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THE URGENCY OF EMBEDDING DIGITAL WATERMARKS IN PRO GRAMS WRITTEN IN 

KOTLIN  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʥʝʟʘʢʦʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʠ ʤʠʨʦʚʦʤ ʨʳʥʢʘʭ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ ʨʘʟʨʘʙʦʪʢʠ ʤʦ-

ʙʠʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʠʣʦʞʝʥʠʷʤ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ Android, ʥʘʧʠʩʘʥʥʳʤ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Kotlin. ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘ-

ʱʠʪʳ ʘʚʪʦʨʩʢʦʛʦ ʧʨʘʚʘ ʥʘ ʧʨʦʛʨʘʤʤʳ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʚʦʜʷʥʳʭ ʟʥʘʢʦʚ, ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʭʘʥʠʟʤʘ ʪʘʢʦʡ ʟʘʱʠʪʳ. 

Abstract. 

The article analyzes the current level of illegal distribution and use of software in the Russian and world 

markets. A study of the market of mobile software development, with special attention paid to applications for the 

Android operating system, written in the programming language Kotlin. The methods of technical protection of 

copyright on the program and the relevance of the introduction of digital watermarks as a mechanism of such 

protection. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Kotlin, Java, ʙʘʡʪ-ʢʦʜ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʎɺɿ, ʚʥʝʜʨʝʥʠʝ, ʧʠʨʘʪʩʪʚʦ, ʥʘʨʫ-

ʰʝʥʠʝ ʘʚʪʦʨʩʢʠʭ ʧʨʘʚ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʦʙʩʪʚʝʥʥʦʩʪʴ, ʩʨʝʜʩʪʚʦ ʟʘʱʠʪʳ. 

Keywords: Kotlin, Java, bytecode, software, CVD, implementation, piracy, copyright infringement, intellec-

tual property, means of protection. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʱʠʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ 

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨ-

ʥʦʡ ʪʝʭʥʠʢʠ ʧʨʠʚʸʣ ʢ ʤʘʩʩʦʚʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʜʘʥʥʦʛʦ ʚʠʜʘ ʪʝʭʥʦʣʦʛʠʡ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʦʭʚʘʪʳ-

ʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, 

ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʛʨʦʤʥʳʡ ʩʧʨʦʩ ʥʘ ʧʨʦ-

ʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝ-

ʤʦʡ ʟʘʱʠʪʳ ʩʚʦʠʭ ʧʨʦʜʫʢʪʦʚ ʦʪ ʥʝʣʝʛʠʪʠʤʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʘʥʠʡ We Are 

Social ʠ Hootsuite ʚ 2018 ʛʦʜʫ ʤʠʨʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʧʨʝʚʳʩʠʣʦ 4 ʤʠʣʣʠ-

ʘʨʜʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 50% ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ. 

ʊʘʢʞʝ ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʤʠʨʝ ʙʦʣʝʝ 

5 ʤʠʣʣʠʘʨʜʦʚ ʫʥʠʢʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʙʠʣʴ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʵʪʦʪ 
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ʧʦʢʘʟʘʪʝʣʴ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 70% ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ. 

 
ʈʠʩʫʥʦʢ 1.ʉʪʘʪʠʩʪʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʠ ʀʥʪʝʨʥʝʪ 

 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʞʝ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʥʘʩʝʣʝ-

ʥʠʷ ʧʣʘʥʝʪʳ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʧʴʶʪʝʨ-

ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫ ʥʠʭ ʚʦʟʥʠʢʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. ɼʘʥʥʫʶ 

ʧʦʪʨʝʙʥʦʩʪʴ ʣʶʜʠ ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʨʘʟʣʠʯ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʝʨʚʳʡ ï ʧʦʢʫʧʢʘ ʣʠʮʝʥʟʠʦʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. ʕʪʦ ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʠ ʙʝʟʦʧʘʩʥʳʡ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʨʝʙʠʪʝʣʴ 

ʟʘʱʠʱʸʥ ʦʬʠʮʠʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʙʫʜʝʪ ʧʦʣʫʯʘʪʴ ʚʩʝ ʚʘʞʥʳʝ ʦʙʥʦʚʣʝ-

ʥʠʷ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʩʩʦʮʠ-

ʘʮʠʠ Business Software Alliance, ʚ 2017 ʛʦʜʫ ʚ ʤʠʨʝ 

37% ʚʩʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝ-

ʣʠʮʝʥʟʠʦʥʥʳʤ. ʉʫʤʤʘʨʥʦ ʧʦʪʝʨʷ ʢʦʤʧʘʥʠʡ ʧʦ 

ʚʩʝʤʫ ʤʠʨʫ ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 46 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘ-

ʨʦʚ. ɸ ʧʦ ʜʘʥʥʳʤ ʢʦʤʧʘʥʠʠ Forbes ʨʳʥʦʢ ʤʦʙʠʣʴ-

ʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʝʨʷʣ ʦʪ ʥʝʟʘ-

ʢʦʥʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ 

ʙʦʣʝʝ 17.5 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ. ʕʪʠ ʥʝʫʪʝʰʠʪʝʣʴ-

ʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʜʘʞʝ ʨʳʥʦʢ ʤʦ-

ʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʫʞʜʘʝʪʩʷ ʚ ʩʨʝʜʩʪʚʘʭ ʟʘ-

ʱʠʪʳ ʠʥʪʝʨʝʩʦʚ ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ɺ ʈʦʩʩʠʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 62% ʧʨʦ-

ʛʨʘʤʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʟʘʢʦʥʥʦ, ʘ ʧʦʪʝʨʠ ʢʦʤʧʘʥʠʡ 

ʩʦʩʪʘʚʣʷʶʪ ʧʦʯʪʠ 1,3 ʤʠʣʣʠʘʨʜʘ ʜʦʣʣʘʨʦʚ. ʇʨʠ 

ʵʪʦʤ ʧʨʦʮʝʥʪ ʥʝʣʠʮʝʥʟʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʫʞʝ 6 ʣʝʪ. ʕʪʠ ʥʝʫʪʝʰʠʪʝʣʴʥʳʝ 

ʜʘʥʥʳʝ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʈʦʩʩʠʠ, ʧʨʦʙʣʝʤʘ ʟʘ-

ʱʠʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪ ʥʝʟʘʢʦʥʥʦʛʦ 

ʢʦʧʠʨʦʚʘʥʠʷ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʘ. 

 

 
ɼʠʘʛʨʘʤʤʘ 1.ʉʪʘʪʠʩʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʨʘʪʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
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ɿʘʱʠʪʠʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʥʦ 

ʶʨʠʜʠʯʝʩʢʠ ʠ ʪʝʭʥʠʯʝʩʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩ-

ʩʤʦʪʨʠʤ ʤʝʪʦʜʳ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʪʘʢ ʢʘʢ ʤʘʩ-

ʩʦʚʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʪʨʝʙʫʝʪ ʙʳʩʪʨʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʥʝʧʨʘʚʦʤʝʨʥʳʝ 

ʜʝʡʩʪʚʠʷ. 

ʊʝʭʥʠʯʝʩʢʫʶ ʟʘʱʠʪʫ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

1. ʆʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʧʨʦʛʨʘʤʤʳ ʦʪ ʢʦʧʠʨʦ-
ʚʘʥʠʷ. 

2. ɹʣʦʢʠʨʦʚʘʪʴ ʥʝʟʘʢʦʥʥʳʡ ʟʘʧʫʩʢ/ʠʩʧʦʣʥʝ-

ʥʠʝ ʧʨʦʛʨʘʤʤʳ. 

3. ɿʘʱʠʪʠʪʴ ʧʨʦʛʨʘʤʤʫ ʦʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

4. ɺʣʦʞʠʪʴ ʚ ʧʨʦʛʨʘʤʤʫ ʩʝʢʨʝʪʥʫʶ ʠʥʬʦʨʤʘ-
ʮʠʶ, ʧʦʜʪʚʝʨʞʜʘʶʱʫʶ ʘʚʪʦʨʩʪʚʦ ʠ ʥʝʟʘʢʦʥʥʦʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ. 

ʉʘʤʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ: 

1. ʇʨʦʛʨʘʤʤʥʳʝ ï ʜʘʥʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ 

ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʨʘʟʦʤ. ʕʪʦ ʩʘʤʳʡ 

ʧʨʦʩʪʦʡ ʠ ʜʦʩʪʫʧʥʳʡ ʧʫʪʴ ʩʦʟʜʘʥʠʷ. ʆʥ ʥʝ ʩʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʫʩʣʦʚʥʫʶ ʟʘʱʠʪʫ, ʦʜʥʘʢʦ ʠʤʝʝʪ ʨʷʜ 

ʚʘʞʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: ʜʝʰʝʚʠʟʥʘ, ʚʳʩʦʢʘʷ ʩʢʦ-

ʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʤʘʩʩʦ-

ʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

2. ɸʧʧʘʨʘʪʥʳʝ ï ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʱʠʪʫ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʩʧʝʮʠʘʣʴʥʦʝ ʘʧʧʘʨʘʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ɸʧʧʘʨʘʪʥʘʷ ʟʘʱʠʪʘ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ 

ʥʘʜʸʞʥʦʡ. ʊʘʢʞʝ ʝʸ ʨʝʘʣʠʟʘʮʠʷ ʚ ʤʘʩʩʦʚʦʤ ʧʦʨʷʜʢʝ 

ʩʣʠʰʢʦʤ ʜʦʨʦʛʘ, ʧʦʵʪʦʤʫ ʝʸ ʠʩʧʦʣʴʟʫʶʪ ʣʠʰʴ ʢʦʨ-

ʧʦʨʘʪʠʚʥʳʝ ʟʘʢʘʟʯʠʢʠ. 

3. ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ï ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ 

ʪʘʢʠʝ ʩʨʝʜʩʪʚʘ, ʢʦʤʙʠʥʠʨʫʶʱʠʝ ʧʨʝʜʳʜʫʱʠʝ ʤʝ-

ʪʦʜʳ. ʉʦʯʝʪʘʷ ʚ ʩʝʙʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʘʢ ʘʧʧʘʨʘʪ-

ʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʤʝʪʦʜʦʚ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ, ʭʦʪʷ ʤʝʥʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʳ 

ʢ ʤʘʩʩʦʚʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ, ʯʝʤ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ. 

ɼʣʷ ʟʘʱʠʪʳ ʧʨʦʛʨʘʤʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʯʝʪʘʪʴ 

ʶʨʠʜʠʯʝʩʢʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙʳ. ʂʘʯʝʩʪʚʝʥʥʦ 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ ʦʪ ʥʝʣʠʮʝʥʟʠʦʥʥʦʛʦ ʢʦʧʠ-

ʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʧʨʦʩʪʠʪ ʧʨʦʮʝʩʩ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʘʚʪʦʨʩʢʠʭ ʧʨʘʚ ʥʘ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ. 

ʈʦʩʪ ʧʦʧʫʣʷʨʥʦʩʪʠ ʷʟʳʢʘ Kotlin  

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʠʟʦʰʸʣ ʥʝ 

ʪʦʣʴʢʦ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʦʧʫʣʷʨʥʦʩʪʠ ʢʦʤʧʴʶ-

ʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʧʦʷʚʠʣʘʩʴ ʠ ʙʳʩʪʨʦ 

ʨʘʟʚʠʣʘʩʴ ʪʘʢʘʷ ʢʘʪʝʛʦʨʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ, 

ʢʘʢ ʩʤʘʨʪʬʦʥʳ. ʉʤʘʨʪʬʦʥʳ ï ʢʦʤʧʘʢʪʥʳʝ ʧʝʨʩʦ-

ʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʩʧʦʢʦʡʥʦ 

ʧʦʤʝʱʘʶʪʩʷ ʚ ʢʘʨʤʘʥ ʙʨʶʢ. ʊʘʢʘʷ ʧʦʧʫʣʷʨʥʦʩʪʴ 

ʩʚʷʟʘʥʘ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʜʦʩʪʫʧʘ ʢ ʠʥʪʝʨʥʝʪʫ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʣʶʜʝʡ ʙʳʪʴ ʥʘ ʩʚʷʟʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʮʝʣʳʡ ʜʝʥʴ. ɼʘʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʳʭ 

ʤʠʥʠ-ʢʦʤʧʴʶʪʝʨʦʚ ʩʪʘʣʘ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʪʨʘʜʠʮʠ-

ʦʥʥʳʤʠ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʢʦʤʧʘʥʠʷ Apple ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʠʭ ʩʠʩʪʝʤʘ ʥʘ ʢʨʠ-

ʩʪʘʣʣʝ Apple A12X ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʝʝ 92% ʥʦʫʪʙʫ-

ʢʦʚ ʚ ʤʠʨʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦ-

ʩʪʠ ʠ ʧʦʧʫʣʷʨʥʦʩʪʠ ʩʤʘʨʪʬʦʥʦʚ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʘʥʠʡ We Are Social ʠ 

Hootsuite, ʛʜʝ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ 52% ʠʥʪʝʨʥʝʪ-ʪʨʘʬʠʢʘ 

ʧʨʠʭʦʜʠʪʩʷ ʢʘʢ ʨʘʟ ʥʘ ʩʤʘʨʪʬʦʥʳ, ʘ ʪʘʢʞʝ ʯʪʦ ʢʦ-

ʣʠʯʝʩʪʚʦ ʫʥʠʢʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʧʨʝʚʳʩʠʣʦ 5 ʤʠʣʣʠʘʨʜʦʚ. 

 

 
ʈʠʩʫʥʦʢ 2.ʉʪʘʪʠʩʪʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʥʝʪ-ʪʨʘʬʠʢʘ 

 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʳʩʦʢʦʛʦ ʪʝʤʧʘ ʨʦʩʪʘ ʧʦʧʫ-

ʣʷʨʥʦʩʪʠ ʩʤʘʨʪʬʦʥʦʚ, ʩʪʘʣʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʨʠ-

ʣʦʞʝʥʠʡ, ʥʘʧʠʩʘʥʥʳʭ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʥʠʭ. ʇʦ ʜʘʥ-

ʥʳʤ ʢʦʤʧʘʥʠʡ Apple ʠ Google ʚ 2017 ʛʦʜʫ ʩʫʤʤʘʨ-

ʥʦʝ ʯʠʩʣʦ ʧʨʠʣʦʞʝʥʠʡ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ 

ʚ ʠʭ ʬʠʨʤʝʥʥʳʭ ʤʘʛʘʟʠʥʘʭ App Store ʠ Google Play, 

ʜʦʩʪʠʛʣʦ ʦʪʤʝʪʢʠ ʚ 5.5 ʤʠʣʣʠʦʥʦʚ. ʊʘʢʞʝ ʢʦʤʧʘ-

ʥʠʠ We Are Social ʠ Hootsuite ʠʩʩʣʝʜʦʚʘʣʠ ʨʳʥʦʢ 

ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ 

ʥʘ ʦʜʥʦʤ ʩʤʘʨʪʬʦʥʝ ʫʩʪʘʥʦʚʣʝʥʦ 80 ʧʨʠʣʦʞʝʥʠʡ, ʘ 

ʯʠʩʣʦ ʟʘʛʨʫʟʦʢ ʚ 2017 ʛʦʜʫ ʩʦʩʪʘʚʠʣʦ 175 ʤʠʣʣʠʘʨ-

ʜʦʚ. 

ɺʩʝ ʵʪʠ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠʥʦʩʷʪ ʧʨʠʙʳʣʴ ʩʚʦʠʤ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤ. ʇʦ ʜʘʥʥʳʤ ʪʦʛʦ-ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʦʭʦʜ ʢʦʤʧʘʥʠʡ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚ 2017 ʜʦʩʪʠʛ ʦʪ-

ʤʝʪʢʠ ʚ 86 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ, ʘ ʧʦʣʴʟʦʚʘʪʝʣʠ ʚ 

ʩʨʝʜʥʝʤ ʪʨʘʪʠʣʠ ʥʘ ʧʦʢʫʧʢʫ ʧʨʠʣʦʞʝʥʠʡ ʦʢʦʣʦ 18 

ʜʦʣʣʘʨʦʚ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʳʥʦʢ ʤʦ-

ʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʙʳʣʴʥʳʡ, ʘ 

ʪʘʢʞʝ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʸʪ. 
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ʈʠʩʫʥʦʢ 3 ʉʪʘʪʠʩʪʠʢʘ ʟʘʛʨʫʞʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʨʳʥʢʝ ʤʦʙʠʣʴʥʳʭ ʦʧʝ-

ʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʣʠʜʠʨʫʝʪ ʨʝʰʝʥʠʝ ʢʦʤʧʘʥʠʠ 

Google, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ Android. ʅʘ ʝʸ ʜʦʣʶ, 

ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʤʧʘʥʠʡ We Are Social ʠ 

Hootsuite, ʧʨʠʭʦʜʠʪʩʷ 75.5%, ʧʨʠ ʵʪʦʤ ʦʪʨʳʚ ʦʪ 

ʚʪʦʨʦʡ ʧʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʤʦʙʠʣʴʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ IOS ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 50%. ʊʘʢʞʝ ʚ 2017 

ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ ʚ ʬʠʨʤʝʥʥʦʤ ʤʘʛʘ-

ʟʠʥʝ Google ï Google Play ʧʨʝʚʳʩʠʣʦ 3.5 ʤʠʣʣʠʦʥʘ. 

ʊʘʢʘʷ ʧʦʧʫʣʷʨʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪ ʠʥʪʝʨʝʩ ʨʘʟʨʘʙʦʪʯʠ-

ʢʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʩʤʘʨʪʬʦʥʦʚ. 

 

 
ʈʠʩʫʥʦʢ 4. ʉʪʘʪʠʩʪʠʢʘ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

 

ʀʟ-ʟʘ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʝʨʘʮʠ-

ʦʥʥʦʡ ʩʠʩʪʝʤʳ Android, ʨʘʟʨʘʙʦʪʯʠʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦʣʛʦʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java. ʕʪʦʪ ʷʟʳʢ ʷʚʣʷ-

ʝʪʩʷ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʤ. ɺʝʩʴ 

ʢʦʜ, ʥʘʧʠʩʘʥʥʳʡ ʥʘ Java, ʢʦʤʧʠʣʠʨʫʝʪʩʷ ʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʙʘʡʪ-ʢʦʜ. ʕʪʦʪ ʙʘʡʪ-ʢʦʜ ʠʩʧʦʣʥʷʝʪ 

ʚʠʨʪʫʘʣʴʥʘʷ ʤʘʰʠʥʘ Java, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʣʝʛʢʫʶ 

ʧʦʜʜʝʨʞʢʫ ʤʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ ʧʨʦʛʨʘʤʤ, 

ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʵʪʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺ 

ʢʦʤʧʘʥʠʠ Google ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʚʦʝʡ ʤʦʙʠʣʴʥʦʡ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Android, ʙʳʣʦ ʨʝʰʝʥʦ ʩʦ-

ʟʜʘʪʴ ʩʚʦʶ ʚʝʨʩʠʶ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʜʣʷ ʷʟʳʢʘ. 

ɼʘʣʝʝ ʵʪʦʪ ʷʟʳʢ ʥʘ ʜʦʣʛʠʝ ʛʦʜʳ ʫʢʨʝʧʠʣʩʷ ʚ ʢʘʯʝ-

ʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʠʣʦ-

ʞʝʥʠʡ ʜʣʷ Android. 

ɺ 2011 ʛʦʜʫ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʘ 

Java, ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Kotlin, ʨʘʟʨʘʙʘʪʳʚʘʝ-

ʤʳʡ ʨʦʩʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ JetBrains. ʆʜʥʘʢʦ ʵʪʦʪ 

ʷʟʳʢ ʥʝ ʙʳʣ ʛʦʪʦʚ ʧʦʣʥʦʮʝʥʥʦ ʟʘʤʝʥʠʪʴ Java, 

ʪʦʣʴʢʦ ʚ 2016 ʛʦʜʫ ʩʦʩʪʦʷʣʩʷ ʨʝʣʠʟ ʧʝʨʚʦʡ ʚʝʨʩʠʠ. 

ʉʨʘʟʫ ʧʦʩʣʝ ʵʪʦʛʦ, Kotlin ʥʘʯʘʣ ʘʢʪʠʚʥʦ ʫʢʨʝʧʣʷʪʴ 

ʩʚʦʠ ʧʦʟʠʮʠʠ, ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ An-

droid ʧʨʠʣʦʞʝʥʠʡ. 

ɺ 2017 ʛʦʜʫ ʢʦʤʧʘʥʠʷ Google ʚʦ ʚʨʝʤʷ ʩʚʦʝʡ 

ʢʦʥʬʝʨʝʥʮʠʠ Google I/O 2017 ʦʙʲʷʚʠʣʘ ʦ ʧʨʠʥʷʪʠʠ 

Kotlin ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʪʴʝʛʦ ʦʬʠʮʠʘʣʴʥʦʛʦ ʷʟʳʢʘ ʜʣʷ 

Android-ʨʘʟʨʘʙʦʪʢʠ. ʊʘʢʞʝ ʢʦʤʧʘʥʠʷ ʦʙʥʦʚʠʣʘ ʚʩʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʧʦʣʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʥʦʚʦʛʦ ʷʟʳʢʘ. 

Kotlin ʩʪʘʣ ʥʦʚʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦ-

ʛʨʘʤʤ ʜʣʷ Android, ʧʦʩʢʦʣʴʢʫ ʩʘʤ ʷʟʳʢ ʧʦʣʥʦʩʪʴʶ 

ʧʦʜʜʝʨʞʠʚʘʣ ʧʘʨʘʣʣʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʘ 

Java, ʥʦ ʛʣʘʚʥʦʝ, ʩʘʤ ʷʟʳʢ ʢʦʤʧʠʣʠʨʦʚʘʣʩʷ ʚ ʙʘʡʪ-

ʢʦʜ ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ Java. ʊʘʢʞʝ ʦʥ ʦʙʝʩ-

ʧʝʯʠʚʘʣ ʩʭʦʞʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩ Java, ʣʠʰʴ 

ʠʟʨʝʜʢʘ ʫʩʪʫʧʘʷ ʝʤʫ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʯʠʢʘʤ 

ʥʝʪʦʨʦʧʣʠʚʦ ʧʝʨʝʧʠʩʳʚʘʪʴ ʩʚʦʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ 

Kotlin, ʘ ʥʝ ʥʘʯʠʥʘʷ ʚʩʶ ʨʘʟʨʘʙʦʪʢʫ ʩ ʥʫʣʷ. 

ʋʞʝ ʯʝʨʝʟ ʛʦʜ ʧʦʩʣʝ ʦʬʠʮʠʘʣʴʥʦʛʦ ʨʝʣʠʟʘ 

ʷʟʳʢ ʚʦʰʸʣ ʚ ʪʦʧ-50 ʨʝʡʪʠʥʛʘ TIOBE. ɸ ʘʥʘʣʠʪʠʢʠ 

ʢʦʤʧʘʥʠʠ Realm ʩʦʦʙʱʘʶʪ, ʯʪʦ ʫʞʝ ʦʢʦʣʦ 15% 

ʢʦʤʧʘʥʠʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʰʣʠ ʥʘ 

Kotlin ʠ ʧʨʦʛʥʦʟʠʨʫʶʪ, ʯʪʦ ʢ ʢʦʥʮʫ 2018 ʛʦʜʘ Kotlin 

ʦʙʦʡʜʸʪ ʧʦ ʧʦʧʫʣʷʨʥʦʩʪʠ Java, ʩʪʘʚ ʦʩʥʦʚʥʳʤ ʷʟʳ-

ʢʦʤ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʧʦʜ ʦʧʝʨʘʮʠʦʥʥʫʶ 

ʩʠʩʪʝʤʫ Android. 
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ʎɺɿ ʢʘʢ ʦʩʥʦʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʟʘ-

ʱʠʪʳ 

ʅʘʫʢʘ, ʟʘʥʠʤʘʶʱʘʷʩʷ ʩʢʨʳʪʳʤ ʚʣʦʞʝʥʠʝʤ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʥʘʟʳʚʘʝʪʩʷ ʩʪʝʛʘʥʦʛʨʘʬʠʷ. ʆʜʥʘʢʦ, ʟʘ-

ʜʘʯʠ, ʢʦʪʦʨʳʝ ʩʪʘʚʷʪʩʷ ʧʝʨʝʜ ʩʪʝʛʦʩʠʩʪʝʤʘʤʠ, ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʫ ʦʪ ʫʜʘʣʝʥʠʷ ʚʣʦʞʝʥʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳ-

ʚʘʝʤʫʶ ʩʠʩʪʝʤʫ ʮʠʬʨʦʚʳʭ ʚʦʜʷʥʳʭ ʟʥʘʢʦʚ ʠʣʠ 

ʎɺɿ. ʎʝʣʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʢʘʢ ʨʘʟ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘ-

ʱʠʪʝ ʚʣʦʞʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʫʜʘʣʝʥʠʷ ʥʝʣʝʛʠ-

ʪʠʤʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʧʨʠ ʵʪʦʤ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʩʘʤ ʬʘʢʪ ʧʦʛʨʫʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʩʝʢʨʝʪʦʤ. 

ʉʠʩʪʝʤʘ ʎɺɿ ï ʚ ʦʙʱʝʤ ʩʤʳʩʣʝ, ʪʘʢʦʝ ʥʝ ʚʦʩ-

ʧʨʠʥʠʤʘʝʤʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʢʨʳʚʘʶʱʝʛʦ ʦʙʲʝʢʪʘ 

(ʇʆ), ʩ ʮʝʣʴʶ ʧʦʛʨʫʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʦʙ ʵʪʦʤ ʇʆ. ʆʙʳʯʥʦ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʢʦʜ ʩʦʙʩʪʚʝʥ-

ʥʠʢʘ ʇʆ. ʇʨʠ ʵʪʦʤ ʎɺɿ ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳ ʢ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʇʆ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ: 

¶ ʅʝʧʦʜʚʠʞʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

¶ ɺʠʜʝʦʤʘʪʝʨʠʘʣʳ 

¶ ɸʫʜʠʦʟʘʧʠʩʠ 

¶ ʀʥʪʝʨʥʝʪ-ʧʨʦʪʦʢʦʣʳ 

¶ ʂʦʜʳ ʧʨʦʛʨʘʤʤ 

ɸ ʦʩʥʦʚʥʳʤʠ ʚʠʜʳ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʎɺɿ 

ʷʚʣʷʶʪʩʷ: 

¶ ʄʦʥʠʪʦʨʠʥʛ ʨʝʢʣʘʤʳ 

¶ ʆʪʩʣʝʞʠʚʘʥʠʝ ʩʜʝʣʦʢ 

¶ ʋʧʨʘʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʯʠʪʳʚʘʥʠʷ 

¶ ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʩʦʙʩʪʚʝʥʥʠʢʘ ʇʆ 

¶ ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʘʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʇʆ 

¶ ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʩʦʜʝʨʞʘʥʠʷ ʇʆ 

¶ ʋʧʨʘʚʣʝʥʠʝ ʢʦʧʠʨʦʚʘʥʠʝʤ ʇʆ 

ʇʦʩʣʝʜʥʠʝ 4 ʩʧʦʩʦʙʘ ʧʨʠʤʝʥʝʥʠʷ ʜʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʩʠʩʪʝʤʫ ʎɺɿ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʟʘ-

ʱʠʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪ ʥʝʟʘʢʦʥʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʨʠʚʝʜʸʤ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʩʠʩʪʝʤ ʎɺɿ ʧʦ ʨʘʟ-

ʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ. ʇʦ ʦʙʲʝʤʫ ʚʢʣʘʜʳʚʘʝʤʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʩʠʩʪʝʤʳ ʎɺɿ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʢʣʘʩʩʘ: 

¶ ʅʫʣʴʙʠʪʦʚʳʝ ï ʵʪʦʪ ʢʣʘʩʩ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʪʦ, ʯʪʦ ʚ ʇʆ ʚʢʣʘʜʳʚʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʜʝʥʪʠ-

ʬʠʢʘʪʦʨ ʩʦʙʩʪʚʝʥʥʠʢʘ ʠ ʥʠʢʘʢʦʡ ʜʨʫʛʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʥʝ ʜʦʙʘʚʣʷʝʪʩʷ. ʀʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʩʦʙʩʪʚʝʥ-

ʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʝʛʦ ʠʤʷ, ʟʘʚʝʨʝʥʥʦʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʜʧʠʩʴʶ. 

¶ ʄʥʦʛʦʙʠʪʦʚʳʝ ï ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʚ ʇʆ ʚʢʣʘ-

ʜʳʚʘʝʪʩʷ ʣʶʙʘʷ ʠʟʤʝʥʷʝʤʘʷ ʤʥʦʛʦʙʠʪʦʚʘʷ ʠʥʬʦʨ-

ʤʘʮʠʷ, ʢ ʧʨʠʤʝʨʫ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ, ʢʦ-

ʪʦʨʦʤʫ ʨʘʟʨʝʰʝʥʦ ʣʝʛʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇʆ. 

 ʇʦ ʢʨʠʪʝʨʠʶ ʩʝʢʨʝʪʥʦʩʪʠ ʩʠʩʪʝʤʳ ʎɺɿ ʨʘʟʜʝ-

ʣʷʶʪ: 

¶ ʆʪʢʨʳʪʳʝ/ʦʙʱʝʜʦʩʪʫʧʥʳʝ ï ʚ ʜʘʥʥʦʡ ʩʠ-

ʩʪʝʤʝ ʣʶʙʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʪʴ ʧʨʠ-

ʩʫʪʩʪʚʠʝ ʎɺɿ ʚ ʜʘʥʥʦʤ ʇʆ, ʘ ʪʘʢʞʝ ʠʟʚʣʝʯʴ ʝʛʦ ʙʝʟ 

ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʥʦʤʦʯʠʡ. 

¶ ʉʝʢʨʝʪʥʳʝ/ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ï ʝʩʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʎɺɿ ʵʪʦʛʦ ʢʣʘʩʩʘ, ʪʦ ʣʝʛʠʪʠʤ-

ʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʳʪʘʶʪʩʷ ʩʜʝʣʘʪʴ ʩʝʢʨʝʪʥʳʤ 

ʬʘʢʪ ʧʨʠʩʫʪʩʪʚʠʷ ʎɺɿ, ʦʜʥʘʢʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʥʝ-

ʜʦʩʪʫʧʥʳʤ ʩʦʜʝʨʞʘʥʠʝ ʎɺɿ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝ-

ʥʷʪʴ ʩʪʦʡʢʦʝ ʰʠʬʨʦʚʘʥʠʝ. 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʧʦʩʦʙʫ ʠʟʚʣʝʯʝʥʠʷ ʎɺɿ ʨʘʟ-

ʣʠʯʘʶʪ: 

¶ ʎɺɿ ʩ ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʤ ʜʝʢʦʜʝʨʦʤ ï ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʎɺɿ ʣʝʛʠʪʠʤʥʳʡ ʧʦʣʴ-

ʟʦʚʘʪʝʣʴ ʚ ʪʦʯʥʦʩʪʠ ʟʥʘʝʪ, ʢʘʢʦʝ ʇʆ ʙʳʣʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʦ. 

¶ ʎɺɿ ʩʦ ʩʣʝʧʳʤ ʜʝʢʦʜʝʨʦʤ ï ʧʨʠ ʠʟʚʣʝʯʝ-

ʥʠʠ ʎɺɿ, ʜʘʞʝ ʩʦʙʩʪʚʝʥʥʠʢ ʇʆ ʥʝ ʟʥʘʝʪ, ʢʘʢʦʝ ʇʆ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠ ʚʣʦʞʝʥʠʠ ʎɺɿ. 

ʃʶʙʦʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʣʘʩʩʦʚ ʩʠʩʪʝʤ ʎɺɿ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥ ʘʪʘʢʝ ʩʦ ʩʪʦʨʦʥʳ ʥʝʣʝʛʠ-

ʪʠʤʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʦʜ ʘʪʘʢʦʡ ʧʦʜʨʘʟʫʤʝʚʘ-

ʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʦʧʝʨʘʮʠʷ, ʧʨʦʠʟʚʦʜʠʤʘʷ ʥʘʜ ʇʆ ʩ 

ʚʣʦʞʝʥʥʳʤ ʠʣʠ ʥʝʚʣʦʞʝʥʥʳʤ ʚ ʥʝʛʦ ʎɺɿ. ʇʝʨʝ-

ʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʘʪʘʢ ʥʘ ʩʠʩʪʝʤʳ ʎɺɿ: 

¶ ʆʙʥʘʨʫʞʝʥʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʎɺɿ ʚ ʇʆ ï ɻ ʪʦʪ 

ʪʠʧ ʘʪʘʢ ʘʢʪʫʘʣʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʢʨʝʪ-

ʥʦʡ/ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʎɺɿ. 

¶ ʀʟʚʣʝʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʎɺɿ ʠʟ ʇʆ ï ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʟʘʱʠʱʸʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʎɺɿ ʦʪ ʜʘʥ-

ʥʦʛʦ ʚʠʜʘ ʘʪʘʢ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʦʡʢʦʝ 

ʰʠʬʨʦʚʘʥʠʝ ʚʢʣʘʜʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

¶ ʋʜʘʣʝʥʠʝ ʎɺɿ ʠʟ ʇʆ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʭʦʨʦ-
ʰʝʛʦ ʢʘʯʝʩʪʚʘ ʇʆ. 

¶ ʅʝʣʝʛʠʪʠʤʥʦʝ ʚʣʦʞʝʥʠʝ ʎɺɿ ʚ ʇʆ ʩ ʣʝʛʠ-
ʪʠʤʥʳʤ ʎɺɿ, ʣʠʙʦ ʩʦʚʩʝʤ ʙʝʟ ʧʦʛʨʫʞʝʥʥʦʛʦ ʎɺɿ. 

ʅʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʩʠʩʪʝʤ ʎɺɿ ʷʚʣʷ-

ʶʪʩʷ ʜʚʝ ʧʦʩʣʝʜʥʠʝ ʘʪʘʢʠ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʮʝʣʷʤʠ 

ʩʠʩʪʝʤ ʎɺɿ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʎɺɿ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʚʳʧʦʣʥʝʥʠʝ ʧʦʩʪʫʣʘʪʘ 

ʂʠʨʭʛʦʬʘ: ʘʪʘʢʫʶʱʝʤʫ ʠʟʚʝʩʪʥʦ ʚʩʸ ʦʙ ʘʣʛʦʨʠʪʤʝ 

ʚʣʦʞʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʎɺɿ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ, ʤʦ-

ʞʝʪ ʙʳʪʴ, ʩʪʝʛʦ- ʠʣʠ ʢʨʠʧʪʦʢʣʶʯʘ, ʘ ʪʘʢʞʝ ʩʘʤʦʛʦ 

ʇʆ. ʕʪʦʪ ʧʦʩʪʫʣʘʪ ʥʘʢʣʘʜʳʚʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘ ʦʙʜʫ-

ʤʳʚʘʪʴ ʟʘʱʠʱʸʥʥʦʩʪʴ ʩʚʦʝʡ ʩʠʩʪʝʤʳ ʎɺɿ ʙʦʣʝʝ 

ʩʝʨʴʸʟʥʦ. 

ʅʝʤʘʣʦʚʘʞʥʦ ʟʥʘʪʴ, ʢʘʢ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʩʠʩʪʝʤ ʎɺɿ, ʧʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ 

ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ: 

¶ ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʎɺɿ ʚ ʇʆ, ʢʦʛʜʘ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚʣʦʞʝʥʠʷ ʚ ʥʝʛʦ. 

¶ ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʦʧʫʩʢʘ ʎɺɿ, ʚʣʦʞʝʥʥʦʛʦ ʚ 
ʜʘʥʥʦʝ ʇʆ. 

¶ ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʙʠʪʘ 
ʎɺɿ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʦʙʠʪʦʚʦʡ ʩʠʩʪʝʤʳ 

ʎɺɿ. 

¶ ʂʘʯʝʩʪʚʦ ʇʆ, ʧʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʎɺɿ. 

¶ ʉʢʦʨʦʩʪʴ ʚʣʦʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʯʠʩʣʘ ʚʣʦʞʝʥʥʳʭ ʙʠʪ ʢ 

ʦʙʱʝʤʫ ʯʠʩʣʫ ʙʠʪ ʇʆ. 

ʈʘʩʩʤʦʪʨʝʚ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠ-

ʩʪʝʤ ʎɺɿ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʪʘʢʠʝ ʩʠʩʪʝʤʳ 

ʧʦʣʥʦʩʪʴʶ ʧʦʜʭʦʜʷʪ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʶ ʩʦʟʜʘʪʝʣʷ ʠ ʜʦʢʘʟʘʪʴ ʝʛʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ 
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ʧʨʘʚʦ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʝʛʦ ʨʘʟʨʘʙʦʪʢʫ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʬʫʥʢʮʠʠ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩʦʜʝʨʞʠʤʦʛʦ, ʪʦ ʝʩʪʴ ʟʘʱʠʪʫ ʦʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʛʨʘʤʤʳ, ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʥʝʟʘʢʦʥ-

ʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʢʦʧʠʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦ-

ʜʫʢʪʘ. 

ʊʘʢʞʝ ʚ ʩʚʷʟʠ ʩ ʦʛʨʦʤʥʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴʶ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ Android, ʨʘʟ-

ʨʘʙʦʪʯʠʢʠ ʥʝʦʙʭʦʜʠʤʳ ʚ ʩʨʝʜʩʪʚʘʭ ʟʘʱʠʪʳ ʠʭ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʘʢʪʫ-

ʘʣʴʥʳ ʵʪʠ ʩʨʝʜʩʪʚʘ ʜʣʷ ʤʦʣʦʜʦʛʦ ʠ ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Kotlin. 

ʇʨʠ ʵʪʦʤ ʚʥʝʜʨʝʥʠʝ ʎɺɿ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʤʝ-

ʪʦʜʦʤ ʟʘʱʠʪʳ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. 
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ENVIRONMENTAL DEVELOPMENT WITHIN THE F RAMEWORK OF THE JUDICIAL 

CONSTRUCTION AND TECHNICAL EXAMINATION  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʥʷʪʠʝ ʩʫʜʝʙʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʝʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ ʩʫʜʝʙʥʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʢʦʛʜʘ ʧʨʝʜʤʝʪʦʤ ʩʫʜʝʙʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʷʚʣʷʝʪʩʷ 

ʦʙʲʝʢʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʣʠ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ, ʜʝʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʦʚʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʢʦʛʜʘ ʥʦʚʘʷ ʟʘʩʪʨʦʡʢʘ ʥʝʤʠʥʫʝʤʦ ʚʣʠʷʝʪ ʥʘ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʫʶ ʠ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʝ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ, ʨʘʟʨʫʰʝʥʠʡ, ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʝʧʦ-

ʧʨʘʚʠʤʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ.  

Abstract: The article discusses the concept of judicial construction and technical expertise, its features of 

implementation. The cases of forensic examination, when the subject of forensic examination is a construction 

object or its structural element, deformed under the influence of new construction, when a new building inevitably 

affects the already existing and entails the occurrence of destructive processes, the formation of cracks, destruc-

tion, often leading to irreparable consequences. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʢʩʧʝʨʪʠʟʘ, ʜʝʬʝʢʪ, ʪʨʝʱʠʥʘ, ʟʘʩʪʨʦʡʢʘ. 

Keywords: construction, expertise, defect, crack, building. 

https://www.forbes.com/sites/johnkoetsier/2018/02/02/app-publishers-lost-17-5b-to-piracy-in-the-last-5-years-says-tapcore/#5e7c201a7413
https://www.forbes.com/sites/johnkoetsier/2018/02/02/app-publishers-lost-17-5b-to-piracy-in-the-last-5-years-says-tapcore/#5e7c201a7413
https://www.forbes.com/sites/johnkoetsier/2018/02/02/app-publishers-lost-17-5b-to-piracy-in-the-last-5-years-says-tapcore/#5e7c201a7413


18 TECHNICAL SCIENCE / ζColloquium - journal Ȼ# 13(37),2019 

ʉʫʜʝʙʥʘʷ ʩʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʝʨʪʠʟʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʩʩʦʚ, ʠʤʝʶʱʠʭ 

ʩʪʨʦʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʮʝʣʴ - ʩʦʙʣʶʩʪʠ ʦʧʨʝ-

ʜʝʣʝʥʥʳʝ ʥʦʨʤʘʪʠʚʳ, ʠ ʜʝʡʩʪʚʦʚʘʪʴ ʩʪʨʦʛʦ ʚ ʨʘʤ-

ʢʘʭ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. ʕʢʩʧʝʨʪʠʟʘ 

ʧʝʨʝʭʦʜʠʪ ʚ ʢʘʪʝʛʦʨʠʶ ʩʫʜʝʙʥʦʡ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ 

ʜʝʣʘ ʩʪʦʨʦʥʘʤʠ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚ ʩʫʜʝʙʥʦʤ ʧʦ-

ʨʷʜʢʝ. ɺ ʘʨʙʠʪʨʘʞʥʳʭ, ʛʨʘʞʜʘʥʩʢʠʭ ʠ ʘʜʤʠʥʠʩʪʨʘ-

ʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʪʠʟʳ ʥʘʟʥʘ-

ʯʘʝʪ ʩʫʜ, ʘ ʚ ʫʛʦʣʦʚʥʦʤ ʜʝʣʝ ï ʩʣʝʜʦʚʘʪʝʣʴ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʪʠʟʳ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʝ ʧʦʩʪʘʥʦʚʣʝʥʠʝ ʦʨʛʘʥʦʚ ʩʣʝʜʩʪʚʠʷ ʠʣʠ ʩʫʜʘ. ʉʦ-

ʛʣʘʩʥʦ ʩʪ. 9 ʌɿ çʆ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʫʜʝʙʥʦ - ʵʢʩ-

ʧʝʨʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè - 

ʩʘʤʘ ʧʦ ʩʝʙʝ ʩʫʜʝʙʥʘʷ ʵʢʩʧʝʨʪʠʟʘ ï ʵʪʦ ʧʨʦʮʝʩʩʫ-

ʘʣʴʥʦʝ ʜʝʡʩʪʚʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʠ ʜʘʯʠ ʟʘʢʣʶʯʝʥʠʷ ʵʢʩʧʝʨʪʦʤ ʧʦ ʚʦʧʨʦʩʘʤ, 

ʨʘʟʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ ʚ 

ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺʦʧʨʦʩʳ ʩʪʘʚʷʪʩʷ ʩʫʜʦʤ ʩ ʮʝ-

ʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʠʛʨʘʶʱʠʭ ʢʣʶʯʝ-

ʚʫʶ ʨʦʣʴ ʚ ʢʦʥʢʨʝʪʥʦʤ ʜʝʣʝ.  

ʊʘʢ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝ-

ʩʪʝ, ʥʝ ʫʩʪʫʧʘʷ ʚ ʨʘʟʚʠʪʠʠ ʦʩʪʘʣʴʥʳʤ ʩʬʝʨʘʤ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʘ ʧʣʦʪʥʦʩʪʴ ʟʘ-

ʩʪʨʦʡʢʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ. ʆʙʣʠʢ ʩʝʛʦʜʥʷʰʥʠʭ ʛʦʨʦʜʦʚ - 

ʤʠʣʣʠʦʥʥʠʢʦʚ ʈʦʩʩʠʠ - ʚʦ ʤʥʦʛʦʤ ʩʬʦʨʤʠʨʦʚʘʥ-

ʥʳʝ ʚ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ, ʪʝʧʝʨʴ ʚʦ ʤʥʦʛʦʤ ʦʪʣʠʯʘ-

ʝʪʩʷ ʦʪ ʙʦʣʝʝ ʨʘʥʥʠʭ. ɺ ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ ʧʨʦʠʟʦʰʝʣ 

ʚʘʞʥʝʡʰʠʡ ʩʢʘʯʦʢ ʦʪ ʙʦʣʴʰʦʛʦ, ʛʜʝ ʚ ʮʝʥʪʨʘʭ 

ʤʦʞʥʦ ʙʳʣʦ ʝʱʝ ʫʚʠʜʝʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʜʥʦ-ʜʚʫʭʵʪʘʞʥʳʭ ʧʦʩʪʨʦʝʢ, ʢ ʛʦʨʦʜʘʤ ʩ ʧʣʦʪʥʦʡ 

ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʦʡ.  

ʉʘʤʳʤ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʛʦʨʦʜ 

ʄʦʩʢʚʘ ʠ ʞʝʣʘʥʠʝ ʣʶʜʝʡ, ʧʨʝʚʨʘʪʠʪʴ ʩʪʦʣʠʮʫ ʚ ʛʦ-

ʨʦʜ ʩ ʙʝʟʛʨʘʥʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʧʦʜʨʘʟʫʤʝʚʘʶ-

ʱʠʤʠ ʧʣʦʪʥʫʶ ʚʳʩʦʪʥʫʶ ʟʘʩʪʨʦʡʢʫ ʚ ʮʝʥʪʨʝ, ʧʦ-

ʩʪʦʷʥʥʦ ʥʘʪʘʣʢʠʚʘʶʱʫʶʩʷ ʥʘ ʫʞʝ ʩʣʦʞʠʚʰʫʶʩʷ 

ʟʜʝʩʴ ʠʩʪʦʨʠʯʝʩʢʫʶ, ʩ ʝʸ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʪʠ-

ʧʘʤʠ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʦʙʣʠʢʦʤ. ɺʩʝ ʯʘʱʝ ʧʦʷʚʣʷ-

ʶʪʩʷ ʥʘʛʨʦʤʦʞʜʝʥʠʷ ʥʦʚʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʟʜʘʥʠʡ 

ʥʘ ʩʪʘʨʳʝ, ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫ-

ʥʠʢʘʮʠʡ, ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ, ʤʝʪʨʦʧʦʣʠʪʝʥʘ, ʪʦʥ-

ʥʝʣʝʡ ʠ ʤʥʦʛʦʛʦ ʜʨʫʛʦʛʦ. ʇʨʠ ʵʪʦʤ ʧʨʦʜʦʣʞʘʝʪ ʩʫ-

ʱʝʩʪʚʦʚʘʪʴ ʞʝʣʘʥʠʝ ʩʦʭʨʘʥʠʪʴ ʩʪʘʨʳʝ ʦʙʲʝʢʪʳ 

ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʥʝ ʦʪʤʝʥʷʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʥʦʚʳʭ. 

ʅʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʥʦʚʘʷ ʟʘʩʪʨʦʡʢʘ 

ʤʦʞʝʪ ʥʝʤʠʥʫʝʤʦ ʧʦʚʣʠʷʪʴ ʥʘ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʠ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʝʩʪʨʫʢʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ, ʨʘʟʨʫʰʝʥʠʡ, ʜʝ-

ʬʦʨʤʘʮʠʡ, ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʷʱʠʤ ʢ ʥʝʧʦʧʨʘʚʠʤʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ. 

ʕʢʩʧʝʨʪʫ-ʩʪʨʦʠʪʝʣʶ, ʚ ʭʦʜʝ ʩʚʦʝʡ ʨʘʙʦʪʳ ʧʨʠ-

ʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ, ʥʝ ʪʦʣʴʢʦ ʩ ʚʝʪʭʠʤ ʬʦʥʜʦʤ 

ʞʠʣʴʷ, ʥʦ ʪʘʢʞʝ ʠ ʩ ʥʦʚʦʩʪʨʦʡʢʘʤʠ. ʀ, ʝʩʣʠ, ʚ ʜʦ-

ʤʘʭ, ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʦʨʳʭ ʜʦʭʦʜʠʪ ʜʦ 70-80 

ʣʝʪ, ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʜʝʬʝʢ-

ʪʦʚ, ʨʘʟʨʫʰʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʚʨʝʤʝʥʥʦʤʫ ʬʘʢʪʦʨʫ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʚʦʟʤʦʞʥʳʤʠ ʜʨʫʛʠʤʠ, ʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʥʦʚʦʚʦʟ-

ʚʝʜʝʥʥʳʭ ʦʙʲʝʢʪʘʭ, ʩʪʦʠʪ ʧʦʜʭʦʜʠʪʴ ʢ ʜʘʥʥʦʤʫ ʚʦ-

ʧʨʦʩʫ ʙʦʣʝʝ ʚʜʫʤʯʠʚʦ.  

ʆʩʥʦʚʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʘ ʪʘʢʞʝ ʚʝ-

ʜʦʤʩʪʚʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ, ʦʧʠ-

ʩʳʚʘʶʱʠʝ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʚ 80-ʝ 

ʛʦʜʳ. ʇʦʵʪʦʤʫ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʚʳʷʚʣʝ-

ʥʠʶ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦ-

ʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʫʜʝʙʥʳʭ ʩʪʨʦʠʪʝʣʴʥʦ-ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʦʚ ʠ ʘʜʘʧʪʘʮʠʷ ʝʛʦ ʢ 

ʩʝʛʦʜʥʷʰʥʝʤʫ ʚʨʝʤʝʥʠ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʤʥʦʛʦʣʝʪʥʝʤ ʦʧʳʪʝ ʠʥʞʝʥʝʨ-

ʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʩʪʨʦʠ-

ʪʝʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʦʚ, ʘ ʪʘʢʞʝ ʦʧʳʪʘ ʵʢʩ-

ʧʝʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʜʝʬʝʢʪʦʚ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʵʣʝʤʝʥʪʦʚ, ʟʘʢʣʶʯʘ-

ʶʪʩʷ ʚ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʬʘʢʪʦʨʦʚ. ʇʦ ʜʘʥʥʳʤ ɻʦʩʘʨʭʩʪʨʦʡʥʘʜʟʦʨʘ ʈʌ, ʦʩ-

ʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʘʚʘʨʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ 

ʩʪʨʘʥʝ ʧʨʠʤʝʨʥʦ ʩʣʝʜʫʶʱʠʝ: 

o ʅʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ 

o ʅʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ (ʜʝʬʝʢʪʳ 
ʠʟʛʦʪʦʚʣʝʥʠʷ) 

o ɼʝʬʝʢʪʳ ʫʟʣʦʚʳʭ ʤʦʥʪʘʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

o ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʩʥʦ-
ʚʘʥʠʡ 

o ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʦʧʠʨʘʥʠʝ ʥʝʩʫʱʠʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʘʥʠʝ 

o ʅʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠ-
ʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ 

o ʆ ʠhʙʢʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 

o ɺʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʚʳʩʠʚʰʠʝ ʨʘʩ-
ʯʝʪʥʳʝ ʚʝʣʠʯʠʥʳ 

ɺ ʚʦʟʚʝʜʝʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʦʥʦʣʠʪʥʳʭ 

ʠ ʢʠʨʧʠʯʥʳʭ ʟʜʘʥʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʵʪʘʞʥʦʩʪʠ ʚʳ-

ʷʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʨʝʞʜʝʥʠʡ ʥʝ-

ʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʩʪʨʦʷʱʠʭʩʷ ʞʠʣʳʭ ʜʦʤʘʭ 

ʜʝʬʝʢʪʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʠ ʧʨʝʜʘʚʘʨʠʡʥʦʛʦ ʫʨʦʚʥʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʥʠʞʘʶʪʩʷ. 

ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝ-

ʥʠʡ, ʚʳʷʚʣʝʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʥʘ ʩʪʨʦʷ-

ʱʠʭʩʷ ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʘʭ, ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʜʝʬʝʢʪʳ ʠʤʝʶʪ ʩʠʩʪʝʤʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʢʦʣʦ 

40-50% ʠʭ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʜʦʨʘʙʦʪʢʘʤʠ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʪʨʘʜʠʮʠʦʥʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦ-

ʝʢʪʥʳʤʠ ʠʥʩʪʠʪʫʪʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʝʥʝʙʨʝʞʝʥʠʝʤ 

ʩʪʨʦʠʪʝʣʴʥʳʤ ʥʦʨʤʘʤ ʠ ʧʨʘʚʠʣʘʤ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦ-

ʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʦʙ-

ʩʣʝʜʦʚʘʥʠʡ, ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʦ ʪʦʤ, ʯʪʦ ʤʥʦʛʠʝ ʟʜʘ-

ʥʠʷ, ʩʪʨʦʝʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʠʤʝʶʪ ʜʝʬʝʢʪʳ ʚ ʨʘʟ-

ʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ 

ʣʶʙʦʤ ʠʟ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʝʢʪʘ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʜʝ-

ʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʷʚʣʷʶʪʩʷ:  

o ʅʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʛʝʦʣʦʛʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ, ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʧʨʦ-

ʮʝʩʩʝ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ; 
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o ʆʰʠʙʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʥʝʢʦʨʨʝʢʪʥʳʡ 

ʨʘʩʯʸʪ ʥʘʛʨʫʟʦʢ, ʥʝʫʜʘʯʥʦʝ ʨʝʰʝʥʠʝ ʫʟʣʦʚ ʩʦʧʨʷ-

ʞʝʥʠʡ, ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʝʡ, 

ʥʝʫʯʪʝʥʥʳʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣ, ʦʪ-

ʩʫʪʩʪʚʠʝ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʠʥʞʝ-

ʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʛʨʫʥʪʦʚ ʦʩ-

ʥʦʚʘʥʠʡ); 

o ʅʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ (ʥʘʨʫ-
ʰʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʩʪʠ, ʪʦʣʱʠʥʳ ʠ ʧʨʘʚʠʣ ʧʝʨʝ-

ʚʷʟʢʠ ʢʣʘʜʢʠ, ʦʪʢʣʦʥʝʥʠʷ ʥʝʩʫʱʠʭ ʩʪʝʥ ʠ ʩʪʦʣʙʦʚ 

ʦʪ ʚʝʨʪʠʢʘʣʠ, ʥʘʨʫʰʝʥʠʝ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʘʥʢʝ-

ʨʦʚʢʠ);  

o ʆʰʠʙʢʠ ʠ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʤʝʣʴʥʳʭ ʨʘʙʦʪ, ʨʘʙʦʪ ʧʦ ʫʩʪʨʦʡ-

ʩʪʚʫ ʢʦʪʣʦʚʘʥʘ, ʨʘʙʦʪ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʦʩʥʦʚʘʥʠʷ 

(ʦʰʠʙʢʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʰʧʫʥʪʦʚʦʛʦ ʦʛʨʘʞʜʝʥʠʷ 

ʢʦʪʣʦʚʘʥʘ, ʟʘʙʠʚʢʝ ʩʚʘʡ ʬʫʥʜʘʤʝʥʪʘ ʠ ʜʨ.); 

o ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚ ʧʨʦʮʝʩʩʝ 
ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʟʘʤʘʯʠʚʘ-

ʥʠʝ ʠ ʫʚʣʘʞʥʝʥʠʝ, ʘʛʨʝʩʩʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ);  

o ʅʝʨʘʚʥʦʤʝʨʥʳʝ ʦʩʘʜʢʠ ʬʫʥʜʘʤʝʥʪʦʚ ʩʪʝʥ 
ʠ ʩʪʦʣʙʦʚ ʧʨʠ ʥʝʜʦʦʮʝʥʢʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʡ, ʘʚʘʨʠʷʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʩʝʪʝʡ ʚʦʜʦ-

ʧʨʦʚʦʜʘ ʠ ʢʘʥʘʣʠʟʘʮʠʠ, ʥʘʨʫʰʝʥʠʠ ʚʦʜʦʦʪʚʦʜʘ ʦʪ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ;  

o ʅʝʨʘʚʥʦʤʝʨʥʘʷ ʧʨʦʩʘʜʢʘ ʦʩʥʦʚʘʥʠʷ ʟʜʘʥʠʷ 
ʚʩʣʝʜʩʪʚʠʝ ʚʝʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʙʝʟ ʧʨʦʚʝ-

ʜʝʥʠʷ ʧʨʝʜʧʠʩʘʥʥʳʭ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ, ʜʝʡʩʪʚʫʶʱʝʡ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʩʪʨʘʭʦ-

ʚʦʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʟʜʘʥʠʡ ʩ ʟʘ-

ʛʣʫʙʣʝʥʥʳʤʠ ʬʫʥʜʘʤʝʥʪʘʤʠ ʩ ʫʯʝʪʦʤ ʨʘʩʧʦʣʦʞʝ-

ʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʬʫʥʜʘ-

ʤʝʥʪʦʚ ʩʪʨʦʷʱʝʛʦʩʷ ʟʜʘʥʠʷ, ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʟʦʥʦʡ 

ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʩʪʨʦʡʢʠ; 

ʇʨʠʯʠʥʘʤʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʨʦʩʘʜʢʠ ʦʩʥʦʚʘ-

ʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

o ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʬʫʥʜʘʤʝʥʪ ʩʦ 

ʩʪʦʨʦʥʳ ʩʪʨʦʝʥʠʷ; 

o ʫʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʬʫʥʜʘʤʝʥʪ ʟʘ ʩʯʝʪ 
ʥʘʜʩʪʨʦʡʢʠ ʚʝʨʭʥʠʭ ʵʪʘʞʝʡ; 

o ʘʚʘʨʠʠ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ, ʧʨʠʤʳʢʘʶʱʠʭ 
ʢ ʟʜʘʥʠʶ; 

o ʚʦʟʚʝʜʝʥʠʝ ʥʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʨʘʩʧʦʣʦ-
ʞʝʥʥʳʭ ʚ ʙʣʠʟʦʩʪʠ ʢ ʩʫʱʝʩʪʚʫʶʱʝʤʫ ʟʜʘʥʠʶ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʭʦʜʝ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞ-

ʥʳʭ ʧʨʠʯʠʥ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʨʦʩʘʜʢʠ ʟʜʘʥʠʷ ʠ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʝʩʪʴ: 

o ʚʳʷʚʣʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʬʫʥʜʘʤʝʥʪʦʚ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʥʘʣʠʯʠʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʝʩʫʱʠʭ ï ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʦʙʩʣʝʜʫʝʤʦʛʦ ʟʜʘʥʠʷ;  

o ʥʘʜʩʪʨʦʡʢʠ ʚʝʨʭʥʠʭ ʵʪʘʞʝʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
ʥʘʛʨʫʟʢʠ ʥʘ ʬʫʥʜʘʤʝʥʪ (ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʠʟʫʘʣʴʥʦʛʦ 

ʦʩʤʦʪʨʘ); 

o ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʥʘʣʠʯʠʠ ʘʚʘ-
ʨʠʡ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ; 

o ʚʦʟʚʝʜʝʥʠʝ ʥʦʚʦʛʦ ʟʘʛʣʫʙʣʝʥʥʦʛʦ ʩʦʦʨʫʞʝ-
ʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʙʣʠʟʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʤʫ 

ʟʜʘʥʠʶ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʦ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʶ ʠ ʫʩʪʨʦʡʩʪʚʫ ʦʩʥʦʚʘʥʠʡ ʠ ʬʫʥʜʘʤʝʥʪʦʚ 

ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʟʜʘʥʠʡ ʚʙʣʠʟʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ 

ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʠ ʚ ʛ. ʄʦʩʢʚʝ ʦʩʥʦʚ-

ʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʜʝʬʦʨʤʘʮʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘ-

ʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʙʣʠʟʠ ʥʠʭ 

ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ: 

o ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʧʦʜʪʦʧʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʙʘʨʨʘʞʥʳʤ ʵʬ-

ʬʝʢʪʦʤ ʧʨʠ ʧʦʜʟʝʤʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʠʣʠ ʧʦʥʠʞʝ-

ʥʠʝ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ; 

o ʫʚʝʣʠʯʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 
ʦʩʥʦʚʘʥʠʠ ʧʦʜ ʬʫʥʜʘʤʝʥʪʘʤʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘ-

ʥʠʡ, ʚʳʟʚʘʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʚʙʣʠʟʠ ʥʠʭ; 

o ʫʩʪʨʦʡʩʪʚʦ ʢʦʪʣʦʚʘʥʦʚ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʧʣʘ-
ʥʠʨʦʚʦʯʥʳʭ ʦʪʤʝʪʦʢ; 

o ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʜʠʥʘ-
ʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʣʠʷʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʩʝʭ ʚʠ-

ʜʦʚ ʩʚʘʡ, ʬʫʥʜʘʤʝʥʪʦʚ ʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ ʠ 

ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʪʣʦʚʘʥʦʚ, ʚʣʠʷʥʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʠʥʲʝʢʮʠʦʥʥʳʭ ʘʥʢʝʨʦʚ, ʚʣʠʷʥʠʝ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʚʠʜʦʚ ʨʘʙʦʪ (ʟʘʤʦʨʘʞʠʚʘʥʠʝ, ʠʥʲʝʢʮʠʷ ʠ 

ʧʨ.); 

o ʥʝʛʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʛʨʫʥʪʦʚʦʤ ʤʘʩʩʠʚʝ, 
ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ 

(ʩʫʬʬʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʳʚʫʥʦʚ ʠ 

ʧʨ.). 

 ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫ-

ʞʝʥʠʡ ʚʙʣʠʟʠ ʠʣʠ ʚʧʣʦʪʥʫʶ ʢ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤ 

ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʨʘʥʝʝ ʧʦ-

ʩʪʨʦʝʥʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʦʩʦʙʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʪʘʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʩʪʝʥʘʭ ʨʘʥʝʝ ʧʦʩʪʨʦʝʥʥʳʭ ʟʜʘʥʠʡ 

ʪʨʝʱʠʥ, ʧʝʨʝʢʦʩʦʚ ʧʨʦʝʤʦʚ ʠ ʣʝʩʪʥʠʯʥʳʭ ʤʘʨʰʝʡ, 

ʢ ʩʜʚʠʛʫ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʡ, ʨʘʟʨʫʰʝʥʠʶ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʪ.ʝ. ʢ ʥʘʨʫʰʝʥʠʶ ʥʦʨʤʘʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ, ʘ ʠʥʦʛʜʘ ʜʘʞʝ ʢ ʘʚʘʨʠʷʤ. 

ʆʩʦʙʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʧʘʩʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʷʚʣʝʥʠʡ ʚ ʛ. ʄʦʩʢʚʝ ʧʨʠ ʧʣʦʪʥʦʡ ʦʢʨʫ-

ʞʘʶʱʝʡ ʟʘʩʪʨʦʡʢʝ ʠ ʥʘʣʠʯʠʠ ʩʣʦʞʥʳʭ ʠ ʥʝʙʣʘʛʦ-

ʧʨʠʷʪʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʚʠʪʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʥʝʛʘʪʠʚʥʳʭ ʧʨʠ-

ʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʵʨʦʟʠʠ, ʦʧʦʣʟʥʠ, ʢʘʨʩʪʦʚʦ-ʩʫʬʬʦ-

ʟʠʦʥʥʳʝ ʷʚʣʝʥʠʷ, ʦʩʝʜʘʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʩʚʷʟʘʥ-

ʥʦʝ ʩ ʥʠʤ ʧʦʜʪʦʧʣʝʥʠʝ ʠʣʠ ʦʩʫʰʝʥʠʝ ʟʘʩʪʨʦʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʠʩʢʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡè. 

 ʇʨʠʯʠʥʦʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʦʩʘʜʦʢ, ʧʦ ʤʥʝʥʠʶ ʵʢʩʧʝʨʪʠʟʳ, ʷʚʣʷʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʚʝʜʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʧʦ ʚʦʟʚʝʜʝ-

ʥʠʶ ʦʙʲʝʢʪʘ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʦ ʠ ʥʝʧʦʣʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʟʜʘʥʠʷ 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʚʥʦʚʴ ʩʪʨʦʷʱʝʛʦʩʷ 

ʦʙʲʝʢʪʘ.  

ʕʢʩʧʝʨʪʥʦ ï ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ 

ʥʝʩʫʱʠʭ ʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ ʩ ʮʝ-

ʣʴʶ ʬʠʢʩʘʮʠʠ ʜʝʬʝʢʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʯʠʥ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠ-
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ʯʠʥʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠʯʠ-

ʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʥʝʩʫʱʠʭ ʠ ʦʛʨʘʞʜʘ-

ʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ, ʧʦ ʤʥʝʥʠʶ ʵʢʩʧʝʨʪʠʟʳ, 

ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʧʨʦʩʘʜʢʘ ʦʩʥʦʚʘʥʠʷ ʟʜʘ-

ʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʚʝʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʙʝʟ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʧʠʩʘʥʥʳʭ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ, ʜʝʡʩʪʚʫ-

ʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ 

ʩʪʨʘʭʦʚʦʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʟʜʘ-

ʥʠʡ5 ʩ ʟʘʛʣʫʙʣʝʥʥʳʤʠ ʬʫʥʜʘʤʝʥʪʘʤʠ ʩ ʫʯʝʪʦʤ ʨʘʩ-

ʧʦʣʦʞʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ 

ʬʫʥʜʘʤʝʥʪʦʚ ʩʪʨʦʷʱʝʛʦʩʷ ʟʜʘʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʩʫʜʦʤ ʧʦʩʪʘʚʣʝʥ ʚʦʧʨʦʩ ʵʢʩ-

ʧʝʨʪʫ ʦ ʪʦʤ, ʢʘʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳ-

ʧʦʣʥʠʪʴ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʳ ʟʜʘʥʠʷ ʦʪ ʘʪʤʦ-

ʩʬʝʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʢʩʧʝʨʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
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ʭʦʜʠʤʦʩʪʠ ʟʘʤʝʥʳ ʢʨʦʚʝʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ/ʠʣʠ ʨʝ-

ʤʦʥʪʝ ʪʨʝʱʠʥ, ʟʘʤʦʥʦʣʠʯʠʚʘʥʠʷ ʤʝʞʙʣʦʯʥʳʭ ʠ 

ʤʝʞʧʣʠʪʥʳʭ ʩʪʳʢʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥ-

ʥʳʭ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʠ ʦʪʜʝʣʦʯʥʳʭ ʧʦʢʨʳʪʠʡ. ʅʦ 

ʯʘʱʝ ʚʩʝʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʠʡ ʧʦ ʨʝʤʦʥʪʫ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʟʜʘʥʠʷ, ʨʘʟʨʘʙʘʪʳ-
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LNG TANKERS 

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʚʠ-

ʜʘʤʠ ʪʦʧʣʠʚʘ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ ʚ ʨʝʛʠʦʥʳ, ʚ ʢʦʪʦʨʳʝ 

ʧʨʦʢʣʘʜʢʘ ʛʘʟʦʧʨʦʚʦʜʦʚ ʥʝʨʝʥʪʘʙʝʣʴʥʘ ʠʣʠ ʞʝ ʥʝʚʦʟʤʦʞʥʘ. ʅʘ ʉʇɻ-ʪʘʥʢʝʨʘʭ ʚ ʢʘʯʝʩʪʚʝ ʛʦʨʶʯʝʛʦ ʜʣʷ 
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ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʚʦʟʠʤʳʡ ʩʞʠʞʝʥʥʳʡ ʛʘʟ. ʉʇɻ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

ʪʦʧʣʠʚʘ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʛʘʟʦʚʦʟʘ ʣʠʰʴ ʯʘʩʪʠʯʥʦ, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʦʚʤʝʩʪʥʦ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʘʟʫʪʦʤ. 

Abstract. 

In this paper we consider the advantage of liquefied natural gas over other fuels. Improving the efficiency of 

liquefied gas transportation to regions where gas pipeline laying is unprofitable or impossible. LNG tankers as 

fuel for the power plant is used directly by the transported liquefied gas. However, LNG acts as fuel for the engines 

of the gas carrier only partially, for the most part in conjunction with traditional fuel oil.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʘʥʢʝʨʳ, ʩʞʠʞʝʥʥʳʡ ʛʘʟ, ʉʇɻ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʘʟʘ, ʧʨʦʝʢʪ. 

Key words:. tankers, liquefied gas, LNG, gas transportation, project. 

 

ʉʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ (ʉʇɻ)- ʧʨʠʨʦʜʥʳʡ 

ʛʘʟ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʞʠʞʝʥʥʳʡ ʧʫʪʝʤ ʦʭʣʘʞʜʝʥʠʷ 

ʜʦ ī160 ÁC, ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʠ. 

ʉʇɻ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʫʶ ʞʠʜʢʦʩʪʴ 

ʙʝʟ ʟʘʧʘʭʘ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʡ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ 

ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ. 

ʅʘ 75-99 % ʩʦʩʪʦʠʪ ʠʟ ʤʝʪʘʥʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʠ-

ʧʝʥʠʷ ī158ī163 ÁC.ɺ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝ ʛʦʨʶʯ, 

ʥʝ ʪʦʢʩʠʯʝʥ, ʥʝ ʘʛʨʝʩʩʠʚʝʥ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʩʧʘʨʝʥʠʶ ʜʦ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʇʨʠ ʩʛʦʨʘʥʠʠ ʧʘʨʦʚ ʦʙʨʘʟʫʝʪʩʷ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʠ 

ʚʦʜʷʥʦʡ ʧʘʨ. ɼʣʷ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝ-

ʦʙʨʘʟʫʝʪʩʷ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘ ʩʧʝʮʠʘʣʴ-

ʥʳʭ ʨʝʛʘʟʠʬʠʢʘʮʠʦʥʥʳʭ ʪʝʨʤʠʥʘʣʘʭ. 

ʇʝʨʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʟʘʚʦʜ ʧʦ ʩʞʠʞʝ-

ʥʠʶ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʙʳʣ ʧʦʩʪʨʦʝʥ ʚ 1912 ʛ. ʠ ʥʘʯʘʣ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʩʧʫʩʪʷ 5 ʣʝʪ, ʥʦ ʦʥ ʥʝ ʧʦʜʭʦʜʠʣ 

ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʮʝʣʝʡ. 

ɼʦʩʪʘʚʢʘ ʛʘʟʘ ʧʦʪʨʝʙʠʪʝʣʷʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ, ʥʦ ʠ ʚ ʩʞʠʞʝʥʥʦʤ 

ʚʠʜʝ ð ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʤʦʨʩʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ çʛʦʣʫʙʦʛʦ ʪʦʧ-

ʣʠʚʘè ʧʦ ʛʘʟʦʧʨʦʚʦʜʘʤ ʠ ʝʛʦ ʧʝʨʝʚʦʟʢʘ ʚ ʚʠʜʝ ʉʇɻ 

ʥʝ ʷʚʣʷʶʪʩʷ ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ ʩʝʛʤʝʥʪʘʤʠ, ʘ ʣʠʰʴ 

ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. 

ɿʘʯʝʤ ʥʫʞʥʳ ʧʦʩʪʘʚʢʠ ʉʇɻ? 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʉʇɻ: 

¶ ʚʳʩʦʢʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ; 

¶ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʂʇɼ ʢʦʪʣʦʘʛʨʝ-
ʛʘʪʦʚ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ; 

¶ ʧʦʣʥʦʝ ʩʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘ, ʦʪʩʫʪʩʪʚʠʝ ʩʝʨʳ, 
ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʣʠʥʷʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʢʦʪʣʘ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ: 

¶ ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠ ʙʦʣʴʰʦʝ ʦʢʪʘʥʦ-
ʚʦʝ ʯʠʩʣʦ; 

¶ ʢʦʤʧʘʢʪʥʦʝ ʭʨʘʥʝʥʠʝ; 

ʇʨʠ ʟʘʤʝʥʝ ʜʨʫʛʠʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʠ ʧʨʠ ʨʝʰʝ-

ʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ - ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʜʫʢʪʘʭ ʩʛʦʨʘʥʠʷ, ʢʦʪʦʨʦʝ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʜʢʠʤʠ ʠ 

ʪʚʝʨʜʳʤʠ ʠʩʢʦʧʘʝʤʳʤʠ ʪʦʧʣʠʚʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʝʟʢʦ ʩʥʠʟʠʪʴ ʚʨʝʜ, ʥʘʥʦʩʠʤʳʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʇʝʨʝʚʦʟʢʘ ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ 

ʦʙʭʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʨʦʞʝ, ʯʝʤ ʧʦʩʪʘʚʢʠ ʛʘʟʘ 

ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ, ʠ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʤʦʞʝʪ 

ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʙʠʟʥʝʩ-ʥʠʰʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʦʠʛʨʳʚʘʝʪ ʪʨʫʙʦʧʨʦʚʦʜʥʳʤ ʧʦʩʪʘʚʢʘʤ ʠʣʠ ʜʘʞʝ 

ʚʦʦʙʱʝ ʚʳʛʣʷʜʠʪ ʥʝʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʝʱʸ ʥʘ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʇɻ 

ʪʨʝʙʫʶʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʤʦʱʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʯʠʩʪʢʦʡ ʠ ʦʭʣʘʞʜʝʥʠʝʤ 

ʩʳʨʴʷ. ʂ ʧʨʠʤʝʨʫ, ʪʦʣʴʢʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʧʨʦʮʝʩʩ ʫʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 25% ʵʥʝʨʛʠʠ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʛʘʟʘ ʜʣʷ ʦʙʳʯʥʳʭ 

ʧʦʩʪʘʚʦʢ ʧʦ ʪʨʫʙʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʞʘʪʠʷ 1 

ʪʳʩ. ʢʫʙʦʤʝʪʨʦʚ ʛʘʟʘ ʧʦʪʨʝʙʫʝʪʩʷ ʧʦʪʨʘʪʠʪʴ 250 

ʢʫʙʦʤʝʪʨʦʚ ʵʪʦʛʦ ʪʦʧʣʠʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʚʦʜʘ 

ʉʇɻ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʧʫʥʢʪʝ ʜʦʩʪʘʚʢʠ, 

ʧʦʪʝʨʠ ʪʦʧʣʠʚʘ ʢʘʢ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʪʘʢ ʠ ʧʨʠ 

ʭʨʘʥʝʥʠʠ. 

ʊʨʝʙʫʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʝʨʤʠʥʘʣʦʚ ʚ ʧʦʨʪʘʭ 

çʗʤʘʣ ʉʇɻè. ʇʨʦʝʢʪ ʟʘʚʦʜʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʞʠ-

ʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (ʉʇɻ) ʤʦʱʥʦʩʪʴʶ 16,5 

ʤʣʥ. ʪ., ʨʝʩʫʨʩʥʦʡ ʙʘʟʦʡ ʢʦʪʦʨʦʛʦ ʩʪʘʥʝʪ ʖʞʥʦ-

ʊʘʤʙʝʡʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʦʣʫʦʩʪʨʦʚʘ ʗʤʘʣ ʩ ʟʘ-

ʧʘʩʘʤʠ 927 ʤʣʨʜ ʢʫʙ.ʤʝʪʨʦʚ.  

ʆʧʝʨʘʪʦʨ ʧʨʦʝʢʪʘ ï ʢʦʤʧʘʥʠʷ çʗʤʘʣ ʉʇɻè, ʝʝ 

ʘʢʮʠʦʥʝʨʘʤʠ ʷʚʣʷʶʪʩʷ çʅʦʚʘʪʵʢè (ʩ ʜʦʣʝʡ 50,1 %), 

Total (20 %), CNPC (20 %) ʠ ʢʠʪʘʡʩʢʠʡ ʌʦʥʜ ʰʝʣ-

ʢʦʚʦʛʦ ʧʫʪʠ (9,9 %). ʉʪʦʠʤʦʩʪʴ ï 26,9 ʤʣʨʜ ʜʦʣʣ. 

ʉʐɸ. 

çʉʘʭʘʣʠʥ-2è. ɿʘʚʦʜ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʉʇɻ ʧʨʦ-

ʝʢʪʥʦʡ ʤʦʱʥʦʩʪʴʶ 9,6 ʤʣʥ. ʪ. ʥʘ ʨʝʩʫʨʩʥʦʡ ʙʘʟʝ 

ʃʫʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. ʆʧʝʨʘ-

ʪʦʨ ʧʨʦʝʢʪʘ ï ʢʦʤʧʘʥʠʷ Sakhalin Energy, ʩʦʚʣʘʜʝʣʴ-

ʮʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ çɻʘʟʧʨʦʤè (50 % ʧʣʶʩ ʦʜʥʘ 

ʘʢʮʠʷ), Shell (27,5 % ʤʠʥʫʩ ʦʜʥʘ ʘʢʮʠʷ), Mitsui (12,5 

%) ʠ Mitsubishi (10 %). 

çɸʨʢʪʠʢ ʉʇɻ-2è. ʇʨʦʝʢʪ ʟʘʚʦʜʘ ʧʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʫ ʉʇɻ ʠʟ ʪʨʝʭ ʦʯʝʨʝʜʝʡ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 18 

ʤʣʥ ʪ. ʈʝʩʫʨʩʥʦʡ ʙʘʟʦʡ ʜʦʣʞʥʦ ʙʫʜʝʪ ʩʪʘʪʴ ʋʪʨʝʥ-

ʥʝʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩ ʜʦʢʘʟʘʥʥʳʤʠ ʟʘʧʘʩʘʤʠ 388,5 

ʤʣʨʜ ʢʫʙ. ʤ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʩʦʩʝʜʥʝʤ ʩ ʗʤʘʣʦʤ 

ɻʳʜʘʥʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ. ʃʠʮʝʥʟʠʝʡ ʥʘ ʥʝʛʦ ʚʣʘ-

ʜʝʝʪ çʜʦʯʢʘè çʅʦʚʘʪʵʢʘè, çɸʨʢʪʠʢ ʉʇɻ-2è. 

ʈʦʩʩʠʡʩʢʠʝ ʧʨʦʝʢʪʳ ʉʇɻ ʅʦʚʘʪʵʢʫè ʥʝ ʭʚʘ-

ʪʘʝʪ ʪʘʥʢʝʨʦʚ ʣʝʜʦʚʦʛʦ ʢʣʘʩʩʘ ʠ, ʢʘʢ ʩʦʦʙʱʘʣʦ 

EADaily  ʨʘʥʝʝ, ʢʦʤʧʘʥʠʷ ʠʩʢʘʣʘ ʥʘ ʨʳʥʢʝ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʛʘʟʦʚʦʟʳ ʜʣʷ ʚʳʚʦʟʘ ʛʘʟʘ ʠʟ-ʟʘ ʫʩʢʦʨʝʥ-

ʥʦʛʦ ʟʘʧʫʩʢʘ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʣʠʥʠʡ ʧʨʦʝʢʪʘ 

çʗʤʘʣ ʉʇɻè ɺ 2018 ʛʦʜʫ ʧʦʩʪʘʚʢʠ ʩʞʠʞʝʥʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʤʠʨʝ ʫʚʝʣʠʯʠʣʠʩʴ ʜʦ ʨʝʢʦʨʜʥʳʭ 

432 ʤʣʨʜ. ʢʫʙʦʤʝʪʨʦʚ ʚ ʛʦʜ. ʕʪʦ ʥʘ 36 ʤʣʨʜ. ʢʫʙʦ-

ʤʝʪʨʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʛʦʜʦʤ ʨʘʥʝʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

2017 ʛʦʜʦʤ ʨʦʩʪ ʩʦʩʪʘʚʠʣ 9%. ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʪʥʦʡ 

ʦʮʝʥʢʝ, ʪʘʢʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʦʙʲʷʩʥʷʝʪʩʷ ʚʚʦ-

ʜʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʝʚʷʪʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

https://eadaily.com/
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ʣʠʥʠʡ ʧʦ ʩʞʠʞʝʥʠʶ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʦʙʱʘʷ ʝʞʝ-

ʛʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʠʣʘ ʯʫʪʴ ʤʝʥʝʝ 60 

ʤʣʨʜ ʢʫʙʦʤʝʪʨʦʚ. ʉʘʤʳʡ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʦʙʲʝ-

ʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʇɻ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ɸʚ-

ʩʪʨʘʣʠʷ, ʉʐɸ ʟʘʥʷʣʠ ʚʪʦʨʦʝ ʤʝʩʪʦ, ʈʦʩʩʠʷ ð ʪʨʝ-

ʪʴʝ, ʩ ʥʝʙʦʣʴʰʠʤ ʦʪʩʪʘʚʘʥʠʝʤ 

ʈʝʛʘʟʠʬʠʢʘʮʠʦʥʥʳʭ ʟʘʚʦʜʦʚ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʛʘʟʦʧʨʦʚʦʜʦʚ ʜʣʷ ʜʦʩʪʘʚʢʠ ʪʦʧʣʠʚʘ ʧʦʩʣʝ ʝʛʦ ʧʝʨʝ-

ʚʦʜʘ ʠʟ ʞʠʜʢʦʛʦ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʠ, ʩʘʤʦ 

ʩʦʙʦʡ ʨʘʟʫʤʝʝʪʩʷ ð ʦʛʨʦʤʥʳʭ ʪʘʥʢʝʨʦʚ. ʀ ʚʩʸ ʞʝ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʫʶ ʟʘʪʨʘʪʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʠ ʉʇɻ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʦʩʪʘʚʢʦʡ 

ʛʘʟʘ ʧʦ ʪʨʫʙʘʤ, ʧʝʨʝʚʦʟʢʠ ʩʞʠʞʝʥʥʦʛʦ ʪʦʧʣʠʚʘ 

ʥʝʦʙʭʦʜʠʤʳ. ʂ ʧʨʠʤʝʨʫ, ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʢʘʪʘʨ-

ʩʢʦʛʦ ʛʘʟʘ ʷʚʣʷʶʪʩʷ ʩʪʨʘʥʳ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥ-

ʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʘ ʧʨʦʢʣʘʜʢʘ ʛʘʟʦʧʨʦʚʦʜʥʦʡ ʤʘʛʠ-

ʩʪʨʘʣʠ ʯʝʨʝʟ ʦʢʝʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ 

ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʦʡ ʟʘʜʘʯʝʡ ʩ ʢʦʣʦʩʩʘʣʴʥʳʤʠ ʟʘ-

ʪʨʘʪʘʤʠ. 

ʇʦ ʧʦʜʩʯʸʪʘʤ ʵʢʩʧʝʨʪʦʚ, ʩʪʦʠʤʦʩʪʴ ʜʦʩʪʘʚʢʠ 

ʛʘʟʘ ʪʘʥʢʝʨʘʤʠ ʧʦʩʪʝʧʝʥʥʦ ʫʨʘʚʥʠʚʘʝʪʩʷ ʩ ʨʘʩʭʦ-

ʜʘʤʠ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʪʦʧʣʠʚʘ ʧʦ ʪʨʫʙʘʤ ʧʦ 

ʤʝʨʝ ʜʦʩʪʠʞʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʦ 

ʧʫʥʢʪʦʚ ʥʘʟʥʘʯʝʥʠʷ ʜʦ ʟʥʘʯʝʥʠʷ ʚ 2,5 ʪʳʩ. ʢʠʣʦʤʝʪ-

ʨʦʚ. ʄʘʣʦ ʪʦʛʦ, ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʥ-

ʢʝʨʥʳʝ ʧʝʨʝʚʦʟʢʠ ʤʦʛʫʪ ʙʳʪʴ ʜʘʞʝ ʜʝʰʝʚʣʝ, ʯʝʤ 

ʪʨʫʙʦʧʨʦʚʦʜʥʳʝ ʧʦʩʪʘʚʢʠ. ɿʘʚʠʩʠʤʦʩʪʴ ʨʦʩʪʘ ʩʪʦ-

ʠʤʦʩʪʠ ʧʝʨʝʚʦʟʢʠ ʉʇɻ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʘʷ, ʯʝʤ ʚ ʩʣʫʯʘʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʤʘʛʠʩʪʨʘʣʴ-

ʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ.  

ʊʘʢʞʝ ʧʝʨʝʚʦʟʢʠ ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ ʥʝ ʪʘʢ 

ʞʸʩʪʢʦ ʧʨʠʚʷʟʘʥʳ ʢ ʢʦʥʢʨʝʪʥʳʤ ʧʫʥʢʪʘʤ ʥʘʟʥʘʯʝ-

ʥʠʷ ð ʢʦʨʘʙʣʠ ʤʦʛʫʪ ʟʘʭʦʜʠʪʴ ʚ ʣʶʙʦʡ ʧʨʠʩʧʦʩʦʙ-

ʣʝʥʥʳʡ ʜʣʷ ʧʨʠʸʤʘ ʪʦʧʣʠʚʘ ʧʦʨʪ, ʭʦʪʷ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʚ ʉʇɻ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚʳʰʝ, 

ʯʝʤ ʚ ʩʬʝʨʫ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʜʦʩʪʘʚʢʘ 

ʪʦʧʣʠʚʘ ʙʦʣʴʰʠʤʠ ʪʘʥʢʝʨʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʘʟʳ-

ʚʘʝʪʩʷ ʚʳʛʦʜʥʝʝ. ʊʦʧ-ʤʝʥʝʜʞʝʨ ʫʪʦʯʥʷʝʪ, ʯʪʦ ʨʝʯʴ 

ʠʜʸʪ ʚ ʪʦʤ ʯʠʩʣʝ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʯʸʪʢʦʡ ʧʨʠʚʷʟʢʠ 

ʉʇɻ-ʙʠʟʥʝʩʘ ʢ ʢʦʥʢʨʝʪʥʳʤ ʧʦʢʫʧʘʪʝʣʷʤ ʠ ʦ ʥʘʣʠ-

ʯʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʥʷʪʴ ʨʳʥʢʠ ʩʙʳʪʘ.  

 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʤʘʨʰʨʫʪʦʚ ʵʢʩʧʦʨʪʘ ʉʇɻ ʠʟ ʂʘʪʘʨʘ ʠ ʗʤʘʣʘ(ʈʦʩʩʠʷ). 

 

ʇʝʨʝʚʦʟʢʠ ʉʇɻ ʧʦ ʤʦʨʶ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʪʘʥʢʝʨʦʚ-ʛʘʟʦʚʦʟʦʚ (LNG 

carrier). ʅʘ ʪʘʢʠʭ ʩʫʜʘʭ ʤʦʞʥʦ ʧʝʨʝʚʦʟʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʉʇɻ (ʧʨʠʨʦʜʥʳʡ ʛʘʟ ð ʤʝʪʘʥ), ʥʦ ʠ ʥʝʬʪʷʥʳʝ ʛʘʟʳ 

ð ʧʨʦʧʘʥ ʠ ʙʫʪʘʥ ʚ ʩʞʠʞʝʥʥʦʤ ʚʠʜʝ. ʇʝʨʚʳʝ 

ʨʝʡʩʳ ʛʘʟʦʚʦʟʦʚ ʦʪʥʦʩʷʪ ʢ 1929 ʛʦʜʫ, ʢʦʛʜʘ ʜʣʷ ʵʪʠʭ 

ʮʝʣʝʡ ʢʦʤʧʘʥʠʷ Shell ʧʝʨʝʦʙʦʨʫʜʦʚʘʣʘ ʥʝʬʪʷʥʦʡ 

ʪʘʥʢʝʨ Megara. ʆʥʘ ʞʝ ʧʦʩʪʨʦʠʣʘ ʥʘ ʛʦʣʣʘʥʜʩʢʦʡ 

ʚʝʨʬʠ ʩʫʜʥʦ Agnita, ʢʦʪʦʨʦʝ ʙʳʣʦ ʩʧʦʩʦʙʥʦ ʧʝʨʝ-

ʚʦʟʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʬʪʴ, ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ ʠ ʩʞʠ-

ʞʝʥʥʳʝ ʛʘʟʳ. ʊʘʥʢʝʨ ʢʫʨʩʠʨʦʚʘʣ ʠʟ ʂʘʨʠʙʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ʚ ɿʘʧʘʜʥʫʶ ɽʚʨʦʧʫ. 

ɺʧʨʦʯʝʤ, ʪʦʛʜʘʰʥʠʝ ʪʘʥʢʝʨʳ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ 

ʧʦʣʥʦʮʝʥʥʳʤʠ ʛʘʟʦʚʦʟʘʤʠ ʢʣʘʩʩʘ LNG carrier, ʧʦ-

ʩʢʦʣʴʢʫ ʦʥʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʣʠ ʪʦʣʴʢʦ ʩʞʠʞʝʥʥʳʡ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʛʘʟ ʠ ʘʤʤʠʘʢ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʥʦ ʥʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʨʘʢʮʠʠ ʉʇɻ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ 

ʤʝʪʘʥ ʚ ʩʞʠʞʝʥʥʦʤ ʚʠʜʝ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʪʦʣʴʢʦ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʨʝʜʝʣʘʭ ʤʠʥʫʩ 162 ʛʨʘʜʫʩʘ ʧʦ 

ʎʝʣʴʩʠʶ. ʆʙʝʩʧʝʯʠʪʴ ʪʘʢʦʝ ʫʩʣʦʚʠʝ ʧʝʨʝʚʦʟʢʠ ʪʝʭ-

ʥʦʣʦʛʠʠ ʪʦʛʦ ʚʨʝʤʝʥʠ ʙʳʣʠ ʥʝʩʧʦʩʦʙʥʳ. 

ɺʧʝʨʚʳʝ ʩʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʙʳʣ ʧʝʨʝ-

ʚʝʟʸʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ð ʧʦʜ ʜʘʚʣʝ-

ʥʠʝʤ ʠ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ð ʣʠʰʴ ʚ ʢʦʥʮʝ ʧʷʪʠʜʝʩʷ-

ʪʳʭ ʛʦʜʦʚ ʧʦʩʣʝ ʩʧʫʩʢʘ ʥʘ ʚʦʜʫ ʬʨʘʥʮʫʟʩʢʦʛʦ 

Bridgestone Maru ʙʳʣ ʧʦʩʪʨʦʝʥ ʚ ʗʧʦʥʠʠ ʚ 

1961 ʛʦʜʫ. ʆʥ ʙʳʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʠ ʤʝʪʘʥʘ ʚ ʪʘʥʢʘʭ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ, ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ, ʥʦ ʦʭʣʘʞʜʸʥʥʦʛʦ ʜʦ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʢʠʧʝʥʠʷ. 

ɺʥʫʪʨʠ ʪʘʥʢʝʨʦʚ ʦʛʨʦʤʥʳʝ ʪʝʨʤʦʩʘ, ʚ ʥʠʭ ʟʘ-

ʣʠʚʘʶʪ ʩʞʠʞʝʥʥʳʡ ʛʘʟ, ʝʩʣʠ ʙʳ ʤʝʪʘʥ ʙʳʣ ʙʳ ʧʨʠ 
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ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʪʦ ʜʣʠʥʘ ʵʪʦʛʦ ʪʘʥʢʝʨʘ ʩʦ-

ʩʪʘʚʣʷʣʘ ʙʳ 170ʢʤ. ʂʘʞʜʳʡ ʪʘʥʢʝʨ ʜʝʣʘʶʪ 2.5 ʛʦʜʘ, 

ʧʨʠ ʵʪʦ ʢʘʞʜʳʡ ʤʝʩʷʮ ʚʳʭʦʜʠʪ ʧʦ 1 ʢʦʨʘʙʣʶ. 75% 

ʪʘʥʢʝʨʦʚ ʉʇɻ ʚ ʖʞʥʦʡ ʂʦʨʝʝ, 125000ʪʦʥʥ. ɺʝʨʚʴ 

3ʤʣʥ ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ, 20000 ʨʘʙʦʯʠʭ. 

900000ʪʦʥʥ ʩʪʘʣʠ. 600ʢʤ ʩʚʘʨʥʳʝ ʰʚʳ. ʂʘʢ ʢʦʥ-

ʩʪʨʫʢʪʦʨ ʧʫʪʸʤ ʩʦʝʜʠʥʝʥʠʷ ʤʝʛʘ ʙʣʦʢʦʤ. 

ʆʙʱʘʷ ʵʥʝʨʛʠʷ 4 ʪʘʥʢʦʚ ʨʘʚʥʘ ʵʥʝʨʛʠʠ 60 ʷʜʝʨ-

ʥʳʭ ʙʦʤʙ, ʩʙʨʦʰʝʥʥʳʭ ʥʘ ʍʠʨʦʩʠʤʫ 13000ʢʫʦʤʝʪ-

ʨʦʚ ʚ ʯʘʩ ʧʝʨʝʢʘʯʢʘ ʦʙʲʸʤ ʧʷʪʠ ʦʣʠʤʧʠʡʩʢʠʭ ʙʘʩ-

ʩʝʡʥʦʚ. 50000ʪʦʥʥ ʉʇɻ, ʤʠʣʣʠʦʥʥʦʤʫ ʛʦʨʦʜʫ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. ɼʚʠʛʘʪʝʣʠ ʩ ʜʚʫʭʵʪʘʞʥʳʡ ʜʦʤ, ʜʠ-

ʟʝʣʴ 6 ʨʷʜʦʚ 2 ʪʦʥʥʳ ʩʦʣʷʨʳ ʚ ʯʘʩ, ʨʘʙʦʪʘʝʪ ʪʘʢʞʝ 

ʥʘ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ. ʕʢʠʧʘʞ 20 ʯʝʣʦʚʝʢ, ʠʥʞʝʥʝʨʳ, 

ʦʧʝʨʘʪʦʨʳ, ʧʨʦʛʨʘʤʤʠʩʪʳ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʦ ʚʩʸʤ ʤʠʨʝ ʧʦʩʪʨʦʝʥ 

ʜʦʚʦʣʴʥʦ ʚʥʫʰʠʪʝʣʴʥʳʡ ʬʣʦʪ ʉʇɻ-ʪʘʥʢʝʨʦʚ. ʆʞʠ-

ʜʘʝʪʩʷ, ʯʪʦ ʚ 2017 ʛʦʜʫ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʠʛʥʝʪ 520 

ʝʜʠʥʠʮ. ʊʝʤʧʳ ʥʘʨʘʱʠʚʘʥʠʷ ʦʙʲʸʤʦʚ ʧʦʩʪʨʦʡʢʠ 

ʛʘʟʦʚʦʟʦʚ ʨʘʩʪʸʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘ-

ʪʘʮʠʶ ʧʝʨʚʦʡ ʩʦʪʥʠ ʛʘʟʦʚʳʭ ʪʘʥʢʝʨʦʚ ʦʧʝʨʘʪʦʨʘʤ 

ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʙʦʣʝʝ ʪʨʸʭ ʜʝʩʷʪʢʦʚ ʣʝʪ, ʘ ʚ ʩʣʝʜʫʶ-

ʱʠʝ ʩʝʤʴ ʣʝʪ ʬʣʦʪ ʚʳʨʦʩ ʩʨʘʟʫ ʥʘ 220 ʪʘʥʢʝʨʦʚ. 

ʉʝʡʯʘʩ ʫʩʨʝʜʥʸʥʥʳʝ ʪʝʤʧʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʘʟʦʚʦʟʦʚ 

ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ ʩʪʘ ʩʫʜʦʚ ʟʘ ʪʨʠïʧʷʪʴ ʣʝʪ. 

ʉʘʤʳʤʠ ʢʨʫʧʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʛʘʟʦʚʦ-

ʟʦʚ ʷʚʣʷʶʪʩʷ ʘʟʠʘʪʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

Daewoo, Hyundai, Samsung, Mitsubishi, Kawasaki ʠ 

Mitsui. ɼʚʝ ʪʨʝʪʠ ʛʘʟʦʚʦʟʦʚ ʤʠʨʘ ʩʦʰʣʠ ʩ ʶʞʥʦʢʦ-

ʨʝʡʩʢʠʭ ʩʪʘʧʝʣʝʡ. ʉʧʨʦʩ ʥʘ ʪʘʥʢʝʨʳ ʪʦʣʴʢʦ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʚʦʜʦʤ ʚ ʩʪʨʦʡ ʥʦʚʳʭ ʤʦʱ-

ʥʦʩʪʝʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʉʇɻ ʠ ʥʘʨʘʱʠʚʘʥʠʝʤ 

ʩʧʨʦʩʘ ʥʘ ʛʘʟ. ʆʙʲʸʤʳ ʧʦʩʪʘʚʦʢ ʚʥʫʰʠʪʝʣʴʥʳ. ʂ 

ʧʨʠʤʝʨʫ, ʧʨʦ ʥʝʜʨʘ ʧʠʩʘʣʠ ʨʘʥʝʝ, ʯʪʦ ʚʩʝʛʦ ʟʘ 

ʰʝʩʪʴ ʣʝʪ ʩ ʩʘʭʘʣʠʥʩʢʠʭ ʪʝʨʤʠʥʘʣʦʚ ʩʞʠʞʝʥʥʳʡ 

ʛʘʟ ʙʳʣ ʦʪʛʨʫʞʝʥ ʥʘ ʪʳʩʷʯʫ ʪʘʥʢʝʨʦʚ. 

ɻʘʟʦʚʦʟ ʣʶʙʦʛʦ ʢʣʘʩʩʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʉʇɻ, ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʦʩʪʨʦʡʢʠ ʪʨʝʙʫʝʪ ʦʩʦʙʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ 

ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʣʶ-

ʙʦʛʦ ʜʨʫʛʦʛʦ ʚʠʜʘ ʛʨʫʟʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʨʦʤʝ ʫʧʦ-

ʤʷʥʫʪʦʛʦ ʚʳʰʝ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʩʦʙʣʶʜʝʥʠʷ 

ʩʚʝʨʭʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʘʥʢʝ-

ʨʦʚ ʫʯʠʪʳʚʘʝʪʩʷ ʠ ʢʨʠʪʠʯʝʩʢʘʷ ʚʟʨʳʚʥʘʷ, ʘ ʪʘʢʞʝ 

ʧʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴ ʉʇɻ. 

ɻʨʫʟ ʟʘʢʘʯʠʚʘʝʪʩʷ ʚ ʪʝʨʤʦʠʟʦʣʠʨʦʚʘʥʥʳʝ ʨʝ-

ʟʝʨʚʫʘʨʳ. ɼʘʥʥʳʝ ʸʤʢʦʩʪʠ ʦʢʨʫʞʘʝʪ ʜʚʦʡʥʦʡ ʩʣʦʡ 

ʠʟʦʣʷʮʠʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʘʧʠʪʘʣʴʥʘʷ ʦʙʦʣʦʯʢʘ 

ʜʣʷ ʥʝʜʦʧʫʱʝʥʠʷ ʫʪʝʯʝʢ ʚ ʩʣʫʯʘʝ ʧʦʚʨʝʞʜʝʥʠʷ ʦʩ-

ʥʦʚʥʦʛʦ ʢʦʨʧʫʩʘ. 

ʇʦʚʝʨʭʥʦʩʪʠ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʩʦ ʩʞʠʞʝʥʥʳʤ ʛʘʟʦʤ, ʫʩʪʦʡʯʠʚʳ ʢ ʥʠʟʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʧʦʩʢʦʣʴʢʫ ʩʦʩʪʦʷʪ 

ʠʟ ʩʪʘʣʠ, ʘʣʶʤʠʥʠʷ ʠʣʠ ʞʝ ʠʥʚʘʨʘ (ʥʠʢʝʣʝʚʦ-ʞʝ-

ʣʝʟʥʦʛʦ ʩʧʣʘʚʘ). 

ʇʦ ʪʠʧʫ ʨʝʟʝʨʚʫʘʨʦʚ ʜʣʷ ʉʇɻ ʙʦʣʴʰʠʝ ʪʘʥ-

ʢʝʨʳ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʩʬʝʨʠʯʝʩʢʠʝ 

(mosstype) ʠ ʤʝʤʙʨʘʥʥʳʝ (membranetype). ʆʩʥʦʚʫ 

ʤʠʨʦʚʦʛʦ ʤʝʪʘʥʦʚʦʛʦ ʬʣʦʪʘ ʩʦʩʪʘʚʣʷʶʪ ʛʘʟʦʚʦʟʳ 

ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʘ. ʆʥʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ 75% ʦʙ-

ʱʝʛʦ ʦʙʲʝʤʘ ʉʇɻ. ʊʨʘʥʩʧʦʨʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʥ-

ʢʝʨʦʚ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ ʦʮʝʥʠʚʘʶʪʩʷ 

ʚ 23,7%. ʅʘ ʪʘʥʢʝʨʝ ʤʦʥʪʠʨʫʶʪ ʦʪ 3 ʜʦ 5 (ʨʝʞʝ 6) 

ʩʬʝʨʠʯʝʩʢʠʭ ʠʣʠ ʤʝʤʙʨʘʥʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ. ʅʘ ʤʘ-

ʣʳʭ ʪʘʥʢʝʨʘʭ ʢʘʢ ʧʨʘʚʠʣʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʨʘʜʠ-

ʮʠʦʥʥʳʝ ʩʪʘʣʴʥʳʝ ʢʨʠʦʛʝʥʥʳʝ ʸʤʢʦʩʪʠ. 

 

 
ʉʭʝʤʘ 1. ʉʇɻ-ʪʘʥʢʝʨ ʩ ʪʨʸʭʤʝʤʙʨʘʥʥʳʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ (Gaz Transport&Technigaz) 

1 ð ʤʘʰʠʥʥʦʝ ʦʪʜʝʣʝʥʠʝ; 2 ð ʨʫʙʢʘ; 3 ð ʉʇɻ-ʨʝʟʝʨʚʫʘʨʳ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʘ; 4 ð ʙʘʣʣʘʩʪ 

 

ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦ-

ʨʘʙʣʝʡ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʣʥʫʶ ʟʘʛʨʫʟʢʫ 

ʠʣʠ ʨʘʟʛʨʫʟʢʫ ʢʨʫʧʥʦʛʦ ʛʘʟʦʚʦʟʘ ʤʘʢʩʠʤʫʤ ʟʘ 18 ʯʘ-

ʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʛʘʟʦʚʦʟʳ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ-

ʭʦʜʥʳ. ʀʭ ʩʢʦʨʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʧʣʘʥʢʠ ʚ 20 ʫʟʣʦʚ 

(ʙʦʣʝʝ 37 ʢʠʣʦʤʝʪʨʦʚ ʚ ʯʘʩ), ʧʨʠ ʪʦʤ, ʯʪʦ ʦʙʳʯ-

ʥʳʝ ʥʝʬʪʷʥʳʝ ʪʘʥʢʝʨʳ ʥʝ ʤʦʛʫʪ ʨʘʟʦʛʥʘʪʴʩʷ ʙʳʩʪ-

ʨʝʝ, ʯʝʤ ʜʦ 14 ʫʟʣʦʚ (26 ʢʠʣʦʤʝʪʨʦʚ ʚ ʯʘʩ). ɺʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʘʟʦʚʦʟʦʚ ʧʨʠʚʦʜʠʪ 

ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʧʦʟʚʦʣʷʶʪ ʟʘ-

ʜʝʡʩʪʚʦʚʘʪʴ ʩʫʜʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʛʨʘ-

ʬʠʢʦʤ ʨʘʙʦʪʳ ʜʣʷ ʩʢʦʨʝʡʰʝʡ ʦʢʫʧʘʝʤʦʩʪʠ. 

ʅʘ ʉʇɻ-ʪʘʥʢʝʨʘʭ ʚ ʢʘʯʝʩʪʚʝ ʛʦʨʶʯʝʛʦ ʜʣʷ ʩʠ-

ʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝ-

ʨʝʚʦʟʠʤʳʡ ʩʞʠʞʝʥʥʳʡ ʛʘʟ. ɺʧʨʦʯʝʤ, ʉʇɻ ʚʳʩʪʫ-

ʧʘʝʪ ʚ ʨʦʣʠ ʪʦʧʣʠʚʘ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʛʘʟʦʚʦʟʘ ʣʠʰʴ 

ʯʘʩʪʠʯʥʦ, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʦʚʤʝʩʪʥʦ ʩ ʪʨʘʜʠʮʠ-

ʦʥʥʳʤ ʤʘʟʫʪʦʤ. ʅʘ ʪʘʥʢʝʨʘʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʘ-

ʨʦʚʳʝ ʪʫʨʙʠʥʳ, ʢʦʪʦʨʳʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʥʝʜʦ-
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ʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʚʠʛʘ-

ʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ çʚʩʝʷʜ-

ʥʳʤʠè. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʥʘ ʛʘʟʦʚʦʟʘʭ-

ʜʚʫʭʪʦʧʣʠʚʥʳʭ ʜʠʟʝʣʝʡ ʩ ʩʠʩʪʝʤʘʤʠ ʚʧʨʳʩʢʘ ʛʘʟʘ 

ʧʦʜ ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʝʤ. ʊʘʢʠʝ ʜʚʠʛʘʪʝʣʠ ʨʘʙʦʪʘʶʪ 

ʢʘʢ ʥʘ ʜʠʟʪʦʧʣʠʚʝ, ʪʘʢ ʠ ʥʘ ʠʩʧʘʨʷʶʱʝʤʩʷ ʞʠʜʢʦʤ 

ʛʘʟʝ. ʆʥʠ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʛʠʙ-

ʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ, ʘ ʪʘʢʞʝ ʚʳ-

ʩʦʢʦʵʬʬʝʢʪʠʚʥʳ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʝʟʦʧʘʩʥʳ. 

ɺ ʮʝʣʦʤ ʦʩʥʦʚʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʧʨʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʩʫʜʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʩʫ-

ʜʦʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʛʨʘʤʦʪʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʨʝʰʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʦʧʣʠʚʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ 

ʜʚʠʛʘʪʝʣʷʤʠ, ʥʦ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʬʦʨʤʳ ʢʦʨʧʫʩʘ ʛʘ-

ʟʦʚʦʟʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʧʨʠ ʝʛʦ 

ʜʚʠʞʝʥʠʠ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʩʢʦʨʦ-

ʩʪʠ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʟʘʪʨʘʪ ʛʦʨʶʯʝʛʦ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ ʚ ʨʝʛʠʦʥʳ, ʚ ʢʦ-

ʪʦʨʳʝ ʧʨʦʢʣʘʜʢʘ ʛʘʟʦʧʨʦʚʦʜʦʚ ʥʝʨʝʥʪʘʙʝʣʴʥʘ ʠʣʠ 

ʞʝ ʥʝʚʦʟʤʦʞʥʘ ð ʵʪʦ ʜʝʣʦ ʚʦʚʩʝ ʥʝ ʵʥʝʨʛʝʪʠʢʦʚ, ʘ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʫʜʦʩʪʨʦʠʪʝʣʝʡ. ʆʪ ʠʭ ʠʥʞʝʥʝʨʥʳʭ 

ʨʝʰʝʥʠʡ ʟʘʚʠʩʠʪ ʧʦʚʳʰʝʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʝʨʝ-

ʚʦʟʦʢ ʠ, ʢʘʢ ʦʜʠʥ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ð ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʘʚʱʠʢʘʤ ʩʥʠʞʘʪʴ ʩʪʦʠʤʦʩʪʴ ʛʘʟʘ, 

ʜʝʣʘʷ ʝʛʦ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʮʝ-

ʥʦʚʦʤ ʘʩʧʝʢʪʝ. 

ʆʪ ʧʦʩʪʘʚʦʢ ʞʝ ʛʘʟʘ, ʢʘʢ ʠ ʫʛʣʷ, ʟʘʚʠʩʠʪ ʢʣʶ-

ʯʝʚʦʡ ʘʩʧʝʢʪ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ð ʚʳʨʘʙʦʪʢʘ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʨʝʛʠʦʥʘʭ ð ʥʝ 

ʪʦʣʴʢʦ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʠ ʙʳʪʦʚʳʭ ʧʦʪʨʝʙʠʪʝ-

ʣʝʡ, ʪʦ ʝʩʪʴ ʨʷʜʦʚʳʭ ʛʨʘʞʜʘʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ 

ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʫʶ ʦʪʨʘʩʣʴ ʚʦʟʣʦʞʝʥʘ, ʥʝ ʚ ʤʝʥʴ-

ʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, 

ʤʠʩʩʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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MODEL OF SAFETY AT THE STAGE OF CONSTRUCTION AND OPERATION OF HOTEL 

BUSINESS FACILITIES OF MINI -HOTEL CATEGORY  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʨʘʙʦʪʝ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʠʥʠ-ʦʪʝʣʝʡ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥ ʦʙʲʝʢʪ, ʧʨʝʜʤʝʪ ʠ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʛʨʘʞʜʘʥʩʢʠʭ ʟʜʘʥʠʡ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʠʥʠ-

https://doi.org/10.24411/2520-6990-2019-10367
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ʦʪʝʣʝʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʦʙʦʟʥʘʯʝʥʘ ʚʘʞʥʦʩʪʴ ʫʯʝʪʘ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʠʭ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʠʥʠ-ʛʦʩʪʠʥʠʮ.  

Abstract 

The paper attempts to create a model of security of mini-hotels. The object, subject and novelty of research, 

which have the orientation on improvement of methods of design and methods of increase of operational quality 

of civil buildings, is formulated. The analysis of scientific works in the field of safety of mini-hotels. From the point 

of view of the systematic approach, the importance of taking into account all factors affecting the safety of mini-

hotels is indicated. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ, ʤʝʪʦʜ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʤʠʥʠ-ʦʪʝʣʴ, ʛʦʩʪʠʥʠʮʘ. 

Keywords: model, method, safety, construction, mini-hotel, hotel. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʦʣʠʪʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ 

ʩʪʨʘʥʝ ʠ ʚ ʤʠʨʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʥʝʩʪʘʙʠʣʴʥʘʷ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʝʨʨʦʨʠʟʤ ʧʳʪʘʝʪʩʷ ʧʨʦʜʚʠʛʘʪʴ 

ʩʚʦʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʣʘʥʳ, ʧʨʠ ʵʪʦʤ, ʧʨʠʭʦʜʠʪʩʷ 

ʩʪʘʣʢʠʚʘʪʴʩʷ ʙʠʟʥʝʩʫ ʩ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʤʠ ʠ ʢʨʠ-

ʤʠʥʘʣʴʥʳʤʠ ʫʛʨʦʟʘʤʠ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʦʨʛʘʥʠʟʘʪʦʨʳ ʙʠʟʥʝʩʘ ʤʠʥʠ-ʦʪʝ-

ʣʝʡ ʥʝʜʦʦʮʝʥʠʚʘʶʪ ʵʪʠʭ ʫʛʨʦʟ. ɸ ʩʪʘʪʠʩʪʠʢʫ 

ʫʱʝʨʙʘ, ʢʦʪʦʨʳʡ ʧʨʠʥʦʩʠʪ ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴʶ ʙʠʟʥʝʩʘ, ʥʠʢʪʦ ʥʝ ʚʝʜʝʪ.  

ʇʦʜ ʤʠʥʠ-ʦʪʝʣʷʤʠ ʤʳ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʛʦʩʪʠ-

ʥʠʮʳ, ʚ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʦʪ 1 ʜʦ 15 ʥʦʤʝ-

ʨʦʚ (ʪʦ ʝʩʪʴ, ʦʙʲʝʜʠʥʝʥʳ ʜʚʝ ʢʘʪʝʛʦʨʠʠ ʛʦʩʪʠʥʠʮʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʢʘʪʝʛʦʨʠʶ 

ʤʠʥʠ)1.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʛʦʩʪʠʥʠʯʥʦʛʦ ʙʠʟʥʝʩʘ ʢʘʪʝʛʦ-

ʨʠʠ ʤʠʥʠ-ʦʪʝʣʴ, ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʩʷ ʩ ʧʦʥʠʤʘʥʠʝʤ 

ʵʪʦʡ ʥʘʫʯʥʦʡ ʢʘʪʝʛʦʨʠʠ [3]. 

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʘʚʦʚʳʭ ʘʢ-

ʪʦʚ2 ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝ-

ʥʠʝ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʛʦʩʪʠʥʠʯ-

ʥʦʛʦ ʙʠʟʥʝʩʘ ï ʵʪʦ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘʱʠʱʝʥʥʦʩʪʠ 

ʛʦʩʪʠʥʠʮ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʠʭ ʙʝʟʦʧʘʩʥʦʝ ʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʥʠʝ, ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʤʝʨ ʦʭʨʘʥʳ, ʘ ʪʘʢʞʝ ʨʘʟʨʘ-

ʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ ʠʥʳʭ ʤʝʨ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʱʠʪʳ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʦʨʛʘʥʠʟʘʮʠʷ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠ-

ʷʤʠ ʠ ʧʨ.) ʥʘ ʦʩʥʦʚʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴ-

ʩʪʚʘ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʠʭ 

ʥʘ ʟʘʱʠʱʝʥʥʦʩʪʴ ʦʙʲʝʢʪʘ [2]. 

ʆʙʲʝʢʪ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʟʘʢʘʟʯʠʢʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʤʧʘʥʠʠ ʨʘʙʦʪʘʶ-

ʱʠʝ ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʢʘʪʝʛʦʨʠʠ ʤʠʥʠ-

ʦʪʝʣʴ ʠ ʥʠʞʝ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʬʫʥʢʮʠʠ ʟʘʢʘʟʯʠʢʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ʧʦ ʦʙʝʩʧʝ-

ʯʝʥʠʶ ʚʥʝʜʨʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʝʭ-

ʥʦʣʦʛʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ï ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ, 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ 

                                                           
1 ʉʇ 257.1325800.2016. ɿʜʘʥʠʷ ʛʦʩʪʠʥʠʮ. ʇʨʘʚʠʣʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. (ʫʪʚ. ʇʨʠʢʘʟʦʤ ʄʠʥʩʪʨʦʷ ʈʦʩʩʠʠ ʦʪ 

20.10.2016 ˉ 724/ʧʨ. http://ivo.garant.ru/#/basesearch/all:3 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 04.06.2019). 
2 ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʦʪ 14.04.2017 ʛ. ˉ 447 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫ-

ʞʝʥʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʨʳʥʦʯʥʳʤ 

ʫʩʣʦʚʠʷʤ ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʦʩʪʠʥʠʮ ʢʘʪʝʛʦ-

ʨʠʠ ʤʠʥʠ-ʦʪʝʣʴ ʠ ʥʠʞʝ. 

ʇʨʦʙʣʝʤʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʠʟʥʝʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʛʦʩʪʠʥʠʯʥʦʛʦ, ʧʦʩʚʷʱʝʥʦ ʨʷʜ ʨʘʙʦʪ, ʪʘʢ ʅʦʚʘʪʦ-

ʨʦʚ ʕ.ɺ. [5] ʚ ʩʚʦʝʡ ʤʦʥʦʛʨʘʬʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩʘ, 

ʧʨʠ ʵʪʦʤ ʚʳʙʠʨʘʝʪ ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ, ʝʛʦ ʨʘʙʦʪʘ ʠʥʪʝʨʝʩʥʘ ʩʠʩʪʝʤʥʳʤ 

ʧʦʜʭʦʜʦʤ ʢ ʧʨʦʙʣʝʤʝ ʤʘʨʢʝʪʠʥʛʘ ʫʩʣʫʛ. 

ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʉʦʨʦʢʠʥʦʡ ɸ.ɺ. ʧʦʜʚʝʨʛ-

ʥʫʪʳ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴʶ ʧʨʝʙʳʚʘʥʠʷ ʚ ʛʦʩʪʠʥʠʮʝ ʪʫʨʠʩʪʦʚ, ʘ ʪʘʢʞʝ 

ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ, ʯʘʩʪʠʯʥʦ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ, ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʨʝʩʘ ʪʫʨʠʩʪʦʚ ʢ ʨʝʛʠʦʥʫ ʨʘʩʧʦʣʦʞʝ-

ʥʠʷ ʛʦʩʪʠʥʠʮ. 

ʊʘʢʞʝ ʣʶʙʦʧʳʪʥʘ ʨʘʙʦʪʘ Wallace D.B., Sherry 

J.E.H.[7], ʚ ʥʝʡ ʜʘʝʪʩʷ ʘʥʘʣʠʟ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʠ ʚʳʷʚʣʝʥʳ ʠʭ ʫʟʢʠʝ ʤʝʩʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʟʜʝʩʴ ʦʙʲʝʢʪʦʚ ʜʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʦʩʪʠʥʠʯʥʦʛʦ ʙʠʟ-

ʥʝʩʘ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʚ ʥʘʫʯʥʦʤ ʪʨʫʜʝ ʘʚ-

ʪʦʨʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʇʝʪʨʫʥʠʥʘ ʂ.ʃ. [6] 

ɸʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʥʠ-ʦʪʝʣʝʡ ʘʟʦʚʩʢʦ-

ʯʝʨʥʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʧʦʟʚʦʣʷʝʪ, ʚʳʷʚʠʪʴ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʙʠʟʥʝʩʘ3: 

- ʦʙʦʩʪʨʝʥʠʝ ʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ; 

- ʦʙʳʯʘʠ ʜʝʣʦʚʦʛʦ ʦʙʦʨʦʪʘ ʧʨʠʥʷʪʳʝ ʚ ʨʝ-
ʛʠʦʥʝ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʠʥʠ-ʦʪʝʣʝʡ; 

- ʥʘʣʠʯʠʝ (ʚʦʟʥʠʢʥʦʚʝʥʠʝ) ʣʦʢʘʣʴʥʳʭ ʚʦ-
ʦʨʫʞʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ; 

- ʫʛʨʦʟʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʩʪʨʝʤʠʟʤʦʤ ʠ ʝʛʦ 

ʥʦʚʳʭ ʧʨʦʷʚʣʝʥʠʷʭ; 

- ʥʝʟʘʢʦʥʥʳʡ ʦʙʦʨʦʪ ʦʨʫʞʠʷ, ʥʘʨʢʦʪʠʢʦʚ ʠ 
ʧʩʠʭʦʪʨʦʧʥʳʭ ʚʝʱʝʩʪʚ; 

- ʩʣʘʙʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʝʛʠʦʥʝ ʨʘʟ-

ʤʝʱʝʥʠʷ ʛʦʩʪʠʥʮʳ; 

- ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʪʩʪʘʚʘʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʨʘʟ-

ʨʘʙʦʪʢʠ ʩʨʝʜʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ʘʥʪʠʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ ʛʦʩʪʠʥʠʮ ʠ ʠʥʳʭ 

ʩʨʝʜʩʪʚ ʨʘʟʤʝʱʝʥʠʷ ʠ ʬʦʨʤʳ ʧʘʩʧʦʨʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʵʪʠʭ ʦʙʲʝʢʪʦʚè). 

http://ivo.garant.ru/#/document/72176678/paragraph/73:2 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 04.06.2019). 
3 ɼʘʣʝʝ ï çʬʘʢʪʦʨè. 

http://ivo.garant.ru/#/basesearch/all:3
http://ivo.garant.ru/#/document/72176678/paragraph/73:2
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- ʪʨʝʙʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ 
ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʪʠʥʠʮ; 

- ʦʩʥʘʱʝʥʥʦʩʪʴ ʛʦʩʪʠʥʠʮ ʩʨʝʜʩʪʚʘʤʠ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ; 

- ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʘʣʳʭ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʛʦʩʪʠʥʠʮ; 

- ʢʨʠʤʠʥʦʛʝʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʨʝʛʠʦʥʝ. 

ʄʫʥʠʮʠʧʘʣʴʥʳʝ ʦʨʛʘʥʳ ʚʣʘʩʪʠ, ʧʨʘʚʦʦʭʨʘʥʠ-

ʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝ-

ʣʝʡ, ʜʦʣʞʥʳ ʯʝʪʢʦ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʥʠ ʪʘʢʞʝ ʜʦʣʞʥʳ 

ʦʧʨʝʜʝʣʷʪʴ, ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʚʦʝʛʦ 

ʙʠʟʥʝʩʘ, ʪʘʢ ʠ ʪʦʪ ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʦʥ 

ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ [4]. 

ʇʫʩʪʴ ʧʦʢʘʟʘʪʝʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʠʥʠ-ʦʪʝʣʝʡ4 

ʙʫʜʝʪ ʟʘʚʝʩʠʪʴ ʦʪ ʦʪʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʢʘʞ-

ʜʦʤʫ ʥʘʤʠ ʚʳʷʚʣʝʥʥʦʤʫ ʬʘʢʪʦʨʫ (Lj),  

 

)( jLFQ=    (1) 

ʛʜʝ, j = 1 ʜʦ 11. 

ʉʘʤʠ ʬʘʢʪʦʨʳ ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʦʪ-

ʜʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʟʘʱʠʪʳ hi. ʕʪʦʪ ʚʦʧʨʦʩ 

ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʨʘʙʦʪʢʠ, ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ, 

)( ihFQ ¡=    (2) 

i ï ʯʠʩʣʦ ʦʛʨʘʥʠʯʠʚʘʶʱʝʝ ʧʘʨʘʤʝʪʨ, ʦʥʦ ʤʝʥʷ-

ʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʚʦʟʴʤʝʤ, ʪʘʢʦʡ ʬʘʢʪʦʨ ʢʘʢ ʦʙʝʩ-

ʧʝʯʝʥʥʦʩʪʴ ʛʦʩʪʠʥʠʮ ʩʨʝʜʩʪʚʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʨʘʙʦʪ ʚ ʩʬʝʨʝ ʦʙʝʩʧʝʯʝʥʠʷ ʩʨʝʜʩʪʚ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ, ʚʳʷʚʠʣʠ ʨʷʜ ʧʦʜʩʠʩʪʝʤ ʩʠʩʪʝʤʳ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʙʠʟʥʝʩʘ: 

- ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ; 

- ʵʢʩʪʨʝʥʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʦʙ ʫʛʨʦʟʝ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘ-

ʮʠʡ; 

- ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʪʨʝʚʦʞʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ (ʥʝʤʝʜʣʝʥʥʳʡ 

ʚʳʟʦʚ ʛʨʫʧʧ ʦʭʨʘʥʳ ʙʳʩʪʨʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ; 

- ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʦʙʲʝʢʪʘʤ; 

- ʦʭʨʘʥʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ.  

ʕʪʠ ʧʦʜʩʠʩʪʝʤʳ ʠʤʝʶʪ ʨʷʜ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʪʝʧʝʥʴ ʧʨʠʙʣʠʞʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʩʨʝʜʳ Yi ʢ ʍi.  

ʉʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ 

ʦʙʲʝʢʪʦʚ, ʨʘʟʣʠʯʠʝ ʚ ʧʘʨʘʤʝʪʨʘʭ ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʨʝʭ 

ʢʘʪʝʛʦʨʠʷʭ çʟʚʝʟʜʥʦʩʪʴè ʠ çʦʧʘʩʥʦʩʪʴè, ʠ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʝʜʚʠʞʠʤʦʩʪʠ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʪʝʣʠ çʟʚʝʟʜʥʦʩʪʠè ʙʫ-

ʜʫʪ ʩʦʦʪʥʦʩʠʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

)( 111 XYfh =    (3) 

 

ʏʘʩʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʧʘʩʥʦʩʪʠ, ʙʫʜʝʪ ʦʪʨʘ-

ʞʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

                                                           
4 ɼʘʣʝʝ ï çʆʇɹè ʠʣʠ çQè. 

 

)( 222 XYfh =    (4) 

 

ʏʘʩʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʦʙʲʝʢ-

ʪʘʤ ʥʝʜʚʠʞʠʤʦʩʪʠ: 

)( 333 XYfh =    (5) 

 

ʆʧʠʩʘʥʥʳʝ ʥʘʤʠ ʯʘʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʫʜʫʪ ʟʘ-

ʚʠʩʠʤʳ ʦʪ ʚʨʝʤʝʥʠ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʠʟʚʝʩʪʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧ-

ʧʘʨʘʪʦʤ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʟʨʘʟʤʝʨʥʳʭ ʚʝʣʠʯʠʥ ʧʨʠʚʝ-

ʜʝʤ ʠʭ ʢ ʚʠʜʫ, ʪʦ ʝʩʪʴ ʯʘʩʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʟʚʝʟʜʥʦ-

ʩʪʠ ʛʦʩʪʠʥʠʮʳ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

 

1

11
1 )()(

)(
i

ii
i

mX

tYtX
th

-
=   (6) 

ʛʜʝ, )(1 tXi  - ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʧʦ ʤʦʱʥʦʩʪʠ; 

)(1 tYi  - ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʤʦʱʥʦʩʪʠ ʦʧʘʩʥʦʛʦ ʠʣʠ ʚʨʝʜʥʦʛʦ ʬʘʢʪʦʨʘ; 
1

imX  - ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʟʘʱʠʪʳ ʦʪ ʤʦʱʥʦʩʪʠ. 

ʏʘʩʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, ʙʫ-

ʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

2

22
2 )()(

)(
i

ii
i

mX

tYtX
th

-
=   (7) 

ʛʜʝ, )(2 tX i  - ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʧʦ ʤʦʱʥʦʩʪʠ; 

)(2 tYi  - ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʤʦʱʥʦʩʪʠ ʦʧʘʩʥʦʛʦ ʠʣʠ ʚʨʝʜʥʦʛʦ ʬʘʢʪʦʨʘ; 
2

imX  - ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʟʘʱʠʪʳ ʦʪ ʤʦʱʥʦʩʪʠ. 

ʏʘʩʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʟʜʘʥʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

 

3

33
3 )()(

)(
i

ii
i

mX

tYtX
th

-
=   (8) 

ʛʜʝ, )(3 tX i  - ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʧʦ ʤʦʱʥʦʩʪʠ; 

)(3 tYi  - ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʤʦʱʥʦʩʪʠ ʦʧʘʩʥʦʛʦ ʠʣʠ ʚʨʝʜʥʦʛʦ ʬʘʢʪʦʨʘ; 
3

imX  - ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʟʘʱʠʪʳ ʦʪ ʤʦʱʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ Lj, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ ʦʪ 

ʦʧʘʩʥʦʛʦ ʬʘʢʪʦʨʘ, ʧʝʨʝʡʜʝʤ ʢ ʤʝʪʨʠʯʝʩʢʦʤʫ ʪʝʥ-

ʟʦʨʫ ʪʠʧʘ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʙʦʙ-

ʱʝʥʥʫʶ ʬʫʥʢʮʠʶ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʘ-

ʨʘʤʝʪʨʦʚ, ʧʫʩʪʴ ʦʥʘ ʙʫʜʝʪ Z(h). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʧʨʦʠʟ-

ʚʝʜʝʥʠʝ ʤʝʪʨʠʢ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘ-

ʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʠʥʠ-ʦʪʝʣʝʡ ʙʫ-

ʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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ʧʨʠ ʫʩʣʦʚʠʠ, Z(h)>0, ʚʦʟʨʘʩʪʝʪ ʜʦ Ð ʧʨʠ YŸX; 

ʝʩʣʠ ʦʜʠʥ ʢʨʠʪʝʨʠʡ YŸX, ʪʦʛʜʘ Z(h)ŸÐ; ʙʦʣʝʝ 

ʚʝʩʦʤʳʡ ʢʦʤʧʦʥʝʥʪ, ʚʭʦʜʷʱʠʡ ʚ Z, ʩʠʣʴʥʝʝ ʚʣʠʷʝʪ 

ʥʘ ʚʝʣʠʯʠʥʫ Z(h); 

q=İ - ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ 2 ʠ 3; 

k ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʟʘʱʠʪʳ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʙʫʜʝʪ 

ʩʣʝʜʫʶʱʝʡ: ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʠʥʠ-ʦʪʝʣʝʡ ʦʙʣʘʜʘʝʪ 

ʩʚʦʡʩʪʚʦʤ, YiŸXi, ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʢ ʥʫʣʶ ʧʦʨʷʜʦʢ 

ʯʠʩʣʠʪʝʣʷ ʥʠʞʝ, ʯʝʤ ʧʦʨʷʜʦʢ ʟʥʘʤʝʥʘʪʝʣʷ. 

Z(h)ŸÐ, ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʷ, ʪʦ kŸ0, ʩʢʦ-

ʨʦʩʪʴ ʙʫʜʝʪ ʚ ʚʠʜʝ (1/k)1/k-1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ, 
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tL (12) 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʨʘʥʝʝ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʚʣʠ-

ʷʶʱʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʲʝʢʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʜʦ-

ʧʦʣʥʠʪʴ ʚʥʫʪʨʝʥʥʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʬʘʢʪʦ-

ʨʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚʝʢʪʦʨʥʳʤ ʚʳʨʘʞʝʥʠʝʤ: 

 

njGG j ,1, ==   (13) 

 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʝʪʨʠʯʝʩʢʠʡ ʪʝʥʟʦʨ: 

2
1

2

1

),(
îý

î
ü
û

îí

î
ì
ë

-=ä
=

k

i

ii YXYXZ  (14) 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, n ʬʘʢʪʦʨʦʚ, ʚʣʠʷ-

ʶʱʠʭ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʤʦʛʫʪ ʠʤʝʪʴ ʦʙʦʙʱʝʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʥʝ ʚʚʦʜʷ ʤʘʪʨʠʮʫ ʯʘʩʪ-

ʥʳʭ ʬʘʢʪʦʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʠʥʠ-ʦʪʝʣʝʡ, ʤʦʞʥʦ 

ʧʨʠʡʪʠ ʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʚʳʚʦʜʘʤ, ʯʪʦ ʝʩʣʠ 

ʭʦʪʴ ʦʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʩʠʩʪʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʧʦ ʬʘʢʪʦʨʫ ʙʫʜʝʪ ʦʪʩʫʪ-

ʩʪʚʦʚʘʪʴ, ʪʦ ʠ ʚʩʷ ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʘʪʴ 

ʥʝ ʙʫʜʝʪ. 
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ɻʘʚʨʠʣʦʚ ɼʤʠʪʨʠʡ ɸʣʝʢʩʝʝʚʠʯ 

ʤʘʛʠʩʪʨʘʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

çʄʦʩʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠè. 

 

ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʉʊʈʋʂʎʀʀ ɸʅʊɽʅʅʆɻʆ ʄʆɼʋʃʗ 
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DEVELOPMENT OF AN ANTENNA MODULE DESIGN  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʨʘʟʨʘʙʦʪʦʢ ʢʦʥʩʪʨʫʢʮʠʠ ʘʥʪʝʥʥʦʛʦ ʤʦʜʫʣʷ. ɸʥʪʝʥʥʳʡ ʤʦʜʫʣʴ ʷʚʣʷʝʪʩʷ 

ʙʘʟʦʚʦʡ ʝʜʠʥʠʮʝʡ ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʣʫʯʰʠʪʴ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ 

ʩʙʦʨʢʠ, ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. ʊʘʢʞʝ ʨʘʩʢʨʳʪʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʝʦʨʘʜʠʦʣʦʢʘʪʦʨʦʚ ʚ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. 

Abstract. 

The article presents an overview of the design of the antenna module. Antenna module is the basic unit of 

building complex antenna arrays, which allows to improve the manufacturability of the assembly, to improve the 

accuracy and density of placement of sonar sensors. Also disclosed are the features of the use of weather radars 

in the radar system. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʝʥʥʳʡ ʤʦʜʫʣʴ, ʨʘʜʠʦʣʦʢʘʪʦʨ, ʤʝʪʝʦʨʘʜʠʦʣʦʢʘʪʦʨ. 

Keywords: antenna module, radar, weather radar 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʥʪʝʥʥʳʭ ʤʦʜʫʣʝʡ ʦʩʦʙʦ ʘʢʪʫ-

ʘʣʴʥʳ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʛʠʜ-

ʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ ʚʳ-

ʟʚʘʥʦ ʚʦʟʨʘʩʪʘʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʜʘʣʴʥʦʩʪʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʣʦʢʘʣʴʥʦʛʦ ʰʫʤʘ ʛʠʜʨʦ-

ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙ-

ʥʘʨʫʞʝʥʠʷ ʩʣʘʙʳʭ ʣʦʢʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʠʤʝʶʱʠʭ 

ʥʠʟʢʦʝ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʧʦʤʝʭʘ, ʣʠʙʦ ʟʘʪʝʥʝʥʥʳʭ 

ʩʠʣʴʥʳʤʠ ʣʦʢʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ.  

ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʝ ʘʥ-

ʪʝʥʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʩʪʴʶ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʤʦʱʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʨʘʙʦʪʢʠ ʧʝʨ-

ʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʢʣʘʜʳ-

ʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʘʝʤʳʭ ʦʪ ʘʥʪʝʥʥʳʭ ʤʦʜʫʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʠ-

ʥʠʤʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʧʘʨʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʠʛ-

ʥʘʣʘ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʙʦʚʘʥʠʡ ʤʠʥʠ-

ʤʠʟʘʮʠʠ ʧʝʨʝʠʟʣʫʯʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ, 

ʧʘʜʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʩʠʪʝʣʷ ʘʥʪʝʥʥʳ, ʜʘʥ-

ʥʳʡ ʚʦʧʨʦʩ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘ-

ʥʠʠ ʤʦʜʫʣʝʡ, ʪ.ʢ. ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ ʠʤʠ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʜʣʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʘʥʪʝʥʥ ʚʳ-

ʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʚʝʣʠʯʠʥ.  

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʠ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʘʥʪʝʥʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʩʩʠʚʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʘʥ-

ʪʝʥʥʳʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚ-

ʥʫʶ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢ-

ʩʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝ-

ʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʨʘʜʠʦʣʦʢʘʪʦʨʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʝʪʝʦʨʦʣʦʛʠʠ (ʚʢʣʶʯʘʷ 

ʘʚʠʘʮʠʦʥʥʫʶ), ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ, ʵʢʦʣʦʛʠʠ, ʚ 

ʩʣʫʞʙʝ ʰʪʦʨʤʦʦʧʦʚʝʱʝʥʠʷ, ʛʠʜʨʦʣʦʛʠʠ. ɺʝʣʠʢʘ ʝʝ 

ʨʦʣʴ ʠ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝʤ ʨʘʜʠʦʚʦʣʥ ʠ ʨʘʜʠʦʩʚʷʟʠ. 

ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʨʘʙʦʪʳ ʧʦ ʨʘ-

ʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʤʝʪʝʦʨʦʣʦʛʠʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʘʩʯʝʪʦʚ ʧʦʧʝʨʝʯʥʠʢʦʚ ʨʘʩʩʝʷʥʠʷ ʠ ʦʩʣʘʙʣʝʥʠʷ ʦʙ-

ʣʘʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʠ ʦʩʘʜʢʘʤʠ ʚ ʚʠʜʝ ʜʦʞʜʷ ʠ 

ʛʨʘʜʘ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦ-

ʥʠʢʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ ʩʨʝʜʩʪʚʘʤʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘ-

ʮʠʠ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʘʢʪʫʘʣʴʥʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʦʙʱʝʩʪʚʘ ʢ ʦʙʲʝʤʫ ʠ ʢʘʯʝʩʪʚʫ ʧʦʣʫʯʘʝ-

ʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ, ʢʘʢ ʩʧʝʮʠʘʣʴʥʦʛʦ, ʪʘʢ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘ-

ʯʝʥʠʷ.  

ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʚ ʨʘʜʠʦʣʦʢʘʪʦʨʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʝʪʝʦ-

ʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ, ʧʦʟʚʦ-

ʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʘʜʠʦʣʦʢʘ-

ʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩ ʢʦʥʢʫʨʝʥʪʥʳʤʠ ʪʘʢʪʠʢʦ-ʪʝʭʥʠ-

ʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʬʫʥʢʮʠʷʤʠ ʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦ-

ʩʬʝʨʳ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ ʟʦʥʜʠʨʦʚʘʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʚʩʝʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʩʪʘʥʮʠʡ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʨʘʞʝʥʠʷ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʦʙʲʝʢʪʘʤʠ ʥʘʙʣʶʜʝʥʠʷ. ʊʘʢʦʝ 

ʷʚʣʝʥʠʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʨʘʜʠʦʵʭʦ, ʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 
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ʝʛʦ ʦʙʥʘʨʫʞʠʚʘʪʴ, ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʞʜʦʛʦ ʄʈʃ 

ʦʙʷʟʘʪʝʣʴʥʦ ʠʤʝʶʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʝ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢ ʠ ʚʳʩʦʢʦʯʫʚʩʪʚʠ-

ʪʝʣʴʥʳʡ ʨʘʜʠʦʧʨʠʝʤʥʠʢ. 

ʄʝʪʝʦʨʘʜʠʦʣʦʢʘʪʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʘʢʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʦʟʦʚʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʟʦʥ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ.  

ɺ ʨʷʜʫ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ 

ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʩʣʝʜʫʶʱʠʝ: ʙʦʣʴʰʘʷ ʠʥʝʨʮʠʦʥ-

ʥʦʩʪʴ; ʩʪʨʦʛʠʝ ʜʦʧʫʩʢʘ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʩʦ-

ʢʠʝ ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʪʦʯʥʦʩʪʴ ʩʦʧʨʦʚʦʞʜʝ-

ʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʜʘʣʴʥʦʩʪʠ, 

ʦʩʦʙʝʥʥʦ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʮʝʣʝʡ ʥʘ ʤʘʣʳʭ ʜʘʣʴʥʦ-

ʩʪʷʭ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʜʠʦʣʦʢʘ-

ʪʦʨʦʚ ʚ ʩʝʪʴ ʧʦʟʚʦʣʷʝʪ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʢʦʤʧʝʥ-

ʩʠʨʦʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ 

ʤʝʪʝʦʥʘʙʣʶʜʝʥʠʡ: ʦʩʣʘʙʣʝʥʠʝ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʚ 

ʦʩʘʜʢʘʭ, ʙʣʦʢʠʨʦʚʢʘ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʝʩʪʝʩʪʚʝʥ-

ʥʳʤʠ (ʨʝʣʴʝʬ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ) ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ 

(ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ) ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʚ ʦʪʜʝʣʴʥʳʭ 

ʩʝʢʪʦʨʘʭ, ʘʟʠʤʫʪʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩ ʧʦʤʝʭʘʤʠ, 

ʩʥʠʞʝʥʠʝ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʜʠʦʣʦʢʘ-

ʪʦʨʘ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʣʫʯʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʳʩʦʪʳ 

ʣʫʯʘ ʟʘ ʩʯʝʪ ʢʨʠʚʠʟʥʳ ɿʝʤʣʠ ʥʘ ʙʦʣʴʰʠʭ ʜʘʣʴʥʦ-

ʩʪʷʭ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʦʪʨʘʞʝʥʥʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ, ʧʦʟʚʦʣʷ-

ʶʱʠʭ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ 

ʩʢʦʨʦʩʪʴ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷ-

ʥʠʝ ʜʦ ʵʪʦʡ ʮʝʣʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʨʘʜʠʦʣʦʢʘ-

ʪʦʨʳ ʨʝʰʘʶʪ ʪʘʢʠʝ ʚʘʞʥʳʝ ʟʘʜʘʯʠ, ʢʘʢ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʷ ʠ ʦʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʣʘʯʥʦʩʪʴʶ ʠ ʦʩʘʜʢʘʤʠ, ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʚʝʨʭʢʨʘʪʢʦʩʨʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ; ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʝʡ ʯʠʩ-

ʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ ʜʣʷ ʠʭ ʠʥʠʮʠʘʣʠ-

ʟʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ. 

 ʆʙʥʘʨʫʞʝʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʮʝʣʝʡ ʟʘʚʠ-

ʩʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʵʥʝʨʛʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛ-

ʥʘʣʘ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʚʠʜʘ ʠ ʬʦʨʤʳ. ʊʦʯʥʦʩʪʴ ʞʝ 

ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʥʠʤʘʝ-

ʤʳʭ ʩʠʛʥʘʣʦʚ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʠʭ ʵʥʝʨʛʠʠ, ʥʦ ʠ 

ʦʪ ʬʦʨʤʳ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʠ 

ʩʢʦʨʦʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʣʠ, ʠʟʣʫʯʘʝʤʳʡ ʩʠʛ-

ʥʘʣ ʜʦʣʞʝʥ ʠʤʝʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʫʶ ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ ʠ ʠʤʝʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʰʠʨʦ-

ʢʠʡ ʩʧʝʢʪʨ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʩʪʳʤʠ ʩʠʛʥʘʣʘʤʠ. 

ɸʥʪʝʥʥʳʡ ʤʦʜʫʣʴ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʘʥʪʝʥʥʳ. ʀʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘ-

ʜʠʦʪʝʭʥʠʢʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʧʨʠʝʤʦ-

ʧʝʨʝʜʘʶʱʝʡ ʘʧʧʘʨʘʪʫʨʝ ʩʚʷʟʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʚ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʝʪʝʦʣʦʢʘʪʦʨʦʚ ʜʣʷ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʜʠʦʟʦʥʜʦʚ ʠ ʤʝ-

ʪʝʦʨʦʣʠʯʝʩʢʠʭ ʨʘʢʝʪ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʤʝʪʝʦʨʦʣʦʛʠ-

ʯʝʩʢʠʝ ʨʘʜʠʦʣʦʢʘʪʦʨʳ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʩ-

ʧʦʣʴʟʫʝʤʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ. ʄʈʃ ʧʨʦʠʟʚʦʜʷʪ 

ʥʘʙʣʶʜʝʥʠʷ ʚ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʩ ʨʘʟʥʦʡ ʜʣʠʪʝʣʴʥʦ-

ʩʪʴʶ ʮʠʢʣʦʚ. ɼʣʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʠʯʥʦʝ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʦʪʣʠʯʘʶʱʝʝʩʷ ʚʳʭʦʜʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ.  

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʝʪʝʦʣʦ-

ʢʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴ-

ʥʦʤ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʠʩ-

ʧʳʪʘʥʠʡ, ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʪʦʯ-

ʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨ-

ʤʘʮʠʷ (ʢʦʦʨʜʠʥʘʪʳ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ, ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʠʭ ʜʚʠʞʝʥʠʷ ʠ ʪʠʧʘ, ʩʥʝʛ, ʜʦʞʜʴ, ʛʨʘʜ, ʛʨʦʟʘ, 

ʢʫʯʝʚʘʷ ʦʙʣʘʯʥʦʩʪʴ, ʟʦʥʳ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʠ ʧʨʦʯʝʝ). [2] 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʟʢʦ ʨʘʩʰʠʨʠʣʩʷ ʢʨʫʛ ʟʘ-

ʜʘʯ, ʢʦʪʦʨʳʡ ʧʳʪʘʶʪʩʷ ʨʝʰʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʨʘʜʠʦ-

ʣʦʢʘʮʠʠ. ʊʘʢ ʧʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʤʘʩʰʪʘʙʘ ʦʙʣʘʯʥʳʭ ʦʙʨʘʟʦʚʘ-

ʥʠʷʭ ʠ ʩʠʩʪʝʤʘʭ, ʧʦʷʚʠʣʦʩʴ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ 

ʩ ʠʟʫʯʝʥʠʝʤ çʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳè ʠ ʙʝʟʦʙʣʘʯʥʦʡ ʘʪ-

ʤʦʩʬʝʨʳ, ʥʝʜʦʩʪʫʧʥʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʧʦ-

ʤʦʱʠ ʠʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ. 

ʊʘʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ 

ʨʘʟʚʠʚʘʝʪʩʷ ʩʦʚʨʝʤʝʥʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʝʪʝʦ-

ʨʦʣʦʛʠʷ, ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʟʘ ʩʯʝʪ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝ-

ʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ, ʠʭ 

ʫʩʪʘʥʦʚʢʠ ʥʝ ʪʦʣʴʢʦ ʥʘ ɿʝʤʣʝ, ʥʦ ʠ ʥʘ ʩʘʤʦʣʝʪʘʭ, 

ʩʧʫʪʥʠʢʘʭ, ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ, ʚ ʢʦ-

ʪʦʨʦʤ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʨʘʜʠʦʣʦ-

ʢʘʪʦʨʳ. 

ʇʦʣʫʯʘʝʤʳʡ ʧʨʠ ʧʦʤʦʱʠ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ ʢʦ-

ʣʦʩʩʘʣʴʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʪʨʝʙʫʝʪ, ʜʣʷ ʝʝ ʦʙ-

ʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʫʣʴʪʨʘʩʦʚʨʝʤʝʥʥʦʡ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʤʝʪʝʦʨʦʣʦ-

ʛʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʝʸ ʵʢʩʧʨʝʩʩ ʘʥʘʣʠʟʘ ʦʩʦʙʝʥʥʦ ʚ ʦʧʝʨʘʪʠʚ-

ʥʦʡ ʨʘʙʦʪʝ, ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠ-

ʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʧʨʠʯʝʤ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝ-

ʤʝʥʠ.[1, ʩ.108] 

ɺ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʜʠʦʣʦ-

ʢʘʮʠʦʥʥʘʷ ʤʝʪʝʦʨʦʣʦʛʠʷ ʧʦʜʦʰʣʘ ʢ ʵʪʘʧʫ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʝʤʫʩʷ ʪʝʤ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʠ ʜʦʣʞʥʘ ʥʝ 

ʪʦʣʴʢʦ ʚʳʧʦʣʥʷʪʴ çʥʘʙʣʶʜʘʪʝʣʴʥʳʝè ʬʫʥʢʮʠʠ, ʥʦ 

ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʫʶ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʠ-

ʩʪʝʤʫ.  

ʀʟʤʝʨʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʢʘʟʘʥʠʝʤ ʜʦ-

ʩʪʦʚʝʨʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʝʛʦ ʠʟʤʝʨʝʥʠʷ. ʀ ʚ ʢʦʥʝʯ-

ʥʦʤ ʠʪʦʛʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʦʩʪʘʚʣʷ-

ʶʪʩʷ ʚ ʚʝʣʠʯʠʥʘʭ, ʢʦʪʦʨʳʤʠ ʦʙʳʯʥʦ ʧʦʣʴʟʫʶʪʩʷ 

ʤʝʪʝʦʨʦʣʦʛʠ ʠʣʠ ʩʧʝʮʠʘʣʠʩʪʳ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʠʟʫ-

ʯʝʥʠʝʤ ʩʪʨʦʝʥʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝ-

ʢʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʝ. 

ʉʣʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦ-

ʤʦʱʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʜʘʨʦʚ ʥʘʩʪʦʣʴʢʦ ʦʙʲ-
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ʝʤʥʘ ʠ ʥʝʦʜʥʦʟʥʘʯʥʘ, ʯʪʦ ʝʝ ʦʯʝʥʴ ʩʣʦʞʥʦ ʩʦʧʦʩʪʘ-

ʚʠʪʴ ʩ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʠ 

ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʤʦʡ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ. ʇʦ-

ʵʪʦʤʫ ʧʨʦʙʣʝʤʳ ʧʦʩʪʘʥʦʚʢʠ ʪʘʢʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʪʨʝʙʫʶʪ ʢ ʩʝʙʝ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʚ ʢʦ-

ʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʷʪ ʢ ʫʜʠʚʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘ-

ʪʘʤ. 

ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʤʝʪʦʦʙʨʘʟʦʚʘ-

ʥʠʡ ʚʦʟʤʦʞʥʘ ʥʘ ʫʜʘʣʝʥʠʷʭ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦ-

ʤʝʪʨʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʠ ʩʪʨʦʝʥʠʠ ʤʝʪʝʦʙʨʘʟʦʚʘʥʠʷ. ʇʦ-

ʜʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, 

ʚʢʣʶʯʘʷ ʤʥʦʛʦʚʦʣʥʦʚʳʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ, ʨʘ-

ʜʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʢʦʥʪʘʢʪʥʳʝ ʠʟʤʝʨʝʥʠʷ. 

ɹʣʠʞʘʡʰʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʟʘʜʘʯʠ ʦʪʝʯʝʩʪʚʝʥ-

ʥʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʩʦʩʪʦʷʪ ʚ 

ʦʩʚʦʝʥʠʠ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʠ ʧʨʦʚʝʨʝʥʥʳʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ ʤʝʪʦʜʠʢ ʦʙʥʘʨʫʞʝʥʠʷ ʦʧʘʩʥʳʭ ʷʚʣʝʥʠʡ 

ʧʨʠʨʦʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴ-

ʥʳʭ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʥʠʤʘʝ-

ʤʦʛʦ ʩʠʛʥʘʣʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʪʝʣʦʩʴ ʙʳ ʦʙʦʟʥʘʯʠʪʴ ʥʘʠʙʦ-

ʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʤʝʪʝʦʨʦ-

ʣʦʛʠʯʝʩʢʠʭ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʧʦ-

ʩʪʨʦʝʥʠʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʩʪʘʥʮʠʡ, ʦʙʣʘʜʘʶʱʠʭ 

ʭʫʜʰʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çʙʦʣʴʰʠʤʠè ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ, ʥʦ ʠ ʤʝʥʴʰʝʡ ʩʪʦʠʤʦʩʪʴʶ. ʆʩʥʦʚʥʦʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦ ʦʪ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʘʢʩʠ-

ʤʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʜʠʦʣʦʢʘʪʦʨʘ ʢ ʥʘʙʣʶʜʘʝ-

ʤʦʤʫ ʦʙʲʝʢʪʫ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʟʘʤʝʥʠʤʳʤʠ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʦʩʘʜʢʦʚ ʚ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʩ ʛʠʜʨʦʣʦʛʠʯʝ-

ʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʡʦʥʘʭ, ʘ ʪʘʢʞʝ ʚ ʛʦʨʥʦʡ ʤʝʩʪ-

ʥʦʩʪʠ, ʛʜʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʜʘʣʴʥʦʩʪʴ ʜʝʡ-

ʩʪʚʠʷ. ʉʝʡʯʘʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ, 

ʪ.ʢ. ʮʝʥʘ ʦʜʥʦʛʦ çʙʦʣʴʰʦʛʦè ʨʘʜʘʨʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʤʝʥʴʰʝ ʮʝʥʳ ʧʷʪʠ çʤʘʣʳʭè, ʩʧʦʩʦʙʥʳʭ ʝʛʦ ʧʦʣʥʦ-

ʩʪʴʶ ʟʘʤʝʥʠʪʴ. ɺʦ-ʚʪʦʨʳʭ, ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʨʘ-

ʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʟʜʝʩʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʧʘʩʩʠʚʥʦ-ʘʢʪʠʚʥʳʭ ʩʠ-

ʩʪʝʤ, ʚʢʣʶʯʘʶʱʠʭ ʨʘʜʘʨ ʠ ʉɺʏ ʨʘʜʠʦʤʝʪʨ. ʇʦ-

ʩʪʘʚʣʷʝʤʘʷ ʧʦʩʣʝʜʥʠʤ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʦʜʦʟʘʧʘʩʝ 

ʘʪʤʦʩʬʝʨʳ ʩʧʦʩʦʙʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝ-

ʩʪʚʦ ʩʚʝʨʭʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʛʨʦʟ ʠ ʛʨʘʜʘ. ɺ-

ʪʨʝʪʴʠʭ, ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʣʦʢʘ-

ʮʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʤʠʣʣʠʤʝʪʨʦʚʳʡ ʢʘʥʘʣ, ʜʣʷ ʧʦ-

ʚʳʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʩʪʨʫʢ-

ʪʫʨʳ ʦʙʣʘʢʦʚ ʠ ʦʩʘʜʢʦʚ (ʨʘʟʜʝʣʝʥʠʝ ʤʝʣʢʦʢʘʧʝʣʴ-

ʥʦʡ ʠ ʢʨʫʧʥʦʢʘʧʝʣʴʥʦʡ ʬʨʘʢʮʠʠ), ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʚʳʩʦʢʦʩʣʦʠʩʪʦʡ ʠ ʧʝʨʠ-

ʩʪʦʡ ʦʙʣʘʯʥʦʩʪʠ (ʦʩʦʙʝʥʥʦ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ). 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʬʘʟʠʨʫʝʤʳʭ 

ʨʝʰʝʪʦʢ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʪʝʤʧʳ ʦʙʟʦʨʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʪʝʤ ʧʦʚʳʩʠʪʴ ʦʧʝʨʘ-

ʪʠʚʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ.  
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THE EFFECT OF THE THERMOELECTRIC ELEMENTS ON THE  BASIS OF THE LAWS OF THE 

PELTIER -SEEBECK IN THE FAR NORTH  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʘʢʦʝ ʷʚʣʝʥʠʝ, ʢʘʢ ʵʬʬʝʢʪ ɿʝʝʙʝʢʘ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʪʦʢ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʞʝ ʧʨʦʜʝʣʘʥ ʦʙʟʦʨ ʧʦ ʚʦ-

ʧʨʦʩʘʤ ʧʨʠʤʝʥʝʥʠʷ ʵʬʬʝʢʪʘ ʇʝʣʴʪʴʝ-ɿʝʝʙʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʇʝʣʴʪʴʝ-ɿʝʝʙʝʢʘ, ʚʢʣʶʯʘʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ, ʨʘʙʦʪʘʶʱʠʡ 
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ʥʘ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʝʤ ʪʦʧʣʠʚʝ ï çʏʦʣʙʦʥ-2è. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚ ʗʢʫ-

ʪʠʠ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ʅʘʧʨʠʤʝʨ, ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʧʦ-

ʤʝʱʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 80Á ʉ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʦʙʫʩʣʦʚʣʝʥʘ, 

ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʨʫʥʪʘ ʚ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʝ ʦʩʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʠ-

ʥʘʢʦʚʦʡ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. ɿʠʤʦʡ ʛʨʫʥʪ ʟʘ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʦʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ, 

ʣʝʪʦʤ ï ʢʘʢ ʠʩʪʦʯʥʠʢ ʭʦʣʦʜʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʘʚʪʦʥʦʤʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. 

Abstract. 

The article deals with such a phenomenon as the Seebeck effect, which is that the current arising in the 

electrical circuit depends on the temperature difference. There is also a review on the application of the Peltier-

Seebeck effect in the Far North. Various devices based on the Peltier-Seebeck effect, including a thermoelectric 

generator running on a carbonaceous fuel ï "Cholbon-2", are considered. The use of thermoelectric generators 

in Yakutia has a number of advantages. For example, the temperature difference between outdoor and indoor air 

reaches 80Á C. The effectiveness of thermoelectric generators is also due to the presence of permafrost. The tem-

perature of the soil in permafrost remains relatively the same throughout the year. In winter, the soil behind the 

permafrost will be used as a source of heat, in summer ï as a source of cold. This will provide an Autonomous 

source of energy.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ɻ ʬʬʝʢʪ ʇʝʣʴʪʴʝ-ɿʝʝʙʝʢʘ, ʠʩʪʦʯʥʠʢʠ ɻ ʥʝʨʛʠʠ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʏʦ-

ʣʙʦʥ-2.  

Key words: Peltier-Seebeck effect, energy sources, thermoelectric material, Cholbon-2. 

 

ʉʫʨʦʚʳʝ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʩʜʝʨʞʠʚʘʶʪ ʨʘʟ-

ʚʠʪʠʝ ʭʦʟʷʡʩʪʚʘ ʥʘ ʉʝʚʝʨʝ ʥʘʰʝʛʦ ʢʨʘʷ. ʇʨʘʚʠʪʝʣʴ-

ʩʪʚʦ ʗʢʫʪʠʠ ʧʨʦʷʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʥʘ ʧʨʦ-

ʝʢʪʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʦʪʚʝʯʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʫʩʣʦʚʠʷʤ ʨʝʩʧʫʙʣʠʢʠ. ʊʘʢ, ʚ ʠʶʥʝ 2013 ʛʦʜʘ ʥʘ ʧʝʨ-

ʚʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʚʦʧʨʦʩʘʤ ʨʘʟ-

ʚʠʪʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ çɺʦʟʦʙʥʦʚʣʷʝ-

ʤʘʷ ʵʥʝʨʛʝʪʠʢʘ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ɼʘʣʴ-

ʥʝʛʦ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠè, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʣʘ ʚ ʛ. 

ʗʢʫʪʩʢʝ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ 

ʦʢʨʫʛ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʗʢʫʪʠʠ [1]. 

ɽ.ɸ. ɹʦʨʠʩʦʚ ʦʟʚʫʯʠʣ ʧʨʝʜʣʦʞʝʥʠʝ ʧʨʦʨʘʙʦ-

ʪʘʪʴ ʚʦʧʨʦʩ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʭʦʣʦʜʘ: 

çʄʦʷ ʤʝʯʪʘ, ʯʪʦʙʳ ʚ ʗʢʫʪʠʠ ʙʳʣ ʝʱʝ ʠ ʪʘʢʦʡ ʠʩ-

ʪʦʯʥʠʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠè [1]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʳʥʝʰʥʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦ-

ʥʝʯʥʦ ʞʝ, ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ð ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ. ɹʝʟʫʩʣʦʚʥʦ, ʛʣʘʚʥʦʝ ʫʩʣʦʚʠʝ ï ʧʦʚʳʰʝʥʠʝ 

ʦʙʲʝʤʘ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʝʛʦʜʥʷ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: ʠʩ-

ʧʦʣʴʟʫʝʤʘʷ ʵʥʝʨʛʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠ-

ʩʪʦʡ, ʠ ʦʥʘ ʥʝ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʫʛʣʝʨʦʜʘ ʚ ʩʦʝʜʠ-

ʥʝʥʠʷʭ. 

ʀ ʟʜʝʩʴ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝ-

ʩʪʚʦʤ. ʊʝʨʤʦʪʦʢ ʠʣʠ ʞʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ð ʵʪʦ 

ʧʦʣʝ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʘ ʩ ʨʘʟʥʦʩʪʴʶ ʪʝʤʧʝʨʘ-

ʪʫʨ ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʪʨʝʭ ʵʬʬʝʢʪʘʭ: 

ʵʬʬʝʢʪ ɿʝʝʙʝʢʘ, ʵʬʬʝʢʪ ʇʝʣʴʪʴʝ ʠ ʊʦʤʧʩʦʥʘ.  

ʕʬʬʝʢʪ ɿʝʝʙʝʢʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʮʝʧʠ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʨʘʟʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, 

ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʢʦʛʜʘ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ, ʪʦ ʝʩʪʴ ʵʪʦ ʥʘʟʳ-

ʚʘʝʪʩʷ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʦʡ. ɽʩʣʠ ʮʝʧʴ ʟʘ-

ʤʢʥʫʪʘ, ʪʦ ʚ ʥʝʡ ʪʝʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʧʨʠʯʝʤ 

ʠʟʤʝʥʝʥʠʝ ʟʥʘʢʘ ʫ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʩʧʘʝʚ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʨʤʦʪʦʢʘ 

[5]. ʅʘʧʨʷʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʣʦʞʝʥʥʦʡ ʨʘʟʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ: 

‌
Ὗ

ЎὝ
           ρ 

ʛʜʝ: ‌  ï ʵʪʦ ʨʘʟʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ɿʝʝʙʝʢʘ 

ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʘʤʠ ɸ ʠ ɺ; 

U ï ʥʘʧʨʷʞʝʥʠʝ ɿʝʝʙʝʢʘ; 

ЎὝ ï ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ.  

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ (ʊʕɻ) ʨʘʙʦ-

ʪʘʝʪ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ɿʝʝʙʝʢʘ, ʪʦ ʝʩʪʴ ʧʦʜʘʝʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ. ʊʕɻ ʩʦʩʪʦʠʪ 

ʠʟ ʤʥʦʞʝʩʪʚʘ ʪʝʨʤʦʧʘʨ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʪʝʨʤʠʯʝʩʢʠ ʧʘʨʘʣ-

ʣʝʣʴʥʦ. ʅʘʨʫʞʥʳʝ ʦʢʦʥʯʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ ʠ ʩʦʝʜʠʥʝʥʥʳʝ ʪʝʨʤʦʧʘʨʳ 

ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʝʡ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘ-

ʞʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʝʡ ʊʕɻ, ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ ʧʦʢʘ-

ʟʘʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʊʕɻ ʨʘʩʩʯʠʪʳ-

ʚʘʝʪʩʷ:  

ʂ˟ ˪ː

Ѝρ ὤὝ ρ

Ѝρ ὤὝ Ὕ̎̉Ⱦ̈Ὕ̜̃̒

ʂz˞ 

 

ʛʜʝ ZT ï ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ; ʂ˞ ï ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʂʘʨʥʦ. 

ὤὝ „‌ὝȾ‗ 
ʛʜʝ ů - ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʘ ɚ - ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ʀʟ (2) ʚʠʜʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʊʕɻ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʫʨʦʚʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢ 

ʠ ʦʪ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ. ʋ ʥʝʛʦ ʙʫʜʝʪ ʤʘʢʩʠʤʫʤ, 

ʢʦʛʜʘ ZT ʫʭʦʜʠʪ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ʇʦʢʘʟʘʪʝʣʴ ʢʘʯʝ-

ʩʪʚʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, 

ʘ ʠʤʝʥʥʦ ʦʪ Ŭ, ů ʠ ɚ., ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʚʦʡʩʪʚʘ ʪʝʨ-

ʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘ-

ʯʝʥʠʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʊʕɻ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʵʪʦʡ ʪʝʤʦʡ ʙʳʣʠ ʫʩʪʘʥʦʚ-

ʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʥʪʝʨʝʩʥʳʝ ʬʘʢʪʳ. ʇʦʨʪʘʪʠʚʥʳʝ 

ʪʝʧʣʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ 

ɿʝʝʙʝʢʘ-ʇʝʣʴʪʴʝ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʞʝ ʚ 40-ʝ 

ʛʦʜʳ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ. ʕʣʝʤʝʥʪ ʇʝʣʴʪʴʝ ʨʘʩʧʦʣʘ-

ʛʘʣʩʷ ʚ ʢʝʨʦʩʠʥʦʚʦʡ ʣʘʤʧʝ ʠ ʚʳʨʘʙʘʪʳʚʘʣ ʵʣʝʢʪʨʠ-

ʯʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʭʚʘʪʘʣʦ ʥʘ ʧʠʪʘʥʠʝ ʣʘʤʧʦʚʦʛʦ ʧʝ-

ʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ. ʀʥʪʝʨʝʩʝʥ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʚʦ ʚʨʝʤʷ ʚʦʡʥʳ ʚʳʧʫʩʢʘʣʩʷ ʝʱʝ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʳʡ çʧʘʨʪʠʟʘʥʩʢʠʡ ʢʦʪʝʣʦʢè. ʆʥ ʤʦʛ ʟʘʨʷʞʘʪʴ ʘʢ-

ʢʫʤʫʣʷʪʦʨ ʜʣʷ ʨʘʜʠʦʩʪʘʥʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʥʝʛʦ ʟʘ-

ʣʠʚʘʣʠ ʭʦʣʦʜʥʫʶ ʚʦʜʫ ʠʣʠ ʩʥʝʛ. ʆʪ ʭʦʣʦʜʘ ʩʥʝʛʘ 

(ʠʣʠ ʚʦʜʳ) ʠ ʪʝʧʣʘ ʦʛʥʷ ʢʦʩʪʨʘ ʚʳʨʘʙʘʪʳʚʘʣʦʩʴ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʥʝʢʦʪʦʨʳʝ ʦʭʦʪʥʠʢʠ 

ʠ ʨʳʙʘʢʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʵʪʦ ʧʨʠʝʤ. 

ʂʦʥʩʪʨʫʢʪʦʨʩʢʠʤ ʙʶʨʦ ʆɸʆ çʇʦʟʠʪè (ʇʝʪʨʦʚ 

ɺ.ɸ., ʐʘʣʘʝʚ ʅ.ɺ.) ʩʦʚʤʝʩʪʥʦ ʩ ʆʆʆ çɸʛʝʥʪʩʪʚʦ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʉʝʚʝʨʘè (ʜʠʨʝʢʪʦʨ ʅʘʭʦʜʢʠʥ 

ʅ.ɸ.) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘ-

ʪʦʨ çʏʦʣʙʦʥ-2è (ʨʠʩ. 2). ɽʛʦ ʫʥʠʢʘʣʴʥʦʩʪʴ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʧʨʠ -50 ʛʨʘʜʫ-

ʩʘʭ ʷʢʫʪʩʢʦʡ ʟʠʤʳ, ʤʦʞʥʦ ʫʞʝ ʧʦʜʯʝʨʢʥʫʪʴ ʪʘʢʠʝ 

ʜʦʩʪʦʠʥʩʪʚʘ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢʘʢ ʥʘʜʝʞʥʦʩʪʴ, ʙʝʩ-

ʰʫʤʥʦʩʪʴ, ʢʨʦʤʝ ʪʦʛʦ ʦʥʠ ʛʘʨʘʥʪʠʨʫʶʪ ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʩʨʦʢʘ ʩʣʫʞʙʳ.  
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ʈʠʩ. 2. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ çʏʦʣʙʦʥ-2è 

 

ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʪʝʨʤʦʧʘʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ [1].  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ çʏʦʣʙʦʥ-2è ʪʘʢʦʡ ʞʝ ʢʘʢ ʧʨʠ 

ʨʘʩʪʦʧʢʝ ʧʝʯʢʠ ʟʘ ʩʯʝʪ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʥʫʪʨʠ ʪʨʫʙʳ ʠ ʚ ʧʦʤʝʱʝʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʨʘʟʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʦʚ [2]. ʄʦʱʥʦʩʪʴ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝ-

ʙʦʣʴʰʘʷ, ʥʦ ʧʨʠ ʧʦʤʦʱʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ ʤʦʞʥʦ ʝʝ ʫʚʝʣʠʯʠʪʴ ʜʦ 220 ɺʪ. 

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ 

ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ-

ʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʝʜʠʥ-

ʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʝʱʝ ʪʨʠ ʙʘʟʦʚʳʭ ʚʘʨʠʘʥʪʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ: 

¶ ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ; 

¶ ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ; 

¶ ʀʟʤʝʨʠʪʝʣʝʡ ʪʝʤʧʝʨʘʪʫʨ (ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʜʦ ʪʳʩʷʯ ʛʨʘʜʫʩʦʚ ʧʦ ʂʝʣʴʚʠʥʫ) 

[4]. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʨʦʡʩʪʚʘ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʵʬ-

ʬʝʢʪʝ ɿʝʝʙʝʢʘ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩ-

ʣʷʭ ʈʉ (ʗ): 

¶ ʇʠʪʘʥʠʝ ʛʘʟʦ- ʠ ʥʝʬʪʝ- ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ɹʳʪʦʚʳʝ ʛʝʥʝʨʘʪʦʨʳ; 

¶ ʆʪʦʧʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ; 

¶ ʕʢʩʧʣʫʘʪʘʮʠʷ ʦʪʚʦʜʠʤʦʛʦ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ 
ʪʝʧʣʘ; 

¶ ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ; 

¶ ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʪʝʧʣʘ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ 
ʧʨʠʨʦʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (ʥʘʧʨʠʤʝʨ, ʛʝʦʪʝʨʤʘʣʴ-

ʥʳʤʠ ʚʦʜʘʤʠ) [3]. 

ʂ ʧʨʠʤʝʨʫ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʊʕɻ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʦʪʚʦʜʷʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʩʠʩʪʝ-

ʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ.  

ɿʥʘʷ, ʯʪʦ ʠʟ ʩʝʙʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʬʬʝʢʪ ɿʝʝʙʝʢʘ, 

ʫʯʝʥʳʝ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʘʚʪʦʥʦʤʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʪʝʧʣʠʮ, ʯʪʦ ʦʯʝʥʴ 

ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʢʦʨʦʪʢʦʛʦ ʣʝʪʘ ʚ ʗʢʫʪʠʠ.  

ʀʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʵʣʝʤʝʥʪʝ 

ʇʝʣʴʪʴʝ ʜʚʫʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʩʜʝʣʘʥʥʳʭ ʠʟ ʧʦʣʫʤʝ-

ʪʘʣʣʦʚ (ʚʠʩʤʫʪ ʠ ʩʫʨʴʤʘ) ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʤʝʪʘʣʣʦʚ. ʇʨʦʝʢʪʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨ. ʆʜʠʥ ʧʨʦʚʦʜʥʠʢ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʜʨʫʛʦʡ ʨʘʩʧʦʣʦʞʝʥ ʥʠʞʝ ʪʦʯʢʠ ʧʨʦ-

ʤʝʨʟʘʥʠʷ ʛʨʫʥʪʘ (2-2,5 ʤ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʝ ʪʦʯʢʠ ʧʨʦʤʝʨʟʘʥʠʷ ʚ ʪʝʯʝʥʠʠ 

ʛʦʜʘ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ. ʇʨʦʚʦʜʥʠʢ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦʣʞʝʥ ʙʳʪʴ ʭʦʨʦʰʦ 

ʠʟʦʣʠʨʦʚʘʥ.  

ʆʭʣʘʞʜʘʶʱʠʡ ʢʫʣʝʨ ʤʦʞʝʪ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ 

ʥʘʛʨʝʚʘʪʝʣʴ, ʘ ʭʦʣʦʜʠʣʴʥʠʢ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ 

ʬʫʥʢʮʠʶ ʪʝʧʣʦʚʦʛʦ ʰʢʘʬʘ, ʝʩʣʠ ʠʟʤʝʥʠʪʴ ʧʦʣʷʨ-

ʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʕʪʦ ʥʘʟʳʚʘʝʪʩʷ ʦʙʨʘʪʠ-

ʤʳʤ ʵʬʬʝʢʪʦʤ. ʊʦ ʝʩʪʴ ʵʪʦʪ ʧʨʠʥʮʠʧ ʤʦʞʥʦ ʧʨʠ-

ʤʝʥʷʪʴ, ʢʘʢ ʟʠʤʦʡ, ʢʦʛʜʘ ʥʘʤ ʭʦʣʦʜʥʦ ʠ ʣʝʪʦʤ, ʢʦ-

ʛʜʘ ʦʯʝʥʴ ʞʘʨʢʦ. 

ʊʘʢʦʡ ʧʨʠʥʮʠʧ ʧʨʠʤʝʥʷʶʪ ʚ ʨʝʢʫʧʝʨʘʪʦʨʘʭ. 

ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʙʦʢʩʘ ʠʟ ʜʚʫʭ ʢʘʤʝʨ. ʆʥʠ ʤʝʞʜʫ ʩʦ-

ʙʦʡ ʩʦʦʙʱʘʶʪʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ. ʕʣʝʤʝʥʪʘʤʠ ʇʝʣʴ-

ʪʴʝ ʥʘʛʨʝʚʘʶʪ ʭʦʣʦʜʥʳʡ ʚʦʟʜʫʭ, ʧʦʩʪʫʧʘʶʱʠʡ ʩʥʘ-

ʨʫʞʠ, ʩ ʧʦʤʦʱʴʶ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʠʟʚʣʝʯʝʥʘ ʠʟ 

ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ. ʊʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʵʢʦʥʦʤʠʪ ʨʘʩʭʦʜʳ ʥʘ ʦʪʦʧʣʝʥʠʝ ʧʦʤʝʱʝʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪ ʇʝʣʴʪʴʝ ð ɻ ʪʦ ʷʚʣʝʥʠʝ 

ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʝʨʤʦʧʘʨ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʨʦʚʦʜʥʠʢʦʚ (p-ʪʠʧʘ ʠ n-

ʪʠʧʘ) ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʥʠʭ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ. ʕʬʬʝʢʪ ɿʝʝʙʝʢʘ ð ʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʇʝʣʴ-

ʪʴʝ, ʢʦʛʜʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʜʥʦʡ ʠʟ ʪʝʨʤʦʧʘʨ ʦʙʨʘ-

ʟʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ.  

ʅʝʩʦʤʥʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʚʳʜʝ-

ʣʷʝʪ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʨʝʜʠ 

ʧʨʦʯʠʭ ï ʚ ʥʝʤ ʥʝʪ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ, ʧʦʵʪʦʤʫ ʚ 

ʥʝʤ ʦʪʩʫʪʩʪʚʫʝʪ ʚʠʙʨʘʮʠʷ, ʘ ʢʨʦʤʝ ʪʦʛʦ ʥʝʪ ʧʦʪʨʝʙ-

ʥʦʩʪʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʠʜʢʦʩʪʝʡ ʠʣʠ ʛʘʟʦʚ ʧʦʜ 

ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. ʅʘ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʚʣʠ-

ʷʝʪ ʥʠ ʛʨʘʚʠʪʘʮʠʷ, ʥʠ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

[1]. 

ɸʚʪʦʥʦʤʥʳʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʠ ʧʨʠʤʝʥʷʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʯʝʣʦʚʝʢʘ. ʀʭ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʦʜʥʦʛʦ 

ʤʠʣʣʠʚʘʪʪ ʜʦ ʦʜʥʦʛʦ ʢʠʣʦʚʘʪʪ. ɺʳʙʦʨ ʫʩʪʘʥʦʚʢʠ 

ʟʘʚʠʩʠʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦʩʪʠ ʠ ʢʘʢʠʤ ʤʝʪʦʜʦʤ ʥʘʜʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ 
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ʵʥʝʨʛʠʶ. ʀʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʤʦʞʝʪ 

ʙʳʪʴ ʣʶʙʘʷ ʵʥʝʨʛʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʫʛ-

ʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʨʝʩʫʨʩʦʚ [1]. 

ʉʘʤʳʤ ʟʥʘʯʠʤʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʝʨʤʦʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʨʘʚʥʳʡ 3-8 %, ʠ ʩʪʦʠʤʦʩʪʴ ʦʪʜʝʣʴ-

ʥʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. ʅʦ ʝʩʣʠ ʪʨʝʙʫ-

ʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ 

ʦʙʳʯʥʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʚʠʜʠʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʵʬʬʝʢʪʝ ʇʝʣʴʪʴʝ-ɿʝʝʙʝʢʘ ʠʤʝʝʪ ʦʯʝʥʴ 

ʚʘʞʥʫʶ ʨʦʣʴ. ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʨ-

ʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʜʝʰʝʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʞʝ 

ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʥʝ ʜʦʣʞʥʳ ʫʩʪʫʧʘʪʴ ʧʦ ʂʇɼ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʤʫ ʪʝʣʣʫʨʠʜʫ ʚʠʩʤʫʪʘ, ʢʦ-

ʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʪʝʨʤʦʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ.  

ʊʘʙʣʠʮʘ 1. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʙʳʪʫ 
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ʱʠʪʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

Abstract. 

Considered the technical and legal issues of using automatic means of locating vehicles, the use of object 

tracking systems, including those equipped with GPS navigation, complicates the implementation of legal require-

ments for the protection of confidential information. 
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ʉʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʢʦʥʪʨʦʣʴ ʟʘ ʜʚʠʞʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʩʪʘ-

ʥʦʚʷʪʩʷ ʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ [15, 26]. ɺ ʥʘʯʘʣʝ ʩʚʦʝʛʦ ʨʘʟʚʠ-

ʪʠʷ ʦʥʠ ʙʳʣʠ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ ʩʧʝʮʠʘʣʴʥʳʭ ʩʣʫʞʙ ʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤ-

ʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʜʦʩʪʘʚʢʫ 

ʦʩʦʙʦ ʮʝʥʥʳʭ ʛʨʫʟʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʣʠʟʘ-

ʮʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʛʨʘʞʜʘʥʩʢʠʭ ʮʝʣʝʡ ʠ 

ʩʥʠʞʝʥʠʝ ʮʝʥʳ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʫʩʦʚʝʨʰʝʥ-

                                                           
5 ʀʚʘʥʦʚ ɸ.ɺ., ʀʚʘʥʦʚʘ ʅ.ɸ. ʅʘʚʠʛʘʮʠʷ ʥʘʟʝʤʥʳʭ 

ʦʙʲʝʢʪʦʚ. LAP LAMBERT Academic Publishing, 2013. 120 

ʩ. 

ʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠ-

ʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʪʨʘʥʩʧʦʨʪ-

ʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚ ʙʦʣʝʝ ʦʪʢʨʳʪʳʭ ʩʬʝʨʘʭ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʝʨʝʚʦʟʦʢ, ʨʘʙʦʪʳ ʦʙʱʝ-

ʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨʦʩʪʦ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʟʘʜʘʯ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢ-

ʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦ ʚʨʝʤʝʥʠ 

ʠ ʢʦʦʨʜʠʥʘʪʘʤ, ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 
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ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤʘʭ // ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʪʝʭʥʠʢʝ ʠ 

ʪʝʭʥʦʣʦʛʠʷʭ. ï 2014. - ˉ 4(63). ï ʉ.167-169. 
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ʤʘʨʰʨʫʪʘ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝ-

ʮʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʜʚʠ-

ʞʫʱʠʭʩʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦ-

ʯʝʢ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʣʠʯʠʷ ʚ ʣʦʛʠʢʝ ʩʙʦʨʘ ʠ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʚʩʝ ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ 

ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʦʙʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʧʦʪʨʝʙʠ-

ʪʝʣʷ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʝʛʦ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ, ʧʨʦʜʫʢʪʠʚʥʫʶ ʟʦʥʫ ʨʘʙʦʪʳ 

ʧʦ ʩʠʩʪʝʤʘʤ, ʪʦʯʥʳʝ ʪʠʧʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʘ, ʯʘʩʪʦʪʫ ʦʪʯʝʪʘ ʦʙʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʜʚʠʞʫʱʝʤʩʷ ʦʙʲʝʢʪʝ. 

ʇʨʠ ʦʪʢʨʳʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ 

ʦʙʲʝʢʪʦʚ ʧʦʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʭ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ, ʯʘʩʪʥʳʭ ʦʭʨʘʥ-

ʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʩʣʫʞʙ ʧʨʝʜʧʨʠʷʪʠʡ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʚ ʯʘʩʪʠ, ʧʦ ʙʦʨʴʙʝ 

ʩ ʥʝʟʘʢʦʥʥʳʤ ʩʣʝʞʝʥʠʝʤ ʟʘ ʘʚʪʦʤʦʙʠʣʷʤʠ, ʧʝʨʝ-

ʜʚʠʞʝʥʠʝʤ ʮʝʥʥʳʭ ʪʦʚʘʨʦʚ, ʬʘʢʪʠʯʝʩʢʠ ʩ ʧʨʝʩʝʯʝ-

ʥʠʝʤ ʚʪʦʨʞʝʥʠʷ ʚ ʯʘʩʪʥʫʶ ʞʠʟʥʴ, ʧʦʧʳʪʢʘʤʠ ʥʝʟʘ-

ʢʦʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʜʦʣʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʪʨʦʣʷ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʮʝʥʥʳʭ ʛʨʫʟʦʚ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʜʚʠʞʫʱʝ-

ʛʦʩʷ ʦʙʲʝʢʪʘ ʚ ʛʦʨʦʜʝ ʩʦʟʜʘʝʪʩʷ ʩʝʪʴ ʢʦʥʪʨʦʣʴʥʳʭ 

ʟʦʥ. ʕʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʥʘ ʩʪʘʜʠʠ ʫʩʪʘʥʦʚ-

ʣʝʥʠʷ ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ 

ʢʦʥʪʨʦʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʩ ʠʟʚʝʩʪʥʳʤ ʤʝʩʪʦʧʦʣʦʞʝ-

ʥʠʝʤ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚ ʩʠ-

ʩʪʝʤʝ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʪʦ-

ʯʝʢ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʳʭ ʦʙʲʝʢʪ ʧʝʨʝʤʝʱʘʝʪʩʷ. 

ʀʥʬʦʨʤʘʮʠʷ ʦʪ ʢʘʞʜʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ ʧʝʨʝʜʘ-

ʝʪʩʷ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʥʘ ʧʨʠʝʤʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʦʝ ʜʘʣʝʝ ʧʝʨʝʜʘʝʪ 

ʵʪʠ ʩʚʝʜʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʢʦʜ ʢʦʥʪʨʦʣʴ-

ʥʦʡ ʪʦʯʢʠ ʯʝʨʝʟ ʧʦʜʩʠʩʪʝʤʫ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 

ʧʦʜʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ɹʝʟʫʩʣʦʚʥʦ, ʜʣʷ ʩʠʩʪʝʤ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ ʪʝʨ-

ʨʠʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʠ ʯʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ 

ʜʘʥʥʳʭ ʟʘʚʠʩʷʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʩʠʩʪʝʤʳ. ʄʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʳʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʩʚʷʟʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥ-

ʥʳʭ ʦʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʪʦʯʝʢ ʢ ʮʝʥ-

ʪʨʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠ-

ʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʩʯʠʪʳʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʢʦʪʦʨʦʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʦ ʚʩʝʭ ʢʦʥʪʨʦʣʴʥʳʭ 

ʪʦʯʢʘʭ.  

ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦ-

ʧʦʣʦʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʶʪ ʨʝ-

ʰʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

- ʧʦʣʫʯʝʥʠʝ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

                                                           
7 ʀʚʘʥʦʚ, ɸ. ɺ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 
ʦʙʲʝʢʪʘ ʚ ʩʝʪʷʭ GSM ʠ UMTS ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʦʪ ʙʘʟʦʚʳʭ 

- ʦʧʪʠʤʠʟʘʮʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʠʩʧʝʪʯʝʨʩʢʠʭ 

ʩʣʫʞʙ; 

- ʚʠʟʫʘʣʴʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʤʝʩʪʥʦʩʪʠ ʩ ʫʢʘʟʘ-

ʥʠʝʤ ʤʘʨʢʝʨʦʚ ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ;  

- ʨʝʘʣʠʟʘʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʣʫ-

ʯʘʡʥʳʭ ʦʩʪʘʥʦʚʦʢ ʠʣʠ ʚʥʝʧʣʘʥʦʚʦʛʦ ʥʘʨʫʰʝʥʠʷ 

ʪʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʠʩʢʠ ʥʝʮʝʣʝʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʣʠ ʫʛʦʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ; 

- ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʧʝ-

ʨʘʪʠʚʥʦʡ ʧʦʤʦʱʠ ʚʦʜʠʪʝʣʷʤ ʚ ʵʢʩʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ;  

- ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦ-

ʠʩʢʘ ʚ ʥʫʞʥʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʣʠ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ;  

- ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʨʝʘ-

ʣʠʟʫʶʱʝʡ ʧʨʠʥʮʠʧ çʪʨʝʚʦʞʥʦʡ ʢʥʦʧʢʠè, ʜʣʷ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʛʦ ʩʦʦʙʱʝʥʠʷ ʩʠʛʥʘʣʘ ʦ ʧʨʦʠʩʰʝʩʪʚʠʠ ʠ 

ʝʛʦ ʢʦʦʨʜʠʥʘʪ ʚ ʵʢʩʪʨʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ; 

- ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʦʧʪʠ-

ʤʠʟʠʨʫʶʱʝʡ ʣʦʛʠʩʪʠʢʫ ʧʝʨʝʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʥʠʞʘʶʱʝʡ ʬʘʢʪʠʯʝʩʢʠʝ ʨʘʩʭʦʜʳ 

ʚʣʘʜʝʣʴʮʝʚ; 

- ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʝʨʝʚʦʟʦʢ 

ʟʘ ʩʯʝʪ ʢʦʥʪʨʦʣʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʙʝʛʘ; 

- ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʥ-

ʪʨʦʣʠʨʫʶʱʝʡ ʥʝʦʙʭʦʜʠʤʳʝ ʩʨʦʢʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦʙ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɼʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʩʠʩʪʝʤʳ ʩʣʝʞʝ-

ʥʠʷ ʟʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ [37]. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʵʪʠʭ ʩʠʩʪʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ. ɹʦʨʪʦʚʘʷ ʩʠʩʪʝʤʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜ-

ʩʪʚʘ ʩʦʩʪʦʠʪ ʠʟ ʧʨʠʝʤʥʠʢʘ GPS ʩ ʫʜʘʣʝʥʥʦʡ ʘʥʪʝʥ-

ʥʦʡ, ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ (ʢʦʥʪʨʦʣʣʝʨʘ), ʠʥʪʝʨʬʝʡʩʘ 

(ʤʦʜʝʤʘ) ʠ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ (ʧʝʨʝʜʘʪʯʠʢʘ). GPS-

ʧʨʠʝʤʥʠʢ ʟʘʧʠʩʳʚʘʝʪ ʩʠʛʥʘʣʳ ʩʧʫʪʥʠʢʦʚ ʠ ʨʘʩʩʯʠ-

ʪʳʚʘʝʪ ʢʦʦʨʜʠʥʘʪʳ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. 

ʂʦʥʪʨʦʣʣʝʨ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ ʦʪʧʨʘʚʣʷʝʪ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʬʝʡʩʘ (ʤʦ-

ʜʝʤʘ) ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʧʝʨʝʜʘʪʯʠʢ, ʢʦʪʦʨʳʡ ʜʘ-

ʣʝʝ ʦʪʧʨʘʚʣʷʝʪ ʩʠʛʥʘʣʳ ʯʝʨʝʟ ʩʝʪʴ ʧʦʚʪʦʨʠʪʝʣʝʡ 

ʜʣʷ ʫʩʠʣʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʨʠʝʤʥʠʢ ʠ ʧʝʨ-

ʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʧʫʥʢʪʘ. 

ʅʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʜʠʩ-

ʧʝʪʯʝʨʫ ʚʠʜʝʪʴ ʪʝʢʫʱʝʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʢʦʥʢʨʝʪ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʢʘʨʪʝ, ʧʦʣʫʯʘʪʴ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʜʘʪʯʠʢʦʚ, ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʭ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ (ʜʚʠʛʘʪʝʣʴ 

ʚʢʣʶʯʝʥ ʠʣʠ ʚʳʢʣʶʯʝʥ, ʜʚʝʨʠ ʟʘʢʨʳʪʳ ʠ ʪ. ʜ.) ʠ 

ʜʘʞʝ ʦʪʧʨʘʚʣʷʪʴ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘʤʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʥʘʧʨʠ-

ʤʝʨ, ʦʩʪʘʥʦʚʠʪʴ ʜʚʠʛʘʪʝʣʴ, ʟʘʢʨʳʪʴ ʜʚʝʨʥʳʝ ʟʘʤʢʠ 

ʠʣʠ ʚʢʣʶʯʠʪʴ ʩʠʨʝʥʫ. 

ʩʪʘʥʮʠʡ / ɸ. ɺ. ʀʚʘʥʦʚ, ɼ. ɺ. ʂʦʤʨʘʢʦʚ // ʈʘʜʠʦʪʝʭʥʠʢʘ. 
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ʇʝʨʝʭʦʜʷ ʦʪ ʪʝʭʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʜʘʥʥʦʛʦ ʚʦ-

ʧʨʦʩʘ ʢ ʶʨʠʜʠʯʝʩʢʦʡ, ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʘʡʥʘ 

ʣʠʯʥʦʡ ʞʠʟʥʠ ʛʘʨʘʥʪʠʨʦʚʘʥʘ ʚʩʝʤ ʛʨʘʞʜʘʥʘʤ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʝʡʩʪʚʫʶʱʝʡ ʂʦʥʩʪʠʪʫʮʠʠ 

ʈʌ, ʧʦʩʷʛʘʪʝʣʴʩʪʚʦ ʥʘ ʥʝʸ ʟʘʧʨʝʱʝʥʦ ʟʘʢʦʥʦʤ, ʠʩ-

ʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʧʨʘ-

ʚʦʦʭʨʘʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʳ, ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʨʝʘʛʠ-

ʨʫʶʱʠʝ ʥʘ ʚʳʷʚʣʝʥʥʳʝ ʧʨʦʪʠʚʦʧʨʘʚʥʳʝ ʧʦʩʷʛʘ-

ʪʝʣʴʩʪʚʘ. 

ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʫʩʠʣʠʷ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʫʢʨʝʧʣʝʥʠʝ ʧʨʘʚʦʚʦʛʦ ʠʥʩʪʠ-

ʪʫʪʘ ʧʦ ʟʘʱʠʪʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʫʩʣʦʞʥʷʝʪ ʚʳʧʦʣʥʝʥʠʝ 

ʟʘʜʘʯ ʧʦ ʟʘʱʠʪʝ ʧʨʘʚ ʛʨʘʞʜʘʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʚʠʞʫʱʠʭʩʷ 

ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʥʘʙʞʝʥʥʳʭ GPS-

ʥʘʚʠʛʘʮʠʝʡ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʘʩʪʦʨʘʞʠʚʘʝʪ ʠ ʦʛʨʘʥʠ-

ʯʠʚʘʝʪ ʞʠʟʥʴ ʛʨʘʞʜʘʥ, ʚ ʯʘʩʪʠ ʟʘʱʠʪʳ çʪʘʡʥʳ ʣʠʯ-

ʥʦʡ ʞʠʟʥʠè. ʉʧʝʮʠʘʣʠʩʪʳ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʭʦʜʷʪʩʷ ʥʘ 

ʤʳʩʣʠ ʦ ʪʦʤ, ʯʪʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʥʘʭʦʜʠʪ ʩʝʙʝ ʜʚʦʡ-

ʥʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʪʘʢ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʥʝʸ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ, 

ʩʥʘʙʞʝʥʥʦʛʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʥʦ ʠ ʝʛʦ 

ʚʣʘʜʝʣʴʮʘ, ʘ ʵʪʦ ʢʘʢ ʨʘʟ ʠ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʤ ʚʪʦʨʞʝ-

ʥʠʷ ʚ ʣʠʯʥʫʶ ʞʠʟʥʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪʩʷ 

ʙʣʘʛʦʜʘʨʷ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʝʨʝʜʘʶʱʠʭ ʩʠʛʥʘʣ ʧʦ ʩʦʪʦʚʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʟʘ 

ʩʯʠʪʘʥʥʳʝ ʩʝʢʫʥʜʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝ-

ʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ, ʧʨʠʤʝʥʷʷ ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʰʘʥʩʳ ʦʩʪʘʪʴʩʷ ʥʝ-

ʟʘʤʝʯʝʥʥʳʤ. ʂ ʪʘʢʠʤ ʩʧʦʩʦʙʘʤ ʦʪʥʦʩʷʪʩʷ: ʦʪʢʘʟ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ GPS-ʫʩʪʨʦʡʩʪʚ, ʧʝʨʝʜʘ-

ʶʱʠʭ ʩʠʛʥʘʣ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʦʙʲʝʢʪʘ ʥʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʠʝ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦ-

ʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ ʘʚ-

ʪʦʤʦʙʠʣʷ, ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʠʪ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʝ-

ʙʳʚʘʥʠʝ ʥʘ ʫʯʘʩʪʢʘʭ ʤʝʩʪʥʦʩʪʠ ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝ-

ʬʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʧʝʨʝʜʘʯʘ ʠ ʧʨʠʝʤ ʜʘʥʥʳʭ 

ʫʩʣʦʞʥʝʥʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʥʝʜʦʩʪʘʪʢʠ ʩʠʩʪʝʤ ʦʪʩʣʝʞʠʚʘ-

ʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʯʘʩʪʠ ʥʘʨʫʰʝʥʠʷ 

ʪʘʡʥʳ ʣʠʯʥʦʡ ʞʠʟʥʠ, ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʪʦʨʦʥ ʫ ʵʪʦʡ 

ʩʠʩʪʝʤʳ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʢʦʪʦʨʳʝ ʛʘʨʘʥʪʠʨʫʶʪ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʥʝʟʥʘʢʦ-

ʤʳʤ ʫʯʘʩʪʢʘʤ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʝʜʫʧʨʝʞʜʘʷ ʦ ʚʦʟ-

ʤʦʞʥʳʭ ʦʧʘʩʥʦʩʪʷʭ ʥʘ ʜʦʨʦʛʝ ʠ ʧʝʨʝʜʘʚʘʷ ʩʠʛʥʘʣ ʦ 

ʪʝʢʫʱʝʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʤʦʞʝʪ ʠʤʝʪʴ ʢʣʶʯʝ-

ʚʫʶ ʨʦʣʴ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡ ʠ ʫʛʦʥʦʚ 

ʪʨʘʥʩʧʦʨʪʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʝʨʘʟʫʤʥʦ ʧʨʠ ʦʪʩʫʪ-

ʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʥʝʙʨʝʛʘʪʴ ʵʪʦʡ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʩʠʩʪʝʤʦʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʝʝ ʧʦʣʴʟʦʚʘʪʝ-

ʣʷʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʜʚʠ-

ʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 
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ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʨʝʡʤʚʦʨʢʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘ-

ʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʧʣʘʪʬʦʨʤʳ iOS. ʈʘʟʨʘʙʦʪʘʣ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʢ 

ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Swift. ɺ ʦʮʝʥʢʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʦʧʨʦʙʦʚʘʥʳ ʧʦʜʭʦʜʳ. ʆʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝ-

ʜʦʩʪʘʪʢʠ ʩʦʟʜʘʚʘʝʤʳʭ ʨʝʰʝʥʠʡ. 

Abstract. 

This work is devoted to the development of software for the iOS platform using Swift language. The aim is to 

demonstrate the main features of Swift programming language based on the examples of mobile applications. The 

paper describes the main tools for developing mobile software, conduct analysis and determine the best way to 

accomplish the task. Based on an analysis of existing frameworks was carried out inspection of the main applica-

tion development technologies for iOS platform. Developed mobile applications on the basis of the research as an 

example of using Swift. The estimation used and tested approaches. The main advantages and disadvantages cre-

ated solutions. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʨʝʡʤʚʦʨʢ, ʤʦʙʠʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ iOS, ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ, ʘʨʭʠʪʝʢʪʫʨʘ 

ʧʣʘʪʬʦʨʤʳ, ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʨʘʙʦʪʢʠ.  

Keywords: Framework, iOS mobile platform, development technology, platform architecture, mobile appli-

cation, development tools. 

 

ʅʦʚʳʝ ʩʨʝʜʩʪʚʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ - ʦʩʥʦʚʘ ʦʩʥʦʚ ʢʦʤʧʴʶʪʝʨ-

ʥʦʡ ʪʝʭʥʠʢʠ. ʂʦʨʧʦʨʘʮʠʷ Apple ʜʘʚʥʦ ʠʟʚʝʩʪʥʘ 

ʩʚʦʠʤ ʫʤʝʥʠʝʤ ʟʘʜʘʚʘʪʴ ʪʦʥ ʨʘʟʚʠʪʠʶ ʠʥʜʫʩʪʨʠʠ 

ʥʘ ʛʦʜʳ ʚʧʝʨʝʜ, ʥʦ ʫʯʠʪʳʚʘʷ ʧʦʩʪʝʧʝʥʥʦʝ ʚʦʩʭʦʞ-

ʜʝʥʠʝ ʢʫʧʝʨʪʠʥʦʚʮʝʚ ʩ ʨʳʥʢʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʨʝʰʝʥʠʡ, ʥʘʜʢʫʰʝʥʥʦʝ ʷʙʣʦʢʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʪʦʚʘʨʘʤʠ. ʆʜ-

ʥʘʢʦ ʦʯʝʨʝʜʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʤʥʝ-

ʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʯʠʢʠ ʇʆ ʙʦʣʝʝ ʯʝʤ ʜʦ-

ʚʦʣʴʥʳ ʩʚʝʞʝʡ ʧʨʝʜʣʦʞʝʥʠʝʤ ʢʦʤʧʘʥʠʠ - ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Swift. ʉʦʛʣʘʩʥʦ ʠʥʬʦʨʤʘʮʠʠ 

ʨʝʩʫʨʩʘ Stack Overflow, ʧʦʯʪʠ 80 ʧʨʦʮʝʥʪʦʚ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʦʚ ʩ ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʨʘʙʦʪʘʣʠ ʠʣʠ ʧʣʘʥʠ-

ʨʫʶʪ ʨʘʙʦʪʘʪʴ ʩ ʚʳʧʫʱʝʥʥʳʤ ʥʝʜʘʚʥʦ ʠʥʩʪʨʫʤʝʥ-

ʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʦʪ Apple (ʨʠʩ. 1.4) [6]. ʀʩʩʣʝʜʦʚʘʪʝ-

ʣʷʤ ʫʜʘʣʦʩʴ ʦʧʨʦʩʠʪʴ 26 000 ʧʦʩʝʪʠʪʝʣʝʡ ʠʟ ʙʦʣʝʝ 

ʯʝʤ 150 ʩʪʨʘʥ ʤʠʨʘ. ʆʢʦʣʦ ʪʨʝʪʠ ʧʦʩʪʦʷʥʥʦ ʟʘʥʷ-

ʪʳʭ ʚ ʩʝʛʤʝʥʪʝ ʥʘʧʠʩʘʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʇʆ ʨʝʩʧʦʥ-

ʜʝʥʪʦʚ ʨʘʙʦʪʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʧʣʘʪʬʦʨʤʝ iOS, ʘ 

ʤʝʥʴʰʝ ʧʦʣʦʚʠʥʳ ʪʘʢʞʝ ʟʘʥʠʤʘʶʪʩʷ ʩʦʟʜʘʥʠʝʤ 

ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʆʉ Android. 20% 

ʦʧʨʦʰʝʥʥʳʭ ʥʝ ʩʤʦʛʣʠ ʦʧʨʝʜʝʣʠʪʴʩʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʩʶʜʘ ʚʭʦʜʷʪ ʩʧʝʮʠʘʣʠʩʪʳ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʷʨʥʦ ʨʘʟ-

ʨʘʙʘʪʳʚʘʶʪ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʘʟʣʠʯ-

ʥʳʭ ʧʣʘʪʬʦʨʤ. 

ʈʠʩʫʥʦʢ 1.4 - ʆʮʝʥʢʠ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ  

Swift - ʙʘʛʘʪʦʧʘʨʘʜʠʛʤʦʚʘ ʢʦʤʧʠʣʠʨʫʝʤʳʡ 

ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ 

Apple ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʩ Objective C 

ʠ ʙʳʪʴ ʫʩʪʦʡʯʠʚʦʡ ʢ ʦʰʠʙʦʯʥʦʤʫ ʢʦʜʘ. Swift ʙʳʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

WWDC 2014 ʗʟʳʢ ʧʦʩʪʨʦʝʥʘ ʩ LLVM ʢʦʤʧʠʣʷʪʦʨ, 

ʚʢʣʶʯʝʥʥʦʛʦ ʚ Xcode 6 beta. ɹʝʩʧʣʘʪʥʳʡ ʧʦʩʦʙʠʝ 

ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Swift ʜʦʩʪʫʧʝʥ ʜʣʷ ʟʘ-

ʛʨʫʟʢʠ ʚ ʤʘʛʘʟʠʥʝ iBooks. ʂʦʤʧʠʣʷʪʦʨ Swift ʧʦ-

ʩʪʨʦʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʝʢʪʘ LLVM. Swift ʥʘʩʣʝʜʫʝʪ ʣʫʯʰʠʝ ʵʣʝʤʝʥʪʳ 

ʷʟʳʢʦʚ C ʠ Objective-C, ʧʦʵʪʦʤʫ ʩʠʥʪʘʢʩʠʩ ʧʨʠʚʳʯ-

ʥʳʡ ʜʣʷ ʟʥʘʢʦʤʳʭ ʩ ʥʠʤʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʥʦ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʦʪʣʠʯʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʤʷʪʠ ʠ ʢʦʥʪʨʦʣʷ ʧʝʨʝ-

ʧʦʣʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʠ ʤʘʩʩʠʚʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʦʜʘ. ʇʨʠ 

ʵʪʦʤ Swift-ʧʨʦʛʨʘʤʤʳ ʢʦʤʧʠʣʠʨʫʶʪʩʷ ʚ ʤʘʰʠʥ-

ʥʳʡ ʢʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʙʳʩʪ-

ʨʦʜʝʡʩʪʚʠʝ. ʇʦ ʟʘʷʚʣʝʥʠʶ Apple, ʢʦʜ Swift ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʚ 1.3 ʨʘʟʘ ʙʳʩʪʨʝʝ ʢʦʜʘ ʥʘ Objective-C. ɺʤʝ-

ʩʪʦ ʩʙʦʨʱʠʢʘ ʤʫʩʦʨʘ Objective-C ʚ Swift 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʨʝʜʩʪʚʘ ʧʦʜʩʯʝʪʘ ʩʩʳʣʦʢ ʥʘ ʦʙʲ-

ʝʢʪʳ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʚ LLVM ʦʧʪʠʤʠʟʘ-

ʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʘʚʪʦʚʝʢʪʦʨʠʟʘʮʠʷ. ʈʝʯʴ ʪʘʢʞʝ ʧʨʝʜ-

ʣʘʛʘʝʪ ʤʥʦʞʝʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʟʘʤʳʢʘʥʠʷ, ʦʙʦʙʱʝʥʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʣʷʤʙʜʘ-ʚʳʨʘʞʝʥʠʷ, ʢʦʨʪʝʞʠ ʠ 

ʩʣʦʚʘʨʥʳʝ ʪʠʧʘ, ʙʳʩʪʨʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʢʦʣʣʝʢʮʠ-

ʷʤʠ, ʵʣʝʤʝʥʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ.  

ʆʩʥʦʚʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ Swift ʷʚʣʷʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʢʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ MacOS X 

ʠ Apple iOS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ Cocoa ʠ 

Cocoa Touch. ʇʨʠ ʵʪʦʤ Swift ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʙʲʝʢʪ-

ʥʫʶ ʤʦʜʝʣʴ, ʩʦʚʤʝʩʪʠʤʫʶ ʩ Objective-C. ʀʩʭʦʜʥʳʡ 

ʢʦʜ ʷʟʳʢʝ Swift ʤʦʞʝʪ ʩʤʝʰʠʚʘʪʴʩʷ ʩ ʢʦʜʦʤ ʥʘ ʉ ʠ 

Objective-C ʚ ʦʜʥʦʤ ʧʨʦʝʢʪʝ [7]. Swift ʧʣʦʪʥʦ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥ ʚ ʩʦʙʩʪʚʝʥʥʠʯʝʩʢʦʝ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ 

Xcode ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʦʙʦʩʦʙʣʝʥʥʦ 

ʥʘ ʧʣʘʪʬʦʨʤʘʭ, ʦʪʣʠʯʥʳʭ ʦʪ OS X. ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ Swift ʦʪ ʢʦʤʧʘʥʠʠ Apple ʥʝ ʩʪʦʠʪ ʧʫ-

ʪʘʪʴ ʩ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʢʨʠʧʪʦ-

ʚʳʤ ʷʟʳʢʦʤ Swift, ʥʘʮʝʣʝʥʥʦʡ ʥʘ ʙʘʛʘʪʦʥʠʪʝʚʝ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʦʜ ʩʚʦʙʦʜʥʦʡ ʣʠ-

ʮʝʥʟʠʝʡ Apache. 

C Objective-C - ʨʝʬʣʝʢʪʠʚʥʘʷ, ʚʳʩʦʢʦʫʨʦʚʥʝ-

ʚʳʡ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʚʠʜʝ 

ʥʘʙʦʨʘ ʨʘʩʰʠʨʝʥʠʡ ʩʪʘʥʜʘʨʪʥʦʡ ʉ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʢʦʤʧʘʥʠʝʡ Apple, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ Mac 

OS X ʠ GNUStep - ʩʨʝʜʘʭ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʩʪʘʥʜʘʨʪʘ OpenStep, ʠ Cocoa - ʙʠʙʣʠʦʪʝʢʠ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ. ʇʨʦʛʨʘʤʤʫ ʥʘ 

Objective-C ʯʪʦ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʵʪʠʭ ʙʠʙʣʠʦʪʝʢ 

ʤʦʞʥʦ ʩʢʦʤʧʠʣʠʨʦʚʘʪʴ ʜʣʷ ʣʶʙʦʡ ʧʣʘʪʬʦʨʤʳ, ʢʦ-

ʪʦʨʫʶ ʧʦʜʜʝʨʞʠʚʘʝʪ gcc ʢʦʤʧʠʣʷʪʦʨ ʩ ʧʦʜʜʝʨʞʢʦʡ 

Objective-C. Objective-C ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʉ ʠ 

ʧʦʵʪʦʤʫ ʣʶʙʫʶ ʧʨʦʛʨʘʤʤʫ ʥʘ ʉ ʤʦʞʥʦ ʩʢʦʤʧʠʣʠ-

ʨʦʚʘʪʴ ʢʦʤʧʠʣʷʪʦʨʦʤ Objective-C. ʆʆʇ ʚ Objective-

C ʚʢʣʶʯʘʝʪ ʠʥʪʝʨʬʝʡʩʳ, ʢʣʘʩʩʳ, ʢʘʪʝʛʦʨʠʠ. ʈʝʘʣʠ-

ʟʦʚʘʥʦ ʝʜʠʥʠʯʥʦʝ, ʥʝʚʠʨʪʫʘʣʴʥʫʶ ʥʘʩʣʝʜʦʚʘʥʠʷ. 
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ʅʝʪ ʝʜʠʥʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʩʘ ʜʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ. ɺʩʝ 

ʤʝʪʦʜʳ ʚ ʢʣʘʩʩʝ - ʚʠʨʪʫʘʣʴʥʳʝ. ʂʘʪʝʛʦʨʠʷ - ʵʪʦ ʧʘ-

ʨʘʜʠʛʤʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʠʥʪʝʨʬʝʡʩ ʩ 

ʤʝʪʦʜʘʤʠ, ʢʦʪʦʨʳʝ çʥʝ ʦʙʷʟʘʪʝʣʴʥʦè ʠʤʧʣʝʤʝʥʪʠ-

ʨʦʚʘʪʴ. ʉʠʥʪʘʢʩʠʩ Objective-C ʧʦʨʦʞʜʝʥʥʳʡ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʦʪ ʉ ʠ Smalltalk. ʆʪ ʧʦʩʣʝʜʥʝʡ ʚʟʷʪʦ ʦʩ-

ʥʦʚʥʦʡ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʢʦʥʩʪʨʫʢʪ ʷʟʳʢʘ - ʚʤʝʩʪʦ 

ʚʳʟʦʚʘ ʤʝʪʦʜʘ ʦʙʲʝʢʪʫ ʧʦʩʳʣʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ.  

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʢʣʘʩʩ ʦʙʲʝʢʪʘ obj ʠʤʧʣʝʤʝʥʪʠ-

ʨʫʝʪ ʤʝʪʦʜ doJob ʪʦ ʛʦʚʦʨʠʪʩʷ ʯʪʦ ʦʙʲʝʢʪ ʦʪʟʳʚʘ-

ʝʪʩʷ ʥʘ ʩʦʦʙʱʝʥʠʝ doJob. ʏʪʦʙʳ ʦʪʧʨʘʚʠʪʴ ʩʦʦʙʱʝ-

ʥʠʝ doJob ʵʪʦʤ ʦʙʲʝʢʪʫ ʥʫʞʥʦ ʥʘʧʠʩʘʪʴ: [obj 

doJob]; ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʷʝʪ ʦʪʧʨʘʚʣʷʪʴ ʩʦʦʙ-

ʱʝʥʠʷ ʜʘʞʝ ʚ ʪʝʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʜʝʨʞʠ-

ʚʘʶʪ ʠʭ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʪʝʭ, ʯʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʪʘʪʠʯʝʩʢʠ ʪʠʧʠʟʠʨʦʚʘʥ-

ʥʳʭ ʷʟʳʢʘʭ ʉ ++ ʠʣʠ Java. 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ Swift ʥʝ ʪʦʣʴʢʦ ʚʳʪʝʩʥʷʝʪ 

Objective-C, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝ-

ʥʠʡ ʧʦʜ OS X, iOS ʠ WatchOS, ʥʦ ʠ ʚ ʥʝʜʘʣʝʢʦʤ ʙʫ-

ʜʫʱʝʤ ʟʘʤʝʥʠʪ ʉ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ, ʜʣʷ ʧʣʘʪʬʦʨʤ Apple [8]. ɹʣʘʛʦʜʘʨʷ ʥʝʩʢʦʣʴʢʠʤ 

ʢʣʶʯʝʚʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, Swift ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ 

ʩʪʘʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʟʘʭʚʘʪʳʚʘʶʱʠʭ, ʛʠʙʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠʣʠ 

ʧʨʦʛʨʘʤʤ ʥʘ ʤʥʦʛʠʝ ʛʦʜʳ. ɺ Apple ʙʦʣʴʰʠʝ 

ʥʘʜʝʞʜʳ ʥʘ Swift. ʂʦʤʧʘʥʠʷ ʥʘʩʪʦʣʴʢʦ ɻ ʬʬʝʢʪʠʚʥʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʣʘ ʢʦʤʧʠʣʷʪʦʨ ʠ ʩʘʤ ʷʟʳʢ ʚ ʧʨʠʥ-

ʮʠʧʝ, ʯʪʦ ʤʥʦʛʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʝʱʝ ʪʦʣʴʢʦ ʧʨʝʜ-

ʩʪʦʠʪ ʨʘʩʢʨʳʪʴ. ɽʩʣʠ ʚʝʨʠʪʴ ʦʬʠʮʠʘʣʴʥʦʡ ʜʦʢʫ-

ʤʝʥʪʘʮʠʠ ʧʦ Swift, ʪʦ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘ-

ʟʘʪʴ, ʯʪʦ Swift çʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʟʣʝʪʘ ʦʪ" hello, 

world "ʚ ʮʝʣʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳè. 

ʉʨʘʚʥʠʚʘʷ Swift ʠ Objective-C ʤʦʞʥʦ ʩ ʫʚʝʨʝʥ-

ʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ Swift - ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʳ 

ʩʠʥʪʘʢʩʠʩʘ, ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʘʤʷʪʴʶ, ʚʳ-

ʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ. ɺ 

Objective-C ʵʪʦʛʦ ʥʝʪ, ʥʦ ʟʘʪʦ ʝʩʪʴ ʥʘʜʝʞʥʦʩʪʴ, ʙʘʟʘ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʨʠʤʝʨʦʚ, ʰʘʙʣʦʥʦʚ ʠ ʤʥʦʛʦ ʦʧʳʪ-

ʥʳʭ ʧʨʦʛʨʘʤʤʠʩʪʦʚ. Swift - ʵʪʦ ʙʫʜʫʱʝʝ, ʢʦʪʦʨʦʝ 

ʫʞʝ ʥʝ ʟʘ ʛʦʨʘʤʠ. ɺʩʝ ʧʦʟʥʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʠ 

ʪʦʣʴʢʦ ʦʪʨʘʙʦʪʘʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʝʢ-

ʪʦʚ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʫʜʦʙʥʘʷ ʨʝʯʴ, ʠ ʤʦʞʥʦ ʣʠ 

ʥʘ ʥʝʡ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ, Xcode ʧʦ-

ʙʝʞʜʘʝʪ ʚʩʝʭ ʚʳʰʝʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʫʯʘʩʪʥʠʢʦʚ, 

ʚʝʜʴ ʨʘʙʦʪʘʪʴ ʚ ʥʝʤ - ʦʜʥʦ ʫʜʦʚʦʣʴʩʪʚʠʝ. ʆʥʦ ʛʠʙ-

ʢʦʝ, ʙʳʩʪʨʦʝ, ʤʦʱʥʦʝ ʠ ʩʧʦʩʦʙʥʦ ʚʩʝʛʜʘ ʧʨʠʡʪʠ ʥʘ 

ʧʦʤʦʱʴ. Xcode ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʣʫʯʰʝ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʩʣʦʞʥʳʝ ʤʝʨʳ, ʧʨʠʥʠʤʘʝʤʳʝ Apple ʩ ʮʝʣʴʶ ʫʜʝʨ-

ʞʘʥʠʷ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ iOS ʧʨʠʣʦʞʝʥʠʷʤʠ ʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ. ʈʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ Xcode ʜʝʨ-

ʞʠʪ ʨʘʟʨʘʙʦʪʯʠʢʘ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤ. ʇʨʠ ʥʘʧʠʩʘ-

ʥʠʠ ʢʦʜʘ, ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʫʚʠʜʝʪʴ 

ʦʰʠʙʢʠ ʢʦʤʧʠʣʷʪʦʨʘ ʠʣʠ ʧʨʦʙʣʝʤʳ, ʘ ʪʘʢʞʝ ʩʦʦʙ-

ʱʝʥʠʝ ʩ ʧʦʜʨʦʙʥʳʤ ʦʧʠʩʘʥʠʝʤ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʆʪʣʘʜʯʠʢ ʨʘʙʦʪʘʝʪ ʧʣʘʚʥʦ, ʘ ʩʠʤʫʣʷʪʦʨ - ʙʳʩʪ-

ʨʳʡ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʀʪʘʢ, Xcode 

ʧʨʝʚʦʩʭʦʜʠʪ ʚʩʝ ʜʨʫʛʠʝ IDE. 
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DEVELOPMENT OF AN ADAPTIVE FUZZY ALGORITHM FOR THE IDENTIFICATION OF 

TECHNICAL CHANNELS OF INFORMATION LEAKAGE  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʤʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ (ʊʂʋʀ) ʩ ʧʦʤʦ-

ʱʴʶ ʥʝʡʨʦ-ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʳ, ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʠʚʝʜʝʥʳ ʦʙʱʠʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ɼʣʷ ʧʦ-

ʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʥʝʡʨʦ-ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʫʩʤʦʪʨʝʥ ʧʨʦ-

ʮʝʩʩ ʝʸ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

Abstract. 

The article describes the method of identification of technical channels of information leakage using neuro-

fuzzy system, the General block diagram of the neural network and the structure of the developed software product. 

The General concepts of the theory of neural networks and fuzzy logic are given. To improve the efficiency of the 

developed neuro-fuzzy system, a training and testing process is provided. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʠʯʝʩʢʠʝ ʢʘʥʘʣʳ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ, ʥʝʡʨʦʥ, 

ʩʠʥʘʧʩ, ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ. 

Keywords: technical channels of information leakage, neural network, fuzzy logic, neuron, synapse, weight 

coefficient, activation function. 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ, ʦʩʥʘʱʝʥʠʝʤ ʩʣʫʞʝʙʥʳʭ ʧʦʤʝʱʝʥʠʡ, ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʵʣʝʢʪʨʦ- ʠ ʨʘʜʠʦ-

ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ, ʷʚʣʷʶʱʝʡʩʷ ʠʩʪʦʯʥʠ-

ʢʦʤ ʩʣʫʯʘʡʥʳʭ ʦʧʘʩʥʳʭ ʩʠʛʥʘʣʦʚ, ʚʩʝ ʙʦʣʴʰʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʚʦʧʨʦʩʳ ʟʘʱʠʪʳ ʠʥʬʦʨ-

ʤʘʮʠʠ ʦʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ɼʣʷ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʛʨʘʥʠʯʝʥ-

ʥʦʛʦ ʜʦʩʪʫʧʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʟʘʱʠʪʳ [1]: ʧʨʘʚʦʚʘʷ, 

ʪʝʭʥʠʯʝʩʢʘʷ, ʬʠʟʠʯʝʩʢʘʷ ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʟʘ-

ʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʪʝʭʥʠʯʝʩʢʘʷ ʟʘ-

ʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʠ-

ʜʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʷ ʠ ʬʠʢʩʘʮʠʷ ʘʢʪʫʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʢʘʥʘʣʦʚ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚ-

ʥʳʭ ʩʨʝʜʩʪʚ ʥʝʣʝʛʘʣʴʥʦʛʦ ʜʦʙʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʥʘʜʝʞʥʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ 

ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʤʧʘʥʠʠ (ʦʨʛʘʥʠʟʘʮʠʠ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʘʜʘʧʪʠʚ-

ʥʳʭ fuzzy-ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʢʘʥʘʣʦʚ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʟʘʱʠʱʘʝʤʦʡ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʦʨʛʘʥʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴ-

ʥʳʤʠ. 

ɿʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ:  

- ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ; 

- ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʘʜʘʧʪʠʚ-
ʥʦʡ fuzzy-ʩʠʩʪʝʤʳ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙ-

ʣʘʩʪʠ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʜʘʧʪʠʚʥʦʛʦ fuzzy-ʘʣʛʦʨʠʪʤʘ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ ʊʂʋʀ; 

- ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦ-
ʪʘʥʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ fuzzy-ʘʣʛʦʨʠʪʤʘ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʊʂʋʀ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʘʜʘʧʪʘʮʠʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦ-

ʨʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʪʘʢʠʭ ʢʘʢ: 

ʚʦ-ʧʝʨʚʳʭ, ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʠ, ʚʦ-ʚʪʦʨʳʭ, ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʦʙʫʯʘʪʴʩʷ, ʪ.ʝ. ʘʙ-

ʩʪʨʘʛʠʨʦʚʘʪʴʩʷ - ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʜʘʥʥʳʭ ʦʙʦʩʥʦʚʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʝ ʥʝ 

ʚʩʪʨʝʯʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ.  

Fuzzy-ʩʠʩʪʝʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʊʂʋʀ ʨʘʟʨʘʙʦ-

ʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʫʞʝ ʛʦʪʦʚʦʡ ʧʦʜʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʇʇʇʈ) ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʊʂʋʀ. 

ɻʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ fuzzy-

ʩʠʩʪʝʤʳ ʦʪ ʇʇʇʈ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʊʂʋʀ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʇʇʇʈ 

ʠʩʧʦʣʴʟʫʝʪ ʥʝʯʝʪʢʫʶ ʣʦʛʠʢʫ ʚ ʨʘʩʯʝʪʘʭ, ʪʦ ʥʝʡʨʦʥ-

ʥʘʷ ʩʝʪʴ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩ ʥʝʯʝʪʢʠʤʠ ʜʘʥʥʳʤʠ. ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʥʘʯʘʪʴ ʨʘʩʯʝʪ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʙʨʘʪʴ ʥʫʞʥʫʶ ʥʘʩʪʨʦʡʢʫ ʚ 

ʇʇʇʈ (ʨʠʩʫʥʦʢ 1). 

https://doi.org/10.24411/2520-6990-2019-10368
https://doi.org/10.24411/2520-6990-2019-10368
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ʈʠʩʫʥʦʢ 1- ʅʘʩʪʨʦʡʢʘ ʩʧʦʩʦʙʘ ʜʣʷ ʨʘʩʯʝʪʘ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʠʟ ʢʘʥʘʣʦʚ ʫʪʝʯʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʯʝʪʢʠʡ ʥʘʙʦʨ ʜʘʥʥʳʭ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʘʧʧʘʨʘʪ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠ ʥʝ-

ʯʝʪʢʦʡ ʣʦʛʠʢʠ ʫʞʝ ʜʘʚʥʦ (ʙʦʣʝʝ 10 ʣʝʪ) ʩ ʫʩʧʝʭʦʤ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʠʩʭʦʜ-

ʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʥʝʥʘʜʝʞʥʳʤʠ ʠ ʩʣʘʙʦ ʬʦʨʤʘ-

ʣʠʟʦʚʘʥʥʳʤʠ. ʉʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ:  

- ʦʧʠʩʘʥʠʝ ʫʩʣʦʚʠʡ ʠ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʥʘ ʷʟʳʢʝ, ʙʣʠʟʢʦʤ ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ;  

- ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ: ʩʦʛʣʘʩʥʦ ʟʥʘʤʝʥʠʪʦʡ 

ʪʝʦʨʝʤʝ FAT (Fuzzy Approximation Theorem), ʜʦʢʘ-

ʟʘʥʥʦʡ ɹ.ʂʦʩʢʦ (B.Kosko) ʚ 1993 ʛ., ʣʶʙʘʷ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ 

ʩʠʩʪʝʤʦʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʝ;  

- ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʩʚʷʟʘʥʘ ʩ ʫʥʠʚʝʨʩʘʣʴʥʦ-
ʩʪʴʶ), ʧʦʷʩʥʷʝʤʘʷ ʨʷʜʦʤ ʪʝʦʨʝʤ, ʘʥʘʣʦʛʠʯʥʳʭ ʪʝʦ-

ʨʝʤʘʤ ʦ ʧʦʣʥʦʪʝ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝ-

ʪʝʡ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʣʷ ʥʝʯʝʪʢʠʭ ʵʢʩʧʝʨʪʥʳʭ ʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʳ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ:  

1) ʠʩʭʦʜʥʳʡ ʥʘʙʦʨ ʧʦʩʪʫʣʠʨʫʝʤʳʭ ʥʝʯʝʪʢʠʭ 

ʧʨʘʚʠʣ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʵʢʩʧʝʨʪʦʤ-ʯʝʣʦʚʝʢʦʤ ʠ ʤʦ-

ʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʧʦʣʥʳʤ ʠʣʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤ;  

2) ʚʠʜ ʠ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦ-

ʩʪʠ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʧʝʨʝʤʝʥ-

ʥʳʝ ʩʠʩʪʝʤʳ, ʚʳʙʠʨʘʶʪʩʷ ʩʫʙʲʝʢʪʠʚʥʦ ʠ ʤʦʛʫʪ 

ʦʢʘʟʘʪʴʩʷ ʥʝ ʚʧʦʣʥʝ ʦʪʨʘʞʘʶʱʠʤʠ ʨʝʘʣʴʥʫʶ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ.  

 ʆʙʱʘʷ ʩʭʝʤʘ fuzzy ʩʠʩʪʝʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʊʂʋʀ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʃʶʙʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʠʤʠʪʠ-

ʨʫʝʪ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʥʝʡʨʦʥʘ (ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʝʜʠʥʠʮʳ, ʢʦʪʦʨʘʷ ʧʦ-

ʣʫʯʘʝʪ ʩʠʛʥʘʣ, ʧʨʦʠʟʚʦʜʠʪ ʧʨʦʩʪʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ 

ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʜʘʣʴʰʝ) ʠ ʩʠʥʘʧʩʘ (ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʥʝʡʨʦʥʘʤʠ (ʚʝʩ), ʢʦʪʦʨʦʝ 

ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ʚ ʠʥʪʝʨʚʘʣʝ [0é1] ʠ ʠʟʤʝʥʷʝʪ, 

ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, 

ʚʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʛʦ 

ʥʝʡʨʦʥʘ ʢ ʜʨʫʛʦʤʫ) [2]. 

 

 
ʈʠʩʫʥʦʢ 2. ʆʙʱʘʷ ʩʭʝʤʘ fuzzy-ʩʠʩʪʝʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʊʂʋʀ 

 

ʅʝʡʨʦʥʳ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ: ʚʭʦʜʥʦʡ, ʩʢʨʳʪʳʡ ʠʣʠ ʚʥʫʪʨʝʥʥʠʡ ʠ ʚʳʭʦʜʥʦʡ [2] (ʨʠʩʫʥʦʢ 

3).  
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ʈʠʩʫʥʦʢ 3.ʊʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʥʝʡʨʦʥʘ 

 

 ɺ fuzzy-ʩʠʩʪʝʤʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʊʂʋʀ ʚʭʦʜ-

ʥʦʡ ʩʣʦʡ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦ-

ʨʳʝ ʙʫʜʫʪ ʧʦʩʪʫʧʘʪʴ ʦʪ ʩʠʩʪʝʤʳ. ɺʥʫʪʨʝʥʥʠʡ ʩʣʦʡ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʩʯʸʪʦʚ ʠ ʧʦʣʫʯʝʥʠʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʘʥʘʣʦʚ ʫʪʝʯʢʠ: ʘʢʫʩʪʠʯʝ-

ʩʢʠʡ, ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʡ, ʦʧʪʠʯʝʩʢʠʡ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʙʫʜʝʪ ʠʤʝʪʴ ʪʨʠ ʥʝʡʨʦʥʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʢʘʥʘʣʦʚ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ. ɺʳʭʦʜʥʦʡ 

ʩʣʦʡ ʩʣʫʞʠʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦ ʚʩʝʤ ʢʘʥʘʣʘʤ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ (ʨʠʩʫʥʦʢ 4). 

ʅʝʡʨʦʥʳ ʦʧʝʨʠʨʫʶʪ ʯʠʩʣʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ [0,1] 

ʠʣʠ [-1,1] ʠ ʝʩʣʠ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝ-

ʜʝʣʳ ʜʠʘʧʘʟʦʥʘ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʝʜʠʥʠʮʫ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʯʠʩʣʦ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʝʡ, 

ʠ ʦʥ ʦʯʝʥʴ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ. 

 

 
ʈʠʩʫʥʦʢ 4. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚ ʧʨʦʛʨʘʤʤʝ. 

 

ʌʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ð ʵʪʦ ʩʧʦʩʦʙ ʥʦʨʤʘʣʠʟʘ-

ʮʠʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʧʫʩʪʠʚ ʠʭ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʘʢ-

ʪʠʚʘʮʠʠ, ʧʦʣʫʯʠʤ ʚʳʭʦʜ ʚ ʥʫʞʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɼʠʘ-

ʧʘʟʦʥ ʟʥʘʯʝʥʠʡ- ʛʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘ-

ʮʠʡ. ʌʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ, ʥʦ ʚ 

fuzzy-ʩʠʩʪʝʤʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʊʂʋʀ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʩʠʛʤʦʠʜ (1), ʪʘʢ ʢʘʢ ʜʠʘʧʘʟʦʥ 

ʟʥʘʯʝʥʠʡ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʠʘʧʘʟʦʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʢʘʥʘ-

ʣʦʚ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʠʛʤʦʠʜʘ (ʨʠʩʫʥʦʢ 5) - ʵʪʦ ʛʣʘʜʢʘʷ ʤʦʥʦʪʦʥ-

ʥʘʷ ʚʦʟʨʘʩʪʘʶʱʘʷ ʥʝʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ, ʠʤʝʶʱʘʷ 

ʬʦʨʤʫ ʙʫʢʚʳ çSè, ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

çʩʛʣʘʞʠʚʘʥʠʷè ʟʥʘʯʝʥʠʡ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ. 
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ʈʠʩʫʥʦʢ 5. ʌʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʉʠʛʤʦʠʜ 

 

ʕʪʦ ʩʘʤʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘ-

ʮʠʠ, ʝʝ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʨʘʚʝʥ [0,1]. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʙʳʣʘ ʩʧʦʩʦʙʥʘ 

ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʘʞʜʦʛʦ ʠʟ ʢʘʥʘ-

ʣʦʚ ʫʪʝʯʢʠ, ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʫʯʠʪʴ (ʨʠʩʫʥʦʢ 6). ʉʫ-

ʱʝʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ ʙʝʟ ʫʯʠʪʝʣʷ ʠ ʩ ʫʯʠ-

ʪʝʣʝʤ [7]. ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʙʫʜʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ ʩ ʫʯʠʪʝʣʝʤ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ fuzzy-ʩʠʩʪʝʤʝ ʜʣʷ ʦʙʫʯʝ-

ʥʠʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʫʯʘʶʱʠʝ 

ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʭʨʘʥʠʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ MS 

Access, ʪʘʢ ʢʘʢ ʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠ-

ʟʠʨʦʚʘʪʴ ʢʦʜ. ɼʣʷ ʯʪʝʥʠʷ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ ʠʟ xml 

ʬʘʡʣʘ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʜʘ ʚ ʧʨʦʛʨʘʤʤʝ, ʯʪʦ ʩʢʘʞʝʪʩʷ ʥʘ ʦʪʣʘʜʢʠ ʠ ʚʨʝ-

ʤʝʥʠ ʦʪʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʟʳ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʟʘʧʨʦʩ, ʯʪʦʙʳ 

ʚʳʪʘʱʠʪʴ ʚʩʝ ʪʝʩʪʦʚʳʝ ʜʘʥʥʳʝ. 

 ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʩ ʫʯʠʪʝʣʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʨʝʜʲʷʚʣʝʥʠʝ ʩʝʪʠ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ. ʂʘʞ-

ʜʳʡ ʠʟ ʚʝʢʪʦʨʦʚ ʦʙʫʯʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʧʦʜʘʝʪʩʷ 

ʥʘ ʚʭʦʜʳ ʩʝʪʠ, ʧʨʦʭʦʜʠʪ ʦʙʨʘʙʦʪʢʫ ʚʥʫʪʨʠ ʩʪʨʫʢ-

ʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʚʳʯʠʩʣʷ-

ʝʪʩʷ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩʝʪʠ. ɼʘʣʝʝ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʝʤ ʮʝʣʝ-

ʚʦʛʦ ʚʝʢʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʪʨʝʙʫʝʤʳʡ 

ʚʳʭʦʜ ʩʝʪʠ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʚʳʯʠʩʣʝʥʠʝ ʦʰʠʙʢʠ, 

ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ 

ʩʠʥʘʧʩʝ. ɺʝʢʪʦʨʳ ʦʙʫʯʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʧʨʝʜʲʷʚ-

ʣʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʯʠʩʣʷʶʪʩʷ ʦʰʠʙʢʠ. 

ɺʝʩʘ ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʢʪʦʨʘ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʦʰʠʙʢʘ ʧʦ ʚʩʝʤʫ ʦʙʫʯʘʶʱʝʤʫ ʤʘʩʩʠʚʫ ʥʝ 

ʜʦʩʪʠʛʥʝʪ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ. 

 

 
ʈʠʩʫʥʦʢ 6. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
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ʇʨʦʮʝʥʪʥʘʷ ʚʝʣʠʯʠʥʘ, ʦʪʨʘʞʘʶʱʘʷ ʨʘʩʭʦʞʜʝ-

ʥʠʝ ʤʝʞʜʫ ʦʞʠʜʘʝʤʳʤ ʠ ʧʦʣʫʯʝʥʥʳʤ ʦʪʚʝʪʘʤʠ ʚ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʥʘʟʳʚʘʝʪʩʷ ʦʰʠʙʢʦʡ. ʆʰʠʙʢʘ ʬʦʨ-

ʤʠʨʫʝʪʩʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʠ ʜʦʣʞʥʘ ʠʜʪʠ ʥʘ 

ʩʧʘʜ.  

ɺ ʩʠʩʪʝʤʝ ʪʘʢ ʞʝ ʦʩʪʘʥʝʪʩʷ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʢʘʞʜʦʤʫ ʢʘʥʘʣʫ ʫʪʝʯʢʠ ʠʥʬʦʨ-

ʤʘʮʠʠ ʵʢʩʧʝʨʪʥʳʤ ʤʝʪʦʜʦʤ. ɺ ʥʘʩʪʨʦʡʢʘʭ ʤʦʞʥʦ 

ʙʫʜʝʪ ʚʳʙʨʘʪʴ ʨʝʞʠʤʳ: ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ ʠ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ. ʇʦ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʞʥʦ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʘʷ ʙʫʜʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʝʡ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʪʝʢʩʪʘ ʤʦʞʥʦ ʧʦ-

ʩʪʨʦʠʪʴ ʩʪʨʫʢʪʫʨʫ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘ-

ʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʚ ʣʶʙʳʭ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, 

ʪʘʢ ʢʘʢ ʦʧʠʩʘʥʘ ʦʩʥʦʚʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ, ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʝʝ ʧʘʨʘʤʝʪʨʳ, ʤʝʪʦʜʳ ʠ 

ʬʫʥʢʮʠʠ.  

ɼʦʩʪʦʠʥʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ:  

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ ʯʠʩʣʝʥʥʳʤʠ, ʣʦʛʠ-
ʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʜʘʥʥʳʤʠ.  

- ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʘʪʴ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʥʝʡʨʦʥ-
ʥʦʡ ʩʝʪʠ ʜʣʷ ʨʘʩʯʝʪʦʚ, ʪʘʢ ʠ ʧʦʜʩʠʩʪʝʤʳ ʧʦʜ-

ʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʅʝʜʦʩʪʘʪʢʠ: 

- ʥʘʣʠʯʠʝ ʩʪʦʨʦʥʥʝʛʦ ʇʆ (MS Access); 

- ʦʪʩʫʪʩʪʚʠʝ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʨʠ-
ʚʝʩʪʠ ʢ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  
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BASIC PRINCIPLES FOR INTERACTION DESIGN OF CONTACTLESS INTERFACE  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʠʭ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ. ʂʨʘʪʢʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʦʚʨʝʤʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʙʝʩʢʦʥ-

ʪʘʢʪʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʩʬʦʨʤʠʨʦʚʘʥʳ ʙʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʩ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. 

Abstract. 

The article describes modern interface components and their basic design principles. The differences between 

modern way of interaction and contactless control are briefly analyzed. Its core helped forming the basic interac-

tion design principles with contactless interface. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʠʥʪʝʨʬʝʡʩʳ, ʧʦʣʴ-

ʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʞʝʩʪʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʧʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

Key words: contactless interaction technologies, contactless interfaces, user interface, gesture control, de-

sign principles. 

 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʥʘ çʠʥʪʝʨʬʝʡʩè ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʪʝʭʥʠʢʝ, ʧʦʜʨʘʟʫʤʝ-
ʚʘʷ ʧʦʜ ʵʪʠʤ ʢʦʤʧʣʝʢʩ ʩʨʝʜʩʪʚ ʠ ʧʨʘʚʠʣ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʝʜʠʥʦʡ, ʮʝʣʦʡ ʩʠ-
ʩʪʝʤʳ. ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ, ʦʙʱʝʡ ʜʣʷ ʙʦʣʴʰʠʥ-
ʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ, ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʩʠʩʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦ-
ʣʦʛʠʡ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ ʫ ʥʠʭ ʩʧʝ-
ʮʠʬʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ, 
ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʢʠ ʨʘʙʦʪʳ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʢʦʤʧʴʶ-
ʪʝʨʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʥʝʜʦ-
ʩʪʘʪʦʯʥʘʷ ʛʦʪʦʚʥʦʩʪʴ ʤʘʩʩʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʨʘ-
ʙʦʪʝ ʩ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʟʘʯʘʩʪʫʶ ʥʝ 
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ʵʪʦ ʷʚʣʷʝʪʩʷ ʢʦʨʥʝʤ ʧʨʦʙʣʝʤʳ ï ʚʝʜʴ ʚ ʠʪʦʛʝ ʮʝʣʴʶ 
ʣʶʙʦʡ ʠʥʪʝʨʬʝʡʩʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝ-
ʥʠʝ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʣʶʯʠ-
ʪʝʣʴʥʦ ʞʠʟʥʝʥʥʳʭ ʥʘʚʳʢʦʚ, ʧʨʠ ʵʪʦʤ ʥʝ ʦʨʠʝʥʪʠ-
ʨʫʷʩʴ ʥʘ ʪʝʭʥʠʯʝʩʢʫʶ ʦʙʨʘʟʦʚʘʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘ-
ʪʝʣʷ. ʕʪʦ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʝʜʧʦʩʳʣʦʢ 
ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ ʩ ʇʂ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʢʦʤʧʴʶ-
ʪʝʨʦʤ ʥʘ ʠʥʪʫʠʪʠʚʥʦʤ ʫʨʦʚʥʝ ʩ ʧʦʤʦʱʴʶ ʝʩʪʝ-
ʩʪʚʝʥʥʳʭ ʞʝʩʪʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝ-
ʣʠʪʴ ʧʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʝʩʢʦʥʪʘʢʪʥʳʭ 
ʠʥʪʝʨʬʝʡʩʦʚ, ʚʝʜʴ ʧʨʠʥʮʠʧʳ ʪʝʢʫʱʠʭ ʠʥʪʝʨʬʝʡʩʦʚ 
ʥʝ ʫʯʠʪʳʚʘʶʪ ʘʩʧʝʢʪʳ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ. 
ʂʦʤʧʦʥʝʥʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ 

ʧʨʠʥʮʠʧʳ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʇʨʝʜʥʘʟʥʘʯʝʥʠʝ ʣʶʙʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʙʫʜʴ ʪʦ 

ʠʥʪʝʨʬʝʡʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʩʪʦʨʦʥʥʝʛʦ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ï ʦʙʝʩʧʝʯʝʥʠʝ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦ-
ʨʳʝ ʚʳʧʦʣʥʷʝʪ ʦʧʨʝʜʝʣʸʥʥʦʝ ʟʘʜʘʥʠʝ. ʇʝʨʚʦʦʯʝ-
ʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʧʝ-
ʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ, 
ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʝ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʚʝʜʝ-
ʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʴʟʦ-
ʚʘʪʝʣʶ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥ-
ʪʝʨʬʝʡʩ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʚʠʣʘ ʧʦʚʝʜʝ-
ʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʨʬʝʡʩʘ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʨʝʰʘʪʴ 
ʧʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 
ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʯʝʨʝʟ ʫʜʦʙʥʳʡ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦ-
ʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʴ ʙʫʜʝʪ ʩʫʜʠʪʴ ʦ 
ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʝ ʚ ʮʝʣʦʤ ï ʩʪʦʠʪ ʣʠ ʝʸ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʠʣʠ ʥʝʪ. 
ɻʨʘʤʦʪʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʥʘʮʝ-

ʣʝʥ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʬʦʨʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʵʪʦ ʠʩʢʣʶʯʘʝʪ ʧʦʷʚʣʝʥʠʝ ʩʪʨʝʩʩʘ ʠ 
ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʚ ʨʘʙʦʪʝ, ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʨʘʟʣʠʯ-
ʥʳʭ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦ-
ʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝ-
ʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʦʡ [1].  
ʉʪʘʥʜʘʨʪʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʘ:  
1) ʚʠʟʫʘʣʴʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ï ʦʪʚʝʯʘʝʪ ʟʘ ʘʫʜʠʦ-

ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʴʟʦʚʘ-
ʪʝʣʶ;  
2) ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ï 

ʩʦʜʝʨʞʠʪ ʢʦʤʧʣʝʢʩ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʵʬ-
ʬʝʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ;  
3) ʪʝʭʥʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠ-

ʩʪʝʤʦʡ. 
ʇʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʣʶ-

ʙʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ɺʝʨʧʣʘʥʢʘ, ʩʦʜʝʨ-
ʞʠʪ ʪʨʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʬʘʢʪʦʨʘ [2]: 

- ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ: ʧʨʘ-
ʚʠʣʴʥʦ ʣʠ ʤʳ ʚʦʩʧʨʠʥʠʤʘʝʤ ʩʠʛʥʘʣʳ ʩʠʩʪʝʤʳ; 

- ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ: ʧʨʘ-
ʚʠʣʴʥʦ ʣʠ ʤʳ ʧʦʥʠʤʘʝʤ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤ ʵʪʠ ʩʠʛ-
ʥʘʣʳ; 

- ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ: ʧʨʘ-
ʚʠʣʴʥʦ ʣʠ ʤʳ ʚʚʦʜʠʤ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʪʥʦ ʚ ʩʠʩʪʝʤʫ 
[3]. 
ɺ ʢʦʥʮʝʧʮʠʠ ʠʥʪʝʨʬʝʡʩʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚ-
ʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʠ ʘʢʪʫ-
ʘʣʴʥʳʤʠ ʧʦ ʩʝʡ ʜʝʥʴ: 
1. ʉʪʨʫʢʪʫʨʥʳʡ ʧʨʠʥʮʠʧ. ʉʦʟʜʘʥʠʝ ʠʥʪʝʨ-

ʬʝʡʩʘ ʜʦʣʞʥʦ ʠʤʝʪʴ ʦʧʨʝʜʝʣʸʥʥʫʶ ʥʘʧʨʘʚʣʝʥ-
ʥʦʩʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʢʦ-
ʪʦʨʳʝ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʯʸʪʢʠʭ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 
ʤʦʜʝʣʷʭ, ʣʝʛʢʦ ʫʟʥʘʚʘʝʤʳʭ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
ʉʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʢ ʟʘ ʩʯʸʪ 
ʛʨʫʧʧʠʨʦʚʢʠ ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʦʙʲʝʢʪʦʚ, 
ʪʘʢ ʠ ʨʘʟʜʝʣʝʥʠʷ ʥʝʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʩ 
ʧʦʤʦʱʴʶ ʦʩʦʙʦʛʦ ʚʳʜʝʣʝʥʠʷ ʦʪʣʠʯʠʡ ʤʝʞʜʫ ʨʘʟ-
ʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʥʘʜʝʣʝʥʠʝ ʩʭʦʜʥʳʤʠ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʘʤʠ ʨʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 
2. ʇʨʠʥʮʠʧ ʧʨʦʩʪʦʪʳ. ɼʠʟʘʡʥ ʠʥʪʝʨʬʝʡʩʘ 

ʜʦʣʞʝʥ ʙʳʪʴ ʪʨʠʚʠʘʣʴʥʳʤ, ʧʨʦʩʪʳʤ, ʘ ʦʙʱʠʝ ʟʘ-
ʜʘʯʠ ï ʯʸʪʢʠʤʠ ʠ ʧʦʥʷʪʳʤʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴ-
ʟʦʚʘʪʝʣʷ ʩ ʧʨʦʛʨʘʤʤʦʡ ʜʦʣʞʥʦ ʧʨʦʭʦʜʠʪʴ ʥʘ ʝʛʦ 
ʨʦʜʥʦʤ ʷʟʳʢʝ. 
3. ʇʨʠʥʮʠʧ ʚʠʜʠʤʦʩʪʠ. ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʠʥ-

ʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʦʧʨʝ-
ʜʝʣʸʥʥʦʡ ʟʘʜʘʯʠ, ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʧʦʣʴ-
ʟʦʚʘʪʝʣʷ, ʠ ʥʝ ʦʪʚʣʝʢʘʪʴ ʝʛʦ ʠʟʙʳʪʦʯʥʦʡ ʠʥʬʦʨʤʘ-
ʮʠʝʡ. 
4. ʇʨʠʥʮʠʧ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ɿʘʜʘʯʘ ʜʠʟʘʡʥʘ ï 

ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʚʳʧʦʣʥʷʝʤʳʭ ʜʝʡ-
ʩʪʚʠʷʭ, ʠʟʤʝʥʝʥʠʷʭ ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʫʩʣʦʚʠʡ, ʦʰʠʙ-
ʢʘʭ ʠ ʠʩʢʣʶʯʝʥʠʷʭ. ɼʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ 
ʙʳʪʴ ʘʢʪʫʘʣʴʥʦʡ ʠ ʠʥʪʝʨʝʩʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʯʸʪʢʦʡ, ʢʦʤʧʘʢʪʥʦʡ ʠ ʥʝʜʚʫʩʤʳʩ-
ʣʝʥʥʦʡ ʬʦʨʤʝ. 
5. ʇʨʠʥʮʠʧ ʪʦʣʝʨʘʥʪʥʦʩʪʠ. ɼʠʟʘʡʥ ʜʦʣʞʝʥ 

ʙʳʪʴ ʛʠʙʢʠʤ ʠ ʣʝʛʢʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʦʜ ʢʦʥ-
ʢʨʝʪʥʳʝ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʜʘʚʘʪʴ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʩʦʚʝʨʰʠʪʴ ʦʪʤʝʥʫ ʦʧʝʨʘʮʠʠ ʠ ʝʸ ʧʦʚʪʦʨʥʦʝ 
ʚʳʧʦʣʥʝʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠ ʧʨʝʜʫ-
ʧʨʝʞʜʘʪʴ ʦʰʠʙʢʠ, ʠʥʪʝʨʧʨʝʪʠʨʫʷ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ 
ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʨʘʮʠʦ-
ʥʘʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ. 
6. ʇʨʠʥʮʠʧ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʀʥʪʝʨ-

ʬʝʡʩ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʚʥʝʰʥʠʝ 
ʠ ʚʥʫʪʨʝʥʥʠʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʩʥʠʞʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʧʦʤʠʥʘʥʠʷ ʠʣʠ ʧʝʨʝ-
ʦʩʤʳʩʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʘʟʥʘʯʝʥʠʝ ʠ ʬʫʥʢʮʠʦ-
ʥʘʣ ʜʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [4]. 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʜʚʠʥʫʪʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ 

ʚʤʝʩʪʦ ʩʪʘʥʜʘʨʪʥʦʡ ʢʣʘʚʠʘʪʫʨʳ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 
ʤʳʰʠ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʥʦʚʳʤ ʪʝʭʥʠʢʘʤ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ, ʥʝ ʦʩʦʙʦ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚ-
ʣʝʥʥʳʤʠ ʥʘ ʨʳʥʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʘʧʧʘʨʘʪʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ. ɻʦʣʦʩʦʚʦʝ ʠ ʞʝʩʪʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ 
ʫʞʝ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʜʸʞʥʦʛʦ 
ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʦʜʥʘʢʦ ʠʭ ʤʘʩʩʦʚʦʤʫ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʇʂ ʤʝʰʘʝʪ 
ʥʝ ʪʦʣʴʢʦ ʦʪʩʫʪʩʪʚʠʝ ʜʦʣʞʥʦʡ ʦʙʸʨʪʢʠ ï ʠʥʪʝʨ-
ʬʝʡʩʘ, ʥʦ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʠʭ ʜʝʡʩʪʚʠʷ.  
ʆʜʥʘʢʦ ʪʝʢʫʱʠʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʳʰʴʶ ʠ ʢʣʘʚʠʘʪʫʨʦʡ ʫ ʣʶʜʝʡ ʩ 
ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ, ʘ ʪʘʢʞʝ 
ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʩʪʘʚʣʷʶʪ ʟʘʜʫʤʘʪʴʩʷ 
ʦ ʙʘʟʦʚʳʭ ʧʨʠʥʮʠʧʘʭ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ, ʝʩʪʝʩʪʚʝʥ-
ʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ. 
ʇʦʩʪʝʧʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʨʬʝʡʩʦʤ ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʠ 
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ʘʜʘʧʪʘʮʠʠ ʧʨʠʥʮʠʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡ-
ʩʦʚ ʩ ʫʯʸʪʦʤ ʨʘʩʰʠʨʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʠ ʩʧʝʮʠ-
ʬʠʢʠ ʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʚʦʜʘ ʜʘʥʥʳʭ. ʊʝ-
ʧʝʨʴ, ʢʦʛʜʘ ʚʤʝʩʪʦ ʢʣʠʢʘ ʤʳʰʠ ʧʨʠʤʝʥʷʶʪʩʷ ʞʝ-
ʩʪʳ, ʘ ʚʤʝʩʪʦ ʢʣʘʚʠʘʪʫʨʳ ï ʛʦʣʦʩʦʚʦʡ ʥʘʙʦʨ, 
ʩʣʝʜʫʝʪ ʥʝʤʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠ ʫʪʦʯʥʠʪʴ ʫʞʝ 
ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʥʮʠʧʳ: 
1. ɺʠʜʠʤʦʩʪʴ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ: ʧʨʠ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʠʠ ʩʧʦʩʦʙʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ 
(ʥʘʧʨʠʤʝʨ, ʤʳʰʴ, ʤʠʢʨʦʬʦʥ, ʢʣʘʚʠʘʪʫʨʘ ʠ ʞʝʩʪʳ), 
ʦʥʘ ʜʦʣʞʥʘ ʙʳʩʪʨʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʳʙʨʘʥʥʳʡ 
ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʠ ʟʘ ʧʨʠʝʤʣʝʤʦʝ 
ʚʨʝʤʷ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʠʥ-
ʬʦʨʤʠʨʦʚʘʪʴ ʝʛʦ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʨʘʙʦʪʳ. 
2. ʈʘʚʝʥʩʪʚʦ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʠ ʨʝʘʣʴʥʳʤ ʤʠ-

ʨʦʤ: ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʦʣʴʟʦ-
ʚʘʪʝʣʝʤ ʥʘ ʝʛʦ ʷʟʳʢʝ, ʠʩʧʦʣʴʟʫʷ ʢʦʥʮʝʧʮʠʠ, ʢʦʪʦ-
ʨʳʝ ʫʞʝ ʠʟʚʝʩʪʥʳ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ 
ʠʥʬʦʨʤʘʮʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ ʝʩʪʝ-
ʩʪʚʝʥʥʦʤ ʧʦʨʷʜʢʝ ʚʳʙʨʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʧʦ-
ʩʦʙʦʤ. 
3. ʉʚʦʙʦʜʘ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ: ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʠʩʪʝʤʦʡ ʠ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʠʟʤʝʥʠʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʛʨʘʤʤʳ 
ʧʫʪʸʤ ʦʪʤʝʥʳ ʠʣʠ ʧʦʚʪʦʨʘ ʦʧʝʨʘʮʠʡ. ʇʨʠ ʚʳʙʦʨʝ 
ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʣʶʙʦʛʦ ʩʧʦʩʦʙʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 
ʩʠʩʪʝʤʦʡ, ʜʦʩʪʫʧ ʢ ʬʫʥʢʮʠʷʤ ʦʪʤʝʥʳ ʠʣʠ ʧʦʚʪʦʨʘ 
ʦʧʝʨʘʮʠʠ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʩʪʳʤ (ʥʘʧʨʠʤʝʨ, ʦʜʥʦ-
ʩʣʦʞʥʳʝ ʘʫʜʠʘʣʴʥʳʝ ʢʦʤʘʥʜʳ, ʧʨʦʩʪʦʝ ʞʝʩʪʦʚʦʝ 
ʜʚʠʞʝʥʠʝ). 

4. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʩʪʘʥʜʘʨʪʳ: ʩʠʩʪʝʤʘ 
ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʠ ʠ ʪʝ ʞʝ ʧʦʥʷʪʠʷ ʠ ʩʨʝʜ-
ʩʪʚʘ ʜʣʷ ʦʪʨʘʞʝʥʠʷ ʩʭʦʞʠʭ ʦʙʨʘʟʦʚ ʠ ʚʳʧʦʣʥʝʥʠʷ 
ʦʜʥʦʪʠʧʥʳʭ ʜʝʡʩʪʚʠʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʩʧʦʩʦʙʦʚ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-
ʚʘʥʳ ʪʠʧʦʚʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʨʝʢʦʤʝʥ-
ʜʘʮʠʠ ʠ ʩʦʛʣʘʰʝʥʠʷ. 
5. ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦʰʠʙʦʢ: ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ 

ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʪʘʢ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 
ʯʠʩʣʦ ʩʠʪʫʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦ-
ʚʝʨʰʠʪʴ ʦʰʠʙʢʫ. ɼʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠʣʠ ʩʝʨʴʸʟ-
ʥʳʭ ʠʟʤʝʥʝʥʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʤʥʦʛʦ-
ʩʪʫʧʝʥʯʘʪʘʷ ʩʠʩʪʝʤʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʪʚʝʪʘ ʧʦʣʴʟʦ-
ʚʘʪʝʣʷ. 

6. ʇʦʥʠʤʘʥʠʝ ʣʫʯʰʝ, ʯʝʤ ʟʘʧʦʤʠʥʘʥʠʝ: ʚʩʝ 
ʦʙʲʝʢʪʳ, ʬʫʥʢʮʠʠ, ʜʝʡʩʪʚʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʥʷʪʥʳ 
ʧʦʣʴʟʦʚʘʪʝʣʶ ï ʦʥ ʥʝ ʜʦʣʞʝʥ ʟʘʧʦʤʠʥʘʪʴ ʠ ʫʜʝʨʞʠ-
ʚʘʪʴ ʚ ʧʘʤʷʪʠ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʦʜʥʦʡ ʯʘʩʪʠ ʜʠʘʣʦʛʘ, 
ʯʪʦʙʳ ʧʨʠʤʝʥʠʪʴ ʝʸ ʚ ʜʨʫʛʦʡ. ɺ ʪʦʤ ʯʠʩʣʝ, ʘʫʜʠʘʣʴ-
ʥʳʝ ʢʦʤʘʥʜʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʟʚʫʯʥʳ ʩʚʦʝʡ ʬʫʥʢ-
ʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʞʝʩʪʦʚʳʝ ʜʚʠʞʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 
ʠʥʪʫʠʪʠʚʥʦ ʧʨʦʩʪʳ ʠ ʧʦʥʷʪʥʳ. 
7. ɻʠʙʢʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʜʦʣʞʝʥ ʙʳʪʴ ʦʜʠʥʘʢʦʚʦ ʫʜʦ-
ʙʝʥ ʢʘʢ ʜʣʷ ʥʦʚʠʯʢʦʚ, ʪʘʢ ʠ ʜʣʷ ʦʧʳʪʥʳʭ ʧʦʣʴʟʦʚʘ-
ʪʝʣʝʡ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʘʣʴʪʝʨʥʘ-
ʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʨʘʙʦʪʳ ʩ ʥʠʤ (ʥʘʧʨʠʤʝʨ, çʛʦʨʷ-
ʯʠʝè ʢʣʘʚʠʰʠ, ʫʩʣʦʞʥʸʥʥʳʝ ʞʝʩʪʳ; ʫʧʨʘʚʣʝʥʠʝ 
ʛʦʣʦʩʦʤ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʝ ʥʝʩʢʦʣʴʢʦ ʷʟʳʢʦʚ, ʧʦ-
ʤʠʤʦ ʨʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʶ). 
8. ʕʩʪʝʪʠʯʥʳʡ ʠ ʤʠʥʠʤʘʣʠʩʪʠʯʥʳʡ ʜʠʟʘʡʥ: 

ʜʠʘʣʦʛʠ ʥʝ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʥʝʨʝʣʝʚʘʥʪʥʫʶ ʠʣʠ 

ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʂʘʞʜʳʡ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʠʥʪʝʨʬʝʡʩʘ ʦʪʚʣʝʢʘʝʪ ʯʘʩʪʴ 
ʚʥʠʤʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʦʪʥʦ-
ʩʠʪʝʣʴʥʫʶ ʚʠʜʠʤʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʡ 
ʠʥʬʦʨʤʘʮʠʠ. 
9. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ: ʩʦʦʙ-

ʱʝʥʠʷ ʦʙ ʦʰʠʙʢʘʭ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʧʨʦ-
ʩʪʳʤ ʷʟʳʢʦʤ ʙʝʟ ʢʦʜʦʚ, ʪʦʯʥʦ ʦʧʠʩʳʚʘʪʴ ʧʨʦʙʣʝʤʫ 
ʠ ʧʨʝʜʣʘʛʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ. 
10. ʉʧʨʘʚʢʘ ʠ ʜʦʢʫʤʝʥʪʘʮʠʷ: ʪʘʢʘʷ ʠʥʬʦʨʤʘ-

ʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʫʧʥʘ ʜʣʷ ʧʦʠʩʢʘ, ʩʬʦʢʫʩʠʨʦ-
ʚʘʥʘ ʥʘ ʟʘʜʘʯʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘ ʚ 
ʦʧʠʩʘʥʠʠ ʝʛʦ ʜʝʡʩʪʚʠʡ ʠ, ʧʨʠ ʵʪʦʤ, ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ 
ʩʣʠʰʢʦʤ ʛʨʦʤʦʟʜʢʦʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʧʦʩʦʙʘ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʷ, ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ, 
ʜʦʣʞʥʘ ʙʳʪʴ ʩʚʦʷ ʩʧʨʘʚʢʘ ʠ ʜʦʢʫʤʝʥʪʘʮʠʷ ʩ ʠʣʣʶ-
ʩʪʨʘʮʠʝʡ ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʝʛʦ ʚʳʧʦʣ-
ʥʝʥʠʷ ʜʝʡʩʪʚʠʡ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʥʠ ʥʝ ʧʦʥʷʪʥʳ 
ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘ ʠʥʪʫʠʪʠʚʥʦʤ ʫʨʦʚʥʝ. 
ɼʘʥʥʳʡ ʥʘʙʦʨ ʧʨʠʥʮʠʧʦʚ ʫʥʠʚʝʨʩʘʣʝʥ ʠ ʧʨʠ-

ʤʝʥʠʤ ʜʣʷ ʣʶʙʦʛʦ ʪʠʧʘ ʩʧʦʩʦʙʘ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ, ʧʨʦʛʨʘʤʤʥʳʤ 
ʠʥʪʝʨʬʝʡʩʦʤ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʝʩʪʝ-

ʩʪʚʝʥʥʳʭ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʦʩʥʦ-
ʚʘʥʥʳʭ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʨʝʯʠ ʠ 
ʞʝʩʪʦʚ, ʧʨʝʜʣʘʛʘʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 
ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ ʩ ʢʦʤʧʴʶʪʝʨʦʤ, ʠʩʢʣʶʯʠʚ ʩʪʘʥʜʘʨʪʥʳʝ 
ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ. ʇʨʠ ʵʪʦʤ ʚʩʝʦʙʱʘʷ ʢʦʤʧʴʶʪʝʨʠ-
ʟʘʮʠʷ ʥʘʨʘʚʥʝ ʩ ʪʝʥʜʝʥʮʠʝʡ ʟʘʤʝʥʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 
ʦʙʱʝʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ 
ʥʘ ʦʙʱʝʥʠʝ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʪʦʣʴʢʦ 
ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʳʩʪʨʦʡ ʘʜʘʧʪʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʶ ʪʝʭ-
ʥʦʣʦʛʠʡ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɸ 
ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʤʦʛʫʪ ʙʦʣʝʝ ʛʨʘʤʦʪʥʦ 
ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʇʂ. 
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USER INTERFACE EVALUATION A ND QUALITY DESIGN CRITERIAS  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʢʫʱʠʝ ʤʫʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ GOMS. ʂʨʘʪʢʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʦʩʪʦ-

ʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʮʝʥʦʯʥʳʭ ʤʝʪʦʜʦʚ, ʥʝ ʫʯʠʪʳʚʘʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʛʨʫʧʧʘ ʬʘʢʪʦʨʦʚ ʦʮʝʥʢʠ ʢʘ-

ʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

Abstract. 

The article describes current interstate standards concerning user interface, GOMS model. The pros and 

cons between these evaluation methods, that do not take account of modern contactless control technologies, are 

briefly analyzed. On this basis a new group of criterias for user interface quality evaluation was proposed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʥʜʘʨʪʳ ʦʮʝʥʢʠ ʠʥʪʝʨʬʝʡʩʘ, ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥ-

ʪʝʨʬʝʡʩ, ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʤʝʪʦʜʳ ʦʮʝʥʢʠ, ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

Key words: interface evaluation standards, system performance speed, user interface, contactless control, 

evaluation methods, quality design. 

 

ʀʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (UI ð ʘʥʛʣ. user interface) ð ʨʘʟ-

ʥʦʚʠʜʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 

ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʨʘʟʣʠʯʥʳʤʠ, ʯʘʱʝ 

ʚʩʝʛʦ ʩʣʦʞʥʳʤʠ, ʵʣʝʢʪʨʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʤʘʰʠ-

ʥʘʤʠ, ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʘʧʧʘʨʘʪʫʨʦʡ [1]. ɺ ʪʝʢʫʱʠʭ 

ʫʩʣʦʚʠʷʭ ʜʠʟʘʡʥ ʠʥʪʝʨʬʝʡʩʦʚ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʠ ʢʦʤʧʴʶʪʝʨʘ. ɻʨʘʤʦʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʪʝʨ-

ʬʝʡʩʦʚ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʩʢʦʨʦʩʪʴ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʯʝʣʦʚʝʢʘ ʠ ʤʘʰʠʥʳ, ʩʦʢʨʘʪʠʪʴ ʢʦ-

ʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʠ ʠʭ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʪʘʢ ʢʘʢ ʚʥʝ-

ʩʝʥʠʝ ʧʨʘʚʦʢ ʚ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ, 

ʜʦʧʫʱʝʥʥʦʡ ʥʘ ʩʪʘʜʠʠ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ, ʟʘʯʘ-

ʩʪʫʶ ʦʙʭʦʜʠʪʩʷ ʜʝʰʝʚʣʝ ʠʟʤʝʥʝʥʠʡ ʧʨʦʜʫʢʪʘ ʚ ʬʠ-

ʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʨʘʩ-

ʪʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴ-

ʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʫʩʧʝʭʘ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʨʳʥʢʝ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʠʥʪʝʨʬʝʡʩʘ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʝʣʴ GOMS (ʘʥʛʣ. Goals, Objects, 

Methods & Selection rules ï ʧʨʘʚʠʣʘ ʜʣʷ ʮʝʣʝʡ, ʦʙʲ-

ʝʢʪʦʚ, ʤʝʪʦʜʦʚ ʠ ʚʳʜʝʣʝʥʠʷ). ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜ-

ʩʢʘʟʘʪʴ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ 

ʩ ʧʦʤʦʱʴʶ ʢʦʥʢʨʝʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ [2]. ʄʦʜʝʣʴ 

ʧʦʩʪʨʦʝʥʘ ʥʘ ʩʣʝʜʫʶʱʝʤ ʧʨʠʥʮʠʧʝ: ʚʨʝʤʷ, ʪʨʝʙʫ-

ʶʱʝʝʩʷ ʩʠʩʪʝʤʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʟʘ-

ʜʘʯʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʚʩʝʭ ʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʩʠʩʪʝʤʝ ʥʘ ʚʳ-

ʧʦʣʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʩʪʝʡʰʠʭ ʦʧʝʨʘ-

ʮʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʘʥʥʫʶ ʟʘʜʘʯʫ. ɺʨʝʤʝʥʥʳʝ ʠʥ-

ʪʝʨʚʘʣʳ, ʚʭʦʜʷʱʠʝ ʚ ʤʦʜʝʣʴ GOMS, ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʅʘʞʘʪʠʝ ʢʣʘʚʠʰʠ ï K = 0.2 ʩʝʢʫʥʜʳ; 

2. ʋʢʘʟʘʥʠʝ ï P = 1.1 ʩʝʢʫʥʜʳ: ʚʨʝʤʷ, ʥʝʦʙʭʦ-

ʜʠʤʦʝ ʜʣʷ ʫʢʘʟʘʥʠʷ ʥʘ ʣʶʙʫʶ ʧʦʟʠʮʠʶ ʥʘ ʵʢʨʘʥʝ 

ʤʦʥʠʪʦʨʘ; 

3. ʇʝʨʝʤʝʱʝʥʠʝ ï H = 0.4 ʩʝʢʫʥʜʳ: ʚʨʝʤʷ, ʥʝ-

ʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʨʫʢʠ ʩ ʢʣʘʚʠʘʪʫʨʳ ʥʘ 

ʢʦʤʧʴʶʪʝʨʥʫʶ ʤʳʰʴ ʠʣʠ ʦʙʨʘʪʥʦ; 

4. ʄʝʥʪʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ï ʄ = 1.35 ʩʝʢʫʥʜʳ: 

ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʫʤʩʪʚʝʥʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʠ ʢ ʩʣʝʜʫʶʱʝʤʫ ʰʘʛʫ. 

ʉʫʤʤʘʨʥʦ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʨʘʩ-

ʩʪʘʥʦʚʢʠ ʤʝʥʪʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʜʘʥ-

ʥʦʤ ʦʢʥʝ ʠʥʪʝʨʬʝʡʩʘ, ʟʘʪʝʤ ʦʥʘ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʩʦ-

ʛʣʘʩʥʦ çʚʝʩʫè ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ. ʀʪʦʛʦʚʘʷ ʦʮʝʥʢʘ 

ʜʘʸʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʢʘʢ ʜʦʣʛʦ ʢʘʞʜʦʝ ʜʝʡʩʪʚʠʝ ʙʫ-

ʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʠ ʧʨʠ ʟʘʪʷʛʠʚʘʶ-

ʱʝʤʩʷ ʧʨʦʮʝʩʩʝ ʩʣʝʜʫʝʪ ʫʧʨʦʱʘʪʴ ʜʦʩʪʫʧ ʢ ʪʦʤʫ 

ʠʣʠ ʠʥʦʤʫ ʜʝʡʩʪʚʠʶ [3]. 

ʂʘʩʘʪʝʣʴʥʦ ʙʦʣʝʝ ʩʫʙʲʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ï ʩʫʱʝʩʪʚʫʶʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʷ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʣʶʙʦʛʦ ʠʥʪʝʨʬʝʡʩʘ: 

- ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ, ʩʦʚʝʨʰʸʥʥʳʭ ʦʧʝʨʘ-
ʪʦʨʦʤ ʟʘ ʚʨʝʤʷ ʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʤ; 

- ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʠ ʦʩʚʦʝʥʠʷ ʬʫʥʢʮʠʦ-
ʥʘʣʘ ʩʠʩʪʝʤʳ; 

- ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ ʫʧʨʘʚ-
ʣʝʥʠʷ ʩʠʩʪʝʤʦʡ. 

ʇʦʤʠʤʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʥʝ-

ʩʢʦʣʴʢʦ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨ-

ʬʝʡʩʘ ʚ ʢʘʯʝʩʪʚʝ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ: 

ɻʆʉʊ ʈ ʀʉʆ 14915ï1-2010 çʕʨʛʦʥʦʤʠʢʘ ʤʫʣʴʪʠ-

ʤʝʜʠʡʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚè, ɻʆʉʊ 
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ʈ ʀʉʆ 9241ï210ï2012 çʕʨʛʦʥʦʤʠʢʘ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʯʝʣʦʚʝʢ-ʩʠʩʪʝʤʘè, ɻʆʉʊ 28195ï89 çʆʮʝʥʢʘ 

ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚè [1]. ʂʘʞʜʳʡ ʠʟ ʚʳ-

ʰʝʧʨʠʚʝʜʸʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥ-

ʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʦʜʥʘʢʦ ʥʠ ʦʜʠʥ ʠʟ ʥʠʭ ʧʦʣʥʦ-

ʮʝʥʥʦ ʥʝ ʦʪʨʘʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪʠʚ-

ʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʦʚ, ʨʦʚʥʦ ʢʘʢ ʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ 

ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʠʥʪʝʨʬʝʡʩʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʫʩʪʘʨʝʚʘʥʠʷ ʩʪʘʥʜʘʨʪʦʚ 

ʠʟ-ʟʘ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʤʝʥʳ 

ʪʝʥʜʝʥʮʠʡ, ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʬʦʨʤʠʨʦ-

ʚʘʥʠʠ ʥʦʚʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʥʪʝʨʬʝʡ-

ʩʦʚ. ʂ ʪʦʤʫ ʞʝ ʢʨʠʪʝʨʠʝʚ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ, ʚʢʣʶʯʘʷ ʠ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʚ ʮʝʣʦʤ ʨʘʙʦʪʳ ʠʥʪʝʨ-

ʬʝʡʩʘ ʧʦ ʤʦʜʝʣʠ GOMS, ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʘʜʝʢʚʘʪʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʥʦʚʦʡ 

ʤʝʪʦʜʠʢʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʙʨʘʪʥʫʶ ʩʦʚʤʝʩʪʠ-

ʤʦʩʪʴ ʩ ʧʨʠʥʷʪʳʤʠ ʵʨʛʦʥʦʤʠʯʝʩʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, 

ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥʘ ʜʦʣʞʥʘ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʠʭ ʥʝʜʦ-

ʩʪʘʪʢʠ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʜʣʷ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʙʝʩ-

ʢʦʥʪʘʢʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʫʧʨʘʚʣʝʥʠʷ.  

ɿʘʥʠʤʘʶʱʘʷʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʉʦʨʦ-

ʢʠʥʘ ʃ. ɺ. ʚ ʨʘʤʢʘʭ ʩʚʦʝʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʦʡ ʨʘʙʦʪʳ ʚʳʷʚʠʣʘ ʤʥʦʞʝʩʪʚʦ ʥʝʜʦʩʪʘʪʢʦʚ ʩʪʘʥ-

ʜʘʨʪʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ, ʠ 

ʧʨʝʜʣʦʞʠʣʘ ʥʦʚʫʶ ʤʦʜʝʣʴ ʠʟ 16 ʬʘʢʪʦʨʦʚ. ʆʜʥʘʢʦ 

ʵʪʠ ʬʘʢʪʦʨʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʣʠʰʴ ʪʝʢʫʱʠʤ ʠʥʪʝʨ-

ʬʝʡʩʘʤ, ʥʝ ʧʨʠʥʠʤʘʷ ʚ ʨʘʩʯʸʪ ʥʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ 

ʩʬʝʨʝ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʨʬʝʡʩʘʤʠ, 

ʪʘʢʠʝ ʢʘʢ ʛʦʣʦʩʦʚʦʝ, ʞʝʩʪʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʧʨ. ʇʦ-

ʵʪʦʤʫ ʬʘʢʪʦʨʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʉʦʨʦʢʠʥʦʡ, ʙʳʣʠ 

ʘʜʘʧʪʠʨʦʚʘʥʳ ʧʦʜ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝ-

ʧʝʨʴ ʫʯʠʪʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ (ʪʘʙʣ. 1). ʆʥʠ ʪʘʢʞʝ ʩʛʨʫʧ-

ʧʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʘ ʚ ʭʦʜʝ ʦʮʝʥʦʯʥʦʡ ʧʨʦʚʝʨʢʠ ʨʘʟʨʘʙʘʪʳ-

ʚʘʝʤʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠʣʠ ʧʣʘʪʬʦʨʤʳ:  

- ɻʨʫʧʧʘ QA-ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 

ʪʝʩʪʠʨʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ; 

- ʕʢʩʧʝʨʪ ʠʣʠ ʛʨʫʧʧʘ ʵʢʩʧʝʨʪʦʚ ʚ ʦʙʣʘʩʪʠ 
ʜʠʟʘʡʥʘ, ʶʟʘʙʠʣʠʪʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ; 

- ʌʦʢʫʩ-ʛʨʫʧʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʝ ʠʤʝʶʱʠʭ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʨʘʙʦʪʘʶʱʠʭ ʩ ʩʠʩʪʝʤʦʡ 

ʚʧʝʨʚʳʝ; 

- ʕʢʩʧʝʨʪʳ ʚ ʦʙʣʘʩʪʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ 
ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʊʘʙʣʠʮʘ 1 

ʌʘʢʪʦʨʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ  

ʩ ʢʦʥʪʘʢʪʥʳʤ ʠ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʘʤʠ ʚʚʦʜʘ 

ˉ ʌʘʢʪʦʨ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʊʝʩʪʠʨʦʚʘʥʠʝ 

1.  ʥʘʜʸʞʥʦʩʪʴ 
ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʧʨʦʜʫʢʪʘ ʢ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʩʨʝʜʳ; 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʩʙʦʷʤ  

2.  

ʦʯʝʚʠʜʥʦʩʪʴ 

ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ  

ʠʥʜʠʢʘʮʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ ʆʉ ʠʣʠ ʇʆ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʘ-

ʨʘʥʝʝ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

3.  ʛʠʙʢʦʩʪʴ 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʆʉ, ʧʝʨʩʦʥʠʬʠʢʘʮʠʷ ʧʦʜ 

ʥʫʞʜʳ ʦʧʨʝʜʝʣʸʥʥʳʭ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʦʜ ʦʧʨʝʜʝʣʸʥʥʳʝ ʘʧʧʘʨʘʪʥʳʝ ʦʛʨʘʥʠ-

ʯʝʥʠʷ (ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʘʤʢʘʭ ʩʝ-

ʘʥʩʘ ʨʘʙʦʪʳ ʩ ʇʂ ʠʣʠ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʇʆ) 

4.  
ʧʦʠʩʢʦʚʘʷ 

ʜʦʩʪʫʧʥʦʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʥʘʡʪʠ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ; ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ ʪʝʢʩʪʦ-

ʚʦʛʦ ʢʦʥʪʝʥʪʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʥʷʪʥʳʭ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ʩʣʦʚ 

5.  ʧʦʜʜʝʨʞʢʘ 

ʙʳʩʪʨʦʪʘ ʠ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʤʦʱʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚʩʪʨʦʝʥʥʦʡ ï ʢʦʥʪʝʢʩʪʥʦʡ, ʟʘʣʦʞʝʥʥʦʡ ʚ ʠʥʪʝʨʬʝʡʩ ʟʘʨʘʥʝʝ, ʥʘʣʠʯʠʝ ʧʦ-

ʜʨʦʙʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʠʟ-ʟʘ ʥʦʚʠʟʥʳ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʪʩʫʪʩʪʚʠʷ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ) 

ʕʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ 

6.  
ʝʜʠʥʦʦʙʨʘ-

ʟʠʝ 

ʝʜʠʥʩʪʚʦ ʮʚʝʪʦʚʦʡ ʩʭʝʤʳ ʠ ʩʝʤʝʡʩʪʚ ʰʨʠʬʪʦʚ, ʦʜʥʦʨʦʜʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʪʝʨ-

ʬʝʡʩʘ ʠ ʧʨʠʥʮʠʧʦʚ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʜʠʥʘʢʦʚʳʭ ʠʣʠ ʩʭʦʜʥʳʭ ʬʫʥʢʮʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ) 

7.  

ʵʨʛʦʥʦʤʠʯʝ-

ʩʢʘʷ ʧʨʦ-

ʩʪʦʪʘ 

ʣʸʛʢʦʩʪʴ ʚ ʟʘʧʦʤʠʥʘʥʠʠ ʥʦʚʳʭ ʜʝʡʩʪʚʠʡ ʠ ʦʧʝʨʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʩʣʦʞʥʳʭ ʤʘʥʠʧʫʣʷʮʠʡ (ʥʝ ʩʯʠʪʘʷ ʠʟʤʝʥʝʥʠʡ ʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤʳ) ʜʣʷ ʫʧʨʘʚ-

ʣʝʥʠʷ ʠʥʪʝʨʬʝʡʩʦʤ 

8.  
ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʠʥʪʝʨʬʝʡʩʘ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʜʦʩʪʘʪʦʯʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʘʣʘ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʘʫʜʠʪʦʨʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʱʝʥʠʷ ʥʝʩʢʦʣʴ-

ʢʠʭ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ 

9.  
ʢʘʯʝʩʪʚʦ 

ʢʦʥʪʝʥʪʘ 

ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, ʝʸ ʢʦʨʨʝʢʪʥʦʩʪʴ, ʩʪʨʫʢʪʫʨʠʨʦ-

ʚʘʥʥʦʩʪʴ, ʟʘʰʫʤʣʸʥʥʦʩʪʴ 

10.  
ʵʤʦʮʠʦʥʘʣʴ-

ʥʦʩʪʴ 

ʥʘʣʠʯʠʝ ʘʥʪʨʦʧʦʤʦʨʬʥʳʭ ʢʘʯʝʩʪʚ ʩʠʩʪʝʤʳ, ʧʝʨʩʦʥʘʞʝʡ, ʥʝʬʦʨʤʘʣʴʥʳʭ ʦʪʚʝʪʦʚ 

ʠ ʨʝʘʢʮʠʡ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʜʝʡʩʪʚʠʷ 

11.  
ʷʟʳʢ ʧʨʠʣʦ-

ʞʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʣʦʚʘʨʷ ʩʠʩʪʝʤʳ, ʩʪʠʣʠʩʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʢʦʥʪʝʥʪʘ, ʩʪʝʧʝʥʴ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʞʠʜʘʥʠʷʤ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ 
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ʌʦʢʫʩ-ʛʨʫʧʧʘ 

12.  
ʢʦʛʥʠʪʠʚʥʘʷ 

ʧʨʦʩʪʦʪʘ 

ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʩʠʩʪʝʤʳ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʧʦʤʠʥʘʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʩʪʝʡʰʠʭ ʟʘʜʘʯ  

13.  
ʫʜʦʚʣʝʪʚʦ-

ʨʸʥʥʦʩʪʴ 

ʩʪʝʧʝʥʴ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ; ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʠʥʪʝʨʬʝʡʩʦʤ 

14.  
ʚʦʚʣʝʯʸʥ-

ʥʦʩʪʴ 

ʩʪʝʧʝʥʴ ʨʝʘʢʮʠʠ ʦʧʝʨʘʪʦʨʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʧʦ-

ʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʳʭ 

ʧʨʠʚʷʟʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʠʥʪʝʨʬʝʡʩʘ 

ʕʢʩʧʝʨʪʳ ʚ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ 

15.  
ʚʳʛʦʜʘ ʦʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ 

ʩʪʝʧʝʥʴ ʫʥʠʢʘʣʴʥʦʩʪʠ, ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʧʦʣʝʟʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ; ʠʥ-

ʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ʦʙ ʵʪʠʭ ʬʘʢʪʦʨʘʭ 

16.  

ʦʙʱʝʩʪʚʝʥ-

ʥʦʝ ʦʢʨʫʞʝ-

ʥʠʝ 

ʥʘʣʠʯʠʝ ʫ ʧʣʘʪʬʦʨʤʳ ʥʝʬʦʨʤʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ ʥʘ ʜʨʫʛʠʭ ʧʦ-

ʜʦʙʥʳʭ ʨʝʩʫʨʩʘʭ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʧʨʦʜʫʢʪʘ [4] 

ʏʪʦʙʳ ʧʨʦʛʨʘʤʤʘ, ʧʨʠʣʦʞʝʥʠʝ ʠʣʠ ʧʣʘʪʬʦʨʤʘ 

ʙʳʣʠ ʚʦʩʪʨʝʙʦʚʘʥʳ, ʦʥʠ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴ ʥʝ 

ʪʦʣʴʢʦ ʩʚʦʠ ʧʨʷʤʳʝ ʬʫʥʢʮʠʠ, ʥʦ ʠ ʙʳʪʴ ʫʜʦʙʥʳʤʠ 

ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʏʪʦʙʳ 

ʩʜʝʣʘʪʴ ʠʭ ʪʘʢʦʚʳʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʛʨʘʤʦʪʥʦʝ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʜʫʢʪʘ [5]. 

ʇʨʠʚʝʜʸʥʥʳʡ ʥʘʙʦʨ ʬʘʢʪʦʨʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʠʥ-

ʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʙʝʟ, ʤʦ-

ʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʠ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʣʷ 

ʦʮʝʥʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʥʪʝʨʬʝʡʩʘ.  
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CONTROL  

 

Abstract. 

Modern high-tech and technologically equipped production facilities of the rocket and space industry require 

a high level of engineering personnel qualification. A bench for testing algorithms of spacecraft angular motion 

control is being developed under the qualified professional training program at Reshetnev Siberian State Univer-

sity of Science and Technology and Reshetnev Lyceum 102. The bench is designed for laboratory practicums at 

higher and secondary educational institutions.  

 

Key words: rocket and space industry, education, bench, model, control algorithm.  

 

Modern high-tech and technologically equipped 

production facilities of the rocket and space industry re-

quire a high level of engineering personnel qualifica-

tion. The trends of modern education in training profes-

sionals go beyond the framework of higher educational 

institutions, and specialized vocational classes are in-

troduced in schools. Subject Olympiads and competi-

tions in technical creativity are held at higher educa-

tional institutions and schools. In this regard, there is a 

need for educational programs and visual aids. 

A bench for testing algorithms of spacecraft angu-

lar motion control is being developed under the quali-

fied professional training program at the Automatic 

Control Systems Department of the Institute of Space 

Technology at Reshetnev Siberian State University of 
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Science and Technology, and Reshetnev Lyceum 102. 

The bench is designed for laboratory practicums and 

helps the students apply the knowledge they gain from 

the lecture courses. The laboratory practicums will pro-

vide an opportunity to get a deep insight into the syn-

thesis of control algorithms, the principles of building 

spacecraft orientation and stabilization systems, the 

sensor equipment and effector selection. The bench will 

also serve as a visual aid for the occupational guidance 

of advanced engineering classes and provide a more 

complete and accurate understanding of the logic and 

structure of the spacecraft control system. 

During spacecraft functioning in orbit, the control 

system can operate both in navigation and guidance 

modes, and in orientation and attitude-hold modes, and 

operation in these modes can be both simultaneous and 

sequential [3, 3c]. 

The main navigation task of the control algorithms 

is to measure the navigation parameters and determine 

the kinematic parameters of motion (coordinates and 

speeds) from them. The guidance task includes deter-

mination of the required control actions to ensure bring-

ing a spacecraft to a given point in space with a given 

speed and at the right moment. 

The navigation and guidance tasks can be grouped 

together as the tasks of controlling the motion of a 

spacecraft center of gravity (COG). The orientation and 

attitude-hold tasks can be called the tasks of controlling 

a spacecraft motion around the COG. Therewith the ori-

entation task is to align the spacecraft axes with the 

axes of a certain coordinate system, called the basic ref-

erence system, which has an unknown motion in space. 

The attitude-hold task is to eliminate small angular de-

viations of the spacecraft axes from the corresponding 

axes of the base reference system, which inevitably 

arise in flight [3, 11c]. 

The laboratory bench allows testing the algorithms 

that solve the issues of controlling a spacecraft motion 

around the COG. 

 
Fig. 1. Bench scheme 

 

The bench is a gimbal with a spacecraft model 

placed in it (Fig. 1). The spacecraft model has a set of 

sensors for testing control algorithms, and servos for 

turning the solar panels. 

The gimbal enables the spacecraft model attached 

to it to rotate in three planes. The gimbal mechanism 

consists of arched-shaped internal and an external 

guides 2 and 1, a step motor located at the center of the 

gimbal external guide to provide for rotation around the 

Y axis, a step motor attached at the end of the external 

guide to provide for the internal frame rotation around 

the Z axis, and a step motor at the center of the internal 

guide to provide for the spacecraft model 3 rotation 

around the X axis. This design of the gimbal ensures 

the required field of vision for the sensor operation, and 

three degrees of freedom for the spacecraft model rota-

tion. 

Orientation and attitude-hold algorithms can be 

practiced on the bench using a photoconductive sensor, 

which is essentially a resistor changing its resistance 

depending on how much light falls on the sensing ele-

ments. The data exchange between the photoconduc-

tive sensor and the Arduino board is arranged on an an-

alog channel. 

Changes in the angular position along three axes 

are driven by Nema 17HS2417 step motors. The step 

motors are controlled via A4988 driver. The driver op-

erates on 8-35 V power and maintains the voltage up to 

2A. Since the driver is sensitive to power surges, a 100 

ɛF electrolytic capacitor with the rated voltage of 35 V 

is built in the power connection circuit. This driver en-

ables control over intermediate steps and has five mi-

crostep modes to improve accuracy of the spacecraft 

model positioning. 

Spatial position of the model is determined with 

the help of a 3-axis gyroscope and a GY-521 MPU-

6050 accelerometer, which has a built-in 16-bit ADC. 

The MPU-6050 chip accelerometer uses the piezoelec-

tric effect and is a cube box that has a ball inside, mov-

ing in the slope direction. The walls of the equipment 

are made of piezoelectric crystals, which create tiny pi-

ezoelectric currents when the ball collides on them. 

The slope direction and magnitude are determined 

depending on the current received from the walls. The 

gyroscope is an oscillating piezoelectric plate. When 

turning, this plate is bent, and its changing electrical pa-

rameters are recorded by the microchip. 

The step motors and sensors are controlled by the 

Arduino board. 

Due to high requirements for the accuracy of sen-

sor readings, the step motors and sensors are inde-

pendently powered. 

The hardware interaction diagram is shown in Fig-

ure 2. 

The bench is controlled through an ñinterfaceò de-

veloped in the Python language, which implements the 

program code of the control algorithm and the logic of 

data exchange with the Arduino board. The data on the 

model current angular position goes from the 

MPU6050 sensor through the Arduino board into the 

interface, where it is processed, and the control signal 

is calculated, which is transmitted through the board to 

the Nema 17 step motor connected via the A4988 

driver. As a result of the step motor shaft rotation the 

MPU6050 sensor records changes in the model angular 

position. In this way the control algorithms for the 

spacecraft model angle and spatial position change rate 

are implemented. 
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Fig. 2. Hardware interaction block diagram 

 

With its mechanical construction scheme and the 

hardware interaction scheme, the bench will allow test-

ing the algorithms for controlling the spacecraft angular 

motion around the COG; spacecraft stabilization after 

separation from the launch vehicle; spacecraft triaxial 

orientation and reorientation on set reference points; 

and tracking Arduino MPU6050 Nema 17 Interface ref-

erences. 

In addition to training in the spacecraft control al-

gorithms, the bench can be used to simulate the angular 

motion of manned and unmanned aircraft, simulate and 

calculate deviations in propulsion system and mobile 

platform operations, and to calibrate sensor equipment. 
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LEARNING SYSTEM PROGRAMMING IN UNIVERSITIES  
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʘʩʧʝʢʪʳ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʩʠʩʪʝʤʥʦʤʫ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʞʝʥʝʨʥʦʛʦ ʤʳʰʣʝʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʵʬʬʝʢʪʠʚʥʴʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

Abstract. 
The article deals with the fundamental aspects of teaching students system programming and the formation 

of engineering thinking. Examples of effective methods of organization of educational process are given.  
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ʆʙʫʯʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʠʩʪʘ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ ʟʘʜʘʯʫ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚ-

ʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʩʪʫʜʝʥʪʘ ʩʠʩʪʝʤʥʦ-ʠʥʞʝ-

ʥʝʨʥʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʥʘʚʳʢʦʚ ʨʝʰʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ [1,2,3,4]. ʉʠʩʪʝʤʥʳʡ ʧʨʦʛʨʘʤ-

ʤʠʩʪ [1,4], ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʢʣʘʜʥʦʛʦ [2,3], ʜʦʣʞʝʥ 

ʠʤʝʪʴ ʭʦʨʦʰʫʶ ʧʦʜʛʦʪʦʚʢʫ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ, ʵʣʝʢ-

 

interface 
 

Arduino 
 

MPU6050 

 

Nema 17 
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ʪʨʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʚʝʜʴ ʪʦʣʴʢʦ ʧʦʥʠʤʘʷ ʦʩ-

ʥʦʚʥʳʝ ʟʘʢʦʥʳ ʬʠʟʠʢʠ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦ-

ʥʠʢʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʝʪʢʦʝ ʠ ʷʩʥʦʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ ʦ ʨʘʙʦʪʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʠʥʪʝ-

ʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ. ʀʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʙʦ ʥʘʙʦʨʳ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʜʠʦʜʥʳʝ, ʨʝʟʠʩʪʦʨʥʳʝ, ʪʠʨʠʩʪʦʨʥʳʝ 

ʠʣʠ ʪʨʘʥʟʠʩʪʦʨʥʳʝ ʩʙʦʨʢʠ), ʣʠʙʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʟʘʢʦʥʯʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʚʳʧʨʷʤʠʪʝʣʠ, ʛʝʥʝʨʘ-

ʪʦʨʳ, ʫʩʠʣʠʪʝʣʠ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʣʦʛʠʯʝʩʢʠʝ ʵʣʝ-

ʤʝʥʪʳ, ʘʣʬʘʚʠʪʥʦ-ʮʠʬʨʦʚʳʝ ʠʥʜʠʢʘʪʦʨʳ ʠ ʪ.ʜ.), ʢ 

ʢʦʪʦʨʳʤ ʥʫʞʥʦ ʣʠʰʴ ʧʦʜʚʝʩʪʠ ʧʠʪʘʶʱʝʝ ʥʘʧʨʷʞʝ-

ʥʠʝ, ʧʦʜʘʪʴ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜ ʠ ʩʥʷʪʴ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ. 

ʈʘʙʦʪʘ ʚʩʝʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʩʥʦʚʘʥʘ 

ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʣʦʛʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʘʣʛʝʙʨʳ 

ʣʦʛʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʯʝʪʳʨʴʤʷ ʚʘʨʠʘʥʪʘʤʠ ʦʧʝ-

ʨʘʮʠʠ ʩʣʦʞʝʥʠʷ (0+0=0,1+0=1,0+1=1 ʠ 1+1=10) ï 

ʠʤʝʥʥʦ ʵʪʦ ʩʚʦʡʩʪʚʦ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦ-

ʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʠ ʠʩʧʦʣʥʷʪʴ ʧʨʦ-

ʛʨʘʤʤʥʳʡ ʢʦʜ.  

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʤʦʪʠʚʠʨʦʚʘʣ ʠʭ ʟʥʘʯʠʤʳʤ ʜʣʷ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʤ, ʢʦʪʦʨʦʛʦ 

ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʠʩʮʠʧʣʠʥ çʌʠʟʠʢʘ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘè, çʕʣʝʢʪʨʦʪʝʭʥʠʢʘè ʠ çʉʠʩʪʝʤʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè. ʄʦʪʠʚʠʨʦʚʘʥʥʳʡ ʩʪʫʜʝʥʪ ʙʫ-

ʜʝʪ ʠʜʪʠ ʢ ʮʝʣʠ, ʧʦʥʠʤʘʷ ʚʩʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʧʦ-

ʣʝʟʥʦʩʪʴ ʠʟʫʯʘʝʤʳʭ ʜʠʩʮʠʧʣʠʥ, ʧʦʣʫʯʘʷ ʫʜʦʚʣʝ-

ʪʚʦʨʝʥʠʝ ʦʪ ʜʦʩʪʠʛʥʫʪʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʯʪʦ ʙʫʜʝʪ 

ʧʦʜʪʘʣʢʠʚʘʪʴ ʝʛʦ ʫʛʣʫʙʣʷʪʴʩʷ ʚ ʧʨʝʜʤʝʪʥʫʶ ʦʙ-

ʣʘʩʪʴ. ɺ ʥʘʯʘʣʝ ʦʙʫʯʝʥʠʷ ʫ ʩʪʫʜʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʬʦʨʤʠʨʦʚʘʪʴ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʭ ʩʠʩʪʝʤʘʭ, 

ʩ ʢʦʪʦʨʳʤʠ ʦʥʠ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘ-

ʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚʣʷʶʪʩʷ ʚʩʝ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ï ʦʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʜʦ 

ʢʦʤʧʴʶʪʝʨʦʚ. 

3ʘʢʨʝʧʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʩʝʤʠʥʘʨʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘ-

ʥʷʪʠʷʭ, ʥʘ ʢʦʪʦʨʳʭ ʩʪʫʜʝʥʪʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʨʘʙʦ-

ʪʘʪʴ ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʠ ʫʩʪʨʘʥʝ-

ʥʠʶ ʥʝʧʦʣʘʜʦʢ ʢʘʢ ʘʧʧʘʨʘʪʥʦʛʦ, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʫʨʦʚʥʷ, ʥʘʡʜʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ 

ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʫʨʦʚʥʷʭ ʘʙʩʪʨʘʢʮʠʠ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʦʙʲʷʩʥʷʝʪ ʤʘʪʝʨʠʘʣ ʠʟʣʠʰʥʝ ʘʢʘʜʝ-

ʤʠʯʥʦ, ʚ ʦʪʨʳʚʝ ʦʪ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ, ʩʪʫʜʝʥʪʳ ʩʪʨʝ-

ʤʷʪʩʷ ʟʘʫʯʠʪʴ ʥʝ ʦʩʤʳʩʣʠʚʘʷ ʤʘʪʝʨʠʘʣ, ʚ ʥʘʜʝʞʜʝ 

ʥʘ ʭʦʨʦʰʫʶ ʦʪʤʝʪʢʫ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʧʨʠʚʦʜʠʪ ʢ ʥʝ-

ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʩʚʦʝʥʠʶ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʫʜʫʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ. 

ʆʮʝʥʠʚʘʥʠʝ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʩʪʫʜʝʥʪʘ 

ʪʦʣʴʢʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʣʠ ʧʦ ʦʪʚʝʪʘʤ 

ʥʘ ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʘʪʪʝʩʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪʘʭ ʟʘʜʘʯ 

ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ ʫʩʚʦʝʥʠʶ ʫʯʝʙ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʪʨʫʜʦ-

ʫʩʪʨʦʡʩʪʚʝ, ʙʫʜʫʱʠʡ ʩʧʝʮʠʘʣʠʩʪ ʚʩʝʛʜʘ ʙʫʜʝʪ ʨʘ-

ʙʦʪʘʪʴ ʚ ʢʦʤʘʥʜʝ, ʛʜʝ ʙʦʣʝʝ ʦʧʳʪʥʳʝ ʩʦʪʨʫʜʥʠʢʠ 

ʚʳʷʚʷʪ ʦʰʠʙʢʠ ʠ ʧʦʜʩʢʘʞʫʪ, ʢʘʢ ʨʝʰʠʪʴ ʟʘʜʘʯʫ 

ʧʨʘʚʠʣʴʥʦ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʧʨʦ-

ʙʣʝʤʳ ʛʦʨʘʟʜʦ ʚʘʞʥʝʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʇʦ-

ʵʪʦʤʫ, ʝʩʣʠ ʦʮʝʥʠʚʘʪʴ ʫʯʘʱʝʛʦʩʷ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ 

ʪʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦʩʪʴʶ ʦʪʚʝʪʦʚ, ʪʦ ʤʦʞʥʦ ʩʬʦʨʤʠ-

ʨʦʚʘʪʴ ʫ ʩʪʫʜʝʥʪʦʚ çʩʠʥʜʨʦʤ ʦʪʣʠʯʥʠʢʘè. ʇʦʵʪʦʤʫ 

ʟʘʢʨʝʧʣʷʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʠ ʚʳʷʚʣʷʪʴ ʠʤʝʶ-

ʱʠʝʩʷ ʚ ʥʠʭ ʧʨʦʙʝʣʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʨʝʰʝʥʠʠ 

ʧʨʦʙʣʝʤʥʳʭ ʟʘʜʘʥʠʡ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʙʣʝʤ-

ʥʳʭ ʟʘʜʘʥʠʡ ʩʪʫʜʝʥʪʦʚ ʩʣʝʜʫʝʪ ʨʘʟʜʝʣʠʪʴ ʥʘ ʢʦ-

ʤʘʥʜʳ ʠ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʦʥʠ 

ʜʦʣʞʥʳ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʧʨʝʟʝʥʪʦʚʘʪʴ ʧʨʦʪʦʪʠʧ 

ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʨʘʤ-

ʢʘʭ ʪʝʤʘʪʠʢʠ ʢʦʥʢʫʨʩʘ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʫʯʘʱʠʝʩʷ 

ʙʫʜʫʪ ʦʱʫʱʘʪʴ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʬʦʨʤʠʨʦ-

ʚʘʪʴ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʚ ʢʦʤʘʥʜʝ. 

ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʜʨʘ-

ʟʫʤʝʚʘʝʪ ʪʚʦʨʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʩʪʫʜʝʥʪʦʚ ʠʩʢʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʧʫʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. ʕʪʦ ʥʝʠʟʙʝʞʥʦ ʧʦʚʣʝʯʸʪ ʟʘ ʩʦ-

ʙʦʡ ʙʦʣʝʝ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠʟʫʯʘʝ-

ʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʤʦʞʝʪ ʦʪʜʝʣʴ-

ʥʳʤ ʩʪʫʜʝʥʪʘʤ ʧʨʝʦʜʦʣʝʪʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʙʘ-

ʨʴʝʨ ʩʦʚʝʨʰʘʪʴ ʦʰʠʙʢʠ ʠ ʙʦʣʴʰʝ ʟʘʜʘʚʘʪʴ 

ʚʦʧʨʦʩʦʚ ʧʦ ʠʟʫʯʘʝʤʳʤ ʪʝʤʘʤ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʪʫʜʝʥʪʘʤʠ ʬʠʟʠʢʠ ʠ ʵʣʝʢʪʨʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ, ʢʨʘʡʥʝ ʚʘʞʥʦ ʫʢʦʤʧʣʝʢʪʦ-

ʚʘʪʴ ʫʯʝʙʥʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦʙʳ ʩʪʫʜʝʥʪʳ ʥʝ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ 

ʩʠʤʫʣʷʮʠʝʡ ʠʟʫʯʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʦʪʨʘʙʘʪʳʚʘʣʠ 

ʩʚʦʠ ʥʘʚʳʢʠ ʥʘ ʨʝʘʣʴʥʦʤ çʞʝʣʝʟʝè (ʘʥʛʣ. hard-

ware).ʉʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʣʘʙʦʨʘʪʦʨ-

ʥʳʭ ʨʘʙʦʪ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʫʜʫʪ ʩʛʦʨʘʪʴ 

ʦʪ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ, ʧʝʨʝʛʨʫʟʦʢ ʠ ʢʦ-

ʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ, ʥʦ ʵʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʚʦʜʦʤ ʜʣʷ 

ʧʦʨʠʮʘʥʠʷ ʩʪʫʜʝʥʪʘ, ʜʦʧʫʩʪʠʚʰʝʛʦ ʥʝʠʩʧʨʘʚʥʦʩʪʴ. 

ʀʤʝʥʥʦ ʤʝʪʦʜʦʤ ʧʨʦʙ ʠ ʦʰʠʙʦʢ ʩʪʫʜʝʥʪʳ ʩʤʦʛʫʪ 

ʜʦʢʦʧʘʪʴʩʷ ʜʦ ʩʫʪʠ ʧʨʦʙʣʝʤʳ.  

ʀʟ ʧʨʘʢʪʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʧʦʜʘ-

ʚʘʪʝʣʴ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʜʦʣʞʝʥ ʦʙʫ-

ʯʠʪʴ ʩʪʫʜʝʥʪʦʚ ʨʘʙʦʪʝ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʧʠʩʘʥʠʷʤʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʘʥʛʣ. datasheets).ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʧʦʣʘʜʦʢ 

ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʩʠʩʪʝʤʥʳʡ ʧʨʦ-

ʛʨʘʤʤʠʩʪ ʜʦʣʞʝʥ ʫʤʝʪʴ ʨʘʙʦʪʘʪʴ ʩ ʵʪʠʤʠ ʠʩʪʦʯʥʠ-

ʢʘʤʠ. ɿʘʯʘʩʪʫʶ ʦʥʠ ʥʘʧʠʩʘʥʳ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ, 

ʧʦʵʪʦʤʫ ʫ ʦʙʫʯʘʝʤʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʛʣʫʙʣʷʶʪʩʷ 

ʟʥʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʛʣʠʡʩʢʦʛʦ. ʈʝʘʣʠʠ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʨʳʥʢʘ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʘʢʦʚʳ, 

ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʘʟʠʨʫʶʪʩʷ ʚ ʉʐɸ, ʂʠʪʘʝ ʠ ɽʚʨʦʧʝ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʜʠʩʮʠʧʣʠʥʳ çʉʠʩʪʝʤʥʦʝ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʝè ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʜʦʣʞʝʥ ʦʨʛʘʥʠʟʦ-

ʚʘʪʴ ʩʦʚʤʝʩʪʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʠ 

ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʚʳʧʦʣʥʷʪʴ ʧʨʦʙʣʝʤʥʳʝ ʟʘʜʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʥʘ ʣʝʢʮʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʛʨʘʤʤ-

ʥʳʡ ʢʦʜ, ʪʦ ʣʝʢʪʦʨ ʜʦʣʞʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʤʝʩʪʝ 

ʩʦ ʩʪʫʜʝʥʪʘʤʠ, ʧʠʩʘʪʴ ʝʛʦ ʠ ʧʳʪʘʪʴʩʷ ʢʦʤʧʠʣʠʨʦ-

ʚʘʪʴ. ɽʩʣʠ ʢʦʜ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥ, ʪʦ ʫ ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʷ ʪʘʢʞʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʪʨʫʜʥʦʩʪʠ ʠ ʦʰʠʙʢʠ. 

ʈʘʟʙʠʨʘʷ ʠ ʨʝʰʘʷ ʠʭ, ʢʘʞʜʳʡ ʩʪʫʜʝʥʪ ʧʦʣʫʯʠʪ 

ʥʝʩʨʘʚʥʝʥʥʦ ʙʦʣʴʰʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʯʝʤ ʧʨʠ 

ʩʪʨʦʛʦʤ ʘʢʘʜʝʤʠʯʝʩʢʦʤ ʟʘʯʠʪʳʚʘʥʠʠ ʣʝʢʮʠʠ. 
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ʆʨʛʘʥʠʟʘʮʠʷ ʵʢʩʢʫʨʩʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʘʢ-

ʪʠʢ ʠ ʩʪʘʞʠʨʦʚʦʢ, ʦʙʱʝʥʠʝ ʩ ʨʘʙʦʪʘʶʱʠʤʠ ʩʧʝʮʠ-

ʘʣʠʩʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʙʦʛʘʪʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ, 

ʩʤʦʞʝʪ ʧʦʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʦʪʠʚʘ-

ʮʠʠ ʩʪʫʜʝʥʪʦʚ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʩʪʨʝʤʠʪʴʩʷ ʦʪʪʘʯʠʚʘʪʴ 

ʩʚʦʠ ʟʥʘʥʠʷ, ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʧʦ-

ʪʨʝʙʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʪʴ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʢʘʯʝʩʪʚʝʥ-

ʥr ʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʠ ʧʦʣʫʯʠʪʴ ʫʜʦʚʣʝʪʚʦ-

ʨʝʥʠʝ ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʕʪʦ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʢʘʢ ʫʯʝʙʥʦʡ ʛʨʫʧʧʳ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʦʪ-

ʜʝʣʴʥʦ ʚʟʷʪʳʭ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʠʥʦʤ ʧʦʜ-

ʭʦʜʝ ʥʝ ʧʨʦʷʚʣʷʣʠ ʙʳ ʠʥʪʝʨʝʩʘ ʢ ʫʯʝʙʥʦʤʫ ʧʨʦ-

ʮʝʩʩʫ. 

ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʥʦʤʫ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʶ ʧʦʤʦʛʫʪ ʩʪʫʜʝʥʪʘʤ ʩʪʘʪʴ ʢʦʥʢʫ-

ʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʢʘʢ ʚʩʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠ-

ʩʪʝʤ ʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, 
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The article discusses the problems of the most rapidly developing areas in which the development of e-busi-

ness has recently been actively pursued, namely, technologies that are used in business applications. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʨʥʝʪ, ʵʣʝʢʪʨʦʥʥʳʡ ʙʠʟʥʝʩ, ʙʠʟʥʝʩ-ʧʨʠʣʦʞʝʥʠʝ, blockchain.  

Keywords: Internet, business, business application, blockchain. 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʫʙʝʞʝ ʩʪʘʥʦʚʣʝʥʠʷ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʩʝ ʙʦʣʴʰʫʶ ʚʦʩʪʨʝʙʦʚʘʥ-

ʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʙʠʟʥʝʩ-ʧʨʠʣʦʞʝʥʠʷ. ʉʦʚʨʝʤʝʥ-

ʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ ʠ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ 

ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʬʝʨʝ, ʧʨʝʜʦʩʪʘʚ-

ʣʷʶʪ ʬʠʟʠʯʝʩʢʠʤ ʠ ʶʨʠʜʠʯʝʩʢʠʤ ʣʠʮʘʤ ʙʦʣʴʰʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʢʦʥʪʨʦʣʝ, ʚʝʜʝʥʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʪʦʨʛʦʚʦ-ʧʦʩʨʝʜʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ, ʥʦ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʜʘʥʥʳʭ 

ʨʘʟʨʘʙʦʪʢʘʭ ʚʩʝʛʜʘ ʩʪʘʚʠʪʩʷ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ. ɹʠʟ-

ʥʝʩ-ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʜʘʥ-

ʥʦʡ ʩʪʘʪʴʝ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ PROVENANCE. ɼʝʣʦ ʚ 

ʪʦʤ, ʯʪʦ ʯʝʣʦʚʝʢ ʫʜʠʚʠʪʝʣʴʥʦ ʤʘʣʦ ʟʥʘʝʪ ʦ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʢʘʞʜʳʡ 

ʜʝʥʴ. ʇʨʝʞʜʝ ʯʝʤ ʜʦʩʪʠʛʥʫʪʴ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠ-

ʪʝʣʷ, ʪʦʚʘʨʳ ʯʘʩʪʦ ʧʫʪʝʰʝʩʪʚʫʶʪ ʯʝʨʝʟ ʦʙʰʠʨʥʫʶ 

ʪʦʨʛʦʚʫʶ ʩʝʪʴ ʨʦʟʥʠʯʥʳʭ ʪʦʨʛʦʚʮʝʚ, ʜʠʩʪʨʠʙʴʶʪʦ-

ʨʦʚ, ʪʨʘʥʩʧʦʨʪʝʨʦʚ, ʩʢʣʘʜʦʚ ʠ ʧʦʩʪʘʚʱʠʢʦʚ, ʢʦʪʦ-

ʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʜʦʩʪʘʚʢʝ ʠ ʧʨʦʜʘʞʘʭ, ʥʦ ʧʦʯʪʠ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʠʥ-

ʬʦʨʤʘʮʠʷ ʦʙ ʵʪʠʭ ʧʦʝʟʜʢʘʭ ʦʩʪʘʝʪʩʷ ʥʝʚʠʜʠʤʦʡ ʜʣʷ 

ʯʝʣʦʚʝʢʘ [3]. 

PROVENANCE ï ɻ ʪʦ ʮʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ, ʢʦ-

ʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʙʨʝʥʜʘʤ ʜʝʣʘʪʴ ʰʘʛʠ ʢ ʙʦʣʴʰʝʡ 

ʧʨʦʟʨʘʯʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 
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ʦʙʝʩʧʝʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʝ ʠ ʶʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ ʤʦ-

ʛʫʪ ʣʝʛʢʦ ʩʦʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʜʫʢʪʝ [6]. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, PROVENANCE ʧʦʟʚʦʣʷʝʪ ʢ ʢʘʞ-

ʜʦʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʧʨʦʜʫʢʪʫ ʧʨʠʚʷʟʘʪʴ ʮʠʬʨʦʚʫʶ 

ʠʩʪʦʨʠʶ, ʚ ʢʦʪʦʨʦʡ ʩʦʙʨʘʥʳ ʚʩʝ ʜʘʥʥʳʝ ʦ ʥʸʤ: ʠʩ-

ʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʪʘ, ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ ʠ ʜʨ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʜʘʥʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

blockchain. 

Blockchain ï ɻ ʪʦ ʙʘʟʘ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 

ʩʦʙʦʡ ʮʝʧʴ ʙʣʦʢʦʚ, ʢʦʪʦʨʘʷ ʭʨʘʥʠʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʢʦʤʧʴʶʪʝʨʦʚ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʥʦʚʳʝ ʙʣʦʢʠ ʚ ʙʘʟʝ 

ʩʦʟʜʘʶʪʩʷ ʧʦʩʪʦʷʥʥʦ, ʠ ʢʘʞʜʳʡ ʩʦʟʜʘʥʥʳʡ ʙʣʦʢ ʩʦ-

ʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʜʫʢʪʝ. ʂʦʛʜʘ ʙʣʦʢ ʩʬʦʨ-

ʤʠʨʦʚʘʥ, ʦʥ ʧʨʦʚʝʨʷʝʪʩʷ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʛʣʦ-

ʙʘʣʴʥʦʡ ʩʝʪʠ ʠ ʟʘʪʝʤ, ʝʩʣʠ ʚʩʝ ʩʦʛʣʘʩʥʳ, ʧʦʜʩʦʝʜʠ-

ʥʷʝʪʩʷ ʢ ʢʦʥʮʫ ʮʝʧʦʯʢʠ ʙʣʦʢʦʚ. ʂʘʢ ʪʦʣʴʢʦ ʵʪʦ 

ʧʨʦʠʟʦʰʣʦ, ʚʥʝʩʪʠ ʚ ʥʝʛʦ ʠʟʤʝʥʝʥʠʷ ʫʞʝ ʥʝʚʦʟ-

ʤʦʞʥʦ. ʇʦʤʠʤʦ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʣʦʢ ʪʘʢʞʝ 

ʭʨʘʥʠʪ ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ ʜʘʥʥʳʝ ʦ ʧʨʝʜʳʜʫ-

ʱʠʭ ʙʣʦʢʘʭ. ʀʤʝʥʥʦ ʧʦ ʪʘʢʦʤʫ ʧʨʠʥʮʠʧʫ ʧʨʦʠʩʭʦ-

ʜʠʪ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʙʠʟʥʝʩ ʧʨʠʣʦʞʝʥʠʠ PROVENANCE. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʧʦʥʷʪʴ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʠ blockchain 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷ ʚʳʩʪʫʧʘʝʪ ʧʨʦʛʨʘʤʤʘ çProvenance.liveè, ʢʦʪʦ-

ʨʘʷ ʬʦʨʤʠʨʫʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʜʦʚʝʨʠʪʝʣʴʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ ʩʠʩʪʝʤʦʡ ʚ ʮʝʣʦʤ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʵʪʘ ʧʨʦʛʨʘʤʤʘ ʙʫʜʝʪ ʨʘʟʚʝʨʥʫʪʘ ʨʝ-

ʛʠʩʪʨʘʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪ ʧʨʦʮʝʩʩ ʨʝʛʠʩʪʨʘ-

ʮʠʠ ʥʘʟʚʘʥʥʳʭ ʫʯʘʩʪʥʠʢʦʚ. ʊʘʢʠʝ ʫʯʘʩʪʥʠʢʠ ʤʦʛʫʪ 

ʟʘʧʨʦʩʠʪʴ ʨʝʛʠʩʪʨʘʮʠʶ ʩʚʦʝʡ ʮʠʬʨʦʚʦʡ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʚʷʟʳʚʘʝʪ ʠʭ ʧʦʜʣʠʥʥʫʶ ʠʜʝʥʪʠʯ-

ʥʦʩʪʴ ʩ ʮʠʬʨʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʥʘ ʦʩʥʦʚʝ block-

chain, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ 

ʩʚʦʠ ʜʘʥʥʳʝ. ʇʦ ʟʘʧʨʦʩʫ ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ ʦʨʛʘʥ 

ʧʨʦʚʝʨʷʝʪ ʠʭ ʣʠʯʥʦʩʪʴ ʠ ʟʘʧʠʩʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪ ʚ ʮʝ-

ʧʦʯʢʫ ʙʣʦʢʦʚ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʤʦʞʝʪ 

ʧʦʟʚʦʣʠʪʴ ʫʯʘʩʪʥʠʢʘʤ ʦʩʪʘʚʘʪʴʩʷ ʘʥʦʥʠʤʥʳʤʠ ʟʘ 

ʩʯʝʪ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ ʥʘ ʵʪʘʧʝ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ, ʥʘ 

ʢʦʪʦʨʦʤ ʜʝʡʩʪʚʫʝʪ ʵʪʦʪ ʩʫʙʲʝʢʪ (ʭʦʪʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʙʦʣʝʝ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʜʦʩʪʫʧ-

ʥʦʡ). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʥʘ PROVENANCE ʫ ʢʘʞ-

ʜʦʛʦ ʝʩʪʴ ʧʨʦʬʠʣʴ ʩ ʟʘʢʨʳʪʳʤ ʢʣʶʯʦʤ. ʇʨʦʬʠʣʠ 

ʤʦʛʫʪ ʙʳʪʴ ʦʙʱʝʜʦʩʪʫʧʥʳʤʠ ʠʣʠ ʯʘʩʪʥʳʤʠ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʨʘʟʨʝʰʝʥʠʡ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʙʦʛʘʪʳ ʠʥʬʦʨʤʘʮʠʝʡ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʜʨʫʛʠʝ ʧʨʦʩʪʦ ʩʦʜʝʨʞʘʪ ʘʥʦʥʠʤʥʳʡ ʠʜʝʥʪʠʬʠ-

ʢʘʪʦʨ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ blockchain ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ [5]:  

1. ʈʘʩʧʨʝʜʝʣʝʥʥʦʩʪʴ. ɺʩʝ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʥʘ 
ʤʥʦʛʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʠ ʫʟʣʦʚ, 

ʯʪʦ ʜʘʝʪ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʠʙʝʨʘʪʘ-

ʢʘʤ. 

2. ʉʪʘʙʠʣʴʥʦʩʪʴ. ʊʘʢ ʢʘʢ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ-
ʥʳʝ ʙʣʦʢʠ ʥʝʚʦʟʤʦʞʥʦ ʨʝʚʝʨʩʠʨʦʚʘʪʴ, ʪʦ ʠʥʬʦʨʤʘ-

ʮʠʶ ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʫʜʘʣʠʪʴ ʠʣʠ ʠʟʤʝʥʠʪʴ. 

3. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ. ɺʳʯʠʩʣʠʪʝʣʴ-
ʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʩʪʝʪ, ʪʘʢ ʢʘʢ ʙʣʦʯʥʳʡ ʧʦʜʭʦʜ ʠʩ-

ʧʦʣʴʟʫʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ, ʨʘʟ-

ʜʝʣʷʷ ʧʨʠ ʵʪʦʤ ʥʘʛʨʫʟʢʫ ʥʘ ʩʝʪʴ.  

ʊʘʢʞʝ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ:  

1. ɺʳʩʦʢʘʷ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʴ. ʊʝʭʥʦʣʦʛʠʷ 

blockchain ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʪʨʝʙʫʶʪʩʷ ʩʝʨ-

ʚʝʨʘ, ʛʜʝ ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ ʜʘʥʥʳʝ.  

2. ʈʘʟʤʝʨ blockchain. ʏʝʤ ʙʦʣʴʰʝ ʚ ʩʝʪʠ ʧʨʦ-
ʠʩʭʦʜʠʪ ʪʨʘʥʟʘʢʮʠʡ, ʪʝʤ ʙʦʣʴʰʝ ʜʘʥʥʘʷ ʩʝʪʴ ʚʝʩʠʪ 

ʠ ʪʝʤ ʙʳʩʪʨʝʝ ʦʥʘ ʨʘʩʪʝʪ.  

3. ʆʪʩʫʪʩʪʚʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. ɺ ʜʘʥ-
ʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʝʪ ʠʤʝʥ ʠ ʬʘʤʠʣʠʡ, ʥʦ ʵʪʦʪ ʬʘʢ-

ʪʦʨ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʫʶ ʘʥʦʥʠʤʥʦʩʪʴ ʩʝʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦ blockchain ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʘʫʪʝʥʪʠʯʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʘʫʜʠʪʘ 

ʦʪʩʣʝʞʠʚʘʪʴ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ ʩ ʧʦʤʦʱʴʶ ʘʪʨʠʙʫ-

ʪʦʚ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʢʣʠ-

ʝʥʪʫ ʧʦʣʫʯʘʪʴ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʠʦʙʨʝʪʘʝʤʦʤ ʪʦʚʘʨʝ. ɺʥʝʜʨʝʥʠʝ ʚʳʰʝʫʧʦʤʷʥʫ-

ʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ 
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ʚ ʮʝʧʦʯʢʘʭ ʧʦʩʪʘʚʦʢ, ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʠʟʥʝʩ-

ʧʨʠʣʦʞʝʥʠʷ PROVENANCE. 
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ʀʥʩʪʠʪʫʪ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ 
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CALCULATION OF RELIABILITY OF DOSAGE SYSTEM OF LIQUID COMPONENTS  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʦʙʱʠʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʥʘʜʸʞʥʦ-

ʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ. ʀʩʩʣʝʜʦʚʘʥʳ ʠ ʧʨʠʚʝ-

ʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʜʦʟʠʨʦʚʢʠ ʞʠʜʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺʳʙʨʘʥ ʧʦʨʷʜʦʢ 

ʠ ʮʝʣʠ ʨʘʩʯʸʪʘ ʥʘʜʸʞʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʩʪʘʜʠʡ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʝʢʪʘ. ʆʧʨʝʜʝʣʝʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʨʘʩ-

ʯʝʪʘ ʥʘʜʸʞʥʦʩʪʠ ʦʙʲʝʢʪʘ ʩʦ ʩʧʦʩʦʙʘʤʠ ʝʛʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʇʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ. ʆʧʨʝʜʝʣʝʥʳ ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʦʜʠʢʘʤ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʘ. 
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Abstract. 

In this article the reliability of the system and the General analysis of methods of calculation of reliability in 

the process of production of synthetic powdered detergents were calculated. Comparative data on the reliability 

of the liquid components dosing system are investigated and presented. The order chosen and the purpose of the 

calculation of reliability for all stages of the life cycle of the object. The General scheme of calculation of reliability 

of object with methods of its identification is defined. Classification and determination of adequacy of calculation 

methods are given. General requirements to methods and results of calculation are defined. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ,ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ, 

ʩʪʨʫʢʪʫʨʥʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ, çʛʦʨʷʯʝʝè ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ. 

Keywords: System reliability, probability of failure, functional redundancy, structural redundancy, "hot" re-

dundancy. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʚʳʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʠ ʬʫʥʢʮʠʡ, ʚʳʧʦʣʥʷʝ-

ʤʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʠʥʪʝʥʩʠʬʠʢʘ-

ʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʫʚʝʣʠʯʠʚʘʶʪ ʧʦ-

ʩʣʝʜʩʪʚʠʷ ʦʪʢʘʟʦʚ ɸʉʋʊʇ. ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʜʘʥʥʳʭ 

ʩʠʩʪʝʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʴʰʦʤʫ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʤʫ ʫʱʝʨʙʫ, ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʪʨʫʜʘ, ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ ʠ ʧʝʨʝʢʘʯʠʚʘʝʤʦʛʦ ʧʨʦ-

ʜʫʢʪʘ, ʘʚʘʨʠʷʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʅʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʟʜʝʡʩʪʚʫʶʪ ʧʦʢʘʟʘʪʝʣʠ ʪʦʯ-

ʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʉʚʷʟʴ ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʣʞʥʘ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ "ʦʪʢʘʟ ï ʠʟʤʝ-

ʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʯʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʝʪʨʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ï ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ï ʠʟʤʝʥʝʥʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ". ʋʩʪʘ-

ʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʦʧʨʦʩʦʤ, ʧʨʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ ʥʘʜʝʞʥʦʩʪʠ ʣʶʙʳʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ 

ʠ ɸʉʋʊʇ, ʪʘʢ ʢʘʢ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʚ ʥʘʠʙʦʣʴ-

ʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ 

(ɹʇʂ/BOD) - ʧʦʢʘʟʘʪʝʣʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ ʦʨʛʘʥʠ-

ʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ  

ʢʦʣʠʯʝʩʪʚʦʤ ʢʠʩʣʦʨʦʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ (5 ʩʫʪʦʢ - ɹʇʂ5) ʚ ʘʵʨʦʙʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘ ʦʢʠʩʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʩʦ-

ʜʝʨʞʘʱʠʭʩʷ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʚʦʜʳ, ʠʟʤʝʨʷʝʪʩʷ ʚ 

ʤʛʆ/ʣ.  

ɹʇʂ ï ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʟʘʙʠʨʘʝʤʦʝ ʙʘʢ-

ʪʝʨʠʷʤʠ ʠʟ ʚʦʜʦʝʤʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ɹʇʂ:  

Åʅʦʨʤʠʨʫʝʪʩʷ ʧʦ ɻʆʉʊ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ  

Åɹʘʢʪʝʨʠʷʤ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʣʝʛʢʦʦʢʠʩʣʷʶ-

ʱʠʝʩʷ ʚʝʱʝʩʪʚʘ  

Å ʊʦʣʴʢʦ ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʥʘʣʠʟ  

Å ɸʥʘʣʠʟ ʟʘʥʠʤʘʝʪ ʤʠʥʠʤʫʤ 5 ʜʥʝʡ (ɹʇʂ5)  

ɹʇʂ ï ʢʦʩʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʜʦʩʪʠʞʝʥʠʝ ʥʫʞʥʦʛʦ ʫʨʦʚʥʷ 

ʥʘʜʝʞʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ 

ɸʉʋʊʇ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʠʩʪʝʤ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɸʉʋʊʇ.  

ʅʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʥʳʝ 

ʬʫʥʢʮʠʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʦ ʚʨʝʤʝʥʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ï 

ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ð ɻ ʪʦ ʪʨʫʜʥʘʷ ʠ ʦʪʚʝʪ-

ʩʪʚʝʥʥʘʷ ʟʘʜʘʯʘ, ʧʦʪʦʤʫ ʯʪʦ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʊʆʋ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʚ ʩʦʩʪʘʚ ʠʭ ʚʭʦʜʷʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʦʧʝʨʘʪʠʚʥʳʡ 

ʧʝʨʩʦʥʘʣ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʚʳʧʦʣʥʝʥʠʠ ʦʪʜʝʣʴ-

ʥʦʡ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʦʜʥʦ ʠ ʪʦ 

ʞʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʡ. ɹʦʣʴʰʫʶ ʨʦʣʴ ʟʜʝʩʴ ʠʛʨʘʝʪ 

ʠʟʙʳʪʦʯʥʦʩʪʴ ʩʠʩʪʝʤ (ʘʧʧʘʨʘʪʥʘʷ, ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʘʷ, ʚʨʝʤʝʥʥʘʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ), ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʘʤʥʦʛʦ ʚʳʰʝ 

ʥʘʜʝʞʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ. 

ʅʘʣʠʯʠʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʤʦʞʝʪ, ʢʘʢ ʫʚʝʣʠ-

ʯʠʪʴ ʦʙʱʫʶ ʥʘʜʝʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʥʳʭ 

ʬʫʥʢʮʠʡ (ʝʩʣʠ ʧʝʨʩʦʥʘʣ ʷʚʣʷʝʪʩʷ ʨʝʟʝʨʚʥʳʤ ʟʚʝ-

ʥʦʤ ʫʧʨʘʚʣʝʥʠʷ), ʥʦ ʠ ʫʤʝʥʴʰʠʪʴ ʝʝ. 

ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚʥʝʜʨʝʥʠʷ 

ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʨʘʚʠʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʢʘʢ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʥʦ ʠ ʦʪ-

ʜʝʣʴʥʳʭ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ.  

 ɺʳʙʦʨ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ 

ʥʝ ʚʝʨʥʦ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠʚʦ-

ʜʠʪ ʢ ʣʠʰʥʠʤ ʟʘʪʨʘʪʘʤ, ʘ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʫʨʦʚʝʥʝ 

ʥʘʜʝʞʥʦʩʪʠ ʩʥʠʞʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

ʇʨʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʧʨʦʠʩʭʦʜʷʪ ʥʘʨʫʰʝʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʥʝʜʦʚʳʧʫʩʢ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢ-

ʪʦʚ, ʘʚʘʨʠʠ, ʚʟʨʳʚʳ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʪʨʘʪ ʥʘ 

ʨʝʤʦʥʪ ʩʠʩʪʝʤʳ.  

ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʟʦʪʢʘʟʥʦʩʪʠ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʦʩʩʠʡʩʢʠʤʠ ʧʨʘʚʠʣʘʤʠ 

ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ ʙʣʦʢʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʦʨʫ-

ʜʦʚʘʥʠʡ ʅʇɹ 105-03 ʫʟʝʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʭ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ ʦʪʥʦʩʠʪʩʷ 

ʢ ʢʘʪʝʛʦʨʠʠ ɺ2 ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʧʘʩ-

ʥʦʛʦ ʦʪʢʘʟʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʦʡ 0,001-0,01. 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʨʘʚʥʘ ʩʫʤʤʝ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʦʪʢʘʟʘ ʢʘʞʜʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʢʘ-

ʥʘʣʘ: 

Qʢ = QSGS50 + QM74 + QĮS300F + QM74 + QDN200,  

ʛʜʝ 
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QSGS50 ī ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʜʦʟʘʪʦʨʘ Bremer 

SGS50; 

QM74 ī ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʙʘʨʴʝʨʘ 

ʠʩʢʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʂʦʨʫʥʜ-ʄ74; 

QS7300F ī ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳ-

ʯʠʩʣʠʪʝʣʷ Simatic S7300F;  

QM74 ī ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʙʘʨʴʝʨʘ 

ʠʩʢʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʂʦʨʫʥʜ-ʄ74; 

QDN200 ī ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʢʨʘʥʘ ʰʘʨʦʚʦʛʦ ʩ 

ʧʥʝʚʤʦʧʨʠʚʦʜʦʤ Bremer WF/A/X/DN200. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʦʛʦ ʢʘʥʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ 

ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪ.ʝ.: 

. 

 ɿʘʜʘʥʥʳʤ ʚʨʝʤʝʥʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ t ʙʳʣ 

ʚʟʷʪ ʧʝʨʠʦʜ ʚ 1 ʛʦʜ (8760 ʯʘʩʦʚ), ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʩʨʦʢʘʤ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʚ ʢʦʪʦʨʦʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʬʠ-

ʣʘʢʪʠʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɿʘʪʝʤ ʙʳʣʘ 

ʨʘʩʩʯʠʪʘʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʦʪʢʘʟʘ ʢʘʞʜʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʚ ʪʝʯʝʥʠʝ 1 ʛʦʜʘ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʠ ʫʧʨʘʚʣʷʶ-

ʱʠʝ ʢʘʥʘʣʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ, ʥʝ ʠʩʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ-

ʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʧʦʚʳ-

ʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ.  

ʄʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 
ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʇɸɿ Simatic ʷʚʣʷʝʪʩʷ ʨʝʟʝʨ-

ʚʠʨʦʚʘʥʠʝ (ʠʟʙʳʪʦʯʥʦʩʪʴ) ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʯʠʩʣʠ-

ʪʝʣʷ S7300F. 

ʉʣʝʜʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʢʦʤʤʫʪʠʨʫʝʤʦʛʦ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʠʬʝʨʠʠ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʨʝʤʦʥʪʘ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝ-

ʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʚʢʣʶʯʝʥʠʷ ʚ ʩʦʩʪʘʚ 

ʩʠʩʪʝʤʳ ʨʝʟʝʨʚʥʳʭ ʝʜʠʥʠʮ, ʢʦʪʦʨʳʝ ʚ ʩʣʫʯʘʝ ʦʪ-

ʢʘʟʘ ʦʩʥʦʚʥʦʛʦ ʙʣʦʢʘ ʤʦʛʫʪ ʚʟʷʪʴ ʥʘ ʩʝʙʷ ʝʛʦ ʬʫʥʢ-

ʮʠʠ. 

ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʠ-

ʚʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚʳʰʝ ʥʘʜʝʞʥʦʩʪʠ ʦʪʜʝʣʴ-

ʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚ. ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ 

ʙʳʚʘʝʪ ʦʙʱʠʤ (ʧʘʨʘʣʣʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ ʠʜʝʥʪʠʯ-

ʥʦʡ ʩʠʩʪʝʤʳ) ʠʣʠ ʨʘʟʜʝʣʴʥʳʤ (ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʦʪ-

ʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ).  

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʩʪʨʫʢʪʫʨʥʦʝ ʨʝʟʝʨʚʠʨʦ-

ʚʘʥʠʝ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʚ 

ʩʠʩʪʝʤʫ ʨʦʜʩʪʚʝʥʥʳʭ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʬʫʥʢ-

ʮʠʡ ʉʪʨʫʢʪʫʨʥʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʧʘʨʘʣʣʝʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʫʩʪʨʦʡʩʪʚ ʧʨʠ ʚʳʧʦʣʥʝ-

ʥʠʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ. 

çɻʦʨʷʯʝʝè ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳ-

ʯʠʩʣʠʪʝʣʷ.  
ɼʘʥʥʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʯʠʩʣʠ-

ʪʝʣʷ ʛʘʨʘʥʪʠʨʫʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦ-

ʩʪʠ. ʇʨʠ ʦʪʢʘʟʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ-

ʫʜʘʨʥʳʡ ʧʝʨʝʭʦʜ ʢ ʨʝʟʝʨʚʥʦʤʫ ʣʦʛʠʯʝʩʢʦʤʫ ʚʳʯʠʩ-

ʣʠʪʝʣʶ. ʇʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʨʝʟʝʨʚʥʳʡ ʙʣʦʢ 

ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ 200 ʤʠʣʣʠʩʝʢʫʥʜ. çɻʦʨʷʯʝʝè ʨʝʟʝʨ-

ʚʠʨʦʚʘʥʠʝ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʦʧʝʨʝʞʘʝʪ ʚʩʝ ʜʨʫʛʠʝ 

ʩʭʝʤʳ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʜʠʥ ʨʝ-

ʟʝʨʚʥʳʡ ʣʦʛʠʯʝʩʢʠʡ ʚʳʯʠʩʣʠʪʝʣʴ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʨʘʙʦʯʠʭ, ʧʦʪʦʤʫ ʯʪʦ ʥʝ ʪʨʝʙʫʶʪʩʷ ʧʣʘʪʳ ʧʝʨʝʢʣʶ-

ʯʝʥʠʷ.  

ɿʘʢʣʶʯʝʥʠʝ: 

ʉʘʤʳʤʠ ʫʷʟʚʠʤʳʤʠ ʯʘʩʪʷʤʠ ʩʠʩʪʝʤʳ ʷʚʣʷ-

ʶʪʩʷ ʥʝʨʝʟʝʨʚʠʨʫʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʤʦʜʫʣʠ 

ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʨʝʣʝ ʠ ʙʘʨʴʝʨʳ). ʏʪʦʙʳ ʧʦʚʳʩʠʪ ʫʨʦ-

ʚʝʥʴ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʨʝʟʝʨʚʠʨʦʚʘ-

ʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʜʦʨʦʞʘʥʠʶ ʩʠʩʪʝʤʳ. ɿʥʘʯʠ-

ʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʝʨʚʘ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʦʩʥʦʚʘʥʘ ʩ ʫʯʝʪʦʤ ʟʘʜʘʥʥʳʭ 

ʢ ʩʠʩʪʝʤʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʥʘʜʝʞʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʨʘʩʯʝʪ ʥʘʜʝʞʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʨʝʘʣʠʟʘ-

ʮʠʠ ʨʷʜʘ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʟʘʜʘʯʘʤ. 
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1. ɹ.ʌ. ʍʘʟʦʚ, ɹ.ɸ. ɼʠʜʫʩʝʚ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ 

ʨʘʩʯʝʪʫ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1986. 224 ʩ. 

2. ɹ.ɸ. ʂʦʟʣʦʚ, ʀ.ɸ. ʋʰʘʢʦʚ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ 

ʨʘʩʯʝʪʫ ʥʘʜʝʞʥʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʠ ʘʚʪʦʤʘʪʠʢʠ. ʄ.: ʉʦʚʝʪʩʢʦʝ ʨʘʜʠʦ, 1975. 472 ʩ. 

3. ʅʘʜʝʞʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʉʧʨʘʚʦʯ-

ʥʠʢ ʧʦʜ ʨʝʜ. ʀ.ɸ.ʋʰʘʢʦʚʘ. ʄ.: ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1985. 

608 ʩ. 

 

  

)exp(1)(
ʥt

t
tQ --=



58 TECHNICAL SCIENCE / ζColloquium - journal Ȼ# 13(37),2019 

ʋɼʂ 622.86:614.83 

ʂʘʙʘʥʦʚ ɽ.ʀ. 

ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

 

ʉʊɸʊʀʉʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʌɸʂʊʆʈʆɺ ʈʀʉʂɸ ɺɿʈʓɺʆɺ ʄɽʊɸʅɸ ɺ ʋɻʆʃʔʅʓʍ 

ʐɸʍʊɸʍ 

 

Kabanov E.I. 

Assistant of the Department of Industrial Safety, 

St. Petersburg Mining University, 

 

STATISTICAL ANALYSIS OF THE RISK FACTORS OF METHANE EXPLOSIONS IN COAL MINE  

 

ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʝ-

ʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦ ʘʚʘʨʠʡʥʦʩʪʠ ʚ 

ʫʛʦʣʴʥʦʡ ʦʪʨʘʩʣʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠ-ʟʥʘʯʠʤʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʦ-

ʢʘʟʘʪʝʣʷʤʠ ʫʛʦʣʴʥʳʭ ʰʘʭʪ ʠ ʥʘʙʣʶʜʘʝʤʳʤʠ ʫʨʦʚ-

ʥʷʤʠ ʨʠʩʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʨʠʩʢʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʟʨʳʚʦʚ 

ʤʝʪʘʥʦʚʦʟʜʫʰʥʳʭ ʩʤʝʩʝʡ (ʄɺʉ) ʠ ʯʘʩʪʦʪ ʧʦʨʘʞʝ-

ʥʠʷ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʚʟʨʳʚʘʭ ʄɺʉ ʚ ʧʦʜʟʝʤʥʳʭ ʚʳ-

ʨʘʙʦʪʢʘʭ (ʥʘʙʣʶʜʘʝʤʳʝ ʫʨʦʚʥʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʨʠʩʢʘ). ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʧʨʠ ʘʥʘʣʠʟʝ 

ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ʚʟʨʳʚʦʚ ʄɺʉ, ʧʨʦʠʟʦ-

ʰʝʜʰʠʭ ʚ 2005-2016 ʛʛ. ʥʘ ʫʛʦʣʴʥʳʭ ʰʘʭʪʘʭ ʈʦʩ-

ʩʠʠ, ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʜʘʥʥʳʭ ʦ ʧʦʢʘʟʘʪʝʣʷʭ ʰʘʭʪ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ. ʉʛʨʫʧ-

ʧʠʨʦʚʘʥʥʳʝ ʚʳʙʦʨʢʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ ʠ 

ʂʨʘʩʢʝʣʘ-ʋʦʣʣʠʩʘ. ʅʘ ʫʨʦʚʥʝ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦ-

ʷʪʥʦʩʪʠ p = 0,95 ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʡ ʛʘʟʦʦʙʠʣʴʥʦʩʪʠ, ʦʧʘʩʥʦʩʪʠ ʧʣʘʩʪʦʚ ʧʦ ʩʘʤʦʚʦʟ-

ʛʦʨʘʥʠʶ ʠ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʯʘʩʪʦʪʫ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʚʟʨʳʚʦʚ ʄɺʉ. ʇʨʦʚʝʜʝʥ ʨʝʛʨʝʩʩʠʦʥʥʦ-

ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝ-

ʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 0,6. ʇʦʣʫʯʝʥʳ ʨʝ-

ʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʚʳʷʚ-

ʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʨʠʩʢʘ. ʇʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʦʧʘʩʥʦʩʪʠ ʚʟʨʳʚʦʚ ʄɺʉ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ 

ʫʛʦʣʴʥʳʭ ʰʘʭʪʘʭ ʈʦʩʩʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚʳ-

ʧʦʣʥʝʥʦ ʠʭ ʨʘʥʞʠʨʦʚʘʥʠʝ ʧʦ ʫʨʦʚʥʶ ʨʠʩʢʘ ʚʟʨʳ-

ʚʦʚ ʄɺʉ, ʧʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʩ ʚʝʣʠʯʠʥʦʡ ʧʨʠʝʤʣʝʤʦʛʦ ʨʠʩʢʘ. ʋʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʠʟ 56 ʜʝʡʩʪʚʫʶʱʠʭ ʰʘʭʪ 10 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʠʝʤʣʝʤʦʛʦ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʦʛʦ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʚʟʨʳ-

ʚʘʭ ʄɺʉ ʚ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. ʇʦʢʘʟʘʥʘ ʘʢʪʫ-

ʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʠʩʢ-ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʬʝʨʝ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʥʘʜʟʦʨʘ ʟʘ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʫʛʦʣʴʥʳʭ 

ʰʘʭʪ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʨʘʟʨʘ-

ʙʦʪʢʝ ʩʧʦʩʦʙʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʘ ʚʟʨʳʚʦʚ 

ʄɺʉ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʥʝʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʛʦʣʴʥʘʷ ʰʘʭʪʘ, ʚʟʨʳʚʳ ʤʝ-

ʪʘʥʘ, ʨʠʩʢ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʦʮʝʥʢʘ ʨʠʩʢʘ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʢʨʠʪʝʨʠʡ ʂʨʘʩʢʝʣʘ-ʋʦʣ-

ʣʠʩʘ, ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʧʨʠʝʤʣʝʤʳʡ ʨʠʩʢ. 

ʈʝʩʪʨʫʢʪʫʨʠʟʘʮʠʷ ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʚʝʣʠ ʢ ʩʥʠʞʝʥʠʶ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʩʤʝʨʪʝʣʴʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʩʨʝʜʠ ʧʝʨʩʦ-

ʥʘʣʘ ʫʛʦʣʴʥʳʭ ʰʘʭʪ. ʇʨʦʚʝʜʝʥʥʳʡ ʨʝʪʨʦʩʧʝʢʪʠʚ-

ʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʟʘ ʧʝʨʠʦʜ 

ʩ 2005 ʧʦ 2016 ʛʛ. ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʪʝʥ-

ʜʝʥʮʠʠ ʢ ʩʥʠʞʝʥʠʶ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʯʘʩʪʦʪ ʧʦʨʘʞʝ-

ʥʠʷ ʧʝʨʩʦʥʘʣʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʦʧʘʩʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʦʜʟʝʤʥʦʡ ʜʦʙʳʯʝ ʫʛʣʷ 

(ʨʠʩ. 1). ɿʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʫʨʦʚʝʥʴ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʦʛʦ ʨʠʩʢʘ ʛʠʙʝʣʠ ʚ ʦʪʨʘʩʣʠ ʧʦ ʪʨʝʥʜʫ ʩʥʠ-

ʟʠʣʩʷ ʚ 2,5 ʨʘʟʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥ-

ʥʳʝ ʢʘʪʘʩʪʨʦʬʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʦ ʧʨʠʯʠʥʝ ʚʟʨʳ-

ʚʦʚ ʄɺʉ ʚ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʢʘʭ, ʧʨʠʚʦʜʷʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʯʨʝʟ-

ʚʳʯʘʡʥʦ ʚʳʩʦʢʦʛʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʫʨʦʚʥʷ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʦʛʦ ʨʠʩʢʘ (ʰ. çʋʣʴʷʥʦʚʩʢʘʷè, 2007 ʛ. - 9,1Ā10-

3; ʰ. çʉʝʚʝʨʥʘʷè, 2016 ʛ. ï 2,8Ā10-3; ʰ. çʈʘʩʧʘʜʩʢʘʷè, 

2010 ʛ. - 1,7Ā10-3 ʠ ʜʨ). ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩʦ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʦʡ ʧʨʠʝʤʣʝʤʦʛʦ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʦʛʦ ʨʠʩʢʘ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʝ ʚ 

ʈʦʩʩʠʠ, ʧʨʠʥʠʤʘʝʤʦʡ ʥʘ ʫʨʦʚʥʝ 2,5Ā10-4 ʛʦʜ-1 [1,2], 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʝ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʨʝʚʳʰʝʥʠʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʦʙʦʟʥʘʯʝʥʥʦʤ ʚ ʇʨʦʛʨʘʤʤʝ ʨʘʟ-

ʚʠʪʠʷ ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ [3] ʫʚʝʣʠ-

ʯʝʥʠʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʠ ʫʩʣʦʞʥʝ-

ʥʠʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʰʘʭʪʘʭ, ʧʨʦ-

ʠʟʦʡʜʝʪ ʨʦʩʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʟʨʳʚʦʚ ʄɺʉ ʚ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘ-

ʙʦʪʢʘʭ. ʏʪʦ ʜʝʣʘʝʪ ʧʨʦʙʣʝʤʫ ʤʠʥʠʤʠʟʘʮʠʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʨʠʩʢʦʚ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʚ ʧʝʨʝʯʥʝ ʟʘ-

ʜʘʯ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʫʛʣʝʜʦʙʳʚʘʶ-

ʱʝʡ ʦʪʨʘʩʣʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦ-

ʚʠʷʭ ʥʝʦʙʭʦʜʠʤʘ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʘʢʪʦ-

ʨʦʚ ʨʠʩʢʘ ʚʟʨʳʚʦʚ ʄɺʉ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʚʠʪʠʠ ʧʨʠʥʮʠʧʦʚ ʨʠʩʢ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ [4] ʚ ʩʠʩʪʝʤʘʭ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʜʟʦʨʘ ʚ ʫʛʣʝʜʦʙʳʚʘʶʱʝʡ 

ʦʪʨʘʩʣʠ. ʊʘʢ, ʢ 2019 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ 

ʧʝʨʝʭʦʜ ʢ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʨʠʩʢʘ [5,6], 

ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ ʧʨʝʜʦʩʪʘʚʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʝ-

ʥʝʜʞʤʝʥʪʫ ʫʛʣʝʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʛʦʩʫ-
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ʜʘʨʩʪʚʝʥʥʳʤ ʥʘʜʟʦʨʥʳʤ ʦʨʛʘʥʘʤ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠ-

ʪʦʨʠʥʛ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʫʛʦʣʴʥʳʭ ʰʘʭʪ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʠʩʢʘ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥ-

ʥʦʡ ʤʦʜʝʣʠ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶ-

ʱʠʭ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ ʚ ʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʛʦʣʴʥʳʭ 

ʰʘʭʪ [7]. ɺ ʦʩʥʦʚʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʣʦ-

ʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʚʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʦʧʘʩʥʦ-

ʩʪʠ ʩ ʫʯʝʪʦʤ ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ, ʚʳʷʚʣʝʥ-

ʥʦʛʦ ʚ ʭʦʜʝ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. ʇʨʠ ʵʪʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʩʨʝʜʳ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

 

 
ʈʠʩʫʥʦʢ 1. ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʫʨʦʚʥʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʫʛʦʣʴʥʳʭ ʰʘʭʪ. 

 

ʇʨʠ ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʘʣʛʦʨʠʪʤʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʠʩʢʘ ʚʟʨʳʚʦʚ ʄɺʉ ʥʘ ʫʛʦʣʴʥʳʭ ʰʘʭʪʘʭ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʥʮʠʧʳ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʨʠʩʢʦʚ. ɺ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʥʝʦʙ-

ʭʦʜʠʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʩʣʝʜʫʝʪ 

ʧʨʠʤʝʥʷʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʠʣʠ ʵʢʩ-

ʧʝʨʪʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʯʝʪʘʥʠʷ. ʊʘʢ, 

ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʥʘʙʣʶ-

ʜʝʥʠʡ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠ-

ʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [8,9]. ɺ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʝʨʝʭʦʜʷʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʠ ʵʢʩʧʝʨʪʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ, ʧʦʟ-

ʚʦʣʷʶʱʠʭ ʜʦʩʪʠʛʘʪʴ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʧʦʣʥʦʪʳ ʧʨʦʮʝʩʩʘ ʘʥʘʣʠʟʘ ʦʧʘʩʥʦʩʪʝʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʧʨʠʚʣʝʯʝ-

ʥʠʝʤ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ [10]. 

ɿʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝ-

ʜʝʥʠʝ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʦ ʧʨʦʠʟʦʰʝʜʰʠʭ ʘʚʘʨʠʷʭ ʥʘ ʫʛʦʣʴʥʳʭ ʰʘʭ-

ʪʘʭ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʧʦʢʘʟʘ-

ʪʝʣʷʤʠ ʨʠʩʢʘ, ʩʚʷʟʘʥʥʳʤʠ ʩʦ ʚʟʨʳʚʘʤʠ ʄɺʉ ʚ ʧʦʜ-

ʟʝʤʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʠʩʢʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʯʘʩʪʦʪʳ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʚʟʨʳʚʦʚ ʄɺʉ (Q), ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝ-

ʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʧʨʠ ʚʟʨʳ-

ʚʘʭ ʄɺʉ (R), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʨʠʝʤʣʝʤʦʛʦ ʨʠʩʢʘ ʠ 

ʦʙʦʩʥʦʚʳʚʘʪʴ ʫʨʦʚʝʥʴ ʦʧʘʩʥʦʩʪʠ ʧʦʨʘʞʝʥʠʷ ʧʝʨʩʦ-

ʥʘʣʘ ʧʨʠ ʚʟʨʳʚʘʭ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ɸʢʪʳ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ʘʚʘ-

ʨʠʡ ʧʦ ʧʨʠʯʠʥʘʤ ʚʟʨʳʚʦʚ ʄɺʉ ʩ 2005 ʧʦ 2016 ʛʛ., 

ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ 98 ʰʘʭʪ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ. ɺ ʚʳʙʦʨʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥ-

ʥʳʭ ʚʦʰʣʠ ʩʣʝʜʫʶʱʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ʰʘʭʪ: ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʦʰʝʜʰʠʭ ʚʟʨʳʚʦʚ (k); 

ʩʨʝʜʥʝʩʧʠʩʦʯʥʦʝ ʯʠʩʣʦ ʨʘʙʦʪʥʠʢʦʚ (N); ʯʠʩʣʦ 

ʩʤʝʨʪʝʣʴʥʦ ʪʨʘʚʤʠʨʦʚʘʥʥʳʭ ʧʨʠ ʚʟʨʳʚʘʭ (n); ʦʪʥʦ-

ʩʠʪʝʣʴʥʘʷ ʛʘʟʦʦʙʠʣʴʥʦʩʪʴ (q1); ʘʙʩʦʣʶʪʥʘʷ ʛʘʟʦ-

ʦʙʠʣʴʥʦʩʪʴ (q2); ʛʣʫʙʠʥʘ ʨʘʟʨʘʙʦʪʢʠ (h); ʩʫʪʦʯʥʘʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʟʘʙʦʡ (m); ʪʠʧ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ (s); 

ʩʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ (a1); ʩʭʝʤʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

(a2); ʦʧʘʩʥʦʩʪʴ ʧʣʘʩʪʘ ʧʦ ʩʘʤʦʚʦʟʛʦʨʘʥʠʶ (c); ʦʧʘʩ-

ʥʦʩʪʴ ʧʣʘʩʪʦʚ ʧʦ ʚʟʨʳʚʯʘʪʦʩʪʠ ʧʳʣʠ (e). ʇʨʠ ʵʪʦʤ 

ʥʝʠʩʯʠʩʣʷʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʚʳʨʘʞʝʥʳ ʚ ʚʠʜʝ 

ʢʘʪʝʛʦʨʠʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʇʨʦʚʝʨʢʘ ʥʘ ʚʠʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʘʷ ʩ 

ʨʘʩʯʝʪʦʤ ʢʨʠʪʝʨʠʷ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ, ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʚʳʙʦʨʢʘʭ ʦʪʣʠʯʥʳ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ-ʟʥʘʯʠʤʳʭ ʟʘ-

ʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʚʘʨʠʘʮʠʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʰʘʭʪ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʠʩʢʘ ʙʳʣ ʧʨʦʠʟʚʝ-

ʜʝʥ ʨʘʩʯʝʪ ʢʨʠʪʝʨʠʷ ʂʨʘʩʢʝʣʘ ï ʋʦʣʣʠʩʘ (H). ɼʘʥ-

ʥʳʡ ʢʨʠʪʝʨʠʡ ʷʚʣʷʝʪʩʷ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ 

ʘʥʘʣʦʛʦʤ ʤʝʞʛʨʫʧʧʦʚʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʚʝʥʩʪʚʘ 

ʤʝʜʠʘʥ ʧʨʦʩʪʳʭ ʚʳʙʦʨʦʢ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʥʝʧʨʝ-

ʨʳʚʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ [11]. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʚʳ-

ʙʦʨʢʠ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪ-
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ʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʰʘʭʪ ʚ ʢʘʯʝʩʪʚʝ ʛʨʫʧʧʠ-

ʨʫʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʥʫʣʝʚʦʡ ʛʠʧʦ-

ʪʝʟʳ ʅ0 ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʠʡ ʚ ʛʨʫʧʧʦʚʳʭ ʤʝʜʠ-

ʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʩʪʘʪʠʩʪʠʢʠ 

ʢʨʠʪʝʨʠʷ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʩ ɢ2-ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

(ʍ) ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ Ŭ = 0,05. ɻʠʧʦʪʝʟʘ ʅ0 ʦʪ-

ʚʝʨʛʘʣʘʩʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ H > X. ʈʝʟʫʣʴ-

ʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʷʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ-ʟʥʘʯʠʤʳʭ ʩʚʷʟʝʡ ʩʨʝʜʠ ʬʘʢʪʦʨʦʚ 

ʇʦʢʘʟʘ-

ʪʝʣʴ 

ʨʠʩʢʘ 

ʉʪʘʪʠʩʪʠʢʘ 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʰʘʭʪ (ʛʨʫʧʧʠʨʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ) 

Q, 

ʛʦʜ-1 

R, 

ʛʦʜ-1 

q1, 

ʤ3/ʪ 

q2 

ʤ3/ʤʠʥ 

h, ʤ m, 

ʪ/ʩʫʪ 

s a1 a2 c e 

Q, ʛʦʜ-1 

ʂʨʠʪʝʨʠʡ 

ʂʨʘʩʢʝʣʘ-ʋʦ-

ʣʣʠʩʘ (H) 

- - 18,4 21,1 4,3 5,5 13,8 4,4 2,1 9,1 4,4 

ʂʨʠʪʝʨʠʡ ɢ2 

(X) 
- - 15,5 28,9 18,3 16,9 9,5 6,0 7,8 6,0 3,8 

R, ʛʦʜ-1 

ʂʨʠʪʝʨʠʡ 

ʂʨʘʩʢʝʣʘ-ʋʦ-

ʣʣʠʩʘ (H) 
17,9 - 16,9 16,3 2,8 8,1 5,2 0,7 5,4 3,2 1,9 

ʂʨʠʪʝʨʠʡ ɢ2 

(X) 
14,1 - 15,5 28,9 18,3 16,9 9,5 6,0 7,1 6,0 3,8 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠ-

ʯʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ-ʟʥʘʯʠʤʦʡ ʩʚʷʟʠ: ʤʝʞʜʫ ʩʨʝʜʥʝ-

ʛʦʜʦʚʳʤʠ ʯʘʩʪʦʪʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʟʨʳʚʦʚ ʄɺʉ 

(Q) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʘʟʦʦʙʠʣʴʥʦʩʪʴʶ ʰʘʭʪʳ (q1), 

ʩʠʩʪʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ (s), ʦʧʘʩʥʦʩʪʷʤʠ ʩʘʤʦʚʦʟʛʦʨʘ-

ʥʠʷ ʧʣʘʩʪʦʚ (c) ʠ ʧʳʣʠ ʧʦ ʚʟʨʳʚʯʘʪʦʩʪʠ (e); ʤʝʞʜʫ 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʨʠʩʢʘ (R) ʠ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʯʘʩʪʦʪʘʤʠ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʚʟʨʳʚʦʚ ʄɺʉ (Q) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʘʟʦʦʙʠʣʴ-

ʥʦʩʪʴʶ ʰʘʭʪʳ (q1). ɺʳʷʚʣʝʥʥʳʝ ʩʚʷʟʠ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝ-

ʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʨʠʩʢʘ ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʫʛʦʣʴ-

ʥʦʡ ʰʘʭʪʳ ʩ ʫʯʝʪʦʤ ʥʘʙʣʶʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ Q ʠ R 

ʥʘ ʰʘʭʪʘʭ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ ʟʘ ʧʝʨʠʦʜ 2005-2016 ʛʛ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʛʨʫʧ-

ʧʠʨʦʚʘʥʥʳʭ ʚʳʙʦʨʢʘʭ ʧʦ ʬʘʢʪʦʨʘʤ ʩ ʜʦʢʘʟʘʥʥʳʤʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ-ʟʥʘʯʠʤʳʤʠ ʩʚʷʟʷʤʠ ʙʳʣʠ ʨʘʩʩʯʠ-

ʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ:  

- ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʯʘʩʪʦʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʟʨʳ-

ʚʦʚ ʄɺʉ (Qʩʨ); 

- ʥʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʧʨʠ ʚʟʨʳʚʘʭ ʄɺʉ (Rʩʨ). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ i-ʳʭ 

ʚʳʙʦʨʦʢ Qʩʨ i ʠ Rʩʨ i , ʘ ʪʘʢ ʞʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʠʥ-

ʪʝʨʚʘʣʦʚ ʛʨʫʧʧʠʨʫʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2-4.  

ʆʙʲʝʜʠʥʝʥʠʝ ʚʳʨʘʞʝʥʠʡ (1) ʠ (2) ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʦʛʦ ʨʠʩʢʘ ʥʘ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʥʦʟʥʦʛʦ ʧʦʢʘʟʘ-

ʪʝʣʷ ʨʠʩʢʘ Rʧʨ ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʫʛʦʣʴʥʦʡ ʰʘʭʪʳ. 

 

 
ʈʠʩʫʥʦʢ 2. ɺʣʠʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʘʟʦʦʙʠʣʴʥʦʩʪʠ ʰʘʭʪ  

ʥʘ ʫʩʨʝʜʥʝʥʥʳʝ ʯʘʩʪʦʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʟʨʳʚʦʚ ʄɺʉ (ʢʦʵʬ. ʢʦʨʨʝʣʷʮʠʠ r = 0,62) 

 

ʇʨʠ ʵʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʨʘʥʞʠʨʦʚʘ-

ʥʠʝ ʫʛʦʣʴʥʳʭ ʰʘʭʪ ʧʦ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʚʟʨʳʚʦʚ 

ʄɺʉ ʩ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʠʩʢʘ ʩʦ ʰʢʘʣʦʡ ʧʨʠʝʤʣʝʤʦʩʪʠ 

ʨʠʩʢʘ. ʊʘʢ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ [1,2] ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

- ɿʦʥʘ ʧʨʠʝʤʣʝʤʦʛʦ ʨʠʩʢʘ (ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʦʧʘʩʥʦʩʪʠ) ï Rʧʨ < 1,0 Ā 10-5 ʛʦʜ -1; 

- ɿʦʥʘ ʢʦʥʪʨʦʣʷ ʨʠʩʢʘ (ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ 

ʦʧʘʩʥʦʩʪʠ) ï Rʧʨ = 1,0 Ā 10-5 õ 2,5 Ā 10-4 ʛʦʜ -1; 

- ɿʦʥʘ ʥʝʧʨʠʝʤʣʝʤʦʛʦ ʨʠʩʢʘ (ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʦʧʘʩʥʦʩʪʠ) ï Rʧʨ > 2,5 Ā 10-4 ʛʦʜ -1. 

y = 0,0173ln(x) + 0,0269
wч Ґ лΣтоом
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ʘ)       ʙ) 

  
ʈʠʩʫʥʦʢ 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʨʝʜʥʝʥʥʳʭ ʯʘʩʪʦʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʟʨʳʚʦʚ ʄɺʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ:  

(ʘ) - ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ (ʑʆ ï ʱʠʪʦʚʘʷ, ʇɻʆ ï ʧʦʜʵʪʘʞʥʘʷ ʛʠʜʨʦʦʪʙʦʡʢʘ,  

ʇʐʆ ï ʧʦʜʵʪʘʞʥʘʷ ʦʪʙʦʡʢʘ, ɼʉʆ ï ʜʣʠʥʥʳʤʠ ʩʪʦʣʙʘʤʠ, ʂʉʆ ï ʢʘʤʝʨʥʦ-ʩʪʦʣʙʦʚʘʷ);  

(ʙ) - ʦʧʘʩʥʦʩʪʠ ʧʣʘʩʪʦʚ ʧʦ ʩʘʤʦʚʦʟʛʦʨʘʥʠʶ. 

 

 
ʈʠʩʫʥʦʢ 4.ʉʚʷʟʴ ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʙʣʶʜʘʝʤʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʠʩʢʘ ʠ ʯʘʩʪʦʪʳ ʚʟʨʳʚʦʚ ʄɺʉ 

(ʢʦʵʬ. ʢʦʨʨʝʣʷʮʠʠ r = 0,78). 

 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʧʨʦʙʘʮʠʠ ʩ ʬʘʢʪʠʯʝ-

ʩʢʦʡ ʩʪʘʪʠʩʪʠʢʦʡ ʘʚʘʨʠʡʥʦʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʭʦʜʠʤʦʩʪʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚʟʨʳʚʦʚ ʄɺʉ ʥʘ ʬʦʨʤʠʨʫʝʤʳʡ 

ʫʨʦʚʝʥʴ ʦʧʘʩʥʦʩʪʠ, ʫʯʝʪ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʝʥ ʚ ʦʩ-

ʥʦʚʝ ʢʦʤʧʣʝʢʩʥʳʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʨʠʩʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩ-

ʥʦʚʝ ʚʳʷʚʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʝʪ 

ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʦʛʦ ʨʠʩʢʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʦʙʲʝʢ-

ʪʠʚʥʦʡ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʫʛʦʣʴʥʳʭ ʰʘʭʪ 

ʧʦ ʚʟʨʳʚʘʤ ʄɺʉ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʫʨʦʚʥʝʤ 

ʧʨʠʝʤʣʝʤʦʛʦ ʨʠʩʢʘ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʴ ʠʭ ʨʘʥʞʠ-

ʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ-ʦʙʦʩʥʦ-

ʚʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʢʨʠʪʝʨʠʷ. 

ʇʨʦʚʝʨʢʘ ʦʙʱʝʛʦ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʨʝʟʫʣʴʪʘ-

ʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ Qʩʨ c ʬʘʢʪʦʨʘʤʠ (ʢʦʵʬ. ʤʥʦʞʝ-

ʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ rʤʥ = 0,65). ɺʚʠʜʫ ʦʛʨʘʥʠʯʝʥ-

ʥʦʛʦ ʯʠʩʣʘ ʧʨʝʜʠʢʪʦʨʦʚ ʚ ʤʦʜʝʣʠ, ʚʣʠʷʥʠʝ ʥʝ-

ʫʯʪʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʦʮʝʥʠʚʘʝʪʩʷ, ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʦʝ (ʢʦʵʬ. ʜʝʪʝʨʤʠʥʘ-

ʮʠʠ r2 = 0,42). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʛʦ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʧʨʠ-

ʤʝʥʝʥʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʨʠ 

ʦʮʝʥʢʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʠʩʢʘ ʚʟʨʳʚʦʚ ʄɺʉ. ɺ ʥʘʩʪʦʷ-

ʱʠʡ ʤʦʤʝʥʪ ʧʦʣʫʯʝʥʠʝ ʠʩʭʦʜʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʣʫʙʦʢʦʛʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʨʠʩʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝ-

ʪʦʜʘʤʠ, ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤʳʤ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʚʦʚʣʝʯʝʥʠʷ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ 

ʬʘʢʪʦʨʦʚ ʚ ʦʮʝʥʢʫ ʨʠʩʢʘ ʚʟʨʳʚʦʚ ʄɺʉ ʠ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʣʥʦʪʳ 

ʪʘʢʦʡ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʨʦʷʪ-

ʥʦʩʪʥʳʝ ʠ ʵʢʩʧʝʨʪʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ [12] ʚ ʜʦʧʦʣ-

ʥʝʥʠʝ ʢ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʤʦʜʝʣʷʤ.  
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ɸʥʥʦʪʘʮʠʷ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʩʚʦʝʡ ʨʘʙʦʪʳ. ɺʩʝ 

ʦʥʠ ʦʙʨʘʙʘʪʳʚʘʶʪ, ʯʠʪʘʶʪ ʠ ʟʘʧʠʩʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʩʦʙʝʥʥʦ-

ʩʪʷʤ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ NoSQL ʙʘʟ ʜʘʥʥʳʭ. ʀʩʩʣʝʜʦʚʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

NoSQL ʉʋɹɼ ʠ ʠʭ ʦʪʣʠʯʠʷ ʦʪ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ NoSQL ʙʘʟʳ 

ʜʘʥʥʳʭ: HBase, MongoDB, Redis, Cassandra, ʘ ʪʘʢʞʝ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ. 

Abstract. 

Currently, all existing applications use databases for their work. They all process, read, and write a specific 

set of data. The article is devoted to the features of the structure and practical use of NoSQL databases. Studied 

the characteristics of NoSQL database and how they differ from relational databases. The article discusses various 

NoSQL databases: HBase, MongoDB, Redis, Cassandra, as well as their advantages and disadvantages, charac-

teristics and features. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: NoSQL, ʙʘʟʳ ʜʘʥʥʳʭ, ZendFramework, MongoDB, php, ʚʝʙ-ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

Keywords: NoSQL, databases, ZendFramework, MongoDB, php, web programming 

 

ʅʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʫʨʥʳʤ ʨʘʟ-

ʚʠʪʠʝʤ web-ʩʝʨʚʠʩʦʚ, ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʜʨʫʛʠʭ 

ʠʥʪʝʨʥʝʪ-ʫʩʣʫʛ. ʍʨʘʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʙʦʣʴʰʠʭ 

ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘ-

ʯʝʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ ʵʪʘ ʟʘʜʘʯʘ 

ʨʝʰʘʣʘʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʷʟʳʢ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʟʘʧʨʦ-

ʩʦʚ SQL. 

ʄʦʜʝʣʴ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘʙʠʨʘʝʪ ʙʦʣʴ-

ʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʩʪʘʥʦʚʠʪʴʩʷ 
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ʢʣʶʯʝʚʦʡ. ʈʝʣʷʮʠʦʥʥʳʝ ʉʋɹɼ ʩ ʪʨʫʜʦʤ ʤʘʩʰʪʘʙʠ-

ʨʫʶʪʩʷ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʠʙʢʦʩʪʴ ʤʦʜʝʣʠ ʜʘʥ-

ʥʳʭ. ʆʙʨʘʙʦʪʢʘ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʦʟʥʘʯʘʝʪ ʜʦʙʘʚʣʝʥʠʝ ʙʦʣʝʝ ʤʦʱʥʦʛʦ ʩʝʨʚʝʨʘ ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʣʦʞʥʦʩʪʴ ʠ ʜʦʨʦʛʦʚʠʟʥʫ ʥʝʧʨʦʧʦʨʮʠ-

ʦʥʘʣʴʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʣʘʯʥʳʤ ʘʨʭʠʪʝʢʪʫʨʘʤ. 

ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʤʦʜʝʣʠ ʜʘʥ-

ʥʳʭ NoSQL. ɹʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ ʭʨʘʥʠʣʠʱ ʦʪʢʘʟʘ-

ʣʠʩʴ ʦʪ ʤʥʦʛʠʭ ʬʫʥʢʮʠʡ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ, ʚ 

ʧʦʣʴʟʫ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʥʝʨʝʣʷʮʠʦʥʥʳʝ ʤʦʜʝʣʠ 

ʩʦʚʤʝʩʪʠʤʳ ʩ ʧʨʠʥʮʠʧʘʤʠ BASE. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ NoSQL ʭʨʘʥʠʣʠʱ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʝʦʨʝʤʝ ʉɸʈ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʧʨʠʥʷ-

ʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʠʥʘ çNoSQLè. ʇʦʪʦʤʫ 

ʤʦʞʥʦ ʣʠʰʴ ʦʙʩʫʞʜʘʪʴ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ 

ʙʘʟ ʜʘʥʥʳʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʘʪʝʛʦʨʠʠ NoSQL. ɹʘʟʳ 

ʜʘʥʥʳʭ NoSQL ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʷʟʳʢ SQL. ʅʝʢʦʪʦ-

ʨʳʝ ʠʟ ʥʠʭ ʠʤʝʶʪ ʩʚʦʡ ʷʟʳʢ ʟʘʧʨʦʩʦʚ, ʠ ʠʭ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʙʳʣʦ ʙʳ ʩʜʝʣʘʪʴ ʧʦʭʦʞʠʤ ʥʘ SQL, ʯʪʦʙʳ 

ʠʭ ʣʝʛʯʝ ʙʳʣʦ ʠʟʫʯʠʪʴ. ʂ ʪʘʢʠʤ ʷʟʳʢʘʤ ʦʪʥʦʩʠʪʩʷ 

CQL ʚ ʙʘʟʝ ʜʘʥʥʳʭ Cassandra - çʦʯʝʥʴ ʧʦʭʦʞʠʡ ʥʘ 

SQL (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʣʠʯʠʡ)è. ʅʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ, ʥʠ ʦʜʠʥ ʷʟʳʢ, ʢʦʪʦʨʳʡ ʙʳ ʜʦʩʪʠʛ 

ʭʦʪʷ ʙʳ ʪʦʡ ʞʝ ʩʪʝʧʝʥʠ ʛʠʙʢʦʩʪʠ, ʯʪʦ ʠ ʩʪʘʥʜʘʨʪ-

ʥʳʡ ʷʟʳʢ SQI, ɼʨʫʛʦʝ ʚʘʞʥʦʝ ʩʚʦʡʩʪʚʦ ʵʪʠʭ ʙʘʟ 

ʜʘʥʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʧʨʦʝʢʪʳ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ. ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʨʤʠʥ çNoSQLè ʯʘʩʪʦ ʧʨʠʤʝʥʷ-

ʝʪʩʷ ʢ ʩʠʩʪʝʤʘʤ ʩ ʟʘʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʩʫ-

ʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ NoSQL - ʵʪʦ ʬʝʥʦʤʝʥ ʩ ʦʪ-

ʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʙʘʟ ʜʘʥʥʳʭ NoSQL ʩʦʟʜʘʚʘʣʠʩʴ ʚ 

ʦʪʚʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʙʦʪʘʪʴ ʥʘ ʢʣʘʩʪʝʨʘʭ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ ʚʦ ʚʩʝʡ ʙʘʟʝ 

ʜʘʥʥʳʭ ʨʝʣʷʮʠʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪ 

ʪʨʘʥʟʘʢʮʠʠ ACID. ʕʪʦ ʠʟʥʘʯʘʣʴʥʦ ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʢʣʘʩʪʝʨʥʦʡ ʩʨʝʜʝ, ʧʦʵʪʦʤʫ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʝʜʣʘ-

ʛʘʶʪ ʩʧʝʢʪʨ ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʛʣʘʩʦ-

ʚʘʥʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ. 

ʅʦ ʥʝ ʚʩʝ ʙʘʟʳ ʜʘʥʥʳʭ NoSQL ʩʪʨʦʛʦ ʦʨʠʝʥʪʠ-

ʨʫʶʪʩʷ ʥʘ ʨʘʙʦʪʫ ʩ ʢʣʘʩʪʝʨʘʤʠ. ɻʨʘʬʦʚʳʝ ʙʘʟʳ ʜʘʥ-

ʥʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʘʟʳ ʜʘʥʥʳʭ NoSQL, ʠʩ-

ʧʦʣʴʟʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʤʦʜʝʣʴ, ʧʦʭʦʞʫʶ ʥʘ 

ʨʝʣ̫ʮʠʦʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʥʦ ʧʨʝʜʣʘʛʘʶʱʠʝ ʜʨʫ-

ʛʫʶ ʤʦʜʝʣʴ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʣʫʯʰʝ ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʜʘʥʥʳʝ ʩʦ ʩʣʦʞʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ. 

ɹʘʟʳ ʜʘʥʥʳʭ NoSQL ʫʯʠʪʳʚʘʶʪ ʝʤʢʦʩʪʴ ʚʝʙ-

ʩʘʡʪʦʚ ʥʘʯʘʣʘ 21 ʚʝʢʘ, ʧʦʵʪʦʤʫ ʦʙʳʯʥʦ ʪʦʣʴʢʦ ʩʠ-

ʩʪʝʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʠʤʝʨʥʦ ʚ ʵʪʦ ʚʨʝʤʷ, ʥʘʟʳ-

ʚʘʪʁʩʷ NoSQL, ʪʝʤ ʩʘʤʳʤ, ʠʩʢʣʶʯʘʷ ʙʘʟʳ ʜʘʥʥʳʭ, 

ʩʦʟʜʘʥʥʳʝ ʚ ʧʨʦʰʣʦʤ ʚʝʢʝ, ʢʨʦʤʝ ʙʘʟʳ ɺʉ 

(BeforeCodd). 

Hbase ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ, 

ʢʦʣʦʥʦʯʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʙʘʟʫ ʪʠʧʘ çʢʣʶʯ-ʟʥʘ-

ʯʝʥʠʝè ʠ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʦʜ-

ʜʝʨʞʠʚʘʶʪ ʢʘʢ ʣʠʥʝʡʥʦʝ, ʪʘʢ ʠ ʤʦʜʫʣʴʥʦʝ ʤʘʩʰʪʘ-

ʙʠʨʦʚʘʥʠʝ [1]. HBase ð ʵʪʦ ʧʨʠʣʦʞʝʥʠʝ Hadoop, 

ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤ ʩʣʫ-

ʯʘʡʥʳʡ ʜʦʩʪʫʧ ʢ ʯʪʝʥʠʶ ʟʘʧʠʩʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. 

MongoDB ð ɻ ʪʦ ʙʘʟʘ ʜʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʩ ʦʪ-

ʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʚʳʩʦʢʫʶ ʜʦʩʪʫʧ-

ʥʦʩʪʴ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ [2]. ɿʘ-

ʧʠʩʴ ʚ MongoDB ð ʵʪʦ ʜʦʢʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʧʘʨ çʧʦʣʝʟʥʘʯʝʥʠʝè. ɼʦʢʫʤʝʥʪʳ MongoDB ʧʦʭʦʞʠ 

ʥʘ ʦʙʲʝʢʪʳ JSON. ɿʥʘʯʝʥʠʷ ʧʦʣʝʡ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ 

ʚ ʩʝʙʷ ʜʨʫʛʠʝ ʜʦʢʫʤʝʥʪʳ, ʤʘʩʩʠʚʳ ʠ ʤʘʩʩʠʚʳ ʜʦʢʫ-

ʤʝʥʪʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ MongoDB: ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ (ʧʦʜʜʝʨʞʢʘ ʚʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ 

ʫʤʝʥʴʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʚ ʩʠʩʪʝʤʝ ʙʘʟ 

ʜʘʥʥʳʭ, ʠʥʜʝʢʩʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʙʦʣʝʝ ʙʳʩʪʨʳʝ ʟʘ-

ʧʨʦʩʳ ʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʢʣʶʯʠ ʠʟ ʚʩʪʨʦʝʥʥʳʭ ʜʦ-

ʢʫʤʝʥʪʦʚ ʠ ʤʘʩʩʠʚʦʚ), ʥʘʣʠʯʠʝ ʷʟʳʢʘ ʟʘʧʨʦʩʦʚ (ʜʣʷ 

ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ (CRUD), ʘʛʨʝʛʠʨʦʚʘʥʠʝ 

ʜʘʥʥʳʭ, ʪʝʢʩʪʦʚʳʡ ʧʦʠʩʢ ʠ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʟʘʧʨʦʩʳ), ʚʳʩʦʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ. ʌʫʥʢʮʠʷ ʨʝʧʣʠʢʘ-

ʮʠʠ MongoDB, ʥʘʟʳʚʘʝʤʘʷ ʥʘʙʦʨʦʤ ʨʝʧʣʠʢ, ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʥʘ ʜʨʫʛʦʡ ʨʝʩʫʨʩ 

ʠ ʠʟʙʳʪʦʯʥʦʩʪʴ ʜʘʥʥʳʭ. ʅʘʙʦʨ ʨʝʧʣʠʢ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʩʝʨʚʝʨʦʚ MongoDB, ʢʦʪʦʨʳʝ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʦʙʝʩ-

ʧʝʯʠʚʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʷ ʜʦʩʪʫʧʥʦʩʪʴ 

ʜʘʥʥʳʭ. 

Redis ð ʵʪʦ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ʩ ʦʪʢʨʳʪʳʤ 

ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʙʘʟʳ ʜʘʥʥʳʭ, ʢʵʰʘ ʠ ʙʨʦʢʝʨʘ ʩʦʦʙʱʝʥʠʡ [3]. ʆʥ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʢʘʢ ʩʪʨʦʢʠ, 

ʭʵʰʠ, ʩʧʠʩʢʠ, ʥʘʙʦʨʳ, ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ ʥʘʙʦʨʳ ʩ 

ʟʘʧʨʦʩʘʤʠ, ʨʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʪ.ʜ. Redis 

ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʫʶ ʨʝʧʣʠʢʘʮʠʶ, Luaʩʢʨʠʧʪʠʥʛ, ʚʳ-

ʢʣʶʯʝʥʠʝ LRU, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʜʦ-

ʩʪʫʧʥʦʩʪʴ ʯʝʨʝʟ RedisSentinel ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʨʘʟʙʠʝʥʠʝ ʥʘ ʨʘʟʜʝʣʳ ʩ ʧʦʤʦʱʴʶ RedisCluster. ʉ 

ʧʦʤʦʱʴʶ Redis ʤʦʞʥʦ ʟʘʧʫʩʢʘʪʴ ʘʪʦʤʘʨʥʳʝ ʦʧʝʨʘ-

ʮʠʠ ʥʘʜ ʜʘʥʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ ʢ ʩʪʨʦʢʝ, 

ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ ʚ ʭʵʰʝ, ʧʝʨʝʩʝʯʝʥʠʝ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʤʥʦʞʝʩʪʚ, ʦʙʲʝʜʠʥʝʥʠʝ ʠ ʨʘʟʥʦʩʪʴ, ʠʣʠ 

ʧʦʣʫʯʝʥʠʝ ʯʣʝʥʘ ʩ ʥʘʠʚʳʩʰʠʤ ʨʝʡʪʠʥʛʦʤ ʚ ʦʪʩʦʨ-

ʪʠʨʦʚʘʥʥʦʤ ʥʘʙʦʨʝ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʚʦʝʡ ʚʳʜʘʶ-

ʱʝʡʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Redis ʨʘʙʦʪʘʝʪ ʩ ʥʘʙʦ-

ʨʦʤ ʜʘʥʥʳʭ ʚ ʧʘʤʷʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʠʪʴ ʝʛʦ 

ʣʠʙʦ ʧʫʪʝʤ ʚʨʝʤʝʥʥʦʛʦ ʩʙʨʦʩʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʧʘ 

ʜʠʩʢ, ʣʠʙʦ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʢʘʞʜʦʡ ʢʦʤʘʥʜʳ ʚ 

ʞʫʨʥʘʣ. ʉʪʦʡʢʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʣʶʯʝʥʘ, ʝʩʣʠ ʥʝ-

ʦʙʭʦʜʠʤ ʧʦʣʥʦʮʝʥʥʳʡ, ʩʝʪʝʚʦʡ, ʚʩʪʨʦʝʥʥʳʡ ʢʵʰ. 

Redis ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʩʠʥʭʨʦʥʥʫʶ ʨʝʧʣʠʢʘ-

ʮʠʶ master-slave ʩ ʪʨʠʚʠʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʦʡ, ʩ ʦʯʝʥʴ 

ʙʳʩʪʨʦʡ ʥʝʙʣʦʢʠʨʫʶʱʝʡ ʧʝʨʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʚʪʦʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʯʘʩʪʠʯʥʦʡ 

ʨʝʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʧʦ ʩʝʪʝʚʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ. 

Redis ʥʘʧʠʩʘʥ ʥʘ ANSI ʉ ʠ ʨʘʙʦʪʘʝʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʠʩʪʝʤ POSIX, ʪʘʢʠʭ ʢʘʢ Linux, *BSD, OS X ʙʝʟ 

ʚʥʝʰʥʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʆʬʠʮʠʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʜʣʷ Windows ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʥʦ Microsoft ʨʘʟʨʘʙʘ-

ʪʳʚʘʝʪ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʨʪ Win-64 Redis. 

ApacheCassandra ð ʵʪʦ ʦʪʢʨʳʪʘʷ, ʨʘʩʧʨʝʜʝ-

ʣʝʥʥʘʷ ʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʭʨʘʥʝʥʠʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʩʪʨʫʢʪʫʨʠ-

ʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦ ʚʩʝʤʫ 
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ʤʠʨʫ [4]. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʜʦʩʪʫʧʥʦʝ ʦʙ-

ʩʣʫʞʠʚʘʥʠʝ ʙʝʟ ʝʜʠʥʦʡ ʪʦʯʢʠ ʦʪʢʘʟʘ. Cassandra ð 

ʵʪʦ ʤʘʩʰʪʘʙʠʨʫʝʤʘʷ, ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʘʷ ʠ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʝʸ ʘʣʛʦʨʠʪʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʘʥʥʳʭ ʦʩʥʦʚʘʥ ʥʘ ʤʦʜʝʣʠ Dynamo ʦʪ Amazon, ʘ 

ʤʦʜʝʣʴ ʜʘʥʥʳʭ - ʥʘ BigTable ʦʪ Google. ʄʦʜʝʣʴ ʨʝ-

ʧʣʠʢʘʮʠʠ Dynamo ʨʘʙʦʪʘʝʪ ʙʝʟ ʝʜʠʥʦʡ ʪʦʯʢʠ ʦʪ-

ʢʘʟʘ, ʥʦ ʨʝʘʣʠʟʫʝʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʤʦʜʝʣʴ ʜʘʥʥʳʭ 

çʩʝʤʝʡʩʪʚʘ ʩʪʦʣʙʮʦʚè. Cassandra ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘ-

ʢʠʤʠ ʢʨʫʧʥʝʡʰʠʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʢʘʢ Facebook, 

Twitter, Cisco, Rackspace, ebay, Twitter, Netflix ʠ 

ʜʨʫʛʠʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ Cassandra: ʫʧʨʫʛʘʷ ʤʘʩʰʪʘʙʠ-

ʨʫʝʤʦʩʪʴ (ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ), 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ (ʧʦʩʪʦʷʥʥʦ ʜʦʩʪʫʧʥʘ ʜʣʷ ʢʨʠ-

ʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ 

ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʧʦʪʝʨʶ ʜʘʥʥʳʭ), ʙʳʩʪʨʘʷ ʣʠʥʝʡʥʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʣʠʥʝʡʥʦ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ), 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʳʩʪʨʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ, ʛʠʙʢʦʝ ʭʨʘ-

ʧʝʥʠʝ ʜʘʥʥʳʭ (ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʬʦʨ-

ʤʘʪʳ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ, ʧʦʣʫ-

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ).  

Cassandra ʤʦʞʝʪ ʜʠʥʘʤʠʯʝʩʢʠ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝ-

ʥʠʷ ʚ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦ-

ʩʪʷʤʠ. ʊʘʢʞʝ ʦʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʦʩʪʦʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʜʘʥʥʳʭ, Cassandra ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ 

ʪʘʤ, ʛʜʝ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʧʫʪʝʤ ʪʠʨʘʞʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʚ ʥʝʩʢʦʣʴʢʠʭ ʮʝʥʪʨʘʭ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʂʨʦʤʝ ʪʦʛʦ, Cassandra ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʨʘʥʟʘʢʮʠʠ 

ACID. 

ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ Cassandra - ʥʠʟʢʘʷ ʩʢʦ-

ʨʦʩʪʴ ʯʪʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʟʘʧʠʩʠ, ʵʪʦ 

ʜʝʣʘʝʪ ʝʸ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʝʡʨʦʥʥʳʤʠ 

ʩʝʪʷʤʠ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘ NoSQL ʉʋɹɼ [5]. 

ʊʘʙʣʠʮʘ 1. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ NoSQL ʉʋɹɼ 

ʇʘʨʘʤʝʪʨʳ MongoDB Cassandra Redis HBase 

ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʌʘʡʣʦʚʘʷ ʩʠʩʪʝʤʘ ʩ 

ʵʥʝʨʛʦʟʘʚʠʩʠʤʦʡ ʧʘʤʷ-

ʪʴʶ 

SSD ʌʘʡʣʦʚʘʷ ʩʠʩʪʝʤʘ ʩ 

ʵʥʝʨʛʦʟʘʚʠʩʠʤʦʡ ʧʘʤʷ-

ʪʴʶ 

HDFS 

ʗʟʳʢ ʟʘʧʨʦʩʦʚ ɺʳʟʦʚʳ API ɺʳʟʦʚʳ API, 

CQL, Thrift 

ɺʳʟʦʚʳ API ɺʳʟʦʚʳ API, Rest, 

XML, Thrift  

ʇʨʦʪʦʢʦʣʳ BSON Thrift, CQL3 Telnet-like HTTP/Rest , Thrift 

ʇʦʜʜʝʨʞʢʘ MapRe-

duce 

+ + - + 

ʄʦʜʝʣʴ ʮʝʣʦʩʪʥʦʩʪʠ 

BASE BASE - ʈʝʧʣʠʢʘʮʠʷ ʞʫʨ-

ʥʘʣʘ 

ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ + + + + 

ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ + + + + 

ʆʧʝʨʘʮʠʠ - - + + 

ʂʦʥʪʨʦʣʴ ʚʝʨʩʠʡ - - - + 

ɺʪʦʨʠʯʥʳʝ ʠʥʜʝʢʩʳ + + + + 

ʉʦʩʪʘʚʥʳʝ ʢʣʶʯʠ + - + + 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 

+ 
+ 

+ + 

ʈʝʧʣʠʢʘʮʠʠ + + + + 

ʈʝʣʷʮʠʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʥʝ ʠʩʯʝʟʥʫʪ, ʪ.ʢ. 

ʦʥʠ ʦʩʪʘʶʪʩʷ ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ, ʠ ʨʝʢʦ-

ʤʝʥʜʫʶʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʩʠʣʫ ʠʭ ʧʦʥʷʪʥʦʩʪʠ, 

ʥʘʜʝʞʥʦʩʪʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʧʦʜ-

ʜʝʨʞʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʝʢʪʦʚ. ʀʟʤʝʥʝʥʠʷ ʟʘʢʣʶ-

ʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʝʧʝʨʴ ʨʝʣʷʮʠʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ 

ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʭʨʘʥʝ-

ʥʠʷ ʜʘʥʥʳʭ. ʕʪʘ ʪʦʯʢʘ ʟʨʝʥʠʷ ʯʘʩʪʦ ʥʘʟʳʚʘʝʪʩʷ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʡ ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʴʶ 

(PolyglotPersistence), ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʡ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʨʘʟʥʳʭ ʭʨʘʥʠʣʠʱ ʜʘʥʥʳʭ ʚ ʨʘʟʥʳʭ ʩʠʪʫʘ-

ʮʠʷʭ. ɺʤʝʩʪʦ ʩʣʝʧʦʛʦ ʚʳʙʦʨʘ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥ-

ʥʳʭ, ʧʦʪʦʤʫ ʯʪʦ ʪʘʢ ʧʨʠʥʷʪʦ, ʤʳ ʜʦʣʞʥʳ ʧʦʥʠʤʘʪʴ 

ʧʨʠʨʦʜʫ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʝʤʩʷ ʭʨʘʥʠʪʴ, ʠ 

ʟʥʘʪʴ, ʯʪʦ ʤʳ ʭʦʪʠʤ ʩ ʥʠʤʠ ʜʝʣʘʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʨʘʟʥʳʭ ʩʠʪʫʘʮʠʷʭ ʙʫ-

ʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʤʝʰʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʟʘʩʪʘʚʠʪʴ ʨʘʙʦʪʘʪʴ ʚʩʝ ʵʪʦ ʨʘʟ-

ʥʦʦʙʨʘʟʠʝ, ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʳ ʧʝʨʝʡʪʠ ʦʪ ʠʥʪʝ-

ʛʨʘʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ ʧʨʠʣʦʞʝ-

ʥʠʷ. ɹʘʟʳ ʜʘʥʥʳʭ NoSQL ʥʘʜʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʙʘʟʫ ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷ; ʢʘʢ ʧʨʘʚʠʣʦ, ʙʘʟʳ ʜʘʥ-

ʥʳʭ NoSQL ʥʝ ʷʚʣʷʶʪʩʷ ʫʜʘʯʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʠʥ-

ʪʝʛʨʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ʅʝ ʩʯʠʪʘʝʤ ʵʪʦ ʥʝʜʦ-

ʩʪʘʪʢʦʤ, ʪ. ʢ., ʜʘʞʝ ʝʩʣʠ ʚʳ ʥʝ ʠʩʧʦʣʴʟʫʝʪʝ ʪʝʭʥʦ-

ʣʦʛʠʶ NoSQL, ʧʝʨʝʭʦʜ ʢ ʠʥʢʘʧʩʫʣʷʮʠʠ ʜʘʥʥʳʭ ʚ 

ʩʝʨʚʠʩʘʭ - ʧʨʘʚʠʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ NoSQL ʩʚʷʟʘʥʦ ʩ 

ʦʙʨʘʙʦʪʢʦʡ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʥʘ ʢʣʘʩʪʝʨʘʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʫʶ ʵʨʫ ʚ ʤʠʨʝ ʙʘʟ ʜʘʥʥʳʭ, ʵʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ 

ʧʨʠʯʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʥʘʜʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʟʳ ʜʘʥ-

ʥʳʭ NoSQL. ʅʝ ʤʝʥʝʝ ʚʘʞʥʘ ʩʪʘʨʘʷ ʧʨʦʙʣʝʤʘ, ʩʚʷ-

ʟʘʥʥʘʷ ʩ ʧʦʪʝʨʝʡ ʩʦʦʪʚʝʪʩʪʚʠʷ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙ-

ʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʩʦʟʜʘʣʘ ʜʣʷ ʣʶ-

ʜʝʡ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʩʚʦʠ 
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ʧʦʪʨʝʙʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʭʨʘʥʝʥʠʝʤ ʜʘʥʥʳʭ, ʘ ʥʝ-

ʢʦʪʦʨʳʝ ʢʦʣʣʝʢʪʠʚʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʤʦʛʫʪ ʫʚʠʜʝʪʴ, 

ʢʘʢ ʙʘʟʳ ʜʘʥʥʳʭ NoSQL ʧʦʤʦʛʘʶʪ ʧʦʚʳʩʠʪʴ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʠ ʫʧʨʦʩʪʠʪʴ ʜʦʩʪʫʧ ʢ ʙʘ-

ʟʘʤ ʜʘʥʥʳʭ, ʝʩʣʠ ʠʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʡʪʠ ʟʘ ʧʨʝʜʝʣʳ 

ʦʜʥʦʡ ʤʘʰʠʥʳ. 

ɼʚʝ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʠ NoSQL. ʇʝʨʚʘʷ ʧʨʠʯʠʥʘ ð ʵʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ, ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʠ ʪʨʝ-

ʙʦʚʘʥʠʷ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʥʫʞʜʘʶʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʢʣʘʩʪʝʨʳ; ʚʪʦʨʘʷ ʧʨʠʯʠʥʘ -ʧʦʚʳʩʠʪʴ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʤʝʥʘ ʜʘʥ-

ʥʳʤʠ. 
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PILE FOUNDATIONS DESIGN ON THE SAINT -PETERSBURGôS SOFT SOIL  

 

ɸʥʥʦʪʘʮʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ, ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʚʩʝ ʝʱʝ ʟʘʢʣʶʯʘʝʪ ʚ ʩʝʙʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʥʝʪʦʯ-

ʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʬʦʨʤʫʣ ʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʦʛʨʦʤʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʚʘʡʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʚ 

ʫʩʣʦʚʠʷʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʧʨʝʜʣʦʞʝʥʦ ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ. 

ɺʳʚʦʜʳ, ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʤʦʛʫʪ ʧʦʤʦʯʴ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ, 

ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʟʜʘʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘ. 

Abstract. 

Despite the development of methods and technologies in design of pile foundations, this process still involves 

certain difficulties. They are the various errors and inaccuracies of the applied formulas and the used equipment 

arising because of a huge variety of geological conditions. In this article I have considered the design process of 

the pile foundation in the conditions of St.Petersburg and proposed a further design solution for the analyzed 

building. The conclusions made on the basis of this work can help the designers in this area to carry out the 

calculation of the building in terms of the foundation more efficiently and professionally. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʘʠ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʩʪʘʪʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ, ʬʫʥʜʘʤʝʥʪ, ʨʘʩʯʝʪ, ʟʜʘʥʠʝ. 

Key words: piles, bearing capacity, static probing, foundation, calculation, a building 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʫʩʣʦʚʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʥʘ 

ʧʨʠʤʝʨʝ ʘʧʘʨʪ-ʦʪʝʣʷ ñʂʦʨʘʙʣʠò, ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʡ ʨʘʟ-

ʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠ ʚʳʙʦʨ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʝʢʪ-

ʥʦʛʦ ʨʝʰʝʥʠʷ.  

ɺʳʙʨʘʥʥʳʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʡʦʥ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʣʦʛʠʠ, ʪʘʢ ʢʘʢ ʟʜʝʩʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʥʘʧʣʘʩʪʦʚʘʥʠʝ ʩʣʘ-

ʙʳʭ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʠ ʪʠʢʩʦʪʨʦʧʥʳʭ ʛʨʫʥʪʦʚ ʦʙ-

ʱʝʡ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 40ʤ [1].  

http://cassandra.apache.org/doc/latest/
http://cassandra.apache.org/doc/latest/
https://docs.mongodb.com/manual/introduction/
https://docs.mongodb.com/manual/introduction/
https://redis.io/documentation
https://redis.io/documentation
https://doi.org/10.24411/2520-6990-2019-10369
https://doi.org/10.24411/2520-6990-2019-10369
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ɼʘʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʥʘʯʘʣʠ ʦʩʚʘʠʚʘʪʴ ʝʱʝ ʚʦ 

ʚʨʝʤʝʥʘ ʉʉʉʈ. ʕʪʦ ʜʦʢʘʟʳʚʘʶʪ ʧʦʩʪʨʦʝʥʥʳʝ ʚ 

1980-ʭ ʛʦʜʘʭ ʯʝʪʳʨʝ ñʜʦʤʘ ʥʘ ʢʫʨʴʠʭ ʥʦʞʢʘʭò, ʚ 

ʧʨʦʝʢʪʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʠʜʝʠ ʬʨʘʥʮʫʟʩʢʦʛʦ ʘʨʭʠʪʝʢʪʦʨʘ ʃʝ ʂʦʨʙʶʟʴʝ [2]. 

 

ʘ ʙ  

ʈʠʩ. 1. ʘ ï ɼʦʤ ʥʘ ʅʦʚʦʩʤʦʣʝʥʩʢʦʡ ʥʘʙʝʨʝʞʥʦʡ; ʙ ï ʬʨʘʛʤʝʥʪ ʯʝʨʪʝʞʘ 

 

ʉʦʛʣʘʩʥʦ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʤ ʯʝʨʪʝʞʘʤ, ʧʦʜ 

ʢʘʞʜʳʤ ʠʟ ʵʪʠʭ ʟʜʘʥʠʡ ʥʘʭʦʜʠʪʩʷ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ 

380 ʩʚʘʡ ʜʣʠʥʥʦʡ 32 ʤ ʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 120 

ʪʦʥʥ. ʊʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʘʡ ï ʜʦʚʦʣʴʥʦ ʚʥʫʰʠ-

ʪʝʣʴʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʟʜʘʥʠʷ ʚ 

ʧʣʘʥʝ. ʂʦʥʝʯʥʦ, ʵʪʦ ʦʪʯʘʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ 

ʵʪʘʞʥʦʩʪʴʶ ʜʦʤʘ, ʥʦ ʪʘʢʞʝ ʧʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷ-

ʶʪʩʷ ʩʣʦʞʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʘʥʥʦʛʦ ʨʘʡ-

ʦʥʘ, ʫʩʣʦʞʥʷʶʱʠʝ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʜʘʥʠʷ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘ. 

ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʦʤʫ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʟʜʘʥʠʶ, ʚʥʝʰʥʠʡ ʚʠʜ ʢʦ-

ʪʦʨʦʛʦ ʜʦʣʞʝʥ ʙʳʪʴ ʪʘʢʠʤ: 

 
ʈʠʩ. 2. ɺʥʝʰʥʠʡ ʚʠʜ ʘʧʘʨʪ-ʦʪʝʣʷ. 

 

ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʠʥʞʝʥʝʨʥʦ-ʛʝʦ-

ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʣʦʱʘʜʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʠ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʝʜʫʶ-

ʱʝʛʦ ʧʨʦʝʢʪʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʇʨʠ ʠʟʳʩʢʘʥʠʷʭ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ 24 ʩʢʚʘʞʠʥʳ ʛʣʫʙʠʥʦʡ 70ʤ. ʇʝʨʚʳʤ 

ʰʘʛʦʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʩʚʘʠ, ʙʳʣ ʘʥʘʣʠʟ ʚʩʝʭ ʩʢʚʘʞʠʥ ʠ ʚʳʷʚʣʝʥʠʝ 

ʥʘʠʭʫʜʰʝʡ ʧʦ ʫʩʣʦʚʠʷʤ ʜʣʷ ʨʘʙʦʪʳ ʩʚʘʠ [3]. ɽʡ 

ʦʢʘʟʘʣʘʩʴ ʩʢʚʘʞʠʥʘ ʧʦʜ ʥʦʤʝʨʦʤ 14. ʌʨʘʛʤʝʥʪ ʣʠ-

ʪʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʩʢʚʘʞʠʥʳ ʠ ʛʨʘʬʠʢʘ ʩʪʘʪʠ-

ʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩ. 3. ʌʨʘʛʤʝʥʪ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʩʢʚʘʞʠʥʳ ˉ14 ʠ ʛʨʘʬʠʢʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʘʥ-

ʥʦʡ ʩʢʚʘʞʠʥʳ 

 

ɿʘʜʘʯʝʡ ʤʦʝʡ ʨʘʙʦʪʳ ʙʳʣ ʘʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ 

ʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʩʣʝʜʫʶʱʝʛʦ ʧʨʦʝʢʪʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʇʨʠ 

ʠʟʳʩʢʘʥʠʷʭ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 24 ʩʢʚʘʞʠʥʳ ʛʣʫʙʠ-

ʥʦʡ 70ʤ. ʇʝʨʚʳʤ ʰʘʛʦʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʨʘʩʯʝʪʘ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʠ, ʙʳʣ ʘʥʘʣʠʟ ʚʩʝʭ ʩʢʚʘ-

ʞʠʥ ʠ ʚʳʷʚʣʝʥʠʝ ʥʘʠʭʫʜʰʝʡ ʧʦ ʫʩʣʦʚʠʷʤ ʜʣʷ ʨʘ-

ʙʦʪʳ ʩʚʘʠ [3]. ɽʡ ʦʢʘʟʘʣʘʩʴ ʩʢʚʘʞʠʥʘ ʧʦʜ ʥʦʤʝʨʦʤ 

14. 

ɺʳʷʚʠʚ ʥʫʞʥʫʶ ʩʢʚʘʞʠʥʫ, ʷ ʧʨʠʩʪʫʧʠʣ ʢ ʨʘʩ-

ʯʝʪʫ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʠ. ʈʘʩʯʝʪ ʚʝʣʩʷ ʧʦ 

ʧʫʥʢʪʫ 7.6.6. ʉʇ 24.13330.2011 ʜʣʷ ʥʘʙʠʚʥʳʭ ʩʚʘʡ. 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʩʚʘʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʣʝʜʫʶʱʘʷ: 

ʜʣʠʥʘ 54ʤ, ʩʝʯʝʥʠʝ ʢʨʫʛʣʦʝ, ʜʠʘʤʝʪʨ 88ʩʤ. ʊʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʨʘʚʥʠʪʴ 

ʟʥʘʯʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘ-

ʥʠʷ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʩʯʝʪ ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚ-

ʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ: 

Ὂ ‎ ‎ ϽὙϽὃ ‎ ϽόϽ ὪϽὬ ȟ    ρ 

 

ʛʜʝ ‎ ð ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʩʚʘʠ; ʚ 
ʩʣʫʯʘʝ ʦʧʠʨʘʥʠʷ ʝʝ ʥʘ ʛʣʠʥʠʩʪʳʝ ʛʨʫʥʪʳ ʩʦ ʩʪʝʧʝ-

ʥʴʶ ʚʣʘʞʥʦʩʪʠ Sr < 0,85 ʠ ʥʘ ʣʝʩʩʦʚʳʝ ʛʨʫʥʪʳ ð 

‎ πȟψȠ‎  ð ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ 

ʛʨʫʥʪʘ ʧʦʜ ʥʠʞʥʠʤ ʢʦʥʮʦʤ ʩʚʘʠ; ‎ ρȠὙ ð ʨʘʩ-

ʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʘ ʧʦʜ ʥʠʞʥʠʤ ʢʦʥʮʦʤ 

ʩʚʘʠ, ʢʇʘ Ὑ σχππ ̋ ˜́ Ƞὃ ð ʧʣʦʱʘʜʴ ʦʧʠʨʘʥʠʷ 

ʩʚʘʠ, ̍  

ὃ “ὶ σȟρτϽπȟττ πȟφπψ ̍  
ό ð ʧʝʨʠʤʝʪʨ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʚʦʣʘ ʩʚʘʠ, ʤ 

ό ς“ὶ ςϽσȟρτϽπȟττ ςȟχφ ̍  

‎  ð ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʛʨʫʥʪʘ ʥʘ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʠ, ‎ πȟψ;Ὢ ð ʨʘʩʯʝʪ-

ʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ i-ʛʦ ʩʣʦʷ ʛʨʫʥʪʘ ʥʘ ʙʦʢʦʚʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʘ ʩʚʘʠ, ʢʇʘ; Ὤ ðʪʦʣʱʠʥʘ i-ʛʦ ʩʣʦʷ 

ʛʨʫʥʪʘ, ʩʦʧʨʠʢʘʩʘʶʱʝʛʦʩʷ ʩ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʩʚʘʠ, ʤ; Ὤ ρ  ̍ 
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ὪϽὬ ρψτωȟωτ 
̋˚

̍
 

 

Ὂ ‎ ‎ ϽὙϽὃ ‎ ϽόϽ ὪϽὬ

πȟψρϽσχππϽπȟφπψπȟψϽςȟχφ

Ͻρψτωȟωτ υπφχȟτρ ̋ ˚

υρφȟχσ ̓  ̒

ʊʘʢ ʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʚʘʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʩʪʘʪʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦ-

ʚʘʥʠʷ. ɽʛʦ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʜʘʚʣʠʚʘʥʠʠ ʟʦʥʜʘ 

ʚ ʛʨʫʥʪ. ʉʧʝʮʠʘʣʴʥʳʝ ʜʘʪʯʠʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʟʦʥʜʘ, ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʘ ʧʦʜ ʢʦʥʫʩʦʤ ʠ ʩʠʣʫ ʪʨʝʥʠʷ ʧʦ 

ʝʛʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝ-

ʨʘʩʯʝʪ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʚʘʡ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʨʤʫʣ.  

ɼʣʷ ʩʚʘʡ ʩ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʥʘʠʤʝʥʴʰʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 275 

ʪʩ. 

ɼʘʥʥʳʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʩʯʝʪʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙ-

ʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʠ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ,  

ʜʣʠʥʥʦʡ 54ʤ ʠ ʜʠʘʤʝʪʨʦʤ 88ʩʤ 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʪ. ʩʚʘʠ ʩʝʯʝʥʠʝʤ, 88 ʩʤ*ʩʤ 

ʉʪʘʪʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ 275 

ʈʘʩʯʝʪ ʧʦ ʉʇ 517 

ʇʦ ʪʘʙʣʠʮʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩ-

ʯʝʪʘ ʧʦ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʤʝʪʦʜʦʤ ʩʪʘ-

ʪʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʚʝʣʠʢʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʩʚʘʡ ʥʘ ʧʣʦʱʘʜʢʝ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʘ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ. ɺʚʠʜʫ ʜʦʨʦʛʦ-

ʚʠʟʥʳ ʠʩʧʳʪʘʥʠʡ ʪʘʢʠʭ ʩʚʘʡ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʩʚʘʠ 

ʤʝʥʴʰʝʡ ʜʣʠʥʳ. 

ʀʩʧʳʪʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ: ɻʆʉʊ 

5686-2012 ɻʨʫʥʪʳ. ʄʝʪʦʜʳ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ; 

ʉʇ 24.13330.2011 ʉʚʘʡʥʳʝ ʬʫʥʜʘʤʝʥʪʳ; ʉʇ 50-

102-2003 ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʫʩʪʨʦʡʩʪʚʦ ʩʚʘʡʥʳʭ 

ʬʫʥʜʘʤʝʥʪʦʚ; ʊʉʅ 50-302-2004 ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʬʫʥʜʘʤʝʥʪʦʚ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʉʘʥʢʪ-ʇʝʪʝʨ-

ʙʫʨʛʝ; ɺʉʅ 490-87 ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʫʩʪʨʦʡʩʪʚʦ 

ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʰʧʫʥʪʦʚʳʭ ʦʛʨʘʞʜʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠ-

ʷʪʠʡ ʠ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ. 

ʅʘʛʨʫʟʢʘ ʥʘ ʩʚʘʠ ʧʝʨʝʜʘʸʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʜʦʤʢʨʘʪʘ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦʛʦʣʦʚʦʢ 

ʦʧʳʪʥʦʡ ʩʚʘʠ ʠ ʩʦʟʜʘʝʪ ʚʜʘʚʣʠʚʘʶʱʝʝ ʫʩʠʣʠʝ ʥʝ 

ʤʝʥʝʝ 600 ʪʦʥʥ. 

ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ 

ʨʘʩʯʸʪʘʭ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʡ ʧʦ ʤʝʪʦʜʠʢʝ 

ʉʇ ʪʨʝʥʠʝ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʪʤʝʪʢʠ ʧʣʘ-

ʥʠʨʦʚʢʠ ʜʦ ʦʪʤʝʪʢʠ ʜʥʘ ʢʦʪʣʦʚʘʥʘ ʦʪʩʫʪʩʪʚʫʝʪ. ɼʣʷ 

ʫʯʸʪʘ ʥʫʣʝʚʦʛʦ ʪʨʝʥʠʷ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʝ-

ʜʫʝʪ ʚʝʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʘʥʢʝʨ-

ʥʳʭ ʩʚʘʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʯʸʪʘ ʩʠʣ ʪʨʝʥʠʷ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʜʠʘʤʝʪʨʘ ʦʙʩʘʜʥʳʭ ʪʨʫʙ ï ʤʝʥʴ-

ʰʠʡ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʩʚʘʡ (ʧʦ ʚʩʝʡ ʜʣʠʥʝ) ʠ ʙʦʣʴʰʠʡ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʢʨʘʥʘ ʤʝʞʜʫ ʩʚʘʝʡ ʠ ʛʨʫʥʪʦʤ (ʦʪ ʧʣʘ-

ʥʠʨʦʚʢʠ ʜʦ ʜʥʘ ʢʦʪʣʦʚʘʥʘ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 4: 

 

 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʩʚʘʡ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʦʢʫʤʝʥʪʘ, ʙʳʣʠ ʠʩʧʳʪʘʥʳ 2 

ʩʚʘʠ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦ ʩʪʦʨʦʥʦʡ 40ʩʤ ʠ ʜʣʠ-

ʥʦʡ 32ʤ, ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʧʦʥʝʩʣʘ ʥʘʛʨʫʟʢʫ ʚ 225 

ʪʦʥʥ, ʧʦʣʫʯʠʚ ʧʨʠ ʵʪʦʤ ʦʩʘʜʢʫ ʚ ʨʘʟʤʝʨʝ 10 ʠ 13ʤʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɻʨʘʬʠʢʠ ʠʩʧʳʪʘʥʠʡ ʩʚʘʡ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5: 
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ʈʠʩ. 5. ʘ ï ʛʨʘʬʠʢ ʠʩʧʳʪʘʥʠʷ ʩʚʘʠ ˉ1; ʙ ï ʛʨʘʬʠʢ ʠʩʧʳʪʘʥʠʷ ʩʚʘʠ ˉ2 

 

ʂʘʢ ʠ ʜʣʷ ʩʚʘʠ ʜʣʠʥʦʡ 54 ʤʝʪʨʘ, ʙʳʣ ʧʨʦʠʟʚʝ-

ʜʝʥ ʨʘʩʯʝʪ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʠ ˉ2, ʧʦʣʫʯʠʚ-

ʰʝʡ ʥʘʠʙʦʣʴʰʫʶ ʦʩʘʜʢʫ. ʆʥ ʚʝʣʩʷ ʧʦ ʧʫʥʢʪʫ 7.6.2 

ʉʇ 24.13330.2011 ʢʘʢ ʜʣʷ ʟʘʙʠʚʥʦʡ ʩʚʘʠ, ʧʦʪʦʤʫ 

ʯʪʦ ʠʤʝʥʥʦ ʵʪʠʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ ʧʦʛʨʫʞʝʥʳ ʩʚʘʠ ʥʘ 

ʧʣʦʱʘʜʢʝ. 

ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪ ʦʢʘʟʘʣʩʷ ʩʣʝʜʫʶʱʠʤ:  

 

Ὂ ‎ ‎ ϽὙϽὃ ‎ ϽόϽВὪϽὬ  ȟ       (2) 

ʛʜʝ ‎ ð ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʩʚʘʠ; 
‎ ρ; ‎  ð ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʛʨʫʥʪʘ 
ʧʦʜ ʥʠʞʥʠʤ ʢʦʥʮʦʤ ʩʚʘʠ; ‎ ρ; Ὑ ð ʨʘʩʯʝʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʘ ʧʦʜ ʥʠʞʥʠʤ ʢʦʥʮʦʤ ʩʚʘʠ, 

ʢʇʘ Ὑ ψφφπ ̋ ˜́; ὃ ð ʧʣʦʱʘʜʴ ʦʧʠʨʘʥʠʷ ʩʚʘʠ, 

̍  

ὃ ὶ πȟτϽπȟτ πȟρφ ̍  
ό ð ʧʝʨʠʤʝʪʨ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʚʦʣʘ ʩʚʘʠ, ʤ 

ό τὶ τϽπȟτ ρȟφ ̍  

‎  ð ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʛʨʫʥʪʘ ʥʘ ʙʦ-

ʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʠ, ‎ ρ; Ὢ ð ʨʘʩʯʝʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ i-ʛʦ ʩʣʦʷ ʛʨʫʥʪʘ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʩʪʚʦʣʘ ʩʚʘʠ, ʢʇʘ;  Ὤ ðʪʦʣʱʠʥʘ i-ʛʦ ʩʣʦʷ 

ʛʨʫʥʪʘ, ʩʦʧʨʠʢʘʩʘʶʱʝʛʦʩʷ ʩ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʩʚʘʠ, ʤ; Ὤ πȟυ  ̍

ὪϽὬ ςφσȟς 
̋˚

̍
 

Ὂ ‎ ‎ ϽὙϽὃ ‎ ϽόϽ ὪϽὬ

ρρϽψφφπϽπȟρφ ρϽρȟφ

Ͻςφσȟς ρψωȟσφ ̓  ̒

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʚʘʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙ-

ʣʠʮʝ 2. 

  

ʙ 

ʘ 
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ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʠ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ,  

ʜʣʠʥʥʦʡ 32ʤ ʠ ʩʪʦʨʦʥʦʡ 40ʩʤ 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʪ. ʩʚʘʠ ʩʝʯʝʥʠʝʤ,  

40ʭ40 ʩʤ*ʩʤ 

ʉʪʘʪʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ (ʜʣʷ ʢʚʘʜʨʘʪʥʦʡ ʩʚʘʠ 40ʭ40ʩʤ) 123 

ʈʘʩʯʝʪ ʧʦ ʉʇ 24.13330.2016 190 

ʀʩʧʳʪʘʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ 225 

 

ʃʝʛʢʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʧʦ ʉʇ ʠ ʜʘʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ 

ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠ, ʯʝʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ ʩʪʘʪʠʯʝ-

ʩʢʦʤ ʟʦʥʜʠʨʦʚʘʥʠʠ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʢʨʫʛʣʦʡ ʙʫʨʦ-

ʥʘʙʠʚʥʦʡ ʩʚʘʝʡ ʜʣʠʥʦʡ 54ʤ, ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʯʝ-

ʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩʠʣʴʥʦ ʟʘʥʠʞʝʥʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʚʘʠ ʧʦʥʝʩʣʠ ʥʘʛʨʫʟʢʫ 

225ʪ ʠ ʧʦʣʫʯʠʣʠ ʦʯʝʥʴ ʤʘʣʝʥʴʢʫʶ ʦʩʘʜʢʫ, ʦʩʘʜʢʘ 

ʫʩʣʦʚʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʟʜʘʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʨʫʥʪʦʤ ʦʜʠʥʦʯʥʦʡ 

ʩʚʘʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʭʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʫʥʪʘ ʠ 

ʮʝʣʦʛʦ ʩʚʘʡʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. ʆʙʲʷʩʥʷʶʱʠʡ ʨʠʩʫ-

ʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ [4]. 

 
ʈʠʩ. 6. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʛʨʫʥʪʦʤ ʦʜʠʥʦʯʥʦʡ ʩʚʘʠ ʠ ʮʝʣʦʛʦ ʩʚʘʡʥʦʛʦ  

ʬʫʥʜʘʤʝʥʪ 

 

ʉʦʛʣʘʩʥʦ ʉʇ 22.13330.2016 ʧʨʝʜʝʣʴʥʘʷ ʦʩʘʜʢʘ 

ʬʫʥʜʘʤʝʥʪʘ ʨʘʚʥʦ 18ʩʤ. ʆʩʘʜʢʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʤʝ-

ʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʦʛʣʘʩʥʦ ʉʇ 

22.13330.2016 ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ 22,9 ʩʤ, ʯʪʦ ʧʨʝʚʳ-

ʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʛʦʚʦ-

ʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʚʘʠ ʜʣʠʥʦʡ 32ʤ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʬʫʥʜʘʤʝʥʪʘ ʜʘʥʥʦʛʦ ʟʜʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʚʦʜʦʚ: 

1) ʄʝʪʦʜ ʩʪʘʪʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʘʣ 

ʙʦʣʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʡ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʧʨʠʯʠʥʘ - 

ʥʘʣʠʯʠʝ ʩʣʦʞʥʦʛʦ ʥʘʧʣʘʩʪʦʚʘʥʠʷ ʩʣʘʙʳʭ ʚʦʜʦʥʘ-

ʩʳʱʝʥʥʳʭ ʠ ʪʠʢʩʦʪʨʦʧʥʳʭ ʛʨʫʥʪʦʚ ʚ ʨʘʡʦʥʝ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʘ, ʧʦʚʣʠʷʚʰʝʛʦ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʟʦʥʜʠʨʦʚʘ-

ʥʠʷ ʠ ʩʠʣʴʥʦ ʟʘʥʠʟʠʚʰʝʛʦ ʠʭ. 

2) ʈʘʩʯʝʪ ʧʦ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʟ-
ʚʦʣʠʣ ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʵʪʠʭ ʩʚʘʡ. 

3) ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʧʨʦʝʢʪʥʳʤ ʨʝʰʝ-
ʥʠʝʤ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʚʘ-

ʨʠʘʥʪʘ ʩʚʘʡ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩ ʜʠʘʤʝʪʨʦʤ 88ʩʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʠʨʘʥʠʷ ʚʩʝʭ ʩʚʘʡ ʚ ʦʜʠʥ ʀɻʕ ʥʘ ʘʙ-

ʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʝ -51.7ʤ ʠ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʵʪʠʭ ʩʚʘʡ.  
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ʋɼʂ 004 

ʂʦʤʠʣʜʞʦʥʦʚ ʈʫʩʪʘʤʜʞʦʥ ʅʘʙʠʜʞʦʥʦʚʠʯ 

ʉʪʫʜʝʥʪ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʧʨʦʬ. ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘ 

ʂʦʩʦʚ ʅʠʢʠʪʘ ɸʣʝʢʩʝʝʚʠʯ 
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OBFUSCATION CODE EXAMPLE JAVASCRIPT  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʨʘʩʩʤʦʪʨʝʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʙʬʫʩʢʘʮʠʠ ʢʦʜʘ ʥʘ ʧʨʠʤʝʨʝ ʚʳʩʦ-

ʢʦʫʨʦʚʥʝʚʦʛʦ ʷʟʳʢʘ JavaScript. ʆʧʠʩʳʚʘʝʪʩʷ ʧʨʠʯʠʥʘ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʦʙʣʝʤʳ ʠ ʚʢʨʘʪʮʝ ʢʘʢ ʚʳʧʦʣʥʷʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʧʨʦʮʝʩʩ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʪʘʪʴʠ ʫʜʝʣʝʥʘ ʠʤʝʥʥʦ ʤʝʪʦʜʘʤ ʙʦʨʴʙʳ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʘʥʘʣʠʟʦʤ, ʢʘʢ ʩ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʧʦʜʭʦʜʦʤ ʧʨʠ ʧʦʧʳʪʢʘʭ ʙʦʨʴʙʳ ʩ ʦʙʬʫʩʢʘʮʠʝʡ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ. 

Abstract. 

The article aims to consider the existing methods of code obfuscation on the example of high-level JavaScript 

language. It describes the reason for the relevance of the problem and briefly how the process itself is performed. 

Most of the article is devoted to the methods of dealing with dynamic analysis, as the most popular approach when 

trying to combat obfuscation in real life. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʙʬʫʩʢʘʮʠʷ, JavaScript, ɸʥʪʠʦʪʣʘʜʢʘ, ʄʠʥʠʬʠʢʘʮʠʷ, ʆʙʨʘʪʥʘʷ ʨʘʟʨʘʙʦʪʢʘ 

Keywords: Obfuscation, JavaScript, anti-Debugging, Minification, Reverse engineering 

 

ʆʙʬʫʩʢʘʮʠʷ 
ʇʦʜ ʪʝʨʤʠʥʦʤ ʦʙʬʫʩʢʘʮʠʷ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦ-

ʮʝʩʩ ʤʦʜʠʬʠʢʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʠʣʠ ʠʩʧʦʣʥʷʝ-

ʤʦʛʦ ʬʘʡʣʘ ʪʘʢ, ʯʪʦʙʳ ʦʥ ʥʝ ʠʟʤʝʥʠʣ ʩʚʦʡ ʬʫʥʢʮʠ-

ʦʥʘʣ, ʥʦ ʧʨʠ ʵʪʦʤ ʟʘʜʘʯʘ ʦʙʨʘʪʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ 

ʫʩʣʦʞʥʝʥʘ. ɺ ʭʦʜʝ ʦʙʬʫʩʢʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝ-

ʥʠʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʨʘʤʤʳ, ʣʦʛʠʢʘ ʨʘ-

ʙʦʪʳ, ʣʠʙʦ ʤʝʪʘʜʘʥʥʳʝ, ʥʦ ʩʘʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʆʙʬʫʩʢʘʮʠʷ 

ʥʝ ʷʚʣʷʝʪʩʷ ʙʝʟʫʩʣʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʟʘʱʠʪʳ ʦʪ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʣʦʛʠʢʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʠ ʦʙʨʘʪ-

ʥʦʡ ʨʘʟʨʘʙʦʪʢʝ, ʦʥʘ ʣʠʰʴ ʫʩʣʦʞʥʷʝʪ ʵʪʦʪ ʧʨʦʮʝʩʩ, 

ʚ ʧʦʧʳʪʢʝ ʩʜʝʣʘʪʴ ʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʳʤ 

[2]. 

JavaScript 
JavaScript - ʵʪʦ ʤʫʣʴʪʠʧʘʨʘʜʠʛʤʝʥʥʳʡ ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʷʚʠʣʩʷ ʚ 1995 ʛʦʜʫ 

ʠ ʥʘʠʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʫʝʪʩʷ ʠʤʝʥʥʦ 
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ʢʘʢ ʷʟʳʢ ʩʮʝʥʘʨʠʝʚ ʚ ʙʨʘʫʟʝʨʝ ʜʣʷ ʧʨʠʜʘʥʠʷ ʚʝʙ 

ʩʪʨʘʥʠʮʘʤ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ [3]. JavaScript ʢʦʜ ʚʦʟ-

ʚʨʘʱʘʝʪʩʷ ʚ ʦʪʚʝʪʝ ʦʪ ʚʝʙ ʩʝʨʚʝʨʘ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ 

ʢʣʠʝʥʪʩʢʦʡ ʩʪʦʨʦʥʝ ʚ ʙʨʘʫʟʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʉʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʚʝʩʴ ʠʩʭʦʜʥʳʡ ʢʦʜ ʜʦʩʪʫʧʝʥ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷʤ, ʠʟ-ʟʘ ʯʝʛʦ ʚʦʧʨʦʩ ʝʛʦ ʦʙʬʫʩʢʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ 

ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʳʤ. 

ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ʄʠʥʠʬʠʢʘʮʠʷ 

ʏʘʩʪʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤ ʩʮʝʥʘʨʠʝʤ 

ʦʙʬʫʩʢʘʮʠʠ JavaScript ʢʦʜʘ ʷʚʣʷʝʪʩʷ ʤʠʥʠʬʠʢʘʮʠʷ. 

ʄʠʥʠʬʠʢʘʮʠʷ ʥʝ ʥʝʩʝʪ ʚ ʩʝʙʝ ʮʝʣʠ ʠʟʤʝʥʠʪʴ ʣʦʛʠʢʫ 

ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʠʣʠ ʫʩʣʦʞʥʠʪʴ ʢʦʜ ʜʣʷ ʯʪʝʥʠʷ, 

ʝʝ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʠʩ-

ʭʦʜʥʦʛʦ ʢʦʜʘ, ʥʠʢʘʢ ʥʝ ʠʟʤʝʥʷʷ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʩʪʠ [1]. ʋʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʦʟ-

ʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚʝʙ ʩʪʨʘʥʠʮʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠʟ ʠʩ-

ʭʦʜʥʦʛʦ ʢʦʜʘ ʫʜʘʣʷʶʪʩʷ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʥʝ ʥʝʩʫʱʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʥʝʦʙʭʦʜʠʤʳʝ 

ʣʠʰʴ ʜʣʷ ʫʜʦʙʩʪʚʘ ʯʪʝʥʠʷ ʢʦʜʘ, ʪʘʢʠʝ ʢʘʢ ʦʪʩʪʫʧʳ, 

ʧʝʨʝʥʦʩʳ ʩʪʨʦʢ, ʧʨʦʙʝʣʳ ʠ ʢʦʤʤʝʥʪʘʨʠʠ. ɺ ʥʝʢʦʪʦ-

ʨʳʭ ʩʣʫʯʘʷʭ ʪʘʢ ʞʝ ʤʦʛʫʪ ʩʦʢʨʘʱʘʪʴʩʷ ʠʤʝʥʘ ʧʝʨʝ-

ʤʝʥʥʳʭ. 

ɼʦ ʧʨʦʮʝʩʩʘ ʤʠʥʠʬʠʢʘʮʠʠ: 

function isEven(n) { 

return (n % 2 == 0) 

}  

 

var a = 10; 

var b = document.getElementById("some_ele-

ment"); 

var c = a + b.value; 

if ( (c > 15) && (isEven(c)) ) {  

console.log(c + 'is even and higher than 15'); 

} else { 

console.log(c + 'is less then 15 or not even'); 

}  

switch (b.value) { 

case 3: 

alert(3); 

break; 

case 4: 

alert(4); 

break; 

case 5: 

alert(5); 

break; 

default: 

alert('smth else'); 

}  

 

for (var i = 0; i<=10; i++) { 

console.log(i); 

}  

 

ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʤʠʥʠʬʠʢʘʮʠʠ: 

function isEven(n){return(n%2==0)}var a=10;var 

b=document.getElementById("some_element");var 

c=a+b.value;if((c>15)&&(isEven(c))){con-

sole.log(c+'is even and higher than 15')}else{con-

sole.log(c+'is less then 15 or not 

even')}switch(b.value){case 3:alert(3);break;case 

4:alert(4);break;case 5:alert(5);break;de-

fault:alert('smth else')}for(var i=0;i<=10;i++){con-

sole.log(i)} 

ʄʠʥʠʬʠʢʘʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦ ʚʳʧʦʣʥʠ-

ʤʦʡ ʟʘʜʘʯʝʡ ʢʘʢ ʚ ʧʨʷʤʫʶ, ʪʘʢ ʠ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦ-

ʨʦʥʫ. ɼʝʤʠʥʠʬʠʮʠʨʦʚʘʪʴ ʢʦʜ ʤʦʞʥʦ ʚʩʪʨʦʝʥʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʣʶʙʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʵʙ ʙʨʘʫʟʝʨʘ. 

ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ʀʟʤʝʥʝʥʠʝ ʥʘʟʚʘʥʠʡ ʤʝ-

ʪʦʜʦʚ ʠ ʧʝʨʝʤʝʥʥʳʭ 

ʀʟʤʝʥʷʷ ʥʘʟʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠ ʧʝʨʝʤʝʥʥʳʭ 

ʤʦʞʥʦ ʫʩʣʦʞʥʠʪʴ ʚʦʩʧʨʠʷʪʠʝ ʢʦʜʘ ʘʥʘʣʠʪʠʢʦʤ. 

ɺʦʟʤʦʞʥʳ ʜʦʙʘʚʣʝʥʠʷ ʚ ʥʦʚʳʝ ʠʤʝʥʘ ʤʝʪʦʜʦʚ ʠ ʧʝ-

ʨʝʤʝʥʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʶʥʠʢʦʜ ʩʠʤʚʦʣʦʚ, ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʟʘʧʫʪʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ 

ʜʝʦʙʬʫʩʢʘʪʦʨʦʚ ʢ ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʦʙʨʘʪʠʪʴʩʷ ʘʥʘ-

ʣʠʪʠʢ. 

ɼʦ ʠʟʤʝʥʝʥʠʷ: 

while (stack.has_data()) { 

data = stack.get_data(); 

stack.update(); 

output(data); 

}  

 

ʇʦʩʣʝ ʠʟʤʝʥʝʥʠʷ: 

while (a.b()) { 

b = a.c(); 

a.d(); 

c(b); 

}  

ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ʐʠʬʨʦʚʘʥʠʝ ʩʪʨʦʢʦʚʳʭ 

ʧʝʨʝʤʝʥʥʳʭ 

ʇʨʠ ʨʫʯʥʦʤ ʘʥʘʣʠʟʝ ʦʙʬʫʩʮʠʨʦʚʘʥʥʦʛʦ ʢʦʜʘ 

ʥʘʠʙʦʣʴʰʫʶ ʮʝʥʥʦʩʪʴ ʥʝʩʫʪ ʩʪʨʦʢʦʚʳʝ ʧʝʨʝʤʝʥ-

ʥʳʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʟʘʯʘʩʪʫʶ ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʫʯʘʩʪʢʘ 

ʢʦʜʘ. ɺʥʝʜʨʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ 

ʰʠʬʨʫʝʪ ʩʪʨʦʢʠ, ʯʪʦʙʳ ʫʩʣʦʞʥʠʪʴ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ 

ʢʦʜʘ, ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʷʟʘʪʨʘʪʳ ʘʥʘʣʠ-

ʪʠʢʘ. 

ʀʩʭʦʜʥʳʡ ʢʦʜ: 

console.log("Invalid Login") 

ʂʦʜ ʧʦʩʣʝ ʰʠʬʨʦʚʘʥʠʷ ʩʪʨʦʢ: 

console.log(a.b("6bc8da091adf23eb12c3")) 

ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ɺʥʝʜʨʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ-

ʧʫʩʪʳʰʝʢ 

ʂʦʥʩʪʨʫʢʮʠʠ-ʧʫʩʪʳʰʢʠ ʦʙʳʯʥʦ ʥʝʩʫʪ ʠʟʙʳ-

ʪʦʯʥʳʡ ʩʤʳʩʣ, ʪʦ ʝʩʪʴ ʣʠʙʦ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ-

ʦʙʱʝ, ʣʠʙʦ ʚʥʦʩʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʝʥʫʞʥʳʝ ʠʪʝ-

ʨʘʮʠʠ ʚ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʳ. ʆʥʠ ʤʦʛʫʪ ʚʥʝʜʨʷʪʴʩʷ 

ʜʣʷ ʪʦʛʦ ʯʪʦ ʙʳ ʟʘʧʫʪʘʪʴ ʘʥʘʣʠʪʠʢʘ ʧʨʠ ʩʪʘʪʠʯʝ-

ʩʢʦʤ ʘʥʘʣʠʟʝ ʢʦʜʘ.  

e = { 

f: function() { do_stuff() } 

}  

 

a = { 

c: function() { e.f() } 

}  

 

b = { 

d: function() { a.c() } 

}  

b.d() 
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ɺ ʧʨʠʤʝʨʝ ʚʳʰʝ ʦʙʲʝʢʪʳ a ʠ b ʥʝ ʥʝʩʫʪ ʥʠʢʘ-

ʢʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʣʴʟʳ, ʪʦʛʦ ʞʝ ʨʝʟʫʣʴʪʘʪʘ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʜʦʙʠʪʴʩʷ, ʚʳʟʳʚʘʷ ʥʘʧʨʷʤʫʶ ʬʫʥʢ-

ʮʠʶ e.f . 

ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ʋʧʘʢʦʚʢʘ ʠʩʭʦʜʥʦʛʦ 

ʢʦʜʘ 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜʭʦʜ, ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʚʝʩʴ ʠʩʭʦʜʥʳʡ ʢʦʜ ʠʣʠ ʢʘʢʘʷ-ʪʦ ʝʛʦ ʯʘʩʪʴ 

ʰʠʬʨʫʝʪʩʷ ʠʣʠ ʢʦʜʠʨʫʝʪʩʷ ʪʝʤ ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ, 

ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʳ-

ʧʦʣʥʝʥʠʷ ʩʢʨʠʧʪʘ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ eval 

ʠʣʠ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʬʫʥʢʮʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟ-

ʚʦʣʷʝʪ ʩʢʨʳʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʢʦʜʘ ʦʪ ʩʪʘ-

ʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʘʥʘʣʠʪʠʢʫ ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʜʘ ʠ 

ʫʚʝʣʠʯʠʚʘʪʴ ʚʨʝʤʷʟʘʪʨʘʪʳ [8]. 

ʇʨʠʤʝʨ ʧʨʦʛʨʘʤʤʳ ʜʦ ʫʧʘʢʦʚʢʠ: 

function hello(name) { 

console.log('Hello, ' + name); 

}  

hello('New user'); 

 

ʇʨʠʤʝʨ ʧʨʦʛʨʘʤʤʳ ʧʦʩʣʝ ʫʧʘʢʦʚʢʠ: 

eval(function(p,a,c,k,e,d){e=function(c){return 

c};if(!''.replace(/^/,String)){while(c--

){d=k||c}k=[function(e){return 

d[e]}];e=function(){return'\\w+'};c=1};while(c--

){if(k){p=p.replace(new 

RegExp('\\b'+e(c)+'\\b','g'),k)}}return p}('3 

0(1){2.4(\'5, \'+1)}0(\'7 

6\');',8,8,'hello|name|console|function|log|Hello|user|Ne

w'.split('|'),0,{})) 

ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ɺʥʝʜʨʝʥʠʝ ʟʘʱʠʪʳ ʦʪ ʦʪ-

ʣʘʜʢʠ ʢʦʜʘ 

ɿʘʱʠʪʘ ʦʪ ʦʪʣʘʜʢʠ ʢʦʜʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʩʣʦʞ-

ʥʝʥʠʝ ʧʨʦʮʝʩʩʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʷʚʣʷ-

ʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʘ ʪʦʛʦ, ʯʪʦ ʢʦʜ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʠʤʝʥʥʦ ʚ ʙʨʘʫʟʝʨʝ ʢʣʠʝʥʪʘ ʠ ʚ ʤʦʤʝʥʪ ʚʳ-

ʧʦʣʥʝʥʠʷ ʢʦʜʘ ʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʥʠʢʘʢʠʝ 

ʦʪʣʘʜʯʠʢʠ [7].  

ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩ-

ʧʦʣʴʟʫʝʤʳʝ ʩʧʦʩʦʙʳ 

ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ɿʘʱʠʪʘ ʦʪ ʦʪʣʘʜʢʠ. ʇʝ-

ʨʝʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ 

ʇʝʨʝʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ - ʵʪʦ ʥʘʠʙʦʣʝʝ ʧʨʠ-

ʤʠʪʠʚʥʳʡ ʧʦʜʭʦʜ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʦʥ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʧʝʨʝʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʪʣʘʜʢʝ ʢʦʜʘ ʚ ʙʨʘʫʟʝʨʝ, ʥʘʧʨʠʤʝʨ, 

console.log ʠ alert. ʊʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ 

ʟʘʧʫʪʘʪʴ ʘʥʘʣʠʪʠʢʘ. 

var fake = function() { };  

window['console'][' log'] = fake; 

ɺ ʧʨʠʤʝʨʝ ʚʳʰʝ ʤʳ ʧʝʨʝʦʧʨʝʜʝʣʠʣʠ 

console.log ʥʘ ʧʫʩʪʫʶ ʬʫʥʢʮʠʶ ʠ ʪʝʧʝʨʴ, ʝʩʣʠ ʘʥʘ-

ʣʠʪʠʢ ʧʦʧʳʪʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ ʦʪʣʘʜʢʠ, ʦʥʘ 

ʥʝ ʩʨʘʙʦʪʘʝʪ. 

ʊʘʢ ʞʝ ʤʦʞʥʦ ʥʝ ʧʨʦʩʪʦ ʟʘʤʝʥʷʪʴ ʚʩʪʨʦʝʥʥʳʝ 

ʬʫʥʢʮʠʠ ʥʘ ʧʫʩʪʳʝ, ʘ ʟʘʤʝʥʷʪʴ ʠʭ ʥʘ ʩʚʦʠ ʬʫʥʢʮʠʠ 

ʩ ʥʝʦʯʝʚʠʜʥʳʤ ʧʦʚʝʜʝʥʠʝʤ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ, ʧʨʠ ʧʦ-

ʤʦʱʠ ʚʩʪʨʦʝʥʥʦʛʦ ʤʝʪʦʜʘ toString, ʢʦʪʦʨʳʡ ʧʦʟʚʦ-

ʣʷʝʪ ʫʚʠʜʝʪʴ ʠʩʭʦʜʥʳʡ ʢʦʜ ʬʫʥʢʮʠʠ. 

ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ɿʘʱʠʪʘ ʦʪ ʦʪʣʘʜʢʠ. 

ʊʦʯʢʠ ʦʩʪʘʥʦʚʘ (Breakpoints) 
ʊʦʯʢʠ ʦʩʪʘʥʦʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʪʣʘʜʢʝ 

ʢʦʜʘ ʜʣʷ ʪʦʛʦ ʯʪʦ ʙʳ ʧʨʠʦʩʪʘʥʦʚʠʪʴ ʝʛʦ ʚʳʧʦʣʥʝ-

ʥʠʝ ʠ ʠʟʫʯʠʪʴ ʩʦʩʪʦʷʥʠʝ ʧʨʦʛʨʘʤʤʳ. ɺ JavaScript 

ʝʩʪʴ ʩʧʝʮʠʘʣʴʥʘʷ ʠʥʩʪʨʫʢʮʠʷ ʜʣʷ ʚʳʟʦʚʘ ʪʘʢʦʛʦ ʧʦ-

ʚʝʜʝʥʠʷ - debugger. ʂʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ 

ʵʪʘ ʠʥʩʪʨʫʢʮʠʷ - ʧʨʦʛʨʘʤʤʘ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ 

ʞʜʝʪ ʢʦʤʘʥʜʳ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʧʨʦʜʦʣʞʝʥʠʝ ʚʳ-

ʧʦʣʥʝʥʠʷ ʢʦʜʘ [5]. 

setTimeout(function() {while (true) {eval("debug-

ger")}},500) 

ɺ ʧʨʠʤʝʨʝ ʚʳʰʝ ʢʘʞʜʳʝ ʧʦʣ ʩʝʢʫʥʜʳ ʚʳʧʦʣ-

ʥʝʥʠʝ ʢʦʜʘ ʙʫʜʝʪ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʠ ʦʞʠʜʘʪʴ 

ʜʝʡʩʪʚʠʡ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ɿʘʱʠʪʘ ʦʪ ʦʪʣʘʜʢʠ. ɺʨʝ-

ʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ 
ʂʣʘʩʩʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʣʘʜʢʠ ʢʦ-

ʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʚ ʥʠʟʢʦʫʨʦʚʥʝʚʳʭ ʷʟʳʢʘʭ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ - ʵʪʦ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʚʨʝʤʝʥ-

ʥʳʭ ʟʘʜʝʨʞʝʢ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʯʝʢ ʦʩʪʘʥʦʚʘ 

ʠʣʠ ʦʪʢʨʳʪʦʡ ʧʘʥʝʣʠ ʨʘʟʨʘʙʦʪʯʠʢʘ ʚ ʙʨʘʫʟʝʨʝ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʠʥʩʪʨʫʢʮʠʡ ʫʭʦʜʠʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, 

ʯʝʤ ʫʭʦʜʠʣʦ ʙʳ ʧʨʠ ʦʙʳʯʥʦʤ ʧʦʩʝʱʝʥʠʠ ʩʪʨʘʥʠʮʳ. 

ʀʟʤʝʨʷʷ ʵʪʠ ʟʘʜʝʨʞʢʠ ʤʦʞʥʦ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʪʦʤ 

ʚʳʧʦʣʥʷʝʪʩʷ ʦʪʣʘʜʢʘ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʣʠ ʥʝʪ. 

setInterval(function(){ 

var startTime = performance.now(), check, diff; 

for (check = 0; check < 1000; check++){ 

console.log(check); 

console.clear(); 

}  

diff = performance.now() - startTime; 

if (diff > 200){ 

alert("Debugger detected!");  

}  

}, 500); 

ɺ ʧʨʠʤʝʨʝ ʚʳʰʝ ʢʘʞʜʳʝ ʧʦʣ ʩʝʢʫʥʜʳ ʬʫʥʢʮʠʷ 

ʚʳʟʳʚʘʝʪ console.log ʪʳʩʷʯʫ ʨʘʟ ʠ ʧʨʦʚʝʨʷʝʪ ʙʳʣʦ 

ʣʠ ʟʘʪʨʘʯʝʥʦ ʥʘ ʵʪʦ ʙʦʣʴʰʝ 200 ʤʩ. 

ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ɿʘʱʠʪʘ ʦʪ ʦʪʣʘʜʢʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʪʢʨʳʪʦʡ ʧʘʥʝʣʠ ʨʘʟʨʘʙʦʪʯʠʢʘ 

(Chrome) 
ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʘʢʪʫʘʣʝʥ ʪʦʣʴʢʦ ʜʣʷ ʙʨʘʫʟʝʨʘ 

Google Chrome, ʦʥ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʪʢʨʳʪʘ 

ʣʠ ʧʘʥʝʣʴ ʨʘʟʨʘʙʦʪʯʠʢʘ ʚ ʙʨʘʫʟʝʨʝ ʚ ʜʘʥʥʳʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ. 

setInterval(function() { 

let open = false, div = document.createEl-

ement('div'); 

Object.defineProperty(div, "id", {get: () => { open 

= true; }}); 

console.log(div); 

console.log(`Dev console is 

${open?'open':'closed'}`); 

}, 500) 

ɺ ʧʨʠʤʝʨʝ ʚʳʰʝ ʢʘʞʜʳʝ ʧʦʣ ʩʝʢʫʥʜʳ ʩʦʟʜʘ-

ʝʪʩʷ div ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʨʠ ʧʦʧʳʪʢʝ ʧʦʣʫʯʝʥʠʷ 

ʝʛʦ ʧʦʣʷ id ʠʟʤʝʥʷʝʪ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʤʝʥʥʦʡ open ʥʘ 

true. ɿʘʪʝʤ ʚʳʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ console.log ʩ ʵʣʝ-

ʤʝʥʪʦʤ div ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ. ɽʩʣʠ ʧʘʥʝʣʴ ʨʘʟ-

ʨʘʙʦʪʯʠʢʘ ʦʪʢʨʳʪʘ, ʪʦ Chrome ʩʘʤ ʧʦʧʳʪʘʝʪʩʷ ʦʙ-
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ʨʘʪʠʪʴʩʷ ʢ ʧʦʣʶ id ʵʣʝʤʝʥʪʘ div, ʯʪʦ ʫʩʪʘʥʦʚʠʪ ʧʝ-

ʨʝʤʝʥʥʫʶ open ʚ ʩʦʩʪʦʷʥʠʝ true. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦ-

ʩʪʦʷʥʠʷ ʧʝʨʝʤʝʥʥʦʡ open ʤʦʞʥʦ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ 

ʪʦʤ ʦʪʢʨʳʪʘ ʧʘʥʝʣʴ ʨʘʟʨʘʙʦʪʯʠʢʘ ʠʣʠ ʥʝʪ ʠ ʧʨʝʜ-

ʧʨʠʥʠʤʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʡʩʪʚʠʷ. 

ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ɿʘʱʠʪʘ ʦʪ ʦʪʣʘʜʢʠ. ʅʝ-

ʷʚʥʳʡ ʢʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʧʦʪʦʢʘ 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʰʘʛʦʚ ʧʨʠ ʜʝʦʙʬʫʩʢʘʮʠʠ 

ʢʦʜʘ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʥʘʟʚʘʥʠʡ ʬʫʥʢʮʠʡ ʠ ʧʝʨʝ-

ʤʝʥʥʳʭ ʥʘ ʦʩʤʳʩʣʝʥʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʜʦʙʩʪʚʘ 

ʧʨʠ ʯʪʝʥʠʠ ʢʦʜʘ [7]. ʆʧʠʨʘʷʩʴ ʥʘ ʵʪʦʪ ʧʦʜʭʦʜ 

ʤʦʞʥʦ ʚʥʝʜʨʠʪʴ ʢʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʥʘʟʚʘʥʠʡ 

ʬʫʥʢʮʠʡ. ɺ ʵʪʦʤ ʧʦʤʦʞʝʪ arguments.callee.caller, 

ʢʦʪʦʨʳʡ ʭʨʘʥʠʪ ʚ ʩʝʙʝ ʩʪʵʢ ʚʳʟʦʚʦʚ. 

function getCallStack() { 

var stack = "#", total = 0, fn = arguments.callee; 

while ( (fn = fn.caller) ) { 

stack = stack + "" +fn.name; 

total++ 

}  

return stack 

}  

function test1() { 

console.log(getCallStack()); 

}  

function test2() { 

test1(); 

}  

function test3() { 

test2(); 

}  

function test4() { 

test3(); 

}  

test4(); 

ʅʘʧʨʠʤʝʨ, ʚ ʢʦʜʝ, ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ, ʙʫʜʝʪ 

ʧʦʣʫʯʝʥʘ ʩʪʨʦʢʘ #test1test2test3test4. ɽʩʣʠ ʘʥʘʣʠʪʠ-

ʢʦʤ ʙʫʜʝʪ ʠʟʤʝʥʝʥʦ ʥʘʟʚʘʥʠʝ ʢʘʢʦʡ-ʣʠʙʦ ʠʟ ʬʫʥʢ-

ʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʩʷ ʠ ʩʪʨʦʢʘ, ʪʘʢʠʤ ʦʙ-

ʨʘʟʦʤ ʩʪʨʦʢʫ ʩ "ʧʨʘʚʠʣʴʥʳʤ" ʥʘʟʚʘʥʠʝʤ ʬʫʥʢʮʠʡ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʘ ʨʘʩʰʠʬ-

ʨʦʚʢʠ ʜʣʷ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʜʘ, ʪʝʤ ʩʘʤʳʤ ʢʦʤʙʠ-

ʥʠʨʫʷ ʵʪʦʪ ʧʦʜʭʦʜ ʩ ʫʧʘʢʦʚʢʦʡ ʢʦʜʘ. 

ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ɿʘʱʠʪʘ ʦʪ ʦʪʣʘʜʢʠ. ʅʝ-

ʷʚʥʳʡ ʢʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʜʘ 

ʇʦʤʠʤʦ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʩʪʵʢʘ ʚʳʟʦʚʦʚ, ʤʦʞʥʦ ʧʨʦʚʝʨʷʪʴ ʙʳʣ ʣʠ ʠʟʤʝʥʝʥ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʢʦʜ, ʨʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ ʧʦʤʦ-

ʞʝʪ ʤʝʪʦʜ toString, ʢʦʪʦʨʳʡ ʚʦʟʚʨʘʱʘʝʪ ʠʩʭʦʜʥʳʡ 

ʢʦʜ ʬʫʥʢʮʠʠ ʚ ʬʦʨʤʘʪʝ ʩʪʨʦʢʠ. 

enc = 'jTxEY11MKYczXvLi56ECiWnCW9-

VCkHi_2GGtLmNr0DhwPJnWphqICrouIi5sA78vW

NCvZxy1M5crvLNuW4skmSMB3LzBm0P' 

function main(){ 

 ... 

}  

eval(decrypt(enc, main.toString())) 

ɺ ʧʨʠʤʝʨʝ ʚʳʰʝ, enc ï ɻ ʪʦ ʟʘʧʘʢʦʚʘʥʥʳʡ ʢʫʩʦʢ 

ʢʦʜʘ, ʢʦʪʦʨʳʡ ʟʘʰʠʬʨʦʚʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʝʛʦ 

ʤʦʞʥʦ ʨʘʩʰʠʬʨʦʚʘʪʴ, ʪʦʣʴʢʦ ʧʨʠ ʥʝʠʟʤʝʥʝʥʥʦʡ 

ʬʫʥʢʮʠʠ main. ɽʩʣʠ ʬʫʥʢʮʠʷ ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ ʠʟʤʝ-

ʥʝʥʠʶ ï ʫʯʘʩʪʦʢ ʢʦʜʘ ʨʘʩʰʠʬʨʫʝʪʩʷ, ʠ ʧʨʦʛʨʘʤʤʘ 

ʧʨʦʜʦʣʞʠʪ ʚʳʧʦʣʥʝʥʠʝ, ʝʩʣʠ ʞʝ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ 

ʚʥʝʩʝʥʳ ï ʨʘʩʰʠʬʨʦʚʘʪʴ ʢʦʜ ʥʝ ʫʜʘʩʪʩʷ. 

ʂʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʧʦʪʦʢʘ ʠ ʢʦʜʘ ʷʚʣʷʶʪʩʷ 

ʜʝʡʩʪʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʪʦʣʴʢʦ ʝʩʣʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʚʤʝʩʪʝ ʩ ʩʠʣʴʥʦʡ ʦʙʬʫʩʢʘʮʠʝʡ ʚʩʝʛʦ ʢʦʜʘ. 
ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ɿʘʱʠʪʘ ʦʪ ʦʪʣʘʜʢʠ. 

ʇʨʦʢʩʠ-ʦʙʲʝʢʪʳ 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʢʩʠ-ʦʙʲʝʢʪʦʚ ï ʵʪʦ ʙʦʣʝʝ 

ʧʨʦʜʚʠʥʫʪʳʡ ʤʝʪʦʜ, ʧʦʭʦʞʠʡ ʥʘ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʝ 
ʬʫʥʢʮʠʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʤʦʞʝʤ ʥʝ ʧʦʣʥʦʩʪʴʶ 
ʠʟʤʝʥʷʪʴ ʧʦʚʝʜʝʥʠʝ ʢʘʢʠʭ-ʪʦ ʚʘʞʥʳʭ ʜʣʷ ʧʨʦʮʝʩʩʘ 
ʦʪʣʘʜʢʠ ʬʫʥʢʮʠʡ, ʘ ʣʠʰʴ ʜʦʙʘʚʣʷʪʴ ʢ ʥʠʤ ʢʘʢʦʝ-
ʣʠʙʦ ʧʦʚʝʜʝʥʠʝ, ʧʨʠ ʞʝʣʘʥʠʠ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʷʷ 
ʠʩʭʦʜʥʳʡ ʬʫʥʢʮʠʦʥʘʣ [6].  

const handler = { 
apply: function (target, thisArg, args){ 
console.log("Intercepted a call to createElement 

with args: " + args); 
return target.apply(thisArg, args) 
}  
}  
 
document.createElement = new Proxy(docu-

ment.createElement, handler); 
document.createElement('div'); 
ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʧʨʠʤʝʨʝ ʧʨʦʢʩʠʨʫʝʪʩʷ 

ʤʝʪʦʜ createElement, ʧʨʠ ʢʘʞʜʦʤ ʝʛʦ ʚʳʟʦʚʝ ʚ ʢʦʥ-
ʩʦʣʴ ʚʳʚʦʜʠʪʩʷ ʩʧʠʩʦʢ ʧʝʨʝʜʘʥʥʳʭ ʤʝʪʦʜʫ ʘʨʛʫ-
ʤʝʥʪʦʚ. 
ɺʠʜʳ ʦʙʬʫʩʢʘʮʠʠ. ɿʘʱʠʪʘ ʦʪ ʦʪʣʘʜʢʠ. 

ʆʛʨʘʥʠʯʠʪʝʣʴʥʳʝ ʩʨʝʜʳ 
ʀʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʘʜʘʥʥʳʝ, ʤʳ ʧʨʦʚʝ-

ʨʷʝʤ, ʯʪʦ ʢʦʜ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʙʨʘʫʟʝʨʝ ʢʣʠʝʥʪʘ (ʥʝ ʚ 
ʵʤʫʣʷʪʦʨʝ, NodeJS [8] ʠ ʪ.ʜ.) ʠ ʯʪʦ ʢʦʜ ʚʳʧʦʣʥʷʝʪʩʷ 
ʥʘ ʜʦʤʝʥʝ/ʨʝʩʫʨʩʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʥʝʛʦ. 
ʉʘʤʳʤ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ 

ʟʥʘʯʝʥʠʡ ʚ location.hostname , location.protocol ï ʥʦ 
ʦʥʠ ʦʙʭʦʜʷʪʩʷ ʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 
ʣʝʛʢʦ. ʄʦʞʥʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʧʝʨʝʤʝʥʥʳʝ ʦʢʨʫʞʝ-
ʥʠʷ, ʢʦʪʦʨʳʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʦʩʪʫʧʥʳ ʠʣʠ ʥʝ ʜʦ-
ʩʪʫʧʥʳ ʧʨʠ ʨʘʙʦʪʝ ʯʝʨʝʟ ʙʨʘʫʟʝʨ, ʥʘʧʨʠʤʝʨ, ʦʙʲʝʢʪ 
window. 

try {  

console.log(window); 

} catch(e) { 

console.log("NodeJS detected"); 

}  

ʂʦʜ ʠʟ ʧʨʠʤʝʨʘ ʚʳʰʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚ 

NodeJS ʚʳʚʝʜʝʪ ʩʦʦʙʱʝʥʠʝ - NodeJS detected. 

ɺʦʟʤʦʞʥʘ ʠ ʦʙʨʘʪʥʘʷ ʩʠʪʫʘʮʠʷ ï ʚ NodeJS ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʩʫʱʝʩʪʚʫʝʪ ʦʙʲʝʢʪ global, ʢʦʪʦʨʦʛʦ ʥʝʪ 

ʧʨʠ ʨʘʙʦʪʝ ʚ ʙʨʘʫʟʝʨʝ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʜʣʷ ʧʨʦʚʝʨʢʠ. 

try {  

console.log(global); 

exit() 

} catch(e) {  

start_program(); 

}  

ʉʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʜʘʥʥʳʭ 

ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʛʜʝ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʜ 

ʠ ʵʪʦ ʣʠʰʴ ʧʘʨʘ ʧʨʦʩʪʳʭ ʧʨʠʤʝʨʦʚ. 

ʇʨʦʮʝʩʩ ʦʙʬʫʩʢʘʮʠʠ 

ʅʘ ʧʨʘʢʪʠʢʝ ʢ ʠʩʭʦʜʥʦʤʫ ʢʦʜʫ ʟʘʯʘʩʪʫʶ ʧʨʠ-

ʤʝʥʷʶʪʩʷ ʢʦʤʙʠʥʘʮʠʠ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʥʝʝ 
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ʩʧʦʩʦʙʦʚ. ʆʙʬʫʩʢʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʥʘʟʳʚʘʝʤʳʤʠ ʦʙʬʫʩʢʘʪʦ-

ʨʘʤʠ, ʠʩʭʦʜʥʳʡ ʢʦʜ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʘʙʩʪʨʘʢʪʥʦʝ 

ʩʠʥʪʘʢʩʠʯʝʩʢʦʝ ʜʝʨʝʚʦ (AST), ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʧʦʣʫʯʠʚʰʝʝʩʷ 

ʜʝʨʝʚʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʦʙʨʘʪʥʦ ʚ JavaScript ʢʦʜ ʠ ʤʠ-

ʥʠʬʠʮʠʨʫʝʪʩʷ. 
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The article discusses the basic steps and features of installing Moodle on the Ubuntu 16.04 Server. 
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ɺʩʪʫʧʣʝʥʠʝ 

Moodle ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʧʫʣʷʨʥʦʡ ʩʠ-

ʩʪʝʤʦʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʙʫʯʝʥʠʷ (LMS). ʉʝʨʚʠʩ ʧʦʟ-

ʚʦʣʷʝʪ ʜʝʣʘʪʴ ʦʙʫʯʘʶʱʠʝ ʩʘʡʪʳ ʚʨʦʜʝ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʯʪʝʥʠʷ, ʦʥʣʘʡʥ-ʢʫʨʩʦʚ, ʬʦʨʫʤʦʚ. ʇʣʘʪʬʦʨʤʘ 

ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʨʫʧʧʘʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʯʝʣʦʚʝʢ ʜʦ ʩʦʪʝʥ ʪʳʩʷʯ ʫʯʘʱʠʭʩʷ. ʇʨʠʣʦʞʝʥʠʝ 

ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʷʪʴ ʩʪʫʜʝʥʪʦʚ ʧʦ ʨʦʣʷʤ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʤ ʨʘʟʥʳʡ ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʘ ʢ ʫʯʝʙ-

ʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʧʦʢʘʞʝʤ ʚʘʤ ʢʘʢ ʧʦʩʪʘʚʠʪʴ 

Moodle ʥʘ ʩʝʨʚʝʨ Ubuntu ʚʝʨʩʠʠ 16.04, ʘ ʪʘʢʞʝ 

ʥʘʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʪʝʤʦʡ ʠ 

ʩʜʝʣʘʪʴ ʧʝʨʚʳʡ ʢʫʨʩ. ʇʦʪʨʝʙʫʝʪʩʷ ʤʘʰʠʥʘ ʩ ʦʙʲʝ-

ʤʦʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʤʠʥʠʤʫʤ 512 ʄʙ, ʥʦ ʞʝ-

ʣʘʪʝʣʴʥʦ 1 ɻʙ ʠʣʠ ʙʦʣʝʝ. ʇʨʠʣʦʞʝʥʠʶ ʧʦʪʨʝʙʫʝʪʩʷ 

ʦʢʦʣʦ 200 ʄʙ, ʧʣʶʩ ʥʫʞʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʙʲʝʤ 

ʜʣʷ ʢʦʥʪʝʥʪʘ ʩʘʡʪʘ. ɿʘʨʘʥʝʝ ʩʦʟʜʘʡʪʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʫ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʜʦʩʪʫʧ ʢ sudo. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ ʙʨʘʥʜʤʘʫʵʨ, ʘ ʪʘʢʞʝ ʠʥʩʪʘʣʣʠʨʦ-

ʚʘʪʴ ʩʪʝʢ LAMP. ʅʝ ʟʘʙʫʜʴʪʝ ʟʘʧʠʩʘʪʴ root-ʧʘʨʦʣʴ 

ʦʪ MySQL. 

ʋʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤʳ Moodle ʥʘ ʩʝʨʚʝʨ Ubuntu 

1. ʅʘʯʘʪʴ ʥʫʞʥʦ ʩ ʫʩʪʘʥʦʚʢʠ Moodle ʠ ʥʝʦʙʭʦ-

ʜʠʤʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʩʝʨʚʠʩʘ ʧʦʪʨʝʙʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʇʆ ʚʨʦʜʝ ʙʠʙʣʠʦʪʝʢ ʛʨʘʬʠʢʠ ʠʣʠ 

ʧʨʦʚʝʨʢʠ ʦʨʬʦʛʨʘʬʠʠ. ʇʦ ʩʚʦʝʤʫ ʧʨʠʥʮʠʧʫ Moodle 

ï ʵʪʦ PHP-ʧʨʠʣʦʞʝʥʠʝ, ʧʦʵʪʦʤʫ ʦʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʥʘ PHP. ʉʥʘʯʘʣʘ ʥʘʤ 

ʥʫʞʥʦ ʧʦʩʪʘʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ, ʘ ʧʦʪʦʤ ʠ Moodle. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪʩʷ ʦʙʥʦʚʠʪʴ ʠʥʜʝʢʩ ʧʘʢʝ-

ʪʦʚ:sudo apt-get update 

ʀʥʩʪʘʣʣʠʨʫʡʪʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʧʦʤʦʱʴʶ: sudo 

apt-get install aspell graphviz php7.0-curl php7.0-gd 

php7.0-intl php7.0-ldap php7.0-mysql php7.0-pspell 

php7.0-xml php7.0-xmlrpc php7.0-zip 

ʊʝʧʝʨʴ ʧʝʨʝʟʘʧʫʩʪʠʪʝ ʚʝʙ-ʩʝʨʚʝʨ Apache ʜʣʷ 

ʟʘʛʨʫʟʢʠ ʥʦʚʳʭ ʤʦʜʫʣʝʡ:sudo systemctl restart 

apache2 

ʇʨʠʰʣʦ ʚʨʝʤʷ ʟʘʛʨʫʟʢʠ ʠ ʫʩʪʘʥʦʚʢʠ Moodle. 

ʀʩʧʦʣʴʟʫʡʪʝ curl ʯʪʦʙʳ ʟʘʛʨʫʟʠʪʴ ʧʘʢʝʪʳ ʩ ʩʘʤʦʡ 

ʧʦʩʣʝʜʥʝʡ ʩʪʘʙʠʣʴʥʦʡ ʚʝʨʩʠʝʡ ʧʨʠʣʦʞʝʥʠʷ ʩ ʦʬʠ-

ʮʠʘʣʴʥʦʛʦ ʩʝʨʚʝʨʘ. ʇʦʩʪʘʚʠʪʴ ʠʭ ʙʫʜʝʪ ʥʫʞʥʦ ʚ 

ʬʘʡʣ moodle.tgz. ʉ ʧʦʤʦʱʴʶ ʬʣʘʛʘ -L ʚʢʣʶʯʘʝʪʩʷ 

ʧʦʜʜʝʨʞʢʘ ʨʝʜʠʨʝʢʪʘ: 

curl -L https://download.moodle.org/down-

load.php/direct/stable32/moodle-latest-32.tgz > moo-

dle.tgz 

ʊʝʧʝʨʴ ʥʫʞʥʦ ʨʘʩʧʘʢʦʚʘʪʴ ʘʨʭʠʚ ʠ ʧʝʨʝʥʝʩʪʠ 

ʚʩʝ ʬʘʡʣʳ ʚ ʧʘʧʢʫ document root ʥʘ ʚʝʙ-ʩʝʨʚʝʨʝ: 

sudo tar -xvzf moodle.tgz -C /var/www/html 

ɺʘʤ ʥʫʞʥʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʘʧʢʘ ʩ moodle 

ʧʝʨʝʤʝʱʝʥʘ ʚ document root. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ 

ʥʘʙʨʘʪʴ: 

ls /var/www/html 

index.html moodle 

ʇʨʦʚʝʨʴʪʝ ʩʦʜʝʨʞʠʤʦʝ ʧʘʧʢʠ moodle: 

ls /var/www/html/moodle 

ʅʘ ɻʢʨʘʥʝ ʚʳ ʫʚʠʜʠʪʝ ʩʧʠʩʦʢ ʬʘʡʣʦʚ ʩʝʨʚʠʩʘ: 

admin composer.json grade message 

README.txt 

auth composer.lock group mnet report 

availability config-dist.php Gruntfile.js mod re-

pository 

backup config.php help_ajax.php my rss 

badges CONTRIBUTING.txt help.php notes 

search 

behat.yml.dist COPYING.txt index.php npm-

shrinkwrap.json tag 

blocks course install package.json tags.txt 

blog dataformat install.php phpunit.xml.dist 

theme 

brokenfile.php draftfile.php INSTALL.txt pix 

TRADEMARK.txt 

cache enrol iplookup plagiarism user 

calendar error lang pluginfile.php userpix 

cohort file.php lib portfolio version.php 

comment files local 

PULL_REQUEST_TEMPLATE.txt webservice 

competency filter login question 
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completion githash.php media rating 

ʉʣʝʜʫʶʱʠʡ ʰʘʛ ð ɻ ʪʦ ʩʦʟʜʘʥʠʝ ʧʘʧʢʠ, ʚ ʢʦʪʦ-

ʨʦʡ ʧʨʠʣʦʞʝʥʠʝ Moodle ʙʫʜʝʪ ʭʨʘʥʠʪʴ ʚʩʝ ʦʙʫʯʘʶ-

ʱʠʝ ʬʘʡʣʳ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚʥʝ ʙʘʟʳ ʜʘʥʥʳʭ ʩʝʨ-

ʚʝʨʘ. ʂʘʪʘʣʦʛ ʜʦʣʞʝʥ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚʥʝ ʢʦʨʥʝʚʦʡ 

ʧʘʧʢʠ ʩʝʨʚʝʨʘ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟ ʙʨʘʫʟʝʨʘ ʢ ʥʝʤʫ 

ʥʝʣʴʟʷ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʥʘʧʨʷʤʫʶ: sudo mkdir 

/var/moodledata 

ʋʯʪʠʪʝ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʝʨʚʝʨʘ www-data 

ʥʫʞʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʜʦʩʪʫʧ ʢ ʧʘʧʢʝ: sudo chown -R 

www-data /var/moodledata 

ʊʝʧʝʨʴ ʜʘʡʪʝ ʚʣʘʜʝʣʴʮʫ ʧʦʣʥʳʝ ʧʨʘʚʘ ʜʦʩʪʫʧʘ 

ʢ ʢʘʪʘʣʦʛʫ: sudo chmod -R 0770 /var/moodledata 

2. ʂʘʢ ʥʘʩʪʨʦʠʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʜʣʷ Moodle 

ʉʘʤʦʝ ʚʨʝʤʷ ʧʨʠʩʪʫʧʠʪʴ ʢ ʩʦʟʜʘʥʠʶ ʙʘʟʳ ʜʘʥ-

ʥʳʭ MySQL. ɺ ʥʝʡ ʩʝʨʚʠʩ Moodle ʩʤʦʞʝʪ ʭʨʘʥʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ, ʘ ʪʘʢʞʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʵʪʦʡ ɹɼ. 

ɺʥʝʩʝʤ ʧʦʧʨʘʚʢʠ ʚ ʢʦʥʬʠʛʫʨʘʮʠʶ MySQL ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʧʦʜʜʝʨʞʢʠ Moodle. ɺʘʤ ʥʫʞʥʦ ʦʪʢʨʳʪʴ 

ʬʘʡʣ: 

sudo nano /etc/mysql/mysql.conf.d/mysqld.cnf 

ɺ ʨʘʟʜʝʣ Basic Settings ʧʨʠʜʝʪʩʷ ʜʦʧʠʩʘʪʴ 

ʥʝʜʦʩʪʘʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

[mysqld] 

user = mysql 

pid-file = /var/run/mysqld/mysqld.pid 

socket = /var/run/mysqld/mysqld.sock 

port = 3306 

basedir = /usr 

datadir = /var/lib/mysql 

tmpdir = /tmp 

lc-messages-dir = /usr/share/mysql 

skip-external-locking 

default_storage_engine = innodb 

innodb_file_per_table = 1 

innodb_file_format = Barracuda 

## Instead of skip-networking the default is now 

to listen only on 

# localhost which is more compatible and is not 

less secure. 

ʀʟʤʝʥʝʥʠʷ ʥʫʞʥʦ ʩʦʭʨʘʥʠʪʴ, ʧʦʩʣʝ ʯʝʛʦ ʟʘ-

ʢʨʦʡʪʝ ʬʘʡʣ. ʊʝʧʝʨʴ ʧʦʪʨʝʙʫʝʪʩʷ ʧʝʨʝʟʘʧʫʩʢ 

MySQL ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʥʘʩʪʨʦʝʢ: sudo systemctl 

restart mysql 

ʊʝʧʝʨʴ ʩʦʟʜʘʜʠʤ ʙʘʟʫ ʜʘʥʥʳʭ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ 

Moodle. ɼʣʷ ʵʪʦʛʦ ʧʦʪʨʝʙʫʝʪʩʷ ʟʘʧʫʩʢ ʢʦʤʘʥʜʥʦʡ 

ʩʪʨʦʢʠ MySQL. ʅʘʙʝʨʠʪʝ: mysql -u root -p 

ɺʳ ʫʚʠʜʠʪʝ ʟʘʧʨʦʩ root-ʧʘʨʦʣʷ MySQL. ɺʚʝ-

ʜʠʪʝ ʝʛʦ. ʅʘ ʵʢʨʘʥʝ ʚʳʩʚʝʪʠʪʩʷ ʢʦʤʘʥʜʥʘʷ ʩʪʨʦʢʘ ʩ 

ʥʘʜʧʠʩʴʶ: mysql> 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʥʫʞʥʦ ʥʘʙʨʘʪʴ ʚ 

ʢʦʥʩʦʣʠ: 

CREATE DATABASE moodle DEFAULT 

CHARACTER SET utf8 COLLATE utf8_unicode_ci; 

ʊʝʧʝʨʴ ʧʨʝʜʩʪʦʠʪ ʩʜʝʣʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦʙʳ 

ʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ Moodle: create 

user 'moodler'@'localhost' IDENTIFIED BY 

'moodlerpassword'; 

ʀʤʝʡʪʝ ʚʚʠʜʫ, ʯʪʦ ʚʤʝʩʪʦ ʩʣʦʚʘ moodler ʥʫʞʥʦ 

ʫʢʘʟʘʪʴ ʠʤʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʘʟʳ ʜʘʥʥʳʭ, ʘ ʧʘʨʦʣʴ ð 

ʚʤʝʩʪʦ moodlerpassword. ʅʦʚʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʥʫʞʥʦ ʧʝʨʝʜʘʪʴ ʧʨʘʚʘ ʥʘ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ɹɼ, 

ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʠʚʠʣʝʛʠʡ ʠ ʩʦʟʜʘʥʠʷ ʪʘʙʣʠʮ: 

GRANT 

SELECT,INSERT,UPDATE,DELETE,CREATE,CR

EATE TEMPORARY 

TABLES,DROP,INDEX,ALTER ON moodle.* TO 

'moodler'@'localhost' IDENTIFIED BY 'moodlerpass-

word'; 

ɺʦʪ ʠ ʚʩʝ, ʢʦʤʘʥʜʥʫʶ ʩʪʨʦʢʫ MySQL ʤʦʞʥʦ 

ʟʘʢʨʳʚʘʪʴ: quit; 

3. ʂʘʢ ʥʘʩʪʨʦʠʪʴ Moodle ʚ ʙʨʘʫʟʝʨʝ? 

ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʟʘʚʝʨʰʠʪʴ ʥʘʩʪʨʦʡʢʫ 

ʩʝʨʚʠʩʘ Moodle. ʆʪʢʨʦʡʪʝ ʚʘʰ ʩʘʡʪ ʚ ʙʨʘʫʟʝʨʝ ʠ 

ʫʢʘʞʠʪʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ. ʏʪʦʙʳ ʩʝʨʚʝʨ ʤʦʛ ʩʦʭʨʘʥʠʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʪʨʝ-

ʙʫʝʪʩʷ ʚʨʝʤʝʥʥʦ ʟʘʤʝʥʠʪʴ ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʢ ʛʣʘʚ-

ʥʦʤʫ ʢʘʪʘʣʦʛʫ Moodle. ʇʦʤʥʠʪʝ, ʯʪʦ, ʥʘʧʠʩʘʚ ʩʣʝ-

ʜʫʶʱʫʶ ʢʦʤʘʥʜʫ, ʚʳ ʜʘʜʠʪʝ ʜʦʩʪʫʧ ʣʶʙʦʤʫ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʢ ʢʦʨʥʝʚʦʡ ʧʘʧʢʝ. ɽʩʣʠ ʵʪʦ ʥʝʞʝʣʘ-

ʪʝʣʴʥʦ, ʧʨʘʚʘ ʤʝʥʷʪʴ ʥʝ ʩʪʦʠʪ. ɺʳ ʩʤʦʞʝʪʝ ʚʨʫʯ-

ʥʫʶ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʬʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ɽʩʣʠ ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʘʚ ʚʩʝ-ʪʘʢʠ ʪʨʝ-

ʙʫʶʪʩʷ, ʪʦ ʥʝ ʟʘʙʫʜʴʪʝ ʟʘʙʣʦʢʠʨʦʚʘʪʴ ʜʦʩʪʫʧ ʦʙ-

ʨʘʪʥʦ ʧʦʩʣʝ ʥʘʩʪʨʦʡʢʠ. ʅʘʙʝʨʠʪʝ: sudo chmod -R 

777 /var/www/html/moodle 

ʇʝʨʝʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ ʦʪʢʨʳʚ ʚʘʰ ʙʨʘʫʟʝʨ: 

http://your_server_ip/moodle 

ɺʳ ʫʚʠʜʠʪʝ ʩʪʨʘʥʠʮʫ ʫʩʪʘʥʦʚʢʠ ʥʘ ʜʠʩʧʣʝʝ: 

Installation 

Choose a language 

Please choose a language for the installation. [é] 

ɼʣʷ ʥʘʩʪʨʦʡʢʠ Moodle ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʥʝʢʦ-

ʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʡʩʪʚʠʡ: 

1) ʋʢʘʞʠʪʝ ʷʟʳʢ ʠʥʩʪʘʣʣʷʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ 

ʥʘʞʤʠʪʝ Next; 

2) ɺ Data Directory ʟʘʜʘʡʪʝ ʧʘʧʢʫ 

/var/moodledata, ʧʦʩʣʝ ʯʝʛʦ ʥʘʞʤʠʪʝ Next; 

3) ɺʳʙʝʨʠʪʝ Improved MySQL (native mysqli) 

ʥʘ ʩʪʨʘʥʠʮʝ Choose Data Driver ʠ ʧʨʦʜʦʣʞʠʪʝ ʫʩʪʘ-

ʥʦʚʢʫ; 

4) ʊʝʧʝʨʴ ʪʨʝʙʫʝʪʩʷ ʫʢʘʟʘʪʴ ʧʘʨʦʣʴ ʠ ʠʤʷ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ ʙʘʟʳ ʜʘʥʥʳʭ MySQL ʜʣʷ Moodle ʚ ʨʘʟʜʝʣʝ 

Database settings. ɼʨʫʛʠʝ ʧʦʣʷ ʚʳ ʤʦʞʝʪʝ ʦʩʪʘʚʠʪʴ 

ʧʦ ʫʤʦʣʯʘʥʠʶ. ʀ ʦʧʷʪʴ ʥʘʞʤʠʪʝ Next; 

5) ʉ ʣʠʮʝʥʟʠʦʥʥʳʤ ʩʦʛʣʘʰʝʥʠʝʤ ʪʦʞʝ ʥʫʞʥʦ 

ʩʦʛʣʘʩʠʪʴʩʷ, ʥʘʞʘʚ Continue; 

6) ɽʩʣʠ ʚʦʟʥʠʢʥʫʪ ʧʨʦʙʣʝʤʳ ʠ ʦʰʠʙʢʠ, ʦ ʥʠʭ 

ʧʦʢʘʞʝʪ ʩʪʨʘʥʠʮʘ Server Checks. ɺ ʩʣʫʯʘʝ ʧʨʘʚʠʣʴ-

ʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚʩʝʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʳ ʫʚʠʜʠʪʝ ʥʘʜʧʠʩʴ: çYour server environment meets 

all minimum requirementsè. ɽʩʣʠ ʚʩʝ ʥʦʨʤʘʣʴʥʦ, 

ʥʘʞʤʠʪʝ ʧʨʦʜʦʣʞʠʪʴ; 

7) ʇʨʠʣʦʞʝʥʠʝ ʧʦʩʪʘʚʠʪ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ɽʩʣʠ ʚʩʝ ʧʨʦʡʜʝʪ 

ʥʦʨʤʘʣʴʥʦ, ʚʳ ʫʚʠʜʠʪʝ ʩʦʦʙʱʝʥʠʝ ʦʙ ʫʩʧʝʰʥʦʡ 

ʫʩʪʘʥʦʚʢʝ. ʇʦʩʣʝ ʧʨʦʢʨʫʪʢʠ ʜʦ ʥʠʟʘ ʵʢʨʘʥʘ 

ʥʘʞʤʠʪʝ Continue; 

8) ʊʝʧʝʨʴ ʚʳ ʫʚʠʜʠʪʝ ʧʫʩʪʫʶ ʩʪʨʘʥʠʮʫ. ʆʥʘ 

ʥʫʞʥʘ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʫʯʝʪʢʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ 

Moodle. ʀʤʷ ʥʫʞʥʦ ʫʢʘʟʘʪʴ ʚ ʧʦʣʝ Username, ʘ ʧʘ-

ʨʦʣʴ ð ʚ New password. ʇʦʣʝ Choose an 

authentication method ʦʩʪʘʚʴʪʝ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. 

ʅʘʧʠʰʠʪʝ ʪʘʢʞʝ ʘʜʨʝʩ ʧʦʯʪʳ ʠ ʥʘʞʤʠʪʝ Update 

profile; 



78 TECHNICAL SCIENCE / ζColloquium - journal Ȼ# 13(37),2019 

9) ɿʘʧʦʣʥʠʪʝ ʧʦʣʷ Short name for site ʠ Full site 

name ʥʘ ʩʪʨʘʥʠʮʝ Front Page Settings. ʅʝ ʟʘʙʫʜʴʪʝ 

ʪʘʢʞʝ ʫʢʘʟʘʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʨʘʟʨʝʰʠʪʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʧʦʩʝʪʠʪʝʣʝʡ ʩ ʧʦʤʦ-

ʱʴʶ ʘʜʨʝʩʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ. ʇʦʩʣʝ ʚʩʝʛʦ ʩʦʭʨʘ-

ʥʠʪʝ ʠʟʤʝʥʝʥʠʷ. 

ɿʘʚʝʨʰʠʚ ʚʩʝ ʜʝʡʩʪʚʠʷ, ʚʳ ʫʚʠʜʠʪʝ ʧʘʥʝʣʴ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ ʥʦʚʦʡ ʫʩʪʘʥʦʚʢʠ Moodle ʥʘ ʵʢʨʘʥʝ ʜʣʷ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʩʢʦʡ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ. ʊʝʧʝʨʴ ʦʧʷʪʴ 

ʧʦʣʫʯʠʪʩʷ ʦʛʨʘʥʠʯʠʪʴ ʜʦʩʪʫʧ ʢ ʢʦʨʥʝʚʦʡ ʧʘʧʢʝ 

Moodle. ɺʘʤ ʥʫʞʥʦ ʥʘʙʨʘʪʴ ʚ ʢʦʥʩʦʣʠ: sudo chmod 

-R 0755 /var/www/html/moodle 

ʋ Moodle ʝʩʪʴ ʪʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ: ʧʨʠʣʦʞʝʥʠʝ 

ʩʦʟʜʘʝʪ ʬʘʡʣʳ ʚ ʢʘʪʘʣʦʛʝ /var/moodledata, ʤʝʥʷʪʴ 

ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʣʶʙʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ. ɼʣʷ ʧʦʚʳʰʝ-

ʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʧʦʤʝʥʷʪʴ ʩʪʘʥʜʘʨʪʥʳʝ 

ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʘʤ. ʉʥʘʯʘʣʘ ʦʪʢʨʦʡʪʝ ʢʦʥʬʠ-

ʛʫʨʘʮʠʶ: sudo nano 

/var/www/html/moodle/config.php 

ɺʥʫʪʨʠ ʥʫʞʥʦ ʥʘʡʪʠ ʩʪʨʦʯʢʫ: 

$CFG->directorypermissions = 0777; 

ʀ ʟʘʤʝʥʠʪʴ ʧʦʩʣʝʜʥʶʶ ʮʠʬʨʫ, ʯʪʦʙʳ ʧʦʣʫʯʠ-

ʣʦʩʴ ʚʦʪ ʪʘʢʦʝ: $CFG->directorypermissions = 0770; 

ʊʝʧʝʨʴ ʩʦʭʨʘʥʠʪʝ ʠʟʤʝʥʝʥʠʷ ʠ ʟʘʢʨʦʡʪʝ ʬʘʡʣ. 

ʊʝʧʝʨʴ ʤʳ ʠʟʤʝʥʠʤ ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʚ ʧʘʧʢʝ 

/var/moodledata ʚʝʜʴ ʨʘʥʝʝ ʚ ʥʝʡ ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʝ-

ʩʢʦʣʴʢʦ ʬʘʡʣʦʚ ʩ ʦʪʢʨʳʪʳʤ ʜʦʩʪʫʧʦʤ. ʅʘʙʝʨʠʪʝ: 

sudo chmod -R 0770 /var/moodledata 

4. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʥʘʩʪʨʦʡʢʘ ʧʨʠʣʦʞʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʧʝʨʚʦʛʦ ʢʫʨʩʘ 

ʄʳ ʜʦʰʣʠ ʜʦ ʪʦʛʦ, ʯʪʦ ʫʞʝ ʤʦʞʥʦ ʨʝʛʠʩʪʨʠʨʦ-

ʚʘʪʴ ʩʚʦʡ ʨʝʩʫʨʩ Moodle. ʍʦʨʦʰʦ ʪʦ, ʯʪʦ ʚʳ ʙʫʜʝʪʝ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʫʚʝʜʦʤʣʝʥʳ ʦ ʥʦʚʳʭ ʨʝʣʠʟʘʭ ʩʝʨʚʠʩʘ 

ʠʣʠ ʝʛʦ ʫʷʟʚʠʤʦʩʪʷʭ, ʙʣʘʛʦʜʘʨʷ ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʧʠ-

ʩʦʢ ʨʘʩʩʳʣʦʢ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʥʫʞʥʦ ʢʣʠʢʥʫʪʴ ʧʦ 

Site Administration ʛʜʝ ʥʘʞʘʪʴ ʢʥʦʧʢʫ Registration. 

ʇʦʩʣʝ ʵʪʦʛʦ ʟʘʧʦʣʥʠʪʝ ʬʦʨʤʫ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ 

ʩʘʡʪʝ. ʋ ʚʘʩ ʪʘʢʞʝ ʧʦʣʫʯʠʪʩʷ ʦʧʫʙʣʠʢʦʚʘʪʴ ʩʚʦʡ ʨʝ-

ʩʫʨʩ Moodle, ʯʪʦʙʳ ʝʛʦ ʤʦʛʣʠ ʩʢʘʯʘʪʴ ʜʨʫʛʠʝ ʧʦʣʴ-

ʟʦʚʘʪʝʣʠ. 

ɺʳ ʪʘʢʞʝ ʤʦʞʝʪʝ ʠʟʤʝʥʠʪʴ ʪʝʤʫ ʩʘʡʪʘ ʩ ʧʦʤʦ-

ʱʴʶ ʧʫʥʢʪʘ Change Theme. ɺʳ ʫʚʠʜʠʪʝ ʥʘ ʵʢʨʘʥʝ 

ʚʩʝ ʜʦʩʪʫʧʥʳʝ ʚʘʨʠʘʥʪʳ. ʂʦʛʜʘ ʚʳʙʝʨʠʪʝ ʧʦʥʨʘ-

ʚʠʚʰʫʶʩʷ ʪʝʤʫ, ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ Use theme ʨʷʜʦʚ ʩ 

ʥʘʟʚʘʥʠʝʤ ʜʣʷ ʝʝ ʫʩʪʘʥʦʚʢʠ. ɼʣʷ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʚʨʦʜʝ ʪʝʣʝʬʦʥʦʚ ʠ ʧʣʘʥʰʝʪʦʚ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʚʳ-

ʙʨʘʪʴ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ. 

ʊʝʧʝʨʴ ʤʳ ʩ ʚʘʤʠ ʧʦʧʨʦʙʫʝʤ ʩʜʝʣʘʪʴ ʧʝʨʚʳʡ 

ʢʫʨʩ ʥʘ Moodle. ʀʩʧʦʣʴʟʫʷ ʥʘʚʠʛʘʮʠʦʥʥʦʝ ʤʝʥʶ, 

ʚʳʙʝʨʠʪʝ Site home, ʘ ʧʦʪʦʤ Add a new course. ɺʳ 

ʫʚʠʜʠʪʝ ʬʦʨʤʫ ʥʘ ʜʠʩʧʣʝʝ, ʚ ʢʦʪʦʨʫʶ ʧʨʠʜʝʪʩʷ ʫʢʘ-

ʟʘʪʴ ʥʘʟʚʘʥʠʝ ʢʫʨʩʘ, ʜʘʪʳ, ʢʘʪʝʛʦʨʠʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʫʢʘʞʠʪʝ ʠʤʷ, ʢʨʘʪʢʦʝ ʠʤʷ, ʦʧʠʩʘʥʠʝ ʠ ʧʨʦʯʫʶ ʧʦ-

ʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʇʦʩʣʝ ʯʝʛʦ ʩʦʭʨʘʥʠʪʝ ʠʟʤʝ-

ʥʝʥʠʷ, ʥʘʞʘʚ ʢʣʘʚʠʰʫ Save and display. ɺʦʪ ʠ ʚʩʝ, 

ʚʘʰ ʧʝʨʚʳʡ ʢʫʨʩ ʛʦʪʦʚ. ʊʝʧʝʨʴ ʜʦʙʘʚʣʷʡʪʝ ʫʨʦʢʠ 

ʠʣʠ ʟʘʥʷʪʠʷ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʬʝʡʩʘ ʩʝʨʚʠʩʘ. 

ʋʙʝʜʠʪʝʩʴ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ Moodle ʛʦʪʦʚʘ ʢ ʧʨʦ-

ʠʟʚʦʜʩʪʚʫ, ʧʨʝʞʜʝ ʯʝʤ ʧʦʟʚʦʣʠʪʝ ʜʨʫʛʠʤ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷʤ ʧʦʜʧʠʩʘʪʴʩʷ ʥʘ ʥʦʚʳʡ ʢʫʨʩ. ʉʦʟʜʘʡʪʝ ʩʝʨʪʠ-

ʬʠʢʘʪ TSL/SSL ʜʣʷ ʩʝʨʚʝʨʘ Apache, ʯʪʦʙʳ ʪʨʘʬʠʢ 

ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ ʩʝʨʚʝʨʦʤ ʥʘʜʝʞʥʦ ʰʠʬʨʦʚʘʣʩʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʢʦʤʝʥʜʫʝʤ ʥʘʩʪʨʦʠʪʴ ʨʝʟʝʨʚʥʦʝ ʢʦ-

ʧʠʨʦʚʘʥʠʝ ʢʘʪʘʣʦʛʘ /var/moodledata ʠ ɹɼ MySQL. 

ɺʳʚʦʜ 

ʇʦʜʚʝʜʝʤ ʠʪʦʛʠ. ʄʳ ʫʩʪʘʥʦʚʠʣʠ ʠ ʧʨʦʠʟʚʝʣʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʥʘʩʪʨʦʡʢʫ ʩʠʩʪʝʤʳ Moodle. ʄʥʦ-

ʛʦʝ ʦʩʪʘʣʦʩʴ ʟʘ ʢʘʜʨʦʤ, ʢʘʢ ʚʳʙʦʨ ɹɼ (ʚ ʥʘʰʝʤ ʩʣʫ-

ʯʘʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ Postgresql, ʭʦʪʷ ʚʘʨʠʘʥʪʦʚ 

ʫʩʪʘʥʦʚʢʠ ʤʥʦʛʦ). ɺ ʧʣʘʥʝ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʣʘʩʪʝʨʠʟʘʮʠʶ. ʇʨʝʜʫʩʤʦʪ-

ʨʝʥʘ ʥʝ ʪʦʣʴʢʦ ʜʝʤʦʥʩʪʨʘʮʠʷ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʥʦ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʵʢʨʘʥʘ ʩ ʬʫʥʢʮʠʝʡ ʟʘʧʠʩʠ ʧʦʩʣʝʜʫʶ-

ʱʝʛʦ ʧʨʦʩʤʦʪʨʘ. ʉʠʩʪʝʤʘ ʛʠʙʢʘʷ ʠ ʥʘʩʪʨʘʠʚʘʝʤʘʷ. 
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Abstract. 

The article discusses the basic steps and features of installing OpenMeetings on the Windows Server platform. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: OpenMeetings, Windows Server, ʫʩʪʘʥʦʚʢʘ, ʧʣʘʪʬʦʨʤʘ, ʚʝʨʩʠʷ, JDK, ʚʠʜʝʦʢʦʥʬʝ-
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ɺʩʪʫʧʣʝʥʠʝ 

ʈʘʥʦ ʠʣʠ ʧʦʟʜʥʦ, ʥʦ ʧʝʨʝʜ ʢʦʤʧʘʥʠʝʡ ʣʶʙʦʛʦ 

ʤʘʩʰʪʘʙʘ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʚ ʧʦʪʨʝʙʥʦʩʪʷʭ ʩʠʩʪʝʤ ʚʠ-

ʜʝʦʢʦʥʬʝʨʝʥʮʠʡ ʠ/ʠʣʠ ʩʠʩʪʝʤʘʭ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʧʨʦʚʝʜʝʥʠʝ ʚʝʙʠʥʘʨʦʚ ʢʘʢ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ, 

ʪʘʢ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʟʝʥʪʘʮʠʡ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʡ. ʆʩʪʘʥʦʚʠʤʩʷ 

ʥʘ ʧʨʦʜʫʢʪʝ OpenMeetings. OpenMeetings - open-

source ʧʨʦʝʢʪ web-ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ ʙʝʟ ʢʣʠʝʥʪ-

ʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉ ʝʝ ʧʦʤʦʱʴʶ 

ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʘʫʜʠʦ- ʠ ʚʠ-

ʜʝʦʢʦʥʬʝʨʝʥʮʠʡ ʚ ʤʥʦʛʦʪʦʯʝʯʥʦʤ ʨʝʞʠʤʝ. ʆʙʝʩʧʝ-

ʯʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʢʦʥʬʝʨʝʥʮʠʡ ʢʘʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ, ʪʘʢ ʠ ʣʝʢʪʦ-

ʨʠʠ ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʚʝʙʠʥʘʨʳ. 

ʋʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤʳ OpenMeetings ʥʘ ʧʣʘʪ-

ʬʦʨʤʫ Windows Server 

ɸʢʪʫʘʣʴʥʫʶ ʚʝʨʩʠʶ OpenMeetings (ʥʘ ʤʦʤʝʥʪ 

ʥʘʧʠʩʘʥʠʷ ʩʪʘʪʴʠ ʵʪʦ 5.0.0) ʩʢʘʯʠʚʘʝʤ ʩ ʩʘʡʪʘ ʧʨʦ-

ʝʢʪʘ. ɿʘʤʝʯʫ, ʯʪʦ ʧʨʦʝʢʪ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶ-

ʱʠʡʩʷ, ʘ ʟʥʘʯʠʪ ʚʝʨʩʠʠ ʧʨʦʜʫʢʪʘ ʙʫʜʫʪ ʜʦʚʦʣʴʥʦ 

ʯʘʩʪʦ ʦʙʥʦʚʣʷʪʴʩʷ, ʥʝ ʟʘʙʳʚʘʡʪʝ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʦʙ-

ʥʦʚʣʝʥʠʷ ʥʘ ʩʚʦʸʤ ʩʝʨʚʝʨʝ. 

ʂʨʦʤʝ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ OpenMeetings ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘ-

ʥʦʚʠʪʴ ʧʦʩʣʝʜʥʠʝ ʚʝʨʩʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʇʆ, ʟʘ-

ʨʘʥʝʝ ʧʦʜʛʦʪʦʚʠʤ ʝʛʦ: 

1. Java Development Kit  

2. SWFTools (ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʫʪʠ-

ʣʠʪ ʜʣʷ ʨʘʙʦʪʳ ʩ Adobe Flash) 

3. ImageMagick (ʜʣʷ ʠʤʧʦʨʪʘ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ 
ʜʦʩʢʫ ʚ OpenMeetings) 

4. Sox (ʄʫʣʴʪʠʤʝʜʠʡʥʳʡ ʢʦʥʚʝʨʪʝʨ) 

5. Ffmpeg (ɼʣʷ ʟʘʧʠʩʠ, ʢʦʥʚʝʨʪʘʮʠʠ ʠ ʧʨʦ-

ʩʣʫʰʠʚʘʥʠʷ ʘʫʜʠʦ ʠ ʚʠʜʝʦ) 

6. OpenOffice ʠʣʠ Libreoffice (OpenMeetings 

ʤʦʞʝʪ ʚʳʟʚʘʪʴ OpenOffice ʜʣʷ ʟʘʛʨʫʟʢʠ ʪʝʢʩʪʦ-

ʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ ʠ ʧʨʝʟʝʥʪʘ-

ʮʠʠ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʜʦʩʢʝ) 

7. JOD Converter (ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʤ-

ʧʦʨʪʘ .doc, .ppt, ʠ ʧʨʦʯʠʭ ʬʘʡʣʦʚ) 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʟʘʜʘʪʴ ʧʝʨʝʤʝʥʥʫʶ JAVA_HOME ʚ ʩʠʩʪʝʤ-

ʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʇʦʩʣʝ ʫʢʘʟʘʥʠʷ ʥʦʚʳʭ ʧʝʨʝʤʝʥ-

ʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʟʘʛʨʫʟʠʪʴ ʢʦʤʧʴʶʪʝʨ. 

ʉʧʠʩʦʢ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

C:\Program Files\SWFTools 

C:\Program Files\ImageMagick-6.9.0-Q8 

C:\Program Files\sox-14-4-1 

C:\Program Files\Ffmpeg\bin 

C:\Program Files\Java\jre7\bin 

ɼʦʙʘʚʣʷʝʤ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʧʝʨʝʤʝʥʥʫʶ PATH 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʧʨʦʛʨʘʤʤʳ ʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʶʪ ʥʘ Windows Server, 

ʥʦ ʥʘ ʩʠʩʪʝʤʘʭ ʚʨʦʜʝ Windows 8 ʠʣʠ 10 ʤʦʛʫʪ ʧʦ-

ʷʚʠʪʴʩʷ ʪʨʫʜʥʦʩʪʠ, ʪʘʢ ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ 

ʪʝ ʚʝʨʩʠʠ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʨʘʚʥʦ ʨʘʙʦ-

ʪʘʪʴ ʥʘ ʚʘʰʝʡ ʩʠʩʪʝʤʝ. 

ɺʩʝ ʛʦʪʦʚʦ ʜʣʷ ʫʩʪʘʥʦʚʢʠ OpenMeetings. 

ʉʢʘʯʝʥʥʳʡ ʜʠʩʪʨʠʙʫʪʠʚ ʨʘʩʧʘʢʦʚʳʚʘʝʤ, ʠ ʟʘ-

ʧʫʩʢʘʝʤ ʬʘʡʣ red5.bat. ʇʦʩʣʝ ʩʪʘʨʪʘ ʩʠʩʪʝʤʳ ʧʝʨʝ-

ʭʦʜʠʤ ʧʦ ʫʢʘʟʘʥʥʦʡ ʩʩʳʣʢʝ: 

http://<ʠʤʷ ʩʝʨʚʝʨʘ ʫʩʪʘ-

ʥʦʚʢʠ>:5080/openmeetings/install 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʦʟʜʘʝʪʩʷ ʫʯʝʪʥʘʷ ʟʘʧʠʩʴ ʘʜ-

ʤʠʥʠʩʪʨʘʪʦʨʘ 

ɼʘʣʝʝ ʠʜʫʪ ʩʠʩʪʝʤʥʳʝ ʥʘʩʪʨʦʡʢʠ, ʢʦʪʦʨʳʝ ʚ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʙʫʜʝʪ ʠʟʤʝʥʠʪʴ ʚ ʧʦ-

ʩʣʝʜʩʪʚʠʠ. 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʡ ʧʫʥʢʪ, ʚ 

ʥʝʤ ʫʢʘʟʳʚʘʶʪʩʷ ʧʫʪʠ ʢ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʨʘʥʝʝ ʧʨʦ-

ʛʨʘʤʤʘʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ OpenMeetings. 

ɺʩʝ ʛʦʪʦʚʦ ʜʣʷ ʥʘʯʘʣʘ ʫʩʪʘ-

ʥʦʚʢʠ OpenMeetings. 

ʅʘʯʠʥʘʝʤ ʫʩʪʘʥʦʚʢʫ ʠ ʩʣʝʜʫʝʤ ʠʥʩʪʨʫʢʮʠʷʤ. 

ɻʦʪʦʚʦ, ʫʩʪʘʥʦʚʢʘ OpenMeetings ʠ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʟʘʚʝʨʰʝʥʘ. 

ɿʘʡʜʷ ʚ ʤʝʥʶ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʩʝʨʚʝʨʘ 

ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘʩʪʨʦʡʢʠ ʧʫʪʝʡ ʜʣʷ ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦ-

ʙʘʚʠʪʴ ʠʣʠ ʠʟʤʝʥʠʪʴ. 

ɼʣʷ ʨʘʙʦʪʳ ʩ Active Directory ʚʢʣʶʯʘʝʤ 

ʥʘʩʪʨʦʡʢʫ LDAP. 

ʇʦʧʨʦʙʫʝʤ ʟʘʡʪʠ ʚ OpenMeetings ʧʦʜ ʜʦʤʝʥ-

ʥʦʡ ʫʯʝʪʥʦʡ ʟʘʧʠʩʴʶ. 

ɽʩʣʠ ʚʭʦʜ ʫʩʧʝʰʥʳʡ, ʟʥʘʯʠʪ ʚʳ ʩʜʝʣʘʣʠ ʚʩʸ 

ʧʨʘʚʠʣʴʥʦ! 

ɺʳʚʦʜ 

ʇʦʜʚʝʜʝʤ ʠʪʦʛʠ. ʄʳ ʫʩʪʘʥʦʚʠʣʠ ʠ ʧʨʦʠʟʚʝʣʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʥʘʩʪʨʦʡʢʫ ʛʠʙʢʦʡ ʠ ʤʘʩʰʪʘʙʠʨʫʝ-

ʤʦʡ ʩʠʩʪʝʤʳ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʩʚʷʟʠ, ʚʝʙ ʢʦʥʬʝʨʝʥ-

ʮʠʡ, ʚʝʙʠʥʘʨʦʚ. ʄʥʦʛʦʝ ʦʩʪʘʣʦʩʴ ʟʘ ʢʘʜʨʦʤ, ʢʘʢ ʚʳ-

ʙʦʨ ɹɼ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʘ Postgresql, ʭʦʪʷ ʚʘʨʠʘʥʪʦʚ ʫʩʪʘʥʦʚʢʠ ʤʥʦʛʦ). ɺ 

ʧʣʘʥʝ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʢʣʘʩʪʝʨʠʟʘʮʠʶ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʥʝ ʪʦʣʴʢʦ ʜʝʤʦʥ-

ʩʪʨʘʮʠʷ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʥʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʵʢʨʘʥʘ ʩ 

ʬʫʥʢʮʠʝʡ ʟʘʧʠʩʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʩʤʦʪʨʘ. ʉʠ-

ʩʪʝʤʘ ʛʠʙʢʘʷ ʠ ʥʘʩʪʨʘʠʚʘʝʤʘʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ:  

1. çʉʦʟʜʘʥʠʝ ʩʘʡʪʦʚè, ɸʥʘʨ ɹʘʙʘʝʚ, ʅʠʢʦʣʘʡ 

ɽʚʜʦʢʠʤʦʚ, ʄʠʭʘʠʣ ɹʦʜʝ 

 http://www.seoded.ru/istok/knigi-po-sozdaniyu-

sajtov.html#ixzz4edW26fnv 

2. ʀ.ɸ.ɸʨʭʠʧʝʮ, ɼ.ɽ.ɹʝʞʝʮʢʦʚ, ʖ.ʕ.ɼʘʥʠ-

ʣʦʚʘ, ɼ.ʖ.ʂʘʥʜʨʦʚ, ʄ.ʅ.ʉʦʣʦʜʦʚʥʠʢ, ɸ.ɸ.ʌʝʜʦ-

ʪʦʚ. ʆʪʢʨʳʪʳʝ ʨʝʰʝʥʠʷ ʚʝʙ-ʚʠʜʝʣ-ʢʦʥʬʝʨʝʥʮʩʚʷʟʠ 

ʠ ʧʨʦʝʢʪ OpenMeetings // ɺʝʩʪʥʠʢ ʅɻʋ, ʉʝʨʠʷ: ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ.ð 2018.ð ʊ. 16, ˉ 1.ð 

ʉ. 24-37. (15.11.18) 
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PROSPECTS OF DEVELOPMENT OF THE LNG TRANSPORTATION SYSTEM  

IN THE RUSSIAN FEDERATION WITHIN THE FRAMEWORK OF THE MARITIME LINE  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʘʩʧʝʢʪʳ ʧʝʨʝʚʦʟʢʠ ʉʇɻ ʚ ʨʘʤʢʘʭ ʤʦʨʩʢʦʡ ʣʠʥʠʠ, ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ 

ʜʠʥʘʤʠʢʠ ʧʝʨʝʚʦʟʢʠ ʉʇɻ ʚ ʈʦʩʩʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʪʘʪʴʝ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʫʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʉʇɻ, ʢʦʪʦʨʳʝ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʧʦʠʩʢʘʭ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʜʦʩʪʘʚʢʠ ʉʇɻ, ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʥʝʜʨʝʥʠʠ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

Abstract. 

This article discusses aspects of LNG transportation within the maritime line, analyzes the dynamics of LNG 

transportation in Russia and prospects for development in this area. In addition, the article considers new tech-

nological routes for the transportation of LNG, which are based on the search for the best ways to deliver LNG, 

the choice of pricing method, the introduction of technology and technology. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ (ʉʇɻ), ʪʘʥʢʝʨ-ʛʘʟʦʚʦʟ, ʤʦʨʩʢʘʷ ʣʠʥʠʷ, ʦʙʲʝʤʳ ʧʦʩʪʘ-

ʚʦʢ, ʜʦʙʳʯʘ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʨʝʛʘʟʠʬʠʢʘʮʠʷ, ʪʨʝʡʜʠʥʛ. 

Key words: Liquefied natural gas (LNG), gas tanker, sea line, supply volumes, production, transportation, 

regasification, trading. 

 

ɺ ʥʘʩʪʦʷʱʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʦʡ ʚʠʜ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʘʟʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʢʘʢ 

ʚʥʫʪʨʠ ʩʪʨʘʥʳ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞ - ʪʨʫʙʦʧʨʦʚʦʜʳ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ ʧʦʪʨʝʙ-

ʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʡ ʚ ʪʦʧʣʠʚʝ, ʠʤʝʝʪʩʷ ʙʦʣʴʰʘʷ ʜʘʣʴ-

ʥʦʩʪʴ ʠ ʦʙʲʝʤ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. ɼʘʥ-

ʥʳʡ ʪʠʧ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʝʩʴʤʘ ʥʘʜʸʞʝʥ8. ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʘʢʪʠʚʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʠʨʝ ʧʦʣʫʯʠʣʠ 

ʪʘʥʢʝʨʳ-ʛʘʟʦʚʦʟʳ, ʧʝʨʝʚʦʟʷʱʠʝ ʩʞʠʞʝʥʥʳʡ ʧʨʠ-

ʨʦʜʥʳʡ ʛʘʟ (ʜʘʣʝʝ - ʉʇɻ) ʧʦ ʤʦʨʩʢʠʤ ʧʫʪʷʤ. ʂʘʢ 

ʫʢʘʟʳʚʘʝʪ ʚ ʩʚʦʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʫʜʘʭ ʄ.ɽ. ɺʘʣʴ-

ʯʫʢ, ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʉʇɻ ʝʱʝ ʙʦʣʝʝ ʨʘʩʪʝʪ ʩ ʨʘʟ-

                                                           
8 ʄʘʟʫʨʝʥʢʦ ʅ.ɸ., ʉʤʠʨʥʦʚʘ ʉ.ɺ., ʂʘʪʳʰʝʚʘ ɽ.ɻ. ɸʥʘʣʠʟ 

ʧʝʨʩʧʝʢʪʠʚ ʟʘʤʝʱʝʥʠʷ ʛʘʟʦʧʨʦʚʦʜʦʚ ʪʘʥʢʝʨʘʤʠ 

ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ // ɺ ʩʙʦʨʥʠʢʝ: 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʢʣʘʩʪʝʨʳ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ: 

ʜʨʘʡʚʝʨʳ ʨʘʟʚʠʪʠʷ ʊʨʫʜʳ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ. ʇʦʜ 

ʨʝʜʘʢʮʠʝʡ ɸ.ɺ. ɹʘʙʢʠʥʘ. 2018. ʉ. 261-268. 

ʚʠʪʠʝʤ ʰʝʣʴʬʦʚʦʡ ʜʦʙʳʯʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷ-

ʥʠʷ ʦʪ ʤʝʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ ʨʳʥʢʦʚ ʩʙʳʪʘ, ʪʘʢ ʢʘʢ 

ʛʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʉʇɻ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʚ ʣʶʙʦʡ ʨʝʛʠʦʥ9. ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʉʇɻ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʨʘʥʟʠʪʘ 

ʯʝʨʝʟ ʪʝʨʨʠʪʦʨʠʶ ʪʨʝʪʴʠʭ ʩʪʨʘʥ, ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʚʣʝʢʘʪʴ ʚ ʢʦʤʤʝʨʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʜʘʣʸʥ-

ʥʳʝ ʟʘʧʘʩʳ ʛʘʟʘ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʶ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ-

ʩʪʘʚʦʢ ʛʘʟʘ ʠ ʠʭ ʨʘʩʰʠʨʝʥʠʝ ʟʘ ʩʯʸʪ ʥʦʚʳʭ ʨʳʥʢʦʚ 

ʩʙʳʪʘ10. ɺʩʸ ʵʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ ʵʢʩ-

ʧʦʨʪʘ ʛʘʟʘ. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʨʦʩʩʠʡʩʢʦʤ ʦʧʳʪʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʉʇɻ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

9 ɺʘʣʴʯʫʢ ʄ.ɽ. ʄʠʨʦʚʦʡ ʨʳʥʦʢ ʉʇɻ: ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ // ɺʝʢʪʦʨ 

ʵʢʦʥʦʤʠʢʠ. 2018. ˉ 1 (19). ʉ. 23. 
10 ʉʪʝʙʣʷʥʩʢʘʷ ɸ.ʅ., ɺʘʥʛ ɼ., ʈʘʟʤʘʥʦʚʘ ʉ.ɺ. 

ɸʨʢʪʠʯʝʩʢʠʡ ʉʇɻ ʈʦʩʩʠʠ: ʅʦʚʳʝ ʪʨʝʥʜʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

// ʈʝʩʫʨʩʳ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʘ. ʊʝʭʥʦʣʦʛʠʠ ʠ 

ʵʢʦʥʦʤʠʢʘ ʦʩʚʦʝʥʠʷ. 2018. ˉ 1 (11). ʉ. 11-18. 
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ʯʪʦ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʦʧʳʪ ʚ ʵʪʦʤ ʧʦʢʘ ʥʝ ʚʝʣʠʢ, ʢʘʢ 

ʫʢʘʟʳʚʘʝʪ ɽ.ʉ. ʊʢʘʯʝʥʢʦ11. ɺʘʞʥʳʤ ʬʫʥʢʮʠʦʥʠʨʫ-

ʶʱʠʤ ʦʙʲʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʟʘʚʦʜ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʉʇɻ çʉʘʭʘʣʠʥ-2è (çʉʘʭʘʣʠʥ ʕʥʝʨʜʞʠè, ɼʘʣʴʥʠʡ 

ɺʦʩʪʦʢ). ɺ ʨʘʤʢʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʦʙʲ-

ʝʢʪʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʮʝʩʩ ʧʝ-

ʨʝʚʦʟʢʠ ʉʇɻ ʤʦʨʩʢʠʤʠ ʧʫʪʷʤʠ, ʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʝ ʠ ʧʦʩʪʦʷʥʥʳʡ ʘʥʘʣʠʟ. 

ɼʦ 2018-ʛʦ ʛʦʜʘ, ʩʪʨʫʢʪʫʨʘ ʧʦʪʨʝʙʣʝʥʠʷ ʨʦʩ-

ʩʠʡʩʢʦʛʦ ʉʇɻ ʦʩʪʘʚʘʣʘʩʴ ʜʦʚʦʣʴʥʦ ʩʪʘʙʠʣʴʥʦʡ, ʢʘʢ 

ʠ ʦʙʲʝʤʳ ʧʦʩʪʘʚʦʢ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦ-

ʩʪʘʚʦʢ ʙʳʣ çʉʘʭʘʣʠʥ-2è, ʘ ʦʙʱʠʡ ʠʭ ʦʙʲʝʤ ʧʨʠʙʣʠ-

ʞʘʣʩʷ ʢ 15 ʤʣʨʜ ʢʫʙ. ʤ ʚ ʛʦʜ. ʀʟ ʵʪʦʡ ʚʝʣʠʯʠʥʳ 

ʦʢʦʣʦ 10 ʤʣʨʜ ʢʫʙ. ʤ ʝʞʝʛʦʜʥʦ ʦʪʧʨʘʚʣʷʣʦʩʴ ʚ ʗʧʦ-

ʥʠʶ, 3 ʤʣʨʜ ʢʫʙ. ʤ ï ʚ ʖʞʥʫʶ ʂʦʨʝʶ, ʦʩʪʘʣʴʥʦʝ ï 

ʚ ʂʠʪʘʡ ʠ ʥʘ ʊʘʡʚʘʥʴ. ʇʦʩʣʝ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʧʨʦʝʢʪʘ çʗʤʘʣ ʉʇɻè ʚ ʢʦʥʮʝ 2017 ʛʦʜʘ ʩʧʝʢʪʨ ʧʦ-

ʢʫʧʘʪʝʣʝʡ ʨʘʩʰʠʨʠʣʩʷ, ʭʦʪʷ ʩʦʩʪʘʚ ʢʦʥʝʯʥʳʭ ʧʦ-

ʪʨʝʙʠʪʝʣʝʡ ʧʨʝʜʩʢʘʟʘʪʴ ʩʣʦʞʥʦ. ɿʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʉʇɻ ʧʦ ʜʦʣʛʦʩʨʦʯʥʳʤ ʢʦʥʪʨʘʢʪʘʤ ʥʘʧʨʘʚʣʷ-

ʝʪʩʷ ʚ ʂʠʪʘʡ, ʥʦ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʟʘʢʫʧʘʶʪ ʠ çʧʦʨʪ-

ʬʝʣʴʥʳʝè ʧʦʢʫʧʘʪʝʣʠ. ʉʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʨʦʩ-

ʩʠʡʩʢʠʡ ʉʇɻ ʚ ʨʘʤʢʘʭ ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ ʥʘʡʜʝʪ ʩʚʦʡ 

ʨʳʥʦʢ ʠ ʚ ɽʚʨʦʧʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʪʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʵʢʩʧʦʨʪʘ ʉʇɻ.  

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʢʫ ʛʨʫʟʦʦʙʦʨʦʪʘ ʚ ʦʙʣʘʩʪʠ 

ʧʝʨʝʚʘʣʢʠ ʥʘʣʠʚʥʳʭ ʛʨʫʟʦʚ, ʘ ʠʤʝʥʥʦ ʩʞʠʞʝʥʥʦʛʦ 

ʛʘʟʘ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. 

ɻʨʫʟʦʦʙʦʨʦʪ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ʈʦʩʩʠʠ ʠ ʦʙʲʸʤ ʧʝʨʝʚʘʣʢʠ ʥʘʣʠʚʥʳʭ ʛʨʫʟʦʚ  

2015-2018 ʛʛ., ʤʣʥ.ʪ12. 

ʇʦʢʘʟʘʪʝʣʴ 2015 ʛ. 2016 ʛ. 2017 ʛ. 2018 ʛ. 

ɻʨʫʟʦʦʙʦʨʦʪ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ʈʦʩʩʠʠ 676,7 721,9 786,97 816,5 

ʉʫʭʦʛʨʫʟʳ 312,2 335,8 372,9 387,4 

ʅʘʣʠʚʥʳʝ ʛʨʫʟʳ, ʚ ʪʦʤ ʯʠʩʣʝ: 364,5 386,1 414,0 429,1 

ʩʳʨʘʷ ʥʝʬʪʴ 202,1 228,0 253,2 255,4 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ 146,0 140,7 141,5 145,1 

ʩʞʠʞʝʥʥʳʡ ʛʘʟ 12,9 13,6 14,7 23,2 

 

ɻʨʫʟʦʦʙʦʨʦʪ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ʈʦʩʩʠʠ ʚ 2015 ʛ. 

ʩʦʩʪʘʚʠʣ 676,7 ʤʣʥ ʪ. ʆʙʲʝʤ ʧʝʨʝʚʘʣʢʠ ʥʘʣʠʚʥʳʭ 

ʛʨʫʟʦʚ ʩʦʩʪʘʚʠʣ 364,5 ʤʣʥ.ʪ., ʚ ʪʦʤ ʯʠʩʣʝ: ʩʳʨʦʡ 

ʥʝʬʪʠ ï 202,1 ʤʣʥ. ʪ., ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ï 146,0 

ʤʣʥ.ʪ., ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ ï 12,9 ʤʣʥ ʪ (+5,1%). 

ɻʨʫʟʦʦʙʦʨʦʪ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ʈʦʩʩʠʠ ʟʘ 2016 ʛ. 

ʫʚʝʣʠʯʠʣʩʷ ʥʘ 6,7% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2015 ʛ. ʠ ʩʦʩʪʘ-

ʚʠʣ 721,9 ʤʣʥ ʪ. ʆʙʲʝʤ ʧʝʨʝʚʘʣʢʠ ʥʘʣʠʚʥʳʭ ʛʨʫʟʦʚ 

ʫʚʝʣʠʯʠʣʩʷ ʜʦ 386,1 ʤʣʥ ʪ (+5,9%), ʚ ʪʦʤ ʯʠʩʣʝ ʩʳ-

ʨʦʡ ʥʝʬʪʠ ï ʜʦ 228,0 ʤʣʥ ʪ (+12,8%) ʠ ʩʞʠʞʝʥʥʦʛʦ 

ʛʘʟʘ ï ʜʦ 13,6 ʤʣʥ ʪ (+5,5%), ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʥʠʟʠ-

ʣʘʩʴ ʧʝʨʝʚʘʣʢʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ï ʜʦ 140,7 ʤʣʥ ʪ (- 

3,7%). 

ɻʨʫʟʦʦʙʦʨʦʪ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ʈʦʩʩʠʠ ʟʘ ʷʥʚʘʨʴ 

ï ʜʝʢʘʙʨʴ ʤʝʩʷʮʳ 2017 ʛʦʜʘ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 9,0% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʝʨʠʦʜʦʤ ʧʨʦʰʣʦʛʦ 

ʛʦʜʘ ʠ ʩʦʩʪʘʚʠʣ 786,97 ʤʣʥ ʪ. ʆʙʲʝʤ ʧʝʨʝʚʘʣʢʠ 

ʥʘʣʠʚʥʳʭ ʛʨʫʟʦʚ ʫʚʝʣʠʯʠʣʩʷ ʜʦ 414,0 ʤʣʥ ʪ 

(+7,2%), ʚ ʪʦʤ ʯʠʩʣʝ ʩʳʨʦʡ ʥʝʬʪʠ ï ʜʦ 253,2 ʤʣʥ ʪ 

(+11,1%), ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ï ʜʦ 141,5 ʤʣʥ ʪ (+0,5%) 

ʠ ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ ï ʜʦ 14,7 ʤʣʥ ʪ (+8,8%). 

ɻʨʫʟʦʦʙʦʨʦʪ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ʈʦʩʩʠʠ ʟʘ ʷʥʚʘʨʴ-

ʜʝʢʘʙʨʴ ʤʝʩʷʮʳ 2018 ʛʦʜʘ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 3,8% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʝʨʠʦʜʦʤ ʧʨʦʰʣʦʛʦ 

ʛʦʜʘ ʠ ʩʦʩʪʘʚʠʣ 816,5 ʤʣʥ ʪ. ʆʙʲʝʤ ʧʝʨʝʚʘʣʢʠ 

ʥʘʣʠʚʥʳʭ ʛʨʫʟʦʚ ʩʦʩʪʘʚʠʣ 429,1 ʤʣʥ ʪ (+3,9%), ʚ 

ʪʦʤ ʯʠʩʣʝ ʩʳʨʦʡ ʥʝʬʪʠ ï ʜʦ 255,4 ʤʣʥ ʪ (+1,2%), 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʳʨʦʩ ï ʜʦ 145,1 ʤʣʥ ʪ (+2,4%) ʠ 

ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ ï ʜʦ 23,2 ʤʣʥ ʪ (ʨʦʩʪ ʚ 1,6 ʨʘʟʘ).  

 

 
ʈʠʩʫʥʦʢ 2. ɼʠʥʘʤʠʢʘ ʧʝʨʝʚʘʣʢʠ ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ ʚ ʤʦʨʩʢʠʭ ʧʦʨʪʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ  

ʚ 2015-2018 ʛʛ., ʤʣʥ.ʪ. 

                                                           
11 ʊʢʘʯʝʥʢʦ ɽ.ʉ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʘ: ʚʯʝʨʘ, ʩʝʛʦʜʥʷ, ʟʘʚʪʨʘ // ɺ ʢʥʠʛʝ: ɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ 

ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ. 2018. ʉ. 307. 

12 ɻʨʫʟʦʦʙʦʨʦʪ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ʈʦʩʩʠʠ // 

http://www.morport.com/rus/news/gruzooborot-morskih-

portov-rossii-za-yanvar-dekabr-2018-g 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʜʥʦ, ʯʪʦ ʦʙʲʸʤʳ ʧʝʨʝʚʘʣʢʠ 

ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ ʧʨʝʚʳʩʠʣʠ ʚ 2018 ʛʦʜʫ ʦʙʲʸʤʳ ʧʝ-

ʨʝʚʘʣʢʠ 2017 ʛʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 60 %. ʀʤʝʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʞʝ, 

ʪʝʤʧʳ ʨʦʩʪʘ ʦʙʲʸʤʦʚ ʧʝʨʝʚʘʣʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝ-

ʚʳʰʘʶʪ ʪʝʤʧʳ ʨʦʩʪʘ ʧʝʨʝʚʘʣʢʠ ʦʩʪʘʣʴʥʳʭ ʥʘʣʠʚ-

ʥʳʭ ʛʨʫʟʦʚ ʚ 2015-2018 ʛʦʜʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʤʠʨʝ ʟʘʷʚʣʝʥʳ ʦʛʨʦʤʥʳʝ ʤʦʱʥʦʩʪʠ ʧʦ ʩʞʠʞʝʥʠʶ 

ʛʘʟʘ: ɸʚʩʪʨʘʣʠʷ ï 80 ʤʣʥ ʪ ʚ ʛʦʜ, ʉʐɸ ï 60 ʤʣʥ ʪ13. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢ ʥʘʯʘʣʫ 2030-ʭ ʛʦʜʦʚ ʨʦʩʩʠʡ-

ʩʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʉʇɻ ʩʤʦʛʫʪ ʥʘʨʘʩʪʠʪʴ ʤʦʱʥʦ-

ʩʪʠ ʚ 3-5 ʨʘʟ ï ʩ ʥʳʥʝʰʥʠʭ 23,2 ʤʣʥ ʪ ʜʦ 60-80 ʤʣʥ 

ʪ14. ʕʪʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʛʘʟʦ-

ʚʳʤ ʢʦʤʧʘʥʠʷʤ ʫʜʘʩʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʠ ʪʝʢʫʱʠʝ 

ʧʣʘʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʢʩʧʦʨʪ ʉʇɻ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ 

ʦʢʦʣʦ 90% ʧʨʦʠʟʚʝʜʸʥʥʳʭ ʦʙʲʸʤʦʚ. ʋ ʨʦʩʩʠʡʩʢʦʛʦ 

ʉʇɻ ʝʩʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʢʦʥʢʫʨʝʥʪʘʤʠ: 

ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʜʦʙʳʯʠ, ʙʣʠʟʦʩʪʴ ʢ ʨʳʥʢʘʤ 

ʩʙʳʪʘ, ʭʦʨʦʰʘʷ ʨʝʩʫʨʩʥʘʷ ʙʘʟʘ, ʢʦʦʧʝʨʘʮʠʷ ʩ ʠʥʦ-

ʩʪʨʘʥʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʥʘʣʦʛʦʚʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ. ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʩʦʙʩʪʚʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ, ʜʦʨʦʛʦʡ ʢʘʧʠʪʘʣ ʠ ʚʳʩʦʢʠʝ 

ʩʪʨʘʥʦʚʳʝ ʠ ʩʘʥʢʮʠʦʥʥʳʝ ʨʠʩʢʠ ʧʦʟʚʦʣʷʶʪ ʜʨʫʛʠʤ 

ʵʢʩʧʦʨʪʸʨʘʤ ʉʇɻ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʨʦʩʩʠʡʩʢʠʤʠ 

ʢʦʤʧʘʥʠʷʤʠ. ɼʝʰʸʚʳʡ ʚ ʜʦʙʳʯʝ ʛʘʟ ï ʚʘʞʥʝʡʰʝʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʠ ʬʘʢʪʦʨ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʨʦʩʩʠʡʩʢʦʛʦ ʛʘʟʘ.  

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʘʢʪʫʘʣʴ-

ʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʫʪʝʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʉʇɻ. ɺ ʜʘʥʥʦʡ ʦʙʣʘ-

ʩʪʠ ʚʘʞʥʦ ʠʩʢʘʪʴ ʥʦʚʳʝ ʧʫʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʨʛʘ-

ʥʠʟʦʚʳʚʘʪʴ ʚʥʝʜʨʝʥʠʝ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʩʠʩʪʝʤ. 

ʉʨʝʜʠ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙ-

ʣʘʩʪʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

1. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʜʦʩʪʘʚʢʠ 

ʉʇɻ. ʂʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʉʇɻ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʮʝʥʳ ʝʛʦ ʜʦʩʪʘʚʢʠ. ɽʩʣʠ ʉʇɻ ʙʫʜʝʪ ʜʦ-

ʩʪʘʚʣʷʪʴʩʷ ʧʦʪʨʝʙʠʪʝʣʶ ʧʦ ʢʦʥʢʫʨʝʥʪʥʦʡ ʮʝʥʝ, ʚ 

ʦʛʦʚʦʨʝʥʥʳʝ ʩʨʦʢʠ ʠ ʥʘ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʦʩʥʦʚʝ - 

ʉʇɻ ʙʫʜʝʪ ʢʦʥʢʫʨʝʥʪʥʳʤ. ʅʝʦʙʭʦʜʠʤʦ ʢʦʥʩʪʘʪʠ-

ʨʦʚʘʪʴ, ʯʪʦ ʩʝʛʦʜʥʷ ʥʘ ʨʳʥʢʝ ʉʇɻ ʰʠʨʦʢʦ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʪʨʠ ʪʠʧʘ ʢʦʥʪʨʘʢʪʦʚ: FOB (Free On Board _ 

ʌʨʘʥʢʦ ʙʦʨʪ) - ʢʦʥʪʨʘʢʪ ʦʙʷʟʳʚʘʝʪ ʧʦʢʫʧʘʪʝʣʷ 

ʥʝʩʪʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʜʦʩʪʘʚʢʫ ʉʇɻ ʩ ʟʘʚʦʜʘ ʧʦ 

ʩʞʠʞʝʥʠʶ ʢ ʨʝʛʘʟʠʬʠʢʘʮʠʦʥʥʦʛʦ ʪʝʨʤʠʥʘʣʘ, CIF 

(Cost, Insurance and Freight - ʉʪʦʠʤʦʩʪʴ, ʩʪʨʘʭʦʚʘ-

ʥʠʝ ʠ ʬʨʘʭʪ) - ʢʦʥʪʘʢʪ ʦʙʷʟʳʚʘʝʪ ʧʨʦʜʘʚʮʘ ʥʝʩʪʠ 

ʚʩʝ ʨʘʩʭʦʜʳ ʥʘ ʜʦʩʪʘʚʢʫ (ʧʨʦʜʘʞʥʘʷ ʮʝʥʘ ʚʢʣʶʯʘʝʪ 

ʩʪʦʠʤʦʩʪʴ ʪʦʚʘʨʘ, ʬʨʘʭʪ ʠʣʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩ-

ʭʦʜʳ, ʘ ʪʘʢʞʝ ʩʪʦʠʤʦʩʪʴ ʩʪʨʘʭʦʚʢʠ ʧʨʠ ʧʝʨʝʚʦʟʢʝ), 

DES (Delivered Ex Ship - ʇʦʩʪʘʚʢʠ ʚ ʩʫʜʘ) - ʧʨʦʜʘ-

ʚʝʮ ʜʦʣʞʝʥ ʥʝʩʪʠ ʚʩʝ ʨʘʩʭʦʜʳ ʠ ʨʠʩʢʠ ʧʦ ʜʦʩʪʘʚʢʝ 

ʉʇɻ. 

2. ɺʳʙʦʨ ʤʝʪʦʜʘ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ ʘʥʘ-

ʣʠʟʝ ʩʧʝʮʠʬʠʢʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʇɻ ʚʘʞʥʳʤ 

                                                           
13 ʊʘʪʘʨʝʥʢʦ ɺ.ʀ., ʈʦʙʠʥʩʦʥ ɹ.ɺ., ʃʷʧʠʥʘ ʆ.ʇ., ʋʩʠʢʦʚʘ 

ʆ.ɺ. ʈʦʩʩʠʡʩʢʠʝ ʉʇɻ-ʧʨʦʝʢʪʳ: ʠʩʪʦʨʠʷ, ʩʦʚʨʝʤʝʥʥʦʩʪʴ, 

ʧʝʨʩʧʝʢʪʠʚʳ // ʀʥʪʝʨʵʢʩʧʦ ɻʝʦ-ʉʠʙʠʨʴ. 2018. ʊ. 3. ˉ 1. 

ʉ. 61-74. 

ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʮʝʥʦʦʙ-

ʨʘʟʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʫʢʘʟʘʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʮʝʥʦʦʙʨʘ-

ʟʦʚʘʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ 

ʨʳʥʢʘ, ʘ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʦʜʠʥ ʠʟ ʩʣʝʜʫ-

ʶʱʠʭ ʩʧʦʩʦʙʦʚ: ʭʘʙ-ʩʠʩʪʝʤʘ, ʛʜʝ ʮʝʥʘ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʦʪʜʝʣʴ-

ʥʦʤ ʦʪ ʦʩʥʦʚʥʳʭ ʛʘʟʦʚʳʭ ʭʘʙʦʚ (ʚ ʉʐɸ, ʥʘʧʨʠʤʝʨ, 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʭʘʙʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʮʝʥʘ, ʷʚʣʷʝʪʩʷ çɻʝʥʨʠ ʍʘʙè), ʩʠʩʪʝʤʘ ʧʨʠ-

ʚʷʟʢʠ ʮʝʥ ʢ ʥʝʬʪʠ ( ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʮʝʥʘ ʥʘ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʢʦʥʪʨʘʢʪʥʳʭ ʦʙʲʝʤʦʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ 

ɽʚʨʦʧʝ ʠ ɸʟʠʠ, ʘ ʦʩʦʙʝʥʥʦ ʮʝʥʳ ʜʦʣʛʦʩʨʦʯʥʳʭ ʢʦʥ-

ʪʨʘʢʪʦʚ ʥʘ ʧʦʩʪʘʚʢʠ ʉʇɻ, ʧʦʜʧʘʜʘʶʪ ʧʦʜ ʜʝʡʩʪʚʠʝ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʬʦʨʤʫʣʘ ʮʝʥʳ ʛʘʟʦʚʦʛʦ ʢʦʥʪʨʘʢʪʘ ʤʦʞʝʪ ʠʟʤʝ-

ʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʛʦʚʦʨʝʥʥʦʩʪʝʡ ʩʪʦʨʦʥ); 

ʨʝʛʫʣʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ (ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ 

ʮʝʥʳ ʥʘ ʛʘʟ ʨʝʛʫʣʠʨʫʶʪʩʷ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ, ʚ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʮʝʥʘ ʥʘ ʜʦʙʳʚʘʝʤʳʡ ʛʘʟ, 

ʮʝʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʮʝʥʘ ʜʣʷ ʢʦʥʝʯʥʳʭ ʧʦʪʨʝ-

ʙʠʪʝʣʝʡ); ʩʠʩʪʝʤʘ ʩʫʙʩʠʜʠʨʦʚʘʥʠʷ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʪʨʘʥ ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ ʠ ʉʝʚʝʨʥʦʡ ɸʬʨʠʢʠ ʮʝʥʳ 

ʥʘ ʛʘʟ ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʦ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʧʦ-

ʢʨʳʪʠʷ ʟʘʪʨʘʪ ʥʘ ʜʦʙʳʯʫ. ɺ ʖʞʥʦʡ ɸʤʝʨʠʢʝ, ʩʪʨʘ-

ʥʘʭ ʉʅɻ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ɸʬʨʠʢʠ ʮʝʥʘ ʥʘ ʛʘʟ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʮʝʥʘʤ ʥʘ ʥʝʬʪʴ, ʘ 

ʪʘʢʞʝ ʢ ʨʘʩʭʦʜʘʤ ʥʘ ʜʦʙʳʯʫ)15. 

3. ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ. ʉʪʨʝʤʠ-

ʪʝʣʴʥʳʡ ʨʦʩʪ ʨʳʥʢʘ ʧʝʨʝʚʦʟʦʢ ʉʇɻ ʧʨʦʚʝʨʷʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʩʫʜʦʭʦʜʥʦʡ ʦʪʨʘʩʣʠ ʧʦ ʚʚʦʜʫ ʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʫ ʥʦʚʳʭ ʩʫʜʦʚ, ʧʨʠ ʵʪʦʤ ʬʨʘʭʪʦʚʳʝ ʩʪʘʚʢʠ 

ʥʘ ʪʘʥʢʝʨʳ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʉʇɻ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʝ-

ʢʦʨʜʥʳʭ ʫʨʦʚʥʷʭ. ʇʦ ʜʘʥʥʳʤ Clarksons, ʩʪʘʚʢʠ 

ʬʨʘʭʪʘ ʥʘ ʩʧʦʪʦʚʦʤ ʨʳʥʢʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ 170 

ʪʳʩ. ʜʦʣʣʘʨʦʚ ʚ ʜʝʥʴ. ʉʣʘʙʦʡ ʩʪʦʨʦʥʦʡ ʷʚʣʷʝʪʩʷ ʚʳ-

ʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʜʦʩʪʘʚʢʠ ʥʘ ʨʳʥʢʠ ɸʊʈ ʩ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʥʘ ɹʘʣʪʠʢʝ ʠ ʚ ɸʨʢʪʠʢʝ, ʘ ʪʘʢʞʝ ʦʪʩʫʪ-

ʩʪʚʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʞʠʞʝʥʠʷ ʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʫʯʠʪʳʚʘʷ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʜʦʣʶ ʩʪʦʠʤʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚ ʢʦʥʝʯʥʦʡ ʩʝʙʝ-

ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠ ʩʦ-

ʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʘʟʦʚʦʟʦʚ. ɺ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʜʦʣʞʝʥʠʷ 

çʩʘʥʢʮʠʦʥʥʦʡ ʚʦʡʥʳè ʥʘ ʧʦʚʝʩʪʢʫ ʜʥʷ ʚʩʪʘʣʠ ʨʘʟ-

ʨʘʙʦʪʢʘ ʚ ʈʦʩʩʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʞʠʞʝ-

ʥʠ̫ ʉʇɻ ʠʣʠ ʣʦʢʘʣʠʟʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʨʫ-

ʙʝʞʥʳʭ ʨʝʰʝʥʠʡ. ʂʣʶʯʝʚʘʷ ʨʦʣʴ ʚ ʜʘʥʥʦʤ ʦʪʥʦʰʝ-

ʥʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʪʝʭʥʦʣʦʛʠʠ ʢʨʫʧʥʦʪʦʥʥʘʞʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʇɻ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʝʢʪʝ 

çʉʘʭʘʣʠʥ 2è ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʙʨʠʪʘʥʩʢʦ-

ʥʠʜʝʨʣʘʥʜʩʢʦʛʦ ʢʦʥʮʝʨʥʘ Shell. ʉʦʛʣʘʩʥʦ ʧʨʦʛʥʦ-

ʟʘʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʙʠʟʥʝʩ-ʰʢʦʣʳ çʉʢʦʣ-

ʢʦʚʦè, ʠʤʝʥʥʦ ʦʥʘ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʧʨʠ ʨʘʩʰʠ-

ʨʝʥʠʠ çʉʘʭʘʣʠʥʘ 2è, ʘ ʪʘʢʞʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʘ-

ʚʦʜʘ çɹʘʣʪʠʡʩʢʠʡ ʉʇɻè. ʅʘ ʟʘʚʦʜʝ çʗʤʘʣ ʉʇɻè 

14 ʐʘʚʠʥʘ ɽ.ɺ. ʈʦʩʪ ʧʦʩʪʘʚʦʢ ʨʦʩʩʠʡʩʢʦʛʦ ʉʇɻ. ʏʝʤ 

ʦʪʚʝʪʷʪ ʉʐɸ? // ʇʦʩʪʩʦʚʝʪʩʢʠʡ ʤʘʪʝʨʠʢ. 2018. ˉ 2 (2). 

ʉ. 67-69. 
15 ɺʘʣʴʯʫʢ ʄ.ɽ. ʄʠʨʦʚʦʡ ʨʳʥʦʢ ʉʇɻ: ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ // ɺʝʢʪʦʨ 

ʵʢʦʥʦʤʠʢʠ. 2018. ˉ 1 (19). ʉ. 23. 
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ʧʨʠʤʝʥʷʝʪʩʷ ʩʘʤʘʷ ʧʦʧʫʣʷʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ C3MR 

ʘʤʝʨʠʢʘʥʩʢʦʡ ʢʦʤʧʘʥʠʠ Air Products. ɺ ʥʘʯʘʣʝ 2018 

ʛʦʜʘ çʅʆɺɸʊʕʂè ʟʘʧʘʪʝʥʪʦʚʘʣ ʩʦʙʩʪʚʝʥʥʫʶ ʪʝʭ-

ʥʦʣʦʛʠʶ ʩʨʝʜʥʝʪʦʥʥʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʇɻ 

çɸʨʢʪʠʯʝʩʢʠʡ ʢʘʩʢʘʜè ʜʣʷ ʚʳʧʫʩʢʘ 0,9 ʤʣʥ ʪʦʥʥ 

ʛʘʟʘ ʚ ʛʦʜ. ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʞʠʞʝʥʠʷ ʛʘʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʭʦʣʦʜʘ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʈʦʩʧʘʪʝʥʪ 

ʦʙʥʘʨʦʜʦʚʘʣ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʧʘ-

ʪʝʥʪʘ ʢʦʤʧʘʥʠʠ ʟʘ ʥʦʤʝʨʦʤ RU 2645185 C1 ʥʘ ʚʳ-

ʰʝʫʢʘʟʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʩʞʠʞʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʘ çɸʨʢʪʠʯʝʩʢʠʡ ʢʘʩʢʘʜè ʩʨʦʢʦʤ ʜʝʡʩʪʚʠʷ ʩ 16 

ʤʘʨʪʘ 2017 ʛʦʜʘ, ʢʦʛʜʘ ʇɸʆ çʅʆɺɸʊʕʂè ʧʦʜʘʣ ʟʘ-

ʷʚʢʫ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʪʝʭʥʦʣʦʛʠʠ. çɸʨʢʪʠʯʝʩʢʠʡ 

ʢʘʩʢʘʜè ʵʪʦ ʧʝʨʚʘʷ ʟʘʧʘʪʝʥʪʦʚʘʥʥʘʷ çʅʆ-

ɺɸʊʕʂʦʤè ʪʝʭʥʦʣʦʛʠʷ ʩʞʠʞʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. 

ʊʝʭʥʦʣʦʛʠʷ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʨʦʩʩʠʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʃʦʢʘʣʠʟʘʮʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʉʇɻ-ʧʨʦʝʢʪʦʚ ʧʦ-

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʥʠʞʝʥʠʝ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʠ 

ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ ʉʇɻ-ʧʨʦʝʢʪʦʚ 

ʚ ʈʦʩʩʠʠ. çɻʘʟʧʨʦʤè, ʩʦ ʩʚʦʝʡ ʩʪʦʨʦʥʳ, ʟʘʢʘʟʘʣ ʨʘʟ-

ʨʘʙʦʪʢʫ ʧʦʭʦʞʝʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʢʦʣʦ 1 ʤʣʥ ʪ ʉʇɻ ʅʇʆ çʂʨʠʦʤʘʰè. ɺ ʮʝʣʷʭ ʩʥʠ-

ʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʞʠʞʝʥʥʦʛʦ 

ʛʘʟʘ ï ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʳʥʢʠ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥ-

ʩʢʦʛʦ ʨʝʛʠʦʥʘ ï çʅʆɺɸʊʕʂè ʧʣʘʥʠʨʫʝʪ ʪʘʢʞʝ ʧʦ-

ʩʪʨʦʠʪʴ ʧʝʨʝʛʨʫʟʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʂʘʤʯʘʪʢʝ 

ʤʦʱʥʦʩʪʴʶ 20 ʤʣʥ ʪʦʥʥ ʉʇɻ ʚ ʛʦʜ (ʝʛʦ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʦ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 60 ʤʣʨʜ ʨʫʙʣʝʡ). ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʩʦʢʨʘʪʠʪʴ ʩʨʦʢ ʧʦʩʪʘʚʦʢ ʛʘʟʘ ʚ ɸʟʠʶ ʩ 36 ʜʦ 19 

ʜʥʝʡ, ʘ ʟʘʪʨʘʪʳ ʩ 2,49 ʜʦʣʣʘʨʘ ʜʦ 1,65 ʜʦʣʣʘʨʘ ʟʘ 

MBTU: ʩʳʨʴʝ ʙʫʜʝʪ ʧʦʩʪʘʚʣʷʪʴʩʷ ʧʦ ʚʦʩʪʦʯʥʦʤʫ 

ʤʘʨʰʨʫʪʫ ʯʝʨʝʟ ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ. 

ɺ ʮʝʣʦʤ, ʠʥʪʝʨʝʩ ʢ ʉʇɻ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʦʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʩ-

ʪʦʯʥʠʢʦʚ ʠ ʬʦʨʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʥʘʙʞʝʥʠʷ ʧʦ-

ʪʨʝʙʠʪʝʣʝʡ16. ɿʜʝʩʴ ʪʘʢʞʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: ʧʦʚʳ-

ʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʨʠ-

ʤʝʥʝʥʠʷ ʙʦʣʝʝ ʜʝʰʝʚʦʛʦ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ (ʉʇɻ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʦʧʣʠʚʦʤ (ʜʠʟʝʣʴʥʦʝ 

ʪʦʧʣʠʚʦ ʠ ʪ. ʜ); ʫʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘ-

ʥʦʚʢʠ ʚ ʨʘʡʦʥʝ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝ-

ʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ (ʉʇɻ) ʩ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʧʨ. ɺʥʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʠʭ ʧʨʦʛʥʦʟʦʚ, ʦʧʪʠʤʠʟʘʮʠʷ ʟʘ-

ʪʨʘʪ ʧʦ ʚʩʝʡ ʮʝʧʦʯʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʞʠʞʝʥʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ: ʦʪ ʜʦʙʳʯʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʦ 

ʤʦʨʩʢʦʡ ʣʠʥʠʠ, ʜʦ ʧʦʩʪʘʚʦʢ ʠ ʨʝʛʘʟʠʬʠʢʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʨʝʡʜʠʥʛʘ ʉʇɻ 

ʚʳʩʪʫʧʘʶʪ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʪʨʘʪʝʛʠʠ ʨʦʩʩʠʡ-

ʩʢʠʭ ʢʦʤʧʘʥʠʡ ʚ ʫʢʘʟʘʥʥʦʡ ʩʬʝʨʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʉʇɻ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʤʦʨʩʢʦʡ ʣʠ-

ʥʠʠ ʜʦʣʞʥʦ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʪʨʸʭ ʙʣʦʢʘʭ: ʧʦʠʩʢ ʦʧ-

ʪʠʤʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʜʦʩʪʘʚʢʠ ʉʇɻ; ʚʳʙʦʨ ʤʝʪʦʜʘ 

ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ; ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ. 
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ʂʦʪʦʚ ɺʘʣʝʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʢʘʬʝʜʨʘ ñʕʣʝʢʪʨʦʥʠʢʠ ʠ ʩʨʝʜʩʪʚ ʩʚʷʟʠò  

ʬʘʢʫʣʴʪʝʪ ñʀʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠò 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ 

 

ʉʀʉʊɽʄɸ ʀʅʉʇɽʂʎʀʀ ʅɸʇʆʃʅɽʅʅʆʉʊʀ ʊɸʈʓ,  
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EMPTY AND FILLED BOTTLE INSPECTION USING COMPUTER VISION  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ (AVIS), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʟʘʤʝʥʠʪʴ 

ʦʩʤʦʪʨ ʢʘʯʝʩʪʚʘ ʯʝʣʦʚʝʢʦʤ ʚ ʧʦʣʴʟʫ ʩʠʩʪʝʤʳ. ʆʧʠʩʘʥʳ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʙʫʪʳʣʦʢ ʚ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʈʘʩʧʠʩʘʥ ʤʝʭʘʥʠʟʤ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʜʥʘ ʠ ʢʨʳʰʢʠ, ʘ ʪʘʢ ʞʝ ʫʨʦʚʝʥʴ ʟʘʧʦʣʥʝ-

ʥʠʷ ʞʠʜʢʦʩʪʠ.  

Abstract. 

This article discusses the Automated Visual Inspection System (AVIS), designed for quality control in the 

manufacturing industry and is intended to replace quality inspection by a person in favor of the system. Describes 

how to control bottles in the manufacturing industry. The mechanism for detecting defects of the bottom and the 

lid. And control of fluid fill  level. 

 

ʂʣʁʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʚʝʨʢʘ ʬʦʨʤʳ ʙʫʪʳʣʢʠ, ʢʨʫʛʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʍʘʬʘ, ʟʘʧʦʣʥʝʥʠʝ ʞʠʜʢʦʩʪʴʶ, 

ʫʜʘʣʝʥʠʝ ʛʨʘʥʠʮʳ 

Keywords: Bottle Shape Inspection, Circular Hough Transform, Liquid Fill, Boundary Extraction 

 

ʉʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʢʦʤʧʴʶʪʝʨʳ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʧʦʥʠ-

ʤʘʥʠʷ ʯʪʦ ʟʘ ʦʙʲʝʢʪ ʦʥʠ ʠʟʫʯʘʶʪ ʠʩʭʦʜʷ ʠʟ ʠʟʦʙʨʘ-

ʞʝʥʠʷ ʠʣʠ ʤʘʩʩʠʚʘ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʩʠ-

ʩʪʝʤ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʚʳ-

ʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʦ 

ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɺʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ 

ʣʶʜʴʤʠ ʠʤʝʝʪ ʤʥʦʛʦ ʥʝʜʦʩʪʘʪʢʦʚ. ʕʪʦ ʜʦʚʦʣʴʥʦ 

ʫʪʦʤʠʪʝʣʴʥʦ ʠ ʦʪʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ 

ʦʩʤʦʪʨʘ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝ-

ʯʘʪʥʳʭ ʧʣʘʪ, ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʪʣʠʪʦʛʦ ʤʝʪʘʣʣʠ-

ʯʝʩʢʦʛʦ ʠʟʜʝʣʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʮʝʣʦʩʪʥʦʩʪʠ ʫʧʘ-

ʢʦʚʢʠ, ʧʨʘʚʠʣʴʥʦʩʪʠ ʬʦʨʤʳ ʙʫʪʳʣʦʢ ʠ ʪʘʢ ʜʘʣʝʝ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʙʫʪʳʣʦʢ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʤʝʞʜʫ ʩʪʝʢʣʷʥʥʦʡ ʙʫʪʳʣʢʦʡ ʠ 

ʧʣʘʩʪʠʢʦʚʦʡ, ʜʝʬʝʢʪʳ ʚ ʬʦʨʤʝ ʧʣʘʩʪʠʢʦʚʳʭ ʙʫʪʳ-

ʣʦʢ, ʧʨʦʚʝʨʢʫ ʥʘ ʧʨʝʜʤʝʪ ʧʝʨʝʧʦʣʥʝʥʠʷ, ʥʝʜʦʩʪʘ-

ʪʦʯʥʦʛʦ ʠʣʠ ʥʝʥʘʜʣʝʞʘʱʝʛʦ ʟʘʧʦʣʥʝʥʠʷ ʞʠʜʢʦ-

ʩʪʴʶ, ʨʘʟʤʝʱʝʥʠʷ ʢʨʳʰʢʠ, ʧʨʦʚʝʨʢʠ ʵʪʠʢʝʪʢʠ, ʠ 

ʪ.ʜ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʣʠʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʥʝ ʦʜʠʥʘ-

ʢʦʚʳ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʳ ʨʘʟʥʳʝ ʤʝʪʦʜʳ. ɺ ʵʪʦʡ 

ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʜʝʬʝʢ-

ʪʦʚ, ʧʨʦʚʝʨʢʝ ʛʦʨʣʘ ʠ ʜʥʘ ʙʫʪʳʣʢʠ, ʫʨʦʚʥʷ ʟʘʧʦʣʥʝ-

ʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʢʨʳʰʢʠ ʟʘʧʦʣʥʝʥʥʦʡ ʙʫʪʳʣʢʠ. 

ʀʥʩʧʝʢʮʠʷ ʪʘʨʳ 

ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʙʫʪʳʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ 

ʵʪʘʧʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʈʠʩ.1.  

ʇʝʨʚʳʡ ʧʫʩʪʘʷ ʙʫʪʳʣʢʘ ʧʨʦʚʝʨʷʝʪʩʷ, ʦʙʱʘʷ 

ʬʦʨʤʘ, ʬʦʨʤʘ ʛʦʨʣʘ ʠ ʮʝʥʪʨʦʚʢʘ ʜʥʘ. ɽʩʣʠ ʚʩʝ ʧʘ-

ʨʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʜʘʥʥʳʤ, ʞʠʜʢʦʩʪʴ ʥʘʣʠ-

ʚʘʝʪʩʷ ʠ ʧʨʦʚʝʨʷʝʪʩʷ ʫʨʦʚʝʥʴ ʟʘʧʦʣʥʝʥʠʷ. ʀ ʯʝʪʚʝʨ-

ʪʳʤ ʵʪʘʧʦʤ ʨʘʟʤʝʱʘʝʪʩʷ ʢʨʳʰʢʘ, ʠ ʧʨʦʚʝʨʷʝʪʩʷ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʝʸ ʫʩʪʘʥʦʚʢʠ. 

  
ʈʠʩʫʥʦʢ 1. ʕʪʘʧʳ ʩʠʩʪʝʤʳ ʠʥʩʧʝʢʮʠʠ ʥʘʧʦʣʥʝʥʥʦʩʪʠ ʙʫʪʳʣʢʠ 

 

ʀʟʤʝʨʝʥʠʝ ʬʦʨʤʳ ʧʫʩʪʦʡ ʪʘʨʳ 

ʅʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʬʦʨʤʳ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʙʫʪʳʣʦʢ ʤʝʞʜʫ 

ʢʦʥʚʝʡʝʨʘʤʠ. ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʟʘʧʦʣʥʝʥʠʝʤ ʙʫʪʳʣʦʢ ʞʠʜʢʦʩʪʴʶ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʝʸ ʬʦʨʤʫ.  
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ɸ  ɹ ɺ  ɻ 

ʈʠʩʫʥʦʢ 2. (ɸ) ʦʨʠʛʠʥʘʣʴʥʦʝ ʬʦʪʦ, (ɹ) ʙʠʥʘʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ,  

(ɺ) ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʰʫʤʘ, (ɻ) ʛʨʘʥʠʮʳ ʠʟʚʣʝʯʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

 

ʂʘʢ ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2 (ɸ) ʦʨʠʛʠʥʘʣʴʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʙʫʪʳʣʢʠ ʩʥʠʤʘʝʪʩʷ ʩ ʯʝʨʥʳʤ ʬʦʥʦʤ, 

(ɹ) ʠʩʧʦʣʴʟʫʷ ʙʠʥʘʨʠʟʘʮʠʶ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʘʝʤ 

ʤʦʥʦʭʨʦʤʥʦʝ, ʢʦʥʪʨʘʩʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʙʫʪʳʣʢʠ, 

(ɺ) ʫʜʘʣʷʶʪʩʷ ʠʟʣʠʰʢʠ ʚ ʚʠʜʝ ʟʘʩʚʝʪʦʚ ʥʘ ʬʦʥʝ ʠ 

ʛʨʘʥʠʮʝ ʙʫʪʳʣʢʠ, (ɻ) ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʠʟʚʣʝʯʝʥʠʷ 

ʛʨʘʥʠʮ, ʠʟʚʣʝʢʘʝʪʩʷ ʛʨʘʥʠʮʘ ʙʫʪʳʣʢʠ.  

ɼʘʣʝʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʨʘʥʠʮʳ ʩʢʘʥʠʨʫʝʪʩʷ ʠ ʚʳ-

ʯʠʩʣʷʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʨʘ-

ʥʠʯʥʳʤʠ ʪʦʯʢʘʤʠ, ʨʠʩʫʥʦʢ 3 (ɸ). ɼʣʷ ʚʳʙʦʨʘ ʛʨʘ-

ʥʠʯʥʳʭ ʪʦʯʝʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʡ ʠʥ-

ʪʝʨʚʘʣ ʚ 25 ʧʠʢʩʝʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪʩʷ 

ʤʘʪʨʠʮʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʨʠʩʫʥʦʢ 3 (ɹ). 

ʅʘ ʨʠʩʫʥʢʝ 3 (ɺ) ʠʟʦʙʨʘʞʝʥʘ ʜʝʬʝʢʪʠʚʥʘʷ ʙʫʪʳʣʢʘ 

ʩ ʤʘʪʨʠʮʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. 3 (ɻ) ʀʟʦʙ-

ʨʘʞʝʥʠʝ ʜʝʬʝʢʪʘ. 

 

 
ɸ  ɹ   ɺ  ɻ 

ʈʠʩʫʥʦʢ 3. ʉʢʘʥʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

 

ʀʥʩʧʝʢʮʠʷ ʜʥʘ ʠ ʛʦʨʣʳʰʢʘ 

ɽʩʣʠ ʬʦʨʤʘ ʙʫʪʳʣʢʠ ʧʨʘʚʠʣʴʥʘ, ʪʦ ʨʘʜʠʫʩ ʛʦʨʣʳʰʢʘ ʠ ʜʥʘ ʠʱʝʪʩʷ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʨʫʛʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʘʬʘ ʜʣʷ ʧʦʠʩʢʘ ʦʢʨʫʞʥʦʩʪʝʡ, ʨʠʩʫʥʦʢ 4(ɸ). ɼʣʷ ʧʦʠʩʢʘ ʨʝʙʝʨ ʦʙʲʝʢʪʘ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʦʧʝʨʘʪʦʨʳ ʉʦʙʝʣʷ ʠʣʠ ʂʵʥʥʠ, ʨʠʩʫʥʦʢ 4(ɹ). 
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ɸ    ɹ 

 

ʈʠʩʫʥʦʢ 4. (ɸ) ɼʥʦ ʙʫʪʳʣʢʠ ʦʨʠʛʠʥʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ,  

(ɹ) ʜʥʦ ʙʫʪʳʣʢʠ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʦʧʝʨʘʪʦʨʘ ʂʵʥʥʠ 

 

ʉʧʝʨʚʘ ʢ ʠʟʦʙʨʘʞʝʥʠʶ ʧʨʠʤʝʥʷʝʪʩʷ ʬʠʣʴʪʨ 

ɻʘʫʩʩʘ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ. ɻʨʘʜʠʝʥʪ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨ-

ʤʫʣʝ 1, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʟʘʜʘʸʪʩʷ ʬʦʨʤʫʣʦʡ 

2. 

 
ʇʨʠ ʚʳʙʦʨʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʦʜʘʚʣʝ-

ʥʠʷ, ʪʝʨʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʩʝ ʜʝʪʘʣʠ, ʥʦ ʠ ʩʘʤʘ ʣʠʥʠʷ 

ʜʥʘ (ʩʪʘʥʦʚʠʪʩʷ ʪʦʥʢʦʡ), ʠ ʥʝ ʚʩʝʛʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʝʨʥʦ, ʧʦ ʵʪʦʤʫ ʫʨʦʚʝʥʴ ʧʦʜʘʚʣʝʥʠʷ ʜʝʣʘʶʪ ʥʠʞʝ 

ʩʨʝʜʥʝʛʦ, ʥʦ ʧʦʚʪʦʨʷʶʪ ʧʨʦʮʝʩʩ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ ʫʜʘʝʪʩʷ ʜʦʩʪʠʛʥʫʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳ-

ʨʘʞʝʥʥʫʶ ʦʢʨʫʞʥʦʩʪʴ ʜʥʘ ʙʫʪʳʣʢʠ. 

ʄʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʢʨʫʛʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʦʠʩʢʘ ʮʝʥʪʨʘ ʠ ʨʘʜʠʫʩʘ ʢʨʫʛʘ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʦʢʨʫʞʥʦʩʪʝʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʤʝʪʦʜ ʢʨʫʛʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʦʫ. ʕʪʦʪ 

ʧʦʜʭʦʜ ʙʳʣ ʧʨʠʥʷʪ ʠʟ-ʟʘ ʩʚʦʝʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʠ ʰʫʤʘ, ʠ ʥʝʧʨʠʭʦʪʣʠʚʦʩʪʠ ʢ 

ʦʩʚʝʱʝʥʠʶ. ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʦʢʨʫʞʥʦ-

ʩʪʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ:  

 

 
 

ɻʜʝ a,i ï ʮʝʥʪʨʳ ʦʢʨʫʞʥʦʩʪʠ, r ï ʨʘʜʠʫʩ. 

 ʧʨʦʠʟʚʦʣʴʥʳʝ ʛʨʘʥʠʯʥʳʝ ʪʦʯʢʠ, ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʥʳʝ ʚ ʧʨʘʚʳʡ ʢʨʫʛʦʚʦʡ ʢʦʥʫʩ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʘʨʘʤʝʪʨʦʚ (a, b, r). ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʦʥʫʩʦʚ ʷʚ-

ʣʷʝʪʩʷ ʦʜʥʘ ʪʦʯʢʘ ʚ (a, b, r), ʝʩʣʠ ʪʦʯʢʠ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʣʝʞʘʪ ʥʘ ʦʢʨʫʞʥʦʩʪʠ. 

ʂʣʘʩʩʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʍʦʫ ʪʨʝʙʫʝʪ 3ʭ 

ʤʝʨʥʳʡ ʤʘʩʩʠʚʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʛʦʣʦʩʦʚʘʥʠʡ ʜʣʷ ʥʝ-

ʩʢʦʣʴʢʠʭ ʨʘʜʠʫʩʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʪʨʝʙʦ-

ʚʘʥʠʷʤ ʢ ʭʨʘʥʝʥʠʶ ʠ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʘʤ ʦʙʨʘ-

ʙʦʪʢʠ. ʌʘʟʦʚʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʨʝʰʘʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ, 

ʠʩʧʦʣʴʟʫʷ ʦʜʠʥ 2ʭ ʤʝʨʥʳʡ ʤʘʩʩʠʚ ʜʣʷ ʚʩʝʭ ʨʘʜʠʫ-

ʩʦʚ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʩʯʝʪʘ: 

ɺʳʯʠʩʣʝʥʠʝ ʤʘʩʩʠʚʘ: 

ʇʠʢʩʝʣʠ ʩ ʚʳʩʦʢʠʤ ʛʨʘʜʠʝʥʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʢʘʢ ʧʠʢʩʝʣʠ-ʢʘʥʜʠʜʘʪʳ, ʢʦʪʦʨʳʤ ʨʘʟʨʝʰʝʥʦ 

ʧʦʜʘʚʘʪʴ "ʛʦʣʦʩʘ" ʚ ʤʘʩʩʠʚʝ. ʇʠʢʩʝʣʠ ʚʦʢʨʫʛ ʥʠʭ 

ʦʙʨʘʟʫʶʪ ʧʦʣʥʳʡ ʢʨʫʛ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʫʩʘ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
ʈʠʩʫʥʦʢ 5. ʂʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʛʦʣʦʩʦʚʘʥʠʷ 
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ʆʮʝʥʢʘ ʮʝʥʪʨʘ: 

ɻʦʣʦʩʘ ʧʠʢʩʝʣʝʡ-ʢʘʥʜʠʜʘʪʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʢʨʫʛʫ, ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʷʯʝʡʢʝ 

ʤʘʩʩʠʚʘ ʥʘʢʦʧʠʪʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʮʝʥʪʨʫ 

ʢʨʫʛʘ. ʇʦʵʪʦʤʫ, ʮʝʥʪʨʳ ʢʨʫʛʘ ʦʮʝʥʝʥʳ ʧʫʪʝʤ ʦʙʥʘ-

ʨʫʞʠʚʘʪʴ ʧʠʢʠ ʚ ʤʘʩʩʠʚʝ. 

ʆʮʝʥʢʘ ʨʘʜʠʫʩʘ: 

ɺ ʤʝʪʦʜʝ ʬʘʟʦʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʤʘʩʩʠʚʝ ʥʘʢʦʧʠʪʝʣʝʡ ʩ ʠʥ-

ʬʦʨʤʘʮʠʝʡ ʨʘʜʠʫʩʘ, ʟʘʢʦʜʠʨʦʚʘʥʥʦʡ ʚ ʬʘʟʝ ʟʘʧʠʩʝʡ 

ʤʘʩʩʠʚʘ. ɻʦʣʦʩʘ, ʧʦʜʘʥʥʳʝ ʧʠʢʩʝʣʷʤʠ ʢʨʘʷ, ʩʦʜʝʨ-

ʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʦ ʚʦʟʤʦʞʥʳʭ ʤʝʩʪʦʧʦ-

ʣʦʞʝʥʠʷʭ ʮʝʥʪʨʘ, ʥʦ ʠ ʦ ʨʘʜʠʫʩʝ ʦʢʨʫʞʥʦʩʪʠ, ʩʚʷ-

ʟʘʥʥʦʡ ʩ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʮʝʥʪʨʘ. ʈʘʜʠʫʩ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʧʨʦʩʪʳʤ ʜʝʢʦʜʠʨʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʬʘʟʝ ʠʟ ʨʘʩʯʝʪʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʚ ʤʘʩʩʠʚʝ 

ʥʘʢʦʧʠʪʝʣʝʡ. 

ʋʨʦʚʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʢʨʳʰʢʠ 

ʇʦʩʣʝ ʦʩʤʦʪʨʘ ʛʦʨʣʳʰʢʘ ʠ ʜʥʘ ʧʫʩʪʦʡ ʙʫ-

ʪʳʣʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʝʸ ʟʘʧʦʣʥʝʥʠʝ ʠ ʫʩʪʘʥʦʚʢʘ 

ʢʨʳʰʢʠ. ʅʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʠ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʢʨʳʰʢʠ. 

ʉʧʝʨʚʘ, ʟʘʭʚʘʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʦʙʨʘ-

ʟʫʶʪ ʚ ʤʦʥʦʭʨʦʤ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʜʘʣʝʝ ʧʦ ʪʘʢʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ ʢʘʢ 

ʠ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʠ ʧʦʠʩʢʝ ʢʨʘʝʚ ʙʫʪʳʣʢʠ ʮʝʣʠ-

ʢʦʤ, ʧʨʠʤʝʥʷʝʪʩʷ ʦʧʝʨʘʪʦʨ ʉʦʙʝʣʷ ʠʣʠ ʂʵʥʥʠ, ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʠʥʠʡ. ɼʣʷ ʫʪʦʯʥʝ-

ʥʠʷ ʛʨʘʥʠʮ ʢʨʳʰʢʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʢʨʘʝʚ ʂʵʥʥʠ. ʇʨʦʠʩʭʦʜʠʪ ʩʚʝʨʪʢʘ ʠʟʦʙʨʘ-

ʞʝʥʠʷ ʧʨʠʤʝʥʷʷ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʤʘʩʢʫ, ʜʘʣʝʝ ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʰʫʤʦʧʦʜʘʚʣʝʥʠʝ. ɺʩʝ ʵʪʠ ʰʘʛʠ 

ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 

 
ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘ ʧʦ ʧʦʠʩʢʫ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʠʥʠʡ ʧʨʦʙʢʠ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

3 ʢʘʤʝʨʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 7. ʂʘʤʝʨʘ 1 ʠ ʢʘ-

ʤʝʨʘ 3 ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʭʚʘʪʘ ʠʟʦʙʨʘʞʝʥʠʡ 

ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʥʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚʳʰʝ ʠ ʥʠʞʝ ʙʫʪʳʣʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʬʦʢʫʩ ʢʘ-

ʤʝʨʳ 1 ʠ ʢʘʤʝʨʳ 3 ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʦʩʠ. ʂʘʤʝʨʘ 2 

ʨʘʩʧʦʣʦʞʝʥʘ ʪʦʯʥʦ ʧʝʨʝʜ ʙʫʪʳʣʢʦʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ ʦʥʘ ʟʘʭʚʘʪʳʚʘʝʪ ʢʨʳʰʢʫ ʠ ʫʨʦʚʝʥʴ ʟʘʧʦʣʥʝʥʠʷ 

ʙʫʪʳʣʢʠ. ʉʥʠʤʢʠ, ʩʜʝʣʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ 

ʚʭʦʜʷʪ ʚ ʩʠʩʪʝʤʫ ʧʨʦʚʝʨʢʠ, ʢʦʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʚʳʜʝʣʷʝʪ ʪʨʝʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ. ɼʝ-

ʪʘʣʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʙʫʪʳʣʢʠ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ.1. 

 

 
ʈʠʩʫʥʦʢ 7. ʈʘʩʧʦʣʦʞʝʥʠʝ ʢʘʤʝʨ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ 
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ʊʘʙʣʠʮʘ 1. 

ʇʘʨʘʤʝʪʨʳ ʚʠʜʝʦʟʘʧʠʩʠ 

ʏʘʩʪʦʪʘ ʢʘʜʨʦʚ 30 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ 

ʈʘʟʤʝʨ ʢʘʞʜʦʛʦ ʢʘʜʨʘ (ʚ ʧʠʢʩʝʣʷʭ) 480 ʭ 640 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʜʨʦʚ ʜʣʷ ʦʜʥʦʡ ʙʫʪʳʣʢʠ 750-800 

ʆʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʜʨʦʚ 375-400 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʢʘʤʝʨʳ ʜʦ ʙʫʪʳʣʢʠ ɺ ʩʨʝʜʥʝʤ 30-35 ʩʤ 

ʌʦʥ ʜʣʷ ʦʮʝʥʢʠ ʬʦʨʤʳ ʯʝʨʥʳʡ 

ʌʦʥ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʫʨʦʚʥʷ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʨʳʰʢʠ ʙʝʣʳʡ 

 

ɺ ʵʪʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʙʫʪʳʣʢʠ ʜʚʠʛʘʶʪʩʷ ʧʦ ʢʦʥʚʝʡʝʨʥʦʡ ʣʝʥʪʝ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʣʝʥʪʳ, ʯʠʩʣʦ ʢʘʜʨʦʚ ʜʣʷ ʢʘʞʜʦʡ ʙʫʪʳʣʢʠ ʧʝʨʝʤʝʥʥʦ. ʊʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʘʨʫʞʠʪʴ ʦʧʪʠʤʘʣʴ-

ʥʳʡ ʨʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʙʫʪʳʣʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʘ ʥʘʭʦʜʠʣʘʩʴ ʚ 

ʮʝʥʪʨʝ ʢʘʜʨʘ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ʦʙʥʘʨʫʞʝʥʠʷ, ʠ ʝʩʣʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʨʘʡ 

ʙʫʪʳʣʢʠ ʣʝʞʠʪ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʠʟʦʙʨʘʞʝʥʠʝ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ. 

 
ʈʠʩʫʥʦʢ 8. ʇʨʠʤʝʨ ʚʝʨʥʦ ʟʘʭʚʘʯʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

 

ɻʦʨʣʳʰʢʦ ʙʫʪʳʣʢʠ ʷʚʣʷʝʪʩʷ ʵʪʘʣʦʥʥʳʤ ʟʥʘʯʝʥʠʝʤ (ref.line). ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʠ 1 

(Line 1) ʚʳʩʯʠʪʳʚʘʝʪʩʷ ʧʦʧʠʢʩʝʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʘʣʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʟʘ-

ʜʘʥʥʳʤ ʨʘʟʤʝʨʦʤ ʢʨʳʰʢʠ, ʝʩʣʠ ʦʪʢʣʦʥʝʥʠʷ ʥʝʪ ʠʣʠ ʦʥʦ ʥʝ ʩʫʱʝʩʪʚʝʥʥʦ, ʪʦ ʢʨʳʰʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚʝʨʥʦ. 

 

 
ʈʠʩʫʥʦʢ 9. ʇʨʘʚʠʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʢʨʳʰʢʠ 

 

ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʥʘʧʦʣʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʵʪʘʣʦʥʥʦʡ ʣʠʥʠʠ, ʜʦ ʣʠʥʠʠ 

ʥʘʧʦʣʥʝʥʠʷ ʞʠʜʢʦʩʪʴʶ (Line 2) ʨʠʩʫʥʦʢ 8. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʵʪʘʣʦʥʥʳʤ. ɽʩʣʠ ʩʦʦʪʥʦ-

ʰʝʥʠʝ ʚʝʨʥʦ, ʪʦ ʫʨʦʚʝʥʴ ʥʘʧʦʣʥʝʥʠʷ ʚʝʨʥʳʡ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʦʮʝʥʢʘ ʜʝʬʝʢʪʠʚʥʦʩʪʠ ʜʥʘ ʙʫʪʳʣʢʠ, ʨʠ-

ʩʫʥʦʢ 10.  
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ɸ    ɹ 

ʈʠʩʫʥʦʢ 10. (ɸ) ʜʝʬʝʢʪʥʘʷ ʙʫʪʳʣʢʘ,  

(ɹ) ɼʝʬʝʢʪ ʦʙʥʘʨʫʞʝʥ ʧʦ ʤʝʥʴʰʝʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ 

 

ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʙʫʪʳʣʢʠ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʬʦʨʤʳ ʠ ʜʝʬʝʢʪʦʚ ʛʦʨʣʳʰʢʘ ʠʣʠ ʜʥʘ ʠʟʤʝʨʷʝʪʩʷ ʨʘʜʠʫʩ ʜʥʘ 

ʙʫʪʳʣʢʠ ʠ ʧʨʦʚʝʨʷʝʪʩʷ ʚʳʨʘʚʥʠʚʘʥʠʝ ʛʦʨʣʘ ʠ ʜʥʘ. ʅʘ ʨʠʩʫʥʢʝ 11 ʧʦʢʘʟʳʚʘʝʪʩʷ ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʦʢʨʫʞ-

ʥʦʩʪʴ ʙʫʪʳʣʢʠ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʠʭ ʮʝʥʪʨ, ʘ ʪʘʢʞʝ ʨʘʜʠʫʩ. ʅʘ ʨʠʩʫʥʢʝ 12 ʧʦʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʣʫʯʘʠ ʧʨʦ-

ʚʝʨʢʠ ʜʣʷ ʩʪʝʢʣʷʥʥʦʡ ʙʫʪʳʣʢʠ. ɺʝʨʥʳʡ ʫʨʦʚʝʥʴ ʟʘʧʦʣʥʝʥʠʷ, ʥʦ ʢʨʳʰʢʘ ʦʪʩʫʪʩʪʚʫʝʪ. ʂʨʳʰʢʘ ʥʘ ʤʝʩʪʝ, ʥʦ 

ʫʨʦʚʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʥʝʚʝʨʝʥ. ʅʝʪ ʥʠ ʢʨʳʰʢʠ ʥʠ ʥʘʧʦʣʥʝʥʠʷ. ɽʩʪʴ ʢʨʳʰʢʘ ʥʦ ʥʝʪ ʥʘʧʦʣʥʝʥʠʷ. ɸʥʘʣʦʛʠʯ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 13 ʠ ʨʠʩʫʥʢʝ 14 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
ʈʠʩʫʥʦʢ 11. ʉʦʦʪʥʦʰʝʥʠʝ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʦʢʨʫʞʥʦʩʪʠ ʩʪʝʢʣʷʥʥʦʡ ʙʫʪʳʣʢʠ 

 

 
ʈʠʩʫʥʦʢ 12. ʇʨʠʤʝʨʳ ʥʝʚʝʨʥʦ ʥʘʧʦʣʥʝʥʥʳʭ ʠʣʠ ʟʘʢʨʳʪʳʭ ʩʪʝʢʣʷʥʥʳʭ ʙʫʪʳʣʦʢ 
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ʈʠʩʫʥʦʢ 13. ʉʦʦʪʥʦʰʝʥʠʝ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʦʢʨʫʞʥʦʩʪʠ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ 

 

 
ɸ   ɹ   ɺ   ɻ 

ʈʠʩʫʥʦʢ 14. (ɸ) ʚʝʨʥʳʡ ʫʨʦʚʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʢʨʳʰʢʠ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ,  

(ɹ) ʚʝʨʥʳʡ ʫʨʦʚʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʦʪʩʫʪʩʪʚʠʝ ʢʨʳʰʢʠ, (ɺ) ʚʝʨʥʳʡ ʫʨʦʚʝʥʴ ʟʘʧʦʣʥʝʥʠʷ, ʙʨʘʢ ʢʨʳʰʢʠ,  

(ɻ) ʥʝʚʝʨʥʳʡ ʫʨʦʚʝʥʴ ʟʘʧʦʣʥʝʥʠʷ, ʢʨʳʰʢʘ ʨʘʟʤʝʱʝʥʘ ʚʝʨʥʦ 

 

ʇʨʠ ʦʧʠʩʘʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʨʘʟʣʠʯʥʳʝ ʙʫʪʳʣʢʠ ʠʩʧʳʪʳʚʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʦʩʚʝʱʝʥʠʷ. ɽʩʣʠ ʩʚʝʪ ʥʝʧʨʘʚʠʣʴʥʳʡ, ʪʦ ʢʨʘʷ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʝʤ, ʠ 

ʠʤʝʝʪ ʤʝʩʪʦ ʣʦʞʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ. ɸʥʘʣʠʟ ʜʣʷ ʦʩʤʦʪʨʘ ʬʦʨʤʳ, ʩʦʦʪʥʦʰʝʥʠʝ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʦʢʨʫʞʥʦ-

ʩʪʠ ʪʘʢ ʞʝ, ʢʘʢ ʫʨʦʚʥʷ ʟʘʧʦʣʥʝʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʢʨʳʰʢʠ ʧʦʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 2. ɽʩʣʠ ʩʚʝʪ ʧʨʘʚʠʣʴʥʳʡ ʠ 

ʟʘʭʚʘʯʝʥʥʳʡ ʢʘʜʨ ʠʤʝʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʩʚʝʱʝʥʠʝ ʠ ʢʦʥʪʨʘʩʪ ʪʦ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʩ ʪʦʯʥʦʩʪʴʶ ʧʨʠʙʣʠ-

ʞʝʥʥʦʡ ʢ 100%. 

ʊʘʙʣʠʮʘ 2. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʢʠ 

 
ʂʦʣʠʯʝʩʪʚʦ ʪʝʩʪʠʨʦʚʘʥ-

ʥʳʭ ʙʫʪʳʣʦʢ 

ʂʦʣʠʯʝʩʪʚʦ ʚʝʨʥʦʡ 

ʘʥʘʣʠʪʠʢʠ 

ʊʦʯ-

ʥʦʩʪʴ 

ʀʟʤʝʨʝʥʠʝ ʬʦʨʤʳ ʙʫʪʳʣʢʠ 15 13 86% 

ʩʦʦʪʥʦʰʝʥʠʝ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʦʢʨʫʞ-

ʥʦʩʪʠ 
50 47 94% 

ʋʨʦʚʝʥʴ ʥʘʧʦʣʥʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʢʨʳʰʢʠ ʧʨʠ ʨʘʟʥʦʤ ʦʩʚʝʱʝʥʠʠ 
75 66 88% 

ʋʨʦʚʝʥʴ ʥʘʧʦʣʥʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʢʨʳʰʢʠ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʦʩʚʝʱʝʥʠʠ 
75 75 100% 

ʂʘʢ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ, ʢʘʞʜʘʷ ʚ ʦʪʜʝʣʴʥʦ-

ʩʪʠ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʩʧʨʘʚʣʷʝʪʩʷ ʩʦ ʩʚʦʝʡ ʟʘʜʘʯʝʡ ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʪʦʣʴʢʦ 

ʧʨʠʤʝʥʷʷ ʵʪʠ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦ, ʤʦʞʥʦ ʛʘʨʘʥʪʠ-

ʨʦʚʘʪʴ 100% ʚʝʨʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʜʝ-

ʬʝʢʪʦʚ. 
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ʋɼʂ 004 

ʂʫʟʥʝʮʦʚ ɸʣʝʢʩʘʥʜʨ ʀʛʦʨʝʚʠʯ 

ʩʪʫʜʝʥʪ ʯʝʪʚʝʨʪʦʛʦ ʢʫʨʩʘ  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʞʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ  
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REFLECTION DDoS ATTACKS BY CREATING a BGP BLACK HOLE  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩ ʦ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʣʶʙʦʛʦ ʩʝʨʚʠʩʘ ʷʚʣʷʝʪʩʷ ʢʨʘʝʫʛʦʣʴ-

ʥʳʤ ʢʘʤʥʝʤ ʨʘʙʦʪʳ ʚʩʝʭ ʢʦʤʧʘʥʠʡ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʘʪʘʢʠ ʥʘ ʩʝʨʚʠʩʳ ʷʚʣʷʝʪʩʷ DDoS ʘʪʘʢʘ. ɺ ʜʘʥ-

ʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʦʪʨʘʞʝʥʠʷ ʘʪʘʢʠ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʯʝʨʥʦʡ ʜʳʨʳ.  

Abstract. 

Currently, the question of maintaining the performance of any service is the cornerstone of the work of all 

companies. One of the variants of attack on services is DDoS attack. This article will discuss the method of repel-

ling an attack by creating a black hole.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: BGP, DDoS, Network, Cisco, ISP, AS. 

Keywords: BGP, DDoS, Network, Cisco, ISP, AS. 

 

DDoS ʘʪʘʢʘ - ʤʘʩʩʠʚʥʘʷ ʘʪʘʢʘ ʥʘ ʩʝʪʴ ʩ ʮʝʣʴʶ 

ʦʪʢʘʟʘ ʵʪʦʡ ʩʘʤʦʡ ʩʝʪʠ, ʪʦ ʝʩʪʴ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʣʴʟʦʚʘʪʝʣʠ ʥʝ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤ ʩʝʨʚʠʩʘʤ, ʣʠʙʦ ʵʪʦʪ ʜʦʩʪʫʧ ʟʘ-

ʪʨʫʜʥʸʥ. ɼʦʚʝʜʝʥʠʝ ʜʦ ʦʪʢʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʰʘʛʦʤ ʢ 

ʚʟʣʦʤʫ ʠ ʟʘʭʚʘʪʫ ʩʝʪʠ. ɸʪʘʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩ ʨʘʟ-

ʥʳʤʠ ʮʝʣʷʤʠ, ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʤʦʰʝʥʥʠʯʝʩʪʚʘ 

ʜʦ ʧʦʧʳʪʢʠ ʟʘʭʚʘʪʘ ʢʦʥʪʨʦʣʷ ʥʘʜ ʩʝʪʴʶ.  

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʘʪʘʢʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʩʣʦʞʥʝʝ 

ʦʪʨʘʞʘʪʴ. ʅʘʧʨʠʤʝʨ, ʩʘʤʘʷ ʤʦʱʥʘʷ DDoS ʘʪʘʢʘ ʚ 

2012 ʛʦʜʫ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʥʘ ʢʦʤʧʘʥʠʶ 

CloudFlare, ʝʝ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʣʘ ʧʦʨʷʜʢʘ 

309ɻʙʠʪ/ʩʝʢ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ 

ʘʪʘʢʠ 17 ʩʝʥʪʷʙʨʷ 2012 ʤʦʱʥʦʩʪʴ ʚ ʧʠʢʝ ʜʦʩʪʠʛʘʣʘ 

ʯʫʪʴ ʙʦʣʝʝ 80ɻʙʠʪ/ʩʝʢ. ʊʘʢ ʞʝ ʚʠʜʥʦ, ʥʘ ʢʘʢʦʡ ʧʝ-

ʨʠʦʜ ʚʨʝʤʝʥʠ ʧʨʠʰʣʘʩʴ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʜʣʷ ʪʘʢʦʡ ʘʪʘʢʠ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʙʳ 65 ʪʳʩʷʯ ʙʦʪʦʚ, 

ʩʦʟʜʘʶʱʠʭ ʪʨʘʬʠʢ ʚ 1 ʄʙʠʪ/ʩ ʢʘʞʜʳʡ. ʅʦ ʵʪʦ ʥʝ-

ʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʠʥʪʝʨʥʝʪ ʧʨʦʚʘʡʜʝʨʳ ʤʦʛʫʪ ʩ 

ʣʸʛʢʦʩʪʴʶ ʦʙʥʘʨʫʞʠʪʴ ʠ ʟʘʙʣʦʢʠʨʦʚʘʪʴ ʪʘʢʦʡ ʙʦʣʴ-

ʰʦʡ ʦʙʲʸʤ ʪʨʘʬʠʢʘ. ʇʨʠ ʵʪʦʤ ʘʨʝʥʜʘ ʙʦʪʥʝʪʘ ʩʪʦʠʪ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʦʪʝʨʷʝʪ ʘʪʘʢʫʝʤʘʷ ʢʦʤʧʘʥʠʷ. ʂʘʢ ʧʦ-

ʢʘʟʘʣʦ ʨʘʩʩʣʝʜʦʚʘʥʠʝ, ʜʣʷ ʪʘʢʦʡ ʘʪʘʢʠ ʠʩʧʦʣʴʟʦ-

ʚʘʣʩʷ ʤʝʪʦʜ ʧʨʠʫʤʥʦʞʝʥʠʷ DNS-ʟʘʧʨʦʩʦʚ ʯʝʨʝʟ ʦʪ-

ʢʨʳʪʳʝ DNS-ʩʝʨʚʝʨʳ. 
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ʈʠʩʫʥʦʢ 1. 

 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʩʘʤʘʷ ʤʦʱʥʘʷ DDoS ʘʪʘʢʘ 

ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʥʘ ʪʘʢ ʠ ʥʝʥʘʟʚʘʥʥʦʛʦ ʧʨʦʚʘʡ-

ʜʝʨʘ ʚ ʉʐɸ. ɽʝ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʣʘ ʧʦʨʷʜʢʘ 

1.7ʊʙʠʪ\ʩʝʢ. ʊʘʢʦʡ ʧʦʪʦʢ ʪʨʘʬʠʢʘ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ-

ʩʨʝʜʩʪʚʦʤ Memcached ʩʝʨʚʝʨʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦ-

ʨʳʤ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʘʪʘʢʠ 

ʧʦʯʪʠ ʚ 4 ʨʘʟʘ. ʅʠʞʝ, ʥʘ ʨʠʩʫʥʢʝ 2, ʧʨʠʚʝʜʝʥ ʛʨʘ-

ʬʠʢ ʩ ʤʦʱʥʦʩʪʴʶ ʘʪʘʢ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. 

 
ʈʠʩʫʥʦʢ 2. 

 

ɺ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʤʝʪʦʜ ʟʘʱʠʪʳ 

ʦʪ DDoS ʘʪʘʢ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʪʦʢʦʣʘ BGP: ð ʤʝʪʦʜ 

Black hole (çʯʝʨʥʦʡ ʜʳʨʳè). 

ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʪʙʨʘʩʳʚʘʪʴ ʥʝʞʝʣʘ-

ʪʝʣʴʥʳʡ ʪʨʘʬʠʢ. ʄʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʝʭ ʯʘʩʪʷʭ 

ʩʝʪʠ, ʢʫʜʘ ʥʘʧʨʘʚʣʝʥʘ ʘʪʘʢʘ. ʅʘʧʨʠʤʝʨ, ʢʣʠʝʥʪ ʤʦ-

ʞʝʪ ʧʦʧʨʦʩʠʪʴ ʫʩʪʘʥʦʚʠʪʴ ʯʝʨʥʫʶ ʜʳʨʫ ʥʘ ʝʛʦ PE 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ, ʯʪʦ ʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʪʘʢʫ, 

ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʩʝʨʚʝʨ.  

DDoS ʪʨʘʬʠʢ ʜʦʣʞʝʥ ʙʳʪʴ ʦʪʙʨʦʰʝʥ ʢʘʢ 

ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʠʩʪʦʯʥʠʢʫ ʘʪʘʢʠ, ʯʪʦ ʙʳ ʥʝ ʧʝʨʝʛʨʫ-

ʞʘʪʴ ʩʝʪʠ ʧʨʦʚʘʡʜʝʨʦʚ. ʌʠʣʴʪʨʘʮʠʷ ʤʝʪʦʜʦʤ ʯʝʨ-

ʥʦʡ ʜʳʨʳ ʦʩʥʦʚʘʥʘ ʥʘ ʬʠʣʴʪʨʘʮʠʠ IP ʘʜʨʝʩʘ ʠʩʪʦʯ-

ʥʠʢʘ. ʇʦ ʨʝʢʦʤʝʥʜʘʮʠʠ RFC ʤʝʪʦʜ ʯʝʨʥʳʡ ʜʳʨʳ 

ʜʦʣʞʝʥ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘ ʥʝʤʘʨʰʨʫʪʠʟʠʨʫʝʤʳʭ 

IP ʘʜʨʝʩʘʭ. ʋ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʧʨʦʚʘʡʜʝʨʦʚ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʤʘʨʰʨʫʪʦʚ ʪʘʢʠʭ ʩʝʪʝʡ ʜʦʣʞʥʳ ʙʳʪʴ 

ʥʘʧʨʘʚʣʝʥʳ ʚ Null0 (Cisco ʪʝʨʤʠʥʦʣʦʛʠʷ, ʚ Juniper 

ð discard).ʇʘʢʝʪʳ ʩ ʘʜʨʝʩʦʤ ʥʘʟʥʘʯʝʥʠʷ ʠʟ ʵʪʦʡ 

ʩʝʪʠ ʙʫʜʫ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʠʣʴʪʨʦʚʘʪʴʩʷ ð ʧʦʧʘ-

ʜʘʪʴ ʚ çʯʝʨʥʫʶ ʜʳʨʫè ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʚʘʡʜʝʨʘ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʚ ʩʝʪʷʭ ʧʨʦʚʘʡʜʝʨʦʚ ʥʝ ʚʩʝʛʜʘ ʤʘʨʰ-

ʨʫʪʳ ʧʨʠʚʘʪʥʳʭ ʩʝʪʝʡ ʫʩʪʘʥʦʚʣʝʥʳ ʚ Null0, ʪʘʢ ʢʘʢ 

ʧʨʦʚʘʡʜʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʵʪʠ ʘʜʨʝʩʘ ʜʣʷ ʩʦʙʩʪʚʝʥ-

ʥʳʭ ʩʝʨʚʠʩʦʚ ʠʣʠ ʥʝ ʩʣʝʜʫʶʪ ʨʝʢʦʤʝʥʜʘʮʠʷʤ RFC. 

ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʤʝʪʦʜʘ, ʯʘʱʝ ʚʩʝʛʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʩʰʠʨʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʤʘʨʰʨʫ-

ʪʘʤʠ BGP ð BGP community. ʄʝʪʦʜ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ community, ʜʣʷ ʪʨʘʬʠʢʘ ʢʦʪʦʨʳʭ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʚ çʯʝʨʥʫʶ ʜʳʨʫè. ʂʘʢ 

ʪʦʣʴʢʦ ʙʫʜʝʪ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʯʘʣʦ ʘʪʘʢʠ ʫ ʩʝʪʝ-

ʚʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʘʪʘʢʫʝʤʦʡ AS ʦʩʪʘʥʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʪʴ ʤʘʨʰʨʫʪ ʩ ʧʨʝʬʠʢʩʦʤ /32, ʫʢʘ-

ʟʘʚ community, ʪʝʤ ʩʘʤʳʤ ʩʦʦʙʱʠʚ ʤʘʨʰʨʫʪʠʟʘʪʦ-

ʨʘʤ ʧʨʦʚʘʡʜʝʨʘ ʦ ʪʦʤ, ʯʪʦ ʧʘʢʝʪʳ ʜʦ ʵʪʦʛʦ ip ʘʜʨʝʩʘ 

ʜʦʣʞʥʳ ʦʪʙʨʘʩʳʚʘʪʴʩʷ. ʌʠʣʴʪʨʘʮʠʷ ʧʘʢʝʪʦʚ ʥʘ 
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ʩʪʦʨʦʥʝ ISP ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʩ ʧʦʤʦʱʴʶ 

ACL ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ Null ʠʥʪʝʨʬʝʡʩʘ, ʥʦ ʥʘʠʙʦʣʝʝ 

ʧʨʘʚʠʣʴʥʳʭ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʢʫʨʩʠʚʥʳʡ 

blackhole. ʉʭʝʤʘʪʠʯʝʩʢʠ ʤʝʪʦʜ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 

2: 

 

 
ʈʠʩʫʥʦʢ 2. 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʩʦ ʩʪʦʨʦʥʳ ISP ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʢʦʤʧʘʥʠʠ Cisco Systems: 

 
ɼʘʥʥʘʷ ʢʦʤʘʥʜʘ ʧʨʝʢʨʘʱʘʝʪ ʦʪʧʨʘʚʢʫ ICMP ʫʚʝʜʦʤʣʝʥʠʡ ʦ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʩʝʪʠ ʘʪʘʢʫʶʱʝʤʫ. 

 
 

ʊʝʩʪʠʨʦʚʘʥʠʝ: 

ɽʩʣʠ ʘʪʘʢʘ ʝʱʝ ʥʝ ʥʘʯʘʣʘʩʴ, ʪʦ ʘʪʘʢʫʶʱʠʡ ʤʦ-

ʞʝʪ çʧʨʦʧʠʥʛʦʚʘʪʴè 198.51.100.2 

Attacker# ping 198.51.100.2 repeat 50 

Type escape sequence to abort. 

Sending 50, 100-byte ICMP Echos to 

198.51.100.2, timeout is 2 seconds: 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!  

Success rate is 100 percent (50/50), round-trip 

min/avg/max = 1/1/2 ms 

ɺʦʪ ʪʘʢ ʚʳʛʣʷʜʠʪ ʪʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʨʦ-

ʚʘʡʜʝʨʘ: 

ISP# show ip bgp | begin Network  

 Network Next Hop Metric LocPrf Weight Path  
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*> 198.51.100.0 198.51.200.2 0 0 64501 i  

*> 198.51.200.0/30 0.0.0.0 0 32768 i  

*> 198.51.200.4/30 0.0.0.0 0 32768 i 

ʂʘʢ ʪʦʣʴʢʦ ʥʘʯʘʣʘʩʴ ʘʪʘʢʘ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦ-

ʙʘʚʣʷʝʪ ʚ ʩʚʦʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʥʦʚʳʝ ʩʪʨʦʢʠ, ʘ ʧʦ-

ʩʣʝ ʦʢʦʥʯʘʥʠʷ ʘʪʘʢʠ ʫʙʠʨʘʝʪ ʠʭ. 

ip route 198.51.100.2 255.255.255.255 Null0 

router bgp 64501 

network 198.51.100.2 mask 255.255.255.255 route-

map blackhole 

ʊʝʧʝʨʴ ʪʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ISP ʚʳʛʣʷʜʠʪ 

ʠʥʘʯʝ. ʄʘʨʰʨʫʪ 192.51.100.2/32 ʙʫʜʝʪ ʩʣʝʜʫʶʱʝʡ 

ʪʦʯʢʦʡ 192.0.2.1. 

ISP#show ip bgp | begin Network  

 Network Next Hop Metric LocPrf Weight Path  

*> 198.51.100.0 198.51.200.2 0 0 64501 i  

*> 198.51.100.2/32 192.0.2.1 0 0 64501 i  

*> 198.51.200.0/30 0.0.0.0 0 32768 i  

*> 198.51.200.4/30 0.0.0.0 0 32768 i 

ʇʨʦʚʝʨʢʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʘʨʰʨʫʪʘ ʢ 192.0.2.0 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʘʢʝʪʳ ʥʘ IP-ʘʜʨʝʩ 192.0.2.1 ʦʪʙʨʘ-

ʩʳʚʘʶʪʩʷ. 

ISP# show ip route static | begin 192.0.2.0  

 192.0.2.0/32 is subnetted, 1 subnets  

S 192.0.2.1 is directly connected, Null0  

ʊʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʫ ʘʪʘʢʫʶʱʝʛʦ ʥʝ ʠʟ-

ʤʝʥʠʣʘʩʴ 

Attacker# show ip bgp | begin Network  

 Network Next Hop Metric LocPrf Weight Path  

*> 198.51.100.0 198.51.200.5 0 64500 64501 i  

*> 198.51.200.0/30 198.51.200.5 0 0 64500 i  

r> 198.51.200.4/30 198.51.200.5 0 0 64500 i 

ʍʦʪʴ ʩʝʨʚʝʨ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʫʧʝʥ, ʦʜʥʘʢʦ 

ʚʩʝ ʦʩʪʘʣʴʥʦʝ ʩʝʨʚʠʩʳ ʦʩʪʘʶʪʩʷ ʜʦʩʪʫʧʥʳ 

Attacker# ping 198.51.100.1 repeat 50 

Type escape sequence to abort. 

Sending 50, 100-byte ICMP Echos to 198.51.100.1, 

timeout is 2 seconds: 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!  

Success rate is 100 percent (50/50), round-trip 

min/avg/max = 1/1/2 ms 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʍʦʪʷ ʪʘʢʦʡ ʩʧʦʩʦʙ ʙʣʦʢʠʨʫʝʪ ʜʦʩʪʫʧ ʢ ʩʝʨʚʠʩʫ 

ʜʣʷ ʢʣʠʝʥʪʦʚ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʝʭ ʞʝ AS, ʯʪʦ ʠ ʘʪʘ-

ʢʫʶʱʠʡ ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟ-

ʚʦʣʷʝʪ ʙʦʨʦʪʴʩʷ ʩ ʘʪʘʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʤʝ-

ʰʘʪʴ ʨʘʙʦʪʝ ʚʩʝʡ ʩʝʪʠ. ʉ ʥʝʢʦʪʦʨʳʤʠ ʘʪʘʢʘʤʠ ʥʝ 

ʚʩʝʛʜʘ ʤʦʞʝʪ ʩʧʨʘʚʠʪʴʩʷ ʜʘʞʝ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʧʨʦ-

ʚʘʡʜʝʨ, ʘ ʩʝʪʠ ʥʝʙʦʣʴʰʠʭ ʧʨʦʚʘʡʜʝʨʦʚ ʣʦʞʘʪʩʷ ʥʘ 

ʜʦʣʛʠʡ ʩʨʦʢ. ɸʪʨʠʙʫʪ BGP community, ʚ ʦʩʥʦʚʥʦʤ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʭʦʜʷʱʝʛʦ ʠ ʠʩʭʦʜʷ-

ʱʝʛʦ ʪʨʘʬʠʢʘ, ʘ ʪʘʢ ʞʝ ʙʳʩʪʨʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ 

ʠʤ ʚ ʩʣʫʯʘʝ ʘʪʘʢʠ. ʄʥʦʛʠʝ ʧʨʦʚʘʡʜʝʨʳ ʧʨʝʜʦʩʪʘʚ-

ʣʷʶʪ ʧʘʢʝʪ community, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʥʝ ʪʦʣʴʢʦ ʥʘʧʨʘʚʣʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʜʨʝʩʘ ʚ 

blackhole, ʥʦ ʠ ʛʨʘʤʦʪʥʦ ʤʘʨʰʨʫʪʠʟʠʨʦʚʘʪʴ ʪʨʘʬʠʢ, 

ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʠʭ ʩʝʪʴ. ɸʥʘʣʠʟ community ʧʨʦʚʘʡ-

ʜʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʩʝʪʝʚʦʤʫ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʨʘʟʨʘʙʦ-

ʪʘʪʴ ʩʭʝʤʫ ʙʦʨʴʙʳ ʩ DDoS ʘʪʘʢʠ ʝʱʝ ʥʘ ʵʪʘʧʝ ʟʘ-

ʨʦʞʜʝʥʠʷ ʘʪʘʢʠ ʠ ʙʣʦʢʠʨʦʚʘʪʴ ʧʦʯʪʠ ʚʝʩʴ ʫʨʦʥ, ʢʦ-

ʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʸʥ ʘʪʘʢʦʡ. 
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INTRODUCTION SCADA SYSTEMS TRACE MODE ON PRODUCTION OF PASTA PRODUCTS 

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʢʘʨʦʥʥʳʭ ʠʟʜʝʣʠʡ, ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʝʛʦ ʨʘʟʚʠʪʠʷ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ SCADA TRACE MODE. 

Abstract. 

The article discusses the state of automation in the production of pasta, considered the options for its devel-

opment through the implementation of the SCADA TRACE MODE system. 
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ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʷʚʣʷʶʪʩʷ ʚʳʩʰʝʡ 

ʩʪʫʧʝʥʴʶ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʧʨʠʟʚʘʥʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʠ ʜʨʫʛʠʭ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʟʘʱʠʪʠʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. [2] 

ʈʘʟʚʠʪʠʝ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʛʦʩʫʜʘʨʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʙʣʘʛʦʩʦʩʪʦʷʥʠʝ ʨʘʙʦʪʥʠ-

ʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠʤʝʝʪ 

ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʠ ʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʩʧʨʦ-

ʩʦʤ. ʇʦʵʪʦʤʫ ʚʥʝʜʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ, ʜʦʩʪʫʧʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ. [1] 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʠʟʫʯʝʥʠʠ ʠ ʘʥʘ-

ʣʠʟʝ ʧʨʦʙʣʝʤʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥ-

ʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʧʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʫ ʤʘʢʘʨʦʥʥʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʠʝ ʠʭ 

ʨʝʰʝʥʠʷ. 

ʈʝʰʘʷ ʚʦʧʨʦʩ ʦʙ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʷʩʥʠʪʴ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʩʨʝʜʩʪʚ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʩʣʝʜʫʝʪ ʮʝʣʴ ʢʘʯʝʩʪʚʝʥʥʦ ʫʣʫʯ-

ʰʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ: ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʨʦʙʦʪʳ ʥʝ ʧʨʦʩʪʦ ʜʦʣʞʥʳ ʟʘʤʝʥʠʪʴ ʯʝʣʦʚʝʢʘ ʠʣʠ 

ʠʤʠʪʠʨʦʚʘʪʴ ʝʛʦ ʜʝʡʩʪʚʠʷ, ʥʦ ʠ ʚʳʧʦʣʥʷʪʴ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʙʳʩʪʨʝʝ ʠ ʢʘʯʝʩʪʚʝʥʥʝʡ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʧʨʝʜʤʝʪ ʪʱʘ-

ʪʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʚʩʝ ʚʘʞʥʝʡʰʠʝ ʢʦʤʧʦʥʝʥʪʳ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ð ʪʝʭʥʦʣʦʛʠʠ, ʦʙʲ-

ʝʢʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʀ ʧʨʦ-

ʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ, ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʣʝʜʫʝʪ ʚʥʝʜʨʷʪʴ ʩ ʫʯʸʪʦʤ 

ʧʨʦʛʨʝʩʩʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚ ʢʦʤʧʣʝʢʩʝ 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

[3] 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʧʨʦʙʣʝʤ, ʚʳʷʩʥʠʣʦʩʴ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ OCTOPUS ʚʝʩʴʤʘ ʥʝʫʜʦʙʥʘ. ʕʪʘ ʩʠʩʪʝʤʘ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʘʨʝʚʰʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ 

SCADA TRACE MODE. 

 

 
ʈʠʩ. 1 ʂʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ OCTOPUS 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, 

ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ SCADA ʩʠʩʪʝʤʳ. SCADA TRACE 

MODE - ʵʪʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʘʷ ʨʦʩʩʠʡʩʢʘʷ ʧʨʦ-

ʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ɸʉʋ ʊʇ), ʪʝʣʝʤʝʭʘʥʠʢʠ, ʜʠʩʧʝʪ-

ʯʝʨʠʟʘʮʠʠ, ʫʯʝʪʘ ʨʝʩʫʨʩʦʚ (ɸʉʂʋʕ, ɸʉʂʋɻ) ʠ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ ʟʜʘʥʠʡ.  

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳ-

ʩʠʪʩʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʫʚʝʣʠʯʠʪʩʷ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʝʪ ʪʦʯʥʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʩʠʩʪʝʤʦʡ. 
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ʈʠʩ. 2 ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʢʘʨʦʥʥʳʭ ʠʟʜʝʣʠʡ ʚ ʩʠʩʪʝʤʝ SCADA TRACE MODE 

 

ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʢʘʨʦʥʥʳʭ ʠʟʜʝʣʠʡ 

ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ: ʧʦʜʛʦʪʦʚʢʘ 

ʩʳʨʴʷ, ʧʦʜʛʦʪʦʚʢʘ ʤʘʢʘʨʦʥʥʦʛʦ ʪʝʩʪʘ, ʧʨʝʩʩʦʚʘʥʠʝ 

ʪʝʩʪʘ, ʥʘʨʝʟʢʘ ʩʳʨʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʫʰʢʘ, ʦʭʣʘʞʜʝ-

ʥʠʝ ʩʫʰʝʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʪʙʨʘʢʦʚʢʘ ʠ ʫʧʘʢʦʚʢʘ ʛʦ-

ʪʦʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʦʜʛʦʪʦʚʢʘ ʩʳʨʴʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʩʝʠʚʘʥʠʠ 

ʤʫʢʠ, ʦʪʜʝʣʝʥʠʠ ʦʪ ʥʝʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʩʤʝʩʠ, ʥʘʛʨʝʚʘʥʠʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʤʫʢʠ ʥʝ ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʠʞʝ 10 Á ʉ), ʩʤʝʰʠʚʘʥʠʠ ʨʘʟʥʳʭ ʧʘʨʪʠʡ ʤʫʢʠ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʷʤʠ ʟʘʚʦʜʩʢʦʡ ʣʘʙʦʨʘ-

ʪʦʨʠʠ. [5] 

ɺʦʜʫ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʟʘʤʝʩʘ ʪʝʩʪʘ, 

ʥʘʛʨʝʚʘʶʪ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ, ʘ ʟʘʪʝʤ ʩʤʝʰʠʚʘʶʪ 

ʩ ʭʦʣʦʜʥʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʫʢʘʟʘʥʥʦʡ ʚ ʨʝʮʝʧʪʫʨʝ. [4] 

TRACE MODE ʨʘʙʦʪʘʝʪ ʧʦʜ Windows ʠ Linux, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʦʣʝʝ ʯʝʤ ʚ 30-ʠ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʚ 49-

ʠ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ 

(53000 ʰʪ.) ʯʠʩʣʦ ʨʝʘʣʴʥʳʭ ʠʥʩʪʘʣʣʷʮʠʡ ʚ ʈʦʩʩʠʠ.  

ʇʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʜ ʜʨʫʛʠʤʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʵʪʘ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘ-

ʚʘʪʴ ʧʨʦʝʢʪ ʩʨʘʟʫ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʦʜʫʣʝʡ ï ʫʟʣʦʚ ʧʨʦʝʢʪʦʚ.  

ɸ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ SCADA ʩʠʩʪʝʤʳ ʤʦʞʥʦ 

ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ:  

¶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʥʪʨʦʣ-
ʣʝʨʳ ʥʘ ʧʷʪʠ ʷʟʳʢʘʭ 

¶ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʚʦʞʥʳʤʠ ʠ 
ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ 

¶  ʩʦʟʜʘʪʴ ɸʉʋ ʊʇ ʚ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫ-

ʨʘʭ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʈʉʋ), ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʭ ʠʣʠ 

web - ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

¶ ʩʘʤʘʷ ʙʳʩʪʨʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ.  

¶ ʩʘʤʘʷ ʙʳʩʪʨʘʷ ʉʋɹɼ ʈɺ (ʩʚʳʰʝ 1.000.000 
ʟʘʧʠʩʝʡ ʚ ʩʝʢʫʥʜʫ).  

¶ ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ. 100% ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ 
ʢʦʥʪʨʦʣʣʝʨʦʚ, ʩʝʪʝʡ, ʠʥʪʝʨʬʝʡʩʦʚ, ʘʨʭʠʚʦʚ, ɸʈʄ ʩ 

ʙʝʟʫʜʘʨʥʳʤ ʨʝʩʪʘʨʪʦʤ ʠ ʪ.ʜ. 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʦ ʫʣʫʯʰʝ-

ʥʠʝ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʚʳʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ, ʦʞʠʜʘʝʪʩʷ ʫʣʫʯ-

ʰʝʥʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ.  
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ACCOUNT OF LOSS CHANGES IN THE WRAPPING OF THE POWER TRANSFORMER  

DEPENDING ON THE LOAD  ʀ 

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʪʝʨʠ ʚ ʦʙʤʦʪʢʝ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʦʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʙʤʦʪʢʠ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ.  

Abstract. 

This article discusses the losses in the winding of a power transformer, presents graphs of the change in the 

ratio of the ohmic resistance of a winding in a transformer. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʨʘʥʩʬʦʨʤʘʪʦʨ, ʧʦʪʝʨʠ, ʦʙʤʦʪʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

Key words: Transformer, loss, winding, temperature, resistance. 

 

ɺʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʝʛʦ 

ʥʘʛʨʫʟʢʘ ʢʘʢ ʧʨʘʚʠʣʦ ʥʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. 

ʏʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ʦ ʜʦʧʫʩʪʠʤʦʩʪʠ ʟʘʜʘʥʥʦʡ 

ʧʝʨʝʛʨʫʟʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘ-

ʜʘʯʠ: ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʦʡ 

ʪʦʯʢʠ ʦʙʤʦʪʢʠ, ʪʝʤʧʝʨʘʪʫʨʫ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʤʘʩʣʘ, 

ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ. 

ʇʝʨʝʛʨʝʚ ʦʙʤʦʪʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʜʫʭʘ 

◒ʦ.ʚ.ʥʥʪ, Áʉ, ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʧʦʪʝʨʠ ʚ ʦʙʤʦʪʢʝ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [11,6,7,8,19] 

 

Ȣ̃Ȣ̎̎̓ג̏ ג̇ ˏ˞ˠ ג̨ Ȣ̇̊ ˚Ȣ˟ɣ ג̇ ȢˏȢ˞Ȣ̊˛ Ͻ̇
В˝

В˝̊ ˛˙
ג̨ Ȣ̇̊ ˚Ȣ˟̊˛ Ͻ̇

˝
˛˙

˝
˛˙˚

             (1) 

 

ʛʜʝ ◒ʦ.ʤ.ʥʥʪ.ʫ, ◒ʄ.ɺ.ʉ.ʋ - ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʧʝʨʝʛʨʝʚ 

ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʦʡ ʪʦʯʢʠ ʦʙʤʦʪʢʠ ʥʘʜ ʪʝʤʧʝʨʘʪʫ-

ʨʦʡ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʤʘʩʣʘ, ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʧʝʨʝʛʨʝʚ 

ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʤʘʩʣʘ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʭʣʘʞʜʘʶ-

ʱʝʡ ʩʨʝʜʳ[9,10,11,12] ʜʣʷ ʜʘʥʥʦʡ ʥʘʛʨʫʟʢʠ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ, Áʉ; 

×ʈ, ×ʈ◒.ʆ.ʄ., ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʠ ʧʦʪʝʨʠ ʚ 

ʦʙʤʦʪʢʝ ʧʨʠ ʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʢɺʪ. 

ʆʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʦʙʤʦʪʢʝ ×ʈʵʦ.ʤ, ʢɺʪ, ʧʨʠ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

[1]: 

˝ꜘ
˛˙

˝ꜘ
˛˙
Ͻ̠̊▪Ͻ

►̨ ˙

►̨ Ȣ̇̊
˝ꜘ
˛˙
Ͻ̠̊▪Ͻ      (2) 

 

ʛʜʝ ʂn = I/Iʥ = ʈ/ʈʥ - ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ, 

ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʠ ʥʦʤʠʥʘʣʴ-

ʥʳʤ ʪʦʢʘʤʠ, ɸ, ʠʣʠ ʤʦʱʥʦʩʪʷʤʠ, ʢɺʪ; 

Ổ - ʦʪʥʦʰʝʥʠʝ ʦʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʙ-

ʤʦʪʢʠ ʧʨʠ ʜʘʥʥʦʡ ʠ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʚʥʦ [21] ʜʣʷ ʤʝʜʠ 

 
►̨ ˙

►̨ Ȣ̇̊

ˏ˪ ˙ˏ˞ ˛ Ȣ̇̊˚˟

ˏ˪ ˙ˏȢ˞̊˛˙ ˛ Ȣ̇̊˚Ȣ˟̊˛˙
     (3) 

 

ɼʣʷ ʘʣʶʤʠʥʠʷ 
ˏ˪ ˙ˏ˞ ˛ Ȣ̇̊˚˟

ˏ˪ ˙ˏȢ˞̊˛˙ ˛ Ȣ̇̊˚Ȣ˟̊˛˙
     (4) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʧʨʝʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʢʠ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʤʘʩʣʘ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ ◒ʦ.ʤ.ʥʧʪ.ʫ, Áʉ, ʨʘʚʥʦ 

[2,13,14,15,16]] 

̨‮ Ȣ̇̊ ˚Ȣ˟ɣ ̨‮ Ȣ̇̊ ˚Ȣ˟̊˛ Ͻ̇ ▪̠Ͻ      (5) 

 

ʉʯʠʪʘʷ ʧʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ ʥʝʟʘʚʠʩʷʱʠʤʠ ʦʪ 

ʥʘʛʨʫʟʢʠ, ʥʘʡʜʝʤ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʧʨʝʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʧʨʠ ʥʘʛʨʫʟʢʝ ʦʪʣʠʯʥʦʡ ʦʪ ʥʦʤʠ-

ʥʘʣʴʥʦʡ ◒ʄ.ɺ.ʉ.ʋ, Áʉ 

ג̇ ˏ˞ˠ ג̇ ˏȢ˞̊˛ Ͻ̇
˝s ˢ˝̠ ˔

˝s ˢ˝̠ Ȣ̝̊˛˙

˝s ˢ ▪̠Ͻ̠̋ Ȣ̝̊˛ Ͻ̇

˝s ˢ˝̠ Ȣ̝̊˛˙
ג̇ ˏȢ˞̊˛ Ͻ̇

▪̠ϽϽ       (6) 

 

ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʦʤʠʯʝʩʢʠʭ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʡ ʦʙʤʦʪʢʠ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʝ 1. ɿʜʝʩʴ ʧʦʜ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ[17,18] 

ʧʦʥʠʤʘʝʪʩʷ ʟʘʛʨʫʟʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʦʡ ʪʦʯʢʠ ʦʙʤʦʪʢʠ ᾔʦ.ʥʥʪ.ʥʦʤ ʨʘʚʥʷʝʪʩʷ 

ʥʦʤʠʥʘʣʴʥʦʡ. ʊʝʤʧʝʨʘʪʫʨʘ ᾔʦ.ʥʥʪ.ʥʦʤ, Áʉ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ 

 

Ȣ̏̎ ̎Ȣ̓̎̏̍ ̞̃ ג̇ ˏȢ˞̊˛˙ ג̨ ˙˚˚Ȣ˟̊˛˙

ωψᴈ          (7) 
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ʈʠʩʫʥʦʢ 1 - ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʦʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʦʙʤʦʪʢʝ ʦʪ ʚʝʣʠʯʠʥʳ ʧʝʨʝʛʨʫʟʢʠ. 

1 - ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʦʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʦʙʤʦʪʢʝ ʠʟ ʘʣʶʤʠʥʠʷ;  

2 - ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʦʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʦʙʤʦʪʢʝ ʠʟ ʤʝʜʠ;  

3 - ʥʦʤʠʥʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ ʦʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ 

Ổ ʦʪ ʟʘʛʨʫʟʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʤʘʪʝʨʠʘʣʘ, ʠʟ ʢʦʪʦ-

ʨʦʛʦ ʚʳʧʦʣʥʝʥʘ ʦʙʤʦʪʢʘ, ʧʦʩʪʨʦʠʤ ʛʨʘʬʠʢ (ʨʠʩʫ-

ʥʦʢ 2). ɻʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʦʤʠʯʝʩʢʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʙʤʦʪʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʘʣʶʤʠ-

ʥʠʷ ʠ ʤʝʜʠ. 

 
 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʡ ʦʙʤʦʪʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʘʣʶʤʠʥʠʷ ʠ ʤʝʜʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʧʝʨʝʛʨʫʟʢʠ, ʘ ʟʥʘʯʠʪ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʢʠ, 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʙʤʦʪʦʢ ʦʜʠʥʘ-

ʢʦʚ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʬʦʨʤʫʣʘʭ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʘʭ 

ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʦʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʥʘʜʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʨʘʩʯʝʪʥʦʡ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ 
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ʚʷʟʢʦʩʪʴ ʤʘʩʣʘ ʫʤʝʥʴʰʠʪʩʷ, ʠ ʦʭʣʘʞʜʝʥʠʝ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ ʫʣʫʯʰʠʪʩʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ 

ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫʤʝʥʴʰʝʥʠʝ 

ʦʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʦʙʤʦʪʢʘʭ ʧʨʠ ʩʥʠʞʝʥʠʠ ʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʦʢʘʟʳʚʘʝʪ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʝʚʳʰʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʝʤ ʫʭʫʜʰʝʥʠʝ ʦʭʣʘʞʜʝʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʠʷ ʚʷʟʢʦʩʪʠ 

ʤʘʩʣʘ [3, 4, 5]. 

ɸʥʘʣʠʟʠʨʫʷ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ Ổ ʦʪ 

ʤʘʪʝʨʠʘʣʘ ʦʙʤʦʪʢʠ ʠ ʟʘʛʨʫʟʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʧʨʠ ʥʘʛʨʫʟʢʘʭ 

ʥʠʞʝ ʥʦʤʠʥʘʣʴʥʦʡ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ʦʙʤʦʪʢʠ ʢʦ-

ʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʤʝʜʠ, ʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚʦʟ-

ʨʘʩʪʘʶʪ ʤʝʜʣʝʥʥʝʡ, ʯʝʤ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʩ ʦʙ-

ʤʦʪʢʘʤʠ ʠʟ ʘʣʶʤʠʥʠʷ; ʠ ʥʘʦʙʦʨʦʪ, ʧʨʠ ʧʝʨʝʛʨʫʟʢʘʭ 

ʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʤʝʜʥʦʡ ʦʙʤʦʪʢʝ ʚʦʟʨʘʩʪʘʶʪ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʩ ʘʣʶʤʠʥʠʝʚʳʤʠ 

ʦʙʤʦʪʢʘʤʠ. 
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ANALYSIS OF DARK DATA TO ENSURE SUSTAINABILITY  INFORMATION SYSTEMS  

FROM BREACH OF PRIVACY  OR UNAUTHORIZED ACTIONS  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʪʝʤʥʳʭ ʜʘʥʥʳʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʆʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʦʙʱʝʡ ʧʨʦʙʣʝʤʳ ʪʝʤʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʠʟʥʝʩʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʧʠʩʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʝ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʪʝʤʥʳʭ ʜʘʥʥʳʭ. 

Abstract. 

The article deals with the problems of dark data in modern information systems. The importance of the com-

mon problem of dark data for modern business and information security is noted. A possible effective solution to 

the problem of analyzing dark data is described. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʤʥʳʝ ʜʘʥʥʳʝ, ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ, Databerg, DeepDive, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ. 

Keywords: dark data, confidential data, Databerg, DeepDive, information security. 

 

ʊʝʤʥʳʝ ʜʘʥʥʳʝ (dark data) ï ʵʪʦ ʜʘʥʥʳʝ, ʥʘʭʦ-

ʜʷʱʠʝʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʨʘʥʠʣʠʱʘʭ, ʥʦ ʥʝ ʦʙ-

ʨʘʙʘʪʳʚʘʝʤʳʝ ʩʝʨʚʝʨʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟ ʥʠʭ ʧʦ-

ʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʪʝʤʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʠ ʥʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʮʝʥʪʨ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʎʆɼ) ʦʨʛʘʥʠʟʘʮʠʠ ʥʝ ʚ ʩʦʩʪʦʷ-

ʥʠʠ ʦʙʨʘʙʦʪʘʪʴ, ʪʘʢ ʢʘʢ ʟʘʯʘʩʪʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦ-

ʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʨʝʚʳʰʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ. ɺʩʣʝʜ-

ʩʪʚʠʝ ʯʝʛʦ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʘʥʥʳʭ 

çʦʩʝʜʘʝʪè ʚ ʭʨʘʥʠʣʠʱʘʭ ʎʆɼ, ʧʦʢʘ ʦʨʛʘʥʠʟʘʮʠʷ 
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ʨʘʙʦʪʘʝʪ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘ-

ʮʠʝʡè, ʢʦʪʦʨʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, 

ʯʝʤ ʪʝʤʥʳʭ ʜʘʥʥʳʭ. ɺ ʦʩʥʦʚʥʦʤ ʢ ʪʝʤʥʳʤ ʜʘʥʥʳʤ 

ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʩʦʦʙʱʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, 

ʤʝʜʠʘʬʘʡʣʳ, ʠʥʬʦʨʤʘʮʠʷ ʣʦʛʠʨʦʚʘʥʠʷ, ʤʝʪʘʜʘʥ-

ʥʳʝ, ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ ʥʘʙʣʶʜʝʥʠʷ, ʪʝʣʝʤʝʪʨʠʷ, 

ʜʦʢʫʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʦʤʝʨʘ ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʨʘ-

ʭʦʚʘʥʠʷ, ʥʦʤʝʨʘ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ, ʤʝʜʠʮʠʥʩʢʠʭ 

ʢʘʨʪ ʠ ʪ.ʧ. 

ɺʝʙ-ʩʘʡʪʳ ʤʦʛʫʪ ʭʨʘʥʠʪʴ ʤʝʪʘʜʘʥʥʳʝ ʦ ʧʦʩʝ-

ʪʠʪʝʣʷʭ, ʥʦ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʚ ʧʦʣ-

ʥʦʡ ʤʝʨʝ. ʇʦʜʦʙʥʳʝ ʤʝʪʘʜʘʥʥʳʝ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʝ ʫʩʪʨʦʡʩʪʚʘ, ʩ ʢʦʪʦʨʦʛʦ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʜʦʩʪʫʧ ʢ ʀʥʪʝʨʥʝʪʫ, ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʝʨʩʠʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʩʪʨʦʡʩʪʚʘ, ʠʥʬʦʨ-

ʤʘʮʠʶ ʦ ʚʝʙ-ʙʨʘʫʟʝʨʝ, ʩ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʜʦʩʪʫʧ ʚ ʀʥʪʝʨʥʝʪ, ʠ, ʢʘʢ ʧʨʠʤʝʨ, ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʪʦʤ, ʩʢʦʣʴʢʦ ʨʘʟ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʙʨʘʩʳʚʘʣʠ ʩʚʦʠ ʧʘ-

ʨʦʣʠ, ʯʪʦ ʙʳʣʦ ʙʳ ʧʦʣʝʟʥʦ ʟʥʘʪʴ ʢʦʤʧʘʥʠʷʤ, ʢʦʪʦ-

ʨʳʝ ʩʧʝʮʠʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʀʥʪʝʨʥʝʪ-ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠ ʙʝʟʦʧʘʩʥʦʤ ʭʨʘʥʝʥʠʠ ʧʘʨʦʣʝʡ. ʍʦʨʦʰʦ ʠʟʚʝʩʪ-

ʥʳʡ ʧʨʠʤʝʨ ʪʝʤʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʠʢʘʢ ʥʝ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ, ʵʪʦ ʢʦʛʜʘ ʫ ʢʦʤʧʘʥʠʡ ʝʩʪʴ ʬʦʨʤʘ ʦʙ-

ʨʘʪʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʦʩʪʘʚʣʷʪʴ ʦʪʟʳʚʳ ʦ ʚʝʙ-ʩʘʡʪʝ ʠʣʠ ʥʝʢʦʡ ʫʩʣʫʛʝ, ʥʦ 

ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʪ ʢʦʨʨʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ ʙʳ ʣʝʛʢʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʝʜʦ-

ʩʪʘʚʣʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʆʪʜʝʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ ʪʝʤʥʳʝ ʜʘʥʥʳʝ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʝʣʝʤʝʪʨʠʠ. 

ʇʦʜʦʙʥʳʝ ʜʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ ʦʪ ʜʘʪʯʠʢʦʚ ʠ ʩʝʥʩʦ-

ʨʦʚ ʫʤʥʦʛʦ ʜʦʤʘ, ʩʧʦʩʦʙʥʳ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʜʣʝ-

ʞʘʱʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʠ, ʨʘʩʢʨʳʪʴ ʟʣʦʫʤʳʰ-

ʣʝʥʥʠʢʫ ʜʝʪʘʣʠ ʯʘʩʪʥʦʡ ʞʠʟʥʠ ʞʠʪʝʣʝʡ ʫʤʥʦʛʦ 

ʜʦʤʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʟʘʢʦʥʘ 

ʦ ʥʝʧʨʠʢʦʩʥʦʚʝʥʥʦʩʪʠ ʯʘʩʪʥʦʡ ʞʠʟʥʠ. ʇʦʤʠʤʦ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʤʥʳʭ ʜʘʥʥʳʭ 

ʪʝʣʝʤʝʪʨʠʠ ʥʘʙʣʶʜʘʝʪʩʷ çʩʢʦʨʦʧʦʨʯʝʥʥʦʩʪʴè ʠʥ-

ʬʦʨʤʘʮʠʠ ʪʝʣʝʤʝʪʨʠʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʚʠʜʳ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʠʥʬʦʨʤʘʮʠʷ ʩ ʜʦ-

ʨʦʞʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʩʝʥʩʦʨʦʚ, ʜʘʥʥʳʝ ʧʦʣʝʪʘ ʘʚʠʘ-

ʣʘʡʥʝʨʘ, ʜʘʥʥʳʝ ʛʝʦʣʦʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʪ.ʧ.) 

ʜʦʣʞʥʳ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʚ ʩʢʦʨʦʤ ʠʣʠ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʠʥʘʯʝ ʦʥʠ ʪʝʨʷʶʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ ʩʪʘʥʦʚʷʪʩʷ ʪʝʤʥʳʤʠ ʜʘʥʥʳʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʨʦʙʣʝʤʘ ʪʝʤʥʳʭ ʜʘʥʥʳʭ ʪʝʣʝʤʝʪʨʠʠ 

ʥʝʩʝʪ ʚ ʩʝʙʝ ʥʝ ʪʦʣʴʢʦ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʠ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʨʦʙʣʝʤʳ 

ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʍʨʘʥʠʣʠʱʘ ʜʘʥ-

ʥʳʭ ʪʘʢʞʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʠʩʝʤ ʠ ʜʦʢʫʤʝʥʪʦʚ (ʜʦʛʦʚʦʨʘ, ʦʪ-

ʯʝʪʳ, ʩʪʘʪʠʩʪʠʢʘ, ʬʠʥʘʥʩʦʚʳʝ ʦʪʯʝʪʳ ʠ ʪ.ʧ.), ʠʤʝʶ-

ʠɦʭ ʦʧʨʝʜʝʣʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʦ 

ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʥʦʨ-

ʤʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʥʝ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʢʘʪʘ-

ʣʦʛʠʟʘʮʠʷ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ. ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʠ-

ʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʥʳʭ ʜʘʥʥʳʭ, ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʨʘʥʷʱʠʭʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʇʦ ʦʮʝʥʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ IBM, ʦʟʚʫʯʝʥʥʦʡ ʚ 

ʣʠʮʝ ʩʪʘʨʰʝʛʦ ʚʠʮʝ-ʧʨʝʟʠʜʝʥʪʘ ʧʦ ʘʥʘʣʠʪʠʢʝ IBM 

ʥʘ ʩʘʤʤʠʪʝ IBM Insight 2015, ʦʢʦʣʦ 90 ʧʨʦʮʝʥʪʦʚ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʜʘʪʯʠ-

ʢʘʤʠ ʥʘʙʣʶʜʝʥʠʷ ʠ ʘʥʘʣʦʛʦʚʦ ï ʮʠʬʨʦʚʳʤʠ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷʤʠ, ʥʠʢʘʢ ʥʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠ ʥʝ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ. ʉʠʩʪʝʤʘ ʧʨʦʩʪʦ ʥʝ ʫʩʧʝʚʘʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʜʘʥʥʳʝ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʢʦʣʦ 60 

ʧʨʦʮʝʥʪʦʚ ʠʟ ʥʠʭ ʥʝ ʧʦʪʝʨʷʶʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ [1]. 

 

 
ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʥʳʭ ʜʘʥʥʳʭ 

 

ʍʨʘʥʝʥʠʝ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʪʝʤʥʳʭ ʜʘʥ-

ʥʳʭ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʦʨʤʘʪʠʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʝʜʝʥʠʝʤ ʫʯʝʪʘ. ʇʦʣʫʯʘ-

ʝʪʩʷ, ʯʪʦ ʠʟ-ʟʘ ʥʝʭʚʘʪʢʠ ʤʦʱʥʦʩʪʝʡ ʜʣʷ ʵʬʬʝʢʪʠʚ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʪʝʤʥʳʭ ʜʘʥʥʳʭ, 

ʚʦʟʤʦʞʥʘ, ʥʘʧʨʠʤʝʨ, ʧʦʪʝʨʷ ʚʘʞʥʦʡ ʜʣʷ ʧʨʠʙʳʣʠ 

ʢʦʤʧʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʩʚʦʝʚʨʝʤʝʥʥʦ ʜʦʣʛʠʡ ʧʦ-

ʠʩʢ ʚʘʞʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʧʘʮʠʝʥʪʝ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝ-

ʥʠʡ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʦʚʨʝʤʷ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨ-

ʤʘʮʠʶ ʩ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ ʥʘʙʣʶʜʝʥʠʷ, ʥʘʧʨʠ-

ʤʝʨ ʚ IoT ʪʝʭʥʦʣʦʛʠʷʭ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʭʨʘʥʝʥʠʝ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʚʝʩʦʤʳʭ ʜʝʥʝʞ-

ʥʳʭ ʟʘʪʨʘʪ ʢʘʢ ʥʘ ʬʠʟʠʯʝʩʢʫʶ, ʪʘʢ ʠ ʥʘ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʦʙʝʩʧʝʯʝʥʠʷ ʭʨʘʥʠʣʠʱ ʚ 

ʎʆɼ. ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʠʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʚ 
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ʥʘʰʠ ʜʥʠ [3], ʪʝʤʥʳʝ ʜʘʥʥʳʝ ʪʨʝʙʫʶʪ ʚʩʝ ʙʦʣʴʰʠʭ 

ʟʘʪʨʘʪ ʥʘ ʭʨʘʥʝʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʣʠʰʥʠʤ ʨʘʩʭʦ-

ʜʘʤ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. ɺ 2015 ʛʦʜʫ ʘʤʝʨʠʢʘʥʩʢʘʷ 

ʢʦʤʧʘʥʠʷ Veritas, ʟʘʥʠʤʘʶʱʘʷʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ, 

ʚʳʧʫʩʪʠʣʘ ʦʪʯʝʪ ʧʦ ʧʨʦʙʣʝʤʝ ʪʝʤʥʳʭ ʜʘʥʥʳʭ Data-

berg Report 2015 ʧʦ ʭʨʘʥʷʱʠʤʩʷ ʜʘʥʥʳʤ ʚ ʢʦʤʧʘ-

ʥʠʷʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ EMEA (Europe, 

the Middle East and Africa), ʢʫʜʘ ʚ ʪʦʤ ʯʠʩʣʝ ʚʭʦʜʠʪ 

ʠ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ [2]. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʘʡʩʙʝʨ-

ʛʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʤʦʨʩʢʠʭ ʩʫ-

ʜʦʚ, çdatabergè ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʘʩʥʦʩʪʴ, ʥʦ 

ʜʣʷ ʭʨʘʥʷʱʠʭ ʜʘʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʡ. Databerg, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2, ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ 

ʯʘʩʪʝʡ. çɺʝʨʭʫʰʢʘè ï ʵʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʦʙʨʘʙʘ-

ʪʳʚʘʶʪʩʷ ʠ ʵʬʬʝʢʪʠʚʥʦ ʢʫʨʠʨʫʶʪʩʷ. ɿʘʪʝʤ ʠʜʫʪ 

ʠʟʙʳʪʦʯʥʳʝ, ʫʩʪʘʨʝʚʰʠʝ ʠʣʠ ʪʨʠʚʠʘʣʴʥʳʝ ʜʘʥʥʳʝ 

(ROT ï Redundant, Outdated, Trivial information), ʢʦ-

ʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʧʦʜʣʝʞʘʪ ʫʜʘʣʝʥʠʶ. ɿʘʪʝʤ, ʩʘ-

ʤʫʶ ʛʣʫʙʦʢʫʶ ʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ databerg, ʟʘʥʠʤʘʶʪ 

ʪʝʤʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʯʝ-

ʪʘʥʠʝ ʢʘʢ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʪʘʢʞʝ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ), ʪʘʢ ʠ ʜʘʥʥʳʭ ʪʠʧʘ ROT.  

 

 
ʈʠʩʫʥʦʢ 2. Databerg 

 

çʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʞʜʘʷ ʪʨʝʪʴʷ 

ʢʦʤʧʘʥʠʷ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʭʨʘʥʠʪ ʠʟʙʳʪʦʯʥʳʝ ʠ 

ʪʨʠʚʠʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʩʚʦʠʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝ-

ʪʷʭ.è, ï ʟʘʷʚʠʣ ʄʵʪʴʶ ʕʣʣʘʨʜ, ʩʪʘʨʰʠʡ ʚʠʮʝ ï ʧʨʝ-

ʟʠʜʝʥʪ EMEA ʚ Veritas. çʊʠʧʠʯʥʘʷ ʢʦʤʧʘʥʠʷ ʩʨʝʜ-

ʥʝʛʦ ʨʘʟʤʝʨʘ, ʠʤʝʶʱʘʷ ʚ ʩʨʝʜʥʝʤ 500 ʪʝʨʘʙʘʡʪ ʜʘʥ-

ʥʳʭ, ʪʨʘʪʠʪ ʧʦʯʪʠ ʤʠʣʣʠʦʥ ʬʫʥʪʦʚ ʩʪʝʨʣʠʥʛʦʚ (1,5 

ʤʠʣʣʠʦʥʘ ʜʦʣʣʘʨʦʚ ʉʐɸ) ʢʘʞʜʳʡ ʛʦʜ, ʧʦʜʜʝʨʞʠ-

ʚʘʷ ʪʨʠʚʠʘʣʴʥʳʝ ʬʘʡʣʳ, ʚʢʣʶʯʘʷ ʬʦʪʦʛʨʘʬʠʠ, ʜʦ-

ʢʫʤʝʥʪʳ, ʤʫʟʳʢʫ ʠ ʚʠʜʝʦè, ï ʪʘʢʞʝ ʦʪʤʝʪʠʣ ʕʣ-

ʣʘʨʜ. ɺ ʩʨʝʜʥʝʤ 59% ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʠ ʦʙʨʘ-

ʙʘʪʳʚʘʝʤʳʭ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ EMEA, 

ʤʦʛʫʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʪʝʤʥʳʝ ʜʘʥʥʳʝ 

(ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ɻʝʨ-

ʤʘʥʠʠ ï 66%). ʊʦʣʴʢʦ 12% ʜʘʥʥʳʭ ʚ ʵʪʠʭ ʦʨʛʘʥʠʟʘ-

ʮʠʷʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʠ ʢʦʥʬʠ-

ʜʝʥʮʠʘʣʴʥʳʤʠ. ʉʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʢʦʤʧʘʥʠʷ ʩʦ 

ʩʨʝʜʥʠʤ ʧʝʪʘʙʘʡʪʥʳʤ ʭʨʘʥʠʣʠʱʝʤ, ʥʘʭʦʜʷʱʘʷʩʷ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ EMEA, ʪʨʘʪʠʪ ʧʦʯʪʠ 670000 ʜʦʣʣʘ-

ʨʦʚ ʉʐɸ ʥʘ ʭʨʘʥʝʥʠʝ ʪʝʤʥʳʭ ʜʘʥʥʳʭ ʠ ʜʘʥʥʳʝ 

ʪʠʧʘ ROT. ɺʳʰʝʦʧʠʩʘʥʥʘʷ ʩʣʦʞʠʚʰʘʷʩʷ ʩʠʪʫʘʮʠʷ 

ʯʘʩʪʠʯʥʦ ʚʳʟʚʘʥʘ ʩʚʦʙʦʜʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʩʦʪʨʫʜ-

ʥʠʢʦʚ ʢ ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʧʦʣʠʪʠʢʘʤ ʭʨʘʥʝʥʠʷ ʠ ʦʙ-

ʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʉʦʪʨʫʜʥʠʢʠ ʢʦʤʧʘʥʠʡ ʩʘʤʠ ʩʦ-

ʟʜʘʶʪ ʪʝʤʥʳʝ ʠ ROT ʜʘʥʥʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʩʪʨʫʢ-

ʪʫʨʠʨʦʚʘʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʣʠʯʥʳʭ ʬʦʪʦʛʨʘʬʠʡ (57% 

ʩʦʪʨʫʜʥʠʢʦʚ), ʣʠʯʥʳʭ ʠ ʶʨʠʜʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ 

(53% ʩʦʪʨʫʜʥʠʢʦʚ), ʘ ʪʘʢʞʝ ʤʫʟʳʢʠ, ʠʛʨ ʠ ʚʠʜʝʦ 

(45, 43 ʠ 29% ʩʦʪʨʫʜʥʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʀʟ ʚʳ-

ʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʤʝʥʥʦ ʥʘ ʭʨʘʥʝ-

ʥʠʝ ʪʝʤʥʳʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʫʭʦʜʠʪʴ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʇʦ ʧʨʦʛʥʦ-

ʟʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ Veritas ʢ 2020 ʛʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʚ ʭʨʘʥʠʣʠʱʘʭ ʎʆɼ ʤʦ-

ʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʣʠʰʥʠʤ ʬʠʥʘʥʩʦʚʳʤ ʟʘʪʨʘʪʘʤ ʚ 

ʨʘʟʤʝʨʝ ʦʢʦʣʦ 891 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ [2]. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʚ ʦʙʣʘʩʪʠ ʭʨʘʥʝʥʠʷ ʪʝʤʥʳʭ ʜʘʥʥʳʭ, ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʩʨʝʜʠ ʪʝʤʥʳʭ ʜʘʥʥʳʭ ʚʦʟʤʦʞʥʦ ʥʝ-

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʭʨʘʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʢʦʥʬʠ-

ʜʝʥʮʠʘʣʴʥʦʡ, ʢʦʤʧʨʦʤʝʪʠʨʫʶʱʝʡ ʠ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʤʦʞʥʘ 

ʢʨʘʞʘ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʷ 

ʟʣʦʫʤʳʰʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʛʨʦʟʘʤ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʚʩʝʛʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ, ʟʘʜʘ-

ʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʚʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘ-

ʙʦʪʢʘ ʚʦʟʤʦʞʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʘʥʘʣʠʟʘ 

ʪʝʤʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ Python ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʦʙʝʩʧʝʯʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʘ ʩʠʩʪʝʤʘ ʩ ʦʪʢʨʳʪʳʤʠ 

ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ DeepDive, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤ-

ʧʘʥʠʝʡ Lattice Data, ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʙʨʘʟʦʚʘʥʘ ʚ 2015 

ʛʦʜʫ ʚ ʮʝʣʷʭ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʦʢ ʉʪʵʥ-
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ʬʦʨʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʚ 2017 ʛʦʜʫ ʢʫʧʣʝʥʘ ʢʦʤ-

ʧʘʥʠʝʡ Apple ʟʘ 200 ʤʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ [4]. 

DeepDive ï ɻ ʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʦʩʥʦʚʘʥ-

ʥʦʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʜʣʷ ʠʟʚʣʝ-

ʯʝʥʠʷ ʮʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʪʝʤʥʳʭ ʜʘʥʥʳʭ ï ʨʘʟ-

ʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʘʞʥʳʭ ʜʘʥʥʳʭ, 

ʩʢʨʳʪʳʭ ʚ ʪʝʢʩʪʝ, ʪʘʙʣʠʮʘʭ, ʨʠʩʫʥʢʘʭ ʠ ʠʟʦʙʨʘʞʝ-

ʥʠʷʭ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʵʪʦʤʫ ʥʝ 

ʤʦʛʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʦʛʨʘʤʤ-

ʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. DeepDive, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠ-

ʩʫʥʢʝ 3, ʧʦʤʦʛʘʝʪ çʚʳʷʚʣʷʪʴè ʪʝʤʥʳʝ ʜʘʥʥʳʝ, ʩʦ-

ʟʜʘʚʘʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ (ʪʘʙʣʠʮʳ SQL) 

ʠʟ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʪʝʢʩʪʦʚʳʝ 

ʜʦʢʫʤʝʥʪʳ) ʠ ʠʥʪʝʛʨʠʨʫʷ ʪʘʢʠʝ ʜʘʥʥʳʝ ʚ ʩʫʱʝʩʪʚʫ-

ʶʱʫʶ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ [5]. 

 
ʈʠʩʫʥʦʢ 3. ʇʨʠʤʝʨ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ DeepDive ʠʟ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ  

ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ɹɼ 

 

DeepDive ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʩʣʦʞ-

ʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ ʠ ʜʣʷ ʚʳʚʦʜʘ 

ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤʠ ʩʫʱʥʦʩʪʷʤʠ. DeepDive 

ʧʦʤʦʛʘʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʤʥʳʭ 

ʜʘʥʥʳʭ ʠ ʧʦʤʝʱʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ-

ʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. ʇʦʩʣʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟ-

ʣʠʯʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ 

ʜʘʥʥʳʤʠ; ʥʘʧʨʠʤʝʨ, ʠʥʩʪʨʫʤʝʥʪʳ ʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʪʘʢʠʝ ʢʘʢ Tableau, ʠʣʠ ʠʥʩʪʨʫʤʝʥʪʳ ʘʥʘʣʠʪʠʢʠ, ʪʘ-

ʢʠʝ ʢʘʢ Excel. DeepDive ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʠʩ-

ʧʦʣʴʟʫʶʱʝʝ ʪʝʭʥʦʣʦʛʠʶ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʪʝʤʥʳʭ ʜʘʥʥʳʭ [5]. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʦʧʠʩʘʪʴ ʚʦʟ-

ʤʦʞʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʠʟʘ-

ʮʠʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ʇʦʜʦʙʥʘʷ ʠʥ-

ʬʦʨʤʘʮʠʷ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʩʣʝʜʫ-

ʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʦʪʩʝʷʥʳ 

ʜʘʥʥʳʝ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʠʣʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʩʚʝʜʝʥʠʡ. ʆʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʰʠʬʨʫʶʪʩʷ ʧʦ ʟʘʨʘʥʝʝ ʚʳʙʨʘʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ 

ʰʠʬʨʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘ-

ʱʠʪʳ ʠ ʩʪʨʫʢʪʫʨʠʨʫʶʪʩʷ ʚ ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʘʨʘʥʝʝ ʧʨʘʚʠʣʘʤʠ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʤʝʪʦʜʘʤ ʦʙʨʘʙʦʪʢʠ ʧʦʪʝʥ-

ʮʠʘʣʴʥʦ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʨʘʟʨʘʙʦʪʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʰʠʬʨʦʚʘʥʠʶ, ʠʥʜʝʢʩʘʮʠʠ ʠ ʭʨʘ-

ʥʝʥʠʶ ʧʦʜʦʙʥʳʭ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʜʘʥʥʳʭ. 
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ɸʥʥʦʪʘʮʠʷ. 

ʀʟʦʙʨʝʪʝʥʠʝ ʜʝʥʝʛ ʠ ʠʥʪʝʨʥʝʪʘ ʦʪʢʨʳʣʦ ʛʣʦʙʘʣʴʥʳʡ ʩʝʪʝʚʦʡ ʨʳʥʦʢ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʜʣʷ ʤʦʰʝʥʥʠʢʦʚ. ʅʝʯʝʩʪʥʳʝ ʙʨʦʢʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʩʚʦʠ ʧʨʝʚʦʩʭʦʜʥʳʝ ʟʥʘʥʠʷ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪ-

ʥʳʝ ʪʦʨʛʦʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʯʪʦʙʳ ʧʦʣʫʯʘʪʴ ʧʨʠʙʳʣʴ ʦʪ ʪʘʢʠʭ ʩʭʝʤ, ʢʘʢ front-running. ʆʪ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ 

ʫʷʟʚʠʤʦʩʪʝʡ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʩʭʝʤʳ ʨʘʙʦʪʳ ʧʣʦʱʘʜʦʢ ʧʦ ʦʙʤʝʥʫ ʢʨʠʧ-

ʪʦʚʘʣʶʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʚʦʠʤʠ ʩʭʝʤʘʤʠ ʠ ʤʝʪʦʜʘʤʠ ʟʘʱʠʪʳ ʦʪ ʬʨʦʥʪʨʘʥ ʘʪʘʢ, ʥʝʩʢʦʣʴʢʦ ʠʟ ʥʠʭ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜʨʦʙʥʝʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ. 

Abstract. 

The invention of money and the Internet has opened a global network market with many opportunities for 

fraudsters. Dishonest brokers use their superior knowledge and high frequency trading algorithms to profit from 

schemes like front-running. From this kind of vulnerabilities of decentralized systems, there are different schemes 

of cryptocurrency exchange platforms, which have their own schemes and methods of protection against frontrun 

attacks, several of them are discussed in more detail in this article. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: front-running, ʬʨʦʥʪʨʘʥʥʠʥʛ, ethereum, ʟʘʱʠʪʘ, ʙʣʦʢʯʝʡʥ. 

Key words: front-running, front-running, ethereum, protection, blockchain. 

 

ʅʘʯʠʥʘʷ ʩ ʵʨʳ ʙʘʨʪʝʨʥʦʡ ʪʦʨʛʦʚʣʠ, ʣʶʜʠ, ʢʦ-

ʪʦʨʳʤ ʥʝ ʭʚʘʪʘʣʦ ʩʢʨʫʧʫʣʝʟʥʦʩʪʠ, ʠʩʢʘʣʠ ʩʧʦʩʦʙʳ 

ʦʙʤʘʥʫʪʴ ʫʯʘʩʪʥʠʢʘ ʩʜʝʣʢʠ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚʝʩʳ ʢʘʢ ʩʧʦʩʦʙ ʠʟʚʣʝʯʝʥʠʷ 

ʚʳʛʦʜʳ ʚʦ ʚʨʝʤʷ ʪʦʨʛʦʚʣʠ. 

ʀʟʦʙʨʝʪʝʥʠʝ ʜʝʥʝʛ ʠ ʠʥʪʝʨʥʝʪʘ ʦʪʢʨʳʣʦ ʛʣʦ-

ʙʘʣʴʥʳʡ ʩʝʪʝʚʦʡ ʨʳʥʦʢ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʤʦʰʝʥʥʠʢʦʚ. ʅʝʯʝʩʪʥʳʝ ʙʨʦ-

ʢʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʩʚʦʠ ʧʨʝʚʦʩʭʦʜʥʳʝ ʟʥʘʥʠʷ ʠ ʚʳ-

ʩʦʢʦʯʘʩʪʦʪʥʳʝ ʪʦʨʛʦʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʯʪʦʙʳ ʧʦʣʫ-

ʯʘʪʴ ʧʨʠʙʳʣʴ ʦʪ ʪʘʢʠʭ ʩʭʝʤ, ʢʘʢ front-running. ʋʩʠ-

ʣʠʷ ʧʦ ʩʜʝʨʞʠʚʘʥʠʶ ʘʤʦʨʘʣʴʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʦʧʠʨʘʶʪʩʷ ʥʘ ʩʣʦʞʥʳʝ ʬʠʥʘʥʩʦʚʦ-ʧʨʘ-

ʚʦʚʳʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʴ ʧʨʘʚʦʧʨʠʤʝʥʠʪʝʣʴʥʳʭ ʤʝʨ, 

ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʭ ʜʣʷ ʥʘʢʘʟʘʥʠʷ ʧʨʝʩʪʫʧʥʠʢʦʚ. 

ʉʝʛʦʜʥʷ ʩʦʟʜʘʝʪʩʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʬʠʥʘʥ-

ʩʦʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʦʚʝʨʠʷ 

ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʩʜʝʣʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʩʫʜʝʡ ʠ ʘʜ-

ʚʦʢʘʪʦʚ ʥʝʥʫʞʥʳʤʠ. 

ɺ ʩʠʩʪʝʤʘʭ ʙʝʟ ʜʦʚʝʨʠʷ ʤʳ ʥʝ ʧʦʣʘʛʘʝʤʩʷ ʥʘ 

ʤʦʨʘʣʴ ʠ ʵʪʠʢʫ ʫʯʘʩʪʥʠʢʦʚ ʨʘʜʠ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦ-

ʨʦʚʴʷ ʩʠʩʪʝʤʳ. ʉʢʦʨʝʝ, ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟ-

ʨʘʙʦʪʢʝ ʤʝʭʘʥʠʟʤʦʚ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʜʝ-

ʣʘʶʪ ʥʝʨʝʥʪʘʙʝʣʴʥʳʤ, ʘ ʪʦ ʠ ʚʦʚʩʝ ʥʝʚʦʟʤʦʞʥʳʤ 

ʤʦʰʝʥʥʠʯʝʩʪʚʦ, ʦʩʪʘʚʣʷʷ ʯʝʩʪʥʫʶ ʠʛʨʫ ʝʜʠʥʩʪʚʝʥ-

ʥʦʡ ʜʦʤʠʥʠʨʫʶʱʝʡ ʩʪʨʘʪʝʛʠʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦ-

ʨʠʠ ʠʛʨ. 

ɹʣʦʢʯʝʡʥ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʫʤʥʳʝ ʢʦʥʪʨʘʢʪʳ, ʜʘ-

ʚʘʣʠ ʥʘʜʝʞʜʫ ʥʘ ʩʦʟʜʘʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦʡ ʠ ʧʨʦʟʨʘʯ-

ʥʦʡ ʪʦʨʛʦʚʦʡ ʵʢʦʩʠʩʪʝʤʳ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚʨʝʤʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠ ʵʪʘ ʤʦʜʝʣʴ 

ʥʝ ʙʝʟ ʠʟʲʷʥʦʚ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠ-

ʨʦʢʦʨʘʩʪʫʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʨʙʠʪʨʘʞʥʳʭ ʙʦʪʦʚ ʚ 

ʩʠʩʪʝʤʘʭ ʙʣʦʢʯʝʡʥʦʚ, ʦʩʦʙʝʥʥʦ ʥʘ ʜʝʮʝʥʪʨʘʣʠʟʦ-

ʚʘʥʥʳʭ ʙʠʨʞʘʭ (ʠʣʠ çDEXè). ʂʘʢ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪ-

ʥʳʝ ʪʨʝʡʜʝʨʳ ʩ ʋʦʣʣ-ʩʪʨʠʪ, ʵʪʠ ʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪ 

ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ DEX, ʧʣʘʪʷʪ ʚʳʩʦʢʫʶ ʧʣʘʪʫ ʟʘ 

ʪʨʘʥʟʘʢʮʠʠ ʠ ʦʧʪʠʤʠʟʠʨʫʶʪ ʟʘʜʝʨʞʢʫ ʩʝʪʠ ʜʣʷ 

ʬʨʦʥʪʨʘʥ ʘʪʘʢʠ, ʪʦ ʝʩʪʴ ʧʨʝʜʚʠʜʷʪ ʠ ʠʩʧʦʣʴʟʫʶʪ 

ʩʜʝʣʢʠ DEX ʦʙʳʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. [1] 

ɺ DEX ʫʤʥʳʡ ʢʦʥʪʨʘʢʪ (ʧʨʦʛʨʘʤʤʘ, ʚʳʧʦʣʥʷ-

ʶʱʘʷʩʷ ʚ ʙʣʦʢʯʝʡʥʝ) ʠʣʠ ʜʨʫʛʘʷ ʬʦʨʤʘ ʦʜʥʦʨʘʥʛʦ-

ʚʦʡ ʩʝʪʠ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʙʤʝʥʘ. 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʦʙ-

ʤʝʥʳ ʢʘʞʫʪʩʷ ʠʜʝʘʣʴʥʦ ʧʨʦʜʫʤʘʥʥʳʤʠ. ʀʭ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʠʝ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʦʙ-

ʥʘʨʫʞʝʥʠʝ ʮʝʥ ʠ ʩʧʨʘʚʝʜʣʠʚʫʶ ʪʦʨʛʦʚʣʶ, ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʫʩʪʨʘʥʷʷ ʥʝʜʦʩʪʘʪʢʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ 
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ʙʠʨʞ. ʉʜʝʣʢʠ ʘʪʦʤʘʨʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ ʫʤʥʦʤʫ 

ʢʦʥʪʨʘʢʪʫ ʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʙʣʦʢʯʝʡʥʝ Ethereum, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʆʧʝʨʘʪʦʨ 

ʙʠʨʞʠ ʥʝ ʤʦʞʝʪ ʫʢʨʘʩʪʴ ʩʨʝʜʩʪʚʘ, ʧʦʪʦʤʫ ʯʪʦ ʠʭ 

ʭʨʘʥʝʥʠʝ ʠ ʣʦʛʠʢʘ ʦʙʤʝʥʘ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʛʘʨʘʥ-

ʪʠʨʫʶʪʩʷ ʫʤʥʳʤ ʢʦʥʪʨʘʢʪʦʤ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫ-

ʱʝʩʪʚʘ, ʤʥʦʛʠʝ DEX ʠʤʝʶʪ ʩʝʨʴʝʟʥʫʶ ʠ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʫʶ ʩʣʘʙʦʩʪʴ: ʪʦʨʛʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʤʥʳʤʠ ʢʦʥ-

ʪʨʘʢʪʘʤʠ, ʚʝʜʫʪʩʷ ʤʝʜʣʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʡ-

ʜʝʨʳ ʤʦʛʫʪ ʧʳʪʘʪʴʩʷ ʧʨʠʥʠʤʘʪʴ ʟʘʢʘʟʳ, ʢʦʪʦʨʳʝ 

ʫʞʝ ʙʳʣʠ ʧʨʠʥʷʪʳ ʠʣʠ ʦʪʤʝʥʝʥʳ, ʥʦ ʦʪʦʙʨʘʞʘʶʪʩʷ 

ʘʢʪʠʚʥʳʤʠ ʠʟ-ʟʘ ʟʘʜʝʨʞʢʠ ʚ ʦʙʥʦʚʣʝʥʠʠ ʠʭ ʩʪʘʪʫʩʘ 

ʚ ʩʝʪʠ. ʍʫʞʝ ʚʩʝʛʦ ʪʦ, ʯʪʦ ʤʦʰʝʥʥʠʢʠ ʤʦʛʫʪ ʟʘʧʫʩ-

ʢʘʪʴ ʬʨʦʥʪʨʘʥ ʘʪʘʢʫ ʥʘ ʟʘʢʘʟʳ, ʥʘʙʣʶʜʘʷ ʟʘ ʥʠʤʠ ʠ 

ʨʘʟʤʝʱʘʷ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʘʢʘʟʳ ʩ ʙʦʣʝʝ ʚʳʩʦ-

ʢʠʤʠ ʩʙʦʨʘʤʠ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʦʥʠ ʙʫʜʫʪ 

ʦʙʨʘʙʦʪʘʥʳ ʧʝʨʚʳʤʠ. 

ʇʦʩʢʦʣʴʢʫ ʥʝʪ ʩʪʦʨʦʥʳ, ʠʛʨʘʶʱʝʡ ʨʦʣʴ ʧʦ-

ʩʨʝʜʥʠʢʘ ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʘʩʠʤʤʝʪʨʠʷ ʜʣʷ 

ʫʯʘʩʪʥʠʢʦʚ, ʟʘʥʠʤʘʶʱʠʭ ʚʳʛʦʜʥʳʝ ʧʦʟʠʮʠʠ ʚ ʙʘ-

ʟʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ʌʨʦʥʪʨʘʥʥʠʥʛ ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʡ ʥʘ ʧʫʙʣʠʯʥʦʤ 

ʨʳʥʢʝ ʠʥʬʦʨʤʘʮʠʷ (ʥʘʧʨʠʤʝʨ, ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʧʦ-

ʩʣʝʜʥʠʝ ʥʦʚʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʮʝʥʳ ʘʢʮʠʡ). 

ɺ ʵʪʦʡ ʬʦʨʤʝ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʟʘʢʦʥʥʦ, ʥʦ ʠ ʩʣʫʞʠʪ 

ʦʩʥʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʪʦʨʛʦʚʣʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ 

ʪʦʚʘʨʘʤʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ. ʆʜ-

ʥʠʤ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʙʳʣʠ ʷʚʣʷ-

ʶʪʩʷ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʮʝʥʘʭ ʥʘ ʙʠʨʞʘʭ, ʪʦʨʛʫʶʱʠʭ 

ʦʜʠʥʘʢʦʚʳʤʠ ʠʣʠ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ ʘʢʪʠʚʘʤʠ. 

ɽʱʝ ʦʜʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʘʩʠʤʤʝʪʨʠʷ, ʩʚʷʟʘʥʥʘʷ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʠʣʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʦʚʦ-

ʩʪʝʡ. 

ʊʘʢʘʷ ʫʷʟʚʠʤʦʩʪʴ ʩʦʟʜʘʝʪʩʷ, ʢʦʛʜʘ ʪʨʘʥʟʘʢʮʠʠ 

ʙʣʦʢʯʝʡʥʘ ʷʚʣʷʶʪʩʷ ʘʩʠʥʭʨʦʥʥʳʤʠ ʠ ʧʨʦʟʨʘʯʥʳʤʠ 

ʜʣʷ ʚʥʝʰʥʠʭ ʥʘʙʣʶʜʘʪʝʣʝʡ, ʠʟ-ʟʘ ʯʝʛʦ ʦʥʠ ʤʦʛʫʪ 

ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʦʞʠʜʘʶʱʠʭ 

ʪʨʘʥʟʘʢʮʠʡ. ɺ ʢʦʥʪʝʢʩʪʝ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʦʙ-

ʤʝʥʘ ʥʘ ʦʩʥʦʚʝ ʮʝʧʦʯʢʠ ʙʣʦʢʦʚ ʵʪʦ ʤʦʞʝʪ ʧʨʦʷʚ-

ʣʷʪʴʩʷ ʢʘʢ ʬʨʦʥʪʨʘʥʥʠʥʛ: ʧʨʘʢʪʠʢʘ ʧʝʨʝʭʚʘʪʘ ʪʨʘʥ-

ʟʘʢʮʠʡ ʠʟ ʩʝʪʝʚʦʛʦ ʙʫʬʝʨʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ 

ʨʳʥʦʯʥʫʶ ʮʝʥʫ ʘʢʪʠʚʘ ʥʘ ʦʩʥʦʚʝ ʮʝʧʦʯʢʠ ʙʣʦʢʦʚ, ʘ 

ʟʘʪʝʤ ʚʩʪʘʚʘʪʴ ʚʧʝʨʝʜʠ ʦʯʝʨʝʜʠ ʪʨʘʥʟʘʢʮʠʡ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʮʝʥʦʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘ ʩʯʝʪ ʜʨʫʛʠʭ. 

ʂʘʢ ʬʨʦʥʪʨʘʥʥʝʨ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʝʛʦ 

ʪʨʘʥʟʘʢʮʠʷ ʙʫʜʝʪ ʜʦʙʳʪʘ ʚ ʙʣʦʢʝ ʜʦ ʪʨʘʥʟʘʢʮʠʠ, ʢʦ-

ʪʦʨʫʶ ʦʥ ʧʳʪʘʶʪʩʷ ʟʘʬʨʦʥʪʘʥʥʠʪʴ? ʌʨʦʥʪʨʘʥʥʝʨ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʮʝʥʫ ʥʘ ʛʘʟ ʜʣʷ ʩʚʦʝʡ ʪʨʘʥʟʘʢʮʠʠ 

ʚʳʰʝ, ʯʝʤ ʮʝʥʘ ʮʝʣʝʚʦʡ ʪʨʘʥʟʘʢʮʠʠ. ʋʯʠʪʳʚʘʷ 

ʚʨʦʞʜʝʥʥʳʡ ʣʠʤʠʪ ʧʦʪʨʝʙʣʝʥʠʷ ʛʘʟʘ ʜʣʷ ʢʘʞʜʦʛʦ 

ʙʣʦʢʘ Ethereum, ʨʘʮʠʦʥʘʣʴʥʳʡ ʤʘʡʥʝʨ ʙʫʜʝʪ ʦʪʜʘ-

ʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʪʨʘʥʟʘʢʮʠʷʤ, ʢʦʪʦʨʳʝ ʧʣʘʪʷʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʮʝʥʫ ʟʘ ʝʜʠʥʠʮʫ ʛʘʟʘ, ʯʪʦʙʳ ʤʘʢʩʠ-

ʤʠʟʠʨʦʚʘʪʴ ʮʝʥʥʦʩʪʴ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʟʘ ʩʚʦʡ ʙʣʦʢ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ, ʫʩʪʘʥʘʚʣʠʚʘʷ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʮʝʥʫ ʥʘ ʛʘʟ, ʬʨʦʥʪʨʘʥʥʝʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʞʠʜʘʝʪ, 

ʯʪʦ ʤʘʡʥʝʨʳ ʧʨʝʜʦʩʪʘʚʷʪ ʝʛʦ ʪʨʘʥʟʘʢʮʠʠ ʙʦʣʝʝ ʚʳ-

ʩʦʢʠʡ ʧʨʠʦʨʠʪʝʪ, ʯʝʤ ʪʨʘʥʟʘʢʮʠʠ, ʢʦʪʦʨʫʶ ʦʥ ʧʳ-

ʪʘʝʪʩʷ ʬʨʦʥʪʨʘʥʥʠʪʴ. [2] 

ʍʫʞʝ ʪʦʛʦ, ʬʨʦʥʪʨʘʥʥʝʨ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʷʚʣʷ-

ʝʪʩʷ ʤʘʡʥʝʨʦʤ, ʤʦʞʝʪ ʟʘʢʘʟʳʚʘʪʴ ʪʨʘʥʟʘʢʮʠʠ ʧʨʦ-

ʠʟʚʦʣʴʥʦ ʠ ʧʦ ʩʚʦʝʤʫ ʫʩʤʦʪʨʝʥʠʶ ʢʘʞʜʳʡ ʨʘʟ, ʢʦ-

ʛʜʘ ʦʥ ʜʦʙʳʚʘʝʪ ʙʣʦʢ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʜʫʱʠʡ 

ʤʘʡʥʝʨ ʤʦʞʝʪ ʠʛʥʦʨʠʨʦʚʘʪʴ ʮʝʥʳ ʥʘ ʛʘʟ, ʨʘʟʤʝʱʘʪʴ 

ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʪʨʘʥʟʘʢʮʠʠ ʚ ʙʣʦʢ, ʛʜʝ ʦʥ ʧʦʞʝ-

ʣʘʝʪ, ʠ ʧʦʜʚʝʨʛʘʪʴ ʮʝʥʟʫʨʝ ʪʨʘʥʟʘʢʮʠʠ ʜʨʫʛʠʭ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʮʠʦʥʘʣʴʥʳʡ ʤʘʡʥʝʨ 

ʙʫʜʝʪ ʩʣʝʜʠʪʴ ʟʘ ʪʝʤ, ʢʘʢ ʜʚʠʞʫʪʩʷ ʨʳʥʦʯʥʳʝ 

ʩʜʝʣʢʠ, ʠ ʤʝʪʦʜʠʯʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʢʘʞʜʫʶ ʩʜʝʣʢʫ 

ʪʘʢ, ʯʪʦʙʳ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʧʨʠʙʳʣʴ.  

ʅʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʳʥʢʘʭ ʬʨʦʥʪʨʘʥʥʠʥʛ ʩʯʠ-

ʪʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʝʵʪʠʯʥʳʤ, ʥʦ ʠ ʥʝʟʘʢʦʥʥʳʤ. ɺʩʝ 

ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ, ʛʜʝ ʢʘʞ-

ʜʳʡ ʫʯʘʩʪʥʠʢ ʨʳʥʢʘ ʜʝʡʩʪʚʫʝʪ ʨʘʮʠʦʥʘʣʴʥʦ ʚ 

ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʨʝʩʘʭ. ɽʩʪʴ ʨʘʟʥʳʝ ʩʭʝʤʳ 

ʨʘʙʦʪʳ ʧʣʦʱʘʜʦʢ ʧʦ ʦʙʤʝʥʫ ʢʨʠʧʪʦʚʘʣʶʪʳ ʚ ʩʠ-

ʩʪʝʤʝ Etherium, ʦʙʣʘʜʘʶʱʠʝ ʩʚʦʠʤʠ ʩʭʝʤʘʤʠ ʠ ʤʝ-

ʪʦʜʘʤʠ ʟʘʱʠʪʳ ʦʪ ʬʨʦʥʪʨʘʥ ʘʪʘʢ. ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʥʠʭ. 

ʉʭʝʤʘ ʦʜʥʦʨʘʥʛʦʚʳʭ ʧʝʨʝʛʦʚʦʨʦʚ 

ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʠʟʙʝʞʘʪʴ ʬʘʣʴʩʠʬʠʢʘ-

ʮʠʠ - ʵʪʦ ʚʦʦʙʱʝ ʠʟʙʝʞʘʪʴ ʧʫʙʣʠʯʥʳʭ ʨʳʥʢʦʚ, 

ʥʘʡʜʷ ʢʦʥʪʨʘʛʝʥʪʘ ʠ ʚʝʜʷ ʧʝʨʝʛʦʚʦʨʳ ʦ ʯʘʩʪʥʦʡ 

ʪʦʨʛʦʚʣʝ. ʅʘʩʪʨʦʡʢʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʧʦʠʩʢʘ 

ʢʦʥʪʨʘʛʝʥʪʘ, ʥʝ ʚʘʞʥʘ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʣʦ-

ʞʝʥʠʝ ʜʣʷ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ, ʬʦʨʫʤ ʠʣʠ ʩʫʙ-

ʨʝʜʜʠʪ (/r/ tokentrade). ʏʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ï ʢʘʢ ʪʦʣʴʢʦ ʧʦʜʭʦʜʷʱʠʡ ʢʦʥʪʨʘʛʝʥʪ 

ʥʘʡʜʝʥ ʠ ʮʝʥʘ ʩʦʛʣʘʩʦʚʘʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʘʨʘʤʝʪʨ 

taker ʵʪʦʛʦ ʟʘʢʘʟʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ Ethereum ʘʜ-

ʨʝʩ ʢʦʥʪʨʘʛʝʥʪʘ, ʧʨʝʞʜʝ ʯʝʤ ʟʘʢʘʟ ʧʦʜʧʠʩʘʥ ʢʨʠʧ-

ʪʦʛʨʘʬʠʯʝʩʢʠ, ʙʣʦʢʠʨʫʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʨʦʥʪʨʘʥ-

ʥʝʨʦʚ ʦʪ ʜʦʩʪʫʧʘ ʢ ʟʘʢʘʟʫ. ʇʦʨʪʘʣ ʙʠʨʞʠ 0x ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʪ ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʨʫʯʥʦʡ ʛʝʥʝʨʘʮʠʠ ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜ-

ʧʠʩʠ ʪʘʢʦʛʦ ʟʘʢʘʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ 0x. 

ʅʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʛʣʘʩʦʚʘ-

ʥʠʝʤ ʢʘʞʜʦʡ ʚʥʝʙʠʨʞʝʚʦʡ ʩʜʝʣʢʠ, ʜʝʣʘʶʪ ʵʪʦʪ 

ʧʦʜʭʦʜ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʥʝʙʦʣʴʰʠʭ 

ʩʫʤʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʥʝʙʠʨʞʝʚʳʝ ʩʜʝʣʢʠ ʯʘʩʪʦ 

ʧʨʦʚʦʜʷʪʩʷ ʫʯʨʝʞʜʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʣʠʢʚʠʜʠ-

ʨʦʚʘʪʴ ʠʣʠ ʧʨʠʦʙʨʝʩʪʠ ʙʦʣʴʰʠʝ ʩʫʤʤʳ ʘʢʪʠʚʘ ʙʝʟ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʳʥʦʯʥʳʝ ʮʝʥʳ. AirSwap 

ʧʳʪʘʝʪʩʷ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʢʦʥʪʨʘʛʝʥʪʘ ʠ 

ʚʝʜʝʥʠʷ ʧʝʨʝʛʦʚʦʨʦʚ ʦ ʩʜʝʣʢʝ, ʧʨʝʜʣʘʛʘʷ ʫʩʣʫʛʠ ʠʥ-

ʜʝʢʩʘʪʦʨʘ ʠ ʦʨʘʢʫʣʘ ʮʝʥʳ. ʀʥʜʝʢʩʘʪʦʨ ʚʝʜʝʪ ʩʧʠʩʦʢ 

ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ, ʢʦʪʦʨʳʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʧʦ-

ʠʩʢʝ ʢʦʥʪʨʘʛʝʥʪʘ, ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ 

ʜʚʫʤʷ ʩʪʦʨʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʧʦʜʭʦʜʷ-

ʱʠʤʠ. ʆʨʘʢʫʣ ʮʝʥʳ ʠʟʚʣʝʢʘʝʪ ʜʘʥʥʳʝ ʦʙʤʝʥʥʦʛʦ 

ʢʫʨʩʘ ʠʟ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ API ʦʙʤʝʥʘ ʠ ʧʨʝʜʣʘ-

ʛʘʝʪ ʵʪʫ ʮʝʥʫ ʚ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʠ ʜʣʷ ʧʝʨʝ-

ʛʦʚʦʨʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʩʪʦʨʦʥʘʤʠ. ɸʥʘʣʦʛʠʯʥʘʷ 

ʩʪʨʘʪʝʛʠʷ, ʢʦʪʦʨʘʷ ʥʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʮʝʥʦʚʦʤ 

ʦʨʘʢʫʣʝ ʠ ʢʦʪʦʨʫʶ ʤʳ ʥʘʟʳʚʘʝʤ ʩʪʨʘʪʝʛʠʝʡ ʧʨʦ-

ʚʘʡʜʝʨʘ ʢʦʪʠʨʦʚʦʢ, ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ 0x.[3] 

ʇʣʶʩʳ: 

¶ ʋʩʪʨʘʥʷʝʪ ʬʨʦʥʪ-ʪʨʝʡʜʝʨʦʚ ʠ ʤʘʡʥʝʨʦʚ; 

¶ ʋʩʪʨʘʥʷʝʪ ʪʦʨʛʦʚʳʝ ʢʦʣʣʠʟʠʠ. 
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ʄʠʥʫʩʳ: 

¶ ʇʦʩʪʘʚʱʠʢʠ ʣʠʢʚʠʜʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ 
ʦʥʣʘʡʥ ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʚʝʜʝʥʠʷ ʧʝʨʝʛʦʚʦʨʦʚ ʧʦ 

ʢʘʞʜʦʡ ʩʜʝʣʢʝ. ʅʝ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʪʴ 

ʠ ʟʘʙʳʪʴ ʟʘʢʘʟʳ; 

¶ ʅʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʣʠʢʚʠʜʥʦʩʪʴ ʧʦ ʪʨʝ-
ʙʦʚʘʥʠʶ. ʅʝʪ ʛʘʨʘʥʪʠʠ, ʯʪʦ ʢʦʥʪʨʘʛʝʥʪ ʜʦʩʪʫʧʝʥ ʠ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚ ʪʦʨʛʦʚʣʝ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ ʠʣʠ 

ʧʦ ʪʦʡ ʞʝ ʮʝʥʝ, ʠ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʫʟʥʘʪʴ ʵʪʦ 

ï ʚʩʪʫʧʠʪʴ ʚ ʩʜʝʣʢʫ; 

¶ ʅʝʪ ʩʝʪʝʚʦʡ ʣʠʢʚʠʜʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦ-
ʣʫʯʘʝʪʩʷ ʟʘʢʨʳʪʳʡ ʧʫʣ ʣʠʢʚʠʜʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʥʝ-

ʜʦʩʪʫʧʝʥ ʥʘʧʨʷʤʫʶ ʜʨʫʛʠʤ ʙʠʨʞʘʤ ʠʣʠ ʧʨʠʣʦʞʝ-

ʥʠʷʤ; 

¶ ʇʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʟʘʢʘʟʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
ʧʨʦʮʝʩʩʘ ʧʦʪʨʝʙʣʝʥʠʷ ʟʘʢʘʟʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʙʠʚʘʶʱʝʤʫ ʩ ʪʦʣʢʫ UX. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʟʘʢʘʟʦʚ 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʨʷʜʦʢ ʩʪʨʘʪʝʛʠʷ ʫʩʪʨʘ-

ʥʷʝʪ ʬʨʦʥʪʨʘʥʥʠʥʛ, ʫʩʪʘʥʦʚʠʚ taker ʧʘʨʘʤʝʪʨ ʥʘ 

EOA, ʠʟʙʝʛʘʷ ʧʨʠ ʵʪʦʤ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ, ʩʚʷ-

ʟʘʥʥʳʭ ʩʦ ʩʭʝʤʘʤʠ ʧʝʨʝʛʦʚʦʨʦʚ ʨʘʚʥʦʧʨʘʚʥʳʭ ʫʟ-

ʣʦʚ ʃɺʉ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʨʝʪʨʘʥʩʣʷʪʦʨ ʨʘʟʤʝ-

ʱʘʝʪ ʦʙʱʝʜʦʩʪʫʧʥʫʶ ʢʥʠʛʫ ʟʘʢʘʟʦʚ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʧʦʜʧʠʩʘʥʥʳʭ ʟʘʢʘʟʦʚ, ʦʜʥʘʢʦ 

taker ʜʣʷ ʢʘʞʜʦʛʦ ʟʘʢʘʟʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨ 

EOA, ʢʦʪʦʨʳʡ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʨʝʪʨʘʥʩʣʷʪʦʨʦʤ. ʀʟ 

ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʪʨʘʥʩʣʷʪʦʨ ʷʚʣʷʝʪʩʷ ʝʜʠʥ-

ʩʪʚʝʥʥʦʡ ʩʪʦʨʦʥʦʡ, ʩʧʦʩʦʙʥʦʡ ʚʳʧʦʣʥʷʪʴ ʟʘʢʘʟʳ, 

ʦʪʦʙʨʘʞʘʝʤʳʝ ʚ ʢʥʠʛʝ ʟʘʢʘʟʦʚ, ʥʝ ʜʘʚʘʷ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʤ ʬʨʦʥʪʨʘʥʥʝʨʘʤ ʜʦʩʪʫʧʘ ʢ ʥʠʤ. ʂʦʛʜʘ ʟʘ-

ʢʘʟʳ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ ʨʳʥʢʘ ʩʭʦ-

ʜʷʪʩʷ ʚ ʮʝʥʝ, ʧʘʨʪʠʷ ï ʨʝʪʨʘʥʩʣʷʪʦʨ ʚʳʧʦʣʥʷʝʪ ʵʪʠ 

ʟʘʢʘʟʳ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʩʦʧʦʩʪʘʚʣʷʷ ʜʚʝ ʠʣʠ ʙʦʣʝʝ 

ʢʦʥʪʨʘʛʝʥʪʦʚ ʚʤʝʩʪʝ. ʄʳ ʩʩʳʣʘʝʤʩʷ ʥʘ ʨʝʪʨʘʥʩʣʷ-

ʪʦʨʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʩʪʨʘʪʝʛʠʶ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʟʘʢʘʟʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʦʛʣʘʩʦʚʘʥʠʷ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ 

ʙʳʣ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʚ ʦʬʠʮʠʘʣʴʥʦʤ ʜʦʢʫʤʝʥʪʝ 

Hallex ʠ ʚʧʝʨʚʳʝ ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦ-

ʪʦʢʦʣʘ 0x ʢʦʤʘʥʜʦʡ Paradex. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʨʘʙʦʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʟʘʢʘʟʦʚ 

 

ɺ ʩʪʨʘʪʝʛʠʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʟʘʢʘʟʦʚ ʩʨʝʜʩʪʚʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʙʱʝʜʦʩʪʫʧʥʫʶ 

ʢʥʠʛʫ ʟʘʢʘʟʦʚ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʢʘʟʳ ʜʦʩʪʫʧʥʳ ʜʣʷ 

ʧʫʙʣʠʯʥʦʛʦ ʧʨʦʩʤʦʪʨʘ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ 

ʪʦʣʴʢʦ ʪʝʤ, ʢʪʦ ʩʦʧʦʩʪʘʚʣʷʝʪ ʠʭ. 

ʇʣʶʩʳ: 

¶ ʋʩʪʨʘʥʷʝʪ ʬʨʦʥʪʨʘʥʥʠʥʛ ʦʪ ʪʨʝʡʜʝʨʦʚ ʠ 
ʤʘʡʥʝʨʦʚ; 

¶ ʋʩʪʨʘʥʷʝʪ ʪʦʨʛʦʚʳʝ ʢʦʣʣʠʟʠʠ; 

¶ ʄʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʦʧʳʪ ʪʦʨʛʦʚʣʠ, ʢʦʪʦ-
ʨʳʡ ʯʫʚʩʪʚʫʝʪ ʤʝʥʴʰʫʶ ʟʘʜʝʨʞʢʫ, ʯʝʤ ʚʨʝʤʷ 

ʙʣʦʢʘ, ʪʘʢ ʢʘʢ ʫ ʩʦʧʦʩʪʘʚʠʪʝʣʷ ʝʩʪʴ ʥʝʢʦʪʦʨʘʷ ʩʪʝ-

ʧʝʥʴ ʫʚʝʨʝʥʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʧʦʣʥʝʥʠʷ 

ʩʜʝʣʢʠ; 

¶ çFire and forgetè ʧʨʠʢʘʟʳ. ʃʠʢʚʠʜʥʦʩʪʴ ʧʦ 

ʪʨʝʙʦʚʘʥʠʶ; 

¶ ʇʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʟʘʢʘʟʘ ʠʜʝʥʪʠʯʝʥ ʧʨʦ-
ʮʝʩʩʫ ʧʦʪʨʝʙʣʝʥʠʷ ʟʘʢʘʟʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʝʥʝʝ ʟʘʧʫʪʘʥʥʳʡ UX. 
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ʅʝʡʪʨʘʣʴʥʳʝ: 

¶ ʉʦʧʦʩʪʘʚʠʪʝʣʴ ʦʧʣʘʯʠʚʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʛʘʟ 
(ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʨʝʡʜʝʨʘ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʧʣʘʪʠʪʴ ʟʘ ʛʘʟ, ʚʝʨʦʷʪʥʦ, ʩʯʠʪʘʝʪʩʷ ʭʦʨʦʰʝʡ ʚʝ-

ʱʴʶ); 

¶ ʉʦʧʦʩʪʘʚʠʪʝʣʴ ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴ ʮʝʥʟʫʨʝ 
ʪʨʝʡʜʝʨʦʚ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʧʦʩʪʘʚʠʪʝʣʷ, ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʟʘʥʝʩʪʠ ʚ ʯʝʨʥʳʡ ʩʧʠʩʦʢ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ 

ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʭʦʨʦʰʝʡ ʚʝʱʴʶ). 

 

 

ʄʠʥʫʩʳ: 

¶ ʅʝʪ ʩʝʪʝʚʦʡ ʣʠʢʚʠʜʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʷʚ-
ʣʷʝʪʩʷ ʟʘʢʨʳʪʳʡ ʧʫʣ ʣʠʢʚʠʜʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʥʝ ʜʦ-

ʩʪʫʧʝʥ ʥʘʧʨʷʤʫʶ ʜʨʫʛʠʤ ʨʝʬʝʨʘʣʘʤ ʠ ʧʨʠʣʦʞʝ-

ʥʠʷʤ; 

¶ ʉʦʧʦʩʪʘʚʠʪʝʣʴ ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ 

ʬʨʦʥʪʨʘʥ-ʩʜʝʣʢʠ; 

¶ ʉʦʧʦʩʪʘʚʠʪʝʣʴ ʜʦʣʞʝʥ ʫʜʝʨʞʠʚʘʪʴ ʪʦʨʛʦ-
ʚʳʡ ʙʘʣʘʥʩ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʜʝʨʞʢʠ ʘʪʦʤʘʨʥʦʛʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʨʜʝʨʦʚ ʚ ʚʝʨʩʠʠ ʧʨʦʪʦʢʦʣʘ 1x. ʇʦʜ-

ʜʝʨʞʢʘ ʘʪʦʤʘʨʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʨʜʝʨʦʚ ʧʣʘʥʠ-

ʨʫʝʪʩʷ ʜʣʷ ʚʝʨʩʠʠ 2 ʧʨʦʪʦʢʦʣʘ 0x; 

¶ ʂʘʞʜʘʷ ʩʜʝʣʢʘ ʧʦʪʨʝʙʣʷʝʪ ʚʜʚʦʝ ʙʦʣʴʰʝ 
ʛʘʟʘ, ʯʝʤ ʩʜʝʣʢʘ ʧʦ ʢʥʠʛʝ ʦʪʢʨʳʪʳʭ ʦʨʜʝʨʦʚ, ʧʦ-

ʪʦʤʫ ʯʪʦ ʤʵʪʯʝʨ ʜʦʣʞʝʥ ʚʳʧʦʣʥʠʪʴ ʜʚʘ ʦʨʜʝʨʘ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʙʠʨʞʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʢʣʘʩʩʠ-

ʯʝʩʢʦʡ ʬʦʨʤʦʡ ʭʠʱʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘ ʨʳʥʢʝ, 

ʥʘʟʳʚʘʝʤʦʡ ʧʦʜʩʪʘʚʥʳʤ. ʅʘ ʨʝʛʫʣʠʨʫʝʤʳʭ ʨʳʥʢʘʭ 

ʣʠʜʝʨʩʪʚʦ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʥʝʟʘʢʦʥʥʳʤ, ʯʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʫʜʝʙʥʦʤʫ ʧʨʝʩʣʝʜʦʚʘʥʠʶ ʠ ʧʦʜʨʳʚʘʝʪ ʨʝʧʫ-

ʪʘʮʠʶ ʬʠʥʘʥʩʦʚʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʧʦʡʤʘʚʰʠʭ ʝʛʦ ʥʘ 

ʧʨʘʢʪʠʢʝ. 

ʌʨʦʥʪʨʘʥʥʠʥʛ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʝ ʘʩʠʤʤʝʪʨʠʠ, ʩʦʟʜʘʥʥʳʝ ʚʣʘʩʪʥʳʤʠ ʩʪʨʫʢ-

ʪʫʨʘʤʠ ʚʥʫʪʨʠ ʬʠʥʘʥʩʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʘʧʨʠʤʝʨ, 

ʙʨʦʢʝʨʘʤʠ, ʠʤʝʶʱʠʤʠ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ 

ʢ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʨʳʥʦʯʥʳʝ ʙʦʪʳ ʦʪ ʚʳʩʦ-

ʢʦʯʘʩʪʦʪʥʳʭ ʪʦʨʛʦʚʳʭ ʬʠʨʤ ʢʦʥʢʫʨʠʨʫʶʪ, ʯʪʦʙʳ 

ʧʦʣʫʯʘʪʴ ʧʨʠʙʳʣʴ ʥʘ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦ-

ʩʪʠ. ʆʥʠ ʨʝʛʫʣʷʨʥʦ ʩʪʨʦʷʪ ʬʠʟʠʯʝʩʢʠʝ ʩʝʪʠ ʩʪʦʠʤʦ-

ʩʪʴʶ ʚ ʤʠʣʣʠʘʨʜʳ ʜʦʣʣʘʨʦʚ ʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʩʢʦ-

ʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʚʝʪʘ ʯʝʨʝʟ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷ-

ʥʠʷ. ʄʥʦʛʠʝ ʵʢʦʥʦʤʠʩʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʵʪʦ 

ʧʦʚʝʜʝʥʠʝ ʢʘʢ ʠʛʨʫ ʩ ʥʫʣʝʚʦʡ ʩʫʤʤʦʡ, ʢʦʪʦʨʘʷ ʧʨʠ-

ʥʦʩʠʪ ʧʨʠʙʳʣʴ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʠ ʬʦʨ-

ʤʘʣʴʥʦ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʦʡ 

ʨʝʥʪʳ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʜʠʟʘʡʥʘ ʨʳʥʢʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʩʣʝʜʩʪʚʠʝʤ ʘʨʙʠʪʨʘʞʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘ ʙʠʨʞʘʭ. 

ʕʪʦ, ʦʜʥʘʢʦ, ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʛʦʨʷʯʝʡ ʪʝʤʦʡ ʜʣʷ 

ʦʙʩʫʞʜʝʥʠʡ. [4] 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʩʪʠ-

ʞʝʥʠʝʤ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ ʩʨʝʜʳ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʨʳʥʢʠ 

ʜʘʶʪ ʥʘʜʝʞʜʫ ʥʘ ʥʦʚʦʝ ʦʪʢʨʳʪʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ ʩʦ-

ʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʩʜʝʣʢʠ. ɼʝʮʝʥ-

ʪʨʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʠʜʝʠ ʠ ʚʦʟʤʦʞ-

ʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʥʦʚʳʝ ʤʝʪʦʜʳ ʨʝʘʣʠʟʘʮʠʠ ʩʦʚʝʨ-

ʰʝʥʥʦ ʠʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʪʦʨʛʦʚʣʝ. 
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The transition to a digital economy in the agro-indus-

trial complex involves not only expanding information 

support for existing organizational and production tech-

nologies, but also creating innovative agro-ecosystems 

[1], whose operation is based on the implementation of 

scientific principles of biology (genetics, ecology, etc.), 

engineering (robotics, automation) and others), economics 

and management with the integrating role of modern dig-

ital technologies [2]. 

Digital management of agro-ecosystems of a new 

type suggests the possibility of their operational modi-

fication (reengineering) when changing external (envi-

ronmental, climatic, economic, administrative and le-

gal, etc.) operating conditions. The use of the method-

ological apparatus of simulation allows computational 

experiments to be carried out, analyzing various con-

figurations and choosing the most appropriate one. In 

the framework of the synthesis (modification) of sys-

tems with a given behavior [3,4], it is assumed that for 

a given input X 

 

X = <x1, x2,é, xr >  

 

a given output process Y is obtained  

 

Y = < y1, y2,é, ys >. 

 

At the same time, in a number of cases it is neces-

sary that the monitored data coincide not only at the fi-

nal, but also at the intermediate stages [5] of the func-

tioning Z(t)=<  z1(t), z2(t),é, zs(t) >  with reference val-

ues Z*(t)=<  z1
*(t), z2

*(t),é,z*
s(t) > , t=1,2,é,n, (<  z1(n), 

z2(n),é, zs(n) >=<  y1, y2,é, ys >), i.e., the conditions 

of a given behavior are required:  

 

Dj (t)=0  (j=1,2,é, s; t=1,2,é,n ), 

 

where Dj(t)= abs(zj(t) ï z*
j(t)) ï controlled data de-

viations at certain stages of the system operation.  

However, in some cases, a possible slight devia-

tion of data from the specified reference values is ac-

ceptable. Thus, the objective function of the problem of 

optimal synthesis of a system with a given behavior is: 

 

F(p1, p2,é pm) = f(p1, p2,é, pm) ï 

ï h(D1(p1, p2,é, pm), D2(p1, p2,é, pm), é, Ds(p1, 

p2,é, pm)), 

 

Dj(p1, p2,é, pm)=В vtæjt,p1,p2, é,pm
n
t=1 , 

vt²0, (t=1,2,é,n), 

v1+ v2+é+ vn=1 

where f(p1, p2,é, pm) ï system performance crite-

rion; D1, D2, é, Ds ï weighted average (by the stages of 

the system operation) controlled data deviations; h(D1, 

D2, é, Ds) ï penalty function, the arguments of which 

are deviations of monitored data from the reference set 

values; p1, p2,é, pm - system configuration parameters. 

To solve the problem of optimal synthesis of agro-

ecosystems, it is proposed to take as a penalty function 

the weighted metric distance in the deviation space 

multiplied by the penalty coefficient H (H >> 1). This 

can be used, for example, Chebyshev distance, Euclid-

ean distance and Manhattan distance. The form of the 

penalty function for the metrics considered is given in 

Table 1. 

 

 

 

Table 1 

Penalty functions of the synthesis problem when using different metrics 

ˉ The name of the used metric Type of penalty function 

1. Chebyshev distance DCh(D1, D2, é, Ds) = H max 1ÒjÒs {wj Dj}, 

2. Euclidean distance DEulc(D1, D2, é, Ds) = H( В wj(æj)
2s

j=1 )1/2 

3. Manhattan distance DManh(D1, D2, é, Ds) = H( В wjæj
s
j=1 ) 

  

The choice of a metric is made on the basis of the 

specifics of the system under consideration, taking into 

account the fact that the Manhattan metric distinguishes 

and the Chebyshev metric partly levels the difference 

between objects, while the Euclidean metric occupies 

an intermediate position.  

Non-negative normalized weights wj (j=1,2,é, s) 

reflect the relative importance of individual conditions 

of a given behavior for different controlled data at dif-

ferent stages of the functioning of agro-ecosystems. 

These weights are determined using expert technolo-

gies (for example, [6]). 

The formulated problems of optimal synthesis are 

solved by simulation methods that involve repeated 

computational experiments using specially generated 

input data within an evolutionary methodological ap-

proach [7]. 

The proposed approach in combination with the 

tools of the formalized description of control algo-

rithms can serve as a basis for supporting the adoption 

of scientifically based management decisions on the 

reengineering of agro-ecosystems when the external 

conditions change. 
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APPLICATION OF AUGMENTED REALITY IN ARCHITECTURAL DESIGN  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʇʨʠʚʝ-

ʜʝʥʦ ʦʧʠʩʘʥʠʝ, ʠʟ ʢʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʦʠʪ ʩʠʩʪʝʤʘ, ʘ ʪʘʢ ʞʝ ʚʘʨʠʘʥʪʳ ʝʝ ʧʦʩʪʨʦʝʥʠʷ. ʆʧʠʩʘʥʳ ʚʘʨʠ-

ʘʥʪʳ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

Abstract. 

The articles are considering the features of the use of augmented reality systems. The description of what 

elements the system consists of, as well as options for its construction. The variants of application in the process 

of architectural design are described. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ, AR-ʩʠʩʪʝʤʳ. 

Key words: augmented reality, three-dimensional model, AR-systems. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʝʚʦʟ-

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴ-

ʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ. ɽʱʝ ʩ ʧʝʨʚʦʙʳʪʥʳʭ ʚʨʝʤʝʥ 

ʯʝʣʦʚʝʢ ʟʘʜʫʤʳʚʘʣʩʷ ʦ ʪʦʤ, ʢʘʢ ʧʝʨʝʥʝʩʪʠ ʪʫ ʠʥ-

ʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʫʶ ʦʥ ʚʦʩʧʨʠʥʠʤʘʝʪ ʠʟ ʚʥʝʰʥʝʛʦ 

ʤʠʨʘ ʥʘ ʢʘʢʦʡ-ʣʠʙʦ ʥʦʩʠʪʝʣʴ, ʯʪʦʙʳ ʟʘʧʝʯʘʪʣʝʪʴ ʝʝ 

ʠʣʠ ʧʝʨʝʜʘʪʴ ʜʨʫʛʠʤ. ʊʘʢ ʧʦʷʚʠʣʘʩʴ ʥʘʩʢʘʣʴʥʘʷ 

ʞʠʚʦʧʠʩʴ ʠ ʧʨʦʯʠʝ ʬʦʨʤʳ ʧʝʨʚʦʙʳʪʥʦʛʦ ʠʩʢʫʩ-

ʩʪʚʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚʦʟʥʠʢʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʠʟʦʙʨʘ-

ʞʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʶʞʝʪʳ ʠʟ ʞʠʟʥʠ, ʥʦ ʠ ʚʦʧʣʦʱʘʪʴ ʚ 

ʤʘʪʝʨʠʘʣʴʥʫʶ ʬʦʨʤʫ ʠʜʝʠ ʠ ʪʚʦʨʯʝʩʢʠʝ ʧʦʠʩʢʠ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʩʪʘʣʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʚʝʜʴ ʥʘʤʥʦʛʦ ʣʝʛʯʝ ʚʦʟʚʦʜʠʪʴ ʩʦʦʨʫʞʝʥʠʷ, ʠʤʝʷ ʧʝ-

ʨʝʜ ʛʣʘʟʘʤʠ ʠʭ ʧʨʠʤʝʨʥʳʝ ʩʭʝʤʳ. ʊʘʢ ʧʦʷʚʠʣʠʩʴ 

ʧʝʨʚʳʝ ʠʥʞʝʥʝʨʥʳʝ ʨʠʩʫʥʢʠ ï ʯʝʨʪʝʞʠ. 

ʀʤʝʥʥʦ ʚ XVI ʩʣʦʚʦ çʯʝʨʪʝʞè ʩʪʘʣʦ ʫʧʦʤʠʥʘ-

ʝʪʩʷ ʚ ʥʘʰʝʤ ʷʟʳʢʝ. ʅʘ ʪʘʢʠʭ ʨʠʩʫʥʢʘʭ ʙʳʣʦ ʤʥʦʛʦ 

ʧʦʜʧʠʩʝʡ ʠ ʧʦʷʩʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʠʟʦʙʨʘʞʝʥʠʝ 

ʥʘʩʪʦʣʴʢʦ ʩʭʝʤʘʪʠʯʥʦ, ʯʪʦ ʧʦʥʷʪʴ ʚʩʝ ʥʶʘʥʩʳ ʟʘ-

ʜʫʤʢʠ ʧʦ ʦʜʥʦʤʫ ʪʦʣʴʢʦ ʨʠʩʫʥʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ-

ʚʦʟʤʦʞʥʦ. ʂ ʢʦʥʮʫ XVIII ʚʝʢʘ ʬʨʘʥʮʫʟʩʢʠʡ ʤʘʪʝ-

ʤʘʪʠʢ ɻʘʩʧʘʨ ʄʦʥʞ ʦʩʥʦʚʘʣ ʪʘʢʫʶ ʥʘʫʢʫ, ʢʘʢ 

ʥʘʯʝʨʪʘʪʝʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ. ɺ ʩʚʦʠʭ ʪʨʫʜʘʭ ʦʥ ʠʟʣʦ-

ʞʠʣ ʚʩʝ ʧʨʠʥʮʠʧʳ ʩʧʦʩʦʙʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘ-

ʞʝʥʠʷ ʦʙʲʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʬʠʛʫʨ ʚ ʜʚʫʭʤʝʨʥʦʤ 

ʨʠʩʫʥʢʝ.  

ʇʦʤʠʤʦ ʯʝʨʯʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚʩʝ ʙʦʣʝʝ 

ʨʘʟʚʠʚʘʣʘʩʴ ʢʘʨʪʦʛʨʘʬʠʷ, ʚ ʢʦʪʦʨʦʡ ʪʘʢ ʞʝ ʩʭʝʤʘ-

ʪʠʯʥʦ ʦʪʦʙʨʘʞʘʣʘʩʴ ʨʝʘʣʴʥʦʩʪʴ ʚ 2D-ʨʠʩʫʥʢʝ. ʉ ʪʝ-

ʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʯʝʨʯʝʥʠʝ ʚʩʝ ʙʦʣʝʝ ʪʝʩʥʦ ʧʝʨʝʧʣʝ-

ʪʘʣʦʩʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝ-

ʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʠ ʧʨʝʚʨʘʪʠʣʦʩʴ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

ʇʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝ ʧʨʦʩʪʦ ʩʦʟʜʘʥʠʷ ʯʝʨʪʝʞʘ ʙʫʜʫʱʝʛʦ ʩʦʦʨʫʞʝʥʠʷ, 

ʘ ʧʦʜʛʦʪʦʚʢʫ ʮʝʣʦʛʦ ʧʨʦʝʢʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʠʜʝʝʡ, 

ʚʦʧʣʦʱʝʥʥʦʡ ʚ ʬʦʨʤʝ ʯʝʨʪʝʞʝʡ, ʨʘʩʯʝʪʦʚ ʠ ʦʧʠʩʘ-
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ʥʠʡ, ʢʦʪʦʨʳʝ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʢʨʳ-

ʚʘʶʪ ʩʫʱʥʦʩʪʴ ʠʥʞʝʥʝʨʥʦʡ ʤʳʩʣʠ. ʅʦ ʵʪʦ ʚʩʝ ʟʘ-

ʥʠʤʘʣʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʙʳʣ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩ-

ʩʦʤ.  

 ɺ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ ʧʨʦʠʟʦʰʣʘ ʥʘʩʪʦʷʱʘʷ ʨʝ-

ʚʦʣʶʮʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʢʠ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ 

ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʦ, ʯʪʦ ʢʘʞʝʪʩʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʫʞʝ 

ʥʠʢʦʛʜʘ ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʥʠʯʝʛʦ ʧʦʜʦʙʥʦʛʦ. ʂ 1969 

ʛʦʜʫ ʢʦʤʧʴʶʪʝʨʳ ʩʪʘʣʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ. ɺ 

80-ʝ ʛʦʜʳ ʧʦʷʚʠʣʠʩʴ ʤʘʩʩʳ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤ-

ʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʩʠʩʪʝʤ. ʇʦʤʠʤʦ 2D-ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʧʦʷʚʣʷʶʪʩʷ ʧʝʨʚʳʝ ʩʠʩʪʝʤʳ 3D-ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ. ʕʪʦ ʧʨʦʨʳʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦ-

ʩʢʦʣʴʢʫ ʪʝʧʝʨʴ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʧʣʦʩʢʠʡ ʨʠʩʫʥʦʢ ʦʙʲʝʢʪʘ, ʥʦ ʠ ʦʙʲʝʤʥʳʡ. 

ʅʘʯʘʣʦ XXI ʚʝʢʘ ʧʨʠʥʝʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʦ-

ʚʳʝ 3D-ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʦʙʲ-

ʝʢʪ, ʠʟʦʙʨʘʞʘʷ ʚʩʝ ʜʝʪʘʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʠ ʧʦ-

ʜʨʦʙʥʦ. ʇʨʦʝʢʪʳ, ʩʦʟʜʘʥʥʳʝ ʤʝʪʦʜʘʤʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦ-

ʙʦʡ ʩʣʦʞʥʳʝ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʯʝʨʪʝʞʠ, ʤʥʦʞʝʩʪʚʦ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʚʳʯʠʩʣʝʥʠʡ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦ-

ʟʜʘʚʘʪʴ ʩʦʦʨʫʞʝʥʠʷ ʠ ʟʜʘʥʠʷ ʣʶʙʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

[1] 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʝʪʦʜʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʚʘʪʴ 

ʧʨʦʝʢʪʳ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ, ʥʦ ʠ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʥʞʝʥʝʨʥʦʡ ʤʳʩʣʠ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʝʜʦʩʪʘʚ-

ʣʷʶʱʠʝ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (AR, ʘʥʛʣ. augmented 

reality ð çʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴè). ɼʦʧʦʣʥʝʥʥʘʷ 

ʨʝʘʣʴʥʦʩʪʴ - ʵʪʦ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʘʷ 

ʦʙʲʝʜʠʥʷʝʪ ʨʝʘʣʴʥʳʡ ʤʠʨ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʜʘʥʥʳʝ. 

ʇʦ ʩʫʪʠ, ʵʪʦ ʩʨʝʜʘ, ʛʜʝ ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ ʜʦʙʘʚʣʷ-

ʶʪʩʷ ʥʘ ʩʮʝʥʫ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ, ʢʦʪʦʨʫʶ ʥʘʙʣʶʜʘʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʴ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʪʝʭʥʦʣʦ-

ʛʠʷ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (AR) ʩʜʝʣʘʣʘ ʙʦʣʴʰʦʡ 

ʩʢʘʯʦʢ. 

ʉ ʨʦʩʪʦʤ ʤʦʱʥʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦ-

ʯʪʠ ʣʶʙʦʡ ʯʝʣʦʚʝʢ ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʩʤʘʨʪʬʦʥʦʤ ʤʦ-

ʞʝʪ ʠʩʧʳʪʳʚʘʪʴ AR ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. ʀ Apple, ʠ Google ʩʦʟʜʘʣʠ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ 

ARKit ʠ ARCore ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. AR ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʘʙʦʪʘʪʴ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ ʧʨʠ ʚʠʟʫ-

ʘʣʴʥʦʤ ʧʦʣʫʯʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʮʠʬʨʦʚʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʚʘʪʴ ʨʘʩʰʠʨʝʥʥʦʝ ʨʘʙʦ-

ʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʛʨʘʬʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ, ʜʠʟʘʡʥʝʨʳ ʠ ʘʨʭʠʪʝʢʪʦʨʳ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʩʦʟʜʘʶʪ ʨʝʘʣʠʩʪʠʯʥʳʝ ʬʦʪʦʛʨʘʬʠʠ, ʯʪʦʙʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʨʘʟʤʝʱʝʥʠʝ ʟʜʘʥʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʢʨʫʞʘʶʱʝʡ ʤʝʩʪʥʦʩʪʠ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ, 

ʣʠʙʦ ʬʠʟʠʯʝʩʢʠʝ ʤʘʢʝʪʳ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʟʜʘʥʠʡ. ʍʦʪʷ ʵʪʦ ʤʦʞʝʪ ʜʘʪʴ ʨʝʘʣʠʩʪʠʯʥʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʦ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʨʦʝʢʪʝ ʠ ʙʫʜʫʱʝʤ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʝ, ʥʦ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʵʪʘʧʦʚ ʜʦ-

ʨʦʛʦʩʪʦʷʱʠʡ ʠ ʪʨʫʜʦʝʤʢʠʡ. ʇʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ 

ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ 

ʨʘʟʚʠʪʠʝ ʘʧʧʘʨʘʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʧʦʩʦʙʩʪʚʦ-

ʚʘʣʠ ʩʦʟʜʘʥʠʶ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʪʦʪʠʧʦʚ 

AR ʠʣʠ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ.  

ʉʠʩʪʝʤʘ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʦʧʠʩʘʥʠʝ 

ʧʨʠʥʮʠʧʦʚ. 

ʉʠʩʪʝʤʘ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

1. ʇʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʠ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʏʪʦʙʳ ʪʦʯʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʮʠʬʨʦʚʫʶ ʠʥʬʦʨ-

ʤʘʮʠʶ ʚ ʨʝʘʣʴʥʦʡ ʩʨʝʜʝ, ʩʠʩʪʝʤʘ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝ-

ʘʣʴʥʦʩʪʠ ʜʦʣʞʥʘ ʧʦʣʫʯʠʪʴ ʪʦʯʥʫʶ ʤʦʜʝʣʴ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʳ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʧʨʠ ʨʘʟ-

ʨʘʙʦʪʢʝ AR-ʩʠʩʪʝʤ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʜʠʟʘʡʥʘ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʚʠʣʴʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʤʝ-

ʪʦʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʤʦʜʝʣʠ ʨʝʘʣʴʥʦʩʪʠ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʬʠʟʠʯʝ-

ʩʢʦʛʦ ʤʠʨʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʥʳʝ ʜʘʪ-

ʯʠʢʠ:  

¶ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ, 

¶ ʢʘʤʝʨʳ çʚʨʝʤʷ ʧʦʣʝʪʘè 

¶ ʢʘʤʝʨʳ (ʦʧʪʠʯʝʩʢʠʝ ʠʣʠ ʠʥʬʨʘʢʨʘʩʥʳʝ),  

¶ ʫʣʴʪʨʘʟʚʫʢ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠ ʘʥʘʣʠʟʠʨʫʝʪ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥ-

ʥʳʝ ʩ ʜʘʪʯʠʢʦʤ. ʌʦʨʤʠʨʫʝʪ ʪʨʝʭʤʝʨʥʦʝ ʦʙʣʘʢʦ ʪʦ-

ʯʝʢ. ʀʟʤʝʨʝʥʥʳʝ ʪʦʯʢʠ ʪʨʝʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʪ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʮʠʬʨʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʨʝ-

ʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʚ ʪʦʯʥʳʭ ʧʦʟʠʮʠʷʭ ʚ ʨʝʘʣʴʥʦʡ 

ʩʨʝʜʝ.  

2. ʋʩʪʨʦʡʩʪʚʦ ʚʚʦʜʘ. ʂʨʦʤʝ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʨʝʘʣʴʥʦʡ ʩʨʝʜʝ, ʫʩʪʨʦʡ-

ʩʪʚʘ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʠʤʠ. ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʘʪʯʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʤʠʢʨʦʬʦʥ, ʢʘ-

ʤʝʨʘ, ʢʦʥʪʨʦʣʣʝʨʳ ʠ ʪ.ʜ.  

3. ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʝ 

ʧʦʟʠʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʣʝʜʫʶʱʠʝ ʚʠʜʳ: 

¶ ʩʠʩʪʝʤʳ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

(GPS) ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʤʝʩʪʦʧʦʣʦʞʝ-

ʥʠʝ ʩʠʩʪʝʤʳ 

¶ ʘʢʩʝʣʝʨʦʤʝʪʨ 

¶ ʢʦʤʧʘʩ 

¶ ʛʠʨʦʩʢʦʧ 

¶ ʠʥʝʨʮʠʘʣʴʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ 

¶ ʙʝʩʧʨʦʚʦʜʥʳʝ ʤʦʜʫʣʠ, ʪʘʢʠʝ ʢʘʢ Wi-Fi ʠ 

Bluetooth, ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʦ-

ʣʦʞʝʥʠʝ ʚ ʧʦʤʝʱʝʥʠʠ 

¶ ʮʠʬʨʦʚʳʝ ʢʘʤʝʨʳ 

ʆʮʝʥʢʘ ʧʦʟʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ 

AR, ʦʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʛʝʦʤʝʪʨʠʠ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʚʠʨʪʫʘʣʴ-

ʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʮʝʥʢʘ ʦʰʠʙʦʢ ʧʨʠ ʚʚʦʜʝ ʤʦʞʝʪ 

ʥʝ ʪʦʣʴʢʦ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʧʨʦʝʮʠʨʦʚʘ-

ʥʠʶ, ʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʫʶ ʨʝʘʢ-

ʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʘʧʨʠʤʝʨ ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ ʜʣʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʥʘ ʛʦʣʦʚʢʝ ʩʠʩʪʝʤʳ AR. ʆʮʝʥʢʘ 

ʧʦʟʳ ʠ ʦʪʩʣʝʞʠʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣ-

ʥʝʥʳ ʩ ʧʦʤʦʱʴʶ IMU-ʩʝʥʩʦʨʘ(Inertial measurement 

unit ð ʠʥʝʨʮʠʦʥʥʦʝ ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ). 

IMU-ʩʝʥʩʦʨ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 
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1. ɻʠʨʦʩʢʦʧ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʫʛʣʦʚʫʶ ʩʢʦ-
ʨʦʩʪʴ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥʥʳʭ ʦʩʝʡ X, Y, Z; 

2. ɸʢʩʝʣʝʨʦʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʝʣʠʯʠʥʫ 

ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʧʦ ʦʩʷʤ X, Y, Z; 

3. ʂʦʤʧʘʩ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʫʛʣʳ ʤʝʞʜʫ ʩʦʙ-
ʩʪʚʝʥʥʳʤʠ ʦʩʷʤʠ ʩʝʥʩʦʨʘ X, Y, Z ʠ ʩʠʣʦʚʳʤʠ ʣʠ-

ʥʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ; 

4. ɹʘʨʦʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʘʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ, ʚʳʩʦʪʫ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʠ ʪʝʤʧʝʨʘʪʫʨʫ. 

4. ʋʩʪʨʦʡʩʪʚʦ ʦʪʦʙʨʘʞʝʥʠʷ. ʋʩʪʨʦʡʩʪʚʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʜʦʧʦʣ-

ʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦ-

ʙʦʚ ʧʨʦʩʤʦʪʨʘ ʤʦʜʝʣʝʡ AR:  

1) ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ï ʧʨʦʝʮʠ-

ʨʦʚʘʥʠʝ ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ 

ʥʘ ʨʝʘʣʴʥʫʶ ʩʨʝʜʫ. ɼʣʷ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʧʨʦʝʢʪʦʨʳ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʦʙʲ-

ʝʜʠʥʷʶʪ ʨʝʘʣʴʥʳʡ ʠ ʚʠʨʪʫʘʣʴʥʳʡ ʚʟʛʣʷʜ ʥʘ ʤʠʨ ʥʘ 

ʧʣʦʩʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʜʠʩʧʣʝʷ, ʧʨʦʝʢʪʦʨ ʥʘʢʣʘ-

ʜʳʚʘʶʪ ʚʠʨʪʫʘʣʴʥʳʡ ʢʦʥʪʝʥʪ ʧʨʷʤʦ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʣʴ-

ʟʦʚʘʪʝʣʴ ʥʝ ʜʦʣʞʝʥ ʥʠʯʝʛʦ ʥʦʩʠʪʴ, ʥʦ ʧʨʦʝʢʪʦʨ 

ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʚʷʟʘʥ ʠ ʥʘʩʪʨʦʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥ-

ʥʦʛʦ ʤʝʩʪʘ. ɼʨʫʛʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʦʝʢʮʠʦʥʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʫʩʣʦ-

ʚʠʷʤ ʦʩʚʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʥʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʜʨʫ-

ʛʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ[2]. 

2) ʉʠʩʪʝʤʳ ʩ ʛʨʘʬʠʯʝʩʢʠʤʠ ʜʠʩʧʣʝʷʤʠ ʠ ʦʧ-
ʪʠʯʝʩʢʦʡ ʢʘʤʝʨʦʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʘʤʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷ-

ʝʪʩʷ ʧʣʘʥʰʝʪ, ʣʠʙʦ ʩʤʘʨʪʬʦʥ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩ ʢʘ-

ʤʝʨʳ ʧʦʜʘʶʪʩʷ ʠʟʦʙʨʘʞʝʥʠʷ ʦʢʨʫʞʝʥʠʷ ʚ AR-

ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʠʭ ʩ ʚʠʨʪʫʘʣʴʥʳʤʠ 

ʤʦʜʝʣʷʤʠ. ʇʦʟʚʦʣʷʝʪ ʟʘʧʠʩʳʚʘʪʴ ʚʠʜʝʦʨʦʣʠʢʠ, 

ʣʠʙʦ ʜʝʣʘʪʴ ʬʦʪʦʛʨʘʬʠʠ. ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚ-

ʣʷʝʪʩʷ ʩʣʘʙʘʷ ʤʦʙʠʣʴʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʨʠʭʦʜʠʪʩʷ ʧʦ-

ʩʪʦʷʥʥʦ ʜʝʨʞʘʪʴ ʚ ʨʫʢʘʭ ʫʩʪʨʦʡʩʪʚʦ. ʉʪʘʮʠʦʥʘʨ-

ʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʤʝʜʠʘʬʘ-

ʩʘʜʳ ʩ ʢʘʤʝʨʦʡ. ʅʘ ʤʝʜʠʘʬʘʩʘʜʝ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʢʘʤʝʨʳ. ʀʟʦʙʨʘʞʝ-

ʥʠʝ ʜʦʧʦʣʥʷʝʪʩʷ ʮʠʬʨʦʚʳʤʠ ʦʙʲʝʢʪʘʤʠ.  

3) ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʦʣʴʰʝ ʫʩʧʝʭ ʙʫʜʫʪ ʠʤʝʪʴ 
ʦʯʢʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʣʘʥ-

ʰʝʪʦʚ, ʚ ʦʯʢʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʟʨʘʯʥʳʝ ʜʠʩʧʣʝʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʣʦʚʝʢ ʚʠʜʠʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʢʘʢ ʚ ʦʙʳʯʥʳʭ ʦʯʢʘʭ. ʉ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚ ʧʨʦ-

ʝʮʠʨʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤʳ ʦʪʩʣʝʞʠʚʘʥʠʝ ʜʚʠʞʝʥʠʷ 

ʟʨʘʯʢʦʚ ʛʣʘʟ ʠ ʜʚʠʞʝʥʠʷ ʛʦʣʦʚʳ ʥʘ ʜʠʩʧʣʝʠ ʚʠʟʫʘ-

ʣʠʟʠʨʫʶʪʩʷ ʦʙʲʝʢʪʳ ʚ ʥʫʞʥʦʤ ʤʝʩʪʝ. ʅʘ ʢʘʯʝʩʪʚʦ 

ʚʦʩʧʨʠʷʪʠʝ ʠ ʧʦʥʠʤʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʮʠʬʨʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚʣʠʷʝʪ ʢʘʯʝʩʪʚʦ ʨʝʥʜʝʨʠʥʛʘ ʚʠʨʪʫʘʣʴ-

ʥʳʭ ʤʦʜʝʣʝʡ. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʦʨʠʝʥʪʘʮʠʠ ʤʥʦʛʦ-

ʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ ʚʘʞʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʥʦʨʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʝʣʝʡ 

ʦʩʚʝʱʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʨʝʘ-

ʣʠʟʤʘ, ʩ ʢʦʪʦʨʳʤ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘ-

ʝʪʩʷ ʚ ʨʝʘʣʴʥʫʶ ʩʨʝʜʫ.  

4) ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 
ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ, ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʠʜʝʘʣʴ-

ʥʦʡ 3D-ʜʝʤʦʥʩʪʨʘʮʠʠ. ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʠʨʪʫʘʣʴʥʳʡ ʪʨʝʭʤʝʨʥʳʡ ʦʙʲʝʢʪ 

ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʛʣʫʙʠʥʝ. ʆʜʥʘʢʦ ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʤ-

ʧʘʢʪʥʳʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ ʩ ʰʠʨʦʢʠʤ ʫʛ-

ʣʦʤ ʦʙʟʦʨʘ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʥʝʧʨʦʩʪʦ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʦʩʪʘʶʪʩʷ ʦʩ-

ʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʩʠʩʪʝʤ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝ-

ʘʣʴʥʦʩʪʠ. ʉʘʤʳʤ ʙʦʣʴʰʠʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʥʘ ʧʫʪʠ 

ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ AR ʷʚʣʷʝʪʩʷ ʪʨʝ-

ʙʦʚʘʥʠʝ ʪʦʯʥʳʭ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʩʦʦʙʱʘʶʪ ʤʝ-

ʩʪʦʧʦʣʦʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʦʢʨʫʞʘʶʱʠʭ ʦʙʲʝʢ-

ʪʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʇʦʤʠʤʦ ʪʦʯʥʦʛʦ ʠ ʜʘʣʴ-

ʥʝʛʦ ʩʣʝʞʝʥʠʷ, ʜʣʷ ʩʠʩʪʝʤ AR ʚʘʞʝʥ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ ʨʝʥʜʝʨʠʥʛ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ. ʈʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ, ʝʩʣʠ 

ʧʨʦʚʦʜʠʪʴ ʨʝʥʜʝʨʠʥʛ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʫʧʝʨʢʦʤ-

ʧʴʶʪʝʨʝ. ɸʥʘʣʦʛʠʯʥʦ, ʨʝʩʫʨʩʦʝʤʢʠʡ ʘʣʛʦʨʠʪʤ ʦʪ-

ʩʣʝʞʠʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ ʨʝʘʣʴ-

ʥʦʩʪʠ, ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʫʧʝʨʢʦʤ-

ʧʴʶʪʝʨʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʩʪʳʝ ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ, 

ʪʘʢʠʝ ʢʘʢ ʪʝʢʩʪʳ, ʤʦʛʫʪ ʟʘʪʝʤ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʦ-

ʩʠʤʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ[3]. 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʉʦʯʝʪʘʥʠʝ ʨʝʘʣʴʥʳʭ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

AR ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʜʝʘʣʴʥʳʡ ʢʦʥʪʘʢʪ ʜʣʷ ʢʦʤʘʥʜʳ 

ʘʨʭʠʪʝʢʪʦʨʦʚ, ʯʪʦʙʳ ʦʙʩʫʞʜʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ (ʈʠʩ. 1). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ AR ʥʝʩʢʦʣʴʢʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʤʦʛʫʪ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦ ʠ ʪʦ ʞʝ ʬʠʟʠ-

ʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʦʩʧʨʠʥʠʤʘʪʴ çʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝè ʮʠʬʨʦʚʦʛʦ ʦʙʲʝʢʪʘ[4].  

 

 
ʈʠʩʫʥʦʢ 2 ʉʦʚʤʝʩʪʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʨʘʙʦʪʳ 
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ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

AR - ʩʦʚʤʝʱʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʩ ʮʠʬʨʦʚʦʡ 

ʤʦʜʝʣʴʶ ʚ ʧʦʣʥʦʤ ʤʘʩʰʪʘʙʝ (ʈʠʩ. 2). ʆʩʥʦʚʥʳʤʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʷʚʣʷʶʪʩʷ ʯʫʚʩʪʚʦ ʤʘʩʰʪʘʙʘ, ʢʦʪʦʨʦʝ ʠʛʨʘʝʪ ʚʘʞ-

ʥʫʶ ʨʦʣʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʙʲʝʢʪʘ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʧʨʦ-

ʧʦʨʮʠʡ. ɸ ʪʘʢʞʝ çʨʝʘʣʴʥʦʝè ʧʨʠʩʫʪʩʪʚʠʝ, ʧʦʟʚʦʣʷ-

ʶʱʝʝ ʦʱʫʪʠʪʴ ʚʣʠʷʥʠʝ ʩʨʝʜʳ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʘ ʙʫ-

ʜʝʪ ʩʦʟʜʘʥʘ. [5] ʇʨʠ ʪʘʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘʤʥʦʛʦ 

ʧʨʦʱʝ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʫʱʠʡ ʦʙʲʝʢʪ 

ʙʫʜʝʪ ʩʣʠʚʘʪʴʩʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʇʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʦʜʭʦʜʘʤʠ (ʜʚʫʭʤʝʨʥʳʝ ʯʝʨ-

ʪʝʞʠ, ʨʫʯʥʦʝ ʩʦʚʤʝʱʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʩ ʚʠ-

ʜʝʦ ʠʣʠ ʬʦʪʦʛʨʘʬʠʷʤʠ ʤʝʩʪʘ, ʤʘʢʝʪʳ), ʢʦʪʦʨʳʝ 

ʣʠʙʦ ʩʦʜʝʨʞʘʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ, ʣʠʙʦ 

ʪʨʝʙʫʶʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ, ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ AR ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʙʦʣʝʝ ʣʝʛʢʦʛʦ ʧʦʥʠ-

ʤʘʥʠʷ ʢʦʥʮʝʧʮʠʠ ʙʫʜʫʱʝʛʦ ʦʙʲʝʢʪʘ. 

 
ʈʠʩʫʥʦʢ 3 ɺʠʟʫʘʣʠʟʘʮʠʷ ʚ ʨʝʘʣʴʥʦʡ ʩʨʝʜʝ 

 

ʀʩʧʦʣʴʟʫʷ AR ʫʩʪʨʦʡʩʪʚʘ, ʘʨʭʠʪʝʢʪʦʨʳ ʤʦʛʫʪ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʮʝʥʠʪʴ ʦʙʲʝʢʪ ʚ ʨʝ-

ʘʣʴʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʝ ʠ ʚʥʦʩʠʪʴ ʢʘʢʠʝ-

ʣʠʙʦ ʧʨʘʚʢʠ. ʀʩʢʣʶʯʝʥʠʝ ʢʦʣʣʠʟʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷ-

ʶʪʩʷ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʝʡʩʷ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʠ ʠ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʧʦʩʪʦʷʥʥʳʝ ʧʨʦʝʢʪʥʳʝ 

ʧʨʘʚʢʠ, ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥ-

ʥʳʭ ʨʘʙʦʪ. [6] ʉ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʣʛʦʨʠʪʤʦʚ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝ-

ʘʣʴʥʦʩʪʠ, ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʚʤʝʱʘʪʴ ʩʥʷʪʳʝ 

ʚʠʜʝʦ ʠ ʬʦʪʦʤʘʪʝʨʠʘʣʳ ʩ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʴʶ. ʕʪʦ 

ʧʦʤʦʛʘʝʪ ʦʮʝʥʠʪʴ ʚʠʜ ʥʘ ʦʙʲʝʢʪ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ 

ʠ ʚʠʜ ʠʟ ʦʢʦʥ ʙʫʜʫʱʝʛʦ ʟʜʘʥʠʷ. [7] 

2D ʯʝʨʪʝʞʠ ʟʜʘʥʠʡ ʩʦʜʝʨʞʘʪ ʧʣʘʥʳ ʵʪʘʞʝʡ, 

ʬʘʩʘʜʳ ʠ ʨʘʟʨʝʟʳ. ʕʪʠ ʨʠʩʫʥʢʠ ʧʦʢʘʟʳʚʘʶʪ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦ ʛʝʦʤʝʪʨʠʠ ʟʜʘʥʠʷ ʠ ʨʘʟʤʝʨʦʚ ʢʦʤʧʦʥʝʥ-

ʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʣʠʥʘ, ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ. ɺ ʧʨʦʮʝʩʩʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʘ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʦʰʠʙʢʠ 

ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʯʝʨʪʝʞʝʡ.  

AR ʤʦʞʝʪ ʜʦʧʦʣʥʷʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʚʠʨʪʫ-

ʘʣʴʥʳʤ ʢʦʥʪʝʥʪʦʤ. 2D-ʧʣʘʥ, ʩʪʘʥʦʚʠʪʩʷ ʤʘʨʢʝʨʦʤ 

ʜʣʷ ʥʘʣʦʞʝʥʠʷ 3D-ʤʦʜʝʣʠ (ʈʠʩ. 3). ʅʦ ʮʝʥʥʦʩʪʴ AR 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʦʞʝʥʠʠ 4D-ʢʦʥʪʝʥʪʘ (ʠʥʬʦʨʤʘ-

ʮʠʠ ʩ ʢʦʤʧʦʥʝʥʪʦʤ ʚʨʝʤʝʥʠ) ʥʘ ʬʠʟʠʯʝʩʢʫʶ ʤʦ-

ʜʝʣʴ. ʇʫʪʝʤ ʥʘʣʦʞʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʳʭ ʢʦ ʚʨʝʤʝʥʠ, ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʯʝʨʪʝʞʠ 

ʠʣʠ ʤʦʜʝʣʠ, AR ʧʦʟʚʦʣʷʝʪ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ 

ʠʥʬʦʨʤʘʮʠʶ. ɿʨʠʪʝʣʠ ʤʦʛʫʪ ʩ ʙʦʣʴʰʝʡ ʛʦʪʦʚʥʦ-

ʩʪʴʶ ʦʮʝʥʠʪʴ ʦʨʠʝʥʪʘʮʠʶ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ, 

ʢʦʛʜʘ ʬʠʟʠʯʝʩʢʠʡ ʯʝʨʪʝʞ ʠʣʠ ʤʦʜʝʣʴ ʚʳʩʪʫʧʘʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʦʨʠʝʥʪʠʨʘ. ʅʘʧʨʠʤʝʨ, ʢʦʥʪʝʥʪ ʤʦʞʝʪ ʧʝ-

ʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʦʡ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʘʤʠ, ʧʨʝʜʣʘʛʘʝʤʳʤʠ ʜʣʷ 

ʟʜʘʥʠʷ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʦʡ ʞʝ ʙʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

[6] 
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ʈʠʩʫʥʦʢ 4 ʊʨʝʭʤʝʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʯʝʨʪʝʞʝʡ 

 

ʇʨʠʣʦʞʝʥʠʷ AR ʦʙʝʱʘʶʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʠʚʝʜʷ ʜʠʟʘʡʥʝʨʘ ʢ ʙʦʣʝʝ ʧʨʷ-

ʤʦʤʫ ʢʦʥʪʘʢʪʫ ʩʦ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʦʡ. ʏʘʩʪʦ 

ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʨʫʜʘ ʠ ʜʝʥʝʛ ʪʨʘʪʷʪʩʷ ʚʧʫʩʪʫʶ ʠʟ-

ʟʘ ʥʝʚʝʨʥʦʛʦ ʪʦʣʢʦʚʘʥʠʷ ʧʣʘʥʦʚ ʠʣʠ ʯʝʨʪʝʞʝʡ, ʠʣʠ 

ʥʝʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʥʦʩʠʪʩʷ ʠʟ ʧʣʘʥʘ ʚ ʨʝ-

ʘʣʴʥʳʡ ʦʙʲʝʢʪ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʨʝʘʣʴ-

ʥʦʛʦ ʤʠʨʘ ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ, ʘ ʚʨʝʤʷ ʵʢʦʥʦ-

ʤʠʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ. ʇʨʠ ʦʪʦʙʨʘʞʝʥʠʠ 

ʵʪʘʣʦʥʥʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʟʘʨʝʛʠʩʪʨʠʨʦ-

ʚʘʥʥʦʛʦ ʚ ʨʝʘʣʴʥʦʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ, ʧʣʘʥʳ ʩʪʘʥʦ-

ʚʷʪʩʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ. AR ʚ ʟʘʜʘʯʘʭ, ʩʚʷʟʘʥʥʳʭ 

ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ, ʧʦʤʦʛʘʝʪ ʩʪʨʦʠʪʝʣʷʤ ʥʝʤʝʜ-

ʣʝʥʥʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʣʘʥʳ ʥʘ ʩʘʤʦʡ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʩ ʨʝʘʣʴʥʳʤ ʧʦʣʝʤ ʚ ʢʘʯʝ-

ʩʪʚʝ ʬʦʥʘ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʜʦʧʦʣ-

ʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦ-

ʩʪʨʦʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʦʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʴ-

ʟʦʚʘʪʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ, ʘ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʚʠʟʫʘʣʠʟʠʨʫ-

ʝʪʩʷ ʥʘ ʵʢʨʘʥʘʭ ʤʦʥʠʪʦʨʦʚ. ʀʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʟ-

ʤʝʨʘ ʵʢʨʘʥʘ ʩʣʦʞʥʦ ʚʳʚʝʩʪʠ ʤʥʦʛʦ ʠʥʬʦʨʤʘʮʠʠ. 

ʈʘʩʰʠʨʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʶʪ 

ʦʯʢʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʉʧʝʮʠʘʣʴʥʳʝ ʜʘʪ-

ʯʠʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ ʨʘʩ-

ʧʦʟʥʘʚʘʥʠʷ ʜʚʠʞʝʥʠʡ ʪʝʣʘ, ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ 

ʚʠʟʫʘʣʴʥʳʤ ʢʦʥʪʝʢʩʪʦʤ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʨʘʟ-

ʚʠʪʠʠ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʞʝʩʪʦʚ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʦʪʢʘʟ ʦʪ ʩʧʝʮʠʘʣʴ-

ʥʳʭ ʜʘʪʯʠʢʦʚ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ AR-ʪʝʭʥʦʣʦʛʠʠ, ʠ ʩʨʝʜʩʪʚ 

ʝʛʦ ʚʦʩʧʨʠʷʪʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠ-

ʪʠʝ, ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ, ʘ ʠʤʝʥʥʦ ʦʛʨʘʥʠʯʝʥ-

ʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʫʞ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʝʭʥʠʯʝʩʢʦʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ 

ʫʩʪʨʦʡʩʪʚ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ 

ʙʘʨʴʝʨʳ ʯʝʣʦʚʝʢʘ, ʪʘʢʠʝ ʢʘʢ ʩʪʨʘʭ ʟʘ ʩʚʦʝ ʟʜʦʨʦʚʴʝ 

ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʦʨʛʘʥʠʟʤʦʤ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʨʘʟʚʠʪʠʷ, ʩʦ ʚʨʝʤʝʥʝʤ ʵʪʠ ʧʨʦʙʣʝʤʳ 

ʙʫʜʫʪ ʨʝʰʝʥʳ, ʠ AR-ʪʝʭʥʦʣʦʛʠʷ ʩʪʘʥʝʪ ʧʦʥʷʪʥʝʝ 

ʜʦʩʪʫʧʥʝʝ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʩʬʝʨʝ.[8]  
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ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʢʘʪʝʛʦʨʠʷ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʫʱʥʦʩʪʴ, ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ, ʘ 

ʪʘʢʞʝ ʨʦʣʴ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ. 

Abstract. 

The article deals with information as an independent category and as part of information management. The 

essence, goals and objectives of information management, as well as the role in the management of information 

resources of the enterprise in the digital economy. 
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ʀʥʬʦʨʤʘʮʠʷ ð ʵʪʦ ʩʚʝʜʝʥʠʷ, ʩʦʦʙʱʝʥʠʷ, ʜʘʥ-

ʥʳʝ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʤʝʥʝʜʞʝʨʘ ʦ 

ʧʨʦʮʝʩʩʘʭ ʠʣʠ ʷʚʣʝʥʠʷʭ ʚ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ. 

ɺ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʷ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʨʠʥʷʪʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʨʝʰʝʥʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʝ-

ʥʝʜʞʤʝʥʪ ð ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʚʘʞʥʘʷ ʩʬʝʨʘ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ ʪʦʣʴʢʦ ʬʠʥʘʥʩʦʚʳʭ, ʧʨʠʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʴ-

ʥʳʭ ʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ. 

ʆʩʥʦʚʥʦʝ ʫʩʣʦʚʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻɻ-ʩʣʫʞʙʳ 

ʩʝʛʦʜʥʷ ð ʵʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʝʡ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʝ ɻɻ-ʩʣʫʞʙʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʝʥʝʜʞʤʝʥʪ ʚʳʜʝʣʠʣʦʩʴ 

ʢʘʢ ʦʙʦʩʦʙʣʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʤʝʥʝʜʞʤʝʥʪʝ 

ʣʠʰʴ ʚ 70 - ʛʦʜʘʭ XX ʚʝʢʘ, ʚʤʝʩʪʝ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʠ 

ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ, ʜʦʩʪʫʧʥʳʭ ʙʦʣʴʰʦʡ ʯʘʩʪʠ ʥʘʩʝ-

ʣʝʥʠʷ. ɻʣʘʚʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʩ ʠʥʬʦʨʤʘʮʠʝʡ: ʝʝ 

ʩʙʦʨ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʜʫ ʩʫʙʲʝʢ-

ʪʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʝʦʙʭʦ-

ʜʠʤʘ ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʩʙʦʨʘ, ʢʦʥʪʨʦʣʷ ʚʭʦ-

ʜʷʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʜʣʷ ʧʨʦʛʥʦʟʘ ʦʞʠʜʘʥʠʡ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠ ʜʝʡʩʪʚʫ-

ʶʱʠʭ ʢʣʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʷ ʚʩʝʭ ʙʠʟʥʝʩ - 

ʧʨʦʮʝʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʡ (ʠʣʠ IT) ʤʝʥʝʜʞʤʝʥʪ ʧʦʥʠʤʘʶʪ ʧʦ - 

ʨʘʟʥʦʤʫ. ɺ ʨʘʤʢʘʭ ʘʥʛʣʠʡʩʢʦʡ ʰʢʦʣʳ ʤʝʥʝʜʞ-

ʤʝʥʪʘ ʧʦʜ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʤʝʥʝʜʞʤʝʥʪʦʤ ʧʦʥʠ-

ʤʘʝʪʩʷ ʨʷʜ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʚ ʩʬʝʨʝ ʨʘ-

ʙʦʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʥʝʤʝʮʢʘʷ ʰʢʦʣʘ 

ʤʝʥʝʜʞʤʝʥʪʘ ʚʳʜʝʣʷʝʪ IT - ʤʝʥʝʜʞʤʝʥʪ ʢʘʢ ʟʘʜʘʯʠ 

ʚ ʩʬʝʨʝ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɺ ʨʦʩʩʠʡʩʢʦʡ ʰʢʦʣʝ ʤʝʥʝʜʞʤʝʥʪʘ ʧʨʠʥʷʪʦ 

ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʝ-

ʥʝʜʞʤʝʥʪ ï ɻ ʪʦ ʟʘʜʘʯʠ ʚ ʫʧʨʘʚʣʝʥʠʠ, ʢʦʪʦʨʳʝ ʩʢʣʘ-

ʜʳʚʘʶʪʩʷ ʧʦ ʧʦʚʦʜʫ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʟʘ ʩʯʝʪ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʚʥʫʪʨʠ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʪʘʢ ʠ ʚʥʝ ʝʛʦ. ɺ ʮʝʣʦʤ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʡ ʤʝʥʝʜʞʤʝʥʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʨʝʰʝʥʠʷ, ʥʝ-

ʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʙʠʟʥʝʩ - ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʘʭ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʨʘʙʦʪʦʡ ʩ ʠʥʬʦʨʤʘʮʠʡ ʚʦ ʚʩʝʭ ʧʨʦʷʚʣʝʥʠʷʭ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʝʥʝʜʞʤʝʥʪ ʦʩʦʙʝʥʥʦ ʘʢ-

ʪʫʘʣʝʥ ʜʣʷ ʪʝʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʧʨʦʠʟʚʦʜʷʪ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠʣʠ 

ʦʢʘʟʳʚʘʶʪ ʩʚʦʠ ʫʩʣʫʛʠ ʚ ʨʘʤʢʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴ-

ʟʫʶʪ ʀʉ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʝʥʝʜʞʤʝʥʪ ʪʘʢʞʝ ʥʝ-

ʦʙʭʦʜʠʤ, ʪʘʢ ʢʘʢ ʛʨʘʤʦʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʜʘʝʪ ʙʦʣʴʰʠʡ ʧʦʟʠʪʠʚʥʳʡ ʵʬʬʝʢʪ. 

ɺ ʟʘʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʚʭʦ-

ʜʷʪ: 
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Å ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʥʘ ʦʩʥʦʚʝ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ ʠʣʠ ʨʘʟ-

ʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ; 

Å ʦʙʝʩʧʝʯʝʥʠʝ ʀʉ ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʩʣʫʞʠʚʘ-

ʥʠʝʤ ʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ; 

Å ʩʦʟʜʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ; 

Å ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʤʠ ʩʠʩʪʝʤʘʤʠ; 

Å ʫʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʢʘ-

ʧʠʪʘʣʦʤ ʚ ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʦʚ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘ-

ʮʠʝʡ; 

Å ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʱʠʪʳ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʀʉ. 

ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʝ-

ʥʝʜʞʤʝʥʪʘ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʤʦʞʥʦ ʧʨʠ-

ʤʝʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ: 

Å ʧʦʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʦʙʱʠʭ ʦʩʥʦʚ, ʥʦ ʠ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢʦʤʧʘʥʠʠ; 

Å ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʠ ʛʦʪʦʚʥʦʩʪʴ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʧʨʦʠʟʚʝʩʪʠ ʠʥʚʝʩʪʠʮʠʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ; 

Å ʫʯʘʩʪʠʝ ʨʫʢʦʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʧʨʦʮʝ-

ʜʫʨʘʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʤ ʤʝʥʝʜʞʤʝʥʪʝ. 

ɼʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ð ʵʪʦ ʙʠʟʥʝʩ-ʠʥʬʦʨʤʘʮʠʷ, ʬʦʨ-

ʤʠʨʫʝʤʘʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ, ʷʚʣʷ-

ʶʱʘʷʩʷ ʵʣʝʤʝʥʪʦʤ ʜʝʣʦʚʳʭ ʟʥʘʥʠʡ ʠ ʢʦʤʧʝʪʝʥʮʠʡ 

ʠ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʢʦʤʧʘ-

ʥʠʠ. ɽʱʝ ʚ ʢʦʥʮʝ 1970 ʛʦʜʦʚ ʩʪʘʣʦ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʷ ʤʝʥʝʜʞʤʝʥʪʘ -çʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʡ ʤʝʥʝʜʞʤʝʥʪè, ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʢʦʪʦʨʦʛʦ ʩʪʘʣʦ ʫʧʨʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝ-

ʩʫʨʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʋʧʨʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʢʦʤʧʘʥʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʨʛʘʥʠʟʘ-

ʮʠʶ ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ, ʧʦʠʩʢʘ, ʘʥʘʣʠʟʘ, 

ʦʙʨʘʙʦʪʢʠ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ, ʧʝʨʝʤʝʱʝʥʠʷ, ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʀʊ ʠ ʩʨʝʜʩʪʚʘ ʢʦʤʤʫʥʠʢʘ-

ʮʠʡ. ʇʦʜʜʝʨʞʢʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʝʪ 

ʩʦʟʜʘʥʠʷ çʥʝʦʙʭʦʜʠʤʳʭ ʠ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʭʘʨʘʢ-

ʪʝʨʘè, ʪ.ʝ. ʥʝ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʀʊ, ʥʦ ʠ ʧʦʩʪʨʦʝʥʠʝ ʥʦʚʳʭ ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠ-

ʷʪʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʝ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʨʫʛ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʢʦʤʧʝʪʝʥʮʠʶ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠ-

ʨʷʝʪʩʷ ʟʘ ʩʯʝʪ ʤʦʱʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʀʂʊ ʠ ʧʦʩʪʨʦʝʥʠʷ ɸʨʭʠʪʝʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ (ɸʇ) 

[4]. 

ʇʨʠ ʫʧʨʘʚʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨ-

ʩʘʤʠ ʢʦʤʧʘʥʠʠ ʚʘʞʥʝʡʰʠʤʠ ʟʘʜʘʯʘʤʠ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʧʨʠʥʷʪʦ ʩʯʠ-

ʪʘʪʴ ʩʣʝʜʫʶʱʠʝ: 

- ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʪʨʝʙʥʦ-

ʩʪʷʤʠ; 

- ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤ ʠ ʧʨʦʮʝʩʩʘʤʠ ʨʘʙʦʪʳ ʩ 

ʥʠʤʠ; 

- ʫʧʨʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʦʙʩʣʫʞʠʚʘ-

ʥʠʝʤ; 

- ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ; 

- ʫʧʨʘʚʣʝʥʠʷ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʧʨʝʜʧʨʠ-

ʷʪʠʷ ʠ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʝʝ ʩʦʩʪʦʷʥʠʷ; 

- ʫʧʨʘʚʣʝʥʠʝ ɸʨʭʠʪʝʢʪʫʨʦʡ ʧʨʝʜʧʨʠʷʪʠʷ ʠ 

ʝʝ ʨʘʟʚʠʪʠʝʤ [6]; 

- ʫʧʨʘʚʣʝʥʠʝ ʀʊ-ʧʨʦʝʢʪʘʤʠ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʠ 

ʀʂʊ ʢ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʟʘʜʘʯʘʤ ʜʦʙʘʚʣʷʶʪʩʷ: 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʧʦʣʠʪʠʢʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦ-

ʛʨʘʤʤ ʩʬʝʨʝ ʀʂʊ, ʨʘʟʨʘʙʦʪʢʘ ʀʊ-ʩʪʨʘʪʝʛʠʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ, ʠ ʝʝ ʩʦʛʣʘ-

ʩʦʚʘʥʠʝ ʩ ʜʨʫʛʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʪʨʘʪʝʛʠʷʤʠ 

ʢʦʤʧʘʥʠʠ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ, ʬʠʥʘʥʩʦʚʘʷ, ʤʘʨʢʝ-

ʪʠʥʛʦʚʘʷ ʠ ʪ.ʜ.); 

- ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʦʤ ʀʊ; 

- ʫʧʨʘʚʣʝʥʠʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷʤʠ ʚ ʩʬʝʨʝ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ 

- ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʂʘʞʜʦʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ, ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʩʪʘʥʜʘʨʪʳ, 

ʥʦ ʚʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ 

ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʦʟʜʘʥʠʝ ʠ ʨʘʟ-

ʚʠʪʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥ-

ʥʳʝ ʚʳʰʝ ʟʘʜʘʯʠ. ʇʦʩʪʨʦʝʥʠʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʘʜʝʢʚʘʪʥʦʡ ʧʦʪʨʝʙʥʦʩʪʷʤ ʙʠʟʥʝʩʘ ʀʊ-

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʧʠʨʘʶʱʝʡʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ 

ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʀʉ) ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ, 

ʙʘʟʳ ʜʘʥʥʳʭ, ʙʘʟʳ ʟʥʘʥʠʡ, ʠ ʩʨʝʜʩʪʚʘ ʢʦʤʤʫʥʠʢʘ-

ʮʠʡ, ʪ.ʝ. ʥʘ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝ-

ʣʷʶʪ ʧʝʨʝʭʦʜ ʢ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ, ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 

(ʀʊ-ʜʝʧʘʨʪʘʤʝʥʪʘ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʨʦʮʝʩʩʳ 

ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʠ ʨʝʘʣʠʟʘʮʠʶ ʀʊ-ʧʨʦʝʢʪʦʚ ʨʘʟ-

ʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʠʭ ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. 

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʜʘʥʥʳʝ ʩʪʘ-

ʥʦʚʷʪʩʷ ʬʦʨʤʦʡ ʢʘʧʠʪʘʣʘ, ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʧʦʣʫʯʘʶʪ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʥʝ ʪʦʣʴʢʦ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ, ʥʦ ʪʘʢʞʝ ʠ ʵʬʬʝʢʪʠʚ-

ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦ ʝʛʦ ʩʦʩʪʦʷʥʠʠ ʚ ʨʝ-

ʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʵʢʦʥʦ-

ʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʀʤʝʥʥʦ ʵʪʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʝʥʝʜʞʤʝʥʪ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʚʨʝ-

ʤʝʥʥʳʝ ʀʊ-ʨʝʰʝʥʠʷ, ʠ ʠʭ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʢʦʥ-

ʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʦʯʝʚʠʜʥʳ. ɸʜʝʢ-

ʚʘʪʥʳʡ ʚʳʙʦʨ ʀʊ-ʨʝʰʝʥʠʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʫʧʨʘʚʣʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʀʊ-ʫʩʣʫʛ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʜʦʙʠʪʴʩʷ ʨʦʩʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʠ ʦʧʝʨʘʮʠʦʥʥʳʝ 
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ʟʘʜʘʯʠ ʙʠʟʥʝʩʘ ʩ ʨʘʟʚʠʪʠʝʤ ʠ ʪʝʢʫʱʝʡ ʵʢʩʧʣʫʘʪʘ-

ʮʠʝʡ ʀʉ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠʝʤ ʘʨʭʠ-

ʪʝʢʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʧʦ-

ʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʣʘʥʜʰʘʬʪʘ ʙʠʟʥʝʩ-ʧʨʦ-

ʮʝʩʩʦʚ ʚ ɸʇ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʚ 

ʵʢʦʥʦʤʠʢʝ ʟʥʘʥʠʡ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠ-

ʪʠʠ ʙʠʟʥʝʩʘ, ʨʦʩʪʝ ʝʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʠ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ [1]. 

ʆʪ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨ-

ʩʘʤʠ ʟʘʚʠʩʠʪ ʨʝʘʣʠʟʘʮʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ, 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʬʠʥʘʥʩʦʚʘʷ ʩʦʩʪʦʷʪʝʣʴ-

ʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ [7]. ʕʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʣʠʰɹ ʥʘ ʦʩʥʦʚʝ ʭʦʨʦʰʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʝʥʝʜʞʤʝʥʪ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʥʦ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʢʦʤʧʘʥʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʠʥʬʦʨʤʘ-

ʮʠʶ ʢʘʢ ʨʝʩʫʨʩ. ʊ.ʝ. ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʝʥʝʜʞʤʝʥʪ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʩʝʭ ʚʠʜʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʠʤʝʶʱʠʭʩʷ ʥʘ ʩʘʤʦʤ 

ʧʨʝʜʧʨʠʷʪʠʠ ʠ ʟʘ ʝʛʦ ʧʨʝʜʝʣʘʤʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʀʂʊ. 

ʆʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ, ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʠʥʬʦʨʤʘʮʠʷ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʬʘʢʪʦʨ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʡ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʘ ʧʨʠ-

ʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 
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DEVICE FOR MAINTENANCE CARS'  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʪ ʧʦʚʳʰʝʥʠʝ ʫʜʦʙʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʧʫʥʢʪʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

Abstract. 

The article presents the design of the developed device for car maintenance, which will improve the conven-

ience of car maintenance at road transport enterprises and service points. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʤʝ-

ʭʘʥʠʟʤ, ʩʢʣʘʜʳʚʘʶʱʘʷʩʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʧʦʚʦʨʦʪʥʳʡ ʵʣʝʤʝʥʪ. 

Key words: device for car maintenance, two-stage mechanism, folding structure, rotary element. 
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ʀʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʛʘʨʘʞʥʦʤʫ ʦʙʦʨʫʜʦ-

ʚʘʥʠʶ. ʎʝʣʴ ʠʟʦʙʨʝʪʝʥʠʷ- ʧʦʚʳʰʝʥʠʝ ʫʜʦʙʩʪʚʘ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦ-

ʤʦʙʠʣʝʡ ʩʦʜʝʨʞʠʪ ʩʪʫʧʝʥʯʘʪʳʡ ʤʝʭʘʥʠʟʤ ʧʦʜʲʝʤʘ, 

ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʛʨʫʟʦʚʦʛʦ ʚʠʥʪʘ ʩ ʛʘʡʢʦʡ, ʤʝ-

ʭʘʥʠʟʤ ʬʠʢʩʘʮʠʠ ʚʠʥʪʘ ʠ ʪʦʣʢʘʪʝʣʝʡ, ʥʘ ʢʦʪʦʨʳʭ 

ʨʘʟʤʝʱʝʥʘ ʧʣʦʱʘʜʢʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʠ ʬʠʢʩʘʮʠʠ ʘʛ-

ʨʝʛʘʪʦʚ. ʌʠʢʩʘʮʠʷ ʘʛʨʝʛʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ, ʩʘʤʦʬʠʢʩʠʨʫʶʱʠʭ ʜʠʩʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ 

ʫʜʝʨʞʠʚʘʶʪ ʘʛʨʝʛʘʪ, ʥʦ ʠ ʣʠʢʚʠʜʠʨʫʶʪ ʧʦʛʨʝʰʥʦ-

ʩʪʠ ʫʩʪʘʥʦʚʢʠ ʪʝʣʝʞʢʠ ʥʘʜ ʥʠʤ. ʉʢʣʘʜʳʚʘʶʱʘʷʩʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʟʜʘʝʪ ʫʜʦʙʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʤʦ-

ʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʩʪʝʥʜ ʜʣʷ ʨʝʤʦʥʪʘ ʘʛʨʝʛʘʪʦʚ 

(ʨʠʩʫʥʦʢ 1).  

 
ʈʠʩʫʥʦʢ 1.ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʜʚʠʞʥʦʡ ʪʝʣʝʞʢʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʨʝʚʝʨʩʠʚʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʨʝʜʫʢʪʦʨ ʩ ʜʚʫʤʷ 

ʤʫʬʪʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʞʠʤʦʚ ʧʦʜʲʝʤʘ ʠ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʪʝʣʝʞʢʠ. ʋʧʨʘʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʦʤ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʢʥʦʧʦʯʥʦʡ ʩʪʘʥ-

ʮʠʠ (ʥʝ ʧʦʢʘʟʘʥʘ). ʇʦʜʲʝʤʥʦðʧʦʚʦʨʦʪʥʦʝ ʦʩʥʦʚʘʥʠʝ 

ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ ʧʦʜʲʝʤʥʦʛʦ ʠ ʧʦʚʦʨʦʪʥʦʛʦ ʵʣʝ-

ʤʝʥʪʦʚ, ʧʦʜʚʠʞʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ. 

ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʤʝʭʘʥʠʟʤ ʧʦʜʲʝʤʘ ʚʳʧʦʣʥʝʥ 

ʚ ʚʠʜʝ ʚʠʥʪʦʚʦʡ ʧʘʨʳ ʛʨʫʟʦʚʦʡ ʚʠʥʪ ʠ ʛʘʡʢʘ. ʆʜʠʥ 

ʢʦʥʝʮ ʚʠʥʪʘ ʠʤʝʝʪ ʥʘʧʨʘʚʣʷʶʱʠʝ ʰʧʠʮʳ (ʣʠʙʦ ʜʨʫ-

ʛʠʝ ʧʦʜʦʙʥʳʝ ʵʣʝʤʝʥʪʳ), ʚʭʦʜʷʱʠʝ ʚ ʟʘʮʝʧʣʝʥʠʝ ʩ ʢʦ-

ʥʠʯʝʩʢʠʤ ʢʦʣʝʩʦʤ ʧʨʠʚʦʜʘ, ʘ ʥʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʚʠʥʪʘ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʚʦʨʦʪʘ ʫʩʪʘʥʦʚʣʝʥ ʧʦʜʲʝʤʥʳʡ 

ʵʣʝʤʝʥʪ ʩ ʪʦʣʢʘʪʝʣʷʤʠ. ɻʘʡʢʘ ʞʝʩʪʢʦ ʩʚʷʟʘʥʘ ʩ ʪʨʘ-

ʚʝʨʩʦʡ ʜʣʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʧʦʜʲʝʤʘ (ʧʨʠ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʤ ʚʨʘʱʝʥʠʠ ʚʠʥʪʘ) ʠ ʨʘʟʤʝʱʝʥʘ ʚ ʬʠʢʩʠʨʫʶ-

ʱʝʤ ʧʘʟʫ ʧʦʚʦʨʦʪʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʊʨʘʚʝʨʩʘ ʠʤʝʝʪ ʫʛʣʫʙʣʝʥʠʷ ʜʣʷ ʬʠʢʩʘʮʠʠ ʪʦʣ-

ʢʘʪʝʣʝʡ ʧʨʠ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʦʜʲʝʤʘ ʠ ʣʠʢʚʠʜʘʮʠʠ ʚʦʟ-

ʤʦʞʥʦʛʦ ʧʦʚʦʨʦʪʘ ʪʨʘʚʝʨʩʳ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʧʫʩ-

ʢʘʥʠʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ 

ʪʨʘʚʝʨʩʘ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʣʦʞʝʥʠʡ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʥʘʨʫʞʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ, ʦʙʝʩʧʝ-

ʯʠʚʘʷ ʚʪʦʨʦʡ ʵʪʘʧ ʧʦʜʲʝʤʘ ʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʝʨʪʳ-

ʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʅʘʧʨʘʚʣʷʶʱʠʝ ʚʳʧʦʣʥʝʥʳ ʢʦʥʮʝʥʪʨʠʯʥʦ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʦʜʥʘ ʜʨʫʛʦʡ ʠ ʚʠʥʪʘ. ʇʨʠ ʵʪʦʤ ʚʝʨʭʥʠʡ ʢʦ-

ʥʝʮ ʥʘʨʫʞʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥ ʥʘ 

ʧʦʜʲʝʤʥʦʤ ʵʣʝʤʝʥʪʝ, ʘ ʚʝʨʭʥʠʡ ʢʦʥʝʮ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʥʘ ʧʦʚʦʨʦʪʥʦʤ ʵʣʝʤʝʥʪʝ. ʅʠʞʥʠʡ 

ʢʦʥʝʮ ʥʘʨʫʞʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʠʤʝʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʝʭʘʥʠʟʤʦʤ ʬʠʢʩʘʮʠʠ 

ʚʠʥʪʘ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʬʠʢʩʘʪʦʨʦʚ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʥʘ ʧʦʚʦʨʦʪʥʦʤ ʵʣʝʤʝʥʪʝ ʥʘ ʦʩʷʭ , ʩʚʷ-

ʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʛʠʙʢʦʡ ʣʝʥʪʦʡ ʩ ʨʫʢʦʷʪʢʦʡ 

ʫʧʨʘʚʣʝʥʠʷ. ʅʘʨʫʞʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʧʨʦʭʦʜʷʪ 

ʯʝʨʝʟ ʩʝʛʤʝʥʪʥʳʝ ʧʘʟʳ ʦʩʥʦʚʘʥʠʷ. 

ʅʘ ʚʝʨʭʥʝʤ ʢʦʥʮʝ ʪʦʣʢʘʪʝʣʝʡ ʨʘʟʤʝʱʝʥʘ ʧʣʦ-

ʱʘʜʢʘ 27 ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʠ ʮʝʥʪʨʦʚʢʠ, ʧʦ ʢʦʪʦʨʦʡ ʥʘ 

ʨʦʣʠʢʘʭ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘʧʨʘʚʣʷʶʱʘʷ, ʚʳʧʦʣʥʝʥ-

ʥʘʷ ʚ ʚʠʜʝ ʨʘʤʳ [1, 2, 3, 4, 5, 6, 7]. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. 

ʉ ʧʦʤʦʱʴʶ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʶʪ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣʝʞʢʠ ʢ ʩʥʠ-

ʤʘʝʤʦʤʫ ʘʛʨʝʛʘʪʫ. ɼʣʷ ʵʪʦʛʦ ʨʫʢʦʷʪʢʦʡ ʚʢʣʶʯʘʶʪ 

ʤʫʬʪʫ, ʠ ʚʨʘʱʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʢʦʣʝʩʘ ʪʝʣʝʞʢʠ. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʪʝʣʝʞʢʠ ʧʦʜ ʧʦʜʥʠʤʘʝʤʳʤ ʘʚʪʦ-

ʤʦʙʠʣʝʤ ʨʫʢʦʷʪʢʦʡ ʚʢʣʶʯʘʶʪ ʤʫʬʪʫ ʠ ʨʫʢʦʷʪʢʦʡ - 

ʤʝʭʘʥʠʟʤ ʬʠʢʩʘʮʠʠ ʚʠʥʪʘ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʜʚʠʛʘ-

ʪʝʣʷ ʚʨʘʱʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʚʠʥʪ. ʇʨʠ ʚʨʘʱʝʥʠʠ 

ʚʠʥʪʘ (ʧʨʘʚʦʝ) ʧʦʜʥʠʤʘʝʪʩʷ ʧʦʜʲʝʤʥʳʡ ʵʣʝʤʝʥʪ ʩ 

ʪʦʣʢʘʪʝʣʷʤʠ ʠ ʥʘʧʨʘʚʣʷʶʱʝʡ, ʢʦʪʦʨʘʷ ʧʝʨʝʤʝʱʘ-

ʝʪʩʷ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʥʘʧʨʘʚʣʷʶʱʝʡ. ʇʨʠ ʵʪʦʤ ʧʦʚʦ-

ʨʦʪʥʳʡ ʵʣʝʤʝʥʪ ʫʜʝʨʞʠʚʘʝʪʩʷ ʦʪ ʧʦʚʦʨʦʪʘ ʩʠʣʦʡ 

ʠʥʝʨʮʠʠ ʧʦʜʥʠʤʘʝʤʦʡ ʯʘʩʪʠ ʤʝʭʘʥʠʟʤʘ ʠ ʪʨʝʥʠʝʤ, 

ʘ ʦʧʦʨʝ ʧʦʚʦʨʦʪʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʦʜʲʝʤʘ (ʪ.ʝ. 

ʪʦʣʢʘʪʝʣʠ ʚʳʰʣʠ ʠʟ ʪʨʘʚʝʨʩʳ, ʘ ʬʠʢʩʘʪʦʨʳ ʩʦ-

ʰʣʠʩʴ), ʩ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ ʥʘ ʠʟ-

ʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. ʇʨʠ 

ʵʪʦʤ ʥʘʨʫʞʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʪʦʨʮʦʤ ʫʧʠʨʘʶʪʩʷ ʚ 
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ʬʠʢʩʘʪʦʨʳ, ʧʨʝʧʷʪʩʪʚʫʷ ʧʝʨʝʤʝʱʝʥʠʶ ʚʠʥʪʘ ʚʥʠʟ. 

ɻʘʡʢʘ ʥʘʯʠʥʘʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʚʠʥʪʫ ʚʚʝʨʭ ʠ ʚʳ-

ʭʦʜʠʪ ʠʟ ʬʠʢʩʠʨʫʶʱʝʛʦ ʧʘʟʘ. ʊʨʘʚʝʨʩʘ ʧʦʚʦʨʘʯʠ-

ʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʠʥʪʘ ʠ ʧʦʜʚʦʜʠʪ ʧʦʜ ʪʦʣʢʘ-

ʪʝʣʠ ʬʠʢʩʠʨʫʶʱʠʝ ʫʛʣʫʙʣʝʥʠʷ. ɻʘʡʢʘ ʚʤʝʩʪʝ ʩ ʪʨʘ-

ʚʝʨʩʦʡ ʠ ʪʦʣʢʘʪʝʣʷʤʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʚʝʨʭ ʧʦ 

ʚʠʥʪʫ, ʩʦʚʝʨʰʘʷ ʚʪʦʨʦʡ ʵʪʘʧ ʧʦʜʲʝʤʘ. 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʩʦʜʝʨʞʘʱʝʝ ʧʦʜʚʠʞʥʫʶ, 

ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʣʝʞʢʫ, ʥʘ ʢʦʪʦʨʦʡ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʚʦʨʦʪʥʳʡ 

ʵʣʝʤʝʥʪ, ʧʦʜʲʝʤʥʳʡ ʵʣʝʤʝʥʪ ʩ ʤʝʭʘʥʠʟʤʦʤ ʧʦʜʲ-

ʝʤʘ ʚ ʚʠʜʝ ʛʨʫʟʦʚʦʛʦ ʚʠʥʪʘ, ʛʘʡʢʠ ʠ ʧʨʠʚʦʜʘ ʚʨʘʱʝ-

ʥʠʷ ʚʠʥʪʘ, ʥʘ ʢʦʥʮʝ ʢʦʪʦʨʦʛʦ ʟʘʢʨʝʧʣʝʥ ʧʦʜʲʝʤʥʳʤ 

ʵʣʝʤʝʥʪ, ʧʣʦʱʘʜʢʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʠ 

ʮʝʥʪʨʦʚʢʠ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʘʛʨʝʛʘʪʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʧʦʜʲʝʤʥʦʤ ʵʣʝʤʝʥʪʝ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ, ʦʪʣʠʯʘʶʱʝʝʩʷ ʪʝʤ, 

ʯʪʦ, ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʫʜʦʙʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʦʥʦ ʩʥʘʙʞʝʥʦ ʚʥʫʪʨʝʥʥʠʤ, ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʧʦʚʦ-

ʨʦʪʥʦʤ ʵʣʝʤʝʥʪʝ, ʠ ʥʘʨʫʞʥʳʤʠ, ʟʘʢʨʝʧʣʝʥʥʳʤʠ 

ʚʝʨʭʥʠʤʠ ʢʦʥʮʘʤʠ ʥʘ ʧʦʜʲʝʤʥʦʤ ʵʣʝʤʝʥʪʝ, ʥʘʧʨʘʚ-

ʣʷʶʱʠʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʠʯʥʦ ʦʜʥʘ 

ʜʨʫʛʦʡ ʠ ʛʨʫʟʦʚʦʤʫ ʚʠʥʪʫ, ʬʠʢʩʘʪʦʨʘʤʠ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʚʠʞʝʥʠʷ ʛʨʫʟʦʚʦʛʦ ʚʠʥʪʘ ʧʨʠ ʝʛʦ 

ʦʙʨʘʪʥʦʤ ʭʦʜʝ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʫʢʦʷʪʢʦʡ ʫʧʨʘʚʣʝ-

ʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʦʨʘ ʚ 

ʥʠʞʥʠʝ ʪʦʨʮʳ ʥʘʨʫʞʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ, ʪʨʘʚʝʨ-

ʩʦʡ ʩ ʫʛʣʫʙʣʝʥʠʷʤʠ, ʞʝʩʪʢʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ 

ʛʘʡʢʝ, ʧʨʠ ʵʪʦʤ ʧʦʜʲʝʤʥʳʡ ʵʣʝʤʝʥʪ ʫʩʪʘʥʦʚʣʝʥ ʥʘ 

ʚʠʥʪʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʚʦʨʦʪʘ ʠ ʩʥʘʙʞʝʥ ʪʦʣʢʘ-

ʪʝʣʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʭʦʜʘ ʚ 

ʫʛʣʫʙʣʝʥʠʷ ʪʨʘʚʝʨʩʳ, ʘ ʧʦʚʦʨʦʪʥʳʡ ʵʣʝʤʝʥʪ ʚʳ-

ʧʦʣʥʝʥ ʩ ʧʘʟʦʤ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʛʘʡʢʠ ʩ ʪʨʘʚʝʨʩʦʡ. 

[8, 9, 10, 11]. 
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CART FOR REMOVING AND INSTALLING BOXES CHANGES   

TRANSFER THE SPRINGS OF THE CAR 

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʣʝʞʢʠ ʜʣʷ ʩʥʷʪʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʂʇʇ ʠ ʨʝʩʩʦʨ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ ʦʧʝʨʘʮʠʠ ʩʚʷʟʘʥʥʦʡ ʩ ʨʝʤʦʥʪʦʤ ʪʨʘʥʩʤʠʩʩʠʠ ʘʚʪʦ-

ʤʦʙʠʣʝʡ, ʧʦʚʳʩʠʪʩʷ ʢʫʣʴʪʫʨʘ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʣʫʯʰʠʪ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʚ ʦʪʥʦʰʝʥʠʠ ʩʦʙʣʶ-

ʜʝʥʠʷ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʘʥʠʪʘʨʠʠ. 

Abstract. 

The article presents the development of the design of the trolley for removal and installation of gearbox and 

springs, which will reduce the time and complexity of the operation associated with the repair of the transmission 

of cars, increase the culture of repair production, improve working conditions with respect to safety and industrial 

sanitation. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʣʝʞʢʠ ʜʣʷ ʩʥʷʪʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʂʇʇ ʠ ʨʝʩʩʦʨ, ʘʚʪʦʤʦʙʠʣʴ, ʫʩʣʦʚʠʷ ʪʨʫʜʘ, ʧʦʜʲ-

ʸʤʥʘʷ ʩʪʨʝʣʘ, ʢʦʥʩʪʨʫʢʮʠʷ. 

Key words: truck for removing and installing transmission and leaf springs, automobile, working conditions, 

crane boom, construction. 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʠ ʧʨʦʚʝʜʝ-

ʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʩʣʫʞʠʚʘʥʠʡ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ 

ʧʨʠʙʝʛʘʪʴ ʢ ʩʥʷʪʠʶ ʠ ʫʩʪʘʥʦʚʢʝ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ ʠ 

ʨʝʩʩʦʨ ʜʣʷ ʟʘʤʝʥʳ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʵʪʠʭ ʫʟʣʦʚ. 

ɺʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʦʧʝʨʘʮʠʡ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʪʨʫ-

ʜʦʝʤʢʦʡ ʨʘʙʦʪʦʡ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʤʘʩʩʳ ʜʝʤʦʥʪʠʨʫ-

ʝʤʳʭ ʜʝʪʘʣʝʡ ʠ ʥʝʫʜʦʙʩʪʚʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʝ-

ʤʦʥʪʥʳʭ ʨʘʙʦʪ. 

ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ï ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ - ʪʝʣʝʞʢʠ ʜʣʷ ʩʥʷʪʠʷ ʠ ʫʩʪʘ-

ʥʦʚʢʠ ʂʇʇ ʠ ʨʝʩʩʦʨ ï ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʦʧʝʨʘʮʠʠ ʩʚʷʟʘʥʥʦʡ ʩ ʨʝʤʦʥʪʦʤ 

ʪʨʘʥʩʤʠʩʩʠʠ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʦʚʳʩʠʪʩʷ ʢʫʣʴʪʫʨʘ ʨʝ-

ʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʣʫʯʰʠʪ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʚ 

ʦʪʥʦʰʝʥʠʠ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʘʥʠʪʘʨʠʠ [1, 2, 3, 4].  

ʅʘ ʯʝʪʳʨʝʭʢʦʣʝʩʥʦʡ ʪʝʣʝʞʢʝ 6 ʫʩʪʘʥʦʚʣʝʥʦ 

ʧʦʜʲʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʧʦʚʦʨʦʪʥʦʡ 

ʩʪʦʡʢʠ 7, ʛʠʜʨʦʮʠʣʠʥʜʨʘ 1, ʧʦʜʲʝʤʥʦʡ ʩʪʨʝʣʳ 10 ʠ 

ʩʪʦʡʢʠ ʪʨʘʢʪʦʨʥʦʡ 8, ʢ ʢʦʪʦʨʦʡ ʢʨʝʧʷʪʩʷ ʧʦʜʭʚʘʪ-

ʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʢʦʨʦʙʦʢ ʠ ʨʝʩʩʦʨ 4,5 (ʨʠʩʫʥʦʢ 

1).  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦ-

ʣʦʞʝʥʠʷ ʧʦʜʭʚʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʚʦʨʦʪʥʘʷ ʩʪʦʡʢʘ ʠ 

ʰʘʨʥʠʨʥʘʷ ʩʪʦʡʢʘ ʩʦʝʜʠʥʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʪʷʛʠ 11. 

ʇʦʜʲʝʤ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦ-

ʜʦʤ ʥʘʛʥʝʪʘʥʠʷ ʚ ʝʛʦ ʧʦʣʦʩʪʴ ʤʘʩʣʘ ʧʨʠ ʧʦʤʦʱʠ 

ʛʠʜʨʦʥʘʩʦʩʘ 3 ʩ ʥʦʞʥʳʤ ʧʨʠʚʦʜʦʤ. 

ʆʧʫʩʢʘʥʠʝ ʩʪʨʝʣʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʜʝʤʦʥʪʠʨʫʝʤʦʡ ʜʝʪʘʣʠ, ʧʨʠ 

ʫʩʣʦʚʠʠ ʦʪʢʨʳʪʠʷ ʩʮʝʧʥʦʛʦ ʢʣʘʧʘʥʘ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʪʝʣʝʞʢʠ ʜʣʷ ʩʥʷʪʠʷ ʠ ʫʩʪʘʥʦʚʢʠ 

ʢʦʨʦʙʦʢ ʧʝʨʝʤʝʥʳ ʧʝʨʝʜʘʯ ʠ ʨʝʩʩʦʨ ʘʚʪʦʤʦʙʠʣʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʣʝʞʢʠ ʜʣʷ ʩʥʷʪʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʢʦʨʦʙʦʢ ʧʝʨʝʤʝʥʳ ʧʝʨʝʜʘʯ  

ʠ ʨʝʩʩʦʨ ʘʚʪʦʤʦʙʠʣʝʡ 

1 ï ʧʦʜʭʚʘʪ; 2 - ʩʪʨʝʣʘ; 3 - ʪʷʛʘ; 4 - ʛʠʜʨʦʮʠʣʠʥʜʨ; 5 - ʢʦʣʷʩʢʘ; 6 - ʪʝʣʝʞʢʘ.  

 

ʇʨʠ ʟʘʪʷʞʢʝ ʨʝʩʩʦʨ, ʧʦʜʜʦʤʢʨʘʯʠʚʘʝʤ ʠʣʠ 

ʧʦʜʥʠʤʘʝʤ ʧʦʜʲʝʤʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʘʚʪʦʤʦʙʠʣʴ ʠ 

ʧʦʜʩʪʘʚʣʷʝʤ ʧʦʜʩʪʘʚʢʫ ʠʣʠ ʢʦʟʝʣʢʠ. 

ɿʘʪʝʤ ʩʥʠʤʘʝʤ ʢʦʣʝʩʦ ʠ ʨʘʩʢʨʫʯʠʚʘʝʤ ʩʪʨʝ-

ʤʷʥʢʠ ʢʨʝʧʣʝʥʠʷ ʟʘʜʥʝʛʦ ʤʦʩʪʘ ʠ ʨʝʩʩʦʨʳ, ʪʝʤ ʩʘ-

ʤʳʤ ʚʳʩʚʦʙʦʞʜʘʝʤ ʨʝʩʩʦʨʫ ʦʪ ʤʦʩʪʘ. 

ʇʦʜʢʘʪʳʚʘʝʤ ʪʝʣʝʞʢʫ ʠ ʦʧʫʩʢʘʝʤ ʩʪʨʝʣʫ ʜʦ 

ʫʨʦʚʥʷ ʨʝʩʩʦʨʳ ʠ ʧʦʜʚʦʜʠʤ ʧʦʜ ʥʝʝ, ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʜʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʨʝʧʣʷʝʤ ʨʝʩʩʦʨʫ ʢ ʰʘʨ-

ʥʠʨʥʦʡ ʩʪʦʡʢʝ ʠ ʧʨʠʧʦʜʥʠʤʘʝʤ ʜʦ ʚʝʣʠʯʠʥʳ ʨʘʟ-

ʛʨʫʟʢʠ ʨʝʩʩʦʨʥʳʭ ʧʘʣʴʮʝʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʳʙʠʚʘʝʤ 

ʨʝʩʩʦʨʥʳʝ ʧʘʣʴʮʳ ʠ ʦʪʜʝʣʷʝʤ ʨʝʩʩʦʨʫ ʦʪ ʨʘʤʳ. ʇʦ-

ʚʦʨʦʪʦʤ ʩʪʨʝʣʳ ʚʳʚʦʜʠʤ ʨʝʩʩʦʨʫ ʠʟ ʧʦʜ ʘʚʪʦʤʦ-

ʙʠʣʷ, ʟʘʪʝʤ ʩʥʠʤʘʝʤ ʝʝ ʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. ʋʩʪʘ-

ʥʦʚʢʫ ʨʝʩʩʦʨ ʦʩʫʱʝʩʪʚʣʷʝʤ ʚ ʦʙʨʘʪʥʦʡ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʇʨʠ ʜʝʤʦʥʪʘʞʝ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ ʘʚʪʦʤʦʙʠʣʝʡ 

ʚʳʧʦʣʥʷʝʤ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

 - ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʘʚʪʦʤʦʙʠʣʴ ʥʘ ʧʦʩʪ ʩʤʦʪʨʦ-

ʚʦʡ ʷʤʳ. 

 - ʦʪʩʦʝʜʠʥʷʝʤ ʦʪ ʂʇʇ ʚʩʝ ʧʦʜʭʦʜʷʱʠʝ ʠ ʦʪʭʦ-

ʜʷʱʠʝ ʩʚʷʟʠ. 

 - ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʪʝʣʝʞʢʫ ʜʣʷ ʩʥʷʪʠʷ ʂʇʇ 

ʩʙʦʢʫ ʘʚʪʦʤʦʙʠʣʷ, ʤʝʞʜʫ ʧʝʨʝʜʥʠʤʠ ʠ ʟʘʜʥʠʤʠ ʢʦ-

ʣʝʩʘʤʠ ʠ ʧʦʜʚʦʜʠʤ ʩʪʨʝʣʫ ʩ ʧʦʜʭʚʘʪʥʳʤ ʫʩʪʨʦʡ-

ʩʪʚʦʤ ʧʦʜ ʂʇʇ. ʇʨʠ ʧʦʤʦʱʠ ʚʠʥʪʘ ʧʦʜʭʚʘʪʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʙʦʣʝʝ ʪʦʯʥʦ ʧʦʜʚʦʜʠʤ ʧʦʜʭʚʘʪ ʧʦʜ ʢʦ-

ʨʦʙʢʫ. 

 - ʦʪʧʫʩʢʘʝʤ ʛʘʡʢʠ ʢʨʝʧʣʝʥʠʷ ʂʇʇ ʠ ʚʳʚʦʜʠʤ 

ʢʦʨʦʙʢʫ ʠʟ ʟʘʮʝʧʣʝʥʠʷ ʩ ʜʠʩʢʘʤʠ ʤʫʬʪʳ ʩʮʝʧʣʝʥʠʷ, 

ʧʦʜʥʠʤʘʷ ʩʪʨʝʣʫ ʠ ʚʳʚʦʜʷ ʢʦʨʦʙʢʫ ʠʟ ʧʦʜ ʘʚʪʦʤʦ-

ʙʠʣʷ. 

ʅʘ ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʟʘ-

ʥʷʪʦ ʜʚʦʝ ʨʘʙʦʯʠʭ. 

ʋʩʪʘʥʦʚʢʘ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʦʙʨʘʪʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʪʝʣʝʞʢʦʡ ʜʣʷ ʩʥʷʪʠʷ ʠ ʫʩʪʘʥʦʚʢʠ 

ʂʇʇ ʠ ʨʝʩʩʦʨ ʘʚʪʦʤʦʙʠʣʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

- ʥʝ ʥʘʭʦʜʠʪʴʩʷ ʧʦʜ ʩʪʨʝʣʦʡ ʩ ʛʨʫʟʦʤ; 

- ʧʦʜ ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʜʝʤʦʥʪʘʞʝ ʫʟʣʦʚ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʣʦʞʠʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʫʧʦʨ; 

- ʧʨʠ ʧʦʚʦʨʦʪʝ ʩʪʨʝʣʳ ʩ ʛʨʫʟʦʤ ʥʝ ʥʘʭʦʜʠʪʴʩʷ 

ʚ ʟʦʥʝ ʤʝʞʜʫ ʧʦʚʦʨʦʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʠ ʩʪʦʡʢʦʡ; 

- ʥʝ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʜʲʝʤ ʛʨʫʟʦʚ, ʤʘʩʩʘ ʢʦʪʦʨʳʭ 

ʧʨʝʚʳʰʘʝʪ ʨʘʩʯʝʪʥʫʶ, ʪ.ʝ. ʙʦʣʝʝ 300 ʢʛ [5, 6, 7, 8, 9, 

10, 11]. 
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ENGINES 

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʜʚʫʭʘʣʤʘʟʥʦʛʦ ʚʳ-

ʛʣʘʞʠʚʘʥʠʷ ʢʫʣʘʯʢʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʚʘʣʦʚ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʪʦʨʦʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʘ ʪʦʢʘʨʥʦ-ʚʠʥʪʦʨʝʟʥʦʤ ʩʪʘʥʢʝ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʫʧʨʦʯʥʝʥʠʝʤ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʣʘʯʢʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʜʝʪʘʣʠ 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ ʨʝʤʦʥʪʘ. 

Abstract. 

The article presents the design development of a special device for two diamond smoothing Cams of camshafts 

of motor-tractor engines, which is mounted on a lathe. The use of this device is due to the hardening of the restored 

surface of the Cams, which will reduce the cost of the restored parts with a sufficiently high quality of repair. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʫʣʘʯʢʦʚʳʡ ʚʘʣ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʜʚʫʭʘʣʤʘʟʥʦʛʦ ʚʳʛʣʘʞʠʚʘʥʠʷ, ʫʧʨʦʯʥʝʥʠʝ, ʨʝ-

ʤʦʥʪ, ʠʟʥʦʩ. 

Key words: ʩam shaft, device for two diamond smoothing, hardening, repair, wear. 

 

ʆʩʥʦʚʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʣʘ, 

ʫʩʪʨʘʥʷʝʤʳʝ ʧʨʠ ʨʝʤʦʥʪʝ, ʷʚʣʷʶʪʩʷ; ʧʨʦʛʠʙ ʚʘʣʘ, 

ʠʟʥʦʩ ʦʧʦʨʥʳʭ ʰʝʝʢ, ʠʟʥʦʩ ʢʫʣʘʯʢʦʚ ʧʦ ʚʳʩʦʪʝ, ʠʟ-

ʥʦʩ ʰʧʦʥʦʯʥʦʡ ʢʘʥʘʚʢʠ, ʩʨʳʚ ʨʝʟʴʙʳ. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʣʘʯʢʦʚ ʠʩ-

ʧʦʣʴʟʫʶʪ ʵʣʝʢʪʨʦʜʫʛʦʚʫʶ ʥʘʧʣʘʚʢʫ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ - ʰʣʠʬʦʚʘʥʠʝʤ. 

ʐʣʠʬʦʚʘʥʠʝ - ʵʪʦ ʦʩʥʦʚʥʦʡ ʤʝʪʦʜ ʯʠʩʪʦʚʦʡ, 

ʦʪʜʝʣʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʘ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʰʣʠʬʦʚʘʥʠʷ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ 

ʢʨʫʛʘ ʩ ʜʝʪʘʣʴʶ ʚʦʟʥʠʢʘʝʪ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

(1500Á ʉ), ʧʦʵʪʦʤʫ ʰʣʠʬʦʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʦʭʣʘʞʜʝʥʠʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʤʝ-

ʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʰʣʠ-

ʬʦʚʘʥʠʷ: ʥʘʨʫʞʥʦʝ ʢʨʫʛʣʦʝ ʰʣʠʬʦʚʘʥʠʝ, ʢʨʫʛʣʦʝ 

ʚʥʫʪʨʝʥʥʝʝ ʰʣʠʬʦʚʘʥʠʝ, ʛʣʫʙʠʥʥʦʝ ʰʣʠʬʦʚʘʥʠʝ. 

ʇʦʢʨʳʪʠʷ ʠʟ ʩʦʨʤʘʡʪʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʙʨʘʙʘʪʳ-

ʚʘʪʴ ʰʣʠʬʦʚʘʣʴʥʳʤ ʢʨʫʛʦʤ 34ɸ40ʉʄ16ʂ ʠʟ ʭʨʦ-

ʤʠʩʪʦʛʦ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ, ʘ ʧʦʢʨʳʪʠʷ ʋʉ-25 ʠ ʌɹʂ-
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6-2 ï ʰʣʠʬʦʚʘʣʴʥʳʤ ʢʨʫʛʦʤ 64ʉ25ʉʄ16ʂ ʠʟ ʢʘʨ-

ʙʠʜʘ ʢʨʝʤʥʠʷ. ʏʝʨʥʦʚʦʝ ʰʣʠʬʦʚʘʥʠʝ ʚʝʜʫʪ ʩ 

ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʴʶ ʢʨʫʛʘ ʠ ʜʝʪʘʣʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ 35 ʤ/ʩ ʠ 11 ʤ/ʤʠʥ. ʇʨʠ ʰʣʠʬʦʚʘʥʠʠ ʠʩ-

ʧʦʣʴʟʫʶʪ ʢʨʫʛʠ ʠʟ ʵʣʴʙʦʨʘ (ʢʫʙʠʯʝʩʢʠʡ ʥʠʪʨʠʜ 

ʙʦʨʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʙʦʨʘ ʠ ʘʟʦʪʘ.) ʧʦ ʪʚʝʨʜʦʩʪʠ ʦʥ 

ʙʣʠʟʦʢ ʢ ʘʣʤʘʟʫ, ʧʦ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʧʨʝʚʦʩʭʦʜʠʪ 

ʝʛʦ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ. ɺʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʵʣʴ-

ʙʦʨʥʳʭ ʘʙʨʘʟʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʜʝʪʘʣʝʡ ʧʦʩʣʝ ʥʘʧʣʘʚʢʠ, ʭʨʦʤʠʨʦʚʘʥʠʷ ʠ ʦʩʪʘʣʠʚʘ-

ʥʠʷ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʤʘʟʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʨʝ-

ʩʫʨʩ ʜʝʪʘʣʝʡ (ʚ 1,2...2,0 ʨʘʟʘ), ʩʥʠʞʝʪʩʷ ʩʝʙʝʩʪʦʠ-

ʤʦʩʪʴ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʣʫʯʠʣʠ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʪʘʢʠʝ ʚʠʜʳ ʫʧʨʦʯʥʝʥʠʷ ʜʝʪʘʣʝʡ, ʢʘʢ: ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʝ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ, ʦʙʢʘ-

ʪʳʚʘʥʠʝ ʠ ʨʘʩʢʘʪʳʚʘʥʠʝ ʰʘʨʠʢʘʤʠ ʠ ʨʦʣʠʢʘʤʠ, ʘʣ-

ʤʘʟʥʦʝ ʚʳʛʣʘʞʠʚʘʥʠʝ. ɺʩʝ ʵʪʠ ʩʧʦʩʦʙʳ ʠʟʤʝʥʷʶʪ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʘ [1, 2, 3, 4]. 

ʉʫʱʥʦʩʪʴ ʩʧʦʩʦʙʘ ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ 

ʜʝʪʘʣʝʡ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ (ʰʘʨʠʢʘ, ʨʦʣʠʢʘ) ʚʳʩʪʫʧʘʶʱʠʝ ʤʠʢʨʦʥʝ-

ʨʦʚʥʦʩʪʠ ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʫʶʪʩʷ - (ʩʤʠʥʘ-

ʶʪʩʷ), ʟʘʧʦʣʥʷʷ ʚʧʘʜʠʥʳ ʤʠʢʨʦʧʨʦʬʠʣʷ ʦʙʨʘʙʘʪʳ-

ʚʘʝʤʦʡ ʜʝʪʘʣʠ. ʀʩʭʦʜʥʘʷ ʚʳʩʦʪʘ ʤʠʢʨʦʥʝʨʦʚʥʦ-

ʩʪʝʡ RHCX ʫʤʝʥʴʰʘʝʪʩʷ. 

ʄʝʪʘʣʣ ʚʳʩʪʫʧʦʚ ʥʝʨʦʚʥʦʩʪʝʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪ ʤʝʩʪʘ ʢʦʥʪʘʢʪʘ ʩ ʜʝʬʦʨʤʠ-

ʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ (ʨʠʩʫʥʦʢ 1); ʚʳʩʦʪʘ ʥʝʨʦʚʥʦ-

ʩʪʝʡ ʩ ʚʝʣʠʯʠʥʳ RHCX ʫʤʝʥʴʰʘʝʪʩʷ, ʦʙʨʘʟʫʷ ʥʦʚʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʥʝʨʦʚʥʦʩʪʷʤʠ ʚʳʩʦʪʦʡ R, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʠʤʠ ʩʣʝʜ ʜʚʠʞʝʥʠʷ ʰʘʨʠʢʘ ʠʣʠ ʨʦʣʠʢʘ [5, 6, 

7]. 

ʇʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʧʣʘʩʪʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʠʠ ʧʦʚʳʰʘʝʪʩʷ ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

ʋʩʪʘʣʦʩʪʥʘʷ ʧʨʦʯʥʦʩʪʴ ʜʝʪʘʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 30 

... 70%, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ - ʚ 1,5-2 ʨʘʟ, ʫʣʫʯʰʘʝʪʩʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ (Ra = 0,04ʤʢʤ). 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʰʘʨʠʢʘʤʠ 

 

ʍʦʨʦʰʦ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚʩʝ ʩʳʨʳʝ ʩʪʘʣʠ, ʯʫ-

ʛʫʥ, ʘʣʶʤʠʥʠʡ, ʙʨʦʥʟʘ, ʣʘʪʫʥʴ. ʆʙʢʘʪʢʫ ʰʘʨʠʢʘʤʠ 

ʠ ʨʦʣʠʢʘʤʠ ʚʳʧʦʣʥʷʶʪ ʩ ʧʦʤʦʱʴʶ ʧʨʠʩʧʦʩʦʙʣʝ-

ʥʠʡ ʥʘ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʘʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʪʘʥʜʘʨʪʥʳʝ ʰʘʨʠʢʠ ʠʣʠ ʨʦʣʠʢʠ ʦʪ ʧʦʜʰʠʧʥʠʢʦʚ 

ʠʣʠ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʨʦʣʠʢʠ ʨʘʟʣʠʯʥʦʡ 

ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʫʧʨʦʯʥʷʶʱʠʝ - ʢʘ-

ʣʠʙʨʫʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ: 

- ʧʨʦʩʪʦʪʘ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʛʦ 
ʠʥʩʪʨʫʤʝʥʪʘ; 

- ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʝʪʘʣʠ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʢʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝ-
ʥʠʷ; 

- ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʰʣʠʬʦʚʘʣʴʥʳʭ ʩʪʘʥʢʦʚ.  

ɸʣʤʘʟʥʦʝ ʚʳʛʣʘʞʠʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʜʝʪʘʣʠ ʠʥʩʪʨʫʤʝʥ-

ʪʦʤ, ʨʘʙʦʯʠʤ ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʘʣʤʘʟ 

ʠʣʠ ʩʚʝʨʭʪʚʝʨʜʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʥʠʪʨʘʪʘ ʙʦʨʘ ( ʛʝʢ-

ʩʘʥʠʪ ʈ, ʢʫʙʦʥʠʪ ʠ ʜʨ.) ʅʘʢʘʪʢʫ ʠ ʚʳʛʣʘʞʠʚʘʥʠʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʘʤʳʭ ʨʘʟʣʠʯ-

ʥʳʭ ʜʝʪʘʣʝʡ: ʚʘʣʳ, ʦʩʠ ʛʠʣʴʟʳ ʮʠʣʠʥʜʨʦʚ ʘʚʪʦʪʨʘʢ-

ʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʦʪʚʝʨʩʪʠʷ ʚ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘ-

ʣʷʭ, ʚʪʫʣʢʠ ʚʝʨʭʥʝʡ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ, ʬʘʩʦʢ ʢʣʘʧʘʥ-

ʥʳʭ ʛʥʝʟʜ ʠ ʬʘʩʦʢ ʢʣʘʧʘʥʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʧʨʫʞʠʥ [8, 9, 10, 

11]. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʫʣʘʯʢʦʚʳʭ ʚʘʣʦʚ ʥʘʤʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝ-

ʥʠʝ ʜʣʷ ʜʚʫʭʘʣʤʘʟʥʦʛʦ ʚʳʛʣʘʞʠʚʘʥʠʷ ʢʫʣʘʯʢʦʚ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʚʘʣʦʚ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʜʚʠʛʘʪʝ-

ʣʝʡ, ʢʦʪʦʨʦʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʪʦʢʘʨʥʦ-ʚʠʥʪʦʨʝʟ-

ʥʦʤ ʩʪʘʥʢʝ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʦʩʩʪʘʥʘʚʣʠ-

ʚʘʝʤʦʡ ʜʝʪʘʣʠ ʤʝʥʝʝ ʩʪʦʠʤʦʩʪʠ ʥʦʚʦʡ ʜʝʪʘʣʠ ʵʪʦʛʦ 

ʪʠʧʘ, ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ ʨʝʤʦʥʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʟʨʘ-

ʙʦʪʘʥʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʜʚʫʭʘʣʤʘʟʥʦʛʦ ʚʳ-

ʛʣʘʞʠʚʘʥʠʷ ʢʫʣʘʯʢʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʚʘʣʦʚ ʘʚ-

ʪʦʪʨʘʢʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 
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ʈʠʩʫʥʦʢ 2. ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʜʚʫʭʘʣʤʘʟʥʦʛʦ ʚʳʛʣʘʞʠʚʘʥʠʷ ʢʫʣʘʯʢʦʚ 

1 - ʧʨʫʞʠʥʘ; 2 ï ʥʘʢʦʥʝʯʥʠʢ ʚʳʛʣʘʞʠʚʘʶʱʠʡ; 3 - ʩʪʘʢʘʥ, 4 - ʨʳʯʘʛ; 5 - ʪʦʣʢʘʪʝʣʴ;  

6 -ʢʨʳʰʢʘ; 7 - ʢʦʨʧʫʩ; 8 - ʦʩʴ; 9 ï ʦʩʴ ʢʦʨʦʤʳʩʣʘ; 10-ʢʦʨʦʤʳʩʣʦ; 11 ï ʫʢʘʟʘʪʝʣʴ ʧʦʣʦʞʝʥʠʷ ʨʳʯʘʛʘ;  

12 - ʫʧʦʨ; 13 ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ ʚʠʥʪ; 14 ï ʚʠʥʪ ʫʩʪʘʥʦʚʦʯʥʳʡ; 15 ï ʚʠʥʪ ʩʪʦʧʦʨʥʳʡ; 16 - ʙʦʣʪ;  

17 - ʛʘʡʢʘ; 18 ï ʦʧʦʨʥʘʷ ʚʠʣʢʘ. 

 

ɺ ʢʦʨʧʫʩʝ 7, ʫʩʪʘʥʦʚʣʝʥʥʦʤ, ʥʘ ʩʫʧʧʦʨʪʝ 

ʩʪʘʥʢʘ, ʥʘ ʦʩʠ 8 ʧʦʤʝʱʸʥ ʨʳʯʘʛ 4. ɺ ʧʘʟʫ ʨʳʯʘʛʘ ʥʘ 

ʦʩʠ 9 ʨʘʩʧʦʣʦʞʝʥʦ ʢʦʨʦʤʳʩʣʦ 10 ʩ ʚʳʛʣʘʞʠʚʘʶ-

ʱʠʤʠ ʥʘʢʦʥʝʯʥʠʢʘʤʠ, ʦʧʠʨʘʶʱʠʤʠʩʷ ʥʘ ʦʙʨʘʙʘ-

ʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʫʣʘʯʢʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ-

ʥʦʛʦ ʚʘʣʘ. ʉʠʣʘ ʚʳʛʣʘʞʠʚʘʥʠʷ ʩʦʟʜʘʸʪʩʷ ʧʨʫʞʠʥʦʡ 

1 ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʩʪʘʢʘʥʝ 3, ʠ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʨʳʯʘʛ 

4 ʯʝʨʝʟ ʪʦʣʢʘʪʝʣʴ 5 ʠʤʝʶʱʠʡ ʫʢʘʟʘʪʝʣʴ 11 ʧʦʣʦʞʝ-

ʥʠʷ ʨʳʯʘʛʘ. ɺʝʣʠʯʠʥʘ ʩʠʣʳ ʨʝʛʫʣʠʨʫʝʪʩʷ ʨʝʟʴʙʦ-

ʚʦʡ ʢʨʳʰʢʦʡ 6. ɺʠʥʪ 12 ʠ ʫʧʦʨ 13 ʩʣʫʞʘʪ ʜʣʷ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʥʘʪʷʛʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘʯʘʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ ʧʨʦʬʠʣʷ ʢʫʣʘʯʢʘ. 
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FIXTURE FOR GRINDING SPHERES PUSHER 

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ ʩʬʝʨʳ ʪʦʣ-

ʢʘʪʝʣʷ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʡ ʠ ʢʘ-

ʯʝʩʪʚʝʥʥʝʡ. 

Abstract. 

The article presents the design of the developed device for grinding the sphere of the pusher, using which the 

technological process is much faster and better. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ ʩʬʝʨʳ ʪʦʣʢʘʪʝʣʷ, ʠʟʥʦʩ, ʮʘʥʛʦʚʘʷ ʚʪʫʣʢʘ, ʜʚʠʛʘ-

ʪʝʣʴ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ. 

Key words: fixture for grinding spheres pusher, wear, collet bushing, motor, recovery. 

 

ʊʦʣʢʘʪʝʣʴ ʩʣʫʞʠʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʦʪ 

ʢʫʣʘʯʢʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʚʘʣʘ ʢ ʢʣʘʧʘʥʫ ʠʣʠ 

ʰʪʘʥʛʝ. ʊʦʣʢʘʪʝʣʠ ʧʣʫʥʞʝʨʥʦʛʦ ʪʠʧʘ ʠʟʛʦʪʦʚʣʝʥʳ 

ʠʟ ʩʪʘʣʠ 35. ʈʘʙʦʯʠʡ ʪʦʨʝʮ ʪʦʣʢʘʪʝʣʷ, ʩʦʧʨʠʢʘʩʘʶ-

ʱʠʡʩʷ ʩ ʢʫʣʘʯʢʦʤ, ʥʘʧʣʘʚʣʝʥ ʦʪʙʝʣʝʥʥʳʤ ʯʫʛʫʥʦʤ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʈʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʘ-

ʨʝʣʢʠ ʦʪʰʣʠʬʦʚʘʥʘ ʧʦ ʩʬʝʨʝ ʙʦʣʴʰʦʛʦ ʨʘʜʠʫʩʘ 

(375 ʤʤ) [1]. 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʝʨʞʥʷ ʪʦʣʢʘʪʝʣʷ ʠʤʝʝʪʩʷ 

ʥʘʨʝʟʘʥʥʦʝ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʦʯʥʦʛʦ ʙʦʣʪʘ ʠ 

ʜʚʝ ʣʳʩʢʠ ʜʣʷ ʫʜʝʨʞʠʚʘʥʠʷ ʪʦʣʢʘʪʝʣʷ ʦʪ ʧʨʦʚʦʨʘ-

ʯʠʚʘʥʠʷ ʧʨʠ ʨʝʛʫʣʠʨʦʚʢʝ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʢʣʘʧʘʥʘʤʠ 

ʠ ʪʦʣʢʘʪʝʣʷʤʠ. 

ɹʣʘʛʦʜʘʨʷ ʩʬʝʨʝ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘ-

ʨʝʣʢʠ ʪʦʣʢʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʦʤʫ ʢʦʥʫʩʫ ʧʦ 

ʰʠʨʠʥʝ ʢʫʣʘʯʢʦʚ ʪʦʯʢʘ ʢʘʩʘʥʠʷ ʪʘʨʝʣʢʠ ʪʦʣʢʘʪʝʣʷ 

ʩ ʢʫʣʘʯʢʦʤ ʥʝʩʢʦʣʴʢʦ ʩʤʝʱʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʪʦʣʢʘʪʝʣʷ. ʕʪʦ ʩʤʝʱʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʨʘʱʝʥʠʶ ʪʦʣʢʘʪʝʣʝʡ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ, ʯʝʤ ʜʦʩʪʠ-

ʛʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʡ ʠʟʥʦʩ ʠʭ ʩʪʝʨʞʥʝʡ ʠ ʪʘʨʝʣʦʢ. 

ʆʩʥʦʚʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʪʦʣʢʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ 

ʠʟʥʦʩ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟʥʦʩ ʦʧʦʨʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ [1, 2, 3, 4, 5] 

ʋʚʝʣʠʯʝʥʠʝʤ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʠʭ ʩʪʝʨʞʥʷʤʠ ʠ 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʚ ʙʣʦʢʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʥʦʩʘ, ʧʨʠ-

ʚʦʜʷʱʝʝ ʢ ʩʪʫʢʘʤ ʚ ʵʪʦʤ ʩʦʯʣʝʥʝʥʠʠ, ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʤʝʥʝ ʪʦʣʢʘʪʝʣʝʡ. ʈʝʞʝ ʧʨʠʭʦ-

ʜʠʪʩʷ ʤʝʥʷʪʴ ʪʦʣʢʘʪʝʣʠ ʠʟ-ʟʘ ʠʟʥʦʩʘ ʠʭ ʪʘʨʝʣʦʢ [6]. 

ʊʦʣʢʘʪʝʣʴ ʜʦʣʞʝʥ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥ ʩʧʦʩʦ-

ʙʦʤ, ʠʩʢʣʶʯʘʶʱʠʤ ʩʠʣʴʥʳʡ ʥʘʛʨʝʚ (ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʦʪʧʫʩʢʘ ʩʬʝʨʳ ʧʷʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʣʝʛʠʨʦʚʘʥ-

ʥʦʛʦ ʯʫʛʫʥʘ) ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʜʝʪʘʣʠ 

ï ʩʪʘʣʴ 35. 

ʊʦʣʢʘʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥ ʭʨʦʤʠʨʦ-

ʚʘʥʠʝʤ, ʦʩʪʘʣʠʚʘʥʠʝʤ ʠ ʧʣʘʟʤʝʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ. 

ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʝʥ ʧʦʩʣʝʜʥʠʡ ʤʝʪʦʜ, ʪʘʢ ʢʘʢ 

ʧʨʠ ʵʪʦʤ ʧʦʢʨʳʪʠʝ ʤʦʞʥʦ ʥʘʥʝʩʪʠ ʟʘ 1 ʤʠʥ ʚ ʪʦ 

ʚʨʝʤʷ, ʢʘʢ ʭʨʦʤʠʨʦʚʘʥʠʝʤ ï ʟʘ 12-16 ʯ, ʘ ʦʩʪʘʣʠʚʘ-

ʥʠʝʤ ï ʟʘ 4-5 ʯ. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʣ-

ʢʘʪʝʣʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʣʘʟʤʝʥʥʳʤ ʥʘʧʳʣʝ-

ʥʠʝʤ, ʥʝ ʥʠʞʝ, ʯʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʘʣʴʚʘʥʠʯʝ-

ʩʢʠʤ ʧʦʢʨʳʪʠʝʤ [7, 8] 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʧʨʦʠʟ-

ʚʦʜʷʪ ʧʨʦʚʝʨʢʫ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʝʥʫ ʜʝʪʘ-

ʣʝʡ ɻʈʄ. ʇʨʠ ʠʟʥʦʩʝ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦ-

ʩʪʷʭ ʜʝʪʘʣʝʡ ʚʦʟʥʠʢʘʶʪ ʚʠʙʨʘʮʠʠ ʠ ʩʪʫʢʠ, ʢʦʪʦʨʳʝ 

ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʨʘ-

ʙʦʪʝ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʚ ʧʦʩʣʝʜ-

ʩʪʚʠʠ ʢ ʩʥʠʞʝʥʠʶ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʢ 

ʝʛʦ ʧʦʣʦʤʢʝ. 

ʅʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ ʩʬʝʨʳ ʪʦʣ-

ʢʘʪʝʣʷ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʡ ʠ 

ʢʘʯʝʩʪʚʝʥʥʝʡ [9]. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝ-

ʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ (ʨʠʩʫʥʦʢ 1): 

ʧʦʜʰʠʧʥʠʢʦʚʳʡ ʫʟʝʣ 1, ʚʠʣʢʘ 2, ʢʨʘʥ 3, ʩʪʦʡʢʘ 4, 

ʧʘʪʨʫʙʦʢ 30, ʮʘʥʛʦʚʘʷ ʚʪʫʣʢʘ 5, ʚʳʞʠʤʥʘʷ ʚʪʫʣʢʘ 6, 

ʩʪʦʧʦʨ 7, ʢʨʦʥʰʪʝʡʥ 8, ʪʷʛʘ 9, ʚʪʫʣʢʘ 10, ʢʨʳʰʢʘ 

10, ʧʨʦʢʣʘʜʢʘ 11, ʰʘʡʙʘ 13, ʦʩʥʦʚʘʥʠʝ 16, ʩʪʦʧʦʨ 

ʚʠʣʢʠ 17, ʧʘʣʝʮ 18, ʰʘʡʙʘ 19. 
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ʈʠʩʫʥʦʢ 1. ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ ʩʬʝʨʳ ʪʦʣʢʘʪʝʣʷ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʪʘʥʛʠ ʜʚʠʛʘʪʝʣʷ 

1 ï ʧʦʜʰʠʧʥʠʢʦʚʳʡ ʫʟʝʣ; 2 ï ʚʠʣʢʘ; 3 ï ʢʨʘʥ; 4 ï ʩʪʦʡʢʘ; 30 ï ʧʘʪʨʫʙʦʢ; 5 ï ʮʘʥʛʦʚʘʷ ʚʪʫʣʢʘ; 

6 - ʚʳʞʠʤʥʘʷ ʚʪʫʣʢʘ; 7 ï ʩʪʦʧʦʨ; 8 ï ʢʨʦʥʰʪʝʡʥ; 9 ï ʪʷʛʘ; 10 ï ʚʪʫʣʢʘ; 11 ï ʢʨʳʰʢʘ; 

12 ï ʧʨʦʢʣʘʜʢʘ; 13 ï ʰʘʡʙʘ; 16 ï ʦʩʥʦʚʘʥʠʝ; 17 - ʩʪʦʧʦʨ ʚʠʣʢʠ; 18 ï ʧʘʣʝʮ; 19 ï ʰʘʡʙʘ. 

 

ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʰʣʠʬʦʚʘ-

ʥʠʷ ʩʬʝʨʳ ʪʦʣʢʘʪʝʣʷ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʪʘʥʛʠ 

ʜʚʠʛʘʪʝʣʷ ɿʄɿ-511.1000398. 

ʈʘʙʦʪʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ.  

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʪʦʣ ʰʣʠʬʦʚʘʣʴʥʦ-ʧʦ-

ʧʝʨʝʯʥʦʛʦ ʩʪʘʥʢʘ ɺʐ-3, ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʩʪʘ-

ʥʦʚʢʘ ʪʦʣʢʘʪʝʣʷ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ. ɼʣʷ ʵʪʦʛʦ ʪʦʣ-

ʢʘʪʝʣʴ ʚʩʪʘʚʣʷʝʪʩʷ ʚ ʦʪʚʝʨʩʪʠʝ ʚ ʚʘʣʝ ʠ ʟʘʞʠʤʘʝʪʩʷ 

ʮʘʥʛʦʚʦʡ ʚʪʫʣʢʦʡ. ʋʩʪʘʥʦʚʢʘ ʚ ʮʘʥʛʫ ʪʦʣʢʘʪʝʣʷ 

ʧʨʦʠʟʚʦʜʠʤ ʧʨʠ ʧʦʤʦʱʠ ʰʪʦʢʘ ʜʦ ʫʧʦʨʘ ʚʩʪʘʚʣʷʝʤ. 

ʋʩʠʣʠʝ ʜʣʷ ʟʘʞʠʤʘ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʧʦʜʢʣʶʯʝʥʥʦʡ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʢʦʤʧʨʝʩʩʦʨ) ʯʝʨʝʟ ʩʠ-

ʩʪʝʤʫ ʨʳʯʘʛʦʚ ʧʫʪʝʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʨʘʥʘ. 

ʐʣʠʬʦʚʘʥʠʝ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʟ-

ʚʦʜʠʤ ʰʣʠʬʦʚʘʣʴʥʦʡ ʛʦʣʦʚʢʦʡ FW 14Ĭ10 24ɸ 

25ʅʉʊ 16 ʂɸ 35 ʤ/ʩ ɻʆʉʊ 2447-82. ʇʨʦʚʝʨʷʝʤ ʪʦʣ-

ʢʘʪʝʣʴ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʚʳʚʝʨʢʠ ʠʟʜʝʣʠʡ ʂʋ520ʌ4 

ʚʝʣʠʯʠʥʫ ʠʟʥʦʩʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʨʝ-

ʞʠʤ ʦʙʨʘʙʦʪʢʠ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʰʣʠ-

ʬʦʚʘʥʠʷ ʧʨʦʚʝʨʷʝʤ ʪʦʣʢʘʪʝʣʴ ʧʦʚʪʦʨʥʦ [10,11]. 
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FIXTURES FOR DISASSEMBLY AND ASSEMBLY PNEUMATIC WHEELS  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʩʦʣʴʥʦʛʦ ʧʦʚʦʨʦʪʥʦʛʦ ʢʨʘʥʘ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ 

ʦʧʦʨʝ ʩ ʵʣʝʢʪʨʦʪʝʣʴʬʝʨʦʤ ʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ G = 0,25 ʪ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʦʩʦʙʝʥʥʦ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʠ ʩʥʷʪʠʠ 

ʪʷʞʝʣʳʭ ʢʦʣʝʩ ʥʘ ʩʪʦʣ ʤʦʥʪʘʞʥʦʛʦ ʩʪʝʥʜʘ. 

Abstract. 

The article presents the modernization of the design of the cantilever rotary crane on a fixed support with an 

electric hoist and a load capacity G = 0,25 t, which will increase productivity and improve working conditions, 

especially loading and unloading when installing and removing heavy wheels on the table of the mounting stand. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʨʥʠʟʘʮʠʷ, ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʩʦʣʴʥʦʛʦ ʧʦʚʦʨʦʪʥʦʛʦ ʢʨʘʥʘ, ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ, ʢʦ-

ʣʝʩʦ, ʨʘʟʙʦʨʢʘ, ʩʙʦʨʢʘ, ʧʦʢʨʳʰʢʘ 

Key words: modernization, cantilever crane designs, turntable, wheel, disassembly, ʘssembly, tyre 

 

ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ ʰʠʥʳ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ ʢʘʢ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʟʥʦʩʘ, ʪʘʢ ʠ ʚʩʣʝʜʩʪʚʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʧʦʧʘʜʘʥʠʷ ʥʘ ʥʠʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʚʦʟʜʝʡʩʪʚʠʷ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʠ 

ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ. ʅʝʧʨʘʚʠʣʴʥʳʡ ʤʦʥʪʘʞ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʘ ʠʭ 

ʩʣʫʞʙʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦ-

ʢʨʳʰʢʠ ʨʘʟʜʝʣʷʶʪ ʥʘ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧʳ. ɺ 

ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʚʢʣʶʯʘʶʪ ʧʦʢʨʳʰʢʠ ʩ ʤʝʣʢʠʤʠ ʧʦ-

ʨʝʟʘʤʠ, ʮʘʨʘʧʠʥʘʤʠ, ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠ ʩʢʚʦʟʥʳʤʠ 

ʧʨʦʢʦʣʘʤʠ, ʥʝ ʚʣʠʷʶʱʠʤʠ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʧʦʢʨʳʰʢʠ. 

ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʧʦʢʨʳʰʢʠ, ʩ ʤʝʭʘʥʠ-

ʯʝʩʢʠʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʚ ʚʠʜʝ ʛʣʫʙʦʢʠʭ ʧʦʨʝʟʦʚ, 

ʟʘʜʝʚʘʶʱʠʭ ʢʘʨʢʘʩ, ʠʣʠ ʩʢʚʦʟʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ.  

ʊʨʝʪʴʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʧʦʢʨʳʰʢʠ, ʫ ʢʦʪʦ-

ʨʳʭ ʠʟʥʦʰʝʥ ʧʨʦʪʝʢʪʦʨ ʜʦ ʧʦʜʫʰʝʯʥʦʛʦ ʩʣʦʷ ʙʝʟ 

ʧʦʚʨʝʞʜʝʥʠʷ ʢʘʨʢʘʩʘ ʠʣʠ ʩ ʤʝʩʪʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠ-

ʷʤʠ. 

ɺ ʯʝʪʚʝʨʪʫʶ ʛʨʫʧʧʫ ʚʢʣʶʯʘʶʪ ʧʦʢʨʳʰʢʠ ʩʦ 

ʩʢʚʦʟʥʳʤʠ ʙʦʣʴʰʠʤʠ ʧʨʦʨʳʚʘʤʠ, ʨʘʟʨʳʚʘʤʠ ʧʨʦ-

ʚʦʣʦʢʠ ʙʦʨʪʘ, ʨʘʩʩʣʦʝʥʠʝʤ ʢʘʨʢʘʩʘ, ʨʘʟʨʫʰʝʥʠʝʤ 

ʥʠʪʝʡ ʢʦʨʜʘ ʠ ʧʦʣʥʦʩʪʴʶ ʠʟʥʦʰʝʥʥʳʤ ʧʨʦʪʝʢʪʦ-

ʨʦʤ. ʊʘʢʠʝ ʧʦʢʨʳʰʢʠ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ, ʘ ʠʩ-

ʧʦʣʴʟʫʶʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʥʞʝʪ. ʅʝ ʚʦʩʩʪʘʥʘʚ-

ʣʠʚʘʶʪ ʪʘʢʞʝ ʧʦʢʨʳʰʢʠ, ʧʨʦʧʠʪʘʥʥʳʝ ʥʝʬʪʝʧʨʦ-

ʜʫʢʪʘʤʠ, ʠ ʧʦʢʨʳʰʢʠ ʩ ʦʩʣʘʙʣʝʥʥʳʤʠ ʥʠʪʷʤʠ 

ʢʦʨʜʘ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʝ ʧʦʢʨʳʰʢʠ ʩ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʛʨʫʧʧ [1, 2, 3, 4].  

ʇʨʘʚʠʣʴʥʳʡ ʤʦʥʪʘʞ ʠ ʜʝʤʦʥʪʘʞ ʧʥʝʚʤʘʪʠʯʝ-

ʩʢʠʭ ʢʦʣʝʩ ʪʨʘʢʪʦʨʦʚ ʠ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʚʘʞ-

ʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʢʪʦʨʦʚ ʠ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ 

ʵʪʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʢʨʘʷ ʷʚʣʷ-

ʝʪʩʷ ʚʝʩʴʤʘ ʪʷʞʝʣʳʤ ʠ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʩ 

ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʠ ʩʦʧʨʦʚʦʞʜʘ-

ʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ ʧʦʚʨʝʞʜʝʥʠ-

ʷʤʠ ʧʦʢʨʳʰʝʢ.  

https://elibrary.ru/item.asp?id=37293240
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ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʘʤ ʜʣʷ ʜʦʣʛʦʚʝʯʥʦʡ ʨʘʙʦʪʳ 

ʧʦʢʨʳʰʝʢ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʨʦʛʠʙ ʰʠʥʳ ʥʝ ʧʨʝ-

ʚʳʰʘʣ 3,5% ʦʪ ʥʘʨʫʞʥʦʛʦ ʜʠʘʤʝʪʨʘ ʰʠʥʳ ʠʣʠ, 

ʧʨʠʤʝʨʥʦ, 15% ʚʳʩʦʪʳ ʧʨʦʬʠʣʷ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʣʫʯ-

ʰʝʥʠʷ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʦʩʦʙʝʥʥʦ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫ-

ʟʦʯʥʳʭ ʨʘʙʦʪ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʠ ʩʥʷʪʠʠ ʪʷʞʝʣʳʭ ʢʦ-

ʣʝʩ ʥʘ ʩʪʦʣ ʤʦʥʪʘʞʥʦʛʦ ʩʪʝʥʜʘ, ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʩʦʣʴ-

ʥʦʛʦ ʧʦʚʦʨʦʪʥʦʛʦ ʢʨʘʥʘ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʦʧʦʨʝ ʩ 

ʵʣʝʢʪʨʦʪʝʣʴʬʝʨʦʤ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ G = 0,25 ʪ. 

 ʂ ʧʦʚʦʨʦʪʥʦʡ ʢʦʣʦʥʥʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʚʘ-

ʨʝʥʘ ʙʘʣʢʘ ʧʦʜ ʫʛʣʦʤ 90ʦ ʢ ʧʣʦʩʢʦʩʪʠ ʢʨʘʥʘ, ʥʘ ʪʝ-

ʣʝʞʢʝ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʞʠʤʥʦʡ ʨʦʣʠʢ ʜʣʷ 

ʦʪʨʳʚʘ ʢʨʦʤʢʠ ʧʦʢʨʳʰʢʠ ʦʪ ʦʙʦʜʘ ʠ ʩʧʝʮʠʘʣʴʥʘʷ 

ʤʦʥʪʠʨʦʚʢʘ ʜʣʷ ʩʥʷʪʠʷ ʧʦʢʨʳʰʝʢ ʩ ʜʠʩʢʘ (ʨʠʩʫʥʦʢ 

1). 

 

 
ʈʠʩʫʥʦʢ 4.1. ʉʭʝʤʘ ʩʪʝʥʜʘ ʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ ʜʣʷ ʜʝʤʦʥʪʘʞʘ-ʤʦʥʪʘʞʘ ʰʠʥ 

1 ï ʧʥʝʚʤʘʪʠʯʝʩʢʦʝ ʢʦʣʝʩʦ; 2 ï ʩʪʦʣ; 3 ï ʧʦʚʦʨʦʪʥʳʡ ʢʨʘʥ; 4 ï ʦʧʦʨʘ ʢʨʘʥʘ; 5 ï ʵʣʝʢʪʨʦʪʝʣʴʬʝʨ; 

6 ï ʢʦʥʩʦʣʴ; 7 ï ʥʘʞʠʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 8 ï ʥʘʞʠʤʥʦʡ ʨʦʣʠʢ 

 

ɼʣʷ ʩʪʘʥʢʘ ʠʩʧʦʣʴʟʦʚʘʥ ʚʨʘʱʘʶʱʠʡʩʷ ʩʪʦʣ ʦʪ 

ʩʪʘʥʢʘ 90.60.025, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʪʦʨʦʛʦ 10 

ʤʠʥ-1. 

ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʨʘʟʙʦʨʢʠ ʠ ʩʙʦʨʢʠ ʧʥʝʚ-

ʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʩ ʪʨʘʢʪʦʨʦʚ ʠ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠ-

ʣʝʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʝʜʠʥʠʮ. 

1) ʂʦʥʩʦʣʴʥʳʡ ʧʦʚʦʨʦʪʥʳʡ ʢʨʘʥ ʥʘ ʥʝʧʦʜʚʠʞ-

ʥʦʡ ʦʧʦʨʝ ʩ ʵʣʝʢʪʨʦʪʝʣʴʬʝʨʦʤ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 

0,25 ʪ. ʂ ʧʦʚʦʨʦʪʥʦʡ ʢʦʣʦʥʝ ʧʨʠʚʘʨʝʥʘ ʢʦʥʩʦʣʴʥʘʷ 

ʙʘʣʢʘ, ʥʘ ʪʝʣʝʞʢʝ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʞʠʤʥʦʡ 

ʨʦʣʠʢ ʜʣʷ ʦʪʨʳʚʘ ʢʨʦʤʢʠ ʧʦʢʨʳʰʢʠ ʦʪ ʦʙʦʜʘ ʜʠʩʢʘ 

ʠ ʩʧʝʮʠʘʣʴʥʘʷ ʤʦʥʪʠʨʦʚʢʘ ʜʣʷ ʩʥʷʪʠʷ ʧʦʢʨʳʰʢʠ ʩ 

ʜʠʩʢʘ. 

2) ɺʨʘʱʘʶʱʠʡʩʷ ʩʪʦʣ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʨʘʟ-

ʙʦʨʢʠ ʠ ʩʙʦʨʢʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʩ ʪʨʘʢʪʦʨʦʚ ʠ 

ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʂʦʣʝʩʦ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʪʝʣʴʬʝʨʘ ʧʦʜʥʠ-

ʤʘʶʪ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʩʪʦʣ. ɼʠʩʢ ʢʦʣʝʩʘ ʟʘʢʨʝʧ-

ʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʟʘʤʢʘ. ʇʦʚʦʨʘʯʠʚʘʶʪ ʢʨʘʥ ʪʘʢ, 

ʯʪʦʙʳ ʧʦʜ ʢʦʣʝʩʦʤ ʟʘʥʷʣʦ ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ ʤʦʥ-

ʪʘʞʥʦ-ʜʝʤʦʥʪʘʞʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ. ʉ ʧʦʤʦʱʴʶ 

ʚʠʥʪʘ ʚʜʘʚʣʠʚʘʶʪ ʨʦʣʠʢ ʚ ʙʦʨʪ ʧʦʢʨʳʰʢʠ ʠ ʚʢʣʶ-

ʯʘʶʪ ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ ʜʣʷ ʦʪʨʳʚʘ ʢʨʦʤʢʠ. ɽʩʣʠ 

ʙʦʨʪ ʧʦʢʨʳʰʢʠ ʩʠʣʴʥʦ ʧʨʠʢʠʧʝʣ ʢ ʜʠʩʢʫ, ʪʦ ʦʧʝʨʘ-

ʮʠʶ ʧʦʚʪʦʨʷʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʚʜʘʚ-

ʣʠʚʘʥʠʝʤ ʨʦʣʠʢʘ. ʇʦʩʣʝ ʦʪʨʳʚʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦ-

ʨʦʥʳ ʧʦʢʨʳʰʢʠ ʢʦʣʝʩʦ ʧʝʨʝʚʦʨʘʯʠʚʘʶʪ ʩ ʧʦʤʦ-

ʱʴʶ ʵʣʝʢʪʨʦʪʝʣʴʬʝʨʘ ʥʘ ʥʘʨʫʞʥʫʶ ʩʪʦʨʦʥʫ ʜʠʩʢʘ 

ʠ ʧʦʚʪʦʨʷʶʪ ʦʧʝʨʘʮʠʶ ʦʪʨʳʚʘ ʚʪʦʨʦʡ ʢʨʦʤʢʠ ʧʦ-

ʢʨʳʰʢʠ. ʇʦʩʣʝ ʯʝʛʦ ʚʚʦʜʷʪ ʩʧʝʮʠʘʣʴʥʫʶ ʤʦʥʪʠ-

ʨʦʚʢʫ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʙʦʨʪʦʤ ʧʦʢʨʳʰʢʠ ʠ ʢʨʦʤʢʦʡ 

ʦʙʦʜʘ ʠ, ʚʨʘʱʘʷ ʢʦʣʝʩʦ, ʩʥʠʤʘʶʪ ʙʦʨʪ ʧʦʢʨʳʰʢʠ 

[5, 6, 7, 8, 9, 10, 11]. 
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MODERNIZATION OF THE STAND FOR THE TIRE REPAIR TRUCK CARS'  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʪʝʥʜʘ ʜʣʷ ʨʝʤʦʥʪʘ ʰʠʥ ʛʨʫʟʦʚʳʭ ʠ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, 

ʰʠʥ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʪʨʘʢʪʦʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʘʛʨʦʧʨʝʜʧʨʠʷʪʠʡ ʢʨʘʷ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʥʜʘ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

Abstract. 

The article presents the modernization of the stand for the repair of tires of trucks and cars, tires of agricul-

tural machines and tractors at the disposal of agricultural enterprises of the region. Using the stand will increase 

the quality of recovery and increase the speed of the process. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʥʜ ʜʣʷ ʨʝʤʦʥʪʘ ʰʠʥ, ʛʨʫʟʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ, ʨʝʤʦʥʪ, ʧʣʠʪʘ ʥʘʛʨʝʚʘʪʝʣʴʥʘʷ, ʧʨʦ-

ʢʦʣ, ʧʦʨʝʟ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 

Key words: stand for tire repair, truck, repair, heating plate, puncture, cut, technological process. 

 

ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʰʠʥʳ, ʠʤʝʶʱʠʝ ʤʝʩʪʥʳʝ ʧʦ-

ʚʨʝʞʜʝʥʠʷ ʪʠʧʘ ʧʨʦʢʦʣʦʚ ʠ ʥʝʙʦʣʴʰʠʭ ʧʦʨʝʟʦʚ, 

ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʨʝʤʦʥʪʫ, ʪʘʢ ʢʘʢ ʥʘ ʩʚʦʝʚʨʝ-

ʤʝʥʥʦ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʡ ʰʠʥʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʫʰʝʥʠʝ ʢʘʨʢʘʩʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʦʣʞʝʥʘ ʥʦʨ-

ʤʘʣʴʥʘʷ ʝʸ ʵʢʩʧʣʫʘʪʘʮʠʷ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʝʤʦʥʪʘ ʰʠʥ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʨʘʟʜʝʣʢʝ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʧʦʜʛʦʪʦʚʢʝ ʝʛʦ, ʫʩʪʘʥʦʚʢʝ ʚ ʧʦʚʨʝʞʜʝʥ-

ʥʳʡ ʫʯʘʩʪʦʢ ʩʳʨʦʡ ʨʝʟʠʥʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʫʣʢʘ-

ʥʠʟʘʮʠʝʡ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʳʭ ʘʧʧʘʨʘʪʘʭ 

ʥʘʛʨʝʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʧʦʤʦʱʠ ʧʘʨʘ. 

ʕʪʦ ʩʦʧʨʷʞʝʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʤʝʪʴ ʧʘʨʦʦʙʨʘ-

ʟʦʚʘʪʝʣʴ, ʧʘʨʦʧʨʦʚʦʜʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʘʨʤʘ-

ʪʫʨʫ. ʈʘʙʦʪʘ ʥʘ ʪʘʢʠʭ ʘʧʧʘʨʘʪʘʭ ʩʦʧʨʷʞʝʥʘ ʩ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʙʩʣʫʞʠʚʘ-

ʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ [1, 2, 3, 4].  
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ɹʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʯʠʪʘʝʤ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʥʘʛʨʝʚ ʧʨʠ ʚʫʣʢʘʥʠʟʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦ-

ʣʷʶʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʠ ʢʦʥ-

ʪʨʦʣʴ ʟʘ ʧʨʦʮʝʩʩʦʤ ʚʫʣʢʘʥʠʟʘʮʠʠ. ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʩʪʝʥʜ (ʨʠʩʫʥʦʢ 1) ʧʨʝʜʥʘʟʥʘ-

ʯʝʥ ʜʣʷ ʨʝʤʦʥʪʘ ʰʠʥ ʛʨʫʟʦʚʳʭ ʠ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦ-

ʙʠʣʝʡ, ʪʘʢʞʝ ʰʠʥ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ 

ʪʨʘʢʪʦʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʘʛʨʦʧʨʝʜ-

ʧʨʠʷʪʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʥʜʘ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠ-

ʯʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʫʚʝʣʠʯʠʪʴ ʩʢʦ-

ʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʨʝʤʦʥʪʘ ʰʠʥ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

1 ï ʟʘʞʠʤ; 2 ï ʨʫʯʢʘ; 3 ï ʢʨʦʥʰʪʝʡʥ ʥʠʞʥʠʡ; 4 ï ʩʪʦʡʢʘ ʦʧʦʨʥʘʷ; 5 ï ʩʪʘʥʠʥʘ; 

6 ï ʧʣʠʪʘ ʥʘʛʨʝʚʘʪʝʣʴʥʘʷ; 7 ï ʫʜʣʠʥʠʪʝʣʴ; 8 ï ʟʘʮʝʧ; 9 ï ʢʨʳʰʢʘ; 10 ï ʥʘʢʣʘʜʢʘ ʚʝʨʭʥʷʷ; 

11 ï ʥʘʢʣʘʜʢʘ ʥʠʞʥʷʷ; 12 ï ʬʠʢʩʘʪʦʨ. 

 

ʈʘʙʦʪʘ ʩʪʝʥʜʘ ʜʣʷ ʨʝʤʦʥʪʘ ʰʠʥ ʛʨʫʟʦʚʳʭ ʘʚʪʦ-

ʤʦʙʠʣʝʡ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʅʘ ʩʪʘʥʠʥʝ 5 ʩʤʦʥʪʠʨʦʚʘʥʳ ʢʨʦʥʰʪʝʡʥ ʥʠʞ-

ʥʠʡ 3 ʠ ʟʘʞʠʤ 1. ʅʘ ʥʠʞʥʝʤ ʢʨʦʥʰʪʝʡʥʝ ʟʘʢʨʝʧ-

ʣʝʥʘ ʥʘʢʣʘʜʢʘ ʥʠʞʥʷʷ 11, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʦʧʦʨʦʡ 

ʜʣʷ ʚʫʣʢʘʥʠʟʠʨʫʝʤʦʡ ʧʦʢʨʳʰʢʠ. ʅʠʞʥʷʷ ʥʘʢʣʘʜʢʘ 

ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʧʣʠʪʝ 6. ɺ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʚʫʣʢʘʥʠʟʘʪʦʨʘ ʚ ʟʘʞʠʤʝ ʟʘʢʨʝʧʣʝʥʘ ʚʝʨʭʥʷʷ 

ʥʘʢʣʘʜʢʘ 10, ʢʦʪʦʨʘʷ ʟʘʞʠʤʘʝʪ ʩʚʝʨʭʫ ʚʫʣʢʘʥʠʟʠ-

ʨʫʝʤʫʶ ʧʦʢʨʳʰʢʫ ʠ ʪʘʢʞʝ ʠʤʝʝʪ ʥʘʛʨʝʚʘʪʝʣʴʥʫʶ 

ʧʣʠʪʫ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʚʫʣʢʘʥʠʟʠʨʫʝʤʦʡ 

ʰʠʥʳ ʢʨʦʥʰʪʝʡʥ 3 ʤʦʞʝʪ ʩ ʧʦʤʦʱʴʶ ʫʜʣʠʥʠʪʝʣʷ 

7 ʧʝʨʝʤʝʱʘʪʴʩʷ ʥʘ ʥʝʦʙʭʦʜʠʤʫʶ ʚʝʣʠʯʠʥʫ ʚ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʆʧʦʨʥʳʝ ʩʪʦʡʢʠ 4 ʩʣʫʞʘʪ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʰʠʥʳ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʧʦʣʦʞʝʥʠʠ ʧʨʠ 

ʚʫʣʢʘʥʠʟʘʮʠʠ ʙʦʨʪʘ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʛʨʝʚʘ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʧʦ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʨʝʣʝ ʚʨʝʤʝʥʠ ʈɺʏ-5. 

ʇʦʜʛʦʪʦʚʣʝʥʥʫʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ 

ʧʦʢʨʳʰʢʫ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʥʠʞʥʶʶ ʥʘʢʣʘʜʢʫ 

ʚʫʣʢʘʥʠʟʠʨʫʝʤʳʤ ʫʯʘʩʪʢʦʤ ʠ ʧʨʠ ʧʦʤʦʱʠ ʚʠʥʪʦ-

ʚʦʛʦ ʟʘʞʠʤʘ ʧʦʜʞʠʤʘʶʪ ʚʝʨʭʥʝʡ ʥʘʢʣʘʜʢʦʡ ʩ ʥʝʦʙ-

ʭʦʜʠʤʳʤ ʫʩʠʣʠʝʤ. ɿʘʜʘʶʪ ʨʝʞʠʤ ʥʘ ʨʝʣʝ ʚʨʝʤʝʥʠ, 

ʚʢʣʶʯʘʶʪ ʪʦʢ ʠ ʧʨʦʠʟʚʦʜʷʪ ʚʫʣʢʘʥʠʟʘʮʠʶ ʚʦʩʩʪʘ-
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DEVELOPMENT OF STAND STRUCTURE FOR EDITING MILK JARS  

 

ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʜʘ ʜʣʷ ʧʨʘʚʢʠ ʤʦʣʦʯʥʳʭ ʬʣʷʛ, ʢʦʪʦʨʘʷ ʧʦʟʚʦ-

ʣʠʪ ʨʘʩʰʠʨʠʪʴ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʤʦʥʪʘ ʧʦʚʨʝʞʜʸʥʥʳʭ ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʤʷʪʠʥ 

ʨʘʟʤʝʨʦʤ ʜʦ 30 ʤʤ. 

Abstract. 

The article presents the design of the stand for straightening milk flasks, which will expand its capabilities to 

repair damaged products of various designs and dents up to 30 mm. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʥʜ ʜʣʷ ʧʨʘʚʢʠ ʤʦʣʦʯʥʳʭ ʬʣʷʛ, ʚʤʷʪʠʥʳ, ʥʘʞʠʤʥʦʡ ʨʦʣʠʢ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʜʝ-

ʬʦʨʤʘʮʠʷ. 

Key words: stand for straightening milk jars, dents, pulley, recovery, deformation. 

 

ɺ ʨʘʩʧʦʨʷʞʝʥʠʠ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʤʝʶʪʩʷ ʤʦʣʦʯʥʦ - ʪʦʚʘʨ-

ʥʳʝ ʬʝʨʤʳ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʦʙʲʸʤʘ ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʤʦʣʦʢʘ ʚ ʥʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʙʠʨʘʶʪ ʚ ʘʣʶ-

ʤʠʥʠʝʚʳʭ ʠ ʘʮʠʥʢʦʚʘʥʥʳʝ ʬʣʷʛʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʤʦʣʦʢʘ. ɺʦ ʚʨʝʤʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʣʷʛ ʦʙʨʘʟʫʶʪʩʷ ʚʤʷʪʠʥʳ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ. 

ʇʦʚʝʨʭʥʦʩʪʠ ʬʣʷʛ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʧʨʠʢʘ-

ʩʘʶʱʠʝʩʷ ʩ ʤʦʣʦʢʦʤ, ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʥʝʨʞʘʚʝ-

ʶʱʝʡ ʩʪʘʣʠ, çʧʠʱʝʚʦʛʦè ʘʣʶʤʠʥʠʷ, ʩʧʝʮʠʘʣʴʥʦʡ 

ʨʝʟʠʥʳ ʠ ʧʣʘʩʪʤʘʩʩ. 
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ʍʘʨʘʢʪʝʨʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʤʦʣʦʯʥʳʭ ʬʣʷʛ: 

ʜʝʬʦʨʤʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦ-

ʩʪʠ ʠ ʢʦʨʨʦʜʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʦʚ ʜʝʪʘʣʝʡ.  

ʋʩʪʨʘʥʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. ɺʤʷʪʠʥʳ ʠ ʥʝ-

ʨʦʚʥʦʩʪʠ ʫʩʪʨʘʥʷʶʪ ʧʨʘʚʢʦʡ ʚʨʫʯʥʫʶ. ɺʤʷʪʠʥʳ ʥʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʣʷʛʠ ʤʦʞʥʦ ʫʩʪʨʘ-

ʥʷʪʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʝʤʦʥʪʘ ʧʨʦʚʝʨʷʶʪ ʚʥʝʰʥʠʡ 

ʚʠʜ ʬʣʷʛʠ ʠ ʠʩʧʳʪʳʚʘʶʪ ʝʝ ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ [1, 2, 

3, 4, 5].. 

ɼʣʷ ʨʝʤʦʥʪʘ ʤʦʣʦʯʥʳʭ ʬʣʷʛ ʥʘʤʠ ʧʨʝʜʣʘʛʘ-

ʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʜʘ ʜʣʷ ʧʨʘʚʢʠ. 

ʀʤʝʶʱʠʝʩʷ ʩʪʝʥʜʳ ʜʣʷ ʧʨʘʚʢʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʦ-

ʣʦʯʥʳʭ ʬʣʷʛʘʭ, ʥʝ ʚʩʝʛʜʘ ʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʶʪ 

ʜʘʥʥʫʶ ʦʧʝʨʘʮʠʶ, ʪ.ʢ. ʠʭ ʫʩʠʣʠʡ ʭʚʘʪʘʝʪ ʪʦʣʴʢʦ 

ʜʣʷ ʧʨʘʚʢʠ ʥʝʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʡ ʜʦ 10 ʤʤ. ɺ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʬʣʷʛʠ, ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ 

(ʜʦ 26 ʤʤ ʠ ʙʦʣʝʝ). ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʟʨʘ-

ʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʜʘ ʜʣʷ ʨʝʤʦʥʪʘ ʤʦʣʦʯʥʳʭ 

ʬʣʷʛ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ 

ʨʝʤʦʥʪʘ ʬʣʷʛ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʤʷʪʠʥ ʨʘʟ-

ʤʝʨʦʤ ʜʦ 30 ʤʤ. ɼʣʷ ʵʪʦʛʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʤʦʱʥʳʡ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʠʟʚʝʩʪʠ ʧʝ-

ʨʝʨʘʩʯʸʪ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʧʨʘʚʣʝʥʠʝ ʩʪʝʥʦʢ ʤʦʣʦʯʥʳʭ ʬʣʷʛ 

[6, 7, 8, 9]. 

ʆʩʦʙʝʥʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʜʘ ʜʣʷ ʧʨʘʚʢʠ 

ʤʦʣʦʯʥʳʭ ʬʣʷʛ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠ-

ʤʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʯʝʨʝʟ 

ʢʣʠʥʦʨʝʤʝʥʥʫʶ 7 ʠ ʮʝʧʥʫʶ 5 ʧʝʨʝʜʘʯʠ ʧʝʨʝʜʘʝʪʩʷ 

ʥʘ ʜʚʘ ʚʘʣʘ 11, ʥʘ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʚʝʜʫ-

ʱʠʭ ʨʦʣʠʢʘ 9. ʕʪʠ ʨʦʣʠʢʠ ʚʨʘʱʘʶʪ ʬʣʷʛʫ 1, ʘ 

ʥʘʞʠʤʥʦʡ ʨʦʣʠʢ 10 ʫʩʪʨʘʥʷʝʪ ʚʤʷʪʠʥʳ ʚʳʩʦʪʦʡ ʜʦ 

30 ʤʤ. ɹʦʣʝʝ ʛʣʫʙʦʢʠʝ ʚʤʷʪʠʥʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʥʘ-

ʯʘʣʘ ʚʨʫʯʥʫʶ ʚʳʧʨʘʚʠʪʴ ʜʦ ʵʪʦʡ ʚʝʣʠʯʠʥʳ (ʨʠʩʫ-

ʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʜʘ ʜʣʷ ʧʨʘʚʢʠ ʤʦʣʦʯʥʳʭ ʬʣʷʛ  

1- ʬʣʷʛʘ ʤʦʣʦʯʥʘʷ; 2 ï ʨʳʯʘʛ ʥʘʞʠʤʥʦʡ; 3 ï ʚʠʥʪ ʥʘʞʠʤʥʦʡ; 4 - ʢʦʨʧʫʩ ʥʘʞʠʤʥʦʛʦ ʨʳʯʘʛʘ; 

5 ï ʧʝʨʝʜʘʯʘ ʮʝʧʥʘʷ; 6 ï ʨʝʜʫʢʪʦʨ; 7 ï ʢʣʠʥʦʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ; 8 ï ʪʫʤʙʘ ʜʣʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

9 ï ʚʝʜʫʱʠʡ ʨʦʣʠʢ; 10 ï ʥʘʞʠʤʥʦʡ ʨʦʣʠʢ; 11 ï ʚʘʣ ʧʨʠʚʦʜʘ ʚʝʜʫʱʝʛʦ ʨʦʣʠʢʘ. 

 

ʇʨʘʚʢʘ ʚʤʷʪʠʥ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʩʪʝʥʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʳʢʨʫ-

ʯʠʚʘʷ ʥʘʞʠʤʥʦʡ ʚʠʥʪ 3, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘʞʠʤʥʦʡ 

ʨʳʯʘʛ 2 ʥʘ ʪʘʢʫʶ ʚʳʩʦʪʫ, ʯʪʦʙʳ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʨʝʤʦʥʪʠʨʫʝʤʫʶ ʬʣʷʛʫ ʥʘ ʚʝʜʫʱʠʝ ʨʦʣʠʢʠ 9. ɺʢʣʶ-

ʯʘʶʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ ʧʨʠʚʦʜ 

ʚʝʜʫʱʠʤ ʨʦʣʠʢʘʤ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʬʣʷʛʝ. ɿʘ-

ʪʝʤ, ʚʨʘʱʘʷ ʥʘʞʠʤʥʦʡ ʚʠʥʪ, ʩʦʟʜʘʶʪ ʜʘʚʣʝʥʠʝ 

ʥʘʞʠʤʥʦʛʦ ʨʦʣʠʢʘ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʬʣʷʛʠ ʠ ʧʨʦʠʟʚʦʜʷʪ ʧʨʘʚʢʫ ʠʤʝʶʱʠʭʩʷ ʥʝʨʦʚʥʦ-

ʩʪʝʡ. ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʠʟʫʘʣʴʥʦ 

[10,11]. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʨʝʡʯʫʢ ɻ.ʆ.// ɺ ʩʙʦʨʥʠʢʝ: ʅʘʫʯʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ 
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ɸʥʥʦʪʘʮʠʷ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ ʥʘ ʧʨʦʜʚʠʞʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʙʨʝʥʜʘ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʜʠʟʘʡʥʝʨʘ ʧʦʩʨʝʜʩʪʚʦʤ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ. ʇʝʨʝʯʠʩʣʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʤʦ-

ʤʝʥʪʳ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʛʦ ʤʘʨʢʝʪʠʥʛʘ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʳ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʙʨʝʥʜʠʥʛʘ  

Abstract. 

The article discusses the impact of social media on the promotion and development of the brand, the interac-

tion of the consumer and the designer through online platforms. Lists the positive aspects of the development of 

digital marketing, as well as highlighted examples of successful branding.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʙʨʝʥʜ, ʧʨʦʜʚʠʞʝʥʠʝ, ʧʦʪʨʝʙʠʪʝʣʴ, ʧʨʦʜʫʢʪ  
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ɺ ʵʧʦʭʫ ʜʠʜʞʠʪʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʠʤʝʥʥʦ ʝʤʫ ʯʝʣʦʚʝʢ 

ʧʝʨʝʘʜʨʝʩʦʚʳʚʘʝʪ ʣʠʯʥʳʝ ʧʦʞʝʣʘʥʠʷ ʠ ʦʙʷʟʘʥʥʦ-

ʩʪʠ), ʮʠʬʨʦʚʦʡ ʤʘʨʢʝʪʠʥʛ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝ-

ʤʦʡ ʯʘʩʪʴʶ ʨʘʟʚʠʪʠʷ ʠ ʧʨʦʜʚʠʞʝʥʠʷ ʧʨʦʜʫʢʪʘ. 

çʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʩ ʜʦʩʪʫʧʦʤ ʢ ʜʘʥʥʳʤ ʢʘʥʘʣʘʤ ʧʨʠʚʝʣʦ ʢ ʵʢʩʧʦʥʝʥ-

ʮʠʘʣʴʥʦʤʫ ʨʦʩʪʫ ʮʠʬʨʦʚʦʡ ʨʝʢʣʘʤʳè [2]. ʉʦʮʠʘʣʴ-

ʥʳʝ ʤʝʜʠʘ ʦʪʥʦʩʷʪ ʢ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʠʥʩʪʨʫ-

ʤʝʥʪʘʤ ʮʠʬʨʦʚʦʛʦ ʤʘʨʢʝʪʠʥʛʘ, ʙʨʝʥʜʠʥʛ ʧʦʟʚʦʣʷʝʪ 

ʣʦʢʘʣʴʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʮʝʣʝʚʫʶ ʘʫʜʠʪʦʨʠʶ. 

ʄʦʜʥʳʝ ʙʨʝʥʜʳ ʠʩʧʦʣʴʟʫʶʪ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ 

(Instagram, Facebook, Twitter, YouTube, Snapchat) 

ʜʣʷ ʦʙʱʝʥʠʷ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ 

ʢʣʠʝʥʪʘʤʠ. ʂ ʧʨʠʤʝʨʫ, ʣʶʢʩʦʚʳʡ ʜʦʤ Chanel ʝʱʝ ʚ 
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2016 ʛʦʜʫ ʚ ʇʘʨʠʞʝ ʩʦʙʨʘʣ ʢʦʤʘʥʜʫ ʧʦ ʨʘʙʦʪʝ ʥʘʜ 

Instagram, ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʠʚʣʝʯʴ ʥʘʠʙʦʣʴʰʝʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ (34,7 ʤʣʥ.) ʠ ʩʪʘʪʴ ʩʘʤʳʤ 

ʧʦʧʫʣʷʨʥʳʤ ʙʨʝʥʜʦʤ ʢʣʘʩʩʘ ʣʶʢʩ, ʦʧʝʨʝʜʠʚ Louis 

Vuitton, Gucci, Prada ʠ Dior. ʂʘʞʜʦʝ ʤʦʜʥʦʝ ʩʦʦʙ-

ʱʝʩʪʚʦ ʧʨʠʜʝʨʞʠʚʘʝʪʩʷ ʯʝʪʢʦʡ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ 

ʚ Instagram, Chanel ʠʩʧʦʣʴʟʫʝʪ ʦʜʥʫ ʫʯʝʪʥʫʶ ʟʘ-

ʧʠʩʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Dior, Nike ʠ Adidas ʫʧʨʘʚʣʷʶʪ 

ʥʝʩʢʦʣʴʢʠʤʠ ʘʢʢʘʫʥʪʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘ-

ʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʳʡ ʨʦʩʪ Digital Native 

Vertical Brands (ʙʨʝʥʜʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ, 

ʚʦʟʥʠʢʰʠʭ ʚ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫ-

ʶʱʠʭ ʩ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʝʡ, ʙʝʟ ʫʯʘʩʪʠʷ 3-ʠʭ ʣʠʮ). DNVB (Casper, Shave 

Club, Alo Yoga, Glossier, Away ʠ ʪ.ʜ.) ʫʜʝʣʷʶʪ ʙʦʣʴ-

ʰʦʝ ʚʥʠʤʘʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʢʣʠʝʥʪʘ ʩ ʤʘʨʢʦʡ. 

Glossier (ʨʠʩ. 1) ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝ-

ʨʦʤ ʫʩʧʝʰʥʦʛʦ ʙʨʝʥʜʠʥʛʘ, ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʪʨʘʥʩ-

ʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʠʟ ʙʣʦʛʘ ʦ ʢʨʘʩʦʪʝ ʚ ʮʠʬʨʦʚʫʶ 

ʤʘʨʢʝʪʠʥʛʦʚʫʶ ʤʘʰʠʥʫ. ʄʘʨʢʘ ʦʜʥʘ ʠʟ ʧʝʨʚʳʭ 

ʩʨʝʜʠ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʙʨʝʥʜʦʚ ʥʘʯʘʣʘ ʨʝʘʛʠʨʦʚʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʦʟʠʪʠʚʥʳʝ, ʥʦ ʠ ʥʘ ʥʝʛʘʪʠʚʥʳʝ ʢʦʤ-

ʤʝʥʪʘʨʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʜʚʫʭʤʝʨʥʳʡ ʦʙʨʘʟ 

ʠ ʧʦʚʳʩʠʪʴ ʜʦʚʝʨʠʝ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. ʕʩʪʝʪʠʯ-

ʥʦʩʪʴ ʠ ʧʨʦʧʘʛʘʥʜʘ ʧʨʠʨʦʜʥʦʡ ʢʨʘʩʦʪʳ ʩʜʝʣʘʣʠ ʠʭ 

ʬʝʥʦʤʝʥʦʤ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ɹʨʝʥʜ ʧʨʝʜʣʦʞʠʣ 

ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ, ʥʦ ʠ ʥʦʚʦʝ, ʯʝʪʢʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʝ ʩʤʳʩʣʦʚʦʝ ʥʘʧʦʣʥʝʥʠʝ, ʦʪʚʝʯʘ-

ʶʱʝʝ ʧʦʪʨʝʙʥʦʩʪʷʤ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. ɺʩʝ, ʥʘʯʠ-

ʥʘʷ ʦʪ ʧʨʦʜʫʢʪʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʫʧʘʢʦʚʢʦʡ ï ʨʝʟʫʣʴʪʘʪ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʪʨʝʙʠʪʝʣʝʤ.  

 
ʈʠʩʫʥʦʢ 1. ʉʪʘʪʠʩʪʠʢʘ ʘʫʜʠʪʦʨʠʠ ʙʨʝʥʜʘ Glossier 

 

ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʨʠʪʝʡ-

ʣʝʨʳ ʚʳʥʫʞʜʝʥʳ ʤʝʥʷʪʴ ʬʦʨʤʘʪʳ. ʇʦ ʦʮʝʥʢʘʤ ʘʥʘ-

ʣʠʪʠʢʦʚ, ʦʥʣʘʡʥ-ʧʨʦʜʘʞʠ ʚ ʈʦʩʩʠʠ ʚʳʨʘʩʪʫʪ ʥʘ 

170% ʢ 2023 ʛʦʜʫ. ʋʞʝ ʩʝʛʦʜʥʷ 39 ʤʠʣʣʠʦʥʦʚ ʢʣʠ-

ʝʥʪʦʚ ʧʦʢʫʧʘʶʪ ʪʦʚʘʨʳ ʚ ʩʝʪʠ, ʤʝʩʩʝʥʜʞʝʨʘʭ ʠ ʠʥ-

ʪʝʨʥʝʪ-ʩʝʨʚʠʩʘʭ [1]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʨʝʥʜʘ ʩ ʦʥ-

ʣʘʡʥ-ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʧʦʟʚʦʣʷʝʪ:  

- ʚʳʩʪʨʦʠʪʴ ʙʦʣʝʝ ʣʠʯʥʳʝ ʦʪʥʦʰʝʥʠʷ ʙʨʝʥʜʘ ʩ 

ʘʫʜʠʪʦʨʠʝʡ ʯʝʨʝʟ ʢʦʥʥʦʪʘʮʠʶ ʦʙʱʠʭ ʩ ʥʝʡ ʮʝʥʥʦ-

ʩʪʝʡ; 

- ʧʦʚʳʩʠʪʴ ʫʟʥʘʚʘʝʤʦʩʪʴ ʤʘʨʢʠ; 

- ʫʚʝʣʠʯʠʪʴ ʣʦʷʣʴʥʦʩʪʴ ʠ ʧʨʦʜʘʞʠ. 

ʉʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʚʳʩʪʫʧʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʙʨʝʥʜʘ. ʄʦʥʠʪʦʨʠʥʛ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ ʘʫʜʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʨʠ-

ʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʪʦʤ, ʢʘʢ ʙʨʝʥʜʫ ʩʪʦʠʪ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʪʴ ʚ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ ʧʨʦʩʪʨʘʥʩʪʚʘʭ. 

ɼʠʜʞʠʪʘʣʠʟʘʮʠʷ ʠʤʝʝʪ ʚʥʫʰʠʪʝʣʴʥʳʡ ʧʦʪʝʥ-

ʮʠʘʣ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ, ʨʘ-

ʙʦʪʘʷ ʥʝʟʘʚʠʩʠʤʦ, ʵʪʦʛʦ ʜʦʩʪʠʯʴ ʥʝʚʦʟʤʦʞʥʦ. 

ʋʯʘʩʪʥʠʢʠ ʧʨʦʮʝʩʩʘ ʜʦʣʞʥʳ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʩʠʣʴ-

ʥʳʝ ʤʦʜʝʣʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʙʲʝʜʠʥʷʪʴ 

ʫʩʠʣʠʷ ʜʣʷ ʚʥʝʜʨʝʥʠʷ digital-ʪʝʭʥʦʣʦʛʠʡ ʚ ʚʝʩʴ 

ʮʠʢʣ ʧʨʦʜʫʢʪʘ: ʥʘʯʠʥʘʷ ʦʪ ʜʠʟʘʡʥʘ ʦʙʨʘʟʮʦʚ ʠ ʟʘ-

ʢʘʥʯʠʚʘʷ ʢʘʥʘʣʘʤʠ ʩʙʳʪʘ.  

ʇʣʘʪʬʦʨʤʳ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʜʣʷ ʘʥʘʣʠʟʘ, ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ ʤʦʜʥʳʭ ʪʝʥʜʝʥʮʠʡ. ɻʨʘʥʠʮʳ ʤʝʞʜʫ ʦʥ-

ʣʘʡʥ ʠ ʦʬʣʘʡʥ ʠʩʯʝʟʘʶʪ ï ʩʝʛʦʜʥʷ ʢʘʞʜʳʡ ʙʨʝʥʜ 

ʩʪʨʝʤʠʪʩʷ ʢ ʦʤʥʠʢʘʥʘʣʴʥʦʩʪʠ ʚ ʦʙʱʝʥʠʠ ʩ ʧʦʪʨʝ-

ʙʠʪʝʣʷʤʠ [5]. ɺ ʵʧʦʭʫ ʩʦʮʠʘʣʴʥʳʭ ʤʝʜʠʘ ʤʦʜʥʳʤ 

ʜʦʤʘʤ ʥʫʞʥʦ ʙʳʣʦ ʠʟʤʝʥʠʪʴ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʩʪʨʘ-

ʪʝʛʠʠ. ʏʪʦʙʳ ʧʨʠʚʣʝʯʴ ʚʥʠʤʘʥʠʝ ʢʣʠʝʥʪʦʚ, ʠʤʝʥʥʦ 

ʚ ʵʪʦ ʚʨʝʤʷ ʥʘʯʘʣʩʷ ʧʝʨʝʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʝ-

ʯʘʪʥʳʭ ʉʄʀ ʢ ʠʥʪʝʨʘʢʪʠʚʥʳʤ. 

ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʦʛʨʘʥʠʯʝʥʠʡ, ʠʥʪʝʨʥʝʪ ʢʘʢ 

ʩʨʝʜʩʪʚʦ ʨʝʢʣʘʤʳ ʩʧʦʩʦʙʝʥ ʦʭʚʘʪʠʪʴ ʨʘʟʥʦʦʙʨʘʟ-

ʥʫʶ ʠ ʰʠʨʦʢʫʶ ʛʨʫʧʧʫ ʣʶʜʝʡ. ʆʙʩʫʞʜʝʥʠʝ ʧʨʦ-

ʜʫʢʮʠʠ ʩʨʝʜʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ï ʢʦʤʤʝʥʪʘʨʠʠ, ʦʪ-

ʟʳʚʳ, ʦʙʟʦʨʳ ï ʚʣʠʷʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ 

ʜʣʷ ʘʫʜʠʪʦʨʠʠ. ʇʦʨʦʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʝ ʦʥʠ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʵʪʠ ʩʦʦʙʱʝʥʠʷ 

ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʨʫʩʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʨʘʙʦʪʘʶʪ ʥʘ 

ʧʨʦʜʚʠʞʝʥʠʝ ʙʨʝʥʜʘ. ʄʘʨʢʠ, ʘʥʘʣʠʟʠʨʫʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʦʙʱʝʩʪʚʘ ʦʪ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ-

ʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʚʝʩʪʠʨʫʶʪ ʚ ʨʘʟʚʠʪʠʝ ʨʝʢʣʘʤ-

ʥʳʭ ʩʪʨʘʥʠʮ.  
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ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʙʨʝʥʜʘ ʠ ʧʦʪʨʝʙʠʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʮʠ-

ʘʣʴʥʳʭ ʩʝʪʝʡ: 

- ʤʛʥʦʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʢʦʥʪʝʥʪʫ; 

- ʨʘʙʦʪʘ ʩ ʠʥʬʣʶʝʥʩʝʨʘʤʠ, ʧʨʦʚʦʮʠʨʫʶʱʘʷ 

ʨʦʩʪ ʧʨʦʜʘʞ; 

- ʣʘʡʢʠ, ʢʦʤʤʝʥʪʘʨʠʠ ʠ ʧʨʦʩʤʦʪʨʳ ʧʫʙʣʠʢʘ-

ʮʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʪʝʨʝʩʳ ʧʦʪʨʝ-

ʙʠʪʝʣʷ ʠ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʠʤʠ; 

- ʣʠʯʥʦʝ ʟʥʘʢʦʤʩʪʚʦ ʩ ʙʨʝʥʜʦʤ, ʩʦʟʜʘʶʱʝʝ 

ʧʨʦʯʥʫʶ ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʩʚʷʟʴ. 

ʕʢʦʥʦʤʠʢʘ ʤʦʜʳ ʤʝʥʷʝʪʩʷ, ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝ-

ʭʦʜʦʚ ʠ ʧʦʢʫʧʦʢ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʨʝʢʣʘʤʥʦʛʦ 

ʙʶʜʞʝʪʘ ʠ ʛʨʘʤʦʪʥʦʛʦ ʪʘʨʛʝʪʠʥʛʘ ʚ ʩʝʪʠ, ʥʦ ʠ ʦʪ 

ʢʨʝʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʧʦʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʚʠʟʫʘʣʴʥʳʭ, ʪʘʢʪʠʯʝʩʢʠʭ 

ʠ ʚʝʨʙʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʋʩʧʝʰʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʨʝʥʜʘ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʦ ʠ 

ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦ-

ʨʠʝʡ. ɺʩʝ ʚʘʞʥʝʝ ʩʪʘʥʦʚʠʪʩʷ ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ 

ʩ ʧʦʪʨʝʙʠʪʝʣʝʤ. ɽʱʝ ʥʝʜʘʚʥʦ ʥʝʬʦʨʤʘʣʴʥʳʡ ʧʦʜ-

ʭʦʜ ʟʘʢʣʶʯʘʣʩʷ ʚ ʘʢʪʠʚʠʟʘʮʠʠ ʵʤʦʮʠʡ ʧʦʪʨʝʙʠʪʝʣʷ, 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʞʝʣʘʥʠʷ ʦʙʣʘʜʘʪʴ ʧʨʦʜʫʢʪʦʤ. ɼʦ-

ʙʠʪʴʩʷ ʵʪʦʛʦ ʙʳʣʦ ʤʦʞʥʦ, ʪʨʘʥʩʣʠʨʫʷ ʦʙʨʘʟ ʤʝʯʪʳ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʤʘʨʢʝʪʠʥʛ ʙʳʣ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʪʦ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʨʦʜʫʢʪ ʧʦʤʦʞʝʪ ʢ ʵʪʦʤʫ ʧʨʠʙʣʠʟʠʪʴʩʷ.  

ʊʝʧʝʨʴ ʧʦʢʫʧʘʪʝʣʴ ʚʩʝ ʙʦʣʴʰʝ ʛʦʪʦʚ ʧʣʘʪʠʪʴ 

ʥʝ ʟʘ ʫʩʣʫʛʫ ʠʣʠ ʚʝʱʴ, ʘ ʟʘ ʩʤʳʩʣ, ʟʘ ʧʨʠʥʘʜʣʝʞ-

ʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʝ ʮʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʦʥ ʨʘʟʜʝʣʷʝʪ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ 

ʵʪʠʯʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʢ ʫ Stella McCartney, ʠʣʠ 

ʠʥʢʣʶʟʠʚʥʳʡ ʜʠʟʘʡʥ, ʢʘʢ ʫ ASOS ʠʣʠ Tommi Hil-

figer. ɼʘʞʝ ʩʘʤʳʝ ʠʟʚʝʩʪʥʳʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʤʘʨʢʠ 

ʧʨʦʧʠʩʳʚʘʶʪ ʥʦʚʳʝ ʢʦʜʳ, ʢʦʪʦʨʳʝ ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʥʘʟʥʘʯʝʥʠʝʤ ʦʜʝʞʜʳ, ʥʝ ʩʪʠ-

ʣʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʘ ʩʤʳʩʣʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ. 

ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʠ ʦʜʝʞʜʳ ʄ. ɻ. ʂʴʶʨʠ ʜʣʷ Dior 

ʦʧʠʩʳʚʘʣʠʩʴ ʯʝʨʝʟ ʬʝʤʠʥʠʩʪʩʢʠʡ ʜʠʩʢʫʨʩ, ʘ 

ʥʝʦʢʣʘʩʩʠʯʝʩʢʠʡ ʙʨʝʥʜ Thom Browne ʘʩʩʦʮʠʠʨʫʝʪ 

ʩʝʙʷ ʩ ʠʨʦʥʠʝʡ ʠ ʘʛʝʥʜʝʨʥʦʩʪʴʶ. ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʦʥʣʘʡʥ ʧʨʦʜʘʞ ʥʘʧʨʘʚʣʝʥ ʥʘ ʫʩʠʣʝ-

ʥʠʝ ʩʤʳʩʣʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʜʫʢʪʘ. ʅʦ, ʧʦ-

ʧʨʝʞʥʝʤʫ, ʜʣʷ ʤʘʨʢʠ ʮʝʣʴʶ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʟʫʤ ʠ 

ʯʫʚʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʩʦ-

ʟʜʘʥʠʝ ʷʨʢʦʡ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʚʳʟʦ-

ʚʝʪ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʠ ʣʦʷʣʴʥʦʩʪʴ.  
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ɸʥʥʦʪʘʮʠʷ. 

ʕʪʘ ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʣ-ʯʘʩʪʦʪʥʳʭ ʢʝʧʩʪʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ (DMFCC), ʘ ʪʘʢʞʝ ʤʝʣ-ʯʘʩʪʦʪʥʳʝ ʢʝʧʩʪʨʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (MFCC) ʜʣʷ ʥʘʜʝʞʥʦʡ ʪʝʢʪʦ-

ʥʝʟʘʚʠʩʠʤʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʦʚʦʨʷʱʝʛʦ. ʇʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʨʘʚʥʠʚʘ-

ʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ ɻʘʫʩʩʦʚʳʭ ʩʤʝʩʝʡ c ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʢʦʤʧʦʥʝʥʪ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʯʘʩʪʦʪʳ ʦʰʠʙʦʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʣ-ʯʘʩʪʦʪʥʳʭ ʢʝʧ-

ʩʪʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʣ-ʯʘʩʪʦʪʥʳʭ ʢʝʧʩʪʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɺ ʨʘʙʦʪʝ 

ʪʘʢʞʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ ʛʘʫʩʩʦʚʳʭ ʩʤʝʩʝʡ ʩ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʣ-ʯʘʩʪʦʪʥʳʭ ʢʝʧʩʪʨʘʣʴ-

ʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʣ-ʯʘʩʪʦʪʥʳʭ ʢʝʧʩʪʨʘʣʴʥʳʭ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ.  

ɸʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʳʩʦʪʝ ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ ʜʠʢʪʦʨʘ, ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʚʳʰʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʛʦʚʦʨʷʱʝʛʦ. ʂʦʤʧʦʥʝʥʪʳ ʤʦʜʝʣʠ ʛʘʫʩʩʦʚʦʡ ʩʤʝʩʠ (GMM) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʥʬʠʛʫʨʘʮʠʶ ʛʦʣʦʩʦ-

ʚʦʛʦ ʪʨʘʢʪʘ, ʠ ʫʜʦʙʥʳ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ. 

Abstract. 

This article discusses the use of dynamic mel-frequency cepstral coefficients (DMFCC), as well as mel-fre-

quency cepstral coefficients (MFCC) for reliable speaker-independent identification of the speaker. A comparative 

analysis of the results. Identification results are compared using a Gaussian mixture model with a different number 

of components. A comparative analysis of the error rate when using mel-frequency cepstral coefficients, dynamic 

mel-frequency cepstral coefficients is carried out. The paper also compares the accuracy of identification when 

using the Gaussian mixture model with the results of identification using the method of extreme machine learning. 

The article discusses the qualitative indicators of identification when using mel-frequency cepstral coefficients, as 

well as using dynamic mel-frequency cepstral coefficients.  

The algorithm, which takes into account the change of information about the height of the pitch of the speaker, 

using dynamic coefficients demonstrates increased efficiency in identifying the speaker. The components of the 

Gaussian mixture model (GMM) are a configuration of the vocal tract, and are convenient for interpreting the 

acoustic events of a speech signal. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʛʦʚʦʨʷʱʝʛʦ, ʥʘʙʦʨ ʬʠʣʴʪʨʦʚ ʜʣʷ ʤʝʣ-ʰʢʘʣʳ, ʤʝʣ-ʯʘʩʪʦʪʥʳʝ ʢʝʧ-

ʩʪʨʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʝʣ-ʯʘʩʪʦʪʥʳʝ ʢʝʧʩʪʨʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʄʦʜʝʣʴ ʛʘʫʩʩʦ-

ʚʦʡ ʩʤʝʩʠ. 

Keywords: Speaker Identification, filter set for mel-scale, mel-frequency cepstral coefficients, dynamic mel-

frequency cepstral coefficients, Gaussian mixture model 

 

ɺʚʝʜʝʥʠʝ. ʈʝʯʝʚʦʡ ʩʠʛʥʘʣ ʩʦʟʜʘʝʪʩʷ ʚʦʟʙʫʞʜʘ-

ʶʱʝʡ ʩʠʩʪʝʤʦʡ ʛʦʣʦʩʦʚʦʛʦ ʪʨʘʢʪʘ ʠ ʩʦʜʝʨʞʠʪ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦ ʣʠʯʥʦʩʪʠ ʛʦʚʦʨʷʱʝʛʦ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʷʟʳʢʝ. ʉʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʛʦʚʦʨʷʱʝʛʦ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʨʝʯʠ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʣʠʯʠʷʤʠ ʚ ʬʠʟʠʦʣʦʛʠ-

ʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʯʠ ʫ ʣʶ-

ʜʝʡ. ʆʩʥʦʚʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʘʩʧʝʢʪʦʤ ʩʠ-

ʩʪʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʯʠ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘ 

ʨʝʯʝʚʦʛʦ ʪʨʘʢʪʘ [1]. ʈʝʯʝʚʦʡ ʪʨʘʢʪ ʠʟʤʝʥʷʝʪ ʩʧʝʢ-

ʪʨʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ, ʩʦʟʜʘʚʘʷ 

ʪʝʤ ʩʘʤʳʤ ʨʝʯʴ. ʈʝʟʦʥʘʥʩʳ ʛʦʣʦʩʦʚʦʛʦ ʪʨʘʢʪʘ ʚʘʨʴ-

ʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʪʨʘʢʪʘ, ʢʦʪʦʨʳʡ 

ʦʪʣʠʯʘʝʪ ʦʜʥʦʛʦ ʛʦʚʦʨʷʱʝʛʦ ʦʪ ʜʨʫʛʦʛʦ.  

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʚ 

ʦʪʜʝʣʴʥʳʭ ʬʦʥʝʪʠʯʝʩʢʠʭ ʟʚʫʢʘʭ) ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʛʦʚʦʨʷʱʝʛʦ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʚʳ-

ʩʢʘʟʳʚʘʥʠʝ. ʕʪʠ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʚʥʦʡ ʠʣʠ ʥʝʷʚʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ 

ʨʝʯʠ ʥʘ ʢʣʘʩʩʳ. GMM ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʜʭʦʜʫ ʩ ʥʝʷʚ-

ʥʦʡ ʩʝʛʤʝʥʪʘʮʠʝʡ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʦʚʦʨʷʱʝʛʦ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʤʦʜʝʣʴ [2].  

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

GMM ʜʣʷ ʪʝʢʪʦʥʝʟʘʚʠʩʠʤʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʦʚʦ-

ʨʷʱʝʛʦ. ʇʣʦʪʥʦʩʪʴ ʛʘʫʩʩʦʚʦʡ ʩʤʝʩʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʣʘʚʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʚʳʙʦʨʦʯʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʶ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʚʳʩʢʘʟʳʚʘʥʠʶ 
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ʜʘʥʥʦʛʦ ʛʦʚʦʨʷʱʝʛʦ. ʇʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʦʚʦʨʷ-

ʱʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʧʦʣʫʯʘʶʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛ-

ʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪ ʩʚʦʡʩʪʚʘ ʨʝʯʝʚʦʛʦ ʩʠʛ-

ʥʘʣʘ, ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʝ ʢ ʣʠʯʥʦʩʪʠ ʛʦʚʦʨʷʱʝʛʦ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʦʙʨʘʟʝʮ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʩʨʘʚʥʠ-

ʚʘʝʪʩʷ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤʠ ʵʪʘʣʦʥ-

ʥʳʤʠ ʦʙʨʘʟʮʘʤʠ, ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ ʧʨʠʥʠ-

ʤʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʯʥʦʩʪʠ ʛʦʚʦʨʷʱʝʛʦ. ʆʙʱʠʡ 

ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦ ʛʦʣʦʩʫ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʪʘʢ: 

1. ʀʟʚʣʝʯʝʥʠʝ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ 

2. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ (ʫʜʘʣʝʥʠʝ 
ʰʫʤʘ, ʨʘʟʙʠʝʥʠʝ ʥʘ ʬʨʝʡʤʳ) 

3. ʇʦʫʯʝʥʠʝ ʤʝʣ-ʯʘʩʪʦʪʥʳʭ ʢʝʧʩʪʨʘʣʴʥʳʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ 

4. ʄʦʜʝʣʴ ɻʘʫʩʩʦʚʦʡ ʩʤʝʩʠ 

5. ɸʣʛʦʨʠʪʤ ʤʘʢʩʠʤʠʟʘʮʠʠ ʦʞʠʜʘʥʠʷ 

6. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʛʦʚʦʨʷʱʝʛʦ [3] 

ʄʝʣ-ʯʘʩʪʦʪʥʳʝ ʢʝʧʩʪʨʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ. ʅʘ ʢʘʞʜʳʡ ʩʝʛʤʝʥʪ ʩʠʛʥʘʣʘ ʧʨʠʭʦʜʠʪʩʷ ʧʦ 

12 ʤʝʣ-ʯʘʩʪʦʪʥʳʭ ʢʝʧʩʪʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʏʪʦʙʳ ʠʭ ʥʘʡʪʠ ʠʩʧʦʣʴʟʫʝʤ ʬʦʨʤʫʣʫ: 

ὧὲ ὛὲÃÏÓ
“ὲά

ρ
ς

ὓ
       ρ 

 

ʏʘʩʪʴ ʪʘʙʣʠʮʳ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥ-

ʪʘʤʠ ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʢʘʞʜʦʤ 

ʩʝʛʤʝʥʪʝ ʩʠʛʥʘʣʘ ʥʘʭʦʜʠʪʩʷ 12 ʤʝʣ-ʯʘʩʪʦʪʥʳʭ ʢʝʧ-

ʩʪʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 

 
ʈʠʩʫʥʦʢ 1. ʊʘʙʣʠʮʘ ʤʝʣ-ʯʘʩʪʦʪʥʳʭ ʢʝʧʩʪʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 

ʂʦʤʧʦʥʝʥʪʳ ɻʘʫʩʩʦʚʦʡ ʩʤʝʩʠ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʢʘ-

ʟʘʣʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʳʰʝ ʧʨʠ ʙʦʣʴʰʝʤ ʯʠʩʣʝ ʢʦʤʧʦʥʝʥʪ ɻʘʫʩʩʦʚʦʡ ʩʤʝʩʠ. ʅʠʞʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʛʨʘʬʠʢ, ʛʜʝ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʦʪʣʦʞʝʥʦ ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪ ʤʦʜʝʣʠ, ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ï ʪʦʯʥʦʩʪʴ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʘʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʘ ʧʨʠ ʯʠʩʣʝ ʢʦʤʧʦʥʝʥʪ, ʨʘʚʥʦʤ 5. 

ʊʦʯʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪ 95%, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

 

 
ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪ ʛʘʫʩʩʦʚʦʡ ʩʤʝʩʠ. 
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67.688 71.731 78.922 78.037 84.704 88.818 82.423 89.211 88.177 92.567 86.58
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʣ-ʯʘʩʪʦʪʥʳʭ ʢʝʧʩʪʨʘʣʴ-

ʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʣ-ʯʘ-

ʩʪʦʪʥʳʭ ʢʝʧʩʪʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʨʘʟ-

ʣʠʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪ ʛʘʫʩʩʦʚʦʡ ʩʤʝʩʠ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʘʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʢ 

ʯʘʩʪʦʪʘ ʦʰʠʙʦʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʷʭ ʠ ʨʘʟʣʠʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪ ʛʘʫʩ-

ʩʦʚʦʡ ʩʤʝʩʠ. ʏʘʩʪʦʪʘ ʦʰʠʙʦʢ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 
 

ʏʘʩʪʦʪʘ ʦʰʠʙʦʢ = 
̘̋̏̌̉̆̒̓̃̏ ̎̆̋̋̏̑̆̋̓̎̏̊ ̗̉̅̆̎̓̉̉̋́̉̉̕

̘̋̏̌̉̆̒̓̃̏ ̙̔̒̐̆̎̏̊ ̗̉̅̆̎̓̉̉́̋̉̉̕
ρzππϷ          (2) 

 

 

 

 
ʈʠʩʫʥʦʢ 3. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʯʘʩʪʦʪʳ ʦʰʠʙʦʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

 

ʇʦ ʪʝʩʪʦʚʳʤ ʜʘʥʥʳʤ ʠ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʯʘʩʪʦʪʘ ʦʰʠʙʦʢ ʤʠ-

ʥʠʤʘʣʴʥʘ ʧʨʠ ʯʠʩʣʝ ʢʦʤʧʦʥʝʥʪ ʤʦʜʝʣʠ ʛʘʫʩʩʦʚʳʭ 

ʩʤʝʩʝʡ ʨʘʚʥʦʤ 8, ʣʫʯʰʠʡ ʧʦʢʘʟʘʪʝʣʴ (ʤʠʥʠʤʘʣʴ-

ʥʫʶ ʯʘʩʪʦʪʫ) ʧʦʢʘʟʘʣʘ ʬʫʥʢʮʠʷ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʤʝʣ 

ʯʘʩʪʦʪʥʳʝ ʢʝʧʩʪʨʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʩʦʚʦʢʫʧ-

ʥʦʩʪʠ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʤʝʣ-ʯʘʩʪʦʪʥʳʤʠ 

ʢʝʧʨʩʪʨʘʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ [4]. 

ʅʠʞʝ ʙʫʜʝʪ ʜʘʥʘ ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʦʙʫʯʘʶʱʝʡ ʤʘʰʠʥʳ (ELM) ʠ ʤʦ-

ʜʝʣʠ ɻʘʫʩʩʦʚʦʡ ʩʤʝʩʠ (GMM) ʚ ʢʦʥʪʝʢʩʪʝ ʪʝʢʩʪʦ-

0

20

40

60

80

4 8 16 32

̉
͊
ͫ
ͭ
ͦ
ͭ
͊
 
ͦ
΄
͙
͋
ͦ
͟
 

͙
͒
͔
ͤ
ͭ
͙
ͺ
͙
͟
͊
ͼ
͙
͙
Σ
 
҈

˴͙ͦ͡;͔͍ͫͭͦ ͔ͦͣͨͦͤͤͭ͟ ˥͍͚͊ͯͫͫͦͦ ͔͙ͫͣͫ

MFCC

0

20

40

60

80

100

4 8 16 32

̉
͊
ͫ
ͭ
ͦ
ͭ
͊
 
ͦ
΄
͙
͋
ͦ
͟
 
͙
͒
͔
ͤ
ͭ
͙
ͺ
͙
͟
͊
ͼ
͙
͙
Σ
 

%

˴͙ͦ͡;͔͍ͫͭͦ ͔ͦͣͨͦͤͤͭ͟ ˥͍͚͊ͯͫͫͦͦ ͔͙ͫͣͫ

DMFCC

0

20

40

60

80

4 8 16 32

̉
͊
ͫ
ͭ
ͦ
ͭ
͊
 
ͦ
΄
͙
͋
ͦ
͟
 

͙
͒
͔
ͤ
ͭ
͙
ͺ
͙
͟
͊
ͼ
͙
͙
Σ
 
҈

˴͙ͦ͡;͔͍ͫͭͦ ͔ͦͣͨͦͤͤͭ͟ ˥͍͚͊ͯͫͫͦͦ ͔͙ͫͣͫ

MFCC+DMFCC



138 TECHNICAL SCIENCE / ζColloquium - journal Ȼ# 13(37),2019 

ʥʝʟʘʚʠʩʠʤʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʠʢʪʦʨʘ ʜʣʷ ʟʘʧʠʩʘʥ-

ʥʳʭ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʨʝʯʝʡ. ʊʠʧ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʬʠʣʴʪʨʦʚ ʚ ʙʘʥʢʝ ʬʠʣʴʪʨʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʦʨʦʢ ʚ 

ʢʘʞʜʦʤ ʢʘʜʨʝ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʩʣʠʷʥʠʝ ʤʦʜʝʣʴ-

ʥʳʭ ʦʮʝʥʦʢ ʠʛʨʘʶʪ ʞʠʟʥʝʥʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʦʯ-

ʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʠʢʪʦʨʘ [5]. ʅʘ ʨʠʩʫʥʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʦʪ ʨʘʟʤʝʨʘ ʬʨʝʡʤʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ.  

 

 

 
ʈʠʩʫʥʦʢ 4. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʦʯʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

 

ʇʦ ʜʘʥʥʳʤ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʄʦ-

ʜʝʣʠ ʛʘʫʩʩʦʚʳʭ ʩʤʝʩʝʡ ʢʦʣʝʙʣʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʬʨʝʡʤʘ ʦʪ 80 ʜʦ 98%, ʧʨʠ ʫʩʣʦ-

ʚʠʠ ï ʯʝʤ ʙʦʣʴʰʝ ʬʨʝʡʤ, ʪʝʤ ʪʦʯʥʦʩʪʴ ʤʝʥʴʰʝ. 

ʊʦʯʥʦʩʪʴ ELM ̫ ʚʥʦ ʫʩʪʫʧʘʝʪ ʧʦ ʩʚʦʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʦʪ 60 ʜʦ 80% . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʬʠʢ ʷʚʥʦ ʧʦʢʘʟʳ-

ʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ ɻʘʫʩʩʦʚʦʡ 

ʩʤʝʩʠ ʧʝʨʝʜ ʤʦʜʝʣʴʶ ELM [6].  

ɺʳʚʦʜʳ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ 

MFCC, ʬʫʥʢʮʠʷ DMFCC ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʪʳ ʪʦʥʘ ʠ 

ʩʦʯʝʪʘʥʠʝ ʵʪʠʭ ʜʚʫʭ ʬʫʥʢʮʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʦʮʝʥʢʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʦʚʦʨʷʱʠʭ.  

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟʫʯʘʣʘʩʴ ʯʘʩʪʦʪʘ ʦʰʠ-

ʙʦʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʦʚʦʨʷʱʝʛʦ ʧʫʪʝʤ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʛʤʝʥʪʦʚ ʨʘʟʥʦʡ ʜʣʠʥʳ, ʘ 

ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʟʘʚʠʩʠʤʳʭ ʦʪ ʪʝʢʩʪʘ ʚʳ-

ʩʢʘʟʳʚʘʥʠʡ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʲʝʜʠʥʝ-

ʥʠʝ ʤʝʣ ʯʘʩʪʦʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʜʠʥʘʤʠʯʝ-

ʩʢʠʤʠ ʜʘʝʪ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ, ʯʝʤ ʤʦʜʝʣʴ ʦʪʜʝʣʴ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ CoDeSys ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʝʢʪʘ ʜʣʷ ʨʘʙʦʪʳ 

ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʬʠʨʤʳ 

ʆɺɽʅ, ʇʃʂ-110. ʇʨʦʝʢʪ ʚʳʧʦʣʥʝʥ ʚ ʬʦʨʤʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ ST ʠ ʛʨʘʬʠʯʝ-

ʩʢʠʭ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʨʘʙʦʪʳ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʩʫʨʩʦʚ ʦʧʨʦʩʠʪʴ ʠ ʦʩʫ-

ʱʝʩʪʚʠʪʴ ʠʥʜʠʢʘʮʠʶ ʜʠʩʢʨʝʪʥʳʭ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ. 

The article is devoted to implementation in the software CoDeSys. The software project for working with 

discrete input and output signals of the software OVEN, PLC-110. The project is in the form of laboratory work 

using the ST language and graphical visualization tools. The main task of the work, with the help of software 

resources, to interrogate and implement the display of discrete input and output signals. 
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Keywords: CoDeSys, software project, programmable logic controller, PLC-110, automation, visualization 

tools. 

 

ʀʟʫʯʠʤ ʧʘʨʘʤʝʪʨʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʠʩ-

ʢʨʝʪʥʳʭ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ ʇʃʂ-110. ɼʣʷ ʵʪʦʛʦ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ CoDeSys[1], ʨʝʘʣʠʟʫʝʤ ʩ ʧʦ-

ʤʦʱʴʶ ʵʣʝʤʝʥʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ: 

¶ ʦʪʦʙʨʘʞʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʚʭʦ-

ʜʦʚ ʢʦʥʪʨʦʣʣʝʨʘ; 

¶ ʦʪʦʙʨʘʞʝʥʠʝ ʯʘʩʪʦʪʳ ʐʀʄ-ʩʠʛʥʘʣʘ ʥʘ 

ʙʳʩʪʨʳʭ ʚʭʦʜʘʭ ʢʦʥʪʨʦʣʣʝʨʘ; 

¶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʜʘ-
ʚʘʝʤʦʛʦ ʥʘ ʜʠʩʢʨʝʪʥʳʝ ʚʳʭʦʜʳ ʢʦʥʪʨʦʣʣʝʨʘ; 

¶ ʧʨʦʛʨʘʤʤʥʳʡ ʛʝʥʝʨʘʪʦʨ ʐʀʄ-ʩʠʛʥʘʣʘ, 

ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʜʠʩʢʨʝʪʥʳʝ ʚʳʭʦʜʳ ʢʦʥʪʨʦʣʣʝʨʘ. 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʟʙʝʨʝʤʩʷ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʚʭʦ-

ʜʘʤʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʯʠʪʘʪʴ ʩʠʛʥʘʣ ʥʘ ʜʠʩʢʨʝʪ-

ʥʦʤ ʚʭʦʜʝ, ʪʦ ʥʫʞʥʦ ʫʟʥʘʪʴ ʝʛʦ ʘʜʨʝʩ, ʜʣʷ ʵʪʦʛʦ ʚ 

ʦʢʥʝ çʈʝʩʫʨʩʳè, ʚ ʧʫʥʢʪ çʂʦʥʬʠʛʫʨʘʮʠʷ ʇʃʂè, ʟʘ-

ʭʦʜʠʤ PLC110_30 ʠ ʦʪʢʨʳʚʘʝʤ ʧʦʜʤʝʥʶ çDiscrete 

inputsè. ʉʦʙʩʪʚʝʥʥʦ, ʟʜʝʩʴ ʠ ʥʘʭʦʜʷʪʩʷ ʜʠʩʢʨʝʪʥʳʝ 

ʚʭʦʜʳ, ʦʥʠ ʠʤʝʶʪ ʘʜʨʝʩʘ %IX1.0.0 - %IX1.0.7, 

%IX1.1.0 - %IX1.1.7. ʉ ʚʭʦʜʘʤʠ ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ, 

ʚʳʟʳʚʘʷ ʚ ʧʨʦʛʨʘʤʤʝ ʚʤʝʩʪʦ ʧʝʨʝʤʝʥʥʦʡ ʘʜʨʝʩ 

ʥʫʞʥʦʛʦ ʚʭʦʜʘ. ʅʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʨʠʩʚʦʠʤ ʠʤ 

ʠʤʝʥʘ DI1 ï DI16.  
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ʈʠʩʫʥʦʢ 1. ʂʦʥʬʠʛʫʨʘʪʦʨ ʇʃʂ. ɼʠʩʢʨʝʪʥʳʝ ʚʭʦʜʳ 

 

ʊʝʧʝʨʴ ʨʘʟʙʝʨʝʤʩʷ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʚʳʭʦʜʘʤʠ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʚʭʦʜʘʤʠ ʠʜʸʤ ʚ 

çʂʦʥʬʠʛʫʨʘʪʦʨ ʇʃʂè, PLC110_30 ʠ ʦʪʢʨʳʚʘʝʤ ʧʦʜʤʝʥʶ çDiscrete outputsè. ʉʦʙʩʪʚʝʥʥʦ, ʟʜʝʩʴ ʠ ʥʘʭʦʜʷʪʩʷ 

ʜʠʩʢʨʝʪʥʳʝ ʚʳʭʦʜʳ, ʦʥʠ ʠʤʝʶʪ ʘʜʨʝʩʘ %QX3.0.0 - %QX3.0.7. ʊʘʢ ʞʝ, ʜʣʷ ʫʜʦʙʩʪʚʘ, ʧʨʠʩʚʦʠʤ ʠʤ ʠʤʝʥʘ 

DO1 ï DO8.  

 

 
ʈʠʩʫʥʦʢ 2. ʂʦʥʬʠʛʫʨʘʪʦʨ ʇʃʂ. ɼʠʩʢʨʝʪʥʳʝ ʚʳʭʦʜʳ 

 

ʇʝʨʝʭʦʜʠʤ ʢ ʧʨʦʛʨʘʤʤʝ. ɼʣʷ ʵʪʦʛʦ ʧʝʨʝʭʦʜʠʤ ʚ ʦʢʥʦ çPOUè ʠ ʥʘʯʠʥʘʝʤ ʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ. ʇʨʦ-

ʛʨʘʤʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩʫʥʦʢ 3. ʂʦʜ ʧʨʦʛʨʘʤʤʳ 
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ʈʘʩʰʠʬʨʫʝʤ ʧʝʨʚʫʶ ʩʪʨʦʢʫ ʢʦʜʘ: ʝʩʣʠ ʥʘ ʧʝʨ-

ʚʦʤ ʜʠʩʢʨʝʪʥʦʤ ʚʭʦʜʝ ʧʦʷʚʣʷʝʪʩʷ ʝʜʠʥʠʮʘ ʠʣʠ ʧʝ-

ʨʝʤʝʥʥʘʷ Dim1ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ, ʪʦ ʥʘ 

ʧʝʨʚʦʤ ʜʠʩʢʨʝʪʥʦʤ ʚʳʭʦʜʝ ʧʦʷʚʣʷʝʪʩʷ ʝʜʠʥʠʮʘ. ɿʘ 

ʧʝʨʝʤʝʥʥʫʶ Dim1 ʦʪʚʝʯʘʝʪ ʢʥʦʧʢʘ, ʩʦʟʜʘʥʥʘʷ ʚ ʚʠ-

ʟʫʘʣʠʟʘʮʠʠ, ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʦʪʦʨʫʶ ʠʤʠʪʠʨʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ. 

ʆʩʪʘʣʴʥʳʝ ʩʪʨʦʢʠ ʢʦʜʘ ʥʘʧʠʩʘʥʳ ʘʥʘʣʦʛʠʯʥʦ, 

ʪʦʣʴʢʦ ʜʣʷ ʜʨʫʛʠʭ ʜʠʩʢʨʝʪʥʳʭ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ. 

ʇʨʠʰʣʦ ʚʨʝʤʷ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʙʳʩʪʨʳʤʠ ʜʠʩ-

ʢʨʝʪʥʳʤʠ ʚʭʦʜʘʤʠ. ɿʘʭʦʜʠʤ ʚ ʦʢʥʦ çʈʝʩʫʨʩʳè, ʚ 

ʧʫʥʢʪ çʂʦʥʬʠʛʫʨʘʮʠʷ ʇʃʂè, PLC110_30 ʠ ʦʪʢʨʳ-

ʚʘʝʤ ʧʦʜʤʝʥʶ çFast discrete inputsè. ɼʣʷ ʩʯʠʪʳʚʘ-

ʥʠʷ ʐʀʄ-ʩʠʛʥʘʣʘ ʥʫʞʥʦ ʟʘʤʝʥʠʪʴ çFast discrete in-

putsè ʥʘ çFast Countersè, ʯʪʦ ʚ ʧʝʨʝʚʦʜʝ ʦʟʥʘʯʘʝʪ 

çɺʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʩʯʸʪʯʠʢè. ɿʜʝʩʴ ʥʘʭʦʜʷʪʩʷ 2 ʚʳ-

ʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʯʸʪʯʠʢʘ, ʦʥʠ ʠʤʝʶʪ ʘʜʨʝʩʘ %IW0.0 

- %IW0.1. ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʝʨʝʠʤʝʥʫʝʤ ʠʭ ʚ PWM1V 

ï PWM2V. 

 

 
ʈʠʩʫʥʦʢ 4. ʂʦʥʬʠʛʫʨʘʪʦʨ ʇʃʂ. ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʩʯʸʪʯʠʢʠ 

 

ʈʘʟʙʝʨʝʤʩʷ ʩ ʙʳʩʪʨʳʤʠ ʜʠʩʢʨʝʪʥʳʤʠ ʚʳʭʦ-

ʜʘʤʠ. ɿʘʭʦʜʠʤ ʚ ʦʢʥʦ çʈʝʩʫʨʩʳè, ʚ ʧʫʥʢʪ çʂʦʥʬʠ-

ʛʫʨʘʮʠʷ ʇʃʂè, PLC110_30 ʠ ʦʪʢʨʳʚʘʝʤ ʧʦʜʤʝʥʶ 

çFast discrete outputsè. ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʥʘ ʙʳʩʪʨʳʭ 

ʜʠʩʢʨʝʪʥʳʭ ʚʳʭʦʜʘʭ ʐʀʄ-ʩʠʛʥʘʣʘ ʥʫʞʥʦ ʟʘʤʝ-

ʥʠʪʴ ʤʦʜʫʣʴ çFast discrete outputsè ʥʘ ʤʦʜʫʣʴ 

çPWMè, ʯʪʦ ʚ ʧʝʨʝʚʦʜʝ ʦʟʥʘʯʘʝʪ çʐʀʄ ʠʣʠ ʰʠ-

ʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷè. ɿʜʝʩʴ ʥʘʭʦ-

ʜʷʪʩʷ:16-ʪʠ ʙʠʪʦʚʳʝ ʢʘʥʘʣʳ ʤʦʜʫʣʷ (ʬʦʨʤʘʪ 

WORD), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʟʘʜʘʪʴ ʩʢʚʘʞ-

ʥʦʩʪʴ ʐʀʄ-ʩʠʛʥʘʣʘ, ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ 1000, ʦʥʠ 

ʠʤʝʶʪ ʘʜʨʝʩʘ %QW2.0 - %QW2.3; 32-ʭ ʙʠʪʥʳʝ ʢʘ-

ʥʘʣʳ (ʬʦʨʤʘʪ DWORD), ʧʦʟʚʦʣʷʶʱʠʝ ʟʘʜʘʪʴ ʠʣʠ 

ʧʨʦʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ ʐʀʄ, ʜʠʘʧʘʟʦʥ ʟʥʘ-

ʯʝʥʠʡ ʦʪ 100 ʜʦ 360000, ʦʥʠ ʠʤʝʶʪ ʘʜʨʝʩʘ %QD2.4 

- %QD2.7. ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʝʨʝʠʤʝʥʫʝʤ ʠʭ ʚ PWMO1 

ï PWMO3, PWMO1P ï PWMO4P.  

 

 
ʈʠʩʫʥʦʢ 5. ʂʦʥʬʠʛʫʨʘʪʦʨ ʇʃʂ. ʐʀʄ 

 

ʇʝʨʝʡʜʸʤ ʢ ʚʠʟʫʘʣʠʟʘʮʠʠ. ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ 

ʧʦʷʚʣʝʥʠʷ ʜʠʩʢʨʝʪʥʦʡ ʝʜʠʥʠʮʳ ʥʘ ʧʝʨʚʦʤ ʚʭʦʜʝ 

ʩʦʟʜʘʜʠʤ ʵʣʝʤʝʥʪ çʕʣʣʠʧʩè ʠ ʢʦʥʬʠʛʫʨʠʨʫʝʤ ʝʛʦ: 

¶ ʚ ʤʝʥʶ çʊʝʢʩʪè ʜʘʜʠʤ ʝʤʫ ʥʘʟʚʘʥʠʝ DI1, 

ʜʘʙʳ ʙʳʣʦ ʧʦʥʷʪʥʦ, ʯʪʦ ʦʥ ʦʪʦʙʨʘʞʘʝʪ; 

¶ ʚ ʤʝʥʶ çʇʝʨʝʤʝʥʥʳʝè ʚ ʧʫʥʢʪʝ çʀʟʤ. 
ʮʚʝʪʘè ʧʨʠʩʚʦʠʤ ʧʝʨʝʤʝʥʥʫʶ .DI1, ʯʪʦ ʦʟʥʘʯʘʝʪ 

ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʧʝʨʚʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ 

ʚʭʦʜʘ ʮʚʝʪ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʥʘ ʪʨʝʚʦʞʥʳʡ; 

¶ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʣʝʤʝʥʪʘ ʮʚʝʪ 
ʠ ʪʨʝʚʦʞʥʳʡ ʮʚʝʪ ï ʙʝʣʳʝ, ʠʭ ʩʣʝʜʫʝʪ ʧʦʤʝʥʷʪʴ. 

ɼʣʷ ʵʪʦʛʦ ʚ ʤʝʥʶ çʎʚʝʪʘè ʟʘʜʘʜʠʤ ʦʙʳʯʥʳʡ ʮʚʝʪ 

ʢʨʘʩʥʳʤ, ʘ ʪʨʝʚʦʞʥʳʡ ʟʝʣʝʥʳʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ, 

ʢʦʛʜʘ DI1=0 ï ʵʣʣʠʧʩ ʢʨʘʩʥʳʡ, ʘ ʢʦʛʜʘ DI=1 ï ʟʝʣʝ-

ʥʳʡ. 

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʜʠʩʢʨʝʪʥʦʡ ʝʜʠ-

ʥʠʮʳ ʥʘ ʧʝʨʚʦʤ ʚʳʭʦʜʝ, ʪʘʢ ʞʝ ʩʦʟʜʘʜʠʤ ʵʣʝʤʝʥʪ 

çʕʣʣʠʧʩè ʠ ʢʦʥʬʠʛʫʨʠʨʫʝʤ ʝʛʦ: 

¶ ʚ ʤʝʥʶ çʊʝʢʩʪè ʜʘʜʠʤ ʝʤʫ ʥʘʟʚʘʥʠʝ DO1, 

ʜʘʙʳ ʙʳʣʦ ʧʦʥʷʪʥʦ, ʯʪʦ ʦʥ ʦʪʦʙʨʘʞʘʝʪ; 

¶ ʚ ʤʝʥʶ çʇʝʨʝʤʝʥʥʳʝè ʚ ʧʫʥʢʪʝ çʀʟʤ. 
ʮʚʝʪʘè ʧʨʠʩʚʦʠʤ ʧʝʨʝʤʝʥʥʫʶ .DO1, ʯʪʦ ʦʟʥʘʯʘʝʪ 

ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʧʝʨʚʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ 

ʚʳʭʦʜʘ ʮʚʝʪ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʥʘ ʪʨʝʚʦʞʥʳʡ; 

¶ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʣʝʤʝʥʪʘ ʮʚʝʪ 
ʠ ʪʨʝʚʦʞʥʳʡ ʮʚʝʪ ï ʙʝʣʳʝ, ʠʭ ʩʣʝʜʫʝʪ ʧʦʤʝʥʷʪʴ. 

ɼʣʷ ʵʪʦʛʦ ʚ ʤʝʥʶ çʎʚʝʪʘè ʟʘʜʘʜʠʤ ʦʙʳʯʥʳʡ ʮʚʝʪ 

ʢʨʘʩʥʳʤ, ʘ ʪʨʝʚʦʞʥʳʡ ʟʝʣʝʥʳʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ, 

ʢʦʛʜʘ DI1=0 ï ɻ ʣʣʠʧʩ ʢʨʘʩʥʳʡ, ʘ ʢʦʛʜʘ 1 ï ʟʝʣʝʥʳʡ. 

ɼʣʷ ʠʤʠʪʘʮʠʠ ʜʠʩʢʨʝʪʥʦʡ ʝʜʠʥʠʮʳ ʥʘ ʧʝʨʚʦʤ 

ʚʳʭʦʜʝ ʩʦʟʜʘʜʠʤ ʵʣʝʤʝʥʪ çʂʥʦʧʢʘè ʠ ʢʦʥʬʠʛʫʨʠ-

ʨʫʝʤ ʝʛʦ: 

¶ ʚ ʤʝʥʶ çʊʝʢʩʪè ʜʘʜʠʤ ʝʤʫ ʥʘʟʚʘʥʠʝ Dim1; 

¶ ʚ ʤʝʥʶ çɺʚʦʜè ʥʫʞʥʦ ʧʦʩʪʘʚʠʪʴ ʛʘʣʦʯʢʫ 
ʥʘʧʨʦʪʠʚ ʧʫʥʢʪʘ çʇʝʨʝʤʝʥʥʘʷ-ʢʥʦʧʢʘè ʠ ʧʨʠʩʚʦ-

ʠʪʴ ʧʝʨʝʤʝʥʥʫʶ PLC_PRG.Dim1. 

ʇʦʣʫʯʠʚʰʝʝʩʷ ʦʢʥʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 6 ʠ 7. 
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ʈʠʩʫʥʦʢ 6. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʠ DI=1 

 

 
ʈʠʩʫʥʦʢ 7. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʠ Dim5=1, Dim8=1 

 

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʐʀʄ-

ʩʠʛʥʘʣʘ ʧʨʦʛʨʘʤʤʘ ʥʝ ʥʫʞʥʘ, ʚʩʸ ʦʯʝʥʴ ʣʝʛʢʦ ʨʝʘ-

ʣʠʟʫʝʪʩʷ ʚ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʩʦʟʜʘʜʠʤ ʵʣʝʤʝʥʪ çʇʨʷ-

ʤʦʫʛʦʣʴʥʠʢè ʠ ʢʦʥʬʠʛʫʨʠʨʫʝʤ ʝʛʦ:  

¶ ʚ ʤʝʥʶ çʊʝʢʩʪè ʠ ʚʚʝʜʝʤ ʚ ʧʦʣʝ %s, ʵʪʦ ʩʦ-

ʯʝʪʘʥʠʝ ʧʦʟʚʦʣʠʪ ʦʪʦʙʨʘʞʘʪʴ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥ-

ʥʦʡ, ʫʢʘʟʘʥʥʦʡ ʚ ʤʝʥʶ çʇʝʨʝʤʝʥʥʳʡè ʚ ʧʫʥʢʪʝ 

çɺʳʚ_ʪʝʢʩʪʘè; 

¶ ʚ ʤʝʥʶ çʇʝʨʝʤʝʥʥʳʝè ʚ ʧʫʥʢʪʝ çɺʳʚ_ʪʝʢ-
ʩʪʘè ʧʨʠʩʚʦʠʤ ʧʝʨʝʤʝʥʥʫʶ .PWM1V. 

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ 

ʩʯʸʪʯʠʢʘʤʠ, ʯʪʦʙʳ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʐʀʄ-ʩʠʛʥʘʣ 

ʧʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʚʩʸ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʚʠʟʫʘʣʠʟʘʮʠʠ.  

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʐʀʄ-

ʩʠʛʥʘʣʘ ʩʦʟʜʘʜʠʤ ʵʣʝʤʝʥʪ çʇʨʷʤʦʫʛʦʣʴʥʠʢè ʠ ʢʦʥ-

ʬʠʛʫʨʠʨʫʝʤ ʝʛʦ:  

¶ ʚ ʤʝʥʶ çʊʝʢʩʪè ʠ ʚʚʝʜʝʤ ʚ ʧʦʣʝ %s, ʵʪʦ ʩʦ-

ʯʝʪʘʥʠʝ ʧʦʟʚʦʣʠʪ ʦʪʦʙʨʘʞʘʪʴ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥ-

ʥʦʡ, ʫʢʘʟʘʥʥʦʡ ʚ ʤʝʥʶ çʇʝʨʝʤʝʥʥʳʡè ʚ ʧʫʥʢʪʝ 

çɺʳʚ_ʪʝʢʩʪʘè; 

¶ ʚ ʤʝʥʶ çʇʝʨʝʤʝʥʥʳʝè ʚ ʧʫʥʢʪʝ çɺʳʚ_ʪʝʢ-

ʩʪʘè ʧʨʠʩʚʦʠʤ ʧʝʨʝʤʝʥʥʫʶ .PWMO1. 

ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʐʀʄ-ʩʠʛʥʘʣʘ ʩʦʟʜʘʜʠʤ ʵʣʝ-

ʤʝʥʪ çʇʦʣʟʫʥʦʢè ʠ ʢʦʥʬʠʛʫʨʠʨʫʝʤ ʝʛʦ. 
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ʈʠʩʫʥʦʢ 8. ʂʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ çʇʦʣʟʫʥʦʢè 

 

ʇʦʣʫʯʠʚʰʝʝʩʷ ʦʢʥʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 9. 

 

 
ʈʠʩʫʥʦʢ 9. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. ʐʀʄ 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ: 

1. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦ-
ʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʇʃʂ110 // ʄ. 2016. URL: 

https://ftp.owen.ru/CoDeSys23/06_Documenta-

tion/Plc1xxm02_rp_v16.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

26.05.2019). 
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TEST AUTOMATION  SOFTWARE SYSTEMS 

 

ɸʥʥʦʪʘʮʠʷ. 

ʉʣʦʞʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʧʨʦʚʦʞ-

ʜʝʥʠʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʩʪʘʪʴʝ ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʬʘʟʦʡ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʩʣʦʞʥʦʡ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ ʧʨʠʯʠʥ-ʩʣʝʜʩʪʚʠʡ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦ-

ʛʨʘʤʤʳ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ. 
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Abstract. 

The Complexity of modern software systems requires automation of their development and maintenance at 

all stages of the software product life cycle. The article Presents the results of the creation of an automated control 

system planning phase when testing a complex software system. The features of the prototype system for software 

testing based on the construction of cause-effect diagrams are considered. An example of testing the program 

using this prototype is given. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʜʠʘ-

ʛʨʘʤʤʘ ʧʨʠʯʠʥ-ʩʣʝʜʩʪʚʠʡ. 

Keywords: software testing, automated system, cause-effect diagram. 

 

ɻʨʘʤʦʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡ-

ʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ ʝʛʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

[1,2]. ʉʦʚʨʝʤʝʥʥʦʝ ʇʆ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʥʦ-

ʞʝʩʪʚʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʧʦʜʩʠʩʪʝʤ ʤʦ-

ʜʫʣʝʡ). ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʧʨʝʜʲʷʚ-

ʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʠ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ʇʦʵʪʦʤʫ ʥʝʦʪʲ-

ʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ 

ʥʘ ʧʝʨʚʦʡ ʬʘʟʝ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʣʘʥʠʨʦ-

ʚʘʥʠʝ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ: 

ʦʮʝʥʢʘ ʦʙʲʝʤʘ ʠ ʩʣʦʞʥʦʩʪʠ ʨʘʙʦʪ; ʦʧʨʝʜʝʣʝʥʠʝ ʥʝ-

ʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ (ʯʝʣʦʚʝʯʝʩʢʠʭ, ʧʨʦʛʨʘʤʤʥʳʭ, 

ʘʧʧʘʨʘʪʥʳʭ); ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ, ʩʨʦʢʦʚ ʠ 

ʢʣʶʯʝʚʳʭ ʪʦʯʝʢ; ʦʮʝʥʢʘ ʨʠʩʢʦʚ; ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʙʷʟʘʥʥʦʩʪʝʡ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. 

2011 ʛʦʜʫ ɸ.ʉ. ʉʪʘʥʢʝʚʠʯ ʚ ʩʚʦʝʡ ʜʠʩʩʝʨʪʘʮʠʠ 

[1] ʨʘʩʩʤʦʪʨʝʣ ʧʦʜʦʙʥʳʝ ʪʝʩʪʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ, ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʣʠʤʧʠʘʜʘʭ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. 

ʆʥ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʣ ʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠ-

ʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʚ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ. ʆʣʝʛ ɻʦʜʦʚʳʭ ʚ ʩʪʘʪʴʝ [2] 

ʨʘʩʩʤʦʪʨʝʣ ʪʠʧʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ, ʪʝʭʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʝʸ ʨʝʘʣʠʟʘʮʠʠ. ɸʰʣʝʰʘ ʇʘʪʠʣ ʚ ʨʘʤʢʘʭ ʤʘ-

ʛʠʩʪʝʨʩʢʦʛʦ ʧʨʦʝʢʪʘ [3] ʨʘʟʨʘʙʦʪʘʣ ʦʥʣʘʡʥ ʧʨʠʣʦ-

ʞʝʥʠʝ Javabrat ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʮʝʥʠʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤ ʩʪʫʜʝʥʪʦʚ ʥʘ ʷʟʳʢʝ Java ʠ Scala. ɸʚʪʦʨ 

ʪʘʢʞʝ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʟʘʜʘ-

ʥʠʡ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ, 

ʥʦ ʚʩʸ ʨʘʚʥʦ ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛ-

ʯʘʶʪ ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʭʦʨʦʰʝʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʪʨʝʙʫʝʪʩʷ ʧʨʘʚʠʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʚʩʝʭ ʵʪʘʧʦʚ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ, ʦʩ-

ʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠ-

ʧʦʚ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʛʨʘʤʦʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʵʪʘʧʘ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʦʛʦ, ʥʘʠʙʦʣʝʝ ʫʩʪʦʷʚ-

ʰʝʛʦʩʷ ʩʨʝʜʩʪʚʘ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ [1]. ʉ ʮʝʣʴʶ 

ʫʤʝʥʴʰʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʨʝʜ-

ʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ [2], ʦʙʣʘʜʘʶʱʠʝ ʢʘʢ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢ ʠ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪ-

ʢʦʚ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʙʣʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ ʥʘ ʧʨʠ-

ʤʝʨʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʧʦ-

ʩʪʨʦʝʥʠʠ ʜʠʘʛʨʘʤʤ ʧʨʠʯʠʥ-ʩʣʝʜʩʪʚʠʡ. 

ɼʠʘʛʨʘʤʤʳ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚʳʭ ʚʘʨʠ-

ʘʥʪʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʘʣʴʥʫʶ ʟʘʧʠʩʴ ʣʦʛʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʝʡʩʪʚʠʡ [1, 3]. 

ʇʨʠ ʵʪʦʤ ʪʝʩʪʠʨʫʝʤʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ çʯʝʨʥʳʡ ʷʱʠʢè, ʧʦʚʝʜʝʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʝʛʦ ʚʭʦʜʦʚ ʠ ʚʳ-

ʭʦʜʦʚ. ʄʝʪʦʜ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦ-

ʩʪʨʦʝʥʠʠ ʜʠʘʛʨʘʤʤ ʧʨʠʯʠʥ-ʩʣʝʜʩʪʚʠʡ, ʚʢʣʶʯʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ [3, 4]: 

1) ʜʣʷ ʪʝʩʪʠʨʫʝʤʦʡ ʧʨʦʛʨʘʤʤʳ (ʠʣʠ ʦʪʜʝʣʴ-

ʥʦʛʦ ʪʝʩʪʠʨʫʝʤʦʛʦ ʤʦʜʫʣʷ) ʚʳʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʳ 

(ʫʩʣʦʚʠʷ ʚʚʦʜʘ ʠʣʠ ʢʣʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʫʩʣʦ-

ʚʠʡ ʚʚʦʜʘ) ʠ ʩʣʝʜʩʪʚʠʷ (ʜʝʡʩʪʚʠʷ ʠʣʠ ʫʩʣʦʚʠʷ ʚʳ-

ʚʦʜʘ); ʢʘʞʜʦʡ ʧʨʠʯʠʥʝ ʠ ʩʣʝʜʩʪʚʠʶ ʧʨʠʩʚʘʠʚʘʝʪʩʷ 

ʩʚʦʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ; 

2) ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʛʨʘʬ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥ-

ʥʳʭ ʩʚʷʟʝʡ; 

3) ʛʨʘʬ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʘʙʣʠʮʫ ʨʝʰʝʥʠʡ; 

4) ʩʪʦʣʙʮʳ ʪʘʙʣʠʮʳ ʨʝʰʝʥʠʡ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ 

ʪʝʩʪʦʚʳʝ ʚʘʨʠʘʥʪʳ; 

5) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʘʣʴʥʳʭ ʠ ʦʞʠ-

ʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ -ʦʪ ʥʝʙʦʣʴʰʠʭ ʧʨʦʛʨʘʤʤ, ʨʝʰʘʶ-

ʱʠʭ ʯʘʩʪʥʳʝ ʟʘʜʘʯʠ, ʜʦ ʤʦʱʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʳʭ ʩʨʝʜʩʪʚ. ʇʨʠʤʝʨʳ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʧʨʦʜʫʢ-

ʪʦʚ [3, 5]: 

1) JUnit - ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʤʦʜʫʣʴʥʦʛʦ ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʷʟʳʢʝ Java; 

2) Selenium - ʬʨʝʡʤʬʦʨʢ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ; 

3) Katalon Studio - ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʤʦ-

ʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʚʝʙ-ʩʝʨʚʠʩʦʚ; 

4) Watir - ʠʥʩʪʨʫʤʝʥʪ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ 

ʢʦʜʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʝʙ-ʧʨʠʣʦ-

ʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʙʠʙʣʠʦʪʝʢʠ Ruby. 

ɺʘʞʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʥʦʛʠʝ ʩʣʦʞʥʳʝ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʳʝ ʟʘʜʘʯʠ (ʥʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʢʘ ʪʝʩʪ-ʢʝʡʩʦʚ) 

ʦʩʪʘʶʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʚʦʟʣʦʞʝʥʥʳʤʠ ʥʘ ʯʝʣʦʚʝʢʘ - 

ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʪʝʩʪʠʨʦʚʘʥʠʶ. ɺ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʪʝ-

ʩʪʠʨʦʚʘʥʠʠ ʇʆ-ʤʝʪʦʜʦʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʧʦʩʪʨʦʝ-

ʥʠʠ ʜʠʘʛʨʘʤʤ ʧʨʠʯʠʥ-ʩʣʝʜʩʪʚʠʡ, ʩ ʧʦʤʦʱʴʶ ʧʝʨʝ-

ʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʩʨʝʜʩʪʚ ʰʘʛʠ ˉ 1-4 ʙʫʜʫʪ ʚʳʧʦʣ-

ʥʷʪʴʩʷ ʚʨʫʯʥʫʶ ʯʝʣʦʚʝʢʦʤ. ʊʨʝʙʫʝʪʩʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʵʪʠʭ ʜʝʡʩʪʚʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʪʝʩʪʠʨʦʚʘ-

ʥʠʶ. ʉ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʩʠʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
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ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ 

ʧʨʠʯʠʥ-ʩʣʝʜʩʪʚʠʡ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ: 

1) ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʜʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʯʠʥ ʠ 

ʩʣʝʜʩʪʚʠʡ; 

2) ʩʠʩʪʝʤʘ ʩʦʟʜʘʝʪ ʪʝʢʩʪʦʚʳʝ ʧʦʣʷ ʜʣʷ ʟʘʧʦʣ-

ʥʝʥʠʷ ʧʨʠʯʠʥ ʠ ʩʣʝʜʩʪʚʠʡ; 

3) ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʦʟʜʘʝʪ ʛʨʘʬ ʧʨʠʯʠʥ-ʩʣʝʜ-

ʩʪʚʠʡ (ʚ ʧʨʦʪʦʪʠʧʝ ʛʨʘʬ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʟʘʧʦʣ-

ʥʝʥʠʷ ʵʢʨʘʥʥʳʭ ʬʦʨʤ); 

4) ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʪʦʙʨʘʟʠʪʴ ʪʘʙʣʠʮʫ ʨʝʰʝ-

ʥʠʡ; 

5) ʩʠʩʪʝʤʘ ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʪʝʩʪʦ-

ʚʳʝ ʚʘʨʠʘʥʪʳ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʧʦʚʝʨʢʘ ʇʆ, ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʪʝʩʪʦʚʳʭ ʚʘʨʠʘʥʪʦʚ 

ʩʨʘʚʥʠʚʘʝʪ ʨʝʘʣʴʥʳʝ ʠ ʦʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳ-

ʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. 

ʇʨʦʪʦʪʠʧ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝʤ, 

ʧʦʩʪʨʦʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ HTML. CSS, 

JavaScript ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ NetBeans IDE [6]. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ ʇʆ ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ. ʊʨʝʙʫ-

ʝʪʩʷ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʨʘʩʯʝʪʘ ʯʠʩʣʘ ʘʢʢʫ-

ʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡ-

ʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ 

ʯʘʩʪʦʪʳ ʦʪʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ɼʣʷ ʩʣʫʯʘʷ, ʢʦ-

ʛʜʘ ʯʘʩʪʦʪʘ ʦʪʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʥʝ ʙʦʣʝʝ 1 

ʨʘʟʘ ʚ ʤʝʩʷʮ: 

1) ʝʩʣʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝ-

ʩʪʚʘ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʦ 1 ʯʘʩʫ, ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʂ ʙʘ-

ʪʘʨʝʡ; 

2) ʝʩʣʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝ-

ʩʪʚʘ ʙʦʣʴʰʝ 1 ʯʘʩʘ ʠ ʤʝʥʴʰʝ 12 ʯʘʩʦʚ, ʪʦ ʜʦʩʪʘ-

ʪʦʯʥʦ 1,5ʂ ʙʘʪʘʨʝʡ; 

3) ʝʩʣʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝ-

ʩʪʚʘ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ 12 ʯʘʩʘʤ, ʪʦ ʜʦʩʪʘʪʦʯʥʦ 2 ʂ 

ʙʘʪʘʨʝʡ. 

ɼʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʦʪʢʣʶʯʝʥʠʷ ʵʣʝʢ-

ʪʨʠʯʝʩʪʚʘ ʙʦʣʴʰʝ 1 ʨʘʟʘ ʚ ʤʝʩʷʮ, ʧʦʣʫʯʝʥʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 50 %. ʀʟʥʘʯʘʣʴʥʦ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ ʚʚʦʜʠʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʯʠʥ ʠ ʩʣʝʜʩʪʚʠʡ (ʨʠʩ. 

1). ʇʦʩʣʝ ʯʝʛʦ ʥʘʞʠʤʘʝʪ ʢʥʦʧʢʫ çʇʦʜʪʚʝʨʜʠʪʴ ʢʦ-

ʣʠʯʝʩʪʚʦ ʧʨʠʯʠʥ ʠ ʩʣʝʜʩʪʚʠʡè. 

 

 
ʈʠʩ. 1. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʯʠʥ ʠ ʩʣʝʜʩʪʚʠʡ 

 

ɼʘʣʝʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʧʦʣʥʷʝʪ ʚ ʩʦʟʜʘʥʥʳʭ ʪʝʢʩʪʦʚʳʭ ʧʦʣʷʭ ʥʘʟʚʘʥʠʷ ʧʨʠʯʠʥ (ʨʠʩ. 2) ʠ ʩʣʝʜʩʪʚʠʡ 

(ʨʠʩ. 3). 

 

 
ʈʠʩ. 2. ɿʘʧʦʣʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʠʯʠʥʘʭ 
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ʈʠʩ. 3. ɿʘʧʦʣʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʣʝʜʩʪʚʠʷʭ 

 

ʇʦʩʣʝ ʯʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʝʡ (ʨʠʩ. 4) ʠ ʥʘʞʠʤʘʝʪ ʥʘ ʢʥʦʧʢʫ çʇʦʜʪʚʝʨ-

ʜʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʝʡè. 

 

 
ʈʠʩ. 4. ʋʩʪʘʥʦʚʢʘ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʝʡ 

 

ɼʘʣʝʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʧʠʩʳʚʘʝʪ ʛʨʘʬ ʧʨʠʯʠʥ-ʩʣʝʜʩʪʚʠʡ ʩ ʧʦʤʦʱʴʶ ʨʘʩʢʨʳʚʘʶʱʠʭʩʷ ʩʧʠʩʢʦʚ (ʨʠʩ. 5). 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʩʚʷʟʝʡ ʥʘʞʠʤʘʝʪ ʢʥʦʧʢʫ çʇʦʜʪʚʝʨʜʠʪʴ ʩʚʷʟʠè. 

 

 
ʈʠʩ. 5. ʉʦʟʜʘʥʠʝ ʛʨʘʬʘ ʧʨʠʯʠʥ-ʩʣʝʜʩʪʚʠʡ 

 

ʉʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʛʝʥʝʨʠʨʫʝʪ ʠ ʦʪʦʙʨʘʞʘʝʪ ʥʘ ʵʢʨʘʥʝ ʪʘʙʣʠʮʫ ʨʝ-

ʰʝʥʠʡ (ʨʠʩ. 6) ʠ ʪʝʩʪʦʚʳʝ ʚʘʨʠʘʥʪʳ (ʨʠʩ. 7). 

 

 
ʈʠʩ. 6. ʊʘʙʣʠʮʘ ʨʝʰʝʥʠʡ 


