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RESOURCE SAVING AS A BASIS FOR IMPROVING  

FOOD RAW PROCESSING PROCESSES 

 

Leu Anna Gennadievna 

Syzrantsev Dmitryi Viktorovich  

 

Abstract: Already in the 18th century, the need for all-round saving of food 

raw materials during its processing was realized. The famous English scientist 

Thomas Malthus put forward the hypothesis that the growth of food resources occurs 

in arithmetic progression, while the population grows according to the law of 

geometric progression. Such an assumption, in his opinion, inevitably leads to a 

social catastrophe due to the appearance of large groups of people who are not 

provided with food. Such views were the theoretical justification for the need for the 

rational use of all types of resources as one of the main conditions for the growth of 

national income and production of branches of material production. The result was 

the requirement of resource saving in the production of, in particular, food products 

and the desire to reduce their irrational use, that is, to improve their quality. 

Key words: rational use, resources, resource saving, food products, irrational 

use of raw materials, quality improvement. 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʪʨʘʪ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʣʶʙʦʡ 

ʩʬʝʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʧʨʠʥʷʪ 

ʪʝʨʤʠʥ ï ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ ʧʨʦʜʫʢʮʠʠ [1]. 

ʇʦʜ ʨʝʩʫʨʩʦʝʤʢʦʩʪʴʶ ʧʨʦʜʫʢʮʠʠ ʧʦʥʠʤʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʫʤʤʘʨʥʳʝ ʟʘʪʨʘʪʳ ʨʝʩʫʨʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠ ʥʘʟʥʘʯʝʥʠʷ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʝʝ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʥʠʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʜʫʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʧʦʥʷʪʠʷʤʠ 

ʨʝʩʫʨʩʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ. 

ʈʝʩʫʨʩʦʧʦʪʨʝʙʣʝʥʠʝʤ ʥʘʟʳʚʘʶʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʚʠʜʦʚ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʣʠ 

ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʚʠʜʘ ʘʧʧʘʨʘʪʘ. 

ʈʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝʤ ʩʯʠʪʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʡ, ʩʥʠʞʘʶʱʠʭ 

ʨʝʩʫʨʩʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʣʠ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺʚʝʜʝʥʥʳʝ ʧʦʥʷʪʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʩʝʩʪʦʨʦʥʥʷʷ ʵʢʦʥʦʤʠʷ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʦʣʞʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴʩʷ ʥʘ ʚʩʝʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ 
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ʞʠʟʥʝʥʥʳʭ ʵʪʘʧʘʭ ʣʶʙʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʘʧʧʘʨʘʪʦʚ: ʜʦʙʳʯʝ, ʧʝʨʝʨʘʙʦʪʢʝ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ, ʧʦʪʨʝʙʣʝʥʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʥʷʪʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʚʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ  ʧʦʢʘʟʘʪʝʣʝʡ.  ʀʭ  ʧʨʠʥʷʪʦ ʦʙʲʝʜʠ-

ʥʷʪʴ ʚ ʜʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʛʨʫʧʧʳ: ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ [2]. 

ʇʦʢʘʟʘʪʝʣʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ  ʠ ʘʧʧʘʨʘʪʦʚ ʢ ʜʦʩʪʠʞʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʣʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ, ʦʙʲʝʤʘ ʝʝ ʚʳʧʫʩʢʘ ʠ ʫʩʣʦʚʠʡ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ.  ɺ ʪʝʭʥʠʯʝʩʢʦʤ 

ʧʣʘʥʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ  ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʨʘ-

ʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʠ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ 

ʘʧʧʘʨʘʪʦʚ. ɺ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʧʣʘʥʝ ʧʦʩʨʝʜʩʪʚʦʤ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʧʠʩʳʚʘʶʪʩʷ 

ʪʘʢʠʝ ʝʛʦ ʩʚʦʡʩʪʚʘ ʢʘʢ ʪʨʫʜʦ-, ʤʘʪʝʨʠʘʣʦ- ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʴ. 

ʇʦʢʘʟʘʪʝʣʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ  ʨʝʩʫʨʩʦʧʦʪʨʝʙʣʝʥʠʷ   ʭʘʨʘʢʪʝʨʠʟʫʶʪ   

ʩʚʦʡʩʪʚʘ ʧʨʦʮʝʩʩʦʚ ʠ ʘʧʧʘʨʘʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʭʦʜʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʧʦ  ʥʘʟʥʘʯʝʥʠʶ.  ʂ ʪʘʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʦʪʥʝʩʪʠ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʨʝʤʷ 

ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʩʳʨʴʷ ʠ ʜʨʫʛʠʝ. 

ʅʝʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʭʝʤʳ ʨʠʩ. 1. 

ʈʘʙʦʪʘ ʧʦ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʶ  ʥʘʠʙʦʣʝʝ  ʵʬʬʝʢʪʠʚʥʘ,  ʢʦʛʜʘ ʦʥʘ 

ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʷʤʦʡ ʠ ʢʦʩʚʝʥʥʦʡ ʵʢʦʥʦʤʠʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʵʥʝʨʛʠʠ, ʩʳʨʴʷ ʠ 

ʪʨʫʜʦʟʘʪʨʘʪ. 

ʅʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʦʚ  ʚ ʠʭ  ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪ  

ʵʢʦʥʦʤʠʯʥʳʝ ʜʝʪʘʣʠ  ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʠ ʩʪʘʙʠʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʈʘʮʠʦʥʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ  ʦʮʝʥʠʚʘʶʪ ʧʨʠ ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʳ ʠʟʜʝʣʠʷ ʢ ʧʦʣʝʟʥʦʤʫ 

ʵʬʬʝʢʪʫ ʠʣʠ ʥʦʤʠʥʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ.  

ɺʘʞʥʦʝ ʤʝʩʪʦ ʚ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʘʭ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʠʤʝʝʪ ʠ 

ʢʦʩʚʝʥʥʘʷ ʵʢʦʥʦʤʠʷ,  ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪʩʷ: ʧʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʷ,  ʫʜʝʣʴʥʦʡ  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ  ʤʘʰʠʥ ʟʘ ʩʯʝʪ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ,  ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ. 
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                     ʈʠʩ. 1. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ 

 

ʂʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦ ʩʥʠʞʝʥʠʶ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʤʦʥʪʘʞʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʢʣʶʯʘʝʪ: ʦʛʨʘʥʠʯʝʥʠʝ ʥʦʤʝʥʢʣʘʪʫʨʳ 

ʩʦʩʪʘʚʥʳʭ ʠ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʨʘʟʨʘʙʦʪʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʝʟʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 



ʄʆʃʆɼʓɽ ʀʉʉʃɽɼʆɺɸʊɽʃʀ ɺ ʆʊɺɽʊ ʅɸ ʉʆɺʈɽʄɽʅʅʓɽ ɺʓɿʆɺʓ 

 

12 
˸̇˹˽ ζ˹͍ͦ͊Ύ ͤ͊ͯ͊͟η 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʚ ʩʬʝʨʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʘ ʪʝʭʥʠʢʠ, 

ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʠʟʜʝʣʠʷ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ  ʷʚʣʷʝʪʩʷ  ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ,  ʠʟʤʝʥʷʶʱʝʡʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ.  ʕʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʚʳʙʦʨʘ ʠ ʧʦʩʪʨʦʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, 

ʵʣʝʤʝʥʪʦʚ ʧʨʦʮʝʩʩʦʚ ʠ ʘʧʧʘʨʘʪʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ [3]. 

ɺ ʢʦʤʧʣʝʢʩʝ ʨʘʙʦʪ ʧʦ ʩʥʠʞʝʥʠʶ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʪʘʢʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʩʥʠʞʘʪʴ ʟʘʪʨʘʪʳ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠ ʟʘʤʝʥʝ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠʟʜʝʣʠʷ ʪʘʢʠʤʠ ʞʝ ʯʘʩʪʷʤʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʮʝʣʦʤ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʥʘ  ʩʪʘʜʠʠ 

ʨʘʟʨʘʙʦʪʢʠ, ʥʘʧʨʠʤʝʨ, ʘʧʧʘʨʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ  

ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪ. ɺʣʠʷʥʠʝ ʵʪʠʭ ʨʘʙʦʪ ʥʘ ʵʢʦʥʦʤʠʶ ʨʝʩʫʨʩʦʚ ʦʪʨʘʞʝʥʦ ʥʘ ʩʭʝʤʝ 

ʨʠʩ. 2.  

ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʡ ʘʥʘʣʠʟ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʰʝʩʪʚʫʝʪ ʦʪ-

ʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ. ɿʘʜʘʯʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʪʨʝʙʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʟʘʪʨʘʪ ʚʩʝʭ ʚʠʜʦʚ ʨʝʩʫʨʩʦʚ,  ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʥʘʜʝʞʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʡ  ʘʥʘʣʠʟ ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʩʥʠʞʝʥʠʝ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʩʯʝʪ  ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

 ʆʙʲʝʢʪʦʤ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʬʫʥʢʮʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ - 

ʚʳʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʛʦ ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʢ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʪʘʢ ʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ.   

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʧʝ-

ʨʝʨʘʙʦʪʢʠ  ʧʨʦʜʫʢʪʦʚ  ʧʠʪʘʥʠʷ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʙʨʘʞʝ-

ʥʠʷʤʠ [4-6]. 
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ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʨʘʙʦʪ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ  

ʥʘ ʵʢʦʥʦʤʠʶ ʨʝʩʫʨʩʦʚ 

 

ʇʫʩʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʘʧʧʘʨʘʪ ʩʥʠʟʠʣ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʧʠɦʝʚʦʛʦ ʩʳʨʴʷ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʩ n0 ʜʦ n1. 

ʇʦʢʘʞʝʤ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʣʠʷʝʪ ʥʘ ʦʙʱʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ [7-9] . 

ʆʪʢʦʨʨʝʢʪʠʨʫʝʤ ʦʙʲʝʤ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʳʨʴʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʣʫʯʝʥʠʷ çʥʘ ʚʳʭʦʜʝè  ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʦʣʠʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ɸ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 
 

                             ɸ = a0 (l-n0) = a1(l-n1),  
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ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʦʚʳʡ ʦʙʲʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʦʧʨʝʜʝʣʠʪʩʷ ʢʘʢ 

 

                             a1 = a0(l-n0)/(l-n1),   

    

ʛʜʝ  a0  -   ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʦʙʲʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ; 

n0 ʠ n1 - ʜʦʣʷ ʦʪʭʦʜʦʚ ʥʘ ʙʘʟʦʚʦʤ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ,    

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʫʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ  ʥʦʚʰʝʩʪʚʘ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʉ ʜʦ C1=A1C. 

ʉ ʫʯʝʪʦʤ  ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʙʘʣʘʥʩʦʚʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʧ-

ʨʝʜʝʣʠʪʩʷ (ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ ʜʦʩʪʘʚʢʫ ʠ ʤʦʥʪʘʞ) ʩʦʦʪʥʦʰʝʥʠʷʤʠ ɸ2ʉ ʠ A2C1, ʜʣʷ 

ʙʘʟʦʚʦʛʦ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [10]. 

ʉʦʧʫʪʩʪʚʫʶʱʠʝ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʪʩʷ ʢʘʢ 

                  ʂ0=ɸ3ʉ      ʠ   K1=A3C1=A3A1C. 

ɺ ʩʦʩʪʘʚʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʨʘʩʩʤʦʪʨʠʤ 

      - ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʝ ʦʪʯʠʩʣʝʥʠʷ; 

      - ʟʘʪʨʘʪʳ ʥʘ ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʠ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʝ; 

      - ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

      - ʩʪʦʠʤʦʩʪʴ ʩʧʝʮʦʜʝʞʜʳ. 

ɸʤʦʨʪʠʟʘʮʠʦʥʥʳʝ ʦʪʯʠʩʣʝʥʠʷ ʠ ʦʪʯʠʩʣʝʥʠʷ ʥʘ ʢʘʧʨʝʤʦʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʦʩʪʘʚʷʪ 

           ɸʤʦ =ɸ4ɸʟʉ;      ɸʤ1 = ɸ4ɸʟʉ1 = ɸ4ɸʟɸ1ʉ;      ʂʨʦ = ɸ5ɸ2ʉ;   

                                   Kʨ1 = A5A2ʉ1 = A5A2A1C. 

ɿʘʪʨʘʪʳ ʥʘ ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʠ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʭ ʦʪʯʠʩʣʝʥʠʡ ʠ ʩʦʩʪʘʚʷʪ 

                                   ʊʨʦ = ɸ6ɸʤʦ   ;  ʊʨ1 = ɸ6ɸʤ1 . 

ɿʘʪʨʘʪʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʨʘʩʩʯʠʪʳʚʘʶʪ,  ʠʩʭʦʜʷ ʠʟ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱ-

ʥʦʩʪʠ, ʛʦʜʦʚʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʧʨʠʯʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʥʝʚʥʦʡ 

ʥʦʨʤʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʦʚʦʛʦ  ʦʙʦʨʫʜʦʚʘʥʠʷ  ʤʦʞʥʦ  ʦʧʨʝʜʝʣʠʪʴ  ʠʟ ʩʣʝ-

ʜʫʶʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ.   ʕʥʝʨʛʦʟʘʪʨʘʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ  ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʜʝʣʝʥʥʳʭ 

ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ,  ʪʘʢ ʢʘʢ ʚʩʝ ʦʥʠ ʚʩʪʫʧʘʶʪ ʚ ʢʦʥʪʘʢʪ ʩ ʨʘʙʦʯʠʤʠ ʦʨ-

ʛʘʥʘʤʠ. ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʟʘ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʥʘ ʙʘʟʦʚʦʤ ʠ ʥʦʚʦʤ ʦʙʨʘʟʮʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ 

ʦʪʜʝʣʝʥʦ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ P nʦ = P1 n1 . 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʦʣʫʯʘʝʤ ʕʟʦ = ɸ7 (ʘʦ /ʈ); 

ʕʟ1 = ɸ7 (ʘ1 /ʈ1 ) = ɸ7 (ʘʦ /ʈ)(1-no)n1 /[(1-n1)no]. 

ɿʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʨʘʙʦʯʝʛʦ, ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʘʯʠʩʣʝʥʠʷʤʠ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʬʘʢʪʠʯʝʩʢʠ  ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʚʨʝʤʝʥʠ,  ʪʦ  ʝʩʪʴ ʦʙʲʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥʳ 

           ɿʧʦ = ɸ8 (ʘʦ/ʈ);   3ʧ1 =A8 (a1/P1) .  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʩʧʝʮʦʜʝʞʜʫ 

ʉʦʦ = ɸ9(ʘʦ/ʈ)   ;  Cʦ1 = A9(a1/P1)  . 

ʋʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ,  ʚ ʯʘʩʪʥʦʩʪʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʧʨʦʠʟʚʝʜʝʤ 

ʚʚʝʜʝʥʠʝʤ ʚ ʘʥʘʣʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʥʦʚʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʭʩʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

ʬʦʨʤʫʣʦʡ                                      R = ɽ/[(1+ɽ)
T
-1]  , 

ʛʜʝ ɽ - ʥʦʨʤʘʪʠʚ ʧʨʠʚʝʜʝʥʠʷ (ɽ=ʆ.1); 

 ʊ - ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʣʝʪ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ,  ʠʟʚʝʩʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ

 ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  
 

 
 

ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ, ʩ ʫʯʝʪʦʤ ʩʪʦʠʤʦʩʪʠ ʚʳʩʚʦʙʦʞʜʝʥʥʦʛʦ ʩʳʨʴʷ, ʚ ʚʠʜʝ 
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ʆʢʦʥʯʘʪʝʣʴʥʦ, ʚ ʨʘʩʯʝʪʝ ʥʘ ʩʫʪʦʯʥʫʶ ʥʦʨʤʫ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʩʳʨʴʷ, 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʧʠʰʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: 

 

                                  ɽ 

           ʕʂ = ʕ / [ððð- + ɽʥ],                    

                            (l+E)
Tm

-1 

 

ʛʜʝ   ʉ - ʩʪʦʠʤʦʩʪʴ ʙʘʟʦʚʦʛʦ ʦʙʨʘʟʮʘ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

        ɸ - ʦʙʲʝʤ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʩʳʨʴʷ "ʥʘ ʚʳʭʦʜʝ"; 

        ʈ - ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʘʟʦʚʦʛʦ ʦʙʨʘʟʮʘ; 

        ʊ - ʩʨʦʢ ʩʣʫʞʙʳ ʙʘʟʦʚʦʛʦ ʦʙʨʘʟʮʘ; 

        m - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʳʰʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ; 

        nʦ- ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʩʳʨʴʷ ʙʘʟʦʚʦʛʦ ʦʙʨʘʟʮʘ; 

        n1- ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʩʳʨʴʷ ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ; 

        Eʥ- ʥʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʧʚʣʦʞʝʥʠʡ; 

        ɸ0- ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʢʠʣʦʛʨʘʤʤʘ ʩʳʨʴʷ;   

        ɸ1- ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʳʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ; 

        ɸ2- ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʧʨʘʚʢʠ ʥʘ ʜʦʩʪʘʚʢʫ ʠ ʤʦʥʪʘʞ; 

          ɸ3- ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʢʘʧʚʣʦʞʝʥʠʡ; 

        ɸ4- ʢʦʵʬʬʠʮʠʝʥʪ ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʭ ʦʪʯʠʩʣʝʥʠʡ; 

           ɸ5- ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʯʠʩʣʝʥʠʡ ʥʘ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ; 

           ɸ6- ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʯʠʩʣʝʥʠʡ ʥʘ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʝ; 

        ɸ7- ʢʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʦʟʘʪʨʘʪ; 

        A8- ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ; 

        ɸ9- ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʨʘʪ ʥʘ ʩʧʝʮʦʜʝʞʜʫ. 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʯʠʩʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ  ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʤʠ ʙʘʟʦʚʦʤʫ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʤʫ ʦʙʨʘʟʮʫ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʤʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʨʘʟʥʦʡ ʩʪʦʠʤʦʩʪʠ ʩʳʨʴʷ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʕɺʄ.        

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. 

ɸʥʘʣʠʟ ʵʪʠʭ ʜʘʥʥʳʭ  ʧʦʢʘʟʳʚʘʝʪ,  ʯʪʦ  ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʘʧʧʘʨʘʪʘ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ, ʯʝʤ ʧʦʚʳʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʩʳʨʴʷ ʠʣʠ ʜʘʞʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʘ. 
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ʘ) ɸ0=2 

 

ʙ) ʊ/ʊ0=1.6 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ  

ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ (ʜʦʣʠ ʦʪʭʦʜʦʚ 0.2-0.8) ʜʣʷ ʨʘʟʥʳʭ:  

ʩʪʦʠʤʦʩʪʠ ʩʳʨʴʷ (ɸ0) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ (ʊ/ʊ0) 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʦʢʘʟʘʪʝʣʷ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ (n) ʨʘʙʦʪʘ ʘʧʧʘʨʘʪʘ ʫʙʳʪʦʯʥʘ. ʊʦ ʞʝ ʩʘʤʦʝ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ  ʘʧʧʘʨʘʪʘ ʦʪ ʝʛʦ ʩʨʦʢʘ 

ʩʣʫʞʙʳ.  

ʉʦʦʪʥʦʰʝʥʠʷ ʪʠʧʘ ʧʦʣʫʯʝʥʥʳʭ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʚʠʜʝ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʀʟʣʦʞʝʥʥʦʝ ʚʳʰʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʣʶʙʦʛʦ 
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ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ. 

ɹʝʟʫʩʣʦʚʥʦ, ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʥʘʫʯʥʦʛʦ 

ʘʥʘʣʠʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʛʣʦʙʘʣʴʥʳʡ 

ʨʦʩʪ ʚʥʝʜʨʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʟʨʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʨʘʟʫʤʥʦʛʦ ʤʝʛʘʧʦʣʠʩʘ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʚʪʦʤʘʰʠʥ ʠ ʪʘʢ ʜʘʣʝʝ. 

ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʨʘʟʨʘʙʦʪʢʦʡ ʙʝʩʩʯʝʪʥʳʭ ʥʘʙʦʨʦʚ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʣʘʪʬʦʨʤ, 

ʬʨʝʡʤʚʦʨʢʦʚ ʠ ʙʠʙʣʠʦʪʝʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʴʶ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. 

ʈʘʟʙʠʨʘʷ ʨʘʟʚʠʪʠʝ ʦʪʨʘʩʣʠ, ʚʦʟʤʦʞʥʦ ʫʚʠʜʝʪʴ ʢʘʢʠʝ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʫʢʨʝʧʠʣʠʩʴ ʥʘ ʨʳʥʢʝ, ʘ ʢʘʢʠʝ ʧʦʪʝʨʷʣʠ ʧʦʪʝʥʮʠʘʣ. ʅʘ ʥʳʥʝʰʥʠʡ ʤʦʤʝʥʪ 

ʤʘʩʩʠʚʥʳʝ ʠʣʠ ʞʝ ʠʟʚʝʩʪʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʵʪʦ: 

¶ OpenCV 

¶ Viso Suite 

¶ TensorFlow 

ʀ ʪʘʢ ʜʘʣʝʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʥʠʭ. 

 

OpenCV 

OpenCV ï ʵʪʦ ʢʥʠʛʦʭʨʘʥʠʣʠʱʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʤʘʰʠʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʩ ʥʝʟʘʢʨʳʪʳʤ ʥʘʯʘʣʴʥʳʤ ʢʦʜʦʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʧʨʠʣʦʞʝʥʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, OpenCV ʛʘʨʘʥʪʠʨʫʝʪ ʜʦʩʪʫʧ ʢ ʙʦʣʴʰʝ ʯʝʤ 

2500 ʪʨʘʜʠʮʠʦʥʥʳʤ ʠ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʤʝʪʦʜʘʤ. 

ʕʪʠ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʟʘʜʘʯ, ʦʭʚʘʪʳʚʘʷ 

ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʣʠʮ, ʫʜʘʣʝʥʠʝ ʢʨʘʩʥʳʭ ʛʣʘʟ, ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʦʙʲʝʢʪʦʚ, ʠʟʚʣʝʯʝʥʠʝ 3D-ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʝʨʝʜʚʠʛʘʶʱʠʭʩʷ 

ʦʙʲʝʢʪʦʚ ʠ ʩʰʠʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʢʘʜʨʦʚ ʚ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʚʳʩʦʯʘʡʰʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ. 

OpenCV ʩʦʜʝʨʞʠʪ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʬʝʡʩʦʚ, ʪʘʢʠʭ ʢʘʢ C++, 

Python, Java ʠ MATLAB, ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʦʭʚʘʪʳʚʘʷ Windows, Android, Linux ʠ Mac. ʂʥʠʛʦʭʨʘʥʠʣʠʱʝ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʦʙʰʠʨʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʳʤʠ 

ʢʦʤʧʘʥʠʷʤʠ, ʦʭʚʘʪʳʚʘʷ ɻʫʛʣ, Facebook (ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʟʘʧʨʝʱʝʥ ʚ ʈʌ), 

IBM, ʊʦʡʦʪʘ, Sony, Honda ʠ Microsoft. 

ʇʣʶʩʳ: 

¶ ɼʝ-ʬʘʢʪʦ ʦʙʳʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ; 

¶ ɹʝʩʧʣʘʪʥʦʝ ʢʥʠʛʦʭʨʘʥʠʣʠʱʝ ʩ ʥʝ ʟʘʢʨʳʪʳʤ ʥʘʯʘʣʴʥʳʤ ʢʦʜʦʤ; 
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¶ ʂʘʯʝʩʪʚʝʥʥʘ ʧʦʜʜʝʨʞʢʘ; 

¶ ɼʦʩʪʫʧ ʢ ʙʦʣʴʰʝ ʯʝʤ 2500 ʘʣʛʦʨʠʪʤʘʤ; 

¶ ʈʘʟʨʝʰʘʝʪ ʥʘʩʪʨʦʠʪʴ ʢʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʮʝʣʝʡ. 

 

ʄʠʥʫʩʳ: 

¶ ʅʝ ʪʘʢ ʧʨʦʩʪ ʚ ʧʨʠʤʝʥʝʥʠʠ, ʢʘʢ ʠʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʥʘʧʨʠʤʝʨ, 

MATLAB;  

¶ ɼʦʚʦʣʴʥʦ ʢʨʫʪʘʷ ʢʨʠʚʘʷ ʦʙʫʯʝʥʠʷ. 

 

Viso Suite 

Viso Suite ï ʵʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʧʣʘʪʬʦʨʤʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ 

ʙʠʟʥʝʩʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʜʝʣʘʪʴ, ʨʘʩʢʨʫʯʠʚʘʪʴ ʠ ʜʝʨʞʘʪʴ ʧʦʜ ʢʦʥʪʨʦʣʝʤ 

ʥʘʩʪʦʷʱʠʝ ʧʨʠʣʦʞʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ʇʝʨʨʦʥ ʙʝʟ ʢʦʜʘ ʙʘʟʠʨʦʚʘʥʘ ʥʘ 

ʥʘʠʣʫʯʰʝʤ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʢʣʘʩʩʝ ʧʨʦʛʨʘʤʤʥʦʤ ʩʪʝʢʝ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʟʨʝʥʠʷ, ʦʭʚʘʪʳʚʘʝʪ CVAT, OpenCV, OpenVINO, TensorFlow ʠʣʠ ʞʝ PyTorch. 

Viso Suite ʧʦʜʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʦʣʴʰʝ 15 ʪʦʚʘʨʦʚ ʚ ʦʜʥʦʤ ʟʘʢʣʶʯʝʥʠʠ, 

ʦʭʚʘʪʳʚʘʷ ʘʥʥʦʪʘʮʠʶ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʟʫʯʝʥʠʝ ʤʦʜʝʣʝʡ, ʫʧʨʘʚʣʝʥʠʝ ʤʦʜʝʣʷʤʠ, 

ʨʘʟʨʘʙʦʪʢʫ ʧʨʠʣʦʞʝʥʠʡ ʙʝʟ ʢʦʜʘ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʙʦʨʘʤʠ, ʘʩʩʦʮʠʘʮʠʷ IoT ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʧʘʥʝʣʠ ʧʨʦʛʥʦʟʘ. ʌʠʨʤʳ ʠ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʧʦʣʴʟʫʶʪʩʷ Viso Suite ʜʣʷ ʩʦʪʚʦʨʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʘʥʮʘ ʧʨʠʣʦʞʝʥʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ (ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʟʨʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʫʜʘʣʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʠ ʧʦʯʪʠ ʚʩʝʛʦ 

ʜʨʫʛʦʛʦ). 

ɸʨʭʠʪʝʢʪʫʨʘ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʤʦʜʝʣʠ, ʛʘʨʘʥʪʠʨʫʝʪ ʥʘʜʝʞʥʫʶ ʠ 

ʥʝʦʧʘʩʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʢʦʥʚʝʡʝʨʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ 

ʩʦ ʩʪʨʦʡ ʙʣʦʢʘʤʠ. ʄʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʨʘʟʨʝʰʘʝʪ ʧʨʠʤʝʥʠʪʴ ʚʩʷʢʫʶ 

ʚʠʜʝʦʢʘʤʝʨʫ (CCTV, IP, USB ʠ ʪ. ʜ.), ʢʘʞʜʦʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʦʩʥʘʱʝʥʠʝ (CPU, 

GPU, VPU, TPU ʠ ʪ. ʜ.) ʠʣʠ ʞʝ ML-ʬʨʝʡʤʚʦʨʢ. ɺʳʩʦʯʘʡʰʘʷ ʨʘʩʰʠʨʷʝʤʦʩʪʴ 

ʨʘʟʨʝʰʘʝʪ ʧʨʦʩʪʦ ʜʦʙʘʚʣʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʢʦʜ ʠʣʠ ʞʝ ʚʩʪʨʘʠʚʘʪʴʩʷ ʩ 

Tableau, PowerBI, SAP ʠʣʠ ʞʝ ʥʘʨʫʞʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (AWS S3, MongoDB 

ʠ ʪ. ʜ.). 

ʇʣʶʩʳ: 

¶ ʂʦʤʧʣʝʢʩʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʩʦʪʚʦʨʝʥʠʷ ʠ ʜʦʩʪʘʚʢʠ ʚʩʝʭ 

ʧʨʠʣʦʞʝʥʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʩ ʧʦʜʜʝʨʞʢʦʡ 1-ʛʦ ʨʝʰʝʥʠʷ; 
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¶ ʂʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ: ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʨʘʟ, ʨʘʟʚʝʨʪʳʚʘʝʪʩʷ ʚʦ 

ʚʩʷʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʠʤʝʥʷʷ ʣʶʙʫʶ ʚʠʜʝʦʢʘʤʝʨʫ ʠʣʠ ʞʝ ʤʦʜʝʣʴ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʥʪʝʣʣʝʢʪʘ; 

¶ ɸʙʩʦʣʶʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʧʨʠʙʦʨʘʤʠ, ʥʝʦʧʘʩʥʦʝ 

ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʥʘ ʙʦʣʴʰʦʤ ʧʘʨʢʝ ʫʩʪʨʦʡʩʪʚ; 

¶ ʇʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʬ.ʢʦʤʘʥʜ, ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʧʦ ʟʨʝʥʠʶ ʠ ʥʝ ʪʘʢ 

ʜʘʚʥʦ ʦʙʫʯʝʥʥʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ; 

¶ ʂʦʣʣʝʢʪʠʚʥʳʡ ʩʪʝʧʝʥʴ, ʟʘʱʠʱʝʥʥʦʩʪʴ ʩ ʥʫʣʝʚʳʤ ʜʦʚʝʨʠʝʤ, 

ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʠ ʘʙʩʦʣʶʪʥʘʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ. 

 

ʄʠʥʫʩʳ: 

¶ ʂʦʨʧʦʨʘʪʠʚʥʘʷ ʧʣʘʪʬʦʨʤʘ ʥʝ ʩʦʜʝʨʞʠʪ ʩʚʦʙʦʜʥʦʛʦ ʧʣʘʥʘ. 

 

TensorFlow 

TensorFlow ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʩʢʚʦʟʥʳʭ ʧʣʘʪʬʦʨʤ 

ʤʘʰʠʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩ ʥʝ ʟʘʢʨʳʪʳʤ ʥʘʯʘʣʴʥʳʤ ʢʦʜʦʤ ʠ ʩ ʘʙʩʦʣʶʪʥʳʤ ʥʘʙʦʨʦʤ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʨʝʩʫʨʩʦʚ ʠ ʙʠʙʣʠʦʪʝʢ. TensorFlow ʪʝʤ ʙʦʣʝʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ 

ʜʣʷ ʩʦʪʚʦʨʝʥʠʷ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ 

ʟʨʝʥʠʝʤ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ. 

TensorFlow ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʥʝʩʣʦʞʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʨʘʟʨʝʰʘʝʪ ʶʟʝʨʘʤ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ 

ʠʟʫʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʟʨʝʥʠʝʤ, ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ, ʢʘʢ 

ʦʧʨʝʜʝʣʝʥʠʝ ʣʠʮ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʙʥʘʨʫʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʠ ʧʦʯʪʠ 

ʚʩʝ ʜʨʫʛʦʝ. Tensorflow, ʢʘʢ ʠ OpenCV, ʝʱʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʩʝʚʦʟʤʦʞʥʳʝ ʷʟʳʢʠ, 

ʵʪʠ ʢʘʢ Python, C, C++, Java ʠʣʠ ʞʝ JavaScript. 

ɼʣʷ ʥʘʩʪʦʷʱʠʭ ʧʣʘʥʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ TensorFlow Lite ï ʵʪʦ 

ʥʝʪʷʞʝʣʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʥʘ ʧʨʠʙʦʨʝ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤʠ 

ʧʨʠʙʦʨʘʤʠ. TensorFlow Lite ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʨʝʘʣʠʟʘʮʠʶ ʩ ʫʤʝʥʴʰʝʥʥʳʤ 

ʦʙʲʝʤʦʤ ʤʦʜʝʣʠ ʠ ʚʳʩʦʯʘʡʰʝʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʦʙʩʪʚʝʥʥʦ, ʯʪʦ ʨʘʟʨʝʰʘʝʪ ʟʘʧʫʩʢʘʪʴ ʤʘʰʠʥʥʦʝ ʠʟʫʯʝʥʠʝ 

ʚʩʶʜʫ. 

ʇʣʶʩʳ: 

¶ ʕʪʦ ʧʣʘʪʬʦʨʤʘ ʩ ʥʝ ʟʘʢʨʳʪʳʤ ʥʘʯʘʣʴʥʳʤ ʢʦʜʦʤ; 

¶ ʇʣʘʪʬʦʨʤʘ, ʩʦʚʤʝʩʪʠʤʘʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʷʟʳʢʘʤʠ; 

¶ ɻʘʨʘʥʪʠʨʫʝʪ ʥʝʠʟʤʝʥʥʳʝ ʦʙʥʦʚʣʝʥʠʷ ʜʣʷ ʥʘʠʙʦʣʴʰʝʛʦ ʯʠʩʣʘ 

ʬʫʥʢʮʠʡ ʠ ʫʣʫʯʰʝʥʠʡ; 



ʄʆʃʆɼʓɽ ʀʉʉʃɽɼʆɺɸʊɽʃʀ ɺ ʆʊɺɽʊ ʅɸ ʉʆɺʈɽʄɽʅʅʓɽ ɺʓɿʆɺʓ 

 

24 
˸̇˹˽ ζ˹͍ͦ͊Ύ ͤ͊ͯ͊͟η 

¶ ʄʘʩʩʠʚʥʳʝ ʬʫʥʢʮʠʠ ʠ ʧʨʝʢʨʘʩʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʄʠʥʫʩʳ: 

¶ ʕʪʦ ʦʯʝʥʴ ʨʝʩʫʨʩʦʝʤʢʠʡ ʠʥʩʪʨʫʤʝʥʪ. 
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ʋɼʂ 69.04 

 

ʇʈʆɿʈɸʏʅʓʁ ɹɽʊʆʅ ʂɸʂ ʉʆɺʈɽʄɽʅʅʓʁ 

ʕʃɽʄɽʅʊ ɺ ɸʈʍʀʊɽʂʊʋʈɽ 

 

ɽʨʝʤʝʥʢʦ ʈʦʜʠʦʥ ɹʦʨʠʩʦʚʠʯ 

ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʊ. ʊʨʫʙʠʣʠʥʘè 

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʧʨʦʟʨʘʯʥʦʛʦ 

ʙʝʪʦʥʘ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥ ʥʝʜʦʩʪʘʪʦʢ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʯʠʥ ʫʟʢʦʛʦ 

ʩʧʝʢʪʨʘ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʨʘʪʢʦ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ, ʦʙʦʩʥʦʚʘʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʘ ʧʨʠʤʝʨʘʭ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʴʝʨʝ ʠ ʘʨʭʠʪʝʢʪʫʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʷʚʣʝʥʳ ʥʶʘʥʩʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʟʨʘʯʥʦʛʦ ʙʝʪʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʪʦʥ, ʩʪʝʢʣʦʚʦʣʦʢʥʦ, ʤʦʜʠʬʠʢʘʪʦʨʳ, ʘʨʭʠʪʝʢʪʫʨʘ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʨʘʩʪʚʦʨ, ʙʣʦʢ. 

 

TRANSPARENT CONCRETE AS A MODERN 

ELEMENT IN ARCHITECTURE  

 

Eremenko Rodion Borisovich 

 

Abstract:  this article presents the history of the creation of transparent 

concrete, and also identifies a disadvantage that is one of the reasons for the narrow 

range of applications of this material. The process of creating the material is briefly 

described, the advantages are substantiated and the possibilities of its application in 

modern interior and architecture are considered by examples. As a result, nuances in 

the production of transparent concrete were revealed. 

Key words: concrete, fiberglass, modifiers, architecture, construction, mortar, 

block. 

 

ɹʝʪʦʥ ï ʩʘʤʳʡ ʧʨʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʄʘʪʝʨʠʘʣ ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠʟ-ʟʘ ʦʩʦʙʳʭ ʩʚʦʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʉʧʝʮʠʘʣʠʩʪʳ ʧʦʜʤʝʯʘʶʪ, ʬʘʢʪ ʪʦʛʦ ʯʪʦ ʨʘʩʪʚʦʨ ʠʤʝʝʪ ʦʜʠʥ ʥʝʜʦʩʪʘʪʦʢ 
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ʚʣʠʷʶʱʠʡ ʥʘ ʝʛʦ ʧʦʧʫʣʷʨʥʦʩʪʴ, ʪʘʢʦʡ ʙʝʪʦʥ ʦʙʣʘʜʘʝʪ ʥʝʵʩʪʝʪʠʯʝʩʢʠʤ ʚʠʜʦʤ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʪʜʝʣʢʘ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʠʜʝʪʩʷ 

ʪʦʞʝ ʧʦʪʨʘʪʠʪʴʩʷ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʚʠʜ 

ʤʘʪʝʨʠʘʣʘ, ʪʘʢʦʡ ʢʘʢ ʧʨʦʟʨʘʯʥʳʡ ʙʝʪʦʥ, ʩʜʝʣʘʚ ʩʢʘʯʦʢ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʇʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʡ ʩʤʝʩʠ ʦʙʲʝʢʪ ʩʪʘʣ ʩʧʦʩʦʙʝʥ ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ 

ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠ ʣʫʯʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʣʠ ʧʨʠʨʦʜʥʦʛʦ ʩʚʝʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʩʣʦʞʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʞʜʳʡ ʞʝʣʘʶʱʠʡ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʟʜʘʪʴ ʜʘʥʥʳʡ ʧʨʦʜʫʢʪ, ʜʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ [1, ʩ. 96]. 

ʉʚʝʪʦʧʨʦʚʦʜʷʱʠʡ ʙʝʪʦʥ ʚ ʧʝʨʚʳʡ ʨʘʟ ʙʳʣ ʟʘʧʘʪʝʥʪʦʚʘʥ ʚʝʥʛʝʨʩʢʠʤ 

ʩʧʝʮʠʘʣʠʩʪʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʩʪʘʣ ʧʦʧʫʣʷʨʝʥ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʦʚʘʥʠʠ ʚʩʝʤ ʩʪʘʥʜʘʨʪʘʤ ʢʘʯʝʩʪʚʘ ʠ 

ʚ ʧʨʦʧʫʩʢʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʚʝʪʘ ʚ ʧʦʤʝʱʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʦʯʥʦʩʪʴ ʜʦʣʞʥʘ 

ʦʩʪʘʚʘʪʴʩʷ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʇʦʣʝ ʤʥʦʞʝʩʪʚʘ ʫʩʠʣʠʡ ʥʘ 

ʨʳʥʦʢ ʚʳʭʦʜʠʪ ʥʦʚʳʡ ʚʠʜ ʙʝʪʦʥʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʃʠʪʨʘʢʦʥè. ʉʚʝʪʦʧʨʦʟʨʘʯʥʳʡ 

ʙʝʪʦʥ ʧʦʣʫʯʠʣ ʪʘʢʦʝ ʥʘʟʚʘʥʠʝ ʟʘ ʩʯʝʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʩʪʘʚʘ, ʠʟ ʥʝʛʦ 

ʫʙʨʘʣʠ ʢʨʫʧʥʳʝ ʟʘʧʦʣʥʠʪʝʣʠ, ʘ ʪʘʢʞʝ ʜʦʙʘʚʠʣʠ ʪʦʥʢʠʝ ʥʠʪʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʩʚʝʪ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ: 

1. ʉʪʝʢʣʦʚʦʣʦʢʥʦ; 

2. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʪʠʧʘ; 

3. ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ; 

4. ʇʝʩʦʢ; 

5. ɺʦʜʘ; 

6. ʇʣʘʩʪʠʬʠʢʘʪʦʨʳ. 

ʅʘ ʨʳʥʢʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʤʝʩʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʦʪʪʝʥʢʦʚ (ʩʝʨʳʡ, ʯʝʨʥʳʡ, ʢʨʘʩʥʳʡ ʠ ʪʘʢ ʜʘʣʝʝ), ʥʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʙʝʪʦʥ 

ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʟʨʘʯʥʳʤ. ʕʬʬʝʢʪ ʧʨʦʟʨʘʯʥʦʩʪʠ ʝʤʫ ʜʘʶʪ ʢʚʘʨʮʝʚʳʝ 

ʦʧʪʦʚʦʣʦʢʥʘ ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪ ʣʫʯʠ ʩʚʝʪʘ ʯʝʨʝʟ ʩʝʙʷ. 

ʂʦʛʜʘ ʩʚʝʪ ʧʦʧʘʜʘʝʪ ʥʘ ʪʦʨʮʝʚʫʶ ʩʪʦʨʦʥʫ ʙʣʦʢʘ, ʪʦ ʦʥ ʦʪʨʘʞʘʝʪʩʷ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʜʘʞʝ ʧʨʝʣʦʤʣʷʝʪʩʷ, ʧʨʦʭʦʜʷ ʥʘʩʢʚʦʟʴ ʠ ʚʳʭʦʜʠʪ, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʳʚʦʜʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 

ʯʪʦ ʫʨʦʚʝʥʴ ʩʚʝʪʦʧʨʦʧʫʩʢʘʝʤʦʩʪʠ ʟʘʚʠʩʠʪ ʥʝ ʦʪ ʩʘʤʦʡ ʪʦʣʱʠʥʳ ʠʟʜʝʣʠʷ, ʘ ʦʪ 
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ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʠʪʝʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʧʦʢʘʟʘʪʝʣʴ ʚʳʰʝ, ʪʦ 

ʙʦʣʴʰʝ ʩʚʝʪʘ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʙʲʝʢʪ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʝʪʘ ʚʥʝʰʥʠʡ ʚʠʜ ʙʝʪʦʥʘ 

ʙʫʜʝʪ ʥʝ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʦʙʳʯʥʦʛʦ ʙʝʪʦʥʘ, ʪʘʢ ʢʘʢ ʩʚʦʡʩʪʚʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʙʫʜʫʪ 

ʧʦʷʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʝʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʠʣʠ ʚʦ ʚʨʝʤʷ 

ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ. 

ɽʜʠʥʩʪʚʝʥʥʳʡ ʤʠʥʫʩ ʤʘʪʝʨʠʘʣ ï ʮʝʥʘ. ɹʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʫʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ 

ʥʘ ʧʨʠʤʝʥʷʝʤʳ ʤʘʪʝʨʠʘʣʘ, ʩʤʝʩʠ, ʘ ʪʘʢʞʝ ʧʨʠʭʦʜʠʪʴʩʷ ʧʣʘʪʠʪʴ ʠ ʟʘ ʩʘʤʫ 

ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʳʙʠʨʘʷ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʧʨʦʟʨʘʯʥʦʛʦ 

ʙʝʪʦʥʘ, ʮʝʥʘ ʙʫʜʝʪ ʪʦʞʝ ʩʠʣʴʥʦ ʢʦʣʝʙʘʪʩɹʷ. 

ʅʘʜʦ ʫʯʠʪʳʚʘʪɹ ʥʝʙʦʣʴʰʦʡ ʩʧʨʦʩ ʥʘ ʠʟʜʝʣʠʝ, ʪ.ʢ. ʵʪʦʪ ʬʘʢʪʦʨ ʪʦʞʝ 

ʚʣʠʷʝʪ ʥʘ ʚʳʩʦʢʫʶ ʮʝʥʫ. ʉʪʨʦʠʪʝʣʴʥʳʝ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʠʨʤʳ ʦʯʝʥʴ ʨʝʜʢʦ 

ʧʦʣʴʟʫʶʪʩʷ ʧʨʦʟʨʘʯʥʳʤ ʙʝʪʦʥʦʤ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ, ʠʟ-ʟʘ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʤʘʣʦ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʛʦʪʦʚʳ ʟʘʥʠʤʘʪʴʩʷ ʚʳʧʫʩʢʦʤ ʧʨʦʟʨʘʯʥʦʛʦ ʙʝʪʦʥʘ. ʆʯʝʥʴ 

ʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʧʨʝʜʧʨʠʷʪʠʡ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʟʘ ʨʫʙʝʞʦʤ, ʯʪʦ ʜʘʝʪ ʝʱʝ ʦʜʠʥ 

ʤʠʥʫʩ ʚ ʩʪʦʠʤʦʩʪʠ ʠʟʜʝʣʠʷ ï ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʟʨʘʯʥʦʛʦ ʙʝʪʦʥʘ ʩʧʝʮʠʘʣʠʩʪʳ ʩʤʦʛʣʠ ʚʳʜʝʣʠʪʴ 

ʤʥʦʞʝʩʪʚʦ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʳʰʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ, 

ʰʫʤʦʠʟʦʣʷʮʠʷ, ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʠ ʚʦʜʦʩʪʦʡʢʦʩʪʴ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʚ ʧʨʦʟʨʘʯʥʳʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ 

ʙʝʪʦʥ ʚʳʜʝʣʠ ʝʱʝ ʦʜʠʥ ʨʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʠʤʝʥʥʦ 6% ʫʨʦʚʝʥʴ 

ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ, ʫʚʝʣʠʯʝʥʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʦʣʴʢʦ ʜʦ 2 ʤʝʪʨʦʚ, 

ʦʪʣʠʯʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ ʠ ʧʨʦʯʥʦʩʪʴ ʚ ʤʦʤʝʥʪ ʠʟʛʠʙʦʚ ʠ ʩʞʘʪʠʷ. 

ʇʨʦʟʨʘʯʥʳʡ ʙʝʪʦʥ ʦʪʣʠʯʥʦ ʢʨʝʧʠʪʩʷ ʥʘ ʣʶʙʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʤʝʩʠ ʢʣʝʷ ʠ ʘʥʢʝʨʦʚ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʚʳʧʫʩʢʘʶʪ ʧʘʥʝʣʠ ʤʘʪʦʚʦʛʦ ʠ ʛʣʷʥʮʝʚʦʛʦ ʚʠʜʘ ʚʠʜ 

ʧʘʥʝʣʠ ʟʘʚʠʩʪʠ ʦʪ ʤʘʨʢʠ ʙʝʪʦʥʘ, ʢʦʪʦʨʳʡ ʧʦʪʦʤ ʦʙʨʘʙʘʪʳʚʘʶʪ [2, ʩ. 75]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ, ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʶʪ 

ʟʘʱʠʪʥʳʤʠ ʩʦʩʪʘʚʘʤʠ, ʧʨʦʧʠʪʢʘʤʠ ʠʣʠ ʣʘʢʘʤʠ, ʯʪʦʙʳ ʟʘʱʠʪʠʪʴ ʠʟʜʝʣʠʝ ʦʪ 

ʚʣʘʛʠ. 

ʇʨʦʟʨʘʯʥʳʡ ʙʝʪʦʥ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ, ʯʪʦʙʳ ʧʨʠʜʘʪʴ 

ʦʙʲʝʢʪʫ ʜʝʢʦʨʘʪʠʚʥʳʡ ʚʠʜ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʟʨʘʯʥʦʛʦ ʙʝʪʦʥʘ ʚ ʜʝʢʦʨʝ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʠʜʘʪʴ ʠʥʪʝʨʴʝʨʫ ʥʝʦʙʳʯʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʟʘʣʠʚʢʝ 

ʧʦʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʩʚʝʪʢʦʡ. ɹʦʣʴʰʝ ʚʩʝʛʦ ʤʘʪʝʨʠʘʣ ʩʪʘʣ 

ʧʦʧʫʣʷʨʝʥ ʚ ʦʬʦʨʤʣʝʥʠʠ ʫʣʠʮ ʛʦʨʦʜʘ, ʠʟ ʥʝʛʦ ʜʝʣʘʶʪʩʷ ʬʦʥʘʨʠ, ʬʦʥʪʘʥʳ, 

ʚʳʚʝʩʢʠ. ɸ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚʤʝʩʪʦ ʢʠʨʧʠʯʘ, ʙʣʦʢʘ 

ʠʣʠ ʜʝʣʘʶʪ ʦʪʜʝʣʴʥʳʝ ʬʘʩʘʜʳ. 

ʅʝ ʠʤʝʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʦʙʨʝʩʪʠ ʤʘʪʝʨʠʘʣ ʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʝʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʘʞʝ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʥʫʞʥʦ ʧʦʜʦʡʪʠ ʢ 

ʩʘʤʦʡ ʧʨʦʮʝʜʫʨʝ ʠʟʛʦʪʦʚʢʠ ʜʦ ʪʦʛʦ, ʢʘʢ ʥʘʯʥʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʝ ʧʦʵʪʘʧʥʦʡ ʫʢʣʘʜʢʝ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʜʘʣʴʥʝʡʰʝʡ 

ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʮʝʜʫʨʝ ʤʳ ʧʦʣʫʯʠʤ ʧʨʦʟʨʘʯʥʳʡ ʙʝʪʦʥ ʥʝ ʭʫʞʝ, ʯʝʤ ʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʥʫʞʥʦ ʩʣʝʜʦʚʘʪʴ ʚʩʝʤ ʵʪʘʧʘʤ ʧʨʦʮʝʜʫʨʳ ʠ ʥʝ ʦʰʠʙʘʪʴʩʷ ʚ 

ʧʨʦʧʦʨʮʠʷʭ, ʯʪʦʙʳ ʥʝ ʚʦʟʥʠʢʣʦ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ 4 % ʦʧʪʦʚʦʣʦʢʥʘ ʦʪ ʚʩʝʡ ʤʘʩʩʳ ʩʤʝʩʠ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʩʚʦʡʩʪʚʦ ʩʚʝʪʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʢʣʘʜʳʚʘʪʴ ʥʠʪʴ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʃʠʪʨʘʢʦʥʘ ʥʫʞʥʦ ʠʤʝʪʴ: 

1. ʏʠʩʪʫʶ ʚʦʜʫ; 

2. ʉʫʭʫʶ ʩʤʝʩʴ ʮʝʤʝʥʪʘ, ʩʦʜʝʨʞʘʱʫʶ ʤʝʣʢʠʝ ʟʝʨʥʘ; 

3. ʉʪʝʢʣʦʚʦʣʦʢʥʘ, ʢʦʪʦʨʳʝ ʟʘʨʘʥʝʝ ʧʦʜʙʠʨʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦ 

ʪʦʣʱʠʥʳ ʧʣʠʪʳ. 
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ʇʨʠ ʧʨʠʩʫʪʩʪʚʠʠ ʚʩʝʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʯʠʥʘʪʴ ʩʘʤʫ ʧʨʦʮʝʜʫʨʫ ʧʦʵʪʘʧʥʦ: 

1. ʆʙʨʘʟʦʚʘʥʠʝ ʧʣʘʚʘʶʱʝʡ ʦʧʘʣʫʙʢʠ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʟʘʩʪʳʥʝʪ ʙʫʜʝʪ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚʚʝʨʭ 

2. ʋʩʪʘʥʦʚʢʘ ʦʧʘʣʫʙʢʠ ʠ ʟʘʣʠʚʢʘ ʨʘʩʪʚʦʨʦʤ ʦʙʷʟʘʪʝʣʴʥʦ ʪʦʥʢʠʤ ʩʣʦʝʤ  

3. ʋʢʣʘʜʢʘ ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʤʝʩʴ, ʫʯʠʪʳʚʘʷ 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʠʪʝʡ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ 

4. ʋʪʨʘʤʙʦʚʢʘ ʚʦʣʦʢʦʥ  

5. ʉʫʰʢʘ ʨʘʩʪʚʦʨʘ  

ʇʦʚʪʦʨʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʧʘʣʫʙʢʘ ʥʝ 

ʟʘʧʦʣʥʠʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠ ʥʝ ʜʦʩʪʠʛʥʝʪ ʥʫʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ [3, ʩ. 14]. 

ʉʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʥʶʘʥʩʳ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʪʦʥʘ: 

1. ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ ʧʦʣʦʚʠʥʳ ʢʦʣʠʯʝʩʪʚʘ 

ʮʝʤʝʥʪʘ; 

2. ɺʦʟʤʦʞʥʦ ʜʦʙʘʚʣʝʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ; 

3. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʚʝʪʘ ʥʫʞʥʦ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ 

ʰʣʠʬʦʚʢʝ ʪʦʨʮʦʚ ʠʟʜʝʣʠʷ; 

4. ʏʪʦʙʳ ʤʘʪʝʨʠʘʣ ʧʦʣʥʦʩʪʴʶ ʟʘʩʪʳʣ ʥʝʦʙʭʦʜʠʤʦ ʦʢʦʣʦ 5 ʜʥʝʡ. 

ʇʦʩʣʝʜʥʠʡ ʵʪʘʧ ʨʘʙʦʪ ʧʦʣʘʛʘʝʪ ʦʙʨʘʙʦʪʢʫ ʙʝʪʦʥʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ 

ʢʘʢ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʜʘʶʪ ʛʣʷʥʮʝʚʳʡ ʠʣʠ ʤʘʪʦʚʳʡ ʚʠʜ. 

ʃʠʪʨʘʢʦʥ ï ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʨʠʤʝʥʷʶʪ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ ʣʠʜʠʨʫʶʱʫʶ 

ʧʦʟʠʮʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʩʤʝʩʷʤʠ, ʟʘ ʩʯʝʪ ʩʚʦʝʛʦ ʢʨʘʩʠʚʦʛʦ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʠ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʧʨʘʚʣʷʶʱʠʝ ʚʝʜʫʪ ʣʠʯʥʳʡ ʙʠʟʥʝʩ ʣʠʰʴ ʪʦʣʴʢʦ 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʚʦʝʤ ʦʧʳʪʝ, ʠʥʩʪʠʥʢʪʝ ʠ ʦʯʝʥʴ ʙʝʩʧʦʨʷʜʦʯʥʳʭ ʜʘʥʥʳʭ ʦ ʝʛʦ 

ʩʦʩʪʦʷʥʠʠ ʠ ʜʠʥʘʤʠʢʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʢʦʛʜʘ ʤʝʥʝʜʞʝʨʘ ʪʨʝʙʫʶʪ ʧʦʚʝʜʘʪʴ ʦ 

ʩʪʨʫʢʪʫʨʝ ʝʛʦ ʬʠʨʤʳ ʠʣʠ ʞʝ ʢʦʤʧʣʝʢʪʝ ʫʩʪʨʦʡʩʪʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʦʥ 
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ʚʦʩʧʨʠʥʠʤʘʝʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʟʘʢʣʶʯʝʥʠʷ, ʚʦʧʨʦʩ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʞʝ 

ʟʘʚʷʟʥʝʪ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʝʨʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʟʘʜʘʯ ʩʯʠʪʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʤʦʤʝʥʪʦʤ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ ʢʘʢ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʪʦʛ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʦʙʱʝʤ, ʪʘʢ ʠ ʥʘ ʠʪʦʛ ʧʣʘʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢʣʶʯʝʚʦʝ, ʯʪʦ ʥʫʞʥʦ ʫʩʪʨʦʠʪʴ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʣʘʥ ʧʦ ʩʦʟʜʘʥʠʶ ʀʉ 

ʫʧʨʘʚʣʝʥʠʷ ʜʝʣʦʤ ʫʚʝʥʯʘʣʩʷ ʫʩʧʝʭʦʤ, ð ʥʫʞʥʦ ʧʦ ʤʘʢʩʠʤʫʤʫ ʩʜʝʣʘʪʴ 

ʬʦʨʤʘʣʴʥʳʤ ʚʩʝ ʯʘʩʪʠ ʢʦʥʪʨʦʣʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʟʘʜʫʤʳʚʘʝʪʩʷ. ɺ ʢʦʝ-

ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʜʣʷ ʵʪʦʛʦ ʧʦʥʘʜʦʙʠʪʩʷ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʢʦʥʩʫʣʴʪʘʥʪʦʚ, ʥʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ ʮʝʥʘ ʢʦʥʩʫʣʴʪʘʥʪʦʚ ʧʨʦʩʪʦ ʥʝʩʦʠʟʤʝʨʠʤʘ ʩ 

ʧʦʪʝʨʷʤʠ ʦʪ ʥʝʫʜʘʚʰʝʛʦʩʷ ʧʣʘʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʥʘʯʘʪʴ ʧʨʦʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ ʚ 

ʬʠʨʤʝ, ʢʘʢ ʧʨʘʚʠʣʦ ʚʘʞʥʘ ʯʘʩʪʠʯʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʝʝ ʩʠʩʪʝʤʳ ʠ ʙʠʟʥʝʩ-

ʪʝʭʥʦʣʦʛʠʡ. ɿʥʘʯʠʪ, ʦʜʥʠʤ ʠʟ ʥʘʠʛʣʘʚʥʝʡʰʠʭ ʰʘʛʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʘ 

ʩʯʠʪʘʝʪʩʷ ʘʙʩʦʣʶʪʥʘʷ ʠ ʥʘʜʝʞʥʘʷ ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʬʠʨʤʳ ʧʦ ʚʩʝʤ ʥʶʘʥʩʘʤ ʝʸ 

ʨʘʙʦʪʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʚʦʜʦʚ, ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʷ, 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʚʩʷ ʧʦʩʣʝʜʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʚʦʟʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʬʠʨʤʳ. ʂʦʥʝʯʥʦ, ʚʦʟʤʦʞʥʦ ʨʦʙʦʪʠʟʠʨʦʚʘʪʴ ʚʩʝ çʢʘʢ ʝʩʪʴè, ʥʦ ʜʝʣʘʪʴ 

ʵʪʦʛʦ ʥʝ ʩʪʦʠʪ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ.  ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ ʯʪʦ, ʚ ʠʪʦʛʝ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʘʡʜʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʪʦ ʧʨʦʩʪʨʘʥʩʪʚ, ʛʜʝ ʙʳʚʘʶʪ ʟʘʤʝʯʝʥʳ 

ʥʝʦʧʨʘʚʜʘʥʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ, ʘ ʝʱʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʚ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʝ, ʠʩʢʦʨʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʨʘʟʨʝʰʠʣʦ ʙʳ ʫʙʘʚʠʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʠʟʜʝʨʞʢʠ, ʘ ʝʱʝ ʛʦʨʘʟʜʦ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ 

ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʚʦʟʤʦʞʥʳʭ ʨʫʙʝʞʝʡ ʚʝʩʦʤʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ɺʳ ʥʝ ʩʤʦʞʝʪʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʙʝʩʧʦʨʷʜʦʢ, ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʡʜʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʙʝʩʧʦʨʷʜʦʢ. ʊʨʘʥʩʬʦʨʤʘʮʠʶ ʚʧʦʣʥʝ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʦʯʢʘʭ, ʛʜʝ ʦʥʘ ʚʧʨʘʚʜʫ ʥʝʦʙʭʦʜʠʤʘ. 

ʈʝʟʫʣʴʪʘʪʠʚʥʦ ʚʳʩʪʨʦʝʥʥʘʷ ʀʊ-ʩʠʩʪʝʤʘ ʥʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ 

ʟʘʥʦʩʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʝʱʝ ʚ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘʤʠ. ʆʜʥʦʡ ʠʟ ʚʝʩʦʤʳʭ ʩʧʝʮʠʬʠʢ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʀʊ-ʩʠʩʪʝʤʳ ʜʣʷ ʥʘʯʘʣʴʥʠʢʘ ʩʯʠʪʘʶʪʩʷ ʤʦʜʫʣʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʠ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. ʉ ʵʪʦʛʦ 

ʤʦʤʝʥʪʘ ʣʶʙʦʝ ʘʢʪʠʚʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʢʘʢ ʫʯʝʪʥʘʷ 

ʩʝʨʝʜʠʥʘ ʩ ʧʦʜʭʦʜʷʱʠʤ ʫʨʦʚʥʝʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʝʛʦ ʫʩʪʨʦʠʪʝʣʷ. ʕʪʦ 

ʥʘʨʘʱʠʚʘʝʪ ʦʙʷʟʘʥʥʦʩʪʴ ʣʶʙʦʛʦ ʠʟ ʛʣʘʚ, ʘ ʝʱʝ ʜʘʸʪ ʪʦʧ-ʤʝʥʝʜʞʝʨʘʤ 

ʧʦʜʭʦʜʷʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʙʦʣʴʰʝ ʦʪʯʝʪʣʠʚʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʠʩʧʦʣʥʝʥʠʝʤ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʮʝʣʝʡ ʠ ʙʶʜʞʝʪʦʚ. 
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ʇʨʠ ʥʘʣʠʯʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʥʘʯʘʣʴʥʠʢ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʚʝʩʦʤʫʶ ʠ ʠʩʪʠʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ 

ʚʩʝʤ ʨʘʟʜʝʣʘʤ ʨʘʙʦʪʳ ʬʠʨʤʳ, ʙʝʟ ʙʝʩʧʦʣʝʟʥʳʭ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ. ʇʨʠ ʵʪʦʤ 

ʩʚʝʜʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨʫ ʚ ʢʦʤʬʦʨʪʥʦʡ ʠ ʜʦʩʪʫʧʥʦʡ ʬʦʨʤʝ ʧʨʠ 

ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʣʶʜʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʩʧʦʩʦʙʥʦʛʦ ʧʨʠʩʪʨʘʩʪʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʠʣʠ 

ʞʝ ʦʙʲʷʩʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠ ʧʝʨʝʜʘʯʝ. ɺ ʦʙʱʝʤ, ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ, ʯʪʦ 

ʦʪʜʝʣʴʥʳʝ ʛʣʘʚʳ ʥʝ ʛʦʪʦʚʳ ʙʨʘʪʴ ʥʘ ʩʝʙʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʟʘʢʣʶʯʝʥʠʷ ʦʙ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʯʠʩʪʦʤ ʚʘʨʠʘʥʪʝ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʢ ʥʝʡ ʥʝ ʧʨʠʢʨʝʧʣʝʥʦ 

ʩʦʦʙʨʘʞʝʥʠʝ ʦʪʧʨʘʚʠʪʝʣʷ. ʊʘʢʦʛʦ ʨʦʜʘ ʨʘʩʢʣʘʜ, ʚ ʧʨʠʥʮʠʧʝ, ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʬʠʨʤʦʡ, ʥʦ ʟʘʯʘʩʪʫʶ ʛʫʙʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʦʙʲʝʢʪʠʚʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ. ɺʩʪʫʧʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʝʣʦʤ ʟʘʥʦʩʠʪ 

ʚʘʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʛʫʣʠʨʦʚʢʫ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ. ʃʶʙʦʡ ʜʦʢʫʤʝʥʪ, 

ʧʨʦʝʮʠʨʫʶʱʠʡ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʬʦʥ ʚʦʟʜʝʡʩʪʚʠʝ ʚʩʷʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʦ ʚʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʝ ʥʘ ʙʘʟʝ ʧʝʨʚʠʯʥʦʛʦ 

ʜʦʢʫʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʦʪʢʨʳʣ ʧʨʦʮʝʩʩ. ʈʘʙʦʪʥʠʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʦʙʷʟʘʥʥʦʩʪʴ 

ʟʘ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʦʨʜʠʥʠʨʫʶʪ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʜʠʬʠʮʠʨʫʶʪ 

ʧʦʟʠʮʠʠ ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʜʝʣʘʣʘ ʩʠʩʪʝʤʘ. 

ʅʝʨʝʜʢʦ ʨʝʟʦʣʶʮʠʶ ʦ ʧʨʠʤʝʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠʣʠ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʦʨʷʞʝʥʠʷ 

ʤʝʥʝʜʞʝʨʦʚ ʠ ʘʢʮʠʦʥʝʨʦʚ, ʘ 1-ʛʦ ʠʟ ʘʢʪʠʚʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ, ʧʨʝʜʧʦʣʦʞʠʤ, 

ʜʝʥʝʞʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ʠʣʠ ʞʝ ʜʠʨʝʢʪʦʨʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ 

ʚʥʝʜʨʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʵʪʦʪ ʥʘʯʘʣʴʥʠʢ, ʧʨʠ ʵʪʦʤ 

ʧʦʜʘʚʣʷʶʱʘʷ ʜʦʣʷ ʪʦʧ-ʤʝʥʝʜʞʝʨʦʚ ʬʠʨʤʳ ʥʝ ʧʨʠʥʠʤʘʶʪ ʨʦʣʴ ʚ ʤʝʭʘʥʠʟʤʝ 

ʚʥʝʜʨʝʥʠʷ ʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʠʤʝʶʪ ʚʩʝ ʰʘʥʩʳ ʩʧʦʨʥʦ ʨʘʩʮʝʥʠʚʘʪʴ, ʢʘʢ 

ʠʤʝʥʥʦ ʩʘʤ ʧʨʦʮʝʩʩ, ʪʘʢ ʠ ʚʳʚʦʜʳ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʧʦʣʥʦʩʪʴʶ. 

ɿʘʯʘʩʪʫʶ, ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʩʠʩʪʝʤʳ ʘʢʮʝʥʪʳ ʠʤʝʶʪ ʚʩʝ ʰʘʥʩʳ ʩʤʝʱʘʪʴʩʷ 

ʪʘʢ, ʯʪʦ ʜʣʷ ʙʦʣʝʝ ʚʩʝʦʙʲʝʤʣʶʱʝʛʦ ʚʥʝʜʨʝʥʠʷ ʨʘʥʝʝ ʧʨʦʚʝʜʸʥʥʫʶ ʨʘʙʦʪʫ ʥʘʜʦ 

ʠʟʨʷʜʥʦ ʧʦʜʧʨʘʚʣʷʪʴ. ʀʥʦʛʜʘ ʵʪʠ ʩʮʝʥʘʨʠʠ ʚʥʝʜʨʝʥʠʷ ʚʝʜʫʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʵʪʘʣʦʥʘ, ʯʪʦʙʳ ʚʥʫʰʠʪʝʣʴʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʯʘʣʴʩʪʚʫ, ʢʘʢ ʥʝ ʩʪʦʠʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ, ʢʘʢʠʭ ʘʩʧʝʢʪʦʚ ʥʘʜʦ ʜʝʨʞʘʪʴʩʷ, ʠ ʢʘʢʦʡ 

ʙʦʣʴʰʦʡ ʩʤʳʩʣ ʩʦʜʝʨʞʠʪ ʩʦʙʩʪʚʝʥʥʘʷ ʧʨʠʯʘʩʪʥʦʩʪʴ ʚ ʥʝʧʨʦʩʪʳʭ ʚʦʧʨʦʩʘʭ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩʘ. 

ɺʥʝʜʨʝʥʠʝ ʀʊ-ʩʠʩʪʝʤʳ, ʢʘʢ ʠ ʢʘʞʜʦʝ ʚʘʞʥʦʝ ʨʝʬʦʨʤʠʨʦʚʘʥʠʝ, ʩʣʦʞʥʳʡ 

ʠ ʟʘʯʘʩʪʫʶ ʠʩʪʷʟʘʶʱʠʡ ʤʝʭʘʥʠʟʤ, ʥʝʨʝʜʢʦ ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʨʘʩʧʘʜʦʤ 

ʠʤʝʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ. ʅʘʤ 

ʥʫʞʥʦ ʧʨʠʩʧʦʩʦʙʠʪʴ ʠʭ ʢ ʠʤʝʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʝ ʩʠʩʪʝʤʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 
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ʅʦ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʣʘʩʪʠʯʥʦʡ, ʝʝ ʥʝʣʴʟʷ 

ʠʟʙʝʛʥʫʪʴ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʠʩʪʝʤʳ, ʩʥʦʩʥʦ 

ʠʟʫʯʝʥʳ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʠ ʠʤʝʶʪ ʜʝʡʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʟʘʢʣʶʯʝʥʠʷ. ʈʘʥʥʝʝ 

ʠʟʫʯʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴ ʢ ʥʠʤ ʛʦʪʦʚʠʪ ʣʝʛʯʝ ʧʨʦʮʝʩʩ 

ʚʥʝʜʨʝʥʠʷ ʠ ʥʘʨʘʱʠʚʘʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 
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ʋɼʂ 004 

 

ɻʃʆɹɸʃʔʅʓɽ ʂʆʄʇʔʖʊɽʈʅʓɽ ʉɽʊʀ 

 

ʄʠʣʦʚʘʥʦʚʘ ɸʥʘʩʪʘʩʠʷ ɹʦʨʠʩʦʚʥʘ 

ʕʪʫʝʚ ʅʫʨʤʫʭʘʤʝʜ ʍʘʨʘʙʠʝʚʠʯ 

ʍʘʤʜʦʭʦʚʘ ʍʘʠʰʘʪ ʈʫʩʣʘʥʦʚʥʘ 

ɾʠʣʦʢʦʚ ɸʣʠʤ ʆʣʝʛʦʚʠʯ 

ʂʷʦʚʘ ɸʠʜʘ ɸʣʴʙʝʢʦʚʥʘ 

ʩʪʫʜʝʥʪʳ 

ʌɻɹʆʋ ɺʆ çʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʡr 

 ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʍ.ʄ. ɹʝʨʙʝʢʦʚʘè 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ, ʯʪʦ ʪʘʢʦʝ ʛʣʦʙʘʣʴʥʳʝ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʠʟ ʯʝʛʦ ʩʦʩʪʦʠʪ ʚʩʝʤʠʨʥʘʷ ʛʣʦʙʘʣʴʥʘʷ ʩʝʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʦʙʘʣʴʥʘʷ ʩʝʪʴ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ, ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʦʥʝʥʪ, ʠʥʬʦʨʤʘʮʠʷ. 

 

GLOBAL COMPUTER NETWORKS  
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Abstract:  In this article we have considered what global computer networks 

are. And also what the global network consists of. 

Keywords: Global network, computer networks, software component, 

information. 

 

ʏʪʦ ʪʘʢʦʝ ʛʣʦʙʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ 

ɻʣʦʙʘʣʴʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʝʪʴ ð ʵʪʦ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʦʙʤʝʥ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʘʤʠ, ʩʝʨʚʝʨʘʤʠ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, 

ʦʭʚʘʪʳʚʘʶʱʘʷ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ, ʛʦʨʦʜʘʭ. 

ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʛʣʦʙʘʣʴʥʳʝ ʩʠʩʪʝʤʳ: 
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ʀʥʪʝʨʥʝʪ ð ʚʩʝʤʠʨʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. 

ʌʠʜʦʥʝʪ ð ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʣʶʙʠʪʝʣʴʩʢʘʷ ʥʝʢʦʤʤʝʨʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʥʮʠʧʝ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʢʦʤʧʴʶʪʝʨʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʥʘʧʨʷʤʫʶ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʌʠʜʦʥʝʪʘ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʛʦ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʌʠʜʦè, 

ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʧʦʣʴʟʦʚʘʥʠʷ ð ʫʯʘʩʪʥʠʢʠ ʧʣʘʪʷʪ ʣʠʰʴ 

ʟʘ ʧʦʣʴʟʦʚʘʥʠʝ ʚʳʜʝʣʝʥʥʦʡ ʪʝʣʝʬʦʥʥʦʡ ʣʠʥʠʝʡ. ʇʨʦʙʣʝʤʘ ʩʠʩʪʝʤʳ ð ʥʠʟʢʘʷ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʦʪʩʫʪʩʪʚʠʝ ʤʫʣʴʪʠʤʝʜʠʘ. 

ʏʪʦ ʧʦʜ ʵʪʠʤ ʧʦʥʠʤʘʝʪʩʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ 

ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʭʚʘʪ ʝʶ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʫʟʣʦʚ ʥʘ ʦʙʰʠʨʥʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʕʪʠʤ ʦʥʘ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʭʦʜ ʚ ʛʣʦʙʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʷʟʠ ʩ ʦʪʜʘʣʝʥʥʳʤʠ ʘʙʦʥʝʥʪʘʤʠ ð ʚʩʝʛʦ ʣʠʰʴ ʦʜʥʘ ʠʟ ʦʧʮʠʡ. 

ɻʣʦʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʙʲʝʜʠʥʷʝʪ ʨʘʟʥʳʝ ʩʝʪʠ: 

ʛʦʨʦʜʩʢʠʝ; 

ʢʦʨʧʦʨʘʪʠʚʥʳʝ; 

ʣʦʢʘʣʴʥʳʝ; 

ʧʝʨʩʦʥʘʣʴʥʳʝ ʩʝʪʠ. 

ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʣʘʞʠʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ. 

ʇʨʠʤʝʯʘʥʠʝ 

ʉʚʦʠ ʦʩʥʦʚʥʳʝ ʧʨʠʟʥʘʢʠ ʛʣʦʙʘʣʴʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʝʪʴ ʫʥʘʩʣʝʜʦʚʘʣʘ ʦʪ 

ʪʝʣʝʬʦʥʥʳʭ ʩʠʩʪʝʤ. ʅʦ ʝʩʪʴ ʠ ʦʪʣʠʯʠʝ: ʚ ʥʝʡ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ 

ʢʦʤʤʫʪʘʮʠʠ ʢʘʥʘʣʦʚ, ʷʚʣʷʚʰʠʡʩʷ ʦʩʥʦʚʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʣʝʬʦʥʥʦʡ 

ʩʚʷʟʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

 

ʀʟ ʯʝʛʦ ʩʦʩʪʦʠʪ ʚʩʝʤʠʨʥʘʷ ʛʣʦʙʘʣʴʥʘʷ ʩʝʪʴ 

ɻʣʦʙʘʣʴʥʘʷ ʩʝʪʴ ð ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ 3 ʢʦʤʧʦʥʝʥʪʦʚ: 

ʘʧʧʘʨʘʪʥʦʛʦ; 

ʧʨʦʛʨʘʤʤʥʦʛʦ; 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ. 

ɸʧʧʘʨʘʪʥʳʡ ʢʦʤʧʦʥʝʥʪ 

ʉʦʩʪʘʚ ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥ: 

ʢʦʤʧʴʶʪʝʨʘʤʠ, ʨʘʙʦʯʠʤʠ ʩʪʘʥʮʠʷʤʠ, ʩʝʨʚʝʨʘʤʠ; 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʤʦʜʝʤʘʤʠ; 

ʰʣʶʟʘʤʠ, ʩʝʪʝʚʳʤʠ ʘʜʘʧʪʝʨʘʤʠ, ʙʨʘʥʜʤʘʫʵʨʘʤʠ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ; 
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ʠʩʪʦʯʥʠʢʘʤʠ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ; 

ʢʘʙʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʝʨʝʜʘʯʠ. 

ɺʩʝ ʵʪʠ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʧʦʩʪʦʷʥʥʦ ʠʣʠ ʚʨʝʤʝʥʥʦ. ʇʦʣʦʤʢʘ 

ʢʘʢʦʛʦ-ʪʦ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʥʝ ʚʣʠʷʝʪ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʡ ʩʝʪʠ ʠʣʠ ʜʨʫʛʠʭ, 

ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʟʣʦʚ. 

ʐʣʶʟ ð ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʚʷʟʳʚʘʪʴʩʷ ʩʠʩʪʝʤʘʤ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʢʦʤʤʫʥʠʢʘʮʠʶ ʩʝʪʝʡ 

ʩʦ ʩʭʦʞʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ, ʥʦ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʘʭ ʦʙʦʟʥʘʯʘʝʪʩʷ ʪʝʨʤʠʥʦʤ çʨʦʫʪʝʨè. 

ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʉʝʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʪʦʢʦʣʘ TCP/IP, ʛʜʝ TCP ð ʵʪʦ ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʝʥʠʷ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ, 

IP ð ʧʨʦʪʦʢʦʣ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʨʰʨʫʪʘ ʝʝ ʧʝʨʝʜʘʯʠ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʦʥʝʥʪ 

ɻʣʘʚʥʦʡ ʬʫʥʢʮʠʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʳʩʪʫʧʘʝʪ ʜʦʩʪʠʞʝʥʠʝ 

ʩʣʘʞʝʥʥʦʛʦ ʩʦʚʤʝʩʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʉʝʪʠ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ: 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʜʘʥʥʳʝ, ʥʘʭʦʜʠʪʴ ʚʘʨʠʘʥʪʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʭ ʧʦ ʨʘʟʥʳʤ 

ʢʘʥʘʣʘʤ; 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʚʦʡʩʪʚʝʥʥʳʝ ʠʥʬʦʨʤʘʪʠʢʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ; 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʜʠʥʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ; 

ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʙʣʶʜʝʥʠʝ ʝʜʠʥʳʭ ʧʨʦʪʦʢʦʣʦʚ; 

ʧʝʨʝʥʘʧʨʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʢʘʥʘʣʦʚ, ʫʯʘʩʪʢʦʚ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʦʥʝʥʪ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʦʠʩʢʘ, ʭʨʘʥʝʥʠʷ ʠ ʩʙʦʨʘ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʤʠʨʦʚʦʡ 

ʉʝʪʠ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʦʤʧʦʥʝʥʪ 

ʕʪʘ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʦʢʫʤʝʥʪʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ: 

ʪʝʢʩʪʦʚʳʤʠ; 

ʟʚʫʢʦʚʳʤʠ; 

ʛʨʘʬʠʯʝʩʢʠʤʠ; 

ʚʠʜʝʦ. 

ɺʩʝ ʦʥʠ ʭʨʘʥʷʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʘʭ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʉʝʪʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʤʧʦʥʝʥʪʘ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʂ ʧʨʠʤʝʨʫ, ʢʦʛʜʘ ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʢʥʠʛʠ ʛʨʘʬʠʢʘ ʧʦʩʪʫʧʘʝʪ ʠʟ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, 
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ʪʝʢʩʪ, ʤʫʟʳʢʘ ʠ ʦʟʚʫʯʢʘ ð ʠʟ ʜʨʫʛʠʭ. ʄʝʞʜʫ ʩʦʙʦʡ ʵʪʠ ʠʩʪʦʯʥʠʢʠ ʩʚʷʟʘʥʳ 

ʮʝʣʦʡ ʩʠʩʪʝʤʦʡ ʩʩʳʣʦʢ, ʬʦʨʤʠʨʫʶʱʝʡ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʠʟ ʤʥʦʞʝʩʪʚʘ ʜʦʢʫʤʝʥʪʦʚ. 

 

ɺʳʚʦʜʳ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʦ ʜʘʥʦ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ. ʊʘʢʞʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ, ʠʟ ʯʝʛʦ ʩʦʩʪʦʠʪ ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʩʝʪʴ. ʈʘʩʩʤʦʪʨʝʣʠ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ: ʘʧʧʘʨʘʪʥʡr, ʧʨʦʛʨʘʤʤʥʡr, 

ʠʥʬʦʨʤʘʮʠʦʥʥʡr. 
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ʩʧʦʩʦʙʳ ʨʘʟʨʘʙʦʪʢʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʙʦʨʢʘ ʘʚʪʦʥʦʤʥʦʛʦ 

ʨʦʙʦʪʘ ʥʘ ʢʦʣʝʩʥʦʡ ʤʝʭʘʥʠʢʝ. ɸʚʪʦʥʦʤʥʦʩʪʴ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 

ʜʚʠʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʵʣʝʤʝʥʪʦʚ ʜʦʨʦʞʥʦʡ ʨʘʟʤʝʪʢʠ, ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ 

ʥʘ ʟʥʘʢʠ ʩʚʝʪʦʬʦʨʘ ʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʟ ʟʦʥʳ ʩʪʘʨʪʘ ʚ ʟʦʥʫ ʬʠʥʠʰʘ. 
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ʢʦʣʝʩʥʘʷ ʤʝʭʘʥʠʢʘ. 

 

DEVELOPMENT AND CREATION OF AN AUTONOMOUS ROBOT  

BASED ON A NEURAL NETWORK AND MACHINE VISION  

 

Pshenichnyj Artyom Dmitrievich 

Zenkov Nikita Pavlovich  

 

Abstract: this article describes the basic concepts, principles, methods of 

development and, as a result, the design and assembly of an autonomous robot on 
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wheel mechanics. Autonomy provides for solving traffic problems taking into 

account the elements of road markings, correct response to traffic lights and traffic 

signs, planning the trajectory of one's own movement from the start zone to the finish 

zone. 

Key words: neural networks, robot, autonomy, robotics, wheel mechanics. 

  

ɺʚʝʜʝʥʠʝ 

ɸʚʪʦʥʦʤʥʳʝ ʨʦʙʦʪʳ ð ʵʪʦ ʨʦʙʦʪʳ, ʢʦʪʦʨʳʝ ʩʦʚʝʨʰʘʶʪ ʧʦʩʪʫʧʢʠ ʠʣʠ 

ʚʳʧʦʣʥʷʶʪ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʚʪʦʥʦʤʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʦʩʚʦʝʥʠʝ ʢʦʩʤʦʩʘ, ʚʝʜʝʥʠʝ ʜʦʤʘʰʥʝʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʜʦʩʪʘʚʢʘ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. 

ɼʘʣʝʝ ʦʧʠʰʝʤ ʢʘʞʜʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʨʦʙʦʪʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʘʪʬʦʨʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʩʪʦʠʪ ʭʦʜʦʚʘʷ ʯʘʩʪʴ ʠ 

ʷʚʣʷʶʱʘʷʩʷ ʧʦ ʩʦʚʤʝʩʪʠʪʝʣʴʩʪʚʫ ʧʝʨʚʳʤ çʵʪʘʞʦʤè (ʠʟ-ʟʘ ʤʘʣʝʥʴʢʠʭ ʨʘʟʤʝʨʦʚ 

ʧʣʘʪʬʦʨʤʳ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʤʝʱʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʚ ʚʳʩʦʪʫ). 

ʎʠʬʨʦʡ 1 ʦʪʤʝʯʝʥ ʩʝʨʚʦʧʨʠʚʦʜ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʧʦʚʦʨʦʪ ʧʝʨʝʜʥʝʡ ʦʩʠ 

ʭʦʜʦʚʦʡ ʯʘʩʪʠ. 

ʎʠʬʨʦʡ 2 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʷʚʣʷʶʱʠʡʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʨʦʙʦʪʘ. ʆʥ 

ʧʦʜʢʣʶʯʝʥ ʢ ʜʨʘʡʚʝʨʫ, ʘ ʧʠʪʘʝʪʩʷ ʦʪ ʯʝʪʳʨʝʭ Li-ion ʘʢʢʫʤʫʣʷʪʦʨʦʚ NCR18650 

ʥʘ 3,7 ɺʦʣʴʪʘ ʝʤʢʦʩʪʴʶ 3400 mAh ʢʘʞʜʳʡ. 

ʄʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ 16-ʢʘʥʘʣʴʥʳʡ ʦʪʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 

2. ʋʧʨʘʚʣʝʥʠʝ ʠ ʧʠʪʘʥʠʝ ʩʝʨʚʦʢʦʥʪʨʦʣʣʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʢʦʤʧʴʶʪʝʨʫ Nvidia Jetson Nano ʯʝʨʝʟ ʤʠʢʨʦʩʭʝʤʫ PCA9685. 

ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ ServoKit. 

ʂʘʢ ʙʳʣʦ ʫʞʝ ʚʳʰʝ ʩʢʘʟʘʥʦ, ʟʘ ʧʠʪʘʥʠʝ ʜʚʠʛʘʪʝʣʷ ʦʪʚʝʯʘʶʪ ʯʝʪʳʨʝ 

ʘʢʢʫʤʫʣʷʪʦʨʘ. ʀʭ ʧʦʜʢʣʶʯʝʥʠʝ ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩ. 1. ʍʦʜʦʚʘʷ ʯʘʩʪʴ 

 

ʈʠʩ. 2. ʄʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ 

 

ɺ ʙʘʪʘʨʝʡʥʳʝ ʦʪʩʝʢʠ ʚʩʪʘʚʣʷʶʪʩʷ ʘʢʢʫʤʫʣʷʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʧʣʘʪʫ, ʨʘʩʧʦʣʘʛʘʶʱʘʷʩʷ ʤʝʞʜʫ ʥʠʤʠ. ɼʘʥʥʘʷ ʧʣʘʪʘ ʷʚʣʷʝʪʩʷ 

ʧʦʥʠʞʘʶʱʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʥʘʧʨʷʞʝʥʠʷ. ʇʦʣʫʯʘʷ ʥʘ ʚʭʦʜ ʩʫʤʤʘʨʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʩ ʯʝʪʳʨʝʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʚʳʜʘʝʪ 5,5 ɺʦʣʴʪ ʥʘ ʚʳʭʦʜʝ. 
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ɼʘʣʝʝ ʧʝʨʝʡʜʝʤ ʢ ʛʣʘʚʥʦʤʫ ʚ ʨʦʙʦʪʝ ï ʩʚʦʝʛʦ ʨʦʜʘ çʤʦʟʛʫè. ʄʠʥʠ-

ʢʦʤʧʴʶʪʝʨ Jetson Nano ʥʘ ʯʝʪʳʨʝ ʛʠʛʘʙʘʡʪʘ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʆʥ ʠʟʦʙʨʘʞʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʘʢʢʫʤʫʣʷʪʦʨʦʚ 

 

 
 

ʈʠʩ. 4. Jetson Nano 
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ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ʩ ʥʠʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʘʚʠʪʴ ʦʙʨʘʟ, ʢʦʪʦʨʳʡ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ Nvidia (ʬʠʟʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʥʝ ʭʚʘʪʘʝʪ, 

ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʘʚʠʪʴ ʢʘʨʪʫ ʧʘʤʷʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʟʲʝʤ). 

ɼʘʥʥʳʡ ʦʙʨʘʟ ʷʚʣʷʝʪʩʷ ʦʙʳʢʥʦʚʝʥʥʦʡ Ubuntu, ʥʦ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʪʠʣʠʪʘʤʠ ʦʪ Nvidia. 

ʇʠʪʘʥʠʝ Jetson`a ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʥʝʰʥʝʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ ʦʪ 

Samsung ʝʤʢʦʩʪʴ 10 000 mAh, ʚʳʜʘʶʱʠʡ 5 ɺʦʣʴʪ ʠʟ USB ʨʘʟʲʝʤʦʚ. 

ʇʠʪʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʨʘʟʲʝʤ micro-USB, ʨʘʩʧʦʣʦʞʝʥʥʳʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʘʤʦʤ Jetson`ʝ (ʧʦʜʯʝʨʢʥʫʪʦ ʢʨʘʩʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 5). 

 

 

 
 

 

ʈʠʩ. 5. Micro-USB ʥʘ Jetson Nano 

 
ɿʘ çʟʨʝʥʠʝè ʦʪʚʝʯʘʝʪ ʢʘʤʝʨʘ, ʦʪʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 6, ʦʪ Creative 

ʤʦʜʝʣʴ VF0800, ʧʠʪʘʝʤʘʷ ʧʷʪʴʶ ɺʦʣʴʪʘʤʠ. ʇʦʜʢʣʶʯʘʝʪʩʷ ʢ Jetson ʧʨʠ ʧʦʤʦʱʠ 

USB ʢʘʙʝʣʷ, ʠʜʫʱʝʛʦ ʦʪ ʩʘʤʦʡ ʢʘʤʝʨʳ. 
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ʈʠʩ. 6. ɿʨʝʥʠʝ ʨʦʙʦʪʘ 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʠ ʝʛʦ ʨʘʙʦʪʘ 

ɹʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ ʠ 

ʟʘʧʠʩʠ ʜʘʪʘ-ʩʝʪʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ ʦʪʢʨʳʚʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ, ʧʨʠʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

 
 

ʈʠʩ. 7.  ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ 
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ʋʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʣʘʚʠʘʪʫʨʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨʚʦʧʨʠʚʦʜʦʤ ʠ ʜʚʠʛʘʪʝʣʝʤ. 

ʇʨʠ ʟʘʞʘʪʠʠ ʢʣʘʚʠʰ A-D ʩʝʨʚʦʧʨʠʚʦʜ ʤʝʥʷʝʪ ʩʚʦʡ ʫʛʦʣ ʚ ʢʨʘʡʥʠʝ ʧʦʣʦʞʝʥʠʷ 

ʧʦʚʦʨʦʪʘ, ʫʢʘʟʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ; ʧʨʠ ʟʘʞʘʪʠʠ ʢʣʘʚʠʰ W-S - ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʚ ʢʨʘʡʥʠʝ ʧʦʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʠ. ʉʣʘʡʜʝʨ, ʧʦʜʧʠʩʘʥʥʳʡ ʢʘʢ 

çʫʧʨʘʚʣʝʥʠʝ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘè, ʚ ʣʝʚʦʡ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʠ ʪʘʢʞʝ ʩʧʠʥ-

ʙʦʢʩʘ, ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʜʥʦʛʦ ʤʝʥʷʶʪ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʜʨʫʛ ʜʨʫʛʫ.  

ʂ ʩʪʘʥʜʘʨʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʫʛʣʘ ʩʝʨʚʦʧʨʠʚʦʜʘ ʧʨʠʩʚʦʝʥʦ 110Á. ɼʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʧʦʟʚʦʣʷʝʪ ʚʳʩʪʘʚʣʷʪʴ ʥʘ ʧʣʘʪʬʦʨʤʝ ʢʦʣʝʩʘ ʚ ʮʝʥʪʨʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʠ ʚʦʟʚʨʘʱʘʪʴ ʚ ʜʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʜʝʡʩʪʚʠʡ ʧʦ 

ʫʤʦʣʯʘʥʠʶ. ʋʛʣʳ ʧʦʚʦʨʦʪʘ ʩʝʨʚʦʧʨʠʚʦʜʘ ʦʛʨʘʥʠʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʚʦʨʦʪʘ 

ʢʦʣʝʩ ʧʣʘʪʬʦʨʤʳ ʨʦʙʦʪʘ, ʢʨʘʡʥʝʝ ʣʝʚʦʝ ʧʦʣʦʞʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʦ ʢʘʢ 75Á, ʘ 

ʢʨʘʡʥʝʝ ʧʨʘʚʦʝ ʟʥʘʯʝʥʠʝ - 160Á. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʩʣʘʡʜʝʨʘ ʧʫʪʝʤ 

ʱʝʣʯʢʦʚ ʧʦ ʝʛʦ ʣʠʥʝʡʢʝ, ʣʠʙʦ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʷ ʩʧʠʥ-ʙʦʢʩʘ ʟʥʘʯʝʥʠʝ ʫʛʣʘ 

ʬʠʢʩʠʨʫʝʪʩʷ ʠ ʥʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʩʪʘʥʜʘʨʪʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʦʣʦʞʝʥʠʷ ʩʣʘʡʜʝʨʘ ʧʫʪʸʤ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʣʟʫʥʢʘ ʟʥʘʯʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ, ʠ 

ʩʝʨʚʦʧʨʠʚʦʜ ʤʝʥʷʝʪ ʫʛʦʣ ʥʘ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦ ʩʣʘʡʜʝʨʘ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʧʦʩʣʝ ʦʪʧʫʩʢʘʥʠʷ ʧʦʣʦʞʝʥʠʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʟʥʘʯʘʣʴʥʦʝ. 

ʉʧʨʘʚʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴʶ 

ʨʦʙʦʪʘ. ʕʣʝʤʝʥʪʳ ʩʣʘʡʜʝʨʘ ʠ ʩʧʠʥ-ʙʦʢʩʘ ʪʘʢʞʝ ʚʟʘʠʤʦʩʚʷʟʘʥʳ: ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʟʥʘʯʝʥʠʷ ʦʜʥʦʛʦ, ʤʝʥʷʝʪʩʷ ʚʪʦʨʦʡ ʠ ʥʘʦʙʦʨʦʪ. ʊʘʢʞʝ ʘʥʘʣʦʛʠʯʥʦ ʫʧʨʘʚʣʝʥʠʶ 

ʩʝʨʚʦʧʨʠʚʦʜʘ, ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʢʩʘʮʠʠ ʟʥʘʯʝʥʠʷ ʧʨʠ ʢʣʠʢʝ ʧʦ ʣʠʥʝʡʢʝ 

ʩʣʘʡʜʝʨʘ ʣʠʙʦ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʷ ʩʧʠʥ-ʙʦʢʩʘ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ 

ʨʦʙʦʪʘ ʤʝʥʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʩʢʚʘʞʥʦʩʪʠ ʐʀʄʘ ʚ ʧʨʦʮʝʥʪʘʭ, ʩʪʘʥʜʘʨʪʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʢʚʘʞʥʦʩʪʠ ʐʀʄʘ ʜʣʷ ʜʚʠʛʘʪʝʣʷ ʫʢʘʟʘʥʦ ʚ 0%, ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 100%.  ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʝʥʷʝʪʩʷ ʧʫʪʝʤ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʧʦʣʟʫʥʢʘ ʥʠʞʝ 0%. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʫʢʘʟʘʥʘ ʥʘ ʵʣʝʤʝʥʪʘʭ ʦʪʦʙʨʘʞʝʥʠʷ ʫʛʣʘ ʩʝʨʚʦʧʨʠʚʦʜʘ ʠ ʩʢʦʨʦʩʪʠ 

ʜʚʠʛʘʪʝʣʷ. ɼʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʧʝʨʝʜ ʩʢʦʨʦʩʪʴ ʙʫʜʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʥʘʯʝʥʠʷʭ 

ʦʪ 0 ʜʦ 99 %, ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘʟʘʜ ʩʢʦʨʦʩʪʴ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʦʪ 0 ʜʦ -99 %, ʪʘʢ ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʠʥʚʝʨʩʥʦʝ ʜʚʠʞʝʥʠʝ. 

ʅʠʞʝ ʚ ʠʥʪʝʨʬʝʡʩʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢʥʦʧʢʘ ʥʘʯʘʣʘ ʟʘʧʠʩʠ ʚʠʜʝʦ, ʧʨʠ 

ʥʘʞʘʪʠʠ ʥʘ ʥʝʸ ʦʥʘ ʤʝʥʷʝʪ ʩʚʦʝ ʩʦʩʪʦʷʥʠʠ ʠ ʪʝʢʩʪ ʩ çʥʘʯʘʪʴ ʟʘʧʠʩʴè ʥʘ 

çʦʩʪʘʥʦʚʠʪʴ ʟʘʧʠʩʴè. ʇʨʠ ʦʩʪʘʥʦʚʢʝ ʟʘʧʠʩʠ ʬʘʡʣ ʚʠʜʝʦ ʙʫʜʝʪ ʩʦʭʨʘʥʸʥ ʚ 

ʢʦʨʥʝʚʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʚ ʬʦʨʤʘʪʝ .avi. 
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ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʙʣʦʢ ʩ ʪʨʘʥʩʣʷʮʠʝʡ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʝʙ-ʢʘʤʝʨʳ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 8 (ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ï ʠʟʦʙʨʘʞʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʨʫʢʠ). ʇʨʠ ʥʘʣʠʯʠʠ ʢʘʢʦʡ-ʣʠʙʦ ʦʰʠʙʢʠ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʚʝʙ-ʢʘʤʝʨʦʡ, ʙʫʜʝʪ ʦʪʦʙʨʘʞʝʥʦ ʩʦʦʙʱʝʥʠʝ çNo camera enableè. 

ɼʣʷ ʟʘʢʨʳʪʠʷ ʠʥʪʝʨʬʝʡʩʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʣʘʚʠʰʫ Esc. 

ʃʦʛʠʢʘ ʧʨʦʛʨʘʤʤʳ ʠ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ. 

ɼʣʷ ʵʪʦʛʦ ʚ ʬʘʡʣʝ main.py, ʚʳʥʝʩʝʥ ʦʪʜʝʣʴʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʣʦʛʠʢʠ 

ʧʨʦʛʨʘʤʤʳ ʠ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ. ʇʨʠʤʝʨ 

ʙʣʦʢʘ ʢʦʥʩʪʘʥʪ ʠ ʣʦʛʠʢʠ ʫʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʘʭ 8 ʠ 9, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
 

ʈʠʩ. 8. ɹʣʦʢ ʢʦʥʩʪʘʥʪ 

 

 
 

ʈʠʩ. 9. ʃʦʛʠʢʘ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ 
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ɹʣʦʢ ʢʦʥʩʪʘʥʪ ʩʣʫʞʠʪ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

- ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʣʘʡʜʝʨʘ ʠ ʩʧʠʥ-ʙʦʢʩʘ ʩʝʨʚʦʧʨʠʚʦʜʘ ʠ 

ʜʚʠʛʘʪʝʣʷ 

- ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʣʘʡʜʝʨʘ ʠ ʩʧʠʥ-ʙʦʢʩʘ ʩʝʨʚʦʧʨʠʚʦʜʘ ʠ 

ʜʚʠʛʘʪʝʣʷ 

- ʦʜʠʥʘʨʥʦʛʦ ʰʘʛʘ ʩʣʘʡʜʝʨʘ ʠ ʩʧʠʥ-ʙʦʢʩʘ ʩʝʨʚʦʧʨʠʚʦʜʘ ʠ ʜʚʠʛʘʪʝʣʷ 

- ʩʤʝʱʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʩʝʨʚʦʧʨʠʚʦʜʘ ʚ ʣʝʚʫʶ ʩʪʦʨʦʥʫ, ʧʨʠ ʟʘʞʘʪʠʠ 

ʢʣʘʚʠʰʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʢʣʘʚʠʘʪʫʨʳ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ çAè 

- ʩʤʝʱʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʩʝʨʚʦʧʨʠʚʦʜʘ ʚ ʧʨʘʚʫʶ ʩʪʦʨʦʥʫ, ʧʨʠ ʟʘʞʘʪʠʠ 

ʢʣʘʚʠʰʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʢʣʘʚʠʘʪʫʨʳ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ çDè 

- ʩʤʝʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʜʚʠʞʝʥʠʷ ʚʧʝʨʝʜ, ʧʨʠ ʟʘʞʘʪʠʠ 

ʢʣʘʚʠʰʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʢʣʘʚʠʘʪʫʨʳ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ çWè 

-  ʩʤʝʱʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʜʚʠʞʝʥʠʷ ʥʘʟʘʜ, ʧʨʠ ʟʘʞʘʪʠʠ 

ʢʣʘʚʠʰʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʢʣʘʚʠʘʪʫʨʳ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ çSè 

- ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʩʝʨʚʦʧʨʠʚʦʜʘ ʠ ʪʘʢʞʝ ʩʢʚʘʞʥʦʩʪʠ 

ʐʀʄʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ. 

ʉʤʝʱʝʥʠʝ ʜʣʷ ʫʛʣʘ ʠ ʩʢʦʨʦʩʪʠ ʚ ʫʧʨʘʚʣʝʥʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʟʥʘʯʝʥʠʷ, ʥʘ 

ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʩʝʨʚʦʧʨʠʚʦʜ ʠ ʜʦʩʪʠʛʘʪʴ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʴ ʧʨʠ 

ʟʘʞʘʪʠʠ ʢʣʘʚʠʰ ʫʧʨʘʚʣʝʥʠʷ ʩ ʢʣʘʚʠʘʪʫʨʳ. 

ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠ ʧʦʤʦʱʠ ʙʠʙʣʠʦʪʝʢʠ PyQt5, ʘ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨʚʦʧʨʠʚʦʜʦʤ ʠ ʜʚʠʛʘʪʝʣʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʠʙʣʠʦʪʝʢʠ 

ServoKit ʠ GPIO 

ʃʦʛʠʢʘ ʧʨʦʛʨʘʤʤʳ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʫʣʷ ʠʥʪʝʨʬʝʡʩʘ 

app_UI.py, ʙʠʙʣʠʦʪʝʢʠ PyQt5 ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʝʨʚʦʧʨʠʚʦʜʦʤ ʠ ʜʚʠʛʘʪʝʣʝʤ 

ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ control.py, ʘ ʪʘʢʞʝ ʥʘʧʠʩʘʥʥʳʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ. 

ʂʘʞʜʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʩʚʦʠ ʟʘʜʘʯʠ, ʥʘʭʦʜʠʪʩʷ ʚ 

ʦʪʜʝʣʴʥʦʤ ʦʪ ʜʨʫʛʠʭ ʤʦʜʫʣʝʡ ʬʘʡʣʝ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤʠ ʨʦʙʦʪʘʤʠ, ʢʦʪʦʨʳʝ 
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ʥʝʡʨʦʩʝʪʴ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʦʙʦʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʠ ʢʘʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
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ʄʫʩʦʨ ï ʦʯʝʥʴ ʩʝʨʴʝʟʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ. ʇʦʩʣʝʜʥʠʡ ʛʦʜ ʛʨʫʧʧʘ 

ʩʪʫʜʝʥʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʜʣʷ ʩʙʦʨʘ ʤʫʩʦʨʘ ʠʣʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʤʝʩʪʘʭ ʢʨʘʡʥʝʛʦ 

ʩʝʚʝʨʘ. ʀ ʚ ʠʶʣʝ 2022 ʛʦʜʘ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʠ ɸʨʢʪʠʯʝʩʢʦʛʦ ʧʣʘʚʫʯʝʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʦʚʝʣʠ ʭʦʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʨʦʙʦʪʦʚ ʚ ɸʨʢʪʠʢʝ (ʈʠʩ. 1). 

 

 

 

ʈʠʩ. 1. ʍʦʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ 

 

ʇʦʩʣʝ ʫʩʧʝʰʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʨʷʜ ʟʘʜʘʯ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʫʩʦʨʘ ʠ ʦʙʨʘʟʮʦʚ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ 

ʩ ʧʦʤʦʱʴʶ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʟʦʨʘ ʨʦʙʦʪʘ ʜʣʷ ʧʦʠʩʢʘ ʤʫʩʦʨʘ. 

ʂʦʥʮʝʧʮʠʷ ʵʪʦʛʦ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʢʚʘʜʨʦʢʦʧʪʝʨ ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ ʦʙ ʦʢʨʫʞʝʥʠʠ ʚʦʢʨʫʛ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ, 

ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʧʦʩʪʘʚʣʝʥʥʳʝ ʝʤʫ ʜʝʡʩʪʚʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨ ʦʧʝʨʘʪʦʨʫ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʜʝʡʩʪʚʠʷ 

ʤʦʙʠʣʴʥʦʤʫ ʨʦʙʦʪʫ ʠ ʢʚʘʜʨʦʢʦʧʪʝʨʫ. 



ʄʆʃʆɼʓɽ ʀʉʉʃɽɼʆɺɸʊɽʃʀ ɺ ʆʊɺɽʊ ʅɸ ʉʆɺʈɽʄɽʅʅʓɽ ɺʓɿʆɺʓ 

 

50 
˸̇˹˽ ζ˹͍ͦ͊Ύ ͤ͊ͯ͊͟η 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʙʫʯʘʝʪʩʷ ʤʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʦʙʦʪʦʚ. ʆʙʫʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʨʝʜʝ Anaconda ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ 

TensorFlow ʥʘ ʚʠʜʝʦʫʩʢʦʨʠʪʝʣʝ NVIDIA  GTX 1050 TI. ʀʥʩʪʨʫʢʮʠʷ ʧʦ 

ʫʩʪʘʥʦʚʢʝ ʠ ʥʘʩʪʨʦʡʢʠ ʩʨʝʜʳ ʧʦ ʩʩʳʣʢʝ: https://tensorflow-object-detection-api-

tutorial.readthedocs.io/en/latest/install.html. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʦʙʫʯʝʥʠʷ ʣʫʯʰʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʜʝʦʫʩʢʦʨʠʪʝʣʠ ʩ ʷʜʨʘʤʠ CUDA, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʙʫʯʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʣʦ ʙʳ 11 ʯʘʩʦʚ, ʤʦʛʣʦ ʟʘʥʠʤʘʪʴ 3 ʠ ʙʦʣʝʝ ʩʫʪʦʢ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʦʙʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʨʘʪʴ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʥʘʟʳʚʘʝʤʳʡ 

Dataset, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʥʘʙʦʨ ʬʦʪʦʛʨʘʬʠʡ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʚ ʚʳʩʦʢʦʤ 

ʨʘʟʨʝʰʝʥʠʠ ʧʨʠ ʭʦʨʦʰʝʤ ʦʩʚʝʱʝʥʠʠ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ (ʈʠʩ. 2). 

 

 

 

ʈʠʩ. 2. Dataset ʜʣʷ ʦʙʫʯʝʥʠʷ 

 

ʉ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ labelImg ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ (ʈʠʩ. 3). 

 

 


































































































































































































