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ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʦʩʪʘʚ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï 

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï  

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï 

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʐʚʝʮ ʀʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʖʨʦʚʘ ʂʩʝʥʠʷ ʀʛʦʨʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ 
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Besbayev Gani Abzelbekovich, 
Suleimenov Olzhas Muratovich, 

Slambek Alikhan 
 

Abstract: This paper presents the results of mathematical modeling of logistics for the elimination of the 
consequences of accidents at chemical enterprises. As an example, the problem of optimal distribution of 
material resources stored in certain volumes and taking into account the transport capabilities of warehouses 
is considered. A modified mathematical model has been developed to describe the process taking into account 
time factors. The model allows you to take into account a wide range of initial data on storage warehouses and 
material resources. 
Key words: mathematical modeling, logistics, material resource, elimination of accidents, chemical 
enterprises, transport table. 
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ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʨʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʚʣʠʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦ-
ʨʦʚ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʠ ʩʦʮʠʘʣʴʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, 
ʫʚʝʣʠʯʠʣʩʷ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘ ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ.  

ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘ-
ʮʠʡ ʠ ʠʭ ʣʠʢʚʠʜʘʮʠʡ ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʦʛʨʦʤʥʦʛʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ. ʈʝ-
ʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʘʨʘʤʝʪʨʦʚ: ʵʢʦʥʦʤʠʯʝʩʢʠʭ (ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝ-
ʩʫʨʩʳ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʦʙʲʝʤʝ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ ʩʢʣʘʜʦʚ ʭʨʘʥʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʣʶʜ-
ʩʢʠʝ ʨʝʩʫʨʩʳ ʠ ʪ.ʜ.), ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ (ʩʦʟʜʘʥʠʝ ʠ ʧʦʩʪʦʷʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠ 
ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ, ʠʥʪʝʨʬʝʡʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠʥʷʪʠʡ ʨʝʰʝʥʠʡ, ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʠ ʢʦʤʧʴ-
ʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʪ.ʜ.), ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 
ʧʨʠ ʘʚʘʨʠʷʭ, ʧʦʩʪʦʷʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʠʭ ʦʙʫʯʝʥʠʝ). ʆʧʪʠʤʘʣʴʥʳʡ ʚʳʙʦʨ 
ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚʦʟʤʦʞʥʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦ-
ʜʦʚ ʦʧʠʩʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʣʦʛʠʩʪʠʢʠ, ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ɺ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯʘʭ ʤʝʪʦʜʳ ʣʦʛʠʩʪʠʢʠ ʨʘʟʚʠʪʳ ʜʦʩʪʘʪʦʯʥʦ ʠ ʧʦʟʚʦʣʷ-
ʶʪ ʨʝʰʘʪʴ ʠʭ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ  [1, c.52]. ʉʦʚʨʝʤʝʥʥʳʤʠ ʫʯʝʥʳʤʠ ʨʘʟʨʘʙʦʪʘʥʳ 
ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʠʥʬʦʨʤʘ-
ʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʠʤʝʶʪʩʷ ʠ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 
ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡ, ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ. ʆʜʥʘʢʦ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʥʝ 
ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦʚʳʰʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʝ ʫʯʠʪʳʚʘʶʪ ʩʧʝʮʠʬʠʢʫ ʠ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʩʥʠʞʝʥʠʝ ʨʠʩʢʘ ʘʚʘʨʠʡ ʪʝʭ-
ʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʚʨʝʜʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ [2, c.121]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 
ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ: ʚʨʝʤʷ ʠʣʠ ʦʙʱʠʡ ʨʘʩʭʦʜ 
ʜʦʩʪʘʚʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʉʧʝʮʠʬʠʢʘ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʚ ʦʙʣʘʩʪʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ 
ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʦʙʝʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʢʘʢ ʥʘʨʷʜʫ ʩ ʨʘʩʭʦʜʦʤ ʜʦʩʪʘʚʦʢ 
ʚʨʝʤʝʥʥʦʡ ʬʘʢʪʦʨ ʠʛʨʘʝʪ ʥʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ.   

ʇʦʵʪʦʤʫ, ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʣʦʛʠʩʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ 
ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʚʥʝʜʨʝʥʠʝ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʄʏʉ 
ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʣʦʛʠʩʪʠʢʠ ʜʣʷ 
ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʥʦʛʦ ʬʘʢʪʦʨʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʦʙʱʫʶ ʩʠʪʫʘʮʠʶ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤʠ ʘʚʘʨʠʷʤʠ ʚ 
ʥʝʩʢʦʣʴʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ 
ʨʝʩʫʨʩʦʚ ʜʣʷ ʠʭ ʣʠʢʚʠʜʘʮʠʡ.  

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʪ ʩʢʣʘʜʦʚ ʭʨʘʥʝʥʠʷ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʠʦʥʘ n ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨ-
ʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦ-
ʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʧʦ ʧʫʥʢʪʘʤ ʥʘʟʥʘʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʠ ʦʧʪʠʤʠʟʘ-
ʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ [3, ʩ.56].  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 
i ï ʥʦʤʝʨ ʩʢʣʘʜʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ;  
j ï ʥʦʤʝʨ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ; 

ijq  - ʢʦʣʠʯʝʩʪʚʦ j ï ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ ʚ i ï ʩʢʣʘʜʝ ʭʨʘʥʝʥʠʷ, ʰʪʫʢ; 

ijp  - ʩʪʦʠʤʦʩʪʴ ʜʦʩʪʘʚʢʠ j - ʨʝʩʫʨʩʘ ʩ i ï ʩʢʣʘʜʘ ʚ ʤʝʩʪʦ ʘʚʘʨʠʠ; 

jd  - ʧʦʪʨʝʙʥʦʩʪʴ ʚ j ï ʨʝʩʫʨʩʝ ʧʨʠ ʘʚʘʨʠʠ, ʰʪʫʢ; 

it  - ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩ i ï ʧʫʥʢʪʘ, ʯʘʩ; 

jf  - ʜʦʧʫʩʪʠʤʦʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ j ï ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ, ʯʘʩ; 

ijx  - ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ j ï ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ, ʜʦʩʪʘʚʣʷʝʤʦʝ ʩ i ï ʩʢʣʘʜʘ ʭʨʘʥʝʥʠʷ, 

ʰʪʫʢ; 
ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ: ʜʣʷ ʚʩʝʭ 
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ʩʢʣʘʜʦʚ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠʤʝʝʪ ʤʝʩʪʦ  

ijij qx ¢  ʠ ä =
i

jij dx .                      (1) 

ʋʯʠʪʳʚʘʷ ʵʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʪʝʦʨʠʶ ʣʦʛʠʩʪʠʢʠ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʙʫʜʝʪ 
ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

min
,

ä
ji

ijij xp .       (2) 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʪʨʘʪʳ ʜʣʷ ʜʦʩʪʘʚʢʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʜʦʣʞʥʳ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʤʠ. 
ʇʨʠ ʵʪʦʤ ʚʩʝʚʦʟʤʦʞʥʳʝ ʜʦʩʪʘʚʢʠ ʠʟ i ï ʩʢʣʘʜʘ ʭʨʘʥʝʥʠʷ  j ï ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ JI ³  ʩʧʦʩʦʙʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʢʘʢʦʤ-ʪʦ ʩʢʣʘʜʝ ʥʝʢʦʪʦʨʦʛʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ 

ʨʝʩʫʨʩʘ ʥʝʪ, ʪʦ ʧʨʠʥʠʤʘʝʪʩʷ ijq =0. 

ʆʧʪʠʤʠʟʘʮʠʦʥʥʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ (2) ʩ ʫʯʝʪʦʤ 
ʦʛʨʘʥʠʯʝʥʠʡ (1). 

ʈʘʩʩʤʦʪʨʠʤ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʚ ʥʘʠʙʦʣʝʝ ʦʙʱʝʡ ʧʦʩʪʘʥʦʚʢʝ, ʪ.ʝ. ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʘʚʘʨʠʡ ʚ ʥʝ-
ʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʨʝʛʠʦʥʘ. ʊʨʘʥʩʧʦʨʪʥʘʷ ʪʘʙʣʠʮʘ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 1. 

ɺ ʜʘʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʘʙʣʠʮʝ ʧʝʨʝʚʦʟʦʢ ʥʝʢʦʪʦʨʳʝ ʤʘʨʰʨʫʪʳ ʥʝʜʦʧʫʩʪʠʤʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʜʘʥ-
ʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʠ ʩʧʝʮʠʬʠʢʠ ʟʘʜʘʯʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʥʝ ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʜʨʫʛ ʜʨʫʛʘ. ʅʘʧʨʠʤʝʨ, 
ʥʝʣʴʟʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʚʦʟʢʠ ʠʟ ʧʫʥʢʪʘ ʭʨʘʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʨʝʩʫʨʩʘ M1  ʚ ʧʫʥʢʪ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʦʚ 
ʨʝʩʫʨʩʘ ʄ2. ɺ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ ʟʘʧʨʝʱʝʥʥʳʤ ʤʘʨʰʨʫʪʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʄ (ʨij 
= M) ʠ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʦʧʦʨʥʦʛʦ ʧʣʘʥʘ ʧʝʨʝʚʦʟʦʢ ʦʥʠ ʙʫʜʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʪʴʩʷ ʠʟ-ʟʘ ʟʘ ʚʳʩʦ-
ʢʦʡ ʩʪʦʠʤʦʩʪʠ.  

 
ʋʙʚʤʡʯʙ 1  

ʋʩʙʦʪʨʧʩʫʦʙʸ ʫʙʚʤʡʯʙ ʝʤʸ ʠʙʝʙʰʡ ʛ ʧʚʲʞʢ ʨʧʪʫʙʦʧʛʣʞ 
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ʎʝʥʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʆʙʲʝʤ 

ɺ1 ɺ2 é Br 

ʄ1 ʄ2 é ʄn ʄ1 ʄ2 é ʄn é ʄ1 ʄ2 é ʄn 

ɸ1 ʄ1 )1(
11p  ʄ é ʄ )2(
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11

rp  ʄ é ʄ 
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12q  

é é é é é é é é é é é é é ... é 
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ɸ2 

 

 

ʄ1 )1(
21p  ʄ é ʄ )2(
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21q  

ʄ2 ʄ )1(
22p  é ʄ ʄ )2(

22p  é ʄ é ʄ )(
22
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22q  

é é é é é é é é é é é é é ... é 
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2np  ʄ ʄ ʄ )2(
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2
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nq2
 

é é é é é é é é é é é é é é é é 

ʉʧʨʦʩ )1(
1d  )1(

2d  é )1(
nd  )2(

1d  )2(
2d  é )2(

nd  é )(
1

rd  )(
2
rd  é )(r

nd   

 
ɼʣʷ ʧʝʨʝʭʦʜʘ ʠʟ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʜʣʷ ʦʜʥʦʧʨʦʜʫʢʪʦʚʦʡ ʤʦʜʝʣʠ ʢ ʤʥʦʛʦʧʨʦʜʫʢʪʦʚʦʡ, ʤʦʜʠʬʠ-

ʮʠʨʫʝʤ ʪʨʘʥʩʧʦʨʪʥʫʶ ʤʦʜʝʣʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʨʘʟʦʙʴʝʤ ʩʢʣʘʜʳ ʭʨʘʥʝʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʫʥʢʪʦʚ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʠʩʣʦʤ ʨʝʩʫʨʩʦʚ, ʭʨʘʥʠʤʳʭ ʥʘ ʵʪʦʤ ʩʢʣʘʜʝ. ʊʦʯʥʦ ʪʘʢʞʝ ʧʦʩʪʫʧʠʤ ʠ ʩ ʧʫʥʢʪʦʤ ʥʘʟʥʘʯʝ-
ʥʠʷ (ʘʚʘʨʠʠ), ʪ.ʝ. ʢʘʞʜʳʡ ʧʫʥʢʪ ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ m ʧʦʜʧʫʥʢʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪ ʤʦʜʝʣʷʤ ʨʝ-
ʩʫʨʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ nm³  ʠʩʭʦʜʥʳʭ ʧʫʥʢʪʦʚ ʠ n ʧʫʥʢʪʦʚ ʥʘʟʥʘʯʝʥʠʷ. ɼʘʥʥʳʝ ʤʦʞʥʦ ʧʨʝʜ-
ʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʪʘʙʣʠʮ (ʪʘʙʣʠʮʘ 2). ʈʘʩʩʤʦʪʨʝʥʠʝ ʵʪʠʭ ʦʪʜʝʣʴʥʳʭ 
ʤʦʜʝʣʝʡ ʜʘʝʪ ʨʝʰʝʥʠʝ, ʩʦʚʧʘʜʘʶʱʝʝ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʚʦʥʘ-
ʯʘʣʴʥʦʡ ʪʘʙʣʠʮʝ. ʆʪʜʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʵʪʠʭ ʤʦʜʝʣʝʡ ʚʦʟʤʦʞʥʳ ʠʟ-ʟʘ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ: ʤʘʪʝʨʠʘʣʴ-
ʥʳʝ ʨʝʩʫʨʩʳ ʥʝ ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʜʨʫʛ ʜʨʫʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʣʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʪʘʙʣʠʮʳ ʧʦʣʫʯʠʣʠ ʧ 
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V ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐz ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ï ʦʜʥʦʧʨʦʜʫʢʪʦʚʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʜʘʯ. ɺ ʩʣʫʯʘʝ ʥʝʟʘʤʢʥʫʪʦʩʪʠ ʦʜʥʦʡ ʠʟ ʤʦʜʝʣʝʡ ʜʦʙʘʚʣʷʝʪʩʷ ʬʠʢ-
ʪʠʚʥʳʡ ʩʢʣʘʜ ʠʣʠ ʧʫʥʢʪ ʧʨʠʝʤʘ.  

 
ʋʙʚʤʡʯʙ 2  

ʋʩʙʦʪʨʧʩʫʦʴʞ ʫʙʚʤʡʯʴ ʨʧ ʧʫʝʞʤʵʦʴʥ ʥʙʫʞʩʡʙʤʵʦʴʥ ʩʞʪʬʩʪʙʥ 
ɹ) ʝʤʸ ʄ1: 

ʉʢʣʘʜʳ ʎʝʥʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʆʙʲʝʤ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ɺ1 ɺ2 é Br 

ɸ1 )1(
11p  )2(

11p  é )(
11

rp  
11q  

ɸ2 )1(
21p  )2(

21p  é )(
21
rp  

21q  

é é é é é é 

ɸʪ )1(
1mp  )2(

1mp  é )(
1
r

mp  
1mq  

ʉʧʨʦʩ )1(
1d  )2(

1d  é )(
1

rd   

 
ɺ) ʝʤʸ ʄ2: 

ʉʢʣʘʜʳ ʎʝʥʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʆʙʲʝʤ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ɺ1 ɺ2 é Br 

ɸ1 )1(
12p  )2(

12p  é )(
12

rp  
12q  

ɸ2 )1(
22p  )2(

22p  é )(
22
rp  

22q  

é é é é é é 

ɸʪ )1(
2mp  )2(

2mp  é )(
2

r
mp  

2mq  

ʉʧʨʦʩ )1(
2d  )2(

2d  é )(
2
rd   

ʠ ʪ.ʜ.  
 

ɼʣʷ ʫʯʝʪʘ ʩʧʝʮʠʬʠʢʠ ʟʘʜʘʯʠ ʚ ʤʦʜʝʣʴ ʚʚʝʜʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʇʫʩʪʴ ic  - ʧʨʦ-

ʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ i ï ʩʢʣʘʜʘ, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʷʝʪ i ï ʧʫʥʢʪ ʩ ʤʝʩʪʦʤ ʘʚʘʨʠʡ, ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʮ 

ʪʨʘʥʩʧʦʨʪʘ ʢʘʞʜʦʛʦ ʧʫʥʢʪʘ (ʝʜ.), jl  - ʟʘʥʠʤʘʝʤʳʡ ʦʙʲʝʤ ʚ ʝʜʠʥʠʮʝ ʪʨʘʥʩʧʦʨʪʘ ʦʜʥʠʤ j ï ʤʘʪʝʨʠʘʣʴ-

ʥʳʤ ʨʝʩʫʨʩʦʤ. ʊʦʛʜʘ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʩʣʝʜʫʶʱʝʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʜʣʷ ʮʝʣʝʚʦʡ 
ʬʫʥʢʮʠʠ (2): 

 ä ¢
j

ijij clx .                                    (3) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʡʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ jd  ʧʦʪʨʝʙ-

ʥʦʩʪʠ ʧʫʥʢʪʦʚ ʥʘʟʥʘʯʝʥʠʷ, ʜʦʙʘʚʠʤ ʚ ʢʦʵʬʬʠʮʠʝʥʪʳ ijx  ʠʥʜʝʢʩ k, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴ ʥʦʤʝʨ 

ʨʝʡʩʘ. 
k
ijx  ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ j ï ʨʝʩʫʨʩʘ ʩ i ï ʩʢʣʘʜʘ ʧʨʠ k ï ʨʝʡʩʝ. ʊʦʛʜʘ 

ʫʩʣʦʚʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠʤʫʪ ʩʣʝʜʫʶʱʠʡ ʠʟʤʝʥʝʥʥʳʡ ʚʠʜ: 

  ij

k

k
ij qx ¢ä  ʜʣʷ ji," ,                  (4) 

  ää =
k i

j
k
ij dx  ʜʣʷ j" .            (5) 

ɺ ʵʪʫ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ, ʠʩʭʦʜʷ ʠʟ ʩʧʝʮʠʬʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʪʫʘʮʠʠ ʩ ʘʚʘʨʠʷʤʠ, 
ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʝ ʫʩʣʦʚʠʝ ʧʦ ʚʨʝʤʝʥʠ. ɼʘʥʥʦʝ ʫʩʣʦʚʠʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 
ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠʟ ʩʢʣʘʜʦʚ ʚ ʤʝʩʪʘ ʘʚʘʨʠʡ, 
ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ 1 ʠ 0: 
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  ( )( ) jiji
i

fxsignt ¢Ömax  ʜʣʷ   ʣʶʙʳʭ j.     (6) 

ʌʫʥʢʮʠʷ ʚʨʝʤʝʥʠ it  ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʥʦʤʝʨʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʝʡʩʘ k, ʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

  ( )12 -= ktt i
k
i .                                      (7) 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʥʘ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʤʝʩʪʘ ʘʚʘʨʠʡ ʠ ʥʘ ʩʣʝ-
ʜʫʶʱʠʡ ʨʝʡʩ ʪʘʢʞʝ ʚʭʦʜʠʪ ʚʨʝʤʷ ʚʦʟʚʨʘʱʝʥʠʷ ʚ ʩʢʣʘʜ ʭʨʘʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ 
ʫʩʣʦʚʠʝ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʜʦʩʪʘʚʢʠ, ʪ.ʝ. ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʦʪʚʝʜʝʥʥʦʝ ʥʘ 
ʜʦʩʪʘʚʢʫ  ʚʨʝʤʷ:   

  j
k
i ft ¢  ʜʣʷ kji ,,"                   (8) 

ʠʣʠ ʩ ʫʯʝʪʦʤ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ (7) 

   ( ) j
k
i fkt ¢-12 .                          (9) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʡʩʦʚ ʩ ʢʘʞʜʦʛʦ ʩʢʣʘʜʘ ʭʨʘʥʝʥʠʷ 
ʧʨʝʦʙʨʘʟʫʝʤ ʬʦʨʤʫʣʫ (9) ʩ ʦʢʨʫʛʣʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʡʩʦʚ: 

  ( ) ù
ú

ù
é
ê

é

öö
÷

õ
ææ
ç

å
+= 1

2

1
,

i

j

t

f
jik .        (10) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ: ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ  

ää=
ji

jik

k

k
ijij xpF

,

),(

       (11) 

ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʷʭ: 

   ij

jik

k

k
ij qx ¢ä

=

),(

1

, mi ,1=  , nj ,1= ,                (12) 

  j

m

i

jik

k

k
ij dx =ää

= =1

),(

1

, nj ,1= ,                 (13) 

  ä
=

¢
n

j

ij
k
ij clx

1

, mi ,1= , ),(,1 jikk= ,     (14) 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʚ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʡʩʦʚ ʢʘʞʜʦʛʦ ʩʢʣʘʜʘ ʭʨʘʥʝʥʠʷ ʧʦ ʬʦʨ-
ʤʫʣʝ (10). 

ʕʪʘ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʝʡ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʝʜʝʥʥʳʤʠ 
ʫʩʣʦʚʠʷʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʜʣʷ ʚʨʝʤʝʥʠ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʢʣʘʜʦʚ, ʫʯʠʪʳʚʘʶʱʠʝ ʩʧʝʮʠʬʠʢʫ ʟʘʜʘʯʠ [4, 
c.45]. ʈʝʘʣʠʟʘʮʠʝʡ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʰʠʨʦ-
ʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʘʟʣʠʯʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʘʪʝ-
ʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʨʝʩʫʨʩʘʤʠ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ 
ʦʙʲʝʤ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʦʪʨʝʙʥʦʩʪʷʭ ʧʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘ-
ʥʳ ʛʦʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʛʨʘʤʤʳ ʣʠʙʦ ʩʦʟʜʘʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩ ʠʥʪʝʨ-
ʬʝʡʩʦʤ ʜʣʷ ʫʜʦʙʥʦʛʦ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʜʘʥʥʳʭ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ʇʦʜʜʝʨʞʘʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʦʙʦʨʦʪʥʳʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʟʘʢʨʳʪʳʭ ʚʦʜʦʦʙʦʨʦʪʥʳʭ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ 
ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʦʪʣʦʞʝʥʠʷ ʩʦʣʝʡ ʞʝʩʪʢʦʩʪʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʨʘʟʚʠʚʘʝʪʩʷ ʢʦʨʨʦʟʠʷ, ʨʘʟʤʥʦ-
ʞʘʶʪʩʷ ʘʵʨʦʙʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʨʯʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʞʝʣʝʟʘ ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʨʨʦʟʠʦʥʥʫʶ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʩʨʝʜʳ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʞʝʣʝʟʘ ʧʨʠʚʦʜʠʪ ʢ 
ʨʘʟʚʠʪʠʶ çʞʝʣʝʟʦʙʘʢʪʝʨʠʡè, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʩʢʦʧʣʝʥʠʝ ʩʣʠʟʠ. ɺʘʞʥʦ, 
ʯʪʦ ʤʦʣʠʙʜʝʥ ʩʧʦʩʦʙʝʥ ʩʚʷʟʘʪʴ ʞʝʣʝʟʦ ʚ ʢʦʤʧʣʝʢʩ ʠ ʟʘʚʳʰʘʪʴ ʨʝʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ, ʯʪʦ, ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʣʝʯʝʪ ʫʚʝʣʠʯʝʥʠʝ ʜʦʟʠʨʫʝʤʦʛʦ ʨʝʘʛʝʥʪʘ, ʟʘʚʳʰʘʷ ʩʪʦʠʤʦʩʪʴ ʦʯʠʩʪʢʠ ʚ ʨʘʟʳ [1, c. 
20]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʤʦʣʠʙʜʝʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 
ʞʝʣʝʟʘ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʦ-ʬʝʥʘʥʪʨʦʣʠʥʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʤʝ-
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ʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ ʨʘʩʪʚʦʨʘʤ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʤ 
ʠʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ. ɿʘʪʝʤ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʤʝʰʘʶʱʝʛʦ ʢʦʤʧʦ-
ʥʝʥʪʘ ʥʘ ʣʠʥʝʡʥʦʩʪʴ ʛʨʘʬʠʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʚʣʠʷʥʠʝ ʤʦʣʠʙʜʝʥʘ ʥʝ ʫʩʪʨʘʥʷʝʪʩʷ ʚ ʭʦʜʝ ʨʝ-
ʢʦʤʝʥʜʫʝʤʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʫʢʘʟʘʥʥʦʡ ʚ ɻʆʉʊ [2, c. 721], ʠ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴ-
ʪʘʪ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ. ɸʥʘʣʦʛʠʯʥʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʤʝʪʦʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʨʪʦ-
ʬʝʥʘʥʪʨʦʣʠʥʘ. 

ʉʦʛʣʘʩʥʦ ɻʆʉʊ 4011 ï 72 ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ ʩ ʩʫʣʴʬʦʩʘ-
ʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ, ʠʟʤʝʨʷʶʪ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 
400 ï 430 ʥʤ (ʬʠʦʣʝʪʦʚʳʡ ʩʚʝʪʦʬʠʣʴʪʨ); ʚ ʤʝʪʦʜʝ ʦʧʨʝʜʝʣʝʥʠʠ ʞʝʣʝʟʘ ʩ ʦʨʪʦʬʝʥʘʥʪʨʦʣʠʥʦʤ ʦʢʨʘ-
ʰʝʥʥʳʡ ʨʘʩʪʚʦʨ ʬʦʪʦʤʝʪʨʠʨʫʶʪ ʧʨʠ ʩʠʥʝ ï ʟʝʣʝʥʦʤ ʩʚʝʪʦʬʠʣʴʪʨʝ (490 ï 500 ʥʤ) [3, c. 190].  

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʥʘʡʜʝʥʳ ʤʘʢʩʠʤʫʤʳ ʧʦʛʣʦʱʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ 
‗ = 430 ʥʤ ʜʣʷ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʦʛʦ ʤʝʪʦʜʘ; ʠ ‗ = 500 ʥʤ ʜʣʷ ʤʝʪʦʜʘ ʩ ʦʨʪʦʬʝʥʘʥʪʨʦʣʠʥʦʤ.  

ʇʦ ʛʨʘʜʫʠʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ (ʨʠʩ. 1), ʧʨʝʜʩʪʘʚʣʷʶʱʝʤʫ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦ-
ʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ, ʫʩʪʘʥʦʚʣʝʥ ʣʠʥʝʡʥʳʡ ʜʠʘʧʘʟʦʥ ʚ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 0,1 ʜʦ 2 

̍̄̅ ̍ϳ . ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʙʳʣ ʦʪʤʝʯʝʥ ʦʧʪʠ-
ʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ pH ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 9,0-10,5 ʝʜʠʥʠʮ pH. ʉʫʣʴ-
ʬʦʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ ʨʝʘʛʠʨʫʝʪ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʨʘʰʝʥʥʦʛʦ ʚ 
ʞʝʣʪʳʡ ʮʚʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʀʤʝʥʥʦ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ pH ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 
ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʵʪʦʤʫ ʚʩʝ ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʧʨʦʚʝʨʷʣʠʩʴ ʧʦʪʝʥʮʠʦʤʝʪʨʠ-
ʯʝʩʢʠʤ ʤʝʪʦʜʦʤ.   

 

 
ʉʡʪ. 1. ɼʩʙʝʬʡʩʧʛʧʰʦʴʢ ʜʩʙʭʡʣ ʠʙʛʡʪʡʥʧʪʫʡ ʧʨʫʡʰʞʪʣʧʢ ʨʤʧʫʦʧʪʫʡ ʧʫ ʣʧʦʯʞʦʫʩʙʯʡʡ ʟʞʤʞʠʙ 

(ʪʬʤʵʭʧʪʙʤʡʯʡʤʧʛʴʢ ʥʞʫʧʝ) 
 

ɸʥʘʣʦʛʠʯʥʦ ʙʳʣ ʧʦʣʫʯʝʥ ʛʨʘʬʠʢ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʢʦʥʮʝʥ-
ʪʨʘʮʠʠ ʞʝʣʝʟʘ ʜʣʷ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩ ʦʨʪʦʬʝʥʘʥʪʨʦʣʠʥʦʤ (ʨʠʩ. 2). ʂʦʤʧʣʝʢʩ ʦʙʨʘʟʫʝʪʩʷ ʙʳʩʪʨʦ ʚ 
ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʠ pH = 4, ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʦʨʘʥʞʝʚʦ ï ʢʨʘʩʥʳʡ ʮʚʝʪ.  

ɺ ʤʝʪʦʜʝ ʘʪʦʤʥʦïɻ ʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʤʝʰʘʶʱʠʝ ʠʦʥʳ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʦʧʨʝ-
ʜʝʣʝʥʠʝ. ʇʦʵʪʦʤʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʩʨʘʚʥʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ 
ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʞʝʣʝʟʘ, ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʚ ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʝʥ ʤʦ-
ʣʠʙʜʝʥ. ɸʕʉ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 
ʭʦʨʦʰʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʘʥʘʣʠʟʘ, ʥʝ ʪʨʝʙʫʶʱʠʡ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʤʘʩʢʠʨʦʚʘʥʠʷ ʠʣʠ ʦʪʜʝʣʝʥʠʷ ʤʝʰʘʶʱʠʭ ʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
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V ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐz ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 2. ɼʩʙʝʬʡʩʧʛʧʰʦʴʢ ʜʩʙʭʡʣ ʠʙʛʡʪʡʥʧʪʫʡ ʧʨʫʡʰʞʪʣʧʢ ʨʤʧʫʦʧʪʫʡ ʧʫ ʣʧʦʯʞʦʫʩʙʯʡʡ ʟʞʤʞʠʙ 

(ʥʞʫʧʝ ʪ ʧʩʫʧʭʞʦʙʦʫʩʧʤʡʦʧʥ) 
 
ɼʘʣʝʝ ʚ ʚʠʜʝ ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ (ʨʠʩ. 3) ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʝ 

ʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʄʌʉ ï 8 ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʥʘ ʇɿʉ ï ʣʠʥʝʡʢʘʭ ʫʩʪʘʥʘʚʣʠʚʘʣʠ: ʨʝʞʠʤ ï 
ʜʫʛʦʚʦʡ; ʪʦʢ ï 3 A; ʚʨʝʤʷ ʦʙʞʠʛʘ ï 0; ʚʨʝʤʷ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ï 15 ʩ; ʠʥʪʝʛʨʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ï 
200 ʤʩ.  

 

 
ʉʡʪ. 3. ɼʩʙʝʬʡʩʧʛʧʰʦʙʸ ʠʙʛʡʪʡʥʧʪʫʵ ʡʦʫʞʦʪʡʛʦʧʪʫʡ ʧʫ ʣʧʦʯʞʦʫʩʙʯʡʡ ʨʩʡ ʧʨʩʞʝʞʤʞʦʡʡ ʟʞʤʞʠʙ 

ʥʞʫʧʝʧʥ ɹʖʊ (ʪʫʙʦʝʙʩʫʴ ʟʞʤʞʠʙ) 
 

ʊʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʘʧʧʨʦʢʩʠʤʘʮʠʠ  0,99; 0,98, ʤʝʪʦʜʠʢʘ ʜʝʡʩʪʚʝʥʥʘ ʧʦ ʢʨʠʪʝʨʠʶ ʣʠʥʝʡʥʦʩʪʠ; 
ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʘʚʠʣʴʥʦʩʪʴʶ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʥʪʝʨʚʘʣʘʭ ʢʦʥʮʝʥ-
ʪʨʘʮʠʡ.  

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʠʦʥʘ ʤʦʣʠʙʜʝʥʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʦʙʦ-
ʨʦʪʥʳʭ ʚʦʜʘʭ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʘʥʥʦʛʦ 
ʠʦʥʘ. ɺʣʠʷʥʠʝ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʨʠ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ ʤʝʰʘʶʱʝʛʦ ʠʦʥʘ, ʥʘʯʠʥʘʷ ʩ 0,01 ʛ/ʣ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʜʝʩʷʪʠʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ. 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʩ ʦʨʪʦʬʝʥʘʥʪʨʦʣʠʥʦʤ, ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʧʦ-
ʙʦʯʥʳʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʦʩʣʦʞʥʷʶʪ ʭʦʜ ʘʥʘʣʠʟʘ, ʪʘʢ ʢʘʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʧʨʝʜʝʣʷʝʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 
ʨʝʘʢʪʠʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʦʥʘʤʠ ʤʦʣʠʙʜʝʥʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʤʝʩʠ.  
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʦʤ 
ʘʪʦʤʥʦ ï ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʤʦʣʠʙʜʝʥ ʥʝ ʦʢʘʟʳʚʘʝʪ ʤʝʰʘʶʱʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟ-
ʤʝʨʝʥʠʡ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʘʥʜʘʨʪʦʚ ʞʝʣʝʟʘ 
ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ʞʝʣʝʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʠʙʜʝʥʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʦʣʠʙʜʝʥʘ ʥʘ ʣʠʥʝʡʥʦʩʪʴ ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʜʣʷ ʩʫʣʴʬʦʩʘʣʠʮʠ-
ʣʦʚʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʠʟʤʝʨʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 
ʣʠʥʝʡʥʦʩʪʠ ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ. ɺ ʩʣʫʯʘʝ ʜʦʙʘʚʢʠ ʠʦʥʦʚ ʤʦʣʠʙʜʝʥʘ  ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʛ/ʜʤ3 
ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʨʠʩ. 4).  

 

 
ʉʡʪ. 4. ɼʩʙʝʬʡʩʧʛʧʰʦʴʢ ʜʩʙʭʡʣ ʧʨʩʞʝʞʤʞʦʡʸ ἐἭ  ʪ ʝʧʚʙʛʣʧʢ ʅʧ (c = 10 ʥʜ/ʝʥ3) (ʪʬʤʵʭʧʪʙʤʡ-

ʯʡʤʧʛʴʢ ʥʞʫʧʝ) 
 

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʦʥʦʚ ʤʦʣʠʙʜʝʥʘ 100 ʤʛ/ʜʤ3 ʥʘʙʣʶʜʘʣʠ ʩʦʭʨʘʥʝʥʠʝ ʣʠʥʝʡʥʦʩʪʠ ʛʨʘʜʫʠʨʦ-
ʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʜʥʘʢʦ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-
ʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ; 1000 ʤʛ/ʜʤ3 ʥʘʙʣʶʜʘʶʪʩʷ ʟʘʥʠʞʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦ-
ʩʪʝʡ, ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʨʫʰʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 0,5 ʜʦ 2 ʤʛ/ʜʤ3 (ʨʠʩ. 5) . 

 

 
ʉʡʪ. 5. ɼʩʙʝʬʡʩʧʛʧʰʦʴʢ ʜʩʙʭʡʣ ʧʨʩʞʝʞʤʞʦʡʸ ἐἭ  ʪ ʝʧʚʙʛʣʧʢ Mo (c = 100 ʥʜ/ʝʥ3; 1000 

ʥʜ/ʝʥ3) (ʪʬʤʵʭʧʪʙʤʡʯʡʤʧʛʴʢ ʥʞʫʧʝ) 
 
ʊʘʢʞʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʤʦʣʠʙʜʝʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ ʤʝʪʦʜʦʤ ʩ ʦʨʪʦʬʝʥʘʥʪʨʦ-

ʣʠʥʦʤ (ʨʠʩ. 6). ɺ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 0,05 ʜʦ 20 ̍̄̅ ̍ϳ  ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʘʬʠʢʘ ʥʝ 
ʩʦʙʣʶʜʝʥʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʤʦʣʠʙʜʝʥ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʛ/ʜʤ3; 100 ʤʛ/ʜʤ3 ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 
ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʄʦ 10 ʤʛ/ʜʤ3 ʥʘʙʣʶʜʘʝʤ ʟʘʥʠʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧ-
ʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ; ʧʨʠ c(ʄʦ) = 100 ʤʛ/ʜʤ3 ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʦʝ ʟʘʥʠʞʝʥʠʝ, ʪʘʢ ʠ ʧʦʚʳʰʝ-
ʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ. 
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V ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐz ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 
ʉʡʪ. 6. ɼʩʙʝʬʡʩʧʛʧʰʦʴʢ ʜʩʙʭʡʣ ʧʨʩʞʝʞʤʞʦʡʸ  ἐἭ  ʪ ʝʧʚʙʛʣʧʢ ʅʧ (c = 10 ʥʜ/ʝʥ3; 100 ʥʜ/ʝʥ3)  

(ʥʞʫʧʝ ʪ ʧʩʫʧʭʞʦʙʦʫʩʧʤʡʦʧʥ) 
 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʩ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩ ʧʦ-
ʤʦʱʴʶ ʦʬʪʦʬʝʥʘʥʪʨʦʣʠʥʘ, ʧʦʩʣʝʜʥʠʡ ʫʩʪʫʧʘʝʪ ʧʝʨʚʦʤʫ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-
ʩʪʴʶ ʠ ʥʝʚʳʩʦʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʤʦʣʠʙʜʝʥʘ. ʀʩʭʦʜʷ ʠʟ ʛʨʘʬʠʢʦʚ ʛʨʘʜʫʠʨʦ-
ʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʠʜʥʦ, ʯʪʦ ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʳʡ ʤʝʪʦʜ ʤʝ-
ʥʝʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʣʠʷʥʠʶ ʠʦʥʦʚ ʤʦʣʠʙʜʝʥʘ, ʯʝʤ ʤʝʪʦʜ ʩ ʦʨʪʦʬʝʥʘʥʪʨʦʣʠʥʦʤ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 
ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ ʠ  ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʡ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢ-
ʩʠʤʘʮʠʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝ-
ʥʠʷ ʞʝʣʝʟʘ ʩ ʦʨʪʦʬʝʥʘʥʪʨʦʣʠʥʦʤ ʥʘ ʬʦʥʝ ʤʦʣʠʙʜʝʥʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʫʣʴʬʦʩʘʣʠʮʠ-
ʣʦʚʳʤ ʤʝʪʦʜʦʤ.  

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʂʫʮʝʚʘ ʅ. ʂ. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʦʜʦʡ. ï 

ʄʦʩʢʚʘ: ʘʥʘʣʠʪ. ʮʝʥʪʨ ɿɸʆ çʈʆʉɸè. - 2015. ï 27 ʩ.  
2. ʌʦʤʠʥ ɻ. ʉ. ɺʦʜʘ. ʂʦʥʪʨʦʣʴ ʭʠʤʠʯʝʩʢʦʡ, ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʤʝʞ-
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ǲǣǩ 440,5 

ǧǬǣǧǩǟǱǭǯǺ ǣǪǾ ǬǤǳǱǾǬǺǴ ǧ ǢǟǦǭǡǺǴ 
ǩǭǪǪǤǩǱǭǯǭǡ 

ǫǿȌȐȒȏȍȁ ǟȆȇȋȀȄȉ ǰȄȇȊȀȄȉ ȒȂȊȇ 
      ʩʪʫʜʝʥʪ  

ʌɻɸʆʋ ɺʆ çʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʠʢʘʪʦʨʦʚ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʘʭ 
ʥʘʯʘʣʦʩʴ 60 ʣʝʪ ʥʘʟʘʜ, ʢʦʛʜʘ ʛʝʦʣʦʛʠ ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʡ ʨʘʙʦʪʘʣʠ ʥʘʜ ʪʝʤ, ʯʪʦʙʳ ʣʫʯʰʝ ʧʦʥʷʪʴ ʛʝʦ-
ʣʦʛʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʘ ʧʨʘʢʪʠʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩ ʨʦʩʪʦʤ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘ-
ʩʪʘ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ.  
ɼʣʷ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ ʠʥʜʠʢʘʪʦʨʳ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʦʜʟʝʤʥʦʛʦ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ ʠʥʜʠʢʘʪʦʨʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʥʘʚʦʜʥʝʥʠʷʭ, ʥʘʚʦʜʥʝʥʠʷʭ CO2 ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʠʟʚʣʝʯʝ-
ʥʠʷ (ʪ. ʝ. ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚʘʭ); ʧʨʠ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʮʝʣʴ ʩʦʩʪʦʠʪ ʚ ʤʘʢʩʠʤʠʟʘ-
ʮʠʠ ʚʳʭʦʜʘ ʥʝʬʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʟʚʣʝʯʝʥʘ ʠʟ ʧʣʘʩʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʦʙʳʯʘ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʠʥʜʠʢʘʪʦʨʳ, ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʝʬʪʷʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

 
INDICATORS FOR OIL AND GAS RESERVOIRS 

 
Mansurov Azimbek Seilbek ugli 

 
Annotation: The use of indicators to track fluid flow in oil reservoirs began 60 years ago, when geologists of 
oil companies were working to better understand geological formations. This practice is becoming increasingly 
important with the growth of hydraulic fracturing and the increase in oil recovery.  
For hydraulic fracturing, indicators can provide important information about the effectiveness of underground 
hydraulic fracturing. With enhanced oil recovery, indicators provide information about sewer flooding, CO2 
flooding, or chemical recovery agents (i.e. surfactants); with each of these approaches, the goal is to maximize 
the yield of oil that can be extracted from the reservoir. 
Keywords: oil and gas production, indicators, hydraulic fracturing, exploitation of oil fields. 

 
ʀʥʜʠʢʘʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ, ʤʘʩʣʦʨʘʩʪʚʦʨʠʤʳʤʠ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʛʝʦʣʦʛʠʠ ʧʣʘʩʪʘ ʠ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʩʣʝʞʠʚʘʥʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʪʨʘʩʩʠʨʦʚʱʠ-
ʢʘ ð ʵʪʦ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʚʳʭʦʜʠʪ ʜʘʣʝʢʦ ʟʘ ʨʘʤʢʠ ʜʘʥʥʦʡ ʛʣʘʚʳ. ʈʘʥʥʠʝ 
ʠʥʜʠʢʘʪʦʨʳ ʙʳʣʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʜʦʩʪʘʚʢʠ ʦʙʥʘʨʫ-
ʞʠʚʘʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʜʠʢʘʪʦʨʘ. ɿʝʤʝʣʴ ʦʧʫʙʣʠʢʦʚʘʣ ʚʩʝʦʙʲʝʤʣʶʱʫʶ ʨʘʙʦʪʫ ʧʦ ʠʥʜʠʢʘʪʦʨʘʤ, ʢʦ-
ʪʦʨʘʷ ʦʭʚʘʪʳʚʘʝʪ ʢʘʢ ʨʘʜʠʦʘʢʪʠʚʥʳʝ, ʪʘʢ ʠ ʥʝʨʘʜʠʦʘʢʪʠʚʥʳʝ ʚʝʨʩʠʠ. ɹʝʟʦʧʘʩʥʦʝ ʦʙʨʘʱʝʥʠʝ ʩ ʨʘʜʠʦ-
ʘʢʪʠʚʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʩʪʦʣʴʢʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʦ, ʯʪʦ ʥʝʠʟʙʝʞʥʳ ʩʣʫʯʘʠ ʧʣʦʭʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʪʘʢʞʝ ʙʳʣ ʧʨʦʙʣʝʤʦʡ ʚ ʦʪʨʘʩʣʠ. 
ʋʯʠʪʳʚʘʷ ʨʝʧʫʪʘʮʠʶ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴ ʦʙʝʩʧʦʢʦʝʥʘ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʠ ʫʪʠʣʠʟʘʮʠʝʡ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ. ʊʝʥʜʝʥʮʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʜʠ-
ʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ, ʥʦ ʠʩʪʦʨʠʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ʥʘʫʯʠʣʘ ʥʘʩ ʪʦʤʫ, ʯʪʦ ʪʦ, ʯʪʦ ʩʯʠʪʘʝʪʩʷ ʙʝʟʦʧʘʩʥʳʤ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʫʜʝʪ 
ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʠʣʠ ʟʘʧʨʝʱʘʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʫʜʫʱʝʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 
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ʪʝʭʥʦʛʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʪʨʫʜʥʦ ʚʩʝʩʪʦʨʦʥʥʝ ʦʮʝʥʠʪʴ ʚʦ ʚʨʝʤʷ ʧʝʨʚʦ-
ʥʘʯʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʀʩʪʠʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʚʝʩʪʥʦ ʪʦʣʴʢʦ ʚ ʨʝʪʨʦʩʧʝʢʪʠʚʝ ʜʦʩʪʘ-
ʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ. ʍʦʪʷ ʥʝʬʪʷʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʷʚʣʷʶʪʩʷ ʢʘʢ ʧʨʘʚʠʣʦ, ʛʦʨʘʟʜʦ ʛʣʫʙ-
ʞʝ, ʯʝʤ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʨʘʩʪʝʪ ʙʝʩʧʦʢʦʡʩʪʚʦ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʧʦ ʧʦʚʦʜʫ ʚʦʟ-
ʤʦʞʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [1]. ʉ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʠʝʤ ʨʘʟʚʝʜʢʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ 
ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʥʘʙʞʘʶʪ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ. ɸʢʩʪʠʥʘʪ ʜʘʣ ʦʪʣʠʯ-
ʥʳʡ ʦʙʟʦʨ ʨʘʟʣʠʯʠʡ ʚ ʧʣʘʩʪʦʚʦʡ ʚʦʜʝ, ʩʚʷʟʘʥʥʦʡ ʚʦʜʝ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʚʦʜʝ ʠ ʪ. ɼ. ʀ ʦ ʪʦʤ, ʢʘʢ ʧʣʘ-
ʩʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʨʝʞʜʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʍʦʪʷ ʤʝʪʦʜʳ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ 
ʚ ʩʪʨʘʥʘʭ ʧʝʨʚʦʛʦ ʤʠʨʘ ʩ ʛʦʜʘʤʠ ʫʣʫʯʰʠʣʠʩʴ, ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʦʪʦ-
ʨʘʷ ʩʪʘʨʝʝʪ: ʪʨʫʙʦʧʨʦʚʦʜʳ, ʧʨʫʜʳ ʩ ʜʦʙʳʪʦʡ ʚʦʜʦʡ ʠ ʧʦʜʟʝʤʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʠ ʵʪʦ ʣʠʰʴ 
ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. ɺ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʧʨʘʚʠʣʘ ʤʝʥʝʝ ʩʪʨʦʛʠʝ, ʘ ʨʝʩʫʨʩʳ ʜʣʷ ʠʭ ʦʙʝʩʧʝʯʝʥʠʷ 
ʦʛʨʘʥʠʯʝʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʷʤ. ʇʦʜʭʦʜ, ʦʧʠʩʘʥʥʳʡ ʚ ʵʪʦʡ ʛʣʘʚʝ, ʦʩʥʦ-
ʚʘʥ ʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʠʥʜʠʢʘʪʦʨʳ ʢʦʣʣʝʢʪʦʨʦʚ ʙʫʜʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʫʩʠʣʝʥʥʦʤʫ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ 
ʢʦʥʪʨʦʣʶ ʠʣʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʝʬʪʷʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ ʠ 
ʚʦʜʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠʟ-ʟʘ ʙʝʩʧʦʢʦʡʩʪʚʘ ʧʦ ʧʦʚʦʜʫ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʋʞʝ ʩʫʱʝʩʪʚʫʝʪ ʨʘʩʪʫʱʘʷ ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘ-
ʥʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʜʠʢʘʪʦʨʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ ʜʣʷ ʧʦʤʦʱʠ ʚ ʜʦʙʳʯʝ ʥʝʬʪʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʠʟʫʯʝʥʠʠ 
ʧʦʜʟʝʤʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ [2]. 

ʊʠʧʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʚ ʩʣʝʜʫ-
ʶʱʠʭ ʨʘʟʜʝʣʘʭ. 

ʇʘʩʩʠʚʥʳʡ ʠʥʜʠʢʘʪʦʨ, ʢʦʪʦʨʳʡ ʤʘʨʢʠʨʫʝʪ ʛʘʟ ʠʣʠ ʚʦʜʫ ʚ ʭʦʜʝ ʤʝʞʩʢʚʘʞʠʥʥʦʛʦ ʠʩʧʳʪʘʥʠʷ, ʜʦʣ-
ʞʝʥ ʦʙʣʘʜʘʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ. 

ǒ ʀʤʝʶʪ ʦʯʝʥʴ ʥʠʟʢʠʡ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ 
ǒ ɹʳʪʴ ʩʪʘʙʠʣʴʥʳʤ ʚ ʫʩʣʦʚʠʷʭ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 
ǒ ʉʣʝʜʫʡʪʝ ʦʪʤʝʯʘʝʤʦʡ ʬʘʟʝ ʠ ʜʝʣʘʡʪʝ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʜʨʫʛʠʝ ʬʘʟʳ 
ǒ ʅʝ ʠʤʝʝʪ ʘʜʩʦʨʙʮʠʠ ʢ ʢʘʤʝʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ 
ǒ ʀʤʝʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ 
ʀʥʜʠʢʘʪʦʨʳ ʨʘʟʜʝʣʝʥʠʷ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʥʝʬʪʠ ʚ ʧʣʘʩʪʝ, ʠʩ-

ʧʦʣʴʟʫʷ ʨʘʟʜʝʣʝʥʠʝ ʤʝʞʜʫ ʥʝʬʪʷʥʦʡ ʠ ʚʦʜʥʦʡ ʬʘʟʘʤʠ. ʆʥʠ ʤʦʛʫʪ ʚʚʦʜʠʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʘʩʩʠʚ-
ʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʠʮʳ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠʙʳʪʠʷ ʚ ʩʢʚʘʞʠʥʫ ʦʙʥʘʨʫʞʝʥʠʷ. ʈʘʟʜʝ-
ʣʷʶʱʠʝ ʠʥʜʠʢʘʪʦʨʳ ʧʦʜʯʠʥʷʶʪʩʷ ʪʝʤ ʞʝ ʢʨʠʪʝʨʠʷʤ, ʯʪʦ ʠ ʨʘʥʝʝ ʜʣʷ ʧʘʩʩʠʚʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʥʦ ʭʠʤʠ-
ʯʝʩʢʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ, ʜʝʣʘʝʪ ʘʜʩʦʨʙʮʠʶ ʥʘ ʧʦʨʦʜʝ ʙʦʣʝʝ ʚʝʨʦʷʪ-
ʥʦʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʣʦʛʠʠ ʧʣʘʩʪʘ. ʇʦʥʷʪʥʦ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ, ʫʯʠʪʳʚʘʶ-
ʱʠʤ ʣʶʙʦʡ ʠʥʜʠʢʘʪʦʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʠʝ ʧʨʝʜʝʣʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʞʝʪ ʦʢʘ-
ʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [3]. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʠʩʪʦʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʚʘʣʦʩʴ 
ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʠʥʜʠʢʘʪʦʨʘʤ, ʧʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʷ ʦʙʥʘʨʫʞʝʥʠʷ ʙʳʣʘ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ, 
ʯʝʤ ʤʝʪʦʜʳ ʜʣʷ ʥʝʨʘʜʠʦʘʢʪʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʥʜʠʢʘʪʦʨʘ. ʅʘʧʨʠʤʝʨ, ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʣʠʪʨʦʚ ʪʨʠʪʠʝʚʦʡ ʚʦʜʳ 
ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʟʘʪʦʧʣʝʥʠʷ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʢʚʘʞʠʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʦʙʥʘʨʫʞʝ-
ʥʠʷ ʩ ʧʦʤʦʱʴʶ ʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʧʦʪʨʝʙʫʶʪʩʷ ʪʳʩʷʯʠ ʬʫʥʪʦʚ ʥʝʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʘʥʠʦʥʥʦʛʦ ʠʥʜʠ-
ʢʘʪʦʨʘ. ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʩʯʝʪʯʠʢʠ ʠ ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳ ʚ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʠ, ʠ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʤʝʞʜʫ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʪʨʝʙʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ 
ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʤʝʪʦʜʦʚ. ʅʘʮʠʦʥʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʯʘʪʳʝ ʚʦ ʚʨʝʤʷ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ 
ʚʦʡʥʳ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ ʠ ʨʘʟʨʘʙʦʪʢʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ 
ʦʙʥʘʨʫʞʝʥʠʷ. ʉ ʪʝʭ ʧʦʨ ʤʝʜʠʮʠʥʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʚʟʷʣʠ ʥʘ ʩʝʙʷ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 
ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʠʦʥʥʦʡ ʠ 
ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʟʚʦʣʠʣʠ ʦʙʥʘʨʫʞʠʚʘʪʴ 
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ʘʥʠʦʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʥʠʟʢʠʭ ppb. ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʩʩïʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ 
ʧʣʘʟʤʦʡ (ICP-MS) ʧʦʟʚʦʣʠʣʠ ʠʟʤʝʨʠʪʴ ʫʨʦʚʥʠ ʯʘʩʪʝʡ ʥʘ ʪʨʠʣʣʠʦʥ (ppt) ʙʦʣʴʰʠʥʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʤʝ-
ʪʘʣʣʦʚ, ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʩʩ-
ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩʜʝʣʘʣʠ ʚʦʟʤʦʞʥʳʤʠ ʥʠʟʢʠʝ ʧʨʝʜʝʣʳ ʦʙʥʘʨʫʞʝʥʠʷ ppt, ʦʩʦʙʝʥʥʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 
ʪʨʦʡʥʳʝ ʢʚʘʜʨʦʤʘʩʩʦʚʳʝ ʩʧʝʢʪʨʦʤʝʪʨʳ ʩʪʘʣʠ ʦʙʳʯʥʳʤ ʷʚʣʝʥʠʝʤ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩ ʪʘʢʠʤʠ ʧʨʠʙʦ-
ʨʘʤʠ ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʫʨʦʚʥʝ ʢʚʘʣʠʬʠʢʘʮʠʠ. ɼʦ ʩʠʭ ʧʦʨ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʤʘʣʦ ʨʘʙʦʪ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ çtriple quadè ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʷʶʱʠʭ 
ʚʝʱʝʩʪʚ ʥʘ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʥʦ ʦʥʠ ʨʝʛʫʣʷʨʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʨʫʛʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʥʘ-
ʣʠʟʦʚ, ʠ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʩʝʨʚʠʩʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪ ʤʝʞʩʢʚʘʞʠʥʥʳʝ ʠʩʧʳʪʘʥʠʷ, 
ʫʞʝ ʠʩʧʦʣʴʟʫʶʪ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ. ʄʝʩʪʥʳʝ ʧʨʘʚʠʣʘ ʦʛʨʘʥʠʯʠʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʢʨʝʪʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʠ 
ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ. ʉʫʱʝʩʪʚʫʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʚʚʝʜʝʥʠʝʤ ʤʠʥʠ-
ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʠ ʚʚʝʜʝʥʠʝʤ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠʥʜʠʢʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʥʘʣʠʪʠ-
ʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. ʄʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʨʘʟʙʘʚʣʝʥʥʦʡ ʧʨʦʙʝ ʜʦʣʞʥʘ ʙʳʪʴ ʚ 10 ʨʘʟ ʚʳʰʝ ʧʨʝʜʝ-
ʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʠ ʯʘʩʪʦ ʚʚʦʜʷʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ, ʯʪʦʙʳ ʦʛʨʘʥʠʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʠʥʜʠʢʘʪʦʨ ʥʝ ʙʫʜʝʪ ʦʙʥʘʨʫʞʝʥ. 
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ǟǡǱǭǫǟǱǧǶǤǰǩǭǤ ǣǡǧǥǤǬǧǤ 
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ʉʪʫʜʝʥʪʳ  
ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʦʛʜʘʥ ʄʠʭʘʠʣ ʖʨʴʝʚʠʯ 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʘʚʪʦʤʘʪʠʢʠ, ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ 
ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʟʘ 
ʦʙʲʝʢʪʦʤ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʚ ʩʨʝʜʝ 
ʨʘʟʨʘʙʦʪʢʠ PyCharm IDE. ʊʝʭʥʠʯʝʩʢʦʝ ʟʨʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʝ ʙʠʙʣʠʦʪʝʢʠ OpenCV. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: PyCharm IDE, Python, OpenCV, ʢʚʘʜʨʦʢʦʧʪʝʨ, ʪʝʭʥʠʯʝʩʢʦʝ ʟʨʝʥʠʝ, ʘʚʪʦʥʦʤʥʳʡ ʧʦ-
ʣʝʪ, DJI Tello. 
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Abstract: This article discusses the implementation of the automatic movement of a quadcopter to an object 
using technical vision, implemented in the Python programming language in the PyCharm IDE. Technical vi-
sion is implemented based on the Open CV library. 
Key words: PyCharm IDE, Python, OpenCV, quadcopter, vision, autonomous flight, DJI Tello. 

 
ɹʳʣ ʚʳʙʨʘʥ ʢʚʘʜʨʦʢʦʧʪʝʨ DJI Tello, ʪʘʢ ʢʘʢ ʫ ʥʝʛʦ ʝʩʪʴ ʢʘʤʝʨʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʠʩʘʪʴ ʘʣʛʦʨʠʪʤʳ 

ʧʝʨʝʤʝʱʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ DJITelloPy. ʇʨʠʤʝʥʷʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʠʙʣʠʦʪʝʢʫ OpenCV, ʤʦʞʥʦ 
ʥʘʧʠʩʘʪʴ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʢʘʤʝʨʳ ʜʨʦʥʘ ʠ ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʦʙʲʝʢʪʘ 
(ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʫʨʘ), ʘ ʪʘʢ ʞʝ ʤʝʪʦʜ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʨʦʥʦʤ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ. 

ʏʪʦʙʳ ʠʟʦʙʨʘʞʝʥʠʝ ʩʥʠʤʘʣʦʩʴ ʩ ʥʠʞʥʝʡ ʧʦʣʫʩʬʝʨʳ ʜʨʦʥʘ, ʙʳʣʦ ʩʦʟʜʘʥʦ ʢʨʝʧʣʝʥʠʝ ʜʣʷ ʟʝʨʢʘ-
ʣʘ (ʨʠʩʫʥʦʢ 1). 

 ɺʢʣʶʯʘʝʤ ʜʨʦʥ, ʧʦʜʢʣʶʯʘʝʤʩʷ ʢ ʥʝʤʫ ʯʝʨʝʟ WI-FI, ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ PyCharm IDE ʩʦʟʜʘʸʤ 
ʧʨʦʝʢʪ ʠ ʧʨʦʙʫʝʤ ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʥʝʤʫ ʩ ʧʦʤʦʱʴʶ ʪʘʢʦʛʦ ʢʦʜʘ: 

from djitellopy import Tello 
me = Tello() #ʉʦʟʜʘʥʠʝ ʦʙʲʝʢʪʘ 
me.connect() #ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʜʨʦʥʫ 
print(me.get_battery()) #ɺʳʚʦʜ ʩʦʩʪʦʷʥʠʷ ʙʘʪʘʨʝʠ 
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me.streamoff() #ɺʳʢʣʶʯʝʥʠʝ ʧʨʝʜʳʜʫʱʝʛʦ ʩʪʨʠʤ ʚʠʜʝʦ ʧʦʪʦʢʘ 
me.streamon() #ɺʢʣʶʯʝʥʠʝ ʩʪʨʠʤ ʚʠʜʝʦ ʧʦʪʦʢʘ 
start_counter = 0 
if start_counter == 0: 
me.takeoff() #ʂʦʤʘʥʜʘ ʥʘ ʚʟʣʝʪ ʜʨʦʥʘ 
start_counter = 1 
me.send_rc_control(0, 0, 0, 0) #ʂʦʤʘʥʜʘ ʜʣʷ ʦʪʧʨʘʚʢʠ ʩʢʦʨʦʩʪʝʡ ʜʨʦʥʫ 
 

 
ʉʡʪ. 1. ʅʧʝʡʭʡʣʙʯʡʸ ʣʛʙʝʩʧʣʧʨʫʞʩʙ 

 

ʊʝʭʥʠʯʝʩʢʦʝ ʟʨʝʥʠʝ ʧʦʤʦʛʘʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʙʳʩʪʨʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘ ʩʯʝʪ ʧʨʦʩʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ 
ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʜʨʦʥʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʝʪ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʠ ʚ ʜʦʣʛʦʤ ʦʙʫʯʝʥʠʠ. ʀʩʢʣʶʯʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʘʜʝʥʠʷ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʜʨʦʥʘ ʠʟ-ʟʘ ʥʝʚʝʨʥʳʭ ʧʨʠ-
ʥʷʪʳʭ ʨʝʰʝʥʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ʆʩʥʦʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʨʝʜ ʧʦʣʫʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ: ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʮʚʝʪ-
ʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʯʝʨʥʦ-ʙʝʣʦʝ, ʩʦʛʣʘʩʥʦ ʧʘʨʘʤʝʪʨʘʤ ʧʦʣʟʫʥʢʦʚ; ʧʦʣʫʯʝʥʠʝ ʠʟ ʥʝʛʦ ʤʘʩʢʠ ʦʙʲʝʢʪʘ 
ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʮʚʝʪʘ; ʩʦʚʤʝʱʝʥʠʝ ʥʘʣʦʞʝʥʠʷ ʤʘʩʢʠ ʥʘ ʦʩʥʦʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ; ʧʦʣʫʯʝʥʠʝ ʢʦʥʪʫʨʦʚ 
ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʮʚʝʪʘ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʦʩʥʦʚʥʦʛʦ ʪʝʣʘ ʧʨʦʛʨʘʤʤʳ, ʩʣʝ-
ʚʘ ʩʚʝʨʭʫ ʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʩʧʨʘʚʘ ʩʚʝʨʭʫ ʦʧʨʝʜʝʣʝʥ ʦʙʲʝʢʪ ʠ ʝʛʦ ʧʘʨʘʤʝʪʨʳ, ʩʥʠʟʫ ʩʣʝʚʘ - ʤʘʩ-
ʢʘ, ʥʘʩʪʨʦʝʥʥʘʷ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʮʚʝʪ ʠ ʩʥʠʟʫ ʩʧʨʘʚʘ ʢʦʥʪʫʨʳ ʦʙʲʝʢʪʘ.  

while True: 
frame_read = me.get_frame_read().frame #ʇʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʚʠʜʝʦʧʦʪʦʢʘ 
frame_read = frame_read[100:720, 0:1280] 
img = cv2.resize(frame_read, (frameWidth, frameHeight)) 
img = cv2.rotate(img, cv2.ROTATE_180) 
img = cv2.flip(img, 1) #ʀʟʤʝʥʝʥʠʝ ʦʪʦʙʨʘʞʝʥʠʷ ʚʠʜʝʦ 
img_contour = img.copy() #ʉʦʟʜʘʥʠʝ ʜʫʙʣʠʢʘʪʘ  
imgHsv = cv2.cvtColor(img, cv2.COLOR_BGR2HSV) #ɹʠʥʘʨʠʟʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ 
 #ʇʦʣʫʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʦʣʟʫʥʢʦʚ ʠʟ ʦʢʦʥ 
h_min = cv2.getTrackbarPos("HUEMin", "HSV") 
é 
v_max = cv2.getTrackbarPos("VALUE Max", "HSV") 
lower = np.array([h_min, s_min, v_min]) 
upper = np.array([h_max, s_max, v_max]) 
mask = cv2.inRange(imgHsv, lower, upper) #ʉʦʟʜʘʥʠʝ ʤʘʩʢʠ ʠʟʦʙʨʘʞʝʥʠʷ 
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result = cv2.bitwise_and(img, img, mask=mask) #ʉʦʝʜʠʥʝʥʠʝ ʤʘʩʢʠ ʠʟʦʙʨʘʞʝʥʠʷ 
mask = cv2.cvtColor(mask, cv2.COLOR_GRAY2BGR) #ɹʠʥʘʨʠʟʘʮʠʷ ʤʘʩʢʠ 
imgBlur = cv2.GaussianBlur(result, (7, 7), 1) #ʈʘʟʤʳʪʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 
imgGray = cv2.cvtColor(imgBlur, cv2.COLOR_BGR2GRAY) #ɹʠʥʘʨʠʟʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ 
threshold1 = cv2.getTrackbarPos("Threshold1", "Parameters") 
threshold2 = cv2.getTrackbarPos("Threshold2", "Parameters") 
imgCanny = cv2.Canny(imgGray, threshold1, threshold2) #ʇʦʣʫʯʝʥʠʝ ʢʨʘʝʚ ʠʟʦʙʨʘʞʝʥʠʷ 
kernel = np.ones((5, 5)) 
imgDil = cv2.dilate(imgCanny, kernel, iterations=1) 
direction, area, velocity_rate = get_contours(imgDil, img_contour) #ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟʦʙʨʘ-

ʞʝʥʠʷ ʩ ʢʦʥʪʫʨʦʤ ʦʙʲʝʢʪʘ ʠ ʧʝʨʝʜʘʯʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʧʝʨʝʤʝʥʥʳʝ 
stack = stack_images(0.9, ([img, img_contour], [result, imgDil])) 
cv2.imshow('Horizontal Stacking', stack) #ʆʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ 
 

 
ʉʡʪ. 2. ʇʫʧʚʩʙʟʞʦʡʸ ʩʞʠʬʤʵʫʙʫʧʛ 

 

ɺ ʤʝʪʦʜʝ ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʫʨʘ ʦʙʲʝʢʪʘ ʚʳʜʝʣʝʥʥʳʝ ʢʨʠʚʳʝ ʠʱʫʪʩʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʩ ʢʦʥʪʫʨʦʤ; 
ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʣʦʱʘʜʴ ʢʦʥʪʫʨʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʤʝʪʦʜʝ ʧʦʣʝʪʘ ʜʨʦʥ ʧʨʠʥʠʤʘʣ ʨʝʰʝʥʠʝ ï ʦʧʫ-
ʩʪʠʪʴʩʷ ʝʤʫ ʚʳʰʝ ʠʣʠ ʚʟʣʝʪʝʪʴ; ʚʳʯʠʩʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʩʝʨʝʜʠʥʳ ʦʙʲʝʢʪʘ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʝʪ-
ʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ ʜʨʦʥʘ ʦʪ ʤʝʨʪʚʦʡ ʟʦʥʳ; ʚʳʩʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ. ʂʦʵʬʬʠ-
ʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ð ʵʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʢʨʘʷ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦ 
ʛʨʘʥʠʮʳ ʤʝʨʪʚʦʡ ʟʦʥʳ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʨʦʥ ʧʨʠ ʙʦʣʴʰʝʤ ʦʪʢʣʦʥʝʥʠʠ 
ʦʪ ʤʝʨʪʚʦʡ ʟʦʥʳ ʝʱʝ ʩʠʣʴʥʝʝ ʩʪʘʨʘʣʩʷ ʚ ʥʝʝ ʚʝʨʥʫʪʴʩʷ. ʕʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʣʘʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 
ʩʢʦʨʦʩʪʴʶ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʜʨʦʥ ʥʝ ʧʝʨʝʣʝʪʘʝʪ ʤʝʨʪʚʫʶ ʟʦʥʫ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ʦʪ 0 ʜʦ 
0.99. ʇʦʩʢʦʣʴʢʫ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʜʝʣʝʥʦ ʥʘ 4 ʫʯʘʩʪʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʯʠʪʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʫʯʘʩʪʢʘ ʩʣʝʚʘ ʦʪ ʤʝʨʪʚʦʡ ʟʦʥʳ ʢʦʵʬʬʠʮʠʝʥʪ ʩʯʠʪʘʝʪʩʷ ʢʘʢ 
 

ͺ

 
ͺ

, ʛʜʝ 

frameWidth ï ʰʠʨʠʥʘ ʢʘʜʨʘ, cx ï ʢʦʦʨʜʠʥʘʪʘ x ʩʝʨʝʜʠʥʳ ʦʙʲʝʢʪʘ, dead_zone ï ʨʘʟʤʝʨ ʤʝʨʪʚʦʡ ʟʦʥʳ. 
ɽʩʣʠ ʩʝʨʝʜʠʥʘ ʦʙʲʝʢʪʘ ʙʫʜʝʪ ʫ ʣʝʚʦʡ ʩʪʦʨʦʥʳ ʢʘʜʨʘ ʢʦʵʬʬʠʮʠʝʥʪ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ 0.99, ʘ ʧʨʠ ʧʨʠ-
ʙʣʠʞʝʥʠʠ ʢ ʤʝʨʪʚʦʡ ʟʦʥʝ ʢʦʵʬʬʠʮʠʝʥʪ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ 0 (ʨʠʩ.3). ɼʣʷ ʫʯʘʩʪʢʘ ʩʧʨʘʚʘ ʦʪ ʤʝʨʪʚʦʡ 

ʟʦʥʳ ʢʦʵʬʬʠʮʠʝʥʪ ʩʯʠʪʘʝʪʩʷ ʪʘʢ: 
 

ͺ

 
ͺ

, ʛʜʝ frameWidth ï h ʠʨʠʥʘ ʢʘʜʨʘ, cx 
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ï ʢʦʦʨʜʠʥʘʪʘ x ʩʝʨʝʜʠʥʳ ʦʙʲʝʢʪʘ, dead_zone ï ʨʘʟʤʝʨ ʤʝʨʪʚʦʡ ʟʦʥʳ. ɽʩʣʠ ʩʝʨʝʜʠʥʘ ʦʙʲʝʢʪʘ ʙʫʜʝʪ ʫ 
ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʢʘʜʨʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ 0.99, ʘ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʤʝʨʪʚʦʡ ʟʦʥʝ ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ 0. ʇʦ ʵʪʠʤ ʞʝ ʬʦʨʤʫʣʘʤ ʩ ʟʘʤʝʥʦʡ ʧʝʨʝʤʝʥʥʳʭ ʰʠʨʠʥʳ ʢʘʜʨʘ ʥʘ ʚʳ-
ʩʦʪʫ ʢʘʜʨʘ ʠ ʢʦʦʨʜʠʥʘʪʳ x ʥʘ y, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʤʝʨʪʚʦʡ ʟʦʥʳ ʩʯʠʪʘʝʪʩʷ ʜʣʷ ʚʝʨʪʠʢʘʣʠ. 

 

ˮ͔͙͔ͦ͋ͪ͊͗ͤ͘ ͫ ͔͊ͣͪ͟·

X
Dead_zone

FrameWidth

˻͋Ά͔ͭ͟

0
cx

 
ʉʡʪ. 3. ʈʩʡʦʯʡʨʡʙʤʵʦʙʸ ʪʮʞʥʙ ʩʙʚʧʫʴ 

 
def get_contours(gc_img, gc_img_contour): 
color_list_dir = [] 
color_list_area = [] 
color_list_velocity_rate = [] 
contours, hierarchy = cv2.findContours(gc_img, cv2.RETR_EXTERNAL, cv2.CHAIN_APPROX_NONE) 

#ʅʘʭʦʞʜʝʥʠʝ ʚʩʝʭ ʢʦʥʪʫʨʦʚ ʦʙʲʝʢʪʦʚ 
for cnt in contours: 
gc_area = cv2.contourArea(cnt) #ʇʦʣʫʯʝʥʠʝ ʧʣʦʱʘʜʠ ʦʙʲʝʢʪʦʚ 
area_min = cv2.getTrackbarPos("Area", "Parameters") 
ifgc_area>area_min: #ʉʨʘʚʥʝʥʠʝ ʚʩʝʭ ʧʣʦʱʘʜʝʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʜʣʷ ʫʙʠʨʘʥʠʷ ʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ 
cv2.drawContours(gc_img_contour, cnt, -1, (255, 0, 255), 7) #ʈʠʩʦʚʘʥʠʝ ʢʦʥʪʫʨʘ ʦʙʲʝʢʪʘ 
peri = cv2.arcLength(cnt, True) #ɺʳʯʠʩʣʝʥʠʝ ʧʝʨʠʤʝʪʨʘ ʢʦʥʪʫʨʘ 
approx = cv2.approxPolyDP(cnt, 0.02 * peri, True) #ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʢʦʥʪʫʨʘ 
x, y, w, h = cv2.boundingRect(approx) #ʇʦʣʫʯʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʦʙʲʝʢʪʘ, 

ʝʛʦ ʜʣʠʥʫ ʠ ʚʳʩʦʪʫ 
cx = int(x + (w / 2))  
cy = int(y + (h / 2))  #ʅʘʭʦʞʜʝʥʠʝ ʩʝʨʝʜʠʥʳ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ 
cv2.circle(gc_img_contour, (cx, cy), 5, (0, 255, 255), 5) #ɺʳʜʝʣʝʥʠʝ ʮʝʥʪʨʘ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ 
 #ɼʘʣʴʰʝ ʧʨʠʚʝʜʝʥʦ ʫʩʣʦʚʠʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʩʤʝʱʝʥʠʷ ʠ ʚʳʩʯʠʪʳʚʘʝʪ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʚʦʟʚʨʘʪʘ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʜʨʦʥʘ ʦʪ ʩʝʨʝʜʠʥʳ ʵʢʨʘʥʘ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʤʝʨʪʚʫʶ ʟʦʥʫ ʚ 
ʣʶʙʫʶ ʩʪʦʨʦʥʫ  

ifcx<frameWidth // 2 - dead_zone: 
gc_velocity_rate = (frameWidth // 2 - cx - dead_zone) / (frameWidth // 2 - dead_zone) 
gc_dir = 1 
elif cx >frameWidth // 2 + dead_zone: 
gc_velocity_rate = (cx - (frameWidth // 2 + dead_zone)) / (frameWidth - (frameWidth // 2 + dead_zone)) 
gc_dir = 2 
elif cy <frameHeight // 2 - dead_zone: 
gc_velocity_rate = (frameHeight // 2 - cy - dead_zone) / (frameHeight // 2 - dead_zone) 
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gc_dir = 3 
elif cy >frameHeight // 2 + dead_zone: 
gc_velocity_rate = (cy - (frameHeight // 2 + dead_zone)) / (frameHeight - (frameHeight // 2 + 

dead_zone)) 
gc_dir = 4 
else: 
gc_velocity_rate = 0 
gc_dir = 0 
 #ɼʦʙʘʚʣʝʥʠʝ ʚ ʢʦʥʝʮ ʤʘʩʩʠʚʘ ʥʦʚʳʭ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʚʦʟʚʨʘʱʝʥʠʝ ʠʭ 
color_list_dir.append(gc_dir) 
color_list_area.append(gc_area) 
color_list_velocity_rate.append(gc_velocity_rate) 
if len(color_list_area) != 0: 
i = color_list_area.index(max(color_list_area)) 
return [color_list_dir[i], color_list_area[i], color_list_velocity_rate[i]] 
else: 
return [0, 0, 0] 
ʄʝʪʦʜ ʧʦʣʝʪʘ ʧʦʣʫʯʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʙʲʝʢʪʘ ʦʪ ʮʝʥʪʨʘ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘ ʤʝʨʪʚʦʡ ʟʦ-

ʥʦʡ, ʧʣʦʱʘʜʴ ʦʙʲʝʢʪʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ. ʕʪʦʪ ʤʝʪʦʜ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʨʦʥ ʥʘʭʦʜʠʣ-
ʩʷ ʥʘʜ ʩʝʨʝʜʠʥʦʡ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʥʘ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʝ ʤʝʞʜʫ ʛʨʘʥʠʯʘʱʠʤʠ ʧʣʦʱʘʜʷʤʠ ʦʙʲ-
ʝʢʪʘ. ʄʝʪʦʜ ʦʪʧʨʘʚʣʷʝʪ ʢʦʤʘʥʜʫ ʜʨʦʥʫ ʩ ʥʘʙʦʨʦʤ ʩʢʦʨʦʩʪʝʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚʧʨʘʚʦ-ʚʣʝʚʦ, ʚʧʝʨʝʜ-
ʥʘʟʘʜ, ʚʚʝʨʭ-ʚʥʠʟ. 

def flight(f_dir, f_area, f_velocity_rate): 
velocity = 60 
 #ɼʚʠʞʝʥʠʝ ʚʧʝʨʝʜ-ʥʘʟʘʜ, ʚʣʝʚʦ-ʚʧʨʘʚʦ 
iff_dir == 1: 
me.left_right_velocity = int(-velocity * f_velocity_rate) 
eliff_dir == 2: 
me.left_right_velocity = int(velocity * f_velocity_rate) 
eliff_dir == 3: 
me.for_back_velocity = int(velocity * f_velocity_rate) 
eliff_dir == 4: 
me.for_back_velocity = int(-velocity * f_velocity_rate) 
else: 
me.left_right_velocity = 0 
me.for_back_velocity = 0 
me.up_down_velocity = 0 
 #ɼʚʠʞʝʥʠʝ ʚʚʝʨʭ-ʚʥʠʟ 
if upDownRange[0] <f_area<upDownRange[1]: 
me.up_down_velocity = 0 
eliff_area>upDownRange[1]: 
me.up_down_velocity = 20 
eliff_area<upDownRange[0] and f_area != 0: 
me.up_down_velocity = -20 
 #ʆʪʧʨʘʚʢʘ ʢʦʤʘʥʜʳ ʜʨʦʥʫ 
ifme.send_rc_control: 
me.send_rc_control(me.left_right_velocity, me.for_back_velocity, me.up_down_velocity) 
ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʫʜʝʨʞʘʥʠʷ ʧʦʟʠʮʠʠ ʥʘʜ ʦʙʲʝʢʪʦʤ, ʥʦ ʚ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʦʙʲʝʢʪ ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʜʨʦʥ ʪʝʨʷʣ ʝʛʦ ʠʟ ʟʦʥʳ ʚʠʜʠʤʦʩʪʠ, ʪʘʢ ʢʘʢ ʥʝ ʭʚʘʪʘʣʦ ʩʢʦʨʦ-
ʩʪʠ ʨʝʘʢʮʠʠ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʚʚʝʩʪʠ ʩʦʩʪʘʚʣʷʶʱʫʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 
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ʨʝʛʫʣʷʪʦʨʘ, ʯʪʦ ʧʨʠ ʩʣʫʯʘʷʭ ʧʝʨʝʣʝʪʘ ʦʙʲʝʢʪʘ ʢʚʘʜʨʦʢʦʧʪʝʨ ʩʤʦʞʝʪ ʧʨʝʜʚʠʜʝʪʴ ʦʰʠʙʢʫ ʠ ʚʝʨʥʫʪʴʩʷ ʢ 
ʦʙʲʝʢʪʫ.  
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Abstract: The article discusses the principle of operation of Lithium-polymer batteries. The connection dia-
grams and some parameters of the batteries required to understand the operation of the battery are consid-
ered. The ways of combining elements into assemblies and the possibility of reusing batteries are analyzed. 
Key words: battery, assembly, lithium polymer. 

 
ʈʩʡʦʯʡʨ ʩʙʚʧʫʴ Li-Poly ʙʣʣʬʥʬʤʸʫʧʩʧʛ 
ʃʠʪʠʡ-ʧʦʣʠʤʝʨʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ - ʵʪʦ ʧʦʜʪʠʧ ʃʠʪʠʡ-ʠʦʥʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʫ ʢʦʪʦʨʦʛʦ ʚʤʝʩʪʦ 

ʵʣʝʢʪʨʦʣʠʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʠʤʝʨ, ʬʘʢʪʠʯʝʩʢʠ ʟʘʤʝʥʷʶʱʠʡ ʧʦʨʠʩʪʳʡ ʩʝʧʘʨʘʪʦʨ, ʟʘʧʦʣʥʝʥʥʳʡ ʞʠʜ-
ʢʠʤ ʵʣʝʢʪʨʦʣʠʪʦʤ. ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʣʠʪʠʡ-ʧʦʣʠʤʝʨʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʧʦʤʠʤʦ ʚʳʩʦʢʠʭ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢ ʫʜʝʣʴʥʦʡ ʸʤʢʦʩʪʠ, ʥʠʟʢʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʚʳʩʦʢʦʡ ʪʦʢʦʦʪʜʘʯʠ, ʵʪʦ ʚʳʩʦʢʘʷ ʧʦ-
ʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʃʠʪʠʡ-ʠʦʥʥʳʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʞʠʜʢʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. ɺʘʞ-
ʥʳʤ ʬʘʢʪʦʨʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʃʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ - ʵʪʦ ʵʪʘʧʳ ʟʘʨʷʜʢʠ ʠ ʨʘʟʨʷʜʢʠ. ɺ ʵʪʠʭ ʧʨʦ-
ʮʝʜʫʨʘʭ ʦʯʝʥʴ ʚʘʞʝʥ ʪʦʢ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ C, ʯʠʩʣʝʥʥʦ ʨʘʚʥʳʡ ʸʤʢʦ-
ʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʚ ɸʤʧʝʨ ʯʘʩʘʭ. ɼʣʷ ʟʘʨʷʜʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʢ 2C, ʘ ʜʣʷ ʨʘʟʨʷʜʘ ʜʦʧʫʩʢʘʝʪʩʷ ʪʦʢ ʚ 
10ʉ ʚ ʩʣʫʯʘʝ ʃʠʪʠʡ-ʧʦʣʠʤʝʨʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠʣʠ ʚ ʩʣʫʯʘʝ ʩ ʃʠʪʠʡ-ʪʠʪʘʥʘʪʥʳʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ 
100ʉ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʃʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʤʝʱʝʥʠʠ ʠʦʥʦʚ ʃʠʪʠʷ ʤʝʞʜʫ ʢʘ-
ʪʦʜʦʤ ʠ ʘʥʦʜʦʤ, ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʡ ʩʝʧʘʨʘʪʦʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʠʟ ʩʝʙʷ ʧʦʣʠʤʝʨʥʫʶ ʧʣʸʥʢʫ ʠʣʠ 
ʵʣʝʢʪʨʦʣʠʪ ʩʧʦʩʦʙʥʳʡ ʧʝʨʝʤʝʱʘʪʴ ʯʝʨʝʟ ʩʝʙʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʦʥʳ ʃʠʪʠʷ ʨʠʩ. 1. 
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ʉʡʪ. 1. ʊʮʞʥʙ ʩʙʚʧʫʴ ʄʡʫʡʢ-ʡʧʦʦʧʜʧ ʙʣʣʬʥʬʤʸʫʧʩʙ 

 
ʊʮʞʥʙ ʨʧʝʣʤʷʰʞʦʡʸ Li-Poly ʙʣʣʬʥʬʤʸʫʧʩʧʛ ʭʧʩʥʙʫʙ 18650 ʛ ʪʚʧʩʣʬ 
ʉʫʱʝʩʪʚʫʝʪ ʫʩʪʦʷʚʰʘʷʩʷ ʪʝʨʤʠʥʦʣʦʛʠʷ ʜʣʷ ʩʙʦʨʢʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠʟ ʷʯʝʝʢ ʨʘʟʣʠʯʥʳʭ 

ʬʦʨʤʘʪʦʚ, ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʠʷ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨ S - ʦʙʦʟʥʘʯʘʶʱʠʡ 
ʢʦʣʠʯʝʩʪʚʦ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʫʝʪ ʧʘʨʘʤʝʪʨ P - ʦʙʦʟʥʘʯʘʶʱʠʡ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʣʣʝʣʴʥʳʭ 
ʩʙʦʨʦʢ. ʇʘʨʘʤʝʪʨ S ʦʪʨʘʞʘʝʪ ʠʪʦʛʦʚʦʝ ʥʘʧʨʷʞʝʥʠʷ ʙʘʪʘʨʝʠ, ʥʘʧʨʠʤʝʨ, ʟʥʘʷ ʠʟʥʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʷ 
ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʙʘʪʘʨʝʠ, ʥʘʧʨʠʤʝʨ, ʨʘʚʥʦʛʦ 3.7 ɺ, ʜʣʷ ʙʘʪʘʨʝʠ 7s, ʪʘʢʦʡ ʘʢʢʫʤʫʣʷʪʦʨ ʙʫʜʝʪ ʠʤʝʪʴ 
ʥʘʧʨʷʞʝʥʠʝ 25.9 ɺ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʅʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʯʪʦ ʃʠʪʠʡ-ʧʦʣʠʤʝʨʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ 
ʦʙʳʯʥʦ ʠʤʝʶʪ ʧʦʨʦʛʦʚʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 4.2 ɺ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 3 ɺ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ ʠʪʦʛʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʘʢʢʫʤʫʣʷʪʦʨʘ 7S ʙʫʜʝʪ 29.4 ɺ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʘʨʷʜʝ ʠʣʠ 21.0 ɺ ʧʨʠ 
ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʟʨʷʜʝ. ʕʪʦʪ ʥʶʘʥʩ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʚ ʧʘʨʘʤʝʪʨʘʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ 
ʠ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʝʜʴ ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ 25.9 ɺ ʩʠʣʴʥʦ 
ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʧʨʷʞʝʥʠʷ 29.4 ɺ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ. ɿʥʘʷ ʪʦʢʦʦʪʜʘʯʫ ʦʜʥʦʛʦ 
ʵʣʝʤʝʥʪʘ ʩʙʦʨʢʠ ʠ ʧʘʨʘʤʝʪʨ P ʜʣʷ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʤʦʞʥʦ ʫʟʥʘʪʴ ʧʘʨʘʤʝʪʨ ʪʦʢʦʦʪʜʘʯʠ ʜʣʷ ʩʙʦʨʢʠ. 
ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʜʣʷ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʦʢ ʦʪʜʘʯʠ ʩʦʩʪʘʚʣʷʝʪ 20 ɸ, ʪʦ ʜʣʷ ʩʙʦʨʢʠ 4p ʪʦʢ ʦʪʜʘʯʠ ʙʫʜʝʪ 
ʩʦʩʪʘʚʣʷʪʴ 80 ɸ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʃʠʪʠʡ-ʧʦʣʠʤʝʨʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ ʩ ʪʦʢʦʤ ʦʪʜʘʯʠ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ 
20 ɸ ʠ ʧʘʨʘʤʝʪʨʘʤʠ 7s4p, ʦʯʝʥʴ ʣʝʛʢʦ ʧʦʩʯʠʪʘʪʴ ʚʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ - ʦʥʠ ʩʦʩʪʘʚʷʪ 25.9 ɺ ʠ 80 
ɸ, ʨʠʩ. 2. ʇʣʘʪʘ BMS ʧʦʟʚʦʣʷʝʪ ʙʘʣʘʥʩʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘ. ɼʣʷ 
ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʧʨʷʞʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʠʤʝʪʴ ʧʨʦʚʦʜʥʠʢ ʚ ʪʦʯʢʘʭ ʩʦʝʜʠʥʝʥʠʷ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʨʘʟʲʸʤ 
ʙʘʣʘʥʩʠʨʦʚʢʠ ʜʣʷ ʙʘʪʘʨʝʠ ʜʣʷ 7s ʙʘʪʘʨʝʠ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 7+1 ʧʨʦʚʦʜʥʠʢʦʚ, ʪʘʢ ʢʘʢ 8 ʧʨʦʚʦʜʥʠʢ - ʵʪʦ 
ʟʝʤʣʷ.  

ʊʨʧʪʧʚʴ ʧʚʳʞʝʡʦʞʦʡʸ ʶʤʞʥʞʦʫʧʛ ʛ ʪʚʧʩʣʡ 
ʃʠʪʠʡ-ʧʦʣʠʤʝʨʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʜʦʧʫʩʪʠʤ 

ʧʝʨʝʛʨʝʚ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ, ʪʘʢ ʢʘʢ ʵʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʸʪ ʢ ʧʦʪʝʨʝ ʸʤʢʦʩʪʠ. ʉʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ 
ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʬʦʨʤʘʪʘ 18650: ʪʦʯʝʯʥʘʷ ʩʚʘʨʢʘ, ʧʘʡʢʘ, ʣʝʥʪʘ ʩ ʤʘʛʥʠʪʘʤʠ, 
ʤʝʭʘʥʠʯʝʩʢʘʷ ʬʠʢʩʘʮʠʷ. ʉʘʤʳʡ ʣʫʯʰʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ - ʵʪʦ 
ʪʦʯʝʯʥʘʷ ʩʚʘʨʢʘ ʥʘ 4-6 ʪʦʯʝʢ, ʢ ʤʠʥʫʩʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ 
ʙʘʪʘʨʝʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʥʪʘ ʩ ʤʘʛʥʠʪʘʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʬʠʢʩʘʮʠʷ ʛʦ-
ʨʘʟʜʦ ʣʫʯʰʝ, ʥʦ ʢ ʤʠʥʫʩʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʪʝʨʶ 
ʵʬʬʝʢʪʠʚʥʦʡ ʸʤʢʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʥʠʟʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʘʡʢʦʡ ʧʨʠ ʧʦʤʦʱʠ ʤʦʱʥʳʭ ʧʘ-
ʷʣʴʥʠʢʦʚ, ʪʨʝʙʫʶʱʠʭʩʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʞʘʣʘ ʧʘʷʣʴʥʠʢʘ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʪʝʤʧʝ-
ʨʘʪʫʨʝ ʢʦʥʪʘʢʪʦʚ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʨʠʩ. 3 ʪʦʯʝʯʥʘʷ ʩʚʘʨʢʘ. 
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ʉʡʪ. 2. ʊʮʞʥʙ ʨʧʝʣʤʷʰʞʦʡʸ ʙʣʣʬʥʬʤʸʫʧʩʙ 6s 

 

 
ʉʡʪ. 3. ʋʧʰʞʰʦʙʸ ʪʛʙʩʣʙ ʙʣʣʬʥʬʤʸʫʧʩʙ 18650 

 
ʀʙʣʤʷʰʞʦʡʞ 

ʃʠʪʠʡ-ʠʦʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʤʦʜʠʬʠʢʘʮʠʡ ʥʘʯʠʥʘʷ ʦʪ ʃʠʪʠʡ-ʪʠʪʘʥʘʪʥʳʭ ʠ ʟʘ-
ʢʘʥʯʠʚʘʷ ʃʠʪʠʡ-ʧʦʣʠʤʝʨʥʳʤʠ, ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʩʚʦʶ ʥʶʘʥʩʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʦ ʩʭʦʞʠʝ ʩʧʦʩʦʙʳ ʦʙʲ-
ʝʜʠʥʝʥʠʷ ʚ ʩʙʦʨʢʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʙʦʨʦʢ ʫʥʠʬʠʮʠʨʦʚʘʥʳ. ʉʧʦʩʦʙʳ ʞʝ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ 
ʙʘʪʘʨʝʡ ʬʦʨʤʘʪʘ 18650 ʨʘʟʣʠʯʥʳ ʠ ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʢʢʫʤʫʣʷʪʦʨʘ. 
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Abstract: The article discusses the principles of building VPN networks based on the Wireguard service. The 
configuration files of the client and server parts of the VPN service are considered. Some nuances of building 
robotic systems with distributed computing are considered. 
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ʈʩʡʦʯʡʨ ʩʙʚʧʫʴ VPN ʪʞʫʞʢ 
ɺʠʨʪʫʘʣʴʥʘʷ ʯʘʩʪʥʘʷ ʩʝʪʴ - ʵʪʦ ʰʠʬʨʦʚʘʥʥʦʝ ʙʝʟʦʧʘʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʫʩʪʨʦʡʩʪʚʘ-

ʤʠ ʠʣʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʩʝʪʷʤʠ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɺʠʨʪʫʘʣʴʥʘʷ ʩʝʪʴ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʚʝʨʭ ʫʞʝ ʩʫʱʝ-
ʩʪʚʫʶʱʝʡ ʩʝʪʠ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ ʠʣʠ ʛʣʦʙʘʣʴʥʘʷ ʩʝʪʴ ʠʥʪʝʨʥʝʪʘ. ʊʝʭʥʦʣʦʛʠʷ VPN ʧʦʟ-
ʚʦʣʷʝʪ ʣʝʛʢʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʦʙʱʝʝ ʩʝʪʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʩʝʪʝʡ ʠʣʠ ʧʝʨʩʦʥʘʣʴʥʳʭ 
ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʠʟʦʣʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ ʚʥʫʪʨʝʥʥʝʡ ʩʝʪʠ ʦʪ ʜʦʩʪʫʧʘ ʚ ʠʥʪʝʨʥʝʪ ʠʣʠ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ VPN ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʰʠʬʨʦʚʘʥʠʝ, 
ʚʠʨʪʫʘʣʴʥʘʷ ʯʘʩʪʥʘʷ ʩʝʪʴ ʧʦʟʚʦʣʷʝʪ ʩʦʝʜʠʥʷʪʴ ʫʟʣʳ ʥʦʚʦʡ ʩʝʪʠ ʰʠʬʨʦʚʘʥʥʳʤ ʢʘʥʘʣʦʤ, ʚʟʣʦʤʘʪʴ ʠʣʠ 
ʠʟʤʝʥʠʪʴ ʜʘʥʥʳʝ ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʷʞʝʣʦ. ʉʫʱʝʩʪʚʫʶʪ ʪʘʢ ʞʝ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʩʥʠʞʝʥʠʝ ʩʢʦ-
ʨʦʩʪʠ, ʫʚʝʣʠʯʝʥʥʘʷ ʟʘʜʝʨʞʢʘ, ʥʝ ʚʩʝ VPN ʩʝʪʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʨʦʪʦʢʦʣ IPv6, ʪʘʢ ʞʝ ʜʘʥʥʳʝ ʘʜʨʝʩʫʶʪ-
ʩʷ ʯʝʨʝʟ ʩʪʦʨʦʥʥʠʡ DNS ʩʝʨʚʝʨ ʠ ʯʘʩʪʦ ʵʪʦ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʚ ʩʣʫʯʘʝ ʥʘʧʨʘʚ-
ʣʝʥʥʦʡ ʘʪʘʢʠ ʥʘ ʢʘʥʘʣ ʩʚʷʟʠ, ʨʠʩ. 1. 
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ʉʡʪ. 1. ʊʮʞʥʙ ʩʙʚʧʫʴ VPN ʪʞʫʡ ʛ ʡʦʫʞʩʦʞʫʞ 

 
ʆʙʪʫʩʧʢʣʡ ʝʤʸ ʪʞʩʛʞʩʦʧʢ ʰʙʪʫʡ 
ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʨʦʙʦʪʳ ʚ ʩʚʦʸʤ ʙʦʣʴʰʠʥʩʪʚʝ ʫʧʨʘʚʣʷʶʪʩʷ ʧʣʘʪʬʦʨʤʘʤʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ 

Ethernet ʠʣʠ WiFi, ʘ ʪʘʢʞʝ ʦʯʝʥʴ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʚʷʟʢʝ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʥʘ ʦʩ-
ʥʦʚʝ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʚ ʩʝʨʚʝʨʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʘʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ʤʝʞʜʫ 
ʨʦʙʦʪʦʤ, ʩʝʨʚʝʨʦʤ ʠ ʫʧʨʘʚʣʷʶʱʝʡ ʩʪʘʥʮʠʝʡ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ VPN ʚʚʠʜʫ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʡ 
ʤʝʞʜʫ ʚʩʝʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʝʪʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʙʱʝʛʦ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʨʝʙʫʝʪʩʷ ʥʘʩʪʨʦʠʪʴ 
VPN ʩʝʪʴ, ʩʘʤʳʤ ʧʦʥʷʪʥʳʤ ʩʝʨʚʠʩʦʤ ʩʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʩʝʨʚʠʩ 
Wireguard ʦʥ ʠʤʝʝʪ ʧʨʦʩʪʳʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ ʠ ʨʘʙʦʪʘʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʷʜʨʘ linux, ʯʪʦ ʩʫʱʝ-
ʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ ʝʛʦ ʨʘʙʦʪʫ. ɺ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʚʘʨʠʘʥʪʝ ʩʠʩʪʝʤʳ, ʪʨʝʙʫʝʪʩʷ ʩʝʨʚʝʨ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤ ip 
ʘʜʨʝʩʦʤ ʠ ʧʨʦʙʨʦʰʝʥʥʳʤʠ ʧʦʨʪʘʤʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʴʶ, ʨʠʩ. 2. 
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ʆʙʪʫʩʧʢʣʡ ʝʤʸ ʣʤʡʞʦʫʪʣʧʢ ʰʙʪʫʡ 
ʂʣʠʝʥʪ ʢʘʢ ʠ ʩʝʨʚʝʨ ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʨʪʫʘʣʴʥʳʭ ʩʝʪʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʘʧʨʠ-

ʤʝʨ ʦʜʥʫ ʩʝʪʴ ʩʦʝʜʠʥʷʶʱʫʶ ʨʦʙʦʪʘ ʠ ʩʝʨʚʝʨ ʠ ʦʜʥʫ ʩʝʪʴ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʜʘʪʯʠʢʦʚ ʠ ʠʥʪʝʨʬʝʡʩʦʚ 
ʕɺʄ. ʈʦʙʦʪ ʢʘʢ ʠ ʫʧʨʘʚʣʷʶʱʘʷ ʩʪʘʥʮʠʷ ʤʦʛʫʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʘʥʘʣ ʩ ʩʝʨʚʝʨʦʤ ʩ ʧʦʩʪʦʷʥʥʳʤ ip ʘʜʨʝ-
ʩʦʤ, ʙʣʘʛʦʜʘʨʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦʜʝʨʞʘʱʝʡ ʘʜʨʝʩ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ DNS ʩʝʨʚʝʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʥʘʡʪʠ 
ʫʩʪʨʦʡʩʪʚʘʤ ʜʨʫʛ ʜʨʫʛʘ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ. ʇʦʜʜʝʨʞʠʚʘʷ ʪʫʥʝʣʴ ʩʚʷʟʠ, ʫʧʨʘʚʣʷʶʱʘʷ ʩʪʘʥʮʠʷ ʤʦʞʝʪ 
ʦʙʱʘʪʴʩʷ ʩ ʨʦʙʦʪʦʤ ʧʨʠ ʵʪʦʤ ʚʝʩʴ ʪʨʘʬʠʢ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʝʨʚʝʨ. ʅʘ ʦʩʥʦʚʝ 
ʪʘʢʦʡ VPN ʩʝʪʠ ʦʯʝʥʴ ʧʨʦʩʪʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʚʳʯʠʩʣʝʥʠʷ ʤʝʞʜʫ ʩʪʘʥʮʠʝʡ, ʩʝʨʚʝʨʦʤ ʠ ʨʦʙʦʪʦʤ. ʂʦʥʬʠ-
ʛʫʨʘʮʠʦʥʥʳʡ ʬʘʡʣ ʜʣʷ ʢʣʠʝʥʪʘ ʥʝʤʥʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʝʨʚʝʨʥʦʛʦ ʠ ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʧʘʨʘʤʝʪ-
ʨʦʚ ʜʣʷ ʨʘʙʦʪʳ. ʆʪʢʨʳʪʳʝ ʠ ʟʘʢʨʳʪʳʝ ʢʣʶʯʠ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʘ ʩʪʦʨʦʥʝ ʩʝʨʚʝʨʘ, ʨʠʩ. 3. 

 

 
ʉʡʪ. 3. ʊʧʝʞʩʟʙʦʡʞ ʣʧʦʭʡʜʬʩʙʯʡʧʦʦʧʜʧ ʭʙʢʤʙ ʣʤʡʞʦʫʙ 

 
ʀʙʣʤʷʰʞʦʡʞ 

ɺʠʨʪʫʘʣʴʥʳʝ ʯʘʩʪʥʳʝ ʩʝʪʠ ʫʧʨʦʱʘʶʪ ʦʨʛʘʥʠʟʘʮʠʶ ʩʝʪʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 
ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʩʝʪʴʶ ʥʘ ʙʦʣʝʝ ʪʦʥʢʦʤ ʫʨʦʚʥʝ ʯʝʤ ʩ DNS ʩʝʨʚʝʨʘʤʠ ʠ ʘʜʨʝʩʘʮʠʝʡ. ʀʩʧʦʣʴʟʦʚʘ-
ʥʠʝ VPN ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʝʜʝʣʷʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʨʝʩʫʨʩʳ ʠ ʦʙʤʝʥʠʚʘʪʴʩʷ 
ʠʥʬʦʨʤʘʮʠʝʡ ʫʩʪʨʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʤ ʪʷʞʝʣʦ ʥʘʡʪʠ ʘʜʨʝʩ ʜʨʫʛʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʝ ʠʩʧʦʣʴʟʫʷ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʳʝ DNS ʩʝʨʚʝʨʘ. 
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ʅʧʝʞʤʡ ʡʠʝʞʤʡʢ ʡʠ ʣʙʩʚʧʦʙ 
ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʥʘ ʠ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ, ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠ-

ʯʝʥʠʷ ʧʦ ʬʦʨʤʝ ʠʟʜʝʣʠʡ ʠ ʪʦʣʱʠʥʝ ʤʘʪʝʨʠʘʣʘ. ɺ ʩʣʫʯʘʝ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʠʟʜʝ-
ʣʠʷ, c ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʛʣʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʤʘʣʝʥʴʢʦʛʦ ʜʠʘʤʝʪʨʘ, ʪʨʝʙʫʝʪʩʷ 
ʫʛʣʝʚʦʣʦʢʥʦ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʩʧʝʮʠʬʠʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ. ʏʝʤ ʤʝʥʴʰʝ ʠ ʩʣʦʞʥʝʝ ʠʟʜʝʣʠʝ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʝʤ 
ʩʣʦʞʥʝʝ ʩʦʟʜʘʪʴ ʝʛʦ ʠʟ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʘʣʝʥʴʢʠʭ ʠ ʩʣʦʞʥʳʭ ʫʟ-
ʣʦʚ ʠʟ ʫʛʣʝʚʦʣʦʢʥʘ ʪʨʝʙʫʝʪʩʷ ʫʧʨʦʱʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʠʟʜʝʣʠʡ, ʞʝʣʘʪʝʣʴʥʦ ʜʦ ʜʚʫʤʝʨ-
ʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʣʦʩʢʦʩʪʝʡ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʨʘɦ ʝʥʠʷ ʨʠʩ.1.  

ʍʧʩʥʴ ʥʙʫʩʡʯ ʡʠʝʞʤʡʢ 
ʌʦʨʤʘ ʤʘʪʨʠʮʳ ʜʦʣʞʥʘ ʧʦʚʪʦʨʷʪʴ ʬʦʨʤʫ ʤʦʜʝʣʠ, ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʩʜʝʣʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ 

ʧʣʦʩʢʠʝ ʧʨʠʧʫʩʢʠ ʜʣʷ ʢʨʘʸʚ ʠʟʜʝʣʠʷ, ʪʘʢ ʢʘʢ ʢʨʘʡ ʬʦʨʤʳ ʠʟ ʫʛʦʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʦʯʝʥʴ ʯʘʩʪʦ ʥʝ ʨʦʚʥʳʡ. 
ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ ʩ ʥʘʧʦʣʥʝʥʠʝʤ ʬʦʨʤʳ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʩʚʷʟʘʥʥʳʝ ʩ ʩʢʨʫʯʠʚʘʥʠʝʤ 
ʧʣʸʥʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʘʢʫʫʤʘ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʘʢʫʫʤʘ ʪʨʝʙʫʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʦʜʙʦʨ ʤʘʪʝʨʠʘ-
ʣʦʚ ʜʣʷ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ. ʌʦʨʤʳ ʤʘʪʨʠʮ ʢʘʢ ʠ ʤʦʜʝʣʠ ʠʟʜʝʣʠʡ, ʥʝ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-
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ʩʪʚʦ ʠʟʛʠʙʦʚ ʩʦ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠ ʤʘʣʝʥʴʢʠʤʠ ʨʘʜʠʫʩʘʤʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʨʘʱʝʥʠʷ. ʀʥʦʛʜʘ ʝʩ-
ʣʠ ʪʨʝʙʫʝʪʩʷ ʭʦʨʦʰʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʧʣʦʩʢʠʭ ʠʟʜʝʣʠʡ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʦʡʥʫʶ ʬʦʨʤʫ, ʢʦʪʦʨʘʷ 
ʫʚʝʣʠʯʠʪ ʪʦʯʥʦʩʪʴ ʢʦʥʝʯʥʳʭ ʠʟʜʝʣʠʡ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʡ ʞʸʩʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʘʢʫʫʤʥʦ-
ʛʦ ʨʫʢʘʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʮʝʜʫʨʳ ʚʘ-
ʢʫʫʤʠʨʦʚʘʥʠʷ ʠ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʦʜʠʥʘ-
ʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʨʘʱʝʥʠʷ, ʪʦ ʤʦʞʥʦ ʫʜʣʠʥʠʪʴ ʬʦʨʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʨʝʟʘʥʠʷ ʠʟʜʝʣʠʷ ʥʘ 
ʨʘʚʥʳʝ ʯʘʩʪʠ, ʵʪʦ ʫʚʝʣʠʯʠʪ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ ʠ ʫʤʝʥʴʰʠʪ ʢʦʣʠʯʝʩʪʚʦ ʩʢʣʘʜʦʢ ʥʘ ʧʣʸʥʢʝ. ʄʘ-
ʪʝʨʠʘʣ ʩʘʤʦʡ ʬʦʨʤʳ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ, ʥʘʯʠʥʘʷ ʦʪ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʠ ʩʪʝʢʣʦʚʦʣʦʢʦʥʥʳʭ ʬʦʨʤ 
ʜʦ PLA ʧʣʘʩʪʠʢʘ ʠʣʠ ʩʪʝʢʣʘ. ʄʘʪʝʨʠʘʣ ʬʦʨʤʳ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʠ ʠʭ ʢʦʣʠʯʝ-
ʩʪʚʘ, ʨʠʩ. 2. 

 

 
ʉʡʪ. 1. ʅʧʝʞʤʵ ʨʩʬʟʡʦʴ ʡʠ ʬʜʤʞʛʧʤʧʣʦʙ 

 

 
ʉʡʪ. 2. ʅʧʝʞʤʵ ʥʙʫʩʡʯʴ ʝʤʸ ʝʛʬʮ ʨʩʬʟʡʦ 
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ʉʡʪ. 3. ɽʛʧʢʦʧʢ ʛʙʣʬʬʥʦʴʢ ʦʙʪʧʪ 

 
ʅʙʫʞʩʡʙʤʴ ʡ ʬʪʫʩʧʢʪʫʛʙ, ʫʩʞʚʬʷʲʡʞʪʸ ʝʤʸ ʨʩʧʡʠʛʧʝʪʫʛʙ ʣʧʥʨʧʠʡʫʧʛ ʦʙ ʧʪʦʧʛʞ 

ʣʙʩʚʧʦʙ ʡ ʶʨʧʣʪʡʝʦʧʢ ʪʥʧʤʴ 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʫʷ ʚʘʢʫʫʤʥʳʡ ʤʝʰʦʢ ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʘʷ ʦʩʥʘʩʪʢʘ, ʩʧʝ-

ʮʠʘʣʴʥʳʡ ʨʘʟʜʝʣʷʶʱʠʡ ʤʘʪʝʨʠʘʣ, ʥʘ ʦʩʥʦʚʝ ʚʦʩʢʘ ʠʣʠ ʣʘʢʦʚʳʭ ʧʦʢʨʳʪʠʡ, ʢʦʪʦʨʳʡ ʥʘʥʦʩʠʪʩʷ ʥʘ ʬʦʨ-
ʤʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʜʝʣʝʥʠʷ ʠʟʜʝʣʠʷ ʦʪ ʬʦʨʤʳ. ʊʦʣʩʪʘʷ, ʧʣʦʪʥʘʷ ʪʢʘʥʴ ʧʦʭʦʞʘʷ ʥʘ ʛʫʙʢʫ ʧʦ ʩʚʦʝʡ 
ʩʪʨʫʢʪʫʨʝ ʧʦʟʚʦʣʷʶʱʘʷ ʥʘʧʦʣʥʷʪʩʷ ʫʛʣʝʚʦʣʦʢʥʫ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʧʦʜ ʚʘʢʫʫʤʦʤ ʠʣʠ ʩʧʝʮʠʘʣʴʥʘʷ 
ʩʝʪʢʘ ʩʦ ʩʭʦʞʝʡ ʟʘʜʘʯʝʡ. ʊʘʢ ʞʝ ʜʣʷ ʤʝʰʢʘ ʠʟ ʧʣʸʥʢʠ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʫʧʣʦʪʥʷ-
ʶʱʠʡ ʞʛʫʪ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʢʦʥʥʝʢʪʦʨʘ ʩʤʦʣʳ ʠ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ. ʪʘʢ ʞʝ ʪʨʝʙʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʚʠʪʳʝ 
ʪʨʫʙʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʤʦʣʳ ʧʦ ʬʦʨʤʝ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɺʚʠʜʫ ʫʩʪʨʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-
ʩʪʨʘʥʸʥʥʳʭ ʜʚʫʭʢʦʥʪʫʨʥʳʭ ʚʘʢʫʫʤʥʳʭ ʥʘʩʦʩʦʚ ʨʠʩ. 3 ʪʨʝʙʫʝʪʩʷ ʪʘʢ ʞʝ ʬʠʣʴʪʨʦʚʘʪʴ ʚʦʟʜʫʭ, ʚʳʭʦʜʷ-
ʱʠʡ ʠʟ ʧʣʸʥʦʯʥʦʛʦ ʤʝʰʢʘ, ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʬʠʣʴʪʨʳ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʸʤʢʦʩʪʠ ʜʣʷ ʦʩʪʘʪʢʦʚ ʵʧʦʢ-
ʩʠʜʥʦʡ ʩʤʦʣʳ. ʉʤʦʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʞʠʜʢʦʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʤʝʪʴ ʚʨʝʤʷ ʞʠʟʥʠ ʥʝ ʤʝʥʝʝ ʚʨʝ-
ʤʝʥʠ ʪʨʝʙʫʶʱʝʛʦʩʷ ʜʣʷ ʟʘʣʠʚʢʠ ʤʦʜʝʣʠ. 

ʀʙʣʤʷʰʞʦʡʞ 
ʉʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʤʦʜʝʣʝʡ ʪʨʫʜʦʸʤʢʠʡ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʰʠʨʦʢʦʡ ʧʦʜʛʦ-

ʪʦʚʢʠ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ 
ʠʟʜʝʣʠʡ ʦʯʝʥʴ ʩʠʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ ʩʧʦʩʦʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʜʝʣʠ, ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʜʚʝ ʬʦʨʤʳ ʠʣʠ ʚʘʢʫ-
ʫʤʥʳʡ ʤʝʰʦʢ. ʊʘʢ ʞʝ ʦʯʝʥʴ ʩʠʣʴʥʦ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚʣʠʷʶʪ ʠ ʩʘʤʠ ʤʘʪʝʨʠʘʣʳ ʢʦʤʧʦʟʠʪʘ, ʚʨʝʤʷ 
ʞʠʟʥʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʠ ʧʣʦʪʥʦʩʪʴ ʫʛʣʝʚʦʣʦʢʥʘ. 
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ǧǰǮǭǪǻǦǭǡǟǬǧǤ ǧǬǰǱǯǲǫǤǬǱǭǡ SQL 
SERVER REPORTING SERVICES ǣǪǾ ǰǭǦǣǟǬǧǾ 
ǭǱǶǤǱǬǺǴ ǳǭǯǫ 

ǩǿȏǿȑȉȄȁȇȖ ǫǿȑȁȄȈ ǰȄȏȂȄȄȁȇȖ 
ʉʪʫʜʝʥʪ 

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɾʫʨʦ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 
ɸʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʘʚʪʦʤʘʪʠʢʠ, ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʝʨʚʝʨʥʘʷ ʩʠʩʪʝʤʘ ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʥʳʭ ʬʦʨʤ SQL Server Re-
porting Services (SSRS), ʠʥʩʪʨʫʤʝʥʪʳ ʩʠʩʪʝʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʦʚ, ʧʦʷʩʥʝʥʠʷ ʧʦ ʥʘʩʪʨʦʡʢʝ ʚʝʙ-
ʩʣʫʞʙʳ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʪʯʝʪʦʚ ʥʘ ʩʝʨʚʝʨʝ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʷʟʳʢ SQL, Reporting Services, ʦʪʯʝʪʳ, ʙʘʟʳ ʜʘʥʥʳʭ, ʉʋɹɼ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟ ʜʘʥ-
ʥʳʭ 
 

USING SQL SERVER REPORTING SERVICES TO CREATE REPORTING FORMS 
 

Karatkevich Matvey Sergeevich 
 

Scientific adviser: Zhuro Dmitriy Vladimirovich 
 

Abstract: This article describes the SQL Server Reporting Services (SSRS) server-side reporting system, the 
system's reporting tools, explains how to set up the web service, and how to deploy reports on a database 
server. 
Key words: SQL language, Reporting Services, reports, databases, DBMS, database design 

 
ʆʪʯʝʪʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. ʉʫ-

ʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ, ʬʦʨʤʘʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʩʤʦʪʨʘ 
ʦʪʯʝʪʦʚ: ʙʫʜʴ ʪʦ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʢʩʪʦʚʳʝ ʨʝʜʘʢʪʦʨʳ ʠʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ, ʟʘʢʘʥʯʠʚʘʷ ʫʟʢʦʩʧʝʮʠʘ-
ʣʠʟʠʨʦʚʘʥʥʳʤʠ ʜʣʷ ʵʪʦʛʦ ʧʨʦʛʨʘʤʤʘʤʠ. ɺ ʵʧʦʭʫ ʠʥʪʝʨʥʝʪʘ, ʚʩʝ ʜʘʥʥʳʝ çʮʠʬʨʦʚʠʟʠʨʫʶʪʩʷè ʠ ʭʨʘʥʷʪ-
ʩʷ ʥʘ ʩʝʨʚʝʨʘʭ ʢʦʤʧʘʥʠʠ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʛʦʨʘʟʜʦ ʨʘʟʫʤʥʝʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠ-
ʘʣʴʥʳʝ ʩʝʨʚʠʩʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ʆʥʠ ʙʫʜʫʪ 
ʩʨʘʟʫ ʜʝʣʘʪʴ ʚʳʙʦʨʢʫ ʜʘʥʥʳʭ, ʧʨʦʠʟʚʦʜʠʪʴ ʥʘʜ ʥʠʤʠ ʘʛʨʝʛʘʮʠʶ ʠ ʛʨʫʧʧʠʨʦʚʢʫ, ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʝʜʩʪʘʚ-
ʣʝʥʠʝ ʠ ʚʳʚʦʜʠʪʴ ʦʪʯʝʪ ʚ ʚʠʜʝ ʚʝʙ-ʩʪʨʘʥʠʮʳ ʠʣʠ ʬʘʡʣʘ ʜʨʫʛʦʛʦ ʬʦʨʤʘʪʘ, ʙʝʟ ʧʦʩʪʦʨʦʥʥʠʭ ʩʝʨʚʠʩʦʚ. 

ʇʨʦʛʨʘʤʤʥʘʷ ʩʝʨʚʝʨʥʘʷ ʩʠʩʪʝʤʘ ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʦʚ SQL Server Reporting Services (SSRS) ʤʦʞʝʪ 
ʚʳʧʦʣʥʷʪʴ ʦʧʠʩʘʥʥʳʝ ʟʘʜʘʯʠ. SSRS ʘʜʤʠʥʠʩʪʨʠʨʫʝʪʩʷ ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʠ ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʡ ʠʥ-
ʪʝʨʬʝʡʩ ʚʝʙ-ʩʣʫʞʙ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʪʯʝʪʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. SSRS ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ çʪʨʘʜʠʮʠʦʥʥʳʝè 
ʦʪʯʝʪʳ ʩ ʨʘʟʙʠʝʥʠʝʤ ʥʘ ʩʪʨʘʥʠʮʳ, ʤʦʙʠʣʴʥʳʝ ʦʪʯʝʪʳ ʠ ʩʧʝʮʠʘʣʴʥʳʡ ʚʝʙ-ʧʦʨʪʘʣ. ʊʘʢʞʝ, SSRS ʠʤʝʝʪ 
ʩʚʦʡ API, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʦʪʯʝʪʳ ʚ ʩʪʦʨʦʥʥʠʝ ʧʨʠʣʦʞʝʥʠʷ. SSRS ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʘʥʠʝʡ 
Microsoft ʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʉʋɹɼ MS SQL Server. 
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V ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐz ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʇʦʩʢʦʣʴʢʫ SSRS ʷʚʣʷʝʪʩʷ ʚʝʙ-ʩʣʫʞʙʦʡ, ʜʣʷ ʝʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʥʫʞʝʥ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʙ-
ʩʝʨʚʝʨ. ʉʝʨʚʝʨʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʢʦʤʧʴʶʪʝʨ, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʫʞʙʳ SSRS ʠ ʥʘ ʢʦʪʦʨʦʤ ʙʫ-
ʜʫʪ ʭʨʘʥʠʪʴʩʷ ʚʩʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʦʪʯʝʪʳ. ʇʦʩʣʝʜʥʠʝ ʚʝʨʩʠʠ MS SQL Server ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ 
ʩʣʫʞʙʳ Reporting Services ʠ ʩʨʘʟʫ ʞʝ ʧʨʠʚʷʟʘʪʴ ʠʭ ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ ʙʘʟʘʤ ʜʘʥʥʳʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 
ʥʘʩʪʨʦʠʚ ʧʦʜʢʣʶʯʝʥʠʝ (ʫʢʘʟʘʚ ʩʝʨʚʝʨ, ʠʤʷ ʙʘʟʳ ʠ ʜʘʥʥʳʝ ʜʣʷ ʚʭʦʜʘ). 

ʉʘʤʠ ʧʦ ʩʝʙʝ ʦʪʯʝʪʳ ʩʦʟʜʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʷʟʳʢʘ RDL (Report Definition Language), ʢʦʪʦʨʳʡ ʩʦ-
ʩʪʦʠʪ ʠʟ ʷʟʳʢʘ ʨʘʟʤʝʪʢʠ XML ʠ ʚʩʪʨʦʝʥʥʳʭ ʚ ʥʠʭ SQL-ʟʘʧʨʦʩʦʚ. ʆʪʯʝʪʳ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʚ Microsoft Vis-
ual Studio ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ SSRS Report Builder. ʀʥʪʝʨʬʝʡʩ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʉʡʪ. 1. ʁʦʫʞʩʭʞʢʪ Report Builder 

 
ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʠʟ ʨʠʩʫʥʢʘ 1, ʩʦʟʜʘʥʠʝ ʦʪʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦʡ ʠ ʧʦ-

ʥʷʪʥʳʡ ʧʨʦʮʝʩʩ, ʚʝʜʴ ʙʦʣʴʰʠʥʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʦʠʩʭʦʜʠʪ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ. ɺ ʮʝʥ-
ʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʩʘʤʦ ʪʝʣʦ ʦʪʯʝʪʘ, ʢʦʪʦʨʦʝ ʬʦʨʤʘʪʠʨʫʝʪ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʙʨʘʥʥʳʝ ʜʘʥʥʳʝ. 
ʅʘ ʥʝʤ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ: ʪʘʙʣʠʮʳ, ʤʘʪʨʠʮʳ, ʪʝʢʩʪʦʚʳʝ ʧʦʣʷ, ʩʧʠʩʢʠ, ʜʠʘ-
ʛʨʘʤʤʳ, ʢʘʨʪʳ ʠ ʪ.ʜ. ʅʘʜ ʦʪʯʝʪʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʚʳ-
ʙʦʨʢʠ ʠʟ ʙʘʟʳ. ʉʥʠʟʫ ʨʘʩʧʦʣʦʞʝʥʳ ʛʨʫʧʧʠʨʦʚʢʠ ʚʳʙʨʘʥʥʳʭ ʧʦʣʝʡ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʘ ʩʥʘʯʘʣʘ ʥʘʜʦ ʧʦʜʢʣʶʯʠʪʴ ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ï ʙʘʟʫ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʘʩʪʨʦʝʥʳ 
ʩʣʫʞʙʳ SSRS. ɺ ʩʪʨʦʢʝ ʧʦʜʢʣʶʯʝʥʠʷ ʫʢʘʟʘʪʴ ʩʝʨʚʝʨ, ʥʘʟʚʘʥʠʝ ʙʘʟʳ ʠ ʧʘʨʘʤʝʪʨʳ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ. ɼʣʷ 
ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʠʟ ʙʘʟʳ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʚʳʙʨʘʪʴ ʧʦʜʢʣʶʯʝʥ-
ʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʜʦʙʘʚʠʪʴ ʚʳʯʠʩʣʷʝʤʳʝ ʧʦʣʷ ʠʣʠ ʧʦʣʷ ʟʘʧʨʦʩʘ ʠ ʥʘʧʠʩʘʪʴ ʩʘʤ SQL-ʟʘʧʨʦʩ ʢ ʙʘʟʝ. 
ʀʥʪʝʨʬʝʡʩ ʩʦʟʜʘʥʠʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʟʘʧʨʦʩʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʪʴ ʟʘʧʨʦʩ ʘʚʪʦʤʘ-
ʪʠʯʝʩʢʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʥʩʪʨʫʢʪʦʨʘ ʟʘʧʨʦʩʦʚ. ɿʘʜʘʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʘʨʘʤʝʪʨʳ ʢ ʟʘʧʨʦʩʫ ʭʨʘʥʷʪʩʷ ʚ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʟʜʝʣʝ, ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʥʠʤ ʜʦʩʪʘʪʦʯʥʦ ʦʙʨʘʪʠʪʴʩʷ ʯʝʨʝʟ ʩʠʤʚʦʣ ñ@ò. ʂ ʧʨʠʤʝʨʫ, 
ʝʩʣʠ ʟʘʜʘʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ çɼʘʪʘ ʥʘʯʘʣʘè ʠ çɼʘʪʘ ʢʦʥʮʘè, ʪʦ ʚ ʟʘʧʨʦʩʝ ʤʦʞʥʦ ʢ ʥʠʤ 
ʦʙʨʘʪʠʪʴʩʷ @StartDate ʠ @EndDate. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʦʩʪʫʧʥʳ ʚ ʨʘʤʢʘʭ ʚʩʝ-
ʛʦ ʧʨʦʝʢʪʘ ʦʪʯʝʪʘ, ʪ.ʝ. ʠʭ ʚʦʟʤʦʞʥʦ ʚʳʙʨʘʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ, ʛʨʫʧʧʠʨʦʚʘ-
ʥʠʷ ʠʣʠ ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʦʟʜʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ, ʠʤʠ ʤʦʞʥʦ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʚ ʩʘʤʦʤ ʪʝʣʝ 
ʦʪʯʝʪʘ: ʩʦʟʜʘʚʘʪʴ ʛʨʘʬʠʢʠ, ʪʘʙʣʠʮʳ, ʨʘʩʧʦʣʘʛʘʪʴ ʠʭ ʥʘ ʢʘʨʪʝ. ɼʘʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ ʤʦʞʥʦ ʛʨʫʧʧʠʨʦʚʘʪʴ 
ʠ ʘʛʨʝʛʠʨʦʚʘʪʴ. ʂ ʧʨʠʤʝʨʫ, ʝʩʣʠ ʥʘʤ ʥʫʞʥʦ ʧʦʩʯʠʪʘʪʴ ʩʫʤʤʫ ʢʘʢʦʛʦ ʣʠʙʦ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʣʷ, ʜʦʩʪʘʪʦʯʥʦ 
ʚ ʷʯʝʡʢʝ ʪʘʙʣʠʮʳ ʥʘʧʠʩʘʪʴ ʩʠʛʥʘʪʫʨʫ ʬʫʥʢʮʠʠ Sum(ʇʦʣʝ). SSRS ʪʘʢ ʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ-
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ʩʢʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʦʠʭ ʬʫʥʢʮʠʠ. ʇʦʩʢʦʣʴʢʫ SSRS ʨʘʙʦʪʘʝʪ ʚ ʩʨʝʜʝ .NET, ʪʦ ʢʦʜ 
ʧʠʰʝʪʩʷ ʥʘ ʷʟʳʢʝ Visual Basic, ʪ.ʢ. ʦʥ ʧʨʦʩʪ ʚ ʦʩʚʦʝʥʠʠ ʠ ʚʦʩʧʨʠʷʪʠʠ. ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥ-
ʥʳʭ ʠ ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʘ, ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 3. 

 

 
ʉʡʪ. 2. ʁʦʫʞʩʭʞʢʪ ʪʧʠʝʙʦʡʸ ʦʙʚʧʩʙ ʝʙʦʦʴʮ 

 

 
ʉʡʪ. 3. ʈʩʡʥʞʩ ʫʙʚʤʡʰʦʧʜʧ ʧʫʰʞʫʙ 






















































































































































































































































































































































