
ʅɸʎʀʆʅɸʃʔʅʓʁ ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʁ ʊʆʄʉʂʀʁ 

ʇʆʃʀʊɽʍʅʀʏɽʉʂʀʁ ʋʅʀɺɽʈʉʀʊɽʊ 

 

ɼʝʧʘʨʪʘʤʝʥʪ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ 

ʆɻɹʋ çʈʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷè 

ɸʅʆ ɼʆ çɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè 

ɼʝʧʘʨʪʘʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʛ. ʊʦʤʩʢʘ 

ʄɹʆʋ ʣʠʮʝʡ ʧʨʠ ʊʇʋ ʛ. ʊʦʤʩʢʘ 
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XXI V ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ-ʢʦʥʢʫʨʩʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ 

çʖʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ï ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝè 

 

27 ï 29 ʤʘʨʪʘ 2023 ʛ. 

 

 

 

 

 

ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʊʦʤʩʢ 2023 
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ʋɼʂ 371.388.6(063) 

ɹɹʂ 74.202.7ʣ0 

ʖ751 

ʖʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ï ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ: ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ XXI V 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ-ʢʦʥʢʫʨʩʘ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ çʖʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ï ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝè; ʊʦʤʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2023 

ɺ ʩʙʦʨʥʠʢʝ ʪʨʫʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʨʘʙʦʪ ʰʢʦʣʴʥʠʢʦʚ. 

ʉʙʦʨʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

ɺ ʩʙʦʨʥʠʢ ʚʢʣʶʯʝʥʳ ʩʪʘʪʴʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʆʨʛʢʦʤʠʪʝʪ 

ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʟʘʩʣʫʰʘʥʥʳʝ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ. 
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ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʀʁ ʈɸʉʏɪʊ ʈɽɸʂʊʆʈʅʓʍ ʋʉʊɸʅʆɺʆʂ 

ʊʀʇɸ ɺʊɻʈ ʉ ʋʈɸʅ-ʇʃʋʊʆʅʀɽɺʓʄ ʊʆʇʃʀɺʆʄ 

ɸʚʝʨʠʥ ɺʣʘʜʠʤʠʨ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 

10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʥʳʰʝʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʘʩʩʠʩʪʝʥʪ ʆʗʊʎ ʀʗʊʐ ʊʇʋ 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʤʠʨʝ ʧʨʠʦʨʠʪʝʪ ʨʘʟʚʠʪʠʷ ʷʜʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʠʣʴʥʦ 

ʚʦʟʨʦʩ. ʏʝʣʦʚʝʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ ʜʣʷ ʨʘʙʦʪʳ ʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʫʨʘʥ. ʂʦʣʠʯʝʩʪʚʦ ʫʨʘʥʘ ʥʘ ɿʝʤʣʝ 

ʦʛʨʘʥʠʯʝʥʦ ʠ ʩʦʩʪʘʚʣʷʝʪ, ʧʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ, 16 ʤʣʥ. ʪʦʥʥ, ʯʝʛʦ ʭʚʘʪʠʪ ʧʦʯʪʠ 

ʥʘ 300 ʣʝʪ. [1] ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʡʪʠ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʥʦʚʦʛʦ ʫʨʘʥ ʧʣʫʪʦʥʠʝʚʦʛʦ ʥʠʪʨʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʜʠʦʢʩʠʜʘ, ʢʘʨʙʠʜʘ ʠ 

ʦʢʩʠʢʘʨʙʠʜʘ ʫʨʘʥʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʘʭ ʪʠʧʘ ɺʊɻʈ. 

ʇʦʣʴʟʫʷʩʴ ʧʨʦʛʨʘʤʤʦʡ WIMS ʩʠʤʫʣʠʨʫʝʪʩʷ ʨʘʙʦʪʘ ʨʝʘʢʪʦʨʘ ɺʊɻʈ ʩ ʫʨʘʥ-

ʧʣʫʪʦʥʠʡ ʥʠʪʨʠʜʥʳʤ ʪʦʧʣʠʚʦʤ. ʅʘʧʠʩʘʥʠʝ ʩʘʤʦʡ ʧʨʦʛʨʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ Notepad++. ɺ ʨʘʟʥʳʭ ʧʨʦʮʝʥʪʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ ʚ ʜʘʥʥʦʤ ʪʦʧʣʠʚʝ ʦʪʣʠʯʘʝʪʩʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ. ɺʟʷʚ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 89 ï 90 % ʠ 10- 11 % ʫʨʘʥʘ ʠ 

ʧʣʫʪʦʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ ʨʝʘʢʪʦʨ ʪʠʧʘ ɺʊɻʈ ʥʝ ʥʘʯʥʝʪ ʨʘʙʦʪʫ ʚ ʩʚʷʟʠ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʪʠʚʥʦʩʪʴʶ ʪʦʧʣʠʚʘ. ɺʟʷʚ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʦ 84% ʠ 

ʦʪ 16% ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʘʢʪʦʨ ʪʠʧʘ ɺʊɻʈ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ 

ʙʦʣʝʝ 2500 ʩʫʪʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʥʷʷ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʢʦʤʧʦʟʠʪʥʦʝ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʢʦʣʴʢʦ ʫʨʘʥʘ ʥʘ ʟʝʤʣʝ ʠ ʢʘʢʦʚʳ ʟʘʧʘʩʳ ʥʘ ʙʫʜʫʱʝʝ // ʀʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ 

- ʠʥʪʝʨʥʝʪ-ʞʫʨʥʘʣ ʧʨʦ ʵʥʝʨʛʠʶ. URL: https://beelead.com/skolko-urana-na-zemle/ 

(ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.02.2023) 

2. ɻʨʝʙʝʥʥʠʢ ɺ.ʅ., ʂʫʭʘʨʢʠʥ ʅ.ɽ., ʇʦʥʦʤʘʨʝʚ-ʉʪʝʧʥʦʡ ʅ.ʅ. 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʘʟʦʦʭʣʘʞʜʘʝʤʳʝ ʨʝʘʢʪʦʨʳ ï ʠʥʥʦʚʘʮʠʦʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ï ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 2008, - 136ʩ.: 

ʠʣ. ï (ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ). URL: 

http://elib.biblioatom.ru/text/grebennik_vysokotemperaturnye-reaktory_2008/go,0/ 

(ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 10.02.2023) 

3. ʂʣʠʤʦʚ ɸ.ʅ. ʗʜʝʨʥʘʷ ʬʠʟʠʢʘ ʠ ʷʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ, 3-ʝ ʠʟʜ., ʧʝʨʝʨʘʙʦʪʘʥʥʦʝ 

ʠ ʜʦʧʦʣʥʝʥʥʦʝ ï ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 2002, ï 464 ʩ. 
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ʊʈʋɹɸ ʈʋɹɽʅʉɸ 

ɸʛʝʝʚʘ ʉʥʝʞʘʥʘ ɸʣʝʢʩʝʝʚʥʘ, ʫʯʝʥʠʮʘ  11 ʈɸ ʢʣʘʩʩʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

çɸʥʛʘʨʩʢʠʡ ʣʠʮʝʡ ˉ2 ʠʤ. ʄ. ʂ. ʗʥʛʝʣʷè 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɻʦʥʯʘʨʦʚʘ ʅʘʪʘʣʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

 

ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ 

ʛʘʟʦʦʙʨʘʟʥʦʡ ʩʨʝʜʝ. ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʟʚʫʢʦʚʳʭ ʚʦʣʥ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʙʦʯʘʷ ʤʦʜʝʣʴ ʟʚʫʢʦʚʦʡ 

ʪʨʫʙʳ ʈʫʙʝʥʩʘ. 

ʎʝʣʴ 

ʀʟʫʯʠʪʴ ʧʨʦʮʝʩʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ʛʘʟʦʦʙʨʘʟʥʦʡ ʩʨʝʜʝ, ʧʨʠ ʧʦʤʦʱʠ  

ʪʨʫʙʳ ʈʫʙʝʥʩʘ. 

ɿʘʜʘʯʠ  

1. ʀʟʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 

2. ʉʦʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʙʦʨʢʠ ʪʨʫʙʳ 

3. ʉʦʙʨʘʪʴ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʪʨʫʙʳ ʈʫʙʝʥʩʘ 

4. ʉʜʝʣʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʚʦʜʳ 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

¶ ʊʝʦʨʝʪʠʯʝʩʢʠʝ.   

¶ ʕʤʧʠʨʠʯʝʩʢʠʝ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ɿʚʫʢʠ ʚʩʝʛʜʘ ʚʦʢʨʫʛ ʥʘʩ. ɺ ʧʨʠʨʦʜʝ ʠʤʝʝʪʩʷ ʙʝʟʛʨʘʥʠʯʥʦʝ ʤʥʦʞʝʩʪʚʦ 

ʚʩʝʚʦʟʤʦʞʥʳʭ ʟʚʫʢʦʚ. ʂʘʞʜʳʡ ʠʟ ʟʚʫʢʦʚ ʥʝʩʸʪ ʚ ʩʝʙʝ ʦʧʨʝʜʝʣʸʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʯʝʣʦʚʝʢ ʚʩʷʯʝʩʢʠ ʨʝʘʛʠʨʫʝʪ ʥʘ ʥʠʭ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʠʨʦʜʳ ʟʚʫʢʘ ï ʦʜʠʥ ʠʟ ʚʘʞʥʳʭ ʠ ʟʘʥʠʤʘʪʝʣʴʥʳʭ ʯʘʩʪʝʡ ʬʠʟʠʢʠ. 

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚʥʝʩ ɻʝʥʨʠʭ ʈʫʙʝʥʩ. 

ɻʝʥʨʠʭ ʈʫʙʝʥʩ (30 ʤʘʨʪʘ 1865, ɺʠʩʙʘʜʝʥ ð 17 ʠʶʣʷ 1922, ɹʝʨʣʠʥ) ð ʥʝʤʝʮʢʠʡ 

ʬʠʟʠʢ-ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ, ʘʚʪʦʨ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʦ ʦʧʪʠʢʝ,  ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʬʠʟʠʢʝ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʏʪʦ ʪʘʢʦʝ ʟʚʫʢʦʚʘʷ ʚʦʣʥʘ? 

ɺʦʣʥʘ ð ʚʦʟʙʫʞʜʝʥʠʝ ʩʨʝʜʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʝʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ 

ʠʣʠ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʠ ʙʝʟ ʧʝʨʝʥʦʩʘ ʤʘʩʩʳ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʚʦʣʥʘʤʠ ʠʣʠ ʚʦʣʥʦʡ ʥʘʟʳʚʘʶʪ ʠʟʤʝʥʷʶʱʝʝʩʷ ʩʦ ʚʨʝʤʝʥʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʳ.  

ʂʘʢʠʝ ʙʳʚʘʶʪ ʚʠʜʳ ʚʦʣʥ? 

¶ ɽʩʣʠ ʚ ʚʦʣʥʝ ʯʘʩʪʠʮʳ ʩʨʝʜʳ ʠʩʧʳʪʳʚʘʶʪ 
ʩʤʝʱʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʪʦ ʚʦʣʥʘ 

ʥʘʟʳʚʘʝʪʩʷ ʧʦʧʝʨʝʯʥʦʡ. 
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¶ ɽʩʣʠ ʩʤʝʱʝʥʠʝ ʯʘʩʪʠʮ ʩʨʝʜʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʚʦʣʥʳ, ʪʦ ʚʦʣʥʘ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʜʦʣʴʥʦʡ. 

 ʂʘʢ ʚ ʧʦʧʝʨʝʯʥʳʭ, ʪʘʢ ʠ ʚ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥʘʭ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʉʨʝʜʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʣʥ 
ɺʦʣʥʳ ʧʝʨʝʜʘʶʪ ʵʥʝʨʛʠʶ ʢʦʣʝʙʘʥʠʡ ʦʪ ʦʜʥʦʡ ʪʦʯʢʠ ʩʨʝʜʳ ʢ ʜʨʫʛʦʡ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʣʥ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʘʭ (ʪʚʝʨʜʳʭ, ʞʠʜʢʠʭ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʳʭ). 

ɼʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʣʥ ʦʙʷʟʘʪʝʣʴʥʦ ʥʫʞʥʘ ʩʨʝʜʘ, ʦʙʣʘʜʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʟʘʧʘʩʘʪʴ ʢʠʥʝʪʠʯʝʩʢʫʶ ʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʨʝʜʘ ʜʦʣʞʥʘ 

ʦʙʣʘʜʘʪʴ ʠʥʝʨʪʥʳʤʠ ʠ ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʨʝʘʣʴʥʳʭ ʩʨʝʜʘʭ ʵʪʠ ʩʚʦʡʩʪʚʘ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ.  

ʌʦʨʤʫʣʘ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥ  r

ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʩʪʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʠʣʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʚʦʣʥʳ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʤʧʣʠʪʫʜʦʡ (A) ʢʦʣʝʙʘʥʠʡ 

ʯʘʩʪʠʮ, ʯʘʩʪʦʪʦʡ (f) ʠ ʜʣʠʥʦʡ ʚʦʣʥʳ (ɚ). 

ɼʣʠʥʦʡ ʚʦʣʥʳ ɚ ʥʘʟʳʚʘʶʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ ʥʘ ʦʩʠ 

OX, ʢʦʣʝʙʣʶʱʠʤʠʩʷ ʚ ʦʜʠʥʘʢʦʚʳʭ ʬʘʟʘʭ.  

ʈʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʜʣʠʥʝ ʚʦʣʥʳ ɚ, ʚʦʣʥʘ ʧʨʦʙʝʛʘʝʪ ʟʘ ʚʨʝʤʷ ʨʘʚʥʦʝ ʧʝʨʠʦʜʫ 

ʢʦʣʝʙʘʥʠʡ (ʊ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ɚ = ɡT, ʛʜʝ ɡ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ. 
 ɿʚʫʢ ð ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʚʠʜʝ 

ʫʧʨʫʛʠʭ ʚʦʣʥ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʪʚʸʨʜʦʡ, ʞʠʜʢʦʡ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʦʡ 

ʩʨʝʜʝ. 

ʕʬʬʝʢʪ ʪʨʫʙʳ ʈʫʙʝʥʩʘ 

ɽʩʣʠ ʧʨʦʠʟʚʝʩʪʠ ʨʝʟʢʦʝ ʩʤʝʱʝʥʠʝ ʯʘʩʪʠʮ ʫʧʨʫʛʦʡ ʩʨʝʜʳ ʚ ʦʜʥʦʤ ʤʝʩʪʝ, 

ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʧʦʨʰʥʷ, ʪʦ ʚ ʵʪʦʤ ʤʝʩʪʝ ʫʚʝʣʠʯʠʪʩʷ ʜʘʚʣʝʥʠʝ. ɹʣʘʛʦʜʘʨʷ 

ʫʧʨʫʛʠʤ ʩʚʷʟʷʤ ʯʘʩʪʠʮ, ʜʘʚʣʝʥʠʝ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʩʦʩʝʜʥʠʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʩʣʝʜʫʶʱʠʝ ʯʘʩʪʠʮʳ, ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʫʧʨʫʛʦʡ ʩʨʝʜʝ. ɿʘ ʦʙʣʘʩʪʴʶ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʣʝʜʫʝʪ 

ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʫʝʪʩʷ ʨʷʜ ʯʝʨʝʜʫʶʱʠʭʩʷ 

ʦʙʣʘʩʪʝʡ ʩʞʘʪʠʷ ʠ ʨʘʟʨʝʞʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʩʨʝʜʝ ʚ ʚʠʜʝ ʚʦʣʥʳ. 

ʂʘʞʜʘʷ ʯʘʩʪʠʮʘ ʫʧʨʫʛʦʡ ʩʨʝʜʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʩʦʚʝʨʰʘʪʴ ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʜʚʠʞʝʥʠʷ. 

ʉʪʦʷʯʘʷ ʚʦʣʥʘ 

ʉʪʦʷʯʘʷ ʚʦʣʥʘ ð ʢʦʣʝʙʘʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʯʝʨʝʜʫʶʱʠʭʩʷ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ 

ʘʤʧʣʠʪʫʜʳ. ʉʪʦʷʯʠʝ ʚʦʣʥʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʜʚʫʭ ʙʝʛʫʱʠʭ ʚʦʣʥ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʥʘʚʩʪʨʝʯʫ 

ʜʨʫʛ ʜʨʫʛʫ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʯʘʩʪʦʪʘʤʠ ʠ ʘʤʧʣʠʪʫʜʘʤʠ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʩʪʦʷʯʠʝ ʚʦʣʥʳ 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ 

ʧʨʝʛʨʘʜ.  

 



6 
 

ʉʪʦʷʯʘʷ ʚʦʣʥʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʪʝʨʴ ʚ ʩʨʝʜʝ ʠ 

ʧʦʣʥʦʤ ʦʪʨʘʞʝʥʠʠ ʚʦʣʥ ʦʪ ʛʨʘʥʠʮʳ.  

ɺ ʩʣʫʯʘʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʦʜʥʦʤʝʨʥʦʡ ʩʨʝʜʝ ʩʪʦʷʯʘʷ ʚʦʣʥʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ  ,  

ʛʜʝ u ð ʚʦʟʤʫʱʝʥʠʷ ʚ ʪʦʯʢʝ ʭ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ð ʘʤʧʣʠʪʫʜʘ ʩʪʦʷʯʝʡ 

ʚʦʣʥʳ,   ð ʯʘʩʪʦʪʘ , k ð ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ,  ð ʬʘʟʘ. 

ʂʘʢ ʧʨʠʰʣʠ ʢ ʦʪʢʨʳʪʠʶ ʪʨʫʙʳ ʈʫʙʝʥʩʘ 

ɼʞʦʥ ʃʝ ʂʦʥʪ ʦʪʢʨʳʣ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʣʘʤʝʥʠ ʢ ʟʚʫʢʫ ʚ 1858 ʛʦʜʫ. ɺ 1862 

ʛʦʜʫ ʈʫʜʦʣʴʬ ʂʸʥʠʛ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʳʩʦʪʫ ʧʣʘʤʝʥʠ ʤʦʞʥʦ ʤʝʥʷʪʴ, ʧʦʩʳʣʘʷ ʟʚʫʢ 

ʚ ʠʩʪʦʯʥʠʢ ʛʘʟʘ, ʠ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʦʙʨʘʞʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ʚʨʘʱʘʶʱʠʭʩʷ ʟʝʨʢʘʣ. 

ɸʚʛʫʩʪ ʂʫʥʜʪ ʚ 1866 ʛʦʜʫ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʪʦʷʯʠʝ ʚʦʣʥʳ, 

ʧʦʤʝʱʘʷ ʩʝʤʝʥʘ ʧʣʘʫʥʘ ʠʣʠ ʢʦʨʢʦʚʫʶ ʧʳʣʴ ʚ ʪʨʫʙʫ. ʂʦʛʜʘ ʚ ʪʨʫʙʫ ʙʳʣ ʟʘʧʫʱʝʥ 

ʟʚʫʢ, ʪʦ ʠʟ ʩʝʤʷʥ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʫʟʣʳ (ʪʦʯʢʠ, ʛʜʝ ʘʤʧʣʠʪʫʜʘ ʤʠʥʠʤʘʣʴʥʘ) ʠ 

ʧʫʯʥʦʩʪʠ (ʘʥʪʠ-ʫʟʣʳ - ʦʙʣʘʩʪʠ, ʛʜʝ ʘʤʧʣʠʪʫʜʘ ʤʘʢʩʠʤʘʣʴʥʘ), ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʩʪʦʷʯʝʡ ʚʦʣʥʦʡ. ʇʦʟʞʝ, ʫʞʝ ʚ XX ʚʝʢʝ, ɹʝʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʣʝʥʴʢʦʝ ʧʣʘʤʷ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʜʘʚʣʝʥʠʷ. ʅʘʢʦʥʝʮ, ʚ 1904 ʛʦʜʫ, 

ʠʩʧʦʣʴʟʫʷ ʵʪʠ ʜʚʘ ʚʘʞʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ, ɻʝʥʨʠʭ ʈʫʙʝʥʩ, ʚ ʯʴʶ ʯʝʩʪʴ ʥʘʟʚʘʣʠ 

ʵʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ, ʚʟʷʣ 4-ʤʝʪʨʦʚʫʶ ʪʨʫʙʫ, ʧʨʦʩʚʝʨʣʠʣ ʚ ʥʝʡ 200 ʤʘʣʝʥʴʢʠʭ 

ʦʪʚʝʨʩʪʠʡ ʩ ʰʘʛʦʤ 2 ʩʤ ʠ ʟʘʧʦʣʥʠʣ ʝʸ ʛʦʨʶʯʠʤ ʛʘʟʦʤ. ʇʦʩʣʝ ʧʦʜʞʠʛʘʥʠʷ 

ʧʣʘʤʝʥʠ (ʚʳʩʦʪʘ ʦʛʦʥʴʢʦʚ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʪʨʫʙʳ), ʦʥ 

ʟʘʤʝʪʠʣ, ʯʪʦ ʟʚʫʢ, ʧʦʜʚʝʜʸʥʥʳʡ ʢ ʢʦʥʮʫ ʪʨʫʙʳ, ʩʦʟʜʘʸʪ ʩʪʦʷʯʫʶ ʚʦʣʥʫ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ, ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʧʦʜʚʦʜʠʤʦʛʦ ʟʚʫʢʘ. ʂʨʠʛʘʨ-ʄʝʥʮʝʣʴ 

ʧʦʤʦʛʘʣ ʈʫʙʝʥʩʫ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʩʪʦʨʦʥʦʡ ʷʚʣʝʥʠʷ. 

 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʇʦʵʪʘʧʥʘʷ ʩʙʦʨʢʘ ʪʨʫʙʳ ʈʫʙʝʥʩʘ 

ʊʨʫʙʘ 

ɼʣʷ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷ ʚʟʷʣʘ ʤʝʜʥʫʶ ʪʨʫʙʫ ʜʣʠʥʦʡ 500 ʤʤ., ʜʠʘʤʝʪʨ 

ʥʘʨʫʞʥʦʡ ʩʪʝʥʢʠ 20 ʤʤ., ʪʦʣʱʠʥʘ ʪʨʫʙʳ 2 ʤʤ.. 

ʅʘ ʪʨʫʙʝ ʤʘʨʢʝʨʦʤ ʧʨʦʚʝʣʠ ʨʦʚʥʫʶ ʣʠʥʠʶ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʠʥʠʠ ʩʜʝʣʘʣʠ 

ʦʪʤʝʪʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʤʤ. ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɼʘʣʝʝ ʩʚʝʨʣʦʤ ʥʘ 4 ʤʤ. ʧʨʦʜʝʣʘʣʘ 

ʦʪʚʝʨʩʪʠʷ ʚ ʪʨʫʜʝ, ʛʜʝ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʙʫʜʝʪ ʚʳʭʦʜʠʪʴ ʛʘʟ. 

 

  



7 
 

ɼʠʥʘʤʠʢ 

ɺ ʨʦʣʴ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʫʩʢʘʶʱʝʛʦ ʟʚʫʢ ʠʩʧʦʣʥʷʝʪ ʩʪʘʨʘʷ ʢʦʣʦʥʢʘ. ɼʣʷ ʣʫʯʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷ ʨʘʟʦʙʨʘʣʘ ʢʦʣʦʥʢʫ, ʦʪʜʝʣʠʣʘ ʢʦʨʧʫʩ ʦʪ 

ʜʠʥʘʤʠʢʘ, ʧʣʘʪʳ ʠ ʙʘʪʘʨʝʡʢʠ, ʧʦʚʪʦʨʥʦ ʧʨʠʧʘʷʣʘ ʚʩʝ ʢʦʥʪʘʢʪʳ, ʪʘʢ ʢʘʢ ʙʫʜʫ 

ʨʘʙʦʪʘʪʴ ʩ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʘ ʪʦʣʴʢʦ 

ʩʠʩʪʝʤʫ ʠʟ ʜʠʥʘʤʠʢʘ, ʧʣʘʪʳ ʠ ʙʘʪʘʨʝʡʢʠ.  

ɼʘʣʝʝ ʚʟʷʣʘ ʧʣʘʩʪʠʢʦʚʫʶ ʙʫʪʳʣʢʫ, ʚ ʢʦʪʦʨʫʶ ʟʘʢʨʝʧʠʣʘ ʜʠʥʘʤʠʢ ʥʘ ʭʦʣʦʜʥʫʶ 

ʩʚʘʨʢʫ. ɼʠʥʘʤʠʢ ʥʘʧʨʘʚʣʝʥ ʢ ʛʦʨʣʳʰʢʫ ʙʫʪʳʣʢʠ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʦ ʙʫʜʝʪ 

ʟʘʢʨʝʧʣʝʥʦ ʢ ʪʨʫʙʝ. 

ɼʣʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʷ ʥʘʛʨʝʣʘ ʪʨʫʙʫ ʛʦʨʷʱʠʤ ʛʘʟʦʤ ʠ ʚʩʪʘʚʠʣʘ 

ʛʦʨʣʳʰʢʦ ʙʫʪʳʣʢʠ ʚ ʥʝʸ, ʪʝʤ ʩʘʤʳʤ ʥʝʤʥʦʛʦ ʨʘʩʧʣʘʚʠʚ ʧʣʘʩʪʠʢ ʜʣʷ ʣʫʯʰʝʛʦ 

ʩʢʨʝʧʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʰʣʘʩʴ ʧʦ ʰʚʫ ʩʫʭʦʡ ʩʚʘʨʢʦʡ. 

  
ɻʘʟʦʚʘʷ ʛʦʨʝʣʢʘ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʛʘʟ ʠʟ ʙʘʣʣʦʥʘ ʧʦʧʘʜʘʣ ʚ ʪʨʫʙʫ ʷ ʠʩʧʦʣʴʟʦʚʘʣʘ ʧʝʨʝʭʦʜʥʠʢ, 

ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʨʝʛʫʣʷʪʦʨ ʧʦʜʘʯʠ ʛʘʟʘ. ʉ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʜʘʯʠ ʛʘʟʘ 

ʤʳ ʤʦʞʝʤ ʫʧʨʘʚʣʷʪʴ ʚʳʩʦʪʦʡ ʧʣʘʤʝʥʠ. ɽʛʦ ʷ ʪʦʞʝ ʟʘʢʨʝʧʠʣʘ ʧʨʠ 

ʧʦʤʦʱʠ ʭʦʣʦʜʥʦʡ ʩʚʘʨʢʠ. 

 
ʕʢʩʧʝʨʠʤʝʥʪ ʈʫʙʝʥʩʘ 

ʇʦʩʣʝ ʩʙʦʨʢʠ ʪʨʫʙʳ ʷ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʚʳʷʚʣʝʥʠʷ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʧʨʠ 

ʧʦʤʦʱʠ ʧʣʘʤʝʥʠ. ʊʨʫʙʫ ʧʦʩʪʘʚʠʣʠ ʥʘ ʧʦʜʩʪʘʚʢʫ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʜʝʣʘʥʘ ʠʟ 

ʧʝʥʦʙʣʦʢʦʚ. ɼʣʷ ʩʦʙʣʶʜʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʜʦʤ ʥʘʭʦʜʠʣʩʷ ʩʪʘʢʘʥ ʩ 

ʚʦʜʦʡ, ʪʘʢ ʞʝ ʪʨʫʙʫ ʧʦʜʞʠʛʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʜʝʨʝʚʷʥʥʦʡ ʧʘʣʦʯʢʠ. ɸ ʪʘʢʞʝ ʚ 

ʨʘʜʠʫʩʝ 0,5 ʤʝʪʨʦʚ ʫʙʨʘʣʠ ʚʩʝ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʝʩʷ ʧʨʝʜʤʝʪʳ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʚʠʜʝʪʴ ʚʦʣʥʳ ʥʘʤ ʥʫʞʥʦ ʥʘ ʢʦʣʦʥʢʝ ʚʢʣʶʯʠʪʴ ʯʘʩʪʦʪʳ 

ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ. ʇʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣʳ ɚ = ɡT, ʷ ʚʳʷʩʥʠʣʘ, ʯʪʦ ʯʘʩʪʦʪʳ, 

ʢʦʪʦʨʳʝ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʩʪʘʚʠʪʴ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 700 ɻʮ ʜʦ 3000 ɻʮ 

(ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʩʣʳʰʝʥ ʯʝʣʦʚʝʯʝʩʢʠʤ ʫʭʦʤ), ʵʪʦ ʥʫʞʥʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʤʦʞʥʦ ʙʳʣʦ ʥʘʙʣʶʜʘʪʴ ʧʠʢʠ ʟʚʫʢʦʚʳʭ ʚʦʣʥ.  
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ʈʘʩʩʯʠʪʘʝʤ ʜʣʠʥʫ ʚʦʣʥʳ.  

ɺ ʪʨʫʙʝ ʫ ʥʘʩ ʥʘʭʦʜʠʪʴʩʷ ʧʨʦʧʘʥ.  

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʟʚʫʢʘ ʚ ʧʨʦʧʘʥʝ ʨʘʚʥʘ 262 ʤ/ʩ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʦʚ ʩʦʩʪʘʚʠʣʠ ʩʣʝʜʫʶʱʫʶ ʪʘʙʣʠʮʫ: 

 ̄ ʏʘʩʪʦʪʘ, ɻʮ ɼʣʠʥʘ ʚʦʣʥʳ, ʤ 

(ʪʝʦʨʝʪʠʯʝʩʢʠʝ) 

ɼʣʠʥʘ ʚʦʣʥʳ, ʩʤ 

(ʧʨʘʢʪʠʯʝʩʢʠʝ) 

1 500 0,524 50 

2 1000 0,262 25 

3 2000 0,131 14 

4 5000 0,0524 5,3 

ɺ ʧʨʦʮʝʩʩʝ ʟʘʤʝʨʦʚ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʤʦʞʥʳ ʥʝʢʦʪʦʨʳʝ ʧʦʛʨʝʰʥʦʩʪʠ. ʊʘʢ ʞʝ ʛʘʟ 

ʧʨʦʧʘʥ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʡ ʚ ʦʧʳʪʝ, ʤʦʛ ʩʦʜʝʨʞʘʪʴ ʧʨʠʤʝʩʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʚʦ 

ʚʨʝʤʷ ʦʧʳʪʘ ʤʦʛʣʘ ʠʟʤʝʥʷʪʴʩʷ. 

ɺʳʚʦʜ 
ɺ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʷ ʩʦʙʨʘʣʘ ʤʦʜʝʣʴ ʪʨʫʙʳ ʈʫʙʝʥʩʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ ʫʚʠʜʝʪʴ ʜʝʡʩʪʚʠʝ  ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʥʘ ʛʘʟʦʦʙʨʘʟʥʫʶ ʩʨʝʜʫ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʷ ʧʣʘʥʠʨʫʶ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʵʪʦʪ ʦʧʳʪ ʥʝ ʪʦʣʴʢʦ ʩʚʦʝʡ ʩʝʤʴʝ, 

ʥʦ ʠ ʫʯʝʥʠʢʘʤ ʥʘʰʝʡ ʰʢʦʣʳ, ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʪʝʤʫ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ. 

 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

¶ https://youtu.be/uCIJF8YH0HQ 

¶ https://foxford.ru/wiki/informatika/fizika-zvukovoy-volny 

¶ https://infourok.ru/proekt-po-fizike-truba-rubensa-529256.html 

¶ https://shareslide.ru/fizika/prezentatsiya-po-fizike-na-temu-truba 

¶ https://www.peoplelife.ru/247880 

¶ https://ru.wikipedia.org/wiki/%D0%A0%D1% 

¶ ɿʚʫʢʦʚʳʝ ʚʦʣʥʳ. ʀʩʪʦʯʥʠʢʠ ʟʚʫʢʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚʫʢʘ (ʀʚʘʥʦʚʘ ʄ.ɻ.). ɺʠʜʝʦʫʨʦʢ. 
ʌʠʟʠʢʘ 9 ʂʣʘʩʩ (interneturok.ru) 

¶ çɿʚʫʢʦʚʳʝ ʚʦʣʥʳ ʚ ʚʦʟʜʫʭʝ ʚʦʜʝ ʠ ʪʚʝʨʜʳʭ ʪʝʣʘʭè. ʂʨʘʩʠʣʴʥʠʢʦʚ ɺ.ɸ. 

 

 

https://youtu.be/uCIJF8YH0HQ
https://foxford.ru/wiki/informatika/fizika-zvukovoy-volny
https://infourok.ru/proekt-po-fizike-truba-rubensa-529256.html
https://shareslide.ru/fizika/prezentatsiya-po-fizike-na-temu-truba
https://www.peoplelife.ru/247880
https://ru.wikipedia.org/wiki/%D0%A0%D1%25
https://interneturok.ru/lesson/physics/9-klass/mehanicheskie-kolebaniya-i-volny/zvukovye-volny-istochniki-zvuka-harakteristiki-zvuka-ivanova-m-g?ysclid=lf9835x2gi45450252
https://interneturok.ru/lesson/physics/9-klass/mehanicheskie-kolebaniya-i-volny/zvukovye-volny-istochniki-zvuka-harakteristiki-zvuka-ivanova-m-g?ysclid=lf9835x2gi45450252
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ʋʊʀʃʀɿɸʎʀʗ ʅɽʌʊʗʅʓʍ ʐʃɸʄʆɺ ɺ ɺʆɿɼʋʐʅʆʁ 

ɻɸɿʆʈɸɿʈʗɼʅʆʁ ʇʃɸɿʄɽ 

ɽ.ʉ. ɸʟʘʨʦʚʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʘʨʝʥʛʠʥ ɸ.ɻ., ʢ. ʬ.-ʤ. ʥ., ʜʦʮʝʥʪ ʆʗʊʎ ʀʗʊʐ 

 

ʊʦʣʴʢʦ ʚ ʈʦʩʩʠʠ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʝʞʝʛʦʜʥʦ ʦʙʨʘʟʫʶʪʩʷ 

ʤʠʣʣʠʦʥʳ ʪʦʥʥ ʥʝʬʪʷʥʳʭ ʦʪʭʦʜʦʚ (ʰʣʘʤʦʚ), ʩʦʜʝʨʞʘʱʠʭ ʪʷʞʝʣʳʝ 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ (ʘʩʬʘʣʴʪʝʥʳ, ʩʤʦʣʳ, ʤʘʩʣʘ ʠ ʜʨ.), ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ (ʠʣ, 

ʧʝʩʦʢ) ʠ ʚʦʜʫ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʸʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʘ ʝʞʝʛʦʜʥʳʝ ʧʣʘʪʝʞʠ ʟʘ ʠʭ ʨʘʟʤʝʱʝʥʠʝ ʠ ʭʨʘʥʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʤʠʣʣʠʘʨʜʳ 

ʨʫʙʣʝʡ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʷʥʳʭ ʰʣʘʤʦʚ (ʅʐ) 

ʥʝ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʳ ʠ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʚʨʝʜʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ 

ʚʝʱʝʩʪʚ [1]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ  ʅʐ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʛʘʟʦʨʘʟʨʷʜʥʦʡ 

ʧʣʘʟʤʳ [2]. 

 ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ   ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ  ʬʘʢʝʣʴʥʳʡ 

ʧʣʘʟʤʦʪʨʦʥ (ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥ) ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʳ ʚ 

ʩʦʩʪʘʚʝ ʫʩʪʘʥʦʚʢʠ çʇʣʘʟʤʝʥʥʳʡ ʤʦʜʫʣʴ ʥʘ ʙʘʟʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ɺʏɻ8-60/13è (ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ï 13,56 ʄɻʮ, ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʜʦ 60 ʢɺʪ).  

 

 
 

ʈʠʩ.1 

 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ 

ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʦʤ, ʥʘ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ 

ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʅʐ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ 

ʩʪʨʫʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʦʤ ʚ ʩʦʩʪʘʚʝ ʧʣʘʟʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʊʘʢ ʫʚʝʣʠʯʝʥʠʝ ʘʥʦʜʥʦʛʦ ʪʦʢʘ (Iɸ) ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ɺʏɻ) ʩ 2,0 

ʜʦ 3,5 ɸ ʧʨʠʚʦʜʠʪ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʭʦʜʝ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ (3,0 ʛ/ʩ), ʢ 
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ʧʦʚʳʰʝʥʠʶ ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʩ 16,7 ʜʦ 24,4 ʢɺʪ, ʘ ʝʝ 

ʩʨʝʜʥʝʤʘʩʩʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 3400 ʜʦ 4200 K. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʧʣʘʟʤʝʥʥʦʡ ʧʨʦʢʘʣʢʠ ʦʙʨʘʟʮʦʚ ʅʐ ʩ ʥʘʯʘʣʴʥʦʡ 

ʤʘʩʩʦʡ 30 ʛ ʧʨʠ ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ 18,9 ʢɺʪ (Iɸ=2,5 ɸ), 20,1 

ʢɺʪ (2,75 ɸ) ʠ 22,9 ʢɺʪ (3,0 ɸ) ʩʦʩʪʘʚʣʷʝʪ 8, 3 ʠ 2 ʤʠʥʫʪ rʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʷʥʳʭ ʰʣʘʤʦʚ ʚ ʚʦʟʜʫʰʥʦʡ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʝ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʄʘʟʘʣʦʚ ɽ. ɸ., ʄʝʱʝʨʷʢʦʚ ʉ. ɺ. ʇʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʰʣʘʤʦʚ ʠ 
ʩʧʦʩʦʙʳ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ çʅʦʦʩʬʝʨʘè, 2001. ï 246 ʩ. 

2. ʂʘʨʝʥʛʠʥ ɸ.ɻ., ʃʷʭʦʚʘ ɺ.ɸ., ʐʘʙʘʣʠʥ ɸ.ʄ. ʋʩʪʘʥʦʚʢʘ 

ʧʣʘʟʤʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʷʥʳʭ ʰʣʘʤʦʚ // ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ï 2007. ï ˉ4. ï ʉ.10-12. 

3. ʂʘʨʝʥʛʠʥ ɸ.ɻ, ʐʘʙʘʣʠʥ ɸ.ʄ. ʇʘʪʝʥʪ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ 2218378. 
ʉʧʦʩʦʙ ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʷʥʳʭ ʰʣʘʤʦʚ ʠ ʧʣʘʟʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʨʝʘʢʪʦʨ ʜʣʷ ʝʛʦ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ. ɿʘʷʚʣʝʥʦ 09.12.2002; ʆʧʫʙʣ. 10.12.2003, ɹʶʣ. ˉ 34. ī 14 ʩ. 

 

 

 

 

 

ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʁ ʇʈʆɽʂʊ çɺʆʉʉʆɿɼɸʅʀɽ 

ʂɸʊʋʐʂʀ ʊɽʉʃɸè 

ɹʠʨʶʢʦʚʘ ɸʣʝʢʩʘʥʜʨʘ, ʄʦʨʦʟʦʚʘ ɽʚʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʩʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ 50 ʛ. ʊʦʤʩʢʘ, 10ɸ ʢʣʘʩʩ 

ʛ.ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʍʘʣʝʮʢʘʷ ʅʘʪʘʣʴʷ ɺʘʩʠʣʴʝʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ. 

ʇʨʦʝʢʪ ʘʢʪʫʘʣʝʥ ʪʝʤ, ʯʪʦ ʚ ʥʘʰʝʡ ʰʢʦʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʘʣʦ ʧʨʠʙʦʨʦʚ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʘ ʬʠʟʠʢʘ ʢʘʢ ʥʘʫʢʘ ʠʟʫʯʘʣʘʩʴ, 

ʠʟʫʯʘʝʪʩʷ ʠ ʙʫʜʝʪ ʠʟʫʯʘʪʴʩʷ, ʧʦʵʪʦʤʫ ʤʳ ʨʝʰʠʣʠ ʚʦʩʩʦʟʜʘʪʴ ʢʘʪʫʰʢʫ ʊʝʩʣʘ ʠ 

ʧʨʦʚʝʩʪʠ ʫʨʦʢ, ʦʙʲʷʩʥʠʚ ʩ ʢʘʢʠʤʠ ʷʚʣʝʥʠʷʤʠ ʤʳ ʤʦʞʝʤ ʨʘʙʦʪʘʪʴ ʩ ʢʘʪʫʰʢʦʡ 

ʊʝʩʣʘ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʧʨʦʝʢʪʘ.  

ʎʝʣʴ ʧʨʦʝʢʪʘ: ʩʜʝʣʘʪʴ ʢʘʪʫʰʢʫ ʊʝʩʣʘ ʠ ʧʦʢʘʟʘʪʴ ʫʯʝʥʠʢʘʤ ʷʚʣʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʩ ʝʝ ʧʦʤʦʱʴʶ. 

ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 

1) ʀʟʫʯʠʪʴ ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

2) ɺʦʩʩʦʟʜʘʪʴ ʤʘʢʝʪ ʢʘʪʫʰʢʠ ʊʝʩʣʘ. 

3) ʇʨʦʚʝʩʪʠ ʫʨʦʢ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʰʢʦʣʳ, ʧʦʩʚʷʱʝʥʥʳʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʩ ʧʨʠʤʝʨʘʤʠ ʥʘ ʢʘʪʫʰʢʝ ʊʝʩʣʘ. 
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ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪ ʚʦʢʨʫʛ 

ʩʝʙʷ ʢʘʪʫʰʢʘ ʊʝʩʣʘ ʦʙʣʘʜʘʝʪ ʦʛʨʦʤʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʆʙʟʦʨ ʘʥʘʣʦʛʦʚ: 

ɽʩʣʠ ʤʳ ʩʨʘʚʥʠʤ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʝʢʪʦʚ ʧʦ ʢʘʪʫʰʢʝ ʊʝʩʣʘ ʚ ʈʦʩʩʠʠ ʠ ʉʐɸ, 

ʪʦ ʤʦʞʝʤ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʉʐɸ ʢʘʪʫʰʢʠ ʊʝʩʣʘ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʢʘʞʜʳʡ ʚʪʦʨʦʡ, ʚ 

ʦʪʣʠʯʠʠ ʦʪ ʈʦʩʩʠʠ. ʇʨʠ ʧʦʠʩʢʝ ʚ ʠʥʪʝʨʥʝʪʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʟʘʧʨʦʩʫ çʢʘʢ ʩʜʝʣʘʪʴ 

ʢʘʪʫʰʢʫ ʊʝʩʣʘ ʩʚʦʠʤʠ ʨʫʢʘʤʠè, ʚʳʧʘʜʘʝʪ ʤʥʦʛʦ ʩʩʳʣʦʢ, ʥʦ ʠʟʫʯʘʷ ʠʭ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦ, ʩʣʦʞʥʦ ʥʘʡʪʠ ʨʝʘʣʴʥʳʡ ʨʝʮʝʧʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʪʫʰʢʠ ʠʟ ʧʦʜʨʫʯʥʳʭ 

ʩʨʝʜʩʪʚ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʳ ʨʝʰʠʣʠ ʧʦʧʨʦʙʦʚʘʪʴ ʝʝ ʩʜʝʣʘʪʴ. 

ʆʧʠʩʘʥʠʝ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ʧʨʦʝʢʪʘ. 

ʅʘʰ ʧʨʦʝʢʪ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʪʘʢ ʢʘʢ ʢʘʪʫʰʢʠ ʊʝʩʣʘ ʫ ʥʘʩ 

ʚ ʰʢʦʣʝ ʥʝʪ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʥʘʣʠʟ ʠ ʩʠʥʪʝʟ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ 

(ʨʠʩʫʥʦʢ), ʩʦʟʜʘʥʠʝ ʢʘʪʫʰʢʠ ʊʝʩʣʘ, ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ, 

ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʝʤʦʥʩʪʨʘʮʠʷ ʢʘʪʫʰʢʠ ʊʝʩʣʘ. 

ʍʦʜ ʩʦʟʜʘʥʠʷ ʢʘʪʫʰʢʠ ʊʝʩʣʘ: 

1.ɿʘʢʘʟʘʣʠ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ (ʨʝʟʠʩʪʦʨ, ʪʨʘʥʟʠʩʪʦʨ, ʢʦʣʦʜʢʘ ʜʣʷ 

çʂʨʦʥʳè, ʢʦʥʜʝʥʩʘʪʦʨ, ʥʝʦʥʦʚʘʷ ʣʘʤʧʦʯʢʘ, ʪʦʥʢʘʷ ʧʨʦʚʦʣʦʢʘ, ʪʦʣʩʪʘʷ 

ʧʨʦʚʦʣʦʢʘ, ʙʘʪʘʨʝʷ çʂʨʦʥʘè, ʩʢʦʪʯ, ʥʘʞʜʘʯʥʘʷ ʙʫʤʘʛʘ, ʧʣʘʪʘ), ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʩʪʦʠʪ ʢʘʪʫʰʢʘ.  

2.ʆʟʥʘʢʦʤʠʣʠʩʴ ʩ ʠʥʩʪʨʫʢʮʠʝʡ ʧʦ ʩʙʦʨʫ. 

 
ʈʠʩ.1. ʌʦʪʦʛʨʘʬʠʷ ʠʥʩʪʨʫʢʮʠʠ ʠ ʵʣʝʤʝʥʪʦʚ. 

 

3. ʇʨʦʚʝʣʠ ʩʙʦʨʢʫ ʫʩʪʨʦʡʩʪʚʘ.  
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ʈʠʩ.2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʩʙʦʨʢʠ ʢʘʪʫʰʢʠ ʊʝʩʣʘ. 

 

4.ʇʨʦʚʝʜʝʥʠʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʜʝʤʦʥʩʪʨʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ.  

 
ʈʠʩ. 3. ʌʦʪʦʛʨʘʬʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʜʝʤʦʥʩʪʨʘʮʠʠ ʢʘʪʫʰʢʠ ʊʝʩʣʘ. 

 

ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʨʘʙʦʪʳ ʠ ʙʶʜʞʝʪ ʧʨʦʝʢʪʘ: 

 

ʅʘʟʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ, ʰʪ. ʎʝʥʘ, ʨʫʙ. 

ʨʝʟʠʩʪʦʨ 1 4 

ʤʘʢʝʪʥʘʷ ʧʣʘʪʘ 1 250 

ʢʦʥʜʝʥʩʘʪʦʨ 1 6 

ʢʘʪʫʰʢʘ 1 - 

ʧʨʦʚʦʣʦʢʘ (d= 0.25) 1 - 

ʧʨʦʚʦʣʦʢʘ (d= 1.2) 1 - 

ʙʘʪʘʨʝʡʢʘ çʂʨʦʥʘè 1 150 

ʂʦʣʦʜʢʘ ʜʣʷ çʂʨʦʥʳè 1 20 

ʣʘʤʧʦʯʢʘ ʥʝʦʥʦʚʘʷ 1 2 

ʅʘʞʜʘʯʥʘʷ ʙʫʤʘʛʘ 1 - 

ʀʪʦʛʦ:  382 

 

 

ʂʘʪʫʰʢʘ ʊʝʩʣʘ ʙʳʣʘ ʩʦʙʨʘʥʘ ʠʟ ʧʨʦʩʪʳʭ ʵʣʝʤʝʥʪʦʚ, ʜʦʩʪʫʧʥʳʭ ʚ 

ʨʦʟʥʠʯʥʦʡ ʧʨʦʜʘʞʝ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʰʣʦ ʫʩʧʝʰʥʦ. ʇʦʩʪʘʚʣʝʥʥʘʷ 

ʮʝʣʴ ʜʦʩʪʠʛʥʫʪʘ. ʅʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʠ, ʩʦʙʨʘʥʥʦʡ ʥʘʤʠ, ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʷʚʣʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ɺʩʝ ʪʝʩʪʳ ʦʢʘʟʘʣʠʩʴ ʫʩʧʝʰʥʳʤʠ, ʠ ʤʳ ʤʦʞʝʤ ʩ 

ʧʦʣʥʦʡ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʫ ʥʘʩ ʧʦʣʫʯʠʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʩʦʙʨʘʪʴ ʢʘʪʫʰʢʫ 

ʊʝʩʣʘ, ʥʦ ʠ ʫʚʠʜʝʪʴ ʝʝ ʚ ʜʝʡʩʪʚʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʩʣʫʞʠʚʰʝʡ 

ʩʚʦʡ ʩʨʦʢ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʣʘʤʧʳ.  

ʊʝʧʝʨʴ ʚ ʥʘʰʝʡ ʰʢʦʣʝ ʝʩʪʴ ʝʱʸ ʦʜʥʦ ʥʘʛʣʷʜʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʷʚʣʝʥʠʡ, ʠʟʫʯʘʝʤʳʭ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ.  
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʋɻʃɽʈʆɼʅʓʍ ʅɸʅʆʊʈʋɹʆʂ ʄɽʊʆɼʆʄ 

ʄʆʃɽʂʋʃʗʈʅʆʁ ɼʀʅɸʄʀʂʀ 

ɺʘʡʩ ʄʘʢʩʠʤ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 

10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʩʪʷʢʦʚʘ ʅʘʜʝʞʜʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʩʚʝʨʥʫʪʳʭ ʣʠʩʪʦʚ ʛʨʘʬʝʥʘ. ʕʪʦ ʩʘʤʳʝ ʞʝʩʪʢʠʝ ʠ ʧʨʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ [1]. ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʠʤʝʶʪ 2 

ʦʩʥʦʚʥʳʭ ʪʠʧʘ: 1) ʆʜʥʦʩʪʝʥʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ï ʠʤʝʁʪ ʜʠʘʤʝʪʨ ʦʜʠʥ ʥʘʥʦʤʝʪʨ; 2) 

ʄʥʦʛʦʩʪʝʥʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ï ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʥʘʥʦʪʨʫʙʦʢ. ɺʘʞʥʳʡ ʧʘʨʘʤʝʪʨ ʦʜʥʦʩʪʝʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ - 

ʭʠʨʘʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʤ ʦʨʠʝʥʪʘʮʠʠ ʛʨʘʬʠʪʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʪʨʫʙʢʠ. ʀʥʜʝʢʩʳ ʭʠʨʘʣʴʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʝʣʠʯʠʥʫ 

ʵʪʦʛʦ ʫʛʣʘ, ʦʧʨʝʜʝʣʷʶʪ ʦʩʥʦʚʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʪʨʫʙʢʠ. ʊʘʢʞʝ, ʩ 

ʧʦʤʦʱʴʶ ʠʜʝʢʩʦʚ ʭʠʨʘʣʴʥʦʩʪʠ ʤʦʞʥʦ ʥʘʡʪʠ ʝʝ ʜʠʘʤʝʪʨ [2,4]. 

ʎʝʣʴ ʨʘʙʦʪʳ: 

ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʋʅʊ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʘ ʫʧʨʫʛʦʩʪʠ. 

ɿʘʜʘʯʠ: 

1) ʀʟʫʯʠʪʴ ʨʘʙʦʪʫ ʚ ʧʨʦʛʨʘʤʤʝ LAMMPS ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʄɼ 

2) ʇʦʩʪʨʦʠʪʴ ʥʘʥʦʪʨʫʙʢʫ ʠʟ ʘʪʦʤʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ATOMSK 

3) ʅʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ ʠ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ, 

ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ.  ɺ ʯʝʤ ʘʢʪʫʘʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ? ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʥ ʠʛʨʘʝʪ ʥʝʤʘʣʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʨʫʢʪʫʨʳ 

ʙʝʣʢʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʄɼ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʠʟʫʯʘʪʴ ʩʚʦʡʩʪʚʘ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʪʚʝʨʜʳʭ ʪʝʣ ʠ 

ʞʠʜʢʦʩʪʝʡ. 

ʉʫʪʴ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ 

1) ɿʘʜʘʶʪʩʷ ʠʩʭʦʜʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʯʘʩʪʠʮ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʚʝʱʝʩʪʚʘ, ʝʛʦ ʧʣʦʪʥʦʩʪʴʶ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

2) ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ ʭʘʨʘʢʪʝʨʥʳʭ ʯʘʩʪʠʮ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʳʭ ʩʠʣ. 
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3) ʇʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʤʝʱʝʥʠʡ ʘʪʦʤʦʚ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʠʣʦʞʝʥʥʳʭ ʩʠʣ ʠʣʠ ʢʘʢʠʭ-ʣʠʙʦ ʚʦʟʤʫʱʝʥʠʡ ʚ ʚʝʱʝʩʪʚʝ, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ ï ʵʪʦ LAMMPS. ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʩʯʝʪʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʦ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʦʥʦʚ ʘʪʦʤʦʚ. Atomsk ï ʵʪʦ ʧʨʦʛʨʘʤʤʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʘʡʣʦʚ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʘʪʦʤʥʦʤ ʤʘʩʰʪʘʙʝ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ. OVITO ð ʵʪʦ 

ʨʝʰʝʥʠʝ ʜʣʷ ʥʘʫʯʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʣʷ ʘʪʦʤʠʩʪʠʯʝʩʢʠʭ ʠ 

ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʠʮ. 

ɺ ʨʘʙʦʪʝ [3] ʧʨʠʚʝʜʝʥ ʩʣʝʜʫʶʱʠʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʨʦʯʥʦʩʪʠ ʥʘʥʦʪʨʫʙʢʠ: 

ʅʘʥʦʪʨʫʙʢʘ ʨʘʟʦʨʚʸʪʩʷ, ʢʦʛʜʘ ʩʠʣʘ F, ʨʘʩʪʷʛʠʚʘʶʱʘʷ ʪʨʫʙʢʫ, ʩʪʘʥʝʪ ʙʦʣʴʰʝ 

3,8.N ʥʅ, ʛʜʝ N - ʯʠʩʣʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʩʠ C-C ʩʚʷʟʝʡ ʚ ʦʜʥʦʤ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʠ ʪʨʫʙʢʠ. ʇʫʩʪʴ ʜʠʘʤʝʪʨ ʥʘʥʦʪʨʫʙʢʠ D = 1,5 ʥʤ. ʊʦʛʜʘ ʠʟ ʬʦʨʤʫʣʳ (1) 

ʩʣʝʜʫʝʪ, ʯʪʦ N = 18. ʇʦʵʪʦʤʫ ʥʘʥʦʪʨʫʙʢʘ ʨʘʟʦʨʚʸʪʩʷ ʧʨʠ Fmax = 69 ʥʅ. ʏʪʦʙʳ 

ʚʳʯʠʩʣʠʪʴ ʧʨʦʯʥʦʩʪʴ ʇmax ʥʘʥʦʪʨʫʙʢʠ, ʨʘʟʜʝʣʠʤ Fmax ʥʘ ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ S = pi*D2/4 ʠ ʧʦʣʫʯʠʤ: 

ʇmax = 39 ɻʇʘ. 

ɿʥʘʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘʥʦʪʨʫʙʢʠ, ʧʦʣʫʯʝʥʥʦʝ ʥʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʜʦʚʦʣʴʥʦ 

ʙʣʠʟʢʦ ʢ ʤʘʢʩʠʤʘʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤ ʚʝʣʠʯʠʥʘʤ (63 ɻʇʘ) ʠ, 

ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʧʨʦʯʥʦʩʪʠ ʩʘʤʳʭ ʧʨʦʯʥʳʭ ʩʦʨʪʦʚ 

ʩʪʘʣʠ (0,8 ɻʇʘ). 

ʍʦʜ ʨʘʙʦʪʳ: 

ʄʳ ʩʤʦʜʝʣʠʨʦʚʘʣʠ ʫʛʣʝʨʦʜʥʫʶ ʥʘʥʦʪʨʫʙʢʫ ʚ ʧʨʦʛʨʘʤʤʝ atomsk. ʕʪʘ ʧʨʦʛʨʘʤʤʘ 

ʨʘʙʦʪʘʝʪ ʠʟ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ. ʉ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ  

ñatomsk --create nanotube 2.6 8 0 C CNT.cfgò  

ʙʫʜʝʪ ʧʦʩʪʨʦʝʥʘ ʥʘʥʦʪʨʫʙʢʘ ʩ ʜʣʠʥʦʡ ʩʚʷʟʠ ʉ-ʉ 2,6 ʘʥʛʩʪʨʝʤ ʠ ʠʥʜʝʢʩʘʤʠ 

ʭʠʨʘʣʴʥʦʩʪʠ (8,0). ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʙʫʜʫʪ ʟʘʧʠʩʘʥʳ ʚ ʬʘʡʣ. 

ʌʘʡʣ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʥʘʥʦʪʨʫʙʢʠ ʩʯʠʪʳʚʘʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ LAMMPS ʠ ʜʘʣʝʝ 

ʨʘʩʯʝʪʥʘʷ ʷʯʝʡʢʘ ʩ ʪʨʫʙʢʦʡ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʚʜʦʣʴ ʦʩʠ ʪʨʫʙʢʠ ʥʘ 20 %. ɺ ʧʨʦʮʝʩʩʝ 

ʨʘʩʪʷʞʝʥʠʷ ʧʨʦʛʨʘʤʤʘ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʷʞʝʥʠʝ ʚ ʦʙʨʘʟʮʝ. 
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ʇʦʚʝʜʝʥʠʝ ʪʨʫʙʦʢ ʜʦ ʚʟʨʳʚʘ ʠ ʧʦʩʣʝ 

 

 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʜʝʬʦʨʤʘʮʠʠ 

 

ɺʳʚʦʜ: ʧʨʦʚʝʜʷ ʨʘʩʯʸʪʳ ʤʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʫ ʫʛʣʝʨʦʜʥʦʡ 

ʥʘʥʦʪʨʫʙʢʠ ʨʘʚʝʥ 71 ɻʇʘ, ʵʪʦ ʟʥʘʯʝʥʠʝ ʙʣʠʟʢʦ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʄʠʪʨʦʬʘʥʦʚʘ ʀ.ɺ., ʄʠʣʴʪʦ ɺ.ʀ., ʉʫʭʦʜʦʣʦ ʀ.ɺ., ɺʘʩʶʢʦʚ ɻ.ʖ. ɺʦʟʤʦʞʥʦʩʪʠ   
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2. ʏʪʦ ʪʘʢʦʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ? -New-Science.ru  

    [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ 
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ʀɿʋʏɽʅʀɽ ɼɺʀɾɽʅʀʗ ʊɽʃɸ ɹʈʆʐɽʅʅʆɻʆ  

ɻʆʈʀɿʆʅʊɸʃʔʅʆ 

ɺʝʜʠʥʠʜʦʚʘ ɸʨʠʥʘ 

ɹʆʋ ʛ. ʆʤʩʢʘ ʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ  ̄24, 10 ʢʣʘʩʩ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅʦʚʘʢ ɽʣʝʥʘ ʅʠʢʦʣʘʝʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

 

ʆʙʦʩʥʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʝʣʘ, ʙʨʦʰʝʥʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʅʘʧʨʠʤʝʨ, 

ʧʨʳʞʢʠ ʚ ʚʦʜʫ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʥʝʢʦʪʦʨʦʡ ʚʳʩʦʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʢʘʢʦʡ-ʪʦ 

ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʦʩʣʝ ʥʘʯʘʣʘ ʧʨʳʞʢʘ ʠ ʜʦ ʚʭʦʜʘ ʚ ʚʦʜʫ ʧʨʳʛʫʥ ʜʚʠʞʝʪʩʷ 

ʚ ʚʦʟʜʫʭʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʩʠʣ: ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʤʘʪʝʨʠʘʣ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʧʨʝʜʝʣʠʪʴ ʜʘʣʴʥʦʩʪʴ ʧʨʳʞʢʘ (ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ 

ʜʦ ʪʦʯʢʠ ʚʭʦʜʘ ʚ ʚʦʜʫ) ʯʪʦ ʧʦʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʠʩʢ ʧʦʣʫʯʝʥʠʷ ʫʰʠʙʦʚ ʠ ʪʨʘʚʤ 

ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʤ ʩʧʦʩʦʙʝ ʚʭʦʜʘ ʚ ʚʦʜʫ. 

ʄʘʪʝʨʠʘʣ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʤʦʞʝʪ ʧʦʤʦʯʴ ʤʦʠʤ ʪʦʚʘʨʠʱʘʤ, ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʚʦʧʨʦʩʘ ʦ ʜʚʠʞʝʥʠʠ ʪʝʣʘ, ʙʨʦʰʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʨʘʩʰʠʨʠʪʴ ʤʦʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ ʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʪʝʨʥʝʪ, 

ʧʣʘʥʠʨʦʚʘʪʴ ʠ ʩʪʘʚʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪ, ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʠʟ ʦʧʳʪʦʚ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʘʥʥʦʛʦ 

ʚʦʧʨʦʩʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʟʫʯʠʪʴ ʜʚʠʞʝʥʠʝ ʪʝʣʘ, ʙʨʦʰʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, 

ʜʦʢʘʟʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʣʴʥʦʩʪʠ ʧʦʣʸʪʘ ʪʝʣʘ ʦʪ ʚʳʩʦʪʳ 

ʧʦʣʸʪʘ, ʩʢʦʨʦʩʪʠ ʠ ʤʘʩʩʳ ʪʝʣʘ. 

ɿʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ, ʠʩʧʦʣʴʟʫʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʩʫʨʩʳ ʠʥʪʝʨʥʝʪʘ. 

2. ʉʦʙʨʘʪʴ ʧʨʠʙʦʨʳ ʠ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

3. ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʝʣʘ, 

ʙʨʦʰʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʦʪ ʚʳʩʦʪʳ ʧʦʣʝʪʘ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʝʣʘ, 

ʤʘʩʩʳ ʪʝʣʘ. 

4. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ, ʧʨʦʚʝʨʠʪʴ ʚʝʨʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ. 

ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ ʧʨʦʝʢʪʘ: ʋʯʘʱʠʝʩʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, 

ʠʟʫʯʘʶʱʠʝ ʢʠʥʝʤʘʪʠʢʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʣʴʥʦʩʪʠ ʧʦʣʸʪʘ ʰʘʨʠʢʘ ʦʪ ʚʳʩʦʪʳ 

ʊʘʙʣʠʮʘ ˉ1. ʀʟʤʝʥʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʧʦʣʸʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʪʳ ʧʦʣʸʪʘ 

ɺʳʩʦʪʘ (ʩʤ) ɼʘʣʴʥʦʩʪʴ (ʩʤ) 

24 19 

17,5 13,5 

13 11,5 

http://ou24.omsk.obr55.ru/
http://ou24.omsk.obr55.ru/
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10 9 

5 4 

ɼʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʰʘʨʠʢʘ, ʙʨʦʰʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ 

ʧʦʣʝʪʘ. ʏʝʤ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦʣʘ (ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ) ʜʦ 

ʥʠʞʥʝʛʦ ʢʦʥʮʘ ʞʝʣʦʙʘ, ʪʝʤ ʙʦʣʴʰʝ ʜʘʣʴʥʦʩʪʴ ʧʦʣʸʪʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʰʘʨʠʢʘ ʦʪ ʤʘʩʩʳ 

ʊʘʙʣʠʮʘ ˉ2. ʀʟʤʝʥʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʧʦʣʸʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʩʩʳ ʪʝʣʘ 

 ʐʘʨʠʢ ʤʘʩʩʦʡ M1 ʐʘʨʠʢ ʤʘʩʩʦʡ M2 

ʄʘʩʩʘ 

ʰʘʨʠʢʘ (ʛ) 

12 68 

ɺʳʩʦʪʘ 

ʧʦʣʸʪʘ (ʩʤ) 

13 15 27 13 15 27 

ɼʘʣʴʥʦʩʪʴ 

ʧʦʣʸʪʘ (ʩʤ) 

11 13 16 11,2 13,5 17 

11,2 13,2 16.5 11,5 13,3 16,5 

11,5 12,9 16 11 13 16,3 

10,8 13 15,8 11,3 13,2 16 

ʉʨʝʜʥʷʷ 

ʜʘʣʴʥʦʩʪʴ 

ʧʦʣyʪʘ (ʩʤ) 

11 12,8 16,2 10,9 13,5 16,2 

ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʥʘ ʰʘʨʠʢʠ ʜʝʡʩʪʚʦʚʘʣʘ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ, 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʠʤʝʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʢʦʪʦʨʦʡ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. ɿʥʘʯʠʪ, ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʜʘʣʴʥʦʩʪʴ ʧʦʣʸʪʘ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ ʪʝʣʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʣʴʥʦʩʪʠ ʧʦʣʸʪʘ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʰʘʨʠʢʘ  

ʊʘʙʣʠʮʘ ˉ3. ʀʟʤʝʥʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʧʦʣʸʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʈʘʩʩʪʦʷʥʠʝ ɼʘʣʴʥʦʩʪʴ (ʩʤ) 

ʆʪ ʤʝʩʪʘ ʢʨʝʧʣʝʥʠʷ ʞʝʣʦʙʘ 

(ʩʤ) 

ʆʪ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ (ʩʤ) 

0 28 14 

4 26 12,5 

9 24 8,5 

12 22 6 

15 20,5 4 

 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʰʘʨʠʢʘ ʥʘ ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟʤʝʥʠʣʘʩʴ 

ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʰʘʨʠʢ ʧʦʢʠʜʘʣ ʞʝʣʦʙ, ʯʪʦ ʚʳʟʚʘʣʦ ʠʟʤʝʥʝʥʠʝ 

ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ. ʏʝʤ ʚʳʰʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʰʘʨʠʢ ʥʘ ʞʝʣʦʙʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʫʣʝʚʦʤʫ ʫʨʦʚʥʶ, ʪʝʤ ʙʦʣʴʰʝ ʝʛʦ ʚʳʩʦʪʘ, ʪʝʤ ʙʦʣʴʰʝ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ, ʢʦʪʦʨʘʷ ʧʝʨʝʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ. ʏʝʤ ʙʦʣʴʰʝ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʰʘʨʠʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʝʛʦ ʩʢʦʨʦʩʪʴ, ʪʝʤ ʙʦʣʴʰʝ ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ. ɼʘʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʜʦʢʘʟʳʚʘʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 

ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ, L=v0t. ʏʝʤ ʙʦʣʴʰʝ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʪʝʤ ʙʦʣʴʰʝ ʜʘʣʴʥʦʩʪʴ 

ʧʦʣʝʪʘ. 
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ʈʘʩʯʝʪ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ, ʙʨʦʰʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ʊʘʙʣʠʮʘ ˉ4. ɼʘʥʥʳʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʅʦʤʝʨ 

ʟʘʧʫʩʢʘ (n) 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʘʣʴʥʦʩʪʠ ʧʦʣʸʪʘ (Ln), ʩʤ 

ɺʳʩʦʪʘ ʟʘʧʫʩʢʘ 

ʰʘʨʠʢʘ (H), ʩʤ 

ɺʳʯʠʩʣʝʥʥʘʷ 

ʩʢʦʨʦʩʪʴ 

ʰʘʨʠʢʘ (v0n), 

ʩʤ/ʩ 

1. 16 28 6,9 

2. 16,4 28 7,1 

3. 16,3 28 7 

ʉʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ  

(L, H, v0) 

16 28 7 

ʉʨʘʚʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ, ʧʦʣʫʯʘʝʤ, ʯʪʦ v0<v1. ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ 

ʚʳʭʦʜʠʪ ʠʟ-ʟʘ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚ ʩʣʫʯʘʝ ʩ v0, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʤ, ʯʪʦ ʪʝʣʦ 

ʤʳ ʧʨʠʥʠʤʘʣʠ ʟʘ ʤʘʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ, ʥʝ ʫʯʠʪʳʚʘʷ ʩʠʣʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ 

ʠ ʜʨʫʛʠʝ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʧʦʛʨʝʰʥʦʩʪʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ.  

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʠʟʫʯʠʣʠ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʜʚʠʞʝʥʠʝ 

ʪʝʣʘ, ʙʨʦʰʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʷʚʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʘʣʴʥʦʩʪʠ ʧʦʣʸʪʘ ʪʝʣʘ ʦʪ ʤʘʩʩʳ ʠ ʩʢʦʨʦʩʪʠ ʪʝʣʘ, ʦʪʩʫʪʩʪʚʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʝʸ ʦʪ 

ʚʳʩʦʪʳ ʧʦʣʸʪʘ, ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʣʠ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʦʙʲʷʩʥʠʣʠ 

ʧʨʠʯʠʥʫ ʝʸ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʊʝʤ ʩʘʤʳʤ ʛʠʧʦʪʝʟʘ, ʧʦʩʪʘʚʣʝʥʥʘʷ ʚ ʥʘʯʘʣʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʂʘʩʴʥʦʚ ɺ.ɸ., ʂʦʨʦʚʠʥ ɺ.ɸ ʊʝʪʨʘʜʴ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʢ ʫʯʝʙʥʠʢʘʤ 
ɺ. ɸ. ʂʘʩʴʷʥʦʚʘ. ï ʄʦʩʢʚʘ: ɼʨʦʬʘ, 2016.  

2. ʌʠʟʠʢʘ. 10 ʢʣ. ʋʛʣʫʙʣʸʥʥʳʡ ʫʨʦʚʝʥʴ: ʫʯʝʙʥʠʢ/ ɺ.ɸ. ʂʘʩʴʷʥʦʚ. ï 4-ʝ ʠʟʜ., 

ʩʪʝʨʝʦʪʠʧ. ï ʄʦʩʢʚʘ: ɼʨʦʬʘ, 2017. 

3. Hololenses. - https://hololenses.ru/kompjutery/kak-pravilno-prygat-s-vysoty-v-

vodu.html 

4. Interneturok. - https://interneturok.ru/lesson/physics/9-klass/zakony-

vzaimodejstviya-i-dvizheniya-tel/svobodnoe-padenie-tel.  

5. Sfiz. - https://sfiz.ru/uchebnik/uch_mehanika/uch_krivoldvig/112-dvizhenie-

tela-broshennogo-v-gorizontal-nom-napravlenii 

6. Spadilo. - https://spadilo.ru/dvizhenie-tela-broshennogo-gorizontalno/ 
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ʀʉʂʋʉʉʊɺɽʅʅʓɽ ʄʓʐʎʓ 

ɺʝʨʝʷ ʊʠʤʦʬʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ɹʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʛʦʨʦʜʘ ʆʤʩʢʘ ʩʨʝʜʥʷʷ 

ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ24, 10 ʢʣʘʩʩ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅʦʚʘʢ ɽʣʝʥʘ ʅʠʢʦʣʘʝʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ɹʆʋ ʛ. ʆʤʩʢʘ 

çʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ 24è 

ʉʝʛʦʜʥʷ ʦʙʣʘʩʪʴ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʤʝʜʠʮʠʥʳ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ʈʦʙʦʪ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʩʭʦʞ ʩ ʯʝʣʦʚʝʢʦʤ, ʘ ʚ 

ʠʜʝʘʣʝ ʜʘʞʝ ʥʝʦʪʣʠʯʠʤ. ʀ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʢʦʥʝʯʥʦʩʪʠ ʜʦʣʞʥʳ 

ʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʬʫʥʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʳʰʮʳ, ʧʨʠʙʣʠʞʝʥʥʳʝ ʢ ʯʝʣʦʚʝʯʝʩʢʠʤ. 

ʄʳ ʚʠʜʠʤ ʠʭ ʙʫʜʫʱʝʝ ʚ ʫʤʥʳʭ ʧʨʦʪʝʟʘʭ, ʢʦʥʝʯʥʦʩʪʷʭ ʨʦʙʦʪʦʚ ʠ ʣʶʙʳʭ 

ʜʨʫʛʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʝʥʘ ʧʦ ʚʝʩʫ, ʥʦ 

ʥʫʞʜʘʝʪʩʷ ʚ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ.  

ʏʪʦ ʞʝ ʪʘʢʦʝ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʤʳʰʮʘ? ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʨʠʘʣʳ 

ʠʣʠ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʠʤʠʪʠʨʫʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʤʳʰʮʳ ʠ ʤʦʛʫʪ ʩʦʢʨʘʱʘʪʴʩʷ, 

ʨʘʩʰʠʨʷʪʴʩʷ ʠʣʠ ʚʨʘʱʘʪʴʩʷ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʟ-ʟʘ ʚʥʝʰʥʝʛʦ ʩʪʠʤʫʣʘ 

(ʪʘʢʦʛʦ ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ, ʪʦʢ, ʜʘʚʣʝʥʠʝ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʘ). ʕʪʦ ʘʥʘʣʦʛ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʤʳʰʮʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ ʨʘʟʥʳʝ ʚʠʜʳ ʜʚʠʞʝʥʠʷ ʠ 

ʧʝʨʝʜʚʠʛʘʪʴ ʪʷʞʝʩʪʠ.   

ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʝʛʦʜʥʷ ʫʯʝʥʳʭ ʠ ʠʟʦʙʨʝʪʘʪʝʣʝʡ ʚʦʣʥʫʝʪ 

ʚʦʧʨʦʩ ʦʙ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʳʰʮʘʭ, ʢʦʪʦʨʳʝ ʧʨʠʛʦʜʷʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʨʘʟʥʦʛʦ ʨʦʜʘ ʧʨʦʪʝʟʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ 

ʫʪʨʘʯʝʥʥʳʝ ʧʘʮʠʝʥʪʘʤʠ ʢʦʥʝʯʥʦʩʪʠ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʳʰʮ, ʩʣʝʜʫʶʱʠʡ: ʚʦʣʦʢʥʘ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʶʪ ʠʣʠ ʫʤʝʥʴʰʘʶʪ ʩʚʦʶ ʜʣʠʥʫ ʧʦʩʣʝ 

ʪʦʛʦ, ʢʘʢ ʥʘ ʥʠʭ ʧʨʦʠʟʚʝʜʫʪ ʬʠʟʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʕʪʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʤʘʪʝʨʠʘʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʥʠ ʠʟʛʦʪʦʚʣʝʥ.  

ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʫʯʝʥʳʝ ʩʫʤʝʣʠ ʧʦʜʦʙʨʘʪʴ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʳʰʮʳ ʣʶʙʦʛʦ ʪʠʧʘ. ʉʘʤʦʝ ʠʥʪʝʨʝʩʥʦʝ ʚ ʵʪʦʤ 

ʤʘʪʝʨʠʘʣʝ ʪʦ, ʯʪʦ ʦʥ ʩʘʤʳʡ ʦʙʳʯʥʳʡ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʳʪʫ. ʕʪʦ ʩʘʤʘʷ 

ʦʙʳʢʥʦʚʝʥʥʘʷ ʨʳʙʦʣʦʚʥʘʷ ʣʝʩʢʘ. ʄʥʝ ʩʪʘʣʦ ʠʥʪʝʨʝʩʥʦ, ʧʦʣʫʯʠʪʩʷ ʣʠ ʩʦʟʜʘʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʤʳʰʮʫ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʦʚʝʩʪʠ ʩ ʥʝʡ ʦʧʳʪ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʮʝʩʩ ʩʦʢʨʘʱʝʥʠʷ ʤʳʰʮʳ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʤʳʰʮʘ.  

ʇʨʦʙʣʝʤʘ: ʢʘʢ ʩʦʟʜʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʳʰʮʳ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. 

ɻʠʧʦʪʝʟʘ: ʀʟʫʯʠʚ ʤʘʪʝʨʠʘʣ ʦ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʳʰʮʘʭ, ʤʦʞʥʦ ʚ ʜʦʤʘʰʥʠʭ 

ʫʩʣʦʚʠʷʭ ʠʟʛʦʪʦʚʠʪʴ ʠʭ ʤʦʜʝʣʴ ʠ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʠʟʤʝʥʝʥʠʝ ʝʝ ʜʣʠʥʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ.  

ʎʝʣʠ: ʠʟʛʦʪʦʚʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʤʳʰʮʫ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʠʩʧʦʣʴʟʫʷ 

ʨʳʙʦʣʦʚʥʫʶ ʣʝʩʢʫ ʠ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʝ ʩʦʢʨʘʱʝʥʠʷ. 

ɿʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʳʰʮ. 

2. ʇʦʜʦʙʨʘʪʴ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʳʰʮ. 

https://translated.turbopages.org/proxy_u/en-ru.ru.9892ff2c-63ba2ee9-91f62157-74722d776562/https/en.wikipedia.org/wiki/Muscle
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3. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʩʦʙʨʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʳʰʮ.  

4. ʀʟʛʦʪʦʚʠʪʴ ʤʳʰʮʫ ʠ ʧʨʦʠʟʚʝʩʪʠ ʦʧʳʪʳ. 

5. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʚʳʚʦʜ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ - ʠʟʫʯʝʥʠʝ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ, ʠʥʪʝʨʥʝʪ 

ʠʩʪʦʯʥʠʢʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ï ʵʢʩʧʝʨʠʤʝʥʪ, ʥʘʙʣʶʜʝʥʠʝ, ʘʥʘʣʠʟ, ʦʙʦʙʱʝʥʠʝ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʤʦʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʳʰʮ ʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ 

ʩ ʥʠʤʠ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: ʩʫʱʝʩʪʚʫʝʪ ʥʝʤʘʣʦ ʧʨʦʪʦʪʠʧʦʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʤʳʰʮ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʢʨʘʱʘʪʴʩʷ ʢʘʢ ʥʘʩʪʦʷʱʠʝ ʤʳʰʮʳ, ʥʦ ʧʦʯʪʠ ʚʩʝ ʦʥʠ 

ʪʨʝʙʫʶʪ ʜʦʨʦʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ ʵʪʦʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʚʩʝ ʝʱʝ ʥʠʟʢʘ. ʉʦʟʜʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʳʰʮ ʠʟ 

ʧʨʦʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʨʳʙʦʣʦʚʥʦʡ ʣʝʩʢʠ, ʫʤʝʥʴʰʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʧʨʦʪʝʟʦʚ ʠ ʧʦʤʦʞʝʪ ʠʭ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

1. ʆʙʟʦʨ ʫʜʠʚʠʪʝʣʴʥʳʭ ʦʪʢʨʳʪʠʡ  

ʉʦʚʨʝʤʝʥʥʳʝ ʨʦʙʦʪʳ ʤʦʛʫʪ ʤʥʦʛʦʝ. ʅʦ ʧʨʠ ʵʪʦʤ ʠʤ ʜʘʣʝʢʦ ʜʦ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʣʝʛʢʦʩʪʠ ʠ ʛʨʘʮʠʦʟʥʦʩʪʠ ʜʚʠʞʝʥʠʡ. ʀ ʧʨʠʯʠʥʘ ʵʪʦʤʫ - 

ʥʝʩʦʚʝʨʰʝʥʥʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʳʰʮʳ. ʋʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʫʯʝʥʳʝ ʚʩʝʛʦ ʤʠʨʘ 

ʘʢʪʠʚʥʦ ʚʝʜʫʪ ʨʘʙʦʪʳ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʳʰʮ.   

ʀʟʦʙʨʝʪʘʪʝʣʠ ʠʟ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʉʠʥʛʘʧʫʨʘ ʩʦʟʜʘʣʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʳʰʮʳ ʜʣʷ ʨʦʙʦʪʦʚ, ʩʧʦʩʦʙʥʳʝ ʧʦʜʥʠʤʘʪʴ ʧʨʝʜʤʝʪʳ, ʢʦʪʦʨʳʝ ʚ 

80 ʨʘʟ ʪʷʞʝʣʝʝ ʠʭ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʠʤʝʨʥʳʝ ʤʳʰʮʳ ʦʙʣʘʜʘʶʪ 

ʛʠʙʢʦʩʪʴʶ, ʧʨʦʯʥʦʩʪʴʶ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʝʥʷʪʴ ʩʚʦʶ ʬʦʨʤʫ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ 

(ʇʨʠʣʦʞʝʥʠʝ1, ʨʠʩ.1). 

ʀʟʦʙʨʝʪʘʪʝʣʠ ʠʟ ɻʘʨʚʘʨʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʦʟʜʘʣʠ ʥʦʚʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

ʤʳʰʮʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ ʵʣʝʢʪʨʦʜʦʚ ʠʟ 

ʥʘʥʦʪʨʫʙʦʢ. ʅʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʚʦ - ʧʝʨʚʳʭ, ʦʯʝʥʴ ʜʦʨʦʛʦʩʪʦʷʱʠʡ. 

ɺʦ - ʚʪʦʨʳʭ, ʪʘʢʠʝ ʤʳʰʮʳ ʩʧʦʩʦʙʥʳ ʩʦʢʨʘʱʘʪʴʩʷ ʣʠʰʴ ʥʘ 10 % ʦʪ ʩʚʦʝʡ ʦʙʱʝʡ 

ʜʣʠʥʳ (ʇʨʠʣʦʞʝʥʠʝ1, ʨʠʩ.2). 

ʀʟʦʙʨʝʪʝʥʠʝ ʛʨʫʧʧʳ ɹʘʫʭʤʘʥʘ, ʢʦʪʦʨʦʝ ʥʘʯʘʣʦʩʴ ʩ 1999 ʛ.  

ɺ ʘʚʩʪʨʘʣʠʡʩʢʦʤ ʛʦʨʦʜʢʝ ʂʠʨʭʙʝʨʛʝ ʥʘ 13-ʡ ʚʩʪʨʝʯʝ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʟʠʤʥʝʡ 

ʰʢʦʣʳ ʧʦ ʵʣʝʢʪʨʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʪʫʧʠʣ 

ʩ ʜʦʢʣʘʜʦʤ ʫʯʝʥʳʡ ʈʝʡ ɹʘʫʭʤʘʥ. ʅʘ ʦʙʦʟʨʝʥʠʝ ʧʨʝʜʩʪʘʚʠʣʠ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ, ʧʝʨʝʧʣʝʪʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʚʠʜʝ ʣʠʩʪʦʚ ʥʘʥʦʙʫʤʘʛʠ. ɺ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʫʛʣʝʨʦʜʥʳʝ ʤʳʰʮʳ ʧʨʠ 

ʩʛʠʙʘʥʠʠ/ʨʘʟʛʠʙʘʥʠʠ ʧʨʦʠʟʚʦʜʷʪ ʵʥʝʨʛʠʶ (ʇʨʠʣʦʞʝʥʠʝ1, ʨʠʩ.3). 

ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʜʦʢʪʦʨ ʈʵʡ ɹʦʬʤʘʥ ʠʟ ʊʝʭʘʩʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʉʐɸ) ʚ 

ʭʦʜʝ ʫʩʧʝʰʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

(ʠʟ ʢʦʪʦʨʳʭ ʨʘʥʴʰʝ ʧʳʪʘʣʠʩʴ ʜʝʣʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʳʰʮʳ) ʵʪʦ ʪʫʧʠʢʦʚʳʡ 
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ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʆʥ ʧʨʝʜʣʦʞʠʣ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ʧʦ ʩʦʟʜʘʥʠʶ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʳʰʮʳ: ʦʙʳʯʥʫʶ ʨʳʙʦʣʦʚʥʫʶ ʣʝʩʢʫ ʩʢʨʫʪʠʣʠ ʠ ʧʦʜʚʝʨʛʣʠ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʜʘʥʥʘʷ ʩʧʠʨʘʣʴ 

ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ, ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ð ʦʧʷʪʴ ʩʢʨʫʯʠʚʘʝʪʩʷ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʜʘʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʯʝʥʴ ʩʭʦʞʝ ʩ ʧʦʚʝʜʝʥʠʝʤ ʥʘʩʪʦʷʱʝʛʦ 

ʤʳʰʝʯʥʦʛʦ ʚʦʣʦʢʥʘ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʪʦ, 

ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʯʝʣʦʚʝʯʝʩʢʠʭ ʤʳʰʮʘʭ ʷʚʣʷʝʪʩʷ ʥʝʨʚ, 

ʘ ʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ð ʥʘʛʨʝʚ ʠ ʦʭʣʘʞʜʝʥʠʝ. ʀʟʤʝʨʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʤʳʰʮʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʤʫʩʢʫʣʘʤʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʳʰʮʳ ʫʤʝʥʴʰʠʣʠʩʴ ʚ ʨʘʟʤʝʨʘʭ ʥʘ 

50 % (ʚʦʟʤʦʞʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʢʠʭ ʪʦʣʴʢʦ ʥʘ 20%). ʊʘʢʘʷ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʤʳʰʮʘ 

ʤʦʞʝʪ ʣʝʛʢʦ ʧʦʜʥʠʤʘʪʴ ʛʨʫʟʳ ʤʘʩʩʦʡ ʙʦʣʴʰʝ 700 ʢʠʣʦʛʨʘʤʤ (ʇʨʠʣʦʞʝʥʠʝ1, 

ʨʠʩ.4). 

2. ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʳʰʮ. 

ʆʪʢʨʳʪʠʝ ʫʯʝʥʳʭ ʠʟ ɼʘʣʣʘʩʘ ʚʜʦʭʥʦʚʠʣʦ ʥʝʤʘʣʦ ʫʯʝʥʳʭ ʩʦ ʚʩʝʛʦ ʤʠʨʘ. 

ʋʩʧʝʰʥʦ ʧʦʚʪʦʨʠʪʴ ʠʭ ʦʧʳʪ ʫʜʘʣʦʩʴ ʨʦʙʦʪʝʭʥʠʢʫ ɸʣʝʢʩʘʥʜʨʫ ʅʠʢʦʣʘʝʚʠʯʫ 

ʉʝʤʦʯʢʠʥʫ, ʛʣʘʚʝ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ɹɻʇʋ. 

ɿʘ ʤʥʦʛʠʝ ʤʝʩʷʮʳ ʨʘʙʦʪʳ ʝʤʫ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʳʰʮʳ 

ʠ ʤʘʰʠʥʫ ʜʣʷ ʝʝ ʥʘʢʨʫʯʠʚʘʥʠʷ. (ʇʨʠʣʦʞʝʥʠʝ1, ʨʠʩ.5) 

ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʧʷʪʠʩʘʥʪʠʤʝʪʨʦʚʫʶ ʤʳʰʮʫ, ɸ. ʅ. ʉʝʤʦʯʢʠʥʫ ʥʫʞʥʦ 

ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ ʧʨʦʚʦʣʦʢʠ ʠ 20 ʩʤ ʦʙʳʯʥʦʡ ʨʳʙʦʣʦʚʥʦʡ ʣʝʩʢʠ.  

(ʇʨʠʣʦʞʝʥʠʝ1, ʨʠʩ.6). ɸʧʧʘʨʘʪ ʧʦ çʧʨʦʠʟʚʦʜʩʪʚʫè ʤʫʩʢʫʣʘʪʫʨʳ, ʩʢʨʫʯʠʚʘʝʪ ʝʝ 

ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. (ʇʨʠʣʦʞʝʥʠʝ 1, ʨʠʩ. 7) ɿʘʪʝʤ ʢʦʥʩʪʨʫʢʮʠʶ ʥʘ ʧʦʣʯʘʩʘ 

ʧʦʤʝʱʘʶʪ ʚ ʧʝʯʴ, ʨʘʩʢʘʣʝʥʥʫʶ ʜʦ +180 ʛʨʘʜʫʩʦʚ ʧʦ ʎʝʣʴʩʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʳʰʮʘ ʚʳʪʷʛʠʚʘʝʪʩʷ ʠʣʠ ʩʦʢʨʘʱʘʝʪʩʷ.  

ʇʦ ʩʣʦʚʘʤ ʫʯʸʥʦʛʦ ï ʠʟʛʦʪʦʚʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʤʳʰʮʫ ʥʘʩʪʦʣʴʢʦ ʧʨʦʩʪʦ, 

ʯʪʦ ʩ ʵʪʠʤ ʩʧʨʘʚʠʪʩʷ ʠ ʰʢʦʣʴʥʠʢ ʚ ʨʘʤʢʘʭ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʦ ʬʠʟʠʢʝ. ʅʫʞʥʦ ʣʠʰʴ 

ʠʤʝʪʴ ʩ ʩʦʙʦʡ ï ʜʚʝ ʢʘʥʮʝʣʷʨʩʢʠʝ ʩʢʨʝʧʢʠ, ʰʫʨʫʧʦʚʝʪ ʠ ʩʘʤʫ ʣʝʩʢʫ! 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʕʢʩʧʝʨʠʤʝʥʪ 1. ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʤʳʰʮʘ ʠʟ ʨʳʙʦʣʦʚʥʦʡ ʣʝʩʢʠ.  

ʎʝʣʴ: ʀʟʛʦʪʦʚʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʤʳʰʮʫ ʠʟ ʨʳʙʦʣʦʚʥʦʡ ʣʝʩʢʠ. 

ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʳ ʧʦʧʨʦʙʫʝʤ ʩʜʝʣʘʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʤʳʰʮʫ ʠ ʧʨʦʚʝʜʝʤ ʩ ʥʝʡ ʵʢʩʧʝʨʠʤʝʥʪʳ.  

ʇʨʠʙʦʨʳ ʠ ʤʘʪʝʨʠʘʣʳ: ʨʳʙʦʣʦʚʥʘʷ ʣʝʩʢʘ ʜʠʘʤʝʪʨʦʤ 0,5 ʠ 0,7 ʤʤ, 

ʰʫʨʫʧʦʚʝʪ, ʢʘʥʮʝʣʷʨʩʢʠʝ ʩʢʨʝʧʢʠ, ʥʘʙʦʨ ʛʨʫʟʦʚ. (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩ.1) 

ʍʦʜ ʨʘʙʦʪʳ: 

1. ʐʫʨʫʧʦʚʝʨʪ ʟʘʢʨʝʧʠʪʴ ʚʝʨʪʠʢʘʣʴʥʦ.  

2. ɿʘʢʨʝʧʠʪʴ ʩʢʨʝʧʢʫ ʚ ʧʘʪʨʦʥʝ ʰʫʨʫʧʦʚʝʪʘ. 

3. ʇʨʠʢʨʝʧʠʪʴ ʢ ʩʢʨʝʧʢʝ ʣʝʩʢʫ ʩ ʛʨʫʟʦʤ 500 ʛ.  

4. ɺʢʣʶʯʠʪʴ ʰʫʨʫʧʦʚʝʪ. 

5. ʏʝʨʝʟ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʣʝʩʢʘ ʥʘʯʠʥʘʝʪ ʥʘʢʨʫʯʠʚʘʪʴʩʷ 

ʊʨʫʜʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʳʰʮʳ ʠʟ ʨʳʙʦʣʦʚʥʦʡ ʣʝʩʢʠ: 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʳ ʚʟʷʣʠ ʦʙʳʯʥʫʶ ʨʳʙʦʣʦʚʥʫʶ ʣʝʩʢʫ ʜʠʘʤʝʪʨʦʤ 0,5 ʤʤ 

ʠ 0,7 ʤʤ. (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩ.2). 
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ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʷ ʠʩʧʦʣʴʟʦʚʘʣ ʣʝʩʢʫ 0,5 ʤʤ. ʇʦʩʣʝ ʩʢʨʫʯʠʚʘʥʠʷ, ʜʘʞʝ ʧʨʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʪʷʞʝʥʠʠ ʤʳʰʮʘ ʦʙʨʳʚʘʣʘʩʴ. ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ 

ʩʢʨʫʯʠʚʘʶʱʠʝ ʫʩʠʣʠʷ ʥʘʜ ʣʝʩʢʦʡ ʥʘʨʫʰʠʣʠ ʝʝ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʪ.ʢ. ʣʝʩʢʘ 

ʙʳʣʘ ʩʣʠʰʢʦʤ ʪʦʥʢʘʷ. ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʢʨʫʯʠʚʘʥʠʶ ʤʳʰʮʳ ʧʦʣʫʯʠʣʠʩʴ 

ʠʟ ʣʝʩʦʢ ʜʠʘʤʝʪʨʦʤ ʠ ʜʠʘʤʝʪʨʦʤ 0,7 ʤʤ, ʜʣʠʥʦʡ 1 ʤʝʪʨ (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩ 3). 

ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʤʳʰʮʫ, ʤʳ ʟʘʢʨʝʧʠʣʠ ʰʫʨʫʧʦʚʝʪ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʢ ʦʜʥʦʤʫ ʢʦʥʮʫ ʧʨʠʢʨʝʧʠʣʠ ʦʙʳʯʥʫʶ ʢʘʥʮʝʣʷʨʩʢʫʶ 

ʩʢʨʝʧʢʫ ʠ ʟʘʞʘʣʠ ʝʝ ʚ ʧʘʪʨʦʥʝ. (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩ 4). 

ʂ ʜʨʫʛʦʤʫ ʢʦʥʮʫ ʪʘʢʞʝ ʧʨʠʢʨʝʧʠʣʠ ʣʝʩʢʫ ʠ ʛʨʫʟ ʚʝʩʦʤ 500 ʛ. (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩ 

5). ʇʨʠ ʪʘʢʦʤ ʚʝʩʝ ʣʝʩʢʘ ʥʝ ʧʦʨʚʝʪʩʷ, ʘ ʩʚʝʨʥʝʪʩʷ ʚ ʦʜʥʦʨʦʜʥʫʶ ʩʧʠʨʘʣʴ. ɺ 

ʧʨʦʮʝʩʩʝ ʟʘʢʨʫʪʢʠ ʛʨʫʟ ʜʦʣʞʝʥ ʧʦʜʥʠʤʘʪʴʩʷ ʚʚʝʨʭ, ʥʝ ʧʨʦʚʦʨʘʯʠʚʘʷʩʴ ʚʦʢʨʫʛ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʚ ʩʢʨʝʧʢʫ ʚʩʪʘʚʠʣʠ ʢʘʨʘʥʜʘʰ 

ʚ ʢʘʯʝʩʪʚʝ ʬʠʢʩʘʪʦʨʘ. (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩ 6) 

ɼʘʣʝʝ ʚʢʣʶʯʠʣʠ ʰʫʨʫʧʦʚʝʪ. (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩ 7). ʏʝʨʝʟ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ ʣʝʩʢʘ ʥʘʯʠʥʘʝʪ ʩʢʨʫʯʠʚʘʪʴʩʷ ʚ ʧʣʦʪʥʫʶ ʩʧʠʨʘʣʴ (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩ 8). 

ʀʩʭʦʜʥʳʡ ʦʪʨʝʟʦʢ ʣʝʩʢʠ ʜʣʠʥʦʡ 1 ʤ ʧʨʠ ʩʢʨʫʯʠʚʘʥʠʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 29 ʩʤ 

ʪʘʢʦʡ ʩʧʠʨʘʣʠ (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩ 9). ʂʦʛʜʘ ʚʩʷ ʣʝʩʢʘ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʩʧʠʨʘʣʴ, 

ʪʦ ʦʥʘ ʧʦʯʪʠ ʥʝ ʨʘʩʢʨʫʯʠʚʘʝʪʩʷ ʦʙʨʘʪʥʦ. 

ɺʳʚʦʜ: ɺ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʩʘʤʦʛʦ 

ʧʨʦʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʨʳʙʦʣʦʚʥʦʡ ʣʝʩʢʠ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʫʶ 

ʤʳʰʮʫ. 

ʕʢʩʧʝʨʠʤʝʥʪ 2. ʀʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʳʰʮʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ 

ʎʝʣʴ: ʀʩʩʣʝʜʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʳʰʮʳ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʤʳʰʮʘ, ʬʝʥ ʜʦʤʘʰʥʠʡ, ʬʝʥ 

ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʍʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1.ɿʘʢʨʝʧʠʪʴ ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʤʳʰʮʫ  

2. ʅʘʧʨʘʚʠʪʴ ʧʦʪʦʢ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʫʭʘ ʩ ʧʦʤʦʱʴʶ ʬʝʥʘ. 

3.ʅʘʙʣʶʜʘʪʴ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʤʳʰʮʳ. 

ʊʨʫʜʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʳʰʮʝʡ: 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣ ʜʦʤʘʰʥʠʡ 

ʬʝʥ (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩ 10). 

ʅʦ ʝʛʦ ʤʦʱʥʦʩʪʠ ʥʝ ʭʚʘʪʠʣʦ, ʯʪʦʙʳ ʤʳʰʮʘ ʥʘʯʘʣʘ ʩʦʢʨʘʱʘʪʴʩʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʣʘ ʚʩʝʛʦ ʣʠʰʴ 53,9 ʛʨʘʜʫʩʦʚ (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩ 11). 

ʊʦʛʜʘ ʷ ʚʟʷʣ ʧʨʦʤʳʰʣʝʥʥʳʡ ʬʝʥ ʠ ʦʧʳʪ ʧʦʣʫʯʠʣʩʷ. (ʇʨʠʣʦʞʝʥʠʝ 2, ʨʠʩ 

12). ɺʦ ʚʨʝʤʷ ʥʘʛʨʝʚʘʥʠʷ ʤʳʰʮʘ ʩʦʢʨʘʪʠʣʘʩʴ ʠ ʥʘʯʘʣʠ ʨʘʩʢʨʫʯʠʚʘʪʴʩʷ. 

ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʘʯʠʥʘʣʘ ʚʦʟʚʨʘʱʘʪʴʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʆʙʲʷʩʥʠʤ ʪʝʧʝʨʴ, ʧʦʯʝʤʫ ʥʝʡʣʦʥʦʚʘʷ ʩʧʠʨʘʣʴ ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʦʜʦʣʴʥʳʝ ʚʦʣʦʢʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʩʢʠ ʟʘʚʠʪʳ 

ʧʨʠʤʝʨʥʦ ʥʘ 45Á ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ. ʇʨʠ ʥʘʛʨʝʚʝ ʣʝʩʢʠ ʟʘʢʨʫʯʝʥʥʳʝ ʚʦʣʦʢʥʘ 

ʩʦʢʨʘʱʘʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʢʨʫʯʠʚʘʥʠʶ ʣʝʩʢʠ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʝʩʣʠ ʚʦʣʦʢʥʘ ʩʦʢʨʘʱʘʶʪʩʷ ʥʘ 1 %, ʪʦ ʠ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ, ʥʘ ʢʦʪʦʨʦʝ 
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ʨʘʩʢʨʫʯʠʚʘʝʪʩʷ ʣʝʩʢʘ, ʩʦʩʪʘʚʣʷʝʪ 1 % ʦʪ ʧʦʣʥʦʛʦ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ, ʥʘ ʢʦʪʦʨʦʝ ʦʥʘ 

ʟʘʢʨʫʯʝʥʘ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʯʝʪʩʷ ʩʢʘʟʘʪʴ, ʯʪʦ ʛʠʧʦʪʝʟʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʚ 

ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʙʳʣʘ ʜʦʢʘʟʘʥʘ. ʀʟ ʩʘʤʦʛʦ ʧʨʦʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʳʯʥʦʡ 

ʨʳʙʦʣʦʚʥʦʡ ʣʝʩʢʠ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷ ʧʦʣʫʯʠʣʦʩʴ ʠʟʛʦʪʦʚʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʫʶ 

ʤʳʰʮʫ ʠ ʧʨʦʚʝʩʪʠ ʩ ʥʝʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʤʳʰʮʘ ʩʦʢʨʘʪʠʣʘʩʴ ʠ 

ʥʘʯʘʣʘ ʨʘʩʢʨʫʯʠʚʘʪʴʩʷ, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʥʘ ʚʦʟʚʨʘʱʘʣʘʩʴ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʠ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʚ ʤʦʝʡ ʨʘʙʦʪʝ 

ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ. ʄʥʝ ʫʜʘʣʦʩʴ ʠʟʛʦʪʦʚʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʳʰʮʳ ʠʟ 

ʨʳʙʦʣʦʚʥʦʡ ʣʝʩʢʠ ʠ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʟʛʦʪʦʚʣʝʥʥʦʡ 

ʤʦʜʝʣʴʶ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. http://compulenta.computerra.ru/veshestvo/materialovedenie/10011631 

2. https://ampravda.ru/2016/09/08/069546.html 

3. https://www.ftorpolymer.ru/nws.php?id=Artificial_muscles 

4. https://www.techinsider.ru/diy/404222-myagkaya-sila-kak-samomu-sdelat-

silikonovye-myshcy/ 

5. https://robocraft.ru/projects/3058 

6. https://scfh.ru/papers/iskusstvennye-myshtsy-iz-neylonovoy-leski/ 

 

 

 

 

ʀɿʋʏɽʅʀE ʄɽʍɸʅʀɿʄʆɺ ʃɸɿɽʈʅʆʁ ɻʈɸɺʀʈʆɺʂʀ 

ʄɽʊɸʃʃʀʏɽʉʂʍ ʄɸʊɽʈʀɸʃʆɺ. 

ɺʝʨʠʛʠʥʘ ʃʶʜʤʠʣʘ ɸʥʜʨʝʝʚʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 

ʛʦʨʦʜʘ ʊʦʤʩʢʘ, 10 ʢʣʘʩʩ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɿʳʢʦʚ ʀʣʴʷ ʖʨʴʝʚʠʯ 

 

ʃʘʟʝʨʥʘʷ ʛʨʘʚʠʨʦʚʢʘ. 

ʇʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ, ʪʦ ʝʩʪʴ ʥʘʜʝʞʥʳʭ, ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʭ ʠ ʥʝ 

ʪʨʝʙʫʶʱʠʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʣʘʟʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʪʘʢʠʭ ʢʘʢ ʣʘʟʝʨʥʳʡ ʛʨʘʚʝʨ. 

ɼʦ ʪʦʛʦ ʢʘʢ ʣʶʜʠ ʥʘʯʘʣʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʣʘʟʝʨʦʤ, ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʛʨʘʚʠʨʦʚʢʠ 

ʥʘ ʨʘʟʣʠʯʥʳʝ ʠʟʜʝʣʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʪʘʢʠʝ ʩʧʦʩʦʙʳ ʛʨʘʚʠʨʦʚʢʠ ʢʘʢ ʨʫʯʥʦʡ, ʪʦ 

ʝʩʪʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʶʚʝʣʠʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʡ, ʪʦ 

ʝʩʪʴ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʢʘ ʠ ʬʨʝʟ ʜʣʷ ʚʳʨʝʟʘʥʠʷ ʥʫʞʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠʣʠ ʪʝʢʩʪʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʛʣʫʙʦʢʦʡ ʣʘʟʝʨʥʦʡ ʛʨʘʚʠʨʦʚʢʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʦ ʝʝ 

ʧʦʷʚʣʝʥʠʷ ʛʨʘʚʠʨʦʚʢʫ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘʥʦʩʠʣʠ ʩʧʦʩʦʙʘʤʠ, 

ʢʦʪʦʨʳʝ ʥʝʩʣʠ ʚ ʩʝʙʝ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ, 

https://ampravda.ru/2016/09/08/069546.html
https://www.ftorpolymer.ru/nws.php?id=Artificial_muscles
https://www.techinsider.ru/diy/404222-myagkaya-sila-kak-samomu-sdelat-silikonovye-myshcy/
https://www.techinsider.ru/diy/404222-myagkaya-sila-kak-samomu-sdelat-silikonovye-myshcy/
https://robocraft.ru/projects/3058
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ʚʨʝʤʷʟʘʪʨʘʪʥʦʩʪʴ ʠʣʠ ʥʝʫʜʦʙʩʪʚʦ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʘ ʝʩʣʠ 

ʧʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʫʯʥʦʛʦ ʪʨʫʜʘ, ʪʦ ʠ ʥʝʙʝʟʦʧʘʩʥʦʩʪʴ. ʉ ʧʦʷʚʣʝʥʠʝʤ 

ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʥʘ ʤʝʪʘʣʣ ʰʨʠʬʪʦʚ ʠ ʢʘʨʪʠʥʦʢ ʩ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʴʶ ʩʣʦʞʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʣʩʷ. 

 

ʃʘʟʝʨʥʳʝ ʛʨʘʚʝʨʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʮʝʣʷʭ [1]: 

¶ ʩʫʚʝʥʠʨʳ ʠ ʧʦʜʘʨʢʠ ʩ ʦʩʦʙʦʡ ʥʘʜʧʠʩʴʶ. 

¶ ʰʪʨʠʭ ʠ QR-ʢʦʜʳ ʥʘ ʨʘʟʥʳʭ ʠʟʜʝʣʠʷʭ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʷʨʣʳʢʦʚ, ʢʘʨʪʦʯʝʢ 

ʫʯʝʪʘ. 

¶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʰʢʘʣ ʧʨʠʙʦʨʦʚ ʠ ʥʘʥʝʩʝʥʠʝ ʤʘʨʢʠʨʦʚʢʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʤʘʩʰʪʘʙʘʭ. 

¶ ʥʘʥʝʩʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʩʚʝʜʝʥʠʡ ʥʘ ʠʟʜʝʣʠʷ ʚʦʝʥʥʦʡ ʠ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 

¶ ʛʨʘʚʠʨʦʚʢʘ ʥʘ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʷʭ. 

¶ ʛʨʘʚʠʨʦʚʢʘ ʥʘʜʧʠʩʝʡ ʥʘ ʶʚʝʣʠʨʥʳʭ ʠʟʜʝʣʠʷʭ. 

¶ ʥʘʥʝʩʝʥʠʝ ʥʘʜʧʠʩʝʡ ʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʧʦʨʪʠʚʥʳʝ ʠ ʜʨʫʛʠʝ 

ʥʘʛʨʘʜʳ. 

ɻʣʫʙʦʢʘʷ (ʪʨʝʭʤʝʨʥʘʷ) ʣʘʟʝʨʥʘʷ ʛʨʘʚʠʨʦʚʢʘ. 

ʇʦʚʳʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʳʭ ʛʨʘʚʝʨʦʚ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʛʣʫʙʦʢʦʡ ʠ ʪʨʝʭʤʝʨʥʦʡ ʣʘʟʝʨʥʦʡ ʛʨʘʚʠʨʦʚʢʠ.  

ɻʣʫʙʦʢʘʷ ʛʨʘʚʠʨʦʚʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ  ʦʪ ʦʙʳʯʥʦʡ ʛʨʘʚʠʨʦʚʢʠ ʪʝʤ, 

ʯʪʦ ʦʥʘ ʙʦʣʝʝ ʛʣʫʙʦʢʘʷ, ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʠ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪ ʦʪʜʝʣʢʠ. ɽʝ 

ʛʣʫʙʠʥʘ ʤʦʞʝʪ ʣʝʛʢʦ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ. ʕʪʦ ʨʝʟʢʦ 

ʢʦʥʪʨʘʩʪʠʨʫʝʪ ʩ ʦʙʳʯʥʦʡ ʣʘʟʝʨʥʦʡ ʛʨʘʚʠʨʦʚʢʦʡ ʤʝʪʘʣʣʦʚ, ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʡ 

ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʝʜʠʥʠʮ ʠʣʠ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ [2]. 

ɻʣʫʙʦʢʘʷ ʣʘʟʝʨʥʘʷ ʛʨʘʚʠʨʦʚʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ: 

¶ ʜʣʷ ʚʳʨʝʟʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʬʦʨʤ, ʥʘʧʨʠʤʝʨ ʣʦʛʦʪʠʧʦʚ, ʨʠʩʫʥʢʦʚ, ʪʝʢʩʪʘ. 

¶ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʰʪʘʤʧʦʚ, ʢʣʠʰʝ, ʢʣʝʡʤʘ ʠʟ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʪʘʣʝʡ. 

ɻʣʫʙʦʢʘʷ ʣʘʟʝʨʥʘʷ ʛʨʘʚʠʨʦʚʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʜʘʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʟʘʛʣʫʙʣʷʶʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ [3], 

ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʥʘʯʠʥʘʝʪ ʧʦʜʧʣʘʚʣʷʪʴʩʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʥ ʥʘʯʠʥʘʝʪ ʢʠʧʝʪʴ. 

ʊʘʢ ʢʘʢ ʦʩʥʦʚʥʘʷ (ʥʘʠʙʦʣʴʰʘʷ) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʜʝʪ ʧʦ ʦʩʠ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʪʦ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʱʥʳʡ ʨʘʟʣʝʪʘʶʱʠʡʩʷ ʬʘʢʝʣ, ʢʦʪʦʨʳʡ 

ʚʳʜʘʚʣʠʚʘʝʪ ʨʘʩʧʣʘʚ ʠʟ ʣʫʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʩʥʦʚʘ ʜʥʦ ʣʫʥʢʠ ʥʘʯʠʥʘʝʪ 

ʛʨʝʪʴʩʷ. ɿʘʪʝʤ ʩʥʦʚʘ ʚʳʜʘʚʣʠʚʘʝʪʩʷ ʥʦʚʘʷ ʧʦʨʮʠʷ ʨʘʩʧʣʘʚʘ ʠ ʩʥʦʚʘ ʛʨʝʝʪʩʷ ʜʥʦ 

ʣʫʥʢʠ. ʊʦ ʝʩʪʴ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʷʚʣʷʝʪʩʷ ʥʝ ʧʦʚʝʨʭʥʦʩʪʥʳʤ, ʧʦ ʢʦʪʦʨʦʤʫ ʛʨʝʶʪ 

ʣʘʟʝʨʦʤ, ʘ ʫʭʦʜʷʱʠʤ ʚʛʣʫʙʴ ʤʘʪʝʨʠʘʣʘ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʣʘʟʝʨʥʦʡ 

ʛʨʘʚʠʨʦʚʢʝ. 

ɿʘʜʘʯʠ: 
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1. ʠʟʫʯʠʪʴ ʵʪʘʧʳ ʣʘʟʝʨʥʦʡ ʛʨʘʚʠʨʦʚʢʠ 

2. ʠʟʫʯʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʢʦʥʪʨʘʩʪʘ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ 
ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʩʧʣʘʚʘ ʤʝʜʠ. ʆʧʨʝʜʝʣʠʪʴ ʢʦʥʪʨʘʩʪ ʠʟʦʙʨʘʞʝʥʠʷ. 

3. ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʥʦʩʠʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

- ʦʢʠʩʣʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠ ʥʘʛʨʝʚʝ        

ʤʘʪʝʨʠʘʣʘ; 

- ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʭʦʜʘ ʠʟ 

ʦʜʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ; 

- ʫʜʘʣʝʥʠʝ ʦʢʠʩʥʦʡ ʧʣʝʥʢʠ, ʢʨʘʩʢʠ ʠʣʠ ʧʦʢʨʳʪʠʷ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ; 

- ʫʜʘʣʝʥʠʝ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ. 

 

ʇʨʦʮʝʩʩ ʣʘʟʝʨʥʦʡ ʛʨʘʚʠʨʦʚʢʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ ʪʘʢʠʭ ʢʘʢ:  

 

1. ʇʘʜʝʥʠʝ ʃʀ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 

2. ʇʦʛʣʦʱʝʥʠʝ. 

ʇʦʛʣʦʱʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʠʠ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʭʦʜʝ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʵʥʝʨʛʠʶ ʘʪʦʤʘ.  

ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʛʣʦʱʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ, ʝʩʣʠ ʙʦʣʴʰʠʥʩʪʚʦ 

ʣʘʟʝʨʥʳʭ ʣʫʯʝʡ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʤʘʪʝʨʠʘʣ ʧʣʦʭʦ ʧʦʜʜʘʝʪʩʷ 

ʦʙʨʘʙʦʪʢʝ, ʠʟ-ʟʘ ʯʝʛʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴʩʷ ʥʝʨʦʚʥʳʤ, ʥʝ ʪʦʛʦ ʮʚʝʪʘ ʠ 

ʪʘʢ ʜʘʣʝʝ. 

3. ʅʘʛʨʝʚ - ʈʠʩ.2(ʘ). 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʦʪʜʘʥʥʦʝ ʪʝʣʫ, ʠʟ-ʟʘ ʯʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʯʠʥʘʝʪ ʥʘʛʨʝʚʘʪʴʩʷ 

ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʷʪ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʥʘʧʨʠʤʝʨ 

ʦʢʠʩʣʝʥʠʝ, ʝʩʣʠ ʥʝ ʧʨʦʜʦʣʞʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʣʘʟʝʨʦʤ, ʧʨʠ ʥʘʛʨʝʚʝ ʙʝʟ ʫʜʘʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʪʦʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ, ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ. 

4. ʀʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ ï ʈʠʩ.2(b). 

ʇʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ ʤʘʪʝʨʠʣʘ ï ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʠʟ ʪʚʝʨʜʦʛʦ ʩʦʩʪʦʷʥʠʝ ʚ 

ʞʠʜʢʦʝ. ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ ʚ ʤʘʪʝʨʠʘʣʝ 

ʧʨʦʠʩʭʦʜʷʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʤʝʥʷʶʱʠʝ ʝʛʦ ʩʪʨʫʢʪʫʨʫ. ʆʜʥʠʤ ʠʟ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʬʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʝʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ ʛʣʷʥʮʝʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʝʪ ʩʪʘʪʴ ʤʘʪʦʚʦʡ. 

ʂʦʥʪʨʘʩʪʦʤ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʠ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʟʜʘʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʧʨʝʜʤʝʪʝ. 

5.ʀʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ï ʈʠʩ.2(c,d) 
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ʇʨʦʠʩʭʦʜʠʪ ʣʘʟʝʨʥʘʷ ʘʙʣʷʮʠʷ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʜ ʵʪʠʤ ʪʝʨʤʠʥʦʤ 

ʧʦʥʠʤʘʶʪ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʣʘʚʣʝʥʠʷ, ʠʩʧʘʨʝʥʠʷ ʠʣʠ ʩʨʘʟʫ ʩʫʙʣʠʤʘʮʠʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʘʨʦʚ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ; ʦʙʳʯʥʦ ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ 

ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʨʘʟʣʸʪʦʤ ʯʘʩʪʠʮ ʠ ʢʘʧʝʣʴ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ [4]. 

ʇʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʚʝʱʝʩʪʚʘ, ʚʳʟʚʘʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ, ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʭʦʜʦʚ ʣʘʟʝʨʘ, ʤʦʞʝʪ ʙʳʪʴ 

ʫʜʘʣʸʥ, ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʤʘʪʝʨʠʣʘ, ʦʢʠʩʥʘʷ ʧʣʸʥʢʘ ʠʣʠ ʢʨʘʩʢʘ, ʪʘʢ ʠ ʩʣʦʡ 

ʤʝʪʘʣʣʘ. 

 

ʈʠʩ.2ï ʉʭʝʤʘ ʦʙʣʫʯʝʥʥʦʛʦ ʣʘʟʝʨʦʤ ʤʘʪʝʨʠʘʣʘ: ʥʘʛʨʝʚʘʥʠʝ (thermal conduction ï 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ) (ʘ), ʧʣʘʚʣʝʥʠʝ (b), ʠʩʧʘʨʝʥʠʝ ʠ ʧʣʘʚʣʝʥʠʝ (c) ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʣʘʟʤʳ (d) 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʧʣʘʚ ʤʝʜʠ, ʥʘ ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʛʨʘʚʝʨʘ 

ʥʘʥʦʩʠʣʦʩʴ ʠʟʦʙʨʘʞʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ - 500ʤʤ/ʩʝʢ, ʩ ʯʘʩʪʦʪʦʡ - 20 ʢɻʮ ʠ 

ʤʦʱʥʦʩʪʴʶ ʦʪ 2 ʜʦ 20 ɺʪ. ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ 5*5 ʤʤ. 

 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʳ ʟʘʤʝʪʠʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʪʨʘʩʪʘ ʠ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʠʟʦʙʨʘʞʝʥʠʷ: 

ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʱʥʦʩʪʴʶ 2 ɺʪ 

ʚʠʜʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʤʥʝʝʪ (ʈʠʩ.4), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʳ ʤʦʞʝʤ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʤʝʪʘʣʣʘ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʶʱʝʝ ʝʛʦ ʮʚʝʪ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʦʱʥʦʩʪʠ ʜʦ 4 ɺʪ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʠʝ 

ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʤʥʦʛʦ ʩʚʝʪʣʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʳʜʫʱʠʤ (ʈʠʩ.4). ʉ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʤʳ ʤʦʞʝʤ ʧʦʩʯʠʪʘʪʴ 

ʢʦʥʪʨʘʩʪ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʫʚʠʜʝʪʴ, ʯʪʦ ʦʥ ʠʟʤʝʥʠʣʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩ 0,22 ʜʦ 0,25 

(ʈʠʩ.3). 

ɺ ʠʥʪʝʨʚʘʣʘʭ ʤʦʱʥʦʩʪʠ ʦʪ 6 ʜʦ 12 ɺʪ ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʦʢʠʩʥʦʡ 

ʧʣʝʥʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʩʚʝʪʣʝʥʠʶ ʦʙʨʘʙʦʪʘʥʥʦʡ ʦʙʣʘʩʪʠ (ʈʠʩ.4). ʊʘʢ ʞʝ ʤʳ 
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ʤʦʞʝʤ ʫʚʠʜʝʪʴ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ 0,37 ʜʦ 

0,5 (ʈʠʩ.3) . 

ɺ ʠʥʪʝʨʚʘʣʘʭ ʤʦʱʥʦʩʪʠ ʦʪ 14 ʜʦ 20 ɺʪ ʧʨʦʠʩʭʦʜʠʪ ʟʘʪʝʤʥʝʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ (ʈʠʩ.4), ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʩ 0,47 

ʜʦ 0,27 (ʈʠʩ.3), ʠ ʤʳ ʤʦʞʝʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢ ʵʪʦʤʫ ʧʨʠʚʦʜʠʪ ʧʨʦʮʝʩʩ 

ʫʜʘʣʝʥʠʷ ʤʝʪʘʣʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʳ ʤʦʞʝʤ 

ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʪʨʘʩʪʘ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʠʤʧʫʣʴʩʘ (ʈʠʩ.5). ʅʘ ʥʸʤ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʥʪʨʘʩʪ 

ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʧʨʠ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ï 20 ɺʪ, ʘ ʧʨʠ 

ʤʦʱʥʦʩʪʠ -12 ɺʪ. 

 
ʈʠʩ.3 ï ʪʘʙʣʠʮʘ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʪʨʘʩʪʘ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. 

 
        ʈʠʩ.4 ï ʣʘʟʝʨʥʘʷ ʛʨʘʚʠʨʦʚʢʘ                    ʈʠʩ.5 ï ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ                        

ʤʝʜʠ ʧʨʠ ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ               ʢʦʥʪʨʘʩʪʘ ʠʟʦʙʨʘʞʝʥʠʷ 

                                                                       ʦʪ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 

 

ɺʳʚʦʜʳ ʧʨʦʝʢʪʘ: 

1. ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʠ ʤʝʭʘʥʠʟʤʳ ʣʘʟʝʨʥʦʡ ʛʨʘʚʠʨʦʚʢʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʨʘʟʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʦʷʚʣʷʝʪʩʷ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʠʤʝʶʱʝʝ ʨʘʟʥʫʶ ʷʨʢʦʩʪʴ ʠ ʛʣʫʙʠʥʫ.  

2.ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʷʨʢʦʩʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʣʘʟʝʨʥʦʡ ʛʨʘʚʠʨʦʚʢʝ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ, ʠ ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʫʤ ʤʦʱʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʦʣʫʯʠʪʩʷ ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʤ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʀʥʪʝʨʥʝʪ ʠʩʪʦʯʥʠʢ 

1. ʇʨʠʤʝʥʝʥʠʷ ʣʘʟʝʨʥʦʡ ʛʨʘʚʠʨʦʚʢʠ (ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ) - ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://vektorus.ru/blog/chto-takoe-lazernaya-gravirovka.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

19.02.2023) 

2. ɻʣʫʙʦʢʘʷ ʛʨʘʚʠʨʦʚʢʘ (ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ) ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.factroom.ru/metally/chto-takoe-glubokaya-gravirovka-metalla (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 19.02.2023)  

3. ɿʘʛʣʫʙʣʷʶʱʠʡʩʷ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ (ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ) ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://earchive.tpu.ru/bitstream/11683/60727/1/TPU930659.pdf  (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

19.02.2023)  

4. ʃʘʟʝʨʥʘʷ ʘʙʣʷʮʠʷ (ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ) ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://laserstore.ru/blog/tehnologiya-lazernoy-ablyacii (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

19.02.2023) 

 

 

 

 

ʇʃɸʉʊʀʂʆɺʓɽ ʆʂʅɸ 

ɺʦʨʦʥʦʚ ɿʘʭʘʨ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çɸʥʛʘʨʩʢʠʡ 

ʣʠʮʝʡ ˉ2 ʠʤ. ʄ. ʂ. ʗʥʛʝʣʷè, 9 ʢʣʘʩʩ, ʛ. ɸʥʛʘʨʩʢ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʘʧʫʪʩʢʘʷ ɽʣʝʥʘ ʀʣʴʠʥʠʯʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ. 

 

ʇʦʣʥʦʮʝʥʥʘʷ ʞʠʟʥʴ ʚ ʟʘʤʢʥʫʪʳʭ ʧʦʤʝʱʝʥʠʷʭ ʚʨʷʜ ʣʠ ʚʦʟʤʦʞʥʘ ï 

ʩʪʦʣʢʥʦʚʝʥʠʝ ʩ ʯʫʚʩʪʚʦʤ ʧʦʜʘʚʣʝʥʥʦʩʪʠ ʠ ʦʪʨʳʚʘ ʦʪ ʚʥʝʰʥʝʛʦ ʤʠʨʘ ʙʫʜʝʪ 

ʥʝʠʟʙʝʞʥʳʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʯʝʣʦʚʝʢ ʩʪʨʝʤʠʪʩʷ ʦʪʜʝʣʠʪʴ ʩʝʙʷ, ʩʚʦʸ ʞʠʣʠʱʝ 

ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʥʝʰʥʝʛʦ ʤʠʨʘ. ʉ ʵʪʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʦʢʥʘ. 

 ʆʢʥʦ, ʢʘʢ ʚʘʞʥʳʡ ʵʣʝʤʝʥʪ ʜʠʟʘʡʥʘ, ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʦʩʴ ʚ ɺʝʥʝʮʠʠ ï 

ʢʨʫʧʥʝʡʰʝʤ ʮʝʥʪʨʝ ʩʪʝʢʣʦʜʝʣʠʷ ɽʚʨʦʧʳ 13 ʚʝʢʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ. ʉʨʝʜʠ ʘʢʪʫʘʣʴʥʳʭ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʳʤ ʞʠʪʝʣʠ 

ʧʘʥʝʣʴʥʳʭ ʜʦʤʦʚ ʨʝʰʠʪʝʣʴʥʦ ʞʝʣʘʶʪ ʩʤʝʥʠʪʴ ʩʪʘʨʳʝ ʦʢʥʘ ʥʘ ʦʢʥʘ ʇɺʍ 

ʷʚʣʷʶʪʩʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ, ʟʚʫʢʦʠʟʦʣʷʮʠʷ, ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʦʪʢʨʳʚʘʥʠʷ, 

ʫʜʦʙʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ, ʘ ʪʘʢʞʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʝʢʦʣ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʜʝʘʣʴʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ.  

ʎʝʣʴ: ʈʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʩʪʝʢʣʦʧʘʢʝʪʦʚ ʧʣʘʩʪʠʢʦʚʳʭ ʦʢʦʥ, 

ʠʟʫʯʠʪʴ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 ɿʘʜʘʯʠ: 

1. ʇʦʜʦʙʨʘʪʴ, ʠʟʫʯʠʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʫʶ 

ʣʠʪʝʨʘʪʫʨʫ ʠ ʠʥʪʝʨʥʝʪ ʠʩʪʦʯʥʠʢʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ. 

2. ʈʘʩʩʤʦʪʨʝʪʴ ʪʠʧʳ ʩʪʝʢʣʦʧʘʢʝʪʦʚ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

3. ʀʟʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʩʪʨʦʝʥʠʷ, ʪʠʧʘ ʠ ʩʦʩʪʘʚʘ 

ʩʪʝʢʣʦʧʘʢʝʪʘ. 

4. ɺʳʷʩʥʠʪʴ ʢʘʢʠʝ ʩʪʝʢʣʦʧʘʢʝʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʫ ʤʝʥʷ ʚ ʢʚʘʨʪʠʨʝ.  

https://vektorus.ru/blog/chto-takoe-lazernaya-gravirovka.html
https://www.factroom.ru/metally/chto-takoe-glubokaya-gravirovka-metalla
https://earchive.tpu.ru/bitstream/11683/60727/1/TPU930659.pdf
https://laserstore.ru/blog/tehnologiya-lazernoy-ablyacii
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5. ɼʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʣʘʩʪʠʢʦʚʳʭ ʦʢʦʥ. 

 ɻʠʧʦʪʝʟʘ: ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʠʢʦʚʳʭ ʦʢʦʥ 

ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʷʪʴ ʪʝʧʣʦ, ʟʘʜʝʨʞʠʚʘʪʴ ʚʨʝʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʠʤʝʶʪ ʭʦʨʦʰʝʝ 

ʰʫʤʦʧʦʜʘʚʣʝʥʠʝ. 

I.ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ.  

ʉʦʛʣʘʩʠʪʝʩʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʣʘʩʪʠʢʦʚʳʝ ʦʢʥʘ ï ʵʪʦ ʚʦʚʩʝ ʥʝ 

ʫʜʠʚʠʪʝʣʴʥʘʷ, ʘ ʚʩʝʜʦʩʪʫʧʥʘʷ ʚʝʱʴ, ʢʦʪʦʨʘʷ ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʯʪʠ ʚ ʢʘʞʜʦʤ ʜʦʤʝ. 

ɸ ʚʩʝʛʦ 15 ʣʝʪ ʥʘʟʘʜ, ʧʣʘʩʪʠʢʦʚʳʝ ʦʢʥʘ, ʩʯʠʪʘʣʠʩʴ ʥʘʩʪʦʷʱʝʡ ʨʦʩʢʦʰʴʶ. 

ʆʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʦʢʦʥʥʳʭ ʨʘʤ ʙʳʣʘ ʜʨʝʚʝʩʠʥʘ. ɺ ʭʦʜʝ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʥʘ ʩʤʝʥʫ ʜʨʝʚʝʩʠʥʝ ʧʨʠʰʣʠ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. 

ʇʦʩʣʝ ʠʟʦʙʨʝʪʝʥʠʷ ʧʣʘʩʪʠʢʘ ʝʛʦ ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʠ ʚ 

ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ɺ ʈʦʩʩʠʠ ʧʝʨʚʳʝ ʧʣʘʩʪʠʢʦʚʳʝ ʦʢʥʘ ʧʦʷʚʠʣʠʩʴ ʚ 80-ʭ ʛʛ. 20 

ʚʝʢʘ, ʦʜʥʘʢʦ ʜʦʣʛʦʝ ʚʨʝʤʷ ʦʥʠ ʙʳʣʠ ʙʦʣʴʰʦʡ ʨʝʜʢʦʩʪʴʶ. ʄʦʱʥʳʤ ʜʨʘʡʚʝʨʦʤ, 

ʦʙʝʩʧʝʯʠʚʰʠʤ ʇɺʍ ʙʳʩʪʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʙʳʣ ʨʦʩʪ ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ 

ʠ ʦʙʦʩʪʨʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʚʦʧʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝʤ.  

ɺʠʜʳ ʩʪʝʢʣʦʧʘʢʝʪʦʚ. ʊʨʘʜʠʮʠʦʥʥʦ, ʚʦ ʚʩʝ ʧʣʘʩʪʠʢʦʚʳʝ ʦʢʥʘ ʩʪʘʚʠʪʩʷ 

ʩʪʝʢʣʦʧʘʢʝʪ ï ʠʟʜʝʣʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʜʚʫʭ-ʪʨʝʭ ʩʪʝʢʦʣ, ʨʘʟʜʝʣʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʩʧʝʮʠʘʣʴʥʦʡ ʨʘʤʢʦʡ. ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʩʪʝʢʣʦʧʘʢʝʪʘ: 

ʦʜʥʦʢʘʤʝʨʥʳʡ, ʜʚʫʭʢʘʤʝʨʥʳʡ ʠ ʪʨʝʭʢʘʤʝʨʥʳʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʤ ʙʦʣʴʰʝ 

ʢʘʤʝʨ, ʪʝʤ ʙʦʣʴʰʝ ʪʦʣʱʠʥʘ ʩʪʝʢʣʦʧʘʢʝʪʘ ʠ ʚʳʰʝ ʩʪʝʧʝʥʴ ʪʝʧʣʦʠʟʦʣʷʮʠʠ. ʆʪ 

ʪʦʣʱʠʥʳ ʩʪʝʢʣʦʧʘʢʝʪʘ ʟʘʚʠʩʷʪ ʝʛʦ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʰʫʤʦʠʟʦʣʷʮʠʷ, 

ʚʳʜʝʨʞʠʚʘʝʤʳʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʠ, ʢʦʥʝʯʥʦ ʞʝ, ʪʝʧʣʦʠʟʦʣʷʮʠʷ. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʢʣʦʧʘʢʝʪʘ. 

ʊʝʧʣʦʠʟʦʣʷʮʠʷ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʢʥʘ ʚʥʦʩʷʪ ʜʠʩʢʦʤʬʦʨʪ ʚ ʪʝʧʣʦʚʦʡ 

ʨʝʞʠʤ ʞʠʣʠʱʘ. ɿʠʤʦʡ ʯʝʨʝʟ ʥʠʭ ʫʭʦʜʠʪ ʪʝʧʣʦ, ʠ ʧʦʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ ʥʝʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʦʙʦʛʨʝʚʘʥʠʝ ʜʦʤʘ. ɺʦʟʜʫʭ, ʥʘʛʨʝʚʘʷʩʴ ʚʦʟʣʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʝʢʣʘ, ʧʦʜʥʠʤʘʝʪʩʷ ʚʚʝʨʭ, ʘ ʦʭʣʘʞʜʘʷʩʴ ʚʦʟʣʝ ʥʘʨʫʞʥʦʛʦ ʩʪʝʢʣʘ, 

ʦʧʫʩʢʘʝʪʩʷ ʚʥʠʟ. ʏʝʤ ʙʦʣʴʰʝ ʙʫʜʝʪ ʜʠʩʪʘʥʮʠʷ ʤʝʞʜʫ ʩʪʸʢʣʘʤʠ, ʪʝʤ ʩʣʘʙʝʝ ʙʫʜʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʦʙʘ ʵʪʠʭ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ (ʛʘʟʘ) ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʩʪʝʢʣʦʧʘʢʝʪʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʦʟʜʫʭ ʙʫʜʝʪ ʩʠʣʴʥʝʝ ʥʘʛʨʝʚʘʪʴʩʷ ʚʦʟʣʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʝʢʣʘ ʠ ʙʦʣʴʰʝ ʦʪʜʘʚʘʪʴ ʪʝʧʣʘ ʥʘʨʫʞʥʦʤʫ ʩʪʝʢʣʫ ð ʵʪʦ ʠ ʝʩʪʴ 

ʷʚʣʝʥʠʝ ʢʦʥʚʝʢʮʠʠ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʩʪʝʢʣʦʧʘʢʝʪʘ ʟʘʚʠʩʪʠ ʦʪ: ʢʦʣʠʯʝʩʪʚʘ ʢʘʤʝʨ; 

ʥʘʧʦʣʥʷʶʱʝʛʦ ʛʘʟʘ, ʪʠʧʘ ʩʪʝʢʦʣ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ.  

 ʐʫʤʦʠʟʦʣʷʮʠʷ. ɺʥʝʰʥʠʝ ʰʫʤʳ ʚ ʛʦʨʦʜʝ ʠʣʠ ʚʙʣʠʟʠ ʤʘʛʠʩʪʨʘʣʝʡ ʩ 

ʦʞʠʚʣʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʘ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ 80 ʜɹ, ʘ ʧʦʨʦʡ ʜʦʩʪʠʛʘʶʪ 

ʢʨʠʪʠʯʝʩʢʠʭ ʠ ʜʘʞʝ ʚʨʝʜʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ ʟʥʘʯʝʥʠʡ (ʨʝʚ ʜʚʠʛʘʪʝʣʷ ʩʢʦʨʦʩʪʥʳʭ 

ʤʦʪʦʮʠʢʣʦʚ ï 110 ʜɹ). ʐʫʤʳ ʘʢʪʠʚʥʝʡ ʚʩʝʛʦ ʧʦʛʣʦʱʘʶʪʩʷ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʢʘʤʝʨ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʩʠ ʘʨʛʦʥʘ (70%) ʩ ʬʪʦʨʠʩʪʦʡ 

ʩʝʨʦʡ (30%). ɼʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʰʫʤʦʚʦʡ 

ʬʦʥ ʚ ʥʝʤ ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ 40ʜɹ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʠ 30 ʜɹ ʥʦʯʴʶ. ʊʘʢʠʭ 

ʫʩʣʦʚʠʡ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʪʦʣʴʢʦ ʝʩʣʠ ʦʢʥʦ ʥʝʡʪʨʘʣʠʟʫʝʪ ʤʠʥʠʤʫʤ ʧʦʣʦʚʠʥʫ 

ʚʥʝʰʥʠʭ ʟʚʫʢʦʚ 



30 
 

ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ. ʏʘʩʪʦ ʩʪʝʢʣʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʢʘʤʝʨʳ ʧʦʢʨʳʪʳ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʣʝʥʢʦʡ ʠʟ ʦʢʩʠʜʦʚ ʩʝʨʝʙʨʘ ʠʣʠ ʦʣʦʚʘ. ʇʣʝʥʢʘ ʦʪʨʘʞʘʝʪ ʯʘʩʪʴ 

ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʘ ʩʥʘʨʫʞʠ, ʯʪʦ ʵʢʦʥʦʤʠʪ ʨʝʩʫʨʩ ʢʦʥʜʠʮʠʦʥʝʨʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʪʝʨʝ ʪʝʧʣʘ ʦʪ ʦʪʦʧʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʟʠʤʦʡ. ɻʣʘʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ 

ʪʘʢʠʭ ʩʪʝʢʦʣ ï ʜʦʨʦʛʦʚʠʟʥʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʨʦʝʤʘ ʜʦ 

30% 

II. ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ.  

ʆʧʳʪ ˉ1. ʊʠʧ ʩʪʝʢʣʦʧʘʢʝʪʘ 

ʎʝʣʴ: ʚʳʷʩʥʠʪʴ ʢʘʢʦʡ ʪʠʧ ʩʪʝʢʣʦʧʘʢʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫ ʤʝʥʷ ʜʦʤʘ ʠ ʫ ʤʦʠʭ 

ʨʦʜʩʪʚʝʥʥʠʢʦʚ.  

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʩʪʝʢʣʦʧʘʢʝʪ, ʟʘʞʠʛʘʣʢʘ 

ʠʣʠ ʩʚʝʯʘ.  

ʍʦʜ ʦʧʳʪʘ: ʯʪʦʙʳ ʧʦʥʷʪʴ ʢʘʢʦʡ ʪʠʧ 

ʩʪʝʢʣʦʧʘʢʝʪʘ ʫʩʪʘʥʦʚʣʝʥ ʚ ʥʘʰʝʤ 

ʦʢʥʝ, ʥʘʤ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ, 

ʩʢʦʣʴʢʦ ʩʪʝʢʦʣ ʚ ʩʪʝʢʣʦʧʘʢʝʪʝ.  

 

 

 

 

ɼʣʷ ʵʪʦʛʦ ʜʝʣʘʝʤ ʩʣʝʜʫʶʱʝʝ: ʧʦʜʥʝʩʝʤ ʢ ʩʪʝʢʣʦʧʘʢʝʪʫ ʛʦʨʷʱʫʶ ʩʚʝʯʢʫ ʠʣʠ 

ʟʘʞʠʛʘʣʢʫ. ɽʩʣʠ ʚ ʩʪʝʢʣʦʧʘʢʝʪʝ ʦʪʨʘʞʘʝʪʩʷ ʜʚʘ ʦʛʦʥʴʢʘ, ʟʥʘʯʠʪ ʩʪʝʢʣʦʧʘʢʝʪ 

ʩʦʙʨʘʥ ʠʟ ʜʚʫʭ ʩʪʝʢʦʣ ʠ ʵʪʦ ʦʜʥʦʢʘʤʝʨʥʳʡ ʩʪʝʢʣʦʧʘʢʝʪ. ɽʩʣʠ ʞʝ ʦʪʨʘʞʘʝʪʩʷ ʪʨʠ 

ʦʛʦʥʴʢʘ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʩʪʝʢʣʦʧʘʢʝʪʝ ʪʨʠ ʩʪʝʢʣʘ ʠ ʵʪʦ ʜʚʫʭʢʘʤʝʨʥʳʡ 

ʩʪʝʢʣʦʧʘʢʝʪ. 

 

 

 

ɺʳʚʦʜ: ʚ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʛʦ ʤʥʦʶ ʦʧʳʪʘ ʚʝʟʜʝ ʧʦʣʫʯʘʣʦʩʴ ʪʨʠ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʷ ʚʳʷʩʥʠʣ, ʯʪʦ ʫ ʤʝʥʷ ʜʦʤʘ ʠ ʤʦʠʭ ʨʦʜʩʪʚʝʥʥʠʢʦʚ 

ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʫʭʢʘʤʝʨʥʳʝ ʩʪʝʢʣʦʧʘʢʝʪʳ. 

ʆʧʳʪˉ 2. ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʩʪʝʢʣʦʧʘʢʝʪʘ. 

ʎʝʣʴ: ʚʳʷʩʥʠʪʴ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʡ ʣʠ ʩʪʝʢʣʦʧʘʢʝʪ. 
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ʆʙʦʨʫʜʦʚʘʥʠʝ: ʩʪʝʢʣʦʧʘʢʝʪ, ʟʘʞʠʛʘʣʢʘ ʠʣʠ ʩʚʝʯʘ.  
 
 

 
 

 

ʍʦʜ ʦʧʳʪʘ: ʧʦʜʥʝʩʣʠ ʩʚʝʯʢʫ ʠʣʠ ʟʘʞʠʛʘʣʢʫ ʩ ʦʪʢʨʳʪʳʤ ʧʣʘʤʝʥʝʤ ʢ ʦʢʥʫ. ɺ 

ʦʪʨʘʞʝʥʠʠ ʫʚʠʜʝʣʠ ʪʨʦʡʥʦʝ ʧʣʘʤʷ ʦʜʥʦʛʦ ʮʚʝʪʘ ð ʟʥʘʯʠʪ ʩʪʝʢʣʦ ʦʙʳʯʥʦʝ, ʝʩʣʠ 

ʙʳ ʦʜʥʦ ʠʟ ʦʪʨʘʞʝʥʠʡ ʧʣʘʤʝʥʝʤ ʙʳʣʦ ʦʢʨʘʰʝʥʦ ʚ ʜʨʫʛʦʡ ʮʚʝʪ ð ʟʥʘʯʠʪ ʩʪʝʢʣʦ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʝ (ʚʥʫʪʨʠ ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʝʨʪʥʳʡ ʛʘʟ ʠ ʥʝʪ ʪʝʧʣʦʦʪʨʘʞʘʶʱʝʝ 

ʧʦʢʨʳʪʠʝ) 
     

ɺʳʚʦʜ: ʚ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʛʦ ʤʥʦʶ ʦʧʳʪʘ ʚʝʟʜʝ ʧʦʣʫʯʘʣʦʩʴ ʪʨʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʜʠʥʘʢʦʚʦʛʦ ʮʚʝʪʘ, ʧʦʵʪʦʤʫ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʩʪʝʢʣʦʧʘʢʝʪʳ ʥʝ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ (ʪ.ʝ ʥʝ ʠʤʝʶʪ i ʠ ʢ ʧʦʢʨʳʪʠʷ) 

ʆʧʳʪ ˉ 3 ɺʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʩʪʝʢʣʦʧʘʢʝʪʘ ʥʘ ʫʨʦʚʝʥʴ ʰʫʤʘ. 

ʎʝʣʴ: ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢ ʟʘʚʠʩʠʪ ʫʨʦʚʝʥʴ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʦʪ ʪʦʣʱʠʥʳ 

ʩʪʝʢʣʦʧʘʢʝʪʘ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʩʪʝʢʣʦʧʘʢʝʪ, ʪʝʣʝʬʦʥ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ 

çʐʫʤʦʤʝʨè 

ʍʦʜ ʦʧʳʪʘ: ʚʢʣʶʯʘʝʤ ʰʫʤʦʤʝʨ ʥʘ 15 ʩ ʚ ʧʦʤʝʱʝʥʠʠ ʩ ʟʘʢʨʳʪʳʤ ʦʢʥʦʤ ʠ 

ʟʘʩʝʢʘʝʤ ʫʨʦʚʝʥʴ ʰʫʤʘ ʨʠʩʫʥʦʢ 1, ʟʘʪʝʤ ʠʟʤʝʨʷʝʤ ʫʨʦʚʝʥʴ ʰʫʤʘ ʩ ʦʪʢʨʳʪʳʤ 

ʦʢʥʦʤ ʟʘ ʪʘʢʦʝ ʞʝ ʚʨʝʤʷ ʨʠʩʫʥʦʢ 2, ʠʱʝʤ ʨʘʟʥʠʮʫ ʚ ʧʦʢʘʟʘʥʠʷʭ ʰʫʤʦʤʝʨʘ, 

ʜʘʥʥʳʝ ʟʘʧʠʩʳʚʘʝʤ ʚ ʪʘʙʣʠʮʫ, ʩʨʘʚʥʠʚʘʝʤ ʩ ʜʘʥʥʳʤʠ ʛʦʩʪ, ʦʧʨʝʜʝʣʷʝʤ ʪʠʧ 

ʧʨʦʬʠʣʷ ʠ ʜʝʣʘʝʤ ʚʳʚʦʜ. 
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ɺʳʚʦʜ: ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʨʝʜʝʣʠʣʠ ʫʨʦʚʝʥʴ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʭʢʘʤʝʨʥʦʤʫ ʧʨʦʬʠʣʶ ʩ ʪʠʧʦʤ 4-10-4-10-4 ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʢʦʤʬʦʨʪʥʦʤʫ ʧʨʝʙʳʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʪ.ʢ ʥʝ ʧʨʠʚʳʰʘʝʪ 40ʜɹ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ: 

ɼʘʞʝ ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʩʦʚʨʝʤʝʥʥʳʡ ʩʪʝʢʣʦʧʘʢʝʪ ʙʫʜʝʪ ʚ ʨʘʟʳ ʪʝʧʣʝʝ ʩʪʘʨʦʛʦ 

ʦʢʥʘ ʩ ʦʙʳʯʥʳʤʠ ʩʪʝʢʣʘʤʠ, ʦʜʥʘʢʦ ʧʨʠ ʚʳʙʦʨʝ ʥʫʞʥʦ ʧʦʤʥʠʪʴ: 

1.ʏʝʤ ʙʦʣʴʰʝ ʢʘʤʝʨ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʝʤ ʪʝʧʣʝʝ ʙʫʜʝʪ ʦʢʥʦ. 

2. ʕʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʩʪʝʢʣʦʧʘʢʝʪʳ ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʷʪʴ ʪʝʧʣʦ ʚ ʢʚʘʨʪʠʨʝ 

ʠ ʫʤʝʥʴʰʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ. 

3. ʐʫʤʦʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʝʢʣʦʧʘʢʝʪʘ ʟʘʚʠʩʷʪ ʦʪ ʰʠʨʠʥʳ ʩʪʝʢʣʦʧʘʢʝʪʘ 

ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʘʤʝʨ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʝʢʣʦ ʪʨʠʧʣʝʢʩ ï ɻ ʪʦ ʧʦʚʳʰʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʷ.  

4. ʅʘʧʦʣʥʝʥʠʝ ʢʘʤʝʨ ʘʨʛʦʥʦʤ ʧʨʝʧʷʪʩʪʚʫʝʪ ʢʦʥʚʝʢʮʠʠ ʤʝʞʜʫ ʩʪʝʢʣʘʤʠ, 

ʧʦʵʪʦʤʫ ʩʪʝʢʣʦʧʘʢʝʪ, ʟʘʧʦʣʥʝʥʥʳʡ ʘʨʛʦʥʦʤ ʧʨʠʤʝʨʥʦ ʚ 1,4 ʨʘʟʘ ʪʝʧʣʝʝ 

ʦʙʳʯʥʦʛʦ.  

III .ɿʘʢʣʶʯʝʥʠʝ.      

ʃʶʙʦʤʫ ʯʝʣʦʚʝʢʫ ʭʦʯʝʪʩʷ, ʯʪʦʙʳ ʝʤʫ ʙʳʣʦ ʫʜʦʙʥʦ, ʢʦʤʬʦʨʪʥʦ, ʙʝʟʦʧʘʩʥʦ. 

ʂʦʥʝʯʥʦ, ʩʝʡʯʘʩ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʦʪʜʘʶʪʩʷ ʧʨʘʢʪʠʯʥʦʩʪʠ ʠ 

ʫʜʦʙcʪʚʫ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʨʘʙʦʪʝ, ʷ ʠʟʫʯʠʣ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʠʢʦʚʳʭ 

ʦʢʦʥ, ʫʟʥʘʣ, ʚ ʯʝʤ ʟʘʢʣʶʯʘʶʪʩʷ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ.  

ɺʳʷʩʥʠʣ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʧʣʘʩʪʠʢʦʚʳʝ ʦʢʥʘ ʥʘʜʸʞʥʦ ʟʘʱʠʱʘʶʪ ʧʦʤʝʱʝʥʠʝ 

ʦʪ ʭʦʣʦʜʘ, ʚʨʝʜʥʳʭ ʠʟʣʫʯʝʥʠʡ ʠ ʰʫʤʘ. 

 ʆʥʠ ʜʦʣʛʦʚʝʯʥʳ ʠ ʪʨʝʙʫʶʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʇʣʘʩʪʠʢʦʚʳʝ 

ʦʢʥʘ - ʵʪʦ ʪʠʰʠʥʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʪʝʧʣʦ ʠ ʫʶʪ.  

 ʅʘ ʬʦʥʝ ʚʩʝʭ ʠʭ ʜʦʩʪʦʠʥʩʪʚ, ʦʙʳʯʥʳʝ ʜʝʨʝʚʷʥʥʳʝ ʦʢʥʘ ʢʘʞʫʪʩʷ 

ʥʝʫʜʦʙʥʳʤʠ ʠ ʥʝʧʨʘʢʪʠʯʥʳʤʠ.  

ʊʘʢ ʠ ʝʩʪʴ ð ʧʦʩʣʝ ʟʥʘʢʦʤʩʪʚʘ ʩ ʥʠʤʠ ʚʦʧʨʦʩʦʚ ʦ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʙʦʣʴʰʝ 

ʥʝ ʚʦʟʥʠʢʘʶʪ. ʇʣʶʩʳ ʦʯʝʚʠʜʥʳ. 

ʋʨʦʚʝʥʴ ʰʫʤʘ 

(ɿʘʢʨʳʪʦʝ ʦʢʥʦ) 

ʋʨʦʚʝʥʴ ʰʫʤʘ 

(ʦʪʢʨʳʪʦʝ ʦʢʥʦ) 

ʈʘʟʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ 

(ʧʦʛʣʦʱʝʥʠʝ ʰʫʤʘ) 

27 32 5 
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ʀʟʫʯʠʚ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠ ʧʨʦʚʝʜʷ ʥʝʙʦʣʴʰʠʝ ʦʧʳʪʳ, ʧʝʨʝʜʦ ʤʥʦʡ 

ʙʦʣʴʰʝ ʥʝ ʩʪʦʠʪ ʚʦʧʨʦʩ - ʩʪʘʚʠʪʴ ʠʣʠ ʥʝ ʩʪʘʚʠʪʴ ʧʣʘʩʪʠʢʦʚʳʝ ʦʢʥʘ.           

 ɺʳʙʦʨ ʦʯʝʚʠʜʝʥ, ʧʣʶʩʦʚ ʫ ʥʠʭ ʙʦʣʴʰʝ, ʘ ʤʠʥʫʩʳ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʦʚʩʝʤ ʤʘʣʝʥʴʢʠʤʠ ʠʣʠ ʧʦʯʪʠ ʥʝʟʘʤʝʪʥʳʤʠ. 

 ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʥʝ ʭʦʪʝʣʦʩʴ ʙʳ ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʫ ʠ ʚʳʷʩʥʠʪʴ ʜʨʫʞʘʪ ʣʠ 

ʧʣʘʩʪʠʢʦʚʳʝ ʦʢʥʘ ʩ ʵʢʦʣʦʛʠʝʡ ʠ ʟʜʦʨʦʚʴʝʤ ʯʝʣʦʚʝʢʘ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʦʢʦʥʥʳʭ ʩʠʩʪʝʤ ʛʨʘʞʜʘʥʩʢʠʭ 

ʟʜʘʥʠʡ/ʀ.ɺ.ɹʦʨʠʩʢʠʥʘ,ɸ.ɸ. ʇʣʦʪʥʠʢʦʚ, ɸ.ɺ. ɿʘʭʘʨʦʚ, ʄʦʩʢʚʘ, 2000ʛ 

2. ʊʝʭʥʦʣʦʛʠʷ ʩʪʝʢʣʘ/ʇʦʜ ʦʙʱʝʡ ʨʝʘʢʮʠʝʡ ʀ.ʀ. ʂʠʪʘʡʛʦʨʦʜʩʢʦʛʦ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ, ʘʨʭʠʪʝʢʪʫʨʝ ʠ 

ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʄʦʩʢʚʘ, 1961 

3. "ʆʢʥʘ ʠ ʩʪʝʢʣʦʧʘʢʝʪʳ", ʉʘʪʠʥ, ʠʟʜʘʪʝʣʴʩʪʚʦ ɸʉʊ, 2007ʛ 

4. com/plasticovie-okna 

5. http://oknalex. 

 

 

 

 

ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʀʁ ʈɸʉʏɪʊ ʈɽɸʂʊʀɺʅʓʍ ʋʉʊɸʅʆɺʆʂ 

ʈɸɿʃʀʏʅʆɻʆ ʊʀʇɸ ʉ ʇɽʈʉʇɽʂʊʀɺʅʓʄ ʗɼɽʈʅʓʄ ʊʆʇʃʀɺʆʄ 

ɺ. ɸ. ɺʷʣʦʚʘ 

ɿʘʦʟʝʨʥʘʷ ʩʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ʩ ʫʛʣʫʙʣʝʥʥʳʤ ʠʟʫʯʝʥʠʝʤ 

ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚ ˉ 16, ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʫʨʢʦʚʘ ʊ.ɼ., ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ, ʂʥʳʰʝʚ ɺ.ɺ., ʘʩʩʠʩʪʝʥʪ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʗʈ ʪʠʧʘ ɺɺʕʈ-1000, ʠʤʝʶʱʠʭ ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʦʩʥʦʚʘʥ ʥʘ ʩʞʠʛʘʥʠʠ ʫʨʘʥʘ-235. ʕʪʦ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʟʦʪʦʧ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ ʠ ʜʝʣʠʪʩʷ. ɽʛʦ ʧʨʠʤʝʨʥʦ 

0,7% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʩʝʛʦ ʜʦʙʳʚʘʝʤʦʛʦ ʫʨʘʥʘ. ʕʪʦ ʦʯʝʥʴ ʤʘʣʦ. ʇʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʝʛʦ ʩʪʦʣʴʢʦ ʞʝ, ʩʢʦʣʴʢʦ ʠ ʥʝʬʪʠ. ʊʦ ʝʩʪʴ, ʝʩʣʠ 

ʩʝʡʯʘʩ ʥʘʯʘʪʴ ʧʨʦʛʨʘʤʤʫ ʰʠʨʦʢʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ɸʕʉ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ, 

ʪʦ ʧʨʠʤʝʨʥʦ ʢ 2040-50 ʛʦʜʘʤ ʫʨʘʥʘ-235 ʥʝ ʦʩʪʘʥʝʪʩʷ. ʅʦ ʚʝʜʴ ʫ ʥʘʩ ʝʩʪʴ ʫʨʘʥ-

238, ʥʦ ʚʦʪ ʚ ʯʸʤ ʧʨʦʙʣʝʤʘ ï ʚ ʦʪʣʠʯʠʠ ʦʪ ʫʨʘʥʘ-235 ʫʨʘʥ-238 ʥʝ "ʛʦʨʠʪ". ʅʦ ʝʛʦ 

ʤʥʦʛʦ. ʇʦʵʪʦʤʫ ʝʱʝ ʚ ʥʘʯʘʣʝ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ɻ ʥʝʨʛʝʪʠʢʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ "ʙʨʠʜʝʨʥʘʷ" ʧʨʦʛʨʘʤʤʘ (ʫʨʘʥ, ʦʙʦʛʘʱʝʥʥʳʡ ʧʣʫʪʦʥʠʝʤ. ɼʦʣʷ 

ʧʦʩʣʝʜʥʝʛʦ ï ʦʪ 18 ʜʦ 25%. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʵʪʦʛʦ ʨʝʘʢʪʦʨʘ ʧʣʫʪʦʥʠʷ 

ʧʦʣʫʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ ʙʳʣʦ ʟʘʛʨʫʞʝʥʦ). ʊʦʛʜʘ ʧʨʠʜʝʪʩʷ ʦʢʦʣʦ 

ʢʘʞʜʦʡ ʪʘʢʦʡ ʩʪʘʥʮʠʠ ʨʷʜʦʤ ʩʪʨʦʠʪʴ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʡ ʟʘʚʦʜ ʧʦ ʚʳʜʝʣʝʥʠʶ 

ʧʣʫʪʦʥʠʷ, ʬʘʙʨʠʢʘʮʠʠ ʥʦʚʳʭ ʪʚʝʣʦʚ.  

http://oknalex/
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ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1000 ʥʘ ʢʘʨʙʠʜʥʦ-ʢʦʤʧʦʟʠʪʥʦʤ ʪʦʧʣʠʚʝ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ 

ʧʨʦʛʨʘʤʤʫ WIMS, ʚ ʢʦʪʦʨʦʡ ʩʦʟʜʘʝʤ ʫʧʨʦʱʝʥʥʫʶ ʤʦʜʝʣʴ, ʩ ʫʯʝʪʦʤ ʩʦʜʝʨʞʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʤʦʛʫʪ ʦʙʦʩʥʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʘʢʪʦʨʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʤ ʪʦʧʣʠʚʝ.  

ɺ ʨʘʟʥʳʭ ʧʨʦʮʝʥʪʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ ʚ ʜʘʥʥʦʤ ʪʦʧʣʠʚʝ ʦʪʣʠʯʘʝʪʩʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ. 

ɺʟʷʚ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʦ 90% ʠ ʦʪ 10% ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʘʢʪʦʨ ʪʠʧʘ ɺɺʕʈ-1000 ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʙʦʣʝʝ 1600 ʩʫʪʦʢ. 

ʂʆʃʔʎʆ ʅɸ ʉʊɽʈɾʅɽ 

ɻʘʨʠʧʦʚ ʄʘʨʪʠʥ ɸʨʪʝʤʦʚʠʯ 

ʄɸʆʋ ʎʆ çʈʘʟʚʠʪʠʝè ˉ82 

ʈʫʢʦʚʦʜʠʪʝʣʠ: ɺʝʣʴʤʝʨ ɽʣʝʥʘ ʂʘʨʣʦʚʥʘ, ʐʫʪʠʢʦʚ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʘʤʠʤ ʠʩʩʣʝʜʫʝʤʳʤ ʧʨʦʮʝʩʩʦʤ 

ʣʝʚʠʪʘʮʠʠ- ʥʘʙʣʶʜʘʷ ʟʘ ʪʝʤ, ʢʘʢ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʰʘʡʙʘ (ʟʘʤʝʥʷʶʱʘʷ ʢʦʣʴʮʦ) 

ʩʧʫʩʢʘʝʪʩʷ ʧʦ ʩʪʝʨʞʥʶ, ʤʳ ʟʘʤʝʪʠʤ ʦʜʠʥ ʫʜʠʚʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ: ʦʥʘ 

ʧʝʨʠʦʜʠʯʝʩʢʠ, ʧʨʦʜʦʣʞʘʷ ʚʨʘʱʘʪʴʩʷ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʳʩʦʪʝ, ʥʝ ʧʘʜʘʝʪ ʚʥʠʟ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʩʠʣʫ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʡ ʣʶʙʦʝ ʪʝʣʦ 

ʜʚʠʞʝʪʩʷ ʚʥʠʟ, ʢʦʣʴʮʦ, ʧʦ ʩʫʪʠ, ʣʝʚʠʪʠʨʦʚʘʣʦ, ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʦʥʦ ʚʨʘʱʘʣʦʩʴ. 

ʕʪʦ ʟʚʫʯʠʪ ʢʘʢ ʬʘʥʪʘʩʪʠʢʘ, ʥʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʢʦʣʴʮʦ, ʢʦʪʦʨʦʝ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ 

ʚʨʘʱʘʝʪʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʪʝʨʞʥʝ, ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʪʦʡ ʞʝ ʚʳʩʦʪʝ ʚ 

ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ. 

ʀ, ʯʪʦ ʩʘʤʦʝ ʫʜʠʚʠʪʝʣʴʥʦʝ, ʥʝʢʦʪʦʨʳʝ ʢʦʣʴʮʘ ʥʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʜʘʞʝ 

ʫʩʪʨʝʤʣʷʶʪʩʷ ʚʚʝʨʭ. 

ʎʝʣʴ ʧʨʦʝʢʪʘ: ʠʩʩʣʝʜʦʚʘʪʴ ʦʪ ʢʘʢʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʚʠʩʠʪ 

ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ ʰʘʡʙʳ ʚʥʠʟ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ- ʚʨʘʱʘʶʱʝʝʩʷ ʢʦʣʴʮʦ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʝʨʞʥʷ. 

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ 

1. ʀʟʫʯʠʪʴ ʥʘʫʯʥʫʶ ʣʠʪʝʨʘʪʫʨʫ. 

2. ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʷʚʣʝʥʠʷ. 

3. ʉʦʩʪʘʚʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. 

4. ɺʳʜʚʠʥʫʪʴ ʛʠʧʦʪʝʟʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

5. ʇʦʜʦʙʨʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʦʚʝʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ. 

6. ʉʜʝʣʘʪʴ ʚʳʚʦʜʳ. 
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ʃʝʚʠʪʘʮʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʢʦʣʴʮʘ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʪʝʨʞʝʥʴ ʢʨʝʧʢʦ ʫʜʝʨʞʠʚʘʝʪʩʷ ʚʥʠʟʫ ʠ ʥʝ 

ʰʘʪʘʝʪʩʷ, ʥʘʩʘʞʝʥʥʦʝ ʥʘ ʥʝʛʦ ʢʦʣʴʮʦ ʥʫʞʥʦ ʙʳʩʪʨʦ 

ʟʘʢʨʫʪʠʪʴ. 

ɺʦʟʤʦʞʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʷ: ʢʦʣʴʮʦ ʚʩʝ-

ʪʘʢʠ ʧʘʜʘʝʪ ʚʥʠʟ ʫʩʢʦʨʝʥʥʦ, ʚʨʘʱʘʷʩʴ ʧʨʠ ʵʪʦʤ; ʢʦʣʴʮʦ, 

ʚʨʘʱʘʷʩʴ, ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʝʪʩʷ ʚʥʠʟ ʠ ʢʦʣʴʮʦ ʦʩʪʘʝʪʩʷ ʥʘ 

ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʥʘ ʤʝʩʪʝ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʠʣʘ ʪʷʞʝʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʘ. 

ɺ ʩʣʫʯʘʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʠʣʘ ʪʷʞʝʩʪʠ ʙʫʜʝʪ ʨʘʚʥʘ ʩʠʣʝ ʪʨʝʥʠʷ, ʘ 

ʩʠʣʘ ʨʝʘʢʮʠʠ ʦʧʦʨʳ ʥʘ ʩʪʝʨʞʝʥʴ ʨʘʚʥʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʝ, ʟʘʩʪʘʚʣʷʶʱʝʡ 

ʢʦʣʴʮʦ ʚʨʘʱʘʪʴʩʷ.  ɺʦʧʨʝʢʠ ʜʝʡʩʪʚʠʶ ʩʠʣʳ ʪʷʞʝʩʪʠ ʢʦʣʴʮʦ, ʙʳʩʪʨʦ ʢʨʫʪʷʩʴ, ʥʝ 

ʙʫʜʝʪ ʧʘʜʘʪʴ ʚʥʠʟ. ʉʣʫʯʘʡ, ʢʦʛʜʘ ʢʦʣʴʮʦ ʣʝʚʠʪʠʨʫʝʪ -ʵʪʦ ʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʝʡʩʪʚʠʷ ʥʘ ʢʦʣʴʮʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʝʛʦ ʧʘʜʝʥʠʝ, ʝʩʣʠ ʢʦʣʴʮʦ ʚʨʘʱʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʧʦʩʢʦʣʴʢʫ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʘʷ ʩʠʣʘ 

ʜʝʡʩʪʚʫʝʪ ʪʘʢ ʞʝ, ʢʘʢ ʯʝʣʦʚʝʢ, ʧʨʠʞʠʤʘʶʱʠʡ ʢʦʣʴʮʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʢ ʪʨʫʙʝ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʷ ʠʩʧʦʣʴʟʦʚʘʣ 

ʨʝʰʝʥʠʝ ʦʣʠʤʧʠʘʜʥʦʡ ʟʘʜʘʯʠ ʦ ʜʚʠʞʝʥʠʠ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʢʦʣʴʮʘ ʚʦʢʨʫʛ ʩʪʝʨʞʥʷ. 

ʉʢʦʨʦʩʪʴ ʵʣʝʤʝʥʪʘ ʢʦʣʴʮʘ ʚ ʪʦʯʢʝ ʢʘʩʘʥʠʷ ʩʦ ʩʪʝʨʞʥʝʤ: 

ʮʝʥʪʨ ʢʦʣʴʮʘ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

, ʛʜʝ R ï ʨʘʜʠʫʩ ʢʦʣʴʮʘ. 

ʇʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ (R ï a) c ʮʝʥʪʨʦʤ ʥʘ ʦʩʠ 

ʩʪʝʨʞʥʷ. ʅʦʨʤʘʣʴʥʘʷ ʩʠʣʘ 

ʨʝʘʢʮʠʠ ʦʧʦʨʳ (ʩʪʝʨʞʥʷ) N 

ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʡ 

ʩʠʣʦʡ: 

ʛʜʝ m ʤʘʩʩʘ ʢʦʣʴʮʘ. ʉʠʣʘ ʪʨʝʥʠʷ ʠʤʝʝʪ ʪʦʣʴʢʦ y-

ʢʦʤʧʦʥʝʥʪʫ, ʨʘʚʥʫʶ Fʪʨ = -ɛN. ɽʸ ʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʩʦ 

ʚʨʝʤʝʥʝʤ ʩʥʠʞʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ɺʤʝʩʪʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ 

ʧʘʜʘʶʪ ʧʦʣʥʳʡ ʠʤʧʫʣʴʩ ʢʦʣʴʮʘ p ʠ ʝʛʦ ʧʦʣʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ɽ. 

ɼʘʣʴʥʝʡʰʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʝʩʪʴ ʚ ʧʦʣʥʦʤ ʚʘʨʠʘʥʪʝ ʨʘʙʦʪʳ, 

ʩʝʡʯʘʩ ʷ ʧʨʠʚʝʜʫ ʪʦʣʴʢʦ ʢʦʥʝʯʥʫʶ ʬʦʨʤʫʣʫ. 

ʀʪʘʢ, ʧʦʢʘ ʩʠʣʘ ʪʨʝʥʠʷ ʦʩʪʘʸʪʩʷ ʙʦʣʴʰʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʣʦʡ ʪʷʞʝʩʪʠ Fʪʨ 
>> mg, ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ ʢʦʣʴʮʘ Vʚʥʠʟ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʝʛʦ 

ʚʨʘʱʝʥʠʷ ɤR. ʉʠʣʘ ʪʨʝʥʠʷ ʩʣʘʙʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʚʝʨʭ, ʪʘʢ ʯʪʦ ʝʸ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʫʝʪ 

ʩʠʣʫ ʪʷʞʝʩʪʠ. 

ʊʦ ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʚʥʝʰʥʠʤ ʨʘʜʠʫʩʦʤ ʢʦʣʴʮʘ, ʜʠʘʤʝʪʨʦʤ 

ʩʪʝʨʞʥʷ, ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 

ɻʠʧʦʪʝʟʘ: 
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ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʣʴʮʘ ʚʜʦʣʴ ʩʪʝʨʞʥʷ ʟʘʚʠʩʠʪ: 

1. ʇʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʪ ʚʥʝʰʥʝʛʦ ʨʘʜʠʫʩʘ ʢʦʣʴʮʘ; 

2. ʆʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʪ ʨʘʜʠʫʩʘ ʩʪʝʨʞʥʷ; 

3. ʆʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʦʣʴʮʘ ʠ 

ʩʪʝʨʞʥʷ; 

4. ʆʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʦʪʥʦʰʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʫʩʘ ʢʦʣʴʮʘ ʢ ʨʘʜʠʫʩʫ ʩʪʝʨʞʥʷ. 
ɼʣʷ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʤʳ 

ʧʨʦʚʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ: ʰʘʡʙʳ 

ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ (ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ); 

ʰʘʡʙʳ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʪʘʣʴ, ʧʣʘʩʪʠʢ, 

ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ); ʯʝʪʳʨʝ ʩʪʝʨʞʥʷ ʜʣʷ ʰʪʘʪʠʚʘ 

ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʫʩʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʛʦ ʨʘʜʠʫʩʘ 

ʢʦʣʴʮʘ ʥʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʰʘʡʙʳ ʤr  ʧʨʦʚʦʜʠʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʢʦʣʴʮʘʭ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ (1,8ʩʤ; 1,7ʩʤ; 1,5ʩʤ; 1,3ʩʤ; 1,2ʩʤ), 

ʥʦ ʦʜʠʥʘʢʦʚʳʭ ʚʥʫʪʨʝʥʥʠʭ ʨʘʜʠʫʩʦʚ. ʗ ʩʥʠʤʘʣ ʧʨʦʮʝʩʩ ʦʩʝʜʘʥʠʷ ʢʦʣʴʮʘ ʥʘ 

ʚʠʜʝʦʢʘʤʝʨʫ ʠ ʦʙʨʘʙʘʪʳʚʘʣ ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʨʦʛʨʘʤʤʝ Pasco Capstone. ɻʨʘʬʠʢʠ, 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʱʠʝ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɻʨʘʬʠʢʠ 1 (R1 = 1,2ʩʤ)                         ɻʨʘʬʠʢʠ 2 (R2 = 1,8 ʩʤ) 

 
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʩʝʜʘʥʠʷ ʢʦʣʴʮʘ ʦʪ ʨʘʜʠʫʩʘ ʩʪʝʨʞʥʷ   

ʷ ʧʨʦʚʝʣ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʣ ʩʪʝʨʞʥʠ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ: 3 

ʤʤ, 5ʤʤ,7ʤʤ ʠ 9 ʤʤ. 

ɻʨʘʬʠʢ 3 (r = 3ʤʤ)                     ɻʨʘʬʠʢ 4 (r = 9ʤʤ) 

 

 

 

 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʰʘʡʙʳ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʥʝʡ ʠ ʩʪʝʨʞʥʝʤ, 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʜʚʠʞʝʥʠʝ ʢʦʣʝʮ ʦʜʠʥʘʢʦʚʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ 

ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʚʳʙʠʨʘʣʠʩʴ ʚ ʠʥʪʝʨʥʝʪʝ. 

ɻʨʘʬʠʢ 5,6,7  ʠʣʣʶʩʪʨʠʨʫʶʪ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ. 
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ʅʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ (ɛ=0,11)     ʉʪʘʣʴ (0,15)         ʇʣʘʩʪʠʢ (0,2) 

ɼʘʣʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʥʘʮʝʣʝʥʦ ʥʘ ʧʨʦʚʝʨʢʫ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʨʘʱʝʥʠʷ ʦʪʥʦʰʝʥʠʝ ʨʘʜʠʫʩʘ ʚʥʫʪʨʝʥʥʝʛʦ 

ʦʪʚʝʨʩʪʠʷ ʢ ʨʘʜʠʫʩʫ ʩʪʝʨʞʥʷ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʦʪ 

1/4Ò R/rÒ 2/3) 

ɻʨʘʬʠʢ 8(ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʚʥʠʟ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʢʦʣʝʮ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ R/r) 

ʅʘʠʙʦʣʴʰʝʝ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦʢʘʟʘʣʠ 

ʰʘʡʙʳ ʩ ʦʪʥʦʰʝʥʠʝʤ ʜʠʘʤʝʪʨʦʚ 2/3 ʠ 1/7, 

ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1/4 ʜʦ 2/3. 

ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ ʢʦʣʴʮʘ ʟʘʚʠʩʠʪ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʪ ʚʥʝʰʥʝʛʦ ʨʘʜʠʫʩʘ ʢʦʣʴʮʘ; ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʦʪ ʨʘʜʠʫʩʘ ʩʪʝʨʞʥʷ; ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʦʣʴʮʘ 

ʠ ʩʪʝʨʞʥʷ. ʊʘʢ ʞʝ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʦʪʥʦʰʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʫʩʘ ʢʦʣʴʮʘ ʢ 

ʨʘʜʠʫʩʫ ʩʪʝʨʞʥʷ. 

ʀʟʫʯʝʥʠʝ ʠ ʦʙʦʙʱʝʥʠʝ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣʦ ʦʙʲʷʩʥʠʪʴ ʭʘʨʘʢʪʝʨ 

ʜʚʠʞʝʥʠʷ ʢʦʣʴʮʘ ʥʘ ʩʪʝʨʞʥʝ ʠ ʦʧʨʝʜʝʣʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢʦʣʴʮʘ ʧʦ ʩʪʝʨʞʥʶ ʦʪ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʝʣʴʟʷ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʦʝ ʤʥʦʶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʣʠ ʙʳʪʫ, ʩʢʦʨʝʝ ʵʪʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

çʬʠʟʠʯʝʩʢʠʤ ʠʛʨʫʰʢʘʤè ʜʣʷ ʜʝʪʝʡ, ʤʦʪʠʚʠʨʫʶʱʠʤ ʠʭ ʥʘ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʠ ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʥʝʧʦʥʷʪʥʳʭ, ʥʦ ʠʥʪʝʨʝʩʥʳʭ ʚʝʱʝʡ, ʢʦʪʦʨʳʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʚ 

ʦʢʨʫʞʘʶʱʝʤ ʥʘʩ ʤʠʨʝ. 

ʗ ʩʯʠʪʘʶ, ʯʪʦ ʥʝ ʜʦ ʢʦʥʮʘ ʠʩʩʣʝʜʦʚʘʣ ʵʪʦʪ ʧʨʦʮʝʩʩ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʘʷ, ʥʫʞʥʦ ʚʟʷʪʴ ʙʦʣʴʰʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʨʝʥʠʷ ʠ ʠʟʤʝʥʷʪʴ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ. 
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660074, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʂʨʘʩʥʦʷʨʩʢ, ʧʨ. ʉʚʦʙʦʜʥʳʡ, ʜ. 79 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʥʝʩʦʤʥʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʝ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʝʸ ʨʝʰʝʥʠʷ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʦʝʢʪ çʊʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ - ʛʣʘʚʥʘʷ ʧʝʨʩʧʝʢʪʠʚʘ ʨʘʟʚʠʪʠʷ 

ʙʫʜʫʱʝʛʦ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠè ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʤ ʪʨʫʜʦʤ, 

ʘʜʨʝʩʦʚʘʥʥʳʤ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʯʠʪʘʪʝʣʝʡ.    

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʦʩʚʦʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʧʦʩʚʷʱʸʥʥʳʡ ʨʘʩʯʸʪʘʤ 

ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʶ ʨʝʘʢʮʠʡ, ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʚʦʟʤʦʞʥʳʭ 

ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ.  

ʇʨʦʚʝʜʸʥ ʭʦʨʦʰʠʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʚʳʷʚʠʣʠʩʴ ʧʨʦʙʣʝʤʳ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʝʜʦʩʪʘʪʢʠ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʦ ʢʦʪʦʨʳʭ ʠ ʥʝ ʙʳʣʦ 

ʧʦʜʦʟʨʝʥʠʡ ʜʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 ʇʨʠ ʵʪʦʤ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ï ʨʝʘʢʪʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ 

ʥʘ ʨʝʘʢʮʠʠ ʨʘʩʧʘʜʘ, ʥʦ ʠʩʧʦʣʴʟʫʶʱʠʝ ʄʆʂʉ-ʪʦʧʣʠʚʦ - ʩʤʝʩʴ ʦʢʩʠʜʦʚ 

ʧʣʫʪʦʥʠʷ ʠ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ, ʪʦ ʝʩʪʴ ʦʪʨʘʙʦʪʘʥʥʳʝ ʷʜʝʨʥʳʝ ʦʪʭʦʜʳ, ʦʪ 

ʨʝʘʢʪʦʨʦʚ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 

  ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʨʝʘʢʮʠʡ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʢʮʠʷʤʠ ʨʘʩʧʘʜʘ. ʊʘʢ ʠʟ ʚʩʝʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʣʶʜʷʤ ʵʥʝʨʛʠʶ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʘʪʦʤʥʳʝ ʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ 

ʟʘ ʩʯʸʪ ʨʝʘʢʮʠʠ ʨʘʩʧʘʜʘ ʫʨʘʥʘ-235. 

5 ÎO "Á +Ò σz Î ȟ [1] 

Q=200 ʄʵɺ (199, 8 ʄʵɺ). ʕʥʝʨʛʠʷ ʥʘ ʥʫʢʣʦʥ 

ή
ςππ ̇ ̞ˏ

ςσφ
πȟψυ

˙̞ˏ

̎̔̋̌̏̎
 

ɽ=Ўά ὧ, [1] 

ʛʜʝ Ўά ̅̆̆̋̓̕̕ ̍ ́̒̒ȟ ̒ ̝̒̋̏̑̏̒̓ ̒ ̃̆̓́ ̃  ̃ ́̋̔̔̍̆Ȣ 

Ўm=Z*ά ὔ άz -˙̠  [1] 
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ʅʦ ʟʘʧʘʩʦʚ ʫʨʘʥʘ ʭʚʘʪʠʪ ʥʘ 80-100 ʣʝʪ. ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʠʩʢʘʪʴ ʥʦʚʳʡ 

ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. 

ʋʧʨʘʚʣʷʝʤʳʡ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ (ʋʊʉ) ð ʩʠʥʪʝʟ ʙʦʣʝʝ ʪʷʞʸʣʳʭ 

ʘʪʦʤʥʳʭ ʷʜʝʨ ʠʟ ʙʦʣʝʝ ʣʸʛʢʠʭ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ.  

Ὄ Ὄᴼ ὌὩ ὲ [1] 

ά (ʜʝʡʪʝʨʠʡ)=2,0141ʘ.ʝ.ʤ. ά(ʪʨʠʪʠʡ)=3,01605ʘ.ʝ.ʤ. ά ʥʝʡʪʨʦʥ) 

=1.00866ʘ.ʝ.ʤ.  ά ʛʝʣʠʡ) = 4,002602 ʘ.ʝ.ʤ. 

Ўά ά  ά ά   ά  

Ўά πȟρψψψψ ́Ȣ̆Ȣ̍Ȣ 

Q=
 0,18888*1,66*̋ ̄

 ́ Ȣ̆Ȣ̍Ȣz ȟz ˗̌z
*9*ρπ

̍

̒
=17,6 ʄʵɺ. 

 ʕʥʝʨʛʠʷ ʥʘ ʥʫʢʣʦʥ 

ή
ρχȟφ ̇ ̞ˏ

υ
σȟυς

˙̞ˏ

̎̔̋̌̏̎
 

ʊʘʢ ʢʘʢ ʵʥʝʨʛʠʠ ʥʘ ʥʫʢʣʦʥ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʝ ʚ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ, ʦʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʝʝ ʨʝʘʢʮʠʠ ʜʝʣʝʥʠʷ ʫʨʘʥʘ. [4] 

ɼʦʩʪʫʧ ʢ ʜʝʡʪʝʨʠʶ ʥʝʦʛʨʘʥʠʯʝʥ (ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʦʜʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ), ʘ 

ʪʨʠʪʠʡ ʜʦʙʳʚʘʶʪ ʠʟ ʣʠʪʠʷ. ʇʦʵʪʦʤʫ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʅʦ ʝʩʪʴ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʤʝʰʘʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʠʜʝʶ. ʅʝʦʙʭʦʜʠʤʦ 

ʧʨʝʦʜʦʣʝʪʴ ʩʠʣʳ ʢʫʣʦʥʦʚʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʠʟʦʪʦʧʘʤʠ ʚʦʜʦʨʦʜʘ, ʜʣʷ 

ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ. 

Ὗ̋ ̔̌ ωz ρπ
ȟ ᶻ

ᶻ ᶻȟz
σz ρπ̞ Ȣˏ [2] 

ʀʟ ʬʦʨʤʫʣʳ  

E= k*T [2] 

ʩʣʝʜʫʝʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʚʥʷʝʪʩʷ 2,3*ρπ̠. ʇʨʠ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʝʱʝʩʪʚʦ 
ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʣʘʟʤʳ.  

ɽʱʸ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʪʘʥʦʚʠʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʨʝʘʢʪʦʨʦʚ, ʪ.ʢ. 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢʦʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʥʝ ʙʫʜʝʪ ʨʘʟʨʫʰʘʪʴʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʦʨʷʯʝʡ ʧʣʘʟʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪ ʩʘʤʳʡ 

ʪʫʛʦʧʣʘʚʢʠʡ ʤʝʪʘʣʣ ʚ ʤʠʨʝ ï ʚʦʣʴʬʨʘʤ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʝ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʧʣʘʟʤʘ ʟʘʛʨʷʟʥʷʝʪʩʷ ʤʘʪʝʨʠʘʣʘʤʠ ʧʝʨʚʦʡ ʩʪʝʥʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʧʳʣʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʛʠʧʦʪʝʟʘ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʥʪʝʟʘ ʥʝ 

ʧʦʜʪʚʝʨʜʠʣʘʩʴ.  [3] 



40 
 

ʈʝʘʢʪʦʨʳ ʠʤʝʶʪ ʥʘʟʚʘʥʠʝ ʊʆʂɸʄɸʂ (ʊʦʨʦʠʜʘʣʴʥʘʷ ʢʘʤʝʨʘ ʩ 

ʤʘʛʥʠʪʥʳʤʠ ʢʘʪʫʰʢʘʤʠ). ʋʯʝʥʳʝ ʠ ʠʥʞʝʥʝʨʳ ʜʦʙʠʣʠʩʴ ʦʛʨʦʤʥʳʭ ʫʩʧʝʭʦʚ ʚ 

ʫʜʝʨʞʘʥʠʠ ʧʣʘʟʤʳ ʥʘ ʨʝʘʢʪʦʨʝ EAST. ʉʝʡʯʘʩ ʠʜʸʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʘʤʦʛʦ 

ʙʦʣʴʰʦʛʦ ʨʝʘʢʪʦʨʘ ITER, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʘ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʩʦʟʜʘʥʠʷ 

ʪʝʨʤʦʷʜʝʨʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʕʪʦ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʧʨʦʝʢʪ, ʚ ʢʦʪʦʨʦʤ ʦʜʥʫ ʠʟ 

ʚʝʜʫʱʠʭ ʨʦʣʝʡ ʠʛʨʘʝʪ ʈʦʩʩʠʷ.  

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʝʩʪʴ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ. ʄʆʂʉ-ʪʦʧʣʠʚʦ - 

ʩʤʝʩʴ ʦʢʩʠʜʦʚ ʧʣʫʪʦʥʠʷ ʠ ʧʨʠʨʦʜʥʦʛʦ ʫʨʘʥʘ. ʆʪʨʘʙʦʪʘʥʥʦʝ ʷʜʝʨʥʦʝ ʪʦʧʣʠʚʦ 

ʤʦʞʥʦ ʚʥʦʚʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʝʘʢʪʦʨʘʭ ʠ ʧʦʣʫʯʘʪʴ ʵʥʝʨʛʠʶ.  ʈʝʘʢʪʦʨʳ ʥʘ ʪʘʢʦʤ 

ʪʦʧʣʠʚʝ ʫʞʝ ʜʘʶʪ ʣʶʜʷʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ɺ ʩʝʥʪʷʙʨʝ 2022 ʛʦʜʘ ʨʝʘʢʪʦʨ ɹʅ-800 

ʥʘ ʄʆʂʉ-ʪʦʧʣʠʚʝ ʙʳʣ ʚʧʝʨʚʳʝ ʟʘʛʨʫʞʝʥ ʥʘ 100% ʥʘ ɹʝʣʦʷʨʩʢʦʡ ɸʕʉ. [5] 

 ʕʪʦ ʚʝʣʠʢʦʝ ʨʦʩʩʠʡʩʢʦʝ ʜʦʩʪʠʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʟʘʤʢʥʫʪʳʡ 

ʪʦʧʣʠʚʥʳʡ ʮʠʢʣ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ. 

ɺ ʨʘʙʦʪʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ ʚʳʛʦʜʥʝʝ ʚ ʧʣʘʥʝ ʧʦʣʫʯʝʥʠʷ 

ʵʥʝʨʛʠʠ, ʯʝʤ ʨʝʘʢʮʠʷ ʨʘʩʧʘʜʘ, ʧʫʪʸʤ ʨʘʩʯʸʪʦʚ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ ʥʘ ʥʫʢʣʦʥ. 

ʆʙʥʘʨʫʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ï ʨʝʘʢʪʦʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʄʆʂʉ-ʪʦʧʣʠʚʦ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ ʠ ʄʆʂʉ-ʪʦʧʣʠʚʦ ï ʛʣʘʚʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʈʘʜʠʦʧʨʠʝʤʥʠʢ ʠ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʠʟ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʘʣʝʡ. ʆʜʥʘʢʦ, ʩʭʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪ ʫʯʝʙʥʠʢʠ, ʦʙʳʯʥʦ, 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ ʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʝ 

ʛʦʚʦʨʷ ʫʞʝ ʦ ʪʦʤ, ʯʪʦ ʦʯʝʥʴ ʩʣʦʞʥʦ ʨʘʟʦʙʨʘʪʴʩʷ ʢʘʢʫʶ ʬʫʥʢʮʠʶ ʚʳʧʦʣʥʷʶʪ 

ʚʩʝ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʠ ʢʘʢ ʠʭ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ. 

ʉʨʝʜʠ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʳʜʝʣʷʝʪʩʷ ʜʝʪʝʢʪʦʨʥʳʡ ʧʨʠʝʤʥʠʢ, 

ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʜʝʪʘʣʝʡ ʠ ʜʘʞʝ ʨʘʙʦʪʘʝʪ ʙʝʟ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʵʥʝʨʛʠʶ ʨʘʜʠʦʚʦʣʥ. 

ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʜʠʦʧʝʨʝʜʘʯʘ ʥʝ ʪʘʢʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ. 

ʆʜʥʘʢʦ, ʠ ʜʝʪʝʢʪʦʨʥʳʡ ʧʨʠʝʤʥʠʢ ʠʤʝʝʪ ʨʷʜ ʥʶʘʥʩʦʚ, ʟʘʪʨʫʜʥʷʶʱʠʭ ʝʛʦ 

ʧʦʩʪʨʦʡʢʫ. ʅʦ, ʝʩʣʠ ʜʝʬʠʮʠʪʥʳʤ ʚʳʩʦʢʦʦʤʥʳʤ ʥʘʫʰʥʠʢʘʤ ʠ ʪʦʯʝʯʥʦʤʫ 

ʜʠʦʜʫ ʝʱʝ ʤʦʞʥʦ ʥʘʡʪʠ ʘʣʴʪʝʨʥʘʪʠʚʫ, ʪʦ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʤ 

ʦʪʩʫʪʩʪʚʠʝʤ ʚʝʱʘʥʠʷ ʥʘ ʜʣʠʥʥʳʭ ʚʦʣʥʘʭ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʜʝʪʝʢʪʦʨʥʳʡ ʧʨʠʝʤʥʠʢ, ʫʞʝ ʥʠʯʝʛʦ ʥʝʣʴʟʷ ʧʦʜʝʣʘʪʴ. ʆʩʪʘʝʪʩʷ ʧʦʩʪʨʦʠʪʴ 

ʩʚʦʡ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢ ʥʘ ʜʣʠʥʥʳʭ ʚʦʣʥʘʭ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 

ʧʦʩʪʨʦʡʢʠ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʦʩʪʨʦʝʥʠʝ ʨʘʙʦʪʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɿʘʜʘʯʠ: 

1.ɺʳʙʨʘʪʴ ʜʝʪʘʣʠ ʜʣʷ ʧʦʩʪʨʦʡʢʠ ʧʝʨʝʜʘʪʯʠʢʘ, ʦʧʨʝʜʝʣʠʪʴ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʠ ʥʦʤʠʥʘʣʳ. 

2. ʉʦʙʨʘʪʴ ʩʭʝʤʫ ʚ ʩʠʤʫʣʷʪʦʨʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ. 

3. ʉʦʙʨʘʪʴ ʨʘʙʦʪʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʘʙʦʪʘ ʪʨʘʥʟʠʩʪʦʨʘ [1] ʠ ʢʘʢʠʝ ʬʫʥʢʮʠʠ ʦʥ 

ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. ʊʨʘʥʟʠʩʪʦʨ ʥʫʞʝʥ ʜʣʷ 

ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʷ ʪʦʢʘ, ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʦʛʦ ʪʦʢʘ (ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ), 

ʧʦʜʘʥʥʦʛʦ ʥʘ ʝʛʦ ʚʭʦʜ. ɹʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 4 ʬʫʥʢʮʠʠ ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʩʦʙʨʘʥʦ 

4 ʩʭʝʤʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʳ: 

Å ʢʣʶʯ 
Å ʫʩʠʣʠʪʝʣʴ 
Å ʛʝʥʝʨʘʪʦʨ 
Å ʪʨʘʥʟʠʩʪʦʨ ʚ ʧʝʨʝʜʘʪʯʠʢʝ 
ɼʣʷ ʩʙʦʨʢʠ ʩʭʝʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʘʥʟʠʩʪʦʨ ʪʠʧʘ NPN. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʦʢ ʪʝʯʝʪ ʦʪ ʵʤʠʪʪʝʨʘ ʢ ʢʦʣʣʝʢʪʦʨʫ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʦʜʘʯʝ 

ʧʠʪʘʥʠʷ ʥʘ ʪʨʘʥʟʠʩʪʦʨ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʧʦʜʢʣʶʯʠʪʴ ʵʤʠʪʪʝʨ, 

ʢʦʣʣʝʢʪʦʨ ʠ ʙʘʟʫ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ ʠ ʫʧʨʘʚʣʷʶʱʝʡ ʮʝʧʠ. 

ʂʣʶʯ. 

ʊʨʘʥʟʠʩʪʦʨ-ʢʣʶʯ ʠʤʝʝʪ ʪʨʠ ʚʳʚʦʜʘ: ʵʤʠʪʪʝʨ (ʦʪʢʫʜʘ ʪʦʢ ʚʳʭʦʜʠʪ), 

ʙʘʟʫ (ʢʦʪʦʨʘʷ ʫʧʨʘʚʣʷʝʪ ʪʦʢʦʤ) ʠ ʢʦʣʣʝʢʪʦʨ (ʢʫʜʘ ʪʦʢ ʚʭʦʜʠʪ). ʂʦʛʜʘ ʥʘ ʙʘʟʫ 

ʧʦʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʪʦʢ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʴʰʝʤʫ ʪʦʢʫ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʢʣʶʯ, ʪʝʤ ʩʘʤʳʤ ʫʧʨʘʚʣʷʷ ʪʦʢʦʤ. 

ɺ ʩʦʙʨʘʥʥʦʡ ʩʭʝʤʝ ʪʨʘʥʟʠʩʪʦʨ ʧʦʜʘʚʘʣ ʪʦʢ ʥʘ ʩʚʝʪʦʜʠʦʜ. ʇʦ ʥʘʞʘʪʠʶ 

ʢʥʦʧʢʠ ʦʥ ʚʢʣʶʯʘʣʩʷ ʠ ʚʳʢʣʶʯʘʣʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʋʩʠʣʠʪʝʣʴ. ʊʨʘʥʟʠʩʪʦʨ-ʫʩʠʣʠʪʝʣʴ - ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʫʩʠʣʠʚʘʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ. 

 ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʙʘʟʫ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪ ʪʦʢʦʤ, 

ʧʨʦʭʦʜʷʱʠʤ ʯʝʨʝʟ ʢʦʣʣʝʢʪʦʨ ʠ ʵʤʠʪʪʝʨ. ʏʝʤ ʙʦʣʴʰʝ ʪʦʢ, ʪʝʤ ʙʦʣʴʰʝ ʩʠʛʥʘʣ 

ʫʩʠʣʠʚʘʝʪʩʷ. 

ʂʘʢ ʠ ʚ ʣʶʙʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʚʘʞʥʦ ʩʣʝʜʠʪʴ ʟʘ ʝʛʦ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʥʘʧʨʠʤʝʨ, ʟʘ ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʩʥʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ. 

 
 

ɻʝʥʝʨʘʪʦʨ. 

ʊʨʘʥʟʠʩʪʦʨ-ʛʝʥʝʨʘʪʦʨ - ʵʪʦ ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʦʣʝʙʘʥʠʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ. 

ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʘʥʟʠʩʪʦʨʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʪʦʢʦʤ ʯʝʨʝʟ ʮʝʧʴ, ʨʝʟʠʩʪʦʨʦʚ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ 

ʢʦʣʝʙʘʥʠʷ ʚ ʮʝʧʠ. 

ɺʦʣʥʳ ʛʝʥʝʨʠʨʫʶʪʩʷ ʠʟ-ʟʘ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ, ʪʦ ʝʩʪʴ ʠʟ-ʟʘ 

ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʜʝʥʩʘʪʦʨʘ [4], ʪʨʘʥʟʠʩʪʦʨ ʥʫʞʝʥ, ʯʪʦʙʳ ʚ ʪʘʢʪ 

ʧʦʜʧʠʪʳʚʘʪʴ ʵʪʦʪ ʢʦʥʪʫʨ, ʠʥʘʯʝ ʢʦʣʝʙʘʥʠʷ ʟʘʪʫʭʘʶʪ. ɺ ʦʩʥʦʚʝ ʵʪʦʡ ʩʭʝʤʳ 

ʣʝʞʠʪ ʛʝʥʝʨʘʪʦʨ ʂʦʣʧʠʪʮʘ. [2] 
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ʇʝʨʝʜʘʪʯʠʢ. 

ɻʝʥʝʨʘʪʦʨ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚʳʰʝ ʠ ʝʩʪʴ ʧʝʨʝʜʘʪʯʠʢ. ʅʘʢʣʘʜʳʚʘʷ ʟʚʫʢ 

ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ [3], ʢʦʪʦʨʳʝ ʩʦʟʜʘʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ, 

ʧʦʣʫʯʘʶʪʩʷ ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʢʦʣʝʙʘʥʠʷ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʩʦʙʨʘʥʦ ʥʝʩʢʦʣʴʢʦ ʩʭʝʤ ʩ ʪʨʘʥʟʠʩʪʦʨʦʤ ʜʣʷ ʦʙʱʝʛʦ 

ʧʦʥʠʤʘʷ ʨʘʙʦʪʳ ʠ ʢʦʥʝʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ð ʧʝʨʝʜʘʪʯʠʢ, ʩʧʦʩʦʙʥʦʝ 

ʧʝʨʝʜʘʚʘʪʴ ʜʣʠʥʥʳʝ ʚʦʣʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʝ. ʉʠʛʥʘʣ ʧʝʨʝʜʘʪʯʠʢʘ ʤʦʞʥʦ 

ʧʦʡʤʘʪʴ ʥʘ ʯʘʩʪʦʪʝ 1200 ʂɻʮ  ʩ ʧʦʤʦʱʴʶ ʧʨʠʝʤʥʠʢʘ. 

ɿʘʢʣʶʯʝʥʠʝ: 

1) ʆʧʨʝʜʝʣʝʥ ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʠ ʬʫʥʢʮʠʠ ʨʘʜʠʦʜʝʪʘʣʝʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʩʪʨʦʡʢʠ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘ. 

2) ʉʦʙʨʘʥʘ ʩʭʝʤʘ, ʢʦʪʦʨʘʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʥʮʠʧʳ ʛʝʥʝʨʘʮʠʠ 

ʨʘʜʠʦʩʠʛʥʘʣʘ. 

3) ɽʩʪʴ ʠʩʪʦʯʥʠʢ ʨʘʜʠʦʚʦʣʥ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʣʦʚʠʪʴ ʥʘ ʜʝʪʝʢʪʦʨʥʳʡ 

ʧʨʠʝʤʥʠʢ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʭʝʤʦʪʝʭʥʠʢʘ. ʊʨʘʥʟʠʩʪʦʨʳ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ð ʨʝʞʠʤ ʜʦʩʪʫʧʘ 

https://clck.ru/SZvr (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.12.2022) 

2. ɻʝʥʝʨʘʪʦʨ ʂʦʣʧʠʪʮʘ. ʉʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ ʂʦʣʧʠʪʮʘ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ð ʨʝʞʠʤ ʜʦʩʪʫʧʘ 

https://elquanta.ru/novoe/rc-generator.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.12.2022) 

3. ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ð ʨʝʞʠʤ ʜʦʩʪʫʧʘ 

https://clck.ru/Eo54b (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.12.2022) 

4. ʂʦʥʜʝʥʩʘʪʦʨ, ʢʘʪʫʰʢʘ ʠ ʨʝʟʦʥʘʥʩ ʚ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ð ʨʝʞʠʤ ʜʦʩʪʫʧʘ https://spadilo.ru/kondensator-

katushka-i-rezonans-v-cepi-peremennogo-toka/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.12.2022) 

5. ʂʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ð ʨʝʞʠʤ ʜʦʩʪʫʧʘ 

https://www.booksite.ru/fulltext/1/001/008/062/734.htm (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.12.2022) 
 

 

https://clck.ru/SZvr
https://elquanta.ru/novoe/rc-generator.html
https://clck.ru/Eo54b
https://spadilo.ru/kondensator-katushka-i-rezonans-v-cepi-peremennogo-toka/
https://spadilo.ru/kondensator-katushka-i-rezonans-v-cepi-peremennogo-toka/
https://www.booksite.ru/fulltext/1/001/008/062/734.htm
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ʃɸɹʆʈɸʊʆʈʀʗ ɺ ʄʆɹʀʃʔʅʆʄ ʊɽʃɽʌʆʅɽ  

ɽʛʦʨʦʚ ʖʨʠʡ ɸʣʝʢʩʝʝʚʠʯ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ 

ʛ. ʊʦʤʩʢʘ, 10  ʢʣʘʩʩ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʩʪʷʢʦʚʘ ʅʘʜʝʞʜʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʢ.ʪ.ʥ., ʆʕʌ ʜʦʮʝʥʪ 

 

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʩʨʝʜʥʝʡ ʠ ʩʪʘʨʰʝʡ ʰʢʦʣʝ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʥʪʝʨʝʩʘ ʫ ʫʯʘʱʠʭʩʷ ʠ ʩʦʟʜʘʥʠʝ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʣʷ 

ʙʦʣʴʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʪʝʤʳ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʣʶʜʝʡ ʠʤʝʶʪ ʩʤʘʨʪʬʦʥ . ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʣʝʬʦʥʘʭ ʥʘʭʦʜʠʪʩʷ ʤʥʦʞʝʩʪʚʦ ʜʘʪʯʠʢʦʚ ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʦʤʦʯʴ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. ʅʘʧʨʠʤʝʨ: ɹʘʨʦʤʝʪʨ, 

ɸʢʩʝʣʝʨʦʤʝʪʨ, ʄʘʛʥʠʪʦʤʝʪʨ, ɻʠʨʦʩʢʦʧ, ʃʶʢʩʤʝʪʨ, ʄʠʢʨʦʬʦʥ, GPS, ʉʝʥʩʦʨ 

ʜʠʩʧʣʝʷ ʠ ʪʜ.[2] ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʨʪʬʦʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʚ ʢʣʘʩʩʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʠʥʪʝʨʝʩʫ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʣʶʙʦʧʳʪʩʪʚʘ, ʯʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʝʟ ʩʤʘʨʪʬʦʥʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʪʝʣʝʬʦʥʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

ɿʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʜʦʩʪʫʧʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʧʨʠʣʦʞʝʥʠʡ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ 

ʧʦʢʘʟʘʥʠʷ ʩ ʜʘʪʯʠʢʦʚ. 

2. ʉʦʙʨʘʪʴ ʜʘʥʥʳʝ ʠ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ 

ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ 

 ʀʟʫʯʠʚ ʩʧʠʩʦʢ ʧʨʠʣʦʞʝʥʠʡ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʢʘʟʘʥʠʷ ʩ 

ʜʘʪʯʠʢʦʚ ʷ ʚʳʜʝʣʠʣ ʥʝʩʢʦʣʴʢʦ ʩʘʤʳʭ ʠʥʪʝʨʝʩʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. 

 Sensors Toolbox ï ʵʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʫʟʥʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦ ʩʦʩʪʦʷʥʠʠ ʚʘʰʝʛʦ ʤʦʙʠʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ʇʦʣʫʯʠʪʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙʦ ʚʩʝʭ ʜʘʪʯʠʢʘʭ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ 

ʚʘʰʠʤ ʧʣʘʥʰʝʪʦʤ, ʩʤʘʨʪʬʦʥʦʤ ʠʣʠ ʥʦʩʠʤʳʤ ʫʩʪʨʦʡʩʪʚʦʤ.  

 Phyphox ï ʵʪʦ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ 

ʩʙʦʨʘ ʟʘʤʝʨʦʚ ʩ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ  ʠ ʧʦʩʪʘʥʦʚʢʠ ʦʧʳʪʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʚ 

ʧʨʠʣʦʞʝʥʠʠ, ʦʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ.[1] 

 ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ ï ʵʪʦ ʙʝʩʧʣʘʪʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʦʪ Google.ʉ ʝʛʦ ʧʦʤʦʱʴʶ 

ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʩʦʭʨʘʥʷʪʴ ʜʘʥʥʳʝ ʦ ʥʠʭ. ʇʨʠʣʦʞʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ, ʚʩʪʨʦʝʥʥʳʭ ʚ 

ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʧʦʜʢʣʶʯʝʥʥʳʭ ʯʝʨʝʟ Bluetooth.[4] 

ʆʙʨʘʪʠʚʰʠʩʴ ʢ ʦʪʢʨʳʪʳʤ ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʘʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʯʪʦ 

ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʦʜʚʠʥʫʪʳʭ ʤʦʙʠʣʴʥʳʭ ʛʘʜʞʝʪʦʚ ʦʧʳʪ 

ʧʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʧʦʩʪʘʥʦʚʢʝ ʦʧʳʪʦʚ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥ. ɺ ʦʩʥʦʚʥʦʤ ʙʳʣʠ 

ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʢʘʣʴʢʫʣʷʪʦʨ, ʩʝʢʫʥʜʦʤʝʨ ʠ ʚʠʜʝʦʢʘʤʝʨʘ ʤʦʙʠʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ.[3] 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
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ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣ 

ʚʳʙʨʘʥ ʦʧʳʪ ʩ ʜʝʤʦʥʩʪʨʘʮʠʝʡ ʟʘʪʫʭʘʶʱʠʭ  ʢʦʣʝʙʘʥʠʡ ʄʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʭʝʤʘ 

(ʨʠʩ.1) ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ (1500 ʤʢʚ), ʢʘʪʫʰʢʠ ʩʦ 

ʩʪʝʨʞʥʝʤ ʠ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʚ ʚʠʜʝ ʙʘʪʘʨʝʡʢʠ ʬʦʨʤʘʪʘ ʂʨʦʥʘ (6LR61, 

1604A).[5] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      ʈʠʩʫʥʦʢ 1 

ʇʦʩʣʝ ʟʘʨʷʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʦʥ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʢʘʪʫʰʢʝ, 

ʧʨʠ ʵʪʦʤ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʟʤʝʨʷʝʪʩʷ ʩʤʘʨʪʬʦʥʦʤ. ɸʤʧʣʠʪʫʜʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʪʦʢʫ ʚ ʮʝʧʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʪʫʭʘʶʱʝʤʫ 

ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʢʘʪʫʰʢʠ: 

    
ɻʜʝ R ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ, L ʠʥʜʫʢʪʠʚʥʦʩʪʴ, Q0 ʥʘʯʘʣʴʥʳʡ ʟʘʨʷʜ, Ű 

ʧʦʩʪʦʷʥʥʘʷ ʟʘʪʫʭʘʥʠʷ ʠ ɤ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ.  

 

ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ ʯʪʦ ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʤʝʨʦʚ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʦʛʦ 

ʪʝʣʝʬʦʥʘ ʵʪʦ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ  ʜʘʪʯʠʢʦʚ ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 50 ɻʮ ʠʣʠ 100 

ɻʮ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʤʘʨʪʬʦʥʦʚ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʩʝʛʜʘ ʧʨʦʚʦʜʠʪʴ ʪʦʯʥʳʝ 

ʠʟʤʝʨʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 2            ʈʠʩʫʥʦʢ 3[5] 

ʅʘ ʜʘʥʥʳʭ ʩʢʨʠʥʰʦʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ 

ʤʘʛʥʠʪʦʤʝʪʨʦʤ ʥʘ ʪʝʣʝʬʦʥʝ ʩ ʜʘʪʯʠʢʦʤ ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ 

ʧʝʨʠʦʜʦʤ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ.2) ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʛʨʘʬʠʢʝ 

(ʨʠʩ.3)[5] ʛʜʝ ʧʝʨʠʦʜ ʦʙʥʦʚʣʝʥʠʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʘ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʙʦʣʴʰʝ. ɼʘʥʥʳʝ ʯʝʪʢʦ ʚʳʩʪʨʘʠʚʘʶʪ ʛʨʘʬʠʢ ʟʘʪʫʭʘʶʱʝʛʦ ʤʘʷʪʥʠʢʘ.    

ɺʳʚʦʜʳ: 

1. ʇʨʦʚʝʨʝʥʳ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʡ ʠ ʜʘʪʯʠʢʦʚ ʪʝʣʝʬʦʥʘ ʧʦʢʘʟʘʣʦ ʯʪʦ ʣʫʯʰʝʝ ʠʟ 
ʥʘʡʜʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʵʪʦ ʧʨʠʣʦʞʝʥʠʡ Phyphox.  

3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʯʪʦ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʥʝ ʢʘʞʜʳʭ 
ʜʘʪʯʠʢʦʚ ʪʝʣʝʬʦʥʘ ʭʚʘʪʘʝʪ ʜʣʷ  ʪʦʯʥʳʭ ʟʘʤʝʨʦʚ 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Phyphox. ʇʨʦʚʝʜʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ  ʩ ʚʘʰʠʤ ʪʝʣʝʬʦʥʦʤ. 
 [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ:   https://f-

droid.org/ru/packages/de.rwth_aachen.phyphox/  

2. ʇʠʛʘʣʠʮʳʥ ʃ.ɺ.  ʌʠʟʠʢʘ ʚ ʩʤʘʨʪʬʦʥʝ // ɺʠʜʝʦʥʘʫʢʘ: ʩʝʪʝʚʦʡ  ʞʫʨʥ. 

2020. ˉ3(19).[ʵʣʝʢʪʨʦʥʥʳʡ  ʞʫʨʥʘʣ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 

 https://videonauka.ru/stati/31-metodika-prepodavaniya-estestvenno-

nauchnykh-distsiplin/268-fizika-v-smartfone     

https://f-droid.org/ru/packages/de.rwth_aachen.phyphox/
https://f-droid.org/ru/packages/de.rwth_aachen.phyphox/
https://videonauka.ru/stati/31-metodika-prepodavaniya-estestvenno-nauchnykh-distsiplin/268-fizika-v-smartfone
https://videonauka.ru/stati/31-metodika-prepodavaniya-estestvenno-nauchnykh-distsiplin/268-fizika-v-smartfone
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3. ʇʦʪʘʧʦʚʘ  ʄ. ɺ.  ʄʝʪʦʜʠʢʘ  ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʪʚʦʨʯʝʩʢʠʭ 

 ʨʘʙʦʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʙʠʣʴʥʳʭ ʛʘʜʞʝʪʦʚ  // ʂʦʥʮʝʧʪ: ʥʘʫʯʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʡ ʞʫʨʥ.  2021, No 7 (ʠʶʣʴ)  [ʵʣʝʢʪʨʦʥʥʳʡ ʞʫʨʥʘʣ]  ï 

ʨʝʞʠʤ ʜʦʩʪʫʧʘ:   https://cyberleninka.ru/article/n/metodika-

provedeniya-laboratornyh-i-tvorcheskih-rabot-s-primeneniem-mobilnyh-

gadzhetov/viewer      

4. ʄ. ɺ.  ʇʝʨʤʘʥ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʨʪʬʦʥʘ ʚ ʦʧʳʪʘʭ ʧʦ ʬʠʟʠʢʝ[ʩʪʘʪʴʷ] 

ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ:   https://ratio-natura.ru/sites/default/files/2020-

11/%D0%98%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0

%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5%20%D1%81%D0%

BC%D0%B0%D1%80%D1%82%D1%84%D0%BE%D0%BD%D0%B0%20

%D0%B2%20%D0%BE%D0%BF%D1%8B%D1%82%D0%B0%D1%85%2

0%D0%BF%D0%BE%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%

D0%B5.pdf  

5. N Westermann, S Staacks, H Heinke, P Mºhrke  Measuring the magnetic field 

of a low frequency LC-circuit with phyphox [ʩʪʘʪʴʷ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://iopscience.iop.org/article/10.1088/1361-6552/ac920e/meta 

 

 

 

 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʆʃʀʄɽʈʅʆɻʆ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ 

ʊʆʂʆʇʈʆɺʆɼʗʑɽɻʆ ʄɸʊɽʈʀɸʃɸ ʅɸ ʆʉʅʆɺɽ ʉʄɽʉʀ 

ʇʆʃʀʕʊʀʃɽʅɸ ʀ ʊɽʍʅʀʏɽʉʂʆɻʆ ʋɻʃɽʈʆɼɸ 

ɾʜʘʥʦʚ ɻʝʦʨʛʠʡ 

ɹʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʃʠʮʝʡ ˉ64è, 9 ʢʣʘʩʩ 

ʛ. ʆʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʈʫʩʩʢʠʭ ɻʨʠʛʦʨʠʡ ʉʝʨʘʬʠʤʦʚʠʯ, ʠ.ʦ.ʟʘʚ.ʢʘʬ.ʆʊʄʠɸʋ, ʆʤɻʊʋ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʥʷʪʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ 

ʛʦʨʶʯʝʡ ʧʨʦʜʫʢʮʠʠ. ʄʘʪʝʨʠʘʣ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʢʦʨʧʫʩʦʚ ʜʣʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ ʚʳʷʚʣʝʥʠʷ ʥʫʞʥʳʭ ʧʨʦʧʦʨʮʠʡ ʫʛʣʝʨʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʙʝʟ ʧʦʪʝʨʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʵʪʠʣʝʥʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʥʦʛʠʝ ʧʨʦʜʫʢʪʳ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʩʪʘʣʴʥʳʭ ʮʠʩʪʝʨʥʘʭ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʪʘʚʣʷʶʪ 

ʥʘ ʤʝʩʪʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʈʝʛʫʣʷʨʥʦʩʪʴ ʠ ʦʙʠʣʠʝ ʪʘʢʠʭ ʜʝʡʩʪʚʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ ʠ ʟʘʛʨʷʟʥʝʥʠʶ. ʊʘʢʠʝ ʮʠʩʪʝʨʥʳ ʥʝ ʚʳʛʦʜʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ. 

https://cyberleninka.ru/article/n/metodika-provedeniya-laboratornyh-i-tvorcheskih-rabot-s-primeneniem-mobilnyh-gadzhetov/viewer
https://cyberleninka.ru/article/n/metodika-provedeniya-laboratornyh-i-tvorcheskih-rabot-s-primeneniem-mobilnyh-gadzhetov/viewer
https://cyberleninka.ru/article/n/metodika-provedeniya-laboratornyh-i-tvorcheskih-rabot-s-primeneniem-mobilnyh-gadzhetov/viewer
https://ratio-natura.ru/sites/default/files/2020-11/%D0%98%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5%20%D1%81%D0%BC%D0%B0%D1%80%D1%82%D1%84%D0%BE%D0%BD%D0%B0%20%D0%B2%20%D0%BE%D0%BF%D1%8B%D1%82%D0%B0%D1%85%20%D0%BF%D0%BE%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B5.pdf
https://ratio-natura.ru/sites/default/files/2020-11/%D0%98%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5%20%D1%81%D0%BC%D0%B0%D1%80%D1%82%D1%84%D0%BE%D0%BD%D0%B0%20%D0%B2%20%D0%BE%D0%BF%D1%8B%D1%82%D0%B0%D1%85%20%D0%BF%D0%BE%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B5.pdf
https://ratio-natura.ru/sites/default/files/2020-11/%D0%98%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5%20%D1%81%D0%BC%D0%B0%D1%80%D1%82%D1%84%D0%BE%D0%BD%D0%B0%20%D0%B2%20%D0%BE%D0%BF%D1%8B%D1%82%D0%B0%D1%85%20%D0%BF%D0%BE%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B5.pdf
https://ratio-natura.ru/sites/default/files/2020-11/%D0%98%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5%20%D1%81%D0%BC%D0%B0%D1%80%D1%82%D1%84%D0%BE%D0%BD%D0%B0%20%D0%B2%20%D0%BE%D0%BF%D1%8B%D1%82%D0%B0%D1%85%20%D0%BF%D0%BE%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B5.pdf
https://ratio-natura.ru/sites/default/files/2020-11/%D0%98%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5%20%D1%81%D0%BC%D0%B0%D1%80%D1%82%D1%84%D0%BE%D0%BD%D0%B0%20%D0%B2%20%D0%BE%D0%BF%D1%8B%D1%82%D0%B0%D1%85%20%D0%BF%D0%BE%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B5.pdf
https://ratio-natura.ru/sites/default/files/2020-11/%D0%98%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5%20%D1%81%D0%BC%D0%B0%D1%80%D1%82%D1%84%D0%BE%D0%BD%D0%B0%20%D0%B2%20%D0%BE%D0%BF%D1%8B%D1%82%D0%B0%D1%85%20%D0%BF%D0%BE%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B5.pdf
https://ratio-natura.ru/sites/default/files/2020-11/%D0%98%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5%20%D1%81%D0%BC%D0%B0%D1%80%D1%82%D1%84%D0%BE%D0%BD%D0%B0%20%D0%B2%20%D0%BE%D0%BF%D1%8B%D1%82%D0%B0%D1%85%20%D0%BF%D0%BE%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B5.pdf
https://iopscience.iop.org/article/10.1088/1361-6552/ac920e/meta
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ʈʝʰʝʥʠʝʤ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʤʘʪʝʨʠʘʣ, 

ʠʤʝʶʱʠʡ ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʩʥʷʪʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʱʠʡ ʚʪʦʨʠʯʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ. 

ʊʘʢʠʤ ʩʚʦʡʩʪʚʘʤ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʦʤʧʦʟʠʪʥʳʡ ʧʦʣʠʤʝʨʥʳʡ 

ʤʘʪʝʨʠʘʣ ʩ ʧʨʠʤʝʩʷʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʟʘ ʩʯʸʪ ʝʛʦ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ 

ʩʚʦʡʩʪʚ.   

ʅʦʚʠʟʥʘ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʥʘʧʦʣʥʝʥʠʠ ʝʛʦ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ. ʇʨʦʝʢʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʦʠʩʢ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʦʣʥʝʥʠʷ ʧʦʣʠʵʪʠʣʝʥʘ ʪʝʭʥʠʯʝʩʢʠʤ ʫʛʣʝʨʦʜʦʤ ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʧʦʣʠʤʝʨʦʤ. 

ʎʝʣʴ: ʈʘʟʨʘʙʦʪʘʪʴ ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ 

ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ ʜʣʷ ʩʥʷʪʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʨʦʜʫʢʮʠʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ. 

 ɿʘʜʘʯʠ: 

 1.ʇʨʦʚʝʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʘʪʝʥʪʥʳʡ ʧʦʠʩʢ , ʥʘʡʪʠ ʘʥʘʣʦʛʠ ʠ ʧʨʦʪʦʪʠʧʳ 

ʧʨʦʜʫʢʪʘ.  

  1.1ɺʳʙʨʘʪʴ ʠʟ ʧʘʪʝʥʪʦʚ ʚʘʨʠʘʥʪʳ ʜʣʷ ʘʥʘʣʦʛʘ ʠ ʧʨʦʪʦʪʠʧʦʚ 

 2.ʀʟʫʯʠʪʴ ʨʳʥʦʢ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʪʝʨʠʘʣʘ, ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʝ ʤʘʨʢʠ 

ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʫʛʣʝʨʦʜʘ. 

  2.1ɸʥʘʣʠʟ ʤʘʨʦʢ ʧʦʣʠʵʪʠʣʝʥʘ 

  2.2 ɸʥʘʣʠʟ ʚʠʜʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

 3.ʈʘʟʨʘʙʦʪʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʫʛʣʝʨʦʜʘ ʠ ʧʦʣʠʵʪʠʣʝʥʘ 

ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʠʢʦʚ ʦʪʥʦʰʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢ ʧʨʦʮʝʥʪʥʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʫʛʣʝʨʦʜʘ. 

  3.1ʉʦʩʪʘʚʠʪʴ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʣʠʵʪʠʣʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ 

   3.1.1 ɻʨʘʬʠʢʠ ʇʂʄ ʇʕ 273-83 + ʊʋ ʉʅ85 

   3.1.2 ɻʨʘʬʠʢʠ ʇʂʄ ʇʕ 273-83 + ʊʋ ʉ140 

  3.2 ʆʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʠʵʪʠʣʝʥʘ ʠ 

ʫʛʣʝʨʦʜʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʢʦʚ 

 4. ʉʜʝʣʘʪʴ ʚʳʚʦʜʳ 

ɻʃɸɺɸ I. 
1.1 ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʘʪʝʥʪʥʳʡ ʧʦʠʩʢ  

ɻʣʘʚʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ ʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʨʦʚʝʜʸʥ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʧʘʪʝʥʪʥʳʡ ʧʦʠʩʢ ʥʘ ʦʩʥʦʚʝ ʧʘʪʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʦʚ.  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ, 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦʣʠʵʪʠʣʝʥ ʤʘʨʢʠ ʇʕ 273-83 ʦʪ 
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ʂʘʟʘʥʴʦʨʛʩʠʥʪʝʟ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʛʣʝʨʦʜ ʤʘʨʦʢ ʉ140 ʠ ʉʅ85 ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

OmskCarboneGroup. 

ɺ ʢʘʯʝʩʪʚʝ ʠʪʦʛʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʧʦʣʘʛʘʣʩʷ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ 

ʦʩʥʦʚʝ ʩʤʝʩʠ ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʩʧʦʩʦʙʥʳʡ ʩʥʠʤʘʪʴ ʩʪʘʪʠʯʝʩʢʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʠʦʙʨʝʪʸʥʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʫʛʣʝʨʦʜʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

1 ʢʛ ʧʦʣʠʵʪʠʣʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʛʦ, ʚ ʧʣʘʥʝ ʠʪʦʛʦʚʳʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʘ, ʩʦʦʪʥʦʰʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʦʛʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʢʘʢ: ʛʨʘʬʠʪ, 

ʤʝʜʥʳʝ ʧʨʦʚʦʜʘ, ʧʦʣʠʘʮʠʪʝʣʝʥ. ʄʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɿʘ ʧʨʦʪʦʪʠʧ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʦʢʦʧʨʦʚʦʜʷʱʘʷ ʨʝʟʠʥʘ, ʟʘ ʩʯʸʪ ʪʦʛʦ, ʯʪʦ 

ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʥʝʩʚʦʡʩʪʚʝʥʥʦʡ ʦʙʳʯʥʦʡ ʨʝʟʠʥʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʠʚ ʝʸ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 
1.2 ɺʳʙʦʨ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʪʝʦʨʠʠ ʧʨʦʝʢʪʘ 

ɿʘ ʦʩʥʦʚʫ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʳ ʧʨʦʝʢʪʘ, ʘ ʪʘʢʞʝ ʢʘʢ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʘʷ 

ʪʝʦʨʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʥ ʧʨʠʦʙʨʝʪʘʝʪ 

ʩʚʦʡʩʪʚʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʝʦʨʠʷ ʧʝʨʢʦʣʷʮʠʠ. ɺʳʙʦʨ ʪʝʦʨʠʠ 

ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʥʘ ʦʩʥʦʚʝ ʝʸ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ ʧʝʨʢʦʣʷʮʠʠ ʠʣʠ 

ʞʝ ʧʦʨʦʛʘ ʧʨʦʪʝʢʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ) ʚ ʩʣʫʯʘʝ ʢʦʤʧʦʟʠʪʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʧʨʦʝʢʪʝ, ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʤʘʪʝʨʠʘʣ ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ. ʊʦʯʢʠ ʧʝʨʢʦʣʷʮʠʠ 

ʤʦʞʥʦ ʙʫʜʝʪ ʟʘʤʝʪʠʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ɺʓɺʆɼʓ ʇʆ ɻʃɸɺɽ I 

 ʅʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ʠ ʤʘʨʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ. ʊʘʢʞʝ ʦʧʨʝʜʝʣʝʥʘ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʘʷ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ 

ʪʝʦʨʠʷ, ʠʤʝʶʱʘʷ ʚʝʩ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʠ ʚʳʷʚʣʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʧʨʦʮʝʥʪʘ ʩʦʜʝʨʞʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ. 

ɻʃɸɺɸ II . 

2.1 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ɿʘ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʵʢʩʧʝʨʠʤʝʥʪ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ 4 ʰʘʛʘʭ: 

1) ʉʤʝʰʠʚʘʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʤʝʪʦʜʦʤ 

çʧʴʷʥʦʡ ʙʦʯʢʠè. 

2) ʕʢʩʪʨʫʟʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʵʢʩʪʨʫʜʝʨʥʦʡ ʣʠʥʠʠ. 

3) ɻʨʘʥʫʣʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʵʢʩʪʨʫʜʘʪʘ. 

4) ʇʨʠʜʘʥʠʝ ʛʨʘʥʫʣʘʤ ʬʦʨʤʳ ʧʣʘʩʪʠʥ ʥʘ ʪʝʨʤʦʧʝʩʩʝ. 

ɼʘʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʥʝʢʦʪʦʨʦʝ, ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʦʝ, ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʫʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʠʣʦ 14 ʨʘʟ, ʧʦ 7 ʜʣʷ 
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ʢʘʞʜʦʡ ʤʘʨʢʠ ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘʯʠʥʘʷ ʩ 3-ʭ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʩ ʰʘʛʦʤ ʚ 3%. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʪʠʧʘ ʇʂʄ ʇʕ 273-83 

+ ʊʋ ʉʅ85 ʠ ʇʂʄ ʇʕ 273-83 + ʊʋ ʉ140 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʦʣʫʯʝʥʥʳʭ ʇʂʄ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʪʘʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢʘʢ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɹ): 

1) ʈʘʟʨʳʚʥʘʷ ʤʘʰʠʥʘ Zwick/RoellZ010. 

2) ʇʨʠʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʇʊʈ InstronCeastMF20. 

3) ʄʠʣʠ- ʪʝʨʨʘʆʤʤʝʪʨ MilliTO -3. 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʙʘʟʝ ʅʘʫʯʥʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʘ, ʆʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ʅʆʈʎ çʇʦʣʠʪʝʩʪè 8 ʢʦʨʧʫʩ, ʆʤɻʊʋ. 

4)  ʕʢʩʪʨʫʜʝʨʥʘʷ ʣʠʥʠʷ Scamex. 

5) ʊʝʨʤʦʧʨʝʩʩ. 

2.2 ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ ʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʂʄ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ. ɺ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ: ʇʊʈ ʠʣʠ ʞʝ ʧʦʢʘʟʘʪʝʣʴ 

ʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ, ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʷ, ʠʣʠ ʞʝ ʤʦʜʫʣʴ ʖʥʛʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʠ ʪʘʙʣʠʮʳ (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ ɸ).  

ɺʓɺʆɼʓ ʇʆ ɻʃɸɺɽ II  

ɺ ʭʦʜʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʦʙʨʘʟʮʳ ʇʂʄ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʙʳʣʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʪʘʙʣʠʮ ʠ ʛʨʘʬʠʢʦʚ.  

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚʳʙʨʘʥʥʳʝ ʤʘʨʢʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ 

ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʘ ʪʝʦʨʠʷ ʧʝʨʢʦʣʷʮʠʠ, ʢʘʢ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʘʷ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʙʳʣ ʦʧʠʩʘʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʦʪʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʛʨʘʬʠʢʦʚ ʠ ʠʪʦʛʦʚʦʡ ʪʘʙʣʠʮʳ. 

ɺʳʚʦʜ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʤʘʨʢʠ C140, ʢʘʢ 

ʥʘʧʦʣʥʠʪʝʣʷ ʧʦʣʠʵʪʠʣʝʥʘ ʤʘʨʢʠ ʇʕ 273-83 ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 9% ʧʦ ʤʘʩʩʝ, 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʇʂʄ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʠ ʧʦʢʘʟʘʪʝʣʷʤ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʇʂʄ. 

ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʟʘʜʘʯ 

(ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʨ ʠ ʮʠʩʪʝʨʥ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʚʝʱʝʩʪʚ ʠ 

ʩʦʟʜʘʥʠʷ ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʢʦʨʧʫʩʦʚ ʜʣʷ ʪʦʯʥʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ), ʥʦ ʪʘʢʞʝ ʠ 

ʜʣʷ ʜʨʫʛʠʭ ʟʘʜʘʯ ʚ ʨʦʣʠ ʪʚʸʨʜʦʛʦ ʧʨʦʚʦʜʥʠʢʘ. 

Å ʇʨʠ ʵʪʦʤ ʫ ʧʦʣʫʯʝʥʥʦʛʦ ʇʂʄ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʜʝʬʦʨʤʘʮʠʷ 

ʨʘʟʨʫʰʝʥʠʷ. 
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Å ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʡ ʇʂʄ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. 

Å ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʇʂʄ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʣʘʥʠʨʫʝʪʩʷ: 

- ʀʩʧʦʣʴʟʦʚʘʪʴ ʣʠʥʝʡʥʳʡ ʧʦʣʠʵʪʠʣʝʥ ʩ ʚʳʩʦʢʠʤ ʇʊʈ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʇʂʄ. 

- ʈʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʠʭ ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʋʅʊ, ʫʛʣʝʚʦʣʦʢʥʦ) ʜʣʷ ʩʥʠʞʝʥʠʷ ʦʙʱʝʛʦ ʥʘʧʦʣʥʝʥʠʷ ʇʂʄ. 
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2. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʦʚ / ʧʦʜ ʨʝʜ. ɹ.ʀ. ʉʘʞʠʥʘ: 3-ʝ ʠʟʜ. ʃ., 1986. 

3. ɻʫʣʴ ɺ.ɽ., ʐʝʥʬʠʣʴ ʃ.ɺ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ 1984. 

 

ʇʈʀʃʆɾɽʅʀɽ ɸ 

 

- - -

39550

225

52,5 20,5 8,50,45 0,35 0,4 0,3 0,15

- - -

0

2

4

6

8

10

12

0
5000

10000
15000
20000
25000
30000
35000
40000
45000

˽́˾ ͙ ͔ͯ͒͡Έ͔ͤͦ 
͙͍͔͙͔ͫͦͨͪͦͭͤ͡ ˽˴˸ ˽̏ нто-

уо Ҍ ́̂ ˿˹ур

͔̂͒͡Έ͔ͤͦ ͙͍͔͙͔ͫͦͨͪͦͭͤ͡ ˻ͣϝͣ

˽́˾Σ нΦмс ͎͟ ͎ͪκмл ͙ͣͤ

1139,7

49,8 30,8 18,7 17,5 16,9 14,8 9,2

28,1 27,2 27,7 28,2
30,9 32,5

36,4

40,7

0

5

10

15

20

25

30

35

40

45

0

200

400

600

800

1000

1200

˸͔ͻ͙͊ͤ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ 
˽˴˸ ˽̏ нто-уо Ҍ ́̂ CH85

eb,% Sm, MPa



52 
 

 
ʇʈʀʃʆɾɽʅʀɽ ɹ 

1) 2) 3)

4) 5)  

 

 

 

 

 

ʇʆʃʋʏɽʅʀɽ ʂɸʈɹʀɼɸ ʄʆʃʀɹɼɽʅɸ ʀɿ ʄʆʃʀɹɼɽʅʆɺʆʁ ʈʋɼʓ 

ʀʚʘʥʦʚʘ ʊʘʪʴʷʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 

10 ʢʣʘʩʩ  

ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʘʩʠʣʴʝʚʘ ʖʣʠʷ ɿʘʭʘʨʦʚʥʘ, ʢ.ʪ.ʥ. 
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ɺʚʝʜʝʥʠʝ. ʂʘʨʙʠʜʳ ʤʦʣʠʙʜʝʥʘ ʦʙʣʘʜʘʶʪ ʢʨʘʡʥʝ ʚʘʞʥʳʤʠ ʜʣʷ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ ʩʚʦʡʩʪʚʘʤʠ: ʧʦʚʳʰʝʥʥʘʷ ʪʚʸʨʜʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ [1]. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʝ, ʢʘʨʙʠʜʳ ʤʦʣʠʙʜʝʥʘ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʷʭ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ 

[2]. ʊʘʢʞʝ ʢʘʨʙʠʜʳ ʤʦʣʠʙʜʝʥʘ ʥʘʜʝʣʝʥʳ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʩʨʘʚʥʠʤʦʡ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʣʫʯʰʠʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʦʜʥʘʢʦ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. 

ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʚ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚʳʛʦʜʥʝʝ 

ʚʚʠʜʫ ʠʭ ʜʝʰʝʚʠʟʥʳ ʠ ʜʦʩʪʫʧʥʦʩʪʠ.  

ʂʘʨʙʠʜʳ ʤʦʣʠʙʜʝʥʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʤʝʭʘʥʦʩʠʥʪʝʟʦʤ, 

ʧʠʨʦʣʠʟʦʤ, ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ ʠ ʜʨ. [6-9]. ʄʝʭʘʥʦʩʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʣʴʥʠʮ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʥʝʨʛʦʥʘʧʨʷʞʸʥʥʦʩʪʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ 

ʨʘʟʥʳʭ ʘʪʤʦʩʬʝʨʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ [3].  ɼʘʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʵʪʦʤʫ ʚ ʧʨʦʜʫʢʪʘʭ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʩʦʩʪʘʚʦʤ, ʥʦ ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʨʘʟʥʳʝ ʬʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʷ. ʃʘʟʝʨʥʘʷ ʘʙʣʷʮʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ. ʉʫʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʚʝʱʝʩʪʚʦ ʫʜʘʣʷʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʟʝʨʥʳʤ ʠʤʧʫʣʴʩʦʤ. ʇʨʠ ʥʠʟʢʦʡ ʤʦʱʥʦʩʪʠ 

ʣʘʟʝʨʘ ʚʝʱʝʩʪʚʦ ʠʩʧʘʨʷʝʪʩʷ ʠʣʠ ʩʫʙʣʠʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ, 

ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ, ʪʦ ʝʩʪʴ ʥʘʜ ʦʙʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʫʝʪʩʷ ʩʣʘʙʘʷ ʧʣʘʟʤʘ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʪʨʫʜʥʦʩʪʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʣʸʥʦʢ ʚʝʱʝʩʪʚ, ʩʣʘʙʦ 

ʧʦʛʣʦʱʘʶʱʠʭ ʠʣʠ ʦʪʨʘʞʘʶʱʠʭ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʞʝ, 

ʠʤʝʝʪ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʤʠʰʝʥʠ [4]. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʘ ʤʦʣʠʙʜʝʥʘ ʪʨʝʙʫʝʪ 

ʛʨʦʤʦʟʜʢʦʛʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʠ 

ʵʥʝʨʛʠʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʦʚʩʝʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʯʠʪʘʝʪʩʷ ʙʝʟʚʘʢʫʫʤʥʳʡ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ 

ʤʝʪʦʜ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʦʪʢʨʳʪʦʡ ʚʦʟʜʫʰʥʦʡ 

ʘʪʤʦʩʬʝʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʟʘ ʩʯʸʪ ʦʪʢʘʟʘ ʦʪ 

ʙʘʣʣʦʥʦʚ ʩ ʠʥʝʨʪʥʳʤʠ ʛʘʟʘʤʠ ʠ ʪʜ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʸʪ ʩʦʟʜʘʥʠʷ 

ʘʚʪʦʥʦʤʥʦʡ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʚ ʧʨʦʮʝʩʩʝ ʵʤʠʩʩʠʠ ʛʘʟʦʚ CO ʠ CO2, ʢʦʪʦʨʳʝ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʦʩʪʫʧʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠʟ ʚʦʟʜʫʭʘ ʚ ʟʦʥʫ ʨʝʘʢʮʠʠ ʠ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʘʪʴ ʥʝ ʦʢʩʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ [5]. 

ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʚ ʤʦʣʠʙʜʝʥʘ 

ʧʨʠʤʝʥʷʶʪ ʯʠʩʪʳʡ ʤʦʣʠʙʜʝʥ ʠʣʠ ʝʛʦ ʦʢʩʠʜ, ʧʦʣʫʯʘʝʤʳʡ ʧʝʨʝʨʘʙʦʪʢʦʡ 

ʤʦʣʠʙʜʝʥʦʚʦʡ ʨʫʜʳ (ʤʦʣʠʙʜʝʥʠʪ, MoS2). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʣʠʙʜʝʥʦʚʦʡ ʨʫʜʳ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʘ ʤʦʣʠʙʜʝʥʘ ʚ 
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ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʣʘʟʤʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʠʪ ʟʘʪʨʘʪʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʧʨʠʤʝʥʷʣʠʩʴ ʧʦʨʦʰʢʠ 

ʤʦʣʠʙʜʝʥʠʪʘ (MoS2) ʠ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ ʩʤʝʰʠʚʘʣʠʩʴ ʚ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

MoS2/ʉ = 2/3. ʉʤʝʰʠʚʘʥʠʝ ʠ ʧʦʤʦʣ ʩʳʨʴʷ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʤʝʣʴʥʠʮʝ ʤʘʨʢʠ Retsch MM 500 nano ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ ʯʘʩʪʦʪʝ 20 ɻʮ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʵʣʝʢʪʨʦʜʫʛʦʚʦʤ ʨʝʘʢʪʦʨʝ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ 

ʛʨʘʬʠʪʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʦʩʮʠʣʣʦʛʨʘʬʘ, ʩʠʩʪʝʤʳ 

ʧʝʨʝʤʝʱʝʥʠʷ ʘʥʦʜʘ ʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. 

ʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʥʘʩʪʨʘʠʚʘʣʠ ʥʘ ʩʠʣʫ ʪʦʢʘ 200 ɸ, ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʣʘʟʤʦʡ ʩʦʩʪʘʚʠʣʦ 20 ʩ. ʄʘʩʩʘ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʧʦʤʝʱʝʥʘ ʚ ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ, ʙʳʣʘ ʨʘʚʥʘ 0,5 ʛ Ñ 0,01 ʛ. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʩʠʩʪʝʤʳ ʚʟʚʝʰʠʚʘʣʠʩʴ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʚʝʩʘʭ ʅʴʶʪʦʥ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ 

ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

Shimadzu XRD-7000S.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʦʣʫʯʝʥʠ ʁ

ʢʘʨʙʠʜʘ ʤʦʣʠʙʜʝʥʘ ʠʟ ʤʦʣʠʙʜʝʥʦʚʦʡ ʨʫʜʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʘʩʩʦʚʦʛʦ 

ʙʘʣʘʥʩʘ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ, ʚ ʧʨʦʮʝʩʩʝ 

ʛʦʨʝʥʠʷ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʤʘʩʩʘ ʘʥʦʜʘ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 19,3 %, ʜʣʠʥʘ ʘʥʦʜʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 16,5 %. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩ ʯʘʩʪʠ ʤʘʩʩʳ ʘʥʦʜʘ ʥʘ 

ʢʘʪʦʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʦʜʥʦʛʦ ʜʝʧʦʟʠʪʘ ʚʚʠʜʫ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʨʦʟʠʠ 

[10,11]. ʈʘʟʥʠʮʘ ʚ ʤʘʩʩʝ ʢʘʪʦʜʘ ʩʦʩʪʘʚʠʣʘ 0,7 %. ʏʘʩʪʴ ʤʘʩʩʳ ʵʣʝʢʪʨʦʜʦʚ ʠʜʝʪ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʚ ʉʆ ʠ ʉʆ2, ʯʪʦ ʩʦʟʜʘʝʪ ʟʘʱʠʪʥʫʶ ʛʘʟʦʚʫʶ ʩʨʝʜʫ ʠ ʥʝ ʜʘʝʪ 

ʦʢʠʩʣʠʪʴʩʷ ʧʦʨʦʰʢʦʚʦʤʫ ʧʨʦʜʫʢʪʫ. ʀʟʤʝʥʝʥʠʷ ʚ ʤʘʩʩʝ ʧʦʨʦʰʢʘ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ ʩʦʩʪʘʚʠʣʦ 40 %, ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʧʨʦʠʟʦʰʣʦ ʟʘ ʩʯʝʪ 

ʧʝʨʝʥʦʩʘ ʯʘʩʪʠ ʤʘʩʩʳ ʘʥʦʜʘ, ʨʘʟʨʫʰʝʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʧʨʦʢʣʘʜʢʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʘ ʢʘʪʦʜʘ ʩ ʠʩʭʦʜʥʦʡ ʩʤʝʩʴʶ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ.  
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ʈʠʩʫʥʦʢ 1. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

 ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʬʘʟʘ ʤʦʣʠʙʜʝʥʠʪʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʦʡ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʢʩʠʤʫʤʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʠʣʘʩʴ, ʦʜʥʘʢʦ ʬʘʟ ʢʘʨʙʠʜʘ ʤʦʣʠʙʜʝʥʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʙʦʪʢʠ 

ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʧʣʘʟʤʦʡ ʜʣʷ ʧʦʣʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠʩʭʦʜʥʦʡ 

ʩʤʝʩʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʘ ʤʦʣʠʙʜʝʥʘ. 
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ʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʂɸʇʃʀ ɺʆɼʓ 

ʀʛʥʘʪʯʝʥʢʦ ɸʣʝʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʃʠʮʝʡ ˉ1è,  8 ʢʣʘʩʩ 

ʛʦʨʦʜ ɸʯʠʥʩʢ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅʝʨʦʜʘ ʀ.ʇ.,  ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ʄʆʋ çʃʠʮʝʡ ˉ1è  ʛ. ɸʯʠʥʩʢ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɺʦʜʘ ʠʤʝʝʪ ʦʛʨʦʤʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ 

ʧʨʠʨʦʜʳ, ʩ ʚʦʜʦʡ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʞʠʟʥʴ, ʥʦ ʠ ʢʣʠʤʘʪ, ʨʘʙʦʪʘ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʙʦʛʘʪʝʡʰʠʤ 

ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʦʜʥʦʡ ʠʟ ʩʠʣ ʩʪʠʭʠʡ ʥʘ ɿʝʤʣʝ [1].  ʊʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʥʦ 

ʢʘʧʣʷ ʚʦʜʳ ʩʧʦʩʦʙʥʘ ʧʦʜʘʨʠʪʴ ʠʣʠ ʦʪʥʷʪʴ ʞʠʟʥʴ, ʩʧʘʩʪʠ ʞʠʚʦʝé. ʇʦʵʪʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

 ʇʨʦʙʣʝʤʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʦ ʚʩʝ ʚʨʝʤʝʥʘ ʫʯʝʥʳʝ, ʬʠʣʦʩʦʬʳ 

ʦʧʠʩʳʚʘʣʠ ʢʨʘʩʦʪʫ ʠ ʚʘʞʥʦʩʪʴ ʚʦʜʳ, ʪʝʤʝ çʢʘʧʣʷè ʥʝ ʫʜʝʣʷʣʠ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʥʘ ʫʨʦʢʘʭ ʚ ʰʢʦʣʝ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʢʘʧʣʠ ʞʠʜʢʦʩʪʠ 

ʦʪʚʝʜʝʥʦ ʦʯʝʥʴ ʤʘʣʦ ʚʨʝʤʝʥʠ, ʰʢʦʣʴʥʠʢʠ ʩʣʘʙʦ ʧʨʝʜʩʪʘʚʣʷʶʪ, ʢʘʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ ʢʘʧʣʷ. ʄʳ ʨʝʰʠʣʠ ʧʦʜʨʦʙʥʝʝ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʠʟʫʯʠʪʴ, ʢʘʢ 

ʥʘ ʧʨʦʩʪʳʭ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʦʧʳʪʘʭ ʤʦʞʥʦ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʪʝʦʨʠʝʡ ʢʘʧʣʠ 

ʞʠʜʢʦʩʪʠ, ʥʘʙʣʶʜʘʪʴ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʢʘʧʣʠ ʚʦʜʳ ʠ ʠʟʫʯʠʪʴ ʝʝ ʩʚʦʡʩʪʚʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ʀʟ  ʣʠʪʝʨʘʪʫʨʳ [2] ʚʳʷʩʥʠʣʠ, ʯʪʦ 

ʚʦʜʘ ʠʤʝʝʪ ʨʘʟʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ɺʦʜʘ ʚ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʪʦʛʦ ʩʦʩʫʜʘ, ʢʦʪʦʨʳʡ ʦʥʘ ʟʘʧʦʣʥʷʝʪ, ʘ ʝʩʣʠ ʩʦʩʫʜʘ 

ʥʝʪ, ʪʦ ʨʘʩʪʝʢʘʝʪʩʷ ʠʣʠ ʨʘʩʩʝʠʚʘʝʪʩʷ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ, ʠʤ ʥʝ 

ʥʫʞʥʳ ʩʦʩʫʜʳ. çʉʦʩʫʜʦʤè ʜʣʷ ʢʘʧʣʠ ʷʚʣʷʝʪʩʷ çʧʦʚʝʨʭʥʦʩʪʴ ʩʘʤʦʡ ʢʘʧʣʠè, 

ʪʦʯʥʝʝ, ʩʣʦʡ ʩʚʦʠʭ ʞʝ ʤʦʣʝʢʫʣ, ʦʢʘʟʘʚʰʠʭʩʷ ʥʘ çʛʨʘʥʠʮʝè, ʟʘ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ 
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ʤʦʣʝʢʫʣʳ ʜʨʫʛʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʠʩʪʦʯʥʠʢʝ [3] ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʢʘʧʣʷ ï ʵʪʦ 

ʥʝʙʦʣʴʰʦʡ ʦʙʲʸʤ ʞʠʜʢʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. ʇʦʯʝʤʫ ʬʠʟʠʢʠ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʶʪ ʢʘʧʣʝ?  ʆʢʘʟʳʚʘʝʪʩʷ,  ʤʥʦʛʠʝ ʟʘʢʦʥʳ ʧʨʠʨʦʜʳ ʧʨʦʷʚʣʷʶʪʩʷ ʦʜʠʥʘʢʦʚʦ 

ʚ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʠ, ʠʟʫʯʘʷ ʧʨʦʮʝʩʩʳ ʥʘ ʢʘʧʣʝ ʚʦʜʳ, ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʦʛʠʠ ʠ ʥʘ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʡ ʪʝʤʳ 

ʥʝʦʙʭʦʜʠʤʦ. 

ɻʠʧʦʪʝʟʘ: ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʦʧʳʪʦʚ ʤʦʞʥʦ ʠʟʫʯʠʪʴ 

ʩʚʦʡʩʪʚʘ ʢʘʧʣʠ ʞʠʜʢʦʩʪʠ.  

ɼʣʷ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʩʣʝʜʫʶʱʫʶ ʮʝʣʴ ï ʚʳʷʩʥʠʪʴ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ ʢʘʧʣʠ ʚʦʜʳ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʣʠʪʝʨʘʪʫʨʫ ʦ ʩʚʦʡʩʪʚʘʭ ʢʘʧʣʠ ʚʦʜʳ; ʧʨʦʚʝʩʪʠ ʦʧʳʪʳ 

ʧʦ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʢʘʧʣʠ ʚʦʜʳ; ʧʦʜʛʦʪʦʚʠʪʴ ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʜʝʪʝʡ 

ʦ ʧʨʦʚʝʜʝʥʠʠ ʙʝʟʦʧʘʩʥʳʭ ʦʧʳʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ  ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʨʝʩʘ ʢ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʦʜʳ ʠ ʝʝ ʟʥʘʯʠʤʦʩʪʠ ʚ ʮʝʣʦʤ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʥʘʣʠʟ, ʘʥʢʝʪʠʨʦʚʘʥʠʝ,  ʥʘʙʣʶʜʝʥʠʝ, ʦʙʦʙʱʝʥʠʝ,  

ʵʢʩʧʝʨʠʤʝʥʪ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʦʙʨʝʣʦ ʬʦʨʤʫ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ, ʤʳ  

ʨʘʟʨʘʙʦʪʘʣʠ ʦʥʣʘʡʥ ʦʧʨʦʩ,  ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʟʥʘʥʠʷʭ ʠʟ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ 

ʙʘʟʦʚʳʭ ʟʥʘʥʠʷʭ ʯʝʣʦʚʝʢʘ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ, ʩ ʮʝʣʴʶ ʧʦʥʠʤʘʥʠʷ 

ʠʤʝʶʱʠʭʩʷ ʟʥʘʥʠʡ ʰʢʦʣʴʥʠʢʦʚ ʠ ʚʟʨʦʩʣʳʭ ʦ ʟʥʘʯʠʤʦʩʪʠ ʠ ʩʚʦʡʩʪʚʘʭ 

ʚʦʜʳ/ʢʘʧʣʠ ʚʦʜʳ. ʊʝʭʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʦʧʨʦʩʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʧʦʜ ʨʘʟʥʳʡ ʚʦʟʨʘʩʪ ʠ 

ʥʝ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠʣʠ ʫʩʪʘʥʦʚʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤ (ʠʩʧʦʣʴʟʦʚʘʣʠ google-ʦʧʨʦʩ:  

https://docs.google.com/forms/d/e/1FAIpQLSd1cBaXYTiTySXI-wjc2p8b_-

MKPFR7Ge0rrpHmXKddY0kiKQ/viewanalytics). ʀʟ ʯʠʩʣʘ ʦʧʨʦʰʝʥʥʳʭ 88,2 %  

ʟʥʘʶʪ, ʯʪʦ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʟ ʚʦʜʳ, 80% ʟʥʘʶʪ 

ʬʠʟʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ, ʦʜʥʘʢʦ ʚʩʝʛʦ 58 % ʠʟ ʦʧʨʦʰʝʥʥʳʭ ʟʥʘʶʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ ʠ ʣʠʰʴ 50% ʦʪʤʝʪʠʣʠ ʧʨʘʚʠʣʴʥʦ, ʯʪʦ ʛʦʨʷʯʘʷ ʚʦʜʘ 

ʟʘʤʝʨʟʘʝʪ ʙʳʩʪʨʝʝ ʭʦʣʦʜʥʦʡ. ʉʣʝʜʫʝʪ  ʦʪʤʝʪʠʪʴ ʭʦʨʦʰʠʝ ʟʥʘʥʠʷ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʘʧʣʠ (70%), ʩʤʘʯʠʚʘʥʠʠ (78%), ʢʘʧʠʣʣʷʨʥʦʩʪʠ (74%) ʠ ʠʟʤʝʨʝʥʠʠ ʦʙʲʝʤʘ ʢʘʧʣʠ 

(86%). ʀʪʘʢ, ʧʨʘʚʠʣʴʥʳʝ ʦʪʚʝʪʳ (ʚ ʩʨʝʜʥʝʤ ʧʦʜʩʯʝʪʝ) ʧʦ ʠʪʦʛʘʤ ʘʥʘʣʠʟʘ ʦʧʨʦʩʘ 

ʩʦʩʪʘʚʠʣʠ  82,3%, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʦʙʝʣʘʭ ʚ ʟʥʘʥʠʷʭ ʜʘʥʥʦʡ ʪʝʤʳ ʠ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʧʫʣʷʨʠʟʘʮʠʠ. 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʧʨʦʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʦʧʳʪʦʚ ʧʦ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʧʣʠ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʝʝ ʬʦʨʤʳ, ʠʟʤʝʨʠʤ ʤʘʩʩʫ, ʦʙʲʝʤ ʢʘʧʣʠ, 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʧʦʥʘʙʣʶʜʘʝʤ ʢʘʧʣʶ ʚ ʧʨʦʮʝʩʩʝ ʟʘʤʝʨʟʘʥʠʷ, ʚ ʚʷʟʢʦʡ 

ʩʨʝʜʝ ʠ ʧʨ. 

 ʆʧʳʪ ˉ1. ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʧʣʠ 

 ɺ ʜʘʥʥʦʤ ʦʧʳʪʝ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʧʣʠ ʨʘʟʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ (ʨʠʩ.1):ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʠʩʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ ʠʟ ʥʝʙʦʣʴʰʦʛʦ ʦʪʚʝʨʩʪʠʷ 

ʠʣʠ ʩʪʝʢʘʥʠʠ ʝʸ ʩ ʢʨʘʷ ʧʦʚʝʨʭʥʦʩʪʠ (ʢʨʘʥ ʩʤʝʩʠʪʝʣʷ): ʚʠʜʠʤ, ʯʪʦ  ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʚʝʩʦʤʦʩʪʠ ʢʘʧʣʷ ʠʤʝʝʪ ʬʦʨʤʫ ʰʘʨʘ - ʵʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʜʝʡʩʪʚʠʝʤ 

https://docs.google.com/forms/d/e/1FAIpQLSd1cBaXYTiTySXI-wjc2p8b_-MKPFR7Ge0rrpHmXKddY0kiKQ/viewanalytics
https://docs.google.com/forms/d/e/1FAIpQLSd1cBaXYTiTySXI-wjc2p8b_-MKPFR7Ge0rrpHmXKddY0kiKQ/viewanalytics
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ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ  ʩʠʣʦʡ ʪʷʞʝʩʪʠ;ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ï 

ʢʠʧʝʥʠʝ ʯʘʡʥʠʢʘ ʧʦʜ ʝʛʦ ʢʨʳʰʢʦʡ: ʧʨʠ ʢʠʧʝʥʠʠ ʞʠʜʢʦʩʪʴ ʠʩʧʘʨʷʝʪʩʷ ʠ, ʧʨʠ 

ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ (ʯʘʡʥʠʢ) ʦʙʨʘʟʫʝʪʩʷ ʢʦʥʜʝʥʩʘʪ ʚ ʞʠʜʢʦʤ ʚʠʜʝ ʚ ʬʦʨʤʝ ʢʘʧʝʣʴ 

(ʢʨʳʰʢʘ ʯʘʡʥʠʢʘ); ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʞʠʜʢʦʩʪʠ ï ʘʵʨʦʟʦʣʴ: ʢʘʧʣʠ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ 

ʨʘʩʧʳʣʝʥʠʠ ʞʠʜʢʦʩʪʠ ʘʵʨʦʟʦʣʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʧʣʠ ʧʦʣʫʯʘʶʪʩʷ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ. 

 ʆʧʳʪ ˉ2. ʀʟʤʝʨʝʥʠʝ ʦʙʲʝʤʘ ʢʘʧʣʠ 

 ʀʟʤʝʨʠʣʠ ʦʙʲʝʤ ʦʜʥʦʡ ʢʘʧʣʠ ʚʦʜʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ 

ʨʷʜʦʚ. ʉʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʢʘʧʣʠ ʦʢʘʟʘʣʩʷ ʨʘʚʝʥ 0,048 ʤʣ. 

ʈʘʩʩʯʠʪʘʣʠ ʦʙʲʝʤ ʢʘʧʣʠ ʚʦʜʳ, ʪʝʦʨʝʪʠʯʝʩʢʠ. ʇʨʦʚʦʜʠʣʠ ʦʧʳʪ ʧʨʠ 20 0ʉ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʦʜʳ ů= 72,86Ŀ10-3 ʅ/ʤ ʚʟʷʣʠ ʠʟ 

ʩʧʨʘʚʦʯʥʠʢʘ.  ʈʘʩʩʯʠʪʘʚ ʧʦ ʬʦʨʤʫʣʝ m= 2ˊRů/g (1) ʤʘʩʩʫ ʠ ʟʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, 

ʨʘʩʩʯʠʪʘʣʠ ʦʙʲʝʤ ʢʘʧʣʠ: V=  m /r= 2ˊRů/rg (2). ʆʙʲʝʤ ʢʘʧʣʠ ʦʢʘʟʘʣʩʷ ʨʘʚʝʥ 

0,046ʤʣ. ʀʪʘʢ, ʦʙʲʝʤʳ ʢʘʧʣʠ ʚʦʜʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʢʘʟʘʣʠʩʴ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʤʠ.  

ʆʧʳʪ 3 ʀʟʤʝʨʝʥʠʝ ʤʘʩʩʳ ʢʘʧʣʠ  

 ʀʟʤʝʨʠʣʠ  ʤʘʩʩʫ ʦʜʥʦʡ ʢʘʧʣʠ ʚʦʜʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ 

ʨʷʜʦʚ. ʄʘʩʩʘ ʢʘʧʣʠ ʚʦʜʳ ʨʘʚʥʘ ʧʨʠʤʝʨʥʦ 1,1 ʤʛ. 

ʆʧʳʪ 4 ʉʤʘʯʠʚʘʝʤʦʩʪʴ  

ʇʨʦʚʝʣʠ ʦʧʳʪʳ ʠ  ʚʳʷʩʥʠʣʠ, ʯʪʦ ʚʦʜʘ ʩʤʘʯʠʚʘʝʪ ʪʢʘʥʴ, ʙʫʤʘʛʫ, ʜʝʨʝʚʦ, ʠ 

ʥʝ ʩʤʘʯʠʚʘʝʪ ʧʘʨʘʬʠʥ, ʧʣʘʩʪʠʣʠʥ. ɹʣʘʛʦʜʘʨʷ ʷʚʣʝʥʠʶ ʩʤʘʯʠʚʘʝʤʦʩʪʠ  ʤʳ 

ʧʠʰʝʤ ʥʘ ʙʫʤʘʛʝ, ʤʦʞʝʤ ʚʳʪʠʨʘʪʴʩʷ, ʤʳʪʴ ʧʦʩʫʜʫ, ʩʪʠʨʘʪʴ ʙʝʣʴʝ. ɹʣʘʛʦʜʘʨʷ 

ʷʚʣʝʥʠʶ ʥʝʩʤʘʯʠʚʘʥʠʷ ʤʳ ʤʦʞʝʤ ʭʦʜʠʪʴ ʥʝ ʧʨʦʤʦʢʘʷ ʧʦʜ ʟʦʥʪʦʤ ʠʣʠ ʚ ʢʫʨʪʢʘʭ 

ʠʟ ʩʧʝʮʠʘʣʴʥʦʡ ʥʝʧʨʦʤʦʢʘʝʤʦʡ ʪʢʘʥʠ.    

ʆʧʳʪ 5 ʗʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʨʦʚʝʣʠ ʜʚʘ  ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ɺ ʩʦʩʫʜ ʩ ʚʦʜʦʡ ʥʘ ʛʣʫʙʠʥʫ 2-3 ʩʤ ʩ ʧʦʤʦʱʴʶ ʧʠʧʝʪʢʠ ʤʳ ʧʦʤʝʩʪʠʣʠ ʢʘʧʣʶ 

ʡʦʜʘ. ʕʪʘ ʢʘʧʣʷ,  ʜʝʬʦʨʤʠʨʫʷʩʴ, ʧʦʜʥʷʣʘʩʴ ʚʚʝʨʭ, ʢʘʢ ʪʦʣʴʢʦ ʦʥʘ ʜʦʩʪʠʛʣʘ 

ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʠʟʦʰʣʦ ʚʟʨʳʚʦʧʦʜʦʙʥʦʝ ʨʘʩʪʝʢʘʥʠʝ ʩʧʠʨʪʦʚʦʡ 

ʥʘʩʪʦʡʢʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ʂʦʛʜʘ ʢʘʧʣʷ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʞʠʜʢʦʩʪʠ, 

ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʜʠʬʬʫʟʠʷ ʡʦʜʥʦʡ ʥʘʩʪʦʡʢʠ, ʢʘʧʣʷ ʧʨʠ 

ʵʪʦʤ ʜʝʬʦʨʤʠʨʫʝʪʩʷ. ʂʦʛʜʘ ʞʝ ʦʥʘ ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʚ ʤʝʩʪʝ ʝʸ 

ʚʳʭʦʜʘ ʩʠʣʴʥʦ ʧʦʥʠʞʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʠ ʡʦʜʥʘʷ ʥʘʩʪʦʡʢʘ 

ʥʘʯʠʥʘʝʪ ʦʯʝʥʴ ʙʳʩʪʨʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʢ ʪʝʤ ʫʯʘʩʪʢʘʤ, ʛʜʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʥʘʪʷʞʝʥʠʝ ʙʦʣʴʰʝ. 

ʇʦʤʝʩʪʠʣʠ ʩʢʨʝʧʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ, ʦʥʘ ʫʜʝʨʞʠʚʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʥʘʪʷʞʝʥʠʶ. 

ɹʣʘʛʦʜʘʨʷ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʥʘʪʷʞʝʥʠʶ ʥʝʢʦʪʦʨʳʝ ʥʘʩʝʢʦʤʳʝ ʩʧʦʩʦʙʥʳ 

ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦ ʚʦʜʝ; ʙʝʟ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʢʠʩʪʦʯʢʘ ʥʝ 

ʟʘʯʝʨʧʥʫʣʘ ʙʳ  ʢʨʘʩʢʫ  ʠʟ ʙʘʥʢʠ; ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʨʫʯʢʘ ʩʨʘʟʫ ʞʝ ʧʦʩʪʘʚʠʣʘ ʙʳ 

ʙʦʣʴʰʫʶ ʢʣʷʢʩʫ, ʦʧʦʨʦʞʥʠʚ ʚʝʩʴ ʩʚʦʡ ʨʝʟʝʨʚʫʘʨ; ʥʝʣʴʟʷ ʙʳʣʦ ʙʳ ʥʘʤʳʣʠʪʴ 

ʨʫʢʠ: ʧʝʥʘ ʥʝ ʦʙʨʘʟʦʚʘʣʘʩʴ ʙʳ; ʥʘʨʫʰʠʣʩʷ ʙʳ ʚʦʜʥʳʡ ʨʝʞʠʤ ʧʦʯʚʳ, ʯʪʦ 

ʦʢʘʟʘʣʦʩʴ ʙʳ ʛʠʙʝʣʴʥʳʤ ʜʣʷ ʨʘʩʪʝʥʠʡ; ʧʦʩʪʨʘʜʘʣʠ ʙʳ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ ʥʘʰʝʛʦ 

ʦʨʛʘʥʠʟʤʘ. 
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ʆʧʳʪ 6 ʀʟʤʝʨʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʦʜʳ  

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚʦʜʳ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʦʪʨʳʚʘ ʢʘʧʝʣʴ, 

ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʠʢʫ[4]. ʈʘʩʩʯʠʪʘʣʠ  ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʦ 

ʬʦʨʤʫʣʝ: ů = m0g/Nˊ0,9d. ʀʟʤʝʨʠʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʥʘʪʷʞʝʥʠʝ ʚʦʜʳ ů =0, 087 ʅ/ʤ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʧʦʛʨʝʰʥʦʩʪʠ 20% ʩʦʚʧʘʜʘʝʪ ʩ 

ʪʘʙʣʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ. 

ʆʧʳʪ 7 ʂʘʧʠʣʣʷʨʥʦʩʪʴ  

 ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʧʦʜʥʷʪʠʷ ʤʝʥʠʩʢʘ ʚ ʢʘʧʠʣʣʷʨʝ ʠ  

ʬʦʨʤʫʣʫ ʠʟ  ʫʯʝʙʥʠʢʘ [5] ʨʘʩʩʯʠʪʘʣʠ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚʦʜʳ ů= hɟgr/2. 

ʈʘʩʯʝʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 23 0ʉ, 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚʦʜʳ ʧʦʣʫʯʠʣʦʩʴ 0,0675ʅ/ʤ, ʯʪʦ ʩ ʫʯʝʪʦʤ 

ʧʦʛʨʝʰʥʦʩʪʠ 6% ʩʦʚʧʘʜʘʝʪ ʩ ʪʘʙʣʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ. 

ʂʘʧʠʣʣʷʨʥʦʩʪʴ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʠ 

ʨʘʩʪʝʥʠʡ, ʙʳʪʦʚʳʭ ʷʚʣʝʥʠʷʭ: ʧʦʜʲʸʤ ʢʝʨʦʩʠʥʘ ʧʦ ʬʠʪʠʣʶ ʚ ʢʝʨʦʩʠʥʦʚʦʡ ʣʘʤʧʝ 

ʠʣʠ ʚʦʜʳ  ʜʣʷ ʧʦʣʠʚʘ ʨʘʩʪʝʥʠʡ, ʚʳʪʠʨʘʥʠʝ ʨʫʢ ʧʦʣʦʪʝʥʮʝʤ, ʜʝʡʩʪʚʠʝ ʚʣʘʞʥʳʭ 

ʪʨʷʧʦʢ, ʛʫʙʦʢ, ʧʦʣʦʪʝʥʝʮ, ʩʘʣʬʝʪʦʢ, ʢʘʧʠʣʣʷʨʥʳʭ ʨʫʯʝʢ, ʟʘʞʠʛʘʣʦʢ. 

ʂʘʧʠʣʣʷʨʥʳʡ ʵʬʬʝʢʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʝʨʘʟʨʫʰʘʶʱʝʤ ʢʦʥʪʨʦʣʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʜʝʬʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʚʳʭʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʟʜʝʣʠʷ, ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʣʷʪʴ ʪʨʝʱʠʥʳ, ʢʦʪʦʨʳʝ ʥʝ ʚʠʜʥʳ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ. 

ʆʧʳʪ ˉ8  ɼʚʠʞʝʥʠʝ ʢʘʧʣʠ ʚ ʚʷʟʢʦʡ ʩʨʝʜʝ 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʝʭʘʥʠʢʘ ʞʠʜʢʠʭ ʯʘʩʪʠʮ, ʪ. ʝ. ʜʚʠʞʝʥʠʝ ʞʠʜʢʠʭ ʢʘʧʝʣʴ ʚ 

ʞʠʜʢʦʡ ʩʨʝʜʝ. ʇʦʵʪʦʤʫ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ, ʢʘʢ ʚʝʜʝʪ ʩʝʙʷ ʢʘʧʣʷ ʚʦʜʳ ʚ ʚʷʟʢʦʡ 

ʩʨʝʜʝ-ʨʘʩʪʠʪʝʣʴʥʦʤ ʤʘʩʣʝ. 

  ʂʘʧʣʷ ʚʦʜʳ ʚ  ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʠʟʤʝʥʷʝʪ ʬʦʨʤʫ. ʏʝʤ ʤʝʥʴʰʝ  ʢʘʧʣʷ, ʪʝʤ 

ʙʦʣʴʰʝ ʩʠʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ ʪʝʤ ʫʩʪʦʡʯʠʚʝʝ ʝʝ ʬʦʨʤʘ. ʋ ʙʦʣʴʰʠʭ  

ʢʘʧʝʣʴ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʤʝʥʴʰʝ, ʠ  ʢʘʧʣʷ 

ʩʧʣʶʱʠʚʘʝʪʩʷ, ʧʨʠʦʙʨʝʪʘʷ ʨʘʟʣʠʯʥʳʝ ʥʝʫʩʪʦʡʯʠʚʳʝ ʬʦʨʤʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʢʦʣʝʙʘʥʠʷʤ ʩʢʦʨʦʩʪʠ ʚʩʧʣʳʪʠʷ ʠ ʢ ʦʪʢʣʦʥʝʥʠʷʤ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʦʪ 

ʚʝʨʪʠʢʘʣʠ.  

 ʆʧʳʪ 9 ɿʘʤʝʨʟʘʥʠʝ ʢʘʧʣʠ 

 ʄʳ ʧʦʩʤʦʪʨʝʣʠ ʬʦʨʤʳ ʢʘʧʝʣʴ ʧʦʩʣʝ ʟʘʤʝʨʟʘʥʠʷ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʧʦʩʣʝ ʟʘʤʝʨʟʘʥʠʷ ʦʙʲʸʤ ʢʘʧʝʣʴ ʫʚʝʣʠʯʠʣʩʷ. ʇʦ ʥʘʙʣʶʜʝʥʠʷʤ ʢʘʧʣʷ ʛʦʨʷʯʝʡ 

ʚʦʜʳ ʟʘʤʝʨʟʘʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʢʘʧʣʷ ʭʦʣʦʜʥʦʡ ʛʦʨʷʯʠʡ ʧʨʝʜʤʝʪ ʤʦʞʝʪ ʦʩʪʳʚʘʪʴ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʭʦʣʦʜʥʳʡ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʙʦʣʝʝ ʪʝʧʣʘʷ ʩʠʩʪʝʤʘ ʜʦʩʪʠʛʣʘ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʤʝʥʴʰʝʝ ʚʨʝʤʷ, ʯʝʤ ʙʦʣʝʝ ʭʦʣʦʜʥʘʷ ʩʠʩʪʝʤʘ. 

 ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʚʦʜʳ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ, ʤʝʭʘʥʠʟʤʦʚ, ʚʦʜʦʧʨʦʚʦʜʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʙʳʪʫ ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠʣʠ ʚʳʭʦʜʘ ʠʟ 

ʩʪʨʦʷ. 

 ʆʧʳʪ 10 ʃʠʥʟʘ, ʩʦʟʜʘʚʘʝʤʘʷ ʧʨʠʨʦʜʦʡ 

 ʇʦʤʝʩʪʠʤ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʵʢʨʘʥ ʚʢʣʶʯʝʥʥʦʛʦ ʧʣʘʥʰʝʪʘ 

ʠʣʠ ʩʤʘʨʪʬʦʥʘ ʤʘʣʝʥʴʢʫʶ ʢʘʧʣʶ ʚʦʜʳ ʠ ʨʘʩʩʤʦʪʨʠʤ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʵʢʨʘʥʝ. 
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ʊʘʢʞʝ ñʫʩʠʣʝʥʠʝò ʣʫʧʳ ʢʘʧʝʣʴʢʦʡ ʚʦʜʳ ʧʦʟʚʦʣʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʙʦʣʝʝ ʤʝʣʢʠʝ 

ʜʝʪʘʣʠ [7]. 

 ʉʚʦʡʩʪʚʦ ʢʘʧʣʠ ʚʦʜʳ ʢʘʢ ʩʦʙʠʨʘʶʱʝʡ ʣʠʥʟʳ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ 

ʧʦʞʘʨʘ ʚ ʣʝʩʫ: ʢʘʧʝʣʴʢʘ ʨʦʩʳ ʤʦʞʝʪ ʚʦʩʧʣʘʤʝʥʠʪʴ ʩʫʭʫʶ ʭʚʦʶ ʠʣʠ ʪʨʘʚʫ. 

ʆʧʳʪ 11 ʕʬʬʝʢʪ ʃʝʡʜʝʥʬʨʦʩʪʘ  

 ɽʩʣʠ ʢʘʧʣʷ ʚʦʜʳ ʧʦʧʘʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʭʦʣʦʜʥʦʡ ʩʢʦʚʦʨʦʜʳ, ʦʥʘ 

ʨʘʩʪʝʢʘʝʪʩʷ, ʝʩʣʠ ʞʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʢʘʣʝʥʥʦʡ ʩʢʦʚʦʨʦʜʳ - ʦʯʝʥʴ ʜʦʣʛʦ 

çʩʢʦʣʴʟʠʪè. ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʛʨʝʪʘ ʚʳʰʝ ʪʦʯʢʠ ʢʠʧʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʧʦʜ 

ʢʘʧʣʝʡ ʤʦʤʝʥʪʘʣʴʥʦ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʩʣʦʡʢʘ ʧʘʨʘ, ʟʘʤʝʜʣʷʶʱʘʷ ʠʩʧʘʨʝʥʠʝ ʩʘʤʦʡ 

ʢʘʧʣʠ ʠ ʩʥʠʞʘʶʱʘʷ ʪʨʝʥʠʝ ʤʝʞʜʫ  ʥʝʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʷ ʜʚʠʛʘʪʴʩʷ ʧʦ 

ʥʝʡ, ʩʣʦʚʥʦ ʧʦ ʣʴʜʫ. 

 ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʵʬʬʝʢʪʫ ʃʝʡʜʝʥʬʨʦʩʪʘ ʤʦʞʥʦ ʙʝʟ ʫʱʝʨʙʘ ʧʦʛʨʫʞʘʪʴ 

ʤʦʢʨʫʶ ʨʫʢʫ ʚ ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣ ʠʣʠ ʧʫʩʢʘʪʴ ʢʦʣʝʯʢʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ 

(ʚʧʨʦʯʝʤ, ʜʝʣʘʪʴ ʵʪʦ ʥʫʞʥʦ ʘʢʢʫʨʘʪʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʣʫʯʘʝ ʦʰʠʙʢʠ ʤʦʞʥʦ 

ʩʝʨʴʝʟʥʦ ʧʦʩʪʨʘʜʘʪʴ ʠʣʠ ʜʘʞʝ ʫʤʝʨʝʪʴ). 

 ʆʧʳʪ 12 ʂʘʧʣʷ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʷʜʝʨʥʦʡ ʤʦʜʝʣʠ ʷʜʨʘ 

ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ,  ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝ ʜʚʫʭ ʢʘʧʝʣʴ ʚʦʜʳ, ʜʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʚʟʷʣʠ çʮʚʝʪʥʳʝè ʢʘʧʣʠ. ʄʳ ʟʘʧʠʩʘʣʠ ʚʠʜʝʦʨʦʣʠʢ ʩʣʠʷʥʠʷ ʢʘʧʝʣʴ 

ʚʦʜʳ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʩʣʠʷʥʠʷ ʠʣʠ ʜʝʣʝʥʠʷ ʷʜʝʨ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʦʧʳʪʳ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ ʜʣʷ 

ʜʝʪʝʡ ʦ ʧʨʦʚʝʜʝʥʠʠ ʙʝʟʦʧʘʩʥʳʭ ʦʧʳʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʜʦʤʘʰʥʠʭ 

ʫʩʣʦʚʠʷʭ  ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʨʝʩʘ ʢ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʦʜʳ ʠ ʝʝ 

ʟʥʘʯʠʤʦʩʪʠ ʚ ʮʝʣʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʧʦʪʝʟʘ ʧʦʜʪʚʝʨʜʠʣʘʩʴ, ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʩʪʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʦʧʳʪʦʚ ʤʦʞʥʦ ʠʟʫʯʠʪʴ ʩʚʦʡʩʪʚʘ ʢʘʧʣʠ ʞʠʜʢʦʩʪʠ.  

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ: ʚʳʷʩʥʠʣʠ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʦʩʥʦʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʢʘʧʣʠ ʚʦʜʳ, ʧʨʦʚʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ,   

ʩʦʩʪʘʚʠʣʠ çʄʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʜʝʪʝʡ ʦ ʧʨʦʚʝʜʝʥʠʠ ʙʝʟʦʧʘʩʥʳʭ ʦʧʳʪʦʚ, 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭè 

(https://disk.yandex.ru/i/9r0cOc1mH4PDHQ).   

ʈʝʟʫʣʴʪʘʪʘʤʠ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʝʥʥʳʤ ʤʝʪʦʜʠʯʝʩʢʠʤ 

ʧʦʩʦʙʠʝʤ ʤʦʛʫʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʯʠʪʝʣʷ ʬʠʟʠʢʠ, ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʰʢʦʣʴʥʠʢʠ ʥʘ 

ʫʨʦʢʘʭ ʠ ʚʦ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.   
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ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɿʳʢʦʚ ʀʣʴʷ ʖʨʴʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʃʘʟʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠ ʙʳʩʪʨʦ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʆʥʠ ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʥʦʞʝʩʪʚʝ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ, ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʥʘʫʯʥʳʭ ʟʘʜʘʯ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʤʝʜʠʮʠʥʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʟʘʱʠʪʳ ʛʨʘʞʜʘʥ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ ʠ ʤʥʦʛʦʛʦ ʜʨʫʛʦʛʦ [2]. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʚ ʩʬʝʨʝ ʣʘʟʝʨʥʦʡ ʛʨʘʚʠʨʦʚʢʠ. ʈʘʥʝʝ ʥʝ ʙʳʣʦ ʨʘʙʦʪ 

ʧʦʩʚʷʱʝʥʥʳʤ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʦʮʝʩʩʘ ʛʨʘʚʠʨʦʚʢʠ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ. 

ʎʝʣʴʶ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʚʠʨʦʚʢʝ ʥʘ ʧʨʠʤʝʨʝ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ. 

ʇʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ: 

1. ʅʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʘ ʠ ʫʩʣʦʚʠʷ ʩʨʝʜʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʩʦʙʨʘʪʴ ʢʘʤʝʨʫ, ʚ ʢʦʪʦʨʦʡ ʤʳ ʩʤʦʞʝʤ ʠʟʤʝʥʷʪʴ ʜʘʚʣʝʥʠʝ. ʀ 

ʧʨʦʚʝʩʪʠ ʦʧʳʪʳ ʩ ʵʪʦʡ ʢʘʤʝʨʦʡ. 

ɺ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʦʣʦʢʦʥʥʳʡ ʣʘʟʝʨ ʄʠʥʠʄʘʨʢʝʨ 2, ʠʤʝʶʱʠʡ 

ʜʣʠʥʫ ʚʦʣʥʳ 1,064 ʤʢʤ, ʯʘʩʪʦʪʫ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʦʪ 1.6 ʢɻʮ ʜʦ 100 ʢɻʮ, 

ʩʨʝʜʥʶʶ ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ ʨʘʚʥʫʶ 10 ɺʪ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʦʪ 4 ʜʦ 

200 ʥʩ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʫʯʘ ʜʦ 8.7 ʤ/ʩ [1].  

ʀʩʧʦʣʴʟʦʚʘʣʠ ʤʘʪʝʨʠʘʣʘ ʘʣʶʤʠʥʠʡ ɼ-16ʊ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ɼ16ʊ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ɻʆʉʊ 4784-97. ɺ ʥʝʛʦ ʚʭʦʜʠʪ ʘʣʶʤʠʥʠʡ (ʜʦ 94,7%), ʤʝʜʴ (ʜʦ 

4,9%), ʤʘʛʥʠʡ (ʜʦ 1,8%), ʤʘʨʛʘʥʝʮ (ʜʦ 0,9%), ʢʨʝʤʥʠʡ (ʜʦ 0,5%), ʞʝʣʝʟʦ (ʜʦ 0,5%) 

ʠ ʧʨʠʤʝʩʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ (ʥʝ ʙʦʣʝʝ 0,15%). ʇʨʠʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʩʧʣʘʚʘ. 
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ʂʨʝʤʥʠʡ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʩʚʘʨʥʦʡ (ʠ ʣʘʟʝʨʥʳʡ) ʰʦʚ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʤ, ʘ 

ʚʢʣʶʯʝʥʠʝ ʥʠʢʝʣʷ, ʥʘʧʨʠʤʝʨ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʤʠʢʨʦʤʝʪʨ ʀʏ-10 ʢʣ.0 (ʦʙʨʘʟʝʮ 1985 ʛʦʜʘ), ʠʤʝʶʱʠʡ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʮʝʥʘ ʜʝʣʝʥʠʷ = 0.01ʤʤ, ʧʦʛʨʝʰʥʦʩʪʴ = 0-10 ʤʢʤ, ʫʩʠʣʠʝ = 

Ñ0.015ʅ. 

ʇʝʨʚʳʤ ʜʝʣʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚʘʢʫʫʤʥʘʷ ʢʘʤʝʨʘ ʠ ʥʘʯʘʪʘ ʝʸ ʩʙʦʨʢʘ. 

ʉʭʝʤʘ ʢʘʤʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɺʘʢʫʫʤʥʘʷ ʢʘʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʣʦʢ ʠʟ ʩʪʘʣʠ ʩ ʚʳʙʨʘʥʥʦʡ ʚ ʥʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ ʩ ʜʚʫʤʷ ʦʢʦʰʢʘʤʠ 

ʧʦ ʙʦʢʘʤ ʠ ʧʨʦʩʚʝʨʣʝʥʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʧʦʜ ʙʦʣʪʳ. ʉʚʝʨʭʫ ʠʤʝʝʪʩʷ ʢʨʳʰʢʘ, 

ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʦʭʦʜʠʪ ʣʫʯ ʣʘʟʝʨʘ. ʇʨʠ ʧʦʚʳʰʝʥʥʦʤ ʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʢʨʳʰʢʠ (ʩʪʝʢʣʷʥʥʘʷ ʧʣʘʩʪʠʥʘ ʠʣʠ ʘʢʨʠʣʦʚʦʝ ʩʪʝʢʣʦ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʣʷ ʦʪʢʘʯʢʠ ʚʦʟʜʫʭʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʫʯʥʦʡ ʥʘʩʦʩ ʩ ʤʘʥʦʤʝʪʨʦʤ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʥʘʭʦʜʠʪʩʷ ʢʣʘʧʘʥ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ 

ʠʣʠ ʝʛʦ ʩʙʨʦʩʘ ʧʨʠ ʥʘʢʘʯʢʝ. ʀʣʠ ʵʪʦʪ ʢʣʘʧʘʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ 

ʢʘʤʝʨʳ ʧʨʠ ʦʪʢʘʯʢʝ ʚʦʟʜʫʭʘ. ʊʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʦʧʳʪʳ ʚ ʨʘʟʥʳʭ 

ʩʨʝʜʘʭ. 

ʇʦʢʘ ʩʦʙʠʨʘʣʘʩʴ ʢʘʤʝʨʘ, ʤʳ ʧʨʦʚʦʜʠʣʠ ʦʧʳʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʭ ʥʘʩʪʨʦʝʢ ʣʘʟʝʨʘ (ʩʦʟʜʘʶʱʠʭ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʫʶ 

ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʥʘʠʤʝʥʝʝ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʜʣʷ ʣʘʟʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ). 

ɺ ʧʝʨʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʫʙʣʝʥʠʷ ʦʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʠ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʦʚ 

ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʙʦʪʳ ʣʘʟʝʨʘ ʷʚʣʷʝʪʩʷ 

ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ ʣʘʟʝʨʘ ʨʘʚʥʦʝ 200 ʥʩ ʠ ʤʦʱʥʦʩʪʴ 100 ʧʨʦʮʝʥʪʦʚ. ʅʦ ʛʣʘʚʥʦʝ ʪʦ, 

ʯʪʦ ʛʣʫʙʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʥʝ ʣʠʥʝʡʥʦ. ʀ ʛʨʘʬʠʢ ʤʦʱʥʦʩʪʝʡ 100 ʥʩ 

ʚʳʛʣʷʜʠʪ, ʢʘʢ ʫʯʘʩʪʦʢ ʛʨʘʬʠʢʘ 200 ʥʩ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.1 

ʠ 2.2. 

ɺʦ ʚʪʦʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʳ ʚʳʷʩʥʷʣʠ ʢʘʢ ʚʣʠʷʝʪ ʥʘ ʛʣʫʙʠʥʫ ʛʨʘʚʠʨʦʚʢʠ 

ʧʣʦʪʥʦʩʪʴ ʣʠʥʠʡ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʦʩʴ ʪʦ, 

ʯʝʛʦ ʜʘʞʝ ʥʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʚ ʥʘʯʘʣʝ. ʃʫʯʰʠʤ ʦʢʘʟʘʣʩʷ ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʣʘʟʝʨ ʜʚʠʛʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 1000ʤʤ/ʩ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʠ ʩʦʚʝʨʰʘʝʪ 20 

ʧʨʦʭʦʜʦʚ ʥʘ ʤʠʣʣʠʤʝʪʨ ʧʨʠ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʘ 200ʥʩ. ʅʦ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, 

ʪʦʣʴʢʦ ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ ʩʦʩʪʘʚʣʷʣʦ 100ʥʩ, ʤʳ ʧʦʣʫʯʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ, 

ʪ.ʝ. ʣʘʟʝʨ ʥʝ ʫʙʠʨʘʣ ʤʝʪʘʣʣ, ʘ ʥʘʦʙʦʨʦʪ, ʥʘʧʣʘʚʣʷʣ ʝʛʦ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 1. 

ʉ ʧʦʤʦʱʴʶ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʦʧʳʪʦʚ ʤʳ ʠʟʫʯʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʤ ʫʜʘʣʦʩʴ 

ʚʳʷʩʥʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 500-800 mbar 

ʥʠʞʝ ʥ.ʫ. (ʧʦʟʞʝ ʙʫʜʝʪ ʟʘʧʠʩʘʥʦ, ʢʘʢ ʫʩʣʦʚʥʳʝ ʛʨʘʥʠʮʳ ʠʣʠ ʫ.ʛ.). ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʳ ʪʦʣʴʢʦ ʫʤʝʥʴʰʘʶʪʩʷ. ʆʯʝʚʠʜʥʦ, 
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ʯʪʦ ʪʘʢʦʝ ʷʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʘʨʦʧʣʘʟʤʝʥʥʦʛʦ ʬʘʢʝʣʘ ʥʘ 

ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʇʨʠ ʜʘʚʣʝʥʠʠ ʥʠʞʝ ʫ.ʛ., ʬʘʢʝʣ ʥʝ ʦʙʨʘʟʫʝʪʩʷ, ʥʘ ʜʘʚʣʝʥʠʷ, 

ʯʪʦʙʳ óʚʳʧʣʝʩʥʫʪʴô ʪʝʧʣʦʚʦʡ ʦʯʘʛ ʥʝ ʭʚʘʪʘʝʪ, ʧʦʵʪʦʤʫ ʤʘʪʝʨʠʘʣ ʦʩʪʘʝʪʩʷ ʥʘ 

ʤʝʩʪʝ, ʥʦ ʩʪʘʥʦʚʠʪʩʷ ʩʠʣʴʥʝʝ ʥʘʛʨʝʪʳʤ. ʇʨʠ ʜʘʚʣʝʥʠʠ ʚʳʰʝ ʛ.ʫ., ʬʘʢʝʣ ʥʘʯʠʥʘʝʪ 

ʤʝʰʘʪʴ ʣʘʟʝʨʥʦʤʫ ʠʟʣʫʯʝʥʠʶ, ʧʨʝʣʦʤʣʷʷ ʝʛʦ, ʠʟ-ʟʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʘ ʩʪʘʥʦʚʠʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ, ʘ ʵʥʝʨʛʠʷ ʫʭʦʜʠʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʣʘʟʤʳ ʠ ʧʨʝʣʦʤʣʝʥʠʝ, ʘ ʥʝ ʥʘ ʥʘʛʨʝʚ ʤʘʪʝʨʠʘʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2, ʥʘ ʨʠʩʫʥʢʘʭ 3.1 ʠ 3.2. 

ɺʳʚʦʜʳ: 

1.  ʆʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʘʟʝʨʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ ʦʢʘʟʘʣʠʩʴ: 

ɺʨʝʤʷ ʠʤʧʫʣʴʩʘ ï 200ʥʩ 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ ʣʘʟʝʨʘ ʥʘ ʤʤ ï 20 ʨʘʟ 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ï 1000 ʤʤ/ʩ 

ʏʘʩʪʦʪʘ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ï 20 ʢɻʮ 

ʄʦʱʥʦʩʪʴ ʣʘʟʝʨʘ ï 100% 

2. ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʥʘ ʧʨʠʤʝʨʝ ʦʙʨʘʙʦʪʢʠ ʘʣʶʤʠʥʠʷ, ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʫʜʘʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʛʣʫʙʦʢʦʡ ʣʘʟʝʨʥʦʡ 

ʛʨʘʚʠʨʦʚʢʝ. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʣʝʞʠʪ ʚʣʠʷʥʠʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʫʩʣʦʚʠʷ ʨʘʟʣʝʪʘ ʬʘʢʝʣʘ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʳ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ï ʵʢʨʘʥʠʨʦʚʢʫ ʟʦʥʳ ʦʙʨʘʙʦʪʢʠ ʦʪ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ  

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʘʚʣʠʚʘʥʠʷ ʨʘʩʧʣʘʚʘ ʠʟ ʟʦʥʳ ʦʙʨʘʙʦʪʢʠ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ʃʘʟʝʨʥʳʡ ʤʘʨʢʝʨ ʄʠʥʠʄʘʨʢʝʨ 2 (ʚʦʣʦʢʦʥʥʳʡ ʣʘʟʝʨ)        [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]-ʨʝʞʠʤ ʜʦʩʪʫʧʘ: https://newlaser.ru/ru/oborudovanie/lazernye-sistemy-

gravirovki-i-markirovki/sistemy-serii-minimarker/  (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.12.2022) 

2. ʅʦʟʜʨʠʥʘ ʆ.ɺ, ʎʠʧʠʣʝʚ ɺ.ʇ., ɿʳʢʦʚ ʀ.ʖ., ʄʝʣʴʥʠʢʦʚʘ ɸ.ɻ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʩʪʘʣʝʡ ʧʨʠ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ / ʆ. ɺ. ʅʦʟʜʨʠʥʘ: ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ 

ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ï ʊʦʤʩʢ, 2007. ï 97ʩ. 

 

 

 

 

ʊʘʙʣʠʮʘ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʫʛʣʫʙʣʝʥʠʷ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʨʦʭʦʜʦʚ ʣʘʟʝʨʘ ʠ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ɺʨʝʤʷ 

ʠʤʧʫʣʴʩʘ, 

ʥʩ 

ʇʣʦʪʥʦʩʪʴ, 

ʣʠʥʠʡ/ʤʤ 

ʉʢʦʨʦʩʴʪ 

ʤʤ/ʩ 

ɺʨʝʤʷ 

ʦʜʥʦʛʦ 

ʩʣʦʷ ,ʩ 

ɺʳʩʦʪʘ, 

ʤʢʤ 

ʉʢʦʨʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ 

ʫʛʣʫʙʣʝʥʠʷ, 

ʤʢʤ/ʩ 

200 20 1000 2 20 0,333333 

40 500 37 45 0,040541 
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60 333 82 520 0,211382 

80 250 239 680 0,09484 

100 200 367 960 0,087193 

100 20 1000 22 -20 -0,0303 

40 500 67 90 0,044776 

60 333 139 210 0,05036 

80 250 239 290 0,040446 

100 200 367 605 0,05495 

 

ʊʘʙʣʠʮʘ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʛʨʘʚʠʨʦʚʢʠ ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ɺʨʝʤʷ 

ʠʤʧʫʣʴʩʘ, 

ʥʩ 

ɼʘʚʣʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʦʨʤʘʣʴʥʦʛʦ, 

mbar 

ɻʣʫʙʠʥʘ, 

ʤʢʤ 

200 -990 380 

-800 720 

-500 680 

0 600 

100 -990 220 

-800 260 

-500 300 

0 200 

 
ʈʠʩ 1. ï ʉʭʝʤʘ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ 

     
 
ʈʠʩ. 2.1 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʦʪ ʤʦʱʥʦʩʪʠ 

ʣʘʟʝʨʘ ʧʨʠ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʘ 200 ͤ  ͫ

ʈʠʩ. 2.2 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʦʪ ʤʦʱʥʦʩʪʠ 

ʣʘʟʝʨʘ ʧʨʠ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʘ 100 ʥʩ 
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ɼɽʁʉʊɺʀɽ ɿɸʂʆʅɸ ɹɽʈʅʋʃʃʀ ɺ ʇʈʆʉʊɽʁʐʀʍ ʆʇʓʊɸʍ 

ʂʘʨʳʪʢʦ ɽʛʦʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʃʠʮʝʡ ˉ 1è, 10 ʢʣʘʩʩ 

ʛ. ɸʯʠʥʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅʝʨʦʜʘ ʀ.ʇ., ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ʄʆʋ çʃʠʮʝʡ ˉ1è ʛ. 

ɸʯʠʥʩʢʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ 

 

ʈʠʩ. 3.1 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʦʪ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʥ.ʫ.) 200 ʥʩ 

ʈʠʩ. 3.2 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʦʪ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʥ.ʫ.) 100 ʥʩ 
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ɸʢʪʫʘʣʴʥʦʩʪʴ. ʇʝʨʚʦʧʨʠʯʠʥʦʡ ʨʘʟʚʠʪʠʷ ʠʥʞʝʥʝʨʥʦʛʦ ʜʝʣʘ ʷʚʣʷʝʪʩʷ 

ʠʥʞʝʥʝʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʵʪʦʤʫ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʩʜʝʣʘʪʴ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʠ 

ʠʥʪʝʨʝʩʥʝʝ ʜʣʷ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʰʢʦʣʴʥʠʢʦʚ, ʦʯʝʥʴ ʘʢʪʫʘʣʝʥ.  ʇʦʩʪʘʥʦʚʢʘ 

ʧʨʦʙʣʝʤʳ: ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʷʚʣʝʥʠʡ, ʦʧʠʩʳʚʘʝʤʳʭ ʟʘʢʦʥʦʤ 

ɹʝʨʥʫʣʣʠ, ʚ ʧʨʠʨʦʜʝ ʠ ʪʝʭʥʠʢʝ, ʪʝʤʘ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ ʥʝʪʚʸʨʜʳʭ ʚʝʱʝʩʪʚ 

ʠʟʫʯʘʝʪʩʷ ʚ ʰʢʦʣʝ ʪʦʣʴʢʦ ʚ ʧʨʦʬʠʣʴʥʳʭ ʢʣʘʩʩʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʫʨʦʚʥʝ. 

ʇʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ 

ʨʘʩʢʨʳʪʴ ʜʘʥʥʫʶ ʪʝʤʫ ʰʠʨʝ, ʫʚʝʣʠʯʠʚ ʢʨʫʛʦʟʦʨ ʠ ʟʥʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʫ 

ʰʢʦʣʴʥʠʢʦʚ.  

ʈʘʟʨʘʙʦʪʢʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʣʝʤʳ: ʠʟ ʣʠʪʝʨʘʪʫʨʳ [1] ʚʳʷʩʥʠʣʠ, ʯʪʦ ʟʘʢʦʥ 

ɹʝʨʥʫʣʣʠ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ: ʚ ʧʨʠʨʦʜʝ, ʚ ʙʳʪʫ, ʚ ʪʝʭʥʠʢʝ, ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʠ ʟʝʤʣʝʜʝʣʠʠ. ʇʦʣʫʯʝʥʥʦʝ ɹʝʨʥʫʣʣʠ ʨʘʚʝʥʩʪʚʦ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʚʦʜʳ, ʥʦ ʠ ʜʣʷ ʧʦʪʦʢʘ ʣʶʙʳʭ ʥʝʪʚʸʨʜʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʢʦʥ ɹʝʨʥʫʣʣʠ ʚ ʛʠʜʨʦʜʠʥʘʤʠʢʝ, ʚ ʘʵʨʦʜʠʥʘʤʠʢʝ ʠ ʛʠʜʨʘʚʣʠʢʝ- 

ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢʘʭ ʦ ʟʘʢʦʥʘʭ ʜʚʠʞʝʥʠʷ, ʨʘʚʥʦʚʝʩʠʠ ʞʠʜʢʦʩʪʝʡ ʠ ʩʧʦʩʦʙʘʭ 

ʧʨʠʣʦʞʝʥʠʷ ʵʪʠʭ ʟʘʢʦʥʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʠ. ʉʧʝʢʪʨ 

ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʟʘʢʦʥʘ ɹʝʨʥʫʣʣʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ, ʨʘʟʚʠʚʘʪʴ ʠ 

ʚ ʜʘʣʴʥʝʡʰʝʤ.  

ɺ ʥʘʯʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʜʚʠʥʫʣʠ ʛʠʧʦʪʝʟʫ: ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ 

ʦʧʳʪʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʟʘʢʦʥ ɹʝʨʥʫʣʣʠ. ʇʦʩʪʘʚʠʣʠ ʮʝʣʴ: ʩʦʩʪʘʚʠʪʴ 

ʩʙʦʨʥʠʢ ʦʧʳʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʟʘʢʦʥʘ ɹʝʨʥʫʣʣʠ ʚ ʜʦʤʘʰʥʠʭ 

ʫʩʣʦʚʠʷʭ. ʆʧʨʝʜʝʣʠʣʠ ʟʘʜʘʯʠ: 1) ʚʳʷʩʥʠʪʴ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʢʦʥʝ 

ɹʝʨʥʫʣʣʠ, ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ; 2) ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʟʘʢʦʥʘ ɹʝʨʥʫʣʣʠ; 3) ʧʦʧʫʣʷʨʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʥʘʣʠʟ, ʦʙʦʙʱʝʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʵʢʩʧʝʨʠʤʝʥʪ, 

ʥʘʙʣʶʜʝʥʠʝ.  

ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʦʪʢʨʳʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʤʥʦʛʠʭ 

ʥʝʦʙʳʯʥʳʭ ʟʘʛʘʜʦʢ ʬʠʟʠʢʠ. ʀʟʫʯʠʚ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ [2], 

ʤʳ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʩʦʙʨʘʣʠ ʠ ʧʨʦʜʝʣʘʣʠ ʦʧʳʪʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʟʘʢʦʥ 

ɹʝʨʥʫʣʣʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʚ ʰʢʦʣʝ ʠʣʠ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. ʂ ʢʘʞʜʦʤʫ 

ʦʧʳʪʫ ʦʧʨʝʜʝʣʠʣʠ ʮʝʣʴ, ʧʦʜʦʙʨʘʣʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠ ʦʧʠʩʘʣʠ ʭʦʜ ʧʨʦʚʝʜʝʥʠʷ, 

ʦʙʲʷʩʥʠʚ ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʷʚʣʝʥʠʷ.  

 çʃʝʚʠʪʘʮʠʷè ʎʝʣʴ: ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʷʚʣʝʥʠʝ çʣʝʚʠʪʘʮʠʠè.  

ʆʧʳʪ 1.  ʆʙʦʨʫʜʦʚʘʥʠʝ: ʬʝʥ, ʣʸʛʢʠʡ ʥʝʙʦʣʴʰʦʡ ʰʘʨ ʠʟ ʧʝʥʦʧʣʘʩʪʘ. ʍʦʜ ʦʧʳʪʘ: 

ɺʢʣʶʯʠʪʴ ʬʝʥ, ʥʘʧʨʘʚʠʚ ʩʪʨʫʶ ʚʦʟʜʫʭʘ ʚʝʨʪʠʢʘʣʴʥʦ, ʧʦʤʝʩʪʠʪʴ ʚ ʩʪʨʫʶ ʚʦʟʜʫʭʘ 

ʰʘʨʠʢ. ʄʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʩʪʨʫʶ ʚʦʟʜʫʭʘ, ʫʤʝʥʴʰʘʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʭʘ, ʥʘʢʣʦʥʷʪʴ ʧʦʪʦʢ ʚʦʟʜʫʭʘ.   

ʆʧʳʪ 2.  ʆʙʦʨʫʜʦʚʘʥʠʝ: ʚʦʟʜʫʰʥʳʡ ʰʘʨ, ʬʝʥ ʠʣʠ ʰʢʦʣʴʥʘʷ ʪʝʪʨʘʜʢʘ. ʍʦʜ 

ʦʧʳʪʘ: ʉʦʟʜʘʪʴ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʥʘʜ ʚʦʟʜʫʰʥʳʤ ʰʘʨʦʤ. ʅʘʜ ʰʘʨʦʤ ʚʦʟʥʠʢʘʝʪ 

ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʠ ʦʥ ʧʘʨʠʪ ʚ ʚʦʟʜʫʭʝ  

ʆʧʳʪ 3. ʆʙʦʨʫʜʦʚʘʥʠʝ: ʬʝʥ, ʰʘʨ, ʚʦʨʦʥʢʘ. ʍʦʜ ʦʧʳʪʘ: ʇʦʩʪʘʚʠʤ ʚʦʨʦʥʢʫ 

ʚ ʧʦʣʦʞʝʥʠʝ ʰʠʨʦʢʦʡ ʯʘʩʪʴʶ ʚʥʠʟ; ʥʘʧʨʘʚʠʚ ʬʝʥ ʚ ʫʟʢʫʶ ʯʘʩʪʴ ʚʦʨʦʥʢʠ, 

ʩʦʟʜʘʜʠʤ ʧʦʪʦʢ ʚʦʟʜʫʭʘ, ʟʘʬʠʢʩʠʨʫʝʤ ʧʝʥʦʧʣʘʩʪʦʚʳʡ ʰʘʨ ʚʥʫʪʨʠ, ʦʪʧʫʩʪʠʚ ʝʛʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʸʛʢʠʡ ʰʘʨʠʢ ʥʝ ʧʘʜʘʝʪ, ʦʩʪʘʸʪʩʷ ʥʘ ʤʝʩʪʝ, ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʚ ʪʫ 
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ʩʪʦʨʦʥʫ, ʦʪʢʫʜʘ ʜʫʝʪ ʬʝʥ, ʯʪʦ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʢʘʞʝʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʝʤ, ʦʜʥʘʢʦ 

ʵʪʦ ʫʞʝ ʜʘʣʝʢʦ ʥʝ ʧʝʨʚʘʷ ʧʘʨʘʜʦʢʩʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ, ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʢʦʪʦʨʦʡ 

ʨʝʰʘʝʪ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ.        ʆʧʳʪ 4.  ʆʙʦʨʫʜʦʚʘʥʠʝ: ʰʘʨʠʢ ʥʘ ʥʠʪʠ. ʍʦʜ 

ʦʧʳʪʘ: ʇʦʜʚʝʩʠʤ ʣʸʛʢʠʡ ʰʘʨʠʢ ʧʝʥʦʧʣʘʩʪʘ ʠ ʧʦʜʥʝʩʸʤ ʢ ʧʦʪʦʢʫ ʚʦʜʳ ʠʟ ʢʨʘʥʘ. 

ʇʦʨʘʟʠʪʝʣʴʥʦ, ʥʦ ʰʘʨ ʢʘʢ ʙʳ ʧʨʠʮʝʧʣʷʝʪʩʷ ʢ ʧʦʪʦʢʫ ʚʦʜʳ, ʬʠʢʩʠʨʫʝʪʩʷ. ʆʢʦʣʦ 

ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʪʦʢʘ ʚʦʜʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʷʚʣʷʝʪʩʷ ñʪʦʥʥʝʣʴò ʧʦʥʠʞʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʰʘʨʦʤ ʠ ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʡ, ʠ ʘʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʢʘʢ ʥʘ ʚʦʜʫ, ʫʜʝʨʞʠʚʘʷ ʝʸ ʫ ʥʘʢʣʦʥʷʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʰʘʨʘ, ʪʘʢ ʠ ʥʘ ʩʘʤ ʰʘʨ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʬʠʢʩʠʨʫʷ ʝʛʦ ʦʢʦʣʦ ʟʦʥʳ ʧʦʥʠʞʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ.  

ʇʨʦʷʚʣʝʥʠʝ ʷʚʣʝʥʠʷ: ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʢʨʳʣʘ ʩʘʤʦʣʝʪʘ, ʚʝʨʪʦʣʝʪʘ, ʮʠʢʣʦʥʳ.   

çɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʘʨʘʜʦʢʩè ʎʝʣʴ: ʩʦʟʜʘʚ ʙʳʩʪʨʳʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʤʝʞʜʫ 

ʜʚʫʤʷ ʦʙʲʝʢʪʘʤʠ, ʧʨʠʪʷʥʫʪʴ ʠʭ ʜʨʫʛ ʢ ʜʨʫʛʫ.  

ʆʧʳʪ 1. ʆʙʦʨʫʜʦʚʘʥʠʝ: ʜʚʝ ʧʦʣʦʩʢʠ ʙʫʤʘʛʠ, ʬʝʥ. ʍʦʜ ʦʧʳʪʘ: ɽʩʣʠ ʧʦʜʫʪʴ 

ʠʣʠ ʥʘʧʨʘʚʠʪʴ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʬʝʥʦʤ ʤʝʞʜʫ ʣʠʩʪʦʯʢʘʤʠ ʙʫʤʘʛʠ, ʢʘʞʝʪʩʷ, ʯʪʦ ʦʥʠ 

ʜʦʣʞʥʳ ʦʪʪʦʣʢʥʫʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʦʥʠ ʧʨʠʪʷʥʫʪʴʩʷ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʝʞʜʫ ʧʦʣʦʩʢʘʤʠ ʙʫʤʘʛʠ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʙʦʣʴʰʝ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʚʣʝʥʠʝ ʤʝʥʴʰʝ, ʠ ʦʥʠ ʩʙʣʠʞʘʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʨʫʞʥʦʛʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ.  

ʆʧʳʪ 2. ʆʙʦʨʫʜʦʚʘʥʠʝ: ʧʦʣʦʩʢʘ ʣʝʛʢʦʡ ʙʫʤʘʛʠ ʠʣʠ ʬʦʣʴʛʠ ʥʘ ʥʠʪʠ, ʜʝʪʩʢʘʷ 

ʤʘʰʠʥʘ. ʍʦʜ ʦʧʳʪʘ: ʇʦʜʚʝʩʠʪʴ ʧʦʣʦʩʢʫ ʙʫʤʘʛʠ ʥʘ ʥʠʪʠ, ʟʘʧʫʩʪʠʪʴ ʜʝʪʩʢʫʶ 

ʤʘʰʠʥʢʫ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʨʷʜʦʤ ʩ ʧʦʣʦʩʢʦʡ ʙʫʤʘʛʠ. ɺ ʤʦʤʝʥʪ, ʢʦʛʜʘ 

ʤʘʰʠʥʢʘ ʧʨʦʝʟʞʘʣʘ ʚʦʟʣʝ ʧʦʣʦʩʢʠ ʙʫʤʘʛʠ, ʣʝʧʝʩʪʦʢ ʦʪʢʣʦʥʷʣʩʷ ʦʪ ʤʘʰʠʥʳ (ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʦʥʘ ʧʝʨʝʜʘʚʘʣʘ ʠʤʧʫʣʴʩ ʚʦʟʜʫʭʫ ʧʝʨʝʜ ʩʦʙʦʡ), ʘ ʧʦʪʦʤ ʦʪʢʣʘʥʷʣʘʩʴ ʚ 

ʩʪʦʨʦʥʫ ʤʘʰʠʥʳ.   

ʇʨʦʷʚʣʝʥʠʝ ʷʚʣʝʥʠʷ: ʚʩʪʨʝʯʘ ʢʦʨʘʙʣʝʡ, ʧʦʝʟʜʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʩ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʴʶ.   

ʈʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʚ ʪʨʫʙʝ ʧʝʨʝʤʝʥʥʦʡ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ  

ʆʧʳʪ 1. ʎʝʣʴ: ʧʨʦʚʝʨʠʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ ʧʫʪʸʤ 

ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʘʭ ʨʘʟʥʦʡ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ. ʆʙʦʨʫʜʦʚʘʥʠʝ: ʜʚʝ 

ʧʣʘʩʪʠʢʦʚʳʝ ʙʫʪʳʣʢʠ ʩ ʦʙʨʝʟʘʥʥʳʤ ʜʥʦʤ, ʩʢʦʪʯ, ʬʝʥ, ʤʝʥʟʫʨʢʘ ʩ ʧʦʜʢʨʘʰʝʥʥʦʡ 

ʚʦʜʦʡ, ʩʦʣʦʤʠʥʢʘ ʜʣʷ ʢʦʢʪʝʡʣʝʡ. ʍʦʜ ʦʧʳʪʘ: ɿʘʬʠʢʩʠʨʫʝʤ ʩʦʝʜʠʥʸʥʥʳʝ 

ʛʦʨʣʳʰʢʘʤʠ ʙʫʪʳʣʢʠ, ʩʳʤʠʪʠʨʦʚʘʚ ʪʨʫʙʫ ʩ ʧʝʨʝʤʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʩʝʯʝʥʠʷ. 

ʈʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʙʫʜʝʤ ʬʠʢʩʠʨʦʚʘʪʴ ʧʦ ʧʦʜʥʷʪʠʶ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʢʝ, ʢʦʪʦʨʘʷ 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʚʩʪʘʚʣʝʥʘ ʚ ʙʫʪʳʣʢʫ, ʘ ʩ ʜʨʫʛʦʡ ʦʧʫʱʝʥʘ ʚ ʤʝʥʟʫʨʢʫ ʩ ʚʦʜʦʡ.   

ʇʨʠʥʮʠʧ ɹʝʨʥʫʣʣʠ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʨʫʙʝ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ 

ʧʨʦʭʦʜʠʪ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʠʣʠ ʠʥʦʛʦ ʥʝʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ, ʜʘʚʣʝʥʠʝ ʙʫʜʝʪ ʤʝʥʴʰʝ 

ʚ ʪʦʡ ʯʘʩʪʠ ʪʨʫʙʳ, ʛʜʝ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʤʝʥʴʰʝ, ʪʘʢ ʢʘʢ ʪʘʤ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʙʦʣʴʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʛʜʘ ʚʦʟʜʫʭ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʙʫʪʳʣʢʠ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ, 

ʪʦ ʧʦ ʧʦʜʥʷʪʠʶ ʚʦʜʳ ʚ ʪʨʫʙʢʝ ʤʦʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ 

ʙʫʪʳʣʦʢ, ʤʝʥʴʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ.   

ʆʧʳʪ 2. ʆʙʦʨʫʜʦʚʘʥʠʝ: ʜʚʝ ʧʣʘʩʪʠʢʦʚʳʝ ʙʫʪʳʣʢʠ ʩ ʦʪʨʝʟʘʥʥʳʤ ʜʥʦʤ, 

ʩʢʨʝʧʣʝʥʥʳʤʠ ʫʟʢʠʤʠ ʛʦʨʣʳʰʢʘʤʠ, ʬʝʥ, ʪʨʫʙʦʯʢʘ ʜʣʷ ʢʦʢʪʝʡʣʷ, ʮʝʣʣʦʬʘʥʦʚʳʡ 

ʧʘʢʝʪ. ʍʦʜ ʦʧʳʪʘ: ʉʦʝʜʠʥʠʤ ʜʚʝ ʧʣʘʩʪʠʢʦʚʳʝ ʙʫʪʳʣʢʠ ʛʦʨʣʳʰʢʘʤʠ, ʧʨʠʢʨʝʧʠʤ 
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ʪʨʫʙʦʯʢʫ ʚ ʫʟʢʦʤ ʤʝʩʪʝ, ʘ ʥʘ ʜʨʫʛʦʡ ʢʦʥʝʮ ʪʨʫʙʢʠ ʧʨʠʢʨʝʧʠʤ ʥʘʜʫʪʳʡ ʚʦʟʜʫʭʦʤ 

ʮʝʣʣʦʬʘʥʦʚʳʡ ʧʘʢʝʪ. ʅʘʧʨʘʚʠʤ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʚ ʧʦʣʫʯʠʚʰʫʶʩʷ çʪʨʫʙʫè. ʇʨʠ 

ʧʨʦʧʫʩʢʘʥʠʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ çʪʨʫʙʫè, ʧʘʢʝʪ ʥʘʯʘʣ ʩʞʠʤʘʪʴʩʷ, ʪ.ʢ.  ʚʥʫʪʨʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʘʚʣʝʥʠʝ ʥʠʞʝ, ʯʝʤ ʘʪʤʦʩʬʝʨʥʦʝ.  

  ʇʨʦʷʚʣʝʥʠʝ ʷʚʣʝʥʠʷ: ʧʨʦʝʢʪʠʨʦʚʢʘ ʩʠʩʪʝʤ ʪʨʫʙʦʧʨʦʚʦʜʦʚ.  

çʆʢʨʫʞʝʥʠʝ ʦʛʥʷè  

ʆʧʳʪ 1. ʎʝʣʴ: ʧʦʛʘʩʠʪʴ ʟʘʞʞʸʥʥʫʶ ʩʚʝʯʫ ʯʝʨʝʟ ʧʨʝʧʷʪʩʪʚʠʝ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʩʚʝʯʘ, ʙʦʢʘʣ, ʪʨʫʙʢʘ. ʍʦʜ ʦʧʳʪʘ: ʇʦʩʪʘʚʠʤ ʤʝʞʜʫ ʛʦʨʷʱʝʡ 

ʩʚʝʯʦʡ ʠ ʥʘʧʨʘʚʣʝʥʥʳʤ ʚ ʝʸ ʩʪʦʨʦʥʫ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʜʫʭʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ 

ʦʙʲʝʢʪ, ʥʘʧʨʠʤʝʨ, ʙʦʢʘʣ. ʇʦʜʫʝʤ ʠʟ ʪʨʫʙʦʯʢʠ. ʂʦʛʜʘ ʧʦʷʚʠʣʩʷ ʧʦʪʦʢ ʚʦʟʜʫʭʘ, 

ʩʚʝʯʘ ʧʦʛʘʩʣʘ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʝʸ ʜʦʣʞʝʥ ʙʳʣ ʟʘʱʠʱʘʪʴ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʙʦʢʘʣ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ, ʢʦʛʜʘ ʚʦʟʜʫʭ ʚʩʪʨʝʯʘʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, 

ʚ ʟʦʥʝ ʤʝʞʜʫ ʧʨʷʤʦʡ ʣʠʥʠʝʡ ʪʝʯʝʥʠʷ ʚʦʟʜʫʭʘ ʧʦ ʠʥʝʨʮʠʠ ʠ ʙʦʢʘʣʦʤ ʩʦʟʜʘʸʪʩʷ 

ʟʦʥʘ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʠʟʤʝʥʝʥʠʶ ʪʨʘʝʢʪʦʨʠʠ ʧʦʪʦʢʘ 

ʚʦʟʜʫʭʘ, ʧʦʚʦʨʘʯʠʚʘʷ ʚʜʦʣʴ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʪʝʥʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʦʢʠ 

ʚʦʟʜʫʭʘ, ʦʙʭʦʜʷʱʠʝ ʙʦʢʘʣ ʩ ʜʚʫʭ ʩʪʦʨʦʥ, ʚʩʪʨʝʪʠʚʰʠʩʴ, ʧʝʨʝʜʚʠʛʘʶʪʩʷ ʧʨʷʤʦ ʚ 

ʩʪʦʨʦʥʫ ʩʚʝʯʠ ʠ ʩʚʝʯʘ ʛʘʩʥʝʪ.  

ʆʧʳʪ 2. ʎʝʣʴ: ʥʘʫʯʠʪʴʩʷ ʫʧʨʘʚʣʷʪʴ ʧʣʘʤʝʥʝʤ ʩʚʝʯʠ. ʆʙʦʨʫʜʦʚʘʥʠʝ: 

ʚʦʨʦʥʢʘ, ʩʚʝʯʘ. ʍʦʜ ʦʧʳʪʘ: ʀʩʧʦʣʴʟʫʝʤ ʟʘʞʞʸʥʥʫʶ ʩʚʝʯʢʫ, ʥʦ ʪʝʧʝʨʴ ʚʦʟʜʫʭ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʦʨʦʥʢʫ, ʚ ʫʟʢʫʶ ʯʘʩʪʴ ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʠʤ ʧʦʪʦʢ ʚʦʟʜʫʭʘ, ʘ 

ʰʠʨʦʢʦʡ ʨʘʟʚʝʨʥʸʤ ʢ ʛʦʨʷʱʝʡ ʩʚʝʯʢʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʚ 30-40 ʩʘʥʪʠʤʝʪʨʘʭ ʦʪ ʥʝʸ. 

ʇʨʠ ʧʨʦʧʫʩʢʝ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʚʦʨʦʥʢʫ ʚʠʜʠʤ, ʯʪʦ ʧʣʘʤʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʚʦʨʦʥʢʠ, ʭʦʪʷ ʢʘʞʝʪʩʷ, ʯʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʦʙʦʨʦʪ. ʅʘʰʘ ʠʤʧʨʦʚʠʟʠʨʦʚʘʥʥʘʷ 

ʚʦʨʦʥʢʘ ʠʤʝʝʪ ʨʘʩʢʨʳʚʘʶʱʫʶʩʷ ʬʦʨʤʫ ʚʥʫʪʨʠ, ʠ ʢʦʛʜʘ ʚʦʟʜʫʭ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʥʝʸ, ʦʥ ñʧʨʠʣʠʧʘʝʪò ʢ ʩʪʝʥʢʘʤ ʚʦʨʦʥʢʠ ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ñʧʨʠʣʠʧʘʣò ʧʦʪʦʢ ʢ 

ʩʪʝʥʢʘʤ ʙʦʢʘʣʘ, ʪ.ʢ. ʚʦʟʜʫʭ ʚʳʭʦʜʠʪ ʥʝ ʠʟ ʮʝʥʪʨʘ ʰʠʨʦʢʦʡ ʯʘʩʪʠ ʚʦʨʦʥʢʠ, ʘ ʠʟ ʝʸ 

ʢʨʘʸʚ, ʜʚʠʞʝʪʩʷ ʧʦ ʪʘʢʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʯʪʦ, ʜʦʡʜʷ ʜʦ ʩʚʝʯʠ, ʦʙʭʦʜʠʪ ʝʝ ʧʦ ʢʨʫʛʫ, 

ʠ ʦʛʦʥʴ ʥʘʢʣʦʥʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʪʦʡ, ʦʪʢʫʜʘ ʙʳʣ ʥʘʧʨʘʚʣʝʥ 

ʥʘʯʘʣʴʥʳʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ.  

ʇʨʠʤʝʥʝʥʠʝ: ʨʘʙʦʪʘ ʩ ʧʦʞʘʨʥʳʤʠ ʩʪʚʦʣʘʤʠ ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ ʚ ʟʜʘʥʠʷʭ.  

ʕʬʬʝʢʪ ʄʘʛʥʫʩʘ ʎʝʣʴ: ʩʦʟʜʘʪʴ ʩʠʣʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʢ ʧʦʪʦʢʫ, ʧʨʠ 

ʦʙʪʝʢʘʥʠʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ (ʵʬʬʝʢʪ ʄʘʛʥʫʩʘ). ʆʙʦʨʫʜʦʚʘʥʠʝ: ʨʫʣʦʥ, 

ʩʢʨʫʯʝʥʥʳʡ ʠʟ ʘʣʴʙʦʤʥʦʛʦ ʣʠʩʪʘ ʙʫʤʘʛʠ ʠ ʥʠʪʴ. ʍʦʜ ʦʧʳʪ: ʆʙʤʦʪʘʝʤ ʮʠʣʠʥʜʨ, 

ʧʦʩʪʘʚʠʤ ʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʨʝʟʢʦ ʜʸʨʥʝʤ ʟʘ ʥʠʪʴ, ʩʠʣʴʥʦ ʨʘʩʢʨʫʪʠʚ ʣʸʛʢʠʡ 

ʦʙʲʝʢʪ. ʈʫʣʦʥ ʠʟ ʙʫʤʘʛʠ ʜʚʠʛʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʩʪʦʨʦʥʫ ʥʠʪʠ, ʥʦ ʠ ʚʚʝʨʭ, ʢʫʜʘ ʝʛʦ 

ʪʷʥʝʪ ʩʠʣʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʩʝʛʜʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʪʦʢʫ ʦʙʭʦʜʷʱʝʛʦ ʚʦʟʜʫʭʘ. 

ʀʟ-ʟʘ ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʠ ʜʘʚʣʝʥʠʡ, ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɹʝʨʥʫʣʣʠ, ʦʙʲʝʢʪ ʪʷʥʝʪ 

ʚʚʝʨʭ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʶʪ ʵʬʬʝʢʪʦʤ ʄʘʛʥʫʩʘ ʚ ʯʝʩʪʴ ʫʯʸʥʦʛʦ, ʦʪʢʨʳʚʰʝʛʦ 

ʝʛʦ.   

ʇʨʠʤʝʥʝʥʠʝ: ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ, ʨʦʪʦʨʥʳʝ ʧʘʨʫʩʘ, çʢʨʫʪʷʱʠʡʩʷè ʤʷʯ ʧʨʠ ʠʛʨʝ ʚ 

ʛʦʣʴʬ, ʬʫʪʙʦʣ, ʧʦʧʘʜʘʥʠʝ ʚ ʮʝʣʴ ʷʜʨʘ.  

ɼʝʤʦʥʩʪʨʘʮʠʷ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʧʫʣʴʚʝʨʠʟʘʪʦʨʘ  

ʎʝʣʴ: ʩʦʟʜʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʫʶ ʜʝʡʩʪʚʠʝ ʧʫʣʴʚʝʨʠʟʘʪʦʨʘ.  

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʜʚʝ ʧʣʘʩʪʠʢʦʚʳʝ ʙʫʪʳʣʢʠ ʩ ʦʪʨʝʟʘʥʥʳʤ ʜʥʦʤ, ʩʢʨʝʧʣʝʥʥʳʤʠ 
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ʫʟʢʠʤʠ ʛʦʨʣʳʰʢʘʤʠ, ʬʝʥ, ʪʨʫʙʦʯʢʘ ʜʣʷ ʢʦʢʪʝʡʣʷ, ʤʝʥʟʫʨʢʘ ʩ ʚʦʜʦʡ. ʍʦʜ ʦʧʳʪʘ: 

ɿʘʬʠʢʩʠʨʫʝʤ ʩʦʝʜʠʥʸʥʥʳʝ ʛʦʨʣʳʰʢʘʤʠ ʙʫʪʳʣʢʠ, ʚʩʪʘʚʠʪʴ ʪʨʫʙʦʯʢʫ ʚ ʫʟʢʫʶ 

ʯʘʩʪʴ ʙʫʪʳʣʢʠ ʠ ʦʧʫʩʪʠʪʴ ʚ ʤʝʥʟʫʨʢʫ ʩ ʚʦʜʦʡ. ʉʦʟʜʘʪʴ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʬʝʥʦʤ.  ʄʳ 

ʚʠʜʠʤ, ʢʘʢ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʝʥʴʰʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʫʟʢʦʡ ʯʘʩʪʠ çʪʨʫʙʳè, ʚʦʜʘ 

ʧʦʜʥʠʤʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʦʣʴʰʝʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʨʘʟʙʨʳʟʛʠʚʘʝʪʩʷ 

ʢʘʢ ʚ ʧʫʣʴʚʝʨʠʟʘʪʦʨʝ. ʇʨʠʤʝʥʝʥʠʝ: ʧʫʣʴʚʝʨʠʟʘʪʦʨ, ʚʦʜʦʩʪʨʫʡʥʳʡ ʥʘʩʦʩ, 

ʘʵʨʦʛʨʘʬ.   

ʀʪʘʢ, ʧʦʜʦʙʨʘʥʥʳʝ ʥʘʤʠ ʦʧʳʪʳ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ, ʨʘʟʚʠʪʠʶ ʥʘʙʣʶʜʘʪʝʣʴʥʦʩʪʠ, ʤʳʩʣʠʪʝʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʤʝʥʠʶ ʩʨʘʚʥʠʚʘʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʨʠʯʠʥʥʦï

ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʫ ʰʢʦʣʴʥʠʢʦʚ ʠ ʥʝ ʪʦʣʴʢʦ.   

ʇʦ ʥʘʰʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩʜʝʣʘʥ ʚʠʜʝʦʨʦʣʠʢ 

(https://www.youtube.com/watch?v=vm2N8gsOU0w&t=15s). ʈʝʟʫʣʴʪʘʪʘʤʠ ʥʘʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʯʠʪʝʣʷ ʬʠʟʠʢʠ, ʰʢʦʣʴʥʠʢʠ. 
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ɿʘʜʘʯʘ ʪʫʨʥʠʨʘ ʶʥʳʭ ʬʠʟʠʢʦʚ: çɿʘʧʦʣʥʠʪʝ ʩʪʝʢʣʷʥʥʫʶ ʪʨʫʙʢʫ ʩ ʟʘʢʨʳʪʳʤ 

ʚʝʨʭʥʠʤ ʢʦʥʮʦʤ ʚʦʜʦʡ ʠ ʫʩʪʘʥʦʚʠʪʝ ʚʝʨʪʠʢʘʣʴʥʦ, ʧʦʛʨʫʟʠʚ ʥʠʞʥʠʡ ʢʦʥʝʮ ʚ 

ʸʤʢʦʩʪʴ ʩ ʚʦʜʦʡ. ʅʘʛʨʝʚʘʡʪʝ ʢʦʨʦʪʢʠʡ ʫʯʘʩʪʦʢ ʪʨʫʙʢʠ. ʀʩʩʣʝʜʫʡʪʝ ʠ ʦʙʲʷʩʥʠʪʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʠ ʥʘʙʣʶʜʘʝʤʳʭ ʧʫʟʳʨʴʢʦʚ ʧʘʨʘè. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʧʘʨʘ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ. ɿʘʜʘʯʠ: ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʠʯʠʥʳ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʠ ʥʘʙʣʶʜʘʝʤʳʭ ʧʫʟʳʨʴʢʦʚ ʧʘʨʘ ʚ ʧʫʣʴʩʠʨʫʶʱʝʡ ʪʝʧʣʦʚʦʡ 

ʪʨʫʙʢʝ ʠ ʫʩʪʘʥʦʚʠʪʴ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʜʘʥʥʦʝ ʜʚʠʞʝʥʠʝ.  
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ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʯʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʧʫʟʳʨʴʢʦʚ 

ʧʘʨʘ: ʢʠʧʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʥʘʛʨʝʚʘʝʤʦʤ ʦʙʲʸʤʝ, ʦʙʨʘʟʦʚʘʥʠʝ ʦʜʥʦʛʦ ʧʫʟʳʨʷ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʤʘʣʝʥʴʢʠʭ, ʚʩʧʣʳʚʘʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ ʧʫʟʳʨʷ, ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʩ 

ʭʦʣʦʜʥʳʤʠ ʥʠʞʥʠʤʠ ʩʣʦʷʤʠ, ʩʭʣʦʧʳʚʘʥʠʝ ʧʫʟʳʨʴʢʘ, ʚʦʟʚʨʘʱʝʥʠʝ ʩʠʩʪʝʤʳ ʚ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʷʚʣʝʥʠʷ: ʤʦʱʥʦʩʪʴ ʥʘʛʨʝʚʘʪʝʣʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʥʘʣʠʯʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ʞʠʜʢʦʩʪʠ), ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘʛʨʝʚʘʪʝʣʷ. 

ʉʦʟʜʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʸʤʢʦʩʪʠ ʩ ʚʦʜʦʡ 

(ʢʶʚʝʪʘ, ʚ ʥʝʸ ʧʦʛʨʫʞʘʝʪʩʷ ʦʪʢʨʳʪʳʡ ʢʦʥʝʮ ʪʨʫʙʢʠ), ʧʨʦʙʠʨʦʢ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥ 

ʠ ʜʠʘʤʝʪʨʦʚ, ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʩʧʠʨʘʣʴ ʠʟ ʬʝʭʨʘʣʷ), ʠʩʪʦʯʥʠʢʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʤʫʣʴʪʠʤʝʪʨʦʚ, ʪʝʨʤʦʤʝʪʨʘ, ʙʘʨʦʤʝʪʨʘ, ʩʢʦʨʦʩʪʥʦʡ ʢʘʤʝʨʳ.  

ʅʘʤʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʢʦʣʝʙʘʥʠʡ: ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʘʨʘ ʠ ʩʪʦʣʙʠʢʘ ʞʠʜʢʦʩʪʠ ʧʦʜ ʥʠʤ, 

ʫʨʘʚʥʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʧʘʨʘ, ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʚʦʜʳ, ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʘ ʜʣʷ ʧʘʨʘ ʠ ʚʦʜʳ, ʦʧʨʝʜʝʣʝʥʘ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʧʫʟʳʨʴʢʘ ʧʘʨʘ.  

ʅʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʘ ʚ ʧʫʟʳʨʝ ʦʪ 

ʚʨʝʤʝʥʠ, ʢʦʦʨʜʠʥʘʪʳ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʢʦʥʮʦʚ ʧʫʟʳʨʷ ʦʪ ʚʨʝʤʝʥʠ, 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʛʨʝʚʘʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʘʢʨʳʪʦʛʦ ʢʦʥʮʘ, ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʦʪ ʤʦʱʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʷ. 

ɺ ʚʳʚʦʜʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʠ 

ʬʘʢʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʧʦʜʪʚʝʨʞʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ.  

 

 

 

 

 

ʊʝʥʩʝʛʨʠʪʠ 

ʂʠʩʣʠʜʝʥʢʦ ɺʣʘʜʠʤʠʨ ʖʨʴʝʚʠʯ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

çɸʥʛʘʨʩʢʠʡ ʣʠʮʝʡ ˉ2 ʠʤ. ʄ.ʂ. ʗʥʛʝʣʷè, 8ʢʣʘʩʩ 

ʛ. ɸʥʛʘʨʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɻʦʥʯʘʨʦʚʘ ʅʘʪʘʣʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ 

 

ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʧʨʠʥʮʠʧʘ ʪʝʥʩʝʛʨʠʪʠ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʥʩʝʛʨʠʪʠ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ, ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʜʠʟʘʡʥʝ; 

ʘ ʪʘʢ ʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʥʩʝʛʨʠʪʠ. 

ʎʝʣʴ:  

ʀʟʫʯʠʪʴ ʧʨʠʥʮʠʧ ʪʝʥʩʝʛʨʠʪʠ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ, 

ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʜʘʥʥʦʤ ʧʨʠʥʮʠʧʝ. 

ɿʘʜʘʯʠ:  

V ʀʟʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ. 

V ʀʟʫʯʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʪʝʥʩʝʛʨʠʪʠ. 
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V ʀʟʫʯʠʪʴ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

V ʉʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ. 

V ʉʜʝʣʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʚʦʜʳ.  

ɻʠʧʦʪʝʟʘ:  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʥʩʝʛʨʠʪʠ ʤʦʞʥʦ ʩʦʙʨʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʟ 

ʧʦʜʨʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ: 

ʊʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʪʝʥʩʝʛʨʠʪʠ, ʙʫʜʴ ʪʦ 

ʤʦʩʪʳ, ʙʘʰʥʠ, ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ ʠʣʠ ʧʨʦʩʪʦ ʤʝʙʝʣʴ, ʚʩʝʛʜʘ ʙʫʜʫʪ 

ʚʳʛʣʷʜʝʪʴ ʬʘʥʪʘʩʪʠʯʝʩʢʠ. ɺʩʝʛʜʘ ʙʫʜʫʪ ʧʨʠʚʣʝʢʘʪʴ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʝ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʟʨʠʪʝʣʝʡ, ʟʘʩʪʘʚʣʷʪʴ ʠʭ ʟʘʜʫʤʳʚʘʪʴʩʷ, ʢʘʢ ʵʪʦ ʫʩʪʨʦʝʥʦ. ʋʯʝʥʳʝ 

ʥʘʫʯʠʣʠ ʜʘʞʝ ʨʦʙʦʪʦʚ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʩʬʝʨʝ ʪʝʥʩʝʛʨʠʪʠ, ʚ ʙʫʜʫʱʝʤ ʵʪʘ 

ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʘ ʧʨʠ ʦʩʚʦʝʥʠʠ ʜʨʫʛʠʭ ʧʣʘʥʝʪ. 

ʆʜʥʘ ʠʟ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʫʝʪ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʵʪʦ 

ʵʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʫ ʧʨʦʙʣʝʤʫ, ʙʝʟ 

ʫʱʝʨʙʘ ʜʣʷ ʧʨʦʯʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ, ʤʦʞʝʪ  ʨʝʰʠʪʴ ʪʝʥʩʝʛʨʠʪʠ.  ʕʪʘ 

ʪʝʭʥʦʣʦʛʠʷ ʦʙʷʟʘʪʝʣʴʥʦ ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥʘ ʚ ʙʫʜʫʱʝʤ ʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʚ 

ʢʦʩʤʦʥʘʚʪʠʢʝ.  

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʪʝʥʩʝʛʨʠʪʠ 

ɺ ʈʦʩʩʠʠ ʧʦʜʦʙʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʜʚʠʛʘʣ ʇʝʪʨʦʛʨʘʜʩʢʠʡ ʭʫʜʦʞʥʠʢ ð

ʢʦʥʩʪʨʫʢʪʠʚʠʩʪ ʂʘʨʣ ʀʦʛʘʥʩʦʥ (1890ð1929). ʕʪʦʪ ʩʦʚʝʪʩʢʠʡ ʭʫʜʦʞʥʠʢ-

ʘʚʘʥʛʘʨʜʠʩʪ, ʧʨʝʜʩʪʘʚʠʣ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ ʜʣʷ ʛʣʘʚʥʦʡ ʚʳʩʪʘʚʢʠ 

ʨʫʩʩʢʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʠʟʤʘ ʚ 1921 ʛʦʜʫ. ʊʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʟʳʚʘʶʪ ʝʱʝ 

ʥʘʧʨʷʞʸʥʥʦʩʚʷʟʘʥʥʳʤʠ.  

ɺ 1948 ʛ. ʩʢʫʣʴʧʪʦʨ ʠ ʬʦʪʦʛʨʘʬ ʂʝʥʥʝʪ ʉʥʝʣʴʩʦʥ ʩʦʟʜʘʣ ʧʦʭʦʞʫʶ ʥʘ ʚʦʟ-

ʜʫʰʥʦʛʦ ʟʤʝʷ çʀʢʩʦʙʨʘʟʥʫʶ ʰʪʫʢʫè (X-Piece). ɺ 1968 ʛʦʜʫ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʵʪʦʪ ʞʝ ʧʨʠʥʮʠʧ, ʉʥʝʣʩʦʥ ʧʦʩʪʨʦʠʣ ʩʘʤʫʶ ʠʟʚʝʩʪʥʫʶ ʩʚʦʶ ʨʘʙʦʪʫ, 18-

ʤʝʪʨʦʚʫʶ ʀʛʦʣʴʯʘʪʫʶ ʙʘʰʥʶ. 

 

     
ɺʳʩʦʪʘ ʠ ʧʨʦʯʥʦʩʪʴ ʝʛʦ ʩʢʫʣʴʧʪʫʨ ʟʘʚʠʩʷʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʝʞʜʫ 

ʞʝʩʪʢʠʤʠ ʪʨʫʙʘʤʠ ʠ ʛʠʙʢʠʤʠ ʢʘʙʝʣʷʤʠ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʤʙʠʥʘʮʠʠ çpush and pullè (ʧʨʠʪʷʞʝʥʠʝ ʠ ʦʪʪʘʣʢʠʚʘʥʠʝ). 

ɸ ʪʝʨʤʠʥ ʪʝʥʩʝʛʨʠʪʠ ʧʨʝʜʣʦʞʠʣ ʘʤʝʨʠʢʘʥʩʢʠʡ ʘʨʭʠʪʝʢʪʦʨ ʠ ʠʥʞʝʥʝʨ 

ʈʠʯʘʨʜ ɹʘʢʩʠʥʩʪʝʨ ʌʫʣʣʝʨ. ʆʥ ʨʘʟʨʘʙʦʪʘʣ ʢʦʥʩʪʨʫʢʮʠʶ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʢʫʧʦʣʘ, ʧʦʣʫʩʬʝʨʳ, ʩʦʙʨʘʥʥʦʡ ʠʟ 
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ʪʝʪʨʘʵʜʨʦʚ. ʉ ʪʝʭ ʧʦʨ ʩʦʪʥʠ ʪʳʩʷʯ ʵʪʠʭ ʩʦʦʨʫʞʝʥʠʡ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚ ʨʘʟʥʳʭ 

ʪʦʯʢʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ. ʅʘʧʨʠʤʝʨ, ʄʦʥʨʝʘʣʴʩʢʘʷ ɹʠʦʩʬʝʨʘ (1967ʛ.)  

ʆʨʠʛʠʥʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʥʩʝʛʨʠʪʠ ʧʨʝʜʣʦʞʠʣ ʨʦʩʩʠʡʩʢʠʡ ʭʫʜʦʞʥʠʢ 

ɺʷʯʝʩʣʘʚ ʌʦʤʠʯ ʂʦʣʝʡʯʫʢ. ʉʘʤʘʷ ʟʥʘʤʝʥʠʪʘʷ, ʨʘʙʦʪʘ ʂʦʣʝʡʯʫʢʘ ð 

çʥʝʚʦʟʤʦʞʥʳʡè ʦʙʲʝʢʪ çʉʪʦʷʱʘʷ ʥʠʪʴè ð ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʷʥʫʱʫʶʩʷ ʩʥʠʟʫ ʚʚʝʨʭ ʩʪʨʫʥʫ, ʢʦʪʦʨʘʷ ʟʘʢʨʝʧʣʝʥʘ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ. 

ɼʝʨʞʘʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʠ ʥʝ ʧʘʜʘʪʴ ʝʡ ʧʦʤʦʛʘʝʪ ʩʠʩʪʝʤʘ ʧʨʦʪʠʚʦʚʝʩʦʚ ð 

ʛʠʙʢʠʭ ʩʪʘʣʴʥʳʭ ʣʝʧʝʩʪʢʦʚ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʝʛʦ ʩʪʘʣʴʥʘʷ ʥʠʪʴ ʩʪʦʷʣʘ, 

ʂʦʣʝʡʯʫʢ ʠʩʧʦʣʴʟʦʚʘʣ ʧʨʠʥʮʠʧ ʥʘʪʷʞʝʥʠʷ ʪʝʪʠʚʳ ʚ ʣʫʢʝ.  

ʅʝʢʦʪʦʨʳʝ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʫʜʘʨʥʳʤʠ ʤʫʟʳʢʘʣʴʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʦ ʟʚʫʯʘʪ.  

ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ  

ʊʝʥʩʝʛʨʠʪʠ (ʘʥʛʣ. tensegrity ʦʪ ʘʥʛʣ. tensional integrity ð ʩʦʝʜʠʥʝʥʠʝ ʧʫʪʸʤ 

ʥʘʪʷʞʝʥʠʷ) ð ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʩʪʝʨʞʥʝʡ ʠ ʪʨʦʩʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʩʪʝʨʞʥʠ ʨʘʙʦʪʘʶʪ ʥʘ ʩʞʘʪʠʝ, ʘ ʪʨʦʩʳ ð ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ʇʨʠ ʵʪʦʤ 

ʩʪʝʨʞʥʠ ʥʝ ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʥʦ ʚʠʩʷʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʨʘʩʪʷʥʫʪʳʤʠ ʪʨʦʩʘʤʠ.  

ʇʦʜʦʙʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʛʣʷʜʷʪ ʭʨʫʧʢʠʤʠ ʠ ʥʝʨʝʘʣʴʥʳʤʠ, ʥʦ ʦʥʠ 

ʫʜʠʚʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳ ʠ ʩʧʦʩʦʙʥʳ ʫʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʮʝʣʦʩʪʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝʤ ʩʠʣ 

ʥʘʪʷʞʝʥʠʷ (ʪ. ʝ. ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʩʠʣ ʩʦ ʩʪʦʨʦʥʳ ʪʨʦʩʦʚ) ʠ ʩʠʣ ʩʞʘʪʠʷ (ʪ. ʝ. ʩʠʣ, 

ʩʪʨʝʤʷʱʠʭʩʷ ʩʜʘʚʠʪʴ ʩʪʝʨʞʥʠ).  

ʋʚʝʣʠʯʝʥʠʝ ʥʘʪʷʞʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʪʨʦʩʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʥʘʪʷʞʝʥʠʡ ʚʦ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʞʘʪʠʷ ʨʘʩʧʦʨʦʢ. ʉʫʤʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʶ ʪʝʥʩʝʛʨʠʪʠ ʚ ʣʶʙʦʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ, ʨʘʚʥʘ 

ʥʫʣʶ.  

Ɇ(F1+F2+F3+é) = 0 

ɽʩʣʠ ʙʳ ʵʪʦ ʙʳʣʦ ʥʝ ʪʘʢ, ʚʩʷ ʩʪʨʫʢʪʫʨʘ ʩʣʦʞʠʣʘʩʴ ʙʳ, ʢʘʢ 

ʢʘʨʪʦʯʥʳʡ ʜʦʤʠʢ, ʠʣʠ ʥʘʦʙʦʨʦʪ - ʝʝ ʯʘʩʪʠ ʨʘʟʣʝʪʝʣʠʩʴ ʙʳ 

ʧʦʜʦʙʥʦ ʩʪʨʝʣʘʤ, ʚʳʧʫʱʝʥʥʳʤ ʠʟ ʣʫʢʘ. 

 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʥʩʝʛʨʠʪʠ 

V ɸʨʭʠʪʝʢʪʫʨʘ (ʤʦʩʪʳ, ʘʨʢʠ, ʢʫʧʦʣʘ) 

V ʀʩʢʫʩʩʪʚʦ  

V ɹʠʦʣʦʛʠʷ (ʙʠʦʪʝʥʩʝʛʨʠʪʠ) 

V ʈʦʙʦʪʦʪʝʭʥʠʢʘ  

V ɸʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ (ʤʘʯʪʳ, ʘʥʪʝʥʥʳ) 

V ɻʦʣʦʚʦʣʦʤʢʠ ʠ ʠʛʨʫʰʢʠ 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʄʦʜʝʣʴ 1 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʵʪʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʝʨʝʚʷʥʥʳʝ ʧʘʣʦʯʢʠ ʠ 

ʢʘʥʮʝʣʷʨʩʢʠʝ ʨʝʟʠʥʢʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʟʠʥʢʠ ʥʝ ʩʦʩʢʘʣʴʟʳʚʘʣʠ, ʥʘ ʪʦʨʮʘʭ 
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ʧʘʣʦʯʝʢ ʷ ʩʜʝʣʘʣ ʜʚʘ ʢʨʝʩʪʦʦʙʨʘʟʥʳʭ ʧʨʦʧʠʣʘ. ʆʙʨʘʙʦʪʘʣ ʧʘʣʦʯʢʠ ʥʘʞʜʘʯʥʦʡ 

ʙʫʤʘʛʦʡ ʠ ʚʦʩʢʦʤ ʜʣʷ ʤʝʙʝʣʠ. 

 

   
 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʩʦʙʠʨʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʥʩʝʛʨʠʪʠ, ʠʩʧʦʣʴʟʫʷ 

ʧʘʣʦʯʢʠ ʠ ʨʝʟʠʥʢʠ ʢʘʢ ʢʦʥʩʪʨʫʢʪʦʨ.  

ʄʦʜʝʣʴ 2 

ʅʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʪʝʥʩʝʛʨʠʪʠ ʷ ʨʘʟʨʘʙʦʪʘʣ ʚ ʧʨʦʛʨʘʤʤʝ tinkercad ʠ ʂʦʤʧʘʩ-

3D. ʆʜʥʘ ʠʟ ʥʠʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʥʮʠʧ ʫʩʪʦʡʯʠʚʦʩʪʠ ʆʩʪʘʥʢʠʥʩʢʦʡ 

ʪʝʣʝʙʘʰʥʠ. ʀʤʝʥʥʦ ʥʘʪʷʞʥʳʝ ʪʨʦʩʳ ʩʚʷʟʳʚʘʶʪ ʚʦʝʜʠʥʦ ʚʩʶ ʢʦʥʩʪʨʫʢʮʠʶ 

ʙʘʰʥʠ. ʊʨʦʩʳ ʧʨʠʜʘʶʪ ʫʧʨʫʛʦʩʪʴ ʠ ʩʪʦʡʢʦʩʪʴ çʩʪʝʙʣʶè ʙʘʰʥʠ, ʠ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʝʡ ʩʠʣʴʥʦ ʨʘʩʢʘʯʠʚʘʪʴʩʷ ʦʪ ʚʝʪʨʘ. ɺʦ ʚʨʝʤʷ ʧʦʞʘʨʘ (27.08.2000) 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʣʘ 5000ʉ, ʠʟ 149 ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʥʳʭ ʢʘʥʘʪʦʚ ʥʝ 

ʦʙʦʨʚʘʣʠʩʴ ʣʠʰʴ 29. ʀ ʙʘʰʥʷ ʫʩʪʦʷʣʘ!  

ʇʨʠʤʝʨ-ʦʙʨʘʟʝʮ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʘʰʥʠ ʙʳʣ ʧʦʩʪʨʦʝʥ ʚ tinkercad ʠ ʥʘʧʝʯʘʪʘʥ ʥʘ 

3D ʧʨʠʥʪʝʨʝ ʚ ʢʦʣʠʯʝʩʪʚʝ 18 ʰʪ. ʇʦʢʘ ʪʨʦʩ ʚʥʫʪʨʠ ʥʘʪʷʥʫʪ, ʙʘʰʥʷ ʫʩʪʦʡʯʠʚʘ. 

 

   
 

ʄʦʜʝʣʴ 3 

ʇʦʜʩʪʘʚʢʠ ʪʝʥʩʝʛʨʠʪʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ tinkercad ʠ ʂʦʤʧʘʩ-3D. 

ʇʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʙʳʣʠ ʨʘʩʧʝʯʘʪʘʥʥʳ ʥʘ 3D ʧʨʠʥʪʝʨʝ ʚ ʜʚʦʡʥʦʤ 

ʵʢʟʝʤʧʣʷʨʝ. ɹʫʣʘʚʦʯʥʳʝ ʢʦʣʴʮʘ ʜʣʷ ʢʨʝʧʣʝʥʠʡ ʙʳʣʠ ʚʧʣʘʚʣʝʥʳ ʚ ʦʩʥʦʚʘʥʠʝ, 

ʠ ʩʢʨʝʧʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʥʠʪʝʡ. ʇʦʣʫʯʠʣʠʩʴ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ɺʳʚʦʜ 

ɺ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʤʥʝ ʫʜʘʣʦʩʴ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʧʨʠʥʮʠʧʝ ʪʝʥʩʝʛʨʠʪʠ, 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʥʳʝ ʦʙʣʘʩʪʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʪʝʥʩʝʛʨʠʪʠ ʵʪʦ ʥʝ 

ʤʘʛʠʷ ʠ ʥʝ ʰʘʨʣʘʪʘʥʩʪʚʦ, ʘ ʫʜʠʚʠʪʝʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʠʜʫʤʘʥʥʘʷ 

ʠʥʞʝʥʝʨʘʤʠ ï ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʠ ʭʫʜʦʞʥʠʢʘʤʠ. ʆʥʘ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʩʪʘʝʪʩʷ ʫʜʠʚʠʪʝʣʴʥʦ 

ʧʨʦʯʥʦʡ. 

ʄʥʝ ʫʜʘʣʦʩʴ ʧʦʚʪʦʨʠʪʴ ʥʝʢʦʪʦʨʳʝ, ʫʞʝ çʢʣʘʩʩʠʯʝʩʢʠʝè ʝʝ ʤʦʜʝʣʠ ʠʟ 

ʧʦʜʨʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɸ ʪʘʢ ʞʝ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʩʦʙʨʘʪʴ ʩʚʦʠ ʤʦʜʝʣʠ 

ʪʝʥʩʝʛʨʠʪʠ. ɻʠʧʦʪʝʟʘ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʜʠʣʘʩʴ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʷ ʧʣʘʥʠʨʫʶ ʧʨʦʜʦʣʞʠʪʴ ʵʪʫ ʪʝʤʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʥʩʝʛʨʠʪʠ ʚ ʢʦʩʤʦʩʝ. ʄʥʝ ʢʘʞʝʪʩʷ ʵʪʦ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. 

ʇʨʠʥʮʠʧ ʪʝʥʩʝʛʨʠʪʠ ʤʦʞʝʪ ʧʦʤʦʯʴ ʯʝʣʦʚʝʯʝʩʪʚʫ ʵʢʦʥʦʤʠʪʴ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʥʝ 

ʪʦʣʴʢʦ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘ ɿʝʤʣʝ, ʥʦ ʠ ʧʨʠ ʦʩʚʦʝʥʠʠ ʜʨʫʛʠʭ ʧʣʘʥʝʪ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʊʘʥʩʝʛʨʠʪʠ ʚ ʥʘʫʢʝ, ʠʩʢʫʩʩʪʚʝ ʠ ʪʝʭʥʠʢʝ: [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: 

https://castaneda.ru/books-about-tensegrity/ 

2. ʉʪʘʙʠʣʴʥʦʩʪʴ ʩʪʝʨʞʥʝʡ ʠ ʪʨʦʩʦʚ: ʢʘʢ ʨʘʟʚʠʚʘʣʘʩʴ ʠʩʪʦʨʠʷ ʪʝʥʩʝʛʨʠʪʠ: 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: https://www.ridus.ru/stabilnost-sterzhnej-i-trosov--

kak-razvivalas-istoriya-tensegriti-354667.html 

https://castaneda.ru/books-about-tensegrity/
https://www.ridus.ru/stabilnost-sterzhnej-i-trosov--kak-razvivalas-istoriya-tensegriti-354667.html
https://www.ridus.ru/stabilnost-sterzhnej-i-trosov--kak-razvivalas-istoriya-tensegriti-354667.html


75 
 

3. ʊʝʥʩʝʛʨʠʪʠ-ʘʨʭʠʪʝʢʪʫʨʘ ʄʘʢʘʨʦʚʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: 

https://docs.yandex.ru/docs/view?tm=1671964870&tld=ru&lang=ru&name=te

nsegrity_v_arhitekture.pdf&text=ʪʝʥʩʝʛʨʠʪʠ%20ʚ%20ʘʨʭʠʪʝʢʪʫʨʝ&url 

4. ʅʠʢʦʣʘʡ ɺʘʩʠʣʴʝʚʠʯ ʅʠʢʠʪʠʥ, ʟʘʙʳʪʳʡ ʛʝʥʠʡ ʩʦʚʝʪʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: https://dzen.ru/a/Y5tSuintHg-6o2lM 

5. ʄʷʛʢʠʝ ʪʝʥʩʝʛʨʠʪʠ-ʨʦʙʦʪʳ: [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: 

https://castaneda.ru/soft-tensegrity-robots/ 

 

 

 

 

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʄʆʉʊʆɺʓʍ ʆʇʆʈ 

ʂʦʤʘʨʦʚ ʅ.ʉ. 

ʄɸʆʋ ʉʆʐ ˉ25, ʛ. ɹʘʣʘʢʦʚʦ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄʘʭʥʝʚʘ ɼ.ɸ. 

 

ɹʘʣʘʢʦʚʦ ï ʢʨʫʧʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʮʝʥʪʨ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʧʦʚʦʣʞʩʢʦʤ 

ʛʦʨʦʜʝ, ʥʘʭʦʜʠʪʩʷ ʘʪʦʤʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ɻʕʉ, ʊʕʎ, ɹʌ ɸʆ "ɸʧʘʪʠʪ" ʠ ʩ 

ʜʝʩʷʪʦʢ ʜʨʫʛʠʭ ʢʨʫʧʥʳʭ ʟʘʚʦʜʦʚ. ʆʜʥʠʤ ʩʣʦʚʦʤ, ʩ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʩʢʘʯʢʘ, ʛʦʨʦʜ ʩʨʘʟʫ ʞʝ ʥʘʯʘʣ ʥʫʞʜʘʪʴʩʷ ʚ ʛʨʘʤʦʪʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ, ʰʣʶʟʦʚʦʡ ʤʦʩʪ ʙʳʣ ʝʜʠʥʩʪʚʝʥʥʦʡ ʘʨʪʝʨʠʝʡ 

ʩʦʝʜʠʥʷʶʱʠʡ ʜʚʝ ʯʘʩʪʠ ʛʦʨʦʜʘ ʤʝʞʜʫ ʩʦʙʦʡ. ʍʦʪʷ ʠʟʥʘʯʘʣʴʥʦ, ʛʦʨʦʜ 

ʧʣʘʥʠʨʦʚʘʣʩʷ ʩ ʜʚʫʤʷ ʤʦʩʪʘʤʠ. 

ɺ ʤʦʩʪʦʩʪʨʦʝʥʠʠ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʤʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʨʘʙʦʪʳ ʧʦ ʚʦʟʚʝʜʝʥʠʶ ʦʧʦʨ. ɿʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʦʧʦʨ ʤʦʩʪʦʚ, ʩʦʢʨʘʱʝʥʠʷ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʜʦʣʞʥʳ ʨʝʰʘʪʴʩʷ ʫʞʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ 

ʪʠʧʘ ʦʧʦʨʳ, ʦʧʪʠʤʠʟʘʮʠʠ ʝʝ ʵʣʝʤʝʥʪʦʚ, ʫʯʝʪʘ ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʥʘʟʥʘʯʝʥʠʷ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʩʪʦʚʳʭ ʦʧʦʨ, 

ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʠʝ ʥʘ ʦʧʦʨʳ ʤʦʩʪʘ. 

ʀʩʭʦʜʷ ʠʟ ʮʝʣʠ ʩʚʦʝʡ ʨʘʙʦʪʳ, ʷ ʩʪʘʚʣʶ ʩʣʝʜʫʶʱʠʝ 

ɿʘʜʘʯʠ: 

¶ ʩʦʙʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʠ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʧʦ ʙʣʦʢʘʤ; 

¶ ʦʧʨʝʜʝʣʠʪʴ ʩʘʤʳʡ ʥʘʜʸʞʥʳʡ ʩʧʦʩʦʙ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʩʪʘ, ʚʳʷʩʥʠʪʴ ʢʘʢ 

ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʝʛʦ ʦʧʦʨ; 

¶ ʧʨʦʚʝʩʪʠ ʨʘʩʯʸʪ ʧʨʦʯʥʦʩʪʠ ʘʨʤʘʪʫʨʥʳʭ ʢʘʨʢʘʩʦʚ ʠ ʩʦʩʪʘʚʠʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥr ʡ ʘʥʘʣʠʟ ʠʩʧʳʪʫʝʤʳʭ ʦʙʨʘʟʦʚ. 

¶ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʨʤʳ ʦʧʦʨ ʤʦʩʪʘ. 

https://docs.yandex.ru/docs/view?tm=1671964870&tld=ru&lang=ru&name=tensegrity_v_arhitekture.pdf&text=тенсегрити%20в%20архитектуре&url
https://docs.yandex.ru/docs/view?tm=1671964870&tld=ru&lang=ru&name=tensegrity_v_arhitekture.pdf&text=тенсегрити%20в%20архитектуре&url
https://dzen.ru/a/Y5tSuintHg-6o2lM
https://castaneda.ru/soft-tensegrity-robots/
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ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʦʚʭr ʦʧʦʨ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʝʢʪʘ: ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʟʥʘʥʠʡ ʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨʘʭ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ, ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʦʩʪʦʚ. 

ʇʦʠʩʢʦʚʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʶʪʩʷ: 

¶ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ;  

¶ ʥʘʙʣʶʜʝʥʠʝ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ; 

¶ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʬʦʪʦʩʲʸʤʢʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ: ʌʠʟʠʢʘ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʥʘʫʢʘ. ʆʛʨʦʤʥʘʷ ʨʦʣʴ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʪʚʦʜʠʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʵʬʬʝʢʪʦʚ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʫʚʠʜʝʪʴ ʢʘʢ ʬʦʨʤʘ ʦʧʦʨ ʚʣʠʷʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʘ. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ʄʦʩʪʳ - ʥʝʦʪʲʝʤʣʝʤʳʡ ʘʪʨʠʙʫʪ ʧʦʯʪʠ ʢʘʞʜʦʡ ʨʝʢʠ, ʦʥʠ ʧʦʤʦʛʘʶʪ 

ʧʨʝʦʜʦʣʝʚʘʪʴ ʧʨʝʧʷʪʩʪʚʠʷ, ʙʣʘʛʦʜʘʨʷ ʠʤ ʨʘʩʩʪʦʷʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʴʰʝ. 

ʆʩʥʦʚʥʳʤʠ ʜʝʪʘʣʷʤʠ ʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʶʪʩʷ ʧʨʦʣʸʪʳ ʠ ʦʧʦʨʳ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʚʝʜʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ ʠ 

ʫʪʚʝʨʞʜʝʥʥʳʭ ʟʘʢʘʟʯʠʢʦʤ ʦʙʦʩʥʦʚʘʥʠʡ ʠʥʚʝʩʪʠʮʠʡ (ʆʀ) ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʩʦʦʨʫʞʝʥʠʷ.  

ʇʨʠ ʜʚʫʭ ʩʪʘʜʠʡʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʦʩʪʘʚʣʷʝʪʩʷ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ (ʊʕʆ). ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʊʕʆ ʩʦʩʪʘʚʣʷʝʪʩʷ ʨʘʙʦʯʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ (ʈɼ).  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʦʧʦʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʫʩʣʦʚʠʷ ʤʝʩʪʘ 

ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ.  

ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʙʦʯʠʝ ʯʝʨʪʝʞʠ ʦʧʦʨ, 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʘʩʯʝʪʘʤʠ 

ʆʧʦʨʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʦʩʪʘ. ʀʭ 

ʩʪʦʠʤʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 60 - 70 % ʦʪ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʤʦʩʪʘ, ʩʦʦʨʫʞʝʥʠʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʦ, ʯʝʤ ʩʦʦʨʫʞʝʥʠʝ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʟʚʠʪʠʷ ʤʦʩʪʦʚʳʭ ʦʧʦʨ: 

1. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʠʧʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ; 

2. ʆʨʠʝʥʪʘʮʠʷ ʥʘ ʦʙʣʝʛʯʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ; 

3. ʆʪʢʘʟ ʦʪ ʛʨʘʥʠʪʥʦʡ ʦʙʣʠʮʦʚʢʠ; 

4. ʈʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʦʚ ʢʦʪʣʦʚʘʥʥʳʭ ʨʘʙʦʪ; 

5. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʩʙʦʨʥʦʩʪʠ ʦʧʦʨ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʙʣʦʢʦʚ 

ʟʘʚʦʜʩʢʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʋʢʨʫʧʥʝʥʠʝ ʙʣʦʢʦʚ% 

6. ɸʢʪʠʚʠʟʘʮʠʷ ʧʦʠʩʢʦʚ ʧʫʪʝʡ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʦʢʨʘʱʝʥʠʷ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʦʧʦʨ ʠ ʪʨʫʜʦʝʤʢʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚ. 

ʉʚʘʡʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʦʧʦʨʳ ʩʦʩʪʦʷʪ ʠʟ ʩʚʘʡ - ʦʩʥʦʚʥʳʭ ʥʝʩʫʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʥʘʩʘʜʦʢ (ʨʠʛʝʣʝʡ), ʦʙʲʝʜʠʥʷʶʱʠʭ ʩʚʘʠ ʧʦʚʝʨʭʫ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʥʘʩʘʜʢʠ ʙʝʪʦʥʠʨʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʜʬʝʨʤʝʥʥʳʤʠ ʧʣʦʱʘʜʢʘʤʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʦʧʦʨʥʳʭ ʯʘʩʪʝʡ. 
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ʇʈɸʂʊʀʏɽʉʂɸʗ ʏɸʉʊʔ 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʢʘʨʢʘʩʥʳʭ ʦʧʦʨ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʙʘʟʝ 

ɻɸʇʆʋ ʉʆ çɹʘʣʘʢʦʚʩʢʠʡ ʧʨʦʤʳʰʣʝʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʡ ʪʝʭʥʠʢʫʤ ʠʤ. ʅ.ɺ. 

ɻʨʠʙʘʥʦʚʘè ʚ ʤʘʩʪʝʨʩʢʦʡ ʧʦʜ ʯʝʪʢʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʤʘʩʪʝʨʘ ʩʚʘʨʦʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʈʝʟʥʠʢʘ ɸʣʝʢʩʝʷ ʖʨʴʝʚʠʯʘ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʜʚʘ ʤʘʢʝʪʘ ʤʦʩʪʦʚʳʭ 

ʩʚʘʡ: ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʢʘʨʢʘʩʦʚ ʩʚʘʡ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘ ʙʘʟʝ ɹʘʣʘʢʦʚʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʬʠʣʠʘʣʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

çʄʀʌʀè ʦʧʳʪʥʳʤ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʧʝʮʠʘʣʠʩʪʦʤ ɹʦʡʯʫʢ ʉʝʨʛʝʝʤ 

ɺʘʩʠʣʴʝʚʠʯʝʤ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ ʈ-50. 

ʎʝʣʴ ʠʩʧʳʪʘʥʠʷ: ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʚʠʜʘ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʨʢʘʩʘ ʩʚʘʡ ʠ ʚʳʷʚʠʤ 

ʢʘʢʘʷ ʠʟ ʥʠʭ ʦʢʘʞʝʪʩʷ ʩʘʤʦʡ ʧʨʦʯʥʦʡ.  

ʀʩʧʳʪʘʥʠʝ ʥʘ ʩʞʘʪʠʝ: ʅʘ ʩʞʘʪʠʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʳʪʘʥʳ ʦʙʨʘʟʮʳ ʠʣʠ 

ʠʟʜʝʣʠʷ ʣʶʙʦʡ ʬʦʨʤʳ, ʢʦʥʮʳ ʢʦʪʦʨʳʭ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʥʘʨʫʞʥʫʶ ʦʢʨʫʞʥʦʩʪʴ 

ʦʧʦʨ.  

ɺʳʚʦʜ ʠʩʧʳʪʘʥʠʷ: ʂʦʥʩʪʨʫʢʮʠʷ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʧʨʦʬʠʣʝʤ ʢʘʨʢʘʩʘ 

ʚʳʜʝʨʞʘʣʘ 650 ʢʛ, ʢʦʥʩʪʨʫʢʮʠʷ ʩ ʪʨʝʫʛʦʣʴʥʳʤ ʧʨʦʬʠʣʝʤ 950 ʢʛ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʨʫʙʯʘʪʳʝ ʩʚʘʠ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʤʠ ʠ ʧʦʵʪʦʤʫ ʠʭ ʠʩʧʦʣʴʟʫʶʪ ʥʘ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʫʯʘʩʪʢʘʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʠʩʪʦʨʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʩʪʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠ ʠʭ ʧʦʩʪʨʦʡʢʝ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɼʦʢʘʟʘʣ, ʯʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʦʩʪʦʚ ï 

ʦʜʥʘ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʪʝʤ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ. 

 

 

 

 

 

ʇʈʀʄɽʅɽʅʀɽ ʊɽʍʅʆʃʆɻʀʁ ʉɺʉ ɼʃʗ ʇʆʃʋʏɽʅʀʗ ɹʆʈʀɼʆɺ 

ɺʆʃʔʌʈɸʄɸ 

ʂʫʮʘʥʦʚ ʊʠʤʦʬʝʡ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ 

ʊʇʋ, 10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʘʣʘʯʢʦʚ ʄʘʢʩʠʤ ʄʠʭʘʡʣʦʚʠʯ 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʟʘʛʦʪʦʚʦʢ ʠʟ ʙʦʨʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʉɺʉ, ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʨʘʜʠʘʮʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ 

ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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- ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ 

(ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʝʛʦ ʧʨʦʪʝʢʘʥʠʷ); 
- ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʟʘʛʦʪʦʚʦʢ ʦʪ ʜʘʚʣʝʥʠʷ 

ʧʨʝʩʩʦʚʘʥʠʷ; 
- ʠʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʙʦʨʠʜʘ ʚʦʣʴʬʨʘʤʘ ʧʝʨʝʜ ʩʚʠʥʮʦʤ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʦʪ ʨʘʜʠʘʮʠʠ. 
ɻʠʧʦʪʝʟʘ: ʤʝʪʦʜ ʉɺʉ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʵʢʨʘʥʳ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʨʘʜʠʘʮʠʠ 

ʠʟ ʙʦʨʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʦʙʣʘʜʘʶʱʠʝ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ, ʯʝʤ ʩʚʠʥʮʦʚʳʝ ʠ 

ʚʦʣʴʬʨʘʤʦʚʳʝ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʩʪʘʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʟʘʛʦʪʦʚʢʠ ʠ 

ʛʨʘʬʠʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʦʪ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʜʠʥ 

ʠʟ ʥʠʭ ï ʟʘʱʠʪʘ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʨʘʟʥʳʝ ʚʠʜʳ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ɺ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʨʠʜ ʚʦʣʴʬʨʘʤʘ, ʪʘʢ ʢʘʢ 

ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ, ʢʨʦʤʝ ʚʦʣʴʬʨʘʤʘ ï ʭʦʨʦʰʝʛʦ ʧʦʛʣʦʪʠʪʝʣʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, 

ʩʦʜʝʨʞʠʪ ʝʱʸ ʠ ʙʦʨ, ʠʤʝʶʱʠʡ ʙʦʣʴʰʦʝ ʩʝʯʝʥʠʝ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʦʚ [1]. ʇʨʦʙʣʝʤʘ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʦʯʝʥʴ ʤʥʦʛʦ ʪʝʧʣʦʪʳ ʠ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʟʘʪʨʘʪʘʤ ʥʘ ʩʠʥʪʝʟ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʜʦʨʦʛʦʚʠʟʥʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʨʘʥʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʤʝʥʝ ʠʭ 

ʩʚʠʥʮʦʚʳʤʠ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʵʪʦʛʦ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʜʘʣʝʝ ï ʉɺʉ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚ ʥʘʰʠ ʜʥʠ. 

ʉɺʉ ï ɻ ʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʢʘʨʙʠʜʦʚ, ʥʠʪʨʠʜʦʚ, ʙʦʨʠʜʦʚ ʠ ʪ.ʜ.) ʧʫʪʸʤ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʱʝ ʛʦʚʦʨʷ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʧʨʝʩʩʦʚʘʥʥʫʶ ʩʤʝʩʴ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʧʦʜʞʠʛʘʶʪ ʥʘ ʢʘʢʦʤ-

ʪʦ ʦʧʨʝʜʝʣʸʥʥʦʤ ʫʯʘʩʪʢʝ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʧʣʘʤʝʥʝʥʠʶ 

ʩʦʩʝʜʥʠʭ ʫʯʘʩʪʢʦʚ ʠ ʪ.ʜ. ʆʙʨʘʟʫʝʪʩʷ ʷʨʢʦ ʩʚʝʪʷʱʠʡʩʷ ʬʨʦʥʪ ʛʦʨʝʥʠʷ, ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʦ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʠ ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ 

ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ - ʪʨʝʙʫʝʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʊʠʧʠʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʨʝʘʢʮʠʡ ʉɺʉ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Ti ʠ C, Ti 

ʠ N. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʫ ʉɺʉ-ʨʝʘʢʮʠʶ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ: 

 

Ti + C = TiC + Q, Q = 3840 ʢɼʞ/ʂ. 

 

ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ: 
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ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʤʝʪʦʜʦʤ ʉɺʉ 

ʇʨʘʢʪʠʯʝʩʢʠ ʪʘʢ ʞʝ ʧʦʣʫʯʘʶʪ ʠ ʥʠʪʨʠʜ ʪʠʪʘʥʘ ï ʚʝʱʝʩʪʚʦ, ʧʦ ʮʚʝʪʫ ʦʯʝʥʴ 

ʧʦʭʦʞʝʝ ʥʘ ʟʦʣʦʪʦ (ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʙʝʟ ʧʨʠʤʝʩʝʡ). ʈʘʟʣʠʯʠʝ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʯʝʨʝʟ ʧʦʨʦʰʦʢ ʪʠʪʘʥʘ ʧʨʦʧʫʩʢʘʶʪ ʛʘʟʦʦʙʨʘʟʥʳʡ ʘʟʦʪ: 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ ʤʝʪʦʜʦʤ ʉɺʉ 

ʉʝʛʦʜʥʷ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʝ ʪʦʣʴʢʦ ʧʨʦʠʟʚʦʜʷʪ ʤʥʦʛʠʝ ʦʯʝʥʴ 

ʧʦʣʝʟʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʦ ʠ ʥʘʥʦʩʷʪ ʨʘʟʣʠʯʥʳʝ ʧʦʢʨʳʪʠʷ, ʩʦʝʜʠʥʷʶʪ ʜʝʪʘʣʠ ʠ ʪ.ʜ. 

ʉɺʉ-ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʱʝʩʪʚʫʶʪ ʚ ʙʦʣʝʝ ʯʝʤ 50 ʩʪʨʘʥʘʭ, ʥʦ ʚʝʜʫʱʘʷ ʨʦʣʴ ʚ 

ʨʘʟʚʠʪʠʠ ʠ ʦʩʚʦʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʧʨʘʚʫ ʧʨʠʥʘʜʣʝʞʠʪ ʥʘʰʝʡ 

ʩʪʨʘʥʝ. 

ʇʦʤʠʤʦ ʤʝʪʦʜʘ ʉɺʉ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ 

ʤʦʥʦʣʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʦʨʦʰʢʦʚ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʧʦʨʦʰʢʦʚʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ. ʅʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʛʨʦʤʦʟʜʢʦʝ 
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ʦʙʦʨʫʜʦʚʘʥʠʝ (ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ), ʘ ʚ ʩʣʫʯʘʝ ʉɺʉ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʯʝʛʦ, ʢʨʦʤʝ ʧʦʜʭʦʜʷʱʝʛʦ ʩʦʩʫʜʘ ʠ ʚʦʣʴʬʨʘʤʦʚʦʡ ʩʧʠʨʘʣʠ ʜʣʷ 

ʠʥʠʮʠʘʮʠʠ (ʧʦʜʞʠʛʘʥʠʷ) ʩʤʝʩʠ. ʕʪʦ, ʥʘʨʷʜʫ ʩ ʤʘʣʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠ 

ʚʨʝʤʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʙʝʩʩʧʦʨʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʜʣʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [2, 3]. 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʚʟʷʪʳ ʧʦʨʦʰʢʠ ʚʦʣʴʬʨʘʤʘ ʠ ʙʦʨʘ ʚ ʤʦʣʷʨʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1,1 (ʠʟ-ʟʘ ʥʝʙʦʣʴʰʠʭ ʧʨʠʤʝʩʝʡ ʤʘʛʥʠʷ), ʢʦʪʦʨʳʝ 

ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ ʢʫʙʠʯʝʩʢʦʤ ʩʤʝʩʠʪʝʣʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʜʥʦʨʦʜʥʦʡ ʩʤʝʩʠ. ʄʘʩʩʘ ʩʤʝʩʠ ʩʦʩʪʘʚʠʣʘ 100 ʛ. ɿʘʪʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ 

ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʦʨʮʠʠ ʜʘʥʥʦʡ ʩʤʝʩʠ, ʢʘʞʜʘʷ ʤʘʩʩʦʡ 5 ʛ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 

ʢɻʩʧʝʨʠʤʝʥʪʦʚ ʩʤʝʩʴ ʩʧʨʝʩʩʦʚʳʚʘʣʘʩʴ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʜʘʚʣʝʥʠʷʤʠ (ʦʪ 50 ʜʦ 

250 ʄʇʘ) ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ ʩ ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ 5 ʤʠʥʫʪ ʜʣʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ. ɼʘʣʝʝ ʫ ʧʦʣʫʯʝʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʤ  rʠʟʤʝʨʠʣʠ ʜʠʘʤʝʪʨ 

ʠ ʪʦʣʱʠʥʫ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʳ. ɿʘʛʦʪʦʚʢʠ ʙʳʣʠ 

ʧʦʤʝʱʝʥʳ ʚ ʩʦʩʫʜ, ʢʦ ʜʥʫ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʨʠʢʨʝʧʣʝʥʘ ʥʠʭʨʦʤʦʚʘʷ ʧʨʦʚʦʣʦʢʘ ʩ 

ʚʳʚʦʜʘʤʠ ʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣʘ ʠʥʠʮʠʠʨʦʚʘʥʘ ʉɺʉ-ʨʝʘʢʮʠʷ ʛʦʨʝʥʠʷ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʘʛʦʪʦʚʦʢ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʀʂ-ʧʠʨʦʤʝʪʨʦʤ. ʇʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʪʘʙʣʝʪʢʠ ʠʟʤʝʨʷʣʠʩʴ ʧʦʚʪʦʨʥʦ. 

 

 ʘ) ʙ) ʚ) 

ʈʠʩ.3 ʀʩʧʦʣʴʟʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

ʘ) ï ʢʫʙʠʯʝʩʢʠʡ ʩʤʝʩʠʪʝʣʴ; ʙ) ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʝʩʩ; ʚ) ï ʀʂ-ʧʠʨʦʤʝʪʨ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʜʦ ʠ ʧʦʩʣʝ 

ʩʠʥʪʝʟʘ (ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ). 
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ʈʠʩ.4 ʊʝʨʤʦʛʨʘʤʤʳ ʩʠʥʪʝʟʘ ʦʙʨʘʟʮʦʚ 

 

 
ʈʠʩ.5 ɺʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʟʘʛʦʪʦʚʢʠ ʜʦ ʠ ʧʦʩʣʝ ʩʠʥʪʝʟʘ 

ʀʟ ʛʨʘʬʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1492 ʜʦ 1593 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ, ʠ ʵʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʊʘʢʞʝ ʠʟ 

ʛʨʘʬʠʢʘ ʧʣʦʪʥʦʩʪʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 7 ʛʨʘʤʤʦʚ ʥʘ ʢʫʙʠʯʝʩʢʠʡ ʩʘʥʪʠʤʝʪʨ, ʯʪʦ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʤʝʥʴʰʝ 

ʧʣʦʪʥʦʩʪʠ ʩʚʠʥʮʘ ʠ ʧʦʯʪʠ ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝ ʧʣʦʪʥʦʩʪʠ ʯʠʩʪʦʛʦ ʚʦʣʴʬʨʘʤʘ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʤʝʩʪʦ ʩʚʠʥʮʦʚʳʭ ʠ ʚʦʣʴʬʨʘʤʦʚʳʭ ʵʢʨʘʥʦʚ ʪʘʢʠʝ ʞʝ, ʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ 

ʙʦʨʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʦʥʠ ʙʫʜʫʪ ʟʘʱʠʱʘʪʴ ʦʪ ʜʚʫʭ ʚʠʜʦʚ ʠʟʣʫʯʝʥʠʷ 

(ʛʘʤʤʘ- ʠ ʥʝʡʪʨʦʥʥʦʛʦ), ʘ ʚʦ-ʚʪʦʨʳʭ, ʠʭ ʤʦʞʥʦ ʙʫʜʝʪ ʚʳʧʫʩʢʘʪʴ ʚ ʙʦʣʴʰʝʤ 
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ʢʦʣʠʯʝʩʪʚʝ ʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʯʝʤ ʩʚʠʥʮʦʚʳʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʙʫʜʫʪ ʚ 1,5 ʨʘʟʘ 

ʣʝʛʯʝ ʩʚʠʥʮʦʚʳʭ ɻ ʢʨʘʥʦʚ ʪʘʢʦʛʦ ʞʝ ʦʙʲʸʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʜʚʠʥʫʪʘʷ ʛʠʧʦʪʝʟʘ 

ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʜʠʣʘʩʴ. 
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3. ɽ.ɸ. ʃʝʚʘʰʦʚ, ɸ.ʉ.ʈʦʛʘʯʝʚ, ɺ.ʀ.ʖʭʚʠʜ, ʀ.ʇ.ɹʦʨʦʚʠʥʩʢʘʷ. ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ. ʄʦʩʢʚʘ: ɿɸʆ "ʀʟʜʘʪʝʣʴʩʪʚʦ ɹʀʅʆʄ", 

1999, 176 ʩ. 

 

 

 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʇʊʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʓʍ ʌʆʊʆʈɽɿʀʉʊʆʈʆɺ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ 

ʂʆʅʎɽʅʊʈɸʎʀʀ ʆʂʈɸʐɽʅʅʓʍ ʈɸʉʊɺʆʈʆɺ 

ʂʫʰʥʘʨʸʚ ʇʘʚʝʣ ɸʣʝʢʩʝʝʚʠʯ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʛ. ʆʤʩʢʘ  

çʃʠʮʝʡ ˉ 64è, 9 ʢʣʘʩʩ  

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃʝʤʝʰʢʦ ʉʚʝʪʣʘʥʘ ʕʜʫʘʨʜʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

 

ʅʝʬʪʝʛʘʟʦʚʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʦʪʨʘʩʣʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʥʠ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʨʠʙʦʨʦʚ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ï ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ 

ʬʦʪʦʨʝʟʠʩʪʦʨ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʩʪʦʛʦ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ 

ʥʝʜʦʨʦʛʦʛʦ ʚ ʮʝʥʝ ʧʨʠʙʦʨʘ, ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʠʭ ʩʨʝʜ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʬʦʪʦʨʝʟʠʩʪʦʨ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʨʘʰʝʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ.  

ʎʝʣʴ ʨʘʙʦʪʳ - ʩʦʟʜʘʪʴ ʧʨʠʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʨʘʰʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. 
ɹʳʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ 3 ʟʘʜʘʯʠ:  

1. ʀʟʫʯʠʪʴ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʬʦʪʦʨʝʟʠʩʪʦʨʘ  

2. ʀʟʛʦʪʦʚʠʪʴ ʜʝʡʩʪʚʫʶʱʠʡ ʧʨʠʙʦʨ. 
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3. ʇʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʨʠʙʦʨʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʨʘʰʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʙʦʨ, ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʢʦʪʦʨʦʛʦ ï 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʨʘʰʝʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʬʦʪʦʨʝʟʠʩʪʦʨ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʬʦʪʦʵʬʬʝʢʪʦʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ, ʵʤʧʠʨʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ: ʧʦʠʩʢ ʠ ʠʟʫʯʝʥʠʝ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʙʣʶʜʝʥʠʝ, ʩʨʘʚʥʝʥʠʝ, 

ʘʥʘʣʠʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʩʪʨʦʝʥʠʝ ʪʘʙʣʠʮ ʠ ʛʨʘʬʠʢʦʚ. 

ʎʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ 

ʣʘʙʦʨʘʪʦʨʠʠ, ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʬʪʠ-ʛʘʟʦʚʦʛʦ ʧʨʦʬʠʣʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʜʚʘ ʵʪʘʧʘ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʦʝʢʪʘ. 

ʌʦʪʦʨʝʟʠʩʪʦʨ ï ʵʪʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʩʚʝʱʝʥʠʷ [1]. ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʭʦʨʦʰʝʡ 

ʥʘʜʸʞʥʦʩʪʠ ʠ ʚʳʩʦʢʦʤ ʧʦʨʦʛʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

ʉʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ. 

ɺ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʣʝʞʠʪ ʷʚʣʝʥʠʝ 

ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʇʨʠʯʠʥʦʡ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ð ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʠ ʚ ʩʣʝʜʩʪʚʠʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʫʩʪʳʭ ʤʝʩʪ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ. ʇʨʠ 

ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʩʚʝʪʘ ʬʦʪʦʥʳ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʥʘ ʫʩʪʨʦʡʩʪʚʦ, ʟʘʩʪʘʚʣʷʶʪ 

ʵʣʝʢʪʨʦʥʳ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʟʦʥʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ 

ʧʦʩʣʝʜʥʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʫʨʦʚʥʝ ʚ ʭʠʤʠʯʝʩʢʦʤ ʵʣʝʤʝʥʪʝ, ʪʝʤ ʩʘʤʳʤ ʫʣʫʯʰʘʝʪʩʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ 

[2]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʦʪʦʨʝʟʠʩʪʦʨʳ ʧʦʜʨʘʟʜʝʣʷʶʪ 

ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʩ ʚʥʫʪʨʝʥʥʠʤ ʠ ʚʥʝʰʥʠʤ ʬʦʪʦʵʬʬʝʢʪʦʤ.  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʤʝʥʷʣʩʷ ʬʦʪʦʨʝʟʠʩʪʦʨ ʩ ʚʥʫʪʨʝʥʥʠʤ 

ʬʦʪʦʵʬʬʝʢʪʦʤ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʩʦʙʨʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʤʫʣʴʪʠʤʝʪʨʘ, ʰʪʘʪʠʚʘ ʠ ʧʨʠʙʦʨʘ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʤʝʝʪ ʧʨʦʩʪʦʝ ʩʪʨʦʝʥʠʝ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʬʦʪʦʨʝʟʠʩʪʦʨʘ, ʇɺʍ ʪʨʫʙʳ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʦʚ (ʩʤ. ʈʠʩ. 1).  
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ʈʠʩ. 1 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʠ ʛʨʘʜʫʠʨʦʚʢʘ ʛʨʘʬʠʢʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʸʥ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʬʦʪʦʨʝʟʠʩʪʦʨʦʤ ʠ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʫʣʦʚʠʤʦʛʦ ʜʣʷ ʧʨʠʙʦʨʘ ʩʧʝʢʪʨʘ ʩʚʝʪʘ.  

ʉ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ ʩ ʢʘʞʜʳʤ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʨʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʝ 

ʠʟʤʝʥʷʣʦʩʴ ʥʘ ῳὼ ρ̒,̍ ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 0,10 Ñ 0,05 ʢʆʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʨʷʤʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 

(ʩʤ. ʈʠʩ. 2). ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʬʦʪʦʨʝʟʠʩʪʦʨʘ.     

 

 
ʈʠʩ. 2 

 

ɼʘʣʝʝ, ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ. ʅʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ 
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ʬʦʪʦʨʝʟʠʩʪʦʨʦʤ ʠ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʩʚʝʪʦʬʠʣʴʪʨ ʠ ʠʟʤʝʨʷʣʦʩʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʅʘʠʙʦʣʴʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʦʷʚʠʣʘʩʴ ʧʨʠ 

ʜʣʠʥʝ ʚʦʣʥʳ 570 ʥʤ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ (ʩʤ. ʊʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʚʝʪʦʚʦʤ ʩʧʝʢʪʨʝ 

ʉʚʝʪʦʚʦʡ ʩʧʝʢʪʨ ɿʥʘʯʝʥʠʝ R, Ý ʢʆʤ 

Purple (400) 5.15 

Orange (590) 4.9 

Yellow (570) 3.9 

Red (630) 9.6 

Brown (550) 6.65 

Blue (450) 7.65 

Green (510) 8.55 

ɼʘʣʝʝ, ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʛʨʘʜʫʠʨʦʚʢʘ ʛʨʘʬʠʢʦʚ ʧʦ ʠʟʚʝʩʪʥʳʤ, ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤ, ʨʘʩʪʚʦʨʘʤ CoCl  

ʠ CuSO . ɻʨʘʜʫʠʨʦʚʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘʜ ʬʦʪʦʨʝʟʠʩʪʦʨʦʤ 

ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʤʝʥʟʫʨʢʘ, ʚ ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʣʠʩʴ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ 

ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ (II) (CoCl ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 0,1 ʜʦ 1 ʤʦʣʴ 

ʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺʠʜʥʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ æn=0,1 ʤʦʣʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʥʘ 0,10 ʢʆʤ (Ñ0,05 ʢʆʤ). ʈʝʟʫʣʴʪʘʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ (ʩʤ. ʈʠʩ. 3).  
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ʈʠʩ. 3 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʩ ʨʘʩʪʚʦʨʘʤʠ ʤʝʜʥʦʛʦ 

ʢʫʧʦʨʦʩʘ (CuSO ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʥʘ 

æn=0,1 ʤʦʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 0,30 

ʢʆʤ (Ñ0,05 ʢʆʤ) (ʩʤ. ʈʠʩ. 4). 

 
ʈʠʩ. 4 

ʀ ʪʘʢ, ʨʘʙʦʪʝ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʦʪʦʨʝʟʠʩʪʦʨʘ. ʀʟ ʧʝʨʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʠʜʥʦ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʸʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʬʦʪʦʨʝʟʠʩʪʦʨʘ. ɼʘʣʝʝ 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʢ ʨʘʟʣʠʯʥʳʤ ʩʧʝʢʪʨʘʤ ʩʚʝʪʘ. 

ʌʦʪʦʨʝʟʠʩʪʦʨ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʞʸʣʪʦʤʫ, ʘ ʥʘʠʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʢʨʘʩʥʦʤʫ ʩʧʝʢʪʨʫ ʩʚʝʪʘ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʨʘʜʫʠʨʦʚʦʯʥʳʝ ʛʨʘʬʠʢʠ, ʜʣʷ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ (II) (CoCl ) ʠ ʩʫʣʴʬʘʪʘ ʤʝʜʠ (II) (CuSO ). 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʨʘʩʪʸʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʠ ʛʨʘʬʠʢʠ ʠʤʝʶʪ ʤʦʥʦʪʦʥʥʳʡ ʚʠʜ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʥʝʜʦʨʦʛʦʡ ʧʦ ʮʝʥʝ ʧʨʠʙʦʨ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʜʢʠʭ ʩʨʝʜ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʥʘʡʪʠ ʩʚʦʸ 

ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɼʘʥʥʳʡ ʧʨʠʙʦʨ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʚ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʝʬʪʠ-ʛʘʟʦʚʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʙʳʩʪʨʦʛʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʀʈʆɼʅʓʍ ʄʀʅɽʈɸʃʆɺ ɺ 

ʅɸʅʆʄɸʉʐʊɸɹɽ 

ɼʘʥʠʠʣ ʃʝʮʢʠʡ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

 ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ, ʛ.ʊʦʤʩʢ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ 

ʩʚʦʡʩʪʚ ʩʣʦʠʩʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʜʚʫʤʝʨʥʦʡ ʬʦʨʤʝ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʩʝʛʦʜʥʷ 

ʷʚʣʷʝʪʩʷ ʛʨʘʬʝʥ, ʧʦʣʫʯʝʥʥʳʡ ʠ ʠʟʫʯʝʥ ʚ 2004 ʛ. ɸ. ɻʝʡʤʦʤ ʠ ʂ. ʅʦʚʦʩʝʣʦʚʳʤ. ʉ 

ʦʪʢʨʳʪʠʝʤ ʛʨʘʬʝʥʘ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʦʣʱʠʥʳ ʤʘʪʝʨʠʘʣʘ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ ʤʝʥʷʶʪʩʷ ʠʭ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʅʘʧʨʠʤʝʨ, ʛʨʘʬʝʥ ʷʚʣʷʝʪʩʷ ʜʚʫʭʤʝʨʥʦʡ ʘʣʣʦʪʨʦʧʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʛʨʘʬʠʪʘ, 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʣʱʠʥʳ ʠʟʤʝʥʷʝʪʩʷ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʧʦʚʳʰʘʝʪʩʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʚʦʟʨʘʩʪʘʣʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʪʦʢʘ, ʭʠʤʠʯʝʩʢʘʷ ʠ 

ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ. ɿʘ ʩʯʝʪ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʛʨʘʬʝʥ ʥʘʭʦʜʠʪ ʙʦʣʴʰʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʛʠʙʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʝ, ʚ ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ [1]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʤʠʤʦ ʛʨʘʬʝʥʘ, ʘʢʪʫʘʣʴʥʳ ʨʘʙʦʪʳ ʠ ʧʦ ʜʨʫʛʠʤ 

ʜʚʫʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. ʂ ʧʨʠʤʝʨʫ, ʧʨʠʨʦʜʥʳʝ ʤʠʥʝʨʘʣʳ ʚʩʝ ʯʘʱʝ ʧʨʠʚʣʝʢʘʶʪ 

ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʝ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʙʣʘʛʦʜʘʨʷ ʥʝ ʪʦʣʴʢʦ ʠʭ ʩʚʦʡʩʪʚʘʤ, ʥʦ ʠ 
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ʩʘʤʦʤʫ ʬʘʢʪʫ ʠʭ ʥʘʭʦʞʜʝʥʠʷ ʚ ʧʨʠʨʦʜʝ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ʅʘʧʨʠʤʝʨ, ʩʠʥʪʝʟ ʘʥʘʣʦʛʦʚ ʤʠʥʝʨʘʣʦʚ ʩʚʷʟʘʥ ʩ ʪʘʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʢʘʢ 

ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʠ ʠʭ ʥʝʨʝʜʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʚʦʡʩʪʚ ʩʚʦʠʭ 

ʧʨʠʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ. ɺ ʧʣʘʥʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ 

ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤʠ ʟʘʧʘʩʘʤʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʪʘʢʠʭ ʢʘʢ 

ʥʝʬʪʴ, ʛʘʟ, ʨʘʟʣʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʠ ʤʝʪʘʣʣʳ [2].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʣʘʥʠʨʫʝʪʩʷ ʠʟʫʯʠʪʴ ʦʜʠʥ ʠʟ ʧʨʠʨʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ï  

ʙʠʦʪʠʪ. ʇʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ, ʙʠʦʪʠʪ ʷʚʣʷʝʪʩʷ ʩʣʶʜʦʡ ʩ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ (K 

(Mg, Fe)3[Si3AlO10] [OH, F]2). ʉʘʤʠ ʧʦ ʩʝʙʝ ʩʣʶʜʳ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʥʘʯʠʥʘʷ ʦʪ ʦʪʜʝʣʢʠ ʬʘʩʘʜʦʚ ʟʜʘʥʠʡ ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ 

[3]. ʂʘʩʘʪʝʣʴʥʦ ʙʠʦʪʠʪʘ, ʝʛʦ ʩʚʦʡʩʪʚʘ ʚ ʥʘʥʦʤʘʩʰʪʘʙʝ ʢʨʘʪʢʦ ʦʧʠʩʘʥʳ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ Frisenda ʠ ʜʨ., ʙʳʣʠ ʦʟʚʫʯʝʥʳ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ 

ʙʠʦʪʠʪʘ, ʠ ʩʣʶʜ ʚ ʮʝʣʦʤ. ʊʘʢ, ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʢʦʤ ʩ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʦʨʷʜʢʘ 5.1 ʵɺ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʦʡ ʨʘʚʥʦʡ 10 (ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ, SiO2 ʠʤʝʝʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʢʦʥʩʪʘʥʪʫ, ʨʘʚʥʫʶ 3.6). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʙʠʦʪʠʪ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʚ ʢʘʯʝʩʪʚʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʚ 

ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʘʪʝʨʠʘʣ ʪʘʢʞʝ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ  ʙʠʦʪʠʪ-ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ 

ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʡ [4]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʟʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʥʘʥʦʤʘʩʰʪʘʙʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʜʣʦʞʢʠ, ʥʘ ʢʦʪʦʨʫʶ ʥʘʥʦʩʠʪʩʷ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʦʤ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʩʣʦʝʥʠʷ, ʥʘʥʦʩʣʦʠ ʙʠʦʪʠʪʘ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʪʠʪʘ ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ). ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ɸʉʄ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʠʙʦʨ ʨʝʛʠʩʪʨʠʨʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʟʦʥʜʘ ʩ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ɿʦʥʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʡ ʢʨʝʤʥʠʝʚʳʡ ʯʠʧ ʩ 

ʫʧʨʫʛʦʡ ʢʦʥʩʦʣʴʶ, ʥʘ ʢʦʥʮʝ ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʝʥʘ ʠʛʣʘ. ʇʨʦʭʦʞʜʝʥʠʝ ʪʘʢʦʡ ʠʛʣʳ 

ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤ ʦʪʢʣʠʢʦʤ, 

ʪʝʤ ʩʘʤʳʤ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʦʣʱʠʥʫ ʩʪʨʫʢʪʫʨ, ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ. ɺ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʣʫʯʠʪʴ ʦʙʰʠʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʫʯʘʝʤʦʤ ʦʙʲʝʢʪʝ. 

ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʠʦʪʠʪʘ. ʈʠʩʫʥʦʢ 1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʝʢʪʨ ʨʘʩʩʝʷʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ. ʆʧʠʨʘʷʩʴ 

ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʤʳ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʧʠʢʦʚ ʥʘ ʩʧʝʢʪʨʝ.  
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ʈʠʩʫʥʦʢ 1. ʉʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ (ʈʘʤʘʥʦʚʩʢʦʛʦ) ʨʘʩʩʝʷʥʠʷ ʥʘʥʦʩʣʦʝʚ 

ʙʠʦʪʠʪʘ 

 

ʊʘʢ, ʩʧʝʢʪʨ ʙʠʦʪʠʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ʜʦ 1200 ʩʤ-1 [5]. ʇʠʢ ʥʘ 

170 ʩʤ-1 ʦʪʨʘʞʘʝʪ ʢʦʣʝʙʘʥʠʷ ʂ-ʆ. ʅʠʟʢʦʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʚ ʜʠʘʧʘʟʦʥʝ 250-500 

ʩʤ-1 ʦʪʨʘʞʘʶʪ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ ʤʝʪʘʣʣ (Fe, Mg)-ʢʠʩʣʦʨʦʜ. ʅʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʚ ʦʙʣʘʩʪʠ 500-800 ʩʤ-1 ʚʳʟʚʘʥʳ ʢʦʣʝʙʘʥʠʷʤʠ Si-O-Si. 

ʐʠʨʦʢʠʡ ʧʠʢ ʚ ʦʙʣʘʩʪʠ ʚʳʰʝ 1000 ʩʤ-1 ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ 

ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʙʠʦʪʠʪʘ.  

 

ʈʠʩʫʥʦʢ 2. ɸʉʄ ʪʦʧʦʛʨʘʬʠʷ ʥʘʥʦʩʣʦʷ ʙʠʦʪʠʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ (ʩʣʝʚʘ) 

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ (ʩʧʨʘʚʘ) 

ʀʩʭʦʜʷ ʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ, ʚʠʜʥʦ, ʯʪʦ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʦʥʳ ʞʝʣʝʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʠʦʪʠʪ 

ʩʧʦʩʦʙʝʥ ʧʨʦʷʚʣʷʪʴ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʚ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʩʦʜʝʨʞʘʪʩʷ ʠʦʥʳ Fe3+ ʠ Fe2+. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʣʠ 

ʦʧʨʦʚʝʨʞʝʥʠʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ (ʄʉʄ). ɺ ʥʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʟʦʥʜ ʩ 

ʧʦʢʨʳʪʠʝʤ ʠʟ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ, ʧʨʦʭʦʜʷʪ ʥʘʜ ʦʙʨʘʟʮʦʤ, 

ʦʙʣʘʜʘʶʱʠʤ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʫʜʝʪ ʦʪʢʣʦʥʷʪʴʩʷ, ʪʝʤ ʩʘʤʳʤ 

ʩʠʛʥʘʣʠʟʠʨʫʷ ʦ ʥʘʣʠʯʠʠ ʪʘʢʠʭ ʩʚʦʡʩʪʚ. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 

2 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʠʦʪʠʪ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʦʷʚʣʷʝʪ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʟʫʯʠʚ ʣʠʪʝʨʘʪʫʨʫ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʙʠʦʪʠʪ ʚʩʝ ʪʘʢʠ 

ʩʧʦʩʦʙʝʥ ʧʨʦʷʚʣʷʪʴ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ [6]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʥʘʥʦʩʣʦʠ ʙʠʦʪʠʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ɺʆʇɻʘ. ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʦʩʘʞʜʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʜʣʦʞʢʫ ʷʚʣʷʝʪʩʷ ʚʘʥ ʜʝʨ ɺʘʘʣʴʩʦʚʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʣʠʪʝʨʘʪʫʨʫ, ʤʥʦʶ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʙʠʦʪʠʪʘ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ, ʙʠʦʪʠʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʫʧʝ ʩ ʥʦʚʳʤʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʜʠʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ, ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ.   
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ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʀʁ ʈɸʉʏɪʊ ʈɽɸʂʊʆʈʅʓʍ 

ʋʉʊɸʅʆɺʆʂ ʊʀʇɸ ʂʃʊ-40 ʉ ʊʆʈʀʁ-ʇʃʋʊʆʅʀɽɺʓʄ ʊʆʇʃʀɺʆʄ 

ʄʝʣʴʥʠʢ ʋʣʴʷʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 
ʄɸʆʋ ʉʆʐ ˉ34, 10 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʥʳʰʝʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʧʣʠʚʘ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʢʪʦʨʫ 

ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ, ʦʧʪʠʤʘʣʴʥʦʤ ʩ ʪʦʯʢʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʠʟʥʦʩʘ 

ɿʘʜʘʯʠ: 

¶ ʠʟʫʯʠʪʴ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʂʃʊ-40 
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¶ ʥʘʡʪʠ ʘʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʩʪʨʦʝʥʠʶ ʪʝʧʣʦʚʳʜʝʣʷʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ ʨʝʘʢʪʦʨʘ 

¶ ʨʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʠ ʤʘʩʩʫ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ 

¶ ʨʘʩʩʯʠʪʘʪʴ ʦʞʠʜʘʝʤʫʶ ʤʦʱʥʦʩʪʴ ʥʘ ʢʠʣʦʛʨʘʤʤ ʪʦʧʣʠʚʘ 

¶ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ 

¶ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ɸʢʪʫʘʣʴʥʦʩʪʴ: 

 ʂʃʊ-40 ʵʪʦ ʩʫʜʦʚʦʡ ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ 

ʮʠʢʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ ʠʣʠ ʚʦʚʩʝ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʥʘ ʣʝʜʦʢʦʣʘʭ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ.  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ: 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʪʦʧʣʠʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʢʩʠʜʦʚ ʪʦʨʠʷ 

ʠ ʧʣʫʪʦʥʠʷ-239, ʧʣʫʪʦʥʠʷ-240, ʧʣʫʪʦʥʠʷ-241, ʧʣʫʪʦʥʠʷ-242. ʏʪʦʙʳ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʩʣʠʰʢʦʤ ʙʳʩʪʨʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʪʦʧʣʠʚʘ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʩʠʪʫʘʮʠʡ ʪʦʧʣʠʚʦ ʙʫʜʝʪ ʩʧʣʘʚʣʝʥʦ ʩ ʩʠʣʫʤʠʥʦʤ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 2:1. ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʧʦʜʦʙʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʜʝʣʷʱʠʤʩʷ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʣʫʪʦʥʠʡ-239, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʪʭʦʜʘʤʠ 

ʜʝʣʝʥʠʷ ʫʨʘʥʘ-235 ï ʩʘʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʪʦʨʠʯʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ, ʯʪʦ ʙʝʟʫʩʣʦʚʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʢʦʣʦʛʠʠ ʠ ʵʢʦʥʦʤʠʢʝ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ, 

ʤʦʜʝʣʠʨʫʶʱʘʷ ʷʯʝʡʢʫ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʜʠʫʩ ʷʯʝʡʢʠ ï 0,6022, 

ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʜʣʠʪʝʣʷ ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚʳʩʪʫʧʘʝʪ ʚʦʜʘ, ʦʙʦʣʦʯʢʘ ʮʠʨʢʦʥʠʝʚʘʷ.  

ʇʨʠ ʨʘʩʯʝʪʘʭ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʦʢʩʠʜʘ ʪʦʨʠʷ ʢ ʦʢʩʠʜʘʤ 

ʧʣʫʪʦʥʠʷ ʩ 80%:20% ʜʦ 90%10% ʩ ʰʘʛʦʤ ʚ 2% 

ʇʨʠ ʧʝʨʚʦʤ ʠʟʤʝʨʝʥʠʠ (80%:20%) ʚʨʝʤʷ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʧʨʠ k>1 

ʩʦʩʪʘʚʠʣʦ ~12000 ʩʫʪʦʢ 

ʇʨʠ ʚʪʦʨʦʤ ʠʟʤʝʨʝʥʠʠ (82%:18%) ʚʨʝʤʷ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʩʦʩʪʘʚʠʣʦ 

~10500 ʩʫʪʦʢ 

ʇʨʠ ʪʨʝʪʴʝʤ ʠʟʤʝʨʝʥʠʠ (84%:16%) ʚʨʝʤʷ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʩʦʩʪʘʚʠʣʦ 

~9000 ʩʫʪʦʢ 

ʇʨʠ ʯʝʪʚʝʨʪʦʤ ʠʟʤʝʨʝʥʠʠ (86%:14%) ʚʨʝʤʷ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʩʦʩʪʘʚʠʣʦ 

~8000 ʩʫʪʦʢ  

ʇʨʠ ʧʷʪʦʤ ʠʟʤʝʨʝʥʠʠ (88%:12%) ʚʨʝʤʷ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʩʦʩʪʘʚʠʣʦ ~7500 

ʩʫʪʦʢ  

ʇʨʠ ʰʝʩʪʦʤ ʠʟʤʝʨʝʥʠʠ (90%:10%) ʚʨʝʤʷ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʩʦʩʪʘʚʠʣʦ ~7000 

ʩʫʪʦʢ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʥʘʡʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʨʝʘʢʪʦʨ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʩ ʪʘʢʠʤ 

ʪʦʧʣʠʚʦʤ ʤʦʞʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʙʦʪʘʪʴ ʠ ʚʳʜʘʚʘʪʴ ʟʘʜʘʥʥʫʶ ʤʦʱʥʦʩʪʴ 

ʜʝʩʷʪʠʣʝʪʠʷʤʠ, ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʟʥʘʰʠʚʘʝʤʦʩʪʴ 
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ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʩʘʤ ʨʝʘʢʪʦʨ, ʘ ʪʘʢʞʝ ʩʘʤʫ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʪʘʢʦʡ ʜʦʣʛʠʡ ʮʠʢʣ ʨʘʙʦʪʳ ʤʦʛ ʙʳ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʝʥ. 

ɺʳʚʦʜ: ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʩʦʩʪʘʚʳ ʪʦʧʣʠʚʘ 

ʧʦʢʘʟʳʚʘʶʪ ʦʯʝʥʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ, ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʥʦʩʘ ʨʝʘʢʪʦʨʘ.  ʇʨʠ ʵʪʦʤ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʦʣʠ 

ʦʢʩʠʜʦʚ ʧʣʫʪʦʥʠʷ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ, ʠʟ ʯʝʛʦ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚʝʱʝʩʪʚ ʚ ʪʦʧʣʠʚʝ ʜʦʣʞʝʥ 

ʚʝʩʪʠʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʱʸ ʙʦʣʴʰʝʛʦ ʩʥʠʞʝʥʠʷ ʜʦʣʠ ʦʢʩʠʜʘ ʧʣʫʪʦʥʠʷ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʜʘʣʴʥʝʡʰʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʤʠʤʦ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʪʦʧʣʠʚʘ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ ʪʦʧʣʠʚʘ. 
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ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢ.ʪ.ʥ. 

 

ɸʚʠʘʢʦʩʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʷʚʣʷʷʩʴ ʩʦʚʨʝʤʝʥʥʦʡ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʠʥʜʫʩʪʨʠʝʡ, ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʘʯʝʩʪʚʫ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ, ʠʭ ʢʦʥʪʨʦʣʶ, ʥʘʜʸʞʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠʤʝʥʝʥʠʷ ʥʝʢʘʯʝʩʪʚʝʥʥʳʭ 

ʠʣʠ ʜʝʬʝʢʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʧʨʷʞʝʥʳ ʥʝ ʪʦʣʴʢʦ ʩ ʦʛʨʦʤʥʳʤʠ ʬʠʥʘʥʩʦʚʳʤʠ 

http://library.mephi.ru/pdftunnel.php?Z21FAMILY=%D0%BC%D0%B0%D0%BA%D1%81%D0%B8%D0%BC%D0%BE%D0%B2%D0%B0&Z21ID=62665&PATH=book-mephi%2FDeev_Osnovy_rascheta_sudovyh_YaEU_2012.pdf
http://library.mephi.ru/pdftunnel.php?Z21FAMILY=%D0%BC%D0%B0%D0%BA%D1%81%D0%B8%D0%BC%D0%BE%D0%B2%D0%B0&Z21ID=62665&PATH=book-mephi%2FDeev_Osnovy_rascheta_sudovyh_YaEU_2012.pdf
http://library.mephi.ru/pdftunnel.php?Z21FAMILY=%D0%BC%D0%B0%D0%BA%D1%81%D0%B8%D0%BC%D0%BE%D0%B2%D0%B0&Z21ID=62665&PATH=book-mephi%2FDeev_Osnovy_rascheta_sudovyh_YaEU_2012.pdf
http://library.mephi.ru/pdftunnel.php?Z21FAMILY=%D0%BC%D0%B0%D0%BA%D1%81%D0%B8%D0%BC%D0%BE%D0%B2%D0%B0&Z21ID=62665&PATH=book-mephi%2FDeev_Osnovy_rascheta_sudovyh_YaEU_2012.pdf
https://www.rosenergoatom.ru/upload/iblock/68d/68d2a9ecbfe31ad79ea5efa0e45526b3.pdf
https://www.rosenergoatom.ru/upload/iblock/68d/68d2a9ecbfe31ad79ea5efa0e45526b3.pdf
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ʨʠʩʢʘʤʠ, ʥʦ ʠ ʩ ʫʛʨʦʟʘʤʠ ʞʠʟʥʠ ʣʶʜʝʡ [1]. ʋʛʣʝ ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʘʨʤʠʨʦʚʘʥʥʦʡ 

ʚʦʣʦʢʥʘʤʠ, ʬʦʨʤʠʨʫʝʤʳʤʠ ʠʟ ʫʛʣʝʨʦʜʘ ʠ ʩʪʝʢʣʘ [2]. 

ʉʢʨʳʪʳʝ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʥʝʠʟʙʝʞʥʦ ʧʦʷʚʣʷʶʪʩʷ ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʤʦʛʫʪ ʩʝʨʴʸʟʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʜʨʫʛʠʝ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʩʪʘʚʠʪ ʧʦʜ ʫʛʨʦʟʫ ʥʘʜʸʞʥʦʩʪʴ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʫʤʝʥʴʰʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ. ʇʦʵʪʦʤʫ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (ʇʂʄ) ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ (ʅʂ) 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʝʬʝʢʪ ʠʟʤʝʥʷʝʪ ʘʤʧʣʠʪʫʜʫ, ʯʘʩʪʦʪʫ, ʬʘʟʦʚʳʡ ʫʛʦʣ 

ʚʭʦʜʷʱʝʛʦ ʚʦʣʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʫʪʸʤ ʦʪʨʘʞʝʥʠʷ, ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ. 

ɺʦʣʥʦʦʙʨʘʟʥʳʤ ʩʠʛʥʘʣʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʥʝʨʘʟʨʫʰʘʶʱʝʤ ʢʦʥʪʨʦʣʝ, ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʪʠʯʝʩʢʠʡ ʩʚʝʪ, ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ, ʫʧʨʫʛʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʚʦʣʥ,r 

ʧʝʨʝʤʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʪʝʧʣʦʚʳʝ ʚʦʣʥ.r 

ʉʨʝʜʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʅʂ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ, 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ, ʫʣʴʪʨʘʟʚʫʢ, ʣʘʟʝʨʥʘʷ ʰʠʨʦʛʨʘʬʠʷ, ʠʥʬʨʘʢʨʘʩʥʘʷ ʪʝʨʤʦʛʨʘʬʠʷ 

ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʜʣʷ 

ʠʩʧʳʪʘʥʠʡ ʠʟʜʝʣʠʡ ʠʟ ʇʂʄ [3, 5]. 

ʊʝʧʣʦʚʦʡ ʢʦʥʪʨʦʣʴ 

ʄʝʪʦʜ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʧʣʦʚʳʭ 

ʧʦʣʝʡ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʟʘʧʠʩʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʪʝʧʣʦʚʠʟʦʨʦʚ. ʄʝʪʦʜ 

ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʜʚʘ ʚʠʜʘ: ʧʘʩʩʠʚʥʳʡ ʠ ʘʢʪʠʚʥʳʡ. ʇʨʠ 

ʧʘʩʩʠʚʥʦʤ ʤʝʪʦʜʝ ʢʦʥʪʨʦʣʷ ʘʥʘʣʠʟʠʨʫʶʪ ʩʦʙʩʪʚʝʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ 

ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʡ ʧʦʜʣʝʞʠʪ ʘʥʘʣʠʟʫ, ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʘʶʱʝʝ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʝʧʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ, ʯʝʣʦʚʝʯʝʩʢʦʝ ʪʝʣʦ ʠ ʪ.ʧ. ɼʣʷ ʅʂ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʘʢʪʠʚʥʳʡ ʤʝʪʦʜ 

ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʝʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʦʪʢʣʠʢʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. ʊʘʢʦʝ ʚʥʝʰʥʝʝ ʪʝʧʣʦʚʦʝ ʥʘʛʨʫʞʝʥʠʝ 

ʧʨʦʚʦʮʠʨʫʝʪ ʧʦʷʚʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʟʦʥʘʭ ʩʦ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʝʬʝʢʪʘʤʠ. ɼʣʷ ʪʝʧʣʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʛʘʣʦʛʝʥʥʳʝ 

ʠʣʠ ʢʩʝʥʦʥʦʚʳʝ ʣʘʤʧʳ, ʀʂ ʥʘʛʨʝʚʘʪʝʣʠ, ʛʦʨʷʯʠʡ ʚʦʟʜʫʭ, ʘ ʪʘʢʞʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʩʪʠʤʫʣʷʮʠʶ ʠ ʠʥʜʫʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚ [4]. 

ʄʝʪʦʜ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʚʳʛʣʷʜʠʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʝʪʦʜʘ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʥʪʨʦʣʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʡ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʠʧʠʯʥʳʤ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ 

ʜʝʬʝʢʪʘʤ, çʛʠʙʢʦʩʪʴè ʚ ʧʨʠʤʝʥʝʥʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʷʭ ʠ ʧʨʠ ʧʦʣʝʚʳʭ 

ʠʩʧʳʪʘʥʠʷʭ. ʅʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ ʩʚʦʜʷʪʩʷ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ 

ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʜʝʬʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ. 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝʧʣʦʚʦʛʦ ʤʝʪʦʜʘ ʅʂ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʜʳ ʚ ʩʦʪʦʚʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʧʘʥʝʣʷʭ. 

ɿʘʜʘʯʠ: 

1. ʆʙʦʩʥʦʚʘʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʤʝʪʦʜʘ ʅʂ ʜʣʷ 
ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʩʦʪʦʚʳʭ ʧʘʥʝʣʝʡ ʩʘʤʦʣʝʪʦʚ.  

2.  ʆʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʦʪʦʚʘʷ ʧʘʥʝʣʴ ʨʘʟʤʝʨʘʤʠ 

200Ĭ200 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 10 ʤʤ, ʦʙʰʠʚʢʘ ʢʦʪʦʨʦʡ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ (ʪʦʣʱʠʥʘ ʦʙʰʠʚʢʠ 0,2 ʤʤ). ʉʦʪʦʚʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʠʟ ʚʦʱʝʥʦʡ ʙʫʤʘʛʠ. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʨʘʟʮʝ ʙʳʣʠ ʩʦʟʜʘʥʳ 5 ʜʝʬʝʢʪʥʳʭ ʟʦʥ, 

ʷʯʝʡʢʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ ʚʦʜʦʡ ʥʘ 100, 80, 60, 40 ʠ 20% ʦʪ ʧʦʣʥʦʛʦ 

ʦʙʲʸʤʘ ʷʯʝʡʢʠ, ʘ ʪʘʢʞʝ ʦʜʥʘ ʜʝʬʝʢʪʥʘʷ ʟʦʥʘ, ʷʯʝʡʢʠ ʢʦʪʦʨʦʡ ʙʳʣʠ ʥʘ 100% 

ʟʘʧʦʣʥʝʥʳ ʦʪʚʝʨʞʜʝʥʥʦʡ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʠ 

ʵʧʦʢʩʠʜʥʦʛʦ ʢʣʝʷ ʙʳʣʦ ʧʨʦʜʠʢʪʦʚʘʥʦ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʦʙʝ ʩʠʪʫʘʮʠʠ, ʥʦ ʦʧʘʩʥʦʡ ʷʚʣʷʝʪʩʷ ʚʦʜʘ ʚ ʩʦʪʘʭ. ʂʘʞʜʘʷ ʠʟ ʟʦʥ ʩʦʩʪʦʷʣʘ ʠʟ 72 

ʷʯʝʝʢ. ʅʘʧʦʣʥʝʥʠʝ ʷʯʝʝʢ ʚʦʜʦʡ ʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ 

ʚ ʦʙʰʠʚʢʝ, ʧʨʠʯʸʤ ʜʣʷ ʥʘʧʦʣʥʝʥʠʷ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʙʳʣʦ ʧʨʦʜʝʣʘʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʪʚʝʨʩʪʠʝ. ɺʠʜ ʦʙʰʠʚʢʠ ʦʙʨʘʟʮʘ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 1. ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʩʦʪ ʚʦʜʦʡ ʦʪʚʝʨʩʪʠʷ ʙʳʣʠ ʟʘʢʣʝʝʥʳ ʢʣʝʡʢʦʡ 

ʣʝʥʪʦʡ.  

ʆʙʰʠʚʢʘ ʦʙʨʘʟʮʘ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʘ ʦʢʨʘʰʝʥʘ ʯʝʨʥʦʡ ʤʘʪʦʚʦʡ 

ʢʨʘʩʢʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʦʣʫʧʨʦʟʨʘʯʥʦʩʪʠ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʦʡ ʦʙʰʠʚʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 0,96 (ʩʤ. ʨʠʩʫʥʦʢ 2). 

 

 
ɿʦʥʘ, ʟʘʧʦʣʥʝʥʥʘʷ 

ʵʧʦʢʩʠʜʥʳʤ ʢʣʝʝʤ 

ɿʦʥʘ ʩʦ 100 % 

ʟʘʧʦʣʥʝʥʠʝʤ ʚʦʜʦʡ 
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ʈʠʩʫʥʦʢ 1ï ʊʝʩʪʦʚʘʷ ʩʦʪʦʚʘʷ ʧʘʥʝʣʴ (ʧʦʢʘʟʘʥʳ ʦʪʚʝʨʩʪʠʷ ʚ ʟʘʜʥʝʡ 

ʦʙʰʠʚʢʝ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʩʦʪʳ ʟʘʧʦʣʥʷʣʠʩʴ ʚʦʜʦʡ ʠ ʵʧʦʢʩʠʜʥʳʤ ʢʣʝʝʤ) 

 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʝʨʝʜʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʪʦʚʦʡ ʧʘʥʝʣʠ (ʧʦʩʣʝ ʦʢʨʘʰʠʚʘʥʠʷ) 

 

ʉʦʪʦʚʫʶ ʧʘʥʝʣʴ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʚ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʧʨʦʮʝʜʫʨʝ ʊʂ, ʧʨʠʯʝʤ 

ʥʘʛʨʝʚ ʠ ʨʝʛʠʩʪʨʘʮʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʢʨʘʰʝʥʥʦʡ ʚ ʯʝʨʥʳʡ ʮʚʝʪ 

ʩʪʦʨʦʥʝ ʧʦ ʜʚʫʤ ʩʭʝʤʘʤ: 1) ʩʥʠʟʫ, ʢʦʛʜʘ ʚʦʜʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʢʦʥʪʘʢʪʝ ʩ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʰʠʚʢʠ; 2) ʩʚʝʨʭʫ, ʢʦʛʜʘ ʚʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʦʥʘʭ ʥʝ 

ʢʘʩʘʣʘʩʴ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʦʙʰʠʚʢʠ ʦʙʨʘʟʮʘ (ʢʦʥʪʨʦʣʴ ʯʝʨʝʟ 

ʚʦʟʜʫʭ). ʇʝʨʝʜ ʢʦʥʪʨʦʣʝʤ ʧʦ ʚʪʦʨʦʡ ʩʭʝʤʝ, ʦʙʨʘʟʝʮ ʚʳʜʝʨʞʠʚʘʣʠ 12 ʯʘʩʦʚ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʚʦʜʘ ʦʧʫʩʪʠʣʘʩʴ ʥʘ ʜʥʦ ʩʦʪ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʳ ʚ ʷʯʝʡʢʘʭ, ʥʘʧʨʠʤʝʨ, ʟʘʧʦʣʥʝʥʥʳʭ ʚʦʜʦʡ ʥʘ 20%, ʟʘ ʩʯʝʪ ʩʠʣ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʤʦʞʝʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʞʠʜʘʝʤʦʤʫ. 

ɿʦʥʘ ʩ 80 % 

ʟʘʧʦʣʥʝʥʠʝʤ ʚʦʜʦʡ 

 

ɿʦʥʘ ʩ 60 % 

ʟʘʧʦʣʥʝʥʠʝʤ ʚʦʜʦʡ 

 

ɿʦʥʘ ʩ 40 % ʟʘʧʦʣʥʝʥʠʝʤ 

ʚʦʜʦʡ 

ɿʦʥʘ ʩ 20 % 

ʟʘʧʦʣʥʝʥʠʝʤ 

ʚʦʜʦʡ 
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ɺ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʛʘʣʦʛʝʥʦʚʘʷ ʣʘʤʧʘ 

ʤʦʱʥʦʩʪʴʶ 500 ɺʪ.  ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʘʛʨʝʚʦʤ ʚʳʧʦʣʥʷʣʠ ʨʝʛʠʩʪʨʘʮʠʶ ʀʂ 

ʪʝʨʤʦʛʨʘʤʤ, ʦʪʨʘʞʘʶʱʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʦʚʘʥ ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʤʦʜʫʣʴ 

Optris PI 450. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 

ʈʠʩʫʥʦʢ 3 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʠ ʢʦʥʪʨʦʣʝ ʚʦʜʳ ʚ ʩʦʪʘʭ ʧʦ 

ʩʭʝʤʝ çʩʥʠʟʫè 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʦʙʨʘʟʮʘ çʩʥʠʟʫè. ʂʚʘʜʨʘʪʘʤʠ 

ʥʘ ʨʠʩʫʥʢʝ 4ʘ ʚʳʜʝʣʝʥʳ ʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩʫʥʢʘ 4ʙ ʧʨʠʚʝʜʝʥʦ 

ʠʟʤʝʥʝʥʠʝ ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

  
ʘ) ʪʝʨʤʦʛʨʘʤʤʘ ʜʣʷ 10 ʩʝʢʫʥʜʳ ʢʦʥʪʨʦʣʷ 

ɻʘʣʦʛʝʥʦʚʳʡ 

ʠʩʪʦʯʥʠʢ 

ʥʘʛʨʝʚʘ 

ʊʝʧʣʦʚʠʟʠʦʥʥʳʡ 

ʤʦʜʫʣʴ 

ʆʙʲʝʢʪ ʢʦʥʪʨʦʣʷ 

ʕʧʦʢʩʠʜʥʘʷ 

ʩʤʦʣʘ 

100 % 80 % 

60 % 40 % 20 % 

ɹʝʟʜʝʬʝʢʪʥʘʷ 

ʟʦʥʘ  
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ʙ) ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʝʡ 

 

ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪʳ ʊʂ  ʚʦʜʳ ʚ ʩʦʪʘʭ ʧʦ ʩʭʝʤʝ çʩʥʠʟʫè 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʧʦ ʩʭʝʤʝ çʩʚʝʨʭʫè. 

 
ʘ) ʪʝʨʤʦʛʨʘʤʤʘ ʜʣʷ 10 ʩʝʢʫʥʜʳ ʢʦʥʪʨʦʣʷ 

 
ʙ) ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʝʡ 

 

ʈʠʩʫʥʦʢ 5 ï ʈʝʟʫʣʴʪʘʪʳ ʊʂ ʧʦ ʩʭʝʤʝ çʩʚʝʨʭʫè (ʯʝʨʝʟ ʚʦʟʜʫʭ) 

ʕʧʦʢʩʠʜʥʘʷ 

ʩʤʦʣʘ 
100 % 80 % 

60 % 40 % 20 % 

ɹʝʟʜʝʬʝʢʪʥʘʷ 

ʟʦʥʘ  
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʤʝʪʦʜʘ ʅʂ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ 

ʩʦʪʦʚʳʭ ʧʘʥʝʣʝʡ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʜʝʬʝʢʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʚʦʜʫ ʚ ʩʦʪʘʭ ʪʝʧʣʦʚʳʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ 

ʦʙʥʘʨʫʞʠʪʴ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʜʦ 10 % ʦʪ ʦʙʲʝʤʘ ʩʦʪ. 
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ʇʆʃʋʏɽʅʀɽ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʌɽʈʈʀʄɸɻʅʀʊʅʓʍ       

ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ ʄɸɻʅɽʊʀʊɸ 

ʅʦʚʠʢʦʚ ʄʠʭʘʠʣ ʊʠʤʦʬʝʝʚʠʯ, ɸʣʝʢʩʘʥʜʨʠʥ ʀʚʘʥ ɺʘʣʝʨʴʝʚʠʯ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ 

ʛ. ʊʦʤʩʢʘ, 10  ʢʣʘʩʩ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅʠʢʠʪʠʥ ɼʤʠʪʨʠʡ ʉʝʨʛʝʝʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʆʕʕ ʀʐʕ ʊʇʋ 

 

ʉʦʚʨʝʤʝʥʥʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʵʥʝʨʛʝʪʠʢʫ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʛʥʠʪʦʚ. ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ. 

ɺʝʱʝʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʳʭ ʦʪʨʘʩʣʷʭ, ʠʤʝʶʪ ʦʩʦʙʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ: ʤʘʛʥʠʪʥʳʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪ.ʜ. ɿʥʘʥʠʝ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʝʪʠʢʦʚ 

ʧʦʤʦʛʘʝʪ ʩʧʝʮʠʘʣʠʩʪʫ ʛʨʘʤʦʪʥʦ ʧʦʜʙʠʨʘʪʴ ʪʠʧ ʚʝʱʝʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʨʘʙʦʪʳ, ʠ ʵʬʬʝʢʪʠʚʥʦ ʝʛʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ. ʉ ʨʘʟʚʠʪʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʦʚ 
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ʥʘʫʢʝ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʝʤʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʬʘʟ ʦʢʩʠʜʘ ʞʝʣʝʟʘ, 

ʨʘʟʜʝʣʷʝʤʳʭ ʧʦ ʚʘʣʝʥʪʥʦʩʪʠ [1]. 

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʠ ʠʟʚʝʩʪʥʳʤ ʥʘʫʢʝ ʦʢʩʠʜʦʤ ʞʝʣʝʟʘ ʷʚʣʷʝʪʩʷ ʦʢʩʠʜ 

ʞʝʣʝʟʘ (IV) ʠʣʠ ʞʝ ʤʘʛʥʝʪʠʪ. ʀʟ-ʟʘ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʛʦ ʩʧʨʦʩʘ ʥʘ ʤʘʛʥʠʪʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʠʥʪʝʨʝʩ ʢ ʠʭ ʧʦʣʫʯʝʥʠʶ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪʩʷ. ʆʢʩʠʜʳ ʞʝʣʝʟʘ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʥʦʩʠʪʝʣʷʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʤʘʛʥʠʪʥʦʡ 

ʧʝʯʘʪʠ, ʘ ʪʘʢʞʝ ʢʘʢ ʧʦʢʨʳʪʠʝ, ʧʦʛʣʦʱʘʶʱʝʝ ʨʘʜʠʦʚʦʣʥʳ. ʌʝʨʨʠʪʳ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʝʨʜʝʯʥʠʢʦʚ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʠʟ ʥʠʭ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʵʣʝʤʝʥʪʳ ʜʣʷ ʘʥʪʝʥʥ, ʨʦʪʦʨʳ ʠ ʪ.ʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʱʝʩʪʚʫ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ - ʨʘʟʣʠʯʥʳʝ ʙʳʪʦʚʳʝ 

ʧʨʠʙʦʨʳ [2]. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʦ ʤʥʦʛʠʭ ʩʧʦʩʦʙʘʭ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʝʪʠʪʘ, 

ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʝʭʘʥʦʩʠʥʪʝʟ, ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʩʧʝʢʘʥʠʝ, ʟʦʣʴ-

ʛʝʣʴ ʤʝʪʦʜ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʦʪ ʩʫʪʦʢ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ.[3] 

ʇʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʝʪʠʪʘ ʥʘʟʳʚʘʝʪʩʷ 

ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ (ʇɼʉ). ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʟʤʳ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ. ʇɼʉ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʣʳʤʠ 

ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ (10 ʢɺʪᴋʯ ʥʘ 1 ʢʛ), ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʤʝʥʝʝ 1 ʤʩ) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʰʸʚʦʛʦ ʩʳʨʴʷ. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʦ ʧʨʦʚʝʜʸʥʥʦʤ ʩʠʥʪʝʟʝ ʤʘʛʥʝʪʠʪʘ, ʯʠʩʪʦʪʘ ʚʳʭʦʜʘ Fe3O4 ʩʦʩʪʘʚʠʣʘ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 75% ʦʪ ʤʘʩʩʳ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʤʝʩʠ ʛʘʟʦʚ ʘʨʛʦʥʘ ʠ ʢʠʩʣʦʨʦʜʘ. [2]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʚʳʭʦʜʘ ʤʘʛʥʝʪʠʪʘ 

ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʛʘʟʘ ʧʨʠ ʩʠʥʪʝʟʝ. 

ɿʘʜʘʯʠ: 

1. ʇʦʣʫʯʠʪʴ ʤʘʛʥʝʪʠʪ ʤʝʪʦʜʦʤ ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʤʝʩʝʡ ʛʘʟʦʚ ʚ 
ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʯʠʩʪʦʪʳ ʚʳʭʦʜʘ Fe3O4. 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʝʥ ʩʧʦʩʦʙ 

ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʝʪʠʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʛʝʣʠʷ ʠ ʫʩʣʦʚʥʦ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʤʧʦʥʝʥʪʘʤ 

ʩʠʩʪʝʤʳ ñʞʝʣʝʟʦ-ʢʠʩʣʦʨʦʜò ʘʟʦʪʘ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʝʣʠʷ ʠ ʘʟʦʪʘ ʚʤʝʩʪʦ ʘʨʛʦʥʘ ʩʧʦʩʦʙʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʪʴ ʯʠʩʪʦʪʫ ʚʳʭʦʜʘ 

ʤʘʪʝʨʠʘʣʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɺ ʨʘʙʦʪʝ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʣʩʷ 

ʢʦʘʢʩʠʘʣʴʥʳʡ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʳʡ ʫʩʢʦʨʠʪʝʣʴ (ʂʄʇʋ). ʉʭʝʤʘ ʜʘʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 



100 
 

 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʩʠʥʪʝʟʫ 

ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ: ʢʦʘʢʩʠʘʣʴʥʳʡ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʳʡ ʫʩʢʦʨʠʪʝʣʴ (ʘ); ʢʘʤʝʨʘ-

ʨʝʘʢʪʦʨ (ʙ).  

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʘʤʝʨʘ ʚʘʢʫʫʤʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʬʦʨʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʦʣʥʷʝʪʩʷ ʛʘʟʦʦʙʨʘʟʥʦʡ ʩʤʝʩʴʶ ʠʟ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ (ʘʟʦʪʘ, ʛʝʣʠʷ ʠʣʠ ʘʨʛʦʥʘ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʩʫʤʤʘʨʥʳʤ 

ʜʘʚʣʝʥʠʝʤ 1 ʘʪʤ, ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʩ ʧʦʤʦʱʴʶ ʤʘʥʦʤʝʪʨʘ. ɽʤʢʦʩʪʥʦʡ ʥʘʢʦʧʠʪʝʣʴ 

ʵʥʝʨʛʠʠ ʟʘʨʷʞʘʝʪʩʷ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʚʝʣʠʯʠʥʳ. ʇʨʠ ʟʘʤʳʢʘʥʠʠ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ 

ʙʘʪʘʨʝʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʥʘʯʠʥʘʝʪ ʨʘʟʨʷʞʘʪʴʩʷ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʂʄʇʋ ʠ ʧʨʦʪʝʢʘʥʠʝʤ ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ ʧʦ ʮʝʧʠ. ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʪʦʢʦʤ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʧʝʨʝʤʳʯʢʠ ʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʫʛʦʚʦʡ ʩʪʘʜʠʠ ʨʘʟʨʷʜʘ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʥʘʣʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʛʘʟʳ ʩ 

ʨʘʟʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʧʣʦʪʥʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ). 

ʋʩʣʦʚʠʷ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

 

 

ʊʘʙʣʠʮʘ 1 ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

  N ʉʦʩʪʘʚ 

ʛʘʟʦʚʦʡ 

ʩʨʝʜʳ 

  

w(O2), 

% 

  Uʟʘʨ, 

ʢɺ 

  W, 

ʢɼʞ  

  WC, 

ʢɼʞ 

   Uʜ, 

ʢɺ 

  

Iʤʘʢʩ, 

ʢɸ 

Pʤʘʢʩ, 

ʄɺʪ 

1. 

2. 

3. 

He/O2 

 N2/O2 

 Ar/O2 

 

10 

 

2.5 

33.1 

 32.5  

33.2  

 

45 

1.02  

1.00 

 1.02 

139 

142  

142 

141  

142  

143 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʚʟʚʝʰʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. ɿʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʟʥʦʡ ʨʘʙʦʯʝʡ ʩʨʝʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. ʋʜʝʣʴʥʳʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ  

N ʉʦʩʪʘʚ ʛʘʟʦʚʦʡ 

ʩʨʝʜʳ 

 

U,ɺ  

 

H, ʢʕ  

 

,s  ɻʩ Ŀ ʩʤ3/ʛ  

 

1 

2 

3 

He/O2  

N2/O2  

Ar/O2 

 

200 

 

18.6 

78.3 Ñ 0.2 

74.4 Ñ 0.2 

70.9 Ñ 0.2 Ο 

 

ɺʳʚʦʜʳ ʧʨʦʝʢʪʘ: 

1.   ʇʦʣʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ 

ʯʸʪʢʦ ʚʳʨʘʞʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

2.   ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʨʝʭ ʤʘʪʝʨʠʘʣʦʚ   ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ.  

3.  ɹʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ (ʛʝʣʠʡ ʠ ʘʟʦʪ) ʚʦʟʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʯʠʩʪʦʪʫ ʚʳʭʦʜʘ 

ʛʦʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʤʘʛʥʝʪʠʪʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʇʝʪʨʦʚʘ ʃ.ɻ., ʇʦʪʘʧʦʚ ʄ.ɸ., ʏʫʜʠʥʘ ʆ.ɺ. ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ: 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ/ʄɸɼʀ (ɻʊʋ). ï ʄ., 2008ʛ. ï 198 ʩ. 

2. ʉʘʡʛʘʰ ɸ. ʉ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʳʩʦʢʦʪʚʝʨʜʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʚ ʛʠʧʝʨʩʢʦʨʦʩʪʥʦʡ ʩʪʨʫʝ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʦʡ 

ʧʣʘʟʤʳ : ʘʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ : ʩʧʝʮ. 05.14.12 ; ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

- ʊʦʤʩʢ, 2010. ð 22 ʩ:  [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: -

https://www.earchive.tpu.ru/bitstream/11683/52749/1/dis00282.pdf 

3. ʉʘʞʠʥ ɺ.ɹ., ʇʦʣʦʚʥʠʢʦʚ ɸ.ɹ. ʇʦʣʫʯʝʥʠʝ ʬʝʨʨʠʪʦʚ ʠʟ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʪʦʢʦʚ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ 

ʜʦʩʪʫʧʘ: - 
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4. https://cyberleninka.ru/article/n/poluchenie-ferritov-iz-promyshlennyh-stokov-

galvanicheskih-proizvodstv/viewer 

 
 
 
 
 

ʇɽʈɽʈɸɹʆʊʂɸ ʀɿʃʀʐʂʆɺ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ ɺʓʈɸɹʆʊɸʅʅʓʍ 

ʉʆʃʅɽʏʅʓʄʀ ʇɸʅɽʃʗʄʀ 

ʆʛʠʝʥʢʦ ʆʣʝʛ  

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʢʘʟʸʥʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʐʝʛʘʨʩʢʘʷ ʉʆʐ 

ˉ1è, 8 ʢʣʘʩʩ 

ʩ.ʄʝʣʴʥʠʢʦʚʦ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɼʤʠʪʨʠʝʚ ʂʠʨʠʣʣ ʉʝʨʛʝʝʚʠʯ, ʋʯʠʪʝʣʴ ʬʠʟʠʢʠ 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʠʟʣʠʰʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʳʨʘʙʦʪʘʥʥʳʭ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ. ɼʘʥʥʘʷ 

ʧʨʦʙʣʝʤʘ ʜʦʩʪʘʪʦʯʥʘ ʘʢʪʫʘʣʴʥʘ ʩʨʝʜʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʳʝ ʥʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʪʝʯʝʥʠʠ 

ʩʫʪʦʢ. 

ʈʘʙʦʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʨʘʟʨʘʙʦʪʘʪʴ ʵʢʦʥʦʤʠʯʥʳʡ ʠ ʥʘʜʸʞʥʳʡ 

ʩʧʦʩʦʙ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʠʟʣʠʰʢʦʚ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ 

ʵʥʝʨʛʠʶ ʜʣʷ ʘʢʢʫʤʫʣʷʮʠʠ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

 ʉʫʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ 

ʧʨʝʜʣʦʞʝʥʠʡ, ʚʳʙʦʨ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʧʦʩʦʙʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʵʢʦʥʦʤʠʷ, ʵʢʦʣʦʛʠʷ, 

ʧʝʨʝʨʘʙʦʪʢʘ, ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ, ʘʢʢʫʤʫʣʷʮʠʷ, ʪʝʧʣʳʡ ʧʦʣ, ʠʟʣʠʰʢʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ - ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ 

ʨʝʩʫʨʩʦʚ ʚ ʤʠʨʝ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʪ ʦʪʜʘʣʸʥʥʳʝ ʨʘʡʦʥʳ, ʛʜʝ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚ ʧʦʣʫʯʝʥʠʠ ʩʝʪʝʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʘ. 

ʆʜʥʘʢʦ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʵʥʝʨʛʝʪʠʢʠ, ʥʝ ʦʙʜʝʣʝʥʘ 

ʥʝʜʦʩʪʘʪʢʘʤʠ. ʂʣʶʯʝʚʳʝ ʠʟ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ: ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʪʝʯʝʥʠʠ ʩʫʪʦʢ. ʏʘʩʪʦ ʙʳʚʘʝʪ, ʯʪʦ 

ʜʥʝʚʥʘʷ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟʙʳʪʦʯʥʘ ʠ ʫ ʩʦʙʩʪʚʝʥʥʠʢʘ ʚʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ çʢʫʜʘ ʠ ʢʘʢ ʨʝʘʣʠʟʦʚʘʪʴ ʠʟʣʠʰʢʠè. ʇʨʦʜʘʞʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʝʪʴ ʚ 

ʥʘʰʝ ʚʨʝʤʷ ʥʝ ʜʦʩʪʫʧʥʘ, ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʠʟʙʳʪʦʯʥʫʶ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ 

ï ʥʝ ʨʝʥʪʘʙʝʣʴʥʦ. 

ɼʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʙʳʪʦʯʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʣʠʙʦ ʜʣʷ 

ʘʢʢʫʤʫʣʷʮʠʠ, ʣʠʙʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʘʟʫ.  

https://cyberleninka.ru/article/n/poluchenie-ferritov-iz-promyshlennyh-stokov-galvanicheskih-proizvodstv/viewer
https://cyberleninka.ru/article/n/poluchenie-ferritov-iz-promyshlennyh-stokov-galvanicheskih-proizvodstv/viewer
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ʇʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ 

ʩʥʦʚʘ ʚʦʟʥʠʢʘʝʪ ʬʠʥʘʥʩʦʚʳʡ ʚʦʧʨʦʩ. ʏʘʩʪʦ ʚʩʝ ʦʙʦʛʨʝʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʝ 

ʧʨʠʭʦʪʣʠʚʳʝ ʢ ʢʘʯʝʩʪʚʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦʩʪʦʷʱʠʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʚʳʙʦʨʘ ʛʨʝʶʱʝʛʦ ʧʨʦʚʦʜʘ ʤʘʨʢʠ ʇʅʉɺ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʅʉɺ ʂɸɹɽʃʔ-ʧʨʦʚʦʜ ʜʣʷ ʧʨʦʛʨʝʚʘ ʙʝʪʦʥʘ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʛʨʝʚʘ 

ʙʝʪʦʥʘ ʚ ʫʩʣʦʚʠʷʭ ʟʘʪʚʝʨʜʝʚʘʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢ 

ʞʝ ʦʙʦʛʨʝʚʘ ʛʨʫʥʪʘ ʚ ʪʝʧʣʠʯʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʧʦʣʴʥʳʭ 

ʥʘʛʨʝʚʘʪʝʣʝʡ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʜʦ 380ɺ ʠʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʜʦ 

1000 ɺ. 

ʆʙʟʦʨ ʘʥʘʣʦʛʦʚ. ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʧʨʝʜʣʘʛʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ 

ʘʩʩʦʨʪʠʤʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ, ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʙʠʪ ʥʘ 3 ʢʘʪʝʛʦʨʠʠ: 

- ʢʘʙʝʣʴʥʳʝ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʠ (ʚ ʢʘʯʝʩʪʚʝ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʚʦʜʥʠʢʠ ʚ ʠʟʦʣʷʮʠʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ); 

- ʧʣʸʥʦʯʥʳʝ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʠ (ʚ ʢʘʯʝʩʪʚʝ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʧʣʸʥʢʠ); 

- ʞʠʜʢʦʩʪʥʳʝ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʠ (ʚ ʢʘʯʝʩʪʚʝ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʢʪʨʦʪʵʥ, ʘ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ï ʞʠʜʢʦʩʪʴ). 

ʇʦ ʜʘʥʥʳʤ ʀʥʪʝʨʥʝʪ ʨʝʩʫʨʩʦʚ (ʠʥʪʝʨʥʝʪ ʤʘʛʘʟʠʥʦʚ), ʘʥʘʣʦʛʠ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʀʟʦʙʨʘʞʝʥʠʝ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʅʝʜʦʩʪʘʪʢʠ ɼʦʩʪʦʠʥʩʪʚʘ 

 

ʊʠʧ: ʨʝʟʠʩʪʠʚʥʳʡ, 

ʜʚʫʭʞʠʣʴʥʳʡ 

ʄʦʱʥʦʩʪʴ: 104..136 

ɺʪ/ʤ2 

ʎʝʥʘ: 1088é3200 

ʨʫʙ./ʤ2 

 ʎʝʥʘ: 10,5é24 ʨʫʙ./ɺʪ 

ʅʝʜʝʣʠʤʘʷ 

ʜʣʠʥʥʘ, 

ʠʟʙʳʪʦʯʥʘʷ 

ʫʜʝʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ 

ʇʨʦʩʪʦʪʘ 

ʧʦʜʢʣʶʯʝʥʠʷ 

(ʥʝ ʪʨʝʙʫʝʪ 

ʩʧʝʮ. ʟʥʘʥʠʡ 

ʠ ʨʘʩʯʸʪʦʚ) 

 

 

ʊʠʧ: ʨʝʟʠʩʪʠʚʥʳʡ, 

ʫʛʣʝʨʦʜʥʳʡ. 

ʄʦʱʥʦʩʪʴ: ʜʦ 200 ɺʪ/ʤ2 

ʎʝʥʘ: 112é320 ʨʫʙ./ʤ2 

 ʎʝʥʘ: 0,6é1,6 ʨʫʙ./ɺʪ 

ʉʣʦʞʥʦʩʪʴ 

ʨʘʩʯʸʪʘ. 

ʀʟʙʳʪʦʯʥʘʷ 

ʫʜʝʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ 

ɻʠʙʢʦʩʪʴ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ, 

ʥʠʟʢʘʷ ʮʝʥʘ. 

 

 

ʊʠʧ: ʨʝʟʠʩʪʠʚʥʳʡ, 

ʩʪʘʣʴʥʦʡ. 

ʄʦʱʥʦʩʪʴ: ʜʦ 160 ɺʪ/ʤ2 

ʎʝʥʘ: 112é320 ʨʫʙ./ʤ2 

 ʎʝʥʘ: 0,6é1,6 ʨʫʙ./ɺʪ 

ʉʣʦʞʥʦʩʪʴ 

ʨʘʩʯʸʪʘ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ. 

ʀʟʙʳʪʦʯʥʘʷ 

ʫʜʝʣʴʥʘʷ 

ɻʠʙʢʦʩʪʴ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ, 

ʅʠʟʢʘʷ ʮʝʥʘ. 
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ʊʠʧ: ʇʣʸʥʦʯʥʳʡ 

ʂʘʨʙʦʥʦʚʳʡ  

ʄʦʱʥʦʩʪʴ: ʜʦ 220 ɺʪ/ʤĮ 

ʎʝʥʘ: 550 ʨʫʙ./ʤ2 

ʎʝʥʘ: 2,5ʨʫʙ./ɺʪ 

ʄʦʞʥʦ ʢʣʘʩʪʴ 

ʪʦʣʴʢʦ ʧʦʜ 

ʣʠʥʦʣʝʫʤ, 

 

 

ʃʝʛʢʘʷ 

ʫʩʪʘʥʦʚʢʘ. 

ɼʝʣʠʤʦʩʪʴ ʥʘ 

ʩʝʢʪʦʨʘ. 

 

 

 

ʊʠʧ: ɺʦʜʷʥʦʡ 

ʄʦʱʥʦʩʪʴ: ʜʦ 100 ɺʪ/ʤ2 

ʎʝʥʘ: 210ʨʫʙ./ʤ2 

ʎʝʥʘ: 2,1ʨʫʙ./ɺʪ 

ʉʣʦʞʥʦʩʪʴ 

ʤʦʥʪʘʞʘ. 

ʉʣʦʞʥʘʷ 

ʦʙʚʷʟʢʘ 

ʪʦʧʣʠʚʥʳʭ 

ʢʦʪʣʦʚ. 

ʇʦʜʭʦʜʠʪ 

ʣʶʙʦʡ ʚʠʜ 

ʪʦʧʣʠʚʘ. 

ʕʣʝʢʪʨʦ-

ʙʝʟʦʧʘʩʥʦʩʪʴ. 

 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʳʥʦʯʥʳʭ 

ʧʨʝʜʣʦʞʝʥʠʡ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʚʦʜʘ ʤʘʨʢʠ ʇʅʉɺ. ʆʥʠ ʠʤʝʝʪ ʧʨʦʩʪʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ (ʩʪʘʣʴʥʘʷ ʧʨʦʚʦʣʦʢʘ ʚ ʚʠʥʠʣʦʚʦʡ ʠʟʦʣʷʮʠʠ), ʥʘʜʸʞʥʦʩʪʴ ʢʦʪʦʨʦʡ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʝʩʷʪʠʣʝʪʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʉʉʈ ʠ ʈʦʩʩʠʠ. 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ɻʆʉʊʘʤ. ʅʠʟʢʘʷ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ 

ʠʟʤʝʥʷʷ ʜʣʠʥʫ ʧʨʦʚʦʜʥʠʢʘ ʟʘʢʣʘʜʳʚʘʪʴ ʤʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ. 

ʅʦʚʠʟʥʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʧʨʦʚʦʜ 

ʥʝ ʜʣʷ ʧʨʦʛʨʝʚʘ ʙʝʪʦʥʘ ʚʦ ʚʨʝʤʷ ʝʛʦ ʪʚʝʨʜʝʥʠʷ, ʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʘʢʢʫʤʫʣʷʪʦʨʘ ʪʝʧʣʘ ʠ 

ʦʪʦʧʣʝʥʠʷ ʪʸʧʣʳʤʠ ʧʦʣʘʤʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʘʟʯʠʢʦʤ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: 

- ʧʣʦʱʘʜʴ ʧʦʤʝʱʝʥʠʷ S = 60 ʤ2; 

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʥʘʛʨʝʚʘʪʝʣʷ P = 1700 ʢɺʪ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʷ. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʛʨʝʶʱʝʛʦ ʧʨʦʚʦʜʥʠʢʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʆʤ/ʤ) ʠ ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ʆʤʘ ʠ ɼʞʦʫʣʷ-ʃʝʥʮʘ 

ʚʳʯʠʩʣʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʡ ʣʠʥʠʠ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʜʥʦʛʦ ʤʝʪʨʘ ʧʨʦʚʦʜʘ ʇʅʉɺ ʜʠʘʤʝʪʨʦʤ 1,2 ʤʤ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

- ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʪʘʙʣʠʯʥʳʝ 

ʜʘʥʥʳʝ; 

- ʧʦ ʟʘʢʦʥʫ ʆʤʘ, ʠʟʤʝʨʠʚ ʪʦʢ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʦʪʨʝʟʢʝ 

ʧʨʦʚʦʜʘ. 

ɹʳʣ ʚʳʙʨʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʦʩʦʙ, ʪʘʢ ʢʘʢ ʦʥ ʠʤʝʝʪ ʙʦʣʝʝ ʪʦʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʠʤʳʝ ʠʤʝʥʥʦ ʢ ʪʦʤʫ ʧʨʦʚʦʜʫ, ʢʦʪʦʨʳʡ ʙʳʣ ʢʫʧʣʝʥ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʪʨʝʟʢʘ ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʚʦʜ ʜʣʠʥʥʦʡ L = 40 

ʤ. ɸʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʝ ʧʣʘʚʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʜʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ 

ʨʘʚʥʳʤ I = 5ɸ. ɺ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʪʦʢ ʜʦʩʪʠʛ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʝ, ʧʦʢʘʟʘʥʠʷ 

ʚʦʣʴʪʤʝʪʨʘ ʠʤʝʣʠ ʟʥʘʯʝʥʠʝ U = 15,5 ɺ. 
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ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ʆʤʘ: 

]4[,, ʆʤ
I

U
R=  

ʛʜʝ U ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʮʘʭ ʧʨʦʚʦʜʥʠʢʘ (ɺ); 

I ï ʪʦʢ ʧʨʦʪʝʢʘʶʱʠʡ ʧʦ ʧʨʦʚʦʜʥʠʢʫ (ɸ). 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ, ʧʦʣʫʯʘʝʤ: 

.06,3
5

3,15
ʆʤ

ɸ

ɺ
R ==  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʥʘ 1 ʤʝʪʨ) ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʜʝʣʠʪʴ ʥʘ ʜʣʠʥʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʚʦʜʘ S = 40ʤ: 

./0765,0
40

06,3
ʤʆʤ

ʤ

ʆʤ
Rʫʜ ==  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʪʦʢʘ ʧʨʦʚʦʜʘ ʤʘʨʢʠ ʇʅʉɺ, ʪʘʢ 

ʞʝ ʧʨʦʚʦʜʠʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ. ʏʝʨʝʟ ʦʜʠʥʦʯʥʳʡ ʧʨʦʚʦʜʥʠʢ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʣʩʷ ʚ 

ʚʦʟʜʫʭʝ, ʧʨʦʧʫʩʢʘʣʩʷ ʪʦʢ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʠʟʦʣʷʮʠʷ ʥʝ ʥʘʯʠʥʘʣʘ ʧʣʘʚʠʪʴʩʷ. 

ʇʦʢʘʟʘʥʠʷ ʪʦʢʘ ʩʯʠʪʘʶʪʩʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤʠ. ɼʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟʦʣʷʮʠʷ ʥʘʯʘʣʘ ʨʘʟʤʷʛʯʘʪʴʩʷ ʧʨʠ ʪʦʢʘ ʨʘʚʥʦʤ Iʤʘʢʩ. =  14,4 ɸ. ɼʣʷ 

ʥʘʰʝʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ 

ʨʘʚʥʳʡ Iʥʘʛʨ = 7,5 ɸ.  

ʅʝʦʙʭʦʜʠʤʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʝʚʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ɼʞʦʫʣʷ-

ʃʝʥʮʘ: 

]4[,
2
ʆʤ

I

ʈ
R=  

ʛʜʝ ʈ ï ʥʝʦʙʭʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ, ɺʪ; 

I ï ʪʦʢ ʧʨʦʚʦʜʥʠʢʘ, ɸ. 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ, ʧʦʣʫʯʘʝʤ: 

,31
5,7

1700
2

ʆʤ
ɸ

ɺʪ
R ==  

ʋʯʠʪʳʚʘʷ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʝ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʧʦʣʫʯʘʝʤ ʜʣʠʥʫ ʧʨʦʚʦʜʘ: 

.23,405
0765,0

31
ʤ

ʆʤ

R

R
L

ʤ
ʆʤ

ʫʜ

===  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʠʥʥʘ ʧʨʦʚʦʜʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 405 ʤ. 

ʇʦʤʝʱʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʝ ʜʣʷ ʨʘʙʦʪʳ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

 - ʜʣʠʥʘ 10 ʤ; 

 - ʰʠʨʠʥʘ 6 ʤ. 

ʀʩʭʦʜʷ ʠʟ ʛʘʙʘʨʠʪʦʚ ʧʦʤʝʱʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʠʥʥʳ ʧʨʦʚʦʜʥʠʢʘ ʠ 

ʫʜʦʙʩʪʚʘ ʤʦʥʪʘʞʘ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʩʢʣʘʜʳʚʘʪʴ ʧʨʦʚʦʜʥʠʢ ʣʠʥʠʷʤʠ ʩ 

ʰʘʛʦʤ ʚ 15 ʩʤ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʘ. 
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 ʘ)        ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʋʢʣʘʜʢʘ ʛʨʝʶʱʝʛʦ ʧʨʦʚʦʜʘ ʧʦʜ ʧʝʩʯʘʥʳʡ ʪʝʧʣʦʘʢʢʫʤʫʣʷʪʦʨ 

(ʘ), ʚ ʩʪʷʞʢʫ ʯʠʩʪʦʚʦʛʦ ʧʦʣʘ (ʙ). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʈʘʩʯʸʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʨʝʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩʦʚʧʘʣʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʠʟʤʝʨʝʥʠʡ ʧʦʩʣʝ ʤʦʥʪʘʞʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ, ʢʦʥʪʫʨ ʟʘʱʠʪʥʦʛʦ 

ʟʘʟʝʤʣʝʥʠʷ ï ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʦʨʤʘʤ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʧʦʪʨʝʙʠʪʝʣʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʘʙʩʦʣʶʪʥʦ ʥʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʤ ʢ ʢʘʯʝʩʪʚʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ (ʚʠʜʫ ʪʦʢʘ ʠ ʫʨʦʚʥʶ ʥʘʧʨʷʞʝʥʠʷ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ 

ʵʣʝʤʝʥʪ ʥʘ ʧʨʷʤʫʶ ʦʪ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʙʝʟ ʧʦʪʝʨʴ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ.  ʆʙʱʠʝ 

ʟʘʪʨʘʪʳ ʥʘ ʛʨʝʶʱʠʡ ʧʨʦʚʦʜ (ʜʚʘ ʫʨʦʚʥʷ: ʪʝʧʣʦʚʦʡ ʘʢʢʫʤʫʣʷʪʦʨ ʠ ʙʝʪʦʥʥʘʷ 

ʩʪʷʞʢʘ) ʩʦʩʪʘʚʠʣʠ 2300 ʨʫʙ., ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʢʦʥʦʤʠʯʥʳʤ ʚʘʨʠʘʥʪʦʤ. 

ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʝ ʧʨʠʭʦʪʣʠʚʦʩʪʴ ʢ ʢʘʯʝʩʪʚʫ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ (ʤʘʪʝʨʠʘʣʦʚ) ʧʦʟʚʦʣʷʝʪ ʜʘʥʥʦʤʫ 

ʨʝʰʝʥʠʶ ʥʘʡʪʠ ʩʚʦʝʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʙʳʪʫ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ ʧʣʘʥʠʨʫʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʢʣʘʜʢʫ 

ʛʨʝʶʱʝʛʦ ʧʨʦʚʦʜʘ ʚ ʛʨʫʥʪʝ ʪʝʧʣʠʮʳ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʲʸʤʦʚ ʠʟʣʠʰʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʚʥʝʜʨʝʥʠʝ ʩʭʝʤʳ ʚʦʜʷʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʫʶ ʪʝʧʣʦʚʫʶ ʸʤʢʦʩʪʴ, ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ɸʥʘʣʠʟ ʨʘʩʯʸʪʥʳʭ ʠ 

ʬʘʢʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʄʘʛʘʟʠʥ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʨʝʤʦʥʪʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: www.url: https://stroyparkdiy.ru/. - 16.06.2023. 
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2. ʀʥʪʝʨʥʝʪ ʤʘʛʘʟʠʥ ʨʘʟʣʠʯʥʳʭ ʪʦʚʘʨʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: www.url: https://aliexpress.ru/ - 16.06.2023. 

3. ʆʆʆ "ʉɼʉ" 2006-2023 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

www.url: https://www.sds-group.ru/items_14661.htm 

.4. ʇʝʨʳʰʢʠʥ ɸ.ɺ. ʌʠʟʠʢʘ. 7 ʢʣʘʩʩ. ʋʯʝʙʥʠʢ ʜʣʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯ. 

ʟʘʚʝʜʝʥʠʡ; 3-ʠʟʜ., ʜʦʧʦʣʥʝʥʥʦʝ. - ʄ.: ɼʨʦʬʘ, 2014ʛ. 

 
 
 
 
 

ʀɿɻʆʊʆɺʃɽʅʀɽ ʄʆɼɽʃʀ ɻʀɼʈɸɺʃʀʏɽʉʂʆɻʆ ʄɸʅʀʇʋʃʗʊʆʈɸ  

ʇʘʚʣʦʚʠʯ ʇʦʣʠʥʘ 

ɹʆʋ ʛ.ʆʤʩʢʘ ʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ  ̄24, 11 ʢʣʘʩʩ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʦʚʘʢ ɽʣʝʥʘ ʅʠʢʦʣʘʝʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

 

ʉʦʚʨʝʤʝʥʥʫʶ ʪʝʭʥʠʢʫ - ʘʚʪʦʤʦʙʠʣʠ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʠ ʜʦʨʦʞʥʳʝ 

ʤʘʰʠʥʳ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʤʝʭʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʝʜʘʶʱʝʛʦ ʠʣʠ ʧʨʠʥʠʤʘʶʱʝʛʦ ʤʦʱʥʦʩʪʴ ʟʚʝʥʘ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʞʠʜʢʦʩʪʠ. ɻʠʜʨʦʤʦʪʦʨʳ, ʛʠʜʨʦʧʨʠʚʦʜʳ, ʥʘʩʦʩʳ ʚʩʝʚʦʟʤʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʩʠʣʦʚʳʝ, ʛʨʫʟʦʧʦʜʲʝʤʥʳʝ, ʜʝʤʧʬʠʨʫʶʱʠʝ ʠ ʘʤʦʨʪʠʟʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ - ʧʠʪʘʥʠʷ, ʩʤʘʟʢʠ, 

ʦʭʣʘʞʜʝʥʠʷ ï ʚʦʪ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʤʝʭʘʥʠʟʤʦʚ, ʚ ʢʦʪʦʨʳʭ ʞʠʜʢʦʩʪʴ 

ʧʦʤʦʛʘʝʪ ʨʝʰʠʪʴ ʠʥʞʝʥʝʨʥʳʝ ʟʘʜʘʯʠ ʧʦ ʦʙʣʝʛʯʝʥʠʶ ʪʨʫʜʘ ʯʝʣʦʚʝʢʘ, 

ʫʜʝʰʝʚʣʝʥʠʶ ʠ ʫʧʨʦʱʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʟʥʘʪʴ, ʢʘʢ ʦʥʠ ʫʩʪʨʦʝʥʳ, ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʠʭ 

ʧʨʠʤʝʥʷʪʴ. ʀʟʛʦʪʘʚʣʠʚʘʷ ʤʦʜʝʣʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʘʰʠʥʳ, ʷ ʜʝʪʘʣʴʥʦ ʫʟʥʘʶ ʝʝ 

ʩʪʨʦʝʥʠʝ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʘ ʦʩʥʦʚʝ ʝʸ ʫʩʪʨʦʡʩʪʚʘ ʷ ʤʦʛʫ ʩʦʟʜʘʪʴ ʫʣʫʯʰʝʥʥʫʶ ʠ 

ʧʨʦʩʪʫʶ ʤʦʜʝʣʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʥʘ ʚʥʝʢʣʘʩʩʥʳʭ ʟʘʥʷʪʠʷʭ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʝʢʘʜ, 

ʟʘʥʠʤʘʪʝʣʴʥʳʭ ʦʧʳʪʦʚ, ʚʳʩʪʘʚʢʘʭ. 

ʎʝʣʴ ʧʨʦʝʢʪʘ: ʠʟʛʦʪʦʚʠʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʥʝ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ 

ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ɿʘʜʘʯʠ:  

1. ʀʟʛʦʪʦʚʠʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

2. ʆʙʲʷʩʥʠʪʴ ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. 

3. ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʘʥʘʣʠʟʳ ʩ ʦʙʦʠʤʠ ʤʦʜʝʣʷʤʠ 
ʤʘʥʠʧʫʣʷʪʦʨʘ. 

4. ɼʦʢʘʟʘʪʴ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʥʝ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

 ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʦʜʝʣʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʩ ʨʘʩʩʤʦʪʨʝʥʠʝʤ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. 

https://aliexpress.ru/
https://www.sds-group.ru/items_14661.htm
http://ou24.omsk.obr55.ru/
http://ou24.omsk.obr55.ru/
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1. ʇʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʰʘʙʣʦʥʘʤ ʚʳʨʝʟʘʪʴ ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʘʣʝʡ ʜʣʷ 
ʤʝʭʘʥʠʟʤʘ ʤʘʥʠʧʫʣʷʪʦʨʘ (ʧʨʠʣʦʞʝʥʠʝ 1, ʨʠʩʫʥʦʢ 1, 2, 3). 

2. ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʤʘʥʠʧʫʣʷʪʦʨʘ: 

2.1. ʉʢʣʝʠʪʴ ʜʝʪʘʣʠ, ʦʩʥʦʚʘʥʠʝ (ʧʨʠʣʦʞʝʥʠʝ 1, ʨʠʩʫʥʦʢ 4). 

2.2. ʉʜʝʣʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʩʢʨʝʧʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʨʠʣʦʞʝʥʠʝ 1, ʨʠʩʫʥʦʢ 3). 

2.3. ɿʘʢʨʝʧʠʪʴ ʜʝʪʘʣʠ ʥʘ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

2.4. ɿʘʢʨʝʧʠʪʴ ʜʝʪʘʣʠ ʥʘ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʧʨʠʣʦʞʝʥʠʝ 1, 

ʨʠʩʫʥʦʢ 4). 

3. ʆʢʨʘʰʠʚʘʥʠʝ ʚʦʜʳ ʚ ʯʝʪʳʨʝ ʮʚʝʪʘ ʩ ʧʦʤʦʱʴʶ ʧʠʱʝʚʳʭ ʢʨʘʩʠʪʝʣʝʡ. 

1. ʈʝʛʫʣʠʨʦʚʢʘ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ ʠ ʚʦʟʜʫʭʘ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʡ 
ʨʘʙʦʪʳ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʚʠʜʝʦ ʧʦ ʩʩʳʣʢʝ 

https://www.popmech.ru/diy/news-345272-kak-sdelat-gidravlicheskiy-

manipulyator-svoimi-rukami/ 

ʄʘʪʝʨʠʘʣʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʜʝʣʠ: 

1. ʄʘʪʝʨʠʘʣʳ: ʢʘʨʪʦʥ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʡ, ʰʧʨʠʮʳ ʦʜʥʦʨʘʟʦʚʳʝ, 

ʧʦʣʠʚʠʥʠʣʦʚʘʷ ʪʨʫʙʢʘ, ʩʫʧʝʨʢʣʝʡ, ʭʦʤʫʪ-ʩʪʷʞʢʘ, ʧʨʦʚʦʣʦʢʘ ʩʪʘʣʴʥʘʷ, 

ʙʘʪʘʨʝʡʢʘ ʥʠʟʢʦʚʦʣʴʪʥʘʷ, ʧʘʣʦʯʢʠ ʜʣʷ ʢʘʥʘʧʝ ʠ ʤʦʨʦʞʝʥʥʦʛʦ, ʩʢʦʪʯ, ʚʦʜʘ, 

ʤʘʩʣʦ ʠ ʢʨʘʩʠʪʝʣʠ. 

2. ʀʥʩʪʨʫʤʝʥʪʳ: ʢʘʥʮʝʣʷʨʩʢʠʡ ʥʦʞ, ʥʦʞʥʠʮʳ, ʣʠʥʝʡʢʘ, ʢʘʨʘʥʜʘʰ, ʰʠʣʦ, 

ʜʨʝʣʴ, ʢʣʝʡ-ʧʠʩʪʦʣʝʪ, ʧʣʦʩʢʦʛʫʙʮʳ, ʥʘʞʜʘʯʥʘʷ ʙʫʤʘʛʘ. 

ʆʚʣʘʜʝʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʚʳʢʘ ʫʧʨʘʚʣʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʤ. 

ɿʘʚʝʨʰʠʚ ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʦʜʝʣʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʝʨʝʜ ʥʘʤʠ 

ʚʩʪʘʣʘ ʝʱʝ ʦʜʥʘ ʥʝʧʨʦʩʪʘʷ ʟʘʜʘʯʘ ï ʥʘʫʯʠʪʴʩʷ ʠʤ ʫʧʨʘʚʣʷʪʴ. ʕʪʘ ʨʘʙʦʪʘ ʪʨʝʙʫʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ, ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʡ. ʊʦʣʴʢʦ ʧʫʪʝʤ ʥʝʦʜʥʦʢʨʘʪʥʳʭ 

ʫʧʨʘʞʥʝʥʠʡ ʤʦʞʥʦ ʦʚʣʘʜʝʪʴ ʥʘʚʳʢʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʳʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʤʘʥʠʧʫʣʷʪʦʨʦʤ. 

ʇʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʝʡ 

ʤʘʥʠʧʫʣʷʪʦʨʘ, ʥʘʧʦʣʥʝʥʥʳʭ ʤʘʩʣʦʤ ʠʣʠ ʚʦʜʦʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʥʝ ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʜʘʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʚ 8 ʢʣʘʩʩʝ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʥʦʚʦʡ 

ʤʦʜʝʣʴʶ ʤʘʥʠʧʫʣʷʪʦʨʘ: ʠʟʤʝʨʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ ʛʨʫʟʘ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʪʝʣʘ, ʧʦʜʥʠʤʘʝʤʦʛʦ ʛʨʫʟʘ ʤʘʥʠʧʫʣʷʪʦʨʦʤ.  
   ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʝʨʚʘʷ ʤʦʜʝʣʴ ɺʪʦʨʘʷ ʤʦʜʝʣʴ 

ʉ ʚʦʜʦʡ ʉ ʤʘʩʣʦʤ ʉ ʚʦʜʦʡ ʉ ʤʘʩʣʦʤ 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʝʩ  

ʪʝʣʘ, ʧʦʜʥʠʤʘʝʤʦʛʦ 

ʛʨʫʟʘ 

 

1,4 ʅ 

 

 

1,55 ʅ 

 

2,1 ʅ 

 

2,4 ʅ 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʚʳʩʦʪʘ ʧʦʜʲʸʤʘ 

ʛʨʫʟʘ 

 

50 ʩʤ 

 

50 ʩʤ 

 

45  ʩʤ 

 

45 ʩʤ 

ʋʧʨʘʚʣʷʝʤʦʩʪʴ ʋʧʨʘʚʣʷʝʤʦʩʪʴ ʣʫʯʰʝ ʩ ʚʦʜʦʡ ʋʧʨʘʚʣʷʝʤʦʩʪʴ ʣʫʯʰʝ ʩ ʚʦʜʦʡ 

ʇʦʣʦʞʝʥʠʝ ʨʳʯʘʛʘ ʅʝ 

ʬʠʢʩʠʨʫʝʪʩʷ 

ʌʠʢʩʠʨʫʝʪʩʷ ʌʠʢʩʠʨʫʝʪʩʷ ʌʠʢʩʠʨʫʝʪʩʷ 



109 
 

 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʷʭ ʩ ʦʙʝʠʤʠ ʤʦʜʝʣʷʤʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ 

ʣʫʯʰʝ, ʢʦʛʜʘ ʦʥʠ ʥʘʧʦʣʥʝʥʳ ʚʦʜʦʡ. ʕʪʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʫ ʤʘʩʣʘ ʤʝʥʴʰʝ 

ʧʣʦʪʥʦʩʪʴ. ʊʘʢʞʝ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʫ ʤʘʩʣʘ ʤʝʥʴʰʝ ʧʣʦʪʥʦʩʪʴ, ʤʘʥʠʧʫʣʷʪʦʨʳ 

ʩ ʤʘʩʣʦʤ ʧʦʜʥʠʤʘʶʪ ʪʝʣʘ ʩ ʙʦʣʴʰʠʤʠ ʚʝʩʘʤʠ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʜʝʣʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʷ ʤʘʣʝʥʴʢʠʡ ʰʧʨʠʮ ʜʣʷ 

ʚʨʘʱʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʪʝʨʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ 

ʩʚʦʝʡ ʦʩʠ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʟʘʤʝʥʠʪʴ ʤʘʣʝʥʴʢʠʡ ʰʧʨʠʮ ʥʘ ʰʧʨʠʮ 

ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ. 

ɿɸʂʃʖʏɽʅʀɽ 

ʂʦʛʜʘ ʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʣʘ ʩʪʨʦʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʘʰʠʥʳ, ʷ 

ʧʦʥʷʣʘ, ʯʪʦ ʚʳʠʛʨʳʰ ʚ ʩʠʣʝ ʙʦʣʴʰʝ ʚ ʪʦʡ, ʛʜʝ ʚʥʫʪʨʝʥʥʠʡ ʰʧʨʠʮ ʙʦʣʴʰʝʛʦ 

ʜʠʘʤʝʪʨʘ, ʘ ʚʪʦʨʦʡ ʤʝʥʴʰʝʛʦ. ʆʪʥʦʰʝʥʠʝ ʩʠʣ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʧʣʦʱʘʜʠ ʧʦʨʰʥʝʡ ʠ ʧʦʵʪʦʤʫ ʚʪʦʨʘʷ ʤʦʜʝʣʴ ʜʘʸʪ ʙʦʣʴʰʠʡ ʚʳʠʛʨʳʰ ʚ ʩʠʣʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʜʚʠʥʫʪʘʷ ʥʘʤʠ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ, ʤʦʞʥʦ, ʥʝ ʠʟʤʝʥʷʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥ ʤʘʥʠʧʫʣʷʪʦʨ, ʫʣʫʯʰʠʪʴ ʨʘʙʦʪʫ 

ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʦʜʪʚʝʨʜʠʣʘʩʴ. 

ʇʦʩʪʘʚʣʝʥʥʳʝ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʜʦʩʪʠʛʥʫʪʳ. ɺ ʭʦʜʝ ʧʨʦʝʢʪʘ ʥʘʤ ʫʜʘʣʦʩʴ ʥʝ 

ʪʦʣʴʢʦ ʠʟʛʦʪʦʚʠʪʴ ʥʦʚʫʶ ʤʦʜʝʣʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʧʨʦʚʝʩʪʠ 

ʥʝʙʦʣʴʰʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʨʘʙʦʪʫ, ʥʦ ʝʱʝ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʦʜʝʣʴ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʥʘ ʚʥʝʢʣʘʩʩʥʳʭ ʟʘʥʷʪʠʷʭ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʝʢʘʜ, 

ʟʘʥʠʤʘʪʝʣʴʥʳʭ ʦʧʳʪʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʚʣʘʜʝʥʠʷ ʥʘʚʳʢʦʤ ʫʧʨʘʚʣʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʫ ʥʘʩ ʚʦʟʥʠʢʣʦ 

ʝʱʸ ʥʝʩʢʦʣʴʢʦ ʠʜʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʰʝʡ ʤʦʜʝʣʠ (ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ). 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʢʘʢ ʨʘʟʚʠʚʘʶʱʫʶ ʠʛʨʫ ʜʣʷ 

ʜʝʪʝʡ ʜʦʰʢʦʣʴʥʦʛʦ ʠʣʠ ʤʣʘʜʰʝʛʦ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʪʦ ʵʪʦ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʫ ʥʠʭ ʤʝʣʢʦʡ ʤʦʪʦʨʠʢʠ, ʛʣʘʟʦʤʝʨʘ ʠ ʫʩʠʜʯʠʚʦʩʪʠ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʥʘʤʠ ʤʦʜʝʣʴ ʢʘʢ ʘʪʪʨʘʢʮʠʦʥ ʥʘ 

ʰʢʦʣʴʥʦʡ çʗʨʤʘʨʢʝ ʜʦʙʨʘè. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

2. ɸ.ɺ. ʇʝʨʳʰʢʠʥ ʌʠʟʠʢʘ 7 ʢʣ. ï ʄʦʩʢʚʘ.: ɼʨʦʬʘ, 2016. 

3. ʀʥʪʝʨʥʝʪ ʧʦʨʪʘʣ çʅʘʫʢʘ ʜʝʪʷʤè. - URL: 

http://virtuallab.by/publ/interesnye_stati/interesnye_stati/gidravlicheskie_mekh

anizmy_svoimi_rukami/2-1-0-194 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ ʩʝʥʪʷʙʨʴ - ʜʝʢʘʙʨʴ 2019 

ʛʦʜʘ). 

3. ʇʦʧʫʣʷʨʥʘʷ ʤʝʭʘʥʠʢʘ. URL: https://www.popmech.ru/diy/news-345272-

kak-sdelat-gidravlicheskiy-manipulyator-svoimi-rukami/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ ʩʝʥʪʷʙʨʴ 

- ʜʝʢʘʙʨʴ 2019 ʛʦʜʘ).  

4. ʇʝʨʩʦʥʘʣʴʥʳʡ ʩʘʡʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ɻʦʥʯʘʨʦʚʘ ʆ.ɻ. ʂɻɹʇʆʋ 

çʂʘʤʝʥʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʪʝʭʥʠʢʫʤè http://k-a-t.ru/gidravlika/1/index.shtml 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ ʩʝʥʪʷʙʨʴ 2019 ʛʦʜʘ).  

5. ɸ.ɺ. ʇʝʨʳʰʢʠʥ ʌʠʟʠʢʘ 10 ʢʣ. ï ʄʦʩʢʚʘ.: ɼʨʦʬʘ, 2016. 

http://virtuallab.by/publ/interesnye_stati/interesnye_stati/gidravlicheskie_mekhanizmy_svoimi_rukami/2-1-0-194
http://virtuallab.by/publ/interesnye_stati/interesnye_stati/gidravlicheskie_mekhanizmy_svoimi_rukami/2-1-0-194
https://www.popmech.ru/diy/news-345272-kak-sdelat-gidravlicheskiy-manipulyator-svoimi-rukami/
https://www.popmech.ru/diy/news-345272-kak-sdelat-gidravlicheskiy-manipulyator-svoimi-rukami/
http://k-a-t.ru/gidravlika/1/index.shtml


110 
 

6. ʄʷʢʠʰʝʚ ɻ. ʗ., ɹʫʭʦʚʮʝʚ  ɹ. ɹ. , ʉʦʪʩʢʠʡ ʅ. ʅ. ʋʯʝʙʥʠʢ ʌʠʟʠʢʘ 10 ʢʣʘʩʩ. 

ï ʄʦʩʢʚʘʶ: ʇʨʦʩʚʷʱʝʥʠʝ, 2017. 

 

ʇʈʀʃʆɾɽʅʀɽ 1 

 
ʈʠʩʫʥʦʢ 1. ʐʘʙʣʦʥʳ ʜʣʷ ʤʝʭʘʥʠʟʤʘ ʤʘʥʠʧʫʣʷʪʦʨʘ  

 
ʈʠʩʫʥʦʢ 2. ɺʳʨʝʟʘʥʥʳʝ ʰʘʙʣʦʥʳ ʩ ʫʢʘʟʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʜʝʪʘʣʝʡ ʜʣʷ ʤʝʭʘʥʠʟʤʘ ʤʘʥʠʧʫʣʷʪʦʨʘ  

 
ʈʠʩʫʥʦʢ 3. ʉʢʣʝʠʚʘʥʠʝ ʜʝʪʘʣʝʡ ʠ ʦʩʥʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʤʘʥʠʧʫʣʷʪʦʨʘ 

  
ʈʠʩʫʥʦʢ 4. ʆʪʚʝʨʩʪʠʷ ʜʣʷ ʩʢʨʝʧʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ʇʈʀʃʆɾɽʅʀɽ 2 



111 
 

 
ʈʠʩʫʥʦʢ 1. ʀʟʤʝʨʝʥʠʝ ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ ʛʨʫʟʘ. 

 
ʈʠʩʫʥʦʢ 2. ʀʟʤʝʨʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʪʝʣʘ, ʧʦʜʥʠʤʘʝʤʦʛʦ ʛʨʫʟʘ 

ʤʘʥʠʧʫʣʷʪʦʨʦʤ 

 
ʈʠʩʫʥʦʢ 3. ɻʦʪʦʚʘʷ ʤʦʜʝʣʴ. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʇʀʊɸʅʀʗ ʀ ʋʇʈɸɺʃɽʅʀʗ  

ɸʉʀʅʍʈʆʅʅʓʄ ɼɺʀɻɸʊɽʃɽʄ ʄɸʃʆʁ ʄʆʑʅʆʉʊʀ 

ʇʝʪʨʦʚ ʈʦʤʘʥ, ʐʝʥʜʝʨʦʚ ɺʣʘʜʠʩʣʘʚ 

 ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ  

ʛ. ʊʦʤʩʢ  

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʐʝʩʪʘʢʦʚʘ ɺʝʨʘ ɺʘʩʠʣʴʝʚʥʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʨʠʤʝʨʘʤʠ 

ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʜʚʠʛʘʪʝʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɺ ʵʥʝʨʛʝʪʠʢʝ ʦʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ, ʦʥʠ ʝʩʪʴ ʥʘ ʣʶʙʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʚ ʩʠʩʪʝʤʘʭ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʝʬʪʝʛʘʟʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʪ.ʜ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʥʮʠʧʳ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʦʚ ʠ 

ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʣʘʙʦʨʘʪʦʨʥʘʷ ʤʦʜʝʣʴ ʪʨʝʭʬʘʟʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ɸɼ), ʠʟʛʦʪʦʚʣʝʥʥʘʷ 

ʥʘ ʟʘʚʦʜʝ ʚ 20-ʤ ʚʝʢʝ, ʚʦ ʚʨʝʤʝʥʘ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʩʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠ ʩʦʙʨʘʪʴ ʩʠʩʪʝʤʫ ʧʠʪʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʭʬʘʟʥʳʤ ɸɼ ʤʦʱʥʦʩʪʴʶ 6 ɺʪ. 

ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 

- ʨʘʩʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤʳ, ʧʨʝʦʙʨʘʟʫʶʱʝʡ ʦʜʥʦʬʘʟʥʫʶ ʩʭʝʤʫ ʧʠʪʘʥʠʷ ʦʪ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʃɸʊʈ) ʚ ʪʨʝʭʬʘʟʥʫʶ; 

-  ʧʨʦʚʝʩʪʠ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ; 

-  ʧʨʦʚʝʩʪʠ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʆʙʟʦʨ ʘʥʘʣʦʛʦʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ɸɼ 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʜʚʠʛʘʪʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ [1]. ʉʫʱʝʩʪʚʫʶʪ 

ʜʚʘ ʪʠʧʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ: ʨʝʣʝʡʥʦ-ʢʦʥʪʘʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ; ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʘʷ 

ʩʠʩʪʝʤʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʠʤʝʥʠʪʴ ʨʝʣʝʡʥʦ-

ʢʦʥʪʘʢʪʦʨʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʚʳʩʦʢʫʶ 

ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ. 

ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ ʧʨʦʝʢʪʘ. ʄʘʣʦʤʦʱʥʳʡ ʪʨʝʭʬʘʟʥʳʡ ɸɼ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 

ʧʠʪʘʥʠʷ  ~25 ɺ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʚ ɺʋɿʘʭ 

ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʥʘʧʨʘʚʣʝʥʠʷ 13.03.02 çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘè.  

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɸɼ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʜʠʩʮʠʧʣʠʥʳ çʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳè.  

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʷʣʩʷ 

ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʇʂ Mathcad.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸɼ ʧʨʠʤʝʥʷʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʤʝʪʦʜ. ʇʨʠ ʟʘʧʫʩʢʝ ɸɼ ʧʨʦʚʦʜʠʣʦʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʪʦʢʦʚ ʬʘʟ ʚ 

ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ ʧʨʠ ʟʘʜʘʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ. ɸʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ RA = 4.7 ʆʤ 
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ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ L = 0,052 ɻʥ ʬʘʟʳ ɸɼ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʮʠʬʨʦʚʳʤ LCR-ʪʝʩʪʝʨʦʤ. 

ʀʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʘʟʳ ʜʚʠʛʘʪʝʣʷ 

 

ʍɸ=ʍɺ=ʍʉ= ɤL= 314Ā0,052 = 16 ʆʤ. 

 

ʉʠʩʪʝʤʘ ʧʠʪʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʥʜʝʥʩʘʪʦʨʳ ʠ ʨʝʟʠʩʪʦʨʳ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʉ1 = ʉ2 = 40 ʤʢʌ, R1 = R2 = 46 ʆʤ. ɽʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ  

 

80
1040314

11
621 =

ÖÖ
===

-C
XX CC

w
 ʆʤ. 

 

ʆʧʠʩʘʥʠʝ ʵʪʘʧʦʚ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʧʦ ʟʘʢʦʥʘʤ ʂʠʨʭʛʦʬʘ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʠʟ 

8-ʤʠ ʫʨʘʚʥʝʥʠʡ, ʧʦ ʢʦʪʦʨʦʡ  ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ  8 ʥʝʠʟʚʝʩʪʥʳʭ ʪʦʢʦʚ ʚ ʩʭʝʤʝ ʨʠʩ. 
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ʈʠʩ. 1. ʉʭʝʤʘ  ʧʦʜʢʣʶʯʝʥʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʪ ʦʜʥʦʡ ʬʘʟʳ 

 

ɺʪʦʨʦʡ ʵʪʘʧ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʙʦʨʢʝ ʩʭʝʤʳ, ʟʘʧʫʩʢʝ ɸɼ ʠ ʩʥʷʪʠʠ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʛʨʝʰʥʦʩʪʴ ʤʝʞʜʫ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʠ ʠʟʤʝʨʝʥʥʳʤʠ ʪʦʢʘʤʠ ʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 10%.  

ʈʝʟʫʣʴʪʘʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʩʠʩʪʝʤʘ ʧʠʪʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ɸɼ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ~25 ɺ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 1700 

ʦʙ/ʤʠʥ., ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ 0.3 ɸ, ʧʫʩʢʦʚʦʡ ʪʦʢ ʦʢʦʣʦ 1 ɸ, ʚʝʩ 4 ʢʛ, ʛʘʙʘʨʠʪʥʳʝ 

ʨʘʟʤʝʨʳ 15ʭ20ʭ35 ʩʤ. ʈʝʣʝ ʦʪʢʣʶʯʘʝʪ ʜʚʠʛʘʪʝʣʴ ʧʨʠ ʪʦʢʝ ʚʳʰʝ 0.5 ɸ. 

ɿʘʢʣʶʯʝʥʠʝ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʦʜʥʦʬʘʟʥʦʛʦ ʧʠʪʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʠʪʴ ʟʘʧʫʩʢ ʪʨʝʭʬʘʟʥʦʛʦ ɸɼ. ʉʭʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʦʣʴʢʦ 

ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 10 ɺʪ. 

ɺʳʚʦʜʳ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʥʦʮʝʥʥʦ 

ʫʧʨʘʚʣʷʪʴ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʦʜʝʣʴʶ ʪʨʝʭʬʘʟʥʦʛʦ ɸɼ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ. ï ʊʝʢʩʪ : ʵʣʝʢʪʨʦʥʥʳʡ // 

Engineer. ï URL: https://www.pnr-s.ru/commissioning/starters/  (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 03.03.2023). 

https://www.pnr-s.ru/commissioning/starters/
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ʉʆɿɼɸʅʀɽ ʊɽʅɿʆʄɽʊʈʀʏɽʉʂʆɻʆ ɼɸʊʏʀʂɸ ʀɿ ɺʆʃʆʂʆʅ 

ʋɻʃɽʈʆɼʅʓʍ ʅɸʅʆʊʈʋɹʆʂ 

ʇʝʪʨʦʚʘ ɽʢʘʪʝʨʠʥʘ, 

ɻɹʅʆʋ çɻʄʃʀè10 ɻ ʢʣʘʩʩ ʛ.ʂʝʤʝʨʦʚʦ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʦʣʢʦʚ ɼʘʥʠʠʣ ʄʠʭʘʡʣʦʚʠʯ, ʩʪʫʜʝʥʪ 2 ʢʫʨʩʘ ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʂʝʤɻʋ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ ʩʧʨʦʩ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʥʦʩʠʤʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. 

ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʠʜʝʘʣʴʥʳʡ 

ʢʘʥʜʠʜʘʪ, ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʜʣʷ ʤʷʛʢʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʫʤʥʦʡ ʦʜʝʞʜʳ, ʩʠʩʪʝʤ 

ʪʨʝʭʤʝʨʥʦʛʦ ʟʘʭʚʘʪʘ ʜʚʠʞʝʥʠʷ. 

ʇʨʦʛʥʦʟʠʨʫʝʤʳʡ ʨʝʟʫʣʴʪʘʪ: 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʝʥʟʦʜʘʪʯʠʢʘ ʩ ʣʠʥʝʡʥʳʤ ʠʟʤʝʥʝʥʠʝʤ GF 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʬʦʨʤʘʮʠʠ. 

ʎʝʣʴ: 

ʉʦʟʜʘʥʠʝ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʠʟ ʚʦʣʦʢʦʥ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

ɿʘʜʘʯʠ: 

- ʉʦʩʪʘʚʣʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ 

- ʉʠʥʪʝʟʠʨʦʚʘʥʠʝ ʦʜʥʦʩʣʦʡʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

- ʉʦʟʜʘʥʠʝ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ 

- ʇʦʣʫʯʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʆʙʲʝʢʪ: 

ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢʘ. 

ʇʨʝʜʤʝʪ: 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ. 

ʄʝʪʦʜʳ: 

- ʉʦʩʪʘʚʣʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʘʚʪʦʨʠʪʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ 

- ʄʝʪʦʜ ʦʩʘʞʜʝʥʠʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʜʣʷ ʩʠʥʪʝʟʘ ʦʜʥʦʩʣʦʡʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 
ʥʘʥʦʪʨʫʙʦʢ 

- ʄʝʪʦʜ ʤʦʢʨʦʛʦ ʚʳʪʷʛʠʚʘʥʠʷ ʚʦʣʦʢʦʥ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ. 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʣʠʩʪʦʚ ʛʨʘʬʝʥʘ (ʦʜʠʥʦʯʥʳʭ ʩʣʦʝʚ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ, ʩʦʙʨʘʥʥʳʭ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʷʯʝʡʢʠ), ʩʚʝʨʥʫʪʳʭ ʚ ʪʨʫʙʢʫ. ɺ ʵʪʦʡ 

ʩʪʨʫʢʪʫʨʝ ʪʨʠ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʘ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʟʘʥʠʤʘʶʪ ʧʣʦʩʢʫʶ 

sp2-ʛʠʙʨʠʜʠʟʠʨʦʚʘʥʥʫʶ ʦʨʙʠʪʘʣʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ů-ʩʚʷʟʝʡ 

ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʯʝʪʚʝʨʪʳʡ ʵʣʝʢʪʨʦʥ ʦʙʨʘʟʫʝʪ ʥʝʧʣʦʩʢʫʶ -́ʩʚʷʟʴ . 



115 
 

ʆʜʥʦʩʣʦʡʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ) - ʭʠʨʘʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʤ ʦʨʠʝʥʪʘʮʠʠ ʛʨʘʬʠʪʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ 

ʪʨʫʙʢʠ. ʀʥʜʝʢʩʳ ʭʠʨʘʣʴʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʝʣʠʯʠʥʫ ʵʪʦʛʦ ʫʛʣʘ, 

ʦʧʨʝʜʝʣʷʶʪ ʦʩʥʦʚʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʪʨʫʙʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʥʘʥʦʪʨʫʙʢʠ ʩ ʫʛʣʦʤ ʭʠʨʘʣʴʥʦʩʪʠ, ʨʘʚʥʳʤ ʥʫʣʶ, ʦʙʣʘʜʘʶʪ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʘ ʥʘʥʦʪʨʫʙʢʠ ʩ ʥʝʥʫʣʝʚʳʤ ʫʛʣʦʤ ʭʠʨʘʣʴʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʠʥʜʝʢʩʦʚ ʠʣʠ 

ʫʛʣʘ ʭʠʨʘʣʴʥʦʩʪʠ. ʇʦʥʷʪʥʦ ʩʪʨʝʤʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘʫʯʠʪʴʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʋʅʊ ʩ ʟʘʜʘʥʥʳʤʠ ʠʥʜʝʢʩʘʤʠ ʭʠʨʘʣʴʥʦʩʪʠ - ʚʝʜʴ ʚ ʩʣʫʯʘʝ ʫʩʧʝʭʘ ʦʥʠ ʧʦʣʫʯʘʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ ʩ ʣʶʙʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʉʚʦʡʩʪʚʘ 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʥʘʤʥʦʛʦ ʞʝʩʪʯʝ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘʥʦʪʨʫʙʦʢ ʧʨʠ ʙʦʣʴʰʠʭ 

ʥʘʧʨʷʞʝʥʠʷʭ ʚʦ ʚʨʝʤʷ ʟʦʥʜʠʨʦʚʘʥʠʷ. ɻʠʙʢʦʩʪʴ ʛʨʘʬʠʪʦʚʳʭ ʮʠʣʠʥʜʨʦʚ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʫʙʢʘʤ ʚʳʜʝʨʞʠʚʘʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʙʝʟ 

ʨʘʟʣʘʤʳʚʘʥʠʷ ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʦʩʣʝ ʪʘʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚʦʟʚʨʘʱʘʪʴʩʷ ʚ 

ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʧʦʚʨʝʞʜʝʥʥʳʤʠ. ʕʪʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʦʙʳʯʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ, ʢʦʪʦʨʳʝ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʨʘʟʨʳʚʫ ʧʨʠ ʠʟʛʠʙʝ ʠʣʠ 

ʩʢʨʫʯʠʚʘʥʠʠ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ: 

ʆʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʩʧʦʩʦʙʦʤ ʜʫʛʦʚʦʛʦ 

ʨʘʟʨʷʜʘ, ʠʩʧʦʣʴʟʫʷ ʫʛʣʝʨʦʜʥʳʝ ʵʣʝʢʪʨʦʜʳ ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʢʘʪʘʣʠʟʘʪʦʨ, ʠʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʘʥʦʜʥʳʡ ʵʣʝʢʪʨʦʜ, 

ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʩʦʜʝʨʞʠʪ ʚʝʱʝʩʪʚʦ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʜʣʷ ʩʠʥʪʝʟʘ ʩʝʪʦʢ ʆʋʅʊ ʠʩʧʦʣʴʟʦʚʘʣʩʷ CVD ï ʤʝʪʦʜ (Chemical 

vapor deposition - ʭʠʤʠʯʝʩʢʦʝ ʧʘʨʦʬʘʟʥʦʝ ʦʩʘʞʜʝʥʠʝ). ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʘʩʪʠʮʳ ʞʝʣʝʟʘ (Fe), ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʨʝʘʢʪʠʚʘ (ʬʝʨʨʘʮʝʥʘ, ʩʤʝʰʘʥʥʦʛʦ ʩ ʵʪʘʥʦʣʦʤ). ʅʘ ʨʠʩʫʥʢʝ 

1 ʆʋʅʊ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʢʚʘʨʮʝʚʦʤ ʪʨʫʙʯʘʪʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

900 ÁC ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʞʝʣʝʟʘ, ʧʣʘʚʘʶʱʠʝ ʚ ʧʦʪʦʢʝ ʛʘʟʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʘʵʨʦʟʦʣʴ ʠʟ ʩʤʝʩʠ ʵʪʘʥʦʣʘ ʠ ʬʝʨʨʦʮʝʥʘ ʧʦʜʭʚʘʪʳʚʘʣʩʷ ʧʦʪʦʢʦʤ 

ʘʨʛʦʥʘ ʠ ʧʦʩʪʫʧʘʣ ʚ ʨʝʘʢʪʦʨ. ʕʪʘʥʦʣ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʫʛʣʝʨʦʜʘ, ʬʝʨʨʦʮʝʥ ï ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʋʅʊ ʩʦʙʠʨʘʣʠ ʧʦʩʣʝ ʨʝʘʢʪʦʨʘ 

ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʡ ʬʠʣʴʪʨ. 

ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʩʦʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

(ʫʩʠʣʠʷ) ʠ ʧʝʨʝʚʦʜʠʪ ʝʛʦ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʨʝʟʠʩʪʦʨ, 

ʤʝʥʷʶʱʠʡ ʧʘʨʘʤʝʪʨ ʦʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʠʣʘʛʘʝʤʦʡ 

ʩʠʣʝ. ʅʘ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ ʠ ʥʘʛʨʫʟʢʠ ʚ 

ʚʝʩʦʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʪʝʥʟʦʜʘʪʯʠʢʦʚ,ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʘʢ ʧʨʠʥʮʠʧʦʤ 

ʜʝʡʩʪʚʠʷ, ʪʘʢ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʟʙʝʨʝʤʩʷ ʚ ʧʨʠʥʮʠʧʝ ʜʝʡʩʪʚʠʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. ʇʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʪʝʣʦ ʚʥʝʰʥʠʭ ʩʠʣ ʦʥʦ ʜʝʬʦʨʤʠʨʫʝʪʩʷ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ 

ʧʨʠʣʦʞʝʥʥʦʡ ʩʠʣʝ. ɿʘ ʩʯʸʪ ʜʝʬʦʨʤʘʮʠʡ ʢʦʨʧʫʩʘ ʜʘʪʯʠʢʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʪʝʥʟʦʜʘʪʯʠʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʨʦʡʩʪʚʦ 

ʚʳʜʘʸʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʩʯʠʪʳʚʘʷ ʢʦʪʦʨʳʡ ʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʚʳʜʘʸʪ 

ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ. 

ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ: 

- ʀʟʤʝʨʝʥʠʷ ʚʝʩʘ. ʇʨʠ ʵʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 
ʫʟʣʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʩʞʘʪʠʝ ʠʣʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ʀʟʤʝʨʝʥʠʷ 

ʜʘʚʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʛʘʟʦʚ ʠ ʞʠʜʢʠʭ ʚʝʱʝʩʪʚ. 

- ʀʟʤʝʨʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ (ʥʘ ʜʚʠʛʘʪʝʣʷʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠʣʠ ʩʪʘʥʢʦʚ). 

- ʆʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ. 

- ʂʦʥʪʨʦʣʷ ʧʝʨʝʤʝʱʝʥʠʷ. 

ʄʝʪʦʜ ʤʦʢʨʦʛʦ ʧʨʷʜʝʥʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʧʨʦʱʝʥʥʳʡ ʤʝʪʦʜ ʤʦʢʨʦʛʦ ʧʨʷʜʝʥʠʷ . ʇʦʩʣʝ 

ʩʠʥʪʝʟʘ ʋʅʊ ʨʘʟʤʝʱʘʣʦʩʴ ʥʘ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ. ɿʘʪʝʤ ʦʙʨʘʟʝʮ ʩʤʘʯʠʚʘʣʩʷ 

ʩʧʠʨʪʦʤ, ʘ ʧʦʩʣʝ ʩʦʙʠʨʘʣʩʷ ʚ ʚʦʣʦʢʥʦ ʧʠʥʮʝʪʦʤ. ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʭʝʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʦʣʦʢʥʘ ʆʋʅʊ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ɹʳʣʦ ʩʜʝʣʘʥʦ ʜʚʘ ʦʙʨʘʟʮʘ: 

I. ʉ ʚʥʫʪʨʝʥʥʠʤ ʥʘʩʣʘʠʚʘʥʠʝʤ ɺʋʅʊ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʧʝʯʘʪʳʚʘʥʠʝʤ ʚ 

ʩʠʣʠʢʦʥʦʚʳʡ ʛʝʨʤʝʪʠʢ (ʩʤ. - ʨʠʩ 1); 

II. ʉ ʥʘʢʣʘʜʳʚʘʥʠʝʤ ɺʋʅʊ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʜʨʫʛ ʥʘ ʜʨʫʛʘʠ ʧʦʩʣʝʜʫʶʱʠʤ 
ʟʘʧʝʯʘʪʳʚʘʥʠʝʤ ʚ ʇɼʄʉ (ʩʤ. - ʨʠʩ 2). 

 

 
 

ʈʠʩ.1- ʉʦʟʜʘʥʠʝ ʪʝʥʟʦʜʘʪʯʠʢʘ ʥʘ ʦʩʥʦʚʝ ɺʋʅʊ ʤʝʪʦʜʦʤ ʥʘʩʣʘʠʚʘʥʠʷ .ʄʝʪʦʜ 

ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʩʣʘʠʚʘʥʠʷ ɺʋʅʊ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

ɸ ï ʧʝʨʝʥʦʩ ʩʝʪʢʠ ʆʋʅʊ ʥʘ ʩʪʝʢʣʦ; 

ɹ ï ʩʦʟʜʘʥʠʝ ɺʋʅʊ ʤʝʪʦʜʦʤ ʤʦʢʨʦʛʦ ʚʳʪʷʛʠʚʘʥʠʷ; 

ɺ ï ʧʝʨʝʥʦʩ ʚʪʦʨʦʡ ʩʝʪʢʠ ʆʋʅʊ ʥʘ ʩʪʝʢʣʦ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʤʝʱʝʥʠʝʤ ɺʋʅʊ ʚ 

ʮʝʥʪʨ; 

ɻ ï ʥʘʩʣʘʠʚʘʥʠʝ ʚʦʣʦʢʥʘ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʤʦʢʨʦʛʦ ʚʳʪʷʛʠʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʥʘʥʝʩʝʥʠʝʤ ʩʠʣʠʢʦʥʦʚʦʛʦ ʛʝʨʤʝʪʠʢʘ (ʚʩʝʛʦ 6 ʚʦʣʦʢʦʥ); 

ɼ ï ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʣʝʤʤ ʢ ʢʦʥʮʘʤ ɺʋʅʊ. 
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ʈʠʩ.2-ʉʦʟʜʘʥʠʝ ʪʝʥʟʦʜʘʪʯʠʢʘ ʥʘ ʦʩʥʦʚʝ ɺʋʅʊ ʤʝʪʦʜʦʤ ʥʘʢʣʘʜʳʚʘʥʠʷ ɺʋʅʊ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ.   

ʄʝʪʦʜ ʥʘʢʣʘʜʳʚʘʥʠʷ ɺʋʅʊ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

ɸ ï ʧʝʨʝʥʦʩ ʩʝʪʢʠ ʆʋʅʊ ʥʘ ʩʪʝʢʣʦ; 

ɹ ï ʩʦʟʜʘʥʠʝ ɺʋʅʊ ʤʝʪʦʜʦʤ ʤʦʢʨʦʛʦ ʚʳʪʷʛʠʚʘʥʠʷ ; 

ɺïʥʘʢʣʘʜʳʚʘʥʠʝ ɺʋʅʊ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʥʝʩʝʥʠʝʤ ʇɼʄʉ (ʚʩʝʛʦ 6 ʚʦʣʦʢʦʥ);  

ɻ ï ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʣʝʤʤ ʢ ʢʦʥʮʘʤ ɺʋʅʊ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʷʣʦʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʚ ʩʠʩʪʝʤʝ Labview  

ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʟʘʜʘʚʘʣʠʩʴ ʥʘ ʕɺʄ. ɺ ʥʠʭ ʚʭʦʜʠʣʠ: 

- ɼʣʠʥʘ ʨʘʩʪʷʛʠʚʘʝʤʦʛʦ ʪʝʣʘ (8 ʤʤ ʜʣʷ ʇɼʄʉ ʜʘʪʯʠʢʘ ʠ 9 ʤʤ ʜʣʷ 
ʉʠʣʠʢʦʥʦʚʦʛʦ ʜʘʪʯʠʢʘ); 

- ʐʘʛ ʤʠʢʨʦʚʠʥʪʘ (0,01 ʤʤ); 

- ʇʨʝʜʝʣ ʨʘʩʪʷʞʝʥʠʷ (ʜʦ 2 ʤʤ); 

- ɿʘʜʝʨʞʢʘ ʧʦʩʣʝ ʨʘʩʪʷʞʝʥʠʷ (510 ʥʩ); 

- ʄʘʩʰʪʘʙ ʠʟʤʝʨʝʥʠʷ (ʜʦ 100 ʢʆʤ). 

ʂʦʤʘʥʜʳ ʩ ʕɺʄ ʧʦʜʘʚʘʣʠʩʴ ʥʘ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʰʘʛʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ 

ʧʨʠʩʦʝʜʠʥʝʥ ʢ ʤʠʢʨʦʚʠʥʪʫ. ʐʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʠʤʝʣ ʩʦʙʩʪʚʝʥʥʳʤ ʙʣʦʢʦʤ 

ʧʠʪʘʥʠʷ. ʆʙʨʘʟʝʮ ʚʢʣʶʯʘʣʩʷ ʚ ʩʭʝʤʫ ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʚʤʝʩʪʦ ʦʜʥʦʛʦ ʠʟ 

ʨʝʟʠʩʪʦʨʦʚ. ʉʭʝʤʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʤʘʢʝʪʥʦʡ ʧʣʘʪʝ NIELVIS.  

 

 
 

ʈʠʩ. 3 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ: ʕɺʄ ï ʵʣʝʢʪʨʦʥʥʦ ï ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʤʘʰʠʥʘ ; ɹʇ ï ʙʣʦʢ ʧʠʪʘʥʠʷ; ʇʋ ï ʧʣʘʪʘ ʫʧʨʘʚʣʝʥʠʷ;NIELVIS ï ʘʧʧʘʨʘʪʥʦ ï 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ; ʐɼ (ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ) ʠ ʄɺ (ʦʧʪʠʯʝʩʢʠʡ 

ʤʠʢʨʦʚʠʥʪ).  

ʅʘ ʨʠʩʫʥʢʘʭ 4,5 ʠʟʦʙʨʘʞʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ GFʦʪ ʜʝʬʦʨʤʘʮʠʠ, %. ʆʙʨʘʟʮʳ ʥʝ 

ʧʦʢʘʟʘʣʠ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʦʜʥʘʢʦ ʦʙʨʘʟʝʮ, ʟʘʧʝʯʘʪʘʥʥʳʡ ʚ ʇɼʄʉ 

ʨʝʘʛʠʨʦʚʘʣ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʛʦʨʘʟʜʦ ʣʫʯʰʝ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʜʨʫʛʦʛʦ ʦʙʨʘʟʮʘ. 

ʅʘʯʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʘʪʯʠʢʘ 1 å 1270 ʆʤ, ʜʘʪʯʠʢʘ 2 - å 277 ʆʤ. ʇʦʩʣʝ 
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ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʘʪʯʠʢʘ 1 ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ å 1550 ʆʤ, ʜʘʪʯʠʢʘ 2 - å 

450 ʆʤ. 

 
 

ʈʠʩ 4. ɿʘʚʠʩʠʤʦʩʪʴ GFʜʘʪʯʠʢʘ ʚ ʩʠʣʠʢʦʥʦʚʦʤ ʛʝʨʤʝʪʠʢʝ ʦʪ ʜʝʬʦʨʤʘʮʠʠ, % 

(ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ) 

 

 
ʈʠʩ 5. ɿʘʚʠʩʠʤʦʩʪʴ GFʜʘʪʯʠʢʘ ʚ ʇɼʄʉ ʦʪ ʜʝʬʦʨʤʘʮʠʠ, % (ʧʨʦʜʦʣʴʥʦʛʦ 

ʨʘʩʪʷʞʝʥʠʷ) ʜʠʘʧʘʟʦʥʝ 0 ï 6 % ʜʘʪʯʠʢ 1 ʧʦʢʘʟʘʣ GFminå0,1 ʠGFmaxå 0,5, ʪʦʛʜʘ ʢʘʢ 

ʜʘʪʯʠʢ 2 - GFminå -1,7 ʠ  GFmaxå 4,5. GFʜʘʪʯʠʢʘ 1 ʥʝ ʧʨʝʚʳʰʘʣʦ 0,6 ʚʧʣʦʪʴ ʜʦ 

ʨʘʟʨʳʚʘ, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʤʫ ʜʘʪʯʠʢʫ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ GFå 11 ʧʨʠ 18% 

ʨʘʩʪʷʞʝʥʠʷ. ʀʥʪʝʨʝʩʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʜʠʘʧʘʟʦʥʳ ʨʘʩʪʷʞʝʥʠʷ ʦʙʨʘʟʮʦʚ: 

0 ï 1 % ʫ ʧʝʨʚʦʛʦ ʜʘʪʯʠʢʘ ʠ 0 ï 0,5% ʫ ʚʪʦʨʦʛʦ, ʪʘʢ ʢʘʢ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ GFʨʝʟʢʦ 

ʧʘʜʘʝʪ ʜʦ 0 ʠ ʜʘʣʝʝ ʨʘʩʪʝʪ ʙʝʟ ʠʟʤʝʥʝʥʠʡ, ʘ ʚʦ ʚʪʦʨʦʤ ʥʘʦʙʦʨʦʪ ï ʨʘʩʪʝʪ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʧʝʨʚʦʛʦ ʦʙʨʘʟʮʘ ʢʦʣʝʙʘʥʠʝ GFʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʡʦʥʝ å 0,1 ï 0,5, 

ʘ ʫ ʚʪʦʨʦʛʦ - å-1,7 ï 11. ʄʘʢʩʠʤʘʣʴʥʦʝ GFʚʪʦʨʦʛʦ ʦʙʨʘʟʮʘ ʙʦʣʴʰʝ ʧʝʨʚʦʛʦ ʚ å 

22. ɼʠʘʧʘʟʦʥ ʜʝʬʦʨʤʘʮʠʠ ʧʝʨʚʦʛʦ ʦʙʨʘʟʮʘ ï 0 ï 12%, ʫ ʚʪʦʨʦʛʦ ï 0 ï 18% 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʩʣʘʠʚʘʥʠʷ 

ɺʋʅʊ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʣʦʪʥʳʡ ʩʠʣʠʢʦʥʦʚʳʡ ʛʝʨʤʝʪʠʢ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ɺʋʅʊ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʧʨʠʚʝʣʠ ʢ ʧʦʪʝʨʝ ʫʧʨʫʛʦʩʪʠ ʦʙʨʘʟʮʘ, ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʨʳʚʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

GFʚ ʤʘʣʦʤ ʜʠʘʧʘʟʦʥʝ ʜʝʬʦʨʤʘʮʠʠ. ʋʚʝʣʠʯʝʥʠʝ GFʚʪʦʨʦʛʦ ʦʙʨʘʟʮʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʣʠʥʝʡʥʳʤ, ʘ ʪʘʢʞʝ ʫ ʜʘʥʥʦʛʦ ʜʘʪʯʠʢʘ ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʜʝʬʦʨʤʘʮʠʠ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ʥʘʢʣʘʜʳʚʘʥʠʷ ɺʋʅʊ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʣʦʢʦʥ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʫʣʫʯʰʝʥʠʶ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ: 

- ʀʩʧʦʣʴʟʦʚʘʪʴ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʣʦʢʦʥ ʩ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ 

ʫʧʘʢʦʚʢʠ; 

- ʀʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʆʋʅʊ; 

- ʀʩʧʦʣʴʟʦʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʆʋʅʊ ʦʪ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 
ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ; 

- ʀʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʦʝ ʫʧʘʢʦʚʦʯʥʦʝ ʚʝʱʝʩʪʚ. 

 

 

 

 

 

ʋʉʊʈʆʁʉʊɺʆ ɼʃʗ ʈɽɸʃʀɿɸʎʀʀ ʄʀʂʈʆɺɿʈʓɺʅʓʍ ʕʌʌɽʂʊʆɺ ɺ 

ɻɸɿʆʊʋʈɹʀʅʅʓʍ ɼɺʀɻɸʊɽʃʗʍ 

ʇʝʰʢʦʚ ʄʘʪʚʝʡ, ʅʠʢʠʪʘ ɼʘʚʳʜʦʚ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 

10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʥʪʦʥʦʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʨʦʙʣʝʥʠʝ ʢʘʧʝʣʴ ʟʘ ʩʯʝʪ ʤʠʢʨʦʚʟʨʳʚʦʚ ʩ ʮʝʣʴʶ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʥʦʛʦ ʩʧʦʩʦʙʘ ʩʦʟʜʘʥʠʷ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ 

ʩʤʝʩʠ ʚ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʝʪʩʷ [1,2,3]. ʇʦʜ 

ʤʠʢʨʦʚʟʨʳʚʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʩʭʦʜʥʳʝ 

ʜʚʫʭʞʠʜʢʦʩʪʥʳʝ ʢʘʧʣʠ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʚʪʦʨʠʯʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʚʩʣʝʜʩʪʚʠʝ ʣʦʢʘʣʴʥʦʛʦ ʚʩʢʠʧʘʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ (ʚʦʜʳ). ʆʜʥʘʢʦ ʫʩʪʨʦʡʩʪʚ 

ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʪʘʢʠʭ ʢʘʧʝʣʴ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʤʠʢʨʦʚʟʨʳʚʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʷ ʠ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ 

ʬʦʨʩʫʥʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʨʘʜʠʮʠʦʥʥʳʭ. ʉʧʨʦʝʢʪʠʨʦʚʘʥʘ 3D ʤʦʜʝʣʴ 

ʬʦʨʩʫʥʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʜʚʫʭʞʠʜʢʦʩʪʥʳʭ ʢʘʧʝʣʴ ʚ Solidworks. 

ʇʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʧʦ ʤʠʢʨʦʚʟʨʳʚʫ ʘʚʠʘʮʠʦʥʥʳʭ ʪʦʧʣʠʚ ʚ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ 

ʢʘʤʝʨʝ. 
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ʆɹʅɸʈʋɾɽʅʀɽ ʊʆʂʆɺɽɼʋʑʀʍ ʇʈʆɺʆɼʅʀʂʆɺ ɺ  

ʊʆʃʑʀʅɽ ʉʊɽʅ 

ʇʠʧʠʥʘ ɸʣʠʥʘ, ʂʘʣʣʘʩ ɼʘʥʠʣ, ʄʦʛʠʣʴʥʳʡ ɹʦʨʠʩʣʘʚ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 

ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɻʨʝʯʫʰʥʠʢʦʚ ɺʣʘʜʠʩʣʘʚ ɺʠʢʪʦʨʦʚʠʯ, ʩʪ. ʧʨʝʧ. ʊʇʋ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʣʶʜʠ ʯʘʩʪʦ ʧʝʨʝʝʟʞʘʶʪ ʠ ʜʝʣʘʶʪ ʨʝʤʦʥʪʳ ʚ 

ʢʚʘʨʪʠʨʘʭ, ʠ, ʟʘʯʘʩʪʫʶ ʩʦʚʝʨʰʝʥʥʦ ʥʝʠʟʚʝʩʪʥʦ ʯʪʦ ʧʨʠʜʫʤʘʣʠ ʧʨʝʜʳʜʫʱʠʝ 

ʞʠʣʴʮʳ, ʠʣʠ ʩʪʨʦʠʪʝʣʠ, ʢʦʛʜʘ ʧʨʦʢʣʘʜʳʚʘʣʠ ʧʨʦʚʦʜʢʫ ʚ ʢʚʘʨʪʠʨʝ. ʆʜʥʦ ʜʝʣʦ, 

ʝʩʣʠ ʧʨʦʚʦʜʢʘ ʥʘʨʫʞʥʘʷ, ʥʦ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʵʩʪʝʪʠʢʠ ʯʘʱʝ ʧʨʠʤʝʥʷʝʪʩʷ ʩʢʨʳʪʘʷ 

[1]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʩʚʝʨʣʠʪʴ ʩʪʝʥʫ, ʧʦʷʚʣʷʝʪʩʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʩʚʝʨʣʠʪʴ ʠ ʪʦʢʦʚʝʜʫʱʠʝ ʧʨʦʚʦʜʘ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʩʧʫʩʪʷ 

ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʨʝʤʦʥʪʘ, ʢʦʛʜʘ ʟʘʙʳʚʘʝʪʩʷ ʪʦ, ʛʜʝ ʙʳʣʠ ʟʘʣʦʞʝʥʳ 

ʧʨʦʚʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʙʝʟ ʟʥʘʥʠʷ ʪʦʛʦ, ʢʘʢ ʚʥʫʪʨʠ ʩʪʝʥ ʟʘʣʝʛʘʶʪ ʧʨʦʚʦʜʘ, 

ʨʝʤʦʥʪ ʤʦʞʝʪ ʩʪʘʪʴ ʦʯʝʥʴ ʦʧʘʩʥʳʤ. 

ʏʪʦʙʳ ʦʙʝʟʦʧʘʩʠʪʴ ʩʝʙʷ, ʥʫʞʥʦ ʧʨʠʤʝʨʥʦ ʧʦʥʠʤʘʪʴ, ʛʜʝ ʚ ʪʦʣʱʠʥʝ ʩʪʝʥʳ 

ʟʘʣʝʛʘʶʪ ʪʦʢʦʚʝʜʫʱʠʝ ʧʨʦʚʦʜʥʠʢʠ [3]. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʠʤʝʪʴ ʣʠʙʦ ʧʣʘʥ 

ʧʦʤʝʱʝʥʠʷ, ʯʪʦ ʯʘʱʝ ʚʩʝʛʦ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ, ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʧʝʮʠʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ - ʠʥʜʠʢʘʪʦʨʳ ʩʢʨʳʪʦʡ ʧʨʦʚʦʜʢʠ (ʀʉʇ). ʕʪʠ ʧʨʠʙʦʨʳ - 

ʚʝʱʴ ʥʝ ʥʦʚʘʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʨʝʜʝ [2]. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʢʨʘʡʥʝ ʨʝʜʢʦ ʥʫʞʥʳ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʦʪʪʦʛʦ 

ʠ ʩʪʦʠʤʦʩʪʴ ʫ ʥʠʭ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʘʢʪʫʘʣʴʥʦ ʠʤʝʪʴ ʜʦʤʘ 

ʜʝʰʝʚʳʡ ʘʥʘʣʦʛ, ʢʦʪʦʨʳʡ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ 

ʪʦʯʥʦʩʪʴʶ. ɺʳʛʦʜʥʝʝ ʚʩʝʛʦ ʩʦʟʜʘʪʴ ʪʘʢʦʡ ʧʨʠʙʦʨ ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦ [2]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʪʦʢʦʚʝʜʫʱʠʭ 

ʧʨʦʚʦʜʥʠʢʦʚ ʚ ʪʦʣʱʠʥʝ ʩʪʝʥ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʀʟʫʯʠʪʴ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠ ʬʫʥʢʮʠʠ ʀʉʇ 

2) ɺʳʷʚʠʪʴ ʀʉʇ, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

3) ʉʦʙʨʘʪʴ ʀʉʇ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

4) ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʀʥʜʠʢʘʪʦʨʳ ʩʢʨʳʪʦʡ ʧʨʦʚʦʜʢʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʠʟ-ʟʘ 

ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʙʦʪʳ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʦʙʲʝʢʪʦʚ. 

ʊʘʢ, ʩʫʱʝʩʪʚʫʶʪ ʜʝʪʝʢʪʦʨʳ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ, 
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ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʠ ʤʝʪʘʣʣʦʜʝʪʝʢʪʦʨʳ. ʄʝʪʘʣʣʦʜʝʪʝʢʪʦʨʳ ʙʳʣʠ ʦʪʙʨʦʰʝʥʳ 

ʩʨʘʟʫ, ʪʘʢ ʢʘʢ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ ʠ ʨʝʘʛʠʨʫʶʪ ʜʘʞʝ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʥʫʪʨʠ 

ʩʪʝʥ. ʇʣʶʩ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʩʧʦʩʦʙʥʳ 

ʨʘʙʦʪʘʪʴ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʠ ʜʦʚʦʣʴʥʦ ʥʘʜʝʞʥʳ. ʆʜʥʘʢʦ ʩʨʝʜʠ ʤʠʥʫʩʦʚ 

ʫʢʘʟʳʚʘʣʦʩʴ ʪʦ, ʯʪʦ ʵʪʦʪ ʚʠʜ ʧʨʠʙʦʨʘ ʥʝ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩ ʦʙʝʩʪʦʯʝʥʥʳʤ ʠʣʠ 

ʧʦʚʨʝʞʜʝʥʥʳʤ ʧʨʦʚʦʜʦʤ ʠ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʝʥ ʥʘ ʧʦʤʝʭʠ ʚ ʚʠʜʝ ʧʦʜʢʣʶʯʝʥʥʳʭ 

ʨʦʫʪʝʨʦʚ ʠ ʪ. ʜ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʀʉʇ ʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʪʦʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ, ʥʦ ʧʨʠ ʩʣʘʙʦʤ ʪʦʢʝ ʠʣʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʢʘʞʘʶʪʩʷ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʩʦʚʤʝʱʘʪʴ ʚ ʩʝʙʝ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʚʠʜʳ, ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʝʨʴʝʟʥʳʭ ʨʘʙʦʪ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʨʝʜʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʧʨʦʩʪʝʡʰʠʝ 

ʩʭʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʤʘʣʳʤ ʯʠʩʣʦʤ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʦʙʨʘʪʴ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʩʙʦʨʢʠ ʚʩʝʭ ʩʭʝʤ 

ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʤʝʜʥʳʡ ʧʨʦʚʦʜ (ʘʥʪʝʥʥʘ), ʙʘʪʘʨʝʡʢʠ 

(ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ), ʪʨʘʥʟʠʩʪʦʨʳ, ʨʝʟʠʩʪʦʨʳ, ʧʣʘʪʘ, ʤʠʢʨʦʩʭʝʤʘ, ʩʚʝʪʦʜʠʦʜʳ, 

ʧʴʝʟʘ-ʵʣʝʤʝʥʪ, ʢʦʥʜʝʥʩʘʪʦʨ. 

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʭʝʤ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʚʫʭ ʧʨʦʚʦʜʥʠʢʘʭ, ʯʝʨʝʟ 

ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʣ ʪʦʢ, ʨʘʚʥʳʡ 1,5 ɸ ʠ 3 ɸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʝʨʚʳʝ ʜʚʝ ʩʭʝʤʳ 

(ʨʠʩʫʥʢʠ 1.1 ʠ 1.2) ʠʤʝʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ. ʊʨʝʪʴʷ ʩʭʝʤʘ 

(ʨʠʩʫʥʦʢ 1.3) ï ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ, ʧʨʠ ʵʪʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ 2 ʩʠʛʥʘʣʘ 

ʦʙʥʘʨʫʞʝʥʠʷ ï ʩʚʝʪʦʚʦʡ ʠ ʟʚʫʢʦʚʦʡ. ɺ ʪʘʙʣʠʮʝ (ʨʠʩʫʥʦʢ 2) ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʩʝʭ ʩʭʝʤ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1) ɼʝʪʝʢʪʦʨʳ ʩʢʨʳʪʦʡ ʧʨʦʚʦʜʢʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʪʦʢʦʚʝʜʫʱʠʭ ʧʨʦʚʦʜʥʠʢʦʚ 

ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʦʧʠʨʘʶʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʠʭ ʩʚʦʡʩʪʚʘ.  

2) ɼʣʷ ʜʦʤʘʰʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʧʦʜʭʦʜʷʪ ʤʝʪʘʣʣʦʜʝʪʝʢʪʦʨʥʳʝ ʀʉʇ, ʪʘʢ 
ʢʘʢ ʠʭ ʨʘʙʦʪʝ ʤʝʰʘʶʪ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʚ ʩʪʝʥʘʭ ʞʠʣʳʭ ʜʦʤʦʚ.  

3) ʀʉʇ ʚʦʟʤʦʞʥʦ ʩʦʙʨʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʦʯʝʥʴ ʜʸʰʝʚʦ, ʧʨʠʯʝʤ ʵʪʦ ʤʦʛʫʪ 
ʙr ʪʴ ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʣʠʯʥʦʛʦ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ 

4) ʉʦʙʨʘʥʥʳʝ ʩʭʝʤʳ ʠʤʝʣʠ ʨʘʟʣʠʯʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʩʣʦʞʥʦʩʪʠ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢʞʝ ʥʘ ʵʪʦ ʚʣʠʷʣʠ ʩʠʣʘ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ, 

ʛʣʫʙʠʥʘ ʝʛʦ ʟʘʣʝʛʘʥʠʷ. 
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ɺɸʂʋʋʄʅʓʁ ʇʆɽɿɼ ʀ ʂʆʈɸɹʃʀʂ ʅɸ ʏɽʈʅʀʃɸʍ 

ʇʦʤʳʪʢʠʥ ʉʝʨʛʝʡ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʂʦʧʴʸʚʩʢʘʷ 

ʩʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ʩ ʫʛʣʫʙʣʝʥʥʳʤ ʠʟʫʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ 

ʧʨʝʜʤʝʪʦʚ, 11 ʢʣʘʩʩ, ʧ. ʂʦʧʴʸʚʦ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʝʤʝʥʦʚʘ ʆʢʩʘʥʘ ʉʝʨʛʝʝʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

 

ʀʟʜʘʚʥʘ ʯʝʣʦʚʝʢ ʧʳʪʘʣʩʷ ʠʟʦʙʨʝʩʪʠ ʥʦʚʳʝ ʩʨʝʜʩʪʚʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʜʣʷ 

ʵʢʦʥʦʤʠʠ ʩʠʣ, ʚʨʝʤʝʥʠ ʠʣʠ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ.ʉʥʘʯʘʣʘ ʵʪʦ ʙʳʣʠ ʞʠʚʦʪʥʳʝ, 

ʪʝʣʝʛʠ, ʩʫʜʘ, ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ, ʘʚʪʦʤʦʙʠʣʴ ʠ ʧʦʪʦʤ ʫʞʝ ʩʘʤʦʣʸʪ. ʇʨʠʚʳʯʥʳʝ 

ʥʘʤ ʩʨʝʜʩʪʚʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʠ ʜʚʠʛʘʪʝʣʠ, ʚʦʰʝʜʰʠʝ ʚ ʥʘʰʫ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ, 

ʙʳʣʠ ʧʨʝʜʤʝʪʦʤ ʤʝʯʪʘʥʠʡ ʥʘʰʠʭ ʧʨʝʜʢʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʦʪʲʷʚʣʝʥʥʳʭ ʠʟʦʙʨʝʪʘʪʝʣʝʡ ʠ ʛʝʥʠʝʚ. 

ʏʝʣʦʚʝʯʝʩʪʚʦ ʥʘʩʪʦʣʴʢʦ ʧʨʦʜʚʠʥʫʣʦʩʴ ʚ ʩʚʦʸʤ ʧʨʦʛʨʝʩʩʝ, ʯʪʦ ʤʳ ʩʦʟʜʘʸʤ 

ʠ ʤʦʞʝʤ ʩʦʟʜʘʪʴ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʜʚʠʛʘʪʝʣʝʡ ʜʘʞʝ ʥʝ ʚʳʭʦʜʷ ʠʟ ʜʦʤʘ. 

ɿʥʘʥʠʷ ʜʘʶʪ ʥʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʦʙʨʝʩʪʠ ʠʭ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʝʜʤʝʪʘ, 3D ʧʝʯʘʪʴ - ʚʦʩʩʦʟʜʘʪʴ ʵʪʦʪ 

ʧʨʝʜʤʝʪ ʚʞʠʚʫʶ. ʄʦʛʫ ʣʠ ʠ ʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʟʜʘʪʴ ʜʚʠʛʘʪʝʣʴ ʠʣʠ ʫʣʫʯʰʠʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʡ? 

ɸʢʪʫʘʣʴʥʦʩʪʴ: ɺ ʩʚʷʟʠ ʩ ɻʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʯʝʣʦʚʝʯʝʩʪʚʦ ʠʱʝʪ 

ʥʦʚʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʱʝʪ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʜʚʠʞʝʥʠʷ 

ʥʘ ʠʭ ʦʩʥʦʚʝ. ʂ ʪʦʤʫ ʞʝ ʥʠʢʪʦ ʥʝ ʦʪʤʝʥʷʣ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʢʦʪʦʨʳʭ ʯʝʣʦʚʝʢ ʨʘʩʧʦʣʘʛʘʝʪ ʚʩʸ ʥʦʚʳʤʠ ʟʥʘʥʠʷʤʠ ʠ ʤʘʪʝʨʠʘʣʘʤʠ. 
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ʎʝʣʴ: ʉʦʟʜʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʚʠʛʘʪʝʣʝʡ. 

ɿʘʜʘʯʠ:  

¶ ʆʩʚʦʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʠʣʦʞʝʥʠʠ Blender ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 3Dʧʝʯʘʪʠ; 

¶ ʉʦʟʜʘʪʴ ʠ ʧʨʦʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʨʝʘʣʴʥʳʭ ʤʦʜʝʣʷʭ; 

¶ ʅʘʫʯʠʪʴʩʷ ʚʳʜʚʠʛʘʪʴ ʠ ʧʦʜʪʚʝʨʞʜʘʪʴ ʛʠʧʦʪʝʟʳ; 

¶ ʅʘʫʯʠʪʴʩʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɻʠʧʦʪʝʟʘ: ʇʨʠ ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʠ ʩ 7 ʢʣʘʩʩʘ ʷ ʫʟʥʘʣ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ 

ʩʝʙʷ ʜʚʠʛʘʪʝʣʴ. ɿʘ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʷ ʟʘʜʘʣʩʷ ʚʦʧʨʦʩʦʤ,ʚʦʟʤʦʞʥʦ ʣʠ ʩʦʟʜʘʥʠʝ 

ʜʚʠʛʘʪʝʣʷ ʚ ʩʝʣʴʩʢʦʡ, ʰʢʦʣʴʥʦʡ, ʬʠʟʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʅʦʚʠʟʥʘ: ɺʙʦʣʴʰʝʡ ʤʝʨʝ ʤʦʠ ʜʚʠʛʘʪʝʣʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʥʦʚʳʭ ʠʜʝʷʭ 

ʧʝʨʝʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʤ ʪʦʣʴʢʦ ʧʨʝʜʩʪʦʠʪ ʧʨʦʡʪʠ ʧʫʪʴ ʦʪ ʠʜʝʠ ʜʦ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ. ʅʦ ʥʝ ʪʦʣʴʢʦ ʠʜʝʝʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʞʦ ʩʦʟʜʘʥʠʝ ʜʚʠʛʘʪʝʣʷ: ʚ ʝʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʦʟʜʘʥʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ 

ʤʘʪʝʨʠʘʣʳ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʤʦʝʡ ʨʘʙʦʪʝ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʡ ʧʣʘʥ ʨʘʟʚʠʪʠʷ:ɺ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʠ ʩʪʦʣʴʢʦ ʞʝ ʧʨʝʜʩʪʦʠʪ ʪʦʣʴʢʦ ʦʪʢʨʳʪʴ ʯʝʣʦʚʝʯʝʩʪʚʫ. ʗ ʦʧʨʝʜʝʣʠʣ 

ʜʣʷ ʩʝʙʷ, ʯʪʦ ʞʝʣʘʶ ʩʜʝʣʘʪʴ ʜʚʠʛʘʪʝʣʴ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ, ʘ ʪʘʢʞʝ ʧʦʚʪʦʨʠʪʴ 

ʘʤʝʨʠʢʘʥʩʢʫʶ ʨʘʟʨʘʙʦʪʢʫ BionicBoots, ʚʝʜʴ ʜʚʠʛʘʪʝʣʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʨʘʤʢʘʤʠ ʤʘʰʠʥ ï ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʚ ʚʠʜʝ ʦʙʫʚʠ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

¶ ʇʦʠʩʢ ʠ ʨʘʙʦʪʘ ʩ ʣʠʪʝʨʘʪʫʨʦʡ; 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝʚ ʧʨʠʣʦʞʝʥʠʠ Blenderʠ ʨʘʙʦʪʘ ʚ ʧʨʠʣʦʞʝʥʠʠ Cura; 

¶ ʕʢʩʧʝʨʠʤʝʥʪ; 

¶ ɸʥʘʣʠʟ ʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʝʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ; 

¶ ʆʬʦʨʤʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ɺʘʢʫʫʤʥʳʡ ʧʦʝʟʜ: ɺʘʢʫʫʤʥʳʡ ʧʦʝʟʜ ï ʵʪʦ ʥʦʚʳʡ, ʧʦʢʘ ʝʱʸ ʥʝ ʨʝʘʣʠʟʦʚʘʥʥʳʡ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʜʚʠʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʤʘʛʥʠʪʥʦʡ ʣʝʚʠʪʘʮʠʠ ʚʥʫʪʨʠ ʪʨʫʙ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʚ ʬʦʨʚʘʢʫʫʤʝ. 

ʇʣʶʩʳ: ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ, ɼʝʰʸʚʘʷ ʩʪʦʠʤʦʩʪʴ ʙʠʣʝʪʘ ʜʣʷ ʧʘʩʩʘʞʠʨʘ; 

ʆʪʩʫʪʩʪʚʠʝ ʠʟʥʦʩʘ ʪʨʫʙ; ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ. 

ʄʠʥʫʩʳ: ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; ʇʦʤʝʭʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ; ɹʦʣʴʰʦʡ ʨʠʩʢ ʧʨʠ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ. 

 

ʀʩʪʦʨʠʷ 

ʅʘʯʘʣʦʤ ʨʘʟʚʠʪʠʷ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʘ ʩʪʘʣʘ ʧʥʝʚʤʦʧʦʯʪʘ. ʇʝʨʚʘʷ ʢʘʧʩʫʣʘ ʩ 

ʩʦʦʙʱʝʥʠʝʤ ʙʳʣʘ ʧʫʱʝʥʘ ʧʦ ʪʨʫʙʝ ʚ ʩʦʙʦʨʝ ʉʚʷʪʦʛʦ ʉʪʝʬʘʥʘ,ʚ 1792 ʛ. 

ʇʥʝʚʤʦʧʦʯʪʘ ʩʫʱʝʩʪʚʫʝʪ ʠ ʚ ʥʘʰʝ ʚʨʝʤʷ: ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʦʩʧʠʪʘʣʝ ʐʘʨʠʪʝ, 

ʚ ɹʝʨʣʠʥʝ, ʘ ʪʘʢʞʝ ʚ ʈʦʩʩʠʡʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʝ. 

ʀʜʝʷ ʧʦʝʟʜʘ, ʧʝʨʝʤʝʱʘʶʱʝʛʦʩʷ ʚ ʪʦʥʥʝʣʝ ʩ ʨʘʟʨʝʞʝʥʥʳʤ ʚʦʟʜʫʭʦʤ, 

ʚʧʝʨʚʳʝ ʙʳʣʘ ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʚ 1835 ʛʦʜʫ ɻʝʥʨʠ ʇʠʥʢʫʩʦʤ. 

ɺʧʝʨʚʳʝ ʠʜʝʷ ʚʘʢʫʫʤʥʦʛʦ ʧʦʝʟʜʘ ʙʳʣʘ ʧʫʙʣʠʯʥʦ ʚʳʩʢʘʟʘʥʘ ʚ 1909 ʛʦʜʫ ʚ 

ʞʫʨʥʘʣʝ çScientificAmericanè ʘʤʝʨʠʢʘʥʩʢʠʤ ʧʠʦʥʝʨʦʤ ʢʦʩʤʦʥʘʚʪʠʢʠ 

ʈʦʙʝʨʪʦʤɻʦʜʜʘʨʜʦʤ. 
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ʀʜʝʷ ʧʝʨʝʤʝʱʘʪʴ ʪʝʣʦ ʚʥʫʪʨʠ ʪʨʫʙʳ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʨʠʥʘʜʣʝʞʠʪ ʥʘʰʝʤʫ ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢʫ, ʧʨʦʬʝʩʩʦʨʫ ɹʦʨʠʩʫ ɺʝʡʥʙʝʨʛʫ. 

ɺ 1969 ʛʦʜʫ ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʋʥʠʚʝʨʩʠʪʝʪʘ 

ʄʵʡʜʟʸʂʶʥʦʜʟʸʆʜʟʘʚʘ ʧʦʤʝʩʪʠʣ ʚ ʚʘʢʫʫʤʥʳʡ ʪʦʥʥʝʣʴ ʨʝʘʢʪʠʚʥʳʡ ʧʦʝʟʜ, 

ʜʦʩʪʠʛʰʠʡ ʩʢʦʨʦʩʪʠ 2 300 ʢʤ/ʯ. 

ʅʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʂʠʪʘʡ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪ ʢ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʧʨʦʝʢʪ ʨʝʣʴʩʦʚʦʛʦ ʧʦʝʟʜʘ ʚ 

ʪʦʥʥʝʣʝ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʦʝʟʜ ʙʫʜʝʪ ʩʧʦʩʦʙʝʥ 

ʨʘʟʚʠʚʘʪʴ ʩʢʦʨʦʩʪʴ 1000 ʢʤ/ʯ. 

ʃʝʪʦʤ 2013 ʛʦʜʘ ʘʤʝʨʠʢʘʥʩʢʠʡ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ ʀʣʦʥ ʄʘʩʢ ʧʨʝʜʩʪʘʚʠʣ 

ʧʨʦʝʢʪ ʪʨʘʥʩʩʠʩʪʝʤʳ Hyperloop. ɺ ʥʘʯʘʣʝ 2015 ʛʦʜʘ ʙʳʣʠ ʦʙʲʷʚʣʝʥʳ ʧʣʘʥʳ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʝʨʚʦʡ ʪʨʘʩʩʳ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 8 ʢʠʣʦʤʝʪʨʦʚ. 

ɺ ʈʦʩʩʠʠ 30 ʦʢʪʷʙʨʷ 2015 ʛʦʜʘ ʩʦʩʪʦʷʣʦʩʴ ʟʘʩʝʜʘʥʠʝ ʆʙʲʝʜʠʥʝʥʥʦʛʦ 

ʫʯʝʥʦʛʦ ʩʦʚʝʪʘ ʆɸʆ çʈɾɼè, ʧʦʩʚʷʱʝʥʥʦʝ ʚʦʧʨʦʩʫ ʧʨʠʤʝʥʝʥʠʷ ʚʘʢʫʫʤʥʦʡ 

ʩʨʝʜʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʠʩʪʝʤ. ʇʦ ʠʪʦʛʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʧʦ ʚʦʧʨʦʩʫ ʧʨʠʤʝʥʝʥʠʷ ʚʘʢʫʫʤʥʦʡ ʩʨʝʜʳ. 

ʇʦʜʨʦʙʥʝʝ: ʉʘʤʦʡ ʠʟʚʝʩʪʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ ʷʚʣʷʝʪʩʷHyperloopʀʣʦʥʘ ʄʘʩʢʘ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʦʝʟʜʘ ʀʣʦʥʘ ʦʩʥʦʚʘʥ ʥʘ ʩʠʣʝ ʪʷʛʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʛʝʨʤʝʪʠʯʥʦʡ ʪʨʫʙʝ ʧʨʠ ʧʦʯʪʠ ʧʦʣʥʦʤ ʚʘʢʫʫʤʝ (ʬʦʨʚʘʢʫʫʤʝ). 2. ʂʦʨʘʙʣʠʢ ʥʘ 

ʯʝʨʥʠʣʘʭ: ʕʢʩʧʝʨʠʤʝʥʪ, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʧʦʢʘʟʳʚʘʶʪ ʜʝʪʷʤ. ʆʙʳʢʥʦʚʝʥʥʦ 

ʟʘʤʝʪʢʠ ʦ ʥʸʤ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʥʘʫʯʥʦ ʥʝ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʳ. 

ɼʣʷ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʝʨʫʪ ʣʠʩʪʦʢ ʦʪ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʨʘʩʪʝʥʠʷ ʠ ʢʘʧʘʶʪ ʙʣʠʞʝ 

ʢ ʯʝʨʝʰʢʫ ʯʝʨʥʠʣʘ ʠ ʦʧʫʩʢʘʶʪ ʚ ʚʦʜʫ. ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʯʝʨʥʠʣʘ ʠʤʝʶʪ 

ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ, ʦʥʠ ʩʪʝʢʘʶʪ ʧʦ ʠʤʧʨʦʚʠʟʠʨʦʚʘʥʥʦʤʫ ʢʘʥʘʣʫ ʠ, ʧʦʧʘʚ ʚ 

ʚʦʜʫ, ʨʘʩʪʝʢʘʶʪʩʷ ʪʦʥʯʘʡʰʠʤ ʩʣʦʝʤ, ʧʨʠʚʦʜʷ ʣʠʩʪʦʢ ʚ ʜʚʠʞʝʥʠʝ.  

ʇʣʶʩʳ: 

¶ ʆʪʩʫʪʩʪʚʠʝ ʩʣʦʞʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʄʠʥʫʩʳ:  

¶ ɿʘʛʨʷʟʥʝʥʠʝ ʙʘʩʩʝʡʥʘ ʪʦʧʣʠʚʦʤ ʧʨʠ ʜʚʠʞʝʥʠʠ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʯʘʩʪʴ 

1. ʄʦʜʝʣʴ ʧʦʝʟʜʘ: ʄʦʷ ʤʦʜʝʣʴ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʦʜʝʣʠ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʧʦʝʟʜʘ. ɺ ʤʦʸʤ ʩʣʫʯʘʝ ʵʥʝʨʛʠʷ ʜʣʷ ʜʚʠʞʝʥʠʷ ʢʘʧʩʫʣʳ 

ʙʫʜʝʪ ʙʨʘʪʴʩʷ ʧʨʷʤʦ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ! ɺ ʦʩʥʦʚʝ ʪʘʢʞʝ ʣʝʞʠʪ ʪʨʫʙʘ ʩ 

ʬʦʨʚʘʢʫʫʤʦʤ, ʦʜʥʘʢʦ ʜʘʣʴʥʝʡʰʠʡ ʨʘʟʛʦʥ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʣʘʛʦʜʘʨʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦ ʩʪʦʨʦʥʳ ʢʘʧʩʫʣʳ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʷ ʢʫʧʠʣ ʩʘʥʪʝʭʥʠʯʝʩʢʫʶ ʪʨʫʙʫ ʜʠʘʤʝʪʨʦʤ 40 ʤʤ., 

ʜʣʠʥʦʡ 1ʤ., ʢʘʧʝʣʴʥʠʮʫ, ʜʚʘ ʦʙʨʘʪʥʳʭ ʢʣʘʧʘʥʘ, ʪʨʦʡʥʠʢ ʠ ʩʠʣʠʢʦʥʦʚʳʡ ʰʣʘʥʛ 

ʜʣʷ ʘʢʚʘʨʠʫʤʘ. ʉʧʝʨʚʘ ʷ ʚʟʷʣ ʠʟ ʢʘʧʝʣʴʥʠʮʳ ʥʫʞʥʫʶ ʜʝʪʘʣʴ ʠ, ʧʨʦʩʚʝʨʣʠʚ 

ʦʪʚʝʨʩʪʠʝ ʚ ʨʘʡʦʥʝ ʨʘʩʰʠʨʝʥʠʷ ʪʨʫʙʳ, ʚʢʣʝʠʣ ʝʸ. ʇʘʨʘʣʣʝʣʴʥʦ ʷ ʩʦʙʨʘʣ ʥʘʩʦʩ. 

ɺ ʨʦʣʠ ʢʘʧʩʫʣʳ ʷ ʚʟʷʣ ʙʫʤʘʞʥʳʡ ʢʦʥʫʩ, ʥʘʧʦʣʦʚʠʥʫ ʥʘʙʠʪʳʡ 

ʧʣʘʩʪʠʣʠʥʦʤ, ʜʠʘʤʝʪʨ ʦʩʥʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʜʠʘʤʝʪʨʦʤ ʪʨʫʙʳ. ɺ 

ʢʦʥʮʝ ʷ ʧʨʠʩʦʝʜʠʥʠʣ ʥʘʩʦʩ ʢ ʩʠʩʪʝʤʝ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ: ʚ ʥʘʯʘʣʦ ʪʨʫʙʳ, ʫ ʥʘʩʦʩʘ, ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘʰʘ ʢʘʧʩʫʣʘ, 

ʪʨʫʙʘ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʝʪʩʷ ʩ ʦʙʦʠʭ ʢʦʥʮʦʚ ʩʢʦʪʯʝʤ. ʉʪʦʠʪ ʫʪʦʯʥʠʪʴ, ʯʪʦ 
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ʢʘʧʩʫʣʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʨʰʥʝʤ. ʇʨʠ ʧʦʤʦʱʠ ʥʘʩʦʩʘ ʩʦʟʜʘʸʪʩʷ ʚʘʢʫʫʤ ʚʥʫʪʨʠ 

ʪʨʫʙʳ. ʀ ʜʘʣʴʰʝ ʷ ʠʩʢʫʩʩʪʚʝʥʥʦ ʥʘʨʫʰʘʶ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʧʦʟʘʜʠ ʢʘʧʩʫʣʳ. ʀʟ-ʟʘ 

ʨʘʟʥʠʮʳ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʩ ʩʠʣʦʡ 

ʚʨʳʚʘʝʪʩʷ ʚʥʫʪʨʴ ʠ ʜʚʠʛʘʝʪ ʥʘʰʫ ʢʘʧʩʫʣʫ. 

ʇʨʠ ʧʝʨʚʦʤ ʟʘʧʫʩʢʝ ʚ ʨʦʣʠ ʤʝʤʙʨʘʥ ʷ ʠʩʧʦʣʴʟʦʚʘʣ ʢʫʩʦʯʢʠ ʩʢʦʪʯʘ. ʇʨʠ 

ʦʪʢʘʯʢʝ ʚʦʟʜʫʭʘ ʷ ʟʘʤʝʪʠʣ, ʯʪʦ ʥʝʭʚʘʪʢʘ ʤʘʪʝʨʠʘʣʘ ʧʦ ʙʦʢʘʤ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ. ɺʪʦʨʘʷ ʧʦʧʳʪʢʘ ʩʜʝʣʘʪʴ ʤʝʤʙʨʘʥʳ ʠʟ ʜʚʫʭ ʢʫʩʦʯʢʦʚ, 

ʧʨʠʢʣʝʝʥʥʳʭ ʢʨʝʩʪ-ʥʘʢʨʝʩʪ, ʪʘʢʞʝ ʦʢʘʟʘʣʘʩʴ ʥʝʫʜʘʯʥʦʡ ʠʟ-ʟʘ ʧʨʦʧʫʩʢʘʥʠʷ 

ʚʦʟʜʫʭʘ ʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʟʘʛʣʫʰʢʠ. ʕʪʦ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ, 

ʪʘʢ ʢʘʢ ʥʘʤ ʪʨʫʜʥʦ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʶ ʠ 

ʜʘʣʴʥʝʡʰʝʝ ʜʚʠʞʝʥʠʝ 

ʢʘʧʩʫʣʳ. ɺ ʪʨʝʪʠʡ ʨʘʟ ʷ 

ʫʩʠʣʠʣ ʵʪʫ ʞʝ 

ʢʦʥʩʪʨʫʢʮʠʶ ʧʦʧʝʨʝʯʥʳʤ 

ʩʣʦʝʤ ʩʢʦʪʯʘ ʫ ʩʘʤʦʛʦ 

ʢʦʥʮʘ ʪʨʫʙʳ. ʅʘʢʦʥʝʮ, ʤʥʝ 

ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ 

ʯʘʩʪʠʯʥʦʛʦ ʨʘʟʨʝʞʝʥʠʷ ʠ 

ʟʘʧʫʩʪʠʪʴ ʢʘʧʩʫʣʫ. 

ʉʦʟʜʘʥʥʦʝ ʚʥʫʪʨʠ 

ʜʘʚʣʝʥʠʝ ʦʢʘʟʘʣʦʩʴ 

ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʠʤ, ʯʪʦ ʧʦʨʚʘʣʦ ʙʫʤʘʞʥʫʶ çʶʙʢʫè ʥʘʰʝʛʦ ʢʦʥʫʩʘ ʝʱʸ ʜʦ ʪʦʛʦ, 

ʢʘʢ ʦʥ ʜʦʩʪʠʛ ʚʪʦʨʦʡ ʤʝʤʙʨʘʥʳ. 

ɺ ʯʝʪʚʸʨʪʳʡ ʨʘʟ ʷ ʨʝʰʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʧʘʢʝʪʳ. ʇʦʣʦʞʠʚ 

ʠʭ ʪʘʢ, ʯʪʦʙ ʧʦʣʫʯʘʣʩʷ ʜʚʦʡʥʦʡ ʩʣʦʡ ʧʣʸʥʢʠ, ʷ ʟʘʤʦʪʘʣ ʠʭ ʩʢʦʪʯʝʤ ʧʦʧʝʨʸʢ 

ʪʨʫʙʳ. ʄʥʝ ʫʜʘʣʦʩʴ ʦʪʢʘʯʘʪʴ ʚʦʟʜʫʭ, ʦʜʥʘʢʦ ʚʩʷ ʵʥʝʨʛʠʷ ʰʣʘ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ʧʣʸʥʢʠ ʚʥʫʪʨʴ. ʇʣʶʩʦʤ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʘ ʥʫʞʥʘʷ ʤʥʝ ʛʝʨʤʝʪʠʯʥʦʩʪʴ. 

ʅʘ ʧʷʪʫʶ ʧʦʧʳʪʢʫ ʷ ʦʙʲʝʜʠʥʠʣ ʜʚʘ ʤʝʪʦʜʘ ʩʦʟʜʘʥʠʷ ʟʘʛʣʫʰʝʢ. ɾʸʩʪʢʦʩʪʴ 

ʧʨʠʜʘʚʘʣ ʦʜʠʥ ʩʣʦʡ ʩʢʦʪʯʘ, ʥʘʤʦʪʘʥʥʳʡ ʧʦʚʝʨʭ ʧʘʢʝʪ ʠ ʩʢʦʪʯ ï ʛʝʨʤʝʪʠʯʥʦʩʪʴ. 

ʉʜʝʣʘʚ ʥʦʚʳʡ ʢʦʥʫʩ ʠʟ ʢʘʨʪʦʥʘ, ʷ ʜʦʙʠʣʩʷ ʩʘʤʦʛʦ ʩʪʘʙʠʣʴʥʦʛʦ ʟʘʧʫʩʢʘ. ʅʝ ʙʝʟ 

ʧʨʦʙʣʝʤ ʢʘʧʩʫʣʘ ʥʘʯʘʣʘ ʧʨʦʙʠʚʘʪʴ ʚʪʦʨʫʶ ʟʘʛʣʫʰʢʫ. ʊʝʧʝʨʴ ʥʫʞʥʦ ʙʳʣʦ 

ʦʙʝʩʧʝʯʠʪʴ ʢʘʧʩʫʣʫ ʝʱʸ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ. ɼʣʷ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʧʨʠ ʚʳʭʦʜʝ ʷ ʨʝʰʠʣ ʫʤʝʥʴʰʠʪʴ ʞʝʩʪʢʦʩʪʴ ʤʝʤʙʨʘʥʳ ʠ ʩʜʝʣʘʪʴ ʬʦʨʤʫ ʢʘʧʩʫʣʳ 

ʦʩʪʨʝʝ. ɺ ʩʪʨʦʠʪʝʣʴʥʦʤ ʤʘʛʘʟʠʥʝ ʷ ʢʫʧʠʣ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʢʦʪʯ. ʊʘʢʞʝ ʦʜʥʦʡ ʠʟ 

ʧʨʦʙʣʝʤ ʩ ʵʥʝʨʛʠʝʡ ʙʳʣ ʤʦʡ ʰʧʨʠʮ: ʦʥ ʧʝʨʝʩʪʘʚʘʣ ʦʪʢʘʯʠʚʘʪʴ ʚʦʟʜʫʭ ʯʝʨʝʟ 

ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ. ʈʝʰʝʥʠʝʤ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʷ ʚʠʜʝʣ ʚ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʸʤʘ ʰʧʨʠʮʘ. 

ʐʝʩʪʦʡ ʟʘʧʫʩʢ. ʉʜʝʣʘʚ ʚʳʭʦʜʥʫʶ ʤʝʤʙʨʘʥʫ ʪʦʣʴʢʦ ʠʭ ʦʜʥʦʛʦ ʩʣʦʷ ʥʦʚʦʛʦ 

ʩʢʦʪʯʘ, ʷ ʥʝ ʩʤʦʛ ʜʦʙʠʪʴʩʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʷ ʚʝʨʥʫʣʩʷ ʚ 

ʧʨʦʰʣʦʤʫ ʤʝʪʦʜʫ. 

ʅʘ ʩʝʜʴʤʦʡ ʨʘʟ ʷ ʚʝʨʥʫʣ ʧʨʝʞʥʠʡ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʟʘʛʣʫʰʝʢ. ʄʦʷ 

ʠʤʧʨʦʚʠʟʠʨʦʚʘʥʥʘʷ ʢʘʧʩʫʣʘ ʪʘʢʞʝ ʟʘʩʪʨʷʣʘ ʚ ʤʝʤʙʨʘʥʝ. ʇʦ ʩʪʦʷʱʝʤʫ ʚ 

ʧʦʤʝʱʝʥʠʠ ʰʫʤʫ ʧʨʠ ʟʘʧʫʩʢʝ ʷ ʧʦʥʷʣ, ʯʪʦ ʵʥʝʨʛʠʷ ʚʦʟʨʦʩʣʘ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 
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ʤʥʦʡ ʙʳʣʦ ʧʦʜʤʝʯʝʥʦ, ʯʪʦ ʢʘʧʩʫʣʘ ʠʟ ʢʘʨʪʦʥʘ ʦʯʝʥʴ ʧʣʦʭʦ ʧʨʠʣʝʛʘʝʪ ʢ ʩʪʝʥʢʘʤ 

ʪʨʫʙʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʩʴ ʚʦʟʜʫʭ ʧʨʦʩʪʦ ʧʨʦʥʦʩʠʣʩʷ ʚʦʢʨʫʛ ʥʝʸ. ʉʜʝʣʘʚ ʥʦʚʳʡ 

ʢʦʥʫʩ ʠʟ ʢʘʨʘʥʜʘʰʘ, ʙʫʤʘʛʠ ʠ ʧʣʘʩʪʠʣʠʥʘ, ʢʦʪʦʨʳʡ ʟʘʧʦʣʥʠʣ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ 

ʦʙʲʸʤ ʢʘʧʩʫʣʳ, ʦʩʪʘʚʠʚ ʣʠʰʴ ʤʘʣʝʥʴʢʠʡ ʙʦʨʪʠʢ, ʠ ʚʳʭʦʜʥʫʶ ʤʝʤʙʨʘʥʫ ʠʟ 

ʧʦʣʠʵʪʠʣʝʥʦʚʦʛʦ ʧʘʢʝʪʘ ʚ ʯʝʪʳʨʝ ʩʣʦʷ, ʷ ʧʨʦʠʟʚʸʣ ʩʘʤʳʡ ʫʜʘʯʥʳʡ ʟʘʧʫʩʢ ʠʟ 

ʚʩʝʭ! ʂʘʧʩʫʣʘ ʩ ʰʫʤʦʤ ʚʳʣʝʪʝʣʘ ʠʟ ʪʨʫʙʳ, ʧʨʦʙʠʚ ʥʘʢʦʥʝʯʥʠʢʦʤ ʧʘʢʝʪʳ ʠ 

ʫʩʪʨʝʤʠʚʰʠʩʴ ʜʘʣʝʢʦ ʧʨʦʯʴ. 

ʅʘʧʦʩʣʝʜʦʢ ʷ ʨʝʰʠʣ ʫʙʨʘʪʴ ʜʚʘ ʩʣʦʷ ʧʣʸʥʢʠ ʫ ʚʳʭʦʜʥʦʡ ʤʝʤʙʨʘʥʳ ʠ 

ʟʘʤʝʥʠʪʴ ʠʭ ʥʘ ʦʜʠʥ ʩʣʦʡ ʙʫʤʘʞʥʦʛʦ ʩʢʦʪʯʘ. ɿʘʧʫʩʢ ʩ ʙʫʤʘʞʥʳʤ ʩʢʦʪʯʝʤ 

ʦʢʘʟʘʣʩʷ ʩʘʤʳʤ ʩʪʘʙʠʣʴʥʳʤ: ʤʝʤʙʨʘʥʫ ʧʝʨʝʩʪʘʣʦ ʚʳʪʷʛʠʚʘʪʴ ʚʥʫʪʨʴ, ʦʪʯʝʛʦ 

ʰʘʥʩ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʟʘʧʫʩʢʘ ʩʪʘʣ ʤʠʥʠʤʘʣʴʥʳʤ. 

2. ʂʦʨʘʙʣʠʢ ʥʘ 

ʯʝʨʥʠʣʘʭ: ʌʦʨʤʫ ʜʚʠʛʘʪʝʣʷ 

ʷ ʧʨʝʜʩʪʘʚʠʣ ʚ ʚʠʜʝ 

ʢʦʨʘʙʣʠʢʘ, ʥʘ ʢʘʨʤʝ 

ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʠʣʩʷ 

ʙʘʩʩʝʡʥ ʩ ʪʦʧʣʠʚʦʤ ʠ ʩʢʘʪ. 

ʄʦʜʝʣʴ ʢʦʨʘʙʣʠʢʘ ʷ 

ʨʘʟʨʘʙʦʪʘʣ ʚ ʧʨʦʛʨʘʤʤʝ 

Blender ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʧʝʯʘʪʠ ʥʘ 3D ʧʨʠʥʪʝʨʝ. 

ʇʦʣʫʯʝʥʥʳʡ ʬʘʡʣ ʷ 

ʵʢʩʧʦʨʪʠʨʦʚʘʣ ʚ ʬʦʨʤʘʪ 

STL ʠ ʦʪʢʨʳʣ ʝʛʦ ʚ 

ʧʨʦʛʨʘʤʤʝ Cura, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ çʥʘʨʝʟʢʠè ʜʝʪʘʣʠ ʚ gcode. ɺʳʩʪʘʚʠʚ ʜʣʠʥʫ ʢʦʨʘʙʣʠʢʘ 100 

ʤʤ. ʠ ʧʨʦʮʝʥʪʦʤ ʟʘʧʦʣʥʝʥʠʷ 80, ʷ ʦʪʧʨʘʚʠʣ ʢʦʨʘʙʣʠʢ ʥʘ ʧʝʯʘʪʴ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʢʦʨʘʙʣʠʢ 

ʦʢʘʟʘʣʩʷ ʩʣʠʰʢʦʤ ʪʷʞʸʣʳʤ, ʥʦ 

ʵʪʦ ʥʝ ʧʦʤʝʰʘʣʦ ʝʤʫ ʥʘʯʘʪʴ ʩʚʦʸ 

ʜʚʠʞʝʥʠʝ. ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʚʝʩʘ ʷ 

ʨʝʰʠʣ ʜʦʙʘʚʠʪʴ ʚʥʫʪʨʴ ʤʦʜʝʣʠ 

ʚʦʟʜʫʰʥʫʶ ʧʦʣʦʩʪʴ ʠ ʥʘʧʝʯʘʪʘʪʴ 

ʢʦʨʘʙʣʠʢ ʩ ʧʨʦʮʝʥʪʦʤ 

ʟʘʧʦʣʥʝʥʠʷ ï 60 ʠ ʧʦʟʞʝ ʩ 

ʧʨʦʮʝʥʪʦʤ ï 10. 

ʊʨʝʪʴʷ ʤʦʜʝʣʴ ʧʦʢʘʟʘʣʘ 

ʩʝʙʷ ʣʫʯʰʝ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ! 

ʀʪʘʢ, ʧʨʦʚʝʜʷ ʩʝʨʠʶ 

ʦʧʳʪʦʚ ʩ ʤʦʜʝʣʴʶ ʧʦʝʟʜʘ, ʷ ʧʨʠʰʸʣ ʢ ʩʣʝʜʫʶʱʠʤ ʟʘʢʣʶʯʝʥʠʷʤ: ʢʫʧʣʝʥʥʘʷ 

ʩʘʥʪʝʭʥʠʯʝʩʢʘʷ ʪʨʫʙʘ ʦʪʣʠʯʥʦ ʧʦʢʘʟʘʣʘ ʩʝʙʷ ʚ ʨʦʣʠ ʪʦʥʥʝʣʷ; ʩʘʤʦʜʝʣʴʥʳʡ ʥʘʩʦʩ, 

ʩʦʙʨʘʥʥʳʡ ʠʟ ʟʘʧʯʘʩʪʝʡ ʠʟ ʟʦʦʤʘʛʘʟʠʥʘ, ʪʘʢʞʝ ʦʢʘʟʘʣʩʷ ʜʦʚʦʣʴʥʦ ʵʬʬʝʢʪʠʚʝʥ. 

ʆʜʥʘʢʦ ʦʙʲʸʤ ʰʧʨʠʮʘ ʦʢʘʟʘʣʩʷ ʢʨʘʡʥʝ ʢʨʠʪʠʯʝʥ, ʧʦʵʪʦʤʫ ʩʪʦʠʪ ʙʨʘʪʴ ʝʛʦ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʦʙʲʸʤʦʤ.  ɼʣʷ ʤʦʝʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʙʳʣʘ ʚʘʞʥʘ 
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ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʧʨʠ ʜʦʩʪʫʧʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʢʘʟʘʣʘ ʩʝʙʷ ʩʚʷʟʢʘ 

ʙʫʤʘʞʥʦʛʦ ʩʢʦʪʯʘ ʠ ʧʦʣʠʵʪʠʣʝʥʦʚʦʛʦ ʧʘʢʝʪʘ: ʧʝʨʚʳʡ ʦʙʝʩʧʝʯʠʚʘʣ ʫʧʨʫʛʦʩʪʴ 

ʤʝʤʙʨʘʥʘʤ, ʘ ʚʪʦʨʦʡ ï ʛʝʨʤʝʪʠʯʥʦʩʪʴ.ʂʘʧʩʫʣʘ ʦʙʨʝʣʘ ʦʩʪʨʫʶ ʬʦʨʤʫ ʠʟ-ʟʘ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʃʫʯʰʝ ʚʩʝʛʦ ʧʦʢʘʟʘʣʘ ʩʝʙʷ ʢʘʧʩʫʣʘ, ʩʜʝʣʘʥʥʘʷ ʠʟ 

ʙʫʤʘʛʠ ʠ ʧʣʘʩʪʠʣʠʥʘ, ʩ ʚʦʪʢʥʫʪʳʤ ʚ ʥʝʸ ʦʩʪʨʳʤ ʢʘʨʘʥʜʘʰʦʤ. 

ʂʦʨʘʙʣʠʢʫ ʩʨʘʟʫ ʫʜʘʣʦʩʴ ʧʨʠʜʘʪʴ ʥʫʞʥʫʶ ʬʦʨʤʫ, ʥʦ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʧʨʠʰʣʦʩʴ ʜʦʙʘʚʠʪʴ ʚʦʟʜʫʰʥʫʶ ʧʦʣʦʩʪʴ ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʨʦʮʝʥʪ ʟʘʧʦʣʥʝʥʠʷ 

ʧʣʘʩʪʠʢʦʤ ʜʦ 10, ʜʘʙʳ ʫʤʝʥʴʰʠʪʴ ʚʝʩ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘʫʯʥʳʡ ʧʨʦʛʨʝʩʩ ʜʘʣ ʥʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʜʚʠʛʘʪʝʣʠ ʚ 

ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʷ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʣ. ʇʫʩʪʴ ʥʝ ʢʘʞʜʳʡ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʤʝʝʪ ʧʨʘʚʦ ʥʘ ʚʥʝʜʨʝʥʠʝ ʚ ʥʘʰʫ ʧʦʚʩʝʜʥʝʚʥʫʶ 

ʞʠʟʥʴ, ʟʘʪʦ ʥʝʢʦʪʦʨʳʝ, ʢʘʢ ʧʦʝʟʜ, ʫʞʝ ʧʨʦʭʦʜʷʪ ʫʩʧʝʰʥʳʝ ʠʩʧʳʪʘʥʠʷ ʤʥʦʛʠʤʠ 

ʩʪʨʘʥʘʤʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʥʦʡ ʧʨʦʪʦʪʠʧʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʦʜʝʣʝʡ ʘʥʘʣʦʛʠʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ. 

ɹʣʘʛʦʜʘʨʷ ʥʦʚʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʇʆ ʠ ʟʥʘʥʠʷʤ ʯʝʣʦʚʝʯʝʩʪʚʘ ʷ ʩʤʦʛ ʩʦʟʜʘʪʴ 

ʥʝʯʪʦ ʧʦʭʦʞʝʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɺ ʙʫʜʫʱʝʤ ʷ ʩʦʙʠʨʘʶʩʴ ʫʣʫʯʰʠʪʴ ʩʦʟʜʘʥʥʳʝ 

ʜʚʠʛʘʪʝʣʠ ʠ ʜʦʧʦʣʥʠʪʴ ʠʭ ʢʫʜʘ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʠ ʠʥʪʝʨʝʩʥʳʤʠ. ʊʘʢ ʫʞʝ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʜʠʦʫʧʨʘʚʣʷʝʤʦʡ ʤʦʜʝʣʠ ʢʘʪʝʨʘ ʥʘ 

ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ, ʛʜʝ ʷ ʩʤʦʛʫ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʚʦʠʤʠ ʟʥʘʥʠʷʤʠ ʚ ʥʦʚʳʭ 

ʦʙʣʘʩʪʷʭ, ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʚ ʪʚʝʨʜʦʪʝʣʴʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʦʪʣʘʜʦʯʥʳʭ ʧʣʘʪ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

Hyperloop, ɺʘʢʫʫʤʥʳʡ ʧʦʝʟʜ, ʇʦʝʟʜ ɹʋɼʋʑɽɻʆ,  ɺʘʢʫʫʤʥʘʷ ʧʫʰʢʘ 

 

 

 

 

 

ɺʆɿɼʋʐʅʆ-ʇʃɸɿʄɽʅʅɸʗ ʋʊʀʃʀɿɸʎʀʗ ʉʋʃʔʌɸʊʅʆɻʆ ʐʃɸʄ-

ʃʀɻʅʀʅɸ  

ʇʦʧʦʚʘ ɸʥʘʩʪʘʩʠʷ ʉʝʨʛʝʝʚʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ 

ʛ. ʊʦʤʩʢʘ, 10  ʢʣʘʩʩ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʘʨʝʥʛʠʥ ɸ.ɻ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ʀʗʊʐ ʊʇʋ 

 

ʅʘ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚ ʧʨʦʮʝʩʩʝ ʩʫʣʴʬʘʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

(ʚʘʨʢʠ) ʱʝʧʳ ʜʨʝʚʝʩʠʥʳ ʦʙʨʘʟʫʝʪʩʷ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ (ʮʝʣʣʶʣʦʟʘ), ʠʟ ʢʦʪʦʨʦʛʦ 

ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ, ʦʯʠʩʪʢʠ ʠ ʩʦʨʪʠʨʦʚʢʠ ʦʪʜʝʣʷʶʪʩʷ ʦʪʭʦʜʳ ʚ ʚʠʜʝ ʩʫʣʴʬʘʪʥʦʛʦ 

ʰʣʘʤ-ʣʠʛʥʠʥʘ. ʇʨʠʤʝʥʷʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʉʐʃ ʤʥʦʛʦʩʪʘʜʠʡʥʳ, 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝ ʙʝʟʦʧʘʩʥʳ, ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ [2,3]. 

ɺʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʘʷ ʫʪʠʣʠʟʘʮʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

https://ru.wikipedia.org/wiki/Hyperloop
https://ru.wikipedia.org/wiki/%D0%92%D0%B0%D0%BA%D1%83%D1%83%D0%BC%D0%BD%D1%8B%D0%B9_%D0%BF%D0%BE%D0%B5%D0%B7%D0%B4
https://www.youtube.com/watch?v=tD0ZUqZubDg&ab_channel=%D0%9B%D0%BE%D0%B2%D0%B8%D0%9C%D0%BE%D0%BC%D0%B5%D0%BD%D1%82
https://www.youtube.com/watch?v=QsuCwT79GP0&t=532s&ab_channel=AlexGyver
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ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʵʪʦ ʥʘʠʣʫʯʰʠʡ ʩʧʦʩʦʙ ʦʧʝʨʘʪʠʚʥʦ ʠ ʙʝʟʦʧʘʩʥʦ 

ʙʦʨʦʪʴʩʷ ʩ ʦʪʭʦʜʘʤʠ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ 

ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʦʤ, ʥʘ 

ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʉʐʃ. ɺ ʩʦʩʪʘʚʝ 

ʫʩʪʘʥʦʚʢʠ çʇʣʘʟʤʝʥʥʳʡ ʤʦʜʫʣʴ ʥʘ ʙʘʟʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ɺʏɻ8-

60/13è (ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ï 13,56 ʄɻʮ, ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ï 60 ʢɺʪ). 

ɿʘʜʘʯʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʠ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʘ (ʵʣʝʢʪʨʦʜ, ʢʦʨʧʫʩ) ʠ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ (ʘʥʦʜ ʛʝʥʝʨʘʪʦʨʥʦʡ 

ʣʘʤʧʳ, ʩʝʪʦʯʥʘʷ ʠ ʘʥʦʜʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʝʛʦ 

ʨʘʙʦʪʳ. ʋʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʘʥʦʜʥʦʛʦ ʪʦʢʘ ɺʏ-

ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ 

ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʦʤ (ʤʦʱʥʦʩʪʴ, ʩʨʝʜʥʝʤʘʩʩʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ.ʇ.ɼ. ʠ 

ʜʨ.). 

2. ʆʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʘ.  

3. ʀʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʷ ʩʫʣʴʬʘʪʥʦʛʦ 

ʰʣʘʤ-ʣʠʛʥʠʥʘ ʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝ, ʛʝʥʝʨʠʨʫʝʤʦʡ ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʦʤ. 

ʋʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ 

ʩʪʨʫʠ ʥʘ ʢʠʥʝʪʠʢʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʘʥʥʳʡ ʚʠʜ ʣʠʛʥʠʥʘ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʩʫʣʴʬʘʪʥʦʤ ʩʧʦʩʦʙʝ ʚʘʨʢʠ 

ʮʝʣʣʶʣʦʟʳ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʪʚʦʨ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ. 

ʉʫʣʴʬʘʪʥʳʡ ʣʠʛʥʠʥ ʚ ʩʫʭʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʨʦʰʦʢ ʢʦʨʠʯʥʝʚʦʛʦ 

ʮʚʝʪʘ. ʃʠʛʥʠʥ ʩʦʜʝʨʞʠʪ 60 - 70 % ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʜʦ 160 ʤʢʤ, ʜʦ 90 % 

ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 350 ʤʢʤ ʠ ʣʠʰʴ ʦʢʦʣʦ 10 % ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʦʪ 350 ʜʦ 5000 

ʤʢʤ. [1] 

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʫʣʴʬʘʪʥʦʛʦ ʣʠʛʥʠʥʘ ʚʳʟʳʚʘʝʪ ʝʛʦ ʨʘʟʣʦʞʝʥʠʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʥʘʯʠʥʘʷ ʩ ʪʝʤʧʝʨʘʪʫʨʳ 190Áʉ. ʉʫʣʴʬʘʪʥʳʡ 

ʣʠʛʥʠʥ ʦʪʥʝʩʝʥ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪʦʢʩʠʯʥʳʤ ʧʨʦʜʫʢʪʘʤ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʚʠʜʝ 

ʚʣʘʞʥʦʡ ʧʘʩʪʳ ʥʝ ʧʳʣʠʪ ʠ ʥʝ ʧʦʞʘʨʦʦʧʘʩʝʥ. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʫʣʴʬʘʪʥʦʛʦ ʣʠʛʥʠʥʘ ʷʚʣʷʝʪʩʷ ɹʘʡʢʘʣʴʩʢʠʡ 

ʎʝʣʣʶʣʦʟʥʦ ɹʫʤʘʞʥʳʡ ʂʦʤʙʠʥʘʪ ʰʣʘʤ-ʣʠʛʥʠʥʘ. ʂʦʤʙʠʥʘʪ ʟʘ 40 ʣʝʪ ʥʘʢʦʧʠʣ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ (ʦʢʦʣʦ 6.2 ʤʣʥ. ʪ), ʢʦʪʦʨʳʝ ʩʢʣʘʜʠʨʦʚʘʥʳ ʥʘ 

ʧʦʣʠʛʦʥʘʭ ʚ ʠʭ ʙʣʠʟʦʩʪʠ ʦʪ ɹʘʡʢʘʣʘ. [2]  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʣʠʛʦʥʦʚ ʩʦ ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷʤʠ 

(ʨʠʩ. 1)   
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ʈʠʩ.1 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʭʝʤʫ 1 ʠ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʮʠʢʣʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʣʴʬʘʪʥʦʡ 

ʮʝʣʣʶʣʦʟʳ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʜʨʝʚʝʩʠʥʳ ʚ ʢʦʪʝʣ 

ʟʘʛʨʫʞʘʶʪ ʱʝʧʫ ʠ ʟʘʣʠʚʘʶʪ ʙʝʣʳʤ ʱʝʣʦʢʦʤ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʘʢʪʠʚʥʫʶ 

ʱʝʣʦʯʴʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʚʘʨʢʠ. ʊʘʢʞʝ ʚ ʢʦʪʸʣ ʧʦʧʘʜʘʝʪ 

ʯʝʨʥʳʡ(ʦʪʨʘʙʦʪʘʥʥʳʡ) ʱʝʣʦʢ. ʇʦʩʣʝ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʥʫʞʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʝʥʫʞʥʳʡ ʱʝʣʦʢ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʦʨʪʠʨʦʚʘʥʠʝ (ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪ 

ʮʝʣʣʶʣʦʟʥʦʡ ʤʘʩʩʳ ʦʪʭʦʜʦʚ) ʠ ʧʨʦʤʳʚʢʫ (ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʯʝʨʥʦʛʦ ʱʝʣʦʢʘ ʦʪ 

ʩʚʘʨʝʥʥʦʡ ʮʝʣʣʶʣʦʟʳ). 

ʆʪʭʦʜʳ ʦʪ ʮʝʣʣʶʣʦʟʥʦʡ ʤʘʩʩʳ ʝʩʪʴ ʥʠʯʪʦ ʠʥʦʝ, ʢʘʢ ʰʣʘʤ-ʣʠʛʥʠʥ, ʧʝʨʝʨʘʙʦʪʢʘ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʪʨʫʜʥʦʩʪʴ [3][4] 

ʅʘ ʙʝʨʝʛʫ ʦʟʝʨʘ ɹʘʡʢʘʣ ʨʘʟʤʝʱʝʥʦ ʩʚʳʰʝ 6 ʤʣʥ. ʪ ʉʐʃ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ: 

¶ ʛʠʜʨʦʣʠʟʥʳʡ ʣʠʛʥʠʥ (40-88 %); 

¶ ʪʨʫʜʥʦʛʠʨʦʣʠʟʫʝʤʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ (13-45 %); 

¶ ʩʤʦʣʠʩʪʳʝ ʚʝʱʝʩʪʚʘ (5-19 %); 

¶ ʠ ʟʦʣʫ (0,5-10 %), ʠʤʝʶʱʫʶ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ: Al 2O3 (1,0 %); SiO2 (93,4 

%); CaO (1,5 %); P2O5 (1,5 %); Na2O (0,3 %); K2O (0,3 %); MgO (0,3 %); TiO2 

(0,1 %) [5,6]. 

ʊʘʢʠʝ ʜʘʥʥʳʝ ʟʘʩʪʘʚʣʷʶʪ ʟʘʜʫʤʘʪʴʩʷ ʦ ʪʦʤ, ʢʘʢ ʤʦʞʥʦ ʧʝʨʝʨʘʙʦʪʘʪʴ ʩʫʣʴʬʘʪʥʳʡ 

ʰʣʘʤ-ʣʠʛʥʠʥʘ ʠʣʠ ʞʝ ʩʚʝʩʪʠ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢ ʤʠʥʠʤʫʤʫ. ʊʘʢ ʦʜʥʠʤ ʠʟ 

ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʘʷ ʫʪʠʣʠʟʘʮʠʷ. (ʉʭʝʤʘ ʠ ʬʦʪʦ ʫʩʪʘʥʦʚʢʠ 

çʇʣʘʟʤʝʥʥʳʡ ʤʦʜʫʣʴ ʥʘ ʙʘʟʝ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ ɺʏɻ8-60/13è ʜʣʷ ʚʦʟʜʫʰʥʦ-

ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ Cʐʃ. ʈʠʩ.1) 

ʅʘ ʜʘʥʥʦʤ ʛʝʥʝʨʘʪʦʨʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʠ ʨʘʩʯʝʪʳ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ 

ʧʦʪʨʝʙʣʷʝʤʳ ʥʘ ʨʘʟʥʳʝ ʵʣʝʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ 

ʦʪ ʩʠʣʳ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʦʪ ʩʠʣʳ ʪʦʢʘ (ʪʘʙʣʠʮʘ 1,2,3,4,5, 

ʛʨʘʬʠʢ 1,2,3) 

 

ʊʘʙʣʠʮʘ 1 

ɼʣʷ ʢʦʨʧʫʩʘ ʧʣʘʟʤʘʪʨʦʥʘ  

ɼʝʣʝʥʠʷ  Qʩʨ, ʢʛ/ʩ æQ*,ʢʛ/ʩ Q=QʩʨÑæQ*,ʢʛ/ʩ 

20 0,040 0,004 0,040Ñ0,004 

60 0,072 0,006 0,072Ñ0,006 



131 
 

100 0,103 0,006 0,103Ñ0,006 

 

ʊʘʙʣʠʮʘ 2    

ɼʣʷ ʩʝʪʢʠ 

ɼʝʣʝʥʠʷ  Qʩʨ, ʢʛ/ʩ æQ*, ʢʛ/ʩ Q=QʩʨÑæQ*,ʢʛ/ʩ 

20 0,030 0,002 0,030Ñ0,002 

60 0,060 0,005 0,060Ñ0,005 

100 0,094 0,005 0,094Ñ0,005 

 

 

 

ʊʘʙʣʠʮʘ 3    

ɼʣʷ ʵʣʝʢʪʨʦʜʘ 

ɼʝʣʝʥʠʷ Qʩʨ, ʢʛ/ʩ æQ*,ʢʛ/ʩ Q=QʩʨÑæQ*,ʢʛ/ʩ 

20 0,069 0,005 0,069Ñ0,005 

60 0,128 0,008 0,128Ñ0,008 

100 0,207 0,018 0,207Ñ0,018 

 

ʊʘʙʣʠʮʘ 4    

ɼʣʷ ʘʥʦʜʘ 

ɼʝʣʝʥʠʷ  Qʩʨ, ʢʛ/ʩ æQ*,ʢʛ/ʩ Q=QʩʨÑæQ*,ʢʛ/ʩ 

20 0,070 0,003 0,070Ñ0,003 

60 0,158 0,017 0,158Ñ0,017 

100 0,258 0,047 0,258Ñ0,047 

 

ʊʘʙʣʠʮʘ5 

 
 

 
ɻʨʘʬʠʢ 1                                       ɻʨʘʬʠʢ 2 

Ѕ ͦͨ·ͭ͊Ia,
A ˸ͦΣ ͎˸͊ͫͫ͊ ˿̊˶ ͔ͨͦͫ͡ ͙ͦ͋ͪ͊͋ͦͭ͟Σ ͎

м ͙ͣ нͤ ͙ͣ оͤ ͙ͣͤ п ͙ͣ рͤ ͙ͣͤ  с ͙ͣ тͤ ͙ͣͤ

1 2,5 30 22,8 19,9 3,2 1,35 0,8 0,35 0,1

2 3 30 22,05 2,35 1,85 0,4
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ɹʳʣ ʧʨʦʚʝʜʝʥ ʦʧʳʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ 

ʉʐʃ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʤʳ ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ (ʪʘʙʣʠʮʘ 6,7) 

(ʨʠʩ.4,5,6) 

 

 
ɻʨʘʬʠʢ 4                                        ɻʨʘʬʠʢ 5  

ʇʨʠ ʪʦʢʝ 2,5ɸ ʠ 3ɸ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʯʪʦ ʧʨʠ ʙʦʣʴʰʝʤ ʪʦʢʝ ʚʨʝʤʷ ʠ 

ʤʘʩʩʘ ʰʣʘʤʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʨʘʙʦʪʢʫ ʙʳʩʪʨʝʝ ʠ 

ʧʨʠ ʤʝʥʴʰʝʤ ʚʳʭʦʜʝ ʰʣʘʤʘ. 

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʟʘʪʨʘʪ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʚʦʟʜʫʰʥʦ-

ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʰʣʘʤʳ (ʪʘʙʣʠʮʘ 8) 

ʊʘʙʣʠʮʘ 8 

ˉ 

ʦʧ 

Uʘ, 

ʢɺ 

Iʘ, 

ɸ 

Po, 

ʢɺʪ 

t, 

ʤʠʥ 

t, 

ʯ 

ʕʦʙ,ɦ 

ʢɺʪĀʯ 

ʄʦ, 

ʢʛ 

ʕʫʜ, 

ʢɺʪĀʯ/ʢ

ʛ 

R, 

ʨʫʙ/ʢʛʐʃ 

1 11,4 2,5 28,5 7 0,1167 3,33 0,03 110,87 937,92 

2 11,4 3 34,2 4 0,0667 2,28 0,03 76,04 643,28 

1 ʢɺʪĀʯ = 8,460 ʨʫʙ. 

R ï ʜʝʥʝʞʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʫʪʠʣʠʟʘʮʠʶ 0,03 ʢʛ ʉʐʃ  

 

ɺʳʚʦʜʳ ʧʨʦʝʢʪʘ: 

1) ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ 
ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʦʤ ʚ ʩʦʩʪʘʚʝ ʫʩʪʘʥʦʚʢʠ çʇʣʘʟʤʝʥʥʳʡ ʤʦʜʫʣʴ ʥʘ ʙʘʟʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ɺʏɻ8-60/13è 

2) ʊʘʢ ʫʚʝʣʠʯʝʥʠʝ ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʛʝʥʝʨʘʪʦʨʘ ʩ 2,0 ʜʦ 3,5 ɸ ʧʨʠʚʦʜʠʪ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʭʦʜʝ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ (3,0 ʛ/ʩ) ʢ ʧʦʚʳʰʝʥʠʶ 

ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʩ 16,7 ʜʦ 24,4 ʢɺʪ, ʘ ʝʝ 

ʩʨʝʜʥʝʤʘʩʩʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 3400 ʜʦ 4200 K.  

3) ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʷ ʧʣʘʟʤʝʥʥʦʡ ʧʨʦʢʘʣʢʠ ʦʙʨʘʟʮʦʚ ʆʇɺ ʩ ʥʘʯʘʣʴʥʦʡ 

ʤʘʩʩʦʡ 30 ʛ ʧʨʠ ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ 28,5 ʢɺʪ (Iɸ=2,5 

ɸ), 34,2 ʢɺʪ ʩʦʩʪʘʚʣʷʝʪ 7 ʠ 4 ʤʠʥʫʪ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʉʭʝʤʘ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʣʴʬʘʪʥʦʡ 

ʮʝʣʣʶʣʦʟʳ 

 

 

 
ɻʨʘʬʠʢ 3                                                          ʨʠʩ. 6 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀ ʈɸʉʏɽʊʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ 

ɻʀɼʈɸɺʃʀʏɽʉʂʀʍ ʉʀʉʊɽʄ ɺ ʂɸʅɸʃɽ ʂʈʋɻʃʆɻʆ ʉɽʏɽʅʀʗ ʉ 

ʄɽʉʊʅʓʄʀ ʉʆʇʈʆʊʀɺʃɽʅʀʗʄʀ 

ʄʘʡʦʨʦʚʘ ɺʘʨʚʘʨʘ, ʇʨʦʢʫʜʠʥ ɻʣʝʙ ɼʤʠʪʨʠʝʚʠʯ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʎʝʥʪʨ 

ʦʙʨʘʟʦʚʘʥʠʷ çʈʘʟʚʠʪʠʝè ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʦʣʝʞʘʝʚʘ ɸʣʣʘ ɺʘʣʝʨʴʝʚʥʘ, ʫʯʠʪʝʣʴ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʦʜʘʞʝ ʩʦʚʨʝʤʝʥʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʰʘʨʦʚʦʛʦ 

ʢʨʘʥʘ). 

ɺʚʝʜʝʥʠʝ. ʆʪʦʧʣʝʥʠʝ ʯʘʩʪʥʳʭ ʠ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʙʘʪʘʨʝʡ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʘʞʥʦ ʟʥʘʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʭ ʪʨʫʙ, ʢʨʘʥʦʚ ʠ ʜʨʫʛʠʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. ɽʩʣʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʫʙ ʦʙʱʝʠʟʚʝʩʪʥʳ ʠ ʝʩʪʴ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ [1,2], ʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚ hʘʨʦʚʳʭ ʢʨʘʥʘʭ ʧʨʠʭʦʜʠʪʩʷ ʦʮʝʥʠʚʘʪʴ ʣʠʰʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ [2], ʪ.ʢ.  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʚʳʭ ʢʨʘʥʦʚ ʥʝ ʜʦʢʫʤʝʥʪʠʨʫʶʪʩʷ. ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʘʚʠʣʴʥʳʡ ʨʘʩʯʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ 

ʛʘʨʘʥʪʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʟʘʣʦʛ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʳ. ʅʘʰ ʧʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ 

ʥʘ ʠʟʫʯʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʪʝʯʝʥʠʷ ʚ ʢʘʥʘʣʝ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩ ʤʝʩʪʥʳʤʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʦʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʫʙ ʠ ʰʘʨʦʚʦʛʦ 

ʢʨʘʥʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ  ʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʝ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ, ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʫʛʣʦʛʦ ʢʘʥʘʣʘ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ. ʉʦʟʜʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʩʪʝʥʜ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʤʦʜʝʣʴ ʦʪʦʧʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʘʧʨʦʙʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʆʪʥʦʰʝʥʠʝ ʧʦʪʝʨʷʥʥʦʛʦ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢ 

ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ ʥʘʟʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ [1].ʏʠʩʣʦ Re ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʠʚʘʪʴ ʧʨʦʮʝʩʩʳ ʪʝʯʝʥʠʷ 

ʨʘʟʥʦʛʦ ʨʦʜʘ ʞʠʜʢʦʩʪʝʡ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʜʦ ʯʠʩʣʘ ʄʘʭʘ M 

<0.3[3]. ʇʦʵʪʦʤʫ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʠʟʤʝʨʝʥʠʷ ɝ ʪʦʡ ʩʨʝʜʦʡ, ʢʦʪʦʨʘʷ ʙʦʣʝʝ ʫʜʦʙʥʘ 

ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ, ʘ ʟʘʪʝʤ ʧʨʦʩʪʦ ʧʝʨʝʩʯʠʪʘʪʴ ʜʣʷ ʜʨʫʛʦʡ ʩʨʝʜʳ. ʂʨʘʥ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ Ä υπ̍ ̍ πȟπυπ̍, ʠʩʧʳʪʘʣʠ 
ʚʦʟʜʫʭʦʤ, ʧʨʠ ʩʨʝʜʥʝʨʘʩʭʦʜʥʦʡ ʩʢʦʨʦʩʪʠ 6 ψ ̍ ϳ̒ . ʇʦʣʫʯʠʣʠ ʊ ς. ʇʫʩʪʴ 
Ô ςπᴈ, ʪʦʛʜʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʟʜʫʭʘ ʙʫʜʫʪ ʈ ρψȢρẗρπ ̃ ẗ́

Ƞ̒  ʍ ρȢς ̋ Ⱦ̄̍ . ʊʦʛʜʘ ʯʠʩʣʦ Re ʙʫʜʝʪ  2Å  
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ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʢʨʫʛʣʦʡ ʪʨʫʙʳ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʪʦʢʦʚ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʚ Ansys ʥʘʤʠ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʠʜʘ  ʇ πȢχτχẗ2ÅȢ .  ɼʣʷ 
ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ (20000 <Re <30000) ʜʘʥʥʳʝ ɹʣʘʟʠʫʩʘ ʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ (ʨʘʟʥʠʮʘ ʤʝʥʝʝ 3%). ʆʜʥʘʢʦ, 

ʧʨʠ ʧʦʥʠʞʝʥʠʠ Re, ʦʰʠʙʢʘ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ 

ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʚʝʜʴ ʯʝʤ ʤʝʥʴʰʝ ʯʠʩʣʦ Re, ʪʝʤ ʪʦʣʱʝ 

ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ.ʊʝʯʝʥʠʝ, ʧʦʜʭʦʜʷ ʢ ʩʝʯʝʥʠʶ, ʛʜʝ ʨʘʟʤʝʱʘʝʪʩʷ ʧʝʨʚʳʡ 

ʦʪʙʦʨʥʠʢ ʜʘʚʣʝʥʠʷ, ʫʞʝ ʨʘʟʚʠʪʦʝ, ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʩʦʤʢʥʫʪ. ɺ ʯʠʩʣʝʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟ-ʟʘ ʫʜʘʨʥʦʛʦ ʧʨʦʬʠʣʷ ʩʤʳʢʘʥʠʝ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʟʞʝ, ʘ ʵʪʦ ʚʣʠʷʝʪ ʥʘ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʥʠʷ ʥʘ ʩʪʝʥʢʝ. 

ʆʜʥʘʢʦ, ʜʣʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʝʣʠʢʘ, ʙʦʣʴʰʝ ʫʯʘʩʪʢʘ ʩʪʘʙʠʣʠʟʘʮʠʠ (L>50d), 

ʧʦʵʪʦʤʫ ʚʭʦʜʥʳʤ ʧʨʦʬʠʣʝʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ ʩʦʚʧʘʜʝʥʠʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ. 

ʉʦʟʜʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. (ʇʨʠʣ. ˉ1). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʢʘʥʘʣʝ ʨʘʟʦʤʢʥʫʪʦʛʦ ʪʠʧʘ, 

ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʚʳʜʫʚ. ʉʭʝʤʘ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ˉ2. 

ʈʘʙʦʯʠʤ ʛʘʟʦʤ ʚ ʵʪʦʤ ʢʘʥʘʣʝ ʷʚʣʷʝʪʩʷ ʚʦʟʜʫʭ. ʀʩʪʦʯʥʠʢʦʤ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ 

ʧʦʩʣʫʞʠʣ ʧʦʨʰʥʝʚʦʡ ʢʦʤʧʨʝʩʩʦʨ (1). ɺ ʢʘʯʝʩʪʚʝ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʨʘʥ ʠʛʦʣʴʯʘʪʳʡ (2). ʂʦʥʪʨʦʣʴ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʨʘʩʭʦʜʦʤʝʨʦʤ ʉʆʃʆ-300 (3). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʚʠʪʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ 

ʚʭʦʜʝ ʚ ʢʨʘʥ, ʧʝʨʝʜ ʢʨʘʥʦʤ ʫʩʪʘʥʦʚʠʣʠ ʚʭʦʜʥʦʡ ʫʯʘʩʪʦʢ (4). ʊʘʢʦʝ ʨʝʰʝʥʠʝ 

ʪʘʢʞʝ ʯʘʩʪʠʯʥʦ ʥʠʚʝʣʠʨʫʝʪ ʦʪʨʳʚ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʦʪ ʧʘʪʨʫʙʢʘ (5) ʥʘ ʚʭʦʜʝ ʚʦ 

ʚʭʦʜʥʦʡ ʫʯʘʩʪʦʢ.ɼʣʷ ʦʪʙʦʨʘ ʜʘʚʣʝʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʪʨʠ ʦʪʙʦʨʥʠʢʘ : (6),(7) ʠ 

(12). ʈʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ, ʠʟʤʝʨʝʥʥʘʷ ʤʝʞʜʫ (6) ʠ (7) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʘʨʦʚʦʛʦ ʢʨʘʥʘ (8). ɸ ʨʘʟʥʦʩʪʴ 

ʜʘʚʣʝʥʠʡ ʤʝʞʜʫ ʦʪʙʦʨʥʠʢʘʤʠ (6) ʠ (12) ï ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠ ʚʝʨʠʬʠʢʘʮʠʠ 

(ʧʨʦʚʝʨʢʝ) ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʝʨʝʧʘʜʳ ʜʘʚʣʝʥʠʡ ʠʟʤʝʨʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʤʘʥʦʤʝʪʨʦʤ ɼʄ-2 (9). ʇʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʀʊ ʉʆ ʈɸʅ, ʜʘʥʥʳʝ ʩ ʜʠʬʤʘʥʦʤʝʪʨʘ (9) ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨ (10), ʠ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ. ɼʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʪʯʠʢ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʦʜʥʦʤ ʧʨʠʙʦʨʝ (11) 

ʬʠʨʤʳ çʈʵʣʩʠʙè. ʇʦ ʵʪʠʤ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʶ ʚʳʯʠʩʣʷʣʘʩʴ ʧʣʦʪʥʦʩʪʴ 

ʚʦʟʜʫʭʘ, ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʷ ʄʝʥʜʝʣʝʝʚʘ-ʂʣʘʧʝʡʨʦʥʘ. 

ɺʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʢʠ ʥʫʞʥʦ 

ʟʥʘʪʴ: ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʜʣʠʥʫ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʬʘʢʪʦʨʳ. ɺʥʘʯʘʣʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ, ʧʨʠ ʢʘʢʠʭ ʯʠʩʣʘʭ 

ʈʝʡʥʦʣʴʜʩʘ Re ʠ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʛʘʟʘ Um ʤʳ ʠʤʝʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʠʟʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ. ʉʜʝʨʞʠʚʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʣʠʩʴ:  
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1. ʉʞʠʤʘʝʤʦʩʪʴ ʛʘʟʘ ï ʯʠʩʣʦ ʄʘʭʘ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʩʠʪʴ M=0.3. ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ 

ʜʣʷ ʚʦʟʜʫʭʘ ʨʘʚʥʘ a å 343 [ʤ/ʩ]. ɿʥʘʯʠʪ, ʩʨʝʜʥʝʨʘʩʭʦʜʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʩʘʤʦʤ ʫʟʢʦʤ 

ʩʝʯʝʥʠʠ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʩʠʪʴ Um < MĿa = 0.3Ŀ343 = 102.9 [ʤ/ʩ] 

2.ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʤʘʥʦʤʝʪʨʦʚ ï 4000 ʇʘ ʜʣʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʤʘʥʦʤʝʪʨʘ çɼʄ-2è, 20000 ʇʘ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʤʘʥʦʤʝʪʨʘ ʤʘʨʢʠ çPressureè 

3.ɼʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ ʨʘʩʭʦʜʦʤʝʨʦʤ ʉʦʣʦ-300: ʫ 

ʥʝʛʦ 0.3Ŀ10-3ÒGÒ6.0Ŀ10-3. ɿʘʬʠʢʩʠʨʫʝʤ ʥʝʢʠʡ ʨʘʩʭʦʜ G0. ʇʦʩʤʦʪʨʠʤ, ʢʘʢ ʚʣʠʷʝʪ 

ʜʠʘʤʝʪʨ ʥʘ ʯʠʩʣʦ Re ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʩʭʦʜʝ. (ʇʨʠʣʦʞʝʥʠʝ ˉ2) ʊʦ ʝʩʪʴ, 

ʫʤʝʥʴʰʘʷ ʜʠʘʤʝʪʨ ʚ ʢʘʥʘʣʝ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʩʭʦʜʝ, ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ Re. 

ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʪʨʫʙʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʫʙʫ ʩ ʥʘʠʤʝʥʴʰʠʤ ʫʩʣʦʚʥʳʤ 

ʧʨʦʭʦʜʥʳʤ ʜʠʘʤʝʪʨʦʤ 1/2''. ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʵʪʦʡ ʪʨʫʙʳ ʩʦʩʪʘʚʣʷʝʪ d = 12,0 

ʤʤ. 

ʆʧʳʪʥʳʝ ʠʩʧʳʪʘʥʠʷ. ʆʧʳʪ ˉ1 ɺʝʨʠʬʠʢʘʮʠʷ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ; ʆʧʳʪ ˉ2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʴ 

ʜʘʚʣʝʥʠʷ ʚ ʰʘʨʦʚʦʤ ʢʨʘʥʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʟʜʫʭʘ, ʢʨʘʥ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪ; 

ʆʧʳʪ ˉ3 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʚ ʰʘʨʦʚʦʤ ʢʨʘʥʝ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʟʜʫʭʘ, ʢʨʘʥ ʯʘʩʪʠʯʥʦ ʟʘʢʨʳʪ (ű=15Á). (ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʚ 

ʇʨʠʣʦʞʝʥʠʠ ˉ 4). 

ʍʦʜ ʦʧʳʪʦʚ. 

1.ɹʝʨʝʪʩʷ ʤʝʪʘʣʣʦʧʣʘʩʪʠʢʦʚʘʷ ʪʨʫʙʘ, ʦʪʨʝʟʘʝʪʩʷ ʚ ʨʘʟʤʝʨ. ʇʦʣʫʯʝʥʥʫʶ ʪʨʫʙʫ 

ʜʝʣʷʪ ʥʘ ʜʚʝ ʯʘʩʪʠ. 

2.ɺ ʢʘʞʜʦʡ ʯʘʩʪʠ ʩʚʝʨʣʠʪʩʷ ʧʦ ʦʜʥʦʤʫ ʦʪʚʝʨʩʪʠʶ ʜʠʘʤʝʪʨʦʤ 0,8 ʤʤ. 

3.ɺʢʣʝʠʚʘʶʪʩʷ ʦʪʙʦʨʥʠʢʠ ʜʘʚʣʝʥʠʷ ï ʵʪʦ ʠʛʣʳ ʦʪ ʰʧʨʠʮʝʚ 21G. 

4.ʄʦʥʪʠʨʫʶʪʩʷ ʧʝʨʝʭʦʜʥʠʢʠ (ñʘʤʝʨʠʢʘʥʢʠò) ʜʣʷ ʰʪʫʮʝʨʘ ʢ ʨʘʩʭʦʜʦʤʝʨʫ. 

5.ɺ ʢʦʥʮʳ ʢʨʘʥʘ ʤʦʥʪʠʨʫʶʪ ʪʨʫʙʢʠ ʠ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʨʘʩʭʦʜʦʤʝʨ, ʢʦʤʧʨʝʩʩʦʨ, 

ʢʦʤʧʴʶʪʝʨ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʤʘʥʦʤʝʪʨ. 

6.ʂ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʤʘʥʦʤʝʪʨʫ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʰʣʘʥʛʠ, ʚʪʦʨʳʝ ʢʦʥʮʳ ʠʜʫʪ 

ʢ ʫʩʪʘʥʦʚʢʝ ʥʘ ʧʨʠʝʤʥʠʢʠ ʜʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʝʪʩʷ ʢʦʤʧʨʝʩʩʦʨ, ʨʘʩʭʦʜʦʤʝʨʦʤ 

ʧʦʜʘʝʤ ʚʦʟʜʫʭ ʚ ʪʨʫʙʫ ʠ ʚʳʩʪʘʚʣʷʝʪʩʷ ʥʫʞʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ. 

7. ʇʦʚʦʨʘʯʠʚʘʝʪʩʷ ʢʨʘʥ ʥʘ 15Á. ʂʦʥʪʨʦʣʴ ʫʛʣʘ ï ʧʦ ʪʨʘʥʩʧʦʨʪʠʨʫ. 

8.ɼʝʣʘʝʤ 150 ʠʟʤʝʨʝʥʠʡ ʩ ʠʥʪʝʨʚʘʣʦʤ 0,2 ʩʝʢʫʥʜʳ ʧʦ ʚʨʝʤʝʥʠ. ʇʨʠʙʦʨ ʧʠʰʝʪ 

ʟʥʘʯʝʥʠʷ ȹp ʚ ʬʘʡʣ,  ʤʝʥʷʝʤ ʨʘʩʭʦʜ. 

ʈʝʟʫʣʴʪʘʪʳ. ʆʧʳʪ ˉ1. ʈʝʟʫʣʴʪʘʪʳ ʚʝʨʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʇʨʠʣʦʞʝʥʠʠ ˉ5. ʊʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʯʝʨʥʦʡ 

ʢʨʠʚʦʡ ï ʟʘʚʠʩʠʤʦʩʪʴ, ʦʙʦʙʱʘʶʱʘʷ ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, 

ʦʩʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ï ʠʟʚʝʩʪʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʢʣʘʩʩʠʢʦʚ (ɹʣʘʟʠʫʩ, 

ʂʦʥʘʢʦʚ, ɸʣʴʪʰʫʣʴ).  ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʠʜʘ:  ʇ υȢςχẗ
2ÅȢ . ɺʳʚʦʜ: ʄʦʞʥʦ ʩʯʠʪʘʪʴ ʩʦʚʧʘʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʪʦʣʴʢʦ ʚ ʜʠʘʧʘʟʦʥʝ Re = 1000é5000. 

ɼʘʣʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʬʦʨʤʫʣʳ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʰʠʙʢʘʤ. 

ʆʧʳʪ ˉ2. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ˉ6. ʅʘ ʛʨʘʬʠʢʝ ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʦʪʣʦʞʝʥʦ ʤʝʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ɝ, ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ï 

ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Re. ʊʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ, 
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ʯʝʨʥʦʡ ʢʨʠʚʦʡ ï ʟʘʚʠʩʠʤʦʩʪʴ, ʦʙʦʙʱʘʶʱʘʷ ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ ʨʘʙʦʪʳ. ʇʦʣʫʯʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʪʢʨʳʪʦʛʦ ʢʨʘʥʘ: ‚ χσȢπψẗ2ÅȢ  ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ 

ʨʝʟʫʣʴʪʘʪ. ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʧʨʠ ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ -0,234 ʙʣʠʟʦʢ ʢ ʧʦʢʘʟʘʪʝʣʶ 

ʩʪʝʧʝʥʠ -0,25 ʜʣʷ ʢʨʫʛʣʳʭ ʪʨʫʙ. ʕʪʦ ʙʳʣʦ ʦʞʠʜʘʝʤʦ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʧʦʣʥʦʩʪʴʶ 

ʦʪʢʨʳʪʦʤ ʚʠʜʝ ʢʨʘʥ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʭʦʞ ʥʘ ʪʨʫʙʫ, ʥʝ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʚʳʩʪʫʧʦʚ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ. ɺʳʚʦʜ:  ʄʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʠʝʤʣʝʤʦʡ. ʐʘʨʦʚʦʡ ʢʨʘʥ ʠʤʝʝʪ ʩʦʧʦʩʪʘʚʠʤʦʝ ʩ ʦʩʪʘʣʴʥʳʤʠ ʢʨʘʥʘʤʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ʆʧʳʪ ˉ3.ʇʨʠ ʧʨʦ ʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʣʠ ʩʚʠʩʪ ʠʟ ʪʨʫʙʳ ʧʨʠ 

Re>20000. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʣʦʢʘʣʴʥʦʤ ʧʨʝʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, 

ʥʘʨʫʰʝʥʠʠ ʠʩʭʦʜʥʳʭ ʜʦʧʫʱʝʥʠʡ. ʇʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʥʝ ʧʨʠʚʦʜʠʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʚ ʨʘʙʦʪʝ. ɺʳʚʦʜ: ʐʘʨʦʚʳʝ ʢʨʘʥʳ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʨʝʞʠʤʝ ï ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ ʠ 

ʚʳʢʣʶʯʝʥʥʦʤ ʨʝʞʠʤʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʚʠʪʘʮʠʠ ʠ ʧʦʚʳʰʝʥʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʧʦʣʫʦʪʢʨʳʪʳʭ ʢʨʘʥʦʚ 

ʋʯʝʙʥʘʷ ʤʦʜʝʣʴ ʧʝʯʥʦʡ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʯʘʩʪʥʦʛʦ ʜʦʤʘ.ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ‚ χσȢπψẗ2ÅȢ  ʧʦʩʪʨʦʝʥʘ ʫʯʝʙʥʘʷ ʤʦʜʝʣʴ 

ʧʝʯʥʦʡ ʩʠʩʪʝʤʝ ʦʪʦʧʣʝʥʠʷ ʜʦʤʘ. ʆʥʘ ʩʪʦʠʪ ʠʟ ʥʘʩʦʩʘ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ Q=50 ʣʠʪʨʦʚ ʚ ʤʠʥʫʪʫ, ʠ ʧʝʨʝʧʘʜʦʤ ʜʘʚʣʝʥʠʡ ʚ P=10 ʙʘʨ. 

ɺ ʜʦʤʝ 60 ʤʝʪʨʦʚ ʤʝʪʘʣʣʦʧʣʘʩʪʠʢʦʚʳʭ ʪʨʫʙ ʜʠʘʤʝʪʨʘ d = 12 ʤʤ, 5 ʙʘʪʘʨʝʡ 

ʦʪʦʧʣʝʥʠʷ ʠ 8 ʰʘʨʦʚʳʭ ʢʨʘʥʦʚ. ɺʦʧʨʦʩ ï ʭʚʘʪʠʪ ʣʠ ʤʦʱʥʦʩʪʠ ʥʘʩʦʩʘ ʥʘ 

ʧʨʦʢʘʯʢʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʠʣʠ ʥʫʞʝʥ ʥʘʩʦʩ ʤʦʱʥʝʝ? ʇʦʩʪʨʦʠʤ ʥʘʧʦʨʥʦ-

ʨʘʩʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʏʠʩʣʦ Re:2Å
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ẗ
”ὠ

ς

πȢσρφτ

2ÅȢ
ẗ
φπ

πȢπρς
ẗ
ρπππẗὠ

ς

πȢσρφτ

ωςτψωȢ
ẗ
φπ

πȢπρς
ẗ
ρπππẗσȟφψ

ς
 

Ўὖ̓ ̑̔̂φȢρφzρπ˜  ́ʇʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʦʪ ʨʘʜʠʘʪʦʨʦʚ [4]: 

Ўὖ̂ ́̓́̑̆ὲ̊ẗ‚ẗ υẗςȢτẗ
ẗȟ

ψρτσχ˜  ́   ʀ ʥʘʢʦʥʝʮ-ʪʦ 

ʧʨʠʭʦʜʠʤ ʢ ʰʘʨʦʚʳʤ ʢʨʘʥʘʤ. ʈʘʥʴʰʝ ʵʪʦ ʩʣʘʛʘʝʤʦʝ ʦʮʝʥʠʚʘʣʦʩʴ ʚʝʩʴʤʘ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ. ʉʝʡʯʘʩ ʞʝ ‚ ʚʳʯʠʩʣʠʤ ʧʦ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ  Ўὖ̋̑́̎̏̃

ὲẗ‚ẗ ψẗχσȢπψẗ2ÅȢ ẗ
ẗȟ

.  Ўὖ̋̑́̎̏ψ̃ẗχσȢπψẗωςτψω
Ȣ ẗ

ẗȟ
ωχφρυ˜ Ȣ́ ʀʪʦʛʦ ʩʫʤʤʘʨʥʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʩʦʩʪʘʚʠʪ 

Ўὖ̓ ̑̔̂Ўὖ̂ ́̓́̑̆Ў̊ὖ̋̑́̎̏χ̃Ȣωυẗρπ˜́ χȢυ̂́̑ρπ̂ ́ ̑

ɺʳʚʦʜ: ʥʘʩʦʩ ʤʦʞʝʪ ʧʨʦʢʘʯʘʪʴ ʩʠʩʪʝʤʫ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʤʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ 

ʤʝʥʴʰʝ ʨʘʩʧʦʣʘʛʘʝʤʦʛʦ. 

ɿʘʢʣʶʯʝʥʠʝ: ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʝ ʙʳʣʦ ʷʩʥʦ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʰʘʨʦʚʦʛʦ ʢʨʘʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ Re. ɺ ʧʨʝʜʝʣʘʭ ʠʟʤʝʨʝʥʠʡ ʟʥʘʯʝʥʠʝ ɝ 

ʩʦʩʪʘʚʠʣʦ 6,5é10,5. ʕʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʢʨʘʥʦʚ. ʇʦʣʫʯʝʥʘ 

ʢʨʠʪʝʨʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʘʨʦʚʦʛʦ ʢʨʘʥʘ ʦʪ ʯʠʩʣʘ 
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ʈʝʡʥʦʣʴʮʘ   ‚ χσȢπψẗ2ÅȢ . ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ n= -0.234 ʙʣʠʟʦʢ ʢ 

ʧʦʢʘʟʘʪʝʣʶ ʩʪʝʧʝʥʠ ʜʣʷ ʛʣʘʜʢʦʡ ʪʨʫʙʳ, ʫ ʢʦʪʦʨʦʡ n= -0.25. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʘʢʦʝ ʩʭʦʜʩʪʚʦ ʥʝ ʩʣʫʯʘʡʥʦ ï ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʰʘʨʦʚʦʛʦ 

ʢʨʘʥʘ ʚ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʨʫʙʳ. ʉʨʘʚʥʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɝ ʧʦʣʫʯʠʣʩʷ ʠʟ-ʟʘ ʚʭʦʜʥʦʛʦ ʠ 

ʚʳʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʨʘʥʘ ʩ ʪʨʫʙʦʡ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʥʝʟʘʧʥʦʝ 

ʩʫʞʝʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ, ʦʪʨʳʚ ʧʦʪʦʢʘ, ʛʝʥʝʨʠʨʫʶʱʠʡ 

ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ.ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʧʦʤʦʞʝʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ. ʊʝʧʝʨʴ ʤʦʞʥʦ ʪʦʯʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ, 

ʧʦʜʙʠʨʘʪʴ ʵʢʦʥʦʤʠʯʥʦ ʥʘʩʦʩʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʤʦʛʫʪ ʥʝ 

ʧʝʨʝʞʠʚʘʪʴ, ʝʩʣʠ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʘʚʠʪʴ ʰʘʨʦʚʳʡ ʢʨʘʥ. ɺʝʜʴ ʨʘʟʥʠʮʘ ʚ ɝ 

ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʢʨʘʥʦʚ ʤʘʣʘ, ʥʝʢʦʪʦʨʳʤ ʰʘʨʦʚʳʡ ʢʨʘʥ ʜʘʞʝ 

ʧʨʦʠʛʨʳʚʘʝʪ.ʋʯʝʙʥʘʷ ʤʦʜʝʣʴ ʧʝʯʥʦʡ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʯʘʩʪʥʦʛʦ ʜʦʤʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʣʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʚʣʠʷʥʠʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʚʳʙʦʨ ʤʦʱʥʦʩʪʠ ʥʘʩʦʩʘ. 

ɺ ʧʨʦʜʦʣʞʝʥʠʠ ʧʨʦʝʢʪʘ ʭʦʪʝʣʦʩʴ ʙʳ: 

¶ ʇʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʜʘʥʥʳʝ. ʕʪʦ ʞʝʣʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʥʝʪʦʯʥʦʩʪʷʤʠ ʧʨʠ 
ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʢʨʫʛʣʦʡ ʪʨʫʙʦʡ (ʚʝʨʠʬʠʢʘʮʠʠ). ɺʦʟʤʦʞʥʦ, ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ 

ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʥʳʝ, ʥʦ ʠ ʞʠʜʢʦʩʪʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʤʘʥʦʤʝʪʨʳ.  

¶ ʈʘʩʰʠʨʠʪʴ ʯʠʩʣʘ Re, ʪ.ʝ. ʫʚʝʣʠʯʠʪʴ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ʚ ʪʨʫʙʝ. ɼʣʷ ʵʪʦʛʦ 

ʪʨʝʙʫʝʪʩʷ ʨʘʩʭʦʜʦʤʝʨʳ ʩ ʙʦʣʴʰʠʤ ʤʘʩʩʦʚʳʤ ʨʘʩʭʦʜʦʤ, ʢʦʪʦʨʳʤʠ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʤʳ ʥʝ ʨʘʩʧʦʣʘʛʘʝʤ. 

¶ ʅʫʞʥʦ ʧʨʦʚʝʨʠʪʴ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʜʨʫʛʠʭ ʬʣʶʠʜʘʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 
ʜʣʷ ʢʘʧʝʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ ï ʚʦʜʳ, ʥʝʬʪʠ ʠ ʧʨʦʯʠʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʦʨʠʷ 

ʧʦʜʦʙʠʷ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʩʪʦʷʥʩʪʚʦ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʦʜʥʦʛʦ Re, ʤʦʛʫʪ ʚʩʝ-ʨʘʚʥʦ ʧʨʦʷʚʣʷʪʴʩʷ ʦʪʣʠʯʠʷ. 

¶ ʅʫʞʥʦ ʧʨʦʚʝʨʠʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʠʩʧʳʪʘʪʴ ʢʨʫʧʥʳʝ ʢʨʘʥʳ 
(ʜʠʘʤʝʪʨʦʤ 3/4'',1''), ʩʚʝʨʠʪʴʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʜʘʥʥʳʤʠ. 

ʊʘʢʞʝ ʥʝʨʘʩʢʨʳʪʳʤ ʦʩʪʘʣʩʷ ʚʦʧʨʦʩ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʢʨʘʥʦʚ: ʜʚʘ ʧʦʜʨʷʜ 

ʩʪʦʷʱʠʭ ʢʨʘʥʘ ʤʦʛʫʪ ʚʣʠʷʪʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʩʥʠʞʘʷ ʠʣʠ ʧʦʚʳʰʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʵʪʠʤ ʧʨʝʥʝʙʨʝʛʘʶʪ. ɺ ʪʦʯʥʳʭ ʨʘʩʯʝʪʘʭ 

ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʵʬʬʝʢʪʳ.ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʫʜʫʪ ʧʦʣʝʟʥʳ  ʠʥʞʝʥʝʨʘʤ-ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʦʪʦʧʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘ ʢʘʢ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʭ ʜʦʤʦʚ, 

ʦʪʦʧʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ  ʤʥʦʛʦʵʪʘʞʥʳʭ ʜʦʤʦʚ ʠ ʛʦʨʦʜʘ ʚ ʮʝʣʦʤ. 
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ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɻʠʜʨʘʚʣʠʢʘ ʠ ʛʠʜʨʦʧʥʝʚʤʦʧʨʠʚʦʜʳè ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʟʘʦʯʥʦʡ 

ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 150100 çɸʚʪʦʤʦʙʠʣʝ- ʠ ʪʨʘʢʪʦʨʦʩʪʨʦʝʥʠʝè. 

ʄ.,ʄɸʄʀ, 1998ʛ.,36ʩ.,ʠʣ. 
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ʀɿʋʏɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʃɸɿɽʈʅʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ ʇʈʀ 

ʆɹʈɸɹʆʊʂɽ ʈɽɾʀʄʆɺ ɻʃʋɹʆʂʆʁ ɻʈɸɺʀʈʆɺʂʀ ʅɸ ʃʊʋ 

çʄʀʅʀʄɸʈʂɽʈ 2è 

ʇʨʦʥʠʥ ɺʣʘʜʠʤʠʨ ɸʥʜʨʝʝʚʠʯ, ʀʣʴʠʥ ɺʘʩʠʣʠʡ ʀʛʦʨʝʚʠʯ 
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɿʳʢʦʚ ʀʣʴʷ ʖʨʴʝʚʠʯ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʆʄ ʀʐʅʇʊ 

 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʨʝʞʠʤʦʚ ʛʣʫʙʦʢʦʡ ʣʘʟʝʨʥʦʡ ʛʨʘʚʠʨʦʚʢʠ ʥʘ ʃʊʋ çʄʠʥʠʄʘʨʢʝʨ 2è 

ɿʘʜʘʯʘ: ʅʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʘʟʝʨʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʚʦ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ ʣʫʯʰʝ ʟʥʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʀʥʘʯʝ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ 

ʩʠʣʴʥʦ ʚʳʩʦʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʣʘʟʝʨ ʙʫʜʝʪ ʧʝʨʝʛʨʝʚʘʪʴʩʷ, ʠ ʧʨʠʜʝʪʩʷ 

ʪʨʘʪʠʪʴ ʚʨʝʤʷ ʦʞʠʜʘʷ, ʧʦʢʘ ʦʥ ʦʩʪʳʥʝʪ. ʀʣʠ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʥʠʟʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʦʯʝʥʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʫʭʦʜʠʪʴ ʥʘ ʦʙʨʘʙʦʪʢʫ ʜʝʪʘʣʠ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʙʫʜʝʪ ʧʦʣʝʟʥʘ ʣʶʜʷʤ ʧʦʣʴʟʫʶʱʠʤʩʷ ʃʊʋ çʄʠʥʠʄʘʨʢʝʨ 

2è. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʏʪʦʙʳ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʘʟʝʨʘ ʤʳ ʨʝʰʠʣʠ 

ʜʝʣʘʪʴ ʛʨʘʚʠʨʦʚʢʫ ʨʘʟʤʝʨʦʤ 5*5ʤʤ ʥʘ ʜʝʪʘʣʠ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ. 

ɻʨʘʚʠʨʦʚʢʫ ʤʳ ʧʨʦʚʦʜʠʣʠ ʙʣʘʛʦʜʘʨʷ ʃʊʋ çʄʠʥʠʄʘʨʢʝʨ 2è. çʄʠʥʠʄʘʨʢʝʨ 2è 

ʵʪʦ ʢʦʤʧʘʢʪʥʦʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʣʘʟʝʨʥʦʡ ʤʘʨʢʠʨʦʚʢʠ ʠ 

ʛʨʘʚʠʨʦʚʢʠ ʥʘ ʙʘʟʝ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ [1]. ʃʊʋ çʄʠʥʠʄʘʨʢʝʨ 2è ʠʟʦʙʨʘʞʝʥʘ 

ʥʘ ʬʦʪʦʛʨʘʬʠʠ 1. 

ʌʦʪʦʛʨʘʬʠʷ 1. ʃʊʋ çʄʠʥʠʄʘʨʢʝʨ 2è. 

 
 

ɼʣʷ ʥʘʯʘʣʘ ʤʳ ʨʝʰʠʣʠ ʠʟʤʝʥʷʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ ʠ 

ʤʦʱʥʦʩʪʴ, ʘ ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʜʘ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʚʠʪʴ ʥʝʠʟʤʝʥʥʳʤ. ʇʦʩʣʝ ʯʝʛʦ 

ʤʳ ʠʟʤʝʨʠʣʠ ʛʣʫʙʠʥʫ ʦʙʨʘʙʦʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʘ ʠ ʤʦʱʥʦʩʪʠ. 

ɺʨʝʤʷ 

ʠʤʧʫʣʴʩʘ 

ʄʦʱʥʦʩʪʴ, % ɻʣʫʙʠʥʘ , 

ʤʢʤ 

ʉʢʦʨʦʩʪʴ, ʤʤ/ʩ ʂʦʣ-ʚʦ 

ʧʦʚʪʦʨʝʥʠʡ 

ʚ ʮʠʢʣʝ 

200ʥʩ 

100 260 500 30 

90 240 500 30 

80 220 500 30 

70 205 500 30 

60 170 500 30 

50 140 500 30 

40 110 500 30 

30 70 500 30 

20 10 500 30 

10 2 500 30 

100ʥʩ 

100 155 500 30 

90 135 500 30 

80 120 500 30 

70 110 500 30 

60 90 500 30 

50 80 500 30 

40 60 500 30 

30 10 500 30 

20 6 500 30 

10 1 500 30 

 

ɿʘʪʝʤ ʤʳ ʨʝʰʠʣʠ ʧʦʩʤʦʪʨʝʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʦʪ ʤʦʱʥʦʩʪʠ. ʅʘ 

ʜʠʘʛʨʘʤʤʝ 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʦʪ ʤʦʱʥʦʩʪʠ. 

ɼʠʘʛʨʘʤʤʘ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʦʪ ʤʦʱʥʦʩʪʠ ʧʨʠ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʘ 200ʥʩ.
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ɼʠʘʛʨʘʤʤʘ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʦʪ ʤʦʱʥʦʩʪʠ ʧʨʠ ʚʨʝʤʝʥʠ ʠʤʧʫʣʴʩʘ 100ʥʩ. 

 
ʀʟ ʜʘʥʥʳʭ ʜʠʘʛʨʘʤʤ ʤʳ ʧʦʥʷʣʠ: 

¶ ʏʪʦ ʛʣʫʙʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʥʝ ʣʠʥʝʡʥʦ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 
ʫʪʚʝʨʞʜʘʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

¶ ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ ʯʪʦ ʣʫʯʰʝ ʚʩʝʛʦ ʨʘʙʦʪʘʪʴ ʥʘ 100% ʤʦʱʥʦʩʪʠ ʠ 

ʚʨʝʤʷ ʠʩʧʫʣʴʩʘ 200ʥʩ. 

ɿʘʪʝʤ ʤʳ ʨʝʰʠʣʠ ʠʟʤʝʥʷʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ. 

ɼʘʣʴʰʝ ʤʳ ʠʟʤʝʨʠʣʠ ʚʨʝʤʷ ʦʜʥʦʛʦ ʩʣʦʷ, ʛʣʫʙʠʥʫ ʠ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʫʛʣʫʙʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ. 

ɺʨʝʤʷ 

ʠʤʧʫʣʴ

ʩʘ 

ʇʣʦʪʥʦʩ

ʪʴ, 

ʣʠʥʠʡ/ʤ

ʤ 

ʉʢʦʨʦʩ

ʪʴ, 

ʤʤ/ʩ 

ʂʦʣ-ʚʦ 

ʩʣʦʝʚ 

ɺʨʝʤʷ 

ʦʜʥʦʛʦ 

ʩʣʦʷ, ʩ 

ɻʣʫʙʠʥʘ, 

ʤʢʤ 

ʉʢʦʨʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ 

ʫʛʣʫʙʣʝʥʠʷ, 

ʤʢʤ/ʩ 

200ʥʩ 

20 1000 30 2     20 0,33333333 

40 500 30 37     45 0,04054054 

60 333 30 82     520 0,21138211 

80 250 30 239     680 0,09483961 

100 200 30 367     960 0,08719346 

ʀʟ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ ʤʳ ʧʦʥʷʣʠ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʘ 1000ʤʤ/ʩ ʠ ʧʣʦʪʥʦʩʪʴ 20 ʣʠʥʠʡ/ʤʤ. 

ɺʳʚʦʜ: ʆʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʘʟʝʨʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ 

ʦʢʘʟʘʣʠʩʴ: ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ ï 200ʥʩ, ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʘ ï 100%, ʧʣʦʪʥʦʩʪʴ ï 

100ʣʠʥʠʡ/ʩ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʘ ï 1000ʤʤ/ʩ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. çʄʠʥʠʄʘʨʢʝʨ 2è [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]-ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.minimarker.ru (ʜʘʪʘ\ ʦʙʨʘʱʝʥʠʷ: 15.03.2023) 
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ʋʄʅʓʁ ʉɺɽʊʀʃʔʅʀʂ ʅɸ ʆʉʅʆɺɽ ʉɺɽʊʆɼʀʆɼɸ, 

ʌʆʊʆʈɽɿʀʉʊʆʈɸ, ʈɽɿʀʉʊʆʈɸ, ʊʈɸʅɿʀʉʊʆʈɸ ʀ ʀʉʊʆʏʅʀʂɸ ʊʆʂɸ 

ʈʘʠʪʠʥʘ ɺʝʨʦʥʠʢʘ ɽʚʛʝʥʴʝʚʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ɻʠʤʥʘʟʠʷ ˉ3 ʚ 

ɸʢʘʜʝʤʛʦʨʦʜʢʝ, 9 ʢʣʘʩʩ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʠ: ʂʘʨʝʣʠʥ ɺʘʜʠʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ɸʭʤʝʪʴʷʥʦʚʘ ʀʨʠʥʘ 

ɻʨʠʛʦʨʴʝʚʥʘ 

ɸʥʥʦʪʘʮʠʷ. ʉʫʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʤʘʢʝʪʘ ʫʤʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʵʪʠʤ ʤʘʢʝʪʦʤ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ: 

ʠʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʣʘʤʧʦʯʢʠ, ʢʦʤʧʦʥʝʥʪʳ ʫʤʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʫʤʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ. ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ: ñʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʚ ʢʦʤʥʘʪʝ ʥʘ ʨʘʙʦʪʫ ʩʚʝʪʠʣʴʥʠʢʘ ʠ ʚʠʜʘ ʩʚʝʪʘò. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʋʤʥʳʡ ʩʚʝʪʠʣʴʥʠʢ, ʣʘʤʧʦʯʢʘ, ʪʨʘʥʟʠʩʪʦʨ, ʬʦʪʦʨʝʟʠʩʪʦʨ, 

ʩʚʝʪʦʜʠʦʜ, ʩʚʝʪ, ʷʨʢʦʩʪʴ 

 

ɺʚʝʜʝʥʠʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ñʫʤʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘò ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

Ŀ ʕʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ 

Ŀ ɹʳʪʦʚʦʝ ʫʜʦʙʩʪʚʦ 

Ŀ ɺʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʧʦʩʪʨʦʡʢʠ ñʫʤʥʦʛʦò ʜʦʤʘ. 

ʆʙʟʦʨ ʘʥʘʣʦʛʦʚ. ʇʦ ʜʘʥʥʳʤ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʤʘʣʦ ʘʥʘʣʦʛʦʚ ʋʤʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ. ɽʩʪʴ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʤʘʢʝʪʘ: ʩ 

ʧʦʤʦʱʴʶ ʧʘʷʣʴʥʠʢʘ, ʩ ʧʦʤʦʱʴʶ Arduino, ʩʙʦʨʢʘ ʥʘ ʤʘʢʝʪʥʦʡ ʧʣʘʪʝ. ʄʥʦʡ ʙʳʣ 

ʚʳʙʨʘʥ ʤʝʪʦʜ: ʩʙʦʨʢʘ ʥʘ ʤʘʢʝʪʥʦʡ ʧʣʘʪʝ, ʪʘʢ ʢʘʢ ʜʣʷ ʤʝʥʷ ʦʥ ʩʘʤʳʡ ʫʜʦʙʥʳʡ, ʠ 

ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʭ ʤʦʞʥʦ ʣʝʛʢʦ ʧʝʨʝʩʪʘʚʠʪʴ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ɺ ʭʦʜʝ ʧʨʦʝʢʪʘ ʙʳʣ ʩʦʟʜʘʥ ʤʘʢʝʪ ʫʤʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ, ʜʣʷ 

ʵʪʦʛʦ ʙʳʣʘ ʠʟʫʯʝʥʘ ʠʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʣʘʤʧʦʯʢʠ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ 

ʨʘʙʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʘʤʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ, ʘ ʪʘʢʞʝ ʙʳʣʘ ʩʦʙʨʘʥʘ ʮʝʧʴ ʠ ʩʭʝʤʘ 

ʤʘʢʝʪʘ.  
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 ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ: ñʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ 

ʚ ʢʦʤʥʘʪʝ ʥʘ ʨʘʙʦʪʫ ʩʚʝʪʠʣʴʥʠʢʘ ʠ ʚʠʜʘ ʩʚʝʪʘò. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʟʜʘʥʥʳʡ ʤʘʢʝʪ ʩʚʝʪʠʣʴʥʠʢʘ ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʦʩʚʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʚʠʜ ʩʚʝʪʘ.  
ʃʶʙʦʡ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʙʳʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʪʦʡ ʨʘʙʦʪʳ, ʣʶʜʠ, 

ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʧʨʠʦʙʨʝʩʪʠ ʧʨʝʜʤʝʪʳ ʫʤʥʦʛʦ ʜʦʤʘ ʩʝʙʝ ʚ ʢʚʘʨʪʠʨʫ, ʤʦʛʫʪ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʪʦʡ ʨʘʙʦʪʳ.  ʉʪʦʠʤʦʩʪʴ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 200 

ʨʫʙʣʝʡ. 

ɺʳʚʦʜʳ ʠ ʜʘʣʴʥʝʡʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʦʝʢʪʘ.  

ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʤʥʦʶ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ: ʠʩʪʦʨʠʷ 

ʩʦʟʜʘʥʠʷ ʣʘʤʧʦʯʢʠ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʝʪʠʣʴʥʠʢʘ, ʘ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʩʙʦʨʢʘ ʩʚʝʪʠʣʴʥʠʢʘ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʩʦʟʜʘʥʥʳʡ ʤʘʢʝʪ ʩʚʝʪʠʣʴʥʠʢʘ ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ 

ʚʠʜ ʩʚʝʪʘ. ʏʝʤ ʥʠʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ, ʪʝʤ ʤʝʥʴʰʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʩʚʝʪʠʣʴʥʠʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʟʘʛʦʨʘʝʪʩʷ ʣʘʤʧʦʯʢʘ ʤʘʢʝʪʘ. ʊʘʢʞʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʭʦʣʦʜʥʦʛʦ ʩʚʝʪʘ ʣʘʤʧʦʯʢʘ ʤʘʢʝʪʘ ʟʘʛʦʨʘʝʪʩʷ ʥʘ ʙʦʣʝʝ ʜʘʣʴʥʝʤ 

ʨʘʩʩʪʦʷʥʠʠ, ʯʝʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʧʣʦʛʦ, ʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʤʝʰʘʥʥʦʛʦ ʩʚʝʪʘ 

ï ʥʘ ʙʦʣʝʝ ʜʘʣʴʥʝʤ ʨʘʩʩʪʦʷʥʠʠ, ʯʝʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʭʦʣʦʜʥʦʛʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʭʦʣʦʜʥʳʡ ʩʚʝʪ ʙʦʣʝʝ ʷʨʢʠʡ, ʯʝʤ ʪʝʧʣʳʡ, ʘ ʩʤʝʰʘʥʥʳʡ ï ʙʦʣʝʝ ʷʨʢʠʡ, ʯʝʤ 

ʭʦʣʦʜʥʳʡ. 
ʇʝʨʩʧʝʢʪʠʚʘʤʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʶʪʩʷ: 

1. ɺʥʝʜʨʝʥʠʝ ʤʘʢʝʪʘ ʚ ʙʳʪ 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʤʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʚ ʫʣʠʯʥʳʭ ʬʦʥʘʨʷʭ, ʦʩʚʝʱʝʥʠʝ 
ʧʦʜʲʝʟʜʦʚ 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. https://www.asutpp.ru/pnp-tranzistor.html 

2. https://vamfaza.ru/istoria-lampi/ 

3. https://principraboty.ru/fotorezistor-princip-raboty/#h2-1 

4. https://principraboty.ru/princip-raboty-svetodioda/  

https://www.asutpp.ru/pnp-tranzistor.html
https://vamfaza.ru/istoria-lampi/
https://principraboty.ru/fotorezistor-princip-raboty/#h2-1
https://principraboty.ru/princip-raboty-svetodioda/
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ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀʂʀ ʆɹʒɽʂʊʀɺʅʆʁ ʆʎɽʅʂʀ ʎɺɽʊʆɺʓʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʅʆɺʓʍ ʉʆʈʊʆɺ ʈɸʉʊɽʅʀʁ 

ʈʝʡʩ ɸʥʛʝʣʠʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 

10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊʫʨʘʥʦʚ ʉʝʨʛʝʡ ɹʦʨʠʩʦʚʠʯ, ʢ.ʪ.ʥ 

 

ʂʘʞʜʳʡ ʛʦʜ ʚ ʤʠʨʝ ʚʳʚʦʜʷʪ ʪʳʩʷʯʠ ʥʦʚʳʭ ʩʦʨʪʦʚ ʮʚʝʪʦʚ. ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʥʦʚʦʛʦ ʩʦʨʪʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʷʟʘʪʝʣʴʥʦ ʫʢʘʟʳʚʘʪʴ ʝʛʦ ʮʚʝʪ. ʆʮʝʥʢʘ ʮʚʝʪʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʫʙʲʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ï ʚʠʟʫʘʣʴʥʳʤ ʩʨʘʚʥʝʥʠʝʤ ʮʚʝʪʘ ʨʘʩʪʝʥʠʷ 

ʠ ʮʚʝʪʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʙʫʤʘʞʥʦʡ ʧʘʣʠʪʨʳ. ʊʘʢʦʡ ʤʝʪʦʜ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʷ 

ʦʩʚʝʱʝʥʠʷ ʧʦʤʝʱʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʨʝʥʠʷ 

ʠ ʮʚʝʪʦʚʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪ ʘʥʘʣʠʟ. ɺʦʩʧʨʠʷʪʠʝ ʮʚʝʪʘ 

ʯʝʣʦʚʝʢʦʤ ʦʧʨʝʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʜʣʠʥʘ ʮʚʝʪʦʚʦʡ ʚʦʣʥʳ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʯʠʩʪʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʮʚʝʪʘ (ʥʘʩʳʱʝʥʥʦʩʪʴ), ʦʢʨʫʞʘʶʱʘʷ ʮʚʝʪʦʚʘʷ ʩʨʝʜʘ, ʯʝʨʝʟ 

ʢʦʪʦʨʫʶ ʤʳ ʩʤʦʪʨʠʤ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ ʜʦ 

ʦʙʲʝʢʪʘ, ʨʘʟʤʝʨ ʦʙʲʝʢʪʘ, ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʭʘʨʘʢʪʝʨ ʦʙʲʝʤʘ 

ʦʙʲʝʢʪʘ, ʬʘʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʚʝʪʘ ʥʘ ʦʙʲʝʢʪ [1,2]. ʃʶʜʠ 

ʩʧʦʩʦʙʥʳ ʚʠʜʝʪʴ ʢʨʘʩʦʯʥʳʡ ʤʠʨ ʙʣʘʛʦʜʘʨʷ ʨʝʮʝʧʪʦʨʘʤ (ʧʘʣʦʯʢʠ ʠ ʢʦʣʙʦʯʢʠ), 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʝʪʯʘʪʢʝ ʥʘʰʠʭ ʛʣʘʟ [2]. ʇʘʣʦʯʢʠ ʧʦʟʚʦʣʷʶʪ ʥʘʤ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʠʟʤʝʥʝʥʠʝ ʷʨʢʦʩʪʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʚʝʪʘ. ʆʪ ʥʠʭ ʟʘʚʠʩʠʪ ʟʨʝʥʠʝ ʢʘʢ ʚ ʩʚʝʪʣʦʝ, ʪʘʢ ʠ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. ʂʦʣʙʦʯʢʠ 

ʦʪʚʝʯʘʶʪ ʟʘ ʮʚʝʪʦʚʦʩʧʨʠʷʪʠʝ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʠʛʤʝʥʪʘ. ʂʘʞʜʳʡ ʠʟ 

ʥʠʭ ʩʧʦʩʦʙʝʥ ʚʦʩʧʨʠʥʠʤʘʪʴ ʦʜʠʥ ʦʩʥʦʚʥʦʡ ʮʚʝʪ, ʘ ʜʚʘ ʜʨʫʛʠʭ ʝʛʦ ʨʘʟʜʨʘʞʘʶʪ, 

ʠʟ-ʟʘ ʵʪʦʛʦ ʠ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʰʝʥʠʝ ʢʨʘʩʦʢ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʮʚʝʪʘ ʠʟ ʪʨʝʭ 

ʛʣʘʚʥʳʭ [2]. 

ʉʚʝʪ ʚ ʞʠʟʥʠ ʨʘʩʪʝʥʠʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ. ʆʪ ʩʚʝʪʘ, ʢʦʪʦʨʳʡ ʧʦʛʣʦʱʘʶʪ, 

ʦʪʨʘʞʘʶʪ ʠ ʧʨʦʧʫʩʢʘʶʪ ʨʘʩʪʝʥʠʷ ʟʘʚʠʩʠʪ ʧʠʛʤʝʥʪ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʮʚʝʪ 

ʨʘʩʪʝʥʠʡ [5]. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʘ ʨʘʩʪʝʥʠʡ ʤʳ ʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʘʤʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʠʟʫʯʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʚʝʱʝʩʪʚʦʤ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠʣʠ ʯʘʩʪʦʪʳ 

ʠʟʣʫʯʝʥʠʷ [6,7]. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ - ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘ. ʆʥ ʧʦʤʦʛʘʝʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʪʝʣ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʥʠʭ. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʬʠʟʠʯʝʩʢʦʡ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʧʦʩʢʦʣʴʢʫ ʘʪʦʤʳ ʠ ʤʦʣʝʢʫʣʳ ʠʤʝʶʪ ʫʥʠʢʘʣʴʥʳʝ ʩʧʝʢʪʨʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠ ʩʧʝʢʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʪʦʤʘʭ ʠ ʤʦʣʝʢʫʣʘʭ 

[6]. ʉʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ð ʵʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʦʪ 

ʜʣʠʥʳ ʚʦʣʥʳ ʠʣʠ ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ [7]. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ð ɻ ʪʦ ʟʘʚʠʩʠʤʦʩʪʴ 
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ʧʦʢʘʟʘʪʝʣʷ ʧʦʛʣʦʱʝʥʠʷ ʚʝʱʝʩʪʚʘ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷʤ [7]. ʉʧʝʢʪʨ 

ʦʪʨʘʞʝʥʠʷ ð ʵʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠʣʠ 

ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ [7]. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʢʘʟʘʣʠ ʧʦʚʳʰʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʞʜʫ ʨʘʩʪʝʥʠʷʤʠ. ʎʚʝʪ ʨʘʩʪʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʠʛʤʝʥʪʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʝʛʦ 

ʢʣʝʪʢʘʭ. ʇʠʛʤʝʥʪʳ ʩʧʦʩʦʙʝʥʳ ʧʦʛʣʦʱʘʪʴ ʩʚʝʪ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ 

ʩʧʝʢʪʨʘ, ʦʩʪʘʣʴʥʳʝ ʩʚʝʪʦʚʳʝ ʚʦʣʥʳ ʦʪʨʘʞʘʶʪʩʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʧʠʛʤʝʥʪʳ ʧʨʠʦʙʨʝʪʘʶʪ ʪʫ ʠʣʠ ʠʥʫʶ 

ʦʢʨʘʩʢʫ [8,10,11]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʘ, 

ʧʨʦʧʫʩʢʘʝʤʦʛʦ, ʧʦʛʣʦʱʘʝʤʦʛʦ ʠ ʦʪʨʘʞʘʝʤʦʛʦ ʦʙʨʘʟʮʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʩʧʝʢʪʨʦʤʝʪʨʳ. 

ʅʦ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʮʚʝʪʘ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʮʚʝʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʢʦʣʦʨʠʤʝʪʨʠʠ. ʎʚʝʪ 

ʚ ʢʦʣʦʨʠʤʝʪʨʠʠ ʝʩʪʴ ʪʨʝʭʤʝʨʥʘʷ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʛʨʫʧʧʫ 

ʩʚʝʪʦʚʳʭ ʚʠʟʫʘʣʴʥʦ ʥʝʨʘʟʣʠʯʠʤʳʭ ʠʟʣʫʯʝʥʠʡ [3]. ʀʟʤʝʨʠʪʴ ʮʚʝʪ ï ʟʥʘʯʠʪ 

ʦʙʦʟʥʘʯʠʪʴ ʝʛʦ ʯʝʨʝʟ ʢʘʢʠʝ-ʪʦ ʦʙʲʝʢʪʠʚʥʳʝ ʚʝʣʠʯʠʥʳ ʠ ʩʫʙʲʝʢʪʠʚʥʳʝ ʦʱʫʱʝʥʠʷ 

ʠ ʪʝʤ ʩʘʤʳʤ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʤʝʩʪʦ ʚ ʨʘʤʢʘʭ ʥʝʢʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʭ ʚʳʨʘʞʝʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ [3]. 

ʂʦʣʦʨʠʤʝʪʨʠʷ - ʥʘʫʢʘ, ʟʘʥʠʤʘʶʱʘʷʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʨʘʞʝʥʠʝʤ ʮʚʝʪʦʚ, 

ʨʘʩʯʝʪʘʤʠ ʠ ʠʟʤʝʨʝʥʠʝʤ ʮʚʝʪʘ [3,4]. ʂʦʣʦʨʠʤʝʪʨʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʯʘʩʪʥʦʩʪʠ 

ð ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʷ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʠʨʦʜʥʳʭ 

ʚʦʜʘʭ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ pH, ʚ ʤʝʜʠʮʠʥʝ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʢʦʥʪʨʦʣʝ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʢʘʣʦʨʠʤʝʪʨʠʠ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ 

ʪʦʯʥʳʡ ʮʚʝʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ 

ʢʦʣʦʨʠʤʝʪʨʠʠ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʥʘʫʢʠ, ʤʝʪʦʜʳ ʢʦʣʦʨʠʤʝʪʨʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʦʮʝʥʢʝ ʮʚʝʪʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʪʝʥʠʡ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʦʡ ʦʮʝʥʢʠ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʢʦʣʦʨʠʤʝʪʨʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ 

ʮʚʝʪʘ ʨʘʩʪʝʥʠʡ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʀʟʤʝʨʠʪʴ ʠ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʦʪʨʘʞʝʥʠʷ, ʧʦʛʣʦʱʝʥʠʷ ʠ 
ʧʨʦʧʫʩʢʘʥʠʷ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʙʝʣʦʮʚʝʪʢʦʚʳʭ ʩʦʨʪʦʚ ʘʟʘʣʠʡ;  

2) ʈʘʩʩʯʠʪʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ 

ʙʝʣʦʮʚʝʪʢʦʚʳʭ ʩʦʨʪʦʚ ʘʟʘʣʠʡ; 

3) ʉʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʮʚʝʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʦʙʨʘʟʮʦʚ ʠ ʘʥʘʣʠʟʘ ʤʝʪʦʜʘʤʠ ʢʦʣʦʨʠʤʝʪʨʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ; 
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ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʷʪʠ ʮʚʝʪʘʭ ʩ ʦʜʠʥʘʢʦʚʳʤ ʮʚʝʪʦʤ ʣʝʧʝʩʪʢʦʚ ï 

ʙʝʣʳʡ (ʨʠʩ.1). ʅʘ ʢʘʞʜʦʤ ʮʚʝʪʢʝ ʠʟʤʝʨʠʣʠ ʦʪ 54 ʜʦ 75 ʩʧʝʢʪʨʦʚ ʦʪʨʘʞʝʥʠʷ, 

ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʥʘ ʪʨʝʭ 

ʣʝʧʝʩʪʢʘʭ ʚ ʧʷʪʠ-ʰʝʩʪʠ ʪʦʯʢʘʭ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʧʦʣʫʯʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʪʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʪʘʪʠʚʥʳʡ ʤʠʥʠʩʧʝʢʪʨʦʤʝʪʨ CI-710s 

SpectraVue. ʇʨʠʙʦʨ ʦʙʣʘʜʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ ʚʠʜʠʤʦʛʦ 

ʩʚʝʪʘ ʠ ʜʝʪʝʢʪʠʨʫʝʪ ʩʚʝʪ ʧʦʩʣʝ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʠʩʪʦʤ (ʨʠʩ. 2) [9]. 

ʈʠʩʫʥʦʢ 1 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʦʙʨʘʟʝʮ ɸʟʘʣʠʠ 

 

 
ʈʠʩʫʥʦʢ 2 - ʄʠʥʠʩʧʝʢʪʨʦʤʝʪʨ CI-

710s 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʚ Microsoft Excel (ʨʠʩ. 3-4) ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʢʪʨʦʛʨʘʤʤ ʦʪʨʘʞʸʥʥʦʛʦ ʠ ʧʦʛʣʦʱʸʥʥʦʛʦ ʩʚʝʪʘ ʩʦʨʪʦʚ ʘʟʘʣʠʡ ʩ 

ʙʝʣʳʤʠ ʣʝʧʝʩʪʢʘʤʠ. ɺʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʦʪʨʘʞʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ, ʥʦ ʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʪʨʘʞʝʥʠʷ/ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ.  

ʃʶʙʘʷ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʮʚʝʪʘ ʧʫʪʝʤ ʘʜʜʠʪʠʚʥʦʛʦ ʩʤʝʰʝʥʠʷ ʪʨʝʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʙʨʘʥʥʳʭ ʦʩʥʦʚʥʳʭ ʮʚʝʪʦʚ. ɺʩʝʦʙʱʠʤ ʧʨʠʟʥʘʥʠʝʤ ʩʝʛʦʜʥʷ 

ʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʦʩʥʦʚʥʳʤʠ ʮʚʝʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʪʨʠ 

ʥʝʨʝʘʣʴʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʮʚʝʪʘ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʯʝʨʝʟ XYZ, 

ʠʛʨʘʶʱʠʭ ʨʦʣʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʫʜʦʙʥʳʭ ʩʠʤʚʦʣʦʚ. ʕʪʘ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʄʂʆ (ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʤʠʩʩʠʷ ʧʦ ʦʩʚʝʱʝʥʠʶ) XYZ ʧʨʠʥʷʪʘ ʢʘʢ 

ʩʪʘʥʜʘʨʪʥʘʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʮʚʝʪʘ [3, 7, 8]. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʚʝʪʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʧʦʣʴʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪ ʮʚʝʪʘ, ʥʘʟʳʚʘʝʤʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʮʚʝʪʥʦʩʪʠ x, y ʠ z: 

ὼ  
ὼ

ὼ ώ ᾀ
 ώ  

ώ

ὼ ώ ᾀ
ᾀ  

ᾀ

ὼ ώ ᾀ
 

ʛʜʝ x', y', z' ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ. 

ɼʘʣʝʝ, ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʛʨʘʤʤ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ [3, 7, 8] ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʮʚʝʪʢʦʚ 

(ʪʘʙʣʠʮʘ 1) ʠ ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʮʚʝʪʥʦʩʪʠ ʨʘʩʪʝʥʠʡ (ʨʠʩ.4). ʈʝʟʫʣʴʪʘʪʳ 
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ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʮʚʝʪʳ ʠʤʝʶʪ ʨʘʟʥʳʝ ʮʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪʣʠʯʥʳʝ ʦʪ 

ʙʝʣʦʛʦ. ʇʨʠ ʵʪʦʤ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʪʘ ʚʠʟʫʘʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʵʪʠ 

ʦʙʨʘʟʮʳ, ʢʘʢ ʮʚʝʪʳ ʙʝʣʦʛʦ ʮʚʝʪʘ.  

ʊʘʙʣʠʮʘ 1 (ʢʦʦʨʜʠʥʘʪʳ ʮʚʝʪʘ ʨʘʩʪʝʥʠʡ) 

 ̄ CIE x CIE y Peak Peak Intensity  

1 0,329 0,3273 796 129 

2 0,3425 0,32 622 47 

3 0,3269 0,3238 397 141 

4 0,3319 0,326 797 129 

5 0,3312 0,3247 399 151 

       

ʈʠʩʫʥʦʢ 3 ʉʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ (ʘ) ʠ ʧʦʛʣʦʱʝʥʠʷ (ʙ) ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

 

 

ʈʠʩʫʥʦʢ 4 ʆʙʱʘʷ ʜʠʘʛʨʘʤʤʘ ʮʚʝʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 
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ɺ ʟʘʢʣʶʯʝʥʠʠ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʨʪʦʦʮʝʥʢʝ 

ʜʝʢʦʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʣʠʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 50 ʣʝʪ ʠ 

ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʥʦʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʮʚʝʪʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ SpectraVue CI-710s ʜʘʝʪ ʦʙʲʝʢʪʠʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʢʦʪʦʨʳʝ ʜʘʞʝ ʫ ʙʝʣʦʮʚʝʪʢʦʚʳʭ ʩʦʨʪʦʚ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʤʘʨʢʝʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʦʪʨʘʞʸʥʥʦʤ ʠ ʧʦʛʣʦʱʸʥʥʦʤ ʣʝʧʝʩʪʢʘʤʠ ʩʚʝʪʝ, ʯʝʪʢʦ ʠ ʦʜʥʦʟʥʘʯʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʙʣʠʟʢʠʝ ʮʚʝʪʘ ʣʝʧʝʩʪʢʦʚ ʠ ʜʘʪʴ ʠʤ ʩʦʨʪʦʦʪʣʠʯʠʤʫʶ 

ʮʚʝʪʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ.  
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ʀɿʋʏɽʅʀɽ ɿɸʂʆʅʆɺ ʌʀɿʀʂʀ ʇʈʀ ɼɺʀɾɽʅʀʀ ʃʗɻʋʐʂʀ 

ʀ ɽɪ ɺɿɸʀʄʆɼɽʁʉʊɺʀʀ ʉ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʆʁ 

ɽ. ɽ. ʉʘʚʢʦʚʘ, ʊ. ɸ. ʇʦʧʝʣ 

ʌʠʟʠʢʦ - ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʰʢʦʣʘ ï ʠʥʪʝʨʥʘʪ ʧʨʠ ʉʌʋ 

660074, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʂʨʘʩʥʦʷʨʩʢ, ʫʣ. ɹʦʨʠʩʦʚʘ, ʜ. 5 
 

ɺ ʰʢʦʣʴʥʦʤ ʢʫʨʩʝ ʟʘʜʘʯ ʧʦ ʬʠʟʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʬʠʟʠʯʝʩʢʠʭ ʪʝʣ ʚ ʦʩʥʦʚʥʦʤ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʩʙʦʨʥʠʢʝ ʙʫʜʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ ï ʣʷʛʫʰʢʘ, ʠʤʝʶʱʘʷ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʝʨʝʜʚʠʞʝʥʠʷ.  

ʉʙʦʨʥʠʢ ʟʘʜʘʯ ʧʦ ʬʠʟʠʢʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʨʝʥʠʨʦʚʢʠ ʩʚʦʠʭ ʫʤʝʥʠʡ ʚ 

ʨʝʰʝʥʠʠ ʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʟʘʜʘʯ ʩ ʬʠʟʠʯʝʩʢʠʤ ʪʝʣʦʤ, ʠʤʝʶʱʠʤ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʣʷʛʫʰʢʘ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ, ʘ ʪʘʢʞʝ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʩʜʝʣʘʥ ʫʧʦʨ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʷʛʫʰʝʢ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ 

 ʇʨʠʚʦʜʠʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʩʚʦʜʢʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʟʘʢʦʥʳ, ʬʦʨʤʫʣʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʣʷʛʫʰʝʢ, ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ.  

ʏʪʦ ʪʘʢʦʝ ʩʙʦʨʥʠʢ ʟʘʜʘʯ? 

ʈʝʰʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʦʮʝʩʩʦʚ ʦʙʫʯʝʥʠʷ ʚ ʰʢʦʣʝ. 

ɿʘʜʘʯʠ ʜʣʷ ʨʝʰʝʥʠʷ ʚʳʙʨʘʥʳ ʠʟ ʩʘʤʳʭ ʨʘʟʥʳʭ ʩʙʦʨʥʠʢʦʚ, ʦʪʣʠʯʥʳʭ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʛʦʜʦʤ ʨʝʜʘʢʮʠʠ ʠ ʠʟʜʘʥʠʷ. ʊʘʢʞʝ ʟʘʜʘʯʠ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ 

ʪʦʣʴʢʦ ʩ ʦʧʦʨʦʤ ʥʘ ʪʝʦʨʠʶ, ʧʨʠʚʝʜʝʥʥʫʶ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʩʚʦʜʢʝ.  

 ʉʥʘʯʘʣʘ ʟʘʜʘʯʥʠʢʦʚ ʢʘʢ ʪʘʢʦʚʳʭ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ. ɹʳʣʠ ʣʠʰʴ ʧʦʩʦʙʠʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʘʟʜʝʣʘʤ ʬʠʟʠʢʠ, ʣʠʙʦ ʧʦʩʦʙʠʷ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ʧʦ ʬʠʟʠʢʝ. ʇʦʩʦʙʠʝʤ ʥʘʟʳʚʘʶʪ çʋʯʝʙʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʜʘʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʠʢʘ ʠʣʠ ʤʘʪʝʨʠʘʣ, ʜʦʧʦʣʥʷʶʱʠʡ 

ʫʞʝ ʠʤʝʶʱʠʡʩʷ ʫʯʝʙʥʠʢè.  

ʅʦ ʯʪʦ ʞʝ ʪʘʢʦʝ ʩʙʦʨʥʠʢ ʟʘʜʘʯ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ? ʉʙʦʨʥʠʢʦʤ ʟʘʜʘʯ ʩʯʠʪʘʶʪ:  

çʫʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʟʜʘʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʟʘʜʘʯʠ ʠ ʦʪʚʝʪʳ ʢ ʥʠʤ ʚ ʦʙʲʝʤʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʫʨʩʘ (ʠʣʠ ʝʛʦ ʨʘʟʜʝʣʘ). ʄʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʪʘʢʞʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʥʠʤ ʠʣʠ ʧʦʜʩʢʘʟʢʠè. ɼʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʝʪ 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʦʮʠʘʣʴʥʦ ï ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ.  

ʂʘʢ ʩʦʩʪʘʚʠʪʴ ʩʙʦʨʥʠʢ ʟʘʜʘʯ? 

a) ɺʳʙʨʘʪʴ ʩʙʦʨʥʠʢʠ, ʩ ʧʨʦʚʝʨʝʥʥʳʤʠ ʚʨʝʤʝʥʝʤ ʟʘʜʘʯʘʤʠ, ʠʤʝʶʱʠʝ 

ʨʝʛʫʣʷʨʥʫʶ ʨʝʜʘʢʪʫʨʫ. ʅʘʧʨʠʤʝʨ, ʩʙʦʨʥʠʢʠ ʘʚʪʦʨʘʤʠ, ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʥʘʫʯʥʳʝ ʩʦʪʨʫʜʥʠʢʠ ʄʌʊʀ, ʄɻʋ, ʪʘʢʞʝ ʩʦʩʪʘʚʠʪʝʣʠ ʩʙʦʨʥʠʢʦʚ ʟʘʜʘʯ ʜʣʷ ɽɻʕ. 

b) ʀʟ ʚʳʙʨʘʥʥʳʭ ʩʙʦʨʥʠʢʦʚ ʩʜʝʣʘʪʴ ʚʳʙʦʨʢʘ ʧʨʦʪʦʪʠʧʦʚ ʟʘʜʘʯ. 

c) ʅʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʳʭ ʩʙʦʨʥʠʢʦʚ ʩʦʩʪʘʚʠʪʴ ʩʦʜʝʨʞʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ 

ʪʝʤʳ ʟʘʜʘʯ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʠʟʠʯʝʩʢʦʤʫ ʪʝʣʫ - ʣʷʛʫʰʢʝ. 

d) ʉʦʩʪʘʚʠʪʴ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʥʦʛʦ ʠ ʫʛʣʫʙʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ, 

ʧʨʦʨʝʰʠʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʤʦʞʝʪ ʫʢʨʝʧʠʪʴ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʰʢʦʣʴʥʦʡ ʬʠʟʠʢʠ.  

e) ʆʬʦʨʤʠʪʴ ʨʝʰʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʩʙʦʨʥʠʢʝ. 
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f) ʉʦʩʪʘʚʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʩʚʦʜʢʫ, ʢʦʪʦʨʘʷ ʧʦʤʦʞʝʪ ʫʯʝʥʠʢʫ ʚ 

ʨʝʰʝʥʠʠ. ʊʘʢʞʝ ʚ ʩʚʦʜʢʝ ʧʨʝʜʩʪʘʚʠʪʴ ʪʝʦʨʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʣʷʛʫʰʢʠ. 

ʉ ʢʘʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠʰʣʦʩʴ ʩʪʦʣʢʥʫʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʩʙʦʨʥʠʢʘ 

ʟʘʜʘʯ, ʠ ʢʘʢ ʦʥʠ ʙʳʣʠ ʨʝʰʝʥʳ: 

1. ʇʨʦʙʣʝʤʘ ʩ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝʤ ʪʝʢʩʪʘ ʟʘʜʘʯ. ʈʝʰʝʥʠʝ: ʧʨʦʩʤʦʪʨ 

ʚʠʜʝʦʨʷʜʘ ʞʠʟʥʠ ʣʷʛʫʰʝʢ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʯʪʝʥʠʝʤ ʩʪʘʪʝʡ ʠ ʢʥʠʛ ʦ  ʞʠʟʥʠ 

ʣʷʛʫʰʢʠ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ.  

2. ʉʦʩʪʘʚʣʝʥʠʝ ʨʠʩʫʥʢʦʚ. ʈʝʰʝʥʠʝ: ʩʦʩʪʘʚʠʪʴ ʩʭʝʤʳ ʚ ʪʝʪʨʘʜʠ ʩ 

ʧʦʜʨʦʙʥʳʤ ʦʧʠʩʘʥʠʝʤ ʩʭʝʤ ʜʣʷ ʟʘʜʘʯ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʨʘʙʦʪʳ ʩʙʦʨʥʠʢ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʜʣʷ ʦʟʥʘʢʦʤʣʝʥʠʷ 

ʫʯʠʪʝʣʷʤ ʬʠʟʠʢʠ ʠ ʧʨʝʜʣʦʞʝʥ ʫʯʝʥʠʢʘʤ ʰʢʦʣʳ ʌʄʐ ʉʌʋ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʪʟʳʚʳ ʦ ʧʨʦʝʢʪʝ. ʇʦ ʦʢʦʥʯʘʥʠʶ ʘʥʘʣʠʟʘ ʦʪʟʳʚʦʚ ʙʳʣʠ ʩʜʝʣʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

V ʏʪʦ ʧʦʥʨʘʚʠʣʦʩʴ: ʧʦʥʷʪʥʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʯ, ʧʦʷʩʥʝʥʠʷ ʢʘʢʠʭ-ʪʦ 

ʤʦʤʝʥʪʦʚ, ʫʜʦʙʥʳʝ ʯʝʨʪʝʞʠ, ʫʜʦʙʩʪʚʦ ʩʘʤʦʧʨʦʚʝʨʢʠ, ʧʦʣʝʟʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ. 

V ʉ ʯʝʤ ʚʦʟʥʠʢʣʠ ʩʣʦʞʥʦʩʪʠ: ʋ ʥʝʢʦʪʦʨʳʭ ʫʯʝʥʠʢʦʚ ʚʦʟʥʠʢʣʠ 

ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʪʘʢ ʢʘʢ ʯʘʩʪʴ ʟʘʜʘʯ ʠʟ ʩʙʦʨʥʠʢʘ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʨʝʰʝʥʠʝ ʦʣʠʤʧʠʘʜʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʟʘʜʘʯʠ ʥʘ ʚʣʠʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʣʷʛʫʰʢʫ, ʥʝ ʠʤʝʶʱʠʭ 

ʘʥʘʣʦʛʦʚ. 

V ʅʝʦʜʥʦʟʥʘʯʥʳʝ ʤʦʤʝʥʪʳ: ʏʘʩʪʴ ʰʢʦʣʴʥʠʢʦʚ ʩʢʣʦʥʠʣʘʩʴ ʢ ʪʦʤʫ, ʯʪʦ 

ʨʝʰʝʥʠʝ, ʧʨʠʚʝʜʸʥʥʦʝ ʚ ʩʙʦʨʥʠʢʝ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦʝ, ʪʘʢ ʢʘʢ  ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʰʝʥʠʷ ʦʧʫʱʝʥʳ ʥʝʢʦʪʦʨʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʨʫʛʘʷ ʯʘʩʪʴ ʰʢʦʣʴʥʠʢʦʚ ʚʳʩʢʘʟʘʣʘʩʴ ʦ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ.  
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ʂɸʊʋʐʂɸ ʊɽʉʃɸ 

ʉʘʜʯʠʢʦʚʘ ɿʣʘʪʘ 

ɹʆʋ ʛ.ʆʤʩʢʘ ʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ  ̄24, 11 ʢʣʘʩʩ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅʦʚʘʢ ɽʣʝʥʘ ʅʠʢʦʣʘʝʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

 

 çʇʫʩʪʴ ʙʫʜʫʱʝʝ ʨʘʩʩʫʜʠʪ ʠ ʦʮʝʥʠʪ ʢʘʞʜʦʛʦ ʧʦ ʝʛʦ ʪʨʫʜʘʤ ʠ ʜʦʩʪʠʞʝʥʠʷʤ. 

ʅʘʩʪʦʷʱʝʝ ʧʨʠʥʘʜʣʝʞʠʪ ʠʤ, ʙʫʜʫʱʝʝ, ʨʘʜʠ ʢʦʪʦʨʦʛʦ ʷ ʨʘʙʦʪʘʶ, ʧʨʠʥʘʜʣʝʞʠʪ 

ʤʥʝè - ʵʪʠ ʩʣʦʚʘ ʧʨʠʥʘʜʣʝʞʘʪ ʅʠʢʦʣʫ ʊʝʩʣʘ. ʅʘ ʩʪʨʘʥʠʮʘʭ ʛʘʟʝʪ, ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʦʚ, ʪʝʣʝʚʠʜʝʥʠʠ ʠ ʚ ʀʥʪʝʨʥʝʪʝ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʤʥʦʞʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊʝʩʣʘ. ɸ 

ʧʨʘʚʜʘ ʣʠ ʚʩʸ ʵʪʦ? ʅʘʩ ʦʯʝʥʴ ʟʘʠʥʪʝʨʝʩʦʚʘʣ ʜʘʥʥʳʡ ʧʨʠʙʦʨ, ʠ ʤʳ ʨʝʰʠʣʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʟʛʦʪʦʚʠʪʴ ʵʪʦʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠ ʧʨʦʚʝʩʪʠ ʩ ʥʠʤ ʦʧʳʪʳ, 

ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʱʠʝ ʝʛʦ ʨʘʙʦʪʫ. ʆʢʦʣʦ 120 ʣʝʪ ʥʘʟʘʜ, ʚ 1893-ʤ ʛʦʜʫ ʥʘ 

ɺʩʝʤʠʨʥʦʡ ʚʳʩʪʘʚʢʝ ʚ ʏʠʢʘʛʦ, ʊʝʩʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʙʝʩʧʨʦʚʦʜʥʫʶ 

ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʟʘʞʠʛʘʷ ʨʷʜ ʬʦʩʬʦʨʥʳʭ ʣʘʤʧʦʯʝʢ ʚ ʧʨʦʮʝʩʩʝ, 

ʥʘʟʳʚʘʝʤʦʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ. ʆʥ ʤʝʯʪʘʣ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʜʠʥ 

ʧʨʝʢʨʘʩʥʳʡ ʜʝʥʴ ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʤʦʞʝʪ ʥʘʤ ʧʝʨʝʜʘʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʥʘ 

ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʪʜʘʣʝʥʥʳʝ ʨʘʡʦʥʳ ʥʝʦʙʭʦʜʠʤʦʡ 

ʵʥʝʨʛʠʝʡ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ. ʊʝʧʝʨʴ, ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʙʦʣʝʝ ʚʝʢʘ, ʪʘʢʠʝ 

ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ ʢʘʢ Intel ʠ Sony ʟʘʠʥʪʝʨʝʩʦʚʘʣʠʩʴ ʧʨʠʤʝʥʝʥʠʝʤ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʢ ʪʘʢʠʤ ʚʝʱʘʤ, ʢʘʢ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ, 

ʯʪʦʙʳ ʤʳ ʤʦʛʣʠ ʟʘʨʷʞʘʪʴ ʙʘʪʘʨʝʠ ʙʝʟ ʧʨʦʚʦʜʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

 ʄʝʥʷ ʟʘʠʥʪʝʨʝʩʦʚʘʣ ʵʪʦʪ ʚʦʧʨʦʩ ʠ ʷ ʟʘʭʦʪʝʣʘ ʩʘʤʘ ʥʘʡʪʠ ʚ ʠʥʪʝʨʥʝʪʝ ʩʭʝʤʫ 

ʢʘʪʫʰʢʠ ʊʝʩʣʘ ʠ ʩʦʙʨʘʪʴ ʝʝ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ.  

çʅʝʪ ʥʠʯʝʛʦ, ʯʪʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʤʦʛʣʦ ʙʳ ʧʨʠʚʣʝʯʴ ʚʥʠʤʘʥʠʝ ʯʝʣʦʚʝʢʘ ʠ 

ʟʘʩʣʫʞʠʣʦ ʙʳ ʙʳʪʴ ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ, ʯʝʤ ʧʨʠʨʦʜʘ. ʇʦʥʷʪʴ ʝʝ ʦʛʨʦʤʥʳʡ 

ʤʝʭʘʥʠʟʤ, ʦʪʢʨʳʪʴ ʝʝ ʩʦʟʠʜʘʪʝʣʴʥʳʝ ʩʠʣʳ ʠ ʧʦʟʥʘʪʴ ʟʘʢʦʥʳ, ʫʧʨʘʚʣʷʶʱʠʝ ʝʶ, - 

ʚʝʣʠʯʘʡʰʘʷ ʮʝʣʴ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʨʘʟʫʤʘè. ʕʪʠʤʠ ʩʣʦʚʘʤʠ ʥʘʯʘʣ ʊʝʩʣʘ ʩʚʦʝ 

ʚʳʩʪʫʧʣʝʥʠʝ ʚ ɸʤʝʨʠʢʘʥʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʵʣʝʢʪʨʦʠʥʞʝʥʝʨʦʚ 20 ʤʘʷ 1892 ʛʦʜʘ, ʛʜʝ 

ʦʥ ʧʨʦʯʝʣ ʦʜʥʫ ʠʟ ʩʚʦʠʭ ʣʫʯʰʠʭ ʣʝʢʮʠʡ ʧʦ ʪʝʤʝ: çʆʧʳʪʳ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʪʦʢʘʤʠ 

ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷè 

http://ou24.omsk.obr55.ru/
http://ou24.omsk.obr55.ru/
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ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʥʦʩʠʪ ʧʨʦʩʚʝʪʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʵʪʦ ʧʦʟʚʦʣʠʪ, ʧʦʚʳʩʠʪ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʢ ʫʛʣʫʙʣʝʥʥʦʤʫ ʠʟʫʯʝʥʠʶ ʪʘʢʠʭ ʧʨʝʜʤʝʪʦʚ, ʢʘʢ ʬʠʟʠʢʘ, ʢ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠ ʚʦʟʤʦʞʥʦ ʜʣʷ ʢʦʛʦ-ʪʦ ʦʧʨʝʜʝʣʠʪ ʦʙʣʘʩʪʴ 

ʜʘʣʴʥʝʡʰʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʎʝʣʴ: ʉʦʟʜʘʪʴ ʜʝʡʩʪʚʫʶʱʫʶ ʤʦʜʝʣʴ ʢʘʪʫʰʢʠ ʊʝʩʣʘ ʠ ʧʨʦʚʝʩʪʠ ʝʝ ʘʧʨʦʙʘʮʠʶ.  

ɿʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ, ʠʩʧʦʣʴʟʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʤʘʪʝʨʠʘʣ ʠ ʨʝʩʫʨʩʳ ʠʥʪʝʨʥʝʪʘ 

2. ʇʦʜʦʙʨʘʪʴ ʩʭʝʤʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊʝʩʣʘ 

3. ɺʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʤʘʪʝʨʠʘʣʳ, ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ 

4. ʀʟʛʦʪʦʚʠʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʊʝʩʣʘ 

5. ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʢʘʪʫʰʢʦʡ ʊʝʩʣʳ 

ʇʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠ 

ʤʝʭʘʥʠʟʤʦʚ ʫʩʪʨʦʡʩʪʚʘ. 

ɼʝʪʘʣʠ: 

1. ʄʝʜʥʳʡ ʦʙʤʦʪʦʯʥʳʡ ʧʨʦʚʦʜ (ʜʠʘʤʝʪʨ 0,2 ʤʤ) - 35 ʤʝʪʨʦʚ 

2. ʄʝʜʥʳʡ ʦʙʤʦʪʦʯʥʳʡ ʧʨʦʚʦʜ (ʜʠʘʤʝʪʨ 1 ʤʤ) - 20 ʩʤ. 

3. ʊʨʘʥʟʠʩʪʦʨ ʙʠʧʦʣʷʨʥʳʡ NPN (ʧʦʜʦʡʜʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ, ʥʘʧʨʠʤʝʨ, 

SS8050, 2N2222. ɻʣʘʚʥʦʝ, ʯʪʦʙʳ ʜʦʧʫʩʪʠʤʳʡ ʪʦʢ ʙʳʣ ʥʝ ʤʝʥʝʝ 1 ɸʤʧʝʨʘ) 

4. ʈʝʟʠʩʪʦʨ 20-50 ʢʆʤ 

5. ʐʧʨʠʮ 20 ʤʣ 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ: 

6. ɹʘʪʘʨʝʡʢʘ "ʂʨʦʥʘ" 

7. ʂʦʣʦʜʢʘ ʜʣʷ ʙʘʪʘʨʝʡʢʠ "ʂʨʦʥʘ" 

8. ʂʫʩʦʢ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʠ 

9. ʅʦʞʥʠʮʳ/ʥʦʞ 

10. ʉʢʦʪʯ 

ʉʙʦʨʢʘ ʢʘʪʫʰʢʠ ʊʝʩʣʳ 

ʇʨʦʮʝʩʩ ʩʙʦʨʢʠ: 

1.ɺʪʦʨʠʯʥʘʷ ʢʘʪʫʰʢʘ. ʅʝʙʦʣʴʰʠʤ ʢʫʩʦʯʢʦʤ ʩʢʦʪʯʘ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʪʦʥʢʠʡ 

ʤʝʜʥʳʡ ʧʨʦʚʦʜ ʥʘ ʰʧʨʠʮʝ ʠ ʧʨʦʠʟʚʝʩʪʠ ʥʘʤʦʪʢʫ, ʚʠʪʦʢ ʢ ʚʠʪʢʫ, ʙʝʟ ʥʘʭʣʝʩʪʦʚ, 

ʦʯʝʥʴ ʘʢʢʫʨʘʪʥʦ! ɺʳʩʦʪʘ ʢʘʪʫʰʢʠ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 4-5 ʩʤ (ʵʪʦ 200-250 

ʚʠʪʢʦʚ). ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʥʘʤʦʪʢʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʩʢʦʪʯʝʤ ʦʙʝ ʩʪʦʨʦʥʳ ʥʘʤʦʪʢʠ. 

ʉʥʠʟʫ ʥʫʞʥʦ ʦʩʪʘʚʠʪʴ ʪʦʨʯʘʱʠʤ ʧʨʦʚʦʜ, ʜʣʠʥʦʡ ʦʢʦʣʦ 7 ʩʤ. ʉ ʢʦʥʯʠʢʘ 

ʧʨʦʚʦʜʘ (1,5 ʩʤ) ʥʝʦʙʭʦʜʠʤʦ ʩʥʷʪʴ ʧʨʦʟʨʘʯʥʳʡ ʠʟʦʣʷʮʠʦʥʥʳʡ ʣʘʢ ʩ ʧʦʤʦʱʴʶ 

ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʠ ʠʣʠ ʥʦʞʠʢʘ. ʕʪʦ ʙʫʜʝʪ ʟʘʤʝʪʥʦ ʧʦ ʠʟʤʝʥʠʚʰʝʤʫʩʷ ʮʚʝʪʫ 

ʧʨʦʚʦʜʘ. 

2. ʇʝʨʚʠʯʥʘʷ ʢʘʪʫʰʢʘ. ʆʙʝʨʥʫʪʴ ʚʦʢʨʫʛ ʰʧʨʠʮʘ ʪʦʣʩʪʫʶ ʤʝʜʥʫʶ ʧʨʦʚʦʣʦʢʫ. 

ɼʦʣʞʥʦ ʧʦʣʫʯʠʪʴʩʷ 2 ʚʠʪʢʘ. ʉ ʦʙʦʠʭ ʢʦʥʮʦʚ ʧʨʦʚʦʜʘ (1,5 ʩʤ) ʩʯʠʩʪʠʪʴ 

ʠʟʦʣʷʮʠʦʥʥʳʡ ʣʘʢ (ʢʘʢ ʚ ʧ.1) 

3. ʊʨʘʥʟʠʩʪʦʨ. ʋ ʥʝʛʦ ʝʩʪʴ ʪʨʠ ʥʦʞʢʠ. ʅʫʞʥʦ ʧʦʥʷʪʴ, ʢʘʢʘʷ ʠʟ ʥʠʭ ʢʦʣʣʝʢʪʦʨ. 

ɽʝ  ʧʨʠʩʦʝʜʠʥʷʝʤ ʢ ʦʜʥʦʤʫ ʠʟ ʢʦʥʮʦʚ ʧʨʦʚʦʜʘ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ. ʄʦʞʥʦ 

ʩʢʨʫʪʢʦʡ, ʤʦʞʥʦ ʩʧʘʡʢʦʡ. 
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4. ʈʝʟʠʩʪʦʨ. ʇʨʠʩʦʝʜʠʥʷʝʤ ʦʜʥʫ ʥʦʞʢʫ ʢʦ ʚʪʦʨʦʤʫ ʢʦʥʮʫ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ, 

ʚʪʦʨʫʶ ʥʦʞʢʫ - ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʥʦʞʢʝ ʪʨʘʥʟʠʩʪʦʨʘ (ʵʪʦ ʙʘʟʘ). ʆʧʷʪʴ ʞʝ, 

ʩʢʨʫʪʢʦʡ ʠʣʠ ʩʧʘʡʢʦʡ. ʈʝʟʠʩʪʦʨ ʧʦʣʷʨʥʦʩʪʠ ʥʝ ʠʤʝʝʪ, ʥʦʞʢʠ ʨʘʚʥʦʟʥʘʯʥʳ. 

5. ʇʦʜʢʣʶʯʝʥʠʝ ʚʪʦʨʠʯʥʦʡ ʢʘʪʫʰʢʠ. ɺʜʝʚʘʝʤ ʚʪʦʨʠʯʥʫʶ ʢʘʪʫʰʢʫ ʚ 

ʧʝʨʚʠʯʥʫʶ. ʊʦʨʯʘʱʠʡ ʧʨʦʚʦʜ ʚʪʦʨʠʯʥʦʡ ʢʘʪʫʰʢʠ ʧʦʜʩʦʝʜʠʥʷʝʤ ʢ ʙʘʟʝ 

ʪʨʘʥʟʠʩʪʦʨʘ (ʩʢʨʫʪʢʦʡ ʠʣʠ ʩʧʘʡʢʦʡ). 

6. ʇʦʜʢʣʶʯʝʥʠʝ ʧʠʪʘʥʠʷ. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʥʪʘʢʪ (ʢʨʘʩʥʳʡ ʧʨʦʚʦʜ) 

ʧʨʠʩʦʝʜʠʥʷʝʤ ʢ ʢʦʥʪʘʢʪʫ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ, ʢ ʢʦʪʦʨʦʡ ʧʦʜʩʦʝʜʠʥʝʥ ʨʝʟʠʩʪʦʨ. 

ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʘʢʪ ʧʦʜʩʦʝʜʠʥʷʝʤ ʢ ʩʚʦʙʦʜʥʦʡ ʥʦʞʢʝ ʪʨʘʥʟʠʩʪʦʨʘ 

(ʵʤʠʪʪʝʨ). ʇʦʜʢʣʶʯʘʝʤ ʙʘʪʘʨʝʡʢʫ. 

ʉʭʝʤʘ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ 3) 

ɺʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʩʙʦʨʢʠ: 

1. ɽʩʣʠ ʣʘʤʧʘ ʥʝ ʩʚʝʪʠʪʩʷ, ʧʨʦʚʝʨʴʪʝ, ʚʩʝ ʣʠ ʢʦʥʪʘʢʪʳ ʥʘʜʝʞʥʳ, ʥʝʪ ʣʠ ʣʠʰʥʠʭ 

ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʜʝʪʘʣʷʤʠ 

2. ɽʩʣʠ ʣʘʤʧʘ ʚʩʝ ʝʱʝ ʥʝ ʩʚʝʪʠʪʩʷ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ ʢʦʥʪʘʢʪʳ 

ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ (ʧʦʚʝʨʥʫʪʴ ʝʝ ʥʘ 180 ʛʨʘʜʫʩʦʚ), ʘʢʢʫʨʘʪʥʦ ʦʪʩʦʝʜʠʥʠʚ 

ʜʝʪʘʣʠ, ʠ ʩʦʙʨʘʚ ʚʩʝ ʦʙʨʘʪʥʦ. ʄʦʞʥʦ ʥʝ ʤʝʥʷʪʴ, ʥʦ ʪʦʛʜʘ ʧʝʨʚʠʯʥʫʶ ʦʙʤʦʪʢʫ 

ʥʫʞʥʦ ʙʫʜʝʪ ʧʦʤʝʩʪʠʪʴ ʩʚʝʨʭʫ ʚʪʦʨʠʯʥʦʡ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʫʜʦʙʥʦ. 

ɿʘʞʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʣʘʤʧʳ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʧʦʩʦʙʦʤ 

ʎʝʣʴ: ʇʨʦʚʝʨʠʪʴ ʥʘ ʦʧʳʪʝ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʟʘʞʠʛʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʣʘʤʧʳ 

ʇʨʠʙʦʨʳ ʠ ʤʘʪʝʨʠʘʣʳ: ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʢʘʪʫʰʢʘ ʊʝʩʣʳ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʣʘʤʧʘ 

ʍʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘ: 

1. ʇʦʜʥʝʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʣʘʤʧʫ ʢ ʢʘʪʫʰʢʝ ʊʝʩʣʳ, ʥʝ ʢʘʩʘʷʩʴ ʝʸ 

2. ʅʘʙʣʶʜʘʪʴ ʟʘ ʧʨʦʮʝʩʩʦʤ 

ɺʳʚʦʜ: ʃʘʤʧʦʯʢʘ ʟʘʛʦʨʘʝʪʩʷ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʧʦʩʦʙʦʤ, ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ 

ʢʘʪʫʰʢʠ ʊʝʩʣʳ 

ɿʘʞʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʣʘʤʧ ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʧʦʩʦʙʦʤ 

ʎʝʣʴ: ʇʨʦʚʝʨʠʪʴ ʥʘ ʦʧʳʪʝ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʟʘʞʠʛʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʣʘʤʧ ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ 

ʇʨʠʙʦʨʳ ʠ ʤʘʪʝʨʠʘʣʳ: ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʢʘʪʫʰʢʘ ʊʝʩʣʳ, ʥʘʙʦʨ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʣʘʤʧ 

ʍʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘ: 

1.ʇʦʜʥʝʩʪʠ ʧʦʦʯʝʨʸʜʥʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʣʘʤʧʳ ʢ ʢʘʪʫʰʢʝ ʊʝʩʣʳ, ʥʝ ʢʘʩʘʷʩʴ ʝʝ 

2.ʅʘʙʣʶʜʘʪʴ ʟʘ ʧʨʦʮʝʩʩʦʤ 

ɺʳʚʦʜ: ʃʘʤʧʦʯʢʠ ʟʘʛʦʨʘʝʪʩʷ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʧʦʩʦʙʦʤ, ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ 

ʢʘʪʫʰʢʠ ʊʝʩʣʳ 

 ɿɸʂʃʖʏɽʅʀɽ 

 ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʷ ʩʪʦʣʢʥʫʣʘʩʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, 

ʟʘʢʣʶʯʘʶʱʠʤʠʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ ʩʦʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʢʘʪʫʰʢʠ ʊʝʩʣʳ ʷ ʧʦʥʷʣʘ, ʯʪʦ 

ʚʪʦʨʠʯʥʘʷ ʦʙʤʦʪʢʘ ʚʳʧʦʣʥʝʥʘ ʥʝʘʢʢʫʨʘʪʥʦ, ʩ ʥʘʭʣʝʩʪʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʦʠʩʭʦʜʠʣʠ ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʣʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʩʦʙʨʘʥʥʫʶ 

ʤʦʜʝʣʴ. ɺʪʦʨʠʯʥʘʷ ʦʙʤʦʪʢʘ ʙʳʣʘ ʧʝʨʝʜʝʣʘʥʘ; 
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2. ɼʘʣʝʝ, ʧʨʦʜʦʣʞʘʷ ʵʢʩʧʝʨʠʤʝʥʪ, ʷ ʧʦʚʨʝʜʠʣʘ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ï ʙʘʪʘʨʝʡʢʫ 

çʂʨʦʥʘè ʠ ʝʝ ʢʦʣʦʜʢʫ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʷ ʧʨʝʜʧʦʣʦʞʠʣʘ, ʯʪʦ ʚʤʝʩʪʦ ʙʘʪʘʨʝʡʢʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ. 

ʇʦʩʣʝ ʚʥʝʩʝʥʥʳʭ ʠʩʧʨʘʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʟʘʤʝʥʳ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʷ 

ʧʦʣʫʯʠʣʘ ʨʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʚʠʜʝ ʨʘʙʦʪʘʶʱʝʡ ʢʘʪʫʰʢʠ ʊʝʩʣʳ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʊʝʩʣʳ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʥʘʩʪʨʦʡʢʝ 

ʧʨʠʙʦʨʦʤ.  ʉ ʧʦʤʦʱʴʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊʝʩʣʳ ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʤʥʦʞʝʩʪʚʦ ʢʨʘʩʠʚʳʭ ʠ ʵʬʬʝʢʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʋʩʪʨʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ 

ʙʝʟʦʧʘʩʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʯʝʙʥʳʭ ʮʝʣʷʭ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʧʨʘʚʠʣ 

ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʃʶʜʠ ʩʦʙʠʨʘʶʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʊʝʩʣʳ ʨʘʜʠ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʚʧʝʯʘʪʣʷʶʱʠʝ, ʢʨʘʩʠʚʳʝ ʷʚʣʝʥʠʷ. ɼʫʤʘʶ, ʯʪʦ ʫʯʠʪʝʣʷʤ ʬʠʟʠʢʠ 

ʤʦʞʥʦ ʚʟʷʪʴ ʥʘ ʟʘʤʝʪʢʫ ʨʝʟʫʣʴʪʘʪʳ ʤʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʚʝʩʪʠ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊʝʩʣʳ, ʜʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʪʝʤ ʠʟ ʢʫʨʩʘ ʬʠʟʠʢʠ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʫ ʫʯʘʱʠʭʩʷ 

ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʳʤ ʪʝʤʘʤ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʷ ʠʟʫʯʠʣʘ ʤʘʪʝʨʠʘʣʳ ʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 

ʊʝʩʣʳ, ʩʦʙʠʨʘʪʴ ʧʨʠʙʦʨ ʧʦ ʩʭʝʤʝ.  

ʄʦʞʥʦ ʧʦʜʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʠʪʦʛʠ.  

ʄʦʠ ʛʠʧʦʪʝʟʳ ʧʦʜʪʚʝʨʜʠʣʠʩʴ: 1) ʣʘʤʧʦʯʢʠ ʩʚʝʪʷʪʩʷ ʚʙʣʠʟʠ ʢʘʪʫʰʢʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʢʨʫʛ ʫʩʪʘʥʦʚʢʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ; 2) ʣʘʤʧʦʯʢʠ ʟʘʛʦʨʘʣʠʩʴ ʩʘʤʠ ʧʦ ʩʝʙʝ ʫ ʤʝʥʷ ʚ 

ʨʫʢʘʭ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʟʥʘʯʠʪ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʤʦʞʝʪ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʙʝʟ ʧʨʦʚʦʜʦʚ. 
ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʠ ʝʱʝ ʦʜʥʫ ʚʘʞʥʫʶ ʚʝʱʴ: ʜʝʡʩʪʚʠʝ ʵʪʦʡ ʫʩʪʘʥʦʚʢʠ 

ʥʘ ʯʝʣʦʚʝʢʘ: 
ʂʘʢ ɺ  rʟʘʤʝʪʠʣʠ ʧʨʠ ʨʘʙʦʪʝ ʤʝʥʷ ʥʝ ʙʠʣʦ ʪʦʢʦʤ: ʪʦʢʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ, 

ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʥʝ  

ʧʨʠʯʠʥʷʶʪ ʝʤʫ ʚʨʝʜʘ, ʥʘʦʙʦʨʦʪ, ʦʢʘʟʳʚʘʶʪ ʪʦʥʠʟʠʨʫʶʱʝʝ ʠ ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʝ 

ʜʝʡʩʪʚʠʝ, ʵʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʞʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʝ. ʆʜʥʘʢʦ ʥʘʜʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ, ʢʦʪʦʨʳʝ ɺ  r ʚʠʜʝʣʠ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʧʦʵʪʦʤʫ ʜʦʣʛʦ ʣʦʚʠʪʴ ʤʦʣʥʠʶ ʨʫʢʘʤʠ ʥʝ ʩʦʚʝʪʫʶ! 
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ʀɿʋʏɽʅʀɽ ɼɺʀɾɽʅʀʗ ʊɽʃɸ ɹʈʆʐɽʅʅʆɻʆ ʇʆɼ ʋɻʃʆʄ ʂ 

ɻʆʈʀɿʆʅʊʋ  

ʊʘʣʠʢʦʚʘ ɸʥʥʘ 

ɹʆʋ ʛ. ʆʤʩʢʘ ʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ  ̄24, 10 ʢʣʘʩʩ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅʦʚʘʢ ɽʣʝʥʘ ʅʠʢʦʣʘʝʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ, 

ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʆɹɾ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ. 

ʊʝʤʘ, ʜʚʠʞʝʥʠʝ ʪʝʣʘ, ʙʨʦʰʝʥʥʦʛʦ ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ: ʚ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ 

ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʩʥʘʨʷʜʦʚ; ʚ ʩʧʦʨʪʝ: ʥʘ ʪʨʝʥʠʨʦʚʢʘʭ ʠ ʥʘ ʩʦʨʝʚʥʦʚʘʥʠʷʭ ʧʦ 

ʧʨʳʞʢʘʤ ʚ ʜʣʠʥʫ, ʚʳʩʦʪʫ, ʚ ʤʝʪʘʥʠʠ ʩʥʘʨʷʜʦʚ; ʚ ʩʧʦʨʪʠʚʥʳʭ ʠʛʨʘʭ: ʚʦʣʝʡʙʦʣ, 

ʙʘʩʢʝʪʙʦʣ ʠ ʪ.ʜ. 

 ʎʝʣʴ ʨʘʙʦʪʳ: ʜʦʢʘʟʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪ 

ʫʛʣʘ, ʤʘʩʩʳ ʠ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʪʝʣʘ. 

 ɿʘʜʘʯʠ:  

1. ʀʟʫʯʠʪʴ ʠʤʝʶʱʠʝʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠ ʠʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʠ ʧʦ 

ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ. 

2. ʟʥʘʢʦʤʩʪʚʦ ʩ ʠʩʪʦʨʠʝʡ ʠ ʚʠʜʘʤʠ ʙʘʣʣʠʩʪʠʢʠ. 

3. ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ.  

ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ ʧʨʦʝʢʪʘ: ʋʯʘʱʠʝʩʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, 

ʠʟʫʯʘʶʱʠʝ ʢʠʥʝʤʘʪʠʢʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʦʪ ʫʛʣʘ ʙʨʦʩʘʥʠʷ ʪʝʣʘ 

 
ʊʘʙʣʠʮʘ 1. ɼʣʠʥʘ ʧʦʣʝʪʘ ʪʝʣʘ ʧʦʜ ʨʘʟʥʳʤ ʫʛʣʦʤ 

ˉ ʆʧʳʪʘ 30Á 45Á 60Á 

ɼʣʠʥʘ ʧʦʣʝʪʘ (ʩʤ) 

1 75 73 62,5 

2 75,5 78 63 

3 77 79 66 

4 77 80 64 

5 79,5 82,5 66,5 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 76,8 78,5 64,4 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʦʪ ʤʘʩʩʳ ʪʝʣʘ 
 

ʊʘʙʣʠʮʘ 2. ɼʣʠʥʘ ʧʦʣʝʪʘ ʩ ʨʘʟʥʦʡ ʤʘʩʩʦʡ ʪʝʣ 

ˉ ʆʧʳʪʘ ɹʝʣʳʡ ʰʘʨ ʈʦʟʦʚʳʡ ʰʘʨ 

ɼʣʠʥʘ ʧʦʣʝʪʘ (ʩʤ) 

1 80 165 

2 81,5 164 

3 80 167 

http://ou24.omsk.obr55.ru/
http://ou24.omsk.obr55.ru/


 

158 
 

4 79 162 

5 80,5 159 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 80,2 163,4 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʦʪ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ 
 

ʊʘʙʣʠʮʘ 3. ɼʣʠʥʘ ʧʦʣʝʪʘ ʪʝʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ 

ˉ ʆʧʳʪʘ ɹʝʣʳʡ ʰʘʨ ʈʦʟʦʚʳʡ ʰʘʨ 

ɼʣʠʥʘ ʧʦʣʝʪʘ (ʩʤ) 

ɺʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʩʪʨʝʯʫ 
80 151 

ɺʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ 

ʩʦʥʘʧʨʘʚʣʝʥʳ 
80 182 

 

ɿʘʢʣʶʯʝʥʠʝ:  

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦ ʪʝʤʝ 

ʜʚʠʞʝʥʠʝ ʪʝʣʘ, ʙʨʦʰʝʥʥʦʛʦ ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ, ʘ ʠʤʝʥʥʦ ʜʚʠʞʝʥʠʝ ʪʝʣʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ.  

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʜʚʠʥʫʪʳʝ ʤʥʦʡ 

ʛʠʧʦʪʝʟʳ: 

Å ʜʘʣʴʥʦʩʪʴ ʧʦʣʸʪʘ ʪʝʣʘ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʘʩʩʝ ʠ ʥʘʯʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ, ʧʦʜ ʢʦʪʦʨʳʤ ʪʝʣʦ ʙʨʦʰʝʥʦ ʢ ʛʦʨʠʟʦʥʪʫ.  

Å ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʪʝʣʘ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʫʛʣʝ ʠ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ. 

ʀ ʥʝ ʧʦʜʪʚʝʨʜʠʣʠ: 

Å ʜʘʣʴʥʦʩʪʴ ʧʦʣʸʪʘ ʪʝʣʘ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ 

ʦʜʠʥʘʢʦʚʦʤ ʫʛʣʝ ʧʦʜ ʢʦʪʦʨʳʤ ʪʝʣʦ ʙʨʦʰʝʥʦ ʢ ʛʦʨʠʟʦʥʪʫ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ 

ʪʝʣʘ. S= 
Ͻ

. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈɸ 

1. ɺ. ɼʨʦʟʜʦʚ. ʇʘʨʘʙʦʣʘ ʢʘʢ ʙʘʣʣʠʩʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ, ɾʫʨʥʘʣ çʌʠʟʠʢʘè. 2008, 
ˉ 12 

2. ʂʘʩʴʷʥʦʚ ɺ. ɸ. ʌʠʟʠʢʘ 10 ʢʣ. ʋʛʣʫʙʣʝʥʥʳʡ ʫʨʦʚʝʥʴ: ʫʯʝʙʥʠʢ. ɼʨʦʬʘ - 2016 

3. ɹʘʣʣʠʩʪʠʢʘ (ʥʘʫʢʘ) http://knowledge.su/b/ballistika-nauka  

4. ɺʠʢʠʧʝʜʠʷ. ɹʘʣʣʠʩʪʠʢʘ 
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BB%D0%BB%D0%B8

%D1%81%D1%82%D0%B8%D0%BA%D0%B0 

5. ʕʥʮʠʢʣʦʧʝʜʠʷ ʂʨʫʛʦʩʚʝʪ 

http://www.krugosvet.ru/enc/nauka_i_tehnika/voennaya_tehnika/BALLISTIKA.h

tml?page=0,0 
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ʇʆʃʋʏɽʅʀɽ ʊʆʅʂʆʁ ʇʃɪʅʂʀ ʆʂʉʀɼɸ ʀʊʊʈʀʗ ʄɽʊʆɼʆʄ 

ʄɸɻʅɽʊʈʆʅʅʆɻʆ ʅɸʇʓʃɽʅʀʗ 

ʉʦʙʦʣʝʚ ɽʛʦʨ, ʊʦʣʩʪʦʚ ʀʣʴʷ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 

11 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʠʜʝʣʸʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʝ ʧʣʝʥʦʢ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʤʝʪʦʜʦʤ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʡ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʣʸʥʦʢ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʪʘʢʠʭ ʢʘʢ: 

ʵʣʝʢʪʨʦʥʠʢʘ, ʦʧʪʠʢʘ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʙʠʦʤʝʜʠʮʠʥʘ ʠ ʪ.ʜ. ʊʦʥʢʠʝ ʧʣʸʥʢʠ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʯʠʩʪʦʪʳ ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ ʪʦʣʱʠʥʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʚʳʰʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʛʥʝʪʨʦʥʥʦʝ ʨʘʩʧʳʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʣʝʥʢʠ 

ʩ ʟʘʜʘʥʥʳʤʠ ʪʦʣʱʠʥʘʤʠ ʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ ʤʝʪʦʜ ʦʯʝʥʴ ʫʜʦʙʥʳʤ ʠ 

ʛʠʙʢʠʤ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ 

ʧʣʝʥʦʢ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʠʤʝʝʪ ʙʦʣʴʰʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʣʝʥʦʢ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ [1]. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʠʝ ʧʣʸʥʦʢ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʠʤʝʝʪ ʨʷʜ ʩʝʨʴʸʟʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʘ ʠʤʝʥʥʦ: ʥʠʟʢʠʝ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴ 

(ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʳʣʝʥʠʷ). ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʧʘʨʘʤʝʪʨʳ 

ʜʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʠ ʩʢʦʨʦʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʣʸʥʦʢ ʦʢʩʠʜʘ ʠʪʪʨʠʷ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʜʝʣʘʥʦ, ʝʩʣʠ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʧʦʢʨʳʪʠʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʥʫʞʥʦ ʧʨʦʚʦʜʠʪʴ ʪʦʣʴʢʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ. ɺʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ 

ʨʘʩʧʳʣʝʥʠʝ ʠʪʪʨʠʝʚʦʡ ʤʠʰʝʥʠ, ʥʝ ʜʦʧʫʩʢʘʷ ʝʸ ʦʢʠʩʣʝʥʠʷ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʎʝʣʴ: ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʨʘʩʧʳʣʝʥʠʷ ʠʪʪʨʠʝʚʦʡ ʤʠʰʝʥʠ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʠ 

ʢʠʩʣʦʨʦʜʘ, ʠʩʢʣʶʯʘʷ ʦʢʠʩʣʝʥʠʝ ʠʪʪʨʠʝʚʦʡ ʤʠʰʝʥʠ.  

ɿʘʜʘʯʠ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ; 

2. ɺʳʧʦʣʥʝʥʠʝ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʘʩʧʳʣʝʥʠʶ ʠʪʪʨʠʝʚʦʡ ʤʠʰʝʥʠ ʚ 
ʩʨʝʜʝ ʘʨʛʦʥʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʧʨʠʤʝʥʷʷ ʨʘʟʣʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʩʭʝʤʳ. 

3. ʇʦʩʪʨʦʝʥʠʝ ʢʨʠʚʳʭ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʠʭ ʘʥʘʣʠʟ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʭʝʤʳ ʨʘʩʧʳʣʝʥʠʷ ʠʪʪʨʠʝʚʦʡ ʤʠʰʝʥʠ 

ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʠʩʢʣʶʯʘʷ ʦʢʠʩʣʝʥʠʝ ʠʪʪʨʠʝʚʦʡ ʤʠʰʝʥʠ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʧʣʝʥʢʠ, ʤʘʛʥʝʪʨʦʥʥʦʝ ʨʘʩʧʳʣʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʢʪʠʚʥʳʤ ʠʣʠ ʥʝʨʝʘʢʪʠʚʥʳʤ. ʈʝʘʢʪʠʚʥʦʝ ʦʩʘʞʜʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʝʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʚ ʢʘʤʝʨʫ ʦʩʘʞʜʝʥʠʷ, 
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ʢʦʪʦʨʳʝ ʨʝʘʛʠʨʫʶʪ ʩ ʨʘʩʧʳʣʝʥʥʳʤʠ ʘʪʦʤʘʤʠ ʠʣʠ ʠʦʥʘʤʠ ʠ ʦʙʨʘʟʫʶʪ 

ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʝ. ʅʝʨʝʘʢʪʠʚʥʦʝ ʦʩʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʫʯʘʩʪʠʷ 

ʨʝʘʢʪʠʚʥʳʭ ʛʘʟʦʚ, ʠ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʦʩʘʞʜʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʧʦʜʣʦʞʢʫ. ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʘʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʠʢʩʠʨʫʶʪʩʷ ʢʨʠʚʳʝ 

ʛʠʩʪʝʨʝʟʠʩʘ, ʦʥʠ ʧʦʢʘʟʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ 

ʨʘʩʧʳʣʝʥʠʷ ʠ ʚʝʣʠʯʠʥʦʡ ʧʦʪʦʢʘ ʨʝʘʢʪʠʚʥʦʛʦ ʛʘʟʘ ʚ ʢʘʤʝʨʫ ʚ ʧʨʦʮʝʩʩʝ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. ʕʪʘ ʢʨʠʚʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ ʪʦʥʢʦʡ ʧʣʝʥʢʠ [2] (ʩʤ. 

ʧʨʠʣʦʞʝʥʠʝ 1) 

ʊʝʧʝʨʴ ʜʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʧʦʣʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʦ ʧʦʢʨʳʪʠʷ ʠʟ 

ʦʢʩʠʜʘ ʠʪʪʨʠʷ. ɼʣʷ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ. ʉʥʘʯʘʣʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘ ʢʦʪʦʨʫʶ 

ʙʫʜʝʪ ʥʘʥʝʩʝʥʦ ʧʦʢʨʳʪʠʝ, ʜʦʣʞʥʘ ʙʳʪʴ ʦʯʠʱʝʥʘ ʠ ʧʦʜʛʦʪʦʚʣʝʥʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʭʦʨʦʰʝʛʦ ʩʮʝʧʣʝʥʠʷ. ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʮʝʣʝʚʦʡ 

ʤʘʪʝʨʠʘʣ - ʠʪʪʨʠʡ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʘ ʠʪʪʨʠʷ. 

ʎʝʣʝʚʦʡ ʤʘʪʝʨʠʘʣ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʨʘʩʧʳʣʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʜʝʨʞʘʪʝʣʴ ʮʝʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʘʣʝʝ ʨʘʩʧʳʣʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʦʪʢʘʯʘʥʘ ʜʦ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʨʘʩʧʳʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʣʘʟʤʘ ʩʦʟʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʜʘʯʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʧʳʣʷʝʤʦʡ ʤʠʰʝʥʠ. ʕʣʝʢʪʨʦʥʳ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʧʝʨʝʜ ʠʪʪʨʠʝʚʦʡ ʤʠʰʝʥʴʶ, ʫʩʢʦʨʷʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʥʝʸ 

ʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʘʪʦʤʘʤʠ ʩʨʝʜʳ (ʛʘʟʘ, ʢʦʪʦʨʳʡ ʤʳ ʥʘʧʫʩʪʠʣʠ ʚ ʨʘʙʦʯʫʶ 

ʢʘʤʝʨʫ). ʇʨʦʠʩʭʦʜʠʪ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʘʷ ʠʦʥʠʟʘʮʠʷ, ʢʦʛʜʘ ʫʩʢʦʨʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ 

ʚʳʪʘʣʢʠʚʘʶʪ ʵʣʝʢʪʨʦʥʳ ʩ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ ʘʪʦʤʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʦʥʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʠʦʥʳ, ʠʤʝʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʟʘʨʷʜ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ ʫʩʢʦʨʷʶʪʩʷ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʢ ʠʪʪʨʠʝʚʦʡ 

ʤʠʰʝʥʠ, ʥʘ ʢʦʪʦʨʫʶ ʤʳ ʧʦʜʘʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʇʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ 

ʠʦʥʦʚ ʩ ʤʠʰʝʥʴʶ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʳʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʤʠʰʝʥʠ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʘʪʦʤʳ. ɸʪʦʤʳ ʠʪʪʨʠʷ ʧʦʢʠʜʘʶʪ ʤʠʰʝʥʴ ʠ ʜʘʣʝʝ ʧʦʧʘʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

(ʢʘʪʦʜ), ʥʘ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʢʨʳʪʠʝ. ɸʪʦʤʳ ʮʝʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʠʪʪʨʠʷ) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʛʘʟʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʢʘʤʝʨʝ, ʠ 

ʦʙʨʘʟʫʶʪ ʦʢʩʠʜʳ ʠʪʪʨʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʩʣʠ ʚ ʢʘʤʝʨʫ ʤʳ ʧʦʜʘʜʠʤ ʢʠʩʣʦʨʦʜ.  

ʆʜʥʘʢʦ ʨʘʙʦʪʘ ʩ ʠʪʪʨʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʧʳʣʷʝʤʦʛʦ ʤʝʪʘʣʣʘ ʩʦʧʨʷʞʝʥʘ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʊʘʢ ʢʘʢ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʘ 

ʧʦʜʣʦʞʢʝ ʧʣʸʥʢʠ ʦʢʩʠʜʘ ʠʪʪʨʠʷ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ ʚ ʢʘʤʝʨʫ ʪʘʢʞʝ ʚʚʦʜʠʪʩʷ 

ʢʘʢʦʝ-ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʚʩʪʫʧʘʶʱʝʛʦ ʚ ʨʝʘʢʮʠʶ ʥʝ ʪʦʣʴʢʦ ʩ 

ʨʘʩʧʳʣʸʥʥʳʤʠ ʘʪʦʤʘʤʠ ʠʪʪʨʠʷ, ʥʦ ʠ ʩ ʠʪʪʨʠʝʚʦʡ ʤʠʰʝʥʴʶ. ɺʩʣʝʜʩʪʚʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʠʪʪʨʠʷ ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜ ʠʪʪʨʠʷ, ʷʚʣʷʶʱʠʡʩʷ 

ʦʪʣʠʯʥʳʤ ʜʠʵʣʝʢʪʨʠʢʦʤ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʜʦ 1000 ʂ). ʅʘʣʠʯʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʥʘ ʤʠʰʝʥʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʘʩʧʳʣʝʥʠʷ, ʩʠʣʴʥʦ 

ʥʘʨʫʰʘʝʪ ʧʨʦʮʝʩʩ ʨʘʩʧʳʣʝʥʠʷ.  

ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ 

ʩʧʦʩʦʙʦʚ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʠʪʪʨʠʝʚʦʡ ʤʠʰʝʥʠ ʧʨʠ ʝʸ ʨʘʩʧʳʣʝʥʠʠ 

ʚ ʩʨʝʜʘ ʘʨʛʦʥʘ ʠ ʢʠʩʣʦʨʦʜʘ.  
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ɼʣʷ ʦʪʢʘʯʢʠ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʘʢʫʫʤʥʳʡ 

ʥʘʩʦʩ, ʤʦʱʥʦʩʪʝʡ ʢʦʪʦʨʦʛʦ, ʩʦʛʣʘʩʥʦ ʠʟʥʘʯʘʣʴʥʦʡ ʛʠʧʦʪʝʟʝ, ʜʦʣʞʥʦ ʙʳʣʦ 

ʭʚʘʪʠʪʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʚʝʩʪʠ ʠʟ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʚʩʪʫʧʣʝʥʠʷ ʤʠʰʝʥʠ ʠʪʪʨʠʷ ʚ ʧʨʦʮʝʩʩ 

ʦʢʠʩʣʝʥʠʷ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʪʢʘʯʢʠ ʟʘ ʩʯʸʪ ʜʦʙʘʚʣʝʥʠʷ ʚʪʦʨʦʛʦ ʥʘʩʦʩʘ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʧʳʣʝʥʠʷ ʥʝ ʧʦʟʚʦʣʠʣʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʦʢʠʩʣʝʥʠʷ ʤʠʰʝʥʠ.  

ʈʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʠʪʪʨʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʘʢʪʠʚʥʦʡ ʨʝʘʢʮʠʝʡ ʦʢʠʩʣʝʥʠʷ 

ʤʝʪʘʣʣʦʚ (ʝʩʪʴ ʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʤʝʪʘʣʣʳ, ʥʘʧʨʠʤʝʨ, ʘʣʶʤʠʥʠʡ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʭʠʤʠʯʝʩʢʦ-ʬʠʟʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʜʣʷ 

ʧʨʝʧʷʪʩʪʚʠʷ ʧʨʦʮʝʩʩʫ ʦʢʠʩʣʝʥʠʷ ʠʪʪʨʠʝʚʦʡ ʤʠʰʝʥʠ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʘʥʥʦʝ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ: ʥʘ ʣʠʥʠʠ ʤʝʞʜʫ ʤʘʛʥʝʪʨʦʥʦʤ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʠʪʪʨʠʝʚʦʡ 

ʤʠʰʝʥʴʶ ʠ ʥʘʩʦʩʦʤ ʟʘʢʨʝʧʣʷʝʪʩʷ ʚʪʦʨʦʡ ʤʘʛʥʝʪʨʦʥ ʩ ʤʝʜʥʦʡ ʤʠʰʝʥʴʶ ʠ 

ʟʘʩʣʦʥʢʦʡ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ ʚʦʟʤʦʞʥʦʝ ʧʦʧʘʜʘʥʠʝ ʚ ʦʙʣʘʩʪʴ ʥʘʧʳʣʝʥʠʷ 

ʧʦʜʣʦʞʢʠ ʧʦʪʦʢʘ ʨʘʩʧʳʣʸʥʥʳʭ ʘʪʦʤʦʚ ʤʝʜʠ. ɺ ʧʨʦʮʝʩʩʝ ʙʦʤʙʘʨʜʠʨʦʚʘʥʠʷ 

ʠʦʥʘʤʠ ʤʠʰʝʥʝʡ ʤʝʜʠ ʠ ʠʪʪʨʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʤʘʛʥʝʪʨʦʥʘʭ, 

ʢʠʩʣʦʨʦʜ ʙʫʜʝʪ ʧʦʛʣʦʱʘʪʴʩʷ ʧʣʸʥʢʦʡ, ʨʘʩʪʫʱʝʡ ʥʘ ʩʪʝʥʢʘʭ ʢʘʤʝʨʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʣʘʩʪʠ ʤʘʛʥʝʪʨʦʥʘ ʙʫʜʝʪ ʩʥʠʞʝʥʦ, ʦʜʥʘʢʦ ʝʛʦ 

ʜʦʣʞʥʦ ʭʚʘʪʘʪʴ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. 

ʇʦʩʣʝʜʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʜʘʸʪ ʥʝʦʙʭʦʜʠʤʳʝ 

ʨʝʟʫʣʴʪʘʪʳ: ʠʪʪʨʠʝʚʘʷ ʤʠʰʝʥʴ ʥʝ ʦʢʠʩʣʷʝʪʩʷ. ʊʝʧʝʨʴ ʦʩʪʘʸʪʩʷ ʧʨʦʚʝʨʠʪʴ ʢʘʢʦʝ 

ʧʦʢʨʳʪʠʝ ʤʳ ʧʦʣʫʯʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ 2) 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʧʣʝʥʦʢ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʤʝʪʦʜʦʤ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʩʦʟʜʘʥʠʷ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʯʠʩʪʦʪʳ ʠ ʭʦʨʦʰʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʊʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʠʸʤʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʧʣʸʥʦʢ ʦʢʩʠʜʘ ʠʪʪʨʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʩʧʦʩʦʙʦʚ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʧʣʸʥʦʢ ʦʢʩʠʜʘ ʠʪʪʨʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʤʘʛʥʝʪʨʦʥʘ ʩ ʤʝʜʥʦʡ ʤʠʰʝʥʴʶ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʩʧʳʣʝʥʠʝ ʠʪʪʨʠʝʚʦʡ ʤʠʰʝʥʠ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ʠ ʢʠʩʣʦʨʦʜʘ ʙʝʟ ʦʢʠʩʣʝʥʠʷ 

ʠʪʪʨʠʝʚʦʡ ʤʠʰʝʥʠ. 
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ʠʪʪʨʠʷ 
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ɺʆɿɼʋʐʅʆ-ʇʃɸɿʄɽʅʅɸʗ ʋʊʀʃʀɿɸʎʀʗ ʆʊʍʆɼʆɺ ʇʆɼɻʆʊʆɺʂʀ 

ɺʆɼʓ ʀɿ ʇʆɼɿɽʄʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

ʊʨʦʬʠʤʦʚʘ ɸ.ɸ. 

ʃʠʮʝʡ ʧʨʠ ʊʦʤʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʈʦʩʩʠʷ 

 ʛ. ʊʦʤʩʢ, ʫʣ. ɸʨʢʘʜʠʷ ʀʚʘʥʦʚʘ, 4, 634028 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʘʨʝʥʛʠʥ ɸ.ɻ., ʢ. ʬ.-ʤ. ʥ., ʜʦʮʝʥʪ ʆʗʊʎ ʀʗʊʐ 

 

ʅʘ ʊʦʤʩʢʦʤ ʧʦʜʟʝʤʥʦʤ ʚʦʜʦʟʘʙʦʨʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʚʦʜʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʠʱʝʚʦʡ ʩʬʝʨʝ ʠʟ ʧʦʜʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʝʛʫʣʷʨʥʦ ʦʙʨʘʟʫʝʪʩʷ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ (ʜʦ 3000 ʪ) ʦʪʭʦʜʦʚ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ (ʆɺʇ) ʚ ʚʠʜʝ ʦʩʘʜʢʦʚ ʠʟ 

ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʞʝʣʝʟʦ (30,3 %), ʤʘʨʛʘʥʝʮ (4,5 %), ʢʨʝʤʥʠʡ 

(4,0 %), ʢʘʣʴʮʠʡ (1,0 %), ʤʘʛʥʠʡ (0,26 %), ʘʣʶʤʠʥʠʡ (0,1 %), ʤʝʜʴ (0,05 %), ʚʦʜʘ 

ï ʦʩʪʘʣʴʥʦʝ [1,2]. 

ʊʘʢʠʝ ʞʝ ʦʪʭʦʜʳ ʧʦʷʚʣʷʶʪʩʷ ʥʘ ʩʪʘʥʮʠʷʭ ʧʦ çʩʤʷʛʯʝʥʠʶè ʚʦʜʳ ʚ ʛʦʨʦʜʘʭ 

ʉʪʨʝʞʝʚʦʡ, ʂʝʜʨʦʚʳʡ ʠ ʜʨ., ʛʜʝ ʚʦʜʘ ʙʝʨʝʪʩʷ ʥʘʧʨʷʤʫʶ ʠʟ ʧʦʜʟʝʤʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ.  

ʕʪʠ ʦʪʭʦʜʳ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʤʦʛʫʪ ʩʪʘʪʴ ʩʝʨʴʝʟʥʦʡ 

ʩʳʨʴʝʚʦʡ ʙʘʟʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʪʘʣʣʫʨʛʠʠ (ʢʦʥʮʝʥʪʨʘʪʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 
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ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ, ʧʨʦʪʠʚʦʧʨʠʛʘʨʥʳʝ ʢʨʘʩʢʠ), ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʪʦʚʘʨʦʚ ʥʘʨʦʜʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ (ʢʨʘʩʷʱʠʝ 

ʧʠʛʤʝʥʪʳ, ʪʨʦʪʫʘʨʥʘʷ ʠ ʦʙʣʠʮʦʚʦʯʥʘʷ ʧʣʠʪʢʘ).    

ʇʨʠʤʝʥʷʝʤʳʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʨʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʆɺʇ 

ʧʨʦʪʝʢʘʶʪ ʚʦ ʤʥʦʛʦ ʩʪʘʜʠʡ, ʥʝ ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʤʠ [3]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʆɺʇ ʚʦʟʜʫʰʥʦʡ 

ʧʣʘʟʤʳ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ ʬʘʢʝʣʴʥʳʤ ʧʣʘʟʤʦʪʨʦʥʦʤ (ɺʏʌ-

ʧʣʘʟʤʦʪʨʦʥʦʤ) ʚ ʩʦʩʪʘʚʝ ʫʩʪʘʥʦʚʢʠ çʇʣʘʟʤʝʥʥʳʡ ʤʦʜʫʣʴ ʥʘ ʙʘʟʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ɺʏɻ8-60/13è (ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ï 13,56 ʄɻʮ, 

ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʜʦ 60 ʢɺʪ), ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ.1  

 

 
ʈʠʩ.1 

 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ 

ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʦʤ, ʥʘ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ 

ʧʣʘʟʤʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʆɺʇ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ, 

ʛʝʥʝʨʠʨʫʝʤʦʡ ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʦʤ ʚ ʩʦʩʪʘʚʝ ʫʩʪʘʥʦʚʢʠ. ʊʘʢ ʫʚʝʣʠʯʝʥʠʝ 

ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ɺʏɻ) ʩ 2,0 ʜʦ 3,5 ɸ ʧʨʠʚʦʜʠʪ, ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʭʦʜʝ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ (3,0 ʛ/ʩ), ʢ ʧʦʚʳʰʝʥʠʶ ʤʦʱʥʦʩʪʠ 

ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʩ 16,7 ʜʦ 24,4 ʢɺʪ, ʘ ʝʝ ʩʨʝʜʥʝʤʘʩʩʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ 3400 ʜʦ 4200 K. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʧʣʘʟʤʝʥʥʦʡ ʧʨʦʢʘʣʢʠ ʦʙʨʘʟʮʦʚ ʆʇɺ ʩ ʥʘʯʘʣʴʥʦʡ 

ʤʘʩʩʦʡ 30 ʛ ʧʨʠ ʤʦʱʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ 18,9 ʢɺʪ (Iɸ=2,5 ɸ), 22,9 

ʢɺʪ (3,0 ɸ) ʠ 24,4 ʢɺʪ (3,5 ɸ) ʩʦʩʪʘʚʣʷʝʪ 14, 8 ʠ 5 ʤʠʥʫʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʳ. 
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ʊʈɸʅʉʌʆʈʄɸʊʆʈ ʊɽʉʃɸ 

ʌʝʜʦʨʦʚ ʄʘʢʩʠʤʠʣʠʘʥ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ɸʚʪʦʥʦʤʥʦʝ ʆʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʋʯʨʝʞʜʝʥʠʝ ʉʨʝʜʥʷʷ 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʐʢʦʣʘ ˉ47, 10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʍʘʡʨʫʣʣʠʥ ɸʣʝʢʩʘʥʜʨ, ʇɼʆ ɸʅʆ ɼʆ çɼʝʪʩʢʠʡ 

ʪʝʭʥʦʧʘʨʢ ʂʚʘʥʪʦʨʠʫʤè 

 

ʕʣʝʢʪʨʠʯʝʩʪʚʦ ʠʟʫʯʘʶʪ ʩ ʥʘʯʘʣʘ 19 ʚʝʢʘ, ʩ ʪʝʭ ʧʦʨ ʵʪʦ ʚʘʞʥʳʡ ʵʣʝʤʝʥʪ 

ʯʝʣʦʚʝʯʝʩʪʚʘ. ɻʣʘʚʥʳʤ ʠʜʝʦʣʦʛʦʤ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʝʩʧʨʦʚʦʜʥʳʤ 

ʧʫʪʝʤ ʙʳʣ ʅʠʢʦʣʘ ʊʝʩʣʘ, ʝʛʦ ʨʘʙʦʪʫ ʧʦʚʪʦʨʠʣ ʠ ʩʜʝʣʘʣ ʙʝʟʦʧʘʩʥʝʝ ʂʘʯʝʨ ɺ. 

ɹʨʦʚʠʥ. ʇʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʚʦʜʦʚ ʫʞʝ ʚʥʝʜʨʷʝʪʩʷ ʚ 

ʤʠʨʝ. ʆʜʥʘʢʦ ʦʥʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʪʘʢ ʢʘʢ ʟʘʯʘʩʪʫʶ ʧʨʠʤʝʥʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʷ ʟʘʢʣʘʜʳʚʘʥʠʷ ʧʝʨʝʜʘʪʯʠʢʦʚ ʧʦʜ ʘʩʬʘʣʴʪʠʨʦʚʘʥʥʦʝ ʜʦʨʦʞʥʦʝ 

ʧʦʣʦʪʥʦ. ɺ 2020 ʛʦʜʫ ʅʦʚʦʟʝʣʘʥʜʩʢʘʷ ʢʦʤʧʘʥʠʷ ʫʩʧʝʰʥʦ ʧʨʦʚʝʣʘ ʩʠʩʪʝʤʫ 

ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʝʩʧʨʦʚʦʜʥʳʤ ʧʫʪʝʤ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ  

ɹʝʩʧʨʦʚʦʜʥʘʷ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʥʘ ʨʷʜʫ ʩ ʧʨʦʚʦʜʥʦʡ ʪʘʢʞʝ ʤʦʞʝʪ ʩʪʘʪʴ 

ʚʘʞʥʦʡ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʳʝ, ʟʘʯʘʩʪʫʶ ʚʳʨʘʙʘʪʳʚʘʶʪ ʵʥʝʨʛʠʶ ʜʘʣʝʢʦ ʦʪ ʧʦʪʨʝʙʠʪʝʣʷ. ɸ ʩʧʝʮʠʬʠʢʘ 

ʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʪʘʢʦʡ ʪʠʧ ʵʥʝʨʛʠʠ 

ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ. 

ʇʨʦʙʣʝʤʘ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʧʦʩʦʙʦʤ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʘʩʥʘ ʜʣʷ ʞʠʚʳʭ ʩʫʱʝʩʪʚ. 

ʎʝʣʴ: ʧʝʨʝʜʘʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʧʦʤʦʱʴʶ 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊʝʩʣʘ.  

ɿʘʜʘʯʠ: 

1. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʳ. 

2. ʉʦʟʜʘʪʴ ʤʘʢʝʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʝʩʣʘ (ʧʝʨʝʜʘʪʯʠʢʘ ʠ 

ʧʨʠʝʤʥʠʢʘ). 

3. ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ, ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʝʨʝʜʘʯʠ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ. 
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ɻʠʧʦʪʝʟʘ: ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʙʝʩʧʨʦʚʦʜʥʳʤ ʩʧʦʩʦʙʦʤ 

ʙʝʟ ʚʨʝʜʘ ʜʣʷ ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʚʦʟʤʦʞʥʘ ʧʨʠ ʚʳʩʦʢʦʤ ʥʘʧʨʷʞʝʥʠʠ ʠ ʥʠʟʢʦʡ ʩʠʣʝ 

ʪʦʢʘ ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ ʅʠʢʦʣʳ ʊʝʩʣʳ ʠ ʂʘʯʝʨ ɺ. ɹʨʦʚʠʥʘ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

1. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ï ʘʥʘʣʠʟ ʠ ʩʙʦʨ ʜʘʥʥʳʭ. 

2. ʇʨʘʢʪʠʯʝʩʢʠʡ ï ʵʢʩʧʝʨʠʤʝʥʪʳ, ʦʧʨʦʩ. 

ɸʥʘʣʦʛʠ  

 

1. ʊʦʯʥʦʡ ʩʭʝʤʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʊʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊʝʩʣʘ ʥʝ 
ʩʫʱʝʩʪʚʫʝʪ ʜʦ ʩʠʭ ʧʦʨ. ɼʘ ʠ ʩʘʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʚʳʛʣʷʜʠʪ ʢʘʢ-ʪʦ 

ʥʝʦʙʳʯʥʦ: ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʝ ʠʤʝʝʪ ʞʝʣʝʟʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ, ʝʛʦ 

ʧʝʨʚʠʯʥʘʷ ʦʙʤʦʪʢʘ ʠʟ ʦʯʝʥʴ ʪʦʣʩʪʦʛʦ ʧʨʦʚʦʜʘ ʥʘʭʦʜʠʪʩʷ ʩʥʘʨʫʞʠ, ʘ 

ʚʪʦʨʠʯʥʘʷ ʚʥʫʪʨʠ, ʚ ʧʝʨʚʠʯʥʫʶ ʮʝʧʴ ʚʢʣʶʯʘʝʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ 

ʨʘʟʨʷʜʥʠʢ, ʢʦʪʦʨʳʡ ʥʘʜʦ ʥʘʩʪʨʘʠʚʘʪʴ ʚ ʨʝʟʦʥʘʥʩ ʩ ʢʦʥʪʫʨʦʤ, 

ʦʙʨʘʟʦʚʘʥʥʳʤ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʦʡ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʤ. [1] 

2. ʂʘʯʝʨ ɹʨʦʚʠʥʘ ï ʵʪʦ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ, ʩʦʙʨʘʥʥʦʛʦ ʥʘ 

ʦʜʥʦʤ ʪʨʘʥʟʠʩʪʦʨʝ ʠ ʨʘʙʦʪʘʶʱʝʛʦ, ʩʦ ʩʣʦʚ ʠʟʦʙʨʝʪʘʪʝʣʷ, ʚ ʥʝʰʪʘʪʥʦʤ 

ʨʝʞʠʤʝ. ʇʨʠʙʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʘʠʥʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʚʦʩʭʦʜʷʪ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʅʠʢʦʣʳ ʊʝʩʣʘ. ʆʥʠ ʥʝ ʚʧʠʩʳʚʘʶʪʩʷ ʥʠ ʚ 

ʦʜʥʫ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʦʨʠʡ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʢʘʯʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʦʝʦʙʨʘʟʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ 

ʨʘʟʨʷʜʥʠʢ, ʚ ʢʦʪʦʨʦʤ ʨʘʟʨʷʜ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʨʦʭʦʜʠʪ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʪʨʘʥʟʠʩʪʦʨʘ, ʤʠʥʫʷ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ (ʧʣʘʟʤʳ). ʉʘʤʦʝ ʠʥʪʝʨʝʩʥʦʝ ʚ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚʘ - 

ʵʪʦ ʪʦ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʙʦʷ ʢʨʠʩʪʘʣʣ ʪʨʘʥʟʠʩʪʦʨʘ ʧʦʣʥʦʩʪʴʶ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. [2] 

3. ʅʦʚʦʟʝʣʘʥʜʩʢʠʡ ʩʪʘʨʪʘʧ ʨʘʟʨʘʙʦʪʘʣ ʩʠʩʪʝʤʫ ʙʝʩʧʨʦʚʦʜʥʦʡ 
ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ. 

ɺ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝʜʘʶʱʘʷ ʘʥʪʝʥʥʘ, ʨʷʜ ʨʝʣʝ ʠ ʧʨʠʝʤʥʘʷ 

ʨʝʢʪʝʥʥʘ (ʚʳʧʨʷʤʣʷʶʱʘʷ ʘʥʪʝʥʥʘ, ʩʧʦʩʦʙʥʘʷ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ 

ʤʠʢʨʦʚʦʣʥʦʚʫʶ ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ). ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʛʣʷʜʠʪ ʥʘ ʵʪʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʧʨʦʩʪʦ ʢʘʢ ʙʦʣʴʰʠʝ 

ʩʪʘʨʳʝ ʢʚʘʜʨʘʪʳ ʥʘ ʰʝʩʪʘʭ. ɽʛʦ ʣʫʯʠ ʠʩʧʦʣʴʟʫʶʪ ʥʝʠʦʥʠʟʠʨʫʶʱʠʡ 

ʧʨʦʤʳʰʣʝʥʥʳʡ, ʥʘʫʯʥʳʡ ʠ ʤʝʜʠʮʠʥʩʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʜʠʦʩʧʝʢʪʨʘ, 

ʚʢʣʶʯʘʷ ʯʘʩʪʦʪʳ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ Wi-Fi ʠ Bluetooth. [3] 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʯʪʳ ʊʝʩʣʳ ʦ ʜʦʩʪʫʧʥʦʡ ʚʦ ʚʩʝʤ ʤʠʨʝ ʙʝʩʧʣʘʪʥʦʡ 

ʵʥʝʨʛʠʠ, ʵʥʝʨʛʠʷ ʟʜʝʩʴ ʧʝʨʝʜʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʝʞʜʫ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʦʯʢʘʤʠ, ʙʝʟ ʠʟʣʫʯʝʥʠʷ ʚʦʢʨʫʛ ʣʫʯʘ, ʘ çʣʘʟʝʨʥʘʷ 

ʟʘʱʠʪʥʘʷ ʟʘʚʝʩʘ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠè ʥʝʤʝʜʣʝʥʥʦ ʦʪʢʣʶʯʘʝʪ ʧʝʨʝʜʘʯʫ 

ʵʥʝʨʛʠʠ ʧʝʨʝʜ ʣʶʙʳʤ ʦʙʲʝʢʪʦʤ, ʪʘʢʠʤ ʢʘʢ ʧʪʠʮʘ, ʜʨʦʥ, ʚʦʨ ʚʣʘʩʪʠ ʠʣʠ 

ʚʝʨʪʦʣʝʪ, ʤʦʞʝʪ ʢʦʩʥʫʪʴʩʷ ʦʩʥʦʚʥʦʛʦ ʣʫʯʘ. ʅʘ ʵʪʦʪ ʨʘʟ ʥʝ ʚʦʟʥʠʢʥʝʪ 

ʪʨʫʜʥʦʩʪʝʡ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʩʯʝʪʯʠʢʘ. 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ. 
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ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊʝʩʣʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ. 

Å ɹʦʢʦʨʝʟʳ 

Å ʇʘʷʣʴʥʠʢ 

Å ʄʫʣʴʪʠʤʝʪʨ 

Å ʆʩʮʠʣʣʦʛʨʘʬ 

Å 3D-ʧʨʠʥʪʝʨ 

Å ʌʠʣʘʤʝʥʪ ʜʣʷ ʧʨʠʥʪʝʨʘ 

Å ʄʝʜʥʘʷ ʣʘʢʠʨʦʚʘʥʥʘʷ ʧʨʦʚʦʣʦʢʘ 0,18 ʤʠʣʣʠʤʝʪʨ 

Å ʄʝʜʥʳʡ ʧʨʦʚʦʜ 3 ʤʠʣʣʠʤʝʪʨʘ 

Å ʄʝʜʥʳʡ ʧʨʦʚʦʜ 1,5 ʤʠʣʣʠʤʝʪʨʘ 

Å ʊʨʘʥʟʠʩʪʦʨ ʂʊ819ɸ 

Å ʈʝʟʠʩʪʦʨʳ: 2ʢʆʤ, 10ʢʆʤ, 100ʢʆʤ(ʧʝʨʝʤʝʥʥʳʡ) 

Å ʂʦʥʜʝʥʩʘʪʦʨʳ: 1ʤʢʌ 400ʚ, 1 ʤʢʌ 2000ʚ 

Å ɼʠʦʜ HER508 

Å ɹʣʦʢ ʧʠʪʘʥʠʷ 24 ʚʦʣʴʪʘ 2 ɸʤʧʝʨʘ 

Å ʂʘʥʘʣʠʟʘʮʠʦʥʥʘʷ ʪʨʫʙʘ ʜʠʘʤʝʪʨ 50 ʤʠʣʣʠʤʝʪʨʦʚ 

Å ʉʦʝʜʠʥʠʪʝʣʴʥʳʡ ʧʨʦʚʦʜ 

Å ʈʘʜʠʘʪʦʨ ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʘ 

Å ɸʣʶʤʠʥʠʝʚʘʷ ʬʦʣʴʛʘ 

 

ʋʩʪʘʥʦʚʢʘ ʙʳʣʘ ʩʦʙʨʘʥʘ ʧʦ ʩʭʝʤʝ ʂʘʯʝʨ ɹʨʦʚʠʥʘ.  

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊʝʩʣʳ (ʧʝʨʝʜʘʪʯʠʢʘ). 

 

 


