




Ilmiy-texnik va ishlab chiqarish jurnali, 1997 yil iyul oyidan chiqa 
boshlagan. Bir yilda toórt marta nashr etiladi. 
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(Oózbekiston), Raziqov Z.A. (Tojikiston), Raxmatov A.B. 
(Oózbekiston); iqtisod ï Vorobyov A.E. (Rossiya), Djulibekov N.K. 
(Oózbekiston) 
 

Jurnal ʆózbekiston Matbuot va axborot agentligida 2006 yil 
13 dekabrda roóyxatga olingan. Qayd etish guvohnomasi  
ˉ 0033. ISSN 2181-7383, 2013 yil 9 iyul kuni qayta roóyxatga 
olingan boᾶlib qayd etish guvohnomasi ˉ 01-22/37 S 
 

Jurnaldan koóchirib bosilganda manba qayd etilishi shart 
 

Jurnalda chop etilgan maôlumot va keltirilgan  
dalillarning aniqligi uchun muallif javobgardir 
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Nashr etishga 27.03.2025 y. imzolandi 
A3 formatda. Adadi 100 nusxa 
É ʆózbekiston konchilik ʭabarnomasi 2025 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʞʫʨʥʘʣ, ʠʟʜʘʸʪʩʷ ʩ 
ʠʶʣʷ 1997 ʛʦʜʘ, ʚʳʭʦʜʠʪ ʯʝʪʳʨʝ ʨʘʟʘ ʚ ʛʦʜ. 
 

ʋʯʨʝʜʠʪʝʣʠ:  
ɸʆ çʅʘʚʦʠʡʩʢʠʡ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè, ʅʘʚʦʠʡʩʢʠʡ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʩʢʠʡ 
ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʧʨʦʝʢʪʥʦ-ʠʟʳʩʢʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 
ʛʝʦʪʝʭʥʦʣʦʛʠʠ ʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʆʆʆ çOózGEORANGMETLITIè 
 

ʇʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ:  
ɸʆ çʅʘʚʦʠʡʩʢʠʡ ɻʄʂè 
 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ:  
ʐʘʨʘʬʫʪʜʠʥʦʚ ʋ.ɿ. 
 

ɿʘʤ. ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ:  
ɸʣʠʢʫʣʦʚ ʐ.ʐ. 
 

ʊʝʭʥʠʯʝʩʢʠʡ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ:  
ɿʘʠʨʦʚʘ ʌ.ʖ. 
 

ʉʦʩʪʘʚ ʨʝʜʢʦʣʣʝʛʠʠ ʧʦ ʨʘʟʜʝʣʘʤ: ʛʝʦʪʝʭʥʦʣʦʛʠʷ ï ʈʘʢʠʰʝʚ ɹ.ʈ. 
(ʂʘʟʘʭʩʪʘʥ), ʐʘʰʝʥʢʦ ɸ.ʅ. (ʋʢʨʘʠʥʘ), ɿʘʠʨʦʚ ʐ.ʐ. (ʋʟʙʝʢʠʩʪʘʥ), 
ʄʠʩʣʠʙʦʝʚ ʀ.ʊ. (ʋʟʙʝʢʠʩʪʘʥ), ʅʦʩʠʨʦʚ ʋ.ʌ. (ʋʟʙʝʢʠʩʪʘʥ), 
ʈʘʠʤʞʘʥʦʚ ɹ.ʈ. (ʋʟʙʝʢʠʩʪʘʥ), ʋʤʘʨʦʚ ʌ.ʗ. (ʋʟʙʝʢʠʩʪʘʥ); 
ʛʝʦʣʦʛʠʷ ï ʉʥʠʪʢʘ ʅ.ʇ. (ʋʟʙʝʢʠʩʪʘʥ), ʊʫʨʝʩʝʙʝʢʦʚ ɸ.ʍ. 
(ʋʟʙʝʢʠʩʪʘʥ), ʍʘʤʨʦʝʚ ʀ.ʆ. (ʋʟʙʝʢʠʩʪʘʥ); ʦʙʦʛʘʱʝʥʠʝ ʠ 
ʤʝʪʘʣʣʫʨʛʠʷ ï ɼʝʤʝʥʪʴʝʚ ɺ.ɽ. (ʈʦʩʩʠʷ), ɸʙʜʫʨʘʭʤʦʥʦʚ ʉ.ɸ. 
(ʋʟʙʝʢʠʩʪʘʥ), ʉʘʥʘʢʫʣʦʚ ʂ. (ʋʟʙʝʢʠʩʪʘʥ), ʉʘʤʘʜʦʚ ɸ.ʋ 
(ʋʟʙʝʢʠʩʪʘʥ), ʍʘʩʘʥʦʚ ɸ.ʉ. (ʋʟʙʝʢʠʩʪʘʥ), ʕʨʛʘʰʝʚ ʋ.ɸ. 
(ʋʟʙʝʢʠʩʪʘʥ), ʗʢʫʙʦʚ ʄ.ʄ. (ʋʟʙʝʢʠʩʪʘʥ); ʥʘʫʯʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ 
ʠʟʳʩʢʘʥʠʷ ï ʄʠʰʠʥʘ ʆ.ɺ. (ɻʝʨʤʘʥʠʷ), ʄʫʩʪʘʢʠʤʦʚ ʆ.ʄ. 
(ʋʟʙʝʢʠʩʪʘʥ), ʄʫʭʠʜʜʠʥʦʚ ɹ.ʌ. (ʋʟʙʝʢʠʩʪʘʥ), ʅʫʨʤʫʨʦʜʦʚ ʊ.ʀ. 
(ʋʟʙʝʢʠʩʪʘʥ), ʈʫʟʠʝʚ ʅ.ʈ. (ʋʟʙʝʢʠʩʪʘʥ), ʉʘʛʜʠʝʚʘ ʄ.ɻ. (ʋʟʙʝʢʠʩʪʘʥ), 
ʍʘʤʠʜʦʚ ʍ.ʀ. (ʋʟʙʝʢʠʩʪʘʥ); ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ï ʊʘʙʘʢʤʘʥ ʀ.ɹ. 
(ʂʘʥʘʜʘ), ʄʘʭʤʫʜʦʚ ɸ.ʄ. (ʋʟʙʝʢʠʩʪʘʥ); ʵʢʦʣʦʛʠʷ ï ɺʦʨʦʙʴʸʚ ɸ.ɻ. 
(ʈʦʩʩʠʷ), ɻʫʣʷʤʦʚ ɹ.ɺ. (ʋʟʙʝʢʠʩʪʘʥ), ʈʘʟʳʢʦʚ ɿ.ɸ. 
(ʊʘʜʞʠʢʠʩʪʘʥ), ʈʘʭʤʘʪʦʚ ɸ.ɹ. (ʋʟʙʝʢʠʩʪʘʥ); ʵʢʦʥʦʤʠʢʘ ï      
ɺʦʨʦʙʴʸʚ ɸ.ɽ.  (ʈʦʩʩʠʷ), ɼʞʫʣʠʙʝʢʦʚ ʅ.ʂ. (ʋʟʙʝʢʠʩʪʘʥ) 
 
 

ɾʫʨʥʘʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʋʟʙʝʢʩʢʦʤ ɸʛʝʥʪʩʪʚʝ ʧʦ ʧʝʯʘʪʠ ʠ 
ʠʥʬʦʨʤʘʮʠʠ. ʈʝʛʠʩʪʨʘʮʠʦʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʟʘ ˉ 0033                
ʦʪ 13 ʜʝʢʘʙʨʷ 2006 ʛ. ISSN 2181-7383 ʨʝʛ. ˉ 01-22/37 S ʦʪ 
09.07.2013 ʛ. 
 

ʇʨʠ ʧʝʨʝʧʝʯʘʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʩʩʳʣʢʘ ʥʘ ʞʫʨʥʘʣ ʦʙʷʟʘʪʝʣʴʥʘ 
 

ɿʘ ʪʦʯʥʦʩʪʴ ʬʘʢʪʦʚ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 
ʠʥʬʦʨʤʘʮʠʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʝʩʫʪ ʘʚʪʦʨʳ 
 

ɸʜʨʝʩ ʨʝʜʘʢʮʠʠ:  
210100, ʛ. ʅʘʚʦʠ, ʫʣ. ʅʘʚʦʠ, 27 
ʀʎɺʅʊ ɼʝʧʘʨʪʘʤʝʥʪʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ɸʆ çʅɻʄʂè 
ʊʝʣ.: +99879 227-81-59 
 

E-mʘil: FY.Zairova@ngmk.uz, U.Sharafutdinov@ngmk.uz  
 

ɺʝʙ-ʩʘʡʪ: http://www.gorniyvestnik.uz 
 

ʆʙʣʦʞʢʘ, ʜʠʟʘʡʥ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʚʸʨʩʪʢʘ:  
ɿʘʠʨʦʚʘ ʌ.ʖ. 
 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʧʫʙʣʠʢʘʮʠʶ ʠ ʦʙʥʦʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ 
ʬʦʨʤʳ ʞʫʨʥʘʣʘ: 
ʐʘʨʘʬʫʪʜʠʥʦʚ ʋ.ɿ. 
 

ʆʪʧʝʯʘʪʘʥʦ:  

ʅɻɻʊʋ 
210100, ʅʘʚʦʠʡʩʢʘʷ ʦʙʣʘʩʪʴ, ʅʘʚʦʠ, ʫʣ. ɻʘʣʘʙʘ, 76ɺ  
ʊʝʣ.: +998 (79) 223-23-32, +998 (79) 223-49-66 
 

ʇʦʜʧʠʩʘʥʦ ʚ ʧʝʯʘʪʴ 27.03.2025 ʛ. 
ʌʦʨʤʘʪ ɸ3. ʊʠʨʘʞ 100 ʵʢʟ.  
É ɻʦʨʥʳʡ ʚʝʩʪʥʠʢ ʋʟʙʝʢʠʩʪʘʥʘ 2025 



 

O'zbekiston konchilik xabarnomasi ˉ 1 (100) 2025 
 
 

MUNDARIJA / ʆɻʃɸɺʃɽʅʀɽ  

KONCHILIK ISHLARI / ɻʆʈʅʓɽ ʈɸɹʆʊʓ 
 
ʅʬʩʙʫʧʛ ʆ.ɽ., ʎʙʤʡʣʧʛ ʇ.ɹ. ʈʘʩʯʸʪ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʟʦʥ 
ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʦʨʶʯʠʭ 
ʩʣʘʥʮʝʚ «ʉʘʥʛʨʫʥʪʘʫ» ʥʘ ʛʘʟʦʧʨʦʚʦʜʥʫʶ ʤʘʛʠʩʪʨʘʣʴéééé 
 
ʅʡʪʤʡʚaʞʛ ʁ.ʋ., ʅʬʫʙʛʙʤʡʞʛ ɹ.ʋ., ʋʬʢʰʡʚʧʞʛ ʀ.ʁ. ʅʘʛʦʨʥʳʝ   
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʟʠʠééééééééééééééééééé 
 
ʄʙʜʬʫʡʦ ʃ.ʆ., ʆʙʪʡʩʧʛ ʌ.ʍ., ʀʙʡʩʧʛʙ ʍ.ʗ., ʖʩʜʙʱʞʛ ʆ.ʎ. 
ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʢʘʨʴʝʨʘ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦ-
ʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ 
çBlastMakerèéééééééééééééééééééééé... 
 
ɹʮʥʞʝʧʛ ʊ.ʋ., ʅʙʮʥʬʝʧʛ ɹ.ʅ., ʅʬʪʬʩʥʙʦʧʛ ʖ.ʑ. ʀʩʩʣʝʜʦ-
ʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʝʪʝʡ ʟʦʣʦʪʦ-
ʨʫʜʥʳʭ ʰʘʭʪ ʋʟʙʝʢʠʩʪʘʥʘéééééééééééééééé.. 
 
ʌʥʙʩʧʛ ʍ.ʘ., ʁʪʙʞʛ ɾ.ɹ., ʀʙʡʩʧʛʙ ʍ.ʗ., ʅʡʩʠʙʤʡʞʛʙ ʅ.ʅ. 
ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʧʫʪʸʤ ʦʧʪʠʤʠʟʘʮʠʠ 
ʧʘʨʘʤʝʪʨʦʚ ʟʘʙʦʡʢʠ ʚ ʩʢʚʘʞʠʥʥʦʤ ʟʘʨʷʜʝééé.éééééé 
 
ʆʬʫʭʬʤʤʧʞʛ ɼ.ʊ., ʃʙʫʙʦʧʛ ʁ.ɺ., ʀʙʡʩʧʛ ʑ.ʑ., ʉʡʠʙʞʛ ɹ.ɹ. 
ʇʘʨʘʤʝʪʨʳ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ ʩʢʚʘʞʠʥʥʳʤ ʟʘʨʷʜʦʤ ʩ 
ʟʘʙʦʡʢʦʡ ʧʝʨʝʤʝʥʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ........................... 
 

GEOLOQIYA-QIDIRUV ISHLARI /  
ɻɽʆʃʆɻʆʈɸɿɺɽɼʆʏʅʓɽ ʈɸɹʆʊʓ 

 
ʁʪʧʣʧʛ ʅ.ʌ., ʁʪʙʞʛ ʅ.ʊ. ʆʩʦʙʝʥʥʦʩʪʠ ʦʮʝʥʢʠ ʨʝʩʫʨʩʥʦʛʦ 
ʧʦʪʝʥʮʠʘʣʘ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ (ʥʘ ʧʨʠʤʝʨʝ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ˉ 1 ɻʄɿ-2     
ɸʆ «ʅɻʄʂè)ééééééééééééééééééééééé 
 

BOYITISH VA METALLURGIYA /  
ʆɹʆɻɸʑɽʅʀɽ ʀ ʄɽʊɸʃʃʋʈɻʀʗ  

 
ʊʙʦʙʣʬʤʧʛ ʃ., ʃʬʩʚʙʦʧʛ ʅ.ɹ., ʉʬʠʡʞʛ ɺ.ʋ., ʌʫʙʞʛ ʊ.ʅ. 
ʇʦʧʫʪʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʠʟ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 
ʫʧʦʨʥʳʭ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʨʫʜ ʂʳʟʳʣʢʫʤʦʚ................................ 
 
ɻʧʩʧʚʵʹʛ ɹ.ɾ., ʈʞʩʞʜʬʝʧʛ ɻ.ɻ., ʁʦʝʷʣʧʛ ʗ.ɻ., ɻʧʩʧʚʵʹʛ ʃ.ɹ. 
ɺʦʟʤʦʞʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʟʦʣʦʪʘ ʠʟ ʢʨʫʧʥʦ-
ʛʘʣʝʯʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ɹʘʷʥʢʦʣʘ (ʫʯʘʩʪʦʢ ʂʦʥʫʩʥʳʡ,     
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KONCHILIK ISHLARI 

ʉɹʊʐɫʋ ʇʈʉɾɽɾʄɾʆʁʘ ɼʉɹʆʁʏ ʀʇʆ ɻʄʁʘʆʁʘ ʈʇɽʀɾʅʆʔʎ 
ʉɹʀʉɹɺʇʋʇʃ ʅɾʊʋʇʉʇɿɽɾʆʁʘ ɼʇʉʗʐʁʎ ʊʄɹʆʏɾɻ 
«ʊɹʆɼʉʌʆʋɹʌ» ʆɹ ɼɹʀʇʈʉʇɻʇɽʆʌʗ ʅɹɼʁʊʋʉɹʄʕ 

ʋɼʂ 622.273:622.22  

Hozirgi vaqtda respublikaning Navoiy va Surxondaryo viloyatlarida yonuvchi slanetslarini qazib olish boóyicha loyihalar ustida ish olib 
borilmoqda. Ushbu loyihalarni ishlab chiqish doirasida çSangruntauè yonuvchi slanets konini yer osti usulida qazib olish nazarda 
tutilgan. Ushbu konning bir qismi magistral gaz quvurlarining muhofaza zonasi bilan kesishadi. Loyihada magistral gaz quvurlarining 
muhofaza zonalari doirasida yer osti kon ishlarini amalga oshirishga yoól qoóyilishiga alohida eôtibor qaratilmoqda. Maqolada, diametri 
1072 mm boólgan quvur liniyalarining deformatsiyasidan ortiqcha bosim bilan 25 kg/sm2 gacha boólgan quvurlar ostida yuzaga kelishi 
mumkin boólgan togó jinslarining siljishlarining zaxirasini hisobga olgan holda, hisob-kitoblar, yer ostidan qazib olingan qatlamdan yer 
uyzasigacha boólgan eng yaqin masofada egrilik radiusining kritik qiymatini aniqlanganda oórtacha 242 m tashkil qilishi emperik formu-
lalar yordamida hisoblangan. Bu shuni anglatadiki, 60 m chuqurlikdan boshlab, gaz quvurlari guruhining chegara markazidan kengligi 
242 m masofada lentasimon tselik (teginilmaydigan qatlam) qoldirish kerakligi keltirib oótilgan. 
Kalit soózlar: quvurni himoya qilish zonasi, siljish muldasi, deformatsiya, egrilik radiusi, lenta orqa tomoni, xavfli taôsir zonasi, 

tuproqning choókishi, xavfsiz chuqurlik, qatlamning tarqalish burchaklari, lava, tozalash bloki. 
 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʅʘʤʘʥʛʘʥʩʢʦʡ ʠ ʉʫʨʭʘʥʜʘʨʴʠʥʩʢʦʡ ʦʙʣʘʩʪʷʭ ʨʝʩʧʫʙʣʠʢʠ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʦʚ 

ʧʦ ʜʦʙʳʯʝ ʛʦʨʶʯʠʭ ʩʣʘʥʮʝʚ. ɺ ʨʘʤʢʘʭ ʵʪʠʭ ʧʨʦʝʢʪʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʦʜʟʝʤʥʦʝ ʜʦʙʳʚʘʥʠʝ ʛʦʨʶʯʠʭ ʩʣʘʥʮʝʚ ʥʘ 
ʤʝʩʪʦʨʦʞʜʝʥʠʠ çʉʘʥʛʨʫʥʪʘʫè. ʆʜʥʘ ʯʘʩʪʴ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʦʭʨʘʥʥʦʡ ʟʦʥʦʡ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦ-
ʚʦʜʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʫ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʨʘʙʦʪ ʚ ʧʨʝʜʝʣʘʭ ʦʭʨʘʥʥʳʭ ʟʦʥ ʤʘʛʠ-
ʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ. ɺ ʩʪʘʪʴʝ, ʧʨʠ ʨʘʩʯʝʪʘʭ, ʫʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʳʝ ʩʤʝʱʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ 
ʜʦ 25 ʢʛ/ʩʤ2, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʜʠʘʤʝʪʨʦʤ 1072 ʤʤ, ʩ ʫʯʝʪʦʤ ʟʘʧʘʩʘ ʩʤʝʱʝʥʠʡ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʨʘʩʩʯʠʪʘʥ 
ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʦʜʟʝʤʥʦʡ ʚʳʨʘʙʦʪʢʠ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, 
ʢʦʪʦʨʦʝ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 242 ʤ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʯʠʥʘʷ ʩ ʛʣʫʙʠʥʳ 
60 ʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʚʠʪʴ ʧʦʣʦʩʢʫ ʟʝʤʣʠ ʰʠʨʠʥʦʡ 242 ʤ ʦʪ ʮʝʥʪʨʘ ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʡ ʣʠʥʠʠ ʛʨʫʧʧʳ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʢʦʪʦ-
ʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʧʨʠʢʦʩʥʦʚʝʥʥʦʡ (ʥʝ ʧʦʜʚʝʨʛʘʪʴʩʷ ʚʦʟʜʝʡʩʪʚʠʶ).  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʭʨʘʥʥʘʷ ʟʦʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤʫʣʴʜʘ ʩʜʚʠʞʝʥʠʝ, ʜʝʬʦʨʤʘʮʠʷ, ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ, ʣʝʥʪʦʯʥʳʡ ʮʝʣʠʢ, 

ʟʦʥʘ ʦʧʘʩʥʦʛʦ ʚʣʠʷʥʠʷ, ʦʩʝʜʘʥʠʝ ʛʨʫʥʪʘ, ʙʝʟʦʧʘʩʥʘʷ ʛʣʫʙʠʥʘ, ʫʛʣʳ ʧʨʦʩʪʠʨʘʥʠʷ ʧʣʘʩʪʘ, ʣʘʚʘ, ʦʯʠʩʪʥʦʡ ʙʣʦʢ. 

DOI:10.54073/GV.2025.1.100.001 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʋʢʘʟʘ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʇʂ-436 
ʦʪ 2 ʜʝʢʘʙʨʷ 2022 ʛʦʜʘ «ʆ ʤʝʨʘʭ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʨʝʬʦʨʤ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʝʨʝʭʦʜ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʢ 
«ʟʝʣʝʥʦʡ» ɻ ʢʦʥʦʤʠʢʝ ʜʦ 2030 ʛʦʜʘ», ʨʝʘʣʠʟʘʮʠʷ ʟʘʜʘʯ, ʦʧʨʝʜʝʣʸʥ-
ʥʳʭ ʚ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʅʦʚʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ ʥʘ 2022-2026 ʛʛ., ʚ 
ʨʘʤʢʘʭ ʩʪʨʘʪʝʛʠʠ ʧʝʨʝʭʦʜʘ ʢ «ʟʝʣʝʥʦʡ» ʵʢʦʥʦʤʠʢʝ ʈʝʩʧʫʙʣʠʢʠ 
ʋʟʙʝʢʠʩʪʘʥ, ʠ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʫʝʤʳʭ ʤʝʨ 
ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ «ʟʝʣʝʥʦʛʦ» ʠ ʠʥʢʣʶʟʠʚʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ, 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 
ʨʘʩʰʠʨʝʥʠʷ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʚʦ ʚʩʝʭ ʩʝʢʪʦʨʘʭ ʵʢʦʥʦʤʠʢʠ, ʫʩʪʦʡ-
ʯʠʚʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ 
ʨʝʩʫʨʩʦʚ,  ʙʳʣʠ ʜʘʥʳ ʧʦʨʫʯʝʥʠʷ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʤʦʱʥʦʩʪʝʡ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʘ 15 ɻɺʪ ʠ ʥʘʨʘʱʠʚʘʥʠʶ  ʠʭ ʦʙʲʸʤʘ  
ʙʦʣʝʝ ʯʝʤ ʜʦ 30% ʦʪ ʦʙʱʝʛʦ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 
[1].  
ʅʘʩʪʦʷʱʠʡ ʨʘʩʯʸʪ ʚʳʧʦʣʥʝʥ ʚ ʫʩʣʦʚʠʷʭ ʚʳʝʤʢʠ ʛʦʨʶʯʝʛʦ ʩʣʘʥ-

ʮʘ ʧʦʜ ʟʘʩʪʨʦʝʥʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʊʫʨʢʤʝʥʠʩʪʘʥ ï 
ʋʟʙʝʢʠʩʪʘʥ ï ʂʠʪʘʡ ʚ ʪʨʸʭ ʣʠʥʠʷʭ ʠ ɻʘʟʣʠ ï ʏʠʤʢʝʥʪ ï ʦʜʥʘ ʣʠʥʠʷ ʩ 
ʮʝʣʴʶ ʦʭʨʘʥʳ ʠʭ ʦʪ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. 

ʈʘʩʯʸʪ ʦʙʲʸʤʦʚ ʦʩʪʘʚʣʷʝʤʳʭ ʣʝʥʪʦʯʥʳʭ ʮʝʣʠʢʦʚ ʚ ʧʨʝʜʝʣʘʭ 
ʦʭʨʘʥʥʦʡ ʟʦʥʳ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʜʣʷ ʠʭ ʙʝʟʦʧʘʩʥʦʡ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ.  
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʣʝʜʫʝʪ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ «ʇʦʣʦʞʝʥʠʝʤ 

ʦ ʧʦʨʷʜʢʝ ʚʳʜʘʯʠ ʨʘʟʨʝʰʝʥʠʡ ʥʘ ʟʘʩʪʨʦʡʢʫ ʧʣʦʱʘʜʝʡ ʟʘʣʝʛʘʥʠʷ 
ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ», ʉʅʠʇ 2.01.09-91 «ɿʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʥʘ 
ʧʦʜʨʘʙʘʪʳʚʘʝʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʧʨʦʩʘʜʦʯʥʳʭ ʛʨʫʥʪʘʭ» ɻʆʉʊ 
17.5.3.04-86 (ʉʊ ʉʕɺ 5302-85) «ʆʭʨʘʥʘ ʧʨʠʨʦʜʳ. ɿʝʤʣʠ. ʆʙʱʠʝ 
ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʝʤʝʣʴ» (ʜʘʥʥʳʡ ɻʆʉʊ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʩʪʨʘʥʘʤʠ ʩʦʜʨʫʞʝʩʪʚʘ (ʉʅɻ)) [2, 3]. 
ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʩʯʸʪʘʭ ʠ ʦʙʱʝʧʨʠʥʷʪʳʝ 

ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 
ʄʫʣʴʜʘ ʩʜʚʠʞʝʥʠʷ ï ʟʦʥʘ ʩʜʚʠʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʚʣʠʷ-

ʥʠʷ ʦʪʜʝʣʴʥʦʡ ʦʯʠʩʪʥʦʡ ʚʳʨʘʙʦʪʢʠ. ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʤʫʣʴʜʳ ʩʜʚʠ-
ʞʝʥʠʷ ï ʚʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʢʨʠʚʠʟʥʝ ʤʫʣʴʜʳ ʩʜʚʠʞʝʥʠʷ, ʚʳʨʘʞʝʥ-
ʥʘʷ ʚ ʤʝʪʨʘʭ, Rʢʨ = 1/Kp. 
ɼʝʬʦʨʤʘʮʠʠ ï ʦʪʜʝʣʴʥʳʝ ʪʦʯʢʠ ʚ ʤʫʣʴʜʝ ʩʜʚʠʞʝʥʠʷ ʩʜʚʠʛʘ-

ʶʪʩʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʨʘʟʥʳʝ ʚʝʣʠʯʠʥʳ, ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʶʪ ʚʝʨʪʠʢʘʣʴʥʳʝ (ʥʘʢʣʦʥʳ, ʢʨʠʚʠʟʥʘ, 

ʎʙʤʡʣʧʛ ʇ.ɹ.,  
ʙʘʟʦʚʳʡ ʜʦʢʪʦʨʘʥʪ 
ɻʋ «ʀʄʈ» 

ʅʬʩʙʫʧʛ ʆ.ɽ.,  
ʨʫʢʦʚʦʜʠʪʝʣʴ  

ʋʧʨʘʚʣʝʥʠʷ ʧʦ ʜʦʙʳʯʝ ʛʦʨʶʯʝʛʦ ʩʣʘʥʮʘ ʠ ʫʛʣʷ 
ɼʠʨʝʢʮʠʠ ɻ ʠ ɻʇ ENTER Engineering Pte. Ltd, 

ʜ.ʪ.ʥ. (DSc) 

4 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʩʢʨʫʯʠʚʘʥʠʝ) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ (ʨʘʩʪʷʞʝʥʠʷ, ʩʞʘʪʠʷ, ʩʜʚʠʛʠ) 
ʜʝʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʘʣʳ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ï 
ʪʨʝʱʠʥʳ ʠ ʫʩʪʫʧʳ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʩʜʚʠʛʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 
ʧʣʦʩʢʦʩʪʷʭ. 
ɿʦʥʳ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ï ʚʝʣʠʯʠʥʳ ʠ ʭʘʨʘʢʪʝʨ 

ʜʝʬʦʨʤʘʮʠʡ, ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʜʝʬʦʨʤʘʮʠʡ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 
ʧʨʦʮʝʩʩʘ ʩʜʚʠʞʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʚʠʩʷʪ ʦʪ 
ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ: 
ʘ) ʤʦʱʥʦʩʪʠ, ʫʛʣʘ ʧʘʜʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʣʘʩʪʦʚ; 
ʙ) ʨʘʟʤʝʨʦʚ ʦʯʠʩʪʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʭʦʞ-

ʜʝʥʠʷ ʠ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʦʯʠʩʪʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ ʦʜʥʦʤ 
ʧʣʘʩʪʝ ʠ ʩʚʠʪʝ ʧʣʘʩʪʦʚ; 
ʚ) ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ (ʩʪʨʦʝʥʠʷ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʥʘʣʠʯʠʷ ʨʘʟʨʳʚʥʳʭ ʠ ʧʣʠʢʘʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, 
ʠʟʤʝʥʯʠʚʦʩʪʠ ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʧʦʨʦʜ; 
ʛ) ʩʧʦʩʦʙʘ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʥʳʤ ʜʘʚʣʝʥʠʝʤ; 
ʜ) ʩʢʦʨʦʩʪʠ ʧʦʜʚʠʛʘʥʠʷ ʟʘʙʦʷ ʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʠʪʠʷ ʨʘʙʦʪ ʚʢʨʝʩʪ 

ʧʨʦʩʪʠʨʘʥʠʷ. 
ʝ) ʚ ʨʘʩʯʸʪʘʭ ʧʨʠʚʝʜʝʥʳ ʪʘʙʣʠʮʳ, ʬʦʨʤʫʣʳ ʠ ʨʘʟʲʷʩʥʠʪʝʣʴ-

ʥʳʝ ʯʝʨʪʝʞʠ ʚʟʷʪʳʝ ʠʟ «ʇʨʘʚʠʣʘ ʦʭʨʘʥʳ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʨʠʨʦʜʥʳʭ 
ʦʙʲʝʢʪʦʚ ʦʪ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʥʘ 
ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ» ʇɹ 07-269-98 ʚʚʝʜʝʥʳ ʚ ʜʝʡʩʪʚʠʝ ʩ       
1 ʦʢʪʷʙʨʷ 1998 ʛ. 
1. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʟʦʥʳ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 
ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʨʝʧʝʨʘʤʠ 
15-20 ʤ:  
ï ʥʘʢʣʦʥʳ i = 0,5×10-3; ʨʘʩʪʷʞʝʥʠʝ e = 0,5×10-3. 
ɻʨʘʥʠʮʳ ʟʦʥʳ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʛʨʘʥʠʯʥʳʤ ʫʛʣʘʤ. ɻʨʘʥʠʯʥʳʤʠ ʫʛʣʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʚʥʝʰʥʠʝ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʫʛʣʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘ ʚʝʨʪʠ-

ʢʘʣʴʥʳʭ ʨʘʟʨʝʟʘʭ ʧʦ ʛʣʘʚʥʳʤ ʩʝʯʝʥʠʷʤ ʤʫʣʴʜʳ ʩʜʚʠʞʝʥʠʷ ʛʦʨʠ-
ʟʦʥʪʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʠ ʣʠʥʠʷʤʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʤʠ, 
ʤʝʟʦʟʦʡʩʢʠʭ ʠ ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʥʘʥʦʩʘʭ, ʩʦʝʜʠʥʷʶʱʠʤʠ 
ʛʨʘʥʠʮʫ ʦʯʠʩʪʥʦʡ ʚʳʨʘʙʦʪʢʠ ʩ ʛʨʘʥʠʮʝʡ ʟʦʥʳ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ 
ʨʘʟʨʘʙʦʪʦʢ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  
ʈʘʟʣʠʯʘʶʪ ʛʨʘʥʠʯʥʳʝ ʫʛʣʳ: 
ʘ) ʚ ʥʘʥʦʩʘʭ (ʯʝʪʚʝʨʪʠʯʥʳʝ ʠ ʪʨʝʪʠʯʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʣʝʛʘ-

ʶʱʠʝ ʧʦʨʦʜʳ, ʥʝ ʚʤʝʱʘʶʱʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʧʣʘʩʪʳ) j0, ʢʦʪʦ-
ʨʳʝ ʧʨʠʥʠʤʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʫʯʠʪʳʚʘ-
ʶʪʩʷ ʧʨʠ ʤʦʱʥʦʩʪʠ ʥʘʥʦʩʦʚ ʙʦʣʝʝ 5 ʤ; 
ʙ) ʚ ʤʝʟʦʟʦʡ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ï d0ʤ; b0ʤ; g0ʤ; 
ʚ) ʚ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʦʨʦʜʳ ʪʦʛʦ ʞʝ 

ʚʦʟʨʘʩʪʘ, ʯʪʦ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʫʛʦʣʴʥʳʝ ʧʣʘʩʪʳ ï
 d0, b0, g0, b01; ʫʛʣʘʤʠ d0 ʠ d0ʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʟʦʥʳ ʚʣʠʷ-
ʥʠʷ ʧʦʜʟʝʤʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʧʣʘʩʪʘ; ʫʛʣʘ-
ʤʠ b0; b0ʤ; g0 ʠ g0ʤ ï ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʧʣʘʩʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦ 
ʩʪʦʨʦʥʳ ʧʘʜʝʥʠʷ ʠ ʚʦʩʩʪʘʥʠʷ; ʫʛʣʘʤʠ b01 ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʥʠʮʘ 
ʟʦʥʳ ʚʣʠʷʥʠʷ ʚ ʣʝʞʘʯʝʤ ʙʦʢʫ ʧʣʘʩʪʘ ʧʨʠ ʫʛʣʘʭ ʧʘʜʝʥʠʷ a ʙʦʣʴʰʝ 
ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ aʧ. 
ʈʘʟʣʠʯʘʶʪ ʛʨʘʥʠʯʥʳʝ ʫʛʣʳ ʧʨʠ ʚʳʝʤʢʝ ʦʜʠʥʦʯʥʳʭ ʧʣʘʩʪʦʚ ʠ 

ʩʚʠʪ. ʇʨʠ ʚʳʝʤʢʝ ʩʚʠʪ ʧʣʘʩʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦ-
ʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʚʳʨʘʙʦʪʦʢ ʚ ʨʘʟʥʳʭ ʧʣʘʩʪʘʭ ʛʨʘʥʠʯʥʳʝ ʫʛʣʳ ʤʦʛʫʪ 
ʙʳʪʴ ʢʘʢ ʤʝʥʴʰʝ, ʪʘʢ ʠ ʙʦʣʴʰʝ ʠʭ ʟʥʘʯʝʥʠʡ ʦʪ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʦʡ 
ʚʳʨʘʙʦʪʢʠ ʚ ʦʜʥʦʤ ʧʣʘʩʪʝ. 
ɼʣʷ ʨʘʩʯʸʪʘ ʚʳʜʝʣʝʥʠʝ ʟʦʥʳ ʦʧʘʩʥʦʛʦ ʚʣʠʷʥʠʷ ʨʘʟʨʘʙʦʪʘʥ 

ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʦ ʣʠʥʠʠ ʛʨʫʧʧʳ ʛʘʟʦʧʨʦʚʦ-
ʜʦʚ ʋʟʙʝʢʠʩʪʘʥ ï ʂʠʪʘʡ (ʨʠʩ. 1). 

2.  ɺʳʜʝʣʝʥʠʝ ʟʦʥ ʦʧʘʩʥʦʛʦ ʚʣʠʷʥʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ 
ʟʦʥʳ ʦʧʘʩʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ 
ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: ʥʘʢʣʦʥ i = 4×10-3; ʢʨʠʚʠʟʥʘ ʂ = 0,2Ĭ10-3 1/ʤ; 
ʨʘʩʪʷʞʝʥʠʝ e = 2×10-3 (ʧʨʠ ʩʨʝʜʥʝʤ ʠʥʪʝʨʚʘʣʝ 15-20 ʤ). 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʦ ʣʠʥʠʠ ʛʨʫʧʧʳ ʛʘʟʦʧʨʦʚʦʜʦʚ ʋʟʙʝʢʠʩʪʘʥ ï ʂʠʪʘʡ 
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ʋʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʳʝ ʟʦʥʳ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦ 
ʧʨʦʩʪʠʨʘʥʠʶ ʧʣʘʩʪʘ ʧʨʠ ʫʛʣʘʭ ʧʘʜʝʥʠʝ Ŭ, ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ ʧʦʜ ʛʨʫʧ-
ʧʳ ʛʘʟʦʧʨʦʚʦʜʦʚ ʨʘʟʜʝʣʝʥʳ ʥʘ 6 ʙʣʦʢʦʚ.  
ʆʙʱʘʷ ʜʣʠʥʘ ʪʨʘʩʩʳ ʛʘʟʦʧʨʦʚʦʜʦʚ ʧʨʦʭʦʜʷʱʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ «ʉʘʥʛʨʫʥʪʘʫ» ʩʦʩʪʘʚʣʷʝʪ 5520 ʤ. ʇʨʦʠʟʚʦʜʠʤ  
ʨʘʩʯʸʪ ʟʦʥʳ ʦʧʘʩʥʦʛʦ ʚʣʠʷʥʠʷ ʚ ʙʣʦʢʝ ɸ.  
3. ɼʘʥʥʳʝ ʜʣʷ ʨʘʩʯʸʪʘ ɹʣʦʢʘ ɸ,  
ï ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʘ ɻʉ ï 32 ʤ,  
ï ʫʛʦʣ ʧʘʜʝʥʠʷ ï Ŭ1 =15 
ï ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʧʨʦʢʣʘʜʢʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʚ 3 ʣʠʥʠʷʭ ï 524 ʤ. 
ɻʨʘʥʠʮʳ ʟʦʥʳ ʦʧʘʩʥʦʛʦ ʚʣʠʷʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʛʣʘʤʠ ʩʜʚʠʞʝʥʠʷ. 

ʋʛʣʘʤʠ ʩʜʚʠʞʝʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʚʥʝʰʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʨʘʙʦʪʘʥ-
ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʫʛʣʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʟʨʝʟʘʭ 
ʧʦ ʛʣʘʚʥʳʤ ʩʝʯʝʥʠʷʤ ʤʫʣʴʜʳ ʩʜʚʠʞʝʥʠʷ ʧʨʠ ʧʦʣʥʦʡ ʧʦʜʨʘʙʦʪʢʝ 
ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʠ ʣʠʥʠʷʤʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʝʟʦʟʦʡ-
ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʥʘʥʦʩʘʭ, ʩʦʝʜʠʥʷʶʱʠʤʠ ʛʨʘʥʠʮʫ ʚʳʨʘ-
ʙʦʪʢʠ ʩ ʛʨʘʥʠʮʝʡ ʟʦʥʳ ʦʧʘʩʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

4. ʇʨʦʛʥʦʟ ʚʝʨʦʷʪʥʳʭ ʩʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʧʝʨʩʧʝʢ-
ʪʠʚʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ [3-5]. 
ɺ ʟʦʥʝ ʚʣʠʷʥʠʷ ʦʪʨʘʙʦʪʢʠ ʧʣʘʩʪʘ ʨʘʩʧʦʣʦʞʝʥʘ ʣʠʥʠʷ                

3-ʛʘʟʦʧʨʦʚʦʜʦʚ (ʩʪʘʣʴʥʳʝ, ʜʠʘʤʝʪʨʦʤ 1074 ʤʤ). ɻʦʨʶʯʠʝ ʩʣʘʥʮʳ 
ʠʤʝʶʪ ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ 
ʧ. 3.4 ʇʨʠʣ. 1 (ʇʨʘʚʠʣé) ʜʣʷ ʨʘʩʯʸʪʘ ʚʝʨʦʷʪʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, 
ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʙʦʨʘ ʟʘʱʠʪʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʨʦʛʥʦʟ ʜʝʬʦʨ-
ʤʘʮʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʦʜʥʦʤʫ ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʚʣʠʷʶʱʝʤʫ ʧʣʘʩʪʫ 
ɻʉ ʤʦʱʥʦʩʪʴʶ m -2,1 ʤ ʠ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʘ ʥʘ ɹʣʦʢʝ 1-32 ʤ,  
ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʧʣʦʩʢʦʩʪʴʶ, ʧʨʦʚʝʜʸʥʥʦʡ ʧʦʜ                   
ʫʛʣʦʤ  s=85°- 0,8a=74° ʯʝʨʝʟ ʦʭʨʘʥʷʝʤʳʡ ʦʙʲʝʢʪ (ʪʨʫʙʦʧʨʦʚʦʜʳ). 
ʇʦʣʦʞʝʥʠʝ ʵʪʠʭ ʧʣʘʩʪʦʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.  ʋʛʦʣ ʧʘʜʝʥʠʷ 

ʧʣʘʩʪʦʚ 15Á. ɺʳʥʠʤʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʦʚ (m) ɻʉ ï 2,1 ʤ;   
ʂʘʣʝʥʜʘʨʥʳʝ ʧʣʘʥʳ ʦʪʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ ʦʪʩʫʪʩʪʚʫʶʪ. 
ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʯʘʩʪʴ. ʖʞʥʘʷ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʦʨʶ-

ʯʠʭ ʩʣʘʥʮʝʚ «ʉʘʥʛʨʫʥʪʘʫ». ʊʘʢ ʢʘʢ, ʨʘʟʤʝʨ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 3-ʭ 
ʣʠʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʨʘʟʨʝʟʝ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʧʣʘʩʪʘ ʩʦʩʪʘʚ-
ʣʷʝʪ ʦʢʦʣʦ 70 ʤ, ʪʦ ʜʣʷ ʧʨʦʛʥʦʟʘ ʚʝʨʦʷʪʥʳʭ ʩʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘ-
ʮʠʡ ʚ ʦʩʥʦʚʘʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʜʚʫʤʷ 
ʪʦʯʢʘʤʠ I ʠ II.  
ɼʣʷ ʨʘʩʯʸʪʘ ʜʝʬʦʨʤʘʮʠʡ ʚ ʪʦʯʢʝ I ʥʘ ʨʘʟʨʝʟʝ ʧʨʦʚʦʜʠʪʩʷ ʠʟ 

ʵʪʦʡ ʪʦʯʢʠ ʣʠʥʠʷ ʧʦʜ ʫʛʣʦʤ s=85°-0,8a=74° ʠ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʦ 
ʙʣʦʢʫ ɸ ï 32 ʤ. ʇʦ ʬʦʨʤʫʣʘʤ (1-9) ʧʨʠʣ. 1, ʧʨʘʚʠʣʘ é ʚʳʯʠʩʣʷʶʪʩʷ 
ʚʝʣʠʯʠʥʳ ʚʝʨʦʷʪʥʳʭ ʩʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʪʦʯʢʝ I ʠ ʚ ʜʘʣʴ-
ʥʝʡʰʝʤ ʚ ʪʦʯʢʝ II. 

1) ʦʩʝʜʘʥʠʷ                                                                                         
(8)  

2) ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʜʚʠʞʝʥʠʷ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʧʣʘʩʪʘ (xʚ),  

 
                                                (9) 

ʛʜʝ m ï ʚʳʥʠʤʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʩ ʫʯʸʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞ-
ʥʦʩʪʝʡ ʢʦʤʙʘʡʥʘ (ʧʣʘʩʪ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʦʪʥʦʰʝʥʠʝʤ m/H; 

H ï ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʘ ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʧʣʦʩʢʦ-
ʩʪʴʶ, ʧʨʦʚʝʜʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ s=85°-0,8a, ʯʝʨʝʟ ʦʭʨʘʥʷʝʤʳʡ ʦʙʲʝʢʪ 
(ʨʠʩ. 2); 

C ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ʧʣʘʩʪʘ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʨʘʩʩʪʦʷʥʠʡ 
ʤʝʞʜʫ ʧʨʦʝʢʮʠʷʤʠ ʛʨʘʥʠʮ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʕʪʦ ʟʥʘʯʝ-
ʥʠʝ ʤʝʥʴʰʝ <1,0 ʠʟ-ʟʘ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʣʘʩʪʘ ʛʦʨʶʯʝʛʦ ʩʣʘʥʮʘ, 
ʧʨʠʥʠʤʘʝʤ ʟʥʘʯʝʥʠʝ «0». 
3) ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʜʚʠʞʝʥʠʷ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ (xɽ), 

 
       

                                                                                          (10) 

 
4) ʥʘʢʣʦʥʳ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʧʣʘʩʪʘ (iE).       
ʇʨʠʤʝʯʘʥʠʝ. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʧʨʝ-

ʜʝʣʷʶʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʝʡ. 
ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ Dl ʥʝʠʟʚʝʩʪʥʦ, ʠ ʧʨʠ 
 
 
 

ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ C1 = 0,9 
                                                                                             

 (11) 
 

ʛʜʝ H1 ï ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʩ ʣʠʥʠʝʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ, 
ʧʨʦʚʝʜʸʥʥʦʡ ʥʘ ʨʘʟʨʝʟʝ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 
ʪʦʯʢʠ ʧʣʦʱʘʜʢʠ ʧʦʜ ʫʛʣʦʤ s=85°-0,8a ʢ ʛʦʨʠʟʦʥʪʫ ʚ ʩʪʦʨʦʥʫ ʚʦʩ-
ʩʪʘʥʠʷ ʧʣʘʩʪʘ (ʨʠʩ. 2) (ʧʣʘʩʪ, ʠʤʝʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʦʝ 
ʦʪʥʦʰʝʥʠʝ, m1/H1; 

kEi ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʪʘʙʣ. 1 (ʠʟ ʇʨʘʚʠʣé), 
ʛʦʨʶʯʠʝ ʩʣʘʥʮʳ ʧʦ ʜʘʥʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʛʨʘʥʫʣʦ-
ʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʙʦʣʝʝ ʧʦʜʭʦʜʷʪ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʫʛʣʷ 
ɺʦʩʪʦʯʥʦʛʦ ɼʦʥʙʘʩʩʘ. ʇʦʵʪʦʤʫ ʚʝʣʠʯʠʥʫ ʧʨʠʥʠʤʘʝʤ 1,8  
5) ʥʘʢʣʦʥʳ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ (iE) (ʪʘʙʣ. 1) ʠʟ ʇʨʘʚʠʣé; 
 
                                                                                                     (12) 

6) ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʧʣʘʩʪʘ( Ůɽ) 
                                                                  
     
                    

        (13)                                          
 

ʛʜʝ kEi ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʪʘʙʣ. 2 ʠʟ ʇʨʘʚʠʣé; 

7) ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ (iE) ʧʦ ʪʘʙʣ. 3 
ʠʟ ʇʨʘʚʠʣé; 

 
          (14) 

ʈʠʩ. 2. ʉʭʝʤʘ ʢ ʧʨʦʛʥʦʟʫ ʚʝʨʦʷʪʥʳʭ ʩʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ 
ʟʘʣʝʛʘʥʠʠ ʧʣʘʩʪʘ ʧʦʜ ʫʛʣʦʤ a Ò 15Á 
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ʋʙʚʤʡʯʙ 1 
ʀʦʙʰʞʦʡʸ ʣʧʶʭʭʡʯʡʞʦʫʙ kEi 

ɺʙʪʪʞʢʦ, ʥʞʪʫʧʩʧʟʝʞʦʡʞ kEi 
ɺʦʩʪʦʯʥʳʡ ɼʦʥʙʘʩʩ, ʂʫʟʙʘʩʩ, ʏʝʣʷʙʠʥʩʢʠʡ, ʀʥʪʠʥʩʢʦʝ, 
ɹʫʣʘʥʘʰʩʢʦʝ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ 

1,8 

ʋʙʚʤʡʯʙ 2 
ʀʦʙʰʞʦʡʸ ʣʧʶʭʭʡʯʡʞʦʫʙ kEi 

ɺʙʪʪʞʢʦ, ʥʞʪʫʧʩʧʟʝʞʦʡʞ kEz 
ɺʦʩʪʦʯʥʳʡ ɼʦʥʙʘʩʩ, ʂʫʟʙʘʩʩ, ʏʝʣʷʙʠʥʩʢʠʡ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
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ɻʦʨʥʳʡ ʚʝʩʪʥʠʢ ʋʟʙʝʢʠʩʪʘʥʘ 1 (100) 2025 
 
 

ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

8) ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʧʣʘʩʪʘ (RE) ʧʦ ʪʘʙʣ. 3 
ʠʟ ʇʨʘʚʠʣé;    

                                                                       
  (15) 

 
 

ʛʜʝ kEl  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʪʘʙʣ. 3 ʠʟ ʇʨʘʚʠʣé; 

kH1 ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʪʘʙʣ. 4 ʠʟ ʇʨʘʚʠʣé ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ 
ʠ ʪʨʝʪʴʝʛʦ ʥʘʠʙʦʣʝʝ ʚʣʠʷʶʱʠʭ ʧʣʘʩʪʦʚ; 

9) ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ:            
                                                                                                                     
 
 

(16) 
 

ʆʙʦʩʥʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʳʰʝ ʧʨʠʚʝʜʸʥ     
ʨʘʩʯʸʪ ʜʣʷ ɹʣʦʢʘ ɸ. ɼʣʷ ʨʘʩʯʸʪʘ ʜʝʬʦʨʤʘʮʠʡ ʜʣʷ ʜʨʫʛʠʭ ɺ, ʉ, D, E, 
F ʙʣʦʢʦʚ ʚ ʪʦʯʢʘʭ I ʠ II ʥʘ ʨʘʟʨʝʟʝ ʠʟ ʵʪʠʭ ʪʦʯʝʢ ʧʨʦʚʦʜʠʪʴʩʷ ʣʠʥʠʷ 
ʧʦʜ ʫʛʣʦʤ s=85°-0,8a=74.  
ɼʣʷ ʥʠʭ ʧʨʠʥʠʤʘʶʪʩʷ ʥʠʞʝʩʣʝʜʫʶʱʝʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʧʦ 

ʙʣʦʢʫ ɺ ʛʣʫʙʠʥʘ ï 48 ʤ, a=25º, ʜʣʠʥʘ ï 1060 ʤ; ʧʦ ʙʣʦʢʫ ʉ ʛʣʫʙʠʥʘ ï 

72,5 ʤ, a =18º, ʜʣʠʥʘ ï 1040,6 ʤ; ʧʦ ʙʣʦʢʫ ɼ ʛʣʫʙʠʥʘ ï 76,5 ʤ, a=10º, 
ʜʣʠʥʘ ï 1130 ʤ: ʧʦ ʙʣʦʢʫ ɽ ʛʣʫʙʠʥʘ ï 89,5 ʤ, a=30º, ʜʣʠʥʘ ï 593,4 ʤ;  
ʧʦ ʙʣʦʢʫ F ʛʣʫʙʠʥʘ ï 146 ʤ,  a=25º, ʜʣʠʥʘ ï 1173 ʤ.  
ɺ ʥʠʞʝʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣ. 5 ʧʦʢʘʟʘʥʳ ʠʭ ʨʘʩʯʸʪʥʳʝ ʚʝʣʠ-

ʯʠʥr.  
ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʨʘʩʯʸʪ ʙʝʟʦʧʘʩʥʦʡ ʛʣʫʙʠʥʳ ʚʝʜʝʥʠʷ ʨʘʙʦʪ. 

ɹʝʟʦʧʘʩʥʦʡ ʛʣʫʙʠʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʘʷ, ʥʠʞʝ ʢʦʪʦʨʦʡ 
ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʥʝ ʚʳʟʳʚʘʶʪ ʚ ʩʦʦʨʫʞʝʥʠʷʭ ʜʝʬʦʨʤʘʮʠʡ ʙʦʣʝʝ 
ʜʦʧʫʩʪʠʤʳʭ. ɹʝʟʦʧʘʩʥʘʷ ʛʣʫʙʠʥʘ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʦʪ ʦʙʲʝʢʪʘ ʧʦ 
ʚʝʨʪʠʢʘʣʠ. 
ʅʠʞʝ ʛʦʨʠʟʦʥʪʘ ʙʝʟʦʧʘʩʥʦʡ ʛʣʫʙʠʥʳ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʤʦʛʫʪ ʧʨʦ-

ʚʦʜʠʪʴʩʷ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʛʦʨʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 
ʤʝʨ ʦʭʨʘʥʳ ʩʦʦʨʫʞʝʥʠʡ. 
ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʘʩʯʸʪʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʝʚʳʰʘʶʪ 

ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʙʲʝʢʪʦʚ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʤʦʥʪʥʳʭ ʠ 
ʥʘʣʘʜʦʯʥʳʭ ʨʘʙʦʪ ʠ ʜʨʫʛʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʝʢʪʦʤ ʩ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ 
ʧʦʜʨʘʙʦʪʢʠ ʠ ʩʦʛʣʘʩʦʚʳʚʘʶʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. ɹʝʟʦʧʘʩ-
ʥʘʷ ʛʣʫʙʠʥʘ Hʙ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʜʠʥʦʯʥʳʭ ʧʣʘʩʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 
ʬʦʨʤʫʣʘʤ: 
ï  ʦʪ ʚʣʠʷʥʠʷ ʧʦʜʚʠʞʝʢ ʧʦʨʦʜ: 

 
 
 

ʛʜʝ m ï ʚʳʥʠʤʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʘ, ʧʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʧʦʨʦʜʘ ʥʝ 
ʦʩʪʘʝʪʩʷ ʚ ʚʳʨʘʙʦʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
[ɼʜ] ï ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 

(ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʬʦʨʤʘʮʠʡ) ʠʣʠ ʥʘʢʣʦʥʦʚ ʜʣʷ ʦʙʲʝʢʪʘ, ʚʝʣʠʯʠʥʫ 
ʙʝʨʝʤ ʠʟ ʪʘʙʣ. 6 ʩʦʩʪʘʚʣʷʝʪ 0,008 ʠʣʠ 8Ĭ10-3  
ʄʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩʜʚʠʞʝʥʠʷ ʠ ʜʝʬʦʨ-

ʤʘʮʠʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ [4-7]: 
ʘ) ʢʨʘʪʥʦʩʪʴ ʧʦʜʨʘʙʦʪʢʠ H/m ʙʦʣʝʝ 20 (ʅ ï ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ 

ʨʘʟʨʘʙʦʪʢʠ; m ï ʚʳʥʠʤʘʝʤʘʷ, ʠʣʠ ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʘ) 
ʟʘ ʧʨʝʜʝʣʘʤʠ ʟʦʥʳ ʧʨʦʚʘʣʦʚ ʠ ʢʨʫʧʥʳʭ ʪʨʝʱʠʥ; 
ʙ) ʫʛʦʣ ʧʘʜʝʥʠʷ ʧʣʘʩʪʘ ʚ «ʉʘʥʛʨʫʥʪʘʫ» ï ʦʪ 0 ʜʦ 30Á; 
ʚ) ʫʧʨʘʚʣʝʥʠʝ ʢʨʦʚʣʝʡ ï ʧʦʣʥʦʝ ʠ ʯʘʩʪʠʯʥʦʝ ʩʘʤʦ ʦʙʨʫʰʝʥʠʝ. 
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ʋʙʚʤʡʯʙ 3 
ʀʦʙʰʞʦʡʸ ʣʧʶʭʭʡʯʡʞʦʫʙ kEi 

ʋʙʚʤʡʯʙ 4 
ʀʦʙʰʞʦʡʸ ʣʧʶʭʭʡʯʡʞʦʫʙ kEi 

ɺʙʪʪʞʢʦ, ʥʞʪʫʧʩʧʟʝʞʦʡʞ kEl 
ɺʦʩʪʦʯʥʳʡ ɼʦʥʙʘʩʩ, ʂʫʟʙʘʩʩ, ʇʦʜʤʦʩʢʦʚʥʳʡ,  
ɺʦʨʢʫʪʠʥʩʢʦʝ 

0,2 

H, ʥ ɽʧ 300 400 600 800 
1000 ʡ 
ʚʧʤʞʞ 

kʥ 1,0 1,5 2,8 3,9 4,3 

ʋʙʚʤʡʯʙ 5 
ʀʦʙʰʞʦʡʸ ʣʧʶʭʭʡʯʡʞʦʫʙ kEi 

ɽʧʨʬʪʫʡʥʴʞ ʨʧʣʙʠʙʫʞʤʡ ʝʞʭʧʩʥʙʯʡʡ 
ʠʞʥʦʧʢ ʨʧʛʞʩʮʦʧʪʫʡ ʝʤʸ ʦʙʩʬʟʦʴʮ 

ʫʩʬʚʧʨʩʧʛʧʝʧʛ  

ʈʧʣʙʠʙʫʞʤʡ ʨʧ ʦʧʩʥʙʫʡʛʦʴʥ 
ʝʧʣʬʥʞʦʫʙʥ ɼʇʊʋ 17.5.3.04-
86 (ʊʋ ʊʖɻ 5302-85) 

ʉʙʪʰʹʫʦʴʞ 
ʨʧʣʙʠʙʫʞʤʡ 

ɽʧʨʬʪʣ «+», 
ʨʩʡʦʸʫ ʥʞʩʴ «-» 

ɻʡʝ ʨʩʞʝʧʮʩʙʦʡʫʞʤʵʦʧʜʧ ʡ 
ʠʙʲʡʫʦʧʜʧ ʪʧʧʩʬʟʞʦʡʸ 

ʆʩʝʜʘʥʠʝ (hE) 0 1,8-1,7 «-» 1. ʆʩʪʘʚʣʝʥʠʝ ʣʝʥʪʦʯʥʦʛʦ 
ʮʝʣʠʢʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʪʨʫʙʦʧʨʦ-
ʚʦʜʦʚ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 5520 
ʤʝʪʨʦʚ (ʧʦʜ ʪʨʝʤʷ ʣʠʥʠʷʤʠ ʛʘʟʦ-
ʧʨʦʚʦʜʦʚ ʋʟʙʝʢʠʩʪʘʥ ï ʂʠʪʘʡ) 
2. ʇʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ-
ʩʷ ʧʨʦʭʦʜʢʘ ʥʘʢʣʦʥʥʳʭ ʩʪʚʦʣʦʚ 
(6Ü) ʩʝʯʝʥʠʝʤ ʚ ʩʚʠʪʫ 25 ʤ2 ʩ 
ʚʦʟʚʝʜʝʥʠʝʤ ʙʝʪʦʥʥʦʡ ʢʨʝʧʠ 
ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 200 ʤ ʧʝʨʧʝʥʜʠ-
ʢʫʣʷʨʥʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʪʨʫʙʦʧʨʦ-
ʚʦʜʘ 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʜʚʠʞʝʥʠʷ ʚʢʨʝʩʪ ʧʨʦ-
ʩʪʠʨʘʥʠʷ ʧʣʘʩʪʘ (Ŭʚ), 

0,008 ʠʣʠ 

8Ĭ10-3 
1,6-2,05 «-» 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʜʚʠʞʝʥʠʷ ʧʦ ʧʨʦʩʪʠʨʘ-
ʥʠʶ(ɝE), 

0,0025 ʠʣʠ 
2,5Ĭ10-3 

   

0,6 ï 0,54 «-» 

ʅʘʢʣʦʥʳ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʧʣʘʩʪʘ (iE) 0,099-0,022 «-» 

ʅʘʢʣʦʥʳ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ (iE) 0,110-0,021 «-» 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚʢʨʝʩʪ 
ʧʨʦʩʪʠʨʘʥʠʷ ʧʣʘʩʪʘ (eE) 

0,085-0,020 «-» 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʧʨʦʩʪʠ-
ʨʘʥʠʶ (iE) 

0,011-0,055 «-» 

ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ 
ʧʣʘʩʪʘ (RE) 

0 100,96 «-» 

ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ (RE)  0 100,96 «-» 
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ɻʦʨʥʳʡ ʚʝʩʪʥʠʢ ʋʟʙʝʢʠʩʪʘʥʘ 1 (100) 2025 
 
 

ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

 
 

ɺʳʚʦʜʳ: 
ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚʝʨʦʷʪʥʳʝ ʚʝʣʠʯʠʥʳ ʩʜʚʠʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʪʦʯʢʝ II. ɼʣʷ ʚʳʙʦʨʘ ʤʝʨ ʟʘʱʠʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʙʝʠʭ ʪʦʯʝʢ ʩ 
ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʛʨʫʟʢʠ. 
ɺ ʟʘʢʦʥʝ ʈʋʟ «ʆʙ ʦʭʨʘʥʝ ʥʝʜʨ» ʦʛʦʚʦʨʝʥʦ ʦ ʥʝʜʦʧʫʩʪʠʤʦʩʪʠ 

ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʠ ʥʠʞʝ ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʧʨʝʜʝ-
ʣʘʭ ʦʭʨʘʥʥʦʡ ʟʦʥʳ 4-ʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʟʘʣʝʛʘʶʪ 1,978 
ʤʣʥ ʤ3 ʠʣʠ 3,126 ʤʣʥ. ʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʛʦʨʶʯʝʛʦ ʩʣʘʥʮʘ. 
ʕʪʦʪ ʦʙʲʸʤ ʟʘʧʘʩʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʧʪʠʤʘʣʴʥʘʷ ʧʦʪʝʨʷ.  

«ʉʦʛʣʘʩʥʦ ʨʘʩʯʸʪʘʤ, ʚʠʜʦʤ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʠ ʟʘʱʠʪʥʦʛʦ 
ʩʦʦʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʪʘʚʣʝʥʠʝ ʣʝʥʪʦʯʥʦʡ ʮʝʣʠʢʘ ʧʦ ʭʦʜʫ ʪʨʫʙʦ-
ʧʨʦʚʦʜʦʚ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 5520 ʤ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤʠ ʣʠʥʠʷʤʠ ʛʘʟʦ-
ʧʨʦʚʦʜʦʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 2,3% ʦʪ ʦʙʱʝʛʦ ʦʙʲʸʤʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
«ʉʘʥʛʨʫʥʪʘʫ». ʇʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʫ-
ʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʭʦʜʢʘ ʥʘʢʣʦʥʥʳʭ ʩʪʚʦʣʦʚ (60) ʩʝʯʝʥʠʝʤ ʚ ʩʚʝʪʫ 

25 ʤ2 ʩ ʚʦʟʚʝʜʝʥʠʝʤ ʙʝʪʦʥʥʦʡ ʢʨʝʧʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 200 ʤ ʧʝʨʧʝʥ-
ʜʠʢʫʣʷʨʥʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʝʜʝʣʘʭ ʦʭʨʘʥʥʦʡ ʟʦʥʳ. 
ɹʝʟʦʧʘʩʥʘʷ ʛʣʫʙʠʥʘ ʜʣʷ ʚʝʜʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʦ 

ʨʘʩʯʸʪʘʤ ʩʦʩʪʘʚʣʷʝʪ 59,06 ʤ. 
ʎʝʣʴʶ ʟʘʰʠʪʳ ʦʪ ʜʝʬʦʨʤʘʮʠʡ ʣʠʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʠʘʤʝʪ-

ʨʦʤ 1072 ʤʤ ʨʘʙʦʪʘʶʱʠʭ ʩ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʜʦ 25 ʢʛ/ʩʤ2 ʩ 
ʫʯʸʪʦʤ ʟʘʧʘʩʘ ʚʦʟʤʦʞʥʳʭ ʩʜʚʠʛʦʚ ʧʦʨʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ 
ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ, ʨʘʩʯʸʪʘʤʠ ʦʧʨʝʜʝʣʝʥʦ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 
ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʥʘ ʩʘʤʦʤ ʙʣʠʟʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʪʨʘʙʘʪʳʚʘʝ-
ʤʦʛʦ  ʧʣʘʩʪʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ 100,9 ʤ (ʩʤ. ʥʘ 
ʨʘʩʯʸʪʳ).  
ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʯʠʥʘʷ ʩ ʛʣʫʙʠʥʳ 60 ʤ ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʚʣʝ-

ʥʠʝ ʣʝʥʪʦʯʥʳʭ ʮʝʣʠʢʦʚ ʰʠʨʠʥʦʡ ʙʦʣʝʝ 100 ʤ ʦʪ ʮʝʥʪʨʘ ʛʨʫʧʧʳ 
ʛʘʟʦʧʨʦʚʦʜʦʚ. ʊʘʢ ʢʘʢ, ʦʪʨʘʙʦʪʢʘ ʛʦʨʶʯʠʭ ʩʣʘʥʮʝʚ ʜʦ ʛʣʫʙʠʥʳ 60 ʤ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ, ʘ ʧʦʜʟʝʤʥʘʷ ʜʦʙʳʯʘ ʥʘʯʠ-
ʥʘʝʪʩʷ ʩ ʛʣʫʙʠʥʳ 60 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ, 242 ʤ ʰʠʨʠʥʦʡ ʠ ʧʨʦʪʷʞʝʥʥʦ-
ʩʪʴʶ 5520 ʤ, ʣʝʥʪʦʯʥʳʡ ʮʝʣʠʢ ʙʫʜʝʪ ʥʘʜʝʞʥʦ ʧʨʝʜʦʭʨʘʥʷʪʴ ʤʘʛʠ-
ʩʪʨʘʣʴ ʛʘʟʦʧʨʦʚʦʜʘ ʋʟʙʝʢʠʩʪʘʥ ï ʂʠʪʘʡ. 

ʈʠʩ. 3. ʉʭʝʤʘ ʦʭʨʘʥʥʦʡ ʟʦʥʳ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʋʟʙʝʢʠʩʪʘʥ ï ʂʠʪʘʡ ʠ ɻʘʟʣʠ ï ʏʠʤʢʝʥʪ 
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ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 
 
1. ʇʇ-57 ʦʪ 16 ʬʝʚʨʘʣʷ 2023 ʛ. «ʆ ʤʝʨʘʭ ʧʦ ʫʩʢʦʨʝʥʠʶ ʚʥʝʜʨʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 2023 

ʛʦʜʫ». 
2. «ʇʦʣʦʞʝʥʠʝ ʦ ʧʦʨʷʜʢʝ ʚʳʜʘʯʠ ʨʘʟʨʝʰʝʥʠʡ ʥʘ ʟʘʩʪʨʦʡʢʫ ʧʣʦʱʘʜʝʡ ʟʘʣʝʛʘʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ».  ʉʅʠʇ 2.01.09-91 «ɿʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʥʘ 

ʧʦʜʨʘʙʘʪʳʚʘʝʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʧʨʦʩʘʜʦʯʥʳʭ ʛʨʫʥʪʘʭ». 
3. ʂʄʂ 2.05.06-97 ʄʘʛʠʩʪʨʘʣʴʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ. ɻʦʩʘʨʭʠʪʝʢʩʪʨʦʡ ʈʋʟ. ï ʊʘʰʢʝʥʪ, 1998. ï 154 ʩ. 
4. «ʀʥʩʪʨʫʢʮʠʠ ʦ ʧʦʨʷʜʢʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦʜʨʘʙʦʪʢʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʥʘ ʫʛʦʣʴʥʳʭ ʠ ʩʣʘʥʮʝʚʳʭ. ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʈʦʩʩʠʠ», ʫʪʚʝʨʞʜʝʥʥʦʡ      

18.02.1994 ʛ. 
5. ɻʆʉʊ 17.5.3.04-86 (ʉʊ ʉʕɺ 5302-85) «ʆʭʨʘʥʘ ʧʨʠʨʦʜʳ. ɿʝʤʣʠ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʝʤʝʣʴ». 
6. «ʇʨʘʚʠʣʘ ʦʭʨʘʥʳ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʦʪ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʥʘ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ» ʩʦʛʣʘ-

ʩʦʚʘʥʳ ʩ ʂʦʤʠʪʝʪʦʤ ʈʦʩʢʦʤʥʝʜʨʘ, ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ ʈʌ, ʈʦʩʢʦʤʚʦʜ, ʈʦʩʣʝʩʭʦʟʦʤ, ʂʦʤʠʪʝʪʦʤ ʧʦ ʟʝʤʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʟʝʤʣʝ-
ʫʩʪʨʦʡʩʪʚʫ ʈʌ. 

7. «ʇʨʘʚʠʣʘ ʦʭʨʘʥʳ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʦʪ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʥʘ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ» ʇɹ 07-
269-98. ɺʚʝʜʝʥʳ ʚ ʜʝʡʩʪʚʠʝ ʩ 1 ʦʢʪʷʙʨʷ 1998 ʛ. 
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KONCHILIK ISHLARI 

ʆɹɼʇʉʆʔɾ ʅɾʊʋʇʉʇɿɽɾʆʁʘ ɹʀʁʁ  

ʋɼʂ 622.27.012.3.001.63(075.8) DOI:10.54073/GV.2025.1.100.002 

Maqolada relyefning toifalari va shakllariga eôtibor qaratilgan, Osiyoda, ayniqsa, Markaziy Osiyoda foydali qazilmalarning turlari va 
joylashishi. Togóli konlarning qiyin konchilik, geologik va iqlim sharoitlari. Togóli konlarni oózlashtirish xususiyatlari va istiqbollari. 
Maôlumki, eng qiyin texnologik vaziyat ochiq usulda qazib olish jarayonida yuzaga keladi, agarda karyer maydoni butunlay tik qiyalikda 
joylashgan doólsa. Topografik va togó-geologik sharoitlarning noqulay kombinatsiyasi boólgan konlarni ochiq usulda qazib olishda, 
loyihalashda ham, ishlab chiqarish amaliyotida ham haligacha hal etilmagan osiluvchi  qoplama jinslari hajmi muammosi mavjud. Ishlab 
chiqarish va loyihalash tashkilotlarida togó jinslari hajmini belgilangan sharoitlarda tartibga solishning ilmiy asoslangan usullari mavjud 
emas. 
Kalit soózlar: relyef, togó, togó tizmasi, togó bagóri, baland togó, tepalik, plato, qiyalik, jarlik, jar, vodiy, dara, choóqqilar, foydali 

qazilmalar, togó konlari, ruda tanasi, karyer. 
 
ɺ ʩʪʘʪʴʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʘʪʝʛʦʨʠʷʤ ʠ ʬʦʨʤʘʤ ʨʝʣʴʝʬʘ, ʦʩʦʙʝʥʥʦ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʘ ʠʤʝʥʥʦ ʨʘʟʥʦ-

ʦʙʨʘʟʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʟʠʠ. ʉʣʦʞʥʦʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 
ʥʘʛʦʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘʛʦʨʥʦʛʦ ʪʠʧʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʠʙʦ-
ʣʝʝ ʩʣʦʞʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʛʜʝ ʢʘʨʴʝʨʥʳʝ ʧʦʣʷ ʮʝʣʠʢʦʤ 
ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʢʨʫʪʦʤ ʩʢʣʦʥʝ. ʇʨʠ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʪʦʧʦʛʨʘʬʠ-
ʯʝʩʢʠʭ ʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ çʥʘʚʠʩʘʶʱʠʭè ʦʙʲʸʤʦʚ ʚʩʢʨʳʰʠ, ʥʝ ʨʝʰʝʥʥʘʷ ʜʦ ʩʠʭ ʧʦʨ ʥʠ ʚ 
ʧʨʦʝʢʪʥʦʡ, ʥʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʦʝʢʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝ ʨʘʩʧʦʣʘʛʘʶʪ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥ-
ʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʙʲʸʤʦʚ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʣʴʝʬ, ʛʦʨʘ, ʛʦʨʥʳʡ ʭʨʝʙʝʪ, ʛʦʨʥʳʡ ʢʨʷʞ, ʥʘʛʦʨʴʝ, ʭʦʣʤ, ʧʣʦʩʢʦʛʦʨʴʝ, ʚʧʘʜʠʥʘ, ʦʚʨʘʛ, ʷʨ, ʜʦʣʠʥʘ, 

ʫʱʝʣʴʝ, ʚʝʨʰʠʥʳ, ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʥʘʛʦʨʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʫʜʥʦʝ ʪʝʣʦ, ʢʘʨʴʝʨ. 

ɺʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ ʥʘ ʩʫʰʝ ʦʮʝʥʠʚʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦʡ ʠ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʘʤʠ. ɸʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ ï ʚʳʩʦʪʘ ʤʝʩʪʥʦʩʪʠ 
(ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʝʸ ʵʣʝʤʝʥʪʦʚ) ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ.  
ɺʳʜʝʣʷʶʪ ʪʨʠ ʢʘʪʝʛʦʨʠʠ ʨʝʣʴʝʬʘ: ʨʘʚʥʠʥʥʳʡ (ʢʦʣʝʙʘʥʠʝ   

ʚʳʩʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 10 ʤ), ʭʦʣʤʠʩʪʳʡ (ʢʦʣʝʙʘʥʠʝ ʚʳʩʦʪ 10-100 ʤ) 
ʠ ʛʦʨʥʳʡ (ʢʦʣʝʙʘʥʠʝ ʚʳʩʦʪ ʙʦʣʝʝ 100 ʤ). ʇʦ ʢʨʫʪʠʟʥʝ ʨʘʟʣʠʯʘʶʪ 
ʩʢʣʦʥʳ: ʦʯʝʥʴ ʧʦʣʦʛʠʡ (0-1Ü), ʩʨʝʜʥʝʧʦʣʦʛʠʡ (1-2Ü), ʧʦʣʦʛʦʧʦʢʘʪʳʡ 
(2-6Ü), ʧʦʢʘʪʳʡ (6-8Ü), ʢʨʫʪʦʧʦʢʘʪʳʡ (8-10Ü), ʫʤʝʨʝʥʥʦ ʢʨʫʪʦʡ          
(10-15Ü), ʩʨʝʜʥʝʢʨʫʪʦʡ (15-30Ü), ʢʨʫʪʦʡ (30-45Ü), ʦʯʝʥʴ ʢʨʫʪʦʡ         
(45-60Ü), ʦʪʚʝʩʥʦʡ (ʙʦʣʝʝ 60Ü) [1]. ʇʝʨʚʳʝ ʧʷʪʴ ʚʠʜʦʚ (ʜʦ 10Ü) ʦʪʥʦ-
ʩʷʪ ʢ ʧʦʣʦʛʠʤ ʩʢʣʦʥʘʤ. 
ʈʝʣʴʝʬ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ (ʚʳʧʫʢʣʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʣʦʩʢʦʩʪʠ ʛʦʨʠʟʦʥʪʘ) ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ (ʚʦʛʥʫʪʳʝ) ʬʦʨʤʳ. ʇʦʣʦʞʠ-
ʪʝʣʴʥʳʤʠ ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ ʷʚʣʷʶʪʩʷ: 
ʛʦʨʘ ï ʦʙʦʩʦʙʣʝʥʥʘʷ ʚʦʟʚʳʰʝʥʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʪʦʡ 

200 ʤ ʠ ʙʦʣʝʝ ʠ ʢʨʫʪʳʤʠ ʩʢʣʦʥʘʤʠ; 
ʛʦʨʥʳʡ ʭʨʝʙʝʪ ï ʚʳʪʷʥʫʪʘʷ ʚʦʟʚʳʰʝʥʥʦʩʪʴ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʳʩʦʪʦʡ 200 ʤ ʠ ʙʦʣʝʝ, ʩ ʢʨʫʪʳʤʠ ʩʢʣʦʥʘʤʠ, ʩʢʘʣʠʩʪʳʤʠ ʦʙʨʳʚʘʤʠ 
ʥʘ ʛʨʝʙʥʷʭ ʠ ʩʢʣʦʥʘʭ; 
ʛʦʨʥʳʡ ʢʨʷʞ ï ʥʝʚʳʩʦʢʠʡ ʛʦʨʥʳʡ ʭʨʝʙʝʪ ʩ ʧʦʣʦʛʠʤʠ ʩʢʣʦʥʘʤʠ ʠ 

ʩ ʧʣʦʩʢʦʡ ʠʣʠ ʩʣʘʙʦ ʚʳʧʫʢʣʦʡ ʚʝʨʰʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ; 
ʥʘʛʦʨʴʝ ï ʩʧʣʦʰʥʘʷ ʩʠʩʪʝʤʘ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ ʠ ʚʝʨʰʠʥ, ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʚʦʟʚʳʰʘʶʱʠʭʩʷ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ; 
ʭʦʣʤ ï ʦʙʦʩʦʙʣʝʥʥʘʷ ʢʫʧʦʣʦʦʙʨʘʟʥʘʷ ʠʣʠ ʢʦʥʠʯʝʩʢʘʷ ʚʦʟʚʳ-

ʰʝʥʥʦʩʪʴ ʩ ʧʦʣʦʛʠʤʠ ʩʢʣʦʥʘʤʠ; 
ʢʫʨʛʘʥ ï ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʭʦʣʤ; 
ʩʦʧʢʘ ï ʥʝʙʦʣʴʰʘʷ ʛʦʨʘ, ʭʦʣʤ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʦʡ ʚʫʣʢʘʥ; 

ʧʣʦʩʢʦʛʦʨʴʝ ï ʧʨʠʧʦʜʥʷʪʘʷ ʦʙʰʠʨʥʘʷ ʥʘʛʦʨʥʘʷ ʨʘʚʥʠʥʘ ʩ 
ʧʣʦʩʢʠʤʠ ʚʝʨʰʠʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ 
ʩʢʣʦʥʘʤʠ; 
ʧʣʘʪʦ ï ʧʨʠʧʦʜʥʷʪʘʷ ʨʘʚʥʠʥʘ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥ-

ʥʳʤʠ ʥʝʨʝʜʢʦ ʦʙʨʳʚʠʩʪʳʤʠ ʩʢʣʦʥʘʤʠ; 
ʛʨʷʜʘ ï ʫʟʢʘʷ ʚʳʪʷʥʫʪʘʷ ʚʦʟʚʳʰʝʥʥʦʩʪʴ ʩ ʢʨʫʪʠʟʥʦʡ ʩʢʣʦʥʦʚ 

ʙʦʣʝʝ 20Ü, ʩ ʧʣʦʩʢʠʤʠ ʠʣʠ ʦʢʨʫʛʣʳʤʠ ʚʝʨʰʠʥʘʤʠ; 
ʫʚʘʣ ï ʚʳʪʷʥʫʪʘʷ ʚʦʟʚʳʰʝʥʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ʩ   ʧʦʣʦ-

ʛʠʤʠ ʷʚʥʳʤʠ ʠʣʠ ʚʳʧʫʢʣʳʤʠ ʚʝʨʰʠʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. 
ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ: 
ʚʧʘʜʠʥʘ ï  ʧʦʥʠʞʝʥʠʝ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʳ ʩ ʧʦʣʦʛʠʤʠ ʩʢʣʦʥʘʤʠ;  
ʢʦʪʣʦʚʠʥʘ ï ʧʦʥʠʞʝʥʠʝ, ʠʤʝʶʱʝʝ ʟʥʘʯʠʪʝʣʴʥʫʶ ʛʣʫʙʠʥʫ ʠ 

ʢʨʫʪʳʝ ʩʢʣʦʥʳ; 
ʦʚʨʘʛ ï ʚʳʪʷʥʫʪʦʝ ʫʛʣʫʙʣʝʥʠʝ ʩ ʢʨʫʪʳʤʠ ʠ ʤʝʩʪʘʤʠ ʦʪʚʝʩʥʳʤʠ 

ʦʙʳʯʥʦ ʦʙʥʘʞʝʥʥʳʤʠ ʩʢʣʦʥʘʤʠ, ʢʦʥʬʠʛʫʨʘʮʠʷ, ʛʣʫʙʠʥʘ ʠ ʜʣʠʥʘ 
ʦʚʨʘʛʦʚ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ;  
ʷʨ ï ʛʣʫʙʦʢʠʡ ʟʘʨʦʩʰʠʡ ʦʚʨʘʛ;  
ʣʦʛ ï h ʠʨʦʢʠʡ ʠ ʜʣʠʥʥʳʡ ʦʚʨʘʛ; 
ʧʨʦʤʦʠʥʘ ï ʫʛʣʫʙʣʝʥʠʝ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʳ, ʰʠʨʠʥʳ ʠ ʜʣʠʥʳ, 

ʦʙʳʯʥʦ ʩ ʢʨʫʪʳʤʠ ʦʙʥʘʞʝʥʥʳʤʠ ʩʢʣʦʥʘʤʠ ʠ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʦʡ 
ʙʨʦʚʢʦʡ, ʚ ʚʝʨʭʥʝʤ ʢʦʥʮʝ ʧʨʦʤʦʠʥʘ ʟʘʤʳʢʘʝʪʩʷ; 
ʣʦʞʙʠʥʘ ʩʪʦʢʘ ï ʚʳʪʷʥʫʪʦʝ ʫʛʣʫʙʣʝʥʠʝ ʩ ʧʦʣʦʛʠʤʠ ʩʢʣʦʥʘʤʠ, 

ʧʦʢʨʳʪʳʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʠ ʥʝʷʩʥʦ ʚʳʨʘʞʝʥʥʦʡ ʙʨʦʚʢʦʡ, ʣʦʞ-
ʙʠʥʘ ʠʤʝʝʪ ʥʝʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ (ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ) ʠ ʤʘʣʫʶ ʧʨʦʪʷ-
ʞʝʥʥʦʩʪʴ (ʜʦ 200-500 ʤ); 
ʙʘʣʢʘ ï ʚʳʪʷʥʫʪʦʝ ʫʛʣʫʙʣʝʥʠʝ ʩ ʧʦʣʦʛʠʤʠ ʟʘʜʝʨʥʦʚʘʥʥʳʤʠ ʠʣʠ 

ʧʦʢʨʳʪʳʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʩʢʣʦʥʘʤʠ, ʦʪʢʨʳʪʦʝ ʚ ʩʪʦʨʦʥʫ ʦʙʱʝʛʦ 

ʋʬʢʰʡʚʧʞʛ ʀ.ʁ., 
ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ  

«ʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ ʜʦʙʳʯʠ, 
ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ʨʝʜʢʠʭ ʠ  

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ» ʅɻɻʊʋ  

ʅʬʫʙʛʙʤʡʞʛ ɹ.ʋ.,  
ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

 «ɻʦʨʥʦʝ ʜʝʣʦ»  ɻʦʨʥʦ- ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 
ʠʥʩʪʠʪʫʪʘ  ʊʘʜʞʠʢʠʩʪʘʥʘ,  

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  

ʅʡʪʤʡʚaʞʛ ʁ.ʋ., 
ʜʝʢʘʥ 

ʛʦʨʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ  ʅɻɻʊʋ, 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ  
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʫʢʣʦʥʘ ʤʝʩʪʥʦʩʪʠ, ʙʨʦʚʢʘ ʩʢʣʦʥʘ ʥʝ ʚʩʝʛʜʘ ʚʳʨʘʞʝʥʘ ʦʪʯʝʪʣʠʚʦ, 
ʜʣʠʥʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ, ʙʘʣʢʘ ʷʚʣʷʝʪʩʷ 
ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʝʡ ʨʘʟʚʠʪʠʷ ʦʚʨʘʛa; 
ʜʦʣʠʥʘ ï ʚʳʪʷʥʫʪʦʝ ʥʝʟʘʤʢʥʫʪʦʝ ʧʦʥʠʞʝʥʠʝ ʩ ʫʢʣʦʥʦʤ ʚ ʦʜʥʫ 

ʩʪʦʨʦʥʫ, ʯʘʩʪʦ ʩ ʦʙʥʘʞʝʥʥʳʤʠ ʩʢʣʦʥʘʤʠ ʨʘʟʣʠʯʥʦʡ ʢʨʫʪʠʟʥʳ,   
ʥʝʨʝʜʢʦ ʦʩʣʦʞʥʝʥʥʳʤʠ ʪʝʨʨʘʩʘʤʠ, ʦʧʦʣʴʟʥʷʤʠ ʠ ʧʨʦʤʦʠʥʘʤʠ, 
ʣʦʱʠʥʘ ï ʥʝʠʟʤʝʥʥʘʷ ʜʦʣʠʥʘ ʩ ʧʦʣʦʛʠʤʠ ʩʢʣʦʥʘʤʠ; 
ʢʘʥʴʦʥ ï ʛʣʫʙʦʢʘʷ ʨʝʯʥʘʷ ʜʦʣʠʥʘ ʩ ʦʯʝʥʴ ʢʨʫʪʳʤʠ ʩʢʣʦʥʘʤʠ ʠ 

yʟʢʠʤ ʜʥʦʤ, ʦʙʳʯʥʦ ʧʦʣʥʦʩʪʴʶ ʟʘʥʷʪʳʡ ʨʫʩʣʦʤ ʨʝʢʠ; 

ʫʱʝʣʴʝ ï ʫʟʢʘʷ ʠ ʛʣʫʙʦʢʘʷ ʩ ʦʙʨʳʚʠʩʪʳʤʠ ʩʢʣʦʥʘʤʠ ʜʦʣʠʥʳ, 
ʨʘʩʩʝʣʠʥʘ ʚ ʛʦʨʘʭ [1]. 
ɺʳʩʦʯʘʡʰʠʝ ʚʝʨʰʠʥʳ ʤʠʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ɸʟʠʠ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʝʸ ʯʘʩʪʠ. ɿʜʝʩʴ ʚʳʜʝʣʷʶʪʩʷ ʛʦʨʥʳʝ ʩʠʩʪʝʤʳ: ʊʷʥʴ-ʐʘʥʴ, ʇʘʤʠʨ, 
ɻʠʤʘʣʘʠ, ɻʠʥʜʫʢʫʰ, ʂʘʨʘʢʦʨʫʤ, ʊʠʙʝʪ, ʂʫʥʴʣʫʥʴ, ɸʣʪʘʡ (ʨʠʩ. 1). 
ʅʘʨʷʜʫ ʩ ʉʅɻ ʦʥʠ ʟʘʭʚʘʪʳʚʘʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ɸʬʛʘʥʠ-
ʩʪʘʥʘ, ʇʘʢʠʩʪʘʥʘ, ʄʦʥʛʦʣʠʠ, ʂʠʪʘʷ, ʅʝʧʘʣʘ, ɹʫʪʘʥʘ, ʩʝʚʝʨʘ ʀʥʜʠʠ 
ʠ ʄʴʷʥʤʳ. ʂʨʦʤʝ ʦʪʤʝʯʝʥʥʳʭ, ʚ ɸʟʠʠ ʝʩʪʴ ʠ ʜʨʫʛʠʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, 
ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ. ɺʳʩʦʢʠʤʠ (ʩʚʳʰʝ 4000-5000 ʤ) ʛʦʨʘʤʠ    

 ʈʠʩ. 1. ɻʦʨʥʳʝ ʨʘʡʦʥʳ ʎʝʥʪʨʘʣʴʥʦʡ ɸɿʀʀ 
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ʧʦʢʨʳʪʘ ʪʝʨʨʠʪʦʨʠʷ ʀʨʘʥʘ ʠ ʊʫʨʮʠʠ. ʆʪʜʝʣʴʥʳʝ ʛʦʨʥʳʝ ʭʨʝʙʪʳ ʠ 
ʚʝʨʰʠʥʳ ʚʳʩʦʪʦʡ ʜʦ 3000-4000 ʤ ʠʤʝʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʢʦʥʪʠ-
ʥʝʥʪʘʣʴʥʦʡ (ʁʝʤʝʥ, ʉʘʫʜʦʚʩʢʘʷ ɸʨʘʚʠʷ, ʆʤʘʥ, ʄʴʷʥʤʘ, ɺʴʝʪʥʘʤ, 
ʃʘʦʩ, ʂʅɼʈ) ʠ ʦʩʪʨʦʚʥʦʡ (ʀʥʜʦʥʝʟʠʷ, ʌʠʣʠʧʧʠʥʳ, ʄʘʣʘʡʟʠʷ,     
ʗʧʦʥʠʷ, ʐʨʠ-ʃʘʥʢʘ) ʯʘʩʪʷʭ ɸʟʠʠ. ʅʝʢʦʪʦʨʳʝ ʩʪʨʘʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 
ʟʦʥʝ ʩʨʝʜʥʝʛʦʨʴʷ (1000-2000 ʤ): ʃʠʚʘʥ, ʉʠʨʠʷ, ʀʟʨʘʠʣʴ, ʀʦʨʜʘʥʠʷ, 
ʂʠʧʨ, ʖʞʥʘʷ ʂʦʨʝʷ. ʈʘʟʥʦʦʙʨʘʟʥʳʤ ʨʝʣʴʝʬʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʪʝʨʨʠʪʦʨʠʷ ʀʥʜʠʠ, ʥʘ ʩʝʚʝʨʝ ʩʪʨʘʥʳ ʚʦʟʚʳʰʘʶʪʩʷ ʚʝʨʰʠʥʳ     
ɻʠʤʘʣʘʠ, ʧʦʣʫʦʩʪʨʦʚ ʀʥʜʦʩʪʘʥ ʧʦʯʪʠ ʮʝʣʠʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʧʣʦʩʢʦ-
ʛʦʨʴʝʤ, ʦʢʘʤʣʝʥʥʳʤʠ ʛʦʨʘʤʠ ɿʘʧʘʜʥʳʝ ʠ ɺʦʩʪʦʯʥʳʝ ɻʘʘʪʳ (ʚʳʩʦʪʘ 
1600-2700 ʤ), ʙʘʩʩʝʡʥʳ ʨʝʢ ɻʘʥʛ ʠ ʀʥʜ ʦʙʨʘʟʫʶʪ ʦʙʰʠʨʥʳʝ ʨʘʚʥʠʥʳ. 
ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʚʥʠʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʤʝʝʪ ʪʝʨʨʠʪʦʨʠʠ  ʉʘʫʜʦʚ-
ʩʢʦʡ ɸʨʘʚʠʠ, ʂʫʚʝʡʪʘ, ʀʨʘʢʘ, ʂʘʤʙʦʜʞʠ, ʊʘʠʣʘʥʜʘ. ʇʦʥʠʞʝʥʥʳʡ 
ʨʝʣʴʝʬ ʧʨʠʩʫʱ ʪʦʣʴʢʦ ɹʘʥʛʣʘʜʝʰ ʠ ʥʝʙʦʣʴʰʠʤ ʛʦʩʫʜʘʨʩʪʚʘʤ   
ʇʝʨʩʠʜʩʢʦʛʦ ʟʘʣʠʚʘ (ʆɸʕ, ʂʘʪʘʨ, ɹʘʭʨʝʡʥ). 
ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ʜʦʙʳʚʘʶʪʩʷ ʚ ʛʦʨʘʭ    

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʤʝʜʥʳʝ, ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ 
ʨʫʜʳ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʫʛʦʣʴ, ʩʝʨʘ, ʤʨʘʤʦʨ, ʛʨʘʥʠʪ ʠ ʜʨ. 
ʋʩʢʦʨʝʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʛʦʨʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚ ʂʠʨʛʠʟʠʠ. 

ʅʘʠʙʦʣʝʝ ʨʘʟʚʠʪʦʡ ʝʝ ʦʪʨʘʩʣʴʶ ʷʚʣʷʝʪʩʷ ʫʛʦʣʴʥʘʷ. ɺ ʨʝʩʧʫʙʣʠʢʝ 
ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʥʘʛʦʨʥʳʭ ʫʛʦʣʴʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʂʳʟʳʣ-ʂʠʡʩʢʦʝ, ʅʘʨʳʥʩʢʦʝ, ɸʛʫʣʘʢ ʠ ʜʨ. ɺʝʜʸʪʩʷ 
ʦʪʨʘʙʦʪʢʘ ʢʘʨʴʝʨʘ ʂʘʨʘ-ʂʠʯʝ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʦʪʜʘʣʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ, 
ʥʘ ʚʳʩʦʪʝ 2800-3000 ʤ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʢʨʫʪʦʤ 
ʩʢʣʦʥʝ, ʚ ʫʟʢʦʡ ʜʦʣʠʥʝ ʛʦʨʥʦʡ ʨʝʢʠ. ʆʩʥʦʚʥʦʡ ʫʛʦʣʴʥʳʡ ʧʣʘʩʪ  
ʤʦʱʥʦʩʪʴʶ 60-80 ʤ ʩ ʫʛʣʦʤ ʧʘʜʝʥʠʷ 60-70Ü ʚʳʭʦʜʠʪ ʧʦʜ ʥʘʥʦʩʳ [2]. 
ʂʨʫʧʥʳʝ ʥʘʛʦʨʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʶʪʩʷ ʚ ʋʟʙʝʢʠʩʪʘʥʝ, ʚ 

ʝʛʦ ʶʞʥʳʭ ʨʘʡʦʥʘʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʦʪʨʦʛʘʤ ʏʘʪʢʘʣʴʩʢʦʛʦ, ʊʫʨʢʝʩʪʘʥ-
ʩʢʦʛʦ ʠ ɿʝʨʘʚʰʘʥʩʢʦʛʦ ʭʨʝʙʪʦʚ. ɿʜʝʩʴ ʨʘʩʧʦʣʦʞʝʥʳ ʂʘʣʴʤʘʢʳʨʩʢʦʝ 
ʠ ʉʘʨʳ-ʏʝʢʠʥʩʢʦʝ ʤʝʜʥʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ɸʥʛʨʝʥʩʢʦʝ ʫʛʦʣʴ-
ʥʦʝ, ʨʷʜ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʟʳʣ-
ʢʫʤʩʢʦʛʦ ʨʝʛʠʦʥʘ ɹʘʨʭʘʥʥʳʡ, ɼʘʡʢʦʚʳʡ, ʇʠʩʪʘʣʠ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʨʘʤʦʨʘ, ʛʨʘʥʠʪʘ ʠ ʜʨʫʛʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʛʦʨʥʳʭ 
ʧʦʨʦʜ. 
ɹʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʩʰʠʨʝʥʠʷ ʦʪʢʨʳʪʦʡ ʫʛʣʝʜʦʙʳʯʠ ʠʤʝʝʪ 

ʊʘʜʞʠʢʠʩʪʘʥ. ʅʘ ʩʝʚʝʨʝ ʨʝʩʧʫʙʣʠʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʦʜʥʦ ʠʟ ʢʨʫʧ-
ʥʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʥʪʨʘʮʠʪʘ ʅʘʟʘʨ-ɸʡʣʦʢ. ʆʥʦ ʨʘʩʧʦʣʦʞʝʥʦ 
ʥʘ ʚʝʨʰʠʥʝ ʛʦʨʥʦʛʦ ʧʣʘʪʦ ʥʘ ʚʳʩʦʪʝ 3700 ʤ. ɿʘʧʘʩʳ ʧʦʣʝʟʥʦʛʦ 
ʠʩʢʦʧʘʝʤʦʛʦ ʦʢʦʣʦ 200 ʤʣʥ ʪ. ɸʥʪʨʘʮʠʪ ʦʪʣʠʯʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 
ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ ʥʝ ʧʨʝʚʳʰʘʝʪ 5%. ɹʦʛʘʪʩʪʚʘ 
ʥʝʜʨ ʊʘʜʞʠʢʠʩʪʘʥʘ ʝʱʝ ʞʜʫʪ ʩʚʦʝʛʦ ʦʩʚʦʝʥʠʷ. 
ɺ ɸʟʠʠ ʥʘʭʦʜʷʪʩʷ ʚʳʩʦʯʘʡʰʠʝ ʚʝʨʰʠʥʳ ʤʠʨʘ, ʦʙʰʠʨʥʳʝ ʛʦʨ-

ʥʳʝ ʩʠʩʪʝʤʳ ʩʣʘʛʘʶʪ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʢʦʥʪʠʥʝʥʪʘ. ʂ ʧʦʩʣʝʜʥʠʤ 
ʦʪʥʦʩʷʪʩʷ ʊʷʥʴ-ʐʘʥʴ, ʇʘʤʠʨ, ɻʠʤʘʣʘʠ, ɻʠʥʜʫʢʫʰ, ʂʘʨʘʢʦʨʫʤ,    
ʊʠʙʝʪ, ʂʫʥʴʣʫʥʴ, ɸʣʪʘʡ, ʉʘʷʥʳ. ʆʥʠ ʟʘʭʚʘʪʳʚʘʶʪ ʪʝʨʨʠʪʦʨʠʶ ʤʥʦ-
ʛʠʭ ʩʪʨʘʥ ɸʬʛʘʥʠʩʪʘʥ, ʇʘʢʠʩʪʘʥ, ʄʦʥʛʦʣʠʷ, ʂʠʪʘʡ, ʅʝʧʘʣ, ɹʫʪʘʥ, 
ʩʝʚʝʨ ʀʥʜʠʠ ʠ ʄʴʷʥʤʳ (ɹʠʨʤʳ).   ʇʦʯʪʠ ʚʩʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟ-

ʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ɸʬʛʘʥʠʩʪʘʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʛʦʨʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ 
ʥʘ ʚʳʩʦʪʝ 1500-3000 ʤ. ʅʠʞʝ ʜʘʸʪʩʷ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠʣʠ ʥʘʤʝʯʝʥʥʳʭ ʢ ʨʘʟʨʘʙʦʪʢʝ ʦʪʢʨʳ-
ʪʳʤ ʩʧʦʩʦʙʦʤ [3, 4]. 
ɺ ʯʠʩʣʦ ʢʨʫʧʥʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʟʠʠ ʚʭʦʜʠʪ ʤʝʜʥʦʨʫʜʥʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɸʡʤʘʢ. ɺ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚʭʦʜʷʪ ʥʝʩʢʦʣʴʢʦ 
ʢʨʫʪʦʧʘʜʘʶʱʠʭ (40-85Ü) ʟʘʣʝʞʝʡ. ɻʣʘʚʥʘʷ ʟʘʣʝʞʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʧʣʘʩʪʦʦʙʨʘʟʥʦʝ ʨʫʜʥʦʝ ʪʝʣʦ ʨʘʟʤʝʨʘʤʠ ʚ ʧʣʘʥʝ 1850ʭ1200 ʤ 
ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ 30-80 ʤ (ʤʘʢʩʠʤʘʣʴʥʘʷ ð ʜʦ 210 ʤ), ʪʨʠ 
ʜʨʫʛʠʝ ʟʘʣʝʞʠ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʤʦʱʥʦʩʪʴ (ʨʠʩ. 2). ʂʨʦʤʝ 
ʪʦʛʦ ʚ ʢʘʨʴʝʨʥʦʤ ʧʣʘʪʦ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 28 ʨʫʜʥʳʭ ʣʠʥʟ ʩ ʨʘʟʤʝʨʘʤʠ 
ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʜʦ 350 ʤ ʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 60 ʤ. ʆʙʱʠʝ ʟʘʧʘʩʳ 
ʨʫʜʳ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 150 ʤʣʥ. ʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 1-3%. 
ɺ ɸʬʛʘʥʠʩʪʘʥʝ ʠʟʚʝʩʪʝʥ ʠ ʨʷʜ ʜʨʫʛʠʭ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ð ʦʙʲʝʢʪʦʚ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʞʝʣʝʟʦʨʫʜʥʦʝ 
ʍʝʰ, ʠʟʚʝʩʪʥʷʢʦʚʦʝ ɼʞʝʙʝʣʴ-ʉʘʨʘʜʞ, ʙʫʪʦʚʦʛʦ ʢʘʤʥʷ ʍʘʡʨ-ʍʘʥʘ, 
ʙʘʨʠʪʦʚʦʝ ʉʘʥʛʝʣʷʥ, ʤʘʛʥʝʟʠʪʦʚʦʝ ʄʘʤʘʭʝʣʴ ʠ ʧp. [3]. 
ɺ ʇʘʢʠʩʪʘʥʝ ʠʤʝʝʪʩʷ ʢʨʫʧʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʤʝʜʥʳʭ ʨʫʜ 

ʉʘʠʥʜʘʢ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʟʘʧʘʜʥʦʤ ʚʳʩʪʫʧʝ ʤʝʞʜʫ ʀʨʘʥʦʤ (18 ʢʤ 
ʜʦ ʛʨʘʥʠʮʳ) ʠ ɸʬʛʘʥʠʩʪʘʥʦʤ (40 ʢʤ). ɺʙʣʠʟʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʭʦ-
ʜʠʪ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ʂʘʨʘʯʠ ï ʂʚʝʪʪʘ ï ɿʘʭʝʜʘʥ (ʛʦʨʦʜ ʚ ʀʨʘʥʝ). 
ʈʘʡʦʥ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ð ʧʫʩʪʳʥʥʦʝ ʧʣʘʪʦ ʩ ʚʳʩʦʪʦʡ ʦʢʦʣʦ 

1000 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʦʢʨʫʞʝʥʥʦʝ ʛʦʨʥʳʤʠ ʭʨʝʙʪʘʤʠ ʚʳʩʦʪʦʡ 
ʜʦ 2300 ʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʣʝʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʚʳʰʘʝʪ +35Üʉ, 
ʜʦʞʜʠ ʨʝʜʢʠ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʙʝʜʥʘʷ. ʊʝʨʨʠʪʦʨʠʶ ʥʘʩʝʣʷʶʪ ʨʝʜʢʠʝ 
ʢʦʯʝʚʳʝ ʧʣʝʤʝʥʘ. 
ʀʥʪʝʥʩʠʚʥʦ ʦʩʚʘʠʚʘʶʪʩʷ ʥʘʛʦʨʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʚ ʄʦʥʛʦʣʠʠ. ʉʘʤʦʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʨʝʜʠ ʥʠʭ ʤʝʩʪʦʨʦʞ-
ʜʝʥʠʝ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʨʫʜ ʕʨʜʵʥʵʪ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʚʦʩʪʦʯ-
ʥʦʡ ʯʘʩʪʠ ʧʫʩʪʳʥʠ ɻʦʙʠ. ɺ ʦʪʨʦʛʘʭ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʠ ʭʨʝʙʪʘ 
ʍʘʥʛʘʡ (ʟʘʧʘʜ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʩʪʨʘʥʳ) ʥʘ ʚʳʩʦʪʝ 2000-2500 ʤ ʠ 
ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʫʛʦʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʦʰʦʪ, ʍʘʨʪʘʨʚʘʛʘʪʘʡ, 
ʄʦʛʦʡʥʛʦʣ ʠ ʜʨ. ɺ ʅʝʧʘʣʝ ʧʦʜʣʝʞʠʪ ʦʩʚʦʝʥʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʥ-
ʜʝʟʠʪʘ ʍʘʨʠʜʭʫʥʛʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʦʪʨʦʛʘʭ ɻʠʤʘʣʘʝʚ ʥʘ ʚʳʩʦʪʝ 
2600 ʤ [5]. ʄʥʦʛʦ ʥʘʛʦʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʢʨʳʪʳ ʚ ʂʠʪʘʝ, ʯʘʩʪʴ 
ʠʟ ʥʠʭ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʞʝʣʝʟʦʨʫʜʥʳʝ ɺʵʡ ʊʦʫʰʘʥʴ, ʀʥʴ ʊʘʦʶʘʥʴ, 
ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ɻʫʘʥ ʏʞʘʣʠʥ, ʫʛʦʣʴʥʦʝ ʊʘ ʌʳʥ. ʇʦʩʣʝʜʥʝʝ 
ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʶʛʝ ʅʠʥʩʷ-ʍʫʵʡʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʨʘʡʦʥʘ 
(ʩʝʚʝʨʥʳʡ ʂʠʪʘʡ). 

 ʈʘʟʥʦʦʙʨʘʟʥʘ ʧʨʠʨʦʜʘ ʀʥʜʠʠ ʥʘ ʩʝʚʝʨʝ ʩʪʨʘʥʳ ʚʦʟʚʳʰʘʶʪʩʷ 
ʚʝʨʰʠʥʳ ɻʠʤʘʣʘʡ, ʧʦʣʫʦʩʪʨʦʚ ʀʥʜʦʩʪʘʥ ʧʦʯʪʠ ʮʝʣʠʢʦʤ ʩʣʦʞʝʥ 
ʧʣʦʩʢʦʛʦʨʴʝʤ, ʦʢʨʫʞʝʥʥʳʤ ʛʦʨʘʤʠ ɿʘʧʘʜʥʳʝ ʠ ɺʦʩʪʦʯʥʳʝ ɻʘʘʪʳ 
ʚʳʩʦʪʘ 1600-2700 ʤ); ʙʘʩʩʝʡʥʳ ʨʝʢ ɻʘʥʛ ʠ ʀʥʜ ʦʙʨʘʟʫʶʪ ʦʙʰʠʨʥʳʝ 
ʨʘʚʥʠʥʳ. ɺ ʀʥʜʠʠ ʧʦʢʘ ʠʟʚʝʩʪʥʦ ʤʘʣʦ ʥʘʛʦʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʦ 
ʨʘʡʦʥʳ, ʛʜʝ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʠ ʥʝʙʦʣʴʰʦʡ 
ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʝ ʩʠʣʴʥʦ ʧʝʨʝʩʝʯʝʥʥʳʤ ʨʝʣʴʝʬʦʤ. ʇʨʝʜʩʪʘʚʣʷʶʪ 
ʠʥʪʝʨʝʩ ʥʝʢʦʪʦʨʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ. 
ɺ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʀʨʘʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʨʫʧʥʦʝ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʝ ʤʝʜʥʳʭ ʨʫʜ ʉʘʨ ï ʏʝʰʤʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ ʛʦʨʥʦʤ 
ʧʣʘʪʦ ʩ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʦʡ ʜʦ 3000 ʤ. ʈʫʜʥʦʝ ʪʝʣʦ ʢʨʫʪʦʧʘʜʘʶ-
ʱʠʡ ʰʪʦʢʚʝʨʢ. ʇʦʜʪʚʝʨʞʜʝʥʥʳʝ ʟʘʧʘʩʳ ʩʫʣʴʬʠʜʥʦʡ ʨʫʜʳ ʩʦʩʪʘʚ-
ʣʷʶʪ 430 ʤʣʥ ʪ ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ 1,13% (ʙʦʨʪʦʚʦʝ 
ʩʦʜʝʨʞʘʥʠʝ 0,4%). ʇʦʤʠʤʦ ʤʝʜʠ ʚ ʨʫʜʝ ʩʦʜʝʨʞʘʪʩʷ ʤʦʣʠʙʜʝʥ 
(0,03%), ʞʝʣʝʟʦ, ʩʚʠʥʝʮ, ʮʠʥʢ, ʟʦʣʦʪʦ ʠ ʩʝʨʝʙʨʦ. ʇʨʝʜʫʩʤʦʪʨʝʥʦ 
ʠʟʚʣʝʯʝʥʠʝ ʤʦʣʠʙʜʝʥʘ ʠ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ. ɿʘʧʘʩʳ ʦʮʝʥʝʥʳ 
ʥʝ ʥʘ ʧʦʣʥʫʶ ʛʣʫʙʠʥʫ ʨʫʜʥʦʛʦ ʪʝʣʘ ʠ ʧʨʦʜʦʣʞʘʶʪ ʫʪʦʯʥʷʪʴʩʷ. 
ʉʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʩʢʨʳʪʠʷ ʚ ʢʦʥʪʫʨʘʭ ʢʘʨʴʝʨʘ 0,56 ʤ/ʤ. 
ʂ ʜʨʫʛʠʤ ʥʘʛʦʨʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʩʪʨʘʥʳ ʦʪʥʦʩʷʪʩʷ ʤʝʜʥʦ-

ʨʫʜʥʳʝ ʉʘʥʛʘʥ ʠ ɼʘʤʘʡ ï ɼʞʘʣʘ, ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʉʠʘʭʢʫʢ, 
ʂʫʰʢ, ʆʟʙʘʢ ï ʂʫʭ ʠ ʧʨ. [7]. 
ʆʪʜʝʣʴʥʳʝ ʛʦʨʥʳʝ ʭʨʝʙʪʳ ʠ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʚʳʩʦʪʦʡ ʜʦ 3000- 

4000 ʤ ʠʤʝʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʢʘʢ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʦʩʪ-
ʨʦʚʥʦʡ ʯʘʩʪʝʡ ɸʟʠʠ (ʁʝʤʝʥ, ʉʘʫʜʦʚʩʢʘʷ ɸʨʘʚʠʷ, ʆʤʘʥ, ʄʴʷʥʤʘ, 
ɺʴʝʪʥʘʤ, ʃʘʦʩ, ʉʝʚʝʨʥʘʷ ʂʦʨʝʷ, ʗʧʦʥʠʷ, ʌʠʣʠʧʧʠʥʳ, ʄʘʣʘʡʟʠʷ, ʈʠʩ. 2. ʈʘʟʨʝʟ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ɸʡʥʘʢ 
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ʀʥʜʦʥʝʟʠʷ, ʐʨʠ-ʃʘʥʢʘ). ʅʝʢʦʪʦʨʳʝ ʩʪʨʘʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʟʦʥʝ 
ʩʨʝʜʥʝʛʦʨʴʷ (1000-2000 ʤ): ʃʠʚʘʥ, ʉʠʨʠʷ, ʀʟʨʘʠʣʴ, ʀʦʨʜʘʥʠʷ, 
ʂʠʧʨ, ʖʞʥʘʷ ʂʦʨʝʷ. ʆʩʪʘʣʴʥʳʝ ʛʦʩʫʜʘʨʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʚ-
ʥʠʥʥʳʤ ʪʠʧʦʤ ʨʝʣʴʝʬʘ. 
ʈʘʟʚʠʪʦʡ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ɸʣʞʠʨ. ʄʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʟʜʝʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʚ 
ʪʨʝʭ ʨʘʡʦʥʘʭ. ʅʘ ʩʝʚʝʨʝ, ʚ ʛʦʨʘʭ ʠ ʧʨʝʜʛʦʨʴʷʭ ɸʪʣʘʩʘ (ʚʳʩʦʪʘ 1000-
2300 ʤ) ʥʘʭʦʜʷʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʞʝʣʝʟʥʳʭ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʨʫʜ, ʬʦʩʬʘʪʦʚ, ʙʘʨʠʪʘ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʜʨ. ɺʪʦʨʦʡ 
ʨʘʡʦʥ ï ʵʪʦ ʛʦʨʥʳʝ ʧʣʘʪʦ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʉʘʭʘʨʳ, ʛʜʝ ʦʪʢʨʳʪʳ 
ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʞʝʣʝʟʥʳʭ ʨʫʜ ʤʠʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ (ɻʘʨʘ- 
ɼʞʝʙʠ-ʣʝʪ, ʄʝʰʝʨʠ-ɸʙʜʝʣʴʘʟʠʟ). ʀ ʥʘʢʦʥʝʮ, ʥʘ ʶʛʝ ʩʪʨʘʥʳ, ʚ ʛʦʨ-
ʥʦʤ ʤʘʩʩʠʚʝ ɸʭʘʛʛʘʨ (ʚʳʩʦʪʘ 2000-3000 ʤ) ʠʤʝʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʮʚʝʪʥʳʭ ʠ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʨʫʜ, ʘʣʤʘʟʦʚ ʠ 
ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [5, 6]. 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʛʜʝ ʢʘʨʴʝʨʥʳʝ 
ʧʦʣʷ ʮʝʣʠʢʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʢʨʫʪʦʤ ʩʢʣʦʥʝ. ʄʝʞʜʫ ʪʝʤ ʚʩʝ 
ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘʤʝʯʘʝʪʩʷ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 
ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʫʞʝ 
ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ.  
ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʜʝʣʘʣʠʩʴ ʧʦʧʳʪʢʠ ʫʤʝʥʴʰʝʥʠʷ 

ʦʙʲʝʤʦʚ «ʥʘʚʠʩʘʶʱʝʡ ʚʩʢʨʳʰʠ» ʧʫʪʸʤ ʚʟʨʳʚʘ ʥʘ ʚʳʙʨʦʩ ʵʪʠ  
ʧʦʧʳʪʢʠ ʥʦʩʠʣʠ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚʳʷʚʠʣʠ ʚʝʩʴʤʘ ʫʟʢʫʶ        
ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʙʲʸʤʦʚ.           
ɽʸ ʦʛʨʘʥʠʯʠʚʘʶʪ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʧʦʩʦʙʘ, ʪʘʢ ʠ 
ʩʫʱʝʩʪʚʝʥʥʳʝ ʝʛʦ ʥʝʜʦʩʪʘʪʢʠ: ʩʝʡʩʤʠʯʝʩʢʠʡ ʠ ʩʝʣʝʦʧʘʩʥʳʡ  
ʵʬʬʝʢʪ, ʧʦʪʝʨʠ ʨʫʜʳ ʚ ʤʝʣʢʠʭ ʨʫʜʥʳʭ ʪʝʣʘʭ, ʧʦʧʘʜʘʶʱʠʭ ʚʦ 
ʚʟʨʳʚʘʝʤʳʡ ʤʘʩʩʠʚ, ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʫʨʦ-
ʚʦʛʦ ʠ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʚʝʜʝʥʠʠ ʨʘʙʦʪ 
ʧʦ ʫʙʦʨʢʝ ʦʩʪʘʚʰʝʛʦʩʷ ʥʘʚʘʣʘ ʢʨʫʧʥʦʚʟʦʨʚʘʥʥʳʭ ʚʩʢʨʳʰʥʳʭ 
ʧʦʨʦʜ ʠ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʨʘʙʦʪʢʝ ʩʠʣʴʥʦ ʥʘʨʫʰʝʥʥʦʛʦ ʚʟʨʳ-
ʚʦʤ ʤʘʩʩʠʚʘ [7-9]. 
ʇʦʜʚʦʜʷ ʠʪʦʛ ʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʠ  

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʦʯʝʪʘʥʠ-
ʝʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʫʝʪ 
ʧʨʦʙʣʝʤʘ «ʥʘʚʠʩʘʶʱʠʭ» ʦʙʲʸʤʦʚ ʚʩʢʨʳʰʠ, ʥʝ ʨʝʰʝʥʥʘʷ ʜʦ ʩʠʭ 
ʧʦʨ ʥʠ ʚ ʧʨʦʝʢʪʥʦʡ, ʥʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ. ʇʨʦʠʟʚʦʜʩʪʚʦ 
ʠ ʧʨʦʝʢʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝ ʨʘʩʧʦʣʘʛʘʶʪ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤʠ 
ʩʧʦʩʦʙʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʙʲʝʤʦʚ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʫʢʘʟʘʥʥʳʭ 
ʫʩʣʦʚʠʷʭ.  
ʄʥʦʛʦʦʙʝʱʘʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʦʪʢʨʳʚʘʶʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ 

ʧʦʵʪʘʧʥʫʶ ʦʪʨʘʙʦʪʢʫ ʢʘʨʴʝʨʥʦʛʦ ʧʦʣʷ, ʦʜʥʘʢʦ ʧʨʠʥʷʪʳʝ ʥʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʨʝʰʝʥʠʷ ʥʦʩʠʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 
ʠ ʥʝ ʨʘʩʢʨʳʣʠ ʚʩʝʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʠʟʤʝ-
ʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʨʘʙʦʯʝʡ ʟʦʥʳ ʢʘʨʴʝʨʘ. ʊʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʜʝʪʘʣʴ-
ʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʟʫʯʘʝʤʦʤʫ 
ʪʠʧʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪ.ʢ ʠʤʝʶʱʠʝʩʷ ʧʦʢʘ ʨʝʢʦʤʝʥʜʘʮʠʠ ʥʝ ʛʘʨʘʥ-
ʪʠʨʫʶʪ ʠʥʪʝʥʩʠʚʥʫʶ ʩʪʘʙʠʣʴʥʫʶ ʜʦʙʳʯʫ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ. 
ɸʥʘʣʠʟ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʩʣʝʜʫ-

ʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʥʘʛʦʨ-
ʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʟʠʠ:  
ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʠʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʪʨʘʥʩʧʦʨʪ. ʇʦʣʝʟʥʦʝ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʝʨʝʧʫʩʢʝ ʛʦʨʥʦʡ ʤʘʩʩʳ 
ʧʦ ʢʨʫʪʦʥʘʢʣʦʥʥʳʤ ʚʳʨʘʙʦʪʢʘʤ, ʩʢʣʦʥʫ ʛʦʨʳ ʠ ʢʨʫʪʦʤʫ ʙʦʨʪʫ ʢʘʨʴ-
ʝʨʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʟʨrʚʝ ʥʘ ʩʙʨʦʩ. ʅʘ ʩʪʘʮʠʦʥʘʨʥrʭ ʪʨʘʥʩʧʦʨʪʥrʭ 
ʫʩʪʘʥʦʚʢʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʧʦʜ ʫʢʣʦʥ, ʧʨʘʢʪʠʢʫʝʪʩʷ ʨʝʢʫʧʝʨʘʮʠʷ ʵʥʝʨ-
ʛʠʠ ʚ ʩʝʪʴ. 
ʆʪʜʘʣʝʥʥʦʩʪʴ ʥʘʛʦʨʥʳʭ ʢʘʨʴʝʨʦʚ ʦʪ ʙʘʟ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʨʘʚ-

ʥʠʥʝ ʚʳʥʫʞʜʘʝʪ ʧʨʠʤʝʥʷʪʴ ʦʩʦʙʳʝ ʤʝʨʳ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʞʠʟʥʝʜʝ-
ʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ (ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦ ʚʳʨʘ-
ʙʦʪʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʘʚʪʦʥʦʤʥʳʤʠ 
ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ, ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩ-
ʧʦʨʪʘ ʚ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʦʟʜʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴ-
ʥʦʛʦ ʨʝʟʝʨʚʘ ʟʘʧʯʘʩʪʝʡ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʦʧʣʠʚʘ, ʫʩʪʨʦʡʩʪʚʦ ʙʫʬʝʨ-
ʥʳʭ ʩʢʣʘʜʦʚ ʩʳʨʴʷ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʫʣʴʥʦʛʦ 
ʧʨʠʥʮʠʧʘ ʤʦʥʪʘʞʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʚʘʭʪʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ ʠ ʪ.ʜ.). 

ʈʠʩ. 3. ʉʭʝʤʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʨʫʜʳ ʩ ʚʳʩʦʪʦʶ ʫʯʘʩʪʢʘ:             
1 ï ʨʫʜʦʩʧʫʩʢʠ; 2 ï ʰʪʨʝʢʠ; 3 ï ʦʪʢʘʪʦʯʥʳʡ ʰʪʦʣʴʥʠ; 4 ï ʩʢʠʧʦʚʘʷ    
ʫʩʪʘʥʦʚʢʘ 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 
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ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ «BlastMaker» ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʦʙʲʝʜʠʥʷʶʱʫʶ ʮʠʬʨʦʚʫʶ 
ʤʦʜʝʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʷ ʟʘʨʷʜʘ ʩ ʧʦʨʦʜʥʳʤ ʤʘʩʩʠʚʦʤ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʜʛʦʪʦʚʢʠ 
ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [1-5].  
ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ, ʤʠʥʠʤʠʟʘ-
ʮʠʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʢʫʩʢʦʚʘʪʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʉʪʨʫʢʪʫʨʥʦ «BlastMaker» ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʭ ʤʦʜʫʣʝʡ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʢʘʢ ʚ ʝʜʠʥʦʡ ʩʨʝʜʝ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ 
ʠ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ, ʩ ʦʙʤʝʥʦʤ ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʝʜʠʥʫʶ 
ʙʘʟʫ ʜʘʥʥʳʭ. 

ʆʩʥʦʚʥʳʝ ʤʦʜʫʣʠ ʚʢʣʶʯʘʶʪ [1-5]: 
1. ʎʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ M, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ   

ʩʦʙʦʡ ʪʨʸʭʤʝʨʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ: 

M={(xi, yi, zi, pi, qi) ᷄ i=1, 2, ..., N},                                (1) 
ʛʜʝ xi, yi, zi ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʘ ʩʝʪʢʠ;  

pi ï ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜʳ;  
qi ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʝʧʦʩʪʠ ʧʦʨʦʜ ʧʦ ʰʢʘʣʝ ʄ.ʄ. ʇʨʦʪʦʜʴʷʢʦ-

ʥʦʚʘ. 
2. ʎʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʴʝʨʘ S, ʧʦʟʚʦʣʷʶʱʫʶ 

ʧʨʦʚʦʜʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʣʴʝʬʘ: 
S (x, y)=f (x, y)+Ḏ,                                           (2) 

ʛʜʝ f (x, y) ï ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʨʝʣʴʝʬʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʤʝʪʦʜʦʤ ʪʨʠʘʥ-
ʛʫʣʷʮʠʠ ɼʝʣʦʥʝ;  
Ḏ ï ʧʦʛʨʝʰʥʦʩʪʴ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ. 
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Maqolada çBlastMakerè burgóilash-portlatish ishlarini avtomatlashtirilgan loyihalash uchun moóljallangan dasturiy majmua tahlil qilingan. 
Tizim tuzilishi, jumladan, konning raqamli modeli, kariyer sathining modeli, burgóilash-portlatish parametrlarini hisoblash algoritmlari va 
detonatsiya jarayonlarini modellashtirish modullari tasvirlangan. Portlatish skvajinalar tarmogóini optimallashtirish, portlash toólqinining 
tarqalishini modellashtirish va portlashdan keyingi togó jinslarining granulometrik tarkibini bashorat qilish uchun qoóllaniladigan matematik 
bogóliqliklar keltirilgan.  
Tizimning funksional imkoniyatlari, jumladan, burgóilash sxemalarini avtomatlashtirilgan loyihalash, portlatish skvajinalarining kom-

mutatsiyasi va qisqa-kechiktirilgan portlatish parametrlarini tanlash imkoniyatlari yoritilgan.  
çNavoiy kon-metallurgiya kombinatiè AJ konlarida dasturiy majmuaning qoóllanilishi misollari koórib chiqilib, ommaviy portlatishlarning 

2D va 3D modellashtirish natijalari taqdim etilgan. Hisob-kitoblarning aniqligini oshirish, portlovchi moddalar sarfini optimallashtirish va 
texnogen taôsirni minimallashtirishda avtomatlashtirilgan usullardan foydalanish muhimligi taôkidlangan. 
Kalit soózlar: çBlastMakerè dasturiy kompleksi; avtomatlashtirilgan loyihalash; burgóilash-portlatish ishlari; raqamli model maydoni; 

matematik modellashtirish; portlash parametrlarini optimallashtirish; togó jinslarini buzish modellari; imitatsion modellashtirish; toshni 
portlash parametrlarini oldindan aytish; portlashning energetik samaradorligi; togó jinslarini parchalash; portlash moddalaridan foyda-
lanish miqdorini optimallashtirish. 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ çBlastMakerè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʚ ʢʘʨʴʝʨʘʭ. ʆʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʘʷ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʨʴʝʨʘ, ʨʘʩʯʸʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʙʫʨʦʚʟʨʳʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʦʜʫʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʪʦʥʘ-
ʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  
ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʪʢʠ ʩʢʚʘʞʠʥ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜʳ ʧʦʩʣʝ ʚʟʨʳʚʘ. ʆʩʚʝʱʝʥʳ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʭʝʤ ʙʫʨʝʥʠʷ, ʢʦʤʤʫʪʘʮʠʠ ʩʢʚʘʞʠʥ ʠ 
ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʦʪʢʦʟʘʤʝʜʣʝʥʥʦʛʦ ʚʟʨʳʚʘʥʠʷ.  
ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʥʘ ʢʘʨʴʝʨʘʭ ɸʆ çʅʘʚʦʠʡʩʢʠʡ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè, ʧʨʦʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 2D- ʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦ-
ʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ, ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʘ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʠ ʤʠʥʠʤʠʟʘʮʠʠ 
ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çBlastMakerè; ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ; 

ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʘ; ʤʦʜʝʣʠ ʨʘʟʨʫʰʝʥʠʷ 
ʛʦʨʥʳʭ ʧʦʨʦʜ; ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʚʘʣʘ ʧʦʨʦʜʳ; ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʚʟʨʳʚʘ; ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ; ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʩʭʦʜʘ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ. 

ʄʙʜʬʫʡʦ ʃ.ʆ., 
ʨʝʛʠʦʥʘʣʴʥʳʡ ʠʥʞʝʥʝʨ 

ʥʘʟʝʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʀʇ ʆʆʆ 
«Epiroc Mining and Construction Technique» 

ʈʉʁʅɾʆɾʆʁɾ ʏʁʍʉʇɻʔʎ ʅʇɽɾʄɾʂ ʃɹʉʕɾʉɹ ɻ 
ɹɻʋʇʅɹʋʁʀʁʉʇɻɹʆʆʇʂ ʊʁʊʋɾʅɾ ʈʉʇɾʃʋʁʉʇɻɹʆʁʘ 
ɺʌʉʇɻʀʉʔɻʆʔʎ ʉɹɺʇʋ «BLASTMAKER» 

ʆʙʪʡʩʧʛ ʌ.ʍ., 
ʟʘʤ. ʜʠʨʝʢʪʦʨʘ 

ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠ ʠʥʥʦʚʘʮʠʷʤ 
ɸʌ ʅʀʊʋ «ʄʀʉʀʉ», ʜ.ʪ.ʥ.,  

ʧʨʦʬʝʩʩʦʨ  

ʖʩʜʙʱʞʛ ʆ.ʎ.,  
ʟʘʤʝʩʪʠʪʝʣʴ ʥʘʯʘʣʴʥʠʢʘ 

ʇʊʆ ʨʫʜʥʠʢʘ «ɸʫʤʠʥʟʦ-ɸʤʘʥʪʦʡ» 
ʉʝʚʝʨʥʦʛʦ ʈʋ ɸʆ «ʅɻʄʂ» 

ʀʙʡʩʧʛʙ ʍ.ʗ., 
ʠʥʞʝʥʝʨ 

ɼʝʧʘʨʪʘʤʝʥʪʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 
ʨʘʟʚʠʪʠʷ ɸʆ «ʅɻʄʂ», PhD 
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3. ʄʦʜʫʣʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʨʝʘʣʠʟʫʶʱʠʡ 
ʨʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʩʢʚʘʞʠʥʥʦʡ ʩʝʪʢʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ: 

L=k1ẗd0,5ẗɟī0,25;                                         (3) 
B=k2ẗd0,8ẗɟī0,3,                                          (4) 

ʛʜʝ L ï ʛʣʫʙʠʥʘ ʩʢʚʘʞʠʥʳ;  
B ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ;  
d ï ʜʠʘʤʝʪʨ ʩʢʚʘʞʠʥʳ; 
ɟ ï ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜʳ; 
k1, k2  ï ɻ ʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 
4. ʄʦʜʫʣʴ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʚʘʣʘ ʧʦʨʦʜʳ ʧʦʩʣʝ ʚʟʨʳʚʘ. 
ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 
ʯʘʩʪʠʮ ʧʦʨʦʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ: 

    
  (5) 

 
ʛʜʝ m ï ʤʘʩʩʘ ʯʘʩʪʠʮʳ ʧʦʨʦʜʳ; 

r ï ʨʘʜʠʫʩ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʧʦʨʦʜʳ;  
Fʚʟ ï ʩʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʘ; 
Fʩʦʧʨ ï ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. 
4. ʄʦʜʫʣʴ ʠʤʧʦʨʪʘ-ɻ ʢʩʧʦʨʪʘ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʩ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ɻʀʉ) ʠ ʜʨʫʛʠʤʠ    
ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. 
5. ɻʝʥʝʨʘʪʦʨ ʚʳʭʦʜʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʡ ʧʦʜʛʦ-

ʪʦʚʢʫ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʚʢʣʶʯʘʷ ʧʘʩʧʦʨʪʘ ɹɺʈ, ʢʘʨʪʳ 
ʟʘʨʷʜʦʚ ʠ ʨʘʩʯʸʪʥʳʝ ʚʝʜʦʤʦʩʪʠ. 
ʇʨʦʮʝʩʩ ʜʝʪʦʥʘʮʠʠ ʚʟʨʳʚʥʦʛʦ ʟʘʨʷʜʘ ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ ʚ ʬʦʨʤʝ 
ʄʠʛʜʘʣʘ ï ɻʨʶʥʘʡʟʝʥʘ [2]: 

      
 (6) 

ʛʜʝ ὖ ï ʜʘʚʣʝʥʠʝ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʛʘʟʦʚ; 
ɟ ï ʧʣʦʪʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ; 

”0  ï ʥʘʯʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ; 
K ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ;  
ɔ ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ. 
ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ ʚ ʩʨʝʜʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʫʨʘʚ-

ʥʝʥʠʝʤ ʂʣʝʡʧʠʨʦʥʘ [2]: 
 

  (7) 
ʛʜʝ c ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʧʦʨʦʜʝ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ 
ʚʳʭʦʜʘ ʥʘʧʨʷʞʝʥʠʡ ʟʘ ʧʨʝʜʝʣʳ ʧʨʦʯʥʦʩʪʠ [1]: 

ůmaxÓůʢʨ,                                                 (8) 
ʛʜʝ ůmax ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʚʟʨʳʚʝ; 
ůʢʨ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜʳ ʥʘ ʩʞʘʪʠʝ. 
ʂʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʩʩʦʚʦʛʦ ʚʟʨʳʚʘ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠ-

ʟʘʮʠʷ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʢʫʩʢʦʚ ʧʦʨʦʜʳ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʪʦʨʳʡ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ ʈʦʟʠʥʘ ï ʈʘʤʤʣʝʨʘ [2]: 

     
 (9) 

 
ʛʜʝ P(d) ï ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʠʮʘ ʠʤʝʝʪ ʨʘʟʤʝʨ ʤʝʥʝʝ Ὠ; 
ÄÍ ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʫʩʢʦʚ; 

Î ï ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
ʆʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʘ ʚʢʣʶʯʘʝʪ [1]: 
ï ʧʦʜʙʦʨ ʩʝʪʢʠ ʩʢʚʘʞʠʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʠʥʠʤʘʣʴʥʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʫʩʢʦʚ ʦʪ ʮʝʣʝʚʦʛʦ ʨʘʟʤʝʨʘ; 
ï ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʩʢʚʘʞʠʥʳ ʩ ʫʯʸʪʦʤ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: 
    

   (10) 
 

ʛʜʝ Eʧʦʣʝʟ ï ɻ ʥʝʨʛʠʷ, ʧʦʰʝʜʰʘʷ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʳ; 
Eʚʟʨ  ï ʦʙʱʘʷ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ. 
ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ɹɺʈ «BlastMaker» ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴ-
ʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʘ. ɺʢʣʶʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 
ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʷ ʠ ʜʠʥʘ-
ʤʠʢʠ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʚʦʣʥ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʝʢʪʥʳʭ 
ʨʘʩʯʸʪʦʚ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶ-
ʱʫʶ ʩʨʝʜʫ. 
ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʴʝʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʠʟʫʘʣʠ-

ʟʘʮʠʶ ʛʝʦʤʝʪʨʠʠ ʢʘʨʴʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ 
ʠ ʧʨʦʝʢʮʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʝʪʘʣʴʥʳʡ ʛʦʨʥʦ-
ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ.  
ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʚʟʘʠʤʦʩʚʷʟʘʥ-

ʥʳʭ ʤʦʜʝʣʝʡ: ʩʪʨʫʢʪʫʨʥʦʡ (ʘʪʨʠʙʫʪʠʚʥʦ-ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ) ʤʦʜʝʣʠ, 
ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʚʚʦʜʘ, ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ 
ʜʘʥʥʳʭ, ʠ ʤʦʜʝʣʠ ʢʘʨʴʝʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 
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ʈʠʩ. 1. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʫʯʘʩʪʢʘ ʢʘʨʴʝʨʘ 
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KONCHILIK ISHLARI 

ʉʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʪʦʧʦʣʦʛʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 
ʨʝʣʴʝʬʝ, ʛʨʘʥʠʮʘʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʠʟʤʝʥʝʥʠʠ ʚʳʩʦʪʥʳʭ ʦʪʤʝ-
ʪʦʢ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ.  
ɻʦʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʳʧʦʣʥʷʪʴ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʯʸʪʳ, ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʦʪʢʦʩʦʚ, ʧʨʦʬʠʣʝʡ 
ʠ ʦʙʲʸʤʦʚ ʚʳʝʤʢʠ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ 
ʫʯʘʩʪʢʘ ʢʘʨʴʝʨʘ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʝʸ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʤʝʪʦʜʦ-
ʣʦʛʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʄʦʜʫʣʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɺʈ ʨʝʘʣʠʟʫʝʪ ʢʦʤ-
ʧʣʝʢʩ ʘʣʛʦʨʠʪʤʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ 
ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʩ ʫʯʸʪʦʤ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜʥʦ-
ʛʦ ʤʘʩʩʠʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ 
ʛʦʨʥʦʡ ʤʘʩʩʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʛʝʥʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. 

ʈʠʩ. 2. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʩʦʚʦʛʦ ʚʟʨʳʚʘ 

ʈʠʩ. 3. ʈʘʩʩʪʘʥʦʚʢʘ ʩʢʚʘʞʠʥ ʥʘ ʚʟʨʳʚʘʝʤʦʤ ʙʣʦʢʝ 
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ɻʦʨʥʳʡ ʚʝʩʪʥʠʢ ʋʟʙʝʢʠʩʪʘʥʘ 1 (100) 2025 
 
 

ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 
ʧʦʜʩʠʩʪʝʤʳ [6]: 
ï ʨʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʩʦʚʦʛʦ ʚʟʨʳʚʘ ï ʦʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴ-

ʥʳʭ ʨʘʩʭʦʜʦʚ ɺɺ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʙʝʩʧʝʯʠʚʘʶ-
ʱʠʭ ʮʝʣʝʚʦʝ ʜʨʦʙʣʝʥʠʝ ʤʘʩʩʠʚʘ ʜʦ ʪʨʝʙʫʝʤʳʭ ʨʘʟʤʝʨʦʚ ʦʪʜʝʣʴ-
ʥʳʭ ʢʫʩʢʦʚ; 
ï ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʩʩʪʘʥʦʚʢʠ ʩʢʚʘʞʠʥ ʥʘ ʚʟʨʳʚʘʝʤʦʤ ʙʣʦʢʝ ï 

ʧʦʩʪʨʦʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʙʫʨʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʭʘ-
ʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʨʦʜ ʠ ʛʝʦʤʝʪʨʠʠ ʙʣʦʢʘ; 
ï ʢʦʤʤʫʪʘʮʠʷ ʩʢʚʘʞʠʥ ʠ ʚʳʙʦʨ ʠʥʪʝʨʚʘʣʦʚ ʟʘʤʝʜʣʝʥʠʷ ï ʨʘʟ-

ʨʘʙʦʪʢʘ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʩʭʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʝʨʝʫʧʣʦʪʥʝʥʠʷ 
ʧʦʨʦʜʳ; 
ï ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠ-
ʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ. 
ʇʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʩʩʦʚʦʛʦ ʚʟʨʳʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʣʫʞʙʘʤʠ ʢʘʨʴʝʨʘ. ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 
ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʨʘʩʯʸʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʨʳʚʘ, ʷʚʣʷʶʪʩʷ 

ʫʜʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʣʠʪʦʪʠʧʦʚ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʝ ʜʨʦʙʣʝʥʠʝ ʛʦʨʥʦʡ ʤʘʩʩʳ. 
ʆʩʥʦʚʥʳʝ ʨʘʩʯʸʪʥʳʝ ʧʨʦʮʝʜʫʨʳ ʚʢʣʶʯʘʶʪ [6]: 
ï ʦʧʨʝʜʝʣʝʥʠʝ ʟʦʥ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʧʨʝʜʝʣʘʭ ʚʟʨʳʚʘʝʤʦʛʦ 

ʙʣʦʢʘ ʠ ʨʘʩʯʸʪ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʪʘʣʦʥʥʦʛʦ ɺɺ ʜʣʷ ʢʘʞʜʦʡ ʟʦʥʳ: 
   

   (11) 
 

ʛʜʝ ήὭ  ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ ʜʣʷ i-ʡ ʟʦʥʳ; 

άɺɺ  ï ʤʘʩʩʘ ʟʘʨʷʜʘ; 
ὠὭ ï ʦʙʲʸʤ ʨʘʟʨʫʰʝʥʥʦʡ ʧʦʨʦʜʳ; 
ï ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʨʷʜʦʚ ʩ ʫʯʸʪʦʤ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʫʩʣʦʚʠʡ ʚʟʨʳʚʥʦʛʦ 
ʜʨʦʙʣʝʥʠʷ; 
ï ʨʘʩʯʸʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʢʚʘʞʠʥ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ 

ʙʣʦʢʘ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ: 
     

 (12) 
 

ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʩʢʚʘʞʠʥ;  

,
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ʈʠʩ. 4. ʂʦʤʤʫʪʘʮʠʷ ʩʢʚʘʞʠʥ ʠ ʚʳʙʦʨ ʠʥʪʝʨʚʘʣʦʚ ʟʘʤʝʜʣʝʥʠʷ 

ʈʠʩ. 5. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ 
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Vʙʣ ï ʦʙʲʸʤ ʚʟʨʳʚʘʝʤʦʛʦ ʙʣʦʢʘ; 
Vʩʢʚ ï ʨʘʟʨʫʰʝʥʥʳʡ ʦʙʲʸʤ ʥʘ ʦʜʥʫ ʩʢʚʘʞʠʥʫ; 
ï ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʟʨʳʚʘ, 

ʚʢʣʶʯʘʷ ʨʘʩʭʦʜ ɺɺ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʫʨʝʥʠʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ɹɺʈ. 
ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʩʦʚʦʛʦ 

ʚʟʨʳʚʘ, ʥʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ ʩʢʚʘʞʠʥ ʥʘ 
ʚʟʨʳʚʘʝʤʦʤ ʙʣʦʢʝ, ʥʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʘ ʢʦʤʤʫʪʘʮʠʷ ʩʢʚʘʞʠʥ ʠ ʚʳʙʦʨ 
ʠʥʪʝʨʚʘʣʦʚ ʟʘʤʝʜʣʝʥʠʷ, ʘ ʥʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ. 
ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ 

ʨʘʙʦʪ (ɹɺʈ) ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʨʘʩʩʪʘʥʦʚʢʘ ʩʢʚʘʞʠʥ ʥʘ ʚʟʨʳʚʘ-
ʝʤʦʤ ʙʣʦʢʝ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʨʦʙʣʝʥʠʷ ʧʦʨʦʜʳ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ. ɺ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɺʈ (ʉɸʇʈ ɹɺʈ) ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʨʘʩʩʪʘʥʦʚʢʠ 
ʧʦ ʧʘʣʝʪʢʝ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʛʫʣʷʨʥʦʡ ʪʨʝʫʛʦʣʴʥʦʡ 
ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʠ. 
ʐʘʛ ʧʘʣʝʪʢʠ Sp ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʯʝʪʥʦʡ ʣʠʥʠʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦ ʧʦʜʦʰʚʝ Wb, ʩʦʛʣʘʩʥʦ ʩʦʦʪʥʦʰʝʥʠʶ: 

Sp=kẗWb,                                            (13) 
ʛʜʝ k ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʪʠʧʘ ʧʦʨʦʜʳ 

ʠ ʧʘʨʘʤʝʪʨʦʚ ɺɺ. 
ɺ ʩʣʫʯʘʝ ʩʣʦʞʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠ 

ʩʣʦʞʥʳʭ ʙʣʦʢʦʚ ʚʦʟʤʦʞʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʙʫʨʝʥʠʷ,         
ʧʨʠ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʘʣʝʪʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘ-
ʤʝʪʨʘʤʠ ʩʝʪʢʠ. 

                                                             2D                                                                                                                                    3D 
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ʈʠʩ. 6. ʈʘʟʚʘʣ ʙʣʦʢʘ ˉ 33 

ʩʝʯʝʥʠʝ 



 

ɻʦʨʥʳʡ ʚʝʩʪʥʠʢ ʋʟʙʝʢʠʩʪʘʥʘ ̄  1 (100) 2025 
 
 

ʆɹʆɻɸʑɽʅʀɽ ʀ ʄɽʊɸʃʃʋʈɻʀʗ 

ʈʠʩ. 8. ʈʘʟʚʘʣ ʙʣʦʢʘ ˉ 33 (ʩʝʯʝʥʠʝ) 

ʈʠʩ. 7. ʇʦʜʦʰʚʘ ʙʣʦʢʘ ˉ 33 (ʩʝʯʝʥʠʝ)  
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ʈʠʩ. 10. ʈʘʟʚʘʣ ʙʣʦʢʘ ˉ 42 

                                                          2D                                                                                                                                   3D 

ʈʠʩ. 9. ʌʘʢʪʠʯʝʩʢʠʝ ʦʪʤʝʪʢʠ ʰʘʧʢʠ ʚʟʨʳʚʘ ʧʦʩʣʝ ʦʯʝʨʝʜʥʦʛʦ ʤʘʩʩʦʚʦʛʦ ʚʟʨʳʚʘ 
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O'zbekiston konchilik xabarnomasi ˉ 1 (100) 2025 
 
 

BOYITISH VA METALLURGIYA 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʩʩʪʘʥʦʚʢʠ ʩʢʚʘʞʠʥ ʧʨʠʤʝʥʷʝʪʩʷ 
ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ 
ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʢʚʘʞʠʥ ʩ ʫʯʸʪʦʤ ʟʦʥ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ.  
ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʩʢʚʘʞʠʥ ʧʦ ʙʣʦʢʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ 
ʨʘʜʠʫʩʦʤ Rs, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʴʥʦʡ 
ʢʨʝʧʦʩʪʠ ʧʦʨʦʜʳ fp: 

Rs=f(Wb,fp).                                           (14) 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʝʝ ʧʣʦʪʥʳʝ ʧʦʨʦʜʳ ʪʨʝʙʫʶʪ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʩʢʚʘʞʠʥ ʠ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʨʘʜʠʫʩʦʚ ʜʝʡʩʪʚʠʷ. 
ʇʨʦʮʝʩʩ ʢʦʤʤʫʪʘʮʠʠ ʩʢʚʘʞʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʠʧʦ-

ʚʳʭ ʩʭʝʤ ʠ ʟʘʜʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʥʘʧʨʘʚʣʝʥʠʷ ʚʟʨʳʚʘʝʤʳʭ ʨʷʜʦʚ. 
ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʦʤʤʫʪʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʟʘʜʘʥʥʦʤʫ ʚʝʢʪʦʨʫ 

ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʤʤʫʪʠʨʫʝʤʳʭ ʨʷʜʦʚ Vc, ʚʜʦʣʴ ʢʦʪʦʨʦʛʦ ʚʳʩʪʨʘʠʚʘ-
ʶʪʩʷ ʣʠʥʠʠ ʢʦʤʤʫʪʘʮʠʠ. ɺʦʟʤʦʞʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 
ʢʦʤʤʫʪʘʮʠʠ ʫʩʪʨʘʥʷʶʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʠʥʞʝʥʝ-
ʨʦʤ, ʢʦʪʦʨʳʡ ʚʨʫʯʥʫʶ ʜʦʙʘʚʣʷʝʪ ʠʣʠ ʫʜʘʣʷʝʪ ʩʚʷʟʠ ʤʝʞʜʫ ʩʢʚʘʞʠ-
ʥʘʤʠ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʘʨʘʤʝʪʨʘʤ ʚʟʨʳʚʘ. 
ʅʘ ʩʪʝʧʝʥʴ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʚʳʙʦʨ ʩʭʝʤʳ ʢʦʤʤʫʪʘʮʠʠ, ʥʦ ʠ ʧʦʜʙʦʨ ʠʥʪʝʨʚʘʣʘ ʢʦʨʦʪʢʦʟʘ-
ʤʝʜʣʝʥʥʦʛʦ ʚʟʨʳʚʘʥʠʷ (ʂɿɺ), ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ 
ʜʝʪʦʥʘʮʠʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʩʩʠʚʘ. 
ʆʧʪʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʟʘʜʝʨʞʢʠ ȹt ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ     
 

 (15) 
 

ʈʠʩ. 12. ʌʘʢʪʠʯʝʩʢʠʝ ʦʪʤʝʪʢʠ ʰʘʧʢʠ ʚʟʨʳʚʘ ʧʦʩʣʝ ʦʯʝʨʝʜʥʦʛʦ ʤʘʩʩʦʚʦʛʦ ʚʟʨʳʚʘ 
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ɻʦʨʥʳʡ ʚʝʩʪʥʠʢ ʋʟʙʝʢʠʩʪʘʥʘ ̄  1 (100) 2025 
 
 

ʆɹʆɻɸʑɽʅʀɽ ʀ ʄɽʊɸʃʃʋʈɻʀʗ 

ʛʜʝ kd ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʤʝʜʣʝʥʠʷ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʪʠʧʘ ɺɺ; 
H ï ʚʳʩʦʪʘ ʫʩʪʫʧʘ; 
Vp ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ ʚ ʧʦʨʦʜʝ. 
ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɺʈ ʧʨʝʜʦʩʪʘʚ-

ʣʷʝʪ ʠʥʞʝʥʝʨʫ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 
ʠʥʪʝʨʚʘʣʦʚ ʂɿɺ ʠ ʩʭʝʤ ʢʦʤʤʫʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʝʟʫʣʴ-
ʪʘʪʦʚ ʚ ʚʠʜʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤ ʠ ʛʨʘʬʠʢʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 
ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʘ ʥʘ 
ʢʘʯʝʩʪʚʦ ʜʨʦʙʣʝʥʠʷ ʠ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʨʦʝʢʪʥʦʝ 
ʨʝʰʝʥʠʝ. 
ʅʘ ʨʠʩ. 6-12 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʩʩʦʚʦʛʦ 

ʚʟʨʳʚʘ ʧʦ ʧʨʦʛʨʘʤʤʝ ɺlastmaker ʜʣʷ ʢʘʨʴʝʨʦʚ ɸʆ «ʅʘʚʦʠʡʩʢʠʡ 

ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ». ʀʩʧʳʪʘʥʠʷ  ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 
ʦʩʥʦʚʘʥʠʠ ʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʬʠʮʠʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝ-
ʣʝʤ   ʀʇ ʆʆʆ «Epiroc Mining and Construction Technique» ʧʨʦʛʨʘʤʤ-
ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ «BlastMaker» ʚ 2024 ʛ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʨʘʩʩʪʘʥʦʚʢʠ ʠ ʢʦʤʤʫʪʘʮʠʠ ʩʢʚʘʞʠʥ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳ-
ʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʤʠʥʠʤʠʟʠʨʦ-
ʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʨʘʩʯʝʪʘʭ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʚʟʨʳʚʯʘʪʳʭ 
ʚʝʱʝʩʪʚ. ʈʝʘʣʠʟʘʮʠʷ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩ ʫʯʸʪʦʤ ʛʝʦʣʦʛʠʯʝ-
ʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʤʘʩʩʠʚʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʠ ʫʣʫʯʰʝʥʠʶ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʙʳʯʠ. 
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APPLICATION OF DIGITAL MODELS OF QUARRIES IN THE AUTOMATED DESIGN SYSTEM FOR BLASTING WORKS «BLASTMAKER» 
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The article discusses the software complex for blasting operations "BlastMaker," designed for automated design of mass blasting in quarries. The system's 

structure is described, including a digital model of the deposit, quarry surface, calculation algorithms for blasting parameters, and modules for simulating detonation 
processes.   

Mathematical dependencies used for optimizing the borehole grid, simulating the propagation of the shock wave, and predicting the granulometric composition 
of the rock after the blast are presented.   

The system's functional capabilities, such as automated design of drilling schemes, borehole commutation, and selection of short-delay blasting parameters, 
are highlighted.   

Examples of the system's application in the quarries of the Joint-Stock Company "Navoi Mining and Metallurgical Combine" are considered, and 2D and 3D 
modeling results of mass blasting are demonstrated.   

The importance of using automated methods for improving the accuracy of calculations, optimizing the use of explosives, and minimizing environmental impact 
is emphasized.   

Keywords: software complex "BlastMaker"; automated design; blasting operations; digital deposit model; mathematical modeling; blast parameter optimiza-
tion; rock destruction models; simulation modeling; prediction of rock breakage parameters; blast energy efficiency; rock destruction; optimization of explosive 
material use. 
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Yer osti konlarini shamollatish kon ishlarini olib borishda dolzarb vazifalardan biri hisoblanadi. Tadqiqotda kon shamollatish tar-
mogóida havo oqimini yaratish orqali konni shamollatish jarayoni, konning aerodinamik sxemasi va shamollatish tizimining belgilangan 
koórsatkichlari asosida koóp bosqichli tarmoqlangan shamollatish tarmogóining hisoblash va matematik modelini ishlab chiqish usullari 
koórib chiqiladi.  
Kalit soózlar: shaxta, shamollatish, havo, oqim, kon lahimi, model, toósiqlar, tugun, shohcha, marshrut, kontur, aerodinamik sxema, 

qarshilik, minimallashtirish, ventilyator, quvvat. 
 
ɺʝʥʪʠʣʷʮʠʷ ʧʦʜʟʝʤʥʳʭ ʰʘʭʪ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʧʨʠ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʩʩʤʦʪʨʝʥʳ 

ʧʨʦʮʝʩʩ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʰʘʭʪʳ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʩʝʪʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ 
ʰʘʭʪʳ ʠ ʤʝʪʦʜʳ ʨʘʟʨʘʙʦʪʢʠ ʨʘʩʯʸʪʥʦʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ 
ʩʝʪʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʘʭʪʘ, ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʚʦʟʜʫʭ, ʧʦʪʦʢ, ʚʳʨʘʙʦʪʢʘ, ʤʦʜʝʣʴ, ʧʝʨʝʤʳʯʢʠ, ʫʟʝʣ, ʚʝʪʚʴ, ʤʘʨʰʨʫʪ, ʢʦʥ-

ʪʫʨ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʤʠʥʠʤʠʟʘʮʠʷ, ʚʝʥʪʠʣʷʪʦʨ, ʤʦʱʥʦʩʪʴ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʟʦʣʦʪʦʨʫʜʥʳʭ ʰʘʭʪʘʭ ʋʟʙʝʢʠʩʪʘʥʘ ʧʨʦʮʝʩʩ 
ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦ-
ʢʘ ʚ ʩʝʪʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʢʦʪʦʨʦʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥ-
ʥʳʭ ʟʘʜʘʯ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʝʜʧʨʠ-
ʷʪʠʷ ʥʝʧʨʝʨʳʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʚʩʝʤ ʪʨʸʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 
ʨʘʟʚʠʪʠʷ «ʚʝʥʪʠʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ï ʚʝʥʪʠʣʷʮʠʦʥʥʘʷ ʩʝʪʴ-ʧʦʪʦʢ 
ʚʦʟʜʫʭʘ».  
ʇʨʠʥʷʪʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚ ʩʝʪʠ ʦʧʨʝʜʝʣʷʝʪ 

ʩʭʝʤʫ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʰʘʭʪʳ ʠ ʦʪʜʝʣʴʥʳʭ ʝʸ ʫʯʘʩʪʢʦʚ [1].  
ɺ ʰʘʭʪʥʫʶ ʚʝʥʪʠʣʷʮʠʦʥʥʫʶ ʩʝʪʴ ʚʭʦʜʷʪ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ ʠ 

ʩʦʦʨʫʞʝʥʠʷ, ʧʦ ʢʦʪʦʨʳʤ ʜʚʠʞʝʪʩʷ ʚʦʟʜʫʭ, ʘ ʪʘʢʞʝ ʚʳʨʘʙʦʪʢʠ, ʚʝʥ-
ʪʠʣʷʮʠʦʥʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʯʝʨʝʟ 
ʢʦʪʦʨʦʝ ʧʨʦʩʘʯʠʚʘʝʪʩʷ ʚʦʟʜʫʭ ʚ ʪʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʢʦʪʦʨʦʝ ʦʢʘʟʳ-
ʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʰʘʭʪʳ.  
ʅʘʧʨʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʚʝʥʪʠʣʷʪʦʨʳ, ʧʝʨʝʤʳʯʢʠ, ʜʚʝʨʠ, 
ʪʨʫʙʦʧʨʦʚʦʜʳ ʠ ʜʨ.) [2]. 
ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʩʭʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʰʘʭʪʳ, ʥʘ ʧʨʠʤʝʨʝ ʨʫʜʥʠʢʘ 

ʂʘʨʘʢʫʪʘʥ (ʨʠʩ. 1). 
ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʰʘʭʪʘʭ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʩʭʝʤʳ ʥʘʤʠ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʢʘʢ ʟʘʤʢʥʫʪʳʡ ʩʚʷʟʥʦʡ ʛʨʘʬ. ɺ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʧʨʠʥʷʪʳ 
ʩʣʝʜʫʶʱʠʝ ʧʦʥʷʪʠʷ (ʨʠʩ. 2) [2, 3]:  
ï ʫʟʝʣ ï ʤʝʩʪʦ ʩʦʝʜʠʥʝʥʠʷ ʪʨʝʭ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʚʳʨʘʙʦʪʦʢ 

(ʪʦʯʢʠ 2, 3, 5, 6, 7, 8, 9, 10); 
ï ʚʝʪʚʴ ï ʦʪʜʝʣʴʥʘʷ ʚʳʨʘʙʦʪʢʘ ʠʣʠ (ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʚʳʨʘʙʦʪʦʢ), ʩʦʝʜʠʥʷʶʱʘʷ ʜʚʘ ʫʟʣʘ; 
ï ʤʘʨʰʨʫʪ ï ʧʫʪʴ ʚ ʩʝʪʠ, ʚʢʣʶʯʘʶʱʠʡ ʥʝʧʦʚʪʦʨʷʶʱʠʝʩʷ ʚʝʪʚʠ; 
ï ʢʦʥʪʫʨ ï ʟʘʤʢʥʫʪʳʡ ʧʫʪʴ ʚ ʩʝʪʠ, ʚʢʣʶʯʘʶʱʠʡ ʥʝʧʦʚʪʦʨʷʶʱʠʝ-

ʩʷ ʚʝʪʚʠ; 
ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ï ʯʘʩʪʴ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʥʝ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ 

ʚʝʪʚʷʤʠ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ 
ʩʚʷʟʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʩʝʪʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʰʘʭʪ 
ʂʳʟʳʣʢʫʤʩʢʦʛʦ ʨʝʛʠʦʥʘ ʦʪʥʝʩʝʥʳ ʢ ʢʘʪʝʛʦʨʠʠ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʩʦ-
ʩʪʦʷʱʠʝ ʠʟ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ k ʢʦʥʪʫʨʦʚ ʩʦ 
ʩʣʦʞʥʳʤʠ ʠ ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʩʝʪʷʤʠ j, ʦʙʨʘʟʫʶʱʠʝʩʷ ʠʟ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦ ʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʚʝʪʚʝʡ i. 
ʇʨʠ ʜʚʠʞʝʥʠʠ ʚʦʟʜʫʭʘ ʚ ʰʘʭʪʥʳʭ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʨʘʟʚʝʪʚ-

ʣʝʥʥʳʭ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʝʪʷʭ ʜʝʡʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʳ [4, 5]: 
ï ʟʘʢʦʥ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʚʝʪʚʷʭ 
ï ʟʘʢʦʥ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʩʩʳ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚ ʫʟʣʘʭ; 
ï ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʢʦʥʪʫʨʘʭ. 
ɺʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʚʣʘʞʥʦʩʪʠ ʚ 

ʰʘʭʪʝ ʚʦʟʜʫʭʘ ʠʟʤʝʥʷʝʪʩʷ ʠ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ. ʇʝʨʝʤʝʥʥʘʷ ʧʣʦʪ-
ʥʦʩʪʴ ʰʘʭʪʥʦʛʦ ʚʦʟʜʫʭʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʜʝʙʠʪ ʚʦʟʜʫʰʥʳʭ 
ʧʦʪʦʢʦʚ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʝʪʚʝʡ ʠ ʜʝʧʨʝʩʩʠʶ 
ʚʝʥʪʠʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʫʶ ʧʣʦʪʥʦʩʪʴ 
ʚʦʟʜʫʭʘ ɟʩ= idem.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʭ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʧʝʨʚʳʡ ʠ 
ʚʪʦʨʦʡ ʟʘʢʦʥʳ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʝʪʝʡ, ʦʧʠʩʳʚʘʶʱʠʝ ʜʚʠʞʝʥʠʝ ʚ 
ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʝʪʷʭ ʩ ʧʝʨʝʤʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʦʟʜʫʭʘ [6-8] 

        
(1) 
     
 

(2) 
 

ʛʜʝ j ï ʥʦʤʝʨ ʫʟʣʘ; 
i ï ʥʦʤʝʨ ʚʝʪʚʠ; 
Qc, Rc, hc ï ʜʝʙʠʪ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʜʝʧʨʝʩʩʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʪʘʥʜʘʨʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ. 

ʅʬʪʬʩʥʙʦʧʛ ʖ.ʑ., 
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

«ɻʦʨʥʘʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘ»  
ɻʦʨʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʅɻɻʊʋ, PhD 

ʅʙʮʥʬʝʧʛ ɹ.ʅ., 
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BOYITISH VA METALLURGIYA 

Q ï ʦʙʲʸʤʥʳʡ ʜʝʙʠʪ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʤ3/ʩ; 
Hʚ ï ʜʝʧʨʝʩʩʠʷ ʚʝʥʪʠʣʷʪʦʨʘ, ʇʘ; 
R ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʝʪʚʠ, ʅȚʩ2/ʤ8; 
hʝ ï ʜʝʧʨʝʩʩʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʷʛʠ ʚ ʢʦʥʪʫʨʝ, ʇʘ; 
Ů ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ; 
z ï ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʚʝʪʚʠ. 
ʈʘʩʯʸʪ ʰʘʭʪʥʦʡ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʩʚʦʜʠʪʴʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʩʝʪʠ, ʨʘʙʦʯʝʛʦ ʨʝʞʠʤʘ ʚʝʥʪʠʣʷʪʦʨʦʚ, 
ʦʙʱʝʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʪʠ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦ-
ʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʩʝʪʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʷʛʠ. ɼʣʷ ʵʪʦʛʦ 
ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʚʦʛʦ ʟʘʢʦʥʘ ʩʦʩʪʘʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦʝ ʫʟʣʦʚʦʝ 
ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʫʟʣʦʚ, ʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 
ʚʪʦʨʳʤ ʟʘʢʦʥʦʤ k ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʥʪʫʨʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫ-
ʶɦ ʠʭ ʪʦʤʫ ʞʝ ʯʠʩʣʫ ʧʨʦʠʟʚʦʣɹʥʦ ʚrʙʨʘʥʥrʭ ʥʝʟʘʚʠʩʠʤrʭ ʢʦʥʪʫ-
ʨʦʚ ʚ ʩʝʪʠ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚʣʷʝʪʩʷ m ʥʝʟʘʚʠʩʠʤʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦ-

ʨʦʝ ʚʟʘʠʤʥʦ ʩʚʷʟʳʚʘʶʪ ʪʘʢʦʝ ʯʠʩʣʦ ʜʝʙʠʪʦʚ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʧʦʪʦ-
ʢʦʚ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʝʪʝʡ, ʩʨʝʜʥʠʭ ʧʣʦʪʥʦʩʪʝʡ 
ʚʦʟʜʫʭʘ ʚ ʚʝʪʚʷʭ ʠ q ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.    
ʆʙʱʝʝ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʨʘʚʥʦ 3m+q [6-8]. 
ʌʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʚ ʩʝʪʷʭ ʠ ʦʙʱʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʪʠ: 
       

 
(3) 
     

 
 

  (4) 
 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʞʥʦʡ ʧʘʨʘʣʣʝʣʴ-

ʥʦʡ ʩʝʪʠ ʢʘʞʜʦʝ ʧʨʦʩʪʦʝ ʧʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʷʝʪʩʷ ʫʩʣʦʚʥʦʡ 
ʚʝʪʚʴʶ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʜʣʷ ʧʨʦʩʪʦʡ ʧʘʨʘʣʣʝʣʴ-
ʥʦʡ ʩʝʪʠ. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʭ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  
ʈʘʩʯʝʪ ʧʦʚʪʦʨʷʶʪ ʜʦ ʧʨʠʚʝʜʝʥʠʷ ʩʣʦʞʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʝʪʠ ʚ 

ʦʜʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. 
ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʚ ʩʣʦʞʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʩʝʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ [6, 8]. ɼʚʠʞʝʥʠʝ ʚʦʟʜʫʭʘ ʚ 
ʜʠʘʛʦʥʘʣʴʥʳʭ ʩʝʪʷʭ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʫʟʣʦʚʳʤʠ ʠ ʢʦʥʪʫʨʥʳʤʠ 
ʫʨʘʚʥʝʥʠʷʤʠ.  
ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʣʷ ʤʦʜʝʣʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʭʝʤʳ ʧʨʦʩʪʦʡ ʜʠʘʛʦʥʘʣʴʥʦʡ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ c ʯʝʪʳʨʴʤʷ 
ʫʟʣʘʤʠ m=4 ʠ ʧʷʪʴʶ ʚʝʪʚʷʤʠ n=5 (ʨʠʩ. 3)  

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʧʨʠʙʣʠʞʝʥʥʳʭ ʠʣʠ ʠʪʝʨʘʪʠʚʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ɼʚʠʞʝʥʠʝ ʚʦʟʜʫʭʘ ʚ 
ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʜʠʘʛʦʥʘʣʴʥʦʡ ʩʝʪʠ ʪʨʝʤʷ ʫʟʣʦʚʳʤʠ ʠ ʪʨʝʤʷ 
ʢʦʥʪʫʨʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʧʨʠʚʝʜʸʥ ʥʠʞʝ: 

  (5) 
 

   (6) 
 

    (7) 
 

     (8) 
 

      (9) 
 

      (10) 
 
ɼʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚ-

ʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʰʘʭʪ-
ʥʳʭ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʝʪʷʭ, ʧʨʠ-
ʤʝʥʷʶʪ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʠʪʝʨʘʪʠʚʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝ-
ʣʝʥʠʷ (ʤʝʪʦʜ ɸʥʜʨʠʷʰʝʚʘ-ʂʨʦʩʩʘ), ʤʝʪʦʜ ʣʠʥʝʘʨʠʟʘʮʠʠ ʢʦʥʪʫʨʥʳʭ 
ʫʨʘʚʥʝʥʠʡ (ʤʝʪʦʜ ʅʴʶʪʦʥʘ) ʠ ʧʨʠʥʮʠʧ ʤʠʥʠʤʠʟʘʮʠʠ ʤʦʱʥʦʩʪʠ 
ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ.  
ʈʝʰʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ, 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʚʝʪʚʝʡ ʠ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʝ ʚʝʥʪʠʣʷʪʦʨʦʚ [3-4]. 
ʆʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʰʘʭʪʳ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʢʦʡ ʨʘʩʯʸʪʥʦʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ 
ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 
ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʝʪʚʝʡ 
ʠ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʣʠʥʝʘʨʠʟʘʮʠʠ ʢʦʥʪʫʨʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʤʝʪʦʜ 
ʅʴʶʪʦʥʘ) ʠ ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʠʟʘʮʠʠ ʤʦʱʥʦʩʪʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ 
ʧʦʪʦʢʦʚ. 

ʈʠʩ. 2. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ 

ʈʠʩ. 3. ʈʘʩʯʸʪʥʘʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʩʪʦʡ ʜʠʘʛʦʥʘʣʴʥʦʡ 
ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ 
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Underground mine ventilation is one of the pressing issues in mining operations. The research examines the process of ventilation in a mine by creating an 

airflow in the network of underground workings, the aerodynamic scheme of the mine, and methods for developing a computational and mathematical model of a 
multi-stage branched ventilation network based on the specified parameters of the ventilation system. 
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