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ʂʝʤʝʨʦʚʦ ʋɼʂ 378.001. ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʧʨʦʬʝʩʩʦʨʩʢʦ-

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ XLVII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʊʝʭʥʦʢʦʥʛʨʝʩʩè, 07 ʦʢʪ̫ʙʨ̫ 2019 ʛ.  www.t-nauka.ru   / ʈʝʜʢʦʣ.: 

ʅʠʢʠʪʠʥ ʇʘʚʝʣ ʀʛʦʨʝʚʠʯ - ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʚʳʧʫʩʢ ʞʫʨʥʘʣʘ 

ɹʘʷʥʦʚ ʀʛʦʨʴ ɺʘʜʠʤʦʚʠʯ - ʤʘʪʝʤʘʪʠʢ, ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʧʝʨʚʠʯʥʫʶ ʤʦʜʝʨʘʮʠʶ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ 

ʩʪʘʪʝʡ 

ɸʨʪʝʤʘʩʦʚ ɺʘʣʝʨʠʡ ɺʘʣʝʨʴʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʬʠʥʘʣʴʥʫʶ 

ʤʦʜʝʨʘʮʠʶ ʠ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʩʪʘʪʝʡ 

ɿʠʤʠʥʘ ʄʘʨʠʷ ʀʛʦʨʝʚʥʘ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʬʠʥʘʣʴʥʫʶ 

ʤʦʜʝʨʘʮʠʶ ʠ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʩʪʘʪʝʡ 

ʅʦʨʤʠʨʟʘʝʚ ɸʙʜʫʢʘʶʤ ʈʘʭʠʤʙʝʨʜʠʝʚʠ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʅʘʤʘʥʛʘʥʩʢʠʡ 

ʠʥʞʠʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʅʘʤʄʇʀ)  

ɹʝʟʫʛʣʦʚ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ - ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʖʞʥʦ-ʨʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅʦʚʦʯʝʨʢʘʩʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ) ʠʤ. ʄ.ʀ .ʇʣʘʪʦʚʘ, 

ʅʘʜʞʘʨʷʥ ʄʠʢʘʝʣ ʊʦʚʤʘʩʦʚʠʯ -  ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʅʘʮʠʦʥʘʣʴʥʳʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɸʨʤʝʥʠʠ 

ʐʫʰʣʝʙʠʥ ʀʛʦʨʴ ʄʠʭʘʡʣʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʬʝʜʨʘ ʬʠʟʠʢʠ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ  ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʈʘʚʰʘʥʦʚ ɼʠʣʰʦʜ ʏʦʨʰʘʥʙʠʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

çʊʝʭʥʦʣʦʛʠʷ, ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè, ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ.ʆʩʠʤʠ 

ʂʨʫʪʷʢʦʚʘ ʄʘʨʛʘʨʠʪʘ ɺʠʢʪʦʨʦʚʥʘ ï ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ,  ʄʦʩʢʦʚʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɻʣʘʜʢʦʚ ʈʦʤʘʥ ɺʠʢʪʦʨʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʚʦʦʨʫʞʝʥʠʷ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʈʷʟʘʥʩʢʦʛʦ ʛʚʘʨʜʝʡʩʢʦʛʦ ʚʳʩʰʝʛʦ ʚʦʟʜʫʰʥʦ-ʜʝʩʘʥʪʥʦʛʦ 

ʢʦʤʘʥʜʥʦʛʦ ʫʯʠʣʠʱʘ 

ʄʦʥʦʛʘʨʦʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʜʦʮʝʥʪ ɸʨʤʘʚʠʨʩʢʦʛʦ ʤʝʭʘʥʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʬʠʣʠʘʣ) ʌɻʆʋ ɺʆ ʂʫʙɻʊʋ 

ʐʝʚʯʝʥʢʦ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʉʕʋ, 

ɹʘʣʪʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʈʌ 

ʆʪʘʢʫʣʦʚ ʉʘʣʠʤ  - ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʚʳʩʰʝʡ 

ʤʘʪʝʤʘʪʠʢʠ ɼʞʠʟʘʢʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ɸ.ʆ. ʉʝʨʛʝʝʚʘ (ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʘʜʤʠʥʠʩʪʨʘʪʦʨ)[ʠ ʜʨ.];  

ʂʝʤʝʨʦʚʦ 2019 

ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʜʦʢʣʘʜʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 

ʎʝʣʴ ï ʧʨʠʚʣʝʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʢ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʚʳʧʦʣʥʝʥʠʷ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʨʘʟʚʠʪʠʝ ʠʥʠʮʠʘʪʠʚʳ ʚ ʫʯʝʙʝ ʠ ʙʫʜʫʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ.  

ɼʣʷ ʩʪʫʜʝʥʪʦʚ, ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚʫʟʦʚ. 

ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ çʇʣʫʪʦʥè www.idpluton.ru  e-mail: admin@idpluton.ru 

ʇʦʜʧʠʩʘʥʦ ʚ ʧʝʯʘʪʴ 07.10.2019 ʛ.  ʌʦʨʤʘʪ 14,8Ĭ21 1/4. | ʋʩʣ. ʧʝʯ. ʣ. 3.2. | ʊʠʨʘʞ 300. 

ɺʩʝ ʩʪʘʪʴʠ ʧʨʦʭʦʜʷʪ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ (ʵʢʩʧʝʨʪʥʫʶ ʦʮʝʥʢʫ). 

ʊʦʯʢʘ ʟʨʝʥʠʷ ʨʝʜʘʢʮʠʠ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʟʨʝʥʠʷ ʘʚʪʦʨʦʚ ʧʫʙʣʠʢʫʝʤʳʭ ʩʪʘʪʝʡ. 

ɸʚʪʦʨʳ ʩʪʘʪʝʡ ʥʝʩʫʪ ʧʦʣʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʦʜʝʨʞʘʥʠʝ ʩʪʘʪʝʡ ʠ ʟʘ ʩʘʤ ʬʘʢʪ ʠʭ ʧʫʙʣʠʢʘʮʠʠ. 

ʈʝʜʘʢʮʠʷ ʥʝ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʝʨʝʜ ʘʚʪʦʨʘʤʠ ʠ/ʠʣʠ ʪʨʝʪʴʠʤʠ ʣʠʮʘʤʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʟʘ 

ʚʦʟʤʦʞʥʳʡ ʫʱʝʨʙ, ʚʳʟʚʘʥʥʳʡ ʧʫʙʣʠʢʘʮʠʝʡ ʩʪʘʪʴʠ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʟʘʠʤʩʪʚʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩʩʳʣʢʘ ʦʙʷʟʘʪʝʣʴʥʘ.  

http://www.t-nauka.ru/
http://www.idpluton.ru/
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ʉʪʘʪʴʠ XLVII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʊʝʭʥʦʢʦʥʛʨʝʩʩè 

 

 

ʅʘʫʤʝʥʢʦ ʇʘʚʝʣ ʇʘʚʣʦʚʠʯ 

Naumenko Pavel Pavlovich 

ʤʘʛʠʩʪʨʘʥʪ, 

ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

 

ɽʬʠʤʦʚ ɸʥʜʨʝʡ ɺʠʢʪʦʨʦʚʠʯ 

Efimov Andrey Viktorovich  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʄʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘè, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 
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CLASSIFICATION OF  TRANSFER BOX, CONSTRUCTION REQUIREMENTS AND 

ANALYSIS OF KINEMATIC SCHEMES  

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʭ 
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ʥʝʜʦʩʪʘʪʢʦʚ. 

Abstract:  the article provides a classification of transfer boxes, requirements for their structures and 

analysis of kinematic schemes, describes their main differences, in order to identify shortcomings 
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ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʤʝʞʜʫ ʚʝʜʫʱʠʤʠ ʤʦʩʪʘʤʠ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʝʭʘʥʠʟʤ, ʥʘʟʳʚʘʝʤʳʡ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʦʡ. 

ɺʧʝʨʚʳʝ ʨʘʟʜʘʪʦʯʥʘʷ ʢʦʨʦʙʢʘ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʚ ʥʘʯʘʣʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʥʘ ʣʝʛʢʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʷʭ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʛʦʥʢʘʭ ʧʦ ʙʝʟʜʦʨʦʞʴʶ. ʅʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʝ 

ʦʮʝʥʠʣʠ ʥʦʚʰʝʩʪʚʦ. ʅʦ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ ʚ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʛʨʫʟʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʷʭ ʠʥʪʝʨʝʩ ʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʢʦʥʝʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʥʝʤʫ ʚʦʟʨʦʩ. 

ʈʘʟʜʘʪʦʯʥʘʷ ʢʦʨʦʙʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝ ʘʚʪʦʤʦʙʠʣʠ ʩ ʧʦʣʥʳʤ ʧʨʠʚʦʜʦʤ ʠʣʠ 

ʥʘ ʘʚʪʦʤʦʙʠʣʠ ʩ ʢʘʢʠʤ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʪʨʝʙʫʶʱʠʡ ʦʪʜʝʣʴʥʳʡ ʧʨʠʚʦʜ. 

ʇʦʷʚʣʝʥʠʝ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ ʩʬʦʨʤʠʨʦʚʘʣʦ ʚʘʞʥʦʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ 

ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ ï ʩʦʟʜʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʦʤ ʚʝʜʫʱʠʭ ʢʦʣʝʩ ʠ ʤʦʩʪʦʚ, 

ʢʦʪʦʨʦʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʜʝʩʷʪʢʦʚ ʣʝʪ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʥʘʜʝʣʷʷ ʤʘʰʠʥʳ ʥʦʚʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʠʤ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʘʩʴ ʩʬʝʨʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ, ʩʧʦʩʦʙʥʳʭ 

ʝʟʜʠʪʴ ʧʦ ʙʝʟʜʦʨʦʞʴʶ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʩʚʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʪʨʝʙʫʶʱʝʝ ʤʥʦʛʦ 

ʨʝʩʫʨʩʦʚ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʥʦ ʠ ʪʝʭʥʠʯʝʩʢʠʭ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ 
ʈʘʟʜʘʪʦʯʥʳʝ ʢʦʨʦʙʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʤʝʞʜʫ ʚʝʜʫʱʠʤʠ 

ʤʦʩʪʘʤʠ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʢʘʢ ʥʘ ʣʝʛʢʦʚʳʭ, ʪʘʢ ʠ ʥʘ 
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ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ. ʇʨʠʯʸʤ ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʠʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʪʷʛʦʚʦ-ʩʢʦʨʦʩʪʥʳʝ ʠ ʪʦʧʣʠʚʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʰʠʥ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ: 

¶ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʝ ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʮʠʨʢʫʣʷʮʠʝʡ ʤʦʱʥʦʩʪʠ 

ʚ ʧʨʠʚʦʜʝ ʦʪ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ ʢ ʚʝʜʫʱʠʤ ʢʦʣʝʩʘʤ ʘʚʪʦʤʦʙʠʣʷ; 

¶ ʢʦʥʩʪʨʫʢʮʠʷ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʢʘʟʘʥʥʦʤʫ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʶ, ʜʦʣʞʥʘ ʠʤʝʪʴ 

ʫʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʪʢʣʶʯʘʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʚʝʜʫʱʠʡ ʤʦʩʪ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʮʠʨʢʫʣʷʮʠʷ 

ʤʦʱʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ; 

¶ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʤʝʞʜʫ ʤʦʩʪʘʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʮʝʧʥʦʛʦ ʚʝʩʘ, ʝʩʣʠ ʩʮʝʧʣʝʥʠʝ ʢʦʣʝʩ ʦʜʠʥʘʢʦʚʦ; 

¶ ʨʘʟʜʘʪʦʯʥʘʷ ʢʦʨʦʙʢʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʤʝʭʘʥʠʟʤ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʱʠʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ 

ʩ ʤʦʩʪʘ, ʢʦʣʝʩʘ ʠʤʝʶʪ ʥʠʟʢʦʝ ʩʮʝʧʣʝʥʠʝ, ʥʘ ʤʦʩʪ, ʢʦʣʝʩʘ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʮʝʧʣʝʥʠʝ ʩ 

ʜʦʨʦʛʦʡ; 

¶ ʨʘʟʜʘʪʦʯʥʘʷ ʢʦʨʦʙʢʘ ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʢ ʫʩʪʘʥʦʚʢʝ 

ʤʝʭʘʥʠʟʤʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ; 

¶ ʧʨʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʤ ʠʩʧʦʣʥʝʥʠʠ ʨʘʟʜʘʪʦʯʥʘʷ ʢʦʨʦʙʢʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʨʠʚʦʜ 

ʩʧʠʜʦʤʝʪʨʘ; 

¶ ʤʝʭʘʥʠʟʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʝ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʥʘʜʝʞʥʦʡ ʬʠʢʩʘʮʠʠ ʚʢʣʶʯʝʥʥʦʡ ʩʪʫʧʝʥʠ ʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʟʥʘʢʘʤ: ʭʘʨʘʢʪʝʨʫ 

ʜʝʣʝʥʠʷ ʩʠʣʦʚʦʛʦ ʧʦʪʦʢʘ; ʢʦʣʠʯʝʩʪʚʫ ʩʪʫʧʝʥʝʡ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ; ʢʦʣʠʯʝʩʪʚʫ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ; 

ʚʟʘʠʤʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ; ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʧʨʠʚʦʜʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʤʦʩʪʘ. 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʜʝʣʝʥʠʷ ʩʠʣʦʚʦʛʦ ʧʦʪʦʢʘ ʨʘʟʣʠʯʘʶʪ ʨʘʟʜʘʪʦʯʥʳʝ ʢʦʨʦʙʢʠ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʧʨʠʚʦʜʦʤ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ, ʙʣʦʢʠʨʦʚʘʥʥʳʤ ʠ ʩʤʝʰʘʥʥʳʤ. ɹʣʦʢʠʨʦʚʘʥʥʳʡ ʧʨʠʚʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʣʠ ʩ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʞʝʩʪʢʦʡ ʩʚʷʟʴʶ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ ʠʣʠ ʩʦ ʩʚʷʟʴʶ ʩ ʧʦʤʦʱʴʶ ʤʫʬʪʳ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ. 

ʉʤʝʰʘʥʥʳʡ ʧʨʠʚʦʜ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʭ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʫʧʝʥʝʡ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʚ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʝ ï ʦʜʥʘ ʠʣʠ ʜʚʝ. 

ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʝʣ ʪʨʘʥʩʤʠʩʩʠʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʠʘʧʘʟʦʥ ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ 

ʥʝʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʧʦʣʥʦʧʨʠʚʦʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. 

ʏʠʩʣʦ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ ʚ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʝ ʯʘʱʝ ʚʩʝʛʦ ʜʚʘ. ʊʨʠ ʚʳʭʦʜʥʳʭ ʚʘʣʘ ʠʤʝʶʪ 

ʨʘʟʜʘʪʦʯʥʳʝ ʢʦʨʦʙʢʠ ʘʚʪʦʤʦʙʠʣʝʡ 6ʭ6 ʩ ʨʘʟʜʝʣʴʥʳʤ ʧʨʠʚʦʜʦʤ ʤʦʩʪʦʚ ʪʝʣʝʞʢʠ. 

ɺ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʢʘʭ ʩ ʜʚʫʤʷ ʚʳʭʦʜʥʳʤʠ ʚʘʣʘʤʠ ʧʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʠʤʝʪʴ ʩʦʦʩʥʦʝ ʠʣʠ 

ʥʝʩʦʦʩʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ. ʇʨʠ ʥʝʩʦʦʩʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʜʠʥ ʠʟ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ ʤʦʞʝʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʩʦʦʩʥʦ ʚʭʦʜʥʦʤʫ ʚʘʣʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʷʤʫʶ ʧʝʨʝʜʘʯʫ ʤʦʱʥʦʩʪʠ ʩ 

ʚʭʦʜʥʦʛʦ ʚʘʣʘ ʥʘ ʩʦʦʩʥʳʡ ʚʳʭʦʜʥʦʡ. 

ʇʦ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʧʨʠʚʦʜʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʝʜʫʱʝʛʦ ʤʦʩʪʘ, ʢʦʪʦʨʳʤ ʦʙʳʯʥʦ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʥʠʡ ʤʦʩʪ, ʨʘʟʣʠʯʘʶʪ ʨʘʟʜʘʪʦʯʥʳʝ ʢʦʨʦʙʢʠ ʩ ʧʦʩʪʦʷʥʥʦ ʚʢʣʶʯʝʥʥʳʤ ʠ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʚʢʣʶʯʘʝʤʳʤ ʧʝʨʝʜʥʠʤ ʤʦʩʪʦʤ. [2] 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ 
ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚʳʭ ʛʨʫʧʧ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ 

ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ. ʊʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʩʭʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1, 2 ʠ 3. [1] 

ʇʝʨʚʦʡ ʛʨʫʧʧʝ (ʨʠʩʫʥʦʢ 1) ʧʨʠʩʫʱʠ ʩʣʝʜʫʶʱʠʝ ʧʨʠʟʥʘʢʠ: 

¶ ʜʚʘ ʩʦʦʩʥʳʭ ʚʳʭʦʜʥʳʭ ʚʘʣʘ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʧʨʠʚʦʜʦʤ; 

¶ ʧʦʩʪʦʷʥʥʦ ʚʢʣʶʯʝʥʥʳʡ ʧʝʨʝʜʥʠʡ ʤʦʩʪ; 

ɺʪʦʨʦʡ ʛʨʫʧʧʝ (ʨʠʩʫʥʦʢ 2): 

¶ ʜʚʘ ʥʝʩʦʦʩʥʳʭ ʚʳʭʦʜʥʳʭ ʚʘʣʘ ʩ ʙʣʦʢʠʨʦʚʘʥʥʳʤ ʧʨʠʚʦʜʦʤ (ʦʜʠʥ ʠʟ ʥʠʭ ʩʦʦʩʝʥ 

ʚʭʦʜʥʦʤʫ ʚʘʣʫ); 

¶ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʢʣʶʯʘʝʤʳʡ ʧʝʨʝʜʥʠʡ ʤʦʩʪ. 

ʉʭʝʤʳ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ (ʨʠʩʫʥʦʢ 3) ʠʤʝʶʪ: 

¶ ʜʚʘ ʩʦʦʩʥʳʭ ʚʳʭʦʜʥʳʭ ʚʘʣʘ ʩ ʙʣʦʢʠʨʦʚʘʥʥʳʤ ʧʨʠʚʦʜʦʤ; 
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¶ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʢʣʶʯʘʝʤʳʡ ʧʝʨʝʜʥʠʡ ʤʦʩʪ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʳ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʧʨʠʚʦʜʦʤ:  

ʘ) ʋʈɸʃ - 375; ʙ) ʂɸʄɸɿ - 4310; ʚ) Zahnradfabrik çVG - 275. 380, 800è 

 

ʈʘʟʜʘʪʦʯʥʳʝ ʢʦʨʦʙʢʠ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʚʳʧʦʣʥʷʶʪʩʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʤʠ ʠ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʤʠ, 

ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʛʨʫʧʧ ï ʦʙʳʯʥʦ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʤʠ. 

ɼʣʷ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʥʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʧʨʠʚʦʜʝ ʚʝʜʫʱʠʭ ʤʦʩʪʦʚ 

ʮʠʨʢʫʣʷʮʠʠ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤʝʪʴ ʧʦʩʪʦʷʥʥʦ ʚʢʣʶʯʝʥʥʳʡ ʧʨʠʚʦʜ ʚʩʝʭ ʚʝʜʫʱʠʭ ʤʦʩʪʦʚ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʫʶ ʠʭ ʟʘʛʨʫʟʢʫ. ʈʘʟʜʘʪʦʯʥʳʝ ʢʦʨʦʙʢʠ ʵʪʦʡ ʛʨʫʧʧʳ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʝʨʚʦʤʫ ʠʟ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʡ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ 

ʧʨʦʭʦʜʠʤʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ ʚ ʩʣʦʞʥʳʭ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʢʘʭ ʧʝʨʚʦʡ ʛʨʫʧʧʳ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʫʬʪʘ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʙʣʦʢʠʨʦʚʢʠ ʤʝʞʦʩʝʚʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʘ (ʄɹ, ʨʠʩʫʥʦʢ 1)[3]. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʩ ʙʣʦʢʠʨʦʚʘʥʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʦʤ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʮʠʨʢʫʣʷʮʠʷ ʤʦʱʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʥʘ ʩʫʭʠʭ ʪʚʝʨʜʳʭ ʜʦʨʦʛʘʭ, ʛʜʝ ʮʠʨʢʫʣʠʨʫʶʱʠʡ ʤʦʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ, 

ʙʣʦʢʠʨʦʚʘʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣ ʥʝ ʨʘʟʨʝʰʘʝʪʩʷ. ʈʘʟʜʘʪʦʯʥʳʝ ʢʦʨʦʙʢʠ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʳ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ ʩ ʙʣʦʢʠʨʦʚʘʥʥʳʤ ʧʨʠʚʦʜʦʤ ʠ ʥʝʩʦʦʩʥʳʤʠ 

ʚʭʦʜʥʳʤʠ ʚʘʣʘʤʠ: ʘ) ɻɸɿ - 66, ʋɸɿ - 452; ʙ) Aystin Gipsy; ʚ) ɿʀʃ ï 131. 

 

ɺ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʢʘʭ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʝʩʪʴ ʧʨʷʤʘʷ ʧʝʨʝʜʘʯʘ ʩ ʚʭʦʜʥʦʛʦ ʚʘʣʘ ʥʘ ʩʦʦʩʥʳʡ ʩ 

ʥʠʤ ʚʳʭʦʜʥʦʡ ʚʘʣ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʧʨʷʤʦʡ ʧʝʨʝʜʘʯʝ ʚ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʝ ʘʚʪʦʤʦʙʠʣʴ ʨʘʙʦʪʘʝʪ 

ʢʘʢ ʥʝʧʦʣʥʦʧʨʠʚʦʜʥʳʡ, ʩ ʦʪʢʣʶʯʝʥʥʳʤ ʧʝʨʝʜʥʠʤ ʤʦʩʪʦʤ. ʇʨʠ ʵʪʦʤ ʧʦʜʰʠʧʥʠʢʠ ʠ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ 

ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ ʥʝ ʥʘʛʨʫʞʝʥʳ. ɼʣʷ ʨʘʙʦʪʳ ʘʚʪʦʤʦʙʠʣʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʥʦʧʨʠʚʦʜʥʦʛʦ ʚ 

ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʝ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʢʣʶʯʝʥʠʝ ʧʨʠʚʦʜʘ ʧʝʨʝʜʥʝʛʦ ʤʦʩʪʘ ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʝʜʚʠʞʥʦʡ ʟʫʙʯʘʪʦʡ ʤʫʬʪʳ. ʇʨʠʚʦʜ ʧʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʦʢʠʨʦʚʘʥʥʳʤ, ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʠ 

ʞʝʩʪʢʦʡ ʩʚʷʟʴʶ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ. ɺ ʢʦʥʪʫʨ ʚʦʟʤʦʞʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʤʦʱʥʦʩʪʠ ʚʭʦʜʷʪ ʟʫʙʯʘʪʳʝ 
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ʢʦʣʝʩʘ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʝʝ ʚʳʭʦʜʥʳʝ ʚʘʣʳ, ʢʘʨʜʘʥʥʳʝ ʠ ʛʣʘʚʥʳʝ ʧʝʨʝʜʘʯʠ, 

ʧʦʣʫʦʩʠ ʠ ʰʠʥʳ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʩʫʭʦʡ ʪʚʝʨʜʦʡ ʜʦʨʦʛʝ ʧʨʠʚʦʜ ʧʝʨʝʜʥʝʛʦ ʤʦʩʪʘ ʜʦʣʞʝʥ ʙʳʪʴ 

ʚʳʢʣʶʯʝʥ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʤʦʤʝʥʪʘ. ʈʘʟʜʘʪʦʯʥʳʝ ʢʦʨʦʙʢʠ ʚʪʦʨʦʡ 

ʛʨʫʧʧʳ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʣʠʰʴ 

ʧʝʨʠʦʜʠʯʝʩʢʠ, ʝʩʣʠ ʧʨʠ ʵʪʦʤ ʥʘ ʚʳʩʰʝʡ ʩʪʫʧʝʥʠ ʜʣʷ ʥʠʭ ʜʦʧʫʩʪʠʤʦ ʠʤʝʪʴ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ, 

ʨʘʚʥʦʝ ʝʜʠʥʠʮʝ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʳ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ ʩ ʙʣʦʢʠʨʦʚʘʥʥʳʤ ʧʨʠʚʦʜʦʤ ʠ ʩʦʦʩʥʳʤʠ ʚʳʭʦʜʥʳʤʠ 

ʚʘʣʘʤʠ: ʘ) Tatra ç138è; ʙ) Henschel; ʚ) Timken; ʛ) ʄɸɿ-7310 (ʧʨʦʭʦʜʥʦʡ ʨʝʜʫʢʪʦʨ). 

 

ʈʘʟʜʘʪʦʯʥʳʝ ʢʦʨʦʙʢʠ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ 

ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʷʤʦʡ ʧʝʨʝʜʘʯʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʭ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʠ ʧʦʜʰʠʧʥʠʢʠ 

ʥʘʛʨʫʞʝʥʳ ʧʨʠ ʚʩʝʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. ɹʣʦʢʠʨʦʚʘʥʥʳʡ ʧʨʠʚʦʜ ʚ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʢʘʭ ʪʨʝʪʴʝʡ 

ʛʨʫʧʧʳ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʞʝʩʪʢʦʡ ʩʚʷʟʴʶ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʜʚʠʞʥʦʡ ʟʫʙʯʘʪʦʡ ʤʫʬʪʳ (ʨʠʩʫʥʦʢ 3 ï ʘ, ʙ), ʠ ʩʦ ʩʚʷʟʴʶ ʫʢʘʟʘʥʥʳʭ 

ʚʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʤʫʬʪʳ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ, ʜʝʡʩʪʚʫʶʱʝʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ (ʨʠʩʫʥʦʢ 3 ï ʚ, ʛ). ɺ ʧʝʨʚʦʤ 

ʚʘʨʠʘʥʪʝ ʚʦʟʤʦʞʥʘ ʮʠʨʢʫʣʷʮʠʷ ʤʦʱʥʦʩʪʠ, ʦʜʥʘʢʦ ʙʣʘʛʦʜʘʨʷ ʩʦʦʩʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʚʳʭʦʜʥʳʭ 

ʚʘʣʦʚ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ ʚ ʢʦʥʪʫʨ ʮʠʨʢʫʣʷʮʠʠ ʥʝ ʚʭʦʜʷʪ. ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ 

ʮʠʨʢʫʣʷʮʠʷ ʤʦʱʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɺ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʪʠʧʦʚʳʭ ʩʭʝʤ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʙʱʠʤ ʯʠʩʣʦʤ ʚʘʣʦʚ, ʩʧʦʩʦʙʦʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʪʫʧʝʥʝʡ, ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 

ʧʝʨʝʢʣʶʯʝʥʠʷ. ʄʥʦʛʠʝ ʩʭʝʤʳ, ʢʨʦʤʝ ʚʭʦʜʥʦʛʦ ʚʘʣʘ ʠ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ, ʚʢʣʶʯʘʶʪ ʝʱʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʣ. ʉʭʝʤʳ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʚʘʣʦʤ ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʧʦʜʰʠʧʥʠʢʦʚ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʢʦʤʧʦʥʦʚʦʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʉʭʝʤʘ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʚʘʣʦʤ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʝʜʝʣʠʪʴ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʥʠʟʰʝʡ ʩʪʫʧʝʥʠ ʤʝʞʜʫ 

ʜʚʫʤʷ ʧʘʨʘʤʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʠʪʴ ʜʠʘʤʝʪʨ ʚʝʜʦʤʦʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʦʩʷʤʠ ʚʭʦʜʥʦʛʦ ʚʘʣʘ ʠ ʚʘʣʘ ʧʨʠʚʦʜʘ ʧʝʨʝʜʥʝʛʦ ʤʦʩʪʘ ʠ 

ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʣʘʭ ʥʠʟʰʝʡ ʩʪʫʧʝʥʠ ʩʭʝʤʘ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʚʘʣʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ 

ʢʦʤʧʘʢʪʥʦʩʪʴ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʝʤ ʩʭʝʤʘ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʚʘʣʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʩʦʦʩʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ ʚ ʩʭʝʤʝ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʚʘʣʦʤ ʤʝʥʴʰʝ 

ʨʝʘʢʪʠʚʥʳʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʵʣʝʤʝʥʪʳ ʢʨʝʧʣʝʥʠʷ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ. ɼʣʷ ʪʘʢʠʭ ʩʭʝʤ 

ʨʝʘʢʪʠʚʥʳʡ ʤʦʤʝʥʪ ʨʘʚʝʥ ʨʘʟʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʠ ʚʭʦʜʥʦʛʦ ʤʦʤʝʥʪʦʚ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʚʘʣʘ ʚ ʩʭʝʤʝ ʩ ʩʦʦʩʥʳʤʠ ʚʳʭʦʜʥʳʤʠ ʚʘʣʘʤʠ ʨʝʘʢʪʠʚʥʳʡ ʤʦʤʝʥʪ ʨʘʚʝʥ ʩʫʤʤʝ 

ʚʳʭʦʜʥʦʛʦ ʠ ʚʭʦʜʥʦʛʦ ʤʦʤʝʥʪʦʚ. 
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ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ: ʘ) ʂʨɸɿ - 255; ʙ) ɿʀʃ - 157ʂ; ʚ) 

Magirus-Deutz; ʛ) T-70 (ʉʐɸ); ʜ) Berliet; ʝ) Magirus ɼ15/ɼ22. 

 

ʅʘ ʨʠʩʫʥʢʫ 4 ʧʦʢʘʟʘʥʳ ʩʭʝʤʳ ʥʝʢʦʪʦʨʳʭ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʦʢ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʪʠʧʦʚʳʭ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʭʝʤ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 4, ʘ, ʙ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʪʨʝʭ ʚʳʭʦʜʥʳʭ ʚʘʣʦʚ. ʇʝʨʚʘʷ 

ʠʤʝʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʧʨʠʚʦʜ ʢ ʩʨʝʜʥʝʤʫ ʠ ʟʘʜʥʝʤʫ ʤʦʩʪʫ ʠ ʙʣʦʢʠʨʦʚʘʥʥʳʡ ï ʢ ʧʝʨʝʜʥʝʤʫ; 

ʚʪʦʨʘʷ ï ʙʣʦʢʠʨʦʚʘʥʥʳʡ ʧʨʠʚʦʜ ʢʦ ʚʩʝʤ ʪʨʝʤ ʤʦʩʪʘʤ. ɼʣʷ ʩʭʝʤ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 4, ʚ, ʛ, 

ʭʘʨʘʢʪʝʨʥʦ ʨʘʟʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʟʫʙʯʘʪʳʝ ʟʘʮʝʧʣʝʥʠʷ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ 

ʠʤʝʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʧʨʠʚʦʜ; ʧʦʪʦʢ ʤʦʱʥʦʩʪʠ ʥʘ ʚʭʦʜʥʦʤ ʚʘʣʫ ʜʝʣʠʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʦʜʠʥʘʢʦʚʳʤʠ ʟʫʙʯʘʪʳʤʠ ʧʝʨʝʜʘʯʘʤʠ, ʘ ʩʫʤʤʠʨʫʝʪʩʷ ʥʘ ʢʦʨʧʫʩʝ ʜʠʬʬʝʨʝʥʮʠʘʣʘ. ʇʨʠ ʪʘʢʦʡ ʩʭʝʤʝ 

ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʨʘʚʥʦʤʝʨʥʦʡ ʟʘʛʨʫʟʢʠ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʝʨʝʜʘʯ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʧʦʣʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʣʝʜʥʠʭ. 

ɺʪʦʨʘʷ ʩʭʝʤʘ (ʨʠʩʫʥʦʢ 4, ʛ) ʠʤʝʝʪ ʜʚʘ ʠʜʝʥʪʠʯʥʳʭ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʨʝʜʫʢʪʦʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʟʘ 

ʤʝʞʦʩʝʚʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʦʤ. ɿʘ ʩʯʝʪ ʫʩʣʦʞʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʘʷ 

ʟʘʛʨʫʟʢʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʝʜʫʢʪʦʨʦʚ. 

ɺ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 4, ʜ, ʪʨʠ ʚʳʭʦʜʥʳʭ ʚʘʣʘ ï ʚʘʣ ʙʣʦʢʠʨʦʚʘʥʥʦʛʦ ʧʨʠʚʦʜʘ 

ʟʘʜʥʝʛʦ ʤʦʩʪʘ ʠ ʜʚʘ ʚʘʣʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʧʨʠʚʦʜʘ ʙʦʨʪʦʚʳʭ ʧʝʨʝʜʘʯ ʧʝʨʝʜʥʠʭ ʢʦʣʝʩ. ʇʨʠʥʷʪʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʫʬʪ ʧʝʨʝʢʣʶʯʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘ ʚʳʩʰʝʡ ʩʪʫʧʝʥʠ ʧʨʷʤʫʶ ʧʝʨʝʜʘʯʫ ʚʩʝʡ 

ʤʦʱʥʦʩʪʠ ʥʘ ʟʘʜʥʠʡ ʤʦʩʪ. 

ʅʘ ʨʠʩʫʥʢʝ 4, ʝ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ ʩ ʧʣʘʥʝʪʘʨʥʳʤ 

ʨʝʜʫʢʪʦʨʦʤ. ʇʣʘʥʝʪʘʨʥʳʡ ʪʨʝʭʟʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʜʫʢʪʦʨʘ ʥʘ ʚʳʩʰʝʡ 

ʩʪʫʧʝʥʠ, ʧʨʠ ʵʪʦʤ ʚʩʷ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʟʘʜʥʠʡ ʤʦʩʪ. ʅʘ ʥʠʟʰʝʡ ʩʪʫʧʝʥʠ ʚʢʣʶʯʝʥʳ ʦʙʘ ʤʦʩʪʘ 

ʠ ʫʢʘʟʘʥʥʳʡ ʧʣʘʥʝʪʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʤʝʞʦʩʝʚʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʘ, ʢʦʪʦʨʳʡ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʙʣʦʢʠʨʦʚʘʥ. 

ɺ ʨʘʟʜʘʪʦʯʥʳʭ ʢʦʨʦʙʢʘʭ ʛʨʫʟʦʚʳʭ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʫʩʪʘʥʦʚʢʘ ʤʝʭʘʥʠʟʤʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ. ʆʪʙʦʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʚʭʦʜʥʦʛʦ ʚʘʣʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʷʪʦʡ ʩʭʝʤʳ ʧʨʠ ʨʘʙʦʪʝ ʤʝʭʘʥʠʟʤʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ 

ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ ʤʦʛʫʪ ʚʨʘʱʘʪʴʩʷ ʙʝʟ ʥʘʛʨʫʟʢʠ (ʩʤ. ʨʠʩʫʥʦʢ 1, ʙ; 3, ʙ) ʠʣʠ ʙʳʪʴ ʥʝʧʦʜʚʠʞʥʳʤʠ 

(ʩʤ. ʨʠʩʫʥʦʢ 1, ʘ, ʚ; 3, ʘ, ʚ). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʝ 

ʩʤʘʟʳʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʠ ʠ ʤʝʭʘʥʠʟʤʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ ʨʘʟʙʨʳʟʛʠʚʘʥʠʝʤ ʤʘʩʣʘ. 

ɺʦ ʚʪʦʨʦʤ ï ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʩʤʘʟʳʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʝʭʘʥʠʟʤʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʧʦʜʰʠʧʥʠʢʦʚ ʚʭʦʜʥʦʛʦ ʚʘʣʘ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʥʝʤ ʰʝʩʪʝʨʝʥ ʤʘʩʣʦʤ, ʧʦʧʘʚʰʠʤ ʥʘ ʜʝʪʘʣʠ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ. ɽʩʣʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʤʝʭʘʥʠʟʤʘ ʦʪʙʦʨʘ 
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ʤʦʱʥʦʩʪʠ, ʪʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʘʩʣʷʥʳʡ ʥʘʩʦʩ ʩ ʧʨʠʚʦʜʦʤ ʦʪ ʚʭʦʜʥʦʛʦ ʚʘʣʘ ʠʣʠ ʚʘʣʘ ʤʝʭʘʥʠʟʤʘ 

ʦʪʙʦʨʘ. 

ɺʳʚʦʜ 

ʈʘʟʜʘʪʦʯʥʳʝ ʢʦʨʦʙʢʠ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʧʨʠʚʦʜʦʤ ʧʨʠʤʝʥʷʶʪ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʠʚʦʜ ʢ 

ʧʝʨʝʜʥʝʤʫ ʤʦʩʪʫ ʧʨʝʜʥʘʟʥʘʯʝʥ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʭʦʜʠʤʦʩʪʠ, ʥʦ ʠ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʮʝʧʥʦʛʦ ʚʝʩʘ, ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʧʝʨʝʜʥʶʶ ʦʩʴ, ʜʣʷ ʨʘʟʛʨʫʟʢʠ ʟʘʜʥʝʛʦ ʤʦʩʪʘ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʪʷʛʦʚʦʡ ʩʠʣʳ ʥʘ ʚʝʜʫʱʠʭ ʢʦʣʸʩʘʭ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦʣʥʦʧʨʠʚʦʜʥʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ ʧʦ ʜʦʨʦʛʘʤ ʩ ʪʚʸʨʜʳʤ ʠ ʩʫʭʠʤ ʧʦʢʨʳʪʠʝʤ ʥʘʣʠʯʠʝ ʤʝʞʦʩʝʚʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʚ 

ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʮʠʨʢʫʣʷʮʠʶ ʧʘʨʘʟʠʪʥʦʡ 

ʤʦʱʥʦʩʪʠ. 

ʉʭʝʤʫ ʩ ʧʨʷʤʦʡ ʧʝʨʝʜʘʯʝʡ ʠ ʙʣʦʢʠʨʦʚʘʥʥʳʤ ʧʨʠʚʦʜʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʠʚʦʜ ʢ ʧʝʨʝʜʥʝʤʫ ʤʦʩʪʫ ʧʨʝʜʥʘʟʥʘʯʝʥ ʪʦʣʴʢʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʭʦʜʠʤʦʩʪʠ ʥʘ 

ʫʯʘʩʪʢʘʭ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʮʝʧʣʝʥʠʝʤ ʚʝʜʫʱʠʭ ʢʦʣʸʩ ʠ ʚʢʣʶʯʘʝʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ.  

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʦ ʩʭʝʤ ʤʝʞʦʩʝʚʦʛʦ ʧʨʠʚʦʜʘ, ʛʦʚʦʨʠʪ ʥʘʤ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʙʣʝʤʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʞʦʩʝʚʦʛʦ ʧʨʠʚʦʜʘ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ 

ʨʝʰʝʥʘ. ʅʠ ʦʜʥʘ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʭʝʤ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ (ʦʪ ʙʝʟʜʦʨʦʞʴʷ ʜʦ ʜʦʨʦʛ ʩ ʪʚʸʨʜʳʤ ʠ ʩʫʭʠʤ 

ʧʦʢʨʳʪʠʝʤ) ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦʟʣʦʞʝʥʥʳʭ ʬʫʥʢʮʠʡ ʥʘ ʚʦʜʠʪʝʣʷ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʩʦʟʜʘʚʘʪʴ ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʩʨʘʙʘʪʳʚʘʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ, ʙʫʜʴ ʪʦ ʙʝʟʜʦʨʦʞʴʝ ʠʣʠ ʪʚʸʨʜʦʝ ʠ ʩʫʭʦʝ ʧʦʢʨʳʪʠʝ, ʪʘʢʠʝ ʤʝʭʘʥʠʟʤʳ ʧʦʟʚʦʣʷʪ 

ʩʥʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʩ ʚʦʜʠʪʝʣʷ, ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʫʤʝʥʴʰʠʪʴ ʠʟʥʦʩ ʪʨʘʥʩʤʠʩʩʠʠ 

ʠ ʰʠʥ. ʅʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʭʘʥʠʟʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʙʣʦʢʠʨʦʚʢʠ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʚ ʨʘʟʜʘʪʦʯʥʦʡ 

ʢʦʨʦʙʢʝ.  
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ʐʘʨʳʧʦʚ ɼʘʥʠʣ ɸʥʜʨʝʝʚʠʯ 

Sharypov Danil Andreevich 

ʉʪʫʜʝʥʪ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʬʘʢʫʣʴʪʝʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ 

ʤʘʪʝʤʘʪʠʢʠ, ʥʘʧʨʘʚʣʝʥʠʝ ñʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴò 
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ʄʅʆɻʆɿɸɼɸʏʅʆʉʊʔ ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʓʍ ʉʀʉʊɽʄ ʅɸ ɹɸɿɽ ARDUINO  AVR 
 

MULTI -TASK OF ROBOTIZED SYSTEMS BASED ON ARDUINO AVR  

 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ Arduino AVR. 

Annotation: The article is devoted to the development of the implementation of the multitasking 

robotic system based on the Arduino AVR. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ɸɺʈ, ɸʨʜʫʠʥʦ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. 

Keywords: robotics, AVR, Arduino, microcontroller. 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʭʥʦʣʦʛʠʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʢʠ ʠ ʪʝʣʝʤʝʭʘʥʠʢʠ ʪ. ʝ. ʚ 

ʨʦʙʦʪʦʪʝʭʥʠʢʝ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ AVR ʢʦʥʪʨʦʣʣʝʨʦʚ ʥʘ ʙʘʟʝ 

ɸʨʜʫʠʥʦ. ʕʪʦ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʳʛʦʜʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʮʝʥʳ. ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ 

ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʬʫʥʢʮʠʡ ʦʪʜʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʠʩʧʦʣʥʷʝʤʳʭ ʦʪʜʝʣʴʥʳʤ ɸʨʜʫʠʥʦ-

ʤʦʜʫʣʝʤ, ʯʪʦ ʧʨʠ ʚʩʝʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʝʝ 

ʧʨʠʤʝʥʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʦʙʲʝʜʠʥʠʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ɸʨʜʫʠʥʦ ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ 

ʨʝʘʣʠʟʦʚʘʪʴ ʪʨʝʙʫʝʤʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. ʄʥʦʛʦʟʘʜʘʯʥʦʩʪʴ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

1.  ʀʥʪʝʥʩʠʚʥʦʝ ʥʘʨʘʱʠʚʘʥʠʝ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʱʥʦʩʪʝʡ ʩ ʮʝʣʴʶ 

ʜʦʩʪʠʞʝʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʢʦʪʦʨʳʝ ʥʝʠʟʙʝʞʥʦ ʚʳʟʦʚʫʪ ʟʘ ʩʦʙʦʡ ʧʦʚʳʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ 

ʧʨʦʜʫʢʪʳ.  

2.  ʇʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʦʜʥʫ 

ʬʫʥʢʮʠʶ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʧʦ ʩʚʦʝʡ ʩʪʦʠʤʦʩʪʠ ʥʝ ʚʝʣʠʢʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʫ ʥʠʭ ʜʦʩʪʘʪʦʯʥʘʷ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʜʥʦʡ ʬʫʥʢʮʠʠ. 

ɺ ʉɺɻʋ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʝʢʪ ʘʥʪʨʦʧʦʤʦʨʬʥʦʛʦ ʨʦʙʦʪʘ ñʌʝʥʠʤʯʠʢò, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʦʙʱʝʥʠʷ ʩ ʜʝʪʴʤʠ. ʈʦʙʦʪ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ ʬʫʥʢʮʠʠ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʜʚʠʞʝʥʠʷ, 

ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʫʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʷ ʛʦʣʦʩʦʚʦʝ.   

ʎʝʣʠ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ AVR ʚ ʯʘʩʪʥʦʩʪʠ Arduino. ʎʝʥʪʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʤʘʩʪʝʨ-ʢʦʥʪʨʦʣʣʝʨʦʤ ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ Arduino Mega ADK. 

ʇʝʨʠʬʝʨʠʡʥʳʝ ʬʫʥʢʮʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʦʜʫʣʷʤʠ ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

Arduino Uno. ʊʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʫʧʨʘʚʣʷʪʴ 

ʚʩʝʤʠ ʬʫʥʢʮʠʷʤʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʤʠ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʤʦʜʫʣʷʤʠ ʠ ʨʝʰʠʪʴ ʚʦʧʨʦʩʳ ʘʧʧʘʨʘʪʥʦʛʦ ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʦʧʨʷʞʝʥʠʝ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʫʣʝʡ. 

ʈʝʘʣʠʟʘʮʠʷ 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʦʤʫ ʧʝʨʠʬʝʨʠʡʥʦʤʫ ʤʦʜʫʣʶ ʥʘʟʥʘʯʘʝʪʩʷ 

ʩʚʦʷ ʨʝʘʣʠʟʫʝʤʘʷ ʬʫʥʢʮʠʷ. ʄʥʦʛʦʟʘʜʘʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʩʪʘʚʦʤ ʬʫʥʢʮʠʡ, 

ʚʳʧʦʣʥʷʝʤʳʭ ʢʘʞʜʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʆʙʱʝʝ ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʵʪʠʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ, ʧʝʨʝʜʘʸʪʩʷ ʥʘ 

ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʥʪʨʦʣʣʝʨ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʫʞʥʦ ʨʝʰʠʪʴ ʨʷʜ ʟʘʜʘʯ:  

1. ʈʘʟʨʘʙʦʪʘʪʴ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʨʭʠʪʝʢʪʫʨʳ.  

2. ʈʘʟʨʘʙʦʪʘʪʴ ʬʫʥʢʮʠʠ ʨʝʘʣʠʟʫʝʤʳʝ ʢʘʞʜʦʡ ʠʟ ʧʦʜʩʠʩʪʝʤ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʧʦʜʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʩʠʩʪʝʤʝ ʢʦʤʘʥʜ ʠ ʩʦʙʳʪʠʡ. 

ʉʭʝʤʘ ʤʦʜʫʣʴʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1. ʄʦʜʫʣʴʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ 

a) ʄʦʜʫʣʴ ʣʠʮʘ ï ʦʪʚʝʯʘʝʪ ʟʘ ʣʠʮʝʚʫʶ ʘʥʠʤʘʮʠʶ ʨʦʙʦʪʘ. 

b) ʀʤʠʪʘʪʦʨ ʩʝʨʜʮʘ ï ʠʤʠʪʠʨʫʝʪ ʨʘʙʦʪʫ ʩʝʨʜʮʘ ʢʘʢ ʫ ʯʝʣʦʚʝʢʘ.  

c) ɻʦʣʦʩʦʚʦʡ ʤʦʜʫʣʴ ï ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʤʤʫʥʠʢʘʪʠʚʥʫʶ ʬʫʥʢʮʠʶ ʨʦʙʦʪʘ.  

d) ɼʨʘʡʚʝʨ ʤʦʪʦʨʦʚ ï ʦʪʚʝʯʘʝʪ ʟʘ ʜʚʘ ʜʚʠʛʘʪʝʣʷ ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʨʦʙʦʪʘ ʚ ʜʚʠʞʝʥʠʝ.  

e) ʀʂ (ʠʥʬʨʘʢʨʘʩʥʦʝ) ʫʧʨʘʚʣʝʥʠʝ ï ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʨʦʙʦʪʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʩ 

ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʧʫʣʴʪʘ 

f) Bluetooth ʤʦʜʫʣʴ ï ʧʦʟʚʦʣʷʝʪ ʧʦʜʘʚʘʪʴ ʨʦʙʦʪʫ ʢʦʤʘʥʜʳ ʩ ʩʤʘʨʪʬʦʥʘ.  

g) ʄʘʩʪʝʨ-ʢʦʥʪʨʦʣʣʝʨ ï ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʨʦʙʦʪʘ, ʚʳʧʦʣʥʷʶʱʘʷ ʟʘʜʘʥʥʳʝ ʧʨʦʛʨʘʤʤʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʩʫʱʝʩʪʚʣʷʶʱʘʷ ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. 

ʉʠʩʪʝʤʘ ʬʫʥʢʮʠʡ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ, ʥʘ ʩʪʝʨʝʦʪʠʧʘʭ ʢʣʘʩʩʦʚ ʩʠʩʪʝʤʳ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.  

 

 
                                         ʈʠʩ. 2. ʉʭʝʤʘ ʬʫʥʢʮʠʡ ʩʠʩʪʝʤʳ 

 

ʄʥʦʛʦʟʘʜʘʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʥʦʛʦʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ 
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ʢʘʞʜʳʡ ʤʦʜʫʣʴ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʦʪʜʝʣʴʥʫʶ ʬʫʥʢʮʠʶ. ʆʩʥʦʚʥʳʤʠ ʤʦʜʫʣʷʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

1. mMC ʠʣʠ (module MasterController) ï ʦʩʥʦʚʥʘʷ ʮʝʣʴ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʧʨʠʚʦʜʠʪʴ ʚ 

ʜʝʡʩʪʚʠʝ ʜʨʫʛʠʝ ʤʦʜʫʣʠ: mFace, mVoice, mHeart, mDrivers. ʆʥ ʩʦʝʜʠʥʷʝʪ ʤʦʜʫʣʠ ʚ ʩʠʩʪʝʤʫ 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʨʝʘʣʠʟʫʝʪʩʷ ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʴ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

2. mFace ï ʤʦʜʫʣʴ ʣʠʮʘ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʨʘʙʦʪʘʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦ ʩ mVoice ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʟʚʫʢʘ ʠ ʣʠʮʝʚʦʡ ʘʥʠʤʘʮʠʠ.  

3. ʤVoice ï ʛʦʣʦʩʦʚʦʡ ʤʦʜʫʣʴ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʚʩʝʛʜʘ ʨʘʙʦʪʘʝʪ ʚʤʝʩʪʝ ʩ ʤʦʜʫʣʝʤ ʣʠʮʘ. 

ʆʥ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʪʘʢʠʝ ʢʘʢ ʧʨʠʚʝʪʩʪʚʠʝ, ʧʨʦʠʛʨʳʚʘʥʠʝ ʤʫʟʳʢʠ, ʨʘʩʩʢʘʟ ʩʢʘʟʢʠ 

ʠʣʠ ʪʦʩʪʘ.  

4. mHeart ï ʤʦʜʫʣʴ ʩʝʨʜʮʝʙʠʝʥʠʷ. ʄʦʜʫʣʴ ʩʝʨʜʮʝʙʠʝʥʠʷ ʨʘʙʦʪʘʝʪ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, 

ʪʘʢ ʠ ʚʤʝʩʪʝ ʩ ʤʦʜʫʣʝʤ mDrivers ʫʩʠʣʠʚʘʷ ʠʣʠ ʫʤʝʥʴʰʘʷ ʩʚʦʶ ʯʘʩʪʦʪʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ 

ʩʢʦʨʦʩʪʠ. 

5. mDrivers ï ʤʦʜʫʣʴ ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʜʚʠʞʝʥʠʝ ʨʦʙʦʪʘ. 

ɺʩʝʛʦ ʨʘʟʨʘʙʦʪʘʥʦ 7 ʩʮʝʥʘʨʠʝʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʮʝʥʘʨʠʡ 1. 

ʉʮʝʥʘʨʠʡ 1. ñɼʚʠʞʝʥʠʝ ʨʦʙʦʪʘ ʩ ʚʢʣʶʯʝʥʥʦʡ ʤʫʟʳʢʦʡò. 

C ʧʦʤʦʱʴʶ ʀʂ ʧʫʣʴʪʘ, ʩʤʘʨʪʬʦʥʘ ʠʣʠ ʛʦʣʦʩʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʝʪʩʷ ʢʦʤʘʥʜʳ v (music), 

ʧʦʩʣʝ ʯʝʛʦ ʤʦʜʫʣʴ mMC ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʝʪ ʵʪʫ ʢʦʤʘʥʜʫ ʧʝʨʝʜʘʝʪ ʝʝ ʚ ʤʦʜʫʣʴ mVoice. ɻʦʣʦʩʦʚʦʡ 

ʤʦʜʫʣʴ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʤʫʟʳʢʫ ʚ ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʧʦʩʪʫʧʠʪ ʢʦʤʘʥʜʘ q (stop). 

ʉʣʝʜʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ ʚʠʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʸʪʩʷ ʢʦʤʘʥʜʘ ʜʚʠʞʝʥʠʷ ʚ 

ʤʦʜʫʣʴ mDrivers (ʤʦʜʫʣʴ ʜʨʘʡʚʝʨʘ ʤʦʪʦʨʘ).  

ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʮʝʥʘʨʠʠ:  

ʉʮʝʥʘʨʠʡ 2. ñʂʦʤʤʫʥʠʢʘʮʠʷ ʩ ʯʝʣʦʚʝʢʦʤ ʩ ʧʦʤʦʱʴʶ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜò. 

ʉʮʝʥʘʨʠʡ 3. ñʂʦʤʤʫʥʠʢʘʮʠʷ ʩ ʯʝʣʦʚʝʢʦʤ ʩ ʀʂ ʧʫʣʴʪʘò. 

ʉʮʝʥʘʨʠʡ 4. ñʂʦʤʤʫʥʠʢʘʮʠʷ ʩ ʯʝʣʦʚʝʢʦʤ ʩʦ ʩʤʘʨʪʬʦʥʘò. 

ʉʮʝʥʘʨʠʡ 5. ñɼʚʠʞʝʥʠʝ ʨʦʙʦʪʘ ʩ ʀʂ ʧʫʣʴʪʘò. 

ʉʮʝʥʘʨʠʡ 6. ñɼʚʠʞʝʥʠʝ ʨʦʙʦʪʘ ʩʦ ʩʤʘʨʪʬʦʥʘò. 

ʉʮʝʥʘʨʠʡ 7. ñɼʚʠʞʝʥʠʝ ʨʦʙʦʪʘ ʩ ʧʦʤʦʱʴʶ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜò. 

ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʠʪʦʛʝ ʨʘʙʦʪʳ, ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ɸʣʛʦʨʠʪʤʳ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ. 

2. ʇʨʦʪʦʢʦʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʘʩʪʝʨ 

ʢʦʥʪʨʦʣʣʝʨʘ. 

3. ʂʦʜʳ ʧʨʦʛʨʘʤʤ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʫʣʷʤʠ. 

4. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʤʦʜʫʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʣʶʙʳʭ 

ʤʥʦʛʦʟʘʜʘʯʥʳʭ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʙʘʟʝ Arduino ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ AVR, 

ARM ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʭ. ʈʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʧʦ ʧʫʪʠ ʘʥʘʣʠʟʘ ʠ ʧʦʩʪʨʦʝʥʠʷ ʩʨʝʜʩʪʚ 

ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʴʶ, ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʙʘʟʝ ʫʢʘʟʘʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. 

ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʚʳʩʪʘʚʢʝ ñɼʥʠ ʜʘʣʴʥʝʛʦ ʚʦʩʪʦʢʘò ʚ ʛ. ʄʦʩʢʚʘ 12 

ʜʝʢʘʙʨʷ 2018 ʛ. 
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ɸʅʊʈʆʇʆʄʆʈʌʅʓʁ ʈʆɹʆʊ ʉʈɽɼʉʊɺɸʄʀ 3D-ʇɽʏɸʊʀ 

 

ANTHROPOMORPHIC ROBOT BY MEANS OF 3D PRINTING  

 
ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʘʥʪʨʦʧʦʤʦʨʬʥʦʛʦ 

ʨʦʙʦʪʘ ʠ ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʤ 3D ʧʝʯʘʪʠ. 

Annotation:  The Article is devoted to the development of mechanical structures for 

anthropomorphic robot and their implementation by 3D printing. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʙʦʪʦʪʝʭʥʠʢʘ, 3D ʧʝʯʘʪʴ, ʘʥʪʨʦʧʦʤʦʨʬʠʟʤ. 

Keywords: robotics, 3D printing, anthropomorphism. 

ɺʚʝʜʝʥʠʝ. ɺʩʝ ʯʘʱʝ ʥʘʯʠʥʘʶʪ ʧʦʷʚʣʷʪʴʩʷ ʨʦʙʦʪʳ, ʩʦʟʜʘʥʥʳʝ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ 

ʣʶʜʴʤʠ. ʀ ʵʪʦ ʥʝ ʫʜʠʚʠʪʝʣʴʥʦ, ʤʘʣʦ ʢʪʦ ʠʟ ʣʶʜʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʚʦʶ ʞʠʟʥʴ ʙʝʟ ʦʙʱʝʥʠʷ. ʄʳ 

ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʤʩʷ ʚ ʢʦʣʣʝʢʪʠʚʝ, ʩʪʨʝʤʠʤʩʷ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʥʦʚʳʤʠ ʣʶʜʴʤʠ, ʚʦʡʪʠ ʚ ʥʦʚʫʶ 

ʢʦʤʧʘʥʠʶ ʠ ʨʘʩʰʠʨʠʪʴ ʢʨʫʛ ʦʙʱʝʥʠʷ, ʥʦ ʦʩʦʙʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʢ ʪʘʢʦʤʫ ʨʦʜʫ ʢʦʤʤʫʥʠʢʘʮʠʡ 

ʠʩʧʳʪʳʚʘʶʪ ʜʝʪʠ. ʇʨʠ ʧʦʤʦʱʠ ʦʙʱʝʥʠʷ ʦʥʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʥʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʠʤ 

ʧʦʟʥʘʚʘʪʴ ʤʠʨ ʠ ʫʯʠʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʢʨʫʞʘʶʱʠʤʠ. 

ɺ ʉɺɻʋ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʝʢʪ ʘʥʪʨʦʧʦʤʦʨʬʥʦʛʦ ʨʦʙʦʪʘ ñʌɽʅʠʄʯʠʢò, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʦʙʱʝʥʠʷ ʩ ʜʝʪʴʤʠ. ʈʦʙʦʪ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ ʬʫʥʢʮʠʠ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʜʚʠʞʝʥʠʷ ʠ 

ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʦ ʪʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʥʝʰʥʠʡ ʚʠʜ. ʊʘʢ 

ʢʘʢ ʨʦʙʦʪ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʪʦ ʯʝʣʦʚʝʢ, ʧʨʠ ʚʩʪʫʧʣʝʥʠʠ ʩ ʥʠʤ ʚ ʦʙʱʝʥʠʝ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʙʫʜʝʪ ʩʤʦʪʨʝʪʴ ʥʘ ʥʝʛʦ. ʈʦʙʦʪ ʚʥʝʰʥʝ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʘʥʪʨʦʧʦʤʦʨʬʥʳʤʠ ʯʝʨʪʘʤʠ. 

ʅʝʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʥʪʨʦʧʦʤʦʨʬʥʦʩʪʠ, ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʢʘʢ 

ʥʝʢʘʷ ʧʨʦʝʢʮʠʷ ʢʩʝʥʦʬʦʙʠʠ ʚ ʩʦʟʥʘʥʠʠ ʯʝʣʦʚʝʢʘ ʧʨʠ ʚʩʪʨʝʯʝ ʩ ʥʝʟʥʘʢʦʤʳʤ ʠ ʤʘʣʦ ʧʦʭʦʞʠʤ ʥʘ ʥʝʛʦ 

ʦʙʲʝʢʪʦʤ. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʩʨʝʜʩʪʚ 3D ʧʝʯʘʪʠ ʚʳʧʦʣʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ [1; 2; 3; 4; 5]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʧʦʢʘʟʘʥ ʭʦʜ ʨʝʘʣʠʟʘʮʠʠ ʧʣʝʯ ʠ ʛʦʣʦʚʳ. 

ɻʦʣʦʚʘ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʛʦʣʦʚʳ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʯʝʩʪʴ ʨʘʟʤʝʨʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʵʣʝʢʪʨʦʥʠʢʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʡ. ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʪʚʝʨʩʪʠʷ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʘʥʪʨʦʧʦʤʦʨʬʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʨʠʩ.1): ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʨʦʚʦʜʦʚ (1), ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʘʫʜʠʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ (2), ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʵʢʨʘʥʘ ʣʠʮʘ (3). 

 
ʈʠʩ.1. ɺʥʝʰʥʠʡ ʚʠʜ ʢʦʥʩʪʨʫʢʮʠʠ ʛʦʣʦʚʳ 

ɼʣʷ ʤʦʥʪʘʞʘ, ʛʦʣʦʚʫ ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 8 ʯʘʩʪʝʡ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʨʘʚʠʣʴʥʫʶ 

ʩʙʦʨʢʫ ʠ ʩʦʭʨʘʥʝʥʠʝ ʬʦʨʤʳ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʠʩʪʝʤʘ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʰʢʘʥʪʦʚ (ʨʠʩ.2).  

mailto:krash99991@gmail.com


ƓƬƭƫƺƴƧƷƵƫƴƧǆ ƴƧƺƾƴƧǆ ƱƵƴƻƬƷƬƴƽƯǆ «ƙƬƼƴƵƱƵƴƪƷƬƸƸ»                                                      www.t-nauka.ru 

         15  
 

  

 
ʈʠʩ.2. ʉʠʩʪʝʤʘ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʰʢʘʥʪʦʚ 

ʃʠʮʝʚʘʷ ʨʘʤʢʘ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʨʦʙʦʪʘ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʩʜʝʣʘʪʴ 

ʣʠʮʦ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʜʠʦʜʥʳʭ ʤʘʪʨʠʮ (ʨʠʩ.3), ʧʦʚʝʨʭ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʧʨʦʟʨʘʯʥʘʷ ʧʘʥʝʣʴ, 

ʩʚʝʪʦʚʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʥʳʭ 

ʤʘʪʨʠʮ. 

 
ʈʠʩ.3. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʚʝʪʦʜʠʦʜʥʳʭ ʤʘʪʨʠʮ ʚ ʣʠʮʝ 

ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʩ ʮʝʣʴʶ ʩʢʨʳʪʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ 

ʠʩʢʣʶʯʝʥʠʷ ʟʘʩʚʝʪʢʠ, ʟʘ ʩʯʸʪ ʧʨʦʧʫʩʢʘʥʠʷ ʚʥʝʰʥʝʛʦ ʩʚʝʪʘ ʚʦ ʚʥʫʪʨʴ. ɺʩʝ ʜʝʪʘʣʠ ʧʝʯʘʪʘʣʘʩʴ ʯʝʨʥʳʤ 

ʧʣʘʩʪʠʢʦʤ, ʯʪʦʙʳ ʚʝʩʴ ʩʚʝʪ, ʧʦʧʘʜʘʶʱʠʡ ʚʥʫʪʨʴ, ʧʦʛʣʦʱʘʣʩʷ. 

ʃʠʮʝʚʘʷ ʨʘʤʢʘ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʩʲʸʤʥʳʡ ʵʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʙʳʣ ʚʳʙʨʘʥ ʩ ʪʦʡ ʮʝʣʴʶ, ʯʪʦʙʳ ʠʤʝʪʴ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ ʢ ʵʣʝʤʝʥʪʘʤ ʵʣʝʢʪʨʦʥʠʢʠ, 

ʥʘʭʦʜʷʱʠʤʩʷ ʚʥʫʪʨʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʙʝʟ ʧʦʣʥʦʡ ʨʘʟʙʦʨʢʠ ʫʟʣʘ. ʆʥʘ ʙʳʣʘ ʧʦʜʝʣʝʥʘ ʥʘ 4 ʯʘʩʪʠ, ʥʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʛʦʣʦʚʳ, ʩʝʛʤʝʥʪʳ ʢʨʝʧʷʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦʜ ʜʨʫʛʠʤ ʫʛʣʦʤ (ʨʠʩ.4). ʕʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʚʩʪʘʚʢʠ ʩʪʝʢʣʘ ʚ ʧʘʟʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

 
ʈʠʩ.4. ʃʠʮʝʚʘʷ ʨʘʤʢʘ 

ʇʣʝʯʠ. ʇʣʝʯʠ ʨʦʙʦʪʘ ʷʚʣʷʶʪʩʷ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʛʦʣʦʚʦʡ ʠ ʦʩʥʦʚʥʳʤ ʢʦʨʧʫʩʦʤ. 

ɼʘʥʥʳʡ ʵʣʝʤʝʥʪ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʬʦʨʤ ʢ ʦʢʨʫʛʣʳʤ (ʨʠʩ.5). 
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ʈʠʩʫʥʦʢ 5. ʇʦʣʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʛʦʣʦʚʳ ʠ ʧʣʝʯ 

ɼʣʷ ʤʦʥʪʘʞʘ ʧʣʝʯ, ʢʦʥʩʪʨʫʢʮʠʶ ʨʘʟʜʝʣʠʣʠ ʥʘ 8 ʯʘʩʪʝʡ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʝʧʣʝʥʠʷ ʢ ʦʩʥʦʚʥʦʤʫ ʢʦʨʧʫʩʫ ʨʦʙʦʪʘ (ʨʠʩ.6). 

 
ʈʠʩ.6. ʇʣʝʯʠ 

ʐʝʡʥʘʷ ʚʩʪʘʚʢʘ. ʊʘʢ ʢʘʢ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʨʦʙʦʪʘ ʷʚʣʷʝʪʩʷ ʦʙʱʝʥʠʝ ʩ ʜʝʪʴʤʠ, ʝʛʦ 

ʚʳʩʦʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ (ʨʠʩ.7). 

  
ʈʠʩ.7. ʈʘʟʤʝʨ ʨʦʙʦʪʘ 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʱʝʥʠʷ ʨʦʙʦʪʘ ʩʦ ʚʟʨʦʩʣʳʤ ʯʝʣʦʚʝʢʦʤ ʚʦʟʥʠʢʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʧʨʠʧʦʜʥʷʪʴ 

ʛʦʣʦʚʫ ʨʦʙʦʪʘ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʠ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʲʸʤʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ, 

ʧʨʦʜʣʝʚʘʶʱʘʷ ʰʝʶ ʩ ʥʝʙʦʣʴʰʠʤ ʥʘʢʣʦʥʦʤ (ʨʠʩ.8). 
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ʈʠʩ.8. ʐʝʡʥʘʷ ʚʩʪʘʚʢʘ 

ʈʝʟʫʣʴʪʘʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 3D ʤʦʜʝʣʠ ʛʦʣʦʚʳ, ʣʠʮʘ ʠ ʧʣʝʯ, ʘ ʪʘʢʞʝ ʙʳʣʘ 

ʦʪʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʜʣʷ 3D ʧʝʯʘʪʠ ʤʝʪʦʜʦʤ ʦʜʥʦʛʦ 

ʵʢʩʪʨʫʜʝʨʘ. 

ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʚ ʧʨʦʝʢʪʝ ñʨʦʙʦʪ-ʜʨʫʛ ʌɽʅʠʄʯʠʢò, ʢʦʪʦʨʳʡ 

ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʚʳʩʪʘʚʢʝ ñɼʥʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘò, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʣʘ ʚ ʄʦʩʢʚʝ 2018 ʛʦʜʘ 

(ʨʠʩ.9). 

 
ʈʠʩ.9. ʨʦʙʦʪ-ʜʨʫʛ ʌɽʅʠʄʯʠʢ 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ɸʣʝʢʩʘʥʜʨʦʚ ɺ.ɺ., ɸʣʝʢʩʘʥʜʨʦʚʘ ɺ.ɺ., ɿʘʡʮʝʚʘ ɸ.ɸ., ʍʫʨʩ ʉ.ʇ. ʎʠʬʨʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ 

3D ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚ // ʊʨ. ʉʇʀʀʈɸʅ, 2010 ʛ. 

2. ɸʩʪʘʭʦʚʘ ʊ.ʅ., ʂʘʧʘʥʦʚ ɸ.ɸ., ʂʦʩʦʣʘʧʦʚ ɺ.ɺ., ʄʝʱʝʨʷʢʦʚ ɽ.ɽ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ 3d-

ʧʝʯʘʪʠ ʜʣʷ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠʜʝʡ // Russian Digital Libraries Journal. 2017 ʛ. 

3. ʀʛʦʥʠʥʘ ɽ.ɺ., ɼʨʫʞʠʥʠʥʘ ʆ.ɺ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ FDM-

ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʠ 3d-ʦʙʲʝʢʪʦʚ // ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʀʊ-ʦʙʨʘʟʦʚʘʥʠʝ 2017 ʛ. 

4. ʄʘʪʚʝʝʚ ʉ. ʅ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ 3d-ʧʝʯʘʪʠ 

// ɺʝʩʪʥʠʢ ʂʘʟʘʥʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 2015 ʛ. 

5. ʏʝʨʝʧʘʥʦʚ ʇ.ʖ. ʊʝʭʥʦʣʦʛʠʷ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 3d ʧʨʠʥʪʝʨʘ 

// ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 2017 ʛ. 
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ɻʀɼʈɸɺʃʀʏɽʉʂʀɽ  ʀʉʉʃɽɼʆɺɸʅʀʗ  ɻʀɼʈʆʋɿʃɸ  ɻʓɿ-ɻɸʃɸʉʓ  ʅɸ ʨ. ɸʈɸʂʉ  

ʅɸ  ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ  ʄʆɼɽʃʀ 

 

HYDRAULIC RESEARCHES OF THE GYZ -GALASI HYDROLAND ON R. ARAX ON 

SPATIAL MODEL  

 

ɸʥʥʦʪʘʮʠʠ: ɺ ʩʪʘʪʴʝ  ʠʟʣʘʛʘʶʪʩʷ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ 

ʬʨʘʛʤʝʥʪʥʦʡ ʤʦʜʝʣʷʭ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʠʜʨʦʫʟʣʘ ɻʳʟ ï ɻʘʣʘʩʳ ʥʘ ʧʦʛʨʘʥʠʯʥʦʡ ʨʝʢʝ ɸʨʘʢʩ, 

ʫʩʣʦʚʠʡ ʩʦʧʨʷʞʝʥʠʷ ʙʴʝʬʦʚ ʠ ʛʘʰʝʥʠʷ ʵʥʝʨʛʠʠ. ɼʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʷ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʮʝʚʦʛʦ 

ʢʨʝʧʣʝʥʠʷ ʦʪʚʦʜʷʱʝʛʦ ʢʘʥʘʣʘ ʛʠʜʨʦʫʟʣʘ, ʜʝʣʘʝʪʩʷ ʦʮʝʥʢʘ ʚʝʣʠʯʠʥ ʵʬʬʝʢʪʘ ʵʞʝʢʮʠʠ ʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ ʦʪʚʦʜʷʱʝʛʦ ʢʘʥʘʣʘ ʛʠʜʨʦʫʟʣʘ. 

Annotations: The article describes laboratory studies on spatial and fragmentary models of the 

throughput capacity of the Gyz-Galasy hydroelectric complex on the Araks border river, conditions for 

linking pools and energy dissipation. A recommendation is given on the design of the end mounting of the 

hydroelectric outlet channel, an estimate is made of the magnitudes of the ejection effect and the probability 

of deformation of the hydroelectric outlet channel. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʠʞʥʠʡ ʙʴʝʬ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʧʣʦʪʠʥʘ, ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʡ, 

ʚʦʜʦʙʦʡʥʳʡ ʢʦʣʦʜʝʮ, ʦʪʚʦʜʷʱʠʡ ʢʘʥʘʣ, ʤʝʩʪʦʨʘʞʜʝʥʠʷ, ʨʝʞʠʤ ʨʘʙʦʪ,r ʦʪʤʝʪʢʘ ʛʨʝʙʥʷ. 

Keywords: downstream, reinforced concrete structures, dam, gravel-pebble, water well, diverting 

channel, location, mode of operation, ridge mark. 

ɺʚʝʜʝʥʠʝ: ɻʠʜʨʦʫʟʝʣ ɻʳʟ ï ɻʘʣʘʩʳ ʥʘ ʧʦʛʨʘʥʠʯʥʦʡ ʨʝʢʝ ɸʨʘʢʩ ʩʦʟʜʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʙʴʝʬʘ, ʚʳʨʘʚʥʠʚʘʶʱʝʛʦ ʜʣʷ ʮʝʣʝʡ ʠʨʨʠʛʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʩʦʩʪʘʚ ʛʠʜʨʦʫʟʣʘ ʚʭʦʜʷʪ 

ʟʝʤʣʷʥʘʷ ʥʘʩʳʧʥʘʷ ʧʣʦʪʠʥʘ ʚʳʩʦʪʦʡ 31 ʢʤ ʠ ʜʣʠʥʣʦʡ ʦʢʦʣʦ 1 ʢʤ ʜʚʝ ʩʦʚʤʝʱʝʥʦʝ ʚʦʜʦʩʣʠʚʥʦʝ ɻʕʉ 

(ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʠ ʀʨʘʥʩʢʠʡ) ʤʦʱʥʦʩʪʴʶ ʧʦ 40 ʂʚʪ ʠ ʜʚʘ ʠʨʨʠʛʘʮʠʦʥʥʳʭ ʚʦʜʦʟʘʙʦʨʘ 

ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʠ ʀʨʘʥʩʢʠʡ , ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʟʘʙʦʨ ʚʦʜʳ ʜʦ 10 ʤ
3
/ʩ ʜʣʷ ʦʨʦʰʝʥʠʷ ʟʝʤʝʣʴ 

ʧʨʠʣʝʛʘʶʱʠʭ ʨʘʡʦʥʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʧʨʦʧʫʩʢʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ, ʛʘʰʝʥʠʷ 

ʵʥʝʨʛʠʠ ʠ ʩʦʧʨʷʞʝʥʠʷ ʙʴʝʬʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʛʠʜʨʦʫʟʣʘ ʠ ʥʘ ʬʨʘʛʤʝʥʪʥʦʡ 

ʤʦʜʝʣʠ ʛʠʜʨʦʫʟʣʘ ʠ ʥʘ ʬʨʘʛʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʩʦʚʤʝʱʝʥʥʦʛʦ ʚʦʜʦʩʣʠʚʥʦʛʦ ʟʜʘʥʠʷ ɻʕʉ[1].  

ʆʙʴʝʢʪ, ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ: ɻʠʜʨʦʫʟʝʣ ɻʳʟ ï ɻʘʣʘʩʳ ʨʘʟʤʝʱʘʝʪʩʷ ʚ 13ʢʤ 

ʥʠʞʝ ʛʠʜʨʦʫʟʣʘ ʍʦʜʘʬʝʨʠʥ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʧʫʩʢʦʚ ʧʦʩʣʝʜʥʝʛʦ ʜʣʷ ʥʫʞʜ 

ʠʨʨʠʛʘʮʠʠ ʠ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʠ ʦʪʤʝʪʢʝ ʅʇʋ 250,5 ʠ ʥʘʠʙʦʣʴʰʝʡ ʥʘʧʦʨ ʥʘ 

ʩʦʦʨʫʞʝʥʠʷ ʛʠʜʨʦʫʟʣʘ ʩ ʫʯʝʪʦʤ ʦʞʠʜʘʝʤʦʛʦ ʨʘʟʤʳʚʘ ʨʫʩʣʘ ʩʦʩʪʘʚʣʷʝʪ 33,0 ʤ, ʨʘʩʯʝʪʥʳʡ-28,8ʤ.  

ɺ ʦʩʥʦʚʫ ʢʦʤʧʦʥʦʚʢʠ ʛʠʜʨʦʫʟʣʘ ʟʘʣʦʞʝʥ ʧʨʠʥʮʠʧ ʩʦʚʤʝʩʪʥʦʛʦ ʠ ʨʘʚʥʦʧʨʘʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʧʦʛʨʘʥʠʯʥʦʡ ʨʝʢʠ ɸʨʘʢʩ. ɸʟʝʨʙʘʡʜʞʘʥʩʢʘʷ ʠ ʀʨʘʥʩʢʘʷ ʩʪʦʨʦʥʳ ʠʤʝʶʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʴʥʳʝ  ʟʜʘʥʠʷ ɻʕʉ ʩʦʚʤʝʱʝʥʥʦʛʦ ʪʠʧʘ. ʅʘ ɻʕʉ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʜʚʘ ʘʛʨʝʛʘʪʘ ʤʦʱʥʦʩʪʴʶ 

20 ʪʳʩ.ʢʚʪ ʢʘʞʜʳʡ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʜʚʫʭ ɻʕʉ 80 ʪʳʩ.ʢʚʪ.ʤ ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʯʝʨʝʟ ʛʠʜʨʦʫʟʝʣ 

Q0,1% =2700ʤ
3
/ʩ, ʠʟ ʥʠʭ 2380ʤ

3
/ʩ- ʨʘʩʭʦʜ ʚʦʜʦʩʙʨʦʩʦʚ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ɻʕʉ-320ʤ

3
/ʩ. 

ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʛʠʜʨʦʫʟʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʧʨʘʚʦʙʝʨʝʞʥʦʡ ʰʠʨʦʢʦʡ 

ʥʝʟʘʪʦʧʣʷʝʤʦʡ ʧʦʡʤʝ. ʆʩʥʦʚʘʥʠʝ ɻʕʉ ʟʘʛʣʫʙʣʝʥʠʝ ʚ ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʞʠʜʘʝʤʳʤ 

ʨʘʟʤʳʚʦʤ ʨʫʩʣʘ ʠ ʧʦʥʠʞʝʥʠʝʤ ʛʦʨʠʟʦʥʪʘ ʚʦʜʳ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʦʚ ʧʦʜʚʝʩʥʦʛʦ ʪʠʧʘ. ʕʪʠʤʠ ʫʩʣʦʚʠʷʤʠ ʦʧʨʝʜʝʣʠʣʠʩʴ ʦʪʤʝʪʢʠ ʦʩʥʦʚʘʥʠʷ ʟʜʘʥʠʷ ɻʕʉ, 
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ʦʩʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʠ ʢʨʳʰʠ ɻʕʉ. ʏʝʪʳʨʠ ʧʨʦʣʝʪʘ ʚʦʜʦʩʣʠʚʘ ʠʤʝʶʪ ʰʠʨʠʥʫ ʧʦ 10ʤ ʠ ʢʘʞʜʳʡ, 

ʦʪʤʝʪʢʘ ʛʨʝʙʥʷ ʚʦʜʦʩʣʠʚʘ 239,20ʤ. 

ɺʦʜʦʙʦʡ ɻʕʉ ʠ ʚʦʜʦʙʦʡʥʳʡ ʢʦʣʦʜʝʮ ʚʦʜʦʩʙʨʦʩʘ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʩʦʦʨʫʞʝʥʠʝʤ. ʉʦʧʨʷʞʝʥʠʝ 

ʦʪʩʘʩʳʚʘʶʱʠʡ ʪʨʫʙʳ ʩ ʧʣʠʪʦʡ ʚʦʜʦʙʦʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʢʦʩʳ 1:6. ɺ ʢʦʥʮʝ ʢʦʣʦʜʮʘ ʫʩʪʨʦʝʥʘ 

ʧʨʦʨʝʟʢʘʷ ʩʪʝʥʢʘ. ɼʣʠʥʘ ʢʦʣʦʜʮʘ ʦʪ ʚʳʭʦʜʘ ʠʟ ʦʪʩʘʩʳʚʘʶʱʠʡ ʪʨʫʙʳ ʜʦ ʧʨʦʨʝʟʥʦʡ  ʩʪʝʥʢʠ 78,0ʤ, 

ʛʣʫʙʠʥʘ 5,0ʤ. ʆʪʤʝʪʢʘ ʚʝʨʭʘ ʧʣʠʪʳ ʢʦʣʦʜʮʘ 209,0ʤ. ɼʘʣʝʝ, ʟʘ ʧʨʦʨʝʟʥʦʡ ʩʪʝʥʢʦʡ ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʣʠʪʳ ʨʠʩʙʝʨʤʳ. ʆʪʤʝʪʢʘ ʧʣʠʪ ʨʠʩʙʝʨʤʳ 214, ʜʣʠʥʘ ʨʠʩʙʝʨʤʳ ʜʦ ʥʘʢʣʦʥʥʦʡ ʩʪʝʥʢʠ 42,5ʤ, 

ʢʨʝʧʣʝʥʠʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʙʝʪʦʥʥʦʡ ʧʣʠʪʦʡ ʥʘ ʦʪʤʝʪʢʠ 218,5ʤ. ɼʣʠʥʘ ʢʦʥʮʝʚʦʡ ʯʘʩʪʠ ʢʨʝʧʣʝʥʠʷ 

17,5ʤ.  

ʆʩʥʦʚʘʥʠʝʤ ʙʝʪʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʠʭ ʬʫʥʜʘʤʝʥʪʘ ʩʣʫʞʘʪ ʩʢʘʣʴʥʳʝ ʧʦʨʦʜʳ- 

ʧʝʩʯʘʥʠʢʠ  ʠ ʛʨʘʚʝʣʠʪʳ ʠ ʧʦʣʫʩʢʘʣʴʥʳʝ ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ ʠ ʘʣʝʚʨʦʣʠʪʳ. ɿʘʣʝʛʘʥʠʝ ʧʘʯʝʢ ʧʦʨʦʜ 

ʢʨʫʪʦʝ 40-50
0
 ʚ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʶʛʦ- ʚʦʩʪʦʢ, ʚ ʩʪʦʨʦʥʫ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ. ʄʘʩʩʠʚ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ 

ʨʘʩʩʝʯʝʥ ʪʨʝʱʠʥʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʝ, ʥʘʧʣʘʩʪʦʚʘʥʠʝ, ʦʪʜʝʣʴʥʦʩʪʝʡ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ, ʢʦʪʦʨʳʝ ʯʘʱʝ 

ʚʩʝʛʦ ʩʝʢʫʪ ʧʦʨʦʜʳ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠ ʚ ʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ. ɺ ʩʣʘʥʮʘʭ ʠ ʘʣʝʚʨʦʣʠʪʘʭ ʦʩʥʦʚʥʦʡ  ʚʠʜ 

ʪʨʝʱʠʥ- ʪʨʝʱʠʥʳ ʩʣʦʠʩʪʦʩʪʠ, ʧʝʩʯʘʥʠʢʘʭ  - ʧʝʨʚʠʯʥʦʡ  ʦʪʜʝʣʴʥʦʩʪʠ. ʊʨʝʱʠʥʳ ʠʤʝʝʪ ʰʠʨʠʥʫ ʦʪ 1-2 

ʜʦ 10-20ʤʤ ʠ ʚ ʦʩʥʦʚʥʦʤ ʟʘʧʦʣʥʝʥʳ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʢʘʣʴʮʠʪʦʤ, ʨʝʞʝ ï ʛʣʠʥʥʦʡ 

ʪʨʝʥʠʷ ʠ ʛʠʧʩʦʤ. ʅʘʠʙʦʣʝʝ ʚʳʚʝʪʨʝʥʥʳʡ  ʠ ʪʨʝʱʠʥʦʚʘʪʳʡ ʩʣʦʡ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ, ʠʤʝʶʱʠʡ 

ʧʦʥʠʞʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʘʩʧʨʩʪʨʘʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʜʦ ʛʣʫʙʠʥʳ 3ʤ. 

ʇʦʜʚʦʜʷʱʠʡ ʠ ʦʪʚʦʜʷʱʠʡ ʢʘʥʘʣʳ ʧʨʦʭʦʜʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʦʡʤʝʥʥʦ ï ʨʫʩʣʦʚʳʭ  

ʛʨʘʚʠʡʥʦ ï ʨʫʩʣʦʚʳʭ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʭ ʠ ʩʫʛʣʠʥʠʩʪʦ-ʩʫʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ɼʥʦ ʦʪʚʦʜʷʱʝʛʦ 

ʢʘʥʘʣʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʢʨʦʚʣʝ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʠ ʠʤʝʝʪ ʦʪʤʝʪʢʫ 218,5ʤ. ʇʨʦʧʫʩʢ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʨʘʩʭʦʜʦʚ ʨ. ɸʨʘʢʩ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʭ ʩʭʝʤʦʡ ʚʦʟʚʝʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʨʠ ʵʪʘʧʘ[2]. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ (1-ʡ ʠ 2-ʡ ʛʦʜʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ) ʨʘʩʭʦʜʳ ʨʝʢʠ ʧʨʦʭʦʜʷʪ ʧʦ ʝʩʪʝʩʪʚʝʥʥʦʤʫ 

ʨʫʩʣʫ. ʅʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʟʘ ʧʝʨʝʤʳʯʢʘʤʠ ʚʦʟʚʦʜʷʪʩʷ ʙʝʪʦʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ï ʬʫʥʜʘʤʝʥʪʥʘʷ ʧʣʠʪʘ ʩ 

ʦʪʩʘʩʳʚʘʶʱʠʤʠ ʪʨʫʙʘʤʠ, ʙʝʨʝʛʦʚʳʝ ʫʩʪʦʠ ʠ ʙʳʯʢʠ ʦʙʦʠʭ ʟʜʘʥʠʡ ɻʕʉ, ʧʦʜʚʦʜʷʱʠʡ ʠ ʦʪʚʦʜʷʱʠʡ 

ʢʘʥʘʣʳ. 

ʇʦ ʚʪʦʨʦʤ ʵʪʘʧʝ (ʦʢʪʷʙʨʴ 2-ʛʦʜʘ ʠ 3-ʡ ʛʦʜ) ʚ ʤʝʞʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʨʝʢʨʳʪʠʝ ʨʫʩʣʘ (Qʧʝʨ-

200ʤ
3
/ʩ) ʠ ʨʘʩʭʦʜʳ ʨʝʢʠ ʧʝʨʝʚʦʜʠʪʩʷ ʚ 4 ʦʪʚʝʨʩʪʠʷ ʥʝʜʦʩʪʨʦʝʥʥʳʭ  ɻʕʉ. ɼʦ ʧʘʚʦʜʢʘ ʚʦʟʚʦʜʠʪʩʷ 

ʚʝʨʭʦʚʘʷ ʠ ʥʠʟʦʚʘʷ ʧʝʨʝʤʳʯʢʠ ʠ ʧʘʚʦʜʦʢ Q10%=1500ʤ
3
/ʩ ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʥʝʜʦʩʪʨʦʝʥʥʳʝ 

ʦʪʚʝʨʩʪʠʝ ɻʕʉ ʩ ʦʪʤʝʪʢʦʡ ʧʦʨʦʛʘ 224,0ʤ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʨʝ ʧʦʩʣʝ ʧʨʦʧʫʩʢʘ ʧʘʚʦʜʢʘ 3 ʛʦʜʘ, ʚ ʤʝʞʝʥʴ ʟʘ ʰʘʥʜʦʨʘʤʠ, cʧʫʩʢʘʥʠʠ ʩ 

ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʙʴʝʬʦʚ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʝʪʦʥʠʨʦʚʘʥʠʝ ʚʦʜʦʩʣʠʚʥʦʡ ʧʣʠʪʳ ɻʕʉ 

ʠ ʤʦʥʪʘʞ ʘʛʨʝʛʘʪʦʚ. ʇʘʚʦʜʦʢ 4 ʛʦʜʘ Q1%=2200ʤ
3
/ʩ ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ 4 ʦʪʚʝʨʩʪʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʚʦʜʦʩʣʠʚʘ ʩ ʦʪʤʝʪʢʦʡ ʛʨʝʙʥʠ 289,2ʤ ʧʨʠ ʫʨʦʥʝ ʥʠʞʥʝʛʦ ʙʴʝʬʘ 

227,2ʤ,ʩʦʦʪʚʝʪʚʫʶʱʝʛʦ ʢʨʠʚʦʡ ʩʚʷʟʠ ʨʘʩʭʦʜʦʚ ʠ ʫʨʦʚʥʝʡ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ (ʜʦ ʨʘʟʤʳʚʘ 

ʨʫʩʣʘ ʦʩʚʝʪʣʝʥʠʝʤ ʧʦʪʦʢʦʤ). ʂʨʦʤʝ ʩʚʷʟʠ ʨʘʩʭʦʜʦʚ ʠ ʫʨʦʚʥʝʡ ʚʦʜʳ ʚ ʛʠʜʨʦ ʩʪʚʦʨʝ ʥʠʞʥʝʛʦ ʙʴʝʬʘ 

ʛʠʜʨʦʫʟʣʘ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩ ʫʯʝʪʦʤ ʨʘʟʤʳʚʘ ʨʫʩʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1;2 
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   ʈʠʩ.1 ʂʨʠʚʳʝ ʩʚʷʟʠ ʫʨʦʚʥʝʡ ʚʦʜʳ  ʠ ʨʘʩʭʦʜʦʚ ʚ ʩʪʚʦʨʝ ʥʠʞʥʝʛʦ ʙʴʝʬʘ  

ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʨʫʞʝʥʠʡ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʛʠʜʨʦʫʟʣʘ 

ʠ ʫʩʣʦʚʠʡ ʧʨʦʧʫʩʢʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʜʦʣʠʥʳ ʨ. 

ɸʨʘʢʩ ʚ ʨʘʡʦʥʝ ʩʪʚʦʨʘ ʛʠʜʨʦʫʟʣʘ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʫʯʘʩʪʢʘ ʜʦʣʠʥʳ ʩʦʩʪʘʚʠʣʘ 1,9 ʢʤ ʧʨʠ ʰʠʨʠʥʝ 250-

600ʤ, ʠʟ ʥʠʭ 0,5ʢʤ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ  ʠ 1,4 ʢʤ  - ʥʠʞʥʝʛʦ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʛʠʜʨʦʫʟʣʦʚ , ʫʩʣʦʚʠʡ ʩʦʧʨʷʞʝʥʳ ʙʴʝʬʦʚ ʠ ʛʘʰʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʠ 

ʩʪʨʦʠʪʝʣʥʳʡ ʧʝʨʠʦʜʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʬʨʘʛʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʩʦʚʤʝʰʝʥʥʦʛʦ ʟʜʘʥʠʷ ɻʕʉ, 

ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʤʘʩʰʪʘʙʝ 1:60. Mʦʜʝʣʠʨʦʚʘʥʦ ʜʚʘ ʘʛʨʝʛʘʪʘ ʠ ʜʚʘ ʧʨʦʣʝʪʘ , ʧʦʜʭʦʜʥʦʡ ʢʘʥʘʣ, ʚʦʜʦʙʦʡ 

ʠ ʨʠʩʙʝʨʤʘ ʠ ʯʘʩʪʴ ʦʪʚʦʜʷʱʝʛʦ ʢʘʥʘʣ  ʈʠʩ 3;3ʘ 
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     ʈʠʩ 2. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʦʩʙʨʦʩʦʚ  ʧʨʠ ʩʚʦʙʦʜʥʦʤ  ʧʝʨʝʣʠʚʝ (ʧʦʣʥʦʝ 

ʦʪʢʨʳʪʠʝ ʟʘʪʚʦʨʦʚ) ʠ ʠʩʪʝʯʝʥʠʝ ʠʟ ʧʦʜ ʱʠʪʦʚ ʟʘʪʚʦʨʦʚ 
ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʠʜʨʦʫʟʣʘ: ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʠʜʨʦʫʟʣʘ 

ʦʧʨʝʜʝʣʠʣʘʩʴ ʥʘ ʬʨʘʛʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʢʘʢ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʛʦ, ʪʘʢ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʦʚ. 

ʀʟʤʝʨʝʥʠʷ ʫʨʦʚʥʝʡ ʚʦʜʳ ʥʘ ʤʦʜʝʣʷʭ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʝʨʥʳʤʠ ʠʛʣʘʤʠ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʠ 1ʢʤ ʠ 

ʪʦʯʥʦʩʪʴʶ ʦʪʩʯʝʪʘ ʧʦ ʢʦʥʫʩʫ 0,1ʢʤ. ɺ ʩʪʚʦʨʘʭ, ʥʝʦʙʦʨʫʜʦʚʘʥʥʳʭ ʤʝʨʥʳʤʠ ʠʛʣʘʤʠ, ʧʨʦʚʦʜʠʣʘʩʴ 

ʥʠʚʝʣʠʨʦʚʢʘ ʩʚʦʙʦʜʥʦʡ  ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʨʠ ʧʦʤʦʱʠ ʚʠʩʷʯʝʡ ʨʝʡʢʠ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 1ʢʤ ʠ 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʥʠʚʝʣʠʨʘ N=A1.ʉʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚʦʜʳ ʠʟʤʝʨʷʶʪ ʧʨʫʞʠʥʥʳʤʠ ʬʣʶʛʝʨʘʤʠ ʠ ʤʠʢʨʦ 

ʚʝʨʪʫʰʢʘʤʠ ʩ ʚʳʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʪʨʝʣʦʯʥʳʡ ʛʘʣʴʚʘʥʦʤʝʪʨ 1-ʛʦ ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ. 
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        ʈʠʩ 3 ʆʙʱʠʝ  ʚʠʜʳ ʬʨʘʛʤʝʥʪʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʝʡ  ʛʠʜʨʦʫʟʣʘ 

 

 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ: ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʬʨʘʛʤʝʥʪʥʳʡ ʤʦʜʝʣʠ ʠ ʫʪʦʯʥʷʣʠʩʴ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʧʨʦʧʫʩʢʝ ʯʝʨʝʟ ʛʠʜʨʦʫʟʝʣ ʨʘʩʭʦʜʦʚ Q0,1% ,Q1%. 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ ʚʦʜʦʩʣʠʚʘ  m, ʚʭʦʜʷʱʠʡ ʚ ʬʦʨʤʫʣʫ ʨʘʩʭʦʜʘ ʚʦʜʦʩʣʠʚʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʦʬʠʣʷ[3];  

                                                          ὗ άὦςὫὌ
Ⱦ

                                                                      (1) 

ɻʜʝ:   b- ʰʠʨʠʥʘ ʚʦʜʦʩʣʠʚʥʳʭ ʦʪʚʝʨʩʪʠʡ; 

           H0 ï ʥʘʧʦʨ ʥʘ ʛʨʝʙʥʝ ʚʦʜʦʩʣʠʚʘ ʩ ʫʯʝʪʦʤ ʩʢʦʨʦʩʪʠ ʧʦʜʭʦʜʘ. ʇʨʠ ʫʨʦʚʥʷʭ ʚʝʨʭʥʝʛʦ 

ʙʴʝʬʘ 245,0 ï 249,0ʤ ʨʘʚʝʥ 0,345 ʧʨʠ ʋɺɹ 250,0ʤ ʚʦʟʨʘʩʪʘʝʪ ʜʦ0,35, ʧʨʠ ʋɺɹ 251,0ʤ ʜʦ 0,36. ʅʘ 

ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ  ʢʨʠʚʘʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʜʦʩʣʠʚʥʳʭ ʧʨʦʣʝʪʦʚ ʧʨʠ ʧʦʣʥʦʤ ʦʪʢʨʳʪʠʷ 

ʟʘʪʚʦʨʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʝ ʋɺɹ ʦʪ ʦʪʤʝʪʢʠ 240,0 ʜʦ ʅʇʋ. 


