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900ʪ, ʜʽʘʤʝʪʨʦʤ 12ʤ. ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʟʘʚʦʜʫ çʊʫʨʙʦʘʪʦʤè ʪʘ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽ-

ʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʠʪʠ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʚʜʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʠʪʠ ʚ ʚʠʨʦʙʥʠʮʪʚʦ ʽʥʥʦʚʘʮʽʡʥʽ ʥʘʫʢʦ-

ʻʤʥʽ ʧʨʦʮʝʩʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʛʽʜʨʦʘʛʨʝʛʘʪʽʚ. ɼʽʷʣʴʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ: ʚʽʜ ʜʦʩʣʜ̔ʞʝʥʥʷ, ʧʨʦʝʢʪʫ-

ʚʘʥʥʷ, ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦ ʰʝʬʤʦʥʪʘʞʫ ʪʘ ʪʝʭʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʪʝʭʥʽʢʠ. ɼʝʪʘʣʴʥʦ ʘʥʘʣʟ̔ʫʶʪʴʩʷ ʪʝʭʥʦʣʦ-

ʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʜʝʪʘʣʝʡ ʟʘ ʚʠʜʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʟʘʛʦʪʽʚʝʣʴʥʦʤʫ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ, ʟʚʘʨʶʚʘʣʴʥʦʤʫ, ʤʝʭʘʥʽʢʦ-

ʚʠʨʦʙʥʠʯʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʯʘʩʥʦʛʦ ʧʦʨʪʘʣʴʥʦ-ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʫ ʟ ʏʇʋ ʤʦʜ.ʅʉ33-ɺʘʣʴʜʨʠʭ ʂʦʙʫʨʛ (ʅʽʤʝʯʯʠʥʘ) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʥʽʢʘʣʴʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ 5-ʪʠ ʤʝʪʨʦʚʠʭ ʣʦʧʦʩʪʝʡ. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʫʥʽʢʘʣʥɹʠʭ 

ʜʝʪʘʣʝʡ ʜʦ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʧʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʾ ʢʦʦʨʜʠʥʘʪʥʦ - ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʨʫʢʠ ʤʘʰʠʥʠ çʌʘʨʦè (ʌʨʘʥʮʽʷ) ʟ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ Delcam. ɿʘʚʜʷʢʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʧʝʨʝʦʟʙʨʦʻʥʥʶ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʪʘ ʚʠʨʦʙʥʠʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʩʪʚʦʨʝʥʦ ʫʥʽʢʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʟʘʤʢʥʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʛʽʜʨʦʘʛʨʝʛʘʪʽʚ ɼʥʽʩʪʨʦʚʩʴʢʦʾ ɻɸɽʉ ʥʘ ʥʘʡʚʠʱʦʤʫ ʩʚʽʪʦ-

ʚʦʤʫ ʨʽʚʥʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʚʠʨʦʙʥʠʮʪʚʦ, ʫʥʽʢʘʣʴʥʝ ʝʥʝʨʛʝʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʪʫʨʙʽʥʠ ʜʣʷ ɼʥʽʩʪʨʦʚʩʴʢʦʾ ɻɸɽʉ, ʟʘʛʦʪʽ-

ʚʝʣʴʥʝ, ʤʝʪʘʣʫʨʛʽʡʥʝ, ʟʚʘʨʶʚʘʣʴʥʝ, ʤʝʭʘʥʽʢʦʟʙʽʨʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʤʝʪʦʜʠʢʘ ʪʘ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʢʦʤʧʣʝʢʩʥʝ ʪʝʭʥʽʯʥʝ ʧʝʨʝʦʟʙʨʦʻʥʥʷ. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʥʠʢʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʫʨʙʠʥʳ ʜʣʷ ɼʥʝʩʪʨʦʚʩʢʦʡ 

ɻɸʕʉ ʤʘʩʩʦʡ 900ʪ, ʜʠʘʤʝʪʨʦʤ 12ʤ. ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʟʘʚʦʜʘ çʊʫʨʙʦʘʪʦʤè ʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠ ʚʥʝʜʨʷʪʴ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʥʘʫʢʦʝʤʢʠʝ ʧʨʦʮʝʩʩʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʛʠʜʨʦʘʛʝʛʘʪʦʚ. ɼʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʟʘʤʢʥʫ-

ʪʦʤʫ ʮʠʢʣʫ: ʦʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʦ ʰʝʬʤʦʥʪʘʞʘ ʠ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ ʧʦ ʚʠʜʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʟʘʛʦʪʦ-

ʚʠʪʝʣʴʥʦʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ, ʩʚʘʨʦʯʥʦʤ, ʚ ʤʝʭʘʥʦʩʙʦʨʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʨʪʘʣʴʥʦ-ʬʨʝʟʝʨʥʦʛʦ 

ʩʪʘʥʢʘ ʩ ʏʇʋ ʤʦʜ. ʅʉ33-Waldrich Coburg (ɻʝʨʤʘʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʢʘʣʴʥʝʡʰʠʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʜʣʷ ʬʨʝʟʝʨʦʚʘʥʠʷ 5-ʪʠ ʤʝʪʨʦʚʳʭ 

ʣʦʧʘʩʪʝʡ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʘ ʠ ʩʨʝʜʩʪʚʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʫʥʠʢʘʣʴʥʝʡʰʠʭ ʜʝʪʘʣʝʡ ʜʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʦʚʦʡ ʢʦʦʨʜʠʥʘʪʥʦ - ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʨʫʢʠ ʤʘʰʠʥʳ çʌʘʨʦè (ʌʨʘʥʮʠʷ) ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ Delcam. ɹʣʘʛʦʜʘʨʷ ʢʦʤʧʣʝʢʩʥʦʤʫ ʪʝʭ-

ʥʠʯʝʩʢʦʤʫ ʧʝʨʝʚʦʦʨʫʞʝʥʠʶ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʫʯʥʦʛʦ, ʠʥʞʝʥʝʨʥʦʛʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʦʟʜʘʥ ʫʥʠʢʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ 

ʟʘʤʢʥʫʪʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʠʜʨʦʘʛʨʝʛʘʪʘ ɼʥʝʩʪʨʦʚʩʢʦʡ ɻɸʕʉ ʥʘ ʚʳʩʦʯʘʡʰʝʤ ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʫʥʠʢʘʣʴʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʫʨʙʠʥʳ ʜʣʷ ɼʥʝʩʪʨʦʚ-

ʩʢʦʡ ɻɸʕʉ, ʟʘʛʦʪʦʚʠʪʝʣʴʥʦʝ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ, ʩʚʘʨʦʯʥʦʝ, ʤʝʭʘʥʦʩʙʦʨʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʝʪʦʜʠʢʘ ʠ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʢʦʤʧʣʝʢʩʥʦʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʧʝʨʝʚʦʦʨʫʞʝʥʠʝ. 
 1 

In the article technological features of production of the unique power equipment of the turbine for the Dnieper-Stara PSES with the mass of 900 tons, 

diameter of 12 m are considered. The scientific and technical cooperation of the Turboatom plant and the National Technical University "Kharkiv 

Polytechnic Institute" allows us to effectively solve design and technological problems and introduce innovative science-intensive processes for the 

production of unique hydrogages. The activity of the enterprise is carried out on a closed cycle: from research, design, preparation of production, 

production to installation supervision and maintenance of the supplied equipment. The technology of manufacturing the impeller of a hydroturbine is 

considered. On the accuracy and quality of its production depends on the efficiency of the pump / turbine, and it must be in the pumping mode 92.8% 

in the turbine mode 94.0%. Technological peculiarities of manufacturing the main parts by kinds of production in procurement metallurgy, welding, 

in mechanic-assembly production are analyzed in detail using the modernized portal-milling machine with CNC mod. NS33-Waldrich Coburg (Ger-

many) using unique devices for milling of 5-meter blades. 

Methods and tools for controlling the unique parts before machining and then using the new coordinate - measuring arm of the Faro machine (France) 

with the Delcam software have been developed. Thanks to the complex technical re-equipment with the use of scientific, engineering and production 

potential, a unique complex closed technological process for the manufacture of the hydroelectric unit of the Dniester PSPP at the highest world level 

has been created. 

Keywords: technological features, production, unique energy equipment, turbines for Dniester hydroelectric power station, procurement, met-

allurgical, welding, mechanized assemblies, methods and means of control, complex technical re-equipment. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʵʪʦ ʩʣʦʞʥʳʡ ʥʘʫʢʦʝʤʢʠʡ ʠ 

ʢʦʤʧʣʝʢʩʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʜʣʷ ʨʝʘʣʠ-

ʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʩʠʣʴʥʳʡ ʥʘʫʯʥʦ-

ʠʥʞʝʥʝʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʤʦʱʥʫʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʙʘʟʫ. ʊʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 
ʦʙʣʘʜʘʝʪ ʩʦʚʨʝʤʝʥʥʳʡ ʇɸʆ çʊʫʨʙʦʘʪʦʤè. ʀʤʝʥʥʦ 

ʧʦʩʪʦʷʥʥʳʡ ʧʦʠʩʢ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʠʢ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʪʨʫʜʦʝʤʢʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʨʠʷʪʠʶ ʦʩʪʘ-

ʚʘʪʴʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʉʦʟʜʘʥʠʝ ʥʘʫʢʦʝʤʢʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʜʣʷ ʠʟʛʦʪʦʪʚʣʝʥʠʷ ʛʠʜʨʦʪʫʨʙʠʥ ʤʠʨʦʚʦʛʦ ʫʨʦʚ-

ʥʷ. 

ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ. ɼʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠ̫ ʪʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ: ʦʪ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʜʦ ʰʝʬʤʦʥʪʘʞʘ ʠ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʩʪʘʚ-

ʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [1, 2, 3, 5]. 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʫʨʙʠʥʳ ʜʣʷ ɼʥʝʩʪʨʦʚʩʢʦʡ ɻɸʕʉ.  
ʕʪʦ ʫʥʠʢʘʣʴʥʳʡ ʧʨʦʝʢʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʠ ʥʘ ʋʢʨʘʠʥʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʛʠʜʨʦʪʫʨʙʠʥʳ ʪʘʢ 

ʞʝ ʫʥʠʢʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ (ʨʠʩ.1). 

ɺʝʩ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʪʫʨʙʠʥʳ ʚʧʝʯʘʪ-

ʣʷʝʪ: 

- ʱʠʪ ʢʦʣʴʮʝʚʦʛʦ ʟʘʪʚʦʨʘ -  m=80ʪ.  Ï=10,7ʤ;  

- ʚʘʣ ʪʫʨʙʠʥʳ ï m=100ʪ.   L = 8,5ʤ;  

- ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ï m=120ʪ.   Ï = 7,3ʤ;  

- ʩʪʘʪʦʨ ʪʫʨʙʠʥʳ (ʚ ʩʙʦʨʝ) ï  m=300ʪ. Ï = 12,2ʤ; 
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- ʢʨʳhʢʘ ʪʫʨʙʠʥʳ ï m=370ʪ. Ï = 12ʤ;  - ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ (ʚ ʩʙʦʨʝ) m=900ʪ, 

Ï=12ʤ [2, 3, 4]. 
 

 
ʈʠʩ.1 ï ʈʘʟʨʝʟ ʧʦ ʘʛʨʝʛʘʪʫ ɼʥʝʩʪʨʦʚʩʢʦʡ ɻɸʕʉ 

 

ʏʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦʤ ʧʨʦʮʝʩʩʝ ʠʤʝʝʪ ʤʝʩʪʦ ʪʘʢʞʝ ʚʥʝʰʥʷʷ ʢʦʦʧʝʨʘʮʠʷ. 

ʇʨʝʜʩʪʘʚʠʤ ʦʪʜʝʣʴʥʳʝ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʥʘ ʇɸʆ çʊʫʨʙʦʘʪʦʤè ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʦʛʦ ʪʝʭʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʪʝʭʥʦʣʦʛʠ ʁʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʛʠʜʨʦʪʫʨʙʠʥʳ, ʪʘʢ ʢʘʢ ʦʪ 

ʪʦʯʥʦʩʪʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʦʛʦ ʠʟ-

ʜʝʣʠʷ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘʩʦʩ/ʪʫʨʙʠʥʳ, 

ʢʦʪʦʨʘʷ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʥʘʩʦʩʥʦʤ ʨʝʞʠʤʝ 92,8% ʚ 

ʪʫʨʙʠʥʥʦʤ ʨʝʞʠʤʝ ï 94,0%.  

ɺ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ 7 ʣʦʧʘʩʪʝʡ (ʨʠʩ.2). ɺʝʩ ʟʘʛʦ-

ʪʦʚʢʠ 1 ʣʦʧʘʩʪʠ ï 10ʪ., ʜʣʠʥʘ ï 5ʤ. ʆʪ ʪʦʯʥʦʩʪʠ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʣʦʧʘʩʪʠ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘ-

ʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʯʪʦ ʧʨʷʤʦʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʘ [6]. 
 

 
ʈʠʩ.2 ï ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ ɼʥʝʩʪʨʦʚʩʢʦʡ ɻɸʕʉ 
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ɺ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ: ʟʘʛʦʪʦʚʢʠ 

ʣʦʧʘʩʪʝʡ ʠ ʣʦʧʘʪʦʢ (ʞʠʜʢʠʡ ʚʝʩ 16ʪ.) ʧʨʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʯʝʪʚʝʨʪʦʛʦ ʛʠʜʨʦʘʛʨʝʛʘʪʘ ʦʪʣʠʪʳ ʚ ʣʠʪʝʡʥʦʤ 

ʮʝʭʝ ʇɸʆ çʊʫʨʙʦʘʪʦʤè ʮʝʣʴʥʳʤʠ ʚʤʝʩʪʦ ʩʚʘʨʥʦ-

ʣʠʪʳʭ ʠʟ ʯʘʩʪʝʡ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʨʘʥʴʰʝ. ʕʪʦ ʩʪʘʣʦ ʚʦʟ-

ʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʧʨʦʚʝʜʝʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʟʘ-

ʤʝʥʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʬʦʨʤʦʚʦʯ-

ʥʦʤ, ʦʙʨʫʙʥʦʤ, ʪʝʨʤʠʯʝʩʢʦʤ, ʣʠʪʝʡʥʦʤ ʫʯʘʩʪʢʘʭ ʠ 

ʧʝʨʝʭʦʜʘ ʥʘ ʥʦʚʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʬʫʨʘʥ 

ï ʧʨʦʮʝʩʩʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʦʯʥʦ ï ʤʦʜʫʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʪʘ ʦʩʥʘʩʪʢʠ (ʨʠʩ.3, ʨʠʩ.4).  

ɺ ʟʘʛʦʪʦʚʠʪʝʣʴʥʦ ï ʩʚʘʨʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ: ʜʣʷ 

ʩʙʦʨʢʠ, ʩʚʘʨʢʠ ʠ ʦʙʨʫʙʢʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʤʝʪʘʣ-

ʣʦʢʦʥʩʪʨʫʢʮʠʡ ʙʳʣʠ ʩʦʟʜʘʥʳ ʪʨʠ ʥʦʚʳʭ ʫʯʘʩʪʢʘ, ʢʦ-

ʪʦʨʳʝ ʦʩʥʘʱʝʥʳ ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

 

 
 

ʈʠʩ.3 ï ʅʦʚʳʡ ʤʦʙʠʣʴʥʳʡ ʩʤʝʩʠʪʝʣʴ ʬ.IMF (ʀʪʘʣʠʷ) 
 

 
ʈʠʩ.4 ï ɿʘʣʠʚʢʘ ʣʦʧʘʩʪʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʧʦ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ 
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ɸ ʪʘʢʞʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʳ ʪʨʠ ʛʘʟʦʨʝʟʘʪʝʣʴʥʳʝ 

ʣʠʥʠʠ çʄʝʩʩʝʨ ɻʨʝʩʭʘʡʤè (ɻʝʨʤʘʥʠʷ) ʜʣʷ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʡ ʨʝʟʢʠ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ (ʨʠʩ. 5 ʠ ʨʠʩ. 6). 

ʉʙʦʨʢʘ ʠ ʩʚʘʨʢʘ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʦʩʥʘʱʝʥʥʦʤ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝʤ ʜʣʷ ʵʣʝʢʪʨʦʧʦʜʦʛʨʝʚʘ, ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ 

ʩʚʘʨʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝʭ 7 ʣʦʧʘʩʪʝʡ. ʉʚʘʨʢʘ ʧʨʦʠʟ-

ʚʦʜʠʪʩʷ ʘʫʩʪʝʥʠʪʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʝʚʨʦʧʝʡʩʢʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʩʣʝ ʩʚʘʨʢʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʰʘʭʪʥʦʡ ʵʣʝʢʪʨʦʧʝʯʠ Ï8ʤ. ʂʦʥʪʨʦʣʴ 

ʩʚʘʨʥʳʭ ʰʚʦʚ 100% (ʚʠʟʫʘʣʴʥʳʡ, ʋɿʂ, ʎɼ). 

ɺ ʤʝʭʘʥʦʩʙʦʨʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠ ʠʟʛʦʪʦʚ-

ʣʝʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʪʫʨʙʠʥʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ 

ʚʥʝʜʨʝʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʣʦʧʘʩʪʝʡ ʥʘ ʙʘʟʝ ʩʪʘʥʢʦʚ ʩ ʏʇʋ. ʉʫʪʴ 

ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʙʦʪʢʝ ʩʣʦʞʥʦʧʨʦʬʠʣʴ-

ʥʦʛʦ ʠʟʜʝʣʠʷ ʧʦ ʫʧʨʘʚʣʷʶʱʠʤ ʧʨʦʛʨʘʤʤʘʤ, ʚʤʝʩʪʦ 

ʦʙʨʘʙʦʪʢʠ ʧʦ ʰʘʙʣʦʥʘʤ ʠ ʢʦʧʠʨʘʤʠ [7]. 
 

 
 

ʈʠʩ. 5 ï ʉʦʚʨʝʤʝʥʥʳʡ ʫʯʘʩʪʦʢ ʩʚʘʨʢʠ ʇɸʆ çʊʫʨʙʦʘʪʦʤè 

 

 
 

ʈʠʩ. 6 ï ʈʠʩ.6 ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ ɼʥʝʩʪʨʦʚʩʢʦʡ ɻɸʕʉ ʧʦʩʣʝ ʩʚʘʨʢʠ 
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ɺʥʝʜʨʝʥʠʝ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʇɸʆ çʊʫʨʙʦ-

ʘʪʦʤè ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʨʥʠ-

ʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʮʝʥʪʨʦʚ çɺʘʣʴʜʨʠʭ 

ʂʦʙʫʨʛè (ɻʝʨʤʘʥʠʷ), çʐʢʦʜʘè (ʏʝʭʠʷ), çʀʥʦʯʝʥʪʠè 

(ʀʪʘʣʠʷ). ʂʘʯʝʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʣʦʞʥʦʧʨʦ-

ʬʠʣʴʥʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʤʝʪʘʣʣʦʦʙʨʘʘʪʳʚʘʶ-

ʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʦʪʨʝʧʦʚʘʣʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʠʟʛʦʪʦʚʣʝʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ, ʨʘʟʨʘʙʦʪʢʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʥʪʨʦʣʷ 
ʜʝʪʘʣʝʡ.  

ʆʙʨʘʙʦʪʢʘ ʚʝʜʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 5 ï ʢʦʦʨʜʠ-

ʥʘʪʥʦʡ ʛʦʣʦʚʢʠ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥ-

ʪʘ (ʨʠʩ.7). ʃʦʧʘʩʪʠ ï ʵʪʦ ʜʝʪʘʣʠ ʩʣʦʞʥʦʛʦ ʧʨʦʬʠʣʷ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʯʝʨʪʝʞ, ʧʦʜʪʚʝʨʞʜʝʥ-

ʥʳʡ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʤʦʜʝʣʥɹʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ [1, 2, 

4, 6]. ʃʦʧʘʩʪʠ ʚ ʤʝʪʘʣʣʝ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʝʦ-

ʨʝʪʠʯʝʩʢʦʤʫ ʯʝʨʪʝʞʫ ʪ.ʢ. ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʂʇɼ ʛʠʜ-

ʨʦʤʘʰʠʥʳ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʬʠʣʷ ʣʦʧʘʩʪʠ, ʨʘʟʜʝʣʢʠ ʧʦʜ 

ʩʚʘʨʢʫ ʧʦ ʩʪʦʨʦʥʝ ʦʙʦʜʘ ʠ ʩʪʫʧʠʮʳ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, 

ʚʭʦʜʥʦʡ ʠ ʚʭrʦʜʥʦʡ ʢʨʦʤʦʢ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʯʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʭ, ʧʦʟʚʦʣʷʶ-
ʱʠʭ ʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴ ʣʦʧʘʩʪʴ ʚ ʦʧʪʠʤʘʣʴʥʦʝ ʧʦʣʦ-

ʞʝʥʠʝ ʜʣʷ ʬʨʝʟʝʨʦʚʘʥʠʷ (ʨʠʩ.8, ʨʠʩ.9) 

 
 

ʈʠʩ.7 ï ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʧʦʨʪʘʣʴʥʦ-ʬʨʝʟʝʨʥʳʡ ʩʪʘʥʦʢ 
ʤʦʜ. ʅʉ33-Waldrich Coburg (ɻʝʨʤʘʥʠʷ) 

 

 
 

ʈʠʩ.8 ï ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʬʨʝʟʝʨʦʚʘʥʠʷ çʪʳʣʴʥʦʡè ʩʪʦʨʦʥʳ ʣʦʧʘʩʪʠ 
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10 | ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. ʉʝʨʽʷ çʊʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè 2017. ˉ26(1248) | 

 
 

ʈʠʩ 9 ï ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʬʨʝʟʝʨʦʚʘʥʠʷ çʨʘʙʦʯʝʡè ʩʪʦʨʦʥʳ ʣʦʧʘʩʪʠ 

 

 
 

ʈʠʩ. 10 ï ʌʨʝʟʝʨʦʚʘʥʠʝ ʣʦʧʘʩʪʠ ʥʘ ʩʪʘʥʢʝ c ʏʇʋ ʬʠʨʤʳ Waldrich Coburg (ɻʝʨʤʘʥʠʷ) 

 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦ-

ʚʳʰʘʝʪ ʞʝʩʪʢʦʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʦʧʪʠʤʠʟʠʨʫʝʪ ʚʳʣʝʪ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʫʯʘʩʪʢʘʭ ʢʨʠʚʦʣʠʥʝʡʥʳʭ 

ʧʝʨʝʧʘʜʦʚ ʩʣʦʞʥʦʛʦ ʧʨʦʬʠʣʷ ʣʦʧʘʪʢʠ, ʨʘʩʢʨʳʚʘʝʪ 

çʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʟʦʥʳè ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʧʨʦʬʠʣʝ 

ʣʦʧʘʩʪʠ. 

ʂʦʥʪʨʦʣʴ ʜʝʪʘʣʝʡ ʜʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʧʦʩʣʝ ʥʝʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʡ ʢʦʦʨ-

ʜʠʥʘʪʥʦ - ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʨʫʢʠ çʌʘʨʦè (ʌʨʘʥʮʠʷ), 

ʚʳʩʦʢʦʪʦʯʥʘʷ ʨʦʙʦʪʘ ʢʦʪʦʨʦʡ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ Delcam [1, 2]. ʂʦʥʪʨʦʣʴʥʘʷ ʨʘʟʤʝʪʢʘ ʣʦʧʘʩʪʠ 

ʧʝʨʝʜ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ï ʦʯʝʥʴ ʚʘʞʥʘʷ ʦʧʝ-

ʨʘʮʠʷ ʠ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠʧʫʩʢʦʚ ʚ ʟʘʛʦʪʦʚʢʝ (ʨʠʩ.12). 


