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ɸʥʥʦʪʘʮʠʷ 
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Abstract 

The article discusses the mutual influence between the computer industry and e-sports 

at the stages of its emergence, formation and current state. Also formulated hypothesis the 

significance of this relationship for eSports can have in the future (including in the long term). 

Keywords: esports, computer industry, IT industry, virtual reality, cloud games, 

blockchain, mobile games. 

 

ʂ ʧʦʥʷʪʠʶ çʢʠʙʝʨʩʧʦʨʪè 

ʊʝʤʘ ʢʠʙʝʨʩʧʦʨʪʘ ʚ ʥʘʰʠ ʜʥʠ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʢ, ʪʦʣʴʢʦ ʚ 

ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʝ e-library.RU ʧʦ ʧʦʠʩʢʦʚʦʤʫ ʟʘʧʨʦʩʫ 

çʢʠʙʝʨʩʧʦʨʪè ʚʳʜʘʝʪʩʷ ʧʦʯʪʠ 500 ʧʫʙʣʠʢʘʮʠʡ, ʪʨʠ ʯʝʪʚʝʨʪʠ ʠʟ ʢʦʪʦʨʳʭ ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ. 

ʆʙʩʫʞʜʝʥʠʝ ʧʨʦʙʣʝʤʘʪʠʢʠ ʢʠʙʝʨʩʧʦʨʪʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʯʘʪʴ ʩ ʙʘʟʦʚʦʛʦ 

ʧʦʥʷʪʠʷ çʩʧʦʨʪè. ʉʧʦʨʪ ʧʦ ʫʩʪʦʷʚʰʝʤʫʩʷ ʤʥʝʥʠʶ ï ʵʪʦ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʧʦ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʨʘʚʠʣʘʤ ʜʝʷʪʝʣʴʥʦʩʪʴ ʣʶʜʝʡ, ʩʦʩʪʦʷʱʘʷ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʠ/ʠʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ (ʩʦʨʝʚʥʦʚʘʥʠʠ), ʧʦʜʛʦʪʦʚʢʘ ʢ ʵʪʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (ʨʘʟʤʠʥʢʘ ʠ ʪʨʝʥʠʨʦʚʢʘ), ʘ ʪʘʢʞʝ ʤʝʞʣʠʯʥʦʩʪʥʳʝ ʦʪʥʦʰʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʝʸ ʧʨʦʮʝʩʩʝ [1].  

ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʜʦʩʫʛʦʤ, ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʨʘʟʨʷʜʢʦʡ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʤʥʦʛʠʭ 

ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʩʣʘʚʝ, ʩʧʦʨʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʘʚʠʪ ʮʝʣʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʧʩʠʭʦʬʠʟʠʯʝʩʢʠʭ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 

ʥʘʚʳʢʦʚ. 

ʀʩʪʦʨʠʯʝʩʢʠ ʚ ʩʧʦʨʪʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʚʘʣʦʩʴ ʬʠʟʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʙʘʟʠʨʫʶʱʝʤʩʷ ʥʘ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʟʥʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʀʥʪʝʨʥʝʪ-ʢʦʤʤʫʥʠʢʘʮʠʡ, ʩʪʘʣʠ 

ʘʢʪʠʚʥʦ ʢʫʣʴʪʠʚʠʨʦʚʘʪʴʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʚʠʜʳ ʩʧʦʨʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ (ʢʦʤʘʥʜʥʳʝ) ʠʛʨʳ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʦʪʨʘʩʣʴ (IT-ʠʥʜʫʩʪʨʠʷ, ʦʪ ʘʥʛʣ. information technology, IT) 

ʩʚʦʠʤʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʥʝ ʤʦʛʣʘ ʥʝ ʧʦʚʣʠʷʪʴ ʥʘ ʪʘʢʫʶ 

ʧʫʙʣʠʯʥʫʶ ʩʬʝʨʫ, ʢʘʢ ʩʧʦʨʪ. ɺʣʠʷʥʠʝ IT ʪʘʢ ʚʝʣʠʢʦ, ʯʪʦ ʵʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 



ð 6 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʧʦʷʚʠʪʴʩʷ ʥʘ ʩʚʝʪ ʦʩʦʙʦʤʫ ʚʠʜʫ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʢʠʙʝʨʩʧʦʨʪʫ, 

ʬʫʥʜʘʤʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ ʚʠʜʝʦʠʛʨ [2]. 

ʉʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ, çʢʠʙʝʨʩʧʦʨʪ ï ʵʪʦ ʩʦʨʝʚʥʦʚʘʥʠʷ ʚ 

ʚʠʨʪʫʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʜʝ ʠʛʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʲʝʢʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʚʥʳʝ ʫʩʣʦʚʠʷ ʩʦʩʪʷʟʘʥʠʡ ʯʝʣʦʚʝʢʘ ʩ ʯʝʣʦʚʝʢʦʤ ʠʣʠ 

ʢʦʤʘʥʜʳ ʩ ʢʦʤʘʥʜʦʡè [3]. ʂʠʙʝʨʩʧʦʨʪ ʚ ʥʘʰʠ ʜʥʠ ʩʪʘʣ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʢʦʤʤʝʨʯʝʩʢʠʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʠʥʜʫʩʪʨʠʠ ʨʘʟʚʣʝʯʝʥʠʡ ʩ ʙʶʜʞʝʪʘʤʠ, ʠʟʤʝʨʷʝʤʳʤʠ ʤʠʣʣʠʦʥʘʤʠ 

ʜʦʣʣʘʨʦʚ. ʉʦʛʣʘʩʥʦ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ, ʧʨʠʙʳʣʴʥʦʩʪʴ ʢʠʙʝʨʩʧʦʨʪʘ ʢʘʞʜʳʡ ʛʦʜ 

ʨʘʩʪʝʪ ʥʘ 20-40% ʠ ʢ ʢʦʥʮʫ 2019 ʛ., ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʧʨʝʚʳʩʠʪ 1 ʤʠʣʣʠʘʨʜ ʜʦʣʣʘʨʦʚ [4]. 

ɺ ʢʠʙʝʨʩʧʦʨʪʝ ʚʳʜʝʣʷʶʪ 5 ʢʘʪʝʛʦʨʠʡ: 

1. ʊʨʝʭʤʝʨʥʳʝ ʰʫʪʝʨʳ (3D shooter) ï ʩʠʤʫʣʷʮʠʷ ʚʝʜʝʥʠʷ ʙʦʷ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ (ʢʦʤʘʥʜʘʤʠ) ʠʛʨʦʢʦʚ (ʥʘʧʨʠʤʝʨ, çCounter Strike: Global 

Offensiveè). 

2. ʊʘʢʪʠʢʦ-ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʠʛʨʘ ï ʚ ʠʛʨʝ ʧʨʦʠʩʭʦʜʷʪ ʩʨʘʞʝʥʠʷ ʤʝʞʜʫ 

ʘʨʤʠʷʤʠ ʠʛʨʦʚʳʭ ʝʜʠʥʠʮ ʠʛʨʦʢʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʩʪʦʨʦʥ 

(ʥʘʧʨʠʤʝʨ, çStarcraftè, çWarcraftè). 

3. ʂʦʤʘʥʜʥʳʝ ʨʦʣʝʚʳʝ ʠʛʨʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʪʘʢʪʠʢʦ-ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʠʛʨʳ 

(ʠʛʨʦʢ ʫʧʨʘʚʣʷʝʪ ʩʚʦʝʡ ʝʜʠʥʠʯʥʦʡ ʤʦʜʝʣʴʶ, ʨʘʟʚʠʚʘʷ ʝʸ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʠʛʨʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʤʦʜʝʣʷʤʠ ʜʨʫʛʠʭ ʠʛʨʦʢʦʚ 

(ʥʘʧʨʠʤʝʨ, çLeague of Legendsè ʠ çDefense of the Ancients 2è (çDotA 

2è)). 

4. ʊʝʭʥʠʯʝʩʢʠʝ ʩʠʤʫʣʷʪʦʨʳ ï ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʠ ʘʚʠʘʮʠʦʥʥʳʝ (ʥʘʧʨʠʤʝʨ, 

çF1è ʠ çWar Thunderè). 

5. ʉʠʤʫʣʷʪʦʨʳ ʩʧʦʨʪʠʚʥʳʭ ʠʛʨ ï ʬʫʪʙʦʣ, ʭʦʢʢʝʡ, ʙʘʩʢʝʪʙʦʣ (ʥʘʧʨʠʤʝʨ, 

çFIFAè, çNBAè, çNHLè).  

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2019 ʛʦʜ ʚ ʯʠʩʣʝ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʭ 

ʜʠʩʮʠʧʣʠʥ ï ʪʨʸʭʤʝʨʥʳʝ ʰʫʪʝʨʳ (3D shooter), ʩʠʤʫʣʠʨʫʶʱʠʝ ʙʦʡ ʤʝʞʜʫ ʢʦʤʘʥʜʘʤʠ 

ʠʛʨʦʢʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʠʣʠ ʬʘʥʪʘʩʪʠʯʝʩʢʦʤ ʦʨʫʞʠʠ, ʩʠʤʫʣʷʪʦʨʳ ʩʧʦʨʪʠʚʥʳʭ ʠʛʨ 

(ʩʝʨʠʷ ʠʛʨ FIFA); ʩʪʨʘʪʝʛʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (StarCraft) ʠ ʢʦʤʘʥʜʥʳʝ ʨʦʣʝʚʳʝ ʠʛʨʳ 

ʩ ʵʣʝʤʝʥʪʘʤʠ ʪʘʢʪʠʢʦ-ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʠʛʨʳ (League of Legends, Dota 2). 

ʂʠʙʝʨʩʧʦʨʪ ʢʘʢ ʧʦʨʦʞʜʝʥʠʝ IT-ʠʥʜʫʩʪʨʠʠ. ʇʝʨʚʳʝ ʠʛʨʳ. 

ʇʦʷʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʩʝʪʝʚʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʩʪʘʣʦ ʧʦʯʚʦʡ ʜʣʷ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʢʠʙʝʨʩʧʦʨʪʘ.  

ʇʝʨʚʳʝ ʕɺʄ ʧʦʷʚʠʣʠʩʴ ʚ 1940-ʭ ʛʦʜʘʭ. ɺ ʩʠʣʫ ʩʣʘʙʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʝʨʚʳʭ ʕɺʄ, ʜʦʨʦʛʦʚʠʟʥʳ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʥʝʨʘʟʚʠʪʦʩʪʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʠʙʝʨʩʧʦʨʪʘ ʚ ʤʠʨʝ ʩʦʩʪʦʷʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ: 

ʧʝʨʚʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳ ʩ ʪʝʢʩʪʦʚʳʤ ʠʥʪʝʨʬʝʡʩʦʤ (ʘʥʛʣ. text user interface, TUI) 

ʧʦʷʚʠʣʠʩʴ ʣʠʰʴ ʚ 1960-ʭ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʢʠʙʝʨʩʧʦʨʪʫ, ʜʘʪʦʡ ʝʛʦ ʟʘʨʦʞʜʝʥʠʷ 

ʩʯʠʪʘʝʪʩʷ 9 ʦʢʪʷʙʨʷ 1972 ʛʦʜʘ, ʢʦʛʜʘ ʩʦʩʪʦʷʣʩʷ ʧʝʨʚʳʡ ʪʫʨʥʠʨ ʧʦ ʚʠʜʝʦʠʛʨʘʤ ï 

çʄʝʞʛʘʣʘʢʪʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ ʧʦ Spacewarè (çIntergalactic Spacewar olympicsè) [5]. 

ɺ 1978 ʛʦʜʫ ʫʩʧʝʭ ʚʠʜʝʦʠʛʨʳ çSpace Invadersè ʥʘ ʠʛʨʦʚʳʭ (ʘʨʢʘʜʥʳʭ) ʘʚʪʦʤʘʪʘʭ 

ʤʦʪʠʚʠʨʦʚʘʣ ʠʥʚʝʩʪʦʨʦʚ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʤʦʣʦʜʫʶ ʠʛʨʦʚʫʶ ʠʥʜʫʩʪʨʠʶ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʠʛʨʝ ʥʘʯʘʣʦʩʴ ʨʘʟʚʠʪʠʝ ʘʨʢʘʜʥʳʭ ʘʚʪʦʤʘʪʦʚ, ʯʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʝʨʚʦʡ 

ʩʪʫʧʝʥʴʶ ʩʪʘʥʦʚʣʝʥʠʷ ʠʛʨʦʚʦʡ ʠʥʜʫʩʪʨʠʠ [6]. ʏʝʤʧʠʦʥʘʪ ʧʦ ʠʛʨʝ çSpace Invadersè ʚ 

ʉʐɸ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ Atari ʚ 1981 ʛʦʜʫ, ʧʨʦʰʝʣ ʚ ʥʝʙʳʚʘʣʳʭ ʜʣʷ ʪʦʛʦ 

ʚʨʝʤʝʥʠ ʤʘʩʰʪʘʙʘʭ ï ʙʦʣʝʝ 10 ʪʳʩʷʯ ʫʯʘʩʪʥʠʢʦʚ.   

ʆʪʤʝʪʠʤ, ʯʪʦ ʘʨʢʘʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ çʞʘʥʨ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʢʦʨʦʪʢʠʤ ʧʦ ʚʨʝʤʝʥʠ, ʥʦ ʠʥʪʝʥʩʠʚʥʳʤ ʠʛʨʦʚʳʤ ʧʨʦʮʝʩʩʦʤè [7]. 

ʇʦʩʣʝ ʩʧʘʜʘ ʨʳʥʢʘ ʘʨʢʘʜʥʳʭ ʘʚʪʦʤʘʪʦʚ ʧʦʷʚʠʣʘʩʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʳʭ 

ʧʣʘʪʬʦʨʤʘʭ, ʩʧʦʩʦʙʥʳʭ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɹʣʘʛʦʜʘʨʷ ʠʥʚʝʩʪʠʮʠʷʤ ʫʜʘʣʦʩʴ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 7 ð   

 

ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʚʥʝʜʨʠʪʴ ʥʦʚʫʶ ʧʣʘʪʬʦʨʤʫ ï ʧʨʠʩʪʘʚʢʠ ʢ ʪʝʣʝʚʠʟʦʨʘʤ (ʢʦʥʩʦʣʠ), ʯʪʦ 

ʦʪʢʨʳʣʦ ʠʛʨʦʚʦʡ ʠʥʜʫʩʪʨʠʠ ʚʪʦʨʦʝ ʜʳʭʘʥʠʝ. ʊʘʢ, ʚ 1983 ʛʦʜʫ ʢʦʤʧʘʥʠʷ Nintendo 

ʚʳʧʫʩʪʠʣʘ ʨʝʚʦʣʶʮʠʦʥʥʫʶ ʜʣʷ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ ʢʦʥʩʦʣʴ çNintendo Entertainment 

Systemè, ʠʛʨʦʚʘʷ ʠʥʜʫʩʪʨʠʷ ʥʘʯʘʣʘ ʚʦʟʨʦʞʜʘʪʴʩʷ, ʘ ʚʤʝʩʪʝ ʩ ʥʝʡ ʥʘ ʥʦʚʳʡ ʚʠʪʦʢ 

ʧʦʧʫʣʷʨʥʦʩʪʠ ʚʳʰʣʘ ʠ ʝʸ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʘʷ ʯʘʩʪʴ. 

ʀʛʨʦʚʳʝ ʧʨʠʩʪʘʚʢʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʩʝʛʦʜʥʷ. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʚ ʢʦʪʦʨʳʭ ʫʜʦʙʥʝʝ ʩʦʨʝʚʥʦʚʘʪʴʩʷ, ʠʩʧʦʣʴʟʫʷ 

ʠʤʝʥʥʦ ʢʦʥʩʦʣʴ, ʥʘʧʨʠʤʝʨ, ʩʧʦʨʪʠʚʥʳʝ ʩʠʤʫʣʷʪʦʨʳ ʠʣʠ ʬʘʡʪʠʥʛʠ. ʂʨʫʧʥʝʡʰʠʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʠʛʨʦʚʳʭ ʢʦʥʩʦʣʝʡ ʚ ʥʘʰʠ ʜʥʠ ʷʚʣʷʶʪʩʷ Nintendo, Sony ʠ Microsoft. 

ɺ ʪʝʯʝʥʠʝ 1980-ʭ ʛʦʜʦʚ ʩ ʣʘʚʠʥʦʦʙʨʘʟʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ ʥʘ ʨʳʥʢʝ ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʟʚʠʪʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ (ʘʥʛʣ. graphic user interface, GUI).  

ʆʪʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʨʘʟʚʠʪʠʶ ʠʛʨʦʚʦʡ ʠʥʜʫʩʪʨʠʠ ʜʘʣʦ ʧʦʷʚʣʝʥʠʝ ʠ 

ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ, ʧʦʟʞʝ ʧʦʜʢʣʶʯʠʚʰʠʭʩʷ ʢ ʤʠʨʦʚʦʡ 

ʩʝʪʠ ʀʥʪʝʨʥʝʪ (1970-ʝ ï ʥʘʯʘʣʦ 1990-ʭ ʛʛ.). ɼʦ ʵʨʳ ʩʝʪʝʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʠʛʨʘ ʧʦʜʨʘʟʫʤʝʚʘʣʘ ʥʝ ʙʦʨʴʙʫ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʦʜʥʦʤ ʚʠʨʪʫʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʧʦʧʳʪʢʠ ʧʦ ʦʯʝʨʝʜʠ ʧʦʢʘʟʘʪʴ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʦʜʥʦʤ ʠʛʨʦʚʦʤ 

ʫʩʪʨʦʡʩʪʚʝ. ʅʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʩʝʪʝʚʳʭ ʠʛʨ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʛʨʘʪʴ ʩ ʜʨʫʛʠʤʠ 

ʠʛʨʦʢʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʃʦʢʘʣʴʥʳʝ ʩʝʪʠ ʠ ʀʥʪʝʨʥʝʪ ʣʝʛʢʦ 

ʠʥʪʝʛʨʠʨʦʚʘʣʠʩʴ ʚ ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳ, ʫʩʪʨʘʥʷʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʛʨʦʢʘʤʠ ï 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʙʘʨʴʝʨ ʜʣʷ ʢʦʤʘʥʜʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʡ ʚ ʦʥʣʘʡʥʝ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʝ ʜʠʩʮʠʧʣʠʥʳ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʩʪʷʟʘʥʠʷ ʠʤʝʥʥʦ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ.  

ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʛʨʦʢʦʚ ʚ ʩʝʪʷʭ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʨʦʪʦʢʦʣ ʫʜʘʣʸʥʥʦʛʦ ʜʦʩʪʫʧʘ Telnet, ʜʦ ʩʠʭ ʧʦʨ ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʩʪʝʢʘ TCP/IP. Telnet 

(ʦʪ ʘʥʛʣ. TErminaL NETwork) ï ʩʦʛʣʘʩʥʦ RFC 854 ʵʪʦ ʧʨʦʪʦʢʦʣ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʪʝʢʩʪʦʚʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʚ ʩʝʪʠ ʯʝʨʝʟ ʚʠʨʪʫʘʣʴʥʳʡ ʪʝʨʤʠʥʘʣ. ɼʘʥʥʳʝ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʩ ʫʧʨʘʚʣʷʶʱʠʤʠ ʢʦʤʘʥʜʘʤʠ Telnet ʚ ʚʦʩʴʤʠʙʠʪʥʳʡ ʙʘʡʪ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʢʦʜ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʧʦ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʪʦʢʦʣʫ TCP.  

ʉʘʤʘʷ ʧʝʨʚʘʷ ʦʥʣʘʡʥ-ʠʛʨʘ ʥʘ ʦʩʥʦʚʝ Telnet çMulti-user Dungeonè (MUD) ʙʳʣʘ 

ʩʦʟʜʘʥʘ ʚ 1978 ʛʦʜʫ (ʨʘʟʨʘʙʦʪʯʠʢʠ ʈʠʯʘʨʜ ɹʘʨʪʣ ʠ ʈʦʡ ʊʨʘʙʰʦʫ). ʕʪʦ ʙʳʣʘ ʪʝʢʩʪʦʚʘʷ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʠʛʨʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʵʣʝʤʝʥʪʳ 

ʨʦʣʝʚʦʡ ʠʛʨʳ, hack-and-slash (ʠʩʪʨʝʙʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʧʨʦʪʠʚʥʠʢʦʚ ʚ ʙʣʠʞʥʝʤ ʙʦʶ), 

interactive fiction (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʛʨʦʢʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ) ʠ 

ʦʙʷʟʘʪʝʣʴʥʦ ʯʘʪ, ʨʘʟʜʝʣʸʥʥʳʡ ʥʘ ʢʘʥʘʣʳ. ʀʛʨʦʚʦʡ ʧʨʦʮʝʩʩ ʩʚʦʜʠʣʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʤʠʨʘ ʠʛʨʳ, ʨʘʟʚʠʪʠʶ ʠʛʨʦʚʦʛʦ ʧʝʨʩʦʥʘʞʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʜʨʫʛʠʤʠ ʠʛʨʦʢʘʤʠ. 

ʀʛʨʦʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ ʚʠʨʪʫʘʣʴʥʳʤ ʤʠʨʦʤ ʧʨʠ ʧʦʤʦʱʠ ʪʝʢʩʪʦʚʳʭ ʢʦʤʘʥʜ, 

ʧʦʩʳʣʘʷ ʠʭ ʫʜʘʣʝʥʥʦʤʫ ʩʝʨʚʝʨʫ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ. 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʠʛʨ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʩʪʘʣʘ ʘʨʢʘʜʘ çNetrekè, 

ʚʳʧʫʱʝʥʥʘʷ ʚ 1988 ʛʦʜʫ [8]. çNetrekè ï ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʦʥʣʘʡʥ-ʠʛʨʘ ʚ ʞʘʥʨʘʭ ʩʪʨʘʪʝʛʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʰʫʪʝʨ. ɺ ʠʛʨʝ ʤʦʛʣʠ ʧʨʠʥʠʤʘʪʴ 

ʫʯʘʩʪʠʝ ʜʦ ʰʝʩʪʥʘʜʮʘʪʠ ʠʛʨʦʢʦʚ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʦ ʢʦʤʘʥʜʘʤ (ʜʦ ʯʝʪʳʨʸʭ ʢʦʤʘʥʜ), 

ʢʦʪʦʨʳʝ ʧʳʪʘʣʠʩʴ ʚʳʚʝʩʪʠ ʠʟ ʩʪʨʦʷ ʠʣʠ ʫʥʠʯʪʦʞʠʪʴ ʢʦʩʤʠʯʝʩʢʠʝ ʢʦʨʘʙʣʠ ʩʚʦʠʭ 

ʦʧʧʦʥʝʥʪʦʚ ʠ ʟʘʭʚʘʪʳʚʘʪʴ ʚʨʘʞʝʩʢʠʝ ʧʣʘʥʝʪʳ, ʚʳʩʘʞʠʚʘʷ ʜʝʩʘʥʪ. ʅʘ ʤʦʤʝʥʪ ʚʳʭʦʜʘ 

ʠʛʨʘ ʙʳʣʘ ʥʦʚʘʪʦʨʩʢʦʡ ʚʦ ʤʥʦʛʠʭ ʘʩʧʝʢʪʘʭ: ʚʘʞʥʳʤ ʩʠʩʪʝʤʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʩʪʘʣʦ 

ʥʘʣʠʯʠʝ ʤʦʜʝʤʘ. ʇʠʢ ʧʦʧʫʣʷʨʥʦʩʪʠ çNetrekè ʧʨʠʰʸʣʩʷ ʥʘ ʩʝʨʝʜʠʥʫ ʠ ʢʦʥʝʮ 90-ʭ ʛʦʜʦʚ: 

ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʩʫʱʝʩʪʚʦʚʘʣʠ ʩʚʦʠ ʣʠʛʠ, ʘ ʪʘʢʞʝ ʧʨʦʭʦʜʠʣʠ ʦʙʱʠʝ (ʦʪʢʨʳʪʳʝ) 

ʠʛʨʳ, ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʢʦʪʦʨʳʭ ʤʦʛʣʠ ʚʩʝ ʞʝʣʘʶʱʠʝ. ʀ ʜʦ ʩʠʭ ʧʦʨ ʫ ʵʪʦʡ ʠʛʨʳ ʝʩʪʴ 

ʧʦʢʣʦʥʥʠʢʠ, ʨʝʛʫʣʷʨʥʦ ʟʘʭʦʜʷʱʠʝ ʥʘ ʩʝʨʚʝʨ ʠʛʨʳ [9]. 

https://ru.bmstu.wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA


ð 8 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɺ ʠʥʪʝʨʥʝʪ-ʠʛʨʝ çNetrekè ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʥʦʚʠʥʢʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʪʦʛʦ ʚʨʝʤʝʥʠ. ʀʛʨʘ ʩʦʚʤʝʱʘʣʘ ʚ ʩʝʙʝ ʞʘʥʨ ʩʪʨʘʪʝʛʠʠ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʠ ʰʫʪʝʨ. ɺ ʥʝʡ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ, 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʥʣʘʡʥ-ʠʛʨ: 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ: ʙʳʩʪʨʦʛʦ, ʥʦ ʥʝ ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ ʥʘʜʝʞʥʦʩʪʴ 

UDP, ʠ ʥʘʜʸʞʥʦʛʦ, ʥʦ ʤʝʜʣʝʥʥʦʛʦ TCP. 

¶ ʄʝʭʘʥʠʟʤ ʧʨʦʪʠʚ ʯʠʪ-ʢʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʩ ʦʪʢʨʳʪʳʤ ʢʣʶʯʦʤ (ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʘ 

RSA), ʧʨʝʜʦʩʪʘʚʣʷʚʰʠʡ ʙʘʟʦʚʫʶ ʟʘʱʠʪʫ ʦʪ ʩʝʪʝʚʳʭ ʘʪʘʢ ʪʠʧʘ çMan in 

the Middleè (MITM, çʯʝʣʦʚʝʢ ʧʦʩʝʨʝʜʠʥʝè). 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘ-ʩʝʨʚʝʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʠʩʢʘ 

ʩʝʨʚʝʨʦʚ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʠʛʨʳ. 

¶ ʅʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʠʛʨʳ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʦʜʥʠʤ ʢʣʠʝʥʪʦʤ. ʇʨʠ 

ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʠʛʨʝ ʩʝʨʚʝʨ ʩʦʦʙʱʘʝʪ ʢʣʠʝʥʪʫ ʦ ʪʦʤ, ʢʘʢʠʝ ʬʫʥʢʮʠʠ 

ʠʛʨʳ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ. 

ɺʣʠʷʥʠʝ ʢʠʙʝʨʩʧʦʨʪʘ ʥʘ ʨʘʟʚʠʪʠʝ IT ʠʥʜʫʩʪʨʠʠ 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʠʙʝʨʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʘʤʦʡ IT-

ʩʬʝʨʳ. ʆʥ ʩʦʟʜʘʝʪ ʩʪʠʤʫʣ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʷʜʘ IT-ʥʘʧʨʘʚʣʝʥʠʡ: ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ 

ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ, ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʩʝʪʠ ʠ ʜʘʞʝ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ.  

ʊʘʢ, ʢʠʙʝʨʩʧʦʨʪ ʥʫʞʜʘʝʪʩʷ ʚ ʤʦʱʥʦʤ ʘʧʧʘʨʘʪʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. ɼʣʷ ʧʦʜʜʝʨʞʢʠ 

ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʛʨʦʢʦʚ ʚ ʦʜʥʦ ʚʨʝʤʷ ʚ 

ʦʜʥʦʤ ʚʠʨʪʫʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʨʝʙʫʶʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʢʠʙʝʨʩʧʦʨʪ ʜʘʸʪ ʩʪʠʤʫʣ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ, ʘ ʪʘʢʞʝ ʨʳʥʦʢ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʠʥʦʢ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʜʚʠʥʫʪʴ ʩʚʦʶ ʪʝʭʥʠʢʫ ʠ ʟʘʨʝʢʦʤʝʥʜʦʚʘʪʴ ʚ 

ʩʝʙʷ ʚ ʛʣʘʟʘʭ ʩʚʦʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  

ɺ 2019 ʛʦʜʫ ʙʳʣʦ ʚʳʧʫʱʝʥʦ ʤʥʦʛʦ ʥʦʚʠʥʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʢʠʙʝʨʩʧʦʨʪʘ. 

ASUS ʧʦʢʘʟʘʣʘ ʥʦʚʳʝ ʥʦʫʪʙʫʢʠ ʜʣʷ ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʭ ʠʛʨ [10] ʩ ʥʦʚʝʡʰʠʤʠ 

ʧʨʦʮʝʩʩʦʨʘʤʠ IntelCore ʜʝʚʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʚʠʜʝʦʢʘʨʪʘʤʠ NVIDIA GeForce RTX.  

ʂʦʤʧʘʥʠʷ Intel ʧʨʝʜʩʪʘʚʠʣʘ ʧʝʨʚʳʡ, ʧʦ-ʩʫʪʠ, ʤʠʥʠ-ʢʦʤʧʴʶʪʝʨ ʩʝʨʠʠ SkullCanyon 

(ʤʦʜʝʣʴ NUC6i7KYK), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʛʝʡʤʝʨʦʚ. ɺ ʢʦʤʧʘʢʪʥʦʤ ʢʦʨʧʫʩʝ 

ʨʘʟʤʝʨʘʤʠ 216 ʭ 116 ʭ 23 ʤʤ ʨʘʟʤʝʩʪʠʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ "ʞʝʣʝʟʦ", 

ʢʦʪʦʨʦʝ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʪʨʝʤʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʢʣʶʯʝʥʥʳʤʠ 4K-ʤʦʥʠʪʦʨʘʤ, ʥʦ 

ʪʦʣʴʢʦ ʝʩʣʠ ʨʝʯʴ ʠʜʸʪ ʧʨʦ ʨʘʙʦʪʫ ʠ ʚʳʧʦʣʥʝʥʠʝ ʥʝʩʣʦʞʥʳʭ ʟʘʜʘʯ.  

ɻʨʘʬʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʛʨʝ ʚʳʧʦʣʥʷʝʪ 

ʧʝʨʚʦʦʯʝʨʝʜʥʫʶ ʨʦʣʴ. ɿʜʝʩʴ ʜʦʣʞʥʦ ʙʳʪʴ ʨʝʰʝʥʦ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ: ʠʣʣʶʩʪʨʠʨʦʚʘʥʠʝ 

ʠ ʜʠʟʘʡʥ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʝʨʩʦʥʘʞʝʡ; ʧʨʦʨʘʙʦʪʢʘ ʠʛʨʦʚʦʛʦ ʤʠʨʘ ʩ ʥʝʧʦʚʪʦʨʠʤʦʡ 

ʘʪʤʦʩʬʝʨʦʡ ʠ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ; ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʮʝʣʝʚʫʶ ʘʫʜʠʪʦʨʠʶ; ʫʜʝʨʞʘʥʠʝ 

ʚʥʠʤʘʥʠʷ ʠʛʨʦʢʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʠʤ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʬʝʡʩʘ; ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʦʡ ʥʘʚʠʛʘʮʠʠ ʧʦ ʠʛʨʦʚʦʤʫ ʤʠʨʫ, ʧʦʤʦʛʘʶʱʝʡ ʠʛʨʦʢʫ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ; ʩʦʟʜʘʥʠʝ ʩʧʝʮʵʬʬʝʢʪʦʚ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʘʤʦʛʦ 

ʧʝʨʩʦʥʘʞʘ ʩ ʤʠʨʦʤ ʚ ʮʝʣʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʜʠʟʘʡʥʘ ʠʛʨ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʠ ʦʛʨʦʤʥʫʶ ʠʥʜʫʩʪʨʠʶ, ʜʚʠʛʘʶʱʫʶ ʧʨʦʛʨʝʩʩ ʚʧʝʨʝʜ [11].  

ɿʜʝʩʴ ʞʝ ʫʤʝʩʪʥʦ ʙʫʜʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʨʘʩʣʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʪʨʝʙʫʝʪ 

ʥʘʣʠʯʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ï ʦʜʥʘ ʠʟ 

ʦʩʥʦʚʥʳʭ ʦʪʨʘʩʣʝʡ, ʚʣʠʷʶʱʘʷ ʥʘ ʨʘʟʚʠʪʠʝ ʢʠʙʝʨʩʧʦʨʪʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʩʳʱʝʥʥʳʝ 

ʛʨʘʬʠʢʦʡ ʠʛʨʳ, ʷʚʣʷʶʪʩʷ ʩʝʨʴʸʟʥʦʡ ʧʨʦʚʝʨʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 9 ð   

 

ʩʠʩʪʝʤʳ, ʦʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʨʝʟʫʣʴʪʘʪ ʢʠʙʝʨʩʧʦʨʪʩʤʝʥʘ ʠ, ʥʝʨʝʜʢʦ, ʩʫʜʴʙʘ ʜʦʚʦʣʴʥʦ 

ʙʦʣʴʰʦʛʦ ʧʨʠʟʘ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʨʳʥʢʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʨʦʚ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʪ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ ʩʚʦʸ ʦʙʦʨʫʜʦʚʘʥʠʝ.  

ʊʘʢ, ʚ 2020 ʛoʜy Intel ʧʣʘʥʠʨʫʝʪ ʚʳʧyʩʪʠʪʴ ʧepʚʳe peʰeʥʠʷ ʥa ʙaʟe ʛpaʬʠʯecʢʦʡ 

ʘʨʭʠʪʝʢʪyʨʳ Xe [12]. ɼʠʩʢʨeʪʥʳe ʚʠʜeoʢaʨʪʳ ʥa ʙaʟe Intel Xe ʧʦʣʫʯaʪ ʧoʜʜeʨʞʢʫ 

ʪʨaʩʩʠʨoʚʢʠ ʣyʯeʡ ʚ ʨʝʘʣʴʥoʤ ʚʨeʤeʥʠ. ɸʧʧʘpʘʪʥʦe ʫcʢoʨeʥʠe ʪʨaccʠʨoʚʢʠ ʣʫʯeʡ 

ʙyʜeʪ ʨaʙoʪaʪʴ ʥa ʙʘʟe API Intel Rendering Framework. ɸʨʭʠʪʝʢʪʫʨʘ Intel Xe ʜoʣʞʥʘ 

ʦʙʝcʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʦʝ ʯʠʩʣʦ ʢʘʜʨoʚ ceʢʫʥʜʫ ʚ ʢʠʙeʨcʧoʨʪʠʚʥʳʭ ʠʛpax.  

ʂʠʙʝʨʩʧʦʨʪʠʚʥʳʝ ʪʨʘʥʩʣʷʮʠʠ ʚʘʞʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʠʙʝʨʩʧʦʨʪʘ, ʪ.ʢ. 

ʙʦʣʴʰʠʥʩʪʚʫ ʟʨʠʪʝʣʝʡ ʫʜʦʙʥʝʡ ʥʝ ʝʟʜʠʪʴ ʥʘ ʢʘʞʜʦʝ ʢʠʙʝʨʩʧʦʨʪʠʚʥʦʝ ʩʦʙʳʪʠʝ, ʘ 

ʩʣʝʜʠʪʴ ʟʘ ʭʦʜʦʤ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ ʩ ʵʢʨʘʥʦʚ ʩʤʘʨʪʬʦʥʦʚ, ʜʦʤʘʰʥʠʭ ʪʝʣʝʚʠʟʦʨʦʚ ʠʣʠ 

ʢʦʤʧʴʶʪʝʨʦʚ. ʂʠʙʝʨʩʧʦʨʪʠʚʥʳʝ ʪʨʘʥʩʣʷʮʠʠ ʧʦʷʚʠʣʠʩʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʙʳʩʪʨʳʡ ʠʥʪʝʨʥʝʪ 

ʧʦʟʚʦʣʠʣ ʧʝʨʝʜʘʚʘʪʴ ʤʫʣʴʪʠʤʝʜʠʡʥʳʡ ʪʨʘʬʠʢ. ʂʨʫʧʥʳʝ ʩʪʨʠʤʝʨʩʢʠʝ ʧʣʦʱʘʜʢʠ, ʪʘʢʠʝ 

ʢʘʢ twitch.tv ʠʣʠ youtube.com ï ʵʪʦ ʢʘʪʘʣʦʛʠ, ʛʜʝ ʤʦʞʥʦ ʤʦʤʝʥʪʘʣʴʥʦ ʥʘʡʪʠ ʪʨʘʥʩʣʷʮʠʶ 

ʧʦ ʠʥʪʝʨʝʩʫʶʱʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢʠʙʝʨʩʧʦʨʪʠʚʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʠʣʠ ʠʛʨʝ.   

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, NVIDIA ʧʨʝʜʩʪʘʚʠʣʘ ʧʨʦʝʢʪ SDK RTX Broadcast Engine, 

ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʚ ʠʥʪʝʛʨʘʮʠʠ ʩ Open Broadcaster Software (OBS) ʠ XSplit [13]. 

ʇʨʦʛʨʘʤʤʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʥʟʦʨʥʳʝ ʷʜʨʘ RTX, ʠ ʜʣʷ ʟʘʧʫʩʢʘ ʧʦʪʨʝʙʫʶʪʩʷ 

ʚʠʜʝʦʢʘʨʪʳ ʥʝ ʩʣʘʙʝʝ GeForce RTX 2060. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʤʦʞʝʪ ʦʪʣʠʯʠʪʴ 

ʬʦʥ ʦʪ ʩʪʨʠʤʝʨʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʪʘʚʠʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʠʜʝʦ ʥʘ ʟʘʜʥʠʡ ʧʣʘʥ ʙʝʟ 

ʫʩʪʘʥʦʚʢʠ ʟʝʣʸʥʦʛʦ ʵʢʨʘʥʘ (ʭʨʦʢʘʤʝʷ). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

ʩʤʦʞʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʤʠʤʠʢʫ ʯʝʣʦʚʝʢʘ ʠ ʧʦʚʪʦʨʷʪʴ ʝʸ ʥʘ ʣʠʮʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʛʝʨʦʷ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʥʘʢʣʘʜʳʚʘʪʴ ʬʠʣʴʪʨʳ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʚʝʙ-ʢʘʤʝʨʳ. 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʩʬʝʨʝ IT, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦ 

ʤʥʦʛʦʤ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʢʠʙʝʨʩʧʦʨʪʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

¶ ʊʝʭʥʦʣʦʛʠʷ VR (ʘʥʛʣ. virtual reality, ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ). 

VR-ʢʠʙʝʨʩʧʦʨʪ ʩʪʘʥʦʚʠʪʩʷ ʠʥʪʝʨʝʩʥʳʤ, ʢʦʛʜʘ ʠʛʨʦʢʠ ʥʝ ʩʪʦʷʪ ʠʣʠ ʩʠʜʷʪ ʥʘ 

ʤʝʩʪʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ VR ʙʝʛʦʚʳʭ ʜʦʨʦʞʝʢ ʪʨʝʙʫʝʪ ʦʪ ʢʠʙʝʨʩʧʦʨʪʩʤʝʥʦʚ ʢʘʢ ʥʘʚʳʢʦʚ 

ʚʠʜʝʦʠʛʨ, ʪʘʢ ʠ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʧʨʝʜʣʘʛʘʷ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʭʚʘʪʠʪʴ 

ʥʦʚʫʶ ʘʫʜʠʪʦʨʠʶ ʛʝʡʤʝʨʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ VR ʚ ʠʛʨʝ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʝ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʪ.ʢ. ʢʠʙʝʨʩʧʦʨʪ ʪʨʝʙʫʝʪ ʙʝʟʦʛʦʚʦʨʦʯʥʦʡ ʪʦʯʥʦʩʪʠ, 

ʛʦʚʦʨʠʪʴ ʞʝ ʦ ʪʦʯʥʦʩʪʠ ʚ VR ʧʦʢʘ ʥʝʣʴʟʷ [2].  

¶ ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʚ ʠʛʨʦʚʳʭ ʤʠʨʘʭ. 

ʎʝʣʴ ʀʀ ʚ ʠʛʨʘʭ ʩʦʩʪʦʠʪ ʚ ʠʤʠʪʘʮʠʠ ʨʘʟʫʤʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʚ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ 

ʠʛʨʦʢʫ ʫʙʝʜʠʪʝʣʴʥʦʡ, ʧʨʘʚʜʦʧʦʜʦʙʥʦʡ ʟʘʜʘʯʠ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʠʛʨʫ ʝʱʸ ʙʦʣʝʝ ʷʨʢʦʡ ʠ 

ʥʘʩʳʱʝʥʥʦʡ. ʚ ʢʘʯʝʩʪʚʝ ʧʣʦʱʘʜʢʠ ʜʣʷ ʪʨʝʥʠʨʦʚʢʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʫʜʦʙʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʫʶ ʨʝʘʣʴʥʦʩʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ çʪʨʝʥʠʨʦʚʦʯʥʦʛʦ 

ʣʘʛʝʨʷè ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʚʝʩʪʥʘʷ ʠʛʨʘ çDota 2è, ʛʜʝ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʢʦʤʧʘʥʠʠ OpenAI ʩʦʟʜʘʣʠ ʙʦʪʘ (ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʦʙʦʪʘ), ʚʥʝʜʨʠʣʠ ʝʛʦ ʚ 

ʠʛʨʦʚʦʡ ʤʠʨ ʠ ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʤʫ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ. ʊʘʢʠʝ ʙʦʪʳ ʚ 

ʢʠʙʝʨʩʧʦʨʪʝ ʩʧʦʩʦʙʥʳ ʫʩʧʝʰʥʦ ʩʦʩʪʷʟʘʪʴʩʷ ʩ ʨʝʘʣʴʥʳʤʠ ʢʠʙʝʨʩʧʦʨʪʩʤʝʥʘʤʠ, ʯʪʦ ʠ 

ʜʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʪʫʨʥʠʨʦʚ. 

ɽʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ï ʦʙʫʯʘʝʤʳʝ ʙʦʪʳ ʚ 

ʧʦʢʝʨʝ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʋʥʠʚʝʨʩʠʪʝʪʘ ɸʣʴʙʝʨʪʳ ʩʦʟʜʘʣʠ ʘʣʛʦʨʠʪʤ DeepStack. ʆʥ 

ʩʧʦʩʦʙʝʥ ʦʙʫʯʘʪʴʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʧʘʨʪʠʷʭ ʩ ʩʘʤʠʤ ʩʦʙʦʡ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʭʦʨʦʰʦ 

ʧʦʢʘʟʘʣ ʩʝʙʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʦʙʳʛʨʳʚʘʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʛʨʦʢʦʚ ʚ ʧʦʢʝʨ ʠ ʧʨʠ ʵʪʦʤ 

ʩʦʚʝʨʰʝʥʩʪʚʫʷʩʴ. 

ʕʪʠ ʨʝʰʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚʘʞʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʬʝʨʳ ʢʠʙʝʨʩʧʦʨʪʘ ʠ ʦʥʣʘʡʥ-

ʠʛʨ, ʥʦ ʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʮʝʣʦʤ. ɸʣʛʦʨʠʪʤʳ ʧʦʢʝʨʥʳʭ ʙʦʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʪʘʢʞʝ ʚ ʩʬʝʨʝ ʤʘʨʢʝʪʠʥʛʘ, 



ð 10 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʬʠʥʘʥʩʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʚ ʣʶʙʦʡ ʠʟ ʦʙʣʘʩʪʝʡ, ʛʜʝ ʥʫʞʥʦ ʦʙʫʯʠʪʴ 

ʘʛʝʥʪʦʚ ʚ ʩʨʝʜʝ ʩ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ï ʥʘʧʨʠʤʝʨ, ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʨʠʩʢ-ʜʦʭʦʜʥʦʩʪʴʶ. ɸʣʛʦʨʠʪʤʳ ʜʣʷ ʠʛʨʳ ʚ ʧʦʢʝʨ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʤʦʛʫʪ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʧʨʠʥʠʤʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ʅʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ IT ʢʘʢ ʬʘʢʪʦʨ ʠʟʤʝʥʝʥʠʡ ʚ ʢʠʙʝʨʩʧʦʨʪʝ 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ IT, ʦʢʘʟʳʚʘʶʱʝʤ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʩʬʝʨʫ ʢʠʙʝʨʩʧʦʨʪʘ, ʷʚʣʷʶʪʩʷ ʤʦʙʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʤʦʙʠʣʴʥʳʝ ʢʠʙʝʨʩʧʦʨʪʠʚʥʳʝ ʠʛʨʳ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ. ʆʥʠ ʣʠʰʴ ʥʝʜʘʚʥʦ ʩʪʘʣʠ 

ʥʘʙʠʨʘʪʴ ʧʦʧʫʣʷʨʥʦʩʪʴ, ʥʦ ʫʞʝ ʪʝʩʥʷʪ ʧʦʣʥʦʮʝʥʥʳʝ ʠʛʨʳ ʥʘ ʢʦʥʩʦʣʷʭ ʠ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʘʭ, ʪʘʢʠʝ ʢʘʢ çDota 2è ʠ çLoLè. 

ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʙʫʜʫʱʝʛʦ ʢʠʙʝʨʩʧʦʨʪʘ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʪʝʭʥʦʣʦʛʠʶ 

ʙʣʦʢʯʝʡʥ. ɹʣʦʢʯʝʡʥ (ʘʥʛʣ. block chain) ï ʵʪʦ ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʮʝʧʦʯʢʘ ʙʣʦʢʦʚ ʪʨʘʥʟʘʢʮʠʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. ʉʧʝʮʠʬʠʢʘ 

ʙʣʦʢʯʝʡʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʭʨʘʥʝʥʠʝ ʚʩʝʭ ʜʘʥʥʳʭ ʦ ʪʨʘʥʟʘʢʮʠʷʭ ʧʨʦʠʩʭʦʜʠʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʫ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʟʘʱʠʱʝʥʥʦʡ ʦʪ ʚʟʣʦʤʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʠʙʝʨʩʧʦʨʪʝ ʧʦʟʚʦʣʠʪ ʛʝʡʤʝʨʘʤ ʧʦʢʫʧʘʪʴ 

ʠʛʨʳ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʥʫʪʨʠʠʛʨʦʚʳʝ ʧʦʢʫʧʢʠ ʟʘ ʢʨʠʧʪʦʚʘʣʶʪʳ: ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʫʩʪʨʘʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʩʨʝʜʥʠʢʘʭ ʠ ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʣʘʪʝʞʝʡ. ɹʣʦʢʯʝʡʥ-ʠʥʩʪʨʫʤʝʥʪʳ ʟʘʱʠʱʘʶʪ ʛʝʡʤʝʨʦʚ ʦʪ 

ʤʦhʝʥʥʠʯʝʩʪʚʘ: ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʪʨʘʥʟʘʢʮʠʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʙʣʦʢʯʝʡʥʝ, ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʩʣʦʞʥʦ ʚʳʯʠʩʣʠʪʴ çʯʠʪʝʨʦʚè ï ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʳʭ ʛʝʡʤʝʨʦʚ, ʧʳʪʘʶʱʠʭʩʷ ʟʘʚʣʘʜʝʪʴ 

ʠʛʨʦʚʳʤʠ ʘʨʪʝʬʘʢʪʘʤʠ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʠʛʨʦʚʦʡ ʠʥʜʫʩʪʨʠʠ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ 

ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ. ʆʙʣʘʯʥʳʝ ʠʛʨʳ ï ʵʪʦ ʦʜʠʥ ʠʟ ʪʠʧʦʚ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʝ ʧʦʪʦʢʦʚʦʛʦ ʤʫʣʴʪʠʤʝʜʠʘ. ʉʫʪʴ ʦʙʣʘʯʥʳʭ ʠʛʨ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʝʨʝʥʦʩʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʩ ʣʦʢʘʣʴʥʦʛʦ ʥʘ ʫʜʘʣʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ï ʩʝʨʚʝʨ ʠʣʠ 

ʙʦʣʝʝ ʤʦʱʥʳʡ ʢʦʤʧʴʶʪʝʨ. 

ʇʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ ʦʙʣʘʯʥʳʭ ʠʛʨ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʢʦʤʧʘʥʠʷ G-cluster ʚ 2000 ʛʦʜʫ ʥʘ ʚʳʩʪʘʚʢʝ çElectronic 

Entertainment Expoè [14]. ɺ 2005 ʛʦʜʫ ʢʦʤʧʘʥʠʝʡ Crytek, ʟʘʥʠʤʘʶʱʝʡʩʷ ʨʘʟʨʘʙʦʪʢʦʡ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ, ʙʳʣʘ ʧʦʧʳʪʢʘ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʦʙʣʘʯʥʳʭ ʠʛʨ ʚ ʧʨʦʝʢʪ çCrysisè. 

ɺ ʤʘʨʪʝ 2010 ʛʦʜʫ ʙʳʣ ʟʘʧʫʰʝʥ ʢʨʫʧʥʳʡ ʧʨʦʝʢʪ çOnLiveè, ʘ ʦʙʣʘʯʥʳʡ ʠʛʨʦʚʦʡ ʩʝʨʚʠʩ 

ʩʪʘʨʪʦʚʘʣ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʜʘʞʘʤʠ ʦʜʥʦʠʤʝʥʥʦʡ ʢʦʥʩʦʣʠ.  

ʅʦ ʧʝʨʚʘʷ ʚʦʣʥʘ ʦʙʣʘʯʥʳʭ ʠʛʨ ʢʦʤʧʘʥʠʡ Onlive, Gaikai, G-cluster ʠ ʜʨʫʛʠʭ ʧʦ 

ʨʷʜʫ ʧʨʠʯʠʥ ʩʦʰʣʘ ʥʘ ʥʝʪ, ʘ ʨʳʥʦʢ ʚʟʷʣ ʧʝʨʝʨʳʚ. 

ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʯʘʣʘʩʴ ʚ 2014 ʛʦʜʫ, ʢʦʛʜʘ ʢʦʤʧʘʥʠʷ Sony ʟʘʧʫʩʪʠʣʘ 

ʩʝʨʚʠʩ PlayStation Now. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʢʦʤʧʘʥʠʷ Nvidia ʩʪʘʣʘ ʚʳʧʫʩʢʘʪʴ 

ʩʝʨʚʝʨʥʳʝ ʚʠʜʝʦʢʘʨʪʳ Nvidia Grid 2.0 ʠ ʟʘʧʫʩʢ ʩʝʨʚʠʩʘ ʦʙʣʘʯʥʳʭ ʠʛʨ Geforce Now. 

Nvidia Grid ï ʵʪʦ ʩʧʝʮʠʘʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʜʣʷ ʦʙʣʘʯʥʳʭ ʠʛʨ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʨʝʥʜʝʨʠʥʛ ʠ ʩʞʘʪʠʝ ʧʦʪʦʢʦʚʦʛʦ ʚʠʜʝʦ. 

ʉʧʫʩʪʷ 19 ʣʝʪ ʧʦʩʣʝ ʧʝʨʚʳʭ ʦʙʣʘʯʥʳʭ ʠʛʨ, ʩʢʦʨʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ 

ʚʳʨʦʩʣʘ ʥʘ ʧʦʨʷʜʦʢ, ʩʝʡʯʘʩ ʢʘʯʝʩʪʚʦ ʩʝʨʚʠʩʦʚ ʦʙʣʘʯʥʳʭ ʠʛʨ ʩʨʘʚʥʠʤʦ ʩ ʠʛʨʦʡ ʥʘ 

ʧʨʠʩʪʘʚʢʝ ʠʣʠ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ. ʉ ʟʘʧʫʩʢʦʤ ʩʝʪʠ 5G ʤʦʞʥʦ ʦʞʠʜʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʦʧʫʣʷʨʥʦʩʪʠ ʦʙʣʘʯʥʳʭ ʠʛʨ ʠ ʠʭ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʢʠʙʝʨʩʧʦʨʪ. 

ɹʫʜʫʱʝʝ ʢʠʙʝʨʩʧʦʨʪʘ 

ʈʘʟʚʠʪʠʝ ʢʠʙʝʨʩʧʦʨʪʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ. ʂʘʢ ʪʦʣʴʢʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ IT ʠʥʜʫʩʪʨʠʷ 

ʚʳʭʦʜʠʪ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ, ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ ʵʪʠʭ ʜʦʩʪʠʞʝʥʠʡ 

ʚ ʠʛʨʦʚʫʶ ʠʥʜʫʩʪʨʠʶ. ɺʠʨʪʫʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʩʝ ʙʦʣʴʰʝ ʥʘʧʦʤʠʥʘʝʪ ʥʘʩʪʦʷʱʫʶ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 11 ð   

 

ʞʠʟʥʴ. ʈʝʘʣʴʥʦʝ ʙʫʜʫʱʝʝ ï ʵʪʦ ʧʦʣʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʩ ʪʘʢʪʠʣʴʥʳʤʠ ʦʱʫʱʝʥʠʷʤʠ ʠ 

ʟʘʧʘʭʘʤʠ.  

ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʪʝʭʥʦʣʦʛʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, 

ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʦʡ ʨʘʟʚʠʪʠʷ ʢʠʙʝʨʩʧʦʨʪʘ. ʀʛʨʦʢ ʠʣʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʞʝ ʩʝʡʯʘʩ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʜʘʪʯʠʢʠ ʠ 

ʙʝʛʦʚʳʝ ʜʦʨʦʞʢʠ, ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʦʙʘʚʣʷʶʪ ʘʩʧʝʢʪ ʭʦʜʴʙʳ ʠ ʙʝʛʘ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʩʦʟʥʘʥʠʝʤ, ʥʦ ʠ ʪʝʣʦʤ ʧʦʛʨʫʟʠʪʴʩʷ ʚ ʠʛʨʦʚʦʝ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝ (ʵʪʦ 

ʧʦʪʨʝʙʫʝʪ, ʢʘʢ ʥʘʚʳʢʦʚ ʚʠʜʝʦʠʛʨ, ʪʘʢ ʠ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ). ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʠʪ 

ʧʦʩʪʘʚʠʪʴ ʢʠʙʝʨʩʧʦʨʪʩʤʝʥʦʚ ʚ ʦʜʠʥ ʨʷʜ ʩ ʨʝʘʣʴʥʳʤʠ. 

ɺʠʨʪʫʘʣʴʥʘʷ ʩʨʝʜʘ ʩʪʘʥʝʪ ʝʱʸ ʦʜʥʦʡ ʤʠʨʦʚʦʡ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʬʠʥʘʥʩʦʚʳʭ 

ʦʪʥʦʰʝʥʠʡ. ʇʦʤʠʤʦ ʙʣʦʢʯʝʡʥ-ʩʝʨʚʠʩʦʚ ʪʨʘʥʟʘʢʮʠʡ, ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʢʠʙʝʨʩʧʦʨʪʩʤʝʥʦʚ ʙʫʜʝʪ ʩʦʟʜʘʥʘ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ ʩʜʝʣʦʢ ʚ ʠʛʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʙʠʦʯʠʧʳ, ʚʥʝʜʨʷʝʤʳʝ ʚ ʦʨʛʘʥʠʟʤ 

ʥʦʩʠʪʝʣʷ. ʆʥʠ ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʚʘʞʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ: ʠʭ ʥʝʚʦʟʤʦʞʥʦ ʧʦʜʜʝʣʘʪʴ ʠ 

ʣʝʛʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ. ʋʞʝ ʠʜʫʪ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʅʘʧʨʠʤʝʨ, 

ʥʝʢʦʪʦʨʳʝ ʨʘʙʦʪʦʜʘʪʝʣʠ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʚʞʠʚʣʷʶʪ ʩʦʪʨʫʜʥʠʢʘʤ ʠʤʧʣʘʥʪʳ, ʯʪʦʙʳ 

ʦʙʝʟʦʧʘʩʠʪʴ ʩʝʙʷ ʠ ʩʚʦʠ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʜʘʥʥʳʝ [15]. ʉʦʪʨʫʜʥʠʢʠ ʞʝ ʧʦʣʫʯʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʨʳʚʘʪʴ ʜʚʝʨʠ ʧʦ ʜʚʠʞʝʥʠʶ ʨʫʢʠ ʠ ʪʘʢʞʝ ʦʧʣʘʯʠʚʘʪʴ ʧʦʢʫʧʢʠ. 

ɺʦʟʤʦʞʥʦ ʫʞʝ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʧʦʷʚʷʪʩʷ ʩʦʚʩʝʤ ʥʝʙʦʣʴʰʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʭʦʜʠʪʴ ʚ ʩʝʪʴ, ʠʛʨʘʪʴ ʠʣʠ ʨʘʙʦʪʘʪʴ ʥʘ ʭʦʜʫ.  

ɹʫʜʫʱʠʝ ʜʦʩʪʠʞʝʥʠʷ ʬʠʟʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʳ, ʭʠʤʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʪ ʚʳʡʪʠ ʢʠʙʝʨʩʧʦʨʪʫ ʥʘ, ʙʝʟ ʧʨʝʫʚʝʣʠʯʝʥʠʷ, ʬʘʥʪʘʩʪʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ. 

ɺ ʦʪʜʘʣʝʥʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʯʝʣʦʚʝʢ, ʢʘʢ ʚ ʬʠʣʴʤʝ çʄʘʪʨʠʮʘè, ʙʫʜʝʪ ʩʧʦʩʦʙʝʥ 

ʧʝʨʝʥʦʩʠʪʴ ʩʚʦʸ ʩʦʟʥʘʥʠʝ ʚ ʚʠʨʪʫʘʣʴʥʳʡ ʤʠʨ, ʦʪʚʝʯʘʶʱʠʡ ʟʘʜʘʥʥʳʤ ʠʛʨʦʚʳʤ 

ʩʮʝʥʘʨʠʷʤ, ʥʝ ʦʪʣʠʯʠʤʳʡ ʦʪ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʦʪʦʚʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʨʝʣʦʚʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʝʣʦʚʳʝ ʢʨʘʥʳ, ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

 

Abstract 

Models have been built for availability factor, technical utilization factor and arrow 

efficiency factor depending on the time utilization factor. 

Keywords: Arrow valves, regression equations, information technology 

 

ɺ ʉɻʋʇʉ ʩʦʟʜʘʥʳ ʙʘʟʳ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʘʰʠʥ, ʢʦʤʧʣʝʢʪʦʚ ʠ ʩʠʩʪʝʤ, ʘ 

ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʝʪʦʜʠʯʝʩʢʦʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ, ʧʦʩʪʨʦʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ 

(ʤʦʜʝʣʝʡ) ʠ ʠʭ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ [1 ï 23]. 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʪʨʝʣʦʚʳʭ 

ʢʨʘʥʦʚ ʧʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʚʳʙʦʨʦʢ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ (ʂʚ), 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʦʪʦʚʥʦʩʪʠ (ʂʛ), ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʂʪʠ), 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʂɻ) ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʦʥʠ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [15]. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʧʦʩʪʨʦʝʥʠʝ 

ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ) [1 ï 4, 8, 10, 17, 19, 21, 22]. 

ʉʦʙʨʘʥʥʘʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʷ [1 ï 15, 18 ï 20, 23] ʧʦʟʚʦʣʠʣʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ çModellè [17, 19, 21, 22] ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʠ 

ʠ ʨʘʩʩʯʠʪʘʪʴ ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʪʘʙʣ. 1, 2). 
ʊʘʙʣʠʮʘ 1. 

ʊʘʙʣʠʮʘ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʌ
ʘ
ʢ
ʪ
ʦ

ʨ
 

ʀʩʪʦʯʥʠʢ 
ʏʠʩʣʦ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ 

ʉʫʤʤʘ 

ʢʚʘʜʨʘʪʦʚ (SS) 

ɼʠʩʧʝʨʩʠʷ 

(MS) 
F-ʢʨʠʪʝʨʠʡ 

ʂʛ 

ʈʝʛʨʝʩʩʠʷ 1 0,4884 0,48840 1466,4 

ʆʩʪʘʪʦʢ 958 0,3191 0,00033  

ʆʙʱʠʡ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ 959 0,8075   

ʂʪʠ 

ʈʝʛʨʝʩʩʠʷ 1 0,2033 0,20327 708,3 

ʆʩʪʘʪʦʢ 958 0,2749 0,00029  

ʆʙʱʠʡ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ 959 0,4782   

ʂɻ 

ʈʝʛʨʝʩʩʠʷ 1 1,2658 1,26581 4271,7 

ʆʩʪʘʪʦʢ 958 0,2839 0,00030  

ʆʙʱʠʡ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ 959 1,5497   



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 13 ð   

 
ʊʘʙʣʠʮʘ 2. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʤʦʜʝʣʝʡ 

ʇʦʢʘʟʘʪʝʣʴ 
ʂʛ = 0,3874 

+ 0,6864 ʂʚ 

ʂʪʠ = 0,4999 

+ 0,4428 ʂʚ 

ʂɻ = 0,0484 

+ 1.105 ʂʚ 

ɼʦʣʷ ʦʙʲʷʩʥʝʥʥʦʡ ʚʘʨʠʘʮʠʠ, % 60,485 42,508 81,682 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 0,7777 0,6520 0,9038 

ʉʨʝʜʥʠʡ ʦʪʢʣʠʢ 0,9384 0,8554 0,9355 

ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ, % ʦʪ ʩʨʝʜʥʝʛʦ ʦʪʢʣʠʢʘ 1,94 1,98 1,84 

ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 0,0183 0,0169 0,0172 

ʆʙʱʠʡ F-ʢʨʠʪʝʨʠʡ ʨʝʛʨʝʩʩʠʠ 1466,4 708,3 4271,7 

ʊʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʱʝʛʦ F-ʢʨʠʪʝʨʠʷ 3,83 3,83 3,83 

 

ɺʳʚʦʜ: ʋʯʸʪ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʪʨʝʣʦʚʳʭ ʢʨʘʥʦʚ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩ ʙʦʣʴʰʝʡ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴʶ ʧʣʘʥʠʨʦʚʘʪʴ ʠʭ ʨʠʪʤʠʯʥʫʶ 

ʨʘʙʦʪʫ, ʪʦʯʥʝʝ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʩʥʠʞʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʧʦʩʣʝʜʥʠʭ ʠ ʙʦʣʝʝ ʪʦʯʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʱʝʛʦ ʩʨʦʢʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ [24, 25]. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ 

ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʧʦʧʫʣʷʨʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 
ʥʘʟʳʚʘʶʪʩʷ çʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴè, çʚʦʦʙʨʘʞʘʝʤʘʷ ʨʝʘʣʴʥʦʩʪʴè ʠ çʩʠʩʪʝʤʳ 
ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠè. ɺʥʝʰʥʠʡ ʵʬʬʝʢʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʝʣʦʚʝʢ ʚʭʦʜʠʪ ʚ 
ʤʠʨ, ʦʯʝʥʴ ʧʦʭʦʞʠʡ ʥʘ ʨʝʘʣʴʥʳʡ ʠʣʠ ʨʘʥʝʝ ʟʘʜʫʤʘʥʥʳʡ , ʩʦʟʜʘʥʥʳʡ ʧʨʦʛʨʘʤʤʠʩʪʦʤ 
(ʥʘʧʨʠʤʝʨ, ʧʨʠʙʳʚʘʝʪ ʥʘ ʄʘʨʩ, ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʧʫʪʝʰʝʩʪʚʠʷʭ ʠʣʠ 
ʢʦʩʤʠʯʝʩʢʠʭ ʚʦʡʥʘʭ) ʠʣʠ, ʥʘʢʦʥʝʮ, ʧʦʣʫʯʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʤʳʰʣʝʥʠʷ ʠ ʧʦʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʥʘʯʘʣʠʩʴ ʩ 
ʧʦʧʳʪʢʠ ʩʦʯʝʪʘʥʠʝ ʚʠʟʫʘʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʩ ʚʦʩʧʨʠʷʪʠʝʤ ʜʚʠʞʝʥʠʷ ʠ ʟʚʫʢʘ. ɽʝ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʠʟʦʙʨʝʪʝʥʠʶ ʢʦʤʧʴʶʪʝʨʘ. ɺ 
ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʙʳʣ ʪʨʝʥʘʞʝʨ ʧʦʣʝʪʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣ ʜʚʠʞʫʱʝʝʩʷ 
ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʢʘʢ ʦʨʛʘʥʳ ʪʨʫʙʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʩʦʯʝʪʘʥʠʝ 
ʚʠʟʫʘʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʩ ʚʦʩʧʨʠʷʪʠʝʤ ʜʚʠʞʝʥʠʷ ʠ ʟʚʫʢʘ, ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ  



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 15 ð   

 

Abstract 
In recent years, the development of information technology has allowed the creation of 

technical and psychological phenomena, which in the popular scientific literature are called 
"virtual reality", "imaginary reality" and "virtual reality systems". The external effect is that a 
person enters a world very similar to the real one or previously conceived, created by a 
programmer (for example, arrives on Mars, takes part in space travel or space wars) or, 
finally, gets new opportunities in terms of thinking and behavior . Modern virtual reality 
technologies began with an attempt to combine visual perception with the perception of 
movement and sound. Its initial use preceded the invention of the computer. In the original 
model, there was a flight simulator that used a moving image and pneumatic mechanisms as 
pipe organs. 

Keywords: Modern virtual reality technologies, a combination of visual perception 
with the perception of movement and sound, the development of information technology 

 
1956: Sensorama ð 3D-ʜʠʩʧʣʝʠ 
ʉʘʤʦʝ ʧʝʨʚʦʝ ʫʩʪʨʦʡʩʪʚʦ VR. 
ʇʝʨʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ.ʆʥʦ ʙʳʣ ʩʦʟʜʘʥʦ ʚ 1957 ʛʦʜʫ ʠ 

ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʚ 1962 ʛʦʜʫ ʘʤʝʨʠʢʘʥʩʢʠʤ ʨʝʞʠʩʩʝʨʦʤ ʠ ʠʟʦʙʨʝʪʘʪʝʣʝʤ ʄʦʨʪʦʥʦʤ 
ʍʝʡʣʠʛʦʤ, ʢʦʪʦʨʦʛʦ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ çʦʪʮʦʤ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠè. ʉʚʦʠʤ 
ʨʘʟʚʠʪʠʝʤ ʦʥ ʟʘʣʦʞʠʣ ʦʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʠ VR.ʋʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 
ʧʝʨʚʳʭ ʧʨʠʤʝʨʦʚ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʛʨʫʞʝʥʠʷ; ʇʝʨʚʳʡ ʚ ʤʠʨʝ 
ʚʠʨʪʫʘʣʴʥʳʡ ʩʠʤʫʣʷʪʦʨ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʫʩʪʨʦʡʩʪʚʦ ʚʳʛʣʷʜʠʪ ʢʘʢ ʥʝʢʦʝ 
ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʋ Sensorama ʙʳʣ ʩʪʝʨʝʦʟʚʫʢ, 3D-ʵʢʨʘʥ, ʥʝʙʦʣʴʰʦʡ 
ʛʝʥʝʨʘʪʦʨ ʠ ʜʘʞʝ ʤʝʩʪʦ, ʢʦʪʦʨʦʝ ʚʠʙʨʠʨʦʚʘʣʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘ ʵʢʨʘʥʝ.ʇʦ ʤʝʨʝ 
ʨʦʩʪʘ ʧʦʪʨʝʙʥʦʩʪʝʡ ʯʝʣʦʚʝʯʝʩʪʚʘ ʩʪʘʨʳʝ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʠ ʛʨʦʤʦʟʜʢʠʤʠ, ʪʷʞʝʣʳʤʠ ʠ 
ʥʝʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʣʶʜʝʡ ʚ ʪʦ ʚʨʝʤʷ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʧʨʠʰʣʦʩʴ 
ʫʧʨʦʩʪʠʪʴ ʩʠʩʪʝʤʫ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʦʙʣʝʛʯʝʥʥʫʶ ʚʝʨʩʠʶ. ʏʪʦʙʳ ʥʝ 
ʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʥʝʙʦʣʴʰʠʭ ʯʘʩʪʥʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷʭ ʫʩʪʨʦʡʩʪʚʘ çʚʠʨʪʫʘʣʴʥʦʡ 
ʨʝʘʣʴʥʦʩʪʠè, ʚʩʝ ʨʝʰʠʣʠ ʧʝʨʝʡʪʠ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʇʝʨʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, 
ʢʦʪʦʨʦʝ ʙʳʣʦ ʟʘʤʝʪʥʦ ʣʫʯʰʝ, ʯʝʤ ʧʝʨʚʳʡ VR, ʥʘ ʤʦʡ ʚʟʛʣʷʜ, ʙʳʣ OculusRift. ʗ 
ʨʘʩʩʢʘʞʫ ʚʘʤ ʥʝʤʥʦʛʦ ʩʪʘʪʠʩʪʠʢʠ ʦʙ ʵʪʦʤ. 

 

 

ʈʠʩ.1. Sensorama - ʉʘʤʦʝ ʧʝʨʚʦʝ ʫʩʪʨʦʡʩʪʚʦ VR 

 
OculusRift (2012) 
ɺ 2012 ʛʦʜʫ ʇʘʣʤʝʨ ʃʘʢʠ ʠ ɼʞʦʥ ʂʘʨʤʘʢ (ʩʦʟʜʘʪʝʣʴ Quake, Doom) ʦʩʥʦʚʘʣʠ 

Oculus ʠ ʩʦʟʜʘʣʠ ʧʝʨʚʳʡ ʧʨʦʪʦʪʠʧ OculusRift. ʕʪʦʪ ʧʨʦʪʦʪʠʧ ʙʳʣ ʪʝʭʥʠʯʝʩʢʠ 



ð 16 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʧʨʦʜʚʠʥʫʪʳʤ, ʥʦ ʠʤʝʣ ʥʝʜʦʩʪʘʪʦʢ: ʭʦʪʷ ʝʛʦ ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʛʦʣʦʚʝ ʙʝʟ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ, ʜʠʟʘʡʥ ʚʩʝ ʝʱʝ ʙʳʣ ʜʦʚʦʣʴʥʦ ʛʨʦʤʦʟʜʢʠʤ. 
ʉʪʘʪʠʩʪʠʢʘ 2012 ʛʦʜʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝ ʚʩʝ ʣʶʜʠ ʤʦʛʣʠ ʢʫʧʠʪʴ ʵʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, 
ʧʦʵʪʦʤʫ ʧʦʧʫʣʷʨʥʦʩʪʴ ʙʳʣʘ ʩʣʠʰʢʦʤ ʥʠʟʢʦʡ. 

ɺ ʵʪʦ ʚʨʝʤʷ ʢʨʫʧʥʳʝ ʠ ʥʝ ʦʯʝʥʴ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ ʥʘʯʘʣʠ ʩʦʟʜʘʚʘʪʴ 
ʩʦʙʩʪʚʝʥʥʫʶ ʚʠʨʪʫʘʣʴʥʫʶ ʨʝʘʣʴʥʦʩʪʴ (SAMSUNG Gear VR, HTC VIVE VR, VR BOX ʠ 
ʜʨʫʛʠʝ). 

VR ʙʝʟ ʧʨʦʚʦʜʦʚ 
ʏʪʦ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʰʣʝʤʘ VR? ʕʪʦ ʚʝʨʥʦ, ʢʘʙʝʣʠ. ʊʦʣʩʪʳʡ 

ʢʘʙʝʣʴ HDMI ʠ USB ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʤ, ʯʪʦʙʳ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ 
ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʪʦʣʩʪʳʤ, ʟʘʱʠʱʘʷ ʢʘʙʝʣʠ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ. ʂʘʙʝʣʴ ʩʪʘʥʦʚʠʪʩʷ 
ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʠʩʢʦʤʬʦʨʪʘ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʚʠʞʝʥʠʝ, ʧʘʜʘʝʪ ʠ ʩʦʟʜʘʝʪ ʮʝʣʫʶ 
ʥʠʰʫ ʧʨʦʙʣʝʤ ʩ ʘʢʩʝʩʩʫʘʨʘʤʠ ʠ ʢʘʙʝʣʷʤʠ. ʄʦʙʠʣʴʥʳʝ ʰʣʝʤʳ VR ʥʝ ʠʤʝʶʪ ʪʘʢʠʭ 
ʧʨʦʙʣʝʤ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʢʘʙʝʣʝʡ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʢʦʤʧʴʶʪʝʨʫ, ʧʦʵʪʦʤʫ 
ʠʭ ʥʘʟʳʚʘʶʪ ʤʦʙʠʣʴʥʳʤʠ. ʆʯʝʚʠʜʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʙʝʩʧʨʦʚʦʜʥʳʭ 
ʰʣʝʤʦʚ ʠ ʧʝʨʝʜʘʯʘ ʢʦʥʪʝʥʪʘ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʦ ʚʦʟʜʫʭʫ, ʥʦ ʥʘ ʨʳʥʢʝ ʪʘʢʠʭ 
ʰʣʝʤʦʚ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ. ʕʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʩ  ʢʦʪʦʨʦʡ ʙʦʨʦʣʠʩʴ ʙʦʣʴʰʝ 
ʛʦʜʘ. 

ʉʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʩ 2016 ʛʦʜʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 
ʧʨʝʚʦʩʭʦʜʠʪ ʚʠʨʪʫʘʣʴʥʫʶ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʙʦʣʝʝ ʫʜʦʙʥʘ ʠ ʧʨʘʢʪʠʯʥʘ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʜʦʧʦʣʥʝʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ 
ʣʠʥʠʝʡ ʥʘʪʷʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠʛʨʦʢʘ, ʙʣʠʞʘʡʰʝʛʦ ʢ ʮʝʣʠ, ʚ 
ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʬʫʪʙʦʣʴʥʳʭ ʤʘʪʯʝʡ ʩʪʨʝʣʢʠ, ʫʢʘʟʳʚʘʶʱʠʝ ʨʘʩʩʪʦʷʥʠʝ 
ʦʪ ʰʪʨʘʬʥʦʛʦ ʙʨʦʩʢʘ ʜʦ ʎʝʣʠ ʠ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʜʠʩʢʘ ʚ ʠʛʨʝ. ɺʳʤʳʰʣʝʥʥʳʝ 
ʦʙʲʝʢʪʳ ʚ ʬʠʣʴʤʘʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨʘʭ ʠʣʠ ʛʘʜʞʝʪʘʭ. 

 

 
ʈʠʩ. 2. ʈʳʥʦʢ VR-ʰʣʝʤʦʚ ʚ 2016 ʛʦʜʫ 

 

MicrosoftHoloLens 

MicrosoftHoloLens - ʦʯʢʠ ʩʤʝʰʘʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ Microsoft. ʆʥ 

ʠʩʧʦʣʴʟʫʝʪ 64-ʙʠʪʥʫʶ ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ Windows (ʚʝʨʩʠʷ 

Windows 10). HoloLens - ʵʪʦ ʢʦʣʴʮʦ, ʟʘʢʨʝʧʣʝʥʥʦʝ ʥʘ ʛʦʣʦʚʝ ʩ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 17 ð   

 

ʣʠʥʟʘʤʠ ʧʝʨʝʜ ʛʣʘʟʘʤʠ, ʩ ʚʦʣʥʠʩʪʦʡ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʧʨʝʣʦʤʣʷʝʪ ʠ 

ʧʝʨʝʜʘʝʪ ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʵʢʨʘʥʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʙʦʢʘʤ ʛʣʘʟʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʏʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ HoloLens, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʣʘʟʘʤʠ  ʜʦʣʞʥʦ ʙʳʪʴ ʦʪʢʘʣʠʙʨʦʚʘʥʦ. 

ʈʘʟʤʝʨ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦ ʨʘʟʤʝʨʫ ʛʦʣʦʚʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʢʦʣʝʩʘ. ʉʚʝʨʭʫ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʝ ʧʘʨʳ ʢʥʦʧʦʢ: ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʷʨʢʦʩʪʴʶ ʵʢʨʘʥʘ (ʥʘʜ 

ʣʝʚʳʤ ʫʭʦʤ) ʠ ʛʨʦʤʢʦʩʪʴʶ ʟʚʫʢʘ (ʥʘʜ ʧʨʘʚʳʤ). ʉʦʩʝʜʥʠʝ ʢʥʦʧʢʠ ʠʤʝʶʪ ʨʘʟʥʳʝ ʬʦʨʤʳ 

(ʦʜʥʘ ʚʳʧʫʢʣʘʷ, ʜʨʫʛʘʷ ʚʦʛʥʫʪʘʷ), ʧʦʵʪʦʤʫ ʠʭ ʤʦʞʥʦ ʨʘʟʣʠʯʠʪʴ ʥʘ ʦʱʫʧʴ. ɼʠʥʘʤʠʢʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ; ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚʘʤ ʩʣʫʰʘʪʴ ʟʚʫʢʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʟʚʫʢʠ ʠʟʚʥʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ 

ʚʠʨʪʫʘʣʴʥʳʭ ʨʝʘʣʠʡ, ʜʦʧʦʣʥʝʥʥʳʭ ʠʣʠ ʩʤʝʰʘʥʥʳʭ, HoloLens ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʠ 

ʥʝ ʪʨʝʙʫʝʪ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʇʂ, ʩʤʘʨʪʬʦʥʫ ʠʣʠ ʠʛʨʦʚʦʡ ʢʦʥʩʦʣʠ. 

***  
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ʄʦʜʝʣʠ ʠʟʥʘʰʠʚʘʥʠʷ ʢʦʣʝʩʘ ʩʧʠʨʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ 
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Abstract 

Regression equations of spyroid gear wheel wear are given. 

Keywords: Spiroid transmission, regression equations, information technology 

 

ɺ ʉɻʋʇʉ ʩʦʟʜʘ.ʥʳ ʙʘ.ʟʳ ʜʘ.ʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ 

ʨʘ.ʟʨʘ.ʙʦʪʘ.ʥʦ ʩʦʦʪʚʝ.ʪʩʪʚʫʶʱʝ.ʝ ʧʨʦʛʨʘ.ʤʤʥʦʝ ʦʙʝ.ʩʧʝ.ʯʝ.ʥʠʝ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ 

ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ, 

ʜʦʨʦʞʥʳʭ ʠ ʧʫʪʝʚʳʭ ʤʘʰʠʥ [1 ï 22]. ʇʦ ʜʘ.ʥʥʳʤ ʚʳʙʦʨʢʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘ.ʤʤʳ 

çModellè [11, 14 ï 17] ʤʝ.ʪʦʜʦʤ ʥʘ.ʠʤʝ.ʥʴʰʠʭ ʢʚʘ.ʜʨʘ.ʪʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝ.ʥʳ ʨʝ.ʛʨʝ.ʩʩʠʦʥʥʳʝ 

ʫʨʘ.ʚʥʝ.ʥʠʷ ʠʟʥʘʰʠʚʘʥʠʷ ʢʦʣʝʩʘ ʩʧʠʨʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘ.ʤʤʳ 

çDiagramè [5, 14, 15] ʧʦʩʪʨʦʝ.ʥʳ ʜʦʚʝ.ʨʠʪʝ.ʣʴʥʳʭ ʠʥʪʝ.ʨʚʘ.ʣʳ ʵʪʦʡ ʤʦʜʝ.ʣʠ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘ.ʤʤʳ çModellè ʤʝ.ʪʦʜʦʤ ʥʘ.ʠʤʝ.ʥʴʰʠʭ ʢʚʘ.ʜʨʘ.ʪʦʚ ʧʦʩʪʨʦʝ.ʥʳ 

ʤʦʜʝ.ʣʠ ʠʟʥʘʰʠʚʘʥʠʷ ʢʦʣʝʩʘ ʩʧʠʨʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ (ʪʘ.ʙʣʠʮʘ 1). ʄʦʜʝʣʠ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘ.ʤʤʳ çDiagramè ʧʦʩʪʨʦʝ.ʥʳ ʜʦʚʝ.ʨʠʪʝ.ʣʴʥʳʭ ʠʥʪʝ.ʨʚʘ.ʣʳ ʤʦʜʝ.ʣʝʡ 

ʠʟʥʘʰʠʚʘʥʠʷ ʢʦʣʝʩʘ ʩʧʠʨʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ (ʪʘ.ʙʣʠʮʘ 1). ɼʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ 

ʤʦʜʝʣʝʡ ʧʨʠʚʝʜʝʥʳ ʨʠʩʫʥʢʘʭ 2 ʠ 3. 

 



ð 18 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʝʣʠ ʠʟʥʘʰʠʚʘʥʠʷ ʢʦʣʝʩʘ ʩʧʠʨʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ 

ʇʦʢʘʟʘʪʝʣʴ 

Y = + 526,05 

- 8,2275 X 

+ 0,0323 X
2
 

Y = + 3149,1 

- 42,385 X 

+ 0,1292 X
2
 

ɼʦʣʷ ʦʙʲʷʩʥʝʥʥʦʡ ʚʘʨʠʘʮʠʠ, % 99,95 99,73 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 0,9997 0,9986 

ʉʨʝʜʥʠʡ ʦʪʢʣʠʢ 154,5 1559,1 

ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʚ % ʦʪ ʩʨʝʜʥʝʛʦ ʦʪʢʣʠʢʘ 2,63 3,76 

ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 4,06 58,64 

ʆʙʱʠʡ  F - ʢʨʠʪʝʨʠʡ ʨʝʛʨʝʩʩʠʠ 8312,3 2382,1 

ʊʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʱʝʛʦ  F - ʢʨʠʪʝʨʠʷ 5,32 4,76 

ɼʠʩʧʝʨʩʠʷ 12,37 2793,9 

ʉʨʝʜʥʷʷ ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ 3,099 46,27 

ʉʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 3,517 52,86 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ 5,03 96,25 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ ʚ % 16,51 5,21 

 

 

ʈʠʩ. 1.  ʄʦʜʝʣʠ ʠʟʥʘʰʠʚʘʥʠʷ ʢʦʣʝʩʘ ʩʧʠʨʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ 

 

 
ʈʠʩ. 2.  ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʤʦʜʝʣʠ ʠʟʥʘʰʠʚʘʥʠʷ ʢʦʣʝʩʘ ʩʧʠʨʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ Y = + 526,05 - 8,2275 

X + 0,0323 X
2 

 

 

ʈʠʩ. 3.  ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʤʦʜʝʣʠ ʠʟʥʘʰʠʚʘʥʠʷ ʢʦʣʝʩʘ ʩʧʠʨʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ Y = + 3149,1 - 42,385 

X + 0,1292 X
2
 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 19 ð   

 

ɸʚʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ ʠʟʥʘʰʠʚʘʥʠʷ ʢʦʣʝʩʘ ʩʧʠʨʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ ʩ 

ʨʘʟʫʤʥʦʡ, ʨʝʘʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ. ʅʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʠʟʥʘʰʠʚʘʥʠʷ ʢʦʣʝʩʘ 

ʩʧʠʨʦʠʜʥʦʡ ʧʝʨʝʜʘʯʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʨʝʤʷ ʥʘʨʘʙʦʪʢʠ ʦʙʲʝʢʪʘ ʥʘ ʦʪʢʘʟ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥ ʧʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʙʝʟʦʪʢʘʟʥʦʡ 

ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʨʘʬʠʢʘ [21, 22].  
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʩʣʫʯʘʡʥʳʝ ʠʤʝʥʘ ʩ ʫʯʸʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ 
Python. ʉʦʟʜʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʩʨʝʜʝ ʩʙʦʨʢʠ QtCreator. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʥʝʨʘʮʠʷ, ʧʨʦʛʨʘʤʤʘ, ʩʣʫʯʘʡʥʦʝ ʠʤʷ, ʘʣʛʦʨʠʪʤ, 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, Python. 

 
Abstract 
This article describes the process of developing an application that allows you to 

generate random names based on user requirements. The program is written in Python. The 
GUI was created in the QtCreator build environment.  

Keywords: generation, program, random name, algorithm, programming, Python. 
 
ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʣʦʞʥʦ 

ʫʜʠʚʠʪʴ ʢʘʢʠʤʠ-ʣʠʙʦ ʥʦʚʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ [1]. ʆʜʥʘʢʦ, ʚ ʫʩʣʦʚʠʷʭ 
ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʛʘʜʞʝʪʦʚ, ʧʝʨʝʜ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ 
ʚʳʙʨʘʪʴ ʧʩʝʚʜʦʥʠʤ ʚ ʠʛʨʝ ʠʣʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ʀʟʫʯʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʳʥʢʘ 
ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʜʦʙʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʥʘʧʨʠʤʝʨ 
çɻʝʥʝʨʘʪʦʨ ʠʤʝʥ ʠ ʬʘʤʠʣʠʡ ʦʥʣʘʡʥ (https://generator-online.com/names/) ʠʤʝʶʪ ʚʝʙ-
ʧʣʘʪʬʦʨʤʳ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʜʦʧʫʩʪʠʤʳʤ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʨʦʜʫʢʪʘ ʙʝʟ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ 
ʀʥʪʝʨʥʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʰʝʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ, 
ʢʦʪʦʨʦʝ ʙʳ ʤʦʛʣʦ ʨʘʙʦʪʘʪʴ ʙʝʟ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʨʠ 
ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʧʦʜʩʠʩʪʝʤʳ. 

1. ɸʣʛʦʨʠʪʤ ʯʪʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ. 
2. ɸʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʩʣʫʯʘʡʥʦʛʦ ʠʤʝʥʠ. 
3. ɻʨʘʬʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʧʠʩʘʥʠʝ ʢʦʜʘ ʥʘ Python ʠ ʩʦʟʜʘʥʠʝ 
ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʩʨʝʜʝ ʩʙʦʨʢʠ QtCreator. 

ʇʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: ʩʯʠʪʳʚʘʪʴ ʠʤʝʥʘ ʠʟ 
ʧʨʠʣʦʞʝʥʥʳʭ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ, ʟʘʧʨʘʰʠʚʘʪʴ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʘʨʘʤʝʪʨʳ ʠʤʝʥʠ, 
ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʣʫʯʘʡʥʦʝ ʠʤʷ, ʚʳʚʦʜʠʪʴ ʝʛʦ ʥʘ ʬʦʨʤʫ. 

ɺ ʦʙʷʟʘʥʥʦʩʪʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: ʧʨʝʜʩʪʘʚʣʝʥʠʝ 
ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʫʜʦʙʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʦʡ, ʧʦʣʫʯʝʥʠʝ 
ʚʚʦʜʠʤʳʭ ʜʘʥʥʳʭ ʠ ʧʝʨʝʜʘʯʘ ʠʭ ʷʜʨʫ, ʚʳʚʦʜ ʩʦʦʙʱʝʥʠʡ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʦʰʠʙʦʢ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʣʠ ʦʙʨʘʙʦʪʢʠ, ʜʝʤʦʥʩʪʨʘʮʠʷ ʨʝʟʫʣʴʪʘʪʘ ʛʝʥʝʨʘʮʠʠ [2]. 

https://generator-online.com/names/


Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 21 ð   

 
ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʩʣʫʯʘʡʥʦʛʦ ʠʤʝʥʠ. ʉʠʩʪʝʤʘ 

ʩʦʩʪʦʠʪ ʠʭ ʜʚʫʭ ʯʘʩʪʝʡ: ʷʜʨʦ ʠ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. 
ʗʜʨʦ ï ʵʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ, ʚ ʟʘʜʘʯʠ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʚʳʧʦʣʥʝʥʠʝ 

ʩʠʩʪʝʤʥʦ ʟʘʚʠʩʠʤʳʭ ʬʫʥʢʮʠʡ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠ ʨʝʘʣʠʟʘʮʠʠ 
ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ʗʜʨʦ ʩʦʙʠʨʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʩ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ, 
ʫʯʠʪʳʚʘʷ ʝʸ, ʛʝʥʝʨʠʨʫʝʪ ʩʣʫʯʘʡʥʦʝ ʠʤʷ [2, 3]. 

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʷʜʨʘ ʩʠʩʪʝʤʳ: ʤʦʜʫʣʴ ʯʪʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʬʘʡʣʘ ʠ ʤʦʜʫʣʴ 
ʛʝʥʝʨʘʮʠʠ ʩʣʫʯʘʡʥʦʛʦ ʠʤʝʥʠ. 

ʇʨʦʛʨʘʤʤʘ ʦʩʥʘʱʝʥʘ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʫʜʦʙʥʫʶ ʠ 
ʢʦʤʬʦʨʪʥʫʶ ʨʘʙʦʪʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʥʝʡ.  

ɸʣʛʦʨʠʪʤ ʯʪʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʬʘʡʣʘ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ Python ʚ ʚʠʜʝ 
ʬʫʥʢʮʠʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ ʧʝʨʝʜʘʸʪʩʷ ʧʫʪʴ ʢ ʬʘʡʣʫ, ʢʦʪʦʨʳʡ 
ʪʨʝʙʫʝʪʩʷ ʧʨʦʯʠʪʘʪʴ ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ. 

ʃʠʩʪʠʥʛ 1 
ʂʦʜ ʯʪʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʬʘʡʣʘ ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ 
def read_from_file(path): 
    try: 
        f = open(path, encoding = "utf8") 
    except IOError as e: 
        return '' 
    return f.read().replace(u'\ufeff', '') 
ɺ ʪʝʣʝ ʬʫʥʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʟʦʚ ʩʪʘʥʜʘʨʪʥʦʡ ʬʫʥʢʮʠʠ open ʦʪʢʨʳʪʠʷ ʬʘʡʣʘ, 

ʧʨʠʥʠʤʘʶʱʝʡ ʧʫʪʴ ʠ ʢʦʜʠʨʦʚʢʫ. ʌʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ ʦʙʲʝʢʪ. ʅʘ ʩʣʫʯʘʡ, ʝʩʣʠ open ʥʝ 
ʥʘʡʜʸʪ ʫʢʘʟʘʥʥʳʡ ʬʘʡʣ, ʚʳʟʦʚ ʬʫʥʢʮʠʠ open ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʙʣʦʢʝ try-except, 
ʢʦʪʦʨʳʡ ʦʪʣʘʚʣʠʚʘʝʪ ʠʩʢʣʶʯʝʥʠʷ. ɽʩʣʠ ʦʥʦ ʥʝ ʚʦʟʥʠʢʣʦ, ʧʨʦʠʟʚʦʜʠʤ ʯʪʝʥʠʝ ʜʘʥʥʳʭ ʠʟ 
ʬʘʡʣʘ ʠ ʠʭ ʚʦʟʚʨʘʪ ʠʟ ʬʫʥʢʮʠʠ. 

ʆʩʥʦʚʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ 
ʩʣʫʯʘʡʥʳʭ ʠʤʸʥ, ʧʨʠʚʝʜʸʥʥʳʡ ʚ ʣʠʩʪʠʥʛʝ 2. 

ʃʠʩʪʠʥʛ 2 
ʂʦʜ ʬʫʥʢʮʠʠ ʯʪʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʬʘʡʣʘ ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ 
def random_name_generator(list_of_names, len_name_min, len_name_max, substr): 
    substr_down = substr.lower() 
    list_of_need_len = [] 
    for name in list_of_names: 
        if len(name) >= len_name_min and len(name) <= len_name_max and 

substr_down in name.lower(): 
            list_of_need_len.append(name) 
    return random.choice(list_of_need_len) 
ʌʫʥʢʮʠʷ random_name_generator ʧʨʠʥʠʤʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʦʚ ʩʧʠʩʦʢ ʠʤʸʥ 

list_of_names, ʤʠʥʠʤʘʣʴʥʫʶ len_name_min ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ len_name_max ʜʣʠʥʫ 
ʠʤʝʥʠ ʠ ʦʙʷʟʘʪʝʣʴʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ substr. ɺ ʪʝʣʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʚʦʜ 
ʩʠʤʚʦʣʦʚ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʥʠʞʥʠʡ ʨʝʛʠʩʪʨ ʧʫʪʸʤ ʚʳʟʦʚʘ ʤʝʪʦʜʘ 
lower(). ɿʘʪʝʤ ʦʙʲʷʚʣʷʝʪʩʷ ʧʫʩʪʦʡ ʩʧʠʩʦʢ list_of_need_len ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʥʘʧʦʣʥʝʥʠʷ 
ʧʦʜʭʦʜʷʱʠʤʠ ʩʣʦʚʘʤʠ. ʎʠʢʣ ʧʦ ʢʦʣʣʝʢʮʠʠ list_of_names ʧʨʦʠʟʚʦʜʠʪ ʧʝʨʝʙʦʨ ʠʤʸʥ, 
ʫʞʝ ʠʟʚʣʝʯʸʥʥʳʭ ʠʟ ʬʘʡʣʘ, ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʧʦʤʝʱʘʷ ʠʤʷ ʚ ʧʝʨʝʤʝʥʥʫʶ name. ɺ 
ʪʝʣʝ ʮʠʢʣʘ ʧʨʦʚʝʨʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʪʝʢʫʱʝʛʦ ʠʤʝʥʠ name ʫʩʣʦʚʠʷʤ ï ʧʘʨʘʤʝʪʨʘʤ, 
ʩʦʙʨʘʥʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʬʦʨʤʳ. ɽʩʣʠ ʚʩʝ ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʠ ʠʤʷ 
ʧʦʜʭʦʜʠʪ, ʪʦ ʦʥʦ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʩʧʠʩʦʢ list_of_need_len ʧʫʪʸʤ ʚʳʟʦʚʘ ʤʝʪʦʜʘ append(). 
ʌʫʥʢʮʠʷ random_name_generator ʚʦʟʚʨʘʱʘʝʪ ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʦʝ ʠʤʷ ʠʟ ʩʧʠʩʢʘ 
list_of_need_len, ʢʦʪʦʨʦʝ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʛʝʥʝʨʘʮʠʠ ʥʘ 
ʬʦʨʤʝ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ, ʦʥʘ ʦʩʥʘʱʝʥʘ ʛʨʘʬʠʯʝʩʢʠʤ 
ʠʥʪʝʨʬʝʡʩʦʤ, ʩʢʨʠʥ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʸʥ ʥʠʞʝ (ʨʠʩ. 1). 

 



ð 22 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 

ʈʠʩ. 1. ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ 

 
ʇʦʣʴʟʦʚʘʪʝʣʴ ʫʢʘʟʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʫʢʚ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʤʝʱʝʥʠʷ ʧʦʣʟʫʥʢʦʚ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʙʦʨ ʧʦʣʘ 
ʠʤʝʥʠ: ʤʫʞʩʢʦʝ ʠʣʠ ʞʝʥʩʢʦʝ. ʇʦ ʞʝʣʘʥʠʶ ʤʦʞʥʦ ʟʘʜʘʪʴ ʦʙʷʟʘʪʝʣʴʥʫʶ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʕʪʦ ʥʘʙʦʨ ʩʠʤʚʦʣʦʚ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʦʙʷʟʘʪʝʣʴʥʦ ʚʩʪʨʝʯʘʪʴʩʷ ʚ 
ʠʤʝʥʠ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʩʛʝʥʝʨʠʨʦʚʘʥʦ. ʅʘʧʨʠʤʝʨ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʚ ʧʦʣʝ ʦʙʷʟʘʪʝʣʴʥʘʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʢʘʟʘʣ çʘʰè, ʪʦ ʠʤʝʥʘ ʉʘʰʘ, ʄʘʰʘ, ɼʘʰʘ, ʇʘʰʘ ʤʦʛʫʪ ʙʳʪʴ 
ʩʛʝʥʝʨʠʨʦʚʘʥʳ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʪ ʩʦʯʝʪʘʥʠʝ ʙʫʢʚ çʘʰè. ʅʦ ʠʤʝʥʘ ʂʦʣʷ, ɼʠʤʘ, ʂʘʪʷ ʥʝ 
ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʛʝʥʝʨʘʮʠʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ. 

ɼʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʨʦʩʪʦ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʝʟ ʦʩʦʙʳʭ ʪʨʫʜʥʦʩʪʝʡ ʠʤ ʧʦʣʴʟʦʚʘʪʴʩʷ. ʗʟʳʢ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ ʝʛʦ ʛʨʘʬʠʯʝʩʢʠʡ ʬʨʝʡʤʚʦʨʢ PyQt ʜʘʶʪ ʦʛʨʦʤʥʳʝ 
ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʢʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 
[4, 5].  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʚʠʪʠʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʨʘʩʰʠʨʝʥʠʷ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ: ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʠʤʸʥ, ʥʘʟʚʘʥʠʡ, ʛʝʥʝʨʘʮʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 
ʢʦʥʩʪʨʫʢʮʠʡ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʤʝʜʠʮʠʥʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ, ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʘʤʦʡ ʣʘʙʦʨʘʪʦʨʠʠ (ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʚʫʭ ʧʨʠʙʦʨʦʚ ʠʣʠ ʜʚʫʭ ʤʝʪʦʜʦʚ) ʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʘʪʪʝʩʪʘʮʠʦʥʥʳʭ, ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʩʦʪʨʫʜʥʠʢʘʤʠ ʙʦʣʴʥʠʮ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʦʩʥʦʚʥʳʤ 

ʘʩʧʝʢʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʜʠʮʠʥʩʢʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʜʠʮʠʥʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ. 

 

Abstract 

Statistical processing of the results obtained in the medical laboratory is necessary for 

the laboratory itself (quality control of investigations, comparing the results of two devices or 

two methods) and for performing certification, practical and scientific works by hospital staff. 

This paper is a brief review of the scientific literature on the main aspects of the statistical 

processing of medical laboratory data. 

Keywords: medical laboratories, statistical processing. 

 

ʂʣʠʥʠʢʦ-ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ (ʂɼʃ) ʚʦ ʚʩʝʤ ʤʠʨʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚʦ ʚʩʝ 

ʙʦʣʝʝ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʣʝʯʝʙʥʦ-

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ (ʃʇʋ) [1-4]. ɿʘ ʧʦʩʣʝʜʥʠʝ 25 ʣʝʪ ʚ ʃʇʋ ʈʦʩʩʠʠ, ʠ ʚ ʪʦʤ 

ʯʠʩʣʝ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʩʪʘʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʭʠʤʠʯʝʩʢʠʭ, 

ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʭ, ʢʦʘʛʫʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʘʥʘʣʠʟʘʪʦʨʦʚ [5-8]. ɺ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ ʘʥʘʣʠʟʘʪʦʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪʩʷ ʙʣʦʢ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ 

ʭʨʘʥʠʪʴʩʷ ʚ ʧʘʤʷʪʠ ʧʨʠʙʦʨʘ ʠ ʚʳʚʦʜʠʪʴʩʷ ʥʘ ʧʝʯʘʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʤʥʦʛʠʭ 

ʘʥʘʣʠʟʘʪʦʨʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥ ʚʳʚʦʜ ʜʘʥʥʳʭ ʥʘ ʚʥʝʰʥʠʡ ʢʦʤʧʴʶʪʝʨ, ʥʘ ʢʦʪʦʨʦʤ ʤʦʛʫʪ 

ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ. ʕʪʦ ʜʝʣʘʝʪ 

ʫʜʦʙʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʘʥʘʣʠʟʘʪʦʨʘʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʨʝʰʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʟʘʜʘʯ ʂɼʃ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦ 

ʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʪʪʝʩʪʘʮʠʦʥʥʳʭ, ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʳʭ ʨʘʙʦʪ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʃʇʋ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʂɼʃ ʢʨʘʡʥʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ.  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʩʜʝʣʘʪʴ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ ʂɼʃ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʘʪʪʝʩʪʦʚʘʥʥʳʭ, ʩʣʠʚʥʳʭ) ʠ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʘʥʘʣʠʟʦʚ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ 

ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʵʪʦʤʫ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʵʪʦʤ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʣʠʰʴ ʥʝʩʪʘʥʜʘʨʪʥʳʡ 

ʧʦʜʭʦʜ, ʢʦʛʜʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʥʫʪʨʠʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʧʘʮʠʝʥʪʦʚ ʠ ʢʨʠʪʝʨʠʡ ñʭʠ-ʢʚʘʜʨʘʪò [9]. 



ð 24 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɼʨʫʛʘʷ ʟʘʜʘʯʘ ʂɼʃ, ʩʚʷʟʘʥʥʘʷ ʩʦ ʩʪʘʪʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ï ʵʪʦ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʨʝʬʝʨʝʥʪʥʳʭ ʠ ʢʨʠʪʠʯʝʩʢʠʭ ʠʥʪʝʨʚʘʣʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʈʝʰʝʥʠʝʤ ʵʪʦʡ 

ʟʘʜʘʯʠ ʩʝʡʯʘʩ ʟʘʥʠʤʘʶʪʩʷ ʪʦʣʴʢʦ ʚʝʜʫʱʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʪʝʩʪ-ʩʠʩʪʝʤ, 

ʭʦʪʷ ʜʝʡʩʪʚʫʶʱʠʡ ɻʆʉʊ ʚʦʟʣʘʛʘʝʪ ʵʪʫ ʟʘʜʘʯʫ ʥʘ ʢʘʞʜʫʶ ʂɼʃ [10, ʧ. 5.5.2]. ʉʦʛʣʘʩʥʦ 

ʧ. 3.4. ʫʢʘʟʘʥʥʦʛʦ ɻʆʉʊʘ [10], ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʨʝʬʝʨʝʥʪʥʳʡ ʠʥʪʝʨʚʘʣ ʦʙʳʯʥʦ 

ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʮʝʥʪʨʘʣʴʥʳʡ 95%-ʥʳʡ ʠʥʪʝʨʚʘʣ, ʘ ʜʨʫʛʦʡ ʨʘʟʤʝʨ ʠʣʠ ʘʩʠʤʤʝʪʨʠʯʥʘʷ 

ʣʦʢʘʣʠʟʘʮʠʷ ʨʝʬʝʨʝʥʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʩʦʙʳʤ ʩʣʫʯʘʷʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ɻʆʉʊʝ ʦʪʨʘʞʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʬʝʨʝʥʪʥʳʡ ʠʥʪʝʨʚʘʣ, ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʦʨʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʚʳʯʠʩʣʝʥʠʷ ʨʝʬʝʨʝʥʪʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ [11], 

ʥʘʟʚʘʥʠʷ ʢʦʪʦʨʳʭ ʜʘʥʳ  ʢʫʨʩʠʚʦʤ: AMBER, BMDP, BM-STAT, CART, DataDesc, 

DataScope, Epi Info, EViews, GenStat, GLIM, JMP, MedCalc,  MINITAB, Multivariance, 

MVSP, NAG, NCSS, ODA, PALMODA, PASS, PGN PolyAnalyst, POWERSTAT, Primer of 

Biostatistics, SAM, SAS, SigmaStat, SIGN, SOLO, S-PLUS, SPSS, SST, STAREX, STARS, 

Stata, STATGRAFICS, STATISTICA,  STATISTIX, Statit, STATlab, Stat-Media, STATMOST, 

Stat. Navigator, Stat View, StatXact, SYSTAT, TURBO Spring, UNISTAT, Visual Numerics, 

WinSTAT, ʂɺɸɿɸʈ, ʂʣʘʩʩ-ʄʘʩʪʝʨ, ʄɸɺʈ, Mesosaur, Olymp, ʇɸʈʀʉ, ʈʆʉʊɸʅ, ʉɸʅʀ, 

ʉʊɸɼʀʗ (STADIA), ʉʊɸʊʀʉʊ, ʉʪʘʪʠʩʪʠʢ-ʂʦʥʩʫʣʴʪʘʥʪ, ʉʊɸʊʕʂʉ, ʕʚʨʠʩʪʘ ʠ ʪ.ʜ. 

ɿʘʜʘʯʘ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʨʘʟʥʳʭ ʧʨʠʙʦʨʘʭ ʠʣʠ ʥʘ ʨʘʟʥʳʭ 

ʪʝʩʪ-ʩʠʩʪʝʤʘʭ, ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʚʩʝʭ ʂɼʃ, ʢʨʦʤʝ ʩʘʤʳʭ ʤʘʣʳʭ. ʕʪʘ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ, ʧʦ 

ʩʚʦʝʤʫ ʩʤʳʩʣʫ, ʜʦʣʞʥʘ ʨʝʰʘʪʴʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʝ ʥʘʰʣʘ ʦʪʨʘʞʝʥʠʷ ʚ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ [10, 12]. ʅʝʣʴʟʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʜʚʫʭ ʩʨʘʚʥʠʚʘʝʤʳʭ ʘʥʘʣʠʟʘʪʦʨʘʭ, ʣʠʰʴ ʩʣʦʚʝʩʥʦ, ʥʘʧʨʠʤʝʨ, ʵʧʠʪʝʪʘʤʠ 

ñʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷò, ñʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷò, ñʜʦʩʪʦʚʝʨʥʘʷò, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ 

ʨʘʙʦʪʝ [13], ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʭʦʜʠʤʦʩʪʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʮʝʥʢʠ ʢʦʨʨʝʣʷʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʜʚʫʭ ʨʘʟʥʳʭ ʧʨʠʙʦʨʘʭ, 

ʣʫʯʰʝ ʧʨʠʤʝʥʷʪʴ ʨʘʥʛʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʂʝʥʜʵʣʣʘ ʜʣʷ ʜʚʫʭ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʡ, ʧʦ 

ʜʘʥʥʳʤ [6], ʧʨʝʚʦʩʭʦʜʠʪ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʨʘʥʛʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʉʧʠʨʤʝʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʂɼʃ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʘʪʪʝʩʪʘʮʠʦʥʥʳʭ, ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʩʦʪʨʫʜʥʠʢʘʤʠ ʃʇʋ [1, 5, 6, 

14]. ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʠʥʮʠʧʝ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʥʠʡ, 

ʜʘʚʘʝʤʳʭ ʚ ʢʫʨʩʝ ʚʳʩʰʝʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʜʥʦʡ-ʜʚʫʭ ʠʟ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ ʩ ʧʨʦʧʫʩʢʘʤʠ, ʷʚʣʷʶʱʘʷʩʷ ʜʣʷ ʤʝʜʠʮʠʥʳ ʥʦʚʠʥʢʦʡ ʠ ʧʦʵʪʦʤʫ ʟʘʩʣʫʞʠʚʘʶʱʘʷ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ.  

ʇʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʶʪ ʦʙʳʯʥʳʝ ʧʦʣʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʢʦʛʜʘ ʧʦʩʣʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʤʘʪʝʨʠʘʣʘ ʧʘʮʠʝʥʪʦʚ ʧʦʣʫʯʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʟʥʘʯʝʥʠʷ. ʅʦ 

ʠʥʦʛʜʘ ʚ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ ʚʦʟʥʠʢʘʶʪ ʧʨʦʧʫʩʢʠ, ʪʦ ʝʩʪʴ ʪʘʢʠʝ ʥʘʙʣʶʜʝʥʠʷ, ʦ ʢʦʪʦʨʳʭ 

ʠʟʚʝʩʪʝʥ ʣʠʰʴ ʬʘʢʪ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʥʦ ʥʠʯʝʛʦ ʥʝ ʠʟʚʝʩʪʥʦ ʦʙ ʠʭ ʮʠʬʨʦʚʳʭ 

ʟʥʘʯʝʥʠʷʭ. ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳ ʧʨʦʧʫʩʢʠ, ʚʳʟʚʘʥʥʳʝ ʠʣʠ ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʯʘʝʤʦʡ 

ʧʘʪʦʣʦʛʠʝʡ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʥʝʫʯʝʪ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʦʰʠʙʢʠ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʠ 

ʚʳʚʦʜʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ [11, 15-17]. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʧʨʦʧʫʩʢʘʤʠ ʷʚʣʷʝʪʩʷ 

ʟʘʤʝʱʝʥʠʝ ʧʨʦʧʫʩʢʘ ʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʥʝʧʨʦʧʫʱʝʥʥʳʤ 

ʟʥʘʯʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʧʨʦʧʫʱʝʥʥʦʤʫ. ʉʨʝʜʠ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʚʝʩʴʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʠʤʧʫʪʘʮʠʷ [18-20]. ʀʜʝʦʣʦʛʠʯʝʩʢʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 25 ð   

 

ʙʣʠʟʦʢ ʢ ʥʝʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʣʦʛʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʢʨʘʡʥʠʭ ʚʘʨʠʘʥʪʦʚ 

ʚʣʠʷʥʠʷ ʧʨʦʧʫʩʢʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [11, 16, 21]. ɺ ʨʘʙʦʪʝ [22] ʦʩʥʦʚʥʦʡ 

ʧʨʠʥʮʠʧ ʘʥʘʣʠʟʘ ʧʨʦʧʫʩʢʦʚ ʟʘʢʣʶʯʘʣʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ ʠʭ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʡ ʢʘʪʝʛʦʨʠʠ. ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʩʪʘʪʠʩʪʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʧʨʦʧʫʱʝʥʥʳʭ ʜʘʥʥʳʭ [23].  ʅʦ, ʢʨʦʤʝ ʩʣʦʞʥʳʭ 

ʤʝʪʦʜʦʚ, ʝʩʪʴ ʧʦʣʝʟʥʳʝ ʧʨʦʩʪʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʧʫʩʢʘʭ, ʚʳʟʚʘʥʥʳʭ 

ʠʟʫʯʘʝʤʦʡ ʧʘʪʦʣʦʛʠʝʡ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʚʳʙʦʨʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʙʦʣʝʝ ʢʦʨʨʝʢʪʝʥ, ʯʝʤ ʩʨʘʚʥʝʥʠʝ ʚʳʙʦʨʦʢ ʤʝʞʜʫ ʩʦʙʦʡ [24, 25]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʜʦʨʦʛʠʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʂɼʃ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʨʠ ʧʦʚʩʝʤʝʩʪʥʦʤ ʚʥʝʜʨʝʥʠʠ BIM-ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʫʥʠʬʠʢʘʮʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʝʜʠʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʩʣʫʞʘʪ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʜʘʥʥʳʝ ʧʦ ʧʨʠʤʝʥʷʝʤʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤ ʚ ʝʜʠʥʫʶ ʙʘʟʫ ʦʙʲʝʢʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ ʠ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʣʠʟʠʡ ʚ ʧʨʦʝʢʪʝ. ɺ ʜʘʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ 

ʦʧʠʩʘʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʣʶʯʝʚʳʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʤʝʨʳ ʜʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʠʤʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚʚʠʜʫ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʨʘʩʣʠ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʚʥʝʜʨʝʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʟʘ ʨʫʙʝʞʦʤ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʯʪʦ ʜʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, 

ʦʧʪʠʤʠʟʠʨʫʝʪ ʨʘʙʦʪʫ ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʢʨʘʱʘʝʪ ʩʨʦʢʠ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʣʫʯʰʘʝʪ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʫʜʫʱʝʛʦ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʩʝʛʦ ʧʨʦʝʢʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: BIM-ʪʝʭʥʦʣʦʛʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʝʢʪ, ʢʣʘʩʩʠʬʠʢʘʪʦʨ. 

 

Abstract 

The subject of the study of this article is the evaluation of the efficiency of the use of 

classifiers of construction elements in the design of construction objects. With the widespread 

introduction of BIM technologies into design processes, it is necessary to unify and develop 

unified systems for working with modern construction design tools. This tool is used by 

classifiers, which combine data on applied materials and structures into a single base of the 
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construction object, which allows to optimize many processes and reduce the number of 

collisions in the project. This publication describes the definitions of classifiers as a 

construction design tool, their technical design capabilities, key existing examples of these 

tools, and the importance of their application due to the development of design technologies 

in the construction industry.  

When analyzing the results of the introduction of classifiers into the information 

model of the project, it was concluded that this tool significantly increases the productivity 

and quality of the project documentation produced, optimizes the work in the field of 

construction pricing, reduces the time of development of design solutions and, as a result, 

improves the quality of future construction products.  

Keywords: BIM-technologies, building, information modeling, project, classification. 

 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʦʪʨʘʩʣʴʶ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʠ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʘʯʝʩʪʚʦ ʧʨʠʤʝʥʷʝʤʳʭ ʨʝʰʝʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ 

ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʨʝʘʣʠʟʫʝʤʳʭ ʧʨʦʝʢʪʦʚ ʞʠʣʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ. ʅʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʫʱʝʩʪʚʫʝʪ 

ʪʝʥʜʝʥʮʠʷ ʧʝʨʝʭʦʜʘ ʦʪ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (CAD) ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (BIM) ʚ ʩʠʣʫ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ BIM-ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1]. 

ʂʣʘʩʩʠʬʠʢʘʪʦʨʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʦʥʷʪʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʨʘʟʜʝʣʝʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʤʥʦʛʦʦʙʨʘʟʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ ʧʦ ʠʭ ʩʭʦʞʠʤ ʠʣʠ ʨʘʟʣʠʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʘʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʧʦʨʷʜʦʢ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ, ʚʝʜʝʥʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʦʙʱʝʨʦʩʩʠʡʩʢʠʭ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʘʚʠʣʘʭ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʇʈ 50.1.024-2005. 

ʂʣʘʩʩʠʬʠʢʘʪʦʨ ï ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʧʠʩʦʢ ʥʘʠʤʝʥʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥ ʫʥʠʢʘʣʴʥʳʡ ʢʦʜ. 

ʆʥʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ:  

¶ ʤʝʞʜʫʥʘʨʦʜʥʳʝ; 

¶ ʥʘʮʠʦʥʘʣʴʥʳʝ/ʤʝʞʦʪʨʘʩʣʝʚʳʝ (ʜʝʡʩʪʚʫʶʪ ʚ ʧʨʝʜʝʣʘʭ ʛʦʩʫʜʘʨʩʪʚ ʠ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘʤ); 

¶ ʦʪʨʘʩʣʝʚʳʝ (ʜʝʡʩʪʚʫʶʪ ʚ ʨʘʤʢʘʭ ʦʪʨʘʩʣʝʡ); 

¶ ʩʠʩʪʝʤʥʳʝ (ʜʝʡʩʪʚʫʶʪ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ). 

BIM ï ʪʝʭʥʦʣʦʛʠʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ, ʧʦʵʪʦʤʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʙʘʟʦʚʳʝ (ʙʠʙʣʠʦʪʝʯʥʳʝ) ʵʣʝʤʝʥʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʟʜʘʥʠʷ [2]. ʕʪʠ ʙʠʙʣʠʦʪʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩʦʜʝʨʞʘʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʢʘʢ ʩʝʡʯʘʩ, ʪʘʢ ʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʠʣʠ ʧʦʣʥʦʡ ʧʨʦʨʘʙʦʪʢʠ 

(ʘʥʘʣʠʟʘ) ʧʨʦʝʢʪʘ (ʤʦʜʝʣʠ ʟʜʘʥʠʷ). 

ʕʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʚʩʪʘʚʣʷʝʪʩʷ ʚ ʤʦʜʝʣʴ ʟʜʘʥʠʷ ʚ ʢʘʢʦʡ-ʣʠʙʦ BIM-ʧʨʦʛʨʘʤʤʝ 

ʠʤʝʝʪ ʚ ʩʚʦʡʩʪʚʘʭ ʢʦʜ ʧʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʫ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʟʘʪʝʤ 

ʤʦʞʝʪ ʚʝʩʪʠʩʴ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʠʝ. 

ʇʨʦʝʢʪʠʨʦʚʱʠʢ ʟʘʢʣʘʜʳʚʘʝʪ ʢʦʜ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʜʘʥʠʷ, ʚʦʟʤʦʞʥʦ 

ʜʘʞʝ ʥʝ ʟʥʘʷ ʦʙʦ ʚʩʝʭ ʥʶʘʥʩʘʭ, ʢʦʪʦʨʳʝ ʥʝʩʝʪ ʟʘ ʩʦʙʦʡ ʢʦʜ ʤʘʪʝʨʠʘʣʘ (ʩʪʦʠʤʦʩʪʴ 



ð 28 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʤʘʪʝʨʠʘʣʘ, ʩʪʦʠʤʦʩʪʴ ʤʦʥʪʘʞʘ ʠ ʪ.ʜ.). ʕʪʠ ʬʘʢʪʦʨʳ ʥʝ ʠʥʪʝʨʝʩʫʶʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, ʥʦ 

ʚʝʩʴʤʘ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʜʣʷ ʩʪʨʦʠʪʝʣʷ ʠ ʩʤʝʪʯʠʢʘ.  

ɼʦ ʧʦʷʚʣʝʥʠʷ ʧʦʥʷʪʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʤʘʪʝʨʠʘʣʦʚ ʵʪʫ ʨʘʙʦʪʫ ʚʳʧʦʣʥʷʣ 

ʩʤʝʪʯʠʢ. ʆʥ ʧʦʣʫʯʘʣ ʤʦʜʝʣʴ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʠ ʟʘʪʝʤ ʢʨʦʧʦʪʣʠʚʦ ʦʙʨʘʙʘʪʳʚʘʣ ʢʘʞʜʳʡ 

ʵʣʝʤʝʥʪ, ʧʨʠʧʠʩʳʚʘʷ ʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ. ʕʪʦʪ ʧʫʪʴ ʦʯʝʥʴ ʜʦʣʛʠʡ ʠ ʥʝ 

ʠʩʢʣʶʯʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ ʠ ʢʦʣʣʠʟʠʡ ʚʚʠʜʫ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ʂʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ ʩʦʟʜʘʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʫʞʝ 

ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʷʚʰʝʝʩʷ ʤʥʝʥʠʝ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʜʣʷ ʚʩʝʡ 

ʩʪʨʘʥʳ, ʪʘʢ ʢʘʢ ʵʪʦ ʫʥʠʬʠʮʠʨʫʝʪ ʚʩʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʧʨʦʝʢʪʳ ʚ ʤʘʩʰʪʘʙʘʭ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʇʨʦʝʢʪʳ ʙʫʜʫʪ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʘʥʘʣʠʟʘ, ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

[3].ʉʦʟʜʘʥʠʝ ʪʘʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʚʩʝʡ ʩʪʨʘʥʳ ï ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʘʷ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʦʝʢʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʨʘʩʣʠ. ʕʪʦ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ, ʧʦʪʦʤʫ ʯʪʦ ʚʝʜʝʪ ʟʘ ʩʦʙʦʡ ʚʥʝʜʨʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ BIM ʚ ʤʘʩʰʪʘʙʘʭ ʚʩʝʡ ʩʪʨʘʥʳ [4]. ʆʜʥʘʢʦ ʥʝ ʩʦʚʩʝʤ 

ʚʩʝ ʪʘʢ ʧʨʦʩʪʦ. ɺʚʝʜʝʥʠʝ ʝʜʠʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʤʦʞʝʪ çʩʚʷʟʘʪʴ ʨʫʢʠè ʧʨʦʝʢʪʥʳʤ 

ʢʦʤʧʘʥʠʷʤ, ʪʘʢ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʦʙʦʩʥʦʚʘʥʦ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ 

ʨʘʙʦʪ. ɼʦʚʦʣʴʥʦ ʥʘʛʣʷʜʥʳʤ ʠ ʫʜʦʙʥʳʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ OmniClass, ʛʜʝ 

ʚʝʨʭʥʠʝ ʫʨʦʚʥʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʜʘʥʳ ʟʘʨʘʥʝʝ, ʘ ʜʘʣʝʝ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʝʡ ʟʘʜʘʯʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʦʢʦʣʦ ʜʝʩʷʪʢʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠʥʷʪʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʥʘʮʠʦʥʘʣʴʥʳʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʘ 

ISO 12006-2 çʉʪʨʦʠʪʝʣʴʩʪʚʦ. ʄʦʜʝʣʴ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪʘʭ. 

ʏʘʩʪʴ 2. ʆʩʥʦʚʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠè. ʕʪʦʪ ʩʪʘʥʜʘʨʪ ʦʩʥʦʚʘʥ ʥʘ ʢʦʥʮʝʧʮʠʠ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʘʢ ʦʩʥʦʚʳ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [5].  

ʅʘʮʠʦʥʘʣʴʥʳʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. 

ʉʘʤʳʝ ʠʟʚʝʩʪʥʳʝ ʜʚʝ ʨʘʟʨʘʙʦʪʢʠ ʟʘʩʣʫʞʠʚʘʶʪ ʦʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ: 

ʇʝʨʚʘʷ ʩʠʩʪʝʤʘ - COBie (ConstructionïOperationBuildinginformationexchange, ʯʪʦ 

ʚ ʧʝʨʝʚʦʜʝ ʦʟʥʘʯʘʝʪ ʆʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʟʜʘʥʠʠ ʦʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ). 

ʕʪʘ ʨʘʟʨʘʙʦʪʢʘ ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʘʩʴ ʚ 2007 ʛʦʜʫ ʚ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʘʭ ɸʤʝʨʠʢʠ, ʚ 2011 

ʦʥʘ ʩʪʘʣʘ ʯʘʩʪʴʶ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ BIM-ʩʪʘʥʜʘʨʪʘ NBIMS.  

ɺʪʦʨʘʷ ʩʠʩʪʝʤʘ - OmniClass (ʉʠʩʪʝʤʘ ʉʪʨʦʠʪʝʣʴʥʦʡ ʂʣʘʩʩʠʬʠʢʘʮʠʠ). OmniClass 

- ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʤʥʦʛʦ ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ: ʦʪ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʙʣʠʦʪʝʢʠ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦ ʧʨʦʝʢʪʫ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. ʆʥʘ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (ISO) ʩ ʥʘʯʘʣʘ 1990-ʭ 

ʛʦʜʦʚ [6]. 

ɺʚʦʜ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʢʨʳʚʘʝʪ ʪʘʤ ʥʝʩʢʦʣʴʢʦ ʥʝʦʩʧʦʨʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: 

1. ɿʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʝʢʪʦʚ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ, ʚ ʪ. ʯ. ʠ 

ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. 

2. ʇʦʚʳʰʘʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ, ʩʪʨʦʠʪʝʣʝʡ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʣʫʞʙ. 

3. ʇʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʝʢʪʦʚ. 

4. ʋʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʝʢʪʥʳʭ ʦʰʠʙʦʢ. 

5. ʆʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʚʠʣʴʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ 

ʨʘʙʦʪʘʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʯʝʨʝʟ ʬʦʨʤʘʪ IFC. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 29 ð   

 

6. ʉʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʩʦʩʪʘʚʣʝʥʠʝ ʩʤʝʪ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ, ʫʧʨʘʚʣʝʥʠʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʥʠʬʠʢʘʮʠʠ ʝʜʠʥʳʡ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʨʘʟʨʘʙʦʪʘʪʴ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪ.ʢ. ʩʪʨʫʢʪʫʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʟʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʨʘʟʥʦʦʙʨʘʟʥʘ, ʝʝ ʥʝʣʴʟʷ 

ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʧʦʜ ʦʜʠʥ ʢʣʘʩʩʠʬʠʢʘʪʦʨ. ʊʨʝʙʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, ʥʦ 

ʯʝʤ ʤʝʥʴʰʝ ʠʭ ʙʫʜʝʪ, ʪʝʤ ʣʫʯʰʝ.  

ʊʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʠ ʤʝʪʦʜʦʣʦʛʠʶ 

ʨʘʟʙʠʚʢʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦ ʦʙʲʝʢʪʫ: 

1. ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ; 

2. ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʚʠʜʦʚ ʨʘʙʦʪ; 

3. ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢʞʝ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʧʨʦʨʘʙʦʪʢʠ ʤʦʜʝʣʠ, ʧʦʵʪʦʤʫ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʪʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ LOD (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʧʨʦʨʘʙʦʪʢʠ 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ 
ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ 

LOD200 ɹʝʪʦʥ ɸʨʤʘʪʫʨʥʳʝ ʨʘʙʦʪʳ 
ɾʝʣʝʟʦʙʝʪʦʥʥʦʝ 

ʧʝʨʝʢʨʳʪʠʝ 

LOD300 ɹʝʪʦʥ ɺ40 ʋʩʪʨʦʡʩʪʚʦ ʘʨʤʘʪʫʨʥʦʛʦ ʢʘʨʢʘʩʘ 
ʇʝʨʝʢʨʳʪʠʝ ɺ40 ʩ 

ʘʨʤʠʨʦʚʘʥʠʝʤ 110 ʢʛ/ʤ
3
 

LOD400 
ɹʝʪʦʥ ɺ40, W6, 

F150 

1.ʋʢʨʫʧʥʠʪʝʣʴʥʘʷ ʩʙʦʨʢʘ. 

2. ʉʪʨʦʧʦʚʢʘ ʘʨʤʘʪʫʨʥʳʭ ʢʘʨʢʘʩʦʚ ʠ 

ʩʝʪʦʢ. 

3. ʋʩʪʘʥʦʚʢʘ ʢʘʨʢʘʩʦʚ ʚ ʧʨʦʝʢʪʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʠ ʚʨʝʤʝʥʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ. 

ʀ ʪ.ʜ. 

1. ɾʝʣʝʟʦʙʝʪʦʥʥʦʝ 

ʧʝʨʝʢʨʳʪʠʝ 300 ʤʤ ɺ40, 

W6, F150 

2. ʆʩʥʦʚʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ 

d10  ʩ ʰʘʛʦʤ 200 ʢʣʘʩʩʘ 

ɸ500 

 
1. ʂʣʘʩʩʠʬʠʢʘʪʦʨ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ. ʂʣʘʩʩʠʬʠʢʘʪʦʨ, ʢʦʪʦʨʳʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʩʪʨʫʢʪʫʨʝ ʤʦʜʝʣʠ IFC (ɼʠʩʮʠʧʣʠʥʘ-ʂʣʘʩʩ-
ʕʢʟʝʤʧʣʷʨ) ʠʣʠ ʩʪʨʫʢʪʫʨʝ Revit (ʂʘʪʝʛʦʨʠʷ-ʉʝʤʝʡʩʪʚʦ-ʊʠʧʦʨʘʟʤʝʨ-ʕʢʟʝʤʧʣʷʨ). ʅʦ 
ʧʨʠʤʝʨʥʦ ʚ 5% ʩʣʫʯʘʝʚ ʪʨʝʙʫʝʪʩʷ ʨʫʯʥʦʡ ʚʦʜ ʢʦʜʦʚ.  

2. ʂʣʘʩʩʠʬʠʢʘʪʦʨ ʚʠʜʦʚ ʨʘʙʦʪ. ʈʘʟʨʘʙʦʪʢʘ ʵʪʠʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʧʨʠʚʝʜʝʪ 
ʢ ʪʦʤʫ, ʯʪʦ ʙʫʜʫʪ ʧʦʷʚʣʷʪʴʩʷ ʥʦʚʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ 
ʧʨʦʨʘʙʦʪʢʠ ʤʦʜʝʣʠ LOD. ʆʥʠ ʧʦʟʚʦʣʷʪ ʦʧʨʝʜʝʣʷʪʴ ʩ ʠʟʚʝʩʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 
ʩʪʦʠʤʦʩʪʴ ʙʫʜʫʱʝʛʦ ʦʙʲʝʢʪʘ ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʣʝʜʫʶʱʝʛʦ ʫʨʦʚʥʷ ʫʪʦʯʥʷʪʴ ʨʘʩʮʝʥʢʠ 
ʧʨʝʜʳʜʫʱʝʛʦ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʩ ʪʦʯʥʦʩʪʴʶ 30% ʥʘ 
ʫʨʦʚʥʝ LOD200, 15%  - ʥʘ LOD300, 5% -  ʥʘ LOD400. 

3. ʂʣʘʩʩʠʬʠʢʘʪʦʨ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 
ʈʘʟʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, ʘʥʘʣʦʛʠʯʥʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʫ ʚʠʜʦʚ ʨʘʙʦʪ, 

ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʩʘʤʦʩʦʚʝʨʰʝʥʩʪʚʫʶʱʫʶʩʷ ʩʠʩʪʝʤʫ. ʀ ʥʘ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ 
ʧʨʦʨʘʙʦʪʢʝ ʫʪʦʯʥʷʪʴ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɿʘʢʣʶʯʝʥʠʝ 
ʅʝʩʦʤʥʝʥʥʦ, ʨʦʣʴ ʚʥʝʜʨʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʯʝʥʴ 

ʩʫʱʝʩʪʚʝʥʥʘ, ʪʘʢ ʢʘʢ ʦʪʨʘʩʣʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʝʡʯʘʩ ʩʪʦʠʪ ʥʘ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʂʘʢ ʠʪʦʛ ʜʘʥʥʳʡ ʩʪʘʪʴʠ: ʪʝʤʘ ʩʦʟʜʘʥʠʷ 
ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʜʦʣʞʥʘ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʧʦʜʥʠʤʘʪʴʩʷ ʝʱʝ ʥʝ ʦʜʠʥ ʨʘʟ, ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ 
ʜʦʣʞʥʳ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʪʴʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʵʪʦ 
ʫʩʢʦʨʷʝʪ ʚʥʝʜʨʝʥʠʝ BIM-ʪʝʭʥʦʣʦʛʠʡ. ʇʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 
ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʦʩʪ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ 



ð 30 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʚʦʜʠʤʳʭ ʦʙʲʝʢʪʦʚ. ɺʥʝʜʨʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ 
ʦʢʘʞʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʦʠʪʝʣʴʥʫʶ ʦʪʨʘʩʣʴ ʚʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 
ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʢʨʫʧʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʘʭ, ʛʜʝ ʧʨʠʭʦʜʠʪʩʷ 
ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʝʢʪʥʳʤʠ ʠ 
ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ.ʉʦʟʜʘʥʠʝ ʦʙʱʝʛʦ ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ 
ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʤ ʢʘʞʝʪʩʷ ʥʝ ʩʦʚʩʝʤ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʠʜʝʝʡ. ɺʦʟʤʦʞʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʚʝʨʭʥʠʝ ʫʨʦʚʥʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 
ʘ ʜʘʣʝʝ ʫʞʝ  - ʜʝʣʦ ʨʫʢ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ.  
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ɸʥʥʦʪʘʮʠʷ 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʉ++ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʡ. ʈʘʟʨʘʙʦʪʘʥʳ ʠʝʨʘʨʭʠʠ ʧʦʣʠʤʦʨʬʥʳʭ 
ʢʣʘʩʩʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʥʫʣʝʡ ʠ ʵʢʩʪʨʝʤʫʤʦʚ, 
ʚʳʯʠʩʣʝʥʠʷ ʢʦʨʥʝʡ ʠ ʪʦʯʝʢ ʵʢʩʪʨʝʤʫʤʦʚ ʥʘ ʠʥʪʝʨʚʘʣʘʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 
ʢʘʢ ʧʝʨʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʘʪʪʝʨʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʂʣʘʩʩʳ, ʧʦʣʠʤʦʨʬʠʟʤ, ʠʥʪʝʨʬʝʡʩ, ʫʢʘʟʘʪʝʣʠ, ʢʦʨʥʠ 
ʬʫʥʢʮʠʠ, ʵʢʩʪʨʝʤʫʤʳ, ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʢʦʨʥʷ  

 
Abstract 
The article is devoted to the issues of C ++ tools software designing for solving 

problems of functions research. Hierarchies of polymorphic classes, null and extreme research 
interval determination tasks, calculation of roots and extreme research points at intervals, 
which can be considered as a first approximation to the design of the function investigation 
pattern, have been developed. 

Keywords: classes, polymorphism, interface, pointers, function roots, extremums, 
root search methods 

 
ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʵʪʘʧʘ: 

ʦʪʜʝʣʝʥʠʷ ʢʦʨʥʝʡ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʵʢʩʪʨʝʤʫʤʦʚ, ʫʪʦʯʥʝʥʠʷ ʢʦʨʥʝʡ ʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 31 ð   

 
ʵʢʩʪʨʝʤʫʤʦʚ ʠʪʝʨʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ɺ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʟʘʜʘʯʘ ʪʘʙʫʣʷʮʠʠ: ʚʳʯʠʩʣʝʥʠʝ 
ʪʘʙʣʠʮʳ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʚ ʫʟʣʘʭ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʠ ʥʘ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚ 
ʟʘʜʘʥʥʦʤ ʯʠʩʣʝ ʫʟʣʦʚ n. ɺ ʩʣʫʯʘʝ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʠ ʰʘʛ ʤʝʞʜʫ ʫʟʣʘʤʠ ʧʦʩʪʦʷʥʥʳʡ, 
ʨʘʚʥʳʡ ʯʘʩʪʥʦʤʫ ʦʪ ʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠʥʪʝʨʚʘʣʘ ʥʘ ʯʠʩʣʦ ʫʟʣʦʚ.  

ʀʩʧʦʣʴʟʫʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʪʘʙʫʣʷʮʠʠ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʪʝʨʚʘʣʳ ʤʦʥʦʪʦʥʥʦʩʪʠ, 
ʥʘ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʫʣʴ ʠ ʤʝʥʷʝʪ ʟʥʘʢ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ 
ʥʫʣʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʷ ʠʟʤʝʥʷʝʪ ʟʥʘʢ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʦʯʢʠ 
ʠʥʪʝʨʚʘʣʘ xi, xi+1 , ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʝʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʚ ʵʪʠʭ ʫʟʣʘʭ ʤʝʥʴʰʝ 
ʥʫʣʷ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʵʢʩʪʨʝʤʫʤʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʯʢʠ ʠʥʪʝʨʚʘʣʦʚ xi-1, 
xi+1 ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʚ iï ʦʡ ʪʦʯʢʝ ʧʦ ʤʦʜʫʣʶ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʡ ʚ 
ʩʦʩʝʜʥʠʭ ʪʦʯʢʘʭ: (i-1) ʪʦʯʢʦʡ ʠ (i+1) ʪʦʯʢʦʡ. ʋʤʝʥʴʰʘʷ ʚʝʣʠʯʠʥʫ ʰʘʛʘ, ʤʦʞʥʦ 
ʫʪʦʯʥʠʪʴ ʠʥʪʝʨʚʘʣʳ. 

ʅʘ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʠʥʪʝʨʚʘʣʦʚ ʜʣʷ ʧʦʠʩʢʘ ʢʦʨʥʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʠʩʣʝʥʥʳʝ 
ʤʝʪʦʜʳ ʫʪʦʯʥʝʥʠʷ ʢʦʨʥʝʡ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʢʦʨʥʷ ʥʝʣʠʥʝʡʥʦʡ 
ʬʫʥʢʮʠʠ: ʤʝʪʦʜ ʭʦʨʜ, ʤʝʪʦʜ ʅʴʶʪʦʥʘ, ʠ ʤʝʪʦʜ ʟʦʣʦʪʦʛʦ ʩʝʯʝʥʠʷ ʜʣʷ ʧʦʠʩʢʘ 
ʵʢʩʪʨʝʤʫʤʘ. ʄʝʪʦʜ ʭʦʨʜ ʠ ʤʝʪʦʜ ʧʦʣʦʚʠʥʥʦʛʦ ʜʝʣʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 
ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ ʜʣʷ ʧʦʧʘʜʘʥʠʷ ʚ ʦʙʣʘʩʪʴ ʩʭʦʜʠʤʦʩʪʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʝ ʠʝʨʘʨʭʠʠ ʢʣʘʩʩʦʚ. ɺ 
ʙʘʟʦʚʦʤ ʢʣʘʩʩʝ ʧʝʨʚʦʡ ʠʝʨʘʨʭʠʠ ʥʘʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 
ʪʘʙʫʣʷʮʠʠ, ʚ ʧʨʦʠʟʚʦʜʥʳʭ ʢʣʘʩʩʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʪʝʨʚʘʣʳ ʥʫʣʝʡ ʠ ʵʢʩʪʨʝʤʫʤʦʚ. ɺ 
ʜʨʫʛʦʡ ʠʝʨʘʨʭʠʠ ʢʣʘʩʩʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ, 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʠʤʦʨʬʥʳʝ ʢʣʘʩʩʳ ʠ ʠʥʪʝʨʬʝʡʩʥʳʡ ʘʙʩʪʨʘʢʪʥʳʡ ʢʣʘʩʩ, ʢʦʪʦʨʳʡ 
ʩʦʜʝʨʞʠʪ ʯʠʩʪʫʶ ʚʠʨʪʫʘʣʴʥʫʶ ʬʫʥʢʮʠʠ ʧʦʠʩʢʘ ʢʦʨʥʷ ʠʣʠ ʵʢʩʪʨʝʤʫʤʘ ʩ ʟʘʜʘʥʥʦʡ 
ʪʦʯʥʦʩʪʴʶ. ɸʙʩʪʨʘʢʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ïɻ ʪʦ ʘʙʩʪʨʘʢʪʥʳʡ ʢʣʘʩʩ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʠʟ ʯʠʩʪʳʭ 
ʚʠʨʪʫʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʠ ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʜʘʥʥʳʤʠ ʯʣʝʥʘʤ. ʕʪʦʪ ʢʣʘʩʩ ʩʦʜʝʨʞʠʪ 
ʦʙʲʷʚʣʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʦʪʨʘʞʘʶʱʠʭ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 
ʧʨʦʠʟʚʦʜʥʳʭ ʢʣʘʩʩʘʭ. ʂʦʥʢʨʝʪʥʳʡ ʤʝʪʦʜ ʨʝʘʣʠʟʫʝʪʩʷ ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ 
ʧʦʣʠʤʦʨʬʥʳʭ ʢʣʘʩʩʦʚ ʧʨʠ ʦʪʢʨʳʪʦʤ ʥʘʩʣʝʜʦʚʘʥʠʠ ʦʪ ʙʘʟʦʚʦʛʦ ʘʙʩʪʨʘʢʪʥʦʛʦ 
ʠʥʪʝʨʬʝʡʩʥʦʛʦ ʢʣʘʩʩʘʤ. ɼʚʝ ʠʝʨʘʨʭʠʠ ʢʣʘʩʩʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ: ʢʣʘʩʩ ʧʦʠʩʢʘ 
ʠʩʧʦʣʴʟʫʝʪ ʨʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʦʚ ʧʝʨʚʦʡ ʠʝʨʘʨʭʠʠ ʢʣʘʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʧʦʠʩʢ ʠʥʪʝʨʚʘʣʦʚ.  

ʄʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʠʛʥʘʪʫʨʦʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ 
ʠʩʩʣʝʜʦʚʘʥʠʝ, ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʤʦʜʫʣʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʙʘʟʫ ʬʫʥʢʮʠʡ. ʕʪʘ 
ʙʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ ʠʣʠ ʠʟʤʝʥʝʥʘ. ɺ ʤʦʜʫʣʝ ʙʘʟʳ ʥʘ ʤʥʦʞʝʩʪʚʘ ʬʫʥʢʮʠʡ 
ʦʙʲʷʚʣʷʝʪʩʷ ʪʠʧ ʫʢʘʟʘʪʝʣʷ ʥʘ ʬʫʥʢʮʠʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʠʛʥʘʪʫʨʦʡ. ɺ ʜʘʥʥʦʡ ʚʝʨʩʠʠ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʫʥʢʮʠʡ ʦʪ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʠ ʩ ʩʠʛʥʘʪʫʨʦʡ:  

typedef double (* fun ) (double );  
ʀʤʝʥʘ ʚʩʝʭ ʬʫʥʢʮʠʡ ʭʨʘʥʷʪʩʷ ʚ ʤʘʩʩʠʚʝ ʜʘʥʥʦʛʦ ʪʠʧʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʪʠʧʳ ʫʢʘʟʘʪʝʣʷ ʥʘ ʬʫʥʢʮʠʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʠʛʥʘʪʫʨʦʡ.  
ʈʘʩʩʤʦʪʨʠʤ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʣʘʩʩʦʚ. ɺʩʝ ʢʣʘʩʩʳ ʠʩʧʦʣʴʟʫʶʪ ʦʧʠʩʘʥʠʝ 

ʢʣʘʩʩʘ Point: ʚ ʜʘʥʥʦʡ ʚʝʨʩʠʠ ï ʪʦʯʢʘ ʥʘ ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʟʘʜʘʥʠʷ ʟʘʢʨʳʪʳʭ ʧʦʣʝʡ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʩʪʨʫʢʪʦʨ, ʜʣʷ ʯʪʝʥʠʷ ïʛʝʪʪʝʨʳ  

Class Point{ 
 double x, y; 
 public:   
     Point(){x=0; y=0;} //ʢʦʥʩʪʨʫʢʪʦʨʳ ʢʣʘʩʩʘ  
            Point(double xv, double yv ){x=xv; y=yv; } 
            Point(Point &p){x=p.x; y=p.y; } 
     double get_x(){ return x; } //ʛʝʪʪʝʨʳ 
     double get_y(){ return y; } 
);  



ð 32 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʪʘʙʫʣʷʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʦʤ tabul(double (* f) (double x) ) 

ʙʘʟʦʚʦʛʦ ʢʣʘʩʩʘ Baza_tab, ʘʨʛʫʤʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʫʢʘʟʘʪʝʣʴ ʥʘ ʬʫʥʢʮʠʶ ɺ 
ʤʝʪʦʜʝ ʚʳʯʠʩʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʘʩʩʠʚ ʪʦʯʝʢ ʪʘʙʫʣʷʮʠʠ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʫʢʘʟʘʪʝʣʴ 
ʥʘ ʵʪʦʪ ʤʘʩʩʠʚ. ʋʢʘʟʘʪʝʣʴ ʥʘ ʚʳʜʝʣʝʥʥʫʶ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʟʘʱʠʱʝʥʥʦʤ 
ʧʦʣʝ Point *p. ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʘʩʩʠʚ ʥʘʩʣʝʜʫʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʥʳʭ 
ʢʣʘʩʩʘʭ, ʚ ʤʝʪʦʜʘʭ ʢʦʪʦʨʳʭ ʨʝʰʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ 
ʧʦʠʩʢ ʟʘʜʘʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ.  

ɺ ʤʝʪʦʜ ʢʣʘʩʩʘ ʪʘʙʫʣʷʮʠʠ ʧʝʨʝʜʘʝʪʩʷ ʫʢʘʟʘʪʝʣʴ ʥʘ ʬʫʥʢʮʠʠ ʩ ʩʠʛʥʘʪʫʨʦʡ ʠʟ 
ʙʘʟʳ ʬʫʥʢʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʨʛʫʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʠʤʷ ʢʦʥʢʨʝʪʥʦʡ ʬʫʥʢʮʠʠ. 
ɿʘʠɦʱʝʥʥʳʤʠ ʧʦʣʷʤʠ ʢʣʘʩʩʘ ʦʙʲʷʚʣʷʶʪʩʷ ʟʘʜʘʚʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʠ ʯʠʩʣʦ 
ʫʟʣʦʚ. ɿʘʜʘʥʠʝ ʧʦʣʝʡ ʠ ʚʳʜʝʣʝʥʠʝ ʧʘʤʷʪʠ ʧʦʜ ʬʦʨʤʠʨʫʝʤʳʡ ʤʘʩʩʠʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 
ʢʦʥʩʪʨʫʢʪʦʨʝ ʢʣʘʩʩʘ. ɺʳʜʝʣʝʥʥʘʷ ʧʘʤʷʪʴ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʚ ʜʝʩʪʨʫʢʪʦʨʝ ʢʣʘʩʩʘ. 
ʆʧʠʩʘʥʠʝ ʙʘʟʦʚʦʛʦ ʢʣʘʩʩʘ :  

class Baza_tab{ 
     protected: 
       double  a, b;   int n;  // ʠʥʪʝʨʚʘʣ ʠ ʯʠʩʣʦ ʫʟʣʦʚ 
       Point *p;     //  ʫʢʘʟʘʪʝʣʴ ʥʘ ʤʘʩʩʠʚ   
      public: 
        //ʤʝʪʦʜ ʪʘʙʫʣʷʮʠʠ  
       Point* tabul( double  (* f) (double x) )       {     
            double h, x,y ;  int i;   
              for (i=0 , h=(b-a)/n, x=a ; i<n;  x+=h, i++)  
                 //  ʚʳʟʳʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ Point 
                              p[i]=Point(x,f(x));           
                  return p;   
         }  
// ʢʦʥʩʪʨʫʢʪʦʨʳ ʢʣʘʩʩʘ  
Baza_tab(){      a=0; b=0; n=0 ; p=0ô} 
 Baza_tab(double av, double bv ,int nv ) { 
          a=av; b=bv ; n=nv;      p=new Point[n];  }  
         void Destroy(){ // ʦʩʚʦʙʦʞʜʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʘʤʷʪʠ  
                 if (p && n > 0)     { delete [] p;     n = 0; }  
      ~Baza_tab(){Destroy(); } //  ʜʝʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ  
};  
ʇʨʦʠʟʚʦʜʥʳʝ ʢʣʘʩʩʳ Interval_nul ʠ Interval_extrum_max ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʠʥʪʝʨʚʘʣʦʚ ʥʫʣʝʡ ʠ ʵʢʩʪʨʝʤʫʤʦʚ ʠʩʧʦʣʴʟʫʶʪ ʦʪʢʨʳʪʦʝ ʥʘʩʣʝʜʦʚʘʥʠʝ ʦʪ ʙʘʟʦʚʦʛʦ 
ʢʣʘʩʩʘ Baza_tab. ʇʦʣʷʤʠ ʢʣʘʩʩʦʚ ʦʙʲʷʚʣʷʶʪʩʷ ʫʢʘʟʘʪʝʣʠ Point * ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ 
ʤʘʩʩʠʚʳ ʪʦʯʝʢ ʕʣʝʤʝʥʪ ʤʘʩʩʠʚʘ ʩʦʜʝʨʞʠʪ ʟʥʘʯʝʥʠʷ ʛʨʘʥʠʮ ʠʥʪʝʨʚʘʣʦʚ: ʚ ʧʦʣʝ x 
ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʘʯʘʣʦ ʠʥʪʝʨʚʘʣʘ, ʚ ʧʦʣʝ y ï ʢʦʥʝʮ ʠʥʪʝʨʚʘʣʘ, ʠʭ ʢʦʣʠʯʝʩʪʚʦ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʦʣʷʭ int kol_in. ɺʳʜʝʣʝʥʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʘʤʷʪʴ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʚ 
ʜʝʩʪʨʫʢʪʦʨʘʭ ʢʣʘʩʩʘ  

class Interval_nul: public Baza_tab{ 
     protected: 
     int kol_in;   Point  *p_in; 
     public: 
    Point*  interwal_nul();    // ʧʨʦʪʦʪʠʧ ʤʝʪʦʜʘ ʢʣʘʩʩʘ 
     int  get_kol(){ return kol_in; }  
     //ʢʦʥʩʪʨʫʢʪʦʨʳ ʠ ʜʝʩʪʨʫʢʪʦʨʳ ʢʣʘʩʩʘ  
    Interval_nul ():Baza_tab(){kol_in=0;  p_in=0; } 
     Interval_nul ( double av, double bv , int nv):Baza_tab(av,bv ,nv ) 
      { kol_in=0;  p_in=0; } 
     void Destroy() {   if (p_in && kol_in > 0)     {   
  delete [] p_in;     kol_in = 0; }  }  
      ~Interval_nul (){ Destroy () ;   Baza_tab:: ~Baza_tab();   } 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 33 ð   

 
};  
ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʥʫʣʝʡ: 
Point*  Interval_nul::interwal_nul(); {   
        int i, j;  Point *dt;        dt = new Point[n]; 
           for (i = 0, j = 0; i < n - 1; i++) 
               if ( p[i].get_y() * p[i + 1].get_y() < 0)      
                         dt[j++]= Point( p[i].get_x(),p[i + 1].get_x()) ; 
        p_in = new Point[j];            kol_in = j;     
       for (i = 0; i < j; i++)  p_in[i] = dt[i]; 
 delete []dt;  return p_in; }  
ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʢʣʘʩʩ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʵʢʩʪʨʝʤʫʤʦʚ: 
class Interval_extrum_max :public Baza_tab{ 
            int kol_in;   Point  *px; 
    Point* extrum_max();   // ʧʨʦʪʦʪʠʧ ʤʝʪʦʜʘ ʢʣʘʩʩʘ 
 .. //ʢʦʥʩʪʨʫʢʪʦʨʳ ʠ ʜʝʩʪʨʫʢʪʦʨʳ ʢʣʘʩʩʘ  
    Interval_extrum_max ():Baza_tab(){} 
Interval_extrum_max (double av, double bv ,int nv ): 
Baza_tab(av,bv ,nv ){ kol_in=0; px=0;} 
};  
ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʢʣʘʩʩʘ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʵʢʩʪʨʝʤʫʤʦʚ: 
Point* Interval_extrum_max:: extrum_max(); { 
 int i, j;    Point *dt;        dt = new Point[n]; 
 for(i=1, j=0; i<n-1; i++) 
    if ( p[i].get_y() > p[i+1].get_y() && p[i].get_y() > p[i- 1].get_y() ) 
dt[j++]=  Point( p[i-1].get_x(),p[i + 1].get_x() );     
           px = new Point[j];           kol_in = j;         
  for (i = 0; i < j; i++)  px[i] = dt[i];  delete [] dt;     
       return px;     
}  
ɺ ʤʦʜʫʣʝ ʢʣʠʝʥʪʝ ʦʙʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ: ʫʢʘʟʘʪʝʣʠ ʥʘ ʢʣʘʩʩ Point 

*tv, *te;, ʫʢʘʟʘʪʝʣʴ ʥʘ ʫʢʘʟʘʪʝʣʴ ʥʘ ʢʣʘʩʩ Interval_nul **fz;. ʇʦ ʫʢʘʟʘʪʝʣʶ fz ʚʳʜʝʣʷʝʪʩʷ 
ʧʘʤʷʪʴ ʧʦʜ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʘʩʩʠʚ ʫʢʘʟʘʪʝʣʝʡ fz= new Interval_nul * [m], ʛʜʝ m ï ʯʠʩʣʦ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʫʥʢʮʠʡ. ɺʦ ʚʥʝʰʥʝʤ ʮʠʢʣʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʪʝʨʚʘʣʳ ʥʫʣʝʡ ʜʣʷ 
ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ ʙʘʟʳ, ʠʤʝʥʘ ʬʫʥʢʮʠʡ ʟʘʧʠʩʘʥʳ ʚ ʤʘʩʩʠʚʝ mas_f. ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʳ 
ʢʣʠʝʥʪʘ: 

Point *tv, *te;   Interval_nul **fz;    
double a,b; int i,j,n,m; 
cin>>m>>a>>b>>n; 
fz= new Interval_nul * [m]; 
for (i=0;  i< m; i++){ 
    fz [i]=new Interval_nul (a,b,n);       
    fz[i] ->tabul_v(mas_f[i]); 
    tv=fz [i] ->interwal_nul(); 
   for (j=0;  j<  fz [i]->get_kol() ; j++){  
      cout<< tv[j].get_x()<< "  "<< tv[j].get_y()<< endl; 
  ); 
ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʧʦʠʩʢʘ ʠʥʪʝʨʚʘʣʦʚ ʵʢʩʪʨʝʤʫʤʦʚ ʦʙʲʷʚʣʷʝʪʩʷ ʫʢʘʟʘʪʝʣʴ ʥʘ 

ʫʢʘʟʘʪʝʣʴ ʥʘ ʢʣʘʩʩ Interval_extrum_max **fze, ʧʦ ʢʦʪʦʨʦʤʫ ʚʳʜʝʣʷʝʪʩʷ ʧʘʤʷʪʴ ʧʦʜ 
ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʘʩʩʠʚ ʫʢʘʟʘʪʝʣʝʡ: 

fzt= new Interval_extrum_max * [m],  
ʛʜʝ m ï ʯʠʩʣʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʫʥʢʮʠʡ.  
ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʮʠʢʣʘ ʧʦ ʯʠʩʣʫ ʠʩʩʣʝʜʫʝʤʳʭ ʬʫʥʢʮʠʡ ʚʳʟʳʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʦʨ 

ʢʣʘʩʩʘ, ʤʝʪʦʜ ʧʨʝʜʢʘ fzt[i]->tabul_v(mas_f[i]) ʠ ʤʝʪʦʜ ʢʣʘʩʩʘ ʧʦʠʩʢʘ ʠʥʪʝʨʚʘʣʦʚ 
ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ  tv=fzt [i] -> extrum_max(); 



ð 34 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
for (i=0;  i< m; i++){ 
    fzʝ [i]=new Interval_extrum_max  (a,b,10);       
    fze[i]->tabul_v(mas_f[i]); 
    tv=fze [i]-> extrum_max(); 
}  
ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʠʝʨʘʨʭʠʠ ʢʣʘʩʩʦʚ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 

ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʘʪʪʝʨʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʡ, ʚ ʤʝʪʦʜʘʭ ʢʦʪʦʨʦʛʦ ʨʝʰʘʶʪʩʷ 
ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʠʥʪʝʨʚʘʣʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʢʦʨʥʠ ʠʣʠ ʣʦʢʘʣʴʥʳʝ ʵʢʩʪʨʝʤʫʤʳ.  

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʦʙʫʯʘʶʱʝʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʠʛʨʳ ʚ ʩʨʝʜʝ Unity. ɼʘʥʥʘʷ ʠʛʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʫʯʝʥʠʷ ʰʢʦʣʴʥʠʢʦʚ ʠʥʬʦʨʤʘʪʠʢʝ 

ʚ ʟʘʥʠʤʘʪʝʣʴʥʦʡ ʬʦʨʤʝ. ɻʨʘʬʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ ʠʛʨʳ ʩʦʟʜʘʚʘʣʘʩʴ ʚ Adobe Photoshop 

CS6, ʠʛʨʦʚʘʷ ʤʝʭʘʥʠʢʘ ï ʥʘ ʠʛʨʦʚʦʤ ʜʚʠʞʢʝ Unity. ɼʣʷ ʥʘʧʠʩʘʥʠʷ ʩʢʨʠʧʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ#. 
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Abstract 

The article discusses the features of developing a training computer game in the Unity 

environment. This game is designed to teach students computer science in an entertaining 

way. The graphical shell of the game was created in Adobe Photoshop CS6, the game 

mechanics were written on the Unity game engine. The C#programming language was used to 

write scripts. 
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ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ ʤʦʞʝʪ ʩʪʦʠʪʴ ʤʠʣʣʠʦʥʳ ʨʫʙʣʝʡ, ʧʨʠʯʝʤ ʚ 

ʪʝʯʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʟʘʪʨʘʪʳ ʚ ʜʘʥʥʦʡ ʠʥʜʫʩʪʨʠʠ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʶʪ. 

ʆʜʥʘʢʦ, ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʨʳʥʢʘ ʠʥʜʠ-ʠʛʨ, ʤʥʦʛʠʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ 

ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʥʘʜ ʨʘʟʣʠʯʥʳʤʠ ʠʛʨʦʚʳʤʠ ʧʨʦʝʢʪʘʤʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, 

ʙʝʟ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʢʦʤʧʘʥʠʷʤʠ. ʀʥʜʠ-ʠʛʨʳ (ʥʝʟʘʚʠʩʠʤʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʠʛʨʳ) ï ʵʪʦ ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳ, ʩʦʟʜʘʥʥʳʝ ʦʪʜʝʣʴʥʳʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʠʣʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 35 ð   

 

ʥʝʙʦʣʴʰʠʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʙʝʟ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʠʟʜʘʪʝʣʷ [1]. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʧʦʧʫʣʷʨʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʠʛʨ ʷʚʣʷʝʪʩʷ Unity. 

Unity ï ʵʪʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʤʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʳʡ ʠʛʨʦʚʦʡ 3Dïʜʚʠʞʦʢ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʤʦʱʥʳʡ ʠʛʨʦʚʦʡ ʨʝʜʘʢʪʦʨ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʩʦʟʜʘʥʠʷ ʠʛʨ. ʕʪʦʪ 

ʜʚʠʞʦʢ ʥʘʧʦʤʠʥʘʝʪ ʢʦʥʩʪʨʫʢʪʦʨ ʠʛʨ, ʪʘʢ ʢʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʫ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʩ ʫʜʦʙʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ [2, 3]. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʩʪʘʪʴʝ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʦʙʫʯʘʶʱʘʷ ʠʛʨʘ çWinduzaè 

ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʠʛʨʦʚʦʤ ʜʚʠʞʢʝ Unity c ʧʦʤʦʱʴʶ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ Adobe Photoshop CS 6.  ʆʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʴʶʪʝʨʥʫʶ ʦʙʫʯʘʶʱʝʶ ʠʛʨʫ c ʩʶʞʝʪʦʤ, ʩʦʜʝʨʞʘʱʠʤ 

ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʠ ʨʝʞʠʤʳ.  

ʂʦʤʧʴʶʪʝʨʥʘʷ ʦʙʫʯʘʶʱʘʷ ʠʛʨʘ çWinduzaè ʩʦʜʝʨʞʠʪ:  

- ʚʦʩʝʤʴ ʠʛʨʦʚʳʭ ʫʨʦʚʥʝʡ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʙʠʪʚʫ ʩ ʙʦʩʩʦʤ. 

- ʧʷʪʴ ʠʛʨʦʚʳʭ ʨʝʞʠʤʦʚ: ʧʨʦʣʦʛ, ʩʶʞʝʪ, ʩʚʦʙʦʜʥʘʷ ʠʛʨʘ, ʢʚʝʩʪʳ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʮʝʥʪʨ. 

- ʪʨʠ ʠʛʨʦʚʳʭ ʧʝʨʩʦʥʘʞʘ ʩ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ, ʚʠʜʦʤ ʠ ʛʝʡʤʧʣʝʝʤ. 

ʀʛʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʚ ʠʛʨʦʚʦʡ 

ʬʦʨʤʝ ʜʣʷ ʫʯʘʱʠʭʩʷ ʦʩʥʦʚʥʦʡ ʰʢʦʣʳ. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩ ʫʯʝʪʦʤ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ɽʜʠʥʦʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʵʢʟʘʤʝʥʫ. ʂʦʥʝʯʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʦʛʨʘʤʤʳ 

ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʙʘʟʦʚʳʤʠ ʟʥʘʥʠʷʤʠ ʢʦʤʧʴʶʪʝʨʘ ʠ ʫʤʝʥʠʝʤ ʨʘʙʦʪʳ ʩ ʥʠʤ, 

ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʜʦʙʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩʣʫʞʘʪ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʨʝʜʩʪʚʦ ʠ 

ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʩʣʫʞʘʪ ʜʣʷ ʟʥʘʢʦʤʩʪʚʘ ʫʯʘʱʠʭʩʷ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʠʥʬʦʨʤʘʪʠʢʠ, ʘ ʩ ʜʨʫʛʦʡ ï ʧʦʟʚʦʣʷʶʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʷʟʳʢʦʚ ʠ ʩʨʝʜ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [4, 5]. 

ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ ʚ ʜʘʥʥʦʡ ʠʛʨʝ ʥʘʟʳʚʘʝʪʩʷ çʇʨʦʣʦʛè. ʕʪʦ ʚʚʦʜʥʳʡ ʫʨʦʚʝʥʴ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʫʯʝʥʠʝ ʦʩʥʦʚʘʤ ʙʘʟʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʞʝʤ ʚ ʠʛʨʝ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʠʩʘʥʠʝ ʠʛʨʦʚʦʛʦ ʩʶʞʝʪʘ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʫʨʦʚʥʝ çʉʠʩʪʝʤʘ ʩʯʠʩʣʝʥʠʷè ʧʝʨʝʜ ʫʯʘʱʠʤʠʩʷ ʩʪʦʠʪ ʟʘʜʘʯʘ  

ʥʘʡʪʠ ʢʫʙ ʩ ʧʨʘʚʠʣʴʥʳʤ ʦʪʚʝʪʦʤ, ʧʨʝʦʜʦʣʝʚʘʷ ʣʦʚʫʰʢʠ ʠ ʧʨʝʧʷʪʩʪʚʠʷ.  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʚʘʣʠʩʴ ʜʨʫʛʠʝ ʫʨʦʚʥʠ.  

ɺʝʩʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. 

1. ʉʦʟʜʘʥʠʝ ʩʮʝʥʳ, ʠʛʨʦʚʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʙʲʝʢʪʦʚ ʠʥʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠʛʨʳ. 

2. ɼʦʙʘʚʣʝʥʠʝ ʦʙʲʝʢʪʘʤ ʩʚʦʡʩʪʚ ʠ ʩʦʟʜʘʥʠʝ ʧʦʢʘʜʨʦʚʦʡ ʘʥʠʤʘʮʠʠ. 

3. ʅʘʧʠʩʘʥʠʝ ʩʢʨʠʧʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʛʨʦʚʦʛʦ ʦʙʲʝʢʪʘ. 

4. ʉʦʟʜʘʥʠʝ ʧʨʝʬʘʙʘ (ʰʘʙʣʦʥ ʛʦʪʦʚʳʭ ʠʛʨʦʚʳʭ ʦʙʲʝʢʪʦʚ ʩʦ ʚʩʝʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʢʨʠʧʪʘʤʠ), ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʝʢʪʘʭ ʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʩʦʟʜʘʥʠʝ ʩ 

ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʪʘʢʦʡ ʞʝ ʦʙʲʝʢʪ. 

5. ʉʦʟʜʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ ʠʛʨʳ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʛʨʦʢʘ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ 

ʧʦʥʷʪʥʳʤ ʠ ʫʜʦʙʥʳʤ, ʘ ʪʘʢʞʝ ʧʨʦʩʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʘʥʝʣʝʡ ʚʟʣʦʤʘ. ʇʘʥʝʣʠ ʚʟʣʦʤʘ 

ï ʵʪʦ ʟʘʜʘʥʠʷ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʚʦʜ ʦʪʚʝʪʘ ʫʯʝʥʠʢʦʤ. ɺ ʪʦʤ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʫʯʝʥʠʢ ʚʚʝʣ ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ ï ʦʥ ʧʝʨʝʭʦʜʠʪ ʢ ʨʝʰʝʥʠʶ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ.  

ɺ Unity ʜʦʙʘʚʣʷʝʤ ʦʙʲʝʢʪ Panel, ʧʝʨʝʠʤʝʥʦʚʳʚʘʝʤ ʝʝ ʚ PanelVzlom ʠ ʜʦʙʘʚʣʷʝʤ 

ʥʘ ʥʝʛʦ ʪʨʠ ʦʙʲʝʢʪʘ: 

- Image ï ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʚʠʜʝ ʠʢʦʥʢʠ; 



ð 36 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

- Text ï ʦʧʠʩʘʥʠʝ ʟʘʜʘʥʠʷ, ʥʘʟʚʘʥʠʝ ʧʘʥʝʣʠ; 

- Textt ï ʦʪʦʙʨʘʞʝʥʠʝ ʪʘʡʤʝʨʘ ʥʘ ʧʘʥʝʣʠ. 

ɼʘʣʝʝ ʩʦʟʜʘʝʤ ʩʢʨʠʧʪ  ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʘʨʦʣʷ ʠ ʥʘʟʳʚʘʝʤ ʝʛʦ OpenDoor: 

ʃʠʩʪʠʥʛ 1 

void Start() { 

    }  

    void Update() 

    {  

//ʫcʣoʚʠʷ oʪpʢʳʪʠʷ ʜʚepʠ        

if (inputF.text == Password) 

        {  

            passwordOff = true; 

            pasProv = false; 

            panelF.SetActive(false); 

            Destroy(Destr.gameObject);      

        }  

 

 
ʈʠʩ. 1 ʈʝʘʣʠʟʘʮʠʷ ʧʘʥʝʣʠ ʚʟʣʦʤʘ 

 

6. ʂʦʤʧʠʣʷʮʠʷ ʠʛʨʳ. 

ɼʘʥʥʳʡ ʵʪʘʧ ʷʚʣʷʝʪʩʷ ʟʘʚʝʨʰʘʶʱʠʤ. ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʬʘʡʣʳ ʩʦʙʠʨʘʶʪʩʷ 

ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʚ ʝʜʠʥʳʡ ʧʨʦʝʢʪ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʤʦʞʥʦ ʙʫʜʝʪ ʟʘʧʫʩʢʘʪʴ ʥʘ ʜʨʫʛʠʭ 

ʫʩʪʨʦʡʩʪʚʘʭ. 

ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʢʦʤʧʠʣʷʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʨʳʪʴ ʧʘʧʢʫ ʩ ʛʦʪʦʚʦʡ ʠʛʨʦʡ ʠ 

ʟʘʧʫʩʪʠʪʴ ʝʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

7. ʊʝʩʪʠʨʦʚʘʥʠʝ 

ʅa ʵʪʘʧʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤ c ʮeʣʴʶ 

ʥʘʭʦʞʜʝʥʠʷ ʦʰʠʙʦʢ [6]. 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ ʠʩʧʨʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʦʰʠʙʢʠ: 

1. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʛʨʦʢʘ c ʜʚʝʨʴʶ, ʥʝ ʧʦʷʚʣʷʝʪʩʷ ʧʘʥʝʣʴ ʚʟʣʦʤʘ. 

ʈʝʰʝʥʠʝ: ʧʨʠ ʧʨʦʚʝʨʢʝ ʩʢʨʠʧʪʘ ʜʚʝʨʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʩʳʣʢʠ ʥʘ 

ʦʙʲʝʢʪ çPanelVzlomè. 

2. ʏʘʩʪʴ ʬʦʥʘ ʫʨʦʚʥʷ ʦʪʦʙʨʘʞʘʣʘʩʴ ʥʝʢʦʨʨʝʢʪʥʦ. 

ʈʝʰʝʥʠʝ: ʙʳʣ ʫʚʝʣʠʯʝʥ ʨʘʜʠʫʩ ʦʙʟʦʨʘ ʠʛʨʦʚʦʡ ʢʘʤʝʨʳ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 37 ð   

 

ʇʦʩʣʝ ʠʩʧʨʘʚʣʝʥʠʷ ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʦʰʠʙʦʢ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʚʪʦʨʥʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʥʘʣʠʯʠʝ ʫʢʘʟʘʥʥʳʭ ʦʰʠʙʦʢ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ.  

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʦʙʫʯʘʶʱʘʷ ʠʛʨʘ çWinduzaè ʧʦʣʥʦʩʪʴʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʘ ʠ ʛʦʪʦʚʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʘʤʘʷ ʧʦʧʫʣʷʨʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

çʥʠʟʢʦʫʨʦʚʥʝʚʦʛʦè ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ OpenCV, ʘ ʪʘʢʞʝ ʧʦʥʷʪʠʷ ʵʢʚʠʣʠʟʘʮʠʠ 

ʛʠʩʪʦʛʨʘʤʤʳ, ʙʣʝʥʜʠʥʛʘ, ʮʚʝʪʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ɼʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʪʦʜʘʭ 

ʨʝʰʝʥʠʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʥʘʫʢʦʡ ʦ ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ, 

ð ʜʝʪʝʢʮʠʠ ʣʠʮ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ,  ʜʝʪʝʢʪʦʨ ʣʠʮ. 

 

Abstract 

The article discusses the most popular library for solving the problems of OpenCV 

"low-level" computer vision, as well as the concepts of histogram equalization, blending, 

color spaces. An idea is given of methods for solving one of the most complex problems 

solved by the science of computer vision - face detection. 

Key words: computer vision, pattern recognition, face detector. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ,  

ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʨʘʟʦʚ [1-5]. ʊʘʢ, ʚ ʩʪʘʪʴʝ ɸ.ɺ. ɻʫʣʴʷʥʦʚʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʘʟʦʚʳʝ ʤʝʪʦʜʳ ʠ 

ʘʣʛʦʨʠʪʤʳ, ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ [1]. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ɺ.ʀ. ʄʫʥʝʨʤʘʥ ʠ ɺ.ɼ. ʏʠʢʫʥʦʚ 

ʧʨʝʜʣʘʛʘʶʪ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʦʚ, ʠʤʝʶʱʠʭ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ 

ʨʘʟʣʠʯʠʷ [2]. ʍʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʦʯʝʢ ʢʦʥʪʫʨʘ [3]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦ ʤʥʝʥʠʶ 

ʃ.ɸ. ʃʶʪʠʢʦʚʦʡ ʠ ɽ.ɺ.  ʐʤʘʪʦʚʦʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ 

ʩʠʥʪʝʟʫ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ [4]. ʏʘʩʪʦ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ 

ʧʨʠʤʝʥʷʶʪ ʙʘʡʝʩʦʚʩʢʠʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [5]. ʆʜʥʘʢʦ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʙʦʨ 



ð 38 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʘʣʛʦʨʠʪʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʨʘʩʧʦʟʥʘʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ.     

ʇʦʛʦʚʦʨʠʤ ʦ ʟʘʜʘʯʘʭ çʧʨʦʩʪʦʛʦè, ʠʣʠ çʥʠʟʢʦʫʨʦʚʥʝʚʦʛʦè, ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʟʨʝʥʠʷ. ʆʥʠ ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʢʘʨʪʠʥʢʠ ʧʦʟʚʦʣʷʝʪ ʘʣʛʦʨʠʪʤʘʤ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʣʫʯʰʝ ʧʦʥʷʪʴ, ʯʪʦ ʥʘ ʥʝʡ ʠʟʦʙʨʘʞʝʥʦ. 

ʉʘʤʘʷ ʧʦʧʫʣʷʨʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ çʥʠʟʢʦʫʨʦʚʥʝʚʦʛʦè 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ð ʵʪʦ OpenCV.  ɺ ʥʝʡ ʩʦʜʝʨʞʠʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʣʛʦʨʠʪʤʦʚ, ʝʩʪʴ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʤʥʦʛʠʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʉ++ ʠ 

Python. ɼʨʫʛʘʷ ʠʟʚʝʩʪʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ð skimage, ʦʥʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʢʨʠʧʪʘʭ 

ʥʘ Python. ɺ ʧʨʠʤʝʨʘʭ ʜʘʣʴʰʝ ʤʳ ʙʫʜʝʤ ʧʨʠʤʝʥʷʪʴ OpenCV. 

ʀʟʦʙʨʘʞʝʥʠʝ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʢʦʜʠʨʫʝʪʩʷ ʧʦʧʠʢʩʝʣʴʥʦ, ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʧʠʢʩʝʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʧʦ-ʨʘʟʥʦʤʫ, ʥʦ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ï ʵʪʦ ʯʠʩʣʘ (ʨʠʩʫʥʦʢ 

1). 

 

 
ʈʠʩʫʥʦʢ 1. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ 

 

ʎʚʝʪ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ ʪʘʢ ʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʧʠʩʘʥ ʧʦ-ʨʘʟʥʦʤʫ. ʉʘʤʘʷ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ ð ʵʪʦ RGB, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʦʡ 

ʪʨʝʤʷ ʯʠʩʣʘʤʠ ʢʦʜʠʨʫʝʪʩʷ ʷʨʢʦʩʪʴ ʧʠʢʩʝʣʝʡ ʚ ʢʨʘʩʥʦʤ, ʟʝʣʝʥʦʤ ʠ ʩʠʥʝʤ ʢʘʥʘʣʘʭ.  

ʈʘʩʩʤʦʪʨʠʤ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ. ʀʪʘʢ, ʢʘʨʪʠʥʢʠ ð ʵʪʦ ʤʘʪʨʠʮʳ ʯʠʩʝʣ. ɺ 

ʩʣʫʯʘʝ ʩ ʯʝʨʥʦ-ʙʝʣʳʤʠ ʢʘʨʪʠʥʢʘʤʠ ʵʪʦ ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʘ ʚʳʩʦʪʘ ʥʘ ʰʠʨʠʥʫ ʢʘʨʪʠʥʢʠ. 

ɺ ʩʣʫʯʘʝ ʩ ʮʚʝʪʥʦʡ ʫ ʤʘʪʨʠʮʳ ʧʦʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʘ ʨʘʟʤʝʨʥʦʩʪʴ, ʯʘʱʝ ʚʩʝʛʦ ʦʥʘ ʨʘʚʥʘ 

ʪʨʝʤ. 

ɺ OpenCV ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʦʝ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʪʨʠʮ, ʢʘʢ ʚ ʙʠʙʣʠʦʪʝʢʝ 

NumPy. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʜʣʷ ʥʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ ʩʣʦʞʝʥʠʝ. 

ʆʜʥʘʢʦ ʥʝ ʚʩʝ ʪʘʢ ʧʨʦʩʪʦ: ʩʣʦʞʝʥʠʝ ʤʘʪʨʠʮ ʚ NumPy ʥʝ ʫʯʠʪʳʚʘʝʪ 

ʧʝʨʝʧʦʣʥʝʥʠʝ. ɼʣʷ ʠʟʦʙʨʘʞʝʥʠʡ ʧʝʨʝʧʦʣʥʝʥʠʝ ð ʵʪʦ ʥʝʣʦʛʠʯʥʘʷ ʦʧʝʨʘʮʠʷ. ɽʩʣʠ ʧʨʠ 

ʩʣʦʞʝʥʠʠ ʜʚʫʭ ʢʘʨʪʠʥʦʢ ʷʨʢʦʩʪʴ ʛʜʝ-ʪʦ ʧʨʝʚʳʩʠʣʘ 255, ʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʥʘ ʜʦʣʞʥʘ 

ʦʩʪʘʚʘʪʴʩʷ ʨʘʚʥʦʡ 255, ʘ ʥʝ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ 4.  

ʇʨʠʤʝʨ ʥʠʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʦʪʣʠʯʘʝʪʩʷ ʩʣʦʞʝʥʠʝ ʚ NumPy ʠ OpenCV. 
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Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 39 ð   

 

import numpy as np 
import cv2 
x = np.uint8([250]) 
y = np.uint8([10]) 
print cv2.add(x,y) 

[[255]] 

x+y 

4 
 
ɼʣʷ ʧʨʠʤʝʨʘ ʚʦʟʴʤʝʤ ʢʘʨʪʠʥʢʫ (ʨʠʩʫʥʦʢ 2). 
 

 
ʈʠʩʫʥʦʢ 2. ʆʙʨʘʟʝʮ ʠʟʦʙʨʘʞʝʥʠʷ 

 
ʇʝʨʚʳʤ ʜʝʣʦʤ ʠʟʦʙʨʘʞʝʥʠʝ ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʩʝʨʳʤ (ʜʘʞʝ ʝʩʣʠ ʦʥʦ ʥʘ ʚʠʜ ʫʞʝ ʚ 

ʦʪʪʝʥʢʘʭ ʩʝʨʦʛʦ, ʚ ʬʘʡʣʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʤʳ ʟʘʛʨʫʞʘʝʤ, ʦʥʦ ʦʙʳʯʥʦ ʩʦʭʨʘʥʝʥʦ ʢʘʢ 
ʮʚʝʪʥʦʝ). 

 

img1 = cv2.imread('imgs/lenna.jpg') 
gray = cv2.cvtColor(img1, cv2.COLOR_BGR2GRAY) 

 
ʂʦʤʘʥʜʘ cv2.cvtColor(img1, cv2.COLOR_BGR2GRAY) ʙʫʜʝʪ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʚʩʪʨʝʯʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ. ʆʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʚʝʪʦʚʳʭ 
ʧʨʦʩʪʨʘʥʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ RGB ʚ ʩʝʨʳʝ ʢʘʨʪʠʥʢʠ. ʇʦʩʣʝ ʧʨʝʚʨʘʱʝʥʠʷ ʢʘʨʪʠʥʢʠ ʚ 
ʩʝʨʫʶ ʤʦʞʥʦ ʧʨʠʙʘʚʠʪʴ ʢ ʥʝʡ ʢʘʢʦʝ-ʪʦ ʯʠʩʣʦ. 

 

gray_add = cv2.add(gray, 50) 

 
ʊʘʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʚʝʣʠʯʝʥʠʶ ʷʨʢʦʩʪʠ ʢʘʨʪʠʥʢʠ (ʨʠʩʫʥʦʢ 3). 
 

 
ʈʠʩʫʥʦʢ.3. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʪʠʥʢʠ 
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ð 40 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʄʦʞʥʦ ʥʝ ʧʨʠʙʘʚʣʷʪʴ, ʘ ʫʤʥʦʞʘʪʴ ʥʘ ʥʝʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

 

gray_mul = cv2.multiply(gray, 1.3) 

 
ʋʤʥʦʞʝʥʠʝ ʢʘʨʪʠʥʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʚʝʣʠʯʝʥʠʶ ʝʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʄʦʞʥʦ 

ʧʦʧʨʦʙʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ (ʥʘʧʨʠʤʝʨ, 1.8) ï ʨʠʩʫʥʦʢ 4. 
 

 

ʈʠʩʫʥʦʢ .4. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 

 

ʀʤʝʥʥʦ ʪʘʢ ʠ ʨʘʙʦʪʘʶʪ ʘʣʛʦʨʠʪʤʳ ʠʟʤʝʥʝʥʠʷ ʷʨʢʦʩʪʠ ʠ ʢʦʥʪʨʘʩʪʘ ʚʦ ʤʥʦʛʠʭ 

ʧʦʧʫʣʷʨʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʜʘʢʪʦʨʘʭ. ʆʜʥʘʢʦ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ 

ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʬʫʥʢʮʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʢʚʠʣʠʟʘʮʠʶ ʛʠʩʪʦʛʨʘʤʤʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʛʠʩʪʦʛʨʘʤʤʘ ð ʵʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʘʨʪʠʥʢʠ, ʧʦ ʢʦʪʦʨʦʤʫ ʚʠʜʥʦ, ʩʢʦʣʴʢʦ ʚ ʥʝʡ ʧʠʢʩʝʣʝʡ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʷʨʢʦʩʪʠ. ʅʠʞʝ ʧʦʢʘʟʘʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʢʘʢʦʛʦ-ʪʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʨʠʩʫʥʦʢ 5). ʏʝʨʥʘʷ ʣʠʥʠʷ 

ð ʵʪʦ ʢʫʤʫʣʷʪʠʚʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʥʘ ʚʦʧʨʦʩ, ʫ ʢʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʠʢʩʝʣʝʡ ʷʨʢʦʩʪʴ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ x. 

 

ʈʠʩʫʥʦʢ 1.5. ɻʠʩʪʦʛʨʘʤʤʘ ʜʦ ʵʢʚʠʣʠʟʘʮʠʠ ʠ ʧʦʩʣʝ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʚʠʣʠʟʘʮʠʠ ʛʠʩʪʦʛʨʘʤʤʘ ʢʘʨʪʠʥʢʠ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʢʫʤʫʣʷʪʠʚʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʙʳʣʘ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ. ɺʳʧʦʣʥʠʪʴ 

ʵʢʚʠʣʠʟʘʮʠʶ ʤʦʞʥʦ ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʝʡ: 

 

equ = cv2.equalizeHist(gray) 

 

ɽʩʣʠ ʚʟʷʪʴ ʥʘʰʫ ʧʨʝʜʳʜʫʱʫʶ ʢʘʨʪʠʥʢʫ, ʪʦ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʚʦʪ ʪʘʢ 

(ʨʠʩʫʥʦʢ 6). 
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Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 41 ð   

 

 
ʈʠʩʫʥʦʢ 6. ʈʝʟʫʣʴʪʘʪ ʵʢʚʠʣʠʟʘʮʠʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʙʣʝʥʜʠʥʛ. ʕʪʦ ʝʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʩʪʳʭ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʢ ʢʘʨʪʠʥʢʘʤ. ɽʩʣʠ ʥʘʰʘ ʟʘʜʘʯʘ ð ʩʢʦʤʙʠʥʠʨʦʚʘʪʴ ʜʚʘ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʪʦ ʤʦʞʥʦ ʧʦʧʨʦʙʦʚʘʪʴ ʠʭ ʩʣʦʞʠʪʴ. ʅʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʙʲʝʢʪʳ 

ʥʘʣʦʞʫʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʧʦʣʫʯʠʪʩʷ çʢʘʰʘè (ʨʠʩʫʥʦʢ 7). 

 

 

ʈʠʩʫʥʦʢ 7. ʈʝʟʫʣʴʪʘʪ ɹʣʝʥʜʠʥʛʘ 

 

ʇʫʩʪʴ ʜʣʷ ʦʜʥʦʡ ʢʘʨʪʠʥʢʠ ʠʟʚʝʩʪʥʦ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ ʦʙʲʝʢʪ, ʘ ʚʩʝ ʦʩʪʘʣʴʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʥʠʤʘʝʪ ʬʦʥ. ʊʦʛʜʘ ʤʦʞʥʦ ʧʦʤʝʱʘʪʴ ʚʪʦʨʦʡ ʦʙʲʝʢʪ ʪʫʜʘ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ 

ʬʦʥ. ɺ ʤʝʩʪʝ, ʛʜʝ ʧʝʨʚʳʡ ʦʙʲʝʢʪ ʥʘʢʨʳʚʘʝʪʩʷ ʚʪʦʨʳʤ, ʙʫʜʝʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚʪʦʨʦʡ ʦʙʲʝʢʪ. 

ʊʘʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʪʨʝʙʦʚʘʪʝʣʴʥʦ ʢ ʢʘʯʝʩʪʚʫ ʚʳʨʝʟʘʥʠʷ ʢʘʨʪʠʥʢʠ. ɽʩʣʠ ʧʦ 

ʢʨʘʷʤ ʥʝʘʢʢʫʨʘʪʥʦ ʦʙʨʝʟʘʥ ʬʦʥ, ʪʦ ʙʫʜʝʪ ʚʠʜʥʘ ʥʝʢʨʘʩʠʚʘʷ ʙʝʣʘʷ ʧʦʣʦʩʘ. 

ʂʘʞʝʪʩʷ, ʯʪʦ ʥʘʫʯʠʪʴʩʷ ʘʢʢʫʨʘʪʥʦ ʚʳʨʝʟʘʪʴ ʦʙʲʝʢʪ ʠʟ ʬʦʥʘ ð ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ. 

ʕʪʦ ʪʘʢ, ʧʦʪʦʤʫ ʯʪʦ ʬʦʥ ʥʝʦʜʥʦʨʦʜʥʳʡ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʚʳʙʨʦʩʠʪʴ ʙʝʣʳʝ 

ʧʠʢʩʝʣʠ. ʄʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʭʠʪʨʳʤ ʘʣʛʦʨʠʪʤʦʤ ʩʤʝʰʠʚʘʥʠʷ ʜʚʫʭ ʢʘʨʪʠʥʦʢ ʠ 

ʧʦʩʪʨʦʠʪʴ ʤʘʩʢʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʝʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʜʘʣʴʰʝ ʧʠʢʩʝʣʴ 

ʦʪ ʙʝʣʦʛʦ. 

ʊʘʤ, ʛʜʝ ʥʘ ʠʩʭʦʜʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʝʣʳʝ ʧʷʪʥʘ, ʙʫʜʫʪ ʙʨʘʪʴʩʷ 

ʧʠʢʩʝʣʠ ʩʦ ʚʪʦʨʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʠ ʥʝʘʢʢʫʨʘʪʥʦʝ ʚʳʨʝʟʘʥʠʝ ʦʙʲʝʢʪʘ ʙʫʜʝʪ ʥʝ ʪʘʢ 

ʟʘʤʝʪʥʦ. ɺʳʰʝ (ʨʠʩʫʥʦʢ 7) ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʢʘʢ ʪʘʢʦʝ ʧʨʦʩʪʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʤʦʛʘʝʪ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʧʨʦʙʣʝʤʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʙʣʝʥʜʠʥʛʘ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ 

ʩʢʦʧʠʨʦʚʘʪʴ ʦʙʲʝʢʪ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʬʦʥʦʤ ʠ ʚʩʪʘʚʠʪʴ ʝʛʦ ʚ ʜʨʫʛʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ, ʩʤʝʰʠʚʘʶʱʠʝ ʮʚʝʪʘ, ʥʝ ʧʦʤʦʛʘʶʪ. ʄʝʪʦʜʳ ʧʦʭʠʪʨʝʝ ʠʩʧʦʣʴʟʫʶʪ 

ʦʧʪʠʤʠʟʘʮʠʶ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʦʙʲʝʢʪ, ʘ ʛʜʝ ð ʬʦʥ. ɿʘʪʝʤ ʩʚʦʡʩʪʚʘ 

ʦʙʲʝʢʪʘ ʧʝʨʝʥʦʩʷʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ, ʘ ʩʚʦʡʩʪʚʘ ʬʦʥʘ ʙʝʨʫʪʩʷ ʩ ʢʘʨʪʠʥʢʠ, ʥʘ ʢʦʪʦʨʫʶ 

ʚʩʪʘʚʣʷʝʪʩʷ ʦʙʲʝʢʪ (ʨʠʩʫʥʦʢ 8). 
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ð 42 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 

ʈʠʩʫʥʦʢ 8 . ʉʣʦʞʥʳʡ ʘʣʛʦʨʠʪʤ ʙʣʝʥʜʠʥʛʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʮʚʝʪʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʈʘʥʝʝ ʤʳ ʛʦʚʦʨʠʣʠ ʪʦʣʴʢʦ ʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚ RGB, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ. ʅʘʧʨʠʤʝʨ ð HSV. 

ʂʦʤʧʦʥʝʥʪʳ ʵʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ð ʪʦʥ (hue), ʥʘʩʳʱʝʥʥʦʩʪʴ (saturation) ʠ 

ʟʥʘʯʝʥʠʝ (value) ï ʨʠʩʫʥʦʢ 9.  

 

 

ʈʠʩʫʥʦʢ 9. ʄʝʪʦʜ çʎʚʝʪʦʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘè 

 

ʕʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʮʚʝʪʦʤ ʠ ʝʛʦ ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ. ʊʦʥ ʦʙʦʟʥʘʯʘʝʪ ʮʚʝʪ ʧʠʢʩʝʣʷ, ʦʥ ʟʘʢʦʜʠʨʦʚʘʥ ʯʠʩʣʦʤ ʦʪ 0 ʜʦ 360, ʢʘʢ ʫʛʦʣ 

ʥʘ ʮʠʣʠʥʜʨʝ. ʅʘʩʳʱʝʥʥʦʩʪʴ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 0, ʝʩʣʠ ʢʘʨʪʠʥʢʘ ʩʝʨʘʷ. 

ʂʦʛʜʘ ʤʳ ʨʘʙʦʪʘʝʤ ʩ ʢʘʨʪʠʥʢʦʡ ʚ HSV, ʪʦ ʤʦʞʝʤ ʣʝʛʢʦ ʩʜʝʣʘʪʴ ʝʝ ʙʦʣʝʝ 

ʥʘʩʳʱʝʥʥʦʡ, ʫʤʥʦʞʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣ ʥʘ ʢʘʢʦʡ-ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ. ʇʦʧʨʦʙʫʝʤ 

ʫʚʝʣʠʯʠʪʴ ʥʘʩʳʱʝʥʥʦʩʪʴ ʥʘ 50% (ʢʦʵʬʬʠʮʠʝʥʪ 1,5) ï ʨʠʩʫʥʦʢ 10. 

hsv = cv2.cvtColor(img1, cv2.COLOR_BGR2HSV) 

hsv[:,:,1] = cv2.multiply(hsv[:,:,1],1.5) 

result = cv2.cvtColor(hsv, cv2.COLOR_HSV2BGR) 

 

 
ʈʠʩʫʥʦʢ 10. ʋʚʝʣʠʯʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʥʘ 50% 
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Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 43 ð   

 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʜʝʪʝʢʪʦʨ ʣʠʮ ð ʂʘʩʢʘʜʳ ʍʘʘʨʘ. ʆʜʥʘ ʠʟ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ 

ʥʘʫʢʦʡ ʦ ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ, ð ʵʪʦ ʜʝʪʝʢʮʠʷ ʣʠʮ. ʉʨʝʜʠ ʧʝʨʚʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʳʡ ð ʵʪʦ ʢʘʩʢʘʜʳ ʍʘʘʨʘ. ʇʨʠʤʝʥʷʷ ʵʪʦʪ ʤʝʪʦʜ, ʠʟ ʢʘʨʪʠʥʢʠ ʤʦʞʥʦ 

ʚʳʯʣʝʥʷʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʝ ʧʨʠʟʥʘʢʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ (ʨʠʩʫʥʦʢ 11). 

 

 

ʈʠʩʫʥʦʢ 11. ʂʘʩʢʘʜʳ ʍʘʘʨʘ 

 

ʇʠʢʩʝʣʠ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʙʝʣʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ, ʙʝʨʫʪʩʷ ʩʦ ʟʥʘʢʦʤ çʧʣʶʩè, ʚ 

ʯʝʨʥʳʡ ð ʩʦ ʟʥʘʢʦʤ çʤʠʥʫʩè. ɺʩʝ ʟʥʘʯʝʥʠʷ ʩʫʤʤʠʨʫʶʪʩʷ, ʠ ʧʦʣʫʯʘʝʪʩʷ ʦʜʥʦ ʯʠʩʣʦ. 

ʇʨʷʤʦʫʛʦʣʴʥʠʢʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʥʠʭ ʚʳʙʠʨʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ 

AdaBoost. ʋ ʣʠʮʘ ʠʤʝʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʧʘʪʪʝʨʥʳ, ʠ ʚ ʠʪʦʛʝ ʢʘʩʢʘʜ ʬʠʣʴʪʨʦʚ ʪʘʢʦʛʦ ʨʦʜʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʝʩʪʴ ʣʠ ʚʥʫʪʨʠ ʥʝʛʦ ʣʠʮʦ ʠʣʠ ʥʝʪ. 

ʉʝʡʯʘʩ ʝʩʪʴ ʤʝʪʦʜʳ ʜʝʪʝʢʮʠʠ ʣʠʮ, ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʧʦ ʢʘʯʝʩʪʚʫ ʢʘʩʢʘʜʳ ʍʘʘʨʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʦ ʧʨʦʩʪʦʡ ʧʦʜʭʦʜ, ʠ ʦʥ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʛʦʪʦʚʦʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʚʠʜʝ. ɽʩʣʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ, ʘ ʧʦʣʫʯʠʪʴ ʜʝʪʝʢʪʦʨ 

ʥʫʞʥʦ ʙʳʩʪʨʦ ʠ ʧʨʦʩʪʦ, ʢʘʩʢʘʜʳ ʍʘʘʨʘ ʠʟ ʙʠʙʣʠʦʪʝʢʠ OpenCV ð ʵʪʦ ʦʪʣʠʯʥʳʡ 

ʚʘʨʠʘʥʪ. 

 ʉʣʝʜʫʶʱʠʤ ʨʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʩʝʛʤʝʥʪʘʮʠʠ. ɿʘʜʘʯʫ ʩʝʛʤʝʥʪʘʮʠʠ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʨʝʰʠʪʴ ʪʦʞʝ ʥʝʩʣʦʞʥʦ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ð ʦʪʨʝʟʘʪʴ ʧʠʢʩʝʣʠ ʚʳʰʝ ʢʘʢʦʛʦ-ʪʦ 

ʧʦʨʦʛʘ ʠ ʥʘʟʥʘʯʠʪʴ ʠʭ ʦʙʲʝʢʪʫ, ʘ ʧʠʢʩʝʣʠ ʥʠʞʝ ʧʦʨʦʛʘ ð ʬʦʥʫ (ʨʠʩʫʥʦʢ 12). 

 

ʈʠʩʫʥʦʢ 12. ʉʝʛʤʝʥʪʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ 
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ð 44 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʅʘ ʵʪʦʤ ʧʨʠʤʝʨʝ ʚʠʜʥʦ, ʯʪʦ ʤʦʥʝʪʳ ʥʘʤʥʦʛʦ ʪʝʤʥʝʝ, ʧʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʜʦʙʨʘʪʴ ʪʘʢʫʶ ʛʨʘʥʠʮʫ, ʯʪʦʙʳ ʦʥʠ ʚʩʝ ʦʢʘʟʘʣʠʩʴ ʥʠʞʝ. ɺʦʪ ʢʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʵʪʦ ʩʜʝʣʘʪʴ ʧʨʠ ʧʦʤʦʱʠ OpenCV: 

 

img = cv2.imread('coins.png') 

gray = cv2.cvtColor(img,cv2.COLOR_BGR2GRAY) 

ret, thresh = 

cv2.threshold(gray,0,255,cv2.THRESH_BINARY_INV+cv2.THRESH_OTSU) 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙ - ʃʠʥʝʡʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ɺʘʞʥʳʡ ʢʣʘʩʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ð ʵʪʦ ʣʠʥʝʡʥʳʝ ʬʠʣʴʪʨʳ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʨʝʰʘʶʪʩʷ 

ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʛʨʘʥʠʮ, ʫʛʦʣʢʦʚ, ʫʜʘʣʝʥʠʷ ʰʫʤʦʚ. 

ʉʧʦʩʦʙ ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ ð ʩʚʝʨʪʢʘ. ʇʨʦʱʝ ʚʩʝʛʦ ʦʙʲʷʩʥʠʪʴ, ʯʪʦ ʪʘʢʦʝ 

ʣʠʥʝʡʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʥʘ ʧʨʠʤʝʨʝ. ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʧʦʜʩʯʠʪʘʪʴ ʩʨʝʜʥʝʝ ʚ ʦʢʥʝ 3 Ĭ 3 ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ. ɺʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

(1) 

ʇʝʨʝʧʠʩʘʚ ʬʦʨʤʫʣʫ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʩʚʝʨʪʢʠ: 

                 (2) 

ʟʜʝʩʴ f ð ʵʪʦ ʠʟʦʙʨʘʞʝʥʠʝ (ʜʚʫʭʤʝʨʥʘʷ ʬʫʥʢʮʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʢʘʨʪʠʥʢʫ), k, l ð 

ʢʦʦʨʜʠʥʘʪʳ ʧʠʢʩʝʣʷ, f ð ʷʨʢʦʩʪʴ ʧʠʢʩʝʣʷ, h ð ʷʜʨʦ ʩʚʝʨʪʢʠ (ʤʘʪʨʠʮʘ 3 Ĭ 3, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʝʜʠʥʠʮ). 

 

ɽʩʣʠ ʷʜʨʦ ʩʚʝʨʪʢʠ ð ʤʘʪʨʠʮʘ, ʪʦ ʩʚʝʨʪʢʘ ð ʵʪʦ ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ. ɺ OpenCV 

ʧʨʦʠʟʚʝʩʪʠ ʪʘʢʫʶ ʩʚʝʨʪʢʫ ʤʦʞʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

kernel = np.array([[1,1,1],[1,1,1],[1,1,1]],np.float32) / 9 

dst = cv2.filter2D(img1,-1,kernel 

 

ʂʘʨʪʠʥʢʘ ʧʨʠ ʵʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʨʘʟʤʳʪʦʡ. ʊʘʢʞʝ ʨʘʟʤʳʪʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʚʝʨʪʢʠ ʩ ʛʘʫʩʩʦʚʩʢʦʡ ʬʫʥʢʮʠʝʡ (ʨʠʩʫʥʦʢ 13). 

 

cv2.GaussianBlur(img1,(5,5), 0) 
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Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 45 ð   

 

 
ʈʠʩʫʥʦʢ 13. ʌʦʪʦ ʜʦ ʧʨʠʤʝʥʝʥʠʷ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ, ʧʦʩʣʝ ʠ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʛʘʫʩʩʦʚʩʢʦʛʦ 

ʨʘʟʤʳʪʠʷ. 

 
ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙ - ʜʝʪʝʢʮʠʷ ʛʨʘʥʠʮ. ʉ ʧʦʤʦʱʴʶ ʩʚʝʨʪʦʢ, ʢʘʢ ʥʘ 

ʢʘʨʪʠʥʢʝ ʥʠʞʝ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʨʘʥʠʮʳ 
ʠʟʦʙʨʘʞʝʥʠʷ. ɽʩʣʠ ʦʙʲʝʜʠʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʜʚʫʭ ʩʚʝʨʪʦʢ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʩʝ 
ʛʨʘʥʠʮʳ. 

 

ʉʚʝʨʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʠʮ: ʩʣʝʚʘ ð ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ, ʩʧʨʘʚʘ ð 
ʚʝʨʪʠʢʘʣʴʥʳʭ 

 

 

ʈʠʩʫʥʦʢ 14. ɻʨʘʥʠʮʳ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʨʪʢʠ. ʉʣʝʚʘ ð 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ, ʚ ʩʝʨʝʜʠʥʝ ð ʚʝʨʪʠʢʘʣʴʥʳʝ, ʩʧʨʘʚʘ ð ʚʩʝ ʛʨʘʥʠʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʦʙʲʝʜʠʥʝʥʠʝʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʚʫʭ ʩʚʝʨʪʦʢ 

 

ʊʘʢʠʝ ʷʜʨʘ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʇʨʝʚʠʪʪʘ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ð ʵʪʦ 

ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʥʘʡʪʠ ʛʨʘʥʠʮʳ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʦʪ ʠʣʠ ʠʥʦʡ ʩʧʦʩʦʙ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ï ʂʦʨʨʝʣʷʮʠʷ. ɼʘʥʥʳʡ ʧʨʠʤʝʨ ʣʠʥʝʡʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʯʝʥʴ ʧʦʭʦʞ ʥʘ ʩʚʝʨʪʢʫ, ʥʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʝʤʥʦʛʦ ʚ ʜʨʫʛʦʤ ʚʠʜʝ: 

(3) 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʚʝʨʪʢʠ ʢʦʨʨʝʣʷʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʤʝʨʫ ʧʦʭʦʞʝʩʪʠ 

ʜʚʫʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʠʩʢʘ ʦʙʲʝʢʪʦʚ. ʅʘʧʨʠʤʝʨ, 

ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʣʠʮʦ ʬʫʪʙʦʣʠʩʪʘ (ʨʠʩʫʥʦʢ 15). 

 

 

ʈʠʩʫʥʦʢ 15. ʂʦʨʨʝʣʷʮʠʷ 
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ð 46 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʅʘ ʨʠʩʫʥʢʝ ʩʣʝʚʘ ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʧʦʠʩʢʘ ʣʠʮʘ. 

ɹʝʣʦʝ ʧʷʪʥʦ ð ʵʪʦ ʤʝʩʪʦ, ʛʜʝ ʦʥʦ ʥʘʡʜʝʥʦ. ʂʦʨʨʝʣʷʮʠʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʥʦʨʤʠʨʦʚʘʪʴ, ʧʨʠʤʝʥʷʪʴ ʝʝ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʠ. 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʷ ð ʵʪʦ ʦʯʝʥʴ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʠʩʢʘ ʦʙʲʝʢʪʦʚ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ, ʝʩʣʠ ʠʤʝʝʪʩʷ ʠʭ ʪʦʯʥʳʝ ʢʦʧʠʠ. 

ʂʘʢ ʚʠʜʠʤ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʤʝʜʠʮʠʥʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʦʯʝʚʠʜʥʦ, ʥʝʦʙʭʦʜʠʤ ʤʝʪʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʚʳʙʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ 

ʩʠʩʪʝʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʮʝʥʠʚʘʝʪʩʷ  ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʆʙʦʙʱʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ  ʜʘʪʯʠʢʘʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʘ ʠ  ʩ ʧʦʤʦʱʴʶ ʩʘʤʦʣʝʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʮʝʥʪʨ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ  ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʣʠʷʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ  

ʨʘʟʣʠʯʥʳʭ ʩʝʥʩʦʨʦʚ. ʇʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʫʨʦʚʥʝʡ ʩʣʠʷʥʠʷ ʜʘʥʥʳʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʚʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʥʝʬʪʷʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ, ʩʠʛʥʘʣ, ʜʘʪʯʠʢ, ʩʣʠʷʥʠʝ ʜʘʥʥʳʭ 

 

Abstract 

Various types of sensors that can be used in a system for remote monitoring of the 

water surface are considered and their ability to detect and determine the parameters of oil 

pollution of the water surface is evaluated. The requirements for sensors remote monitoring of 

oil pollution are summarized. The advantages and disadvantages of monitoring oil pollution 

by satellite and by plane are analyzed. It has been shown that it is possible to increase the 

reliability of the information received at the secondary processing center of the monitoring 

data by merging the information received from various sensors. A comparison of the levels of 

data fusion is given. 

Keywords: water surface, remote monitoring, oil pollution, signal, sensor, data fusion 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 47 ð   

 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʩʠʩʪʝʤʝ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʮʝʥʠʤ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ [1]. ʌʦʪʦ- ʠ ʚʠʜʝʦʢʘʤʝʨʳ  

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠʟ-ʟʘ ʠʭ ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʬʦʪʦ- ʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ  ʙʳʣʠ ʧʦʜʢʨʝʧʣʝʥʳ ʩʠʩʪʝʤʦʡ 

GPS (Global Positioning System), ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʠʣʘ ʧʨʠʚʷʟʢʫ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ ʢ 

ʢʦʦʨʜʠʥʘʪʘʤ ʤʝʩʪʥʦʩʪʠ ʠ ʫʚʝʣʠʯʠʣʘ ʧʦʣʝʟʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʦʪ ʜʘʪʯʠʢʦʚ ʜʘʥʥʳʭ. 

ʅʘʠʙʦʣʴʰʠʡ ʢʦʥʪʨʘʩʪ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ ʫʩʪʘʥʦʚʢʝ 

ʢʘʤʝʨʳ ʥʘʙʣʶʜʝʥʠʷ ʧʦʜ ʫʛʣʦʤ ɹʨʶʩʪʝʨʘ (530 ʦʪ ʚʝʨʪʠʢʘʣʠ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ, ʢʦʪʦʨʳʡ ʧʨʦʧʫʩʢʘʝʪ ʪʦʣʴʢʦ ʩʚʝʪ, ʦʪʨʘʞʝʥʥʳʡ 

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ [2]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ ʚ ʚʠʜʠʤʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʦʙʳʯʥʦ ʩʚʦʜʠʪʩʷ ʢ ʨʝʛʠʩʪʨʘʮʠʠ ʧʷʪʝʥ, ʪ.ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. ʇʦʵʪʦʤʫ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ 

ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʟʦʥʜʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ  ʩʣʠʢʦʚ.  ʇʦʵʪʦʤʫ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ, ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʭʦʪʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʦʥʦʤʠʯʥʳʡ ʩʧʦʩʦʙ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʪʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʀʥʬʨʘʢʨʘʩʥʳʝ ʢʘʤʝʨʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʭʦʪʷ ʠʭ 

ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʰʫʤʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʜʘʚʠʪʴ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ. ʆʧʳʪʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʷʨʢʠʤ ʠ ʪʫʩʢʣʳʤ ʮʚʝʪʦʤ ʥʘʭʦʜʠʪʩʷ  ʤʝʞʜʫ ʪʦʣʱʠʥʘʤʠ ʥʝʬʪʷʥʦʡ 

ʧʣʝʥʢʠ ʦʪ 50 ʜʦ 150 ʤʢʤ, ʘ ʩʘʤʘʷ ʪʦʥʢʘʷ ʦʙʥʘʨʫʞʠʚʘʝʤʘʷ ʥʝʬʪʷʥʘʷ ʧʣʝʥʢʘ ʠʤʝʝʪ 

ʪʦʣʱʠʥʫ ʦʪ 20 ʜʦ 70 ʤʢʤ [3] . ʀʥʬʨʘʢʨʘʩʥʳʝ ʜʘʪʯʠʢʠ  ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʵʤʫʣʴʩʠʠ (ʚʦʜʘ ʚ ʥʝʬʪʠ), ʚʠʜʠʤʦ, ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʪ.ʢ. ʵʤʫʣʴʩʠʠ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ ʜʦ 70% ʚʦʜʳ ʠ ʥʝ ʚʳʢʘʟʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʨʘʟʣʠʯʠʡ. 

ɼʘʪʯʠʢʠ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʪʦʥʢʠʭ ʥʝʬʪʷʥʳʭ ʧʷʪʝʥ, ʪ.ʢ. ʦʥʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʦʪʨʘʞʘʪʝʣʴʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ ʜʘʞʝ ʧʨʠ ʤʘʣʦʡ ʪʦʣʱʠʥʝ    (<0,01 ʤʢʤ). ʅʘʣʦʞʝʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ  ʠ ʠʥʬʨʘʢʨʘʩʥʳʭ ʜʘʪʯʠʢʦʚ  

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʨʪʳ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʪʦʣʱʠʥ ʥʝʬʪʷʥʳʭ ʧʷʪʝʥ. 

ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʜʘʪʯʠʢʠ ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʳ ʧʦʤʝʭʘʤ, ʧʨʠʯʝʤ ʦʥʠ ʯʘʩʪʦ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʧʦʤʝʭ, ʢʦʪʦʨʳʤ ʧʦʜʚʝʨʞʝʥʳ ʠʥʬʨʘʢʨʘʩʥʳʝ ʜʘʪʯʠʢʠ, ʧʦʵʪʦʤʫ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʦʙʦʠʭ ʪʠʧʦʚ, ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʝʬʪʷʥʳʭ ʧʷʪʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʤʝʥʝʥʠʝʤ  ʜʘʪʯʠʢʘ ʪʦʣʴʢʦ ʦʜʥʦʛʦ 

ʪʠʧʘ. 

ɺ ʥʝʜʘʚʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʝʪʦʜʝ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʤʝʪʨʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʦʣʱʠʥʳ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʠ ʠʟʤʝʨʷʝʪʩʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʢʦʥʪʨʘʩʪ  ʜʚʫʭ ʩʠʛʥʘʣʦʚ ʚ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʣʷʨʠʟʘʮʠʷʭ [4].  ɺ ʦʙʱʝʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʘʩʩʠʚʥʳʝ 

ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʨʘʜʠʦʤʝʪʨʳ ʭʦʨʦʰʠ ʢʘʢ ʚʩʝʧʦʛʦʜʥʳʝ ʜʘʪʯʠʢʠ, ʥʦ ʥʝʥʘʜʝʞʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʝʡ ʪʦʣʱʠʥʳ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʠ. 

ʊʘʢ ʢʘʢ ʥʝʬʪʴ ʥʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʩʠʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʘʧʠʣʣʷʨʥʳʭ ʚʦʣʥ, 

ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʬʪʠ ʥʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʧʦʟʥʘʪʴ  ʢʘʢ çʪʝʤʥʳʡ ʦʙʲʝʢʪè 

ʩʨʝʜʠ ʷʨʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʳʟʳʚʘʶʱʠʭ 

ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʥʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï ʩʣʠʢʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʈʃʉ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʪ.ʢ. ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʜʘʪʯʠʢʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʟʦʨʘ 

ʦʙʰʠʨʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʦʜʥʠʤ ʠʟ ʥʝʤʥʦʛʠʭ ʩʝʥʩʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ çʚʠʜʝʪʴè ʚ ʥʦʯʥʦʝ 

ʚʨʝʤʷ ʠ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʠʛʥʘʣ 

ʚ  ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 3,6 ʩʤ ʜʦ 4,1 ʩʤ.  ʧʦʢʘʟʳʚʘʝʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʩʤʳʩʣʝ 

ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ, ʯʝʤ  ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʚ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ 



ð 48 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʚʦʣʥ ʦʪ 17,6 ʩʤ ʜʦ 21,4 ʩʤ. ʠ ʦʪ 4,2 ʩʤ. ʜʦ 8,8 ʩʤ.. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʘʥʪʝʥʥʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ (V,V) ʧʦʢʘʟʳʚʘʝʪ 

ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʝʤ ʜʨʫʛʠʝ ʘʥʪʝʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ [5]. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʜʘʪʯʠʢʘʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʜʘʪʯʠʢʘʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ 
ʄʠʥʠʤʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʤ ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʩʙʦʨʘ ʜʦʩʪʦʚʝʨʥʳʭ 

ʜʘʥʥʳʭ, ʯʘʩ. 
ɿʘʜʘʯʘ 

ɹʦʣʴʰʦʝ 

ʧʷʪʥʦ 

ʄʘʣʝʥʴʢʦʝ 

ʧʷʪʥʦ 

ʆʙʥʘʨʫʞʝʥʠʝ ʥʝʬʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ 6 2 1 

ʂʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʥʝʬʪʷʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ 
10 2 12 

ʂʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʥʝʬʪʷʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʙʝʨʝʛʫ 
1 0,5 12 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ (ʦʙʲʝʤʘ) 

ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 
1 0,5 1 

ʆʙʟʦʨ ʙʦʣʴʰʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 10 2 1 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʩʧʫʪʥʠʢʘ ʠ  ʩ ʧʦʤʦʱʴʶ ʩʘʤʦʣʝʪʘ  ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʆʪʜʝʣʴʥʳʡ ʩʝʥʩʦʨ ʦʙʣʘʜʘʝʪ ʢʦʥʝʯʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ 

ʜʦʧʫʩʪʠʤʳʭ ʜʣʷ ʥʝʛʦ ʰʫʤʦʚ, ʠ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʝʢʦʨʨʝʢʪʥʦ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʫʩʣʦʚʠʷʭ.  

ʊʘʙʣʠʮʘ 2. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʩʧʫʪʥʠʢʘ ʠ  ʩ ʧʦʤʦʱʴʶ ʩʘʤʦʣʝʪʘ  
ʅʦʩʠʪʝʣʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʉʧʫʪʥʠʢ 

ʆʙʰʠʨʥʘʷ ʦʙʣʘʩʪʴ ʦʙʟʦʨʘ 

( ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ) 

ɼʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʦʷʚʣʝʥʠʷ ʥʘʜ 

ʟʘʜʘʥʥʳʤ ʨʘʡʦʥʦʤ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʥʘʜ ʥʠʤ 

ʅʘʟʝʤʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʤʝʱʝʥʦ ʚ ʥʫʞʥʦʤ ʨʘʡʦʥʝ 
ɼʦʨʦʛʦʩʪʦʷʱʠʝ ʜʘʪʯʠʢʠ 

ɹʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʥʝ ʤʝʰʘʝʪ 

ʥʘʙʣʶʜʝʥʠʶ 

ɿʘʜʘʥʥʳʡ ʧʫʪʴ ʧʨʦʭʦʜʘ ʥʘʜ ʨʘʡʦʥʦʤ 

ʥʘʙʣʶʜʝʥʠʷ 

ʉʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʤʦʞʝʪ 

ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʙʝʟʦʙʣʘʯʥʦʛʦ ʥʝʙʘ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ (ʦʧʪʠʯʝʩʢʠʝ ʠ ʠʥʬʨʘʢʨʘʩʥʳʝ 

ʜʘʪʯʠʢʠ) 

ʉʘʤʦʣʝʪ 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʣʝʛʢʦ ʨʝʤʦʥʪʠʨʦʚʘʪʴ 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʦʙʣʘʩʪʴ ʥʘʙʣʶʜʝʥʠʷ 

(ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ) 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʤʝʥʝʝ ʜʦʨʦʛʦʝ, ʯʝʤ ʚ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ 

ʊʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ ʜʣʷ 

ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ 

ʄʘʥʝʚʨʝʥʥʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʣʝʪʘʪʴ 

ʧʦʜ ʥʠʞʝ ʟʦʥʳ ʧʦʢʨʳʪʠʷ ʦʙʣʘʢʦʚ 
ʊʨʝʙʫʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʨʘʙʦʪʘ ʣʶʜʝʡ 

 

ʆʪʜʝʣʴʥʳʡ ʩʝʥʩʦʨ ʦʙʣʘʜʘʝʪ ʢʦʥʝʯʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ 

ʜʦʧʫʩʪʠʤʳʭ ʜʣʷ ʥʝʛʦ ʰʫʤʦʚ, ʠ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʝʢʦʨʨʝʢʪʥʦ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʫʩʣʦʚʠʷʭ. ɽʩʣʠ  ʯʝʣʦʚʝʢ-ʦʧʝʨʘʪʦʨ ʢʦʥʪʨʦʣʠʨʫʝʪ ʨʘʙʦʪʫ ʩʝʥʩʦʨʘ, ʪʦ ʦʥ ʤʦʞʝʪ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʰʘʪʴ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʙʦʷʤʠ ʚ ʝʛʦ ʨʘʙʦʪʝ. ʅʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ  ʤʥʦʛʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʝʥʩʦʨʦʚ 

ʤʦʛʫʪ ʥʝ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʤʠ. ʇʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʮʝʥʪʨ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ  ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʣʠʷʥʠʷ ʜʘʥʥʳʭ 

ʨʘʟʣʠʯʥʳʭ ʩʝʥʩʦʨʦʚ,  ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʩʚʦʡʩʪʚʘ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʤʥʦʛʦʦʙʨʘʟʠʷ ʠ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 49 ð   

 

ʩʣʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʝʪ ʛʨʫʧʧʘ ʩʝʥʩʦʨʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ. 

ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʝʡ ʩʣʠʷʥʠʷ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3. 

ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʝʡ ʩʣʠʷʥʠʷ ʜʘʥʥʳʭ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʋʨʦʚʝʥʴ 

ʩʠʛʥʘʣʦʚ 
ʋʨʦʚʝʥʴ ʧʠʢʩʝʣʝʡ 

ʋʨʦʚʝʥʴ 

ʧʘʨʘʤʝʪʨʦʚ 

ʋʨʦʚʝʥʴ 

ʩʠʤʚʦʣʦʚ 

(ʨʝʰʝʥʠʡ) 

ʉʨʝʜʩʪʚʘ ʜʦʩʪʠʞʝʥʠʷ  

ʩʦʚʤʝʱʝʥʠʷ 

ʆʙʲʝʜʠʥʝʥʠʝ 

ʩʝʥʩʦʨʦʚ 

ʆʙʲʝʜʠʥʝʥʠʝ 

ʩʝʥʩʦʨʦʚ 

ʈʘʟʜʝʣʷʝʤʘʷ ʦʧʪʠʢʘ 

 

ɻʝʦʤʝʪʨʠʯʝ-

ʩʢʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ 

ʇʨʦʩʪʨʘʥʩʪ-

ʚʝʥʥʳʝ 

ʘʪʨʠʙʫʪʳ 

ʩʠʤʚʦʣʘ 

ʄʝʪʦʜ ʩʣʠʷʥʠʷ ʜʘʥʥʳʭ 
ʆʙʥʘʨʫʞʝ-ʥʠʝ ʠ 

ʦʮʝʥʢʘ 

ʆʮʝʥʢʘ ʠʣʠ 

ʢʦʤʙʠʥʘʮʠʷ 

ʘʪʨʠʙʫʪʦʚ ʧʠʢʩʝʣʝʡ 

ɻʝʦʤʝʪʨʠʯʝʩʢʦ

ʝ ʠʣʠ 

ʚʨʝʤʝʥʥʦʝ 

ʩʦʦʪʚʝʪʩʪ-ʚʠʝ, 

ʢʦʤʙʠʥʘʮʠʷ  

ʧʘʨʘʤʝʪʨʦʚ 

ʃʦʛʠʯʝʩʢʦʝ ʠʣʠ 

ʩʪʘʪʠʩʪʠʯʝ-ʩʢʦʝ 

ʟʘʢʣʶʯʝʥʠʝ 

ʋʣʫʯʰʝʥʠʝ, 

ʜʦʩʪʠʛʘʝʤʦʝ ʧʨʠ 

ʩʣʠʷʥʠʠ ʜʘʥʥʳʭ 

ʉʦʢʨʘʱʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʝʨʝʤʝʥʥʳʭ, 

ʫʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ 

ʦʙʥʘʨʫʞʝʥʠʷ 

ʋʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ 

ʉʦʢʨʘʱʝʥʠʝ 

ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ, ʙʦʣʝʝ 

ʪʦʯʥʳʝ ʜʘʥʥʳʝ 

ʋʚʝʣʠʯʝʥʠʝ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʨʝʰʝʥʠʷ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʲʝʜʠʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʪʯʠʢʦʚ ʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ ʚ ʤʥʦʛʦʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʝ ʤʦʥʠʪʦʨʠʥʛʘ.  
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ð 50 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ, ʚʳʧʫʩʢʘ ʫʩʪʘʥʦʚʦʯʥʦʡ ʩʝʨʠʠ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ ʈʈ-303, ʥʘʟʥʘʯʝʥʠʝ 

ʤʘʰʠʥʳ, ʧʦʷʩʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʠ ʠʟʤʝʥʝʥʠʷ, ʚʥʝʩʝʥʥʳʝ ʚ 

ʢʦʥʩʪʨʫʢʮʠʶ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʝʤʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʦʮʝʥʦʢ ʨʘʙʦʪʳ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ. ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʧʳʪʘʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʶ 

ʤʘʰʠʥʳ ʙʳʣʦ ʚʥʝʩʝʥʦ ʤʥʦʞʝʩʪʚʦ ʠʟʤʝʥʝʥʠʡ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʤʥʦʛʠʭ 

ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʠ ʜʝʪʘʣʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʣʠʦʨʘʪʠʚʥʳʝ ʢʘʥʘʣʳ, ʜʥʦ ʠ ʦʪʢʦʩʳ ʦʩʫʰʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ, 

ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʠ, ʨʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʝʡ, ʢʦʚʰ ʥʘ ʞʝʩʪʢʠʭ 

ʥʘʧʨʘʚʣʷʶʱʠʭ. 

 

Abstract 
In the article presents a brief history of the creation, release of the installation series 

and the constructive development of the reclamation channel purifier RR-303, the purpose of 

the machine, the explanation of the design, the results of tests and changes made to the design 

working equipment based on acceptance tests. Based on the results of the tests, various types 

of assessments of the operation of the sewer cleaner were carried out. Also, based on the tests, 

many changes were made to the design of the machine with the constructive processing of 

many assembly units and parts.   

Keywords: reclamation channels, bottom and escarpments of drainage channels, canal 

cleaners, working equipment of canal cleaners, bucket on hard guides. 

 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʦʩʫhʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʘʟʤʝʨʦʚ, ʧʦʜʜʝʨʞʠʚʘʝʤʦʝ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʦʯʠʩʪʢʦʡ ʦʪ ʥʘʥʦʩʦʚ, 

ʟʘʠʣʝʥʠʡ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʘʰʠʥʘ ï ʨʫʩʣʦʚʦʡ ʨʝʤʦʥʪʝʨ ʩ 

ʛʣʫʙʠʥʦʡ ʦʯʠʩʪʢʠ ʜʥʘ ʜʦ 3 ʤ. 

ʂʘʥʘʣʦʦʯʠʩʪʠʪʝʣʴ ʈʈ-303 ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʦʪʨʘʩʣʝʚʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʝʡ (ʆʅʀʃ çʄʝʭʘʥʠʟʘʮʠʷè) ʄʦʩʢʦʚʩʢʦʛʦ ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʫʪʚʝʨʞʜʝʥʥʦʛʦ ɻʣʘʚʤʝʭʘʥʠʟʘʮʠʝʡ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʤʝʣʠʦʨʘʮʠʠ ʠ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʉʉʉʈ 19 ʷʥʚʘʨʷ 1982 ʛʦʜʘ. ɺ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʦ 

ʧʦʣʦʞʝʥʦ ʘʚʪʦʨʩʢʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʉʉʉʈ ˉ638685. 

ʂʘʥʘʣʦʦʯʠʩʪʠʪʝʣʴ ʈʈ-303 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʯʠʩʪʢʠ ʜʥʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ 

ʢʘʥʘʣʦʚ ʛʣʫʙʠʥʦʡ ʜʦ 3,5 ʤ, ʰʠʨʠʥʦʡ ʧʦ ʜʥʫ ʦʪ 0,4 ʤ, ʢʘʢ ʩ ʫʢʨʝʧʣʝʥʥʳʤʠ, ʪʘʢ ʠ 

ʥʝʫʢʨʝʧʣʝʥʥʳʤʠ ʦʪʢʦʩʘʤʠ. ʂʘʥʘʣʦʦʯʠʩʪʠʪʝʣʴ ʠʤʝʝʪ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʪʠʧʘ çʩʪʨʫʛè, 

ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʥʘʧʨʘʚʣʷʶʱʝʡ ʙʘʣʢʠ, ʧʦ ʢʦʪʦʨʦʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢʦʚʰ. ʅʘʣʠʯʠʝ 

ʚʦʜʳ ʚ ʢʘʥʘʣʝ, ʘ ʪʘʢʞʝ ʜʦʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 51 ð   

 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [1]. ʂʘʥʘʣʦʦʯʠʩʪʠʪʝʣʴ ʈʈ-303 ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʯʠʩʪʢʦʡ ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʪʘʢʞʝ ʧʣʘʥʠʨʦʚʢʫ ʜʥʘ ʢʘʥʘʣʘ ʟʘ ʩʯʝʪ ʚʳʜʝʨʞʠʚʘʥʠʷ ʟʘʜʘʥʥʦʛʦ 

ʧʨʦʜʦʣʴʥʦʛʦ ʫʢʣʦʥʘ. ʄʘʰʠʥʘ ʨʘʙʦʪʘʝʪ ʧʦʟʠʮʠʦʥʥʦ, ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʜʚʠʞʝʥʠʷ ʥʘ 

ʥʦʚʫʶ ʧʦʟʠʮʠʶ ʨʘʚʥʦ ʨʘʩʩʪʦʷʥʠʶ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʚʰʘ ʧʦ ʞʝʩʪʢʠʤ ʥʘʧʨʘʚʣʷʶʱʠʤ [2, 

3, 4, 5].  

ʆʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ ʈʈ-303 ʥʘ ʙʘʟʝ ʪʨʘʢʪʦʨʘ ɼʊ-75 ʙʳʣ 

ʠʟʛʦʪʦʚʣʝʥ ɹʨʦʥʥʠʮʢʠʤ ʨʘʡʦʥʥʳʤ ʦʙʲʝʜʠʥʝʥʠʝʤ ɻʦʩʢʦʤʩʝʣʴʭʦʟʪʝʭʥʠʢʠ. ʇʨʠʝʤʦʯʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʢʘʥʘʣʘʭ ʗʭʨʦʤʩʢʦʛʦ 

ʤʝʞʨʘʡʦʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, 

ɼʤʠʪʨʦʚʩʢʠʡ ʨʘʡʦʥ) ʚ ʧʝʨʠʦʜ ʩ 15 ʘʚʛʫʩʪʘ ʧʦ 28 ʦʢʪʷʙʨʷ 1985 ʛʦʜʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʝʤʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʫʶ 

ʜʦʢʫʤʝʥʪʘʮʠʶ, ʜʦʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ, ʠʟʤʝʥʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʉ ʫʯʝʪʦʤ ʟʘʤʝʯʘʥʠʡ ʠ ʧʨʝʜʣʦʞʝʥʠʡ ʧʨʠʝʤʦʯʥʦʡ ʢʦʤʠʩʩʠʝʡ 

ʙʳʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʠʥʷʪʴ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʴ ʈʈ-303 ʢ ʩʝʨʠʡʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ, ʘʢʪ 

ʧʨʠʝʤʢʠ ʙʳʣ ʫʪʚʝʨʞʜʝʥ ʟʘʤʝʩʪʠʪʝʣʝʤ ʤʠʥʠʩʪʨʘ ʤʝʣʠʦʨʘʮʠʠ ʠ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʉʉʉʈ 12 ʜʝʢʘʙʨʷ 1985 ʛʦʜʘ. 

ʋʩʪʘʥʦʚʦʯʥʘʷ ʩʝʨʠʷ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ ʈʈ-303 ʧʦ ʯʝʨʪʝʞʘʤ ʄɻʄʀ 

(ʄʦʩʢʦʚʩʢʦʛʦ ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʠʥʩʪʠʪʫʪʘ) ʚ ʢʦʣʠʯʝʩʪʚʝ 6 ʤʘʰʠʥ ʙʳʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ ʥʘ ʍʘʩʘʚʶʨʪʦʚʩʢʦʤ ʦʧʳʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʨʝʤʦʥʪʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʤ 

ʟʘʚʦʜʝ ɻʣʘʚʜʘʛʚʦʜʩʪʨʦʷ ʚ 1987-1989 ʛʦʜʘʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʢʘʟʘʥʠʷ ʄʠʥʚʦʜʩʪʨʦʷ ʉʉʉʈ 

ˉ11 3-01-244 ʦʪ 10 ʠʶʣʷ 1990 ʛʦʜʘ ʠʥʞʝʥʝʨʥʳʤ ʮʝʥʪʨʦʤ ɺʩʝʩʦʶʟʥʦʛʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʛʠʜʨʦʪʝʭʥʠʢʠ ʠ ʤʝʣʠʦʨʘʮʠʠ ʠʤʝʥʠ ɸ.ʅ. ʂʦʩʪʷʢʦʚʘ ʠ 

ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʝʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʥʪʨʦʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʈʈ-303 [6]. 

ʀʩʧʳʪʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʪʚʝʨʞʜʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʠ ʤʝʪʦʜʠʢʦʡ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʦʙʲʝʢʪʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦ-ʧʨʦʝʢʪʥʦ-

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ çʗʨʦʩʣʘʚʤʝʣʠʦʨʘʮʠʷè (ʅʝʢʨʘʩʦʚʩʢʠʡ ʨʘʡʦʥ 

ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʋʧʨʘʚʣʝʥʠʝ ʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ) [7] ʩ 6 ʘʚʛʫʩʪʘ ʧʦ 25 

ʩʝʥʪʷʙʨʷ 1990 ʛʦʜʘ. ʅʘ ʪʝʭ ʞʝ ʦʙʲʝʢʪʘʭ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʴ ʈʈ-303 ʧʨʦʜʦʣʞʘʣ ʨʘʙʦʪʘʪʴ ʚ 

1991 ʛʦʜʫ. 

ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʦʮʝʥʦʢ ʨʘʙʦʪʳ 

ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ: 

- ʘʛʨʦʪʝʭʥʠʯʝʩʢʘʷ ʦʮʝʥʢʘ; 

- ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ; 

- ʦʮʝʥʢʘ ʥʘʜʝʞʥʦʩʪʠ; 

- ʦʮʝʥʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʘʰʠʥʳ ʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ; 

- ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʦʮʝʥʢʘ; 

- ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ. 

ʇʦ ʟʘʢʣʶʯʝʥʠʶ ʢʦʤʠʩʩʠʠ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʴ ʈʈ-303, ʠʟʛʦʪʦʚʣʝʥʥʳʡ 

ʍʘʩʘʚʶʨʪʦʚʩʢʠʤ ʦʧʳʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʝʤʦʥʪʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʟʘʚʦʜʦʤ 

ɻʣʘʚʜʘʛʚʦʜʩʪʨʦʷ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʄɻʄʀ, ʙʳʣ ʧʨʠʟʥʘʥ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ ʤʘʰʠʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʚʦʝʤʫ ʥʘʟʥʘʯʝʥʠʶ ʠ ʚʳʧʦʣʥʷʶʱʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩ ʨʘʩʯʝʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʚ ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʊʋ 33-277-85. ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, ʯʪʦ 

ʚʳʧʫʩʢ ʤʘʰʠʥ ʩʣʝʜʫʝʪ ʧʨʦʜʦʣʞʠʪʴ ʩ ʫʯʝʪʦʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ. 

ʂ ʢʦʥʮʫ 1991 ʛʦʜʘ ʜʦʢʫʤʝʥʪʘʮʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʝʡ ʈʈ-303 

ʙʳʣʘ ʧʝʨʝʜʘʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ çʈʝʤʤʝʣʠʦʨʤʘʰè ʜʣʷ 

ʧʦʩʪʘʥʦʚʢʠ ʠʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜʥʠʤ ʠʟ ʟʘʚʦʜʦʚ ʦʙʲʝʜʠʥʝʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʨʦʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ ʈʈ-303 ʠ ʧʦ ʜʘʥʥʳʤ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʤʘʰʠʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ 



ð 52 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʚʳʷʚʣʝʥʳ ʦʪʜʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʝʜʦʩʪʘʪʢʠ. ʉ ʮʝʣʴʶ 

ʫʩʪʨʘʥʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ 

ʠ ʤʘʰʠʥʳ ʚ ʮʝʣʦʤ, ʦʙʣʝʛʯʝʥʠʷ ʠ ʫʥʠʬʠʢʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʚʳʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʙʦʨʢʠ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʘʙʦʯʫʶ 

ʜʦʢʫʤʝʥʪʘʮʠʶ ʥʘ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʴ ʈʈ-303 ʙʳʣʦ ʚʥʝʩʝʥʦ ʙʦʣʝʝ 100 ʠʟʤʝʥʝʥʠʡ ʩ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʤʥʦʛʠʭ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʠ ʜʝʪʘʣʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʩʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʘʛʨʝʛʘʪʠʨʦʚʘʪʴ 

ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʴ ʈʈ-303 ʢʘʢ ʩ ʙʦʣʦʪʥʳʤ ʪʨʘʢʪʦʨʦʤ ɼʊ-75ɺ, ʪʘʢ ʠ ʩ ʪʨʘʢʪʦʨʦʤ ɼʊ-75 

ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʛʫʩʝʥʠʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʝʨʝʜʝʣʦʢ. ʇʨʠʯʝʤ ʜʣʷ 

ʥʘʚʝʩʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʟʘʜʥʷʷ ʥʘʚʝʩʥʘʷ ʩʠʩʪʝʤʘ ʪʨʘʢʪʦʨʘ, ʢʦʪʦʨʫʶ 

ʧʨʝʞʜʝ ʪʨʝʙʦʚʘʣʦʩʴ ʜʝʤʦʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʣʦ ʤʦʥʪʘʞʥʦ-

ʜʝʤʦʥʪʘʞʥʳʝ ʨʘʙʦʪʳ ʠ ʩʥʠʟʠʣʦ ʠʭ ʪʨʫʜʦʝʤʢʦʩʪʴ. ɹʳʣʘ ʠʟʤʝʥʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʙʨʫʩʴʝʚ ʥʘʚʝʩʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʳʯʘʛʦʚ ʧʦʜʲʝʤʘ ʩʪʨʝʣʳ, ʨʘʤʳ 

ʢʦʥʪʨʛʨʫʟʘ, ʩʪʨʝʣʳ, ʢʨʦʥʰʪʝʡʥʘ ʥʘʚʝʩʢʠ ʠ ʩʘʤʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʯʪʠ ʥʘ 500 ʢʠʣʦʛʨʘʤʤʦʚ. ɺ ʩʘʤʦʤ ʨʘʙʦʯʝʤ 

ʦʨʛʘʥʝ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʛʠʜʨʦʮʠʣʠʥʜʨʳ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʠʣʠʷ ʨʝʟʘʥʠʷ ʥʘ ʢʨʦʤʢʝ ʢʦʚʰʘ, ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʪʦʨʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʪʷʞʝʣʳʭ ʛʨʫʥʪʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʭʝʤʫ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ ʙʳʣʠ ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʦʨʦʥʫ 

ʫʧʨʦʱʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩ ʮʝʣʴʶ ʠʟʲʷʪʠʷ ʠʟ ʢʦʤʧʣʝʢʪʘʮʠʠ ʦʩʪʨʦʜʝʬʠʮʠʪʥʦʡ ʥʘ ʪʦʪ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʥʘʧʨʠʤʝʨ, ʜʝʣʠʪʝʣʷ ʧʦʪʦʢʘ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ, ʢʣʘʧʘʥʘ ʨʘʟʛʨʫʟʢʠ, ʜʨʦʩʩʝʣʷ ʩ ʦʙʨʘʪʥʳʤ ʢʣʘʧʘʥʦʤ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʙʦʯʠʭ ʯʝʨʪʝʞʘʭ ʧʦʟʚʦʣʠʣʠ ʥʝ ʪʦʣʴʢʦ ʩʥʠʟʠʪʴ 

ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʪ.ʝ. ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʤʝʪʘʣʣʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʥʦ ʠ 

ʫʤʝʥʴʰʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʤʝʭʘʥʦʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ. ʈʘʟʫʤʝʝʪʩʷ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ ʚʦʟʥʠʢʘʣʠ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʥʝʢʦʪʦʨʳʭ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ ʚ ʩʚʷʟʠ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʧʨʝʜʧʨʠʷʪʠʷ, ʩ ʚʦʟʤʦʞʥʦʡ ʟʘʤʝʥʦʡ 

ʧʨʦʢʘʪʘ (ʧʨʦʬʠʣʷ) ʠʣʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠʟʜʝʣʠʡ. ʕʪʠ ʚʦʧʨʦʩʳ ʨʝʰʘʣʠʩʴ ʚ ʧʦʨʷʜʢʝ 

ʧʨʦʚʝʜʝʥʠʷ ʘʚʪʦʨʩʢʦʛʦ ʥʘʜʟʦʨʘ ʧʨʠ ʦʩʚʦʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʝʡ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʨʘʙʦʯʠʭ ʯʝʨʪʝʞʝʡ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʚʝʩʢʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʙʘʟʦʚʳʡ ʪʨʘʢʪʦʨ ɼʊ-75 ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʦʡ 

ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʩʝʨʠʡʥʦʤʫ ʚʳʧʫʩʢʫ ʜʦʢʫʤʝʥʪʘʮʠʠ: ʢʘʨʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʠ 

ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʈʘʩʧʘʜ ʉʉʉʈ ʠ ʧʦʩʣʝʜʦʚʘʚʰʠʝ ʟʘ ʥʠʤ ʧʨʝʢʨʘʱʝʥʠʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʧʨʠʦʩʪʘʥʦʚʠʣʦ ʚʳʧʫʩʢ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ ʈʈ-303, ʦʜʥʘʢʦ ʥʝʧʨʝʢʨʘʱʘʚʰʠʝʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʘʥʥʦʡ ʤʘʰʠʥʳ ʠ 

ʨʝʘʣʴʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʚ ʙʫʜʫʱʝʤ ʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʠʝ ʥʘʜʝʞʜʳ ʥʘ 

ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʚʳʧʫʩʢʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʝʣʠʦʨʘʮʠʠ. 
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1. ʊʦʡʛʘʤʙʘʝʚ ʉ.ʂ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʫʧʨʦʯʥʝ-ʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʘʪʢʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ 

ʈʈ-303, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʥʘʣʦʚ, ʩʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʘʥʘ 
ʦʮʝʥʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʩʦʚ, ʟʘʠʣʝʥʠʡ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʘ ʠ ʧʨʠʥʷʪʳʝ 
ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʠ ʪʦʣʱʠʥʳ. ɼʘʥʳ ʬʦʨʤʫʣʳ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʥʘʣʘ ʢʘʢ ʟʘʣʦʞʝʥʠʝ ʦʪʢʦʩʦʚ, ʢʦʣʠʯʝʩʪʚʘ ʛʨʫʥʪʘ 
ʠʟʚʣʝʯʝʥʥʦʛʦ ʩʦ ʜʥʘ ʢʘʥʘʣʘ, ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘʥʦʩʦʚ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʣʠʦʨʘʪʠʚʥʳʝ ʢʘʥʘʣʳ, ʜʥʦ ʠ ʦʪʢʦʩʳ ʦʩʫʰʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ, 
ʪʦʣʱʠʥʘ ʥʘʥʦʩʦʚ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ, ʨʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 
ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʝʡ, ʢʦʚʰ ʥʘ ʞʝʩʪʢʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ. 

 

Abstract  
In the article presents a brief technical specification of the RR-303 channel purifier, 

geometric parameters of channels, ways to measure technical indicators to calculate its 
performance in operational conditions. An estimate of the distribution of sediments, snituses 
and vegetation along the length of the channel and the methods of determining their number 
and thickness are given in this connection. Formulas have been given to determine the 
parameters of the channel, such as the laying of slopes, the amount of soil extracted from the 
bottom of the channel, the cross-section of sediments and the operational performance of the 
channel purifier.    

Keywords: reclamation channels, bottom and escarpments of drainage channels, 
thickness of sediments, performance of the channel cleaner, working equipment of canal 
cleaners, bucket on hard guides. 

 
ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʩʦʩʪʦʷʥʠʝ ʤʝʣʠʦʨʘʪʠʚʥʳʭ 

ʦʩʫʰʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʠ 
ʚʳʙʦʨʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʝʡ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʨʫʩʣʦʚʦʡ ʨʝʤʦʥʪʝʨ 
ʈʈ-303, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʯʠʩʪʢʠ ʠ ʧʣʘʥʠʨʦʚʢʠ ʜʥʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʢʘʥʘʣʦʚ ʚ ʪʦʤ 
ʯʠʩʣʝ ʩ ʫʢʨʝʧʣʝʥʥʳʤʠ ʦʪʢʦʩʘʤʠ [1, 2, 3, 4].  

ɼʣʷ ʦʯʠʩʪʢʠ ʢʘʥʘʣʦʚ ʩ ʫʢʨʝʧʣʝʥʥʳʤʠ ʦʪʢʦʩʘʤʠ ʥʘʠʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʚʰ 
ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ, ʧʝʨʝʤʝʱʘʶʱʠʡʩʷ ʧʦ ʞʝʩʪʢʠʤ ʥʘʧʨʘʚʣʷʶʱʠʤ. ʐʠʨʠʥʘ ʧʦ 
ʜʥʫ ʦʩʫʰʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʤʦʞʝʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʷ 0,4; 0,6 ʠ 0,8 ʤʝʪʨʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 



ð 54 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʚʰʠ ʰʠʨʠʥʦʡ 0,4 ʠ 0,6 ʤ, ʘ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʯʠʩʪʢʘ ʧʨʦʚʦʜʠʪʩʷ ʥʘ 
ʢʘʥʘʣʘʭ ʰʠʨʠʥʦʡ 0,8 ʤ ʜʦʧʫʩʪʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʚʰʘ ʰʠʨʠʥʦʡ 0,4 ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 
ʦʯʠʩʪʢʫ ʧʨʠ ʚʪʦʨʦʤ ʧʘʨʘʣʣʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʦʧʨʝʜʝʣʝʥʠʝ 
ʧʘʨʘʤʝʪʨʦʚ ʦʯʠʱʘʝʤʳʭ ʢʘʥʘʣʦʚ. ɻʣʫʙʠʥʘ ʦʯʠʱʘʝʤʳʭ ʢʘʥʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʠʟʤʝʨʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʜʥʘ ʢʘʥʘʣʘ ʜʦ ʧʣʘʥʢʠ, ʫʣʦʞʝʥʥʦʡ ʥʘ ʙʝʨʤʝ ʢʘʥʘʣʘ. ʐʠʨʠʥʘ 
ʢʘʥʘʣʘ ʧʦ ʚʝʨʭʫ ʠ ʧʦ ʜʥʫ ʠʟʤʝʨʷʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʥʦʨʤʘʣʴʥʦʡ ʢ ʧʨʦʜʦʣʴʥʦʡ 
ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʢʘʥʘʣʘ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʦ ʘʙʩʦʣʶʪʥʦʡ 
ʚʝʣʠʯʠʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 2,0%. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʣʦʞʝʥʠʷ ʦʪʢʦʩʦʚ m ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʧʦ ʬʦʨʤʫʣʝ:  

ά
ὄ ὦ

ςὬ
 

ʛʜʝ  B ï ʰʠʨʠʥʘ ʢʘʥʘʣʘ ʧʦ ʚʝʨʭʫ, ʤ; 
  b ï ʰʠʨʠʥʘ ʢʘʥʘʣʘ ʧʦ ʜʥʫ, ʤ; 
 h ï ʛʣʫʙʠʥʘ ʢʘʥʘʣʘ, ʤ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʚʤʝʩʪʠʤʦʩʪʠ ʩʤʝʥʥʳʭ ʢʦʚʰʝʡ ʧʨʦʚʝʨʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝʤ ʠʭ 
ʚʥʫʪʨʝʥʥʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ: ʰʠʨʠʥʳ, ʚʳʩʦʪʳ ʠ ʨʘʟʤʝʨʘ ʦʪ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ 
ʢʦʚʰʘ ʜʦ ʧʦʜʚʠʞʥʦʡ ʩʪʝʥʢʠ, ʢʦʛʜʘ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʢʨʘʡʥʝʤ ʟʘʜʥʝʤ ʧʦʣʦʞʝʥʠʠ. 
ɺʤʝʩʪʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʤʥʦʞʝʥʠʝʤ ʵʪʠʭ ʚʝʣʠʯʠʥ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʨʘʟʤʝʨʳ ʤʦʜʠʬʠʢʘʮʠʡ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ ʈʈ-303 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 
ʅʦʨʤʘ 

ʈʈ-303ɸ ʈʈ-303 

1. ɹʘʟʦʚʘʷ ʤʘʰʠʥʘ ʊʨʘʢʪʦʨ ɼʊ-75ɹɺʉ 

2. ʇʘʨʘʤʝʪʨʳ ʦʯʠʱʘʝʤʳʭ ʢʘʥʘʣʦʚ:   

- ʥʘʠʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ, ʤ, ʥʝ ʤʝʥʝʝ 3,8 3,8 

- ʰʠʨʠʥʘ ʧʦ ʜʥʫ, ʤ 0,4; 0,6 0,4; 0,6 

- ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʣʦʞʝʥʠʷ ʦʪʢʦʩʦʚ 1:1; 1:1,5; 1:2 1:1; 1:1,5; 1:2 

3. ɺʤʝʩʪʠʤʦʩʪʴ ʩʤʝʥʥʳʭ ʢʦʚʰʝʡ, ʤ
3
, ʥʝ ʤʝʥʝʝ:   

- ʧʨʠ ʰʠʨʠʥʝ ʢʦʚʰʘ 0,4 ʤ 0,13 0,13 

- ʧʨʠ ʰʠʨʠʥʝ ʢʦʚʰʘ 0,6 ʤ 0,20 0,20 

4. ʍʦʜ ʢʦʚʰʘ, ʤ, ʥʝ ʤʝʥʝʝ 5,2 5,2 

5. ʊʝʭʥʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʤ
3
/ʯ (ʤ/ʯ), ʥʝ 

ʤʝʥʝʝ: 
  

- ʧʨʠ ʨʘʙʦʪʝ ʢʦʚʰʦʤ ʰʠʨʠʥʦʡ 0,4 ʤ 8,0 8,0 (240) 

- ʧʨʠ ʨʘʙʦʪʝ ʢʦʚʰʦʤ ʰʠʨʠʥʦʡ 0,6 ʤ 16,0 16,0 (160) 

6. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʮʠʢʣʘ, ʩ, ʥʝ ʙʦʣʝʝ 60 60 

7. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʤʘʩʩʘ, ʢʛ, ʥʝ ʙʦʣʝʝ, ʚ 10390 11600 

ʪʦʤ ʯʠʩʣʝ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 4000 4000 

8. ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ 

ʧʦʣʦʞʝʥʠʠ, ʤʤ, ʥʝ ʙʦʣʝʝ 
  

- ʚʳʩʦʪʘ 3125 3800 

- ʰʠʨʠʥʘ 3400 3400 

- ʜʣʠʥʘ 7300 8000 

9. ʋʜʝʣʴʥʘʷ ʤʘʩʩʘ, ʪĿʯ/ʤ
3 
(ʢʛĿʯ/ʤ), ʥʝ ʙʦʣʝʝ:   

- ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʦʚʰʦʤ ʰʠʨʠʥʦʡ 0,4 ʤ 0,06 (1,3) 0,065 (1,45) 

- ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʦʚʰʦʤ ʰʠʨʠʥʦʡ 0,6 ʤ 0,058 (0,58) 0,065 (0,65) 

10. ʋʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʢɺʪĿʯ/ʤ
3 
(ʢɺʪĿʯ/ʤ), ʥʝ 

ʙʦʣʝʝ 
  

- ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʦʚʰʦʤ ʰʠʨʠʥʦʡ 0,4 ʤ 0,33 (7,4) 0,33 (7,4) 

- ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʦʚʰʦʤ ʰʠʨʠʥʦʡ 0,6 ʤ 0,337 (2,5) 0,337 (2,5) 

11. ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ/ʤ
3
Ŀʯ (ʢʛ/ʧʦʛ.ʤĿʯ), 

ʥʝ ʙʦʣʝʝ: 
  

- ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʦʚʰʦʤ ʰʠʨʠʥʦʡ 0,4 ʤ 1,744 (0,058) 1,744 (0,058) 

- ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʦʚʰʦʤ ʰʠʨʠʥʦʡ 0,6 ʤ 0,775 (0,078) 0,775 (0,078) 

12. ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʘ  0,717 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 55 ð   

 
ʊʝʭʥʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʨʷʝʪʩʷ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ 

ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 
ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʛʫʣʠʨʦʚʦʢ ʚʩʝʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʩʣʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʤʘʰʠʥʠʩʪʦʤ 
ʥʝʦʙʭʦʜʠʤʳʭ ʥʘʚʳʢʦʚ ʚ ʫʧʨʘʚʣʝʥʠʠ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʝʤ ʠ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ 
ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʤʘʰʠʥʳ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 5 ʩʤʝʥ.  

ʊʝʭʥʠʯʝʩʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ 
ʨʘʙʦʪʝ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʥʝ ʤʝʥʝʝ 50 ʤ ʢʘʥʘʣʘ ʥʘ 1 ʯ ʯʠʩʪʦʛʦ ʚʨʝʤʝʥʠ 
ʨʘʙʦʪʳ [5]. ʏʠʩʪʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʠʟʤʝʨʷʝʪʩʷ ʩʝʢʫʥʜʦʤʝʨʦʤ ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ 3,0. ʆʙʲʝʤ 

ʠʟʚʣʝʯʝʥʥʦʛʦ ʠʟ ʢʘʥʘʣʘ ʟʘ ʵʪʦ ʚʨʝʤʷ ʛʨʫʥʪʘ (ʥʘʥʦʩʦʚ, ʟʘʠʣʝʥʠʷ) 6̄  ̑ʚ ʤ
2
 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ: 

ὠ̄̑ ὥϽὛ 
ʛʜʝ  a ï ʜʣʠʥʘ ʦʯʠʱʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʢʘʥʘʣʘ, ʤ; 
 S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘʥʦʩʦʚ ʥʘ ʜʥʝ ʢʘʥʘʣʘ, ʤ

2
. 

ɼʣʠʥʫ ʦʯʠʱʘʝʤʦʛʦ ʢʘʥʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʷʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 
ʨʫʣʝʪʢʦʡ ʜʣʠʥʦʡ ʥʝ ʤʝʥʝʝ 10 ʤ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ 
ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 1,0%. 

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘʥʦʩʦʚ S ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʧʦ 
ʬʦʨʤʫʣʝ: 

Ὓ ὦϽὸ 
ʛʜʝ  b ï ʰʠʨʠʥʘ ʢʘʥʘʣʘ ʧʦ ʜʥʫ, ʤ; t ï ʪʦʣʱʠʥʘ ʥʘʥʦʩʦʚ, ʤ. 

ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘʥʦʩʳ ʠ ʟʘʠʣʝʥʠʷ ʥʘ ʜʥʝ ʠ ʦʪʢʦʩʘʭ 
ʦʩʫʰʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ. ɺ ʤʝʩʪʘʭ ʩʦʝʜʠʥʝʥʠʷ 
ʦʩʫʰʠʪʝʣʝʡ ʩ ʢʘʥʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʤʝʩʪʘʭ ʧʦʜʚʦʜʘ ʜʨʝʥʘʞʥʳʭ ʪʨʫʙ ʢ ʢʘʥʘʣʫ ʢʦʣʠʯʝʩʪʚʦ 
ʥʘʥʦʩʦʚ ʦʧʨʝʜʝʣʝʥʥʦ ʙʦʣʴʰʝ ʯʝʤ ʥʘ ʫʯʘʩʪʢʘʭ ʢʘʥʘʣʘ ʙʝʟ ʪʘʢʦʚʳʭ ʵʣʝʤʝʥʪʦʤ 
ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʩʝʪʠ.    

ʊʦʣʱʠʥʘ ʥʘʥʦʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʣʠʥʝʡʢʠ ʜʣʠʥʦʡ ʥʝ 
ʤʝʥʝʝ 1 ʤ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ ʥʝ ʙʦʣʝʝ 2,0%. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʚ 5 
ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʯʝʨʝʟ ʢʘʞʜʳʝ 10 ʤ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʘ. 
ʈʝʟʫʣʴʪʘʪ ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 
ʟʥʘʯʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʢʦʥʪʨʦʣʴʥʳʭ ʩʤʝʥ.  

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʚʝʨʢʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʣʝʜʫʝʪ 
ʦʧʨʝʜʝʣʷʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʟʘ 1 ʯʘʩ ʯʠʩʪʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ. ɼʣʷ 
ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʠʩʧʳʪʘʥʠʡ ʧʦʩʪʘʚʠʪʴ ʤʘʰʠʥʫ ʥʘ ʨʦʚʥʫʶ 
ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʱʘʜʢʫ ʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʨʘʚʠʪʴ ʝʝ ʪʦʧʣʠʚʥʳʡ ʙʘʢ. ʇʦ ʠʩʪʝʯʝʥʠʠ 1 
ʯʘʩʘ ʯʠʩʪʦʡ ʨʘʙʦʪʳ ʩʣʝʜʫʝʪ ʚʥʦʚʴ ʫʩʪʘʥʦʚʠʪʴ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʴ ʥʘ ʨʦʚʥʦʡ ʧʣʦʱʘʜʢʝ ʠ 
ʧʨʠ ʧʦʤʦʱʠ ʤʝʨʥʦʛʦ ʙʘʯʢʘ ʜʦʣʠʪʴ ʪʦʧʣʠʚʦ ʜʦ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʙʘʢʘ. ʄʘʩʩʘ 
ʜʦʣʠʚʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ, ʚʳʯʠʪʘʷ ʠʟ ʤʘʩʩʳ ʤʝʨʥʦʛʦ ʙʘʯʢʘ, ʧʦʣʥʦʩʪʴʶ 
ʟʘʧʨʘʚʣʝʥʥʦʛʦ ʪʦʧʣʠʚʦʤ, ʤʘʩʩʫ ʙʘʯʢʘ ʩ ʦʩʪʘʪʢʘʤʠ ʪʦʧʣʠʚʘ ʧʦʩʣʝ ʜʦʟʘʧʨʘʚʢʠ ʪʨʘʢʪʦʨʘ. 
ɺʟʚʝʰʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘ ʚʝʩʘʭ ʩ ʥʘʠʙʦʣʴʰʠʤ ʧʨʝʜʝʣʦʤ ʚʟʚʝʰʠʚʘʥʠʷ 10 ʢʛ. 
ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʥʝ ʙʦʣʝʝ 3,0%. 

ʍʦʜ ʢʦʚʰʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʛʦ ʧʦʣʥʦʝ 
ʥʘʧʦʣʥʝʥʠʝ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʚʝʰʢʘʤʠ, 
ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʦʢʦʣʦ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ, ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʚ ʢʦʥʮʝ ʥʘʙʦʨʘ 
ʛʨʫʥʪʘ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʨʫʣʝʪʢʦʡ ʥʝ ʤʝʥʝʝ 10 ʤ 
ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʥʝ ʙʦʣʝʝ 1,0%. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ [6] ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ ʈʈ-303, ʢʘʢ 
ʤʘʰʠʥʳ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

˜̞ ̋̒̐ ή̌Ͻὲ
ὑ̎ὑ̃

ὑ̑
 

ʛʜʝ  q ï ʚʤʝʩʪʠʤʦʩʪʴ ʢʦʚʰʘ, ʤ
3
; 

 ὑ̎ ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ ʢʦʚʰʘ, ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʩ ʫʯʝʪʦʤ ʢʦʥʩʪʨʫʢʮʠʠ 
ʩʘʤʦʛʦ ʢʦʚʰʘ ʦʙʳʯʥʦ ʙʣʠʟʦʢ ʢ ʝʜʠʥʠʮʝ. 



ð 56 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

  ὑ̃ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʳ ʧʦ ʚʨʝʤʝʥʠ, ʦʙʳʯʥʦ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ 
ʧʨʝʜʝʣʘʭ ʦʪ 0,60 ʜʦ 0,80 ʠ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʪʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 
ʧʝʨʝʨʳʚʦʚ. 

 ὑ̑ ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʨʳʭʣʝʥʠʷ ʛʨʫʥʪʘ (ʥʘʥʦʩʦʚ, ʟʘʠʣʝʥʠʷ) ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 1,0 ʜʦ 1,12. 

 ὲ ï ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʚ ʯʘʩ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὲ  
σφππ

Ὕ̗
 

ʛʜʝ  Ὕ̗ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ, ʩ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʝʡ 

ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʮʠʢʣʘ, Ὕ̗ ὸ ὸ ὸ ὸ ὸ ὸ, ʛʜʝ ὸ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ  
ʦʧʫʩʢʘʥʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʞʝʩʪʢʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩ ʢʦʚʰʦʤ ʚ ʢʘʥʘʣ, ὸ ï 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʚʰʘ ʧʦ ʞʝʩʪʢʠʤ ʥʘʧʨʘʚʣʷʶʱʠʤ (ʥʘʙʦʨʘ ʛʨʫʥʪʘ, 
ʥʘʥʦʩʦʚ ʠ ʟʘʠʣʝʥʠʡ), ὸ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʜʲʝʤʘ ʢʦʚʰʘ ʩ ʥʘʥʦʩʘʤʠ ʥʘ ʪʨʝʙʫʝʤʫʶ 

ʚʳʩʦʪʫ, ὸ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʛʨʫʟʢʠ ʢʦʚʰʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʝʟʜʘ ʥʘ 
ʥʦʚʫʶ ʧʦʟʠʮʠʶ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ ʈʈ-303 ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ 
ʚʦ ʚʥʠʤʘʥʠʝ ʠ ʪʦ, ʯʪʦ ʦʩʫʰʠʪʝʣʴʥʳʝ ʢʘʥʘʣʳ ʩ ʫʢʨʝʧʣʝʥʥʳʤʠ ʦʪʢʦʩʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ 
ʝʱʝ 20-30 ʣʝʪ ʥʘʟʘʜ ʚ ʦʩʥʦʚʥʦʤ ʠʤʝʶʪʩʷ ʚ ɹʝʣʦʨʫʩʩʠʠ ʠ ʇʨʠʙʘʣʪʠʢʝ ʠ ʥʘ ʪʘʢʠʭ 
ʩʠʩʪʝʤʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʚʰʝʡ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ [7]. ʆʜʥʘʢʦ, 
ʦʪʢʦʩʳ ʢʘʥʘʣʦʚ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʩʫʰʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 
ʌʝʜʝʨʘʮʠʠ ʨʝʜʢʦ ʫʢʨʝʧʣʷʣʠʩʴ. ʀʟ-ʟʘ ʙʦʣʴʰʠʭ ʧʨʦʪʷʞʝʥʥʦʩʪʝʡ ʢʘʥʘʣʳ ʩʪʨʦʠʣʠʩʴ ʚ 
ʟʝʤʣʷʥʦʤ ʪʝʣʝ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʬʘʰʠʥʥʳʭ, ʙʝʪʦʥʥʳʭ ʠʣʠ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ 
ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʯʠʩʪʢʠ ʜʥʘ ʠ ʧʨʠʣʝʞʘʱʠʭ ʢʦ ʜʥʫ ʯʘʩʪʝʡ ʦʪʢʦʩʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʚʰʠ 
ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʚʤʝʩʪʠʤʦʩʪʠ 
ʠ ʤʘʩʩʳ ʢʦʚʰʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʥʘʛʨʫʟʦʢ ʥʘ ʵʣʝʤʝʥʪʳ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʷʪʴ ʥʘ ʧʨʦʯʥʦʩʪʴ.  

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʝʪ ʙʳʪʴ ʥʘʨʫʰʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʘʰʠʥʳ ʚ ʤʦʤʝʥʪ ʧʦʜʲʝʤʘ 
ʢʦʚʰʘ ʩ ʥʘʥʦʩʘʤʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʝʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʥʘʣʦʦʯʠʩʪʠʪʝʣʷ ʈʈ-303 ʧʨʝʜʫʩʤʦʪʨʝʥ ʧʨʦʪʠʚʦʚʝʩ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 
ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʳʣʝʪʘ.    
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ɸʥʥʦʪʘʮʠʷ 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʤʝʥʳ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʩʧʣʘʚʘ ʥʘ ʧʦʣʠʤʝʨʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʙʣʘʜʘʶʱʠʡ ʙʦʣʝʝ ʥʠʟʢʦʡ 
ʧʣʦʪʥʦʩʪʴʶ, ʣʝʛʢʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʦʯʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ  
ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʳ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 
ʦʧʨʝʜʝʣʝʥ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʤʝʪʦʜ ʙʝʟʘʚʪʦʢʣʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʇʂʄ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʠʘʮʠʦʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, 
ʧʦʣʠʤʝʨʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʥʞʝʥʝʨʥʳʡ ʘʥʘʣʠʟ, ʫʛʣʝʨʦʜʥʦ-ʚʦʣʦʢʥʠʩʪʳʝ 
ʤʘʪʝʨʠʘʣʳ, ʨʫʯʥʘʷ ʚʳʢʣʘʜʢʘ, ʙʝʟʘʚʪʦʢʣʘʚʥʳʡ ʤʝʪʦʜ ʬʦʨʤʦʚʘʥʠʷ. 

 
Abstract 
The purpose of this article is to determine the possibility of replacing an aluminum 

alloy with a polymer-composite material having a lower density, lightness, and high strength 
and reliability properties. Using engineering analysis, the strength characteristics of materials 
have been identified, as well as a more modern method has been determined for the non-
autoclave production of PCM products. 

Keywords: aviation industry, aircraft, polymer-composite materials, engineering 
analysis, carbon-fiber materials, manual laying out, autoclave-free molding method. 

 
ʋʯʠʪʳʚʘʷ ʥʝʧʨʦʩʪʫʶ ʛʝʦʧʦʣʠʪʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʠ ʚʚʝʜʝʥʥʠʝ ʧʨʦʪʠʚ 

ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʩʘʥʢʮʠʡ, ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 
ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʪ ʠʤʧʦʨʪʘ ʩʦʟʜʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ, ʯʪʦ 
ʦʪʨʘʞʘʝʪʩʷ ʚ ʜʦʢʫʤʝʥʪʝ çʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè [4]. 

ʂʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʩʬʝʨʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʦʩʪʘʝʪʩʷ 
ʦʪʩʫʪʩʪʚʠʝ ʨʦʩʩʠʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʧʦʩʪʘʚʣʷʪʴ ʥʘ ʨʳʥʦʢ ʧʨʦʜʫʢʮʠʶ, 
ʢʦʪʦʨʘʷ ʙʳʣʘ ʙʳ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʘʥʘʣʦʛʘʤʠ.  

ɺʩʝ ʙʦʣʝʝ ʚʘʞʥʳʤ ʪʨʝʥʜʦʤ ʩʪʘʥʦʚʠʪʩʷ ʫʞʝ ʥʘʯʘʚʰʠʡʩʷ ʧʝʨʝʭʦʜ ʤʠʨʦʚʦʛʦ 
ʘʚʠʘʩʪʨʦʝʥʠʷ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ ʟʘʤʝʥʫ 
ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 
ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʣʝʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʋʯʠʪʳʚʘʷ ʥʝʧʨʦʩʪʫʶ ʛʝʦʧʦʣʠʪʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʠ ʚʚʝʜʝʥʠʝ ʧʨʦʪʠʚ 
ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʩʘʥʢʮʠʡ, ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 
ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʪ ʠʤʧʦʨʪʘ ʩʦʟʜʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʠʩʢʠ. 

ɺ ʩʚʝʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʜʦʢʫʤʝʥʪʝ çʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ 
ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè ʚ 
ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʝʪʘʣʝʡ ʠ 
ʫʟʣʦʚ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʙʦʣʝʝ ʧʨʦʯʥʳʝ ʠ ʣʝʛʢʠʝ ʠʟ ʇʂʄ. 

ʊʘʢ, ʫʛʣʝʨʦʜʥʦ-ʚʦʣʦʢʥʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ (ʋɺʄ) ʚʳʧʫʩʢʘʝʤʳʝ ʥʘ ʦʩʥʦʚʝ 
ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʴʥʦʛʦ (ʇɸʅ) ʚʦʣʦʢʥʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ 
ʧʨʦʜʫʢʮʠʠ ʚʦʝʥʥʦʛʦ, ʪʘʢ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʷʚʣʷʶʪʩʷ ʘʨʤʠʨʫʶʱʠʤʠ 
ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʫʛʣʝʧʣʘʩʪʠʢʦʚ (ʢʦʤʧʦʟʠʪʦʚ).  

ɺʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʫʛʣʝʨʦʜʥʳʭ, ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 
ʇɸʅ, ʪʘʢʠʭ ʢʘʢ ʃʋ-ʇ-02, ʕʃʋʈ-ʇ, ʃʋ-ʇ-01, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚ ʠʟʜʝʣʠʷʭ:  

- ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʩʞʘʪʠʠ;  



ð 58 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

- ʚʳʩʦʢʫʶ ʞʝʩʪʢʦʩʪʴ  

- ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦ ʫʜʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʦʪʥʦʰʝʥʠʶ 
ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʢ ʧʣʦʪʥʦʩʪʠ).  

ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʫʛʣʝʧʣʘʩʪʠʢʠ ʧʨʝʚʦʩʭʦʜʷʪ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 
ʘʥʘʣʦʛʠ, ʪʘʢʠʝ ʢʘʢ ʩʪʘʣʴ, ʪʠʪʘʥ, ʘʣʶʤʠʥʠʡ ʩʧʣʘʚ ʚ 5-8 ʨʘʟ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 
ʘʚʠʘʩʪʨʦʝʥʠʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʇɸʅ ʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʣʠʮʘ 1 
ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼ16ɸʄ 
ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʇɸʅ 

ʃʋ-ʇ-02 ʕʃʋʈ-ʇ ʃʋ-ʇ-01 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, 

ʄʇʘ 
0,45 0,6-0,7 *10

3 
0,8-0,9*10

3 
0,6-0,7 *10

3 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ 0,25 0,6-0,7*10
3 

0,8-0,9*10
3
 0,6-0,7*10

3 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʄʇʘ 0,72 ʄʇʘ (157+25) *10
3 

(145+20) 
*
10

3
 (157+25) *10

3
 

ʊʦʣʱʠʥʘ ʤʦʥʦʩʣʦʷ, ʤʤ  0,12+0,01 0,11+0,01 0,11+0,01 

ʐʠʨʠʥʘ ʣʝʥʪʳ, ʤʤ  255+20 245+30 255+20 

 
ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʣʫʯʰʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʝʪ ʫʛʣʝʨʦʜʥʳʡ ʚʦʣʦʢʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʇɸʅ ʤʘʨʢʠ 
ʃʋ-ʇ-02 [5]. 

ɼʣʷ ʦʮʝʥʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʥʘ ʦʩʥʦʚʝ ʇɸʅ ʤʘʨʢʠ ʃʋ-ʇ-02 ʚ ʜʝʪʘʣʷʭ ʩʠʣʦʚʦʛʦ ʥʘʙʦʨʘ ʦʪʜʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ 
ʩʝʢʮʠʡ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʤʝʩʪʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɼ16ɸʄ, ʧʨʦʚʦʜʠʣʩʷ 
ʠʥʞʝʥʝʨʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʩʪʝʥʢʠ ʢʠʣʝʚʦʡ ʯʘʩʪʠ ʬʶʟʝʣʷʞʘ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʩʪʝʥʢʘ ʥʘʛʨʫʞʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʡ ʥʘʛʨʫʟʢʦʡ 1000 ʢʛ/ʤ3. ɼʝʡʩʪʚʠʝ 
ʥʘʛʨʫʟʢʠ ʥʘ ʩʪʝʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʝʥʢʘ ʢʠʣʝʚʦʡ ʯʘʩʪʠ ʬʶʟʝʣʷʞʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʣʷ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʣʷ ʩʪʝʥʢʠ ʠʟ ɼ16ɸʄ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 59 ð   

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʪʝʥʢʘ ʠʟ ʃʋ-ʇ-02 

 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʩʪʝʥʢʝ ʠʟ ʤʘʪʝʨʠʘʣʘ ɼ16ɸʄ 

ʧʨʠ ʥʘʛʨʫʟʢʝ ʚ 1000 ʢʛ/ʤ
3
, ʠʤʝʶʪʩʷ ʤʝʩʪʘ ʠʟʛʠʙʘ ʧʦ ʢʨʘʷʤ ʠ ʩʝʨʝʜʠʥʝ ʜʝʪʘʣʠ, ʘ ʫ ʜʝʪʘʣʠ 

ʠʟ ʤʘʪʝʨʠʘʣʘ ʃʋ-ʇ-02 ʥʘʛʨʫʟʢʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʠ ʙʝʟ ʠʟʛʠʙʦʚ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʃʋ-ʇ-02 ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʯʥʦʩʪʴ 

ʠ ʩʥʠʟʠʪʴ ʚʝʩ ʦʪʜʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʩʝʢʮʠʡ.  
ʂʨʦʤʝ ʵʪʦʛʦ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜ ʨʫʯʥʦʡ ʚʳʢʣʘʜʢʠ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʘʩʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʢʣʘʚʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʮʠʢʣ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ, ʘ 
ʪʘʢʞʝ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʦʟʤʦʞʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷ ʮʠʢʣʘ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʇʂʄ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ 
ʙʝʟʘʚʪʦʢʣʘʚʥʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤʠ 
ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʨʝʧʨʝʛʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ (ʨʠʩ. 4) 
[6]. 

 

 

ʈʠʩʫʥʦʢ  4 ïɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʙʝʟʘʚʪʦʢʣʘʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ ʠʟ ʇʂʄ (ʘʥʘʣʠʟ 
ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ) 

 
ʆʜʥʠʤ ʠʟ ʤʥʦʞʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʙʝʟʘʚʪʦʢʣʘʚʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ RFI (Resin Film Infusion), ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʙʝʟʨʘʩʪʚʦʨʥʳʭ ʧʣʝʥʦʯʥʳʭ ʩʚʷʟʫʶʱʠʭ (ʇʉ) [1].  



ð 60 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʢʦʤʧʣʝʢʩʫ 

ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʧʨʝʛʦʚʳʤ ʤʝʪʦʜʦʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 
ʩʣʝʜʫʶʱʠʝ: 

- ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʘʚʪʦʢʣʘʚʦʚ ʧʨʠ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ; 

- ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʟʘ ʩʯʝʪ 
ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʧʠʪʢʠ ʩʫʭʠʭ ʘʨʤʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ; 

- ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʧʣʝʥʦʯʥʳʭ ʩʚʷʟʫʶʱʠʭ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʪʚʦʨʥʳʤʠ ʩʚʷʟʫʶʱʠʤʠ 
ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʙʦʣʝʝ ʯʝʤ ʚ 1,5 ʨʘʟʘ); 

- ʫʤʝʥʴʰʝʥʠʝ ʚʣʠʷʥʠʷ ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ ʧʘʨʦʚ ʨʘʩʪʚʦʨʥʳʭ ʵʧʦʢʩʠʜʥʳʭ 
ʠ ʬʝʥʦʣʴʥʳʭ ʩʚʷʟʫʶʱʠʭ ʥʘ ʦʨʛʘʥʠʟʤ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʊʝʭʥʦʣʦʛʠʷ RFI ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʦʡʥʦʡ ʚʳʢʣʘʜʢʝ ʩʫʭʠʭ ʘʨʤʠʨʫʶʱʠʭ 
ʥʘʧʦʣʥʠʪʝʣʝʡ ʇʉ, ʚʟʷʪʦʛʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ, 
ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʘʢʫʫʤʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʣʘʚʣʝʥʠʝ ʩʚʷʟʫʶʱʝʛʦ ʠ ʝʛʦ 
ʧʨʦʩʘʯʠʚʘʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʘʨʤʠʨʫʶʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ.  

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʇʉ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ 
ʨʘʩʪʚʦʨʥʳʭ ʩʚʷʟʫʶʱʠʭ ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʥʦʣʠʪʥʳʭ ʠ 
ʪʨʝʭʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʠʯʝʤ ʚ ʪʨʝʭʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʇʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 
ʜʣʷ ʣʘʤʠʥʠʨʦʚʘʥʠʷ ʩʣʦʝʚ ʘʨʤʠʨʫʶʱʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʧʣʝʥʦʯʥʦʛʦ ʢʣʝʷ 
ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩʦʪʦʚʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʩ ʦʙʰʠʚʢʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʇʉ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʂʄ 
ʥʘ ʠʭ ʦʩʥʦʚʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ 
ʦʧʨʝʜʝʣʠʪʩʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʇʉ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʣʝʪʘʪʝʣʴʥʳʭ 
ʘʧʧʘʨʘʪʦʚ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʧʘʩʧʦʨʪʠʟʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʝʥʦʯʥʳʭ 
ʩʚʷʟʫʶʱʠʭ ʦʯʝʥʴ ʧʨʦʩʪʦʡ, ʧʨʦʠʟʚʦʜʠʪʝʣʝʥ ʠ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 
ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʇʉ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ:  

- ʩʪʘʙʠʣʴʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʣʘʩʪʠʢʝ ʩ 
ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʘʧʦʣʥʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ 
ʙʝʩʧʦʨʠʩʪʫʶ ʛʝʨʤʝʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ; 

- ʧʣʘʩʪʠʢʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ 
ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ 
ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʠ ʧʨʦʩʪʳʝ 
ʪʝʭʥʦʣʦʛʠʠ, ʩʥʠʞʘʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʥʦ ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʳ. ʂ ʪʘʢʠʤ 
ʪʝʭʥʦʣʦʛʠʷʤ ʦʪʥʦʩʷʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʝʥʦʯʥʳʭ 
ʩʚʷʟʫʶʱʠʭ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʵʣʝʢʪʨʦʚʦʟʘ ʥʘ ʪʨʝʭ 

ʜʚʫʭʦʩʥʳʭ ʪʝʣʝʞʢʘʭ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʫʛʠʭ ʩʚʷʟʝʡ ʵʢʠʧʘʞʘ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʚʦʟʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʣʴʩʦʚʳʡ ʵʢʠʧʘʞ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ, ʜʚʠʞʝʥʠʝ ʚ 

ʢʨʠʚʦʡ, ʫʧʨʫʛʠʝ ʩʚʷʟʠ. 

 

Abstract 

The article discusses the modeling of the dynamics of an electric locomotive including 

three two-axle bogies on movement in curved sections of the track. The results of a study of 

the influence of changes in the parameters of elastic elements of an vehicle are presented. 

Keywords: rail vehicle, dynamic qualities, movement in a curve sections, elastic 

elements. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʧʘʩʩʘʞʠʨʩʢʠʝ ʵʣʝʢʪʨʦʚʦʟʳ ʦʜʥʦʬʘʟʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʤʝʶʪ ʰʝʩʪʠʦʩʥʫʶ ʭʦʜʦʚʫʶ ʯʘʩʪʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʪʨʝʭ ʜʚʫʭʦʩʥʳʭ ʤʦʪʦʨʥʳʭ ʪʝʣʝʞʝʢ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʫʪʨʘʪʠʣʘ ʟʥʘʯʠʤʦʩʪʠ ʠ ʢʦʥʮʝʧʮʠʷ 

ʜʚʫʭʩʝʢʮʠʦʥʥʦʛʦ ʜʚʝʥʘʜʮʘʪʠʦʩʥʦʛʦ ʛʨʫʟʦʚʦʛʦ ʣʦʢʦʤʦʪʠʚʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʨʘʥʝʝ ʚ 

ʵʣʝʢʪʨʦʚʦʟʝ ɺʃ85. ɼʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʰʝʩʪʠʦʩʥʦʛʦ ʵʢʠʧʘʞʘ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʥʷʪʠʷ ʢʦʤʧʨʦʤʠʩʩʥʦʛʦ ʨʝʰʝʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʚ ʚʳʙʦʨʝ 

ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʦʧʝʨʝʯʥʳʭ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʚʷʟʝʡ ʪʝʣʝʞʝʢ ʩ ʢʫʟʦʚʦʤ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ (ʜʦ 200 ʤʤ ʥʘ ʩʪʦʨʦʥʫ) ʧʦʧʝʨʝʯʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʩʨʝʜʥʝʡ 

ʪʝʣʝʞʢʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʵʢʠʧʘʞʘ ʚ ʢʨʫʪʳʭ ʢʨʠʚʳʭ ʠ ʤʘʣʳʝ (ʧʦʨʷʜʢʘ 15...30 ʤʤ) 

ʧʦʧʝʨʝʯʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʠʭ ʠ ʩʨʝʜʥʝʡ ʪʝʣʝʞʝʢ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʣʦʛʠʭ 

ʢʨʠʚʳʭ ʠ ʧʨʷʤʳʭ ʫʯʘʩʪʢʦʚ ʧʫʪʠ.  

ʂʦʣʝʙʘʥʠʷ ʵʢʠʧʘʞʘ ʚ ʧʫʪʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʯʝʨʪʘʥʠʷ ʦʧʠʩʳʚʘʶʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚʠʜʘ [1, 2] 

( )tqqQCqqBqM ,,#### =++ , 

ɻʜʝ M, B, C ï ʤʘʪʨʠʮʳ ʠʥʝʨʮʠʦʥʥʳʭ, ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʠ ʫʧʨʫʛʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʠʩʪʝʤʳ; 

q  ï ʚʝʢʪʦʨʳ ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʨʝʤʝʥʠ; 

Q ï ʚʝʢʪʦʨ ʩʠʣ, ʚʢʣʶʯʘʶʱʠʡ ʚʥʝʰʥʠʝ ʩʠʣʳ, ʥʝʣʠʥʝʡʥʳʝ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩ ʠ 

ʨʝʣʴʩʦʚ, ʘ ʪʘʢʞʝ ʥʝʣʠʥʝʡʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ʵʢʠʧʘʞʘ. 

ʉ ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʘʥʘʣʠʟʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʢʠʧʘʞʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʚ ʧʨʷʤʳʭ ʠ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ 

ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʦʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʵʢʠʧʘʞʘ: ʚʠʣʷʥʠʝ, ʙʦʢʦʚʦʡ ʦʪʥʦʩ ʠ 

ʙʦʢʦʚʫʶ ʢʘʯʢʫ [2]. ʀʩʭʦʜʷ ʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʚʦʟʘ, ʩʦʩʪʘʚʠʤ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ 

ʵʢʠʧʘʞʘ ʪʠʧʘ 20ï20ï20, ʜʚʠʞʫʱʝʛʦʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʢʨʫʛʦʚʦʡ ʢʨʠʚʦʡ. 

ʈʝʣʴʩʳ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʥʝʨʘʚʥʦʫʧʨʫʛʠʤʠ ʧʦ ʜʣʠʥʝ, ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʝʨʦʚʥʦʩʪʷʤʠ ʚ ʧʣʘʥʝ. ʕʢʠʧʘʞ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ 



ð 62 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʠʟ 10 ʪʚʝʨʜʳʭ ʪʝʣ (ʢʫʟʦʚʘ, ʦʙʨʝʩʩʦʨʝʥʥʳʭ ʯʘʩʪʝʡ ʪʨʝʭ ʪʝʣʝʞʝʢ, ʰʝʩʪʠ ʢʦʣʝʩʥʳʭ ʧʘʨ), 

ʩʦʝʜʠʥʝʥʥʳʭ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʩʚʷʟʷʤʠ. ʇʦʣʦʞʠʤ, ʯʪʦ ʚʩʝ ʪʝʣʘ ʩʦʚʝʨʰʘʶʪ 

ʢʦʣʝʙʘʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʦʪʥʦʩʘ ʠ ʚʠʣʷʥʠʷ, ʘ ʢʫʟʦʚ ï ʝʱʝ ʠ ʢʦʣʝʙʘʥʠʷ ʙʦʢʦʚʦʡ ʢʘʯʢʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚʳʙʨʘʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʦʩʴʶ ʧʫʪʠ. ʉʠʩʪʝʤʘ ʠʤʝʝʪ 21 ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ [3]. 

ʉʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʥʝʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ 

ʢʨʠʧʘ [2]. ʉʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʢʦʣʝʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʣʴʩʘ, ʘ ʪʘʢʞʝ ʝʸ ʧʨʦʜʦʣʴʥʘʷ ʠ 

ʧʦʧʝʨʝʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ 
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ʛʜʝ i, j, k ï ʠʥʜʝʢʩʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʦʤʝʨ ʪʝʣʝʞʢʠ, ʥʦʤʝʨ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʠ ʢʦʣʝʩʦ 

(k = 1 ï ʥʘʨʫʞʥʦʝ ʢʦʣʝʩʦ; k = 2 ï ʚʥʫʪʨʝʥʥʝʝ ʢʦʣʝʩʦ); 

ijh#, Rijkh#  ï ʩʢʦʨʦʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʠ ʨʝʣʴʩʘ ʧʦʜ ʢʦʣʝʩʦʤ, 

ʚʢʣʶʯʘʷ ʥʝʨʦʚʥʦʩʪʴ ʧʫʪʠ ʚ ʧʣʘʥʝ; 

ijy , ijy# ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʨʘʜʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʩʢʦʨʦʩʪʴ ʚʠʣʷʥʠʷ ʢʦʣʝʩʥʦʡ 

ʧʘʨʳ; 

0r , ijkrD  ï ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʢʘʪʘʥʠʷ ʢʦʣʝʩʘ ʠ ʠʟʤʝʥʝʥʠʝ ʨʘʜʠʫʩʘ ʢʨʫʛʘ ʢʘʪʘʥʠʷ ʧʨʠ 

ʧʦʧʝʨʝʯʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ; 

ijr  ï ʢʨʠʚʠʟʥʘ ʧʫʪʠ ʧʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʣʝʩʥʦʡ ʧʘʨʦʡ; 

sb  ï ʧʦʣʦʚʠʥʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʨʫʛʘʤʠ ʢʘʪʘʥʠʷ ʢʦʣʝʩ; 

ijkb  ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ, ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʢʦʣʝʩʘ ʧʦ ʨʝʣʴʩʫ 

ʟʘʚʠʩʠʪ ʦʪ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʠʭ ʩʢʦʨʦʩʪʝʡ, ʦʪ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ ʢʨʫʛʘ ʢʘʪʘʥʠʷ 

ʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʦʙʨʘʟʫʶʱʝʡ ʧʨʦʬʠʣʷ ʢʦʣʝʩʘ [4, 5]. 

ʂʘʩʘʪʝʣʴʥʘʷ ʩʠʣʘ ʪʨʝʥʠʷ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ 

ʥʝʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʢʨʠʧʘ [1, 2]  
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ʛʜʝ ijkN  ï ʥʦʨʤʘʣʴʥʘʷ ʩʠʣʘ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ; 

mf  ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ; 

SK  ï ʫʜʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʠʧʘ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʧʫʪʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʯʝʨʪʘʥʠʷ ʠʟʤʝʥʝʥʠʝ ʢʨʠʚʠʟʥʳ ʧʫʪʠ ʠ 

ʚʦʟʚʳʰʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʨʝʣʴʩʘ ʟʘʜʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʧʨʦʬʠʣʷ ʧʫʪʠ ʠ ʤʦʜʝʣʠʨʫʝʤʳʭ 

ʥʝʨʦʚʥʦʩʪʝʡ, ʘ ʥʝʧʦʛʘʰʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ï ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʢʦʨʦʩʪʠ, 

ʢʨʠʚʠʟʥʳ ʧʫʪʠ ʠ ʚʦʟʚʳʰʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʨʝʣʴʩʘ [2]. 

ʂʨʫʛʦʚʘʷ ʢʨʠʚʘʷ ʠʤʝʝʪ ʫʯʘʩʪʢʠ ʩʦʧʨʷʞʝʥʠʷ ʩ ʧʨʷʤʳʤʠ ʫʯʘʩʪʢʘʤʠ ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʭʦʜʥʳʭ ʢʨʠʚʳʭ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʨʠʚʦʡ ʚʦʟʥʠʢʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʧʝʨʝʯʥʳʝ ʠ ʫʛʣʦʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣʝʞʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʫʟʦʚʘ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 63 ð   

 

ɺʦʟʚʨʘʱʘʶʱʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʩʠʣʳ ʪʨʝʥʠʷ ʚ ʩʚʷʟʷʭ, ʚʣʠʷʶʪ ʥʘ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʣ ʚ ʩʠʩʪʝʤʝ ʧʦʜʚʝʰʠʚʘʥʠʷ. 

ɺ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʢʦʣʝʩʥʳʭ ʧʘʨ ʚ 

ʢʦʣʝʝ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʢʦʨʦʩʪʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʢʦʣʝʩ, ʯʪʦ ʠʟʤʝʥʷʝʪ ʫʩʣʦʚʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩ ʩ ʨʝʣʴʩʘʤʠ. ɼʣʷ ʢʨʫʪʳʭ ʢʨʠʚʳʭ ʭʘʨʘʢʪʝʨʥʦ ʜʚʠʞʝʥʠʝ ʩ 

ʥʘʙʝʛʘʥʠʝʤ ʢʦʣʝʩ ʥʘ ʨʝʣʴʩʳ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʠʣ ʥʘ ʛʨʝʙʥʷʭ ʢʦʣʝʩ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʚʳʙʦʨʫ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʫʟʦʚʦʤ ʠ ʢʨʘʡʥʠʤʠ 

ʪʝʣʝʞʢʘʤʠ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʨʘʤʘʤʠ ʪʝʣʝʞʝʢ ʠ ʢʦʣʝʩʥʳʤʠ ʧʘʨʘʤʠ.  

ʇʦʜʚʝʰʠʚʘʥʠʝ ʢʫʟʦʚʘ ʥʘ ʢʨʘʡʥʠʭ ʪʝʣʝʞʢʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʶ 

ʣʶʣʝʯʥʦʛʦ ʪʠʧʘ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʙʘʣʦʢ ʠʣʠ ʥʘ ʦʩʥʦʚʝ ʦʧʦʨ çʬʣʝʢʩʠʢʦʡʣè [6, 7]. ɼʣʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʪʝʣʝʞʝʢ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʫʧʨʫʛʠʝ ʫʧʦʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩ ʟʘʟʦʨʦʤ ʠ ʠʤʝʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʝʨʝʤʝʱʝʥʠʷ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʧʝʨʝʯʥʦʡ ʩʚʷʟʠ ʪʝʣʝʞʢʠ ʩ ʢʫʟʦʚʦʤ ʠʤʝʝʪ 

ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʦʜʝʨʞʠʪ ʜʚʘ ʫʯʘʩʪʢʘ ʩ ʨʘʟʣʠʯʥʦʡ ʞʝʩʪʢʦʩʪʴʶ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʧʝʨʝʯʥʦʡ ʩʚʷʟʠ (ʨʠʩʫʥʦʢ 1), 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʞʝʩʪʢʦʩʪʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʧʨʫʛʦʛʦ ʫʧʦʨʘ, ʚʝʣʠʯʠʥʦʡ ʟʘʟʦʨʘ ʚ 

ʫʩʪʘʥʦʚʢʝ ʫʧʦʨʘ ʠ ʚʝʣʠʯʠʥʦʡ ʧʦʣʥʦʛʦ ʫʧʨʫʛʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣʝʞʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʫʟʦʚʘ. ɺʘʨʠʘʥʪ 1 ʷʚʣʷʣʩʷ ʠʩʭʦʜʥʳʤ. ʉʨʘʚʥʠʚʘʣʠʩʴ ʨʘʤʥʳʝ ʩʠʣʳ ʵʢʠʧʘʞʘ ʩ ʟʘʜʘʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʜʚʠʞʫʱʝʛʦʩʷ ʚ ʧʨʷʤʦʡ ʠ ʢʨʠʚʳʭ ʨʘʜʠʫʩʘʤʠ 650 ʠ 350 ʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ ʪʨʝʭ ʦʜʠʥʦʯʥʳʭ 

ʥʝʨʦʚʥʦʩʪʝʡ ʧʫʪʠ ʚ ʧʣʘʥʝ ʜʣʠʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 3, 20 ʠ 3 ʤ [1]. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʚʳʙʠʨʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʜʚʠʞʝʥʠʷ ʵʢʠʧʘʞʘ ʚ ʢʨʫʛʦʚʦʡ ʢʨʠʚʦʡ [8]. 

 

 
ʈʠʩʫʥʦʢ 1. ɺʘʨʠʘʥʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʫʛʦʡ ʩʚʷʟʠ ʢʫʟʦʚʘ ʠ ʪʝʣʝʞʢʠ 

 



ð 64 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 2. ʉʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 

ʨʘʤʥʳʭ ʩʠʣ ʚ ʢʨʠʚʦʡ 

 
ʈʠʩʫʥʦʢ 3. ʄʘʢʩʠʤʘʣʴʥʳʝ ʚʝʨʦʷʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʨʘʤʥʳʭ ʩʠʣ ʚ ʢʨʠʚʦʡ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3 ʧʦʢʘʟʘʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʝʨʦʷʪʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʤʥʳʭ ʩʠʣ ʧʝʨʚʦʡ ʪʝʣʝʞʢʠ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʵʢʠʧʘʞʘ ʚ ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ 650 ʤ. ʎʠʬʨʳ 1...4 ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ ʥʘ ʨʠʩʫʥʢʘʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʤʝʨʫ ʚʘʨʠʘʥʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʷʟʠ ʚʪʦʨʦʛʦ ʷʨʫʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 1, ʘ ʙʫʢʚʝʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʘ) ʠ ʙ) ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢʨʠʚʳʭ 

ʨʘʤʥʳʭ ʩʠʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʝʨʚʦʡ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʢʦʣʝʩʥʦʡ ʧʘʨʝ (ʧʦʢʘʟʘʥʳ 

ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ) ʠ ʚʪʦʨʦʡ ʢʦʣʝʩʥʦʡ ʧʘʨʝ (ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʦʤ). 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʨʷʤʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ 

ʥʝʣʠʥʝʡʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʧʝʨʝʯʥʦʡ ʩʚʷʟʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ ʨʘʤʥʳʭ 

ʩʠʣ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʠʭ ʪʝʣʝʞʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʫʟʦʚʘ ʥʝ ʧʨʝʚʳʰʘʶʪ 

20...25 ʤʤ. ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʝʨʦʷʪʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʤʥʳʭ ʩʠʣ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 30...50 ʢʅ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʵʢʠʧʘʞʘ ʚ ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ 650 ʤ 

ʩ ʚʦʟʚʳʰʝʥʠʝʤ ʥʘʨʫʞʥʦʛʦ ʨʝʣʴʩʘ 150 ʤʤ ʦʪʤʝʯʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʢʨʘʡʥʠʭ ʪʝʣʝʞʝʢ, ʚʳʟʚʘʥʥʳʝ ʜʝʡʩʪʚʠʝʤ ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ. ɼʣʷ 

ʚʘʨʠʘʥʪʘ 1 ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʧʝʨʝʯʥʦʡ ʩʚʷʟʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣʝʞʝʢ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʜʦʩʪʠʛʘʶʱʠʝ ʚʝʣʠʯʠʥʳ 30 ʤʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʜʘʨʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʪʝʣʝʞʝʢ ʩ ʢʫʟʦʚʦʤ ʠ ʚʳʟʳʚʘʝʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣ ʚ ʩʚʷʟʷʭ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʷʨʫʩʦʚ ʧʦʜʚʝʰʠʚʘʥʠʷ. ɼʣʷ 

ʚʘʨʠʘʥʪʦʚ 2, 3, 4 ʧʝʨʝʤʝʱʝʥʠʷ ʦʩʪʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʫʧʨʫʛʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 35 ʤʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ 1, ʜʣʷ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʨʘʤʥʳʭ ʩʠʣ ʥʘ 20...40%, ʘ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʝʨʦʷʪʥʳʭ ʟʥʘʯʝʥʠʡ ï ʥʘ 10...35%. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ 350 ʤ ʩ 

ʚʦʟʚʳʰʝʥʠʝʤ ʥʘʨʫʞʥʦʛʦ ʨʝʣʴʩʘ 110 ʤʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʞʝʩʪʢʠʝ ʟʘʤʳʢʘʥʠʷ ʩʚʷʟʝʡ 

ʢʨʘʡʥʠʭ ʪʝʣʝʞʝʢ ʩ ʢʫʟʦʚʦʤ ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʚʘʨʠʘʥʪʘ 1. ʋʚʝʣʠʯʝʥʠʝ 

ʫʧʨʫʛʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣʝʞʢʠ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʨʘʤʥʳʭ ʩʠʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ 1 ʥʘ 10...20% ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ï ʜʦ 10%. ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʨʘʤʥʳʭ ʩʠʣ ʚ ʢʨʠʚʳʭ ʨʘʜʠʫʩʘʤʠ 350 ʠ 650 ʤ 

ʧʦʣʫʯʝʥʳ ʜʣʷ ʚʘʨʠʘʥʪʘ 3. 

ɺ ʭʦʜʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʥʘ 

ʫʨʦʚʝʥʴ ʨʘʤʥʳʭ ʩʠʣ ʧʦʧʝʨʝʯʥʳʭ ʠ ʫʛʣʦʚʳʭ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʷʟʠ 

çʢʦʣʝʩʥʘʷ ʧʘʨʘ ï ʨʘʤʘ ʪʝʣʝʞʢʠè. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 65 ð   

 

ʂʦʣʝʩʥʘʷ ʧʘʨʘ ʠ ʨʘʤʘ ʪʝʣʝʞʢʠ ʩʚʷʟʘʥʳ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʯʝʨʝʟ 

ʙʫʢʩʦʚʳʡ ʫʟʝʣ ʧʦʚʦʜʢʘʤʠ, ʨʝʟʠʥʦʚʳʝ ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʳʭ, ʚ ʦʩʥʦʚʥʦʤ, ʠ ʦʧʨʝʜʝʣʷʶʪ 

ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʠ ʫʛʣʦʚʦʤ ʧʝʨʝʤʝʱʝʥʠʷʭ. 

ʀʟʤʝʥʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʨʝʟʠʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʚʦʜʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʘʢ 

ʧʦʧʝʨʝʯʥʦʡ, ʪʘʢ ʠ ʫʛʣʦʚʦʡ ʞʝʩʪʢʦʩʪʠ ʩʚʷʟʠ çʢʦʣʝʩʥʘʷ ʧʘʨʘ ï ʨʘʤʘ ʪʝʣʝʞʢʠè, ʘ ʪʘʢʞʝ 

ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚ ʩʚʷʟʠ çʢʦʣʝʩʥʘʷ ʧʘʨʘ ï ʨʘʤʘ ʪʝʣʝʞʢʠè.  

ʅʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5 ʧʦʢʘʟʘʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʝʨʦʷʪʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʤʥʳʭ ʩʠʣ ʧʝʨʚʦʡ ʪʝʣʝʞʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʧʝʨʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʩʚʷʟʠ çʢʦʣʝʩʥʘʷ ʧʘʨʘ ï ʨʘʤʘ ʪʝʣʝʞʢʠè ʜʣʷ 

ʫʯʘʩʪʢʦʚ ʧʫʪʠ: ʧʨʷʤʘʷ (V = 110 ʢʤ/ʯ); ʢʨʠʚʘʷ ʨʘʜʠʫʩʦʤ 650 ʤ (V = 110 ʢʤ/ʯ); ʢʨʠʚʘʷ 

ʨʘʜʠʫʩʦʤ 350 ʤ (V = 80 ʢʤ/ʯ); ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʧʝʨʚʘʷ ʢʦʣʝʩʥʘʷ ʧʘʨʘ, ʰʪʨʠʭʦʚʘʷ ï 

ʚʪʦʨʘʷ. 

 
ʈʠʩʫʥʦʢ 4. ʉʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 

ʨʘʤʥʳʭ ʩʠʣ 

 
ʈʠʩʫʥʦʢ 5. ʄʘʢʩʠʤʘʣʴʥʳʝ ʚʝʨʦʷʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʨʘʤʥʳʭ ʩʠʣ 

 
ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʡ ʧʦʧʝʨʝʯʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʩʚʷʟʠ çʢʦʣʝʩʥʘʷ ʧʘʨʘ ï ʨʘʤʘ ʪʝʣʝʞʢʠè 10...25 ʄʅ/ʤ ʠʟʤʝʥʝʥʠʝ ʨʘʤʥʳʭ ʩʠʣ 
ʠʤʝʝʪ ʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠ 
ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʨʘʤʥʳʭ ʩʠʣ ʠʟʤʝʥʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ 
ʦʢʘʟʳʚʘʝʪ ʚ ʧʨʷʤʦʡ, ʘ ʥʘʠʤʝʥʴʰʝʝ ï ʚ ʢʨʫʪʳʭ ʢʨʠʚʳʭ. ʉʥʠʞʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʦʪ 25 ʜʦ 16 
ʄʅ/ʤ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʘʤʥʳʭ ʩʠʣ ʚ ʧʦʣʦʛʠʭ 
ʢʨʠʚʳʭ ʠ ʧʨʷʤʳʭ ʥʘ 5...10%, ʘ ʩʥʠʞʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʦʪ 16 ʜʦ 10 ʄʅ/ʤ ï ʥʘ 5...15%. 
ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʤʥʳʭ ʩʠʣ ʚ ʢʨʫʪʳʭ ʢʨʠʚʳʭ ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ ʚʝʣʠʯʠʥʳ 
ʧʦʧʝʨʝʯʥʦʡ ʞʝʩʪʢʦʩʪʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤʠ ʩʪʘʪʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʵʪʠʭ 
ʩʠʣ. 

ʇʨʦʚʝʜʝʤ ʪʘʢʞʝ ʦʮʝʥʢʫ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ ʢʫʟʦʚʘ ʰʝʩʪʠʦʩʥʦʡ ʩʝʢʮʠʠ, ʯʪʦ 
ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʝʨʚʦʡ ʯʘʩʪʦʪʝ ʩʦʙʩʪʚʝʥʥʳʭ 
ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʘʷ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʝʝ 8 ɻʮ [9].  

ɼʣʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʝʨʚʘʷ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʫʟʦʚʘ 
ʧʨʠʙʣʠʞʝʥʥʦ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʫʣʳ [9]:  
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ʛʜʝ  L ï ʜʣʠʥʘ ʢʫʟʦʚʘ, ʤ; 

a ï ʧʝʨʚʳʡ ʥʝʥʫʣʝʚʦʡ ʢʦʨʝʥʴ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 1cos =aÖa LchL ; 
m ï ʤʘʩʩʘ ʝʜʠʥʠʮʳ ʜʣʠʥʳ ʢʫʟʦʚʘ, ʢʛ/ʤ; 
J ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʨʝʜʥʝʛʦ ʩʝʯʝʥʠʷ ʢʫʟʦʚʘ, ʤ

4
;  

E ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʫʟʦʚʘ, ʇʘ; 
k ï ʦʧʳʪʥʳʡ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 



ð 66 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ɽʩʣʠ ʠʤʝʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʯʘʩʪʦʪʝ ʢʫʟʦʚʘ, ʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ k ʦʪʧʘʜʘʝʪ [10, 11]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʵʣʝʢʪʨʦʚʦʟʘ ɺʃ85 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ 
ʢʫʟʦʚʘ ʩʦʩʪʘʚʣʷʝʪ 10 ɻʮ, ʘ ʧʦʩʣʝʜʫʶʱʠʝ ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ 
ʢʫʟʦʚʘ ʵʣʝʢʪʨʦʚʦʟʘ ʚʳʷʚʠʣʠ ʢʦʣʝʙʘʥʠʷ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʯʘʩʪʦʪʘʤʠ ʦʢʦʣʦ 11 ɻʮ [9]. 
ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʧʨʠʯʠʥʫ ʨʘʩʭʦʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʫʩʪʘʥʦʚʠʪʴ ʥʝ 
ʫʜʘʣʦʩʴ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ 10é11 ɻʮ, ʥʘ ʙʘʟʝ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʬʦʨʤʫʣʳ 
ʙʳʣ ʚʳʯʠʩʣʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ ʢʫʟʦʚʘ 
5700é8000 ʄʅĿʤ

2
. ʋʪʦʯʥʠʪʴ ʟʥʘʯʝʥʠʷ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ ʠ ʯʘʩʪʦʪ ʠʟʛʠʙʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ [12], ʯʪʦ ʚʘʞʥʦ 
ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʥʝʩʫʱʝʡ ʨʘʤʦʡ ʢ ʮʝʣʴʥʦʥʝʩʫʱʝʤʫ ʢʫʟʦʚʫ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʳʙʦʨʫ 
ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʧʝʨʝʯʥʳʭ ʫʧʨʫʛʠʭ ʩʚʷʟʝʡ ʰʝʩʪʠʦʩʥʦʛʦ ʵʢʠʧʘʞʘ 
ʵʣʝʢʪʨʦʚʦʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

1. ʇʨʦʙʣʝʤʘ ʩʥʠʞʝʥʠʷ ʨʘʤʥʳʭ ʩʠʣ ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 
ʨʝʰʝʥʘ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʚ ʙʫʢʩʦʚʦʤ ʫʟʣʝ. ʇʨʠʟʥʘʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 
ʫʤʝʥʴʰʠʪʴ ʧʦʧʝʨʝʯʥʫʶ ʞʝʩʪʢʦʩʪʴ ʩʚʷʟʠ çʢʦʣʝʩʥʘʷ ʧʘʨʘ ï ʨʘʤʘ ʪʝʣʝʞʢʠè ʜʦ ʚʝʣʠʯʠʥʳ 
10 ʄʅ/ʤ, ʯʪʦ ʫʣʫʯʰʠʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʵʢʠʧʘʞʘ ʚ ʧʨʷʤʳʭ ʠ ʧʦʣʦʛʠʭ ʢʨʠʚʳʭ. 

2. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʘʤʥʳʭ ʩʠʣ, 
ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʞʝʩʪʢʠʤ ʟʘʤʳʢʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʧʨʫʛʦʛʦ ʫʧʦʨʘ ʧʨʠ ʜʚʠʞʝʥʠʠ 
ʵʢʠʧʘʞʘ ʩ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʚ ʢʨʠʚʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʚʝʣʠʯʠʪʴ 
ʫʧʨʫʛʦʝ ʧʦʧʝʨʝʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʢʨʘʡʥʠʭ ʪʝʣʝʞʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʫʟʦʚʘ ʜʦ ʚʝʣʠʯʠʥʳ Ñ 
45 ʤʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʤʥʳʝ ʩʠʣʳ ʥʘ 10...30%. 
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ɺʚʝʜʝʥʠʝ 

ʆʨʛʘʥʠʟʘʮʠʷ open - air (ʦʪ ʘʥʛʣ. ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ) ʤʝʨʦʧʨʠʷʪʠʡ ʩʚʷʟʘʥʦ ʩ 

ʜʣʠʪʝʣʴʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʦʡ: ʧʦʠʩʢʦʤ ʪʨʘʥʩʧʦʨʪʘ ʩ ʜʦʩʪʘʪʦʯʥʳʤʠ 

ʛʘʙʘʨʠʪʘʤʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʩʮʝʥʳ, ʫʧʘʢʦʚʢʘ ʠ ʟʘʛʨʫʟʢʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʮʝʥʳ, ʪʨʘʥʟʠʪ ʜʦ ʪʦʯʢʠ ʥʘʟʥʘʯʝʥʠʷ,  ʨʘʟʛʨʫʟʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʩʮʝʥʳ, 

ʩʙʦʨʢʘ ʩʮʝʥʳ, ʥʘʩʪʨʦʡʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʤʝʨʦʧʨʠʷʪʠʷ. ʇʦʩʣʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʪʨʝʙʫʶʪʩʷ ʦʪʢʣʶʯʠʪʴ ʚʩʸ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʨʘʟʦʙʨʘʪʴ ʩʮʝʥʫ, ʯʪʦ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʬʠʣʷ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ ʨʘʙʦʪ. ʇʦʵʪʦʤʫ, ʘʚʪʦʨʦʤ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ 

ʤʫʣʴʪʠʤʝʜʠʘʢʦʤʧʣʝʢʩ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʨʦʚʝʜʝʥʠʶ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʤʫʣʴʪʠʤʝʜʠʘʢʦʤʧʣʝʢʩ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʤʥʦʞʝʩʪʚʦ 

ʟʘʜʘʯ. ɿʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳ: ʘʛʠʪʘʮʠʷ, ʚʳʩʪʫʧʣʝʥʠʝ ʤʫʟʳʢʘʣʴʥʦʡ ʛʨʫʧʧʳ, 

ʧʨʦʚʝʜʝʥʠʝ open-air ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʧʨʘʟʜʥʠʢʦʚ, ʨʝʢʣʘʤʘ. ɺʦʟʤʦʞʥʦʩʪʠ ʥʘ ʵʪʦʤ ʥʝ 

ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʣʠʰʴ ʬʘʥʪʘʟʠʝʡ ʟʘʢʘʟʯʠʢʘ.  

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʤʫʣʴʪʠʤʝʜʠʘʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ɻʦʣʦʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʫʩʠʣʠʪʝʣʝʡ, ʜʠʥʘʤʠʢʦʚ ʠ ʧʠʪʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ (ʘʢʢʫʤʫʣʷʪʦʨʦʚ).  

ɻʦʣʦʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ɻʋ) - ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʢʦʪʦʨʦʛʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʟʚʫʢʦʚʦʡ ʠʣʠ ʚʠʜʝʦʩʠʛʥʘʣ (ʧʨʦʠʛʨʳʚʘʥʠʝ ʤʫʟʳʢʠ ʠʣʠ ʚʠʜʝʦ). ɻʋ 

ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʦʣʘ, ʧʣʝʝʨ, ʥʦʫʪʙʫʢ ʠʣʠ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ.  ʈʘʟʣʠʯʘʶʪʩʷ ɻʋ 

ʧʦʜʜʝʨʞʢʦʡ ʬʦʨʤʘʪʦʚ, ʢʦʣʠʯʝʩʪʚʦʤ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʢʘʥʘʣʦʚ. ɻʋ ʙʳʚʘʶʪ 

ʚʩʪʨʦʝʥʥʳʤʠ (ʤʘʛʥʠʪʦʣʘ) ʠʣʠ ʚʥʝʰʥʠʤʠ (ʥʦʫʪʙʫʢ). 

ɻʦʣʦʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʢʣʶʯʝʥʦ ʢ ʫʩʠʣʠʪʝʣʷʤ. ʋʩʠʣʠʪʝʣʠ ʛʦʪʦʚʷʪ ʣʠʥʝʡʥʳʡ 

ʩʠʛʥʘʣ ʜʣʷ ʧʝʨʝʜʘʯʠ ʝʛʦ ʥʘ ʘʢʫʩʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʋʩʠʣʠʪʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʦʝʥʥʳʤʠ 

ʚ ɻʋ ʠʣʠ ʚʥʝʰʥʠʤʠ, ʧʦʜʢʣʶʯʘʶʱʠʤʠʩʷ ʢ ʣʠʥʝʡʥʳʤ ʚʳʭʦʜʘʤ ɻʋ.  

ɺʥʝʰʥʠʝ ʫʩʠʣʠʪʝʣʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ 

ʟʚʫʯʘʥʠʷ. ɿʚʫʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʝʙʘʥʠʷ ʚʦʟʜʫʭʘ ʩ ʯʝʨʝʜʫʶʱʝʡʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʄʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʚʳʜʘʝʪ ʫʩʠʣʠʪʝʣʴ ʜʠʥʘʤʠʢʘʤ, ʤʝʥʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʤʫʟʳʢʘʣʴʥʦʤ ʩʠʛʥʘʣʝ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʶʪ ʧʠʢʠ ʤʦʱʥʦʩʪʠ, 

ʧʨʝʚʳʰʘʶʱʠʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʚʩʪʨʦʝʥʥʳʡ ʚ ɻʋ ʫʩʠʣʠʪʝʣʴ ʥʝ ʦʙʣʘʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʤ ʟʘʧʘʩʦʤ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʩʛʣʘʞʠʚʘʝʪ ʧʠʢʠ ʠ ʢʦʤʧʨʝʩʩʠʨʫʝʪ 

ʩʠʛʥʘʣ, ʜʝʣʘʷ ʟʚʫʢ ʙʦʣʝʝ ʟʘʞʘʪʳʤ ʠ ʩʢʫʜʥʳʤ.  

ʋʩʠʣʠʪʝʣʠ ʜʝʣʷʪʩʷ ʥʘ ʢʣʘʩʩʳ. ʂʘʞʜʳʡ ʢʣʘʩʩ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʠ 

ʜʦʩʪʦʠʥʩʪʚʘʤʠ. ʅʘʧʨʠʤʝʨ, ʢʣʘʩʩ A ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʝʝ ʢʨʘʩʠʚʳʤ ʟʚʫʯʘʥʠʝʤ, ʥʦ ʠʤʝʝʪ 

ʥʠʟʢʠʡ ʂʇɼ - ʤʥʦʛʦ ʤʦʱʥʦʩʪʠ ʫʭʦʜʠʪ ʚ ʥʘʛʨʝʚ. ʂʣʘʩʩ B ʥʘʧʨʦʪʠʚ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ 

ʂʇɼ, ʥʦ ʠʤʝʝʪ çʩʪʫʧʝʥʴʢʠè - ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʘ. ʂʣʘʩʩ AB ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʠʤʙʠʦʟ ʜʚʫʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʣʘʩʩʦʚ, ʚ ʢʦʪʦʨʦʤ ʩʛʣʘʞʝʥʳ ʠʭ ʥʝʜʦʩʪʘʪʢʠ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʳʤ ʚ ʘʚʪʦʤʦʙʠʣʷʭ ʷʚʣʷʝʪʩʷ ʫʩʠʣʠʪʝʣʴ ʢʣʘʩʩʘ H - ʵʪʦ ʧʦʯʪʠ ʪʦʪ ʞʝ ʢʣʘʩʩ 

AB, ʥʦ ʩʦ ʩʭʝʤʦʡ ʫʜʚʦʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʆʩʪʘʣʴʥʳʝ ʢʣʘʩʩʳ ʧʦʯʪʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʫʩʠʣʠʪʝʣʷʭ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʠʣʠʪʝʣʠ ʤʦʛʫʪ ʦʩʥʘʱʘʪʴʩʷ ʬʠʣʴʪʨʘʤʠ; ʩʘʙʩʦʥʠʢʘʤʠ, ʙʘʩ 

ʙʫʩʪʘʤʠ, ʩʝʣʝʢʪʦʨʘʤʠ ʬʘʟʳ ʠ ʬʘʟʦʚʨʘʱʘʪʝʣʷʤʠ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ.  



ð 68 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɼʠʥʘʤʠʢʠ ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ ʤʥʦʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʀ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʪʜʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʫʩʠʣʠʪʝʣʝʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʳʭ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʤʝʩʪʘ ʥʘʭʦʞʜʝʥʠʷ ʜʠʥʘʤʠʢʠ ʧʦʜʙʠʨʘʶʪʩʷ ʧʦ ʤʘʪʝʨʠʘʣʫ, ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ (ʚʝʣʠʯʠʥʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʚʳʥʦʩʣʠʚʦʩʪʴ ʜʠʥʘʤʠʢʘ), ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

(ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʥʥʘʷ ʤʦʱʥʦʩʪʴ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʟʚʫʢ), ʧʘʨʘʤʝʪʨʘʤ ʊʠʣʣʷ-

ʉʤʦʣʣʘ: ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ, ʜʦʙʨʦʪʥʦʩʪʠ (ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʛʘʰʝʥʠʶ ʩʦʙʩʪʚʝʥʥʳʭ 

ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ), ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʦʙʲʝʤʫ (ʚʝʣʠʯʠʥʘ ʦʙʲʝʤʘ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ 

ʦʙʣʘʜʘʝʪ ʞʝʩʪʢʦʩʪʴʶ ʧʦʜʚʝʩʘ ʧʨʠ ʚʣʠʷʥʠʠ ʜʠʬʬʫʟʦʨʘ); ʠʤʧʝʥʜʘʥʩʫ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʟʘʚʠʩʷʱʝʝ ʦʪ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ), ʘʢʫʩʪʠʯʝʩʢʦʤʫ ʦʬʦʨʤʣʝʥʠʶ (ʥʘʩʢʦʣʴʢʦ ʟʘʜʥʷʷ ʯʘʩʪʴ 

ʜʠʥʘʤʠʢʘ ʦʪʢʨʳʪʘ ʠʣʠ ʟʘʢʨʳʪʘ), ʥʘʣʠʯʠʶ ʬʘʟʦʠʥʚʝʨʪʦʨʘ (ʨʘʟʚʦʨʘʯʠʚʘʝʪ ʪʦʣʢʘʝʤʳʡ 

ʥʘʟʘʜ ʜʠʥʘʤʠʢʦʤ ʚʦʟʜʫʭ ʚʧʝʨʝʜ, ʫʚʝʣʠʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʛʨʦʤʢʦʩʪʴ), ʢʦʣʠʯʝʩʪʚʫ ʧʦʣʦʩ. [3] 

ʇʠʪʘʥʠʝ ʚʩʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ, ʪʘʢ ʢʘʢ ʤʦʱʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

(ʨʠʩʫʥʦʢ 1, 2) 

 

 

ʈʠʩʫʥʦʢ 1 ʉʭʝʤʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʘʢʢʫʤʫʣʷʪʦʨʦʚ 

 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʠʢʘ 

ʆʙʲʝʢʪ - ʦʨʛʘʥʠʟʘʮʠʷ ʩʦʙʳʪʠʡʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʘʚʪʦʪʫʨʠʩʪʦʚ 

ʇʨʝʜʤʝʪ - ʦʩʥʘʱʝʥʠʝ ɻɸɿ ɻɸɿʝʣʴ NEXT ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʤʫʣʴʪʠʤʝʜʠʘ 

ʢʦʤʧʣʝʢʩʦʤ. 

ʇʨʠʥʮʠʧ ʦʩʥʘʱʝʥʠʷ ɻɸɿ ɻɸɿʝʣʴ NEXT ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʤʫʣʴʪʠʤʝʜʠʘ 

ʢʦʤʧʣʝʢʩʦʤ, ʩʦʩʪʦʠʪ ʚ ʜʦʦʙʦʨʫʜʦʚʘʥʠʠ LCV ʬʫʨʛʦʥʘ ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʌʫʨʛʦʥ, ʦʙʦʨʫʜʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʤʫʣʴʪʠʤʝʜʠʘ ʢʦʤʧʣʝʢʩʦʤ, ʜʦʝʟʞʘʷ 

ʜʦ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʷ, ʚ ʢʨʘʪʯʘʡʰʝʝ ʚʨʝʤʷ ʤʦʞʝʪ ʙʳʪʴ ʛʦʪʦʚ ʢ ʨʘʙʦʪʝ. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʦʩʥʘʱʝʥʠʶ ʬʫʨʛʦʥʘ ɻʘʟ ɻɸɿʝʣʴ NEXT ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ 

ʤʫʣʴʪʠʤʝʜʠʘʢʦʤʧʣʝʢʩʦʤ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʆʂɺʕɼ2 (ʆʂ 029-2014) ʠ ʦʙʱʝʨʦʩʩʠʡʩʢʠʤ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ ʧʨʦʜʫʢʮʠʠ ʧʦ ʚʠʜʘʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʆʂʇɼ2) ʆʂ 034-

2014 (ʂʇɽʉ 2008): ʢʦʜ - 45.20.1 - ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʣʝʛʢʠʭ ʛʨʫʟʦʚʳʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ. 

ɺʳʙʦʨ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ.  

ʉʧʠʩʦʢ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʭʦʜʷʱʠʡ ʚ ʤʫʣʴʪʠʤʝʜʠʘʢʦʤʧʣʝʢʩ: 
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+ + 
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- + 

 
- + 

 

- + 

 

- + 

 

ͬ.΅. ˭Φ ̂Φ ˭Φ̂Φ ˭Φ̂Φ 

+ + + + 

ͥͦ έΧΔΧΡ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 69 ð   

 

ɼʣʷ ʫʩʠʣʝʥʠʷ ʟʚʫʯʘʥʠʷ ʛʦʣʦʩʘ: 

- ʄʠʢʰʝʨʥʳʡ ʧʫʣʴʪ BEHRINGER XENYX QX1222USB17 870,00 ʨʫʙ. - 

ʚʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ, 

ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʘʢ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʥʦʫʪʙʫʢʘ, ʪʘʢ ʠ ʤʠʢʨʦʬʦʥʦʚ. 

- ʄʠʢʨʦʬʦʥ Shure SM58S6 374,00ʨʫʙ.  6 ʰʪʫʢ - ʚʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ 

ʢʘʯʝʩʪʚʦʤ ʤʠʢʨʦʬʦʥʦʚ ʠ ʯʝʪʢʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʨʝʯʠ; ʤʠʢʨʦʬʦʥʳ ʵʪʦʡ 

ʤʘʨʢʠ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʫʟʳʢʘʥʪʘʤʠ ʠ ʘʨʪʠʩʪʘʤʠ. ɺʳʙʦʨ ʤʦʜʝʣʠ 

ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʥʳ ʠ ʢʘʯʝʩʪʚʘ. 

ɻʦʣʦʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ: 

- ʄʘʛʥʠʪʦʣʘ Pioneer MVH 390 BT 5 950, 00 ʨʫʙ. / ʥʦʫʪʙʫʢ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ. ɼʘʥʥʘʷ ʤʘʛʥʠʪʦʣʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʰʪʘʪʥʦʛʦ ɻʋ ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴʩʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤʠ ʚʳʭʦʜʘʤʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʚʥʝʰʥʠʤ 

ʫʩʠʣʠʪʝʣʷʤ, ʦʙʣʘʜʘʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʩʪʦʛʦ ʧʨʦʠʛʨʳʚʘʥʠʷ ʤʫʟʳʢʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʢʣʶʯʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʤʝʩʪʝ ʩ ʬʦʥʦʛʨʘʤʤʦʡ, ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʢʣʶʯʠʪʴ ʥʦʫʪʙʫʢ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʩʠʛʥʘʣ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ. 

- ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ KS-050 1990,00 ʨʫʙ. ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʧʠʪʘʥʠʷ ʧʫʣʴʪʘ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 

- 4 ɸʢʢʫʤʫʣʷʪʦʨʘ, ʚʢʣʶʯʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ - Optima Yellow Top 

8014 - 254; 55 ɸ/ʯ; 18 200 ʨʫʙ. 

- ɿʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʘʢʢʫʤʫʣʷʪʦʨʦʚ Optima ɼʆ00-10. ʈʘʟʨʘʙʦʪʘʥ 

ʨʷʟʘʥʩʢʠʤ ʨʘʜʠʦ ʟʘʚʦʜʦʤ, ʧʨʦʠʟʚʦʜʩʪʚʦ çʆʆʆ ʃʠʤʠʢʦʨè 4 ʰʪʫʢʠ, ʧʦ 

3000 ʨʫʙ.  

- ʋʩʠʣʠʪʝʣʠ Machete MA - 450.1D. ʂʣʘʩʩ ɸɺ, 1 ʢʘʥʘʣ. 2 ʰʪʫʢʠ ʧʦ 6944 

ʨʫʙ. 

- 3 ʧʦʣʦʩʥʘʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ HECO Elementa 700 Black Satin. 2 ʰʪ, 
119 000 ʨʫʙ.  

ɺʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʨʘʟʤʝʨʘʤʠ ʜʚʝʨʝʡ, ʥʘʣʠʯʠʝʤ 4 ʢʣʝʤʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʫʩʠʣʠʪʝʣʝʡ ʠ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʘʤ ʧʨʦʠʛʨʳʚʘʝʤʳʭ ʯʘʩʪʦʪ. ɺʳʧʦʣʥʝʥʥʘʷ ʚ ʢʦʨʧʫʩʝ 

ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʫʩʪʘʥʦʚʢʫ ʥʘ ʜʚʝʨʠ ʠ ʧʦʟʚʦʣʠʪ ʩʵʢʦʥʦʤʠʪʴ 

ʚʨʝʤʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʨʦʙʦʚ ʠ ʫʩʪʘʥʦʚʢʫ ʜʠʥʘʤʠʢʦʚ. 

ʇʨʦʚʦʜʘ ʠ ʰʥʫʨʳ: 

- 6 ʰʥʫʨʦʚ ʩ ʨʘʟʲʝʤʘʤʠ XLR-Jack (ʜʣʷ ʤʠʢʨʦʬʦʥʦʚ) 631 ʨʫʙ. 

- 56 ʰʥʫʨʦʚ ʩ ʨʘʟʲʝʤʘʤʠ 3.5ʤʤ 1309 ʨʫʙ. 

- 11 ʰʥʫʨʦʚ ʩ ʨʘʟʲʝʤʘʤʠ Jack 1964 ʨʫʙ. 

- ɼʦʤʢʨʘʪ ʚʠʥʪʦʚʦʡ ɻʘʟʝʣʴ 2 ʰʪ ʧʦ 572 ʨʫʙ. ɼʣʷ ʩʪʨʘʭʦʚʢʠ ʜʚʝʨʝʡ, ʚʳʙʦʨ 
ʦʙʫʩʣʦʚʣʝʥ ʫʜʦʙʥʦʡ ʚʝʨʭʥʠʤ ʢʨʝʧʣʝʥʠʝʤ ʜʣʷ ʜʚʝʨʠ. 

ʈʘʩʯʝʪ ʥʦʨʤʳ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʫʛʠ 

ʅʦʨʤʳ ʚʨʝʤʝʥʠ ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʯʝʣʦʚʝʢʦ-ʯʘʩʘʭ ʠ ʫʢʘʟʳʚʘʶʪ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ 

ʨʘʙʦʪʳ, ʢʦʪʦʨʘʷ ʧʦʜʣʝʞʠʪ ʚʳʧʦʣʥʝʥʠʶ ʦʜʥʠʤ ʠʩʧʦʣʥʠʪʝʣʝʤ. ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

˚̃̑˟̏Ͻ̐ρ
˗

 ʯʝʣ. ʯʘʩ (2.1)  

ʛʜʝ ʅʚʨ - ʥʦʨʤʘ ʚʨʝʤʝʥʠ ʥʘ ʦʧʝʨʘʮʠʶ, ʊʦʧ - ʚʨʝʤʷ ʥʘ ʦʧʝʨʘʮʠʶ (ʯʝʣ.ʯʘʩʳ), ʘ ʂ - ʩʫʤʤʘ 

ʚʨʝʤʝʥʠ ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ 

ʠ ʦʩʪʘʣʴʥʳʝ ʣʠʯʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʦʩʥʦʚʥʦʛʦ ʚʨʝʤʝʥʠ.  



ð 70 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʟʘʪʨʘʪ ʥʘ ʧʦʜʦʙʥʳʝ ʦʧʝʨʘʮʠʠ, ʚ ʩʨʝʜʥʝʤ K ʩʦʩʪʘʚʣʷʝʪ 13 

ʧʨʦʮʝʥʪʦʚ. ɿʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʦʚ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʟʘʥʝʩʝʥʳ ʚ 

ʪʘʙʣʠʮʫ 2.4, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ. 

ʈʘʩʩʯʠʪʘʝʤ ʥʦʨʤʫ ʚʨʝʤʝʥʠ ʥʘ ʦʧʝʨʘʮʠʶ ˉ40, ʫʩʪʘʥʦʚʢʘ ʛʝʥʝʨʘʪʦʨʦʚ. 

˚̃̑ ςϽρ
Ȣ

ςϽρȢρτψςȢςωφ ʯʝʣ.ʯʘʩ 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʯʠʪʘʝʤ ʥʦʨʤʫ ʚʨʝʤʝʥʠ ʥʘ ʦʧʝʨʘʮʠʶ ˉ 45. ʋʩʪʘʥʦʚʢʘ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 

˚̃̑ςϽρ
Ȣ

ςϽρȢρτψςȢςωφ ʯʝʣ. ʏʘʩ 

ɺʟʷʪʴ ʩʨʝʜʥʠʡ ʢʦʵʬ 14.8, ʠ 1 ʨʘʟ ʩʦʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʡ 

ʫʩʣʫʛʠ. 

ʅʦʨʤʘ ʚʨʝʤʝʥʠ ʥʘ ʦʧʝʨʘʮʠʶ ˉ30 ʩʦʩʪʘʚʠʪ ʅʚʨ =40 * 1,12 = 44.8 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʯʠʪʳʚʘʝʤ ʩʫʤʤʫ ʚʩʝʭ ʦʜʥʦʪʠʧʥʳʭ ʨʘʙʦʪ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʠ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ ʠ ʪʘʙʣʠʮʳ ʚʳʩʯʠʪʳʚʘʝʤ ʦʙʱʫʶ ʥʦʨʤʫ 

ʚʨʝʤʝʥʠ ʥʘ ʚʩʶ ʨʘʙʦʪʫ. ʅʦʨʤʘ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪʳ ʧʦ ʫʩʪʘʥʦʚʢʝ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʤʫʣʴʪʠʤʝʜʠʘ ʢʦʤʧʣʝʢʩʘ, ʙʝʟ ʫʯʝʪʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʤʦʡʢʠ ʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʩʦʩʪʘʚʣʷʝʪ: 

˚̃̑ ς τ σ σ τϽρ
Ȣ

ρφϽρ  τπςπ τπ σϽ

ρ σ ψ ψϽρ ψȢςϽρ ρφϽρȢρτυρφϽρȢρς ρπσϽ

ρȢρσ ρωϽρȢρςψȢςϽρȢρς ρψȢσς ρχȢωςρρφȢσω ςρȢςψ ψȢωφ ρψςȢψχ ʏʝʣ. 

ʯʘʩ [4] 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʤʫʣʴʪʠʤʝʜʠʘʢʦʤʧʣʝʢʩ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ (ʨʠʩʫʥʦʢ 3,4):  
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ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʩʪʝʥʜʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʢʨʘʥʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʪʝʥʜʦʚʳʭ ʫʩʣʦʚʠʷʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʝʩʪʦʨʦʥʥʝ 

ʠʟʫʯʠʪʴ ʨʘʙʦʪʫ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ, ʩʥʷʪʴ ʝʛʦ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʦʪʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʦʤ, ʧʨʦʚʝʨʠʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʩʥʦʚʫ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʨʘʩʯʝʪʘ ʧʨʠʚʦʜʘ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʲʝʤʘ ʛʨʫʟʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʥʜ, ʛʠʜʨʦʤʦʪʦʨ, ʛʠʜʨʦʤʘʥʠʧʫʣʷʪʦʨ, ʵʥʢʦʜʝʨ, 

ʪʝʥʟʦʨʝʟʠʩʪʦʨ, ʪʝʥʟʦʜʘʪʯʠʢ, ʦʙʲʝʤʥʳʡ ʧʨʠʚʦʜ, ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʨʠʚʦʜ. 

 

Abstract 

The article is devoted to the description of the stand for conducting experimental 

studies of the characteristics of the hydrostatic drive of crane mechanisms. Conducting 

research in bench conditions makes it possible to thoroughly study the operation of the 

hydrostatic drive, remove its main characteristics, work out the remote and software control 

systems of the drive, check the performance of individual units and form the basis for the 

theoretical calculation of the drive mechanisms for lifting loads. 

Keywords: stand, hydraulic motor, hydraulic manipulator, encoder, strain gauge, load 

cell, volume drive, hydrostatic drive. 

 

ʆʪʨʘʙʦʪʢʘ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʠ ʧʨʦʚʝʨʢʘ ʝʛʦ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʩʪʝʥʜʦʚʳʭ ʫʩʣʦʚʠʷʭ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ ʢʨʘʥʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ. ɹʣʘʛʦʜʘʨʷ 

ʩʪʝʥʜʦʚʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦʜʪʚʝʨʜʠʪʴ ʪʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ, ʢʘʢ: ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʘʩʠʥʭʨʦʥʥʳʤ ʧʨʠʚʦʜʦʤ ʥʘ ʦʩʥʦʚʝ ʜʚʠʛʘʪʝʣʷ ʩ ʬʘʟʥʳʤ ʨʦʪʦʨʦʤ, 

ʫʤʝʥʴʰʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʫʤʝʥʴʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ. ʊʘʢʞʝ ʩʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʣʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʙʦʯʠʝ 

ʮʠʢʣʳ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ. 

ʉ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʝʥʜʫ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʦʙʲʝʤʥʦʛʦ ʧʨʠʚʦʜʘ ʤʝʭʘʥʠʟʤʘ ʧʦʜʲʝʤʘ ʛʨʫʟʘ. 

ʀʪʘʢ, ʥʘ ʩʪʝʥʜʝ ʜʦʣʞʥʘ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʨʠʚʦʜʦʚ 

ʛʠʜʨʦʤʘʥʠʧʫʣʷʪʦʨʘ, ʢʦʪʦʨʘʷ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʥʘʛʨʫʟʢʠ. 

ɺ ʩʪʘʪʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʩʪʝʥʜ ʜʦʣʞʝʥ ʧʦʟʚʦʣʠʪʴ ʦʧʨʝʜʝʣʷʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʚʘʨʠʘʥʪʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʠʥʠʤʠʟʘʮʠʠ ʯʠʩʣʘ 

ʨʘʙʦʯʠʭ ʜʚʠʞʝʥʠʡ ʧʨʠ ʥʘʚʦʜʢʝ ʛʠʜʨʦʤʘʥʠʧʫʣʷʪʦʨʘ ʥʘ ʦʙʲʝʢʪ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʙʦʪʳ ʛʠʜʨʦʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʠ ʚʩʪʨʝʯʥʦʡ ʠ ʧʦʧʫʪʥʦʡ ʥʘʛʨʫʟʢʘʭ ʥʘ ʨʘʙʦʯʝʤ ʦʨʛʘʥʝ. 

ɺ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʡ ʚʝʣʠʯʠʥ ʜʘʚʣʝʥʠʷ ʚ 

ʛʠʜʨʦʩʠʩʪʝʤʝ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʠ ʟʘʧʫʩʢʝ ʤʝʭʘʥʠʟʤʦʚ, ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʦʚ, 

ʧʦʜʲʝʤʝ ʠ ʦʧʫʩʢʘʥʠʠ ʛʨʫʟʘ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʨʳ 



ð 72 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʣʘʚʥʦʩʪʠ ʨʘʙʦʪʳ ʛʠʜʨʦʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ ʥʘ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ 

ʨʘʟʜʝʣʴʥʦʛʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʘ ʩ 

ʥʠʟʢʦʤʦʤʝʥʪʥʳʤ ʛʠʜʨʦʜʚʠʛʘʪʝʣʝʤ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʙʦʪʫ 

ʧʨʠʚʦʜʘ ʧʨʠ ʧʫʩʢʦ-ʪʦʨʤʦʟʥʳʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʨʝʞʠʤʘʭ. 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʩʪʦʚʦʡ ʢʨʘʥ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʜʣʷ 

ʢʘʞʜʦʛʦ ʨʘʙʦʯʝʛʦ ʜʚʠʞʝʥʠʷ ʚ ʪʨʝʭ ʧʣʦʩʢʦʩʪʷʭ ʩʣʝʜʫʶʱʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ 

ʤʝʭʘʥʠʟʤʳ: 

- ʤʝʭʘʥʠʟʤ ʧʦʜʲʝʤʘ ʠ ʦʧʫʩʢʘʥʠʷ ʛʨʫʟʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʪʝʣʝʞʢʝ, ʠ 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʣʝʙʝʜʢʫ ʩ ʧʦʣʠʩʧʘʩʪʦʤ ʠ ʢʨʶʢʦʤ; 

 
 

 
 
ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʤʝʭʘʥʠʟʤʘ ʧʦʜʲʝʤʘ ʛʨʫʟʘ 

ʩ ʦʙʲʝʤʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

 

- ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʚʠʞʝʥʠʷ ʢʨʘʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʧʨʠʚʦʜʠʪʩʷ 
ʚ ʜʚʠʞʝʥʠʝ ʜʚʫʤʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʠ ʤʦʩʪʘ); 

- ʤʝʭʘʥʠʟʤ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʦʥʳ ʨʘʙʦʪʳ ʢʨʘʥʘ (ʧʝʨʝʜʚʠʞʝʥʠʷ ʪʝʣʝʞʢʠ). 
ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʚʩʝʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʩʪʨʦʝʥ ʧʦ ʩʭʝʤʝ çʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ - 

ʘʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴè (ʇʏ-ɸɼ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʘʥʦʚ. 

1 ï ʧʨʠʚʦʜʥʦʡ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 

2 - ʥʘʩʦʩ; 

3 - ʧʦʧʦʣʥʷʝʤʳʡ ʙʘʯʦʢ; 

4 - ʜʨʝʥʘʞʥʳʡ 

ʪʨʫʙʦʧʨʦʚʦʜ; 

5 - ʪʦʨʤʦʟ; 

6 - ʛʠʜʨʦʤʦʪʦʨ; 

7 - ʪʨʫʙʦʧʨʦʚʦʜʳ; 

8 - ʜʘʪʯʠʢ ʫʛʣʘ ʧʦʚʦʨʦʪʘ; 

9 - ʩʝʨʚʦʜʚʠʛʘʪʝʣʴ; 

10 - ʪʘʭʦʛʝʥʝʨʘʪʦʨ; 

11 - ʤʘʥʦʤʝʪʨ; 

12 - ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ; 

13 - ʚʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥʥʠʡ 

ʙʘʨʘʙʘʥʳ; 

14 - ʥʘʧʨʘʚʣʷʶʱʘʷ; 

15 - ʢʦʥʪʫʨ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ 

ʤʝʭʘʥʠʟʤʘ ʧʦʜʲʝʤʘ; 

16 - ʛʨʫʟ; 

17 - ʪʝʣʝʞʢʘ; 

18 - ʪʨʫʙʘ 40ʭ60ʭ2; 

19 - ʤʝʩʪʦ ʥʘʢʣʝʠʚʘʥʠʷ 

ʪʝʥʟʦʜʘʪʯʠʢʦʚ; 

20 - ʪʝʥʟʦʜʘʪʯʠʢʠ ʩ 

ʫʩʠʣʝʥʠʝʤ ʜʣʷ 

ʧʝʨʝʜʘʯʠ 

ʨʘʜʠʦʩʠʛʥʘʣʦʚ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 73 ð   

 
ʉʠʣʦʚʘʷ ʯʘʩʪʴ ʚʢʣʶʯʘʝʪ ʘʩʠʥʭʨʦʥʥʳʡ ʪʨʝʭʬʘʟʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʝʭʬʘʟʥʳʝ IGBT-ʤʦʜʫʣʠ (ɸʀʅ1 - ɸʀʅ4) ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ 
ʜʘʪʯʠʢʘʤʠ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪ ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ ʚ ʟʘʤʢʥʫʪʳʭ 
ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʩʪʝʥʜʘ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʢʦʤʧʣʝʢʪʳ ʥʘ ʦʩʥʦʚʝ ʚʩʪʨʦʝʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ 
ʢʦʥʪʨʦʣʣʝʨʦʚ (DSC) ʩʝʨʠʠ TMS320F28 ʬʠʨʤʳ Texas Instruments. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ 
ʤʦʱʥʦʩʪʴ ʢʦʤʧʣʝʢʪʦʚ ʠ ʠʭ ʨʘʟʚʠʪʘʷ ʧʝʨʠʬʝʨʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʢʘʢ ʩʢʘʣʷʨʥʳʝ, 
ʪʘʢ ʠ ʚʝʢʪʦʨʥʳʝ ʮʠʬʨʦʚʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʩʪʝʥʜʘ. ɼʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʥʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʛʦ ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 
(ʙʝʟʜʘʪʯʠʢʦʚʦʝ ʚʝʢʪʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ) ʪʨʘʪʠʪʩʷ ʥʝ ʙʦʣʝʝ 10-26% ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʤʦʱʥʦʩʪʠ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʘ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʨʘʩʰʠʨʝʥʠʶ ʯʠʩʣʘ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʪʝʥʜʘ. 

ʋʧʨʘʚʣʝʥʠʝ ʩʠʣʦʚʦʡ ʯʘʩʪʴʶ ɸʀʅ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʐʀʄ, ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʭʦʜʦʚ ePWM ʢʦʤʧʣʝʢʪʦʚ. ɸʥʘʣʦʛʦʚʳʝ ʩʠʛʥʘʣʳ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʠ 
ʥʘʧʨʷʞʝʥʠʷ ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ ʤʦʜʫʣʷʤʠ ADC. ʉʠʛʥʘʣʳ ʢʦʥʝʯʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ 
(SQ1_1 - SQ3_2) ʠ ʫʩʪʨʦʡʩʪʚ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʚʭʦʜʘʤʠ ʠʣʠ ʚʳʭʦʜʘʤʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ 
ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ GPIO. ɼʣʷ ʩʚʷʟʠ ʢʦʤʧʣʝʢʪʦʚ ʤʝʞʜʫ 
ʩʦʙʦʡ ʠ ʫʧʨʘʚʣʷʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʪʴ, 
ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʩʨʝʜʩʪʚʘʤʠ ʢʦʤʧʣʝʢʪʦʚ (CAN, SPI, SCI, I2C). ʆʧʮʠʦʥʘʣʴʥʦ, ʢʦʤʧʣʝʢʪʳ 
ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʧʫʣʴʩʥʳʝ ʵʥʢʦʜʝʨʳ (G1-G4) ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʠʥʪʝʨʬʝʡʩʫ 
eQEP. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʆʩʥʦʚʥʳʤʠ ʫʟʣʘʤʠ ʩʪʝʥʜʘ ʷʚʣʷʶʪʩʷ: ʧʨʠʚʦʜʥʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʘʢʩʠʘʣʴʥʦ-

ʧʦʨʰʥʝʚʦʡ ʨʝʛʫʣʠʨʫʝʤʳʡ ʥʘʩʦʩ ʩ ʧʦʧʦʣʥʷʝʤʳʤ ʙʘʯʢʦʤ 3, ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʦʡ 
ʛʠʜʨʦʤʦʪʦʨ 6. 

ʉʪʝʥʜ ʩʦʟʜʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚʝʩ ʛʨʫʟʘ 16 ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 53,5 ʢʛ ʜʦ 
629,5 ʢʛ ʩ ʠʥʪʝʨʚʘʣʦʤ 64 ʢʛ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤ ʛʨʫʟʦʤ. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʪʝʥʜʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 
ʧʘʨʘʤʝʪʨʳ. 

 
ʈʠʩ. 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʪʝʥʜʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʟʤʘ ʧʦʜʲʝʤʘ ʛʨʫʟʘ ʩ 

ʫʧʨʘʚʣʷʝʤʳʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ 



ð 74 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʛʠʜʨʦʤʦʪʦʨʘ ʠ ʧʨʠʚʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ ʯʝʨʝʟ ɸʎʇ ʩ ʧʦʤʦʱʴʶ ʪʘʭʦʛʝʥʝʨʘʪʦʨʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ 

ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʝʤ 10, 16, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʫ ʛʠʜʨʦʤʦʪʦʨʘ ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʉʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʤʦʞʝʪ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʠʟʫʘʣʴʥʦ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʚʦʣʴʪʤʝʪʨʦʚ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʊʘʨʠʨʫʶʪʩʷ ʪʘʭʦʛʝʥʝʨʘʪʦʨʳ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʪʦʯʥʳʭ ʪʘʭʦʤʝʪʨʦʚ 

ʯʘʩʦʚʦʛʦ ʪʠʧʘ. ʇʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʛʠʜʨʦʤʦʪʦʨʘ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʜʘʪʯʠʢʦʚ. 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʨʘʟʚʠʚʘʝʤʳʡ ʛʠʜʨʦʜʚʠʛʘʪʝʣʝʤ 20 ʟʘʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʪʝʥʟʦʜʘʪʯʠʢʦʚ, ʥʘʢʣʝʝʥʥʳʭ ʥʘ ʚʘʣ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʦʪ ʪʝʥʟʦʜʘʪʯʠʢʦʚ ʢ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʶ (ɸʎʇ) ʵʪʦʪ ʩʠʛʥʘʣ ʫʩʠʣʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʫʩʠʣʠʪʝʣʝʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʵʪʦʤ ʞʝ ʚʘʣʫ. 

ɼʘʚʣʝʥʠʝ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ 

ʜʘʚʣʝʥʠʷ 12 ʪʨʫʙʯʘʪʦʛʦ ʪʠʧʘ. ʉʠʛʥʘʣ ʦʪ ʥʠʭ ʯʝʨʝʟ ʫʩʠʣʠʪʝʣʴ ʧʦʩʪʫʧʘʝʪ ʜʘʣʴʰʝ ʥʘ 

ɸʎʇ. ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʤʘʥʦʤʝʪʨʳ 11. ʊʘʨʠʨʦʚʢʘ ʜʘʪʯʠʢʦʚ 

ʜʘʚʣʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʛʨʫʟʦʧʦʨʰʥʝʚʦʤ ʤʘʥʦʤʝʪʨʝ. ʀʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʥʝʩʫʱʫʶ ʙʘʣʢʫ 18 ʤʦʜʝʣʠ ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʘ ʯʝʨʝʟ ʪʝʣʝʞʢʫ 17, 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ 19. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ (ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʘʣʘ ʩʠʣʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ) 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʦʭʦʨʜʥʦʛʦ ʜʘʪʯʠʢʘ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ. ɺʠʟʫʘʣʴʥʦ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʣʠʤʙʫ. ɿʘ ʥʠʤ ʪʘʨʠʨʫʝʪʩʷ ʜʘʪʯʠʢ ʫʛʣʘ ʧʦʚʦʨʦʪʘ. 

ʄʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʧʨʠʚʦʜʥʳʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʘ ɸʎʇ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʤʦʱʥʦʩʪʠ 

ʪʨʝʭʬʘʟʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʪʠʧʘ ʇ004, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥʘ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʬʬʝʢʪʘ ʍʦʣʣʘ. 

ʊʘʨʠʨʦʚʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʤʦʱʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʢʣʶʯʝʥʥʳʭ ʩ ʥʠʤ ʩʪʨʝʣʦʯʥʳʭ ʚʘʪʪʤʝʪʨʦʚ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʝʥʜ ʦʩʥʘʱʝʥ ʪʦʨʤʦʟʦʤ 5, ʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʧʝʨʝʢʦʩʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʨʫʟʘ 16 - ʥʘʧʨʘʚʣʷʶʱʠʤʠ 14. 

ʉʪʝʥʜ ʦʩʥʘʱʝʥ ʧʦʣʠʩʧʘʩʪʦʤ, ʢʨʘʪʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1 ʜʦ 13. 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʪʦʚ ʜʠʘʤʝʪʨʦʤ 4 ʤʤ ʠ 7 ʤʤ 

ʙʘʨʘʙʘʥ 13 ʚʳʧʦʣʥʝʥ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʢʘʢ ʙʘʨʘʙʘʥ ʚ ʙʘʨʘʙʘʥʝ ʜʣʷ ʙʳʩʪʨʦʡ ʩʤʝʥʳ 

ʜʠʘʤʝʪʨʘ ʠ ʰʘʛʘ ʥʘʨʝʟʢʠ ʥʘ ʙʘʨʘʙʘʥʘʭ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʝʥʜʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ (ʚʨʝʤʷ ʨʘʟʛʦʥʘ ʧʨʠʚʦʜʘ, 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʘ ʟʘʜʘʥʥʦʤ ʩʢʦʨʦʩʪʥʦʤ ʨʝʞʠʤʝ, ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʧʨʠʚʦʜʘ, ʚʨʝʤʷ ʧʘʫʟ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʘ, ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʪ.ʧ.) ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʦʧʝʨʘʪʦʨʘ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʝʥʜʘ ʠ ʥʘʙʦʨ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʛʠʜʨʦʤʦʪʦʨʘ ʧʨʠ ʨʘʟʥʦʡ 

ʟʘʛʨʫʟʢʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʘʥʘʣʠʟ ʧʫʩʢʦ-

ʪʦʨʤʦʟʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ, ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ, ʘʚʘʨʠʡʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢʦʥʮʝʚʳʭ ʙʘʣʦʢ ʢʨʘʥʘ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʠʥʢʨʝʤʝʥʪʘʣʴʥʳʝ ʵʥʢʦʜʝʨʳ ʩ ʤʝʨʥʳʤ ʢʦʣʝʩʦʤ ʠ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤ ʚʳʭʦʜʦʤ Autonics ENC-1-1-t-24 (ʨʠʩ. 3), ʦʥʠ ʟʘʢʨʝʧʣʷʶʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʥʝʯʥʳʭ ʙʘʣʢʘʭ ʢʨʘʥʘ (ʨʠʩ. 4), ʘ ʠʭ ʤʝʨʥʳʝ ʢʦʣʝʩʘ ʧʨʠʞʠʤʘʶʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʧʦʜʢʨʘʥʦʚʦʤʫ ʧʫʪʠ.  

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 75 ð   

 

 
ʈʠʩ. 3 ʕʥʢʦʜʝʨ ʩ ʤʝʨʥʳʤ ʢʦʣʝʩʦʤ Autonics ENC-1-1-t-24 

 

 
 

ʈʠʩ. 4 ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʠʥʝʡʥʳʭ ʵʥʢʦʜʝʨʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢʦʥʮʝʚʳʭ 

ʙʘʣʦʢ ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʘ 
 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʥʢʦʜʝʨʘ Autonics ENC-1-1-t-24 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʥʢʦʜʝʨʘ Autonics ENC-1-1-t-24 [2] 
ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʷ 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ, ɺ 24 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʩʠʣʘ ʪʦʢʘ, ɸ 0,06 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ, ʦʙ / ʤʠʥ 5000 

ʋʨʦʚʝʥʴ ʟʘʱʠʪʳ IP50 

ɺʳʭʦʜʥʳʝ ʬʘʟʳ ɸ, ɺ 

ʌʘʟʦʚʘʷ ʨʘʟʥʠʮʘ ʚʳʭʦʜʘ ʊ/4Ñʊ/8 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʭʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʥʘ 1 ʤʤ 1 

 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʛʨʫʟʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʢʦʜʝʨ - Megatron 

MOL40 6 3600 BZ N (ʨʠʩ. 5) [3], ʧʨʠ ʦʜʥʦʤ ʦʙʦʨʦʪʝ ʚʘʣʘ, ʦʪ ʬʘʟ ɸ ʠ ɺ ʧʦʩʪʫʘʚʝʪ 3600 

ʠʤʧʫʣʴʩʦʚ. ʕʥʢʦʜʝʨ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʵʣʝʢʪʨʦʪʘʣʠ, ʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʦʣʝʙʘʥʠʡ ʛʨʫʟʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʪʘʥʛʘ, ʢʦʪʦʨʘʷ ʦʜʥʦʡ ʩʪʦʨʦʥʦʡ ʯʝʨʝʟ ʫʧʨʫʛʫʶ ʤʫʬʪʫ ʧʨʠʩʦʝʜʠʥʝʥʘ ʢ 

ʚʘʣʫ ʝʥʢʦʜʘʨʘ, ʘ ʜʨʫʛʦʡ ʩʪʦʨʦʥʦʡ ʢʨʝʧʠʪʩʷ ʢ ʛʨʫʟʦʚʦʤʫ ʢʘʥʘʪʫ.  

 

 
ʈʠʩ. 5 ʀʥʢʨʝʤʝʥʪʘʣʴʥʳʡ ʵʥʢʦʜʝʨ ʩ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤ ʚʳʭʦʜʦʤ Megatron MOL40 6 3600 BZ N. 

1, 7 - ʧʦʜʢʨʘʥʦʚʳʡ ʧʫʪʴ; 

2, 6 - ʵʥʢʦʜʝʨʳ, ʧʨʠʢʨʝʧʣʝʥʥʳʝ ʢ 

ʢʦʥʮʝʚʳʤ ʙʘʣʢʘʤ; 

3,8 - ʢʦʥʮʝʚʳʝ ʙʘʣʢʠ; 

4 - ʤʦʩʪʦʚʘʷ ʙʘʣʢʘ ʢʨʘʥʘ; 

5 - ʵʣʝʢʪʨʦʪʘʣʴ 










































