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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Ϸʘʟʘϸʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ Ͽʣʪʪʳϸ ϴʳʣʳʤ ʘʢʘʜʝʤʠʷʩʳ "Ϸʈ Ͽϳɸ ʍʘʙʘʨʣʘʨʳ. ɻʝʦʣʦʛʠʷ ʞЈʥʝ 

ʪʝʭʥʠʢʘʣʳϸ ϴʳʣʳʤʜʘʨ ʩʝʨʠʷʩʳ" ϴʳʣʳʤʠ ʞʫʨʥʘʣʳʥʳϼ Web of Science-ʪʽϼ ʞʘϼʘʣʘʥϴʘʥ ʥЀʩϸʘʩʳ 
Emerging Sources Citation Index-ʪʝ ʠʥʜʝʢʩʪʝʣʫʛʝ ϸʘʙʳʣʜʘʥϴʘʥʳʥ ʭʘʙʘʨʣʘʡʜʳ. ɹЀʣ ʠʥʜʝʢʩʪʝʣʫ 
ʙʘʨʳʩʳʥʜʘ Clarivate Analytics ʢʦʤʧʘʥʠʷʩʳ ʞʫʨʥʘʣʜʳ ʦʜʘʥ Јʨʽ the Science Citation Index Expanded, 
the Social Sciences Citation Index ʞЈʥʝ the Arts & Humanities Citation Index-ʢʝ ϸʘʙʳʣʜʘʫ ʤЈʩʝʣʝʩʽʥ 
ϸʘʨʘʩʪʳʨʫʜʘ. Webof Science ʟʝʨʪʪʝʫʰʽʣʝʨ, ʘʚʪʦʨʣʘʨ, ʙʘʩʧʘʰʳʣʘʨ ʤʝʥ ʤʝʢʝʤʝʣʝʨʛʝ ʢʦʥʪʝʥʪ 
ʪʝʨʝϼʜʽʛʽ ʤʝʥ ʩʘʧʘʩʳʥ Ѐʩʳʥʘʜʳ. Ϸʈ Ͽϳɸ ʍʘʙʘʨʣʘʨʳ. ɻʝʦʣʦʛʠʷ ʞЈʥʝ ʪʝʭʥʠʢʘʣʳϸ ϴʳʣʳʤʜʘʨ 
ʩʝʨʠʷʩʳ Emerging Sources Citation Index-ʢʝ ʝʥʫʽ ʙʽʟʜʽϼ ϸʦϴʘʤʜʘʩʪʳϸ Ͼʰʽʥ ʝϼ Њʟʝʢʪʽ ʞЈʥʝ ʙʝʜʝʣʜʽ 
ʛʝʦʣʦʛʠʷ ʞЈʥʝ ʪʝʭʥʠʢʘʣʳϸ ϴʳʣʳʤʜʘʨ ʙʦʡʳʥʰʘ ʢʦʥʪʝʥʪʢʝ ʘʜʘʣʜʳϴʳʤʳʟʜʳ ʙʽʣʜʽʨʝʜʽ.  

 
 
ʅɸʅ ʈʂ ʩʦʦʙʱʘʝʪ, ʯʪʦ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʀʟʚʝʩʪʠʷ ʅɸʅ ʈʂ. ʉʝʨʠʷ ʛʝʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢè ʙʳʣ ʧʨʠʥʷʪ ʜʣʷ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ ʚ Emerging Sources Citation Index, ʦʙʥʦʚʣʝʥʥʦʡ ʚʝʨʩʠʠ Web 
of Science. ʉʦʜʝʨʞʘʥʠʝ ʚ ʵʪʦʤ ʠʥʜʝʢʩʠʨʦʚʘʥʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʦʤʧʘʥʠʝʡ 
Clarivate Analytics ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʥʷʪʠʷ ʞʫʨʥʘʣʘ ʚ the Science Citation Index Expanded, the 
Social Sciences Citation Index ʠ the Arts & Humanities Citation Index. Web of Science ʧʨʝʜʣʘʛʘʝʪ 
ʢʘʯʝʩʪʚʦ ʠ ʛʣʫʙʠʥʫ ʢʦʥʪʝʥʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʘʚʪʦʨʦʚ, ʠʟʜʘʪʝʣʝʡ ʠ ʫʯʨʝʞʜʝʥʠʡ. 
ɺʢʣʶʯʝʥʠʝ ʀʟʚʝʩʪʠʷ ʅɸʅ ʈʂ. ʉʝʨʠʷ ʛʝʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʚ Emerging Sources Citation 
Index ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʰʫ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʢ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʤʫ ʠ ʚʣʠʷʪʝʣʴʥʦʤʫ ʢʦʥʪʝʥʪʫ 
ʧʦ ʛʝʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʥʘʫʢʘʤ ʜʣʷ ʥʘʰʝʛʦ ʩʦʦʙʱʝʩʪʚʘ. 
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ɹ ʘ ʩ  ʨ ʝ ʜ ʘ ʢ ʪ ʦ ʨ  r
 

ʵ. ס. ʜ., ʧʨʦʬʝʩʩʦʨ, פʈ נױɸ ʘʢʘʜʝʤʠʛ ̔
 

ʀ.ʂ. ɹʝʡʩʝʤʙʝʪʦʚ  
 

ɹʘʩ ʨʝʜʘʢʪʦʨʳʥʳש ʦʨʳʥʙʘʩʘʨʳ 
 

ɾʦʣʪʘʝʚ ɻ.ɾ. ʧʨʦʬ., ʛʝʦʣ.-ʤʠʥ. ס. ʜʦʢʪʦʨʳ 
 

ʈ ʝ ʜ ʘ ʢ ʮ ʠ ʷ  ʘ ʣ ץ ʘ ʩ ʳ: 
 

ɸʙʘʢʘʥʦʚ ʊ.ɼ. ʧʨʦʬ. (פʘʟʘץʩʪʘʥ)  

ɸʙʠʰʝʚʘ ɿ.ʉ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (פʘʟʘץʩʪʘʥ)  

ɸʛʘʙʝʢʦʚ ɺ.ɽ. ʘʢʘʜʝʤʠʢ (ɹʝʣʘʨʫʩ)ɹ 

ɸʣʠʝʚ ʊ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ᴄʟʽʨʙʘʡʞʘʥ)  

ɹʘʢʠʨʦʚ ɸ.ɹ. ʧʨʦʬ., (פʳʨסʳʟʩʪʘʥ) 

ɹʝʩʧʘʝʚ ʍ.ɸ. ʧʨʦʬ. (פʘʟʘץʩʪʘʥ)  

ɹʠʰʠʤʙʘʝʚ ɺ.ʂ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (פʘʟʘץʩʪʘʥ)  

ɹʫʢʪʫʢʦʚ ʅ.ʉ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (פʘʟʘץʩʪʘʥ)  

ɹʫʣʘʪ ɸ.ʌ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʋʢʨʘʠʥʘ)  

ɻʘʥʠʝʚ ʀ.ʅ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʊᴅʞʽʢʩʪʘʥ)  

ɻʨʵʚʠʩ ʈ.ʄ. ʧʨʦʬ. (ɸפʐ)  

ɽʨסʘʣʠʝʚ ɻ.ʂ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (פʘʟʘץʩʪʘʥ) 

ɾʫʢʦʚ ʅ.ʄ. ʧʨʦʬ. (פʘʟʘץʩʪʘʥ)  

ʂʝʥʞʘʣʠʝʚ ɹ.ʂ. ʧʨʦʬ. (פʘʟʘץʩʪʘʥ)  

  ʦʞʘʭʤʝʪʦʚ ʉ.ʄ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʂʘʟʘʭʩʪʘʥ)פ

ʂʦʥʪʦʨʦʚʠʯ ɸ.ʕ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʈʝʩʝʡ)  

ʂʫʨʩʢʝʝʚ ɸ.ʂ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (פʘʟʘץʩʪʘʥ)  

ʂʫʨʯʘʚʦʚ ɸ.ʄ. ʧʨʦʬ., (ʈʝʩʝʡ)  

ʄʝʜʝʫ ɸ.ʈ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (פʘʟʘץʩʪʘʥ)  

ʄײʭʘʤʝʜʞʘʥʦʚ ʄ.ɸ. ʧʨʦʬ., ʢʦʨʨ.-ʤװʰʝʩʽ (פʘʟʘץʩʪʘʥ) 

ʅʠʛʤʘʪʦʚʘ ʉ.ɸ. ʧʨʦʬ. (פʘʟʘץʩʪʘʥ)  

ʆʟʜʦʝʚ ʉ.ʄ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (פʘʟʘץʩʪʘʥ)  

ʇʦʩʪʦʣʘʪʠʡ ɺ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʄʦʣʜʦʚʘ)  

ʈʘʢʠʰʝʚ ɹ.ʈ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (פʘʟʘץʩʪʘʥ)  

ʉʝʡʪʦʚ ʅ.ʉ. ʧʨʦʬ., ʢʦʨʨ.-ʤװʰʝʩʽ (פʘʟʘץʩʪʘʥ)  

ʉʝʡʪʤʫʨʘʪʦʚʘ ʕ.ʖ. ʧʨʦʬ., ʢʦʨʨ.-ʤװʰʝʩʽ (פʘʟʘץʩʪʘʥ)  

ʉʪʝʧʘʥʝʮ ɺ.ɻ. ʧʨʦʬ., (ɻʝʨʤʘʥʠʷ)  

ʍʘʤʬʝʨʠ ɼʞ.ɼ. ʧʨʦʬ. (ɸפʐ)  

ʐʪʝʡʥʝʨ ʄ. ʧʨʦʬ. (ɻʝʨʤʘʥʠʷ) 
 

 

çפʈ נױɸ ʍʘʙʘʨʣʘʨʳ. ɻʝʦʣʦʛʠʷ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳס ץʳʣʳʤʜʘʨ ʩʝʨʠʷʩʳè.   

ISSN 2518-170X (Online),  
ISSN 2224-5278 (Print) 
ʄʝʥʰʽʢʪʝʥʫʰʽ: çפʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳױ שʣʪʪʳס ץʳʣʳʤ ʘʢʘʜʝʤʠʷʩʳè ʈפɹ (ɸʣʤʘʪʳ ץ.). 

 ʘʪ ʢʦʤʠʪʝʪʽʥʜʝסʨʘײʧʘʨʘʪ ʞᴅʥʝ ʤץɸ שʧʘʨʘʪ ʤʠʥʠʩʪʨʣʽʛʽʥʽץʄᴅʜʝʥʠʝʪ ʧʝʥ ʘ שʩʪʘʥ ʨʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ

30.04.2010 ʞ. ʙʝʨʽʣʛʝʥ ˉ10892-ɾ ʤʝʨʟʽʤʜʽʢ ʙʘʩʳʣʳʤ ʪʽʨʢʝʫʽʥʝ ץʦʡʳʣʫ ʪʫʨʘʣʳ ʢʫᴅʣʽʢ. 
 

ʄʝʨʟʽʤʜʽʣʽʛʽ: ʞʳʣʳʥʘ 6 ʨʝʪ. 

ʊʠʨʘʞʳ: 300 ʜʘʥʘ. 
 

ʈʝʜʘʢʮʠʷʥʳש ʤʝʢʝʥʞʘʡʳ: 050010, ɸʣʤʘʪʳ ץ., ʐʝʚʯʝʥʢʦ ʢᴇʰ., 28, 219 ʙᴇʣ., 220, ʪʝʣ.: 272-13-19, 272-13-18, 

http://www.geolog-technical.kz/index.php/en/ 

 

É פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳױ שʣʪʪʳס ץʳʣʳʤ ʘʢʘʜʝʤʠʷʩʳ, 2020 
 

ʈʝʜʘʢʮʠʷʥʳפ  שʘʟʘץʩʪʘʥ, 050010, ɸʣʤʘʪʳ פ ,.ץʘʙʘʥʙʘʡ ʙʘʪʳʨ ʢᴇʰ., 69ʘ. 

ʤʝʢʝʥʞʘʡʳ: פ. ʀ. ʉᴅʪʙʘʝʚ ʘʪʳʥʜʘסʳ ʛʝʦʣʦʛʠʷ סʳʣʳʤʜʘʨ ʠʥʩʪʠʪʫʪʳ, 334 ʙᴇʣʤʝ. ʊʝʣ.:  291-59-38. 
 

ʊʠʧʦʛʨʘʬʠʷʥʳש ʤʝʢʝʥʞʘʡʳ:   çNurNaz GRACEè, ɸʣʤʘʪʳ ץ., ʈʳʩײץʣʦʚ ʢᴇʰ., 103.  

http://www.geolog-technical.kz/index.php/en/


N E W S of the Academy of Sciences of the Republic of Kazakhstan 

  

   4  

ɻ ʣ ʘ ʚ ʥ  rʡ  ʨ ʝ ʜ ʘ ʢ ʪ ʦ ʨ 
 

ʜ. ʵ. ʥ., ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʅɸʅ ʈʂ 
 

ʀ. ʂ. ɹʝʡʩʝʤʙʝʪʦʚ 
 

ɿʘʤʝʩʪʠʪʝʣʴ ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ 
 

ɾʦʣʪʘʝʚ ɻ.ɾ. ʧʨʦʬ., ʜʦʢʪʦʨ ʛʝʦʣ.-ʤʠʥ. ʥʘʫʢ 
 

ʈ ʝ ʜ ʘ ʢ ʮ ʠ ʦ ʥ ʥ ʘ ʷ  ʢ ʦ ʣ ʣ ʝ ʛ ʠ ʷ: 
 

ɸʙʘʢʘʥʦʚ ʊ.ɼ. ʧʨʦʬ. (ʂʘʟʘʭʩʪʘʥ)  

ɸʙʠʰʝʚʘ ɿ.ʉ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʂʘʟʘʭʩʪʘʥ)  

ɸʛʘʙʝʢʦʚ ɺ.ɽ. ʘʢʘʜʝʤʠʢ (ɹʝʣʘʨʫʩ)ɹ 

ɸʣʠʝʚ ʊ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ɸʟʝʨʙʘʡʜʞʘʥ)  

ɹʘʢʠʨʦʚ ɸ.ɹ. ʧʨʦʬ., (ʂʳʨʛʳʟʩʪʘʥ) 

ɹʝʩʧʘʝʚ ʍ.ɸ. ʧʨʦʬ. (ʂʘʟʘʭʩʪʘʥ)  

ɹʠʰʠʤʙʘʝʚ ɺ.ʂ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʂʘʟʘʭʩʪʘʥ)  

ɹʫʢʪʫʢʦʚ ʅ.ʉ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʂʘʟʘʭʩʪʘʥ)  

ɹʫʣʘʪ ɸ.ʌ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʋʢʨʘʠʥʘ)  

ɻʘʥʠʝʚ ʀ.ʅ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʊʘʜʞʠʢʠʩʪʘʥ)  

ɻʨʵʚʠʩ ʈ.ʄ. ʧʨʦʬ. (ʉʐɸ)  

ɽʨʛʘʣʠʝʚ ɻ.ʂ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʂʘʟʘʭʩʪʘʥ) 

ɾʫʢʦʚ ʅ.ʄ. ʧʨʦʬ. (ʂʘʟʘʭʩʪʘʥ)  

ʂʝʥʞʘʣʠʝʚ ɹ.ʂ. ʧʨʦʬ. (ʂʘʟʘʭʩʪʘʥ)  

ʂʦʞʘʭʤʝʪʦʚ ʉ.ʄ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʂʘʟʘʭʩʪʘʥ)  

ʂʦʥʪʦʨʦʚʠʯ ɸ.ʕ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʈʦʩʩʠʷ)  

ʂʫʨʩʢʝʝʚ ɸ.ʂ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʂʘʟʘʭʩʪʘʥ)  

ʂʫʨʯʘʚʦʚ ɸ.ʄ. ʧʨʦʬ., (ʈʦʩʩʠʷ)  

ʄʝʜʝʫ ɸ.ʈ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʂʘʟʘʭʩʪʘʥ)  

ʄʫʭʘʤʝʜʞʘʥʦʚ ʄ.ɸ. ʧʨʦʬ., ʯʣ.-ʢʦʨʨ. (ʂʘʟʘʭʩʪʘʥ) 

ʅʠʛʤʘʪʦʚʘ ʉ.ɸ. ʧʨʦʬ. (ʂʘʟʘʭʩʪʘʥ)  

ʆʟʜʦʝʚ ʉ.ʄ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʂʘʟʘʭʩʪʘʥ)  

ʇʦʩʪʦʣʘʪʠʡ ɺ. ʧʨʦʬ., ʘʢʘʜʝʤʠʢ (ʄʦʣʜʦʚʘ)  
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DEVELOPING SCENARIOS  OF SUSTAINABLE WATER -SUPPLY  

FOR KAZAKHSTAN POPUL ATION AND ECONOMY UN DER 

CLIMATIC AND ANTHROPOGENIC  CHANGES AT THE REGIO NAL, 

NATIONAL, AND TRANSB OUNDARY LEVELS UNTIL  2030 
 

Abstract. Principle of method is in the analysis of external environment for key factors and their combining for 

creating alternative development scenarios. Alternatives formed in the scenario approach allow identifying an 

aggregate of possible directions of environment development and thus create a basis for making strategic decisions. 

This paper considers theoretical and methodological basis of scenario planning, including various approaches and 

methods of scenario formation. Experience of this method application in Kazakhstan and abroad was studied. 

The paper identifies natural factors affecting water-supply conditions. Advisability of forming external 

environment development scenarios was justified for further development of alternative strategies for 

hydrogeological survey improvement. Based on the algorithm of forming and transboundary levels until 2030 of the 

proposed principles, scenarios were developed for creating plans of sustainable water-supply under conditions of 

climatic and anthropogenic changes at the regional, national and transboundary levels. 

In order to develop strategies and scenarios, as well as to identify vulnerabilities and negative impacts of 

climate change, it is necessary to have complete information and data on the entire basin. Therefore, it is necessary to 

collect and share the necessary information, data and models related to the basin as a whole, as well as all 

components of the water cycle. Managing the process of adaptation to climate change, it is necessary to monitor the 

situation and regularly update assessments, climate change scenarios and forecasts of the state of the water balance. 

Climate change should be considered as one of the main causes of changes in the environment of water basins, 

and as one of the many factors that put pressure on water resources. Therefore, adaptation scenarios for specific 

basins should take into account not only climate change, but also changes in the demographic situation, economic 

growth dynamics, dietary preferences, and so on. These scenarios should be developed with the greatest possible 

cooperation with neighboring countries, and most importantly, using data and models that are consistent with them. 

Key words: Scenarios method, external environment factors, strategy, alternative scenario. 

 

Introduction.  One of main tools actively used for the development of strategy in the past three 

decades by the majority of western companies is the scenarios method. For today, there is no a concurrent 

view on identification of the term ñscenario planningò. Different researchers give their own interpretations 

of the notion. From quoted identifications of many authors one can conclude that a scenario is deferent 

from a forecast (description of comparatively predictable progression of events in the present) and is not a 

projection ï desirable future that a company endeavors to achieve. Forecasts and projections conceal risks, 

scenarios on the contrary, make risk management possible. Scenarios are a qualitative description of a 

situation containing individual quantitative estimates. This is their difference from forecasts where 

emphasis is made on quantitative indicators as a rule. Scenario planning represents not only the 

development of a company development scenarios, it is closely connected with strategic planning. Thus, a 

mailto:muratmukhamtd09@rambler.ru
mailto:jay.sagin@usask.ca
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scenario is a description of a vision of the future comprising interconnected factors, with different 

probability leading to predictable status of the conditions under study in the future. 

Scenarios development. This stage includes: selecting of influencing factors; forecasting different 

results of scenarios; combining significant factors and scenarios forming. While selecting factors, it is 

recommended to rest upon the results of external environment analysis, to identify the most significant 

factors that will be the basis for the scenarios. As a method applied at this stage with the purpose of 

identifying the most significant factor. The stage must result in the selection of several most significant 

and independent factors. 

Fundamentals of scenario planning. Under conditions of the area of water supply to population and 

the country economy, important is forecast of development of so-called scenario forecasting and 

development of practical recommendations taking into account existing environmental and anthropogenic 

conditions of the territories. Scenario planning helps managers get adapted to various versions of events in 

the area of wide groundwater use, have certain specific solutions and alternative options of developments. 

Within the framework of scenarios, incoming general economic preconditions, economic factors of 

territories development level and government regulation, socioeconomic development, status of level of 

water supply hydrogeological conditions can be considered. Theoretical aspects of strategic management 

with considering of scenario planning toolbox, strategic and comparative analysis were taken as the 

methodological basis for scientific research. 

Development of practical recommendations for drinking quality groundwater prospected resources 

sound management has special importance. Especially important this status should be taken into 

consideration under conditions of arid climate and water resources deficit. There are various approaches to 

identifying such notions as ñscenarioò or ñscenario planningò among scientists in the area of strategic 

management. So Michael Porter is of opinion that the scenario planning (SP) should be represented as 

ñinner consistent view of what the future can face aboutò [1]. Piter Schwartz gave the following definition 

to SP: ñA tool for ordination of existing representations about possible conditions of activities in the 

future, where a decision made turns out to be a correct oneò [2]. Jill Ringland believed that SP is ñan 

element of strategic planning founded on methods and technologies of managing the uncertainties of the 

futureò [3]. Paul Schoemaker identified SP as ña rational method to present possible options of the future 

where decisions made by the organizations may be executedò [4]. Scenario planning includes not only 

scenarios forming but also a set of managerial decisions, actions and activities within the framework of 

strategic planning [5]. 

A scenario is a vision of prospects that look like a population of events coordinated and logically 

mutually associated with a specific algorithm of actions which describes and gives details of the 

forecasted status of a system ï object of the strategic planning in the future. Most often, scenarios 

represent a projection of qualitative nature, and here, some most important quantitative estimates are 

acceptable and necessary. Thus, SP is different from forecasting where emphasis is made on a multitude of 

justified indicators of quantitative nature. 

SP is used in branches of economy, at enterprises and their strategic business units while evaluating 

environment macroeconomic factors and raw materials markets. Scenario method is useful in definition of 

the organization objectives, identification of development strategy, and also in long-term forecasting, 

when current achievements lose their importance and significance of new possibilities application grows. 

Theoretical aspects of strategic planning with consideration of scenario planning toolbox, strategic and 

comparative analysis were taken as a methodological basis of the scientific research. 

In SP, H. Kahn rests upon dynamics of qualitative indicators using retrospective approach of macro-

historic functioning and the system development. Thus, scenarios go from a hypothesis to facts. And as a 

result, scenarios, according to H. Kahn, are a hypothetic sequence of events used for studying cause-effect 

relations and leading to making strategic decisions [6]. 

Fresh groundwater as a part of mineral resources sector may be presented as a dynamically 

developing socioeconomic system comprising a number of sub-industries. Each option of mineral 

resources sector (MRS) development scenarios records certain dynamics of production development and 

change in processing volumes formed on the basis of combination of possible development conditions. 

Scenario approach allows consideration of all diversity of macroeconomic and technological conditions. 

Aggregative country or region groundwater resources efficient use development options alternatives in the 
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majority of cases is enough to describe on the basis of three scenarios ï inertial, evolutional and 

innovative.  

In the part of ensuring favorable ecological situation, it is advisable to provide for in:  

ï the area of water sound management: construction and improvement of waterworks and treatment 

facilities, reduction of surface and underground water bodies pollution with waste water and hazardous 

substances arriving from urbanized and agricultural areas; providing population with clean drinking water; 

ï the area of land resources protection and use: ensuring complex approach to land (soil) use and 

protection for its sustainable management; 

ï the area of forest resources protection and use: ensuring stable functioning of forest ecosystems, 

preservation of forest biological and genetic diversity, increasing of ecologic-economic strength of the 

economy forest sector;  

ï the area of waste management: prevention or minimization of wastes generation at account of 

introduction of low- and waste-free technologies;  

ï the conservation of biological diversity, specially protected natural areas network optimization [7]; 

Water consumption growth which in the long term will become the main threat will occur under 

influence of both climatic peculiarities including temperature increase, as well as a consequence 

population pressure. To meet the need in foodstuffs and municipal needs, the humanity will need 

additional water resources, which according to data of Food and Agriculture Organization of the United 

Nations (FAO) by the mid-century will amount 70% of the current consumption level. Today, more than  

1 bln people do not have access to clean drinking water, 2 bln ï to wastewater disposal systems, 920 mln 

starve. To satisfy their needs and needs of another 2-2.5 bln new inhabitants of the planet, it will be 

necessary to add to current 4,200 km3 of water extracted from water sources, by almost 3,000 km3 more. 

This means that the humanity will encroach on those 9,000 km3 that still retain ecological natural value of 

water. Accordingly, irrespective of the increase or decrease in surface water, areas with poor water supply 

destined for increasing water deficit due to implacable water use growth [8]. 

Thus, it is necessary to search for additional sources of water and increase the productivity of 

available water resources. Right now it is difficult to forecast the extent of consumption increase in 

connection with temperature increase, change in air humidity, demographic transitions. But it is apparent 

that with the current unpredictability of all these changes, it is necessary to align water use mechanisms 

and tools with economic use of resources available to people. 

Water survival mechanisms. Transition to water resources integrated management allows curtail 

water resources deficit drastically at account of public participation, integration of science and production, 

combining interests of various industries (horizontal integration), linking levels of water hierarchy and 

elimination of organizational losses on their junctions (vertical integration), and also engaging other water 

sources. This method has been applied and is still applied for centuries in Spain, Italy, France. 

Water resources integrated management is based on several fundamental principles: 

ï basin hydrographic management, which means building of organizations responsible for supply of 

water, along its stream ñtop-downò with minimizing losses on junctions of water hierarchy and non-

admission of administrative interference; 

ï public participation of all water-users, which mean active involvement of non-governmental 

organizations of water-users and water-consumers into top-down management on principles of parity with 

the right of decisive vote and participation in financing; 

ï recording and inclusion of all types of water; 

ï combining interests of all industries and enterprises of water use; 

ï water saving; 

ï priority consideration of nature requirements; 

ï financial stability. 

Creation of a clear and well-controlled system of water resources management. Water economy of 

Israel (for arid area), water economy of the Netherlands (for coastal areas and areas of excessive humidity 

in general) and water economy of Switzerland (for moderate landscapes with intensive level of 

urbanization development) can be prototypes of future water management systems. For all above-listed 

countries, characteristic is reverence to water as the basis of natural complex that has a tremendous ethical, 

cultural and moral potential [9]. 
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Natural and anthropogenic systems in these countries are closely interlaced. Here is a centralized 

public water management top-down identifying the order of distribution, limiting, monitoring of water 

resources and their use with direct management top-down with wide involvement of all stakeholders. The 

procedure set by the state for financing, interest of water-users and water organizations in water-saving, 

guarantees sufficient funds for maintaining, improvement and development of facilities with participatory 

interest of the state, but with a wide application of principles ñuser paysò and ñpolluter paysò (payment is 

higher as higher the use and pollution). All hydroeconomic and reclamation systems comply with the high 

technical level, are automated, equipped with on-line control, emergency forecasting and warning system. 

By level of productivity they are getting close to potential water productivity [10]. 

Water economy by the end of XXI. It is possible to suggest that by the end of XXI century, high 

technical level of future water economy systems will be ensured at account of the following components. 

1. One hundred percent keeping record of all types of water (from basin main sources to the last 

discharge outlet to a user, including all groundwater - their intake from wells, attenuation) and their 

regular balancing on-line with SCADA systems. Such record-keeping will be accompanied by a dense 

network of climate stations recording and transmitting to end-users and water organizations the data 

allowing them with the use of programs available to them to adjust water consumption, mode of use and 

water distribution plan. SCADA systems that have been used for almost ten years (for instance in the 

Basin hydroeconomic association Syrdarya in Central Asia), ensure precision of water measurements and 

water supply Ñ 2% with comparatively low cost. Climatic maintenance systems are very well tuned up in 

Canada, Israel, and a number of water districts of western U.S. 

2. Well set up service of hydrological, climatic and reclamative forecasts with emphasis to forecast of 

emergencies based of computerized program of satellite and ground tracking, information and warning. 

Such services are operating successfully today in Korea and the Netherlands. In the Netherlands, the 

service controls emergency mode of flood control works of the highest technical level ï closing riverbeds 

from the possibility of incoming of upsurge waves from the sea, operation of pump out houses, as weôll as 

complex networks of excess water entrapping and diversion [11]. 

Water supply and consumption in cities and rural areas will be ensured based on established regional 

norms both for quality and quantity as a mandatory prerequisite for residential zones functioning. Other 

needs will be satisfied (as in Israel) at account of service water use systems from unpolished, but permitted 

effluents or brakish water. All municipal effluents will be collected, treated and sent via water ducts, 

depending on treatment extent, to satisfy production needs, for watering of municipal and township plants, 

sanitary service of built-up centers. Similarly rain and meltwater from storm sewage system will be 

collected and used. ñGreen roofsò will gain ground ï planting of vegetation on buildingsô roofs [12]. 

Irrigated farming as a major water consumer will change in a big way. Open channels supplying and 

distributing water will disappear in the world. Irrigation water will be transported (on the model of the 

majority of countries of Middle East) by closed pressure and free-flow conduits allowing avoidance of 

losses for evaporation and infiltration. Irrigated fields will become automated controlled, depending on 

climatic parameters, space. For soils with well-developed wicking properties in relatively plain valleys 

and individual plateaus, controlled subirrigation will be widely used. This is the system of moistening 

where all the water, save for precipitations, comes to a plant from groundwater. Groundwater level, 

depending on development stage of a plant and depth of its root zone, will be regulated by a system of 

underground pipelines spaced 1.5ï3.0 m that will function both as deep drainage as well as water disposal 

during cessation of watering. Such pilot systems with automatic regulation of water conditions organized 

in Quebec (Canada) by McGill University, has been functioning for many years now [13-14].  

Improved water-use systems will demand also improvement of drainage systems including collectors 

that will be closed. Dense observation network with sensors reflecting groundwater depth readable from 

the space, and also inspection manholes on collectors and drain lines with the same sensors will be under 

constant control of automated hydrogeological-reclamative parties. This will allow evaluation of drainage 

function, extent of salinity hazard, trace violations of forecasted water-salt balance and development of 

recommendations for using mineralized water and preventive maintenance of the drainage network for 

water-users [15]. 

Keeping of todayôs trends in water resources use and management is disastrous and inadmissible. It is 

a path of conflicts, crisis, hunger and thirst. 
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Recommendations and scenarios for prevention and mitigation of adverse effects of groundwater 

status change at regional and national levels in Kazakhstan.  

Climate change should be considered as one of the main reasons for change in water basins 

environment, as well as one of many factors exerting pressure upon water resources. Therefore, scenarios 

of adaptation measures for specific basins, it is necessary to take into account not only climate changes, 

but also changes in demographic situation, economic growth dynamics, nutritional preferences etc. These 

scenarios must be developed with the maximum possible cooperation with neighbor countries, and what is 

especially important ï with the use of models and data agreed with them [16-17].  

ï One of effective approaches to fulfilling the task of water resources management adaptation to 

climate change is the development of a plan (national or transboundary) of adaptation measures in the 

scales of a specific water basin (river, lake or groundwater), which subsequently could be integrated into 

(existing) plan of respective basin management. 

ï To develop strategy and scenarios, and also to identify vulnerabilities and adverse effects of climate 

change, it is necessary to have full information and data about the whole basin. Therefore, it is necessary 

to ensure collection and sharing of required information, data and models related to the basin as a whole, 

as well as to all water cycle components. To be able to flexibly manage the process to adaptation to 

climate change, required is a system of situation monitoring and regular correction of estimates, scenarios 

of climate change and forecasts of water balance status. 

Potential of adaptation to changes and water safety. Strengthening of water safety often requires 

combining of technical, economic, production, legal and institutional measures. Water safety concept may 

help identify which measures are priority. Selection of measures depends on conditions and goals. Each 

specific situation has its problems and context that affect what can and must be done [18]. 

Committee for water resources of re-created in 2019 Ministry of Ecology, Geology and Natural 

Resources (EG&NE RK) is the national body responsible for the use and protection of water resources. It 

issues permits and consents for the use of surface water and underground water resources. It is also 

responsible for water supply system management. With the help of eight basin organizations responsible 

for the use of water resources in river basins and having advisory powers, its activity covers water 

resources management at the level of river basins. Committee for Geology and Subsoil Use of 

environmental protection issues permits and monitors status of groundwater. The National 

hydrometeorological institute, Kazgidromet monitors water quality and quantity. Territorial 

administrations of environmental protection supervise at oblast level, perform environment impact 

assessment and ensure monitoring of wastewater discharges. Through the Committee for Geology and 

Subsoil Use, the Ministry of EG&NE RK is responsible for groundwater status monitoring, including 

water quality. The Ministry of Health monitors situation with access to drinking water and its quality. 

Ministry of Emergencies carries out relevant activities in case of floods, droughts and ensures protection 

of water bodies from pollution resulting from emergencies. It also deals with the issues of safeguarding 

and security of waterworks. 

Groundwater. Groundwater is the largest source of fresh water for the humanity. Isotopic methods 

are based on the use of stable and radioactive isotopes, naturally present in groundwater to identify origin 

of such water and rate of its replenishment. 
Groundwater makes about 30 percent of water stock of fresh water. another 69 percent are 

concentrated in polar ice, and only one percent of fresh water is rivers and lakes. Groundwater often 
occurs in deep aquifers, permeable rock and sediments and is extracted via wells equipped with pumps. 
Aquifers in many cases are renewable sources that are slowly recharged by infiltration of precipitations 
within hundreds or even many thousands years. 

Growth of the plant population along with farming intensification and increasing commercial 
consumption results in constant increase in demand for groundwater. In many regions water management 
bodies have to face excessive use of available aquifers, which often results in the necessity to use water 
from deep ancient beds to ensure reliable fresh water supply. Besides, there are hazards related to 
groundwater penetration of pollutants and toxins used for instance in agriculture, industry or activities of 
municipal services. 

Scientific assessment of aquifers origin and rate of replenishment has a decisive importance, so that 

they could carry out their function of a reliable long-term source of water supply. Stable and radioactive 

isotopes naturally present in groundwater can be used for obtaining detailed information about 
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groundwater origin and replenishment rate. Water isotopes (hydrogen, oxygen) and radioisotopes 

(tritium), dissolved carbon (carbon-14) and inert gases (helium-3, helium-4 and krypton-81) are used to 

assess groundwater age. 

Struggle with groundwater pollution is not an easy task since pollution of aquifers is quite difficult to 

eliminate. Stable and radioisotopic indicators (nitrogen-15, carbon-13 and tritium) are used for recording 

pollution sources and quantitative estimation of pollutants transformation and biodegradation in aquifer 

systems. 

How can climate change affect status of global water stock in hundred years? To answer such 

questions, scientists resort to help of scientific models. One of them is water balance isotopic model 

developed by IAEA, by virtue of which specialists may quite precisely and reliably forecast the impact of 

climate change upon water resources in the far future. Information collected by them can be useful for 

decision-making authorities while developing strategies of sustainable water-use for future generations. 

Such models are based on available data and are used for studying and apprehension of hypotheses, 

objects and processes, direct observations of which can be difficult. This relates also to preliminary 

calculations such as forecast of weather conditions for the next week or evaluation of unemployment rates 

within next five years. Although this model is in substance a more general and simplified picture of real 

world, each of its components is thoroughly calibrated to ensure faithful representation of processes going 

on in the reality. 

Water balance models describe hydrological cycle from the view of precipitations falling processes, 

cumulative evaporation, river flow and change in volumes of water stock. As opposed to many traditional 

models of water balance, calibration and verification of IAEA model are performed based on data about 

isotopes, as isotopes are characterized with well-defined features and constancy in behavior. Resting upon 

thoroughly calibrated and verified water balance model, scientists may obtain a precise assessment of the 

processes that will be going on in the future, for instance, impact of climate change upon water resources 

in one hundred and more years. [19-20]. 

Study of climate in Kazakhstan. Starting from early 60-sô, Kazakhstan experiences constant increase 

of temperature. Seasons become warmer on average. Temperature constantly rises, and increase rate is 

about 0.028 degree a year, or 0.28 degrees every 10 years. The system of calculation and evaluation of 

damage needs reforming. ñIt is necessary to take into account not only losses that have happened here and 

now, but also consider future economic losses from damage to health, infrastructure destruction or 

impairmentò - experts say.  
According to data of studies of RK Ministry of Energy and UNDP, maximum number of extremes in 

the nature of Kazakhstan occurred in 1999 - 268 cases with frequent repetition of heavy precipitations, 
snowstorms with windstorms and hail. Minimum number is 72 in 1995. Experts note that climate is still 
changing and will change in the future, and every year manifestations will be more noticeable. The study 
says that Kazakhstan to significant extent is exposed to natural disasters due to climatic and weather 
conditions: country occupies vast territory with different climatic zones ï from very hot and dry desert 
belts in the south to very cold in winter steppe and forest belts in the north. ñClimate will be drier and 
harder. Due to high air temperature, evaporation will grow as well as water consumption.  

In XXI century, in Kazakhstan further significant climate warming in all scenarios under 

consideration should be expected. The forecasted change of average annual air temperature by 2030 will 

be within 1.5-1.7 degrees, and by 2085 temperature rise may make 2.7-4.7 degreesò, - the experts say. East 

of Kazakhstan and Almaty oblast will suffer from changes in nature. Eastern and south-eastern territories 

of Kazakhstan may suffer to greater extent due to changes in nature. In mountainous area, all types of 

natural disasters are possible: landslides, mud flows, avalanches, floods, hurricane winds, hails, storm 

precipitations, frosts and droughts. Experts believe that Almaty oblast is under the highest exposure of 

extremes. Almost every second case happens in this region: heavy rains, wind, snow and snowstorm. 

Here, in the period of 2003-2015, as compared to previous period of 1990-2002, average annual number 

of cases with heavy rains increased by 3.9 times, with heavy snow ï by 3.3 times, with strong wind ï by 

1.6 times. ñIncrease of number of mudflow events almost by two times, strengthening of output of 

extreme weather events ï damage to environment, infrastructure and health of population, and this 

represents pressure not only to the state providing services of transportation, healthcare, prevention of 

emergencies, but to business operating in climate-oriented industries ï tourism, agriculture, water 

resources. Companies operating in these areas will also experience and spend due to climatic events, and 
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this also needs evaluation and expertiseò, a specialist noted. Climate changes impacted and will impact all 

the population of the country, for instance, agricultural branch will be harmed. According to experts, 

intense atmospheric and soil draught is possible, which will destructively impact productivity of crops. 

Watering zones for crop farming will be shifted to zones where will be more ample precipitations and 

those zones will be losing their area. 

Conclusion. This paper combines contemporary views about water safety and suggests methods of 

actualization of the concept in practice. It rests upon scientific literature and experience of partners along 

the chain of knowledge of the Global Water Partnership (GWP) about concept application in practice. The 

paper considers three components. The first ï explains the concept of water safety and describes various 

frameworks where the concept is used. Comparison was made of approaches to water safety between 

development approach and the approach based on risk assessment. Second part describes relations 

between the concept of water safety and Water Resources Integrated Management (WRIM) and states that 

they are interconnected and that water safety should be considered as a WRIM goal. Third part suggests 

frameworks for quantitative estimation of water safety giving notes and recommendations, how to apply 

them at the national level, level of a riverbasin or city, and in a project scale. There is no ñone-size-fits-allò 

solution. Decisions of water safety increase must be adapted to local conditions of each country, river 

basin, city, project and other management areas. 
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ʛʠʜʨʦʛʝʦʣʦʛʠʷ ʞᴅʥʝ ʛʝʦʵʢʦʣʦʛʠʷ ʠʥʩʪʠʪʫʪʳ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ; 
2ʋʥʠʚʝʨʩʠʪʝʪ ʉʘʩʢʘʯʝʚʘʥʘ, ʉʘʩʢʘʪʫʥ, ʂʘʥʘʜʘ 

 

2030 ɾʓʃנɸ ɼɽʁɯʅ ᴆרɯʈʃɯʂ, ױʃʊʊʓפ ɾᴄʅɽ ʊʈɸʅʉʐɽʂɸʈɸʃʓפ  

ɼɽרɻɽʁʃɽʈɼɽ ʂʃʀʄɸʊʊʓפ ɾᴄʅɽ ɸʅʊʈʆʇʆɻɽʅɼɯʂ ᴆɿɻɽʈɯʉʊɽʈ  

ɾɸנɼɸʁʓʅɼɸ פɸɿɸפʉʊɸʅ ʍɸʃפʓ ʄɽʅ ʕʂʆʅʆʄʀʂɸʉʓʅ ʊױʈɸפʊʓ  

ʉʋʄɽʅ פɸʄʊɸʄɸʉʓɿ ɽʊʋ ʉʎɽʅɸʈʀʁʃɽʈɯʅ ᴄɿɯʈʃɽʋ 

 

ɸʥʥʦʪʘʮʠʷ. ᴄʜʽʩʪʽש ʤᴅʥʽ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʜʳש ʙʦʣʫʳ װʰʽʥ ʩʳʨʪץʳ ʦʨʪʘʥʳ ʪʘʣʜʘʫ ʞᴅʥʝ ʙʘʣʘʤʘʣʳ ʜʘʤʫ 

ʩʮʝʥʘʨʠʡʣʝʨʽʥ ײץʨʫ װʰʽʥ ʙʽʨʽʢʪʽʨʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʉʮʝʥʘʨʠʷʣʳץ ʢᴇʟץʘʨʘʩʪʘ ץʘʣʳʧʪʘʩץʘʥ ʙʘʣʘʤʘʣʘʨ ץʦʨʰʘ-

-ʰʝʰʽʤ ץʳʣʳ ʩʪʨʘʪʝʛʠʷʣʳץʘ ʞᴅʥʝ ʩʦʣ ʘʨסʪʘʫץʳʥ ʘʥʳסʞʠʳʥʪʳ שʳʪʪʘʨʳʥʳסʤʢʽʥ ʙʘװʤ שʘʥ ʦʨʪʘʥʳ ʜʘʤʳʪʫʜʳס

ʜʝʨ ץʘʙʳʣʜʘʫסʘ ʥʝʛʽʟ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʤʘץʘʣʘʜʘ ᴅʨʪװʨʣʽ ʪᴅʩʽʣʜʝʨ ʤʝʥ ʩʮʝʥʘʨʠʡʣʝʨʜʽ ץʦʩʘ, 

ʩʮʝʥʘʨʠʡʜʽ ʞʦʩʧʘʨʣʘʫʜʳש ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ᴅʜʽʩʥʘʤʘʣʳץ ʥʝʛʽʟʜʝʨʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹײʣ ᴅʜʽʩʪʽ פʘʟʘץʩʪʘʥʜʘ 

ʞᴅʥʝ ʰʝʪʝʣʜʝ ץʦʣʜʘʥʫ ʪᴅʞʽʨʠʙʝʩʽ ʟʝʨʪʪʝʣʜʽ. 

ʄʘץʘʣʘʜʘ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞʘסʜʘʡʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʪʘʙʠסʠ ʬʘʢʪʦʨʣʘʨ ʘʥʳץʪʘʣסʘʥ. ɻʠʜʨʦʛʝʦʣʦʛʠʷʣʳץ 

ʞײʤʳʩʪʘʨʜʳ ʞʝʪʽʣʜʽʨʫʜʽש ʙʘʣʘʤʘ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʦʜʘʥ ᴅʨʽ ʜʘʤʳʪʫ װʰʽʥ ʩʳʨʪץʳ ʦʨʪʘʥʳ ʜʘʤʳʪʫ ʩʮʝʥʘʨʠʡʣʝ-

ʨʽʥ ײץʨʫʜʳש ʦʨʳʥʜʳʣʳסʳ ʜᴅʣʝʣʜʝʥʜʽ. ױʩʳʥʳʣסʘʥ ץʘסʠʜʘʣʘʨʜʳ2030 ש ʞʳʣסʘ ʜʝʡʽʥʛʽ ײץʨʳʣʳʩ ʘʣʛʦʨʠʪʤʽʥʝ 

ʞᴅʥʝ ʪʨʘʥʩʰʝʢʘʨʘʣʳץ ʜʝשʛʝʡʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʘʡʤʘץʪʳײ ,ץʣʪʪʳץ ʞᴅʥʝ ʪʨʘʥʩʰʝʢʘʨʘʣʳץ ʜʝשʛʝʡʣʝʨʜʝʛʽ ʢʣʠ-

ʤʘʪʪʳץ ʞᴅʥʝ ʘʥʪʨʦʧʦʛʝʥʜʽʢ ᴇʟʛʝʨʽʩʪʝʨ ʞʘסʜʘʡʳʥʜʘ ʪײʨʘץʪʳ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞʦʩʧʘʨʣʘʨʳʥ ᴅʟʽʨʣʝʫ ʩʮʝʥʘ-

ʨʠʡʣʝʨʽ ʞʘʩʘʣʜʳ. 

ʉʮʝʥʘʨʠʡʣʝʨ ʰʝשʙʝʨʽʥʜʝ ʢʽʨʝʪʽʥ ʞʘʣʧʳ ʵʢʦʥʦʤʠʢʘʣʳץ ʘʣסʳʰʘʨʪʪʘʨ, ʘʫʤʘץʪʘʨʜʳ ʜʘʤʳʪʫʜʳש ʵʢʦʥʦʤʠ-

ʢʘʣʳץ ʬʘʢʪʦʨʣʘʨʳ ʞᴅʥʝ ʤʝʤʣʝʢʝʪʪʽʢ ʨʝʪʪʝʫ ʘʥʳץʪʘʣʜʳ. ᴄʣʝʫʤʝʪʪʽʢ-ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘʤʫ, ʩʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʜʽש ʛʠʜʨʦʛʝʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʣʘʨʳʥʳש ʞʘʡ-ʢװʡʽ ץʘʨʘʣʜʳ. נʳʣʳʤʠ ʟʝʨʪʪʝʫʜʽש ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʽʥʝ ʩʮʝʥʘ-

ʨʠʡʣʽʢ ʞʦʩʧʘʨʣʘʫ, ʩʪʨʘʪʝʛʠʷʣʳץ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ײץʨʘʣʜʘʨʳʥ ץʘʨʘʩʪʳʨʫʤʝʥ ʩʪʨʘʪʝʛʠʷʣʳץ ʙʘʩץʘ-

ʨʫʜʳש ʪʝʦʨʠʷʣʳץ ʘʩʧʝʢʪʽʣʝʨʽ ʘʣʳʥסʘʥ. 

ʉʪʨʘʪʝʛʠʷ ʤʝʥ ʩʮʝʥʘʨʠʡʣʝʨʜʽ ᴅʟʽʨʣʝʫ װʰʽʥ, ʩʦʥʜʘʡ-ʘץ ʢʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽʥʽש ʦʩʘʣʜʳץʪʘʨʳ ʤʝʥ ʪʝʨʽʩ ʩʘʣ-

ʜʘʨʣʘʨʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʙʘʨʣʳץ ʙʘʩʩʝʡʥ ʪʫʨʘʣʳ ʪʦʣʳץ ʘץʧʘʨʘʪ ʧʝʥ ʜʝʨʝʢʪʝʨʛʝ ʠʝ ʙʦʣʫ ץʘʞʝʪ. ʉʦʥʜʳץʪʘʥ 

ʞʘʣʧʳ ʙʘʩʩʝʡʥʛʝ ץʘʪʳʩʪʳ ץʘʞʝʪʪʽ ʘץʧʘʨʘʪʪʳ, ʜʝʨʝʢʪʝʨ ʤʝʥ װʣʛʽʣʝʨʜʽ, ʩʦʥʜʘʡ-ʘץ ʩʫ ʮʠʢʣʳʥʳש ʙʘʨʣʳץ ʢʦʤʧʦ-

ʥʝʥʪʪʝʨʽʥ ʞʠʥʘʫʜʳ ʞᴅʥʝ ʙʽʨʣʝʩʽʧ ʧʘʡʜʘʣʘʥʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ץʘʞʝʪ. ʂʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽʥʝ ʙʝʡʽʤʜʝʣʫ ʧʨʦ-

ʮʝʩʽʥ ʠʢʝʤʜʽ ʙʘʩץʘʨʫ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʫ װʰʽʥ, ʞʘסʜʘʡʜʳ ʤʦʥʠʪʦʨʠʥʛʽʣʝʫ ʞᴅʥʝ ʙʘסʘʣʘʫʜʳ, ʢʣʠʤʘʪʪʳש ᴇʟʛʝʨʫ 

ʩʮʝʥʘʨʠʡʣʝʨʽʥ ʞᴅʥʝ ʩʫ ʪʝשʛʝʨʽʤʽ ʞʘʡ-ʢװʡʽʥʽש ʙʦʣʞʘʤʜʘʨʳʥ ʪײʨʘץʪʳ ʥʘץʪʳʣʘʫ ʞװʡʝʩʽ ץʘʞʝʪ. ʂʣʠʤʘʪʪʳש 

ᴇʟʛʝʨʫʽʥ ʩʫ ʙʘʩʩʝʡʥʜʝʨʽ ʦʨʪʘʩʳʥʳש ᴇʟʛʝʨʫʽʥ ʪʫʜʳʨʘʪʳʥ ʙʘʩʪʳ ʩʝʙʝʧʪʝʨʜʽש ʙʽʨʽ ʨʝʪʽʥʜʝ ʞᴅʥʝ ʩʫ ʨʝʩʫʨʩʪʘʨʳʥʘ 

 ʰʽʥװ ʪʳ ʙʘʩʩʝʡʥʜʝʨץʪʘʥ ʥʘץʘʥ ʞᴇʥ. ʉʦʥʜʳסʘʨʘʩʪʳʨץ ʙʽʨʽ ʨʝʪʽʥʜʝ שʳʩʳʤ ʢᴇʨʩʝʪʝʪʽʥ ʢᴇʧʪʝʛʝʥ ʬʘʢʪʦʨʣʘʨʜʳץ

https://ru.qwe.wiki/wiki/Saskatoon
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ʙʝʡʽʤʜʝʣʫ ʰʘʨʘʣʘʨʳʥʳש ʩʮʝʥʘʨʠʡʣʝʨʽʥʜʝ ʢʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʜʘʡ-ʘץ ʜʝʤʦʛʨʘʬʠʷʣʳץ ʞʘסʜʘʡ-

ʜʳש ᴇʟʛʝʨʫʽʥ, ʵʢʦʥʦʤʠʢʘʣʳץ ᴇʩʫ ʩʝʨʧʽʥʽʥ, ʪʘʤʘץʪʘʥʫʜʘסʳ ʘʨʪʳץʰʳʣʳץ ʞᴅʥʝ ʪ.ʙ. ʝʩʢʝʨʫ ץʘʞʝʪ. 

ɸʫʳʟ ʩʫ ʩʘʧʘʩʳʥʜʘסʳ ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש ʙʘʨʣʘʥסʘʥ ץʦʨʣʘʨʳʥ ײʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫ ʞᴇʥʽʥʜʝ ʧʨʘʢʪʠʢʘ-

ʣʳײ ץʩʳʥʳʤʜʘʨ ᴅʟʽʨʣʝʫʜʽש ʘʩʘ ʤʘשʳʟʜʳ ʤᴅʥʽ ʙʘʨ. ɹײʣ ʞʘסʜʘʡʜʳ ʘʨʠʜʪʽ ʢʣʠʤʘʪ ʞᴅʥʝ ʩʫ ʨʝʩʫʨʩʪʘʨʳʥʳש 

ʪʘʧʰʳʣʳסʳ ʞʘסʜʘʡʳʥʜʘ ʝʨʝʢʰʝ ʝʩʢʝʨʫ ץʘʞʝʪ. 

ɹײʣ ʞײʤʳʩ ʩʫ ץʘʫʽʧʩʽʟʜʽʛʽ ʪʫʨʘʣʳ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʪװʩʽʥʽʢʪʝʨʜʽ ʙʽʨʽʢʪʽʨʝʜʽ ʞᴅʥʝ ʪײʞʳʨʳʤʜʘʤʘʥʳ ʽʩ 

ʞװʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʫ ʪᴅʩʽʣʜʝʨʽʥ ײʩʳʥʘʜʳ. ʆʣ סʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝʨʛʝ ʞᴅʥʝ ɾʘᴃʘʥʜʳץ ʉʫ ʉʝʨʽʢʪʝʩʪʽʢ (GWP) 

ʙʽʣʽʤ ʪʽʟʙʝʛʽ ʙʦʡʳʥʰʘ ᴅʨʽʧʪʝʩʪʝʨʜʽש ʪײʞʳʨʳʤʜʘʤʘʥʳ ʪᴅʞʽʨʠʙʝʜʝ ץʦʣʜʘʥʫ ʪʫʨʘʣʳ ʪᴅʞʽʨʠʙʝʩʽʥʝ ʩװʡʝʥʝʜʽ. 

ɾײʤʳʩʪʘ װʰ ײץʨʘʤʜʘʩ ʙᴇʣʽʢ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹʽʨʽʥʰʽʩʽ ï ʩʫ ץʘʫʽʧʩʽʟʜʽʛʽ ʪײʞʳʨʳʤʜʘʤʘʩʳʥ ʪװʩʽʥʜʽʨʝʜʽ ʞᴅʥʝ 

ʪײʞʳʨʳʤʜʘʤʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʪװʨʣʽ ʰʝשʙʝʨʣʝʨʜʽ ʩʠʧʘʪʪʘʡʜʳ. ʊᴅʫʝʢʝʣʜʝʨʜʽ ʙʘסʘʣʘʫ ʥʝʛʽʟʽʥʜʝ ʜʘʤʫ ʪᴅʩʽʣʽ ʤʝʥ 

ʪᴅʩʽʣ ʘʨʘʩʳʥʜʘסʳ ʩʫ ץʘʫʽʧʩʽʟʜʽʛʽʥʝ ץʘʪʳʩʪʳ ʢᴇʟץʘʨʘʩʪʘʨʜʳ ʩʘʣʳʩʪʳʨʫ ʞʘʩʘʣʜʳ. ɽʢʽʥʰʽ ʙᴇʣʽʤ ʩʫ ץʘʫʽʧʩʽʟʜʽʛʽ 

ʪײʞʳʨʳʤʜʘʤʘʩʳ ʤʝʥ ʩʫ ʨʝʩʫʨʩʪʘʨʳʥ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʙʘʩץʘʨʫ (ʉʈʀɹ) ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩʪʘʨʜʳ ʩʠʧʘʪʪʘʡ-

ʜʳ ʞᴅʥʝ ʦʣʘʨʜʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽʥ ʞᴅʥʝ ʩʫ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʉʈʀɹ ʤʘץʩʘʪʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫ ʢʝʨʝʢʪʽʛʽʥ 

ʙʝʢʽʪʝʜʽ. תʰʽʥʰʽ ʙᴇʣʽʤ ʩʫ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʩʘʥʜʳץ ʙʘסʘʣʘʫ װʰʽʥ ʰʝʢʪʝʨʜʽ ײʩʳʥʘʜʳ, ʦʣʘʨʜʳ ײʣʪʪʳץ ʜʝשʛʝʡʜʝ, 

ᴇʟʝʥʜʽʢ ʙʘʩʩʝʡʥ ʥʝʤʝʩʝ ץʘʣʘ ʜʝשʛʝʡʽʥʜʝ ʞᴅʥʝ ʞʦʙʘ ʘʫץʳʤʳʥʜʘ ץʘʣʘʡ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ ʜʝʛʝʥ ʤʳʩʘʣʜʘʨ ʤʝʥ 

 ʘʫʽʧʩʽʟʜʽʛʽʥ ʘʨʪʪʳʨʫ ʞᴇʥʽʥʜʝʛʽץ ʉʫ .ץʩʳʥʳʩʪʘʨʜʳ ʢʝʣʪʽʨʽʣʝʜʽ. çɹʽʨ ᴇʣʰʝʤʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥè ʰʝʰʽʤ ʞʦײ

ʰʝʰʽʤʜʝʨ ᴅʨʙʽʨ ʝʣʜʽש, ᴇʟʝʥ ʙʘʩʩʝʡʥʽʥʽץ ,שʘʣʘʥʳש, ʞʦʙʘʥʳש ʞᴅʥʝ ʙʘʩץʘʨʫʜʳש ʙʘʩץʘ ʜʘ ʩʘʣʘʣʘʨʳʥʳש ʞʝʨʛʽ-

ʣʽʢʪʽ ʞʘסʜʘʡʣʘʨʳʥʘ ʙʝʡʽʤʜʝʣʫʽ ʪʠʽʩ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʩʮʝʥʘʨʠʡ ᴅʜʽʩʽ, ץʦʨʰʘסʘʥ ʦʨʪʘ ʬʘʢʪʦʨʣʘʨʳ, ʩʪʨʘʪʝʛʠʷ, ʙʘʣʘʤʘ ʩʮʝʥʘʨʠʡ. 

 

 

ʄ. ɸ. ʄʫʭʘʤʝʜʞʘʥʦʚ
1
, ɼʞʝʡ ʉʘʛʠʥ

2
, ʊ. ɸ. ʈʘʭʠʤʦʚ

1
, ʗ. ʆ. ɸʨʳʩʪʘʤʙʘʝʚ

1 

 

1Satbayev University, ʀʥʩʪʠʪʫʪ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ  

ʠʤ. ɸʭʤʝʜʩʘʬʠʥʘ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ; 
2ʋʥʠʚʝʨʩʠʪʝʪ ʉʘʩʢʘʯʝʚʘʥʘ, ʉʘʩʢʘʪʫʥ, ʂʘʥʘʜʘ 

 

ʈɸɿʈɸɹʆʊʂɸ ʉʎɽʅɸʈʀɽɺ ʋʉʊʆʁʏʀɺʆɻʆ ɺʆɼʆʆɹɽʉʇɽʏɽʅʀʗ ʅɸʉɽʃɽʅʀʗ  

ʀ ʕʂʆʅʆʄʀʂʀ ʂɸɿɸʍʉʊɸʅɸ ɺ ʋʉʃʆɺʀʗʍ ʂʃʀʄɸʊʀʏɽʉʂʀʍ  

ʀ ɸʅʊʈʆʇʆɻɽʅʅʓʍ ʀɿʄɽʅɽʅʀʁ ʅɸ ʈɽɻʀʆʅɸʃʔʅʆʄ,  

ʅɸʎʀʆʅɸʃʔʅʆʄ ʀ ʊʈɸʅʉɻʈɸʅʀʏʅʆʄ ʋʈʆɺʅʗʍ ɼʆ 2030 ɻʆɼɸ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ ʥʘʣʠʯʠʝ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ ʠʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʩʮʝʥʘʨʥʦʤ 

ʧʦʜʭʦʜʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʧʨʠʥʷʪʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʮʝʥʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʮʝʥʘʨʠʝʚ. ʀʟʫʯʝʥ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ. 

ɺ ʩʪʘʪʴʝ ʚʳʷʚʣʝʥʳ ʧʨʠʨʦʜʥʳʝ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʣʦʚʠʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ʆʙʦʩʥʦʚʘʥʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʅʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ 

ʧʦʩʪʨʦʝʥʠʷ ʠ ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʫʨʦʚʥʷʭ ʜʦ 2030 ʛʦʜʘ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʩʮʝʥʘʨʠʠ 

ʨʘʟʚʠʪʠʷ ʧʣʘʥʦʚ ʫʩʪʦʡʯʠʚʦʛʦ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ 

ʨʝʛʠʦʥʘʣʴʥʦʤ, ʥʘʮʠʦʥʘʣʴʥʦʤ ʠ ʪʨʘʥʩʛʨʘʥʠʯʥʦʤ ʫʨʦʚʥʷʭ.  

ɺ ʨʘʤʢʘʭ ʩʮʝʥʘʨʠʝʚ ʨʘʩʩʤʦʪʨʝʥʳ ʚʭʦʜʷʱʠʝ ʦʙʱʝʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ, ʩʦʩʪʦʷʥʠʝ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ. ɺ ʤʝʪʦʜʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʦʞʝ-

ʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʩʮʝʥʘʨʥʦʛʦ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ, ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʦʚ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʠ ʠ ʩʮʝʥʘʨʠʝʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʜʘʥʥʳʤʠ ʦʙʦ ʚʩʝʤ ʙʘʩʩʝʡʥʝ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʙʦʨ ʠ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʝʡ, 

ʢʘʩʘʶʱʠʭʩʷ ʙʘʩʩʝʡʥʘ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʜʥʦʛʦ ʮʠʢʣʘ. ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦ 

ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ, ʥʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʠʪʫʘʮʠʠ ʠ ʨʝʛʫ-

ʣʷʨʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʦʮʝʥʦʢ, ʩʮʝʥʘʨʠʝʚ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʧʨʦʛʥʦʟʦʚ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. 

https://ru.qwe.wiki/wiki/Saskatoon
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ʀʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʥʫ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ, ʚʳʟʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʳ 

ʚʦʜʥʳʭ ʙʘʩʩʝʡʥʦʚ ʠ ʢʘʢ ʦʜʠʥ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʜʘʚʣʝʥʠʝ ʥʘ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ. 

ʇʦʵʪʦʤʫ ʚ ʩʮʝʥʘʨʠʷʭ ʤʝʨ ʘʜʘʧʪʘʮʠʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʙʘʩʩʝʡʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ 

ʢʣʠʤʘʪʘ, ʥʦ ʪʘʢʞʝ ʠ ʠʟʤʝʥʝʥʠʷ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʜʠʥʘʤʠʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ, ʧʨʝʜʧʦʯʪʝʥʠʡ ʚ 

ʧʠʪʘʥʠʠ ʠ ʪ.ʜ. ʕʪʠ ʩʮʝʥʘʨʠʠ ʜʦʣʞʥʳ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

ʩʦʩʝʜʥʠʤʠ ʩʪʨʘʥʘʤʠ, ʠ ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʩ ʥʠʤʠ ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʝʡ.  

ʆʩʦʙʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʨʘʟʨʘʙʦʪʢʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʶ ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʠʪʴʝʚʦʛʦ ʢʘʯʝʩʪʚʘ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʜʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʚ ʫʩʣʦʚʠʷʭ ʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʜʝʬʠʮʠʪʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʦʙʲʝʜʠʥʷʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʦʜʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʝʜʣʘʛʘʝʪ ʩʧʦʩʦʙʳ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ. ʆʥʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʥʘʫʯʥʫʶ ʣʠʪʝʨʘʪʫʨʫ ʠ ʦʧʳʪ ʧʘʨʪʥʝʨʦʚ ʧʦ ʮʝʧʦʯʢʝ 

ʟʥʘʥʠʡ ɻʣʦʙʘʣʴʥʦʛʦ ɺʦʜʥʦʛʦ ʇʘʨʪʥʝʨʩʪʚʘ (GWP) ʦ ʧʨʠʤʝʥʝʥʠʠ ʢʦʥʮʝʧʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʶʪʩʷ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʇʝʨʚʘʷ ī ʦʙʲʷʩʥʷʝʪ ʢʦʥʮʝʧʮʠʶ ʚʦʜʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʧʠʩʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ 

ʨʘʤʢʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ. ʉʜʝʣʘʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʜʭʦʜʦʚ ʢ ʚʦʜʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʝʞʜʫ 

ʧʦʜʭʦʜʦʤ ʨʘʟʚʠʪʠʷ ʠ ʧʦʜʭʦʜʦʤ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʝ ʨʠʩʢʦʚ. ɺʪʦʨʘʷ ʯʘʩʪʴ ʦʧʠʩʳʚʘʝʪ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʢʦʥʮʝʧʮʠʝʡ ʚʦʜʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ (ʀʋɺʈ) ʠ ʫʪʚʝʨʞ-

ʜʘʝʪ, ʯʪʦ ʦʥʠ ʚʟʘʠʤʦʫʚʷʟʘʥʳ, ʠ ʯʪʦ ʚʦʜʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʠ ʀʋɺʈ. 

ʊʨʝʪʴʷ ʯʘʩʪʴ ʧʨʝʜʣʘʛʘʝʪ ʨʘʤʢʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʦʜʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʠʚʦʜʷ ʧʨʠʤʝʨʳ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ, ʢʘʢ ʠʭ ʧʨʠʤʝʥʷʪʴ ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʫʨʦʚʥʝ ʨʝʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠʣʠ ʛʦʨʦʜʘ ʠ ʚ ʤʘʩʰʪʘʙʝ 

ʧʨʦʝʢʪʘ. ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʨʝʰʝʥʠʷ çʦʜʠʥ-ʨʘʟʤʝʨ-ʧʦʜʭʦʜʠʪ-ʚʩʝʤè. ʈʝʰʝʥʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʚʦʜʥʦʡ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʤʝʩʪʥʳʤ ʫʩʣʦʚʠʷʤ ʢʘʞʜʦʡ ʩʪʨʘʥʳ, ʨʝʯʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʛʦʨʦʜʘ, ʧʨʦʝʢʪʘ ʠ 

ʜʨʫʛʠʤ ʦʙʣʘʩʪʷʤ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʩʮʝʥʘʨʠʝʚ, ʬʘʢʪʦʨʳ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʩʪʨʘʪʝʛʠʷ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʮʝʥʘʨʠʡ. 
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SIMULATION OF SUBTERRANEAN HEATING OF COAL  

BY PASSING ELECTRICAL CURRENT THROUGH 

ELECTROTHERMAL BREAKDOWN CHANNEL  
 

Abstract. The paper describes a mathematical model that simulates the heating of an underground coal bed by 

passing electrical current through electrothermal breakdown channel. The breakdown channel, which is a heat 

source, is formed between two electrodes located in the wells inside the subterranean formation. The electrodes are 

connected by cables to the aboveground electrical equipment. The diameter of electrothermal breakdown channel at 

the time of formation is small, and it expands as the coal is heated and carbonized in the vicinity of the channel. The 

distance between the electrodes is set to 0.5 meters. The values of dielectric and thermal properties are taken on the 

basis of experimental and literature data for the coals of the Republic of Kazakhstan. The time dependences of the 

temperature in the center of the heated part of the reservoir at different heating powers are obtained. The images of 

the thermal field in the heated region and its immediate vicinity are shown. The results of calculations of electrical 

parameters of required for heating electrical equipment, and changes in these parameters over time as heating, is given. 

Key words: Coal, breakdown, heating, carbonization, gas. 

 

Introduction.  Researchers offer a number of ways for heating the coal directly underground. The 

most common is the underground gasification due to incomplete combustion of coal [1-3]. According to 

this technology, an oxidant, which is mainly air or a vapor-air mixture, is injected into the underground 

reactor. A set of oxidative and reducing reactions produce a gas with a calorific value of 4ï8 MJ/m3, 

which contains the hydrogen and carbon monoxide as main combustible components [1]. 

The limitations of this method include the high content of non-combustible components in the gas, 

mainly nitrogen and carbon dioxide. As a result, the gas produced has a low calorific value, and thus a 

narrow field of application. The main product of this technology is gas. Coal tar is formed in small 

quantities and is not used as a product. 

Another approach is the heating using the outside heat, for example, from an electric heater. If we 

place the heaters directly in the wells, it will be possible to heat only that part of the coal that is removed 

from the well by no more than 2-3 meters. Heating of a more remote zone requires more time (more than 

six months) due to the low thermal conductivity of coal. 

To eliminate this drawback, the heating element should be extended along the length of the bed. One 

of the known solutions is as follows. A fracture channel should be created between two wells and filled 

with granules of an electrically conductive substance, for example, graphite. Further, the formed current 

path is used as an electric heater [4,5]. 

Research methodology. We propose a method that is similar to the one described above, however, it 

eliminates a large number of expensive and complex preparatory operations. To pass a current through a 

section of the reservoir, the method requires two wells with electrodes (figure 1). 
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Figure 1 ï Plan of subterranean heating method 

 

An electric current causes the release of Joule heat in the coal: 

 ὗὸ ᷿ὟὸὍὸὨὸ᷿ Ὠὸ,                                               (1) 

where Q - is the thermal energy, I - is the current, U - is the voltage on the electrodes, R - is the resistivity 

of interelectrode space, t - is exposure time. 

The specific electrical resistance of coal is 1010-1012OhmĿcm that is relatively large [6-10]. Thus, a 

very high voltage will be required to provide the power release enough for heating. However, a decrease 

in the interelectrode resistance can be achieved by creating a breakdown channel. The breakdown channel 

is formed from the substance of coal modified by plasma of electrical discharges. As a result of pyrolysis 

under the action of high plasma temperature, the resistance of the coal decreases. It is known that in the 

temperature range of 350-500ÁC without air access, the coal substance carbonizes, as a result, its electrical 

resistance decreases to 10-102OhmĿcm [6-9]. Due to this, the channel has a low resistance that is sufficient 

to pass current at a technically feasible voltage value. 

To assess the effectiveness of the method, it is necessary to calculate the required voltage and power 

of the aboveground electrical equipment, as well as the achievable heating rate. The article describes 

mathematical simulation in order to determine the temperature dynamic in the vicinity of the channel, and 

to calculate the required technical characteristics of the aboveground power supply. 
Thermochemical conversion of coal without access of external reagents 
When coal is heated, the organic mass undergoes changes occurring under the action of temperature. 

In the range from the initial temperature to 120ÁC, the moisture is released, which is contained in the coal 
in both free and ion-bound form. Upon further heating from 120ÁC to 300ÁC, predominantly ion-bound 
and pyrogenic moisture is released. Further, in the range from 300ÁC to 550ÁC, solid organic compounds 
decompose with the formation of liquid and gaseous hydrocarbons. The residue from the decomposition 
reactions is coke or amorphous carbon. Due to the appearance of coke, the electrical resistance of coal is 
reduced. At temperatures above 550ÁC, secondary reactions of liquid and gaseous hydrocarbons with solid 
carbon occur. The products of these reactions are hydrogen and carbon monoxide. 

Initial data for the heating calculation 

Suppose that there are two wells drilled from the surface to the underground coal seam and located at 

a distance d from each other. The wells contain an electrodes placed at the bottom and connected by 

cables to an aboveground source of electrical energy. Electrodes are electrically connected to each other 

due to an electrothermal breakdown channel. The channel will operate as an electrical heating element, 

heating the subterranean formation. Let us consider the heating process. 

The power of electric heating released in the reservoir will be spent on the heating of the surrounding 

space and thermochemical reactions. In addition, part of the thermal energy will be dispersed into the 

surrounding space. Thus, the heat balance of heating is as follows: 

                     ὗ ὗ ὗ ὗ                                                             (2)  

where Qr ï is released heating energy, Qh ï is the energy spent on the heating of the rock, Qch ï is the energy 

spent on thermochemical transformations, Qs - is the energy dispersed into the surrounding space due to 

thermal conductivity. 

Heat source 

The heat source is an electrothermal breakdown channel. Heating starts from the moment when the 

electric discharge structures developing in the coal close the interelectrode gap [11]. At the time of the 
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formation of the through conductive channel, its diameter is very small compared with the interelectrode 

distance. Usually, it is not more than 0.1 mm [12,13]. The channel can be simply represented as a straight 

line connecting the electrodes. In this case, the heating source is a cylinder having electrical resistance: 

Ὑ  ,                                                              (3) 

where R - is channel electrical resistance, d - is the channel length, ů ï is electrical conductivity of 

carbonized coal, D - is the channel diameter. The channel consists of a coal substance after pyrolysis. The 

resistivity of this substance is about 100 ɋĿcm for the considered coal. As the area around the channel 

heats up, the coal in it also undergoes pyrolysis. Its resistance also decreases, thus conductive channel 

expands (figure 1). 

The power released during heating can be mathematically written with the expression: 

              ὡ „Ὁ ,                                                                         (4) 

       Ὁ  Ὁ Ὁ Ὁ ,                                                          (5) 

where E - is modulus of the electric field vector, Ex, Ey, Ez - are its projections in three dimensions. 

Heat absorption 

As we can see from the heat balance equation (1), heat is used to heat the coal substance, as well as to 

thermochemical transformations. The component responsible for the heat of thermochemical 

transformations can be either positive or negative, depending on the balance of exothermic and 

endothermic reactions. In different temperature ranges, the pyrolysis heat flux can be positive or negative. 

On average, however, endothermic reactions dominate, so part of the heat is absorbed. The physical heat 

capacity of coal, without taking into account thermochemical reactions, also depends on temperature. It is 

not possible to determine the temperature dependence of the heat capacity of coal without taking into 

account the energy of thermochemical transformations. Therefore, the researchers more often use the 

effective heat capacity, i.e. heat capacity taking into account energy absorption at thermochemical 

transformations. Our calculations used the temperature dependence of the effective heat capacity, the 

analytical form of which is approximated in the temperature range according to a polynomial function. 

Heat dispersion 

Initially, the subterranean formation has some initial temperature. If we heat a part of the reservoir, 

some of the heat will be distributed to less heated surrounding areas due to heat conduction and mass 

transfer. Since coal is not transparent in the infrared, there is no heat transfer due to radiation. Presumably, 

the main heat sink will occur due to thermal conductivity, therefore mass transfer in the model is not taken 

into account. 

The evolution of the temperature field is taken from the solution of the three-dimensional heat 

conduction task, which includes the heat conduction equation: 

ὧ” ‗ ‗ ‗ ὡ Ὁ                                  (6) 

where T - is temperature, t - is time, x, y, z - are spatial coordinates; c - is the heat capacity, ɟ - is the 

density, ɚ - is the heat conductivity, W(E) - is a source of heat.  

We used a coefficient ɖ as a measure of the change in the electrophysical and thermal characteristics 

of coal that occur as it heats. It is called the degree of conversion, and changing from 0 to 1as the coal 

heats up. A value of 1 means that the coal in this area is fully pyrolyzed and has the highest electrical 

conductivity. 

Heating conditions 

The initial heating conditions are defined as follows: 

ὸ πȡ   Ὕ πȟ   – πȢ 

Taking into account the experimental and literature data for the coals of Kazakhstan, the following 

averaged parameter values were adopted: 

ɟ = 1900 kg/m3, the values of thermal conductivity and heat capacity are defined analytically in the 

form of a polynomial approximation with the temperature: 
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  ‗  Ὧ ὯὝ ὯὝ ὯὝ ὯὝ ὯὝ                                    (7) 

 ὧ  Ὧ ὯὝ ὯὝ ὯὝ                                                   (8) 

The values of the coefficients are given in the following table: 
 

The value of the coefficients for heat capacity and thermal conductivity 

 

 k0 k1 k2 k3 k4 k5 

c 1,379Ŀ103 -11,763 0,145 -3,964Ŀ10-4 ï ï 

ɚ 1,566 -0,064 1,215Ŀ10-3 -1,062Ŀ10-5 4,39Ŀ10-8 -6,927Ŀ10-11 

 

The dependence of resistivity on temperature is approximated by the function: 

 ” ὯÅØÐὯὝ                                                             (9) 

where k0 = 1,73968Ŀ10
11, k1 = -0,04647. 

The calculation was carried out using an implicit splitting scheme and coordinate-wise marching. 

Results and its discussion. The calculations were carried out for an interelectrode distance of 0.5 m. 

Figure 2 shows the dependence of the temperature at the center of the interelectrode gap on the heating 

time. In this case, the constant heating power mode was used. 
 

 
 

Figure 2 ï Temperature in the center of the interelectrode gap at different values of the released power 

 

Initially, the heating is intense, then, when the temperature near the electrodes becomes high, the 

heating slows down due to the outflow of heat into the surrounding space. 

In addition to temperature in the interelectrode space, the efficiency of the technology is also affected 

by the distribution of thermal energy in the vicinity of the electrodes. Figure 3 shows images of the 

thermal field in the computational domain at different times with a heating power of 3 kW. 
 

   
ʘ) b) c) 

Figure 3 ï Thermal field in the calculation plane at time points: (a) 5 minutes, (b) 30 minutes, (c) 10 hours. 
 

The most notable are the following features. At the beginning of heating, the temperature increases 

sharply in close proximity to the electrodes. Next, the interelectrode space is heated, while the surrounding 

areas are weakly heated. After a longer time, the thermal energy begins to be distributed in the direction 

away from the electrodes, heating the area within a radius of several meters. 
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Preparation of technology field tests requires the values of the technical parameters of aboveground 

electrical equipment. Using the values of the initial and final (before and after pyrolysis) resistances of 

coal and calculation of the conversion degree, we can determine the change in interelectrode resistance as 

it heats up. Results for the interelectrode distance of 0.5 m are shown in figure 4a. Using the known 

resistance value, we can determine the required values of voltage and current. The calculation results for 

the fixed power mode of 3 kW are shown in figure 4b and c. 
 

  
ʘ) b) 

 

Figure 4 ï  

Interelectrode Resistance (a), voltage on the electrodes (b) 

and current through the channel (c) at heating with  

a constant power of 3 kW of 0.5 m interelectrode gap 

 

c) 

 

Thus, the results obtained can be used as a guide for the field equipment development. According to 

calculations, a voltage of about 22 kV will be required to initiate heating. As interelectrode gap is heated, 

the resistance will decrease. In accordance with the decrease in resistance, the voltage should be reduced 

and the current should be increased in order to maintain the power at a constant level [14,15]. Within an 

hour, the resistance decreases to less than 1 Ohm, so the given heating mode requires the current of about 

500 A. 

The considered model has a number of limitations. The model does not take into account the 

following factors that occur when a real underground formation is heated: 

ï the change in thermal conductivity due to cracking; 

ï the mass transfer; 

ï the dielectric and thermal properties of coal are assumed to be isotropic, although due to the layered 

structure, the thermal conductivity and electrical conductivity are likely anisotropic. 

However, since the purpose of modeling is to estimate the first approximation of heating parameters, 

we suppose that these assumptions are justified. 
Conclusion. The results of the calculations show the possibility of reaching of the pyrolysis 

temperature in the vicinity of the electrodes over a period of one hour, with heating power in few kilowatt 
and an interelectrode distance of 0.5 m. At the initial stage of heating, the temperature increases only in 
the immediate vicinity of the electrodes. In the next few hours, the area that is several meters away from 
the electrodes is heated. The initial resistance of the interelectrode area is large; it requires the voltage of 
tens of kilovolts to release the power enough for heating. During the first hour of heating, the resistance of 
the channel is significantly reduced, and maintaining heating requires passing a current of hundreds of 
amperes. 
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ɸʉʊʓʅɼɸ פʓɿɼʓʈʋɼʓ ʄʆɼɽʃʔɼɽʋ 

  

ɸʥʥʦʪʘʮʠʷ. ʂᴇʤʽʨʜʽש ʞʝʨ ʘʩʪʳ ץʘʙʘʪʳʥʳש ʵʣʝʢʪʨ ʞʳʣʫʳʥ ʪʝʩʫ ʘʨʥʘʩʳ ʘʨץʳʣʳ ᴇʪʝʪʽʥ ʵʣʝʢʪʨ ʪʦʛʳʤʝʥ 

 שʘʙʘʪʳʥʳץ ʘʥ. ɾʳʣʫ ʢᴇʟʽ ʙʦʣʘʪʳʥ ʪʝʩʫ ʘʨʥʘʩʳ ʞʝʨ ʘʩʪʳסʣʛʽ ʞʘʩʘʣװ ץʳʟʜʳʨʫʜʳ ʩʠʧʘʪʪʘʡʪʳʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ

ʽʰʽʥʜʝ סשײʳʤʘʣʘʨʜʘ ʦʨʥʘʣʘʩץʘʥ ʝʢʽ ʵʣʝʢʪʨʦʜʪʳש ʘʨʘʩʳʥʜʘ ץʘʣʳʧʪʘʩʘʜʳ. ʕʣʝʢʪʨʦʜʪʘʨ ʞʝʨ ʙʝʪʽʥʜʝʛʽ ʵʣʝʢʪʨ 

ʞʘʙʜʳסʳʥʘ ʢʘʙʝʣʴʜʝʨʤʝʥ ץʦʩʳʣסʘʥ. ʕʣʝʢʪʨʞʳʣʫʣʳץ ʪʝʩʫ ʢʘʥʘʣʳ ץʘʣʳʧʪʘʩʫ ʢʝʟʽʥʜʝ ʜʠʘʤʝʪʨʽ ʘʟ ʙʦʣʘʜʳ 

ʞᴅʥʝ ʢʘʥʘʣ ʤʘשʘʡʳʥʜʘסʳ ʢᴇʤʽʨʜʽץ שʳʟʫʳ ʤʝʥ ʢʘʨʙʦʥʠʟʘʮʠʷʩʳ ʢʝʟʽʥʜʝ ʢʝשʝʡʪʽʣʝʜʽ. ʕʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ 

 ʩʪʘʥץʘʟʘפ ʤᴅʥʜʝʨʽ שʘʩʠʝʪʪʝʨʽʥʽץ ץɼʠʵʣʝʢʪʨʣʽʢ ʞᴅʥʝ ʞʳʣʫʬʠʟʠʢʘʣʳ .שʰʘʤʘʩʳ 0,5 ʤʝʪʨʛʝ ʪʝ שʪʳץʪʳץʘʰʳץ

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʢᴇʤʽʨʽʥʝ ʘʨʥʘʣסʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʜʳ ʞᴅʥʝ ᴅʜʝʙʠ ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ. פʘʙʘʪʪʳש 

 ʪᴅʫʝʣʜʽʣʽʛʽ שʳʪʪʳץʫʘʪʳʥʜʘ ʫʘץ ʳʟʜʳʨʫץ ʨʣʽװᴅʨʪ שʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳסʦʨʪʘʩʳʥʜʘ שʳʟʜʳʨʳʣʘʪʳʥ ʫʯʘʩʢʝʩʽʥʽץ

ʘʣʳʥʜʳ. ɾʳʣʳʪʫ ʘʡʤʘסʳʥʜʘ ʞᴅʥʝ ʦʥʳש ʞʘץʳʥ ʤʘשʘʡʳʥʜʘסʳ ʞʳʣʫ ᴇʨʽʩʽʥʽש ʙʝʡʥʝʩʽ ʘʣʳʥʜʳ. ʕʣʝʢʪʨ 

ʞʘʙʜʳץʪʘʨʜʳץ שʳʟʜʳʨʫ װʰʽʥ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ʵʣʝʢʪʨʣʽʢ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʝʩʝʧʪʝʫ ʤᴅʥʜʝʨʽ ʞᴅʥʝ ʦʩʳ ʧʘʨʘʤʝʪʨ-

ʣʝʨʜʽץ שʳʟʜʳʨʫ ʰʘʤʘʩʳʥʘ ץʘʨʘʡ ʫʘץʳʪʪʳש ᴇʟʛʝʨʫ ʥᴅʪʠʞʝʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ɹʘʩʪʘʧץʳʜʘ ʞʝʨʘʩʪʳ ץʘʙʘʪʳʥʳש 

ᴇʟʽʥʜʽʢ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʙʦʣʘʜʳ. ɽʛʝʨ ʙʽʟ ʧʣʘʩʪ ʘʡʤʘסʳʥ ʞʳʣʳʪʘʪʳʥ ʙʦʣʩʘץ, ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʳש ʙʽʨ ʙᴇʣʽʛʽ 

ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʤʝʥ ʤʘʩʩʘ ʪʘʩʤʘʣʜʘʫ ʝʩʝʙʽʥʝʥ ʘʟʳʨʘץ ץʳʟʜʳʨʳʣסʘʥ ץʦʨʰʘסʘʥ ʘʡʤʘץʪʘʨסʘ ʪʘʨʘʡʜʳ. ʂᴇʤʽʨ 

ʠʥʬʨʘץʳʟʳʣ ʜʠʘʧʘʟʦʥʳʥʜʘ ʤᴇʣʜʽʨ ʝʤʝʩ ʙʦʣסʘʥʜʳץʪʘʥ, ʩᴅʫʣʝʣʝʥʫ ʝʩʝʙʽʥʝʥ ʞʳʣʫ ʙʝʨʫ ʙʦʣʤʘʡʜʳ. ʅʝʛʽʟʛʽ 

ʞʳʣʫ ʙʝʨʫ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʝʩʝʙʽʥʝʥ ʞװʨʛʽʟʽʣʝʪʽʥʜʽʢʪʝʥ, ʤʦʜʝʣʴʜʝʛʽ ʤʘʩʩʘ ʪʘʩʤʘʣʜʘʫ ʝʩʢʝʨʽʣʤʝʛʝʥ. ʂᴇʤʽʨʜʽ 

 ʳץʰʳʨʘʡʜʳ. ɹʘʩʪʘʧײ ᴅʩʝʨʽʥʝʥ ʙʦʣʘʪʳʥ ᴇʟʛʝʨʽʩʪʝʨʛʝ שʤʘʩʩʘ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ץʳʟʜʳʨʫ ʢʝʟʽʥʜʝ ʦʨʛʘʥʠʢʘʣʳץ

ʪʝʤʧʝʨʘʪʫʨʘʜʘʥ 120 ÁC-ץʘ ʜʝʡʽʥʛʽ ʜʠʘʧʘʟʦʥʜʘ ʙʦʩ ʢװʡʽʥʜʝ ʞᴅʥʝ ʠʦʥʜʳ-ʙʘʡʣʘʥʳʩץʘʥ ʪװʨʜʝ ʢᴇʤʽʨʜʝ ʙʦʣʘʪʳʥ 

ʳʣסʘʣʜʳש ʰʳסʫʳ ʦʨʳʥ ʘʣʘʜʳ. ʆʜʘʥ ᴅʨʽ 120 Áʉ-ʪʘʥ 300 ÁC-ץʘ ʜʝʡʽʥ ץʳʟʜʳʨסʘʥʜʘ, ʢᴇʙʽʨʝʢ ʠʦʥʜʳ-ʙʘʡʣʘ-

ʥʳʩץʘʥ ʞᴅʥʝ ʧʠʨʦʛʝʥʜʽ ʙʦʣʳʧ ʰʳסʘʜʳ. ʆʜʘʥ ᴅʨʽ 300 Áʉ-ʪʘʥ 550 Áʉ-ץʘ ʜʝʡʽʥʛʽ ʜʠʘʧʘʟʦʥʜʘ ʩײʡʳץ ʞᴅʥʝ ʛʘʟ 

ʪᴅʨʽʟʜʽ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʘ ʞװʨʝʪʽʥ ץʘʪʪʳ ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʳ ʳʜʳʨʘʡʜʳ. ʓʜʳʨʘʫ ʨʝʘʢ-

ʮʠʷʣʘʨʳʥʳץ שʘʣʜʳסʳ ï ʢʦʢʩ-ʘʤʦʨʬʪʳ ʢᴇʤʽʨʪʝʢ. ʂʦʢʩʪʳש ʧʘʡʜʘ ʙʦʣʫʳ ʝʩʝʙʽʥʝʥ ʢᴇʤʽʨʜʽש ʵʣʝʢʪʨʣʽʢ ʢʝʜʝʨʛʽʩʽ 

ʪᴇʤʝʥʜʝʡʜʽ. 550 ÁC-ץʘ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ץʘʪʪʳ ʢᴇʤʽʨʜʽש ʩײʡʳץ ʞᴅʥʝ ʛʘʟ ʪᴅʨʽʟʜʽ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʝʛʽ 

ʝʢʽʥʰʽʣʽʢ ʨʝʘʢʮʠʷʣʘʨʳ ʞװʨʝʜʽ. ɹײʣ ʨʝʘʢʮʠʷʣʘʨʜʳש ᴇʥʽʤʜʝʨʽ ï ʛʘʟ ʪᴅʨʽʟʜʽ ʩʫʪʝʢ ʞᴅʥʝ ʢᴇʤʽʨʪʝʢ ʤʦʥʦʦʢʩʠʜʽ. 

ɾʳʣʫʣʳץ ʙʘʣʘʥʩ ʪʝשʜʝʫʽʥʝʥ, ʞʳʣʫ ʰʳסʳʥʳ ʢᴇʤʽʨ ʟʘʪʳʥʳץ שʳʟʫʳʥʘ, ʩʦʥʜʘʡ-ʘץ ʪʝʨʤʦʭʠʤʠʷʣʳץ ʘʡʥʘʣʫסʘ 

ʞײʤʩʘʣʘʪʳʥʜʳסʳʥ ʢᴇʨʝ ʘʣʘʤʳʟ. ʊʝʨʤʦʭʠʤʠʷʣʳץ ʘʡʥʘʣʫʣʘʨ ʞʳʣʫʳʥʘ ʞʘʫʘʧʪʳ ʢʦʤʧʦʥʝʥʪ ʵʢʟʦʪʝʨʤʠʷʣʳץ 

ʞᴅʥʝ ʵʥʜʦʪʝʨʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨʜʳש ʙʘʣʘʥʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʦש ʜʘ, ʪʝʨʽʩ ʪʝ ʙʦʣʫʳ ʤװʤʢʽʥ. ɹײʣ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʘʥʘʣʠʟʜʽש ʞʳʣʫ ʘסʳʥʳʥʳץ שʠʩʳסʳʥʘʥ ʙʘʡץʘʣʘʜʳ. ᴄʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ 

ʧʠʨʦʣʠʟʜʽש ʞʳʣʫ ʘסʳʥʳ ʦש ʥʝʤʝʩʝ ʪʝʨʽʩ ʙʦʣʫʳ ʤװʤʢʽʥ. ɼʝʛʝʥʤʝʥ, ʦʨʪʘ ʝʩʝʧʧʝʥ ʵʥʜʦʪʝʨʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨ 

ʙʘʩʳʤʳʨʘץ, ʩʦʥʜʳץʪʘʥ ʞʳʣʫ ʙᴇʣʽʛʽ ʞײʪʳʣʘʜʳ. ʊʝʨʤʦʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨʜʳ ʝʩʝʧʢʝ ʘʣʤʘסʘʥʜʘ, ʢᴇʤʽʨʜʽש 

ʬʠʟʠʢʘʣʳץ ʞʳʣʫ ʩʳʡʳʤʜʳʣʳסʳ ʜʘ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʙʘʡʣʘʥʳʩʪʳ. ʊʝʨʤʦʭʠʤʠʷʣʳץ ʘʡʥʘʣʫʣʘʨ ʵʥʝʨʛʠʷʩʳʥ 

ʝʩʝʧʢʝ ʘʣʤʘʡ, ʢᴇʤʽʨʜʽש ʞʳʣʫ ʩʳʡʳʤʜʳʣʳסʳʥʳש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ ʤװʤʢʽʥ ʝʤʝʩ. 

ʉʦʥʜʳץʪʘʥ ʪʠʽʤʜʽ ʞʳʣʫ ʩʳʡʳʤʜʳʣʳסʳʥ, ʷסʥʠ ʪʝʨʤʦʭʠʤʠʷʣʳץ ʘʡʥʘʣʫʜʘ ʩʽשʽʨʽʣʛʝʥ ʵʥʝʨʛʠʷ ʝʩʝʧʢʝ ʘʣʳʥסʘʥ 

ʞʳʣʫ ʩʳʡʳʤʜʳʣʳסʳʥ ʞʠʽ ץʦʣʜʘʥʘʜʳ. ɽʩʝʧʪʝʨʜʝ ʘʥʘʣʠʪʠʢʘʣʳץ ʬʦʨʤʘʩʳ ʧʦʣʠʥʦʤʠʘʣʜʳ ʬʫʥʢʮʠʷ ʙʦʡʳʥʰʘ 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʜʠʘʧʘʟʦʥʜʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷʣʘʥסʘʥ ʪʠʽʤʜʽ ʞʳʣʫ ʩʳʡʳʤʜʳʣʳסʳ ץʦʣʜʘʥʳʣʜʳ. ʕʣʝʢʪʨʦʜ 

ʘʨʘʣʳץ ʢʝשʽʩʪʽʢ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘʥ ʙʘʩץʘ, ʪʝʭʥʦʣʦʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥʝ ʵʣʝʢʪʨʦʜʪʘʨʜʳש ʤʘשʘʡʳʥ-ʜʘסʳ ʞʳʣʫ 

ʵʥʝʨʛʠʷʩʳʥʳש ʪʘʨʘʣʫʳ ᴅʩʝʨ ʝʪʝʜʽ. 3 ʢɺʪ ץʳʟʜʳʨʫ ץʫʘʪʳʥʜʘ ᴅʨʪװʨʣʽ ʫʘץʳʪ ʤʝʟʝʪʽʥʜʝ ʝʩʝʧʪʽʢ ʘʡʤʘץʪʘסʳ ʞʳʣʫ 

ᴇʨʽʩʽʥʽש ʙʝʡʥʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʂʝʣʝʩʽ ʝʨʝʢʰʝʣʽʢʪʝʨ ʝש ʞʘץʩʳ ʩʠʧʘʪʪʘʤʘʥʳ ʙʝʨʝʜʽ. פʳʟʜʳʨʫ ʙʘʩʪʘʣסʘʥʜʘ, 

ʵʣʝʢʪʨʦʜʪʘʨסʘ ʪʽʢʝʣʝʡ ʞʘץʳʥ ʘʡʤʘץʪʘʨʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢװʨʪ ᴇʩʝʜʽ. ʆʜʘʥ ᴅʨʽ ʵʣʝʢʪʨʦʜ ʘʨʘʣʳץ ʢʝשʽʩʪʽʢʪʽש 

 ʳʪ ᴇʪʢʝʥʥʝʥ ʢʝʡʽʥ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳץʳʟʘʜʳ. ɹʽʨʘʟ ʫʘץ ʪʘʨ ᴅʣʩʽʟץʘʥ ʘʡʤʘסʦʨʰʘץ ʳʟʫʳ ʦʨʳʥ ʘʣʘʜʳ, ʘʣץ

ʵʣʝʢʪʨʦʜʪʘʨʜʳש ʙʘסʳʪʳ ʙʦʡʳʥʰʘ ʪʘʨʘʣʘ ʙʘʩʪʘʡʜʳ. ʆʩʳʣʘʡʰʘ, ʙʽʨʥʝʰʝ ʤʝʪʨ ʨʘʜʠʫʩʪʘסʳ ʘʡʤʘץ ץʳʟʘʜʳ. 

ʊʝʭʥʦʣʦʛʠʷʥʳ ʪʘʙʠסʠ ʩʳʥʘץʪʘʨסʘ ʜʘʡʳʥʜʘʫ ץʳʟʜʳʨʫסʘ ץʘʞʝʪʪʽ ʞʘʙʜʳץʪʘʨʜʳש ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ 

ʪʝʭʥʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʙʽʣʫʜʽ ʤʽʥʜʝʪʪʝʡʜʽ. ʂᴇʤʽʨʜʽש ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʩʦסשʳ (ʧʠʨʦʣʠʟʛʝ ʜʝʡʽʥ ʞᴅʥʝ ʦʜʘʥ 

ʢʝʡʽʥ) ʢʝʜʝʨʛʽʣʝʨʽʥʽש ʙʝʣʛʽʣʽ ʰʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ, ʩʦʥʜʘʡ-ʘץ ʘʡʥʘʣʫ ʜᴅʨʝʞʝʩʽʥ ʝʩʝʧʪʝʡ ʦʪʳʨʳʧ, ʵʣʝʢʪʨʦʜ 

ʘʨʘʣʳץ ʢʝʜʝʨʛʽʥʽץ שʳʟʜʳʨʫסʘ ץʘʨʘʡ ᴇʟʛʝʨʫʽʥ ʘʥʳץʪʘʡ ʘʣʘʤʳʟ. ʕʣʝʢʪʨʦʜ ʘʨʘʣʳץ ץʘʰʳץʪʳ0,5 ץ ʤ ʙʦʣסʘʥʜʘסʳ 

ʥᴅʪʠʞʝʣʝʨ ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʢᴇʤʽʨ, ʪʝʩʫ, ץʳʟʜʳʨʫ, ʢʘʨʙʦʥʠʟʘʮʠʷ, ʛʘʟ. 
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1ʊʆʆ ç ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʫʛʣʷ ʠ ʪʝʭʥʦʣʦʛʠʠè, ʅʫʨ-ʉʫʣʪʘʥ, ʂʘʟʘʭʩʪʘʥ; 
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, Toʤʩʢ, ʈʦʩʩʠʷ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʆɼɿɽʄʅʆɻʆ ʅɸɻʈɽɺɸ ʋɻʃɽʁ ʊʆʂʆʄ  

ɺ ʂɸʅɸʃɽ ʕʃɽʂʊʈʆʊɽʇʃʆɺʆɻʆ ʇʈʆɹʆʗ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʥʘʛʨʝʚ ʧʦʜʟʝʤʥʦʛʦ ʧʣʘʩʪʘ ʫʛʣʷ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʤ ʪʦʢʦʤ, ʧʨʦʪʝʢʘʶʱʠʤ ʯʝʨʝʟ ʢʘʥʘʣ ʵʣʝʢʪʨʦʪʝʧʣʦʚʦʛʦ ʧʨʦʙʦʷ. ʂʘʥʘʣ ʧʨʦʙʦʷ, ʷʚʣʷʶʱʠʡʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʪʝʧʣʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʩʢʚʘʞʠʥʘʭ ʚʥʫʪʨʠ ʧʦʜʟʝʤʥʦʛʦ ʧʣʘʩʪʘ. 

ʕʣʝʢʪʨʦʜʳ ʧʦʜʢʣʶʯʝʥʳ ʢʘʙʝʣʷʤʠ ʢ ʥʘʟʝʤʥʦʤʫ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʶ. ʂʘʥʘʣ ʵʣʝʢʪʨʦʪʝʧʣʦʚʦʛʦ ʧʨʦʙʦʷ ʚ 

ʤʦʤʝʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʤʘʣʳʡ ʜʠʘʤʝʪʨ ʠ ʨʘʩʰʠʨʷʝʪʩʷ ʧʦ ʤʝʨʝ ʥʘʛʨʝʚʘ ʠ ʢʘʨʙʦʥʠʟʘʮʠʠ ʫʛʣʷ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʢʘʥʘʣʘ. ɺʝʣʠʯʠʥʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʟʘʜʘʥʘ ʨʘʚʥʦʡ 0,5 ʤʝʪʨʘ. ɿʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪ-

ʨʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʟʷʪʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʫʛʣʝʡ ʂʘʟʘʭʩʪʘʥʘ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʝʥʪʨʝ ʥʘʛʨʝʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʣʘʩʪʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ 

ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʛʨʝʚʘ. ʇʦʣʫʯʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚ ʥʘʛʨʝʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʠ ʝʝ ʙʣʠʞʘʡʰʝʡ 

ʦʢʨʝʩʪʥʦʩʪʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʨʝʙʫʝʤʦʛʦ 

ʜʣʷ ʥʘʛʨʝʚʘ, ʠ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ ʧʦ ʤʝʨʝ ʥʘʛʨʝʚʘ. ʀʟʥʘʯʘʣʴʥʦ ʧʦʜʟʝʤʥʳʡ ʧʣʘʩʪ ʠʤʝʝʪ 

ʥʝʢʦʪʦʨʫʶ ʠʩʭʦʜʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. ɽʩʣʠ ʤʳ ʥʘʛʨʝʚʘʝʤ ʫʯʘʩʪʦʢ ʧʣʘʩʪʘ, ʯʘʩʪʴ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʙʫʜʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʤʝʥʝʝ ʥʘʛʨʝʪʳʝ ʦʢʨʫʞʘʶʱʠʝ ʦʙʣʘʩʪʠ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. 

ʇʦʩʢʦʣʴʢʫ ʫʛʦʣʴ ʥʝ ʧʨʦʟʨʘʯʝʥ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʟʘ ʩʯʝʪ ʠʟʣʫʯʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʩʥʦʚʥʦʡ ʪʝʧʣʦʦʪʚʦʜ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʤʘʩʩʦʧʝ-

ʨʝʥʦʩ ʚ ʤʦʜʝʣʠ ʥʝ ʫʯʪʝʥ. ʇʨʠ ʥʘʛʨʝʚʝ ʫʛʣʷ ʦʨʛʘʥʠʯʝʩʢʘʷ ʤʘʩʩʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʜʠʘʧʘʟʦʥʝ ʦʪ ʠʩʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 120ÁC ʧʨʦʠʩʭʦʜʠʪ ʚʳʭʦʜ ʚʣʘʛʠ, ʢʦʪʦʨʘʷ 

ʩʦʜʝʨʞʠʪʩʷ ʚ ʫʛʣʝ ʢʘʢ ʚ ʩʚʦʙʦʜʥʦʤ, ʪʘʢ ʠ ʚ ʠʦʥʥʦ-ʩʚʷʟʘʥʥʦʤ ʚʠʜʝ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʝ ʦʪ 120ÁCʜʦ 

300ÁC ʚʳʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʦʥʥʦ-ʩʚʷʟʘʥʥʘʷ ʠ ʧʠʨʦʛʝʥʝʪʠʯʝʩʢʘʷ ʚʣʘʛʘ. ɼʘʣʝʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 300ÁC ʜʦ 

550ÁCʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʪʚʝʨʜʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʆʩʪʘʪʢʦʤ ʦʪ ʨʝʘʢʮʠʡ ʨʘʩʧʘʜʘ ʷʚʣʷʝʪʩʷ ʢʦʢʩ ï ʘʤʦʨʬʥʳʡ ʫʛʣʝʨʦʜ. ɿʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʢʦʢʩʘ 

ʩʥʠʞʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʛʣʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 550ÁC ʧʨʦʠʩʭʦʜʷʪ ʚʪʦʨʠʯʥʳʝ 

ʨʝʘʢʮʠʠ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʪʚʝʨʜʳʤ ʫʛʣʝʨʦʜʦʤ. ʇʨʦʜʫʢʪʘʤʠ ʵʪʠʭ ʨʝʘʢʮʠʡ ʷʚʣʷʶʪʩʷ 

ʛʘʟʦʦʙʨʘʟʥʳʡ ʚʦʜʦʨʦʜ ʠ ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ, ʨʘʩʭʦʜʦʚʘʥʠʝ 

ʪʝʧʣʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʥʘʛʨʝʚ ʫʛʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʥʘ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʂʦʤʧʦʥʝʥʪ, 

ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʪʝʧʣʦʪʫ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʘʣʘʥʩʘ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʠ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʕʪʦ ʚʠʜʥʦ ʧʦ ʢʨʠʚʦʡ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʧʠʨʦʣʠʟʘ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. ɺ ʩʨʝʜʥʝʤ, ʦʜʥʘʢʦ ʞʝ, ʜʦʤʠʥʠʨʫʶʪ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʘʩʪʴ ʪʝʧʣʘ ʧʦʛʣʦʱʘʝʪʩʷ. ʌʠʟʠʯʝʩʢʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʫʛʣʷ ʙʝʟ ʫʯʝʪʘ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʫʛʣʷ ʙʝʟ ʫʯʝʪʘ 

ʵʥʝʨʛʠʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦʵʪʦʤʫ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʵʬʬʝʢ-

ʪʠʚʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʪ.ʝ. ʪʝʧʣʦʝʤʢʦʩʪʴ ʩ ʫʯʝʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʥʘ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝ-ʥʠʷ. ɺ 

ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʦʨʤʘ ʢʦʪʦʨʦʡ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ. ʂʨʦʤʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ, ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʚʣʠʷʝʪ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ. 

ʇʦʢʘʟʘʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʨʠ ʤʦʱʥʦʩʪʠ 

ʥʘʛʨʝʚʘ 3ʢɺʪ. 

ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʥʘʯʘʣʝ ʥʘʛʨʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʩ ʵʣʝʢʪʨʦʜʘʤʠ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʛʨʝʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʠ ʵʪʦʤ ʦʢʨʫʞʘʶʱʠʝ ʦʙʣʘʩʪʠ ʥʘʛʨʝʚʘʶʪʩʷ ʩʣʘʙʦ. ʉʧʫʩʪʷ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʥʘʯʠʥʘʝʪ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʵʣʝʢʪʨʦʜʦʚ, ʧʨʦʛʨʝʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʣʘʩʪʴ 

ʚ ʨʘʜʠʫʩʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ. ʇʦʜʛʦʪʦʚʢʘ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʪʨʝʙʫʝʤʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʥʘʛʨʝʚʘ. ʇʦ ʠʟʚʝʩʪʥʳʤ ʚʝʣʠʯʠʥʘʤ ʥʘʯʘʣʴʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ (ʜʦ ʠ 

ʧʦʩʣʝ ʧʠʨʦʣʠʟʘ) ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʫʛʣʷ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʚ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ, ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ 

ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʤʝʨʝ ʥʘʛʨʝʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 0,5 ʤ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʛʦʣʴ, ʧʨʦʙʦʡ, ʥʘʛʨʝʚ, ʢʘʨʙʦʥʠʟʘʮʠʷ, ʛʘʟ. 
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RATIONAL DIAGRAM OF DRILLING AND VALUES  

OF WORKING ANGLES OF A DRILLING TOOL CUTTING BIT  
 

Abstract. The process of the rotary drilling process and proposes rational drilling pattern applicable for drilling 

operations is considered in this article. The analysis of the kinematics of the drilling tool in the process and the 

direction of drilling speed is determined. The values of the working angles of the cutting tooth of the drilling tool are 

assigned, which strengthen and prevent the sinking of the walls of the wells, and also prevent the occurrence of 

vibrations in the drilling tool. The dynamic loads associated with speed change in the process are transmitted to the 

cutting tool. If the speed of movement is uniform, then inertial forces arise at the time of sudden braking. If the 

motion is accelerated or slowed down, then inertial forces arise in the process of motion itself. In contrast to existing 

designs, when for most drilling tools, a pair of acting forces is directed along the direction of rotation of the drilling 

tool, that is, horizontally, in our case, a pair of forces is directed along the axis of the drilling tool - vertically. The 

vertical direction of the pair of forces along the axis of the drilling tool reduces the resistance to drilling, as well as 

the appearance of a retracting force down the axis of the well. The optimal geometry of cutting teeth with rational 

values is proposed. The studies were conducted to determine the durability of the drilling tool, depending on the 

emerging drilling forces. According to the research results, a drilling tool with cutting teeth from a carbide plate was 

designed and manufactured. 

Key words: rotary drilling, hole, rock cutting tool, drill string, drilling pattern, shearing forces, wear, soil, 

cutting speed, drilling speed, vibration, rock, drill fluid. 
 

Introduction . One of the most widely used methods for creating production and exploration wells is 

rotary drilling. It is provided by the transmission of rotational movements from the surface rotor to the 

drill string [1]. 

Rotary drilling has been used for over one hundred and forty years [1,2]. The technology of this 

method of wells punching was first used in the United States of America in the early eighties of the 

nineteenth century. Since then, it has not changed much, with the exception of minor innovations that have 

led to the efficiency of the process. The changes affected rock-cutting tools - they were improved, new 

liquid media were created for washing the wells, and the strength of the parts of the mechanism was 

strengthened [1,2]. 

In rotary drilling, the static axial loads are greatest and are created by the deadweight of the drill 

string. Other loads leading to tensile stresses include pipe friction against the rock when lifting the 

column, pressure drop in the turbodrill and drill bit, force caused by sticking and tightening of the column. 

During the drilling tool round trip operations, dynamic loads are transferred to the drill string connected 

with a change in speed. If the speed of movement is uniform, then inertial forces arise at the moment of 

sudden braking. If the movement is accelerated or slowed down, then inertial forces appear in the process 

of movement itself. In the vertical sections during rotation, variable loads appear due to the curvature of 

the column as a result of stability loss [3]. 

The relevance of research. Basically, in rotary drilling, the roller drill bit is the most loaded and 

critical element of the drilling rig, for the life cycle of which (almost more than 10 years), the costs of used 

bits are usually several times higher than the cost of the machine itself [4,5]. 

mailto:uralov-1973.2@mail.ru
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In connection with the crisis rise in the cost of drilling operations, research by scientists is aimed at 

solving the following main directions [4,5]. 

a) Improvement the design of drilling rigs in order to increase their reliability; 

b) Improvement and creation of new high-speed and wear-resistant structures of drilling tools for a 

number of typified mining, geological and technological conditions of quarries; 

c) Improvement the organization of drilling operations management and forms of service 

maintenance; 

d) Optimization of the technological process of drilling wells directly in the industrial conditions of 

existing quarries.  

It should be noted that the first two directions are carried out outside the quarries, differ in 

evolutionary development and are the subject of mainly design developments [4õ7]. 

It is known that when drilling deep wells, 11 factors were identified that affect the wear of a drilling 

tool, the geometry of the drilling tool itself being prevailing [6]. 

On these topical issues, a group of scientists on the project ñAP0513118 Creation of drilling tools for 

drilling wells in the extraction of solid, liquid and gaseous minerals (contract No. 164 of 03/15/2018)ò 

explore a new drilling scheme [7õ11]. 

Purpose of work: Study of rational drilling patterns and the values of the working angles of the 

drilling tool of the rake angle ɔ, relief angle Ŭ, wedge angle ɓ, and also the angle of inclination of the 

cutting tooth ɤ. 

Materials and research results. In existing drilling tools during drilling, the nature of the developed 

compressive and shearing forces, the size of particles separated from the massif depends on many factors 

[12õ18]. 

Upon reaching stresses in the rock being destroyed at a critical level, a chipping will occur in front of 

the leading edge of the cutting edge of the drilling tool. Further, the drilling tool rotating around its axis 

will stretch against a recently formed chip ledge and the process will be repeated. When a drilling tool 

slips during drilling process crushing, shredding and chipping of rock is occur. 

As the hardness of rocks increases from soft to medium, the angle of the cutting edge Ŭ of the tapered 

teeth increases from 30õ40Ü to 80õ90Ü, and the size of the rock-cutting teeth and inserts decreases [12õ15]. 

With such values of the rear angle Ŭ, the cutting taper of the drilling tool becomes dull, and obviously 

the drilling forces will increase significantly. 

For carbide rock cutting tools, the working front, rear, and taper angles are not interconnected, since 

the reinforcing plates can be of various shapes, and for drilling tools with diamond-carbide plates most 

often can be round cylinders. The point angle ŭ of such plates is 90Á, and the front ɓ and rear Ŭ are 

interconnected. The cutting force Fcut and the formation of cleaved rocks depend on the value of the rake 

angle ɓ. 

The greater the negativity of the rake angle, the higher the resistance of the rock to cutting. The 

magnitude of the rear angle depends on the kinematic, technical, mining and technological conditions of 

cutting [19]. 

It is proved that the resistance of the rock to crushing Rc and chipping Rch are proportional to the 

contact strength Pc [20]: Rc = 0.24Pc; Rch = 0.06Pc - for incisors with a positive rake angle ɓ;                    

Rch = 0.07c - for incisors with zero rake angle ɓ; Rch = 0.08Pc - for incisors with a negative rake angle ɓ. 

Usually, to prevent the cutting element from landing on the rear face when passing through the top on 

a descent from each wave, the value of the back angle should not exceed 14.5Á, and since the rock-cutting 

drill reinforced with diamond-hard-alloy drill plates, the front ɓ and rear Ŭ angles are structurally 

interconnected (at an angle of sharpening ŭ = 90Á), then the maximum negativity with a minimum increase 

in cutting force for new generation crowns is the rake angle ɓ equal to 15Á [19]. 

Some scientists believe that the working rear angle Ŭp in mining tools is usually 5 õ 20Á. It is not 

recommended to increase it too much at the front positive angle, as this leads to a decrease in the strength 

of the cutting part. With the front, negative angle, it can be increased to 30Á without much damage to the 

strength. Wear sites in this case grow less intensively [21]. 

In practice, depending on the strength of the rocks, rational values of the angle of sharpening ŭ and 

the working rake angle characterizing the strength of the cutting part are established: soft - ŭ = 60õ65Á;           

ɓp =0õ10Á; medium strength - ŭ = 65õ70Á, ɓp = ï5õ0Á; above the average strength - ŭ =70õ90Á,                    

ɓp =- 25õ-10Á [22õ24]. 
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The proposed drilling patterns are significantly different from existing methods. The difference lies in 

the fact that the cutting disk located at a certain angle ɤ relative to the axis of the drilling tool 1, vertically 

from bottom to top, planes the rock (figure 1). 
 

 
 

Figure 1 ï Scheme for determining the working angles of a cutting tooth of a drilling tool 

 

In the half-turn of the drilling tool, the left part of the tooth along axis 4 with surface 2 cuts off the 

soil from the walls of the well, where the right part of the tooth with surface 3 along axis 4 smoothes the 

treated surface of the well. To study the drilling pattern and determine the optimal working angles of the 

cutting wedge, experiments on a drilling tool were carried out on teeth 2,3,4,5, which are made of high-

speed steel (figure 2). For cutting into the soil in the design of the drilling tool provided tip 1 mounted on 

the housing 6 and equipped on three rows with round carbide inserts. 
 

 
 

Figure 2 ï Drilling tools with cutting teeth made of high-speed steel grade P6M5 

 

The difference between the emerging pair of forces from the drilling tools used in the direction. If the 

majority of drilling tools have a pair of forces directed on the direction of the drilling tool rotation 

[4,6,12,16,18], that is, horizontally, then in our case, a pair of forces is directed along the axis of the 

drilling tool in the vertical direction (figure 1). This confirms the forecasts for a decrease in drilling forces, 

as well as the appearance of a retracting force down the hole. For this, it is necessary to conduct additional 

research to optimize the angle of inclination ɤ and to refine the technological process with respect to the 

ratios of the values of penetration and rotation of the drilling tool. 
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It should be noted that according to the geometry of the drilling tools in existing drilling methods, the 

back face touches and rubs against untreated soil, the cutting element lands on the back side [20õ23]. In 

this connection, the drilling process as a whole is deteriorating. 

In the studied design of the drilling tool, the back relief angles Ŭ1 and Ŭ2 along surface 5 have zero 

values in statics, and in kinematics it will reach negative values (figure 1), which will smooth and tamper 

the cut surface of the well. It turns out that by treating the surface of the rear surfaces of the cutting teeth 

of the walls of the borehole, we strengthen it, preventing shedding and fragments of parts of the walls after 

drilling. In addition, the full contact of the surface 5 during the drilling process does not allow vibrations 

in the drilling tool (figure 1). 

Preliminary calculations of the geometric parameters of the cutting tooth were made taking into 

account the volume of the element capturing the rock was calculated based on the volume of the 

trapezoidal slot in the disk knife (figure 3). There are special slots for the removal of cut soil to the top 

with drilling mud on the cutting tooth. 

According to the deformation of solids [25,26], to obtain a clean shear, taking into account the tooth 

thickness ht and the volume of rock extracted per one revolution, the lifting angle of the cutting tooth was 

set as ɤ=18õ22Á (figure 1). At such values of the tooth elevation angle, it becomes possible to obtain a 

shear angle of the rock close to ɓ = 45Á. It is known that with such kinematics of the cutting tooth, 

minimal efforts are spent to destroy a solid [25ï27]. 

The experiments were carried out on drilling of mixed soils with a drilling tool with cutting teeth 

made of high-speed steel grade P6M5 (figure 3). 
 

 
 

Figure 3 ï The design of the fifth cutting tooth (figure 2) 

 

The drill tool contains a sleeve 6 (figure 2), four parallel-mounted teeth 2,3,4,5 mounted in it in the 

form of disks having cutting edges A and B (Figure 1). The cutting edges have the same relief angles equal 

to Ŭ1=Ŭ2= - (0õ1.5Á) and the rake angles with the values ɔ1=20õ25Á, ɔ2= - (20õ25Á). 
Based on the obtained research data, a boring tool with cutting bit was made from a carbide blade of 

the BK6 brand (figure 4). The boring tool is designed for drilling of hard rock, it has: 1 - a cone-shaped tip 
equipped with solid plates in two grooves; 2,3,4,5 - cutting bit in the form of a disk made of structural 
steel grade 45 steel. The disks are mounted on the drilling tool sleeve (6) and are equipped with hard 
plates on the front surfaces; 7,8,9,10 - hole for the delivery of drilling fluid into the drill zone, under a 
certain pressure. It should be noted that the drilling fluid is supplied separately to the drill zone for each bit 
which facilitates the removal of cut soil. In the sleeve 1, the design of the drilling tool provides a shank 
with a tapered thread, which is installed with a sleeve adapters on standard drill pipes. 
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Figure 4 ï A boring tool with cutting bit from a BK6 carbide plate 

 

Conclusions. According to the research, the following results are formed:  

1. The studied drilling pattern is rational, applicable for drilling operations. The drilling speed Vr at 

point A will be directed upward at an angle depending on the values of revolution and feed of the drilling 

tool. The resulting pair of forces is directed along the axis of the drilling tool vertically making it possible 

to reduce the drilling forces, as well as the appearance of a retracting force down the borehole (figure 1). 

2. Negative values of the rear angles Ŭ1 and Ŭ2 along the surface 5 of the cutting bit will smooth, tamp 

the cut surface of the well, preventing crumbling of the walls of the well (figure 1). The presence of 

contact between the rear surfaces of the bits strengthens the walls of the borehole, prevents shedding and 

occurrence of vibrations in the drilling tool (figure 1). 

3. An optimal geometry of cutting bit with rational values has been developed (figure 3). 

4. Based on the calculations and experiments, the working angles of the cutting bit are assigned 

(figure 1): - the angle of the cutting bit rise is ɤ = 18 õ 22Á, where minimal effort is spent to destroy the 

solid; trailing angles equal to Ŭ1 = Ŭ2 = - (0õ1,5Á) and rake angles with values ɔ1 = 20õ25Á,                       

ɔ2 = - (20õ25Á).  

5. Based on the results obtained, a drilling tool with cutting bits was designed and manufactured from a 

carbide blade of the BK6 brand to determine the resistance and study the emerging drilling forces (figure 4). 
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1ʄ. ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆשʪװʩʪʽʢ פʘʟʘץʩʪʘʥ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʐʳʤʢʝʥʪ, פʘʟʘץʩʪʘʥ; 

2ʄ. ʋʣʫסʙʝʢ ʘʪʳʥʜʘסʳ ᴆʟʙʝʢʩʪʘʥ ױʣʪʪʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʊʘʰʢʝʥʪ, ᴆʟʙʝʢʩʪʘʥ; 
3ᴄ. ɹ. ɹʝʢʪײʨʦʚ ʘʪʳʥʜʘסʳ ʍʠʤʠʷ סʳʣʳʤʜʘʨʳ ʠʥʩʪʠʪʫʪʳ, ɸʣʤʘʪʳ, פʘʟʘץʩʪʘʥ 

 

ʈɸʎʀʆʅɸʃɼʓ ɹױʈנʓʃɸʋ ʉױʃɹɸʉʓ ɾᴄʅɽ ɹױʈנʓʃɸʋ פʆʅɼʓʈנʓʉʓʅʓר  

ʂɽʉʋ ʊɯʉʊɽʈɯʅɯר ɾױʄʓʉ ɹױʈʓʐʓʅʓר ʄɸרʓɿɼʓʃʓנʓ 

 

ɸʥʥʦʪʘʮʠʷ. ɾײʤʳʩʪʘ ʙײʨסʳʣʘʫʜʳש ʘʡʥʘʣʤʘʣʳ ʧʨʦʮʝʩʽ ץʘʨʘʩʪʳʨʳʣʳʧ, ʙײʨסʳʣʘʫ ʞײʤʳʩʪʘʨʳ װʰʽʥ 

-ʢʠʥʝʤʘʪʠʢʘʩʳʥ ʪʘʣʜʘʫ ʙʘʨʳ שʨʘʣʳʥʳײץ ʳʣʘʫסʨײʘʥ. ɹסʩʳʥʳʣײ ʳʣʘʫ ʩʳʟʙʘʩʳסʨײʪʳʤʜʳ ʙײ ʘʙʳʣʜʘʥʘʪʳʥץ

ʩʳʥʜʘ ʙײʨסʳʣʘʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʙʘסʳʪʳ ʘʥʳץʪʘʣסʘʥ. ʈʦʪʦʨʣʳ ʘʡʥʘʣʤʘʣʳ ʙײʨסʳʣʘʫ ʢʝʟʽʥʜʝʛʽ ʰʘʨʣʳ           

 ᴇʤʽʨʣʽʢ ʮʠʢʣʳ שʞʘʫʘʧʪʳ ʵʣʝʤʝʥʪʽ, ʜʝʤʝʢ, ʦʥʳ שʢʪʝʤʝʩʽ ʞᴅʥʝ ʝװʘʨʳ ʞסʞʦ שʝ שʳʣʘʫ ʩʪʘʥʦʛʳʥʳסʨײʘʰʘʫ ï ʙץ

 ʥʳʥʘʥ ʙʽʨʥʝʰʝ ʝʩʝײץ ᴇʟ שʳʥʜʘʨʳ ʤʘʰʠʥʘʥʳסʰʳ שʘʰʘʫʜʳץ ʘʥסʤʩʘʣײʞ (ʟʽʥʜʝ 10 ʞʳʣʜʘʥ ʘʩʪʘʤװʽʩ ʞ) ʰʽʥװ

ʘʩʳʧ ʪװʩʝʜʽ. ɹײʣ ʙײʨסʳʣʘʫ ʩʪʘʥʦʢʪʘʨʳʥʳש ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʙײʨסʳʣʘʫ ײץʨʘʣʜʘʨʳʥʳש ʞʘשʘ, 

ʞʳʣʜʘʤʳʨʘץ ʞᴅʥʝ ʪᴇʟʽʤʜʽ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʞʘʩʘʫ ʤʘץʩʘʪʳʥʜʘ ʙײʨסʳʣʘʫ ʩʪʘʥʦʛʳʥʳש ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ 

ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ סʘʣʳʤʜʘʨʜʳש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨʽʥʽץ שʘʡʪʘ ʞʘסשʳʨʫʳʥʘ ʩʝʙʝʧ ʙʦʣʜʳ. 

ɹײʨסʳʣʘʫ ʞײʤʳʩʪʘʨʳʥʳש ʜʘסʜʘʨʳʩʪʳץ ץʳʤʙʘʪʪʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, סʘʣʳʤʜʘʨʜʳש ʟʝʨʪʪʝʫʣʝʨʽ ʢʝʣʝʩʽʜʝʡ 

ʥʝʛʽʟʛʽ ʤʘץʩʘʪʪʘʨסʘ ʙʘסʳʪʪʘʣסʘʥ: ʙײʨסʳʣʘʫ ʩʪʘʥʦʢʪʘʨʳʥʳש ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʦʣʘʨʜʳש 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫ; ʢʘʨʴʝʨʣʝʨʜʽש ʙʽʨץʘʪʘʨ ʪʠʧʪʝʣʛʝʥ ʪʘʫ-ʢʝʥ-ʛʝʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʞʘסʜʘʡʣʘʨʳ װʰʽʥ ʙײʨסʳʣʘʫ ײץʨʘʣʜʘʨʳʥʳש ʞʘשʘ, ʞʳʣʜʘʤ ʞᴅʥʝ ʪᴇʟʽʤʜʽ ײץʨʳʣʳʤʜʘʨʳʥ ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ ײץʨʫ; 

ʙײʨסʳʣʘʫ ʞײʤʳʩʪʘʨʳʥ ʙʘʩץʘʨʫʜʳ ʞᴅʥʝ ʩʝʨʚʠʩʪʽʢ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ ײʡʳʤʜʘʩʪʳʨʫʜʳ ʞʝʪʽʣʜʽʨʫ; 

ʞײʤʳʩ ʽʩʪʝʧ ʪײʨסʘʥ ʢʘʨʴʝʨʣʝʨʜʽש ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʞʘסʜʘʡʳʥʜʘ סשײʳʤʘʣʘʨʜʳ ʙײʨסʳʣʘʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʨʦʮʝʩʽʥ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ɹʽʨʽʥʰʽ ʝʢʽ ʙʘסʳʪ ʢʘʨʴʝʨʣʝʨʜʝʥ ʪʳʩ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, ʜʘʤʫ ʵʚʦʣʶ-

ʮʠʷʣʳץ ʩʠʧʘʪʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ ʞᴅʥʝ ʥʝʛʽʟʽʥʝʥ ʢʦʥʩʪʨʫʢʪʦʨʣʳץ ᴅʟʽʨʣʝʤʝʣʝʨʜʽש ʤᴅʥʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. 
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ɹײʨסʳʣʘʫ ײץʨʘʣʳʥʳש ʟʝʨʪʪʝʣʝʪʽʥ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʜʘ ʘʨʪץʳ ʙײʨʳʰʪʘʨʜʳש ʩʪʘʪʠʢʘʜʘ ʥᴇʣʜʽʢ ʤᴅʥʽ ʙʘʨ 

ʞᴅʥʝ ʢʠʥʝʤʘʪʠʢʘʜʘ ʦʣʘʨ סשײʳʤʘʥʳש ʢʝʩʽʣʛʝʥ ʙʝʪʽʥ ʪʝʛʽʩʪʝʡʪʽʥ ʞᴅʥʝ װʪʽʢʪʝʡʪʽʥ ʪʝʨʽʩ ʤᴅʥʜʝʨʛʝ ʞʝʪʝʜʽ. ʗסʥʠ 

-ʙᴇʣʽʢʪʝʨʽ שʘʣʘʨʜʳסʘʙʳʨץ ʳʣʘʫʜʘʥ ʢʝʡʽʥסʨײʜʝʧ, ʙשʳ ʙʝʪʽʥ ᴇץʘʨʪ שʢʝʩʝʪʽʥ ʪʽʩʪʝʨʽʥʽ שʘʣʘʨʳʥʳסʘʙʳʨץ ʳʤʘסשײ

ʥʽש ʪᴇʛʽʣʫʽ ʤʝʥ ʩʳʥʫʳʥ ʙʦʣʜʳʨʤʘʡ, ʦʥʳ ʥʳסʘʡʪʪʳ. ɹײʜʘʥ ʙʘʩץʘ, ʙײʨסʳʣʘʫ ʧʨʦʮʝʩʽʥʜʝ װʩʪʽשʛʽ ץʘʙʘʪʪʳש ʪʦʣʳץ 

ʙʘʡʣʘʥʳʩʳ ʙײʨסʳʣʘʫ ײץʨʘʣʳʥʜʘ ʜʽʨʽʣʜʽש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʞʦʣ ʙʝʨʤʝʡʜʽ. 

ɾײʤʳʩ ʽʩʪʝʧ ʪײʨסʘʥ ײץʨʳʣʳʤʜʘʨסʘ ץʘʨʘסʘʥʜʘ, ʙײʨסʳʣʘʫ ײץʨʘʣʜʘʨʳʥʳש ʢᴇʧʰʽʣʽʛʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ 

ʢװʰʪʝʨ ʞײʙʳ ʙײʨסʳʣʘʫ ײץʨʘʣʳʥʳש ʘʡʥʘʣʫ ʙʘסʳʪʳ ʙʦʡʳʥʰʘ ʙʘסʳʪʪʘʣסʘʥ, ʷסʥʠ ʢᴇʣʜʝʥʝש, ʙʽʟʜʽש ʞʘסʜʘʡʜʘ 

ʢװʰʪʝʨ ʞײʙʳ ʙײʨסʳʣʘʫ ײץʨʘʣʳʥʳש ʦʩʽ ʙʦʡʳʥʰʘ ï ʪʽʛʽʥʝʥ ʙʘסʳʪʪʘʣסʘʥ. ɹײʨסʳʣʘʫ ײץʨʘʣʳʥʳש ʦʩʽ ʙʦʡʳʥʰʘ 

ʢװʰʪʝʨ ʞײʙʳʥʳש ʪʽʛʽʥʝʥ ʙʘסʳʪʪʘʣʫʳ ʙײʨסʳʣʘʫסʘ ʢʝʜʝʨʛʽ ʢװʰʪʝʨʽʥʽש ʪᴇʤʝʥʜʝʫʽʥʝ, ʩʦʥʜʘʡ-ʘסשײ ץʳʤʘʥʳש ʦʩʽ 

ʙʦʡʳʥʰʘ ʪᴇʤʝʥ ץʘʨʘʡ ʪʘʨʪʫʰʳ ʢװʰʪʽש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʧ ʩʦסʘʜʳ. ʊʽʢ ʦʨʥʘʣʘʩץʘʥ ʫʯʘʩʢʝʣʝʨʜʝ ʘʡʥʘʣʫ 

ʧʨʦʮʝʩʽʥʜʝ ʦʨʥʳץʪʳʣʳץʪʳ ʞʦסʘʣʪʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʘסʘʥʘʥʳץ שʠʩʘʶʳ ʩʘʣʜʘʨʳʥʘʥ ʘʫʳʩʧʘʣʳ ʞװʢʪʝʤʝʣʝʨ ʧʘʡʜʘ 

ʙʦʣʘʜʳ.  

ʕʢʩʧʝʨʠʤʝʥʪʪʝʨ ʈ6ʄ5 ʤʘʨʢʘʣʳ ʞʳʣʜʘʤ ʢʝʩʝʪʽʥ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ ʢʝʩʢʽʰ ʪʽʩʪʝʨʽ ʙʘʨ ʙײʨסʳʣʘʫ 

  .ʨʛʽʟʽʣʜʽװʳʣʘʫ ʙʦʡʳʥʰʘ ʞסʨײʪʳ ʙץʨʘʣʳʤʝʥ ʘʨʘʣʘʩ ʪʦʧʳʨʘײץ

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽש ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨʽ ʥʝʛʽʟʽʥʜʝ ɺʂ 6 ʤʘʨʢʘʣʳ ץʘʪʪʳ ʙʘʣץʠʪʳʥ ʧʣʘʩʪʠʥʘʜʘʥ 

ʢʝʩʢʽʰ ʪʽʩʪʝʨʽ ʙʘʨ ʙײʨסʳʣʘʫ ײץʨʘʣʳ ᴅʟʽʨʣʝʥʜʽ. ɹײʨסʳʣʘʫ ײץʨʘʣʳ ץʘʪʪʳ ʞʳʥʳʩʪʘʨʜʳ ʙײʨסʳʣʘʫסʘ ʘʨʥʘʣסʘʥ, ʝʢʽ 

ʧʘʟʘʜʘ ץʘʪʪʳ ʧʣʘʩʪʠʥʘʣʘʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ʢʦʥʫʩ ʪװʨʽʥʜʝʛʽ ײʰʪʳסʳ ʙʘʨ 45 ʤʘʨʢʘʣʳ ʢʦʥʩʪʨʫʢʮʠʷʣʳץ 

ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ ʜʠʩʢ ʪװʨʽʥʜʝʛʽ ʢʝʩʝʪʽʥ ʪʽʩʪʝʨʽ ʙʘʨ. ɼʠʩʢʽʣʝʨ ʙײʨסʳʣʘʫ ײץʨʘʣʳʥʳש ʢʦʨʧʫʩʳʥʘ ʙʝʢʽʪʽʣʛʝʥ 

ʞᴅʥʝ ʘʣʜʳסשʳ ʙʝʪʪʝʨʽʥʝ ץʘʪʪʳ ʧʣʘʩʪʠʥʘʣʘʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ; ʙײʨסʳʣʘʫ ʝʨʽʪʽʥʜʽʩʽʥ ʙײʨסʳʣʘʫ ʘʡʤʘסʳʥʘ 

ʙʝʣʛʽʣʽ ʘʨʳʥʤʝʥ ʞʝʪʢʽʟʫʛʝ ʘʨʥʘʣסʘʥ ʪʝʩʽʢ ʦʨʳʥ ʘʣסʘʥ. ɹײʨסʳʣʘʫ ʘʡʤʘסʳʥʘ ᴅʨʙʽʨ ʪʽʩʢʝ ʘʨʥʘʣסʘʥ ʙײʨסʳʣʘʫ 

ʝʨʽʪʽʥʜʽʩʽ ʙᴇʣʝʢ ʙʝʨʽʣʝʜʽ, ʙײʣ ʘʞʳʨʘסʘʥ ʪʦʧʳʨʘץʪʳש ʘסʫʳʥ ʞʝשʽʣʜʝʪʝʜʽ. ɹײʨסʳʣʘʫ ײץʨʘʣʳ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש 

ʢʦʨʧʫʩʳʥʜʘ ʩʪʘʥʜʘʨʪʪʳ ʙײʨסʳʣʘʫ ײץʙʳʨʣʘʨʳʥʘ ʘʨʥʘʣסʘʥ ᴇʪʢʽʟʛʽʰʪʝʨʜʽש ʪʳסʳʥʳʤʝʥ ʦʨʥʘʪʳʣʘʪʳʥ ʢʦʥʫʩʪʳץ 

ʙײʨʘʥʜʘʩʳ ʙʘʨ ᴇʟʝʢʰʝ ץʘʨʘʩʪʳʨʳʣסʘʥ.  

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ ʙײʨסʳʣʘʫʜʳײ שʪʳʤʜʳ ʩײʣʙʘʩʳ ײʩʳʥʳʣסʘʥ, ʦסʘʥ ʩᴅʡʢʝʩ, ʪʫʳʥʜʘʡ-

ʪʳʥ ʢװʰʪʝʨ ʙʫʳ ʙײʨסʳʣʘʫ ײץʨʘʣʳʥʳש ʦʩʽ ʙʦʡʳʥʰʘ ʪʽʛʽʥʝʥ ʙʘסʳʪʪʘʣסʘʥ, ʙײʣ ʙײʨסʳʣʘʫ ʢװʰʽʥ ʪᴇʤʝʥʜʝʪʫʛʝ, 

ʩʦʥʜʘʡ-ʘץ ʙײʨסʳʣʘʫ סשײʳʤʘʩʳ ʙʦʡʳʥʰʘ ʪᴇʤʝʥ ץʘʨʘʡ ʪʘʨʪץʳʰ ʢװʰʢʝ ʠʝ ʙʦʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʂʝʩʢʽʰ ʪʽʩʪʽש ʙʝʪʽ ʙʦʡʳʥʰʘ Ŭ1 ʞᴅʥʝ Ŭ2 ʘʨʪץʳ ʙײʨʳʰʪʘʨʳʥʳש ʪʝʨʽʩ ʤᴅʥʜʝʨʽ װʪʽʢʪʝʣʝʜʽ, סשײʳʤʘ ץʘʙʳʨסʘ-

ʣʘʨʳʥʳש ʙʽʪʝʣʫʽʥ ʙʦʣʜʳʨʤʘʡ, סשײʳʤʘʥʳש ʢʝʩʽʣʛʝʥ ʙʝʪʽʥ ʪʝʛʽʩʪʝʡʜʽ. ʊʽʩʪʝʨʜʽש ʘʨʪץʳ ʙʝʪʪʝʨʽʥʽש ʞʘʥʘʩʫʳʥʳש 

ʙʦʣʫʳ ʙײʨסʳʣʘʫ ײץʨʘʣʳʥʜʘ ʜʽʨʽʣʜʽש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʞʦʣ ʙʝʨʤʝʡ, סשײʳʤʘʥʳץ שʘʙʳʨסʘʣʘʨʳʥ ʥʳסʘʡʪʘʜʳ.  

ɹײʨסʳʣʘʫ ʢװʰʪʝʨʽʥʝ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʘʥʳץʪʘʫ ʞᴅʥʝ ʟʝʨʪʪʝʫ װʰʽʥ ɺʂ6 ʤʘʨʢʘʣʳ ץʘʪʪʳ ʙʘʣץʠʪʳʥ ʧʣʘʩʪʠʥʘʜʘʥ 

ʢʝʩʢʽʰ ʪʽʩʪʝʨʽ ʙʘʨ ʙײʨסʳʣʘʫ ײץʨʘʣʳ ײץʨʘʩʪʳʨʳʣʜʳ. ʇʘʡʜʘ ʙʦʣסʘʥ ʙײʨסʳʣʘʫ ʢװʰʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙײʨסʳʣʘʫ 

 ʡʤʘʣʳײץʘʪʪʳץ ,ʨʛʽʟʽʣʛʝʥ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝװʳ ʟʝʨʪʪʝʫʣʝʨ ʞסʳʪʳʥʜʘסʪʘʫ ʙʘץʙʝʨʽʢʪʽʛʽʥ ʘʥʳ שʨʘʣʳʥʳײץ

ʪʘץʪʘʡʰʘʜʘʥ ʪײʨʘʪʳʥ ʪʽʩʪʝʨʽ ʙʘʨ ʢʝʩʝʪʽʥ ʙײʨסʳʣʘʫ ײץʨʘʣʳ ʜʘʡʳʥʜʘʣʳʧ, ʞʘʩʘʣסʘʥ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʘʡʥʘʣʤʘʣʳ ʙײʨסʳʣʘʫ, סשײʳʤʘ, ʪʘʫ-ʢʝʥ ʢʝʩʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʘʣ, ʙײʨסʳʣʘʫ ʙײʨʳʰʳ, 

ʙײʨסʳʣʘʫ װʣʛʽʩʽ, ʞʳʣʞʫ ʢװʰʪʝʨʽ, ʪʦʟʫ, ʪʦʧʳʨʘץ, ʢʝʩʫ ʞʳʣʜʘʤʜʳסʳ, ʙײʨסʳʣʘʫ ʞʳʣʜʘʤʜʳסʳ, ʜʽʨʽʣ, ʪʘʫ 

ʞʳʥʳʩʳ, ʙײʨסʳʣʘʫ ʝʨʽʪʽʥʜʽʩʽ. 
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1ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʫʵʟʦʚʘ, ʐʳʤʢʝʥʪ, ʂʘʟʘʭʩʪʘʥ; 

2ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ɸ. ʂʘʨʠʤʦʚʘ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ; 
3ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʠʤ. ɸ. ɹ. ɹʝʢʪʫʨʦʚʘ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ʈɸʎʀʆʅɸʃʔʅɸʗ ʉʍɽʄɸ ɹʋʈɽʅʀʗ ʀ ɿʅɸʏɽʅʀʗ ʈɸɹʆʏʀʍ ʋɻʃʆɺ  

ʈɽɾʋʑɽɻʆ ɿʋɹɸ ɹʋʈʀʃʔʅʆɻʆ ʀʅʉʊʈʋʄɽʅʊɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʙʫʨʝʥʠʷ ʠ ʧʨʝʜʣʦʞʝʥʘ ʨʘʮʠʦʥʘʣʴʥʘʷ 

ʩʭʝʤʘ ʙʫʨʝʥʠʷ, ʧʨʠʤʝʥʠʤʘʷ ʜʣʷ ʙʫʨʠʣʴʥʳʭ ʨʘʙʦʪ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʢʠʥʝʤʘʪʠʢʠ ʙʫʨʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ, ʦʧʨʝʜʝʣʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʙʫʨʝʥʠʷ. ʇʨʠ ʨʦʪʦʨʥʦʤ ʚʨʘʱʘʪʝʣʴʥʦʤ ʙʫʨʝʥʠʠ 

ʰʘʨʦʰʝʯʥʦʝ ʜʦʣʦʪʦ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʤ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ, ʟʘ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʢʦʪʦʨʦʛʦ (ʧʨʘʢʪʠʯʝʩʢʠ ʙʦʣʝʝ 10 ʣʝʪ) ʟʘʪʨʘʪʳ ʥʘ ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʝ ʜʦʣʦʪʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʧʨʝʚʳʰʘʶʪ ʩʪʦʠʤʦʩʪʴ ʩʘʤʦʡ ʤʘʰʠʥʳ. ʕʪʦ ʠ ʷʚʠʣʦʩʴ ʧʨʠʯʠʥʦʡ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʝʥʥʳʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʩʢʦʨʦʩʪʥʳʭ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʫʨʦʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʢʨʠʟʠʩʥʳʤ ʫʜʦʨʦʞʘʥʠʝʤ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʯʝʥʳʭ ʥʘʧʨʘʚʣʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 
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ʠʭ ʥʘʜʝʞʥʦʩʪʠ; ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʩʢʦʨʦʩʪʥʳʭ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʫʨʦʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʷʜʘ ʪʠʧʠʟʠʨʦʚʘʥʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʢʘʨʴʝʨʦʚ; 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʙʫʨʦʚʳʤʠ ʨʘʙʦʪʘʤʠ ʠ ʬʦʨʤ ʩʝʨʚʠʩʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ; ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʫʶʱʠʭ ʢʘʨʴʝʨʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʚʘ ʧʝʨʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚʥʝ 

ʢʘʨʴʝʨʦʚ, ʦʪʣʠʯʘʶʪʩʷ ʵʚʦʣʶʮʠʦʥʥʦʩʪʴʶ ʨʘʟʚʠʪʠʷ ʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʚ ʦʩʥʦʚʥʦʤ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ 

ʨʘʟʨʘʙʦʪʦʢ.  

ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʨʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘʜʥʠʝ ʫʛʣʳ ʠʤʝʶʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʩʪʘʪʠʢʝ, ʠ 

ʚ ʢʠʥʝʤʘʪʠʢʝ ʦʥʠ ʙʫʜʫʪ ʜʦʩʪʠʛʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʨʠʩʫʥʦʢ 1), ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʳʛʣʘʞʠʚʘʪʴ ʠ 

ʪʨʘʤʙʦʚʘʪʴ ʩʨʝʟʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʚʘʞʠʥʳ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʦʙʨʘʙʘʪʳʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʜʥʠʤʠ ʧʦʚʝʨʭ-

ʥʦʩʪʷʤʠ ʨʝʞʫʱʠʭ ʟʫʙʴʝʚ ʩʪʝʥ ʩʢʚʘʞʠʥʳ, ʤʳ ʫʢʨʝʧʣʷʝʤ ʝʛʦ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʦʩʳʧʘʥʠʷ ʠ ʦʪʣʦʤʢʠ ʯʘʩʪʝʡ ʩʪʝʥ 

ʧʦʩʣʝ ʙʫʨʝʥʠʷ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʣʥʳʡ ʢʦʥʪʘʢʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʥʝ ʜʦʧʫʩʢʘʝʪ ʧʦʷʚʣʝʥʠʡ 

ʚʠʙʨʘʮʠʡ ʚ ʙʫʨʠʣʴʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʛʜʘ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʙʫʨʠʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʘʨʘ ʜʝʡ-

ʩʪʚʫʶʱʠʭ ʩʠʣ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʙʫʨʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʪʦ ʝʩʪʴ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʘʨʘ ʩʠʣ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʦʩʠ ʙʫʨʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ï ʧʦ ʚʝʨʪʠʢʘʣʠ. ʅʘʧʨʘʚʣʝʥʠʝ ʧʘʨʳ ʩʠʣ ʧʦ 

ʦʩʠ ʙʫʨʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʫʨʝʥʠʶ, ʘ ʪʘʢʞʝ 

ʧʦʷʚʣʝʥʠʶ ʚʪʷʛʠʚʘʶʱʝʡ ʩʠʣʳ ʚʥʠʟ ʧʦ ʦʩʠ ʩʢʚʘʞʠʥʳ. ʅʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʧʨʦʮʝʩʩʝ ʚʨʘʱʝʥʠʷ 

ʧʦʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʚʩʣʝʜʩʪʚʠʝ ʠʩʢʨʠʚʣʝʥʠʷ ʢʦʣʦʥʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʙʫʨʠʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩ ʨʝʞʫʱʠʤʠ ʟʫʙʴʷ-

ʤʠ ʠʟ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʧʣʘʩʪʠʥʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʙʫʨʝʥʠʶ ʩʤʝʰʘʥʥʳʭ ʛʨʫʥʪʦʚ ʙʫʨʠʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩ ʨʝʞʫʱʠʤʠ 

ʟʫʙʴʷʤʠ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʤʘʨʢʠ ʈ6ʄ5. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʛʦʪʦʚʣʝʥ ʙʫʨʠʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩ 

ʨʝʞʫʱʠʤʠ ʟʫʙʴʷʤʠ ʠʟ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʧʣʘʩʪʠʥʳ ʤʘʨʢʠ ɺʂ6. ɹʫʨʠʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʙʫʨʝʥʠʷ ʪʚʝʨʜʳʭ ʧʦʨʦʜ, ʠʤʝʝʪ ʥʘʢʦʥʝʯʥʠʢ ʚ ʚʠʜʝ ʢʦʥʫʩʘ ʦʩʥʘʱʝʥʥʦʡ ʪʚʝʨʜʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʚ ʜʚʫʭ ʧʘʟʘʭ; 

ʨʝʞʫʱʠʝ ʟʫʙʴʷ, ʚ ʚʠʜʝ ʜʠʩʢʘ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 45. ɼʠʩʢʠ ʟʘʢʨʝʧʣʝʥʳ ʥʘ 

ʢʦʨʧʫʩʝ ʙʫʨʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʥʘ ʧʝʨʝʜʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʩʥʘʱʝʥʳ ʪʚʝʨʜʳʤʠ ʧʣʘʩʪʠʥʘʤʠ; ʦʪʚʝʨʩʪʠʝ 

ʜʣʷ ʜʦʩʪʘʚʢʠ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʙʫʨʠʤʫʶ ʟʦʥʫ, ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʧʦʨʦʤ. ɺ ʙʫʨʠʤʫʶ ʟʦʥʫ ʜʣʷ ʢʘʞʜʦʛʦ 

ʟʫʙʘ ʙʫʨʠʣʴʥʳʡ ʨʘʩʪʚʦʨ ʧʦʜʘʝʪʩʷ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʫʚʦʜ ʩʨʝʟʘʥʥʦʛʦ ʛʨʫʥʪʘ. ɺ ʢʦʨʧʫʩʝ, 

ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʨʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʭʚʦʩʪʦʚʠʢ ʩ ʢʦʥʫʩʥʦʡ ʨʝʟʴʙʦʡ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʩ ʚʪʫʣʢʦʡ ʧʝʨʝʭʦʜʥʠʢʘʤʠ ʥʘ ʩʪʘʥʜʘʨʪʥʳʝ ʙʫʨʠʣʴʥʳʝ ʪʨʫʙʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥʘ ʨʘʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʙʫʨʝʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʪʦʨʦʡ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʘʨʘ ʩʠʣ ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʧʦ ʦʩʠ ʙʫʨʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ ʩʠʣʳ ʙʫʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʠʪʴʩʷ ʚʪʷʛʠʚʘʶʱʝʡ ʩʠʣʝ ʚʥʠʟ ʧʦ ʙʫʨʠʤʦʡ ʩʢʚʘʞʠʥʝ. 

ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʜʥʠʭ ʫʛʣʦʚ Ŭ1 ʠ Ŭ2 ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʞʫʱʝʛʦ ʟʫʙʘ ʙʫʜʫʪ ʚʳʛʣʘʞʠʚʘʪʴ, 

ʪʨʘʤʙʦʚʘʪʴ ʩʨʝʟʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʚʘʞʠʥʳ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʢʨʦʰʝʥʠʷ ʩʪʝʥ ʩʢʚʘʞʠʥʳ. ʅʘʣʠʯʠʝ ʢʦʥʪʘʢʪʘ 

ʟʘʜʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʫʙʴʝʚ ʫʢʨʝʧʣʷʝʪ ʩʪʝʥʳ ʩʢʚʘʞʠʥʳ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʦʩʳʧʘʥʠʷ ʠ ʥʝ ʜʦʧʫʩʢʘʷ ʧʦʷʚʣʝʥʠʡ 

ʚʠʙʨʘʮʠʡ ʚ ʙʫʨʠʣʴʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʩʠʣ ʙʫʨʝʥʠʷ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʙʫʨʠʣʴʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʩ ʨʝʞʫʱʠʤʠ ʟʫʙʴʷʤʠ ʠʟ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʧʣʘʩʪʠʥʳ ʤʘʨʢʠ ɺʂ6. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʩʪʦʡʢʦʩʪʠ ʙʫʨʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʥʠʢʘʶʱʠʭ ʩʠʣ ʙʫʨʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʙʫʨʠʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩ ʨʝʞʫʱʠʤʠ ʟʫʙʴʷʤʠ ʠʟ ʪʚʝʨʜʦ-

ʩʧʣʘʚʥʦʡ ʧʣʘʩʪʠʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʨʘʱʘʪʝʣʴʥʦʝ ʙʫʨʝʥʠʝ, ʩʢʚʘʞʠʥʘ, ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʛʦʨʥʦʡ ʨʝʟʢʠ, ʙʫʨʠʣʴʥʘʷ ʢʦʣʦʥʥʘ, 

ʩʭʝʤʘ ʙʫʨʝʥʠʷ, ʩʠʣʳ ʩʜʚʠʛʘ, ʠʟʥʦʩ, ʛʨʫʥʪ, ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ, ʚʠʙʨʘʮʠʷ, ʧʦʨʦʜʘ, ʙʫʨʦʚʘʷ 

ʞʠʜʢʦʩʪʴ. 
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USE OF EXTREME PROPERTIES OF DEFORMATION  

FOR ESTIMATION OF ST RENGTH OF CONSTRUCTI VE  

CONCRETE AND REINFOR CED CONCRETE 
 

Abstract. To estimate the resistance of structural concrete and reinforced concrete to destruction, as a criterion 

for reaching the ultimate state, extreme properties of the energy (power) of compressed concrete deformation are 

used.  

Normal and inclined to the longitudinal axis of the bending elements cross sections are considered in the most 

stressed zones. The limitation of the ñstress-strainò diagram used in calculations for concrete is justified by the level 

of the beginning of macro-destructurization, which makes it possible to exclude a re-evaluation of strength. The 

value of the ultimate strain is determined on the descending branch of the diagram at the point corresponding to the 

maximum deformation energy. Super limiting strain is accompanied by a sharp decrease of stresses and structural 

rupture of the material. The dependence of the ultimate strain value on the parameter of the elastic-plastic 

characteristics of concrete is given.  

The values of the ultimate strains for concrete of different classes are obtained. The strength problem of a 

compressed inclined element near the supports as a component of the truss analogy is solved. The result is obtained 

on the basis of a variational method in the theory of plasticity. The functional of virtual velocities principle is used. 

Concrete is considered as a rigid-plastic body. The shear failure occurs within the boundaries of the inclined element. 

Intense deformation is considered localized in a thin layer on the failure surface. To determine the value of the 

ultimate load the upper estimate is applied. The minimum power of plastic deformation is used as a criterion. The 

area of implementation of the truss analogy method is specified. 

Key words: concrete, reinforced concrete, extreme deformation properties, ultimate deformation, shear, truss 

analogy. 

 

Introduction. To estimate the strength of concrete and reinforced concrete structures, a non-linear 

deformation model has recently been widely used, which forms the basis of a number of author and 

normative techniques [1-6]. It examines the distribution of the strain in the sections normal to the 

longitudinal axis of the elements and allows use the stress diagrams in a compressed zone concrete 

corresponding to it and experimentally confirmed. This shows the actual work in the ultimate state. The 

most proven relationship between stresses ʩs  and strains ʩe of concrete is the fractionally rational 

function [5,6]. Meanwhile, it should be noted that the value of the ultimate strain of concrete, which 

bounds the ñ òʩ cs e-  diagram on the descending branch, is not uniquely determined. At the moment, the 

experimentally determined values of the ultimate strain of concrete vary over a fairly wide range [2,3,7] 

and require a clarification. 

The tasks of estimating the strength of elements in inclined sections are solved on the basis of the 

method of truss analogy with the introduction of empirical coefficients [8-10]. At the same time, the shear 

form of failure is experimentally confirmed, both within the boundaries of the compressed strut (strip) and 
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under the dangerous inclined crack [9-12]. At the same time, the empirical approach does not allow the 

establishment of clear boundaries for its implementation. 

In [13], the cyclic strength of asphalt concrete was determined depending on the level of deformation. 

In [14], the safety margins of the truss structure were established using the criterion of the minimum 

perceived mobile load. 

In accordance with the abovementioned, the solution of the problems under consideration on a 

general theoretical basis is relevant. The application of the extreme principles of mechanics of a solid 

deformed body seems promising. 

The purpose of this study is to improve the methods for estimating the strength of structural concrete 

and reinforced concrete based on extreme deformation properties and the theory of plasticity. 

Research methods. To achieve this purpose, the methods of mechanics of a solid deformed body are 

used. As criteria for solving problems of strength, the extreme properties of the energy (power) of concrete 

deformation are considered. The concept of rigid plastic body is implemented. The variational method is 

used in the theory of plasticity, the principle of virtual velocities, the upper estimate of the ultimate load, 

discontinuous solutions. The functional principle of the virtual velocities is investigated on a stationary 

state. As a condition of plasticity at a certain range of stresses, strength condition [15] is used, which 

generalize classical theories of Mohr and Mises  Henki for fragile materials. The values of the ultimate 

deformation of the concrete, beyond which comes the macrofailure of its structure, meets the criterion of 

the maximum potential deformation energy. To estimate the strength of the elements under the shear, 

kinematically possible schemes of its failure are considered, and that one is taken at which the plastic 

deformation power is minimal. 

Results. The task of evaluating strength in normal sections of reinforced concrete elements under 

bending in [3,4] is proposed to be solved by determining the values of the moments corresponding to the 

maximum in the ñmoment ï curvatureò or ñmoment ï deformationò diagrams. In this case, the condition 

of not exceeding the ultimate value cRe  by the strain rate of the extreme fiber of the compressed zone 

should be observed.  

The stress-strain relationship for concrete (figure 1) is fairly accurately described by a rational 

function or a polynomial of the 5th degree, which is harmonized according to research data [3,16]. 

Meanwhile, to clarify the parameters of these functions and check the condition ʩ cRe e¢ , it is necessary 

to establish the value cRe  for different classes of concrete. cRe  limits the part of the descending branch 

of the ñ òʩ cs e-
 
diagram used in the calculations, where the potential deformation energy increases. 

With an increase in the level of deformation above the beyond, destructurization and destruction of 

concrete occur. 
 

 
 

Figure 1 ï "Stress ï strain" diagram of compressed concrete: 

cmf and cmɽ ï average values, respectively, of the compressive strength of the concrete and the initial modulus of elasticity 
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The relations for fractional rational function and the 5th degree polynomial are written respectively in 

the form 

( )2/ ( ) / 1 2 / ,c cdf k ks h h h= - è + - øê ú                                                     
(1)

  

2 3 4 5

1 2 3 4 5/ ,c cdf a a a a as h h h h h= + + + +

                                                

(2) 

where 
cdf

 

ï design value of concrete compressive strength;

 
1,1,05 /cd ʩ cdk E ɽ=  ï characteristic of the 

elastic-plastic properties of concrete; 
cdE

 

ï design modulus of concrete elasticity; 1,ʩ ʩdE

 

ï secant module at 

the top of the diagram (fig. 1); 1,/c c ʩdh e e=  ï level of strain; 1,ʩ cde  ï strain at maximum stress; 1ʘ,
 

2ʘ,
 

3ʘ,
 

4ʘ,
 

5ʘ ï polynomial coefficients. 

It is proposed to determine the calculated value of the ultimate strain cdRe  using the extreme property 

of deformation ï the achievement of the maximum deformation energy of concrete, from the equation  

max( ).ʩ ʩdR ʩ cs e s e=                                                               (3)  

To obtain the polynomial coefficients, the characteristic points 1 and 2 are considered, as well as the 

area of the diagram bounded by the deformation cdRe  (figure 1). The results are given in table 1. 

 
Table 1 ï 5th degree polynomial coefficients 

 

Coef-

ficient 

Concrete compression class 

ʉ12/15 ʉ16/20 ʉ20/25 ʉ25/30 ʉ30/35 ʉ32/40 ʉ35/45 ʉ40/50 ʉ45/55 ʉ50/60 

ʘ1 2.9777 2.8383 2.7013 2.5758 2.4873 2,3852 2.302 2.2463 2.1595 2.0663 

ʘ2 -3.4783 -3.1001 -2.7361 -2.3919 -2.1608 -1,8925 -1.6834 -1.5473 -1.3431 -1.1369 

ʘ3 2.1287 1.7705 1.4358 1.1021 0.8943 0,6499 0.4727 0.3632 0.2103 0.0752 

ʘ4 -0.7334 -0.5939 -0.4685 -0.3317 -0.2554 -0,1629 -0.1032 -0.0696 -0.0292 -0.0049 

ʘ5 0.1053 0.0852 0.0675 0.0457 0.0346 0,0203 0.0119 0.0074 0.0025 0.0003 

 

Functions (1) and (2), the initial modulus of elasticity cdɽ  and the secant modules at the specified 

points 1,ʩ cdɽ , ,ʩR cdɽ  determine the stress diagram in the compressed zone of the reinforced concrete 

element under the condition that the strain achieves in the most compressed fiber the value, .cR cde  

The ultimate value of a bending moment that a reinforced concrete element can perceive 

2(1 ) (1 )
ydu s cdʄ f Ad f bdcxw xw cxw= - = -

                                         
(4) 

in [4] it is recommended to determine from the condition  

 max( ),u ʩʄ e=                                                                  (5) 

where d
 
ï working section height; /x dx=

 
ï relative height of the compressed zone of concrete;              

w ï ratio of stress diagram completeness; c ï characteristic that determines the distance from the point 

of application of the resultant force in concrete to the compressed face of the element (figure 2). 
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Figure 2 ï The design scheme of the reinforced concrete element  

in the normal section: distribution of forces, stresses and strains 

 

The authors proposed formulas for engineering calculation, defining the above characteristics by 

parameter k  

 

1.8 /u R kh h= ,                                                                    (6) 

 

40.5 0.24 1kw= + -,                                                                (7) 

 

42 / 3 0.12 1kc= - -,                                                                (8)

 

 at 2k¸  

2
2 2

21 2 3 2 3
4 8 ,

2 4 2 2
R

k k k k
k k

k
h

è ø
å õ- - - -é ù= + - +æ ö

é ù- ç ÷
ê ú

at

 

2k=

 

4 / 3,Rh =

 

         (9) 

where , 1,/u ʩu cd ʩ cdh e e=  ï strain level at maxuʄ = ; , 1,/R cR cd ʩ cdh e e=  ï ultimate strain level (table 2). 

 

Table 2 ï Ultimate strain level of concrete Rh  

 

Concrete compression class 

ʉ12/15 ʉ16/20 ʉ20/25 ʉ25/30 ʉ30/35 ʉ32/40 ʉ35/45 ʉ40/50 ʉ45/55 ʉ50/60 

1.8093 1.7144 1.6269 1.5705 1.5264 1.4841 1.4495 1.4272 1.3934 1.358 

 

The condition that the value of the current concrete strain ʩe does not exceed the value ,cR cde  

indicates that the concrete is working up to the boundary of its macro-destructuring and can be written as 

.ʠ Rh h¢                                                                        (10) 

Estimation of the strength of reinforced concrete elements on the support areas by the inclined section 

using the method of truss analogy considers the shear form of failure of the compressed element (strut). In 

this case, the calculated dependencies include a number of empirical coefficients. 

For the theoretical justification of the implementation of the truss analogy, the problem of the 

strength of an inclined prism loaded at the ends of the compressive and tangential components of the 

transverse force is solved. The scheme of a rigid-plastic body is used. The prerequisites for applying the 

theory of plasticity are represented in [17-20]. The solution is based on the principle of virtual velocities, 

whose functional in the absence of inertial and mass forces is 

 
* ,

l

ʩl i i

S

I W dS f V dS= -ñ ñ                                                            (11) 
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where 
*

if ï forces in the direction of velocities iV , given on the surface of the body S; clW  ï power 

density of plastic deformation of concrete. 

The functional is investigated on a stationary state0ɯd= . 

The simplest one is a solution in discontinuous functions of velocities. 

The plastic deformation is considered localized in a thin layer on the failure surfacelS , which divides 

the element into two absolutely rigid disks. The jumps of the tangential 
tVD and normal 

nVD to the surface
 

lS
 
components of the movement velocity V of one disk relative to another are expressed through of the 

angle of inclination of the failure surface g and the ratio of the velocities 1 2/m V V= in the direction of 

the action of forces uT and uN . The angle of the direction of velocity V  to the surface lS
 
is

arctg my g= -. 

The variational method is used in the theory of plasticity. Parameters ʪ

 

and ɔ vary. The power              

clW  on the area lS  is considered as a function of deformation velocities, which takes into account the 

dilatancy of concrete. 

The kinematic scheme of the failure of the strut is shown in figure 3. 
 

 
 

Figure 3 ï The kinematic scheme of the compressed element failure 

 

The formula for estimating the strength of a reinforced concrete inclined element has the form  

2 2 2

24(1 ) / 3 ( tan ) (1 an ) (1 )( tan )
1 tan

(tan ) tan

u

cd c

m m mV

f bl m

c c g g c g
q

q g

- + - + + - - -
= +

+
,           (12) 

where b  and cl  ï cross section dimensions; / 2cl z= , 0.9 .z d=  
The results of the calculation with respect to the resistance of concrete to tension and compression 

/ 0.07ctd cdf fc= =  are given in table 3. 

 

Table 3 ï Ultimate relative forces perceived by an inclined element 

 

,qʦ
 tanq m  tang ,gʦ

 /u cd cN f bl  /u cd cT f bl  /u cd cV f bl  

45 1 10.51 1.21 50.4 0.305 0.305 0.432 

30 0.577 176 1.32 52.9 0.179 0.309 0.357 

21.8 0.4 4054 1.33 53 0.124 0.309 0.333 

 

Both characteristics of concrete strength are taken into account, in contrast to the dependence of the 

method [5,6]. The need to take into account the tensile strength of concrete ctdf  is due to the shear form of 

failure. It is well known that shear strength depends both on ctdf  and
cdf . 
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Comparative analysis of the results of evaluating the strength of reinforced concrete elements in 

inclined sections near the supports on the basis of a refined method of a truss analogy with experimental 

data indicates the convergence of theoretical and experimental values. The design scheme (figure 3) is 

confirmed by the failure pattern observed in experiments. Plastic strains are localized on the cut surface in 

thin layers, which is confirmed by systematic experimental studies [21]. 

If condition 1 cot 1.5q¢ ¢  is met failure occurs within the boundaries of the inclined compressed 

brace. In the case cot 1.5q>  there is a shear of the concrete of the compressed zone of the bending 

element over a dangerous inclined crack, which is described by the well-known disk model [9,22,23]. 

Conclusion. The stress-strain diagram ñ òʩ cs e-  used in the calculations on the descending branch 

must be limited to the starting point of the macro-destructuring of concrete. The value of the ultimate 

strain 
cdRe  corresponds to the maximum potential deformation energy max( ).ʩ ʩdR ʩ cs e s e=  

When evaluating the strength of reinforced concrete elements in normal sections, the condition of not 

exceeding by the level of strain the most compressed fiber of concrete at the stage of failure of the level of 

ultimate strain 
ʠ Rh h¢  should be checked. When strain exceeds the ultimate value (

ʠ Rh h> ), a fragile 

avalanche-like failure occurs along the concrete of the compressed zone. 

The strength problem of a compressed inclined element (strut) in the support sections as a component 

of the truss analogy is solved by a variational method in the plasticity theory of concrete. As a criterion for 

determining the ultimate force value perceived by the concrete strut under shear, the minimum of the 

plastic strain capacity is used that is localized in a thin layer on the failure surface. When designing 

reinforced concrete elements, it is recommended to take the inclination angle of the inclined element 

corresponding to the most efficient use of the resistances of concrete and shear reinforcement. 

For a more accurate mapping in the calculations of the behavior of constructive concrete and 

reinforced concrete at the failure stage and improvement of the method of estimating their strength, the 

future development of the deformation model, the use of different methods with the specification of the 

areas of their implementation and the application of extreme principles of mechanics of deformable solid 

body are perspective. 
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1çʖʨʠʡ ʂʦʥʜʨʘʪʶʢ ʘʪʳʥʜʘסʳ ʇʦʣʪʘʚʘ ʧʦʣʠʪʝʭʥʠʢʘʩʳè ױʣʪʪʳץ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʇʦʣʪʘʚʘ, ʋʢʨʘʠʥʘ; 

2ʆʜʝʩʩʘ ʤʝʤʣʝʢʝʪʪʽʢ ײץʨʳʣʳʩ ʞᴅʥʝ ʩᴅʫʣʝʪ ʘʢʘʜʝʤʠʷʩʳ, ʆʜʝʩʩʘ, ʋʢʨʘʠʥʘ; 
3ʉʦʣʪװʩʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɺʘʨʘʞʜʠʥ, ʍʦʨʚʘʪʠʷ 

 

ʂʆʅʉʊʈʋʂʎʀʗʃʓפ ɾᴄʅɽ ʊɽʄɯʈ ɹɽʊʆʅʅʓר ɹɽʈɯʂʊɯɻɯʅ ɹɸנɸʃɸʋɼɸ  

ɼɽʌʆʈʄɸʎʀʗʅʓר ʕʂʉʊʈɽʄɸʃɼʓ פɸʉʀɽʊʊɽʈɯʅ ʇɸʁɼɸʃɸʅʋ 
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1ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʢʘʷ ʧʦʣʠʪʝʭʥʠʢʘ ʠʤʝʥʠ ʖʨʠʷ ʂʦʥʜʨʘʪʶʢʘè, ʇʦʣʪʘʚʘ, ʋʢʨʘʠʥʘ;  
2ʆʜʝʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʆʜʝʩʩʘ, ʋʢʨʘʠʥʘ;  

3ʋʥʠʚʝʨʩʠʪʝʪ ʉʝʚʝʨ, ɺʘʨʘʞʜʠʥ, ʍʦʨʚʘʪʠʷ 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʕʂʉʊʈɽʄɸʃʔʅʓʍ ʉɺʆʁʉʊɺ ɼɽʌʆʈʄɸʎʀʀ  

ɼʃʗ ʆʎɽʅʀɺɸʅʀʗ ʇʈʆʏʅʆʉʊʀ ʂʆʅʉʊʈʋʂʊʀɺʅʆɻʆ ɹɽʊʆʅɸ ʀ ɾɽʃɽɿʆɹɽʊʆʅɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʦʮʝʥʠʚʘʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʙʝʪʦʥʘ ʠ ʞʝʣʝʟʦʙʝʪʦʥʘ ʨʘʟʨʫʰʝʥʠʶ ʚ 

ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʩʚʦʡʩʪʚ ʵʥʝʨʛʠʠ 

(ʤʦʱʥʦʩʪʠ) ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʞʘʪʦʛʦ ʙʝʪʦʥʘ.  

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʦʨʤʘʣʴʥʳʝ ʠ ʥʘʢʣʦʥʥʳʝ ʢ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʠʟʛʠʙʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʩʝʯʝʥʠʷ ʚ ʥʘʠʙʦʣʝʝ 

ʥʘʧʨʷʞʝʥʥʳʭ ʟʦʥʘʭ.  

ʆʙʦʩʥʦʚʘʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʨʘʩʯʝʪʘʭ ʜʠʘʛʨʘʤʤʳ çʥʘʧʨʷʞʝʥʠʷ ï ʜʝʬʦʨʤʘʮʠʷè ʙʝʪʦʥʘ 

ʫʨʦʚʥʝʤ ʥʘʯʘʣʘ ʤʘʢʨʦʜʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʧʝʨʝʦʮʝʥʢʫ ʧʨʦʯʥʦʩʪʠ. ɼʠʘʛʨʘʤʤʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʜʨʦʙʥʦ-ʨʘʮʠʦʥʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʠ ʛʘʨʤʦʥʠʟʠʨʦʚʘʥʥʳʤ ʧʦʣʠʥʦʤʦʤ 5-ʦʡ ʩʪʝʧʝʥʠ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ 



N E W S of the Academy of Sciences of the Republic of Kazakhstan 

  

   38  

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʠʘʛʨʘʤʤʳ: ʪʦʯʢʘ ʚ ʝʝ ʚʝʨʰʠʥʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʢʩʠʤʫʤʫ ʥʘʧʨʷʞʝʥʠʡ, ʪʦʯʢʘ ʧʨʝʜʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʜʝʬʦʨʤʘʮʠʠ, ʜʦ ʢʦʪʦʨʦʡ ʙʝʪʦʥ ʢʘʢ 

ʤʘʪʝʨʠʘʣ ʝʱʝ ʩʧʦʩʦʙʝʥ ʚʦʩʧʨʠʥʠʤʘʝʪ ʚʦʟʨʘʩʪʘʶʱʫʶ ʥʘʛʨʫʟʢʫ, ʘ ʪʘʢʞʝ ʧʣʦʱʘʜʴ ʜʠʘʛʨʘʤʤʳ, ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʧʨʝʜʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʥʘʯʘʣʴʥʳʡ ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ ʙʝʪʦʥʘ ʠ ʩʝʢʫʱʠʝ ʤʦʜʫʣʠ ʚ 

ʚʝʨʰʠʥʝ ʜʠʘʛʨʘʤʤʳ ʠ ʚ ʪʦʯʢʝ, ʢʦʪʦʨʘʷ ʝʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʥʘ ʥʠʩʭʦʜʷʱʝʤ ʫʯʘʩʪʢʝ. ʇʨʠʚʝʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʣʠʥʦʤʘ ʜʣʷ ʙʝʪʦʥʦʚ ʨʘʟʥʦʡ ʧʨʦʯʥʦʩʪʠ.  

ʈʝʰʝʥʘ ʟʘʜʘʯʘ ʧʨʦʯʥʦʩʪʠ ʙʘʣʦʯʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʥʦʨʤʘʣʴʥʦʤ ʩʝʯʝʥʠʠ. ʇʨʝʜʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʢʠ ʠ ʥʝ ʧʨʝʚʳʰʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʝʡ ʫʨʦʚʥʷ, ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʤʘʢʨʦʜʝʩʪʨʫʢʪʫʨʠʟʘʮʠʷ. ɿʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʥʠʩʭʦʜʷʱʝʡ ʚʝʪʚʠ ʜʠʘʛʨʘʤʤʳ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʪʦʯʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʫʤʫ ʵʥʝʨʛʠʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ.  

ɿʘʧʨʝʜʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʩʥʠʞʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ ʠ ʥʘʨʫʰʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʘ. ʇʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʧʨʝʜʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ 

ʩʝʯʝʥʠʷ ʦʪ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʘ. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʧʨʝʜʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʜʣʷ ʙʝʪʦʥʦʚ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ.  

ʆʧʨʝʜʝʣʝʥʘ ʧʨʦʯʥʦʩʪʴ ʩʞʘʪʦʛʦ ʥʘʢʣʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʦʟʣʝ ʦʧʦʨ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʬʝʨʤʝʥʥʦʡ ʘʥʘʣʦ-

ʛʠʠ. ʈʘʩʩʤʦʪʨʝʥʦ ʨʘʟʨʫʰʝʥʠʝ ʧʫʪʝʤ ʩʨʝʟʘ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʞʘʪʳʡ ʵʣʝʤʝʥʪ ʙʝʪʦʥʥʦʡ ʧʨʠʟʤʳ, ʥʘʛʨʫʞʝʥʥʦʡ 

ʧʦ ʪʦʨʮʘʤ ʥʦʨʤʘʣʴʥʦʡ ʩʞʠʤʘʶʱʝʡ ʠ ʢʘʩʘʪʝʣʴʥʦʡ ʩʠʣʘʤʠ.  

ʈʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʝ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʥʷʪʦ ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩ 

ʫʯʝʪʦʤ ʜʠʣʘʪʘʥʩʠʠ ʙʝʪʦʥʘ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣ 

ʧʨʠʥʮʠʧʘ ʚʠʨʪʫʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ.  

ɹʝʪʦʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʞʝʩʪʢʦ-ʧʣʘʩʪʠʯʝʩʢʦʝ ʪʝʣʦ. ʀʥʪʝʥʩʠʚʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʯʠʪʘʝʪʩʷ ʣʦʢʘʣʠʟʦʚʘʥ-

ʥʦʡ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʠʤʳʢʘʶʱʠʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʦʙʣʘʩʪʠ 

ʧʨʠʥʠʤʘʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚʝʨʭʥʷʷ 

ʦʮʝʥʢʘ.  

ʌʫʥʢʮʠʦʥʘʣ ʤʝʪʦʜʘ ʚʠʨʪʫʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺʘʨʴʠʨʫʶʪʩʷ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ 

ʚʳʨʘʞʝʥʳ ʥʦʨʤʘʣʴʥʳʝ ʠ ʢʘʩʘʪʝʣʴʥʳʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʨʝʟʘ ʩʢʘʯʢʠ ʩʢʦʨʦʩʪʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ʤʠʥʠʤʫʤ ʤʦʱʥʦʩʪʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ.  

ʇʨʝʜʣʦʞʝʥʘ ʧʦʜʪʚʝʨʞʜʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʟʨʫʰʝʥʠʷ 

ʩʞʘʪʦʛʦ ʙʝʪʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ ʧʨʦʯʥʦʩʪʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʧʨʠ 

ʨʘʟʥʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʧʨʠʟʤʳ ʢ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʵʣʝʤʝʥʪʘ. ʋʪʦʯʥʝʥʘ ʦʙʣʘʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʬʝʨʤʝʥʥʦʡ 

ʘʥʘʣʦʛʠʠ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʫʛʦʣ ʥʘʢʣʦʥʘ ʥʘʢʣʦʥʥʦʡ ʧʦʣʦʩʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʙʝʪʦʥʘ ʠ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ.  

ʋʢʘʟʘʥʦ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʦʮʝʥʠʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩ ʫʪʦʯʥʝʥʠʝʤ ʦʙʣʘʩʪʝʡ ʠʭ ʨʝʘʣʠʟʘʮʠʠ 

ʠ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʨʠʥʮʠʧʦʚ ʤʝʭʘʥʠʢʠ ʪʚʝʨʜʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʝʣʘ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʠ 

ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʨʘʩʯʝʪʘʭ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʙʝʪʦʥʘ ʠ ʞʝʣʝʟʦʙʝʪʦʥʘ ʥʘ ʩʪʘʜʠʠ 

ʨʘʟʨʫʰʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚ: ʙʝʪʦʥ, ʞʝʣʝʟʦʙʝʪʦʥ, ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʝʜʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ, 

ʩʨʝʟ, ʬʝʨʤʝʥʥʘʷ ʘʥʘʣʦʛʠʷ. 
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INTENSIFICATION OF COMBUSTION FUEL MIXTURE  

IN PETROLAIR THERMAL TOOLS WITH EJECTOR NOZZLE  
 

Abstract. The article considers the problem of increasing the power of the air-petrol thermal tools for 

destruction of rocks in the extraction and processing (stabilizing) block of stone, due to the intensification of 

combustion of the fuel mixture in a supersonic high-temperature jet torch burner. The model of shock wave 

excitation process in ejector nozzle, described by the equations of preservation of mechanics of continuous 

environments is given. As a result, the solution to this equation found the main operating and design parameters of 

the ejector nozzle, the parameters of the supersonic gas stream flowing from the Laval's nozzle of the burner into the 

cavity of the ejection nozzle, and the speed and temperature of the gas stream in the mixing chamber (combustion), the 

area of the output section and the diameter of the ejection of the mixing chamber, diameter and length of the free jet. 

Key words: petrol-air thermal tool, supersonic high-temperature jet, heat flow, fuel components (gasoline, 

kerosene, air), detonation waves. 

 

The intensification of combustion fuel mixture at the air-petrol thermal tools with ejector nozzle, 

made with perforations in the region of the initial section of the jet considered in the assumption of the 

creation on this site of powerful shock waves. Shock waves are formed when meeting with obstacle in a 

cylindrical nozzle (surface roughness ejected cold air) at the end of the supersonic gas jet from the nozzle 

of the main burner [1,2].  

The supersonic jet carries particles of unburned fuel when the excess air ratio is equal to                       

Ŭʊ = 0.5...0.7, which, passing through the shock wave front, are burnt with high speed, forming a new high 

speed jet, thus greatly increasing the total energy capacity of the burner [3,4,5]. 

The conversion of chemical energy into heat and, simultaneously, to kinetic takes place in a 

cylindrical nozzle, which in this case is the combustion chamber. In the combustion cha mber is 

heterogeneous combustion (part of the components is in the liquid phase and the other in the gas phase), 

that is there are chemical and aero-thermodynamic processes in a moving reactive gas environment. In this 

case, the object of study of combustion may serve as the gas flow behind a strong shock wave. A peculiar 

form of burning in this case is detonation, which is characterized by extremely high velocities of 

combustion and a large local increase in pressure and temperature. 

Model of the process of development of the detonation wave (shock wave) is described in domestic 

and foreign literature [6-12].  

Let us consider the properties of planar shock fronts, which is widely used in one-dimensional models 

of the detonation wave. Common to all one-dimensional models are the representation of the detonation 

wave in the form of a complex consisting of the shock front and the adjacent reaction zone. Therefore, 

before proceeding to analyze the situation that occurs when supply chemical energy to the flow behind the 

shock front, we consider the laws that determine the properties of stationary shock waves in nonreactive 

environment. 
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Let us consider a planar shock front propagating at a steady velocity Ws. Pressure, density and 

velocity of the gas are denoted by r, p and u respectively. It is possible to simplify the analysis by 

transforming to a coordinate system with an origin fixed at the shock front to replace a laboratory frame of 

reference. The resulting flows are shown in figure 1.  
 

 
 

Figure 1 ï Model of shock wave excitation process in the ejector nozzle 

1 ï combustion chamber; 2 ï Laval's nozzle; 3 ï ejector nozzle 

 

Here the gas flows into the stationary shock front with a velocity Ws and emerges from the front with 

a velocity u2 = Ws ï u'2, where u'2 is the velocity of the gas relative to a stationary observer. Although the 

processes which occur in the vicinity of the shock front are irreversible, the three mechanical conservation 

conditions apply rigorously to the flows through the control surfaces.  

In integral form they may be expressed as [6,11] 

 r1Ws= r2 u2 (conservation of mass);                                                    (1) 

 p1+r1Ws
2 = p2+r2 u

2
2 (conservation of momentum);                                      (2) 

 rWs
 (h1+W2

s /2) = ru2 (h2+ u2
2/2) (conservation of energy),                                 (3) 

where h=ʝ+pV ï is the specific enthalpy, ʝ ï is the internal energy and V=1/r ï is the specific volume. 

Furthermore, for the strengths of shocks typical of detonation, the ideal equation of state for a gas can 

generally be assumed to hold [8]: 

 p = rRT,                                                                          (4) 

where R - is the gas constant, ʊ ï temperature.  

Equations (1) - (4) have five unknown quantities, Ws, u2, r2, p2, T2, so that all the properties of the 

post-shock flow in region 2 can be expressed in terms of the velocity of the front and the initial conditions 

of the gas.  

Equations (1) and (2) give an expression for the mass flow through the shock, p, thus: 

 (Ws r1)
2 = (u2 r2)

2 = (p2 ï p1) / (V1 ï V2).                                                 (5) 

Equation (5) demonstrates that the mass flow into the shock is given by the square root of the 

negative slope of the straight line in the p-v plane which joins initial (1) and final (2) states. This line is 

termed the Rayleigh line. Equations (1) ï (3) can be combined to produce [9] 

h2ïh1 = (1/2)(p2 ï p1)(V1 + V2) 

or 

 e2 ï e1 = (1/2)(p2 + p1)(V1 ï V2).                                                (6) 

Equation (6) is denoted the Rankine-Hugoniot. 

It characterizes the initial and final states resulting from a given change in energy or enthalpy across 

the shock front. In other words, it is the counterpart of the relationship for isentropic and adiabatic 

processes [9]: 

de = ï pdV or pV = const.                                                            (7) 
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Equations (1) ï (4) can be combined to yield pressure, density and temperature ratios across the front 

in terms of its Mach number, Ms = Ws/a1, where a1 is the speed of sound in the medium ahead of the 

shock: 

 p2 / p1 = p21 = [2kMs
2ï (k ï1)] / (k+1);                                           (8) 

 r2 / r1 = r21 = (k+1) Ms
2 / [(k ï1) Ms

2+2];                                                (9) 

 

( )[ ] ( )[ ]
( )[ ]

,
2/1

2/112/1
/

2

22

2112

s

ss

Mk

MkkkM
TTT

+

-+--
-==

                                   (10) 

where 

nc

c
k

p
=  ï is adiabatic index. 

If the equation of species conservation (1) ï (10) to write given the fact that in sections 1 and 2 

thermodynamic parameters, structure and molecular weight of the mixture, the equation of the detonation 

adiabatic instead of 10 will look [10] 
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Finally, from the equation of state for section 2 will receive  

 
( )12

22
2

-
=

kc

Vp
T

v

.                                                                   (12) 

To increase the power of the jet gas stream carrying unburned fuel, it is necessary to introduce a jet of 

oxidizer is oxygen, so the ejector nozzle performed ejection bores. 

The nozzle, formed by drilling ejection to ejection of the outer atmospheric air inside the nozzle 

promotes additional combustion of fuel components in the stream of oxygen ejection air. Nozzle and diffuser 

of the ejector are no different from ordinary nozzles and diffusers, the calculation of which is set out [8].  

In determining the parameters of the ejector only significant coefficients of maintaining total gas 

pressure in these devices, the initial pressure of mixed gas, find the total pressure on the cut nozzles p1
* 

and p2
* and the full pressure of the mixture of ʨ3

* - total pressure at the exit of the diffuser ʨ4.. These 

coefficients are chosen according to the experimental data. 

The main objective in the calculation of the ejector is to determine the parameters of the gas mixture 

at the outlet of the mixing chamber in the parameters of the gases before mixing. 

Parameters ejection gas in the inlet section will be noted by index 1, the parameters ejection gas index 

2, the parameters of the mixture in the outlet section - index 3. We assume given all the parameters of the 

flow in the inlet section of the chamber and build the solution so that from the equations of conservation 

of mass, energy and momentum flux to determine the temperature of braking, the velocity and total 

pressure of gas mixture in the outlet section of the chamber [8]. 

From the solution of the equations by the method [7,14] we obtain  

 ( )( )() () ( )21311 lqllnq znzznn +=+++ .                                         (13) 

This equation is called the main equation of the ejection. According to the initial parameters of gases 

and ejection coefficient, it is possible to determine the gas-dynamic function ( )
3

33

1

l
ll +=z , and given 

the speed of the mixture ɚ3. 

Knowing the parameters of the ejected and the ejected gases before mixing, we find a dimensionless 

value of n - ejection coefficient. This value can be expressed through the parameters of the flow in the 

inlet section of the chamber and is thus independent. Substituting into the expression for the coefficient of 

ejection of the magnitude of costs miscible gases, recorded with the help of relations (13), we obtain 
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Equation (15) relates the coefficient of ejection n geometric parameter of the ejector Ŭ and parameters 

of the gases at the entrance to the chamber.  

Further, it is necessary to experimentally find the temperature of the heat flow inside the nozzle, or 

the temperature of the inner wall of the ejector nozzle. To determine the temperature of the heat flow 

inside the nozzle must perform the inverse problem of heat conduction through a cylindrical wall that is 

slightly different for the determination of temperature at one and the same wall thickness of the cylindrical 

or flat [13]. 

To improve the energy parameters of gas-jet thermal tool proposes a new design of the working body 

with ejector nozzle and diffuser ï a special nozzle for injecting atmospheric air). 

Figure 1 presents a thermodynamic working body with ejector nozzle. 

Relationships for calculation of achievable parameters and the optimum relationship of the cross 

sections of the gas-jet injectors (nozzles) can be derived based on the equations of the characteristics of 

these devices [14]. 

The result of the calculations obtained the main parameters of the ejection nozzle, when the ejection 

ratio u = 4, ʈʨ = 0,5 ʄʇʘ = 506625 h/m2, w = 1285m/s, ʊ = 2020 ʂ (table). 
 

Estimated data regime and design parameters of thermal tools with a nozzle at the cost of fuel components 17, 25, 35 l/hour 
 

Regime and design parameters 
17 l/hour, air 6 

ʤ3/ʤin 

25 l/hour, 

air 9 ʤ3/ʤin 

35 l/hour, 

air 12 ʤ3/ʤin 

The estimated performance of the injector Gc, kg/sec 0,4368 0,684 0,9428 

Expense of a working stream Gʨ, kg/sec 0,1092 0,171 0,2357 

Expense of the injected stream Gʅ, kg/sec 0,3276 0,513 0,7071 

The critical section of the working nozzle dʨ*, mm 20 22 26 

The exit section of the ejector nozzle of the Lavalôs  

nozzle d1, mm 
24 30 36 

Length of the free jet lʩ1, mm 262,5 328,24 393,8 

Diameter of the free jet d2, mm 148,8 186 223,2 
 

Figure 2 shows the schedule of change of a stream range of the thermal tool with ejector nozzle 

depending on ʩonsumption characteristics of fuel components. 
 

 
 

Figure 2 ï The schedule of change of a stream range of the thermal tool with ejector nozzle depending  

on ʩonsumption characteristics of fuel components: 1 ï theoretical, 2 ï experimental data 
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Thus, the main parameters achievable compression pressure and the pressure in the inlet section of 

the mixing chamber and the main geometric dimensions of the gas-jet injector with diffuser ï special 

nozzle for air injection. 

We consider the case when the transfer of heat through a homogeneous and isotropic wall to one 

surface of the specified boundary conditions of the second kind in the form qʩ = const (at x = 0); on 

another surface is set to the heat-transfer coefficient Ŭ2, and the ambient temperature tʞ2, i.e. boundary 

conditions of the third kind (figure 3). Internal sources in the wall are missing (qʩ =0). 
 

 
 

Figure 3 ï The transfer of heat through a flat wall (mixed boundary conditions) 

 

This problem is reduced to finding the temperature distribution in the wall and the temperatures on its 

surface. Because of the stationarity of the thermal regime we can write the following equation: 

 ( ) ;21
d

l
ccc ttq -=  ( ).222 ʞcc ttq -=a                                               (16)  

From equations (16) it follows that for a given value of qʩ 

 ;
1

2

22
a

cʞc qtt +=  .
1

2

21 öö
÷

õ
ææ
ç

å
++=
l

d

a
cʞc qtt                                                               (17) 

We find from the formula (17) the temperature inside the ejection nozzle: 
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d

l
ccc ttq -= ;21

d

ll cc

c

tt
q

-
= ;21 dll ccc qtt =-

 
;21 ccc tqt ldl +=
 

l

ld 2

1

cc

c

tq
t

+
=

 

where is ɚ ï the heat transfer coefficient for metal, ɚ = 35 W/mʂ; ŭ ï the thickness of the nozzle,                

ŭ = 5 mm = 0,005 m; qʩ ï the heat flow; tc2 ï temperature , tc2 = 1473 ʂ. 

In accordance with figure 4 estimates the temperature of the metal by its colour temperature of the 

nozzle ʊʥ = 1100...12000C (1373é14730K) and given the increase in temperature of the working gas flow 

due to heat of combustion of unburned fuel, but with high temperature (20000ʉ) and loss on heating of the 

metal nozzle, take the temperature of the mixed gas stream ʊʥ = 20000C. 
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ʘ) 

 
b) 

Figure 4 ï The comparative analysis of heating temperature of a surface  

a thermal tool nozzle according to metal temperature on its color [15]: 

ʘ ï process of the surface treatment of thermal tool with gasdynamic nozzle; 

b ï estimation of metal temperature nozzle on its color 

 

Determine the temperature in the nozzle tc1 when various consumable fuel component (17 L/h, 25 L/h, 

35 L/h). Get the temperature in the zone of intense combustion in the nozzle tc1 = 1854ʂ.  

Conclusions: 

1. The model of shock wave excitation process in gas-dynamic nozzle is developed; 

2. The gas flow flowing in the gas-dynamic nozzle is strictly subject to the three equations of solid 

media mechanics conservation: the equations of mass conservation, motion quantity and energy 

conservation; 

3. The main ejection equation has been found, which allows to determine the main kinematic and 

structural parameters of the ejection nozzles, which allows to significantly increase the energy parameters 

of the thermal flow of a gasoline-air thermal tool; 

4. To find the thermal parameters of gas treacle inside the nozzle - gas mixing chamber, an 

experimental method of determining the temperature of the outer surface of the nozzle from the table of 

metal beads colors was used; 

5. To find the parameters of the thermal flow of gas in the nozzle, the inverse problem of heat 

conductivity for calculating the temperature of the inner surface of the nozzle for a flat wall has been 

solved; 

6. As a result of calculation of a new design of a thermal tool with gas-dynamic, ejection nozzles, its 

main kinematic and structural parameters were obtained. 
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ʕɾɽʂʎʀʆʅɼʓ ʉɸʇʊɸʄɸʉʓ ɹɸʈ ɹɽʅɿʀʅ-ɸʋɸʃʓ ʊɽʈʄʆױפʈɸʃɼɸʈʓʅɼɸ  

ʆʊʓʅ פʆʉʇɸʉʓʅʓר ɾɸʅʋʓʅ ʀʅʊɽʅʉʀʌʀʂɸʎʀʗʃɸʋ 

 

ɸʥʥʦʪʘʮʠʷ. ʄʘץʘʣʘʜʘ ʪʝʨʤʦײץʨʘʣ ʞʘʣʳʥʳʥʳש ʜʳʙʳʩʪʳ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳ ʘסʳʥʳʥʜʘ ʦʪʳʥ 

 ʜʝʫ (ʧʘʩʩʠʨʦʚʢʘʣʘʫ) ʢʝʟʽʥʜʝ ʪʘʫשʳʣʳ ʙʣʦʢʪʳ ʪʘʩʪʳ ᴇʥʜʽʨʫ ʞᴅʥʝ ᴇץʳʥʜʘʪʫ ʘʨץʘʨץ ʞʘʥʫʳʥ שʦʩʧʘʩʳʥʳץ

ʞʳʥʳʩʪʘʨʳʥ ʙײʟʫ װʰʽʥ ʙʝʥʟʠʥ-ʘʫʘʣʳ ʪʝʨʤʦײץʨʘʣʜʘʨʜʳץ שʫʘʪʳʥ ʘʨʪʪʳʨʫ ʤᴅʩʝʣʝʩʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ʊײʪʘʩ 

ʦʨʪʘ ʤʝʭʘʥʠʢʘʩʳʥʳש ʩʘץʪʘʣʫ ʪʝשʜʝʫʣʝʨʽʤʝʥ ʩʠʧʘʪʪʘʣסʘʥ ʵʞʝʢʮʠʷʣʳ ʩʘʧʪʘʤʘʜʘ ʩʦץץʳ ʪʦʣץʳʥʳʥʳש ᴇʨʰʫ 

ʧʨʦʮʝʩʽʥʽש ʤʦʜʝʣʽ ʢʝʣʪʽʨʽʣʛʝʥ. ɹײʣ ʪʝשʜʝʫʜʽ ʰʝʰʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʵʞʝʢʮʠʦʥʜʳ ץʦʥʜʳʨʤʘʥʳש ʥʝʛʽʟʛʽ ʨʝʞʠʤʜʽʢ 

ʞᴅʥʝ ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʧʘʨʘʤʝʪʨʣʝʨʽ ʪʘʙʳʣʜʳ. ʊʝʨʤʦײץʨʘʣʜʳש ʃʘʚʘʣʴ ʰװʤʝʛʽʥʝʥ ʵʞʝʢʮʠʦʥʜʳ ץʦʥʜʳʨʤʘʥʳש 

ʩʘשʳʣʘʫʳʥʘʥ ᴇʪʝʪʽʥ ʜʳʙʳʩʪʳ ʛʘʟ ʘסʳʥʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽ ʜʝ ʪʘʙʳʣʜʳ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʞʘʥʫ ʢʘʤʝʨʘʩʳʥʜʘסʳ 

ʛʘʟ ʘסʳʥʳʥʳש ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʩʳ, ʰʳסʫ ץʠʤʘʩʳʥʳש ʘʫʜʘʥʳ ʞᴅʥʝ ʵʞʝʢʮʠʦʥʜʳ ץʦʥʜʳʨʤʘʥʳש 
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