
ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʊʦʯʥʘʷ ʥʘʫʢʘè                                                                                    www.t-nauka.ru   

 



ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʊʦʯʥʘʷ ʥʘʫʢʘè                                                                                    www.t-nauka.ru   

21 ʤʘ̫ 2018 ʛ. 

ɹɹʂ ʏ 214(2ʈʦʩ-4ʂʝ)73ʷ431 

ISSN 2500-1140 

ʋɼʂ 378.001 

ʂʝʤʝʨʦʚʦ 

 

ɾʫʨʥʘʣ ʚʳʧʫʩʢʘʝʪʩʷ ʝʞʝʤʝʩʷʯʥʦ, ʧʫʙʣʠʢʫʝʪ ʩʪʘʪʴʠ ʧʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʥʘʫʢʘʤ. ʇʦʜʨʦʙʥʝʝ ʥʘ www.t-

nauka.ru   

ɿʘ ʪʦʯʥʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ ʩʚʝʜʝʥʠʡ ʠ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʳʭ, ʥʝ ʧʦʜʣʝʞʘʱʠʭ ʦʪʢʨʳʪʦʡ ʧʫʙʣʠʢʘʮʠʠ, 

ʥʝʩʫʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʘʚʪʦʨʳ.  

ʈʝʜʢʦʣ.: 

ʅʠʢʠʪʠʥ ʇʘʚʝʣ ʀʛʦʨʝʚʠʯ - ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʚʳʧʫʩʢ ʞʫʨʥʘʣʘ. 

ɹʘʷʥʦʚ ʀʛʦʨʴ ɺʘʜʠʤʦʚʠʯ - ʤʘʪʝʤʘʪʠʢ, ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʧʝʨʚʠʯʥʫʶ ʤʦʜʝʨʘʮʠʶ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ 

ʩʪʘʪʝʡ. 

ɸʨʪʝʤʘʩʦʚ ɺʘʣʝʨʠʡ ɺʘʣʝʨʴʝʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʬʠʥʘʣʴʥʫʶ 

ʤʦʜʝʨʘʮʠʶ ʠ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʩʪʘʪʝʡ. 

ɿʠʤʠʥʘ ʄʘʨʠʷ ʀʛʦʨʝʚʥʘ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʬʠʥʘʣʴʥʫʶ 

ʤʦʜʝʨʘʮʠʶ ʠ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʩʪʘʪʝʡ. 

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

 

ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʊʦʯʥʘʷ ʥʘʫʢʘè, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ çʀʟʜʘʪʝʣʴʩʢʦʛʦ ʜʦʤʘ çʇʣʫʪʦʥè, 

ʙʳʣ ʩʦʟʜʘʥ ʩ ʮʝʣʴʶ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ. ʄʳ ʨʘʜʳ ʧʨʠʚʝʪʩʪʚʦʚʘʪʴ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ. ʅʘʜʝʝʤʩʷ ʧʦʜʘʨʠʪʴ ɺʘʤ ʤʥʦʞʝʩʪʚʦ ʧʦʣʝʟʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʚʜʦʭʥʦʚʠʪʴ ʥʘ ʥʦʚʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

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

ʇʦʜʧʠʩʘʥʦ ʚ ʧʝʯʘʪʴ 21.05.2018 ʛ.  

ʌʦʨʤʘʪ 14,8Ĭ21 1/4. | ʋʩʣ. ʧʝʯ. ʣ. 2.2. | ʊʠʨʘʞ 500. 

ɺʩʝ ʩʪʘʪʴʠ ʧʨʦʭʦʜʷʪ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ (ʵʢʩʧʝʨʪʥʫʶ ʦʮʝʥʢʫ). 

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

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

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

ʚʦʟʤʦʞʥʳʡ ʫʱʝʨʙ, ʚʳʟʚʘʥʥʳʡ ʧʫʙʣʠʢʘʮʠʝʡ ʩʪʘʪʴʠ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʟʘʠʤʩʪʚʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩʩʳʣʢʘ ʦʙʷʟʘʪʝʣʴʥʘ.  

http://www.t-nauka.ru/
http://www.t-nauka.ru/
http://www.idpluton.ru/
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ɸʭʤʝʜʦʚ ɸʙʜʫʨʘʭʤʦʥ ʇʘʪʪʘʭʦʚʠʯ 

Ahmedov Abdurahmon Pattahovich 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ;  

ʍʫʜʦʡʙʝʨʛʘʥʦʚ ʉʘʨʜʦʨʙʝʢ ɹʘʭʦʜʠʨʦʚʠʯ 

Khudoyberganov Sardorbek Bakhodirovich 

 ʘʩʩʠʩʪʝʥʪ, ʢʘʬʝʜʨʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ; 

ʊʘʰʢʝʥʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʜʦʨʦʛ, ʛ. ʊʘʰʢʝʥʪ, ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ. E-mail: sarrux@inbox.ru  

 

ʋɼʂ 681.586.773 

 

ʇʈʀʄɽʅɽʅʀɽ ʇʔɽɿʆʕʃɽʂʊʈʀʏɽʉʂʀʍ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ ɼʃʗ ʆʉɺɽʑɽʅʀʗ 

ɿɼɸʅʀʁ 

 

APPLICATION OF PIEZOELECTRIC CONVERTERS FOR LIGHTING BUILDINGS  

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʨʘʟʨʘʙʦʪʢʝ 

ʩʘʤʦʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. ʉ 

ʮʝʣʴʶ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʠ ʜʦʤʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʧʦʜʲʝʟʜʦʚ ʤʥʦʛʦʵʪʘʞʥʳʭ ʞʠʣʳʭ 

ʜʦʤʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʷ ʠʭ ʧʦʜ ʣʝʩʪʥʠʮʘʤʠ ʤʝʞʜʫ ʵʪʘʞʘʤʠ. ɺʩʣʝʜʩʪʚʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʜʘʚʣʝʥʠʷ  

ʧʴʝʟʦʵʣʝʤʝʥʪʘ ʯʝʣʦʚʝʢʦʤ, ʧʴʝʟʦʛʝʥʝʨʘʪʦʨ ʚʳʨʘʙʘʪʳʚʘʝʪ  ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ʕʪʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠ ʧʦʜʘʝʪʩʷ ʥʘ ʦʩʚʝʪʠʪʝʣʠ  ʣʝʩʪʥʠʯʥʳʭ ʧʣʦʱʘʜʦʢ. ɼʣʷ ʦʩʚʝʱʝʥʠʷ  ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʚʝʪʠʪʝʣʠ,  ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʚʝʪʦʜʠʦʜʘʭ. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʣʝʩʪʥʠʯʥʦʡ ʧʣʦʱʘʜʢʠ 

ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ.  

Annotation:  Now the greatest attention is given to researches and working out of self-renewed 

energy sources in which are used ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ elements. For the purpose of economy of electric 

energy for illumination of many-storeyed buildings and houses it is offered to use piezoelectric converters 

for illumination of entrances of many-storeyed apartment houses, establishing them under ladders between 

floors. Because of cross-section pressure of a piezoelement the person, piezo-generator develops electric 

energy. This electric energy collects and moves on lighters of ladder platforms. For illumination it is 

possible to use the lighters based on light-emitting diodes. In case of application of the given offer the 

considerable economy of electric energy for illumination of a ladder platform of many-storeyed buildings is 

reached.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʴʝʟʦʵʬʬʝʢʪ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʧʴʝʟʦʵʣʝʤʝʥʪ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʢ, ʧʴʝʟʦʛʝʥʝʨʘʪʦʨ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʦʩʚʝʱʝʥʠʷ. 

Keywords: piezoelectric effect, piezoelectric transducer, piezoelement, piezoelectric, piezo 

generator, electric energy, lighting. 

ɺʚʝʜʝʥʠʝ 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʷʤʦʛʦ 

ʠʣʠ ʦʙʨʘʪʥʦʛʦ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ʇʨʷʤʦʡ ʧʴʝʟʦʵʬʬʝʢʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ 

ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʨʘʟʦʚʳʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʘ ʦʙʨʘʪʥʳʡ - ʚ ʠʟʤʝʥʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. [1]. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʤʠʢʨʦʬʦʥ ʠʤʝʝʪ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʣʘʩʪʠʥʢʫ ʠʟ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɿʘʞʠʛʘʣʢʘ ʙʳʪʦʚʘʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ  ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʟʘʞʠʛʘʥʠʷ ʛʘʟʘ ʚ ʛʦʨʝʣʢʘʭ ʙʳʪʦʚʳʭ ʛʘʟʦʚʳʭ ʧʨʠʙʦʨʦʚ. ʀʩʪʦʯʥʠʢʦʤ ʧʦʣʫʯʝʥʠʷ ʠʩʢʨʳ ʷʚʣʷʝʪʩʷ 

ʧʴʝʟʦʵʣʝʤʝʥʪ. ʋʩʪʘʥʦʚʢʘ ʥʘ ʨʝʘʢʪʠʚʥʳʭ ʩʘʤʦʣʝʪʘʭ ʧʴʝʟʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ 

ʧʦʯʪʠ ʪʨʝʪʴ ʪʦʧʣʠʚʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ. ɿʜʝʩʴ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʚʨʘʱʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʠ ʚʠʙʨʘʮʠʷ ʬʶʟʝʣʷʞʘ ʠ ʢʨʳʣʴʝʚ.  

ʉʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ ʤʘʣʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʛʜʝ ʤʦʱʥʦʩʪʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʥʝʚʝʣʠʢʠ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ ʤʘʣʦʛʘʙʘʨʠʪʥʘʷ ʙʳʪʦʚʘʷ ʪʝʭʥʠʢʘ, ʪʝʣʝʬʦʥʳ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, 

ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʊʘʢʦʛʦ ʨʦʜʘ ʪʝʭʥʠʢʘ ʥʝ ʪʨʝʙʫʝʪ ʤʦʱʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 
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ʇʦʵʪʦʤʫ ʜʣʷ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʘʚʪʦʥʦʤʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʠ ʙʘʪʘʨʝʡʢʠ).         ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʧʨʠʦʨʠʪʝʪ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʠ ʥʦʫʪʙʫʢʦʚ ʦʪʜʘʝʪʩʷ ʣʠʪʠʡïʠʦʥʥʳʤ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʤ ʘʢʢʫʤʫʣʷʪʦʨʘʤ, ʠʤʝʶʱʠʤ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ 3-5 ɺ ʩ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 100-180 

ɺʪ*ʯ/ʢʛ. ʀʭ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ï ʦʥʠ ʥʝ ʜʘʶʪ ʙʦʣʴʰʦʡ ʪʦʢ ʨʘʟʨʷʜʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʠʪʠʡ - ʠʦʥʥʳʭ, 

ʥʠʢʝʣʴ - ʢʘʜʤʠʝʚʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʩ ʨʘʙʦʯʠʤ ʥʘʧʨʷʞʝʥʠʝʤ 1,2 ɺ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʳʡ ʨʘʟʨʷʜ  ʠ 

ʧʦʟʚʦʣʷʶʪ ʧʦʜʟʘʨʷʞʘʪʴ ʠʭ ʠʤʧʫʣʴʩʘʤʠ ʪʦʢʘ.     

ʇʦʷʚʠʚʰʠʝʩʷ ʚ ʩʘʤʦʝ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʦʥʠʩʪʦʨʳ ʚ ʢʘʯʝʩʪʚʝ 

ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʩ ʥʠʟʢʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ï ʚʩʝʛʦ 30-32 ɺʪ*ʯ/ʢʛ) ʧʦʢʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʜʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.   ʋʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʬʘʢʪʦʨʳ ʧʦʙʫʜʠʣʠ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʢʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʘʤʦʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʘʚʪʦʥʦʤʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʥʦʚʳʭ ʧʨʠʥʮʠʧʘʭ. ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʚʩʝ 

ʯʘʱʝ ʫʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʨʘʟʨʘʙʦʪʢʝ ʩʘʤʦʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ (ʇʕ) ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʵʥʝʨʛʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

(ʚʠʙʨʘʮʠʷ, ʚʝʪʝʨ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʪʝʧʣʦ, ʨʘʜʠʘʮʠʷ ʠ ʪ. ʜ.) ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ 

ʥʘʢʦʧʣʝʥʠʝʤ ʠ ʧʝʨʝʜʘʯʝʡ ʧʨʠʸʤʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ. ɸʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʪʘʢʠʤ 

ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ (ʥʘʢʦʧʠʪʝʣʷʤ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤ ʵʥʝʨʛʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ), ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, ʜʣʷ ʢʘʢʠʭ ʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ ʦʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ. ɼʣʷ ʠʩʪʦʯʥʠʢʦʚ 

ʧʠʪʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ 

ʤʘʢʨʦʧʴʝʟʦʛʝʥʝʨʘʪʦʨʦʚ (ʄʇɻ) ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ.      ʊʦʥʢʘʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʣʝʥʢʘ ʥʘ 

ʦʢʦʥʥʦʤ ʩʪʝʢʣʝ, ʧʦʛʣʦʱʘʶʱʘʷ ʰʫʤ ʫʣʠʮʳ ʠ ʧʨʝʦʙʨʘʟʫʶʱʘʷ ʝʛʦ ʚ ʵʥʝʨʛʠʶ ʜʣʷ ʟʘʨʷʜʢʠ ʪʝʣʝʬʦʥʘ. 

ʇʝʰʝʭʦʜʳ ʥʘ ʪʨʦʪʫʘʨʘʭ, ʵʩʢʘʣʘʪʦʨʘʭ ʤʝʪʨʦ, ʢʦʪʦʨʳʝ ʟʘʨʷʞʘʶʪ ʯʝʨʝʟ ʧʴʝʟʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʘʢʢʫʤʫʣʷʪʦʨʳ ʘʚʪʦʥʦʤʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʇʣʦʪʥʳʝ ʧʦʪʦʢʠ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʦʞʠʚʣʝʥʥʳʭ ʪʨʘʩʩʘʭ, 

ʚʳʨʘʙʘʪʳʚʘʶʱʠʝ ʤʝʛʘʚʘʪʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʡ ʭʚʘʪʘʝʪ ʜʣʷ ʮʝʣʳʭ ʛʦʨʦʜʦʚ ʠ ʧʦʩʝʣʢʦʚ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʧʦʢʘ ʜʘ, ʠ ʪʘʢʦʚʦʡ ʤʦʞʝʪ ʦʩʪʘʪʴʩʷ. ɽʩʪʴ ʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʩʢʦʨʦ ʟʘʢʦʥʯʠʪʩʷ 

ʘʞʠʦʪʘʞ ʚʦʢʨʫʛ ʩʝʥʩʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʦ ʯʫʜʝʩʥʳʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʛʝʥʝʨʘʪʦʨʦʚ ʵʥʝʨʛʠʠ ʥʘ 

ʧʴʝʟʦʵʣʝʤʝʥʪʘʭ. ʉʝʛʦʜʥʷ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʦʡ 

ʵʥʝʨʛʠʠ.   

ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʧʦʷʚʠʣʦʩʴ ʩʦʦʙʱʝʥʠʝ ʦʙ ʠʩʧʳʪʘʥʠʷʭ ʩʠʩʪʝʤ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʦʪ 

ʜʚʠʞʫʱʝʛʦʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ʀʟʨʘʠʣʴʩʢʠʝ ʫʯʝʥʳʝ ʠʟ ʥʝʙʦʣʴʰʦʡ ʬʠʨʤʳ Innowattech ʧʦʜʩʯʠʪʘʣʠ, 

ʯʪʦ 1 ʢʠʣʦʤʝʪʨ ʘʚʪʦʙʘʥʘ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ ʜʦ 5 ʄɺʪ. ʆʥʠ ʥʝ ʪʦʣʴʢʦ 

ʚʳʧʦʣʥʠʣʠ ʨʘʩʯʝʪʳ, ʥʦ ʠ ʚʩʢʨʳʣʠ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʧʦʣʦʪʥʘ ʘʚʪʦʩʪʨʘʜʳ ʠ ʩʤʦʥʪʠʨʦʚʘʣʠ 

ʧʦʜ ʥʠʤ ʩʚʦʠ ʧʴʝʟʦʛʝʥʝʨʘʪʦʨʳ.[2] ʂʘʟʘʣʦʩʴ, ʯʪʦ ʥʘʢʦʥʝʮ ʥʘʩʪʫʧʠʣ ʧʨʦʨʳʚ ʚ ʦʙʣʘʩʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. ʅʦ ʚ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʩʝʨʴʝʟʥʳʝ ʩʦʤʥʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʡ ʬʠʟʠʢʫ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʴʝʟʦʵʣʝʢʪʨʠʢʝ. ɼʣʷ ʟʥʘʢʦʤʩʪʚʘ ʩ ʧʨʠʥʮʠʧʘʤʠ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʥʠʤʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʙʘʟʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʇʨʠ 

ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʴʝʟʦʵʣʝʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʚ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʩʤʝʱʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʢʦʪʦʨʦʝ ʠʥʜʫʮʠʨʫʝʪ (ʥʘʚʦʜʠʪ) ʟʘʨʷʜʳ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʴʝʟʦʵʣʝʤʝʥʪʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ, ʦʙʢʣʘʜʢʠ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴ ʟʘʨʷʜʳ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʟʘʨʷʜʳ 

ʧʴʝʟʦʵʣʝʤʝʥʪʘ ʩʦʭʨʘʥʷʶʪʩʷ ʪʦʣʴʢʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʜʝʡʩʪʚʫʝʪ ʤʝʭʘʥʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ. ʀʤʝʥʥʦ ʚ ʵʪʦ 

ʚʨʝʤʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʪ ʵʣʝʤʝʥʪʘ ʵʥʝʨʛʠʶ. ʇʦʩʣʝ ʩʥʷʪʠʷ ʥʘʛʨʫʟʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʟʘʨʷʜʳ 

ʠʩʯʝʟʘʶʪ. ʇʴʝʟʦʵʣʝʤʝʥʪ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ ʥʠʯʪʦʞʥʦʡ ʚʝʣʠʯʠʥʳ, ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ 

ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʇʦʩʢʦʣʴʢʫ ʩʧʝʮʠʘʣʠʩʪʳ ʢʦʤʧʘʥʠʠ Innowattech ʪʘʢ ʠ ʥʝ ʩʦʯʣʠ ʥʫʞʥʳʤ 

ʧʦʜʝʣʠʪʴʩʷ ʩ ʰʠʨʦʢʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʚʦʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʧʨʦʙʫʝʤ ʩʜʝʣʘʪʴ 

ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ ʨʘʩʯʝʪʦʚ ʚʦʟʴʤʝʤ ʦʙʳʯʥʫʶ ʙʳʪʦʚʫʶ ʧʴʝʟʦʟʘʞʠʛʘʣʢʫ ï ʝʜʠʥʩʪʚʝʥʥʦʝ ʠʟʜʝʣʠʝ, 

ʧʦʣʫʯʠʚʰʝʝ ʩʝʡʯʘʩ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʀʟ ʦʙʠʣʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʴʝʟʦʤʘʪʝʨʠʘʣʦʚ ʥʘʤ ʧʦʥʘʜʦʙʷʪʩʷ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ, 

ʢʦʪʦʨʦʝ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ (ʘ ʠʥʳʭ ʧʦʢʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʥʝ ʚʳʧʫʩʢʘʝʪ) ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 200 ʜʦ 500 ʧʠʢʦʢʫʣʦʥ (10 ʚ ʤʠʥʫʩ 12 ʩʪʝʧʝʥʠ) ʥʘ ʥʴʶʪʦʥ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʟʘʨʷʜʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣʳ. ʕʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ 

ʧʴʝʟʦʵʣʝʤʝʥʪʘ, ʘ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ. ʇʦʵʪʦʤʫ ʧʳʪʘʪʴʩʷ ʜʝʣʘʪʴ ʙʦʣʝʝ 

ʤʦʱʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʙʝʩʩʤʳʩʣʝʥʥʦ. ɽʤʢʦʩʪʴ 

ʦʙʢʣʘʜʦʢ ʧʴʝʟʦʵʣʝʤʝʥʪʘ ʟʘʞʠʛʘʣʦʢ ʠʟʚʝʩʪʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40 ʧʠʢʦʬʘʨʘʜ. ʈʳʯʘʞʥʘʷ ʩʠʩʪʝʤʘ 
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ʧʝʨʝʜʘʯʠ ʫʩʠʣʠʷ ʥʘ ʧʴʝʟʦʵʣʝʤʝʥʪ ʩʦʟʜʘʝʪ ʥʘʛʨʫʟʢʫ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1000 ʥʴʶʪʦʥʦʚ. ɿʘʟʦʨ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʩʢʘʢʠʚʘʝʪ ʠʩʢʨʘ - 5 ʤʤ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʨʠʥʠʤʘʝʤ 1 ʢɺ/ʤʤ. ʇʨʠ ʪʘʢʠʭ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʟʘʞʠʛʘʣʢʘ ʛʝʥʝʨʠʨʫʝʪ ʠʩʢʨʳ ʤʦʱʥʦʩʪʴʶ ʦʪ 0,9 ʜʦ 2,2 ʤʝʛʘʚʘʪʪʘ. ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʨʘʟʨʷʜʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 0,08 ʥʘʥʦʩʝʢʫʥʜʳ, ʦʪʩʶʜʘ ʪʘʢʠʝ ʦʛʨʦʤʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ. ʇʦʜʩʯʝʪ ʞʝ 

ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʟʘʞʠʛʘʣʢʦʡ, ʜʘʝʪ ʟʥʘʯʝʥʠʝ ʚʩʝʛʦ 600 ʤʠʢʨʦʜʞʦʫʣʝʡ. ʇʨʠ ʵʪʦʤ 

ʂʇɼ ʟʘʞʠʛʘʣʢʠ, ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʫʩʠʣʠʝ ʯʝʨʝʟ ʨʳʯʘʞʥʫʶ ʩʠʩʪʝʤʫ ʧʦʣʥʦʩʪʴʶ 

ʧʝʨʝʜʘʝʪʩʷ ʧʴʝʟʦʵʣʝʢʪʨʠʢʫ, ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ... 0,12%. ʇʨʝʜʣʘʛʘʝʤʳʝ ʚ ʨʘʟʥʳʭ ʧʨʦʝʢʪʘʭ ʩʭʝʤʳ 

ʠʟʚʣʝʯʝʥʠʷ ʵʥʝʨʛʠʠ ʙʣʠʟʢʠ ʢ ʨʝʞʠʤʘʤ ʨʘʙʦʪʳ ʟʘʞʠʛʘʣʦʢ.  

ʆʪʜʝʣʴʥʳʝ ʧʴʝʟʦʵʣʝʤʝʥʪʳ ʛʝʥʝʨʠʨʫʶʪ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʙʠʚʘʝʪ ʨʘʟʨʷʜʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ, ʠ ʪʦʢ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʳʧʨʷʤʠʪʝʣʴ, ʘ ʟʘʪʝʤ ʚ ʥʘʢʦʧʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʥʘʧʨʠʤʝʨ, 

ʠʦʥʠʩʪʦʨ. ɼʘʣʴʥʝʡʰʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʩʪʘʥʜʘʨʪʥʦ ʠ ʠʥʪʝʨʝʩʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ. ʆʪ 

ʟʘʞʠʛʘʣʦʢ ʧʝʨʝʡʜʝʤ ʢ ʟʘʜʘʯʝ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʇʫʩʪʴ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʛʝʥʝʨʠʨʫʶʱʠʝ 10 ʤʠʣʣʠʚʘʪʪ ʥʘ ʵʣʝʤʝʥʪ. ʉʦʙʨʘʥʥʳʝ 

ʚ ʢʣʘʩʪʝʨʳ (ʛʨʫʧʧʳ) ʧʦ 100-200 ʵʣʝʤʝʥʪʦʚ, ʦʥʠ ʧʦʤʝʱʘʶʪʩʷ ʧʦʜ ʧʦʣʦʪʥʦ ʜʦʨʦʛʠ. ʊʦʛʜʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʟʘʷʚʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʤʦʱʥʦʩʪʠ ʧʦʨʷʜʢʘ 1 ʄɺʪ ʥʘ ʢʠʣʦʤʝʪʨ ʜʦʨʦʛʠ ʧʦʪʨʝʙʫʝʪʩʷ ʚʩʝʛʦ... 

100 ʤʠʣʣʠʦʥʦʚ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʩʭʝʤʘʤʠ ʩʲʝʤʘ ʵʥʝʨʛʠʠ. ʆʩʪʘʝʪʩʷ ʝʱʝ 

ʟʘʜʘʯʘ ʝʝ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʧʦʪʨʝʙʠʪʝʣʶ. ʇʨʠ ʵʪʦʤ ʪʦʢʠ ʵʣʝʤʝʥʪʦʚ, 

ʫʯʠʪʳʚʘʷ ʠʟʤʝʥʷʶʱʫʶʩʷ ʥʘʛʨʫʟʢʫ ʥʘ ʜʦʨʦʞʥʦʝ ʧʦʣʦʪʥʦ, ʙʫʜʫʪ ʣʝʞʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʥʦ ʠʣʠ ʜʘʞʝ 

ʧʠʢʦʘʤʧʝʨ. ʇʴʝʟʦʵʣʝʤʝʥʪʳ ʥʠʢʦʛʜʘ ʥʝ ʩʪʘʥʫʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʂʨʫʛ ʠʭ ʧʨʠʤʝʥʝʥʠʡ ʦʛʨʘʥʠʯʠʪʩʷ ʤʘʣʦʤʦʱʥʳʤʠ (ʤʠʢʨʦʤʦʱʥʳʤʠ) 

ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʠ ʜʘʪʯʠʢʘʤʠ [3].  ʇʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ 

ʵʪʦʡ ʥʝʙʦʣʴʰʦʡ ʩʠʩʪʝʤʳ ʇɻ ʦʙʝʩʧʝʯʠʣʘ ʧʠʪʘʥʠʝ 100-ʚʘʪʥʦʡ ʣʘʤʧʳ ʦʩʚʝʱʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 100 ʩ. 

ɼʨʫʛʦʝ ʠʟʚʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʭ ʇɻ ʙʳʣʦ ʥʘʡʜʝʥʦ ʜʣʷ ʧʠʪʘʥʠʷ ʚʝʣʦʩʠʧʝʜʥʦʡ 

ʬʘʨʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ  ʤʦʱʥʦʩʪʠ  ʇɻ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʧʝʜʘʣʷʭ ʚʝʣʦʩʠʧʝʜʘ ʭʚʘʪʠʣʦ ʜʣʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʨʳ ʥʘ ʥʝʙʦʣʴʰʦʝ ʚʨʝʤʷ.  ʎʝʣʝʩʦʦʙʨʘʟʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʣʦʤʦʱʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʫʯʝʥʳʭ ʠʟ ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ɹʝʨʢʣʠ (ʉʐɸ), 

ʄʶʥʭʝʥʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ɻʝʨʤʘʥʠʷ) ʠ ʀʥʩʪʠʪʫʪʘ ʵʣʝʢʪʨʦʥʠʢʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ 

ʂʠʪʘʷ ʙʳʣ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʛʝʥʝʨʘʪʦʨ ʥʘ ʙʘʟʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʥʦʚʦʣʦʢʦʥ. ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʵʪʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʪʘʢ ʞʝ ʣʝʞʠʪ ʧʨʷʤʦʡ ʧʴʝʟʦʵʬʬʝʢʪ - ʧʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ (ʨʘʩʪʷʞʝʥʠʷ, ʩʢʨʫʯʠʚʘʥʠʷ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʚʦʣʦʢʦʥ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ - ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜ - ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʭʥʦʣʦʛʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 

ʵʣʝʢʪʨʦʧʨʷʜʝʥʠʝ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʦʣʦʢʦʥ ʥʘ 

ʧʦʜʣʦʞʢʝ. ʄʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʩʦʟʜʘʥʥʳʭ ʥʘʥʦʛʝʥʝʨʘʪʦʨʘ - ʩʦʩʪʘʚʠʣ 500 ʥʤ. ʇʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʦʥʠ ʛʝʥʝʨʠʨʦʚʘʣʠ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 5-30 ʤɺ ʠ ʚʳʭʦʜʥʦʡ ʪʦʢ ʦʪ 0,3 ʜʦ 

3,0 ʥʘ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʜʦʭʦʜʠʣʘ ʜʦ 21,8% 

ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ ʚ 12,5%. ʀʥʪʝʨʝʩʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʨʝʟʠʥʦʚʦʡ 

ʦʩʥʦʚʝ. ɺ ʦʩʥʦʚʝ ʵʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʧʴʝʟʦʵʣʝʢʪʨʠʢʦʚ: ʮʠʨʢʦʥʘʪʘ - ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ. ʕʪʠ ʯʘʩʪʠʮʳ ʥʘʥʦʩʷʪʩʷ ʥʘ ʪʦʥʢʫʶ ʣʝʥʪʫ ʠʟ ʢʨʝʤʥʠʡ-

ʦʨʛʘʥʠʯ ʨʝʟʠʥʳ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʛʝʥʝʨʘʪʦʨʳ, ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʇʨʠ ʵʪʦʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʦʙʝʱʘʶʪ ʧʦʣʫʯʠʪʴ ʂʇɼ, ʜʦʩʪʠʛʘʝʪ ʦʪʤʝʪʢʠ ʚ 80%. 

ʀʩʧʦʣʴʟʫʷ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʵʥʝʨʛʠʶ ʩ ʦʯʝʥʴ ʙʦʣʴʰʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ.[4] 

ʉ ʮʝʣʴʶ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʠ ʜʦʤʦʚ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʧʦʜʲʝʟʜʦʚ 

ʤʥʦʛʦʵʪʘʞʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʷ ʠʭ ʧʦʜ ʣʝʩʪʥʠʮʘʤʠ ʤʝʞʜʫ ʵʪʘʞʘʤʠ. ʅʘ ʣʝʩʪʥʠʮʝ ʤʝʞʜʫ 

ʵʪʘʞʘʤʠ ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʜʦʤʘ ʥʘ ʢʘʞʜʦʡ ʙʝʪʦʥʥʦʡ ʩʪʫʧʝʥʢʝ ʚʤʦʥʪʠʨʫʝʪʩʷ ʥʘʩʪʠʣ ʩ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ. ɺʩʣʝʜʩʪʚʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʜʘʚʣʝʥʠʷ  ʧʴʝʟʦʵʣʝʤʝʥʪʘ 

ʯʝʣʦʚʝʢʦʤ, ʧʴʝʟʦʛʝʥʝʨʘʪʦʨ ʚʳʨʘʙʘʪʳʚʘʝʪ  ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ.  ʕʪʫ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

ʩʥʘʯʘʣʘ  ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ, ʘ ʟʘʪʝʤ  ʥʘʢʘʧʣʠʚʘʪʴ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʠʣʠ ʥʘ  ʠʦʥʠʩʪʦʨʘʭ. 

ʅʘʢʦʧʣʝʥʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʣʝʩʪʥʠʯʥʦʡ ʧʣʦʱʘʜʢʠ 

ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʜʦʤʘ.  

 

http://electrik.info/main/news/614-alternativnye-istochniki-energii.html
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ʈʠʩ.1. ɹʣʦʢ - ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ  ʣʝʩʪʥʠʯʥʦʡ ʧʣʦʱʘʜʢʠ ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ 

 

ɼʣʷ ʦʩʚʝʱʝʥʠʷ  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʚʝʪʠʪʝʣʠ,  ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʚʝʪʦʜʠʦʜʘʭ. ɺ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 

ʦʩʚʝʱʝʥʠʷ ʣʝʩʪʥʠʯʥʦʡ ʧʣʦʱʘʜʢʠ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʦʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. ʉ ʮʝʣʴʶ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 

ʦʩʚʝʱʝʥʠʷ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʠ ʜʦʤʦʚ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʧʦʜʲʝʟʜʦʚ ʤʥʦʛʦʵʪʘʞʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʷ ʠʭ ʧʦʜ 

ʣʝʩʪʥʠʮʘʤʠ ʤʝʞʜʫ ʵʪʘʞʘʤʠ. ɺʩʣʝʜʩʪʚʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʜʘʚʣʝʥʠʷ  ʧʴʝʟʦʵʣʝʤʝʥʪʘ ʯʝʣʦʚʝʢʦʤ, 

ʧʴʝʟʦʛʝʥʝʨʘʪʦʨ ʚʳʨʘʙʘʪʳʚʘʝʪ  ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʘʷ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠ ʧʦʜʘʝʪʩʷ ʥʘ 

ʦʩʚʝʪʠʪʝʣʠ  ʣʝʩʪʥʠʯʥʳʭ ʧʣʦʱʘʜʦʢ. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʣʝʩʪʥʠʯʥʦʡ ʧʣʦʱʘʜʢʠ ʤʥʦʛʦʵʪʘʞʥʳʭ 

ʟʜʘʥʠʡ.  

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 
1. ʐʘʨʘʧʦʚ ɺ.ʄ., ʄʫʩʠʝʥʢʦ ʄ.ʇ., ʐʘʨʘʧʦʚʘ ɽ.ɺ. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ / ʇʦʜ ʨʝʜ. 

ɺ.ʄ. ʐʘʨʘʧʦʚʘ. ï ʄʦʩʢʚʘ: ʊʝʭʥʦʩʬʝʨʘ, 2006.  

2. http:// teros.org.ru/content/view/602/135/  

3. http: // venture ï buz.ru/energetika ï energosberegenie/44-piezote  

4. http://subscribe.ru/catalog/history.povny 
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ɸʭʤʝʜʦʚ ɸʙʜʫʨʘʭʤʦʥ ʇʘʪʪʘʭʦʚʠʯ 

Ahmedov Abdurahmon Pattahovich 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ;  

ɸʙʜʫʨʘʭʠʤʦʚ ʃʦʯʠʥʙʝʢ ʍʘʡʠʪʙʝʢʦʚʠʯ 

Abdurakhimov  Lochinbek Hayitbekovich 

ʘʩʩʠʩʪʝʥʪ, ʢʘʬʝʜʨʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ; 

ɸʙʜʫʣʣʦʝʚ ɾʘʩʫʨ ʍʘʡʨʫʣʣʦ ʫʛʣʠ 

Abdulloev Zhasur Khayrullo coals 

 ʩʪʫʜʝʥʪ, ʢʘʬʝʜʨʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ; 
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POSSIBILITIES OF USE OF SUPERCONDENSERS IN VELOMOBILE  

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʜʘʥʥʳʝ ʦ ʚʝʣʦʤʦʙʠʣʝ ʷʚʣʷʶʱʠʤʩʷ ʪʨʘʥʩʧʦʨʪʥʳʤ 

ʩʨʝʜʩʪʚʦʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʦʩʠʧʝʜʦʤ, ʦʥ ʠʤʝʝʪ ʣʫʯʰʫʶ ʦʙʪʝʢʘʝʤʦʩʪʴ, ʟʘʱʠʪʫ ʦʪ ʥʝʧʦʛʦʜʳ ʠ 

ʙʦʣʝʝ ʢʦʤʬʦʨʪʘʙʝʣʴʥʫʶ ʧʦʩʘʜʢʫ. ʇʨʦʠʟʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ  ʚʝʣʦʤʦʙʠʣʝʡ, ʚʳʧʫʩʢʘʝʤʳʝ 

ʧʦʜ ʤʘʨʢʘʤʠ  ELF,  Truckit , ICARE ʠ Aptera. ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʪʨʝʭʢʦʣʝʩʥʦʛʦ ʚʝʣʦʤʦʙʠʣʷ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʚʠʛʘʪʝʣʝʤ ʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʤ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʟʘʜʥʠʭ ʢʦʣʝʩʘʭ ʚʝʣʦʤʦʙʠʣʷ. ʇʦʜ ʩʝʜʝʥʠʝʤ ʚʦʜʠʪʝʣʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ. 

Abstract: In article it is cited data about velomobile by being vehicle. In comparison with a bicycle, 

it has the best flowing, protection against a bad weather and more comfortable planting. The comparative 

analysis velomobiles, let out under marks ELF, Truckit, ICARE and Aptera is made. The design three-

wheeled velomobile with an electric motor and the supercondenser is offered. The electric motor is 

established on back wheels velomobile. Under the site  of the driver supercondensers settle down. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʝʣʦʤʦʙʠʣʴ, ʘʚʪʦʤʦʙʠʣʴ, ʪʨʘʥʩʧʦʨʪ, ʧʨʠʚʦʜ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʟʘʨʷʜ, 

ʨʘʟʨʷʜ, ʘʛʨʝʛʘʪ, ʢʦʣʝʩʘ, ʠʦʥʠʩʪʦʨ, ʘʢʢʫʤʫʣʷʪʦʨ, ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨ, ʝʤʢʦʩʪʴ, ʵʣʝʢʪʨʦʤʦʪʦʨ, ʩʢʦʨʦʩʪʴ, 

ʵʥʝʨʛʠʷ. 

Keywords: velomobile, the car, transport, a drive, the electric motor, a charge, a  discharge, the unit, 

wheels, ionistor, the accumulator, the supercondenser, capacity, the electromotor, speed, energy. 

ɺʚʝʜʝʥʠʝ 

ɺʝʣʦʤʦʙʠʣʴ ð ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʩ ʤʫʩʢʫʣʴʥʳʤ ʧʨʠʚʦʜʦʤ, ʩʦʯʝʪʘʶʱʝʝ ʧʨʦʩʪʦʪʫ, 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʚʝʣʦʩʠʧʝʜʘ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʫʜʦʙʩʪʚʦʤ ʘʚʪʦʤʦʙʠʣʷ. ɺʝʣʦʤʦʙʠʣʴ 

ʧʨʝʜʥʘʟʥʘʯʝʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʜʦʨʦʛʘʭ ʩ ʪʚʸʨʜʳʤ ʧʦʢʨʳʪʠʝʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʝʣʦʩʠʧʝʜʦʤ, ʦʥ ʠʤʝʝʪ ʣʫʯʰʫʶ ʦʙʪʝʢʘʝʤʦʩʪʴ, ʟʘʱʠʪʫ ʦʪ ʥʝʧʦʛʦʜʳ ʠ ʙʦʣʝʝ ʢʦʤʬʦʨʪʘʙʝʣʴʥʫʶ 

ʧʦʩʘʜʢʫ. ɺʝʣʦʤʦʙʠʣʴ ʤʦʞʝʪ ʠʤʝʪʴ ʥʦʞʥʦʡ, ʨʫʯʥʦʡ ʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʨʠʚʦʜ. ʇʨʠʚʦʜ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʧʝʨʝʜʥʠʝ, ʟʘʜʥʠʝ ʠʣʠ ʥʘ ʚʩʝ ʢʦʣʝʩʘ. ʅʘ ʚʝʜʫʱʠʝ ʢʦʣʝʩʘ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʤʦʞʝʪ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʮʝʧʠ, ʨʝʤʥʷ, ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ ʠʣʠ ʩʪʘʣʴʥʳʭ (ʢʝʚʣʘʨʦʚʳʭ) ʪʨʦʩʠʢʦʚ. ʉ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʦʛ (ʨʫʢ) ʚʝʣʦʤʦʙʠʣʠʩʪʘ, ʧʨʠʚʦʜ ʚʝʣʦʤʦʙʠʣʷ ʤʦʞʝʪ ʙʳʪʴ ʢʨʫʛʦʚʳʤ, 

ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʠʣʠ ʣʠʥʝʡʥʳʤ. ʅʘ ʥʝʢʦʪʦʨʳʝ ʚʝʣʦʤʦʙʠʣʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʥʘʧʨʠʤʝʨ, çBionXè. ʇʨʠʚʝʩʪʠ ʚ ʜʚʠʞʝʥʠʝ ʚʝʣʦʤʦʙʠʣʴ ʩʧʦʩʦʙʝʥ ʧʝʜʘʣʴʥʳʡ 

ʧʨʠʚʦʜ, ʫʧʨʘʚʣʷʝʤʳʡ ʨʫʢʘʤʠ ʠʣʠ ʜʚʠʞʝʥʠʝʤ ʥʦʛ. ʅʝʢʦʪʦʨʳʝ ʚʝʣʦʤʦʙʠʣʠ ʩʥʘʙʞʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʜʧʠʪʳʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʘʢʢʫʤʫʣʷʪʦʨʘ. 

ʊʘʢʠʤʠ ʤʘʰʠʥʘʤʠ ʣʝʛʢʦ ʫʧʨʘʚʣʷʪʴ ʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʝ ʪʨʫʜʥʦ ʦʙʩʣʫʞʠʚʘʪʴ [1].  ʇʦ ʩʨʘʚʥʝʥʠʶ 

ʚʝʣʦʩʠʧʝʜʦʤ ʚʝʣʦʤʦʙʠʣʶ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦʩʪʠ ʚ 30 ʢʤ/ʯ ʪʨʝʙʫʝʪʩʷ ʚ 3,5 ʨʘʟʘ 

ʤʝʥʴʰʝ ʫʩʠʣʠʡ ʯʝʣʦʚʝʢʘ. ɺʝʣʦʤʦʙʠʣʴ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʚʳʨʘʙʘʪʳʚʘʝʪ 
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ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʲʸʤʘ ʚ ʛʦʨʫ. ʅʝʦʩʧʦʨʠʤʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚʝʣʦʤʦʙʠʣʷ ʷʚʣʷʝʪʩʷ ʦʙʪʝʢʘʝʤʳʡ ʢʫʟʦʚ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ 

ʩʢʦʨʦʩʪʴ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʟʘʱʠʪʳ ʚʦʜʠʪʝʣʷ ʦʪ ʪʨʘʚʤ ʠ ʥʝʧʦʛʦʜʳ (ʚʦ 

ʤʥʦʛʠʭ ʤʦʜʝʣʷʭ ʩ ʵʪʦʡ ʮʝʣʴʶ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʪʝʥʪ). ʀ ʵʪʦ ʦʯʝʥʴ ʚʝʩʦʤʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʚʝʣʦʤʦʙʠʣʷ ʧʝʨʝʜ ʚʝʣʦʩʠʧʝʜʦʤ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʮʝʣʳʡ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʘʢ ʠ ʣʶʙʦʝ 

ʜʨʫʛʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʚʝʣʦʤʦʙʠʣʴ ʥʝ ʣʠʰʝʥ ʥʝʜʦʩʪʘʪʢʦʚ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʚʳʭ ʷʚʣʷʝʪʩʷ, 

ʢʦʥʝʯʥʦ ʞʝ, ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʤʦʜʝʣʝʡ ʢ ʝʟʜʝ ʧʦ ʛʨʫʥʪʦʚʳʤ ʜʦʨʦʛʘʤ, ʫʟʢʠʤ ʣʝʩʥʳʤ 

ʪʨʦʧʠʥʢʘʤ ʠ ʛʦʨʥʳʤ ʩʢʣʦʥʘʤ. ʍʦʪʷ ʝʩʪʴ ʚʝʣʦʤʦʙʠʣʠ ʚʥʝʜʦʨʦʞʥʠʢʠ, ʩʪʦʷʪ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʜʦʨʦʞʝ. ɺʪʦʨʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʛʨʦʤʦʟʜʢʦʩʪʴ ʘʛʨʝʛʘʪʘ, ʦʩʦʙʝʥʥʦ ʩʝʤʝʡʥʦʡ ʤʦʜʝʣʠ, ʜʣʷ 

ʢʦʪʦʨʦʡ ʯʘʩʪʦ ʪʨʝʙʫʝʪʩʷ ʛʘʨʘʞ, ʢʘʢ  ʜʣʷ ʘʚʪʦʤʦʙʠʣʷ.  ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʚʝʣʦʤʦʙʠʣʴ ʩ ʘʚʪʦʤʦʙʠʣʝʤ, ʪʦ 

ʪʫʪ ʪʘʢʞʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ [2]: 

-- ʕʢʩʧʣʫʘʪʘʮʠʷ ʚʝʣʦʤʦʙʠʣʷ ʧʨʦʩʪʘ ʠ ʦʙʱʝʜʦʩʪʫʧʥʘ. ɺʝʣʦʤʦʙʠʣʴ ʥʝ ʪʨʝʙʫʝʪ ʨʝʛʫʣʷʨʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʝʩʣʠ ʚʦʚʨʝʤʷ ʦʯʠʱʘʪʴ ʘʛʨʝʛʘʪ ʦʪ ʛʨʷʟʠ  ʠ ʧʳʣʠ).  

--  ɺʝʣʦʤʦʙʠʣʴ ʵʢʦʣʦʛʠʯʝʥ. ʆʥ ʥʝ ʪʨʝʙʫʝʪ ʛʦʨʶʯʝʛʦ ʠ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʭʚʘʪʘʝʪ ʩʠʣ ʫ ʚʦʜʠʪʝʣʷ ʢʨʫʪʠʪʴ ʧʝʜʘʣʠ ʠ (ʚ ʩʣʫʯʘʝ ʩ ʚʝʣʦʤʦʙʠʣʷʤʠ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ) ʧʦʢʘ 

ʝʩʪʴ ʟʘʨʷʜ ʚ ʙʘʪʘʨʝʝ. ʂʦʤʧʘʢʪʥʳʝ, ʙʝʩʰʫʤʥʳʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʚʝʣʦʤʦʙʠʣʠ ʤʦʛʣʠ ʙʳ ʚʦ 

ʤʥʦʛʦʤ ʧʦʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʶ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʨʦʙʣʝʤʳ ʛʦʨʦʜʦʚ. 

-- ʉʪʦʠʤʦʩʪʴ ʚʝʣʦʤʦʙʠʣʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʤʝʥʴʰʝ ʩʪʦʠʤʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ. ʕʪʦ ʙʝʟʦʛʦʚʦʨʦʯʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʚʝʣʦʤʦʙʠʣʷ. 

-- ʇʦ ʩʢʦʨʦʩʪʠ ʚʝʣʦʤʦʙʠʣʴ ʚʟʨʦʩʣʳʡ, ʜʘʞʝ ʝʛʦ ʩʢʦʨʦʩʪʥʦʡ ʚʘʨʠʘʥʪ,  ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ 

ʘʚʪʦʤʦʙʠʣʶ. ʍʦʪʷ ʩʢʦʨʦʩʪʥʦʡ ʧʦʪʝʥʮʠʘʣ ʚʝʣʦʤʦʙʠʣʷ ʥʝ ʪʘʢʦʡ ʫʞ ʠ ʤʘʣʝʥʴʢʠʡ. ɿʘ ʩʯʸʪ ʧʨʘʚʠʣʴʥʦʛʦ 

ʧʦʜʙʦʨʘ ʬʦʨʤʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʦʪʜʝʣʴʥʳʝ ʚʝʣʦʤʦʙʠʣʠ ʩʧʦʩʦʙʥʳ 

ʨʘʟʚʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʦʢʦʣʦ 100 ʢʤ/ʯ. ɺʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʦʬʠʮʠʘʣʴʥʳʡ ʨʝʢʦʨʜ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʦʜʥʠʤ ʠʟ 

ʥʝʤʝʮʢʠʭ ʚʝʣʦʤʦʙʠʣʝʡ, ʨʘʚʥʷʝʪʩʷ 105 ʢʤ/ʯ. 

-- ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚʝʣʦʤʦʙʠʣʴ ʦʙʣʘʜʘʝʪ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʝʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ (ʙʘʛʘʞʥʠʢ 

ʚʝʣʦʤʦʙʠʣʷ ʤʦʞʝʪ ʚʳʜʝʨʞʠʚʘʪʴ ʜʦ 100 ʢʛ ʠ ʙʦʣʝʝ ʚʝʩʘ ʛʨʫʟʘ), ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʠʭ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʢʘʢ ʧʦʣʥʦʮʝʥʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʩʨʝʜʥʠʝ ʠ ʤʘʣʳʝ ʨʘʩʩʪʦʷʥʠʷ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɺ ʧʦʩʣʝʜʥʠʝ ʚʨʝʤʷ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʩʝ ʯʘʱʝ ʩʪʘʣʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʝʣʦʤʦʙʠʣʷʤʠ. 

ɺʝʣʦʤʦʙʠʣʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ: ʙʝʟ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ  ʠ ʩ ʜʚʠʛʘʪʝʣʝʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʙʝʟ ʵʣʝʢʪʨʦʤʦʪʦʨʘ ʠ ʩ ʵʣʝʢʪʨʦʤʦʪʦʨʦʤ, ʩ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ ʠ ʙʝʟ ʥʝʛʦ ʠ ʪ 

ʜ. ɺʝʣʦʤʦʙʠʣʴ  ELF ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʤʧʘʥʠʝʡ Hammacher Schlemmer ʚ ʉʐɸ (ʨʠʩ.1) ɿʘ ʩʠʜʝʥʴʝʤ 

ʚʦʜʠʪʝʣʷ ʥʘʰʣʦʩʴ ʤʝʩʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʦʞʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʘʢʝʪʦʚ ʩ ʧʦʢʫʧʢʘʤʠ ʚʝʩʦʤ ʜʦ 360 

ʬʫʥʪʦʚ. ʂʦʨʧʫʩ ʚʝʣʦʤʦʙʠʣʷ ʠʤʝʝʪ ʰʠʨʠʥʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦ ʚʝʣʦʩʠʧʝʜʥʳʤ 

ʜʦʨʦʞʢʘʤ. ʉʲʝʤʥʘʷ ʙʘʪʘʨʝʷ ʤʦʞʝʪ ʟʘʨʷʞʘʪʴʩʷ ʣʠʙʦ ʦʪ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʣʠʙʦ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ 

ʩʝʪʝʚʦʡ ʨʦʟʝʪʢʠ. ʆʧʮʠʦʥʘʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ. ʄʦʜʝʣʴ 

ʉʪʘʥʜʘʨʪ  ʚʢʣʶʯʘʝʪ: 

- ʣʠʪʠʝʚʫʶ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ; 

- ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʤʦʱʥʦʩʪʴʶ 30 ɺʪ; 

- ʐʀʄ - ʢʦʥʪʨʦʣʣʝʨ; 

- ʤʦʪʦʨ ʥʘ ʥʝʦʜʠʤʦʚʳʭ ʤʘʛʥʠʪʘʭ ʤʦʱʥʦʩʪʴʶ 600 ɺʪ; 

- ʪʨʝʭʩʪʫʧʝʥʯʘʪʫʶ ʧʝʨʝʜʘʯʫ; 

- ʩʚʝʪʦʜʠʦʜʥʳʝ ʬʦʥʘʨʠ ʩʧʝʨʝʜʠ ʠ ʩʟʘʜʠ, ʧʦʚʦʨʦʪʥʠʢʠ ʠ ʩʠʛʥʘʣ; 

- ʙʦʢʦʚʳʝ ʟʝʨʢʘʣʘ; 

- ʜʠʩʢʦʚʳʝ ʪʦʨʤʦʟʘ; 

- ʨʝʛʫʣʠʨʫʝʤʦʝ ʩʠʜʝʥʴʝ. 

ʅʘ ʦʜʥʦʡ ʟʘʨʷʜʢʝ ʘʢʢʫʤʫʣʷʪʦʨʘ ʤʦʞʥʦ ʧʨʦʝʭʘʪʴ ʜʦ 45 ʤʠʣʴ, ʘ ʝʩʣʠ ʨʘʙʦʪʘʪʴ ʝʱʝ ʠ ʧʝʜʘʣʷʤʠ, 

ʪʦ ʜʦ 100 ʤʠʣʴ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʪʦʣʴʢʦ ʥʘ ʤʦʪʦʨʝ ð 20 ʤʠʣʴ ʚ ʯʘʩ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʝʜʘʣʝʡ ð ʜʦ 30 ʤʠʣʴ ʚ ʯʘʩ. ʉʧʝʮʠʘʣʴʥʘʷ  ʪʨʘʥʩʤʠʩʩʠʷ ʧʦʟʚʦʣʷʝʪ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʧʝʨʝʜʘʯʫ 

ʫʩʠʣʠʡ ʦʪ ʤʦʪʦʨʘ ʠ ʦʪ ʧʝʜʘʣʝʡ. ʉʘʤʘʷ ʙʦʣʴʰʘʷ ʧʨʦʙʣʝʤʘ ʵʪʦʛʦ ʚʝʣʦʤʦʙʠʣʷ ð ʝʛʦ ʮʝʥʘ, 5495 

ʜʦʣʣʘʨʦʚ ʚ ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

 

http://www.hammacher.com/Product/12486
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ʈʠʩ.1.  ɺʝʣʦʤʦʙʠʣʴ  ELF 

 

           
ʈʠʩ.2.  ɺʝʣʦʤʦʙʠʣʴ  Truckit 

 

Truckit ï ʙʦʣʝʝ ʧʨʦʯʥʳʡ ʚʝʣʦʤʦʙʠʣʴ, ʩʦʟʜʘʥʥʳʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʫʨʴʝʨʘʤʠ ï 

ʨʘʟʥʦʩʯʠʢʘʤʠ ʪʦʚʘʨʦʚ.(ʨʠʩ.2). ʅʘ ʥʝʤ ʤʦʞʥʦ ʚʝʟʪʠ ʜʦ 800 ʬʫʥʪʦʚ ʛʨʫʟʘ. 

ʉʪʘʥʜʘʨʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ: 

- ʧʨʦʙʝʛ ʜʦ 30 ʤʠʣʴ ʥʘ ʦʜʥʦʡ ʟʘʨʷʜʢʝ; 

- ʚʩʪʨʦʝʥʥʳʝ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ;  

- ʩʚʝʪʦʜʠʦʜʥʳʝ ʬʦʥʘʨʠ ʩʧʝʨʝʜʠ ʠ ʩʟʘʜʠ, ʧʦʚʦʨʦʪʥʠʢʠ ʠ ʩʠʛʥʘʣ; 

http://altenergiya.ru/wp-content/uploads/2015/02/elf.jpg
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- ʙʦʢʦʚʳʝ ʟʝʨʢʘʣʘ; 

- ʧʝʨʝʜʥʠʝ ʠ ʟʘʜʥʠʝ ʪʦʨʤʦʟʘ. 

ʊʦʣɹʢʦ ʦʥ ʩʪʦʠʪ ʦʥ ʧʨʠʤʝʨʥʦ ʩʪʦʣʴʢʦ ʞʝ, ʩʢʦʣʴʢʦ ʧʨʝʜʳʜʫʱʠʡ ï 5500 ʜʦʣʣʘʨʦʚ. ICARE 

ʦʩʥʦʚʘʥ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʚʝʣʦʤʦʙʠʣʝ Twike, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʐʚʝʡʮʘʨʠʠ. ɺʝʩ ʪʨʠʮʠʢʣʘ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 330 ʢʠʣʦʛʨʘʤʤ (ʨʠʩ.3). ICARE ʦʩʥʦʚʘʥ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʚʝʣʦʤʦʙʠʣʝ Twike, 

ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʐʚʝʡʮʘʨʠʠ. ɺʝʩ ʪʨʠʮʠʢʣʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 330 ʢʠʣʦʛʨʘʤʤ. ʆʩʥʦʚʥʘʷ ʠ 

ʝʜʠʥʩʪʚʝʥʥʘʷ ʜʚʠʞʫʱʘʷ ʩʠʣʘ ï 5-ʢʠʣʦʚʘʪʪʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ ʣʠʪʠʡ ï 

ʞʝʣʝʟʦ ï ʬʦʩʬʘʪʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ (15 ʢɺʪ*ʯ) ʤʦʞʝʪ ʨʘʟʦʛʥʘʪʴ ICARE ʜʦ 80 ʢʤ/ʯ. 

 
ʈʠʩ.3.  ɺʝʣʦʤʦʙʠʣʴ  ICARE 

 

ɽʤʢʦʩʪʴ ʙʘʪʘʨʝʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʭʘʪʴ ʥʘ ʦʜʥʦʤ ʟʘʨʷʜʝ ʜʦ 250 ʢʤ. ʌʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ, ʤʦʱʥʦʩʪʴʶ 1,8 ʢɺʪ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ  ʥʘ ʧʨʠʮʝʧʝ, ʧʠʪʘʶʪ ʵʣʝʢʪʨʦʤʦʙʠʣʴ ʥʦʯʴʶ. ʅʦʯʴʶ ʚʦ 

ʚʨʝʤʷ ʩʪʦʷʥʢʠ, ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʵʥʝʨʛʠʶ ʧʦʤʦʛʘʝʪ ʚʝʪʨʷʢ ʜʠʘʤʝʪʨʦʤ 2 ʤʝʪʨʘ ʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 1  ʢɺʪ 

[3]. 

ʂʦʤʧʘʥʠʷ Accelerated Composites ʠʟ ʉʘʥ-ɼʠʝʛʦ ʧʦʩʪʨʦʠʣʠ  ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʤʘʰʠʥʳ Aptera, 

ʧʦ ʨʘʩʯʸʪʘʤ ʘʚʪʦʨʦʚ ʧʨʦʝʢʪʘ, ʜʦʣʞʝʥ ʧʦʢʘʟʘʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚ 0,71 ʣʠʪʨʘ ʥʘ 100 ʢʠʣʦʤʝʪʨʦʚ. 

ʊʘʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʢʦʤʧʘʥʠʷ ʥʘʤʝʨʝʥʘ ʜʦʙʠʪʴʩʷ ʟʘ ʩʯʸʪ ʚʝʣʠʢʦʣʝʧʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ ʤʘʰʠʥʳ, ʝʸ 

ʥʠʟʢʦʛʦ ʚʝʩʘ (ʢʫʟʦʚ ʠ ʰʘʩʩʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ) ʠ ʛʠʙʨʠʜʥʦʡ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ. ʆʥʘ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʠʟʝʣʷ ʚ 12 ʣʦʰʘʜʠʥʳʭ ʩʠʣ ʠ ʵʣʝʢʪʨʦʤʦʪʦʨʘ ʤʦʱʥʦʩʪʴʶ 25 

ʣʦʰʘʜʠʥʳʭ ʩʠʣ. ɺ ʢʘʯʝʩʪʚʝ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ð ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ. 

ʉʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ (ʠʦʥʠʩʪʦʨʳ) ʵʪʦ ʥʦʚʳʡ, ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʪʠʧ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ, 

ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ (ʙʦʣʝʝ ʧʦʨʷʜʢʘ) ʫʜʝʣʴʥʫʶ 

ʤʦʱʥʦʩʪʴ, ʥʦ ʥʠʟʢʫʶ ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʠʶ [4]. ʇʦ ʩʨʘʚʥʝʥʶ ʩ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ - ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʠʶ ʧʨʠ ʩʦʧʦʩʪʘʚʠʤʦʤ ʫʨʦʚʥʝ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ʉʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ (ʠʦʥʠʩʪʦʨʳ), 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʵʥʝʨʛʠʶ ʟʘʨʷʜʘ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʛʦ ʚ ʜʚʦʡʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʩʣʦʝ. ʅʘʧʨʷʞʝʥʠʝ ʦʜʥʦʛʦ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 1,8...3 ɺ, ʥʦʤʠʥʘʣʴʥʘʷ ʝʤʢʦʩʪʴ ʜʦ 5000 ʌ, ʚʝʩ ʜʦ 1 ʢʛ., ʛʘʙʘʨʠʪ 95 ʤʤ. 

ʥʘ 120 ʤʤ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ ʠʦʥʠʩʪʦʨʳ ʥʝ ʪʨʝʙʫʶʪ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʳ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (-40...+70ʉ), ʠʤʝʶʪ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʦʥʠʩʪʦʨʦʚ ʠʤʝʶʪ ʥʠʟʢʠʡ ʩʘʤʦʨʘʟʨʷʜ ʠ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʤʝʥʝʝ 1 ʤʆʤ). ʕʥʝʨʛʠʷ, ʟʘʧʘʩʘʝʤʘʷ ʠʦʥʠʩʪʦʨʘʤʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 50-60 ʜʞ/ʛ, ʘ 

ʤʦʱʥʦʩʪʴ ʜʝʩʷʪʢʠ ʢɺʪ/ʢʛ. ʉʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ ʤʦʛʫʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʧʨʝʟʘʨʷʞʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʮʠʢʣʦʚ ʚ ʨʝʞʠʤʝ 

"ʟʘʨʷʜ-ʨʘʟʨʷʜ". ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʜʦ 1 ʤʣʥ. ʈʘʙʦʯʠʝ ʪʦʢʠ ʠʦʥʠʩʪʦʨʦʚ ʜʦ 1000ɸ [5]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʩʧʨʘʚʥʘʷ ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʠʪʘʥʠʝ ʥʝʢʦʪʦʨʦʛʦ 

http://www.acceleratedcomposites.com/
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ʫʩʪʨʦʡʩʪʚʘ (ʥʘʛʨʫʟʢʠ) ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ (ʠʟʤʝʨʷʝʤʦʛʦ ʯʘʩʘʤʠ). ʇʨʠ ʵʪʦʤ 

ʘʢʢʫʤʫʣʷʪʦʨ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʥʦʤʠʥʘʣʴʥʳʡ (ʨʘʙʦʯʠʡ) ʪʦʢ ʧʠʪʘʥʠʷ. ʆʜʥʘʢʦ ʧʫʩʢʦʚʦʝ 

ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʦʙʳʯʥʦ ʚʳʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ. ʆʙʝʩʧʝʯʝʥʠʝ ʧʦʚʳʰʝʥʥʦʛʦ ʪʦʢʘ ð ʥʝʣʝʛʢʘʷ 

ʟʘʜʘʯʘ ʜʣʷ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʥ (ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ) ʥʝ ʜʦ ʢʦʥʮʘ ʟʘʨʷʞʝʥ. 

ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʧʫʩʢʦʚʦʡ ʪʦʢ ð ʯʘʩʪʘʷ ʧʨʦʙʣʝʤʘ ʩʪʘʨʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʝʥ 

ʩʘʤʦʨʘʟʨʷʜ (ʫʪʝʯʢʘ).  

ʂʨʦʤʝ ʪʦʛʦ, ʘʢʢʫʤʫʣʷʪʦʨ ʷʚʣʷʝʪʩʷ ʠʥʝʨʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ ʩ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ 

ʜʦʩʪʫʧʘ ʢ ʟʘʧʘʩʝʥʥʦʡ ʵʥʝʨʛʠʠ. ʏʘʩʪʳʝ ʨʘʟʨʷʜʳ ʘʢʢʫʤʫʣʷʪʦʨʘ ʙʦʣʴʰʠʤ ʪʦʢʦʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʥʝʜʦʟʘʨʷʞʝʥʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ ʧʨʠʚʦʜʷʪ ʢ ʝʛʦ ʙʳʩʪʨʦʤʫ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʦ ʥʘ ʦʪʣʦʞʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ, ʠʦʥʠʩʪʦʨʳ ʬʠʨʤʳ Epcos ʨʝʘʣʠʟʫʶʪ ʯʠʩʪʦ ʬʠʟʠʯʝʩʢʠʡ (ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ) ʧʨʠʥʮʠʧ 

ʨʘʙʦʪʳ. ɿʘʨʷʜ/ʨʘʟʨʷʜ ʠʦʥʠʩʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʩʤʝʱʝʥʠʷ ʠʦʥʦʚ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʧʦʣʝ ʟʘʨʷʞʝʥʥʳʭ 

ʵʣʝʢʪʨʦʜʦʚ. ʇʦʵʪʦʤʫ ʠʦʥʠʩʪʦʨ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʮʝʧʷʭ ʩ ʯʘʩʪʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʟʘʨʷʜʦʤ/ʨʘʟʨʷʜʦʤ (ʯʠʩʣʦ ʮʠʢʣʦʚ ð ʙʦʣʝʝ 1 000 000). ɸʢʢʫʤʫʣʷʪʦʨ ʞʝ ʦʙʳʯʥʦ ʚʳʜʝʨʞʠʚʘʝʪ ʥʝ ʙʦʣʝʝ 

ʪʳʩʷʯʠ ʮʠʢʣʦʚ ʟʘʨʷʜ-ʨʘʟʨʷʜ ʩ ʧʦʣʥʳʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʚʝʩʴʤʘ ʥʝʞʝʣʘʪʝʣʴʥʳ ʧʫʣʴʩʘʮʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʛʣʫʙʦʢʠʡ ʨʘʟʨʷʜ, ʢʦʪʦʨʳʝ ʥʝ ʦʧʘʩʥʳ 

ʜʣʷ ʠʦʥʠʩʪʦʨʘ. ʀʦʥʠʩʪʦʨʳ Epcos ʭʦʪʷ ʠ ʷʚʣʷʶʪʩʷ ʧʦʣʷʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʧʦʣʷʨʥʦʩʪʴ ʦʙʦʟʥʘʯʝʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʠʤʚʦʣʦʤ ʥʘ ʢʦʨʧʫʩʝ ʵʣʝʤʝʥʪʘ, ʢʘʢ ʫ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ), ʥʦ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʧʨʠʣʦʞʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʥ̫ʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʛʦ

 ʚʦʟʜʝʡʩʪʚʠʷ.  

ɽʱʝ ʦʜʥʠʤ ʩʣʘʙʳʤ ʤʝʩʪʦʤ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʧʣʦʭʘʷ ʨʘʙʦʪʘ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʪʩʶʜʘ ð ʠʟʚʝʩʪʥʳʝ ʧʨʦʙʣʝʤʳ ʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ. ʀʦʥʠʩʪʦʨʳ 

ʦʩʪʘʶʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤʠ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɻʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʥʠʞʥʠʡ ʧʨʝʜʝʣ 

ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠʦʥʠʩʪʦʨʦʚ Epcos ï30 ÁC. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, ʘʚʪʦʤʦʙʠʣʴ ʦʩʪʘʚʠʪʴ ʥʘ ʥʦʯʴ ʥʘ 

ʤʦʨʦʟʝ (ʚʥʝ ʛʘʨʘʞʘ), ʪʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʥʝʤ ʠʦʥʠʩʪʦʨʳ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ 

ʭʨʘʥʝʥʠʷ ʥʝ ʧʦʩʪʨʘʜʘʶʪ. ɿʘ ʩʯʝʪ ʙʦʣʴʰʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʣʦʱʘʜʠ ʦʙʢʣʘʜʦʢ ʚʝʩ ʠ ʛʘʙʘʨʠʪʥʳʝ 

ʨʘʟʤʝʨʳ ʠʦʥʠʩʪʦʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʨʘʟʤʝʨʦʚ ʣʠʪʠʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʠʦʥʠʩʪʦʨʳ ʬʠʨʤʳ Epcos ð ʤʠʨʦʚʦʛʦ ʣʠʜʝʨʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ð ʦʪʣʠʯʘʶʪʩʷ ʦʩʦʙʝʥʥʦʡ ʢʦʤʧʘʢʪʥʦʩʪʴʶ ʠ 

ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ [6]. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʤʘʣʳʤ ʨʘʟʤʝʨʘʤ ʠʦʥʠʩʪʦʨʳ Epcos ʤʦʛʫʪ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʠʪʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʘʙʦʪʦʯʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʭʝʤʘʭ: ʯʘʩʳ, ʢʘʣʴʢʫʣʷʪʦʨʳ ʵʣʝʢʪʨʦʥʥʳʝ ʠʛʨʳ, ʫʩʪʨʦʡʩʪʚʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʳ, ʨʘʜʠʦʧʨʠʝʤʥʠʢʠ ʠ ʪ. ʧ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤʠ (ʣʠʪʠʝʚʳʤʠ ʠ 

ʪ. ʧ.) ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʟʘʨʷʜʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʨʝʜʥʳʭ 

ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʪʨʝʭʢʦʣʝʩʥʦʛʦ ʚʝʣʦʤʦʙʠʣʷ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʚʠʛʘʪʝʣʝʤ ʠ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʤ (ʨʠʩ.4).  

 

 
ʈʠʩ.4. ɹʣʦʢ-ʩʭʝʤʘ ʪʨʸʭʢʦʣʝʩʥʦʛʦ ʚʝʣʦʤʦʙʠʣʷ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʚʠʛʘʪʝʣʝʤ ʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʤ. 

1-ʧʝʨʝʜʥʝʝ ʢʦʣʝʩʦ; 2-ʟʘʜʥʝʝ ʧʨʘʚʦʝ ʢʦʣʝʩʦ; 3- ʟʘʜʥʝʝ ʣʝʚʦʝ ʢʦʣʝʩʦ; 4-ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 5-
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ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨ. 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʟʘʜʥʠʭ ʢʦʣʝʩʘʭ ʚʝʣʦʤʦʙʠʣʷ. ʇʦʜ ʩʝʜʝʥʠʝʤ 

ʚʦʜʠʪʝʣʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ. ʉʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ ʩʣʫʞʘʪʴ ʜʣʷ ʧʠʪʘʥʠʷ  

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ  ʜʚʠʛʘʪʝʣʷ ʠ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ. ɿʘʨʷʜʢʫ  ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ 

ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝʜʝʥʥʳʭ ʤʝʩʪʘʭ ʟʘ ʢʦʨʦʪʢʠʡ ʩʨʦʢ. 

ʊʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʙʝʩʧʨʦʚʦʜʥʘʷ ʟʘʨʷʜʢʘ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚʝʣʦʤʦʙʠʣʷ (ʨʠʩ.5.).  

 
ʈʠʩ. 5. ɹʣʦʢ - ʩʭʝʤʘ ʙʝʩʧʨʦʚʦʜʥʦʡ ʟʘʨʷʜʢʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚʝʣʦʤʦʙʠʣʷ. 

1-ʛʝʥʝʨʘʪʦʨ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ; 2-ʧʨʠʝʤʥʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ; 3-ʙʣʦʢ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ; 4-ʵʣʝʢʪʨʦʜʠʚʠʛʘʪʝʣ; 5-ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʘ. 

 

ʉʫʪʴ ʪʘʢʦʡ ʟʘʨʷʜʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʩʧʝʮʠʘʣʴʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ ʥʘʧʨʘʚʣʷʶʪ ʠʤʧʫʣʴʩʳ ʢ ʧʨʠʸʤʥʠʢʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʥʘ ʚʝʣʦʤʦʙʠʣʝ 

ʨʷʜʦʤ ʩ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʤ, ʘ ʧʨʠʸʤʥʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʧʨʝʦʙʨʘʟʫʝʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʚ ʧʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ,  ʧʦʩʨʝʜʩʪʚʦʤ ʯʝʛʦ ʜʘʣʝʝ ʙʫʜʝʪ ʟʘʨʷʞʘʪʴʩʷ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʛʝʥʝʨʘʪʦʨʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʧʦʜ 

ʜʦʨʦʞʥʳʤ ʧʦʢʨʳʪʠʷʤ ʚʙʣʠʟʠ ʧʝʨʝʢʨʝʩʪʢʦʚ, ʪʘʢ ʢʘʢ ʚʝʣʦʤʦʙʠʣʠ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ (ʜʦ 1 ʤʠʥʫʪʳ)  

ʥʘʭʦʜʷʪʩʷ ʙʝʟ ʜʚʠʞʝʥʠʷ ʥʘ ʧʝʨʝʢʨʝʩʪʢʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ ʧʦʜʟʘʨʷʜʢʘ  

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚʝʣʦʤʦʙʠʣʷ, ʥʝ ʥʘʨʫʰʘʷ ʝʛʦ ʤʘʨʰʨʫʪ ʜʚʠʞʝʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ  

ʇʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʚʝʣʦʤʦʙʠʣʝ ʷʚʣʷʶʱʠʤʩʷ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʝʣʦʩʠʧʝʜʦʤ, ʦʥ ʠʤʝʝʪ ʣʫʯʰʫʶ ʦʙʪʝʢʘʝʤʦʩʪʴ, ʟʘʱʠʪʫ ʦʪ ʥʝʧʦʛʦʜʳ ʠ ʙʦʣʝʝ ʢʦʤʬʦʨʪʘʙʝʣʴʥʫʶ 

ʧʦʩʘʜʢʫ. ʇʨʦʠʟʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ  ʚʝʣʦʤʦʙʠʣʝʡ, ʚʳʧʫʩʢʘʝʤʳʝ ʧʦʜ ʤʘʨʢʘʤʠ  ELF,  Truckit , 

ICARE ʠ Aptera. ʇʨʝʜʣʘʛʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʪʨʝʭʢʦʣʝʩʥʦʛʦ ʚʝʣʦʤʦʙʠʣʷ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʚʠʛʘʪʝʣʝʤ 

ʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʤ. ʅʘ ʟʘʜʥʠʭ ʢʦʣʝʩʘʭ ʚʝʣʦʤʦʙʠʣʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ. 

ʉʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʳ ʞʝ ʙʫʜʫʪ ʨʘʩʧʦʣʘʛʘʪʩʷ ʧʦʜ ʩʝʜʝʥʠʝʤ ʚʦʜʠʪʝʣʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʘʢʞʝ ʩʧʦʩʦʙ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʟʘʨʷʜʢʠ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚʝʣʦʤʦʙʠʣʷ. 
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3. http://econceptcars.ru/ 

4. ʂʘʨʘʙʘʥʦʚ ʉ.ʄ., ʂʫʭʤʠʩʪʨʦʚ ʖ.ɺ. ʀʦʥʠʩʪʦʨʳ - ʢʦʥʜʝʥʩʘʪʦʨʳ ʩ ʜʚʦʡʥʳʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʣʦʝʤ. ʕʂ, 1997. ˉ1-2. ʉ. 24.  

5. ɼʝʥʴʱʠʢʦʚ ʂ.ʂ., ɾʫʢ ɸ.ɿ., ɻʝʨʘʩʠʤʦʚ ɸ.ʌ. ɻʦʣʠʢʦʚ ʄ.ɺ.ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʀʟʚʝʩʪʠʷ ʈɸʅ, ʕʥʝʨʛʝʪʠʢʘ, ˉ5, 2011, ʩ.125-131  

6. http://www.elit-cap.com  
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ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

 

ʋɼʂ 621.646.616 

 

ʇʈʆɹʃɽʄʓ ɻɽʈʄɽʊʀʏʅʆʉʊʀ ʐɸʈʆɺʓʍ ʂʈɸʅʆɺ ʀ ʄɽʊʆɼʓ ʀʍ ʈɽʐɽʅʀʗ 

 

BALL VALVES PROBLEMS OF TIGHTNESS AND METHODS FOR THEIR SOLUTION  

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʰʘʨʦʚʳʭ ʢʨʘʥʦʚ ʥʘ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʘ ʪʘʢ ʞʝ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʧʦʩʦʙʳ ʠʭ ʨʝʰʝʥʠʷ. 

Annotation:  this article discusses the main problems encountered in the operation of ball valves on 

the linear part of gas pipelines, as well as the most common ways to solve them. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʫʙʦʧʨʦʚʦʜʥʘʷ ʘʨʤʘʪʫʨʘ; ʰʘʨʦʚʳʡ ʢʨʘʥ; ʛʠʜʨʦʧʥʝʚʤʦʧʨʠʚʦʜ; ʛʘʟʦʚʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ; ʟʘʧʦʨʥʘʷ ʘʨʤʘʪʫʨʘ; ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʛʘʟʦʧʨʦʚʦʜʳ; ʥʘʜʝʞʥʦʩʪʴ; ʜʠʘʛʥʦʩʪʠʢʘ 

Keywords: pipeline accessories ; ball valve; hydropneumatic; gas industry; valves; gas pipelines; 

reliability; diagnosis 

ʉʦʚʨʝʤʝʥʥʫʶ ʈʦʩʩʠʶ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʠʨʦʜʥʳʝ 

ʛʦʨʶʯʠʝ ʛʘʟʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʙʳʪʫ. ʕʢʩʧʦʨʪ ʛʘʟʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʶʜʞʝʪʘ ʩʪʨʘʥʳ. ʂʨʫʧʥʳʝ ʛʘʟʦʚʳʝ ʢʦʨʧʦʨʘʮʠʠ ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ ʤʠʨʦʚʳʤʠ ʣʠʜʝʨʘʤʠ 

ʚ ʩʚʦʝʡ ʦʪʨʘʩʣʠ, ʠʤʝʷ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʜʦʙʳʯʠ, ʚ ʨʘʟʳ ʙʦʣʴʰʝ ʯʝʤ ʫ ʢʦʥʢʫʨʝʥʪʦʚ. 

ɻʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʩʦʦʨʫʞʘʶʪʩʷ ʥʦʚʳʝ ʧʨʦʤʳʩʣʳ, 

ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʛʘʟʦʧʨʦʚʦʜʳ, ʛʘʟʠʬʠʮʠʨʫʶʪʩʷ ʩʘʤʳʝ ʦʪʜʘʣʝʥʥʳʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ. ɺ ʩʚʷʟʠ ʩ 

ʨʘʟʚʠʪʠʝʤ ʦʪʨʘʩʣʠ, ʚʦʟʥʠʢʘʶʪ ʠ ʧʨʦʙʣʝʤʳ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, 

ʛʘʟʦʚʳʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʧʫʥʢʪʦʚ, ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʡ. 

ʆʜʥʘʢʦ ʥʘ ʨʷʜʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ, ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʤʦʛʫʪ ʧʦʭʚʘʩʪʘʪʴʩʷ ʪʘʢʠʤ ʞʝ 

ʪʝʤʧʦʤ ʨʘʟʚʠʪʠʷ. ʇʦʣʦʚʠʥʘ ɻʘʟʦʜʦʙʳʚʘʶʱʝʡ ʠ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚʦʟʨʘʩʪ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʦʣʝʝ 30 ʣʝʪ, ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʪʨʫʙʦʧʨʦʚʦʜʥʫʶ  ʠ ʟʘʧʦʨʥʦ-

ʨʝʛʫʣʠʨʫʶʱʫʶ ʘʨʤʘʪʫʨʫ ʟʘʚʦʜʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 20-ʪʠ ʣʝʪʥʠʡ ʩʨʦʢ ʩʣʫʞʙʳ. 

ʄʘʛʠʩʪʨʘʣʴʥʳʝ ʛʘʟʦʧʨʦʚʦʜʳ, ʧʦ ʢʦʪʦʨʳʤ ʪʦʧʣʠʚʦ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʦʪ ʤʝʩʪ ʜʦʙʳʯʠ ʜʦ ʤʝʩʪ 

ʧʦʪʨʝʙʣʝʥʠʷ ʠʤʝʶʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʙʦʣʝʝ 250 ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ 

(ʧʦʜʨʘʟʜʝʣʷʶʱʫʶʩʷ ʥʘ ʟʘʧʦʨʥʫʶ ʘʨʤʘʪʫʨʫ, ʨʝʛʫʣʠʨʫʶʱʫʶ ʘʨʤʘʪʫʨʫ, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʫʶ ʘʨʤʘʪʫʨʫ 

ʠ ʟʘʱʠʪʥʫʶ ʘʨʤʘʪʫʨʫ) 

ɿʘʧʦʨʥʘʷ ʘʨʤʘʪʫʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʛʝʨʤʝʪʠʯʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʛʘʟʦʧʨʦʚʦʜʦʚ, ʧʦʵʪʦʤʫ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʪʘʢʠʤ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢʘʢ: ʦʙʝʩʧʝʯʝʥʠʝ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ, ʙʳʩʪʨʦʪʘ ʦʪʢʨʳʪʠʷ ʠ ʟʘʢʨʳʪʠʷ, ʤʘʣʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʆʩʥʦʚʥʦʡ 

ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʦʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʘ ʦʙʲʝʢʪʘʭ ʪʨʘʥʩʧʦʨʪʘ ʛʘʟʘ ʷʚʣʷʶʪʩʷ ʟʘʜʚʠʞʢʠ ʠ ʰʘʨʦʚʳʝ 

ʢʨʘʥʳ. 
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ʐʘʨʦʚʳʝ ʢʨʘʥʳ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʥʘʜʝʞʥʳʤ ʚʠʜʦʤ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ 

ʘʨʤʘʪʫʨʳ, ʠʤʝʷ ʥʘʜ ʟʘʜʚʠʞʢʘʤʠ ʪʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʘʢ: ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʟʘʨʳʚʘʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ, ʣʫʯʰʘʷ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʟʘʪʚʦʨʘ, ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʪʘʢʦʡ ʊʇɸ. 

ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʜʚʠʞʢʘʤʠ ʵʪʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʰʘʨʦʚʳʭ ʢʨʘʥʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʜʦʩʪʦʠʥʩʪʚʘ ʰʘʨʦʚʳʝ ʢʨʘʥʳ ʠʤʝʶʪ ʧʨʦʙʣʝʤʳ ʩ 

ʛʝʨʤʝʪʠʯʥʦʩʪʴʶ, ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʜʦʩʪʘʪʢʘʤʠ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʝʧʨʘʚʠʣʴʥʳʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ. ʆʪʢʘʟ ʠʣʠ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ ʩʪʨʦʷ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥ ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʠʯʠʥ: ʧʨʠʤʝʨʟʘʥʠʝ ʰʘʨʘ ʢ ʢʦʨʧʫʩʫ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʧʨʝʚʳʰʝʥʠʝ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʫʩʠʣʠʷ ʥʘ ʰʪʦʢʝ ʠʣʠ ʧʨʠʚʦʜʝ, ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʛʘʟʘ, ʠʟʥʦʩ ʤʷʛʢʠʭ ʫʧʣʦʪʥʠʪʝʣʝʡ, 

ʦʢʠʩʣʝʥʠʝ ʬʨʠʢʮʠʦʥʥʳʭ ʠʣʠ ʥʘʙʠʚʦʯʥʳʭ ʩʤʘʟʦʢ, ʥʘʨʫʰʝʥʠʝ ʚʨʝʤʝʥʠ ʦʪʢʨʳʪʠʷ ʠʣʠ ʟʘʢʨʳʪʠʷ (ʧʨʠ 

ʧʦʧʳʪʢʝ ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʧʨʠ ʧʦʤʦʱʠ ʰʘʨʦʚʦʛʦ ʢʨʘʥʘ, ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʪʘʢʠʭ 

ʮʝʣʝʡ), ʢʦʨʨʦʟʠʷ ʵʣʝʤʝʥʪʦʚ, ʦʪʢʘʟ ʧʥʝʚʤʦʧʨʠʚʦʜʘ. 

ʇʨʠʤʝʨʟʘʥʠʝ ʰʘʨʘ ʢ ʢʦʨʧʫʩʫ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʨʫʰʝʥʠʝʤ ʦʪʚʦʜʘ ʚʣʘʛʠ ʠ ʢʦʥʜʝʥʩʘʪʘ 

ʠʟ ʧʦʣʦʩʪʠ ʟʘʪʚʦʨʘ, ʩʚʷʟʘʥʥʳʤ ʩʦ ʩʢʦʧʣʝʥʠʝʤ ʛʨʷʟʠ ʠʣʠ ʢʦʥʜʝʥʩʘʪʘ ʚ ʜʨʝʥʘʞʥʳʭ ʪʨʫʙʢʘʭ ʠʣʠ ʢʨʘʥʝ. 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʫʩʪʨʘʥʷʝʪʩʷ ʧʫʪʝʤ ʦʪʦʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʜʚʠʞʥʳʭ ʧʘʨʦʚʳʭ 

ʤʘʰʠʥ. ʄʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʘ ʚʚʝʜʝʥʠʝʤ ʚ ʛʘʟ ʤʝʪʘʥʦʣʘ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʜʨʘʪʥʳʭ ʧʨʦʙʦʢ ʠ ʢʦʥʜʝʥʩʘʪʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ʇʨʝʚʳʰʝʥʠʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʫʩʠʣʠʷ ʧʥʝʚʤʦʧʨʠʚʦʜʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʳʩʪʨʦʡ ʧʝʨʝʩʪʘʥʦʚʢʝ 

ʰʘʨʘ ʠʟ ʦʪʢʨʳʪʦʛʦ ʚ ʟʘʢʨʳʪʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʥʘʦʙʦʨʦʪ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʩʠʣʴʥʳʡ ʫʜʘʨ 

ʧʦʚʦʨʦʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦ ʦʛʨʘʥʠʯʠʪʝʣʷʤ ʧʦʚʦʨʦʪʘ, ʚʧʣʦʪʴ ʜʦ ʨʘʟʚʦʨʦʪʘ ʧʨʠʚʦʜʘ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ, 

ʩʨʝʟʘʥʠʷ ʙʦʣʪʦʚ ʬʣʘʥʮʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʚʦʟʤʦʞʥʦ ʩʦʪʨʷʩʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʤʝʩʪʝ ʩ ʢʨʘʥʦʤ. 

ʏʘʩʪʠʯʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʦʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʥʝʚʤʦʧʨʠʚʦʜʦʚ ʩ ʜʝʤʧʬʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ ʦʛʨʘʥʠʯʠʪʝʣʝʤ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢ ʞʝ ʥʝʜʦʧʫʱʝʥʠʝ ʦʪʢʨʳʪʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʧʝʨʝʧʘʜʦʚ ʜʘʚʣʝʥʠʷ ʥʘ 

ʟʘʪʚʦʨʝ ʢʨʘʥʘ. 

ʀʟʥʦʩ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʢʦʣʝʮ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʡ ʧʨʠʯʠʥʦʡ ʥʘʨʫʰʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʚ 

ʰʘʨʦʚʳʭ ʢʨʘʥʘʭ. ʇʦʩʪʦʷʥʥʦʝ ʧʨʠʞʘʪʠʝ ʩʝʜʝʣ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʘ ʧʨʠ ʧʦʤʦʱʠ ʧʨʫʞʠʥ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʤʷʛʢʦʝ ʫʧʣʦʪʥʝʥʠʝ ʙʫʜʝʪ ʪʝʨʝʪʴʩʷ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʙʢʠ ʠ ʠʟʥʦʩʠʪʩʷ, ʫʯʠʪʳʚʘʷ 

ʪʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʧʳʣʝʫʣʦʚʠʪʝʣʝʡ ʚ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʝ ʩʣʦʞʥʦ ʥʘʟʚʘʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ 

( ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪʘʝʪ ʙʦʣʝʝ 30 ʣʝʪ) ʚʦʟʤʦʞʥʦ ʪʘʢ ʞʝ ʧʦʧʘʜʘʥʠʝ ʚ ʧʦʣʦʩʪʴ ʟʘʪʚʦʨʘ ʧʝʩʢʘ, ʠ ʜʨʫʛʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ 

ʢʦʣʝʮ, ʦʩʦʙʝʥʥʦ, ʝʩʣʠ ʢʨʘʥ ʯʘʩʪʦ ʚʳʧʦʣʥʷʝʪ ʮʠʢʣ ʦʪʢʨʳʪʠʷ-ʟʘʢʨʳʪʠʷ. ʇʝʩʦʢ ʠ ʢʨʠʩʪʘʣʣʳ ʢʦʥʜʝʥʩʘʪʘ 

ʪʘʢ ʞʝ ʤʦʛʫʪ ʧʦʚʨʝʜʠʪʴ ʩʘʤ ʰʘʨ, ʩʢʘʧʣʠʚʘʷʩʴ ʥʘ ʫʧʣʦʪʥʠʪʝʣʝ, ʧʨʠ ʟʘʢʨʳʪʠʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴʩʷ 

ʙʦʨʦʟʜʢʠ ʥʘ ʧʨʦʙʢʝ, ʧʦʨʚʘʪʴʩʷ ʫʧʣʦʪʥʠʪʝʣʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʥʦʩʘ ʠ ʧʨʦʧʫʩʢʘ ʯʝʨʝʟ ʩʝʜʣʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʩʤʘʟʢʠ, ʢʦʪʦʨʳʤʠ "ʥʘʙʠʚʘʶʪ" ʩʦʝʜʠʥʝʥʠʷ ʰʘʨʘ ʩ ʫʧʣʦʪʥʠʪʝʣʝʤ ʯʝʨʝʟ 

ʩʧʝʮʠʘʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʦʜʥʘʢʦ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʪʘʢʠʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʩʤʘʟʦʢ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʭ 

ʦʢʠʩʣʝʥʠʶ, ʟʘʙʠʚʘʥʠʶ ʩʤʘʟʦʯʥʳʭ ʢʘʥʘʣʦʚ, ʘ ʪʘʢ ʞʝ ʦʪʚʝʨʜʝʥʠʝ ʩʤʘʟʢʠ ʤʦʞʝʪ ʷʚʠʪʩʷ ʧʨʠʯʠʥʦʡ 

ʧʦʚʨʝʞʜʝʥʠʷ ʰʘʨʘ ʠ ʫʧʣʦʪʥʠʪʝʣʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʮʠʢʣʘ ʟʘʢʨʳʪʠʷ-ʦʪʢʨʳʪʠʷ. 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʦʧʫʩʢʦʚ ʛʘʟʘ ʯʝʨʝʟ ʫʧʣʦʪʥʠʪʝʣʴ, ʚ ʰʘʨʦʚʳʡ ʢʨʘʥ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʪʚʝʨʩʪʠʷ ʧʦʜʘʶʪ ʫʧʣʦʪʥʷʶʱʫʶ ʩʤʘʟʢʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʛʝʨʤʝʪʠʯʥʦʩʪʴ 

ʟʘʪʚʦʨʘ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ "ʥʘʙʠʚʢʘ" ʰʘʨʘ ʩʤʘʟʢʦʡ ʥʝ ʜʘʝʪ ʥʫʞʥʦʛʦ ʵʬʬʝʢʪʘ, ʰʘʨ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʨʝʟʘʥ 

ʠʟ ʫʯʘʩʪʢʘ ʛʘʟʦʧʨʦʚʦʜʘ ʠ ʦʪʧʨʘʚʣʝʥ ʥʘ ʨʝʤʦʥʪ. ɺ ʵʢʩʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ (ʧʨʠ ʥʘʨʫʰʝʥʠʠ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʜʚʫʭ ʨʷʜʦʤ ʩʪʦʷʱʠʭ ʢʨʘʥʦʚ ʥʘ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ, ʥʘ ʦʪʢʣʶʯʝʥʠʝ ʫʯʘʩʪʢʘ ʛʘʟʦʧʨʦʚʦʜʘ 

ʜʘʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ (24-48 ʯʘʩʦʚ), ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʪʢʣʶʯʝʥʠʷ ʫʯʘʩʪʢʘ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ) 

ʚʦʟʤʦʞʥʦ ʟʘʧʦʣʥʝʥʠʝ ʰʘʨʦʚʦʛʦ ʢʨʘʥʘ ʤʦʥʪʘʞʥʦʡ ʧʝʥʦʡ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʛʝʨʤʝʪʠʟʘʮʠʠ, ʥʦ 

ʪʘʢʦʡ ʢʨʘʥ ʥʝʚʦʟʤʦʞʥʦ ʙʫʜʝʪ ʦʪʨʝʤʦʥʪʠʨʦʚʘʪʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ʆʪʢʘʟʳ ʧʨʠʚʦʜʦʚ ʢʨʘʥʘ ʚʦʟʥʠʢʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʟʘʙʠʚʢʠ ʢʦʥʜʝʥʩʘʪʦʤ ʠ ʛʠʜʨʘʪʘʤʠ 

ʠʤʧʫʣʴʩʥʳʭ ʪʨʫʙʦʢ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʡ ʚ ʨʘʙʦʪʝ ʬʠʣʴʪʨʘ-ʦʩʫʰʠʪʝʣʷ, ʧʨʠ ʜʘʥʥʦʡ ʥʝʧʦʣʘʜʢʝ ʧʫʪʝʤ 

ʟʘʢʨʳʪʠʷ ʢʨʘʥʦʚ ʠʤʧʫʣʴʩʥʘʷ ʣʠʥʠʷ ʦʪʢʣʶʯʘʝʪʩʷ ʦʪ ʛʘʟʦʧʨʦʚʦʜʘ, ʩʙʨʘʩʳʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝ ʚ ʥʝʡ ʠ 

ʧʨʦʚʦʜʠʪʩʷ ʨʝʚʠʟʠʷ ʵʣʝʤʝʥʪʦʚ ʧʥʝʚʤʦʧʨʠʚʦʜʘ, ʧʨʦʜʫʚʢʘ ʟʘʙʠʪʳʭ ʪʨʫʙʦʢ. ʇʨʠ ʠʟʥʦʩʝ ʧʦʨʰʥʝʚʳʭ 

ʫʧʣʦʪʥʝʥʠʡ ʠ ʚʳʙʨʦʩʦʤ ʤʘʩʣʘ ʠʟ ʛʠʜʨʦʙʘʢʦʚ ʧʨʦʚʦʜʠʪʩʷ ʨʝʚʠʟʠʷ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʠ ʟʘʤʝʥʘ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʜʝʪʘʣʝʡ,  ʘ ʪʘʢ ʞʝ ʧʨʠ ʵʪʦʤ ʧʨʦʚʝʨʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʤʘʩʣʘ, ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʘʩʣʦ 

ʤʝʥʷʝʪʩʷ. ʇʣʦʭʦʝ ʢʘʯʝʩʪʚʦ ʤʘʩʣʘ ʚ ʛʠʜʨʦ- ʠ ʛʠʜʨʦʧʥʝʚʤʦʧʨʠʚʦʜʘʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʝʛʦ ʟʠʤʦʡ ʠ ʦʪʢʘʟʫ ʨʘʙʦʪʳ ʩʝʨʚʦʧʨʠʚʦʜʘ. 

ʅʝʧʦʣʥʦʝ ʦʪʢʨʳʪʠʝ ʠ ʟʘʢʨʳʪʠʝ ʟʘʪʚʦʨʘ ʢʨʘʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ 
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ʟʘʚʦʜʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʭʦʜʘ ʧʦʨʰʥʝʡ, ʜʝʬʦʨʤʘʮʠʝʡ ʢʫʣʠʩʳ, ʧʦʷʚʣʝʥʠʝʤ ʣʶʬʪʦʚ ʚ ʰʧʦʥʦʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʠʚʦʜʘ ʠ ʢʨʘʥʘ, ʩʦʝʜʠʥʝʥʠʷʭ ʩʝʨʚʦʤʦʪʦʨʘ ʩ ʢʦʣʦʥʥʦʡ ʠ ʢʦʨʧʫʩʦʤ ʢʨʘʥʘ. ʏʪʦʙʳ 

ʫʩʪʨʘʥʠʪʴ ʵʪʫ ʥʝʠʩʧʨʘʚʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʪʦʯʥʦʩʪʴ ʭʦʜʘ ʧʦʨʰʥʝʡ ʚ ʩʝʨʚʦʤʦʪʦʨʝ, ʠ 

ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʣʶʬʪʳ ʚ ʩʦʝʜʠʥʝʥʠʷʭ. ʃʶʬʪʳ ʚ ʰʧʦʥʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʪʦʣʴʢʦ 

ʧʫʪʝʤ ʩʥʷʪʠʷ ʧʨʠʚʦʜʘ ʠ ʨʝʤʦʥʪʘ ʚ ʤʘʩʪʝʨʩʢʦʡ, ʣʠʙʦ ʥʘ ʟʘʚʦʜʝ-ʠʟʛʦʪʦʚʠʪʝʣʝ, ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

ʩʝʨʚʦʤʦʪʦʨʘ ʩ ʢʦʣʦʥʥʦʡ ʠ ʢʦʨʧʫʩʦʤ ʢʨʘʥʘ ð ʧʦʜʪʷʞʢʦʡ ʠʭ ʢʨʝʧʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘ ʢʨʘʥʝ. 

 

ʇʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʤʦʥʪʘʞʝ ʢʦʨʦʙʢʠ ʢʦʥʝʯʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʥʘ ʢʦʨʧʫʩʝ ʙʫʜʝʪ ʥʝʚʝʨʥʦ 

ʨʘʙʦʪʘʪʴ ʫʢʘʟʘʪʝʣʴ ʧʦʣʦʞʝʥʠʷ ʟʘʪʚʦʨʘ, ʯʪʦ  ʫʩʪʨʘʥʷʝʪʩʷ ʧʫʪʝʤ ʜʝʤʦʥʪʘʞʘ ʢʦʨʦʙʢʠ ʢʦʥʝʯʥʳʭ 

ʚʳʢʣʶʯʘʪʝʣʝʡ ʠ ʚʚʝʜʝʥʠʝʤ  ʚ ʟʘʮʝʧʣʝʥʠʝ ʚʘʣʠʢʘ ʢʦʨʦʙʢʠ ʩʦ ʰʧʠʥʜʝʣʝʤ ʢʨʘʥʘ. 

ʇʨʦʙʣʝʤʳ ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʨʨʦʟʠʝʡ ʤʝʪʘʣʣʘ, ʟʘʚʦʜʩʢʠʤ ʙʨʘʢʦʤ ʢʦʨʧʫʩʦʚ ʢʨʘʥʦʚ, ʫʩʪʨʘʥʷʶʪʩʷ 

ʪʦʣʴʢʦ ʧʫʪʝʤ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʠʪʴ 

ʢʨʘʥʳ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʚʝʩʴ ʩʨʦʢ ʝʛʦ ʩʣʫʞʙʳ, ʦʜʥʘʢʦ ʚ ʨʘʡʦʥʘʭ ʩ ʘʛʨʝʩʩʠʚʥʳʤʠ ʧʦʯʚʘʤʠ, ʚ ʤʝʩʪʘʭ 

ʩ ʩʠʣʴʥʳʤʠ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ ʚʦʟʤʦʞʥʳ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ. ʉʥʘʨʫʞʠ 

ʢʦʨʨʦʟʠʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʠʟʫʘʣʴʥʦ ʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ʠʟʦʣʷʮʠ. ʉʦʩʪʦʷʥʠʝ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʝʩʫʨʩ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʘʛʨʝʩʩʠʚʥʳʭ 

ʩʨʝʜʘʭ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ʠʟʦʣʷʮʠʠ ʚʦʟʥʠʢʘʝʪ ʠʥʪʝʥʩʠʚʥʘʷ ʢʦʨʨʦʟʠʷ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʠʩʯʝʨʧʘʥʠʶ ʨʝʩʫʨʩʘ. ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ: ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʧʦʢʨʳʪʠʷ (ʥʘʣʠʯʠʝ, ʨʘʩʧʦʣʦʞʝʥʠʝ, ʧʣʦʱʘʜʴ 

ʩʢʚʦʟʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ), ʭʘʨʘʢʪʝʨʫ ʧʦʢʨʳʪʠʷ (ʙʫʛʨʠʩʪʦʩʪʴ, ʥʘʣʠʯʠʝ ʪʨʝʱʠʥ, ʪʦʣʱʠʥʘ ʧʦ ʧʝʨʠʤʝʪʨʫ, 

ʥʘʣʠʯʠʝ ʦʙʝʨʪʢʠ); ʘʜʛʝʟʠʠ (ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ) ʩ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ; ʚʝʣʠʯʠʥʝ ʧʝʨʝʭʦʜʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʠʟʦʣʷʮʠʝʡ ʠ ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ. ɺʥʫʪʨʠ ʢʦʨʨʦʟʠʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʴʢʦ ʧʫʪʝʤ 

ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʫʪʝʤ ʧʨʦʧʫʩʢʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʨʰʥʷ. 

ʇʦ ʜʘʥʥʳʤ ʆʆʆ ʅʊʎ çɼʠʘʪʵʢʩè, ʥʘ ʜʦʣʶ ʦʙʱʝʡ ʢʦʨʨʦʟʠʠ (ʫʪʦʥʝʥʠʝ ʩʪʝʥʢʠ) ʧʨʠʭʦʜʠʪʩʷ ʥʝ 

ʙʦʣʝʝ 28 % ʦʪʢʘʟʦʚ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ-ʟʘ ʢʦʨʨʦʟʠʡʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. ɹʦʣʝʝ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʜʨʫʛʠʝ ʚʠʜʳ ʢʦʨʨʦʟʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʚʨʝʞʜʝʥʠʷ ʥʦʩʷʪ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʪ. ʝ. 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʫʯʘʩʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʦʪʢʘʟʦʚ ʦʙʫʩʣʦʚʣʝʥʘ 

ʢʦʨʨʦʟʠʡʥʳʤ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝʤ (~ 24 %), ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʡ ʢʦʨʨʦʟʠʝʡ (~ 15 %), ʧʠʪʪʠʥʛʦʚʦʡ 

ʢʦʨʨʦʟʠʝʡ (~ 14 %), ʢʦʨʨʦʟʠʡʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʥʦʩʦʤ (~ 7 %) ʠ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʢʦʨʨʦʟʠʠ (~ 13 %).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦ ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʧʨʦʚʦʜʠʚʰʝʡ ʪʝʭʥʠʯʝʩʢʦʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʠ ʦʮʝʥʢʫ ʦʩʪʘʪʦʯʥʦʛʦ 

ʨʝʩʫʨʩʘ ʦʙʲʝʢʪʘ, ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʝʛʦ ʜʘʣʴʥʝʡʰʝʡ ʩʫʜʴʙʝ: ʧʨʦʜʦʣʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ 

ʧʘʩʧʦʨʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʝʤʦʥʪʘ; ʜʘʣʴʥʝʡʰʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʘ 

ʧʦʥʠʞʝʥʥʳʭ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʘʭ; ʧʨʝʢʨʘʱʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʩʧʠʩʘʥʠʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʦʧʠʩʘʥʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʧʫʪʝʤ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʰʘʨʦʚʦʛʦ 

ʢʨʘʥʘ, ʘ ʪʘʢ ʞʝ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʦʡ ʛʘʟʦʧʨʦʚʦʜʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʟʘʪʚʦʨʘ, ʪʘʢ ʢʘʢ ʜʘʞʝ ʥʦʚʳʡ, ʟʘʚʦʜʩʢʦʡ ʢʨʘʥ ʧʦʩʣʝ ʦʜʥʦʛʦ ʮʠʢʣʘ 

ʦʪʢʨʳʪʠʷ ʟʘʢʨʳʪʠʷ ʤʦʞʝʪ ʥʘʯʘʪʴ ʧʨʦʧʫʩʢʘʪʴ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʫʶ ʩʨʝʜʫ, ʠʟ-ʟʘ ʧʦʚʨʝʞʜʝʥʠʷ ʩʝʜʝʣ. ʊʘʢ 

ʞʝ ʥʝ ʩʪʦʠʪ ʠʩʢʣʶʯʘʪʴ ʠ ʟʘʚʦʜʩʢʦʡ ʙʨʘʢ. ʐʘʨʳ ʢʨʘʥʦʚ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʠʟ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʠ ʠʤʝʪʴ ʠʜʝʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʯʝʥʴ 

ʜʦʨʦʛʦʩʪʦʷʱʠʤ. ʇʨʦʛʨʘʤʤʳ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʳʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʢʨʘʥʳ ʠʟ ʙʦʣʝʝ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɿʘʚʦʜʩʢʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʤʧʦʨʪʥʳʭ ʢʨʘʥʦʚ ʩʪʘʣʦ ʙʦʣʝʝ ʜʦʨʦʛʠʤ, ʣʠʙʦ ʫʭʫʜʰʠʣʦʩʴ ʢʘʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʪʘʢ ʞʝ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʥʘʜʝʞʥʦʩʪʠ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʟʘʪʚʦʨʦʚ ʧʦʢʘ ʥʝ ʚʥʝʜʨʝʥʳ ʚ ʤʘʩʩʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʘʪʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʟʘʪʚʦʨʦʚ 

ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʢʨʘʥʳ ʩ ʥʝʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ (ʜʦ 150 ʤʤ), ʦʜʥʘʢʦ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʶʪ ʪʨʫʙʦʧʨʦʚʦʜʳ ʜʠʘʤʝʪʨʦʤ 1220 ʠ 1420 ʤʤ. , ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʝʜʤʝʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ʉ.ɺ. ʉʝʡʥʦʚ. ʊʨʫʙʦʧʨʦʚʦʜʥʘʷ ʘʨʤʘʪʫʨʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʠʟʚʦʜʩʪʚʦ. ʈʝʤʦʥʪ. ʄ.: 



ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʊʦʯʥʘʷ ʥʘʫʢʘè                                                                                    www.t-nauka.ru   

 
 

        15 
 

  

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 2002. 392 ʩ. 

2. ɹʦʛʜʘʥʦʚ, ɽ. ʃ. ʆʩʥʦʚʳ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʋʯʝʙ. 

ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ, ɽ. ɸ. ɹʦʛʜʘʥʦʚ. ð ʄ.: ɺʳʩʰ. ʰʢ., 2006. ð 279 ʩ. 

3. ʉʊʆ ɻʘʟʧʨʦʤ 2-2.3-385-2009 (ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ); 

4. ʃ.ʀ. ɹʦʨʱʝʥʢʦ. ɿʘʧʦʨʥʳʝ ʢʨʘʥʳ ʜʣʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʠ ʧʦʜʟʝʤʥʳʭ ʭʨʘʥʠʣʠʱ. 

ʄʦʩʢʚʘ, çʅɽɼʈɸè, 1979 ʛ. - 232 ʩ.  

5. ɸ.ʀ. ɻʦʰʢʦ ɸʨʤʘʪʫʨʘ ʪʨʫʙʦʧʨʦʚʦʜʥʘʷ ʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ 3-ʭ ʢʥ. ʂʥ. 1: ɺʳʙʦʨ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ. ʈʝʤʦʥʪ. ʄ .: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 2003.432 ʩ. 

6. http://www.gks.ru/bgd/regl/b13_13/IssWWW.exe/Stg/d3/17-23.htm ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.04.2018 

7. https://armtorg.ru/articles/item/3432 ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 02.04.2018 

8. ʆʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʨʝʩʫʨʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ, 

ʛʘʟʦ- ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ: ʩʙ. ʤʘʪʝʨʠʘʣʦʚ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ 

2002 ʛ. ð ɺʦʣʛʦʛʨʘʜ: ɸʬʠʰʘ, 2003. 

 

  



ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʊʦʯʥʘʷ ʥʘʫʢʘè                                                                                    www.t-nauka.ru   

 
 

        16 
 

  

ʄʫʨʘʪʦʚ ɻʫʣʘʤʞʘʥ ɻʘʬʫʨʦʚʠʯ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɸʣʤʘʣʳʢʩʢʠʡ ʬʠʣʠʘʣ. ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʀʩʣʘʤʘ ʂʘʨʠʤʦʚʘ. ʋʟʙʝʢʠʩʪʘʥ. ɸʣʤʘʣʳʢ. 

ɻʘʥʠʝʚ ʉʘʨʚʘʨ ʊʫʨʩʫʥʙʘʝʚʠʯ 

ʘʩʩʠʩʪʝʥʪ 

ɸʣʤʘʣʳʢʩʢʠʡ ʬʠʣʠʘʣ. ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʀʩʣʘʤʘ ʂʘʨʠʤʦʚʘ. ʋʟʙʝʢʠʩʪʘʥ. ɸʣʤʘʣʳʢ. 

ʈʘʡʭʦʥʦʚ ʐʫʭʨʘʪ ɿʘʨʠʧʦʚʠʯ 

ʘʩʩʠʩʪʝʥʪ 

ɸʣʤʘʣʳʢʩʢʠʡ ʬʠʣʠʘʣ. ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʀʩʣʘʤʘ ʂʘʨʠʤʦʚʘ. ʋʟʙʝʢʠʩʪʘʥ. ɸʣʤʘʣʳʢ. 

ʖʣʜʦʰʦʚ ʍʫʩʥʠʜʜʠʥ ʕʨʛʘʰʝʚʠʯ 

ʘʩʩʠʩʪʝʥʪ 

. ɸʣʤʘʣʳʢʩʢʠʡ ʬʠʣʠʘʣ. ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʀʩʣʘʤʘ ʂʘʨʠʤʦʚʘ. ʋʟʙʝʢʠʩʪʘʥ. ɸʣʤʘʣʳʢ. 

ɾʫʨʘʝʚ ɸʢʙʘʨ ʐʘʚʢʘʪʦʚʠʯ 

ʘʩʩʠʩʪʝʥʪ 

ʅʘʚʦʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʠʥʩʪʠʪʫʪʘ. ʋʟʙʝʢʠʩʪʘʥ. ʅʘʚʦʠʡ. 

 

 

Muratov Gulamzhan Gafurovich 

senior teacher 

Almalyk branch. Tashkent State Technical University named after Islam Karimov. Uzbekistan. 

Almalyk. 

Ganiev Sarvar Tursunbaevich 

assistant 

Almalyk branch. Tashkent State Technical University named after Islam Karimov. Uzbekistan. 

Almalyk. 

Raykhonov Shukhrat Zaripovich 

assistant 

Almalyk branch. Tashkent State Technical University named after Islam Karimov. Uzbekistan. 

Almalyk. 

Yuldoshov Husniddin Ergashevic 

assistant 

Almalyk branch. Tashkent State Technical University named after Islam Karimov. Uzbekistan. 

Almalyk. 

Zhuraev Akbar Shavkatovich 

assistant 

Navoi State Mining Institute. Uzbekistan. Navoiy. 

 

ʋɼʂ 004 

 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓɽ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʄʀ 

ʇʈʆʎɽʉʉɸʄʀ 

 

AUTOMATED CONTROL SYSTEMS OF TECHNOLOGICAL PROCESSES 

 

ɸʥʥʦʪʘʮʠʷ: ɸʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʂ ʫʧʨʘʚʣʷʶʱʠʤ ʬʫʥʢʮʠʷʤ ʦʪʥʦʩʷʪʩʷ: ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; ʦʜʥʦʪʘʢʪʥʦʝ ʣʦʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ (ʚʳʧʦʣʥʝʥʠʝ 

ʙʣʦʢʠʨʦʚʦʢ, ʟʘʱʠʪ ʠ ʪ. ʜ.); ʢʘʩʢʘʜʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ; ʤʥʦʛʦʩʚʷʟʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ; ʚʳʧʦʣʥʝʥʠʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʜʠʩʢʨʝʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ; 

ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʫʩʪʘʥʦʚʠʚʰʠʤʠʩʷ ʨʝʞʠʤʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʨʘʙʦʪʦʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʥʝʫʩʪʘʥʦʚʠʚʰʠʤʠʩʷ ʨʝʞʠʤʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 
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ʨʘʙʦʪʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʚ ʮʝʣʦʤ ʩ ʘʜʘʧʪʘʮʠʝʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʀʪʦʛʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ.  

Abstract:  The authors consider the importance and necessity for enhancing automated control 

systems. The control functions include: the regulation of individual parameters of the technological process; 

single-cycle logical control (execution of locks, protections, etc.); cascade control; multiply connected 

regulation; fulfillment of software and logical operations of discrete process and equipment control; optimal 

control of the established modes of the technological process and the operation of the equipment; optimal 

control of unsteady operating modes and equipment operation; optimal control of the technological object as 

a whole with the adaptation of the control system. The result of the work is a number of significant 

requirements to improve the management system.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʘ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ, 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ. 

Keywords: automated system, highly efficient, integrated, regulation.  

ʇʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʫʨʦʚʥʷ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɿʘ ʧʨʦʰʝʜʰʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʧʝʨʝʭʦʜʦʤ ʦʪ ʩʦʟʜʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʨʝʛʫʣʠʨʫʝʤʳʭ ʘʛʨʝʛʘʪʦʚ ʢ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋʊʇ). ɺ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʯʝʣʦʚʝʢ ð ʦʧʝʨʘʪʦʨ ʥʝ 

ʚʳʚʦʜʠʪʩʷ ʠʟ ʢʦʥʪʫʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ. ʇʦʜ ɸʉʋʊʇ ʧʦʥʠʤʘʝʪʩʷ ʩʠʩʪʝʤʘ, 

ʨʝʘʣʠʟʫʝʤʘʷ ʥʘ ʙʘʟʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʠ ʫʧʨʘʚʣʷʶʱʝʡ ʪʝʭʥʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʥʘ ʦʩʥʦʚʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʟʘʜʘʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʨʘʙʦʪʢʠ ʧʨʦʜʫʢʪʘ, ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʶʱʘʷ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʨʝʰʝʥʠʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ɸʉʋʊʇ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʧʦʣʥʷʝʤʳʤʠ ʝʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʠ ʫʧʨʘʚʣʷʶʱʠʤʠ ʬʫʥʢʮʠʷʤʠ. ʂ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʬʫʥʢʮʠʷʤ 

ʦʪʥʦʩʷʪʩʷ: ʩʙʦʨ, ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʭʨʘʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

ʢʦʩʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ʩʠʛʥʘʣʠʟʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ʨʘʩʯʝʪʳ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʧʦʜʛʦʪʦʚʢʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʚʳʰʝʩʪʦʷʱʠʭ ʠ ʩʤʝʞʥʳʭ 

ʩʠʩʪʝʤ ʠ ʫʨʦʚʥʝʡ ʫʧʨʘʚʣʝʥʠʷ; ʨʝʛʠʩʪʨʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʩʪʦʷʥʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ; ʢʦʥʪʨʦʣʴ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʦʪʢʣʦʥʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠ ʩʦʩʪʦʷʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʟʘʜʘʥʥʳʭ; ʘʥʘʣʠʟ ʩʨʘʙʘʪʳʚʘʥʠʷ ʙʣʦʢʠʨʦʚʦʢ ʠ 

ʟʘʱʠʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʭʦʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʩʦʩʪʦʷʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʡ 

ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ɸʉʋʊʇ; ʦʧʝʨʘʪʠʚʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʚʳʧʦʣʥʝʥʠʝ 

ʧʨʦʮʝʜʫʨ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʚʳʰʝʩʪʦʷʱʠʤʠ ʠ ʩʤʝʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʂ ʫʧʨʘʚʣʷʶʱʠʤ ʬʫʥʢʮʠʷʤ ʦʪʥʦʩʷʪʩʷ: ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; ʦʜʥʦʪʘʢʪʥʦʝ ʣʦʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ (ʚʳʧʦʣʥʝʥʠʝ ʙʣʦʢʠʨʦʚʦʢ, ʟʘʱʠʪ ʠ ʪ. 

ʜ.); ʢʘʩʢʘʜʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ; ʤʥʦʛʦʩʚʷʟʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ; ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʜʠʩʢʨʝʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ; ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʫʩʪʘʥʦʚʠ-

ʚʰʠʤʠʩʷ ʨʝʞʠʤʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʨʘʙʦʪʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʥʝʫʩʪʘʥʦʚʠʚʰʠʤʠʩʷ ʨʝʞʠʤʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʨʘʙʦʪʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʦʧʪʠʤʘʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʚ ʮʝʣʦʤ ʩ ʘʜʘʧʪʘʮʠʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ɸʉʋʊʇ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʦʙʱʝʩʠʩʪʝʤʥʘʷ 

ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʝʨʩʦʥʘʣ. 

ʂʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩʦʩʪʦʠʪ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʠ ʜʘʥʥʳʭ, ʜʘʪʯʠʢʦʚ ʩʠʛʥʘʣʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, 
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ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʥʳʭ ʬʫʥʢʮʠʡ ʢʦʥʢʨʝʪʥʦʡ ɸʉʋʊʇ. 

ʆʩʥʦʚʥʳʤʠ ʛʨʫʧʧʘʤʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʷʚʣʷʶʪʩʷ: ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʨʝʞʠʤʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʜʘʪʯʠʢʠ ʩʠʛʥʘʣʦʚ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʫʩʪʨʦʡ-

ʩʪʚʘ ʨʫʯʥʦʛʦ ʚʚʦʜʘ ʩʠʛʥʘʣʦʚ ʠ ʜʨ.), ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʘʥʘʣʦʚ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ (ʨʘʟʣʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠ ʢʦʤʤʫʪʘʪʦʨʳ ʩʠʛʥʘʣʦʚ), ʫʩʪʨʦʡʩʪʚʘ ʣʦʢʘʣʴʥʦʡ 

ʘʚʪʦʤʘʪʠʢʠ (ʨʝʛʫʣʷʪʦʨʳ, ʫʩʠʣʠʪʝʣʠ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʜʨ.), ʩʨʝʜʩʪʚʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ (ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʝʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ, ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʟʘʧʦʤʠʥʘʶʱʠʝ ʠ ʜʨ.), ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʠ ʩ ʦʙʲʝʢʪʦʤ (ʢʦʤʤʫʪʘʪʦʨʳ ʩʠʛʥʘʣʦʚ ʠ ʩʨʝʜʩʪʚʘ 

ʪʝʣʝʤʝʭʘʥʠʢʠ), ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʠ ʩ ʦʧʝʨʘʪʠʚʥʳʤ ʧʝʨʩʦʥʘʣʦʤ (ʠʥʜʠʢʘʪʦʨʳ, ʩʠʛʥʘʣʠʟʘʪʦʨʳ, 

ʨʝʛʠʩʪʨʘʪʦʨʳ, ʱʠʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʧʫʣʴʪʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʨ.). 

ɺ ʩʦʩʪʘʚ ʦʙʱʝʩʠʩʪʝʤʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚʭʦʜʠʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ɸʉʋʊʇ (ʄʆ ɸʉʋʊʇ) ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʇʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʩʭʝʤʥʳʭ, 

ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʷʟʳʢʦʚʳʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ: ʵʬʬʝʢʪʠʚʥʦʝ ʚʝʜʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʧʪʠʤʘʣʴʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʧʨʠʝʤʘ ʜʘʥʥʳʭ, ʚʳʜʘʯʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʟʚʝʥʴʷʤʠ ʩʠʩʪʝʤʳ (ʤʘʰʠʥʘʤʠ, ʘʚʪʦʥʦʤʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ); ʚʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʡ ʢʦʥʪʨʦʣʷ, ʟʘʱʠʪʳ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʘʥʥʳʭ, 

ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ; ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ 

ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ, ʦʪʣʘʜʢʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʦʛʨʘʤʤ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʩʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʚʟʘʠʤʦʩʚʷʟʴʶ ʩ ʦʙʲʝʢʪʦʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʡ ʦʩʦʙʳʝ ʫʩʣʦʚʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʪ. ʧ. ʆʩʥʦʚʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ɸʉʆʋ) 

ʨʝʰʘʶʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʨʦʢʘʤʠ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʠʭ ʨʝʰʝʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʕɺʄ ʚ ʤʫʣʴʪʠʧʨʦ-

ʛʨʘʤʤʥʦʤ ʨʝʞʠʤʝ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʞʠʤʝ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ (ʄʆ) ʩʠʩʪʝʤʳ. ʄʆ ɸʉʋʊʇ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ, ʚʢʣʶʯʘʶʱʝʝ ʦʧʠʩʘʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʨʝʘʣʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʠ ʦʙʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɸʉʋʊʇ, ʠ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ). ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʩʪʘʥʜʘʨʪʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʉʇʆ) ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ, ʠʣʠ ʧʨʠʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ (ʇʇʆ). 

ʉʪʘʥʜʘʨʪʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʉʇʆ), ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʨʛʘʥʠʟʫʶʱʠʝ, ʜʠʩʧʝʪʯʝʨʫʶʱʠʝ, ʪʨʘʥʩʣʠʨʫʶʱʠʝ, ʨʝʜʘʢʪʠʨʫʶʱʠʝ, 

ʜʠʘʛʥʦʩʪʠʨʫʶʱʠʝ ʠ ʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʳ. ʇʨʠʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʇʆ) 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ɸʉʋʊʇ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʆʆ) 

ʦʧʨʝʜʝʣʷʝʪ ʜʝʡʩʪʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʭʥʦʣʦʛʘ-ʦʧʝʨʘʪʦʨʘ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʟʚʝʥʦʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɸʉʋʊʇ ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʷʚʣʷʶʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ, ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ (ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʧʦʥʦʚʢʠ ʩʠʩʪʝʤ ʩ ʧʦʣʥʳʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʥʘ ʫʨʦʚʥʝ ʘʛʨʝʛʘʪʥʦʛʦ 

ʤʦʜʫʣʷ, ʦʙʝʩʧʝʯʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ ʧʨʠ ʦʪʢʘʟʝ ʦʜʥʦʛʦ ʠʟ ʤʦʜʫʣʝʡ ʠ ʪ. ʜ.), 

ʫʣʫʯʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʩʙʦʷʭ, ʦʙʝʩʧʝʯʝʥʠʝ ʮʝʥʪʨʘʣʠʟʦ-

ʚʘʥʥʦʛʦ ʟʘʧʫʩʢʘ ʤʥʦʛʦʤʘʰʠʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪ. ʜ.), ʩʦʟʜʘʥʠʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʠ ʥʘ ʤʘʛʥʠʪʥʳʭ ʜʠʩʢʘʭ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʠ ʧʝʨʝʤʝʱʘʝʤʳʤʠ ʛʦʣʦʚʢʘʤʠ. 

ʈʘʟʚʠʪʠʝ ʫʩʪʨʦʡʩʪʚ ʩʚʷʟʠ ʩ ʦʙʲʝʢʪʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʤʝʥʴʰʝʥʠʷ ʛʘʙʘʨʠʪʦʚ ʠ 

ʩʪʦʠʤʦʩʪʠ, ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʪʦʯʥʦʩʪʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʨʘʩʰʠʨʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʭ ʩʠʩʪʝʤ. 

ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɸʉʋʊʇ ʠ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʩʪʘʥʦʚʢʝ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʯ 

ɸʉʋ, ʧʨʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʋɺʂ), ʪ. ʝ. ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʠʙʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ɸʉʋʊʇ, ʠ 

ʜʦʣʷ ʟʘʪʨʘʪ ʥʘ ʥʝʛʦ ʚ ʦʙʱʠʭ ʟʘʪʨʘʪʘʭ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʝʪ. ʕʪʦ ʩʚʷʟʘʥʦ 
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ʩʦ ʩʥʠʞʝʥʠʝʤ ʩʪʦʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʩ ʨʘʟʚʠʪʠʝʤ ʬʫʥʢʮʠʡ ɸʉʋʊʇ ʠ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʠ ʩʣʦʞʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʄʆ). 

ʉʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʪʨʫʜʘ ʠ ʚʨʝʤʝʥʠ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʄʆ) ʜʣʷ 

ɸʉʋʊʇ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʪʠʧʦʚʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʄʆ) ʜʣʷ ʦʩʥʦʚʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʘʥʩʣʷʪʦʨʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʧʦʜʛʦʪʦʚʢʫ ʠ ʦʪʣʘʜʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʜʦʧʫʩʢʘʶʱʠʭ ʨʝʞʠʤ ʛʝʥʝʨʘʮʠʠ ʠ ʦʪʣʘʜʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɸʉʋ ʚ ʜʠʘʣʦʛʦʚʦʤ ʨʝʞʠʤʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʢʘʯʝʩʪʚʦ, ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ, ʠʤʝʝʪ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʫʜʘ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʧʨʘʚʠʣ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʝʣʦ ʤʥʦʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢ ʠʜʝʝ 

ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʤʦʜʫʣʴʥʦʤʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. ʇʨʠ ʵʪʦʤ ʧʦʜ ʤʦʜʫʣʴʥʳʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ 

ʧʦʥʠʤʘʝʪʩʷ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʠʝʨʘʨʭʠʯʝʩʢʦʤʫ ʧʨʠʥʮʠʧʫ ʥʘ ʙʘʟʝ ʥʝʙʦʣʴʰʠʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʙʣʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪ ʟʘʢʦʥʯʝʥʥʫʶ ʣʦʛʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʠ ʠʤʝʝʪ 

ʦʙʲʝʤ ʚ ʧʨʝʜʝʣʘʭ 500ð1000 ʢʦʤʘʥʜ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʝʜʠʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʜʘʣʦ ʪʦʣʯʦʢ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ 

ʙʘʥʢʦʚ ʜʘʥʥʳʭ. ɹʘʟʘ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʷʜʨʦ ʩʠʩʪʝʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʝ (ʄʆ). 

ʇʨʠ ʛʝʥʝʨʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʚ ʥʝʝ ʟʘʥʦʩʷʪʩʷ ʚʩʝ ʩʚʝʜʝʥʠʷ ʧʦ ʢʘʞʜʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʘʨʘʤʝʪʨʫ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʣʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʘʨʘʤʝʪʨʘ. ʇʨʠ ʨʘʙʦʪʝ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʚ ʥʝʝ 

ʧʦʩʪʫʧʘʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʜʘʪʯʠʢʦʚ ʦʙʲʝʢʪʘ. ʇʦʩʣʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʘʣʛʦʨʠʪʤʘʭ ʚʳʩʰʠʭ ʫʨʦʚʥʝʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʝ (ʄʆ) ʠʣʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʠʩʧʝʪʯʝʨʫ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʠʥʘʣʦʚ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(ʋɺʂ). ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ ʧʨʠ ʤʠʥʠʤʘʣʴ-

ʥʳʭ ʟʘʪʨʘʪʘʭ ʚʨʝʤʝʥʠ ʠ ʧʘʤʷʪʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʮʠʠ ʠ ʧʦʧʦʣʥʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʩʧʠʩʢʦʚ, ʥʘʧʨʠʤʝʨ ʦʧʝʨʠʨʦʚʘʥʠʝ ʩ ʘʜʨʝʩʘʤʠ 

ʚʝʣʠʯʠʥ, ʘ ʥʝ ʩ ʩʘʤʠʤʠ ʚʝʣʠʯʠʥʘʤʠ: ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʧʦʯʝʢ ʙʣʦʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʢʘʞʜʳʡ ʧʨʝʜʳʜʫʱʠʡ 

ʙʣʦʢ ʩʦʜʝʨʞʠʪ ʘʜʨʝʩ ʧʦʩʣʝʜʫʶʱʝʛʦ, ʠ ʪ. ʜ. ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʦʙʫʩʣʦʚʣʝʥ 

ʥʘʙʦʨʦʤ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʋɺʂ). 

ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʦʣʞʝʥ ʙʳʪʴ ʦʩʥʦʚʥʳʤ ʩʪʝʨʞʥʝʤ ʩʦʟʜʘʚʘʝʤʦʡ ɸʉʋʊʇ 

ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʜʦ ʚʥʝʜʨʝʥʠʷ. ʆʥ ʜʦʣʞʝʥ ʦʭʚʘʪʳʚʘʪʴ ʚʩʝ 

ʩʦʩʪʘʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ: ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʄʆ). 
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ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ ɺɸʃʆɺ ʉ ʇʆʄʆʑʔʖ 3D ʇʈʀʅʊɽʈɸ 

 

RESTORE SHAFTS USING A 3D PRINTER 

 

ɸʥʥʦʪʘʮʠʷ: ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʧʨʦʩʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 3Dʪʝʭʥʦʣʦʛʠʡ 

ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʘʣʦʚ. ɸʚʪʦʨʦʤ ʠʩʩʣʝʜʫʶʪʩʷ ʬʘʢʪʦʨʳ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ.ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʨʝʤʦʥʪʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 3Dʧʨʠʥʪʝʨʘ.ɺ ʟʘʢʣʶʯʝʥʠʠ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ -DirectMetalTooling (DMT), ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʧʝʯʘʪʘʪʴ ʘʜʜʠʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʝʪʘʣʠ ʨʘʟʤʝʨʦʤ ʜʦ 4000 ʤʤ ʠʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ. 

Abstract:  This article is devoted to the consideration of the use of 3D technologies in the restoration 

of metal parts, in particular shafts. The author also examines the factors of expediency of restoring details. 

Also, the article compares traditional methods of repairing and restoring parts and using a 3D printer. The 

conclusion describes the innovative technology of 3D printing of metal products-DirectMetalTooling 

(DMT), which allows you to print parts up to 4000 mm from the wide spectrum of metal alloys. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D ʧʨʠʥʪʝʨ, ʦʙʲʸʤʥʘʷ ʤʦʜʝʣʴ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ, ʪʝʭʥʦʣʦʛʠʷ 3D 

ʧʝʯʘʪʠ. 

Key words: 3D printer, 3D model, restoration of parts, 3D printing technology. 

ʊʝʭʥʦʣʦʛʠʷ çʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠè ʧʦʷʚʠʣʘʩʴ ʚ ʢʦʥʮʝ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʇʠʦʥʝʨʦʤ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʥʠʷ 3D Systems, ʢʦʪʦʨʘʷ ʨʘʟʨʘʙʦʪʘʣʘ ʧʝʨʚʫʶ ʢʦʤʤʝʨʯʝʩʢʫʶ 

ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʯʝʩʢʫʶ ʤʘʰʠʥʫ ï SLA ï StereolithographyApparatus (1986 ʛ).  

ɼʦ ʩʝʨʝʜʠʥʳ 90-ʭ ʛʦʜʦʚ ʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʥʘʫʯʥʦ- ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ 

ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʙʦʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ. ʇʝʨʚʳʝ ʣʘʟʝʨʥʳʝ 

ʤʘʰʠʥʳ ï ʩʥʘʯʘʣʘ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʝ (SLA-ʤʘʰʠʥʳ), ʟʘʪʝʤ ʧʦʨʦʰʢʦʚʳʝ (SLS-ʤʘʰʠʥʳ), ʙʳʣʠ 

ʯʨʝʟʤʝʨʥʦ ʜʦʨʦʛʠ, ʚʳʙʦʨ ʤʦʜʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʝʩʴʤʘ ʩʢʨʦʤʥʳʡ.  

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (CAD), 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʦʚ (CAE) ʠ ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʠ (CAM) ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʚʟʨʳʚʥʦʡ ʭʘʨʘʢʪʝʨ 

ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ 3D-ʧʝʯʘʪʠ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʫʢʘʟʘʪʴ ʦʙʣʘʩʪʴ ʤʘʪʝʨʠʘʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʛʜʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʳ 3D-ʧʨʠʥʪʝʨʳ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ɼʝʬʝʢʪʳ ʜʝʪʘʣʠ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʥʦʛʠʭ ʧʨʠʯʠʥ (ʜʘʚʣʝʥʠʝ, ʩʢʦʨʦʩʪʴ 

ʪʨʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʤʘʪʝʨʠʘʣ ʜʝʪʘʣʝʡ, ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪ.ʜ.) ï 

ʵʪʦ ʬʫʥʢʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʧʝʨʝʤʝʥʥʳʭ, ʦʜʥʦʟʥʘʯʥʦ ʨʝʰʠʪʴ ʢʦʪʦʨʫʶ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ 

ʩʦʟʜʘʥʠʝ ʨʘʚʥʦʧʨʦʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʫ ʢʦʪʦʨʦʛʦ ʚʩʝ ʜʝʪʘʣʠ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, 

ʥʝʚʦʟʤʦʞʥʦ ʜʘʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠ. ʄʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʨʝʩʫʨʩ, ʦʜʥʘʢʦ ʚ ʢʦʥʮʝ 

ʨʝʛʣʘʤʝʥʪʥʦʛʦ ʮʠʢʣʘ ʚʩʝ ʜʝʪʘʣʠ ʙʫʜʫʪ ʟʥʘʯʠʪʝʣʴʥʦ (ʦʪ10 ʜʦ 100 %) ʨʘʟʥʠʪʴʩʷ ʧʦ ʩʚʦʝʡ ʜʘʣʴʥʝʡʰʝʡ 

ʧʨʠʛʦʜʥʦʩʪʠ.  

2. ʀʟʥʦʩ ʧʘʨ ʪʨʝʥʠʷ ʧʦʩʣʝ ʨʝʛʣʘʤʝʥʪʥʦʛʦ ʨʝʩʫʨʩʘ ʤʘʰʠʥʳ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,5% ʦʪ ʚʝʩʘ ʜʝʪʘʣʠ, 

ʪ.ʝ. ʩʚʳʰʝ 99,5% ʤʘʪʝʨʠʘʣʘ, ʥʘ ʢʦʪʦʨʳʡ ʟʘʪʨʘʯʝʥʦ ʧʝʨʚʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 100-150 ʨʘʟ 

ʙʦʣʴʰʝ ʚʝʩʘ ʩʘʤʦʡ ʜʝʪʘʣʠ, ʚʳʚʦʜʷʪʩʷ ʠʟ ʦʙʦʨʦʪʘ. ʇʘʨʘʜʦʢʩ - ʟʘʪʨʘʯʝʥʥʳʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʘʚʪʦʤʦʙʠʣʷ ʤʘʪʝʨʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚʩʝʛʦ ʥʘ 0,5.ɺ ʣʫʯʰʝʤ ʩʣʫʯʘʝ 50-60% ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ 

ʧʦʩʪʫʧʘʝʪ ʚ ʫʪʠʣʴ, ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʪʦʨʦʛʦ ʦʧʷʪʴ ʪʨʝʙʫʶʪʩʷ ʧʝʨʚʠʯʥʳʝ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ. ʇʨʠ 

ʵʪʦʤ ʜʦ 60% ʤʝʪʘʣʣʘ ʪʝʨʷʝʪʩʷ ʧʨʠ ʧʝʨʝʧʣʘʚʢʝ ʠ ʦʙʨʘʙʦʪʢʝ, ʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʩʥʠʞʘʝʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 60%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʨʠʨʦʜʝ ʠʭ ʚ 5-10 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʦʥʘ ʤʦʞʝʪ ʠʭ 

ʣʦʢʘʣʠʟʦʚʘʪʴ. ʀʟʥʦʩ ʜʝʪʘʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʝʥ (0,01-0,3 ʤʤ).  

3. ʅʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʟʘʪʨʘʯʝʥʳ ʧʨʠʨʦʜʥʳʝ, ʤʘʪʝʨʠʘʣʴʥʳʝ, ʬʠʥʘʥʩʦʚʳʝ ʠ ʪʨʫʜʦʚʳʝ 
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ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ, ʦʢʘʟʳʚʘʝʪʩʷ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʥʘ 0,5%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʥʦʰʝʥʥʳʝ ʜʝʪʘʣʠ 

ʤʘʰʠʥ ʩʦʭʨʘʥʷʶʪ ʚ ʩʝʙʝ 99,5% ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʵʪʠʭ ʜʝʪʘʣʝʡ.  

4. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠʟʥʦʰʝʥʥʳʝ ʜʝʪʘʣʠ ʜʦ ʥʦʤʠʥʘʣʴʥʳʭ 

(ʠ ʜʘʞʝ ʧʨʝʚʳʰʘʶʱʠʭ ʠʭ) ʧʘʨʘʤʝʪʨʦʚ ʩ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʜʦ 40% ʦʪ ʥʦʚʳʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʧʝʨʚʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʵʪʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʜʝʪʘʣʠ ʥʘ 100% ʠ ʙʦʣʝʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʟʘʣʦʞʝʥʥʳʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʨʝʛʣʘʤʝʥʪʥʳʡ ʨʝʩʫʨʩ ʤʘʰʠʥʳ.  

5. ʈʘʩʭʦʜ ʧʝʨʚʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʥʠʞʘʝʪʩʷ ʚ 10-100 ʨʘʟ, ʧʦʵʪʦʤʫ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʩʥʠʞʘʝʪʩʷ ʪʘʢʞʝ ʚ 10- 100 ʨʘʟ. ʉ ʫʯʝʪʦʤ ʚʳʙʨʘʢʦʚʢʠ ʯʘʩʪʠ ʜʝʪʘʣʝʡ (ʜʦ 

20%) ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʠ ʨʝʥʦʚʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʟʜʝʣʠʷ ʩʥʠʞʘʝʪʩʷ ʚ 5-20 ʨʘʟ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʫʶ ʪʝʭʥʠʢʦ- 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ ʝʱʸ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʦʨʠʪʝʪʥʘ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

- ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ï ʤʘʪʝʨʠʘʣʴʥʳʝ, ʪʨʫʜʦʚʳʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚ 10-100 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ.  

- ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʚ 4-6 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ.  

- ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ï ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ 5-20 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ[2, ʩ. 63].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʨʝʟʝʨʚʦʤ ʵʢʦʥʦʤʠʠ ʪʨʫʜʦʚʳʭ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʪʦʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʩʪʦʠʤʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʚʳʭ ʜʝʪʘʣʝʡ. ʅʘʧʨʠʤʝʨ, ʨʘʩʭʦʜʳ ʥʘ ʤʘʪʝʨʠʘʣ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʟʘʛʦʪʦʚʦʢ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʝʪʘʣʝʡ ʩʦʩʪʘʚʣʷʶʪ 70-75%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʵʪʠ ʟʘʪʨʘʪʳ 

ʩʦʩʪʘʚʣʷʶʪ 6-8%.  

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚʘʣʦʚ ʚ ʣʶʙʦʡ ʦʪʨʘʩʣʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʪʠʧʦʚʘʷ 

ʪʝʭʥʦʣʦʛʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʧʦʜʛʦʪʦʚʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʥʘʧʳʣʝʥʠʶ, ʥʘʥʝʩʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʣʦʷ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʬʠʥʠʰʥʫʶ ʦʙʨʘʙʦʪʢʫ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʠ ʦʧʝʨʘʮʠʠ 

ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʨʘʟʣʠʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʥʦ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʠ ʚ ʦʜʥʫ ʦʧʝʨʘʮʠʶ, ʩ ʦʜʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʪʷʞʝʣʳʭ ʚʘʣʦʚ, 

ʢʦʛʜʘ ʙʫʜʝʪ ʩʦʢʨʘʱʝʥʦ ʚʨʝʤʷ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʚʨʝʤʷ ʥʘ ʫʩʪʘʥʦʚʢʫ ʠ ʟʘʢʨʝʧʣʝʥʠʝ ʟʘʛʦʪʦʚʦʢ ʥʘ 

ʦʧʝʨʘʮʠʷʭ, ʣʠʢʚʠʜʠʨʫʶʪʩʷ ʧʦʛʨʝʰʥʦʩʪʠ ʙʘʟʠʨʦʚʘʥʠʷ ʧʨʠ ʧʝʨʝʫʩʪʘʥʦʚʢʘʭ ʠ ʧʦʚʳʩʠʪʩʷ ʪʦʯʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʩ ʦʜʥʦʡ ʫʩʪʘʥʦʚʢʠ.  

ɼʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦ ʨʘʟʚʠʪʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʟʥʦʨʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʦʜʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ɼʘʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʸʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʜʝʣʠʷ.  

ɼʣʷ ʜʝʪʘʣʝʡ ʪʠʧʘ ʚʘʣʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʪʝʨʤʠʯʝʩʢʘʷ ʠ ʬʠʥʠʰʥʘʷ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʠ ʧʦʩʘʜʦʯʥʳʭ ʠ ʨʘʙʦʯʠʭ ʰʝʝʢ, ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʜʝʣʠʡ. ʕʪʦ 

ʦʪʥʦʩʠʪʩʷ ʢ ʣʶʙʳʤ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʚʘʣʘʤ, ʦʩʦʙʝʥʥʦ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʤ ʠ ʪʷʞʝʣʳʤ[4, ʩ. 58-61].  

ʊʝʭʥʦʣʦʛʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʨʝʟʘʥʠʝʤ ʜʦʩʪʠʛʣʠ ʩʚʦʝʛʦ ʘʧʦʛʝʷ, 

ʧʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʩʪʘʣʦ ʯʠʩʣʦʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʪʘʥʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ 

ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʠ ʠ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʦʜʥʘʢʦ ʨʘʟʚʠʪʠʝ ʦʩʪʘʥʦʚʠʣʦʩʴ.  

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʝʤʦʥʪʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʧʦʩʦʙʥʳ ʚʝʨʥʫʪʴ ʧʦʣʥʫʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʥʦ ʥʝ ʥʘʜʝʞʥʦʩʪʴ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʝʤʦʥʪʘ 

ʥʘʨʘʙʦʪʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʦʢʘ ʥʝ ʥʘʩʪʫʧʠʪ ʢʨʠʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʨʝʤʦʥʪ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʝʥ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʧʠʩʳʚʘʶʪ ʚ ʫʪʠʣʴ.  

ɿʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʰʘʛʥʫʣʠ ʜʘʣʝʢʦ ʚʧʝʨʝʜ. ʇʦʷʚʠʣʦʩʴ 

ʨʘʟʣʠʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢ ʞʝ ʤʝʪʦʜʦʚ ʠʭ ʦʙʨʘʙʦʪʢʠ ʠ 

ʥʘʥʝʩʝʥʠʷ, ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʧʨʦʯʥʦʩʪʥʳʤ ʠ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʆʜʥʠʤ ʠʟ ʧʝʨʝʜʦʚʳʭ ʘʜʜʠʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ 

ʷʚʣʷʝʪʩʷ 3D-ʧʝʯʘʪʴ. ɺʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ, ʛʜʝ ʩ ʟʘʛʦʪʦʚʢʠ ʫʜʘʣʷʝʪʩʷ 

ʠʟʣʠʰʥʠʡ ʤʘʪʝʨʠʘʣ, 3D-ʧʝʯʘʪʴ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʴ ʧʦʩʣʦʡʥʦ, ʙʝʟ ʪʨʘʪʳ ʣʠʰʥʠʭ ʨʝʩʫʨʩʦʚ ʠ 

ʙʝʟ ʧʦʣʫʯʝʥʠʷ ʦʪʭʦʜʦʚ.  

ɼʝʪʘʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ, ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʝʤ ʟʘʚʦʜʩʢʠʝ. ʊʘʢ ʞʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 3D-ʧʨʠʥʪʝʨʦʚ ʧʦʟʚʦʣʷʝʪ 
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ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʠ ʩʣʦʞʥʳʭ ʬʦʨʤ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʪʨʫʜʥʦ ʧʦʜʜʘʶʱʠʭʩʷ ʦʙʨʘʙʦʪʢʝ ʪʘʢʠʭ, ʢʘʢ ʪʠʪʘʥ, 

ʤʝʪʘʣʣʦʢʝʨʘʤʠʢʘ, ʘ ʪʘʢ ʞʝ ʪʚʝʨʜʳʝ ʩʧʣʘʚʳ[3, ʩ. 108]. 

ʂʨʫʛ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʰʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 3D-ʧʝʯʘʪʠ, ʩ ʢʘʞʜʳʤ 

ʜʥʝʤ ʚʩʝ ʙʦʣʴʰʝ ʨʘʩʰʠʨʷʝʪʩʷ. ʇʨʦʜʫʢʮʠʶ ʪʝʧʝʨʴ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ ʠ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʢʘʯʝʩʪʚʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʥʞʝʥʝʨʦʚ 

ʠ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʉ ʧʦʤʦʱʴʶ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʦʱʝ 

ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʚʦ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʪʦʚʳʭ 

ʠʟʜʝʣʠʡ. 

3D-ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʪʦʪʠʧʳ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʝʱʝ ʜʦ ʥʘʯʘʣʘ ʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʨʢʫ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦʙʳ ʟʘʨʘʥʝʝ 

ʫʩʪʨʘʥʠʪʴ ʚʝʨʦʷʪʥʳʝ ʜʝʬʝʢʪʳ.  

3D-ʧʝʯʘʪʴ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʨʧʫʩʦʚ ʧʨʠʙʦʨʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʫʩʪʨʦʡʩʪʚ. ʅʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʚʝʱʠ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ. 

3D-ʧʝʯʘʪʴ ʩʦʟʜʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʩʦʟʜʘʥʠʶ ʫʜʦʙʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʦʩʥʘʩʪʢʠ, 

ʫʩʢʦʨʷʶʱʝʡ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

3D-ʧʨʠʥʪʝʨʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʙʳʩʪʨʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʣʠʪʝʡʥʳʝ ʤʦʜʝʣʠ. ʊʝʧʝʨʴ ʤʦʞʥʦ 

ʜʝʣʘʪʴ ʦʯʝʥʴ ʪʦʯʥʳʝ ʚʦʩʢʦʚʢʠ, ʚʳʞʠʛʘʝʤʳʝ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʳ ʜʣʷ ʣʠʪʴʷ ʚ ʩʠʣʠʢʦʥ. 

ʉ ʧʦʤʦʱʴʶ 3D-ʧʨʠʥʪʝʨʘ ʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟʜʝʣʠʷ, ʢʦʪʦʨʳʝ ʫʞʝ ʛʦʪʦʚʳ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ: 

ʢʦʤʧʦʥʝʥʪʳ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʜʝʪʘʣʠ ʠ ʟʘʧʯʘʩʪʠ ʜʣʷ ʨʝʤʦʥʪʘ, ʢʦʤʧʦʥʝʥʪʳ ʜʚʠʛʘʪʝʣʝʡ ʠ 

ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ʊʝʭʥʦʣʦʛʠʷ DMT ʦʪʥʦʩʠʪʩʷ ʢ ʥʦʚʝʡʰʠʤ ʧʨʦʮʝʩʩʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. ɺ 

ʵʪʦʡ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʘʷ ʵʥʝʨʛʠʷ, ʧʦʵʪʦʤʫ ʦʩʘʞʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʝ ʧʦʩʪʨʦʝʥʠʷ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʠʣʠ ʩʧʣʘʚʣʝʥʠʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ DMT-ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ 

ʤʘʪʝʨʠʘʣ ʧʦʜʘʝʪʩʷ ʚ ʪʦʯʢʫ ʧʦʩʪʨʦʝʥʠʷ, ʢʫʜʘ ʧʦʜʚʦʜʠʪʩʷ ʵʥʝʨʛʠʷ ʠ ʛʜʝ ʠʜʝʪ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʠ. 

CAD-ʤʦʜʝʣʴ ʠʟʜʝʣʠʷ ʟʘʛʨʫʞʘʝʪʩʷ ʚ 3D-ʧʨʠʥʪʝʨ.  

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʩʣʦʠ, ʟʘʪʝʤ 

ʩʣʦʡ ʟʘ ʩʣʦʝʤ çʚʳʨʘʱʠʚʘʝʪʩʷè ʜʝʪʘʣʴ. ʃʘʟʝʨʥʳʡ ʣʫʯ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ ʟʦʥʫ ʨʘʩʧʣʘʚʘ, ʢʫʜʘ ʜʦʟʠʨʦʚʘʥʥʦ ʧʦʜʘʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ. ʆʥ ʧʦʣʥʦʩʪʴʶ 

ʨʘʩʧʣʘʚʣʷʝʪʩʷ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʠ ʙʳʩʪʨʦ ʦʪʚʝʨʞʜʘʝʪʩʷ ʚ ʵʪʦʡ ʟʦʥʝ.  

ɹʣʘʛʦʜʘʨʷ ʧʦʜʚʠʞʥʦʡ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʝ, ʚ ʢʦʪʦʨʫʶ ʪʘʢʞʝ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʢʘʥʘʣʳ ʜʣʷ ʧʦʜʘʯʠ 

ʧʦʨʦʰʢʦʚ ʠ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ, ʠ 3- ʠʣʠ 5-ʦʩʝʚʦʤʫ ʧʦʚʦʨʦʪʥʦʤʫ ʩʪʦʣʫ, ʛʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʜʝʪʘʣʴ, 

ʣʘʟʝʨʥʳʡ ʣʫʯ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʦʡ, ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠʟʜʝʣʠʷ, ʠ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʦʡʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʜʝʪʘʣʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 3D-ʧʝʯʘʪʠ ʷʚʣʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʣʱʠʥʳ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʩʣʦʷ 

ʤʝʪʘʣʣʘ[4, ʩ. 58-61].  

ʉʦʚʨʝʤʝʥʥʳʝDMT-ʧʨʠʥʪʝʨʳ ʦʩʥʘʱʝʥʳ ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ʉ ʧʦʤʦʱʴʶ 

ʚʩʪʨʦʝʥʥʳʭ CCD-ʢʘʤʝʨ ʦʥʘ ʠʟʤʝʨʷʝʪ ʪʦʣʱʠʥʫ ʩʣʦʷ ʠ ʨʝʛʫʣʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ ʚ ʧʨʦʮʝʩʩʝ ʧʝʯʘʪʠ. ɺ 

ʧʨʠʥʪʝʨʘʭ ʢʦʤʧʘʥʠʠ InssTek ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʪʨʝʭ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ 

ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʧʦʨʦʰʢʘ - 150, 250 ʠ 400 ʤʢʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʦʣʱʠʥʘ ʩʣʦʷ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 100ï1000 ʤʢʤ[1, ʩ. 45]. 

ʊʝʭʥʦʣʦʛʠʷ InssTek Auto tracking ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ, 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʠʟʥʦʩʫ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʝʤʦʥʪʠʨʫʝʤʦʝ ʠʟʜʝʣʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʨʘʙʦʯʫʶ 

ʟʦʥʫ 3D-ʧʨʠʥʪʝʨʘ, ʮʠʬʨʦʚʘʷ 3D-ʤʦʜʝʣʴ ʙʘʟʦʚʦʡ ʜʝʪʘ- ʣʠ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʤʘʰʠʥʫ, ʠ ʩʠʩʪʝʤʘ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʦʠʟʚʦʜʠʪ ʥʘʧʣʘʚʢʫ ʪʨʝʙʫʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʟʥʘʯʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠʟʥʦʩʠʚʰʝʛʦʩʷ ʠʟʜʝʣʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʛʦʜʥʷ ʩ ʧʦʤʦʱʴʶ 3D ʧʝʯʘʪʠ ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʣʶʙʳʝ ʧʦʚʨʝʞʜʝʥʥʳʝ 

ʜʝʪʘʣʠ. ʇʦʣʦʤʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʤʝʭʘʥʠʟʤʘ - ʚʝʩʴʤʘ ʧʨʠʚʳʯʥʦʝ ʜʝʣʦ. ʆʜʥʘʢʦ ʠʭ ʟʘʤʝʥʘ 

ʟʘʯʘʩʪʫʶ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʩʴʤʘ ʩʣʦʞʥʳʡ, ʜʦʨʦʛʦʩʪʦʷʱʠʡ, ʘ ʧʦʨʦʡ ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʳʡ ʧʨʦʮʝʩʩ. 

ʈʝʰʝʥʠʝʤ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʝʪ ʩʪʘʪʴ ʪʝʭʥʦʣʦʛʠʷ 3D ʧʝʯʘʪʠ.  

ʉ ʧʦʤʦʱʴʶ 3D ʧʝʯʘʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʚʨʘʪʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʧʨʦʩʪʫʶ, ʥʦ ʠ ʚʝʩʴʤʘ ʜʦʩʪʫʧʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ. ɺʩʝ, ʯʪʦ ʧʦʪʨʝʙʫʝʪʩʷ - ʵʪʦ 3D ʤʦʜʝʣʴ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʠʟʜʝʣʠʷ. ɺ ʩʣʫʯʘʝ ʝʸ ʦʪʩʫʪʩʪʚʠʷ ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʠʙʝʛʥʫʪʴ ʢ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʯʪʦ ʪʘʢʞʝ ʥʝ 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʠʢʘʢʠʭ ʩʣʦʞʥʦʩʪʝʡ - ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʣʝʛʢʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʧʦʚʨʝʞʜʝʥʥʦʤʫ ʦʙʨʘʟʮʫ. 

ɻʦʪʦʚʦʝ 3D-ʧʝʯʘʪʥʦʝ ʠʟʜʝʣʠʝ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ, ʢʨʦʤʝ ʦʪʩʫʪʩʪʚʠʷ 

ʧʦʚʨʝʞʜʝʥʠʡ. 
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ʇʆʇʋʃʗʈʅʓɽ ʄɽʊʆɼʓ ɸʅɸʃʀɿɸ ɼɸʅʅʓʍ ɺʆ ɺɿɸʀʄʆʆʊʅʆʐɽʅʀʀ ʉ 

ʂʃʀɽʅʊɸʄʀ ɺ ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʆʅʅʆʁ ʂʆʄʇɸʅʀʀ 

 

POPULAR METHODS OF DATA ANALYSIS IN THE RELATIONSHIP WITH 

CUSTOMERS IN A TELECOMMUNICATIONS COMPANY  

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʠ ʩ ʢʣʠʝʥʪʘʤʠ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʢʦʤʧʘʥʠʠ. ʊʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ Data Mining. 

Abstract. The article provides an overview of the most popular methods of data mining in the 

relationship with customers in a telecommunications company. Also, information is provided on how to use 

Data Mining effectively. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Data Mining, ABC-XYZ ʘʥʘʣʠʟ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʜʝʨʝʚʴʷ 

ʨʝʰʝʥʠʡ, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. 

Keywords: data mining, ABC-XYZ analysis, artificial intelligence, decision trees, data processing, 

machine learning. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʜʘʥʥʳʭ ʦ ʢʣʠʝʥʪʘʭ. ʈʘʩʧʨʝʜʝʣʠʪʴ ʢʣʠʝʥʪʦʚ ʧʦ ʛʨʫʧʧʘʤ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʦʩʪʘʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʩʧʝʢʪʨ ʫʩʣʫʛ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʝ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʢʣʠʝʥʪʦʚ ʩʦ ʩʭʦʞʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʰʘʙʣʦʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʫʜʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʨʢʝʪʠʥʛʦʚʳʭ 

ʠʥʠʮʠʘʪʠʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʠ ʩʝʛʤʝʥʪʘʮʠʷ. ʇʦʥʷʪʴ ʩʚʦʶ ʢʣʠʝʥʪʩʢʫʶ ʙʘʟʫ, ʘ 

ʪʘʢʞʝ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩʦ ʩʚʦʠʤʠ ʢʣʠʝʥʪʘʤʠ, ʢʦʤʧʘʥʠʷʤ ʧʦʟʚʦʣʷʝʪ ʢʦʤʙʠʥʘʮʠʷ 

ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʠʝʥʪʘʭ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʪʨʦʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ 

ʦʪʯʝʪʥʦʩʪʠ ʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʚʳʷʚʣʷʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʜʘʥʥʳʭ.   

ʂʘʞʜʘʷ ʫʚʘʞʘʶʱʘʷ ʩʝʙʷ ʢʦʤʧʘʥʠʷ ʩʪʨʝʤʠʪʴʩʷ ʧʦʚʳʩʠʪʴ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʧʨʠʙʳʣʴʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ, ʠʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʦ ʢʣʠʝʥʪʘʭ, ʠʩʧʦʣʴʟʫʷ ʩʨʝʜʩʪʚʘ ʦʙʨʘʙʦʪʢʠ 

ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ï ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ʅʦ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʯʝʤ ʙʦʣʴʰʝ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʫ ʢʦʤʧʘʥʠʠ ʝʩʪʴ 

ʧʨʦ ʢʣʠʝʥʪʦʚ, ʪʝʤ ʣʫʯʰʝ ʜʣʷ ʥʝʝ. ɽʜʠʥʩʪʚʝʥʥʦʝ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʥʦʩʠʣʦ ʧʦʣʴʟʫ ï ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʝʝ.  

ʏʪʦʙʳ ʢʦʤʧʘʥʠʠ ʤʦʛʣʠ ʧʨʦʚʦʜʠʪʴ ʧʨʘʚʠʣʴʥʫʶ ʤʘʨʢʝʪʠʥʛʦʚʫʶ ʢʘʤʧʘʥʠʶ, ʠʤ ʥʫʞʥʦ ʠʤʝʪʴ 

ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʠʭ ʢʣʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʤʝʣʦ ʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʥʪʝʨʝʩʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʦʩʪʨʝʙʦʚʘʥʳ ʩʨʝʜʠ ʢʣʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʥʠʤʘʪʴ, ʢʘʢʦʝ 

ʧʨʝʜʣʦʞʝʥʠʝ ʩʪʘʥʝʪ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʤ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʩʝʛʤʝʥʪʝ.  

ʏʪʦʙʳ ʜʦʩʪʠʯʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʚʥʘʯʘʣʝ ʨʘʙʦʪʳ ʮʝʣʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʷʪʴ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʪʦʜʳ Data Mining, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʘʢʪʫʘʣʴʥʳʝ ʪʨʝʥʜʳ  ʠ ʚʳʨʘʙʦʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ.  

ʏʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʠ ʩ 

ʢʣʠʝʥʪʘʤʠ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʢʦʤʧʘʥʠʠ, ʥʫʞʥʦ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʪʝʤ, ʯʪʦ ʪʘʢʦʝ Data 

Mining, ABC-XYZ ʘʥʘʣʠʟ, ʢʘʢ ʠʭ ʧʨʘʚʠʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʠ ʜʣʷ ʯʝʛʦ ʦʥʠ ʚʦʦʙʱʝ ʥʝʦʙʭʦʜʠʤʳ.  

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʥʘʫʢʠ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʨʘʟʫʤʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. [2, ʩ. 38] 

Data Mining ï ʵʪʦ ʤʦʱʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʚʠʟʫʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʨʳʪʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ 

ʪʝʥʜʝʥʮʠʡ: 

Data Mining ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: 

Å ʇʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʧʨʦʩ;  
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Å ʂʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦʢʫʧʘʪʝʣʝʡ ʧʦ ʪʦʯʢʘʤ ʧʨʦʜʘʞ ʠ ʧʦ ʢʦʤʧʘʥʠʠ ʚ ʮʝʣʦʤ;   

Å ɸʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʯʝʢʦʚ ʨʘʟʥʳʭ ʛʨʫʧʧ ʧʦʢʫʧʘʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘ ʥʘʣʠʯʠʝ ʚ ʥʠʭ 

ʘʢʮʠʦʥʥʳʭ ʪʦʚʘʨʦʚ; 

Å ʅʘʭʦʜʠʪʴ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʧʦʟʠʮʠʡ ʚ ʯʝʢʘʭ:  

ʘ)  ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʛʨʫʧʧʘʤ ʧʦʢʫʧʘʪʝʣʝʡ ʠ ʪʠʧʘʤ ʜʠʩʢʦʥʪʥʳʭ ʢʘʨʪ;    

ʙ) ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʩʫʤʤʝ ʯʝʢʘ (ʢʨʫʧʥʳʝ, ʩʨʝʜʥʠʝ, ʤʝʣʢʠʝ ʠ ʜʨ.); 

ʚ) ʚ ʟʘʜʘʥʥʳʡ ʯʘʩ, ʜʝʥʴ, ʛʦʜ; 

Å ɺʳʷʚʣʷʪʴ ʩʦʚʤʝʩʪʥʦ ʧʦʢʫʧʘʝʤʳʝ ʪʦʚʘʨʳ;  

Å ʅʘʭʦʜʠʪʴ ʪʦʚʘʨʳ, ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʪʘʶʪ ʚ ʥʝʢʦʪʦʨʦʤ ʢʦʣʠʯʝʩʪʚʝ ʝʜʠʥʳʤ ʯʝʢʦʤ; 

Å ʉʨʘʚʥʠʚʘʪʴ ʜʦʣʠ ʪʦʚʘʨʥʳʭ ʘʥʘʣʦʛʦʚ ʧʦ ʚʩʝʡ ʠʝʨʘʨʭʠʠ ʘʩʩʦʨʪʠʤʝʥʪʘ, ʫʯʠʪʳʚʘʷ 

ʮʝʥʦʚʦʡ ʜʠʘʧʘʟʦʥ;  

Å ʆʧʨʝʜʝʣʷʪʴ ʜʦʣʠ ʯʝʢʦʚ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʟʠʮʠʡ ʚ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʯʝʢʦʚ.  

ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʨʝʩʫʨʩʦʚ ʙʠʟʥʝʩʘ ʥʘ ʢʣʶʯʝʚʳʭ ʢʣʠʝʥʪʘʭ, ʧʨʦʚʦʜʷʪ ABC XYZ 

ʘʥʘʣʠʟ. ʊʘʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʳ ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʧʦ ʦʙʲʝʤʘʤ (ABC) 

ʠ ʯʘʩʪʦʪʝ ʟʘʢʫʧʦʢ (XYZ). ʂʣʘʩʩʠʬʠʢʘʮʠʷ Data Mining ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʳ ʠ ʨʘʥʞʠʨʦʚʘʪʴ 

ʪʘʢʠʝ ʦʙʲʝʢʪʳ, ʢʘʢ ʧʦʢʫʧʘʪʝʣʠ, ʪʦʯʢʠ ʧʨʦʜʘʞ, ʪʦʚʘʨʳ, ʯʝʢʠ ʠ ʪ.ʜ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: 

¶ ɸɺʉ ï ʵʪʦ ʜʝʣʝʥʠʝ ʧʦ ʚʢʣʘʜʫ ʚ ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ: çɸè - 80% ʚʢʣʘʜʘ (ʣʫʯʰʠʝ), çɺè -15% 

ʚʢʣʘʜʘ (ʩʨʝʜʥʠʝ), çʉè -5% ʚʢʣʘʜʘ (ʭʫʜʰʠʝ). 

¶ XYZ ï ʜʝʣʝʥʠʝ ʧʦ ʩʪʝʧʝʥʠ ʩʪʘʙʠʣʴʥʦʩʪʠ: çXè-ʚʘʨʠʘʮʠʷ ʜʦ 10% (ʩʪʘʙʠʣʴʥʳʡ), çYè -

ʚʘʨʠʘʮʠʷ ʜʦ 25% (ʧʨʝʜʩʢʘʟʫʝʤʳʡ),  çZè -ʚʘʨʠʘʮʠʷ ʙʦʣʝʝ 25% (ʩʣʫʯʘʡʥʳʡ). 

¶ ʂʦʤʙʠʥʘʮʠʷ ɸɺʉ+ XYZ. 

ʀʩʧʦʣʴʟʫʷ ABC XYZ ʘʥʘʣʠʟ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ: 

Å ʂʪʦ ʚʘʤ ʧʣʘʪʠʪ ʙʦʣʴʰʝ ʠ ʯʘʱʝ ʜʨʫʛʠʭ; 

Å ʉʢʦʣʴʢʦ ʮʝʣʝʚʳʭ ʧʦʢʫʧʘʪʝʣʝʡ ʚ ʚʘʰʝʡ ʚʦʨʦʥʢʝ ʧʨʦʜʘʞ; 

Å ʅʘ ʢʘʢʠʭ ʧʦʢʫʧʘʪʝʣʷʭ ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʫʩʠʣʠʷ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ABC XYZ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʧʦʢʫʧʘʪʝʣʝʡ ʢʦʤʧʘʥʠʠ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʦʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʥʘ ʧʨʠʚʣʝʯʝʥʠʠ 

ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʢʦʥʪʨʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʢʘʪʝʛʦʨʠʠ ɸʍ. ɼʘʣʝʝ, ʧʨʝʜʩʪʘʚʠʤ ʧʨʠʤʝʨ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʦʩʨʝʜʩʪʚʦʤ Data Mining.(ʨʠʩʫʥʦʢ 1) 

 

ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ɸɺʉ+FMR 
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ɿʘʯʘʩʪʫʶ ʨʷʜʦʤ ʩ Data Mining ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʦʚʘ çʦʙʥʘʨʫʞʝʥʠʝ ʟʥʘʥʠʡ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭè 

(knowledge discovery in databases) ʠ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭè -2 ʠʟ 6 ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʩʠʥʦʥʠʤʘʤʠ Data Mining. ɺʩʝ ʵʪʠ ʪʝʨʤʠʥʳ ʚʦʟʥʠʢʣʠ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʥʘ ʥʦʚʦʤ, ʩʦʚʨʝʤʝʥʥʦʤ 

ʫʨʦʚʥʝ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ.[3; c.23] 

 

ʄʝʪʦʜʳ Data Mining ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ.  

ʄʝʪʦʜ ʢʘʢ ʩʧʦʩʦʙ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʘʢʦʡ-

ʣʠʙʦ ʬʫʥʢʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ [5, ʩ. 223] 

ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʶʪʩʷ: ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʩʝʛʤʝʥʪʘʮʠʷ, 

ʵʚʦʣʶʮʠʦʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʜʨʫʛʠʝ [1, ʩ. 72] 

ɼʝʨʝʚʴʷ ʨʝʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ɺʧʝʨʚʳʝ ʠʜʝʠ ʩʦʟʜʘʪʴ ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ ʧʦʷʚʠʣʠʩʴ ʚ ʨʘʙʦʪʘʭ ʍʦʚʣʝʥʜʘ (Hoveland) ʠ ʍʘʥʪʘ (Hunt) 

ʢʦʥʮʘ 50-ʭ ʛʦʜʦʚ XX ʚʝʢʘ. ʅʦ, ʛʣʘʚʥʦʡ ʨʘʙʦʪʦʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʢʦʪʦʨʘʷ ʜʘʣʘ ʠʤʧʫʣʴʩ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʪʘʣʘ ʢʥʠʛʘ ʍʘʥʪʘ (Hunt, E.B.), ʄʵʨʠʥʘ (Marin J.) ʠ ʉʪʦʫʥʘ (Stone, P.J) 

"Experiments in Induction", ʢʦʪʦʨʫʶ ʯʠʪʘʪʝʣʠ ʩʤʦʛʣʠ ʫʚʠʜʝʪʴ ʚ 1966 ʛ.  

ɼʨʝʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (Decision trees) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʨʝʚʦʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʱʠʝ ʤʥʦʞʝʩʪʚʘ ʨʝʰʝʥʠʡ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʯʪʦʙʳ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʜʘʥʥʳʝ. ɼʨʝʚʘ ʨʝʰʝʥʠʡ ï ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʥʷʪʥʳʭ ʤʦʜʝʣʝʡ.  

ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʠ ʩʝʛʤʝʥʪʘʮʠʷ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʛʨʫʧʧʠʨʦʚʘʪʴ 

ʢʣʠʝʥʪʦʚ ʩʦ ʩʭʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʦʧʨʝʜʝʣʷʪʴ ʰʘʙʣʦʥʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʥʠʮʠʘʪʠʚ. 

ʂʘʢ ʧʨʘʚʠʣʦ ʙʘʟʦʚʫʶ ʩʝʛʤʝʥʪʘʮʠʶ ʠʩʧʦʣʴʟʫʶʪ, ʯʪʦʙʳ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʢʣʠʝʥʪʦʚ ʧʦ 

ʥʝʟʘʚʠʩʠʤʳʤ ʠ ʣʝʛʢʦ ʨʘʟʣʠʯʠʤʳʤ ʧʨʠʟʥʘʢʘʤ: ʧʦʣ, ʜʦʭʦʜ, ʚʦʟʨʘʩʪ, ʩʦʮʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʪ.ʜ. 

ʉʝʛʤʝʥʪʘʮʠʷ ʜʦʣʞʥʘ ʬʦʨʤʠʨʦʚʘʪʴ ʛʨʫʧʧʫ, ʢʦʪʦʨʘʷ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʫʯʰʝ ʧʦʥʷʪʴ ʩʪʨʫʢʪʫʨʫ 

ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʳ ʠ ʧʦʥʷʪʴ ʭʘʨʘʢʪʝʨ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʥʠʮʠʘʪʠʚ. 

ʆʯʝʥʴ ʯʘʩʪʦ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʜ-ʩʝʛʤʝʥʪʦʚ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʥʘʙʦʨʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʝ 

ʠʥʜʠʢʘʪʦʨʳ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ.  

ʂʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʶʪ ʥʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʜʚʠʞʝʥʠʝ ʙʨʝʥʜʘ.  

ɽʩʪʴ ʠ ʪʘʢʠʝ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ 

ʧʦʥʷʪʠʝ çʮʝʥʥʦʩʪʴ ʢʣʘʩʪʝʨʘè. ɼʣʷ ʵʪʦʛʦ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʪʝʢʫʱʫʶ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʮʝʥʥʦʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʫʧʧʳ ʢʣʠʝʥʪʦʚ. ʏʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʩʝʛʤʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʷʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʦʚ, ʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʢʣʶʯʝʥʠʝ ʚ ʘʥʘʣʠʟ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʘʪʪʝʨʥʦʚ ʢʣʠʝʥʪʦʚ.  

ʊʘʢ ʪʦʪ ʠʣʠ ʠʥʦʡ ʢʣʠʝʥʪ ʤʦʞʝʪ ʧʦʢʫʧʘʪʴ ʤʥʦʛʦ ʥʝʢʠʭ ʫʩʣʫʛ, ʥʦ ʥʝ ʪʨʘʪʠʪʴʩʷ ʥʘ 

ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ. ɼʘʥʥʳʝ ʧʘʪʪʝʨʥʳ ʧʦʪʨʝʙʣʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʣʠʝʥʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʨʫʧʧʳ. 3 ʠʟ 6. ɽʱʝ ʧʨʠʤʝʨʦʤ 

ʦʧʠʩʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʨʳʥʦʯʥʳʭ ʢʦʨʟʠʥ. ʆʥ ʩʚʷʟʳʚʘʝʪ ʚʤʝʩʪʝ ʧʨʦʜʫʢʪʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʧʦʢʫʧʘʪʝʣʴʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʤʳ ʘʥʘʣʠʟʠʨʫʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʷʚʣʷʶʪʩʷ ʧʘʪʪʝʨʥʳ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʚʳʧʦʣʥʷʝʤʳʭ ʢʣʠʝʥʪʦʤ (ʟʘʢʘʟʳ, ʢʣʠʢʠ ʥʘ ʩʘʡʪʝ, ʜʨʫʛʦʝ)  

ʕʚʦʣʶʮʠʦʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ  

ʇʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʮʝʣʝʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʪ ʜʨʫʛʠʭ ʧʝʨʝʤʝʥʥʳʭ  ʧʨʠʥʠʤʘʶʪ 

ʚʠʜ   ʧʨʦʛʨʘʤʤ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʨʘʤʤ ʩʪʨʦʠʪʩʷ ʢʘʢ ʵʚʦʣʶʮʠʷ ʚ 

ʤʠʨʝ ʧʨʦʛʨʘʤʤ (ʧʦʜʭʦʜ ʧʦʭʦʞ ʥʘ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ).[4; ʩ.185-186] 

ʂʦʛʜʘ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪ ʧʨʦʛʨʘʤʤʫ ʥʘʠʙʦʣʝʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʠʩʢʦʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʦʥʘ 

ʥʘʯʠʥʘʝʪ ʚ ʥʝʸ ʚʥʦʩʠʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʚʳʙʠʨʘʝʪ ʩʨʝʜʠ ʧʦʩʪʨʦʝʥʥʳʭ ʜʦʯʝʨʥʠʭ ʧʨʦʛʨʘʤʤ ʙʦʣʝʝ 

ʪʦʯʥʳʝ. ʊʦ ʝʩʪʴ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʢʦʥʢʫʨʠʨʫʶʪ 

ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʪʦʯʥʦʩʪʠ ʚʳʨʘʞʝʥʠʷ ʠʩʢʦʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ ʜʘʥʥʳʝ ʩ 

ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʷʟʳʢ, ʧʦʥʷʪʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʶ (ʪʘʙʣʠʮʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ). 

ɽʩʪʴ ʠ ʜʨʫʛʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʠʩʢʦʤ 

ʟʘʚʠʩʠʤʦʩʪʠ ʮʝʣʝʚʳʭ ʧʝʨʝʤʝʥ ʦʪ ʦʩʪʘʣʴʥʳʭ ʚ ʬʦʨʤʝ ʬʫʥʢʮʠʡ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ. 
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ɸʃɻʆʈʀʊʄ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ɼɸʅʅʓʍ ʉ ʇʆʄʆʑʔʖ ʀʉʂʋʉʉʊɺɽʅʅʓʍ 

ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

 

ALGORITHM OF DATA PROGNOSTICS BY ARTIFICIAL NEURAL NETWORKS  

 

ɸʥʥʦʪʘʮʠʷ:  ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʷ ʟʘʪʨʘʛʠʚʘʝʪʩʷ ʪʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʩ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʧʨʠʝʤʳ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʘʢʦʡ ʧʦʜʭʦʜ ʢ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʢʘʢ 

çʪʘʙʣʠʮʳ ʦʢʦʥè. ɺ ʨʘʙʦʪʝ ʜʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʦʜʥʦʰʘʛʦʚʦʤ ʠ ʤʥʦʛʦʰʘʛʦʚʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ.  

ɸʚʪʦʨʦʤ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʘʧʧʘʨʘʪʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ.  

Annotation: This article deals with the topic of using artificial neural networks for the purpose of 

forecasting. The characteristic principles and methods of preprocessing training data are analyzed, such an 

approach to data reorganization as "window tables" is considered. The paper gives an idea of one-step and 

multi-step prediction. The author formulates a universal algorithm for performing prediction using the 

apparatus of neural networks. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʠʟʦʥʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʦʙʫʯʘʶʱʘʷ 

ʚʳʙʦʨʢʘ, ʪʘʙʣʠʮʘ çʦʢʦʥè, ʘʣʛʦʨʠʪʤ 

Key words: forecasting horizon, artificial neural network, training sample, "windows" table, 

algorithm 

ɺʚʝʜʝʥʠʝ 

ɺʩʝʤ ʠʟʚʝʩʪʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʀʅʉ ʚ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʨʳʪʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʠʟʥʘʢʫ, ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ.ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʵʪʘʧʘ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʳʜʫʱʠʭ ʟʥʘʯʝʥʠʡ ʠ ʢʘʢʠʭ-ʪʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʬʘʢʪʦʨʦʚ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩʧʦʩʦʙʥʳ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʫʜʫʱʝʝ ʟʥʘʯʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʉʘʤʦʝ ʛʣʘʚʥʦʝ 

ʫʩʣʦʚʠʝ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʀʅʉ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʫʜʫʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʣʞʥʳ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʘʚʝʩʠʪʴ ʦʪ ʟʥʘʯʝʥʠʡ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʪ.ʝ. ʠʭ ʠʟʤʝʥʝʥʠʝ ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ 

ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʄʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʀʅʉ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʪʠʨʦʚʦʢ ʘʢʮʠʡ ʥʘ 

ʦʩʥʦʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʳʥʢʘ ʥʘ ʧʨʦʰʣʦʡ ʥʝʜʝʣʝ. ʆʜʥʘʢʦ, ʝʩʣʠ ʚʟʷʪʴ ʜʘʥʥʳʝ ʚʳʠʛʨʳʰʘ ʚ ʣʦʪʝʨʝʶ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ, ʪʦ ʧʨʦʛʥʦʟ ʩʣʝʜʫʶʱʝʛʦ ʨʦʟʳʛʨʳʰʘ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ʊʘʢ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʥʦʛʦ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʫʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ: ʩʪʦʠʤʦʩʪʴ ʘʥʘʣʠʟʘ, ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʜʘʥʥʳʭ ʠʣʠ 

ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʊʘʢ ʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʠʝ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʥʘʙʦʨʦʚ ʧʝʨʝʤʝʥʥʳʭ ʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʣʫʯʰʠʡ ʠʟ ʥʠʭ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 

ʩʣʝʜʫʝʪ ʠʩʧʨʦʙʦʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʠ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ɸʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 ɺ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʡ ʧʨʠ ʚʳʙʦʨʝ ʵʪʠʭ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩ ʩʘʤʳʤʠ ʙʦʣʴʰʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʊʘʢ, ʛʦʨʠʟʦʥʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ 

ʤʝʥʴʰʝ, ʯʝʤ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʤʝʣʦ 

ʩʤʳʩʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʝʩʴʤʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʧʨʠʥʠʤʘʝʤʦʛʦ ʨʝʰʝʥʠʷ.  

ɺʩʪʨʝʯʘʶʪʩʷ ʪʘʢʠʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʢʘʟʘʪʴ ʠʟʤʝʥʝʥʠʝ ʚ ʧʦʚʝʜʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʥʝ ʠʭ ʢʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ. 
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ʆʯʝʚʠʜʥʦ ʪʘʢʞʝ, ʯʪʦ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʘ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʦʢʘʟʳʚʘʝʪ ʥʝʤʘʣʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʛʥʦʟʠʨʫʝʤʫʶ ʩʠʩʪʝʤʫ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʘ ʠʤʝʝʪ ʠ ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ. 

ʇʝʨʚʦʝ, ʯʪʦ ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʚʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ð ʵʪʦ ʧʦʜʛʦʪʦʚʠʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʩʝʪʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʪʘʢʘʷ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʤʦʞʝʪ 

ʩʪʘʪʴ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ. ɿʥʘʥʠʝ ʛʣʘʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʠ ʧʨʠʝʤʦʚ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʯʝʥʴ ʚʘʞʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʟʥʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʧʦʜʛʦʪʦʚʢʫ ʜʘʥʥʳʭ, ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʨʠʥʮʠʧʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʡ ʦʯʝʥʴ ʩʭʦʞʠ ʩ ʧʨʠʥʮʠʧʘʤʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʜʚʘ ʚʠʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ: 

ʦʜʥʦʰʘʛʦʚʦʝ ʠ ʤʥʦʛʦʰʘʛʦʚʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. 

ʄʥʦʛʦʰʘʛʦʚʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʣʫʞʠʪ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʪʨʝʥʜʘ ʠ ʪʦʯʝʢ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʙʫʜʫʱʝʤ. ɼʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t+2, t+3 ʠ ʪ.ʜ.  ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ t+1, t+2 ʠ ʪ.ʜ.   

  ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʥʘ ʦʩʥʦʚʝ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʨʝʤʝʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʉʠʩʪʝʤʘ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʥʘ ʝʝ ʚʭʦʜ ʙʳʣ ʧʦʜʘʥ ʧʦʩʣʝʜʥʠʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʝʡ 

ʦʙʨʘʟʦʚ (9, 8, 6, 8), ʧʨʦʛʥʦʟʠʨʫʝʪ k+1 ʵʣʝʤʝʥʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʨʘʚʥʳʡ 5. ɼʘʣʝʝ ʥʘ 

ʚʭʦʜ ʧʦʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʦʙʨʘʟ ʩʣʝʜʫʶʱʠʡ ʦʙʨʘʟ (8, 6, 8, 5) ʠ ʩʠʩʪʝʤʘ ʧʨʦʠʟʚʦʜʠʪ ʩʣʝʜʫʶʱʠʡ 

ʧʨʦʛʥʦʟ. ʀʤʝʥʥʦ ʧʦʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ʵʪʦʛʦ ʦʙʨʘʟʘ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʦʤ ʩʠʩʪʝʤʳ. ʀ ʪʘʢ ʜʘʣʝʝ [3]. 

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʰʘʛʦʚʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʩʠʩʪʝʤʘ ʩʪʨʦʠʪ ʢʨʘʪʢʦʩʨʦʯʥʳʡ 

ʧʨʦʛʥʦʟ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʊʘʢʦʡ ʚʠʜ ʧʨʦʛʥʦʟʘ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪ ʧʨʦʛʥʦʟʘ ʥʘ 

ʦʜʠʥ ʰʘʛ ʚʧʝʨʝʜ, ʥʦ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪ ʨʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʛʥʦʟʘ. 

  ʇʫʩʪʴ, ʥʘ ʰʘʛʝ t+1 ʩʠʩʪʝʤʘ ʩʧʨʦʛʥʦʟʠʨʫʝʪ ʟʥʘʯʝʥʠʝ 5, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʝʘʣʴʥʳʡ ʚʳʭʦʜ 

ʜʦʣʞʥ ʙʳʪʴ 6. ɼʘʣʝʝ, ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ ʦʙʨʘʟʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʨʘʟ (8, 6, 8, 6) ʥʘ ʰʘʛʝ k + 2. 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʛʥʦʟʘ ʥʘ ʀʅʉ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩ ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ 

ʧʝʨʝʤʝʥʥʘʷ, ʘ ʥʝ ʝʝ ʢʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ. ʀʤʝʥʥʦ ʮʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʫʶʪ ʢʣʘʩʩʳ. ʊʦʛʜʘ, 

ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʙʱʠʡ ʧʦʜʭʦʜ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ, ʦʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʨʘʟʙʠʪʴ ʥʘ ʢʣʘʩʩʳ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ 

ʧʝʨʝʤʝʥʥʦʡ. ʊʘʢʠʝ ʢʣʘʩʩʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʠʣʠ ʯʠʩʣʝʥʥʦʤ ʚʟʛʣʷʜʝ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ.  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʀʅʉ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

çʆʙʱʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷè. ʊʘʢʦʡ ʘʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʫʥʢʪʦʚ: 

1. ʧʦʣʫʯʠʪʴ ʠʥʪʝʨʚʘʣʴʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ, ʠʩʧʦʣʴʟʫʷ ʚʨʝʤʝʥʥʫʶ ʠʪʝʨʘʮʠʶ; 

2. ʟʘʧʦʣʥʠʪʴ ʧʨʦʙʝʣʳ ʚ ʜʘʥʥʳʭ; 

3. ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʩʢʦʣʴʟʷʱʠʭ ʩʨʝʜʥʠʭ (ʠʣʠ ʜʨʫʛʦʡ ʧʦʜʦʙʥʳʡ) ʧʨʦʠʟʚʝʩʪʠ ʩʛʣʘʞʠʚʘʥʠʝ 

ʨʷʜʘ; 

4. ʧʦʣʫʯʠʪʴ ʨʷʜ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ; 

5. ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʙʣʠʮʳ çʦʢʦʥè ʩ ʛʣʫʙʠʥʦʡ ʧʦʛʨʫʞʝʥʠʷ  ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ; 

6. ʜʦʙʘʚʣʝʥʠʝ ʢ ʪʘʙʣʠʮʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʟʘ 

ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ); 

7.  ʧʨʦʠʟʚʝʩʪʠ ʰʢʘʣʠʨʦʚʘʥʠʝ; 

8. ʦʧʨʝʜʝʣʠʪʴ ʦʙʫʯʘʶʱʫʶ ʠ ʚʘʣʠʜʘʮʠʦʥʥʫʶ ʚʳʙʦʨʦʢʠ; 

9. ʧʨʦʠʟʚʝʩʪʠ ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʩʝʪʠ; 

10. ʦʙʫʯʠʪʴ ʥʝʡʨʦʩʝʪʴ; 

11. ʧʨʦʠʟʚʝʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʠʤ ʪʝʨʤʠʥʫ ʪʘʙʣʠʮʳ çʦʢʦʥè. ɺ ʪʘʢʠʭ ʪʘʙʣʠʮʘʭ ʜʘʥʥʳʝ ʩʣʝʜʫʝʪ 

ʨʝʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʩʭʝʤʝ. ɺʥʘʯʘʣʝ ʧʦʩʪʨʦʠʤ ʨʷʜ ʧʨʠʨʘʱʝʥʠʡ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ 

ʧʫʪʝʤ ʧʨʦʙʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʥʘʤ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʚʝʣʠʯʠʥ, ʘ ʥʝ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʨʷʜʘ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ (ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʣʝʜʫʶʱʝʛʦ. ɺ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʳʙʝʨʝʤ ʛʣʫʙʠʥʫ ʧʦʛʨʫʞʝʥʠʷ ʨʘʚʥʦʡ 4. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ 
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ʩʣʝʜʫʶʱʝʡ ʠʪʝʨʘʮʠʠ ʙʫʜʝʪ ʟʘʚʝʩʠʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʯʝʪʳʨʝʭ ʧʨʝʜʳʜʫʱʠʭ. ʀ ʧʨʝʦʙʨʘʟʫʝʤ ʢ 

ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ: 

ʊʘʙʣʠʮʘ 1 ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ çʦʢʥʘè ʜʘʥʥʳʭ 

Hist1 Hist2 Hist3 Hist4 Hist0 

D-1 D-2 D-3 D-4 D 

D-2 D-3 D-4 D-5 D-1 

D-3 D-4 D-5 D-6 D-2 

é é é é é 

 

ʇʝʨʚʳʝ ʯʝʪʳʨʝ ʢʦʣʦʥʢʠ ʦʪʦʙʨʘʞʘʶʪ ʚʭʦʜʳ ʥʝʡʨʦʩʝʪʠ, ʘ ʧʦʩʣʝʜʥʷʷ ï ʚʳʭʦʜ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʩʣʝʜʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʨʷʜʘ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʳʜʫʱʠʭ ʟʥʘʯʝʥʠʡ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ çʩʢʦʣʴʟʷʱʝʝ ʦʢʥʦè, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʟʘ ʧʷʪʴ ʝʜʠʥʠʮ ʚʨʝʤʝʥʠ. 

ʆʢʥʦ ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʧʦ ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʠ ʤʝʥʷʪʴ ʝʛʦ ʰʠʨʠʥʫ. ʄʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʢʦʣʦʥʢʠ ʚ 

ʚʳʙʦʨʢʫ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

 

ʊʘʙʣʠʮʘ 2 - ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ çʦʢʥʘè ʜʘʥʥʳʭ 

LastY Hist1 Hist2 Hist3 Hist4 Hist0 

L D-1 D-2 D-3 D-4 D 

L-1 D-2 D-3 D-4 D-5 D-1 

L-2 D-3 D-4 D-5 D-6 D-2 

é é é é é é 

  

ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʠ ʚ ʪʘʢʦʡ ʬʦʨʤʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʜʘʥʥʳʝ. ʂʦʥʝʯʥʦ ʞʝ, ʥʝʪ ʢʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʜʝʣʘʝʪʩʷ 

ʧʨʦʛʥʦʟ. ɺʩʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳ ʧʨʦʠʟʚʝʣʠ ʠʪʝʨʘʮʠʶ, ʥʦ ʧʨʘʚʠʣʘ ʧʦʩʪʨʦʝʥʠʷ ʪʘʙʣʠʮ 

ʩʦʭʨʘʥʷʶʪʩʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʥʦ ʠʭ ʥʝʜʦʩʪʘʪʦʢ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʚʘʨʠʘʮʠʠ ʦʰʠʙʦʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ.  ʋʚʝʣʠʯʝʥʠʝ ʛʦʨʠʟʦʥʪʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ. ʉʣʝʜʫʝʪ ʠʢʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʨʝʰʝʥʠʷ ʠ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʘʷ ʛʦʨʠʟʦʥʪ ʠ ʦʰʠʙʢʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʚʘʨʠʘʥʪʦʚ 

ʨʝʰʝʥʠʷ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ ʀʅʉ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʩʝʪʠ ʩʧʦʩʦʙʥʳʝ ʜʘʚʘʪʴ 

ʧʨʦʛʥʦʟʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 
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ʯʘʩʪʴ ʧʨʦʜʫʢʮʠʠ // ʊʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ.-2018 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʙʟʦʨʫ ʧʨʝʠʤʫʱʝʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʛʘʟʦʚʦʡ ʠ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ 

ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʠ ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʦʙʳʯʠ. 

Abstract: Andreev M.V., Pastukhov A.V., Kochegarova N. A. Automation as an integral part of 

production// Technologies used for automation in the oil and gas industry.-2018. The article is devoted to a 

review of the benefits of automation for the gas and oil industries. The article considers the elements and 

methods of automation of production and extraction. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʚʪʦʤʘʪʠʟʘʮʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝ, ʥʝʬʪʴ, ʛʘʟ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʫʩʪʨʦʡʩʪʚʘ, ʫʩʪʘʥʦʚʢʘ, ʫʣʫʯʰʝʥʠʝ. 

Keywords: Automation, production, error correction, automatic control, oil, gas, technological 

process, devices, installation, improvement. 

Automation is the system of manufacture performing certain tasks, previously done by people, by 

machines only. Automation is an important engineering, covering technical methods, concepts and tools of 

regulation and control of automated manufacturing. Manufacturing flexibility, reduce costs and eliminate 

human error. The results of the research are especially useful for future oil and gas specialists. 

New technologies of automation are widely used in oil and gas industry, especially in electro drilling, 

drilling by flame, destruction of rock using ultrasound, erosion jet drilling over to the bottom hole motor. 

Nowadays the problem of IT development and controlling equipment in the oil and gas recovery 

industry is very important. In addition to the system-managed automated equipment with its characteristics 

and compatibility problems, an important component of the automation process is the adequacy of its 

information support. Accounting for all the components of the information system requires systematization 

approach (automation of drilling is a complex process; compatibility problems; the problem of information 

uncertainty; intelligent decision support systems; the expert knowledge base; automated brake control; 

automated speed control; automation and control of fluids while drilling; the problem of energy supply). The 

work of a drilling platform (automation and information aspects), especially during the development of the 

great depths, faces many uncertainties. This constantly causes accidents and emergency situations that occur 

with a frequency which is not typical for other industries. In addition to the lack of data, there is also the 

problem of high speed changes. While moving to the project depth, the character of the rocks, pressure, 

temperature and other important parameters vary sharply and this requires continuous collection of 

information about them. Under uncertainty and high variability of existing decisions on further drilling 

operations management the use of intelligent systems for decision-making based on fuzzy logic and soft 

computing is considered to be perspective. A new group of automation facilities can help to overcome many 

problems typical of the oil and gas industries, to improve the efficiency of oilfield development. This group 

can include new developments in the field of down hole sensors that will provide measurements of high 
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quality; new developments in the design of drill pipes with cable or fiber optic wiring that will help to 

provide large amounts of received information to the surface. 

Automation of technological processes helped to improve the quality and increase profits in various 

branches of manufacture where it was introduced. At the same time automation of drilling in the oil and gas 

industry is a nontrivial task. Its solution is accompanied by many negative factors in the terms of 

automation. Success in this area will allow performing complex tasks effectively, in particular to learn more 

wells, drilling and development of which is currently technically impossible or unprofitable. Automation 

will allow not only developing complex fields technically, reducing the period of production preparation, 

improving the economic feasibility of many projects, but also increasing the efficiency of lab our protection 

and environmental protection significantly. 

Specialists know that oil and gas sector lags far behind other industries in terms of automation of 

drilling process. In this case it is designed to solve several important problems: to improve the technological 

process of drilling itself, to solve the problem of maintaining the state of the wells with high quality, to 

minimize emergency cases, to prolong the tool life as much as possible, to optimize the rate of drilling 

penetration as well as to improve its overall performance. So far the greatest success has been achieved in 

the mechanization and automation of operations on the drilling platform where in hazardous environment 

one must complete suspension of pipes, their subsequent connector and other operations with them. 

However, the process of drilling remains under manual control of the operator. The high degree of 

variability and uncertainty on the decision-making level are the main limiting factors in the way of the 

drilling process automation. 

Automation of production processes in oil and gas fields implies implementation of devices, facilities 

and engines, which guarantee drilling, production, field gathering, preparation and transmission of oil and 

gas straight from the field to the consumer under control of a person, but without his direct involvement, as 

well as introduction of automated control systems (ACS) of technological processes of drilling, production, 

preparation and transmission of oil and gas, which provide increased efficiency in oil and gas supply and oil 

and gas industry facilities management, product quality improvement, and increased productivity. 

Modern oil and gas companies represent complex set of technological facilities, dispersed over large 

areas, the dimensions of which reach tens or hundreds of square kilometers. Technological projects (wells, 

group measurement facilities, separation plants, depots, Integrated Oil and Gas tank farms, tank batteries) 

are linked through the reservoir and the flow of products circulating over technological communications. Oil 

and gas are produced around the clock in any weather, and therefore, for the normal functioning of the oil 

and gas companies, it is necessary to provide reliable operation of automated equipment, remote control over 

operation of technological projects and their condition. 

Remote terminal unit (RTU) is an integral part of any automated process control system, the purpose 

of which is a conjugation of sensor equipment, actuating mechanism of controlled project and technological 

process with the computing facilities of the system. 

For example, by using the latest developments in this area, AVANDSĶS company offers complex 

solutions for automation of technological and industrial processes in oil and gas field: 

Å Developing complex automated production process control systems for the purpose of planning, 

control and optimization of production processes, which allows reaching a higher level of organization of 

the whole industrial activity, making the activity more profitable, from the order generation till the release of 

finished goods in real time. 

Å Creating and upgrading automated basic production asset's control systems for the purpose of 

optimization of basic assets management, as well as repair, preventive maintenance, diagnostics based on 

evaluation of technical condition of production assets, and applying risk analysis. 

Automated process control system provides the following monitoring and control functions: 

1) control over the installation processes (primary and secondary nodes), the measurement of process 

parameters and the information obtained about the state of technological objects on duty operational and 

technical personnel; 

2) automatic control ð is the stabilization of the individual (local) process parameters, ensuring the 

stability of the technological process and the implementation of the control functions being to stabilize the 

basic parameters; 3) Remote control ð is the management of operational and technical staff of the 

regulatory, shut-off valves and process equipment; 

3) software and logic control equipment installation; 

4) emergency automatic protection and blocking; 
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5) alarm status objects ð fixing the technological parameter of the specified limits, the alarm shut-

off valves and the state of technological equipment, signaling perform emergency protection and locks; 

6) record, the accumulation and storage of measured current values of the process parameters on the 

magnetic storage computing means in real time with the presentation of the subsequent recorded values as a 

historical trend. 

7) an efficient and reliable process control installations preliminary gas and auxiliary installations 

minimizing operator involvement in the process and thus release staff from performing minor tasks and 

handmade. 

Technological part of the installation preliminary gas includes: 

ð Installation of a gas treatment plant; 

ð Technological platform; 

ð Gas control; 

ð Site host. Gas meters; 

ð Drain the condensate tank E-1; 

ð Ground flare separators and drain tanks; 

ð The capacity of production and rainwater; 

ð Pumping condensate; ð Pumping station of disposal of industrial waste; 

ð Pumping station fire-fighting purposes; 

ð Warehouse condensate V = 500 mį. 

Information functions on Installation of preliminary gas preparation are: control and measurement of 

process parameters; trigger lock control and protection; passing control commands to the controller; control 

of correctness of the choice of the control object; alarm parameters deviations from the established 

boundaries; alarm system disorders of equipment; manual data entry; formation and delivery of data to 

operational staff in the protocol format of messages regime sheets and reports of emergencies; calculation of 

indirect variables; collecting and storing data. 

Ultimately, best-in-class oil and gas companies are realizing that the future of the industry lies in 

automation. Modernizing internal processes with automation, along with better access to information about 

operations and maintenance, will help the industry streamli. 

Automation is extremely versatile, making it an ideal aid to daily operations. As such, there are 

several areas where it can make an immediate and lasting difference for oil and gas companies. 

Ŀ Daily Drilling Operations: One of the largest expenses for oil and gas companies is drilling. Not 

only is drilling costly, it is also highly technical, and involves considerable safety risks for workers. 

Automating manual portions of that process, like pipe handling and pressure drilling, can significantly 

reduce safety risks, and speed up the overall drilling process. 

Ŀ Diagnostics and Inspections: Underwater drones and unmanned submersibles can help monitor 

when equipment needs repairs, and can also aid in the inspection process. These vehicles can be controlled 

remotely, eliminating the need for skilled pilots, and can even broadcast live video feeds and data back to a 

central location. 

Ŀ Weather Monitoring Systems: Some energy companies have begun using automated weather 

sensors to detect changes in seismic activity, as well as ocean and atmospheric levels. This can help predict 

when conditions are right for major natural weather events, such as earthquakes and hurricanes, thereby 

enabling oil and gas companies to take the proper safety precautions in real-time. 

Ŀ Pressure and Flow: The measurement of pressure and flow of oil is a task that can easily be 

improved through automation. Installing smart sensors which connect to centralized monitoring software, 

allow pressure, flow, and level of oil to be reported remotely from the field, without the need for on-site 

crew. Upon receiving this information, rig crews can monitor and adjust settings as needed. 

Sensing is crucial for the smooth running of modern oil and gas operations. In processing facilities 

and refineries, the ability to track factors such as temperature, pressure and vibration in real time enables 

operators to balance throughput and yield, to maintain plant safety and to optimize commercial performance. 

New sensing systems are being applied to tasks such as process integrity monitoring, helping to reduce 

downtime and deferment and enhance equipment/process safety. The industry is using embedded sensing 

systems around plants or facilities to make more data available to the decision makers and to ensure that 

operations conform to environmental standards. 

Although there is a wide range of sizes and layouts, most production facilities have many of the same 

processing systems shown in this simplified overview. 
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ʉʀʅʊɽɿ, ʉɺʆʁʉʊɺɸ ʇʈʆʀɿɺʆɼʅʆɻʆ 4-ɸʄʀʅʆɹɽʅɿʆʃɸ 

 

SYNTHESIS, PROPERTIES OF DERIVATIVE  4-AMINOBENZOYL  

 

ɸʥʥʦʪʘʮʠʷ: ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʟʫʯʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ N2,N3-ʧʦʣʠʤʝʪʠʣʝʥ-ʙʠʩ-[(4-

ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣ)-ʤʦʯʝʚʠʥʳ]. ʇʨʠʚʦʜʠʪʩʷ ʩʠʥʪʝʟ ʥʦʚʳʭ, ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ R-

ʧʦʣʠʘʣʢʠʣʝʥ ʙʠʩ-ʤʦʯʝʚʠʥʳ, ʨʝʘʢʮʠʠ  N,N
1
-ʤʝʪʘʣʣʠʨʦʚʘʥʠʷ, ʘʣʢʠʣʠʨʦʚʘʥʠʷ, ʭʣʦʨʠʨʦʚʘʥʠʷ, 

ʥʠʪʨʦʟʠʨʦʚʘʥʠʷ, ʠʟʫʯʝʥʳ ʙʠʦʩʪʠʤʫʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

Abstract: Synthesized and studied the chemical properties of N2,N3-polymethylene-bis-[(4-amino-

azo-benzene)-urea]. The synthesis of new, previously unknown derivatives of R-polyalkylene bis-urea, N, 

N
1
-metallization, alkylation, chlorination, nitrosation reactions is given, biostimulating properties of the 

obtained compounds are studied. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʠʟʚʦʜʥʳʝ, ʙʠʩ-ʤʦʯʝʚʠʥʘ, N2,N3-ʧʦʣʠʤʝʪʠʣʝʥ-ʙʠʩ-[(4-ʘʤʠʥʦ-ʘʟʦ-

ʙʝʥʟʦʣ)-ʤʦʯʝʚʠʥʳ], ʥʠʪʨʦʟʦʟʠʨʦʚʘʥʠʝ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ, ʭʣʦʨʠʨʦʚʘʥʠʝ, ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ, 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʩʪʠʤʫʣʷʪʦʨ. 

Keywords: derivatives, bis-urea, N2,N3-polymethylene-bis-[(4-amino-azo-benzene)-urea], 

nitrosopropane, alkylation, chlorination, electrophilic substitution, the biological activity, stimulant. 

ɺʚʝʜʝʥʠʝ 

ʉʝʛʦʜʥʷ ʧʦʯʪʠ ʧʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ, ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʯʝʚʠʥ ʠ ʙʠʩ-ʤʦʯʝʚʠʥ, ʘ ʪʘʢʞʝ ʢʘʨʙʦʥʘʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ 

ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ, ʥʘʧʨʠʤʝʨ: ʚ ʢʘʯʝʩʪʚʝ ʩʪʦʡʢʦʛʦ ʢʣʝʷ [1]  ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ [2], ʢʘʢ 

ʘʥʪʠʬʦʫʣʠʥʛʦʚʦʝ ʩʨʝʜʩʪʚʦ[3,4]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʯʝʚʠʥʳ ʫʚʝʣʠʯʠʚʘʶʪ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʦʣʠʤʝʨʦʚ ʚ 16-50 ʨʘʟ [5]. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʯʝʚʠʥʳ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʛʠʮʠʜʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ  ʪʝʢʩʪʠʣʷ, ʢʦʞʠ, ʰʢʫʨ, ʤʝʭʦʚ [6]. ɺ ʤʝʜʠʮʠʥʝ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ, ʧʨʦʪʠʚʦʜʠʘʙʝʪʠʯʝʩʢʠʭ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ,  

ʜʠʫʨʝʪʠʯʝʩʢʠʭ, ʧʨʦʪʠʚʦʷʟʚʝʥʥʳʭ, ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ, ʧʨʦʪʠʚʦʩʫʜʦʨʦʞʥʳʭ, ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʭ, 

ʛʠʧʦʪʝʥʟʠʚʥʳʭ ʠ ʜʨʫʛʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʯʝʚʠʥʳ  ʠʣʠ 

ʙʠʩ-ʤʦʯʝʚʠʥʳ, ʧʦʠʩʢ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʪʦʷʥʥʦ 

ʧʨʦʜʦʣʞʘʝʪʩʷ, ʦ ʯʝʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʯʠʩʣʫ ʧʫʙʣʠʢʘʮʠʡ ʚ ʤʠʨʦʚʦʡ ʥʘʫʯʥʦʡ ʠ 

ʧʘʪʝʥʪʥʦʡ ʣʠʪʝʨʘʪʫʨʝ  [7-13] . 

 ɺ cʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ, ʧʨʦʩʪʳʭ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʩ-ʤʦʯʝʚʠʥʳ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʠʟʦʮʠʘʥʘʪʘ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ 
NH2, NH ʛʨʫʧʧʘʤʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣaʩʴ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʩʪʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ, ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ  R-ʧʦʣʠʘʣʢʠʣʝʥ ʙʠʩ-ʤʦʯʝʚʠʥʳ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

mailto:valeevang2017@list.ru
mailto:OybekIskandarov@mail.ru
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ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ ʵʪʠʭ ʚʝʱʝʩʪʚ. 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ   N2,N3-ʧʦʣʠʤʝʪʠʣʝʥ-ʙʠʩ-[(4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣ)-

ʤʦʯʝʚʠʥʳ] ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʜʠʠʟʦʮʠʘʥʘʪʘ ʩ 4-ʘʤʠʥʦʘʟʦʙʝʥʟʦʣʦʤ, ʦʪʣʠʯʘʶʱʠʡʩʷ 

ʦʪ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ, ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʦʢʨʘʱʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʨʝʘʢʮʠʠ ʜʦ 2-2,5 ʯʘʩʦʚ, ʘ ʪʘʢʞʝ ʙʝʟ ʥʘʛʨʝʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʙʝʟ ʦʪʭʦʜʥʳʭ ʨʝʘʢʮʠʡ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʯʠʩʪʦʛʦ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ï ʨʘʩʪʚʦʨʠʪʝʣʴ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʤʥʘʪʥʘʷ (23-25  
ʦ
ʉ), ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʭʝʤʝ: 

N N NH2 O C N OCN

NNH2N
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N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥïʙʠʩ[(4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-ʤʦʯʝʚʠʥʳ](I) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʘ ʩ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʠʟʦʮʠʘʥʘʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʄʌɸ, ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʪʨʠʵʪʠʣʘʤʠʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2,0-2,5 ʯʘʩʘ ʩ 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ ʚʳʭʦʜʘʤ ʜʦ 98 % (ʪʘʙʣ.1). ʉʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-

ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-ʤʦʯʝʚʠʥ] ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʜʘʥʥʳʤʠ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

                                                                                                                                          ʊʘʙʣʠʮʘ 1 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʧʘʨʘʪʘ (I) 

ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ 
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ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʧʦ  NH    ʛʨʫʧʧʘʤ ʙʠʩ-

ʤʦʯʝʚʠʥ, ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ ʨʝʘʢʮʠʠ ʥʠʪʨʦʟʦʟʠʨʦʚʘʥʠʷ, ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʠ ʭʣʦʨʠʨʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ  N
1
,N

1
-ʜʠʥʠʪʨʦʟʦʟʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʠʩ[(4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-

ʤʦʯʝʚʠʥ]  ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ ( ʚ ʠʟʙʳʪʢʝ) ʚ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʝ ʧʦʣʫʯʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ  N2,N3-

ʜʠʥʠʪʨʦʟʦʟʘʤʝʱʝʥʥʳʡ-N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-ʤʦʯʝʚʠʥ], ʩ ʚʳʭʦʜʦʤ 98 % 

(ʪʘʙʣ.2).  ʈʝʘʢʮʠʠ  ʧʨʦʪʝʢʘʶʪ ʧʦ ʜʘʥʥʦʡ ʩʭʝʤʝ: 
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ʊʘʙʣʠʮʘ 2 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʧʘʨʘʪʘ (II) 
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N2,N3-ʜʠʥʠʪʨʦʟʦʟʠʨʦʚʘʥʠʝ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ SE. 

ɸʪʘʢʫʶʱʠʤ ʘʛʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʥʠʪʨʦʟʠʡ  ʠʦʥ NONO ( ). ʊʘʢ ʢʘʢ ʘʟʦʪʠʩʪʘʷ 
ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʥʠʪʨʦʟʦʟʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ, ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʠʪʨʠʪ ʥʘʪʨʠʷ ʠ ʩʠʣʴʥʘʷ ʢʠʩʣʦʪʘ (ʢʦʥʮ.  

ʅʉʆʆʅ), ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʵʪʦʤ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ, ʧʨʠʩʦʝʜʠʥʷʷ ʧʨʦʪʦʥ, ʛʝʥʝʨʠʨʫʝʪ ʠʦʥ NO  ʧʦ 

ʩʭʝʤʝ: 

NaNO2 HCOOH H2NO2 NO HCOONa  H2O
 

 

N,N
1
ïʜʠʥʠʪʨʦʟʦʟʠʨʦʥʠʝ ʚʝʜʝʪʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ (0-5

ʦ
ʉ) ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʀʜʝʥʪʠʬʠʢʘʮʠʶ  

N2,N3-ʜʠʥʠʪʨʦʟʦʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʷʪ ʧʦ ʧʦʣʦʩʘʤ ʧʦʛʣʦʱʝʥʠʷ  N-ʥʠʪʨʦʟʦʛʨʫʧʧ. ʍʘʨʘʢʪʝʨʥʘʷ 

ʩʠʣʴʥʘʷ ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 1552-1430 ʩʤ
-1

 (ʪʘʙʣ.3). ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ   N2,N3-

ʜʠʥʠʪʨʦʟʦʟʘʤʝʱʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʠʩ-ʤʦʯʝʚʠʥ ʫʩʪʘʥʦʚʣʝʥʘ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ ʠ ʀʂ-

ʩʧʝʢʪʨʘʤʠ. 

                                                                                                                                        ʊʘʙʣʠʮʘ 3 

                            ʉʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʠʩ-ʤʦʯʝʚʠʥʳ  (I) 

ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʀʂ-ʩʧʝʢʪʨʳ, ɜ, ʩʤ
-1
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ɿʘʢʣʶʯʝʥʠʝ 
ʈʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʜʝʰʝʚʳʡ, ʩʪʘʙʠʣʴʥʳʡ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʤʝʪʦʜ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʠʩ-ʤʦʯʝʚʠʥ (I), ʢʦʪʦʨʦʛʦ ʧʦʜʚʝʨʛʘʶʪ ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʤʝʪʘʣʣʠʨʦʚʘʥʠʶ 

ʧʦ  N-H ʨʝʘʢʮʠʦʥʥʳʤ ʮʝʥʪʨʘʤ ʧʦʩʨʝʜʩʪʚʦʤ ʩ  CH3ONa. ʈʝʘʢʮʠʷ   N2,N3- ʜʠʥʘʪʨʠʡʣʠʨʦʚʘʥʠʷ  

ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʭʝʤʝ, ʚʳʭʦʜ ï 90 %, ʊʧʣ = 347  
ʦ
ʉ  (ʨʘʟʣ). 
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ʇʦʣʫʯʝʥʠʝ   N2,N3 -ʜʠʧʨʦʧʠʣ ʟʘʤʝʱʝʥʥʦʛʦ (I) 

ʇʨʦʧʠʣʠʨʦʚʘʥʠʝ ʧʦ ʨʝʘʢʮʠʦʥʥʳʤ ʮʝʥʪʨʦʤ  N-H -ʛʨʫʧʧ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʠʩ-ʤʦʯʝʚʠʥ (I) 

ʧʨʦʧʠʣʡʦʜʠʜʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ N-H -ʛʨʫʧʧ 

ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʦʚʦʜʠʣʠʩʴ ʨʝʘʢʮʠʠ ʧʨʦʧʠʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ  N2,N3-ʜʠʥʘʪʨʠʡ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-ʤʦʯʝʚʠʥ]  ʩ ʡʦʜʠʩʪʳʤ ʧʨʦʧʠʣʦʤ ʚ ʩʫʭʦʤ 

ʙʝʥʟʦʣʝ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 24-27  
ʦ
ʉ  ʧʦ ʢʘʧʣʷʤ  ʜʦʙʘʚʣʷʣʠ ʡʦʜʠʩʪʳʡ ʧʨʦʧʠʣ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʧʦ 
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ʇʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦ ʘʪʦʤʫ ʘʟʦʪʘ N2,N3- ʦʙʴʷʩʥʷʝʪʩʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦʡ ʜʠʩʩʦʮʠʘʮʠʝʡ ʥʘʪʨʠʷ ʫ ʵʪʦʛʦ ʘʪʦʤʘ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʩʦʩʝʜʥʠʭ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ. ɺʳʭʦʜ ʧʨʝʧʘʨʘʪʘ (III) ʩʦʩʪʘʚʠʣ -  99,3 %). ʊʧʣ=167-168  
o
ʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-ʘʤʠʥʦ-ʘʟʦ-

ʙʝʥʟʦʣʠʣʦ)-ʤʦʯʝʚʠʥ]   ʠ ʠʟʫʯʝʥʳ ʝʛʦ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦ N-H ʮʝʥʪʨʘʤ: ʨʝʘʢʮʠʠ-

ʜʠʥʠʪʨʦʟʦʟʠʨʦʚʘʥʠʷ, ʤʝʪʘʣʣʠʨʦʚʘʥʠʷ, ʧʨʦʧʠʣʠʨʦʚʘʥʠʷ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ʉʠʥʪʝʟ N2,N3-ʜʠʥʠʪʨʦʟʦʟʠʨʦʚʘʥʠʝ-N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-

ʤʦʯʝʚʠʥ] (II ). 

ɺ ʪʨʝʭʛʦʨʣʫʶ ʢʦʣʙʫ, ʩʥʘʙʞʝʥʥʫʶ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʪʝʨʤʦʤʝʪʨʦʤ, ʤʝʰʘʣʢʦʡ 

ʧʦʤʝʱʘʶʪ 5,62 ʛ (0,01ʤʦʣʴ) ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 100 ʤʣ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥ ʙʠʩ[(4-

ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-ʤʦʯʝʚʠʥ]. ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

0-5 
o
ʉ ʧʦ ʧʦʨʮʠʷʤ ʜʦʙʘʚʣʷʶʪ 0,6 ʛ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ (ʚ ʠʟʙʳʪʢʝ). ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʝʘʢʮʠʠ ʚʳʣʠʚʘʶʪ ʚ 

ʣʠʪʨʦʚʳʡ ʩʪʘʢʘʥ, ʜʦʙʘʚʣʷʶʪ ʦʩʘʜʦʢ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʧʨʦʤʳʚʘʶʪ ʙʝʥʟʦʣʦʤ ʠ ʩʫʰʘʪ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ N2,N3-ʜʠʥʠʪʨʦʟʦʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘ ʧʣʘʩʪʠʥʢʘʭ çSilifolè. ʇʘʨʘʤʝʪʨʳ 

ʧʨʦʜʫʢʪʘ (II): ʚʳʭʦʜ - 5,62 ʛ (90,7% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ). ʊʧʣ=237-238 
o
ʉ (ʨʘʟʣ). ʅʘʡʜʝʥʦ, %: N- 22,37; 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C32H32N10O4,  % : N-22,58. 
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ʉʠʥʪʝʟ N2,N3-ʜʠʥʘʪʨʠʡ-N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-ʤʦʯʝʚʠʥ]. 

ɺ ʢʦʣʙʫ ʧʦʤʝʱʘʶʪ 0,036 ʛ/ʤʦʣʴ Nʘ ʠ 30 ʤʣ ʘʙʩ.CH3OH, ʧʨʠʙʘʚʣʷʶʪ 5,62 ʛ (0,01 ʤʦʣʴ) N2,N3-

ʛʝʢʩʘʤʝʪʠʣʝʥ ʙʠʩ[(4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-ʤʦʯʝʚʠʥ]. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʶʪ 2 ʯʘʩʘ ʧʨʠ 20-22
 o
ʉ   ʠ 2 

ʯʘʩʘ ʧʨʠ 40
 o
ʉ . ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʧʨʦʤʳʚʘʶʪ, ʘʙʩ. CH3OH,        ʧʦʣʫʯʘʶʪ N2,N3-ʜʠʥʘʪʨʠʡ-

N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-ʤʦʯʝʚʠʥ]. ʇʘʨʘʤʝʪʨʳ: ʚʳʭʦʜ ï 90 %; Tʧʣ.= 347  
o
ʉ 

(ʨʘʟʣ); ʅʘʡʜʝʥʦ, %  ʜʣʷ N -  14,39; ʚʳʯʠʩʣʝʥʦ,          % : N - 14,53. 

ʉʠʥʪʝʟ N2,N3-ʜʠʧʨʦʧʠʣ-N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-ʤʦʯʝʚʠʥ]. 

ɺ ʪʨʝʭʛʦʨʣʫʶ ʢʦʣʙʫ, ʩʥʘʙʞʝʥʥʫʶ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʪʝʨʤʦʤʝʪʨʦʤ ʠ ʘʚʪʦʤʝʰʘʣʢʦʡ, 

ʧʦʤʝʱʘʶʪ 5,78 ʛ (0,01 ʤʦʣʴ) N2,N3-ʜʠʥʘʪʨʠʡ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʠʩ-ʤʦʯʝʚʠʥ, ʚ 35 ʤʣ ɼʄʌɸ. ʇʨʠ 

ʤʝʜʣʝʥʥʦʤ ʧʦʤʝʰʠʚʘʥʠʠ ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʶʪ 3,5 ʤʣ (0,02 ʤʦʣʴ) ʡʦʜʠʩʪʦʛʦ ʧʨoʧʠʣʘ. ɿʘʪʝʤ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 13 ʯʘʩʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʢʠʧʷʱʝʡ ʚʦʜʷʥʦʡ ʙʘʥʝ. ʆʭʣʘʞʜʘʶʪ ʠ 

ʧʨʦʣʠʚʘʶʪ 40 ʤʣ ʚʦʜʳ, ʦʩʘʜʦʢ ʦʪʜʝʣʷʶʪ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʶʪ ʠʟ 50 %-ʥʦʛʦ ʩʧʠʨʪʘ, ʩʫʰʘʪ ʠ 

ʧʦʣʫʯʘʶʪ ʧʨʦʜʫʢʪ (III) : ʚʳʭʦʜ ï 5,81 ʛ (92,3 % ʦʪ ʪʝʦʨeʪʠʯ.); Tʧʣ.=167-168
  o
ʉ; ʅʘʡʜʝʥʦ,  %  ʜʣʷ N - 

14,97; ʚʳʯʠʩʣʝʥʦ, % : N - 15,23. 

ʈʦʩʪʦʩʪʠʤʫʣʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-

ʤʦʯʝʚʠʥ] 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʪʦʪʦʢʩʠʢʦʣʦʛʠʠ ʀʍʈɺ ɸʅ ʈʋʟ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʝʨʚʠʯʥʫʶ 

ʦʮʝʥʢʫ ʨʦʩʪʦʨʝʛʫʣʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʚʥʦʚʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ. 

ɹʠʦʪʝʩʪʘʤʠ ʩʣʫʞʠʣʠ ʩʝʤʝʥʘ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʠ ʭʣʦʧʯʘʪʥʠʢʘ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʩʪʘʷ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʘʷ ʦʮʝʥʢʘ ʧʝʨʚʠʯʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ ʥʘ ʩʝʤʝʥʘʭ ʚʳʰʝ 

ʫʢʘʟʘʥʥʳʭ ʙʠʦʪʝʩʪʦʚ. ʇʝʨʚʠʯʥʳʡ ʩʢʨʠʥʠʥʛ ʧʨʦʚʝʜʝʥ ʧʦ ʤʝʪʦʜʠʢʝ ʖ.ɺ. ʈʘʢʠʪʠʥʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ  ʘʢʪʠʚʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʚʳʷʚʣʷʝʪʩʷ ʧʦ ʩʪʠʤʫʣʷʮʠʠ ʠʣʠ ʪʦʨʤʦʞʝʥʠʶ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʦ ʠʟʤʝʥʝʥʠʶ ʜʣʠʥʳ ʢʦʨʥʝʡ ʠ ʜʣʠʥʳ ʩʪʝʙʣʝʚʦʡ ʯʘʩʪʠ. 

ʇʨʝʧʘʨʘʪʳ ʠʩʧʳʪʘʥʳ ʤʝʪʦʜʦʤ ʟʘʤʦʯʢʠ ʩʝʤʷʥ ʚ ʨʘʩʪʚʦʨʘʭ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʨʘʱʠʚʘʥʠʝʤ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ. ʂʦʥʪʨʦʣʴʥʳʝ ʩʝʤʝʥʘ ʟʘʤʘʯʠʚʘʣʠ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. 

ɺ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʛʫʨʮʳ ʩʦʨʪʘ çʋʟʙʝʢʠʩʪʘʥ-740è, ʪʦʤʘʪʳ ʩʦʨʪʘ çʊʝʤʧè ʠ 

ʩʨʝʜʥʝʚʦʣʦʢʥʠʩʪʳʡ ʭʣʦʧʦʢ ʩʦʨʪʘ çʉ-6524è. ʇʨʝʧʘʨʘʪʳ ʨʘʩʪʚʦʨʷʣʠ ʚ ɼʄSʆ ʠ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ 

ʧʨʝʜʧʦʩʝʚʥʦʡ ʟʘʤʦʯʢʠ ʩʝʤʷʥ ʚ ʪʝʯʝʥʠʝ 18-20 ʯʘʩʦʚ. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 3 ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 ; 0,01 ; 

0,001 %%. ʇʦʚʪʦʨʥʦʩʪʴ ʦʧʳʪʦʚ 4-ʭ ʢʨʘʪʥʘʷ. ʋʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʧʦ ʠʟʤʝʨʝʥʠʶ ʜʣʠʥʳ ʩʪʝʙʣʷ ʠ ʢʦʨʥʷ ʫ 

ʜʝʩʷʪʠʜʥʝʚʥʳʭ ʧʨʦʨʦʩʪʢʦʚ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ (ʦʛʫʨʮʳ ʠ ʪʦʤʘʪʳ) ʠ 7-ʤʠ ʜʥʝʚʥʳʭ ʧʨʦʨʦʩʪʢʦʚ 

ʭʣʦʧʯʘʪʥʠʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4-6.                                                                                                  

  ʊʘʙʣʠʮʘ 4 

ɹʠʦʪʝʩʪ ʪʦʤʘʪʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʩʦʝʜʠʥʝʥʠʷ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

% 

ɺʩʭʦʞʝʩʪʴ ʩʝʤʷʥ, ʯʝʨʝʟ 

5 ʜʥʝʡ, % 

ʈʦʩʪ ʧʨʦʨʦʩʪʢʦʚ ʥʘ 10 

ʜʝʥʴ, % 

ʢʦʨʝʥʴ ʩʪʝʙʝʣʴ 

ʂʦʥʪʨʦʣʴ   ʅ2ʆ,  ʙ/ʦ 55 100,0 100,0 

N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-

ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-

ʤʦʯʝʚʠʥ] 

0,1 75 106,0 152,0 

0,01 40 118,0 153,0 

0,001 50 85,2 128,0 

 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʦʚʳʰʝʥʥʫʶ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʧʨʦʷʚʠʣʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʝʧʘʨʘʪʘ (I) 

N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-ʤʦʯʝʚʠʥ] 0,1%, ʦʧʝʨʝʞʘʷ ʢʦʥʪʨʦʣʴʥʫʶ ʛʨʫʧʧʫ ʥʘ 

36% (ʪʘʙʣ.4) 
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ɹʠʦʪʝʩʪ ʦʛʫʨʮʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʩʦʝʜʠʥʝʥʠʷ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

% 

ɺʩʭʦʞʝʩʪʴ ʩʝʤʷʥ, ʯʝʨʝʟ 

5 ʜʥʝʡ, % 

ʈʦʩʪ ʧʨʦʨʦʩʪʢʦʚ ʥʘ 10 

ʜʝʥʴ, % 

ʢʦʨʝʥʴ ʩʪʝʙʝʣʴ 

ʂʦʥʪʨʦʣʴ   ʅ2ʆ,  ʙ/ʦ 71,3 100,0 100,0 

N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-

ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-

ʤʦʯʝʚʠʥ] 

0,1 71,3 100,7 107,0 

0,01 71,3 108,7 115,1 

0,001 92,9 111,5 106,0 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʧʘʨʘʪ (I) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,01% - 53%. 

ʉʪʠʤʫʣʷʮʠʷ ʨʦʩʪʘ ʚ ʦʩʥʦʚʥʦʤ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʪʝʙʣʝʚʦʡ ʯʘʩʪʠ ʧʨʦʨʦʩʪʢʦʚ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ (ʪʘʙʣ.5) 

ʊʘʙʣʠʮʘ 6 

ɹʠʦʪʝʩʪ ʭʣʦʧʯʘʪʥʠʢʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʩʦʝʜʠʥʝʥʠʷ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

% 

ɺʩʭʦʞʝʩʪʴ ʩʝʤʷʥ, ʯʝʨʝʟ 

5 ʜʥʝʡ, % 

ʈʦʩʪ ʧʨʦʨʦʩʪʢʦʚ ʥʘ 10 

ʜʝʥʴ, % 

ʢʦʨʝʥʴ ʩʪʝʙʝʣʴ 

ʂʦʥʪʨʦʣʴ   ʅ2ʆ,  ʙ/ʦ 87.5 100,0 100,0 

N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-

ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-

ʤʦʯʝʚʠʥ] 

0,1 43,8 90,0 103,6 

0,01 81,3 103,0 110,7 

0,001 81,3 103,0 103,6 

ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʧʨʝʧʘʨʘʪʘ (I)  ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ (0,01%) ʩʪʠʤʫʣʷʮʠʷ ʩʪʝʙʣʝʚʦʡ ʯʘʩʪʠ ʙʦʣʴʰʝ, 

ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ, ʘ ʢʦʨʥʝʦʙʨʘʟʦʚʘʥʠʝ ï ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʧʨʦʨʦʩʪʢʦʚ ʦʩʪʘʣʦʩʴ ʥʘ ʫʨʦʚʥʝ 

ʢʦʥʪʨʦʣʴʥʦʡ.  

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʧʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʝʧʘʨʘʪʘ (I) ʚ ʢʘʯʝʩʪʚʝ ʩʪʠʤʫʣʷʪʦʨʘ 

ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʭʣʦʧʯʘʪʥʠʢʘ, ʦʛʫʨʮʦʚ ʠ ʪʦʤʘʪʦʚ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʟʚʝʩʪʥʳʡ ʩʪʠʤʫʣʷʪʦʨ 

çʈʦʩʪʣʠʥʘè. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ N2,N3-ʛʝʢʩʘʤʝʪʠʣʝʥ-ʙʠʩ[(4-ʘʤʠʥʦ-ʘʟʦ-ʙʝʥʟʦʣʠʣʦ)-ʤʦʯʝʚʠʥ]  ʦʙʣʘʜʘʝʪ 

ʨʦʩʪʦʩʪʠʤʫʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,001% ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʩʪʠʤʫʣʷʪʦʨoʤ ʨʦʩʪʘ ʜʣʷ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʠ ʭʣʦʧʯʘʪʥʠʢʘ ʚ ʜʝʣʷʥʦʯʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʰ ʧʨʝʧʘʨʘʪ ʧʨʝʚʦʩʭʦʜʠʪ ʩʪʠʤʫʣʷʪʦʨ çʈʦʩʪʣʠʥʘè 

ʧʦ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ ʠ ʨʘʟʚʠʪʠʶ ʝʛʦ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʧʦʯʪʠ ʚ 2.5 ʨʘʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʧʘʨʘʪ (I) ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʦʩʪʦʨʝʛʫʣʠʨʫʶʱʠʤ ʧʨʝʧʘʨʘʪʦʤ 

ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʠ ʭʣʦʧʯʘʪʥʠʢʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʫʛʣʫʙʣʝʥʥʦʝ 

ʠʟʫʯʝʥʠʝ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ.                 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʢʦʜʦʚʦʛʦ ʟʘʤʢʘ 

ʥʘ ʧʣʘʪʬʦʨʤʝ Arduino. 

Abstract: In this work we consider one of the variants of constructing code lock on the Arduino 

platform. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʟʘʤʦʢ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʙʣʦʢ-ʩʭʝʤʘ. 

Keywords: Microcontroller, lock, programming, block diagram. 

1. ɺʚʝʜʝʥʠʝ 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʚʩʝ ʯʘʱʝ ʩʪʘʥʦʚʷʪʩʷ ʧʦʧʫʣʷʨʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʝ ʟʘʤʢʠ. ʕʪʦ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʫʧʨʘʚʣʷʝʤʳʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘʤʠ ʠ ʩʣʫʞʘʱʠʝ ʜʣʷ ʟʘʧʠʨʘʥʠʷ 

ʜʚʝʨʝʡ. ɹʣʘʛʦʜʘʨʷ ʮʠʬʨʦʚʳʤ ʢʦʜʘʤ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥ ʦʥʠ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʚʩʝʚʦʟʤʦʞʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ ʜʣʷ ʢʦʜʠʨʦʚʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʪʨʫʜʥʳʤʠ ʜʣʷ ʚʟʣʦʤʘ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʤʦʱʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. ʇʨʠ ʵʪʦʤ ʦʙʣʘʜʘʶʪ ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫʶʪ ʜʣʷ 

ʦʪʢʨʳʪʠʷ ʜʚʝʨʠ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʢʣʶʯʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʩʢʨʳʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ. ɼʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʠʤʠ ʤʥʦʛʠʝ ʦʩʥʘʱʝʥʳ ʢʣʶʯʘʤʠ ʢʘʨʪʘʤʠ, ʩʝʥʩʦʨʥʳʤʠ ʢʣʘʚʠʘʪʫʨʘʤʠ ʜʣʷ ʚʚʦʜʘ 

ʧʘʨʦʣʷ, ʘ ʩʘʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʠ ʩʢʘʥʝʨʘʤʠ ʜʣʷ ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʝʚ.  

2. ʂʦʥʩʪʨʫʢʮʠʷ 

ɿʘ ʦʩʥʦʚʫ ʙʳʣ ʚʟʷʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Arduino Uno. ʂ ʥʝʤʫ ʧʦʜʩʦʝʜʠʥʷʝʪʩʷ ʜʠʩʧʣʝʡ (LCD1602) 

ʩ 16Ĭ2 ʩʠʤʚʦʣʘʤʠ ʜʣʷ ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʦʧʦʚʝʱʘʝʪ, ʦʪʢʨʳʪ ʟʘʤʦʢ ʠʣʠ ʟʘʢʨʳʪ. ʊʘʢʞʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʩʪʨʦʝʯʥʳʡ ʨʝʟʠʩʪʦʨ ʥʘ 10 ʢʆʤ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʪʝʢʩʪʘ ʥʘ ʵʢʨʘʥʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʨʠʯʥʘʷ ʢʣʘʚʠʘʪʫʨʘ 4Ĭ4. 

ɿʘʤʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 5ɺ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ 28BYj-48 ʩ ʜʨʘʡʚʝʨʦʤ ULN2003, ʢ ʢʦʪʦʨʦʤʫ 

ʧʦʜʩʦʝʜʠʥʝʥʘ ʟʘʜʚʠʞʢʘ. ʇʨʠ ʧʦʜʘʯʝ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʢʦʥʪʨʦʣʣʝʨʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʘʚʠʣʴʥʦʤʫ ʥʘʙʦʨʫ ʧʘʨʦʣʷ, ʝʛʦ ʨʦʪʦʨ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʛʦʣ ʠ ʟʘʤʦʢ ʦʪʢʨʳʚʘʝʪʩʷ. 

ɿʘʪʝʤ ʦʥ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʂʦʨʧʫʩʦʤ ʜʣʷ ʧʣʘʪʳ, ʢʣʘʚʠʘʪʫʨʳ ʠ ʜʠʩʧʣʝʷ ʚʳʩʪʫʧʘʝʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʱʠʪ 140Ĭ125Ĭ85 ʩ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʜʚʝʨʮʝʡ. 

  

mailto:dposazh@yandex.ru
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3. ɹʣʦʢ-ʩʭʝʤʘ ʩʦʝʜʠʥʝʥʠʡ 

4. ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʠ ʙʣʦʢ ʩʭʝʤʳ 

ɺ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʧʦʜʢʣʶʯʝʥʳ ʪʨʠ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʚʠʛʘʪʝʣʝʤ, 

ʢʣʘʚʠʘʪʫʨʦʡ, ʜʠʩʧʣʝʝʤ (Stepper.h, Keypad.h, LiquidCrystal.h ʩʦʦʪʚʝʪʩʚʝʥʥʦ). ɿʘʪʝʤ ʟʘʜʘʥʘ ñʢʘʨʪʘò 

ʢʣʘʚʠʘʪʫʨʳ ʠ ʧʨʦʧʠʩʘʥʦ, ʯʝʨʝʟ ʢʘʢʠʝ ʧʠʥʳ ʦʥʘ ʧʦʜʢʣʶʯʝʥʘ ʢ ʧʣʘʪʝ, ʘ ʪʘʢʞʝ ʜʠʩʧʣʝʡ ʠ ʜʚʠʛʘʪʝʣʴ. 

ʇʨʠʯʝʤ ʜʣʷ ʥʝʛʦ ʫʢʘʟʘʥʦ, ʩʢʦʣʴʢʦ ʰʘʛʦʚ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʦʥ ʜʦʣʞʝʥ ʧʨʦʡʪʠ. ʂʨʦʤʝ ʪʦʛʦ ʩʦʟʜʘʥ 

ʤʘʩʩʠʚ (password[4] = {óAô, ó4ô, óCô, ó0ô}) ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʘʨʦʣʷ ʠʟ 4 ʵʣʝʤʝʥʪʦʚ ʠ 2 ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ 

ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ (a = 0 ʠ k = 0), ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʦʙʥʫʣʝʥʳ. 

ɺ ʪʝʣʝ ʧʨʦʛʨʘʤʤʳ ʯʝʨʝʟ ʬʫʥʢʮʠʶ void setup, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ ʧʨʠ ʝʝ ʟʘʧʫʩʢʝ, 

ʩʥʘʯʘʣʘ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ ʵʢʨʘʥ, ʘ ʟʘʪʝʤ ʧʦʤʝʱʘʝʪʩʷ ʢʫʨʩʦʨ ʚ ʥʫʞʥʦʝ ʤʝʩʪʦ ʥʘ ʵʢʨʘʥʝ ʠ ʜʠʩʧʣʝʡ 

ʚʳʚʦʜʠʪ ʬʨʘʟʫ ʩ ʧʨʠʚʝʪʩʪʚʠʝʤ. ʇʦʩʣʝ ʦʥ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʩʣʝʜʫʶʱʫʶ ʩʪʨʦʢʫ ʠ ʚʳʚʦʜʠʪʩʷ ʧʨʦʩʴʙʘ 

ʚʚʝʩʪʠ ʧʘʨʦʣʴ.  

ʇʦʩʣʝʜʥʝʡ ʬʫʥʢʮʠʝʡ ʟʘʜʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʚ ʦʙʦʨʦʪʘʭ ʚ ʤʠʥʫʪʫ. 
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ɺ ʬʫʥʢʮʠʠ void loop, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʤ ʠ ʨʘʙʦʪʘʝʪ ʧʦʢʘ ʝʩʪʴ ʧʠʪʘʥʠʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʥʘʭʦʜʠʪʩʷ ʝʱʝ ʦʜʠʥ ʮʠʢʣ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʚʚʝʩʪʠ ʢʦʜ ʪʦʣʴʢʦ ʠʟ 4 ʩʠʤʚʦʣʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʝʤʫ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʩʯʝʪ ʧʨʘʚʠʣʴʥʦ ʚʚʝʜʝʥʥʳʭ ʩʠʤʚʦʣʦʚ ʟʘ ʩʯʝʪ ʧʝʨʝʤʝʥʥʦʡ k. 

ʇʨʠ ʧʝʨʚʦʤ ʧʨʦʭʦʜʝ ʮʠʢʣʘ ʵʢʨʘʥ ʩʥʘʯʘʣʘ ʦʯʠʩʪʠʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʩʪʨʦʢ, ʘ ʧʨʠ ʢʘʞʜʦʤ 

ʧʦʩʣʝʜʫʶʱʝʤ ʥʘ ʜʠʩʧʣʝʝ ʚʳʚʦʜʠʪʩʷ ʩʪʨʦʢʘ ñEnter pinò, ʘ ʥʠʞʝ ʝʝ ʙʫʜʝʪ ʧʦʷʚʣʷʪʴʩʷ ʟʚʝʟʜʦʯʢʘ 

(ʤʘʢʩʠʤʫʤ 4) ʧʨʠ ʢʘʞʜʦʤ ʥʘʞʘʪʠʠ ʥʘ ʢʣʘʚʠʘʪʫʨʫ. ʇʦʩʣʝ ʧʨʦʚʝʨʷʝʪʩʷ ʫʩʣʦʚʠʝ ʥʘ ʧʝʨʝʤʝʥʥʫʶ k=4. 

ɽʩʣʠ ʚʩʝ ʩʠʤʚʦʣʳ ʚʚʝʜʝʥʳ ʚʝʨʥʦ, ʪʦ ʚʳʩʚʝʪʠʪʩʷ ʥʘʜʧʠʩʴ ñOpen Correct Pinò ʚ 2 ʩʪʨʦʯʢʠ,  

ʦʧʦʚʝʱʘʶʱʘʷ ʦʙ ʦʪʢʨʳʪʠʠ ʟʘʤʢʘ, ʘ ʜʚʠʛʘʪʝʣʴ ʧʦʚʝʨʥʝʪʩʷ ʥʘ 90 ʛʨʘʜʫʩʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʠ ʯʝʨʝʟ 5 ʩʝʢʫʥʜ ʚʦʟʚʨʘʪʠʪʩʷ ʚ ʠʩʭʦʜʥʫʶ ʧʦʟʠʮʠʶ. ʀʥʘʯʝ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʠʪʩʷ ñClose 

Wrong Pinò ʪʦʞʝ ʚ 2 ʩʪʨʦʯʢʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʳʩʚʝʯʠʚʘʪʴʩʷ 2,5 ʩʝʢʫʥʜʳ. 

ɺ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʛʨʘʤʤʘ ʩʥʦʚʘ ʧʦʢʘʞʝʪ ʬʨʘʟʳ ʩ ʧʨʠʚʝʪʩʪʚʠʝʤ ʠ ʧʨʦʩʴʙʦʡ ʚʚʝʩʪʠ ʧʘʨʦʣʴ, ʠ 

ʤʦʞʥʦ ʙʫʜʝʪ ʚʚʦʜʠʪʴ ʢʦʜ ʟʘʥʦʚʦ, ʘ ʧʝʨʝʤʝʥʥʳʝ a ʠ k ʥʫʞʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʦʙʥʫʣʷʪʩʷ. 
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5. ʂʦʥʩʪʨʫʢʮʠʷ ʚ ʩʙʦʨʝ 

 
6. ɺʳʚʦʜ 

ʕʣʝʢʪʨʦʥʥʳʝ ʢʦʜʦʚʳʝ ʟʘʤʢʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʪʫʧʝʥʴʶ ʨʘʟʚʠʪʠʷ ʦʙʳʯʥʳʭ ʟʘʤʢʦʚ. ʆʥʠ 

ʫʜʦʙʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʣʘʜʘʶʪ ʜʦʣʛʠʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ, ʠʭ ʪʨʫʜʥʦ ʚʟʣʦʤʘʪʴ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʭ ʩʘʤʘʷ ʧʨʦʩʪʘʷ ʨʝʘʣʠʟʘʮʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʜʦʨʘʙʦʪʘʪʴ. ʂ ʧʨʠʤʝʨʫ, ʩʜʝʣʘʪʴ ʨʘʙʦʪʫ 

ʦʪ ʙʘʪʘʨʝʠ, ʝʩʣʠ ʦʪʢʣʶʯʘʝʪʩʷ ʦʩʥʦʚʥʦʝ ʧʠʪʘʥʠʝ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʠʪʴ ʢʦʜ ʧʨʦʛʨʘʤʤʳ, ʯʪʦʙʳ ʤʦʞʥʦ 

ʙʳʣʦ ʤʝʥʷʪʴ ʧʘʨʦʣʴ ʚ ʣʶʙʦʝ ʚʨʝʤʷ, ʥʝ ʧʦʜʢʣʶʯʘʷ ʢ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ʉʘʡʪ Arduino.ru / ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ɸʨʜʫʠʥʦ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://arduino.ru/Reference. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. ï ʗʟ. ʈʫʩ., ʘʥʛʣ. 

2. ʉʘʡʪ playground.arduino.cc / Keypad [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://playground.arduino.cc/Code/Keypad. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. ï ʗʟ. ɸʥʛʣ. 

3. ʉʘʡʪ Arduino.cc / Stepper [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.arduino.cc/en/Reference/StepperConstructor. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. ï ʗʟ. ɸʥʛʣ. 

4. ʉʘʡʪ developer.alexanderklimov.ru / ɹʠʙʣʠʦʪʝʢʘ LiquidCrystal [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://developer.alexanderklimov.ru/arduino/liquidcrystal.php. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. ï ʗʟ. 

ʈʫʩ., ʘʥʛʣ. 
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NEW TECHNOLOGIES AND EQUIPMENT IN OIL AND GAS INUSTRY  

 

ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ ʀ ʆɹʆʈʋɼʆɺɸʅʀɽ ɺ ʅɽʌʊɽɻɸɿʆɺʆʁ 

ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 

 

ɸʥʥʦʪʘʮʠʷ: ʉʣʘʡʢʦʚʩʠʡ ʅ.ɽ., ʂʦʯʝʛʘʨʦʚʘ ʅ.ɸ.ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʩʬʝʨʝ // ʊʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ ʠʥʜʫʩʪʨʠʠ.-2018 ʉʪʘʪʴʷ 

ʧʦʩʚʷʱʝʥʘ ʩʦʚʨʝʤʝʥʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʪʝʭʥʦʣʦʛʠʷʤ ʚ ʦʙʣʘʩʪʠ ʛʘʟʦʚʦʡ ʠ ʥʝʬʪʷʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

Abstract: Slaykovskiy N.E, Kochegarova N.A. New technologies and equipment in oil and gas 

sphere // Technologies used in oil and gas industry.-2018 The article is devoted to modern equipment and 

technologies in the field of gas and oil industry. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʫʩʪʨʦʡʩʪʚʦ, ʥʝʬʪʴ, ʛʘʟ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ, ʢʦʤʧʘʥʠʷ, ʫʣʫʯʰʝʥʠʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʩʠʩʪʝʤʳ ʩʣʝʞʝʥʠʷ, ʙʫʨʝʥʠʝ, ʘʥʘʣʠʟʘʪʦʨ. 

Keywords: Equipment, production, device , oil, gas, technological process, , company, 

improvement, industry, tracking systems, drilling, analyzer helps. 

The oil and gas industry is developing rapidly, new components, materials, and technologies are 

being used. More and more wear-resistant equipment is being created, for drilling wells, monitoring the 

parameters of control and tracking systems. The development of new deposits requires modern approaches 

and technologies for processing raw materials. Specialists conduct research in various fields of the industry. 

Specialists of the oil and gas industry announces the launch of the new polytetrafluoroethylene. This 

seal is specifically designed to meet the demands of high pressure rotary applications within the oil and gas 

industry. With its innovative design, provides improved dynamic efficiency and reduced friction by 

balancing the contact. Polytetrafluoroethylene is capable of handling pressures up to 70 MPa / 10,153 psi or 

speeds up to 5 m / s / 16.4 ft / s. recommends a maximum PV value up to 48 (MPa x m / s) / 1.4M (psi x ft / 

min) for optimal performance. These operating conditions are typically encountered in downhole tools, 

rotating control devices, hydraulic motors / pumps, and hydraulic swivels. 

The testing procedures are carried out to measure performance parameters of heterojunction PV 

modules at extremely low temperatures. Panels were placed for 48 hours in a climate chamber with -60 0ʉ 

which could be equal to 8-years period of utilizing. At the final stage of R&D testing program PV modules 

were exposed to thermal cycling at high and low temperatures during 50 cycles. Test results proved 

reliability and stability of solar modules at temperatures below -40 0ʉ, encouraging Hevel Group as PV 

projects developer to utilize solar modules in its projects located in a cold environment. 

Today introduced instrumented docking perforating gun system. This groundbreaking combination 

of a plug-in gun design with real-time advanced downhole measurements enables and monitors the wellôs 

dynamic underbalance to create clean perforations that boost reservoir productivity.The proprietary docking 

components of the compact gun system streamline the deployment of up to 40 guns for selective initiation to 

efficiently perforate multiple reservoir zones with a maximized explosives payload in a single trip in the 

well. The Tempo system has the flexibility to accommodate most perforating gun sizes and shaped charges. 

The simplified arming process increases safety andreliability by eliminating the variability introduced by 

wellsite crimping and wiring, which are the primary causes of misruns and misfires. 

Halliburton company announced the release of efficient layout design, an advanced drill bit that 

optimizes the placement of back-up cutters to improve bit durability without decreasing drilling efficiency or 

rate of penetration (ROP).Traditional back-up cutters on polycrystalline diamond bits have many limitations 

such as increased heat and wear, poor bit cleaning and reduced ROP. To overcome these challenges, 

mailto:tankerbott@gmail.com
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Halliburton designed the Stega bit with offset back-up cutters placed 180 degrees or more from the primary 

cutter. As a result, the new layout enhances durability with less cutter wear while maximizing drilling 

efficiency compared to traditional dual row or single row cutting structures. 

The development of Stega provides operators with the latest energy-efficient layout methodologies 

for targeted applications. The advantages translate to extended bit life with no loss of ROP to help operators 

drill longer and faster while reducing costs. 

As cutters wear, more engagement area is exposed to rock and this increased area reduces cutting 

efficiency. A large portion of energy is lost as friction from the increased contact area takes away from the 

bit's ability to shear rock. Increased friction translates to heat culminating in a vicious cycle of rapidly 

increasing wear. Stega breaks this cycle by taking advantage of the bottom-hole pattern already created and 

removing load from the primary cutter before rapid acceleration of wear begins. 

In-line inspection device (PIG) 40-ʇʈʅ.02-00.000 was put into operation. It belongs to the new 

generation of high-resolution multi-channel profilers, equipped with a navigation system. 

This device has a significantly increased number of measuring levers in comparison with previous 

generations (more than twice). In addition, the design of the sensors has been seriously revised. Thus, the 

weight of the levers was significantly reduced, the polyurethane lining was replaced with carbide. This 

allowed to extend the service life of the measuring system, as well as to reduce the effect of inertia of the 

lever when the profiler moves at high speeds, characteristic for gas pipelines. 

New Online Sulfur Analyzer Enables Real-Time Data Analysis in the Oil and Gas Industry. 

The new Thermo Scientific SOLA iQ online sulfur analyzer helps technicians, engineers and 

managers in the oil and gas industry measure total sulfur content of liquid or gas phase samples without 

requiring time-consuming lab analysis. 

Advanced features of the new SOLA iQ analyzer build upon previous instruments in the Thermo 

Scientific SOLA product line. The new analyzer offers an updated modular design that eases routine 

maintenance and features measurement ranges from 2ppm to 100 percent and limits of detection as low as 

25ppb. 

Other new features come from the Thermo Scientific iQ Series environmental monitoring platform, 

introduced in August 2017, including a color touchscreen interface and remote connectivity that allows users 

to pair with personal devices. 

The SOLA iQ analyzer is designed to meet those objectives by integrating the most innovative 

technology from multiple Thermo Scientific product platforms to provide greater confidence that they are 

meeting their process control and environmental requirements. Additional benefits and features of the 

Thermo Scientific SOLA iQ online sulfur analyzer include: 

A pulsed ultraviolet (UV) fluorescence detector, designed to deliver higher performance than 

continuous UV technology; 

Use of air rather than pure oxygen for sample combustion, designed to minimize safety risks; and 

Thermo Scientific AutoCONFIG software, which provides users with highly customizable tools and 

parameters for data acquisition, analysis and control. 

The SOLA iQ provides an accurate measurement of total sulfur in a range of liquid and vapor fluids, 

correlating to ASTM Method D5453, ISO Method 20846, ASTM Method D6313 and ASTM Method 

D2622. 

Revolutionary óOffset Installation Equipmentô for Well-capping Officially Launched in Italy.  

Oil Spill Response Limitedôs (OSRL) latest development in subsea well capping technology, Offset 

Installation Equipment (OIE), was officially launched 6th March from the equipmentôs new home base in 

Trieste, Italy. 

The well-attended event, which featured key figures from across the offshore industry, represented 

the culmination of six yearsô work between members of the Subsea Well Response Project (SWRP), OSRL 

and leading oil and gas engineering specialists, Saipem. 

Designed specifically for scenarios where direct vertical access to a well-head is not possible, the 

new OIE enables well capping or related equipment to be rapidly installed at a safe distance from an incident 

for the first time. OIE is now available to existing OSRL members through a Subsea Well Intervention 

Services (SWIS) supplementary agreement and current OIE members include BP, Chevron, ConocoPhillips, 

ExxonMobil, Petrobras, Shell, Statoil and Total ï all of which represent the founding members of SWRP.  
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OIE equipment can be deployed up to 500m from an incident site and is suitable for use at a working 

depth of 75 to 600 metres. Importantly, OIE is also fully compatible with OSRLôs capping equipment, 

creating an end-to-end capping and containment solution suitable for almost all subsea scenarios. 

In line with OSRLôs approach, each member organisation will be provided with training to enable 

their own experienced personnel to understand the capabilities of the system and operate the OIE during an 

incident. Following the end of SWRP, the International Association of Oil and Gas Producers (IOGP) 

through the Well Experts Committee (WEC) will work with OSRL to ensure that all stakeholders gain 

awareness of OIEôs capabilities as part of the process of promoting the adoption of good practice worldwide 

Application of neural networks for exploratory drilling 

Specialists of the Scientific and Technical Center of Gazprom Neft together with the Moscow 

Institute of Physics and Technology created a self-learning program that allows predicting properties in new 

fields. Realization of the project allows to save the company tens of millions of rubles by optimizing the 

number of studies and improving the quality of forecasting. 

The only possibility to study the rocks of the deposit is to deliver to the process of exploration 

drilling from a depth of several thousand meters its sample - the core (section). This costly procedure today 

is practically the only method for analyzing the rock for the presence of hydrocarbons. Thanks to a new 

unique program, it became possible to forecast data on new fields without obtaining new core samples. 

Now, Gazprom Neft specialists can analyze the "digital counterparts" collected in a single self-learning 

database that combines the entire combined experience of the company's exploration drilling. 

The new technology was developed in conjunction with MIPT, which created its program code. 

Specialists of the Scientific and Technical Center carried out the project expertise and adapted algorithms to 

solve the applied problems of the oil and gas industry. Gazprom Neft ERA. 

Caterpillar Oil & Gas has developed the new Cat 3512E Tier 4 Final Land Electric Drill engine. 

Manufactured by the flagship Caterpillar Lafayette, the IN-engine of the 3512E complies with the 

EPA T4 Final Emission Standards with the proven NOx Reduction System (NRS), commonly referred to as 

EGR. NRS technology does not require a secondary fluid, such as diesel exhaust (DEF), to control 

emissions. Caterpillar has been using NRS technology since 1977 to comply with emission regulations. 

"Caterpillar has in-depth knowledge of the use of NRS technology and selective catalytic reduction (SCR) to 

meet T4's ultimate emission standards. For land management applications, NRS technology is better suited 

because of the extremely demanding and remote nature of the applications,  

The built-in standard with Cat Product Link, an easy-to-use interface called the Product Link Web, 

allows you to understand the work, health and performance of your fleet. The 3512E also comes with a 

Smart Engine Management System that automatically starts and stops the motors on the machines to 

effectively manage the power available at the rig. The Smart Engine management system helps reduce 

operating costs by using engines at the optimum load point and reducing the time saved by the engines. 
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ʇʈʆɹʃɽʄɸ ʋʇʈɸɺʃɽʅʀʗ ɺʓɹʈʆʉɸʄʀ ʇɸʈʅʀʂʆɺʓʍ ɻɸɿʆɺ 

 

THE PROBLEM OF GREENHOUSE GAS EMISSIONS MANAGEMENT  

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ ʵʤʠʩʩʠʷʤʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʢ 

ʂʘʟʘʭʩʪʘʥʝ.  ɼʘʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʤʝʨʦʧʨʠʷʪʠʷʭ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʦ ʚʳʙʨʦʩʘʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʩ 1990 ʧʦ 2014 ʛʦʜʳ.   

Abstract:The article discusses the issue of management of greenhouse gas emissions in Kazakhstan. 

Provides information about the arrangements for regulation of greenhouse gas emissions and analyze data on 

greenhouse gas emissions from 1990 to 2014. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʥʠʢʦʚʳʝ ʛʘʟʳ, ʨʘʪʠʬʠʢʘʮʠʷ, ʢʘʜʘʩʪʨ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʟʝʣʝʥʘʷ 

ʵʢʦʥʦʤʠʢʘ. 

Keywords: greenhouse gases, ratification, greenhouse gas inventory, green economy. greenhouse 

gases, ratification, greenhouse gas inventory, green economy. 

ʕʧʦʭʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʧʦʩʪʝʧʝʥʥʦ ʧʦʜʭʦʜʠʪ ʢ ʩʚʦʝʤʫ ʢʦʥʮʫ. ʅʘʩʪʫʧʘʝʪ ʵʨʘ 

ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʚ ʢʦʪʦʨʦʡ ʯʝʣʦʚʝʯʝʩʢʘʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʀ ʧʦʵʪʦʤʫ ʚ 

ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʙʳʣ ʧʨʝʜʣʦʞʝʥ, 

ʥʘʯʠʥʘʷ ʩ 1992 ʛʦʜʘ, ʥʘ ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ ʧʝʨʝʭʦʜ ʢ ʩʦʢʨʘʱʝʥʠʶ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ.  

ʉ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʧʝʨʝʭʦʜʘ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʘ ʥʠʟʢʦʫʛʣʝʨʦʜʥʳʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ, 

ʛʦʩʫʜʘʨʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʪʨʘʪʝʛʠʠ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʘ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʛʨʘʥʠʯʝʥʠʠ ʚʳʙʨʦʩʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦ ʪʦʨʛʦʚʣʝ ʨʘʟʨʝʰʝʥʠʷʤʠ (ʢʚʦʪʘʤʠ) ʥʘ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, 

ʢʦʪʦʨʘʷ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʨʷʜʦʤ ʩʪʨʘʥ ʚ ʬʦʨʤʝ ʫʛʣʝʨʦʜʥʳʭ ʨʳʥʢʦʚ.  

ʉʘʤʘ ʧʨʦʙʣʝʤʘ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʤʠʨʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ. ʇʨʠʯʝʤ 

ʦʥʘ ʢʘʩʘʝʪʩʷ ʚʩʝʭ ʩʪʨʘʥ ʤʠʨʘ. ʆʪ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ, ʢʦʪʦʨʳʝ ʚʳʙʨʘʩʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʜʦ ʤʝʥʝʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ, ʢʦʪʦʨʳʝ ʦʩʦʙʦ ʥʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ 

ʚ ʧʨʦʚʝʜʝʥʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ, 

ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʥʘʨʘʱʠʚʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʜʠʣʝʤʤʦʡ  ʫʯʘʩʪʚʦʚʘʪʴ ʠʣʠ ʥʝʪ ʚ 

ʤʠʨʦʚʦʤ ʧʨʦʮʝʩʩʝ ʙʦʨʴʙʳ ʟʘ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʨʝʘʣʠʟʫʷ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ 

ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʯʝʨʝʟ ʚʥʝʜʨʝʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʥʝʝ ʵʥʝʨʛʦʝʤʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ.  

ɼʣʷ ʂʘʟʘʭʩʪʘʥʘ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʥʘ ʦʯʝʥʴ ʜʘʞʝ ʨʘʥʠʤʘʷ ʦʢʨʫʞʘʶʱʘʷ ʧʨʠʨʦʜʥʘʷ ʩʨʝʜʘ. ʅʘ 

ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʠʧʦʚ ʣʘʥʜʰʘʬʪʦʚ, ʦʪ ʩʫʭʠʭ ʩʫʙʪʨʦʧʠʢʦʚ ʜʦ 

ʣʝʜʥʠʢʦʚ. ʂʘʟʘʭʩʪʘʥ ʨʘʩʧʦʣʘʛʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʚʦʜʦʝʤʘʤʠ ï ʵʪʦ ʂʘʩʧʠʡ, ɸʨʘʣ, ɹʘʣʭʘʰ. 
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ɺ ʩʦʩʪʘʚʝ ʙʳʚʰʝʛʦ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ, ʂʘʟʘʭʩʪʘʥ ʙʳʣ ʩʳʨʴʝʚʳʤ ʧʨʠʜʘʪʢʦʤ, ʠ ʜʦʙʳʯʘ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʙʝʟ ʫʯʝʪʘ ʠ ʧʨʦʛʥʦʟʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʫ ʠ ʟʜʦʨʦʚʴʝ 

ʥʘʩʝʣʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷ ʥʘʩʝʣʝʥʠʝ ʂʘʟʘʭʩʪʘʥʘ ʨʝʘʣʴʥʦ ʠʩʧʳʪʳʚʘʝʪ ʥʘ ʩʚʦʝʤ ʟʜʦʨʦʚʴʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ. ʆʩʚʦʝʥʠʝ ʮʝʣʠʥʳ, ʠʥʪʝʥʩʠʚʥʦʝ ʠ ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʦʨʦʰʘʝʤʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ɸʤʫʜʘʨʴʠ ʠ ʉʳʨʜʘʨʴʠ ʧʨʠʚʝʣʠ ʢ ʪʨʘʛʝʜʠʠ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ, ʧʦʜʲʝʤ 

ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ ʧʨʠʚʝʣʠ ʢ ʟʘʪʦʧʣʝʥʠʶ ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥ ʠ ʫʛʨʦʟʝ ʧʦʪʝʨʠ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʂʘʩʧʠʷ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʧʨʦʜʦʣʞʘʶʪ ʥʘʭʦʜʠʪʴʩʷ ʧʦʜ ʧʨʝʩʩʠʥʛʦʤ 

ʚʦʝʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʂʘʟʘʭʩʪʘʥʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ 

(ʉʝʤʠʧʘʣʘʪʠʥʩʢ), ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ (ʉʘʨʳ-ʐʘʛʘʥ, ʂʘʧʫʩʪʠʥ ʗʨ, ʕʤʙʘ) ʠ ʧʦ ʩʝʡ ʧʨʦʚʦʜʷʪʩʷ 

ʢʦʩʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ (ɹʘʡʢʦʥʫʨ). ʉʝʛʦʜʥʷ ʜʘʞʝ ʪʨʫʜʥʦ ʦʮʝʥʠʪʴ ʠ ʧʦʜʩʯʠʪʘʪʴ ʫʱʝʨʙ, ʥʘʥʝʩʝʥʥʳʡ 

ʧʨʠʨʦʜʝ, ʵʢʦʥʦʤʠʢʝ ʠ ʟʜʦʨʦʚʴʶ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ, ʥʝʨʘʮʠʦʥʘʣʴʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʢ ʧʨʠʨʦʜʝ. ɺʩʝ ʵʪʠ 

ʧʨʠʤʝʨʳ ï ʣʠʰʴ ʥʠʯʪʦʞʥʘʷ ʯʘʩʪʴ ʪʦʛʦ, ʯʪʦ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʦʟʤʦʞʥʳʭ ʠ ʢʫʜʘ ʙʦʣʝʝ ʪʷʞʝʣʳʭ 

ʧʦʩʣʝʜʩʪʚʠʷʭ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʚʝʜʝʪ ʛʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʥʘ ʧʣʘʥʝʪʝ.  

ɺʦʧʨʦʩʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʜʣʷ ʂʘʟʘʭʩʪʘʥʘ ʷʚʣʷʶʪʩʷ 

ʧʨʠʦʨʠʪʝʪʥʳʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʇɻ ʠ ʥʘʙʣʶʜʘʶʱʝʡʩʷ 

ʜʠʥʘʤʠʢʦʡ ʠʭ ʫʚʝʣʠʯʝʥʠʷ. ʂʠʦʪʩʢʠʤ ʧʨʦʪʦʢʦʣʦʤ ʚ ʂʘʟʘʭʩʪʘʥʝ ʦʧʨʝʜʝʣʝʥʦ 6 ʛʨʫʧʧ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ: ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (ʉʆ2), ʤʝʪʘʥ (Cʅ4), ʟʘʢʠʩʴ ʘʟʦʪʘ (N2ʆ), ʛʠʜʨʦʬʪʦʨʫʛʣʝʨʦʜʳ (HFCs), 

ʧʝʨʬʪʦʨʫʛʣʝʨʦʜʳ (PFCs), ʛʝʢʩʘʬʪʦʨʠʜ ʩʝʨʳ (SF6). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʘʨʥʠʢʦʚʳʝ ʛʘʟʳ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʚʳʟʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ) ʚʳʟʳʚʘʶʪ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʫʪʝʤ ʧʦʛʣʦʱʝʥʠʷ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʰʝʡ ʧʣʘʥʝʪʳ [1].   

ʂʘʟʘʭʩʪʘʥ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʳʙʨʦʩʦʚ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ 

ʛʦʩʫʜʘʨʩʪʚʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʧʦ ʦʙʲʝʤʫ ʚʳʙʨʦʩʦʚ ʟʘʥʠʤʘʝʪ ʪʨʝʪʴʝ ʤʝʩʪʦ ʩʨʝʜʠ ʩʪʨʘʥ ʙʳʚʰʝʛʦ 

ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʧʦʩʣʝ ʈʦʩʩʠʠ ʠ ʋʢʨʘʠʥʳ. ʂʘʟʘʭʩʪʘʥ ʟʘʥʠʤʘʝʪ 14-ʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʚʳʙʨʦʩʘʤ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ (15 ʪʦʥʥ ʉʆ2 ʵʢʚʠʚʘʣʝʥʪʘ ʥʘ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʚ ʪʨʠ ʨʘʟʘ ʚʳʰʝ 

ʩʨʝʜʥʝʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ) [2].   

ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʂʘʟʘʭʩʪʘʥʘ ʚ ʮʝʥʪʨʝ ɽʚʨʘʟʠʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʦʢʝʘʥʦʚ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʨʦʛʨʝʚʘʥʠʶ ʧʨʠʟʝʤʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʝʡ. ʇʷʪʴ ʩʘʤʳʭ ʪʸʧʣʳʭ ʣʝʪ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʚʦʰʣʠ ʚ ʩʧʠʩʦʢ ʜʝʩʷʪʠ ʩʘʤʳʭ ʪʸʧʣʳʭ ʣʝʪ ʜʣʷ ʚʩʝʛʦ ʟʝʤʥʦʛʦ ʰʘʨʘ.   

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ɺʪʦʨʦʛʦ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʟʘ 

ʧʦʩʣʝʜʥʠʝ 70 ʣʝʪ ʚ ʂʘʟʘʭʩʪʘʥʝ ʩʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 1,8Áʉ [1].   

ʈʝʞʠʤ ʦʩʘʜʢʦʚ ʤʝʥʷʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʠ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʚʦʜʝ ʙʫʜʝʪ 

ʚʦʟʨʘʩʪʘʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʫʞʜ ʥʘʩʝʣʝʥʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʠʚʝʜʝʪ ʢ ʨʝʟʢʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ. ʇʨʦʛʥʦʟʠʨʫʝʤʦʝ ʧʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ ʦʢʘʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ. ʇʦʵʪʦʤʫ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ 

ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʥʝʩʝʪ ʪʘʢʠʝ ʫʛʨʦʟʳ, ʩ ʢʦʪʦʨʳʤʠ ʨʘʥʝʝ ʤʳ ʥʝ ʩʪʘʣʢʠʚʘʣʠʩʴ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚʣʘʩʪʠ ʥʝ ʠʤʝʶʪ ʦʧʳʪʘ ʧʦʜʛʦʪʦʚʢʠ ʢ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. 

ʄʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʵʢʩʧʝʨʪʦʚ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ (ʄɻʕʀʂ), ʚʳʨʘʟʠʣʘ ʤʥʝʥʠʝ, 

ʯʪʦ ʧʦʪʝʧʣʝʥʠʝ, ʥʘʙʣʶʜʘʚʰʝʝʩʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ, ʚʳʟʚʘʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ, 

ʧʣʘʥʠʨʫʝʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʥʦ ʠ ʦʪʢʨʦʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʦʜʝʨʥʠʟʘʮʠʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʵʥʝʨʛʝʪʠʢʠ. ʕʪʦ ʨʝʰʝʥʠʝ ʥʝ ʪʨʝʙʫʝʪ ʦʪ ʂʘʟʘʭʩʪʘʥʘ ʢʘʢʠʭ- ʣʠʙʦ ʥʝʤʝʜʣʝʥʥʳʭ 

ʤʝʨ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ. ʉʝʡʯʘʩ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʧʨʠʤʝʨʥʦ ʥʘ 27% 

ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʫʨʦʚʥʝʤ 1992 ʛʦʜʘ [2].   ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʂ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʷʚʣʷʝʪʩʷ ʧʦʣʠʪʠʯʝʩʢʠʤ. ɼʦʩʪʠʞʝʥʠʝ ʵʪʦʛʦ ʫʨʦʚʥʷ ʧʦʪʨʝʙʫʝʪ ʧʝʨʝʭʦʜʘ ʢ ʟʝʣʝʥʦʤʫ 

ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʤʫ ʨʦʩʪʫ ʵʢʦʥʦʤʠʢʠ, ʪ.ʝ. ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ ï ʵʪʦ ʥʝ 

ʪʦʣʴʢʦ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ, ʥʦ ʠ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʠʟʥʝʩʘ. 

ʉʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ï ʵʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ 

ʫʛʨʦʟ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʙʣʘʛʦ ʠ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʦʛʣʘʩʥʦ 

ʚʳʚʦʜʘʤ ʫʯʝʥʳʭ (ʄɻʕʀʂ), ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʘʠʙʦʣʝʝ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ, ʢ 

2020 ʛʦʜʫ ʛʣʦʙʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʥʠʞʝʥʳ ʥʘ 25-40% [2].   ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʤʝʨʳ ʧʦ 

ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʧʨʠʜʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ. ʕʪʦ ʥʝ 

ʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʵʢʦʥʦʤʠʢʠ, ʘ ʥʘʦʙʦʨʦʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʠʥʦʡ ʧʫʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ - ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ, ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʡ. 

ʇʫʪʴ ʟʝʣʝʥʦʛʦ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʚʝʩʴʤʘ ʘʢʪʫʘʣʝʥ ʠ ʦʙʱʠʡ ʜʣʷ  ʤʥʦʛʠʭ 
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ʩʪʨʘʥ. ʉʘʤʦ ʩʣʦʚʦ ʟʝʣʝʥʘʷ ʵʢʦʥʦʤʠʢʘ ʛʦʚʦʨʠʪ ʟʘ ʩʝʙʷ, ʦʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʦʜʝʨʥʠʟʘʮʠʶ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʞʠʟʥʠ ʠ ʙʣʘʛʦʧʦʣʫʯʠʝ ʥʘʩʝʣʝʥʠʷ, ʠ ʢʦʥʝʯʥʦ ʞʝ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ. 

ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʢ ʩʧʨʦʩʘ, ʪʘʢ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ï ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ 

ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʠʥʮʠʧʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ 

ʩʪʨʘʥʝ. ʇʦ ʧʦʨʫʯʝʥʠʶ ɻʣʘʚʳ ɻʦʩʫʜʘʨʩʪʚʘ ʅ.ɸ. ʅʘʟʘʨʙʘʝʚʘ, ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʂʦʤʧʣʝʢʩʥʦʛʦ ʧʣʘʥʘ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʅʘʨʷʜʫ ʩ ʤʝʨʘʤʠ ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ, ʦʩʚʘʠʚʘʪʴ, ʚʣʘʜʝʪʴ ʚ ʥʘʮʠʦʥʘʣʴʥʦʤ ʙʠʟʥʝʩʝ ʠ ʚʥʝʜʨʷʪʴ ʥʠʟʢʦʫʛʣʝʨʦʜʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. 

ʉʨʝʜʠ ʥʠʭ ʩʣʝʜʫʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʳʜʝʣʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ (ɺʀʕ) - ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ, ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ, ʙʠʦʵʥʝʨʛʝʪʠʢʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʣʝʯʝʪ ʢ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʧʦʨʪʘ ʪʦʧʣʠʚʘ ʠʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʦʢʘʟʳʚʘʶʪʩʷ 

ʜʦʨʦʞʝ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʞʠʛʘʥʠʠ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʠʭ ʚʥʝʜʨʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ  ʫʜʝʰʝʚʣʝʥʠʝ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʪʦʤʫ ʯʪʦ ʤʘʩʰʪʘʙʥʳʝ 

ʠʥʚʝʩʪʠʮʠʠ ʫʜʝʰʝʚʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɺʀʕ. ɺ ʂʘʟʘʭʩʪʘʥʝ ʜʘʥʥʳʡ ʚʠʜ ʙʠʟʥʝʩʘ ʥʝ ʨʘʟʚʠʪ, ʭʦʪʷ 

ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʛʨʦʤʝʥ, ʪʘʢ ʠʟʥʦʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʚʳʩʠʣ 

ʢʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ.  ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʪʨʝʙʫʶʪ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʥʘʨʷʜʫ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ ʚʟʷʪʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ 

ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ ʙʫʜʝʪ ʦʭʚʘʪʳʚʘʪʴ ʚʩʝ ʢʣʶʯʝʚʳʝ ʩʝʢʪʦʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʪʨʘʥʩʧʦʨʪ, ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʦʙʨʘʟʦʚʘʥʠʝ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, 

ʨʝʛʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʩʝʣʝʥʠʝ. ʆʧʠʩʘʥʠʝ ʚʩʝʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨ ʚ ʜʘʥʥʳʭ 

ʦʪʨʘʩʣʷʭ ʥʘʰʣʠ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʧʨʦʝʢʪʝ ʇʣʘʥʘ ʧʝʨʝʭʦʜʘ ʂʘʟʘʭʩʪʘʥʘ ʢ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʤʫ ʨʘʟʚʠʪʠʶ 

ʜʦ 2050 ʛʦʜʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʈʂ ʠ ʇʨʦʛʨʘʤʤʦʡ ʨʘʟʚʠʪʠʷ ʆʆʅ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʝʡ 

ʵʢʦʥʦʤʠʢʠ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʩʫʱʝʩʪʚʫʶʱʠʤ ʥʦʨʤʘʤ, ʭʦʪʷ ʥʘʦʙʦʨʦʪ ʧʦʜʯʝʨʢʠʚʘʝʪ  ʧʨʠʥʠʤʘʝʤʫʶ 

ʧʦʣʠʪʠʢʫ ʚ ʩʪʨʘʥʝ, ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʶ ʠ ʜʠʚʝʨʩʠʬʠʢʘʮʠʶ ʵʢʦʥʦʤʠʢʠ ʠ ʚʦʚʣʝʯʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʂʠʦʪʩʢʠʡ ʧʨʦʪʦʢʦʣ ʢ ʈʂʀʂ ʆʆʅ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʨʳʥʦʯʥʳʭ 

ʤʝʭʘʥʠʟʤʘ, ʧʨʠʯʝʤ ʚʩʝ ʪʨʠ ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʂʘʟʘʭʩʪʘʥʘ, ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʳ. ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʂʘʟʘʭʩʪʘʥʝ ï ʪʦʨʛʦʚʣʷ ʢʚʦʪʘʤʠ ʵʤʠʩʩʠʡ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʂʠʦʪʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʝʥʠʶ 

ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʥʦ ʠ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷʤ ʧʦʣʫʯʠʪʴ 

ʚʳʛʦʜʫ ʚ ʜʝʥʝʞʥʦʤ ʵʢʚʠʚʘʣʝʥʪʝ. ʅʦ ʧʨʝʞʜʝ ʯʝʤ ʚʳʭʦʜʠʪʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʨʳʥʦʢ, ʤʳ ʜʦʣʞʥʳ 

ʧʨʠʣʦʞʠʪʴ ʤʘʢʩʠʤʫʤ ʫʩʠʣʠʠ ʧʨʠʣʦʞʠʪʴ ʧʦ ʝʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʫʪʨʠ ʩʪʨʘʥʳ. 

ʉʫʪʴ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʪʝʣʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ 

ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 20 000 ʪʦʥʥ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʚ ʛʦʜ, ʦʙʷʟʘʥʳ 

ʧʦʣʫʯʠʪʴ ʢʚʦʪʳ ʥʘ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʜʘʯʘ ʢʚʦʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʳʜʘʚʘʪʴ ʥʘ ʙʝʩʧʣʘʪʥʦʡ ʦʩʥʦʚʝ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ, ʧʨʝʜʧʨʠʷʪʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ 

ʚʥʝʜʨʷʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ. ʇʦʣʫʯʝʥʥʦʝ 

ʩʦʢʨʘʱʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʝ ʤʦʞʝʪ ʧʨʦʜʘʪʴ, ʪʝʤ ʩʘʤʳʤ, ʚʦʟʤʝʩʪʠʚ ʧʦʪʨʘʯʝʥʥʳʝ ʠʥʚʝʩʪʠʮʠʠ.  

ʇʦ ʪʨʝʙʦʚʘʥʠʷʤ ʂʠʦʪʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʚʩʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʦʙʲʝʤʦʤ ʚʳʙʨʦʩʦʚ ʙʦʣʝʝ 20 

ʪʳʩ.ʪʦʥʥ ʢʘʨʙʦʥʦʚʳʭ ʛʘʟʦʚ ʚ ʛʦʜ ʦʙʷʟʘʥʳ ʙʳʣʠ ʧʦʣʫʯʠʪʴ ʩʝʨʪʠʬʠʢʘʪʳ ʥʘ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ. ʆʧʝʨʘʪʦʨ ʫʛʣʝʨʦʜʥʦʛʦ ʬʦʥʜʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʥʘʮʨʝʝʩʪʨʘ ʚʳʜʝʣʠʪ ʢʦʤʧʘʥʠʷʤ ʢʚʦʪʳ, 

ʦʪʪʘʣʢʠʚʘʷʩʴ ʦʪ ʚʳʙʨʦʩʦʚ 2009ʛ. ʇʨʠ ʵʪʦʤ ʠʛʨʦʢʠ ʜʦʣʞʥʳ ʧʨʝʜʩʪʘʚʠʪʴ ʧʣʘʥ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ. ʊʝ, 

ʢʪʦ ʧʨʝʚʳʩʠʪ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʠʤ ʧʣʘʥʢʫ, ʙʫʜʫʪ ʚʳʥʫʞʜʝʥʳ ʜʦʢʫʧʘʪʴ ʢʚʦʪʳ. ɸ ʪʝ, ʢʪʦ ʥʝ ʠʟʨʘʩʭʦʜʫʝʪ 

ʩʚʦʠ ʣʠʤʠʪʳ ï ʩʤʦʛʫ  ʧʨʦʜʘʪʴ ʢʚʦʪʳ ʥʘ ʪʦʚʘʨʥʦʡ ʙʠʨʞʝ[2].  

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʥʘʯʘʣʦ 2014 ʛ. ʩʠʩʪʝʤʘ ʢʚʦʪʠʨʦʚʘʥʠʷ ʫʞʝ ʦʭʚʘʪʳʚʘʝʪ 170 ʧʨʝʜʧʨʠʷʪʠʡ ʈʂ, 

ʷʚʣʷʶʱʠʭʩʷ ʧʦʣʥʦʧʨʘʚʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʦʙʱʝʤʠʨʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚʦ ʚʩʝʭ ʩʝʢʪʦʨʘʭ ʵʢʦʥʦʤʠʢʠ [2].   

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʣʘʥʠʨʫʝʪʩʷ ʚʥʝʜʨʠʪʴ ʩʭʝʤʫ ʟʝʣʝʥʳʭ ʠʥʚʝʩʪʠʮʠʡ, ʩʫʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʩʨʝʜʩʪʚʘ, ʚʳʨʫʯʝʥʥʳʝ ʦʪ ʧʨʦʜʘʞʠ ʠʟʙʳʪʢʘ ʢʚʦʪʳ ʂʘʟʘʭʩʪʘʥʘ, ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ, ʢʘʢ 
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ʧʨʘʚʠʣʦ, ʥʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʦʚ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʩʪʨʘʥʝ. 

ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʜʘʥʥʦʡ ʩʭʝʤʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʜʚʫʩʪʦʨʦʥʥʝʡ ʦʩʥʦʚʝ,  ʦʜʥʦʡ ʩʪʦʨʦʥʦʡ ʠʟ 

ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʟʘʭʩʪʘʥʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʪʦʨʘʷ ʩʪʦʨʦʥʘ ï ʢʦʤʧʘʥʠʠ 

ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ. ʊ.ʝ. ʫ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʭʦʜʘ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʨʳʥʦʢ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʩʪʦʨʦʥʥʠʭ ʜʦʛʦʚʦʨʦʚ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʫʜʝʪ 

ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʫʛʣʝʨʦʜʥʦʛʦ ʨʳʥʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʝʢʪʦʨʝ ʫʩʣʫʛ (ʘʫʜʠʪ, 

ʢʦʥʩʘʣʪʠʥʛ, ʩʪʨʘʭʦʚʘʥʠʝ, ʙʘʥʢʦʚʩʢʦʝ ʢʨʝʜʠʪʦʚʘʥʠʝ). ʊʘʢʞʝ ʧʦʷʚʷʪʩʷ ʥʦʚʳʝ ʩʪʠʤʫʣʳ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʠʟʦʡʜʝʪ ʫʚʝʣʠʯʝʥʠʝ ʟʘʥʷʪʦʩʪʠ ʚ ʵʪʦʤ ʩʝʢʪʦʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʩʦʛʣʘʰʝʥʠʷ ʚ ʮʝʣʦʤ ʥʝ ʪʦʣʴʢʦ ʥʝ 

ʧʨʝʧʷʪʩʪʚʠʝ, ʘ ʩʢʦʨʝʝ ʣʦʢʦʤʦʪʠʚ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʵʢʦʥʦʤʠʢʠ, ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʚʠʜʦʚ  ʙʠʟʥʝʩʘ, ʚ 

ʢʦʪʦʨʳʭ ʂʘʟʘʭʩʪʘʥ ʩʝʛʦʜʥʷ ʦʪʩʪʘʝʪ ʦʪ ʦʩʪʘʣʴʥʦʛʦ ʤʠʨʘ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʠʣʠʷʭ 

ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʥʠʟʢʦʫʛʣʝʨʦʜʥʘʷ ʵʢʦʥʦʤʠʢʘ ʚʧʦʣʥʝ ʜʦʩʪʠʞʠʤʘ, ʘ ʢʘʟʘʭʩʪʘʥʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʚʦʚʣʝʯʝʥʳ ʚ ʝʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʦʣʫʯʘʪ ʚʳʛʦʜʳ ʥʝ ʪʦʣʴʢʦ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʘʨʝʥʝ, ʥʦ ʠ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʤ ʨʳʥʢʝ. 

ɺʳʧʦʣʥʝʥʠʝ ʂʘʟʘʭʩʪʘʥʦʤ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ 

ʧʝʨʝʜ ʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʠʤʠʜʞ ʩʪʨʘʥʳ, ʚ ʧʣʘʥʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʧʦʣʠʪʠʢʘ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʨʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʠ ʨʦʩʪʘ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ 

ʥʘʩʝʣʝʥʠʷ. 
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ʤʘʛʠʩʪʨʘʥʪ ʋʥʠʚʝʨʩʠʪʝʪ çʅʘʨʭʦʟè 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ʋɼʂ 628.47 

 

ʋʇʈɸɺʃɽʅʀɽ ʆʊʍʆɼɸʄʀ ʇʈʀ ʕʂʉʇʃʋɸʊɸʎʀʀ ʅɽʌʊʗʅʆɻʆ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗ çɸʈʄɸʅè  

 

WASTE MANAGEMENT IN OPERATION OF OIL FIELD çARMANè 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʧʳʪ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʊʆʆ çɸʨʤʘʥè ʧʦ ʚʦʧʨʦʩʘʤ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ, ʧʨʠʚʦʜʷʪʩʷ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ, 

ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʧʦ ʬʘʢʪʠʯʝʩʢʠ ʦʙʨʘʟʫʝʤʳʤ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ çɸʨʤʘʥè ʦʪʭʦʜʘʤ, ʘ ʪʘʢʞʝ ʜʘʝʪʩʷ 

ʦʧʠʩʘʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʪʭʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ.  

Abstract: This article examines the experience of çARMANè LLP on handling the oil and gas 

production and consumption waste, describes measures to reduce the environmental impact of production 

and consumption waste, provides data on the waste actually generated at the "Arman" oil field, and 

describes the current system of production and consumption waste management. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ, 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʪʭʦʜʘʤʠ 
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system 

ʅʝʬʪʝʛʘʟʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ çɸʨʤʘʥè ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʘʥʛʠʩʪʘʫʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʦʣʫʦʩʪʨʦʚʘ ɹʫʟʘʯʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 1979 ʛʦʜʫ. ʈʘʟʨʘʙʦʪʢʫ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʇʨʝʜʧʨʠʷʪʠʝ ʊʆʆ çʉʦʚʤʝʩʪʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çɸʨʤʘʥè. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʝʜʝʪʩʷ ʜʦʙʳʯʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ (ʥʝʬʪʠ ʠ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ), 

ʧʦʜʛʦʪʦʚʢʘ ʥʝʬʪʠ ʜʦ ʪʦʚʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [1].  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʦʩʪʠʨʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʚʦʩʝʤʴ ʢʠʣʦʤʝʪʨʦʚ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʥʘ 

ʩʝʚʝʨ-ʟʘʧʘʜ ʠ ʧʨʠʤʝʨʥʦ ʥʘ ʪʨʠ ʢʠʣʦʤʝʪʨʘ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ. ʇʣʦʱʘʜʴ ʫʯʘʩʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɸʨʤʘʥè 

ʩʦʩʪʘʚʣʷʝʪ ï 3500,37 ʛʘ, ʚ ʪʦʤ ʯʠʩʣʝ: 1095,4 ʛʘ ʩʫʰʠ ʠ 2404,9 ʛʘ ʘʢʚʘʪʦʨʠʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ. 

ʊʝʨʨʠʪʦʨʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʥʦ ʦʪʩʪʫʧʠʚʰʠʭ ʚʦʜ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ, ʯʝʤ 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ. ʈʘʡʦʥ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʚʥʠʥʦʡ ʩ 

ʦʪʤʝʪʢʘʤʠ ʦʪ -19 ʤ ʜʦ +28 ʤ, ʠ ʠʤʝʝʪ ʧʦʣʦʛʠʡ ʥʘʢʣʦʥ ʚ ʩʪʦʨʦʥʫ ʤʦʨʷ. ʇʦ ʩʦʩʝʜʩʪʚʫ ʩ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ çɸʨʤʘʥè ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʥʝʬʪʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʣʘʤʢʘʩ, ʉʝʚʝʨʥʳʡ ɹʫʟʘʯʠ ʠ 

ʂʘʨʘʞʘʥʙʘʩ [1].  

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʦʙʫʨʝʥʦ 31 ʩʢʚʘʞʠʥʳ, ʠʟ ʢʦʪʦʨʳʭ 16 ʷʚʣʷʶʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ, 6 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʜʣʷ ʟʘʢʘʯʢʠ ʚʦʜʳ ʦʙʨʘʪʥʦ ʚ ʧʣʘʩʪ, 4 ʩʢʚʘʞʠʥʳ ʚʦʜʦʟʘʙʦʨʥʳʝ. ʇʷʪʴ ʩʢʚʘʞʠʥ 

ʙʳʣʠ ʣʠʢʚʠʜʠʨʦʚʘʥʳ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʪʤʝʯʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʛʦʜʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʜʦʙʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʩʣʝʜʥʝʡ (ʪʨʝʪʴʝʡ) ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ. ɺʩʝ 
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ʩʢʚʘʞʠʥʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ çɸʨʤʘʥè ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ: 

ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʤʠ ʧʦʛʨʫʞʥʳʤʠ ʥʘʩʦʩʘʤʠ (ʕʎʅ) ʠ ʰʪʘʥʛʦʚʳʤʠ ʛʣʫʙʠʥʥʳʤʠ ʥʘʩʦʩʘʤʠ (ʐɻʅ 

[1]).  

ɺ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʙʨʘʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʦʪʭʦʜʦʚ. ʕʪʦ ʦʪʭʦʜʳ ʧʨʦʤʳʚʦʯʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʙʫʨʦʚʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʫʪʝʯʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʝʡ ʞʠʜʢʦʩʪʠ, ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʂʦʥʢʨʝʪʥʳʝ ʚʠʜʳ ʠ ʪʠʧʳ ʦʙʨʘʟʫʝʤʳʭ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʦʪʭʦʜʦʚ ʟʘʚʠʩʷʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ.   

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ çɸʨʤʘʥè ʜʦʙʳʚʘʝʪʩʷ ʥʝʬʪʴ ʠ ʧʦʧʫʪʥʳʡ ʛʘʟ. ʆʜʥʘʢʦ, ʜʦ ʚʳʧʫʩʢʘ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʘ ʧʦʜʛʦʪʦʚʢʘ ʥʝʬʪʠ ʠ ʜʦʚʝʜʝʥʠʝ ʝʝ ʜʦ ʪʦʚʘʨʥʦʛʦ ʢʘʯʝʩʪʚʘ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʜʚʘ ʦʙʲʝʢʪʘ ʮʝʥʪʨʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʎʇʋ-1) ʠ 

ʮʝʥʪʨʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʎʇʋ-2). ɺ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʜʚʫʭ 

ʦʙʲʝʢʪʦʚ ʦʙʨʘʟʫʝʪʩʷ ʦʩʥʦʚʥʦʡ ʚʠʜ ʦʪʭʦʜʘ ï ʥʝʬʪʝʰʣʘʤ. ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʥʝʬʪʝʱʣʘʤʳ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʚʠʜʝ ʜʦʥʥʦʛʦ ʦʩʘʜʢʘ ʚ ʧʨʦʮʝʩʩʝ ʪʝʢʫʱʝʡ ʨʘʙʦʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʅʝʬʪʝʰʣʘʤʳ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʦʧʘʩʥʳʭ ʚʠʜʦʚ ʦʪʭʦʜʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʶ çɸʨʤʘʥè ʥʝʬʪʝʰʣʘʤʳ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʪʩʪʘʠʚʘʥʠʷ ʥʝʬʪʠ ʚ ʩʝʧʘʨʘʪʦʨʘʭ ʠ ʨʝʟʝʨʚʫʘʨʘʭ. ʇʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʛʣʘʩʥʦ 

ʛʨʘʬʠʢʫ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʯʠʩʪʢʘ ʨʝʟʝʨʚʫʘʨʦʚ ʦʪ ʥʝʬʪʝʰʣʘʤʦʚ (ʜʦʥʥʦʛʦ ʦʩʘʜʢʘ). ʆʙʨʘʟʫʶʱʠʡʩʷ 

ʥʝʬʪʝʰʣʘʤ, ʧʨʠ ʟʘʯʠʩʪʢʝ ʨʝʟʝʨʚʫʘʨʦʚ, ʩʨʘʟʫ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʩʧʝʮʘʚʪʦʪʨʘʥʩʧʦʨʪ ʠ ʚʳʚʦʟʠʪʩʷ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʩʪʦʨʦʥʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ [1].   

ʊʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʦʜʷʪʩʷ 

ʢʘʧʠʪʘʣʴʥʳʡ ʠ ʧʦʜʟʝʤʥʳʡ ʨʝʤʦʥʪ ʩʢʚʘʞʠʥ. ɼʘʥʥʳʝ ʚʠʜʳ ʨʝʤʦʥʪʦʚ ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ. ʂʘʧʠʪʘʣʴʥʳʡ ʠ ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʩʢʚʘʞʠʥ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʪʭʦʜʦʚ ʦʪ ʦʙʨʘʪʥʦʡ ʧʨʦʤʳʚʢʠ ʩʢʚʘʞʠʥ, ʤʝʪʘʣʣʦʤ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ (ʛʘʟʦʪʫʨʙʠʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ, ʜʠʟʝʣʴʥʳʡ 

ʛʝʥʝʨʘʪʦʨ, ʨʝʤʦʥʪʥʘʷ ʤʘʩʪʝʨʩʢʘʷ, ʦʧʝʨʘʪʦʨʥʘʷ, ʭʠʤʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʩʚʘʨʦʯʥʳʡ ʘʧʧʘʨʘʪ, ɸɿʉ) 

ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʭʦʜʦʚ. ʂ ʧʨʠʤʝʨʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʪʫʨʙʠʥʥʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ ʦʙʨʘʟʫʶʪʩʷ ʦʪʨʘʙʦʪʘʥʥʳʝ ʚʦʟʜʫʰʥʳʝ ʬʠʣʴʪʨʳ [2]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʤʘʩʝʣ ʦʙʨʘʟʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʪʘʨʘ -  

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʙʦʯʢʠ. 

ʇʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʧʨʦʚʝʜʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʨʝʤʦʥʪʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʨʘʙʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʧʝʮʪʝʭʥʠʢʠ ʠ ʩʧʝʮ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʦʙʨʘʟʫʶʪʩʷ ʥʝʢʦʪʦʨʳʝ 

ʚʠʜʳ ʦʪʭʦʜʦʚ. ɺ ʦʩʥʦʚʥʦʤ - ʦʛʘʨʢʠ ʩʚʘʨʦʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʦʙʪʠʨʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʧʨʦʤʘʩʣʝʥʥʘʷ 

ʚʝʪʦʰʴ), ʤʝʪʘʣʣʦʣʦʤ, ʦʪʭʦʜʳ ʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʪʘʨʘ ʠʟ-ʧʦʜ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʠ ʨʘʙʦʪʝ ʥʘ ʩʚʝʨʣʠʣʴʥʦʤ ʠ ʰʣʠʬʦʚʘʣʴʥʦʤ ʩʪʘʥʢʘʭ ʦʙʨʘʟʫʶʪʩʷ ʩʪʨʫʞʢʘ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʠ 

ʘʙʨʘʟʠʚʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʳʣʴ. ʇʨʠ ʨʘʙʦʪʝ ʥʘ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʤ ʩʪʘʥʢʝ ʦʙʨʘʟʫʶʪʩʷ ʦʪʭʦʜʳ 

ʜʨʝʚʝʩʠʥʳ ʠ ʦʧʠʣʢʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʤʧ ʩʚʷʟʘʥʦ ʩ ʥʘʨʫʞʥʳʤ ʠ ʚʥʫʪʨʝʥʥʠʤ 

ʦʩʚʝʱʝʥʠʝʤ ʞʠʣʳʭ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʦʤʝʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʪʝʨʨʠʪʦʨʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ɾʠʜʢʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʜʠʟʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʧʝʮʪʝʭʥʠʢʠ ʠ ʩʧʝʮʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʦʪʨʘʙʦʪʘʥʥʳʝ ʤʘʩʣʘ 

(ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ, ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ, ʤʦʪʦʨʥʳʝ).  

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʪʘʢʠʝ ʦʪʭʦʜʳ, ʢʘʢ: 

ʩʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ, ʦʪʨʘʙʦʪʘʥʥʳʝ ʧʨʦʤʘʩʣʝʥʥʳʝ ʬʠʣʴʪʨʳ, ʘʚʪʦʰʠʥʳ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʦʪʭʦʜʘʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ: ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ 

ʙʘʪʘʨʝʠ; ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ; ʧʨʦʤʘʩʣʝʥʥʘʷ ʚʝʪʦʰʴ; ʤʘʩʣʷʥʳʝ ʠ ʚʦʟʜʫʰʥʳʝ ʬʠʣʴʪʨʳ; ʟʦʣʘ, ʦʙʨʘʟʫʝʤʘʷ 

ʧʨʠ ʩʞʠʛʘʥʠʠ ʦʪʭʦʜʦʚ. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʧʦʣʠʛʦʥʳ ʜʣʷ ʟʘʭʦʨʦʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʪʭʦʜʦʚ.  

ʏʘʩʪʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʪʭʦʜʦʚ (ʧʨʦʤʘʩʣʝʥʥʘʷ ʚʝʪʦʰʴ, ʦʧʠʣʢʠ, ʤʝʜʠʮʠʥʩʢʠʝ 

ʦʪʭʦʜʳ, ʊɹʆ ʠ ʧʠʱʝʚʳʝ ʦʪʭʦʜʳ) ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ 

ʢʦʥʪʝʡʥʝʨʘʭ. ɼʘʣʝʝ ʵʪʠ ʦʪʭʦʜʳ ʩʞʠʛʘʶʪʩʷ ʚ ʧʝʯʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʩʠʥʝʨʘʪʦʨʘ (ʫʩʪʘʥʦʚʢʠ National 

Incinerator Model I-200). ʇʨʠ ʩʞʠʛʘʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʪʘʢʦʡ ʚʠʜ ʦʪʭʦʜʘ ʢʘʢ ʟʦʣʘ.  ʆʪʭʦʜʳ, ʟʘʛʨʫʞʘʝʤʳʝ 
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ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʩʠʥʝʨʘʪʦʨʘ, ʩʛʦʨʘʶʪ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ. ʆʩʪʘʪʦʢ ʚ ʚʠʜʝ ʟʦʣʳ 

ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 10 % ʦʪ ʦʙʲʸʤʘ ʟʘʛʨʫʞʝʥʥʳʭ ʦʪʭʦʜʦʚ [1,3].  

ʏʘʩʪʴ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʤʘʩʣʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʪʦʨʠʯʥʦ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʜʣʷ ʩʤʘʟʢʠ ʜʝʪʘʣʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ. ʆʜʥʘʢʦ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʣʠʚʘʝʪʩʷ ʚ ʜʨʝʥʘʞʥʫʶ 

ʩʠʩʪʝʤʫ ʠ ʧʦʜʘʸʪʩʷ ʚ ʪʨʸʭʬʘʟʥʳʡ ʩʝʧʘʨʘʪʦʨ. 

ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʦʪʭʦʜʳ ʚʨʝʤʝʥʥʦ ʭʨʘʥʷʪʩʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʤʝʩʪʝ - ʥʘ ʧʣʦʱʘʜʢʝ ʜʣʷ 

ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɸʨʤʘʥè ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʪʝʡʥʝʨʘʭ, ʦʙʲʝʤʦʤ 20 ʪʦʥʥ, ʚ ʟʘʢʨʳʪʳʭ ʸʤʢʦʩʪʷʭ, ʟʘʢʨʳʪʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʙʦʯʢʘʭ, ʠ ʚʳʚʦʟʷʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʪʦʨʦʥʥʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʥʘ ʫʪʠʣʠʟʘʮʠʶ ʠʣʠ 

ʟʘʭʦʨʦʥʝʥʠʝ ʧʦ ʜʦʛʦʚʦʨʫ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ 

ʩʪʦʯʥʳʝ ʚʦʜʳ. ɼʣʷ ʠʭ ʦʯʠʩʪʢʠ ʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʇʇɼ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʘʭʪʦʚʦʛʦ 

ʧʦʩʝʣʢʘ ʫʩʪʘʥʦʚʣʝʥʦ ʦʯʠʩʪʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ Red Fox. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ 31,0 ʤ
3
/ʩʫʪ. ʆʯʠʩʪʥʘʷ ʫʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʝʪ ʙʝʟ ʩʙʨʦʩʘ ʦʩʘʜʢʘ, ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʩʪʦʯʥʳʭ 

ʚʦʜ ʚ ʘʵʨʦʮʠʦʥʥʦʡ ʢʘʤʝʨʝ ʩʦʩʪʘʚʣʷʝʪ 22-24 ʯʘʩʘ[1].  ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʦʙʨʘʟʫʶʱʝʛʦ ʠʣʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʧʦʣʥʦʩʪʴʶ, ʥʝ ʦʙʨʘʟʫʷ ʦʩʪʘʪʦʯʥʦʛʦ ʠʣʘ ʜʣʷ ʫʜʘʣʝʥʠʷ. ʉʪʦʯʥʳʝ ʚʦʜʳ ʧʝʨʝʜ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʢʘʤʝʨʫ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʩʝʪʯʘʪʳʡ ʬʠʣʴʪʨ, ʢʦʪʦʨʳʡ ʫʣʘʚʣʠʚʘʝʪ ʢʨʫʧʥʳʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʪʚʸʨʜʳʝ ʦʪʭʦʜʳ (ʚʝʪʦʰʴ, ʧʦʣʦʪʝʥʮʘ, ʪʨʷʧʢʠ, ʧʘʢʝʪʳ). ɺ ʧʨʦʮʝʩʩʝ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʝʨʩʦʥʘʣʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʤʝʜʠʮʠʥʩʢʠʝ ʦʪʭʦʜʳ (ʧʝʨʝʚʷʟʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʧʝʨʯʘʪʢʠ, ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʪ.ʜ.). ʆʥʠ ʩʦʙʠʨʘʶʪʩʷ ʚ ʢʦʨʦʙʢʠ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʦʪʭʦʜʦʚ ʚ 

ʤʝʜʧʫʥʢʪʝ, ʧʦʪʦʤ ʩʞʠʛʘʶʪʩʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʠʥʩʠʥʝʨʘʪʦʨʝ [3,4].   

ʆʪʭʦʜʳ ʧʦʪʨʝʙʣʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʘ ʪʘʢʞʝ ʦʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʪʭʦʜʳ ʧʦʪʨʝʙʣʝʥʠʷ ʚʢʣʶʯʘʶʪ 

ʧʠʱʝʚʳʝ ʦʪʭʦʜʳ, ʪʚʝʨʜʦ-ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ. ɼʘʥʥʳʝ ʚʠʜʳ ʦʪʭʦʜʦʚ ʩʦʙʠʨʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ 

ʨʘʟʜʝʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʪʝʡʥʝʨʘʭ, ʠ, ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʩʞʠʛʘʶʪʩʷ ʚ ʧʝʯʠ ʠʥʩʠʥʝʨʘʪʦʨʘ. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ çɸʨʤʘʥè ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʧʨʘʢʪʠʢʫʝʪʩʷ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʠ 

ʦʙʨʘʟʫʝʤʳʭ ʦʪʭʦʜʦʚ. ɿʘ ʩʯʝʪ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʦʪʭʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʦʪʨʘʙʦʪʘʚʰʠʝ ʤʘʩʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʙʦʯʢʠ, ʤʝʪʘʣʣʦʣʦʤ, ʧʨʝʜʧʨʠʷʪʠʝ ʩʥʠʞʘʝʪ ʦʙʲʝʤʳ ʦʪʭʦʜʦʚ, 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʥʘ ʫʪʠʣʠʟʘʮʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʦʨʷʜʦʢ ʫʧʨʘʚʣʝʥʠʷ ʦʪʭʦʜʘʤʠ, ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʭʦʨʦʰʦ ʦʪʣʘʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʩʙʦʨʘ ʠ ʫʜʘʣʝʥʠʷ 

ʦʪʭʦʜʦʚ. ʕʪʘ ʩʠʩʪʝʤʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʣʘʥʳ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʜʣʷ 

ʫʪʠʣʠʟʘʮʠʠ ʠ ʟʘʭʦʨʦʥʝʥʠʷ (ʣʠʢʚʠʜʘʮʠʠ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʧʣʘʥʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʧʨʦʚʦʜʠʪʩʷ 

ʨʝʛʫʣʷʨʥʘʷ ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ, ʫʯʝʪ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʭʨʘʥʝʥʠʝʤ, ʩʦʩʪʦʷʥʠʝʤ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʚʩʝʭ 

ʚʠʜʦʚ ʦʪʭʦʜʦʚ.  
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ɸʥʘʩʪʘʩʠʷ ʅʠʢʦʣʘʝʚʥʘ ɾʝʨʜʠʥʘ 

Anastasiya Nikolaevna Zherdina 

 

ʇʈʀʄɽʅɽʅʀɽ ʇɽʈʉʇɽʂʊʀɺʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʀ ɺʉ ʈʌ  
 

APPLICATION OF PERSPECTIVE TECHNOLOGIES IN TELECOMMUNICATION  OF 

ARMED FORCES OF THE RUSSIAN FEDERATION  

ʋɼʂ 004.9  

 

ɸʥʥʦʪʘʮʠʷ:  ɺ ʩʪʘʪʴʝ ʧʨʦʠʟʚʝʜʝʥ ʦʙʟʦʨ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʭ ɺʉ ʈʌ. ɺʳʧʦʣʥʝʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʩʚʷʟʠ ɺʉ ʈʌ.  

Abstract: The article reviews perspective telecommunication technologies suitable for use in 

telecommunications of the RF Armed Forces. The brief analysis of perspective directions of development of 

communication systems of the Armed Forces of the Russian Federation is made. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ, ʛʣʦʙʘʣʴʥʘʷ 

ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

Key words: information technologies, telecommunications, global international information 

infrastructure. 

 

ɺʳʩʦʢʘʷ ʜʠʥʘʤʠʯʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʠ ʧʨʠʚʝʣʠ ʢ ʠʟʤʝʥʝʥʠʶ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʚʦʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠ ʢ ʚʦʟʨʘʩʪʘʥʠʶ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʦʡʩʢʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʦʩʣʘ ʨʦʣʴ ʠ 

ʟʥʘʯʝʥʠʝ ʠʭ ʤʦʙʠʣʴʥʦʩʪʠ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʣʝ ʪʝʧʝʨʴ 

ʪʘʢʞʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʪʝʘʪʨʦʤ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʣʫʯʠʣʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ɺʉ ʈʌ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʚ ʝʜʠʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ɽʀʇ). 

ʉʦʚʨʝʤʝʥʥʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʀʊ-ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʣʷ ʚʦʦʨʫʞʝʥʥʳʭ ʩʠʣ 

ʧʦʣʫʯʝʥʠʝ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʪʠʚʥʠʢʝ ʠ ʝʛʦ ʜʝʡʩʪʚʠʷʭ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʚʦʡʩʢʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʙʦʝʛʦʪʦʚʥʦʩʪʠ ʚʦʡʩʢ.  

ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʠ ʚʦʦʨʫʞʝʥʥʳʭ ʩʠʣ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʢ ʯʘʩʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʡʩʢʘʤʠ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʝʪʝʡ ʩʚʷʟʠ ʠ ʝʸ ʠʥʪʝʛʨʘʮʠʠ ʚ ɽʀʇ 

ɺʉ ʈʌ. ʇʨʠʤʝʥʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʠʩʪʝʤʫ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ.  

ɺʦʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʪʨʘʪʠʣʦ ʣʠʜʠʨʫʶʱʠʝ 

ʧʦʟʠʮʠʠ ʧʨʠʤʝʨʥʦ ʚ ʥʘʯʘʣʝ 1990-ʭ ʛʦʜʦʚ ʧʝʨʝʜʘʚ ʠʭ ʛʨʘʞʜʘʥʩʢʦʤʫ ʩʝʢʪʦʨʫ. ɺʳʩʦʢʠʝ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʝʢʪʦʨʘ, ʙʦʣʴʰʘʷ ʢʦʥʢʫʨʝʥʮʠʷ, ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ʠ ʢʣʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ 

ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʠʣʠ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʚ 

ʛʨʘʞʜʘʥʩʢʦʡ ʦʪʨʘʩʣʠ ʥʝʞʝʣʠ ʯʝʤ ʚ ʚʦʝʥʥʦʡ ʟʘ ʪʦʪ ʞʝ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ.  

 ɸʥʘʣʠʟ ʛʨʘʞʜʘʥʩʢʠʭ ʩʠʩʪʝʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʘʢʠʝ ʠʟ ʥʠʭ ʧʨʠʛʦʜʥʳ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ɺʉ ʈʌ.  

ɺ ʨʘʟʚʠʪʠʠ ʛʨʘʞʜʘʥʩʢʠʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʝʭʠ:  

ǒ ʪʝʣʝʛʨʘʬʥʳʝ ʠ ʪʝʣʝʬʦʥʥʳʝ ʩʝʪʠ (ʜʦʢʦʤʧʴʶʪʝʨʥʘʷ ʵʧʦʭʘ); 

ǒ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʘʙʦʥʝʥʪʘʤʠ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ʠ ʢʦʤʤʫʪʠʨʫʝʤʳʤ 

ʢʘʥʘʣʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʤʦʚ; 

ǒ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ: ʜʝʡʪʘʛʨʘʤʤʥʳʝ ʠʣʠ ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʚʠʨʪʫʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʪʠʧʘ ʍ.25); 

ǒ ʣʦʢʘʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʝʪʠ (ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ - Ethernet, Token Ring); 

ǒ ʮʠʬʨʦʚʳʝ ʩʝʪʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ISDN) - ʫʟʢʦʧʦʣʦʩʥʳʝ, ʘ ʟʘʪʝʤ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ; 

ǒ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʝʪʠ - Frame Relay, SMDS, ATM; 

ʇʦʩʣʝʜʥʠʝ ʧʨʦʚʝʜʝʥʥʳʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʩʚʷʟʠ ɺʉ ʈʌ ʧʦʟʚʦʣʠʣʦ ʚʳʚʝʩʪʠ ʠʭ ʥʘ ʫʨʦʚʝʥʴ 

ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʷʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
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ʢʦʤʤʫʥʠʢʘʮʠʠ ʯʘʩʪʝʡ, ʪʘʢ ʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʩʠʩʪʝʤ 

ʩʚʷʟʠ, ʦʜʥʘʢʦ ʪʘʢʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤ ʩʚʷʟʠ ʧʨʦʚʝʜʝʥʥʘʷ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʧʦʪʨʝʙʦʚʘʣʘ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʨʘʞʜʘʥʩʢʠʭ ʩʝʪʝʡ. 

 ʇʨʠʤʝʥʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʘʢ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ɺʉ ʈʌ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ñɻʣʘʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠò (ʜʘʣʝʝ ɻʣʘʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ), ʩʦʟʜʘʥʥʳʤ ʚ 2014 ʛʦʜʫ.  

ʆʩʥʦʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʚʘʝʤʦʛʦ ʛʣʘʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʧʦʨʷʜʦʯʝʥʥʫʶ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʝʜʠʥʳʤ ʧʨʠʥʮʠʧʘʤ ʠ ʧʨʘʚʠʣʘʤ 

ʬʦʨʤʘʣʠʟʘʮʠʠ, ʭʨʘʥʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʕʪʦʪ ʧʨʠʥʮʠʧ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʚ ʦʩʥʦʚʫ: 

ǒ ʧʨʦʛʨʘʤʤ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʨʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʈʦʩʩʠʠ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ɺʉ ʈʌ, ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʠ ʨʦʜʦʚ ʚʦʡʩʢ; 

ǒ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤ ʧʦ ʩʦʟʜʘʥʠʶ çʕʣʝʢʪʨʦʥʥʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʠè; 

ǒ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ; 

ǒ ʧʨʦʛʨʘʤʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨ ʢʨʫʧʥʝʡʰʠʭ ʨʦʩʩʠʡʩʢʠʭ ʚʝʜʦʤʩʪʚ 

ʠ ʢʦʨʧʦʨʘʮʠʡ (ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʄʇʉ, ʄʏʉ, ʬʠʥʘʥʩʦʚʳʭ 

ʚʝʜʦʤʩʪʚ). 

 ʇʦʩʪʨʦʝʥʠʝ ɽʀʇ ʧʦ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʊʘʢʠʝ ʵʣʝʤʝʥʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʥʘ ʙʘʟʝ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠʟ ʨʘʟʥʳʭ ʦʪʨʘʩʣʝʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ. ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʨʘʞʝʥʳ ʚ ʫʢʘʟʝ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 07.07.2011 N 899 (ʨʝʜ. ʦʪ 16.12.2015) "ʆʙ 

ʫʪʚʝʨʞʜʝʥʠʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʢʠ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠ ʧʝʨʝʯʥʷ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ" ʚ ʯʘʩʪʠ ʙ)ñʇʝʨʝʯʝʥʴ 

ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠò 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ɻʣʘʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʘʣʠʟʫʝʪ ʧʣʘʥ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ɺʉ ʈʌ, ʧʦʩʣʝʜʥʠʤ ʢʨʫʧʥʳʤ ʟʥʘʯʠʤʳʤ ʩʦʙʳʪʠʝʤ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʩʪʘʣ ʚʚʦʜ 

ʟʘʢʨʳʪʦʛʦ ʩʝʛʤʝʥʪʘ ʩʝʪʠ  ʧʦʜ ʦʬʠʮʠʘʣʴʥʳʤ ʥʘʟʚʘʥʠʝʤ çɿʘʢʨʳʪʳʡ ʩʝʛʤʝʥʪ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭè 

(ɿʉʇɼ), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʠ, ʃɺʉ, ʠ 

ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʟʘʣʦʞʠʚ ʪʝʤ ʩʘʤʳʤ ʦʩʥʦʚʫ ʜʣʷ ʚʚʝʜʝʥʠʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ. ʊʘʢʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ: 

ǒ ʆʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ - Cloud computing ï ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʤʦʜʝʣʴ ʛʣʦʙʘʣʴʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʦʙʱʝʤʫ ʧʫʣʫ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ.  

ǒ ʊʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ - Big Data - ʩʝʨʠʷ 

ʧʦʜʭʦʜʦʚ, ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʯʝʣʦʚʝʢʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʫʟʣʘʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʝʪʠ.  

ǒ ɻʣʫʙʠʥʥʳʝ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʘʥʘʣʠʟʳ ʜʘʥʥʳʭ - OLAP, Data mining ï ʤʝʪʦʜʳ 

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ ʜʣʷ ʧʦʠʩʢʘ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʨʪʘʪʠʚʥʦʡ ʪʝʭʥʠʢʠ ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʜʘʥʥʦʡ ʩʝʪʠ ʧʦʟʚʦʣʠʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʩʠʩʪʝʤʳ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʩʠʩʪʝʤʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʘʛʝʥʪʦʚ. ʆʜʥʘʢʦ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʦʜʦʙʥʳʭ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʨʦʠʟʚʝʩʪʠ ʧʦʜʜʝʨʞʢʫ ʩʦʚʨʝʤʝʥʥʳʭ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʝʛʤʝʥʪʝ ʩʝʪʠ, 

ʥʘʧʨʠʤʝʨ: 

ǒ Mesh-ʩʝʪʠ - ʷʯʝʠʩʪʳʝ ʩʝʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʙʦʯʠʤ ʩʪʘʥʮʠʷʤ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ 

ʢʦʤʤʫʪʘʪʦʨʘ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʜʨʫʛʠʭ ʫʟʣʦʚ ʩʝʪʠ, ʧʦʜʢʣʶʯʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ 
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ʧʨʠʥʮʠʧʫ çʢʘʞʜʳʡ ʩ ʢʘʞʜʳʤè ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʢʨʘʡʥʝ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʝʣʦʤ.  

ǒ Wi-Fi, Wi-Max, Li -Fi ï ʙʝʩʧʨʦʚʦʜʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʩʚʷʟʠ ʨʘʟʣʠʯʥʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ, ʜʘʣʴʥʦʩʪʴʶ ʠ ʝʤʢʦʩʪʴʶ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʳ, ʢʘʢ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ (Li-Fi) ʪʘʢ ʠ ʨʘʜʠʦ 

ʚʦʣʥ (Wi-Fi, Wi-Max). 

ɸ ʪʘʢʞʝ ʧʨʦʠʟʚʝʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʠ ʛʨʫʧʧʠʨʦʚʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʦʙʠʣʴʥʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʢʣʶʯʝʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʯʪʦ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʥʝʜʨʝʥʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʩʪʝʤʫ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ɺʉ ʈʌ, ʪʘʢʠʭ ʢʘʢ 

ʟʘʢʨʳʪʳʡ ʩʝʛʤʝʥʪ ʠʥʪʝʨʥʝʪ ʩʝʪʠ, ʧʝʨʝʜ ɻʣʘʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʦʩʪʘʝʪʩʷ ʝʱʝ ʤʥʦʞʝʩʪʚʦ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʟʘʜʘʯ ʧʦ ʚʥʝʜʨʝʥʠʶ ʠ ʘʜʘʧʪʘʮʠʠ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʜʣʷ 

ʥʫʞʜ ʚʦʦʨʫʞʝʥʥʳʭ ʩʠʣ.  
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