 

ʫʯʝʙʥʳʭ ʩʮʝʥʘʨʠʷʭ ʜʦ ʚʥʝʜʨʝʥʠʷ; ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʫʠʪʠʚʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʩ 

ʫʯʝʪʦʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʝʜʘʛʦʛʦʚ (ʥʘʧʨʠʤʝʨ, ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʛʨʝʩʩʘ ʩʪʫʜʝʥʪʦʚ). 

2. ɺʳʟʦʚ: ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʘʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ: ʦʰʠʙʢʠ ʚ ʛʝʥʝʨʘʮʠʠ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʥʝʢʦʨʨʝʢʪʥʳʝ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʦʙʲʷʩʥʝʥʠʷ), ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʷʟʳʢʦʚʳʭ 

ʤʦʜʝʣʝʡ (ʘʢʮʝʥʪʳ, ʜʠʘʣʝʢʪʳ, ʢʫʣʴʪʫʨʥʳʡ ʢʦʥʪʝʢʩʪ). 

ʄʝʪʦʜ ʨʝʰʝʥʠʷ: ʠʥʪʝʛʨʘʮʠʷ ʵʢʩʧʝʨʪʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ 

ʚ ʀʀ (ʥʘʧʨʠʤʝʨ, ʢʦʨʧʫʩʦʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʝʯʠ), ʨʝʛʫʣʷʨʥʦʝ ʦʙʥʦʚʣʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. 

3. ɺʳʟʦʚ: ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɺʦʟʤʦʞʥʳʝ ʪʨʫʜʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ, ʵʪʦ: ʦʪʩʫʪʩʪʚʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʜʦʣʛʠʡ ʩʨʦʢ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ, ʧʣʦʭʘʷ ʨʘʙʦʪʘ 

ʧʦʜʜʝʨʞʢʠ ʩʠʩʪʝʤʳ. 

ʄʝʪʦʜ ʨʝʰʝʥʠʷ: ʩʦʟʜʘʥʠʝ ʩʣʫʞʙʳ ʧʦʜʜʝʨʞʢʠ ʩ ʤʝʪʦʜʠʩʪʘʤʠ ʠ IT-

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠ/ʠʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʦʰʠʙʦʢ (ʢʥʦʧʢʘ 

"Report an error" ʚ ʫʧʨʘʞʥʝʥʠʷʭ). 

4. ʂ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʚʳʟʦʚʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʛʨʘʥʠʯʝʥʥʳʝ "ʯʠʩʪʳʝ 

ʚʳʛʦʜʳ", ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ: ʥʝʦʯʝʚʠʜʥʦʩʪʴʶ ʧʨʦʛʨʝʩʩʘ ʚ 

ʦʙʫʯʝʥʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʀʀ, ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʚʥʝʜʨʝʥʠʷ ʧʨʠ 

ʥʠʟʢʦʡ ʦʪʜʘʯʝ. 

ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ: ʚʥʝʜʨʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʜʣʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʩʧʝʚʘʝʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʠʣʦʪʥʳʝ ʧʨʦʝʢʪʳ ʩ 

ʠʟʤʝʨʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ (ʩʨʘʚʥʝʥʠʝ ʛʨʫʧʧ ʩ ʀʀ ʠ 

ʙʝʟ). 

ʉʦʟʜʘʥʠʝ ʘʜʘʧʪʠʚʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, 

ʢʦʨʨʝʢʪʥʦʛʦ ʜʠʜʘʢʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʩʦʟʜʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʤʦʛʫʪ ʩʪʘʪʴ ʦʜʥʠʤʠ ʠʟ ʨʝʰʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʫʩʪʨʘʥʝʥʠʷ ʩʣʦʞʥʦʩʪʝʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʀʀ ʥʘ ʟʘʥʷʪʠʷʭ. [2, 

ʩ.22-23] 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʧʨʦʙʣʝʤʳ, ʀʀ ʤʦʞʝʪ ʩʪʘʪʴ ʮʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ 

ʧʨʝʧʦʜʘʚʘʥʠʠ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʫʯʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʦʡ ʞʠʚʳʭ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʥʦʚʘʥʳ ʥʘ ʪʝʦʨʠʷʭ 

ʦʙʫʯʝʥʠʷ, ʯʪʦʙʳ ʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʡ, ʜʦʩʪʫʧʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʀʀ ʤʦʛ 

ʩʪʘʪʴ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ ʫʯʘʱʠʭʩʷ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ʆ ʨʘʟʚʠʪʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ: ʫʢʘʟ ʇʨʝʟʠʜʝʥʪʘ 

ʈʌ "ʆ ʨʘʟʚʠʪʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ" ʦʪ 10 ʦʢʪʷʙʨʷ 

2019 ˉ 490 // ʆʬʠʮʠʘʣʴʥʦʝ ʦʧʫʙʣʠʢʦʚʘʥʠʝ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ. -2019 

http://publication.pravo.gov.ru/Document/View/0001201910110003?ysclid=lvi1lxr9y724023

8526&index=4 [ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 24.04.2024].  
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ʋɼʂ 004.85 

ɹʨʘʡʣʦʚʩʢʠʡ ɸ.ɺ. 
ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ OPEN-SOURCE ʧʨʦʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʧʣʘʪʬʦʨʤʳ GITHUB 

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʨʝʢʨʘʱʝʥʠʝ ʘʢʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ open-

source ʧʨʦʝʢʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʙʨʘʥʥʦʤ ʥʘʙʦʨʝ 

ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʝʤ ʝʞʝʥʝʜʝʣʴʥʳʝ ʤʝʪʨʠʢʠ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʪʦʧ-1000 ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʟʚʸʟʜ ʨʝʧʦʟʠʪʦʨʠʝʚ GitHub ʟʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ. ʈʘʟʨʘʙʦʪʘʥʘ ʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʝʢʨʘʱʝʥʠʷ ʧʦʜʜʝʨʞʢʠ ʧʨʦʝʢʪʘ ʚ 

ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ (26 ʥʝʜʝʣʴ). ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʦʜʝʣʝʡ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʥʩʘʤʙʣʝʚʳʭ ʤʝʪʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ, ʜʦʩʪʠʛʰʝʛʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ (ROC-AUC 0.91) ʠ ʢʦʣʠʯʝʩʪʚʦʤ 

ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. ʉ ʧʦʤʦʱʴʶ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʪʦʛʦʚʦʡ 

ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʬʘʢʪʦʨʳ ʨʠʩʢʘ, ʢʣʶʯʝʚʳʤʠ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʧʘʜʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʤʤʠʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʘ 

ʧʦʩʣʝʜʥʝʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Open-source, GitHub, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, 

ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʦʝʢʪʘ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʇʆ, SHAP, 

LightGBM, Random Forest. 

 
Brailovskii A.V. 

Analysis of stability factors and lifecycle prediction of OPEN-

SOURCE projects based on GITHUB platform data 
Abstract:  The article presents the results of an analytical study on the factors 

influencing the stability and cessation of active support for open-source projects. The 

study is based on a self-collected dataset containing weekly activity metrics for the top-

1000 GitHub repositories by star count over a long period. A methodology for 

predicting the cessation of project support in the short term (26 weeks) was developed 

and tested. A comparison of machine learning models showed the high predictive power 

of ensemble methods, particularly gradient boosting, which achieved an optimal balance 

between accuracy (ROC-AUC 0.91) and the number of false positives. Through 

interpretation of the final model, the most significant risk factors were identified, the 

key ones being a decline in commit intensity and an increase in the time since the last 

activity. 

Keywords: Open-source, GitHub, machine learning, forecasting, time series analysis, 

project lifecycle, software stability, SHAP, LightGBM, Random Forest. 

 

ɺʚʝʜʝʥʠʝ 

ʕʢʦʩʠʩʪʝʤʘ ʧʨʦʝʢʪʦʚ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ (open-source) 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʜʚʠʞʫʱʠʭ ʩʠʣ ʩʦʚʨʝʤʝʥʥʦʡ IT-ʠʥʜʫʩʪʨʠʠ. ʆʜʥʘʢʦ ʝʸ 
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ʩʪʘʙʠʣʴʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʦʪʜʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. ʇʨʝʢʨʘʱʝʥʠʝ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʨʥʦʛʦ open-source 

ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʩʝʨʴʸʟʥʳʝ ʨʠʩʢʠ ʜʣʷ ʤʥʦʞʝʩʪʚʘ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʘ ʥʝʛʦ ʧʦʣʘʛʘʶʪʩʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʦʥʠʤʘʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ çʟʜʦʨʦʚʴʝè ʠ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ 

ʥʘʫʯʥʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʷʚʣʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʝʪʨʠʢʘʤʠ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʘ ʥʘ ʧʣʘʪʬʦʨʤʝ 

GitHub ʠ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʝʢʨʘʱʝʥʠʷ ʝʛʦ ʘʢʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ. ʎʝʣʴʶ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʩʧʦʩʦʙʥʦʡ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʙʫʜʝʪ ʣʠ ʧʨʦʝʢʪ 

ʟʘʙʨʦʰʝʥ ʚ ʙʣʠʞʘʡʰʠʝ ʧʦʣʛʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ GitHub Projects Activity Dataset, ʩʦʙʨʘʥʥʳʡ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩ ʧʦʤʦʱʴʶ GitHub API ʠ ʩʦʜʝʨʞʘʱʠʡ ʝʞʝʥʝʜʝʣʴʥʳʝ 

ʤʝʪʨʠʢʠ ʘʢʪʠʚʥʦʩʪʠ (ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʤʠʪʦʚ, ʯʠʩʣʦ ʫʯʘʩʪʥʠʢʦʚ, ʩʦʩʪʦʷʥʠʝ 

ʟʘʜʘʯ ʠ ʜʨʫʛʠʝ) ʜʣʷ 1000 ʧʦʧʫʣʷʨʥʳʭ ʨʝʧʦʟʠʪʦʨʠʝʚ. 

ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ 

ʆʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʩʣʫʞʠʣ ʥʘʙʦʨ 

ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʡ ʝʞʝʥʝʜʝʣʴʥʳʝ ʤʝʪʨʠʢʠ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ 1000 

ʨʝʧʦʟʠʪʦʨʠʝʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʢʨʳʪʠʷ ʧʨʦʝʢʪʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 369 ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʘ 

ʤʦʤʝʥʪ ʘʥʘʣʠʟʘ ʧʨʝʢʨʘʪʠʣʠ ʘʢʪʠʚʥʫʶ ʧʦʜʜʝʨʞʢʫ (ʦʪʩʫʪʩʪʚʠʝ ʢʦʤʤʠʪʦʚ 

ʙʦʣʝʝ ʜʚʫʭ ʤʝʩʷʮʝʚ). ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʜʝʣʴ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʛʣʘ 

ʵʬʬʝʢʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ 

ʧʨʝʜʦʙʨʘʙʦʪʘʥʳ ʠ ʜʦʧʦʣʥʝʥʳ ʥʝʢʦʪʦʨʳʤʠ ʥʦʚʳʤʠ, ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʧʨʠʟʥʘʢʘʤʠ [7]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʨʠʟʥʘʢʦʚ 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʩʪʘʣʘ ʬʦʨʤʘʣʠʟʘʮʠʷ ʟʘʜʘʯʠ. ɼʣʷ ʢʘʞʜʦʡ ʥʝʜʝʣʴʥʦʡ 

ʟʘʧʠʩʠ ʚ ʜʘʪʘʩʝʪʝ ʙʳʣʘ ʚʚʝʜʝʥʘ ʙʠʥʘʨʥʘʷ ʮʝʣʝʚʘʷ ʤʝʪʢʘ target, ʢʦʪʦʨʘʷ 

ʧʨʠʥʠʤʘʣʘ ʟʥʘʯʝʥʠʝ 1, ʝʩʣʠ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ 26 ʥʝʜʝʣʴ ʧʨʦʝʢʪ ʭʦʪʷ 

ʙʳ ʨʘʟ ʧʝʨʝʭʦʜʠʣ ʚ ʩʪʘʪʫʩ çɿʘʢʨʳʪè, ʠ 0 ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʙʳʣʘ ʩʚʝʜʝʥʘ ʢ ʟʘʜʘʯʝ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: 

ʧʨʝʜʩʢʘʟʘʪʴ, ʧʨʝʢʨʘʪʠʪʩʷ ʣʠ ʧʦʜʜʝʨʞʢʘ ʧʨʦʝʢʪʘ ʚ ʙʣʠʞʘʡʰʠʝ ʧʦʣʛʦʜʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʡ ʩʠʣʳ ʤʦʜʝʣʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʙʳʣʠ ʦʙʦʛʘʱʝʥʳ ʨʷʜʦʤ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʜʠʥʘʤʠʢʫ ʠ 

ʢʦʥʪʝʢʩʪ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʝʢʪʘ. 

ʂʨʘʪʢʦʩʨʦʯʥʳʝ ʪʨʝʥʜʳ ʘʢʪʠʚʥʦʩʪʠ. ʏʪʦʙʳ ʫʯʝʩʪʴ ʥʝʜʘʚʥʶʶ 

ʜʠʥʘʤʠʢʫ, ʜʣʷ ʢʘʞʜʦʡ ʥʝʜʝʣʠ ʙʳʣ ʨʘʩʩʯʠʪʘʥ 13-ʥʝʜʝʣʴʥʳʡ ʪʨʝʥʜ 

ʢʦʤʤʠʪʦʚ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʦ ʜʘʥʥʳʤ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 13 ʥʝʜʝʣʴ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘʢʣʦʥ ʣʠʥʠʠ ʪʨʝʥʜʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ 
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ʙʳʣ ʚʚʝʜʸʥ ʢʘʪʝʛʦʨʠʘʣʴʥʳʡ ʧʨʠʟʥʘʢ, ʧʨʠʥʠʤʘʶʱʠʡ ʟʥʘʯʝʥʠʷ çʨʦʩʪè, 

çʩʧʘʜè ʠʣʠ çʩʪʘʙʠʣʴʥʦè. 

ʄʝʪʨʠʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ɼʣʷ ʢʘʞʜʦʡ ʟʘʧʠʩʠ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʜʚʘ 

ʚʘʞʥʳʭ ʚʨʝʤʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷ: age_weeks (ʚʦʟʨʘʩʪ ʧʨʦʝʢʪʘ ʚ ʥʝʜʝʣʷʭ ʦʪ 

ʧʝʨʚʦʛʦ ʢʦʤʤʠʪʘ) ʠ age_after_peak_weeks (ʢʦʣʠʯʝʩʪʚʦ ʥʝʜʝʣʴ, ʧʨʦʰʝʜʰʠʭ 

ʩ ʤʦʤʝʥʪʘ ʧʠʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ). ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ 

ʧʦʢʘʟʘʪʝʣʷ (ʈʠʩʫʥʦʢ 1) ʚʳʷʚʠʣ ʚʘʞʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʭʦʪʷ ʧʠʢ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʝʢʪʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʘʯʘʣʦ ʠʭ ʞʠʟʥʠ, ʫ 

ʟʘʢʨʳʪʳʭ ʧʨʦʝʢʪʦʚ çʭʚʦʩʪè ʧʦʩʣʝ ʧʠʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʙʳʩʪʨʦʤ ʫʛʘʩʘʥʠʠ. 

 

 

ʈʠʩʫʥʦʢ 1. ɺʨʝʤʷ ʧʦʩʣʝ ʧʠʢʘ ʘʢʪʠʚʥʦʩʪʠ (ʚ ʥʝʜʝʣʷʭ) 

 

ʉʢʦʣʴʟʷʱʠʝ ʩʨʝʜʥʠʝ ʠ ʦʪʢʣʦʥʝʥʠʷ. ɼʣʷ ʫʯʸʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʝʜʘʚʥʝʡ 

ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʢʦʣʴʟʷʱʠʝ ʩʨʝʜʥʠʝ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢʦʤʤʠʪʦʚ ʠ ʯʠʩʣʫ ʫʯʘʩʪʥʠʢʦʚ ʟʘ ʦʢʥʘ ʚ 4, 8 ʠ 13 ʥʝʜʝʣʴ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ 13-ʥʝʜʝʣʴʥʦʡ ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ (ʈʠʩʫʥʦʢ 2) ʥʘʛʣʷʜʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʣʠʯʠʝ ʚ ʜʠʥʘʤʠʢʝ ʤʝʞʜʫ ʧʨʦʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʠʪʦʛʝ 

ʙʳʣʠ ʟʘʢʨʳʪʳ, ʠ ʪʝʤʠ, ʯʪʦ ʧʨʦʜʦʣʞʘʣʠ ʩʫʱʝʩʪʚʦʚʘʪʴ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ 

ʚʟʷʪʳ ʜʘʥʥʳʝ ʧʦ ʘʢʪʠʚʥʳʤ ʧʨʦʝʢʪʘʤ). ɸʢʪʠʚʥʦʩʪʴ ʚ ʟʘʢʨʳʪʳʭ ʧʨʦʝʢʪʘʭ 

ʨʝʟʢʦ ʧʘʜʘʝʪ ʧʦʩʣʝ ʧʠʢʘ ʠ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʢʪʠʚʥʳʝ 

ʧʨʦʝʢʪʳ ʩʦʭʨʘʥʷʶʪ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʤʤʠʪʦʚ. 
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ʈʠʩʫʥʦʢ 2. ʉʢʦʣʴʟʷʱʘʷ ʩʨʝʜʥʷʷ ʢʦʤʤʠʪʦʚ ʟʘ 13 ʥʝʜʝʣʴ 

 

ʉʝʟʦʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʧʨʠʟʥʘʢʠ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʛʦʜʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʙʳʣ ʚʚʝʜʸʥ ʧʨʠʟʥʘʢ seasonal_diff ð ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʤʤʠʪʦʚ ʚ ʪʝʢʫʱʫʶ ʥʝʜʝʣʶ ʠ ʤʝʜʠʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ 

ʵʪʦʡ ʞʝ ʢʘʣʝʥʜʘʨʥʦʡ ʥʝʜʝʣʠ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ. ʊʘʢʞʝ ʙʳʣ ʜʦʙʘʚʣʝʥ 

ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʭ ʧʨʝʜʠʢʪʦʨʦʚ ð weeks_since_last_commit, 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʜʝʣʴ ʩ ʤʦʤʝʥʪʘ ʧʦʩʣʝʜʥʝʛʦ ʢʦʤʤʠʪʘ. 

ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ ʜʘʥʥʳʝ ʙʳʣʠ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ ʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʦʙʫʯʘʶʱʫʶ (80%) ʠ ʪʝʩʪʦʚʫʶ (20%) 

ʚʳʙʦʨʢʠ ʩʦ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʙʘʣʘʥʩʘ ʢʣʘʩʩʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʮʝʥʢʘ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʳʣʠ ʦʙʫʯʝʥʳ ʠ 

ʩʨʘʚʥʝʥʳ ʪʨʠ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠ 

ʧʨʠʨʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ (baseline) ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ ʩ L2-ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ [4]. ɼʘʣʝʝ ʙʳʣʠ ʦʙʫʯʝʥʳ ʜʚʘ 

ʘʥʩʘʤʙʣʝʚʳʭ ʤʝʪʦʜʘ: ʩʣʫʯʘʡʥʳʡ ʣʝʩ (Random Forest) [5] ʠ ʛʨʘʜʠʝʥʪʥʳʡ 

ʙʫʩʪʠʥʛ ʚ ʨʝʘʣʠʟʘʮʠʠ LightGBM [4]. 

ʉʨʘʚʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʨʠʢʝ ROC-AUC ʥʘ 

ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ. ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ ʧʦʢʘʟʘʣʘ ʫʤʝʨʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

(0.75), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʚ ʜʘʥʥʳʭ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. ɸʥʩʘʤʙʣʝʚʳʝ ʤʝʪʦʜʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ: ʩʣʫʯʘʡʥʳʡ ʣʝʩ ʜʦʩʪʠʛ ʧʦʢʘʟʘʪʝʣʷ 0.88, ʘ 

ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ ð 0.91. ʀʪʦʛʦʚʦʝ ʩʨʘʚʥʝʥʠʝ ʤʦʜʝʣʝʡ (ʈʠʩʫʥʦʢ 3) 

ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʘʥʩʘʤʙʣʝʚʳʭ ʤʝʪʦʜʦʚ, ʠ ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 
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ʈʠʩʫʥʦʢ 3. ʉʨʘʚʥʝʥʠʝ ROC-AUC ʤʦʜʝʣʝʡ 

 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʣʫʯʰʝʡ ʤʦʜʝʣʠ (LightGBM) ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʤʘʪʨʠʮʘ ʦʰʠʙʦʢ (ʈʠʩʫʥʦʢ 4). ɸʥʘʣʠʟ ʤʘʪʨʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʤʦʜʝʣʴ ʢʦʨʨʝʢʪʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʘ 7049 ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʧʨʦʝʢʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʫʜʝʪ ʟʘʢʨʳʪ (True Positives), ʠ 33420 ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʧʨʦʝʢʪ 

ʦʩʪʘʥʝʪʩʷ ʘʢʪʠʚʥʳʤ (True Negatives). ʇʨʠ ʵʪʦʤ ʤʦʜʝʣʴ ʜʦʧʫʩʪʠʣʘ 9748 

ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ (False Positives), ʪʦ ʝʩʪʴ ʦʰʠʙʦʯʥʦ 

ʧʨʝʜʩʢʘʟʘʣʘ ʟʘʢʨʳʪʠʝ ʜʣʷ ʩʪʘʙʠʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. ʂʦʣʠʯʝʩʪʚʦ 

ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ (False Negatives), ʢʦʛʜʘ ʤʦʜʝʣʴ ʥʝ 

ʩʤʦʛʣʘ ʨʘʩʧʦʟʥʘʪʴ ʛʨʷʜʫʱʝʝ ʟʘʢʨʳʪʠʝ, ʦʢʘʟʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʠ 

ʩʦʩʪʘʚʠʣʦ 764 ʩʣʫʯʘʷ. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʦʰʠʙʦʢ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ 

ʜʘʥʥʦʡ ʟʘʜʘʯʠ: ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʦʝ ʩʨʘʙʘʪʳʚʘʥʠʝ (ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ 

ʨʠʩʢʝ ʪʘʤ, ʛʜʝ ʝʛʦ ʥʝʪ) ʤʝʥʝʝ ʢʨʠʪʠʯʥʦ, ʯʝʤ ʧʨʦʧʫʩʢ ʨʝʘʣʴʥʦ 

çʫʤʠʨʘʶʱʝʛʦè ʧʨʦʝʢʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ LightGBM ʢʘʢ ʥʘʠʙʦʣʝʝ ʪʦʯʥʘʷ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʘʷ. 
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ʈʠʩʫʥʦʢ 4. ʄʘʪʨʠʮʘ ʦʰʠʙʦʢ LightGBM 

 

 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʷʚʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʥʘ ʢʘʢʠʝ ʠʤʝʥʥʦ ʬʘʢʪʦʨʳ ʦʧʠʨʘʝʪʩʷ ʣʫʯʰʘʷ 

ʤʦʜʝʣʴ (LightGBM) ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ, ʙʳʣ ʧʨʦʚʝʜʸʥ ʝʸ ʘʥʘʣʠʟ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ SHAP (SHapley Additive exPlanations) [1]. ʕʪʦʪ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʘʭ ʢʦʦʧʝʨʘʪʠʚʥʦʡ ʪʝʦʨʠʠ ʠʛʨ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ ʚ ʠʪʦʛʦʚʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ. 

ɸʥʘʣʠʟ ʦʙʱʝʡ ʚʘʞʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ (ʈʠʩʫʥʦʢ 5) ʧʦʢʘʟʘʣ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʝʜʩʢʘʟʘʥʠʝ ʦʢʘʟʳʚʘʶʪ ʪʨʠ ʬʘʢʪʦʨʘ: 

- mean_commits_13: ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʤʠʪʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ 13 

ʥʝʜʝʣʴ. 

- age_weeks: ʚʦʟʨʘʩʪ ʧʨʦʝʢʪʘ ʚ ʥʝʜʝʣʷʭ. 

- weeks_since_last_commit: ʢʦʣʠʯʝʩʪʚʦ ʥʝʜʝʣʴ, ʧʨʦʰʝʜʰʠʭ ʩ ʤʦʤʝʥʪʘ 

ʧʦʩʣʝʜʥʝʛʦ ʢʦʤʤʠʪʘ. 
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ʈʠʩʫʥʦʢ 5. ɺʘʞʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚ (LightGBM Gain) 

ɻʣʦʙʘʣʴʥʳʡ ʘʥʘʣʠʟ SHAP-ʟʥʘʯʝʥʠʡ (ʈʠʩʫʥʦʢ 6) ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʭʘʨʘʢʪʝʨ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʡ ʢʚʘʨʪʘʣ 

(mean_commits_13) ʠ ʤʘʣʦʝ ʚʨʝʤʷ ʩ ʧʦʩʣʝʜʥʝʛʦ ʢʦʤʤʠʪʘ 

(weeks_since_last_commit) ʩʠʣʴʥʦ ʩʥʠʞʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʢʨʳʪʠʷ ʧʨʦʝʢʪʘ 

(ʠʭ SHAP-ʟʥʘʯʝʥʠʷ ʩʤʝʱʝʥʳ ʚʣʝʚʦ, ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ). ʅʘʧʨʦʪʠʚ, 

ʜʣʠʪʝʣʴʥʳʝ ʧʨʦʩʪʦʠ ʚ ʨʘʟʨʘʙʦʪʢʝ (ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

weeks_since_last_commit) ʷʚʣʷʶʪʩʷ ʩʘʤʦʡ ʟʥʘʯʠʤʦʡ ʤʝʪʨʠʢʦʡ, 

ʫʢʘʟʳʚʘʶʱʝʡ ʥʘ ʩʢʦʨʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʧʦʜʜʝʨʞʢʠ (ʠʭ SHAP-ʟʥʘʯʝʥʠʷ 

ʩʤʝʱʝʥʳ ʚʧʨʘʚʦ). ɺʦʟʨʘʩʪ ʧʨʦʝʢʪʘ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʚʣʠʷʥʠʝ: ʦʯʝʥʴ 

ʤʦʣʦʜʳʝ ʠ ʦʯʝʥʴ ʩʪʘʨʳʝ ʧʨʦʝʢʪʳ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʙʦʣʴʰʝʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʝʢʪʳ çʩʨʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘè ʯʘʱʝ ʧʦʧʘʜʘʶʪ 

ʚ ʟʦʥʫ ʨʠʩʢʘ. 
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ʈʠʩʫʥʦʢ 6. SHAP summary ʜʣʷ LightGBM 

ɿʘʢʣʁʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʨʝʰʠʪʴ ʚʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ 

ʟʘʜʘʯʠ ʠ ʜʦʩʪʠʯʴ ʦʩʥʦʚʥʦʡ ʮʝʣʠ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥʘ 

ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ (ROC-AUC = 0.91) 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʝʢʨʘʱʝʥʠʝ ʘʢʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ open-source ʧʨʦʝʢʪʦʚ ʥʘ 

ʛʦʨʠʟʦʥʪʝ ʚ ʧʦʣʛʦʜʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʦʝʢʪʦʚ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʩʪʘʪʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʘ 

ʜʠʥʘʤʠʢʦʡ ʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ 

ʨʠʩʢʝ ʟʘʢʨʳʪʠʷ, ʷʚʣʷʶʪʩʷ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʤʤʠʪʦʚ ʚ 

ʢʨʘʪʢʦʩʨʦʯʥʦʤ ʧʝʨʠʦʜʝ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʝʚ ʚ 

ʨʘʟʨʘʙʦʪʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʞʜʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ 

ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʠ ʨʝʛʫʣʷʨʥʦʩʪʴ ʚʢʣʘʜʘ ʫʯʘʩʪʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʚʘʞʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ çʟʜʦʨʦʚʴʷè ʧʨʦʝʢʪʘ, ʯʝʤ ʠʭ ʘʙʩʦʣʶʪʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚ ʦʧʨʝʜʝʣʸʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʠ ʚʳʷʚʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

open-source ʟʘʚʠʩʠʤʦʩʪʝʡ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʢʦʤʧʘʥʠʷʤ ʠ ʦʪʜʝʣʴʥʳʤ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʤʦʞʥʳʤ 

ʧʨʝʢʨʘʱʝʥʠʝʤ ʧʦʜʜʝʨʞʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠ ʧʨʠʥʠʤʘʪʴ 

ʧʨʝʚʝʥʪʠʚʥʳʝ ʤʝʨʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚ ʠʣʠ ʧʨʠʥʷʪʠʝ ʧʨʦʝʢʪʘ ʥʘ 

ʩʦʙʩʪʚʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ. 
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ɹʨʘʡʣʦʚʩʢʠʡ ɸ.ɺ. 
ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʦʚ 

ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʥʘ ʧʣʘʪʬʦʨʤʝ GITHUB 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʩʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ open-source ʧʨʦʝʢʪʦʚ. 

ʆʧʠʩʘʥ ʤʥʦʛʦʵʪʘʧʥʳʡ ʘʣʛʦʨʠʪʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʤʝʪʨʠʢ ʘʢʪʠʚʥʦʩʪʠ ʠʟ ʨʝʧʦʟʠʪʦʨʠʝʚ ʧʣʘʪʬʦʨʤʳ GitHub. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ REST API ʠ 

GraphQL API ʜʣʷ ʦʙʭʦʜʘ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʙʦʣʴʰʠʭ 

ʦʙʲʸʤʦʚ ʜʘʥʥʳʭ. ɼʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʦʙʱʠʝ ʧʨʦʮʝʜʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʮʝʣʝʚʦʡ ʚʳʙʦʨʢʠ ʨʝʧʦʟʠʪʦʨʠʝʚ, ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ, ʘ 

ʪʘʢʞʝ ʤʝʪʦʜʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʦʯʠʩʪʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʧʦʣʥʦʪʳ ʠʪʦʛʦʚʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʙʦʨ ʜʘʥʥʳʭ, GitHub API, REST, GraphQL, open-source, ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ, ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ, ʙʦʣʴʰʠʝ 

ʜʘʥʥʳʝ, ʧʘʨʩʠʥʛ. 

 

Brailovskii A.V. 

Methodology for data collection and preparation for the analysis 

of open-source project activity on the GITHUB platform 
Abstract: The article presents a comprehensive methodology for collecting and 

preparing data to analyze the lifecycle and development dynamics of open-source 

projects. A multi-stage algorithm designed to extract time-series data of activity metrics 

from repositories on the GitHub platform is described. Special attention is given to the 

comparative analysis and combined use of the REST API and GraphQL API to bypass 

limitations and optimize the process of collecting large volumes of data. The general 

procedures for forming a target sample of repositories, aggregating data into time 

intervals, and methods for preprocessing and cleaning data aimed at ensuring the quality 

and completeness of the final dataset for subsequent analytical research are examined in 

detail. 

Keywords: Data collection, GitHub API, REST, GraphQL, open-source, data analysis, 

data preparation, time series, data management, big data, parsing. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʤʳʩʣʠʤʘ ʙʝʟ 

ʵʢʦʩʠʩʪʝʤʳ ʧʨʦʝʢʪʦʚ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ (open-source). ʆʜʥʘʢʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʵʥʪʫʟʠʘʟʤ ʠ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʩʦʦʙʱʝʩʪʚʘ, ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʪʘʢʠʝ 

ʧʨʦʝʢʪʳ ʜʦʩʪʠʛʘʶʪ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʩʦ 

ʚʨʝʤʝʥʝʤ ʟʘʙʨʘʩʳʚʘʝʪʩʷ, ʯʪʦ ʩʦʟʜʘʸʪ ʧʨʦʙʣʝʤʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʢʦʤʧʘʥʠʡ, ʧʦʣʘʛʘʶʱʠʭʩʷ ʥʘ ʵʪʠ ʨʘʟʨʘʙʦʪʢʠ. ʇʦʥʠʤʘʥʠʝ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʧʦʜʜʝʨʞʢʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ɼʣʷ 
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ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʥʘʙʦʨ ʜʘʥʥʳʭ, ʦʪʨʘʞʘʶʱʠʡ ʜʠʥʘʤʠʢʫ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʧʦʟʠʪʦʨʠʷʭ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʧʣʘʪʬʦʨʤʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ ʛʨʘʥʫʣʷʨʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʝʜʧʦʩʳʣʢʦʡ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʣʫʙʦʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ 

ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʩʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ open-source 

ʧʨʦʝʢʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʧʣʘʪʬʦʨʤʳ GitHub. ɺ ʩʪʘʪʴʝ ʜʝʪʘʣʴʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʩʝ ʵʪʘʧʳ: ʦʪ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʝʡ API ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʧʠʩʢʘ ʮʝʣʝʚʳʭ ʨʝʧʦʟʠʪʦʨʠʝʚ ʜʦ ʘʛʨʝʛʘʮʠʠ ʤʝʪʨʠʢ ʧʦ ʚʨʝʤʝʥʥʳʤ 

ʠʥʪʝʨʚʘʣʘʤ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʠ. 

ɸʥʘʣʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ (API) GitHub 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʚʳʩʪʫʧʘʝʪ ʧʣʘʪʬʦʨʤʘ GitHub ð 

ʢʨʫʧʥʝʡʰʠʡ ʚ ʤʠʨʝ ʭʦʩʪʠʥʛ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʣʘʪʬʦʨʤʦʡ ʠ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʪʝʨʬʝʡʩʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ GitHub: 

REST API ʠ GraphQL API [2, 3]. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʣʠ ʠʭ 

ʢʦʤʙʠʥʘʮʠʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʨʦʝʢʪʥʳʤ ʨʝʰʝʥʠʝʤ, ʚʣʠʷʶʱʠʤ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʜʘʥʥʳʭ. 

REST API ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʠʡ, ʨʝʩʫʨʩʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. ʂʘʞʜʘʷ ʩʫʱʥʦʩʪʴ (ʨʝʧʦʟʠʪʦʨʠʡ, ʢʦʤʤʠʪ, 

ʧʦʣʴʟʦʚʘʪʝʣʴ, ʟʘʜʘʯʘ) ʠʤʝʝʪ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ URL (endpoint). ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʧʨʘʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ GET-

ʟʘʧʨʦʩ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ REST ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʦʩʪʦʪʘ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ: 

ʩʪʨʫʢʪʫʨʘ ʦʪʚʝʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʟʘʧʨʦʩʘ ʯʸʪʢʦ ʦʧʨʝʜʝʣʝʥʘ ʠ 

ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʘ. ʆʜʥʘʢʦ ʧʨʠ ʩʙʦʨʝ ʩʣʦʞʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʜʘʥʥʳʭ ʵʪʦʪ 

ʧʦʜʭʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʧʠʩʦʢ 

ʢʦʤʤʠʪʦʚ, ʘ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʤʠʪʘ ð ʠʥʬʦʨʤʘʮʠʶ ʦ ʝʛʦ ʘʚʪʦʨʝ, ʧʨʠʜʸʪʩʷ 

ʩʥʘʯʘʣʘ ʩʜʝʣʘʪʴ ʦʜʠʥ ʟʘʧʨʦʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʠʩʢʘ ʢʦʤʤʠʪʦʚ, ʘ ʟʘʪʝʤ N 

ʟʘʧʨʦʩʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʢʘʞʜʦʤʫ ʠʟ N ʘʚʪʦʨʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʟʘʧʨʦʩʦʚ, ʯʪʦ ʤʝʜʣʝʥʥʦ ʠ ʙʳʩʪʨʦ 

ʠʩʯʝʨʧʳʚʘʝʪ ʣʠʤʠʪʳ API, ʠʤʝʶʱʝʛʦ ʦʛʨʘʥʠʯʝʥʠʝ ʚ 5000 ʟʘʧʨʦʩʦʚ ʚ ʯʘʩ 

ʜʣʷ ʘʚʪʦʨʠʟʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʣʠʤʠʪʘ 

ʪʨʝʙʫʝʪʩʷ ʘʚʪʦʨʠʟʦʚʘʪʴʩʷ ʠ ʩʦʟʜʘʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʪʦʢʝʥ). ʂʨʦʤʝ ʪʦʛʦ, REST 

API ʯʘʩʪʦ ʚʦʟʚʨʘʱʘʝʪ ʠʟʙʳʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ð ʤʥʦʞʝʩʪʚʦ ʧʦʣʝʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʥʫʞʥʳ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʦʙʲʸʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. 

GraphQL API, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʣʘʛʘʝʪ ʙʦʣʝʝ ʛʠʙʢʠʡ ʧʦʜʭʦʜ [4]. 

ɺʤʝʩʪʦ ʤʥʦʞʝʩʪʚʘ ʞʸʩʪʢʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʵʥʜʧʦʠʥʪʦʚ ʩʫʱʝʩʪʚʫʝʪ ʦʜʠʥ, 

ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʩʣʦʞʥʳʝ ʟʘʧʨʦʩʳ, ʥʘʧʠʩʘʥʥʳʝ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʷʟʳʢʝ 

ʟʘʧʨʦʩʦʚ GraphQL. ɺ ʦʜʥʦʤ ʪʘʢʦʤ ʟʘʧʨʦʩʝ ʤʦʞʥʦ ʪʦʯʥʦ ʫʢʘʟʘʪʴ, ʢʘʢʠʝ 
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ʩʫʱʥʦʩʪʠ ʠ ʢʘʢʠʝ ʧʦʣʷ ʜʣʷ ʥʠʭ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ 

ʦʜʥʠʤ ʟʘʧʨʦʩʦʤ ʧʦʣʫʯʠʪʴ ʩʧʠʩʦʢ ʢʦʤʤʠʪʦʚ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʩʨʘʟʫ ʞʝ 

ʟʘʧʨʦʩʠʪʴ ʠʤʷ ʠ email ʘʚʪʦʨʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʩʝʪʝʚʳʭ ʚʳʟʦʚʦʚ ʠ ʫʤʝʥʴʰʠʪʴ ʦʙʲʸʤ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ, ʪʘʢ 

ʢʘʢ ʩʝʨʚʝʨ ʚʦʟʚʨʘʱʘʝʪ ʪʦʣʴʢʦ ʪʦ, ʯʪʦ ʙʳʣʦ ʷʚʥʦ ʟʘʧʨʦʰʝʥʦ. ʆʜʥʘʢʦ ʫ 

GraphQL ʝʩʪʴ ʠ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʦʥ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʧʦʨʦʛ ʚʭʦʜʘ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʠʟʫʯʝʥʠʷ ʩʠʥʪʘʢʩʠʩʘ ʷʟʳʢʘ ʟʘʧʨʦʩʦʚ. ɺʦ-

ʚʪʦʨʳʭ, ʝʛʦ ʤʦʜʝʣʴ ʣʠʤʠʪʦʚ ʩʣʦʞʥʝʝ: ʚʤʝʩʪʦ ʧʨʦʩʪʦʛʦ ʧʦʜʩʯʸʪʘ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʨʦʩʦʚ ʚ ʯʘʩ, GitHub ʨʘʩʩʯʠʪʳʚʘʝʪ çʩʪʦʠʤʦʩʪʴè ʢʘʞʜʦʛʦ 

GraphQL-ʟʘʧʨʦʩʘ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʩʣʦʞʥʦʩʪʠ ʠ ʚʦʟʚʨʘʱʘʝʤʳʭ ʜʘʥʥʳʭ. ɼʘʞʝ 

ʦʜʠʥ-ʝʜʠʥʩʪʚʝʥʥʳʡ ʟʘʧʨʦʩ, ʙʫʜʫʯʠ ʩʣʠʰʢʦʤ çʞʘʜʥʳʤè, ʤʦʞʝʪ ʙʳʩʪʨʦ 

ʠʩʯʝʨʧʘʪʴ ʣʠʤʠʪ. 

ɼʣʷ ʟʘʜʘʯ ʩʙʦʨʘ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. GraphQL ʦʧʪʠʤʘʣʝʥ ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʩʚʷʟʘʥʥʳʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʥʘʷ 

ʠʩʪʦʨʠʷ ʢʦʤʤʠʪʦʚ ʠʣʠ ʩʧʠʩʢʠ ʟʘʜʘʯ ʩ ʢʦʤʤʝʥʪʘʨʠʷʤʠ. REST API, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʩʪʘʸʪʩʷ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʝʯʥʳʭ ʜʘʥʥʳʭ 

ʦ ʢʦʥʢʨʝʪʥʦʤ ʦʙʲʝʢʪʝ ʠʣʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʩʪʳʭ ʦʧʝʨʘʮʠʡ, ʛʜʝ ʛʠʙʢʦʩʪʴ 

GraphQL ʠʟʙʳʪʦʯʥʘ. 

ʆʙʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʵʪʘʧʥʳʡ ʧʨʦʮʝʩʩ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʨʠʢ ʘʢʪʠʚʥʦʩʪʠ 

ʩ GitHub. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʥʠʞʝ ʰʘʛʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ, ʚʟʷʪʳʡ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ 

ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʟʘʜʘʯʠ, ʥʦ ʦʙʱʘʷ ʣʦʛʠʢʘ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ ʦʩʪʘʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦ ʟʘʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʤʫ ʩʧʠʩʢʫ 

ʨʝʧʦʟʠʪʦʨʠʝʚ ʠʪʝʨʘʪʠʚʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (ʥʘʧʨʠʤʝʨ, 

ʥʝʜʝʣʠ), ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ, ʩʦʙʠʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʠ ʩʦʭʨʘʥʷʪʴ ʠʭ ʚ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʪʘʙʣʠʮʫ. ʇʨʦʮʝʩʩ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʩʪʘʜʠʡ. 

ʕʪʘʧ 1: ʌʦʨʤʠʨʦʚʘʥʠʝ ʮʝʣʝʚʦʡ ʚʳʙʦʨʢʠ ʨʝʧʦʟʠʪʦʨʠʝʚ 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʩʧʠʩʦʢ ʨʝʧʦʟʠʪʦʨʠʝʚ ʜʣʷ 

ʘʥʘʣʠʟʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʥʳʤʠ: ʧʦʧʫʣʷʨʥʦʩʪʴ (ʢʦʣʠʯʝʩʪʚʦ ʟʚʸʟʜ), ʚʦʚʣʝʯʸʥʥʦʩʪʴ 

ʩʦʦʙʱʝʩʪʚʘ (ʢʦʣʠʯʝʩʪʚʦ ʬʦʨʢʦʚ), ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʘʣʠʯʠʝ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʝʤ ʠʣʠ ʜʘʞʝ ʨʘʟʤʝʨ ʢʦʤʧʘʥʠʠ-ʚʣʘʜʝʣʴʮʘ. ʏʪʦʙʳ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʤ, ʚʘʞʥʦ ʯʸʪʢʦ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʠ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʪʙʦʨʘ. 

ɼʣʷ ʵʪʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʭʦʜʠʪ GraphQL API, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʧʦʠʩʢ ʩ ʩʦʨʪʠʨʦʚʢʦʡ ʠ ʬʠʣʴʪʨʘʮʠʝʡ. ɸʣʛʦʨʠʪʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʈʠʩʫʥʢʝ 1, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʧʨʘʰʠʚʘʝʪ ʫ API 

ʩʪʨʘʥʠʮʳ ʩʦ ʩʧʠʩʢʘʤʠ ʨʝʧʦʟʠʪʦʨʠʝʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʟʘʜʘʥʥʳʤ 
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ʢʨʠʪʝʨʠʷʤ (ʥʘʧʨʠʤʝʨ, sort:stars-desc), ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦʝ 

ʠʭ ʢʦʣʠʯʝʩʪʚʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʩʪʨʘʥʠʯʥʦʡ ʥʘʚʠʛʘʮʠʠ (ʧʘʛʠʥʘʮʠʠ) ʩ 

ʧʦʤʦʱʴʶ ʢʫʨʩʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ API ʥʝ ʚʦʟʚʨʘʱʘʝʪ ʚʩʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʜʥʠʤ ʩʧʠʩʢʦʤ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʝʢʪʘ ʩʦʭʨʘʥʷʝʪʩʷ 

ʝʛʦ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ (ʥʘʧʨʠʤʝʨ, ʧʦʣʥʦʝ ʠʤʷ owner/name), 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ. 

 
ʈʠʩʫʥʦʢ 1. ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʨʝʧʦʟʠʪʦʨʠʝʚ 

 

ʕʪʘʧ 2: ʀʟʚʣʝʯʝʥʠʝ ʧʦʣʥʦʡ ʠʩʪʦʨʠʠ ʩʦʙʳʪʠʡ 
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ʂʣʶʯʝʚʦʡ ʤʝʪʨʠʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʩʪʦʨʠʷ ʩʦʙʳʪʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʢʦʤʤʠʪʳ ʠʣʠ ʟʘʜʘʯʠ. ɼʣʷ ʝʸ ʧʦʣʫʯʝʥʠʷ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ 

GraphQL API, ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ 

ʩʚʷʟʘʥʥʳʭ ʜʘʥʥʳʭ, ʦʙʭʦʜʷ ʤʥʦʛʠʝ ʦʛʨʘʥʠʯʝʥʠʷ REST API. ɸʣʛʦʨʠʪʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2, ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ ʠʟ ʚʳʙʦʨʢʠ 

ʟʘʧʨʘʰʠʚʘʝʪ ʧʦʣʥʫʶ ʠʩʪʦʨʠʶ ʠʥʪʝʨʝʩʫʶʱʠʭ ʩʦʙʳʪʠʡ (ʥʘʧʨʠʤʝʨ, 

ʢʦʤʤʠʪʦʚ). ʉʙʦʨ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʘʥʠʯʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʭʘʥʠʟʤʘ ʢʫʨʩʦʨʦʚ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʣʫʯʝʥʠʝ ʚʩʝʭ ʜʘʥʥʳʭ ʙʝʟ 

ʧʨʦʧʫʩʢʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʦʙʳʪʠʷ ʠʟʚʣʝʢʘʶʪʩʷ ʝʛʦ ʢʣʶʯʝʚʳʝ ʘʪʨʠʙʫʪʳ, 

ʪʘʢʠʝ ʢʘʢ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠ ʜʘʪʘ ʩʦʟʜʘʥʠʷ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʩʙʦʨʘ ʚʩʝ ʩʦʙʳʪʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ ʩʦʨʪʠʨʫʶʪʩʷ ʚ 

ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʧʨʝʜʧʦʩʳʣʢʦʡ 

ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʧʦʩʣʝʜʫʶʱʝʡ ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʥʳʤ 

ʠʥʪʝʨʚʘʣʘʤ. ɼʣʷ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʨʝʧʦʟʠʪʦʨʠʝʚ ʩ ʤʠʣʣʠʦʥʘʤʠ ʢʦʤʤʠʪʦʚ 

ʜʘʞʝ GraphQL ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ; ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʧʦʜʭʦʜʦʚ ʠʣʠ ʯʘʩʪʠʯʥʳʡ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ. 
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ʈʠʩʫʥʦʢ 2. ɸʣʛʦʨʠʪʤ ʟʘʛʨʫʟʢʠ ʢʦʤʤʠʪʦʚ ʟʘ ʧʝʨʠʦʜ 

ʕʪʘʧ 3: ɸʛʨʝʛʘʮʠʷ ʜʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ 

ʉʦʙʨʘʥʥʘʷ ʠʩʪʦʨʠʷ ʩʦʙʳʪʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʘʛʨʝʛʠʨʦʚʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʚ 

ʜʠʩʢʨʝʪʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ð ʥʘʧʨʠʤʝʨ, ʜʥʠ, ʥʝʜʝʣʠ ʠʣʠ ʤʝʩʷʮʳ. 

ɸʣʛʦʨʠʪʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʈʠʩʫʥʢʝ 3, ʚʳʧʦʣʥʷʝʪ ʵʪʫ ʟʘʜʘʯʫ. 
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ʈʠʩʫʥʦʢ 3. ɸʣʛʦʨʠʪʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʦʤʤʠʪʦʚ ʩ ʥʝʜʝʣʴʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ 

ʉʥʘʯʘʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʙʳʪʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʦ ʚʨʝʤʝʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ, ʢ ʢʦʪʦʨʦʤʫ ʦʥʦ ʦʪʥʦʩʠʪʩʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʝʞʝʥʝʜʝʣʴʥʦʡ 

ʘʛʨʝʛʘʮʠʠ ʜʣʷ ʢʘʞʜʦʡ ʜʘʪʳ ʚʳʯʠʩʣʷʝʪʩʷ ʜʘʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʧʦʥʝʜʝʣʴʥʠʢʘ. ɿʘʪʝʤ ʚʩʝ ʩʦʙʳʪʠʷ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʩʣʦʚʘʨʴ, ʛʜʝ ʢʣʶʯʦʤ 

ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʘ ʟʥʘʯʝʥʠʝʤ ð ʩʧʠʩʦʢ ʘʪʨʠʙʫʪʦʚ 

ʩʦʙʳʪʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʵʪʦʪ ʠʥʪʝʨʚʘʣ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʪʝʨʘʪʦʨ ʧʨʦʭʦʜʠʪ 

ʧʦ ʚʩʝʤ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʚ ʟʘʜʘʥʥʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʟ ʩʣʦʚʘʨʷ ʠʟʚʣʝʢʘʶʪʩʷ ʠ ʘʛʨʝʛʠʨʫʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ 

ʤʝʪʨʠʢʠ (ʥʘʧʨʠʤʝʨ, ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʤʠʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ 

ʫʥʠʢʘʣʴʥʳʭ ʘʚʪʦʨʦʚ ʠ ʪ.ʜ.). ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʩʳʨʦʡ 
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ʧʦʪʦʢ ʩʦʙʳʪʠʡ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ 

ʘʥʘʣʠʟʘ. 

ʕʪʘʧ 4: ʆʩʥʦʚʥʦʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʦʛʘʱʝʥʠʷ ʜʘʥʥʳʭ 

ʕʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʧʨʝʜʳʜʫʱʠʝ 

ʵʪʘʧʳ ʠ ʦʙʦʛʘʱʘʶʱʘʷ ʜʘʥʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʪʨʠʢʘʤʠ (ʈʠʩʫʥʦʢ 4). 

ɸʣʛʦʨʠʪʤ ʠʪʝʨʘʪʠʚʥʦ ʧʨʦʭʦʜʠʪ ʧʦ ʢʘʞʜʦʤʫ ʨʝʧʦʟʠʪʦʨʠʶ ʠʟ ʚʳʙʦʨʢʠ ʠ ʧʦ 

ʢʘʞʜʦʤʫ ʚʨʝʤʝʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ ʚ ʠʩʪʦʨʠʠ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʚʳʧʦʣʥʷʷ 

ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

ʇʨʦʚʝʨʢʘ ʥʘʣʠʯʠʷ ʜʘʥʥʳʭ: ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʠʩʪʝʤʘ ʧʨʦʚʝʨʷʝʪ, ʥʝ ʙʳʣʠ 

ʣʠ ʜʘʥʥʳʝ ʟʘ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ ʩʦʙʨʘʥʳ ʨʘʥʝʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʦʛʦ ʬʘʡʣʘ (ʥʘʧʨʠʤʝʨ, ʚ ʬʦʨʤʘʪʝ CSV) ʚ ʢʘʯʝʩʪʚʝ 

ʣʦʢʘʣʴʥʦʛʦ ʢʵʰʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʚʪʦʨʥʳʭ ʟʘʧʨʦʩʦʚ ʢ API. ʇʝʨʝʜ 

ʩʙʦʨʦʤ ʜʘʥʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ ʠ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, 

ʩʢʨʠʧʪ ʧʨʦʚʝʨʷʝʪ ʥʘʣʠʯʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʧʠʩʠ ʚ ʵʪʦʤ ʬʘʡʣʝ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʟʘʧʫʩʢʘʭ, ʥʦ ʠ ʣʝʛʢʦ ʚʦʟʦʙʥʦʚʣʷʪʴ ʩʙʦʨ ʧʦʩʣʝ ʩʙʦʝʚ. 

ʉʙʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʪʨʠʢ: ʝʩʣʠ ʜʘʥʥʳʭ ʚ ʢʵʰʝ ʥʝʪ, ʘʣʛʦʨʠʪʤ 

ʦʙʨʘʱʘʝʪʩʷ ʢ GitHub API ʜʣʷ ʩʙʦʨʘ ʤʝʪʨʠʢ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ 

ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʜʘʥʥʳʝ ʦ ʟʘʜʘʯʘʭ (issues), ʬʦʨʢʘʭ, 

ʧʫʣʣ-ʨʝʢʚʝʩʪʘʭ ʠ ʪ.ʜ. ɿʜʝʩʴ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ GraphQL, ʪʘʢ ʠ REST 

API, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʟʘʧʨʘʰʠʚʘʝʤʳʭ ʜʘʥʥʳʭ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʪʦʛʦʚʦʡ ʟʘʧʠʩʠ: ʚʩʝ ʩʦʙʨʘʥʥʳʝ ʟʘ ʚʨʝʤʝʥʥʦʡ 

ʠʥʪʝʨʚʘʣ ʤʝʪʨʠʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ ʩʪʨʦʢʫ (ʟʘʧʠʩʴ), ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʨʝʧʦʟʠʪʦʨʠʷ, ʚʨʝʤʝʥʥʫʶ ʤʝʪʢʫ ʠ ʚʩʝ ʯʠʩʣʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

ɹʫʬʝʨʠʟʘʮʠʷ ʠ ʟʘʧʠʩʴ: ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʟʘʧʠʩʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ (ʚ ʙʫʬʝʨʝ). ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʨʘʟʤʝʨʘ 

ʙʫʬʝʨ ʮʝʣʠʢʦʤ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʠʪʦʛʦʚʳʡ ʬʘʡʣ (ʥʘʧʨʠʤʝʨ, CSV) ʠʣʠ ʙʘʟʫ 

ʜʘʥʥʳʭ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʠ ʩʥʠʞʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʥʘ ʬʘʡʣʦʚʫʶ ʩʠʩʪʝʤʫ. 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚʩʝʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʦʜʥʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ 

ʘʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʮʠʢʣʘ ʦʩʪʘʚʰʠʝʩʷ ʚ 

ʙʫʬʝʨʝ ʟʘʧʠʩʠ ʪʘʢʞʝ ʩʦʭʨʘʥʷʶʪʩʷ. 
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ʈʠʩʫʥʦʢ 4. ɸʣʛʦʨʠʪʤ ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʘ ʦʙʨʘʙʦʪʢʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ  

ʇʨʝʜʦʙʨʘʙʦʪʢʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ 

ʉʳʨʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʩʙʦʨʘ, 

ʪʨʝʙʫʶʪ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ [5]. ʕʪʦʪ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ 

ʢʣʶʯʝʚʳʭ ʰʘʛʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ ʯʠʩʪʦʪʳ, ʧʦʣʥʦʪʳ ʠ 

ʨʝʣʝʚʘʥʪʥʦʩʪʠ. 

ɺʦ-ʧʝʨʚʳʭ, ʚʳʧʦʣʥʷʝʪʩʷ ʬʠʣʴʪʨʘʮʠʷ ʚʳʙʦʨʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʮʝʣʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʟʫʯʘʶʪʩʷ ʪʦʣʴʢʦ ʘʢʪʠʚʥʳʝ 

ʧʨʦʝʢʪʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʟʘʙʨʦʰʝʥʥʳʝ, ʠ ʥʘʦʙʦʨʦʪ. ʂʨʠʪʝʨʠʠ 

ʬʠʣʴʪʨʘʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʯʸʪʢʦ ʦʧʨʝʜʝʣʝʥʳ ʠ ʘʣʛʦʨʠʪʤʠʟʠʨʦʚʘʥʳ 

(ʥʘʧʨʠʤʝʨ, çʦʪʩʫʪʩʪʚʠʝ ʢʦʤʤʠʪʦʚ ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩʷʮʝʚè). 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʚʦʜʠʪʩʷ ʦʯʠʩʪʢʘ ʦʪ ʜʫʙʣʠʢʘʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ 

ʤʝʭʘʥʠʟʤʘ ʢʵʰʠʨʦʚʘʥʠʷ, ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʟʘʧʫʩʢʝ ʠʣʠ ʩʙʦʷʭ ʚ ʧʨʦʮʝʩʩʝ 

ʩʙʦʨʘ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʜʫʙʣʠʨʫʶʱʠʭʩʷ ʩʪʨʦʢ. ɺʩʝ ʪʘʢʠʝ ʩʪʨʦʢʠ 
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ʜʦʣʞʥʳ ʙʳʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʠ ʫʜʘʣʝʥʳ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʠʩʢʘʞʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ-ʪʨʝʪʴʠʭ, ʚʳʧʦʣʥʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʧʫʩʢʦʚ. ʍʦʪʷ ʘʣʛʦʨʠʪʤ ʩʙʦʨʘ 

ʜʦʣʞʝʥ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʪʘʢ, ʯʪʦʙʳ ʟʘʧʦʣʥʷʪʴ ʠʥʪʝʨʚʘʣʳ ʙʝʟ 

ʘʢʪʠʚʥʦʩʪʠ ʥʫʣʝʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʙʝʜʠʪʴʩʷ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʧʫʩʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʚʦʟʥʠʢʥʫʪʴ ʠʟ-ʟʘ ʦʰʠʙʦʢ API, 

ʩʝʪʝʚʳʭ ʧʨʦʙʣʝʤ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʡ ʜʦʩʪʫʧʘ ʢ ʦʧʨʝʜʝʣʸʥʥʳʤ ʜʘʥʥʳʤ. 

ʉʪʨʘʪʝʛʠʷ ʦʙʨʘʙʦʪʢʠ ʧʨʦʧʫʩʢʦʚ (ʫʜʘʣʝʥʠʝ, ʟʘʧʦʣʥʝʥʠʝ ʩʨʝʜʥʠʤ ʠʣʠ 

ʤʝʜʠʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ) ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʜʘʥʥʳʭ ʠ 

ʮʝʣʝʡ ʘʥʘʣʠʟʘ. 

ʅʘʢʦʥʝʮ, ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʥʘ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʢʘʞʜʳʡ ʩʪʦʣʙʝʮ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʚ ʢʘʢʦʤ-ʪʦ ʧʦʣʝ ʜʣʷ ʚʩʝʭ ʟʘʧʠʩʝʡ ʟʥʘʯʝʥʠʝ 

ʦʜʠʥʘʢʦʚʦ, ʦʥʦ ʥʝ ʥʝʩʸʪ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʜʦʣʞʥʦ ʙʳʪʴ ʠʩʢʣʶʯʝʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʦ ʟʚʸʟʜ ʚ ʨʝʧʦʟʠʪʦʨʠʠ - ʟʘʧʨʦʩ ʵʪʠʭ ʜʘʥʥʳʭ 

ʚʩʝʛʜʘ ʚʦʟʚʨʘʱʘʝʪ ʟʥʘʯʝʥʠʝ, ʘʢʪʫʘʣʴʥʦʝ ʥʘ ʤʦʤʝʥʪ ʟʘʧʨʦʩʘ. ʇʦʣʫʯʝʥʠʝ 

ʠʩʪʦʨʠʠ ʠʟʤʝʥʝʥʠʷ ʠʭ ʯʠʩʣʘ ʪʨʝʙʫʝʪ ʠʥʦʛʦ ʘʣʛʦʨʠʪʤʘ - ʟʘʧʨʦʩʘ ʜʘʥʥʳʭ ʦ 

ʪʦʤ, ʢʪʦ ʠ ʢʦʛʜʘ ʧʦʩʪʘʚʠʣ ʢʘʞʜʫʶ ʟʚʝʟʜʫ, ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʘʛʨʝʛʘʮʠʠ 

ʜʘʥʥʳʭ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʦʧʠʩʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ 

ʤʝʪʦʜʦʣʦʛʠʷ ʩʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʘʢʪʠʚʥʦʩʪʠ open-

source ʧʨʦʝʢʪʦʚ ʥʘ GitHub. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʥʦʛʦʵʪʘʧʥʳʡ ʘʣʛʦʨʠʪʤ, 

ʩʦʯʝʪʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ GraphQL ʠ REST API, ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʠʟʚʣʝʢʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʫʷ 

ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ. ʇʨʦʮʝʜʫʨʳ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠ ʦʯʠʩʪʢʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʧʦʣʥʦʪʫ ʠʪʦʛʦʚʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. 

ʆʧʠʩʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʘʣʠʟʦʤ 

ʜʘʥʥʳʭ ʥʘ ʧʣʘʪʬʦʨʤʝ GitHub, ʙʫʜʴ ʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ 

ʧʦʧʫʣʷʨʥʦʩʪʠ, ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʳ ʠʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʝʢʪʦʚ. 
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ʋɼʂ 002.304 

ʈʝʭʪʠʥ ɸ.ɸ.  
ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʬʣʦʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʜʚʠʛʘʪʝʣʷʭ 

ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ 
 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʝʱʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʶʙʦʢ ʧʦʨʰʥʷ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʙʝʟ ʪʝʬʣʦʥʦʚʦʛʦ ʥʘʧʳʣʝʥʠʷ ʠ ʩ ʧʦʢʨʳʪʠʝʤ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʯʠʥʳ 

ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʟʘ ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʝʨʠʦʜ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʤʝʨʘ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʬʣʦʥʘ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʥʘʙʣʶʜʝʥʠʡ ʩʜʝʣʘʥʳ 

ʚʳʚʦʜʳ ʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʶʙʢʘ ʧʦʨʰʥʷ, ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ, ʜʚʠʛʘʪʝʣʴ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʪʝʬʣʦʥ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. 

 
Rekhtin A.A.  

Use of teflon coating in engines of quarry dump trucks 
Abstract:  The article is devoted to a comparative study of piston skirts used without 

teflon coating and with coating. The reasons for the failure of internal combustion 

engines over a certain period are considered. The coefficients of friction under different 

measuring conditions without the use of Teflon are considered. Next, the measurement 

results using an antifriction coating are considered. Based on the available observations, 

conclusions are drawn about the effectiveness of the work done. 

Keywords: piston skirt, anti-friction coating, internal combustion engine, Teflon, 

coefficient of friction. 

 
ɼʚʠʛʘʪʝʣʷ ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʠʩʧʳʪʳʚʘʶʪ 

ʧʦʚʳʰʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʪʘʢʠʝ ʢʘʢ: ʭʦʣʦʜʥʳʝ ʧʫʩʢʠ, ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʝʨʝʛʨʝʚʳ, ʢʨʠʪʠʯʝʩʢʠʝ ʦʙʦʨʦʪʳ, ʧʨʦʯʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ɺ ʨʷʜ ʧʨʦʯʠʭ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʤʦʞʥʦ ʟʘʥʝʩʪʠ ʧʦʣʦʤʢʠ ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʩʣʷʥʦʡ ʩʠʩʪʝʤʦʡ, 

ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʧʦʣʦʤʢʠ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʪ.ʜ. ɺʩʝ 

ʵʪʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʚʩʝʛʦ ʘʛʨʝʛʘʪʘ. ʏʘʱʝ 

ʚʩʝʛʦ ʠʟ-ʟʘ ʵʪʠʭ ʧʨʠʯʠʥ ʧʝʨʚʳʤ ʜʝʣʦʤ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ ʮʠʣʠʥʜʨʦ-

ʧʦʨʰʥʝʚʘʷ ʛʨʫʧʧʘ. ɽʩʣʠ ʞʝ ʥʘ ʣʝʛʢʦʚʦʤ ʘʚʪʦʤʦʙʠʣʝ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʟʘʤʝʥʠʪʴ ʧʦʣʥʦʩʪʴʶ ʛʠʣʴʟʫ ʚʤʝʩʪʝ ʩ ʧʦʨʰʥʝʤ ʥʫʞʥʦ ʨʘʟʦʙʨʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʦʚʠʥʫ ʤʦʪʦʨʘ, ʪʦ ʥʘ ʛʨʫʟʦʚʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʩʥʷʪʴ ʧʘʨʫ ʣʶʯʢʦʚ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ, ʨʘʟʦʙʨʘʪʴ ʩʠʩʪʝʤʫ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʦʜʥʦʡ ʛʦʣʦʚʢʝ ʠ ʩʥʷʪʴ ʛʦʣʦʚʢʫ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ 

ʧʦʩʣʝ ʯʝʛʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʟʘʤʝʥʝ ʫʟʣʘ. 

ʅʦ ʵʪʦ ʷʚʣʷʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝʤ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʠʥʪʝʨʝʩ ʢʘʞʜʦʡ ʬʠʨʤʳ 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʝʡʩʷ ʥʘ ʨʝʤʦʥʪʝ ʩʠʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ, ʵʪʦ ʥʘʨʘʙʦʪʢʘ 

ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʪʦ-ʯʘʩʦʚ ʩ ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘʤʠ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʥʝʧʦʣʘʜʦʢ, ʚ ʛʘʨʘʥʪʠʡʥʳʡ ʧʝʨʠʦʜ, ʪʘʢ 
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ʢʘʢ ʵʪʦ ʪʘʢʞʝ ʥʝʩʸʪ ʟʘʪʨʘʪʳ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʦʵʪʦʤʫ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʣʠ ʜʦʨʘʙʦʪʢʘ ʫʟʣʦʚ ʘʛʨʝʛʘʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʤʝʨʝ 

ʧʦʩʪʫʧʣʝʥʠʷ ʧʨʦʙʣʝʤ.  

 
ʊʘʙʣʠʮʘ 1.  

ʉʪʘʪʠʩʪʠʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʫʧʠʚʰʠʭ ʥʘ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ 

ʦʨʛʘʥʠʟʘʮʠʠ ʟʘ ʬʝʚʨʘʣʴ 2025 

 

ʅʝʠʩʧʨʘʚʥʦʩʪʴ 
ʇʦʚʨʝʞʜʸʥʥʳʡ 

ʤʝʭʘʥʠʟʤ 
ʇʨʠʯʠʥʘ 

ʂʦʣʠʯʝʩʪʚʦ 

ʜʚʠʛʘʪʝʣʝʡ 

ɿʘʜʠʨʳ ʚ ʮʠʣʠʥʜʨʘʭ ʎʠʣʠʥʜʨʦ-

ʧʦʨʰʥʝʚʘʷ ʛʨʫʧʧʘ 

ʅʝʭʚʘʪʢʘ 

ʩʤʘʟʳʚʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ 

,ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ 

,ʧʝʨʝʣʠʚ ʬʦʨʩʫʥʢʠ, 

ʟʘʛʨʷʟʥʝʥʠʝ 

ʚʦʟʜʫʰʥʳʭ 

ʬʠʣʴʪʨʦʚ  

 4 

ɿʘʜʠʨʳ ʰʘʪʫʥʥʳʭ 

/ʢʦʨʝʥʥʳʭ 

ʚʢʣʘʜʳʰʝʡ 

ɺʢʣʘʜʳʰʠ 

ʰʘʪʫʥʥʳʝ/ 

ʧʦʨʰʥʝʚʳʝ  

ʅʝʜʦʩʪʘʪʦʢ 

ʩʤʘʟʳʚʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ  

2 

ʇʨʦʚʦʨʦʪ ʢʦʨʝʥʥʳʭ 

ʚʢʣʘʜʳʰʝʡ 

ʇʘʩʪʝʣʴ ʢʦʨʝʥʥʦʛʦ 

ʧʦʜʰʠʧʥʠʢʘ  

ʅʝʜʦʩʪʘʪʦʢ 

ʩʤʘʟʳʚʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ  

1 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʩʪʘʪʠʩʪʠʢʠ ʚʠʜʥʦ, ʯʪʦ ʯʘʩʪʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʩʠʣʦʚʳʭ 

ʘʛʨʝʛʘʪʦʚ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʶʪʩʷ ʟʘʜʠʨʳ ʚ ʮʠʣʠʥʜʨʦ-ʧʦʨʰʥʝʚʦʡ 

ʛʨʫʧʧʝ. ʏʘʩʪʦʡ ʧʨʠʯʠʥʦʡ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ 

ʩʤʘʟʳʚʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʘʩʳʱʝʥʠʷ ʠ ʜʦʩʪʘʪʦʯʥʦʡ 

ʧʦʜʘʯʠ ʩʤʘʟʢʠ ʚ ʮʠʣʠʥʜʨ ʚ ʟʘʚʦʜʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʜʚʠʛʘʪʝʣʷ ʜʠʟʝʣʴʥʳʭ 

ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ʦʩʥʘʱʝʥʳ ʤʘʩʣʷʥʳʤʠ ʬʦʨʩʫʥʢʘʤʠ, ʥʘʣʠʯʠʝʤ 

ʭʦʥʠʥʛʦʚʢʠ ʥʘ ʩʪʝʥʢʘʭ ʛʠʣʴʟʳ. ʏʘʩʪʦ ʵʪʦʛʦ ʥʝ ʭʚʘʪʘʝʪ ʜʣʷ ʪʦʛʦ ʯʪʦʙ ʟʘʜʠʨʦʚ, 

ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʦʩʪʘʚʘʣʦʩʴ, ʪʘʢ ʢʘʢ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʦʨʰʝʥʴ 

ʥʘʛʨʝʚʘʝʪʩʷ, ʠʟ-ʟʘ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʪʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʪʝʧʣʦʚʦʡ ʟʘʟʦʨ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʳʰʘʝʪ 
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ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ ʚ ʪʘʢʠʭ ʜʚʠʛʘʪʝʣʷʭ ʶʙʢʘ ʧʦʨʰʥʷ ʜʝʣʘʝʪʩʷ 

ʠʟ ʘʣʶʤʠʥʠʷ, ʘ ʛʠʣʴʟʘ ʠʟ ʯʫʛʫʥʘ.[3] 
ʊʘʙʣʠʮʘ 2.  

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʮʠʣʠʥʜʨʦ-ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ 

 

ʋʩʣʦʚʠʷ ʟʘʤʝʨʘ ʕʣʝʤʝʥʪʳ  ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʍʦʣʦʜʥʳʡ ʜʚʠʛʘʪʝʣʴ  

ɹʝʟ ʩʤʘʟʢʠ 

ɸʣʶʤʠʥʠʡ- ʯʫʛʫʥ  1.05 

ʍʦʣʦʜʥʳʡ ʜʚʠʛʘʪʝʣʴ  

ʉʦ ʩʤʘʟʢʦʡ 

ɸʣʶʤʠʥʠʡ ʯʫʛʫʥ 0.07 

ɻʦʨʷʯʠʡ ʜʚʠʛʘʪʝʣʴ  

ʉʦ ʩʤʘʟʢʦʡ  

ɸʣʶʤʠʥʠʡ ʯʫʛʫʥ 0.095 

 
ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʥʘ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʫʞʝ 

ʜʘʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʬʣʦʥʦʚʦʝ ʧʦʢʨʳʪʠʝ ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʩʥʠʞʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ.  

 ʅʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʧʦʢʨʳʪʠʷ: 

ʉʥʠʞʝʥʠʝ ʪʨʝʥʠʷ. ʊʝʬʣʦʥ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʢʦʣʴʟʷʱʠʤ 

ʵʬʬʝʢʪʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʷʤ ʜʚʠʛʘʪʝʣʷ ʣʫʯʰʝ ʠ ʙʳʩʪʨʝʝ 

ʧʨʠʨʘʙʦʪʘʪʴʩʷ.  

ɿʘʱʠʪʘ ʦʪ ʟʘʜʠʨʦʚ. ʇʦʢʨʳʪʠʝ ʩʧʘʩʘʝʪ ʦʪ ʟʘʜʠʨʦʚ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ 

ʵʪʘʧʘʭ ʨʘʙʦʪʳ ɼɺʉ. 

ʇʨʦʪʠʚʦʘʚʘʨʠʡʥʘʷ ʬʫʥʢʮʠʷ. ʇʦʢʨʳʪʠʝ ʩʨʘʙʘʪʳʚʘʝʪ ʚ ʥʝʰʪʘʪʥʳʭ 

ʨʝʞʠʤʘʭ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʛʨʝʚ.  

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ. ʇʦʢʨʳʪʠʝ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ 

ʧʨʦʚʦʜʥʠʢʦʤ ʪʝʧʣʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʴʰʝʤʫ ʦʪʚʦʜʫ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʦʭʨʘʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʜʝʪʘʣʠ. ɹʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʫ ʥʘʧʳʣʝʥʠʷ ʩ ʙʦʣʦʥʘ 

ʩʦ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ, ʪʦʣʱʠʥʘ ʠʪʦʛʦʚʦʡ ʧʣʸʥʢʠ ʩʦʩʪʘʚʣʷʝʪ 15-25 ʤʢʤ. [2]. 
ʊʘʙʣʠʮʘ 3. 

 ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʮʠʣʠʥʜʨʦ-ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʬʣʦʥʦʚʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ 

 

ʋʩʣʦʚʠʷ ʟʘʤʝʨʘ ʕʣʝʤʝʥʪʳ ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʍʦʣʦʜʥʳʡ ʜʚʠʛʘʪʝʣʴ  

ɹʝʟ ʩʤʘʟʢʠ 

ɸʣʣʶʤʠʥʠʡ ʩ ʥʘʧʳʣʝʥʠʝʤ- 

ʯʫʛʫʥ  

0.04 

ʍʦʣʦʜʥʳʡ ʜʚʠʛʘʪʝʣʴ  

ʉʦ ʩʤʘʟʢʦʡ 

ɸʣʶʤʠʥʠʡ ʩ ʥʘʧʳʣʝʥʠʝʤ 

ʯʫʛʫʥ 

0,02 

ɻʦʨʷʯʠʡ ʜʚʠʛʘʪʝʣʴ  

ʉʦ ʩʤʘʟʢʦʡ  

ɸʣʶʤʠʥʠʡ ʩ ʥʘʧʳʣʝʥʠʝʤ 

ʯʫʛʫʥ 

0,04 

 

ʊʘʢ ʢʘʢ ʪʝʬʣʦʥ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʤʝʝʪʩʷ 

ʛʨʘʬʠʪ, ʪʦ ʪʘʢʦʝ ʥʘʧʳʣʝʥʠʝ ʩʣʫʞʠʪ ʝʱʸ ʠ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʤʘʟʢʘ ʠ 

ʤʦʞʝʪ ʜʦʣʴʰʝ ʨʘʙʦʪʘʪʴ ʧʨʠ ʤʘʩʣʷʥʦʤ ʛʦʣʦʜʘʥʠʠ. [1] 

ʉʧʦʩʦʙ ʥʘʧʳʣʝʥʠʷ. ɼʣʷ ʥʘʧʳʣʝʥʠʷ ʪʝʬʣʦʥʘ ʩʚʦʠʤʠ ʩʠʣʘʤʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʢʨʳʪʠʝ MODENGY 1006/MODENGY 1007 ʢʦʪʦʨʦʝ ʠ 
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ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʳ ʚ ʩʚʦʸʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʇʦʢʨʳʪʠʷ ʜʣʷ ʶʙʦʢ ʧʦʨʰʥʝʡ 

ʢʦʤʧʨʝʩʩʦʨʦʚ, ʜʚʠʛʘʪʝʣʝʡ, ʩʦʩʪʦʠʪ ʠʟ ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʮ ʪʚʝʨʜʦʩʤʘʟʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʜʠʩʫʣʴʬʘʪ ʤʦʣʠʙʜʝʥʘ ʠ ʛʨʘʬʠʪ), ʢʦʪʦʨʳʝ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʩʤʝʩʠ ʩʚʷʟʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʏʘʩʪʠʮʳ 

ʟʘʧʦʣʥʷʶʪ ʚʧʘʜʠʥʳ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʧʦʚʳʰʘʝʪʩʷ ʝʸ ʥʝʨʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʨʦʪʠʚʦʟʘʜʠʨʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʦʙʣʝʛʯʘʝʪʩʷ ʧʨʠʨʘʙʦʪʢʘ. ʇʦʢʨʳʪʠʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʥʠʟʢʦʛʦ ʠ 

ʩʪʘʙʠʣʴʥʦʛʦ ʪʨʝʥʠʷ ʜʘʞʝ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʷʭ. 

ɿʘʱʠʱʘʶʪ ʜʝʪʘʣʠ ʦʪ ʧʦʚʳʰʝʥʥʦʛʦ ʪʨʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʜʠʨʦʚ ʠ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʥʦʩʘ ʚ ʤʦʤʝʥʪʳ ʧʫʩʢʘ, ʧʨʠ ʤʘʩʣʷʥʦʤ çʛʦʣʦʜʘʥʠʠè ʠ 

ʧʝʨʝʛʨʫʟʢʘʭ. ʉʦʩʪʘʚ ʥʘʥʦʩʠʪʩʷ ʧʨʷʤʦ ʥʘ ʶʙʢʫ ʧʦʨʰʥʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʯʠʩʪʠʚ ʠ ʦʙʨʘʙʦʪʘʚ ʘʢʪʠʚʘʪʦʨʦʤ ʢʦʪʦʨʳʡ ʠʜʸʪ ʚ ʢʦʤʧʣʝʢʪʝ, ʧʦʩʣʝ ʯʝʛʦ 

ʥʘʥʦʩʠʪʩʷ ʪʦʥʢʠʤ ʩʣʦʝʤ ʩʘʤʦ ʧʦʢʨʳʪʠʝ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ ʯʪʦ ʣʫʯʰʝ ʚʩʝʛʦ 

ʧʦʢʨʳʪʠʝ ʟʘʪʚʝʨʜʝʚʘʝʪ ʧʨʠ ʧʨʦʞʘʨʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120 ʛʨʘʜʫʩʦʚ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʯʘʩʦʚ. ʇʦʩʣʝ ʟʘʤʝʨʘ ʨʘʟʤʝʨ ʧʦʨʰʥʷ ʩ ʥʘʧʳʣʝʥʠʝʤ 

ʫʚʝʣʠʯʠʣʩʷ ʥʘ 15 ʤʠʢʨʦʥ, ʯʪʦ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ. ɺ 

ʦʩʪʘʣʴʥʦʤ ʙʦʣʴʰʝ ʥʠʢʘʢʠʭ ʧʨʠʚʠʣʝʛʠʡ ʜʘʥʥʦʝ ʧʦʢʨʳʪʠʝ ʥʝ ʠʤʝʝʪ, ʩ ʤʘʩʣʦʤ 

ʠ ʘʥʪʠʬʨʠʟʦʤ ʢʦʥʪʘʢʪʠʨʫʝʪ ʥʦʨʤʘʣʴʥʦ, ʩ ʛʦʨʶʯʠʤʠ ʩʤʝʩʷʤʠ ʜʝʬʝʢʪʦʚ ʥʝ 

ʧʨʦʷʚʣʷʝʪ ʥʦ, ʢʘʢ ʠ ʚʩʝ ʪʝʬʣʦʥʦʚʳʝ ʧʦʢʨʳʪʠʷ ʩʤʳʚʘʶʪʩʷ ʪʘʢʠʤʠ 

ʞʠʜʢʦʩʪʷʤʠ ʢʘʢ ʘʮʝʪʦʥ, ʨʘʩʪʚʦʨʠʪʝʣʴ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʯʪʦ ʧʦʢʨʳʪʠʝ ʦʯʝʥʴ 

ʣʝʛʢʦ ʮʘʨʘʧʘʝʪʩʷ ʠʟ-ʟʘ ʥʝʘʢʢʫʨʘʪʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʧʦʚʨʝʜʠʪʴ ʪʘʢ, ʯʪʦ ʧʨʠʜʸʪʩʷ 

ʩʯʠʱʘʪʴ ʚʩʸ ʥʘʧʳʣʝʥʠʝ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʝʪʘʣʴ ʟʘʥʦʚʘ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʯʪʦ ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʭʦʣʦʜʥʳʡ 

ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʩʷ, ʘ ʠʤʝʥʥʦ ʜʚʠʛʘʪʝʣʴ ʩʪʘʣ ʣʝʛʯʝ 

ʢʨʫʪʠʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʤʘʟʢʠ, ʪʘʢʞʝ ʜʚʠʛʘʪʝʣʴ ʩʪʘʣ 

ʨʘʙʦʪʘʪʴ ʤʷʛʯʝ ʥʘ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʦʙʦʨʦʪʦʚ ʙʝʟ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ 

ʩʣʫʞʙʳ ʜʚʠʛʘʪʝʣʷ ʪʘʢ ʢʘʢ ʘʛʨʝʛʘʪ ʥʝ ʪʘʢ ʯʘʩʪʦ ʧʦʜʜʘʸʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ 

ʥʘʛʨʫʟʢʘʤ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ. ʊʘʢʞʝ ʧʦʢʨʳʪʠʝ ʩʧʦʩʦʙʥʦ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʷʚʣʷʪʴʩʷ ʟʘʱʠʪʥʦʡ ʦʚʝʨʭʥʦʩʪʴʶ ʢʦʪʦʨʦʡ ʩʧʦʩʦʙʥʦ ʨʘʙʦʪʘʪʴ 

ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ 

ʉʦʟʜʘʥʠʝ ʣʘʪʫʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʪʫʣʦʢ ʢʣʘʧʘʥʦʚ ʜʣʷ 

ʜʚʠʛʘʪʝʣʷ QST-30 
 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʝʱʝʥʘ ʨʘʩʯʸʪʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʘʪʫʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʚʪʫʣʦʢ ʜʚʠʛʘʪʝʣʷ QST-30. ʈʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʪʫʣʦʢ 

ʠ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʦ ʠʭ ʨʝʤʦʥʪʫ. ʆʧʠʩʘʥʦ ʢʨʘʪʢʦʝ ʩʨʘʚʥʝʥʠʝ ʯʫʛʫʥʘ ʠ 

ʣʘʪʫʥʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʪʘʙʣʠʮʘ ʪʝʧʣʦʚʳʭ ʟʘʟʦʨʦʚ ʨʘʟʥʳʭ ʚʠʜʦʚ ʩʪʘʣʠ. 

ʇʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ. ʇʦʩʣʝ ʯʝʛʦ 

ʧʦʣʫʯʝʥ ʨʘʟʤʝʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʥʘʣʦʛʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʧʨʘʚʣʷʶʱʘʷ ʚʪʫʣʢʘ, ʨʝʤʦʥʪ, ʨʘʩʯʸʪ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʰʠʨʝʥʠʷ 

Rekhtin A.A.  

Creation of brass valve guides for the QST-30 engine 
 

Abstract:  The article is devoted to the calculation for creating brass guide bushings of 

the QST-30 engine. A method for diagnosing guide bushings and ways to solve 

problems related to their repair is considered. A brief comparison of cast iron and brass 

is described. The table of thermal gaps of different types of steel is analyzed. The 

calculations are adjusted for the expansion coefficient. After that, the size was obtained 

to create an analogue of our own production. 

 Keywords: guide sleeve, repair, calculation, expansion coefficient 

 
ʅʘʧʨʘʚʣʷʶʱʠʝ ʚʪʫʣʢʠ ʢʣʘʧʘʥʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʢʣʘʧʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʜʣʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʦ ʚʨʝʤʷ ʦʪʢʨʳʪʠʷ ʠ ʟʘʢʨʳʪʠʷ. 

ʅʘʧʨʘʚʣʷʶʱʘʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʧʣʦʪʥʦʩʪʴ ʧʨʠʣʝʛʘʥʠʷ 

ʢʣʘʧʘʥʘ ʢ ʩʝʜʣʫ, ʦʙʝʩʧʝʯʠʚʘʷ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ʇʦʤʠʤʦ, 

ʵʪʦʛʦ ʥʘʧʨʘʚʣʷʶʱʘʷ ʚʪʫʣʢʘ ʜʦʣʞʥʘ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʦʧʘʜʘʥʠʷ 

ʯʨʝʟʤʝʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʩʣʘ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ, ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʝ 

ʦʪʚʝʨʩʪʠʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʟʜʘʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʣʠʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ ʢʣʘʧʘʥʘ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʟʥʦʩ ʰʪʦʢʘ. ʅʘʧʨʘʚʣʷʶʱʠʝ ʚʪʫʣʢʠ 

ʚʦʩʧʨʠʥʠʤʘʶʪ ʥʘ ʩʝʙʷ ʙʦʢʦʚʳʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʪʝʨʞʝʥʴ ʢʣʘʧʘʥʘ. 

ʅʘʧʨʘʚʣʷʶʱʠʝ ʚʪʫʣʢʠ ʢʣʘʧʘʥʦʚ ʦʪʚʦʜʷʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʪʝʧʣʘ ʢʣʘʧʘʥʘ 

(ʦʩʦʙʝʥʥʦ ʚʳʧʫʩʢʥʳʭ) ʇʨʠʤʝʨ ʥʘʧʨʘʚʣʷʶʱʠʝ ʚʪʫʣʢʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ1. 
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.  

ʈʠʩʫʥʦʢ 1. ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ 

 
ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ ʢʣʘʧʘʥʘ D = ʥʘʨʫʞʥʳʡ 

ʜʠʘʤʝʪʨ d1 = ʜʠʘʤʝʪʨ ʧʦʷʩʢʘ / ʙʫʨʪʠʢʘ d = ʜʠʘʤʝʪʨ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʚʝʨʩʪʠʷ 

L = ʦʙʱʘʷ ʜʣʠʥʘ  

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʨʝʤʦʥʪʘ, ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʙʦʣʝʝ ʜʦʨʦʛʦʡ 

ʜʝʪʘʣʠ - ʛʦʣʦʚʢʠ ʙʣʦʢʘ, ʥʘʧʨʘʚʣʷʶʱʠʝ ʚʪʫʣʢʠ ʢʣʘʧʘʥʦʚ ʚʳʧʦʣʥʷʶʪ 

ʩʤʝʥʥʳʤʠ. ʆʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʧʦʩʘʜʦʯʥʳʝ ʤʝʩʪʘ ʛʦʣʦʚʢʠ ʙʣʦʢʘ ʩ 

ʥʘʪʷʛʦʤ, ʠ ʧʦʣʝ ʟʘʧʨʝʩʩʦʚʢʠ ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʟʘʟʦʨʘ ʚ ʦʪʚʝʨʩʪʠʠ ʚʪʫʣʢʠ. ʊʝʧʣʦʚʦʡ 

ʟʘʟʦʨ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ çʧʨʠʭʚʘʪʘè, ʪ.ʝ. ʟʘʢʣʠʥʠʚʘʥʠʷ 

ʢʣʘʧʘʥʘ ʚ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʝ ʧʦ ʧʨʠʯʠʥʝ ʨʘʩʰʠʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʢʣʘʧʘʥʘ ʧʨʠ ʥʘʛʨʝʚʝ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʠ ʨʘʟʚʝʨʥʫʪʦʡ ʚʪʫʣʢʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʩʝʜʝʣ ʠ ʧʨʠʪʠʨʢʘ ʢʣʘʧʘʥʘ.[3] 

ʆʩʥʦʚʥʳʤ ʜʝʬʬʝʢʪʦʤ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʪʫʣʦʢ ʷʚʣʷʝʪʩʷ: ʠʟʥʦʩ, ʟʘʜʠʨʳ 

ʠ ʮʘʨʘʧʠʥʳ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʚʪʫʣʢʠ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʥʘ ʥʝʢʘʯʝʩʪʚʝʥʥʦʤ ʤʘʩʣʝ, ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʛʨʝʚʘ ʜʚʠʛʘʪʝʣʷ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʤʦʞʥʦ ʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʧʨʘʚʣʷʶʱʫʶ 

ʚʪʫʣʢʫ ʧʦʚʪʦʨʥʦ ʥʫʞʥʦ ʫʙʝʜʠʪʩʷ, ʯʪʦ ʟʘʟʦʨ ʤʝʞʜʫ ʩʪʝʨʞʥʝʤ ʢʣʘʧʘʥʘ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʴʶ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʢʘ. 

ɽʩʣʠ ʣʶʬʪ ʢʣʘʧʘʥʘ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʥʦʨʤʳ, ʪʦ ʥʘʧʨʘʚʣʷʶʱʫʶ ʚʪʫʣʢʫ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ ʧʨʠʤʝʨ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ ʧʦʢʘʟʘʥ 

ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2. ɼʠʘʛʥʦʩʪʠʢʘ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ. 

 
ɼʣʷ ʜʚʠʛʘʪʝʣʷ QST-30 ʤʘʢʩʠʤʘʣʴʥʳʡ ʟʘʟʦʨ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 

0.34ʤʤ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʦʩʪʘʥʦʚʠʪʴ ʛʦʣʦʚʢʫ ʙʣʦʢʘ ʮʝʣʠʥʜʨʦʚ ʩ 

ʥʝʠʩʧʨʘʚʥʦʩʪʴʶ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʪʫʣʦʢ ʝʩʪʴ ʜʚʘ ʩʧʦʩʦʙʘ ʨʝʰʝʰʠʷ: 

1. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʥʘʢʘʪʢʠ  

2. ɿʘʤʝʥʘ ʜʝʪʘʣʠ ʥʘ ʥʦʚʫʶ  

ʊʘʢ ʢʘʢ ʩʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʢʘʪʢʦʡ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʪʦʣʴʢʦ ʧʨʠ ʤʘʣʦʤ ʠʟʥʦʩʝ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ , ʪʦ ʵʪʦʪ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ 

ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ .ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙ ʟʘʤʝʥʳ ʥʘ ʥʦʚʫʶ ʜʝʪʘʣʴ. 

ʆʜʥʦʡ ʠʟ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʯʘʩʪʝʡ ʧʨʠ ʨʝʤʦʥʪʝ ʛʦʣʦʚʢʠ ʙʣʦʢʘ 

ʮʠʣʠʥʜʨʦʚ ʷʚʣʷʶʪʩʷ ʥʘʧʨʘʚʣʷʶʱʠʝ ʚʪʫʣʢʠ. ɸ ʫʯʠʪʳʚʘʷ ʩʣʦʞʠʚʰʫʶʩʷ 

ʧʦʣʠʪʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʵʪʠ ʟʘʧʯʘʩʪʠ ʩʪʘʣʠ ʜʝʬʠʮʠʪʥʳʤʠ, ʘ ʝʩʣʠ ʠ 

ʫʜʘʸʪʩʷ ʥʘʡʪʠ ʥʝʙʦʣʴʰʫʶ ʧʘʨʪʠʶ ʟʘʧʯʘʩʪʝʡ, ʪʦ ʵʪʦ ʙʫʜʝʪ ʩʪʦʠʪʴ ʙʦʣʴʰʠʭ 

ʜʝʥʝʛ. ʇʦʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ ʠʩʢʘʪ ɹʦʪʝʯʝʩʪʚʝʥʥʳʝ ʘʥʘʣʦʛʠ . ʇʦʩʣʝ ʜʦʣʛʠʭ 

ʧʦʠʩʢʦʚ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʟʘʤʝʥʠʪʴ ʦʨʠʛʠʥʘʣʴʥʳʝ ʚʪʫʣʢʠ ʥʘ 

ʣʘʪʫʥʥʳʝ  
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ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʣʘʪʫʥʥʳʭ ʚʪʫʣʦʢ ʚ ʜʚʘ ʨʘʟʘ ʣʫʯʰʝ, ʯʝʤ ʫ ʯʫʛʫʥʘ ʠ 

ʵʪʦ ʦʯʝʥʴ ʧʦʣʝʟʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʯʫʛʫʥʥʳʤʠ ʚʪʫʣʢʘʤʠ. ʇʦʢʘʟʘʪʝʣʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. [2, ʩ.364-365] 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʯʫʛʫʥʘ ʠ ʣʘʪʫʥʠ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 
 

 

ʊʘʙʣʠʮʘ 1. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʯʫʛʫʥʘ ʠ ʣʘʪʫʥʠ 

ʏʫʛʫʥ ʃʘʪʫʥʴ 

58 ɺʪ/(ʤĿK) 121 ɺʪ/(ʤĿK) 

 
ʅʦ ʫʩʪʘʥʘʚʣʠʚʘʷ ʥʘʧʨʘʚʣʷʶʱʠʝ ʚʪʫʣʢʠ ʠʟ ʣʘʪʫʥʠ ʥʘ ʩʚʦʡ ʜʚʠʛʘʪʝʣʴ 

ʥʠ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʙʦʣʝʝ ʩʢʦʣʴʟʢʠʝ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʯʝʤ ʯʫʛʫʥ, 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʦʜʠʥ ʚʘʞʥʳʡ ʤʦʤʝʥʪ.  

ʋ ʣʘʪʫʥʠ ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʯʝʤ ʫ ʯʫʛʫʥʘ. 

ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʟʘʟʦʨ ʤʝʞʜʫ ʩʪʝʨʞʥʝʤ ʢʣʘʧʘʥʘ ʠ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʦʡ 

ʠʟ ʙʨʦʥʟʳ ʠʣʠ ʣʘʪʫʥʠ, ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʚʪʫʣʦʢ ʠʟ ʯʫʛʫʥʘ, ʠʥʘʯʝ 

ʧʨʠ ʥʘʛʨʝʚʝ ʢʣʘʧʘʥ ʟʘʢʣʠʥʠʪ ʚ ʦʪʚʝʨʩʪʠʠ ʚʪʫʣʢʠ. 

ʇʨʠ ʤʝʥʴʰʝʤ ʯʝʤ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʣʘʪʫʥʠ ʟʘʟʦʨʝ, ʧʨʠ ʥʘʛʨʝʚʝ ʚʪʫʣʢʠ 

ʦʥʘ ʨʘʩʰʠʨʷʝʪʩʷ ʠ ʟʘʟʦʨ ʠʩʯʝʟʘʝʪ ʚʦʚʩʝ. ɸ ʢʣʘʧʘʥ ʧʨʦʜʦʣʞʘʝʪ ʩʚʦʸ 

ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ɺ ʠʪʦʛʝ, ʣʘʪʫʥʴ ʥʘʯʠʥʘʝʪ ʢʘʢ ʙʳ 

ʥʘʤʘʟʳʚʘʪʴʩʷ (ʥʘʚʦʣʘʢʠʚʘʪʴʩʷ) ʥʘ ʪʚʸʨʜʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (HRC 50-60) 

ʩʪʝʨʞʥʷ ʢʣʘʧʘʥʘ, ʠ ʦʪ ʵʪʦʛʦ ʪʨʫʱʠʝʩʷ ʜʝʪʘʣʠ ʥʘʛʨʝʚʘʶʪʩʷ ʝʱʸ ʩʠʣʴʥʝʝ. ɺ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʦʠʩʭʦʜʠʪ ʩʚʘʨʢʘ ʩʪʘʣʴʥʦʛʦ ʩʪʝʨʞʥʷ ʢʣʘʧʘʥʘ ʠ ʣʘʪʫʥʥʦʡ 

ʚʪʫʣʢʠ. ɺ ʠʪʦʛʝ ʤʦʪʦʨ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ, ʘ ʧʨʠ ʝʛʦ ʨʘʟʙʦʨʢʝ ʠʥʦʛʜʘ ʚʳʙʠʪʴ 

ʧʨʠʚʘʨʠʚʰʠʡʩʷ ʢʣʘʧʘʥ ʙʳʚʘʝʪ ʦʯʝʥʴ ʩʣʦʞʥʦ, ʠ ʢʘʢ ʧʨʘʚʠʣʦ ʦʥ ʚʳʙʠʚʘʝʪʩʷ 

ʚʤʝʩʪʝ ʩʦ ʚʪʫʣʢʦʡ. 

ʇʨʠʯʸʤ ʙʦʣʝʝ ʩʢʣʦʥʥʳ ʢ ʥʘʚʦʣʘʢʠʚʘʥʠʶ, ʣʘʪʫʥʠ ʩ ʥʝʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ, ʪʘʢʠʝ ʢʘʢ ʃ68, ʃ70, ʃ62. ʎʠʬʨʘ ʚ ʦʙʦʟʥʘʯʝʥʠʠ ʨʷʜʦʤ ʩ 

ʙʫʢʚʦʡ, ʦʟʥʘʯʘʝʪ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʣʘʪʫʥʠ, ʦʩʪʘʣʴʥʦʝ 

ʩʦʩʪʘʚʣʷʝʪ ʮʠʥʢ. 

ʅʦ ʧʨʠ ʙʦʣʴʰʝʤ ʟʘʟʦʨʝ ʚ ʩʦʧʨʷʞʝʥʠʠ ʩʪʝʨʞʥʷ ʢʣʘʧʘʥʘ ʠ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ, ʫʚʝʣʠʯʠʪʩʷ ʨʘʩʭʦʜ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ (ʥʝʩʤʦʪʨʷ ʥʘ 

ʥʦʚʳʝ ʩʘʣʴʥʠʢʠ ʢʣʘʧʘʥʦʚ). ʅʦ ʜʝʣʦ ʥʝ ʪʦʣʴʢʦ ʚ ʵʪʦʤ, ʧʨʠ ʙʦʣʴʰʝʤ ʟʘʟʦʨʝ 

ʠ ʧʨʠʚʦʜʝ ʢʣʘʧʘʥʘ ʯʝʨʝʟ ʢʦʨʦʤʳʩʣʦ ʠ ʨʳʯʘʛ, ʚʦʟʥʠʢʘʝʪ ʧʫʩʪʴ ʠ ʥʝʙʦʣʴʰʦʝ, 

ʥʦ ʚʩʸ ʞʝ ʙʦʢʦʚʦʝ ʫʩʠʣʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʩʪʝʨʞʝʥʴ ʢʣʘʧʘʥʘ. 

ɸ ʠʟ-ʟʘ ʵʪʦʛʦ ʥʝʤʥʦʛʦ ʥʘʨʫʰʘʝʪʩʷ ʪʦʯʥʘʷ ʧʦʩʘʜʢʘ ʪʘʨʝʣʢʠ ʢʣʘʧʘʥʘ ʢ 

ʩʝʜʣʫ (ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʡ ʧʝʨʝʢʦʩ), ʠ ʵʪʦ ʦʟʥʘʯʘʝʪ ʭʦʪʴ ʠ ʦʯʝʥʴ ʥʝʙʦʣʴʰʫʶ, 

ʥʦ ʚʩʸ ʞʝ ʧʦʪʝʨʶ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʢʣʘʧʘʥʘ (ʢʦʥʝʯʥʦ ʞʝ ʥʝ ʢʘʢ ʥʘ 

ʠʟʥʦʰʝʥʥʦʤ ʤʦʪʦʨʝ, ʥʦ ʚʩʸ ʞʝ). ʅʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʦʢʘ ʤʦʪʦʨ ʥʝ 

ʧʨʦʛʨʝʝʪʩʷ, ʚʝʜʴ ʧʨʠ ʧʨʦʛʨʝʚʝ, ʚʪʫʣʢʠ ʨʘʩʰʠʨʷʶʪʩʷ ʦʪ ʥʘʛʨʝʚʘ ʠ ʟʘʟʦʨ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʢʣʘʧʘʥ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ 

ʠʜʝʘʣʴʥʦ ʨʦʚʥʦ. 
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ʅʦ ʟʘʪʦ ʚʪʫʣʢʠ ʠʟ ʣʘʪʫʥʠ, ʘ ʪʝʤ ʙʦʣʝʝ ʠʟ ʙʨʦʥʟʳ, ʥʘʤʥʦʛʦ 

ʚʳʠʛʨʳʚʘʶʪ ʯʫʛʫʥʥʳʤ ʧʦ ʨʝʩʫʨʩʫ, ʪʘʢ ʢʘʢ ʤʝʜʣʝʥʥʝʝ ʠʟʥʘʰʠʚʘʶʪʩʷ, 

ʧʦʪʦʤʫ ʯʪʦ ʠʤʝʶʪ ʤʘʣʝʥʴʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. 

ʅʫ ʘ ʧʨʠ ʩʣʠʰʢʦʤ ʤʘʣʝʥʴʢʦʤ ʟʘʟʦʨʝ, ʥʘʨʫʰʘʶʪʩʷ ʫʩʣʦʚʠʷ ʩʤʘʟʢʠ, ʠ 

ʢʘʢ ʷ ʫʞʝ ʛʦʚʦʨʠʣ, ʩʪʝʨʞʝʥʴ ʢʣʘʧʘʥʘ ʤʦʞʝʪ ʟʘʢʣʠʥʠʪʴ ʚ ʦʪʚʝʨʩʪʠʠ ʚʪʫʣʢʠ. 

ʇʦʵʪʦʤʫ ʪʦʯʥʦʩʪʴ ʟʘʟʦʨʘ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʝʤ ʚʪʫʣʢʠ ʠ ʩʪʝʨʞʥʝʤ ʢʣʘʧʘʥʘ 

ʦʯʝʥʴ ʚʘʞʥʘ, ʠ ʧʨʠʯʸʤ ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ ʟʘʟʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʡ ʢʘʞʜʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʦʪ ʤʘʪʝʨʠʘʣʘ ʚʪʫʣʢʠ.  

 
ʊʘʙʣʠʮʘ 2. 

ʊʝʧʣʦʚʳʝ ʟʘʟʦʨʳ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʪʫʣʦʢ 

 
ɻʦʚʦʨʷ ʧʨʦʱʝ ð ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʩʧʣʘʚʘ) ʚʪʫʣʢʠ, ʪʨʝʙʫʝʪʩʷ 

ʩʚʦʡ ʟʘʟʦʨ. 

ʀ ʨʘʟ ʣʘʪʫʥʴ ʙʦʣʴʰʝ ʨʘʩʰʠʨʷʶʪʩʷ ʧʨʠ ʥʘʛʨʝʚʝ, ʯʝʤ ʯʫʛʫʥ, ʟʥʘʯʠʪ ʧʨʠ 

ʫʩʪʘʥʦʚʢʝ ʥʘ ʩʚʦʡ ʜʚʠʛʘʪʝʣʴ ʣʘʪʫʥʥʦʡ ʠʣʠ ʙʨʦʥʟʦʚʦʡ ʚʪʫʣʢʠ, ʟʘʟʦʨ ʤʝʞʜʫ 

ʝʸ ʦʪʚʝʨʩʪʠʝʤ ʠ ʩʪʝʨʞʥʝʤ ʢʣʘʧʘʥʘ, ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ (ʥʦʨʤʘʣʴʥʦʡ) 

ʪʝʤʧʝʨʘʪʫʨʝ, ʚʩʝʛʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʟʦʨʦʤ 

ʯʫʛʫʥʥʦʡ ʚʪʫʣʢʠ.  

ʇʦʩʣʝ ʚʳʪʘʯʠʚʘʥʠʷ ʥʦʚʳʭ ʚʪʫʣʦʢ ʠ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʠʭ ʦʪʚʝʨʩʪʠʡ, 

ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʟʘʟʦʨ ʩʪʝʨʞʥʷ ʢʣʘʧʘʥʘ ʚ ʦʪʚʝʨʩʪʠʠ ʢʘʢ ʚ ʪʘʙʣʠʮʝ 2. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʘʪʫʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʪʫʣʦʢ ʧʨʠʥʠʤʘʝʪ ʣʘʪʫʥʴ 

ʤʘʨʢʠ ʃ90. [1] 

 

ʈʘʩʯʸʪ ʪʝʧʣʦʚʦʛʦ ʟʘʟʦʨʘ ʥʘʧʨʘʚʣʷʶʱʝ ʚʪʫʣʢʠ ʊʝʧʣʦʚʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ï ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʪʝʣʘ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʘʩʩʯʠʪʘʝʤ ʪʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ, l, ʤ, ʧʦ 

ʬʦʨʤʫʣʝ 1  

ʌʦʨʤʫʣʘ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ l, ʤʤ: 

l = l0(1 + Ŭt),    (1) 

ʛʜʝ l - ʜʣʠʥʘ ʫʜʣʠʥʝʥʥʘʷ; 

l0 - ʥʘʯʘʣʴʥʘʷ ʜʣʠʥʘ; 

Ŭ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ; 

t - ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʇʦʥʠʤʘʷ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʣʘʪʫʥʠ ʠ ʯʫʛʫʥʘ 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʸʪ ʪʝʧʣʦʚʦʛʦ 

ʟʘʟʦʨʘ ʧʨʠ ʢʦʪʦʨʦʤ ʣʘʪʫʥʥʘʷ ʚʪʫʣʢʘ ʩʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʧʘʨʝ ʩ ʢʣʘʧʘʥʦʤ.  

 
ʈʠʩʫʥʦʢ 3. ʊʝʧʣʦʚʦʡ ʟʘʟʦʨ 

 
 ɼʣʷ ʥʘʯʘʣʘ ʧʦʜʩʯʠʪʘʝʤ ʜʦ ʢʘʢʦʚʘ ʨʘʟʤʝʨʘ ʨʘʩʰʠʨʷʝʪʩʷ ʚʧʫʩʢʥʦʡ ʠ 

ʚʳʧʫʩʢʥʦʡ ʢʣʘʧʘʥ ʧʦ ʜʠʘʤʝʪʨʫ.  

ʀʩʧʦʣʴʟʫʝʤ ʬʦʨʤʫʣʫ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʦ ʜʠʘʤʝʪʨʫ  

ʊʝʤʧʝʨʘʪʫʨʫ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʧʨʠʥʠʤʘʝʤ ʟʘ 300, ʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʳʧʫʩʢʥʦʛʦ ʟʘ 600  

ʂʣʘʧʘʥ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ 40 ʍʅ 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʯʠʪʘʝʤ ʢʘʢʦʡ ʟʘʟʦʨ ʙʫʜʝʪ ʚ ʧʘʨʝ ʢʣʘʧʘʥ ʚʪʫʣʢʘ ʥʘ 

ʭʦʣʦʜʥʦʤ ʜʚʠʛʘʪʝʣʝ  

-ɼʠʘʤʝʪʨ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ=9.938 ʤʤ  

-ɼʠʘʤʝʪʨ ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ = 9.908 ʤʤ 

-ɺʥʫʪʨʝʥʥʠʡ ʦʨʠʛʠʥʘʣʴʥʦʡ ʨʘʟʤʝʨ ʚʪʫʣʢʠ = 10.25 ʤʤ 

ʈʘʟʤʝʨʳ ʧʘʨʳ ʚʪʫʣʢʘ ʚʧʫʩʢʥʦʡ ʢʣʘʧʘʥ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩʫʥʦʢ 4. ʈʘʟʤʝʨʳ ʧʘʨʳ ʚʪʫʣʢʘ - ʚʧʫʩʢʥʦʡ ʢʣʘʧʘʥ 

 
ʈʘʩʩʯʠʪʘʝʤ ʟʘʟʦʨ ʊɿ, ʤʤ, ʧʦ ʬʦʨʤʫʣʝ:  

   (2) 

ʈʘʩʩʯʠʪʘʝʤ ʜʣʷ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ: 

 ʤʤ 

ʈʘʟʤʝʨʳ ʧʘʨʳ ʚʪʫʣʢʘ - ʚʳʧʫʩʢʥʦʡ ʢʣʘʧʘʥ. 

ʈʘʩʩʯʠʪʘʝʤ ʜʣʷ ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 

 
ʈʠʩʫʥʦʢ 5. ʈʘʟʤʝʨʳ ʧʘʨʳ ʚʪʫʣʢʘ - ʚʳʧʫʩʢʥʦʡ ʢʣʘʧʘʥ 

 
ʈʘʩʩʯʠʪʘʝʤ ʜʣʷ ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ: 

 ʤʤ 

ʈʘʟʤʝʨʳ ʟʘʟʦʨʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 3 
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ʊʘʙʣʠʮʘ 3. ʈʘʟʤʝʨʳ ʟʘʟʦʨʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 

ɿʘʟʦʨ ʤʝʞʜʫ ʦʨʠʛʠʥʘʣʴʥʦʡ ʚʪʫʣʢʦʡ ʠ ʢʣʘʧʘʥʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 

ɺʧʫʩʢ 0,312 

ɺʳʧʫʩʢ  0,342 

ʊʝʧʣʦʚʦʡ ʟʘʟʦʨ ,ʤʤ,ʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

   (3) 

ʛʜʝ D ï ɼʠʘʤʝʪʨ ʢʣʘʧʘʥʘ ʤʤ 

-ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ  

-ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ  

k- ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ ʩʪʘʣʠ 1,2* /  

ʊʝʧʝʨʴ ʨʘʩʩʯʠʪʘʝʤ ʨʘʟʤʝʨʳ ʢʣʘʧʘʥʦʚ ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ɼʣʷ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ: 

 
ʊʦ-ʝʩʪʴ ʚʧʫʩʢʥʦʡ ʢʣʘʧʘʥ ʧʨʠ ʥʘʛʨʝʚʝ ʧʨʠʥʠʤʘʝʪ ʨʘʟʤʝʨ: 

 ʤʤ 

 ɼʣʷ ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ: 

 
ɺʳʧʫʩʢʥʦʡ ʢʣʘʧʘʥ ʧʨʠ ʥʘʛʨʝʚʝ ʧʨʠʥʠʤʘʝʪ ʨʘʟʤʝʨ: 

 ʤʤ 

ʈʘʩʯʠʪʘʝʤ ʢʘʢʠʤ ʙʫʜʝʪ ʨʘʩʰʠʨʝʥʠʝ ʜʣʷ ʦʨʠʛʠʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʚʪʫʣʢʠ ʢʦʪʦʨʘʷ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʯʫʛʫʥʘ  

ɺʦʟʴʤʸʤ ʥʘʧʨʘʚʣʷʶʱʫʶ ʚʪʫʣʢʫ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ 10.25 ʤʤ ʠ 

ʪʦʣʱʝʥʦʡ ʩʪʝʥʢʠ 2,5 ʤʤ, ʥʘʨʫʞʥʠʡ ʜʠʘʤʝʪʨ 15 ʤʤ ʏʫʛʫʥʥʘʷ 

ʥʘʧʨʘʚʣʷʶʱʘʷ ʚʪʫʣʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 6 

 
ʈʠʩʫʥʦʢ 6. ʏʫʛʫʥʥʘʷ ʥʘʧʨʘʚʣʷʶʱʘʷ ʚʪʫʣʢʘ 
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ʈʘʩʯʸʪ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ 

 
 ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʚʪʫʣʢʘ ʟʘʧʨʝʩʦʚʘʥʘ ʚ ʩʪʘʣʴʥʫʶ ʛʦʣʦʚʢʫ ʙʣʦʢʘ 

ʮʠʣʠʥʜʨʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʢʦʪʦʨʦʡ ʨʘʚʝʥ ʪʦʞʝ ʝʜʠʥʠʮʝ, ʪʦ 

ʧʨʠʥʠʤʘʝʤ ʨʘʩʰʠʨʝʥʠʝ   

ʊʦʛʜʘ ʯʫʛʫʥʥʘʷ ʥʘʧʨʘʚʣʷʶʱʘʷ ʚʪʫʣʢʘ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʧʨʠ ʥʘʛʨʝʚʝ 

ʧʨʠʥʠʤʘʝʪ ʨʘʟʤʝʨ 

 
ʊʝʧʝʨʴ ʨʘʩʯʠʪʘʝʤ ʨʘʟʤʝʨ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ  

 
ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʚʪʫʣʢʘ ʟʘʧʨʝʩʦʚʘʥʘ ʚ ʩʪʘʣʴʥʫʶ ʛʦʣʦʚʢʫ ʙʣʦʢʘ 

ʮʠʣʠʥʜʨʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʢʦʪʦʨʦʡ ʨʘʚʝʥ ʪʦʞʝ ʝʜʠʥʠʮʝ, ʪʦ 

ʧʨʠʥʠʤʘʝʤ ʨʘʩʰʠʨʝʥʠʝ   

ɺʪʫʣʢʘ ʙʫʜʝʪ ʠʤʝʪʴ ʨʘʟʤʝʨ  

 
ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʥʘʤ ʩʪʘʣʠ ʠʟʚʝʩʪʥʳ ʨʘʟʤʝʨʳ ʚʩʝʭ ʜʝʪʘʣʝʡ ʚ ʨʘʙʦʯʝʤ 

ʩʦʩʪʦʷʥʠʠ ʦʧʨʝʜʝʣʠʤ ʪʝʧʣʦʚʦʡ ʟʘʟʦʨ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʤʝʞʜʫ ʥʦʞʢʦʡ 

ʢʣʘʧʘʥʦʤ ʠ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʦʡ ʧʦ ʬʦʨʤʫʣʝ: 

    (4) 

ʈʘʩʯʠʪʘʝʤ ʜʣʷ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ 

 ʤʤ 

ʊʝʧʝʨʴ ʨʘʩʩʯʠʪʘʝʤ ʟʘʟʦʨ ʜʣʷ ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ 

 ʤʤ 

ɺʠʜʠʤ, ʯʪʦ ʪʝʧʣʦʚʦʡ ʟʘʟʦʨ ʤʝʞʜʫ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʚʪʫʣʢʘʤʠ ʠ 

ʩʪʝʨʞʥʝʤ ʢʣʘʧʘʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʪʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ 

ʟʘʤʝʥʫ ʦʨʠʛʠʥʘʣʴʥʦʡ ʟʘʧʯʘʩʪʠ, ʣʘʪʫʥʥʫʶ ʥʘʧʨʘʚʣʷʶʱʫʶ ʚʪʫʣʢʠ  

ʈʘʟʤʝʨʳ ʚʪʫʣʦʢ ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʥʳ  

ʅʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ ʚʳʧʫʩʢʥʦʛʦ ʈʘʩʯʸʪ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ 

ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ 

 
 ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʚʪʫʣʢʘ ʟʘʧʨʝʩʩʦʚʘʥ ʚ ʩʪʘʣʴʥʫʶ ʛʦʣʦʚʢʫ ʙʣʦʢʘ 

ʮʠʣʠʥʜʨʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʢʦʪʦʨʦʡ ʨʘʚʝʥ ʪʦʞʝ ʝʜʠʥʠʮʝ, ʪʦ 

ʧʨʠʥʠʤʘʝʤ ʨʘʩʰʠʨʝʥʠʝ   

ʊʦʛʜʘ ʯʫʛʫʥʥʘʷ ʥʘʧʨʘʚʣʷʶʱʘʷ ʚʪʫʣʢʘ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʧʨʠ ʥʘʛʨʝʚʝ 

ʧʨʠʥʠʤʘʝʪ ʨʘʟʤʝʨ 

 
ʊʝʧʝʨʴ ʨʘʩʩʯʠʪʘʝʤ ʨʘʟʤʝʨ ʢʣʘʧʘʥʘ  
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ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʚʪʫʣʢʘ ʟʘʧʨʝʩʦʚʘʥʘ ʚ ʩʪʘʣʴʥʫʶ ʛʦʣʦʚʢʫ ʙʣʦʢʘ 

ʮʠʣʠʥʜʨʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʢʦʪʦʨʦʡ ʨʘʚʝʥ ʪʦʞʝ ʝʜʠʥʠʮʝ, ʪʦ 

ʧʨʠʥʠʤʘʝʤ ʨʘʩʰʠʨʝʥʠʝ   

ɺʪʫʣʢʘ ʙʫʜʝʪ ʠʤʝʪʴ ʨʘʟʤʝʨ  

 
ʈʘʩʯʠʪʘʝʤ ʪʝʧʣʦʚʦʡ ʟʘʟʦʨ ʜʣʷ ʣʘʪʫʥʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ ʧʦ 

ʬʦʨʤʫʣʝ4.  

ʈʘʩʯʠʪʘʝʤ ʜʣʷ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ: 

 ʤʤ 

ʊʝʧʝʨʴ ʨʘʩʯʠʪʘʝʤ ʟʘʟʦʨ ʜʣʷ ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ: 

 ʤʤ 

ʉʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʯʫʛʫʥʥʦʡ ʠ ʣʘʪʫʥʥʦʡ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʦʡ ʨʘʟʤʝʨʦʤ 10.25 ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4 
ʊʘʙʣʠʮʘ 4.  

ʈʘʟʤʝʨ ʪʝʧʣʦʚʦʛʦ ʟʘʟʦʨʘ ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʚʠʛʘʪʝʣʷ: 

 ʏʫʛʫʥ ʃʘʪʫʥʴ 

ɺʧʫʩʢ 0,229 0,214 

ɺʳʧʫʩʢ  0,183 0,143 

ʀʟ ʪʘʙʣʠʮʳ 4 ʤʳ ʚʠʜʠʤ, ʯʪʦ ʟʘʟʦʨʦʚ ʣʘʪʫʥʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ 

ʧʨʠ ʨʘʟʤʝʨʝ 10.25 ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ ʛʦʣʦʚʢʠ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ. ʕʪʦ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ 

ʟʘʧʘʜʘʥʠʷ ʢʣʘʧʘʥʘ ʧʨʠ ʨʘʙʦʪʘʶʱʝʤ ʜʚʠʛʘʪʝʣʝ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʝʯʴ 

ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʨʝʤʦʥʪ. ʇʨʠ ʟʘʢʣʠʥʠʚʘʥʠʠ ʢʣʘʧʘʥʘ, ʢʣʘʧʘʥ ʚʩʪʨʝʯʘʝʪʩʷ ʩ 

ʧʦʨʰʥʝʤ, ʧʦʚʨʝʞʜʘʝʪʩʷ ʚʩʷ ʮʠʣʠʥʜʨʘ ʧʦʨʰʥʝʚʘʷ ʛʨʫʧʧʘ, ʪʘʢ ʞʝ ʧʦʩʣʝ 

ʫʜʘʨʘ ʧʦʨʰʥʷ ʦ ʢʣʘʧʘʥ ʧʦʚʨʝʞʜʘʝʪʩʷ ʰʪʘʥʛʘ, ʘ ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ 

ʧʨʠʭʦʜʠʪʩʷ ʤʝʥʷʪʴ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʚʘʣ.  

ʇʦʵʪʦʤʫ ʩʪʦʠʪ ʫʚʝʣʠʯʠʪʴ ʟʘʟʦʨ ʣʘʪʫʥʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ  

ʋʚʝʣʠʯʠʤ ʟʘʟʦʨ ʥʘ 1% ʠ ʧʦʚʪʦʨʠʤ ʨʘʩʯʸʪ. 

1% ʦʪ ʦʙʱʝʡ ʜʣʠʥʥʳ ʵʪʦ 0.1 ʜʝʩʷʪʘʷ ʤʤ ʦʪ ʦʙʱʝʛʦ ʨʘʟʤʝʨʘ ʚʪʫʣʢʠ 

ʇʦʩʣʝ ʨʘʟʚʸʨʪʢʠ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʚʪʫʣʢʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʤʥʳʤ 

10.35 ʤʤ 

ʅʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ ʚʳʧʫʩʢʥʦʛʦ ʈʘʩʯʸʪ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ 

ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ 

 
 ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʚʪʫʣʢʘ ʟʘʧʨʝʩʦʚʘʥʘ ʚ ʩʪʘʣʴʥʫʶ ʛʦʣʦʚʢʫ ʙʣʦʢʘ 

ʮʠʣʠʥʜʨʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʢʦʪʦʨʦʡ ʨʘʚʝʥ ʪʦʞʝ ʝʜʠʥʠʮʝ, ʪʦ 

ʧʨʠʥʠʤʘʝʤ ʨʘʩʰʠʨʝʥʠʝ   

ʊʦʛʜʘ ʯʫʛʫʥʥʘʷ ʥʘʧʨʘʚʣʷʶʱʘʷ ʚʪʫʣʢʘ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʧʨʠ ʥʘʛʨʝʚʝ 

ʧʨʠʥʠʤʘʝʪ ʨʘʟʤʝʨ 

 
ʊʝʧʝʨʴ ʨʘʩʩʯʠʪʘʝʤ ʨʘʟʤʝʨ ʢʣʘʧʘʥʘ: ʧʦ ʬʦʨʤʫʣʝ 3: 
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ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʚʪʫʣʢʘ ʟʘʧʨʝʩʦʚʘʥʘ ʚ ʩʪʘʣʴʥʫʶ ʛʦʣʦʚʢʫ ʙʣʦʢʘ 

ʮʠʣʠʥʜʨʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʢʦʪʦʨʦʡ ʨʘʚʝʥ ʪʦʞʝ ʝʜʠʥʠʮʝ, ʪʦ 

ʧʨʠʥʠʤʘʝʤ ʨʘʩʰʠʨʝʥʠʝ   

ɺʪʫʣʢʘ ʙʫʜʝʪ ʠʤʝʪʴ ʨʘʟʤʝʨ  

 
ʈʘʩʩʯʠʪʘʝʤ ʪʝʧʣʦʚʦʡ ʟʘʟʦʨ ʜʣʷ ʣʘʪʫʥʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ ʧʦ 

ʬʦʨʤʫʣʝ 4: 

ʈʘʩʩʯʠʪʘʝʤ ʜʣʷ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ 

 ʤʤ 

ʊʝʧʝʨʴ ʨʘʩʩʯʠʪʘʝʤ ʟʘʟʦʨ ʜʣʷ ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ 

 ʤʤ 

ʉʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʯʫʛʫʥʥʦʡ ʠ ʣʘʪʫʥʥʦʡ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʦʡ ʨʘʟʤʝʨʦʤ 10.35 ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

 

 

 
ʊʘʙʣʠʮʘ 5. 

ʈʘʟʤʝʨ ʪʝʧʣʦʚʦʛʦ ʟʘʟʦʨʘ ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʚʠʛʘʪʝʣʷ 

 ʏʫʛʫʥ ʃʘʪʫʥʴ 

ɺʧʫʩʢ 0,229ʤ 0,314ʤʤ 

ɺʳʧʫʩʢ  0,183ʤʤ 0,222ʤʤ 

 
 ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʸʪʦʚ ʚʠʜʠʤ, ʯʪʦ ʟʘʟʦʨ ʤʝʞʜʫ ʚʧʫʩʢʥʳʤ ʢʣʘʧʘʥʦʚ 

ʠ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʦʡ, ʧʦʩʣʝ ʫʚʝʣʠʯʝʥʠʷ ʟʘʟʦʨʘ ʥʘ 1 ʩʦʪʫʶ ʤʠʣʣʠʤʝʪʨʘ, 

ʜʣʷ ʣʘʪʫʥʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ ʩʪʘʥʦʚʠʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ. 

ʇʦʵʪʦʤʫ ʜʠʘʤʝʪʨ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʪʫʣʦʢ ʧʨʠʥʠʤʘʝʤ 10.35ʤʤ.  

 ʇʨʠʥʠʤʘʝʤʳʝ ʨʘʟʤʝʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʣʘʪʫʥʥʦʡ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 6 
 

ʊʘʙʣʠʮʘ 6.  

ʇʨʠʥʠʤʘʝʤʳʝ ʨʘʟʤʝʨʳ ʣʘʪʫʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʪʫʣʦʢ . 

 

ʇʨʠʥʠʤʘʝʤ ʈʘʟʤʝʨ 

ʈʘʟʤʝʨ ʣʘʪʫʥʥʦʡ ʚʪʫʣʢʠ 

ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ  

10,35 ʤʤ 

ʈʘʟʤʝʨ ʣʘʪʫʥʥʦʡ ʚʪʫʣʢʠ 

ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ  

10,35 ʤʤ 

 
ʈʘʟʤʝʨ ʣʘʪʫʥʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 7 
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ʈʠʩʫʥʦʢ 7. ʈʘʟʤʝʨ ʣʘʪʫʥʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʪʫʣʢʠ 

  
ɺʳʙʨʘʥʥʳʝ ʨʘʟʤʝʨʳ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʪʫʣʦʢ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʷ, ʠ ʜʦʣʞʥʳ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʟʘʣʠʧʘʥʠʝ 

ʢʣʘʧʘʥʘ. 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʪʫʣʦʢ ʫʜʘʩʪʩʷ ʩʥʠʟʠʪʴ ʧʨʦʩʪʦʡ 

ʤʘʰʠʥ ʩ ʚʳʷʚʣʝʥʥʳʤ ʜʝʬʝʢʪʦʤ ʛʙʮ. ʊʘʢʞʝ ʫʜʘʩʪʩʷ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʟʘʢʫʧʢʫ ʜʦʨʦʛʠʭ ʦʨʠʛʠʥʘʣʴʥʳʭ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠʩʭʦʜʷ ʠʟ ʵʪʠʭ ʩʚʝʜʝʥʠʡ. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨ  r
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ʋɼʂ 628.8 

ʐʠʰʢʠʥ ɽ.ɺ., ɾʫʢʦʚʩʢʘʷ ʖ.ʂ.  
 ʌɻɸʆʋ ɺʆ çʂʌʋ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè, ʉʠʤʬʝʨʦʧʦʣʴ, ʈʦʩʩʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙʣʝʤ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʚʝʥʪʠʣʷʮʠʠ 
 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʜʘʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʙʦʪʦʡ ʩʠʩʪʝʤ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ (ʉʂɺ). ʅʘ ʦʩʥʦʚʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʧʨʠʯʠʥʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʜʠʩʙʘʣʘʥʩʘ: ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʦʰʠʙʢʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʣʦʢʘʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʥʘʛʨʫʟʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʰʝʥʠʡ ʧʨʝʜʣʦʞʝʥʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʠ ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʟʦʥʠʨʦʚʘʥʠʝ, 

ʧʘʩʩʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  
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Research on the problems of uneven temperature distribution in 

modern air conditioning and ventilation systems 
 

Abstract: The article is dedicated to the analysis of current issues related to uneven 

temperature distribution in buildings, associated with the operation of air conditioning 

and ventilation systems (ACVS). Based on scientific research, simulation data, the key 

causes of thermal imbalance have been identified: aerodynamic characteristics of 

airflows, design errors, local thermal and anthropogenic loads. As solutions, intelligent 

and adaptive control, zoning, passive strategies, and the implementation of energy-

efficient technologies have been proposed. 

Key words: microclimate, air conditioning and ventilation systems, hybrid systems, 
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ɺʚʝʜʝʥʠʝ 

 

 ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ (ʉʂɺ) 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʢʦʤʬʦʨʪʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʦʜʥʘʢʦ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʪʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ 

ʧʨʦʙʣʝʤʦʡ, ʦʩʦʙʝʥʥʦ ʚ ʟʜʘʥʠʷʭ ʩʣʦʞʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʣʠ ʩ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʚʦʟʜʫʭʘ [1], ʥʝʦʜʥʦʨʦʜʥʳʝ ʪʝʧʣʦʚʳʝ 

ʥʘʛʨʫʟʢʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ 

ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, ʥʦ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ɺ ʫʩʣʦʚʠʷʭ 

ʨʦʩʪʘ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʫʞʝʩʪʦʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ 

ʫʩʪʨʘʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ 

ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʣʝʜʘ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 
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ʢʦʤʬʦʨʪʘ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʚʳʷʚʠʪʴ ʧʨʠʯʠʥʳ ʜʠʩʙʘʣʘʥʩʘ ʠ ʧʨʝʜʣʦʞʠʪʴ 

ʤʝʪʦʜʳ ʝʛʦ ʫʩʪʨʘʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʪʨʘʪʠʬʠʢʘʮʠʷ ʚʦʟʜʫʭʘ ʢʘʢ ʧʨʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʧʨʠʯʠʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠ ʚʝʥʪʠʣʷʮʠʠ (ʉʂɺ) ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩ ʨʝʰʝʥʠʡ ʜʣʷ ʠʭ ʫʩʪʨʘʥʝʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʬʦʨʪʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʢʣʶʯʝʚʳʭ ʧʨʠʯʠʥ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ, ʚʳʷʚʠʣʠ, ʯʪʦ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ (ʉʂɺ) 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʅʘʧʨʠʤʝʨ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʚ ʧʦʤʝʱʝʥʠʷʭ ʩ ʚʳʩʦʢʠʤʠ ʧʦʪʦʣʢʘʤʠ ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ 

ʧʦʣʦʤ ʠ ʧʦʪʦʣʢʦʤ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 4ï7ÁC ʠʟ-ʟʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ 

ʚʦʟʜʫʭʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 40% ʠʟʫʯʝʥʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʦʰʠʙʢʠ ʚ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʨʝʰʝʪʦʢ ʩʦʟʜʘʚʘʣʠ ʟʦʥʳ ʩ ʟʘʩʪʦʡʥʳʤ 

ʚʦʟʜʫʭʦʤ, ʟʘʥʠʤʘʶʱʠʝ ʜʦ 20% ʧʣʦʱʘʜʠ. ʆʩʦʙʝʥʥʦ ʷʨʢʦ ʧʨʦʙʣʝʤʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʜʘʥʠʷʭ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʚ ʦʬʠʩʘʭ ʩ 

ʩʝʨʚʝʨʥʳʤʠ ʢʦʤʥʘʪʘʤʠ ʠʣʠ ʧʘʥʦʨʘʤʥʳʤʠ ʦʢʥʘʤʠ ʣʦʢʘʣʴʥʳʡ ʧʝʨʝʛʨʝʚ [2] 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʜʦʩʪʠʛʘʣ 3ï5ÁC, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʠ ʟʘʤʝʨʳ ʩ ʧʦʤʦʱʴʶ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʜʘʪʯʠʢʦʚ. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʚʳʚʦʜʘʤʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʥʦ ʪʘʢʞʝ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʫʯʝʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʣʶʜʝʡ ʚ ʧʦʤʝʱʝʥʠʠ ʚ 

ʪʝʯʝʥʠʝ ʜʥʷ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʢʦʤʬʦʨʪ ʦʢʘʟʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʳʤ. ʅʘʧʨʠʤʝʨ, ʚ ʦʜʥʦʤ ʠʟ ʤʦʩʢʦʚʩʢʠʭ 

ʪʦʨʛʦʚʳʭ ʮʝʥʪʨʦʚ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʧʦʟʚʦʣʠʣʘ 

ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 28%, ʫʩʪʨʘʥʠʚ ʧʝʨʝʛʨʝʚ ʚ ʟʦʥʝ ʬʫʜʢʦʨʪʘ. 

ʇʨʠ ʵʪʦʤ ʦʧʨʦʩʳ ʩʦʪʨʫʜʥʠʢʦʚ ʦʬʠʩʦʚ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʧʝʨʝʧʘʜʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 65% ʨʝʩʧʦʥʜʝʥʪʦʚ ʠʩʧʳʪʳʚʘʶʪ ʜʠʩʢʦʤʬʦʨʪ, 

ʞʘʣʫʷʩʴ ʥʘ ʩʢʚʦʟʥʷʢʠ ʠʣʠ ʜʫʭʦʪʫ. ʊʘʢʠʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ 
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ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʨʘʩʭʦʜʳ, ʥʦ ʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʣʶʜʝʡ. 
 

 
 

ʈʠʩʫʥʦʢ 2. ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʦʬʠʩʘ ʩ ʟʦʥʘʤʠ ʧʝʨʝʛʨʝʚʘ ʫ ʦʢʦʥ ʠ ʦʭʣʘʞʜʝʥʠʷ ʚ ʮʝʥʪʨʝ 

ʧʦʤʝʱʝʥʠʷ 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʠʭ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ. ɺ ʩʠʥʛʘʧʫʨʩʢʦʤ ʙʠʟʥʝʩ-ʮʝʥʪʨʝ 

ʚʥʝʜʨʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ IoT ʩʥʠʟʠʣʦ 

ʧʠʢʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ 15%, ʘ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʨʘʙʦʯʠʭ ʟʦʥʘʭ ʥʝ ʧʨʝʚʳʩʠʣʠ Ñ0,5ÁC. ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʚ ʙʝʨʣʠʥʩʢʦʤ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʦʥʘʣʴʥʳʭ VRF-ʩʠʩʪʝʤ 

ʩʦʢʨʘʪʠʣʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 22%, ʩʦʭʨʘʥʷʷ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʢʦʤʬʦʨʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 22ï24ÁC. ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʦʧʳʪ 

ʥʝʤʝʮʢʠʭ ʢʣʠʥʠʢ, ʛʜʝ ʧʨʠʤʝʥʝʥʠʝ ʚʳʪʝʩʥʷʶʱʝʡ ʚʝʥʪʠʣʷʮʠʠ ʚ 

ʦʧʝʨʘʮʠʦʥʥʳʭ [3] ʦʙʝʩʧʝʯʠʣʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

(Ñ0,3ÁC) ʠ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ CO  ʥʘ 30%, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʘʮʠʝʥʪʦʚ. 

ʀʥʪʝʛʨʘʮʠʷ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʙʲʝʜʠʥʷʶʱʠʭ 

ʘʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ ʤʝʪʦʜʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ [4]. ʅʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʩʪʝʢʣʝʥʠʷ 

(ʧʘʩʩʠʚʥʳʡ ʤʝʪʦʜ) ʩʦʚʤʝʩʪʥʦ ʩ ʟʦʥʘʣʴʥʳʤʠ VRF-ʩʠʩʪʝʤʘʤʠ (ʘʢʪʠʚʥʳʡ 

ʤʝʪʦʜ) ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʟʜʘʥʠʷʭ ʩ ʧʘʥʦʨʘʤʥʳʤʠ ʦʢʥʘʤʠ ʧʦʟʚʦʣʠʣʦ 

ʩʦʢʨʘʪʠʪʴ ʣʦʢʘʣʴʥʳʝ ʧʝʨʝʛʨʝʚʳ ʥʘ 15ï25%, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʛʠʙʨʠʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʢʣʠʤʘʪʠʯʝʩʢʠ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʪʘʢʠʭ ʨʝʰʝʥʠʡ: 

ʚ ʞʘʨʢʠʭ ʨʝʛʠʦʥʘʭ ʘʢʮʝʥʪ ʥʘ ʘʢʪʠʚʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩ ʧʘʩʩʠʚʥʳʤ 

ʟʘʪʝʥʝʥʠʝʤ, ʚʦ ʚʣʘʞʥʳʭ ï ʥʘ ʦʩʫʰʝʥʠʝ ʠ ʝʩʪʝʩʪʚʝʥʥʫʶ ʚʝʥʪʠʣʷʮʠʶ. 

ɺʥʝʜʨʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʀʀ-ʫʧʨʘʚʣʝʥʠʷ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩ BIM-

ʤʦʜʝʣʷʤʠ, ʥʝ ʪʦʣʴʢʦ ʧʨʦʛʥʦʟʠʨʫʝʪ ʪʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ, ʥʦ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʢʦʨʨʝʢʪʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤ [5], ʩʥʠʞʘʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 20ï30% 

ʠ ʤʠʥʠʤʠʟʠʨʫʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʝʨʝʧʘʜʳ ʜʦ Ñ0,5ÁC. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ 
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ʢʦʤʙʠʥʘʮʠʷ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ (ʟʦʥʠʨʦʚʘʥʠʝ, ʚʳʪʝʩʥʷʶʱʘʷ 

ʚʝʥʪʠʣʷʮʠʷ) ʩ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʫ ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʆʜʥʘʢʦ, ʢʣʶʯʝʚʳʤ ʙʘʨʴʝʨʦʤ ʦʩʪʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷʭ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʢʫʧʘʝʪʩʷ ʟʘ 3ï5 ʣʝʪ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʠ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ (18ï20%). ɼʣʷ ʨʝʛʠʦʥʦʚ ʩ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ, ʪʘʢʠʭ ʢʘʢ ʪʨʦʧʠʢʠ, ʪʨʝʙʫʝʪʩʷ ʘʜʘʧʪʘʮʠʷ ʤʝʪʦʜʦʚ 

ï ʥʘʧʨʠʤʝʨ, ʩʦʯʝʪʘʥʠʝ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʩ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʵʥʝʨʛʠʠ.  

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʩʪʦʠʪ ʘʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʜʠʬʬʫʟʦʨʳ [6], ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʫʶʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʡ ʥʘʛʨʫʟʢʠ. ɺʦ-

ʚʪʦʨʳʭ, ʚ ʟʜʘʥʠʷʭ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʧʣʘ (ʥʘʧʨʠʤʝʨ, ʚ 

ʦʬʠʩʘʭ ʩ ʩʝʨʚʝʨʥʳʤʠ ʢʦʤʥʘʪʘʤʠ) ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ 

ʟʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɺ-ʪʨʝʪʴʠʭ, ʠʥʪʝʛʨʘʮʠʷ BIM-

ʤʦʜʝʣʝʡ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ ʠ ʠʟʙʝʛʘʪʴ çʤʝʨʪʚʳʭ ʟʦʥè. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʟʦʥʘʣʴʥʳʝ 

VRF-ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 20ï25% ʠ 

ʫʣʫʯʰʝʥʠʝ ʢʦʤʬʦʨʪʘ ʥʘ 35%, ʘ ʚʳʪʝʩʥʷʶʱʘʷ ʚʝʥʪʠʣʷʮʠʷ ï ʥʘ 15ï18% ʠ 

40% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
 

ʈʠʩʫʥʦʢ 3. ʇʦʪʦʢʦʨʘʩʧʨʝʧʨʝʜʝʣʝʥʠʝ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʠʬʬʫʟʦʨʦʚ 

 

ɺʳʚʦʜʳ 

 

 ʀʥʪʝʛʨʘʮʠʷ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʦʯʝʪʘʶʱʠʭ 

ʘʢʪʠʚʥʳʝ (VRF-ʩʠʩʪʝʤʳ, ʯʠʣʣʝʨʳ) ʠ ʧʘʩʩʠʚʥʳʝ (ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʦʩʪʝʢʣʝʥʠʝ, ʩʦʣʥʮʝʟʘʱʠʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ) ʤʝʪʦʜʳ, ʜʦʢʘʟʘʣʘ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʩʪʨʘʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ɺ ʟʜʘʥʠʷʭ ʩ 

ʧʘʥʦʨʘʤʥʳʤ ʦʩʪʝʢʣʝʥʠʝʤ ʢʦʤʙʠʥʘʮʠʷ ʟʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʘʜʘʧʪʠʚʥʦʛʦ ʟʘʪʝʥʝʥʠʷ ʩʥʠʞʘʝʪ ʣʦʢʘʣʴʥʳʝ ʧʝʨʝʛʨʝʚʳ ʥʘ 15ï25%, ʘ 
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ʘʣʛʦʨʠʪʤʳ ʀʀ-ʫʧʨʘʚʣʝʥʠʷ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩ BIM-ʤʦʜʝʣʷʤʠ, ʩʦʢʨʘʱʘʶʪ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 20ï30% ʠ ʤʠʥʠʤʠʟʠʨʫʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʝʨʝʧʘʜʳ 

ʜʦ Ñ0,5ÁC. ʂʣʠʤʘʪʠʯʝʩʢʠ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʢʦʤʬʦʨʪʦʤ: ʚ ʞʘʨʢʦʤ ʢʣʠʤʘʪʝ ï ʘʢʪʠʚʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʩ ʧʘʩʩʠʚʥʳʤ ʟʘʪʝʥʝʥʠʝʤ, ʚʦ ʚʣʘʞʥʦʤ ï ʦʩʫʰʝʥʠʝ ʠ 

ʚʝʥʪʠʣʷʮʠʶ. 
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ɺʦʚʯʦʢ ʉ.ʉ. 
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʈʦʣʴ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚ ʫʧʨʘʚʣʝʥʠʠ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ: ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ð ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʚʳʟʦʚʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʩʥʠʞʝʥʠʶ ʨʠʩʢʦʚ ʠ ʟʘʪʨʘʪ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. ʆʧʠʩʘʥʳ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ ʚ ʈʦʩʩʠʠ, ʂʠʪʘʝ ʠ ʅʠʜʝʨʣʘʥʜʘʭ, ʘ ʪʘʢʞʝ ʠʭ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʠ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʠʥʪʝʛʨʘʮʠʠ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ. 

ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ, ʦʜʥʘʢʦ ʜʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʟʘʜʘʯ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʞʠʟʥʝʥʥʳʡ 

ʮʠʢʣ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʷ, ʤʦʥʠʪʦʨʠʥʛ, ʧʨʦʙʣʝʤʳ, ʦʧʪʠʤʠʟʘʮʠʷ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

 

Vovchok S.S.  
 

The role of digital twins in managing the lifecycle of transport 

infrastructure: from design to operation 
 

Abstract. The article examines the role of digital twins in managing the lifecycle of 

transport infrastructure, from design to operation. The advantages and challenges 

associated with the introduction of this technology are analyzed. Digital twins allow you 

to create detailed virtual models of objects, which helps optimize design, reduce risks 

and costs, as well as improve the reliability and safety of transport systems. Examples 

of successful applications of digital twins in Russia, China and the Netherlands are 

described, as well as their contribution to the development of intelligent transport 

systems and urban infrastructure. Special attention is paid to the issues of integration, 

standardization and information security, as well as the need to train qualified 

personnel. It is concluded that digital twins are becoming a key tool for the digital 

transformation of the transport industry, however, their effective implementation 

requires an integrated approach to solving technical, organizational and regulatory 

tasks. 

Keywords: digital twin, transport infrastructure, life cycle, design, operation, 

monitoring, problems, optimization, information security. 
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʫʩʪʘʥʦʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʣʠ ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ ʚ ʫʧʨʘʚʣʝʥʠʠ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʮʠʬʨʦʚʳʝ 

ʜʚʦʡʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ð ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʠ ʚʠʨʪʫʘʣʴʥʳʝ 

ʤʦʜʝʣʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʫʩʧʝʰʥʳʭ ʧʨʠʤʝʨʦʚ 

ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ. 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʚʳʟʦʚʘʤʠ ʩʪʘʨʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʮʠʬʨʦʚʠʟʘʮʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʩʪʘʥʦʚʠʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ. ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ 

ð ʵʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʠʨʪʫʘʣʴʥʘʷ ʢʦʧʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩ ʥʠʤ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ [1]. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʟʥʘʯʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ 

ʦʙʲʝʢʪʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʩʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʊʘʢʠʝ ʤʦʜʝʣʠ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʨʘʙʦʪʘʪʴ ʚ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ ʩʨʝʜʝ, ʛʜʝ 

ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ ʠ ʩʥʠʟʠʪʴ 

ʨʠʩʢ ʦʰʠʙʦʢ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʛʠʙʢʠʤ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʤʦʞʥʦ ʦʧʝʨʘʪʠʚʥʦ ʚʥʦʩʠʪʴ 

ʠʟʤʝʥʝʥʠʷ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʫʩʢʦʨʷʝʪ ʚʝʩʴ 

ʧʨʦʮʝʩʩ. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʦʚ 

ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʩʦʟʜʘʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʙʣʝʤ ʚ ʙʫʜʫʱʝʤ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠʥʞʝʥʝʨʳ 

ʤʦʛʫʪ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʰʠʙʢʠ ʜʦ ʥʘʯʘʣʘ 

ʬʘʢʪʠʯʝʩʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʵʢʦʥʦʤʠʪ ʢʘʢ ʚʨʝʤʝʥʥʳʝ, ʪʘʢ ʠ 

ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ. ɺʝʜʴ ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʦʙʦʡʜʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ, ʯʝʤ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʣʫʯʰʝʥʠʶ ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʩʦʟʜʘʚʘʷ ʙʦʣʝʝ ʪʝʩʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʮʝʧʦʯʢʠ 

ʧʦʩʪʘʚʦʢ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʩʦʙʣʶʜʘʪʴ ʛʨʘʬʠʢ ʠ ʦʩʪʘʚʘʪʴʩʷ ʚ ʨʘʤʢʘʭ 

ʙʶʜʞʝʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʢʦʤʧʘʥʠʠ 

ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʢʦʦʨʜʠʥʘʮʠʶ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʜʝʨʞʢʠ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʜʘʯʠ ʨʝʩʫʨʩʦʚ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ 

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


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 6̄. ʏʘʩʪʴ 1 www.paradigma.science 

 

81 

 

ʨʘʙʦʪʳ ʩ ʮʠʬʨʦʚʳʤʠ ʜʚʦʡʥʠʢʘʤʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ. ʉ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʩʝʥʩʦʨʦʚ 

ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʝʜʩʢʘʟʳʚʘʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ ʜʦ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʩʥʠʞʘʷ ʨʠʩʢ ʘʚʘʨʠʡ ʠ ʫʚʝʣʠʯʠʚʘʷ ʩʨʦʢ ʩʣʫʞʙʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʂʘʢ ʦʪʤʝʯʘʝʪ ʚ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ɸʙʨʘʤʦʚ, ɺ. ʀ., ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʠʨʪʫʘʣʴʥʦʝ, ʥʦ 

ʪʦʯʥʦʝ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʙʫʜʫʱʝʛʦ ʦʙʲʝʢʪʘ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ð ʜʦʨʦʛ, ʤʦʩʪʦʚ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ ʠ ʫʟʣʦʚ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʥʳʤ ʢʦʤʘʥʜʘʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʘʢʪʠʚʳ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ, ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʨʠʩʢʠ ʝʱʝ ʜʦ 

ʥʘʯʘʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʥʠʞʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ, 

ʧʝʨʝʨʘʩʭʦʜʘ ʨʝʩʫʨʩʦʚ ʠ ʟʘʜʝʨʞʝʢ, ʧʦʚʳʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ [2]. 

ɺ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʤʦʥʠʪʦʨʠʥʛ ʭʦʜʘ ʨʘʙʦʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʷ 

ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʧʨʦʝʢʪʫ. 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʜʘʪʯʠʢʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʤʦʛʘʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʛʨʘʬʠʢʦʚ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʠʟʜʝʨʞʝʢ ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʩʪʦʝʚ. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ 

ʦʧʝʨʘʪʠʚʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʣʘʥʳ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ. 

ʇʦʩʣʝ ʚʚʦʜʘ ʦʙʲʝʢʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʩʪʘʥʦʚʠʪʩʷ 

ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʥ ʩʦʙʠʨʘʝʪ ʠ ʘʥʘʣʠʟʠʨʫʝʪ ʜʘʥʥʳʝ ʩ 

ʤʥʦʞʝʩʪʚʘ ʩʝʥʩʦʨʦʚ, ʦʪʩʣʝʞʠʚʘʷ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʠʟʥʦʩ, ʥʘʛʨʫʟʢʠ 

ʠ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʝʜʠʢʪʠʚʥʳʡ ʘʥʘʣʠʟ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʦʪʢʘʟʳ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, 

ʩʦʢʨʘʱʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ ʠ ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʲʝʢʪʦʚ. 

ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʩʦʟʜʘʶʪ ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʬʠʟʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʠ ʝʛʦ ʚʠʨʪʫʘʣʴʥʦʡ ʢʦʧʠʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʮʝʥʘʨʠʠ çʯʪʦ-ʝʩʣʠè, ʪʝʩʪʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʠ ʦʮʝʥʠʚʘʪʴ ʠʭ 

ʧʦʩʣʝʜʩʪʚʠʷ ʙʝʟ ʨʠʩʢʘ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʠ ʩʚʦʝʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʘʨʰʨʫʪʳ ʜʚʠʞʝʥʠʷ, ʫʧʨʘʚʣʷʪʴ ʥʘʛʨʫʟʢʘʤʠ ʠ ʨʝʩʫʨʩʘʤʠ, 

ʘ ʪʘʢʞʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ. ɺ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʝ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ 
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ʧʨʦʟʨʘʯʥʦʩʪʠ ʮʝʧʦʯʝʢ ʧʦʩʪʘʚʦʢ, ʢʦʥʪʨʦʣʶ ʨʠʩʢʦʚ ʠ ʦʧʝʨʘʪʠʚʥʦʤʫ 

ʨʝʘʛʠʨʦʚʘʥʠʶ ʥʘ ʥʝʧʨʝʜʚʠʜʝʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʚʢʣʶʯʘʷ ʧʦʛʦʜʥʳʝ 

ʫʩʣʦʚʠʷ ʠ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ [3]. 

ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʪʦʯʥʳʝ ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʦʰʠʙʦʢ. 

ʅʘʧʨʠʤʝʨ, ʚ ʂʠʪʘʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʢʦʨʦʩʪʥʦʡ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ ʄʵʡʪʘʥ 

ð ʐʠʮʷʥʴ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ʕʪʦ 

ʧʦʤʦʛʘʝʪ ʧʨʦʝʢʪʥʳʤ ʢʦʤʘʥʜʘʤ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʠ ʧʦʚʳʰʘʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʦʙʲʝʢʪʦʚ. ɺ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ 

ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʛʦʨʦʜʦʚ ʠ 

ʦʙʱʝʩʪʚʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ, ʤʘʨʰʨʫʪʳ ʧʝʨʝʜʚʠʞʝʥʠʷ ʞʠʪʝʣʝʡ ʠ ʚʣʠʷʥʠʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʛ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʟʣʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʛʦʨʦʜʩʢʠʝ ʧʣʘʥʠʨʦʚʱʠʢʠ ʠ ʦʧʝʨʘʪʦʨʳ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ 

ʙʦʣʝʝ ʚʟʚʝʰʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. 

ʅʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʮʠʬʨʦʚʳʝ 

ʜʚʦʡʥʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʦʩʪʦʷʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʝ ʠʟʥʦʩʘ. ɺ ʈʦʩʩʠʠ, 

ʥʘʧʨʠʤʝʨ, ʈʦʩʩʠʡʩʢʠʝ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ (ʈɾɼ) ʚʥʝʜʨʠʣʠ ʮʠʬʨʦʚʳʝ 

ʜʚʦʡʥʠʢʠ ʜʣʷ ʦʮʝʥʢʠ ʟʘʛʨʫʟʢʠ ʧʫʪʝʡ, ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʦʚ ʜʚʠʞʝʥʠʷ ʠ 

ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʣʘʪʬʦʨʤʘ çʋʤʥʳʡ 

ʣʦʢʦʤʦʪʠʚè ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʝ ʩ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʠ IoT-ʩʝʥʩʦʨʘʤʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʠ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ [4]. 

ɺ ʅʠʜʝʨʣʘʥʜʘʭ ʢʦʤʧʘʥʠʷ ProRail ʨʘʟʨʘʙʦʪʘʣʘ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʝʢʨʳʪʠʡ ʧʫʪʝʡ ʚʦ ʚʨʝʤʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʜʚʠʞʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʝʪʠ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʫʧʨʘʚʣʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ð ʙʦʣʝʝ ʧʣʘʥʦʤʝʨʥʳʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʠʨʪʫʘʣʴʥʳʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʧʦʣʠʛʦʥʦʚ, ʛʜʝ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʧʦʛʦʜʥʳʝ ʷʚʣʝʥʠʷ ʠʣʠ ʢʠʙʝʨʘʪʘʢʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʪʦʚʠʪʴ ʦʧʝʨʘʪʦʨʦʚ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ʠ ʧʦʚʳʰʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʜʘʪʯʠʢʦʚ ʥʘ ʦʙʲʝʢʪʘʭ 
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ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ 

ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴ ɻʘʡʜʫʢ, ɽ. ɸ. ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʷʜʦʤ ʩʝʨʴʝʟʥʳʭ ʚʳʟʦʚʦʚ. ʆʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ð ʦʪʩʫʪʩʪʚʠʝ 

ʝʜʠʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʥʪʝʛʨʘʮʠʶ ʩʠʩʪʝʤ 

ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʩʥʠʞʘʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʨʝʰʝʥʠʡ. ɺʘʞʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʦʩʪʘʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʦʩʢʦʣʴʢʫ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʨʝʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʜʘʥʥʳʝ, ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʤʠʰʝʥʴʶ ʜʣʷ ʢʠʙʝʨʘʪʘʢ. ʅʘʨʫʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʙʦʷʤ ʚ ʨʘʙʦʪʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʠ 

ʧʦʪʝʨʝ ʜʦʚʝʨʠʷ ʢ ʪʝʭʥʦʣʦʛʠʠ. ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʠ ʧʨʦʪʦʢʦʣʦʚ ʟʘʱʠʪʳ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʫʛʨʦʟ [5]. 

ʊʝʭʥʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ ʚʢʣʶʯʘʶʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʠ 

ʦʙʲʝʤʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʠ ʝʛʦ ʮʠʬʨʦʚʦʡ ʢʦʧʠʝʡ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʶ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʆʰʠʙʢʠ ʚ ʤʦʜʝʣʷʭ ʠʣʠ 

ʥʝʢʦʨʨʝʢʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʰʠʙʦʯʥʳʤ ʨʝʰʝʥʠʷʤ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʢʘʜʨʦʚʳʝ ʚʳʟʦʚʳ ʩʚʷʟʘʥʳ ʩ ʥʝʭʚʘʪʢʦʡ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʤʠ ʮʠʬʨʦʚʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ, ʘ ʪʘʢʞʝ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʝʨʝʩʪʨʦʡʢʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ 

ʨʘʙʦʪʝ ʩ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʝʨʝʭʦʜ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʠʩʪʝʤʘʤ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʥʘ 

ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʝʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʟʦʚʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʠʭ 

ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʚʦʧʨʦʩʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ. ʊʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʮʠʬʨʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʈʠʤʩʢʘʷ ʆ.ʅ., ɸʥʦʭʦʚ ʀ.ɺ. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʢʦʥʦʤʠʢʝ 

ʪʨʘʥʩʧʦʨʪʘ. ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪ. 2021;12(2):127-137. 
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ʉʨʘʚʥʝʥʠʝ ʧʦʜʭʦʜʦʚ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʡ ʠ ʢʦʥʪʝʥʪ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʧʦʩʪʨʦʝʥʠʶ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ: ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʡ ʠ ʢʦʥʪʝʥʪ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʢʣʶʯʝʚʳʝ ʤʝʪʨʠʢʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

ɺʳʷʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʷ ʧʨʦʙʣʝʤʳ 

ʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʝʨʝʦʙʫʯʝʥʠʶ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ 

ʦʙʩʫʞʜʝʥʳ ʛʠʙʨʠʜʥʳʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʲʝʜʠʥʠʪʴ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʦʙʦʠʭ 

ʧʦʜʭʦʜʦʚ. ʈʘʙʦʪʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʠʤʝʨʳ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʧʦʣʝʟʥʦʡ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʣʣʘʙʦʨʘʪʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, 

ʢʦʥʪʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʛʠʙʨʠʜʥʳʝ ʤʝʪʦʜʳ, ʭʦʣʦʜʥʳʡ ʩʪʘʨʪ, 

ʪʦʯʥʦʩʪʴ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. 

 

Kurochkin A.I., Lobanov A. A. 

Comparison of collaborative and content-based filtering 

approaches in recommender systems 
Abstract: This paper presents a comparative analysis of two main approaches to 

building recommender systems: collaborative filtering and content-based filtering. The 

algorithmic foundations, mathematical models, and key quality evaluation metrics of 

recommendations are considered. Advantages and disadvantages of each approach are 

identified, including cold start problems, scalability, and robustness to overfitting. A 

comparative table of main characteristics is provided, and hybrid methods that combine 

the strengths of both approaches are discussed. The work is based on recent research 

and practical application examples, making it useful for specialists in the field of 

information systems and machine learning. 

Keywords: Recommender systems, collaborative filtering, content-based filtering, 

hybrid methods, cold start, recommendation accuracy, machine learning. 

 

ɺʚʝʜʝʥʠʝ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʠʥʪʝʨʥʝʪ-

ʤʘʛʘʟʠʥʳ, ʩʪʨʠʤʠʥʛʦʚʳʝ ʧʣʘʪʬʦʨʤʳ ʠ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʝʞʝʜʥʝʚʥʦ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʢʦʥʪʝʥʪʦʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ 
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ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ (ʈʉ). 

ʈʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʪʦ, ʯʪʦʙʳ ʧʦʤʦʯʴ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘʡʪʠ ʨʝʣʝʚʘʥʪʥʳʡ ʢʦʥʪʝʥʪ ʚ ʫʩʣʦʚʠʷʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʝʨʝʛʨʫʟʢʠ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ ʢ ʨʝʘʣʠʟʘʮʠʠ ʈʉ, ʥʦ 

ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʷʚʣʷʶʪʩʷ: 

ʂʦʣʣʘʙʦʨʘʪʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ (Collaborative Filtering, CF). 

ʂʦʥʪʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ (Content-Based Filtering, CBF). 

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʠʤʝʝʪ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʪʦʯʥʦʩʪʠ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʨʦʙʣʝʤʝ çʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘè ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʮʝʥʘʨʠʝʚ. 

 

2. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ 

 

2.1. ʂʦʣʣʘʙʦʨʘʪʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ (CF) 

ʂʦʣʣʘʙʦʨʘʪʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʚʝʜʝʥʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ. ʆʩʥʦʚʥʘʷ ʛʠʧʦʪʝʟʘ ʤʝʪʦʜʘ: 

ʧʦʣʴʟʦʚʘʪʝʣʠ, ʧʨʦʷʚʠʚʰʠʝ ʩʭʦʞʠʡ ʠʥʪʝʨʝʩ ʢ ʥʝʢʦʪʦʨʳʤ ʦʙʲʝʢʪʘʤ, ʙʫʜʫʪ 

ʧʨʦʷʚʣʷʪʴ ʩʭʦʞʠʡ ʠʥʪʝʨʝʩ ʢ ʜʨʫʛʠʤ ʦʙʲʝʢʪʘʤ ʚ ʙʫʜʫʱʝʤ. 

CF ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ: 

 User-based (ʥʘ ʦʩʥʦʚʝ ʩʭʦʞʝʩʪʠ ʠʩʪʦʨʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ). 

Item-based (ʥʘ ʦʩʥʦʚʝ ʩʭʦʞʝʩʪʠ ʦʙʲʝʢʪʦʚ ʠʟ ʠʩʪʦʨʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ). 

2.1.1 User-based CF (ʥʘ ʦʩʥʦʚʝ ʩʭʦʞʝʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ) 

 

ʌʦʨʤʫʣʘ ʦʮʝʥʢʠ ʠʥʪʝʨʝʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ u ʢ ʦʙʲʝʢʪʫ i ʠʟʤʝʨʷʝʪʩʷ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ (2.1): 

 

 (2.1) 

 

ɻʜʝ: 

 ï ʩʨʝʜʥʷʷ ʦʮʝʥʢʘ ʧʦʣʴʟʦʚʘʪʝʣʷ u. 

ï ʤʝʨʘ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ (ʥʘʧʨʠʤʝʨ, 

ʢʦʩʠʥʫʩʥʦʝ ʩʭʦʜʩʪʚʦ ʠʣʠ ʢʦʨʨʝʣʷʮʠʷ ʇʠʨʩʦʥʘ). 

ï ʤʥʦʞʝʩʪʚʦ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ u. 

2.1.2 Item-based CF (ʥʘ ʦʩʥʦʚʝ ʩʭʦʞʝʩʪʠ ʦʙʲʝʢʪʦʚ) 

ɼʣʷ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʭʦʞʝʩʪʠ ʦʙʲʝʢʪʦʚ 

ʬʦʨʤʫʣʘ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (2.2). 
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 (2.2) 

 

ɻʜʝ  ï ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ, ʧʦʭʦʞʠʭ ʥʘ i, ʩ ʢʦʪʦʨʳʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴ u ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ. 

CF ʭʦʨʦʰʦ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʥʝ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʢʦʥʪʝʥʪʘ ʦʙʲʝʢʪʦʚ. ʆʜʥʘʢʦ ʩʪʨʘʜʘʝʪ ʦʪ ʧʨʦʙʣʝʤʳ 

ʨʘʟʨʝʞʝʥʥʦʩʪʠ ʠ ʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘ (ʥʝʜʦʩʪʘʪʦʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʦʚʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʠʣʠ ʦʙʲʝʢʪʘʭ). 

2.2. ʂʦʥʪʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ (CBF) 

CBF ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ ʠ ʩʪʨʦʠʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʦʬʠʣʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʦʮʝʥʝʥʥʳʭ ʠʤʠ ʦʙʲʝʢʪʦʚ. 

2.2.1 ʇʨʦʬʠʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʦʙʲʝʢʪʳ 

ʇʫʩʪʴ ʢʘʞʜʳʡ ʦʙʲʝʢʪ ʦʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨʦʤ ʧʨʠʟʥʘʢʦʚ 

. ʇʨʦʬʠʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʪʨʦʠʪʩʷ ʢʘʢ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʝʢʪʦʨʦʚ ʪʝʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʮʝʥʠʣ ʧʦʣʦʞʠʪʝʣʴʥʦ. 

2.2.2 ʄʝʨʘ ʩʭʦʜʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʢʦʩʠʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ) 

ʄʝʨʫ ʩʭʦʜʩʪʚʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ 

ʧʦʜʭʦʜʘ (2.3). 

 

 (2.3) 

 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʢʪʦʚ, ʥʘʠʙʦʣʝʝ ʩʭʦʞʠʭ ʩ 

ʧʨʦʬʠʣʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

CBF ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ 

ʟʘʜʘʯʝʡ ʨʝʢʦʤʝʥʜʘʮʠʠ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ. ʆʜʥʘʢʦ ʤʦʞʝʪ ʩʪʨʘʜʘʪʴ ʦʪ 

ʧʝʨʝʦʙʫʯʝʥʠʷ (user overspecialization), ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʧʨʝʜʣʘʛʘʝʪ ʪʦʣʴʢʦ 

ʫʟʢʠʡ ʢʨʫʛ ʧʦʭʦʞʠʭ ʦʙʲʝʢʪʦʚ. 

3. ʄʝʪʨʠʢʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʨʠʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʠ ʨʝʛʨʝʩʩʠʠ. 

ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ: 

3.1. ʊʦʯʥʦʩʪʴ (Precision) ʠ ʧʦʣʥʦʪʘ (Recall) 

ɼʣʷ ʪʦʧ-N ʨʝʢʦʤʝʥʜʘʮʠʡ: 

Precision@N: ɼʦʣʷ ʨʝʣʝʚʘʥʪʥʳʭ ʦʙʲʝʢʪʦʚ ʩʨʝʜʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

(3.1). 

 

 (3.1) 
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Recall@N: ɼʦʣʷ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʨʝʣʝʚʘʥʪʥʳʭ ʦʙʲʝʢʪʦʚ ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʨʝʣʝʚʘʥʪʥʳʭ (3.2) 

 

 (3.2) 

 

3.2. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ (RMSE) 

RMSE ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʳ (3.3). 

 

 (3.3) 

 

ɻʜʝ T ï ʤʥʦʞʝʩʪʚʦ ʧʘʨ (ʧʦʣʴʟʦʚʘʪʝʣʴ, ʦʙʲʝʢʪ) ʚ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ. 

3.3. ʉʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ (MAE) 

ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (3.4). 

 

 (3.4) 

 

ʕʪʠ ʤʝʪʨʠʢʠ ʧʦʟʚʦʣʷʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ 

ʩʠʩʪʝʤʘ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

4. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ CF ʠ CBF 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ CF ʠ CBF 

ʂʨʠʪʝʨʠʡ ʂʦʣʣʘʙʦʨʘʪʠʚʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ (CF) 

ʂʦʥʪʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ (CBF) 

ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ʇʦʚʝʜʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʇʨʠʟʥʘʢʠ ʦʙʲʝʢʪʦʚ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʭʦʣʦʜʥʦʤʫ ʩʪʘʨʪʫ 

ʅʠʟʢʘʷ (ʧʨʠ ʥʦʚʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʷʭ ʠ ʦʙʲʝʢʪʘʭ) 

ɺʳʩʦʢʘʷ (ʝʩʣʠ ʠʟʚʝʩʪʥʳ 

ʧʨʠʟʥʘʢʠ ʦʙʲʝʢʪʦʚ) 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ɺʳʩʦʢʘʷ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ɿʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ 

ʧʨʠʟʥʘʢʦʚ 

ʆʙʦʙʱʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 

ɺʳʩʦʢʘʷ (ʫʯʠʪʳʚʘʝʪ 

ʧʨʝʜʧʦʯʪʝʥʠʷ ʜʨʫʛʠʭ) 

ʅʠʟʢʘʷ (ʦʛʨʘʥʠʯʝʥʘ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʠʥʪʝʨʝʩʘʤʠ) 

ʊʨʝʙʫʝʪ ʦʧʠʩʘʥʠʷ 

ʢʦʥʪʝʥʪʘ 

ʅʝʪ ɼʘ 

ʈʠʩʢ ʧʝʨʝʦʙʫʯʝʥʠʷ ʅʠʟʢʠʡ ɺʳʩʦʢʠʡ (ʫʟʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ) 

ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Netflix, Amazon Spotify, Pandora 

 

5. ɻʠʙʨʠʜʥʳʝ ʤʝʪʦʜʳ 
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ʏʪʦʙʳ ʦʙʲʝʜʠʥʠʪʴ ʜʦʩʪʦʠʥʩʪʚʘ CF ʠ CBF, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʛʠʙʨʠʜʥʳʝ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʩʪʨʘʪʝʛʠʠ: 

ɺʟʚʝʰʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʠʭ ʤʦʜʝʣʝʡ. 

ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ: ʦʜʥʘ ʤʦʜʝʣʴ ʬʠʣʴʪʨʫʝʪ ʦʙʲʝʢʪʳ, ʜʨʫʛʘʷ 

ʨʘʥʞʠʨʫʝʪ. 

ʄʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʬʘʢʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, SVD++) ʩ ʫʯʝʪʦʤ ʢʦʥʪʝʥʪʥʳʭ 

ʧʨʠʟʥʘʢʦʚ. 

ʇʨʠʤʝʨ (5.1). 

 

 (5.1) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʣʫʯʰʝʡ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʧʨʦʙʣʝʤʝ ʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘ. 

 

6. ʇʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ 

 

ʂʦʣʣʘʙʦʨʘʪʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ: 

ʇʨʠʤʝʥʷʝʪʩʷ ʚ ʢʨʫʧʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʘʢʪʠʚʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ: YouTube, 

Netflix, Amazon. 

ʕʬʬʝʢʪʠʚʥʘ, ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʠ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʩʠʩʪʝʤʦʡ. 

ʂʦʥʪʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ: 

ʋʤʝʩʪʥʘ ʜʣʷ ʩʠʩʪʝʤ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ 

(ʥʦʚʦʩʪʥʳʝ ʣʝʥʪʳ, ʤʫʟʳʢʘʣʴʥʳʝ ʪʨʝʢʠ). 

ʅʝʟʘʤʝʥʠʤʘ ʧʨʠ ʟʘʧʫʩʢʝ ʥʦʚʳʭ ʩʝʨʚʠʩʦʚ (ʢʦʛʜʘ ʥʝʪ ʠʩʪʦʨʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ). 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʂʦʣʣʘʙʦʨʘʪʠʚʥʘʷ ʠ ʢʦʥʪʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʷʚʣʷʶʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʚ ʧʦʩʪʨʦʝʥʠʠ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 

CF ʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʧʘʪʪʝʨʥʳ ʠ ʭʦʨʦʰʦ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ, ʥʦ 

ʩʪʨʘʜʘʝʪ ʦʪ ʧʨʦʙʣʝʤʳ ʭʦʣʦʜʥʦʛʦ ʩʪʘʨʪʘ. CBF, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʩʧʦʣʴʟʫʝʪ 

ʧʨʠʟʥʘʢʠ ʦʙʲʝʢʪʦʚ ʠ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʦʣʴʰʦʛʦ 

ʦʙʲʝʤʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʜʘʥʥʳʭ, ʥʦ ʩʢʣʦʥʥʘ ʢ ʧʝʨʝʦʙʫʯʝʥʠʶ ʠ ʥʝ 

ʧʨʝʜʣʘʛʘʝʪ ʥʝʦʞʠʜʘʥʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ɺ ʨʝʘʣʴʥʳʭ ʧʨʦʜʫʢʪʘʭ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʛʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ. 

ʈʘʟʚʠʪʠʝ ʤʦʜʝʣʝʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨ ʥʘ ʙʘʟʝ 

ʥʝʡʨʦʩʝʪʝʡ (DeepCF, AutoRec, NeuMF), ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʦ ʦʙʲʝʜʠʥʷʪʴ CF ʠ 

CBF ʥʘ ʫʨʦʚʥʝ ʣʘʪʝʥʪʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʬʦʨʤʠʨʫʷ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ 

ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 
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ʃʝʙʝʜʝʚ ʀ. ɺ. 
ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʩʯʝʪʘ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʪʝʡ 

ɸʆʃʉ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʦʮʝʥʢʠ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ (ɸʆʃʉ) ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʀʩʩʣʝʜʫʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʦʩʣʘʙʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʫʤʘʥʘ, ʜʦʞʜʷ, ʩʥʝʛʘ ʠ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʦʩʪʫʧʥʦʩʪʠ ɸʆʃʉ ʩ ʫʯʝʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʶʜʞʝʪʘ ʣʠʥʠʠ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʩʝʪʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʤʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʤʦʩʬʝʨʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʩʚʷʟʠ, ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʶʜʞʝʪ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʦʩʪʫʧʥʦʩʪʠ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ, ʦʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ. 

Lebedev I. V.  

Theoretical foundations for calculating the fault tolerance of fiber 

optic networks under extreme weather conditions 

Abstract:  The article examines theoretical principles for assessing the fault tolerance of 

Free Space Optical (FSO) communication networks under extreme meteorological 

conditions. Mathematical models of optical signal attenuation under the influence of 

fog, rain, snow, and atmospheric turbulence are studied. A methodology for calculating 

FSO availability coefficient considering link power budget and probabilistic 

characteristics of atmospheric conditions is proposed. Results of network connection 

reliability modeling based on meteorological data analysis for Moscow region are 

presented. 

Key words: free space optical communications, fault tolerance, extreme weather 

conditions, power budget, availability coefficient, atmospheric turbulence, signal 

attenuation. 

 

ɺʚʝʜʝʥʠʝ 

ɸʪʤʦʩʬʝʨʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʩʚʷʟʠ (ɸʆʃʉ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʚʳʩʦʢʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʛʠʛʘʙʠʪ ʚ ʩʝʢʫʥʜʫ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʟʘʪʨʘʪʘʭ ʥʘ ʨʘʟʚʝʨʪʳʚʘʥʠʝ [1]. 

ʆʜʥʘʢʦ ʦʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ɸʆʃʉ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ. 

ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʧʣʦʪʥʳʡ ʪʫʤʘʥ, ʠʥʪʝʥʩʠʚʥʳʡ 

ʜʦʞʜʴ, ʩʥʝʛʦʧʘʜʳ ʠ ʚʳʩʦʢʘʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʦʩʣʘʙʣʝʥʠʶ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʩʚʷʟʠ. 
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ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ɸʆʃʉ-ʩʝʪʝʡ ʧʨʠʦʙʨʝʪʘʝʪ 

ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʯʘʩʪʦʪʳ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʈʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 

ʦʪʨʘʩʣʠ. 

 

1. ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʘʪʤʦʩʬʝʨʝ 

1.1 ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʶʜʞʝʪ ɸʆʃʉ 

ʂʣʯʁʝʚʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɸʆʃʉ 

ʷʚʣʷʝʪʩʷ ʟʘʧʘʩ ʤʦʱʥʦʩʪʠ ʩʠʩʪʝʤʳ (, ʜɹ), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʧʨʝʚʳʰʝʥʠʝ ʠʟʣʫʯʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʥʘʜ ʧʦʨʦʛʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʧʨʠʝʤʥʠʢʘ [2]: 

 
 

ʛʜʝ: 

- ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʘʪʝʣʷ;  

- ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ 

ʰʠʨʠʥʳ ʧʦʣʦʩʳ (ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ);  

- ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʦʩʣʘʙʣʝʥʠʝ ʣʠʥʠʠ ʠʟ-ʟʘ ʨʘʩʩʝʠʚʘʥʠʷ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʣʫʯʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ; 

- ʦʩʣʘʙʣʝʥʠʝ ʚ ʘʪʤʦʩʬʝʨʝ ʠʟ-ʟʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ;  

- ʦʩʣʘʙʣʝʥʠʝ ʠʟ-ʟʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ;  

- ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʧʦʪʝʨʠ ʚ ʩʠʩʪʝʤʝ, ʚʢʣʶʯʘʷ 

ʦʰʠʙʢʠ ʚ ʫʩʪʘʥʦʚʢʝ ʥʘʧʨʘʚʣʝʥʠʷ ʣʫʯʘ, ʦʧʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʨʠʝʤʥʠʢʘ, 

ʧʦʪʝʨʠ ʠʟ-ʟʘ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ, ʫʤʝʥʴʰʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟ-ʟʘ 

ʦʢʨʫʞʘʶʱʝʡ ʦʩʚʝʱʝʥʥʦʩʪʠ (ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ) ʠ ʪ. ʧ. 

 

1.2 ʆʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ ʘʪʤʦʩʬʝʨʥʳʤʠ ʷʚʣʝʥʠʷʤʠ 

ɸʪʤʦʩʬʝʨʥʳʝ ʷʚʣʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʠʮ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʦʟʜʫʭʝ. 

ʆʩʣʘʙʣʝʥʠʝ ʚ ʪʫʤʘʥʝ 

ʊʫʤʘʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ɸʆʃʉ. ʇʨʠ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʜʘʣʴʥʦʩʪʠ ʚʠʜʠʤʦʩʪʠ (ʄɼɺ) V ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʩʣʘʙʣʝʥʠʷ Ŭ ʚ ʪʫʤʘʥʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ ʂʠʤʘ [3]: 

 

 
ʛʜʝ: 
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 V- ʚʠʜʠʤʦʩʪʴ (ʢʤ).  

 - ʜʣʠʥʥʘ ʚʦʣʥʳ (ʥʤ); 

 q- ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʨʘʩʩʝʠʚʘʶʱʠʭ ʯʘʩʪʠʮ. ʆʥ ʦʧʨʝʜʝʣʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʠ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ: 
 

 
 

ʆʩʣʘʙʣʝʥʠʝ ʚ ʜʦʞʜʝ 

ʆʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʜʦʞʜʝ (ɔrain) ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʩʘʜʢʦʚ R (ʚ ʤʤ/ʯ) ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 
ʛʜʝ: 

 k ʠ a ð ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʞʜʷ 

ʆʩʣʘʙʣʝʥʠʝ ʚ ʩʥʝʛʝ 

 ʆʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʩʥʝʛʝ (ɔsnow) ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʥʝʛʦʧʘʜʘ S (ʚ ʤʤ/ʯ) ʠ ʜʣʠʥʳ ʚʦʣʥʳ ɚ. ʆʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

 
ʛʜʝ: 

 - ʦʩʣʘʙʣʝʥʠʝ ʚ ʩʥʝʛʝ (ʜɹ/ʢʤ); 

 S - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʥʝʛʦʧʘʜʘ (ʤʤ/ʯ). 

 

2. ɺʣʠʷʥʠʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʥʘ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ 

2.1 ʉʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʘʪʤʦʩʬʝʨʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʪʨʫʢʪʫʨʥʦʡ ʢʦʥʩʪʘʥʪʦʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ . ɼʣʷ ʨʦʩʩʠʡʩʢʠʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ɻʫʨʚʠʯʘ-ɻʨʘʯʝʚʦʡ [5]: 

ʘ) ʥʘʠʣʫʯʰʠʤ ʫʩʣʦʚʠʷʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʩʣʘʙʘʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ): 

 
 

ʙ) ʥʘʠʭʫʜʰʠʤ ʫʩʣʦʚʠʷʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʩʠʣʴʥʘʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ): 

 
ʚ) çʩʨʝʜʥʠʤè ʫʩʣʦʚʠʷʤ: 
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ɿʜʝʩʴ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪ ʟʘʜʘʶʪʩʷ ʚ ʢʠʣʦʤʝʪʨʘʭ, ʘ ʟʥʘʯʝʥʠʷ 

ʧʦʣʫʯʘʶʪʩʷ ʚ ʤ2/3. 

 

3. ʄʝʪʦʜʦʣʦʛʠʷ ʨʘʩʯʝʪʘ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ɸʆʃʉ-ʩʝʪʝʡ 

3.1 ʂʦʵʬʬʠʮʠʝʥʪ ʜʦʩʪʫʧʥʦʩʪʠ 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʦʩʪʫʧʥʦʩʪʠ ɸʆʃʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʚʨʝʤʝʥʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʦʙʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ: 

 
ʛʜʝ: 

  ð ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʩʚʷʟʠ. 

 

3.2 ɸʥʘʣʠʟ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ɼʣʷ ʦʮʝʥʢʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʤʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ ʟʘ ʧʝʨʠʦʜ 2009ï2024 ʛʛ. ʀʩʩʣʝʜʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

ʦʙʣʘʯʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ (%); 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʘʭ 10 ʤ ʠ 100 ʤ (ʢʤ/ʯ); 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ (%); 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʘʜʢʦʚ (ʤʤ/ʯ); 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ (ÁC). 
ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʤʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ 

ʇʘʨʘʤʝʪʨ ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ɼʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ 

ʆʙʱʘʷ ʦʙʣʘʯʥʦʩʪʴ % 0 - 100 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ % ɼʦ 98 

ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ (100ʤ) ʢʤ/ʯ ɼʦ 78.4 

ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ (10ʤ) ʢʤ/ʯ ɼʦ 7.7 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ÁC ʆʪ -11.9 ʜʦ ʟʥʘʯʝʥʠʡ ʚʳʰʝ ʥʫʣʷ 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʛʇʘ ʆʢʦʣʦ 985-987 

 

3.3 ʄʦʜʝʣʴ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ɸʆʃʉ-ʣʠʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʳ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʢʘʢ: 

 
ʛʜʝ Pi ð ʚʝʨʦʷʪʥʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʦʪ i-ʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʬʘʢʪʦʨʘ. 

 

4. ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ɸʆʃʉ 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʜʦʩʪʫʧʥʦʩʪʴ ɸʆʃʉ, 

ʷʚʣʷʶʪʩʷ ʘʪʤʦʩʬʝʨʥʳʝ ʷʚʣʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʊʫʤʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ 
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ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʨʘʙʦʪʳ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ ʠʟ-ʟʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʟʚʝʩʠ ʤʝʣʴʯʘʡʰʠʭ ʢʘʧʝʣʴ ʚʦʜʳ ʜʠʘʤʝʪʨʦʤ ʦʪ 1 ʜʦ 20 

ʤʠʢʨʦʤʝʪʨʦʚ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʩʩʝʷʥʠʶ ʩʚʝʪʘ 

ʧʦ ʟʘʢʦʥʫ ʈʵʣʝʷ-ʄʠ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʦʩʣʘʙʣʝʥʠʶ ʩʠʛʥʘʣʘ. 

ɼʦʞʜʝʚʳʝ ʦʩʘʜʢʠ ʦʢʘʟʳʚʘʶʪ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʫʤʘʥʦʤ, ʦʜʥʘʢʦ ʦʩʪʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ. ʂʘʧʣʠ ʜʦʞʜʷ 

ʜʠʘʤʝʪʨʦʤ ʦʪ 0.5 ʜʦ 5 ʤʠʣʣʠʤʝʪʨʦʚ ʚʳʟʳʚʘʶʪ ʥʝʢʦʛʝʨʝʥʪʥʦʝ ʨʘʩʩʝʷʥʠʝ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʩʪʝʧʝʥʴ ʦʩʣʘʙʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ. 

ʉʥʝʛʦʧʘʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʭʦʞʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʦ ʩ 

ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʯʘʩʪʠʮ. 

ɸʥʘʣʠʟ ʟʘʛʨʫʞʝʥʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʤʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ 

ʧʦʢʘʟʘʣ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ. ʆʙʱʘʷ 

ʦʙʣʘʯʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0% ʜʦ 100%, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪ 98%, ʘ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ 100 ʤʝʪʨʦʚ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 78 

ʢʤ/ʯ. ʕʪʠ ʬʘʢʪʦʨʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʘʪʤʦʩʬʝʨʝ. 

 

 
ʈʠʩʫʥʦʢ 1. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʩ ʘʪʤʦʩʬʝʨʦʡ 

 

5. ʄʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ɸʆʃʉ 

ʉʦʚʨʝʤʝʥʥʳʝ ɸʆʃʉ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʚʷʟʠ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʢ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʘʤ 

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


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 6̄, ʯʘʩʪʴ 1 www.paradigma.science 

 

96 

ʦʪʥʦʩʷʪʩʷ ʘʜʘʧʪʠʚʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʤʥʦʛʦʣʫʯʝʚʘʷ 

ʧʝʨʝʜʘʯʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʨʝʟʝʨʚʥʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ 

ʧʨʠʤʝʥʷʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʩʦʯʝʪʘʶʱʘʷ ɸʆʃʉ ʠ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ 

ʢʘʥʘʣ ʩʚʷʟʠ. ɺ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʧʪʠʯʝʩʢʠʡ ʢʘʥʘʣ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʧʨʠ 

ʫʭʫʜʰʝʥʠʠ ʚʠʜʠʤʦʩʪʠ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ ʤʝʥʝʝ 

ʩʢʦʨʦʩʪʥʦʡ, ʥʦ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʨʘʜʠʦʢʘʥʘʣ. 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʣʶʙʦʡ ɸʆʃʉ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʤʦʜʫʣʷʪʦʨ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʦʧʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʪʯʠʢʘ, ʩʠʩʪʝʤʘ ʥʘʚʝʜʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʣʫʯʘ, ʦʧʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʧʨʠʝʤʥʠʢʘ, ʬʦʪʦʜʝʪʝʢʪʦʨ, ʫʩʠʣʠʪʝʣʴ ʠ ʜʝʤʦʜʫʣʷʪʦʨ ʩʠʛʥʘʣʘ, ʘ 

ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ. ʀʥʞʝʥʝʨʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʵʪʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ 

ʩʠʩʪʝʤʳ ʠ ʪʨʝʙʫʝʤʦʡ ʜʘʣʴʥʦʩʪʠ ʩʚʷʟʠ. 

6. ʇʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʜʝʞʥʳʭ ɸʆʃʉ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɸʆʃʉ ʢʨʘʡʥʝ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʤʝʩʪʦ 

ʨʘʟʤʝʱʝʥʠʷ ʩ ʫʯʝʪʦʤ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʥʘʣʠʯʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʪʨʘʩʩʝ, ʪʠʧʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʩʣʦʚʠʡ ʫʩʪʘʥʦʚʢʠ 

ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ. ʄʝʩʪʥʳʡ ʢʣʠʤʘʪ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʧʦʩʢʦʣʴʢʫ 

ʩʥʝʛ, ʜʦʞʜʴ, ʠʟʤʦʨʦʩʴ, ʪʫʤʘʥ, ʘʪʤʦʩʬʝʨʥʘʷ ʜʳʤʢʘ, ʘʵʨʦʟʦʣʠ, ʧʳʣʴ ʠ ʧʝʩʦʢ 

ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʧʦʛʣʦʱʝʥʠʝ ʠ ʨʘʩʩʝʷʥʠʝ ʩʠʛʥʘʣʘ. 

ʅʘ ʪʨʘʩʩʝ ʤʝʞʜʫ ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ ʧʨʠʝʤʥʠʢʦʤ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʢʨʫʧʥʳʤ 

ʜʝʨʝʚʴʷʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʨʘʩʪʘʪʴ ʥʘ 0.5-1 ʤ ʚ ʛʦʜ ʠ ʠʟʤʝʥʷʪʴ ʧʣʦʪʥʦʩʪʴ 

ʣʠʩʪʚʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʘ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʣʠʥʠʠ ʤʝʞʜʫ ʟʜʘʥʠʷʤʠ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʤʝʨʮʘʥʠʶ ʩʠʛʥʘʣʘ. 

ʊʦʧʦʛʨʘʬʠʷ ʠ ʪʠʧ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʪʨʘʩʩʦʡ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʩʚʷʟʠ. ʃʠʥʠʠ, ʧʝʨʝʩʝʢʘʶʱʠʝ ʜʦʣʠʥʳ ʨʝʢ ʠʣʠ ʦʪʢʨʳʪʦʝ ʤʦʨʝ, ʯʘʩʪʦ 

ʧʦʜʚʝʨʞʝʥʳ ʦʙʨʘʟʦʚʘʥʠʶ ʪʫʤʘʥʘ. ɿʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʧʦʜ ʣʠʥʠʝʡ ʩʚʷʟʠ 

ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʪʝʧʣʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʚʦʟʜʫʭʝ, ʫʩʠʣʠʚʘʷ 

ʤʝʨʮʘʥʠʝ ʩʠʛʥʘʣʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʩʯʝʪʘ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ɸʆʃʉ-ʩʝʪʝʡ 

ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʧʨʠʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ɸʆʃʉ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʩʪʫʧʥʦʩʪʠ ʩʚʳʰʝ 99% ʜʘʞʝ ʚ ʩʣʦʞʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʝʡ ʧʦʣʦʩʳ ʈʦʩʩʠʠ. 
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ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʡ 

ʘʪʤʦʩʬʝʨʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ. 
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ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʦʩʚʝʱʘʝʪ ʥʝʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠ-ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʝʡʨʦʩʝʪʠ (PINNs), 

ʠʥʪʝʛʨʠʨʫʶʱʠʝ ʟʘʢʦʥʳ ʬʠʟʠʢʠ ʚ ʚʳʯʠʩʣʝʥʠʝ; ʛʠʙʨʠʜʥʳʝ ʯʠʩʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, 

ʩʦʯʝʪʘʶʱʠʝ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʠ ʩʭʝʤʳ; ʧʦʜʭʦʜʳ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʳʭ 

ʜʘʥʥʳʭ ʠʣʠ ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʥʝʡʨʦʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

 

Mikhailova E.V. 

Modern methods of mathematical modeling 

Abstract:  The article highlights some modern mathematical modeling methods 

designed to work under constraints. Physically informed neural networks (PINNs) that 

integrate the laws of physics into computing are considered; hybrid numerical 

algorithms that combine different methods and schemes; approaches based on quantum 

computing that increase the accuracy and speed of solving problems in conditions of 

incomplete data or high computational complexity. 

Keywords: Mathematical modeling, neural network technologies. 

 

ɺʚʝʜʝʥʠʝ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʙʣʘʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʦʩʦʙʝʥʥʦ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʙʣʘʛʦʜʘʨʷ ʩʦʚʦʢʫʧʥʦʤʫ ʚʣʠʷʥʠʶ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ 

ʬʘʢʪʦʨʦʚ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʘʣʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ ʚʳʩʦʢʦʨʘʟʤʝʨʥʳʤʠ ʠ ʪʦʯʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʢʦʪʦʨʳʝ 

ʨʘʥʝʝ ʙʳʣʠ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʘʥʘʣʠʟʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʙʳʩʪʨʳʡ 

ʧʨʦʛʨʝʩʩ ʚ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣ ʘʨʩʝʥʘʣ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʩʜʝʣʘʚ ʚʦʟʤʦʞʥʳʤ ʩʦʟʜʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ, 

ʦʙʲʝʜʠʥʷʶʱʠʭ ʟʥʘʥʠʷ ʦ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʧʨʦʮʝʩʩʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʇʘʨʘʣʣʝʣʴʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚʢʣʶʯʘʷ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʯʠʩʣʝʥʥʳʝ 

ʘʣʛʦʨʠʪʤʳ, ʪʘʢ ʠ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʛʠʙʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʝʘʣʴʥʳʤ 

ʟʘʜʘʯʘʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʘʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʦʩʪʦ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ, ʘ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʥʘʫʯʥʦʡ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʪʦʯʥʦʝ ʧʦʥʠʤʘʥʠʝ 

ʤʠʨʘ ʠ ʥʦʚʳʝ ʧʫʪʠ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 
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Physics-Informed Neural Networks (PINNs) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ ʧʨʠʥʮʠʧʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ 

ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʤʦʜʝʣʷʤʠ. ʀʭ ʢʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʢʣʶʯʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʧʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʪʨʫʢʪʫʨʫ ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʦʙʫʯʝʥʠʷ [4]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ PINNs ʨʝʰʘʪʴ ʢʘʢ ʧʨʷʤʳʝ, ʪʘʢ ʠ ʦʙʨʘʪʥʳʝ 

ʟʘʜʘʯʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʫ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʫ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʩʪʨʦʛʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʤʦʜʝʣʴʶ ʠ ʬʠʟʠʯʝʩʢʦʡ 

ʨʝʘʣʴʥʦʩʪʴʶ. 

ɿʘ ʩʯʸʪ ʠʥʪʝʛʨʘʮʠʠ ʬʠʟʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʪʘʢʠʝ ʥʝʡʨʦʩʝʪʠ 

ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʜʘʞʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠʣʠ 

ʟʘʰʫʤʣʝʥʥʦʩʪʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʠ ʤʥʦʛʦʤʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ. PINNs ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʠʩʢʘʞʝʥʠʷʤ, 

ʚʳʷʚʣʷʷ ʚʥʫʪʨʝʥʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʟʘ ʩʯʸʪ ʚʩʪʨʦʝʥʥʳʭ ʟʥʘʥʠʡ ʦ 

ʩʪʨʫʢʪʫʨʝ ʟʘʜʘʯʠ [3]. 

ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ PINNs ʜʦʩʪʠʛʘʶʪʩʷ ʮʝʥʦʡ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʠʩʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʆʙʫʯʝʥʠʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ 

ʜʘʥʥʳʭ, ʥʦ ʠ ʪʱʘʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʨʝʰʝʥʠʷʤ ʠ ʛʠʧʝʨʧʘʨʘʤʝʪʨʘʤ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʠʪʦʛʦʚʫʶ ʪʦʯʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

PINNs ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʘʜʝʢʚʘʪʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, 

ʧʦʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʫ ʤʦʜʝʣʠ: ʣʶʙʳʝ ʥʝʪʦʯʥʦʩʪʠ ʚ ʠʭ ʬʦʨʤʫʣʠʨʦʚʢʝ 

ʧʨʠʚʦʜʷʪ ʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʦʰʠʙʢʘʤ ʚ ʧʨʝʜʩʢʘʟʘʥʠʷʭ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʢʦʨʨʝʢʪʥʦʝ ʦʙʫʯʝʥʠʝ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʩʸ ʙʦʣʝʝ ʟʘʤʝʪʥʦʡ ʩʪʘʥʦʚʠʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʢ ʦʙʲʝʜʠʥʝʥʠʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʥʘʭʦʜʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʚ ʟʘʜʘʯʘʭ, ʛʜʝ ʦʪʜʝʣʴʥʳʝ ʤʝʪʦʜʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʥʝʡʨʦʩʝʪʝʚʳʤʠ ʤʦʜʝʣʷʤʠ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʢʦʨʠʪʴ ʨʘʩʯʸʪʳ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠ ʚʳʩʦʢʦʨʘʟʤʝʨʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʦʜʝʣʷʤʠ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʚʭʦʜʥʳʤ ʫʩʣʦʚʠʷʤ. 

ɺʢʣʶʯʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʘʜʘʧʪʘʮʠʠ ʤʦʜʝʣʝʡ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʩʮʝʥʘʨʠʷʤ. ʕʪʦ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʨʝʰʝʥʠʡ ʚ ʰʠʨʦʢʦʤ ʢʨʫʛʝ ʟʘʜʘʯ ð ʦʪ 
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ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ ʜʦ ʥʘʩʪʨʦʡʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʥʦ ʠ ʫʣʫʯʰʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʝʡ ʢ ʥʝʧʦʣʥʦʪʝ ʠʣʠ ʰʫʤʫ ʚ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʪʝʥʮʠʘʣ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ, ʠʭ ʨʝʘʣʠʟʘʮʠʷ 

ʦʩʪʘʸʪʩʷ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʩʦʯʝʪʘʥʠʝ ʨʘʟʥʳʭ ʤʝʪʦʜʠʢ 

ʪʨʝʙʫʝʪ ʧʨʦʜʫʤʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʫʩʠʣʠʡ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʚʦʟʨʘʩʪʘʝʪ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʣʦʞʥʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʪʨʝʙʫʝʪ ʤʦʱʥʳʭ ʘʧʧʘʨʘʪʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʘʢʠʭ ʤʦʜʝʣʷʭ ʩʥʠʞʘʝʪʩʷ ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ ʯʘʩʪʷʭ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʤʘʰʠʥʥʦʤ 

ʦʙʫʯʝʥʠʠ. ʕʪʦ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʚʝʜʝʥʠʷ 

ʩʠʩʪʝʤʳ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʦʚʝʨʢʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ ʪʘʢʞʝ ʫʩʣʦʞʥʷʝʪʩʷ, 

ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʪʦʯʥʦʩʪʴ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʸʪʦʚ, ʪʘʢ ʠ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʚʳʚʦʜʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʦʙʫʯʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʵʪʘʧʫ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ, ʢʦʪʦʨʳʡ 

ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʢʘʢ ʬʠʟʠʢʠ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʧʦʜʭʦʜʦʚ 

ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʫʚʝʨʝʥʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʚ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘʭ, ʪʘʢ ʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʀʀ-

ʪʝʭʥʦʣʦʛʠʷʭ. ʅʘʜʸʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʵʪʦʤ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʢʘʯʝʩʪʚʘ ʠ ʧʦʣʥʦʪʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʩʝʨʴʸʟʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʠʭ ʩʙʦʨʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʈʘʟʚʠʪʠʝ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʦʪʢʨʳʚʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʫʨʦʚʥʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʢʚʘʥʪʦʚʳʝ 

ʘʣʛʦʨʠʪʤʳ, ʪʘʢʠʝ ʢʘʢ ʚʘʨʠʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʘʜʘʧʪʠʨʫʶʪ ʠʜʝʠ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢ ʟʘʜʘʯʘʤ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʤʦʣʝʢʫʣ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ [5]. ʂʚʘʥʪʦʚʳʝ ʩʠʤʫʣʷʮʠʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʧʝʨʧʦʟʠʮʠʠ ʠ ʢʚʘʥʪʦʚʦʡ ʟʘʧʫʪʘʥʥʦʩʪʠ, 

ʧʦʟʚʦʣʷʶʪ ʠʤʠʪʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʯʘʩʪʠʮ ʥʘ ʘʪʦʤʥʦʤ ʠ ʩʫʙʘʪʦʤʥʦʤ 

ʫʨʦʚʥʷʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. ʕʪʠ ʧʦʜʭʦʜʳ ʫʞʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ 

ʥʘʫʢʦʸʤʢʠʭ ʦʪʨʘʩʣʷʭ, ʢʘʢ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʘʩʪʨʦʬʠʟʠʢʘ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʣʝʢʘʨʩʪʚ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʠʟ-ʟʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯ. 

ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʸʤʳ ʠʥʬʦʨʤʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʦ, 

ʯʪʦ ʜʘʸʪ ʩʝʨʴʸʟʥʳʡ ʧʨʠʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʧʦʠʩʢʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ 

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


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 6̄. ʏʘʩʪʴ 1 www.paradigma.science 

 

101 

 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤʠ ʚ ʢʦʥʪʝʢʩʪʝ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʠʟʫʯʝʥʠʷ 

ʩʠʩʪʝʤ ʩ ʤʥʦʞʝʩʪʚʦʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ, ʥʦ ʠ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʪʦʪʠʧʘʭ, ʢʦʪʦʨʳʝ ʫʞʝ ʩʝʡʯʘʩ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʣʝʢʫʣ ʠ ʬʠʟʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʡ, ʨʘʥʝʝ ʥʝʜʦʩʪʫʧʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʝʭʥʦʣʦʛʠʷ ʦʩʪʘʸʪʩʷ ʚ ʩʪʘʜʠʠ ʘʢʪʠʚʥʦʛʦ ʩʪʘʥʦʚʣʝʥʠʷ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʝʨʴʸʟʥʳʤʠ ʚʳʟʦʚʘʤʠ. ʆʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʙʣʝʤ 

ʦʩʪʘʸʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʚʷʟʘʥʥʦʝ 

ʩ ʚʥʝʰʥʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʰʫʤ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ, ʫʚʝʣʠʯʠʚʘʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʧʧʘʨʘʪʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʠ 

ʩʥʠʞʘʷ ʥʘʜʸʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. ʊʝʢʫʱʠʡ ʫʨʦʚʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥ ʢʦʣʠʯʝʩʪʚʦʤ ʫʩʪʦʡʯʠʚʦ ʨʘʙʦʪʘʶʱʠʭ ʢʫʙʠʪʦʚ, 

ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʨʝʰʝʥʠʡ ʜʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʫʨʦʚʥʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʢʚʘʥʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʪʨʝʙʫʝʪ 

ʛʣʫʙʦʢʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, 

ʧʦʩʢʦʣʴʢʫ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʟʘʯʘʩʪʫʶ ʥʝ ʘʜʘʧʪʠʨʫʶʪʩʷ ʥʘʧʨʷʤʫʶ ʢ 

ʢʚʘʥʪʦʚʦʡ ʣʦʛʠʢʝ. 

ʇʝʨʝʭʦʜ ʦʪ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʦʜʝʣʝʡ ʢ ʰʠʨʦʢʦʤʫ ʧʨʦʤʳʰʣʝʥʥʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶ ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʠ ʩʣʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʇʦʩʪʨʦʝʥʠʝ ʛʠʙʨʠʜʥʳʭ 

ʨʝʰʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ ʢʚʘʥʪʦʚʳʝ ʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʪʨʝʙʫʝʪ 

ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠ ʥʘʜʸʞʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʯʪʦ 

ʟʘʤʝʜʣʷʝʪ ʪʝʤʧʳ ʚʥʝʜʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʢʚʘʥʪʦʚʳʭ ʧʣʘʪʬʦʨʤ ʧʦʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʙʦʪʘʪʴ ʝʜʠʥʳʡ ʦʪʨʘʩʣʝʚʦʡ 

ʩʪʘʥʜʘʨʪ. ʄʥʦʛʠʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʢʫʙʠʪʳ, ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʠ 

ʧʦʪʨʝʙʫʝʪʩʷ ʝʱʸ ʥʝʤʘʣʦ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ, ʧʨʝʞʜʝ ʯʝʤ ʦʥʠ ʩʪʘʥʫʪ 

ʯʘʩʪʴʶ ʧʨʠʢʣʘʜʥʦʡ ʠʥʞʝʥʝʨʠʠ. 

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʟʦʚʘʥʠʷ [1]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠ-ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʝʡʨʦʩʝʪʝʡ 

(PINNs) ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩ ʜʝʬʠʮʠʪʦʤ ʜʘʥʥʳʭ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʫʯʘʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ɻʠʙʨʠʜʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʠʤʳ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪʘʭ, 

ʦʙʲʝʜʠʥʷʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʠ ʥʝʡʨʦʩʝʪʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʟʚʠʪʠʶ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ [2]. 

ʆʙʣʘʯʥʳʝ ʢʚʘʥʪʦʚʳʝ ʩʠʤʫʣʷʪʦʨʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʢʦʤʠʪʴ 

ʩʪʫʜʝʥʪʦʚ ʩ ʦʩʥʦʚʘʤʠ ʢʚʘʥʪʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʩʰʠʨʷʷ ʛʨʘʥʠʮʳ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʷ ʢ ʥʦʚʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʧʘʨʘʜʠʛʤʘʤ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ 

ʨʝʰʝʥʠʶ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. ʀʥʪʝʛʨʘʮʠʷ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʚ ʥʝʡʨʦʩʝʪʝʚʳʝ 

ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʝʪ ʩʦʯʝʪʘʪʴ ʜʘʥʥʳʝ ʩ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ ʦʧʠʩʘʥʠʝʤ 

ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʦʯʥʦʩʪʴ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɻʠʙʨʠʜʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʢʦʤʙʠʥʠʨʫʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʯʠʩʣʝʥʥʳʝ ʧʦʜʭʦʜʳ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ ʦʪʢʨʳʚʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʧʦʟʚʦʣʷʷ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʥʝʚʦʟʤʦʞʥʳ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ ʤʝʪʦʜʳ ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʫ ʜʣʷ 

ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ, ʨʘʩʰʠʨʷʷ ʛʨʘʥʠʮʳ 

ʚʦʟʤʦʞʥʦʛʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ. 
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ɸʣʛʦʨʠʪʤʳ ʙʝʟ ʙʣʦʢʠʨʦʚʦʢ. ʆʙʟʦʨ  
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʩʠʩʪʝʤ: lock-free/wait-free ʘʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʪʦʤʘʨʥʳʭ 

ʦʧʝʨʘʮʠʷʭ; thread-local storage, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʠʟʦʣʷʮʠʶ ʜʘʥʥʳʭ ʧʦʪʦʢʘ; 

ʘʢʪʦʨʥʘʷ ʤʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʘʩʠʥʭʨʦʥʥʳʡ ʦʙʤʝʥ ʩʦʦʙʱʝʥʠʷʤʠ ʠ ʠʟʦʣʷʮʠʶ 

ʩʦʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʫʱʥʦʩʪʷʤʠ; ʢʦʨʫʪʠʥʳ ʠ ʬʘʡʙʝʨʳ, 

ʤʠʥʠʤʠʟʠʨʫʶʱʠʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʦʥʪʝʢʩʪʘ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʠʭ ʨʦʣʴ ʚ ʫʩʪʨʘʥʝʥʠʠ 

ʢʦʥʬʣʠʢʪʦʚ ʟʘ ʨʝʩʫʨʩʳ, ʦʙʝʩʧʝʯʝʥʠʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʩʚʷʟʘʥʥʳʭ 

ʢʦʤʧʨʦʤʠʩʩʘʭ ʨʝʘʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Lock-free, wait-free ʘʣʛʦʨʠʪʤʳ, thread-local storage, ʘʢʪʦʨʥʘʷ 

ʤʦʜʝʣʴ, ʢʦʨʫʪʠʥʳ, ʬʘʡʙʝʨʳ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʛʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ ʧʘʨʘʣʣʝʣʠʟʤʘ.  

 

Mikhailova E.V. 

Lock-free algorithms. Review 
Abstract:  The article explores modern approaches to optimizing multithreaded systems: 

lock-free/wait-free algorithms based on atomic operations; thread-local storage, which 

provides thread data isolation; an actor model using asynchronous messaging and state 

isolation between independent entities; coroutines and phibers, minimizing context 

switches. Their role in eliminating resource conflicts, ensuring scalability, and related 

implementation trade-offs is analyzed. 

Keywords: Lock-free, wait-free algorithms, thread-local storage, actor model, 

coroutines, fibers, synchronization, hybrid parallelism models. 

 

ɺʚʝʜʝʥʠʝ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʘʣʛʦʨʠʪʤʦʚ, 

ʤʠʥʠʤʠʟʠʨʫʶʱʠʭ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʧʨʠ ʢʦʥʬʣʠʢʪʘʭ ʟʘ ʨʝʩʫʨʩʳ. Lock-

free ʤʝʪʦʜʳ, work-stealing ʠ ʛʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ (ʘʢʪʦʨʳ, ʢʦʨʫʪʠʥʳ) ʨʝʰʘʶʪ 

ʧʨʦʙʣʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʝʨʝʟ ʘʪʦʤʘʨʥʳʝ ʦʧʝʨʘʮʠʠ, ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʙʘʣʘʥʩʠʨʦʚʢʫ ʟʘʜʘʯ ʠ ʠʟʦʣʷʮʠʶ ʩʦʩʪʦʷʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

 

ʆʜʥʠʤ ʠʟ ʧʨʦʨʳʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʪʘʣʠ ʘʣʛʦʨʠʪʤʳ, ʠʩʢʣʶʯʘʶʱʠʝ 

ʙʣʦʢʠʨʦʚʢʠ. Lock-free (ʥʝʙʣʦʢʠʨʫʶʱʠʝ) ʤʝʪʦʜʳ ʛʘʨʘʥʪʠʨʫʶʪ, ʯʪʦ ʭʦʪʷ ʙʳ 

ʦʜʠʥ ʧʦʪʦʢ ʧʨʦʜʦʣʞʠʪ ʨʘʙʦʪʫ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʘʪʦʤʘʨʥʳʭ ʦʧʝʨʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ CAS (Compare-And-

Swap), ʛʜʝ ʧʦʪʦʢʠ ʧʦʚʪʦʨʷʶʪ ʧʦʧʳʪʢʠ ʚ ʩʣʫʯʘʝ "ʧʨʦʠʛʨʳʰʘ" ʚ 

ʢʦʥʢʫʨʝʥʮʠʠ [2].  
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ʊʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʧʝʯʘʪʣʷʶʱʫʶ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ 

ʫʩʪʨʘʥʷʶʪ ʨʠʩʢʠ ʚʟʘʠʤʦʙʣʦʢʠʨʦʚʦʢ. ʆʜʥʘʢʦ ʠʭ ʩʣʘʙʳʤ ʤʝʩʪʦʤ ʦʩʪʘʶʪʩʷ 

ʩʢʨʳʪʳʝ ʧʨʦʙʣʝʤʳ: ʥʘʧʨʠʤʝʨ, ABA-ʵʬʬʝʢʪ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ 

ʧʝʨʝʤʝʥʥʦʡ ʦʩʪʘʝʪʩʷ ʥʝʟʘʤʝʯʝʥʥʳʤ ʠʟ-ʟʘ ʢʵʰʠʨʦʚʘʥʠʷ, ʠʣʠ live-lock ð 

ʩʠʪʫʘʮʠʷ "ʚʝʞʣʠʚʦʡ" ʢʦʥʢʫʨʝʥʮʠʠ, ʢʦʛʜʘ ʧʦʪʦʢʠ ʙʝʩʢʦʥʝʯʥʦ ʫʩʪʫʧʘʶʪ 

ʜʨʫʛ ʜʨʫʛʫ, ʥʝ ʧʨʦʜʚʠʛʘʷʩʴ ʢ ʮʝʣʠ. 

Wait-free ʘʣʛʦʨʠʪʤʳ ʠʜʫʪ ʜʘʣʴʰʝ, ʛʘʨʘʥʪʠʨʫʷ ʟʘʚʝʨʰʝʥʠʝ ʦʧʝʨʘʮʠʡ ʟʘ 

ʧʨʝʜʩʢʘʟʫʝʤʦʝ ʚʨʝʤʷ ʜʘʞʝ ʧʨʠ ʩʙʦʷʭ ʦʪʜʝʣʴʥʳʭ ʧʦʪʦʢʦʚ. ʀʩʧʦʣʴʟʫʷ 

ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ ʧʨʠʤʠʪʠʚʳ ʚʨʦʜʝ LL/SC (Load-Linked/Store-Conditional), 

ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ 

ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʦ ʟʘ ʵʪʦ ʧʨʠʭʦʜʠʪʩʷ ʧʣʘʪʠʪʴ: ʩʣʦʞʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʢʦʜʘ ʠ 

ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʩʮʝʥʘʨʠʷʭ ʩ ʥʠʟʢʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʤʝʭʘʥʠʟʤʘ 

Thread-local storage (TLS). ʆʥ ʧʦʟʚʦʣʷʝʪ ʢʘʞʜʦʤʫ ʧʦʪʦʢʫ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʙʩʪʚʝʥʥʦʝ, ʠʟʦʣʠʨʦʚʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʘʤʷʪʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʝ ʢʘʢ 

ʧʨʠʚʘʪʥʘʷ ʦʙʣʘʩʪʴ, ʜʦʩʪʫʧʥʘʷ ʪʦʣʴʢʦ ʩʘʤʦʤʫ ʧʦʪʦʢʫ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ 

ʠʟʦʣʷʮʠʠ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʠʤʝʥʝʥʠʠ ʙʣʦʢʠʨʦʚʦʢ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʜʘʥʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʜʨʫʛʠʭ ʧʦʪʦʢʦʚ ʠʩʢʣʶʯʘʝʪʩʷ ʥʘ 

ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ʕʪʦ ʜʝʣʘʝʪ TLS ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳʤ ʚ ʩʠʪʫʘʮʠʷʭ, ʛʜʝ 

ʪʨʝʙʫʝʪʩʷ ʭʨʘʥʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʦʨʛʘʥʠʟʘʮʠʷ 

ʙʫʬʝʨʠʟʘʮʠʠ, ʩʦʭʨʘʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʝʩʩʠʡ ʠʣʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʪʦʢʦʙʝʟʦʧʘʩʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʦʚ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ TLS ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ ʢʦʥʢʫʨʝʥʮʠʶ ʟʘ ʨʝʩʫʨʩʳ, ʥʦ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ. 

ʆʜʥʘʢʦ ʧʦʣʥʘʷ ʠʟʦʣʷʮʠʷ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʩʣʦʞʥʦʩʪʠ. ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʟʘʧʫʪʘʥʥʦʡ ʠʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʦʙʲʝʜʠʥʷʪʴ ʠ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ 

ʜʘʥʥʳʝ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʟʥʳʭ TLS-ʦʙʣʘʩʪʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʥʝʦʩʪʦʨʦʞʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʧʘʤʷʪʴʶ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʚ TLS 

ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʦʟʨʘʩʪʘʝʪ ʨʠʩʢ ʯʨʝʟʤʝʨʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʜʫʙʣʠʨʫʶʪʩʷ ʚ ʢʘʞʜʦʤ ʧʦʪʦʢʝ. ɽʩʣʠ ʥʝ ʦʙʝʩʧʝʯʠʪʴ 

ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʵʪʠʭ ʦʙʣʘʩʪʝʡ, ʚʦʟʤʦʞʥʳ ʫʪʝʯʢʠ ʧʘʤʷʪʠ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʚ ʩʨʝʜʘʭ ʩ ʧʦʚʪʦʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʦʢʦʚ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ TLS ʦʢʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʣʠʰʴ ʚ 

ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʘʥʥʳʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ 

ʧʦʪʦʢʘ. ɽʩʣʠ ʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʚʤʝʩʪʥʳʡ ʜʦʩʪʫʧ ʠʣʠ ʯʘʩʪʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ, ʠʟʦʣʷʮʠʷ TLS ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ. 

ʂ ʪʦʤʫ ʞʝ ʜʦʩʪʫʧ ʢ ʪʘʢʠʤ ʜʘʥʥʳʤ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʤʝʥʝʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʱʝʥʠʝʤ ʢ ʦʙʳʯʥʳʤ ʣʦʢʘʣʴʥʳʤ 

ʠʣʠ ʛʣʦʙʘʣʴʥʳʤ ʧʝʨʝʤʝʥʥʳʤ, ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʨʘʱʝʥʠʷ ʢ 

ʩʧʝʮʠʘʣʴʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ. ʅʘʢʦʥʝʮ, ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ 
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ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ ʣʦʞʥʦʛʦ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʵʰʘ: ʝʩʣʠ ʧʝʨʝʤʝʥʥʳʝ ʠʟ TLS ʨʘʟʥʳʭ ʧʦʪʦʢʦʚ ʩʣʫʯʘʡʥʦ ʦʢʘʟʳʚʘʶʪʩʷ ʚ 

ʦʜʥʦʡ ʣʠʥʠʠ ʢʵʰʘ, ʵʪʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʘʧʧʘʨʘʪʥʳʝ ʢʦʥʬʣʠʢʪʳ, 

ʥʝʟʘʤʝʪʥʳʝ ʥʘ ʫʨʦʚʥʝ ʢʦʜʘ, ʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʠʝ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, TLS ð ʵʪʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʦʣʷʮʠʠ ʜʘʥʥʳʭ 

ʠ ʫʩʪʨʘʥʝʥʠʷ ʙʣʦʢʠʨʦʚʦʢ ʚ ʧʦʜʭʦʜʷʱʠʭ ʩʮʝʥʘʨʠʷʭ, ʥʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ 

ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʲʝʤʘ ʜʘʥʥʳʭ, ʯʘʩʪʦʪʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʘʨʭʠʪʝʢʪʫʨʳ ʬʠʥʘʣʴʥʦʡ ʘʛʨʝʛʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʫʩʣʦʞʥʝʥʠʷ ʢʦʜʘ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʤʷʪʠ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʘʢʪʦʨʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 

ʦʩʥʦʚʘʥʘ ʥʘ ʠʜʝʝ ʥʝʟʘʚʠʩʠʤʳʭ ʩʫʱʥʦʩʪʝʡ ð ʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʤʝʥʠʚʘʶʪʩʷ ʩʦʦʙʱʝʥʠʷʤʠ, ʥʦ ʥʝ ʨʘʟʜʝʣʷʶʪ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ [3]. 

ʂʘʞʜʳʡ ʘʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʦʣʠʨʦʚʘʥʥʫʶ ʝʜʠʥʠʮʫ ʚʳʯʠʩʣʝʥʠʡ, 

ʦʙʣʘʜʘʶʱʫʶ ʩʚʦʠʤ ʩʦʙʩʪʚʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʧʦʚʝʜʝʥʠʝʤ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʢʪʦʨʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʧʦʩʨʝʜʩʪʚʦʤ ʘʩʠʥʭʨʦʥʥʦʡ ʦʪʧʨʘʚʢʠ ʩʦʦʙʱʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʪʝʣʴ ʩʘʤ 

ʨʝʰʘʝʪ, ʢʦʛʜʘ ʠ ʢʘʢ ʥʘ ʥʠʭ ʨʝʘʛʠʨʦʚʘʪʴ. ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠʩʢʣʶʯʘʝʪ 

ʛʦʥʢʠ ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʘʢʪʦʨ ʦʙʨʘʙʘʪʳʚʘʝʪ ʚʭʦʜʷʱʠʝ 

ʩʦʦʙʱʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʦʜʥʦʤʫ ʟʘ ʨʘʟ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʠʩʪʝʤ, ʩʥʠʞʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʥʢʫʨʝʥʪʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʧʘʤʷʪʠ. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʘʢʪʦʨʥʦʡ ʤʦʜʝʣʠ ð ʝʸ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʠ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟʦʣʷʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. ɹʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʦʙʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʢʦʜ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʤʦʜʫʣʴʥʳʤ, ʙʝʟʦʧʘʩʥʳʤ ʠ ʣʝʛʢʦ 

ʪʝʩʪʠʨʫʝʤʳʤ. ʕʪʦ ʜʝʣʘʝʪ ʘʢʪʦʨʥʫʶ ʤʦʜʝʣʴ ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʩʝʨʚʠʩʳ ʠ ʦʙʣʘʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. 

ʆʜʥʘʢʦ ʪʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʤʝʝʪ ʠ ʩʚʦʠ ʠʟʜʝʨʞʢʠ. ʇʝʨʝʜʘʯʘ 

ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʘʢʪʦʨʘʤʠ ʪʨʝʙʫʝʪ ʩʝʨʠʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʩʫʨʩʦʸʤʢʦ, ʦʩʦʙʝʥʥʦ ʚ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤʘ 

ʜʦʩʪʘʚʢʘ ʩʦʦʙʱʝʥʠʡ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʟʘʜʝʨʞʢʠ, ʩʥʠʞʘʷ ʦʙʱʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʧʨʷʤʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɺ ʩʣʦʞʥʳʭ ʩʮʝʥʘʨʠʷʭ, ʛʜʝ 

ʪʨʝʙʫʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ ʠʣʠ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ 

ʘʢʪʦʨʘʤʠ ð ʥʘʧʨʠʤʝʨ, ʨʝʘʣʠʟʘʮʠʷ ʪʨʘʥʟʘʢʮʠʡ ʠʣʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ð ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʙʝʛʘʪʴ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʘʤ, ʫʩʣʦʞʥʷʶʱʠʤ 

ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʫʚʝʣʠʯʠʚʘʶʱʠʤ ʢʦʛʥʠʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ɽʩʣʠ ʘʢʪʦʨʳ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʫ ʯʝʨʝʟ ʠʟʦʣʷʮʠʶ, ʪʦ ʢʦʨʫʪʠʥʳ ʠ 

ʬʘʡʙʝʨʳ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʤʠʥʠʤʠʟʘʮʠʠ ʧʝʨʝʢʣʶʯʝʥʠʡ ʢʦʥʪʝʢʩʪʘ. ʕʪʠ 

ʣʝʛʢʦʚʝʩʥʳʝ ʧʦʪʦʢʠ, ʫʧʨʘʚʣʷʝʤʳʝ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʤʠʣʣʠʦʥʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʟʘʜʘʯ ʙʝʟ ʧʝʨʝʛʨʫʟʢʠ 

ʩʠʩʪʝʤʳ [4].  
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ʂʦʨʫʪʠʥʳ ʯʘʩʪʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ event loop, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ I/O-ʟʘʚʠʩʠʤʳʭ ʦʧʝʨʘʮʠʡ. ʌʘʡʙʝʨʳ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʚ 

C++ ʙʠʙʣʠʦʪʝʢʘʤʠ ʚʨʦʜʝ Boost.Fiber, ʜʦʙʘʚʣʷʶʪ ʛʠʙʢʦʩʪʴ, ʧʦʟʚʦʣʷʷ ʷʚʥʦ 

ʫʧʨʘʚʣʷʪʴ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʟʘʜʘʯ. ʆʜʥʘʢʦ ʠʭ ʩʠʣʘ ʩʪʘʥʦʚʠʪʩʷ ʩʣʘʙʦʩʪʴʶ ʚ 

ʩʮʝʥʘʨʠʷʭ ʩ ʠʥʪʝʥʩʠʚʥʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ: ʧʨʦʙʣʝʤʳ ʩ ʨʘʟʜʝʣʷʝʤʳʤ 

ʩʦʩʪʦʷʥʠʝʤ (race conditions, deadlocks) ʥʠʢʫʜʘ ʥʝ ʠʩʯʝʟʘʶʪ, ʘ ʦʪʩʫʪʩʪʚʠʝ 

ʚʩʪʨʦʝʥʥʦʡ ʠʟʦʣʷʮʠʠ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʪʘʢʦʡ ʞʝ ʦʩʪʦʨʦʞʥʦʩʪʠ, ʢʘʢ ʠ ʚ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ. 

ʅʝ ʚʩʝ ʷʟʳʢʠ ʠ ʆʉ ʧʦʜʜʝʨʞʠʚʘʶʪ ʵʪʠ ʤʦʜʝʣʠ ʥʘʪʠʚʥʦ. ʅʘʧʨʠʤʝʨ, 

ʨʘʙʦʪʘ ʩ ʬʘʡʙʝʨʘʤʠ ʚ Windows ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʙʳʣʘ ʩʦʧʨʷʞʝʥʘ ʩ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʘ ʚ embedded-ʩʠʩʪʝʤʘʭ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʘʤʷʪʠ. 

 ʇʨʠʤʝʥʝʥʠʝ lock-free ʠ ʜʨʫʛʠʭ ʥʝʙʣʦʢʠʨʫʶʱʠʭ ʤʦʜʝʣʝʡ ʚʳʭʦʜʠʪ 

ʟʘ ʨʘʤʢʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ð ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʠʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ɺʢʣʶʯʝʥʠʝ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʚ 

ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʩʪʫʜʝʥʪʦʚ ʛʣʫʙʦʢʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʈʘʙʦʪʘ ʩ ʘʪʦʤʘʨʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

compare-and-swap (CAS), ʧʦʟʚʦʣʷʝʪ ʥʘ ʧʨʘʢʪʠʢʝ ʠʟʫʯʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʙʝʟ ʙʣʦʢʠʨʦʚʦʢ, ʘ ʪʘʢʞʝ ʦʩʦʟʥʘʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʯʝʙʥʳʭ ʙʠʙʣʠʦʪʝʢ, ʤʦʜʝʣʠʨʫʶʱʠʭ 

ʧʦʚʝʜʝʥʠʝ lock-free ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʟʘʜʘʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ TLS (thread-local storage) ʠ ʨʝʘʣʠʟʘʮʠʝʡ ʩʦʙʩʪʚʝʥʥʳʭ 

ʥʝʙʣʦʢʠʨʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʤʦʛʘʶʪ ʩʪʫʜʝʥʪʘʤ ʧʝʨʝʡʪʠ ʦʪ ʪʝʦʨʠʠ ʢ 

ʧʨʘʢʪʠʢʝ. ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʘʙʦʪʳ 

ʘʪʦʤʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʤʝʞʧʦʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ð ʦʥʘ ʜʝʣʘʝʪ 

ʘʙʩʪʨʘʢʪʥʳʝ ʠʜʝʠ ʧʘʨʘʣʣʝʣʠʟʤʘ ʜʦʩʪʫʧʥʳʤʠ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤʠ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʠʚʘʝʪ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʚʳʢʠ, ʥʦ ʠ ʛʦʪʦʚʠʪ 

ʩʪʫʜʝʥʪʦʚ ʢ ʨʝʘʣʴʥʳʤ ʟʘʜʘʯʘʤ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʠ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠʥʜʫʩʪʨʠʠ ʢ 

ʵʬʬʝʢʪʠʚʥʦʡ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ, ʠʥʪʝʛʨʘʮʠʷ ʥʝʙʣʦʢʠʨʫʶʱʠʭ ʤʦʜʝʣʝʡ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ [1]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʇʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʧʦʜʭʦʜʳ ʵʬʬʝʢʪʠʚʥʦ ʫʩʪʨʘʥʷʶʪ ʫʟʢʠʝ ʤʝʩʪʘ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʘʨʘʣʣʝʣʠʟʤʘ ð ʪʘʢʠʝ ʢʘʢ ʙʣʦʢʠʨʦʚʢʠ, 

ʚʟʘʠʤʥʳʝ ʙʣʦʢʠʨʦʚʢʠ ʠ ʯʨʝʟʤʝʨʥʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʟʘ ʨʝʩʫʨʩʳ. ʆʜʥʘʢʦ ʦʥʠ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʥʦʚʳʤʠ ʢʦʤʧʨʦʤʠʩʩʘʤʠ: ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʴʶ 

ʨʝʘʣʠʟʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʦʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʧʘʤʷʪʠ, 

ʥʘʢʣʘʜʥʳʤʠ ʨʘʩʭʦʜʘʤʠ ʥʘ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʠ ʟʘʯʘʩʪʫʶ ʦʛʨʘʥʠʯʝʥʥʦʡ 
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ʧʦʜʜʝʨʞʢʦʡ ʚ ʧʦʧʫʣʷʨʥʳʭ ʷʟʳʢʘʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʭ. ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ 

ʤʦʜʝʣʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ: ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʝʪʝʨʤʠʥʠʟʤʫ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, ʭʘʨʘʢʪʝʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʢʨʠʪʠʯʥʦʩʪʠ 

ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʠ ʫʨʦʚʥʷ ʘʙʩʪʨʘʢʮʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʩʪʨʦʠʪʩʷ ʩʠʩʪʝʤʘ. 

ɺʢʣʶʯʝʥʠʝ ʠʟʫʯʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʙʝʟ ʙʣʦʢʠʨʦʚʦʢ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʛʦʪʦʚʢʝ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. ʊʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʧʦʟʚʦʣʷʶʪ ʩʪʫʜʝʥʪʘʤ ʛʣʫʙʞʝ ʧʦʥʷʪʴ, ʢʘʢ 

ʠʤʝʥʥʦ ʨʘʙʦʪʘʶʪ ʤʥʦʛʦʧʦʪʦʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ çʧʦʜ ʢʘʧʦʪʦʤè ð ʦʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʜʦ ʪʦʥʢʦʩʪʝʡ ʘʪʦʤʘʨʥʳʭ ʦʧʝʨʘʮʠʡ. ʕʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʣʫʯʰʝʤʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʧʦʚʝʜʝʥʠʷ ʢʦʜʘ, ʥʦ ʠ 

ʨʘʟʚʠʪʠʶ ʥʘʚʳʢʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ, ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ 

ʩʠʩʪʝʤ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʩ lock-free ʩʪʨʫʢʪʫʨʘʤʠ 

ʬʦʨʤʠʨʫʝʪ ʩʠʩʪʝʤʥʦʝ ʤʳʰʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʚʳʙʦʨʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʩʪʫʱʝʡ ʩʣʦʞʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ʄʘʩʣʝʥʥʠʢʦʚ ɼ.ɸ., ʂʘʪʘʝʚʘ ʃ.ʖ. ʆ ʨʘʟʚʠʪʠʠ ʫ ʩʪʫʜʝʥʪʦʚ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʫʯʘʪʴ ʠ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʨʘʟʣʠʯʥʦʛʦ ʧʣʘʥʘ // ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. - ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ: ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, 2024. - ʉ. 73-76.  

2. ʄʘʨʪʳʰʢʠʥ ɸ.ʀ., ɿʦʪʢʠʥʘ ɸ.ɸ. ʇʨʠʤʠʪʠʚʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚ ʤʥʦʛʦʧʦʪʦʯʥʳʭ 

ʧʨʠʣʦʞʝʥʠʷʭ // ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ð 2022. ð ˉ35. ð ʉ. 14ï

16. 

3. Microsoft Research. The Future of Actor-Based Concurrency [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

URL: https://www.microsoft.com/en-us/research (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.03.2025). 

4. Boost C++ Libraries. Boost.Fiber 1.82: Userland Threads [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

URL: https://www.boost.org/doc/libs/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.03.2025). 

5. Intel Developer Zone. False Sharing and How to Avoid It [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

URL: https://software.intel.com (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.03.2025). 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ:  

ʄʠʭʘʡʣʦʚʘ ɽ.ɺ., ʌɻɹʆʋ ɺʆ çʅɻʊʋ ʠʤ. ʈ.ɽ.ɸʣʝʢʩʝʝʚʘè, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

Mikhailo va E.V., Federal State Budgetary Educational Institution of Higher Education "NSTU named after R.E. 

Alekseev", Nizhny Novgorod, Russia 

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


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 6̄, ʯʘʩʪʴ 1 www.paradigma.science 

 

108 

ʋɼʂ 625.7/8 

ɼʦʨʤʠʜʦʥʪʦʚʘ ʊ.ɺ., ʂʦʤʠʩʩʘʨʦʚ ʅ.ɼ. 
ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʝʤʦʥʪʝ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜ: 

ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʭʦʣʦʜʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ 
 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʯʘʩʪʢʘ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ II ʪʝʭʥʠʯʝʩʢʦʡ ʢʘʪʝʛʦʨʠʠ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʅʘ 

ʦʩʥʦʚʝ ʜʝʪʘʣʴʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʝʬʝʢʪʦʚ ʧʦʢʨʳʪʠʷ 

(ʢʦʣʝʷ, ʩʝʪʢʘ ʪʨʝʱʠʥ, ʚʳʙʦʠʥʳ), ʚʳʷʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʦʣʝʠ (65% ʧʣʦʱʘʜʠ 

ʜʝʬʝʢʪʦʚ). ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʣʦʞʝʥʳ ʠ 

ʦʙʦʩʥʦʚʘʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʫʩʠʣʝʥʠʷ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ, ʚʢʣʶʯʘʷ ʠʥʥʦʚʘʮʠʦʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʭʦʣʦʜʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. ʇʨʠʚʝʜʝʥʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ, ʨʘʩʯʝʪʳ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʪʝʭʥʠʢʝ ʠ ʤʘʪʝʨʠʘʣʘʭ, ʘ ʪʘʢʞʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʦʨʦʛʠ II ʢʘʪʝʛʦʨʠʠ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ, ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ, ʜʦʨʦʞʥʘʷ 

ʦʜʝʞʜʘ, ʨʝʤʦʥʪ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ, ʜʝʬʝʢʪʳ. 

 

Dormidontova T.V., Komissarov N.D.  

Resource-saving technologies in the repair of road clothes: 

experience of cold regeneration application 
Abstract: The article is devoted to solving the problem of non-compliance of 

geometric, structural and technological parameters of a section of a highway of the II 

technical category with modern requirements. Based on a detailed visual inspection and 

analysis of coating defects (track, network of cracks, potholes), the predominance of 

track (65% of the defect area) was revealed. To restore the regulatory characteristics, 

two options for reinforcing the pavement have been proposed and justified, including 

the innovative use of asphalt concrete cold regeneration technology. Technological 

maps, calculations of the need for machinery and materials, as well as requirements for 

quality control during major repairs are presented. The results of the study are aimed at 

improving the safety, durability and compliance of a Category II road. 

Keywords: automobile, major repairs, road clothing, highway repairs, defects. 

 

ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʤʦʙʠʣʴʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʧʝʨʝʚʦʟʢʫ 

ʛʨʫʟʦʚ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʩʪʨʘʥʳ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʜʦʨʦʛ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʚʳʰʝʥʠʝ ʠʭ ʥʘʜʝʞʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʶ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ. 

ɼʦʨʦʞʥʘʷ ʦʜʝʞʜʘ- ʵʪʦ ʢʦʤʧʣʝʢʩ ʩʣʦʝʚ, ʩʦʦʨʫʞʝʥʥʳʭ ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ 

ʦʩʥʦʚʘʥʠʠ ʜʦʨʦʛʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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ʥʘʛʨʫʟʦʢ ʦʪ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʛʨʫʥʪ ʦʩʥʦʚʘʥʠʷ. ʆʥʘ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʤʬʦʨʪʘ ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʚ ʧʨʦʜʣʝʥʠʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʦʨʦʛʠ.  

ʈʘʙʦʪʳ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʪʦʣʴʢʦ 

ʥʘ ʛʦʪʦʚʦʤ ʠ ʧʨʠʥʷʪʦʤ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʟʝʤʣʷʥʦʤ ʧʦʣʦʪʥʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʚ ʨʘʙʦʪʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʚʠʟʫʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʫʯʘʩʪʢʘ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ. 

ʇʦ ʠʪʦʛʘʤ ʠʟʫʯʝʥʠʷ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ 1, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ 

ʬʘʢʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ. 
 

ʊʘʙʣʠʮʘ 1 ï ʌʘʢʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ 
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ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ 

ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʜʝʬʝʢʪʦʚ: 

ʢʦʣʝʡʥʦʩʪʴ 4-6 ʩʤ, ʩʝʪʢʫ 

ʪʨʝʱʠʥ ʜʦ 15%, ʚʳʙʦʠʥʳ ʠ 

ʚʦʣʥʦʦʙʨʘʟʥʳʝ ʥʝʨʦʚʥʦʩʪʠ, ʚ 

ʤʝʩʪʘʭ, ʛʜʝ ʦʩʦʙʦ ʩʠʣʴʥʳʝ 

ʨʘʟʨʫʰʝʥʠʷ, ʠʤʝʶʪʩʷ ʘ/ʙ 

ʢʘʨʪʳ. ɺʩʪʨʝʯʘʶʪʩʷ ʯʘʩʪʳʝ 

ʧʨʦʜʦʣʴʥʳʝ ʠ ʧʦʧʝʨʝʯʥʳʝ 

ʪʨʝʱʠʥʳ, ʟʘʜʝʣʘʥʥʳʝ 

ʙʠʪʫʤʦʤ. 
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3% 

40-

50ʤʤ- 

10% 

50-

60ʤʤ- 

5% 

ʇʦʢʨʳʪʠʝ ʚ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʆʪʜʝʣʴʥʳʝ 

ʧʦʧʝʨʝʯʥʳʝ ʪʨʝʱʠʥʳ 

ʰʠʨʠʥʦʡ ʨʘʩʢʨʳʪʠʷ ʜʦ 1-2 

ʩʤ, ʚʩʪʨʝʯʘʶʪʩʷ ʪʨʝʱʠʥʳ 

ʟʘʜʝʣʘʥʥʳʝ ʙʠʪʫʤʦʤ, 

ʢʦʣʝʡʥʦʩʪʴ 4-6 ʩʤ. 

ʈʘʟʨʫʰʝʥ

ʠʝ ʢʨʦʤʢʠ 

ʩʣʝʚʘ ʠ 

ʩʧʨʘʚʘ 

ʋʜʦʚʣʝʪʚʦʨ

ʠʪʝʣʴʥʦʝ,. 

ʦʙʦʯʠʥʳ 

ʰʠʨʠʥʦʡ 

2,3-4,0 ʤ, 

ʫʢʨʝʧʣʝʥʳ 

ʱʝʙʥʝʤ ʠ 

ʟʘʩʝʚʦʤ 

ʪʨʘʚ  

 

ɺʩʝ ʚʳʷʚʣʝʥʥʳʝ ʜʝʬʝʢʪʳ ʧʦʢʨʳʪʠʷ ʩʥʠʞʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʢʦʤʬʦʨʪʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʜʠʪʝʣʝʡ ʜʚʠʛʘʪʴʩʷ ʩ ʨʘʩʯʝʪʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʦ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 5.3 ɻʆʉʊ 

50597-2017[6] ʢʦʣʝʶ ʛʣʫʙʠʥʦʡ ʙʦʣʝʝ 5 ʩʤ ʫʩʪʨʘʥʷʶʪ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʜʦʨʦʛ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʝʬʝʢʪʦʚ ʧʦʢʨʳʪʠʷ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʪʦ ʩʪʘʥʦʚʠʪʴʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʢʦʣʝʷ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 65 

% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʜʝʬʝʢʪʦʚ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʝʬʝʢʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ 

 

ɺʳʙʦʠʥʳ ʩʦʩʪʘʚʣʷʶʪ 13 % ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ, ʘ ʦʩʪʘʣʴʥʳʝ ʜʝʬʝʢʪʳ ï 

22 %. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʫʯʘʩʪʢʝ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪ ʠʤʝʶʪʩʷ 20 

ʧʨʠʤʳʢʘʥʠʡ. ʀʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ 

ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 
ʊʘʙʣʠʮʘ 2 ï ʉʦʩʪʦʷʥʠʝ ʧʨʠʤʳʢʘʥʠʡ 

 ̄

ʧ/ʧ 
ʇʂ+ 

ʋʛʦʣ 

ʧʝʨʝʩʝʯ

ʝʥʠʷ 

 

ʅʘʧʨʘʚʣʝʥʠʝ 

ʧʝʨʝʩʝʢʘʝʤʦʛʦ ʩʲʝʟʜʘ ʠʣʠ 

ʧʝʨʝʝʟʜʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʝʨʝʩʝʢʘʝʤʦʛʦ ʩʲʝʟʜʘ 

ʠʣʠ ʧʝʨʝʝʟʜʘ 
ʚʣʝʚʦ ʚʧʨʘʚʦ 

1 5+89   ʊʎ çɸʟʘʤʘʪ 

ʉʲʝʟʜ ʥʘ ʘʚʪʦʩʪʦʷʥʢʫ ʩ ʧʣʦʱʘʜʢʦʡ 

ʧʝʨʝʜ ʊʎ çɸʟʘʤʘʪè. 

ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʚ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʠʤʝʶʪʩʷ ʚʳʙʦʠʥʳ, ʪʨʝʱʠʥʳ. 

2 7+51   
ʂʘʥʘʰʩʢʠʡ 

ʟʘʚʦʜ 

ʇʦʢʨʳʪʠʝ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ 

3 10+45 86  ɸʚʪʦʩʝʨʚʠʩ 
ɻʨʫʥʪʦʚʳʡ ʩʲʝʟʜ ʰʠʨʠʥʦʡ 5,65 ʤ ʩ 

ʧʣʦʱʘʜʢʦʡ 

4 11+94 90 ʫʣ.ʌʨʫʥʟʝ  

ʇʦʢʨʳʪʠʝ ʠʤʝʝʪ ʩʝʪʢʫ ʪʨʝʱʠʥ, 

ʥʝʨʦʚʥʦʩʪʠ, ʦʙʨʫʰʝʥʠʝ ʢʨʦʤʦʢ. 

ʀʤʝʝʪʩʷ ʧʝʨʝʭʦʜʥʦ-ʩʢʦʨʦʩʪʥʘʷ 

ʧʦʣʦʩʘ. 

5 19+45 90 
ʫʣ.ʄʘʰʠʥʦ

ʩʪʨʦʠʪʝʣʝʡ 
 

ʇʦʢʨʳʪʠʝ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠʤʝʝʪʩʷ ʧʝʨʝʭʦʜʥʦ-

ʩʢʦʨʦʩʪʥʘʷ ʧʦʣʦʩʘ. 

6 23+59  

ʇʨʦʢʘʪ 

ʚʝʣʦʩʠʧʝʜʦ

ʚ 

 
ɻʨʫʥʪʦʚʳʡ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ ʩʲʝʟʜ ʩ 

ʧʣʦʱʘʜʢʦʡ. 

7 24+63 88  
ʐʠʥʦʤʦʥʪʘ

ʞ 

ʇʦʢʨʳʪʠʝ ʚ ʧʣʦʭʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʠʤʝʶʪʩʷ ʪʨʝʱʠʥʳ, ʚʳʙʦʠʥʳ, 

ʢʦʣʝʡʥʦʩʪʴ. 

8 39+62 83 ʄ.ɹʠʢʰʠʢ  ʇʦʢʨʳʪʠʝ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 
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 ̄

ʧ/ʧ 
ʇʂ+ 

ʋʛʦʣ 

ʧʝʨʝʩʝʯ

ʝʥʠʷ 

 

ʅʘʧʨʘʚʣʝʥʠʝ 

ʧʝʨʝʩʝʢʘʝʤʦʛʦ ʩʲʝʟʜʘ ʠʣʠ 

ʧʝʨʝʝʟʜʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʝʨʝʩʝʢʘʝʤʦʛʦ ʩʲʝʟʜʘ 

ʠʣʠ ʧʝʨʝʝʟʜʘ 
ʚʣʝʚʦ ʚʧʨʘʚʦ 

ʠ 

 

ʩʦʩʪʦʷʥʠʠ, ʠʤʝʶʪʩʷ ʪʨʝʱʠʥʳ. 

9 41+47  
ʄ.ɹʠʢʰʠʢ

ʠ 
 ɻʨʫʥʪʦʚʳʡ ʩʲʝʟʜ 

10 44+08  
ʄ.ɹʠʢʰʠʢ

ʠ 
 ɻʨʫʥʪʦʚʳʡ ʩʲʝʟʜ 

11 46+99 90 
ʄ.ɹʠʢʰʠʢ

ʠ 
 ɻʨʫʥʪʦʚʳʡ ʩʲʝʟʜ 

12 48+63 74  
ʂ ʩʘʜʦʚʳʤ 

ʫʯʘʩʪʢʘʤ 

ʇʦʢʨʳʪʠʝ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʠʤʝʶʪʩʷ ʪʨʝʱʠʥʳ, 

ʚʳʙʦʠʥʳ. 

13 48+64 79 
ʄ.ɹʠʢʰʠʭ

ʠ 
 

ʇʦʢʨʳʪʠʝ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʠʤʝʶʪʩʷ ʪʨʝʱʠʥʳ, 

ʚʳʙʦʠʥʳ. 

14 50+61   ʊʫʧʠʢ ɻʨʫʥʪʦʚʳʡ ʩʲʝʟʜ 

15 65+79 
86 

 
 ɺ ʧʦʣʝ 

ʇʦʢʨʳʪʠʝ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʀʤʝʝʪʩʷ ʧʝʨʝʭʦʜʥʦ-

ʩʢʦʨʦʩʪʥʘʷ ʧʦʣʦʩʘ.  

16 78+34 83  
ɺʜ.ʉʷʜʦʨʛʘ-

ʉʠʨʤʘ 

ʇʦʢʨʳʪʠʝ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʠʤʝʶʪʩʷ ʪʨʝʱʠʥʳ, 

ʚʳʙʦʠʥʳ, ʢʦʣʝʡʥʦʩʪʴ. 

17 78+49 81 
ɺʜ.ɸʢʩʘʨʠ

ʥʦ 
 

ʇʦʢʨʳʪʠʝ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʠʤʝʶʪʩʷ ʪʨʝʱʠʥʳ, 

ʚʳʙʦʠʥʳ, ʢʦʣʣʝʡʥʦʩʪʴ.  

ʀʤʝʝʪʩʷ ʧʝʨʝʭʦʜʥʦ-ʩʢʦʨʦʩʪʥʘʷ 

ʧʦʣʦʩʘ. 

18 91+03 90 
ɺʜ.ʂʘʨʘʢʣ

 r
 

ʇʦʢʨʳʪʠʝ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʀʤʝʝʪʩʷ ʧʝʨʝʭʦʜʥʦ-

ʩʢʦʨʦʩʪʥʘʷ ʧʦʣʦʩʘ.  

19 91+09 87  
ɼ.ʉʷʜʦʨʛʘ-

ʉʠʨʤʳ 

ʇʦʢʨʳʪʠʝ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʀʤʝʝʪʩʷ ʧʝʨʝʭʦʜʥʦ-

ʩʢʦʨʦʩʪʥʘʷ ʧʦʣʦʩʘ.  

20 104+06 76 ɺ ʧʦʣʝ  ʉʲʝʟʜ ʩ ʱʝʙʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ 

 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʦʚʝʨʝʥʳ ʥʘ ʧʨʦʯʥʦʩʪʴ 2 ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ: 

ɺʘʨʠʘʥʪ ˉ 1. ʇʨʠʤʝʥʷʝʪʩʷ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʪʨʘʩʩʳ ʧʨʠ ʫʩʠʣʝʥʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3 ï ʉʫʱʝʩʪʚʫʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʣʦʷ ʄʘʪʝʨʠʘʣ ʩʣʦʷ 
ʊʦʣʱʠʥʘ ʩʣʦʷ, 

ʩʨ.ʤ 

1 ʈʘʙʦʯʠʡ ʩʣʦʡ ʉʫʛʣʠʥʦʢ ʪʷʞʝʣʳʡ - 

2 ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʣʦʷ ʦʩʥʦʚʘʥʠ ̫ ʇʝʩʦʢ 0,19 

3 ʆʩʥʦʚʘʥʠʝ ʑʝʙʝʥʴ 0,22 

4 ʇʦʢʨʳʪʠʝ ɸʩʬʘʣʴʪʦʙʝʪʦʥ 0,28 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 4, ʨʠʩʫʥʦʢ 2. 

 
ʊʘʙʣʠʮʘ 4 - ʇʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʫʩʠʣʝʥʠʷ 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʣʦʷ ʄʘʪʝʨʠʘʣ ʩʣʦʷ 
ʊʦʣʱʠʥʘ ʩʣʦʷ, 

ʩʨ.ʤ 

1 
ʉʫʱʝʩʪʚʫʶʱʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ 
ɺʩʝ ʩʣʦʠ 

0,59 (ʩ ʫʯʝʪʦʤ 

ʬʨʝʟʝʨʦʚʘʥʠʷ 10 

ʩʤ) 

2 ɺʝʨʭʥʠʡ ʩʣʦʡ ʦʩʥʦʚʘʥʠʷ 
ʍʦʣʦʜʥʘʷ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʘʷ 

ʩʤʝʩʴ ʆʄʉ 32 ʄ 
0,22 

3 ʅʠʞʥʠʡ ʩʣʦʡ ʧʦʢʨʳʪʠʷ 
ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʘʷ ʩʤʝʩʴ 

ɸ22ʅʪ ʥʘ ʇɹɺ 40 
0,10 

4 ɺʝʨʭʥʠʡ ʩʣʦʡ ʧʦʢʨʳʪʠʷ 

ʑʝʙʝʥʦʯʥʦ-ʤʘʩʪʠʯʥʘʷ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʘʷ ʩʤʝʩʴ ʑʄɸ 

11 ʥʘ ʇɹɺ 40 

0,05 

 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ɺʘʨʠʘʥʪ ˉ 2. ʇʨʠʤʝʥʷʝʪʩʷ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʪʨʘʩʩʳ ʧʨʠ ʫʰʠʨʝʥʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 5. 
ʊʘʙʣʠʮʘ 5 - ʇʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʫʩʠʣʝʥʠʷ 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʣʦʷ ʄʘʪʝʨʠʘʣ ʩʣʦʷ 
ʊʦʣʱʠʥʘ ʩʣʦʷ, 

ʩʨ.ʤ 

1 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʣʦʡ 

ʦʩʥʦʚʘʥʠʷ 
ʇʝʩʦʢ ʤʝʣʢʠʡ ʂʬ>1 ʤ/ʩ 0,35 

2 ʅʠʞʥʠʡ ʩʣʦʡ ʦʩʥʦʚʘʥʠʷ ʑʝʙʝʥʴ ʄ800 ʬʨ.40-70 0,22 

4 ɺʝʨʭʥʠʡ ʩʣʦʡ ʦʩʥʦʚʘʥʠʷ 

ʍʦʣʦʜʥʘʷ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʘʷ 

ʩʤʝʩʴ ʆʄʉ 32 ʄ 

0,22 
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5 ʅʠʞʥʠʡ ʩʣʦʡ ʧʦʢʨʳʪʠʷ 
ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʘʷ ʩʤʝʩʴ 

ɸ22ʅʪ ʥʘ ʇɹɺ 40 
0,10 

6 ɺʝʨʭʥʠʡ ʩʣʦʡ ʧʦʢʨʳʪʠʷ 

ʑʝʙʝʥʦʯʥʦ-ʤʘʩʪʠʯʥʘʷ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʘʷ ʩʤʝʩʴ 

ʑʄɸ 11 ʥʘ ʇɹɺ 40 

0,05 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʫʰʠʨʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʫʩʠʣʝʥʠʝ) ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʫʪʝʤ ʫʢʣʘʜʢʠ ʧʦʚʝʨʭ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʜʚʫʭ ʥʦʚʳʭ ʩʣʦʝʚ ʧʦʢʨʳʪʠʷ: ʚʝʨʭʥʠʡ ʩʣʦʡ ʠʟ 

ʱʝʙʝʥʦʯʥʦʤʘʩʪʠʯʥʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ (ʑʄɸ-16); ʥʠʞʥʠʡ ʩʣʦʡ ʠʟ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ (ɸ22ʅʪ) ʥʘ ʩʣʦʝ ʦʩʥʦʚʘʥʠʷ ʠʟ ʭʦʣʦʜʥʦʡ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʡ ʩʤʝʩʠ ʆʄʉ 32 ʂ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʱʝʙʥʷ ʄ1200. ʇʦʚʝʨʭ 

ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʫʩʪʨʘʠʚʘʝʪʩʷ ʜʚʫʭʩʣʦʡʥʦʝ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ 

ʧʦʢʨʳʪʠʝ, ʨʠʩʫʥʦʢ 4.  

 

 
ʈʠʩʫʥʦʢ 4 ï ʊʝʭʥʦʣʦʛʠʷ ʭʦʣʦʜʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ 

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


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 6̄, ʯʘʩʪʴ 1 www.paradigma.science 

 

114 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ (ʭʦʣʦʜʥʦʡ 

ʨʝʛʝʥʝʨʘʮʠʠ) ʚ ʜʦʨʦʞʥʦʡ ʦʪʨʘʩʣʠ ʦʙʫʩʣʦʚʣʝʥʘ ʢʦʤʧʣʝʢʩʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ: ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʝʤʦʥʪʘ ʛʝʥʝʨʠʨʫʶʪ ʜʦ 

1.5 ʤʣʥ ʪʦʥʥ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʣʦʤʘ ʝʞʝʛʦʜʥʦ ʚ ʈʌ, ʪʨʝʙʫʶʱʝʛʦ 

ʫʪʠʣʠʟʘʮʠʠ. ʉʪʦʠʤʦʩʪʴ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 60-70% ʩʤʝʪʳ 

ʢʘʧʨʝʤʦʥʪʘ. ɻʦʨʷʯʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʧʦʪʨʝʙʣʷʝʪ ʥʘ 40% ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʯʝʤ 

ʭʦʣʦʜʥʳʝ ʤʝʪʦʜʳ. ʇʨʠʥʮʠʧʳ circular economy (ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ) ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ɻʆʉʊ ʈ 70540-2022. ʀʥʥʦʚʘʮʠʦʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʭʦʣʦʜʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ: ʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ (ʩʨʦʢ ʩʣʫʞʙʳ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʩʣʦʸʚ Ó 12 ʣʝʪ), 

ʨʝʟʫʣʴʪʘʪʘʤʠ LCA-ʘʥʘʣʠʟʘ (ʩʥʠʞʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʥʘ 35-40%). 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʫ 6. 
ʊʘʙʣʠʮʘ 6 - ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ 

ʇʘʨʘʤʝʪʨ ʊʨʘʜʠʮʠʦʥʥʳʡ ʨʝʤʦʥʪ ʍʦʣʦʜʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ɻɼʞ/ʢʤ 380-420 220-250 

ɺʳʙʨʦʩʳ CO , ʪ/ʢʤ 28-32 16-19 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ, % 0 85-90 

ʉʨʦʢ ʩʣʫʞʙʳ, ʣʝʪ 8-10 12-15 

 ɺ ʨʘʙʦʪʝ ʩʦʩʪʘʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʥʘ ʨʘʟʥʳʝ ʚʠʜʳ ʨʘʙʦʪ. 
ʊʘʙʣʠʮʘ 7 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʧʝʩʯʘʥʦ-ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʩʣʦʷ 

ˉ 

ʧ/ʧ 
ɿʘʭʚʘʪʢʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʘ 
ʄʘʰʠʥʘ ɽʜ.ʠʟʤ V ʇ 

ʇʦʪʨʝʙʥʦʩʪʴ 

ʤʘʰ/ʩʤ 

1.  1 

ʇʝʨʝʚʦʟʢʘ ʧʝʩʢʘ 

ʩʦ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʠ ʧʨʠ 

ʜʣʠʥʝ ʧʝʨʝʚʦʟʢʠ 

ʜʦ 3 ʢʤ 

ʘʚʪʦʩʘʤʦʩʚʘʣʦʤ 

ʦʙʲʝʤʦʤ ʢʫʟʦʚʘ 

18 ʤ3 

J6P 

CA3250 

6x4 

ʪ 1517,96 286,11 5,31 

2.  1 

ʇʝʨʝʤʝʱʝʥʠʝ 

ʧʝʩʢʘ 

ʙʫʣʴʜʦʟʝʨʦʤ 

ɹʫʣʴʜʦʟʝʨ 

SANTU 

824 

ʤ2 2628,50 3150,00 0,83 

3.  1 

ʆʢʦʥʯʘʪʝʣʴʥʘʷ 

ʧʣʘʥʠʨʦʚʢʘ 

ʧʝʩʢʘ 

ʘʚʪʦʛʨʝʡʜʝʨʦʤ 

SANTU 

922 
ʤ2 2628,50 4000,00 0,66 

4.  1 

ʋʚʣʘʞʥʝʥʠʝ 

ʧʝʩʢʘ 

ʧʦʣʠʚʦʤʦʝʯʥʦʡ 

ʤʘʰʠʥʦʡ 

ʂʆ 806-

44 
ʪ 105,14 91,34 1,15 
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ʦʙʲʝʤʦʤ 10 ʤ3 ʩ 

ʨʘʩʭʦʜʦʤ 4 ʣ/ʤ2 

5.  1 

ʋʧʣʦʪʥʝʥʠʝ 

ʧʝʩʢʘ ʛʨʫʥʪʦʚʳʤ 

ʢʘʪʢʦʤ 

LuiGong 

6114E 
ʤ2 2219,40 3750,00 0,59 

 

ʊʘʙʣʠʮʘ 8ï ʉʦʩʪʘʚ ʦʪʨʷʜʘ ʥʘ ʟʘʭʚʘʪʢʫ 350 ʤʝʪʨʦʚ 

ˉ ʧ/ʧ ʄʘʰʠʥʘ 

ʇʦʪʨʝʙʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪ

ʠ 

ʇʨʠʥʷʪʦʝ 

ʢʦʣʠʯʝʩʪʚ

ʦ 

ʂʦʵʬʬʠʮʠʝʥ

ʪ ʟʘʛʨʫʟʢʠ ʧʦ 

ʚʨʝʤʝʥʠ  

ʇʨʦʬʝʩʩʠʷ 

ʚʦʜʠʪʝʣʷ 

1 
ɹʫʣʴʜʦʟʝʨ 

SANTU 824 
0,83 1 0,83 

ʄʘʰʠʥʠʩʪ

, 

ʈʘʟʨʷʜ - 6 

2 

ɸʚʪʦʩʘʤʦʩʚʘʣ 

J6P CA3250 

6x4 

5,31 5 1,06 
ɺʦʜʠʪʝʣʴ, 

ʂʣʘʩʩ - 3 

3 
ɸʚʪʦʛʨʝʡʜʝʨ 

SANTU 922 
0,66 1 0,66 

ʄʘʰʠʥʠʩʪ

, 

ʈʘʟʨʷʜ - 6 

4 

ʇʦʣʠʚʦʤʦʝʯʥʘ

ʷ ʤʘʰʠʥʘ 

ʂʆ 806-44 

1,15 1 1,15 
ɺʦʜʠʪʝʣʴ, 

ʂʣʘʩʩ - 3 

5 

ɻʨʫʥʪʦʚʳʡ 

ʚʠʙʨʦʢʘʪʦʢ 

LuiGong 6114E 

0,26 1 0,26 

ʄʘʰʠʥʠʩʪ

, 

ʈʘʟʨʷʜ - 6 

ʊʘʙʣʠʮʘ 9ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʥʠʞʥʝʛʦ ʩʣʦʷ ʦʩʥʦʚʘʥʠʷ 

ˉ 

ʧ/ʧ 
ɿʘʭʚʘʪʢʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʘ 
ʄʘʰʠʥʘ ɽʜ.ʠʟʤ V ʇ 

ʇʦʪʨʝʙʥʦʩʪʴ 

ʤʘʰ/ʩʤ 

2 1 

ʇʝʨʝʚʦʟʢʘ ʱʝʙʥʷ 

ʩʦ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʠ ʧʨʠ 

ʜʣʠʥʝ ʧʝʨʝʚʦʟʢʠ 

ʜʦ 3 ʢʤ 

ʘʚʪʦʩʘʤʦʩʚʘʣʦʤ 

J6P 

CA3250 

6x4 

ʪ 98,96 286,11 0,35 

3 1 

ʇʝʨʝʤʝʱʝʥʠʝ 

ʱʝʙʥʷ 

ʙʫʣʴʜʦʟʝʨʦʤ 

SANTU 

824 
ʤ2 262,50 3150,00 0,08 

4 1 

ʆʢʦʥʯʘʪʝʣʴʥʘʷ 

ʧʣʘʥʠʨʦʚʢʘ ʱʝʙʥʷ 

ʘʚʪʦʛʨʝʡʜʝʨʦʤ 

SANTU 

922 
ʤ2 262,50 4000,00 0,07 

5 1 

ʋʚʣʘʞʥʝʥʠʝ 

ʱʝʙʥʷ 

ʧʦʣʠʚʦʤʦʝʯʥʦʡ 

ʤʘʰʠʥʦʡ ʦʙʲʝʤʦʤ 

10 ʤ3 ʩ ʨʘʩʭʦʜʦʤ 

4 ʣ/ʤ2  

ʂʆ 806-

44 
ʪ 10,50 91,34 0,11 

6 1 
ʋʧʣʦʪʥʝʥʠʝ 

ʱʝʙʥʷ 

LuiGong 

6114E 
ʤ2 262,50 3750,00 0,07 
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ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʢʘʪʢʦʤ 

7 1 

ʋʧʣʦʪʥʝʥʠʝ 

ʱʝʙʥʷ 

ʛʣʘʜʢʦʚʘʣʴʮʦʚʳʤ 

ʢʘʪʢʦʤ 

LuiGong 

6214E 
ʤ2 262,50 3250,00 0,08 

 

ʇʦ ʘʥʘʣʦʛʠʠ ʩʦʩʪʘʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʥʘ ʫʩʪʨʦʡʩʪʚʦ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʦʩʥʦʚʘʥʠʷ, ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʥʠʞʥʝʛʦ ʩʣʦʷ ʧʦʢʨʳʪʠʷ.  

ʊʝʭʥʦʣʦʛʠʷ ʭʦʣʦʜʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʜʪʚʝʨʜʠʣʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʝʮʠʢʣʠʥʛʘ 0.89. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ: ʧʦʚʳʰʝʥʠʝ 

ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʥʘ 27-32%, ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ 

ʢʘʧʨʝʤʦʥʪʘ ʥʘ 18-22%, ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʥʘ 1.2 ʪ CO-ʵʢʚ. 

ʢʤ. ɺ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʪʨʝʙʦʚʘʥʠʷʤ ʉʇ 78.13330.2024 ʧʦ: 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (Ů Ò 2.5Ĭ10), ʩʜʚʠʛʦʫʩʪʦʡʯʠʚʦʩʪʠ (Kʩʜʚ Ó 

0.85), ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ (F Ó 35 ʮʠʢʣʦʚ).  

ʇʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʣʠʷʶʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘʜʘʧʪʘʮʠʶ ʪʝʭʥʦʣʦʛʠʠ 

ʜʣʷ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ (t Ò -40ÁC), ʠʥʪʝʛʨʘʮʠʶ ʩ BIM-ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʜʦʨʦʞʥʳʭ ʦʙʲʝʢʪʦʚ. ɿʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʛ II ʢʘʪʝʛʦʨʠʠ, ʩʦʯʝʪʘʶʱʝʡ: 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʨʝʩʫʨʩʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʨʝʘʣʠʟʫʝʤʦʩʪʴ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ  

1. ʄʦʥʦʛʨʘʬʠʷ ʉ.ɹ.ʉʠʚʘʝʚ çʃʠʚʥʝʚʘʷ ʢʘʥʘʣʠʟʘʮʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʛʦʨʦʜʝè  

2. ɼʠʩʩʝʨʪʘʮʠʷ ʉ.ʖ.ɸʥʜʨʦʥʦʚ çʊʝʭʥʦʣʦʛʠʷ ʭʦʣʦʜʥʦʛʦ ʚʠʙʨʦʣʠʪʦʛʦ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ 

ʘʩʬʘʣʴʪʘè  

3. ʇʘʪʝʥʪ RU 2 441 961 C2 ʌɻʋʇ çʈʦʩʜʦʨʥʠʠè çʉʧʦʩʦʙ ʭʦʣʦʜʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʩʣʦʝʚ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳè; 

4.  ʇ.ɺ.ɼʨʫʞʙʠʥ çʉʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʢʘʢ ʬʘʢʪʦʨ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè; 

5. ɻʆʉʊ 32825-2014 çɼʦʨʦʛʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ɼʦʨʦʞʥʳʝ 

ʧʦʢʨʳʪʠʷ. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʦʚʨʝʞʜʝʥʠʡè;  

6. ɻʆʉʊ ʈ 50597-2017 çɼʦʨʦʛʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʠ ʫʣʠʮʳ. ʊʨʝʙʦʚʘʥʠʷ ʢ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʜʦʧʫʩʪʠʤʦʤʫ ʧʦ ʫʩʣʦʚʠʷʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʄʝʪʦʜʳ ʢʦʥʪʨʦʣʷè;  

7. ʉʇ 78.13330-2012 çɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠè;  

8. ɻʆʉʊ ʈ 58349-2019 çɼʦʨʦʛʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ɼʦʨʦʞʥʘʷ ʦʜʝʞʜʘ. 

ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʩʣʦʝʚ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳè; 

9. ɻʆʉʊ ʈ 58407.5 çɼʦʨʦʛʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ɸʩʬʘʣʴʪʦʙʝʪʦʥ 

ʜʦʨʦʞʥʳʡ. ʄʝʪʦʜʳ ʦʪʙʦʨʘ ʧʨʦʙ ʠʟ ʫʧʣʦʪʥʝʥʥʳʭ ʩʣʦʝʚ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳè;  

10. ɻʆʉʊ 33475-2015 çɼʦʨʦʛʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ. ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷè;  

11. ɻʆʉʊ 33101-2014 çɼʦʨʦʛʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʢʨʳʪʠʷ 

ʜʦʨʦʞʥʳʝ. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʨʦʚʥʦʩʪʠè;  
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12. ɻʆʉʊ 32825-2014 çɼʦʨʦʛʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ɼʦʨʦʞʥʳʝ 

ʧʦʢʨʳʪʠʷ. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʦʚʨʝʞʜʝʥʠʡè. 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ:  

ɼʦʨʤʠʜʦʥʪʦʚʘ ʊʘʪʴʷʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʟʘʚ.ʢʘʬ, ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

ʂʦʤʠʩʩʘʨʦʚ ʅʠʢʠʪʘ ɼʤʠʪʨʠʝʚʠʯ, ʩʪʫʜʝʥʪ, ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 
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ʋɼʂ 661.214.1 

ʂʦʨʦʪʢʦʚʘ ɻ.ɺ., ʍʦʜʯʝʥʢʦʚ ʅ.ɼ. 
ʉʤʦʣʝʥʩʢʠʡ ʬʠʣʠʘʣ ʄʦʩʢʦʚʩʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʉʤʦʣʝʥʩʢ, ʈʦʩʩʠʷ 

ʉʧʦʩʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʳ 

ɸʥʥʦʪʘʮʠʷ: ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʩʝʨʫ ʩ ʫʯʸʪʦʤ ʝʸ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚʢʣʶʯʘʷ ʥʝʬʪʝʭʠʤʠʶ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʫʜʦʙʨʝʥʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʝʨʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʝʨʳ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʌʨʘʰʘ ʠ ʧʨʦʮʝʩʩ 

ʂʣʘʫʩʘ. ʉʪʘʪʴʷ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʦʣʫʯʝʥʠʷ 

ʩʝʨʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʨʘ, ʤʝʪʦʜ ʌʨʘʰʘ, ʧʨʦʮʝʩʩ ʂʣʘʫʩʘ, ʩʘʤʦʨʦʜʥʘʷ ʨʫʜʘ, 

ʩʝʨʦʚʦʜʦʨʦʜ. 

Korotkova G.V., Khodchenkov N.D.  

Methods of sulfur  production 
 

Abstract:  In recent years, there has been a growing demand for sulfur, taking into 

account its use in various industries, including petrochemicals, fertilizer production and 

environmental technologies. The article is devoted to the analysis of various methods of 

sulfur production. Currently, several basic methods for producing sulfur have been 

developed, the main of which are the Minced meat method and the Claus process. The 

article emphasizes the importance of choosing a technological scheme for producing 

sulfur to create safe and functional production facilities. 

Keywords: sulfur, Frache method, Claus process, native ore, hydrogen sulfide. 

 

ʉʝʨʘ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʜʦʙʨʝʥʠʡ ʜʦ ʚʫʣʢʘʥʠʟʘʮʠʠ 

ʨʝʟʠʥʳ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʦ ʨʘʟʨʘʙʦʪʘʣʦ ʥʝʩʢʦʣʴʢʦ 

ʩʧʦʩʦʙʦʚ ʜʦʙʳʯʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʩʪʫʧʥʦʩʪʠ ʩʳʨʴʷ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

 

1. ɼʦʙʳʯʘ ʩʘʤʦʨʦʜʥʦʡ ʩʝʨʳ (ʤʝʪʦʜ ʌʨʘʰʘ). 

 

ʕʪʦʪ ʤʝʪʦʜ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɻʝʨʤʘʥʦʤ ʌʨʘʰʝʤ ʚ ʢʦʥʮʝ XIX ʚʝʢʘ, ʩʪʘʣ 

ʨʝʚʦʣʶʮʠʦʥʥʳʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʨʳ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʩʝʨʫ ʠʟ 

ʧʦʜʟʝʤʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʛʜʝ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʦʙʳʯʠ ʩʘʤʦʨʦʜʥʦʡ ʩʝʨʳ ʤʝʪʦʜʦʤ ʌʨʘʰʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ [3]: 

ɺ ʩʢʚʘʞʠʥʫ, ʧʨʦʙʫʨʝʥʥʫʶ ʜʦ ʟʘʣʝʞʝʡ ʩʝʨʳ, ʦʧʫʩʢʘʶʪ ʪʨʠ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʪʨʫʙʳ. 

ʇʦ ʚʥʝʰʥʝʡ ʪʨʫʙʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦʜʘʝʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʴ (ʚʦʜʘ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 165ÁC), ʢʦʪʦʨʳʡ ʨʘʩʧʣʘʚʣʷʝʪ ʩʝʨʫ. 
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ʇʦ ʩʨʝʜʥʝʡ ʪʨʫʙʝ ʧʦʜʘʝʪʩʷ ʩʞʘʪʳʡ ʚʦʟʜʫʭ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ 

ʵʤʫʣʴʩʠʶ ʠʟ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʩʝʨʳ ʠ ʚʦʜʳ. 

ʕʪʘ ʵʤʫʣʴʩʠʷ ʧʦʜʥʠʤʘʝʪʩʷ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʛʜʝ 

ʩʝʨʘ ʦʭʣʘʞʜʘʝʪʩʷ ʠ ʟʘʪʚʝʨʜʝʚʘʝʪ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʜʦʙʳʯʠ ʩʘʤʦʨʦʜʥʦʡ ʩʝʨʳ ʤʝʪʦʜʦʤ ʌʨʘʰʘ 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ ʌʨʘʰʘ: 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʜʦʙʳʯʠ. 

ɺʳʩʦʢʘʷ ʯʠʩʪʦʪʘ ʧʦʣʫʯʘʝʤʦʡ ʩʝʨʳ (ʜʦ 99,5%). 

ʄʠʥʠʤʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 

 

2. ʇʦʣʫʯʝʥʠʝ ʩʝʨʳ ʠʟ ʩʝʨʦʚʦʜʦʨʦʜʘ (ʧʨʦʮʝʩʩ ʂʣʘʫʩʘ). 

 

ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ 

ʠ ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʨʘʙʦʪʢʝ ʩʝʨʦʚʦʜʦʨʦʜʘ (H S), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʦʙʦʯʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʠ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʩʝʨʳ ʠʟ ʩʝʨʦʚʦʜʦʨʦʜʘ ʧʨʦʮʝʩʩʦʤ ʂʣʘʫʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʇʨʦʮʝʩʩ ʂʣʘʫʩʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 

ʊʝʨʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ: ʏʘʩʪʴ ʩʝʨʦʚʦʜʦʨʦʜʘ ʩʞʠʛʘʝʪʩʷ ʚ ʧʝʯʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʦʢʩʠʜʘ ʩʝʨʳ (SO ): 

2H S + 3O  Ÿ 2SO  + 2H O 

ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ: ʆʩʪʘʚʰʠʡʩʷ ʩʝʨʦʚʦʜʦʨʦʜ 

ʨʝʘʛʠʨʫʝʪ ʩ ʜʠʦʢʩʠʜʦʤ ʩʝʨʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʦʙʳʯʥʦ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ: 

2H S + SO  Ÿ 3S + 2H O 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʩʝʨʳ ʠʟ ʩʝʨʦʚʦʜʦʨʦʜʘ ʧʨʦʮʝʩʩʦʤ ʂʣʘʫʩʘ 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʡ ʧʨʦʮʝʩʩʘ ʂʣʘʫʩʘ, ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʝʨʦʚʦʜʦʨʦʜʘ 

(H S) ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ "ʢʠʩʣʦʤ ʛʘʟʝ" (ʩʤʝʩʠ ʛʘʟʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ H S ʠ CO ) [3]. 

ʇʨʷʤʦʪʦʯʥʘʷ ʩʭʝʤʘ 

ʀʩʧʦʣʴʟʫʝʪʩʷ, ʢʦʛʜʘ ʢʠʩʣʳʡ ʛʘʟ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 50% H S ʠ ʤʝʥʝʝ 2% 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺʝʩʴ ʧʦʪʦʢ ʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʧʝʯʴ-ʨʝʘʢʪʦʨ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩʞʠʛʘʥʠʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (1100ï1300 Áʉ). ʇʝʯʴ-

ʨʝʘʢʪʦʨ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʩ ʢʦʪʣʦʤ-ʫʪʠʣʠʟʘʪʦʨʦʤ ʜʣʷ ʨʝʢʫʧʝʨʘʮʠʠ ʪʝʧʣʘ. ʅʘ 

ʵʪʦʤ ʵʪʘʧʝ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʥʚʝʨʩʠʷ ʜʦ 70% ʩʝʨʳ. ʆʩʪʘʚʰʠʡʩʷ H S 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʝʨʫ ʚ 2-3 ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʘʭ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (220ï260 Áʉ). ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʨʝʘʢʪʦʨʘ ʦʙʨʘʟʫʶʱʘʷʩʷ ʩʝʨʘ 

ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ. 

ʈʘʟʚʝʪʚʣʝʥʥʘʷ ʩʭʝʤʘ (1/3 - 2/3) 

ʇʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ H S (30ï50%) ʠ ʥʠʟʢʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʤʝʥʝʝ 2%). ɺ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʪʦʣʴʢʦ ʪʨʝʪʴ 

ʢʠʩʣʦʛʦ ʛʘʟʘ ʩʞʠʛʘʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʩʝʨʳ (SO ), ʘ ʦʩʪʘʚʰʠʝʩʷ 

ʜʚʝ ʪʨʝʪʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʪʫʧʝʥʠ. SO , 

ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʩʞʠʛʘʥʠʠ, ʨʝʘʛʠʨʫʝʪ ʩ H S ʠʟ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ ʧʦʪʦʢʘ ʥʘ 

ʢʘʪʘʣʠʟʘʪʦʨʝ, ʦʙʨʘʟʫʷ ʩʝʨʫ. ʕʪʘ ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʩʝʨʳ (94ï95%). 

ʈʘʟʚʝʪʚʣʝʥʥʘʷ ʩʭʝʤʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜʦʛʨʝʚʦʤ 

ʀʩʧʦʣʴʟʫʝʪʩʷ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ H S ʚ ʢʠʩʣʦʤ ʛʘʟʝ ʝʱʝ ʥʠʞʝ (15ï

30%). ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʳʯʥʦʡ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʭʝʤʳ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ-ʨʝʘʢʪʦʨʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ (ʥʠʞʝ 930 

Áʉ) ʜʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʛʦʨʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʢʠʩʣʳʡ ʛʘʟ ʠ 
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ʚʦʟʜʫʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʦʛʨʝʚʘʶʪʩʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʝ 

ʛʦʨʝʥʠʝ ʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʩʝʨʳ (94ï95%). 

ʇʨʦʮʝʩʩ ʧʨʷʤʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʇʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʩʘʤʳʭ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ H S ʚ ʢʠʩʣʦʤ ʛʘʟʝ (10ï

15%). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʂʣʘʫʩʘ: 

ʕʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʡ ʩʧʦʩʦʙ ʫʪʠʣʠʟʘʮʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ. 

ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʩʝʨʳ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʝʨʳ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ. 

 

3. ʇʦʣʫʯʝʥʠʝ ʩʝʨʳ ʠʟ ʩʝʨʥʠʩʪʳʭ ʨʫʜ. 

 

ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʩʝʨʳ ʠʟ ʨʫʜ, ʩʦʜʝʨʞʘʱʠʭ 

ʩʫʣʴʬʠʜʳ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʠʨʠʪ (FeS ) ʠ ʭʘʣʴʢʦʧʠʨʠʪ (CuFeS ). 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʨʥʠʩʪʳʭ ʨʫʜ [1]: 

ʆʙʞʠʛ: ʈʫʜʘ ʦʙʞʠʛʘʝʪʩʷ ʥʘ ʚʦʟʜʫʭʝ, ʧʨʠ ʵʪʦʤ ʩʫʣʴʬʠʜʳ ʦʢʠʩʣʷʶʪʩʷ 

ʜʦ ʜʠʦʢʩʠʜʘ ʩʝʨʳ (SO ), ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʨʘʙʦʪʘʥ ʚ ʩʝʨʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʥʘʧʨʠʤʝʨ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʫʛʣʝʤ. 

ʌʣʦʪʘʮʠʷ: ʈʫʜʘ ʠʟʤʝʣʴʯʘʝʪʩʷ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʨʝʘʛʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʪʜʝʣʠʪʴ ʩʫʣʴʬʠʜʳ ʦʪ ʧʫʩʪʦʡ ʧʦʨʦʜʳ. 

ɿʘʪʝʤ ʩʫʣʴʬʠʜʳ ʦʙʞʠʛʘʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʩʝʨʳ. 

ʅʝʜʦʩʪʘʪʢʠ ʧʦʣʫʯʝʥʠʷ ʩʝʨʳ ʠʟ ʩʝʨʥʠʩʪʳʭ ʨʫʜ: 

ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʙʞʠʛʝ. 

 

4. ɼʨʫʛʠʝ ʤʝʪʦʜʳ. 

 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ, ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ʩʝʨʳ [1], ʪʘʢʠʝ ʢʘʢ: 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʫʛʣʝʤ: SO  + 2C Ÿ S + 2CO 

ʈʘʟʣʦʞʝʥʠʝ ʩʫʣʴʬʘʪʦʚ: ʥʘʧʨʠʤʝʨ, ʨʘʟʣʦʞʝʥʠʝ ʛʠʧʩʘ (CaSO Ŀ2H O) 

ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʙʦʨ ʩʧʦʩʦʙʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʳ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, 

ʚʢʣʶʯʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʩʳʨʴʷ, ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩ ʂʣʘʫʩʘ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʩʝʨʦʚʦʜʦʨʦʜ ʠ ʧʦʣʫʯʘʪʴ ʮʝʥʥʳʡ ʧʨʦʜʫʢʪ ï 

ʩʝʨʫ. ʆʜʥʘʢʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʦʧʨʘʚʜʘʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʨʳ. 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʳ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ. 

ʇʦʩʪʦʷʥʥʦ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ 
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ʤʝʪʦʜʦʚ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ. 

ʅʘʧʨʠʤʝʨ, ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʂʣʘʫʩʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʫʪʠʣʠʟʘʮʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʪʘʢʠʝ ʢʘʢ ʝʛʦ ʧʨʷʤʦʝ 

ʦʢʠʩʣʝʥʠʝ ʜʦ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʝʱʝ ʦʜʠʥ ʮʝʥʥʳʡ 

ʧʨʦʜʫʢʪ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʥʠʞʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʝʨʳ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʚʳʙʨʦʩʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʤʢʥʫʪʳʭ 

ʮʠʢʣʦʚ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʫʪʠʣʠʟʘʮʠʶ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʪʨʝʤʣʝʥʠʝ ʢ 

ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʣʝʜʘ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʙʫʜʫʱʝʤ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʩʝʨʳ, 

ʧʦʣʫʯʘʝʤʦʡ ʠʟ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʦʙʲʝʤʳ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʧʨʦʜʦʣʞʘʶʪ ʨʘʩʪʠ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʠ ʦʙʲʝʤʳ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʩʝʨʦʚʦʜʦʨʦʜʘ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʂʣʘʫʩʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʫʪʠʣʠʟʘʮʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʙʫʜʫʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʝʱʝ 

ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʠ ʫʩʪʦʡʯʠʚʳʤ. 
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ʋɼʂ 661.214.1 

ʂʦʨʦʪʢʦʚʘ ɻ.ɺ., ʍʦʜʯʝʥʢʦʚ ʅ.ɼ. 
ʉʤʦʣʝʥʩʢʠʡ ʬʠʣʠʘʣ ʄʦʩʢʦʚʩʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʉʤʦʣʝʥʩʢ, ʈʦʩʩʠʷ 

 

ɺʦʟʤʦʞʥʳʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʨʳ 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʚʦʟʤʦʞʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʨʳ. ɺ ʩʠʣʫ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʝʨʳ, 

ʪʨʝʙʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʧʦʙʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʨʳ, ʠʭ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʩʦʩʪʘʚ, ʘ 

ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ 

ʯʝʣʦʚʝʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʨʘ, ʧʨʦʜʫʢʪʳ, ʩʝʨʦʚʦʜʦʨʦʜ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʦʢʩʠʜʳ, ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ.  

 

Korotkova G.V., Khodchenkov N.D. 

Possible by-products of sulfur  production 

Abstract:  The article is devoted to the analysis of possible by-products in the 

production of sulfur. Due to the variety of existing methods for producing sulfur, an 

integrated approach is required to study possible products during production. The 

conducted research made it possible to identify by-products formed during the 

production of sulfur, their diversity and composition, as well as to assess the potential 

impact on the environment and human health. 

Keywords: sulfur, products, hydrogen sulfide, organic compounds, oxides, solid 

particles. 

 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩʝʨʳ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʵʪʘʧʳ, ʥʘ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʩʝʨʳ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜ 

ʬʨʘʢʮʠʦʥʥʦʡ ʜʠʩʪʠʣʣʷʮʠʠ, ʤʝʪʦʜ ʂʣʘʫʩʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʠ ʩʝʨʦʚʦʜʦʨʦʜ. ʕʪʠ ʤʝʪʦʜʳ ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ ʩʚʦʝʡ ʩʫʪʠ, 

ʪʘʢ ʠ ʧʦ ʦʙʲʝʤʫ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʟʫʯʝʥʠʝ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʠʣʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʪʘʢʠʭ ʢʘʢ ʛʘʟʦʚʳʝ ʩʢʚʘʞʠʥʳ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʩʥʦʚʥʳʤ ʧʦʙʦʯʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʢʦʪʦʨʳʡ ʥʝ ʩʦʜʝʨʞʘʪ ʩʝʨʳ, ʥʦ ʝʛʦ 

ʦʯʠʩʪʢʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʩʝʨʳ ʠʟ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʦʢʩʠʜʘ 

ʩʝʨʳ (SO ) ð ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ [3]. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʧʨʦʮʝʩʩʫ ʂʣʘʫʩʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ. ʕʪʘ 
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ʩʪʘʜʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ, 

ʢʦʪʦʨʳʡ ʧʨʠ ʚʳʙʨʦʩʝ ʚ ʘʪʤʦʩʬʝʨʫ ʩʪʘʥʦʚʠʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʢʠʩʣʦʪʥʳʭ 

ʜʦʞʜʝʡ ʠ ʟʘʛʨʷʟʥʷʝʪ ʚʦʟʜʫʭ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʞʠʛʘʥʠʝ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʜʘʣʴʥʝʡʰʝʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ ʠ ʩʫʣʴʬʠʜʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʚʳʜʝʣʷʶʪʩʷ ʜʨʫʛʠʝ ʧʦʙʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʫʛʘʨʥʳʡ ʛʘʟ (CO) ʠ ʩʝʨʥʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʵʢʦʣʦʛʠʠ ʠ 

ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʪʦʢʩʠʯʥʳʤʠ ʠ 

ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨ 

ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ɽʱʸ ʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʢʦʪʦʨʘʷ ʟʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʛʜʝ ʩʝʨʦʚʦʜʦʨʦʜ ʨʝʘʛʠʨʫʝʪ ʩ ʦʢʩʠʜʘʤʠ 

ʤʝʪʘʣʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʦʜʥʘʢʦ ʠ ʟʜʝʩʴ ʪʘʢʞʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʦʢʩʠʜʳ, 

ʪʨʝʙʫʶʱʠʝ ʜʘʣʴʥʝʡʰʝʡ ʫʪʠʣʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʳ ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʥʦʩʠʪʴ ʚʨʝʜ ʵʢʦʩʠʩʪʝʤʝ ʠ ʯʝʣʦʚʝʢʦʤ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ 

ʢʦʥʝʯʥʳʤʠ ʦʪʭʦʜʘʤʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʭ ʤʦʞʥʦ ʧʝʨʝʨʘʙʦʪʘʪʴ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʚʪʦʨʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚʢʣʶʯʘʷ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʫʜʦʙʨʝʥʠʡ ʠ ʵʢʩʪʨʘʢʮʠʶ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʮʝʥʠʚʘʪʴ ʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʨʳ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ. 

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʢʦʥʢʨʝʪʥʳʡ ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʟʘʚʠʩʷʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ 

ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ: 

ʉʝʨʦʚʦʜʦʨʦʜ (H S) 

ʕʪʦ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ 

ʩʝʨʳ ʠʟ ʢʠʩʣʳʭ ʛʘʟʦʚ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʯʠʩʪʢʝ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠʣʠ ʥʝʬʪʠ). 

ʉʝʨʦʚʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʪʦʢʩʠʯʥʳʤ ʛʘʟʦʤ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʟʘʧʘʭʦʤ ʪʫʭʣʳʭ 

ʷʠʮ. ɽʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʠʣʠ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ, ʯʪʦʙʳ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ 

[1]. 

ɼʠʦʢʩʠʜ ʩʝʨʳ (SO ) 

ʆʙʨʘʟʫʝʪʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʩʝʨʳ ʠʣʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. SO  

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʝʤ ʚʦʟʜʫʭʘ, ʚʳʟʳʚʘʶʱʠʤ ʢʠʩʣʦʪʥʳʝ ʜʦʞʜʠ 

ʠ ʨʝʩʧʠʨʘʪʦʨʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʚʳʙʨʦʩʳ SO  ʩʪʨʦʛʦ 
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ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʠ ʯʘʩʪʦ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʜʣʷ ʠʭ ʩʥʠʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʢʨʫʙʙʝʨʦʚ) [1]. 

ʆʢʩʠʜʳ ʘʟʦʪʘ (NOx) 

ʄʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʮʝʩʩʘʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʝʨʳ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ ʜʣʷ 

ʥʘʛʨʝʚʘ ʠʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. NOx ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 

ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʚʦʟʜʫʭʘ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʦʛʘ. 

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ (CO ) 

ʆʙʨʘʟʫʝʪʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʠʩʭʦʜʥʦʤ ʩʳʨʴʝ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʳ. CO  ʷʚʣʷʝʪʩʷ ʧʘʨʥʠʢʦʚʳʤ ʛʘʟʦʤ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ [1]. 

ɺʦʜʘ (H O) 

ʆʙʨʘʟʫʝʪʩʷ ʢʘʢ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʚʦ ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʨʳ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʝʘʢʮʠʠ ʂʣʘʫʩʘ. 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʩʝʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ 

ʅʝʧʦʣʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ 

(ʥʘʧʨʠʤʝʨ, ʞʠʜʢʦʡ, ʪʚʝʨʜʦʡ, ʢʦʣʣʦʠʜʥʦʡ) [2]. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ (ʥʘʧʨʠʤʝʨ, ʤʝʨʢʘʧʪʘʥʳ, 

ʩʫʣʴʬʠʜʳ) 

ʄʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʠʩʭʦʜʥʦʤ ʩʳʨʴʝ ʠʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʥʠ ʯʘʩʪʦ ʠʤʝʶʪ ʥʝʧʨʠʷʪʥʳʡ ʟʘʧʘʭ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʪʦʢʩʠʯʥʳʤʠ [2]. 

ʊʚʝʨʜʳʝ ʯʘʩʪʠʮʳ (ʧʳʣʴ) 

ʄʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩʝʨʳ ʠʣʠ ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʳ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʠʭ 

ʵʬʬʝʢʪʠʚʥʫʶ ʫʪʠʣʠʟʘʮʠʶ ʠʣʠ ʧʝʨʝʨʘʙʦʪʢʫ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʧʪʠʤʠʟʘʮʠʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʚʳʙʨʦʩʦʚ. 

ɺ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʦʢʩʠʜʘ ʩʝʨʳ, ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʘʙʩʦʨʙʮʠʷ SO  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʠʟʚʝʩʪʢʦʚʦʝ ʤʦʣʦʢʦ (ʩʫʩʧʝʥʟʠʷ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʫʝʪʩʷ ʩʫʣʴʬʠʪ ʠʣʠ ʩʫʣʴʬʘʪ ʢʘʣʴʮʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʣʠ ʫʪʠʣʠʟʠʨʦʚʘʥʳ. 

ɼʨʫʛʠʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʘʜʩʦʨʙʮʠʶ SO  ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʫʛʣʝ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʜʦ ʪʨʠʦʢʩʠʜʘ 

ʩʝʨʳ (SO ), ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʘʙʩʦʨʙʠʨʫʝʪʩʷ ʚʦʜʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ. 
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ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ, ʪʘʢʠʝ ʢʘʢ ʤʝʨʢʘʧʪʘʥʳ, ʤʦʛʫʪ ʙʳʪʴ 

ʫʜʘʣʝʥʳ ʠʟ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, 

ʚʢʣʶʯʘʷ ʘʜʩʦʨʙʮʠʶ ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʫʛʣʝ, ʘʙʩʦʨʙʮʠʶ ʚ ʩʧʝʮʠʘʣʴʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠʣʠ ʙʠʦʬʠʣʴʪʨʘʮʠʶ. ɹʠʦʬʠʣʴʪʨʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʥʘ ʤʝʥʝʝ 

ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ. 

ɺʦʜʘ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʳ, ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ 

ʨʘʩʪʚʦʨʝʥʥʳʝ ʩʦʣʠ ʠ ʜʨʫʛʠʝ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʩʙʨʦʩʦʤ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʥʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʯʠʩʪʢʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʬʠʣʴʪʨʘʮʠʶ, ʦʩʘʞʜʝʥʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʦʯʠʩʪʢʫ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʨʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʥʝ ʪʦʣʴʢʦ ʠʟʚʣʝʯʝʥʠʝ ʠ 

ʦʯʠʩʪʢʫ ʩʝʨʳ, ʥʦ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʫʪʠʣʠʟʘʮʠʶ ʠʣʠ ʧʝʨʝʨʘʙʦʪʢʫ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʇʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʥʠʞʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʩʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʩʝ 

ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʦʥʮʝʧʮʠʠ "ʮʠʢʣʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʠ". ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝ 

ʢʘʢ ʦʪʭʦʜʳ, ʘ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʩʳʨʴʝ ʜʣʷ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ. ʅʘʧʨʠʤʝʨ, 

ʩʫʣʴʬʠʪ ʠ ʩʫʣʴʬʘʪ ʢʘʣʴʮʠʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʦʯʠʩʪʢʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ 

ʜʠʦʢʩʠʜʘ ʩʝʨʳ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝ ʪʦʣʴʢʦ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʣʠʦʨʘʥʪʘ ʜʣʷ 

ʢʠʩʣʳʭ ʧʦʯʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʩʫʣʴʬʘʪʘ ʢʘʣʴʮʠʷ 

ʚ ʧʦʯʚʫ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʝʝ ʩʪʨʫʢʪʫʨʫ, ʧʦʚʳʩʠʪʴ ʜʦʩʪʫʧʥʦʩʪʴ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʜʣʷ ʨʘʩʪʝʥʠʡ ʠ ʩʥʠʟʠʪʴ ʪʦʢʩʠʯʥʦʩʪʴ ʘʣʶʤʠʥʠʷ. 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʧʣʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʳ. ʄʥʦʛʠʝ ʧʨʦʮʝʩʩʳ, 

ʪʘʢʠʝ ʢʘʢ ʧʨʦʮʝʩʩ ʂʣʘʫʩʘ, ʷʚʣʷʶʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤʠ, ʪʦ ʝʩʪʴ ʚʳʜʝʣʷʶʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ. ʕʪʦ ʪʝʧʣʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʘʨʘ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʣʠ ʜʣʷ ʜʨʫʛʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʥʫʞʜ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʪʝʧʣʦ, ʢʦʪʦʨʦʝ ʨʘʥʴʰʝ ʧʨʦʩʪʦ ʨʘʩʩʝʠʚʘʣʦʩʴ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʩʪʘʥʦʚʠʪʩʷ ʮʝʥʥʳʤ ʨʝʩʫʨʩʦʤ, ʩʥʠʞʘʶʱʠʤ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʠʩʢʦʧʘʝʤʦʤ ʪʦʧʣʠʚʝ ʠ ʫʤʝʥʴʰʘʶʱʠʤ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʳ ʠ ʩʥʠʞʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʠ ʧʨʠ 

ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ 

ʫʤʝʥʴʰʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 
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ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢ ʦʪʨʘʚʣʝʥʠʶ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʤʝʩʷʤʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʠʩʭʦʜʥʦʤ ʩʳʨʴʝ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʜʝʰʝʚʦʝ ʠ ʤʝʥʝʝ ʯʠʩʪʦʝ ʩʳʨʴʝ. 

ɺ ʙʫʜʫʱʝʤ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ, ʥʦ ʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʩʝʨʳ ʠʟ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʪʚʘʣʳ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʣʠ ʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ. 

ɹʠʦʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʠʭ ʤʝʪʘʣʣʦʚ ʠ 

ʩʝʨʳ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘʢʦʥʝʮ, ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʨʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʶʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʳʙʨʦʩʘʭ ʠ ʦʧʝʨʘʪʠʚʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʣʶʙʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʥʠʞʝʥʠʷ 

ʚʳʙʨʦʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʫʱʝʝ ʩʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʠʜʠʪʩʷ ʚ 

ʠʥʪʝʛʨʘʮʠʠ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʨʳ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʩʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʨʝʙʫʝʪ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ, 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, 

ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʊʦʣʴʢʦ 

ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʝ ʠ 

ʫʩʪʦʡʯʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʨʳ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʨʘʩʪʫʱʠʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. ɹʫʜʫʱʝʝ ʩʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï ʵʪʦ 

ʙʫʜʫʱʝʝ, ʛʜʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʮʝʥʥʳʝ ʨʝʩʫʨʩʳ, ʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʨʳ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʴʶ ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʩʦʭʨʘʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ 

ʦʙʱʝʩʪʚʘ. 
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ʀʥʞʝʥʝʨʥʘʷ ʟʘʱʠʪʘ ʩʢʣʦʥʦʚ ʠ ʦʪʢʦʩʦʚ ʤʝʪʦʜʦʤ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʘʥʢʝʨʦʚ ʠ ʧʨʦʪʠʚʦʢʘʤʥʝʧʘʜʥʦʡ ʩʝʪʯʘʪʦʡ 

ʟʘʚʝʩʳ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʫʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʪʝʨʨʠʪʦʨʠʡ ʩʢʣʦʥʦʚ ʠ ʦʪʢʦʩʦʚ ʤʝʪʦʜʦʤ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ 

ʘʥʢʝʨʦʚ ʠ ʧʨʦʪʠʚʦʢʘʤʥʝʧʘʜʥʦʡ ʩʝʪʯʘʪʦʡ ʟʘʚʝʩʳ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʙʦʨ 

ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʟʘʱʠʪʝ ʩʣʦʞʥʳʭ ʧʦʣʦʛʠʭ ʣʘʥʜʰʘʬʪʦʚ ʦʪ ʦʧʘʩʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʫʰʝʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. 

ʄʝʪʦʜ ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ, ʫʩʪʘʥʦʚʢʠ ʚ ʥʠʭ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ 

ʘʥʢʝʨʦʚ ʠ ʤʦʥʪʘʞʝ ʟʘʱʠʪʥʦʡ ʩʝʪʯʘʪʦʡ ʟʘʚʝʩʳ. ɺ ʨʘʙʦʪʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʘʢʠʝ 

ʧʦʥʷʪʠʷ ʢʘʢ ʥʘʛʝʣʴʥʳʝ ʧʦʣʷ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʘʥʢʝʨʦʚʦʯʥʳʝ. ʆʥʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʘʭ 

ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʣʦʥʦʚ, ʦʪʢʦʩʦʚ ʠ ʜʨʫʛʠʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʨʠʩʢʫ ʦʧʦʣʟʥʝʡ, ʵʨʦʟʠʠ ʠʣʠ ʜʨʫʛʠʭ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʞʝʥʝʨʥʘʷ ʟʘʱʠʪʘ, ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʡ ʘʥʢʝʨ, ʥʘʛʝʣʴʥʦʝ ʧʦʣʝ, 

ʩʝʪʯʘʪʘʷ ʟʘʚʝʩʘ, ʦʪʢʦʩ, ʛʨʫʥʪ, ʙʫʨʝʥʠʝ. 

 

Tikhonov D.F. 

Engineering protection of slopes and slopes by the method of 

drilling anchors and rockfall mesh curtain 
 

Abstract: The article discusses the essence and relevance of the modern method of 

engineering protection of slopes and hills by the method of bored piles and anti-rockfall 

mesh curtain. The work analyzes a specific technology for protecting complex flat 

landscapes from dangerous geological incidents associated with the collapse of natural 

rocks. The method consists of drilling wells, installing bored piles in them and 

assembling a protective mesh curtain. The work will consider such concepts as dowel 

fields, also known as anchoring. They are used in various engineering-geological and 

construction projects to strengthen and stabilize slopes, hills and other areas exposed to 

the risk of landslides, erosion or other geotechnical problems. 

Key words: engineering protection, bored pile, drilling well, mesh curtain, slope, 

priming, drilling. 

 

ʀʥʞʝʥʝʨʥʘʷ ʟʘʱʠʪʘ ʪʝʨʨʠʪʦʨʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ 

ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ, ʩʥʠʞʝʥʠʝ 

ʠʣʠ ʫʩʪʨʘʥʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ. ʀʥʞʝʥʝʨʥʘʷ ʟʘʱʠʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʢʦʤʧʣʝʢʩ ʧʨʘʚʠʣ ʠ 

ʤʝʨ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʢʣʠʤʘʪʘ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʕʪʠ ʤʝʨʳ ʧʨʠʟʚʘʥʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʛʘʪʠʚʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ, ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 
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ʠʣʠ ʫʤʝʥʴʰʠʪʴ ʫʱʝʨʙ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʥʘʥʝʩʝʥ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, 

ʵʢʦʩʠʩʪʝʤʝ ʠ ʥʘʩʝʣʝʥʠʶ.[1] 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʷ ʠʥʞʝʥʝʨʥʦʡ 

ʟʘʱʠʪʳ ʩʢʣʦʥʦʚ ʠ ʦʪʢʦʩʦʚ ʤʝʪʦʜʦʤ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʘʥʢʝʨʦʚ ʠ 

ʧʨʦʪʠʚʦʢʘʤʥʝʧʘʜʥʦʡ ʩʝʪʯʘʪʦʡ ʟʘʚʝʩʦʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ 

ʙʝʟʦʧʘʩʥʳʝ ʠ ʩʪʘʙʠʣʴʥʳʝ ʫʩʣʦʚʠʡ ʩʦʜʝʨʞʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʣʦʥʦʚ ʠ ʦʪʢʦʩʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʠ ʨʷʜʦʤ ʩ ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʦʙʲʝʢʪʳ ʛʨʘʞʜʘʥʩʢʦʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʜʦʨʦʛʠ, ʪʨʘʩʩʳ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʫʪʠ, ʰʘʭʪʳ ʠ ʢʘʨʴʝʨʳ. ʆʪʢʦʩʳ 

ʧʦʜʚʝʨʞʝʥʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʯʚ ʠ ʛʨʫʥʪʦʚ ʩʦ ʚʨʝʤʝʥʝʤ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʠʭ ʩʭʦʜʘʤ ʠ ʢʘʤʥʝʧʘʜʘʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʘʚʘʨʠʷʤ, ʨʘʟʨʫʰʝʥʠʷʤ, 

ʪʨʘʚʤʘʤ ʠ ʞʝʨʪʚʘʤ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ, ʥʘʨʫʰʝʥʠʶ ʣʦʛʠʩʪʠʢʠ ʠ ʵʩʪʝʪʠʢʠ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʪʝʨʨʠʪʦʨʠʡ. ʆʯʝʥʴ ʯʘʩʪʦ ʬʠʥʘʥʩʦʚʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ 

ʦʙʭʦʜʷʪʩʷ ʚ ʨʘʟʳ ʜʦʨʦʞʝ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʩʪʨʦʡʩʪʚʫ 

ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʣʶʜʩʢʠʭ ʧʦʪʝʨʷʭ, ʢʦʪʦʨʳʝ ʙʝʩʮʝʥʥʳ. 

ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʘʥʢʝʨʘʤʠ ʠ ʟʘʚʝʩʦʡ ʦʧʨʝʜʝʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʠʤʝʶʱʝʛʦʩʷ ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʣʘʥʜʰʘʬʪʘ ʙʝʟ ʩʥʷʪʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ ʛʨʫʥʪʘ. [2] 

ʉʫʪʴ ʠ ʥʦʚʰʝʩʪʚʦ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʪʝʨʨʠʪʦʨʠʡ ʤʝʪʦʜʦʤ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʘʥʢʝʨʦʚ ʠ ʧʨʦʪʠʚʦʢʘʤʥʝʧʘʜʥʦʡ ʩʝʪʯʘʪʦʡ ʟʘʚʝʩʦʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʠʷʥʠʠ ʙʫʨʝʥʠʷ ʰʧʫʨʦʚ ʟʘʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʥʘʛʝʣʴʥʦʝ ʧʦʣʝ, ʠ ʤʦʥʪʘʞʘ ʧʨʦʪʠʚʦʢʘʤʥʝʧʘʜʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʝʪʯʘʪʳʭ ʟʘʚʝʩ ʧʦʚʝʨʭ. ʊʘʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʣʝʛʢʦ 

ʘʜʘʧʪʠʨʫʶʪʩʷ ʧʦʜ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʫʩʣʦʚʠʷ ʠ ʪʠʧʳ ʛʨʫʥʪʦʚ, ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʜʘʞʝ ʚ ʛʦʨʦʜʩʢʦʡ ʯʝʨʪʝ, ʥʝ ʠʟʤʝʥʷʷ ʩʫʱʝʩʪʚʫʶʱʠʡ ʧʨʠʨʦʜʥʳʡ 

ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʣʘʥʜʰʘʬʪ. 

ʀʥʞʝʥʝʨʥʘʷ ʟʘʱʠʪʘ ʤʝʪʦʜʦʤ ʙʫʨʦʠʥʲʝʢʠʦʥʥʳʭ ʘʥʢʝʨʦʚ ʠ ʩʝʪʯʘʪʳʭ 

ʟʘʚʝʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʨʦʡʩʪʚʝ ʥʘʛʝʣʴʥʦʛʦ ʧʦʣʷ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʡ ʘʥʢʝʨ (ʥʘʛʝʣʴ). ɸʥʢʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʜʣʠʥʥʳʡ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʪʝʨʞʝʥʴ, ʜʣʠʥʘ ʠ ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʩʠʣʴʥʦ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ - ʚ ʩʨʝʜʥʝʤ ʦʪ ʦʜʥʦʛʦ ʤʝʪʨʘ ʜʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʚ ʜʣʠʥʫ. 

ʉʪʝʨʞʝʥʴ ʩʦʩʪʦʠʪ ʠʟ ʰʪʘʥʛ. ʐʪʘʥʛʠ ʧʦʢʨʳʪʳ ʨʝʟʴʙʦʡ, ʠ ʠʤʝʥʥʦ ʦʥʠ 

ʧʦʦʯʝʨʸʜʥʦ ʙʫʨʷʪʩʷ ʚ ʛʨʫʥʪ, ʥʘ ʢʦʥʝʮ ʧʝʨʚʦʡ ʰʪʘʥʛʠ ʥʘʚʠʥʯʠʚʘʝʪʩʷ 

ʙʫʨʦʚʘʷ ʢʦʨʦʥʢʘ ʠʣʠ ʜʦʣʦʪʦ, ʯʪʦ ʜʝʣʘʝʪ ʘʥʢʝʨ ʥʝ ʪʦʣʴʢʦ ʫʢʨʝʧʣʷʶʱʠʤ 

ʚʥʫʪʨʝʥʥʠʝ ʛʨʫʥʪʦʚʳʝ ʩʣʦʠ ʵʣʝʤʝʥʪʦʤ, ʥʦ ʠ ʙʫʨʦʚʳʤ ʩʥʘʨʷʜʦʤ, ʢʦʪʦʨʳʡ 

ʦʩʪʘʸʪʩʷ ʚ ʰʧʫʨʝ. ʐʪʘʥʛʠ ʩʦʝʜʠʥʷʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʳʤʠ 

ʤʫʬʪʘʤʠ ʩ ʫʧʦʨʦʤ ʥʘ ʮʝʥʪʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʬʠʢʩʠʨʫʝʪ ʧʦʣʦʞʝʥʠʝ ʘʥʢʝʨʘ ʚ 

ʛʨʫʥʪʝ ʠ ʥʝ ʜʘʸʪ ʝʤʫ ʧʨʦʛʥʫʪʴʩʷ. ʇʦʩʣʝ ʟʘʙʫʨʠʚʘʥʠʷ ʘʥʢʝʨʘ ʥʘ ʪʦʨʯʘʱʠʡ 

ʭʚʦʩʪ ʥʘʢʨʫʯʠʚʘʝʪʩʷ ʩʬʝʨʠʯʝʩʢʘʷ ʛʘʡʢʘ, ʢʦʪʦʨʘʷ ʢʨʝʧʢʦ ʧʨʠʞʠʤʘʝʪ ʰʪʘʥʛʫ 

ʢ ʦʧʦʨʝ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʛʦ ʘʥʢʝʨʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ 

ʥʘʛʨʫʟʢʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʛʨʫʥʪ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʝʛʦ ʩʤʝʱʝʥʠʷ ʠʣʠ 

ʦʩʝʜʘʥʠʷ.  
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʛʦ ʘʥʢʝʨʘ 

 

ʇʨʦʮʝʩʩ ʫʩʪʘʥʦʚʢʠ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʘʥʢʝʨʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʉʥʘʯʘʣʘ ʠʜʸʪ ʦʙʦʨʢʘ ʪʝʨʨʠʪʦʨʠʠ ʠ ʝʛʦ ʧʦʜʛʦʪʦʚʢʘ ʢ 

ʦʩʚʦʝʥʠʶ. ɿʘʚʦʟʠʪʩʷ ʪʝʭʥʠʢʘ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʙʳʪʦʚʦʯʥʳʝ ʧʦʤʝʱʝʥʠʷ. 

ɿʘʪʝʤ ʧʨʠʩʪʫʧʘʶʪ ʢ ʙʫʨʝʥʠʶ ʩʢʚʘʞʠʥʳ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʛʣʫʙʠʥʳ. ɺ 

ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʥʫʞʥʦʡ 

ʛʣʫʙʠʥʳ ʚ ʩʢʚʘʞʠʥʫ ʚʚʦʜʠʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʨʘʩʪʚʦʨ, ʢʦʪʦʨʳʡ ʟʘʧʦʣʥʷʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʩʢʚʘʞʠʥʳ ʠ ʩʘʤʠʤ ʘʥʢʝʨʦʤ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʘʥʢʝʨʦʤ ʠ ʛʨʫʥʪʦʤ, 

ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʀʪʦʛʦ ʪʘʢʦʝ ʙʫʨʝʥʠʝ ʥʘʟʳʚʘʶʪ 

ʘʥʢʝʨʥʳʤ, ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʩʠʣʴʥʦ ʵʢʦʥʦʤʠʪʴ ʨʘʙʦʯʝʝ ʚʨʝʤʷ ʠ ʩʨʝʜʩʪʚʘ, ʪʝʤ, 

ʯʪʦ ʙʫʨʝʥʠʝ ʰʧʫʨʘ ʠ ʤʦʥʪʘʞ ʘʥʢʝʨʘ ʧʨʦʠʩʭʦʜʷʪ ʨʘʟʦʤ. ɸʥʢʝʨʥʦʝ ʙʫʨʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʫʜʨʘʥʦ-ʚʨʘʱʘʪʝʣʴʥʦʤʫ 

ʙʫʨʝʥʠʶ, ʜʘʶʱʝʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʘʢʢʫʨʘʪʥʳʝ ʜʣʠʥʥʳʝ ʰʧʫʨʳ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʠʘʤʝʪʨʘ [3]. 

ʋʧʦʨʷʜʦʯʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʘʥʢʝʨʦʚ ʩ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʰʘʛʦʤ ʥʘ ʟʘʜʘʥʥʦʡ ʧʣʦʱʘʜʠ ʥʘʟʳʚʘʶʪ ʥʘʛʝʣʴʥʳʤ ʧʦʣʝʤ. ɺ 

ʥʸʤ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʳʩʷʯʠ ʘʥʢʝʨʦʚ ʠ ʜʝʩʷʪʢʠ ʠʭ ʨʷʜʦʚ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘʛʝʣʴʥʳʭ ʧʦʣʝʡ ʩʦʩʪʘʚʣʷʝʪʩʷ ʨʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ, ʚ 

ʢʦʪʦʨʦʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʛʝʣʝʡ ʧʦ ʤʘʪʝʨʠʘʣʫ, ʧʦ 

ʛʨʫʥʪʫ ʠ ʧʨʦʯʥʦʩʪʴ ʧʦʢʨʦʚʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʷʪʩʷ ʨʘʩʯʸʪʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʸʪʘʤʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʝʢʪʥʘʷ 

ʤʦʜʝʣʴ ʥʘʛʝʣʴʥʦʛʦ ʧʦʣʷ. 
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ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʥʘʛʝʣʴʥʦʛʦ ʧʦʣʷ. 1 ï ɹʫʨʦʠʥʲʝʢʮʠʦʥʥʳʡ ʘʥʢʝʨ; 2 ï 

ɺʘʥʪʦʚʘʷ ʟʘʱʠʪʥʘʷ ʩʝʪʴ; 3 ï ʅʝʩʪʘʙʠʣʴʥʳʡ ʛʨʫʥʪ 

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʚʦʟʚʝʜʝʥʠʝ ʩʝʪʯʘʪʦʡ ʟʘʚʝʩʳ. ʉʝʪʢʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʩʢʣʦʥʘʭ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʠ ʥʘʪʷʛʠʚʘʶʪʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʟʘʜʝʨʞʠʚʘʪʴ ʢʘʤʥʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʪʨʳʚʘʪʴʩʷ 

ʦʪ ʧʦʨʦʜʳ. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʝʪ ʢʦʥʩʪʨʫʢʮʠʷ ʩʝʪʢʠ, ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʜʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʧʘʜʝʥʠʠ ʢʘʤʥʝʡ. 

ʀʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʨʦʪʠʚʦʢʘʤʥʝʧʘʜʥʳʝ ʩʝʪʢʠ ʦʙʳʯʥʦ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʪʘʣʴ ʠʣʠ ʢʦʤʧʦʟʠʪʥʳʝ ʚʦʣʦʢʥʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʤ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʪʤʦʩʬʝʨʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʦʞʜʴ, ʩʥʝʛ ʠ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʦʥʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʠ ʜʨʫʛʠʝ ʬʫʥʢʮʠʠ, ʥʘʧʨʠʤʝʨ, 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʝʨʞʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʢʨʝʧʣʝʥʠʶ ʩʢʣʦʥʦʚ. ʉʝʪʴ ʥʘʥʦʩʠʪʩʷ ʧʦʚʝʨʭ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘʛʝʣʴʥʦʛʦ ʧʦʣʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʪʦʨʯʘʱʠʝ ʠʟ ʛʨʫʥʪʘ ʦʛʦʣʦʚʢʠ 

ʘʥʢʝʨʦʚ. 

ʇʨʦʪʠʚʦʢʘʤʥʝʧʘʜʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʩʝʪʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ 

ʵʣʝʤʝʥʪ ʟʘʱʠʪʳ ʛʦʨʥʳʭ ʩʢʣʦʥʦʚ ʠ ʦʢʨʫʞʘʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʪ 

ʚʦʟʤʦʞʥʳʭ ʢʘʤʥʝʧʘʜʦʚ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʚ 

ʨʘʡʦʥʘʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʚ ʟʦʥʘʭ ʩ 

ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ ʦʙʨʫʰʝʥʠʷ ʢʘʤʥʝʡ ʠʟ-ʟʘ ʜʦʞʜʝʡ ʠʣʠ ʪʘʷʥʠʷ ʩʥʝʛʘ. ʉʝʪʯʘʪʳʝ 
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ʟʘʚʝʩʳ ʷʚʣʷʶʪʩʷ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʠʥʞʝʥʝʨʥʦʡ 

ʟʘʱʠʪʳ. ʉʝʪʴ ʥʘʥʦʩʠʪʩʷ ʧʦʚʝʨʭ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘʛʝʣʴʥʦʛʦ ʧʦʣʷ, ʦʧʠʨʘʷʩʴ 

ʥʘ ʪʦʨʯʘʱʠʝ ʠʟ ʛʨʫʥʪʘ ʦʛʦʣʦʚʢʠ ʘʥʢʝʨʦʚ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʩʝʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ ʙʘʨʴʝʨ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʩʚʦʙʦʜʥʦʝ ʧʘʜʝʥʠʝ 

ʢʘʤʥʝʡ ʠ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʝʪʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʩʢʣʦʥʘʭ ʧʦʜ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʠ ʥʘʪʷʛʠʚʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ 

ʟʘʜʝʨʞʠʚʘʪʴ ʢʘʤʥʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʪʨʳʚʘʪʴʩʷ ʦʪ ʧʦʨʦʜʳ. ɺʘʞʥʫʶ ʨʦʣʴ ʚ 

ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʝʪ ʢʦʥʩʪʨʫʢʮʠʷ ʩʝʪʢʠ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʜʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʠ, 

ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʧʘʜʝʥʠʠ ʢʘʤʥʝʡ. 

ʀʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʨʦʪʠʚʦʢʘʤʥʝʧʘʜʥʳʝ ʩʝʪʢʠ ʦʙʳʯʥʦ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʪʘʣʴ ʠʣʠ ʢʦʤʧʦʟʠʪʥʳʝ ʚʦʣʦʢʥʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʤ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʪʤʦʩʬʝʨʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʦʞʜʴ, ʩʥʝʛ ʠ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʦʥʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʠ ʜʨʫʛʠʝ ʬʫʥʢʮʠʠ, ʥʘʧʨʠʤʝʨ, 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʝʨʞʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʢʨʝʧʣʝʥʠʶ ʩʢʣʦʥʦʚ. 

 
ʈʠʩʫʥʦʢ 3 - ʋʩʪʨʦʡʩʪʚʦ ʧʨʦʪʠʚʦʢʘʤʥʝʧʘʜʥʦʡ ʟʘʱʠʪʳ ʦʪʢʦʩʘ 

 

ɺʳʚʦʜ 

ʀʥʞʝʥʝʨʥʘʷ ʟʘʱʠʪʘ ʪʝʨʨʠʪʦʨʠʡ ʤʝʪʦʜʦʤ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʤʠ ʘʥʢʝʨʘʤʠ 

ʠ ʧʨʦʪʠʚʦʢʘʤʥʝʧʘʜʥʦʡ ʩʝʪʯʘʪʦʡ ʟʘʚʝʩʦʡ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʫʥʪʦʚ ʦʪʢʦʩʦʚ, ʠ ʚʳʜʝʣʷʝʪʩʷ 

ʥʘ ʬʦʥʝ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʩʚʦʠʤʠ ʥʦʚʰʝʩʪʚʘʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ: 

 ɺʳʩʦʢʘʷ ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʛʠʙʢʦʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʘʥʢʝʨʦʚ ʠ ʩʝʪʯʘʪʳʭ ʟʘʚʝʩ ʧʦʜ 

ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʤʝʩʪʥʦʩʪʠ ʠ ʟʘʜʘʯʠ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ 

ʫʥʠʢʘʣʴʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; 
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 ʋʩʪʦʡʯʠʚʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ. 

ɹʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʘʥʢʝʨʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ 

ʥʝʩʪʘʙʠʣʴʥʳʭ ʛʨʫʥʪʦʚ ʠ ʩʢʣʦʥʦʚ, ʧʦʚʳʰʘʷ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʕʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʧʦʩʦʙʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ, ʨʘʩʧʨʝʜʝʣʷʪʴ 

ʠʭ ʠ ʩʥʠʞʘʪʴ ʜʘʚʣʝʥʠʝ ʥʘ ʢʨʠʪʠʯʝʩʢʠʝ ʫʯʘʩʪʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʢʝʨʥʳʭ 

ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʩʦʦʨʫʞʝʥʠʡ ʠ ʪʝʨʨʠʪʦʨʠʡ, ʩʥʠʟʠʚ 

ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʧʦʚʨʝʞʜʝʥʠʷ ʠʣʠ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʦʪʠʚʦʢʘʤʥʝʧʘʜʥʘʷ ʩʝʪʯʘʪʘʷ 

ʟʘʚʝʩʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʬʬʝʢʪʠʚʥʦ ʫʜʝʨʞʠʚʘʝʪ ʩʭʦʜʳ ʧʦʨʦʜ, ʧʨʝʜʦʪʚʨʘʱʘʷ 

ʠʭ ʧʦʧʘʜʘʥʠʝ ʥʘ ʜʦʨʦʛʠ, ʞʠʣʳʝ ʟʜʘʥʠʷ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ; 

 ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺʥʝʜʨʝʥʠʝ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ 

ʘʥʢʝʨʦʚ ʠ ʩʝʪʯʘʪʳʭ ʟʘʚʝʩ ʝʩʪʴ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦʝ ʨʝʰʝʥʠʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʫʢʨʝʧʣʝʥʠʷ ʩʢʣʦʥʦʚ ʠ ʟʘʱʠʪʳ 

ʪʝʨʨʠʪʦʨʠʡ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʟʨʫʰʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʢʦʤʧʝʥʩʘʮʠʶ ʫʱʝʨʙʘ, 

ʧʨʠʯʠʥʝʥʥʦʛʦ ʧʨʠʨʦʜʥʳʤʠ ʢʘʪʘʩʪʨʦʬʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʤʝʨʳ ʤʦʛʫʪ 

ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʩʪʨʘʭʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʘʭ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ, ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʫʙʳʪʢʦʚ; 

 ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʝ ʪʝʨʨʠʪʦʨʠʡ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɹʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʘʥʢʝʨʘ ʠ 

ʩʝʪʯʘʪʳʝ ʟʘʚʝʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʣʝʜʦʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʩʦʚʳʤʠ ʟʝʤʣʷʥʳʤʠ ʨʘʙʦʪʘʤʠ ʠʣʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ 

ʤʘʩʩʠʚʥʳʭ ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɹʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʘʥʢʝʨʘ ʚʥʝʜʨʷʶʪʩʷ ʚ 

ʛʨʫʥʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʝʛʦ ʩʪʨʫʢʪʫʨʳ, ʘ ʩʝʪʯʘʪʳʝ ʟʘʚʝʩʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʩʪʝʩʪʚʝʥʥʦʝ ʚʦʜʦʦʪʚʝʜʝʥʠʝ ʠ ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʠʪʴ 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʛʣʦʙʘʣʴʥʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʠ ʠ ʩʪʨʝʤʣʝʥʠʷ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ. 

 ʅʦʚʠʟʥʘ ʠ ʥʘʨʘʩʪʘʶʱʠʡ ʩʧʨʦʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ ʨʘʙʦʪ. 

ʇʦʩʢʦʣʴʢʫ ʠʥʞʝʥʝʨʥʘʷ ʟʘʱʠʪʘ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʣʠʰʴ ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜ ʟʘʢʘʟ, ʚʢʣʶʯʘʝʪ ʤʥʦʛʦʛʨʘʥʥʳʝ ʨʘʙʦʪʳ: 

ʙʫʨʝʥʠʝ, ʠʥʲʝʢʪʠʨʦʚʘʥʠʝ, ʤʦʥʪʘʞ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʧʘʣʫʙʢʘ ʩʢʣʦʥʦʚ, 

ʧʦʷʚʣʷʝʪʩʷ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʚ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʚʠʜ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʩ ʦʙʫʯʝʥʥʳʤ ʧʦʜ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʫʞʜʳ ʧʝʨʩʦʥʘʣʦʤ ʠ ʪʝʭʥʠʢʦʡ. 
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ʄʠʭʘʣʴʮʝʚʠʯ ɼ.ɸ.  
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ ɸ.ʃ. 

ʐʪʠʛʣʠʮʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ  

ʄʝʪʦʜʳ ʚʣʠʷʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘ ʟʨʠʪʝʣʷ 
 

ɸʥʥʦʪʘʮʠʷ: ɸʨʭʠʪʝʢʪʫʨʘ, ʚʩʝʛʜʘ ʠʛʨʘʣʘ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʫʣʴʪʫʨʳ 

ʠ ʦʢʨʫʞʘʶʱʝʡ ʥʘʩ ʩʨʝʜʳ. ɸʨʭʠʪʝʢʪʫʨʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠ̫ʥʠʝ ʥʘ ʟʨʠʪʝʣʷ, ʩʧʦʩʦʙʩʪʚʫʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʤʦʮʠʡ ʠ 

ʚʧʝʯʘʪʣʝʥʠʡ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʠʩʩʣʝʜʫʝʪ, ʢʘʢ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʚʣʠʷʝʪ 

ʟʨʠʪʝʣʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʟʙʠʨʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʥʘ ʚʠʜʝʥʴʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠʣʣʶʩʪʨʘʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʝʟʥʳ, ʧʦʤʦʛʘʷ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʠ ʧʦʥʷʪʥʳʝ ʠʣʣʶʩʪʨʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʧʦʜʘʯʘ, ʘʨʭʠʪʝʢʪʫʨʘ, ʧʨʠʥʮʠʧʳ ʜʠʟʘʡʥʘ, 

ʩʨʝʜʦʚʦʡ ʜʠʟʘʡʥ, ʜʠʟʘʡʥ, ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ  

 

Mikhaltsevich D.A. 

Methods of influence of architectural illustration on the viewer 
 

Abstract:  Architecture has always played an important role in shaping culture and the 

environment around us. Architectural illustration has a significant impact on the viewer, 

contributing to the formation of certain emotions and impressions. This article explores 

how architectural illustration influences the viewer. The study examines various factors 

that influence the vision of architectural illustrations. The results of the study can be 

useful in helping to create more emotional and understandable illustrations. 
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ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʧʦʜʘʯʘ ʧʨʦʝʢʪʘ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ 

ʯʝʤ-ʪʦ ʩʫʛʫʙʦ ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ, ʥʦ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʦʥʘ 

ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʧʨʦʝʢʪʘ ʯʝʣʦʚʝʢʦʤ. ʉʝʛʦʜʥʷ ʚ 

ʵʧʦʭʫ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʛʣʦʙʘʣʠʟʘʮʠʠ ʚʦʧʨʦʩʳ ʚʠʟʫʘʣʴʥʦʛʦ 

ʚʦʩʧʨʠʷʪʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʛʦʨʦʜʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʟʜʘʥʠʡ ʠ ʩʪʨʫʢʪʫʨ, ʩ ʢʦʪʦʨʳʤʠ 

ʯʝʣʦʚʝʢ ʝʞʝʜʥʝʚʥʦ ʩʪʘʣʢʠʚʘʝʪʩʷ, ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʧʦʜʘʯʠ ʥʘ ʟʨʠʪʝʣʷ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʢʘʢ ʚ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʷʭ, ʪʘʢ ʠ ʚ ʦʙʱʝʩʪʚʝ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʧʦʜʘʯʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʟʨʠʪʝʣʷ, ʧʦʵʪʦʤʫ, ʩʣʝʜʫʝʪ ʨʘʟʦʙʨʘʪʴ ʢʘʢʠʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʠʣʣʶʩʪʨʘʮʠʠ ʥʘ ʯʝʣʦʚʝʢʘ, ʠ ʢʘʢ ʵʪʦ ʚʣʠʷʝʪ ʥʘ ʚʦʩʧʨʠʷʪʠʷ, ʵʤʦʮʠʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʕʪʘ ʪʝʤʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʦʩʦʟʥʘʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʚʦʩʧʨʠʷʪʠʶ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʷ 
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ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʛʘʨʤʦʥʠʯʥʦʡ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦ ʥʘʩʳʱʝʥʥʦʡ ʩʨʝʜʳ ʜʣʷ 

ʞʠʟʥʠ ʠ ʪʚʦʨʯʝʩʪʚʘ.  

ʏʪʦʙʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠ ʤʥʦʛʦʩʪʦʨʦʥʥʝ ʧʝʨʝʜʘʪʴ ʩʤʳʩʣ ʧʦʥʷʪʠʷ 

çʘʨʭʠʪʝʢʪʫʨʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷè, ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʝʛʦ 

ʦʧʨʝʜʝʣʝʥʠʡ. ɺ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʤ ʧʦʩʦʙʠʠ ʧʦ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʛʨʘʬʠʢʝ 

ʘʚʪʦʨʩʪʚʘ ʅ.ʅ. ʃʝʙʝʜʝʚʦʡ ʠ ʀ.ɸ. ʄʘʨʯʝʥʢʦʚʦʡ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ 

ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʨʝʜʩʪʚ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ 

ʠʟʦʙʨʘʞʘʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʦʙʲʝʢʪ [1, ʩ. 4.]. ɺ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʂ. ɻ. 

ɿʘʡʮʝʚ ʦʧʨʝʜʝʣʷʝʪ ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʠʣʣʶʩʪʨʘʮʠʶ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ ʠ 

ʧʨʠʝʤʦʚ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʢʫʩʩʪʚʘ ʢ ʠʟʦʙʨʘʟʠʪʝʣʴʥʳʤ ʟʘʜʘʯʘʤ, 

ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ [2, ʩ. 6]. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ð ʵʪʦ ʠʩʢʫʩʩʪʚʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʟʜʘʥʠʡ ʠ ʣʘʥʜʰʘʬʪʦʚ ʯʝʨʝʟ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʆʥʘ ʠʛʨʘʝʪ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʦʩʧʨʠʷʪʠʷ ʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʯʝʣʦʚʝʢʘ, ʦʙʣʘʜʘʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʦʜʘʯʘ ʧʨʦʝʢʪʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʰʝʥʠʷ ʠ ʚʳʙʦʨʳ ʣʶʜʝʡ ʚ ʢʦʥʪʝʢʩʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʜʠʟʘʡʥʘ. 

ʆʥʘ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʠʭ ʧʦʜʜʝʨʞʢʫ ʠʣʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʧʨʦʝʢʪʘʤ ʠʣʠ ʨʝʰʝʥʠʷʤ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʦʜʘʯʠ ʧʨʦʝʢʪʘ ʥʘ ʯʝʣʦʚʝʢʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʜʚʫʭ ʘʩʧʝʢʪʘʭ: 

ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʠ ʢʦʛʥʠʪʠʚʥʦʝ. ʕʤʦʮʠʦʥʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʠʣʣʶʩʪʨʘʮʠʠ ʦʩʥʦʚʘʥʦ ʥʘ ʩʫʙʲʝʢʪʠʚʥʦʤ ʚʦʩʧʨʠʷʪʠʠ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʡ 

ʨʝʘʢʮʠʠ ʯʝʣʦʚʝʢʘ ʥʘ ʠʟʦʙʨʘʞʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʙʲʝʢʪʳ [3, ʩ. 63]. 

ʇʨʠʤʝʥʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʦʪʪʝʥʢʦʚ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʦʙʨʘʙʦʪʢʘ ʩʚʝʪʘ ʤʦʛʫʪ 

ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʵʤʦʮʠʠ. ʅʘʧʨʠʤʝʨ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʨʢʠʭ ʮʚʝʪʦʚ ʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʬʦʨʤ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʫ 

ʯʝʣʦʚʝʢʘ ʯʫʚʩʪʚʦ ʨʘʜʦʩʪʠ ʠ ʚʦʩʭʠʱʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʪʝʤʥʳʝ ʮʚʝʪʘ ʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʬʦʨʤʳ ð ʯʫʚʩʪʚʦ ʪʨʝʚʦʛʠ ʠ ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ [4, ʩ. 

15]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʤʝʣʢʘʷ ʜʝʪʘʣʴ ʥʘ ʧʦʜʩʦʟʥʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ 

ʩʦʟʜʘʸʪ ʢʨʝʧʢʫʶ ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʩʚʷʟʴ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʦʙʲʝʢʪʦʤ, ʚ 

ʧʨʦʮʝʩʩʝ ʯʝʛʦ ʠʤʝʥʥʦ ʦʥʘ ʤʦʞʝʪ ʠʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʟʨʠʪʝʣʷ ʢ ʦʙʲʝʢʪʫ ʚʦʩʧʨʠʷʪʠʷ. ʀ ʫʞʝ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʶʪʩʷ 

ʨʘʟʤʳʰʣʝʥʠʷ ʦ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʘʨʛʫʤʝʥʪʘʭ ʟʘ ʠ ʧʨʦʪʠʚ ʘʨʝʥʜʳ, 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʠʣʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. ʀʤʝʥʥʦ ʵʪʦʪ ʬʘʢʪʦʨ ʜʘʝʪ 

ʘʨʭʠʪʝʢʪʦʨʘʤ ʠ ʜʠʟʘʡʥʝʨʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʤʦʮʠʦʥʘʣʴʥʳʡ 

ʦʪʢʣʠʢ ʫ ʧʦʪʨʝʙʠʪʝʣʷ ʟʘ ʩʯʝʪ ʝʛʦ ʧʦʜʩʦʟʥʘʪʝʣʴʥʳʭ ʧʨʠʚʷʟʘʥʥʦʩʪʝʡ.  

ʆʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʧʦʛʨʫʞʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʦʝʢʪʘ ʠ ʧʝʨʝʜʘʯʠ 

ʝʛʦ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʮʚʝʪ. ʆʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʘʫʜʠʪʦʨʠʶ ʠ ʦʧʨʝʜʝʣʷʶʪ ʨʝʟʫʣʴʪʘʪʳ ʪʚʦʨʯʝʩʢʦʡ 

ʨʘʙʦʪʳ ʜʠʟʘʡʥʝʨʘ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʚʦʧʣʦʱʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʟʘʜʫʤʢʠ. ʎʚʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʜʝʨʞʘʥʠʝ ʬʦʨʤʳ ʦʙʲʝʢʪʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʘ, ʝʛʦ ʫʜʦʙʩʪʚʦ ʚ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʊ. ʖ. ɹʳʩʪʨʦʚʘ ʩʯʠʪʘʝʪ, 

ʯʪʦ çʦʪ ʪʦʛʦ, ʢʘʢ ʦʧʨʝʜʝʣʠʪ ʜʠʟʘʡʥʝʨ ʮʚʝʪ ñʤʦʨʩʢʘʷ ʚʦʣʥʘò ʠʣʠ 

ñʧʝʨʩʠʢʦʚʳʡò, ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʮʚʝʪʦʚʘʷ ʛʘʤʤʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʣʶʜʝʡ ʚ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝè [5, c. 34]. ʋ ʢʘʞʜʦʛʦ 

ʮʚʝʪʘ ʝʩʪʴ ʩʚʦʝ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʬʫʥʢʮʠʷ, ʦʜʥʘʢʦ ʚʦʩʧʨʠʷʪʠʝ 

ʮʚʝʪʘ ʯʝʣʦʚʝʢʦʤ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʝʛʦ ʧʨʷʤʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʦ ʠ ʦʪ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʚʦʟʨʘʩʪʘ, ʬʠʥʘʥʩʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʩʦʮʠʘʣʴʥʦʡ ʛʨʫʧʧʳ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ ʜʠʟʘʡʥʝʨʦʤ ʚʳʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʪʘʢʠʭ ʘʚʪʦʨʦʚ, ʢʘʢ ʀ. ʀʪʪʝʥ ʠ ɸ. ɻ ʄʘʥʩʝʣʣ. ʆʥʠ 

ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʚʳʜʝʣʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ 

ʧʨʠʟʥʘʢʠ ʮʚʝʪʘ, ʷʚʣʷʶʱʠʝʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʧʦ ʩʝʡ ʜʝʥʴ. ʅʘʧʨʠʤʝʨ, ʩʪʨʘʭ ʠ 

ʪʨʝʚʦʞʥʦʩʪʴ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʷʨʢʠʤ ʠʣʠ ʥʝʦʙʳʯʥʳʤ 

ʮʚʝʪʘʤ, ʚʳʟʳʚʘʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʨʝʘʢʮʠʠ, ʘ ʛʨʫʩʪʴ ʠ ʧʝʯʘʣʴ ʤʦʛʫʪ ʜʝʣʘʪʴ 

ʮʚʝʪʘ ʙʦʣʝʝ ʪʫʩʢʣʳʤʠ ʠ ʭʦʣʦʜʥʳʤʠ, ʧʦʚʳʰʘʷ ʠʥʪʝʨʝʩ ʢ ʩʠʥʠʤ ʠ 

ʬʠʦʣʝʪʦʚʳʤ ʦʪʪʝʥʢʘʤ ʫ ʯʝʣʦʚʝʢʘ. ʊʘʢʞʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʦʯʝʪʘʥʠʡ 

ʮʚʝʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ, ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʮʚʝʪʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʎʚʝʪʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ ʤʦʛʫʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʘʩʩʦʮʠʘʮʠʠ ʩ ʧʨʠʨʦʜʦʡ, 

ʚʨʝʤʝʥʘʤʠ ʛʦʜʘ ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʵʤʦʮʠʦʥʘʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. 

ʅʘʧʨʠʤʝʨ, ʩʦʯʝʪʘʥʠʝ ʩʝʨʳʭ ʠ ʬʠʦʣʝʪʦʚʳʭ ʦʪʪʝʥʢʦʚ ʩ ʘʢʮʝʥʪʦʤ ʦʨʘʥʞʝʚʦʛʦ 

ʮʚʝʪʘ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʠʥʪʝʨʝʩʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʭʨʦʤʥʳʤ 

ʦʬʦʨʤʣʝʥʠʝʤ [6, ʩ. 2]. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʥʝʝ ʥʘʩʳʱʝʥʥʳʝ ʮʚʝʪʘ ʚʳʟʳʚʘʶʪ 

ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʘʩʩʦʮʠʘʮʠʠ. ʎʚʝʪ ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʥʘʩʪʨʦʝʥʠʝ ʚ ʧʨʦʝʢʪʝ. ʎʚʝʪʦʚʳʝ ʘʢʮʝʥʪʳ ʪʘʢʞʝ ʤʦʛʫʪ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʟʨʠʪʝʣʷ ʥʘ ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʚ ʧʦʜʘʯʝ (ʥʘʧʨʠʤʝʨ, 

ʚʭʦʜʥʘʷ ʛʨʫʧʧʘ ʠʣʠ ʬʘʩʘʜʳ). ʈʘʟʨʘʙʦʪʢʘ ʮʚʝʪʦʚʦʡ ʩʭʝʤʳ ʜʣʷ ʧʨʦʝʢʪʘ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʝʛʦ ʢʦʥʮʝʧʮʠʠ ʠ ʩʪʠʣʶ ʪʘʢʞʝ ʧʦʤʦʞʝʪ 

ʩʦʟʜʘʪʴ ʝʜʠʥʫʶ ʠ ʛʘʨʤʦʥʠʯʥʫʶ ʢʘʨʪʠʥʫ, ʯʪʦ ʩʜʝʣʘʝʪ ʧʦʜʘʯʫ ʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʠ ʧʦʥʷʪʥʦʡ. 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʠ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʧʨʦʩ ʥʘ ʪʝʤʫ ʚʦʩʧʨʠʷʪʠʷ ʩʨʝʜʠ ʣʶʜʝʡ ʠʟ ʨʘʟʥʳʭ ʩʬʝʨ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʨʝʜʠ ʣʶʜʝʡ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʢʫʩʩʪʚʦʤ ʠ 

ʘʨʭʠʪʝʢʪʫʨʦʡ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 15 ʯʝʣʦʚʝʢ. ʋ ʨʝʩʧʦʥʜʝʥʪʦʚ 

ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʠʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʘ. 

ɼʣʷ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʮʚʝʪʘ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʧʨʦʝʢʪʘ 

ʩʪʦʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʜʘʯʫ ʧʨʦʝʢʪʦʚ ʣʘʥʜʰʘʬʪʥʦʛʦ ʦʪʝʣʷ çVelsè ʦʪ ʩʪʫʜʠʠ 

AD HOC ARCHITECTURE ʠ ʢʦʥʢʫʨʩʥʳʡ ʧʨʦʝʢʪ çWomenôs houseè (ʨʠʩ. 1).  
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ʈʠʩ. 1. ʃʘʥʜʰʘʬʪʥʳʡ ʦʪʝʣʴ çVelsè (AD HOC ARCH) ʠ Womenôs house (ɸʥʥʘʯʠʘʨʘ 

ʊʨʘʙʘʯʯʠʥ, ɽʣʝʥʘ ʇʘʯʢʘʥʴʝʣʣʘ, ɻʣʦʨʠʷ ɸʡʦʣʴʬʠ, ɸʣʴʙʝʨʪʦ ʄʘʨʪʠʥʠ). 

 

ʆʪʝʣʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʚʙʣʠʟʠ 

ʋʨʘʣʴʩʢʠʭ ʛʦʨ, ʛʜʝ ʜʦ ʩʝʛʦʜʥʷʰʥʠʭ ʜʥʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʜʦʙʳʯʘ ʩʦʣʠ. ɺ 

ʢʦʥʮʝʧʮʠʶ ʧʨʦʝʢʪʘ ʣʝʛʣʘ ʣʝʛʝʥʜʘ ʦ ʪʷʞʝʣʦʡ ʫʯʘʩʪʠ ʨʘʙʦʯʠʭ ʚ ʵʪʦʡ 

ʤʝʩʪʥʦʩʪʠ, ʪʘʩʢʘʚʰʠʭ ʢʨʫʛʣʳʝ ʩʫʪʢʠ ʥʘ ʧʣʝʯʘʭ ʤʝʰʢʠ ʩ ʩʦʣʴʶ, ʚ 

ʧʦʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʠʭ ʫʰʠ ʙʳʣʠ ʧʨʦʧʠʪʘʥʳ ʩʦʣʴʶ. ɺʜʦʭʥʦʚʠʚʰʠʩʴ ʵʪʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ, ʘʨʭʠʪʝʢʪʦʨʳ ʩʦʟʜʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʯʝʣʦʚʝʢ 

ʤʦʞʝʪ ʧʨʦʥʠʢʥʫʪʴʩʷ ʠʩʪʦʨʠʝʡ, ʫʝʜʠʥʠʚʰʠʩʴ ʩ ʧʨʠʨʦʜʦʡ. ʉʪʦʠʪ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʜʫʤʢʦʡ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʪʴ ʥʝ ʧʨʦʩʪʦ ʤʝʩʪʦ ʜʣʷ 

ʦʪʜʳʭʘ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʪʚʦʨʯʝʩʢʠʭ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ, ʧʦʩʝʪʠʚ 

ʵʪʦ ʤʝʩʪʦ, ʥʘʡʪʠ ʜʣʷ ʩʝʙʷ ʯʪʦ-ʪʦ ʥʦʚʦʝ. ʎʚʝʪʦʚʘʷ ʧʘʣʠʪʨʘ ʧʦʜʘʯʠ ʧʨʦʝʢʪʘ 

ʯʝʪʢʦ ʧʝʨʝʜʘʝʪ ʧʦʩʳʣ ʘʚʪʦʨʦʚ ʠ ʥʘʩʪʨʘʠʚʘʝʪ ʟʨʠʪʝʣʷ ʥʘ ʤʝʣʘʥʭʦʣʠʯʥʳʡ 
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ʦʪʜʳʭ. ʆʩʥʦʚʥʳʤ ʮʚʝʪʦʤ ʚ ʧʨʦʝʢʪʝ ʚʳʩʪʫʧʘʝʪ ʧʨʠʛʣʫʰʝʥʥʦ ʩʠʥʠʡ ʮʚʝʪ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʦʣʦʜʥʳʭ ʮʚʝʪʦʚ (ʩʠʥʝʛʦ, ʟʝʣʝʥʦʛʦ, ʬʠʦʣʝʪʦʚʦʛʦ) ʩʦʟʜʘʝʪ 

ʦʱʫʱʝʥʠʝ ʩʧʦʢʦʡʩʪʚʠʷ ʠ ʧʨʦʭʣʘʜʳ, ʥʦ ʢʦʛʜʘ ʩʠʥʠʡ ʟʘʪʝʥʸʥ, ʪʦ ʝʛʦ 

ʪʫʩʢʣʳʡ ʮʚʝʪ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʚ ʥʘʩ ʯʫʚʩʪʚʦ ʩʫʝʚʝʨʠʷ, ʙʦʷʟʥʠ, 

ʧʦʪʝʨʷʥʥʦʩʪʠ ʠ ʧʝʯʘʣʠ [7, c. 48]. ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʯʘʩʪʥʠʢʘʤ ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʜʘʥʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ. ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʦʪʚʝʪʘʤʠ 

ʩʨʝʜʠ ʯʫʚʩʪʚ ʠ ʵʤʦʮʠʡ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʝʪ ʜʘʥʥʳʡ ʧʨʦʝʢʪ, ʷʚʣʷʶʪʩʷ 

ʯʫʚʩʪʚʦ ʫʩʧʦʢʦʝʥʠʷ (10 ʦʪʚʝʪʦʚ), ʯʫʚʩʪʚʦ ʛʨʫʩʪʠ (6 ʦʪʚʝʪʦʚ), ʯʫʚʩʪʚʦ 

ʥʦʩʪʘʣʴʛʠʠ (3 ʦʪʚʝʪʘ), ʦʱʫʱʝʥʠʝ ʚʜʦʭʥʦʚʝʥʠʷ (2 ʦʪʚʝʪʘ) ʠ ʯʫʚʩʪʚʦ ʭʦʣʦʜʘ 

(2 ʦʪʚʝʪʘ). ʊʘʢʞʝ ʙʳʣʠ ʚʘʨʠʘʥʪʳ ʦʪʚʝʪʘ, ʥʘʧʠʩʘʥʥʳʝ ʚ ʩʚʦʙʦʜʥʦʡ ʬʦʨʤʝ, 

ʪʘʢʠʝ ʢʘʢ: ʯʫʚʩʪʚʦ ʫʝʜʠʥʝʥʠʷ, ʯʫʚʩʪʚʦ ʪʨʝʚʦʛʠ, ʯʫʚʩʪʚʦ ʩʪʨʘʭʘ ʠ ʪʘʢ ʜʘʣʝʝ. 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʦʩʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʮʚʝʪʘ ʨʘʙʦʪʘʝʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʟʨʠʪʝʣʝʤ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʘʚʪʦʨʘʤʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʟʨʠʪʝʣʷ ʚ ʥʫʞʥʦʤ ʢʣʶʯʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʮʚʝʪʫ ʟʨʠʪʝʣʶ ʧʨʦʱʝ ʚʦʩʧʨʠʥʠʤʘʪʴ 

ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʦʙʲʝʢʪ ʚ ʢʦʥʪʝʢʩʪʝ ʩ ʢʫʣʴʪʫʨʥʳʤ ʠ ʠʩʪʦʨʠʯʝʩʢʠʤ 

ʥʘʩʣʝʜʠʝʤ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠ ʦʥ ʥʘ ʧʦʜʩʦʟʥʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ 

ʤʦʞʝʪ ʧʨʦʯʫʚʩʪʚʦʚʘʪʴ ʘʪʤʦʩʬʝʨʫ, ʟʘʣʦʞʝʥʥʫʶ ʚ ʧʨʦʝʢʪ ʘʨʭʠʪʝʢʪʦʨʘʤʠ. 

ɺ ʢʦʥʢʫʨʩʝ Kaira Looro ʚ 2021 ʛ. ʥʘ ʣʫʯʰʝʝ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ 

çʞʝʥʩʢʦʛʦ ʜʦʤʘè ʚ ɸʬʨʠʢʝ ʧʨʦʝʢʪ çWomenôs houseè ʟʘʥʷʣ ʪʨʝʪʴʝ ʤʝʩʪʦ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʙʳʣʦ ʩʦʟʜʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʞʝʥʱʠʥ, ʩʚʦʙʦʜʥʦʝ ʦʪ 

ʛʝʥʜʝʨʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʠ ʧʨʝʜʨʘʩʩʫʜʢʦʚ. ʇʦʜʘʯʘ ʚʳʧʦʣʥʝʥʘ ʚ ʪʝʧʣʳʭ 

ʪʦʥʘʭ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʳʭ ʮʚʝʪʦʚ (ʢʨʘʩʥʦʛʦ, ʦʨʘʥʞʝʚʦʛʦ, ʞʝʣʪʦʛʦ) 

ʩʦʟʜʘʝʪ ʦʱʫʱʝʥʠʝ ʫʶʪʘ ʠ ʪʝʧʣʘ, ʪʘʢ ʢʘʢ çʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ ʧʣʦʪʝʥ ʠ 

ʥʝʧʨʦʟʨʘʯʝʥ, ʥʦ ʪʘʢ ʷʨʦʢ, ʩʣʦʚʥʦ ʥʘʧʦʣʥʝʥ ʚʥʫʪʨʝʥʥʠʤ ʞʘʨʦʤ. ʊʝʧʣʦʪʘ 

ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʧʦʚʳʰʘʝʪʩʷ ʚ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʦʤ ʜʦ ʩʠʣʳ ʧʣʘʤʝʥʠè [7, c. 

47]. ʗʨʢʠʝ ʮʚʝʪʦʚʳʝ ʘʢʮʝʥʪʳ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʟʨʠʪʝʣʷ ʥʘ ʧʦʩʳʣ 

ʘʚʪʦʨʦʚ ʧʝʨʝʜʘʪʴ ʦʱʫʱʝʥʠʝ ʙʦʨʴʙʳ ʩʦ ʩʪʝʨʝʦʪʠʧʘʤʠ, ʪʘʢ ʢʘʢ ʮʝʣʴ ʧʨʦʝʢʪʘ, 

ʩʦʟʜʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʣʶʙʘʷ ʞʝʥʱʠʥʘ ʙʫʜʝʪ ʦʱʫʱʘʪʴ ʩʝʙʷ 

ʩʚʦʙʦʜʥʦʡ ʠ ʩʠʣʴʥʦʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʪʘʢʞʝ ʥʘ ʚʳʙʦʨ ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ 

ʚʣʠʷʝʪ ʤʝʩʪʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʢʫʣʴʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʊʘʢ, ʚ ʜʘʥʥʦʡ 

ʟʦʥʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʣʴʰʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʵʪʦʡ 

ʤʝʩʪʥʦʩʪʠ ʠ ʢʫʣʴʪʫʨʳ ʮʚʝʪʘ ʠ ʦʪʪʝʥʢʠ. ɼʘʥʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʪʘʢʞʝ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʦʧʨʦʩʝ. ʇʦ ʝʛʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʩʘʤʳʝ ʯʘʩʪʦ 

ʚʳʟʳʚʘʝʤʳʝ ʠʣʣʶʩʪʨʘʮʠʝʡ ʯʫʚʩʪʚʘ, ʵʪʦ ʯʫʚʩʪʚʦ ʨʘʜʦʩʪʠ (6 ʦʪʚʝʪʦʚ), ʘ 

ʪʘʢʞʝ ʯʫʚʩʪʚʦ ʚʜʦʭʥʦʚʝʥʠʷ (4 ʦʪʚʝʪʘ), ʯʫʚʩʪʚʦ ʥʦʩʪʘʣʴʛʠʠ (3 ʦʪʚʝʪʘ) ʠ 

ʯʫʚʩʪʚʦ ʫʜʠʚʣʝʥʠʷ (6 ʦʪʚʝʪʦʚ). ʋ ʥʝʩʢʦʣʴʢʠʭ ʨʝʩʧʦʥʜʝʥʪʦʚ ʵʪʘ ʧʦʜʘʯʘ 

ʚʳʟʚʘʣʘ ʯʫʚʩʪʚʦ ʣʶʙʚʠ (2 ʦʪʚʝʪʘ), ʘ ʪʘʢʞʝ ʯʫʚʩʪʚʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʠ 

ʪʝʧʣʘ (ʧʦ ʦʜʥʦʤʫ ʦʪʚʝʪʫ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ 

ʷʨʢʠʝ ʪʝʧʣʳʝ ʮʚʝʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʳʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʤʦʮʠʠ, 

ʥʦ ʪʘʢʞʝ ʚʘʞʝʥ ʢʦʥʪʝʢʩʪ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʣʠʷʪʴ ʥʘ ʧʝʨʚʦʝ ʚʧʝʯʘʪʣʝʥʠʝ ʫ ʟʨʠʪʝʣʷ. ʂʦʥʢʨʝʪʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʤʥʦʛʠʭ ʨʝʩʧʦʥʜʝʥʪʦʚ ʫʜʠʚʠʣʘ ʠʤʝʥʥʦ ʪʝʤʘ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʦʜʘʯʠ.     

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


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 6̄. ʏʘʩʪʴ 1 www.paradigma.science 

 

141 

 

ʀʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʳ ʠ ʢʦʤʧʦʟʠʮʠʠ, ʪʘʢʞʝ 

ʤʦʞʥʦ ʚʳʟʚʘʪʴ ʫ ʯʝʣʦʚʝʢʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʤʦʮʠʠ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʮʚʝʪ, 

ʬʦʨʤʘ ʠ ʢʦʤʧʦʟʠʮʠʷ ʠʤʝʶʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʯʝʣʦʚʝʢʘ. ʇʦ 

ʪʝʦʨʠʠ ʀ. ʀʪʪʝʥʘ, ʝʩʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ ʬʦʨʤʳ: ʢʚʘʜʨʘʪ (ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠʠ), ʪʨʝʫʛʦʣʴʥʠʢ (ʜʠʘʛʦʥʘʣʠ), ʢʨʫʛ (ʢʨʫʛʦʚʦʝ 

ʜʚʠʞʝʥʠʝ). ʅʘʧʨʠʤʝʨ, ʦʢʨʫʞʥʦʩʪʴ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʞʝʥʩʢʠʤ ʥʘʯʘʣʦʤ, 

ʚʦʧʣʦʱʘʷ ʚ ʩʝʙʝ ʪʝʧʣʦ, ʫʶʪ, ʯʫʚʩʪʚʝʥʥʦʩʪʴ, ʣʶʙʦʚʴ ʠ ʘʩʩʦʮʠʠʨʫʝʤʳʝ ʩ 

ʥʠʤʠ ʢʦʥʮʝʧʮʠʠ) [8, ʩ. 66]. ʂʨʦʤʝ ʪʦʛʦ, ʦʢʨʫʞʥʦʩʪʠ (ʠʣʠ ʜʫʛʠ) ʩʣʫʞʘʪ 

ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʚʳʨʘʞʝʥʠʷ ʠʜʝʠ ʦʙʲʝʜʠʥʝʥʠʷ, ʮʝʣʦʩʪʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʜʚʠʞʝʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ [9, ʩ. 40ï49]. ʊʨʝʫʛʦʣʴʥʠʢʠ ʩʠʤʚʦʣʠʟʠʨʫʶʪ 

ʤʫʞʩʢʫʶ ʩʫʱʥʦʩʪʴ, ʚʢʣʶʯʘʶʱʫʶ ʩʠʣʫ, ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʠ ʜʠʥʘʤʠʯʥʦʩʪʴ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʘ ʪʘʢʞʝ ʥʝʩʝʪ ʩʚʦʶ ʟʥʘʯʠʤʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʚʟʛʣʷʜ 

ʧʦʜʩʦʟʥʘʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʟʘ ʜʦʤʠʥʠʨʫʶʱʠʤ ʫʛʣʦʤ. ɽʩʣʠ ʪʨʝʫʛʦʣʴʥʠʢ 

ʧʦʚʝʨʥʫʪ ʚʝʨʰʠʥʦʡ ʚʚʝʨʭ, ʦʥ ʚʳʨʘʞʘʝʪ ʜʚʠʞʝʥʠʝ ʠ ʘʛʨʝʩʩʠʶ. ʆʜʥʘʢʦ, 

ʪʨʝʫʛʦʣʴʥʠʢ, ʧʦʚʝʨʥʫʪʳʡ ʚʥʠʟ, ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʧʘʩʩʠʚʥʦʩʪʴʶ ʠ 

ʙʝʟʫʯʘʩʪʥʦʩʪʴʶ. ʇʨʷʤʦʫʛʦʣʴʥʠʢʠ, ʚʢʣʶʯʘʷ ʢʚʘʜʨʘʪʳ, ʪʘʢʞʝ ʚʳʟʳʚʘʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʚʢʣʶʯʘʷ ʩʠʣʫ ʠ ʥʘʜʝʞʥʦʩʪʴ (ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʠʭ 

ʞʝʩʪʢʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ). ʇʨʷʤʦʫʛʦʣʴʥʳʝ ʬʦʨʤʳ ʩʦʟʜʘʶʪ ʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʱʫʱʝʥʠʝ ʧʦʨʷʜʢʘ, ʣʦʛʠʢʠ, ʠʝʨʘʨʭʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ [9, ʩ. 

40ï49]. ʂʘʢ ʠ ʩ ʮʚʝʪʦʤ, ʩ ʬʦʨʤʘʤʠ ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʚ ʢʦʤʙʠʥʘʮʠʷʭ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʠ ʧʦʥʷʪʥʦʛʦ ʟʨʠʪʝʣʶ ʦʙʨʘʟʘ, ʚ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʯʝʤʫ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʫʪʚʝʨʞʜʝʥʠʝ ʀ. ʀʪʪʝʥʘ ʦ ʪʦʤ, ʯʪʦ 

çʯʪʦʙʳ ʩʦʟʜʘʪʴ ʜʘʞʝ ʧʨʦʩʪʝʡʰʠʡ ʠ ʦʜʥʦʟʥʘʯʥʳʡ ʦʙʨʘʟ ʥʝʦʙʭʦʜʠʤʦ 

ʚʘʨʠʘʮʠʦʥʥʦʝ ʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʝ ʤʳʰʣʝʥʠʝè [8, ʩ. 67]. ʃʠʥʠʠ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʵʤʦʮʠʠ ʯʝʣʦʚʝʢʘ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʦʱʫʱʝʥʠʝ ʫʤʠʨʦʪʚʦʨʝʥʥʦʩʪʠ ʠ 

ʢʦʤʬʦʨʪʘ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ʠ ʦʩʪʨʳʝ ʫʛʣʳ ʤʦʛʫʪ 

ʚʳʟʳʚʘʪʴ ʯʫʚʩʪʚʦ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ. ʃʠʥʠʷ ʚʩʝʛʜʘ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 

ʷʚʥʦʝ ʜʚʠʞʝʥʠʝ, ʯʝʤ ʧʷʪʥʦ, ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʧʨʦʷʚʣʷʝʪʩʷ ʝʛʦ ʦʧʪʠʯʝʩʢʘʷ 

ʩʠʣʘ ʠʣʠ ʚʣʠʷʥʠʝ [10, c. 5]. ʂʦʤʧʦʟʠʮʠʷ ʬʦʨʤ ʥʘ ʧʦʜʘʯʝ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʦʙʲʝʢʪʘ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ 

ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʷʚʣʷʝʪʩʷ ʙʘʣʘʥʩ ʠ ʛʘʨʤʦʥʠʷ. ʂʦʛʜʘ 

ʦʙʲʝʢʪʳ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʩʠʤʤʝʪʨʠʯʥʦ ʠʣʠ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʟʙʨʦʩʘʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʵʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʯʫʚʩʪʚʦ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ 

ʠ ʨʘʜʦʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʠʣʠ 

ʧʦʜʯʝʨʢʥʫʪʳʝ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ 

ʯʫʚʩʪʚʦ ʜʠʥʘʤʠʟʤʘ, ʥʝʦʞʠʜʘʥʥʦʩʪʠ ʠʣʠ ʜʘʞʝ ʙʝʩʧʦʢʦʡʩʪʚʘ [10, ʩ. 50]. 

ʅʘʧʨʠʤʝʨ, ʚ ʧʦʜʘʯʝ ʧʨʦʝʢʪʘ ʦʪʝʣʷ çɼʘʩʘʚʘʪʘʨʘè (ʨʠʩ. 2) ʜʠʘʛʦʥʘʣʴ, 

ʠʜʫʱʘʷ ʠʟ ʣʝʚʦʛʦ ʚʝʨʭʥʝʛʦ ʫʛʣʘ, ʚʠʟʫʘʣʴʥʦ ʨʘʟʜʝʣʷʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʜʚʝ 

ʯʘʩʪʠ. ʆʥʘ ʠʛʨʘʝʪ ʨʦʣʴ ʥʘʧʨʘʚʣʷʶʱʝʡ ʠʟ ʦʜʥʦʛʦ ʫʛʣʘ ʚ ʜʨʫʛʦʡ, ʪʝʤ ʩʘʤʳʤ 

ʧʝʨʝʢʣʶʯʘʷ ʚʥʠʤʘʥʠʝ ʟʨʠʪʝʣʷ ʩ ʚʝʨʭʥʝʛʦ ʫʛʣʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ 

ʥʠʞʥʠʡ. [10, c. 41]. ʊʘʢʦʡ ʧʨʠʝʤ ʜʦʙʘʚʣʷʝʪ ʜʠʥʘʤʢʫ ʚ ʧʦʜʘʯʫ, ʘ ʪʘʢʞʝ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʩʘʤ ʭʘʨʘʢʪʝʨ ʧʦʩʪʨʦʡʢʠ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʦʤʘʥʳʝ ʜʠʥʘʤʠʯʥʳʝ ʣʠʥʠʠ. ʆʩʪʨʳʝ ʫʛʣʳ ʚ 

ʢʦʤʧʦʟʠʮʠʠ ʪʘʢʞʝ ʫʩʠʣʠʚʘʶʪ ʵʪʦʪ ʵʬʬʝʢʪ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʦʩʘ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʣʶʜʝʡ (9 ʦʪʚʝʪʦʚ) ʠ ʧʨʘʚʜʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʵʪʫ ʠʣʣʶʩʪʨʘʮʠʶ 

ʧʦ ʜʠʘʛʦʥʘʣʠ, ʥʦ ʦʪ ʨʘʟʥʳʭ ʫʛʣʦʚ. ʊʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʦʪʚʝʯʘʣʠ, ʯʪʦ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʘʨʪʠʥʢʫ ʩʚʝʨʭʫ ʚʥʠʟ (4 ʦʪʚʝʪʘ) ʠ ʩʥʠʟʫ ʚʚʝʨʭ (2 ʦʪʚʝʪʘ), 

ʥʝʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʢʘʨʪʠʥʢʫ ʦʪ ʮʝʥʪʨʘ ʠʣʠ ʦʪ ʢʨʘʝʚ (ʧʦ ʦʜʥʦʤʫ 

ʦʪʚʝʪʫ). 

 
ʈʠʩ. 2. ʆʪʝʣʴ çɼʘʩʘʚʘʪʘʨʘè (SJK Architects). 
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ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʬʦʨʤ ʠ 

ʢʦʤʧʦʟʠʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʙʳʪʴ ʩʠʣʴʥʳʤ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ. ʂʘʞʜʳʡ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʢʦʤʧʦʟʠʮʠʶ ʧʦ-ʩʚʦʝʤʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʝʛʦ ʭʘʨʘʢʪʝʨʘ, ʦʧʳʪʘ ʠ 

ʥʘʩʪʨʦʝʥʠʷ. ʇʦʵʪʦʤʫ, ʩʦʟʜʘʚʘʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ 

ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʨʝʘʢʮʠʠ ʟʨʠʪʝʣʝʡ ʠ ʩʪʨʝʤʠʪʴʩʷ ʢ ʜʦʩʪʠʞʝʥʠʶ ʞʝʣʘʝʤʳʭ 

ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ. 

ɼʨʫʛʠʤ ʠʟ ʘʩʧʝʢʪʦʚ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʩʚʝʪ ʠ 

ʪʝʥʴ. ʆʥʠ ʩʦʟʜʘʶʪ ʘʪʤʦʩʬʝʨʫ ʠ ʥʘʩʪʨʦʝʥʠʝ, ʧʝʨʝʜʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʭʘʨʘʢʪʝʨ ʟʜʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʜʯʝʨʢʠʚʘʶʪ ʝʛʦ ʬʦʨʤʫ ʠ ʪʝʢʩʪʫʨʳ. ʉʚʝʪ ʤʦʞʝʪ 

ʙʳʪʴ ʷʨʢʠʤ, ʯʪʦ ʩʦʟʜʘʝʪ ʧʦʟʠʪʠʚʥʦʝ ʠ ʦʧʪʠʤʠʩʪʠʯʥʦʝ ʚʧʝʯʘʪʣʝʥʠʝ. ʊʘʢʞʝ 

ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʤʷʛʢʠʤ ʠ ʨʘʩʩʝʷʥʥʳʤ, ʯʪʦ ʧʨʠʜʘʝʪ ʤʠʩʪʠʯʝʩʢʫʶ ʠ 

ʟʘʛʘʜʦʯʥʫʶ ʘʪʤʦʩʬʝʨʫ ʩʮʝʥʝ, ʧʝʨʝʜʘʚʘʷ ʥʘʩʪʨʦʝʥʠʝ ʫʥʳʥʠʷ ʠ ʛʨʫʩʪʠ [11, ʩ. 

25], ʥʦ ʧʦʤʠʤʦ ʵʪʦʛʦ, ʧʦʜʦʙʥʳʡ ʧʨʠʝʤ ʪʘʢʞʝ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ 

ʩʧʦʢʦʡʩʪʚʠʝ ʠ ʙʝʟʤʷʪʝʞʥʦʩʪʴ. ʊʝʥʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʦʱʫʱʝʥʠʝ 

ʪʘʠʥʩʪʚʝʥʥʦʩʪʠ ʠ ʠʥʪʨʠʛʠ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʥʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʢʦʤʧʦʟʠʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʧʦʜʯʝʨʢʠʚʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʟʜʘʥʠʷ, ʜʦʙʘʚʣʷʷ ʝʤʫ ʦʙʲʝʤ ʠ 

ʛʣʫʙʠʥʫ [11, ʩ. 104]. ʂʦʤʙʠʥʘʮʠʷ ʩʚʝʪʘ ʠ ʪʝʥʝʡ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʵʤʦʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʚʦʟʙʫʞʜʝʥʠʝ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ, ʪʨʝʚʦʛʫ ʠʣʠ 

ʩʧʦʢʦʡʩʪʚʠʝ [11, ʩ. 92]. ʅʘʧʨʠʤʝʨ, ʷʨʢʠʡ ʩʚʝʪ ʠ ʨʝʟʢʠʝ ʪʝʥʠ ʤʦʛʫʪ 

ʩʦʟʜʘʚʘʪʴ ʯʫʚʩʪʚʦ ʜʠʥʘʤʠʟʤʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʷʛʢʠʡ ʩʚʝʪ ʠ 

ʨʘʩʩʝʷʥʥʳʝ ʪʝʥʠ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʫʤʠʨʦʪʚʦʨʝʥʠʷ ʠ ʧʦʢʦʷ [11, ʩ. 

58]. ɺ ʮʝʣʦʤ, ʩʚʝʪ ʠ ʪʝʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʵʤʦʮʠʦʥʘʣʴʥʦʝ 

ʚʦʩʧʨʠʷʪʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʥʠ ʧʦʤʦʛʘʶʪ ʧʝʨʝʜʘʪʴ 

ʥʘʩʪʨʦʝʥʠʝ ʠ ʚʳʨʘʟʠʪʴ ʠʜʝʶ, ʢʦʪʦʨʫʶ ʘʨʭʠʪʝʢʪʦʨ ʭʦʪʝʣ ʚʦʧʣʦʪʠʪʴ ʚ ʩʚʦʝʤ 

ʧʨʦʝʢʪʝ. 

ʇʨʦʝʢʪ ʤʦʜʫʣʴʥʳʭ ʜʦʤʦʚ çANNAè ʠ ʝʛʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘʛʣʷʜʥʦ 

ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢ ʩʚʝʪ ʠ ʪʝʥʠ ʚʣʠʷʶʪ ʥʘ ʘʪʤʦʩʬʝʨʫ, ʠʩʭʦʜʷʱʫʶ ʦʪ 

ʠʟʦʙʨʘʞʝʥʠʷ (ʨʠʩ. 3). ʂʦʥʮʝʧʮʠʷ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʞʠʣʦʛʦ 

ʤʦʜʫʣʷ ʜʣʷ ʢʦʤʬʦʨʪʥʦʡ ʞʠʟʥʠ ʚ ʫʝʜʠʥʝʥʠʠ ʩ ʧʨʠʨʦʜʦʡ. ʏʪʦʙʳ 

ʧʦʜʯʝʨʢʥʫʪʴ ʫʶʪ ʞʠʣʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʝʢʪʘ, ʘʨʭʠʪʝʢʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʥʪʨʘʩʪ ʩʚʝʪʘ ʠ ʪʝʥʠ, ʘ ʪʘʢʞʝ ʠʭ ʪʦʥʘʣʴʥʦʩʪʴ. ʊʘʢ, ʠʩʭʦʜʷʱʠʡ ʦʪ ʤʦʜʫʣʷ 

ʪʝʧʣʳʡ ʠ ʷʨʢʠʡ ʩʚʝʪ ʥʘ ʢʦʥʪʨʘʩʪʝ ʩ ʭʦʣʦʜʥʳʤʠ ʪʝʥʷʤʠ ʚ ʦʢʨʫʞʝʥʠʠ 

ʩʦʟʜʘʶʪ ʦʱʫʱʝʥʠʝ ʪʝʧʣʘ ʠ ʩʧʦʢʦʡʩʪʚʠʷ, ʧʨʠʟʳʚʘʷ ʪʝʤ ʩʘʤʳʤ ʟʘʡʪʠ ʚʥʫʪʨʴ 

ʠʣʠ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʠʩʪʦʯʥʠʢʫ ʩʚʝʪʘ. ɺ ʨʘʤʢʘʭ ʦʧʨʦʩʘ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ 

ʜʘʥʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʚʳʟʳʚʘʝʪ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʩʧʦʥʜʝʥʪʦʚ ʯʫʚʩʪʚʦ 

ʫʩʧʦʢʦʝʥʠʷ (9 ʦʪʚʝʪʦʚ), ʯʫʚʩʪʚʦ ʩʪʨʘʭʘ (3 ʦʪʚʝʪʘ), ʘ ʪʘʢʞʝ ʯʫʚʩʪʚʘ ʣʶʙʚʠ 

(2 ʦʪʚʝʪʘ), ʫʶʪʘ (1 ʦʪʚʝʪ), ʥʦʩʪʘʣʴʛʠʠ (2 ʦʪʚʝʪʘ), ʛʨʫʩʪʠ (2 ʦʪʚʝʪʘ) ʠ 

ʚʜʦʭʥʦʚʝʥʠʷ (1 ʦʪʚʝʪ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʝʟʠʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʘ ʠ ʪʝʥʠ ʚ ʧʦʜʘʯʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʫʞʥʦʛʦ ʥʘʩʪʨʦʝʥʠʷ.  
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ʈʠʩ. 3. CABIN ANNA (ʂʘʩʧʘʨ ʐʦʣʩ). 

 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʦʨʤʘ, ʮʚʝʪ ʠ ʧʨʦʯʠʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʦʜʠʥ ʠʟ ʪʘʢʠʭ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʢʘʢ ʥʦʩʪʘʣʴʛʠʷ ʠ ʢʦʛʥʠʪʠʚʥʦʝ 

ʚʦʩʧʨʠʷʪʠʝ. ʏʫʚʩʪʚʦ ʥʦʩʪʘʣʴʛʠʠ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ 

ʩʝʥʪʠʤʝʥʪʘʣʴʥʦʡ ʪʷʛʦʡ ʢ ʪʦʤʫ, ʯʝʛʦ ʫʞʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ð ʩʯʘʩʪʴʶ, 

ʩʚʷʟʘʥʥʦʤʫ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʨʝʤʝʥʝʤ ʠʣʠ ʤʝʩʪʦʤ [12, c. 2]. ʅʦʩʪʘʣʴʛʠʷ 

ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ. 

ʆʥʘ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʩʯʘʩʪʴʝ ʠ ʨʘʜʦʩʪʴ, ʢʦʛʜʘ ʤʳ ʚʩʧʦʤʠʥʘʝʤ ʦ ʧʨʠʷʪʥʳʭ 

ʤʦʤʝʥʪʘʭ ʥʘʰʝʡ ʞʠʟʥʠ [12, c. 2]. ʆʥʘ ʪʘʢʞʝ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʛʨʫʩʪʴ ʠ 

ʪʦʩʢʫ, ʢʦʛʜʘ ʤʳ ʚʩʧʦʤʠʥʘʝʤ ʫʪʨʘʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʣʠ ʧʨʦʞʠʪʳʝ 

ʩʠʪʫʘʮʠʠ. ʅʦʩʪʘʣʴʛʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʪʚʦʨʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʚʜʦʭʥʦʚʣʷʪʴ ʣʶʜʝʡ ʥʘ ʩʦʟʜʘʥʠʝ ʠʩʢʫʩʩʪʚʘ ʠʣʠ ʤʫʟʳʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʥʘʰʠʭ ʚʦʩʧʦʤʠʥʘʥʠʷʭ. ʅʦʩʪʘʣʴʛʠʷ ʤʦʞʝʪ ʠʤʝʪʴ ʠʩʮʝʣʷʶʱʠʡ ʵʬʬʝʢʪ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʞʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʤʦʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ. ʆʥʘ ʤʦʞʝʪ ʜʘʪʴ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʫʪʝʰʝʥʠʝ ʠ 

ʧʦʟʚʦʣʠʪʴ ʥʘʤ ʧʝʨʝʚʘʨʠʪʴ ʧʨʦʰʣʳʝ ʩʦʙʳʪʠʷ [13]. ɺ ʥʘʩʪʦʷʱʝʤ ʚʨʝʤʝʥʠ, ʚ 

ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʳʭ ʛʣʦʙʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʠ ʚʳʟʦʚʦʚ, ʩʪʘʙʠʣʴʥʦʝ 

ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫ ʯʝʣʦʚʝʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ. 

ʉʪʨʝʤʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʠʨʝ, ʪʘʢʠʝ ʢʘʢ ʧʘʥʜʝʤʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʨʠʨʦʜʥʳʝ ʙʝʜʩʪʚʠʷ ʠ ʩʦʮʠʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʤʦʛʫʪ 

ʦʢʘʟʳʚʘʪʴ ʩʝʨʴʝʟʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝ ʣʶʜʝʡ. 

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʠʩʢ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʝʤʦʚ, ʧʦʤʦʛʘʶʱʠʭ ʦʙʨʝʩʪʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʧʦʢʦʡʩʪʚʠʝ, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʩʪʘʣʴʛʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʠʣʴʥʝʡʰʠʭ ʩʧʦʩʦʙʦʚ 

ʚʳʟʚʘʪʴ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʦʪʢʣʠʢ ʫ ʯʝʣʦʚʝʢʘ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʣʶʜʷʤ 

ʧʝʨʝʞʠʪʴ ʠ ʚʥʦʚʴ ʦʱʫʪʠʪʴ ʵʤʦʮʠʠ ʠ ʚʦʩʧʦʤʠʥʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʦʰʣʳʤʠ ʩʦʙʳʪʠʷʤʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʱʫʪʠʪʴ ʯʝʣʦʚʝʢʫ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ ʜʘʞʝ ʚ ʥʦʚʦʤ ʜʣʷ ʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʝʤ ʩʘʤʳʤ 

ʜʝʣʘʷ ʝʛʦ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ 

ʧʝʨʝʥʠʤʘʪʴ ʫ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʥʠʛʠ ʠʣʠ ʬʠʣʴʤʳ, ʮʚʝʪʦʚʫʶ ʛʘʤʤʫ, 

ʛʨʘʬʠʯʝʩʢʫʶ ʢʦʤʧʦʟʠʮʠʶ ʠʣʠ ʜʘʞʝ ʵʣʝʤʝʥʪʳ ʩʪʠʣʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

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


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 6̄. ʏʘʩʪʴ 1 www.paradigma.science 

 

145 

 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʛʨʘʬʠʢʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʚʘʷ ʫ ʯʝʣʦʚʝʢʘ ʫʥʠʢʘʣʴʥʳʡ 

ʧʦʪʦʢ ʘʩʩʦʮʠʘʮʠʡ ʥʘ ʫʨʦʚʥʝ ʯʫʚʩʪʚ [12, c. 3]. 

ʂʦʛʥʠʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʠʣʣʶʩʪʨʘʮʠʠ ʩʚʷʟʘʥʦ ʩ 

ʚʣʠʷʥʠʝʤ ʠʟʦʙʨʘʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʢʦʛʥʠʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʯʝʣʦʚʝʢʘ, 

ʪʘʢʠʝ ʢʘʢ ʚʦʩʧʨʠʷʪʠʝ, ʚʥʠʤʘʥʠʝ ʠ ʧʘʤʷʪʴ. ɸʨʭʠʪʝʢʪʫʨʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ ʧʨʠʝʤʳ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ 

ʚʥʠʤʘʥʠʷ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʘʩʧʝʢʪʘʤ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʦʟʜʘʥʠʷ ʛʣʫʙʦʢʦʛʦ 

ʚʧʝʯʘʪʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʳ, ʜʝʪʘʣʠʟʘʮʠʠ ʠ ʠʛʨʳ 

ʩʚʝʪʘ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʦʟʜʘʪʴ ʚʧʝʯʘʪʣʝʥʠʝ ʦʙʲʝʤʥʦʩʪʠ ʠ ʛʣʫʙʠʥʳ, 

ʧʨʠʚʣʝʢʘʷ ʚʥʠʤʘʥʠʝ ʟʨʠʪʝʣʷ ʢ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʘʤ ʠ ʜʝʪʘʣʷʤ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ [1, c. 4]. ɸʨʭʠʪʝʢʪʫʨʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʤʦʞʝʪ 

ʚʳʟʳʚʘʪʴ ʯʫʚʩʪʚʦ ʚʦʩʪʦʨʛʘ, ʚʜʦʭʥʦʚʝʥʠʷ, ʫʩʧʦʢʦʝʥʠʷ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʚʦʩʧʨʠʷʪʠʷ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʩʶʞʝʪʘ ʦʙ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʦʙʲʝʢʪʝ, ʧʦʤʦʛʘʷ ʣʶʜʷʤ ʣʫʯʰʝ ʧʦʥʷʪʴ ʝʛʦ ʬʦʨʤʫ, ʬʫʥʢʮʠʶ 

ʠ ʮʝʥʥʦʩʪʴ. ʉʶʞʝʪ, ʢʘʢ ʤʝʪʦʜ ʢʦʛʥʠʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ 

ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʧʦʜʘʯʝ ʚ ʚʠʜʝ ʩʪʘʬʬʘʞʘ ʠ ʘʥʪʫʨʘʞʘ [1, c. 33].  

ʇʦʜʦʙʥʳʝ ʧʨʠʝʤʳ ʤʦʞʥʦ ʯʘʩʪʦ ʚʩʪʨʝʪʠʪʴ ʚ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʢʦʣʣʘʞʘʭ. 

ʅʘʧʨʠʤʝʨ, ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʙʶʨʦ çʉʝʨʛʝʡ ʉʢʫʨʘʪʦʚ Architectsè ʚ ʩʚʦʝʤ 

ʧʨʦʝʢʪʝ ʞʠʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʰʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʠʣʠʩʪʠʢʫ ʠ ʵʣʝʤʝʥʪʳ ʠʟ 

ʉʉʉʈ, ʘ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʢʦʣʣʘʞʝ ʈʠʢʢʘʨʜʦ ʄʠʢʢʦʣʠ ʠ ʄʘʨʠʠ ɺʠʪʪʦʨʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʨʭʠʪʝʢʪʫʨʫ ʠʤʝʥʥʦ ʯʝʨʝʟ ʩʶʞʝʪ (ʨʠʩ. 4).  

 

 
ʈʠʩ. 4. ʇʨʦʝʢʪ ʞʠʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʃʝʥʠʥʛʨʘʜʩʢʦʤ ʰʦʩʩʝ, 69 (ʉʝʨʛʝʡ ʉʢʫʨʘʪʦʚ 

Architects) ʠ ʢʦʣʣʘʞ ʈʠʢʢʘʨʜʦ ʄʠʢʢʦʣʠ ʠ ʄʘʨʠʠ ɺʠʪʪʦʨʠʷ. 

 

ɺ ʩʚʦʠʭ ʢʦʣʣʘʞʘʭ ʘʚʪʦʨʳ çʉʝʨʛʝʡ ʉʢʫʨʘʪʦʚ Architectsè ʨʝʰʠʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʬʬʘʞʘ ʢ ʧʨʦʝʢʪʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʨʝʟʘʥʥʳʝ ʬʠʛʫʨʳ ʠʟ 
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ʩʦʚʝʪʩʢʠʭ ʢʘʨʪʠʥ, ʪʝʤ ʩʘʤʳʤ ʧʨʠʚʣʝʢʘʷ ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʤʦʣʦʜʦʡ 

ʘʫʜʠʪʦʨʠʠ ʥʘ ʬʦʥʝ ʧʦʧʫʣʷʨʥʦʩʪʠ ʨʝʪʨʦ ʵʩʪʝʪʠʢʠ, ʥʦ ʠ ʚʥʠʤʘʥʠʝ ʣʶʜʝʡ, 

ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʵʪʫ ʵʧʦʭʫ ʥʘ ʩʦʙʩʪʚʝʥʥʦʤ ʦʧʳʪʝ. ɼʘʥʥʳʡ ʪʝʟʠʩ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʩʧʦʥʜʝʥʪʦʚ 

ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʘʥʥʳʝ ʠʣʣʶʩʪʨʘʮʠʠ ʚʳʟʳʚʘʶʪ ʫ ʥʠʭ ʯʫʚʩʪʚʦ 

ʥʦʩʪʘʣʴʛʠʠ (7 ʦʪʚʝʪʦʚ) ʠ ʚʜʦʭʥʦʚʝʥʠʷ (5 ʦʪʚʝʪʦʚ). ʊʘʢʞʝ ʫ ʦʧʨʦʰʝʥʥʳʭ 

ʠʣʣʶʩʪʨʘʮʠʷ ʚʳʟʚʘʣʘ ʯʫʚʩʪʚʦ ʨʘʜʦʩʪʠ (4 ʦʪʚʝʪʘ), ʫʩʧʦʢʦʝʥʠʷ (2 ʦʪʚʝʪʘ), 

ʯʫʚʩʪʚʘ ʣʶʙʚʠ ʠ ʩʤʷʪʝʥʠʷ (ʧʦ ʦʜʥʦʤʫ ʦʪʚʝʪʫ). ʊʘʢʞʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠʣʠ ʵʣʝʤʝʥʪʦʚ ʠʟ ʢʘʨʪʠʥ ʠʣʠ ʬʠʣʴʤʦʚ ʩ ʮʝʣʴʶ ʚʳʟʚʘʪʴ 

ʥʦʩʪʘʣʴʛʠʶ ʠ ʘʢʪʠʚʠʨʦʚʘʪʴ ʧʦʪʦʢ ʧʨʠʷʪʥʳʭ ʚʦʩʧʦʤʠʥʘʥʠʡ ʠʟ ʧʨʦʰʣʦʛʦ 

ð ʵʪʦ ʠʥʦʛʜʘ ʥʝ ʪʦʣʴʢʦ ʤʘʨʢʝʪʠʥʛʦʚʳʡ ʭʦʜ, ʥʦ ʠ ʩʨʝʜʩʪʚʦ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʟʨʠʪʝʣʷ ʩʪʘʙʠʣʴʥʦ ʢʦʤʬʦʨʪʥʦʛʦ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 

ʥʘʩʪʨʦʝʥʠʷ [12, c. 3]. 

ʅʘ ʧʝʨʝʜʥʝʤ ʧʣʘʥʝ ʢʦʣʣʘʞʘ ʈʠʢʢʘʨʜʦ ʄʠʢʢʦʣʠ ʠ ʄʘʨʠʠ ɺʠʪʪʦʨʠʷ 

ʠʟʦʙʨʘʞʘʝʪʩʷ ʨʘʟʚʦʨʘʯʠʚʘʶʱʝʝʩʷ ʜʝʡʩʪʚʠʝ, ʫʞʝ ʚ ʧʨʦʮʝʩʩʝ, ʦʩʤʳʩʣʝʥʠʷ 

ʢʦʪʦʨʦʛʦ, ʟʨʠʪʝʣʴ ʥʘʯʠʥʘʝʪ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʘʚʪʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʘʪʝʣʶ, ʠʩʧʦʣʴʟʫʷ ʩʶʞʝʪ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʠʣʣʶʩʪʨʘʮʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʚʧʝʯʘʪʣʝʥʠʡ ʫ ʟʨʠʪʝʣʷ ʠ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʝʛʦ ʚʦʩʧʨʠʷʪʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʄʝʪʦʜʳ ʚʣʠʷʥʠʷ ʥʘ ʟʨʠʪʝʣʷ ʯʝʨʝʟ ʘʨʭʠʪʝʢʪʫʨʥʫʶ 

ʠʣʣʶʩʪʨʘʮʠʶ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʠ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʢʘʢ 

ʚʠʟʫʘʣʴʥʳʝ, ʪʘʢ ʠ ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʵʬʬʝʢʪʳ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʚʦʜʳ: 

ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʚʣʠʷʥʠʷ ʥʘ ʟʨʠʪʝʣʷ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʚʝʪʦʚʦʡ 

ʧʘʣʠʪʨʳ. ʎʚʝʪʘ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʠʣʣʶʩʪʨʘʮʠʠ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʤʦʮʠʠ ʫ ʟʨʠʪʝʣʷ ʠ ʩʦʟʜʘʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʘʪʤʦʩʬʝʨʫ. 

ɼʨʫʛʦʡ ʤʝʪʦʜ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʨʠʪʝʣʷ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʨʤ ʠ 

ʢʦʤʧʦʟʠʮʠʠ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ, ʪʘʢʠʝ ʢʘʢ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ, ʢʨʫʛʠ ʠ 

ʪʨʝʫʛʦʣʴʥʠʢʠ, ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʫ ʟʨʠʪʝʣʷ ʠ 

ʧʝʨʝʜʘʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʦʙʱʝʥʠʷ. ʂʦʤʧʦʟʠʮʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʘ ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚʣʠʷʥʠʷ ʥʘ ʟʨʠʪʝʣʷ. ʇʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʘʷ 

ʢʦʤʧʦʟʠʮʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʝʤʦʚ ʧʝʨʩʧʝʢʪʠʚʳ ʤʦʛʫʪ 

ʧʦʤʦʯʴ ʩʦʟʜʘʪʴ ʦʱʫʱʝʥʠʝ ʛʣʫʙʠʥʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʪʘʢʞʝ ʥʘʧʨʘʚʠʪʴ 

ʚʟʛʣʷʜ ʟʨʠʪʝʣʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʪʘʣʠ ʠʣʠ ʦʙʲʝʢʪʳ. 

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʨʠʪʝʣʷ ï 

ʠʛʨʘ ʩʚʝʪʘ ʠ ʪʝʥʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʠ 

ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʦʩʚʝʱʝʥʠʷ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʛʣʫʙʠʥʫ ʠ ʦʙʲʝʤ ʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʠʣʣʶʩʪʨʘʮʠʠ ʠ ʜʝʣʘʪʴ ʝʝ ʙʦʣʝʝ ʚʳʨʘʟʠʪʝʣʴʥʦʡ. ʉʚʝʪ ʠ 

ʪʝʥʴ ʪʘʢʞʝ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘʩʪʨʦʝʥʠʷ ʠ ʘʢʮʝʥʪʠʨʦʚʘʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʯʘʩʪʷʭ ʢʦʤʧʦʟʠʮʠʠ. 
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ʕʤʦʮʠʦʥʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʨʠʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʩ 

ʧʦʤʦʱʴʶ ʥʦʩʪʘʣʴʛʠʠ, ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʠʣʝʡ 

ʠʣʠ ʵʣʝʤʝʥʪʦʚ. 

ʉ ʧʦʤʦʱʴʶ ʢʦʛʥʠʪʠʚʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʦʤ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʩʫʪʴ, ʠʜʝʶ ʠ ʩʶʞʝʪʥʦʩʪʴ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʧʦʤʦʯʴ 

ʟʨʠʪʝʣʶ ʧʨʦʯʫʚʩʪʚʦʚʘʪʴ ʦʢʨʫʞʝʥʠʝ ʠ ʥʘʩʪʨʦʝʥʠʝ ʧʨʦʝʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʝʢʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʙʦʪʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʥʘʜ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ, ʥʦ ʠ ʧʨʦʜʫʤʳʚʘʪʴ ʚʠʟʫʘʣʴʥʫʶ ʯʘʩʪʴ 

ʧʦʜʘʯʠ. ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨ ʘʫʜʠʪʦʨʠʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʩʦʟʜʘʝʪʩʷ 

ʧʨʦʝʢʪ ʠ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʝʝ ʟʘʧʨʦʩʳ, ʧʨʝʜʫʛʘʜʳʚʘʪʴ ʝʝ ʨʝʘʢʮʠʶ, ʘ 

ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʨʝʘʢʮʠʠ ʣʶʜʝʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʪʝʦʨʠʠ ʮʚʝʪʘ, ʦʪ 

ʩʚʝʪʦʪʝʥʠ, ʢʦʤʧʦʟʠʮʠʠ ʠ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʝʪ ʘʨʭʠʪʝʢʪʦʨ ʚ ʩʚʦʠʭ 

ʧʦʜʘʯʘʭ ʠ ʵʪʦ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ. 
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ʊʦʢʘʨʝʚ ʂ.ʆ. 
ʌɻɹʆʋ ɺʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʭʨʘʥʥʳʭ ʟʦʥ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʠ ʚʥʝʩʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦ ʥʠʭ ʚ 

ɽɻʈʅ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʘʢʦʡ ʟʦʥʳ ʩ 

ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʢʘʢ ʦʭʨʘʥʥʘʷ ʟʦʥʘ ʛʘʟʦʧʨʦʚʦʜʘ. 

ɺʦ ʚʚʦʜʥʦʡ ʯʘʩʪʠ ʩʪʘʪʴʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʯʠʥʳ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʪʘʢʠʭ ʟʦʥ. ɺ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʩʪʘʪʴʠ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʦʨʷʜʢʘ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ ʦʭʨʘʥʥʳʭ ʟʦʥ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʮʝʜʫʨʘ ʚʥʝʩʝʥʠʷ 

ʩʚʝʜʝʥʠʡ ʦ ʪʘʢʠʭ ʟʦʥʘʭ ʚ ɽɻʈʅ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʦʜʚʝʜʝʥʳ ʠʪʦʛʠ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʭʨʘʥʥʘʷ ʟʦʥʘ, ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʧʦʣʦʞʝʥʠʷ, 

ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ, ʪʨʝʙʦʚʘʥʠʷ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ. 

Tokarev K.O. 

Features of creating security zones of gas distribution networks 

and entering information about them into the Unified State 

Register of Real Estate 

Abstract. The article discusses the specifics of establishing such a type of zone with 

special conditions for the use of the territory, such as a security zone for a gas pipeline. 

The introductory part of the article discusses the reasons for the need to establish such 

zones. The main part of the article describes the main provisions of the procedure for 

establishing the boundaries of protected areas. In addition, the procedure for entering 

information about such zones into the Unified State Register of Legal Entities has been 

reviewed. In conclusion, the results of the work are summarized. 

Keywords: security zone, gas distribution system, regulations, Government Decree, 

requirements, location of borders. 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 31.03.1999 N 69-ʌɿ çʆ 

ʛʘʟʦʩʥʘʙʞʝʥʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʧʦʜ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʦʙʲʝʢʪʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʧʦʜʘʯʠ ʛʘʟʘ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ [1]. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʙʲʝʢʪʳ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ 

ʦʧʘʩʥʳʤʠ, ʪʘʢ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʥʠʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ ʧʦʜʘʯʘ 

ʚʟʨʳʚʦ- ʠ ʧʦʞʘʨʦʦʧʘʩʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ çʆ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚè 

ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʳ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ [2]. 
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ʊʘʢ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʭʨʘʥʥʦʡ ʟʦʥʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʙʝʟ ʚʨʝʜʘ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʥʘʩʝʣʝʥʠʷ. 

ʇʦʜ ʪʝʨʤʠʥʦʤ çʦʭʨʘʥʥʘʷ ʟʦʥʘ ʛʘʟʦʧʨʦʚʦʜʘè ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ʟʘʢʦʥʦʜʘʪʝʣʝʤ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʟʦʥ ʩ ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʨʨʠʪʦʨʠʡ (ʜʘʣʝʝ ï ɿʆʋʀʊ), ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ 

ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʨʷʜʢʝ, ʚʜʦʣʴ ʪʨʘʩʩʳ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʚʦʢʨʫʛ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʘʥʥʦʛʦ 

ʦʙʲʝʢʪʘ, ʜʘʙʳ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʠʣʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ [1]. 

ɿʘʢʦʥʦʜʘʪʝʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʭʨʘʥʥʳʭ 

ʟʦʥ ʠ ʚʥʝʩʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦ ʥʠʭ ʚ ɽɻʈʅ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤʠ ʘʢʪʘʤʠ: 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 31.03.1999 N 69-ʌɿ çʆ ʛʘʟʦʩʥʘʙʞʝʥʠʠ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè; 

ɿʝʤʝʣʴʥʳʡ ʢʦʜʝʢʩ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 25.10.2001 N 136-ʌɿ 

(ʨʝʜ. ʦʪ 20.03.2025); 

ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 20 ʥʦʷʙʨʷ 2000 ʛ. N 878 çʆʙ 

ʫʪʚʝʨʞʜʝʥʠʠ ʇʨʘʚʠʣ ʦʭʨʘʥʳ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡè; 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 13.07.2015 N 218-ʌɿ (ʨʝʜ. ʦʪ 23.05.2025) çʆ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʜʚʠʞʠʤʦʩʪʠè; 

ʇʨʠʢʘʟ ʈʦʩʨʝʝʩʪʨʘ ʦʪ 26.07.2022 N ʇ/0292 çʆʙ ʫʩʪʘʥʦʚʣʝʥʠʠ ʬʦʨʤʳ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʟʦʥ, ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʟʦʥ ʩ 

ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ..è. 

ʊʘʢ, ʚ ʟʝʤʝʣʴʥʦʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ ʟʘʢʨʝʧʣʝʥʳ ʮʝʣʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʦʥ 

ʩ ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʡ ʪʝʨʨʠʪʦʨʠʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʜʦʩʪʠʛʘʪʴʩʷ, ʘ ʠʤʝʥʥʦ, ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʱʠʪʳ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʛʨʘʞʜʘʥ, 

ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʙʦʨʦʥʳ ʩʪʨʘʥʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ, ʩʦʭʨʘʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ 

ʥʘʩʣʝʜʠʷ, ʧʫʥʢʪʦʚ ɻɻʉ, ɻʅʉ, ɻɻʉ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʠʞʝʥʠʝ ʜʘʥʥʳʭ ʮʝʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʦʛʨʘʥʠʯʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʩʝʢʘʶʪʩʷ ʛʨʘʥʠʮʘʤʠ ɿʆʋʀʊ. ɼʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ 

ʢʘʢ ʥʘ ʪʦ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘʜ, ʪʘʢ ʠ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ. 

ʀʪʘʢ, ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ɿʆʋʀʊ ʚ ʛʨʘʥʠʮʘʭ ʪʘʢʠʭ ʟʦʥ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʠ (ʠʣʠ) ʟʘʧʨʝʱʘʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʥʝʜʚʠʞʠʤʦʛʦ ʠʤʫʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝʩʦʚʤʝʩʪʠʤʳ 

ʩ ʚʠʜʦʤ ʨʘʟʤʝʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ɿʆʋʀʊ [3]. 

ʂʨʦʤʝ ʪʦʛʦ, ɿʝʤʝʣʴʥʳʤ ʢʦʜʝʢʩʦʤ ʈʌ ʟʘʢʨʝʧʣʝʥʦ ʦʜʥʦ ʠʟ ʧʦʣʥʦʤʦʯʠʡ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ï ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ 
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ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ɿʆʋʀʊ, ʛʜʝ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴʩʷ ʢʦʥʢʨʝʪʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʪʘʢʠʭ ʟʦʥ [3]. 

ʊʘʢ, ʧʦʨʷʜʦʢ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʭʨʘʥʥʳʭ ʟʦʥ ʛʘʟʦʧʨʦʚʦʜʦʚ ʫʩʪʘʥʦʚʣʝʥ 

ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 20 ʥʦʷʙʨʷ 2000 ʛ. N 878 çʆʙ 

ʫʪʚʝʨʞʜʝʥʠʠ ʇʨʘʚʠʣ ʦʭʨʘʥʳ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡè [4]. 

ʊʨʝʙʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʚ ʜʘʥʥʦʤ ʇʦʩʪʘʥʦʚʣʝʥʠʠ, ʦʙʷʟʘʥʳ 

ʩʦʙʣʶʜʘʪʴʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʀʭ ʩʦʙʣʶʜʝʥʠʝ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʚʝʜʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

(ʥʘʜʟʦʨʘ) [4]. 

ɺ ʦʪʥʦʰʝʥʠʠ ʦʭʨʘʥʥʳʭ ʟʦʥ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1. ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ ʦʭʨʘʥʥʳʭ ʟʦʥ ʛʘʟʦʧʨʦʚʦʜʦʚ 

ɺ ʩʚʷʟʠ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʦʭʨʘʥʥʳʭ ʟʦʥ, ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʨʝʤʝʥʷʝʤʳʭ 

ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʘ ʠʤʝʥʥʦ: 

ʟʘʧʨʝʪ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʠʣʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʩʥʦʩʘ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʦʚ ʜʦʨʦʞʥʦʛʦ 

ʬʦʥʜʘ, ʢʦʣʣʝʢʪʦʨʦʚ ʙʝʟ ʧʦʣʫʯʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʩʦʦʨʫʞʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʭʨʘʥʥʦʩʪʴ 

ʛʘʟʦʧʨʦʚʦʜʘ ʦʪ ʨʘʟʨʫʰʝʥʠʡ, ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ, ʥʘ ʫʥʠʯʪʦʞʝʥʠʝ 

ʦʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʟʥʘʢʦʚ, ʥʘ ʦʛʦʨʘʞʠʚʘʥʠʝ ʜʦʩʪʫʧʘ ʢ ʦʙʲʝʢʪʘʤ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʥʘ ʨʘʟʚʝʜʝʥʠʝ ʦʛʥʷ, ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʧʦʛʨʝʙʘ ʠʣʠ ʚʦʟʜʝʣʳʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʟʝʤʣʠ 

ʛʣʫʙʞʝ, ʯʝʤ 0,3 ʤʝʪʨʘ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʘʤʦʚʦʣʴʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʠ 

ʧʨʦʯʝʝ [4].  

ʉʚʝʜʝʥʠʷ ʦʙ ʦʭʨʘʥʥʳʭ ʟʦʥʘʭ ʜʦʣʞʥʳ ʙʳʪʴ ʚʥʝʩʝʥʳ ʚ ɽɻʈʅ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʨʝʰʝʥʠʷ ʦʙ ʫʪʚʝʨʞʜʝʥʠʠ ʛʨʘʥʠʮ ʦʭʨʘʥʥʦʡ ʟʦʥʳ. ʋʪʚʝʨʜʠʪʴ 
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ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʫʧʦʣʥʦʤʦʯʝʥ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʚʣʘʩʪʠ ʩʫʙʲʝʢʪʘ ʈʌ 

[4]. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʦʙ 

ʫʪʚʝʨʞʜʝʥʠʠ ʛʨʘʥʠʮ ʦʭʨʘʥʥʦʡ ʟʦʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴʩʷ ʚ 

ʫʧʦʣʥʦʤʦʯʝʥʥʳʡ ʦʨʛʘʥ ʚʣʘʩʪʠ ʩ ʟʘʷʚʣʝʥʠʝʤ ʦʙ ʫʪʚʝʨʞʜʝʥʠʠ ʛʨʘʥʠʮ 

ʦʭʨʘʥʥʦʡ ʟʦʥʳ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʧʨʠʢʣʘʜʳʚʘʷ ʩʣʝʜʫʶʱʠʡ 

ʧʘʢʝʪ ʜʦʢʫʤʝʥʪʦʚ [4]: 

ʊʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʦʭʨʘʥʥʦʡ ʟʦʥʳ; 

ɻʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʦʭʨʘʥʥʦʡ ʟʦʥʳ; 

ʌʦʨʤʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʦʭʨʘʥʥʦʡ 

ʟʦʥʳ ʫʪʚʝʨʞʜʝʥʘ ʇʨʠʢʘʟʦʤ ʈʦʩʨʝʝʩʪʨʘ ʦʪ 26.07.2022 N ʇ/0292. ɼʘʥʥʳʤ 

ʇʨʠʢʘʟʦʤ ʫʪʚʝʨʞʜʝʥʘ ʬʦʨʤʘ ʨʘʟʜʝʣʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ, 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʛʨʘʥʠʮ 

ʦʭʨʘʥʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʢ ʜʦʢʫʤʝʥʪʫ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʚʥʦʩʷʪʩʷ 

ʩʚʝʜʝʥʠʷ ʚ ɽɻʈʅ (ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ ʚ ʬʦʨʤʘʪʝ XML ). 

ʇʝʨʝʯʝʥʴ ʢʦʦʨʜʠʥʘʪ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʛʨʘʥʠʮ ʦʭʨʘʥʥʦʡ ʟʦʥʳ ʚ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʝʜʝʥʠʝ ɽɻʈʅ; 

ʀʩʧʦʣʥʠʪʝʣʴʥʘʷ ʩʲʝʤʢʘ ʩʦʦʨʫʞʝʥʠʷ; 

ʉʦʛʣʘʩʠʝ ʦʪ ʩʦʙʩʪʚʝʥʥʠʢʦʚ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʦʙʨʝʤʝʥʝʥʳ, ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʝʘʣʠʟʘʮʠʷ ʛʘʟʦʧʨʦʚʦʜʘ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʈʝʰʝʥʠʝ ʦʙ ʫʪʚʝʨʞʜʝʥʠʠ ʛʨʘʥʠʮ ʦʭʨʘʥʥʦʡ ʟʦʥʳ ʜʦʣʞʥʦ ʚ ʩʝʙʝ 

ʩʦʜʝʨʞʘʪʴ ʪʘʢʠʝ ʘʩʧʝʢʪʳ, ʢʘʢ [3]: 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ; 

ʆʛʨʘʥʠʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʠʣʫ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʭʨʘʥʥʦʡ ʟʦʥʳ; 

ʉʚʝʜʝʥʠʷ ʦ ʧʨʘʚʦʦʙʣʘʜʘʪʝʣʝ ʩʦʦʨʫʞʝʥʠʷ; 

ʉʨʦʢ, ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʚʦʟʥʠʢʘʝʪ ʦʙʷʟʘʥʥʦʩʪʴ ʧʦ 

ʚʦʟʤʝʱʝʥʠʶ ʫʙʳʪʢʦʚ; 

ʉʚʝʜʝʥʠʷ ʦʙ ʦʙʨʘʟʫʝʤʳʭ ʧʦʜʟʦʥʘʭ (ʚ ʦʪʥʦʰʝʥʠʠ ʦʭʨʘʥʥʳʭ ʟʦʥ 

ʛʘʟʦʧʨʦʚʦʜʦʚ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ ʧʦʜʟʦʥ ʥʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ; 

ʇʝʨʝʯʝʥʴ ʢʦʦʨʜʠʥʘʪ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ. 

ɺ ʩʠʣʫ ʯʘʩʪʠ 1 ʩʪʘʪʴʠ 32 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 13.07.2015 ʛ. ˉ218-

ʌɿ ʚʥʝʩʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʛʨʘʥʠʮ ʦʭʨʘʥʥʳʭ ʟʦʥ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʦʨʷʜʢʝ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [2, 5]. 

ɺʥʝʩʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦ ʪʘʢʠʭ ʟʦʥʘʭ ʚ ɽɻʈʅ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʫʧʦʣʥʦʤʦʯʝʥʥʳʤ ʦʨʛʘʥʦʤ ʨʝʰʝʥʠʷ ʦʙ ʫʪʚʝʨʞʜʝʥʠʠ ʛʨʘʥʠʮ 

ʦʭʨʘʥʥʦʡ ʟʦʥʳ ʚ ʘʜʨʝʩ ʦʨʛʘʥʘ ʨʝʛʠʩʪʨʘʮʠʠ [2]. 

ʆʨʛʘʥ ʨʝʛʠʩʪʨʘʮʠʠ ʜʦʣʞʝʥ ʚ ʪʝʯʝʥʠʝ 15 ʨʘʙʦʯʠʭ ʜʥʝʡ ʦʩʫʱʝʩʪʚʠʪʴ 

ʫʯʝʪʥʳʝ ʜʝʡʩʪʚʠʷ ʠʣʠ ʥʘʧʨʘʚʠʪʴ ʚ ʘʜʨʝʩ ʫʧʦʣʥʦʤʦʯʝʥʥʦʛʦ ʥʘ ʚʳʜʘʯʫ 

ʨʝʰʝʥʠʷ ʦʙ ʫʪʚʝʨʞʜʝʥʠʠ ʛʨʘʥʠʮ ʦʭʨʘʥʥʦʡ ʟʦʥʳ ʦʨʛʘʥʘ ʚʣʘʩʪʠ 

ʫʚʝʜʦʤʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʩʚʝʜʝʥʠʡ ʚ ɽɻʈʅ ʦʩʫʱʝʩʪʚʠʪʴ 

ʥʝʚʦʟʤʦʞʥʦ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʝʝ. 

ɻʘʟʦʧʨʦʚʦʜʳ ʷʚʣʷʶʪʩʷ ʦʧʘʩʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʭʨʘʥʥʳʭ ʟʦʥ ʛʘʟʦʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʚʘʞʥʳʭ ʢʦʥʩʪʠʪʫʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ï ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʟʘʱʠʪʳ 

ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʛʨʘʞʜʘʥ. 

ʇʦʨʷʜʦʢ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʭʨʘʥʥʳʭ ʟʦʥ ʨʝʛʫʣʠʨʫʝʪʩʷ ɿʝʤʝʣʴʥʳʤ 

ʢʦʜʝʢʩʦʤ ʈʌ, ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 31.03.1999 ˉ69-ʌɿ, 

ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 20.11.2000 ˉ878, ʘ ʪʘʢʞʝ 

ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 13.07.2015 ˉ218-ʌɿ. 
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ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟʫ ʧʨʠʤʝʥʝʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʵʪʘʧʝ ʘʢʪʠʚʥʦʡ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʪʨʠ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷ: ʪʦʯʥʦʝ ʟʝʤʣʝʜʝʣʠʝ, 

ʤʦʥʠʪʦʨʠʥʛ ʧʦʩʝʚʦʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʪʝʭʥʠʢʦʡ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʉʪʘʪʴʷ ʪʘʢʞʝ ʟʘʪʨʘʛʠʚʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʉʪʘʪʴʷ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ (ʀʉ), ʪʦʯʥʦʝ ʟʝʤʣʝʜʝʣʠʝ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʘʛʨʦʪʝʭʥʠʢʘ, ʤʦʥʠʪʦʨʠʥʛ, ʙʝʩʧʠʣʦʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ). 

Gaifullin S.R., Natalson A.V. 

Intelligent systems in agriculture: precision farming, crops 

monitoring and automatic equipment control 
Abstract: The article is devoted to the modern analysis of the application of intelligent 

systems in agriculture. Agriculture is at the stage of active digital transformation, 

caused by the need to increase productivity, resource efficiency and environmental 

sustainability of the agro-industrial complex. This article presents a comprehensive 

analysis of modern intelligent systems used in the agricultural sector, with an emphasis 

on three key areas: precision farming, crop monitoring and automated control of 

agricultural machinery. As part of the study of precision farming, advanced 

technologies are considered. The article also touches upon the economic and 

organizational aspects of the implementation of digital technologies in agriculture. The 

article emphasizes the importance of the implementation and application of intelligent 

systems in agriculture 

Key words: Intelligent systems (IS), precision farming, automation, agricultural 

technology, monitoring, unmanned technologies, artificial intelligence (AI). 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʧʝʨʝʞʠʚʘʝʪ ʘʢʪʠʚʥʫʶ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʦʜ ʚʣʠʷʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʈʦʩʪ ʛʣʦʙʘʣʴʥʦʛʦ 

ʩʧʨʦʩʘ ʥʘ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, ʜʝʬʠʮʠʪ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʰʠʨʦʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ [1]. ʕʪʠ 

ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, 

ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ 
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[2]. ʇʦ ʜʘʥʥʳʤ ʄʠʥʩʝʣʴʭʦʟʘ ʈʌ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʘʛʨʦʧʦʣʠʪʠʢʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʙʶʜʞʝʪʥʳʭ 

ʩʨʝʜʩʪʚ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤ[3]. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʚʳʩʪʫʧʘʝʪ ʪʦʯʥʦʝ ʟʝʤʣʝʜʝʣʠʝ. ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ, 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʠ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʦʙʨʘʙʦʪʢʝ ʫʯʘʩʪʢʦʚ, 

ʚʥʦʩʠʪʴ ʫʜʦʙʨʝʥʠʷ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚʳ, ʦʧʨʝʜʝʣʷʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʩʨʦʢʠ ʧʦʣʠʚʘ ʠ ʧʦʩʘʜʢʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʨʦʞʘʡʥʦʩʪʴ [5]. 

ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʧʦʜʭʦʜʘʤ ʬʝʨʤʝʨʳ ʤʦʛʫʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʝʩʫʨʩʳ, 

ʩʥʠʟʠʪʴ ʭʠʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʭʦʟʷʡʩʪʚʘ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 

10-15% ʠ ʩʥʠʞʝʥʠʶ ʠʟʜʝʨʞʝʢ ʜʦ 30% (AgroTech Review, 2024). ɺ ʈʦʩʩʠʠ 

ʧʦʜʦʙʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʷʜʝ ʘʛʨʦʭʦʣʜʠʥʛʦʚ, 

ʚʢʣʶʯʘʷ "ʕʢʦʅʠʚʫ" ʠ "ʈʫʩɸʛʨʦ" (ʄʠʥʩʝʣʴʭʦʟ ʈʌ, 2023), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ. 

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʧʦʩʝʚʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʨʝʰʝʥʠʡ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ 

ʘʧʧʘʨʘʪʳ, ʩʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ, ʥʘʟʝʤʥʳʝ ʩʝʥʩʦʨʳ ʠ ʢʘʤʝʨʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʜʨʦʥʳ, ʦʩʥʘʱʝʥʥʳʝ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʤʠ ʢʘʤʝʨʘʤʠ, 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʝʡ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʠʥʜʝʢʩʳ, ʦʪʨʘʞʘʶʱʠʝ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʝʥʠʡ [6]. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ 

ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʦʯʘʛʠ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʜʝʬʠʮʠʪ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʚʣʠʷʥʠʝ ʚʨʝʜʠʪʝʣʝʡ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ 90% [7]. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʀʀ, 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ ʩʥʠʞʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ, ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʨʘʟʚʠʪʠʝ ʧʦʩʝʚʦʚ ʩ ʫʯʝʪʦʤ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʘʛʨʦʥʦʤʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ [5]. ʇʦ ʜʘʥʥʳʤ FAO [9], ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʥʘ 15-20%, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʮʝʥ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʫʶ 

ʧʨʦʜʫʢʮʠʶ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʦʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʘʢʪʦʨʳ, ʢʦʤʙʘʡʥʳ ʠ ʧʦʩʝʚʥʳʝ ʘʛʨʝʛʘʪʳ ʦʩʥʘʱʘʶʪʩʷ 
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ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʥʦʤʥʦʛʦ ʚʦʞʜʝʥʠʷ ʠ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤʠ 

ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʪʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʙʝʟ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ 10-

15%, ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʚʪʦʨʥʫʶ ʦʙʨʘʙʦʪʢʫ ʫʯʘʩʪʢʦʚ ʠ ʩʥʠʟʠʪʴ ʬʠʟʠʯʝʩʢʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ ʧʝʨʩʦʥʘʣ [10]. ɺʝʜʫʱʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ John Deere ʠ 

CLAAS, ʫʞʝ ʧʨʝʜʣʘʛʘʶʪ ʤʦʜʝʣʠ ʪʝʭʥʠʢʠ ʩ ʬʫʥʢʮʠʝʡ ʧʦʣʥʦʡ ʘʚʪʦʥʦʤʠʠ 

[7]. ɺ ʈʦʩʩʠʠ ʧʦʜʦʙʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪ "ʂʘʤɸɿ" ʠ ʟʘʚʦʜ 

"ʂʠʨʦʚʝʮ", ʛʜʝ ʩʦʟʜʘʶʪʩʷ ʙʝʩʧʠʣʦʪʥʳʝ ʪʨʘʢʪʦʨʳ, ʩʧʦʩʦʙʥʳʝ ʚʳʧʦʣʥʷʪʴ 

ʨʘʙʦʪʳ ʧʦ ʟʘʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʠʢʦʡ 

ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʩʠʩʪʝʤʳ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ, ʧʦ 

ʜʘʥʥʳʤ Peterson [7], ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʫʟʣʦʚ ʠ 

ʤʝʭʘʥʠʟʤʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʣʦʤʢʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 85% ʠ ʧʨʦʚʦʜʠʪʴ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ ʦʧʪʠʤʘʣʴʥʳʝ ʩʨʦʢʠ, ʠʟʙʝʛʘʷ ʧʨʦʩʪʦʝʚ. 

ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ ʠʛʨʘʶʪ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʛʨʦʧʣʘʪʬʦʨʤʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʚ ʩʝʙʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʘʛʨʦʥʦʤʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʫʯʝʪʘ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ. ʊʘʢʠʝ 

ʨʝʰʝʥʠʷ, ʢʘʢ Corteva Granular, OneSoil ʠ ʨʦʩʩʠʡʩʢʠʝ AgroSignal ʠ "ʌʝʨʤʝʨ 

ʆʥʣʘʡʥ", ʧʦʟʚʦʣʷʶʪ ʬʝʨʤʝʨʘʤ ʧʦʣʫʯʘʪʴ ʚ ʦʜʥʦʤ ʠʥʪʝʨʬʝʡʩʝ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʣʝʡ, ʧʦʛʦʜʝ, ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʠ ʬʠʥʘʥʩʦʚʳʭ 

ʧʦʢʘʟʘʪʝʣʷʭ. ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʩʝʚʥʳʭ ʠ 

ʫʙʦʨʦʯʥʳʭ ʢʘʤʧʘʥʠʡ (ʀʩʣʘʤʦʚ, 2022). ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ AgroTech 

Review (2024), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʥʘ ʧʨʠʥʷʪʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ 30-40%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʳʡ ʨʷʜ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʩʦʢʨʘʱʝʥʠʝ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʢʨʫʛʣʦʩʫʪʦʯʥʦʡ ʨʘʙʦʪʳ ʪʝʭʥʠʢʠ 

(ʂʦʟʣʦʚ, ɸʨʪʘʤʦʥʦʚ, 2023). ʊʘʢʞʝ ʜʦʩʪʠʛʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ, ʩʦʙʣʶʜʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʨʠʩʢʘʤʠ (FAO, 2023). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʠ ʀʀ, ʢʘʢ 

ʧʦʜʯʝʨʢʠʚʘʝʪ Smith (2024), ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʛʠʙʢʦʤʫ ʠ ʘʜʘʧʪʠʚʥʦʤʫ 

ʫʧʨʘʚʣʝʥʠʶ ʘʛʨʦʧʨʦʮʝʩʩʘʤʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʦʡ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʠʡʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ 

(2024), ʭʦʟʷʡʩʪʚʘ, ʚʥʝʜʨʠʚʰʠʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘ 

20-25% ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʩʦʧʨʷʞʝʥʘ ʩ ʨʷʜʦʤ 

ʚʳʟʦʚʦʚ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 
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ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʢʚʘʣʠʬʠʢʘʮʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʣʘʙʦʝ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʠ ʥʝʭʚʘʪʢʫ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, 

ʨʝʛʫʣʠʨʫʶʱʝʡ ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ [3]. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʫʱʝʩʪʚʫʝʪ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʩʨʝʜʠ ʩʝʣʴʭʦʟʨʘʙʦʪʥʠʢʦʚ ʧʦ ʧʦʚʦʜʫ 

ʚʦʟʤʦʞʥʦʡ ʫʪʨʘʪʳ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ, ʪʨʝʙʫʝʪ 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʷ ʧʦʜʜʝʨʞʢʫ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ, ʨʘʟʚʠʪʠʝ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʀʊ-ʨʝʰʝʥʠʡ ʠ ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ 

ʮʠʬʨʦʚʦʤʫ ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ ʚ ʘʛʨʘʨʥʳʭ ʚʫʟʘʭ ʠ ʪʝʭʥʠʢʫʤʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʷʪʩʷ ʦʩʥʦʚʦʡ 

ʥʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʢʣʘʜʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ ʠ ʩʜʝʣʘʪʴ ʘʛʨʘʨʥʫʶ ʦʪʨʘʩʣʴ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ 

ʠʥʚʝʩʪʠʮʠʡ ʠ ʤʦʣʦʜʝʞʠ [1]. ɺ ʧʝʨʩʧʝʢʪʠʚʝ, ʢ 2030 ʛʦʜʫ, ʢʘʢ ʧʨʦʛʥʦʟʠʨʫʝʪ 

FAO [9], ʮʠʬʨʦʚʳʝ ʬʝʨʤʳ, ʙʝʩʧʠʣʦʪʥʘʷ ʪʝʭʥʠʢʘ ʠ ʀʀ-ʘʥʘʣʠʪʠʢʘ ʩʪʘʥʫʪ 

ʥʝʦʪʲʝʤʣʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ, ʘ ʜʘʥʥʳʝ - 

ʢʣʶʯʝʚʳʤ ʨʝʩʫʨʩʦʤ ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʜʯʝʨʢʠʚʘʶʪ 

ʵʢʩʧʝʨʪʳ [8], ʜʣʷ ʫʩʧʝʰʥʦʡ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʨʘʩʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʦʜʦʣʝʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʙʘʨʴʝʨʳ, 

ʯʪʦ ʪʨʝʙʫʝʪ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʭ ʫʩʠʣʠʡ ʛʦʩʫʜʘʨʩʪʚʘ, ʙʠʟʥʝʩʘ ʠ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʂʦʟʣʦʚ ʄ.ʅ., ɸʨʪʘʤʦʥʦʚ ʀ.ɻ. ʊʦʯʥʦʝ ʟʝʤʣʝʜʝʣʠʝ: ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ // 

ɸʛʨʦʀʥʬʦʨʤ. - 2023. - ˉ3. - ʉ. 20-24. 

2. ɸʛʘʧʦʚʘ ʊ.ɸ. ʇʨʠʤʝʥʝʥʠʝ ʀʀ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ // ʅʘʫʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ. - 2024. - 

ˉ7. - ʉ. 12-15. 

3. ʄʠʥʩʝʣʴʭʦʟ ʈʌ. ʇʨʦʛʨʘʤʤʘ "ʎʠʬʨʦʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ". - 2023. 

4. ʉʤʠʨʥʦʚʘ ʃ.ɸ., ʂʦʟʣʦʚʘ ʖ.ɺ. ʈʦʙʦʪʠʟʘʮʠʷ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ // ɸʛʨʘʨʥʘʷ ʥʘʫʢʘ. - 

2023. - ˉ5. - ʉ. 45-49. 

5. ʀʩʣʘʤʦʚ ʈ.ɸ. ʇʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʘʥʘʣʠʪʠʢʘ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ // ʊʝʭʥʦʣʦʛʠʠ XXI ʚʝʢʘ. 

- 2022. - ˉ10. - ʉ. 30-33. 

6. Peterson, J. AI in Agriculture: Global Trends. - Springer, 2023. 

7. Smith, K. Digital Farming and Sustainability. - Wiley, 2024. 

8. AgroTech Review. Annual Report on Precision Agriculture. - 2024. 

9. FAO. The State of Food and Agriculture 2023. - UN, 2023. 

10. ʈʦʩʩʠʡʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. ʉʪʘʪʠʩʪʠʢʘ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. - 2024. 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ:  

ɻʘʡʬʫʣʣʠʥ ʉʘʤʠʨ ʈʘʜʠʢʦʚʠʯ, ʩʪʫʜʝʥʪ, ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ʅʘʪʘʣʴʩʦʥ ɸʣʝʢʩʘʥʜʨ ɺʘʣʝʨʴʝʚʠʯ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

Gaifullin Samir Radikovich , student, Kazan State Power Engineering University, Kazan, Russia 

Natalson Alexander Valerievich, lecturer, Kazan State Power Engineering University, Kazan, Russia 

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


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 6̄, ʯʘʩʪʴ 1 www.paradigma.science 

 

158 

ʋɼʂ 339.146 

ɿʫʙʦʚ ʅ.ʉ. 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʈʦʩʩʠʷ 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʦʛʠʩʪʠʢʠ ʩʥʘʙʞʝʥʠʷ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ 
 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʣʦʛʠʩʪʠʢʠ ʩʥʘʙʞʝʥʠʷ ʢʘʢ ʢʣʶʯʝʚʦʡ 

ʧʦʜʩʠʩʪʝʤʳ ʦʙʱʝʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʝʸ 

ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʝʯʥʫʶ ʧʦʪʨʝʙʠʪʝʣʴʩʢʫʶ 

ʮʝʥʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʠ ʬʠʥʘʥʩʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʘʥʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʣʦʛʠʩʪʠʢʠ ʩʥʘʙʞʝʥʠʷ: ʦʪ ʫʟʢʠʭ ʪʨʘʢʪʦʚʦʢ, 

ʘʢʮʝʥʪʠʨʫʶʱʠʭ ʦʧʝʨʘʪʠʚʥʳʝ ʘʩʧʝʢʪʳ (ʟʘʢʫʧʢʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, 

ʩʢʣʘʜʠʨʦʚʘʥʠʝ), ʜʦ ʰʠʨʦʢʠʭ ʢʦʥʮʝʧʮʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ, ʨʘʟʚʠʪʠʝ ʦʪʥʦʰʝʥʠʡ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ ʠ ʠʥʪʝʛʨʘʮʠʶ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʩʪʨʘʪʝʛʠʶ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʟʘʢʫʧʢʘʤʠ, ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝ, ʮʝʧʦʯʢʘ ʧʦʩʪʘʚʦʢ, ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʫʧʨʘʚʣʝʥʠʝ ʧʦʩʪʘʚʱʠʢʘʤʠ. 

 
Zubov N.S. 

Theoretical features of supply logistics in the oil and gas industry 
 

Abstract:  The article is devoted to the analysis of supply logistics as a key subsystem 

of the overall logistics system of an enterprise. Its strategic role in ensuring the 

efficiency of production and distribution processes is emphasized, as well as its impact 

on the final consumer value of products and the financial results of the company. 

Various approaches to defining supply logistics are examined: from narrow 

interpretations that focus on operational aspects (procurement, transportation, 

warehousing), to broader concepts that include strategic supply chain management, 

supplier relationship development, and integration into corporate strategy.  

Keywords: supply logistics, procurement management, strategic management, supply 

chain, material and technical support, supplier relationship management. 

 

ʃʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ ï ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʦʙʱʝʡ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʧʨʠʷʪʠʷ. ʇʨʦʮʝʩʩ ʩʥʘʙʞʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʤʧʘʥʠʠ: ʷʚʣʷʷʩʴ ʧʝʨʚʦʡ ʧʦʜʩʠʩʪʝʤʦʡ ʥʘ 

ʧʫʪʠ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ, ʩʥʘʙʞʝʥʠʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʩʪʘʣʴʥʳʭ ʟʚʝʥʴʝʚ (ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ) 

ʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ. ʆʪ ʢʘʯʝʩʪʚʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʩʪʫʧʘʶʱʠʭ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʟʘʚʠʩʠʪ ʧʦʪʨʝʙʠʪʝʣʴʩʢʘʷ ʮʝʥʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʲʝʤ ʧʨʦʜʘʞ ʠ ʧʨʠʙʳʣʴ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʇʦʵʪʦʤʫ ʩʥʘʙʞʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʤʝʥʝʜʞʤʝʥʪʘ ʢʦʤʧʘʥʠʠ ï ʩʝʛʦʜʥʷ ʤʥʦʛʠʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʝʛʦ 

ʚ ʯʠʩʣʝ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʫʩʧʝʭʘ ʥʘʨʷʜʫ ʩ ʤʘʨʢʝʪʠʥʛʦʤ ʠ 
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ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ɺ ʨʘʤʢʘʭ ʩʥʘʙʞʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʢʫʧʦʢ, ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʘʚʱʠʢʘʤʠ, ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʩʪʘʚʦʢ, 

ʧʨʘʚʦʚʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʟʘʢʫʧʦʢ, ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʨ. [5]. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʣʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ ʦʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʮʠʢʣ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʨʤʠʥʦʣʦʛʠʷ ʚ ʵʪʦʡ ʩʬʝʨʝ ʨʘʟʥʦʦʙʨʘʟʥʘ. ɺ 

ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʨʤʠʥʳ purchasing (ʟʘʢʫʧʢʠ), 

procurement (ʟʘʢʫʧʦʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ), supply management (ʩʥʘʙʞʝʥʯʝʩʢʠʡ 

ʤʝʥʝʜʞʤʝʥʪ) ʠ ʜʨ., ʟʘʯʘʩʪʫʶ ʢʘʢ ʩʠʥʦʥʠʤʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʪʝʨʤʠʥ çʟʘʢʫʧʢʘè ʦʪʥʦʩʷʪ ʢ ʨʘʟʦʚʦʡ ʩʜʝʣʢʝ (ʪʘʢʪʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ), ʪʦʛʜʘ ʢʘʢ çʩʥʘʙʞʝʥʠʝè ʦʧʠʩʳʚʘʶʪ ʢʘʢ ʮʝʣʦʩʪʥʳʡ ʧʨʦʮʝʩʩ 

ʟʘʢʫʧʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ), ʚʢʣʶʯʘʶʱʠʡ 

ʚʳʷʚʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʧʦʠʩʢ ʠ ʚʳʙʦʨ ʧʦʩʪʘʚʱʠʢʦʚ, ʨʘʟʚʠʪʠʝ ʦʪʥʦʰʝʥʠʡ 

ʩ ʥʠʤʠ, ʧʝʨʝʛʦʚʦʨʳ ʠ ʧʨʦʯʠʝ ʵʪʘʧʳ [5]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʜʠʥʦʛʦ ʩʪʨʦʛʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʥʘʙʞʝʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ï ʨʘʟʥʳʝ ʘʚʪʦʨʳ ʠ ʰʢʦʣʳ ʤʳʩʣʠ 

ʘʢʮʝʥʪʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʵʪʦʛʦ ʧʦʥʷʪʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʘʚʪʦʨʩʢʠʝ 

ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʣʦʛʠʩʪʠʢʠ ʩʥʘʙʞʝʥʠʷ ʠ ʩʨʘʚʥʠʤ ʠʭ, ʧʨʝʞʜʝ ʯʝʤ 

ʧʨʝʜʣʦʞʠʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ 

ʦʧʨʝʜʝʣʝʥʠʡ ʣʦʛʠʩʪʠʢʠ ʩʥʘʙʞʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʭ ʵʚʦʣʶʮʠʶ ʚʟʛʣʷʜʦʚ ʥʘ 

ʵʪʫ ʬʫʥʢʮʠʶ. ʊʘʢ, ʚ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʀ.ɸ. ɿʘʨʘʡʯʝʥʢʦ ʠ ʀ.ɺ. ɾʫʢʦʚʩʢʦʡ 

(2018) ʣʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ çʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʙʣʘʩʪʴ 

ʣʦʛʠʩʪʠʢʠ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʣʘʥʠʨʦʚʘʥʠʝʤ, ʟʘʢʘʟʦʤ ʠ ʧʦʩʪʘʚʢʦʡ ʩʳʨʴʷ, 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘè [5]. ɼʘʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʜʯʸʨʢʠʚʘʝʪ ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʥʘʙʞʝʥʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʘʪʝʨʠʘʣʴʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ ʯʝʨʝʟ ʦʨʛʘʥʠʟʘʮʠʶ ʟʘʢʫʧʦʢ ʠ ʜʦʩʪʘʚʦʢ. ɸʥʘʣʦʛʠʯʥʦ, ʨʷʜ 

ʘʚʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʥʘʙʞʝʥʠʝ ʢʘʢ ʚʭʦʜʷʱʫʶ ʣʦʛʠʩʪʠʢʫ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʪʦ ʝʩʪʴ ʫʧʨʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʤ ʧʦʪʦʢʦʤ ʥʘ ʚʭʦʜʝ ʚ ʩʠʩʪʝʤʫ. ʅʘʧʨʠʤʝʨ, 

ɺ. ʀ. ʉʝʨʛʝʝʚ ʠ ʀ. ʇ. ʕʣʴʷʰʝʚʠʯ ï ʚʝʜʫʱʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ 

ʣʦʛʠʩʪʠʢʝ ï ʦʪʤʝʯʘʶʪ, ʯʪʦ ʣʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ ʦʭʚʘʪʳʚʘʝʪ ʢʦʤʧʣʝʢʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ, ʤʝʪʦʜʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʟʘʢʫʧʦʢ ʜʣʷ ʥʫʞʜ ʬʠʨʤʳ [2]. ʇʨʦʱʝ ʛʦʚʦʨʷ, ʩʥʘʙʞʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ 

ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʘʤʠ ʧʦʢʫʧʢʠ, ʥʦ ʠ ʚʩʶ ʚʥʝʰʥʶʶ ʣʦʛʠʩʪʠʯʝʩʢʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ ʜʦʩʪʘʚʢʦʡ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʝ [5]. 

ɼʨʫʛʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʣʘʶʪ ʘʢʮʝʥʪ ʥʘ ʧʨʦʮʝʩʩʥʦʡ ʠ ʨʝʩʫʨʩʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʥʘʙʞʝʥʠʷ. ʊʘʢ, ɸ. ʅ. ʈʦʜʥʠʢʦʚ ʦʧʨʝʜʝʣʷʝʪ ʩʥʘʙʞʝʥʠʝ ʢʘʢ 

çʧʨʦʮʝʩʩ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʢʣʶʯʘʷ 

ʟʘʢʫʧʢʠ ʩʳʨʴʷ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʙʠʣʠʟʘʮʠʶ ʚʥʫʪʨʝʥʥʠʭ ʨʝʟʝʨʚʦʚ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʟʘʧʘʩʦʚ)è. ɺ ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʩʥʘʙʞʝʥʠʝ 

ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (ʄʊʆ) 

ʧʨʦʠʟʚʦʜʩʪʚʘ: ʢʣʶʯʝʚʦʡ ʦʧʝʨʘʮʠʝʡ ʟʜʝʩʴ ʚʳʩʪʫʧʘʝʪ ʟʘʢʫʧʢʘ, ʩ ʧʦʤʦʱʴʶ 
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ʢʦʪʦʨʦʡ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʣʫʯʘʝʪ ʪʨʝʙʫʝʤʳʝ ʪʦʚʘʨʥʦ-ʤʘʪʝʨʠʘʣʴʥʳʝ ʮʝʥʥʦʩʪʠ 

ʠ ʫʩʣʫʛʠ ʜʣʷ ʩʚʦʠʭ. ɹʣʠʟʢʫʶ ʪʦʯʢʫ ʟʨʝʥʠʷ ʚʳʩʢʘʟʳʚʘʝʪ ʉ. ʂʘʨʥʘʫʭʦʚ, 

ʪʨʘʢʪʫʷ ʄʊʆ ʢʘʢ ʣʦʛʠʩʪʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʟʘʢʫʧʢʝ ʠ 

ʦʙʝʩʧʝʯʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʆ.ɹ. ʄʘʣʠʢʦʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʝʪ ʙʦʣʝʝ ʫʟʢʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ: ʣʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ï ʵʪʦ 

ʩʠʩʪʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʩʪʘʚʦʢ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʝ ʩʳʨʴʷ, ʤʘʪʝʨʠʘʣʦʚ, ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠʟʜʝʣʠʡ, ʚʢʣʶʯʘʶʱʘʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʧʝʨʝʛʨʫʟʢʫ, ʩʢʣʘʜʠʨʦʚʘʥʠʝ, ʪʘʨʫ ʠ ʫʧʘʢʦʚʢʫ, ʘ ʪʘʢʞʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ, ʶʨʠʜʠʯʝʩʢʦʝ ʠ ʬʠʥʘʥʩʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʦ ʩʫʪʠ, ʄʘʣʠʢʦʚ ʩʚʦʜʠʪ ʩʬʝʨʫ ʩʥʘʙʞʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʦʧʝʨʘʮʠʷʤʠ ʧʦ ʜʦʩʪʘʚʢʝ ʠ ʭʨʘʥʝʥʠʶ ʟʘʧʘʩʦʚ, ʥʝ 

ʫʜʝʣʷʷ ʙʦʣʴʰʦʛʦ ʚʥʠʤʘʥʠʷ ʨʘʙʦʪʝ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ [3]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʮʝʧʮʠʷʭ ʣʦʛʠʩʪʠʢʠ ʩʥʘʙʞʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʢ ʨʘʩʰʠʨʝʥʠʶ ʛʨʘʥʠʮ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ ï ʦʪ ʩʫʛʫʙʦ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʫʧʢʘʤʠ ʢ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤʫ ʫʧʨʘʚʣʝʥʠʶ 

ʮʝʧʦʯʢʦʡ ʧʦʩʪʘʚʦʢ ʧʦʩʪʘʚʱʠʢʦʚ. ʊʘʢ, ʛʨʫʧʧʘ ʨʦʩʩʠʡʩʢʠʭ ʘʚʪʦʨʦʚ 

ɺ. ɺ. ɼʳʙʩʢʘʷ, ɽ. ʀ. ɿʘʡʮʝʚ, ɺ. ʀ. ʉʝʨʛʝʝʚ ʠ ɸ. ʅ. ʉʪʝʨʣʠʛʦʚʘ ʧʨʝʜʣʘʛʘʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʦʛʠʩʪʠʢʫ ʩʥʘʙʞʝʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʧʘʥʠʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʨʝʜʤʝʪʘʤʠ ʩʥʘʙʞʝʥʠʷ (ʨʝʩʫʨʩʘʤʠ) 

ʚ ʥʫʞʥʦʝ ʚʨʝʤʷ ʠ ʤʝʩʪʦ, ʥʘʜʣʝʞʘʱʝʛʦ ʢʘʯʝʩʪʚʘ ʠ ʧʦ ʚʳʛʦʜʥʦʡ ʮʝʥʝ. ʆʥʠ 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʟʘʜʘʯʘ ʩʥʘʙʞʝʥʯʝʩʢʦʡ ʣʦʛʠʩʪʠʢʠ ï ʧʦʣʫʯʘʪʴ ʜʣʷ ʢʦʤʧʘʥʠʠ 

ʪʨʝʙʫʝʤʦʝ ʩʳʨʴʝ, ʤʘʪʝʨʠʘʣʳ, ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ ʚ ʥʫʞʥʦʝ ʚʨʝʤʷ, ʚ ʥʫʞʥʦʤ 

ʤʝʩʪʝ, ʦʪ ʥʘʜʝʞʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ, ʩ ʜʦʣʞʥʳʤ ʫʨʦʚʥʝʤ ʩʝʨʚʠʩʘ ʠ ʧʦ 

ʦʧʪʠʤʘʣʴʥʦʡ ʮʝʥʝ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʘʚʪʦʨʘʤʠ ʜʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ 

ʠʥʪʝʛʨʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ: ʩʥʘʙʞʝʥʠʝ ï ʵʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʨʝʙʫʝʤʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʠʣʠ ʫʩʣʫʛʘʤʠ, ʚʢʣʶʯʘʶʱʝʝ ʚʩʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ 

ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʟʘʢʫʧʢʘʤʠ ʠ ʧʦʩʪʘʚʱʠʢʘʤʠ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʟʘʪʨʘʪʘʭ ʨʝʩʫʨʩʦʚ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʣʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ ʦʭʚʘʪʳʚʘʝʪ ʚʝʩʴ 

ʢʦʤʧʣʝʢʩ ʦʧʝʨʘʮʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʟʘʢʫʧʢʘʤʠ (ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʪʦʚʘʨʘ ʧʦ ʦʧʪʠʤʘʣʴʥʦʡ ʮʝʥʝ, ʚ ʥʫʞʥʳʭ ʢʦʣʠʯʝʩʪʚʝ ʠ ʢʘʯʝʩʪʚʝ, ʪʦʯʥʦ ʚ 

ʩʨʦʢ) ʠ ʫʧʨʘʚʣʝʥʠʶ ʧʦʩʪʘʚʱʠʢʘʤʠ (ʢʦʦʨʜʠʥʘʮʠʷ ʠ ʨʘʟʚʠʪʠʝ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ, ʠʭ ʠʥʪʝʛʨʘʮʠʷ ʚ ʧʨʦʮʝʩʩʳ ʢʦʤʧʘʥʠʠ) 

[3]. ʊʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʨʘʞʘʝʪ ʩʦʚʨʝʤʝʥʥʳʡ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʚʟʛʣʷʜ ʥʘ 

ʩʥʘʙʞʝʥʠʝ: ʦʪ ʪʘʢʪʠʢʠ ʢ ʩʪʨʘʪʝʛʠʠ, ʦʪ ʦʪʜʝʣʴʥʳʭ ʟʘʢʫʧʦʢ ʢ ʩʢʚʦʟʥʦʤʫ 

ʫʧʨʘʚʣʝʥʠʶ ʮʝʧʦʯʢʦʡ ʧʦʩʪʘʚʦʢ ʩ ʫʯʸʪʦʤ ʮʝʥʥʦʩʪʠ ʜʣʷ ʙʠʟʥʝʩʘ. 

ɺ ʫʯʝʙʥʠʢʝ ʀ.ɼ. ɸʬʘʥʘʩʝʥʢʦ ʠ ɺ.ɺ. ɹʦʨʠʩʦʚʦʡ çʃʦʛʠʩʪʠʢʘ 

ʩʥʘʙʞʝʥʠʷè ʣʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʢʦʤʤʝʨʯʝʩʢʦʡ ʣʦʛʠʩʪʠʢʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʢ 

ʚʥʫʪʨʝʥʥʷʷ ʧʦʜʩʠʩʪʝʤʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʣʦʛʠʩʪʠʢʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʯʪʦ 

ʬʠʢʩʠʨʫʝʪ ʝʸ ʤʝʩʪʦ ʥʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʧʦʣʥʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ɸʚʪʦʨʳ ʧʦʜʯʸʨʢʠʚʘʶʪ, ʯʪʦ ʩʥʘʙʞʝʥʠʝ ʦʪʢʨʳʚʘʝʪ ʠ ʥʘʧʨʘʚʣʷʝʪ 
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ʤʘʪʝʨʠʘʣʴʥʳʡ ʧʦʪʦʢ, ʧʦʵʪʦʤʫ ʦʪ ʝʛʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʟʘʚʠʩʠʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʟʚʝʥʴʝʚ ʮʝʧʠ. ʆʥʠ ʬʦʨʤʫʣʠʨʫʶʪ 

ʩʦʙʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çʃʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ ʝʩʪʴ 

ʦʨʛʘʥʠʟʘʮʠʷ ʦʧʳʪʘ ʫʧʨʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʠʤ 

ʧʦʪʦʢʘʤʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʦʩʩʠʡʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɽʸ ʮʝʣʴ ï ʥʘʜʸʞʥʦʝ, 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʚʥʫʪʨʠʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʤʘʪʝʨʠʘʣʴʥʦ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʩʫʨʩʘʭ. ʎʝʣʴ 

ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʦʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʜʦʩʪʘʚʠʪʴ ʚ ʥʫʞʥʦʝ ʚʨʝʤʷ, ʚ ʥʫʞʥʦʡ ʬʦʨʤʝ 

ʠ ʧʦ ʢʦʥʢʫʨʝʥʪʥʦʡ ʮʝʥʝè [1]. ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʥʘʙʞʝʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʢ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʝʜʠʥʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʧʠʩʘʥʠʝ 

ʢʦʪʦʨʦʡ ʜʦʧʦʣʥʷʝʪʩʷ ʩʭʝʤʦʡ ʦʙʱʝʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʉʥʘʙʞʝʥʠʝ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʚʦʩʭʦʜʷʱʠʤ 

ʤʘʪʝʨʠʘʣʴʥʳʤ ʧʦʪʦʢʦʤ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ ʬʠʥʘʥʩʦʚʳʤʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʠ ʩʝʨʚʠʩʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʬʦʨʤʠʨʫʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʨʝʩʫʨʩʘʤʠ ʥʘ ʚʭʦʜʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʆʙʲʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʪʦʢ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʫʩʣʫʛ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʮʠʢʣʝ 

ʩʥʘʙʞʝʥʠʷ. ʎʝʣʴ ʩʥʘʙʞʝʥʯʝʩʢʦʡ ʣʦʛʠʩʪʠʢʠ ʢʦʥʢʨʝʪʠʟʠʨʫʝʪʩʷ ʢʘʢ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʨʝʩʫʨʩʘʤʠ ʪʨʝʙʫʝʤʦʛʦ ʦʙʲʸʤʘ, ʢʘʯʝʩʪʚʘ ʠ ʘʩʩʦʨʪʠʤʝʥʪʘ ʚ ʟʘʜʘʥʥʳʡ ʩʨʦʢ ʧʦ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʮʝʥʝ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʩʦʚʦʢʫʧʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ 

ʠʟʜʝʨʞʝʢ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʟʘʜʘʯ, 

ʚʢʣʶʯʘʶʱʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʚʳʙʦʨ ʧʦʩʪʘʚʱʠʢʦʚ, 

ʟʘʢʣʶʯʝʥʠʝ ʜʦʛʦʚʦʨʦʚ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʘʢʫʧʦʢ, ʬʠʟʠʯʝʩʢʦʝ 

ʪʦʚʘʨʦʜʚʠʞʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ. ɸʚʪʦʨʳ ʨʘʟʣʠʯʘʶʪ ʧʦʥʷʪʠʷ 

ʩʥʘʙʞʝʥʠʷ ʠ ʟʘʢʫʧʦʯʥʦʡ ʣʦʛʠʩʪʠʢʠ, ʧʦʜʯʸʨʢʠʚʘʷ, ʯʪʦ ʩʥʘʙʞʝʥʠʝ 

ʦʭʚʘʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʢʫʧʢʫ, ʥʦ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ 

ʚʥʫʪʨʠʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʥʘʙʞʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʟʤʝʨʷʪʴ ʩʦʚʦʢʫʧʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʟʘʢʫʧʦʢ, 

ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴʶ ʟʘʧʘʩʦʚ ʠ ʩʦʙʣʶʜʝʥʠʝʤ ʛʨʘʬʠʢʦʚ ʧʦʩʪʘʚʦʢ, ʫʚʷʟʳʚʘʷ 

ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʩ ʦʙʱʝʡ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴʶ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʄʘʪʝʨʠʘʣʴʥʳʡ ʧʦʪʦʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʙʘʟʦʚʘʷ ʢʘʪʝʛʦʨʠʷ, 

ʦʪʨʘʞʘʶʱʘʷ ʫʩʪʦʡʯʠʚʳʝ ʩʚʷʟʠ ʫʯʘʩʪʥʠʢʦʚ ʮʝʧʠ ʧʦʩʪʘʚʦʢ; ʝʛʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ, ʤʝʩʪʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʬʠʟʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʩʣʫʞʠʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʚʪʦʨʩʢʠʡ ʧʦʜʭʦʜ ʬʦʨʤʠʨʫʝʪ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ, ʚ ʢʦʪʦʨʦʡ 

ʩʥʘʙʞʝʥʠʝ ʚʳʩʪʫʧʘʝʪ ʠʩʭʦʜʥʦʡ ʩʪʘʜʠʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʠ 

ʠʥʪʝʛʨʠʨʫʝʪ ʬʫʥʢʮʠʠ ʟʘʢʫʧʢʠ, ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʧʘʩʦʚ ʚ 

ʨʘʤʢʘʭ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʬʦʨʤʫʣʠʨʦʚʦʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʣʦʛʠʩʪʠʢʫ ʩʥʘʙʞʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ. 

ʆʜʥʠ ʘʚʪʦʨʳ ʧʦʜʯʸʨʢʠʚʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʧʝʨʘʪʠʚʥʫʶ ʩʪʦʨʦʥʫ 
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(ʟʘʢʫʧʢʘ ʠ ʜʦʩʪʘʚʢʘ ʨʝʩʫʨʩʦʚ), ʜʨʫʛʠʝ ï ʧʨʦʮʝʩʩʥʫʶ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʵʪʘʧʦʚ ʩʥʘʙʞʝʥʠʷ), ʪʨʝʪʴʠ ï ʵʢʦʥʦʤʠʯʝʩʢʫʶ (ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʪʨʘʪ), 

ʯʝʪʚʸʨʪʳʝ ï ʮʝʥʥʦʩʪʥʫʶ (ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ), ʧʷʪʳʝ 

ï ʠʥʪʝʛʨʘʮʠʦʥʥʦ-ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ (ʚʩʪʨʘʠʚʘʥʠʝ ʩʥʘʙʞʝʥʠʷ ʚ ʦʙʱʫʶ 

ʩʪʨʘʪʝʛʠʶ ʢʦʤʧʘʥʠʠ). 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʧʦʥʠʤʘʥʠʶ ʣʦʛʠʩʪʠʢʠ ʩʥʘʙʞʝʥʠʷ ʚ ʢʦʤʧʘʥʠʠ. ʕʪʠ ʧʦʜʭʦʜʳ ʥʝ 

ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʶʪʩʷ, ʘ ʩʢʦʨʝʝ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʘʢʮʝʥʪʠʨʫʷ 

ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʩʥʘʙʞʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: 

ʇʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʧʦʜʭʦʜʝ ʩʥʘʙʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʦʪʜʝʣʴʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʚ ʦʙʱʝʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʨʷʜʫ ʩ ʣʦʛʠʩʪʠʢʦʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ɺʳʜʝʣʝʥʠʝ ʩʥʘʙʞʝʥʠʷ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʧʦʟʚʦʣʷʝʪ ʯʸʪʢʦ 

ʦʧʨʝʜʝʣʠʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʧʦ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ [5]. ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʦʜʭʦʜ 

ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʟʘʜʘʯʘʭ ʠ ʨʦʣʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʩʥʘʙʞʝʥʠʷ (ʟʘʢʫʧʦʯʥʦʛʦ 

ʦʪʜʝʣʘ) ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʘʮʠʠ: ʧʦʠʩʢ ʠ ʚʳʙʦʨ ʧʦʩʪʘʚʱʠʢʦʚ, ʟʘʢʣʶʯʝʥʠʝ 

ʢʦʥʪʨʘʢʪʦʚ, ʨʘʟʤʝʱʝʥʠʝ ʟʘʢʘʟʦʚ, ʢʦʥʪʨʦʣʴ ʧʦʩʪʘʚʦʢ ʠ ʪ.ʜ. ʋʧʨʘʚʣʝʥʠʝ 

ʩʥʘʙʞʝʥʠʝʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʨʦʠʪʩʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʘ 

ʨʝʟʫʣʴʪʘʪ ʦʮʝʥʠʚʘʝʪʩʷ ʯʝʨʝʟ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʩʥʘʙʞʝʥʯʝʩʢʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʦʙʣʶʜʝʥʠʝ ʙʶʜʞʝʪʘ ʟʘʢʫʧʦʢ, 

ʧʨʦʮʝʥʪ ʵʢʦʥʦʤʠʠ, ʫʨʦʚʝʥʴ ʟʘʧʘʩʦʚ, ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴ ʠ ʧʨ.). 

ɺ ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʥʦʛʦ ʧʦʜʭʦʜʘ ʩʥʘʙʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʩʢʚʦʟʥʦʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʡ ʠ ʩʪʘʜʠʡ. 

ʉʥʘʙʞʝʥʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʰʘʛʠ ʦʪ ʚʳʷʚʣʝʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʘʭ ʜʦ ʦʧʣʘʪʳ ʠ ʧʦʣʫʯʝʥʠʷ 

ʪʦʚʘʨʦʚ/ʫʩʣʫʛ ʦʪ ʧʦʩʪʘʚʱʠʢʘ. ʆʙʦʙʱʝʥʥʦ ʮʠʢʣ ʧʨʦʮʝʩʩʘ ʩʥʘʙʞʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʠʧʦʚʳʭ ʵʪʘʧʦʚ: ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʟʘʷʚʢʠ (ʩʧʝʮʠʬʠʢʘʮʠʠ) ʥʘ ʟʘʢʫʧʢʫ, ʘʥʘʣʠʟ ʠ ʚʳʙʦʨ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʘʚʦʢ, 

ʦʬʦʨʤʣʝʥʠʝ ʟʘʢʘʟʘ, ʜʦʩʪʘʚʢʘ, ʧʨʠʝʤʢʘ ʠ ʦʧʣʘʪʘ. ʇʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜ 

ʘʢʮʝʥʪʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʧʦʪʦʢʘʤʠ ʥʘ ʩʪʳʢʝ ʧʨʦʮʝʩʩʦʚ. ʏʝʪʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʠ 

ʚʭʦʜʦʚ/ʚʳʭʦʜʦʚ ʧʨʦʮʝʩʩʘ ʧʦʟʚʦʣʷʝʪ ʩʦʛʣʘʩʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ: ʚʭʦʜ ʦʜʥʦʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ (ʥʘʧʨʠʤʝʨ, 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ) ʩʪʘʥʦʚʠʪʩʷ ʚʳʭʦʜʦʤ ʜʨʫʛʦʛʦ (ʟʘʢʫʧʢʠ). ʊʘʢʞʝ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ (ʦʙʤʝʥ 

ʜʘʥʥʳʤʠ ʦ ʧʦʪʨʝʙʥʦʩʪʷʭ, ʟʘʢʘʟʘʭ, ʧʦʩʪʘʚʢʘʭ) ʥʘʨʷʜʫ ʩ ʬʠʟʠʯʝʩʢʠʤʠ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʧʨʦʮʝʩʩʥʦʛʦ ʧʦʜʭʦʜʘ ï 

ʦʧʪʠʤʠʟʘʮʠʷ ʚʩʝʛʦ ʮʠʢʣʘ çʦʪ ʟʘʷʚʢʠ ʜʦ ʦʧʣʘʪʳè ʢʘʢ ʝʜʠʥʦʛʦ ʮʝʣʦʛʦ, 

ʫʩʪʨʘʥʝʥʠʝ ʨʘʟʨʳʚʦʚ ʤʝʞʜʫ ʵʪʘʧʘʤʠ ʠ ʧʦʚʳʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʩʥʘʙʞʝʥʯʝʩʢʦʡ ʮʝʧʦʯʢʠ. 

ʀʥʪʝʛʨʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʜʝʣʘʝʪ ʫʧʦʨ ʥʘ ʢʦʦʨʜʠʥʘʮʠʶ ʠ ʠʥʪʝʛʨʘʮʠʶ 

ʩʥʘʙʞʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʬʫʥʢʮʠʷʤʠ ʬʠʨʤʳ ʠ ʩ ʚʥʝʰʥʠʤʠ ʢʦʥʪʨʘʛʝʥʪʘʤʠ. 
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ʉʥʘʙʞʝʥʯʝʩʢʘʷ ʣʦʛʠʩʪʠʢʘ ʟʜʝʩʴ ʚʳʩʪʫʧʘʝʪ ʥʝ ʦʙʦʩʦʙʣʝʥʥʦ, ʘ ʢʘʢ ʯʘʩʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʮʝʧʠ ʧʦʩʪʘʚʦʢ, ʛʜʝ ʫʩʧʝʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ 

ʜʝʡʩʪʚʠʡ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ. ʅʘ ʧʨʘʢʪʠʢʝ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʨʘʟʚʠʪʠʠ ʧʘʨʪʥʝʨʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ (ʚʧʣʦʪʴ 

ʜʦ ʠʥʪʝʛʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʦʚʤʝʩʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʝʡ, ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʦ ʟʘʧʘʩʘʭ), ʢʨʦʩʩ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʥʘʙʞʝʥʠʷ ʩ ʦʪʜʝʣʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʬʠʥʘʥʩʘʤʠ, ʩʙʳʪʦʚʳʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ. ɸʚʪʦʨʳ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ 

ʢʦʥʮʝʧʮʠʡ ʧʦʜʯʸʨʢʠʚʘʶʪ, ʯʪʦ ʧʦʤʠʤʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʟʘʢʫʧʢʘʤʠ ʥʝʦʙʭʦʜʠʤ ʬʦʢʫʩ ʥʘ ʫʧʨʘʚʣʝʥʠʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ï ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʤʝʨ ʧʦ ʨʘʟʚʠʪʠʶ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʠ 

ʢʦʦʨʜʠʥʘʮʠʠ ʦʪʥʦʰʝʥʠʡ ʩ ʥʠʤʠ [3]. ʅʘʧʨʠʤʝʨ, ʧʨʘʢʪʠʢʘ SRM (Supplier 

Relationship Management) ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʥʪʝʛʨʘʮʠʶ ʢʣʶʯʝʚʳʭ 

ʧʦʩʪʘʚʱʠʢʦʚ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʢʦʤʧʘʥʠʠ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ 

ʤʝʞʜʫ ʢʦʤʧʘʥʠʝʡ ʠ ʝʸ ʧʦʩʪʘʚʱʠʢʘʤʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʟʜʝʨʞʢʠ 

ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ (ʜʝʬʠʮʠʪʳ, ʠʟʙʳʪʦʯʥʳʝ ʟʘʧʘʩʳ) ʠ ʧʦʚʳʰʘʝʪ 

ʥʘʜʝʞʥʦʩʪʴ ʩʥʘʙʞʝʥʠʷ. 

ʇʨʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʮʝʥʪʨʘʣʴʥʳʤ ʩʯʠʪʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʨʝʟʫʣʴʪʘʪ ʩʥʘʙʞʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʤʠʥʠʤʠʟʘʮʠʷ 

ʩʦʚʦʢʫʧʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʚʣʘʜʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ɿʘʢʫʧʦʯʥʘʷ ʣʦʛʠʩʪʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʝʨʝʟ ʧʨʠʟʤʫ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʢʘʢ ʧʦʣʫʯʠʪʴ ʥʫʞʥʳʝ ʨʝʩʫʨʩʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʠʟʜʝʨʞʢʘʤʠ ʜʣʷ ʢʦʤʧʘʥʠʠ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ 

ï ʦʧʪʠʤʠʟʘʮʠʷ ʩʪʦʠʤʦʩʪʠ ʟʘʢʫʧʦʢ (ʜʦʩʪʠʞʝʥʠʝ ʚʳʛʦʜʥʦʡ ʮʝʥʳ ʫ 

ʧʦʩʪʘʚʱʠʢʘ), ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʭʨʘʥʝʥʠʝ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʟʘʧʘʩʦʚ. ʅʘ ʦʧʝʨʘʪʠʚʥʦʤ ʫʨʦʚʥʝ ʩʶʜʘ 

ʦʪʥʦʩʷʪʩʷ ʤʦʜʝʣʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʢʘʟʘ (EOQ ï ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʟʘʢʘʟʘ), ʘʥʘʣʠʟ ʩʦʚʦʢʫʧʥʦʡ ʩʪʦʠʤʦʩʪʠ ʚʣʘʜʝʥʠʷ 

(Total Cost of Ownership) ʧʨʠ ʚʳʙʦʨʝ ʧʦʩʪʘʚʱʠʢʦʚ, ʢʦʥʪʨʦʣʴ ʙʶʜʞʝʪʘ 

ʟʘʢʫʧʦʢ ʠ ʪ.ʧ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʧʦʥʷʪʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʮʝʣʴʶ ʩʥʘʙʞʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʤʘʢʩʠʤʠʟʘʮʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

çʮʝʥʥʦʩʪʴ/ʩʪʦʠʤʦʩʪʴè. ʉʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʨʳ ʠʥʪʝʛʨʠʨʫʶʪ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʘʩʧʝʢʪ ʚ ʦʧʨʝʜʝʣʝʥʠʝ ʣʦʛʠʩʪʠʢʠ ʩʥʘʙʞʝʥʠʷ ï ʫʢʘʟʳʚʘʷ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʫʞʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦ ʦʧʪʠʤʘʣʴʥʦʡ ʮʝʥʝ ʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ ʨʝʩʫʨʩʦʚ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʣʞʥʦ ʜʦʩʪʠʛʘʪʴʩʷ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʩʫʤʤʘʨʥʳʤʠ ʟʘʪʨʘʪʘʤʠ 

ʜʣʷ ʬʠʨʤʳ, ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʦʩʪʘʚʦʢ. 

ʎʝʥʥʦʩʪʥʳʡ (ʘʢʩʠʦʣʦʛʠʯʝʩʢʠʡ) ʧʦʜʭʦʜ ʜʝʣʘʝʪ ʘʢʮʝʥʪ ʥʘ ʪʦʤ, ʢʘʢʫʶ 

ʮʝʥʥʦʩʪʴ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʧʦʪʨʝʙʠʪʝʣʷ ʩʦʟʜʘʝʪ ʬʫʥʢʮʠʷ 

ʩʥʘʙʞʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʯʠʩʪʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʛʜʝ ʚʦ ʛʣʘʚʫ ʫʛʣʘ 

ʩʪʘʚʷʪʩʷ ʠʟʜʝʨʞʢʠ ʢʦʤʧʘʥʠʠ, ʮʝʥʥʦʩʪʥʳʡ ʧʦʜʭʦʜ ʰʠʨʝ ï ʦʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪ 

ʚʢʣʘʜ ʩʥʘʙʞʝʥʠʷ ʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʫʶ ʮʝʥʥʦʩʪʴ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 
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ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚʳʙʦʨ ʧʦʩʪʘʚʱʠʢʘ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʪʦʚʘʨʘ ʠ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʨʠʥʝʩʝʪ ʢʦʤʧʘʥʠʠ 

ʙʦʣʴʰʫʶ ʧʨʠʙʳʣʴ, ʜʘʞʝ ʝʩʣʠ ʠʟʥʘʯʘʣʴʥʦ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʦʨʦʞʝ. 

ʉʥʘʙʞʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʢʘʢ ʢʘʯʝʩʪʚʦ, 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʠʥʥʦʚʘʮʠʦʥʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʚʳʚʦʜʘ ʥʘ ʨʳʥʦʢ ï ʚʩʝ ʵʪʦ 

ʮʝʥʥʦ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ, ʢʘʯʝʩʪʚʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ 

ʩʥʘʙʞʝʥʠʷ ʧʨʷʤʦ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʮʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʠ ʨʳʥʦʯʥʦʤ ʫʩʧʝʭʝ 

ʬʠʨʤʳ. ʎʝʥʥʦʩʪʥʳʡ ʧʦʜʭʦʜ ʦʨʠʝʥʪʠʨʫʝʪ ʩʣʫʞʙʫ ʩʥʘʙʞʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʧʣʘʥʦʚ ʧʦ ʟʘʢʫʧʢʘʤ, ʥʦ ʠ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʢʣʠʝʥʪʦʚ ï ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʘ ʯʝʨʝʟ ʥʠʭ ʠ ʢʦʥʝʯʥʳʭ ʚʥʝʰʥʠʭ ʢʣʠʝʥʪʦʚ ʢʦʤʧʘʥʠʠ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʥʘʙʞʝʥʠʷ ʠʟʤʝʨʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʵʢʦʥʦʤʠʝʡ ʩʨʝʜʩʪʚ, ʥʦ ʠ ʪʝʤ, ʥʘʩʢʦʣʴʢʦ ʩʥʘʙʞʝʥʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ 

ʧʦʪʨʝʙʥʦʩʪʠ ʨʳʥʢʘ. 

ɺ ʨʘʤʢʘʭ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʣʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʬʫʥʢʮʠʷ, ʬʦʨʤʠʨʫʶʱʘʷ 

ʜʦʣʛʦʩʨʦʯʥʳʝ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʧʘʥʠʠ. ʉʥʘʙʞʝʥʠʝ 

ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʶ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ: ʚʳʙʦʨ 

ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʚʳʩʪʨʘʠʚʘʥʠʝ ʮʝʧʦʯʝʢ ʧʦʩʪʘʚʦʢ ʫʚʷʟʳʚʘʶʪʩʷ ʩ ʦʙʱʠʤʠ 

ʮʝʣʷʤʠ ʬʠʨʤʳ ï ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʠʟʥʝʩʘ, ʛʠʙʢʦʩʪʠ ʚ 

ʨʝʘʛʠʨʦʚʘʥʠʠ ʥʘ ʠʟʤʝʥʝʥʠʷ ʨʳʥʢʘ, ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʚʳʭʦʜʘ ʥʘ 

ʥʦʚʳʝ ʨʳʥʢʠ ʠ ʪ.ʜ. ʉʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʥʷʪʠʷʭ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʩʦʨʩʠʥʛ (strategic sourcing) ï ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʦʩʪʘʚʱʠʢʦʚ, ʠ ʢʘʪʝʛʦʨʠʡʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʟʘʢʫʧʢʘʤʠ ï ʨʘʟʨʘʙʦʪʢʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ ʩʥʘʙʞʝʥʠʷ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʘʞʥʦʩʪʠ ʠ ʨʠʩʢʦʚ. 

ʊʘʢ, ʜʣʷ ʢʣʶʯʝʚʳʭ, ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʨʝʩʫʨʩʦʚ ʢʦʤʧʘʥʠʷ ʤʦʞʝʪ 

ʚʳʩʪʨʘʠʚʘʪʴ ʧʘʨʪʥʝʨʩʢʠʝ ʦʪʥʦʰʝʥʠʷ, ʜʦʣʛʦʩʨʦʯʥʳʝ ʢʦʥʪʨʘʢʪʳ, 

ʩʦʚʤʝʩʪʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ, ʘ ʜʣʷ ʤʘʩʩʦʚʳʭ ʩʪʘʥʜʘʨʪʥʳʭ 

ʪʦʚʘʨʦʚ ï ʧʨʠʤʝʥʷʪʴ ʢʦʥʢʫʨʝʥʪʥʳʝ ʟʘʢʫʧʢʠ ʠ ʘʛʨʝʩʩʠʚʥʦʝ ʩʥʠʞʝʥʠʝ ʮʝʥ. ɺ 

ʠʟʚʝʩʪʥʦʡ ʤʦʜʝʣʠ ʤʘʪʨʠʮʳ ʂʨʘʣʠʯʘ (Kraljic Matrix) ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʚʩʝ ʟʘʢʫʧʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʜʚʫʤ ʧʘʨʘʤʝʪʨʘʤ: 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʙʳʣʴ ʠ ʨʠʩʢ ʧʦʩʪʘʚʢʠ, ï ʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʯʝʪʳʨʝʭ ʢʘʪʝʛʦʨʠʡ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʶ ʩʪʨʘʪʝʛʠʶ (ʥʘʧʨʠʤʝʨ, Partnership & SRM ʜʣʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʩ ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ, Leverage Competition ʜʣʷ 

ʚʘʞʥʳʭ, ʥʦ ʜʦʩʪʫʧʥʳʭ ʧʦʟʠʮʠʡ ʠ ʪ.ʜ.). 
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ʈʠʩʫʥʦʢ 1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʪʝʛʦʨʠʡ ʟʘʢʫʧʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʨʠʩʢʘ ʧʦʩʪʘʚʢʠ 

ʠ ʚʣʠʷʥʠʷ ʥʘ ʧʨʠʙʳʣʴ (ʤʘʪʨʠʮʘ ʩʪʨʘʪʝʛʠʡ ʩʥʘʙʞʝʥʠʷ) 

ɼʣʷ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʪʨʘʪʝʛʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʥʘʙʞʝʥʠʝʤ (ʧʘʨʪʥʝʨʩʪʚʦ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ 

ʠʩʪʦʯʥʠʢʦʚ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʨ.), ʯʪʦ 

ʦʪʨʘʞʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʣʦʛʠʩʪʠʢʝ ʩʥʘʙʞʝʥʠʷ. 

ʉʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʨʝʰʝʥʠʷ ʚ ʩʬʝʨʝ ʩʥʘʙʞʝʥʠʷ 

ʧʨʠʥʠʤʘʶʪʩʷ ʩ ʨʘʩʯʸʪʦʤ ʥʘ ʜʦʣʛʦʩʨʦʯʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʠ ʥʘ ʦʩʥʦʚʝ 

ʰʠʨʦʢʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩʢʦʚ, ʨʳʥʦʯʥʦʡ ʢʦʥʲʶʥʢʪʫʨʳ, ʵʢʦʥʦʤʠʢʠ ʦʪʨʘʩʣʠ). 

ʉʥʘʙʞʝʥʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ï ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ 

ʯʘʩʪʴʶ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʮʝʧʷʤʠ ʧʦʩʪʘʚʦʢ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʢʦʤʧʘʥʠʷʭ ʜʦʣʞʥʦʩʪʴ ʜʠʨʝʢʪʦʨʘ ʧʦ ʩʥʘʙʞʝʥʠʶ (Chief 

Procurement Officer) ʚʭʦʜʠʪ ʚ ʚʳʩʰʝʝ ʨʫʢʦʚʦʜʩʪʚʦ, ʘ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʩʪʘʚʱʠʢʘʤʠ ʠ ʟʘʧʘʩʘʤʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʦʙʱʠʡ ʙʠʟʥʝʩ-ʧʣʘʥ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʵʣʝʤʝʥʪʳ ʚʩʝʭ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʥʦ ʘʢʮʝʥʪʠʨʫʝʪ ʜʦʣʛʦʩʨʦʯʥʫʶ ʮʝʥʥʦʩʪʴ ʠ 

ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʛʨʘʤʦʪʥʘʷ ʣʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ 

ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʪʴ ʢʦʤʧʘʥʠʠ. ʋʯʠʪʳʚʘʷ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ, ʦʪʨʘʞʘʶʱʝʝ 

ʩʦʚʨʝʤʝʥʥʳʡ ʚʟʛʣʷʜ ʥʘ ʣʦʛʠʩʪʠʢʫ ʩʥʘʙʞʝʥʠʷ. ʃʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ ï ʵʪʦ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʫʧʦʯʥʳʤ ʧʨʦʮʝʩʩʦʤ 

ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ, ʥʘʮʝʣʝʥʥʘʷ ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʠ 

ʵʬʬʝʢʪʠʚʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʝʩʫʨʩʘʤʠ ʪʨʝʙʫʝʤʦʛʦ 

ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. 
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ɼʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʜʠʥʷʝʪ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ: ʩʥʘʙʞʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ (ʠʣʠ ʧʨʦʮʝʩʩ), ʦʭʚʘʪʳʚʘʶʱʘʷ ʚʩʝ ʵʪʘʧʳ ʦʪ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʜʦ ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ; 

ʫʧʨʘʚʣʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʦʡ ʚʢʣʶʯʘʝʪ ʢʘʢ ʦʧʝʨʘʪʠʚʥʳʝ ʬʫʥʢʮʠʠ (ʟʘʢʫʧʢʠ, 

ʧʦʩʪʘʚʢʠ, ʟʘʧʘʩʳ), ʪʘʢ ʠ ʨʘʙʦʪʫ ʩ ʚʥʝʰʥʠʤʠ ʧʘʨʪʥʝʨʘʤʠ (ʧʦʩʪʘʚʱʠʢʘʤʠ) ʥʘ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʦʩʥʦʚʝ. ʉʪʨʘʪʝʛʠʯʝʩʢʘʷ ʦʨʠʝʥʪʘʮʠʷ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʝʰʝʥʠʷ ʚ 

ʩʬʝʨʝ ʩʥʘʙʞʝʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʤʠʩʩʠʝʡ ʠ ʮʝʣʷʤʠ ʢʦʤʧʘʥʠʠ, ʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʵʢʦʥʦʤʠʠ, ʥʦ ʠ ʧʦ 

ʚʢʣʘʜʫ ʚ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʙʠʟʥʝʩʘ ʚ ʮʝʣʦʤ. ʆʧʪʠʤʘʣʴʥʦʩʪʴ ʟʘʪʨʘʪ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʩʪʦʠʤʦʩʪʴʶ ʧʨʠʦʙʨʝʪʘʝʤʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʮʝʥʥʦʩʪʴʶ, ʢʦʪʦʨʫʶ ʦʥʠ ʧʨʠʚʥʦʩʷʪ: ʟʘʜʘʯʘ ʩʥʘʙʞʝʥʠʷ ï ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʠʟʜʝʨʞʢʠ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʣʦʛʠʩʪʠʢʘ ʩʥʘʙʞʝʥʠʷ ʚ ʢʦʤʧʘʥʠʠ ï ʵʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʩʚʷʟʫʶʱʘʷ ʚʥʝʰʥʠʭ ʧʦʩʪʘʚʱʠʢʦʚ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ, ʠ 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʩʦʟʜʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ, ʵʢʦʥʦʤʠʯʥʦʡ ʠ ʛʠʙʢʦʡ ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʩʪʨʘʪʝʛʠʠ. 
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ɿʠʥʯʝʥʢʦ ɺ.ɺ. 
ʌɻʆʋ ɺʆ ʉʦʯʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʉʦʯʠ, ʈʦʩʩʠʷ 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ ʦʪ ʚʥʝʜʨʝʥʠʷ service desk 

ʩʠʩʪʝʤʳ ʚ ʦʪʜʝʣ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʚʷʟʠ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʵʬʬʝʢʪʦʚ ʦʪ 

ʚʥʝʜʨʝʥʠʷ Service Desk ʩʠʩʪʝʤʳ ʚ ʦʪʜʝʣ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʚʷʟʠ. 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʢʣʶʯʝʚʳʝ ʤʝʪʨʠʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʦʜʜʝʨʞʢʠ, ʘ ʪʘʢʞʝ 

ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʩʧʝʰʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

Service Desk ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʀʊ-ʫʩʣʫʛʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Service Desk, ITSM, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, SLA, 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ. 

 

Zinchenko V.V. 
 

Forecasting the effects of implementing service desk system in the 

department of information technology and communications 
 

Abstract: In the article considers approaches to predicting the effects of implementing 

Service Desk system in the department of information technology and communication. 

the key efficiency metrics, organizational and economic consequences of automation of 

support processes, as well as the factors influencing the success of the implementation. 

The necessity of Service Desk as a tool for improving the quality of service and IT 

service management is justified. quality of service and IT service management. 

Key words: Service Desk, ITSM, information technologies, SLA, business processes, 

technologies, SLA, business processes. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʀʊ-ʧʨʦʮʝʩʩʦʚ ʠ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ 

ʚʥʫʪʨʝʥʥʠʤ ʠ ʚʥʝʰʥʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ Service Desk 

ʩʠʩʪʝʤʳ ð ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʣʫʞʙʳ ʧʦʜʜʝʨʞʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʮʠʜʝʥʪʦʚ, 

ʟʘʧʨʦʩʦʚ ʠ ʠʟʤʝʥʝʥʠʡ. 

ʈʦʣʴ Service Desk ʚ ʦʨʛʘʥʠʟʘʮʠʠ. Service Desk ð ʵʪʦ ʝʜʠʥʘʷ ʪʦʯʢʘ 

ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʀʊ-ʦʪʜʝʣʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ, ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʥʪʨʦʣʷ ʟʘʷʚʦʢ ʠ ʠʥʮʠʜʝʥʪʦʚ. ʉʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʨʫʪʠʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʫʧʦʨʷʜʦʯʠʚʘʝʪ ʢʦʤʤʫʥʠʢʘʮʠʶ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʨʘʙʦʪʳ ʩʣʫʞʙʳ ʧʦʜʜʝʨʞʢʠ [1, c. 27]. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ Service Desk: 

ʇʨʠʝʤ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʨʘʱʝʥʠʡ; 
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ʄʘʨʰʨʫʪʠʟʘʮʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ; 

ʂʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ ʠ ʩʦʙʣʶʜʝʥʠʷ SLA; 

ɸʥʘʣʠʪʠʢʘ ʠ ʦʪʯʝʪʥʦʩʪʴ ʧʦ ʨʘʙʦʪʝ ʩʣʫʞʙʳ ʧʦʜʜʝʨʞʢʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ Service Desk ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʀʊ-ʫʩʣʫʛ ʠ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʟʘʪʨʘʪ ʠ 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʀʊ-ʧʝʨʩʦʥʘʣʘ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʚʥʝʜʨʝʥʠʷ. 

 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ ʚʥʝʜʨʝʥʠʷ Service Desk ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʪʝʢʫʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʀʊ-ʦʪʜʝʣʘ ʠ 

ʦʞʠʜʘʝʤʳʭ ʫʣʫʯʰʝʥʠʡ ʧʦʩʣʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ 

ʤʝʪʦʜʦʣʦʛʠʠ: 

ɸʥʘʣʠʟ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ, ʫʨʦʚʝʥʴ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ, ʥʘʛʨʫʟʢʘ ʥʘ ʩʦʪʨʫʜʥʠʢʦʚ; 

ʆʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ KPI (ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ); 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʩʯʝʪ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ; 

ʋʯʝʪ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʝ ʚʩʝʛʜʘ 

ʩʚʦʜʠʪʩʷ ʢ ʧʨʷʤʦʡ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʴ ʠʭ 

ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʧʦʣʥʦʩʪʴʶ ʟʘʛʨʫʞʝʥʘ. ʇʦʵʪʦʤʫ ʧʨʦʛʥʦʟʳ 

ʜʦʣʞʥʳ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ 

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (KPI) Service Desk.  

ʄʝʪʨʠʢʠ ʜʣʷ Service Desk ʜʦʣʞʥʳ ʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ: ʚʨʝʤʝʥʠ 

ʦʪʚʝʪʘ, ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʚʳʧʦʣʥʝʥʠʠ SLA. [2, ʨʘʟʜʝʣ 8.2.3]. 

 

ɼʣʷ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʥʝʜʨʝʥʠʷ Service Desk 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ KPI: 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʠʥʮʠʜʝʥʪʘ (Average Resolution Time); 

ʇʨʦʮʝʥʪ ʟʘʷʚʦʢ, ʨʝʰʝʥʥʳʭ ʥʘ ʧʝʨʚʦʡ ʣʠʥʠʠ ʧʦʜʜʝʨʞʢʠ (First Line 

Resolution Rate); 

ʋʨʦʚʝʥʴ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (Customer Satisfaction 

Score); 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʩʨʦʯʝʥʥʳʭ ʟʘʷʚʦʢ; 

ʉʦʙʣʶʜʝʥʠʝ ʩʦʛʣʘʰʝʥʠʡ ʦʙ ʫʨʦʚʥʝ ʩʝʨʚʠʩʘ (SLA Compliance); 

ɿʘʛʨʫʟʢʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʩʣʫʞʙʳ ʧʦʜʜʝʨʞʢʠ ʠ ʚʳʷʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ. 

ʈʦʣʴ SLA ʠ KPI ʚ ʩʠʩʪʝʤʝ Service Desk 
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SLA (Service Level Agreement) ð ʉʦʛʣʘʰʝʥʠʝ ʦʙ ʋʨʦʚʥʝ ʋʩʣʫʛ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʛʣʘʰʝʥʠʝ ʤʝʞʜʫ ʀʊ-ʦʨʛʘʥʠʟʘʮʠʝʡ ʠ ʟʘʢʘʟʯʠʢʦʤ, ʚ 

ʢʦʪʦʨʦʤ ʧʦʜʨʦʙʥʦ ʦʛʦʚʦʨʝʥʳ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʫʩʣʫʛʠ. ɼʘʥʥʦʝ 

ʩʦʛʣʘʰʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʫʩʣʫʛʠ ʚ ʥʝʪʝʭʥʠʯʝʩʢʠʭ ʪʝʨʤʠʥʘʭ, ʥʘ ʫʨʦʚʥʝ 

ʧʦʥʠʤʘʥʠʷ ʟʘʢʘʟʯʠʢʘ, ʠ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʜʝʡʩʪʚʠʷ ʩʦʛʣʘʰʝʥʠʷ ʦʥʦ ʷʚʣʷʝʪʩʷ 

ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʦʮʝʥʢʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʀʊ-ʩʝʨʚʠʩʦʚ. ʉʦʛʣʘʰʝʥʠʝ ʦʙʳʯʥʦ 

ʠʤʝʝʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʘʧʨʠʤʝʨ, ʫʩʣʫʛʠ ʦʙʱʝʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʪʘʢʠʝ ʢʘʢ ʩʝʪʝʚʳʝ ʫʩʣʫʛʠ ʠ ʫʩʣʫʛʠ ʩʣʫʞʙʳ Service Desk, ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʣʷ 

ʚʩʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʪʚʝʨʞʜʘʶʪʩʷ ʨʫʢʦʚʦʜʩʪʚʦʤ. ʋʩʣʫʛʠ ʙʦʣʝʝ 

ʢʦʥʢʨʝʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʙʠʟʥʝʩ-ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʩʦʛʣʘʩʫʶʪʩʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʥʘʧʨʠʤʝʨ, ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ ʙʠʟʥʝʩ-

ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʚʣʘʜʝʣʴʮʝʤ ʙʶʜʞʝʪʘ ʠʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʟʘʢʘʟʯʠʢʘ. [1, c. 

29]. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ SLA: 

ʂʦʥʢʨʝʪʥʦʩʪʴ ʠ ʠʟʤʝʨʠʤʦʩʪʴ ð ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʯʝʪʢʦ 

ʦʧʠʩʘʥʳ ʠ ʣʝʛʢʦ ʠʟʤʝʨʠʤʳ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʜʚʫʩʤʳʩʣʝʥʥʦʩʪʴ. 

ʇʨʦʟʨʘʯʥʦʩʪʴ ð ʟʘʢʘʟʯʠʢ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʚʳʧʦʣʥʝʥʠʝ SLA, ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʦʪʯʝʪʳ ʚ ITSM-ʩʠʩʪʝʤʝ. 

ɼʦʩʪʠʞʠʤʦʩʪʴ ð ʮʝʣʠ SLA ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʩʪʠʯʥʳʤʠ, ʯʪʦʙʳ ʥʝ 

ʜʝʤʦʪʠʚʠʨʦʚʘʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʦʙʷʟʘʪʝʣʴʩʪʚ. 

ʈʝʣʝʚʘʥʪʥʦʩʪʴ ð SLA ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʦʥʢʨʝʪʥʦʡ ʫʩʣʫʛʝ ʠ 

ʙʠʟʥʝʩ-ʧʦʪʨʝʙʥʦʩʪʷʤ ʢʣʠʝʥʪʘ. 

ʉʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ð ʚ SLA ʧʨʦʧʠʩʳʚʘʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ, 

ʥʘʧʨʠʤʝʨ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʠ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʨʚʠʩʘ. 

ɼʣʷ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʧʦʜʜʝʨʞʢʠ (ʧʝʨʚʘʷ, ʚʪʦʨʘʷ, ʪʨʝʪʴʷ ʣʠʥʠʷ) 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ SLA ʩ ʨʘʟʥʳʤʠ ʮʝʣʝʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, 

ʫʯʠʪʳʚʘʶʱʠʤʠ ʩʣʦʞʥʦʩʪʴ ʠ ʧʨʠʦʨʠʪʝʪ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʧʨʦʩʪʳʝ ʟʘʧʨʦʩʳ 

ʧʝʨʚʦʡ ʣʠʥʠʠ ʨʝʰʘʶʪʩʷ ʟʘ 1ï2 ʯʘʩʘ, ʙʦʣʝʝ ʩʣʦʞʥʳʝ ð ʟʘ ʩʫʪʢʠ ʠ ʙʦʣʝʝ. 

ʏʪʦ ʪʘʢʦʝ KPI ʠ ʠʭ ʟʥʘʯʝʥʠʝ 

KPI (Key Performance Indicators) ð ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʠʟʤʝʨʷʪʴ, ʥʘʩʢʦʣʴʢʦ ʫʩʧʝʰʥʦ Service 

Desk ʚʳʧʦʣʥʷʝʪ ʩʚʦʠ ʬʫʥʢʮʠʠ ʠ ʩʦʙʣʶʜʘʝʪ SLA. KPI ʧʦʟʚʦʣʷʶʪ: 

ʆʮʝʥʠʚʘʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʠ ʨʝʰʝʥʠʷ ʟʘʷʚʦʢ (MTTR). 

ʀʟʤʝʨʷʪʴ ʜʦʣʶ ʟʘʷʚʦʢ, ʨʝʰʸʥʥʳʭ ʧʨʠ ʧʝʨʚʦʤ ʦʙʨʘʱʝʥʠʠ (First Call 

Resolution). 

ʂʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (CSAT). 

ʆʪʩʣʝʞʠʚʘʪʴ ʧʨʦʮʝʥʪ ʟʘʷʚʦʢ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʘʤʢʘʭ SLA. 

KPI ʩʣʫʞʘʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ, ʘʥʘʣʠʟʘ ʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʤʦʪʠʚʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ. 

ɺʟʘʠʤʦʩʚʷʟʴ SLA ʠ KPI 

SLA ʟʘʜʘʸʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʘ KPI ʠʟʤʝʨʷʶʪ ʬʘʢʪʠʯʝʩʢʦʝ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ. 
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KPI ʧʦʤʦʛʘʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʙʣʶʜʝʥʠʝ SLA ʠ ʚʳʷʚʣʷʪʴ ʧʨʠʯʠʥʳ 

ʦʪʢʣʦʥʝʥʠʡ. 

ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ SLA ʠ KPI ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʨʘʙʦʪʳ Service Desk ʠ ʧʦʤʦʛʘʝʪ ʫʧʨʘʚʣʷʪʴ ʦʞʠʜʘʥʠʷʤʠ ʢʣʠʝʥʪʦʚ. 

SLA ʠ KPI ð ʢʣʶʯʝʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ IT-ʫʩʣʫʛ 

ʚ Service Desk. SLA ʬʦʨʤʠʨʫʶʪ ʜʦʛʦʚʦʨʥʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʠ ʦʞʠʜʘʥʠʷ 

ʟʘʢʘʟʯʠʢʘ, ʘ KPI ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʨʦʣʴ ʠ ʤʦʪʠʚʘʮʠʶ ʜʣʷ ʠʭ 

ʚʳʧʦʣʥʝʥʠʷ. ʀʭ ʛʨʘʤʦʪʥʦʝ ʩʦʯʝʪʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ IT-ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʠʟʥʝʩʦʤ. 

 

ʇʨʦʛʥʦʟʠʨʫʝʤʳʝ ʵʬʬʝʢʪʳ ʚʥʝʜʨʝʥʠʷ Service Desk: 

ʇʦʚʳʰʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ 

ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʥʘ 

ʠʥʮʠʜʝʥʪʳ, ʧʦʚʳʩʠʪʴ ʜʦʣʶ ʦʙʨʘʱʝʥʠʡ, ʨʝʰʘʝʤʳʭ ʥʘ ʧʝʨʚʦʡ ʣʠʥʠʠ, ʠ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʡ. ʕʪʦ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʧʦʚʪʦʨʥʳʭ ʦʙʨʘʱʝʥʠʡ [1, c. 56]. 

ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ ʀʊ-ʧʝʨʩʦʥʘʣʘ. Service Desk ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʩʦʪʨʫʜʥʠʢʘʤʠ, ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʝʩʫʨʩʳ. ʕʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʧʝʨʝʛʨʫʟʢʠ ʠ ʧʨʦʩʪʦʝʚ, ʧʦʚʳʰʘʷ ʦʙʱʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʘ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʉʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʟʘʪʨʘʪ. ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʵʢʦʥʦʤʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʠ ʟʘʛʨʫʟʢʫ ʧʝʨʩʦʥʘʣʘ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʟʘʚʳʰʝʥʥʳʭ ʦʞʠʜʘʥʠʡ. 

ʋʣʫʯʰʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ. ʉʠʩʪʝʤʘ 

ʬʦʨʤʠʨʫʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦ ʚʩʝʤ ʦʙʨʘʱʝʥʠʷʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʩʣʫʞʙʳ ʧʦʜʜʝʨʞʢʠ, 

ʚʳʷʚʣʷʪʴ ʫʟʢʠʝ ʤʝʩʪʘ ʠ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ. 

ɺʣʠʷʥʠʝ ʥʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʦʨʛʘʥʠʟʘʮʠʠ. ɺʥʝʜʨʝʥʠʝ Service Desk 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʜʝʣʘʷ ʠʭ ʙʦʣʝʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤʠ, 

ʧʨʦʟʨʘʯʥʳʤʠ ʠ ʫʧʨʘʚʣʷʝʤʳʤʠ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ 

ʦʩʚʦʙʦʞʜʘʝʪ ʚʨʝʤʷ ʩʦʪʨʫʜʥʠʢʦʚ ʜʣʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠʥʠʮʠʘʪʠʚ, ʫʣʫʯʰʘʝʪ 

ʢʦʤʤʫʥʠʢʘʮʠʶ ʤʝʞʜʫ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʠ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʤʧʘʥʠʠ. 

ʈʠʩʢʠ ʠ ʚʳʟʦʚʳ ʧʨʠ ʚʥʝʜʨʝʥʠʠ. ɺʥʝʜʨʝʥʠʝ Service Desk-ʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʩʦʧʨʷʞʸʥʥʳʡ ʩ ʨʷʜʦʤ ʨʠʩʢʦʚ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʫʩʧʝʰʥʦʩʪʴ ʧʨʦʝʢʪʘ 

ʠ ʜʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ.  
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ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʚʳʟʦʚʦʚ ʷʚʣʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤ ʩʦ 

ʩʪʦʨʦʥʳ ʩʦʪʨʫʜʥʠʢʦʚ. ʃʶʜʠ ʧʨʠʚʳʢʣʠ ʢ ʫʩʪʦʷʚʰʠʤʩʷ ʤʝʪʦʜʘʤ ʨʘʙʦʪʳ, ʠ 

ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ ʧʨʦʮʝʜʫʨ, ʪʨʝʙʫʶʱʠʭ ʦʙʷʟʘʪʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʚʩʝʭ 

ʦʙʨʘʱʝʥʠʡ ʠ ʧʨʦʟʨʘʯʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʯʘʩʪʦ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʩʚʦʙʦʜʳ. ʆʩʦʙʝʥʥʦ ʵʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʦʣʣʝʢʪʠʚʦʚ ʩ ʜʣʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʝʡ ʠ ʥʝʬʦʨʤʘʣʴʥʦʡ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʢʫʣʴʪʫʨʦʡ, ʛʜʝ ʣʶʙʳʝ ʧʦʧʳʪʢʠ ʬʦʨʤʘʣʠʟʘʮʠʠ ʤʦʛʫʪ 

ʚʳʟʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʢʦʥʬʣʠʢʪʳ ʠ ʜʘʞʝ ʩʘʙʦʪʘʞ. ʂʨʦʤʝ ʪʦʛʦ, ʚʥʝʜʨʝʥʠʝ 

Service Desk ʟʘʯʘʩʪʫʶ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʦʨʛʘʥʠʟʘʮʠʝʡ ʩʪʨʫʢʪʫʨʳ ʩʣʫʞʙʳ 

ʧʦʜʜʝʨʞʢʠ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʦʣʝʡ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʦʧʘʩʝʥʠʷ ʫ ʧʝʨʩʦʥʘʣʘ ʠ ʨʫʢʦʚʦʜʩʪʚʘ, ʦʧʘʩʘʶʱʝʛʦʩʷ ʧʦʪʝʨʠ ʢʦʥʪʨʦʣʷ. 

ʉ ʪʝʭʥʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ ʦʜʥʦʡ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ 

ʧʦʧʳʪʢʘ ʥʘʣʦʞʠʪʴ ʩʠʩʪʝʤʫ ʥʘ ʫʩʪʘʨʝʚʰʠʝ ʠ ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ ʙʝʟ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʕʪʦ ʚʝʜʸʪ ʢ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ, ʯʪʦ ʥʝ ʫʣʫʯʰʘʝʪ, ʘ ʟʘʯʘʩʪʫʶ 

ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʨʘʙʦʪʢʘ ʪʨʝʙʦʚʘʥʠʡ ʠ 

ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʝʩʷ ʟʘʜʘʯʠ ʚ ʭʦʜʝ ʚʥʝʜʨʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʟʘʪʷʛʠʚʘʥʠʶ 

ʩʨʦʢʦʚ ʠ ʧʝʨʝʨʘʩʭʦʜʫ ʙʶʜʞʝʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʛʨʘʮʠʷ Service Desk ʩ ʫʞʝ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ CRM ʠʣʠ ERP, 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʦʡ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʡ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚʨʝʤʝʥʠ. ʅʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʚʥʝʜʨʝʥʠʷ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʪʘʢ ʢʘʢ ʩʦʪʨʫʜʥʠʢʠ ʪʨʘʪʷʪ ʙʦʣʴʰʝ 

ʚʨʝʤʝʥʠ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʦʪʩʣʝʞʠʚʘʥʠʝ ʟʘʷʚʦʢ, ʯʪʦ ʚʨʝʤʝʥʥʦ ʩʥʠʞʘʝʪ 

ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʶʪʩʷ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ 

ʜʘʥʥʳʭ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠ ʣʦʢʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʠʣʠ 

ʦʙʣʘʯʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʩʫʱʝʩʪʚʫʝʪ ʫʛʨʦʟʘ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʠʙʝʨʘʪʘʢ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʙʦʝʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʢʦʤʧʘʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʟʘʚʠʩʠʤʦʡ ʦʪ ʥʘʜʝʞʥʦʩʪʠ ʠ ʧʦʣʠʪʠʢʠ ʧʦʩʪʘʚʱʠʢʘ, ʯʪʦ ʤʦʞʝʪ 

ʩʦʟʜʘʪʴ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʩʤʝʥʝ ʚʝʥʜʦʨʘ ʠʣʠ ʦʪʢʘʟʝ ʦʪ ʫʩʣʫʛʠ. ʉʦʮʠʘʣʴʥʳʝ 

ʙʘʨʴʝʨʳ ʪʘʢʞʝ ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ. ʅʝ ʚʩʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʠ ʢʣʠʝʥʪʳ 

ʛʦʪʦʚʳ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʠ ʙʝʟ ʜʦʣʞʥʦʡ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʦʙʫʯʝʥʠʷ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʥʝʛʘʪʠʚʥʫʶ ʨʝʘʢʮʠʶ ʠ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʠ. 

 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʩʧʝʰʥʦʤʫ ʚʥʝʜʨʝʥʠʶ 

 

ʇʨʦʚʝʜʝʥʠʝ ʜʝʪʘʣʴʥʦʛʦ ʘʫʜʠʪʘ ʪʝʢʫʱʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ; 

ɺʳʙʦʨ ʛʠʙʢʦʡ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ; 

ʈʘʟʨʘʙʦʪʢʘ ʧʦʵʪʘʧʥʦʛʦ ʧʣʘʥʘ ʚʥʝʜʨʝʥʠʷ ʩ ʫʯʝʪʦʤ ʘʜʘʧʪʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

ʆʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʠ ʧʦʩʪʦʷʥʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʩ ʢʦʤʘʥʜʦʡ; 
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ʄʦʥʠʪʦʨʠʥʛ ʠ ʨʝʛʫʣʷʨʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʧʨʦʮʝʩʩʦʚ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ ʦʪ ʚʥʝʜʨʝʥʠʷ Service Desk ʩʠʩʪʝʤʳ ʚ 

ʦʪʜʝʣ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʥʥʦ 

ʧʣʘʥʠʨʦʚʘʪʴ ʠʥʚʝʩʪʠʮʠʠ ʠ ʦʞʠʜʘʪʴ ʢʦʥʢʨʝʪʥʳʭ ʫʣʫʯʰʝʥʠʡ ʚ ʨʘʙʦʪʝ ʀʊ-

ʩʣʫʞʙʳ ʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ ʦʨʛʘʥʠʟʘʮʠʠ. ʂʣʶʯʝʚʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʩʪʘʥʦʚʷʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʩʫʨʩʦʚ, 

ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʠ ʫʣʫʯʰʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. ʋʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ 

ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʩʧʝʮʠʬʠʢʫ ʢʦʤʧʘʥʠʠ ʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʜʦʩʪʠʞʝʥʠʝʤ ʮʝʣʝʡ.[4] 
 ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 
1. ɺʘʥ ɹʦʥ ʗʥ. ʆʩʥʦʚʳ ʫʧʨʘʚʣʝʥʠʷ IT-ʫʩʣʫʛʘʤʠ ʩ ITIL 4. ð ʉ. 27-29. 

2. ISO/IEC 20000-2:2019 ï ʨʘʟʜʝʣ 8.2.3 

3. ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʠʟʜʘʥʠʝ itWeek [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://www.itweek.ru 
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ɿʠʥʯʝʥʢʦ ɺ.ɺ., ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ ʌɻʆʋ ɺʆ ʉʦʯʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʉʦʯʠ, ʈʦʩʩʠʷ 
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ɻʦʨʯʘʢʦʚʘ ɽ.ʀ., ʉʪʨʦʛʘʥʦʚʘ ʃ.ɸ., ʃʘʧʠʥʘ ʅ.ɽ. 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

ʀʥʢʣʶʟʠʚʥʳʝ ʜʝʪʩʢʠʝ ʧʣʦʱʘʜʢʠ 
 
ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠʛʨʦʚʳʭ ʧʣʦʱʘʜʦʢ ʜʣʷ ʜʝʪʝʡ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʩʜʝʣʘʥ ʘʢʮʝʥʪ ʥʘ ʠʥʢʣʶʟʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʛʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʜʝʪʝʡ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʢʦʛʥʠʪʠʚʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʪʫʱʝʡ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴʶ ʦʙʱʝʩʪʚʘ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʠʥʢʣʶʟʠʚʥʦʡ ʩʨʝʜʳ ʜʣʷ ʜʝʪʝʡ ʩ ʨʘʟʥʳʤʠ 

ʩʧʦʩʦʙʥʦʩʪʷʤʠ. ʀʥʢʣʶʟʠʚʥʳʝ ʧʣʦʱʘʜʢʠ ʩʪʘʥʦʚʷʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʜʣʷ 

ʩʦʮʠʘʣʴʥʦʡ ʠʥʪʝʨʘʢʮʠʠ ʠ ʦʙʱʝʛʦ ʨʘʟʚʠʪʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ 

ʢʦʥʮʝʧʮʠʠ ʜʝʪʩʢʠʭ ʠʛʨʦʚʳʭ ʧʣʦʱʘʜʦʢ ʜʣʷ ʜʝʪʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩ ʫʯʝʪʦʤ ʘʩʧʝʢʪʦʚ ʠʥʢʣʶʟʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ ʠ ʘʩʧʝʢʪʳ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪʩʷ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʛʨʦʚʳʭ ʧʣʦʱʘʜʦʢ ʜʣʷ ʜʝʪʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʢʣʶʟʠʚʥʳʝ ʠʛʨʦʚʳʝ ʧʣʦʱʘʜʢʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʠʛʨʦʚʳʝ ʵʣʝʤʝʥʪʳ, ʘʤʦʨʪʠʟʠʨʫʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦʩʪʫʧʥʦʩʪʴ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʙʣʶʜʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

Gorchakova E.I., Stroganova L.A., Lapina N.E. 

Inclusive playgrounds 
 

Abstract:  The article is devoted to the design of playgrounds for children with 

disabilities, with an emphasis on inclusivity and safety. Compliance with safety 

standards is considered, and examples of specialized game elements are given to meet 

the various needs of children with physical and cognitive disabilities. The relevance of 

the topic is due to the growing awareness of society about the need to create an 

inclusive environment for children with different abilities. Inclusive platforms become a 

space for social interaction and general development. The purpose of the study is to 

study the concept of playgrounds for children with disabilities, taking into account the 

aspects of inclusivity and safety. As a result of the research, key factors and aspects that 

need to be taken into account when creating playgrounds for children with disabilities 

have been identified.  

Keywords: inclusive playgrounds, safety, diverse play elements, cushioning surfaces, 

accessibility, adapted structures and structures, compliance with safety standards 

 

ʀʥʢʣʶʟʠʚʥʳʝ ʜʝʪʩʢʠʝ ʧʣʦʱʘʜʢʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʛʨ ʠ 

ʨʘʟʚʠʪʠʷ ʜʝʪʷʤ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ (ʜʘʣʝʝ ð ʆɺɿ) 

[1]. ʀʥʢʣʶʟʠʚʥʳʝ ʧʣʦʱʘʜʢʠ ʚʳʩʪʫʧʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʜʣʷ ʩʦʮʠʘʣʴʥʦʡ 

ʠʥʪʝʨʘʢʮʠʠ ʠ ʦʙʱʝʛʦ ʨʘʟʚʠʪʠʷ, ʬʦʨʤʠʨʫʶʪ ʜʦʩʪʫʧʥʫʶ ʩʨʝʜʫ, 
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ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʮʠʘʣʴʥʦʡ ʠʥʪʝʛʨʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʢʦʤʬʦʨʪ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʠʥʮʠʧʘʭ ʠʥʢʣʶʟʠʠ ð 

ʧʨʦʮʝʩʩʘ ʨʝʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʘʢʪʠʚʥʫʶ ʞʠʟʥʴ ʩʦʮʠʫʤʘ ʣʶʜʝʡ, 

ʠʤʝʶʱʠʭ ʥʘʨʫʰʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʠʣʠ ʤʝʥʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʩʧʝʮʠʘʣʴʥʳʝ 

ʧʣʦʱʘʜʢʠ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʜʝʪʝʡ-ʠʥʚʘʣʠʜʦʚ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʭ ʩʦʮʠʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ [2]. 

ɺʘʞʥʦʩʪʴ ʠʥʢʣʶʟʠʠ ʩʪʘʣʘ ʰʠʨʦʢʦ ʧʨʠʟʥʘʚʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʜʘʚʥʦ, ʧʦʵʪʦʤʫ ʜʝʪʩʢʠʝ ʧʣʦʱʘʜʢʠ ʚʦ ʜʚʦʨʘʭ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʦʚ, 

ʛʦʨʦʜʩʢʠʭ ʧʘʨʢʘʭ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʧʦʪʨʝʙʥʦʩʪʠ ʤʘʣʦʤʦʙʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ. ʉ ʨʦʩʪʦʤ ʦʩʦʟʥʘʥʥʦʩʪʠ 

ʦʙʱʝʩʪʚʝʩʪʚʘ ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ: ʩʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʦʨʳ 

ʧʨʦʝʢʪʠʨʫʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʜʝʪʝʡ. 

ʀʥʢʣʶʟʠʚʥʳʝ ʧʣʦʱʘʜʢʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʜʝʪʝʡ ʧʦ ʚʩʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ [3]: 

ʌʠʟʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ. ʀʛʨʳ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʩʪʠʤʫʣʠʨʫʶʪ 

ʤʦʪʦʨʠʢʫ, ʢʦʦʨʜʠʥʘʮʠʶ ʜʚʠʞʝʥʠʡ ʠ ʦʙʱʫʶ ʬʠʟʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʉʦʮʠʘʣʴʥʳʝ ʥʘʚʳʢʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʛʨʫʧʧʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʢʦʤʤʫʥʠʢʘʮʠʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʠ ʵʤʧʘʪʠʠ. 

ʂʦʛʥʠʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ. ʏʝʨʝʟ ʠʛʨʫ ʜʝʪʠ ʦʩʚʘʠʚʘʶʪ ʥʦʚʳʝ ʧʦʥʷʪʠʷ, 

ʨʝʰʘʶʪ ʟʘʜʘʯʠ ʠ ʨʘʟʚʠʚʘʶʪ ʪʚʦʨʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ. 

ʀʥʢʣʶʟʠʷ ð ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙ ʚʢʣʶʯʠʪʴ ʜʝʪʝʡ ʩ ʆɺɿ ʚ 

ʩʦʮʠʘʣʴʥʫʶ ʞʠʟʥʴ ʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʠʤ ʨʘʚʥʳʝ ʩʦ ʟʜʦʨʦʚʳʤʠ ʜʝʪʴʤʠ 

ʩʦʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʦ ʠ ʤʝʪʦʜ ʚʦʩʧʠʪʘʥʠʷ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʠ 

ʵʤʧʘʪʠʠ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʛʨʦʚʳʝ ʟʦʥʳ, ʛʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʜʝʪʠ ʩ ʨʘʟʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʩʦʮʠʘʣʴʥʳʭ 

ʥʘʚʳʢʦʚ [4]. ʀʥʢʣʶʟʠʚʥʳʝ ʧʣʦʱʘʜʢʠ ʧʦʤʦʛʘʶʪ ʜʝʪʷʤ ʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʚ 

ʢʦʤʘʥʜʝ, ʥʘʭʦʜʠʪʴ ʦʙʱʠʡ ʷʟʳʢ, ʧʨʝʦʜʦʣʝʚʘʪʴ ʧʨʝʜʨʘʩʩʫʜʢʠ ʠ ʢʦʤʧʣʝʢʩʳ. 

ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʢʘʞʜʘʷ ʛʨʫʧʧʘ ʜʝʪʝʡ ʩ ʦʩʦʙʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʫʥʠʢʘʣʴʥʳʤʠ ʚʳʟʦʚʘʤʠ. ʈʘʩʩʤʦʪʨʠʤ 

ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ [5]: 

 ɼʚʠʛʘʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ɼʝʪʷʤ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʳ ʚ 

ʧʝʨʝʜʚʠʞʝʥʠʠ ʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʥʘ ʠʥʚʘʣʠʜʥʳʭ ʢʦʣʷʩʢʘʭ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʦʩʪʫʧʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʘʥʜʫʩʳ, ʧʦʨʫʯʥʠ ʠ 

ʙʝʟʦʧʘʩʥʳʝ ʤʘʨʰʨʫʪʳ. ʂ ʧʨʠʤʝʨʫ, ʜʣʷ ʥʠʭ ʥʘ ʧʣʦʱʘʜʢʝ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ 

ʢʘʯʝʣʠ ʩ ʫʩʠʣʝʥʥʦʡ ʦʧʦʨʦʡ ʜʣʷ ʩʧʠʥʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʝʟʜʘ ʥʘ ʢʦʣʷʩʢʝ 

(ʨʠʩ. 1). 

 ʉʝʥʩʦʨʥʳʝ ʥʘʨʫʰʝʥʠʷ. ɼʣʷ ʜʝʪʝʡ ʵʪʦʡ ʛʨʫʧʧʳ ʚʘʞʥʳ ʪʘʢʪʠʣʴʥʳʝ 

ʧʘʥʝʣʠ, ʟʚʫʢʦʚʳʝ ʩʠʛʥʘʣʳ ʠ ʵʣʝʤʝʥʪʳ ʩ ʨʘʟʣʠʯʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʆʥʠ 

ʧʦʤʦʛʘʶʪ ʠʤ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʩʝʥʩʦʨʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʠ ʨʘʟʚʠʚʘʪʴ ʤʦʪʦʨʠʢʫ. 

 ʂʦʛʥʠʪʠʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ɼʝʪʷʤ ʵʪʦʡ ʛʨʫʧʧʳ ʥʝʦʙʭʦʜʠʤʳ 

ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʝ ʤʘʨʰʨʫʪʳ ʠ ʷʨʢʠʝ ʚʠʟʫʘʣʴʥʳʝ ʧʦʜʩʢʘʟʢʠ, ʢʦʪʦʨʳʝ 

ʦʙʣʝʛʯʘʶʪ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʥʘ ʧʣʦʱʘʜʢʝ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʚʣʝʯʝʥʠʶ ʚ 

ʠʛʨʦʚʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 
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ʈʠʩʫʥʦʢ 1. ʂʘʯʝʣʠ ʜʣʷ ʤʘʣʦʤʦʙʠʣʴʥʳʭ ʛʨʫʧʧ 

 

ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʙʦʪ, ʦʪ ʧʣʘʥʠʨʦʚʢʠ ʜʦ ʧʦʜʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ [6]. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʟʘʩʪʨʦʡʱʠʢʫ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʨʝʙʥʦʩʪʝʡ ʜʝʪʝʡ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ 

ʥʘʨʫʰʝʥʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʛʠʦʥʘ ʠ ʚʳʙʨʘʪʴ ʤʝʩʪʦ. ʇʣʦʱʘʜʢʘ ʜʦʣʞʥʘ 

ʙʳʪʴ ʣʝʛʢʦʜʦʩʪʫʧʥʘ ʠ ʠʤʝʪʴ ʫʜʦʙʥʳʝ ʧʦʜʲʝʟʜʥʳʝ ʧʫʪʠ. ʇʨʠ ʚʳʙʦʨʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʘʞʥʦ ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʤʫ 

ʦʙʦʨʫʜʦʚʘʥʠʶ ʩ ʫʯʝʪʦʤ ʝʛʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʠʥʢʣʶʟʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ ʤʠʨʦʚʦʛʦ 

ʦʧrʪʘ ʠ ʫʩʧʝʰʥʳʭ ʢʝʡʩʦʚ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʙʝʟʙʘʨʴʝʨʥʦʡ ʩʨʝʜʳ ʚ ʛʦʨʦʜʩʢʠʭ 

ʫʩʣʦʚʠʷʭ: 

ɹʝʟʙʘʨʴʝʨʥʘʷ ʩʨʝʜʘ. ʆʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʠʥʢʣʶʟʠʚʥʳʤ 

ʧʣʦʱʘʜʢʘʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʘʨʰʨʫʪʦʚ ʙʝʟ ʧʨʝʧʷʪʩʪʚʠʡ. ʕʪʦ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ: 

- ʧʘʥʜʫʩʦʚ ʩ ʫʢʣʦʥʦʤ ʠ ʥʝʩʢʦʣʴʟʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ; 

- ʰʠʨʦʢʠʭ ʧʨʦʭʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʤʬʦʨʪʥʳʡ ʧʨʦʝʟʜ ʠʥʚʘʣʠʜʥʳʭ 

ʢʦʣʷʩʦʢ; 

- ʧʦʨʫʯʥʝʡ ʠ ʪʘʢʪʠʣʴʥʳʭ ʫʢʘʟʘʪʝʣʝʡ ʜʣʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʟʨʝʥʠʷ. 

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʛʨʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʦ ʜʣʷ ʨʘʟʥʳʭ ʛʨʫʧʧ ʜʝʪʝʡ. ʂ ʧʨʠʤʝʨʫ ʪʘʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ: 
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- ʢʘʨʫʩʝʣʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʝʟʜʘ ʥʘ ʠʥʚʘʣʠʜʥʦʡ ʢʦʣʷʩʢʝ (ʨʠʩ. 2); 

- ʠʛʨʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʥʠʟʢʠʤʠ ʣʝʩʪʥʠʮʘʤʠ ʠ ʧʦʨʫʯʥʷʤʠ; 

- ʤʦʜʫʣʠ ʩ ʪʘʢʪʠʣʴʥʳʤʠ ʠ ʟʚʫʢʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʩʝʥʩʦʨʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ. 

 
ʈʠʩʫʥʦʢ 2. ʂʘʯʝʣʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʝʟʜʘ ʥʘ ʠʥʚʘʣʠʜʥʦʡ ʢʦʣʷʩʢʝ 

 

ɹʝʟʦʧʘʩʥʦʩʪʴ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʣʦʱʘʜʦʢ ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

- ʫʜʘʨʦʧʦʛʣʦʱʘʶʱʠʭ ʧʦʢʨʳʪʠʡ ʠʟ ʨʝʟʠʥʦʚʦʡ ʢʨʦʰʢʠ ʠ ʜʨʫʛʠʭ 

ʪʨʘʚʤʦʙʝʟʦʧʘʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 3); 

- ʠʛʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʟʘʢʨʫʛʣʝʥʥʳʤʠ ʫʛʣʘʤʠ; 

- ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʠ ʛʠʧʦʘʣʣʝʨʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 
ʈʠʩʫʥʦʢ 3. ʋʜʘʨʦʧʦʛʣʦʱʘʶʱʝʝ ʧʦʢʨʳʪʠʝ 

 

ʕʨʛʦʥʦʤʠʢʘ ʠ ʜʦʩʪʫʧʥʦʩʪʴ. ʕʣʝʤʝʥʪʳ ʧʣʦʱʘʜʢʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʟʤʝʱʝʥʳ ʥʘ ʫʨʦʚʥʝ, ʫʜʦʙʥʦʤ ʜʣʷ ʜʝʪʝʡ ʨʘʟʥʦʛʦ ʨʦʩʪʘ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʅʘʧʨʠʤʝʨ, ʠʛʨʦʚʳʝ ʧʘʥʝʣʠ, ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ʚʳʩʦʪʝ 60ï90 ʩʤ, ʧʦʟʚʦʣʷʶʪ 

ʜʝʪʷʤ ʥʘ ʠʥʚʘʣʠʜʥʳʭ ʢʦʣʷʩʢʘʭ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʠʛʨʝ (ʨʠʩ. 4). 
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ʈʠʩʫʥʦʢ 4. ʀʛʨʦʚʦʡ ʩʪʦʣ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʲʝʟʜʘ ʥʘ ʠʥʚʘʣʠʜʥʦʡ ʢʦʣʷʩʢʝ 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʥʢʣʶʟʠʚʥʳʭ ʜʝʪʩʢʠʭ ʧʣʦʱʘʜʦʢ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʢʣʶʟʠʚʥʳʭ ʟʦʥ, ʷʚʣʷʝʪʩʷ ɸʤʝʨʠʢʘʥʩʢʠʡ ʟʘʢʦʥ ʦ 

ʜʦʩʪʫʧʥʦʩʪʠ (ADA) [7]. ʆʥ ʚʢʣʶʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʠʥʠʤʘʣʴʥʦʡ ʰʠʨʠʥʝ 

ʧʨʦʭʦʜʦʚ ʥʘ ʧʣʦʱʘʜʢʝ ð ʦʪ 91 ʩʤ ð ʠ ʥʘʣʠʯʠʶ ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʟʦʥ 

ʦʪʜʳʭʘ ʜʣʷ ʤʘʣʦʤʦʙʠʣʴʥʳʭ ʜʝʪʝʡ. 

ɺ ʈʦʩʩʠʠ ʠʥʢʣʶʟʠʚʥʳʝ ʧʣʦʱʘʜʢʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ: 

ɻʆʉʊ ʈ 52169-2012 [8]. ʋʩʪʘʥʘʚʣʠʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʢʨʳʪʠʡ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʜʦʢʫʤʝʥʪʫ ʚʳʩʦʪʘ ʧʦʨʫʯʥʝʡ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 90 ʩʤ, ʘ ʪʘʢʪʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʷʪʴ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʠʟʥʦʩʫ. 

ʉʇ 59.13330.2020 [9]. ʆʧʨʝʜʝʣʷʝʪ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʜʦʩʪʫʧʥʦʡ ʩʨʝʜʳ ʜʣʷ ʤʘʣʦʤʦʙʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ. 

ʇʨʠʢʘʟ ʄʠʥʩʪʨʦʷ ʈʌ N 897/ʧʨ [10]. ɺʢʣʶʯʘʝʪ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʫ ʦʙʱʝʩʪʚʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʫʯʝʪʦʤ 

ʠʥʢʣʶʟʠʚʥʦʩʪʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʠʥʢʣʶʟʠʚʥʳʭ ʧʣʦʱʘʜʦʢ ʥʝ ʪʦʣʴʢʦ ʩʦʙʣʶʜʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʥʦ ʠ ʠʩʧʦʣʴʟʫʶʪ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʨʝʰʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʦʚʳʩʠʪʴ ʫʜʦʙʩʪʚʦ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʦʨʫʜʫʝʤʳʭ ʟʦʥ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠʤʝʥʷʶʪ 

ʵʢʦʣʦʛʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ð ʧʝʨʝʨʘʙʦʪʘʥʥʳʝ ʧʣʘʩʪʠʢʠ ʠ ʨʝʟʠʥʦʚʫʶ ʢʨʦʰʢʫ. 
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ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʫʶ ʠʛʨʦʚʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ʀʥʢʣʶʟʠʚʥʳʝ ʠʛʨʦʚʳʝ ʧʣʦʱʘʜʢʠ ʦʩʥʘʱʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ: ʘʜʘʧʪʠʚʥʳʤʠ ʢʘʯʝʣʷʤʠ ʩ ʫʩʠʣʝʥʥʦʡ ʦʧʦʨʦʡ ʜʣʷ ʩʧʠʥʳ, 

ʤʫʟʳʢʘʣʴʥʳʤʠ ʧʘʥʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪ ʩʣʫʭʦʚʦʝ ʚʦʩʧʨʠʷʪʠʝ ʠ 

ʤʫʟʳʢʘʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ ʩʪʝʥʜʘʤʠ, ʤʦʪʠʚʠʨʫʶʱʠʤʠ 

ʜʝʪʝʡ ʢ ʠʟʫʯʝʥʠʶ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʯʝʨʝʟ ʠʛʨʫ [11]. ʇʝʨʩʧʝʢʪʠʚʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ð ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʷʶʪ 

ʵʣʝʤʝʥʪʳ ʚʦʚʣʝʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʜʝʪʠ ʤʦʛʫʪ ʩʢʘʥʠʨʦʚʘʪʴ ʠʛʨʦʚʳʝ 

ʵʣʝʤʝʥʪʳ ʩ ʧʦʤʦʱʴʶ ʩʤʘʨʪʬʦʥʘ ʠ ʫʟʥʘʚʘʪʴ ʥʦʚʳʝ ʬʘʢʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ ʠʥʢʣʶʟʠʚʥʳʭ ʜʝʪʩʢʠʭ ʧʣʦʱʘʜʦʢ ʷʚʣʷʝʪʩʷ 

ʰʘʛʦʤ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʪʢʨʳʪʦʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʠ ʪʦʣʝʨʘʥʪʥʦʛʦ 

ʦʙʱʝʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʨʝʙʝʥʦʢ ʙʫʜʝʪ ʯʫʚʩʪʚʦʚʘʪʴ ʦʙʱʥʦʩʪʴ ʠ 

ʚʢʣʶʯʝʥ ʚ ʩʦʮʠʫʤ. ʇʨʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʩʪʘʥʜʘʨʪʳ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʠʚʣʝʢʘʪʴ 

ʵʢʩʧʝʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʝʜʘʛʦʛʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʧʩʠʭʦʣʦʛʠʠ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʙʝʟʦʧʘʩʥʦʛʦ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʠʛʨ ʠ ʨʘʟʚʠʪʠʷ. 
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 ʌɻɹʆʋ ɺʆ çʀʥʛʫʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʄʘʛʘʩ, ʈʦʩʩʠʷ 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʧʨʠʤʝʨʝ ʄʋʇ 

çɺʦʜʦʢʘʥʘʣè ʛ. ʄʘʛʘʩ 
 

ɸʥʥʦʪʘʮʠʷ ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʄʆʇ) ʚ ʩʬʝʨʝ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʘ ʧʨʠʤʝʨʝ 

ʄʋʇ çɺʦʜʦʢʘʥʘʣè ʛ. ʄʘʛʘʩ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʭʚʘʪʳʚʘʝʪ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ 

ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʚʝʨʦʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʧʨʦʙʣʝʤʳ ʪʦʯʥʦʩʪʠ ʫʯʝʪʘ ʚʦʜʳ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʪʘʢʠʤ ʢʘʢ çʫʤʥʳʝè ʩʯʝʪʯʠʢʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ɾʂʍ, ʩʪʨʝʤʷʱʠʭʩʷ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʚʝʨʢʘ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʢʦʤʤʝʨʯʝʩʢʠʡ ʫʯʝʪ ʚʦʜʳ, ʮʠʬʨʦʚʠʟʘʮʠʷ. 

 

Ozieva S. N., Tsechoeva A.H. 

 

Metrological support of production on the example of municipal 

unitary enterprise Vodokanal in Magas 
 

Abstract:  The article examines the metrological support system for production (MOS) 

in the field of housing and communal services using the example of the Municipal 

Unitary Enterprise Vodokanal in Magas. The study covers key aspects of the use of 

measuring instruments, the organization of verification measures, problems of accuracy 

of water metering and ways to solve them. Special attention is paid to modern 

technologies such as smart meters and automated monitoring systems. The results of the 

work can be useful for housing and communal services enterprises seeking to improve 

the effectiveness of metrological control. 

Keywords: metrological support, verification of measuring instruments, water supply, 

commercial accounting of water, digitalization. 

 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʄʆʇ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʝʜʠʥʩʪʚʘ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚʦ 

ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ [1]. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʢʦʛʜʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʨʦʣʴ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ.  

ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʬʝʨʳ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʛʜʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʠʟʤʝʨʝʥʠʷʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ, ʥʦ ʠ ʢ ʩʝʨʴʝʟʥʳʤ ʩʦʮʠʘʣʴʥʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ. 
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ɺ ʩʠʩʪʝʤʝ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʩʨʘʟʫ ʚ ʥʝʩʢʦʣʴʢʠʭ ʘʩʧʝʢʪʘʭ [2]. ɺʦ-ʧʝʨʚʳʭ, ʦʥʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʨʘʚʝʜʣʠʚʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʫʯʝʪ ʧʦʪʨʝʙʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ, 

ʯʪʦ ʚʘʞʥʦ ʢʘʢ ʜʣʷ ʧʦʩʪʘʚʱʠʢʘ ʫʩʣʫʛ, ʪʘʢ ʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺʦ-ʚʪʦʨʳʭ, 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʧʦʪʝʨʠ ʚʦʜʳ ʚ 

ʩʝʪʷʭ, ʢʦʪʦʨʳʝ ʚ ʥʝʢʦʪʦʨʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʜʦʩʪʠʛʘʶʪ 30-

40% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ. ɺ-ʪʨʝʪʴʠʭ, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʜʘʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʫʛʨʦʟʫ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ. 

ʄʋʇ çɺʦʜʦʢʘʥʘʣè ʛ. ʄʘʛʘʩ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʤ 

ʧʨʝʜʧʨʠʷʪʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʦʣʠʮʳ ʈʝʩʧʫʙʣʠʢʠ 

ʀʥʛʫʰʝʪʠʷ. ɺ ʟʦʥʫ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʧʦʜʘʯʘ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʥʘʩʝʣʝʥʠʶ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʚʦʜʦʦʪʚʝʜʝʥʠʷ, ʥʦ ʠ ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʩʝʪʝʡ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʯʝʪʘ. ɼʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʨʦʛʦ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʘ ʢʘʢ ʬʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ˉ102 çʆʙ ʦʙʝʩʧʝʯʝʥʠʠ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡè), ʪʘʢ ʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʪʨʘʩʣʝʚʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʠ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ [3, 4]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪʳ ʄʋʇ çɺʦʜʦʢʘʥʘʣè ʛ. ʄʘʛʘʩ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚʦʜʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʝʜʧʨʠʷʪʠʝ ʩʪʦʣʢʥʫʣʦʩʴ 

ʩ ʨʷʜʦʤ ʚʳʟʦʚʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʪʘʨʝʚʘʥʠʝʤ ʧʘʨʢʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʥʘ ʥʦʚʳʝ ʩʪʘʥʜʘʨʪʳ ʠʟʤʝʨʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʩ ʧʨʦʙʣʝʤʘʤʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠʟ-ʟʘ ʥʝʪʦʯʥʦʛʦ ʫʯʝʪʘ [5]. ɺʩʝ 

ʵʪʦ ʜʝʣʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ. 

ʇʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʄʋʇ çɺʦʜʦʢʘʥʘʣè ʛ. ʄʘʛʘʩ, ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʥʷʝʤʳʝ 

ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʦʮʝʥʝʥʳ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʙʣʝʤʥʳʤ ʘʩʧʝʢʪʘʤ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʳʤ ʧʫʪʷʤ ʠʭ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ɾʂʍ, 

ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʪʨʝʙʫʶʪ ʧʝʨʝʩʤʦʪʨʘ. 

ʇʦʷʚʣʝʥʠʝ çʫʤʥʳʭè ʩʯʝʪʯʠʢʦʚ, ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ 
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ʚʦʜʦʩʥʘʙʞʝʥʠʷ [6]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʥʘʣʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʝʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʄʋʇ çɺʦʜʦʢʘʥʘʣè ʛ. ʄʘʛʘʩ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ 

ʧʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʶʱʘʷ ʯʝʪʳʨʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʳ. ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʱʘʪʝʣʴʥʦ 

ʩʧʣʘʥʠʨʦʚʘʥʦ ʠ ʚʳʧʦʣʥʝʥʦ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʚʩʝʩʪʦʨʦʥʥʠʝ ʠ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʫʯʝʪ ʚʦʜʳ, ʩ 

ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʣʦʩʴ: 

ɸʢʪʫʘʣʴʥʳʤ ʧʦʧʨʘʚʢʘʤ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʟʘʢʦʥʝ ˉ102 çʆʙ ʦʙʝʩʧʝʯʝʥʠʠ 

ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʚʢʣʶʯʘʷ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʤʫ 

ʢʦʥʪʨʦʣʶ ʠ ʧʦʨʷʜʢʫ ʧʦʚʝʨʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. 

ɼʝʪʘʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ɻʆʉʊ ʈ 8.596-2002 [7], ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʜʝʣʦʚ, 

ʢʘʩʘʶʱʠʭʩʷ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʘ ʚʦʜʳ, ʜʦʧʫʩʪʠʤʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ. 

ɸʫʜʠʪʫ ʚʥʫʪʨʝʥʥʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ (ʇʦʣʦʞʝʥʠʝ ʦ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʝ, ʛʨʘʬʠʢʠ ʧʦʚʝʨʢʠ, ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ), ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʫʩʪʘʨʝʚʰʠʝ ʥʦʨʤʳ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʚʨʝʤʝʥʥʳʤ 

ʩʪʘʥʜʘʨʪʘʤ. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʦʙʥʘʨʫʞʝʥʳ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 

ʠ ʬʘʢʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʚʝʨʢʠ ʩʯʝʪʯʠʢʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʥʝ ʚʩʝʛʜʘ ʩʦʙʣʶʜʘʣʠʩʴ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ 

ʧʦʚʝʨʢʘʤʠ, ʘ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʪʨʝʙʦʚʘʣʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. 

ɺʩʝ ʚʳʷʚʣʝʥʥʳʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʙʳʣʠ ʫʩʪʨʘʥʝʥʳ ʧʫʪʝʤ ʘʢʪʫʘʣʠʟʘʮʠʠ 

ʚʥʫʪʨʝʥʥʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʧʨʦʮʝʜʫʨ ʢʦʥʪʨʦʣʷ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ ʠ ʦʮʝʥʢʠ ʨʝʘʣʴʥʦʡ 

ʪʦʯʥʦʩʪʠ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʪʨʝʭ 

ʫʯʘʩʪʢʘʭ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ ʠ 

ʧʨʦʚʝʜʝʥʳ: 

- ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʘʭʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʩʯʝʪʯʠʢʦʚ (15 ʠ 10 ʝʜʠʥʠʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ 

ʦʮʝʥʢʠ ʠʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ; 

- ʠʟʤʝʨʝʥʠʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ (ʤʠʥʠʤʘʣʴʥʳʡ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ) ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ 

ʧʨʠʙʦʨʦʚ; 

- ʢʦʥʪʨʦʣʴ ʚʣʠʷʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ, ʚʢʣʶʯʘʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʫʜʘʨʦʚ ʠ ʧʣʘʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘʧʦʨʘ; 
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- ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʯʝʪʯʠʢʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʘʣʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [8], ʧʨʦʰʝʜʰʝʛʦ ʧʦʚʝʨʢʫ ʚ 

ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʩʯʝʪʯʠʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ (Ñ1,5%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʭʦʤʝʪʨʠʯʝʩʢʠʤʠ (Ñ2,5ï3%) 

ʧʨʠ ʩʨʝʜʥʠʭ ʠ ʚʳʩʦʢʠʭ ʨʘʩʭʦʜʘʭ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʩʭʦʜʘʭ (ʤʝʥʝʝ 0,1 

ʤį/ʯ) ʦʙʘ ʪʠʧʘ ʧʨʠʙʦʨʦʚ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʚʥʝʜʨʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʀʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 2ï6 ʘʪʤ ʥʝ ʦʢʘʟʳʚʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʨʘʙʦʪʫ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʩʯʝʪʯʠʢʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʘʭʦʤʝʪʨʠʯʝʩʢʠʝ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ (Ñ0,8%). 

ɺʩʝ ʜʘʥʥʳʝ ʟʘʥʦʩʠʣʠʩʴ ʚ ʞʫʨʥʘʣ ʠʩʧʳʪʘʥʠʡ ʩ ʬʠʢʩʘʮʠʝʡ: 

- ʜʘʪʳ ʠ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʡ, 

- ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

- ʩʝʨʠʡʥʳʭ ʥʦʤʝʨʦʚ ʧʨʠʙʦʨʦʚ, 

- ʧʦʢʘʟʘʥʠʡ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʚʦʜʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʚʢʣʶʯʘʷ ʚʳʙʦʨ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʧʦʚʝʨʢʠ. 

ɺ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʦʜʝʣʘʥʘ ʤʘʩʰʪʘʙʥʘʷ ʨʘʙʦʪʘ, ʚʢʣʶʯʘʶʱʘʷ 

ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʪʘʧʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʥʝ ʪʦʣʴʢʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʘʩʧʝʢʪʘʤ, ʥʦ ʠ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʬʘʢʪʦʨʫ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʚʩʝʩʪʦʨʦʥʥʶʶ ʦʮʝʥʢʫ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʣʘʙʳʭ ʤʝʩʪ ʚ ʩʠʩʪʝʤʝ ʫʯʝʪʘ ʚʦʜʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʩʧʝʮʠʘʣʴʥʘʷ ʘʥʢʝʪʘ, ʩʦʜʝʨʞʘʱʘʷ 25 ʪʱʘʪʝʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʭ ʚʦʧʨʦʩʦʚ. ʕʪʠ 

ʚʦʧʨʦʩʳ ʦʭʚʘʪʳʚʘʣʠ ʪʨʠ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷ: ʩʦʩʪʦʷʥʠʝ ʧʨʠʙʦʨʥʦʛʦ 

ʧʘʨʢʘ, ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʚʝʨʦʯʥʳʭ ʨʘʙʦʪ ʠ ʫʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʆʧʨʦʩ ʧʨʦʚʦʜʠʣʩʷ ʩʨʝʜʠ 25 ʨʘʙʦʪʥʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ ʚʳʙʦʨʢʠ. ɺ ʘʥʢʝʪʠʨʦʚʘʥʠʠ 

ʫʯʘʩʪʚʦʚʘʣʠ 10 ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ, 8 ʢʦʥʪʨʦʣʝʨʦʚ 

ʫʯʝʪʘ ʠ 7 ʠʥʞʝʥʝʨʦʚ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʦʡ ʩʦʩʪʘʚ ʨʝʩʧʦʥʜʝʥʪʦʚ 

ʧʦʟʚʦʣʠʣ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʙʣʝʤʫ ʩ ʨʘʟʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʦʟʠʮʠʡ. 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʝʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʧʨʦʩʪʦ ʩʦʙʨʘʪʴ ʤʥʝʥʠʷ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʘ ʚʳʷʚʠʪʴ ʫʩʪʦʡʯʠʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʙʲʝʢʪʠʚʥʳʝ 

ʧʨʦʙʣʝʤʥʳʝ ʟʦʥʳ. ʅʘʧʨʠʤʝʨ, ʘʥʘʣʠʟ ʦʪʚʝʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʩʪʨʦ 

ʩʪʦʷʪ ʚʦʧʨʦʩʳ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʧʦʚʝʨʦʢ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 
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ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʭʦʜʝ 

ʦʧʨʦʩʘ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʨʘʟʙʦʨ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ ʟʘ 

ʯʝʪʳʨʝʭʣʝʪʥʠʡ ʧʝʨʠʦʜ (2019-2022 ʛʛ.). ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʰʣʠ ʧʦʢʘʟʘʥʠʷ 

1500 ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʚʳʚʦʜʦʚ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʥʘʛʣʷʜʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʢʘʢ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʨʦʢʦʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʙʦʨʘ ʠ ʪʦʯʥʦʩʪʴʶ ʝʛʦ ʧʦʢʘʟʘʥʠʡ. 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʧʦʩʣʝ 5 ʣʝʪ ʩʣʫʞʙʳ 

ʪʘʭʦʤʝʪʨʠʯʝʩʢʠʝ ʩʯʝʪʯʠʢʠ ʥʘʯʠʥʘʶʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʟʘʚʳʰʘʪʴ ʧʦʢʘʟʘʥʠʷ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʘʥʘʣʦʛʠ ʩʦʭʨʘʥʷʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʣʴʰʝ. ʕʪʠ ʜʘʥʥʳʝ ʩʪʘʣʠ ʚʘʞʥʳʤ ʘʨʛʫʤʝʥʪʦʤ 

ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʠʙʦʨʥʦʛʦ ʧʘʨʢʘ. 

ʆʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʜʘʣʠ ʧʨʦʛʥʦʟʥʳʝ ʨʘʩʯʝʪʳ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʧʦʟʚʦʣʠʣʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʧʨʝʜʣʘʛʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ [9]. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʵʪʘʧʥʘʷ ʟʘʤʝʥʘ ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʧʨʝʜʧʨʠʷʪʠʶ ʩʫʱʝʩʪʚʝʥʥʫʶ ʵʢʦʥʦʤʠʶ - ʜʦ 12% ʦʪ 

ʪʝʢʫʱʠʭ ʧʦʪʝʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʪʦʯʥʳʤ ʫʯʝʪʦʤ. ʇʨʠ ʵʪʦʤ ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ ʪʘʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩʦʩʪʘʚʣʷʝʪ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʳʝ 3-4 ʛʦʜʘ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʙʣʶʜʘʣʠʩʴ 

ʧʨʠʥʮʠʧʳ ʥʘʫʯʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ɺʩʝ ʜʘʥʥʳʝ ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʝʨʝʧʨʦʚʝʨʷʣʠʩʴ, ʘ ʚʳʚʦʜʳ ʩʦʛʣʘʩʦʚʳʚʘʣʠʩʴ ʩ ʧʨʦʬʠʣʴʥʳʤʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʤʝʪʦʜʦʚ 

(ʘʥʢʝʪʠʨʦʚʘʥʠʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ) 

ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ 

ʦʰʠʙʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʫʜʦʙʥʦʡ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʬʦʨʤʝ - ʯʝʨʝʟ ʩʝʨʠʶ ʛʨʘʬʠʢʦʚ, ʜʠʘʛʨʘʤʤ ʠ 

ʩʚʦʜʥʳʭ ʪʘʙʣʠʮ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʦʙʣʝʛʯʠʣʦ ʚʦʩʧʨʠʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ 

ʩʜʝʣʘʣʦ ʦʯʝʚʠʜʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʰʣʦ ʟʘ ʨʘʤʢʠ ʯʠʩʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ɽʛʦ ʠʪʦʛʠ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʢʦʥʢʨʝʪʥʦʛʦ ʧʣʘʥʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʉʨʝʜʠ ʢʣʶʯʝʚʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ: 

ʇʦʵʪʘʧʥʘʷ ʟʘʤʝʥʘ ʫʩʪʘʨʝʚʰʠʭ ʪʘʭʦʤʝʪʨʠʯʝʩʢʠʭ ʩʯʝʪʯʠʢʦʚ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʘʥʘʣʦʛʠ 

ʆʧʪʠʤʠʟʘʮʠʷ ʛʨʘʬʠʢʘ ʧʦʚʝʨʦʢ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ 
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ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʧʨʠʙʦʨʥʦʛʦ ʧʘʨʢʘ 

ʊʘʢʠʝ ʤʝʨʳ ʧʦʟʚʦʣʷʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʫʯʝʪʘ, ʥʦ ʠ ʚ 

ʧʝʨʩʧʝʢʪʠʚʝ ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʜʧʨʠʷʪʠʶ ʩʫʱʝʩʪʚʝʥʥʫʶ ʵʢʦʥʦʤʠʶ ʨʝʩʫʨʩʦʚ. 

ʇʨʠ ʵʪʦʤ ʚʩʝ ʧʨʝʜʣʦʞʝʥʠʷ ʠʤʝʶʪ ʯʝʪʢʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʠ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʫʩʧʝʰʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʜʝʪʘʣʴʥʫʶ ʢʘʨʪʠʥʫ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʦʨʥʦʛʦ ʧʘʨʢʘ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ 

ʧʨʦʙʣʝʤʳ, ʪʨʝʙʫʶʱʠʝ ʨʝʰʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʦʥʢʨʝʪʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʫʯʝʪʘ. 

ʅʘ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʢ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʩʯʠʪʳʚʘʣ 1565 ʝʜʠʥʠʮ ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ. ɸʥʘʣʠʟ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ (80% ʠʣʠ 1200 ʝʜʠʥʠʮ) 

ʩʦʩʪʘʚʣʷʶʪ ʪʘʭʦʤʝʪʨʠʯʝʩʢʠʝ ʩʯʝʪʯʠʢʠ ʚʦʜʳ. ʕʪʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʨʝʜʥʶʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ Ñ2-5%, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʷʚʣʝʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʆʜʥʘʢʦ 

ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʞʧʦʚʝʨʦʯʥʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 4 ʛʦʜʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. 

ɹʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʩʯʝʪʯʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 300 

ʝʜʠʥʠʮʘʤʠ (20% ʧʘʨʢʘ). ʀʭ ʛʣʘʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ 

ʧʦʚʳʰʝʥʥʘʷ ʪʦʯʥʦʩʪʴ (Ñ1-2%) ʠ ʫʚʝʣʠʯʝʥʥʳʡ ʜʦ 6 ʣʝʪ ʤʝʞʧʦʚʝʨʦʯʥʳʡ 

ʠʥʪʝʨʚʘʣ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʩʪʘʚ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʷʪ 50 

ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʠ 15 pH-ʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ. 

ɻʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʦʨʥʦʛʦ ʧʘʨʢʘ ʚʳʷʚʠʣ ʥʝʩʢʦʣʴʢʦ 

ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ. ʅʘʠʙʦʣʝʝ ʦʩʪʨʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ 

(35%) ʪʘʭʦʤʝʪʨʠʯʝʩʢʠʭ ʩʯʝʪʯʠʢʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʙʦʣʝʝ 8 ʣʝʪ. ʂʘʢ 

ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʣʝ ʵʪʦʛʦ ʩʨʦʢʘ ʠʭ ʧʦʛʨʝʰʥʦʩʪʴ ʥʘʯʠʥʘʝʪ 

ʧʨʦʛʨʝʩʩʠʚʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʝʚʳʰʘʷ ʜʦʧʫʩʪʠʤʳʝ 

ʥʦʨʤʳ ʥʘ 1,5-2%. 

ɽʱʝ ʦʜʥʦʡ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. ɽʞʝʛʦʜʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʧʦʚʝʨʢʫ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʪʘʭʦʤʝʪʨʠʯʝʩʢʠʭ ʩʯʝʪʯʠʢʦʚ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 600 ʪʳʩʷʯ 

ʨʫʙʣʝʡ. ʇʨʠ ʵʪʦʤ 80% ʧʨʠʙʦʨʥʦʛʦ ʧʘʨʢʘ ʥʝ ʦʩʥʘʱʝʥʳ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʥʳʤ 

ʟʘʪʨʘʪʘʤ ʥʘ ʩʙʦʨ ʧʦʢʘʟʘʥʠʡ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ çʢʦʤʤʝʨʯʝʩʢʠʭ 

ʧʦʪʝʨʴè. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʤʝʨ ʧʦ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʫʯʝʪʘ. ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʦʵʪʘʧʥʘʷ ʟʘʤʝʥʘ 400 ʥʘʠʙʦʣʝʝ ʠʟʥʦʰʝʥʥʳʭ ʪʘʭʦʤʝʪʨʠʯʝʩʢʠʭ ʩʯʝʪʯʠʢʦʚ 
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ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʘʥʘʣʦʛʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʵʪʦ 

ʧʦʟʚʦʣʠʪ: 

- ʩʦʢʨʘʪʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʥʘ 2-3%; 

- ʫʚʝʣʠʯʠʪʴ ʤʝʞʧʦʚʝʨʦʯʥʳʝ ʠʥʪʝʨʚʘʣʳ; 

- ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʨʝʜʣʦʞʝʥʠʷʭ ʫʜʝʣʝʥʦ ʚʥʝʜʨʝʥʠʶ çʫʤʥʳʭè 

ʩʯʝʪʯʠʢʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʆʧʳʪ 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʦʪʝʨʠ ʥʘ 30-40% ʟʘ ʩʯʝʪ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʚʳʷʚʣʝʥʠʷ ʥʝʫʯʪʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ. 

ɿʘʚʝʨʰʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʤʦʜʝʨʥʠʟʘʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʦʣʞʥʦ 

ʩʪʘʪʴ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ ʧʨʝʜʧʨʠʷʪʠʷ. ʕʪʘ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ: 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ; 

- ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʧʨʠʙʦʨʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ; 

- ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʛʨʘʬʠʢʠ ʧʦʚʝʨʦʢ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʯʝʪʯʠʢʦʚ (ʊʘʙʣʠʮʘ 

1) ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ. ɽʩʣʠ 

ʪʘʭʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʦʙʣʘʜʘʶʪ ʪʦʯʥʦʩʪʴʶ Ñ2-5% ʠ ʩʨʦʢʦʤ ʩʣʫʞʙʳ 8-

10 ʣʝʪ, ʪʦ ʠʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʘʥʘʣʦʛʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʩʪʴ Ñ1-2% ʠ 

ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 10-12 ʣʝʪ. ʍʦʪʷ ʛʦʜʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʩʯʝʪʯʠʢʦʚ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ (1200 ʨʫʙʣʝʡ ʧʨʦʪʠʚ 500 

ʨʫʙʣʝʡ), ʠʭ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʧʦʚʳʰʝʥʥʘʷ ʪʦʯʥʦʩʪʴ 

ʧʦʣʥʦʩʪʴʶ ʦʢʫʧʘʶʪ ʵʪʠ ʚʣʦʞʝʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ, ʦʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʠʪ ʥʝ ʙʦʣʝʝ 4-5 ʣʝʪ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʨʠʷʪʠʝ 

ʧʦʣʫʯʠʪ ʩʦʚʨʝʤʝʥʥʫʶ, ʪʦʯʥʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ 

ʫʯʝʪʘ 

 
ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ 

ʇʘʨʘʤʝʪʨ ʊʘʭʦʤʝʪʨʠʯʝʩʢʠʝ ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ 

ʊʦʯʥʦʩʪʴ Ñ2-5%  Ñ1-2% 

ʉʨʦʢ ʩʣʫʞʙʳ 8-10 ʣʝʪ 10-12 ʣʝʪ 

ɿʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ 500 ʨʫʙ./ʛʦʜ 1200 ʨʫʙ./ʛʦʜ 

 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨ ʧʦʟʚʦʣʠʪ: 

ʉʥʠʟʠʪʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʦʪʝʨʠ ʥʘ 15-20% (8-10 ʤʣʥ ʨʫʙ. ʝʞʝʛʦʜʥʦ). 

ʇʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʫʯʝʪʘ. 
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ʉʦʢʨʘʪʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ.  

ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʦʝʢʪʘ ï 3-4 ʛʦʜʘ. 
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ɸʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʥʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ 
 

ɸʥʥʦʪʘʮʠʷ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʪʨʝʙʫʶʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʨʛʘʥʠʟʘʮʠʠ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʥʝʜʨʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠ ʠʟʤʝʨʝʥʠʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʮʠʢʣʘ ï ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʟʘʢʫʧʢʠ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʠʩʧʳʪʘʥʠʡ 

ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʠ, ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, 

ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʠ ʫʣʫʯʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʜʫʢʮʠʠ. 
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ʜʘʥʥʳʭ. 

 

Ozieva S.N., Tsechoeva A.H.  

 

Actual tasks of standardization and metrological control in 

machine-building and metallurgical production 
Abstract. Improving production performance and improving the quality of products 

require an integrated approach to the organization of metrological support. The key 

factor is the introduction of modern control and measurement methods at all stages of 

the production cycle, from the design and purchase of materials to the manufacture and 

testing of finished products. Of particular importance is the use of digital technologies, 

automated monitoring systems and intelligent measuring instruments, which minimizes 

errors, reduces time costs and ensures the stability of technological processes. The 

implementation of such solutions helps to increase the accuracy of measurements, 

reduce production costs and improve the competitive characteristics of products. 

Keywords: metrological support, product quality, measurement accuracy, production 

efficiency, reliability of measurement data. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʢʦʤʧʣʝʢʩʦʤ ʚʳʟʦʚʦʚ, 

ʪʨʝʙʫʶʱʠʭ ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʧʦʜʭʦʜʦʚ ʢ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʠ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʫʩʣʦʚʠʷʭ 

ʛʣʦʙʘʣʠʟʘʮʠʠ ʨʳʥʢʦʚ ʠ ʫʞʝʩʪʦʯʝʥʠʷ ʢʦʥʢʫʨʝʥʮʠʠ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ 
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ʧʨʠʦʙʨʝʪʘʶʪ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. 

ʉʦʚʨʝʤʝʥʥʦʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ, ʧʝʨʝʭʦʜʷ ʠʟ ʨʘʟʨʷʜʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚ ʢʘʪʝʛʦʨʠʶ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ. ʕʪʘ ʵʚʦʣʶʮʠʷ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʘ ʚ 

ʢʦʥʪʝʢʩʪʝ ʘʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʨʠʥʮʠʧʦʚ Industry 4.0, ʛʜʝ ʪʦʯʥʦʩʪʴ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʩʪʘʥʦʚʷʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʧʨʝʜʠʢʪʠʚʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʚʝʜʫʱʠʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʨʘʤʦʪʥʦ 

ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʜʘʝʪ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʥʘʣʠʟ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʝ ʩʥʠʞʝʥʠʝ 

ʧʨʦʮʝʥʪʘ ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ 15-25%, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʚ ʫʱʝʨʙ 

ʢʘʯʝʩʪʚʫ ʚʳʧʫʩʢʘʝʤʳʭ ʠʟʜʝʣʠʡ, ʘ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʜʫʨ ʠ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʢʦʥʪʨʦʣʷ. 

ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʧʦʩʪʘʚʢʠ ʥʝʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʫʞʝʩʪʦʯʘʶʱʠʭʩʷ 

ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʘʟʯʠʢʦʚ ʠ ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ [2]. ʉʦʚʨʝʤʝʥʥʳʝ 

ʩʠʩʪʝʤʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʪʴ 

ʦʪʢʣʦʥʝʥʠʷ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʢʘʯʝʩʪʚʘ ʥʘ ʨʘʥʥʠʭ 

ʩʪʘʜʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɹʫʨʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʢʘʨʜʠʥʘʣʴʥʦ 

ʠʟʤʝʥʠʣʦ ʣʘʥʜʰʘʬʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʩʠʩʪʝʤʘʤ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ, ʜʦʢʘʟʘʚʰʠʝ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʰʣʦʤ, ʩʝʛʦʜʥʷ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʘʜʝʢʚʘʪʥʳʤʠ 

ʥʦʚʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʨʝʘʣʠʷʤ. 

ʆʩʦʙʳʝ ʩʣʦʞʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʘʙʦʪʝ ʩ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʧʣʘʚʳ, 

"ʫʤʥʳʝ" ʤʘʪʝʨʠʘʣʳ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʡ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ. 

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʪʨʝʤʠʪʝʣʴʥʦ ʥʘʙʠʨʘʶʱʠʝ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʩʪʘʚʷʪ ʧʝʨʝʜ ʤʝʪʨʦʣʦʛʘʤʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʟʘʜʘʯʠ 

[3]. ʊʨʝʭʤʝʨʥʘʷ ʧʝʯʘʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʪʨʝʙʫʝʪ ʢʦʥʪʨʦʣʷ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʞʜʦʤ ʩʣʦʝ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 
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ʤʝʪʦʜʘʤʠ. ʕʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʤʝʪʨʦʣʦʛʠʠ, 

ʪʘʢʠʭ ʢʘʢ in-situ ʤʦʥʠʪʦʨʠʥʛ ʘʜʜʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʝʮʠʟʠʦʥʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʜʚʠʛʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, 

ʧʨʠʙʣʠʞʘʶʱʠʝʩʷ ʢ ʬʠʟʠʯʝʩʢʠʤ ʧʨʝʜʝʣʘʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʫʯʝʪ ʢʚʘʥʪʦʚʳʭ 

ʵʬʬʝʢʪʦʚ ʠ ʪʝʧʣʦʚʳʭ ʰʫʤʦʚ, ʢʦʪʦʨʳʝ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʤʦʞʥʦ 

ʙʳʣʦ ʥʝ ʫʯʠʪʳʚʘʪʴ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʡ ʠ ʧʝʨʝʭʦʜ ʢ ʢʦʥʮʝʧʮʠʠ 

"ʫʤʥʳʭ ʬʘʙʨʠʢ" ʪʨʝʙʫʝʪ ʦʪ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ, ʥʦ ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʙʦʪʘʪʴ ʚ 

ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʩ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʆʩʦʙʫʶ ʢʘʪʝʛʦʨʠʶ ʩʣʦʞʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʠʟʤʝʨʝʥʠʡ. ɺ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʣʴʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʷʭ ʪʨʝʙʫʶʪ ʦʩʦʙʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ 

ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʆʪʚʝʪʦʤ ʥʘ ʵʪʠ ʚʳʟʦʚʳ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʝʭʦʜ ʧʝʨʝʜʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʢ 

ʢʦʥʮʝʧʮʠʠ "ʫʤʥʳʭ ʠʟʤʝʨʝʥʠʡ", ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [4]. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʜʝʪ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ [5]. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʤʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʜʘʪʯʠʢʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʦʩʥʘʱʝʥʥʳʭ ʮʠʬʨʦʚʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ ʠ 

ʚʩʪʨʦʝʥʥʳʤʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘʤʠ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʊʘʢʠʝ 

ʜʘʪʯʠʢʠ ʩʧʦʩʦʙʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ 

ʫʩʣʦʚʠʷʤ ʠʟʤʝʨʝʥʠʡ. 

ɺʦ-ʚʪʦʨʳʭ, ʩʦʟʜʘʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʦʥʪʨʦʣʷ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ. 

ʕʪʠ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, 

ʦʧʪʠʯʝʩʢʠʝ ʩʢʘʥʝʨʳ, ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʠ ʜʨʫʛʠʝ ʚʠʜʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʝ ʝʜʠʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʦʡ. 

ɺ-ʪʨʝʪʴʠʭ, ʨʘʟʚʠʚʘʶʪʩʷ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʝ ʧʨʦʩʪʦ ʬʠʢʩʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦ 

ʚʣʠʷʪʴ ʥʘ ʭʦʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʚʢʣʶʯʘʶʪ 

ʵʣʝʤʝʥʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ. 

ʇʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʤʝʪʨʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ 

ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ 
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ʤʦʛʫʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʜʦʣʛʦ ʜʦ ʪʦʛʦ, ʢʘʢ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʝʜʫʪ ʢ ʚʳʭʦʜʫ 

ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʜʦʧʫʩʪʠʤʳʝ ʛʨʘʥʠʮʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ 

ʩʦʩʪʦʷʥʠʶ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ [6]. 

ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʩʦʟʜʘʶʪ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʝʜʠʥʦʝ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʜʝ ʚʩʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ï ʦʪ 

ʵʪʘʣʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦ ʨʘʙʦʯʠʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ï ʦʙʲʝʜʠʥʝʥʳ ʚ 

ʝʜʠʥʫʶ ʩʝʪʴ ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ, ʦʧʝʨʘʪʠʚʥʦ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʨʝʩʫʨʩʳ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʢʚʦʟʥʦʡ 

ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʙʘʟʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʜʦʩʪʫʧʥʦʡ 

ʚʩʝʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ ʧʨʝʜʧʨʠʷʪʠʷ. ʕʪʦ ʫʩʪʨʘʥʷʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʘʟʨʳʚʳ ʤʝʞʜʫ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʤʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʩʣʫʞʙʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ʈʘʟʚʠʪʠʝ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ ʠ 

ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʡ [7]. ʆʜʥʘʢʦ ʦʧʳʪ ʧʝʨʝʜʦʚʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʠʝ ʚʣʦʞʝʥʠʷ ʦʢʫʧʘʶʪʩʷ ʟʘ ʩʯʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʩʥʠʞʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ ʠ ʩʦʟʜʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʢʦʥʢʫʨʝʥʪʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ ʥʘ ʛʣʦʙʘʣʴʥʳʭ ʨʳʥʢʘʭ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʨʝʥʠʡ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ 

ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʇʝʨʝʭʦʜ ʥʘ ʙʝʩʧʨʦʚʦʜʥʳʝ ʜʘʪʯʠʢʠ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʮʝʣʳʡ 

ʢʦʤʧʣʝʢʩ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʳʧʦʣʥʠʤʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ. ʆʩʦʙʝʥʥʦ ʮʝʥʥʳʤ 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʩʣʦʚʠʷʭ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʨʘʱʘʶʱʠʭʩʷ ʫʟʣʘʭ ʠ 

ʤʝʭʘʥʠʟʤʘʭ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʙʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʣʠʙʦ ʢʨʘʡʥʝ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ, ʣʠʙʦ ʚʦʦʙʱʝ ʥʝʚʦʟʤʦʞʥʳʤ. 

ɹʝʩʧʨʦʚʦʜʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʭʦʚ - ʚ ʛʝʨʤʝʪʠʯʥʳʭ 

ʢʘʤʝʨʘʭ, ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʟʦʥʘʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʣʠ 

ʨʘʜʠʘʮʠʦʥʥʳʤ ʬʦʥʦʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʟʤʝʱʘʪʴ 

ʜʘʪʯʠʢʠ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʯʘʩʪʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʥʦʤʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʜʘʪʯʠʢʦʚ ʩ 
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ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʟʘʨʷʜʢʠ ʦʪ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʚʠʙʨʘʮʠʠ, ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʧʦʣʷ). 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ 

ʩʣʫʞʙ ʥʘ ʚʝʜʫʱʠʭ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʧʝʯʘʪʣʷʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [8]. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʢʦʥʪʨʦʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘ 30-40%. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʨʫʯʥʦʛʦ ʪʨʫʜʘ, ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʡ ʠ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘ 

ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʷʚʣʷʝʪʩʷ 

ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʝʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʥʝʜʨʝʥʠʝ 

ʩʠʩʪʝʤ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʧʦʚʝʨʢʫ ʠ 

ʨʝʤʦʥʪ ʚ ʧʝʨʠʦʜʳ ʧʣʘʥʦʚʳʭ ʦʩʪʘʥʦʚʦʢ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʠʢʣʦʚ, ʛʜʝ ʢʘʞʜʘʷ ʤʠʥʫʪʘ ʧʨʦʩʪʦʷ 

ʦʙʭʦʜʠʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʫʤʤʳ. 

ʉʝʨʴʝʟʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʘʝʪ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʦʪ ʙʨʘʢʘ ʥʘ 

20-35%. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʷʶʪ 

ʚʳʷʚʣʷʪʴ ʦʪʢʣʦʥʝʥʠʷ ʥʘ ʩʘʤʳʭ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʙʲʝʤʳ ʥʝʢʦʥʜʠʮʠʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʢʦʥʪʨʦʣʷ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʦʩʪʦ ʬʠʢʩʠʨʦʚʘʪʴ ʙʨʘʢ, ʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʝʛʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʵʢʦʥʦʤʠʷ ʥʘ ʧʦʚʝʨʢʝ ʠ ʢʘʣʠʙʨʦʚʢʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [9]. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʠ, ʚʥʝʜʨʷʝʤʳʝ ʚ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʛʨʘʬʠʢʠ ʧʦʚʝʨʢʠ, ʩʦʢʨʘʱʘʷ ʢʦʣʠʯʝʩʪʚʦ 

ʠʟʙʳʪʦʯʥʳʭ ʧʨʦʮʝʜʫʨ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

ʅʝʢʦʪʦʨʳʝ ʧʝʨʝʜʦʚʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʫʞʝ ʚʥʝʜʨʷʶʪ ʩʠʩʪʝʤʳ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦʚʝʨʢʠ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ 

CAD/CAM/CAE. ʉʦʟʜʘʥʠʝ ʩʢʚʦʟʥʳʭ ʮʠʬʨʦʚʳʭ ʮʝʧʦʯʝʢ ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʜʦ ʢʦʥʪʨʦʣʷ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʠʪʴ 

ʧʦʜʭʦʜ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʯʝʩʪʚʘ. ɼʘʥʥʳʝ ʦ ʜʦʧʫʩʢʘʭ ʠ ʪʨʝʙʦʚʘʥʠʷʭ ʢ 

ʪʦʯʥʦʩʪʠ, ʟʘʣʦʞʝʥʥʳʝ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʝʨʝʜʘʶʪʩʷ ʚ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʘʣʝʝ - 

ʚ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ 

ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʝʢʪʥʳʤ ʟʥʘʯʝʥʠʷʤ. 
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ʈʘʟʚʠʪʠʝ ʤʝʪʨʦʣʦʛʠʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ [10]. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʛʝʥʝʨʠʨʫʶʪ ʦʛʨʦʤʥʳʝ ʤʘʩʩʠʚʳ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ. ʅʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʢʦʥʪʨʦʣʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʚʝʨʠʬʠʢʘʮʠʠ ʙʦʣʴʰʠʭ 

ʤʘʩʩʠʚʦʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʝʥʠʶ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʟʘʱʠʪʝ 

ʦʪ ʚʦʟʤʦʞʥʳʭ ʠʩʢʘʞʝʥʠʡ. 

ʂʚʘʥʪʦʚʘʷ ʤʝʪʨʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʚʦʣʶʮʠʦʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ɺʥʝʜʨʝʥʠʝ ʢʚʘʥʪʦʚʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʷʚʣʝʥʠʡ, ʢʘʢ ʢʚʘʥʪʦʚʳʝ ʙʠʝʥʠʷ, ʟʘʧʫʪʘʥʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʠ ʢʚʘʥʪʦʚʳʝ ʦʩʮʠʣʣʷʪʦʨʳ, ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʭ ʫʨʦʚʥʝʡ ʪʦʯʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʚʘʥʪʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʵʪʘʣʦʥʦʚ ʚʨʝʤʝʥʠ, ʯʘʩʪʦʪʳ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʕʪʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʷʪ ʠʟ 

ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʧʨʘʢʪʠʢʫ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʆʙʣʘʯʥʳʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʩʝʨʚʠʩʳ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [11]. ʆʨʛʘʥʠʟʘʮʠʷ ʫʜʘʣʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʵʪʘʣʦʥʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʙʘʟʘʤ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʨʠʷʪʠʷʤ, ʦʩʦʙʝʥʥʦ ʩʨʝʜʥʠʤ ʠ ʤʘʣʳʤ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. 

ʈʘʟʚʠʚʘʶʪʩʷ ʩʝʨʚʠʩʳ ʧʦʚʝʨʢʠ "ʢʘʢ ʫʩʣʫʛʘ", ʦʙʣʘʯʥʳʝ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ 

ʠʟʤʝʨʝʥʠʡ, ʫʜʘʣʝʥʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʤʝʪʨʦʣʦʛʦʚ-ʵʢʩʧʝʨʪʦʚ. ʕʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʫʜʘʣʝʥʥʳʭ ʧʣʦʱʘʜʢʘʭ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʝʞʠʚʘʝʪ ʧʝʨʠʦʜ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʧʨʝʚʨʘʱʘʷʩʴ ʠʟ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʩʣʫʞʙʳ ʚ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʘʢʪʠʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɻʣʫʙʦʢʘʷ 

ʮʠʬʨʦʚʠʟʘʮʠʷ, ʠʥʪʝʛʨʘʮʠʷ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʚʥʝʜʨʝʥʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʩʪʘʥʦʚʷʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʤʝʪʘʣʣʫʨʛʠʠ. 

ʀʥʚʝʩʪʠʮʠʠ ʚ ʤʦʜʝʨʥʠʟʘʮʠʶ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʧʨʠʥʦʩʷʪ ʢʦʤʧʣʝʢʩʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʇʦʤʠʤʦ ʧʨʷʤʦʛʦ ʩʥʠʞʝʥʠʷ 

ʟʘʪʨʘʪ ʥʘ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʦʪ ʙʨʘʢʘ, ʦʥʠ ʩʦʟʜʘʶʪ 

ʫʩʪʦʡʯʠʚʳʝ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʦʟʚʦʣʷʷ ʧʨʝʜʧʨʠʷʪʠʷʤ 

ʚʳʭʦʜʠʪʴ ʥʘ ʥʦʚʳʝ ʨʳʥʢʠ ʩ ʧʨʦʜʫʢʮʠʝʡ ʧʦʚʳʰʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ. ʆʩʦʙʝʥʥʦ 

ʚʘʞʥʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʘʥʦʚʷʪʩʷ ʥʝ ʧʨʦʩʪʦ ʠʥʩʪʨʫʤʝʥʪʦʤ ʢʦʥʪʨʦʣʷ, ʘ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ 
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ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ ʜʘʥʥʳʝ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʢʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ. ʆʩʦʙʦʛʦ 

ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʝʨʝʩʤʦʪʨʘ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʨʷʜʝ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʫʙʝʜʠʪʝʣʴʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʰʚʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʫʟʢʦʩʪʨʫʡʥʦʡ ʧʣʘʟʤʳ 

ʙʝʟ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʜʘʣʝʥʠʷ ʟʦʥ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, ʥʝ ʫʩʪʫʧʘʝʪ 

ʧʦʢʘʟʘʪʝʣʷʤ, ʜʦʩʪʠʛʘʝʤʳʤ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʦʪʢʨʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʢʨʘʱʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ 

ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʩʧʦʩʦʙʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʩʣʦʚʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ [12]. ʉʦʯʝʪʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʥʩʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʧʦʟʚʦʣʠʪ 

ʩʦʟʜʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ, ʨʘʙʦʪʘʶʱʠʝ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʝ ʧʦʷʚʣʝʥʠʝ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ ʥʘ ʩʪʘʜʠʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʇʦ ʤʝʨʝ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʧʦʜʢʣʶʯʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʝʪʷʤ ʚʦʟʨʘʩʪʘʶʪ ʨʠʩʢʠ ʢʠʙʝʨʘʪʘʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʠʩʢʘʞʝʥʠʶ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ 

ʩʝʨɹʝʟʥʳʤ ʧʨʦʙʣʝʤʘʤ ʩ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʟʘʱʠʱʝʥʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʠʩʪʝʤ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʩʪʘʥʦʚʠʪʩʷ 

ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʪʨʦʣʦʛʠʠ. 
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ʊʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʟʘʧʠʩʠ ʥʘ ʤʝʜʠʮʠʥʩʢʠʝ ʫʩʣʫʛʠ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʟʘʧʠʩʠ ʥʘ ʤʝʜʠʮʠʥʩʢʠʝ ʫʩʣʫʛʠ. 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʚʦʧʨʦʩʳ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ, ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʠ ʘʜʘʧʪʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʆʪʤʝʯʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʙʘʨʴʝʨʳ ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʧʠʩʠ ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʤʝʜʠʮʠʥʩʢʠʝ ʫʩʣʫʛʠ, ʟʘʧʠʩʴ ʥʘ 

ʧʨʠʸʤ, ʧʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ, ʪʝʭʥʦʣʦʛʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 

 

Mahmood Malath Ali Sami 
 

Technical and organizational problems of implementation of 

intelligent systems of registration for medical services 
 

Abstract: This article explores the technical and organizational challenges of 

implementing intelligent appointment scheduling systems in healthcare. It analyzes 

integration with existing infrastructure, data security, staff training, and user adaptation. 

The study highlights key barriers and offers recommendations for effective deployment 

of smart scheduling technologies in medical institutions. 

Key words: intelligent systems, medical services, appointment scheduling, 

implementation challenges, healthcare technology. 

 

ɺ ʩʦʚʨʝʤʝʥʥʫʶ ʮʠʬʨʦʚʫʶ ʵʧʦʭʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʟʘʧʠʩʠ 

ʥʘ ʤʝʜʠʮʠʥʩʢʠʝ ʫʩʣʫʛʠ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ʕʪʠ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʙʦʣʴʥʠʮ ʠ ʫʣʫʯʰʝʥʠʶ ʦʧʳʪʘ ʧʘʮʠʝʥʪʦʚ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ 

ʦʞʠʜʘʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ. ʆʜʥʘʢʦ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʧʨʦʙʣʝʤ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʫʩʧʝʰʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ [1].  

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʨʘʩʩʤʦʪʨʝʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ ʠ ʧʨʝʜʣʦʞʠʪʴ 

ʨʝʰʝʥʠʷ ʜʣʷ ʠʭ ʧʨʝʦʜʦʣʝʥʠʷ, ʯʪʦ ʧʦʤʦʞʝʪ ʙʦʣʴʥʠʮʘʤ ʤʘʢʩʠʤʘʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʩʠʩʪʝʤʳ. 

ɺʘʞʥʦʩʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʟʘʧʠʩʠ ʥʘ ʤʝʜʠʮʠʥʩʢʠʝ 

ʫʩʣʫʛʠ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʟʘʧʠʩʠ ʥʘ ʤʝʜʠʮʠʥʩʢʠʝ ʫʩʣʫʛʠ 

ʧʨʝʜʣʘʛʘʶʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ʉʨʝʜʠ ʵʪʠʭ ʧʨʝʠʤʫʱʝʩʪʚ: 
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Å ʋʣʫʯʰʝʥʠʝ ʦʧʳʪʘ ʧʘʮʠʝʥʪʦʚ: ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʷ 

ʦʞʠʜʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʜʦʙʥʳʡ ʜʦʩʪʫʧ ʢ ʤʝʜʠʮʠʥʩʢʠʤ ʫʩʣʫʛʘʤ. 

ʅʘʧʨʠʤʝʨ, ʧʘʮʠʝʥʪʳ ʤʦʛʫʪ ʟʘʧʠʩʳʚʘʪʴʩʷ ʥʘ ʧʨʠʝʤ ʦʥʣʘʡʥ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʠ 

ʠʟ ʣʶʙʦʛʦ ʤʝʩʪʘ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʣʠʯʥʳʭ ʚʠʟʠʪʘʭ ʠʣʠ 

ʪʝʣʝʬʦʥʥʳʭ ʟʚʦʥʢʘʭ [2]. 

Å ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʦʣʴʥʠʮ: ʟʘ ʩʯʝʪ ʣʫʯʰʝʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʩʫʨʩʘʤʠ ʠ ʩʦʢʨʘʱʝʥʠʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʦʰʠʙʦʢ. ʅʘʧʨʠʤʝʨ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʧʠʩʘʥʠʝ ʚʨʘʯʝʡ ʠ 

ʜʨʫʛʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʫʤʝʥʴʰʘʷ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʠ ʦʞʠʜʘʥʠʷ. 

Å ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ: ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʜʦʭʦʜʦʚ ʙʣʘʛʦʜʘʨʷ ʫʣʫʯʰʝʥʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʨʝʩʫʨʩʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ 

ʧʝʨʩʦʥʘʣʝ, ʩʥʠʞʘʷ ʦʧʝʨʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ 

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʟʘʧʠʩʠ ʥʘ ʤʝʜʠʮʠʥʩʢʠʝ 

ʫʩʣʫʛʠ ʙʦʣʴʥʠʮʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʚʢʣʶʯʘʷ: 

ï ʀʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤ: ʙʦʣʴʥʠʮʘʤ ʩʣʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʦʚʳʝ 

ʩʠʩʪʝʤʳ ʩ ʫʩʪʘʨʝʚʰʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʕʪʦ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ. 

ʅʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʦʩʨʝʜʥʠʢʦʚ 

ʠʣʠ ʠʥʪʝʨʬʝʡʩʦʚ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (API) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ [1]. 

ï ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ: ʥʝʦʙʭʦʜʠʤʦ ʟʘʱʠʱʘʪʴ ʜʘʥʥʳʝ 

ʧʘʮʠʝʥʪʦʚ ʦʪ ʚʟʣʦʤʦʚ ʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. ʕʪʦ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʩʪʨʦʛʠʭ ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʰʠʬʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʪʦʢʦʣʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ TLS ʠ SSL, ʜʣʷ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʧʨʠ ʧʝʨʝʜʘʯʝ, ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʰʠʬʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ AES, ʜʣʷ ʟʘʱʠʪʳ ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ. 

ï ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ: ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʝʟ ʧʦʪʝʨʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʛʠʙʢʠʭ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ 

ʩʠʩʪʝʤ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʛʜʝ ʨʝʩʫʨʩʳ ʤʦʛʫʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʳ ʧʦ 

ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ï ʆʙʩʣʫʞʠʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ: ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ 

ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ. ʕʪʦ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʤʘʥʜʳ ʧʦʜʜʝʨʞʢʠ. ʅʘʧʨʠʤʝʨ, ʙʦʣʴʥʠʮʳ ʤʦʛʫʪ ʟʘʢʣʶʯʘʪʴ 

ʢʦʥʪʨʘʢʪʳ ʩ ʚʥʝʰʥʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʇʦʤʠʤʦ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ, ʪʘʢʠʝ ʢʘʢ: 
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ï ʆʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ: ʙʦʣʴʥʠʮʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʥʝʧʨʝʨʳʚʥʦʝ ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʦʚʦʡ ʩʠʩʪʝʤʳ. ʕʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ 

ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʜʝʨʞʢʠ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ 

ʫʯʝʙʥʳʝ ʩʝʤʠʥʘʨʳ, ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʦʥʣʘʡʥ-ʦʙʫʯʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʩʪʦʷʥʥʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ. 

ï ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤ: ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʚʘʪʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʥʦʚʳʤ ʠʟʤʝʥʝʥʠʷʤ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ. ʕʪʦ 

ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷʤʠ. 

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʨʘʪʝʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʵʬʬʝʢʪʠʚʥʘʷ 

ʢʦʤʤʫʥʠʢʘʮʠʷ, ʚʦʚʣʝʯʝʥʠʝ ʚ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʡ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʩʪʠʤʫʣʦʚ ʜʣʷ ʧʨʠʥʷʪʠʷ ʠʟʤʝʥʝʥʠʡ ʩʦʪʨʫʜʥʠʢʘʤʠ. 

ï ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ: ʥʝʦʙʭʦʜʠʤʦ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ 

ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʠʪʠʢʠ ʠ ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʥʦʚʦʡ ʩʠʩʪʝʤʳ. ʕʪʦ 

ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʠ ʦʙʥʦʚʣʝʥʠʷ ʪʝʢʫʱʠʭ ʧʦʣʠʪʠʢ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʥʦʚʳʭ 

ʠʟʤʝʥʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʧʦʣʠʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ 

ʜʘʥʥʳʤʠ, ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʦʣʠʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

[3]. 

ï ʌʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ: ʥʘʯʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʩʦʢʠʤʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ 

ʬʠʥʘʥʩʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ. 

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʟʘʪʨʘʪ ʠ ʚʳʛʦʜ, ʘ ʪʘʢʞʝ ʜʦʣʛʦʩʨʦʯʥʦʝ 

ʬʠʥʘʥʩʦʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʨʝʰʝʥʠʷ 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʣʘʛʘʝʤʳʝ ʨʝʰʝʥʠʷ: 

ï ʅʝʧʨʝʨʳʚʥʦʝ ʦʙʫʯʝʥʠʝ: ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʩʦʪʨʫʜʥʠʢʘʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʫʯʝʙʥʳʝ 

ʩʝʤʠʥʘʨʳ, ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʦʥʣʘʡʥ-ʦʙʫʯʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʦʩʪʦʷʥʥʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ. 

ï ʋʣʫʯʰʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ: ʠʥʚʝʩʪʠʨʦʚʘʥʠʝ ʚ ʫʣʫʯʰʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʥʦʚʦʡ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, 

ʤʦʞʥʦ ʫʣʫʯʰʘʪʴ ʩʝʪʠ ʩʚʷʟʠ, ʦʙʥʦʚʣʷʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

ï ʋʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤʠ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ 

ʠʟʤʝʥʝʥʠʷʤʠ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʠʥʷʪʠʷ ʥʦʚʦʡ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʨʘʪʝʛʠʠ, ʪʘʢʠʝ 

ʢʘʢ ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ, ʚʦʚʣʝʯʝʥʠʝ ʚ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʡ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʪʠʤʫʣʦʚ ʜʣʷ ʧʨʠʥʷʪʠʷ ʠʟʤʝʥʝʥʠʡ ʩʦʪʨʫʜʥʠʢʘʤʠ [3]. 

ï ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʘʨʪʥʝʨʘʤʠ: ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ 

ʥʘʜʝʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʘʨʪʥʝʨʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʟʘʢʣʶʯʘʪʴ ʢʦʥʪʨʘʢʪʳ ʩ 
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ʚʥʝʰʥʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʣʫʛʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʩʘʣʪʠʥʛʘ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʩʠʩʪʝʤʳ. 

ʇʨʠʤʝʨ ʠʟ ʧʨʘʢʪʠʢʠ: ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘʧʠʩʠ ʚ ʙʦʣʴʥʠʮʝ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʦʙʣʝʤ ʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ 

ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠʤʝʨ ʠʟ ʧʨʘʢʪʠʢʠ ʙʦʣʴʥʠʮʳ, ʚʥʝʜʨʠʚʰʝʡ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʟʘʧʠʩʠ. ʅʘʧʨʠʤʝʨ, ʙʦʣʴʥʠʮʘ "X" ʚʥʝʜʨʠʣʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʟʘʧʠʩʠ ʠ ʩʪʦʣʢʥʫʣʘʩʴ ʩ ʨʷʜʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʧʨʦʙʣʝʤ. ʆʜʥʘʢʦ ʙʣʘʛʦʜʘʨʷ ʪʱʘʪʝʣʴʥʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ, 

ʥʝʧʨʝʨʳʚʥʦʤʫ ʦʙʫʯʝʥʠʶ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʘʨʪʥʝʨʘʤʠ 

ʙʦʣʴʥʠʮʘ ʩʤʦʛʣʘ ʧʨʝʦʜʦʣʝʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ ʠ ʜʦʩʪʠʯʴ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ. 

ï ʇʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʦʣʢʥʫʣʘʩʴ ʙʦʣʴʥʠʮʘ: ʪʘʢʠʝ ʢʘʢ ʩʣʦʞʥʦʩʪʴ 

ʠʥʪʝʛʨʘʮʠʠ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʩ ʫʩʪʘʨʝʚʰʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʩʦʪʨʫʜʥʠʢʦʚ ʠʟʤʝʥʝʥʠʷʤ ʠ ʚʳʩʦʢʠʝ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ. 

ï ʈʝʰʝʥʠʷ, ʧʨʠʤʝʥʝʥʥʳʝ ʙʦʣʴʥʠʮʝʡ: ʪʘʢʠʝ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʦʩʨʝʜʥʠʢʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʠʩʪʝʤ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ 

ʩʦʪʨʫʜʥʠʢʘʤ, ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʘʨʪʥʝʨʘʤʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ï ʈʝʟʫʣʴʪʘʪʳ, ʜʦʩʪʠʛʥʫʪʳʝ ʙʦʣʴʥʠʮʝʡ: ʪʘʢʠʝ ʢʘʢ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʦʣʴʥʠʮʳ, ʫʣʫʯʰʝʥʠʝ ʦʧʳʪʘ ʧʘʮʠʝʥʪʦʚ ʠ ʩʦʢʨʘʱʝʥʠʝ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ [2]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ 

ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʟʘʧʠʩʠ ʥʘ ʤʝʜʠʮʠʥʩʢʠʝ ʫʩʣʫʛʠ, 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʳʛʦʜʳ ʵʪʠʭ ʩʠʩʪʝʤ ʜʝʣʘʶʪ ʠʭ ʠʥʚʝʩʪʠʮʠʷʤʠ, ʢʦʪʦʨʳʝ 

ʩʪʦʷʪ ʫʩʠʣʠʡ. ɹʣʘʛʦʜʘʨʷ ʪʱʘʪʝʣʴʥʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ, ʥʝʧʨʝʨʳʚʥʦʤʫ 

ʦʙʫʯʝʥʠʶ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʘʨʪʥʝʨʘʤʠ, ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʝʚʨʘʱʝʥʳ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʵʪʠ ʩʠʩʪʝʤʳ ʤʦʛʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ ʦʧʳʪʘ ʧʘʮʠʝʥʪʦʚ, ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʙʦʣʴʥʠʮ ʠ ʩʦʢʨʘʱʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. 
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ʋɼʂ 625.7/8 

ɼʦʨʤʠʜʦʥʪʦʚʘ ʊ.ɺ., ʂʦʤʠʩʩʘʨʦʚ ʅ.ɼ. 
ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

 

ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʝʤʦʥʪʝ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜ: 

ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʭʦʣʦʜʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ 
 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʯʘʩʪʢʘ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ II ʪʝʭʥʠʯʝʩʢʦʡ ʢʘʪʝʛʦʨʠʠ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʅʘ 

ʦʩʥʦʚʝ ʜʝʪʘʣʴʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʝʬʝʢʪʦʚ ʧʦʢʨʳʪʠʷ 

(ʢʦʣʝʷ, ʩʝʪʢʘ ʪʨʝʱʠʥ, ʚʳʙʦʠʥʳ), ʚʳʷʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʦʣʝʠ (65% ʧʣʦʱʘʜʠ 

ʜʝʬʝʢʪʦʚ). ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʣʦʞʝʥʳ ʠ 

ʦʙʦʩʥʦʚʘʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʫʩʠʣʝʥʠʷ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ, ʚʢʣʶʯʘʷ ʠʥʥʦʚʘʮʠʦʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʭʦʣʦʜʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. ʇʨʠʚʝʜʝʥʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ, ʨʘʩʯʝʪʳ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʪʝʭʥʠʢʝ ʠ ʤʘʪʝʨʠʘʣʘʭ, ʘ ʪʘʢʞʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʦʨʦʛʠ II ʢʘʪʝʛʦʨʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ, ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ, ʜʦʨʦʞʥʘʷ ʦʜʝʞʜʘ, 

ʨʝʤʦʥʪ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ, ʜʝʬʝʢʪʳ. 

 

Dormidontova T.V., Komissarov N.D. 

Resource-saving technologies in the repair of road clothes: 

experience of cold regeneration application 
Abstract: The article is devoted to solving the problem of non-compliance of 

geometric, structural and technological parameters of a section of a highway of the II 

technical category with modern requirements. Based on a detailed visual inspection and 

analysis of coating defects (track, network of cracks, potholes), the predominance of 

track (65% of the defect area) was revealed. To restore the regulatory characteristics, 

two options for reinforcing the pavement have been proposed and justified, including 

the innovative use of asphalt concrete cold regeneration technology. Technological 

maps, calculations of the need for machinery and materials, as well as requirements for 

quality control during major repairs are presented. The results of the study are aimed at 

improving the safety, durability and compliance of a Category II road. 

Keywords: automobile, major repairs, road clothing, highway repairs, defects. 

 

ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʤʦʙʠʣʴʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, 

ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʩʪʨʘʥʳ. ʄʦʜʝʨʥʠʟʘʮʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʚʳʰʝʥʠʝ ʠʭ ʥʘʜʝʞʥʦʩʪʠ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʶ ʢ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ. 

ɼʦʨʦʞʥʘʷ ʦʜʝʞʜʘ- ʵʪʦ ʢʦʤʧʣʝʢʩ ʩʣʦʝʚ, ʩʦʦʨʫʞʝʥʥʳʭ ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ 
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ʦʩʥʦʚʘʥʠʠ ʜʦʨʦʛʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʛʨʫʟʦʢ ʦʪ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʛʨʫʥʪ ʦʩʥʦʚʘʥʠʷ. ʆʥʘ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʤʬʦʨʪʘ ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʚ ʧʨʦʜʣʝʥʠʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʦʨʦʛʠ.  

ʈʘʙʦʪʳ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʪʦʣʴʢʦ 

ʥʘ ʛʦʪʦʚʦʤ ʠ ʧʨʠʥʷʪʦʤ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʟʝʤʣʷʥʦʤ ʧʦʣʦʪʥʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʚ ʨʘʙʦʪʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʚʠʟʫʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʫʯʘʩʪʢʘ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ. 

ʇʦ ʠʪʦʛʘʤ ʠʟʫʯʝʥʠʷ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ 1, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ 

ʬʘʢʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ. 

 
ʊʘʙʣʠʮʘ 1 ï ʌʘʢʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ 

 

ɺʩʝ ʚʳʷʚʣʝʥʥʳʝ ʜʝʬʝʢʪʳ ʧʦʢʨʳʪʠʷ ʩʥʠʞʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʢʦʤʬʦʨʪʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʜʠʪʝʣʝʡ ʜʚʠʛʘʪʴʩʷ ʩ ʨʘʩʯʝʪʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʦ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 5.3 ɻʆʉʊ 

50597-2017[6] ʢʦʣʝʶ ʛʣʫʙʠʥʦʡ ʙʦʣʝʝ 5 ʩʤ ʫʩʪʨʘʥʷʶʪ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʜʦʨʦʛ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʝʬʝʢʪʦʚ ʧʦʢʨʳʪʠʷ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʪʦ ʩʪʘʥʦʚʠʪʴʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʢʦʣʝʷ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 65 

% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʜʝʬʝʢʪʦʚ. 

ˉ 

ʧ/ʧ 

ʇʠʢʝʪʘ

ʞʥʦʝ 

ʧʦʣʦʞʝ

ʥʠʝ 

ʦʪ ʇʂ+ 

ʜʦ ʇʂ+ 

L, ʤ B, ʤ 

ɺʳʙʦ

ʠʥ r

% 

ʂʦʣʝʷ, 

% 
ʉʦʩʪʦʷʥʠʝ ʧʦʢʨʳʪʠʷ 

ʉʦʩʪʦʷʥʠʝ 

ʢʨʦʤʢʠ 

ʧʨʦʝʟʞʝʡ 

ʯʘʩʪʠ 

ʉʦʩʪʦʷʥʠʝ 

ʦʙʦʯʠʥ 

1 
00+00 ï 

79+98 
7998 

8,4 ï 

17,02 
10% 

40-

50ʤʤ-

20% 

50-

60ʤʤ-

30% 

ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ 

ʧʦʢʨʳʪʠʝ ʠʤʝʝʪ 

ʤʥʦʞʝʩʪʚʦ ʜʝʬʝʢʪʦʚ: 

ʢʦʣʝʡʥʦʩʪʴ 4-6 ʩʤ, 

ʩʝʪʢʫ ʪʨʝʱʠʥ ʜʦ 15%, 

ʚʳʙʦʠʥʳ ʠ 

ʚʦʣʥʦʦʙʨʘʟʥʳʝ 

ʥʝʨʦʚʥʦʩʪʠ, ʚ ʤʝʩʪʘʭ, 

ʛʜʝ ʦʩʦʙʦ ʩʠʣʴʥʳʝ 

ʨʘʟʨʫʰʝʥʠʷ, ʠʤʝʶʪʩʷ 

ʘ/ʙ ʢʘʨʪʳ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʯʘʩʪʳʝ 

ʧʨʦʜʦʣʴʥʳʝ ʠ 

ʧʦʧʝʨʝʯʥʳʝ ʪʨʝʱʠʥʳ, 

ʟʘʜʝʣʘʥʥʳʝ ʙʠʪʫʤʦʤ. 

ʈʘʟʨʫʰʝʥʠʝ 

ʢʨʦʤʢʠ 

ʩʣʝʚʘ ʠ 

ʩʧʨʘʚʘ 

ʋʢʨʝʧʣʝʥʳ ʚ 

ʦʩʥʦʚʥʦʤ 

ʟʘʩʝʚʦʤ ʪʨʘʚ, 

ʤʝʩʪʘʤʠ 

ʱʝʙʥʝʤ 

2 
79+98 ï 

109+83 
2985 

8,57 ï  

15,53 
3% 

40-

50ʤʤ- 

10% 

50-

60ʤʤ- 

5% 

ʇʦʢʨʳʪʠʝ ʚ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʆʪʜʝʣʴʥʳʝ 

ʧʦʧʝʨʝʯʥʳʝ ʪʨʝʱʠʥʳ 

ʰʠʨʠʥʦʡ ʨʘʩʢʨʳʪʠʷ ʜʦ 

1-2 ʩʤ, ʚʩʪʨʝʯʘʶʪʩʷ 

ʪʨʝʱʠʥʳ ʟʘʜʝʣʘʥʥʳʝ 

ʙʠʪʫʤʦʤ, ʢʦʣʝʡʥʦʩʪʴ 

4-6 ʩʤ. 

ʈʘʟʨʫʰʝʥʠʝ 

ʢʨʦʤʢʠ 

ʩʣʝʚʘ ʠ 

ʩʧʨʘʚʘ 

ʋʜʦʚʣʝʪʚʦʨʠʪ

ʝʣʥɹʦʝ, 

ʦʙʦʯʠʥʳ 

ʰʠʨʠʥʦʡ 2,3-

4,0 ʤ, 

ʫʢʨʝʧʣʝʥʳ 

ʱʝʙʥʝʤ ʠ 

ʟʘʩʝʚʦʤ ʪʨʘʚ  
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ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʝʬʝʢʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ 

 

ɺʳʙʦʠʥʳ ʩʦʩʪʘʚʣʷʶʪ 13 % ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ, ʘ ʦʩʪʘʣʴʥʳʝ ʜʝʬʝʢʪʳ ï 

22 %. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʫʯʘʩʪʢʝ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪ ʠʤʝʶʪʩʷ 20 

ʧʨʠʤʳʢʘʥʠʡ. ʀʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ 

ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
ʊʘʙʣʠʮʘ 2 ï ʉʦʩʪʦʷʥʠʝ ʧʨʠʤʳʢʘʥʠʡ 

 ̄

ʧ/ʧ 
ʇʂ+ 

ʋʛʦʣ 

ʧʝʨʝʩʝʯ

ʝʥʠʷ 

 

ʅʘʧʨʘʚʣʝʥʠʝ 

ʧʝʨʝʩʝʢʘʝʤʦʛʦ ʩʲʝʟʜʘ ʠʣʠ 

ʧʝʨʝʝʟʜʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʝʨʝʩʝʢʘʝʤʦʛʦ ʩʲʝʟʜʘ 

ʠʣʠ ʧʝʨʝʝʟʜʘ 
ʚʣʝʚʦ ʚʧʨʘʚʦ 

1 5+89   ʊʎ çɸʟʘʤʘʪ 

ʉʲʝʟʜ ʥʘ ʘʚʪʦʩʪʦʷʥʢʫ ʩ 

ʧʣʦʱʘʜʢʦʡ ʧʝʨʝʜ ʊʎ çɸʟʘʤʘʪè. 

ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʚ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʠʤʝʶʪʩʷ ʚʳʙʦʠʥʳ, ʪʨʝʱʠʥʳ. 

2 7+51   
ʂʘʥʘʰʩʢʠʡ 

ʟʘʚʦʜ 

ʇʦʢʨʳʪʠʝ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ 

3 10+45 86  ɸʚʪʦʩʝʨʚʠʩ 
ɻʨʫʥʪʦʚʳʡ ʩʲʝʟʜ ʰʠʨʠʥʦʡ 5,65 ʤ 

ʩ ʧʣʦʱʘʜʢʦʡ 

4 11+94 90 ʫʣ.ʌʨʫʥʟʝ  

ʇʦʢʨʳʪʠʝ ʠʤʝʝʪ ʩʝʪʢʫ ʪʨʝʱʠʥ, 

ʥʝʨʦʚʥʦʩʪʠ, ʦʙʨʫʰʝʥʠʝ ʢʨʦʤʦʢ. 

ʀʤʝʝʪʩʷ ʧʝʨʝʭʦʜʥʦ-ʩʢʦʨʦʩʪʥʘʷ 

ʧʦʣʦʩʘ. 

5 19+45 90 

ʫʣ.ʄʘʰʠʥ

ʦʩʪʨʦʠʪʝʣʝ

ʡ 

 

ʇʦʢʨʳʪʠʝ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠʤʝʝʪʩʷ ʧʝʨʝʭʦʜʥʦ-

ʩʢʦʨʦʩʪʥʘʷ ʧʦʣʦʩʘ. 

6 23+59  

ʇʨʦʢʘʪ 

ʚʝʣʦʩʠʧʝʜ

ʦʚ 

 
ɻʨʫʥʪʦʚʳʡ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ 

ʩʲʝʟʜ ʩ ʧʣʦʱʘʜʢʦʡ. 

7 24+63 88  
ʐʠʥʦʤʦʥʪʘ

ʞ 

ʇʦʢʨʳʪʠʝ ʚ ʧʣʦʭʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʠʤʝʶʪʩʷ ʪʨʝʱʠʥʳ, ʚʳʙʦʠʥʳ, 

ʢʦʣʝʡʥʦʩʪʴ. 

8 39+62 83 
ʄ.ɹʠʢʰʠʢ

ʠ 
 

ʇʦʢʨʳʪʠʝ ʚ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, 
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 ̄

ʧ/ʧ 
ʇʂ+ 

ʋʛʦʣ 

ʧʝʨʝʩʝʯ

ʝʥʠʷ 

 

ʅʘʧʨʘʚʣʝʥʠʝ 

ʧʝʨʝʩʝʢʘʝʤʦʛʦ ʩʲʝʟʜʘ ʠʣʠ 

ʧʝʨʝʝʟʜʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʝʨʝʩʝʢʘʝʤʦʛʦ ʩʲʝʟʜʘ 

ʠʣʠ ʧʝʨʝʝʟʜʘ 
ʚʣʝʚʦ ʚʧʨʘʚʦ 

 ʠʤʝʶʪʩʷ ʪʨʝʱʠʥʳ. 

9 41+47  
ʄ.ɹʠʢʰʠʢ

ʠ 
 ɻʨʫʥʪʦʚʳʡ ʩʲʝʟʜ 

10 44+08  
ʄ.ɹʠʢʰʠʢ

ʠ 
 ɻʨʫʥʪʦʚʳʡ ʩʲʝʟʜ 

11 46+99 90 
ʄ.ɹʠʢʰʠʢ

ʠ 
 ɻʨʫʥʪʦʚʳʡ ʩʲʝʟʜ 

12 48+63 74  
ʂ ʩʘʜʦʚʳʤ 

ʫʯʘʩʪʢʘʤ 

ʇʦʢʨʳʪʠʝ ʚ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʠʤʝʶʪʩʷ ʪʨʝʱʠʥʳ, ʚʳʙʦʠʥʳ. 

13 48+64 79 
ʄ.ɹʠʢʰʠʭ

ʠ 
 

ʇʦʢʨʳʪʠʝ ʚ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʠʤʝʶʪʩʷ ʪʨʝʱʠʥʳ, ʚʳʙʦʠʥʳ. 

14 50+61   ʊʫʧʠʢ ɻʨʫʥʪʦʚʳʡ ʩʲʝʟʜ 

15 65+79 
86 

 
 ɺ ʧʦʣʝ 

ʇʦʢʨʳʪʠʝ ʚ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʀʤʝʝʪʩʷ ʧʝʨʝʭʦʜʥʦ-ʩʢʦʨʦʩʪʥʘʷ 

ʧʦʣʦʩʘ.  

16 78+34 83  
ɺʜ.ʉʷʜʦʨʛʘ-

ʉʠʨʤʘ 

ʇʦʢʨʳʪʠʝ ʚ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʠʤʝʶʪʩʷ ʪʨʝʱʠʥʳ, ʚʳʙʦʠʥʳ, 

ʢʦʣʝʡʥʦʩʪʴ. 

17 78+49 81 
ɺʜ.ɸʢʩʘʨʠ

ʥʦ 
 

ʇʦʢʨʳʪʠʝ ʚ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʠʤʝʶʪʩʷ ʪʨʝʱʠʥʳ, ʚʳʙʦʠʥʳ, 

ʢʦʣʣʝʡʥʦʩʪʴ.  

ʀʤʝʝʪʩʷ ʧʝʨʝʭʦʜʥʦ-ʩʢʦʨʦʩʪʥʘʷ 

ʧʦʣʦʩʘ. 

18 91+03 90 
ɺʜ.ʂʘʨʘʢʣ

 r
 

ʇʦʢʨʳʪʠʝ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʀʤʝʝʪʩʷ ʧʝʨʝʭʦʜʥʦ-

ʩʢʦʨʦʩʪʥʘʷ ʧʦʣʦʩʘ.  

19 91+09 87  
ɼ.ʉʷʜʦʨʛʘ-

ʉʠʨʤʳ 

ʇʦʢʨʳʪʠʝ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʀʤʝʝʪʩʷ ʧʝʨʝʭʦʜʥʦ-

ʩʢʦʨʦʩʪʥʘʷ ʧʦʣʦʩʘ.  

20 104+06 76 ɺ ʧʦʣʝ  ʉʲʝʟʜ ʩ ʱʝʙʝʥʦʯʥʳʤ ʧʦʢʨʳʪʠʝʤ 

 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʦʚʝʨʝʥʳ ʥʘ ʧʨʦʯʥʦʩʪʴ 2 ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ: 

ɺʘʨʠʘʥʪ ˉ 1. ʇʨʠʤʝʥʷʝʪʩʷ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʪʨʘʩʩʳ ʧʨʠ ʫʩʠʣʝʥʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3 ï ʉʫʱʝʩʪʚʫʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʣʦʷ ʄʘʪʝʨʠʘʣ ʩʣʦʷ 
ʊʦʣʱʠʥʘ ʩʣʦʷ, 

ʩʨ.ʤ 

1 ʈʘʙʦʯʠʡ ʩʣʦʡ ʉʫʛʣʠʥʦʢ ʪʷʞʝʣʳʡ - 

2 ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʣʦʷ ʦʩʥʦʚʘʥʠʷ ʇʝʩʦʢ 0,19 

3 ʆʩʥʦʚʘʥʠʝ ʑʝʙʝʥʴ 0,22 

4 ʇʦʢʨʳʪʠʝ ɸʩʬʘʣʴʪʦʙʝʪʦʥ 0,28 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 4, ʨʠʩʫʥʦʢ 2. 

 
ʊʘʙʣʠʮʘ 4 - ʇʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʫʩʠʣʝʥʠʷ 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʣʦʷ ʄʘʪʝʨʠʘʣ ʩʣʦʷ 
ʊʦʣʱʠʥʘ ʩʣʦʷ, 

ʩʨ.ʤ 

1 
ʉʫʱʝʩʪʚʫʶʱʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ 
ɺʩʝ ʩʣʦʠ 

0,59 (ʩ ʫʯʝʪʦʤ 

ʬʨʝʟʝʨʦʚʘʥʠʷ 10 

ʩʤ) 

2 ɺʝʨʭʥʠʡ ʩʣʦʡ ʦʩʥʦʚʘʥʠʷ 
ʍʦʣʦʜʥʘʷ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʘʷ 

ʩʤʝʩʴ ʆʄʉ 32 ʄ 
0,22 

3 ʅʠʞʥʠʡ ʩʣʦʡ ʧʦʢʨʳʪʠʷ 
ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʘʷ ʩʤʝʩʴ 

ɸ22ʅʪ ʥʘ ʇɹɺ 40 
0,10 

4 ɺʝʨʭʥʠʡ ʩʣʦʡ ʧʦʢʨʳʪʠʷ 

ʑʝʙʝʥʦʯʥʦ-ʤʘʩʪʠʯʥʘʷ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʘʷ ʩʤʝʩʴ ʑʄɸ 

11 ʥʘ ʇɹɺ 40 

0,05 

 

 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ɺʘʨʠʘʥʪ ˉ 2. ʇʨʠʤʝʥʷʝʪʩʷ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʪʨʘʩʩʳ ʧʨʠ ʫʰʠʨʝʥʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 5. 
ʊʘʙʣʠʮʘ 5 - ʇʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʫʩʠʣʝʥʠʷ 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʣʦʷ ʄʘʪʝʨʠʘʣ ʩʣʦʷ 
ʊʦʣʱʠʥʘ ʩʣʦʷ, 

ʩʨ.ʤ 

1 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʣʦʡ 

ʦʩʥʦʚʘʥʠʷ 
ʇʝʩʦʢ ʤʝʣʢʠʡ ʂʬ>1 ʤ/ʩ 0,35 

2 ʅʠʞʥʠʡ ʩʣʦʡ ʦʩʥʦʚʘʥʠʷ ʑʝʙʝʥʴ ʄ800 ʬʨ.40-70 0,22 
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ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʣʦʷ ʄʘʪʝʨʠʘʣ ʩʣʦʷ 
ʊʦʣʱʠʥʘ ʩʣʦʷ, 

ʩʨ.ʤ 

4 ɺʝʨʭʥʠʡ ʩʣʦʡ ʦʩʥʦʚʘʥʠʷ 

ʍʦʣʦʜʥʘʷ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʘʷ 

ʩʤʝʩʴ ʆʄʉ 32 ʄ 

0,22 

5 ʅʠʞʥʠʡ ʩʣʦʡ ʧʦʢʨʳʪʠʷ 
ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʘʷ ʩʤʝʩʴ 

ɸ22ʅʪ ʥʘ ʇɹɺ 40 
0,10 

6 ɺʝʨʭʥʠʡ ʩʣʦʡ ʧʦʢʨʳʪʠʷ 

ʑʝʙʝʥʦʯʥʦ-ʤʘʩʪʠʯʥʘʷ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʘʷ ʩʤʝʩʴ 

ʑʄɸ 11 ʥʘ ʇɹɺ 40 

0,05 

 

 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʫʰʠʨʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʫʩʠʣʝʥʠʝ) ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʫʪʝʤ ʫʢʣʘʜʢʠ ʧʦʚʝʨʭ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʜʚʫʭ ʥʦʚʳʭ ʩʣʦʝʚ ʧʦʢʨʳʪʠʷ: ʚʝʨʭʥʠʡ ʩʣʦʡ ʠʟ 

ʱʝʙʝʥʦʯʥʦʤʘʩʪʠʯʥʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ (ʑʄɸ-16); ʥʠʞʥʠʡ ʩʣʦʡ ʠʟ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ (ɸ22ʅʪ) ʥʘ ʩʣʦʝ ʦʩʥʦʚʘʥʠʷ ʠʟ ʭʦʣʦʜʥʦʡ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʡ ʩʤʝʩʠ ʆʄʉ 32 ʂ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʱʝʙʥʷ ʄ1200. ʇʦʚʝʨʭ 

ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʫʩʪʨʘʠʚʘʝʪʩʷ ʜʚʫʭʩʣʦʡʥʦʝ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ 

ʧʦʢʨʳʪʠʝ, ʨʠʩʫʥʦʢ 4.  
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ʈʠʩʫʥʦʢ 4 ï ʊʝʭʥʦʣʦʛʠʷ ʭʦʣʦʜʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ (ʭʦʣʦʜʥʦʡ 

ʨʝʛʝʥʝʨʘʮʠʠ) ʚ ʜʦʨʦʞʥʦʡ ʦʪʨʘʩʣʠ ʦʙʫʩʣʦʚʣʝʥʘ ʢʦʤʧʣʝʢʩʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ: ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʝʤʦʥʪʘ ʛʝʥʝʨʠʨʫʶʪ ʜʦ 

1.5 ʤʣʥ ʪʦʥʥ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʣʦʤʘ ʝʞʝʛʦʜʥʦ ʚ ʈʌ, ʪʨʝʙʫʶʱʝʛʦ 

ʫʪʠʣʠʟʘʮʠʠ. ʉʪʦʠʤʦʩʪʴ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 60-70% ʩʤʝʪʳ 

ʢʘʧʨʝʤʦʥʪʘ. ɻʦʨʷʯʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʧʦʪʨʝʙʣʷʝʪ ʥʘ 40% ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʯʝʤ 

ʭʦʣʦʜʥʳʝ ʤʝʪʦʜʳ. ʇʨʠʥʮʠʧʳ circular economy (ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ) ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ɻʆʉʊ ʈ 70540-2022. ʀʥʥʦʚʘʮʠʦʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʭʦʣʦʜʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ: ʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ (ʩʨʦʢ ʩʣʫʞʙʳ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʩʣʦʸʚ Ó 12 ʣʝʪ), 

ʨʝʟʫʣʴʪʘʪʘʤʠ LCA-ʘʥʘʣʠʟʘ (ʩʥʠʞʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʥʘ 35-40%). 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʫ 6. 
ʊʘʙʣʠʮʘ 6 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ 

ʇʘʨʘʤʝʪʨ ʊʨʘʜʠʮʠʦʥʥʳʡ ʨʝʤʦʥʪ ʍʦʣʦʜʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ɻɼʞ/ʢʤ 380-420 220-250 

ɺʳʙʨʦʩʳ CO , ʪ/ʢʤ 28-32 16-19 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ, % 0 85-90 

ʉʨʦʢ ʩʣʫʞʙʳ, ʣʝʪ 8-10 12-15 

ɺ ʨʘʙʦʪʝ ʩʦʩʪʘʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʥʘ ʨʘʟʥʳʝ ʚʠʜʳ ʨʘʙʦʪ. 
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ʊʘʙʣʠʮʘ 7 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʧʝʩʯʘʥʦ-ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʩʣʦʷ 

ˉ ʧ/ʧ ɿʘʭʚʘʪʢʘ 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʘ 
ʄʘʰʠʥʘ ɽʜ.ʠʟʤ V ʇ 

ʇʦʪʨʝʙ

ʥʦʩʪʴ 

ʤʘʰ/ʩʤ 

2 1 

ʇʝʨʝʚʦʟʢʘ 

ʧʝʩʢʘ ʩʦ 

ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʠ ʧʨʠ 

ʜʣʠʥʝ 

ʧʝʨʝʚʦʟʢʠ ʜʦ 3 

ʢʤ 

ʘʚʪʦʩʘʤʦʩʚʘʣʦ

ʤ ʦʙʲʝʤʦʤ 

ʢʫʟʦʚʘ 18 ʤ3 

J6P CA3250 

6x4 
ʪ 1517,96 286,11 5,31 

3 1 

ʇʝʨʝʤʝʱʝʥʠʝ 

ʧʝʩʢʘ 

ʙʫʣʴʜʦʟʝʨʦʤ 

ɹʫʣʴʜʦʟʝʨ 

SANTU 824 
ʤ2 2628,50 3150,00 0,83 

4 1 

ʆʢʦʥʯʘʪʝʣʴʥʘ

ʷ ʧʣʘʥʠʨʦʚʢʘ 

ʧʝʩʢʘ 

ʘʚʪʦʛʨʝʡʜʝʨʦʤ 

SANTU 922 ʤ2 2628,50 4000,00 0,66 

5 1 

ʋʚʣʘʞʥʝʥʠʝ 

ʧʝʩʢʘ 

ʧʦʣʠʚʦʤʦʝʯʥʦ

ʡ ʤʘʰʠʥʦʡ 

ʦʙʲʝʤʦʤ 10 ʤ3 

ʩ ʨʘʩʭʦʜʦʤ 4 

ʣ/ʤ2 

ʂʆ 806-44 ʪ 105,14 91,34 1,15 

6 1 

ʋʧʣʦʪʥʝʥʠʝ 

ʧʝʩʢʘ 

ʛʨʫʥʪʦʚʳʤ 

ʢʘʪʢʦʤ 

LuiGong 

6114E 
ʤ2 2219,40 3750,00 0,59 

 

ʊʘʙʣʠʮʘ 8 ï ʉʦʩʪʘʚ ʦʪʨʷʜʘ ʥʘ ʟʘʭʚʘʪʢʫ 350 ʤʝʪʨʦʚ 

ˉ ʧ/ʧ ʄʘʰʠʥʘ 

ʇʦʪʨʝʙʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪ

ʠ 

ʇʨʠʥʷʪʦʝ 

ʢʦʣʠʯʝʩʪʚ

ʦ 

ʂʦʵʬʬʠʮʠʝʥ

ʪ ʟʘʛʨʫʟʢʠ ʧʦ 

ʚʨʝʤʝʥʠ  

ʇʨʦʬʝʩʩʠʷ 

ʚʦʜʠʪʝʣʷ 

1 
ɹʫʣʴʜʦʟʝʨ 

SANTU 824 
0,83 1 0,83 

ʄʘʰʠʥʠʩʪ

, 

ʈʘʟʨʷʜ - 6 

2 

ɸʚʪʦʩʘʤʦʩʚʘʣ 

J6P CA3250 

6x4 

5,31 5 1,06 
ɺʦʜʠʪʝʣʴ, 

ʂʣʘʩʩ - 3 

3 
ɸʚʪʦʛʨʝʡʜʝʨ 

SANTU 922 
0,66 1 0,66 

ʄʘʰʠʥʠʩʪ

, 

ʈʘʟʨʷʜ - 6 

4 

ʇʦʣʠʚʦʤʦʝʯʥʘ

ʷ ʤʘʰʠʥʘ 

ʂʆ 806-44 

1,15 1 1,15 
ɺʦʜʠʪʝʣʴ, 

ʂʣʘʩʩ - 3 
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5 

ɻʨʫʥʪʦʚʳʡ 

ʚʠʙʨʦʢʘʪʦʢ 

LuiGong 6114E 

0,26 1 0,26 

ʄʘʰʠʥʠʩʪ

, 

ʈʘʟʨʷʜ - 6 

 

 

 

 

ʊʘʙʣʠʮʘ 9 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʥʠʞʥʝʛʦ ʩʣʦʷ ʦʩʥʦʚʘʥʠʷ 

ˉ 

ʧ/ʧ 
ɿʘʭʚʘʪʢʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʘ 
ʄʘʰʠʥʘ ɽʜ.ʠʟʤ V ʇ 

ʇʦʪʨʝʙʥʦʩʪʴ 

ʤʘʰ/ʩʤ 

2 1 

ʇʝʨʝʚʦʟʢʘ ʱʝʙʥʷ 

ʩʦ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʠ ʧʨʠ 

ʜʣʠʥʝ ʧʝʨʝʚʦʟʢʠ 

ʜʦ 3 ʢʤ 

ʘʚʪʦʩʘʤʦʩʚʘʣʦʤ 

J6P 

CA3250 

6x4 

ʪ 98,96 286,11 0,35 

3 1 

ʇʝʨʝʤʝʱʝʥʠʝ 

ʱʝʙʥʷ 

ʙʫʣʴʜʦʟʝʨʦʤ 

SANTU 

824 
ʤ2 262,50 

3150,0

0 
0,08 

4 1 

ʆʢʦʥʯʘʪʝʣʴʥʘʷ 

ʧʣʘʥʠʨʦʚʢʘ ʱʝʙʥʷ 

ʘʚʪʦʛʨʝʡʜʝʨʦʤ 

SANTU 

922 
ʤ2 262,50 

4000,0

0 
0,07 

5 1 

ʋʚʣʘʞʥʝʥʠʝ 

ʱʝʙʥʷ 

ʧʦʣʠʚʦʤʦʝʯʥʦʡ 

ʤʘʰʠʥʦʡ ʦʙʲʝʤʦʤ 

10 ʤ3 ʩ ʨʘʩʭʦʜʦʤ 4 

ʣ/ʤ2  

ʂʆ 806-

44 
ʪ 10,50 91,34 0,11 

6 1 

ʋʧʣʦʪʥʝʥʠʝ ʱʝʙʥʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʢʘʪʢʦʤ 

LuiGong 

6114E 
ʤ2 262,50 

3750,0

0 
0,07 

7 1 

ʋʧʣʦʪʥʝʥʠʝ ʱʝʙʥʷ 

ʛʣʘʜʢʦʚʘʣʴʮʦʚʳʤ 

ʢʘʪʢʦʤ 

LuiGong 

6214E 
ʤ2 262,50 

3250,0

0 
0,08 

 

ʇʦ ʘʥʘʣʦʛʠʠ ʩʦʩʪʘʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʥʘ ʫʩʪʨʦʡʩʪʚʦ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʦʩʥʦʚʘʥʠʷ, ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʥʠʞʥʝʛʦ ʩʣʦʷ ʧʦʢʨʳʪʠʷ.  

ʊʝʭʥʦʣʦʛʠʷ ʭʦʣʦʜʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʜʪʚʝʨʜʠʣʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʝʮʠʢʣʠʥʛʘ 0.89. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ: ʧʦʚʳʰʝʥʠʝ 

ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʥʘ 27-32%, ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ 

ʢʘʧʨʝʤʦʥʪʘ ʥʘ 18-22%, ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʥʘ 1.2 ʪ CO-ʵʢʚ. 

ʢʤ. ɺ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʪʨʝʙʦʚʘʥʠʷʤ ʉʇ 78.13330.2024 ʧʦ: 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (Ů Ò 2.5Ĭ10), ʩʜʚʠʛʦʫʩʪʦʡʯʠʚʦʩʪʠ (Kʩʜʚ Ó 

0.85), ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ (F Ó 35 ʮʠʢʣʦʚ).  
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ʇʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʣʠʷʶʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘʜʘʧʪʘʮʠʶ ʪʝʭʥʦʣʦʛʠʠ 

ʜʣʷ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ (t Ò -40ÁC), ʠʥʪʝʛʨʘʮʠʶ ʩ BIM-ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʜʦʨʦʞʥʳʭ ʦʙʲʝʢʪʦʚ. ɿʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʛ II ʢʘʪʝʛʦʨʠʠ, ʩʦʯʝʪʘʶʱʝʡ: 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʨʝʩʫʨʩʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʨʝʘʣʠʟʫʝʤʦʩʪʴ. 
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ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋɻʃʊʋ, 2025. ï ʉ. 820-824. 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ:  

ɼʦʨʤʠʜʦʥʪʦʚʘ ʊʘʪʴʷʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʟʘʚ.ʢʘʬ, ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

ʂʦʤʠʩʩʘʨʦʚ ʅʠʢʠʪʘ ɼʤʠʪʨʠʝʚʠʯ, ʩʪʫʜʝʥʪ, ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

Dormidontova Tatyana Vladimirovna, head of department, Samara State Technical University, 

Komissarov Nikita Dmitrievich , student, Samara State Technical University 
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ʂʦʯʘʨʷʥ ʖ.ɻ., ʂʦʣʝʩʥʠʢʦʚ ɸ.ʉ. 
ʌɻʆʋ ɺʆ ʉʦʯʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʉʦʯʠ, ʈʦʩʩʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʩʝʨʚʠʩʥʳʭ ʠʥʞʝʥʝʨʦʚ 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʦʣʠ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʠʥʞʝʥʝʨʥʦʤ 

ʩʝʨʚʠʩʝ ʠ ʠʭ ʚʣʠʷʥʠʶ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʚʢʣʶʯʘʷ ʦʧʝʨʘʪʠʚʥʳʡ 

ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʧʠʩʘʥʳ ʢʘʪʝʛʦʨʠʠ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʝ ʢʘʢ IOT, AR ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. 

ʉʪʘʪʴʷ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʚʢʣʶʯʘʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʠ ʫʣʫʯʰʝʥʠʝ 

ʢʦʤʤʫʥʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʝ ʚʳʟʦʚʳ, ʪʘʢʠʝ ʢʘʢ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʠʥʪʝʛʨʘʮʠʠ ʠ ʘʜʘʧʪʘʮʠʠ ʧʝʨʩʦʥʘʣʘ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʤʦʙʠʣʴʥʳʭ ʨʝʰʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʦʙʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʝʨʩʦʥʘʣ, ʠʥʞʝʥʝʨ, ʩʝʨʚʠʩ, ʩʠʩʪʝʤʳ. 

 

Kocharyan Y.H., Kolesnikov A. S. 

Research on mobile technologies and applications to support 

service engineers 
Abstract: The article is devoted to the role of mobile technologies in engineering 

services and their impact on production processes. The main functionality of mobile 

solutions is considered, including online access to information, automation of 

maintenance and equipment diagnostics. The categories of mobile technologies such as 

IOT, AR systems and specialized applications are described, as well as their application 

in various industries. The article also analyzes the benefits of implementing mobile 

technologies, including increased efficiency, cost reduction and improved 

communication, as well as possible challenges such as security, integration and staff 

adaptation. In conclusion, the prospects for the development of mobile solutions using 

artificial intelligence, augmented reality and cloud technologies are considered.  

Keywords: Mobile technologies, personnel, engineer, service, systems. 

 

Relevance of the study 

The relevance of the chosen topic is due to the increasing complexity of 

technological processes and the need for their effective maintenance in real time. 

The introduction of mobile technologies allows companies not only to ensure 

high efficiency of service engineers, but also to integrate data on the operation 

of equipment with enterprise management systems. This helps to optimize all 

stages of the equipment life cycle and increase its reliability. 

  Goals and objectives of the study 

  The purpose of this work is to study mobile technologies and 

applications to support service engineers, as well as to analyze their impact on 

the effectiveness of maintenance and diagnostic processes. To achieve this goal, 
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it is necessary to solve the following tasks:: Analyze modern mobile 

technologies and their functionality. To study examples of successful application 

of mobile technologies in engineering services. Consider the key advantages and 

challenges of implementing mobile applications. To determine the prospects for 

further development of mobile technologies and their integration with advanced 

technologies such as artificial intelligence and augmented reality. 

  Research methods 

  The paper uses methods of scientific literature analysis, as well as 

methods of comparative analysis of various software solutions.  

Practical significance of the work 

  The practical significance of the research lies in the possibility of 

using its results to select and implement effective mobile technologies in the 

activities of service engineers. The conclusions and recommendations obtained 

can help improve the efficiency and quality of equipment maintenance, reduce 

costs and optimize production processes. Thus, the study of mobile technologies 

to support service engineers is an important area of scientific and practical 

activity that has significant development prospects in the context of the digital 

transformation of industry and service.  

Review of literary sources 

  Broll, G., Rukzio, E., Paolucci, M., Wagner, M., Schmidt, A., & 

Hussmann, H. (2009). "Perci: Pervasive service interaction with the internet of 

things." IEEE Internet Computing, [1, ʩ. 74]. 

 In this article, the authors explore mobile interaction with everyday objects 

equipped with tags and related information based on Internet of Things 

technologies. They offer a framework for integrating web services and mobile 

interaction with physical objects, relying on information typing to enhance 

compatibility. Two prototypes for mobile interaction with smart posters are also 

presented, implementing multi-tag interaction with physical user interfaces. The 

authors' assessment identifies usability issues related to the design of physical 

mobile interactions, interfaces, and applications. 

  Mollah, M.B., Zhao, J., & Niyato, D. (2017). "Mobile Edge 

Computing: Survey and Open Issues." IEEE Communications Surveys & 

Tutorials, [3, c. 1596].  

This review examines the concept of Mobile Edge Computing (MEC), 

which brings computing resources and data storage closer to end users, reducing 

latency and improving service quality. The authors discuss MEC architectures, 

use cases, and open issues such as resource management, security, and 

standardization. 

 Vakhrushev, M. V. (2020). "Augmented reality in the service of 

popularization and visualization of scientific knowledge of the open library 

archive." Scientific and Technical Libraries, 5, c. 51].  

The article discusses the use of augmented reality technologies to 

popularize and visualize scientific knowledge in libraries. The author analyzes 
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examples of using AR to improve access to scientific data and increase user 

interest in library resources.  

Problems and solutions of the study 

Technical and organizational problems: 

 Staff training: The introduction of mobile technologies requires staff 

training to use new tools effectively. The lack of a systematic approach to 

integrating mobile devices into the workflow may limit their use. 

 Internet connection availability and reliability: For mobile applications to 

work correctly, you need a stable network connection, especially when 

transferring large amounts of data. 

 Data security: Mobile devices can be vulnerable to security threats, which 

requires the implementation of secure authentication protocols and methods. 

 Device and system compatibility: The variety of mobile devices and 

operating systems complicates the development of universal applications, 

requiring additional resources to ensure compatibility. 

 Decisions: For the successful implementation of mobile technologies, it is 

necessary to ensure a systematic approach to their integration, organize staff 

training, ensure a stable and secure Internet connection, and develop 

applications taking into account the variety of devices and systems used. 

Communication problems in IoT: 

 The complexity of wireless communication: Ensuring reliable bidirectional 

data exchange between IoT devices is challenging due to high spectrum 

utilization and the rapid development of communication standards. Solutions: 

Careful selection of design and testing solutions is needed to ensure flexibility, 

upgrade capability, and support for various radio formats.  

Power consumption of IoT devices: 

 Battery Life: For many IoT devices, it is critical to ensure long battery life 

without battery replacement, especially in industrial and medical applications.  

Solutions: Development of microchips with low power consumption 

modes, optimization of software and use of effective methods of measurement 

and analysis of energy consumption.  

Integration of mobile technologies into the educational process:  

Lack of a systematic approach: Lack of support for the use of mobile 

devices for academic purposes may limit their use in the educational process.  

Solutions: The formation of a targeted policy for the integration of mobile 

technologies into education, the creation of institutional support systems and 

regular monitoring of student needs. 

 Thus, for the effective implementation of mobile technologies and AR in 

engineering services, it is necessary to comprehensively approach the solution of 

technical, organizational and educational problems, ensuring the security, 

compatibility and effectiveness of the solutions used. 

Conclusion As a result of the conducted research, the main advantages of 

implementing mobile technologies to support service engineers have been 
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identified. These include a significant reduction in task completion time, 

improved work accuracy, and improved collaboration between business units. 

The use of mobile technologies allows companies not only to optimize 

maintenance and repair processes, but also to increase overall business 

efficiency by reducing equipment downtime and improving resource 

management. The examples of successful application of mobile solutions 

identified in the course of the work have confirmed their practical significance 

and effectiveness. An analysis of promising areas of development, such as 

integration with artificial intelligence and augmented reality, suggests that 

mobile technologies will play an increasingly important role in industry. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʩʣʦʞʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺʥʝʜʨʝʥʠʝ ʤʦʙʠʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʷʤ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʩʝʨʚʠʩʥʳʭ ʠʥʞʝʥʝʨʦʚ, ʥʦ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʨʘʙʦʪʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʭ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʶ 

ʝʛʦ ʥʘʜʝʞʥʦʩʪʠ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʩʝʨʚʠʩʥʳʭ ʠʥʞʝʥʝʨʦʚ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʠʭ 

ʚʣʠʷʥʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʙʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʪʴ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚ ʠʥʞʝʥʝʨʥʦʤ ʩʝʨʚʠʩʝ. 

ʈʘʩʩʤʦʪʨʝʪʴ ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʚʳʟʦʚʳ ʚʥʝʜʨʝʥʠʷ ʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. 

ʆʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʤʦʙʠʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʠʥʪʝʛʨʘʮʠʠ ʩ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʚʳʙʦʨʘ ʠ ʚʥʝʜʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʝʨʚʠʩʥʳʭ ʠʥʞʝʥʝʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ 
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ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʢʘʯʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʥʠʞʝʥʠʶ ʠʟʜʝʨʞʝʢ 

ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 

ʩʝʨʚʠʩʥʳʭ ʠʥʞʝʥʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʫʯʥʦʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʤʝʶʱʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʚ ʢʦʥʪʝʢʩʪʝ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʨʚʠʩʘ. 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

Broll , G., Rukzio, E., Paolucci, M., Wagner, M., Schmidt, A., & 

Hussmann, H. (2009). "Perci: Pervasive service interaction with the 

internet of things." IEEE Internet Computing, [1, ʩ. 74]. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨʳ ʠʩʩʣʝʜʫʶʪ ʤʦʙʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʧʦʚʩʝʜʥʝʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʦʩʥʘʱʝʥʥʳʤʠ ʤʝʪʢʘʤʠ, ʠ ʩʚʷʟʘʥʥʫʶ ʩ ʥʠʤʠ 

ʠʥʬʦʨʤʘʮʠʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. ʆʥʠ 

ʧʨʝʜʣʘʛʘʶʪ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚʝʙ-ʩʝʨʚʠʩʦʚ ʠ ʤʦʙʠʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʪʠʧʠʟʘʮʠʶ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ 

ʧʨʦʪʦʪʠʧʘ ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ "ʫʤʥʳʤʠ" ʧʦʩʪʝʨʘʤʠ, 

ʨʝʘʣʠʟʫʶʱʠʝ ʤʥʦʛʦʪʵʛʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʬʠʟʠʯʝʩʢʠʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ. ʆʮʝʥʢʘ ʘʚʪʦʨʦʚ ʚʳʷʚʣʷʝʪ ʧʨʦʙʣʝʤʳ 

ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʟʘʡʥʦʤ ʬʠʟʠʯʝʩʢʠʭ ʤʦʙʠʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ. 

Mollah, M. B., Zhao, J., & Niyato, D. (2017). "Mobile Edge 

Computing: Survey and Open Issues." IEEE Communications Surveys & 

Tutorials , [3, c. 1596]. 

ɺ ʵʪʦʤ ʦʙʟʦʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʤʦʙʠʣʴʥʳʭ ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ (Mobile Edge Computing, MEC), ʢʦʪʦʨʘʷ ʧʝʨʝʥʦʩʠʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʠ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʙʣʠʞʝ ʢ ʢʦʥʝʯʥʳʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʩʥʠʞʘʷ ʟʘʜʝʨʞʢʠ ʠ ʫʣʫʯʰʘʷ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɸʚʪʦʨʳ ʦʙʩʫʞʜʘʶʪ ʘʨʭʠʪʝʢʪʫʨʳ MEC, ʩʮʝʥʘʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʦʪʢʨʳʪʳʝ ʚʦʧʨʦʩʳ, ʪʘʢʠʝ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ. 

ɺʘʭʨʫʰʝʚ, ʄ. ɺ. (2020). "ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʥʘ ʩʣʫʞʙʝ 

ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ʦʪʢʨʳʪʦʛʦ ʘʨʭʠʚʘ 

ʙʠʙʣʠʦʪʝʢʠ." ʅʘʫʯʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʙʠʙʣʠʦʪʝʢʠ, [5, c. 51]. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ʜʣʷ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ʚ 

ʙʠʙʣʠʦʪʝʢʘʭ. ɸʚʪʦʨ ʘʥʘʣʠʟʠʨʫʝʪ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ AR ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʜʦʩʪʫʧʘ ʢ ʥʘʫʯʥʳʤ ʜʘʥʥʳʤ ʠ ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʨʝʩʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ 

ʙʠʙʣʠʦʪʝʯʥʳʤ ʨʝʩʫʨʩʘʤ. 

ʇʨʦʙʣʝʤʳ ʠ ʨʝʰʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ  

1. ʊʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʨʦʙʣʝʤʳ: 
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ʆʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ: ɺʥʝʜʨʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ 

ʧʦʜʛʦʪʦʚʢʠ ʩʦʪʨʫʜʥʠʢʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. ʅʝʜʦʩʪʘʪʦʢ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʥʪʝʛʨʘʮʠʠ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʚ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. 

ɼʦʩʪʫʧʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ: ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ 

ʨʘʙʦʪʳ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʪʘʙʠʣʴʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ 

ʩʝʪʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʝʨʝʜʘʯʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ: ʄʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʫʷʟʚʠʤʳ 

ʜʣʷ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʟʘʱʠʱʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ 

ʤʝʪʦʜʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ: ʈʘʟʥʦʦʙʨʘʟʠʝ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʩʣʦʞʥʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʪʨʝʙʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ʈʝʰʝʥʠʷ: ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʠʭ ʠʥʪʝʛʨʘʮʠʠ, ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ ʠʥʪʝʨʥʝʪ-

ʩʦʝʜʠʥʝʥʠʝ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ. 

2. ʇʨʦʙʣʝʤʳ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚ IoT: 

ʉʣʦʞʥʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ: ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʛʦ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ IoT ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʩʧʝʢʪʨʘ ʠ ʙʳʩʪʨʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʪʘʥʜʘʨʪʦʚ ʩʚʷʟʠ. 

ʈʝʰʝʥʠʷ: ʅʝʦʙʭʦʜʠʤ ʪʱʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ 

ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʛʠʙʢʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʥʦʚʣʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʫ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʦʬʦʨʤʘʪʦʚ. 

3. ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚ IoT: 

ʉʨʦʢ ʩʣʫʞʙʳ ʙʘʪʘʨʝʠ: ɼʣʷ ʤʥʦʛʠʭ ʫʩʪʨʦʡʩʪʚ IoT ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʙʝʟ ʟʘʤʝʥʳ ʙʘʪʘʨʝʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. 

ʈʝʰʝʥʠʷ: ʈʘʟʨʘʙʦʪʢʘ ʤʠʢʨʦʩʭʝʤ ʩ ʨʝʞʠʤʘʤʠ ʥʠʟʢʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

4. ʀʥʪʝʛʨʘʮʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ: 

ʆʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ: ʅʝʜʦʩʪʘʪʦʢ ʧʦʜʜʝʨʞʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʮʝʣʝʡ ʤʦʞʝʪ 

ʦʛʨʘʥʠʯʠʚʘʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʈʝʰʝʥʠʷ: ʌʦʨʤʠʨʦʚʘʥʠʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʧʦ ʠʥʪʝʛʨʘʮʠʠ 

ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʝ, ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ 
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ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʩʪʫʜʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ AR ʚ ʠʥʞʝʥʝʨʥʦʤ ʩʝʨʚʠʩʝ ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʧʣʝʢʩʥʦ ʧʦʜʭʦʜʠʪʴ ʢ 

ʨʝʰʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʙʣʝʤ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʨʝʰʝʥʠʡ. 

 

ɿʘʢʣʶʯʝʥʠʝ  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 

ʩʝʨʚʠʩʥʳʭ ʠʥʞʝʥʝʨʦʚ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ, ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʫʣʫʯʰʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʷʤ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʥʦ ʠ ʧʦʚʳʰʘʪʴ ʦʙʱʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩʘ ʙʣʘʛʦʜʘʨʷ ʩʦʢʨʘʱʝʥʠʶ ʧʨʦʩʪʦʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʫʣʫʯʰʝʥʠʶ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ. 

ɺʳʷʚʣʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʙʠʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʦʜʪʚʝʨʜʠʣʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɸʥʘʣʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ, ʪʘʢʠʭ ʢʘʢ 

ʠʥʪʝʛʨʘʮʠʷ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ, 

ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʤʦʙʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʪ ʠʛʨʘʪʴ ʚʩʸ ʙʦʣʝʝ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ʋɼʂ 621.397.335 

ʄʦʨʦʟʦʚʘ ɸ.ɺ. 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʥʠ ʂ.ɻ. ʈʘʟʫʤʦʚʩʢʦʛʦ 

(ʇʝʨʚʳʡ ʢʘʟʘʯʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʉʋɹɼ 1C c CRM 1ʉ-ɹʀʊʈʀʂʉ: ʫʧʨʘʚʣʝʥʠʝ 

ʩʘʡʪʦʤ 
 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʘʥʘʣʠʟʫ ʤʝʪʦʜʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ 1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ ʠ 1ʉ-ɹʠʪʨʠʢʩ24, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɺ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʧʦʜʭʦʜʳ ʢ ʠʥʪʝʛʨʘʮʠʠ ð ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ REST API 

ʜʦ ʢʘʩʪʦʤʥʳʭ ETL-ʨʝʰʝʥʠʡ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ SQL-

ʟʘʧʨʦʩʘʤ ʜʣʷ ʚʳʛʨʫʟʢʠ ʥʦʤʝʥʢʣʘʪʫʨʳ ʠ ʧʨʦʮʝʜʫʨʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʚʘʨʥʳʭ 

ʢʘʪʘʣʦʛʦʚ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʚʢʣʶʯʘʶʪ ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʘʩʪʨʦʡʢʫ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʙʨʘʙʦʪʢʫ ʦʰʠʙʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʦʧʪʠʤʠʟʘʮʠʷ SQL-ʟʘʧʨʦʩʦʚ, ʎʝʥʪʨʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʎʆɼ), 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

 

Morozova A.V. 

Synchronization of 1C DBMS with 1C-BITRIX CRM: website 

management 
 

Abstract: The article presents a comprehensive analysis of data synchronisation 

methods between 1C:Enterprise and 1C-Bitrix24 systems, along with the development 

of an automated solution for data processing centres. The study examines key 

integration approaches ï ranging from standard REST APIs to custom ETL solutions ï 

with particular emphasis on their reliability and energy efficiency. Special attention is 

given to optimised SQL queries for product catalogue extraction and inventory 

management procedures. Practical recommendations include architectural selection, 

monitoring configuration and error handling protocols. 

Key words: Information systems, data integration, business process automation, SQL 

query optimisation, data processing centres (DPCs), IT infrastructure energy efficiency. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʩʝ ʯʘʱʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ. ʆʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʜʘʯʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ 

1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ ʠ CRM-ʧʣʘʪʬʦʨʤʦʡ 1ʉ-ɹʠʪʨʠʢʩ24, ʧʦʩʢʦʣʴʢʫ ʠʭ 

ʨʘʟʨʦʟʥʝʥʥʘʷ ʨʘʙʦʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʧʝʨʘʮʠʦʥʥʳʤ ʠʟʜʝʨʞʢʘʤ. 

ʈʫʯʥʦʡ ʧʝʨʝʥʦʩ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʥʝ ʪʦʣʴʢʦ ʟʘʤʝʜʣʷʝʪ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ, ʥʦ ʠ ʩʪʘʥʦʚʠʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʦʰʠʙʦʢ ʚ ʫʯʝʪʝ. ɼʫʙʣʠʨʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʦʪʯʝʪʥʦʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ 
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ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ ʩʦʪʨʫʜʥʠʢʦʚ ʫʚʝʣʠʯʠʚʘʶʪ ʥʘʛʨʫʟʢʫ ʥʘ ʧʝʨʩʦʥʘʣ ʠ 

ʩʥʠʞʘʶʪ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʤʧʘʥʠʠ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ 1ʉ ʠ 1ʉ-ɹʠʪʨʠʢʩ: ʋʧʨʘʚʣʝʥʠʝ ʩʘʡʪʦʤ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ 

ʵʪʠ ʧʨʦʙʣʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʢʨʘʱʘʷ 

ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʠ ʤʠʥʠʤʠʟʠʨʫʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. 

ɼʘʥʥʘʷ ʪʝʤʘ ʩʚʷʟʘʥʘ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʜʙʦʨʘ ʀɹʇ ʜʣʷ ʎʆɼ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʢʣʶʯʝʚʳʤʠ ʘʩʧʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʚʣʠʷʝʪ ʥʘ ʥʘʛʨʫʟʢʫ ʩʝʨʚʝʨʦʚ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʧʨʠʥʮʠʧʘʤʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ 1ʉ ʠ ɹʠʪʨʠʢʩ24, ʦʮʝʥʢʘ ʠʭ ʪʝʭʥʠʯʝʩʢʠʭ. ɺ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʠʥʪʝʛʨʘʮʠʠ, ʪʘʢ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʇʆ ʠ ʨʘʟʨʘʙʦʪʢʫ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʥʥʝʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʘ ʛʦʪʦʚʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʜʣʷ ʚʥʝʜʨʝʥʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʙʦʨʘ ʩʠʩʪʝʤ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ ʜʣʷ 

ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ 1ʉ ʠ ɹʠʪʨʠʢʩ24 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ 

ʧʨʦʩʪʦ ʪʝʭʥʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, ʘ ʚʘʞʥʳʡ ʵʣʝʤʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʢʦʤʧʘʥʠʷʤ ʧʦʚʳʰʘʪʴ ʦʧʝʨʘʮʠʦʥʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʥʠʞʘʪʴ ʠʟʜʝʨʞʢʠ ʠ ʫʢʨʝʧʣʷʪʴ ʢʦʥʢʫʨʝʥʪʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʜʘʥʥʳʭ ʤʝʞʜʫ 1ʉ ʠ CRM ɹʠʪʨʠʢʩ24 ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʥʝʜʦʩʪʘʪʢʠ ʠ ʦʧʪʠʤʘʣʴʥʳʝ ʩʮʝʥʘʨʠʠ ʧʨʠʤʝʥʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ, ʠʭ ʪʝʭʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ REST 

API ɹʠʪʨʠʢʩ24. ʕʪʦʪ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʧʨʘʚʢʫ HTTP-ʟʘʧʨʦʩʦʚ ʠʟ 1ʉ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ CRM-ʩʠʩʪʝʤʫ ʩ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʝ JSON ʠʣʠ 

XML. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ - ʦʬʠʮʠʘʣʴʥʘʷ ʧʦʜʜʝʨʞʢʘ 

ʩʦ ʩʪʦʨʦʥʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ɹʠʪʨʠʢʩ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ API ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʟʘʧʨʦʩʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ 

ʦʙʨʘʙʦʪʯʠʢʦʚ ʚ 1ʉ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʪʘʥʜʘʨʪʥʳʤ ʨʝʰʝʥʠʝʤ ʚʳʩʪʫʧʘʝʪ ʚʩʪʨʦʝʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʜʦʩʪʫʧʥʳʡ ʚ ʥʝʢʦʪʦʨʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ 1ʉ. 

ʕʪʦʪ ʚʘʨʠʘʥʪ ʧʨʦʱʝ ʚ ʥʘʩʪʨʦʡʢʝ, ʥʦ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʛʠʙʢʦʩʪʴʶ ʠ 

ʨʘʙʦʪʘʝʪ ʚ ʧʘʢʝʪʥʦʤ ʨʝʞʠʤʝ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ, ʘ ʥʝ ʤʛʥʦʚʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 
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ɼʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʩʮʝʥʘʨʠʝʚ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ 

ʙʨʦʢʝʨʳ ʩʦʦʙʱʝʥʠʡ, ʪʘʢʠʝ ʢʘʢ RabbitMQ ʠʣʠ Apache Kafka. ɺ ʵʪʦʡ ʩʭʝʤʝ 

1ʉ ʦʪʧʨʘʚʣʷʝʪ ʩʦʙʳʪʠʷ ʚ ʦʯʝʨʝʜʴ ʩʦʦʙʱʝʥʠʡ, ʦʪʢʫʜʘ ʦʥʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ 

ʦʪʜʝʣʴʥʳʤ ʩʝʨʚʠʩʦʤ ʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ɹʠʪʨʠʢʩ24. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʩʠʥʭʨʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʩʣʦʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ɼʣ̫ ʦʨʛʘʥʠʟʘʮʠʡ, ʥʝ ʠʤʝʶʱʠʭ ʩʦʙʩʪʚʝʥʥʳʭ IT-ʨʝʩʫʨʩʦʚ, ʤʦʛʫʪ 

ʧʦʜʦʡʪʠ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ ʠʥʪʝʛʨʘʮʠʠ. ʕʪʠ ʨʝʰʝʥʠʷ ʥʝ ʪʨʝʙʫʶʪ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʨʝʜʣʘʛʘʶʪ ʧʨʦʩʪʳʝ 

ʚʠʟʫʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʥʘʩʪʨʦʡʢʠ, ʦʜʥʘʢʦ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʦʛʨʘʥʠʯʝʥʘ ʙʘʟʦʚʳʤʠ ʩʮʝʥʘʨʠʷʤʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʪʘʥʜʘʨʪʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʥʝ ʧʦʢʨʳʚʘʶʪ 

ʧʦʪʨʝʙʥʦʩʪʠ ʙʠʟʥʝʩʘ, ʧʨʠʙʝʛʘʶʪ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʥʘʧʠʩʘʥʠʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʥʥʝʢʪʦʨʦʚ ʥʘ Python ʠʣʠ PHP, ʪʘʢ ʠ ʚʥʝʜʨʝʥʠʝ 

ʧʦʣʥʦʮʝʥʥʳʭ ETL-ʩʠʩʪʝʤ. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʛʠʙʢʦʩʪʴ, ʥʦ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʜʝʨʞʢʠ, ʚʪʦʨʦʡ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ ʠ ʩʣʦʞʥʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ. 

ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ ʠʥʪʝʛʨʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ 

ʬʘʢʪʦʨʦʚ: ʪʨʝʙʫʝʤʦʡ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʩʣʦʞʥʦʩʪʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʠʤʝʶʱʠʭʩʷ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʙʶʜʞʝʪʘ. ɼʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ REST API ʠʣʠ ʚʩʪʨʦʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʤʝʥʘ, ʪʦʛʜʘ ʢʘʢ 

ʜʣ̫ ʩʣʦʞʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʙʨʦʢʝʨʦʚ ʩʦʦʙʱʝʥʠʡ ʠʣʠ ETL-ʧʣʘʪʬʦʨʤ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʥʪʝʛʨʘʮʠʠ ʤʝʞʜʫ 1ʉ ʠ ɹʠʪʨʠʢʩ24 ʢʣʶʯʝʚʦʝ 

ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʘʨʭʠʪʝʢʪʫʨʝ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. ʆʧʪʠʤʘʣʴʥʘʷ 

ʩʭʝʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʦʙʨʘʙʦʪʢʠ, 

ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʜʘʥʥʳʭ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʬʦʨʤʘʪʘʤʠ ʩʠʩʪʝʤ. ɼʣʷ ʵʪʦʛʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʟʚʝʨʥʫʪʴ ʦʪʜʝʣʴʥʳʡ ʩʝʨʚʠʩ 

ʥʘ ʙʘʟʝ Python ʠʣʠ Node.js, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʠʟ 1ʉ ʯʝʨʝʟ 

OData ʠʣʠ COM-ʩʦʝʜʠʥʝʥʠʝ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʠʭ ʚ ʩʪʨʫʢʪʫʨʫ, ʧʦʥʷʪʥʫʶ 

ɹʠʪʨʠʢʩ24, ʠ ʧʝʨʝʜʘʚʘʪʴ ʯʝʨʝʟ REST API. 

ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʚʥʝʜʨʠʪʴ ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʤʝʪʨʠʢ. Prometheus ʚ ʩʦʯʝʪʘʥʠʠ ʩ Grafana 

ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ: ʚʨʝʤʷ ʦʪʢʣʠʢʘ API, 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʟʘʧʠʩʝʡ, ʯʘʩʪʦʪʫ ʦʰʠʙʦʢ. ʅʘʩʪʨʦʡʢʘ ʘʣʝʨʪʠʥʛʘ ʚ 

Zabbix ʠʣʠ Nagios ʧʦʤʦʞʝʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʢʨʠʪʠʯʝʩʢʠʝ 

ʩʠʪʫʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʧʨʝʚʳʰʝʥʠʝ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʠʣʠ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ 

ʥʝʫʜʘʯʥʳʭ ʟʘʧʨʦʩʦʚ. 

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


ɽʣʝʢʪʨʦʥʥʦ ʥʘʫʯʥʦ ʩʧʠʩʘʥʠʝ 
 

çʇʘʨʘʜʠʛʤʘè 

2025, 6̄. ʏʘʩʪʴ 1 www.paradigma.science 

 

223 

 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʢʨʝʤʝʥʪʘʣʴʥʳʭ ʦʙʥʦʚʣʝʥʠʡ ʚʤʝʩʪʦ ʧʦʣʥʦʡ ʚʳʛʨʫʟʢʠ 

ʜʘʥʥʳʭ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ CPU ʚ ʩʨʝʜʥʝʤ ʥʘ 40%. ɼʣʷ ʵʪʦʛʦ ʚ 1ʉ 

ʩʣʝʜʫʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʯʝʨʝʟ ʨʝʛʠʩʪʨʳ 

ʩʚʝʜʝʥʠʡ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʝ ʬʣʘʛʠ ʚ ʪʘʙʣʠʮʘʭ. 

ʅʘʜʝʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʦʰʠʙʦʢ. ʈʝʘʣʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʘ ʧʦʚʪʦʨʥʳʭ ʧʦʧʳʪʦʢ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʟʘʜʝʨʞʢʦʡ ʧʦʟʚʦʣʷʝʪ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʚʨʝʤʝʥʥʳʤʠ ʩʙʦʷʤʠ ʩʝʪʠ ʠʣʠ API. 

ɺʘʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʮʝʥʘʨʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ 

ʧʨʦʩʪʦʝʚ, ʚʢʣʶʯʘʷ ʧʨʦʚʝʨʢʫ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʦʙʨʘʙʦʪʢʫ 

ʢʦʥʬʣʠʢʪʫʶʱʠʭ ʠʟʤʝʥʝʥʠʡ. 

ɼʘʥʥʳʡ ʟʘʧʨʦʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ 

ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ ʦ ʥʦʤʝʥʢʣʘʪʫʨʝ ʠʟ ʩʠʩʪʝʤʳ 1ʉ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʜʘʯʫ. 

ɿʘʧʨʦʩ ʧʦʩʪʨʦʝʥ ʧʦ ʧʨʠʥʮʠʧʫ ETL (Extract, Transform, Load): 

ʠʟʚʣʝʯʝʥʠʝ ʜʘʥʥʳʭ (ʠʟ ʪʘʙʣʠʮ 1ʉ), ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʘʛʨʝʛʘʮʠʷ, 

ʬʠʣʴʪʨʘʮʠʷ, ʚʳʯʠʩʣʝʥʠʷ) ʠ ʟʘʛʨʫʟʢʘ ʚʦ ʚʨʝʤʝʥʥʳʝ ʪʘʙʣʠʮʳ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ: 

1. ʉʙʦʨ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʦʙʲʝʢʪʦʚ ʠ ʛʨʫʧʧ - ʚʳʙʠʨʘʝʪ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʦʙʲʝʢʪʦʚ (ʪʦʚʘʨʦʚ) ʠʟ ʨʝʛʠʩʪʨʘ ʠ ʬʠʣʴʪʨʫʝʪ ʧʦ ʪʠʧʫ 

ʜʘʥʥʳʭ, ʩʘʡʪʫ ʠ ʩʧʠʩʢʫ ʦʙʲʝʢʪʦʚ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʧʦʩʪʘʚʣʷʪʴ 

ʚʥʫʪʨʝʥʥʠʝ ID 1ʉ ʩ ʚʥʝʰʥʠʤʠ. 

2. ʌʠʣʴʪʨʘʮʠʷ ʥʦʤʝʥʢʣʘʪʫʨʳ - ʚʳʙʠʨʘʝʪ ʪʦʣʴʢʦ ʪʝ ʪʦʚʘʨʳ, ʢʦʪʦʨʳʝ 

ʫʢʘʟʘʥʳ ʚ ʧʘʨʘʤʝʪʨʝ ʠ ʩʦʭʨʘʥʷʝʪ ʠʭ ʩʩʳʣʢʠ ʚʦ ʚʨʝʤʝʥʥʫʶ ʪʘʙʣʠʮʫ ʯʪʦʙʳ 

ʥʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚʩʶ ʥʦʤʝʥʢʣʘʪʫʨʫ, ʘ ʪʦʣʴʢʦ ʚʳʙʨʘʥʥʳʝ ʵʣʝʤʝʥʪʳ. 

3. ʇʦʣʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʜʘʥʥʳʭ ʦ ʥʦʤʝʥʢʣʘʪʫʨʝ - ʚʳʙʠʨʘʝʪ 

ʦʩʥʦʚʥʳʝ ʨʝʢʚʠʟʠʪʳ ʪʦʚʘʨʦʚ (ʥʘʟʚʘʥʠʝ, ʘʨʪʠʢʫʣ, ʚʠʜ ʥʦʤʝʥʢʣʘʪʫʨʳ ʠ ʜʨ.), 

ʧʨʠʤʝʥʷʝʪ ʬʠʣʴʪʨ, ʜʦʙʘʚʣʷʝʪ ʜʘʥʥʳʝ ʦ ʚʠʜʘʭ ʥʦʤʝʥʢʣʘʪʫʨʳ ʠ ʩʦʭʨʘʥʷʝʪ 

ʚʦ ʚʨʝʤʝʥʥʫʶ ʪʘʙʣʠʮʫ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ. 

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʬʠʥʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ - ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ 

ʩʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ (ʦʩʥʦʚʥʳʝ ʨʝʢʚʠʟʠʪʳ, ʫʧʘʢʦʚʢʫ, ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ), 

ʠʩʧʦʣʴʟʫʝʪ ʫʩʣʦʚʥʳʝ ʚʳʨʘʞʝʥʠʷ (ɺʓɹʆʈ...ʂʆɻɼɸ...ʀʅɸʏɽ) ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ NULL-ʟʥʘʯʝʥʠʡ, ʬʦʨʤʠʨʫʝʪ ʠʪʦʛʦʚʳʡ ʥʘʙʦʨ ʜʣʷ ʵʢʩʧʦʨʪʘ 

ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʛʦʪʦʚʳʡ ʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʧʠʩʦʢ ʪʦʚʘʨʦʚ ʩʦ ʚʩʝʤʠ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʦʣʷʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʙʠʟʥʝʩ-ʩʮʝʥʘʨʠʷʭ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 
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ʇʨʠʤʝʥʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʪʘʙʣʠʮ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ 

ʥʘ ʩʝʨʚʝʨʥʳʝ ʨʝʩʫʨʩʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʜʫʤʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʥʜʝʢʩʘʮʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʞʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʩʩʠʚʦʚ 

ʜʘʥʥʳʭ.  

ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʩʦʙʠʨʘʝʤʳʭ 

ʜʘʥʥʳʭ. ʈʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʳʡ ʦʭʚʘʪ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʘʪʨʠʙʫʪʦʚ 

ʪʦʚʘʨʦʚ, ʚʢʣʶʯʘʷ ʢʘʢ ʙʘʟʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʢʦʨʨʝʢʪʥʦ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʪʦʚʘʨʥʳʭ ʛʨʫʧʧ ʠ ʧʦʜʛʨʫʧʧ.  

ɼʘʥʥʳʡ SQL-ʟʘʧʨʦʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʚʳʛʨʫʟʢʠ ʜʘʥʥʳʭ ʦ ʥʦʤʝʥʢʣʘʪʫʨʝ ʠʟ 1ʉ. ʆʥ ʩʦʯʝʪʘʝʪ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩ ʛʠʙʢʦʩʪʴʶ ʥʘʩʪʨʦʡʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩ CRM-ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ɹʠʪʨʠʢʩ24. 

ɽʛʦ ʤʦʞʥʦ ʜʦʨʘʙʘʪʳʚʘʪʴ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʙʠʟʥʝʩ-ʟʘʜʘʯʠ, ʜʦʙʘʚʣʷʷ 

ʥʦʚʳʝ ʧʦʣʷ ʠʣʠ ʫʩʣʦʚʠʷ ʬʠʣʴʪʨʘʮʠʠ. 

 
ʈʠʩʫʥʦʢ 1 - SQL-ʟʘʧʨʦʩ ʜʣʷ ʚʳʛʨʫʟʢʠ ʜʘʥʥʳʭ ʥʦʤʝʥʢʣʘʪʫʨʳ 

 

ɼʘʥʥʳʡ ʟʘʧʨʦʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʚʘʨʦʚ ʠʟ ʨʝʛʠʩʪʨʘ ʩʚʝʜʝʥʠʡ, ʩ ʦʙʲʝʜʠʥʝʥʠʝʤ ʜʘʥʥʳʭ ʩʦ 

ʩʧʨʘʚʦʯʥʠʢʦʤ ʩʚʦʡʩʪʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʪʘʝʤʳʭ ʥʘʠʤʝʥʦʚʘʥʠʡ ʨʝʢʚʠʟʠʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ: 

1. ʆʩʥʦʚʥʘʷ ʚʳʙʦʨʢʘ ʜʘʥʥʳʭ - ʟʘʧʨʦʩ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʫ ʩ ʠʟʚʣʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʨʝʛʠʩʪʨʘ ʩʚʝʜʝʥʠʡ "ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʈʝʢʚʠʟʠʪʳ 

ʆʙʲʝʢʪʦʚ". ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʚʳʙʠʨʘʶʪʩʷ ʪʨʠ ʢʣʶʯʝʚʳʭ ʧʦʣʷ. 

2. ʆʙʲʝʜʠʥʝʥʠʝ ʩʦ ʩʧʨʘʚʦʯʥʠʢʦʤ ʩʚʦʡʩʪʚ - ʩ ʧʦʤʦʱʴʶ LEFT JOIN 

ʧʨʦʠʩʭʦʜʠʪ ʩʦʝʜʠʥʝʥʠʝ ʩ ʩʧʨʘʚʦʯʥʠʢʦʤ "ʉʚʦʡʩʪʚʘ ʆʙʲʝʢʪʦʚ". ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʚʩʝ ʟʘʧʠʩʠ ʠʟ ʦʩʥʦʚʥʦʛʦ ʨʝʛʠʩʪʨʘ, ʜʘʞʝ 

ʝʩʣʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚ ʦʪʩʫʪʩʪʚʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʧʠʩʠ ʚ 

ʩʧʨʘʚʦʯʥʠʢʝ.  
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ LEFT JOIN ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚʩʝ ʟʘʧʠʩʠ ʠʟ ʦʩʥʦʚʥʦʛʦ 

ʨʝʛʠʩʪʨʘ ʧʦʧʘʜʫʪ ʚ ʨʝʟʫʣʴʪʘʪʳ. ʌʠʣʴʪʨʘʮʠʷ ʧʦ ʚʨʝʤʝʥʥʦʡ ʪʘʙʣʠʮʝ 

ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʪʘʢ ʢʘʢ "ɺʊ_ʅʦʤʝʥʢʣʘʪʫʨʘ" ʫʞʝ 

ʩʦʜʝʨʞʠʪ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʪʦʚʘʨʦʚ.  

ɿʘʧʨʦʩ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʧʦʣʫʯʝʥʠʷ ʚʩʝʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʦʙʨʘʥʥʦʛʦ ʩʧʠʩʢʘ ʪʦʚʘʨʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ 

ʧʨʠ ʵʢʩʧʦʨʪʝ ʜʘʥʥʳʭ ʚ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʠʠ ʦʪʯʝʪʦʚ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʨʪʦʯʝʢ ʪʦʚʘʨʦʚ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ. 

ʇʨʦʮʝʜʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʚʳʛʨʫʟʢʠ ʜʘʥʥʳʭ ʢʘʪʘʣʦʛʦʚ ʪʦʚʘʨʦʚ ʥʘ ʩʘʡʪ. 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ: 

1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ. 

2. ʆʙʨʘʙʦʪʢʘ ʢʘʪʘʣʦʛʦʚ ʪʦʚʘʨʦʚ - ʦʩʥʦʚʥʦʡ ʮʠʢʣ ʧʝʨʝʙʠʨʘʝʪ ʚʩʝ 

ʢʘʪʘʣʦʛʠ ʠʟ ʥʘʩʪʨʦʝʢ ʦʙʤʝʥʘ, ʛʜʝ ʧʨʦʚʝʨʷʶʪʩʷ ʩʦʭʨʘʥʝʥʥʳʝ ʥʘʩʪʨʦʡʢʠ 

ʢʘʪʘʣʦʛʘ (ɽʩʣʠ ʦʥʠ ʥʝ ʦʧʨʝʜʝʣʝʥʳ, ʢʘʪʘʣʦʛ ʧʨʦʧʫʩʢʘʝʪʩʷ), ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ ʜʣʷ ʚʳʛʨʫʟʢʠ ʯʝʨʝʟ ʬʫʥʢʮʠʶ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʙʠʪʴ 

ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʥʘ ʯʘʩʪʠ. 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ - ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʦʧʝʨʘʮʠʠ 

(ʉʪʨʫʢʪʫʨʘʅʘʩʪʨʦʝʢ.ʆʧʝʨʘʮʠʷ) ʚʳʟʳʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʫʥʢʮʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ. ʂʘʞʜʘʷ ʬʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ ʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ XDTO, 

ʛʦʪʦʚʳʝ ʜʣʷ ʩʝʨʠʘʣʠʟʘʮʠʠ ʚ XML. 

4. ʉʝʨʠʘʣʠʟʘʮʠʷ ʠ ʩʦʭʨʘʥʝʥʠʝ - ʩʦʟʜʘʝʪʩʷ XML-ʬʘʡʣ ʩ ʫʥʠʢʘʣʴʥʳʤ 

ʠʤʝʥʝʤ. ɼʘʥʥʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʬʘʡʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɿʘʧʠʩʴ XML ʠ 

ʬʘʙʨʠʢʠ XDTO. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʝʪʩʷ ʢʦʧʠʷ ʬʘʡʣʘ ʜʣʷ ʣʦʛʦʚ.  

5. ɺʳʛʨʫʟʢʘ ʥʘ ʩʘʡʪ - ʦʨʛʘʥʠʟʫʝʪʩʷ ʮʠʢʣ ʩ ʧʦʚʪʦʨʥʳʤʠ ʧʦʧʳʪʢʘʤʠ, 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʡʣʳ (ʠʟʦʙʨʘʞʝʥʠʷ, ʜʦʢʫʤʝʥʪʳ). ʇʦʩʣʝ 

ʫʩʧʝʰʥʦʡ ʚʳʛʨʫʟʢʠ ʦʯʠʱʘʶʪʩʷ ʦʙʨʘʙʦʪʘʥʥʳʝ ʟʘʧʠʩʠ ʠ ʦʯʠʱʘʝʪʩʷ ʨʘʙʦʯʠʡ 

ʢʘʪʘʣʦʛ. 

ʇʨʦʮʝʜʫʨʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʘʜʝʞʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 1ʉ ʠ ʚʝʙ-ʩʘʡʪʦʤ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʠʥʬʦʨʤʘʮʠʠ. 

 
ʈʠʩʫʥʦʢ 2 - ʇʨʦʮʝʜʫʨʘ ʚʳʛʨʫʟʢʠ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 
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ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ 

1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ ʠ 1ʉ-ɹʠʪʨʠʢʩ24 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʝʦʜʦʣʝʪʴ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ 

ʨʫʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤ - ʩʥʠʞʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʨʦʩʪ ʦʰʠʙʦʢ ʫʯʝʪʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʝʨʩʦʥʘʣ. 

ɸʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʥʪʝʛʨʘʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʡ 

ʤʝʪʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʦʣʞʝʥ ʚʳʙʠʨʘʪʴʩʷ ʠʩʭʦʜʷ ʠʟ ʢʦʥʢʨʝʪʥʳʭ ʙʠʟʥʝʩ-

ʪʨʝʙʦʚʘʥʠʡ ʠ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʦʨʛʘʥʠʟʘʮʠʡ ʥʘʠʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ ʩʪʘʥʦʚʠʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 

REST API ɹʠʪʨʠʢʩ24 ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʩʣʦʝʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʥʘʜʝʞʥʦʩʪʴʶ ʠ 

ʩʪʦʠʤʦʩʪʴʶ ʚʥʝʜʨʝʥʠʷ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʥʥʳʭ 

ʨʝʰʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʠʥʢʨʝʤʝʥʪʘʣʴʥʳʭ ʦʙʥʦʚʣʝʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʀʊ-

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʤʝʞʜʫ 1ʉ ʠ 

ɹʠʪʨʠʢʩ24 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʘ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʟʥʝʩʘ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʢʦʤʧʘʥʠʷʤ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʫʢʨʝʧʣʷʪʴ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ 

ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. 
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ʌɻʆʋ ɺʆ ʉʦʯʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʉʦʯʠ, ʈʦʩʩʠʷ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʠʩʢʫʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʝʢʪʘ 
 

ɸʥʥʦʪʘʮʠʷ: ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʢʘʢ: 

DeepSeek, Perplexity, Grok ʠ ChatGPT ʚ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ, 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʪʚʦʨʯʝʩʢʠʭ ʪʝʩʪʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʚʦʜʷʪ ChatGPT ʚʧʝʨʝʜ ʟʘ ʝʛʦ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʚʳʨʘʞʝʥʠʷ, ʟʘ ʥʠʤ ʩʣʝʜʫʝʪ Grok, ʢʦʪʦʨʳʡ 

ʧʨʝʫʩʧʝʚʘʝʪ ʚ ʪʚʦʨʯʝʩʢʠʭ ʟʘʜʘʯʘʭ, ʥʦ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ ʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 

ʪʦʯʥʦʩʪʠ. Perplexity ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʤʝʪʥʫʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʩʠʣʫ, ʭʦʪʷ ʝʛʦ 

ʩʪʠʣʶ ʥʝ ʭʚʘʪʘʝʪ ʛʠʙʢʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ DeepSeek, ʭʦʪʷ ʠ ʪʝʭʥʠʯʝʩʢʠ 

ʥʘʜʝʞʥʳʡ, ʯʘʩʪʦ ʚʳʜʘʝʪ ʩʣʠʰʢʦʤ ʦʙʱʠʝ ʦʪʚʝʪʳ. ɸʥʘʣʠʟ ʧʨʠʭʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʳʡ ʚʳʙʦʨ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ: ChatGPT/Grok ʜʣʷ 

ʢʨʝʘʪʠʚʥʦʩʪʠ ʠ ʢʦʥʪʝʢʩʪʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, Perplexity ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʡ ʩʪʨʦʛʦʩʪʠ, ʠ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʠ ʛʣʫʙʠʥʳ ʪʘʢʠʭ 

ʤʦʜʝʣʝʡ, ʢʘʢ DeepSeek. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʛʝʥʝʨʘʪʠʚʥʳʝ ʤʦʜʝʣʠ, ʛʝʥʝʨʘʪʠʚʥʳʝ 

ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʩʝʪʠ, ʤʦʜʝʣʴ, ʧʨʦʤʧʪ ʛʣʫʙʠʥʘ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ, 

 

Topolyan S.G., Popov D.I 

Comparative analysis of artificial intelligence models 

Abstract: This paper compares models such as DeepSeek, Perplexity, Grok, and 

ChatGPT on standardized linguistic, analytical, and creative tests. The results place 

ChatGPT ahead for its versatility and consistent quality of expression, followed by 

Grok, which excels in creative tasks but has shortcomings in linguistic precision. 

Perplexity demonstrates notable analytical power, although its style lacks flexibility, 

while DeepSeek, although technically robust, often produces overly general answers. 

The analysis concludes that the optimal choice depends on specific needs: 

ChatGPT/Grok for creativity and contextual intelligence, Perplexity for technical rigor, 

and highlights the need to improve the originality and depth of models such as 

DeepSeek. 

Key words: artificial intelligence, generative models, generative adversarial networks, 

model, prompt depth, interpretability. 

 

ɺʚʝʜʝʥʠʝ 

 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʧʨʝʦʙʨʘʟʠʣ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʣʘʥʜʰʘʬʪ, ʦʙʝʩʧʝʯʠʚ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʨʘʙʦʪʢʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ, ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʠ ʧʦʠʩʢʝ ʠʥʬʦʨʤʘʮʠʠ. ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʦʜʝʣʝʡ ʀʀ ʨʘʟʛʦʚʦʨʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʀʀ ʩʪʘʣʠ ʢʣʶʯʝʚʳʤ 

ʘʢʪʠʚʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʧʦʜʦʙʥʦʝ ʯʝʣʦʚʝʯʝʩʢʦʤʫ, ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʤ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʣʦʞʝʥʠʡ. ʇʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʳʤ ʧʦʥʠʤʘʪʴ ʠʭ 
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ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʰʘʝʪ ʵʪʫ 

ʧʦʪʨʝʙʥʦʩʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʯʝʪʳʨʝ ʠʟʚʝʩʪʥʳʝ ʤʦʜʝʣʠ ʀʀ: DeepSeek, 

ʨʘʟʛʦʚʦʨʥʫʶ ʤʦʜʝʣʴ ʀʀ; Perplexity, ʧʦʠʩʢʦʚʫʶ ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʝ ʀʀ, 

ʢʦʪʦʨʘʷ ʜʘʝʪ ʧʨʷʤʳʝ ʦʪʚʝʪʳ; Grok, ʨʘʟʨʘʙʦʪʘʥʥʫʶ xAI ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʡ; ʠ ChatGPT, ʰʠʨʦʢʦ ʧʨʠʟʥʘʥʥʳʡ ʨʘʟʛʦʚʦʨʥʳʡ ʘʛʝʥʪ ʦʪ 

OpenAI. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʀʀ 

ɹʳʩʪʨʘʷ ʠʥʪʝʛʨʘʮʠʷ ʀʀ ʚ ʧʦʚʩʝʜʥʝʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ð ʦʪ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʧʦʤʦʱʥʠʢʦʚ ʜʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ð ʧʦʜʯʝʨʢʥʫʣʘ ʚʘʞʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʞʝʪ ʜʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢ 

ʵʪʠ ʤʦʜʝʣʠ ʨʘʙʦʪʘʶʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʧʦʟʚʦʣʷʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʚʦʠʭ 

ʢʦʥʢʨʝʪʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ 

ʮʝʥʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ, ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʝʪ ʠʤ ʫʣʫʯʰʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʩʚʦʠ ʤʦʜʝʣʠ, ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ ʀʀ. [4] 

ʄʝʪʦʜ ʚʢʣʶʯʘʝʪ ʨʫʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ ʦʜʥʦʨʦʜʥʳʭ ʧʦʜʩʢʘʟʦʢ. ʂʘʞʜʘʷ ʤʦʜʝʣʴ 

ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʝʝ ʦʪʚʝʪʦʚ, ʧʨʠ ʵʪʦʤ ʦʮʝʥʢʘ ʙʫʜʝʪ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʪʘʢʠʭ ʢʨʠʪʝʨʠʷʭ, ʢʘʢ ʪʦʯʥʦʩʪʴ, ʨʝʣʝʚʘʥʪʥʦʩʪʴ ʠ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ. ʕʪʦʪ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʨʘʚʝʜʣʠʚʦʝ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʚʩʝʭ ʤʦʜʝʣʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʨʦʯʥʫʶ ʦʩʥʦʚʫ 

ʜʣʷ ʘʥʘʣʠʟʘ. [5] 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʚʳʷʚʠʪʴ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ 

ʩʪʦʨʦʥʳ DeepSeek, Perplexity, Grok ʠ ChatGPT ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʟʘʜʘʯ. ʆʮʝʥʠʚʘʷ ʠʭ ʦʪʚʝʪʳ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʳʟʦʚʳ, ʪʘʢʠʝ ʢʘʢ 

ʬʘʢʪʠʯʝʩʢʠʝ ʟʘʧʨʦʩʳ, ʪʚʦʨʯʝʩʢʦʝ ʧʠʩʴʤʦ ʠ ʨʝʰʝʥʠʝ ʩʣʦʞʥʳʭ ʧʨʦʙʣʝʤ, 

ʵʪʦʪ ʘʥʘʣʠʟ ʥʘʧʨʘʚʣʝʥ ʥʘ ʪʦ, ʯʪʦʙʳ ʧʨʦʣʠʪʴ ʩʚʝʪ ʥʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʪʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʧʦʤʦʞʝʪ ʚ ʚʳʙʦʨʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʀʀ, ʥʦ ʠ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʨʘʟʚʠʪʠʷ ʨʘʟʛʦʚʦʨʥʦʛʦ 

ʀʀ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʩʣʫʞʘʪ ʨʝʩʫʨʩʦʤ ʜʣʷ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʩʪʨʝʤʷʱʠʭʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʣʠ ʫʣʫʯʰʠʪʴ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ. 

 

ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʷ 

 

ɺʩʝ ʤʦʜʝʣʠ, ʦʮʝʥʠʚʘʝʤʳʝ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʣʠʙʦ ʙʝʩʧʣʘʪʥʳ, ʣʠʙʦ 

ʦʙʱʝʜʦʩʪʫʧʥʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ DeepSeek, ʤʦʜʝʣʴ ʨʘʟʛʦʚʦʨʥʦʛʦ ʀʀ, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʧʦʜʨʦʙʥʳʭ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʦʪʚʝʪʦʚ; Perplexity, 

ʧʦʠʩʢʦʚʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʀʀ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʧʨʷʤʳʝ ʦʪʚʝʪʳ; Grok, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ xAI ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʡ ʩ ʧʦʤʦʱʴʶ 
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ʨʘʟʛʦʚʦʨʥʦʛʦ ʀʀ; ʠ ChatGPT, ʰʠʨʦʢʦ ʧʨʠʟʥʘʥʥʳʡ ʨʘʟʛʦʚʦʨʥʳʡ ʘʛʝʥʪ 

OpenAI, ʠʟʚʝʩʪʥʳʡ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʟʘʜʘʥʠʷ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʪʠʧʘ. 

ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ ʦʮʝʥʠʚʘʣʠ ʷʟʳʢʦʚʫʶ ʘʜʘʧʪʘʮʠʶ, ʩʪʠʣʴ ʠ 

ʧʝʨʝʬʨʘʟʠʨʦʚʘʥʠʝ, ʧʨʠʤʝʨʦʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʧʝʨʝʧʠʩʳʚʘʥʠʝ ʥʦʚʦʩʪʥʦʡ 

ʩʪʘʪʴʠ ʜʣʷ 10-ʣʝʪʥʝʛʦ ʨʝʙʝʥʢʘ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ ʠʟʤʝʨʷʣʠ ʯʠʩʣʦʚʫʶ 

ʦʙʨʘʙʦʪʢʫ, ʣʦʛʠʯʝʩʢʦʝ ʨʘʩʩʫʞʜʝʥʠʝ ʠ ʘʨʛʫʤʝʥʪʘʮʠʶ, ʥʘʧʨʠʤʝʨ, ʚʳʚʦʜ 

ʚʳʚʦʜʦʚ ʠʟ ʪʘʙʣʠʮ ʜʘʥʥʳʭ. ʊʚʦʨʯʝʩʢʠʝ ʟʘʜʘʥʠʷ ʦʮʝʥʠʚʘʣʠ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ 

ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ, ʚʢʣʶʯʘʷ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘʯʘʣʘ ʠʩʪʦʨʠʠ ʠʣʠ 

ʧʨʠʜʫʤʳʚʘʥʠʝ ʰʫʪʦʢ. 

ɺʩʝ ʤʦʜʝʣʠ, ʦʮʝʥʠʚʘʝʤʳʝ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʣʠʙʦ ʙʝʩʧʣʘʪʥʳ, ʣʠʙʦ 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ. ʂ ʵʪʠʤ ʤʦʜʝʣʷʤ ʦʪʥʦʩʷʪʩʷ: 

Å DeepSeek: ʤʦʜʝʣʴ ʨʘʟʛʦʚʦʨʥʦʛʦ ʀʀ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʦʜʨʦʙʥʳʭ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʦʪʚʝʪʦʚ. 

Å Perplexity: ʧʦʠʩʢʦʚʘʷ ʩʠʩʪʝʤʘ ʀʀ, ʢʦʪʦʨʘʷ ʥʘʧʨʷʤʫʶ ʦʪʚʝʯʘʝʪ ʥʘ 

ʟʘʧʨʦʩʳ. 

Å Grok: ʨʘʟʨʘʙʦʪʘʥʥʘʷ xAI, Grok ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʣʫʯʰʝʥʠʝ ʥʘʫʯʥʳʭ 

ʦʪʢʨʳʪʠʡ ʩ ʧʦʤʦʱʴʶ ʨʘʟʛʦʚʦʨʥʦʛʦ ʀʀ. 

Å ChatGPT: ʦʙʱʝʧʨʠʟʥʘʥʥʳʡ ʨʘʟʛʦʚʦʨʥʳʡ ʘʛʝʥʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

OpenAI, ʠʟʚʝʩʪʥʳʡ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʚ ʨʝʰʝʥʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʟʘʜʘʯ. 

ɼʣʷ ʚʩʝʩʪʦʨʦʥʥʝʡ ʦʮʝʥʢʠ ʵʪʠʭ ʤʦʜʝʣʝʡ ʟʘʜʘʥʠʷ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʪʨʠ ʢʘʪʝʛʦʨʠʠ: 

Å ʃʠʥʛʚʠʩʪʠʢʘ: ʦʮʝʥʢʘ ʷʟʳʢʘ, ʩʪʠʣʷ ʠ ʧʝʨʝʬʨʘʟʠʨʦʚʘʥʠʷ. 

ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ: ʧʝʨʝʩʢʘʟ ʥʦʚʦʩʪʥʦʡ ʩʪʘʪʴʠ ʜʣʷ ʨʝʙʝʥʢʘ. 

Å ɸʥʘʣʠʪʠʢʘ: ʦʮʝʥʢʘ ʦʙʨʘʙʦʪʢʠ ʯʠʩʝʣ, ʣʦʛʠʢʠ ʠ ʘʨʛʫʤʝʥʪʘʮʠʠ. 

ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ: ʩʦʩʪʘʚʣʝʥʠʝ ʚʳʚʦʜʦʚ ʠʟ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ. 

Å ʂʨʝʘʪʠʚʥʦʩʪʴ: ʦʮʝʥʢʘ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʩʪʠʣʷ. 

ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ: ʧʨʦʜʦʣʞʝʥʠʝ ʥʘʯʘʣʘ ʠʩʪʦʨʠʠ ʠʣʠ ʧʨʠʜʫʤʳʚʘʥʠʝ 

ʰʫʪʢʠ. 

ʆʪʚʝʪ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʦʮʝʥʠʚʘʣʩʷ ʧʦ ʰʢʘʣʝ ʦʪ 1 ʜʦ 5 ʜʚʫʤʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʦʮʝʥʱʠʢʘʤʠ, ʘ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʫʩʨʝʜʥʷʣʘʩʴ. 

ʂʨʠʪʝʨʠʠ ʦʮʝʥʢʠ, ʩʣʝʜʫʶʱʠʝ: 

Å ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: ʦʮʝʥʠʚʘʝʪ ʣʦʛʠʢʫ ʠ ʩʪʨʫʢʪʫʨʫ ʦʪʚʝʪʘ. 

Å ʂʨʝʘʪʠʚʥʦʩʪʴ: ʦʮʝʥʠʚʘʝʪ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʠ ʥʦʚʠʟʥʫ ʦʪʚʝʪʘ. 

Å ɻʨʘʤʦʪʥʦʩʪʴ: ʦʮʝʥʠʚʘʝʪ ʷʟʳʢ, ʦʨʬʦʛʨʘʬʠʶ ʠ ʩʪʠʣʴ. 

Å ʌʘʢʪʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ: ʦʮʝʥʠʚʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʠʤʝʥʠʤʦ ʪʦʣʴʢʦ ʢ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ 

ʤʝʪʦʜʳ: 

Å ɺʨʝʤʷ ʦʪʢʣʠʢʘ: ʨʫʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʦʪʢʣʠʢʘ 

ʢʘʞʜʦʡ ʤʦʜʝʣʠ. 
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Å ʇʨʦʚʝʨʢʘ ʬʘʢʪʦʚ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯʘʭ. 

Å ɻʨʘʤʦʪʥʦʩʪʴ: ʧʨʦʚʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ LanguageTool ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʘʚʠʣʴʥʦʡ ʛʨʘʤʤʘʪʠʢʠ ʠ ʩʪʠʣʷ. 

 

ʀʩʧʳʪʘʥʠʷ 

 

2.1 ʃʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʜʘʜʠʤ 4 ʤʦʜʝʣʷʤ 

ʦʜʠʥʘʢʦʚʦʝ ʟʘʜʘʥʠʝ, ʪʝʢʩʪ ʟʘʜʘʥʠʷ ʟʚʫʯʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

çʇʝʨʝʧʠʰʠ ʩʣʝʜʫʶʱʠʡ ʪʝʢʩʪ ʪʘʢ, ʯʪʦʙʳ ʦʥ ʙʳʣ ʧʦʥʷʪʝʥ ʰʢʦʣʴʥʠʢʫ 

10 ʣʝʪ, ʥʦ ʩʦʭʨʘʥʠʣ ʚʩʶ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ:  

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠ ʛʠʙʨʠʜʥʳʝ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʶʪ ʩʪʨʦʛʦ ʟʘʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʯʪʦ 

ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʟʘʜʘʯ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʳ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠ 

ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ ʜʘʥʥʳʭ ʠ ʩʧʦʩʦʙʥʳ ʦʙʫʯʘʪʴʩʷ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʦʧʳʪʘ. ɻʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʦʙʲʝʜʠʥʷʶʪ ʵʣʝʤʝʥʪʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ. ʈʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʠʭ ʩʠʩʪʝʤ. ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʫʞʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʦʧʪʠʤʠʟʘʮʠʠè 

ʆʪʚʝʪʳ ʤʦʜʝʣʝʡ ʠʟʣʦʞʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠé 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʪʚʝʪʦʚ ʤʦʜʝʣʝʡ ʦʪʦʙʨʘʞʝʥ ʚ ʪʘʙʣʠʮʝ 1 
 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ 

ʄʦʜʝʣʴ ʉʦʛʣʘʩ

ʦʚʘʥʥʦ

ʩʪʴ  

ʗʩʥʦʩʪʴ  ɻʨʘʤʦʪ

ʥʦʩʪʴ  

ʆʩʤʳʩʣʝ

ʥʥʦʩʪʴ  

ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚ

ʦ ʙʘʣʣʦʚ  

ʂʦʤʤʝʥʪʘʨʠʡ 

DeepSeek 5 5 5 5 20 ʆʯʝʥʴ ʪʦʯʥʘʷ, 

ʧʨʦʩʪʘʷ ʠ 

ʣʦʛʠʯʥʘʷ 

ʘʜʘʧʪʘʮʠʷ, 

ʩʦʭʨʘʥʷʶʱʘʷ 

ʚʩʝ ʢʣʶʯʝʚʳʝ 

ʟʥʘʯʝʥʠʷ. 
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ɺʩʝ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʭʦʨʦʰʦ. DeepSeek ʧʦʢʘʟʘʣ ʩʘʤʳʝ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. Grok ʠ Perplexity ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ, ʥʦ ʥʝʤʥʦʛʦ ʜʝʪʩʢʠʡ ʩʪʠʣʴ. ChatGPT ʠʩʧʦʣʴʟʦʚʘʣ ʦʯʝʥʴ ʧʨʦʩʪʦʡ 

ʷʟʳʢ, ʥʦ ʧʦʪʝʨʷʣ ʥʝʢʦʪʦʨʳʝ ʜʝʪʘʣʠ. 

2.2. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ 

ɺ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʟʘʜʘʥʠʝ ʤʳ ʧʨʦʚʝʨʠʤ ʢʘʞʜʫʶ ʠʟ ʤʦʜʝʣʝʡ ʥʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʪʘʙʣʠʮ, ʜʣʷ ʵʪʦʛʦ ʟʘʛʨʫʟʠʤ ʚ ʥʠʭ ʪʘʙʣʠʮʫ: ʉʨʝʜʥʝʡ 

ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʦʪʜʝʣʴʥʳʭ ʢʘʪʝʛʦʨʠʡ ʨʘʙʦʪʥʠʢʦʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ ʠ 

ʥʘʫʢʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʡ ʬʦʨʤ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʧʦ ʩʫʙʲʝʢʪʘʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ ʷʥʚʘʨʴ-ʠʶʥʴ 2024 

ʛʦʜʘ 

ʊʝʢʩʪ ʟʘʜʘʥʠʷ ʟʚʫʯʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

çʇʝʨʝʜ ʚʘʤʠ ʪʘʙʣʠʮʘ ʩʦ ʩʨʝʜʥʝʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʦʡ ʦʪʜʝʣʴʥʳʭ 

ʢʘʪʝʛʦʨʠʡ ʨʘʙʦʪʥʠʢʦʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ ʠ ʥʘʫʢʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʡ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʧʦ ʩʫʙʲʝʢʪʘʤ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ* ʟʘ ʷʥʚʘʨʴ-ʠʶʥʴ 2024 ʛʦʜʘ. ʅʘʧʠʰʠʪʝ ʢʨʘʪʢʠʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʚʳʚʦʜè   

ʌʨʘʛʤʝʥʪ ʪʘʙʣʠʮʳ ʠ ʦʪʚʝʪʳ ʤʦʜʝʣʝʡ ʙʫʜʫʪ ʦʪʦʙʨʘʞʝʥʳ ʚ 

ʧʨʠʣʦʞʝʥʠʠé 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʪʚʝʪʦʚ ʤʦʜʝʣʝʡ ʦʪʦʙʨʘʞʝʥ ʚ ʪʘʙʣʠʮʝ 2 

 

 

 

 

Perplexity 5 4 5 5 19 ʇʨʝʚʦʩʭʦʜʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʠ 

ʪʦʯʥʦʩʪʴ, ʭʦʪʷ 

ʠ ʥʝʤʥʦʛʦ 

ʩʣʦʞʥʦʚʘʪʦ 

ʜʣʷ 10-ʣʝʪʥʝʛʦ 

ʨʝʙʝʥʢʘ. 

Grok  5 4 5 5 19 ʍʦʨʦʰʦ 

ʧʝʨʝʜʘʥʥʳʡ 

ʩʤʳʩʣ, 

ʚʟʨʦʩʣʳʡ, ʥʦ 

ʧʦʥʷʪʥʳʡ 

ʩʪʠʣʴ 

ChatGPT 5 5 5 4 19 ʆʯʝʥʴ ʣʝʛʢʦ 

ʯʠʪʘʝʪʩʷ ʠ 

ʧʦʥʷʪʝʥ 

ʜʝʪʷʤ, ʥʦ 

ʥʝʤʥʦʛʦ 

ʫʧʨʦʱʝʥ ʚ 

ʜʝʪʘʣʷʭ. 
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      ʊʘʙʣʠʮʘ 2- ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ 

ʂʨʠʪʝ

ʨʠʠ 

ʦʮʝʥʢ

ʠ 

ʆʭʚʘʪ 

ʢʘʪʝʛʦʨʠʡ 

ɸʥʘʣʠʟ 

ʨʝʛʠʦʥʘ 

ʏʠʩʣʦʚʘʷ 

ʜʝʪʘʣʠʟʘʮ

ʠ ̫

ɸʥʘʣʠʪʠʯʝʩʢʘ

ʷ ʛʣʫʙʠʥʘ 

ʗʩʥʦʩʪʴ ʠ 

ʩʪʨʫʢʪʫʨʘ 

ɿʘʢʣʶʯʠʪʝ

ʣʴʥʦʝ 

ʨʝʟʶʤʝ 

DeepS

eek 

ʚʨʘʯʠ, 

ʫʯʠʪʝʣʷ, 

ʩʦʮʠʘʣʴʥʳʡ 

ʠ ʤʣʘʜʰʠʡ 

ʤʝʜʠʮʠʥʩʢʠ

ʡ ʧʝʨʩʦʥʘʣ - 

ʚʩʝ 

ʚʢʣʶʯʝʥʳ 

ʉʠʣʴʥʳʡ 

ʘʢʮʝʥʪ ʥʘ 

ʢʦʥʢʨʝʪʥ

ʳʭ 

ʨʝʛʠʦʥʘʣ

ʴʥʳʭ 

ʧʨʠʤʝʨʘʭ 

(ʥʘʧʨʠʤʝ

ʨ, 

ʄʦʩʢʚʘ, 

ʏʫʢʦʪʢʘ) 

ʂʦʥʢʨʝʪʥ

ʳʝ ʮʠʬʨʳ 

ʧʦ 

ʨʝʛʠʦʥʘʤ 

ʠ 

ʢʘʪʝʛʦʨʠʷ

ʤ 

ɺʳʜʝʣʷʝʪ 

ʜʠʩʙʘʣʘʥʩʳ ʠ 

ʩʠʩʪʝʤʥʳʝ 

ʧʨʠʦʨʠʪʝʪʳ 

ʉʪʨʫʢʪʫʨʠʨʦ

ʚʘʥʦ ʩ 

ʧʦʤʦʱʴʶ 

ʤʘʨʢʝʨʦʚ ʠ 

ʟʘʛʦʣʦʚʢʦʚ 

ʆʢʦʥʯʘʪʝʣ

ʴʥʦʝ 

ʛʣʫʙʦʢʦʝ 

ʧʦʥʠʤʘʥʠʝ 

ʧʨʠʯʠʥ 

ʥʝʨʘʚʝʥʩʪʚ

ʘ 

Perple

xity  

ʉʦʩʨʝʜʦʪʦʯ

ʝʥʠʝ ʪʦʣʴʢʦ 

ʥʘ ʜʚʫʭ 

ʢʘʪʝʛʦʨʠʷʭ 

ʆʙʱʝʝ 

ʫʧʦʤʠʥʘ

ʥʠʝ, ʙʝʟ 

ʧʨʠʤʝʨʦʚ 

ʂʦʥʢʨʝʪʥ

ʳʝ ʮʠʬʨʳ 

ʧʦ ʜʚʫʤ 

ʢʘʪʝʛʦʨʠʷ

ʤ 

ʇʦʚʝʨʭʥʦʩʪʥʘ

ʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʨʘʟʣʠʯʠʡ 

ʗʩʥʦ, ʥʦ 

ʢʨʘʪʢʦ 

ʌʦʨʤʘʣʴʥ

ʳʡ, ʥʝ 

ʠʤʝʝʪ 

ʠʥʪʝʨʧʨʝʪ

ʘʮʠʠ 

ChatG

PT 

ɺʩʝ 

ʢʘʪʝʛʦʨʠʠ 

ʯʝʪʢʦ 

ʧʝʨʝʯʠʩʣʝʥ

ʳ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨ

ʦʚʘʥʳ 

ʆʨʠʝʥʪʠ

ʨʦʚʘʥ 

ʪʦʣʴʢʦ ʥʘ 

ʩʨʝʜʥʠʝ 

ʧʦʢʘʟʘʪʝ

ʣʠ ʧʦ 

ʩʪʨʘʥʝ 

ʉʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ 

ʜʣʷ 

ʢʘʞʜʦʡ 

ʛʨʫʧʧʳ 

ʧʨʝʜʦʩʪʘʚ

ʣʝʥʳ 

ʆʙʩʫʜʠʪʴ 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʬʠʥʘʥʩʠʨʦʚʘʥ

ʠʝ ʠ 

ʧʨʠʦʨʠʪʝʪʳ 

ʩʝʢʪʦʨʘ 

ʆʨʛʘʥʠʟʦʚʘʥ

ʦ ʧʦ 

ʩʝʢʪʦʨʘʤ ʠ 

ʚʳʚʦʜʘʤ 

ʈʝʰʘʝʪ 

ʧʨʦʙʣʝʤʳ 

ʥʝʜʦʦʮʝʥʢ

ʠ ʠ 

ʩʠʩʪʝʤʥʳʝ 

ʧʨʦʙʣʝʤʳ 

Grok  ʆʭʚʘʪʳʚʘʝʪ 

ʙʦʣʴʰʠʥʩʪʚ

ʦ ʢʘʪʝʛʦʨʠʡ 

ɺʢʣʶʯʘʝ

ʪ ʣʠʜʝʨʦʚ 

ʠ 

ʦʪʩʪʘʶʱ

ʠʭ 

(ʥʘʧʨʠʤʝ

ʨ, 

ʉʝʚʝʨʥʳ

ʡ ʂʘʚʢʘʟ) 

ɺʢʣʶʯʘʝʪ 

ʥʘʮʠʦʥʘʣ

ʴʥʳʝ ʠ 

ʨʝʛʠʦʥʘʣʴ

ʥʳʝ 

ʜʠʘʧʘʟʦʥ

 r

ʆʙʲʷʩʥʷʝʪ 

ʩʚʷʟʴ ʤʝʞʜʫ 

ʟʘʨʘʙʦʪʥʦʡ 

ʧʣʘʪʦʡ ʠ 

ʨʝʛʠʦʥʦʤ/ʵʢʦʥ

ʦʤʠʢʦʡ 

ʄʝʥʝʝ 

ʩʪʨʫʢʪʫʨʠʨʦ

ʚʘʥ, ʙʦʣʴʰʝ 

ʧʦʭʦʞ ʥʘ 

ʝʜʠʥʳʡ 

ʧʦʚʝʩʪʚʦʚʘʪ

ʝʣʴʥʳʡ ʙʣʦʢ 

ʋʢʘʟʳʚʘʝʪ 

ʥʘ 

ʵʢʦʥʦʤʠʯʝ

ʩʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟ

ʠʝ ʢʘʢ ʥʘ 

ʦʩʥʦʚʥʫʶ 

ʧʨʠʯʠʥʫ 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ ʦʮʝʥʢʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ð 

ʩʦʩʪʘʚʣʝʥʠʝ ʢʨʘʪʢʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʟʶʤʝ ʥʘ ʦʩʥʦʚʝ ʪʘʙʣʠʮʳ ʟʘʨʧʣʘʪ 

ð ʩ ʦʮʝʥʢʦʡ ʦʪ 1 ʜʦ 5 ʧʦ ʯʝʪʳʨʝʤ ʢʨʠʪʝʨʠʷʤ: ʩʚʷʟʥʦʩʪʴ, 

ʩʦʜʝʨʞʘʪʝʣʴʥʦʩʪʴ, ʛʨʘʤʤʘʪʠʢʘ/ʩʪʠʣʴ ʠ ʬʘʢʪʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ. 

ʆʙʱʘʷ ʦʮʝʥʢʘ ʦʪʚʝʪʘ ʤʦʜʝʣʝʡ ʚ ʪʘʙʣʠʮʝ 3  
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ʊʘʙʣʠʮʘ 3- ʆʙʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ 

ʄʦʜʝʣʴ ʆʮʝʥʢʘ ʂʦʤʤʝʥʪʘʨʠʡ 

DeepSeek 5/5 ʃʫʯʰʠʡ ʚ ʮʝʣʦʤ ð 

ʚʩʝʩʪʦʨʦʥʥʠʡ, ʭʦʨʦʰʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʡ, ʷʩʥʘʷ 

ʩʪʨʫʢʪʫʨʘ 

ChatGPT 5/5 ʉʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʠ 

ʧʦʥʷʪʥʳʡ, ʥʦ ʥʝ ʠʤʝʝʪ 

ʨʝʛʠʦʥʘʣʴʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. 

Grok 4/5 ʆʭʚʘʪʳʚʘʝʪ ʢʣʶʯʝʚʳʝ 

ʨʘʟʣʠʯʠʷ, ʥʦ ʤʝʥʝʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ ʠ ʥʦʩʠʪ 

ʥʝʩʢʦʣʴʢʦ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ 

Perplexity 3.5/5 ʂʨʘʪʢʦ, ʥʦ ʥʝ ʭʚʘʪʘʝʪ 

ʛʣʫʙʠʥʳ ʠ ʰʠʨʦʪʳ 

ʢʘʪʝʛʦʨʠʡ ʠʣʠ ʨʝʛʠʦʥʦʚ. 

ɺʩʝ ʯʝʪʳʨʝ ʦʪʚʝʪʘ ʩʦʜʝʨʞʘʪ ʩʦʣʠʜʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʟʶʤʝ ʩ 

ʭʦʨʦʰʝʡ ʛʨʘʤʤʘʪʠʢʦʡ ʠ ʬʘʢʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ. DeepSeek, ChatGPT ʠ 

Grok ʚʳʜʝʣʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʜʘʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʢʘʪʝʛʦʨʠʘʣʴʥʳʭ ʨʘʟʣʠʯʠʷʭ. Perplexity ð ʷʩʥʳʡ ʠ 

ʧʨʘʚʠʣʴʥʳʡ, ʥʦ ʤʝʥʝʝ ʧʦʜʨʦʙʥʳʡ ʚ ʦʪʥʦʰʝʥʠʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ. 

2.3 ʂʨʝʘʪʠʚʥʦʝ ʟʘʜʘʥʠʝ 

ʇʨʦʚʝʨʢʘ ʢʨʝʘʪʠʚʥʳʭ ʟʘʜʘʥʠʡ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʫʪʝʤ ʦʮʝʥʢʠ 

ʥʘʧʠʩʘʥʥʳʭ ʤʦʜʝʣʷʤʠ ʕʩʩʝ 

ʊʝʢʩʪ ʚʦʧʨʦʩʘ (ʇʨʦʤʧʪ):  

çʅʘʧʠʰʠ ʢʦʨʦʪʢʦʝ ʵʩʩʝ (ʥʝ ʙʦʣʝʝ 150 ʩʣʦʚ) ʥʘ ʪʝʤʫ: çʄʦʞʝʪ ʣʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʟʘʤʝʥʠʪʴ ʚʦʦʙʨʘʞʝʥʠʝ ʯʝʣʦʚʝʢʘ?è 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʪʚʝʪʦʚ ʤʦʜʝʣʝʡ ʦʪʦʙʨʘʞʝʥ ʚ ʪʘʙʣʠʮʝ 4 

 
ʊʘʙʣʠʮʘ 4 ï ʈʝʟʫʣʴʪʘʪʳ ʢʨʝʘʪʠʚʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʦʜʝʣʴ ɻʣʫʙʠʥ

ʘ 

ʩʤʳʩʣʘ 

(1ï5) 

ʉʪʨʫʢʪʫ

ʨʘ ʠ 

ʣʦʛʠʢʘ 

(1ï5) 

ɺʳʨʘʟʠʪʝʣʴʥʦʩ

ʪʴ ʷʟʳʢʘ (1ï5) 

ʉʦʦʪʚʝʪʩʪʚ

ʠʝ ʞʘʥʨʫ 

(1ï5) 

ʆʙʱʘ

ʷ 

ʦʮʝʥʢ

ʘ 

ʂʦʤʤʝʥʪʘʨʠʡ 

Deepsee

k 

4 5 4 5 19 ʏʝʪʢʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥ

ʳʡ ʠ ʧʦʥʷʪʥʳʡ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʦ 

ʧʨʦʯʥʳʡ, ʥʦ 

ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʢʣʠʰʝ. 

Perplexit

y 

5 4 4 5 18 ɾʠʚʦʡ, 

ʢʨʘʩʥʦʨʝʯʠʚʳʡ ʠ 

ʧʨʦʥʠʮʘʪʝʣʴʥʳʡ. 

ʆʪʣʠʯʥʦʝ 
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ʄʦʜʝʣʴ ɻʣʫʙʠʥ

ʘ 

ʩʤʳʩʣʘ 

(1ï5) 

ʉʪʨʫʢʪʫ

ʨʘ ʠ 

ʣʦʛʠʢʘ 

(1ï5) 

ɺʳʨʘʟʠʪʝʣʴʥʦʩ

ʪʴ ʷʟʳʢʘ (1ï5) 

ʉʦʦʪʚʝʪʩʪʚ

ʠʝ ʞʘʥʨʫ 

(1ï5) 

ʆʙʱʘ

ʷ 

ʦʮʝʥʢ

ʘ 

ʂʦʤʤʝʥʪʘʨʠʡ 

ʟʘʚʝʨʰʝʥʠʝ ʠ 

ʧʦʚʝʩʪʚʦʚʘʪʝʣʴʥ

ʳʡ ʧʦʪʦʢ 

ChatGP

T 

5 5 5 5 20 ɾʠʚʦʡ, 

ʢʨʘʩʥʦʨʝʯʠʚʳʡ ʠ 

ʧʨʦʥʠʮʘʪʝʣʴʥʳʡ. 

ʇʨʝʚʦʩʭʦʜʥʦʝ 

ʟʘʚʝʨʰʝʥʠʝ ʠ 

ʧʦʚʝʩʪʚʦʚʘʪʝʣʴʥ

ʳʡ ʧʦʪʦʢ. 

Grok 5 5 5 5 20 ɹʦʛʘʪ 

ʢʫʣʴʪʫʨʥʳʤʠ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʳʤʠ 

ʥʶʘʥʩʘʤʠ. 

ʅʝʤʥʦʛʦ 

ʜʣʠʥʥʝʝ, ʥʦ ʚ 

ʧʨʝʜʝʣʘʭ 

ʨʘʟʫʤʥʦʛʦ. 

ɺʩʝ ʵʩʩʝ ʭʦʨʦʰʠ, ʥʦ ChatGPT ʠ Grok ʚʳʜʝʣʷʶʪʩʷ ʩʚʦʝʡ 

ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴʶ, ʦʨʠʛʠʥʘʣʴʥʦʩʪʴʶ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʪʦʥʦʤ. 

Perplexity ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʠʣʴʥʳʡ ʢʦʥʪʝʥʪ ʩ ʥʝʤʥʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʠʤ 

ʪʦʥʦʤ. DeepSeek ʯʠʩʪʳʡ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ, ʥʦ ʥʝʤʥʦʛʦ ʦʙʱʠʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʅʘ ʦʩʥʦʚʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ (ʧʝʨʝʚʦʜ), ʘʥʘʣʠʪʠʯʝʩʢʠʭ (ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ) ʠ ʪʚʦʨʯʝʩʢʠʭ (ʥʘʧʠʩʘʥʠʝ ʵʩʩʝ) ʟʘʜʘʯ ʤʳ ʤʦʞʝʤ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʢʦʤʧʣʝʢʩʥʳʡ ʚʳʚʦʜ: 

ChatGPT ʥʝʠʟʤʝʥʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʦʙʱʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʚʩʝʤ ʟʘʜʘʯʘʤ. ʆʥ ʧʨʝʜʣʘʛʘʝʪ: 

Å ɹʝʛʣʳʝ, ʢʦʥʪʝʢʩʪʥʦ ʪʦʯʥʳʝ ʧʝʨʝʚʦʜʳ ʩ ʚʥʠʤʘʥʠʝʤ ʢ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʬʦʨʤʫʣʠʨʦʚʢʝ ʠ ʪʦʥʫ; 

Å ʉʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʠ ʧʨʦʥʠʮʘʪʝʣʴʥʳʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʩ ʷʩʥʦʩʪʴʶ ʩʠʥʪʝʟʠʨʫʶʪ ʢʣʶʯʝʚʳʝ ʪʝʥʜʝʥʮʠʠ; 

Å ɺʳʨʘʟʠʪʝʣʴʥʳʝ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʠ ʬʠʣʦʩʦʬʩʢʠ ʥʘʩʳʱʝʥʥʳʝ 

ʵʩʩʝ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʞʠʜʘʥʠʷʤ ʞʘʥʨʘ. 

Grok ʠʜʝʪ ʩʣʝʜʦʤ, ʦʩʦʙʝʥʥʦ ʧʨʝʫʩʧʝʚ ʚ ʪʚʦʨʯʝʩʢʦʤ ʧʠʩʴʤʝ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʵʤʦʮʠʦʥʘʣʴʥʦ ʥʶʘʥʩʠʨʦʚʘʥʥʳʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʆʜʥʘʢʦ ʦʥ 

ʥʝʤʥʦʛʦ ʫʩʪʫʧʘʝʪ ʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʝʩʪʝʩʪʚʝʥʥʦʩʪʠ ʠ ʪʦʥʢʦʩʪʠ 

ʬʦʨʤʫʣʠʨʦʚʦʢ ʚ ʧʝʨʝʚʦʜʝ ʠ ʘʥʘʣʠʪʠʢʝ. 
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Perplexity ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʫ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʣʫʙʠʥʝ ʠ ʪʦʯʥʦʡ 

ʬʦʨʤʫʣʠʨʦʚʢʝ, ʦʩʦʙʝʥʥʦ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʝʥʪʘ, ʥʦ 

ʝʛʦ ʩʪʠʣʴ ʩʢʣʦʥʷʝʪʩʷ ʢ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʩʫʭʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʪʚʦʨʯʝʩʢʠʭ 

ʢʦʥʪʝʢʩʪʘʭ. 

DeepSeek ʚ ʮʝʣʦʤ ʪʦʯʝʥ ʠ ʣʦʛʠʯʝʥ, ʥʦ ʩʢʣʦʥʝʥ ʢ ʦʙʱʠʤ 

ʬʦʨʤʫʣʠʨʦʚʢʘʤ, ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʧʦʥʠʤʘʥʠʶ ʠ ʦʪʩʫʪʩʪʚʠʶ 

ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʠʣʠ ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ ʥʶʘʥʩʦʚ. 

ɼʣʷ ʩʣʦʞʥʳʭ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʯʝʣʦʚʝʢʘ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ 

ʛʣʫʙʠʥʳ, ʙʝʛʣʦʩʪʠ ʠ ʢʨʝʘʪʠʚʥʦʩʪʠ, ChatGPT ʠ Grok ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʝʝ ʚʩʝʩʪʦʨʦʥʥʠʝ ʠ ʚʳʨʘʟʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

Perplexity ʧʨʝʫʩʧʝʚʘʝʪ ʚ ʟʘʜʘʯʘʭ, ʪʨʝʙʫʶʱʠʭ ʪʦʯʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

DeepSeek ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʜʦʨʘʙʦʪʢʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʧʨʦʥʠʮʘʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚ ʨʘʟʥʳʭ ʢʦʥʪʝʢʩʪʘʭ. 

ChatGPT ʦʢʘʟʘʣʩʷ ʩʘʤʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʴʶ, 

ʥʝʠʟʤʝʥʥʦ ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʩʝʤ 

ʢʘʪʝʛʦʨʠʷʤ ʟʘʜʘʯ. ɽʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʯʝʪʘʪʴ ʙʝʛʣʦʩʪʴ, ʧʨʦʥʠʮʘʪʝʣʴʥʦʩʪʴ ʠ 

ʢʨʝʘʪʠʚʥʦʩʪʴ ʜʝʣʘʝʪ ʝʛʦ ʦʩʦʙʝʥʥʦ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʩʣʦʞʥʳʭ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʯʝʣʦʚʝʢʘ ʟʘʜʘʯ. Grok ʩʣʝʜʫʝʪ ʟʘ ʥʠʤ, ʦʩʦʙʝʥʥʦ 

ʧʨʝʫʩʧʝʚ ʚ ʪʚʦʨʯʝʩʢʠʭ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦ ʥʶʘʥʩʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯʘʭ, ʭʦʪʷ 

ʠʥʦʛʜʘ ʝʤʫ ʥʝ ʭʚʘʪʘʝʪ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʝʩʪʝʩʪʚʝʥʥʦʩʪʠ. Perplexity 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʠʣʫ ʚ ʪʦʯʥʦʩʪʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʣʫʙʠʥʝ, ʥʦ ʝʤʫ ʥʝ 

ʭʚʘʪʠʣʦ ʩʪʠʣʠʩʪʠʯʝʩʢʦʡ ʛʠʙʢʦʩʪʠ ʜʣʷ ʪʚʦʨʯʝʩʢʠʭ ʟʘʜʘʯ. DeepSeek, ʭʦʪʷ ʠ 

ʥʘʜyʞʥʳʡ ʠ ʪʦʯʥʳʡ, ʯʘʩʪʦ ʜʘʚʘʣ ʩʣʠʰʢʦʤ ʦʙʱʠʝ ʦʪʚʝʪʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʜʦʨʘʙʦʪʢʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʳ ʠ 

ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ. 

ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʳʙʦʨ ʤʦʜʝʣʠ ʀʀ ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ 

ʩʧʝʮʠʬʠʢʝ ʟʘʜʘʯʠ. ChatGPT ʠ Grok ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʢʨʝʘʪʠʚʥʦʩʪʠ, ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠʣʠ 

ʝʩʪʝʩʪʚʝʥʥʦʩʪʠ ʷʟʳʢʘ. Perplexity ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʪʦʯʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ DeepSeek ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʨʦʩʪʳʭ ʬʘʢʪʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ, ʥʦ ʪʨʝʙʫʝʪ ʫʣʫʯʰʝʥʠʷ 

ʜʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʙʘʣʘʥʩʘ 

ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʠ ʩʪʠʣʠʩʪʠʯʝʩʢʠʤ/ʵʤʦʮʠʦʥʘʣʴʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʚ 

ʤʦʜʝʣʷʭ ʀʀ. ɹʫʜʫʱʠʝ ʠʪʝʨʘʮʠʠ ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʫʣʫʯʰʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ 

ʫʛʣʫʙʣʝʥʠʠ ʢʦʥʪʝʢʩʪʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʜʣʷ ʣʫʯʰʝʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. [3] 

ʇʦʩʢʦʣʴʢʫ ʀʀ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʚ 

ʧʦʚʩʝʜʥʝʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʥʠʤʘʥʠʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʪʠʭ ʤʦʜʝʣʝʡ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʚʘʞʥʳʤ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʘʝʪ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʀʀ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʮʝʣʠ, ʥʦ ʠ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ 
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ʐʧʝʜʝʨ ɼ.ɸ. 
ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʥʟʘ, ʈʦʩʩʠʷ 

 

ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ 
 

ɸʥʥʦʪʘʮʠʷ: ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ.ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ. ʈʘʩʢʨʳʪʦ ʧʦʥʷʪʠʝ çʧʝʨʮʝʧʪʨʦʥè ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʆʧʠʩʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʇʨʠʚʝʜʝʥʦ 

ʦʧʠʩʘʥʠʝ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʞʘʪʠʝ, ʚʠʜʝʦʜʘʥʥʳʝ, ʚʠʜʝʦʧʦʪʦʢ, ʘʚʠʦʵʥʢʦʜʝʨ, ʥʝʡʨʦʥʥʘʷ 

ʩʝʪʴ, ʢʦʜʝʢ, ʢʦʜʠʨʦʚʘʥʠʝ, ʢʘʜʨ 

 

Shpeder D.A. 

Review of existing video data compression methods abstract 
 

Abstract: The paper is devoted to the study of the application of deep learning 

technologies for video data compression. The article provides an overview of modern 

methods for video data compression. The concept of "perceptron" and the features of 

this neural network architecture are described. The application of deep learning 

technologies for video data compression is described. The features of convolutional 

neural networks are considered. The use of generative convolutional neural networks is 

described. 

Keywords: video data compression, video stream, codec, algorithm, lossy compression, 

coding, frame, pixel 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʙʲʝʤ ʚʠʜʝʦʢʦʥʪʝʥʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʠ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʚ ʩʝʪʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʩʷ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʩʝʨʴʝʟʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʤʝʪʦʜʳ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʦʙʣʝʤʘ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʚ 

ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʛʜʝ ʨʘʩʪʫʪ ʪʨʝʙʦʚʘʥʠʷ 

ʥʝ ʪʦʣʴʢʦ ʢ ʢʘʯʝʩʪʚʫ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʦ ʠ ʢ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʇʨʦʩʪʳʝ ʤʝʪʦʜʳ ʩʞʘʪʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ, ʫʞʝ ʥʝ 

ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʝʪʦʜʘʤ, 

ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʙʫʯʝʥʠʶ ʥʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ ʠ ʤʦʛʫʪ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʩʘʤʳʤ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʩʮʝʥʘʨʠʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʩʘʤʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ. ʀʭ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʘʪʠʷ, 

ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʠʪʦʛʦʚʦʛʦ ʚʠʜʝʦʧʦʪʦʢʘ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʞʝ ʩʝʛʦʜʥʷ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ 

ʧʝʨʝʜʘʯʠ ʚʠʜʝʦʢʦʥʪʝʥʪʘ. ʉʨʝʜʠ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʘʚʪʦʵʥʢʦʜʝʨʳ, GAN (ʛʝʥʝʨʘʪʠʚʥʳʝ ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʩʝʪʠ), ʘ ʪʘʢʞʝ 

ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʘʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʚʝʱʘʥʠʷ.[1] 

ʎʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʘʥʘʣʠʟʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʦʡʪʠ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʢʘʯʝʩʪʚʫ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʦ 

ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ ʩʞʘʪʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʙʘʟʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʠ ʦʮʝʥʠʪʴ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ, ʦʪ ʧʦʪʦʢʦʚʦʛʦ ʚʠʜʝʦ ʜʦ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʚʠʜʝʦʧʝʨʝʜʘʯʠ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʚ ʥʘʫʯʥʦʡ ʩʬʝʨʝ, ʥʦ ʠ ʚ ʮʝʣʦʤ ʨʷʜʝ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʚʢʣʶʯʘʷ ʦʥʣʘʡʥ-ʢʠʥʦʪʝʘʪʨʳ, ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ 

ʠ ʜʨʫʛʠʝ ʧʣʘʪʬʦʨʤʳ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʱʠʝ ʚʠʜʝʦʢʦʥʪʝʥʪ ʚ ʩʚʦʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ [2]. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ 

ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʪʘʢʞʝ ʨʘʩʪʫʱʠʤʠ ʦʙʲʝʤʘʤʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʭ ʙʳʩʪʨʦʡ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʥʦʚʳʭ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʘʥʥʘʷ 

ʨʘʙʦʪʘ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʚʘʞʥʦʩʪʠ ʩʠʥʝʨʛʠʠ ʤʝʞʜʫ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʥʘʫʯʥʳʤʠ ʪʨʫʜʘʤʠ ʠ ʨʝʘʣʴʥʳʤʠ ʟʘʧʨʦʩʘʤʠ ʥʘ ʨʳʥʢʝ, 

ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʥʘʨʘʙʦʪʦʢ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʝʜʠʘʧʝʡʟʘʞʘ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠ. 

 

ʆʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩʞʘʪʠʝ ʚʠʜʝʦʜʘʥʥʳʭ ʩʪʘʣʦ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʷ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʠʤʦʛʦ 

ʢʦʥʪʝʥʪʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʉʫʱʝʩʪʚʫʶʪ 

ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ, ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʩʞʘʪʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʥʘ ʘʣʛʦʨʠʪʤʳ ʩ ʧʦʪʝʨʷʤʠ ʠ ʙʝʟ ʧʦʪʝʨʴ [3]. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘʭ, ʪʘʢʠʝ ʢʘʢ 

ʢʦʜʝʢʠ H.264 ʠ H.265, ʫʞʝ ʜʘʚʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʤʧʨʝʩʩʠʠ, ʦʜʥʘʢʦ ʦʥʠ ʠʤʝʶʪ ʩʚʦʠ 
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ʦʛʨʘʥʠʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʥʦʚʝʡʰʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ. 

ɸʣʛʦʨʠʪʤʳ ʩ ʧʦʪʝʨʷʤʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʞʘʪʠʝ, 

ʫʜʘʣʷʷ ʠʟʙʳʪʦʯʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʣʘʟ ʥʝ ʤʦʞʝʪ ʟʘʤʝʪʠʪʴ. 

ʂʦʜʝʢ H.264, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʝʪ ʪʝʭʥʠʢʠ ʠʥʪʝʨʬʨʝʡʤʦʚʦʛʦ ʩʞʘʪʠʷ, 

ʧʦʟʚʦʣʷʷ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʜʨʦʚ ʟʘ ʩʯʝʪ 

ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. H.265, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʣʘʛʘʝʪ 

ʫʣʫʯʰʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʝ, ʠʩʧʦʣʴʟʫʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ 

ʤʦʜʝʣʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʢʦʜʠʨʦʚʘʥʠʷ (ʥʘʛʣʷʜʥʦ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʢʦʜʝʢʘʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1) [4].  

 
ʈʠʩʫʥʦʢ 1 ï ʂʘʜʨʳ ʠʟ ʚʠʜʝʦ ʚ ʬʦʨʤʘʪʘʭ H.264 ʠ H.265 

 

ʆʜʥʘʢʦ ʜʘʞʝ ʩ ʫʯʝʪʦʤ ʫʧʦʤʷʥʫʪʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ, 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩʞʘʪʠʷ ʟʘʯʘʩʪʫʶ ʥʝ ʤʦʛʫʪ ʩʧʨʘʚʠʪʴʩʷ ʩ ʟʘʜʘʯʘʤʠ, 

ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʚʠʜʝʦ, ʪʘʢʠʭ ʢʘʢ 

4K ʠ 8K. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ 

ʚʥʝʟʘʧʥʦ ʦʪʢʨʳʣʘʩʴ ʥʦʚʘʷ ʵʨʘ ʤʝʪʦʜʦʚ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ. ʅʝʡʨʦʥʥʳʝ 

ʩʝʪʠ, ʦʙʫʯʝʥʥʳʝ ʥʘ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʘʭ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ, ʩʧʦʩʦʙʥʳ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʩʣʦʞʥʳʝ ʧʘʪʪʝʨʥʳ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʢʦʤʧʨʝʩʩʠʠ ʙʝʟ ʟʘʤʝʪʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʵʥʢʦʜʝʨʦʚ ʠ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʦʩʪʷʟʘʪʝʣʴʥʳʭ ʩʝʪʝʡ 

(GAN) ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʚʳʜʘʶʱʠʭʩʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʢʦʤʙʠʥʘʮʠʠ 

ʘʣʛʦʨʠʪʤʦʚ. ʕʪʠ ʤʝʪʦʜʳ ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ ʩʞʘʪʴ ʚʠʜʝʦʜʘʥʥʳʝ, ʥʦ ʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠʭ, ʤʠʥʠʤʠʟʠʨʫʷ ʧʦʪʝʨʶ ʢʘʯʝʩʪʚʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʘʩʧʝʢʪʦʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʩʦʭʨʘʥʠʪʴ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ.[5] 

ʅʘʧʨʠʤʝʨ, ʘʚʪʦʵʥʢʦʜʝʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʦʜʝʨʘ ʠ ʜʝʢʦʜʝʨʘ, ʤʦʛʫʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʟʚʣʝʢʘʪʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʨʠʟʥʘʢʠ ʚʠʜʝʦʜʘʥʥʳʭ ʠ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʠʭ ʩ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤʠ ʧʦʪʝʨʷʤʠ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, GAN, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ð ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ, ʩʦʨʝʚʥʫʷʩʴ ʤʝʞʜʫ ʩʦʙʦʡ, ʩʧʦʩʦʙʥʳ ʩʦʟʜʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʠʜʝʦ, ʧʦʟʚʦʣʷʷ ʪʝʤ ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ 

ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʩʝʪʠ [6]. 
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ʕʪʘ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʤʦʛʘʝʪ ʜʦʩʪʠʯʴ ʚʳʜʘʶʱʠʭʩʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʛʝʥʝʨʘʮʠʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʪʴ ʦʙʲʝʤ ʚʠʜʝʦʜʘʥʥʳʭ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʠ 

ʢʘʯʝʩʪʚʘ. GAN ʤʦʛʫʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʢʘʜʨʦʚ ʚ ʚʠʜʝʦʧʦʪʦʢʘʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʧʨʠʣʦʞʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʞʘʪʦʛʦ 

ʢʦʥʪʝʥʪʘ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ 

ʜʘʥʥʳʭ ʠ ʩʦʭʨʘʥʷʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʢ ʤʝʪʦʜʘʤ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʞʘʪʠʷ, 

ʥʦ ʠ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʚʠʜʝʦʜʘʥʥʳʭ [7]. 

 

ʇʦʜʭʦʜʳ ʥʘ ʙʘʟʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ 

 

ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ ï ʵʪʦ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʜʦʩʪʠʯʴ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ ʟʘ ʩʯʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʠʨʘ ʚ ʚʠʜʝ ʠʝʨʘʨʭʠʠ ʚʣʦʞʝʥʥʳʭ ʢʦʥʮʝʧʮʠʡ, ʚ ʢʦʪʦʨʦʡ 

ʢʘʞʜʘʷ ʢʦʥʮʝʧʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʢʦʥʮʝʧʮʠʡ, ʘ 

ʙʦʣʝʝ ʘʙʩʪʨʘʢʪʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʤʝʥʝʝ 

ʘʙʩʪʨʘʢʪʥʳʭ. ʉʠʩʪʝʤʘ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʜʦʣʞʥʘ ʫʤʝʪʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʢʘʧʣʠʚʘʪʴ ʟʥʘʥʠʷ, ʦʪʳʩʢʠʚʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ [8]. 

ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʚʝʣʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʩʧʝʭʘʤ ʚ ʦʙʣʘʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʶʪʩʷ 

ʘʚʪʦʵʥʢʦʜʝʨʳ. ʕʪʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʚʢʣʶʯʘʶʪ ʜʚʝ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ: 

ʢʦʜʝʨ ʠ ʜʝʢʦʜʝʨ. ʂʦʜʝʨ ʧʨʠʥʠʤʘʝʪ ʦʜʥʠ ʜʘʥʥʳʝ ʥʘ ʚʭʦʜʝ ʠ ʩʞʠʤʘʝʪ ʠʭ ʚ 

ʢʦʤʧʘʢʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʥʘʟʳʚʘʝʤʦʝ ʣʘʪʝʥʪʥʳʤ ʚʝʢʪʦʨʦʤ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʜʝʢʦʜʝʨ ʧʳʪʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʴ ʦʨʠʛʠʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʟ ʵʪʦʛʦ ʩʞʘʪʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʕʪʦ ʵʚʦʣʶʮʠʦʥʥʦʝ ʩʥʠʞʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʵʥʢʦʜʝʨʘʤ ʫʣʘʚʣʠʚʘʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʜʝʦ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʩʞʘʪʠʷ.[9] 

ɸʚʪʦʵʥʢʦʜʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʣʫʯʰʝʥʳ ʟʘ ʩʯʸʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʩʚʝʨʪʦʯʥʳʝ ʘʚʪʦʵʥʢʦʜʝʨʳ, 

ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN) ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ. 

ɺ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʢʘʢ ʧʝʨʮʝʧʪʨʦʥ, ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ 

ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʦʚʥʦ ʦʜʠʥ ʨʘʟ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʚʳʭʦʜʘ ʩʣʦʷ, 

ʚ ʩʝʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʚʷʟʘʥʥʳʝ ʚʝʩʘ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ ʚʝʩʘ, 

ʧʨʠʤʝʥʝʥʥʦʛʦ ʢ ʦʜʥʦʤʫ ʚʭʦʜʫ, ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʝʥʠʝʤ ʚʝʩʘ, ʧʨʠʤʝʥʝʥʥʦʛʦ 

ʛʜʝ-ʪʦ ʝʱʝ.  
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ʈʠʩʫʥʦʢ 2 ï ɸʨʭʠʪʝʢʪʫʨʘ ʘʚʪʦʵʥʢʦʜʝʨʘ 

 

ɺ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʷʜʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʢ 

ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ ʚʭʦʜʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ, ʙʳʪʴ ʤʦʞʝʪ, ʥʝʢʦʪʦʨʳʭ 

ʛʨʘʥʠʯʥʳʭ ʧʠʢʩʝʣʝʡ ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʨʝʰʝʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʛʨʘʥʠʮʫ). ʈʘʟʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʤʝʩʪʦ ʦʙʫʯʝʥʠʷ 

ʦʪʜʝʣʴʥʦʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʤʳ ʜʦʣʞʥʳ ʦʙʫʯʠʪʴ 

ʪʦʣʴʢʦ ʦʜʠʥ ʥʘʙʦʨ, ʵʪʦ ʫʤʝʥʴʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʝʤʫ ʧʘʤʷʪʠ: ʩʚʝʨʪʢʘ 

ʩʦʟʜʘʝʪ ʜʚʫʤʝʨʥʫʶ ʢʘʨʪʫ ʧʦʷʚʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚʦ ʚʭʦʜʥʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ. ɽʩʣʠ ʧʝʨʝʤʝʩʪʠʪʴ ʦʙʲʝʢʪ ʚʦ ʚʭʦʜʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʪʦ ʝʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʧʝʨʝʤʝʩʪʠʪʩʷ ʥʘ ʪʘʢʫʶ ʞʝ ʚʝʣʠʯʠʥʫ.  

 
ʈʠʩʫʥʦʢ 3 ï ʉʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʵʥʢʦʜʝʨʘ 

 

ɺ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ 

ʜʣʷ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ 

ʠʟʚʣʝʢʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʠʜʝʦʧʦʪʦʢʘʤʠ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʚʝʨʪʦʯʥʳʭ 

ʵʥʢʦʜʝʨʦʚ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ɹʦʣʝʝ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʚʨʝʤʝʥʥʳʝ ʩʚʝʨʪʦʯʥʳʝ ʩʝʪʠ (TCN) 

ʠ ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (RNN), ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʘʥʘʣʠʟʝ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʥʫʪʨʠ ʚʠʜʝʦʜʘʥʥʳʭ. ʕʪʠ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʦʟʚʦʣʷʶʪ ʟʘʭʚʘʪʳʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʤʝʞʜʫ ʢʘʜʨʘʤʠ, ʯʪʦ 
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ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʚʠʜʝʦ ʧʨʠ ʩʞʘʪʠʠ [10]. 

ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʰʘʛ 

ʚʧʝʨʸʜ ʚ ʦʙʣʘʩʪʠ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʷ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʢʦʤʧʨʝʩʩʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʚ ʢʘʯʝʩʪʚʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʜʘʯ ʧʝʨʝʜʘʯʠ ʠ ʭʨʘʥʝʥʠʷ 

ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ 

ʧʦʠʩʢ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ 

ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʠ, ʙʝʟʫʩʣʦʚʥʦ, ʧʦʪʨʝʙʫʶʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ [11]. 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 

ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ ʠ ʧʦʜʭʦʜʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ 

ʙʘʟʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʢʦʜʝʢʠ, ʪʘʢʠʝ ʢʘʢ H.264 ʠ H.265, 

ʦʩʪʘʶʪʩʷ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʳʤʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 

ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʞʘʪʠʷ ʩ ʧʨʠʝʤʣʝʤʳʤ ʢʘʯʝʩʪʚʦʤ ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʯʝʪʢʦʩʪʴ ʧʨʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʠʤʝʶʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ 

ʚ ʫʩʣʦʚʠʷʭ ʦʙʨʘʙʦʪʢʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʠʜʝʦ, ʛʜʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʢʘʯʝʩʪʚʫ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩʣʠ [12]. 

ʉʨʘʚʥʠʚʘʷ H.264 ʠ H.265, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʧʨʝʜʣʘʛʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʧʨʠ ʪʦʤ ʞʝ ʫʨʦʚʥʝ ʙʠʪʨʝʡʪʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʪʨʘʥʩʣʷʮʠʡ ʚ ʨʘʟʨʝʰʝʥʠʠ 4K ʠ ʚʳʰʝ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, H.265 ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ 

ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ 

ʫʩʪʨʦʡʩʪʚ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʘʪʝʥʪʳ ʠ ʣʠʮʝʥʟʠʨʦʚʘʥʠʝ ʤʦʛʫʪ ʦʛʨʘʥʠʯʠʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʝʢʦʪʦʨʳʭ 

ʦʙʣʘʩʪʷʭ. ʕʪʠ ʥʝʜʦʩʪʘʪʢʠ ʜʝʣʘʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʤʝʥʝʝ ʛʠʙʢʠʤʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ [13]. 

ʄʝʪʦʜʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʘʚʪʦʵʥʢʦʜʝʨʳ ʠ ʛʝʥʝʨʘʪʠʚʥʳʝ 

ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʩʝʪʠ, ʧʨʝʜʣʘʛʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʘʜʘʧʪʠʚʥʦʩʪʠ ʠ 

ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʣʫʯʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʞʘʪʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʚʠʜʝʦʬʘʡʣʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʚʳʷʚʣʷʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʦʞʥʳʝ ʰʘʙʣʦʥʳ ʚ ʜʘʥʥʳʭ, ʦʥʠ ʩʧʦʩʦʙʥʳ 

ʜʦʩʪʠʛʘʪʴ ʫʥʠʢʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʧʨʝʚʳʰʘʶʪ ʢʘʯʝʩʪʚʦ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʦʝ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʅʘʧʨʠʤʝʨ, ʥʘ ʧʨʘʢʪʠʢʝ ʙʳʣʦ 

ʟʘʤʝʯʝʥʦ, ʯʪʦ ʩʞʘʪʠʝ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʵʥʢʦʜʝʨʦʚ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ 

ʬʘʡʣʘ ʜʦ 50% ʙʝʟ ʟʘʤʝʪʥʦʡ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʨʷʜʦʤ 

ʥʝʜʦʩʪʘʪʢʦʚ. ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 
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ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚʨʝʤʝʥʠ, ʯʪʦ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʪʴ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʙʳʩʪʨʘʷ 

ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘʧ ʥʘʩʪʨʦʡʢʠ ʠ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʤʦʞʝʪ 

ʙʳʪʴ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʠ ʪʨʝʙʦʚʘʪʴ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʝʤʣʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʪʘʢʞʝ ʩʦʟʜʘʝʪ ʨʠʩʢʠ 

ʧʝʨʝʦʙʫʯʝʥʠʷ, ʢʦʛʜʘ ʤʦʜʝʣʴ ʩʪʘʥʦʚʠʪʩʷ ʩʣʠʰʢʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ 

ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʠ ʧʦʢʘʟʳʚʘʝʪ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʥʦʚʳʭ, 

ʨʘʥʝʝ ʥʝʚʠʜʝʥʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʭʦʪʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʥʘ ʙʘʟʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʦʥʠ ʠʤʝʶʪ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʵʪʠʭ ʧʦʜʭʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʠʟʚʣʝʯʴ ʚʳʛʦʜʫ ʠʟ ʩʠʣʴʥʳʭ ʩʪʦʨʦʥ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ. ʊʘʢʦʡ ʩʠʤʙʠʦʟ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ ʚ ʙʫʜʫʱʝʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʠ. 

 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ʄʝʪʦʜʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ ʠʤʝʶʪ 

ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʪʨʠʤʠʥʛ ʚʠʜʝʦ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʧʫʣʷʨʥʦʩʪʠ ʧʦʪʦʢʦʚʳʭ ʩʝʨʚʠʩʦʚ, ʪʘʢʠʭ ʢʘʢ Netflix ʠ 

YouTube, ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʠʩʪʝʤʘʭ, ʩʧʦʩʦʙʥʳʭ 

ʵʬʬʝʢʪʠʚʥʦ ʢʦʤʧʨʝʩʩʠʨʦʚʘʪʴ ʠ ʧʝʨʝʜʘʚʘʪʴ ʚʠʜʝʦ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʜʝʨʞʢʘʭ. ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʙʠʪʨʝʡʪʝ, ʯʪʦ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʦʧʪrʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ [14]. 

ɽʱʝ ʦʜʥʦʡ ʦʙʣʘʩʪʴʶ, ʛʜʝ ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʂʘʤʝʨʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʤʝʪʦʜʳ ʩʞʘʪʠʷ ʥʘ ʙʘʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʤʦʛʫʪ ʭʨʘʥʠʪʴ 

ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʜʦʣʛʦʩʨʦʯʥʦʝ 

ʘʨʭʠʚʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʚʠʜʝʦ. ɻʣʫʙʦʢʠʝ ʩʝʪʠ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ 

ʩʞʠʤʘʪʴ ʜʘʥʥʳʝ, ʥʦ ʠ ʚʳʧʦʣʥʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ 

ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʭʨʘʥʠʣʠʱʘʤ ʜʘʥʥʳʭ ʠ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʊʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʪʘʢʞʝ 

ʚʳʠʛʨʳʚʘʶʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʞʘʪʠʷ 

ʚʠʜʝʦ. ɺʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʘʷ ʛʨʘʬʠʢʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 
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ʧʨʘʚʜʦʧʦʜʦʙʥʦʛʦ ʠ ʟʘʭʚʘʪʳʚʘʶʱʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʦʧʳʪʘ, ʦʜʥʘʢʦ 

ʧʝʨʝʜʘʯʘ ʪʘʢʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʩʝʨʴʝʟʥʳʭ ʫʩʠʣʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʪʴ ʠ ʫʤʝʥʴʰʠʪʴ ʟʘʜʝʨʞʢʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʧʣʘʚʥʦʛʦ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʦʧʳʪʘ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʞʘʪʠʷ 

ʚʠʜʝʦʜʘʥʥʳʭ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʪʦʢʦʚʦʡ ʧʝʨʝʜʘʯʠ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʚʠʜʝʦ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʜʘʣʝʥʥʦʡ ʨʘʙʦʪʳ. ɺ 

ʫʩʣʦʚʠʷʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʠʜʝʦʩʠʛʥʘʣʘ 

ʩʪʘʥʦʚʠʪʩʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤ, ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʚʦʩʧʨʠʷʪʠʝ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʵʪʦʤ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʠʥʪʝʨʥʝʪ-

ʩʦʝʜʠʥʝʥʠʷʭ, ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ 

ʢʨʫʛʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɺ ʮʝʣʦʤ, ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʧʨʘʢʪʠʢʫ ʩʞʘʪʠʷ 

ʚʠʜʝʦʜʘʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ, ʥʦ ʠ 

ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʠ ʠʭ ʦʙʨʘʙʦʪʢʫ. ʉ ʫʯʝʪʦʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʨʦʩʪʘ ʠʥʪʝʨʝʩʘ ʢ ʤʝʜʠʘ-ʢʦʥʪʝʥʪʫ ʠ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʨʠʤʝʥʝʥʠʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʵʪʦʡ ʩʬʝʨʝ ʙʫʜʝʪ ʪʦʣʴʢʦ ʨʘʩʰʠʨʷʪʴʩʷ. 

ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ 

ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʜʘʣʴʥʝʡʰʝʤʫ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʜʘʯʠ ʚʠʜʝʦʜʘʥʥʳʭ 

[15]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʚʘʞʥʳʝ 

ʚʳʚʦʜʳ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʞʘʪʠʷ 

ʚʠʜʝʦʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ, ʪʘʢ ʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʘʚʪʦʵʥʢʦʜʝʨʳ ʠ 

ʛʝʥʝʨʘʪʠʚʥʳʝ ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʩʝʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʞʘʪʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ H.264 ʠ H.265. ʕʪʠ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʩʧʦʩʦʙʥʳ ʜʦʩʪʠʛʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʦʚ ʬʘʡʣʦʚ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʧʨʠʝʤʣʝʤʦʝ 

ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ 

ʧʦʪʦʢʦʚʦʛʦ ʚʠʜʝʦ ʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʜʝʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʩʣʦʞʥʳʭ ʧʘʪʪʝʨʥʦʚ ʠ ʘʥʦʤʘʣʠʡ, ʯʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʠʣʠ ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʜʚʝʨʠ ʜʣʷ ʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ, 
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ʢʘʢ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ, ʤʦʥʪʘʞ ʚʠʜʝʦ, ʩʦʟʜʘʥʠʝ ʢʦʥʪʝʥʪʘ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʩʚʦʠ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤ ʚʠʜʝʦ, ʠ ʚ 

ʙʫʜʫʱʝʤ ʧʦʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʝʱʝ ʜʘʣʝʢʠ ʦʪ ʟʘʚʝʨʰʝʥʠʷ. ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʩʫʨʩʦʚ ʜʣʷ ʪʨʝʥʠʨʦʚʢʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʠʭ ʥʘʩʪʨʦʝʢ ʠ 

ʧʨʝʦʜʦʣʝʥʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ, ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. ɹʫʜʫʱʠʝ ʥʘʫʯʥʳʝ 

ʨʘʙʦʪʳ ʜʦʣʞʥʳ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʣʝʛʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʦʙʫʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʜʝʣʝʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʧʦʜʭʦʜʘʤʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʞʘʪʠʷ ʚʠʜʝʦʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʠ 

ʦʪʢʨʳʚʘʶʪ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɹʫʜʫʱʝʝ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʙʝʟʫʩʣʦʚʥʦ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ, ʠ ʜʘʣʴʥʝʡʰʠʝ ʫʩʠʣʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ 

ʠʥʞʝʥʝʨʦʚ ʧʦ ʠʥʪʝʛʨʘʮʠʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʤʦʛʫʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢʘʢ ʩʬʝʨʳ ʤʫʣʴʪʠʤʝʜʠʘ, ʪʘʢ ʠ ʦʙʣʘʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʮʝʣʦʤ. ʋʩʧʝʭʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʢʦʥʪʝʥʪ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʠʤʝʥʠ ɻʣʘʚʥʦʛʦ 

ʤʘʨʰʘʣʘ ʘʚʠʘʮʠʠ. ɸ.ɸ. ʅʦʚʠʢʦʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ 

ʪʨʘʥʩʧʦʨʪʝ 
 

ɸʥʥʦʪʘʮʠʷ: ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʤʥʦʞʝʩʪʚʦʤ 

ʚʳʟʦʚʦʚ: ʨʦʩʪ ʯʠʩʣʘ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʦʙʢʠ, ʘʚʘʨʠʠ, ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʦʢʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʠ ʧʦʚʳʰʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ ʠ ʠʭ ʠʥʪʝʛʨʘʮʠʶ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʪʨʘʥʩʧʦʨʪ, 

ʠʥʬʦʛʨʘʬʠʢʘ, ʘʣʛʦʨʠʪʤʳ. 

 

Rebnitskaya I.V., Turenko E.V.,Sklyarenko A.A. 

Mathematical methods and information support in transport 
 

Abstract: Modern transport systems face many challenges: an increase in the number 

of cars, traffic jams, accidents, inefficient use of infrastructure. Solving these problems 

requires the use of mathematical methods and information technologies to optimize 

traffic flows, predict congestion, and improve road safety. 

This article discusses key mathematical models in transport systems, machine learning 

algorithms, and information systems used for transport management and their 

integration with information technology. 

Keywords: information systems, mathematical model, transport, infographics, 

algorithms 

 

1. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤʘʭ  

1.1. ʊʝʦʨʠʷ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʊʄʆ) ʠʟʫʯʘʝʪ ʧʨʦʮʝʩʩʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʯʝʨʝʜʝʡ ʠ ʤʝʪʦʜʳ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ [1].  

ʇʨʠʤʝʥʝʥʠʝ ʊʄʆ ʚ ʪʨʘʥʩʧʦʨʪʝ [1]: 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʚʝʪʦʬʦʨʦʚ 

ʈʘʩʯʸʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʘʟ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʯʝʨʝʜʝʡ. 

ɸʜʘʧʪʠʚʥʳʝ ʩʚʝʪʦʬʦʨʳ: ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ɛ ʥʘ ʦʩʥʦʚʝ ɚ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ ʧʦʣʦʩ (n) ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʧʦʪʦʢʘ (ɚ). 

ʆʮʝʥʢʘ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʘʨʢʦʚʦʢ, ɸɿʉ. 
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ʃʦʛʠʩʪʠʢʘ ʠ ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʧʦʨʪʦʚ, ʪʝʨʤʠʥʘʣʦʚ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʦʛʨʫʟʢʠ/ʨʘʟʛʨʫʟʢʠ. 

ʂʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʊʄʆ 

ʊʝʨʤʠʥ ʇʨʠʤʝʨ ʚ ʪʨʘʥʩʧʦʨʪʝ 

ɺʭʦʜʷʱʠʡ ʧʦʪʦʢ ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠʙʳʪʠʷ ʘʚʪʦʤʦʙʠʣʝʡ 

ɺʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ɼʣʠʪʝʣʴʥʦʩʪʴ ʟʝʣʸʥʦʛʦ ʩʠʛʥʘʣʘ 

ʆʯʝʨʝʜʴ ʏʠʩʣʦ ʤʘʰʠʥ ʧʝʨʝʜ ʩʚʝʪʦʬʦʨʦʤ 

ɺʨʝʤʷ ʦʞʠʜʘʥʠʷ ɿʘʜʝʨʞʢʘ ʚ ʧʨʦʙʢʝ 

ʆʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʊʄʆ ʚ ʪʨʘʥʩʧʦʨʪʝ 

1.1.1. ʄʦʜʝʣʴ M/M/1 ï ʧʨʦʩʪʝʡʰʘʷ ʦʯʝʨʝʜʴ ʜʣʷ ʦʮʝʥʢʠ ʟʘʜʝʨʞʝʢ ʥʘ 

ʧʝʨʝʢʨʸʩʪʢʘʭ. [1]  

ʋʩʣʦʚʠʷ: 

ʇʫʘʩʩʦʥʦʚʩʢʠʡ ʚʭʦʜʷʱʠʡ ʧʦʪʦʢ (ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʨʠʙʳʪʠʷʤʠ). 

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʆʜʥʘ çʩʝʨʚʠʩʥʘʷ ʝʜʠʥʠʮʘè (ʥʘʧʨʠʤʝʨ, ʦʜʥʘ ʧʦʣʦʩʘ ʠʣʠ ʩʚʝʪʦʬʦʨ). 

ʇʨʠʤʝʥʝʥʠʝ:  

- ʈʘʩʯʸʪ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʨʦʛ.  

- ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʦʚ.  

ʇʨʠʤʝʨ: 

ɽʩʣʠ ʥʘ ʧʝʨʝʢʨʸʩʪʦʢ ʧʨʠʙʳʚʘʝʪ 20 ʤʘʰʠʥ/ʤʠʥ (ɚ = 20), ʘ ʩʚʝʪʦʬʦʨ 

ʧʨʦʧʫʩʢʘʝʪ 30 ʤʘʰʠʥ/ʤʠʥ (ɛ = 30), ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ: 

1) ʜʣʠʥʫ ʦʯʝʨʝʜʠ 

 

 
2) ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ 

 
ʆʛʨʘʥʠʯʝʥʠʷ: 

ʅʝ ʫʯʠʪʳʚʘʝʪ çʨʚʘʥʳʡè ʪʨʘʬʠʢ (ʯʘʩʪʦ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

ʇʫʘʩʩʦʥʘ). 

ʅʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʣʦʞʥʳʭ ʧʝʨʝʢʨʸʩʪʢʦʚ. 

1.1.2. ʄʦʜʝʣʴ M/M/n (ʄʥʦʛʦʢʘʥʘʣʴʥʘʷ ʦʯʝʨʝʜʴ) [1] 

ʋʩʣʦʚʠʷ: 

ʅʝʩʢʦʣʴʢʦ çʩʝʨʚʠʩʥʳʭ ʢʘʥʘʣʦʚè (ʥʘʧʨʠʤʝʨ, n ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ). 

ʇʨʠʤʝʨ:  
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ɽʩʣʠ ʥʘ ʚʲʝʟʜʝ ʚ ʪʦʥʥʝʣʴ 3 ʧʦʣʦʩʳ (n = 3), ɚ = 120 ʤʘʰʠʥ/ʯʘʩ, ɛ = 50 

ʤʘʰʠʥ/ʯʘʩ ʥʘ ʧʦʣʦʩʫ: 

ʇʦ ʬʦʨʤʫʣʝ ʟʘʛʨʫʟʢʠ ʩʠʩʪʝʤʳ (ɟ):  

 ,  ʛʜʝ ɟ <1 (ʠʥʘʯʝ ʦʯʝʨʝʜʴ ʨʘʩʪʸʪ ʙʝʩʢʦʥʝʯʥʦ). 

 
1.1.3. ʉʝʪʠ ʦʯʝʨʝʜʝʡ 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ, ʛʜʝ 

ʘʚʪʦʤʦʙʠʣʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʤʝʞʜʫ ʫʟʣʘʤʠ (ʧʝʨʝʢʨʸʩʪʢʘʤʠ). 

ʇʨʠʤʝʨ: 

ɻʦʨʦʜʩʢʘʷ ʜʦʨʦʞʥʘʷ ʩʝʪʴ, ʛʜʝ ʧʦʪʦʢ ʠʟ ʦʜʥʦʛʦ ʨʘʡʦʥʘ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʜʨʫʛʠʝ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʊʄʆ 

ʀʜʝʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʦʧʫʱʝʥʠʷ (ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ 

ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʴʥʦʩʪʠ). 

ʅʝ ʫʯʠʪʳʚʘʝʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ (ʘʛʨʝʩʩʠʚʥʦʝ ʚʦʞʜʝʥʠʝ, 

ʥʘʨʫʰʝʥʠʝ ʇɼɼ). 

ʉʣʦʞʥʦʩʪʴ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʪʦʢʦʚ (ʯʘʩ ʧʠʢ, ʘʚʘʨʠʠ). 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʊʄʆ ʢʦʤʙʠʥʠʨʫʶʪ ʩ ʤʘʰʠʥʥʳʤ 

ʦʙʫʯʝʥʠʝʤ ʠ ʢʦʤʧʴʶʪʝʨʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ: 

ʀʥʪʝʛʨʘʮʠʷ ʩ IoT (ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ). 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʙʝʩʧʠʣʦʪʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 

1.2. ʊʝʦʨʠʷ ʛʨʘʬʦʚ 

ɼʦʨʦʞʥʘʷ ʩʝʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʘ, ʛʜʝ ʚʝʨʰʠʥʳ -ʵʪʦ 

ʧʝʨʝʢʨʝʩʪʢʠ ʠ ʦʩʪʘʥʦʚʢʠ, ʘ ʨʝʙʨʘðʵʪʦ ʜʦʨʦʛʠ ʠ ʤʘʨʰʨʫʪʳ. 

ʅʘʭʦʜʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʨʰʨʫʪʳ ʜʣʷ ʜʦʩʪʘʚʢʠ ʛʨʫʟʘ ʠ 

ʧʘʩʩʘʞʠʨʦʚ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʨʝʤʷ ʠ ʟʘʪʨʘʪʳ ʧʦʤʦʛʘʶʪ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ, 

ʢʘʢ, ʢ ʧʨʠʤʝʨʫ, ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ ʠʣʠ ʤʝʪʦʜ ʌʣʦʡʜʘ-ʋʦʨʪʰʝʣʣʘ. 

ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʨʰʨʫʪʦʚ ʚ ʥʘʚʠʛʘʪʦʨʘʭ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʣʦʛʠʩʪʠʢʠ [1, 3] 

1.3. ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ  

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ 

ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ 

ʜʘʞʝ ʧʦʚʝʜʝʥʠʝ ʚʦʜʠʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʥʘʛʨʫʟʢʠ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʝʝ ʨʘʟʚʠʪʠʝ. [1] 

2. ɺʠʟʫʘʣʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ 

ʀʥʬʦʨʛʨʘʬʠʢʘ ð ʵʪʦ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʝʪ 

ʙʳʩʪʨʦ ʠ ʧʦʥʷʪʥʦ ʜʦʥʝʩʪʠ ʩʣʦʞʥʳʝ ʜʘʥʥʳʝ ʜʦ ʘʫʜʠʪʦʨʠʠ. ʆʥʘ ʠʩʧʦʣʴʟʫʝʪ 

ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʜʠʘʛʨʘʤʤʳ, ʛʨʘʬʠʢʠ, ʢʘʨʪʳ, ʠʢʦʥʢʠ ʠ 

ʪʝʢʩʪ, ʯʪʦʙʳ ʧʨʝʜʩʪʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʫʜʦʙʥʦʡ ʠ ʥʘʛʣʷʜʥʦʡ ʬʦʨʤʝ. [2] 

ʎʝʣʠ ʠʥʬʦʛʨʘʬʠʢʠ: 
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ʫʧʨʦʱʝʥʠʝ ʚʦʩʧʨʠʷʪʠʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ; 

ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʧʫʪʸʤ ʚʳʷʚʣʝʥʠʷ 

ʧʨʦʙʣʝʤʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ; 

ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʘ ʩʯʸʪ ʙʦʣʝʝ ʪʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʘʭ; 

ʚʳʙʦʨ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ;  

ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʄʝʪʦʜʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ: 

ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʥʘʧʨʠʤʝʨ, ʢʘʨʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ, ʢʘʨʪʳ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʜʦʨʦʛ. 

ɻʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʥʘʧʨʠʤʝʨ, ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ). 

ʊʘʙʣʠʯʥʳʝ ʤʝʪʦʜʳ (ʥʘʧʨʠʤʝʨ, ʪʘʙʣʠʮʳ ʩ ʜʘʥʥʳʤʠ ʦ ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʤʘʨʰʨʫʪʘʤ, ʪʘʙʣʠʮʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʟʘʛʨʫʞʝʥʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʟʣʦʚ);  

ʊʨʸʭʤʝʨʥʳʝ ʤʦʜʝʣʠ (3D-ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʣʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ). 

ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ: 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ); 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʀʉ) (ʥʘʧʨʠʤʝʨ, ʗʥʜʝʢʩ ʂʘʨʪʳ, Google 

Maps, 2ɻʀʉ); 

ʪʘʙʣʠʯʥʳʝ ʨʝʜʘʢʪʦʨʳ (ʥʘʧʨʠʤʝʨ, Microsoft Excel, Google Sheets);  

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʢʦʚ ʠ ʜʠʘʛʨʘʤʤ (ʥʘʧʨʠʤʝʨ, Microsoft 

Excel, Tableau, Power BI). 

ʇʨʠʤʝʥʝʥʠʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ: 

ʛʦʨʦʜʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʝʥʝʨʘʣʴʥʳʭ 

ʧʣʘʥʦʚ ʛʦʨʦʜʦʚ, ʩʭʝʤ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ);  

ʦʨʛʘʥʠʟʘʮʠʷ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʭʝʤ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʤʘʨʰʨʫʪʦʚ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ); 

ʣʦʛʠʩʪʠʢʘ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʘʨʰʨʫʪʦʚ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʧʘʥʠʡ);  

ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʪʦʨʦʚ, ʘʚʘʨʠʡ). 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʀʥʬʦʛʨʘʬʠʢʘ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʩʧʦʩʦʙʦʚ 

ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʜʦʥʝʩʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʘʫʜʠʪʦʨʠʠ (ʚʠʜʝʦ, 

ʬʦʪʦ, gif - ʘʥʠʤʘʮʠʷ).  

ʃʶʜʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʩ ʧʦʤʦʱʴʶ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ. 

ʅʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʨʛʘʥʳ 
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ʟʨʝʥʠʷ ï 80%. ʀʥʬʦʛʨʘʬʠʢʘ ʧʦʟʚʦʣʷʝʪ ʜʦʥʝʩʪʠ ʜʦ ʩʣʫʰʘʪʝʣʷ ʠʥʬʦʨʤʘʮʠʶ 

ʙʳʩʪʨʦ, ʢʨʘʩʠʚʦ, ʥʘʛʣʷʜʥʦ. ʏʝʪʢʦ ʬʦʨʤʠʨʫʝʪ ʧʦʥʠʤʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʙ 

ʦʩʥʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ï ʵʪʦ ʠ ʧʨʝʟʝʥʪʘʮʠʠ, ʠ ʛʦʜʦʚʳʝ ʦʪʯʝʪʳ, 

ʨʝʢʣʘʤʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘʥʘʣʠʟ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʧʨʝʜʩʢʘʟʘʥʠʝ ʪʝʥʜʝʥʮʠʡ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʢʣʘʤʥʳʝ ʨʦʣʠʢʠ ʚ ʩʪʠʣʝ ʠʥʬʦʛʨʘʬʠʢʠ 

ʩʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʠʥʪʝʨʥʝʪʫ ʠ ʥʘʙʠʨʘʶʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʩʤʦʪʨʦʚ. ʇʩʠʭʦʣʦʛʠ ʦʙʲʷʩʥʷʶʪ ʵʪʦ ʧʨʦʩʪʦ ï ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ 

ʚʢʣʶʯʘʝʪ ʵʤʦʮʠʠ. ʕʤʦʮʠʠ ʧʦʤʦʛʘʶʪ ʣʝʛʢʦ ʠ ʷʨʢʦ ʚʦʩʧʨʠʥʷʪʴ ʩʦʦʙʱʝʥʠʝ ʠ 

ʧʝʨʝʜʘʪʴ ʝʛʦ ʜʘʣʴʰʝ. 80% ʣʶʜʝʡ ʣʫʯʰʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ 

ʚʠʟʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ɺ ʩʚʷʟʠ ʩ ʥʝʧʨʝʨʳʚʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʤ, 

ʦʩʦʙʝʥʥʦ ʚ ʜʥʠ ʧʨʘʟʜʥʠʢʦʚ ʠ ʟʠʤʥʝ-ʣʝʪʥʠʭ ʦʪʧʫʩʢʦʚ, ʫʩʣʦʞʥʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʛʨʘʬʠʢʠ ʚʦʟʨʘʩʪʘʝʪ 

ʤʥʦʛʦʢʨʘʪʥʦ. ʀʥʬʦʨʤʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʩʭʝʤ, 

ʚʠʜʝʦʨʦʣʠʢʦʚ ʧʦʤʦʛʘʝʪ ʙʳʩʪʨʝʝ ʫʩʚʦʠʪʴ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʨʠʥʷʪʴ 

ʧʨʘʚʠʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʚ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʦʝʟʜʢʠ. ɼʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʧʘʥʠʡ ʠʥʬʦʛʨʘʬʠʢʘ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʝʟʥʘ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʦʮʝʥʢʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʟʣʦʚ. 

ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʬʦʛʨʘʬʠʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʝ ʧʦʜʚʝʨʞʝʥʦ ʟʘʧʘʜʥʳʤ 

ʩʘʥʢʮʠʷʤ: 

ʄʘʡʥʜʄʘʧʧʝʨ ï ʩʝʨʚʠʩ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ 

ʙʠʟʥʝʩ ʮʝʣʷʭ. 

ɻʨʘʬʬʠʪʠ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʝʟʝʥʪʘʮʠʡ, ʧʦʩʪʝʨʦʚ, 

ʨʘʟʣʠʯʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʥʬʦʛʨʘʬʠʢʠ. ʇʨʦʩʪʘ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ɼʠʟʘʡʥʝʨ ï ʦʥʣʘʡʥ ʧʣʘʪʬʦʨʤʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʠʥʬʦʛʨʘʬʠʢʫ, ʠʩʧʦʣʴʟʫʷ ʛʦʪʦʚʳʝ ʰʘʙʣʦʥʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʢʦʤʧʘʥʠʷʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʝ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 10-20% ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʘʭ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʦʪʨʘʩʣʠ.  

3.1. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʀʀ ʚ ʪʨʘʥʩʧʦʨʪʝ  

3.1.1. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʨʘʬʠʢʘ [2] 

- ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ (ARIMA, Prophet) ï ʧʨʝʜʩʢʘʟʘʥʠʝ ʟʘʛʨʫʞʝʥʥʦʩʪʠ.  

- LSTM-ʩʝʪʠ ï ʫʯʸʪ ʜʦʣʛʦʩʨʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʜʘʥʥʳʭ.  

- ɻʨʘʬʦʚʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (GNN) ï ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʜʦʨʦʛʘʤʠ.  

3.1.2. ʆʧʪʠʤʠʟʘʮʠʷ ʩʚʝʪʦʬʦʨʦʚ [2] 

- ʆʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ (RL) ï ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ.  
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- ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ï ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʬʘʟ ʩʚʝʪʦʬʦʨʦʚ.  

3.1.3. ʆʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ [2] 

- ɸʣʛʦʨʠʪʤʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ (K-means, DBSCAN) ï ʚʳʷʚʣʝʥʠʝ 

ʘʚʘʨʠʡʥʳʭ ʫʯʘʩʪʢʦʚ.  

- ɼʝʪʝʢʮʠʷ ʦʙʲʝʢʪʦʚ (YOLO, Faster R-CNN) ï ʘʥʘʣʠʟ ʚʠʜʝʦ ʩ ʢʘʤʝʨ 

ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ɼʊʇ.  

3.2. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ Big Data  

3.2.1. ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʀʉ) [2] 

- ArcGIS, QGIS ï ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʦʨʦʞʥʳʭ ʩʝʪʝʡ.  

- OSMnx ï ʘʥʘʣʠʟ OpenStreetMap ʜʘʥʥʳʭ.  

3.3. IoT ʠ ʪʝʣʝʤʘʪʠʢʘ  

- ɼʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ, ʢʘʤʝʨʳ, GPS-ʪʨʝʢʝʨʳ ï ʩʙʦʨ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. [2] 

- ɸʥʘʣʠʟ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (Hadoop, Spark) ï ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ.  

 

ɿʘʢʣʶʯʝʥʠʝ: 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. [1, 2, 3] 

ɹʫʜʫʱʝʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ï ʵʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʠ ʠʥʪʝʛʨʘʮʠʷ ʀʀ 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʪʝʦʨʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ / Newell çG.F.Applications of 

Queueing Theoryè. Springer, 1982. ʉʝʨʠʷ: Monographs on Statistics and Applied Probability 

4, 303 ʩʪʨ. 

2. ɸʣʛʦʨʠʪʤ  rʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʀʀ/ Hastie T., Tibshirani R., Friedman J. çThe 

Elements of Statistical Learningè.Springer, 2017.  

3. Ahuja R.K., Magnanti T.L., Orlin J.B. çNetwork Flows: Theory, Algorithms, and 

Applicationsè. Prentice Hall, 1993. 
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ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʠʤʝʥʠ ɻʣʘʚʥʦʛʦ ʤʘʨʰʘʣʘ ʘʚʠʘʮʠʠ. ɸ.ɸ. ʅʦʚʠʢʦʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʊʫʨʝʥʢʦ ɽ.ɺ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ 

ʘʚʠʘʮʠʠ ʠʤʝʥʠ ɻʣʘʚʥʦʛʦ ʤʘʨʰʘʣʘ ʘʚʠʘʮʠʠ. ɸ.ɸ. ʅʦʚʠʢʦʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʉʢʣʷʨʝʥʢʦ ɸ.ɸ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʠʤʝʥʠ ɻʣʘʚʥʦʛʦ ʤʘʨʰʘʣʘ ʘʚʠʘʮʠʠ. ɸ.ɸ. ʅʦʚʠʢʦʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ  
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ʋɼʂ - 004 

ʈʝʟʮʦʚ ʉ.ʄ. 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 

ʈʦʩʩʠʷ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʠʬʠʢʘʮʠʡ ʤʦʜʝʣʠ ʣʦʪʢʠ-ʚʦʣʴʪʝʨʨʳ ʠ 

ʪʠʧʦʚ ʦʩʦʙʳʭ ʪʦʯʝʭ ʚ ʩʠʩʪʝʤʘʭ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 
 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʃʦʪʢʠ-ɺʦʣʴʪʝʨʨʳ. ʊʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʪʠʧʦʚ ʦʩʦʙʳʭ 

ʪʦʯʝʢ (ʮʝʥʪʨ, ʫʩʪʦʡʯʠʚʳʡ ʮʝʥʪʨ, ʥʝʫʩʪʦʡʯʠʚʳʡ ʬʦʢʫʩ ʠ ʩʝʜʣʦ) ʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʇʨʠʤʝʥʷʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʆɼʋ), ʚʢʣʶʯʘʷ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʳ 4 ʧʦʨʷʜʢʘ ʠ 

ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ. ʇʨʦʚʝʜʸʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ, 

ʚʳʷʚʣʝʥʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʥʝʣʠʥʝʡʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʦʧʠʩʳʚʘʶʪʩʷ ʩʠʩʪʝʤʘʤʠ ʆɼʋ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʦʜʝʣʴ ʃʦʪʢʠ-ɺʦʣʴʪʝʨʨʳ ʠ ʝʸ 

ʤʦʜʠʬʠʢʘʮʠʠ. 

ʊʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʩʦʙʳʭ ʪʦʯʝʢ ʤʦʜʝʣʠ 

ʃʦʪʢʠ-ɺʦʣʴʪʝʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʣʠʥʝʡʥʘʷ ʜʠʥʘʤʠʢʘ, ʤʦʜʝʣʴ ʃʦʪʢʠ-ɺʦʣʴʪʝʨʳ, ʬʘʟʦʚʳʡ 

ʧʦʨʪʨʝʪ, ʦʩʦʙʳʝ ʪʦʯʢʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʆɼʋ. 

 

Reztsov S.M.  

Investigation of modifications of the lotkaïvolterra model and 

types of critical points in systems of ordinary differential 

equations 
 

Abstract:  This paper examines various modifications of the classical LotkaïVolterra 

model. The study also includes an analysis of the types of critical points (center, stable 

focus, unstable focus, and saddle point) and their stability. Numerical methods are 

applied to solve systems of ordinary differential equations (ODEs), including the 4th-

order RungeïKutta method and the NewtonïRaphson method. A qualitative analysis of 

phase portraits is conducted, and conditions for the emergence of different stability 

types are identified. 

Object of the study: Nonlinear dynamical systems described by systems of ODEs, 

particularly the LotkaïVolterra model and its modifications. 

Subject of the study: Stability analysis and classification of critical points in the 

LotkaïVolterra model. 

Keywords: nonlinear dynamics, LotkaïVolterra model, phase portrait, critical points, 

stability, ODE systems. 

 

ɺʚʝʜʝʥʠʝ 
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ʅʝʣʠʥʝʡʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ [1], ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʨʠʨʦʜʝ, ʵʢʦʥʦʤʠʢʝ ʠ 

ʪʝʭʥʠʢʝ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʦʡ, ʧʦ ʧʨʘʚʫ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ 

ʦʧʠʩʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʩʣʦʞʥʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʩʪʦʷʥʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʘʢʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤʳ, ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʃʦʪʢʠ-

ɺʦʣʴʪʝʨʘ. ʀʟʥʘʯʘʣʴʥʦ ʦʥʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʭʠʱʥʠʢʦʚ ʠ ʞʝʨʪʚ ʚ ʵʢʦʩʠʩʪʝʤʘʭ, ʥʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʜʣʷ ʤʦʜʝʣʠ 

ʥʘʰʠʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʥʘʫʢʠ, ʪʘʢ ʠ ʵʢʦʥʦʤʠʢʠ.  

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʫʶ ʠʟʚʝʩʪʥʦʩʪʴ, ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʃʦʪʢʠ-ɺʦʣʴʪʝʨʨʳ ʥʝ ʣʠʰʝʥʘ ʦʛʨʘʥʠʯʝʥʠʡ. ʆʥʘ ʥʝ ʫʯʠʪʳʚʘʝʪ ʥʝʢʦʪʦʨʳʝ 

ʚʘʞʥʳʝ ʬʘʢʪʦʨʳ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ: ʥʘʩʳʱʝʥʠʝ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʝʩʫʨʩʦʚ, 

ʜʝʤʧʬʠʨʫʶʱʠʝ ʠʣʠ ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʫ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʘʩʧʝʢʪʦʚ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ, ʮʝʥʪʨʘʣʴʥʳʤ ʙʫʜʝʪ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʩʦʙʳʭ ʪʦʯʝʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʊʠʧ ʦʩʦʙʦʡ 

ʪʦʯʢʠ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʡ ʪʦʯʢʠ ʠ 

ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʠ ʚʦʟʤʫʱʝʥʠʷʭ. ʀʤʝʥʥʦ ʧʦʥʠʤʘʥʠʝ ʵʪʦʛʦ ʘʩʧʝʢʪʘ 

ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ ʃʦʪʢʠ-

ɺʦʣʴʪʝʨʨʳ, ʧʦʩʪʨʦʝʥʠʝ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ, ʥʘʭʦʞʜʝʥʠʝ ʦʩʦʙʳʭ ʪʦʯʝʢ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʪʠʧʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

 

ʄʝʪʦʜʳ ʠ ʤʦʜʝʣʠ 

 

 ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʚʘʨʠʘʥʪʘ 

ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʃʦʪʢʠ-ɺʦʣʴʪʝʨʨʳ  

 
ʄʦʜʝʣʴ ʩ ʜʝʤʧʬʠʨʦʚʘʥʠʝ 

 
ʄʦʜʝʣʴ ʩ ʥʘʩʳʱʝʥʠʝʤ 

 
ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʯʠʩʣʝʥʥʳʝ 

ʤʝʪʦʜʳ [2]: ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʳ 4 ʧʦʨʷʜʢʘ, ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ [3] ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʦʩʦʙʳʭ ʪʦʯʝʢ ʠ ʣʠʥʝʘʨʠʟʘʮʠʷ ʩʠʩʪʝʤʳ [4] ʜʣʷ ʘʥʘʣʠʟʘ 
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ʫʩʪʦʡʯʠʚʦʩʪʠ [5]. ʇʘʨʘʤʝʪʨʳ ʚ ʫʨʘʚʥʝʥʠʷʭ ʧʦʜʙʠʨʘʣʠʩʴ ʪʘʢ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʦʩʦʙʳʭ ʪʦʯʝʢ. 

 

ʉʫʪʴ ʤʝʪʦʜʦʚ 

 

ʄʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ. 

ʄʝʪʦʜ, ʢʦʪʦʨʳʡ ʜʝʣʘʝʪ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʨʝʰʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʠʪʝʨʘʮʠʠ, ʢʦʤʙʠʥʠʨʫʷ ʥʝʩʢʦʣʴʢʦ ʚʳʯʠʩʣʝʥʠʡ ʧʨʦʠʟʚʦʜʥʦʡ. ʅʘ ʢʘʞʜʦʡ 

ʠʪʝʨʘʮʠʠ ʧʨʦʩʯʠʪʳʚʘʶʪʩʷ 4 ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ: 

 

 

 

 
ɼʘʣʝʝ ʚʳʩʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ  ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ 

 
ʄʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ 

ʩʠʩʪʝʤ (1.1) ï (1.3) 

ʄʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ.  

ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʪʝʨʘʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʢʦʨʥʝʡ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɼʣʷ ʩʠʩʪʝʤ (1.1) ï (1.3) ʵʪʦʪ ʤʝʪʦʜ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʩʦʙʳʭ ʪʦʯʝʢ. ʉʫʪʴ ʤʝʪʦʜʘ: ʟʘʜʘʸʪʩʷ 

ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ  ʠ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʨʝʰʝʥʠʝ ʫʪʦʯʥʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 

 
ɻʜʝ  ï ʚʝʢʪʦʨʥʘʷ-ʬʫʥʢʮʠʷ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ,  ï ʤʘʪʨʠʮʘ ʗʢʦʙʠ. ɺ ʢʦʥʮʝ ʢʘʞʜʦʡ 

ʠʪʝʨʘʮʠʠ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ ʧʦʢʘ 

  

ʃʠʥʝʘʨʠʟʘʮʠʷ ʩʠʩʪʝʤʳ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʦʙʳʭ ʪʦʯʝʢ. 

ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚʙʣʠʟʠ 

ʦʩʦʙʦʡ ʪʦʯʢʠ ʯʝʨʝʟ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʵʪʦʛʦ 

ʥʘʭʦʜʠʪʩʷ ʤʘʪʨʠʮʘ ʗʢʦʙʠ  ʩʠʩʪʝʤʳ ʚ ʦʩʦʙʦʡ ʪʦʯʢʝ  ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ:  
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ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʤʘʪʨʠʮʳ (4.1).  

 

ʈʝʟʫʣʴʪʘʪʳ 

 

ʇʦʩʪʨʦʝʥʳ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ ʜʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ (1.1) ï (1.3).  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʦʙʘʷ ʪʦʯʢʘ ʮʝʥʪʨ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʤʘʪʨʠʮʳ ʗʢʦʙʠ ʯʠʩʪʦ ʤʥʠʤʳʝ  ʤʦʜʝʣʴ (1.1). ɺ 

ʜʘʥʥʦʤ ʬʘʟʦʚʦʤ ʧʦʨʪʨʝʪʝ ʚʩʝ ʪʨʘʝʢʪʦʨʠʠ ï ʟʘʤʢʥʫʪʳʝ ʮʠʢʣʳ, ʩʠʩʪʝʤʘ 

ʷʚʣʷʝʪʩʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ. 

 
ʈʠʩʫʥʦʢ 1 ʆʩʦʙʘʷ ʪʦʯʢʘ ʮʝʥʪʨ 
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʦʙʘʷ ʪʦʯʢʘ ʥʝʫʩʪʦʡʯʠʚʳʡ ʬʦʢʫʩ. 

ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ʗʢʦʙʠ  ï ʩʧʠʨʘʣʴʥʦʝ ʫʜʘʣʝʥʠʝ 

ʦʪ ʪʦʯʢʠ ʤʦʜʝʣʴ (1.3). ɼʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʝʩʪʘʙʠʣʴʥʳʭ 

ʩʠʩʪʝʤ. 

 

 

 
ʈʠʩʫʥʦʢ 2 ʆʩʦʙʘʷ ʪʦʯʢʘ ʥʝʫʩʪʦʡʯʠʚʳʡ ʬʦʢʫʩ 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʦʙʘʷ ʪʦʯʢʘ ʫʩʪʦʡʯʠʚʳʡ ʬʦʢʫʩ. 

ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ʗʢʦʙʠ  ï ʩʧʠʨʘʣʴʥʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʪʦʯʢʝ ʤʦʜʝʣʴ (1.2). ʊʨʘʝʢʪʦʨʠʠ ʩʪʨʝʤʷʪʩʷ ʢ ʫʩʪʦʡʯʠʚʦʤʫ 

ʨʘʚʥʦʚʝʩʠʶ. ʄʦʜʝʣʴ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ʈʠʩʫʥʦʢ 3 ʆʩʦʙʘʷ ʪʦʯʢʘ ʫʩʪʦʡʯʠʚʳʡ ʬʦʢʫʩ 

 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʧʨʠʢʣʘʜʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʪʘʢʠʭ 

ʧʦʨʪʨʝʪʦʚ, ʪʦ ʧʦʤʠʤʦ ʧʨʷʤʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʵʢʦʩʠʩʪʝʤ ʭʠʱʥʠʢ ï ʞʝʨʪʚʘ, ʪʘʢʠʝ ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ 

ʤʦʛʫʪ ʜʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʳʥʢʦʚ, 

ʩʦʮʠʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ [6] (ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʥʝʥʠʡ). 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ 

ʟʘʧʘʟʜʳʚʘʥʠʡ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 
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ʑʝʨʙʘʢʦʚ ʅ. ʖ., ʂʨʶʯʢʦʚ ɸ. 
ʂʨʳʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè,ʉʠʤʬʝʨʦʧʦʣʴ, ʈʦʩʩʠʷ  

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 
 

ɸʥʥʦʪʘʮʠʷ: ʊʝʭʥʦʣʦʛʠʠ ʀʀ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʠ ʀʀ ʚ ʧʨʦʮʝʩʩʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ (BIM) ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʉʪʘʪʴʷ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʳʟʦʚʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ 

ʀʀ-ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʩʠʡʩʢʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʪʝʭʥʦʣʦʛʠʠ. 

 

Shcherbakov N. Y., Kryuchkov A. 

Artificial intelligence in construction  
 

Abstract: Artificial intelligence technologies open up new horizons for automation, 

optimization and forecasting in construction, which is especially relevant in the context 

of increasing competition and the need to improve productivity. This article examines 

modern trends and artificial intelligence technologies applied in construction. The 

article provides a comprehensive analysis of AI integration into Building Information 

Modeling (BIM) processes to enhance accuracy and efficiency. It also addresses the 

challenges and prospects of AI adoption within the specific context of the Russian 

construction industry. 

Keywords: artificial intelligence, construction, design, programming, technologies. 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʠʥʜʫʩʪʨʠʷ ʈʦʩʩʠʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ 

ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ.  

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ, ʩʨʝʜʥʷʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʚ 2023 ʛʦʜʫ ʩʦʩʪʘʚʠʣʘ ʣʠʰʴ 5-10%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, 

ʯʝʤ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ[2]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ, 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʮʝʥ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʢʘʤʠ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʝʢʪʘʤʠ ʠ ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ[4]. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʪʨʦʠʪʝʣʴʥʳʡ ʩʝʢʪʦʨ ʈʦʩʩʠʠ ʧʝʨʝʞʠʚʘʝʪ ʦʩʪʨʳʡ 

ʜʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʘʙʦʯʝʡ ʩʠʣʳ. ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, 

ʦʢʦʣʦ 35% ʨʘʙʦʪʥʠʢʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʝ ʠʤʝʶʪ ʥʝʦʙʭʦʜʠʤʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʛʠʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʤʧʘʥʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʚ ʦʙʣʘʩʪʠ 
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ʩʦʙʣʶʜʝʥʠʷ ʩʨʦʢʦʚ ʠ ʙʶʜʞʝʪʦʚ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʣʠʷʝʪ ʥʘ ʠʭ 

ʬʠʥʘʥʩʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʉʝʛʦʜʥʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʠʥʜʫʩʪʨʠʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʦʩʚʘʠʚʘʝʪ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʩʚʦʝʡ ʨʘʙʦʪʳ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ), ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʥʳ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʵʪʘʧʳ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. ʊʝʭʥʦʣʦʛʠʠ ʀʀ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʤʦʞʝʪ ʩʳʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʨʝʰʝʥʠʠ ʵʪʠʭ ʧʨʦʙʣʝʤ, ʧʨʝʜʣʘʛʘʷ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʀʀ, ʢʦʪʦʨʳʝ ʫʞʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʠʥʜʫʩʪʨʠʠ[7]. 

1. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ Generative Design, ʠʩʧʦʣʴʟʫʶʪ ʘʣʛʦʨʠʪʤʳ ʀʀ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ʕʪʠ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʘʪʝʨʠʘʣʳ, ʩʪʦʠʤʦʩʪʴ, ʚʨʝʤʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʯʪʦʙʳ ʧʨʝʜʣʦʞʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʪʴ ʚʨʝʤʷ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʩʥʠʞʘʪʴ ʟʘʪʨʘʪʳ. 

2. ʇʨʝʜʠʢʪʠʚʥʘʷ ʘʥʘʣʠʪʠʢʘ 

ʇʨʝʜʠʢʪʠʚʥʘʷ ʘʥʘʣʠʪʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʀʀ, ʧʦʟʚʦʣʷʝʪ 

ʩʪʨʦʠʪʝʣʴʥʳʤ ʢʦʤʧʘʥʠʷʤ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ ʠ 

ʧʨʦʙʣʝʤʳ ʥʘ ʵʪʘʧʝ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʫʪ ʧʨʝʜʩʢʘʟʘʪʴ ʟʘʜʝʨʞʢʠ ʚ ʩʨʦʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠʣʠ ʧʝʨʝʨʘʩʭʦʜ 

ʙʶʜʞʝʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʧʨʦʘʢʪʠʚʥʳʝ ʤʝʨʳ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʨʠʩʢʦʚ[1]. 

3. ʋʧʨʘʚʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʧʨʦʝʢʪʘʤʠ 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʧʨʦʝʢʪʘʤʠ. ʉʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʀʀ ʤʦʛʫʪ ʦʪʩʣʝʞʠʚʘʪʴ 

ʧʨʦʛʨʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʙʣʶʜʝʥʠʝ ʩʨʦʢʦʚ ʠ 

ʙʶʜʞʝʪʘ, ʘ ʪʘʢʞʝ ʧʦʤʦʛʘʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʝʩʫʨʩʦʚ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʝʢʪʘʤʠ ʠ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʩʠʪʫʘʮʠʡ. 

4. ɼʨʦʥʳ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʥʦʚ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ. ɼʨʦʥʳ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴ ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
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ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʨʘʙʦʪ. ʈʦʙʦʪʳ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʨʫʪʠʥʥʳʝ ʠ ʦʧʘʩʥʳʝ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ 

ʫʢʣʘʜʢʘ ʢʠʨʧʠʯʝʡ ʠʣʠ ʩʚʘʨʢʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ ʠ 

ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

5. ʋʤʥʳʝ ʟʜʘʥʠʷ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ çʫʤʥʳʤʠè ʟʜʘʥʠʷʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʀʀ, 

ʩʧʦʩʦʙʥʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʝ ʢʘʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ 

ʠ ʚʦʜʘ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʞʠʣʴʮʦʚ. ʕʪʠ 

ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ 

ʧʨʝʜʧʦʯʪʝʥʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ɹʫʜʫʱʝʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʚʦ ʤʥʦʛʦʤ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʪʝʤ, ʢʘʢ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʢʦʤʧʘʥʠʠ ʩʤʦʛʫʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ 

ʀʀ ʚ ʩʚʦʠ ʧʨʦʮʝʩʩʳ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʪʴ ʣʘʥʜʰʘʬʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ 

ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ[8]. 

1. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3D-ʧʝʯʘʪʠ 

3D-ʧʝʯʘʪʴ ʫʞʝ ʥʘʯʠʥʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʜʘʞʝ ʮʝʣʳʭ ʟʜʘʥʠʡ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʀʀ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʦʟʜʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʬʦʨʤʘʤʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 3D-ʧʝʯʘʪʠ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ. 

2. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ 

ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʩʦʟʜʘʚʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ 

ʀʀ, ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʦʚ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʠʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ʕʪʦ ʧʦʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʥʦ ʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ ʠ ʤʠʥʠʤʠʟʘʮʠʶ ʟʘʪʨʘʪ. 

3. ʀʥʪʝʛʨʘʮʠʷ IoT ʠ ʀʀ 

ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʀʀ ʤʦʞʝʪ ʩʦʟʜʘʪʴ çʫʤʥʳʝè 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʢʠ, ʛʜʝ ʚʩʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ ʙʫʜʫʪ 

ʦʪʩʣʝʞʠʚʘʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʠ ʫʣʫʯʰʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. 

4. ɸʚʪʦʥʦʤʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ 

ʈʘʟʨʘʙʦʪʢʘ ʘʚʪʦʥʦʤʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʫʧʨʘʚʣʷʝʤʳʭ ʀʀ, 

ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʥʠʟʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʨʫʜʘ. ʊʘʢʠʝ ʤʘʰʠʥʳ ʩʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ 

ʟʘʜʘʯʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ, ʯʪʦ 

ʙʫʜʝʪ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʨʘʙʦʯʝʡ ʩʠʣʳ[3]. 

5. ɸʥʘʣʠʟ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʀʀ ʧʦʟʚʦʣʠʪ 

ʩʪʨʦʠʪʝʣʴʥʳʤ ʢʦʤʧʘʥʠʷʤ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʩʚʦʠ ʧʨʦʮʝʩʩʳ ʠ ʥʘʭʦʜʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʘʥʘʣʠʟ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʘʩʧʝʢʪʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʦʙʱʫʶ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʦʚ. 

ɺ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʀʀ ʥʘʭʦʜʠʪ ʦʩʦʙʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ (BIM). ʕʪʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʠ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ, ʫʞʝ ʩʪʘʣʠ 

ʩʪʘʥʜʘʨʪʦʤ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ. ʀʥʪʝʛʨʘʮʠʷ 

ʀʀ ʚ BIM-ʧʨʦʮʝʩʩʳ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ[10]. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ BIM-ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʀ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ, ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ 

ʠ ʫʣʫʯʰʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɸʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩʧʦʩʦʙʥʳ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʧʦʤʦʛʘʷ ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʨʠʥʠʤʘʪʴ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ. ʅʘʧʨʠʤʝʨ, 

ʘʣʛʦʨʠʪʤʳ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʜʠʟʘʡʥʘ ʘʥʘʣʠʟʠʨʫʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʩʪʦʠʤʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʣʘʛʘʷ 

ʦʧʪʠʤʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʦʚ. 

BIM-ʤʦʜʝʣʠ ʩʦʜʝʨʞʘʪ ʦʙʰʠʨʥʳʝ ʜʘʥʥʳʝ ʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ, 

ʚʢʣʶʯʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʘʪʝʨʠʘʣʘʭ, ʩʨʦʢʘʭ ʠ ʟʘʪʨʘʪʘʭ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʵʪʠʭ ʜʘʥʥʳʭ, ʚʳʷʚʣʷʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʧʨʦʛʥʦʟʠʨʫʷ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ, ʪʘʢʠʝ ʢʘʢ 

ʧʨʝʚʳʰʝʥʠʝ ʙʶʜʞʝʪʘ ʠʣʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʛʨʘʬʠʢʘ. ʆʥ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʰʠʙʦʢ ʚ BIM-ʤʦʜʝʣʷʭ ʥʘ ʨʘʥʥʠʭ 

ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʥʠʞʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʩʧʨʘʚʣʝʥʠʡ 

ʥʘ ʵʪʘʧʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʊʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʘʥʘʣʠʟʠʨʫʶʪ 

ʧʨʝʜʳʜʫʱʠʝ ʧʨʦʝʢʪʳ, ʯʪʦʙʳ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʨʠʩʢʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʩʪʨʘʪʝʛʠʠ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ. 

ɹʣʘʛʦʜʘʨʷ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʤʘʪʝʨʠʘʣʳ, ʨʘʙʦʯʘʷ 

ʩʠʣʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʉʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʀʀ ʧʦʤʦʛʘʶʪ ʦʧʪʠʤʘʣʴʥʦ 

ʨʘʩʧʨʝʜʝʣʷʪʴ ʨʝʩʫʨʩʳ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʝʨʝʨʘʩʭʦʜ ʠʣʠ ʥʝʭʚʘʪʢʫ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʪʘʥʦʚʠʪʩʷ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ BIM ʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʅʘʧʨʠʤʝʨ, ʨʦʙʦʪʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʜʘʥʥʳʝ BIM, ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʪʦʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʢʣʘʜʢʘ ʢʠʨʧʠʯʘ ʠʣʠ 3D-ʧʝʯʘʪʴ ʢʦʥʩʪʨʫʢʮʠʡ[7]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʚʥʝʜʨʝʥʠʝ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ BIM-ʧʨʦʮʝʩʩʳ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ: 
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Å ʀʥʪʝʛʨʘʮʠʷ ʀʀ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʚʳʩʦʢʠʤ ʟʘʪʨʘʪʘʤ. 

Å ʉʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʚ ʜʚʫʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ 

ʧʨʠ ʧʦʠʩʢʝ ʢʘʜʨʦʚ. 

Å ʄʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʩ 

ʦʩʪʦʨʦʞʥʦʩʪʴʶ ʚʥʝʜʨʷʶʪ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

Å ʈʘʙʦʪʘ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʦʛʦ 

ʚʥʠʤʘʥʠʷ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʟʦʚʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ 

ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ, ʠʥʪʝʛʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʨʦʮʝʩʩʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ 

ʈʦʩʩʠʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʝʜʠʢʪʠʚʥʘʷ ʘʥʘʣʠʪʠʢʘ, ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʝʢʪʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʥʦʚ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 3D-ʧʝʯʘʪʴ ʠ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ, 

ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʪʴ ʧʦʜʭʦʜʳ ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ. 

ʉ ʫʯʝʪʦʤ ʪʝʢʫʱʠʭ ʚʳʟʦʚʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʦʪʨʘʩʣʴ, 

ʠʥʪʝʛʨʘʮʠʷ ʀʀ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʞʝʣʘʪʝʣʴʥʦʡ, ʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʈʦʩʩʠʠ. 
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ʋɼʂ 002.304 

ɸʣʠ ʄʦʭʘʤʝʜ 
  ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,   ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 ʄʦʩʪ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʧʩʠʭʠʯʝʩʢʠʤ ʟʜʦʨʦʚʴʝʤ: 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʘʷ IoT-ʩʠʩʪʝʤʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ IoT-ʩʠʩʪʝʤʳ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʦʩʪʫʧʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʩ 

ʦʙʣʘʯʥʳʤʠ ʩʝʨʚʠʩʘʤʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʵʤʦʮʠʡ (84,7%) ʧʨʠ 30-ʢʨʘʪʥʦʤ ʩʥʠʞʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʨʝʰʝʥʠʷʤʠ. ʉʠʩʪʝʤʘ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʝʤʦʢʨʘʪʠʟʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʧʩʠʭʠʯʝʩʢʦʛʦ 

ʟʜʦʨʦʚʴʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʪʝʣʝʤʝʜʠʮʠʥʝ ʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʨʝʜʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: IoT-ʩʠʩʪʝʤʳ, ʤʦʥʠʪʦʨʠʥʛ ʵʤʦʮʠʡ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, 

ʧʩʠʭʠʯʝʩʢʦʝ ʟʜʦʨʦʚʴʝ, ʙʠʦʤʝʜʠʮʠʥʩʢʘʷ ʠʥʞʝʥʝʨʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, 

ʪʝʣʝʤʝʜʠʮʠʥʘ, ʵʣʝʢʪʨʦʜʝʨʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. 

Ali Mohamed 

 

Bridge between technology and mental health: cost-effective IoT 

system for emotional state monitoring 
 

Abstract. The article is devoted to the development of an innovative IoT system for 

continuous monitoring of human emotional state. The research presents an affordable 

technology integrating physiological sensors with cloud services, which provides 

professional emotion classification accuracy (84.7%) with a 30-fold cost reduction 

compared to existing solutions. The system opens new opportunities for 

democratization of mental health monitoring tools in clinical practice, telemedicine and 

corporate environment. 

Keywords: IoT systems, emotion monitoring, physiological sensors, mental health, 

biomedical engineering, artificial intelligence, telemedicine, electrodermal activity, 

heart rate variability. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ ʚ ʦʙʣʘʩʪʠ ʧʩʠʭʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ ʪʨʝʙʫʶʪ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʙʦʣʝʝ 300 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ ʚʦ ʚʩʝʤ ʤʠʨʝ 

ʩʪʨʘʜʘʶʪ ʦʪ ʜʝʧʨʝʩʩʠʠ ʠ ʪʨʝʚʦʞʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ [1]. ʊʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʢʦʥʩʫʣʴʪʘʮʠʷʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ ʦʧʨʦʩʥʠʢʘʭ, ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʦʪʩʣʝʞʠʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 
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ʏʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘʥʠʟʤ ʥʝʧʨʝʨʳʚʥʦ ʛʝʥʝʨʠʨʫʝʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʩʠʛʥʘʣʳ, ʦʪʨʘʞʘʶʱʠʝ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʀʟʤʝʥʝʥʠʷ ʩʝʨʜʝʯʥʦʛʦ 

ʨʠʪʤʘ, ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʦʞʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʩʦʟʜʘʶʪ ʫʥʠʢʘʣʴʥʳʝ 

ʧʘʪʪʝʨʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [2]. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT) ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʪʠ ʩʠʛʥʘʣʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʩʠʭʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʵʤʦʮʠʡ, 

ʪʘʢʠʝ ʢʘʢ Empatica E4, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʥʦ ʠʭ ʩʪʦʠʤʦʩʪʴ 

(ʦʢʦʣʦ $1,690) ʜʝʣʘʝʪ ʠʭ ʥʝʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [3]. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʦʟʜʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʳ, ʢʦʪʦʨʘʷ ʩʦʭʨʘʥʠʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʧʨʠ 

ʨʘʜʠʢʘʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʩʪʦʠʤʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ IoT-ʩʠʩʪʝʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʯʝʪʳʨʝʭ 

ʢʣʶʯʝʚʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʫʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ: 

ɼʘʪʯʠʢ MAX 30100 ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ 

ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʨʦʚʥʷ ʥʘʩʳʱʝʥʠʷ ʢʨʦʚʠ ʢʠʩʣʦʨʦʜʦʤ 

(SpO2). ʉʝʥʩʦʨ ʠʩʧʦʣʴʟʫʝʪ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ ʜʚʫʤʷ 

ʩʚʝʪʦʜʠʦʜʘʤʠ (ʢʨʘʩʥʳʡ ʠ ʠʥʬʨʘʢʨʘʩʥʳʡ) ʠ ʬʦʪʦʜʝʪʝʢʪʦʨʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʪʦʯʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʘʭ 

ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʧʨʦʮʝʩʩʘʭ [4]. 

ʀʥʬʨʘʢʨʘʩʥʳʡ ʪʝʨʤʦʤʝʪʨ MLX 90614 ʚʳʧʦʣʥʷʝʪ ʙʝʩʢʦʥʪʘʢʪʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʞʠ ʩ ʪʦʯʥʦʩʪʴʶ Ñ0.5ÁC. ɼʘʪʯʠʢ ʨʝʛʠʩʪʨʠʨʫʝʪ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʘʟʦʤʦʪʦʨʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʧʨʠ 

ʵʤʦʮʠʦʥʘʣʴʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ, ʥʝ ʪʨʝʙʫʷ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʢʦʞʝʡ 

ʧʦʣʴʟʦʚʘʪʝʣʷ [5]. 

ɼʘʪʯʠʢ Grove GSR ʠʟʤʝʨʷʝʪ ʵʣʝʢʪʨʦʜʝʨʤʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

(ʢʦʞʥʦ-ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ 

ʠʥʜʠʢʘʪʦʨʦʤ ʩʠʤʧʘʪʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀʟʤʝʥʝʥʠʷ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʦʞʠ, ʚʳʟʚʘʥʥʳʝ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦʪʦʚʳʭ ʞʝʣʝʟ, ʦʪʨʘʞʘʶʪ 

ʫʨʦʚʝʥʴ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʩʪʨʝʩʩʘ [6]. 

ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ESP32, ʦʙʣʘʜʘʶʱʠʡ ʚʩʪʨʦʝʥʥʳʤʠ ʤʦʜʫʣʷʤʠ Wi-Fi ʠ Bluetooth, 

ʜʚʫʭʲʷʜʝʨʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ ʩ ʯʘʩʪʦʪʦʡ 240 ʄɻʮ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʦʙʲʝʤʦʤ 

ʧʘʤʷʪʠ ʜʣʷ ʣʦʢʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦ 12 ʯʘʩʦʚ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ ʝʤʢʦʩʪʴʶ 

2000 ʤɸʯ [7]. 

ɸʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 
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ʉʠʩʪʝʤʘ ʨʝʘʣʠʟʫʝʪ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʦʙʨʘʙʦʪʢʫ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ. ʅʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʮʠʬʨʦʚʘʷ ʬʠʣʴʪʨʘʮʠʷ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ ʜʚʠʞʝʥʠʷ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʤʙʠʥʘʮʠʷ ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ ʯʘʩʪʦʪ ɹʘʪʪʝʨʚʦʨʪʘ 4-ʛʦ ʧʦʨʷʜʢʘ ʩ ʯʘʩʪʦʪʦʡ 

ʩʨʝʟʘ 5 ɻʮ ʜʣʷ ʩʠʛʥʘʣʦʚ GSR ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʜʠʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʜʣʷ 

ʧʫʣʴʩʦʚʳʭ ʜʘʥʥʳʭ. 

ʀʟʚʣʝʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʚʢʣʶʯʘʝʪ ʨʘʩʯʝʪ ʚʨʝʤʝʥʥʳʭ ʠ ʯʘʩʪʦʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʦʚ. ɼʣʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ RMSSD (ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ), pNN50 (ʧʨʦʮʝʥʪ ʠʥʪʝʨʚʘʣʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 50 ʤʩ) ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ LF/HF 

(ʩʦʦʪʥʦʰʝʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ) [8]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʩʘʤʙʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʤʝʪʦʜ 

ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (SVM) ʩ ʨʘʜʠʘʣʴʥʦʡ ʙʘʟʠʩʥʦʡ ʬʫʥʢʮʠʝʡ ʠ ʛʨʘʜʠʝʥʪʥʳʡ 

ʙʫʩʪʠʥʛ. ʇʝʨʩʦʥʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ ʥʘʯʘʣʴʥʫʶ ʢʘʣʠʙʨʦʚʢʫ 

ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʙʘʟʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʚʘʣʠʜʘʮʠʷ 

ɼʣʷ ʚʘʣʠʜʘʮʠʠ ʩʠʩʪʝʤʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʫʯʘʩʪʠʝʤ 30 

ʜʦʙʨʦʚʦʣʴʮʝʚ (18 ʤʫʞʯʠʥ, 12 ʞʝʥʱʠʥ, ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 23.4Ñ3.2 ʛʦʜʘ). 

ʇʨʦʪʦʢʦʣ ʚʢʣʶʯʘʣ ʠʥʜʫʢʮʠʶ ʯʝʪʳʨʝʭ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ: 

ʥʝʡʪʨʘʣʴʥʦʝ, ʨʘʜʦʩʪʴ, ʩʪʨʝʩʩ ʠ ʨʘʩʩʣʘʙʣʝʥʠʝ. ʂʘʞʜʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʩʪʠʤʫʣʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʙʱʫʶ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 84.7% 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʝʭ ʯʝʪʳʨʝʭ ʜʘʪʯʠʢʦʚ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʜʦʩʪʠʛʥʫʪʘ ʜʣʷ ʩʦʩʪʦʷʥʠʷ ʩʪʨʝʩʩʘ (91.2%), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʨʘʞʝʥʥʳʤʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʠʚʥʳʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ ʠ ʩʫʙʲʝʢʪʠʚʥʳʤʠ ʦʮʝʥʢʘʤʠ ʫʯʘʩʪʥʠʢʦʚ ʩʦʩʪʘʚʠʣʘ 0.91 

(p<0.001). 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ Empatica 

E4 ʧʦʢʘʟʘʣ ʩʦʧʦʩʪʘʚʠʤʫʶ ʪʦʯʥʦʩʪʴ ʧʨʠ 30-ʢʨʘʪʥʦʤ ʩʥʠʞʝʥʠʠ ʩʪʦʠʤʦʩʪʠ. 

ʆʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

$50, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʦʙʣʘʯʥʳʤʠ ʩʝʨʚʠʩʘʤʠ 

ʉʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʦʙʣʘʯʥʫʶ ʧʣʘʪʬʦʨʤʫ Firebase ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ɸʨʭʠʪʝʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ: Firebase 

Realtime Database ʜʣʷ ʧʦʪʦʢʦʚʦʡ ʧʝʨʝʜʘʯʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

Firebase Authentication ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

Firebase Functions ʜʣʷ ʩʝʨʚʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ [9]. 

ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʥʘ React Native, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʠʥʪʫʠʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʈʝʘʣʠʟʦʚʘʥʳ ʬʫʥʢʮʠʠ 
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ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʥʜʦʚ, ʵʢʩʧʦʨʪʘ ʜʘʥʥʳʭ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʫʚʝʜʦʤʣʝʥʠʡ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʘʥʦʤʘʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ. 

ʂʣʠʥʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ. ɺ ʢʣʠʥʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʪʝʨʘʧʝʚʪʘʤ 

ʧʦʣʫʯʘʪʴ ʦʙʲʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ ʦʙ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʧʘʪʪʝʨʥʘʭ ʧʘʮʠʝʥʪʦʚ 

ʤʝʞʜʫ ʩʝʩʩʠʷʤʠ, ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʪʨʠʛʛʝʨʳ ʠ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʠʥʪʝʨʚʝʥʮʠʡ [9]. 

ɺ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʝ ʤʦʥʠʪʦʨʠʥʛ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʜʦʧʦʣʥʷʝʪ ʬʠʟʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʷʤʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʵʤʦʮʠʦʥʘʣʴʥʳʤ 

ʙʣʘʛʦʧʦʣʫʯʠʝʤ ʠ ʩʢʦʨʦʩʪʴʶ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ . 

ʂʦʨʧʦʨʘʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʢʣʶʯʘʝʪ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʚʳʛʦʨʘʥʠʷ. ɸʛʨʝʛʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʦ ʩʪʨʝʩʩʝ 

ʩʦʪʨʫʜʥʠʢʦʚ (ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ) ʧʦʟʚʦʣʷʶʪ HR-

ʩʣʫʞʙʘʤ ʧʨʦʘʢʪʠʚʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʯʫʶ ʥʘʛʨʫʟʢʫ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ 

ʢʣʠʤʘʪ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ IoT-ʩʠʩʪʝʤʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚ ʦʙʣʘʩʪʠ ʧʩʠʭʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ. ɼʦʩʪʠʞʝʥʠʝ 

84.7% ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʵʤʦʮʠʡ ʧʨʠ ʩʪʦʠʤʦʩʪʠ ʚ $50 ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʨʳʚ ʚ ʜʝʤʦʢʨʘʪʠʟʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʩʠʭʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ. 

ʆʪʢʨʳʪʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʝʜʦʩʪʫʧʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʠ ʤʠʨʦʚʳʤ 

ʩʦʦʙʱʝʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɹʫʜʫʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʚʢʣʶʯʘʶʪ 

ʠʥʪʝʛʨʘʮʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʝʥʩʦʨʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʝ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. 

ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʟʘʤʝʥʷʝʪ, ʘ ʜʦʧʦʣʥʷʝʪ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʧʦʤʦʱʴ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʦʙʲʝʢʪʠʚʥʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ. ɺ ʵʧʦʭʫ 

ʛʣʦʙʘʣʴʥʳʭ ʚʳʟʦʚʦʚ ʧʩʠʭʠʯʝʩʢʦʤʫ ʟʜʦʨʦʚʴʶ, ʜʦʩʪʫʧʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʵʤʦʮʠʡ ʩʪʘʥʦʚʷʪʩʷ ʥʝ ʨʦʩʢʦʰʴʶ, ʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʟʜʦʨʦʚʦʛʦ ʠ ʦʩʦʟʥʘʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. 
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ʊʠʪʦʚʘ ɽ.ɺ., ʂʠʙʳʰ ɸ.ʀ. 
ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʬʠʣʠʘʣ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʇʦʣʝʩʩʢ, ʈʦʩʩʠʷ  

ɺʦʟʤʦʞʥʦʩʪʠ, ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʵʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʘʣʛʦʨʠʪʤʳ ʢʦʪʦʨʦʛʦ ʧʦʩʪʨʦʝʥʳ ʧʦ ʦʙʨʘʟʮʫ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚʦ ʤʥʦʛʦʤ ʧʨʝʚʦʩʭʦʜʠʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʘ ʵʪʦʡ 

ʦʩʥʦʚʝ ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

ʥʝ ʣʠʰʝʥ ʨʷʜʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʥʝ ʦʙʣʘʜʘʝʪ 

ʯʫʚʩʪʚʘʤʠ ʠ ʥʝ ʩʧʦʩʦʙʝʥ ʚʳʨʘʞʘʪʴ ʵʤʦʮʠʠ. ʕʪʘ ʧʨʦʙʣʝʤʘ ï ʦʜʥʘ ʠʟ ʤʥʦʛʠʭ ʥʘ 

ʧʫʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʡ, ʥʝʩʦʤʥʝʥʥʦ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪ ʞʠʟʥʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ; ʘʣʛʦʨʠʪʤ, ʵʪʠʢʘ, ʢʦʛʥʠʪʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ. 

Titova E.V., Kibysh A.I.  

Possibilities, advantages and ethical issues of artificial  intelligence 

and cognitive technologies 

Abstract. This article examines the possibilities and advantages of artificial intelligence, 

whose algorithms are modeled on human thinking. Artificial intelligence in many ways 

surpasses human capabilities to analyze large amounts of information and make the 

right decisions based on this. At the same time, artificial intelligence is not without a 

number of significant drawbacks. Artificial intelligence has no feelings and is unable to 

express emotions. This problem is one of many on the path of further development of 

artificial intelligence, which will undoubtedly significantly improve the life of modern 

human society. 

Keywords: artificial intelligence; algorithm, ethics, cognitive technologies, 

reinforcement learning. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ æ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʨʝʚʦʣʶʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ XXI ʚʝʢʘ, ʢʦʪʦʨʦʝ ʟʘʪʨʘʛʠʚʘʝʪ ʚʩʝ ʘʩʧʝʢʪʳ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ. ʄʳ ʝʞʝʜʥʝʚʥʦ ʧʦʣʴʟʫʝʤʩʷ ʝʝ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʜʘʞʝ 

ʝʩʣʠ ʤʳ ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʩʦʟʥʘʝʤ ʵʪʦ. ʄʦʣʦʜʳʝ ʧʦʢʦʣʝʥʠʷ ʨʘʩʪʫʪ ʚ 

ʦʢʨʫʞʝʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: ʦʪ 

ʤʝʜʠʮʠʥʩʢʠʭ ʩʠʩʪʝʤ ʚ ʙʦʣʴʥʠʮʘʭ ʜʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʝʨʝʜʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ 

ʦʧʳʪʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʵʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʩʪʦʷʱʠʝ ʟʘ ʥʝʡ, ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʟʘʤʝʪʥʳʤʠ. ʇʩʠʭʦʣʦʛʠʷ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʛʥʠʪʠʚʥʘʷ ʧʩʠʭʦʣʦʛʠʷ, ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʠʟʫʯʝʥʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʩʥʦʚʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʪʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʦʨʥʠ ʢʦʪʦʨʦʡ ʯʘʩʪʦ ʥʘʭʦʜʷʪʩʷ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʤʳʰʣʝʥʠʠ ʠ 

ʢʦʛʥʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ.  
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ʈʘʟʚʠʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʢʦʛʥʠʪʠʚʥʦʡ ʧʩʠʭʦʣʦʛʠʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʦ. ʇʩʠʭʦʣʦʛʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ, ʠʟʫʯʘʶʱʘʷ ʧʨʦʮʝʩʩʳ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʣʶʜʴʤʠ ʩʪʘʣʘ ʠʩʪʦʯʥʠʢʦʤ 

ʚʜʦʭʥʦʚʝʥʠʷ ʜʣʷ ʩʦʟʜʘʪʝʣʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ.  

ɺ 50-ʝ ʛʛ. XX ʚʝʢʘ ʫʯʝʥʳʝ ʥʘʯʘʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ. ɸʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʧʨʘʚʣʷʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ, ʷʚʣʷʶʪʩʷ 

ʧʨʷʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ. ʂʘʢ ʦʪʤʝʯʘʝʪ ɾ. ï 

ʌ. ɹʦʥʥʝʬʦʥ, çʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʢʦʛʥʠʪʠʚʥʦʡ ʧʩʠʭʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʢʣʶʯʝʚʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʩʠʩʪʝʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷè [8]. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʷʚʣʷʶʱʠʝʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ, ʦʩʥʦʚʘʥʳ ʥʘ ʩʪʨʫʢʪʫʨʘʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʥʝʡʨʦʥʦʚ. ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ ʠ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʤʦʟʛʝ, ʣʶʜʠ ʫʯʘʪʩʷ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʚʳʷʚʣʷʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʘʜʘʧʪʠʨʫʶʪ ʩʚʦʠ 

ʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʳʪʘ. ʕʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʨʘʟʫʤʘ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʢʦʛʥʠʪʠʚʥʦʡ ʧʩʠʭʦʣʦʛʠʠ, 

ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ 

çʧʦ-ʯʝʣʦʚʝʯʝʩʢʠè [2]. 

ʂʦʛʥʠʪʠʚʥʘʷ ʧʩʠʭʦʣʦʛʠʷ ʟʘʥʠʤʘʝʪʩʷ ʠʟʫʯʝʥʠʝʤ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ 

ʧʘʤʷʪʴ, ʚʦʩʧʨʠʷʪʠʝ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʠ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ. ʕʪʠ ʘʩʧʝʢʪʳ 

ʪʘʢʞʝ ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʷʚʣʷʶʱʝʝʩʷ ʦʜʥʠʤ ʠʟ ʩʪʦʣʧʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʦʩʥʦʚʘʥʦ ʥʘ ʪʝʭ ʞʝ ʧʨʠʥʮʠʧʘʭ, ʯʪʦ ʠ ʧʨʦʮʝʩʩʳ 

ʦʙʫʯʝʥʠʷ ʫ ʣʶʜʝʡ. ɸʣʛʦʨʠʪʤʳ ʦʙʫʯʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ 

ʜʘʥʥʳʭ, ʫʯʘʪʩʷ ʨʘʩʧʦʟʥʘʚʘʪʴ ʰʘʙʣʦʥʳ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʳʪʘ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʵʪʦʤ 

ʢʦʥʪʝʢʩʪʝ ʷʚʣʷʝʪʩʷ ʦʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʟʥʘʛʨʘʞʜʝʥʠʠ ʘʣʛʦʨʠʪʤʘ ʟʘ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʠ ʥʘʢʘʟʘʥʠʝ ʟʘ 

ʦ ʠhʙʦʯʥʳʝ ʚʳʙʦʨʳ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ 

ʦʩʥʦʚʘʥʘ ʥʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʠ 

ʥʘʢʘʟʘʥʠʷ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʚʝʜʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʫʩʚʘʠʚʘʪʴ ʥʦʚʫʶ 

ʠʥʬʦʨʤʘʮʠʶ.  

ʕʪʘ ʪʝʦʨʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʙʠʭʝʚʠʦʨʠʟʤʝ, ʪʦ ʝʩʪʴ ʥʘ ʪʦʤ, ʢʘʢ ʦʨʛʘʥʠʟʤ 

ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʚ ʦʞʠʜʘʥʠʠ ʩʪʠʤʫʣʦʚ ʚ ʦʪʚʝʪ ʥʘ ʥʘʛʨʘʜʳ ʠʣʠ 

ʥʘʢʘʟʘʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʚʳʯʥʦʤʫ ʧʦʚʝʜʝʥʠʶ, ʢʦʪʦʨʦʝ ʧʨʠʥʦʩʠʪ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʣʴʟʫ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʝʨʝʜʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚʩʝ ʝʱʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʶʜʝʡ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʥʝ ʦʙʣʘʜʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʢ ʩʦʯʫʚʩʪʚʠʶ, ʵʤʦʮʠʷʤ ʠʣʠ ʧʦʣʥʦʤʫ ʧʦʥʠʤʘʥʠʶ 

ʩʦʮʠʘʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ. ʉʘʤʘʷ ʚʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪ 
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ʣʶʜʝʡ ʦʪ ʤʘʰʠʥ, ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʥʠʤʘʪʴ ʥʘʤʝʨʝʥʠʷ, ʤʦʪʠʚʘʮʠʶ ʠ 

ʵʤʦʮʠʠ ʜʨʫʛʠʭ ʣʶʜʝʡ ï ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʪʝʦʨʠʷ ʨʘʟʫʤʘè.  

ʃʶʜʠ ʤʦʛʫʪ ʧʨʝʜʚʠʜʝʪʴ, ʯʪʦ ʜʨʫʛʠʝ ʜʫʤʘʶʪ ʠ ʯʫʚʩʪʚʫʶʪ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʧʦʩʪʨʦʝʥʠʶ ʦʪʥʦʰʝʥʠʡ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʙʱʝʥʠʶ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʭʦʪʷ ʠ ʩʧʦʩʦʙʝʥ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʠ 

ʧʨʠʥʠʤʘʪʴ ʩʣʦʞʥʳʝ ʨʝʰʝʥʠʷ, ʥʝ ʦʙʣʘʜʘʝʪ ʯʫʚʩʪʚʘʤʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ ʠʤʠʪʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʤʳʰʣʝʥʠʷ ʯʝʣʦʚʝʢʘ, ʫ ʥʝʛʦ ʦʪʩʫʪʩʪʚʫʶʪ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʦʧʝʨʝʞʠʚʘʪʴ ʠ ʧʦʥʠʤʘʪʴ ʵʤʦʮʠʠ, ʯʪʦ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ 

ʧʨʦʙʣʝʤ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʝʝ ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʫʞʝ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚ ʤʝʜʠʮʠʥʝ, 

ʦʩʦʙʝʥʥʦ ʚ ʜʠʘʛʥʦʩʪʠʢʝ. ɸʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʧʦʩʦʙʥʳ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʤʦʛʘʷ ʚʨʘʯʘʤ 

ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʂʘʢ 

ʫʪʚʝʨʞʜʘʶʪ ʩʧʝʮʠʘʣʠʩʪʳ, ζʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʦʰʠʙʦʢ, ʚʳʟʚʘʥʥʳʭ çʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤè, ʪʘʢ ʢʘʢ ʯʘʩʪʦ ʩʧʝʮʠʘʣʠʩʪʳ 

ʫʧʫʩʢʘʶʪ ʚʘʞʥʳʝ ʜʝʪʘʣʠ ʠ ʧʨʠʟʥʘʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʠʟ-ʟʘ ʫʩʪʘʣʦʩʪʠ ʠʣʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠè[6]. ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ 

ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʝʜʠʮʠʥʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʨʝʥʪʛʝʥ ʠʣʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ, ʘ ʪʘʢʞʝ 

ʚʳʷʚʣʝʥʠʝ ʨʘʥʥʠʭ ʧʨʠʟʥʘʢʦʚ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʫʧʫʱʝʥʳ 

ʯʝʣʦʚʝʢʦʤ [1].  

ʆʜʥʦʡ ʠʟ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴ ʦʩʦʙʝʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ, ʷʚʣʷʝʪʩʷ ʢʣʠʥʠʯʝʩʢʘʷ 

ʧʩʠʭʦʣʦʛʠʷ. ʊʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʯʘʪ-ʙʦʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʣʛʦʨʠʪʤʘʭ 

ʢʦʛʥʠʪʠʚʥʦ-ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʠ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ 

ʜʝʧʨʝʩʩʠʝʡ, ʪʨʝʚʦʛʦʡ ʠʣʠ ʩʪʨʝʩʩʦʤ. ʕʪʠ ʧʨʦʛʨʘʤʤʳ, ʘʥʘʣʠʟʠʨʫʷ ʦʪʚʝʪʳ 

ʧʘʮʠʝʥʪʦʚ, ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʝ ʠ 

ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳʤ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʜʦʩʪʫʧ ʢ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʨʘʧʠʠ ʦʛʨʘʥʠʯʝʥ [4].  

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ ʠʛʨʘʪʴ ʣʠʰʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʪʝʨʘʧʠʠ, ʪʘʢ ʢʘʢ ʦʥ 

ʚʩʝ ʝʱʝ ʥʝ ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʪʝʨʘʧʝʚʪʘ. ɽʤʫ ʚʩʝ ʝʱʝ ʥʝ ʭʚʘʪʘʝʪ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʦʧʝʨʝʞʠʚʘʪʴ ʠ ʧʦʥʠʤʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʝ ʵʤʦʮʠʠ.  

ʈʘʟʚʠʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʪʘʚʠʪ ʧʝʨʝʜ ʥʘʤʠ ʥʦʚʳʝ 

ʵʪʠʯʝʩʢʠʝ ʠ ʤʦʨʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ. ʇʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʚʪʦʥʦʤʥʳʤ, ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʦ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʨʝʰʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʳʝ ʤʘʰʠʥʘʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ 

ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʢʦʪʦʨʳʝ ʩʘʤʠ ʨʝʰʘʶʪ, ʢʘʢ ʨʝʘʛʠʨʦʚʘʪʴ ʚ 

ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʚʦʟʥʠʢʘʝʪ ʤʦʨʘʣʴʥʘʷ ʜʠʣʝʤʤʘ: ʢʪʦ ʜʦʣʞʝʥ ʥʝʩʪʠ 
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ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʦʰʠʙʢʠ ʤʘʰʠʥʳ? ɹʦʥʥʝʬʦʥ ʨʝʰʘʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ, 

ʫʢʘʟʳʚʘʷ ʥʘ ʪʦ, ʯʪʦ çʤʘʰʠʥʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʦʨʘʣʴʥʳʭ ʘʛʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘè [2], ʯʪʦ 

ʪʨʝʙʫʝʪ ʦʪ ʥʘʩ ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʠ ʧʦʥʠʤʘʥʠʷ, ʢʘʢʠʝ ʵʪʠʯʝʩʢʠʝ ʥʦʨʤʳ 

ʜʦʣʞʥʳ ʨʝʛʫʣʠʨʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [5]. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʵʪʦʡ ʜʠʣʝʤʤʳ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ 

ʘʚʪʦʥʦʤʥʳʤ ʜʦʣʞʝʥ ʙʳʪʴ ʘʚʪʦʤʦʙʠʣʴ, ʯʪʦʙʳ ʨʝʘʛʠʨʦʚʘʪʴ ʚ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ 

ʝʤʫ ʧʨʠʭʦʜʠʪʩʷ ʚʳʙʠʨʘʪʴ ʤʝʞʜʫ ʟʘʱʠʪʦʡ ʧʘʩʩʘʞʠʨʘ ʠ ʩʧʘʩʝʥʠʝʤ 

ʧʝʰʝʭʦʜʘ. ʕʪʦ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʩʪʘʚʠʪ ʥʘʩ ʧʝʨʝʜ ʥʦʚʳʤʠ ʤʦʨʘʣʴʥʳʤʠ 

ʧʨʦʙʣʝʤʘʤʠ, ʧʦʪʦʤʫ ʯʪʦ ʨʝʰʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʤʘʰʠʥʦʡ, ʤʦʛʫʪ ʠʤʝʪʴ ʜʘʣʝʢʦ 

ʠʜʫʱʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʂʘʢ ʧʦʜʯʝʨʢʠʚʘʝʪ ɹʦʥʥʝʬʦʥ, 

çʘʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʤʦʛʫʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʩʧʨʘʚʝʜʣʠʚʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʝʩʣʠ ʦʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʝʜʚʟʷʪʦʩʪʠ ʠʣʠ 

ʥʝʘʜʝʢʚʘʪʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳè. ɺʦʪ ʧʦʯʝʤʫ ʪʘʢ ʚʘʞʥʦ, ʯʪʦʙʳ ʨʘʟʚʠʪʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʠ ʨʝʛʫʣʠʨʦʚʘʣʦʩʴ 

ʛʦʩʫʜʘʨʩʪʚʦʤ ʠ ʦʙʱʝʩʪʚʦʤ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʦʥ ʜʝʡʩʪʚʫʝʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʯʝʩʢʠʤʠ ʠ ʩʦʮʠʘʣʴʥʳʤʠ ʥʦʨʤʘʤʠ ʠ ʮʝʥʥʦʩʪʷʤʠ.  

ɺ ʢʦʥʪʝʢʩʪʝ ʧʩʠʭʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ ʵʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʣʝʯʝʥʠʝ ʧʘʮʠʝʥʪʦʚ, 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʠ ʨʘʚʝʥʩʪʚʝ. ʂʨʠʪʠʢʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ 

ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʦʮʠʘʣʴʥʳʤ 

ʛʨʫʧʧʘʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʜʚʟʷʪʦʩʪʠ ʚ ʜʦʩʪʫʧʝ ʢ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʪʨʝʙʫʝʪ 

ʦʩʪʦʨʦʞʥʦʩʪʠ ʠ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʚʝʨʢʠ, ʯʪʦʙʳ ʠʟʙʝʛʘʪʴ ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ 

ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʥʦʩʠʪ ʙʦʣʴʰʝ ʚʨʝʜʘ, ʯʝʤ ʧʦʣʴʟʳ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʫʜʫʱʝʛʦ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ 

ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʛʠʭ ʘʩʧʝʢʪʦʚ ʥʘʰʝʡ ʞʠʟʥʠ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʤʳ ʜʦʣʞʥʳ ʩʧʨʦʩʠʪʴ ʩʝʙʷ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʵʪʠʯʥʦ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʢ ʫʢʘʟʳʚʘʝʪ ʊʝʡʣʦʨ, çʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ, ʥʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʡè [3].  

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʵʪʠʢʘ. ʄʳ ʜʦʣʞʥʳ ʧʦʟʘʙʦʪʠʪʴʩʷ ʦ ʪʦʤ, ʯʪʦʙʳ 

ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʠ ʚʥʝʜʨʷʣʠʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʮʠʘʣʴʥʳʤʠ ʠ ʵʪʠʯʝʩʢʠʤʠ ʮʝʥʥʦʩʪʷʤʠ.  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʘʚʠʣʘ ʜʦʣʞʥʳ ʦʭʚʘʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ, ʥʦ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʦʙʱʝʩʪʚʦ. ʂʨʘʡʥʝ ʚʘʞʥʦ, ʯʪʦʙʳ ʫʯʝʥʳʝ, ʠʥʞʝʥʝʨʳ, ʧʩʠʭʦʣʦʛʠ ʠ ʵʪʠʢʠ 

ʨʘʙʦʪʘʣʠ ʚʤʝʩʪʝ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʠʥʥʦʚʘʮʠʠ, ʪʘʢ ʠ ʯʝʣʦʚʝʯʝʩʢʠʝ ʮʝʥʥʦʩʪʠ. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ 

ʚʨʝʤʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʫʞʝ ʥʘʩʪʫʧʠʣʦ. 
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ʀʥʪʝʨʝʩʥʳʤ ʘʩʧʝʢʪʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʩʠʭʦʣʦʛʠʝʡ, ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʵʤʦʮʠʡ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ 

ʤʠʤʠʢʝ ʣʠʮʘ, ʬʦʪʦʛʨʘʬʠʠ ʠʣʠ ʢʦʨʦʪʢʦʤʝʪʨʘʞʥʦʤ ʬʠʣʴʤʝ. ɺʦʟʤʦʞʥʦ, ʵʪʦ 

ʧʦʤʦʞʝʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʟʥʠʢʘʶʪ ʨʝʘʣʴʥʳʝ ʦʧʘʩʝʥʠʷ, 

ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʧʦʣʫʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʣʶʜʴʤʠ. ʀ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʫʞʝ ʩʪʘʣʠ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʣʠʷʥʠʷ ʚ ʨʫʢʘʭ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʦʰʝʥʥʠʢʦʚ.  

ɺ ʦʙʱʝʤ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ï ʵʪʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʤʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʥʦ ʠ ʧʦʨʦʞʜʘʝʪ ʩʝʨʴʝʟʥʳʝ 

ʧʨʦʙʣʝʤʳ. ʄʳ ʜʦʣʞʥʳ ʧʦʜʦʡʪʠ ʢ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ, 

ʧʦʥʠʤʘʥʠʝʤ ʝʝ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʧʦʣʥʦʤ ʦʩʦʟʥʘʥʠʠ ʵʪʠʯʝʩʢʠʭ ʜʠʣʝʤʤ, 

ʢʦʪʦʨʳʝ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʨʘʟʚʠʪʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʊʦʣʴʢʦ 

ʪʦʛʜʘ ʤʳ ʩʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʧʦʪʝʥʮʠʘʣ, ʯʪʦʙʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʣʘʛʘ, ʢʦʪʦʨʳʝ ʦʥ ʧʨʠʥʦʩʠʪ ʯʝʣʦʚʝʯʝʩʪʚʫ. 
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ɹʝʣʦʮʝʨʢʦʚʩʢʠʡ ʂ. ʀ., ʄʦʟʛʣʷʢʦʚ ɻ. ɸ., ʂʨʘʧʠʚʠʥ ɼ. ʆ., ʀʣʴʠʥʩʢʠʡ ɸ. ɼ., 

ʍʣʝʙʥʠʢʦʚ ʅ. ɸ. 
ʋʨʘʣʴʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʧʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ. ʅ. ɽʣʴʮʠʥʘ.  

ʈʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʩʝʨʚʠʩʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ 

ʧʝʯʝʥʠ ʥʘ ʂʊ-ʩʥʠʤʢʘʭ 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ ʚʝʙ-ʩʝʨʚʠʩʘ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʧʝʯʝʥʠ ʥʘ ʂʊ-ʩʥʠʤʢʘʭ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ï 

ʠʥʪʝʛʨʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ, ʧʦʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʯʸʪʘ ʦʙʲʸʤʘ ʦʨʛʘʥʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʟʨʝʟʘʥʠʷ 

ʤʦʜʝʣʠ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʪʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦʙʳ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʤʦʜʝʣʷʤ YOLOv11-seg, U-Net ʠ SAM 2, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ 

ʥʘ ʟʘʜʘʯʝ ʩʝʛʤʝʥʪʘʮʠʠ ʧʝʯʝʥʠ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ 

ʤʦʜʝʣʠ ʧʝʯʝʥʠ ʥʘ ʦʩʥʦʚʝ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʂʊ-ʩʥʠʤʢʦʚ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʝʡ ʥʘ ʙʘʟʝ 

ʤʘʨʰʠʨʫʶʱʠʭ ʢʫʙʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ. ʆʧʠʩʘʥʳ ʵʪʘʧʳ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʦʨʤʘʪʘ DICOM ʚ ʩʪʘʥʜʘʨʪʥʳʝ 

ʛʨʘʬʠʯʝʩʢʠʝ ʬʦʨʤʘʪʳ (JPEG, PNG) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ dicom2jpg. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚʝʙ-ʩʝʨʚʠʩ ʚʢʣʶʯʘʝʪ ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʴ, ʧʦʩʪʨʦʝʥʥʫʶ ʥʘ ʙʘʟʝ 

FastAPI, ʠ ʢʣʠʝʥʪʩʢʫʶ ʯʘʩʪʴ, ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ React. ʆʥ ʥʘʮʝʣʝʥ 

ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʩʥʠʞʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʥʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʝʛʤʝʥʪʘʮʠʷ, ʧʝʯʝʥʴ, ʂʊ-ʩʥʠʤʢʠ, ʛʣʫʙʦʢʦʝ 

ʦʙʫʯʝʥʠʝ, YOLOv11-seg, U-Net, SAM 2, 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʙʲʸʤ ʦʨʛʘʥʘ, ʦʙʣʘʢʦ 

ʪʦʯʝʢ, FastAPI, React, Docker, CLAHE, DICOM 
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Development of a web service for automatic segmentation of the 

liver on CT images 

Abstract. The article is devoted to the development and implementation of a web 

service for automatic liver segmentation on CT images. The main objective is to 

integrate modern segmentation methods, construct a 3D model and then calculate the 

organ volume with the ability to virtually cut the model for a detailed study of the 

anatomical structure in order to reduce data processing time and improve diagnostic 

accuracy. The article discusses the theoretical foundations of image segmentation, 

including the use of modern deep learning methods. Particular attention is paid to the 

YOLOv11-seg, U-Net and SAM 2 models, which were tested on the task of liver 

segmentation. The paper considers the construction of a three-dimensional liver model 

based on segmented CT images. To visualize the segmentation results, methods for 

constructing 3D models based on marching cubes and surface interpolation were used. 

The stages of data preprocessing are described, including converting the DICOM format 

to standard graphic formats (JPEG, PNG) using the dicom2jpg library. The developed 
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web service includes a server part built on the basis of FastAPI and a client part 

implemented using React. It is aimed at optimizing work processes in medical 

institutions, reducing the workload of specialists and improving the quality of 

diagnostics. 

Keywords: Automatic segmentation, liver, CT images, deep learning, YOLOv11-seg, 

U-Net, SAM 2, 3D modeling, organ volume, point cloud, FastAPI, React, Docker, 

CLAHE, DICOM 

 

1. ɺʚʝʜʝʥʠʝ 

ʄʝʜʠʮʠʥʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʠ 

ʣʝʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [1]. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ ʠ ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʨʘʯʘʤ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ 

ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʣʝʯʝʥʠʷ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʦʚ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ʘʥʘʣʠʟʘ 

ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʝʛʤʝʥʪʘʮʠʷ ʦʨʛʘʥʦʚ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ, ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʛʨʘʥʠʮʳ ʠ ʚʳʷʚʠʪʴ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʦʧʫʭʦʣʠ, ʚʦʩʧʘʣʝʥʠʷ ʠʣʠ 

ʧʦʚʨʝʞʜʝʥʠʷ ʪʢʘʥʝʡ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʩʢʦʨʝʥʠʶ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʦʚʳʰʝʥʠʶ ʝʸ ʪʦʯʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʦʰʠʙʢʠ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʫʯʥʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ, ʪʨʝʙʫʶʪ ʫʯʘʩʪʠʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʧʦʜʚʝʨʞʝʥʳ 

ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ ʠ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ. ʕʪʦ ʜʝʣʘʝʪ ʨʫʯʥʫʶ ʩʝʛʤʝʥʪʘʮʠʶ 

ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʛʦ ʧʦʪʦʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ 

ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʦʪʢʨʳʣʦ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

[19]. ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʪʘʢʠʝ ʢʘʢ YOLO, U-Net ʠ 

DeepLab, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ 

ʩʝʛʤʝʥʪʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʫʯʠʪʳʚʘʪʴ ʩʣʦʞʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ [2]. ʕʪʠ ʤʝʪʦʜʳ 

ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʦʙʲʝʢʪʦʚ, ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʥʝʯʝʪʢʠʭ ʛʨʘʥʠʮ ʠʣʠ 

ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʆʜʥʘʢʦ ʦʜʥʠʤ ʠʟ ʟʥʘʯʠʤʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʜʚʫʭʤʝʨʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ 

ʭʠʨʫʨʛʠʯʝʩʢʠʤ ʚʤʝʰʘʪʝʣʴʩʪʚʘʤ ʠ ʧʨʦʚʝʜʝʥʠʠ ʩʣʦʞʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ 

ʧʨʦʮʝʜʫʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʝʪʦʜʘʤ 3D-

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʨʛʘʥʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʬʦʨʤʠʨʦʚʘʪʴ ʪʦʯʥʳʝ ʤʦʜʝʣʠ 

ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʦʡʥʳʭ ʂʊ-ʩʥʠʤʢʦʚ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʩʝʨʚʠʩʘ, ʢʦʪʦʨʳʡ 

ʦʙʲʝʜʠʥʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʝʛʤʝʥʪʘʮʠʶ ʧʝʯʝʥʠ ʥʘ ʂʊ-ʩʥʠʤʢʘʭ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʩʪʨʦʝʥʠʝ ʝʸ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ. 3D-ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʚʧrʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʤʘʨʰʠʨʫʶʱʠʭ ʢʫʙʦʚ (Marching 

Cubes) ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʨʛʘʥʘ [7]. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʪʨʝʭʤʝʨʥʳʭ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʶʪʩʷ ʙʠʙʣʠʦʪʝʢʠ VTK ʠ PyVista, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʩ 3D-ʤʦʜʝʣʷʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʨʝʰʝʥʠʡ, ʠʭ ʚʥʝʜʨʝʥʠʝ ʚ ʤʝʜʠʮʠʥʩʢʫʶ ʧʨʘʢʪʠʢʫ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ 

ʚʳʟʦʚʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʪʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʠ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ 

ʥʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʩʝʛʤʝʥʪʘʮʠʠ [8]. ɺʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʦʨʤʘʪʦʚ, 

ʥʦʨʤʘʣʠʟʘʮʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ ʬʠʣʴʪʨʘʮʠʶ ʰʫʤʦʚ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ-ʪʨʝʪʴʠʭ, ʚʘʞʥʦ ʩʦʟʜʘʪʴ 

ʫʜʦʙʥʳʡ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʠʥʪʝʛʨʠʨʫʝʤʳʡ ʚ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʢʣʠʥʠʯʝʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʩʦʟʜʘʥʠʷ ʚʝʙ-

ʩʝʨʚʠʩʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʝʛʤʝʥʪʘʮʠʶ ʧʝʯʝʥʠ ʥʘ ʂʊ-

ʩʥʠʤʢʘʭ ʠ ʧʦʩʪʨʦʝʥʠʝ ʝʸ 3D-ʤʦʜʝʣʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʪʨʝʭʤʝʨʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʚʳʙʦʨ ʠ ʦʙʫʯʝʥʠʝ 

ʤʦʜʝʣʝʡ, ʨʘʟʨʘʙʦʪʢʫ ʩʝʨʚʝʨʥʦʡ ʠ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ 

ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ, ʦʪʢʨʳʚʘʷ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʩʝʨʚʠʩʘ, ʚʢʣʶʯʘʷ ʧʦʜʜʝʨʞʢʫ ʩʝʛʤʝʥʪʘʮʠʠ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʷʚʣʝʥʠʝ ʧʘʪʦʣʦʛʠʡ. 

 

2. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

2.1. ʉʝʛʤʝʥʪʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ 

ʉʝʛʤʝʥʪʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʚ 

ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʆʥʘ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʩʤʳʩʣʦʚʳʝ ʦʙʣʘʩʪʠ, ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʸʥʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʠʣʠ ʦʨʛʘʥʘʤ. ʕʪʦ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʂʊ, ʄʈʊ ʠʣʠ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʳʜʝʣʠʪʴ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ ʦʨʛʘʥʦʚ ʠʣʠ 

ʦʪʩʣʝʜʠʪʴ ʧʨʦʛʨʝʩʩ ʣʝʯʝʥʠʷ. 

ʌʦʨʤʘʣʴʥʦ ʩʝʛʤʝʥʪʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʜʘʯʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝʥʠʷ [5]. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ F, ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʠʟʦʙʨʘʞʝʥʠʝ I ʠ 

ʚʦʟʚʨʘʱʘʝʪ ʤʘʩʢʫ M: 
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F(I)=M, 

 

ʛʜʝ: 

 Å I ð ʚʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʧʠʢʩʝʣʝʡ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʷʨʢʦʩʪʠ ʠʣʠ ʮʚʝʪʘ. 

 Å M ð ʤʘʩʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ ʪʝʭ ʞʝ 

ʨʘʟʤʝʨʦʚ, ʯʪʦ ʠ I, ʥʦ ʛʜʝ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʩʦʜʝʨʞʠʪ ʤʝʪʢʫ ʢʣʘʩʩʘ, 

ʥʘʧʨʠʤʝʨ, 0 ʜʣʷ ʬʦʥʘ, 1 ʜʣʷ ʧʝʯʝʥʠ, 2 ʜʣʷ ʧʘʪʦʣʦʛʠʡ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʩʝʛʤʝʥʪʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ L, ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʝʪ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʧʨʝʜʩʢʘʟʘʥʥʦʡ ʤʘʩʢʦʡ  ʠ 

ʠʩʪʠʥʥʦʡ ʤʘʩʢʦʡ M [9]. ɼʣʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ, ʪʘʢʠʝ ʢʘʢ: 

 1. ɹʠʥʘʨʥʘʷ ʢʨʦʩʩ-ʵʥʪʨʦʧʠʷ: 

 

, 

 

ʛʜʝ  ð ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʣʘʩʩʘ ʜʣʷ ʧʠʢʩʝʣʷ , ʘ  ð ʧʨʝʜʩʢʘʟʘʥʥʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʵʪʦʤʫ ʢʣʘʩʩʫ. 

 2. Dice Loss: 

 

, 

 

ʛʜʝ: TP (True Positive) ð ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʧʠʢʩʝʣʝʡ 

ʢʣʘʩʩʘ, FP (False Positive) ð ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ, FN (False Negative) ð 

ʧʨʦʧʫʱʝʥʥʳʝ ʧʠʢʩʝʣʠ ʢʣʘʩʩʘ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ 

ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN), ʢʦʪʦʨʳʝ ʦʙʫʯʝʥʳ ʥʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ 

ʜʘʥʥʳʭ [3]. ʊʘʢʠʝ ʩʝʪʠ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʣʦʞʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʠʟʦʙʨʘʞʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʠʣʴʪʨʦʚ, ʢʦʪʦʨʳʝ 

ʚʳʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ, ʪʘʢʠʝ ʢʘʢ ʢʨʘʷ, ʪʝʢʩʪʫʨʳ ʠʣʠ ʬʦʨʤʳ 

ʦʙʲʝʢʪʦʚ. 

ʉʚʝʨʪʦʯʥʳʝ ʩʣʦʠ ʚʳʧʦʣʥʷʶʪ ʦʧʝʨʘʮʠʶ ʩʚʝʨʪʢʠ, ʢʦʪʦʨʘʷ ʬʦʨʤʘʣʴʥʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

 

, 

 

ʛʜʝ K ð ʷʜʨʦ ʩʚʝʨʪʢʠ (ʬʠʣʴʪʨ), ʘ F(i, j) ð ʟʥʘʯʝʥʠʝ ʧʠʢʩʝʣʷ ʥʘ ʚʳʭʦʜʝ 

ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʬʠʣʴʪʨʘ. 
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ɺ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʢʦʥʪʝʢʩʪʫʘʣʴʥʳʝ 

ʧʨʠʟʥʘʢʠ, ʪʘʢʠʝ ʢʘʢ ʬʦʨʤʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʨʛʘʥʦʚ. ʇʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʳʝ 

ʤʦʜʝʣʠ, ʪʘʢʠʝ ʢʘʢ U-Net, DeepLab ʠ YOLOv11-seg, ʠʥʪʝʛʨʠʨʫʶʪ 

ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʯʪʦʙʳ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʣʦʢʘʣʴʥʳʝ, ʪʘʢ ʠ 

ʛʣʦʙʘʣʴʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʚ ʠʟʦʙʨʘʞʝʥʠʠ [4]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʜʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ: 

 Å ʄʫʣʴʪʠʤʘʩʰʪʘʙʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʫʯʠʪʳʚʘʪʴ ʢʘʢ 

ʢʨʫʧʥʳʝ, ʪʘʢ ʠ ʤʝʣʢʠʝ ʜʝʪʘʣʠ. 

 Å ɼʠʣʘʪʘʮʠʦʥʥʳʝ ʩʚʝʨʪʢʠ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ ʦʙʣʘʩʪʴ 

ʚʦʩʧʨʠʷʪʠʷ ʤʦʜʝʣʠ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. 

 Å ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʳʝ ʧʫʣʠʥʛʦʚʳʝ ʩʣʦʠ (SPP), 

ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʧʨʠʟʥʘʢʠ ʥʘ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʛʤʝʥʪʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ, ʥʦ 

ʤʦʱʥʦʡ ʟʘʜʘʯʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʛʜʝ 

ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ. ɺ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʦʧʠʩʘʥʳ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʜʝʣʝʡ, 

ʩʧʝʮʠʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʧʝʯʝʥʠ ʥʘ 

ʂʊ-ʩʥʠʤʢʘʭ. 

 

2.2. ɸʨʭʠʪʝʢʪʫʨʳ ʤʦʜʝʣʝʡ 
 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʥʘʣʠʟʘ 

ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ 

ʤʦʜʝʣʠ U-Net, YOLOv11n-seg, YOLOv11s-seg, SAM 2 ʠ Segment-anything. 

ʂʘʞʜʘʷ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ. 

 

U-Net 

 

U-Net ð ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʤʘʣʳʭ ʥʘʙʦʨʘʭ 

ʜʘʥʥʳʭ [6, 9, 10, 14]. ɸʨʭʠʪʝʢʪʫʨʘ U-Net ʦʩʥʦʚʘʥʘ ʥʘ encoder-decoder 

ʧʦʜʭʦʜʝ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʢʘʢ ʣʦʢʘʣʴʥʳʝ, ʪʘʢ ʠ ʛʣʦʙʘʣʴʥʳʝ 

ʧʨʠʟʥʘʢʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

1. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ: 

ǒ Encoder (ʢʦʜʠʨʦʚʱʠʢ): ʠʟʚʣʝʢʘʝʪ ʧʨʠʟʥʘʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʧʨʠʤʝʥʷʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʚʝʨʪʦʯʥʳʝ ʩʣʦʠ ʠ ʦʧʝʨʘʮʠʠ ʧʫʣʠʥʛʘ. ʕʪʦ 

ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʦʭʨʘʥʷʷ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ǒ Decoder (ʜʝʢʦʜʠʨʦʚʱʠʢ): ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʨʘʟʤʝʨʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʳʝ ʩʚʝʨʪʢʠ. ʅʘ 

ʵʪʘʧʝ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʨʠʟʥʘʢʠ ʠʟ encoder ʯʝʨʝʟ skip 
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connections (ʧʨʦʧʫʩʢʠ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ. 

2. ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ǒ ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ: ʤʦʜʝʣʴ ʧʦʢʘʟʳʚʘʝʪ ʦʪʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʞʝ 

ʥʘ ʥʝʙʦʣʴʰʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ. 

ǒ ɻʠʙʢʦʩʪʴ: U-Net ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, 

ʚʢʣʶʯʘʷ ʤʝʜʠʮʠʥʩʢʫʶ ʩʝʛʤʝʥʪʘʮʠʶ. 

3. ʆʛʨʘʥʠʯʝʥʠʷ: 

ǒ ʉʣʦʞʥʦʩʪʠ ʩ ʢʨʫʧʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ: ʩʪʘʥʜʘʨʪʥʘʷ ʚʝʨʩʠʷ U-

Net ʤʦʞʝʪ ʙʳʪʴ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ǒ ɺʳʙʦʨ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ: ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

 

YOLOv 11n-seg ʠ YOLOv 11s-seg 

YOLOv11n-seg ʠ YOLOv11s-seg ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʣʫʯʰʝʥʥʳʝ 

ʚʝʨʩʠʠ ʤʦʜʝʣʠ YOLO, ʩʧʝʮʠʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʜʣʷ ʟʘʜʘʯ ʩʝʛʤʝʥʪʘʮʠʠ 

[11]. ʕʪʠ ʤʦʜʝʣʠ ʩʦʯʝʪʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʪʝʢʮʠʠ ʦʙʲʝʢʪʦʚ ʠ ʠʭ 

ʩʝʛʤʝʥʪʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ. 

1. YOLOv11n-seg: 

ǒ ʕʪʘ ʚʝʨʩʠʷ ʤʦʜʝʣʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ǒ ʊʦʯʥʦʩʪʴ: ʤʦʜʝʣʴ ʜʦʩʪʠʛʣʘ IoU 94%, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʵʬʬʝʢʪʠʚʥʳʤ 

ʨʝʰʝʥʠʝʤ ʜʣʷ ʟʘʜʘʯ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʙʘʣʘʥʩ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ. 

2. YOLOv11s-seg: 

ǒ ʄʦʜʝʣʴ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʦʯʥʦʩʪʠ ʟʘ ʩʯʸʪ 

ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ǒ ʊʦʯʥʦʩʪʴ: IoU 96%, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ 

ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʩʝʛʤʝʥʪʘʮʠʠ. 

3. ʇʨʝʠʤʫʱʝʩʪʚʘ YOLOv11-ʩʝʛʤʝʥʪʘʮʠʠ: 

ǒ ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ: ʙʣʘʛʦʜʘʨʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ YOLO ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. 

ǒ ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ: ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʴ, ʧʦʟʚʦʣʷʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʜʝʪʝʢʮʠʶ ʠ ʩʝʛʤʝʥʪʘʮʠʶ ʦʙʲʝʢʪʦʚ. 

4. ʆʛʨʘʥʠʯʝʥʠʷ: 

ǒ ʊʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ. 

ǒ ʄʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʢʘʯʝʩʪʚʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʥʘʧʨʠʤʝʨ, ʢ ʰʫʤʫ ʠʣʠ ʥʠʟʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ. 

 

SAM 2 

 

SAM 2 (Segmentation Anything Model ʚʝʨʩʠʠ 2) ð ʫʥʠʚʝʨʩʘʣʴʥʘʷ 

ʤʦʜʝʣʴ, ʦʙʫʯʝʥʥʘʷ ʥʘ ʦʙʰʠʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 
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ʟʘʜʘʯ ʩʝʛʤʝʥʪʘʮʠʠ [20]. ʆʥʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʛʝʥʝʨʘʣʠʟʘʮʠʶ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʦʙʫʯʝʥʠʷ. 

1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ǒ ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ: ʤʦʜʝʣʴ ʩʧʦʩʦʙʥʘ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʢʣʶʯʘʷ ʤʝʜʠʮʠʥʩʢʠʝ, ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʘʜʘʧʪʘʮʠʠ. 

ǒ ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ: SAM 2 ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʩʝʛʤʝʥʪʠʨʫʝʪ ʦʙʲʝʢʪʳ, ʠʩʧʦʣʴʟʫʷ ʦʙʫʯʝʥʥʳʝ ʧʨʠʟʥʘʢʠ. 

2. ʊʦʯʥʦʩʪʴ: 

ǒ ɺ ʢʦʥʪʝʢʩʪʝ ʩʝʛʤʝʥʪʘʮʠʠ ʧʝʯʝʥʠ ʤʦʜʝʣʴ ʧʦʢʘʟʘʣʘ IoU 83%, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʸ ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ. 

3. ʆʛʨʘʥʠʯʝʥʠʷ: 

ǒ ʅʠʟʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘ ʩʧʝʮʠʬʠʯʥʳʭ ʟʘʜʘʯʘʭ. 

ǒ ʆʛʨʘʥʠʯʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʢ ʤʝʜʠʮʠʥʩʢʠʤ ʜʘʥʥʳʤ. 

 

Segment-anything 

 

Segment-anything ð ʝʱʸ ʦʜʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʩʝʛʤʝʥʪʘʮʠʠ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ. ʆʥʘ ʩʦʯʝʪʘʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʠ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʩʝʛʤʝʥʪʘʮʠʶ, ʧʦʟʚʦʣʷʷ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʫʪʦʯʥʷʪʴ ʨʝʟʫʣʴʪʘʪʳ. 

1. ʆʩʦʙʝʥʥʦʩʪʠ: 

ǒ ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ: ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʚʨʫʯʥʫʶ ʫʢʘʟʳʚʘʪʴ 

ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʝʛʤʝʥʪʘʮʠʠ. 

ǒ ɻʠʙʢʦʩʪʴ: ʤʦʜʝʣʴ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʨʘʟʥʳʤ ʪʠʧʘʤ ʠʟʦʙʨʘʞʝʥʠʡ. 

2. ʊʦʯʥʦʩʪʴ: 

ǒ ʄʦʜʝʣʴ ʧʦʢʘʟʘʣʘ IoU 86% ʧʨʠ ʩʝʛʤʝʥʪʘʮʠʠ ʧʝʯʝʥʠ, ʯʪʦ ʚʳʰʝ, 

ʯʝʤ ʫ SAM 2, ʥʦ ʫʩʪʫʧʘʝʪ YOLOv11-ʩʝʛʤʝʥʪʘʮʠʠ. 

3. ʆʛʨʘʥʠʯʝʥʠʷ: 

ǒ ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: ʰʫʤ ʠʣʠ ʥʠʟʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠ. 

ǒ ʊʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

3. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 
 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʩʠʩʪʝʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʂʦʨʨʝʢʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʤʦʜʝʣʝʡ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ [12]. 
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3.1. ʈʘʙʦʪʘ ʩ ʬʦʨʤʘʪʦʤ DICOM 

 

ʌʦʨʤʘʪ DICOM (Digital Imaging and Communications in Medicine) 

ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ɽʛʦ ʧʦʧʫʣʷʨʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʦʥ ʩʦʯʝʪʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʩ ʤʝʪʘʠʥʬʦʨʤʘʮʠʝʡ, ʩʦʜʝʨʞʘʱʝʡ ʚʘʞʥʳʝ ʜʘʥʥʳʝ: 

ǒ ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʘʮʠʝʥʪʝ (ʠʤʷ, ʚʦʟʨʘʩʪ, ʧʦʣ, ʫʥʠʢʘʣʴʥʳʡ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ). 

ǒ ʇʘʨʘʤʝʪʨʳ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʪʠʧ ʘʧʧʘʨʘʪʘ, ʥʘʩʪʨʦʡʢʠ ʩʲʝʤʢʠ). 

ǒ ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ (ʨʘʟʨʝʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʤʘʩʰʪʘʙ). 

DICOM ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤʘʭ ʤʝʜʠʮʠʥʩʢʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʚʢʣʶʯʘʷ ʂʊ, ʄʈʊ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʘʧʧʘʨʘʪʳ. ʆʜʥʘʢʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʬʦʨʤʘʪ DICOM ʩʣʦʞʝʥ ʜʣʷ ʧʨʷʤʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʤʦʜʝʣʠ ʪʨʝʙʫʶʪ 

ʜʘʥʥʳʭ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʬʦʨʤʘʪʘʭ, ʪʘʢʠʭ ʢʘʢ JPEG ʠʣʠ PNG. 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ DICOM-ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʫʜʦʙʥʳʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʬʦʨʤʘʪʳ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʠʙʣʠʦʪʝʢʘ dicom2jpg. 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ: 

1. ʏʪʝʥʠʝ ʬʘʡʣʘ DICOM ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ dicom2jpg. 

2. ʀʟʚʣʝʯʝʥʠʝ ʤʘʪʨʠʮʳ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʩʝʣʝʡ. 

3. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʚ ʠʟʦʙʨʘʞʝʥʠʝ ʬʦʨʤʘʪʘ JPEG ʠʣʠ PNG. 

4. ʉʦʭʨʘʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ dicom2jpg ʫʧʨʦʱʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ 

ʩ ʤʦʜʝʣʷʤʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʜʝʣʘʝʪ ʠʭ ʩʦʚʤʝʩʪʠʤʳʤʠ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʘʥʘʣʠʟʘ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʷʪʴ ʧʨʝʜʦʙʨʘʙʦʪʢʫ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʢʣʶʯʘʷ ʥʦʨʤʘʣʠʟʘʮʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ ʬʠʣʴʪʨʘʮʠʶ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ dicom2jpg: 

ǒ ʇʦʜʜʝʨʞʢʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʬʦʨʤʘʪʦʚ ʚʳʚʦʜʘ. 

ǒ ʉʦʭʨʘʥʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ. 

ǒ ʇʨʦʩʪʦʪʘ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʘʤʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʆʜʥʘʢʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʟ DICOM ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ 

ʘʨʪʝʬʘʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ. 

3.2. ʅʦʨʤʘʣʠʟʘʮʠʷ ʠ ʫʣʫʯʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ DICOM-ʠʟʦʙʨʘʞʝʥʠʡ ʚ JPEG/PNG ʜʘʥʥʳʝ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ. 

ʕʪʦ ʚʢʣʶʯʘʣʦ ʥʦʨʤʘʣʠʟʘʮʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʩʝʣʝʡ, ʘʜʘʧʪʠʚʥʦʝ 

ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʰʫʤʦʚ. 

1. ʅʦʨʤʘʣʠʟʘʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʩʝʣʝʡ: 

ǒ ʎʝʣʴ ʥʦʨʤʘʣʠʟʘʮʠʠ ð ʧʨʠʚʝʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʩʝʣʝʡ ʢ 

ʜʠʘʧʘʟʦʥʫ [0, 1] ʠʣʠ [0, 255], ʯʪʦ ʫʧʨʦʱʘʝʪ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʤʦʜʝʣʴʶ. 
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ǒ ʅʦʨʤʘʣʠʟʘʮʠʷ ʫʩʪʨʘʥʷʝʪ ʚʘʨʠʘʮʠʠ ʚ ʷʨʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʚʳʟʚʘʥʥʳʝ ʨʘʟʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠ ʜʝʣʘʝʪ ʜʘʥʥʳʝ ʙʦʣʝʝ 

ʦʜʥʦʨʦʜʥʳʤʠ. 

2. ɸʜʘʧʪʠʚʥʦʝ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝ (CLAHE): 

ǒ CLAHE (Contrast Limited Adaptive Histogram Equalization)  

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʟʣʠʯʠʤʦʩʪʠ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ. 

ǒ ʊʨʘʜʠʮʠʦʥʥʦʝ ʛʠʩʪʦʛʨʘʤʤʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦ 

ʚʩʝʤʫ ʠʟʦʙʨʘʞʝʥʠʶ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʩʠʣʝʥʠʶ ʰʫʤʘ. CLAHE, 

ʥʘʧʨʦʪʠʚ, ʨʘʙʦʪʘʝʪ ʩ ʣʦʢʘʣʴʥʳʤʠ ʦʙʣʘʩʪʷʤʠ, ʘʜʘʧʪʠʨʫʷʩʴ ʢ ʠʭ 

ʩʦʜʝʨʞʠʤʦʤʫ, ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʫʩʠʣʝʥʠʝ ʢʦʥʪʨʘʩʪʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʘʨʪʝʬʘʢʪʦʚ. 

ǒ ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʛʜʝ ʜʝʪʘʣʠ 

ʚ ʩʚʝʪʣʳʭ ʠ ʪʝʤʥʳʭ ʦʙʣʘʩʪʷʭ ʤʦʛʫʪ ʙʳʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ. 

3. ʋʜʘʣʝʥʠʝ ʰʫʤʦʚ: 

ǒ ʄʝʜʠʮʠʥʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ ʰʫʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ 

ʠʟ-ʟʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʧʘʨʘʤʝʪʨʦʚ ʩʲʝʤʢʠ. ɼʣʷ ʠʭ ʫʩʪʨʘʥʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʠʣʴʪʨʳ, ʪʘʢʠʝ ʢʘʢ: 

ǒ ɻʘʫʩʩʦʚ ʬʠʣʴʪʨ: ʩʛʣʘʞʠʚʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ, ʫʤʝʥʴʰʘʷ ʤʝʣʢʠʝ 

ʰʫʤʳ. 

ǒ ʄʝʜʠʘʥʥʳʡ ʬʠʣʴʪʨ: ʫʜʘʣʷʝʪ ʚʳʙʨʦʩʳ, ʩʦʭʨʘʥʷʷ ʛʨʘʥʠʮʳ 

ʦʙʲʝʢʪʦʚ. 

4. ʉʞʘʪʠʝ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ: 

ǒ ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʞʠʤʘʣʠʩʴ 

ʜʦ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʩʦʚʤʝʩʪʠʤʦʛʦ ʩ ʚʭʦʜʥʳʤʠ ʩʣʦʷʤʠ ʤʦʜʝʣʠ. 

ǒ ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʦʭʨʘʥʷʣʦ ʧʨʦʧʦʨʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ 

ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʠʩʢʘʞʝʥʠʝ ʬʦʨʤʳ ʦʙʲʝʢʪʦʚ. 

ʕʪʘʧ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʜʝʣʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʨʤʘʪʘ DICOM 

ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʤʘʢʩʠʤʫʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʜʝʣʘʶʪ ʜʘʥʥʳʝ ʩʦʚʤʝʩʪʠʤʳʤʠ ʩ 

ʘʨʭʠʪʝʢʪʫʨʘʤʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ [13]. ʇʦʜʭʦʜʳ, ʧʨʠʤʝʥʸʥʥʳʝ ʚ ʨʘʤʢʘʭ 

ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʜʦʢʘʟʘʣʠ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʦʚʳʩʠʚ ʢʘʯʝʩʪʚʦ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ. 

4. ʄʝʪʦʜʳ ʠ ʤʦʜʝʣʠ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ 

ʟʘʜʘʯʝ ʩʝʛʤʝʥʪʘʮʠʠ ʧʝʯʝʥʠ ʥʘ ʂʊ-ʩʥʠʤʢʘʭ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʭ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. 

4.1. YOLOv11-seg 

YOLOv11-seg ð ʵʪʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ YOLO, 

ʦʙʲʝʜʠʥʷʶʱʘʷ ʜʝʪʝʢʮʠʶ ʦʙʲʝʢʪʦʚ ʠ ʩʝʛʤʝʥʪʘʮʠʶ. ɽʸ ʢʣʶʯʝʚʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ð ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʯʪʦ ʜʝʣʘʝʪ ʤʦʜʝʣʴ ʧʦʜʭʦʜʷʱʝʡ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 
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ǒ YOLOv11n-seg: ʚʝʨʩʠʷ ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʯʠʩʣʦʤ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʨʘʙʦʪʳ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʇʦʢʘʟʘʣʘ ʪʦʯʥʦʩʪʴ IoU 94%. 

ǒ YOLOv11s-seg: ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʚʝʨʩʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʥʘʠʚʳʩʰʫʶ ʪʦʯʥʦʩʪʴ ʩʨʝʜʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ð IoU 96%. 

4.2. U-Net 

U-Net ð ʢʣʘʩʩʠʯʝʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ encoder-decoder ʩʪʨʫʢʪʫʨʝ [15]. ʆʥʘ ʩʦʯʝʪʘʝʪ ʠʟʚʣʝʯʝʥʠʝ 

ʧʨʠʟʥʘʢʦʚ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʄʦʜʝʣʴ ʧʦʢʘʟʘʣʘ ʩʪʘʙʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʪʦʯʥʦʩʪʴʶ IoU 91%. 

4.3. SAM 2 

SAM 2 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʩʧʝʮʠʬʠʯʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʚ 

ʟʘʜʘʯʝ ʩʝʛʤʝʥʪʘʮʠʠ ʧʝʯʝʥʠ ʝʸ ʪʦʯʥʦʩʪʴ ʦʢʘʟʘʣʘʩʴ ʦʛʨʘʥʠʯʝʥʥʦʡ ð IoU 

83%. 

4.4. Segment-anything 

Segment-anything ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʙʨʠʜʥʫʶ ʤʦʜʝʣʴ ʩ 

ʧʦʜʜʝʨʞʢʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ. ɽʸ ʪʦʯʥʦʩʪʴ ʚ 

ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʩʦʩʪʘʚʠʣʘ IoU 86%, ʯʪʦ ʚʳʰʝ SAM 2, ʥʦ ʫʩʪʫʧʘʝʪ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʤʦʜʝʣʷʤ. 

4.5. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʅʘ ʛʨʘʬʠʢʝ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʝʣʝʡ ʧʦ ʤʝʪʨʠʢʝ IoU (Intersection over Union). ʅʘ ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʯʪʦ 

YOLOv11s-seg ʜʦʩʪʠʛʣʘ ʥʘʠʚʳʩʰʝʡ ʪʦʯʥʦʩʪʠ ʩʨʝʜʠ ʚʩʝʭ ʤʦʜʝʣʝʡ. 

ʈʠʩ. 1 ʉʨʘʚʥʝʥʠʝ ʤʦʜʝʣʝʡ ʩʝʛʤʝʥʪʘʮʠʠ 

 

5. ʇʦʩʪʨʦʝʥʠʝ 3D ʄʦʜʝʣʠ 
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ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʝʯʝʥʠ ʥʘ ʦʩʥʦʚʝ 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʂʊ-ʩʥʠʤʢʦʚ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

Marching Cubes 

ʄʝʪʦʜ (Marching Cubes) ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ 

ʧʦʩʪʨʦʝʥʠʷ 3D-ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʚʦʢʩʝʣʴʥʳʭ ʜʘʥʥʳʭ [16]. ʆʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠʟ ʥʘʙʦʨʘ 

ʜʚʫʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʛʤʝʥʪʘʮʠʠ. ʆʩʥʦʚʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ð ʚʳʩʦʢʘʷ ʜʝʪʘʣʠʟʘʮʠʷ ʩʦʟʜʘʚʘʝʤʳʭ ʤʦʜʝʣʝʡ ʧʨʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. 

Marching Cubes (ʩʪʘʥʜʘʨʪʥʘʷ ʚʝʨʩʠʷ): 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʫʶ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʤʦʞʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʠʛʦʥʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ 

ʥʘ ʩʠʩʪʝʤʫ. 

Marching Cubes (ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʚʝʨʩʠʷ ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʤʘʣʳʭ 

ʦʙʲʝʢʪʦʚ): 

ʇʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʠʛʦʥʦʚ ʠ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ 

ʚʠʟʫʘʣʠʟʘʮʠʠ. 

Poisson Surface Reconstruction 

ʄʝʪʦʜ Poisson Surface Reconstruction ʦʩʥʦʚʘʥ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʥʦʨʤʘʣʴʥʳʤ ʚʝʢʪʦʨʘʤ ʪʦʯʝʢ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʛʣʘʞʠʚʘʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʰʫʤʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʦʣʝʟʥʳʤ ʧʨʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʣʦʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʝʯʝʥʠ. 

ǒ Poisson Surface Reconstruction (ʛʣʫʙʠʥʘ 8): ʇʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʩʛʣʘʞʝʥʥʳʝ ʤʦʜʝʣʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʘʨʪʝʬʘʢʪʘʤʠ, ʥʦ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ǒ Poisson Surface Reconstruction (ʛʣʫʙʠʥʘ 6, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ 

ʚʝʨʩʠʷ): ɹʘʣʘʥʩʠʨʫʝʪ ʢʘʯʝʩʪʚʦ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ 

ʛʝʥʝʨʘʮʠʠ ʤʦʜʝʣʠ. 

Delaunay Triangulation 

ʄʝʪʦʜ ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʩʝʪʦʢ. ʆʥ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʘʜʘʧʪʠʚʥʦʡ ʛʝʥʝʨʘʮʠʠ ʤʦʜʝʣʝʡ ʩ ʫʯʝʪʦʤ 

ʧʣʦʪʥʦʩʪʠ ʪʦʯʝʢ, ʥʦ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʠʟʙʳʪʦʯʥʳʝ ʧʦʣʠʛʦʥʳ ʚ ʦʙʣʘʩʪʷʭ ʩ 

ʚʳʩʦʢʦʡ ʜʝʪʘʣʠʟʘʮʠʝʡ. 

ǒ Delaunay Triangulation (ʧʣʦʪʥʦʩʪʴ 1.0): ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʜʝʪʘʣʠʟʘʮʠʶ, ʥʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʩʪʦʙʨʘʙʦʪʢʠ. 

ǒ Delaunay Triangulation (ʩ ʫʧʨʦʱʝʥʠʝʤ ʩʝʪʢʠ): ʇʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʠʛʦʥʦʚ, ʩʦʭʨʘʥʷʷ ʦʩʥʦʚʥʳʝ ʘʥʘʪʦʤʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʧʝʯʝʥʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
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ʈʠʩ. 2 ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʝ 3D ʤʦʜʝʣʠ 

 

ʅʘ ʛʨʘʬʠʢʝ ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ 3D-ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʤʝʪʨʠʢʝ SSD (Sum of Squared Differences), 

ʢʦʪʦʨʘʷ ʦʮʝʥʠʚʘʝʪ ʦʪʢʣʦʥʝʥʠʝ 3D-ʤʦʜʝʣʠ ʦʪ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ, ʤʳ ʨʝʰʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ï ʧʦʩʪʨʦʝʥʠʝ 3D-ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʦʙʣʘʢʘ ʪʦʯʝʢ 

[17]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʦʩʣʝ ʵʪʘʧʘ ʩʝʛʤʝʥʪʘʮʠʠ 

ʚʳʜʝʣʷʶʪʩʷ ʢʣʶʯʝʚʳʝ ʪʦʯʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʛʨʘʥʠʮʳ ʧʝʯʝʥʠ. ʕʪʠ 

ʪʦʯʢʠ ʬʦʨʤʠʨʫʶʪ ʦʙʣʘʢʦ, ʦʪʨʘʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʘ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: 

ǒ ɺʳʩʦʢʘʷ ʜʝʪʘʣʠʟʘʮʠʷ: ʆʙʨʘʙʦʪʢʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦʟʚʦʣʷʝʪ 

ʩʦʭʨʘʥʠʪʴ ʤʝʣʢʠʝ ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ 

ʪʦʯʥʦʛʦ ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ǒ ɻʠʙʢʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ: ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʩʝʪʦʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ (ʥʘʧʨʠʤʝʨ, ʤʘʨʰʠʨʫʶʱʠʭ ʢʫʙʦʚ), ʦʙʣʘʢʦ ʪʦʯʝʢ 

ʜʦʧʫʩʢʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ (ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʚ 

Delaunay-ʪʨʠʘʥʛʫʣʷʮʠʠ ʠʣʠ Poisson-ʨʝʢʦʥʩʪʨʫʢʮʠʠ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʣʘʚʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʩʣʦʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ǒ ʊʦʯʥʦʩʪʴ ʨʘʩʯʸʪʘ ʦʙʲʸʤʘ: ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʨʘʩʯʸʪʳ, ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʷ ʦʙʲʸʤ 

ʧʝʯʝʥʠ ʩ ʫʯʸʪʦʤ ʝʸ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʬʠʣʴʪʨʘʮʠʠ ʠ 

ʠʥʪʝʨʧʦʣʷʮʠʠ, ʢʦʪʦʨʳʡ ʥʝ ʪʦʣʴʢʦ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪ ʥʝʧʨʝʨʳʚʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʨʛʘʥʘ, ʥʦ ʠ ʬʦʨʤʠʨʫʝʪ ʢʦʨʨʝʢʪʥʫʶ ʧʦʣʠʛʦʥʘʣʴʥʫʶ ʩʝʪʢʫ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʚʠʨʪʫʘʣʴʥʦʝ 

ʨʘʟʨʝʟʘʥʠʝ ʤʦʜʝʣʠ ʧʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʩʷʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʭʠʨʫʨʛʠʯʝʩʢʠʤ ʚʤʝʰʘʪʝʣʴʩʪʚʘʤ. 
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6. ʈʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʩʝʨʚʠʩʘ 
 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʚʝʙ-ʩʝʨʚʠʩ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ 

ʤʦʜʫʣʝʡ: 

ǒ ʉʝʛʤʝʥʪʘʮʠʷ ʧʝʯʝʥʠ ʥʘ ʂʊ-ʩʥʠʤʢʘʭ: ʀʥʪʝʛʨʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ 

ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ǒ ʇʦʩʪʨʦʝʥʠʝ 3D-ʤʦʜʝʣʠ: ʉʝʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʠʟ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʘʷ 

3D-ʤʦʜʝʣʴ ʧʝʯʝʥʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦ 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʤʦʜʝʣʴ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʚʨʘʱʝʥʠʝ ʠ 

ʘʥʘʣʠʟ ʩʣʦʞʥʳʭ ʫʯʘʩʪʢʦʚ ʦʨʛʘʥʘ. ʈʘʩʯʸʪ ʦʙʲʸʤʘ ʦʨʛʘʥʘ: ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʦʙʲʸʤʘ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʡ ʠʣʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. 

 

ǒ ɺʠʨʪʫʘʣʴʥʦʝ ʨʘʟʨʝʟʘʥʠʝ ʤʦʜʝʣʠ: ʄʦʜʫʣʴ ʨʘʟʨʝʟʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʩʝʯʝʥʠʷ ʤʦʜʝʣʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʩʷʤ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʧʝʯʝʥʠ. 

ʉʝʨʚʠʩ ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʩʝʨʚʝʨʥʦʡ 

ʧʣʘʪʬʦʨʤʳ FastAPI ʠ ʢʣʠʝʥʪʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ React, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ 

(Docker) ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʝʨʚʠʩ ʧʦʜ 

ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʠ ʥʘʛʨʫʟʢʠ [18]. 

ʇʨʦʚʝʜʸʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʧʦʩʪʨʦʝʥʠʷ 3D-

ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʘ ʚʝʙ-ʩʝʨʚʠʩʘ ʟʘ ʩʯʸʪ ʧʦʜʜʝʨʞʢʠ ʩʝʛʤʝʥʪʘʮʠʠ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʧʘʪʦʣʦʛʠʡ ʠ ʠʥʪʝʛʨʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʜʣʷ ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

7. ɿʘʢʣʶʯʝʥʠʝ 
 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚʝʙ-ʩʝʨʚʠʩ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʧʝʯʝʥʠ ʥʘ ʂʊ-ʩʥʠʤʢʘʭ ʠ ʧʦʩʪʨʦʝʥʠʷ ʝʸ 

ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ. ɼʘʥʥʳʡ ʩʝʨʚʠʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, 

ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʫʶ 

ʧʨʘʢʪʠʢʫ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʢʣʶʯʘʶʪ: 

ǒ ɼʦʩʪʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʜʦ 96% (ʧʦ ʤʝʪʨʠʢʝ IoU). 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʜʝʣʠ YOLOv11s-seg ʧʦʟʚʦʣʠʣʦ 

ʜʦʩʪʠʯʴ ʪʦʯʥʦʩʪʠ ʩʝʛʤʝʥʪʘʮʠʠ ʜʦ 96% ʧʦ ʤʝʪʨʠʢʝ IoU. ʊʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʜʸʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʚ ʚʳʜʝʣʝʥʠʠ ʧʝʯʸʥʦʯʥʦʡ ʪʢʘʥʠ ʜʘʞʝ 

ʧʨʠ ʥʘʣʠʯʠʠ ʩʣʦʞʥʳʭ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʰʫʤʦʚʳʭ 

ʘʨʪʝʬʘʢʪʦʚ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ǒ ʀʥʪʝʛʨʘʮʠʷ ʚʝʙ-ʩʝʨʚʠʩʘ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʩʝʨʚʠʩʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʙʘʟʝ FastAPI, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʘ 

ʢʣʠʝʥʪʩʢʘʷ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ React, ʧʦʟʚʦʣʷʷ ʩʦʟʜʘʪʴ ʠʥʪʫʠʪʠʚʥʦ 

ʧʦʥʷʪʥʳʡ ʠ ʜʦʩʪʫʧʥʳʡ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ 

ʚʥʝʜʨʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ. 

ǒ ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʟ ʬʦʨʤʘʪʘ DICOM 

ʚ JPEG/PNG  

ʈʝʘʣʠʟʦʚʘʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠʟ 

ʬʦʨʤʘʪʘ DICOM ʚ JPEG/PNG ʧʦʩʨʝʜʩʪʚʦʤ ʙʠʙʣʠʦʪʝʢʠ dicom2jpg. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʩʦʭʨʘʥʷʝʪ ʠʩʭʦʜʥʦʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ 

ʧʦʜʛʦʪʦʚʢʫ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ. 

ǒ ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʫʣʷ 3D-ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʝʯʝʥʠ 

ʉʝʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʘʷ 3D-ʤʦʜʝʣʴ ʧʝʯʝʥʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʤʦʜʝʣʴ, ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʚʨʘʱʝʥʠʝ ʠ ʘʥʘʣʠʟ ʩʣʦʞʥʳʭ ʫʯʘʩʪʢʦʚ ʦʨʛʘʥʘ. 

ǒ ɺʠʟʫʘʣʠʟʘʮʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʧʝʯʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʙʣʠʦʪʝʢ VTK ʠ PyVista, ʯʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʨʘʯʘʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʘʥʘʪʦʤʠʠ 

ʧʘʮʠʝʥʪʘ. 

ǒ ʈʝʘʣʴʥʦʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʝʨʚʠʩʘ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʩʝʛʤʝʥʪʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʧʨʠʤʝʥʠʤʳʤ ʚ ʧʦʪʦʢʦʚʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʛʜʝ ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʛʨʘʝʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʨʦʣʴ. ɺʥʝʜʨʝʥʠʝ ʤʦʜʫʣʷ 3D-

ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʨʚʠʩʘ, ʧʦʟʚʦʣʷʷ ʥʝ ʪʦʣʴʢʦ 

ʩʝʛʤʝʥʪʠʨʦʚʘʪʴ ʦʨʛʘʥ, ʥʦ ʠ ʩʪʨʦʠʪʴ ʝʛʦ ʪʦʯʥʫʶ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ, ʯʪʦ 

ʧʦʣʝʟʥʦ ʜʣʷ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʝʡ ʠ 

ʤʝʜʠʮʠʥʩʢʠʭ ʩʠʤʫʣʷʮʠʡ. 

ʅʘʧʨʘʚʣʝʥʠʷ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ 
 

ʈʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʩʝʨʚʠʩʘ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʥʪʝʛʨʘʮʠʠ: 

ǒ ʈʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʩʠʩʪʝʤʳ ʜʣʷ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ.  
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ʇʣʘʥʠʨʫʝʪʩʷ ʘʜʘʧʪʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 

ʩʝʛʤʝʥʪʘʮʠʠ ʠ 3D-ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʪʦʣʴʢʦ ʧʝʯʝʥʠ, ʥʦ ʠ ʜʨʫʛʠʭ ʞʠʟʥʝʥʥʦ 

ʚʘʞʥʳʭ ʦʨʛʘʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʣʸʛʢʠʝ, ʩʝʨʜʮʝ ʠ ʛʦʣʦʚʥʦʡ ʤʦʟʛ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʩʦʟʜʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ 

ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ǒ ʆʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʧʦʩʪʦʙʨʘʙʦʪʢʠ 3D-ʤʦʜʝʣʝʡ  

ɺʥʝʜʨʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʩʛʣʘʞʠʚʘʥʠʷ, ʫʜʘʣʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ ʠ 

ʫʣʫʯʰʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʝʱʸ ʙʦʣʝʝ ʪʦʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ 

ʩʥʠʞʝʥʠʝ ʚʣʠʷʥʠʷ ʰʫʤʦʚʳʭ ʬʘʢʪʦʨʦʚ. 

ǒ ʀʥʪʝʛʨʘʮʠʷ ʩ ʤʝʜʠʮʠʥʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ (PACS)  

ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʝʡ ʜʣʷ ʙʝʩʰʦʚʥʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʚʝʙ-ʩʝʨʚʠʩʘ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʭʨʘʥʝʥʠʷ ʠ ʦʙʤʝʥʘ 

ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ (PACS). ʕʪʦ ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʫʩʢʦʨʠʪ ʜʠʘʛʥʦʩʪʠʢʫ. 

ǒ ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʝʡ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʠ 

ʩʝʛʤʝʥʪʘʮʠʠ ʧʘʪʦʣʦʛʠʡ  

ɺ ʙʫʜʫʱʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʷʚʣʷʪʴ ʠ 

ʩʝʛʤʝʥʪʠʨʦʚʘʪʴ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʦʧʫʭʦʣʠ, ʤʝʪʘʩʪʘʟʳ 

ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. ʊʘʢʦʡ ʬʫʥʢʮʠʦʥʘʣ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʩʝʨʚʠʩʘ ʠ ʧʦʤʦʞʝʪ ʚ ʨʘʥʥʝʤ ʦʙʥʘʨʫʞʝʥʠʠ 

ʟʘʙʦʣʝʚʘʥʠʡ. 

ǒ ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʘʜʘʧʪʠʚʥʦʡ 3D-ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʘʜʘʧʪʠʚʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʘʮʠʝʥʪʦʚ, ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʘʥʘʣʠʟ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʘʣʛʦʨʠʪʤʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʘʥʘʪʦʤʠʠ ʠ 

ʢʣʠʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚʝʙ-ʩʝʨʚʠʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʧʝʯʝʥʠ ʠ ʧʦʩʪʨʦʝʥʠʠ ʝʸ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʜʪʚʝʨʞʜʸʥʥʳʝ ʪʦʯʥʦʩʪʴʶ ʜʦ 96% ʧʦ ʤʝʪʨʠʢʝ 

IoU, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʪʝʥʮʠʘʣʝ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ. ʀʥʪʝʛʨʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʥʳʭ ʨʝʰʝʥʠʡ ʠ ʛʠʙʢʦʛʦ 

ʢʣʠʝʥʪʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʥʦ ʠ ʨʘʩʰʠʨʷʝʪ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. ɹʫʜʫʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʟʚʠʪʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʧʦʜʜʝʨʞʢʫ ʘʥʘʣʠʟʘ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ, ʫʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʜʠʮʠʥʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʦʪʢʨʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʩʧʦʩʦʙʥʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʤʝʜʠʮʠʥʩʢʠʭ 
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