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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 20.09.2025 ʛ. 
ʌʦʨʤʘʪ ɸ3. ʊʠʨʘʞ 100 ʵʢʟ.  
É ɻʦʨʥʳʡ ʚʝʩʪʥʠʢ ʋʟʙʝʢʠʩʪʘʥʘ 2025 
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KONCHILIK ISHLARI / ɻʆʈʅʓɽ ʈɸɹʆʊʓ 
 
ʆʙʠʙʩʧʛ ʀ.ʊ., ɺʬʩʡʞʛ ʑ.ʌ., ɿʡʸʦʧʛ ɹ.ɺ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 
ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʟʘʙʦʷéé....... 
 
ʀʙʡʩʧʛ ʑ.ʑ., ʍʙʫʮʡʝʝʡʦʧʛ ɹ.ʌ., ʖʩʜʙʱʞʛ ʆ.ʎ., ʊʙʭʙʩʧʛʙ ʅ.ɽ. 
ʂʦʤʧʣʝʢʩʥʳʡ ʛʝʦʪʝʭʥʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠ-
ʚʦʩʪʠ ʦʪʢʦʩʦʚ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚéééééééééééé.é. 
 
ʆʙʠʙʩʧʛ ʀ.ʊ., ɿʡʸʦʧʛ ɹ.ɺ., ɺʬʩʡʞʛ ʑ.ʌ. ɻʝʦʤʝʭʘʥʠʯʝʩʢʠʝ 
ʧʨʦʮʝʩʩʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 
ʩʦʧʨʷʞʝʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ.................................................... 
 
Muminov R.O., Toôxtayev B.I. Oltin va koómir konlarida anker 
mustahkamlash texnologiyasi rivojlanishining jahon miqyosidagi 
holati éééé.ééééééééééééééééééééé... 
 
ɿʙʚʚʧʩʧʛ ʇ.ʁ., ʋʬʮʫʙʱʞʛ ɹ.ɺ., ʃʞʦʟʙʞʛ ʎ.ʋ. ʀʩʩʣʝʜʦʚʘʥʠʝ     
ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʝʤʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʢʘʨʴʝʨʘ ʧʨʠ ʦʩʚʦʝʥʠʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠ 
ʠʟʤʝʥʝʥʠʠ ʚʳʩʦʪʳ ʦʪʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʫʧʘéééééééé 
 
ʃʧʪʡʥʧʛ ʅ.ʇ., ʉʙʡʥʟʙʦʧʛ ɺ.ʉ., ʃʧʚʡʤʧʛ ʑ.ɺ. ʆʩʥʦʚʥʳʝ 
ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ 
ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ. 
 
ʃʧʪʡʥʧʛ ʅ.ʇ., ʃʧʚʡʤʧʛ ʑ.ɺ., ʅʡʩʠʙʤʡʞʛ ʆ.ʆ., ʅʡʩʠʙʤʡʞʛʙ ʅ.ʅ. 
ʆʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʭʝʤʳ ʚʦʜʦʦʪʣʠʚʘ ʥʘ ʫʯʘʩʪʢʝ 
«ɿʘʧʘʜʥʳʡ» ʂʘʨʘʭʪʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷééééééééé 
 
 

GEOLOQIYA-QIDIRUV ISHLARI /  
ɻɽʆʃʆɻʆʈɸɿɺɽɼʆʏʅʓɽ ʈɸɹʆʊʓ 

 
ʑʙʩʡʨʧʛ ʑ.ʍ., ʍʙʫʮʬʤʤʙʞʛʙ ʀ.ʅ., ʃʬʩʚʧʦʧʛ ɹ.ɻ., 
ʖʤʥʬʩʧʝʧʛ ʇ.ʍ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠ-
ʨʦʚʘʥʠʷ ʩʦʣʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʘʡʣʷʢʫʜʫʢ ʚ 
ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʘʭ........................................................... 
 
ʌʥʥʙʫʧʛ ʆ.ʍ.,  ʋʬʩʙʨʧʛ ʅ.ʃ.,  ʑʙʩʡʨʧʛ ʑ.ʍ.  ɻʝʦʜʠʥʘʤʠ-
ʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʧʨʦʷʚ-
ʣʝʥʠʡ ɹʝʣʴʪʘʫ (ʎʝʥʪʨʘʣʴʥʳʝ ʂʳʟʳʣʢʫʤʳ)ééééééééé 
 
 

BOYITISH VA METALLURGIYA /  
ʆɹʆɻɸʑɽʅʀɽ ʀ ʄɽʊɸʃʃʋʈɻʀʗ  
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ʋɾʇʉɾʋʁʐɾʊʃʁɾ ʁʊʊʄɾɽʇɻɹʆʁʘ ʇʊʇɺɾʆʆʇʊʋʁ  
ɼɾʇʅɾʎɹʆʁʐɾʊʃʁʎ ʈʉʇʏɾʊʊʇɻ ʀɹʈʉɾɽɾʄʕʆʇɼʇ 
ɽɾʍʇʉʅʁʉʇɻɹʆʁʘ ɻ ʇʃʉɾʊʋʆʇʊʋʁ ʀɹɺʇʘ 

ʋɼʂ 622.271.326  DOI:10.54073/GV.2025.3.102.001 

ʆʩʦʙʝʥʥʦʩʪʠ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʜʥʳʭ 
ʤʘʩʩʠʚʦʚ, ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʟʘʢʣʶʯʘʶʪʩʷ ʧʨʝʞʜʝ 
ʚʩʝʛʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʣʘʩʪʝʡ ʟʘʧʨʝʜʝʣʴʥʦʛʦ 
ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʪ. ʝ. 
ʦʙʣʘʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʯʘʩʪʴ ʢʦʥʪʫʨʘ ʠʣʠ ʚʝʩʴ ʢʦʥʪʫʨ 
ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʘʩʯʸʪʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 1, ʘ). 
ʇʝʨʚʳʡ ʩʣʫʯʘʡ ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʘ ʜʦ ʧʨʝʜʝʣʴʥʦʡ 

ʩʪʘʜʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ ʣʦʢʘʣʴʥʳʝ ʦʙʣʘʩʪʠ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʠʢʦʥʪʫʨʥʦʤ ʤʘʩʩʠʚʝ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʬʦʨʤʦʡ ʢʦʥʪʫʨʘ ʠʣʠ ʩ ʥʝʨʘʚʥʦʢʦʤʧʦʥʝʥʪʥʳʤ ʧʦʣʝʤ ʥʘʯʘʣʴʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ. ʆʙʨʘʟʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ ʥʘ 
ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʢʦʥʪʫʨʘ ʚʳʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʚ 
ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʘʭ, ʢʦʛʜʘ ʥʘ ʢʦʥʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ 
ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʩ ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ. 
ɺʪʦʨʦʡ ʩʣʫʯʘʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʣʘʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ 

ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʝʩʴ ʢʦʥʪʫʨ ʚʳʨʘʙʦʪʢʠ, ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 
ʜʦʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʦʚ ʩ 

ʨʘʚʥʦʢʦʤʧʦʥʝʥʪʥʳʤ ʧʦʣʝʤ ʥʘʯʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʦʢʨʫʛ 
ʚʳʨʘʙʦʪʦʢ, ʠʤʝʶʱʠʭ ʢʦʥʪʫʨ, ʙʣʠʟʢʠʡ ʢ ʢʨʫʛʦʚʦʤʫ, ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ 
ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʦʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ.  
ɸʥʘʣʠʟʠʨʫʷ ʩʣʫʯʘʡ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʤʢʥʫʪʳʭ ʦʙʣʘʩʪʝʡ 

ʨʘʟʨʫʰʝʥʠʷ, ʨʘʩʩʤʦʪʨʠʤ ʛʝʦʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʦʜʥʦʨʦʜʥʦʛʦ 
ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʨʘʚʥʦʢʦʤʧʦʥʝʥʪʥʳʤ ʥʘʯʘʣʴʥʳʤ 
ʥʘʧʨʷʞʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩʣʦʞʝʥʥʦʛʦ ʧʦʨʦʜʘʤʠ ʧʝʨʚʦʛʦ ʪʠʧʘ 
(ʪʚʸʨʜʳʤʠ) ʧʦ ʨʝʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ [1]. ɺ ʜʘʥʥʦʤ ʤʘʩʩʠʚʝ 
ʩʦʦʨʫʞʘʝʪʩʷ ʧʨʦʪʷʞʸʥʥʘʷ ʟʘʛʣʫʙʣʝʥʥʘʷ ʚʳʨʘʙʦʪʢʘ ʩ 
ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʩʚʦʜʯʘʪʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ, ʟʘʢʨʝʧʣʝʥʥʘʷ 
ʢʦʥʩʪʨʫʢʮʠʝʡ ʢʨʝʧʠ ʩ ʨʝʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʨ, 
ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʦʩʢʦʡ 
ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʟʘʜʘʯʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1, ʘ. 
ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ ʦʙʨʘʟʫʶʪʩʷ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ 

ʦʙʣʘʩʪʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ (ʨʠʩ. 1, ʘ), ʩʦʦʪʚʝʪʩʪ-
ʚʫʶʱʠʝ ʪʨʸʤ ʭʘʨʘʢʪʝʨʥʳʤ ʫʯʘʩʪʢʘʤ ʥʘ ʧʦʣʥʦʡ ʜʠʘʛʨʘʤʤʝ 
ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ:  

Maqolada yer osti qazilmalarini oóz ichiga olgan togó jinslari massivi chegaradan tashqari deformatsiyalanishining xususiyatlari koórib 
chiqilgan. Bu xususiyatlar, avvalo, xarakterli chegaraviy deformatsiyalanish sohalari va togó jinslarining qoldiq mustahkamligining 

shakllanishida namoyon boóladi. Aniqlanishicha, ůϚ kuchlanishlar maksimal qiymatga rϛϜ chegarasida ð yaôni chegaraviy 
deformatsiyalanish sohasi va yemirilish sohalari orasidagi chegarada erishadi. Togó jinslarining moórt yemirilishga moyilligi ortishi bilan 
boshqa shartlar oózgarmagan holda ůϚ kuchlanishlarning maksimal nuqtasi avvalgi darajada saqlanadi, biroq u jins massivi chuqurligiga 
siljiydi. Ishda yopiq yemirilish zonalari geomekanik model asosida tahlil qilinadi ï bunda togó jinslari bir jinsli va izotrop hisoblanadi 
hamda boshlangóich kuchlanish holati barcha yoónalishlarda bir xil deb olinadi. Togó jinslarining reologik xususiyatlarini hisobga olgan 
holda, mustahkam jinslar asosida tuzilgan model qoóllanilgan. Shuningdek, mustahkamlagichning reaktiv qarshiligi p va togó jinslarining 
qoldiq mustahkamligi ůϚ yemirilish sohalarining oólchamlariga taôsiri baholanib, aniqlangan. Natijalarga koóra, yemirilish zonalarining 
hajmi va radial siljimasi vaqt oótishi bilan nochiziqli qonuniyat boóyicha ortib boradi. 
Kalit soózlar: deformatsiya, yer osti qazilmasi, mustahkamlik, yemirilish, kuchlanish, muvozanat, relaksatsiya, reologik xususiyatlar, 

moórtlik, siljish, geomekanika, reaktiv qarshilik, mustahkamlovchi qurilma, qazilma konturi. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʦʚ, ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʝ 
ʚʳʨʘʙʦʪʢʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʣʘʩʪʝʡ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 
ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ ů0 ʠʤʝʶʪ ʤʘʢʩʠʤʫʤ ʥʘ ʛʨʘʥʠʮʝ r12 ʨʘʟʜʝʣʘ ʤʝʞʜʫ 
ʦʙʣʘʩʪʴʶ ʜʦʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʣʘʩʪʷʤʠ ʨʘʟʨʫʰʝʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʣʦʥʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢ ʭʨʫʧʢʦʤʫ 
ʨʘʟʨʫʰʝʥʠʶ ʤʘʢʩʠʤʫʤ ʥʘʧʨʷʞʝʥʠʡ ů0 ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʪʘʸʪʩʷ ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ, ʥʦ ʩʤʝʱʘʝʪʩʷ ʚ ʛʣʫʙʴ 
ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʟʘʤʢʥʫʪʳʝ ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʠʷ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʜʥʦʨʦʜʥʦʛʦ 
ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʨʘʚʥʦʢʦʤʧʦʥʝʥʪʥʳʤ ʥʘʯʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩʣʦʞʝʥʥʦʛʦ ʪʚʝʨʜʳʤʠ ʧʦʨʦʜʘʤʠ ʧʦ 
ʨʝʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʨʝʧʠ ʨ ʠ ʚʝʣʠʯʠʥʳ 
ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ů0 ʥʘ ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ, ʧʨʠ ʵʪʦʤ, ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ ʠ 
ʨʘʜʠʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʥʝʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʬʦʨʤʘʮʠʷ, ʛʦʨʥʘʷ ʚʳʨʘʙʦʪʢʘ, ʧʨʦʯʥʦʩʪʴ, ʨʘʟʨʫʰʝʥʠʝ, ʥʘʧʨʷʞʝʥʠʝ, ʨʘʚʥʦʚʝʩʠʝ, ʨʝʣʘʢʩʘʮʠʷ, 

ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʭʨʫʧʢʦʩʪʴ, ʩʤʝʱʝʥʠʝ, ʛʝʦʤʝʭʘʥʠʢʘ, ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʨʝʧʴ, ʢʦʥʪʫʨ ʚʳʨʘʙʦʪʢʠ. 

ʆʙʠʙʩʧʛ ʀ.ʊ.,  
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

«ɻʦʨʥʦʝ ʜʝʣʦ» ʅɻɻʊʋ, ʢ.ʪ.ʥ. 

ɺʬʩʡʞʛ ʑ.ʌ., 
ʩʪʘʨʰʠʡ ʧʨʝʜʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ 

«ɼʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʨʫʜ ʨʝʜʢʠʭ ʠ 
ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ»  

ʅɻɻʊʋ 

ɿʡʸʦʧʛ ɹ.ɺ.,  
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

«ɼʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʨʫʜ ʨʝʜʢʠʭ ʠ 
ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ»  

ʅɻɻʊʋ, PhD 
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3 ï ʧʨʠʤʳʢʘʶʱʘʷ ʢ ʢʦʥʪʫʨʫ ʚʳʨʘʙʦʪʢʠ ʦʙʣʘʩʪʴ ʦʩʪʘʪʦʯʥʦʡ 
ʧʨʦʯʥʦʩʪʠ, ʛʜʝ ʧʦʨʦʜʳ ʧʝʨʝʰʣʠ ʚ ʩʦʩʪʦʷʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ 
ʨʘʚʥʦʚʝʩʠʷ ʩ ʫʯʸʪʦʤ ʠʭ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ůɗ, ʠʣʠ ʦʙʣʘʩʪʴ 
ʨʫʠʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʛʜʘ ůɗ = 0;  

2 ï ʦʙʣʘʩʪʴ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʧʦʩʪʝʧʝʥʥʦ 
ʚʦʟʨʘʩʪʘʶʱʝʡ ʚ ʛʣʫʙʴ ʤʘʩʩʠʚʘ ʧʨʦʯʥʦʩʪʴʶ ʧʦʨʦʜ ʦʪ ůɗ ʜʦ ʧʨʝʜʝʣʘ 
ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ůʩʞ;  

1 ï ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʤʘʩʩʠʚʘ ʩ ʧʨʦʯʥʦʩʪʴʶ ʧʦʨʦʜ ůʩʞ, 
ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʜʦʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ.  
ʅʘ ʨʠʩ. 1, ʙ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ůʩʞ ʚ 
ʦʙʣʘʩʪʠ 1 ʜʦ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ůɗ ʚ ʦʙʣʘʩʪʠ 3. 
ɻʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʣʘʩʪʝʡ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 1, 

ʘ ʧʫʥʢʪʠʨʦʤ, ʠʤʝʶʪ ʨʘʜʠʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ: 
RB ï ʢʦʥʪʫʨ ʚʳʨʘʙʦʪʢʠ ʚ ʧʨʦʭʦʜʢʝ; 
R23 ï ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʠ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ;  
R12 ï ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʠ 

ʜʦʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ.  
ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʝ ʨʘʜʠʘʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʚ ʝʜʠʥʠʮʘʭ RB, ʪ. ʝ. rʚ = 1, r23 = R23/RB, rʚ = R12/rʚ.         
ʇʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʜʝʬʦʨʤʘʮʠʡ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʚʳʨʘʙʦʪʘʥʥʦʝ 
ʧʨʦʩʪʨʘʥʩʪʚʦ, ʯʪʦ ʦʙʳʯʥʦ ʜʦʩʪʠʛʘʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʢʦʥʩʪʨʫʢʮʠʡ 
ʢʨʝʧʠ, ʦʙʣʘʩʪʠ 3 ʠ 2 ʠʣʠ ʪʦʣʴʢʦ ʦʙʣʘʩʪʴ 3 ʤʦʛʫʪ ʥʝ 
ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ, ʪ. ʝ. ʨʝʘʣʠʟʫʶʪʩʷ ʩʣʫʯʘʠ r12 = 1 ʠʣʠ r23 = 1. 
ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʄ.ʂ. ʊʝʧʣʦʚʘ ʠ ʉ.ɺ. ʈʦʜʦʤʘʥʮʝʚʘ [2] 

ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʢʦʨʦʩʪʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʵʪʠʭ 
ʩʪʘʜʠʷʭ: ʚ ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʝʥʥʳʭ ʧʦʨʦʜʘʭ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 
ʧʨʦʪʝʢʘʶʪ ʙʳʩʪʨʝʝ, ʥʘʧʨʠʤʝʨ, ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʥʘ ʟʘʧʨʝʜʝʣʴʥʦʡ 
ʩʪʘʜʠʠ t/0 ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʥʘ ʜʦʧʨʝʜʝʣʴʥʦʡ ʩʪʘʜʠʠ 
ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ t0 ʚ 102-103 ʨʘʟ. 
ʇʨʠ ʤʘʣʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʨʘʙʦʪʦʢ (t = t/0) 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʟʘʧʨʝʜʝʣʴʥʦʤ 
ʩʪʘʜʠʠ, ʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʨʘʙʦʪʦʢ (t = t0) 
ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʜʦ 
ʧʨʝʜʝʣʴʥʦʡ ʩʪʘʜʠʠ. ʇʦʩʢʦʣʴʢʫ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʚʨʝʤʝʥʠ 
ʨʝʣʘʢʩʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʟʘʧʨʝʜʝʣʴʥʦʡ ʩʪʘʜʠʠ t/0 = 106 ʩ, ʪ. ʝ. 
ʧʦʨʷʜʢʘ 10 ʩʫʪ, ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʢʘʧʠʪʘʣʴʥʳʭ 
ʚʳʨʘʙʦʪʦʢ ʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪʩʷ 

ʜʝʩʷʪʢʘʤʠ ʣʝʪ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʚʳʨʘʙʦʪʦʢ ʠʤʝʝʪ ʫʯʸʪ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʜʦʧʨʝʜʝʣʴʥʦʡ 
ʩʪʘʜʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ɺ.ɻ. ʍʣʦʧʮʦʚʘ [3]. 
ɺ ʦʙʣʘʩʪʠ ʜʦʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 1 ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʠʤʝʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʚʢʣʶʯʘʶʱʫʶ ʫʨʘʚʥʝʥʠʷ 
ʨʘʚʥʦʚʝʩʠʷ, ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʠ ʬʠʟʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 
ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʜ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʦʝ ʧʨʠ µ = 0,5 ʧʨʝʦʙʨʘʟʫʝʪʩʷ 
ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
                                                      (1) 

 
ʛʜʝ ʜʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ ɽÐ ʩʚʷʟʘʥ ʩ ʤʛʥʦʚʝʥʥʳʤ 
ʤʦʜʫʣʝʤ ʜʝʬʦʨʤʘʮʠʠ ɽ0 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 
ʩʦʦʪʥʦʰʝʥʠʝʤ: 

                                                                                         
(2) 

 
ůʩʞ ʠ ůʩʞÐ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʜʝʣ ʤʛʥʦʚʝʥʥʦʡ ʠ ʜʣʠʪʝʣʴʥʦʡ 
ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʧʦʣʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʚ ʛʣʫʙʠʥʝ ʤʘʩʩʠʚʘ ʧʨʠ r > Ð, ʪ. ʝ. ʥʘ ʚʥʝʰʥʝʡ ʫʩʣʦʚʥʦʡ ʛʨʘʥʠʮʝ 
ʦʙʣʘʩʪʠ 1, ʠʤʝʶʪ ʚʠʜ (2), ʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ r = r12(t), 
ʢʦʪʦʨʘʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ t ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʛʣʫʙʴ 
ʤʘʩʩʠʚʘ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʠʤ ʠʟ ʫʩʣʦʚʠʷ ʧʨʝʜʝʣʴʥʦʛʦ 
ʨʘʚʥʦʚʝʩʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʦʛʣʘʩʥʦ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʦʛʠʙʘʶʱʝʡ 
ʧʨʝʜʝʣʴʥʳʭ ʢʨʫʛʦʚ ʄʦʨʘ: 

                                                                                    (3) 
ʛʜʝ ɚ = sinɟ/1-sinɟ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʫʢʘʟʘʥʥʳʤ  
ʩʦʦʪʥʦʰʝʥʠʝʤ ʩ ʫʛʣʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ɟ ʠ ʢʦʪʦʨʳʡ 
ʥʝ ʩʣʝʜʫʝʪ ʩʤʝʰʠʚʘʪʴ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʙʦʢʦʚʦʛʦ ʨʘʩʧʦʨʘ ɚ;  
ůʩʞ(t) ï ʩʥʠʞʘʶʱʠʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ, ʢʦʪʦʨʳʡ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

                                                                            (4) 
ʈʝʰʘʷ ʟʘʜʘʯʫ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʠʪʦʛʝ 

ʧʦʣʫʯʠʤ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʡ ʠ 
ʨʘʜʠʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʜʦʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠ-
ʨʦʚʘʥʠʷ:    

ʈʠʩ. 1. ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʦ ʟʘʧʨʝʜʝʣʴʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ (ʘ) ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜʥʦʛʦ 
ʤʘʩʩʠʚʘ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ (ʙ) 

ʘ) ʙ) 
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(5) 

 
 

(6) 
 
 

(7) 
 
 

(8) 
 

ʛʜʝ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ:  
 

(9) 
 

ʦʢʨʫʞʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʚ ʤʘʩʩʠʚʝ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ r12 ʚ ʚʠʜʝ 
ʬʫʥʢʮʠʠ ʨʝʤʝʥʠ: 

 
(10) 

 
 

(11) 
 

ɺ ʦʙʣʘʩʪʠ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 2 ʠʤʝʝʤ ʩʠʩʪʝʤʫ 
ʫʨʘʚʥʝʥʠʡ, ʚʢʣʶʯʘʶʱʫʶ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʥʝʨʘʟʨʳʚʥʦʩʪʠ 
ʜʝʬʦʨʤʘʮʠʡ ʠ ʬʠʟʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʩʥʠʞʝʥʠʝ 
ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʧʨʠʨʘʱʝʥʠʡ ʟʘʧʨʝʜʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ Ů/ɗ  

(12) 
ʛʜʝ ʄÐ ʜʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʩʧʘʜʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʦʜʥʦʦʩʥʦʤ 
ʩʞʘʪʠʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʟʘʚʠʩʠ-
ʤʦʩʪʴʶ: 

 
(13) 

 
ʛʜʝ ʄ0 ï ʤʛʥʦʚʝʥʥʳʡ ʤʦʜʫʣʴ ʩʧʘʜʘ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʩʞʘʪʠʠ;  
ů0 ï ʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʦʜʥʦʦʩʥʦʝ 

ʩʞʘʪʠʝ. 
ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚ ʫʨʘʚʥʝʥʠʠ (12) ʧʦʣʥʳʝ 

ʟʘʧʨʝʜʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʩ ʫʯʸʪʦʤ (10) ʟʘʧʠʩʳʚʘʶʪʩʷ 
ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

(14) 
ʛʜʝ Ůɗ ï ʫʜʚʦʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʧʝʨʝʯʥʦʡ 
ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʟʘʧʨʝʜʝʣʴʥʦʡ ʩʪʘʜʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʦʩʥʦʛʦ ʩʞʘʪʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 
ʦʙʨʘʟʮʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ. 
ʊʦʛʜʘ, ʨʝʰʘʷ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʠ 

ʫʜʦʚʣʝʪʚʦʨʷʷ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ Ů/ɗ ʧʨʠ r = r12 ʧʦʣʫʯʠʤ 
ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʠʨʘʱʝʥʠʡ ʟʘʧʨʝʜʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ [4]: 

(15) 
 
ʇʦʜʩʪʘʚʠʤ (15) ʚ ʬʠʟʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ (12), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʟʘʧʠʩʘʚ ʢʦʤʧʦʥʝʥʪʳ ʥʘʧʨʷʞʝʥʠʡ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʥʘʧʨʷʞʝʥʠʡ, ʪ. ʝ. 
ʫʜʦʚʣʝʪʚʦʨʠʚ ʫʨʘʚʥʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ.  
ɺ ʠʪʦʛʝ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʟʘʪʝʤ ʩ ʝʸ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ 
ʥʘʧʨʷʞʝʥʠʡ. ʆʢʦʥʯʘʪʝʣʴʥʦ ʟʘʧʠʰʝʤ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʡ ʠ ʩʤʝʱʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʟʘʧʨʝʜʝʣʴʥʦʛʦ 
ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 2: 

 
                                                     (16) 

 

 
 
 
 

                                                        (17) 
 
                                                        

   (18) 
 
 

                                                            (19) 
 
 

                                                        (20) 
 

ʛʜʝ ůr23 ï ʥʘʧʨʷʞʝʥʠʝ ůr, ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ r23 (t) ʩʦ ʩʪʦʨʦʥʳ 
ʦʙʣʘʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ 3. 
ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠʨʘʱʝʥʠʷ ʟʘʧʨʝʜʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ Ů/ɗ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ r23 (t) ʠʤʝʶʪ ʚʝʣʠʯʠʥʫ: 
                           

                                                         (21) 
 

ʧʦʣʫʯʠʤ ʠʟ ʚʳʨʘʞʝʥʠʷ (21) ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ r12(t) 
ʠ r23 ʚ ʚʠʜʝ: 

                  
                                                                (22) 

 
ʛʜʝ p(t) ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʥʝʝ ʧʨʠʥʷʪʳʤ ʦʙʦʟʥʘʯʝʥʠʝʤ ʫʛʣʘ 
ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ . 
ɺ ʦʙʣʘʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ 3 ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʤʝʝʤ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠ 
ʬʠʟʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ [5]: 

                                                                                            (23) 
ʀʥʪʝʛʨʠʨʫʷ ʵʪʫ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʠ ʫʜʦʚʣʝʪʚʦʨʷʷ ʛʨʘʥʠʯʥʳʤ 

ʫʩʣʦʚʠʷʤ ʥʘ ʢʦʥʪʫʨʝ ʚʳʨʘʙʦʪʢʠ: 
                                                        ʧʨʠ                                               (24) 
ʛʜʝ ʨ ï ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʨʝʧʠ ʥʘ ʢʦʥʪʫʨʝ ʚʳʨʘʙʦʪʢʠ, 
ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʧʠʰʝʤ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʥʳʭ ʥʘʧʨʷʞʝʥʠʡ: 

                                                                                          
(25) 

 
 

                                                                                 (26) 
 

ʂʦʤʧʦʥʝʥʪʳ ʜʝʬʦʨʤʘʮʠʡ ʠ ʩʤʝʱʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʩʪʘʪʦʯʥʦʡ 
ʧʨʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʠʤ ʠʟ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʩ 
ʫʯʸʪʦʤ ʥʝʩʞʠʤʘʝʤʦʩʪʠ ʨʘʟʨʫʰʝʥʥʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʚ ʵʪʦʡ 
ʦʙʣʘʩʪʠ, ʪ. ʝ.: 

                                                                  
                                    (27) 

ʛʜʝ Ůr// ʠ Ůɗ// ï ʧʨʠʨʘʱʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʦʩʪʘʪʦʯʥʦʡ 
ʧʨʦʯʥʦʩʪʠ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʛʨʘʥʠʮʝ r23(t) 
ʩʦʛʣʘʩʥʦ (18) ʠ (22). ɺ ʠʪʦʛʝ ʧʦʣʫʯʠʤ: 

 
                                       (28) 

 
 

                                      (29) 
 
 

                                     (30) 
 
ʇʦʣʦʞʠʚ ʚ (24) r = r23, ʧʦʣʫʯʠʤ ʛʨʘʥʠʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ůr23, 

ʚʭʦʜʷʱʝʝ ʚ ʬʦʨʤʫʣʳ (16) ʠ (17):   
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                                                     (31) 

 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ r12(t) ʧʨʠʨʘʚʥʷʝʤ ʥʘʧʨʷʞʝʥʠʷ ůr ʚ 

ʦʙʣʘʩʪʷʭ 1 ʠ 2 ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ r12(t). ʇʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ 
ʫʨʘʚʥʝʥʠʝ ʩ ʫʯʸʪʦʤ ʦʙʦʟʥʘʯʝʥʠʡ (22) ʠ (31): 

     
 
 
 

 (32) 
 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ r12(t) ʠʟ ʫʨʘʚʥʝʥʠʷ (32) 
ʢʦʦʨʜʠʥʘʪʘ r23(t) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (22). 
ɽʩʣʠ ʦʙʣʘʩʪʴ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ 3 ʥʝ ʦʙʨʘʟʦʚʘʣʘʩʴ (r23=1), 

ʢʦʦʨʜʠʥʘʪʘ r23(t) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ: 
 

                                                    
 

 (33) 
 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʚʘ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷ, 
ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ r12(t): ʠʜʝʘʣʴʥʦ-ʭʨʫʧʢʠʡ 
ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚ ʠ ʠʜʝʘʣʴʥʦ-ʧʣʘʩʪʠʯʥʳʡ ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚ. 
ʇʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʨʝʰʝʥʠʝ ʦʙʱʝʡ ʟʘʜʘʯʠ ʧʨʠ MÐŸÐ, r12=r23 ʜʘʸʪ 
ʧʨʝʜʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʢ ʨʝʰʝʥʠʶ ʜʣʷ ʠʜʝʘʣʴʥʦ-ʭʨʫʧʢʠʭ ʛʦʨʥʳʭ 
ʧʦʨʦʜ, ʘ ʧʨʠ MÐŸ 0, ů0=ůʩʞ, r23=1 ï ʢ ʨʝʰʝʥʠʶ ʜʣʷ ʠʜʝʘʣʴʥʦ-
ʧʣʘʩʪʠʯʥʳʭ ʧʦʨʦʜ. ʅʝ ʧʨʠʚʦʜʷ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ ʠ 
ʩʤʝʱʝʥʠʡ, ʟʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʦʨʜʠʥʘʪʳ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʚ 
ʠʜʝʘʣʴʥʦ-ʭʨʫʧʢʠʭ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʘʭ: 

                                                                             
(34) 

 
ʚ ʠʜʝʘʣʴʥʦ-ʧʣʘʩʪʠʯʥʳʭ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʘʭ: 

                                                                            
(35) 

 

ʇʝʨʝʡʜʝʤ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ 
ʠʩʩʣʝʜʫʝʤ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʤʝʱʝʥʠʡ ʚ 
ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ 
ʟʘʧʨʝʜʝʣʴʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʘʟʨʫʰʝʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ 
ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=0. 
ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘ ʨʠʩ. 2 uʬ ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ 

ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩ. 2, ʘ) ʠ ʨʘʜʠʘʣʴʥʳʭ 
ʩʤʝʱʝʥʠʡ (ʨʠʩ. 2, ʙ) ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʸʭ 
ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʣʘʩʪʝʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʤʝʱʘʶʱʝʛʦ 
ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʧʨʠ 
ʩʦʧʦʩʪʘʚʠʤʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩ. 2, ʘ) ʠ ʨʘʜʠʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ (ʨʠʩ. 2, ʙ) ʚ 
ʠʜʝʘʣʴʥʦ-ʭʨʫʧʢʦʤ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʠ 
ʠʜʝʘʣʴʥʦ-ʧʣʘʩʪʠʯʥʦʤ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ (ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ), 
ʢʦʛʜʘ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ ʦʙʨʘʟʫʶʪʩʷ ʪʦʣʴʢʦ ʜʚʝ ʦʙʣʘʩʪʠ 
ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ʩ ʛʨʘʥʠʮʘʤʠ ʨʘʟʜʝʣʘ r, 
ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟ ʫʨʘʚʥʝʥʠʡ (34) ʠ (35). 
ɸʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩ. 2, ʘ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʘʧʨʷʞʝʥʠʷ ů0 ʠʤʝʶʪ ʤʘʢʩʠʤʫʤ ʥʘ ʛʨʘʥʠʮʝ r12 ʨʘʟʜʝʣʘ ʤʝʞʜʫ 
ʦʙʣʘʩʪʴʶ ʜʦʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʣʘʩʪʷʤʠ 
ʨʘʟʨʫʰʝʥʠʷ.  
ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʣʦʥʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢ ʭʨʫʧʢʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ ʤʘʢʩʠʤʫʤ ʥʘʧʨʷʞʝʥʠʡ ů0 ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ 
ʦʩʪʘʝʪʩʷ ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ, ʥʦ ʩʤʝʱʘʝʪʩʷ ʚ ʛʣʫʙʴ ʧʦʨʦʜʥʦʛʦ 
ʤʘʩʩʠʚʘ. ɺ ʈʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ ůr ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 
ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 
ʈʘʜʠʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʩʪʦʨʦʥʫ 

ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʨʠʩ. 2, ʙ) ʚ ʠʜʝʘʣʴʥʦ-ʭʨʫʧʢʠʭ ʛʦʨʥʳʭ 
ʧʦʨʦʜʘʭ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʠʜʝʘʣʴʥʦ-ʧʣʘʩʪʠʯʥʳʭ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 
ʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ. 
ʅʦ ʦʩʦʙʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʨʘʜʠʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʧʨʠ ʫʯʸʪʝ 

ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʠʣʘʪʘʥʩʠʠ (ɓ>1), ʯʝʤʫ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩ. 2, ʙ.  
ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʩʤʝʱʝʥʠʡ ʢʦʥʪʫʨʘ ʚʳʨʘʙʦʪʢʠ up ʩ ʨʘʩʯʸʪʥʳʤʠ up, 
ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ, ʠ ʩ 
ʨʘʩʯʸʪʥʳʤʠ up  ʚʳʯʠʩʣʝʥʥʳʤʠ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ɺʅʀʄʀ. 
ɼʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʨʘʙʦʪʦʢ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ 

ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʩʪʘʪʦʯʥʦʡ 
ʧʨʦʯʥʦʩʪʠ, ʪ.  ʝ. ʢʦʦʨʜʠʥʘʪʳ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ r12 ʠ r23 [6-7].  
ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ r12 (ʩʧʣʦʰʥʳʝ 

ʣʠʥʠʠ) ʠ r23 (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʦʪ ʫʨʦʚʥʷ ʥʘʯʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ  
q/ůʩʞ ʜʣʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ɓ.  
ɻʨʘʬʠʢ l ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦ-

ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʩʩʠʚʘ, ʦʩʪʘʣʴʥʳʝ ʛʨʘʬʠʢʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
ʩ ʟʘʧʨʝʜʝʣʴʥʳʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʫʠʥʥʦʛʦ 
ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʨ = 0,1 ʄʇʘ. ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʦ ʫʨʦʚʥʷ 
ʥʘʯʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ q/ůʩʞ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ 
ʦʙʣʘʩʪʠ ʨʫʠʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ (ʧʝʨʝʛʠʙʳ ʥʘ ʛʨʘʬʠʢʘʭ r12), 
ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʨʝʰʝʥʠʷ ʜʣʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
ʠʜʝʘʣʴʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʩʩʠʚʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 
ʦʙʣʘʩʪʠ ʨʫʠʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 
ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ, ʦʩʦʙʝʥʥʦ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ [8-9], ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʜʚʝ 

ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʤʦʜʝʣʠ (ʠʜʝʘʣʴʥʦ-ʭʨʫʧʢʠʡ ʠ 
ʠʜʝʘʣʴʥʦ-ʧʣʘʩʪʠʯʥʳʡ ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚ) ʜʘʶʪ ʦʮʝʥʢʠ, ʢʦʪʦʨʳʝ 
ʦʛʨʘʥʠʯʠʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʚʝʣʠʯʠʥʫ ʢʦʦʨʜʠʥʘʪʳ 
r12(1): ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ ʩ ʫʯʸʪʦʤ ʝʛʦ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨ-
ʤʠʨʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪʘ ʛʨʘʥʠʮʳ r12(t) ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
ʢʦʦʨʜʠʥʘʪʳ ʚ ʠʜʝʘʣʴʥʦ-ʭʨʫʧʢʦʤ ʤʘʩʩʠʚʝ, ʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ 
ʠʜʝʘʣʴʥʦ-ʧʣʘʩʪʠʯʥʦʤ. 
ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʨʝʧʠ ʨ ʠ 

ʚʝʣʠʯʠʥʳ ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ů0 ʥʘ ʨʘʟʤʝʨʳ 
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ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ (ʘ) ʠ ʩʤʝʱʝʥʠʡ (ʙ) 
ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ ʧʨʠ ʟʘʧʨʝʜʝʣʴʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʨʦʜʥʦʛʦ 
ʤʘʩʩʠʚʘ, ʩʣʦʞʝʥʥʦʛʦ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʣʦʥʥʦʩʪʴʶ 
ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ 

ʘ) 

ʙ) 
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ʦʙʣʘʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ, ʦʙʨʘʪʠʤʩʷ ʢ ʘʥʘʣʠʟʫ ʫʨʘʚʥʝʥʠʡ (32) ʠ (34). 
ʈʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ r12, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ 
ʫʤʝʥʴʰʝʥʠʝʤ ʨ ʠ ů0 [10].  
ʇʨʠ ů0 = 0 ʧʦʨʦʜʳ ʧʝʨʝʭʦʜʷʪ ʚ ʩʦʩʪʦʷʥʠʝ ʨʫʠʥʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ, ʠ ʦʙʣʘʩʪʴ ʧʨʠʢʦʥʪʫʨʥʦʛʦ ʤʘʩʩʠʚʘ, ʟʘʧʦʣʥʝʥʥʘʷ 
ʪʘʢʠʤʠ ʧʦʨʦʜʘʤʠ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʧʨʠ ʨʝʘʢʪʠʚʥʦʤ 
ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʢʨʝʧʠ ʨ > 0. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʨʝʧʠ (ʨ = 0) ʧʦʨʦʜʳ ʚ 
ʵʪʦʡ ʦʙʣʘʩʪʠ ʪʝʨʷʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ: ʧʨʠ ů0 = 0 ʠ ʨ = 0, ʩʫʜʷ ʧʦ 
ʫʨʘʚʥʝʥʠʷʤ (32) ʠ (34), r12ŸÐ. 
ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʘ ʚʨʝʤʝʥʠ ʥʘ ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ 

ʨʘʟʨʫʰʝʥʠʷ, ʯʪʦ ʫʜʦʙʥʦ ʩʜʝʣʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 
ʬʫʥʢʮʠʡ r12(t) ʠ r23(t) ʥʘ ʦʩʥʦʚʘʥʠʠ (32) ʠ (22).  
ʇʦʩʪʨʦʠʤ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ r12(t) ʠ r23(t) ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ [11]: ʨ=0; q=3,3 ʄʇʘ; ůʩʞ = 6 ʄʇʘ;    
ůʩʞ = 3 ʄʇʘ; ů0 =0,5 ʄʇʘ; ɽ0 = 800 ʄʇʘ; ʄ0 = 1200 ʄʇʘ; t0= 105 ʩ;   
ʨ = 30; ɓ = 4,5. 
ʈʝʟʫʣʴʪʘʪʳ ʧʦʩʪʨʦʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (32) ʠ 

(22), ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4, ʘ. 
ʅʘ ʨʠʩ. 4, ʙ ʧʦ ʬʦʨʤʫʣʝ (30) ʧʦʩʪʨʦʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʙʝʟʨʘʟʤʝʨʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʢʦʥʪʫʨʘ 
ʚʳʨʘʙʦʪʢʠ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʩʤʝʱʝʥʠʡ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ ʧʨʠ ʟʘʧʨʝʜʝʣʴʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ 
ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, ʩʣʦʞʝʥʥʦʛʦ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʨʘʟʣʠʯʥʦʡ 
ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. 
ɼʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʨʘʙʦʪʦʢ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ 

ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʩʪʘʪʦʯʥʦʡ 
ʧʨʦʯʥʦʩʪʠ, ʪ. ʝ., ʢʦʦʨʜʠʥʘʪʳ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʦʪ ʫʨʦʚʥʷ ʥʘʯʘʣʴʥʦʛʦ 
ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʠʜʝʘʣʠʟʠʨʦʚʘʥ-

ʥʳʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʤʦʜʝʣʠ (ʠʜʝʘʣʴʥʦ-ʭʨʫʧʢʠʡ ʠ ʠʜʝʘʣʴʥʦ-
ʧʣʘʩʪʠʯʥʳʡ ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚ) ʜʘʶʪ ʦʮʝʥʢʠ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʚʝʣʠʯʠʥʫ ʢʦʦʨʜʠʥʘʪʳ r12(1) ʚ 
ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ ʩ ʫʯʸʪʦʤ ʝʛʦ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 
ʢʦʦʨʜʠʥʘʪʘ ʛʨʘʥʠʮʳ r12 (t) ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʦʨʜʠʥʘʪʳ ʚ 
ʠʜʝʘʣʴʥʦ-ʭʨʫʧʢʦʤ ʤʘʩʩʠʚʝ, ʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʠʜʝʘʣʴʥʦ-
ʧʣʘʩʪʠʯʥʦʤ. 
ʈʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ ʠ ʨʘʜʠʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʩʦ 

ʚʨʝʤʝʥʝʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʥʝʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʥʷʪʳʭ ʬʫʥʢʮʠʡ. 

ʋʙʚʤʡʯʙ 1 
ʉʞʠʬʤʵʫʙʫʴ ʪʧʨʧʪʫʙʛʤʞʦʡʸ ʭʙʣʫʡʰʞʪʣʡʮ ʚʞʠʩʙʠʥʞʩʦʴʮ ʪʥʞʲʞʦʡʢ ʣʧʦʫʬʩʙ ʛʴʩʙʚʧʫʣʡ up ʪ ʩʙʪʰʞʫʦʴʥʡ up, ʣʧʫʧʩʴʞ ʧʨʩʞʝʞʤʞʦʴ ʦʙ ʧʪʦʧʛʞ 

ʨʩʞʝʤʙʜʙʞʥʧʜʧ ʩʞʱʞʦʡʸ, ʡ ʪ ʩʙʪʰʞʫʦʴʥʡ up  ʛʴʰʡʪʤʞʦʦʴʥʡ ʨʧ ʩʞʣʧʥʞʦʝʙʯʡʸʥ ɻʆʁʅʁ [8-9] 

ʧʨʦʜʦʣʜʝʥʠʝ ʪʘʙʣ. 1 

ʑʙʮʫʙ ʋʡʨ ʨʧʩʧʝʴ 
ʈʤʧʲʙʝʵ ʨʧʨʞʩʞʰʦʧʜʧ ʪʞʰʞʦʡʸ 
ʛʴʩʙʚʧʫʣʡ ʛ ʪʛʞʫʬ, S  (ʤ2) 

ɼʤʬʚʡʦʙ, ʅ (ʤ) 
ʊʨʧʪʧʚ ʛʴʞʥʣʡ 
ʨʧʩʧʝʴ 

ůʩʞ, ʄʇʘ ɽ*10-4, ʄʇʘ 

ʐʘʭʪʘ ɿʘʨʤʠʪʘʥ 
ʐʘʭʪʘ ɻʫʞʫʤʩʘʡ ʖʈʋ, 
ɸʆ «ʅɻʄʂ» 

ʛʨʘʥʦʩʠʝʥʠʪʳ 11,2 709 ɹɺʈ 20 0,7 
ʩʠʝʥʠʪʳ 19,1 696 ɹɺʈ 25 1,0 

ʩʣʘʥʮʳ ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʝ 8,5 1012 ʢʦʤʙʘʡʥʦʚʳʡ 35 1,2 
ʩʣʘʥʮʳ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ, 

ʫʛʣʠʩʪʳʝ 
13,5 826 ɹɺʈ 30 1,0 

ʧʦʨʦʜʳ ʠʟ ʨʫʜʥʳʭ ʟʦʥ 13 830 ɹɺʈ 35 1,5 

ʑʙʮʫʙ ʋʡʨ ʨʧʩʧʝʴ 
ʉʙʪʰʞʫʦʧʞ 

ʠʦʙʰʞʦʡʞ q, ʄʇʘ  
b

 
ɽ

ʄ
x

ʊʥʞʲʞʦʡʸ ʣʧʦʫʬʩʙ 

ʁʠʥʞʩʞʦʦʴʞ, uʬ 
ʉʙʪʰʹʫʦʴʞ ʨʧ 
ʨʩʞʝʤʧʟʞʦʦʧʥʬ 
ʩʞʱʞʦʡʷ, up 

ʉʙʪʰʹʫʦʴʞ ʨʧ 
ʥʞʫʧʝʬ 
ɻʆʁʅʁ, up 

ʐʘʭʪʘ ɿʘʨʤʠʪʘʥ 
ʐʘʭʪʘ ɻʫʞʫʤʩʘʡ ʖʈʋ, 
ɸʆ «ʅɻʄʂ» 

ʛʨʘʥʦʩʠʝʥʠʪʳ 18 8 2,5 20,0 15,0 14,0 
ʩʠʝʥʠʪʳ 18 8 2,5 6,0 8,0 9,0 

ʩʣʘʥʮʳ ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʝ 25 9 2 14,0 7,5 8,0 
ʩʣʘʥʮʳ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ, 

ʫʛʣʠʩʪʳʝ 
22 9 2 23,0 18,0 9,0 

ʧʦʨʦʜʳ ʠʟ ʨʫʜʥʳʭ ʟʦʥ 22 6 4 4,0 3,0 5,5 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ ʚʦʢʨʫʛ 
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ʚʳʨʘʙʦʪʢʠ ʦʪ ʫʨʦʚʥʷ ʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ 
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THEORETICAL STUDY OF THE FEATURES OF GEOMECHANICAL PROCESSES OF EXTREME DEFORMATION IN  

THE VICINITY OF THE WORKING FACE 
 

Nazarov Z.S., Associate Professor, Department of Mining, PhD in Technical Sciences. 
Buriev Sh.U., Senior Lecturer, Department of Mining and Processing of Rare and Radioactive Metal Ores. 
Jhiyanov A.B., Associate Professor, Department of Mining and Processing of Rare and Radioactive Metal Ores, PhD. 
 
Navoi State Mining Institute. Navoi, Uzbekistan.  
 
This article examines the features of extreme deformation of rock masses surrounding mine workings, primarily characterized by the formation of distinct zones 

of extreme deformation and residual strength of the rock. It has been established that the stress $\sigma_0$ reaches a maximum at the boundary $r_{12}$ separat-
ing the zone of subcritical deformation from the zones of failure. With an increase in the brittleness tendency of the rock, the maximum stress $\sigma_0$ remains 
at the same level under equal conditions but shifts deeper into the rock mass. Closed failure zones are considered using a geomechanical model of a homogene-
ous isotropic mass with an initially equal-component stress state, consisting of solid rocks with rheological properties. An assessment is conducted, and the influ-
ence of the reactive support resistance $p$ and the residual rock strength $\sigma_0$ on the size of failure zones is established. It is shown that the size of failure 
zones and radial displacements increase over time according to a nonlinear law. 

Keywords: deformation, mine working, strength, failure, stress, equilibrium, relaxation, rheological properties, brittleness, displacement, geomechanics, reac-
tive resistance, support, working contour. 
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ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʭʦʜʦʤ ʢ ʨʘʟʨʘʙʦʪʢʝ ʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʠʭ 
ʨʫʜʥʳʭ ʪʝʣ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʫʩʣʦʞʥʝʥʠʝʤ ʛʦʨʥʦ-
ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʫʩʣʦʚʠʡ [1].         
ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦ-
ʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʦʚ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʢʘʢ 
ʩʧʦʩʦʙʘ ʩʥʠʞʝʥʠʷ ʦʙʲʸʤʦʚ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ, ʩʦʢʨʘʱʝʥʠʷ ʧʣʦʱʘʜʠ 
ʦʪʚʘʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ 
ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 
ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʚ ʛʦʨʥʳʭ ʤʘʩʩʠʚʘʭ ʚʦʟʥʠʢʘʶʪ 

ʩʣʦʞʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ 
ʛʝʥʝʨʘʮʠʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʫʧʨʫʛʠʭ ʚʦʣʥ [2]. ʀʭ ʭʘʨʘʢʪʝʨ ʦʧʨʝʜʝʣʷ-
ʝʪʩʷ ʤʦʱʥʦʩʪʴʶ ʟʘʨʷʜʘ, ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʵʧʠʮʝʥʪʨʘ ʠ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʨʦʜ.  
ɺʙʣʠʟʠ ʟʘʨʷʜʘ ʬʦʨʤʠʨʫʶʪʩʷ ʟʦʥʳ ʩʞʘʪʠʷ, ʦʩʪʘʪʦʯʥʳʭ ʠ ʫʧʨʫʛʠʭ 

ʜʝʬʦʨʤʘʮʠʡ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʙʲʸʤʥʳʭ ʠ ʧʦʚʝʨʭ-
ʥʦʩʪʥʳʭ ʚʦʣʥ.  
ʅʘʠʙʦʣʴʰʫʶ ʩʝʡʩʤʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʣʘʚʥʘʷ 

ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ ʠ      
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ. ʊʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʧʝʨʝ-
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʩʩʠʚʝ ʠ ʩʥʠʞʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦ-
ʩʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʦʮʝʥʢʠ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ Kʫʩʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʦʪʥʦʰʝ-
ʥʠʝ ʩʠʣ, ʫʜʝʨʞʠʚʘʶʱʠʭ ʤʘʩʩʠʚ ʦʪ ʩʜʚʠʛʘ, ʢ ʩʠʣʘʤ, ʩʧʦʩʦʙʩʪʚʫʶ-
ʱʠʤ ʝʛʦ ʩʤʝʱʝʥʠʶ [3]:  

 
      (1) 

 
ʛʜʝ ×R ï ʩʫʤʤʘ ʫʜʝʨʞʠʚʘʶʱʠʭ ʩʠʣ (ʩʮʝʧʣʝʥʠʝ, ʩʠʣʳ ʪʨʝʥʠʷ, ʚʝʩ 
ʫʩʪʦʡʯʠʚʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ);  
×T ï ʩʫʤʤʘ ʩʜʚʠʛʘʶʱʠʭ ʩʠʣ (ʚʝʩ ʧʨʠʟʤʳ ʦʙʨʫʰʝʥʠʷ, ʛʠʜʨʦʩʪʘ-

ʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ). 
ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʯʥʦʩʪʥʳʝ 
ʢʨʠʪʝʨʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘʧʨʷ-
ʞʝʥʠʷʤʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ.  
ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʠ ʦʙʦʩʥʦʚʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝ-

ʨʠʡ ʄʦʨʘ-ʂʫʣʦʥʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʫʩʣʦʚʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦ-
ʚʝʩʠʷ ʦʪʢʦʩʘ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ [3]: 

    Ű = c + ů ẗ tanű,                                            (2) 
ʛʜʝ Ű ï ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʇʘ;  
ů ï ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʇʘ;  
c ï ʫʜʝʣʴʥʦʝ ʩʮʝʧʣʝʥʠʝ, ʇʘ;  
ű ï ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʧʦʨʦʜʳ, ʛʨʘʜ. 

Ushbu maqolada ommaviy portlatishlarning massivning zoóriqish-deformatsiya holatiga taôsiri koórib chiqilgan va zaxira koeffitsienti 
boóyicha barqarorlikni baholash uslubii tavsiflangan. Barqarorlikni yoóqotish xavfini kamaytirish uchun yuklamalarni qayta taqsimlash va 
yangi muvozanat holatini shakllantirishni taôminlovchi temirbeton novdalar bilan massivni oldindan mustahkamlash texnologiyasi taklif 
etilgan. Mustahkamlovchi elementlar tomonidan yaratiladigan qoóshimcha qarshilikni hisobga olish imkonini beruvchi ankerni armatural-
ash bilan Mor-Kulonning modifikatsiyalangan mezoni formallashtirilgan. Mazkur texnologiyani joriy etganda qiyaliklarning barqarorlik 
koeffitsienti meôyoriy qiymatlarga yetkazilishi taôminlanishi koórsatilgan, bu esa uning samaradorligi va chuqur konlar sharoitida qoóllanish 
istiqbolliligini tasdiqlaydi. 
Kalit soózlar: ochiq kon ishlari, qiyaliklarning barqarorligi, barqarorlik zaxirasi koeffitsienti, chuqur konlar, burgóilash-portlatish ishlari, 

seysmik taôsir, Mor-Kulon mezoni, temirbeton novdalar, ankerni armaturalash, togó jinslarining mustahkamlik xususiyatlari, modifikatsiya-
langan mezon, yer osti boyliklaridan oqilona foydalanish. 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʥʘ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ ʠ ʦʧʠʩʳʚʘ-

ʝʪʩʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʟʘʧʘʩʘ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʝʜʣʦʞʝʥʘ 
ʪʝʭʥʦʣʦʛʠʷ ʦʧʝʨʝʞʘʶʱʝʛʦ ʫʢʨʝʧʣʝʥʠʷ ʤʘʩʩʠʚʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʰʪʘʥʛʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ 
ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠʚʝʜʝʥʘ ʬʦʨʤʘʣʠʟʘʮʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʄʦʨʘ-ʂʫʣʦʥʘ            
ʩ ʫʯʸʪʦʤ ʘʥʢʝʨʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʫʯʠʪʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʫʢʨʝʧʣʷʶʱʠʤʠ 
ʵʣʝʤʝʥʪʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ        
ʦʪʢʦʩʦʚ ʜʦ ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 
ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʢʨʳʪʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʛʣʫʙʦʢʠʝ 

ʢʘʨʴʝʨʳ, ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʢʨʠʪʝʨʠʡ ʄʦʨʘ-ʂʫʣʦʥʘ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʰʪʘʥʛʠ, ʘʥʢʝʨʥʦʝ 
ʘʨʤʠʨʦʚʘʥʠʝ, ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʠʪʝʨʠʡ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʜʨ. 

ʀʙʡʩʧʛ ʑ.ʑ., 
ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ  

«ɻʦʨʥʦʝ ʜʝʣʦ» ɸʌ ʅʀʊʋ «ʄʀʉʀʉ», 
ʜ.ʪ.ʥ. 

ʖʩʜʙʱʞʛ ʆ.ʎ.,  
ʟʘʤʝʩʪʠʪʝʣʴ ʥʘʯʘʣʴʥʠʢʘ 

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

ʍʙʫʮʡʝʝʡʦʧʛ ɹ.ʌ.,  
ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ 

ʧʦ ʫʯʝʙʥʦʡ ʨʘʙʦʪʝ ʬʘʢʫʣʴʪʝʪʘ 
ʵʥʝʨʛʝʪʠʢʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 
ɸʣʤʘʣʳʢʩʢʦʛʦ ʬʠʣʠʘʣʘ ʊɻʊʋ, PhD  

ʊʙʭʙʩʧʛʙ ʅ.ɽ., 
ʜʦʢʪʦʨʘʥʪ ʢʘʬʝʜʨʳ  

«ɻʦʨʥʦʝ ʜʝʣʦ» ʅɻɻʊʋ 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʥʠʤʘʶʪ ʫʩʣʦʚʠʝ [3]: 
Kʫʩʪ Ó 1,3 õ 1,4 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 
ʂʘʯʝʩʪʚʦ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʪʢʦʩʳ ʚʦ 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʨʷʜʦʚ. ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ 
ʨʘʩʯʸʪʘ ʨʘʜʠʫʩʘ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʚʟʨʳʚʝ [4]: 

   
   (3) 

 
ʛʜʝ R ï ʨʘʜʠʫʩ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ, ʤ;  

Q ï ʤʘʩʩʘ ʟʘʨʷʜʘ ɺɺ ʚ ʩʢʚʘʞʠʥʝ, ʢʛ;  
ɔ ï ʧʣʦʪʥʦʩʪʴ ɺɺ, ʢʛ/ʤ3;  
k ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʚʦʡʩʪʚʘ ʤʘʩʩʠʚʘ. 
ɼʣʷ ʩʥʠʞʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʘʚʠʣʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʟʘʨʷʜʘ [5, 6]: 
      
 

(4) 
 
ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʠʮ, ʤʤ/ʩ;  

Q ï ʤʘʩʩʘ ʟʘʨʷʜʘ ɺɺ, ʢʛ;  
R ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ, ʤ; 
Ŭ, ks ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʚʦʡʩʪʚ 

ʤʘʩʩʠʚʘ. 
ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʦʚ ʦʪʢʦʩʦʚ ʦʮʝʥʠʚʘʝʪʩʷ 

ʯʝʨʝʟ ʛʨʘʥʠʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʩʢʨʳʰʠ (kʛʨ) [7]: 
     

  (5) 
 

ʛʜʝ Cʨ ï ʩʪʦʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʫʤ;  
Cʦ ï ʟʘʪʨʘʪʳ ʥʘ ʜʦʙʳʯʫ ʠ ʧʝʨʝʨʘʙʦʪʢʫ ʨʫʜʳ, ʩʫʤ;  
Cʚ ï ʟʘʪʨʘʪʳ ʥʘ ʚʩʢʨʳʰʥʳʝ ʨʘʙʦʪʳ, ʩʫʤ. 
ʇʨʠ kʬʘʢʪ Ò kʛʨ ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ. 
ɺ ʫʩʣʦʚʠʷʭ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ     

ʦʪʢʦʩʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ      
(ʥʘ 0,1-0,2) ʩʧʦʩʦʙʥʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʣʦʢʘʣʴʥʳʭ ʣʠʙʦ ʢʨʫʧ-
ʥʦʤʘʩʰʪʘʙʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʯʘʩʪʠʯʥʦʡ 
ʠʣʠ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʘ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪʩʷ 
ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʚʝʥʪʠʚʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 
ʩʪʘʙʠʣʠʟʘʮʠʶ ʤʘʩʩʠʚʘ ʜʦ ʝʛʦ ʦʙʥʘʞʝʥʠʷ [8]. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 
ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 
ʦʧʝʨʝʞʘʶʱʝʝ ʫʢʨʝʧʣʝʥʠʝ ʤʘʩʩʠʚʘ ʧʨʠ ʧʦʤʦʱʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 
ʰʪʘʥʛ (ʘʥʢʝʨʥʳʭ ʵʣʝʤʝʥʪʦʚ). ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠ-
ʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʫʧʨʦʯʥʝʥʠʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʳ ʤʘʩʩʠʚʘ, ʥʦ ʠ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ     ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʟʘ ʩʯʸʪ ʧʝʨʝ-
ʜʘʯʠ ʯʘʩʪʠ ʥʘʛʨʫʟʢʠ ʦʪ ʧʨʠʟʤʳ ʦʙʨʫʰʝʥʠʷ ʥʘ ʘʨʤʠʨʫʶʱʠʝ ʵʣʝʤʝʥ-
ʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʘʧʨʷ-
ʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 
ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡ-
ʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʰʪʘʥʛ 
ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʩʜʚʦʝʥʥʳʝ ʠ ʩʪʨʦʝʥʥʳʝ ʫʩʪʫʧʳ ʙʝʟ ʧʨʝʜʦ-
ʭʨʘʥʠʪʝʣʴʥʳʭ ʙʝʨʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝ ʥʝʜʨ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʫʩʣʦʚʠʷʭ ʫʛʣʫʙʣʝʥʠʷ ʢʘʨʴʝʨʦʚ. ʕʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʳʝ ʠ ʨʘʩʯʸʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [8-11] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 
ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʦʚ ʦʪʢʦ-
ʩʦʚ ʜʦ 55-60Á ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝ ʥʠʞʝ 
1,3-1,4, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʰʪʘʥʛʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʥʞʝʥʝʨʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʣʦʥʦʚ ʚ 
ʩʣʦʞʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ 
ʙʝʟʦʧʘʩʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʦʚ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʦʧʝʨʝʞʘʶʱʝʛʦ ʫʢʨʝʧʣʝʥʠʷ ʤʘʩʩʠʚʘ 
ʧʨʠ ʧʦʤʦʱʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʰʪʘʥʛ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʘʨʤʠʨʦʚʘ-
ʥʠʝ ʤʘʩʩʠʚʘ ʜʦ ʝʛʦ ʚʩʢʨʳʪʠʷ, ʚ ʥʝʨʘʟʛʨʫʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʨʠʩ. 1). 
ʕʪʘʧʳ ʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʘʶʪ: 
1. ʇʦʜʛʦʪʦʚʢʫ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʢʠ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʝ 

ʦʪʢʦʩʘ ʚʜʦʣʴ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʢʦʥʪʫʨʘ. 
2. ɹʫʨʝʥʠʝ ʥʘʢʣʦʥʥʳʭ ʩʢʚʘʞʠʥ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘ-

ʝʤrʭ ʫʜʝʨʞʠʚʘʁ ʠɦʭ ʫʩʠʣʠʡ. ɼʣʠʥʘ ʩʢʚʘʞʠʥ ʜʦʣʞʥʘ ʧʨʝʚr ʘhʪɹ 
ʨʘʩʯʸʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʪʨʝʟʢʦʚ ʧʨʠʟʤʳ ʦʙʨʫʰʝʥʠʷ. ʉʥʘʯʘʣʘ    
ʚʳʧʦʣʥʷʝʪʩʷ ʙʫʨʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʢʚʘʞʠʥ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʜʣʷ 
ʫʩʪʘʥʦʚʢʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʰʪʘʥʛ. 
3. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʙʫʨʝʥʠʝ ʥʘʢʣʦʥʥʳʭ ʩʢʚʘʞʠʥ ʤʘʣʦʛʦ ʜʠʘʤʝʪ-

ʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʘʨʤʠʨʦʚʘʥʠʷ. 
4. ʋʩʪʘʥʦʚʢʫ ʨʝʣʴʩʦʚ (ʧʦʟ. 2), ʚʳʧʦʣʥʷʶʱʠʭ ʬʫʥʢʮʠʶ ʞʸʩʪʢʠʭ 

ʘʨʤʠʨʫʶʱʠʭ ʚʩʪʘʚʦʢ, ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʰʪʘʥʛ (ʧʦʟ. 3) ʩ ʪʦʨʮʘ 
ʩʢʚʘʞʠʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʩʩʠʚʘ. 
5. ɹʝʪʦʥʠʨʦʚʘʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʨʝʧʠ (ʧʦʟ. 4) ʚʥʫʪ-

ʨʠ ʩʢʚʘʞʠʥ ʜʦ ʫʨʦʚʥʷ ʧʨʦʝʢʪʥʦʛʦ ʦʪʢʦʩʘ. 
6. ʉʦʭʨʘʥʝʥʠʝ ʥʝʙʝʪʦʥʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ ʩʢʚʘʞʠʥʳ (ʧʦʟ. 5) ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʦʩʘ ʜʦ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʢʠ, ʢʦʪʦʨʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʟʘʨʷʜʦʚ ʧʨʠ ʢʦʥʪʫʨʥʦʤ ʚʟʨʳʚʘʥʠʠ. 
ʕʪʦ ʨʝʰʝʥʠʝ ʩʥʠʞʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʚʟʨʳʚʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʘʨʤʠʨʦ-
ʚʘʥʥʫʶ ʯʘʩʪʴ ʤʘʩʩʠʚʘ. 
7. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʦʩʘ ʤʝʪʦʜʦʤ ʱʝʣʝʚʦʛʦ 

(ʢʦʥʪʫʨʥʦʛʦ) ʚʟʨʳʚʘʥʠʷ (ʧʦʟ. 6). 
ʆʙʥʘʞʝʥʠʝ ʫʢʨʝʧʣʸʥʥʦʛʦ ʤʘʩʩʠʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʵʪʘʧʥʦ, ʚ 

ʧʨʦʮʝʩʩʝ ʫʛʣʫʙʣʝʥʠʷ ʢʘʨʴʝʨʘ. ʉʥʘʯʘʣʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚʝʨʭʥʠʡ 
ʫʩʪʫʧ ʜʦ ʫʢʨʝʧʣʸʥʥʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʩ ʦʙʨʘ-
ʟʦʚʘʚʰʝʡʩʷ ʧʣʦʱʘʜʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʮʠʢʣ ʫʢʨʝʧʣʝʥʠʷ ʥʘ 
ʥʠʞʥʝʤ ʛʦʨʠʟʦʥʪʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʨʤʠʨʦʚʘʥʠʷ ʚʝʩ ʧʨʠʟʤʳ ʧʦʪʝʥʮʠ-
ʘʣʴʥʦʛʦ ʦʙʨʫʰʝʥʠʷ (ʧʦʟ. 1) ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʰʪʘʥʛʠ, 
ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʩʨʝʟ ʠ ʠʟʛʠʙ. ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʧʦʨʦʜʳ, ʙʝʪʦʥʘ ʠ 
ʘʨʤʘʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝ-
ʥʠʡ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ             
ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ. 
ʇʨʠʤʝʥʝʥʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʰʪʘʥʛ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ   

ʦʧʝʨʝʞʘʶʱʝʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚ ʤʘʩʩʠʚʝ ʩʚʦʝ-
ʦʙʨʘʟʥʳʡ ʢʘʨʢʘʩ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ʧʦʨʦʜʦʡ. ʇʨʠ ʵʪʦʤ 
ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʨʝʧʣʝʥʠʝ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦ ʦʙʥʘʞʝʥʠʷ ʤʘʩʩʠʚʘ, ʚ ʝʛʦ ʝʩʪʝʩʪʚʝʥʥʦʤ ʥʘʧʨʷʞʸʥʥʦʤ 
ʩʦʩʪʦʷʥʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʠʟʘʮʠʶ ʨʘʟʛʨʫʟʢʠ ʤʘʩ-
ʩʠʚʘ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ, ʧʝʨʝ-
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʧʣʦʱʘʜʠ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʙʣʦʢʘ, ʘ 
ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʢʨʫʪʳʭ ʠ ʚʳʩʦʢʠʭ 

ʈʠʩ. 1. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʢʨʝʧʣʝʥʠʷ ʦʪʢʦʩʘ ʙʦʨʪʘ ʢʘʨʴʝʨʘ 
ʩ ʧʦʤʦʱʴʶ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʰʪʘʥʛ 
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ʫʩʪʫʧʦʚ ʙʝʟ ʨʠʩʢʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʰʪʘʥʛʠ 
ʨʘʙʦʪʘʶʪ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʨʝʣʴʩʦʚʳʤʠ ʚʩʪʘʚʢʘʤʠ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ 
ʘʥʢʝʨʘʤʠ. ʈʝʣʴʩʳ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʞʸʩʪʢʠʭ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, 
ʚʦʩʧʨʠʥʠʤʘʶʱʠʭ ʠʟʛʠʙʘʶʱʠʝ ʫʩʠʣʠʷ, ʪʦʛʜʘ ʢʘʢ ʰʪʘʥʛʠ ʙʝʨʫʪ ʥʘ 
ʩʝʙʷ ʩʨʝʟʘʶʱʠʝ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʛʨʫʟʢʠ.  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʸʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʜʝʨʞʠʚʘʶʱʠʭ 

ʩʠʣ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʩʤʝʱʝʥʠʶ ʧʨʠʟʤʳ ʦʙʨʫʰʝʥʠʷ. 
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʦʧʝʨʝʞʘʶʱʝʛʦ ʫʢʨʝʧʣʝʥʠʷ ʥʝʦʙ-

ʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ: 
1. ɼʣʠʥʫ ʰʪʘʥʛ L, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ   ʧʨʦʪʷʞʸʥʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʨʠʟʤʳ ʦʙʨʫʰʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʧʘʩʘ : 
L = Lʧʨ + ȹ,                                            (6) 

ʛʜʝ L ï ʧʨʦʝʢʪʥʘʷ ʜʣʠʥʘ ʰʪʘʥʛʠ (ʠʣʠ ʘʥʢʝʨʘ), ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ 
ʟʘʣʦʞʝʥʘ ʚ ʤʘʩʩʠʚ, ʤ; 

Lʧʨ ï ʜʣʠʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʧʨʠʟʤʳ ʦʙʨʫʰʝʥʠʷ (ʪ.ʝ. ʪʦʡ ʯʘʩʪʠ 
ʤʘʩʩʠʚʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʩʜʚʠʥʫʪʘ ʠʣʠ ʦʙʨʫʰʝʥʘ ʧʨʠ ʦʪʩʫʪ-
ʩʪʚʠʠ ʫʢʨʝʧʣʝʥʠʷ); ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʘ, ʤ;  
ȹ ï ʟʘʧʘʩ ʜʣʠʥʳ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʪʨʝʟʦʢ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʨʠʟʤʳ 

ʦʙʨʫʰʝʥʠʷ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʘʥʢʝʨʦʚʘʥʠʝ ʚ ʫʩʪʦʡʯʠʚʦʡ ʧʦʨʦʜʝ 
(ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʪʩʷ 1,0-2,0 ʤ ʠʣʠ 10-20 % ʦʪ ʜʣʠʥʳ ʧʨʠʟʤʳ, ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʠ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ. 
ʐʪʘʥʛʘ ʜʦʣʞʥʘ ʙʳʪʴ ʜʣʠʥʥʝʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʨʠʟʤʳ ʦʙʨʫʰʝʥʠʷ, 

ʯʪʦʙʳ ʝʸ ʢʦʥʝʮ ʦʧʠʨʘʣʩʷ ʥʘ ʫʩʪʦʡʯʠʚʳʡ ʤʘʩʩʠʚ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 
ʙʝʨʫʪ ʨʘʩʯʸʪʥʫʶ ʜʣʠʥʫ ʧʨʠʟʤʳ Lʧʨ ʠ ʧʨʠʙʘʚʣʷʶʪ ʟʘʧʘʩ ȹ. 

2. ɼʠʘʤʝʪʨ ʩʢʚʘʞʠʥ (d). ɼʣʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʰʪʘʥʛ ʧʨʠʥʠʤʘʝʪʩʷ 
d = 120-200 ʤʤ, ʜʣʷ ʨʝʣʴʩʦʚʳʭ ʚʩʪʘʚʦʢ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʘʥʢʝʨʦʚ  
50-80 ʤʤ. 

3. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ (a). ɿʘʜʘʸʪʩʷ ʠʩʭʦʜʷ ʠʟ ʨʘʟʤʝʨʦʚ 
ʙʣʦʢʦʚ ʥʘʨʫʰʝʥʥʦʡ ʟʦʥʳ ʠ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 1,5-2,5 ʤ. 
4. ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʘ ʠ ʘʨʤʘʪʫʨʳ. ʀʩʧʦʣʴʟʫ-

ʶʪʩʷ ʪʷʞʸʣʳʝ ʙʝʪʦʥʳ ʢʣʘʩʩʦʚ ʥʝ ʥʠʞʝ ɺ25, ʘ ʪʘʢʞʝ ʘʨʤʘʪʫʨʥʳʝ 
ʩʪʝʨʞʥʠ ʢʣʘʩʩʘ ɸïIII ʠ ʚʳʰʝ. 
ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʢʦʵʬ-
ʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ (Kʫʩʪ) ʥʘ 20-40 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʭʝʤʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʫʧʦʚ. 
ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘ 

ʫʩʣʦʚʥʦʤ ʧʨʠʤʝʨʝ ʦʪʨʘʙʦʪʢʠ ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ ʚʳʩʦʪʦʡ 25-30 ʤ. 
1. ʅʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʝ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʪʢʦʩʘ ʩʦʟʜʘʸʪʩʷ 

ʚʨʝʤʝʥʥʘʷ ʧʣʦʱʘʜʢʘ ʰʠʨʠʥʦʡ 4-6 ʤ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʟʤʝʩʪʠʪʴ 
ʙʫʨʦʚʫʶ ʫʩʪʘʥʦʚʢʫ ʠ ʧʦʜʘʪʴ ʙʝʪʦʥ. 
2. ʇʨʦʠʟʚʦʜʠʪʩʷ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ ʧʦʜ ʫʛʣʦʤ 10-15Á ʢ ʛʦʨʠʟʦʥʪʫ. 

ʆʩʥʦʚʥʳʝ ʩʢʚʘʞʠʥʳ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ, ʯʪʦ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʤʘʩʩʠʚʘ. 
3. ɺ ʩʢʚʘʞʠʥʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʰʪʘʥʛʠ      

ʜʣʠʥʦʡ 10-15 ʤ ʩ ʨʝʣʴʩʦʚʳʤʠ ʚʩʪʘʚʢʘʤʠ. 
4. ʇʨʦʩʪʨʘʥʩʪʚʦ ʚʦʢʨʫʛ ʵʣʝʤʝʥʪʦʚ ʟʘʣʠʚʘʝʪʩʷ ʮʝʤʝʥʪʥʦ-

ʧʝʩʯʘʥʳʤ ʨʘʩʪʚʦʨʦʤ ʠʣʠ ʪʷʞʸʣʳʤ ʙʝʪʦʥʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ  
ʤʦʥʦʣʠʪʥʦʩʪʴ ʩʠʩʪʝʤʳ. 
5. ʇʦʩʣʝ ʥʘʙʦʨʘ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʪʫʨʥʦʝ 

ʚʟʨʳʚʘʥʠʝ ʧʦ ʣʠʥʠʠ ʧʨʦʝʢʪʥʦʛʦ ʦʪʢʦʩʘ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʩʩʠʚ ʚʩʢʨʳʚʘʝʪʩʷ ʫʞʝ ʚ ʫʢʨʝʧʣʸʥʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʩʜʚʠʛʘ ʧʦʨʦʜ. 
ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʘʢʪʠʢʫ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ 

ʨʘʙʦʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: 
ï ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ (ʟʘ ʩʯʸʪ 

ʚʦʩʧʨʠʷʪʠʷ ʯʘʩʪʠ ʥʘʛʨʫʟʢʠ ʘʨʤʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʡ Kʫʩʪ = 1,3-1,6, ʯʪʦ ʩʦʦʪʚʝʪ-
ʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʛʣʫʙʦʢʦʡ ʦʪʨʘʙʦʪʢʝ); 
ï ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʸʤʦʚ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ (ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʙʦʣʝʝ ʢʨʫʪʳʭ ʫʛʣʦʚ ʦʪʢʦʩʦʚ (60-75Á) ʩʥʠʞʘʝʪ ʦʙʲʸʤʳ ʧʝʨʝ-
ʤʝʱʝʥʠʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʥʘ 8-12 %); 
ï ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʦʪʚʘʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ (ʩʦʢʨʘʱʝʥʠʝ 

ʚʩʢʨʳʰʥʳʭ ʦʙʲʸʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʤʫ ʨʘʟʤʝʱʝʥʠʶ 
ʦʪʚʘʣʦʚ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ); 
ï ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ (ʘʨʤʠʨʦʚʘʥʠʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʨʦʨʳʚʳ ʧʦʜʟʝʤʥʳʭ 
ʚʦʜ ʠ ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʛʦʨʥʳʭ ʫʜʘʨʦʚ. 
ʈʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʤʝʪʦʜ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʥʝʜʨʷʪʴ ʧʨʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʠʤʠ ʨʫʜʥʳʤʠ ʪʝʣʘʤʠ, 
ʩʣʦʞʥʳʤʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ (ʪʨʝʱʠʥʦʚʘʪʳʝ, ʦʙʚʦʜʥʸʥʥʳʝ 
ʤʘʩʩʠʚʳ, ʩʢʣʦʥʥʳʝ ʢ ʦʧʦʣʟʥʝʚʳʤ ʧʨʦʮʝʩʩʘʤ) ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 
ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ 
ʚʩʢʨʳʰʥʳʭ ʦʙʲʸʤʦʚ. 
ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʧʝʨʝʞʘ-

ʶɦ ʝʛʦ ʘʨʤʠʨʦʚʘʥʠ̫ ʩ ʤʝʪʦʜʘʤʠ ʠʥ̡ʝʢʮʠʦʥʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠ̫ ʤʘʩʩʠʚʘ 
(ʩʠʣʠʢʘʪʠʟʘʮʠʷ, ʮʝʤʝʥʪʘʮʠʷ), ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʦʟʠʪ-
ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʝ ʘʥʢʝʨʳ), ʯʪʦ ʧʦʟʚʦʣʠʪ ʝʱʸ 
ʙʦʣʝʝ ʧʦʚʳʩʠʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʢʨʝʧʣʷʶʱʠʭ 
ʢʦʥʩʪʨʫʢʮʠʡ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ ʦʧʝʨʝʞʘʶʱʝʛʦ ʫʢʨʝʧʣʝʥʠʷ ʤʘʩʩʠʚʘ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʰʪʘʥʛʘʤʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 
ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ. 
ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʫʩʪʫʧʳ ʙʦʣʴʰʦʡ ʚʳʩʦʪʳ ʙʝʟ 
ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʙʝʨʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʨ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɺʥʝʜʨʝʥʠʝ 
ʤʝʪʦʜʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʜʥʦ ʠʟ ʢʣʶʯʝʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 
ʢʘʨʴʝʨʦʚ, ʧʝʨʝʭʦʜʷʱʠʭ ʚ ʩʪʘʜʠʶ ʛʣʫʙʦʢʦʡ ʦʪʨʘʙʦʪʢʠ, ʛʜʝ ʪʨʘʜʠʮʠʦʥ-
ʥʝr ʩʭʝʤʳ ʢʨʝʧʣʝʥʠʷ ʫʞʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ 
ʥʘʜʸʞʥʦʩʪʠ. 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʦʧʝʨʝʞʘʶʱʝʛʦ ʫʢʨʝʧʣʝʥʠʷ ʤʘʩʩʠʚʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʰʪʘʥʛ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʧʦʚʳʰʝʥʠʝ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ [12]: 

      
 (7) 

 
ʛʜʝ             ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʘ ʩ ʘʨʤʠʨʦʚʘʥʠʝʤ;  
 

                  ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʝʟ ʘʨʤʠʨʦʚʘʥʠʷ. 
ʇʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [8-11], ʚʥʝʜʨʝʥʠʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʰʪʘʥʛ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʫʛʦʣ ʦʪʢʦʩʘ ʜʦ              
ɓ = 55-60Á ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʦʨʤʘʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ. 
ʂʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʩʜʚʠʛʝ ʦʩʥʦ-

ʚʳʚʘʝʪʩʷ ʥʘ ʢʨʠʪʝʨʠʠ ʄʦʨʘ-ʂʫʣʦʥʘ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (2). 
ɺ ʫʩʣʦʚʠʷʭ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʥʘʣʠʯʠʝʤ ʟʦʥ ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʩʠʚʘ (c ʠ ű) ʯʘʩʪʦ 
ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʦʵʬʬʠ-
ʮʠʝʥʪʘ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ. 
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʦʧʝʨʝʞʘʶ-

ʱʝʝ ʘʨʤʠʨʦʚʘʥʠʝ ʤʘʩʩʠʚʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʰʪʘʥʛʘʤʠ 
(ʘʥʢʝʨʘʤʠ). ʀʭ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʦʛʦ ʫʧʨʦʯʥʷʶʱʝʛʦ ʵʬʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ 
ʚ ʚʠʜʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ    
ʤʘʩʩʠʚʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʄʦʨʘ-ʂʫʣʦʥʘ ʩ 

ʫʯʸʪʦʤ ʘʥʢʝʨʦʚ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ [3]: 

Űzres = c + ůǋn · tanű + qa,                                   (8) 

ʛʜʝ Űzres ï ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ ʩ ʫʯʸʪʦʤ ʘʥʢʝʨʦʚ, 
ʇʘ;  
ůǋn = ůn ī u ï ʵʬʬʝʢʪʠʚʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʩ ʧʦʧʨʘʚ-

ʢʦʡ ʥʘ ʧʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ u), ʇʘ;  
qa ï ɻ ʢʚʠʚʘʣʝʥʪʥʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ 

ʘʥʢʝʨʘʤʠ, ʇʘ. 
ɺʝʣʠʯʠʥʘ qa ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʩʫʤʤʘʨʥʫʶ ʩʠʣʫ ʘʥʢʝʨʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʩʜʚʠʛ, ʧʨʠʚʝʜʸʥʥʫʶ ʢ ʝʜʠʥʠʮʝ ʜʣʠʥʳ ʧʦʚʝʨʭʥʦʩʪʠ 
ʚʦʟʤʦʞʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ: 
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This study examines the impact of mass blasting on the stress-strain state of the rock mass and presents a methodology for assessing slope stability using the 

safety factor. To reduce the risk of slope failure, a technology for advanced reinforcement of the rock mass using reinforced concrete rods is proposed, ensuring 
load redistribution and the formation of a new equilibrium state. A formalization of the modified Mohr-Coulomb criterion is presented, taking into account anchor 
reinforcement, which allows for the consideration of additional resistance provided by strengthening elements. It is demonstrated that the implementation of this 
technology increases the slope stability factor to regulatory values, confirming its effectiveness and practical potential in deep pit conditions. 

Keywords: Open-pit mining, slope stability, safety factor, deep pits, drilling and blasting, seismic impact, Mohr-Coulomb criterion, reinforced concrete rods, 
rock bolting, rock strength properties, modified criterion, rational use of mineral resources. 
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(9) 

 
ʛʜʝ Fa,i  ï ʨʘʙʦʯʝʝ ʫʩʠʣʠʝ i-ʛʦ ʘʥʢʝʨʘ, ʅ;  
ɣi ï ʫʛʦʣ ʤʝʞʜʫ ʦʩʴʶ ʘʥʢʝʨʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʜʚʠʛʘ, ʛʨʘʜ;  
L ï ʜʣʠʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʤ;  
n ï ʯʠʩʣʦ ʘʥʢʝʨʦʚ, ʟʘʢʨʝʧʣʸʥʥʳʭ ʚ ʜʘʥʥʦʡ ʟʦʥʝ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʢʝʨ-

ʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [13]: 
       

(10) 
 

ʛʜʝ         ï ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʚʳʟʳʚʘʝʤʦʝ ʜʝʡʩʪʚʠʝʤ     
ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʧʦʨʦʜ ʠ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ, ʇʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʢʣʶʯʝʥʠʝ ʚ ʨʘʩʯʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

qa ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʚʣʠʷʥʠʝ ʘʥʢʝʨʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʥʘ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ.  
ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʘʭ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ 
ʫʢʨʝʧʣʝʥʠʷ ʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ, ʜʣʠʥʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 
ʘʥʢʝʨʦʚ ʚ ʤʘʩʩʠʚʝ. 
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ʁ ʉɹʀʉʌʑɾʆʁʘ ɻ ʇʃʉɾʊʋʆʇʊʋʁ ʊʇʈʉʘɿɾʆʁʘ ɼʇʉʆʔʎ  
ɻʔʉɹɺʇʋʇʃ 

ʋɼʂ 622.271.326  DOI:10.54073/GV.2025.3.102.003 

ʈʘʟʜʝʣʝʥʠʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʩʩʠʚʘʭ ʥʘ 
ʧʨʦʮʝʩʩʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʥʳʤ. 
ʇʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʥʘʯʠʥʘʝʪʩʷ ʥʘ 
ʜʦʧʨʝʜʝʣʴʥʦʡ ʩʪʘʜʠʠ ʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ 
ʟʘʧʨʝʜʝʣʴʥʦʡ ʩʪʘʜʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʷ 
ʫʨʦʚʝʥʴ ʥʘʙʣʶʜʘʝʤʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩ ʨʦʩʪʦʤ 
ʜʝʬʦʨʤʘʮʠʡ ʟʘ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʦʨʥʳʭ 
ʧʦʨʦʜ ʫʤʝʥʴʰʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 
ʨʘʟʨʫʰʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʦʥʠ ʚʟʘʠʤʥʦ 
ʧʨʦʥʠʢʘʶʪ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪ ʜʨʫʛ ʜʨʫʛʘ [1-3]. 
ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʜʦʧʨʝʜʝʣʴʥʳʭ ʠ ʟʘʧʨʝʜʝʣʴʥʳʭ 
ʩʪʘʜʠʷʭ. ʅʘ ʜʦʧʨʝʜʝʣʴʥʦʡ ʩʪʘʜʠʠ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʷʚʣʷʶʪʩʷ 
ʧʨʦʮʝʩʩʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʨʦʩʪʦʤ ʜʝʬʦʨʤʘʮʠʡ ʥʘʧʨʷʞʝʥʠʷ 
ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʧʨʠ ʨʘʟʛʨʫʟʢʝ ʙʦʣʴʰʘʷ 
ʯʘʩʪʴ ʜʝʬʦʨʤʘʮʠʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʨʘʟʨʳʭʣʝʥʠʝ ʧʦʨʦʜ 
ʩʪʘʥʦʚʠʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. ʅʘ ʟʘʧʨʝʜʝʣʴʥʦʡ ʩʪʘʜʠʠ 
ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ, ʩ ʨʦʩʪʦʤ 
ʜʝʬʦʨʤʘʮʠʡ ʥʘʧʨʷʞʝʥʠʷ ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ ʥʝʢʦʪʦʨʦʛʦ 
ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʧʨʠ ʨʘʟʛʨʫʟʢʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʝʬʦʨʤʘʮʠʡ 
ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʨʘʟʨʳʭʣʝʥʠʝ ʧʦʨʦʜ  ʜʦʩʪʠʛʘʝʪ 
ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ, 
ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʜʦʧʨʝʜʝʣʴʥʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʦʚ, ʢʦʛʜʘ ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ 

ʝʱʝ ʥʝ ʧʨʦʷʚʣʷʶʪʩʷ, ʙʦʣʝʝ ʜʦʩʪʫʧʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʚ ʵʪʦʤ 
ʩʤʳʩʣʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʬʘʢʪʦʨʦʚ, 
ʦʧʨʝʜʝʣʷʶʱʠʭ ʤʝʭʘʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʦʚ ʥʘ 
ʜʦʧʨʝʜʝʣʴʥʦʡ, ʘ ʟʘʪʝʤ ʠ ʥʘ ʟʘʧʨʝʜʝʣʴʥʦʡ ʩʪʘʜʠʠ ʜʝʬʦʨʤʠ-
ʨʦʚʘʥʠʷ. ʄʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 
ʨʘʟʨʫʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʠ ʤʝʥʝʝ 
ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ 
ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʜʦʧʨʝʜʝʣʴʥʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ, 
ʧʦʟʚʦʣʷʝʪ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʝʧʝʥʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 
ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 
ʆʪʩʶʜʘ ʚʦʟʥʠʢʘʝʪ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʧʦ ʠʟʫʯʝʥʠʶ 

ʜʦʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʵʪʦ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ 
ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʝʛʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 
ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ [4]. ʂ ʪʘʢʠʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʘʤ ʩʣʝʜʫʝʪ 
ʦʪʥʝʩʪʠ: 
ï ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ 

(ʬʠʟʠʯʝʩʢʘʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʘʷ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʥʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ); 
ï ʪʠʧ ʚʳʨʘʙʦʪʢʠ (ʧʨʦʪʷʞʝʥʥʘʷ, ʢʘʤʝʨʥʘʷ), ʬʦʨʤʘ ʝʸ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʚʣʠʷʥʠʝ ʟʘʙʦʷ ʚʳʨʘʙʦʪʢʠ; 
ï ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʜ ʥʘʛʨʫʟʢʦʡ 

(ʥʝʣʠʥʝʡʥʦʩʪʴ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʪ. ʜ.). 
ʀʩʩʣʝʜʫʝʤ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʦʧʨʝʜʝʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʦʚ 

Maqolada ellipsoidsimon koóndalang kesimga ega boólgan gorizontal kapital qazilma bilan svodsimon (gumbazsimon) koóndalang 
kesimga ega boólgan choózilgan lahimning tutashgan sohalari atrofida yuzaga keladigan geomexanik jarayonlarning xususiyatlari tadqiq 
etilgan. Geomexanik jarayonlar tahlili chegaraviy elementlar usuli (ChEU ï Mɻʕ) asosida sonli uslubda bajarilgan. Tadqiqot natijalariga 
koóra, yemirilish zonalari asosan burchak nuqtalari yaqinida va ayniqsa lahimning shift qismida mahalliylashgan boóladi. Moórt yemirilish 
odatda yoriqlarning paydo boólishi bilan bogóliq boólib, bu holat plastiklik fazasida ï yaôni elastik boólmagan deformatsiyalar eng yuqori 
darajaga yetganda yuzaga chiqadi. 
Kalit soózlar: geomexanika, deformatsiya, yoriq, kon lahimi, kon bosimi, tutashuv, siljish, oktaedrik tekislik, kuchlanish, togó jinslari, 

togó jinsi massivi. 
 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ           

ʢʘʧʠʪʘʣʴʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʵʣʣʠʧʩʦʠʜʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʧʨʦʪʷʞʸʥʥʦʡ ʚʳʨʘʙʦʪʢʦʡ, ʠʤʝʶʱʝʡ ʩʚʦʜʯʘʪʦʝ    
ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ. ɸʥʘʣʠʟ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʳʧʦʣʥʝʥ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʄɻʕ. ʋʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʟʦʥʳ        
ʨʘʟʨʫʰʝʥʠʷ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚʙʣʠʟʠ ʫʛʣʦʚʳʭ ʪʦʯʝʢ ʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʢʨʦʚʣʝ ʚʳʨʘʙʦʪʢʠ, ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʘʢ ʧʨʘʚʠʣʦ, 
ʩʚʷʟʘʥʥʦʝ ʩ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʚʦʟʥʠʢʘʝʪ ʥʘ ʬʦʥʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʛʜʘ, ʦʯʝʚʠʜʥʦ ʥʝʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ 
ʜʦʩʪʠʛʥʫʪʳ ʧʨʝʜʝʣʴʥʦʛʦ ʫʨʦʚʥʷ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʤʝʭʘʥʠʢʘ, ʜʝʬʦʨʤʘʮʠʷ, ʪʨʝʱʠʥʘ, ʚʳʨʘʙʦʪʢʘ, ʛʦʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʩʦʧʨʷʞʝʥʠʝ, ʩʜʚʠʛ, ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ 

ʧʣʦʩʢʦʩʪʴ, ʥʘʧʨʷʞʝʥʠʝ, ʧʦʨʦʜʘ, ʛʦʨʥʳʡ ʤʘʩʩʠʚ. 

ʆʙʠʙʩʧʛ ʀ.ʊ.,  
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

«ɻʦʨʥʦʝ ʜʝʣʦ» ʅɻɻʊʋ, ʢ.ʪ.ʥ. 

ɺʬʩʡʞʛ ʑ.ʌ., 
ʩʪʘʨʰʠʡ ʧʨʝʜʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ 

«ɼʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʨʫʜ ʨʝʜʢʠʭ ʠ 
ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ»  

ʅɻɻʊʋ 

ɿʡʸʦʧʛ ɹ.ɺ.,  
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

«ɼʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʨʫʜ ʨʝʜʢʠʭ ʠ 
ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ»  

ʅɻɻʊʋ, PhD 
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ʚʦʢʨʫʛ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩ ʫʯʸʪʦʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ 
ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 
ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʯʥʸʤ ʩ ʨʝʰʝʥʠʷ ʧʨʦʩʪʝʡʰʝʡ 
ʟʘʜʘʯʠ, ʢʦʛʜʘ ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ 
ʦʜʥʦʨʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʣʠʥʝʡʥʦ-ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ 
ʤʦʜʝʣʴʶ, ʥʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʢʦʤʧʦʥʝʥʪʥʦʝ, ʘ 
ʚʳʨʘʙʦʪʢʘ ʠʤʝʝʪ ʢʨʫʛʦʚʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʢʘʢ ʧʨʦʪʷʞʝʥʥʘʷ, ʟʘʛʣʫʙʣʝʥʥʘʷ. ʈʝʰʝʥʠʝ ʪʘʢʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʤ ʟʘ 
ʙʘʟʦʚʦʝ ʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʠʤ ʙʫʜʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ 
ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 
ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. 
ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʟʘʛʣʫʙʣʝʥʥʳʭ ʧʨʦʪʷʞʝʥʥʳʭ ʚʳʨʘʙʦʪʦʢ ʢʨʫʛʦʚʦʛʦ 
ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʩʦʦʨʫʞʘʝʤʳʭ ʚ ʦʜʥʦʨʦʜʥʦʤ ʠʟʦʪʨʦʧʥʦʤ 
«ʥʝʩʞʠʤʘʝʤʦʤ» (ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʨʘʚʝʥ 0,5) ʤʘʩʩʠʚʝ ʩ 
ʨʘʚʥʦʢʦʤʧʦʥʝʥʪʥʳʤ ʥʘʯʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʤʦʞʥʦ 
ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝʰʝʥʠʝʤ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ 
ʫʧʨʫʛʦʩʪʠ [5].  
ɽʩʣʠ ʦʩʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʦʚʤʝʩʪʠʪʴ ʩ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʴʶ ʚʳʨʘʙʦʪʢʠ, ʩʝʯʝʥʠʷ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, 
ʥʦʨʤʘʣʴʥʳʝ ʢ ʦʩʠ, ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʣʦʩʢʦʡ 
ʜʝʬʦʨʤʘʮʠʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 
ʟʘʜʘʯʫ ʚ ʧʦʩʪʘʥʦʚʢʝ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʝʡ. 
ʅʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʢʦʤʧʦʥʝʥʪʘʤʠ: 
                                ,                                                      (1) 

ʛʜʝ q ï ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʠ ʦʩʪʘʣʴʥʳʭ 
ʬʘʢʪʦʨʦʚ. 
ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʩʩʠʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 
ʇʨʠ ʵʪʦʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ: 
                                ,                  (ʥʘ ʢʦʥʪʫʨʝ ʚʳʨʘʙʦʪʢʠ), 
                                                   ʧʨʠ                                               (2) 

ʛʜʝ ʨ ï ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʨʝʧʠ. 
ʂʦʤʧʦʥʝʥʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʠʤʝʶʪ ʚʠʜ: 
 

                                        
 

 (3) 
ʇʦʣʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ ʥʘʭʦʜʠʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʳʭ (1) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (3): 
                                                                                    

(4) 
 

ʂʦʤʧʦʥʝʥʪʳ ʜʝʬʦʨʤʘʮʠʡ, ʢʦʪʦʨʳʝ ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ 
ʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ, ʦʧʨʝʜʝʣʠʤ, ʠʩʧʦʣʴʟʫʷ ʜʦʧʦʣʥʠʪʝʣʴ-
ʥʳʝ ʥʘʧʨʷʞʝʥʠʷ (3): 

 
(5) 

 
ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʜʠʘʣʴʥʳʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʩʤʝʱʝʥʠʷ: 

                                                                                                                                             
(6) 

 
ɸʥʘʣʠʟ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ůr 

ʠ ůɗ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʝʸ ʢʦʥʪʫʨʝ (ʧʨʠ r = 1) 
ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ůɗ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ 
ʨʘʜʠʘʣʴʥʦʝ ůr ï ʤʠʥʠʤʘʣʴʥʦʝ. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʢʦʥʪʫʨʘ 
ʚʳʨʘʙʦʪʢʠ ʥʘʧʨʷʞʝʥʠʷ ʩʪʨʝʤʷʪʩʷ ʢ ʥʘʯʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʚ 
ʥʝʥʘʨʫʰʝʥʥʦʤ ʤʘʩʩʠʚʝ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ůr, ůɗ, ůz 
ʧʨʠ ʨ=0 (ʥʝʟʘʢʨʝʧʣʸʥʥʘʷ ʚʳʨʘʙʦʪʢʘ). ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ 
ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʢʦʥʪʫʨʝ 
ʢʨʫʛʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʨʘʚʝʥ ʜʚʫʤ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ ʢʦʥʪʫʨʘ. ʉʤʝʱʝʥʠʷ ʪʘʢʞʝ ʠʤʝʶʪ 
ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʢʦʥʪʫʨʝ ʚʳʨʘʙʦʪʢʠ ʠ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʪ 
ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʚ ʛʣʫʙʴ ʤʘʩʩʠʚʘ. 
ɽʩʣʠ ʥʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʨʘʚʥʦʢʦʤʧʦʥʝʥʪʥʦʛʦ, ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ ʥʘʨʫʰʘʶʪʩʷ. ʈʘʩʩʤʦʪʨʠʤ 
ʥʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ ʩ ʨʘʚʥʳʤʠ 
ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘ ʄ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʦʝ ʚ 
ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʪ ʚʠʜ: 

                                                                               (7) 
ʛʜʝ ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʙʦʢʦʚʦʛʦ ʨʘʩʧʦʨʘ. 
ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʚʳʨʘʙʦʪʦʢ ʨʘʩʩʤʦʪʨʠʤ 
ʩʦʧʨʷʞʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʘʧʠʪʘʣʴʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ 
ʵʣʣʠʧʩʦʠʜʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʧʨʦʪʷʞʸʥʥʦʡ ʚʳʨʘʙʦʪʢʦʡ, 
ʠʤʝʶʱʝʡ ʩʚʦʜʯʘʪʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ. ʈʘʩʯʝʪʥʳʡ ʬʨʘʛʤʝʥʪ 
ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʚʠʜʝ ʧʦʣʦʚʠʥʳ ʩʦʧʨʷʞʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʭʘʨʘʢʪʝʨʥʳʭ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2. 
ɸʥʘʣʠʟ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʳʧʦʣʥʝʥ ʯʠʩʣʝʥʥʳʤ 

ʤʝʪʦʜʦʤ ʄɻʕ [6-7]. ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʚ ʧʦʣʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʩ 
ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: ʥʘ ʚʥʝʰʥʠʭ ʛʨʘʥʠʮʘʭ ʤʦʜʝʣʠ ůʭ = ůʫ = ůz = - ɔ 
H (ʛʜʝ ɔ ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʅ ï ʛʣʫʙʠʥʘ 

ʈʠʩ. 1. ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʚʦʢʨʫʛ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʋʙʚʤʡʯʙ 1 

ʀʦʙʰʞʦʡʞ ůr, ůɗ, ůz ʨʩʡ ʨ=0 

r 
ʆʙʨʩʸʟʞʦʡʞ ʛ ʞʝʡʦʡʯʙʮ, q 

ůr ůɗ ůz 
1 0 2,00 1,00 
2 0,75 1,25 1,00 
3 0,94 1,06 1,00 
6 0,97 1,03 1,00 
10 0,99 1,01 1,00 
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ʟʘʣʦʞʝʥʠʷ ʢʘʧʠʪʘʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, 
ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʥʦʢʦʤʧʦʥʝʥʪʥʦʤʫ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʧʦʣʶ 
ʥʘʯʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ 
ʥʦʨʤʘʣʴʥʦʝ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʨʝʧʠ ʨ = - 0,1 ɔ ʅ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʣʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
ʣʠʥʝʡʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʤʧʦʥʝʥʪʳ ʛʣʘʚʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ ů1, ů2, ů3. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ 
ʧʣʦʱʘʜʢʘʤʠ, ʚʳʜʝʣʝʥʥʳʤ ʚ ʜʝʬʨʤʠʨʫʝʤʦʡ ʩʨʝʜʝ. ʕʪʠ ʧʣʦʱʘʜʢʠ 
ʨʘʚʥʦʢʣʦʥʥʳ ʢ ʛʣʘʚʥʳʤ ʦʩʷʤ, ʦʪʩʝʢʘʝʪ ʥʘ ʦʩʷʭ ʢʦʦʨʜʠʥʘʪ ʨʘʚʥʳʝ 
ʦʪʨʝʟʢʠ ʠ ʠʤʝʶʪ ʨʘʚʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ  
l = m = n = 3-0,5.  
ɺʩʝʛʦ ʪʘʢʠʭ ʧʣʦʱʘʜʦʢ 8, ʠ ʚʤʝʩʪʝ ʦʥʠ ʦʙʨʘʟʫʶʪ ʦʢʪʘʵʜʨ. 

ʇʣʦʱʘʜʢʠ ʧʦʧʘʨʥʦ ʧʘʨʘʣʣʝʣʴʥʳ, ʧʦʵʪʦʤʫ ʥʝʟʘʚʠʩʠʤʳʭ ʧʣʦʱʘʜʦʢ 
ʯʝʪʳʨʝ. ʕʪʠ ʧʣʦʱʘʜʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ 
ʥʘʧʨʷʞʝʥʠʷʤʠ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ. 
ɻʜʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ 

ʩʜʚʠʛʘ ʥʘ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ, ʵʪʦ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ 
ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʝ. ʆʥʠ ʜʝʡʩʪʚʫʶʪ 
ʥʘ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʧʣʦʩʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʨʘʚʥʦʥʘʢʣʦʥʝʥʘ ʢ ʛʣʘʚʥʳʤ 
ʦʩʷʤ ʥʘʧʨʷʞʝʥʠʡ. ʕʪʠ ʥʘʧʨʷʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʩʜʚʠʛʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

                                            (8) 
ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʝʜʠʥʠʮʘʭ ɔʅ 
                                                          

(9) 
ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Űʦʢʪ, ʘ ʥʘ ʨʠʩ. 4 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ůʦʢʪ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 
ʚʳʨʘʙʦʪʢʠ ʦʢʦʣʦʩʪʚʦʣʴʥʦʛʦ ʜʚʦʨʘ. 

ʈʠʩ. 2. ʈʘʩʯʝʪʥʳʡ ʬʨʘʛʤʝʥʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: 1 ʠ 2 ï ʧʦʚʝʨʭʥʦʩʪʴ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʧʨʷʞʝʥʠʷ ʠ ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ ʩʦʧʨʷʞʝʥʠʶ ʫʯʘʩʪʢʘ 
ʢʘʧʠʪʘʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ 

ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ    
(ʚ ʝʜʠʥʠʮʘʭ ɔʅ) ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʡ  

ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ        
(ʚ ʝʜʠʥʠʮʘʭ ɔʅ) ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʡ 

ʈʠʩ. 6. ɿʦʥʳ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʡ (0 ï ʥʝʪ; 1 ï 
ʧʣʘʩʪʠʯʝʩʢʦʛʦ; 2 ï ʭʨʫʧʢʦʛʦ) ʧʨʠ ʧʨʠ ɔH/ůʩʞ= 0,8 

ʈʠʩ. 5. ɿʦʥʳ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʡ (0 ï ʥʝʪ; 1 ï 
ʧʣʘʩʪʠʯʝʩʢʦʛʦ; 2 ï ʭʨʫʧʢʦʛʦ) ʧʨʠ ɔH/ůʩʞ = 0,6 
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ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʝʡ ʨʘʟʨʫʰʝʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 
ʤʝʪʦʜ ʫʧʨʫʛʦʛʦ ʥʘʣʦʞʝʥʠʷ ʠ ʦʛʠʙʘʶʱʘʷ ʧʨʝʜʝʣʴʥʳʭ ʢʨʫʛʦʚ ʚ 
ʢʦʦʨʜʠʥʘʪʘʭ Űʦʢʪ ï ůʦʢʪ, ʧʦʩʪʨʦʝʥʥʘʷ ʜʣʷ ʧʨʝʜʝʣʴʥʦʛʦ ʫʩʣʦʚʠʷ 
ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʄ.ʄ. ʌʠʣʦʥʝʥʢʦ-ɹʦʨʦʜʠʯ [8-9]: 

 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ Űʦʢʪ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʫʛʣʦʚʳʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ, ʘ 
ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ůʦʢʪ ʥʘ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 
ʩʦʧʨʷʞʝʥʠʷ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ 

ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʦʛʦ (8) ʠ ʭʨʫʧʢʦʛʦ (9) ʨʘʟʨʫʰʝʥʠʷ ʚʤʝʱʘʶʱʠʭ 
ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ɔH/ůʩʞ ʛʜʝ ůʩʞ ï ʧʨʝʜʝʣ 
ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ. 
ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʳ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ 

ʧʨʠ ɔH/ůʩʞ = 0,6.  ʥʘ ʨʠʩ. 6 ʧʨʠ ɔH/ůʩʞ= 0,8 [10].  
ʅʘ ʨʠʩ. 6 ʧʨʠ ɔH/ůʩʞ=0,8. 
ʀʟ ʘʥʘʣʠʟʘ ʨʠʩʫʥʢʦʚ ʩʣʝʜʫʶʪ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  
ï ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚʙʣʠʟʠ ʫʛʣʦʚʳʭ ʪʦʯʝʢ ʠ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʢʨʦʚʣʝ ʚʳʨʘʙʦʪʢʠ;  
ï ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝʤ, ʚʦʟʥʠʢʘʝʪ ʥʘ ʬʦʥʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 
ʨʘʟʨʫʰʝʥʠʷ, ʢʦʛʜʘ, ʦʯʝʚʠʜʥʦ, ʥʝʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ ʜʦʩʪʠʛʥʫʪ 
ʧʨʝʜʝʣʴʥʦʛʦ ʫʨʦʚʥʷ;  
ï ʫʞʝ ʧʨʠ ʫʩʣʦʚʠʠ ɔH/ůʩʞ = 0,6 ʠ ʪʝʤ ʙʦʣʝʝ ʧʨʠ ʫʩʣʦʚʠʠ ɔH/ůʩʞ = 0,8 

ʪʨʝʙʫʝʪʩʷ ʚʦʟʚʝʜʝʥʠʝ ʤʦʱʥʦʡ ʞʝʩʪʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝʧʠ ʥʘ 
ʫʯʘʩʪʢʝ ʩʦʧʨʷʞʝʥʠʷ. 
ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʦʧʨʷʞʝ-
ʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩ ʵʣʣʠʧʩʦʠʜʥʳʤ ʠ ʩʚʦʜʯʘ-
ʪʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ.  

ʉ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄɻʕ) 
ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ 
ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʥ ʨʘʟʨʫʰʝʥʠʷ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʦʢʘʣʠ-

ʟʫʶʪʩʷ ʚʙʣʠʟʠ ʫʛʣʦʚ ʩʦʧʨʷʞʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦ ʚ ʢʨʦʚʣʝ ʚʳʨʘʙʦʪʢʠ. 
ʍʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʱʠʥ, ʚʦʟʥʠʢʘʝʪ 
ʥʘ ʬʦʥʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʴ-
ʥʦʛʦ ʫʨʦʚʥʷ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʝʩʥʦʡ 
ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʦʮʝʩʩʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʪʦʨʳʝ 
ʦʨʛʘʥʠʯʥʦ ʧʝʨʝʭʦʜʷʪ ʜʨʫʛ ʚ ʜʨʫʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ ʥʘʛʨʫʟʢʠ 
ʥʘ ʛʦʨʥʳʡ ʤʘʩʩʠʚ. 
ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʥʘʛʨʫʟʢʠ 
ɔH ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ůʩʞ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ. ʇʦʣʫʯʝʥʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ ɔH/ůʩʞ Ó 0,6 ʚʦʟʥʠ-
ʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʚʦʟʚʝʜʝʥʠʠ ʤʦʱʥʳʭ ʠ ʞʸʩʪʢʠʭ ʢʨʝʧʸʞʥʳʭ 
ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʫʯʘʩʪʢʘʭ ʩʦʧʨʷʞʝʥʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʚʠʪʠʷ 
ʢʨʠʪʠʯʝʩʢʠʭ ʨʘʟʨʫʰʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʨʘʙʦʪʦʢ. 
ʈʘʙʦʪʘ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʫʯʸʪʘ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʘʩʩʠʚʘ, ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʳʨʘʙʦʪʦʢ ʠ 
ʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʡ 
ʧʦʜʭʦʜ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 
ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢ-
ʪʠʨʦʚʘʥʠʷ ʢʨʝʧʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʦʩʠʪ ʟʥʘʯʠʤʳʡ ʚʢʣʘʜ ʚ ʧʦʥʠ-

ʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 
ʩʣʦʞʥʳʭ ʟʦʥʘʭ ʩʦʧʨʷʞʝʥʠʷ ʚʳʨʘʙʦʪʦʢ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʨʘʙʦʪʢʫ ʥʘʫʯʥʦ 
ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʢʨʝʧʣʝʥʠʶ ʛʦʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 
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OLTIN VA KOôMIR KONLARIDA ANKER MUSTAHKAMLASH 
TEXNOLOGIYASI RIVOJLANISHINING JAHON MIQYOSIDAGI HOLATI  

UO'K 624.078.7  

Ushbu maqolada oltin va koómir konlarida anker mustahkamlash texnologiyalari haqida maôlumotlar keltirilgan. Kon va koómir 
konlarida yer osti qazilmalarini mustahkamlash usullarining tarixiy rivojlanishi, jumladan, yogóoch, tosh va poólat arkali mustahkamlash 
bosqichlari koórib chiqiladi. Anker mustahkamlashning ushbu anôanaviy usullarga nisbatan iqtisodiy samaradorligi va texnik afzalliklari, 
xususan, yer osti qazilmalarini mustahkamlash sifatini oshirish, mustahkamlash xarajatlarini kamaytirish va mehnat sarfini 
optimallashtirish jihatlari taôkidlanadi. Bugungi kunda anker mustahkamlash jahon miqyosida oltin va koómir konlarida keng qoóllanilib, 
yuqori ishlab chiqarish hajmlari va samaradorlikka erishishning muhim omillaridan biriga aylanganligi taôkidlanadi. Maqolada, 
shuningdek, anker mustahkamlash texnologiyasining kelgusidagi rivojlanish tendensiyalari, yangi materiallar va mustahkamlash 
usullarining joriy etilishi, shuningdek, konchilik sharoitlarining murakkablashuvi bilan bogóliq muammolarni hal qilishdagi istiqbollari koórib 
chiqilgan. 
Kalit soózlar: oltin va koómir konlari, anker, mustahkamlash texnologiyalari, qazib olish ishlari, avariya, taômirlash xarajatlari, sintetik 

smola, texnik-iqtisodiy samaradorlik. 
 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʭʥʦʣʦʛʠʷʭ ʘʥʢʝʨʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʚ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʠʭ ʠ ʫʛʦʣʴʥʳʭ ʰʘʭ-

ʪʘʭ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʪʦʨʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʢʨʝʧʣʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ ʨʫʜʥʳʭ ʠ ʫʛʦʣʴʥʳʭ ʰʘʭʪʘʭ, 
ʚʢʣʶʯʘʷ ʵʪʘʧʳ ʢʨʝʧʣʝʥʠʷ ʜʝʨʝʚʦʤ, ʢʘʤʥʝʤ ʠ ʩʪʘʣʴʥʳʤʠ ʘʨʢʘʤʠ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʝʭʥʠ-
ʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʥʢʝʨʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 
ʢʨʝʧʣʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʢʨʝʧʣʝʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʪʨʫʜʦʟʘʪʨʘʪ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʘ ʩʝʛʦ-
ʜʥʷʰʥʠʡ ʜʝʥʴ ʘʥʢʝʨʥʦʝ ʢʨʝʧʣʝʥʠʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʠʭ ʠ ʫʛʦʣʴʥʳʭ ʰʘʭʪʘʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʷʚʣʷʷʩʴ 
ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ, ʨʘʩʩʤʘʪʨʠʚʘ-
ʶʪʩʷ ʙʫʜʫʱʠʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʘʥʢʝʨʥʦʛʦ ʢʨʝʧʣʝʥʠʷ, ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ ʢʨʝʧʣʝʥʠʷ, 
ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʣʦʞʥʝʥʠʝʤ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʣʦʪʦʨʫʜʥʳʝ ʠ ʫʛʦʣʴʥʳʝ ʰʘʭʪʳ, ʘʥʢʝʨ, ʪʝʭʥʦʣʦʛʠʠ ʢʨʝʧʣʝʥʠʷ, ʛʦʨʥʳʝ ʨʘʙʦʪʳ, ʘʚʘʨʠʷ, ʟʘʪʨʘʪʳ 

ʥʘ ʨʝʤʦʥʪ, ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʤʦʣʘ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

Toôxtayev B.I., 
NDK va TU «Muhandislik mexanikasi» 

kafedrasi katta oôqituvchisi  

Muminov R.O., 
NDK va TU «Muhandislik mexanikasi» 

kafedrasi professori, t.f.d.  

Bugungi kunda Oózbekiston Respublikasining milliy iqtisodiyoti va 
ijtimoiy taraqqiyotida foydali qazilmalar qazib olish strategik ahamiyat 
kasb etadi. Mamlakatning birlamchi energiya resurslarini ishlab chiqarish 
va isteômol qilish balansida kon sanoatining ulushi taxminan 70 % ni 
tashkil etib, uzoq muddatli istiqbolda ham energiya taôminotining asosiy 
manbai boólib qolishi kutilmoqda. Jadal surôatlar bilan rivojlanayotgan 
milliy iqtisodiyotimiz sharoitida oltin va koómir sanoatiga boólgan talab 
tobora ortib bormoqda. Shu sababli, mazkur sanoat tarmogóining 
barqaror, mustahkam va mutanosib rivojlanishini taôminlash davlat 
iqtisodiy siyosatining muhim yoónalishlaridan biri hisoblanadi. 
Oózbekistonda oltin va koómir qazib olish ochiq karyer va yer osti 

shaxta usullarida amalga oshiriladi, bu esa oltin va koómir qatlamlarining 
murakkab geologik sharoitlari (katta chuqurlikda joylashuvi, gaz dinamik 
hodisalarning yuqori ehtimoli, nobarqaror togó jinslari) bilan 
xarakterlanadi. Boshqa sanoat tarmoqlari bilan qiyoslaganda, oltin va 
koómir qazib olish texnologiyalari, foydalanilayotgan uskunalar va ishlab 
chiqarish jarayonining xavfsizligiga nisbatan yuqori talablar qoóyiladi. Yer 
osti oltin va koómir qazib olish jarayoni katta hajmdagi kon qazilmalarini 
(shtolnyalar, kvershlaglar, uklonlar,  va boshqalar) oótkazishni talab 
etadi. Toóliq boólmagan statistik maôlumotlarga koóra, Oózbekistondagi 
yirik va oórta davlatga qarashli oltin va koómir konlarida har yili bir necha 
kilometr uzunlikdagi yangi kon qazilmalari barpo etiladi [1]. Bunday keng 
koólamdagi yer osti ishlari boshqa sanoat tarmoqlarida kam uchraydigan 
holatdir. Shu sababli, kon qazilmalarini mustahkamlashga sarflanadigan 

xarajatlar, qazish ishlarining tezligi va mustahkamlash tizimlarining 
ishonchliligi oltin va koómir qazib chiqaruvchi korxonalarda ishlab 
chiqarishning iqtisodiy samaradorligi va ishchilarning xavfsizligiga 
bevosita taôsir koórsatuvchi muhim omillar hisoblanadi. Kon qazilmalarini 
samarali va ishonchli mustahkamlash texnologiyalarini ishlab chiqish va 
joriy etish kon sanoatining barqaror rivojlanishi, ishlab chiqarish        
xarajatlarini optimallashtirish va favqulodda vaziyatlarning oldini olish 
uchun strategik ahamiyatga ega. Oótish va qazib olish ishlari oltin va 
koómir qazib chiqarish siklining muhim bosqichlari hisoblanib, ularning 
samarali va xavfsiz amalga oshirilishi konlarning umumiy ishonchliligi va 
yuqori ishlab chiqarish koórsatkichlarini taôminlashning asosiy shartidir. 
Oózbekiston kon va koómir konlaridagi oólim holatlari soni dunyoning 
boshqa yirik oltin va koómir qazib oluvchi mamlakatlariga qaraganda 
uchrab turadi. Oólim holatlari, asosan, texnologiya va uskunalar nisbatan 
eskirgan konlarda sodir boóladi. Oózbekistondagi oltin va koómir kon-
laridagi turli xil avariyalar orasida kon yuqori qismining qulashi juda jiddiy 
muammo hisoblanadi. Oltin va koómir ishlab chiqarish xavfsizligi laxmlar-
ni mustahkamlash, xavfsiz va ishonchli boólishini, atrofdagi togó jinslarin-
ing barqarorligini taôminlashini, kon yuqori qismining qulashi va yon 
tomonlarning oópirilishining oldini olishini talab qiladi. 
Mamlakatimizda oltin va koómir konlarini qazib olish chuqurligi yiliga 

2-4 m tezlikdan oshmoqda. Zarmitan, Angren, Zarafshon kabi hududlar-
da qazib olish chuqurligi allaqachon 1000m dan oshib ketdi, bir kilometr-
dan ortiq chuqurlikdagi konlar guruhi paydo boólmoqda. Koómir va oltin 
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qazib olish texnologiyalaridagi taraqqiyot va konlarni modernizatsiya 
qilish unumdorlik va samaradorlikning oshishiga yordam beradi, bu esa 
oóz navbatida qazib olish chuqurligining oshishini tezlashtiradi. Kelgusi 
20 yil ichida davlatimiznning koóplab oltin va koómir konlari 1000-1500 m 
chuqurlikka yetishi kutilmoqda. Chuqur qazib olish yuqori togó bosimi 
sharoitida qazilmalarni mustahkamlash bilan bogóliq bir qator muammo-
larni keltirib chiqaradi, masalan, togó zarbalari, atrofdagi togó jinslarining 
katta deformatsiyalari, tuproqning kuchli koótarilishi va boshqalardir [2]. 
Oózbekistonning oltin va koómir konlarida murakkab togó-geologik 

sharoitlar keng tarqalgan. Bunday sharoitlarga ega konlar butun 
mamlakat boóylab uchraydi, masalan: Zarmitan, Angren, Surxondaryo, 
Zarafshon. Murakkab togó-geologik sharoitlar deyarli barcha asosiy oltin 
va koómir qazib oluvchi hududlar va tumanlarda uchraydi va konlarning 
deyarli yarmi bu qiyinchiliklarga duch keladi. Yangi konlarni ishlab 
chiqish va eski konlarni qazib olish chuqurligining oshishi bilan 
murakkab togó-geologik sharoitlarga ega konlar soni oshadi. Bunday 
sharoitlarda atrofdagi togó jinslarining barqarorligi pasayadi, 
deformatsiyalar va buzilishlar yanada jadal boóladi, laxmlarni 
mustahkamlash esa juda murakkab boóladi. Murakkab togó-geologik 
sharoitlarga ega boólgan baôzi konlarda bir metr laxmni mustahkamlash 
narxi 100 000 000-150 000 000 soómga yetadi, bu esa konlarning ishlab 
chiqarishi va iqtisodiy samaradorligiga jiddiy taôsir qiladi.  
Oltin va koómir konlarida laxmlarni mustahkamlash texnologiyasi 

uzoq rivojlanish yoólini bosib oótdi: yogóoch mustahkamlash, tosh 
mustahkamlash va poólat arkali mustahkamlashdan anker 
mustahkamlashgacha. Xorijdagi koóp yillik tajriba shuni koórsatadiki, 
anker mustahkamlash oltin va koómir laxmlarini mustahkamlashning 
iqtisodiy va samarali usulidir. Ramali mustahkamlash bilan 
taqqoslaganda, anker mustahkamlash laxmlarni mustahkamlash 
samaradorligini sezilarli darajada oshiradi, mustahkamlash xarajatlarini 
kamaytiradi va ishlarning mehnat sigóimini kamaytiradi. Yanada muhimi, 
anker mustahkamlash tozalash joylarida yuz boóshligóini 
mustahkamlashni va oldingi mustahkamlashni sezilarli darajada 
soddalashtirishi, laxmlardagi taômirlash ishlari hajmini sezilarli darajada 
qisqartirishi, tozalash joylarining tez ilgarilash, unumdorlik va 
samaradorlikni oshirish uchun qulay sharoitlar yaratishi mumkin. Hozirgi 
vaqtda anker mustahkamlash butun dunyo boóylab oltin va koómir 
konlarida keng qoóllaniladi shuningdek oltin va koómir qazib olishning 
yuqori unumdorligi va samaradorligini taôminlovchi asosiy 
texnologiyalardan biri hisoblanadi. Ish maydonlarining bunday yuqori 
ishlab chiqarish hajmi va oóyish surôatining tezlashishi kon qazilmalarini 
mustahkamlashga misli koórilmagan qatôiy talablarni qoóyadi; birinchidan, 
oóyish surôatining tezlashishini taôminlash uchun kon qazilmalarini 
oótkazish surôati sezilarli darajada oshirilishi kerak, aks holda oóyish 
ishlarining uzluksizligi buzilishi va ish maydonining ishlab chiqarish 
hajmining pasayishiga olib keladi; ikkinchidan, konlarning barqaror 
yuqori ishlab chiqarishini taôminlash uchun ish maydonlariga xizmat 
koórsatuvchi kon qazilmalarining doimiy ravishda ishlashi taôminlanishi 
kerak. Oótish ishlari olib borilayotgan jarayonda kon qazilmalari asosan 
taômirga muhtoj boólmasligi, mustahkamlash samaradorligi transport, 
shamollatish va ishchilarning oótishi kabi ishlab chiqarish talablariga 
javob berishi kerak, aks holda kon qazilmalarini taômirlash kon 
laxmlarining oótish ishlarining surôatini sekinlashtiradi, ish maydonining 
ishlab chiqarish hajmini pasaytiradi va hatto toóxtab qolishiga olib kelishi 
mumkin [3]. 
Kon qazilmalarini kovlash va mustahkamlash oltin va koómir konlari 

korxonalari xarajatlarining muhim tarkibiy qismidir. Bundan tashqari, kon 
qazilmalari qurib bitkazilgandan soóng, geologik sharoitlarning 
murakkabligi yoki togó bosimining taôsiri tufayli ularni doimiy ravishda 
taômirlash zarur boóladi. Mamlakatimizdagi ayrim murakkab konlarda kon 
qazilmalarini ekspluatatsiya qilish jarayonida 3-4 marta taômirlash yoki 
qayta qurishga toógóri keladi. Kon qazilmalarini taômirlash xarajatlari 
koópincha ularni qurish xarajatlaridan ancha oshib ketadi, kon 
qazilmalarining xizmat koórsatish davridagi umumiy xarajatlari esa 

qurilish xarajatlaridan bir necha marta koóp boólishi mumkin. 
Mamlakatimizda oltin va koómir konlarida kon qazish ishlarining miqyosi 
katta boólganligi sababli, kon qazilmalarini oótish va taômirlashning 
umumiy xarajatlari juda yuqori. Shu sababli, oltin va koómir qazib 
chiqarish talablarini qondirish va kon qazilmalarining xavfsizligini 
taôminlash sharti bilan kon qazilmalarini mustahkamlash va taômirlash 
xarajatlarini kamaytirish, hatto agar kamayish miqdori katta boólmasa 
ham, oltin va koómir konlari korxonalariga katta iqtisodiy foyda keltirishi 
mumkin. Oqilona kon qazilmalarini mustahkamlash texnologiyasi oltin va 
koómir konlarining iqtisodiy samaradorligini oshirishning muhim yoólidir. 

XX asrning 90-yillaridan boshlab yuqori mustahkamlikka ega 
boólgan sintetik smolali ankerlar oózining afzal mustahkamlash 
samaradorligi va qulay oórnatish texnologiyasi tufayli boshqa turdagi 
ankerlarni bosqichma-bosqich siqib chiqarib, ankerli mustahkamlashning 
asosiy usuliga aylandi. Ankerlarni sementlash texnologiyasi ham keng 
qoóllanila boshlandi. Avstraliya va AQSh kabi mamlakatlarda oltin va 
koómir konlarining geologik sharoitlari nisbatan oddiy, qazishmalarning 
chuqurligi sayoz, oltin va koómir qatlamining qalinligi katta boólib, ular 
ankerli mustahkamlashni keng qoóllab-quvvatlaydi. Ularning ankerli 
mustahkamlash texnologiyasi nisbatan ilgóor boólib, oltin va koómir 
konlaridagi barcha qazishmalarni mustahkamlashda ankerlarning ulushi 
deyarli 100% ni tashkil etadi. Aslida, Avstraliya va AQShda, agar 
konning yuqori (tom) qismi ankerli mustahkamlash uchun yaroqli boólsa, 
ular boshqa usullarni qoóllashni iqtisodiy jihatdan maqsadga muvofiq 
emas deb hisoblaydilar. Avstraliyaning ankerli mustahkamlash 
texnologiyasi nisbatan mukammal tizimni shakllantirgan boólib, oltin va 
koómir konlaridagi barcha qazishmalar poólat tasmalar bilan birgalikda 
toóliq ulangan sintetik smolali ankerlar bilan mustahkamlanadi. Garchi 
qazishmalar kesimining yuzasi katta boólsada, mustahkamlash 
samaradorligi yaxshidir. Murakkab yuqori (tom) qismi, moórt tom qismi va 
qazishmalar kesishgan joylar, katta kesim yuzali kameralarni 
mustahkamlash kabi murakkab sharoitlarda ankerlarni sementlash usuli 
qoóshimcha mustahkamlikni taôminlash va togó jinslarining 
deformatsiyasini nazorat qilish uchun qoóllaniladi. Amerika Qoóshma 
Shtatlarining oltin va koómir konlarida ankerlarning qoôllanilishi katta 
boólib, ankerlarning turlari ham xilma-xildir, masalan: mexanik klinli 
ankerlar, sintetik smolali ankerlar, gibrid ulangan ankerlar, 
kombinatsiyalashgan mustahkamlash elementlarida poólat va 
armaturalar qoóllaniladi. Amalda, togó jinslarining sharoitlariga qarab, turli 
xil mustahkamlash usullari va parametrlari tanlanadi [4]. 
Yevropaning ayrim asosiy koómir qazib oluvchi davlatlari avval 

asosan metall arkali mustahkamlash usullarini qoóllab kelgan. Ammo 
qazishmalarni mustahkamlash murakkabligi va mustahkamlash 
xarajatlarining oshishi bilan ular qazishmalarni mustahkamlashning 
ankerli usuliga oótib, ankerli mustahkamlash texnologiyalarini tadqiq 
qilish, sinovdan oótkazish va keng qoóllash boóyicha faol ish olib 
bormoqdalar. 
Buyuk Britaniya Yevropaning asosiy koómir qazib oluvchi 

mamlakatlaridan biri boólib, metall arkali mustahkamlashdan 
foydalangan mamlakatlarning tipik vakili edi. 1987 yilgacha Buyuk 
Britaniya koómir konlaridagi qazishmalarning 90% dan ortigói metall 
ramkalar bilan mustahkamlangan, bu esa mustahkamlash 
samaradorligining pastligi, xarajatlarning yuqoriligi, qazib olish ish 
yuzidagi ishlab chiqarish va samaradorlikning pasayishi, shuningdek, 
konlarning iqtisodiy zarar koórishi kabi jiddiy muammolarni keltirib 
chiqardi. Xalqaro bozordagi keskin raqobat tufayli Buyuk Britaniya koómir 
sanoati jiddiy inqirozga yuz tutdi. Shunday sharoitda Buyuk Britaniya oóz 
koómir sanoatining raqobatbardoshligini oshirishning uchta asosiy 
strategiyasidan biri sifatida anôanaviy metall ramkali mustahkamlash 
oórniga ankerli mustahkamlashni qatôiy ravishda joriy qila boshladi. 1987 
yilda Avstraliyadan ilgóor ankerli mustahkamlash texnologiyasini import 
qilgandan soóng, Buyuk Britaniyaning ankerli mustahkamlash 
texnologiyasi tez surôatlar bilan rivojlandi. 1990 yilga kelib, Buyuk 
Britaniya koómir konlaridagi barcha qazishmalarni mustahkamlashda 
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ankerlarning ulushi 80 % ga yetdi, bu koórsatkich 1980-yillarning 
oórtalarida deyarli nolga teng edi. 1994 yilda bu koórsatkich 80 % ni, 1997 
yilda esa 90 % ni tashkil etdi. Buyuk Britaniya ankerli mustahkamlash 
texnologiyasini keng joriy qilish orqali sezilarli darajada texnik-iqtisodiy 
samaradorlikka erishdi (1-jadval) [5]. 
Qazishmalarni mustahkamlash xarajatlari va bir tonna koómirning 

tannarxi pasaydi, qazib olish ish yuzidagi ishlab chiqarish hajmi va 
ishchilarning umumiy samaradorligi sezilarli darajada oshdi, avariyalar 
soni keskin kamaydi va qazishmalarning xavfsizlik holati taôminlandi. 
Hatto bir qator yopilish arafasida turgan konlar ham shu tufayli qayta 
tiklandi. Buyuk Britaniyada ankerli mustahkamlash koómir konlaridagi 
qazishmalarni mustahkamlash texnologiyasidagi inqilobiy oózgarish 
sifatida qabul qilindi va bu oózgarish qisqa vaqt ichida koómir sanoatiga 
bunchalik katta foyda keltirgan boshqa texnologiya oózgarishi 
boólmaganligi taôkidlandi. 
Boshqa koómir qazib oluvchi davlatlarning ankerli mustahkamlash 

texnologiyalarini rivojlantirish surôatlari ham tez boóldi. Masalan, 
Fransiyada 1986 yilga kelib barcha qazishmalarni mustahkamlashda 
ankerlarning ulushi 50 % dan oshdi. Rossiyada turli xildagi ankerlar 
ishlab chiqildi va Rossiyaning eng yirik konlaridan biri boólgan Vorkuta 
koómir konidagi barcha qazishmalarni mustahkamlashda ankerlarning 
ulushi 50 % dan ortiqni tashkil etdi [6]. 

Ankerli mustahkamlash materiallari anker sterjni, tayanch 
plastinkasi, gayka, anker qotiruvchi moddasi (smolali yoki sementli), 
poólat tasma (yoki armaturali tasma), metall toór, anker setkalari va 
boshqalarni oóz ichiga oladi (1-rasm).  
Anker sterjni, odatda, yuqori mustahkamlikka ega boólgan poólatdan 

tayyorlanadi. Uning geometrik parametrlari (diametri, uzunligi, tishli yoki 
silliq yuzasi) mustahkamlanayotgan muhitning fizik-mexanik xusu-
siyatlari (mustahkamligi, yoriqliligi, suvliligi va boshqalar) va kutilayotgan 
yuklamalarga bogóliq holda aniqlanadi. Tishli yuza sterjenning anker 
qotiruvchi modda bilan mustahkam bogólanishini taôminlaydi va siljishga 
qarshiligini oshiradi. Sterjenning mustahkamlik chegarasi va choóziluv-
chanlik xususiyatlari tanlangan mustahkamlash usulining ishonchliligini 

belgilovchi asosiy omillardan biridir. Tayanch plastinkasining shakli va 
oólchamlari yuklamaning taqsimlanish xususiyatiga va mustahkam-
lanayotgan yuzaning mustahkamligiga moslashtiriladi. Plastinkaning 
yetarlicha qattiqligi deformatsiyalanishning oldini oladi va kuchning bir 
tekisda uzatilishini taôminlaydi. Gaykaning materiali va rezbasi 
sterjenning materiali va rezbasiga mos kelishi kerak. Gaykaning burab 
qotirilishi natijasida hosil boólgan taranglik kuchi mustahkamlash 
samaradorligini oshirishda muhim rol oóynaydi (1-rasm). Anker qotiruvchi 
modda sifatida odatda sement asosidagi qorishmalar, polimer smolalar 
yoki boshqa maxsus kompozitsiyalar qoóllaniladi. Qotiruvchi moddaning 
mustahkamlik koórsatkichlari (bosishga va yeyilishga qarshiligi), 
adgeziya xususiyatlari (sterjen va togó jinsi, tuproq bilan bogólanish 
qobiliyati), oqinuvchanligi va qotish vaqti muhim parametrlar hisoblanadi. 
Qotiruvchi moddaning reologik xususiyatlari (oqish vaqti, qovushqoqligi) 
teshikni toóliq va sifatli toóldirish uchun ahamiyatlidir. Poólat tasma va 
metall toórning mustahkamligi, egiluvchanligi va korroziyaga chidamliligi 
muhim xususiyatlardir. Toórning koózchalarining oólchamlari va simning 
qalinligi mustahkamlanayotgan muhitdagi boólaklarning oólchamlariga va 
kutilayotgan bosimga moslashtiriladi. Poólat tasmalar esa toórni yuzaga 
mahkamlash va qoóshimcha taranglik hosil qilish uchun ishlatilishi 
mumkin. Ularning mustahkamligi va uzunchoqligi yuza deformat-
siyalariga moslashish imkonini beradi. 
Agar anker bolti alohida koórib chiqilsa, uning boóylama oólchami 

koóndalang oólchamlaridan sezilarli darajada katta boólganligi sababli, 
mexanika fani nuqtai nazaridan uni uzunchoq sterjen  sifatida talqin etish 
mumkin. Mazkur konstruktiv element asosan ikkita asosiy mexanik 
funksiyani bajaradi: 
Choózilishga qarshilik koórsatish: Anker boltining asosiy vazifasi togó 

massividagi choóziluvchi kuchlanishlarni qabul qilish va ularni mustah-kamroq 
boólgan ichki qatlamlarga yoki mustahkamlash plitasi orqali kengroq maydonga 
samarali tarzda uzatishdan iborat. Bu orqali qazilma atrofidagi nobarqaror 
zonalarda yoriqlarning ochilishi va rivojlanishining oldi olinadi, shuningdek, togó 
jinslarining boólinib ketishi (dekompressiya) jarayonlari cheklanadi. 
Siljishga qarshilik koórsatish: Anker bolti, shuningdek, togó 

qatlamlarining bir-biriga nisbatan siljishiga qarshilik koórsatish 
qobiliyatiga ham ega. Ayniqsa, geologik buzilishlar (yoriqlar, siljish 
yuzalari) mavjud boólgan zonalarda anker boltlari bu yuzalar boóylab 
yuzaga kelishi mumkin boólgan siljish deformatsiyalarini cheklash va 
oldini olishda muhim rol oóynaydi. Bu funksiya, ayniqsa, anker boltining 
togó jinsi bilan mustahkamlovchi tarkib (smola, sement) orqali kontakt 
yuzasida yuzaga keladigan adgeziya va ishqalanish kuchlari hisobiga 
taôminlanadi. Anker sterjnining egilishga va siqilishga qarshilik koórsatish 
qobiliyati nisbatan kichik boóladi. Buning sababi, sterjenning boóylama 
oólchami uning koóndalang oólchamlaridan ancha katta boólganligi uchun, 
egilish va siqilish deformatsiyalariga nisbatan u ancha nozik element 
hisoblanadi. Shu sababli, muhandislik hisob-kitoblarida bu qarshiliklarni 
koópincha eôtiborga olmaslik mumkin. Ammo, agar sterjen juda uzun va 
nozik boólsa, unda siqilishga qarshilikni yoóqotish va bukchayish holati 
yuzaga kelishi mumkinligini ham nazarda tutish lozim. Anker sterjni 
mexanik tahlilda bir oólchamli sterjen elementi sifatida qaraladi va 
asosan choózilish va kesilish yuklamalariga qarshilik koórsatishga 
moóljallangan. Egilish va siqilishga qarshiligi esa, geometrik xususiyatlari 
tufayli, koóp hollarda inobatga olinmaydi. Biroq, muayyan sharoitlarda 
(masalan, katta koóndalang yuklanishlar yoki notekis togó bosimi) bu 
qobiliyatlar ham muayyan darajada namoyon boólishi mumkin [7]. 

Ankerli mustahkamlash materiallarining mexanik xususiyatlari 
mustahkamlash loyihasining talablariga javob berishi kerak, shu bilan birga, 
turli xil mexanik xususiyatlarga ega boólgan materiallar oózaro muvofiq 
kelishi va ankerli mustahkamlash tizimining umumiy samaradorligini 
maksimal darajada taôminlashi lozim. Ankerli mustahkamlashni oórnatish 
uskunalari va texnologiyasi qazishmalarni mustahkamlash sifatini 
taôminlash va oótkazish tezligini oshirishning muhim boógóini hisob-lanadi. 
Oórnatish uskunalariga anker burgóilash mashinalari, burgóilash kallaklari, 
anker oórnatish moslama-lari, ankerlar (yoki setkalar)ni oldindan 

1-rasm. Ankerli mustahkamlagich: 1 ï ankerning 
sterjeni; 2 ï ankerning qotiruvchi kallak qismi;         
3 ï ankerning shaybasi; 4 ï ankerning bolti 

1-jadval 
Buyuk Britaniya ankerli mustahkamlash texnologiyasini  

texnik-iqtisodiy samaradorlik koôrsatkichi 

Koôrsatkichlar 1984 yil 1994 yil 
Tozalash joyining oórtacha unumdorligi (t/sut) 500 4 500 
Mehnat unumdorligining oórtacha koórsatkichi  
(t/kishi·sut) 

3 13,5 

Koómirning oórtacha tannarxi (funt/t) 70 35 
Laxmlarni oótishning oórtacha tezligi (m/hafta) 44 >100 
Laxmlarni  mustahkamlash xarajatlari (%) 100 50 
Baxtsiz hodisalar soni (%) 100 10 

1 

2 

3 

4 
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zoóriqtirish uskunalari va boshqalar kiradi. 
Oórnatish texnologiyasi uskuna-larni oqilona 
joylashtirish, ish jara-yonini toógóri tashkil etish, 
mehnatni muvofiqlashtirish va boshqalarni oóz 
ichiga oladi. Faqat qazishmaning aniq 
geologik sharoitlari va ishlab chiqarish 
talablarini hisobga olgan holda, mos keluvchi 
uskunalar va tegishli oórnatish texnologiyasini 
tanlash orqaligina mustahkamlash sifatini 
taôminlash bilan birga qazishmalarni oótkazish 
tezligini oshirish mumkin.  

Ankerli mustahkamlash yashirin 
muhandislik ishi boólib, oórnatish ishlari 
tugagandan soóng toóliq va tizimli sifat nazorati 
oótkazilmasa, mavjud muammolarni aniqlash 
qiyinlashib, xavfsizlikka tahdid soladi. Ankerli 
mustahkamlash ishlarining sifatini nazorat 
qilish asosan ankerlar (yoki setkalar)ni 
oórnatishning geometrik parametrlari, mexanik 
xususiyatlari va barcha elementlarning 
oórnatish sifatini tekshirishlarni oóz ichiga oladi. 
Geometrik parametrlarga ankerlar (yoki 
setkalar) orasidagi masofa, qatorlar orasidagi 
masofa, ankerlar (yoki setkalar)ni oórnatish burchagi, ankerlarning (yoki 
setkalarning) ochiq qismining uzunliglarini oóz ichiga oladi. Mexanik 
xususiyatlarga anker sterjnlarining choózilish mustahkamligi, ankerlarning 
(yoki setkalarning) oldindan zoóriqtirish kuchlari kiradi. 

Ankerli mustahkamlash mexanizmini tadqiq qilishdan maqsad 
qazishmaning deformatsiyasi va buzilishining xususiyatlari va 
qonuniyatlarini, ankerli mustahkamlash konstruksiyasining ishlash 
prinsiplarini, ankerlarning togó jinslari bilan oózaro taôsiri va bunga taôsir 
etuvchi omillarni aniqlashdan iborat boólib, bu ankerli mustahkamlashni 
loyihalashtirish uchun nazariy asos yaratadi. Ankerli mustahkamlash 
mexanizmini va qazishma atrofidagi togó jinslarining mexanik 
xususiyatlari boóyicha sinovlar natijalarini toóliq oórganish asosida ankerli 
mustahkamlashning dastlabki loyihasi ishlab chiqiladi. Loyiha 
qazishmaning kesimining oólchamlari, mustahkamlanadigan oltin 
qatlamining qalinligi, ankerli mustahkamlashning shakli va 
mustahkamlash parametrlari kabi mazmunlarni oóz ichiga oladi. Hozirgi 
vaqtda ankerli mustahkamlashni loyihalashtirishning koóplab usullari 
mavjud, masalan, empirik usul, nazariy hisoblash usuli, sonli 
modellashtirish usuli va joyida kuzatish usuli. Ankerli mustahkamlashni 
loyihalashtirishning samarali usuli ikkita shartga javob berishi kerak: taqdim 
etilgan ankerli mustahkamlash shakli va parametrlari oqilona, ishonchli va 
mustahkamlash samaradorligi hamda xavfsizlik darajasini taôminlashi kerak, 
shu bilan birga mustahkamlash xarajatlari eng past boólishi lozim; loyihalash 
usuli kon muhandislik-texnik xodimlari uchun tushunarli, qulay va oson 
oózlashtiriladigan boólishi kerak, bu esa ularga mustaqil ravishda 
loyihalashtirish imkonini beradi va 2-rasmda keltirilgan [8]. 

2-rasmda (sxemada) smolali anker misolida anker boltining asosiy 
funksiyalari vizual ravishda tasvirlangan. Ushbu rasmda ankerning togó 
massivi ichiga oórnatilishi, choózilish kuchlari taôsiridagi holati va siljish 
yuzalarini kesib oótib, ularning harakatini cheklashi yaqqol koórsatilgan. 
Smolali ankerlarda mustahkamlovchi tarkibning roli alohida taôkidlangan 
boólib, u anker va togó jinsi oórtasidagi mustahkam bogólanishni taôminlab, 
yuklanishning samarali uzatilishiga xizmat qiladi. Taqdim etilgan 2-rasmda 
togó massivida kuzatilishi mumkin boólgan geotexnik nobarqarorlik holati, 
xususan, togó jinsining hajm oózgarishi (shishishi) va buning natijasida 
yuzaga keladigan deformatsiyalar aks ettirilgan. 2-rasmda, shuningdek, 
anker mustahkamlash elementi ï anker sterjenining mazkur nobarqaror-
likka qarshilik koórsatish mexanizmi ham tasvirlangan. Anker sterjeni, 
avvaldan tortish kuchi natijasida hosil qilingan ushbu kuch tufayli, togó 
jinsining harakatiga aktiv qarshilik koórsatuvchi kuch hosil qiladi. Bunda 
polimer ankerlovchi tarkib muhim rol oóynaydi. U anker sterjeni bilan togó 

massivi oórtasida yuqori adgezion mustahkamlikdagi ishonchli mexanik 
bogólanishni taôminlab, avvaldan tortish kuchining atrofdagi mustahkam togó 
qatlamlariga samarali transfertini amalga oshiradi. Amaliyotda anker 
mustahkamlash elementlari koópincha bir vaqtning oózida ham choózilish, 
ham siljish holatlarida ishlashi mumkin. Anker boltining mustahkamlash 
samaradorligi bir qator muhim omillarga bogóliq boóladi, jumladan: 

1. Anker materialining mexanik xossalari: (mustahkamlik chegarasi, 
elastiklik moduli, choóziluvchanlik). 
2. Togó jinsining mustahkamlanish zonasidagi fizik-mexanik 

parametrlari: (mustahkamlik, yoriqlik darajasi, góovaklik, suvga toóyin-
ganlik darajasi). 
3. Taôsir etuvchi yuklamalarning xarakteri: (miqdori, yoónalishi, 

taqsimlanishi, dinamik yoki statikligi). 
4. Ankerning konstruksiyasi va oólchamlari: (diametri, uzunligi, profili). 
5. Ankerlovchi tarkibning xossalari: (adgeziya mustahkamligi, 

qovushqoqlik, qotish vaqti). 
6. Oórnatish texnologiyasining sifati. 
Polimer ankerlovchi tarkiblar oózlarining yuqori mexanik 

mustahkamligi va togó jinsi yuzasi bilan yaxshi adgeziyalanish 
(yopishish) qobiliyati tufayli ankerning togó massivida ishonchli va uzoq 
muddatli mustahkamlanishini taôminlaydi. Ular anker sterjenidan togó 
jinsiga yuklamaning bir tekisda taqsimlanishiga yordam beradi va 
kontakt yuzasidagi kuchlanish konsentratsiyasini kamaytiradi [9]. 
Anker sterjeni barqaror va mustahkam togó jinsi qatlamiga chuqur 

oórnatiladi (3-rasm). Nobarqaror yoki potensial qulashi mumkin boólgan 
kamroq barqaror qatlam anker tomonidan osilib turadi va uning pastga 
harakatiga qarshilik koórsatiladi. Bu holatda anker asosan choózilish 
kuchlarini qabul qiladi. 
Agar anker geologik yoriq yoki siljish yuzasi boóylab oórnatilgan 

boólsa, u togó jinsi bloklarining bir-biriga nisbatan siljishining oldini oladi. 
Bunda anker sterjeni yoriq yuzasi boóylab yuzaga kelishi mumkin boólgan 
siljish deformatsiyalariga qarshilik koórsatadi. Ankerning siljishga 
qarshilik koórsatish qobiliyati uning kesish yuzasidagi mustahkamligi va 
ankerlovchi tarkib bilan kontakt yuzasidagi adgeziya kuchlariga bogóliq 
boóladi. 

Taqdim etilgan 3-rasmda anker mustahkamlash elementining togó 
jinsi qatlamlarining nisbiy siljishiga qarshilik koórsatish mexanizmi 
prinsipial tarzda tasvirlangan.  
Sxemada ankerning oldindan burgóilangan shpurga oórnatilishi va 

maxsus kimyoviy mustahkamlovchi tarkib (smola) yordamida togó 
massivida mahkamlanishi koórsatilgan. 

2-rasm. Ankerning togó massivi ichiga oórnatilishi sxemasi 
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Togó jinsi qatlamlarida tektonik kuchlar, kon ishlarining taôsiri yoki 
boshqa geologik omillar natijasida nisbiy harakatlanish (siljish) yuzaga 
kelganda (sxemada oóqlar bilan koórsatilgan), smola bilan 
mustahkamlangan anker bu harakatga passiv qarshilik koórsatadi va togó 
massivining yaxlitligini saqlab turishga xizmat qiladi. 

Anker atrofidagi shtrixlangan qismi (3-rasm) yuklamaning togó 
jinsiga taqsimlanish zonasini yoki ankerning atrofdagi togó massiviga 
mexanik taôsir koórsatish radiusini ifodalaydi. Ankerga tushayotgan 
kuchlanishlar aynan shu zona orqali togó massiviga uzatiladi va 
taqsimlanadi. Shtrixlangan sohaning oólchamlari va shakli ankerning 
tipiga, mustahkamlovchi tarkibning xossalariga va togó jinsining fizik-
mexanik parametrlariga bogóliq boóladi. Yuklamaning kengroq 
taqsimlanishi ankerning samaradorligini oshiradi va togó jinsidagi 
mahalliy kuchlanish konsentratsiyasini kamaytiradi. Sxemadagi oóqlar 
togó jinsi qatlamlarining potensial siljish yoónalishlarini koórsatadi. Anker, 
yoriq yoki siljish yuzasini kesib oótib, bu harakatga koóndalang qarshilik 
koórsatadi. Ankerning siljishga qarshilik koórsatish qobiliyati uning 
materialining kesish mustahkamligiga, ankerlovchi tarkib bilan kontakt 
yuzasidagi adgeziya kuchlariga va ankerning siljish yuzasiga nisbatan 
joylashish burchagiga bogóliq boóladi. Smolali ankerning togó jinsiga 
mustahkam bogólanishi natijasida hosil boólgan mexanik qulflanish togó 
qatlamlarining bir-biriga nisbatan siljishini samarali ravishda cheklaydi. 
Ankerning atrofidagi yuklama taqsimlanish zonasi qanchalik keng boólsa, 
togó massivining barqarorligi shunchalik yuqori boóladi. Anker 
mustahkamlash tizimining samaradorligini oshirish uchun ankerning 
optimal parametrlarini (uzunligi, diametri, oórnatish burchagi, zichligi) va 
mustahkamlovchi tarkibning xossalarini togó jinsining geotexnik 
sharoitlarini hisobga olgan holda tanlash muhim ahamiyatga ega. Anker 
sterjenlari qurilish va togó-kon sanoatida keng qoóllaniladi. Ularning 
asosiy vazifasi tuproq va togó massivini mustahkamlash, shuningdek, 
koóchkilar, tosh qulashlari va boshqa geotexnik deformatsiyalarning 
oldini olishdan iboratdir. Anker mustahkamlash elementlarining 
funksiyalari va samaradorligini chuqur oórganish togó-kon va qurilish 
sohalarida xavfsiz va ishonchli mustahkamlash tizimlarini loyihalashtirish 
va amaliyotga tatbiq etish uchun muhim ahamiyatga ega [10]. 
Anker boltining choózilishga qarshilik koórsatish qobiliyatini aniqlash 

muhim muhandislik vazifasi boólib, u mustahkamlash tizimining 
ishonchliligini taôminlashda asosiy rol oóynaydi. Anker bolti koótara 
oladigan kritik choózilish yuklamasi  quyidagi empirik formula orqali 
taxminan hisoblanishi mumkin: 

                                                            
                                       (1) 

Bu yerda: P ï anker boltining buzuvchi choózilish yuklamasi, kN.        
Bu ankerning mexanik buzilishiga olib keladigan maksimal choózilish kuchini 
ifodalaydi; d ï anker boltining nominal diametri, mm. Anker sterjenining 
koóndalang kesimining oórtacha diametri; ůh ï anker materialining 
choózilishdagi mustahkamligi chegarasi, MPa. Bu anker materialining 
choózilishga qarshilik koórsatish boóyicha eng yuqori kuchlanish darajasini 
bildiradi. Materialning pasporti yoki laboratoriya sinovlari orqali aniqlanadi;  
ɛ ï xavfsizlik omili koeffitsienti. Amaldagi yuklamalarning hisoblangan 
buzuvchi yuklamadan past boólishini taôminlash uchun kiritiladigan 
koeffitsient. Xavfsizlik omili konchilik sharoitlarining murakkabligi, 
yuklanishlarning noaniqligi va mustahkamlash tizimining ahamiyatiga qarab 
belgilanadi (odatda 1,5 dan 3 va undan yuqori boólishi mumkin). 
Anker boltining choózilishga koótarish qobiliyatini aniqlashda 

eôtiborga olinishi lozim boólgan asosiy omillar qoóyidagilardan iborat:  
Anker materialining fizik-mexanik xossalari: Ankerning kimyoviy 

tarkibi, ishlab chiqarish texnologiyasi va termik ishlov berilishi uning 
mustahkamlik koórsatkichlariga (choózilish mustahkamligi chegarasi, 
elastiklik moduli, choóziluvchanlik) bevosita taôsir koórsatadi. Yuqori 
mustahkamlikka ega boólgan poólat markalaridan tayyorlangan ankerlar 
kattaroq choózilish yuklamalarini koótara oladi. 
Ankerning koóndalang kesimi yuzasi: Choózilishga qarshilik 

koórsatish qobiliyati ankerning koóndalang kesimi yuzasiga 
proporsionaldir. Kattaroq diametrga ega boólgan ankerlar kattaroq kesim 
yuzasiga ega boólib, shunga mos ravishda yuqoriroq choózilish 
yuklamalarini koótara oladi. Formuladagi 4d́2 ifodasi aynan ankerning 
koóndalang kesimi yuzasini hisoblash uchun qoóllaniladi. 
Togó jinsining mustahkamligi va ankerlovchi tarkibning adgezion 

qobiliyati: Ankerning togó massivida ishonchli mustahkamlanishi uning 
choózilish yuklamasini samarali qabul qilishi va uzatishi uchun hal 
qiluvchi ahamiyatga ega. Ankerlovchi tarkib (smola, sement) bilan togó 
jinsi va anker oórtasida hosil boóladigan adgezion mustahkamlik 
ankerning siljishga qarshiligini taôminlaydi va choózilish yuklamasi ostida 
uning togó jinsidan chiqib ketishining oldini oladi. Togó jinsining past 
mustahkamligi yoki ankerlovchi tarkibning yetarli boólmagan adgeziyasi 
ankerning choózilishga boólgan haqiqiy koótarish qobiliyatini sezilarli 
darajada pasaytirishi mumkin. Taôsir etuvchi yuklamalarning kattaligi va 
yoónalishi: Ankerga taôsir etuvchi yuklamalarning miqdori va yoónalishi 
uning choózilishga boólgan qarshiligini baholashda muhim rol oóynaydi. 
Ankerga toógóridan-toógóri choózilish boóyicha yoónalgan yuklamalar uning 
hisoblangan choózilish mustahkamligi chegarasiga yaqin boólgan 
qiymatlarda buzilishiga olib kelishi mumkin. Agar yuklama burchak 
ostida yoki koóndalang yoónalgan boólsa, ankerda qoóshimcha egilish va 
siljish kuchlanishlari yuzaga kelishi mumkin, bu esa uning choózilishga 
boólgan umumiy koótarish qobiliyatini pasaytiradi.  
Anker boltining choózilishga koótarish qobiliyatini hisoblashda 

yuqoridagi barcha omillarni kompleks ravishda hisobga olish zarur. 
Formula (1) anker materialining mustahkamligi va kesimi yuzasiga 
asoslangan ideallashtirilgan holatni ifodalaydi. Amaldagi sharoitlarda 
ankerning haqiqiy koótarish qobiliyati togó jinsining xossalari, ankerlovchi 
tarkibning sifati va yuklanishlarning xarakteri kabi boshqa omillar 
taôsirida sezilarli darajada farq qilishi mumkin. Shu sababli, muhandislik 
loyihalarida anker mustahkamlash tizimlarini hisoblashda tegishli 
xavfsizlik omillarini qoóllash va zarurat tugóilganda joy sharoitida sinovlar 
oótkazish tavsiya etiladi [11]. 
Anker boltining siljish deformatsiyalariga qarshilik koórsatish 

qobiliyatini aniqlash togó massividagi yoriqlar boóylab siljishlarning oldini 
olish va mustahkamlangan kon inshootlarining barqarorligini 
taôminlashda muhim ahamiyatga ega. Anker bolti koótara oladigan kritik 
siljish yuklamasi quyidagi empirik formula orqali taxminan hisoblanishi 
mumkin: 

     
                                                                                              (2) 

 
Bu yerda: Q ï anker boltining buzuvchi siljish yuklamasi, kN.          

3-rasm. Anker mustahkamlash elementining togó jinsi qatlamlarining 
nisbiy siljishiga qarshilik koórsatish mexanizmining prinsipial sxemasi 
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Bu ankerning koóndalang kesimi boóyicha mexanik buzilishiga olib 
keladigan maksimal siljish kuchini ifodalaydi; d ï anker boltining nominal 
diametri, mm. Anker sterjenining koóndalang kesimining oórtacha 
diametri; űh ï anker materialining siljish mustahkamligi chegarasi, MPa. 
Bu anker materialining koóndalang kesimi boóyicha siljishga qarshilik 
koórsatish boóyicha eng yuqori kuchlanish darajasini bildiradi;                   
ɛ ï xavfsizlik omili. Amaldagi siljish yuklamalarining hisoblangan 
buzuvchi yuklamadan past boólishini taôminlash uchun kiritiladigan 
koeffitsient. Xavfsizlik omili konchilik sharoitlarining murakkabligi, 
yuklanishlarning noaniqligi va mustahkamlash tizimining ahamiyatiga 
qarab belgilanadi (odatda 1,5 dan 3 va undan yuqori boólishi mumkin). 
Muhandislik amaliyotida ankerlar koópincha nafaqat choózilish, balki 

siljish yuklari taôsiriga ham duch kelishadi. Masalan, togó jinslarining 
siljishi yoki konstruksiya elementlarining oózaro taôsiri natijasida ankerda 
siljish kuchlari paydo boólishi mumkin. Shu sababli, ankerli 
mustahkamlash tizimlarini loyihalashda ankerning siljishga qarshilik 
koórsatish qobiliyatini ham hisobga olish muhimdir. Koópgina metallar, 
jumladan poólat kabi plastik materiallar uchun siljish mustahkamligi 
chegarasi (űh) va choózilish mustahkamligi chegarasi (ůh) oórtasida 
muayyan empirik bogóliqlik mavjud. Materiallar qarshiligi nazariyasiga 
koóra, koópgina metallar uchun siljish mustahkamligi (űh) choózilish 
mustahkamligi (ůh) bilan chamalab quyidagi munosabatda boóladi [12]: 

űhå(0,5ī0,7)ůh                                    (3) 

Muhandislik hisob-kitoblarida koópincha oórtacha qiymat ï 0,7 qabul 
qilinadi. Bu nisbat materialning ichki molekulyar bogólanishlarining siljish 
va choózilish deformatsiyalariga qarshilik koórsatish mexanizmining oóziga 
xosligi bilan izohlanadi. Aniq qiymat materialning turiga va boshqa 
omillarga bogóliq boólishi mumkin. Shuning uchun, aniq loyiha hisoblarida 
poólatning siljish mustahkamligi boóyicha maxsus maôlumotlarga ega 
boólish tavsiya etiladi. Ilmiy jihatdan, ushbu (2) formula ham bir jinsli va 
izotrop materiallar uchun soddalashtirilgan taxminiy natija beradi. 
Shunday qilib, anker materialining choózilish mustahkamligi maôlum 
boólsa, uning siljish mustahkamligini taxminan aniqlash mumkin. Formula 
(2) anker boltining koóndalang kesimi boóyicha siljishga qarshilik 
koórsatish qobiliyatini baholash uchun ishlatiladi. Amalda, anker 
koópincha togó jinsi qatlamlarining siljish yuzalarini kesib oótadi va aynan 
shu kesish yuzasida siljish deformatsiyalariga qarshilik koórsatadi. 

Xulosa. Shunday qilib, ankerli mustahkamlashning taôsir 
mexanizmini oórganish shuni koórsatdiki, ankerlar qazishma atrofidagi 
togó jinslarining mustahkamligini, togó jinslari massivining yaxlitligini va 

togó bosimining holatini turli darajada yaxshilaydi: ankerlar togó jinslarini 
mustahkamlagandan soóng, togó jinslarining mustahkamligi, elastiklik 
moduli, birikish kuchi va ichki ishqalanish burchagi kabi mexanik 
parametrlari ortadi; ankerlar togó jinslari massividagi uzilishlarning 
mustahkamligini oshiradi, uzilishlar boóylab siljish va surilishning oldini 
oladi, togó jinslari massivining umumiy mustahkamligi va yaxlitligini 
oshiradi; ankerlar togó jinslari massiviga maôlum darajada siqish kuchini 
beradi, togó bosimining holatini yaxshilaydi. Ankerning asosiy taôsiri togó 
jinslari massivining oózini mustahkamlash qobiliyatini faollashtirishdan 
iborat. Ankerlar togó jinslari massivida yoriqlar va darzlarning ochilishini, 
strukturaviy yuzalar boóylab ajralish va siljishning oldini oladi, togó jinslari 
massivining yaxlitligini maksimal darajada saqlaydi va qazishma 
atrofidagi togó jinslarining katta deformatsiyalanishining oldini oladi. 
Yuqori mustahkamlik va yuqori oldindan zoóriqtirishga ega boólgan 
ankerli mustahkamlash tizimlari keng eôtirof etiladi, bunda nafaqat 
ankerlarning mustahkamligiga, balki mustahkamlash tizimining qattiqligi 
va umumiy taôsiriga, ayniqsa, ankerlarning oldindan zoóriqtirish kuchining 
hal qiluvchi roliga va mustahkamlash elementlarining birikkan holda 
ishlashining muhimligiga katta eôtibor qaratiladi, bu esa ankerli 
mustahkamlashni haqiqiy faol va oóz vaqtida amalga oshiriladigan 
mustahkamlash usuliga aylantiradi. Ankerli mustahkamlashning 
samaradorligi yuqorida keltirilgan har bir elementning toógóri tanlanishi, 
sifatli ishlab chiqarilishi va toógóri oórnatilishiga bogóliq.  
Ushbu elementlarning birgalikdagi faoliyati togó jinslari va tuproq 

massivlarining barqarorligini taôminlashda muhim ahamiyatga ega. 
Mustahkamlash tizimini loyihalashda muhandislar muhitning geologik-
muhandislik sharoitlarini, kutilayotgan yuklamalarni va mustahkamlash-
ning maqsadini hisobga olgan holda eng optimal yechimni tanlashlari 
lozim. 
Koóp yillik tadqiqotlar va amaliyotlar asosida hozirgi vaqtga kelib 

xorijiy mamlakatlarda oltin va koómir kazib olish laxmlarining anker 
mustahkamlash texnologiyasi oóziga xos xususiyatlarga ega boólib 
shakllandi. Anker mustahkamlash oltin va koómir laxmlari uchun asosiy, 
xavfsiz va samarali mustahkamlash usuliga aylandi. Bu kompleks 
mexanizatsiyalashgan qazib olish joriy etilganidan keyin oltin va koómir 
qazib olish texnologiyalari sohasidagi yana bir inqilobiy yutuqdir.           
Bu texnologiya konlarni ishlab chiqish va qazilmalarni joylashtirish 
usullarini tubdan oózgartirib, yuqori unumdorlik va samarali konlar 
qurilishida, oltin va koómir qazib olishning keskin oshishida va iqtisodiy 
samaradorlikni oshirishda muhim rol oóynaydi. 
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ɺʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʳʝ ʨʘʙʦʪʳ ʚ ʢʘʨʴʝʨʘʭ ʟʘʢʣʶʯʘʶʪʩʷ ʚ  
ʚʳʝʤʢʝ ʠʟ ʤʘʩʩʠʚʘ (ʨʘʟʚʘʣʘ ʠʣʠ ʨʘʟʨʳʭʣʸʥʥʦʛʦ ʩʣʦʷ), ʧʝʨʝʤʝʱʝ-
ʥʠʝ ʠ ʨʘʟʛʨʫʟʢʘ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ. ɺʳʝʤʦʯʥʦ-
ʧʦʛʨʫʟʦʯʥʳʝ ʨʘʙʦʪʳ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-
ʩʦʚ ʥʘ ʢʘʨʴʝʨʘʭ (ʫʜʝʣʴʥʳʡ ʚʝʩ ʠʭ ʚ ʦʙʱʠʭ ʟʘʪʨʘʪʘʭ ʥʘ ʦʪʢʨʳʪʫʶ 
ʨʘʟʨʘʙʦʪʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʦʩʪʠʛʘʝʪ 20-25 %).  
ɺʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʳʝ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʟʘʙʦʷʭ, 

ʢʦʪʦʨʳʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʘʰʠʥ ʩʣʫʞʘʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 
ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʪʦʨʝʮ ʟʘʭʦʜʢʠ ʠʣʠ ʦʪʢʦʩ 
ʫʩʪʫʧʘ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʟʘʙʦʝʚ ʠ ʟʘʭʦʜʦʢ ʟʘʚʠʩʷʪ ʦʪ 
ʩʧʦʩʦʙʘ ʧʦʜʛʦʪʦʚʢʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʢʘʨʴʝʨʘ, ʚʳʝʤʦʯʥʦ-
ʧʦʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ, ʠʭ ʪʝʭʥʦʣʦʛʠʠ, ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ 
ʟʘʙʦʝ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʦʛʦ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ c 
ʫʯʸʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʠ ʤʘʢʩʠʤʘʣʴʥʦ 
ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʇʨʠ ʦʩʚʦʝʥʠʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʡ ʦʜʥʠʤ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʦ-
ʛʘ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ  ʨʦʩʪʦʤ ʟʘʪʨʘʪ 

ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʦʧʣʠʚʥʦ-ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘ-
ʣʳ, ʘʤʦʨʪʠʟʘʮʠʶ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʘ ʪʘʢ ʞʝ ʩʥʠʞʝʥʠʝʤ 
ʤʦʱʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʫʜʥʳʭ ʪʝʣ, ʩʪʘʥʦʚʠʪʩʷ 
ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʚʳʙʦʨʫ ʘʥʘʣʦʛʘ ʦʙʦʨʫʜʦʚʘ-
ʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʠ 
ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ ʠ ʤʝʪʘʣʣʘ.  

ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ: 
ï ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʘʥʘʣʦʛʘʤʠ; 
ï ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ 

ʨʫʜʳ ʠ ʤʝʪʘʣʣʘ; 
ï ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ; 
ï ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʨʫʜʳ; 
ï ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 
ï ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʦʪʨʘʙʦʪʢʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ 

ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʜʦʩʪʠʞʝʥʠʝ  
ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʪʝʭʥʠʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʧʘʨʘʤʝʪʨʘʤʠ ʫʩʪʫʧʘ, ʛʜʝ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 
ʚʳʩʦʪʳ ʫʩʪʫʧʘ ʛʝʦʤʝʪʨʠʠ ʨʘʙʦʪʳ ʢʦʚʰʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ 
ʜʦ 10-20 % ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [1]. 
ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʵʪʦ ʥʘ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷʭ, ʛʜʝ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʨʘʤʝʪʨʳ 
ʫʩʪʫʧʦʚ 5-10 ʤ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʨʘʙʦʪʘ ʥʘ 
ʫʩʪʫʧʘʭ ʚʳʩʦʪʦʡ 2-5 ʤ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ 
ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʦʣʥʝʥʠʷ ʢʦʚʰʘ, ʫʜʦʙʩʪʚʘ ʧʦʜʭʦʜʘ ʢ ʟʘʙʦʶ ʠ 
ʚʨʝʤʝʥʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʰʠʥʳ. 
ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʥʝʩʪʘʙʠʣʴ-

ʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʙʦʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 
ʩʦʦʪʚʝʪʩʪʚʠʶ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʰʠʥ ʧʘʨʘʤʝʪʨʘʤ ʫʩʪʫʧʦʚ. 

ʋɼʂ: 622.235:622.271  DOI:10.54073/GV.2025.3.102.005 

Miqyos jihatdan kichik boólgan oltin konlarini oózlashtirishda turli balandlikdagi pogóonalarda qazish-yuklash uskunalarining texnik va 
hisobiy ish unumdorligini aniqlash, shuningdek, optimal qazish-yuklash uskunalari analogini tanlash boóyicha tadqiqotlar oótkazildi. 
Qazish-yuklash uskunalarining (QYU) unumdorligi oózgarishi aniqlandi, shuningdek, qazib olish pogóona balandligiga qarab QYU turlarini 
qoóllash boóyicha tavsiyalar ishlab chiqildi. Bu esa, oóz navbatida, mos sharoitlar uchun turli qazish-yuklash va transport uskunalari 
toóplamlaridan foydalanish zaruratini belgilaydi. 
Kalit soózlar: pogóona, pogóona balandligi, QYU, unumdorlik, samaradorlik, texnika tanlash, kovsh, hajm, unumdorlikning kamayishi, 

taqqoslov tahlil, pogóona parametrlari. 
 
ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʨʘʩʯʸʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʦʛʘ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʝ ʦʪʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʫʧʘ ʧʨʠ ʦʩʚʦʝʥʠʠ 
ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ (ɺʇʆ), ʘ ʪʘʞʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚʚʦʜʘ ɺʇʆ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʜʦʙʳʯʥʦʛʦ ʫʩʪʫʧʘ, ʯʪʦ ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʪʦʚ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʦʛʦ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʪʫʧ, ʚʳʩʦʪʘ ʫʩʪʫʧʘ, ɺʇʆ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʦʜʙʦʨ ʪʝʭʥʠʢʠ, ʢʦʚʰ, ʦʙʲʸʤ, 

ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʘʨʘʤʝʪʨʳ ʫʩʪʫʧʘ. 

ʁʊʊʄɾɽʇɻɹʆʁɾ ʁʀʅɾʆɾʆʁʘ ʈʉʇʁʀɻʇɽʁʋɾʄʕʆʇʊʋʁ  
ɻʔɾʅʇʐʆʇɼʇ ʇɺʇʉʌɽʇɻɹʆʁʘ ʃɹʉʕɾʉɹ ʈʉʁ ʇʊɻʇɾʆʁʁ  
ʅɾʄʃʇʅɹʊʑʋɹɺʆʔʎ ʅɾʊʋʇʉʇɿɽɾʆʁʂ ʈʉʁ ʁʀʅɾʆɾʆʁʁ  
ɻʔʊʇʋʔ ʇʋʉɹɺɹʋʔɻɹɾʅʇɼʇ ʌʊʋʌʈɹ 

ɿʙʚʚʧʩʧʛ ʇ.ʁ., 
ɻʀʇ ʧʦ ʛʦʨʥʳʤ ʨʘʙʦʪʘʤ 
ʎʇɹ ɸʆ «ʅɻʄʂ» 

ʋʬʮʫʙʱʞʛ ɹ.ɺ., 
ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 
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ʎʇɹ ɸʆ «ʅɻʄʂ» 

24 



 

ɻʦʨʥʳʡ ʚʝʩʪʥʠʢ ʋʟʙʝʢʠʩʪʘʥʘ ̄  3 (102) 2025 
 
 

ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

2025 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʪʠʧʘʤʠ ʪʝʭʥʠʢʠ ʚ ʪʘʢʠʭ ʫʩʣʦ-
ʚʠʷʭ ʷʚʣʷʶʪʩʷ ʵʢʩʢʘʚʘʪʦʨʳ ʩ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʣʦʧʘʪʦʡ, ʘ ʪʘʢʞʝ 
ʬʨʦʥʪʘʣʴʥʳʝ ʧʦʛʨʫʟʯʠʢʠ.  
ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ 

ʩʧʦʩʦʙʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʠʟʤʦʡ ʦʙʨʫʰʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʩʧʝʮʠ-
ʬʠʢʫ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʫʩʪʫʧʘ. ʋʯʠʪʳʚʘʷ 
ʧʨʦʠʟʚʝʜʝʥʥʫʶ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʨʘʙʦʪʫ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʫʧʦʚ 
ʚʳʩʦʪʦʡ 2-2,5 ʤ ʬʨʦʥʪʘʣʴʥʳʝ ʧʦʛʨʫʟʯʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ 
ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʢʘʚʘʪʦʨʘʤʠ ʘʥʘʣʦ-
ʛʠʯʥʦʛʦ ʦʙʲʸʤʘ ʢʦʚʰʘ (5 ʠ 6 ʤį). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ:  
ï ʚʦ-ʧʝʨʚʳʭ, ʢʦʚʰ ʌʈʇ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʰʠʨʠʥʫ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʭʚʘʪʳʚʘʪʴ ʙʦʣʴʰʝ ʤʘʪʝʨʠʘʣʘ ʟʘ ʦʜʠʥ ʮʠʢʣ;  
ï ʚʦ-ʚʪʦʨʳʭ, ʛʝʦʤʝʪʨʠʷ ʨʘʙʦʪʳ ʧʦʛʨʫʟʯʠʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʧʦʣʥʦʤʫ ʥʘʧʦʣʥʝʥʠʶ ʢʦʚʰʘ ʧʨʠ ʟʘʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴ-
ʥʦʡ ʧʣʦʩʢʦʩʪʠ. 
ʅʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʥʝʩʸʥʥʳʭ ʜʦʧʦʣʥʝʥʠʡ 

ʢ ʠʤʝʶʱʠʤʩʷ ʤʝʪʦʜʠʢʘʤ ʥʘʤʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʠʞʝʩʣʝʜʫʶʱʘʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ɺʇʆ ʩ   
ʫʯʸʪʦʤ ʧʨʠʥʠʤʘʝʤʳʭ ʫʩʣʦʚʠʡ ʦʪʨʘʙʦʪʢʠ ʤʘʣʦʤʦʱʥʳʭ ʨʫʜʥʳʭ ʪʝʣ. 
ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ «ʉʧʨʘʚʦʯʥʠʢ. ʆʪʢʨʳʪʳʝ 

ʛʦʨʥʳʝ ʨʘʙʦʪʳ» [2], «ʅʦʨʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʩ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦ-
ʙʦʤ ʨʘʟʨʘʙʦʪʢʠ» ɺʅʊʇ 35-86 [3] ʠ «ɽʜʠʥʳʝ ʦʪʨʘʩʣʝʚʳʝ ʥʦʨʤʳ 
ʚʳʨʘʙʦʪʢʠ ʠ ʚʨʝʤʝʥʠ ʥʘ ʦʪʢʨʳʪʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ» ɽʅɺɺ [4], ʢʦʪʦ-
ʨʳʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʛʦʨʥʳʭ ʧʨʦʝʢʪʥʳʭ ʠʥʩʪʠʪʫ-
ʪʘʭ ʠ ʧʨʦʝʢʪʥʳʭ ʙʶʨʦ ʢʦʤʙʠʥʘʪʦʚ. 
ʇʨʠ ʵʪʦʤ, ʜʣʷ ʫʩʣʦʚʠʡ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʚʳʩʦʪʦʡ ʜʦʙʳʯʥʦʛʦ ʫʩʪʫʧʘ, ʙʳʣʠ ʚʢʣʶʯʝ-
ʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ: tʧʦʩʪ ï ʧʦʩʪʦʷʥʥʘʷ ʯʘʩʪʴ ʚʨʝʤʝ-

ʥʠ ʮʠʢʣʘ, tp ï ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘ ʧʝʨʝʜʚʠʞʢʫ ʌʈʇ ʧʦ ʟʘʙʦʶ 
ʠ ʜʨ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝ-
ʩʢʫʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʫʯʸ-
ʪʦʤ ʨʘʥʝʝ ʧʨʦʚʝʜʸʥʥʳʭ ʭʨʦʥʦʤʝʪʨʘʞʥʳʭ ʜʘʥʥʳʭ ʥʘ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʅɻʄʂ.  
ɺ ʪʘʙʣ. 1 ʧʨʠʚʦʜʠʪʩʷ ʦʩʥʦʚʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʵʢʩʢʘʚʘʪʦʨʘ. 
ɺ ʪʘʙʣ. 2 ʧʨʠʚʦʜʠʪʩʷ ʦʩʥʦʚʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ. 
ʇʨʦʩʪʘʚʣʷʷ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʥʠʤʘʝʤʳʭ ʫʩʣʦʚʠʡ     

ʵʢʩʧʣʫʘʪʘʮʠʠ ʌʈʇ ʠ ʵʢʩʢʘʚʘʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʸʤʦʚ ʢʦʚʰʘ, ʦʧʨʝ-
ʜʝʣʷʶʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ɺʇʆ 
ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
ʇʨʠʥʠʤʘʝʤʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ɺʇʆ ʷʚʣʷʶʪʩʷ ʨʘʩʯʸʪʥʳʤʠ, 

ʠ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 
ʦʩʥʦʚʥʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʣʦʤʦʱʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʤʝʣʢʦʤʘʩʰʪʘʙ-
ʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺʳʧʦʣʥʠʚ ʨʘʩʯʸʪʳ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʘʣʛʦ-
ʨʠʪʤʫ, ʧʦʣʫʯʘʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚ ɺʇʆ ʜʣʷ ʫʩʣʦʚʥʦ ʧʨʠʥʷʪʳʭ 
ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ ʢʦʚʰʘ ʫ ʌʈʇ ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʫʩʪʫʧʘʭ 
ʚʳʩʦʪʦʡ 2 ʤ ʠ 2,5 ʤ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʫ ʵʢʩʢʘʚʘ-
ʪʦʨʦʚ.  
ʇʨʦʚʝʜʸʥʥʳʝ ʨʘʩʯʸʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ  

ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʫʶ ʪʝʥʜʝʥʮʠʶ: 
ï ʧʨʠ ʚʳʩʦʪʝ ʫʩʪʫʧʘ 2 ʤ ʬʨʦʥʪʘʣʴʥʳʡ ʧʦʛʨʫʟʯʠʢ ʩ ʢʦʚʰʦʤ   ʦʙʲʸ-

ʤʦʤ 6 ʤį ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʦʜʦʚʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 945 ʪʳʩ. ʤį, ʚ ʪʦ 
ʚʨʝʤʷ ʢʘʢ ʵʢʩʢʘʚʘʪʦʨ ʩ ʪʘʢʠʤ ʞʝ ʦʙʲʸʤʦʤ ʢʦʚʰʘ ï 827 ʪʳʩ. ʤį.    
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ɸʥʘʣʦʛʠʯʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʨʠ ʢʦʚʰʝ  
5 ʤį ï 787 ʪʳʩ. ʤį ʫ ʌʈʇ ʧʨʦʪʠʚ 712 ʪʳʩ. ʤį ʫ ʵʢʩʢʘʚʘʪʦʨʘ; 
ï ʧʨʠ ʚʳʩʦʪʝ ʫʩʪʫʧʘ 2,5 ʤ ʬʨʦʥʪʘʣʴʥʳʡ ʧʦʛʨʫʟʯʠʢ ʩ ʢʦʚʰʦʤ 

ʦʙʲʸʤʦʤ 6 ʤį ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʦʜʦʚʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 992 ʪʳʩ. ʤį, 
ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʢʩʢʘʚʘʪʦʨ ʩ ʪʘʢʠʤ ʞʝ ʦʙʲʸʤʦʤ ʢʦʚʰʘ ï 951 ʪʳʩ. ʤį. 
ɸʥʘʣʦʛʠʯʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʨʠ ʢʦʚʰʝ  
5 ʤį ï 826 ʪʳʩ. ʤį ʫ ʌʈʇ ʧʨʦʪʠʚ 806 ʪʳʩ. ʤį ʫ ʵʢʩʢʘʚʘʪʦʨʘ.  
ʆʜʥʘʢʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʫʩʪʫʧʘ ʙʦʣʝʝ 3 ʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʦʩʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ 
ʨʘʙʦʪʳ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʤʝʥʴʰʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘʙʦʷ. ʇʨʠ ʚʳʩʦʪʝ ʫʩʪʫʧʘ 10 ʤ 
ʵʢʩʢʘʚʘʪʦʨ ʩ ʢʦʚʰʦʤ 6 ʤį ʜʦʩʪʠʛʘʝʪ ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
1 832 ʪʳʩ. ʤį, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʫ ʌʈʇ ʩʦʩʪʘʚ-

ʣʷʝʪ ʣʠʰʴ 1 299 ʪʳʩ. ʤį. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʣʫ-
ʘʪʘʮʠʦʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣɹʥʦʩʪʠ ʢɻʩʢʘʚʘʪʦʨʦʚ ʠ ʌʈʇ ʧʨʠʚʝʜʝʥr ʥʘ 
ʨʠʩ. 1. 
ɸʥʘʣʠʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʚʳʩʦʪʳ ʫʩʪʫʧʘ, ʛʜʝ ʬʨʦʥʪʘʣʴʥʳʝ ʧʦʛʨʫʟʯʠʢʠ ʷʚʣʷ-
ʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʧʨʠ ʥʠʟʢʠʭ ʫʩʪʫʧʘʭ, ʘ ʵʢʩʢʘʚʘʪʦʨʳ 
ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʠʣʫʯʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 
ʫʩʪʫʧʘʭ.  
ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʥʘʯʠʤʫʶ ʦʩʥʦʚʫ ʜʣʷ 

ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʚ ʛʦʨʥʦ-
ʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʚʳʙʦʨʝ ɺʇʆ 
ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʨʴʝʨʦʚ ʩ ʤʘʣʦʡ ʤʦʱ-
ʥʦʩʪʴʶ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʙʣʦʢʦʚ. 

ʋʙʚʤʡʯʙ 2 
ʋʙʚʤʡʯʙ ʩʙʪʰʹʫʙ ʨʩʧʡʠʛʧʝʡʫʞʤʵʦʧʪʫʡ ʭʩʧʦʫʙʤʵʦʧʜʧ ʨʧʜʩʬʠʰʡʣʙ 

 ́
ʨ/ʨ ʆʙʡʥʞʦʧʛʙʦʡʞ ʇʚʧʠʦʙʰʞʦʡʞ ʍʧʩʥʬʤʙ ʩʙʪʰʹʫʙ 

ɾʝʡʦʡʯʙ 
ʡʠʥʞʩʞʦʡʸ 

2. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʮʠʢʣʘ ʌʈʇ ʊʮ 
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3. ʈʘʩʩʪʦʷʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʚʦʟʚʨʘʪʘ Lʟʘʛ, Lʧʦʨ  ʤ 

4. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʛʨʫʟʯʠʢʘ ʩ ʟʘʛʨʫʞʝʥʥʳʤ ʢʦʚʰʦʤ Vʟʘʛ  ʢʤ/ʯʘʩ 
5. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʛʨʫʟʯʠʢʘ ʩ ʧʦʨʦʞʥʳʤ ʢʦʚʰʦʤ Vʧʦʨ  ʢʤ/ʯʘʩ 
6. ʇʦʩʪʦʷʥʥʘʷ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʮʠʢʣʘ tʧʦʩʪ  ʤʠʥ 
7. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ ʢʦʚʰʘ ʂʥ   
8. ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʌʈʇ ʂʚ   

9. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʌʈʇ ʇʪ 
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10. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ ʢʦʚʰʘ ʂʥ   
11. ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʟʨʳʭʣʝʥʠʷ ʧʦʨʦʜ ʚ ʢʦʚʰʝ ʂʨ(ʢ)   

12. ʂʦʵʬʬʠʮʠʝʥʪ ʵʢʩʢʘʚʘʮʠʠ ʂɻ 
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13. ɺʳʩʦʪʘ ʫʩʪʫʧʘ ʅʫ  ʤ 
14. ɼʣʠʥʘ ʌʈʇ 9,4  ʤ 

15. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘ ʧʝʨʝʜʚʠʞʢʫ ʌʈʇ ʧʦ ʟʘʙʦʶ tp 
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16. ʊʝʭʥʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʌʈʇ Qʪʝʭ 
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17. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʤʝʥʳ ʊʩʤ  ʤʠʥ 

18. ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʌʈʇ kʠʩ 
 

9.08.0 ·=
ʠʩ
ʂ  

19. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʌʈʇ Qɻ  
 

ʠʩʩʤʪʝʭʵ
ʂTQQ ÖÖ= ʤį/ʩʤʝʥʫ 

20. 
ʂʦʣʠʯʝʩʪʚʦ ʩʤʝʥ ʚ ʛʦʜʫ (ʩ ʫʯʸʪʦʤ 1 ʜʥʷ ʚ ʥʝʜʝʣʝ ʜʣʷ           
ʧʨʦʚʝʜʝʥʠʷ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʥʘ ʢʘʨʴʝʨʝ) 

Nʩʤ  ʩʤʝʥʘ 

21. ɻʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʌʈʇ Qʛʦʜ 
 

ʩʤʵʛʦʜ
NQQ Ö= ʤį/ʛʦʜ 

ʋʙʚʤʡʯʙ 3 
ʖʣʪʨʤʬʙʫʙʯʡʧʦʦʴʞ ʨʙʩʙʥʞʫʩʴ ʡʪʨʧʤʵʠʧʛʙʦʡʸ ʙʦʙʤʧʜʧʛ ɻʈʇ ʝʤʸ ʬʪʤʧʛʦʧ ʨʩʡʦʸʫʴʮ ʡʪʮʧʝʦʴʮ ʨʙʩʙʥʞʫʩʧʛ 

 ́
ʨ/ʨ ɼʧʝʧʛʙʸ ʨʩʧʡʠʛʧʝʡʫʞʤʵʦʧʪʫʵ 

ɻʴʪʧʫʙ ʬʪʫʬʨʙ, ʤ 
2 2,5 3 4 5 6 7 8 9 10 

1. ʕɻ ʩ Vʢ = 6 ʤį, ʪʳʩ. ʤį/ʛʦʜ 827 951 1 057 1 300 1 439 1 550 1 640 1 715 1 778 1 832 
2. ʌʈʇ ʩ Vʢ = 6 ʤį, ʪʳʩ. ʤį/ʛʦʜ 945 992 1 031 1 093 1 143 1 183 1 218 1 249 1 275 1 299 
3. ʕɻ ʩ Vʢ = 5 ʤį, ʪʳʩ. ʤį/ʛʦʜ 712 806 883 1 063 1 158 1 231 1 289 1 337 1 376 1 409 
4. ʌʈʇ ʩ Vʢ = 5 ʤį, ʪʳʩ. ʤį/ʛʦʜ 787 826 859 911 952 986 1 015 1 040 1 063 1 083 

26 
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2025 

1. ɺʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʦʛʘ ɺʇʆ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʳʩʦʪʳ 
ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ ʜʦʙʳʯʥʳʭ ʫʩʪʫʧʦʚ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʤʝʣʢʦʤʘʩʰʪʘʙ-
ʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʤʝʝʪ ʘʢʪʫʘʣʴʥʫʶ ʥʘʫʯʥʫʶ ʠ ʧʨʘʢ-
ʪʠʯʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 
2. ɼʣʷ ʩʥʠʞʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʪʝʨʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ɺʇʆ 

ʥʘ ʩʪʘʜʠʷʭ ʧʨʝʜʧʨʦʝʢʪʥʳʭ ʠ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʨʘʙʘ-
ʪʳʚʘʝʤʦʛʦ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠ-
ʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʚʳʩʦʪʫ ʜʦʙʳʯʥʦʛʦ ʫʩʪʫʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱ-
ʥʦʩʪʠ ʨʫʜʥʦʛʦ ʪʝʣʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʨʫʜʝ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʘʪ-
ʨʠʚʘʪʴ ʚʘʨʠʘʥʪʳ ʩʝʣʝʢʪʠʚʥʦʡ ʚʳʝʤʢʠ ʨʫʜʥʳʭ ʪʝʣ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ 
ʩ ʚʥʝʩʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʚʳʩʦʪʫ ʫʩʪʫʧʘ [5]. 
3. ɺʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʫʩʪʫʧʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʣʝʤʝʥʪʳ ʠ ʧʘʨʘʤʝʪ-
ʨʳ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

4. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʦʛʦʚ ɺʇʆ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʫʜʥʳʭ ʪʝʣ 
ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʚʳʩʦʪʘ ʜʦʙʳʯʥʦʛʦ ʫʩʪʫʧʘ ʜʦʣʞʥʘ ʙʳʪʴ ʫʤʝʥʴʰʝ-
ʥʘ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʝʜʝʣʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʣʘʛʘʝʪʩʷ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʪʝʭʥʠʢʠ: 
ï ʧʨʠ ʚʳʩʦʪʝ ʫʩʪʫʧʘ ʜʦ 3 ʤ ï ʬʨʦʥʪʘʣʴʥʳʝ ʧʦʛʨʫʟʯʠʢʠ; 

- ʧʨʠ ʚʳʩʦʪʝ ʫʩʪʫʧʘ ʙʦʣʝʝ 3 ʤ ï ɻ ʢʩʢʘʚʘʪʦʨʳ. 

5. ʋʪʦʯʥʸʥʥʳʡ ʪʠʧʘʞ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʫʱʝ-
ʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʭʨʦʥʦʤʝʪʨʘʞʘ ʥʘ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʦʤ ʦʙʲʝʢʪʝ ʩʦʚʤʝʩʪʥʦ ʩ ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʝʡ. 
6. ʇʦʩʢʦʣʴʢʫ ʦʙʲʸʤʳ ʨʫʜʥʳʭ ʪʝʣ ʚ ʦʙʱʝʤ ʦʙʲʸʤʝ ʛʦʨʥʦʡ 

ʤʘʩʩʳ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 5 ʜʦ 10 %, ʤʘʢʩʠ-
ʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ɺʇʆ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʤʘʣʦ-
ʤʦʱʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʩʦ ʩʥʠʞʝʥʠʝʤ ʚʳʩʦʪʳ ʫʩʪʫʧʘ ʙʫʜʫʪ ʥʝʟʥʘʯʠ-
ʪʝʣʴʥʳʤʠ.  

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʨʘʩʯʸʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ɺʇʆ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʨʘʙʦʪʢʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ:            ï ʛʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʕɻ ʩ Vʢ = 6 ʤ3, ʪʳʩ. ʤ3/ʛʦʜ;             ï ʛʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʌʈʇ ʩ Vʢ = 6 ʤ3, ʪʳʩ. ʤ3/ʛʦʜ;              ï 
ʛʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʕɻ ʩ Vʢ = 5 ʤ3, ʪʳʩ. ʤ3/ʛʦʜ;             ï ʛʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʌʈʇ ʩ Vʢ = 5 ʤ3, ʪʳʩ. ʤ3/ʛʦʜ 
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ʈʘʟʨʘʙʦʪʢʘ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʦʨʥʦʜʦ-
ʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʜʥʠʤʠ ʠʟ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝ-
ʜʝʣʷʶʱʠʭ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʜʦʙʳʯʠ, ʷʚʣʷʶʪʩʷ ʧʦʪʝʨʠ ʧʦʣʝʟʥʦʛʦ 
ʠʩʢʦʧʘʝʤʦʛʦ ʠ ʩʪʝʧʝʥʴ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ. ʇʦʪʝʨʠ ʨʫʜʳ ʚʝʜʫʪ ʢ 
ʥʝʜʦʧʦʣʫʯʝʥʠʶ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʫʙʦʞʠʚʘʥʠʝ 
ï ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʜʦʙʳʚʘʝʤʦʛʦ ʩʳʨʴʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘ-
ʪʳ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʠ ʩʥʠʞʘʝʪ ʚʳʭʦʜ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ [1]. 
ɺʣʠʷʥʠʝ ʥʘ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʦʢʘʟʳʚʘʶʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, 

ʚʢʣʶʯʘʷ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʧʦʩʦʙ ʧʦʜʛʦʪʦʚ-
ʢʠ ʨʫʜʥʠʯʥʦʛʦ ʧʦʣʷ ʠ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 
ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʚʘʣʠʬʠʢʘʮʠʶ ʧʝʨʩʦʥʘʣʘ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʶ 
ʛʦʨʥʳʭ ʨʘʙʦʪ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʦʙʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʪʦʯʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝ-
ʩʢʦʡ ʨʘʟʚʝʜʢʠ, ʩʦʙʣʶʜʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. 
ɺʣʠʷʥʠʝ ʫʛʣʘ ʧʘʜʝʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʦʪʝʨʴ ʠ 

ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ. 

ʋʛʦʣ ʧʘʜʝʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 
ʥʘ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ, ʘ ʪʘʢʞʝ ʥʘ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦ-
ʞʠʚʘʥʠʷ. ʇʨʠ ʤʘʣʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ (<10Á) ʩʣʦʞʥʝʝ ʦʙʝʩʧʝʯʠʪʴ 
ʩʘʤʦʪʸʢ ʨʫʜʳ, ʥʦ ʧʨʦʱʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʥʪʫʨ ʚʳʝʤʢʠ. ʇʨʠ ʫʚʝʣʠ-
ʯʝʥʠʠ ʫʛʣʘ ʧʘʜʝʥʠʷ (>50Á) ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʚʘʣʦʚ, ʩʤʝʱʝ-
ʥʠʷ ʨʫʜʳ ʠ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʨʫʰʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʠʤ 
ʧʦʪʝʨʷʤ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʶ (ʨʠʩ. 1). 
ɺʣʠʷʥʠʝ ʫʛʣʘ ʧʘʜʝʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʦʪʝʨʴ ʠ 

ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʪʘʢ ʢʘʢ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 
ʫʛʣʘ ʧʘʜʝʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ ʚʦʟʨʘʩʪʘʶʪ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ. ɺ ʢʨʫʪʦ 
ʥʘʢʣʦʥʥʳʭ ʨʫʜʥʳʭ ʪʝʣʘʭ ʪʨʝʙʫʝʪʩʷ ʢʦʥʪʨʦʣʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʤʝʪʦ-
ʜʳ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʙʫʨʝʥʠʷ ʠ ʦʙʨʫʰʝʥʠʷ. ʉʘʤʳʡ ʦʧʪʠ-
ʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʫʛʣʦʚ ʧʘʜʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʷʝʤʦʡ ʚʳʝʤʢʠ ʚʘʨʴʠ-
ʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 10-30Á. 
ɺʣʠʷʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʥʘʨʫʰʝʥʥʦʩʪʠ ʨʫʜʥʦʛʦ ʪʝʣʘ ʥʘ ʧʦʢʘ-

ʟʘʪʝʣʠ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ. 
ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʥʘʨʫʰʝʥʥʦʩʪʴ ʨʫʜʥʳʭ ʪʝʣ ï ʵʪʦ ʩʪʝʧʝʥʴ ʠʭ ʜʠʩ-

ʣʦʢʘʮʠʠ, ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʩʤʝʱʝʥʠʡ, ʚʦʟʥʠʢʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 
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Oltin tarkibli ruda konlarini yer osti usulida qazib olishda yoóqotilishlar va sifatsizlanishlar koórsatgichlariga taôsir etuvchi asosiy omillar 
koórib chiqildi. Ular qatoriga ruda tanasining yotish burchagi, tektonik buzilishlar, ruda tanasining chuqurligi, ruda tanasining shakli va 
oólchamlari, joylashgan jinslarning barqarorligi, ochish usuli, qabul qilingan qazib olish texnologiyasi hamda xodimlarninig malakasi kiradi. 
Amaliy tajriba shundan dalolat beradiki, yer osti usulida oltin tarkibli ruda konlarini qazib olishda yoóqotilish va sifatsizlanishning yuqori 
darajada boólishining asosiy sabablari ï kon ishlarini olib borishning aniqligi past boólishi, burgóilash va portlatish ishlarining sifati ustidan 
samarali nazorat tizimining mavjud emasligi, eskirgan mustahkamlash va shamollatish sxemalaridan foydalanish va zamonaviy geoax-
borot tizimlari va 3D modellash imkoniyatlaridan yetarlicha foydalanmaslikdir. Shularni hisobga olgan holda va ilgóor kompaniyalarning 
ijobiy tajribasi asosida oltin tarkibli ruda konlarin yer osti usulida qazib olishda yer osti boyliklaridan oqilina foydalanishning istiqbolli 
yoónalishlari aniqlandi. 
Kalit soózlar: ruda tanasi, shakllari, konturlari, yoóqotilish va sifatsizlanish miqdori, omillar, ruda tanasining qalinligi, yotish burchagi, 

tektonik buzilishlar, yotqiziqlar chuqurligi, barqarorlik, xodimlar malakasi, raqamlashtirish. 
 
ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ ʪʘʢʠʝ ʢʘʢ ʚʣʠʷʥʠʝ ʫʛʣʘ ʧʘʜʝʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ, ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʥʘʨʫʰʝʥʥʦʩʪʠ, 
ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ, ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʨʫʜʥʦʛʦ ʪʝʣʘ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʩʧʦʩʦʙʘ ʚʩʢʨʳʪʠʷ, ʧʨʠʥʷʪʦʡ      
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʚʳʝʤʦʯʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ.  ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳ-
ʤʠ ʧʨʠʯʠʥʘʤʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ï ʥʠʟʢʘʷ ʪʦʯʥʦʩʪʴ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, 
ʥʝʵʬʬʝʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʫʩʪʘʨʝʚʰʠʝ ʩʭʝʤʳ ʢʨʝʧʣʝʥʠʷ ʠ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʩʣʘʙʦʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ɻʀʉ ʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ 
ʢʦʤʧʘʥʠʡ, ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʨ ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʡ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʫʜʥʦʝ ʪʝʣʦ, ʬʦʨʤʳ, ʢʦʥʪʫʨʳ, ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ, ʬʘʢʪʦʨʳ, ʚʣʠʷʥʠʝ, ʤʦʱʥʦʩʪʴ 

ʨʫʜʥʦʛʦ ʪʝʣʘ, ʫʛʦʣʴ ʧʘʜʝʥʠʷ, ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʥʘʨʫʱʝʥʥʦʩʪʴ, ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ, 
ʮʠʬʨʦʚʠʟʘʮʠʷ. 

ʇʊʆʇɻʆʔɾ ʍɹʃʋʇʉʔ, ɻʄʁʘʗʒʁɾ ʆɹ ʈʇʃɹʀɹʋɾʄʁ ʈʇʋɾʉʕ 
ʁ ʉɹʀʌɺʇɿʁɻɹʆʁʘ ʈʉʁ ʉɹʀʉɹɺʇʋʃɾ ʀʇʄʇʋʇʊʇɽɾʉɿɹʒʁʎ 
ʉʌɽ ʈʇɽʀɾʅʆʔʅ ʊʈʇʊʇɺʇʅ 

ʃʧʪʡʥʧʛ ʅ.ʇ., 
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ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 
ʚʳʨʘʙʦʪʦʢ, ʪʦʯʥʦʩʪʴ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʥʘ ʚʳʙʦʨ ʩʧʦʩʦ-
ʙʘ ʠ ʩʭʝʤʳ ʦʪʨʘʙʦʪʢʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʨʫʰʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʘʶʪ 
ʧʦʪʝʨʠ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʝʝ ʢʦʥʪʨʦʣʠ-
ʨʦʚʘʪʴ ʢʦʥʪʫʨʳ ʚʳʝʤʢʠ ʠ ʠʟʙʝʞʘʪʴ ʟʘʭʚʘʪʘ ʧʫʩʪʳʭ ʧʦʨʦʜ (ʪʘʙʣ. 1). 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʥʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʥʘʨʫʰʝʥʥʦʩʪʴ ʤʘʩ-

ʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ 
ʧʨʠ ʜʦʙʳʯʝ.  ʂʦʛʜʘ ʚ ʤʘʩʩʠʚʝ ʩʠʣʴʥʘʷ ʥʘʨʫʰʝʥʥʦʩʪʴ ʪʨʝʙʫʝʪʩʷ 
ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʧʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʘʩʩʠʚʘ 
(ʢʨʝʧʣʝʥʠʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ). ɺ ʪʘʢʠʭ ʤʘʩʩʠʚʘʭ, ʩ ʚʳʩʦʢʦʡ ʪʝʢʪʦ-
ʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʚʳʙʦʨ ʠ ʧʨʠʤʝʥʷʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦ ʚʝʜʝ-
ʥʠʶ ʛʦʨʥʳʭ ʨʘʙʦʪ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 
ʚʩʝʛʦ ʤʘʩʩʠʚʘ. 

ɺʣʠʷʥʠʝ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʦ-
ʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ. ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ ʦʢʘʟʳ-
ʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʧʨʠ ʠʭ 
ʧʦʜʟʝʤʥʦʡ ʜʦʙʳʯʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʚʦʟʨʘʩʪʘʶʪ ʛʝʦʤʝʭʘʥʠ-
ʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʜʘʚʣʝʥʠʝ ʥʘ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 
ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩʥʠʞʘʝʪʩʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʣʦʞ-
ʥʝʥʠʷ ʩʠʩʪʝʤ   ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʶ ʙʦʣʝʝ ʜʦʨʦʛʠʭ ʪʝʭʥʦʣʦʛʠʡ, 
ʯʪʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢʠ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ (ʨʠʩ. 2). 
ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʝʤ ʛʣʫʙʞʝ ʟʘʣʝʛʘʝʪ ʨʫʜʥʦʝ ʪʝʣʦ, ʪʝʤ 

ʚʳʰʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ 
ʨʦʩʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ ʷʚʣʷʶʪʩʷ ʥʘʧʨʷ-
ʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ, ʜʘʚʣʝʥʠʝ ʥʘ ʧʨʦʡʜʝʥ-
ʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʩʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʠʚʘ.   

ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʫʛʣʘ ʧʘʜʝʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ ʥʘ ʧʦʪʝʨʠ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʝ 

ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʥʘ ʧʦʪʝʨʠ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʝ 

ʋʙʚʤʡʯʙ 1 
ʎʙʩʙʣʫʞʩʡʪʫʡʣʙ ʨʧʫʞʩʵ ʡ ʩʙʠʬʚʧʟʡʛʙʦʡʸ ʨʩʡ ʩʙʠʤʡʰʦʧʢ ʪʫʞʨʞʦʡ ʦʙʩʬʱʞʦʦʧʪʫʡ 

ʊʫʞʨʞʦʵ ʦʙʩʬʱʞʦʦʧʪʫʡ ʈʧʫʞʩʡ (%) ʉʙʠʬʚʧʟʡʛʙʦʡʞ (%) ʇʨʡʪʙʦʡʞ 
ʉʣʘʙʘʷ 10 12 ʯʸʪʢʠʝ ʛʨʘʥʠʮʳ ʨʫʜʥʳʭ ʪʝʣ, ʫʩʪʦʡʯʠʚʳʝ ʚʳʨʘʙʦʪʢʠ 
ʉʨʝʜʥʷʷ 16 19 ʤʝʩʪʥʳʝ ʩʤʝʱʝʥʠʷ, ʦʩʪʦʨʦʞʥʳʡ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ 
ʉʠʣʴʥʘʷ 23 27 ʚʳʩʦʢʠʡ ʨʠʩʢ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʦʙʨʫʰʝʥʠʡ 
ʂʨʘʡʥʷʷ 32 36 ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʢʨʝʧʣʝʥʠʷ, ʥʝʩʪʘʙʠʣʴʥʳʝ ʟʦʥʳ 
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ʇʨʠ ʛʣʫʙʦʢʦʤ ʟʘʣʝʛʘʥʠʠ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʠʝ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ ʛʦʨ-
ʥʳʭ ʧʦʨʦʜ. 
ɺʣʠʷʥʠʝ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʨʫʜʥʦʛʦ ʪʝʣʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʦ-

ʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ. 
ʌʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʨʫʜʥʳʭ ʪʝʣ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝ-

ʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ (ʨʠʩ. 3). ʇʣʘʩʪʦʚʳʝ ʠ ʞʠʣʴʥʦ-
ʧʨʦʪʷʞʸʥʥʳʝ ʪʝʣʘ ʣʝʛʯʝ ʧʦʜʜʘʶʪʩʷ ʧʣʘʥʠʨʦʚʘʥʠʶ ʠ ʤʝʭʘʥʠʟʠʨʦ-
ʚʘʥʥʦʡ ʦʪʨʘʙʦʪʢʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʠʥʟʦʚʠʜʥʳʝ ʠ ʥʝʨʝʛʫʣʷʨʥʳʝ 
ʪʝʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠ-
ʝʤ ʤʦʱʥʦʩʪʠ, ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʶ 
ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʛʨʘʥʠʮ [2-6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʦʪ ʬʦʨ-
ʤʳ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʪʝʨʠ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʚʦʟʨʘʩ-
ʪʘʶʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʣʦʞʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ ʨʫʜʥʳʭ ʪʝʣ [7-9]. ʅʘʠʙʦ-
ʣʝʝ ʣʫʯʰʠʤʠ ʚ ʧʣʘʥʝ ʧʦʪʝʨʴ ʷʚʣʷʶʪʩʷ ʧʣʘʩʪʦʚʳʝ ʠ ʞʠʣʳ, ʪʦʛʜʘ ʢʘʢ 
ʣʠʥʟʦʚʠʜʥʳʝ ʠ ʥʝʨʝʛʫʣʷʨʥʳʝ ʬʦʨʤʳ ʪʨʝʙʫʶʪ ʜʝʪʘʣʴʥʦʛʦ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ɻʀʉ ʠ ʛʝʦʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ 
ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʩʣʦʞʥʳʭ ʨʫʜʥʳʭ ʪʝʣ. 
ɺʣʠʷʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ. 
ʋʩʪʦʡʯʠʚʦʩʪʴ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ   

ʚʣʠʷʥʠʝ ʥʘ ʚʳʙʦʨ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʦʪʨʘʙʦʪʢʠ 
ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ. ʇʨʠ ʥʘʣʠʯʠʠ ʫʩʪʦʡʯʠʚʳʭ ʧʦʨʦʜ ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦ-

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʦʪ ʬʦʨʤʳ ʨʫʜʥʦʛʦ ʪʝʣʘ 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʦʪ ʬʦʨʤʳ ʨʫʜʥʦʛʦ ʪʝʣʘ 

ʋʙʚʤʡʯʙ 2 
ʈʧʫʞʩʡ ʡ ʩʙʠʬʚʧʟʡʛʙʦʡʞ ʛ ʠʙʛʡʪʡʥʧʪʫʡ ʧʫ ʪʨʧʪʧʚʙ ʛʪʣʩʴʫʡʸ 

ʊʨʧʪʧʚ ʛʪʣʩʴʫʡʸ ʈʧʫʞʩʡ (%) ʉʙʠʬʚʧʟʡʛʙʦʡʞ (%) ʇʨʡʪʙʦʡʞ 
ɺʝʨʪʠʢʘʣʴʥʳʝ ʩʪʚʦʣʳ 16 18 ʥʘʜʸʞʥʳ, ʥʦ ʦʛʨʘʥʠʯʝʥʳ ʧʦ ʛʠʙʢʦʩʪʠ ʜʦʩʪʫʧʘ 
ʅʘʢʣʦʥʥʳʝ ʚʳʨʘʙʦʪʢʠ  (ʅʊʉ) 20 25 ʫʚʝʣʠʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 
ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 13 15 ʛʠʙʢʠʡ ʜʦʩʪʫʧ, ʦʧʪʠʤʠʟʘʮʠʷ ʤʘʨʰʨʫʪʦʚ ʠ ʢʦʥʪʨʦʣʷ 
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ʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 
ʧʦʪʝʨʷʤʠ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʝʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʘʙʦʫʩʪʦʡʯʠʚʳʝ ʠ 
ʥʝʫʩʪʦʡʯʠʚʳʝ ʧʦʨʦʜʳ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʧʦʜʜʝʨʞʢʠ ʠ 
ʢʦʥʪʨʦʣʷ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩʳ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 
ʦʙʲʸʤʳ ʚʦʚʣʝʢʘʝʤʦʡ ʧʫʩʪʦʡ ʧʦʨʦʜʳ (ʨʠʩ. 4). 
ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʚʳ-

ʰʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʩʥʠʞʘʝʪ ʢʘʢ ʧʦʪʝʨʠ, ʪʘʢ ʠ 
ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʨʫʜʳ. ʇʨʠ ʨʘʙʦʪʝ ʚ ʥʝʫʩʪʦʡʯʠʚʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫ-
ʶʪʩʷ ʫʩʠʣʝʥʥʳʝ ʤʝʨʳ ʧʦ ʢʨʝʧʣʝʥʠʶ ʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʤʫ ʤʦʥʠʪʦ-
ʨʠʥʛʫ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʝʨʴ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʝʢʪʦʥʠʯʝʩʢʫʶ 
ʥʘʨʫʰʝʥʥʦʩʪʴ ʠ ʩʝʡʩʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʘʡʦʥʘ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ 
ʨʘʙʦʪ. 
ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʚʩʢʨʳʪʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʦ-

ʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ. 
ɺʳʙʦʨ ʩʧʦʩʦʙʘ ʚʩʢʨʳʪʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʢʘʟʳʚʘ-

ʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʫʙʦʞʠ-
ʚʘʥʠʷ ʨʫʜʥʳʭ ʤʘʩʩ (ʪʘʙʣ. 2). ʈʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʚʩʢʨʳʪʠʷ 
(ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʚʦʣʳ, ʥʘʢʣʦʥʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 
ʩʧʦʩʦʙʳ) ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʟʣʠʯʥʳʡ ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʘ ʢ ʨʫʜʥʳʤ ʪʝ-
ʣʘʤ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʚʝʜʝʥʠʷ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ, 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʦʛʠʩʪʠʢʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ [10-12]. 
ɸʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʚʩʢʨʳʪʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʝ ʧʦʪʝʨʠ 

ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 
ʩʧʦʩʦʙʦʚ ʚʩʢʨʳʪʠʷ. 
ʅʘʢʣʦʥʥʳʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ ʧʦʚʳʰʘʶʪ ʩʣʦʞʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʦʧʝʨʘʮʠʡ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʧʦʪʝʨʴ. ʇʨʝʜʚʘʨʠʪʝʣʴ-
ʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʩʧʦʩʦʙʘ ʚʩʢʨʳʪʠʷ ʤʝʩʪʦʨʦʞʜʝ-
ʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʨʥʦʜʦ-
ʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ [13-18]. 
ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʥʘ ʧʦʢʘʟʘ-

ʪʝʣʠ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ. 
ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ, ʩʧʦʩʦʙ ʠ ʧʦʨʷʜʦʢ ʠʟʚʣʝʯʝʥʠʷ ʨʫʜʥʦʡ ʤʘʩʩʳ, ʯʪʦ ʥʘʧʨʷ-
ʤʫʶ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʫʙʦʞʠʚʘʥʠʷ.          

ʆʩʥʦʚʥʳʝ ʧʨʠʤʝʥʷʝʤʳʝ ʩʭʝʤʳ ʚʢʣʶʯʘʶʪ ʩʧʣʦʰʥʫʶ, ʚʳʝʤʢʫ ʩ 
ʦʩʪʘʚʣʝʥʠʝʤ ʮʝʣʠʢʦʚ, ʘ ʪʘʢʞʝ ʚʳʝʤʢʫ ʨʫʜʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʣʘʜ-
ʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʪʘʙʣ. 3). 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʝ ʧʦʪʝʨʠ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʭʝʤ ʩ ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦ-
ʩʪʨʘʥʩʪʚʘ. ʉʧʣʦʰʥʘʷ ʚʳʝʤʢʘ ʨʫʜʳ ʩʦʧʨʷʞʝʥʘ ʩ ʚʳʩʦʢʠʤʠ ʧʦʪʝʨʷ-
ʤʠ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʦʨʦʜ. ɺʳʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʡ ʩʭʝʤʳ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʛʝʦʤʝʪʨʠʶ ʟʘʣʝʞʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ 
ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
ɺʣʠʷʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʦʪʝʨʴ ʠ 

ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ. 
ʂʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ - ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝ-

ʜʝʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʆʰʠʙʢʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 
ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʨʦʝʢʪʥʦʡ ʩʭʝʤʳ, ʥʝʜʦʩʪʘʪʦʯ-
ʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʙʫʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʦʩʚʝʜʦʤ-
ʣʝʥʥʦʩʪʴ ʚ ʚʦʧʨʦʩʘʭ ʛʝʦʤʝʪʨʠʠ ʦʯʠʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʦʚʝʜʝ-
ʥʠʷ ʨʫʜʥʳʭ ʪʝʣ ʚʝʜʫʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʘʢ ʧʦʪʝʨʴ, ʪʘʢ ʠ ʨʘʟʫʙʦʞʠʚʘ-
ʥʠʷ (ʨʠʩ. 5). 
ɸʥʘʣʠʟ ʫʨʦʚʥʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʚʘʣʠ-

ʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣ-
ʥʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ 
ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ ʨʫʜʳ ʠ ʩʪʝʧʝʥʴ ʨʘʟʫʙʦʞʠʚʘʥʠʷ. ɼʣʷ ʩʪʘʙʠʣʴʥʦʡ 
ʨʘʙʦʪʳ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʘʪʠʯʝ-
ʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʦʙʫʯʝʥʠʶ, ʪʨʝʥʠʥʛʘʤ ʠ ʢʦʥʪʨʦʣʶ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦ-
ʛʦ ʫʨʦʚʥʷ ʧʝʨʩʦʥʘʣʘ. 
ɺ ʩʪʨʘʥʘʭ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ ʛʦʨʥʦʜʦ-

ʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ, ʪʘʢʠʭ ʢʘʢ ʂʘʥʘʜʘ, ɸʚʩʪʨʘʣʠʷ, ʐʚʝʮʠʷ ʠ   ʏʠʣʠ, 
ʚʦʧʨʦʩʘʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʝʨʷʤʠ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʝʤ ʫʜʝʣʷʝʪʩʷ ʧʨʠʦʨʠ-
ʪʝʪʥʦʝ ʚʥʠʤʘʥʠʝ. ʊʘʤ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʠʩʪʝʤʥʳʝ ʧʦʜʭʦʜʳ: 

 ʎʠʬʨʦʚʠʟʘʮʠʷ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ: ʩʦʟʜʘʥʠʝ 
ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ 3D-ʤʦʜʝʣʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 
ʪʦʯʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʦʪʨʘʙʦʪʢʫ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʦʧʨʝ-
ʜʝʣʷʪʴ ʫʯʘʩʪʢʠ ʩ ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ ʧʦʪʝʨʴ; 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʦʪ ʬʦʨʤʳ ʨʫʜʥʦʛʦ ʪʝʣʘ 

ʋʙʚʤʡʯʙ 2 
ʈʧʫʞʩʡ ʡ ʩʙʠʬʚʧʟʡʛʙʦʡʞ ʛ ʠʙʛʡʪʡʥʧʪʫʡ ʧʫ ʪʨʧʪʧʚʙ ʛʪʣʩʴʫʡʸ 

ʊʨʧʪʧʚ ʛʪʣʩʴʫʡʸ ʈʧʫʞʩʡ (%) ʉʙʠʬʚʧʟʡʛʙʦʡʞ (%) ʇʨʡʪʙʦʡʞ 
ɺʝʨʪʠʢʘʣʴʥʳʝ ʩʪʚʦʣʳ 16 18 ʅʘʜʸʞʥʳ, ʥʦ ʦʛʨʘʥʠʯʝʥʳ ʧʦ ʛʠʙʢʦʩʪʠ ʜʦʩʪʫʧʘ 
ʅʘʢʣʦʥʥʳʝ ʚʳʨʘʙʦʪʢʠ  (ʅʊʉ) 20 25 ʋʚʝʣʠʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 
ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 13 15 ɻʠʙʢʠʡ ʜʦʩʪʫʧ, ʦʧʪʠʤʠʟʘʮʠʷ ʤʘʨʰʨʫʪʦʚ ʠ ʢʦʥʪʨʦʣʷ 
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ʀʥʪʝʛʨʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ: ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨ-
ʤʳ (ʥʘʧʨʠʤʝʨ, Deswik, Datamine, MinePlan) ʩʚʷʟʳʚʘʶʪ ʛʝʦʣʦʛʠʶ, 
ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 
ɺʳʚʦʜʳ: 
1. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʬʦʨʤʘ, ʤʦʱʥʦʩʪʴ, ʫʛʣʳ 

ʧʘʜʝʥʠʷ ʠ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʥʘʨʫʰʝʥʥʦʩʪʴ ʨʫʜʥʳʭ ʪʝʣ, ʦʢʘʟʳʚʘʶʪ 
ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʝʨʠ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʝ. ʅʘʠʙʦʣʝʝ 
ʩʣʦʞʥʳʝ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ï ʤʦʱʥʳʝ, ʥʝʧʦʩʪʦʷʥʥʳʝ ʧʦ ʬʦʨʤʝ ʠ 
ʟʘʣʝʛʘʶʱʠʝ ʧʦʜ ʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ ʨʫʜʥʳʝ ʪʝʣʘ. 
2. ɻʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʢʣʶʯʘʷ ʪʦʯʥʦʩʪʴ ʙʫʨʝʥʠʷ, 

ʧʘʨʘʤʝʪʨʳ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʳʨʘʙʦʪʦʢ, ʩʫʱʝʩʪʚʝʥʥʦ 
ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ.  ʅʝʪʦʯʥʳʝ ʨʘʙʦʪʳ   
ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʨʘʩʭʦʜʫ ʤʘʪʝʨʠʘʣʦʚ, ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʸʤʦʚ ʧʫʩʪʦʡ 
ʧʦʨʦʜʳ ʠ ʨʦʩʪʫ ʧʦʪʝʨʴ. 
3. ʉʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʜʦʣʞʥʘ ʧʦʜʙʠʨʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʛʝʦʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʟʘʢʣʘʜʢʦʡ 
ʧʦʢʘʟʳʚʘʶʪ ʥʘʠʤʝʥʴʰʠʝ ʧʦʪʝʨʠ, ʥʦ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ.  

4. ʂʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʢʘʯʝʩʪʚʝ 
ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ.  
ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ    

ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ 
ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʢʚʘʣʠʬʠ-
ʢʘʮʠʠ. 
5. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʛʝʦʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʦ-
ʚʘʪʴ ʟʦʥʳ ʧʦʪʝʨʴ ʠ ʧʨʠʥʠʤʘʪʴ ʧʨʝʚʝʥʪʠʚʥʳʝ ʤʝʨʳ. 
6. ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʜʦʣʞʥʳ ʙʳʪʴ ʢʦʤʧʣʝʢʩʥʳʤʠ 

ʠ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʬʘʢʪʦʨʳ ʦʪ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʜʦ ʯʝʣʦ-
ʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 
7. ɿʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʨʥʠ-

ʟʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʝ, ʮʠʬʨʦʚʠʟʘ-
ʮʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʧʨʝʜʠʢʪʠʚʥʘʷ ʘʥʘʣʠʪʠʢʘ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳ-
ʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ.  
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

2025 

ʅʘ ʢʘʨʴʝʨʝ «ɿʘʧʘʜʥʳʡ» ʂʘʨʘʭʪʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʫʱʝ-
ʩʪʚʫʝʪ ʟʥʘʯʠʤʘʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʚʣʠʷʶʱʘʷ ʥʘ    
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ.  
ʇʦ ʨʘʟʣʠʯʥʳʤ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʦʙʩʪʦʷʪʝʣʴ-

ʩʪʚʘʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʨʴʝʨʘ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʙʘʩʩʝʡʥ ʦʙʲʸ-
ʤʦʤ ʦʢʦʣʦ 3000 ʤį, ʢʦʪʦʨʳʡ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ ʧʨʝʧʷʪʩʪʚʫʝʪ ʵʬʬʝʢ-
ʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʨʠʩ. 1) [1, 2]. 
ɼʣʷ ʫʜʘʣʝʥʠʷ ʚʦʜʳ ʠʟ ʢʘʨʴʝʨʘ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʜʚʘ ʥʘʩʦʩʘ 

Tsurumi KTZ415-51, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʪʢʘʯʢʠ ʚʦʜʳ. ʆʜʠʥ 
ʥʘʩʦʩ ʫʩʪʘʥʦʚʣʝʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʨʴʝʨʘ ʥʘ ʘʙʩʦʣʶʪʥʦʡ 
ʦʪʤʝʪʢʝ +696, ʘ ʚʪʦʨʦʡ ï ʚ ʝʛʦ ʶʞʥʦʡ ʯʘʩʪʠ ʥʘ ʦʪʤʝʪʢʝ +692. 
ʆʜʠʥ ʠʟ ʥʠʭ ʦʪʢʘʯʠʚʘʝʪ ʚʦʜʫ ʜʣʷ ʥʫʞʜ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ, ʥʘʧʨʘʚʣʷʷ ʝʸ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʚʦʜʦ-
ʩʥʘʙʞʝʥʠʷ. ɼʨʫʛʦʡ ʥʘʩʦʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʜʦʩʥʘʙ-
ʞʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʨʦʤʳʚʢʠ 
ʱʝʙʥʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʷʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-
ʙʳʪʦʚʦʤ ʢʦʤʧʣʝʢʩʝ (ɸɹʂ) ʢʘʨʴʝʨʘ [3]. 
ʈʘʙʦʪʘ ʥʘʩʦʩʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʥʘ ʦʙʲʝʢʪʝ ʠ 
ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʢʘʢ ʜʣʷ ʥʫʞʜ ʥʘʩʝʣʝʥʠʷ, ʪʘʢ ʠ 
ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʡ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʨʴʝʨʘ. 
ɸ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʢʘʨʴʝʨʘ ʫʩʪʘʥʦʚʣʝʥ ʥʘʩʦʩ ʤʦʜʝʣʠ TSURUMI 

KTZ 415-51 ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 120 ʤį/ʯ (ʨʠʩ. 1). ʆʜʥʘʢʦ, ʫʯʠʪʳ-
ʚʘʷ, ʯʪʦ ɸɹʂ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʪʤʝʪʢʝ +752, ʥʘʧʦʨ ʜʘʥʥʦʛʦ ʥʘʩʦʩʘ 
ʦʢʘʟʘʣʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʙʘʢʘ 
(ʩʧʝʮʠʘʣʴʥʘʷ ʸʤʢʦʩʪʴ ʩ ʦʙʲʸʤʦʤ 50 ʤį  ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ   

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʥʫʞʜ). ʇʦʣʥʦʝ ʟʘʧʦʣʥʝʥʠʝ     
ʪʨʝʙʦʚʘʣʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʦʜʠʣʦ 
ʢ ʦʞʠʜʘʥʠʶ, ʢ ʧʨʦʩʪʦʷʤ ʠ ʯʘʩʪʠʯʥʦʡ ʦʩʪʘʥʦʚʢʝ ʨʘʙʦʪʳ [4, 5]. 
ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʩʦʩʘ ʤʘʨʢʠ «Tsurumi KTZ415-51» 

ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 1. 
ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʢʨʫʛʣʦʩʫʪʦʯʥʫʶ ʨʘʙʦʪʫ, ʠʟ-ʟʘ    

ʨʘʟʥʦʩʪʠ ʧʨʠʪʦʢʘ ʚʦʜʳ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʘ ʚ ʟʘʧʘʜʥʦʡ 
ʯʘʩʪʠ ʢʘʨʴʝʨʘ ʧʨʦʜʦʣʞʘʣʘ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚʦʜʘ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ  
ʟʘʜʝʨʞʝʢ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
ʅʘʣʠʯʠʝ ʚʦʜʳ ʥʘ ʢʘʨʴʝʨʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ, 
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çZapadniyè Qaraxtay konining gidrogeologik sharoitlari boóyicha olib borilgan tadqiqotlar davomida ishlab chiqarish jarayonlarining 
barqarorligiga taôsir koórsatadigan asosiy omillar aniqlandi. Asosiy muammo ï togó jinslarining suv bilan toóyinganligi boólib, bu ularning 
mustahkamlik xossalarining pasayishiga, infratuzilmalarning shikastlanishiga olib keladigan koóchki xavflarining ortishiga sabab 
boólmoqda. Suv oqimlarining salbiy taôsirini kamaytirish maqsadida quyidagi yechimlar taklif etildi: zumpflarni loyihalash va qurish, yuqori 
samarali nasos uskunalaridan foydalanish, shuningdek, yer usti va yer osti suv oqimlarini boshqarish boóyicha choralarni joriy etish. 
Kalit soózlar: suv bilan toólish, suv kirishi, gidrogeologiya, nasos uskunalari, suv chiqarish, zumpf, yotqiziqlar barqarorligi, bosim, 

drenaj, ekologik xavfsizlik. 
 
ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʢʘʨʴʝʨʘ çɿʘʧʘʜʥʳʡè ʂʘʨʘʭʪʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ 
ʦʙʚʦʜʥʝʥʠʝ ʧʦʨʦʜ, ʚʳʟʳʚʘʶʱʝʝ ʩʥʠʞʝʥʠʝ ʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʚʝʣʠʯʝʥʠʝ ʨʠʩʢʦʚ ʦʧʦʣʟʥʝʡ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʚʦʜʦʧʨʠʪʦʢʦʚ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 
ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʫʤʧʬʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʤʝʨ ʧʦ ʫʧʨʘʚ-
ʣʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠ ʧʦʜʟʝʤʥʳʤ ʩʪʦʢʦʤ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʚʦʜʥʝʥʠʝ, ʚʦʜʦʧʨʠʪʦʢʠ, ʛʠʜʨʦʛʝʦʣʦʛʠʷ, ʥʘʩʦʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʚʦʜʦʦʪʣʠʚ, ʟʫʤʧʬ, ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʦʪʢʦʩʦʚ, ʥʘʧʦʨ, ʜʨʝʥʘʞ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʇɺʇʊʆʇɻɹʆʁɾ ʇʈʋʁʅɹʄʕʆʇʂ ʊʎɾʅʔ ɻʇɽʇʇʋʄʁɻɹ ʆɹ 
ʌʐɹʊʋʃɾ «ʀɹʈɹɽʆʔʂ» ʃɹʉɹʎʋɹʂʊʃʇɼʇ ʅɾʊʋʇʉʇɿɽɾʆʁʘ 

ʃʧʪʡʥʧʛ ʅ.ʇ., 
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

«ɻʦʨʥʦʝ ʜʝʣʦ» ɸʌ ʅʀʊʋ 
«ʄʀʉʀʉ», ʢ.ʵ.ʥ. 

ʃʧʚʡʤʧʛ ʑ.ɺ., 
ʠ. ʦ. ʜʦʮʝʥʪʘ ʢʘʬʝʜʨʳ 

 «ɻʦʨʥʦʝ ʜʝʣʦ» ɸʌ ʅʀʊʋ 
«ʄʀʉʀʉ», PhD 

ʅʡʩʠʙʤʡʞʛ ʆ.ʆ., 
ʠʥʞʝʥʝʨ-ʧʨʦʝʢʪʠʨʦʚʱʠʢ 

ʆʆʆ çOózGEORANGMETLITIè 

ʅʡʩʠʙʤʡʞʛʙ ʅ.ʅ.,  
ʠʥʞʝʥʝʨ ʧʦ ʅʀʈ 
ɸʌ ʅʀʊʋ «ʄʀʉʀʉ» 

ʈʠʩ. 1. ʆʙʨʘʟʦʚʘʥʠʷ ʚʦʜʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʨʴʝʨʘ ɿʘʧʘʜʥʳʡ», 
ʠʶʣʴ 06.2024 ʛ. 
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ʧʨʦʩʪʦʷʤ ʚ ʨʘʙʦʪʝ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʝʜʝʥʠʝ ʙʫʨʦʚʟʨʳʚʥʳʭ 
ʨʘʙʦʪ (ɹɺʈ), ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʜʦʙʳʚʘʝʤʦʛʦ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ. 
ʈʘʩʯʸʪ ʚʦʜʦʧʨʠʪʦʢʦʚ ʚ ʢʘʨʴʝʨ «ɿʘʧʘʜʥʳʡ» ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʪʦʯʥʠʢʦʚ ʦʙʚʦʜʥʸʥʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʢʘʨʴʝʨʘ, 
ʦʙʱʠʭ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʉʫʤʤʘʨʥʳʡ 
ʚʦʜʦʧʨʠʪʦʢ ʚ ʢʘʨʴʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʣʠʯʠʥʫ, ʭʘʨʘʢʪʝʨʠʟʫʶ-
ʱʫʶʩʷ ʚʦʜʦʧʨʠʪʦʢʦʤ ʟʘ ʩʯʸʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (QA), ʧʦʚʝʨʭ-
ʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʂʫʰʙʫʣʘʢʩʘʷ (Qʧʦʚ), ʘ ʪʘʢʞʝ ʠʟ ʦʪʣʦʞʝʥʠʡ ʵʦʮʝʥʘ 
(ʈ2) ʠ ʤʠʦʮʝʥʘ (N1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ [6]: 

 (1) 
ʉʫʤʤʘʨʥʳʡ ʚʦʜʦʧʨʠʪʦʢ ʚ ʢʘʨʴʝʨ «ɿʘʧʘʜʥʳʡ» ʟʘ ʩʯʝʪ ʘʪʤʦ-

ʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʦʩʪʘʚʣʷʝʪ 
[7]: 

   (2) 
 (3) 

    (4) 
    (5) 

ʈʘʩʯʸʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʫʤʧʬʘ ʚ ʜʝʡʩʪʚʫʶʱʝʤ ʢʘʨʴʝʨʝ 
«ɿʘʧʘʜʥʳʡ»: 
ï ʦʙʲʸʤ ʟʫʤʧʬʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʸʪʦʤ ʚʦʜʦʧʨʠʪʦʢʘ ʟʘ 6 ʯ; 
ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʦʜʦʧʨʠʪʦʢ ʩʦʩʪʘʚʣʷʝʪ 150 ʤį/ʯ; 
ï ʟʘ 6 ʯ ʦʙʲʸʤ ʚʦʜʳ ʩʦʩʪʘʚʠʪ: 
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ʈʠʩ. 2. ʐʞʩʫʹʟ ʦʙʪʧʪʙ ʥʙʩʣʡ «Tsurumi KTZ415-51» 
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ʋʙʚʤʡʯʙ 1 
ʇʟʡʝʙʞʥʴʞ ʨʩʡʫʧʣʡ ʛʧʝʴ 

ʆʙʡʥʞʦʧʛʙʦʡʞ ʌʰʙʪʫʧʣ «ʀʙʨʙʝʦʴʢ» 
ʅʦʨʤʘʣʴʥʳʡ ʧʨʠʪʦʢ, ʤ3/ʯ 130 
ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʪʦʢ, ʤ3/ʯ 150 

ʈʠʩ. 3. ʉʭʝʤʘ ʧʦʜʚʦʜʷʱʝʛʦ ʠ ʥʘʧʦʨʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʈʠʩ. 4. ʂʦʤʤʫʪʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʛʣʘʚʥʦʡ ʚʦʜʦʦʪʣʠʚʥʦʡ ʫʩʪʘʥʦʚʢʠ:   
1 ï ʧʨʠʝʤʥʳʡ ʢʦʣʦʜʝʮ; 2 ï ʚʦʜʦʟʘʙʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʧʨʠʝʤʥʦʡ ʩʝʪʢʦʡ; 
3 ï ʚʩʘʩʳʚʘʶʱʠʡ ʪʨʫʙʦʧʨʦʚʦʜ; 4 ï ʥʘʩʦʩʥʳʝ ʘʛʨʝʛʘʪʳ; 5 ï ʟʘʜʚʠʞʢʠ;     
6 ï ʦʙʨʘʪʥʳʝ ʢʣʘʧʘʥʳ; 7 ï ʩʪʦʷʢ; 8 ï ʢʦʣʴʮʝʚʦʡ ʢʦʣʣʝʢʪʦʨ; 9 ï ʥʘʛʥʝ-
ʪʘʪʝʣʴʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ 

ʋʙʚʤʡʯʙ 2 
ʉʙʪʰʹʫ ʛʧʝʧʧʫʤʡʛʦʧʢ ʬʪʫʙʦʧʛʣʡ, ʧʫʣʙʰʡʛʙʞʥʬʷ ʛ ʚʙʣ ʦʙ ɹɺʃ 

ʋʩʞʚʬʞʥʙʸ ʩʙʪʰʞʫʦʙʸ ʨʧʝʙʰʙ ʦʙʪʧʪʙ, ʤ3/ʯʘʩ 54 
ʇʩʡʞʦʫʡʩʧʛʧʰʦʴʢ ʜʞʧʥʞʫʩʡʰʞʪʣʡʢ ʦʙʨʧʩ, ʤ 20,9 
ʆʞʧʚʮʧʝʡʥʧʞ ʰʡʪʤʧ ʨʧʪʤʞʝʧʛʙʫʞʤʵʦʧ ʪʧʞʝʡʦʞʦ-

ʦʴʮ ʣʧʤʞʪ ʦʙʪʧʪʙ 
1 

ʉʙʪʰʞʫʦʧʞ ʝʙʛʤʞʦʡʞ ʛʧʝʴ ʛ ʦʙʜʦʞʫʙʫʞʤʵʦʧʥ 
ʫʩʬʚʦʧʥ ʪʫʙʛʞ, ʄʇʘ 

0,804 

ʊʨʫʙʘ 
ʜʣʷ ʥʘʛʥʝʪʘʥʠʷ 121·7·8000 
ʜʣʷ ʚʩʘʩʳʚʘʥʠʷ 146·7·8000 

ʉʢʦʨʦʩʪʴ ʚʦʜʳ ʚ ʧʦʜʚʦʜʷʱʝʤ 
ʪʨʫʙʦʧʨʦʚʦʜʝ, ʤ/ʩ 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ 1,54 
ʚʩʘʩʳʚʘʶʱʠʡ 1,01 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʳʭ ʛʠʜʨʘʚ-
ʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ 
ʪʨʫʙʦʧʨʦʚʦʜʘ 

0,0410 

ʚʩʘʩʳʚʘʶʱʝʛʦ 
ʪʨʫʙʦʧʨʦʚʦʜʘ 

0,0382 

ʉʫʤʤʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʩʪʥʳʭ 
ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ 
ʪʨʫʙʦʧʨʦʚʦʜʘ 

17,5 

ʚʩʘʩʳʚʘʶʱʝʛʦ 
ʪʨʫʙʦʧʨʦʚʦʜʘ 

8,8 

ʇʚʧʚʲʞʦʦʴʢ ʣʧʶʭʭʡʯʡʞʦʫ ʪʧʨʩʧʫʡʛʤʞʦʡʸ 
ʛʦʞʱʦʞʢ ʪʞʫʡ 

12,146·10-4 

ʋʙʚʤʡʯʙ 3 
ʆʙʨʧʩʦʙʸ ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ ʛʦʞʱʦʞʢ ʪʞʫʡ (%) 

% 0 % 25 % 50 % 75 % 100 % 125 % 
Q, ʤ3/ʯ 0 12,5 25 37,5 50 62,5 
Hc, m 19 19,18 19,75 20,7 22,03 23,74 

34 

/ʯʤ82,422ʩ12,72ʣʩ6,12ʣʩ6,6ʣQ
3

1
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                                           (6) 
ɿʘʧʘʩ ʦʙʲʸʤʘ ʟʫʤʧʬʘ ʜʣʷ ʫʯʸʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ. 
ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʥʘ 30 %: 

                                 
      

   (7) 
ʂʦʥʩʪʨʫʢʮʠʷ ʟʫʤʧʬʘ: 
ï ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʬʦʨʤʘ ʩ ʫʢʣʦʥʦʤ ʩʪʝʥʦʢ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʦʩʳʧʘʥʠʷ ʛʨʫʥʪʘ; 
ï ʜʥʦ ʠ ʩʪʝʥʢʠ ʟʫʤʧʬʘ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʙʝʪʦʥʥʳʤ  

ʧʦʢʨʳʪʠʝʤ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʧʨʦʩʘʯʠʚʘʥʠʝ ʚʦʜʳ ʚ ʧʦʨʦʜʳ; 
ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʢʣʦʥʦʚ ʜʨʝʥʘʞʥʳʭ ʢʘʥʘʣʦʚ ʜʣʷ ʥʘʧʨʘʚʣʝʥ-

ʥʦʛʦ ʩʙʦʨʘ ʚʦʜʳ ʚ ʟʫʤʧʬ. 
ʈʘʩʧʦʣʦʞʝʥʠʝ ʟʫʤʧʬʘ: 
ï ʟʫʤʧʬ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʩʘʤʦʡ ʥʠʞʥʝʡ ʦʪʤʝʪʢʝ ʢʘʨʴʝʨʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʩʙʦʨ ʚʦʜʳ; 
ï ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ʉʭʝʤʘ ʧʦʜʚʦʜʷʱʝʛʦ ʠ ʥʘʧʦʨʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3. 
ʉʭʝʤʘ ʢʦʤʤʫʪʘʮʠʠ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 4. ɺ ʪʘʙʣ. 2, 3 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʨʘʩʯʸʪʝ ʚʦʜʦʦʪʣʠʚʥʦʡ 
ʫʩʪʘʥʦʚʢʠ ʦʪʢʘʯʠʚʘʝʤʫʶ ʚ ʙʘʢ ʥʘ ɸɹʂ ʠ ʜʘʥʥʳʝ ʦ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʝ ʚʥʝʰʥʝʡ ʩʝʪʠ [8]. 
ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʠʨʘʝʤ ʧʦʜʭʦʜʷ-

ʱʠʡ ʥʘʩʦʩ ʂ80-50-250, ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ 50 ʤ3/ʯ ʠ ʥʘʧʦʨ ʙʦʣʝʝ 22 ʤ. ʅʘ ʨʠʩ. 5 ʠʟʦʙʨʘʞʸʥ ʯʝʨʪʸʞ ʠ 
ʩʭʝʤʘ ʨʘʙʦʪʳ ʥʘʩʦʩʘ ʂ80-50-250. ɺ ʪʘʙʣ. 4, 5 ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ 
ʦ ʨʘʩʯʸʪʝ ʚʦʜʦʦʪʣʠʚʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢ ʞʝ ʦ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʝ ʚʥʝʰʥʝʡ ʩʝʪʠ [9]. 
ɹʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʥʘʩʦʩʦʤ ʜʣʷ ʚʦʜʦʦʪʣʠʚʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ 

ʢʘʨʴʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʂ100-80-125. 
ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ 

ʩʭʝʤʳ ʚʦʜʦʦʪʣʠʚʘ ʙʳʣ ʧʨʦʚʝʜʸʥ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʣʫ-
ʘʪʘʮʠʦʥʥrʭ ʟʘʪʨʘʪ ʧʨʠ ʠʩʧʦʣɹʟʦʚʘʥʠʠ ʩʫɦʝʩʪʚʫʁ ʝɦʛʦ ʠ ʧʨʦʝʢʪʠʨʫ-
ʝʤʦʛʦ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʫ ʨʘʩʯʸʪʦʚ ʣʝʛʣʠ ʧʘʨʘʤʝʪʨʳ 
ʪʠʧʦʚʳʭ ʤʦʜʝʣʝʡ ʥʘʩʦʩʦʚ, ʦʙʲʸʤʳ ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʚʦʜʳ, ʧʨʦʜʦʣ-
ʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʯʠʭ ʮʠʢʣʦʚ, ʘ ʪʘʢʞʝ ʪʘʨʠʬʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, 
ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʨʝʛʠʦʥʝ. 
ʌʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʩʦʩʦʚ ʪʠʧʘ Tsurumi KTZ415-51, ʥʦʤʠʥʘʣʴʥʘʷ ʧʨʦ-
ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 120 ʤį/ʯ. ʆʜʥʘʢʦ ʚ ʩʣʦʞʠʚ-
ʰʠʭʩʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʢʦ-ɻ ʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ 
ʜʘʥʥʳʝ ʥʘʩʦʩʳ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʥʘʧʦʨʘ, ʯʪʦ 
ʚʝʜʸʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʥʘʧʦʣʥʝʥʠʷ ʨʝʟʝʨʚʫʘʨʦʚ, ʚʨʝʤʝʥʥʳʤ 
ʦʩʪʘʥʦʚʢʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɻʦʜʦʚʦʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ 
ʢʨʫʛʣʦʩʫʪʦʯʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 129,6 
ʪʳʩ. ʢɺʪĿʯ, ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʫʶʱʝʤ ʪʘʨʠʬʝ 1 000 ʩʫʤ ʟʘ 1 ʢɺʪĿʯ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʦʜʦʚʦʤʫ ʦʙʲʸʤʫ ʟʘʪʨʘʪ ʥʘ ʫʨʦʚʥʝ 129,6 ʤʣʥ ʩʫʤ. 

ʈʠʩ. 5. ʉʭʝʤʘ ʨʘʙʦʪʳ ʠ ʯʝʨʪʸʞ ʥʘʩʦʩʘ ʂ80-50-250: HïQ ï ʥʘʧʦʨ H (ʤ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʯʠ Q (ʤį/ʯ); ɖïQ ï ʂʇɼ ɖ (%) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Q (ʤį/ʯ); 
IïQ ï ʩʠʣʘ ʪʦʢʘ ʜʚʠʛʘʪʝʣʷ III (ɸ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Q (ʤį/ʯ); NïQ ï ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ N (ʢɺʪ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Q (ʤį/ʯ) 
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ʋʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʙʳʪʢʠ, ʚʳ-
ʟʚʘʥʥʳʝ ʧʨʦʩʪʦʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʥʝʧʣʘʥʦʚʦʛʦ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʩʭʝʤʳ ʚʦʜʦʦʪʣʠʚʘ ʚʢʣʶʯʘʝʪ ʚʥʝʜʨʝʥʠʝ ʥʘʩʦ-

ʩʦʚ ʤʘʨʦʢ ʂ80-50-250 ʠ ʂ100-80-125, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʯʸʪʥʳʤ 
ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʥʘʧʦʨʫ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ 
ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʛʦʜʦʚʦʡ ʦʙʲʸʤ 
ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʦ 97,2 ʪʳʩ. ʢɺʪĿʯ, ʯʪʦ ʧʨʠ ʘʥʘʣʦ-
ʛʠʯʥʦʤ ʪʘʨʠʬʝ ʜʘʸʪ ʵʢʦʥʦʤʠʶ ʚ ʨʘʟʤʝʨʝ 32,4 ʤʣʥ ʩʫʤ ʝʞʝʛʦʜʥʦ. 
ʇʦʤʠʤʦ ʩʦʢʨʘʱʝʥʠʷ ʨʘʩʭʦʜʦʚ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʜʦʩʪʠʛʘʝʪʩʷ 
ʧʦʚʳʰʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʚʦʜʦʦʪʣʠʚʘ ʠ ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 
ʨʠʩʢʦʚ, ʚʢʣʶʯʘʷ ʧʝʨʝʙʦʠ ʚ ʚʦʜʦʩʥʘʙʞʝʥʠʠ ʠ ʫʩʢʦʨʝʥʥʳʡ ʠʟʥʦʩ 
ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʥʠʞʝʥʠʝ ʩʦʚʦʢʫʧʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʧʨʝʚʳʰʘʝʪ 
25 %, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʳʩʦʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝ-
ʩʦʦʙʨʘʟʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʥʘ ʥʦʚʫʶ ʩʭʝʤʫ. ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʮʝʥ-
ʢʘʤ, ʧʝʨʠʦʜ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʚ ʤʦʜʝʨʥʠʟʘʮʠʶ 
ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 2,5 ʣʝʪ, ʧʦʩʣʝ ʯʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʦ-
ʚʦʡ ʫʩʪʘʥʦʚʢʠ ʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʨʷʤʦʡ ʬʠʥʘʥʩʦʚʦʡ ʚʳʛʦʜʦʡ. 
ɺʥʝʜʨʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙʦʩʥʦʚʘʥʦ ʢʘʢ ʩ ʪʝʭʥʠʯʝʩʢʦʡ, 
ʪʘʢ ʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 
ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʫʯʘʩʪʢʝ «ɿʘʧʘʜʥʳʡ» ʂʘʨʘʭʪʘʡʩʢʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ [10, 11]. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ: 
ɺʳʧʦʣʥʝʥ ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʛʝʦʣʦʛʦ-ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʫʯʘʩʪʢʘ «ɿʘʧʘʜʥʳʡ» ʂʘʨʘʭʪʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʢʣʶʯʘʷ 
ʦʮʝʥʢʫ ʩʪʨʦʝʥʠʷ ʤʘʩʩʠʚʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʪʝʢʫʱʝʡ 
ʚʦʜʦʦʪʣʠʚʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ.  
ʋʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʦʪʢʦʩʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ. 
ʇʨʦʚʝʜʝʥʘ ʪʝʭʥʠʯʝʩʢʘʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʩʫʱʝ-

ʩʪʚʫʶʱʝʡ ʚʦʜʦʦʪʣʠʚʥʦʡ ʩʠʩʪʝʤʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʦʝ 
ʥʘʩʦʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʳʡ ʥʘʧʦʨ ʠ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʨʳʚʳ ʠ ʧʨʠʚʦ-
ʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚʦʜʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʨʴʝʨʘ. 
ʅʘ ʦʩʥʦʚʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʦʙʦʩʥʦ-

ʚʘʥʘ ʥʦʚʘʷ ʩʭʝʤʘ ʚʦʜʦʦʪʣʠʚʘ ʩ ʟʘʤʝʥʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʥʘʩʦʩʳ 
ʤʘʨʦʢ ʂ80-50-250 ʠ ʂ100-80-125, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨ-
ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʦʙʭʦʜʠʤʳʤ ʧʘʨʘʤʝʪʨʘʤ 
ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʧʦʨʫ. 
ʇʨʦʚʝʜʸʥ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʥʦʚʦʡ ʩʭʝʤʳ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʛʦʜʦ-
ʚʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʙʦʣʝʝ ʯʝʤ ʥʘ 25 %, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ 
ʩʯʸʪ ʩʦʢʨʘʱʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʩʪʦʝʚ. ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʚʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 2,5 ʣʝʪ. 
ʇʨʝʜʣʦʞʝʥʥʦʝ ʠʥʞʝʥʝʨʥʦʝ ʨʝʰʝʥʠʝ ʫʯʠʪʳʚʘʝʪ ʢʘʨʩʪʦʚʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʩʩʠʚʘ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʛʦʨʥʳʭ 
ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʨʝʞʠʤʳ ʩʝʟʦʥʥʦʛʦ ʚʦʜʦʧʨʠʪʦʢʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʥʘʜʸʞʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʨʝʥʘʞʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ 
ʧʝʨʩʧʝʢʪʠʚʝ. 
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʚʦʜʦʦʪʣʠʚʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʢ ʚʥʝʜʨʝ-
ʥʠʶ ʥʘ ʫʯʘʩʪʢʝ «ɿʘʧʘʜʥʳʡ» ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʋʙʚʤʡʯʙ 4 
ʉʙʪʰʹʫ ʛʧʝʧʧʫʤʡʛʦʧʢ ʬʪʫʙʦʧʛʣʡ ʝʤʸ ʧʫʣʙʰʣʡ ʛʧʝʴ ʡʠ ʣʙʩʵʞʩʙ 
ʪ ʨʧʪʤʞʝʬʷʲʡʥ ʡʪʨʧʤʵʠʧʛʙʦʡʞʥ ʛ ʪʞʤʵʪʣʧʮʧʠʸʢʪʫʛʞʦʦʴʮ ʯʞʤʸʮ  

ʊʨʝʙʫʝʤʘʷ ʨʘʩʯʸʪʥʘʷ ʧʦʜʘʯʘ ʥʘʩʦʩʘ, ʤ3/ʯ 100 
ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʥʘʧʦʨ, ʤ 12,1 
ʅʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʭ 
ʢʦʣʸʩ ʥʘʩʦʩʘ 

1 

ʈʘʩʯʸʪʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʳ ʚ ʥʘʛʥʝʪʘʪʝʣʴʥʦʤ  
ʪʨʫʙʥʦʤ ʩʪʘʚʝ, ʄʧʘ 

0,2 

ʊʨʫʙʘ 
ʜʣʷ ʥʘʛʥʝʪʘʥʠʷ 133Ŀ7Ŀ8000 
ʜʣʷ ʚʩʘʩʳʚʘʥʠʷ 159·7·8000 

ʉʢʦʨʦʩʪʴ ʚʦʜʳ ʚ ʧʦʜʚʦʜʷʱʝʤ  
ʪʨʫʙʦʧʨʦʚʦʜʝ, ʤ/ʩ 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ 2,54 
ʚʩʘʩʳʚʘʶʱʠʡ 1,71 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʳʭ  
ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ 
ʪʨʫʙʦʧʨʦʚʦʜʘ 

0,0396 

ʚʩʘʩʳʚʘʶʱʝʛʦ 
ʪʨʫʙʦʧʨʦʚʦʜʘ 

0,0371 

ʉʫʤʤʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʩʪʥʳʭ 
ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʛʦ 
ʪʨʫʙʦʧʨʦʚʦʜʘ 

10,9 

ʚʩʘʩʳʚʘʶʱʝʛʦ 
ʪʨʫʙʦʧʨʦʚʦʜʘ 

8 

ʆʙʦʙʱʸʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  
ʚʥʝʰʥʝʡ ʩʝʪʠ 

3,073Ŀ10-4 

ʋʙʚʤʡʯʙ 5 
ʆʙʨʧʩʦʙʸ ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ ʛʦʞʱʦʞʢ ʪʞʫʡ (%) 

% 0 % 25 % 50 % 75 % 100 % 125 % 

Q, ʤ3/ʯ 0 25 50 75 100 125 

Hc, m 11 11,19 11,76 12,72 14,07 15,8 
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ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ 
ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʜʘʥʥʳʝ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʠ ʫʩʣʦʚʠʷʭ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʣʝʚʳʭ ʟʘʣʝʞʝʡ ʦʟʝʨʘ ʉʘʡʣʷʢʫʜʫʢ ʚ ʎʝʥʪʨʘʣʴʥʳʭ 
ʂʳʟʳʣʢʫʤʘʭ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ 
ʦʪʣʠʯʘʝʪʩʷ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 
ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʛʘʣʦʛʝʥʝʟʘ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʦʩʠʪ ʟʥʘʯʠʤʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 
ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʝʦʣʦʛʠʠ ʠ ʨʘʩʰʠʨʷʝʪ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦ ʤʠʥʝʨʘʣʦʛʠʠ ʠ 
ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʥʘʪʨʠʝʚʳʭ ʩʫʣʴʬʘʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘ-
ʪ rʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʦʠʩʢʦʚ ʠ ʨʘʮʠʦʥʘʣʴʥʦʡ 
ʨʘʟʨʘʙʦʪʢʠ ʩʦʣʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʷʭ. 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʉʘʡʣʷʢʫʜʫʢ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 50 ʢʤ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʝʝ ʩʦʚʭʦʟʘ ɼʞʝʥʴʛʝʣʴʜʳ (ʟʘʧʘʜʥʦʝ ʦʢʦʥʯʘʥʠʝ ʛʦʨ 
ʂʫʣʴʜʞʫʢʪʘʫ). ɼʦ ʙʣʠʞʘʡʰʝʛʦ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʩʦʚʭʦʟʘ 
ɼʞʝʥʛʝʣʴʜʳ 7-8 ʢʤ (ʨʠʩ. 1). ʇʦ ʘʥʘʣʠʟʫ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 
ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ,  ʢʘʢʠʝ-ʣʠʙʦ ʩʚʝʜʝʥʠʷ ʦ ʩʦʣʝʥʘʢʦʧʣʝʥʠʠ ʦʟʝʨʘ 
ʉʘʡʣʷʢʫʜʫʢ ʦʪʩʫʪʩʪʚʫʶʪ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 
ʥʝʙʦʣʴʰʦʡ (4ʭ4 ʢʤ) ʧʦʣʦʛʦʡ ʥʘ ʟʘʧʘʜʝ, ʶʛʝ ʠ ʚʦʩʪʦʢʝ, ʥʦ ʢʨʫʪʦʡ ʥʘ 
ʩʝʚʝʨʝ ʚʧʘʜʠʥʝ, ʚʳʨʘʙʦʪʘʥʥʦʡ ʚ ʧʘʣʝʦʛʝʥʦʚʳʭ ʧʦʨʦʜʘʭ ʠ ʚ 
ʯʘʩʪʥʦʩʪʠ ʚ ʵʦʮʝʥʦʚʳʭ ʛʣʠʥʘʭ. ɼʥʦ ʚʧʘʜʠʥʳ ʫʛʣʫʙʣʝʥʦ ʥʘ 20-30 ʤ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʶʞʥʳʭ ʩʢʣʦʥʦʚ ʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 100 ʤ ï ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʝʚʝʨʥʳʭ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʠ ʧʦʢʨʳʪʦ ʟʘʩʦʣʝʥʥʳʤ ʧʝʩʯʘʥʦ-
ʛʨʘʚʠʡʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʛʠʧʩʦʚʦʛʦ ʧʝʩʢʘ 
ʠ ʛʠʧʩʦʚʦʡ ʤʫʢʠ (ʨʠʩ. 1). ʇʦʩʣʝʜʥʷʷ ʤʝʩʪʘʤʠ ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ 15-20 
ʩʤ. ɸʙʩʦʣʶʪʥʘʷ ʦʪʤʝʪʢʘ ʜʥʘ ʚʧʘʜʠʥʳ ʨʘʚʥʘ 149 ʤ [1]. 
ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʚ ʩʪʨʫʢʪʫʨʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʦʟʝʨʦ ʉʘʡʣʷʢʫʜʫʢ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʘʨʘʣʣʝʣʴʥʦʡ 
ʣʠʥʝʘʤʝʥʪʥʦʡ ʟʦʥʝ ʚʳʪʷʥʫʪʳʭ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʠʟʤʝʥʝʥʠʝʤ ʨʝʣʴʝʬʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ 
ʧʨʝʜʛʦʨʥʫʶ ʨʘʚʥʠʥʫ ʥʘ ʩʝʚʝʨʝ, ʢʨʫʪʳʤʠ ʚʧʘʜʠʥʘʤʠ ʚ ʶʞʥʦʤ 
ʧʨʦʜʦʣʞʝʥʠʠ ʨʘʚʥʠʥʳ (ʨʠʩ. 2). 
ʉʦʣʷʥʘʷ ʟʘʣʝʞʴ ʨʘʩʧʦʣʦʞʝʥʘ ʫ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʚʧʘʜʠʥʳ ʠ ʠʤʝʝʪ ʨʘʟʤʝʨʳ ʧʦʨʷʜʢʘ 0,5ʭ1,5 ʢʤ. ʂʦʥʪʫʨʳ ʟʘʣʝʞʠ 
ʜʦʚʦʣʴʥʦ ʯʸʪʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʥʝʞʥʦ-ʙʝʣʦʡ ʧʫʰʦʥʢʝ ʪʝʥʘʨʜʠʪʘ, 
ʦʙʨʘʟʫʶʱʝʡʩʷ ʦʪ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʤʠʨʘʙʠʣʠʪʘ ʠ ʚʠʜʥʘ ʥʘ ʜʘʣʸʢʦʤ 
ʨʘʩʩʪʦʷʥʠʠ. 
ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʟʜʝʩʴ ʨʘʧʘ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʈʘʟʨʝʟ ʩʦʣʷʥʦʛʦ ʧʣʘʩʪʘ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʟʘʣʝʞʠ, ʩʫʜʷ ʧʦ 
ʩʢʚʘʞʠʥʝ 15 ʩʣʝʜʫʶʱʠʡ (ʩʚʝʨʭʫ ʚʥʠʟ): 
1) ʩʫʧʝʩʴ ʙʫʨʦʚʘʪʘʷ ʩʚʝʪʣʘʷ ʟʘ ʩʯʸʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʠ 

ʧʫʰʦʥʢʠ ʪʝʥʘʨʜʠʪʘ, ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʣʦʪʥʳʡ ʪʝʥʘʨʜʠʪ 2-3 ʩʤ; 
2) ʪʝʥʘʨʜʠʪ (ʧʫʰʦʥʢʘ) ʩʘʭʘʨʥʦ-ʙʝʣʳʡ 12-15 ʩʤ; 
3) ʤʠʨʘʙʠʣʠʪ ʩʘʭʘʨʦʚʠʜʥʳʡ, ʩʪʝʢʣʷʥʥʦ-ʧʨʦʟʨʘʯʥʳʡ, ʨʳʭʣʳʡ, 

ʩʨʝʜʥʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ï 55 ʩʤ; 

ʋɼʂ 551.435:553.98 DOI:10.54073/GV.2025.3.102.008 

Ushbu maqolada Markaziy Qizilqumda joylashgan Saylaquduq koólining geologik tuzilishi hamda undagi tuzli qatlamlarning 
shakllanish omillari haqida maôlumotlar keltirilgan. Tadqiqotlar jarayonida tuzli yotqiziqlar asosan evaporit jinslardan iborat ekanligi va 
ularning shakllanishi iqlim, paleogeografik hamda gidrogeologik sharoitlar bilan bogóliqligi aniqlangan. Koól hududidagi stratigrafik 
qatlamlar va mineral tarkib geologik kesimlar asosida oórganilgan. Shuningdek, suvli eritmaning kimyoviy tarkibi tahlil qilinib, konning 
gidrogeokimyoviy holati haqida xulosalar chiqarilgan. 
Kalit soózlar: Kontinental galogen qatlamlar, shoór suvlarning tarkibi (xloridlar, sulfatlar, karbonatlar), evaporit jinslar, galogenez 

jarayonlari, Markaziy Qizilqum tuz konlari, kompleks kimyoviy tahlil. 
 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʝ ʦʟʝʨʘ ʉʘʡʣʷʢʫʜʫʢ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʎʝʥʪʨʘʣʴʥʳʭ 

ʂʳʟʳʣʢʫʤʘʭ, ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʣʷʥʳʝ 
ʦʪʣʦʞʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʚʘʧʦʨʠʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ, ʘ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ, 
ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʩʣʦʠ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʘʡʦʥʘ ʦʟʝʨʘ 
ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ, ʯʪʦ 
ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʛʘʣʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʦʩʪʘʚ ʩʦʣʸʥʳʭ ʚʦʜ (ʭʣʦʨʠʜʳ, ʩʫʣʴʬʘʪʳ, ʢʘʨʙʦʥʘʪʳ), 

ʵʚʘʧʦʨʠʪʦʚʳʝ ʧʦʨʦʜʳ, ʧʨʦʮʝʩʩʳ ʛʘʣʦʛʝʥʝʟʘ, ʩʦʣʝʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ, ʢʦʤʧʣʝʢʩʥʳʡ ʭʠʤʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ. 

ɼɾʇʄʇɼʁʐɾʊʃʇɾ ʊʋʉʇɾʆʁɾ ʁ ʌʊʄʇɻʁʘ ʍʇʉʅʁʉʇɻɹʆʁʘ 
ʊʇʄʘʆʔʎ ʇʋʄʇɿɾʆʁʂ ʅɾʊʋʇʉʇɿɽɾʆʁʘ ʊɹʂʄʘʃʌɽʌʃ 
ɻ ʏɾʆʋʉɹʄʕʆʔʎ ʃʔʀʔʄʃʌʅɹʎ 

ʃʬʩʚʧʦʧʛ ɹ.ɻ., 
ʜʦʢʪʦʨʘʥʪ  

ʅʘʚʦʠʡʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɸʅ ʈʋʟ 

ʑʙʩʡʨʧʛ ʑ.ʍ., 
ʥʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ 

«ɻʝʦʣʦʛʠʷ, ʜʦʙʳʯʘ, ʧʝʨʝʨʘʙʦʪʢʘ 
ʜʨʘʛʦʮʝʥʥʳʭ, ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʫʨʘʥʘ» 
ʅʘʚʦʠʡʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɸʅ ʈʋʟ., 

PhD, ʜʦʮʝʥʪ 

ʍʙʫʮʬʤʤʙʞʛʙ ʀ.ʅ., 
ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ 

«ɻʝʦʜʠʥʘʤʠʢʘ ʠ ʪʝʢʪʦʥʠʢʘ» 
ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʋʟʙʝʢʠʩʪʘʥʘ 

ʖʤʥʬʩʧʝʧʛ ʇ.ʍ., 
ʜʦʢʪʦʨʘʥʪ  

ʅʘʚʦʠʡʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɸʅ ʈʋʟ 
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4) ʤʠʨʘʙʠʣʠʪ ʠʣʦʚʘʪʳʡ ï 11 ʩʤ; 
5) ʩʫʧʝʩʴ ʙʫʨʦʚʘʪʦ-ʩʝʨʘʷ ʩ ʯʝʯʝʚʠʮʘʤʠ ʛʠʧʩʘ ï 12 ʩʤ; 
6) ʧʝʩʦʢ ʩʝʨʳʡ ʛʣʠʥʠʩʪʳʡ ʜʦ ʛʣʫʙʠʥʳ 117  ʤʦʱʥʦʩʪʴʶ ï 24 ʩʤ; 

7) ʤʦʱʥʦʩʪʴ ʪʝʥʘʨʜʠʪ-ʤʠʨʘʙʠʣʠʪʦʚʦʡ ʟʘʣʝʞʠ ʦʪ 70-80 ʩʤ. 
ɺʝʩʴʤʘ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʚ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ʟʘʣʝʞʠ ʤʦʱʥʦʩʪʴ 

ʩʦʣʷʥʦʛʦ ʧʣʘʩʪʘ ʦʢʘʞʝʪʩʷ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝʡ. 

ʈʠʩ. 1. ʆʙʦʟʥʘʯʝʥʥʘʷ ʢʘʨʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʣʸʥʦʛʦ ʦʟʝʨʘ ʉʘʡʣʷʢʫʜʫʢ ʚ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʘʭ: 1 ï ʤʘʨʰʨʫʪʳ ʠ ʪʦʯʢʠ 
ʥʘʙʣʶʜʝʥʠʡ ʚ ʟʦʥʘʭ ʟʘʩʦʣʝʥʠʷ; 2 ï ʚʳʭʦʜʳ ʧʦʨʦʜ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ; 3 ï ʢʨʫʧʥʝʡʰʠʝ ʩʦʣʸʥʳʝ ʦʟʸʨʘ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʫʢʘʟʘʥʳ ʩʭʝʤʘʪʠʯʥʦ) 

ʈʠʩ. 2. ʂʦʩʤʦʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʯʘʩʪʢʘ ʦʟʝʨʘ ʉʘʡʣʷʢʫʜʫʢ (ʤʘʩʰʪʘʙʘ 1:100 000) 
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ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʘʭʘʨʦʚʠʜʥʦʛʦ ʤʠʨʘʙʠʣʠʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ 
ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ ʚ ʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 2,78 %; ʚʦʜʘ ï 47-82, ʘ 
ʩʫʣʴʬʘʪ ʥʘʪʨʠʷ ï 48,92. ʉʫʤʤʘ ʦʩʪʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ (ʭʣʦʨʘ, 
ʢʘʣʴʮʠʡ ʠ ʤʘʛʥʠʷ) ʥʝ ʧʨʝʚʳʰʘʝʪ 1,5 %.   
ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʫʯʘʩʪʚʫʶʪ ʚʝʨʭʥʝʤʝʣʦʚʳʝ ʧʝʩʢʠ, 

ʧʝʩʯʘʥʠʢʠ, ʛʣʠʥʳ (ʨʠʩ. 3), ʧʝʨʝʢʨʳʪʳʝ ʧʘʣʝʦʛʝʥʦʚʳʤʠ ʛʣʠʥʘʤʠ ʩ 
ʤʝʨʛʝʣʷʤʠ ʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʚ ʦʩʥʦʚʘʥʠʠ. ʈʘʩʧʦʣʦʞʝʥʥʘʷ ʢ ʩʝʚʝʨʫ 
ʦʩʪʘʥʮʦʚʘʷ ʚʦʟʚʳʰʝʥʥʦʩʪʴ ʩʣʦʞʝʥʘ ʧʘʣʝʦʮʝʥ-ʤʠʦʮʝʥʦʚʳʤʠ 
ʢʨʘʩʥʦʮʚʝʪʥʳʤʠ ʛʣʠʥʘʤʠ, ʘʣʝʚʨʠʪʘʤʠ ʠ ʧʝʩʯʘʥʠʢʘʤʠ. ʉʫʭʦʝ 
ʩʦʣʷʥʦʝ ʦʟʝʨʦ ʨʘʟʤʝʱʝʥʦ ʥʘ ʵʦʮʝʥʦʚʳʭ ʛʣʠʥʘʭ ʶʞʥʦʛʦ ʢʨʳʣʘ 
ʩʠʥʢʣʠʥʘʣʠ, ʷʜʨʦʤ ʢʦʪʦʨʦʡ ʩʣʫʞʠʪ ʦʩʪʘʥʮʦʚʘʷ ʚʦʟʚʳʰʝʥʥʦʩʪʴ, 
ʤʠʨʘʙʠʣʠʪʦʚʘʷ ʟʘʣʝʞʴ ʨʘʩʧʦʣʦʞʝʥʘ ʫ ʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 
ʚʧʘʜʠʥʳ, ʝʝ ʨʘʟʤʝʨ 0,5x1,5 ʢʤ. ʂʦʥʪʫʨʳ ʟʘʣʝʞʠ ʯʪyʢʦ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʩʥʝʞʥʦ-ʙʝʣʦʡ ʧʫʰʦʥʢʝ ʪʝʥʘʨʜʠʪʘ, ʦʙʨʘʟʫʶʱʝʡʩʷ 
ʦʪ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʤʠʨʘʙʠʣʠʪʘ, ʚʠʜʥʦʡ ʥʘ ʜʘʣʝʢʦʤ ʨʘʩʩʪʦʷʥʠʠ [2]. 
ʄʦʱʥʦʩʪʴ ʪʝʥʘʨʜʠʪ-ʤʠʨʘʙʠʣʠʪʦʚʦʡ ʟʘʣʝʞʠ ʦʢʦʣʦ 0,70-0,80 ʤ. 
ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʝʸ ʧʨʦʩʪ: ʢʨʦʤʝ ʤʠʨʘʙʠʣʠʪʘ, ʪʝʥʘʨʜʠʪʘ ʠ 

ʛʠʧʩʘ, ʦʪʤʝʯʘʝʪʩʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʠʤʝʩʴ ʛʘʣʠʪʘ ʠ 
ʵʧʩʦʤʠʪʘ. ʄʠʨʘʙʠʣʠʪ ʠ ʪʝʥʘʨʜʠʪ ʦʙʨʘʟʫʶʪ ʠʥʦʛʜʘ ʦʯʝʥʴ ʯʠʩʪʳʝ 
ʚʦʜʷʥʦ-ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ 1-3 ʤʤ, ʧʣʦʪʥʦ ʩʨʦʩʰʠʝʩʷ 
ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʦʣʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ 
ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʣʝʡ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʠʣʢʫʤʦʚ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1-3. ʉʨʝʜʠ ʩʦʣʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ 
ʜʦʚʦʣʴʥʦ ʯʠʩʪʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ (ʦʙʨ. 22/1, 22/2, 
23/3). ʇʨʠʤʝʩʴ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʀʣʦʚʳʡ ʤʠʨʘʙʠʣʠʪ 
ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 5 % ʢʘʨʙʦʥʘʪʘ ʤʘʛʥʠʷ ʠ ʦʢʦʣʦ 14 % ï ʧʝʩʯʘʥʦ-
ʛʣʠʥʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ. ɿʘʧʘʩʳ ʤʠʨʘʙʠʣʠʪʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 
ʧʨʝʚʳʰʘʶʪ 0,5 ʤʣʥ. ʪ. ʇʠʪʘʝʪʩʷ ʟʘʣʝʞʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʸʪ 
ʩʪʦʢʘ ʚʝʩʝʥʥʠʭ ʚʦʜ ʩ ʧʨʠʣʝʛʘʶʱʠʭ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ [3]. 
ɻʨʫʥʪʦʚʳʝ ʚʦʜʳ ʚ ʨʘʡʦʥʝ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʚ 

ʙʣʠʞʘʡʰʠʭ ʢʦʣʦʜʮʘʭ (ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 5-10 ʢʤ ʶʞʥʝʝ ʠ ʟʘʧʘʜʥʝʝ) 
ʟʘʣʝʛʘʶʪ ʥʘ ʛʣʫʙʠʥʘʭ 30-35 ʤ ʥʝ ʧʨʠʥʠʤʘʷ ʫʯʘʩʪʠʷ ʚ ʩʦʣʝʚʦʤ 
ʧʠʪʘʥʠʠ ʟʘʣʝʞʠ. 
ɻʝʥʝʟʠʩ ʩʦʣʷʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʩʦʣʝʨʦʜʥʳʡ 

ʙʘʩʩʝʡʥ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʥʘʣʠʯʠʶ ʧʦʚʳʰʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʛʠʧʩʘ ʚ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ ʧʘʣʝʦʛʝʥʘ ʠ ʥʝʦʛʝʥʘ ʚʦʜʦʩʙʦʨʥʦʡ 

ʧʣʦʱʘʜʠ ʠ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ, ʟʘʩʦʣʷʶʱʝʛʦ ʦʪʣʦʞʝʥʠʷ ʤʦʨʩʢʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠʟ ʵʪʠʭ 
ʜʦʩʦʚʨʝʤʝʥʥʳʭ ʵʚʘʧʦʨʠʪʦʚ ʠʟʚʣʝʢʘʝʪʩʷ ʩʫʣʴʬʘʪʥʳʡ ʠʦʥ ʠ ʥʘʪʨʠʡ 
ʠ ʦʙʨʘʟʫʝʪʩʷ ʤʠʨʘʙʠʣʠʪ. 
ʊʠʧ ʛʘʣʦʛʝʥʝʟʘ ï ʦʪʯʝʪʣʠʚʦ ʩʫʣʴʬʘʪʥʳʡ (ʥʘʪʨʠʝʚʳʡ ʧʦʜʪʠʧ). 
ɽʩʪʝʩʪʚʝʥʥʘʷ ʟʘʩʦʣʸʥʥʦʩʪʴ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʚʧʘʜʠʥʳ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʟʘʩʦʣʸʥʥʦʩʪʠ 
ʧʘʣʝʦʛʝʥʦʚʳʭ ʛʣʠʥ ʜʨʫʛʠʭ ʫʯʘʩʪʢʦʚ ʨʝʛʠʦʥʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 
ʛʣʠʥʘʭ ʫ ʦʟ. ʄʫʣʣʘʣʳ ʩʦʜʝʨʞʠʪʩʷ 13,89 % ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ 
(ʠʟ ʥʠʭ ï 1,64 ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ ʠ 6,13 ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ), ʫ ʦʟ. 
ʂʘʨʘʪʝʨʝʥ ï 5,45 % (ʦʙʨ. 21/1), ʫ ʦʟ. ʃʷʚʣʷʢʘʥ I ï 8,35 % (ʦʙʨ. 21/2) 
ʠ ʜʨ. ɻʠʧʩ ʚ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ ʠʤʝʝʪ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʝ 
ʧʨʦʠʩʭʦʞʜʝʥʠʝ: ʦʥ ʣʠʙʦ ʟʘʧʦʣʥʷʝʪ ʪʨʝʱʠʥʳ ʰʠʨʠʥʦʡ 2ï3 ʩʤ ʚ 
ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜʘʭ, ʣʠʙʦ ʦʙʨʘʟʫʝʪ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʦʝʦʙʨʘʟʥʳʝ 
ʧʣʦʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʠʜʝ ʨʦʟʦʮʚʝʪʦʚ. ʍʦʪʷ ʩʫʤʤʘ ʘʪʤʦʩʬʝʨʥʳʭ 
ʦʩʘʜʢʦʚ ʚ ʨʘʡʦʥʝ ʦʟ. ʉʘʡʣʷʫʢʫʜʫʢ ʠ ʥʝʚʝʣʠʢʘ (ʦʢʦʣʦ 100 ʤʤ/ʛʦʜ), ʥʦ 
ʚʳʧʘʜʘʶʪ ʦʥʠ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʚ ʚʠʜʝ ʣʠʚʥʝʡ. ɺʦʜʘ, ʧʦʧʘʜʘʷ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʦʫʧʦʨʥʳʭ ʛʣʠʥ ʠ ʚʳʤʳʚʘʷ ʠʟ ʥʠʭ ʩʦʣʷʥʳʝ 
ʢʦʤʧʦʥʝʥʪʳ (ʚ ʦʩʥʦʚʥʦʤ, ʠʦʥʳ SO4 ʠ Na), ʥʝ ʫʩʧʝʚʘʝʪ ʧʨʦʥʠʢʥʫʪʴ 
ʛʣʫʙʦʢʦ ʚ ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ ʠ ʩʪʝʢʘʝʪ ʥʘ ʜʥʦ ʙʝʩʩʪʦʯʥʦʡ ʚʧʘʜʠʥʳ, 
ʛʜʝ ʠ ʠʩʧʘʨʷʝʪʩʷ. 
ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʣʷʥʘʷ ʟʘʣʝʞʴ ʟʘʣʝʛʘʝʪ ʥʘ ʜʥʝ ʚʧʘʜʠʥʳ, 

ʚʳʨʘʙʦʪʘʥʥʦʡ ʚ ʛʣʠʥʘʭ ʧʘʣʝʦʛʝʥʘ, ʷʚʣʷʶʱʠʭʩʷ ʨʝʛʠʦʥʘʣʴʥʳʤ 
ʚʦʜʦʫʧʦʨʦʤ ʚ ʧʨʝʜʝʣʘʭ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ. 
ɼʘʥʥʳʡ ʬʘʢʪ, ʢʘʢ ʵʪʦ ʙʫʜʝʪ ʚʠʜʥʦ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʣʦʞʝʥʠʷ 
ʤʘʪʝʨʠʘʣʘ, ʧʨʠʥʷʪ ʘʚʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʧʨʠ ʧʦʠʩʢʘʭ ʧʦʩʣʝ 
ʧʘʣʝʦʛʝʥʦʚʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʩʦʣʝʡ ʚ ʨʝʛʠʦʥʝ. ʂʘʢ ʫʞʝ ʚʳʰʝ 
ʛʦʚʦʨʠʣʦʩʴ, ʩʦʣʝʥʘʢʦʧʣʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʰʦʨʦʚʳʭ ʥʠʟʠʥ ʧʨʦʪʝʢʘʝʪ 
ʘʥʘʣʦʛʠʯʥʦ ʩʦʣʷʥʦʦʟʝʨʥʳʤ, ʥʦ ʚʚʠʜʫ ʠʭ ʧʨʦʪʦʯʥʦʩʪʠ ʠʣʠ ʤʘʣʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʫʧʘʶʱʠʭ ʩʶʜʘ ʩʦʣʝʡ, ʚ ʥʠʭ ʥʝ ʩʢʘʧʣʠʚʘʶʪʩʷ 
ʛʘʣʦʛʝʥʥʳʝ ʦʩʘʜʢʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ [4]. 
ʉʪʨʫʢʪʫʨʥʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʟʘʣʝʛʘʥʠʝʤ 

ʵʦʮʝʥʦʚʳʭ ʛʣʠʥ ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʢʢʫʤʫʣʷ-
ʮʠʠ ʩʦʣʝʡ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʚʠʜʝ ʤʠʨʘʙʠʣʠʪʘ ʠ ʪʝʥʘʨʜʠʪʘ. ɺʦʜʦ-
ʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʚʧʘʜʠʥʳ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʘ ʧʠʪʘ-
ʥʠʝ ʟʘʣʝʞʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʸʪ ʩʝʟʦʥʥʦʛʦ ʧʦʚʝʨʭ-

ʈʠʩ. 3. ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʉʘʡʣʷʢʫʜʫʢʩʢʦʡ ʩʦʣʷʥʦʡ ʟʘʣʝʞʠ: 1 ï ʧʫʰʦʥʢʘ ʪʝʥʘʨʜʠʪʘ, 2 ï ʤʠʨʘʙʠʣʠʪ, 3 ï ʠʣ, 4 ï ʛʠʧʩ, 5 ï ʛʣʠʥʘ, 6 ï ʛʣʠʥʘ, ʧʝʩʢʠ, 7 ï 
ʚʝʨʭʥʠʡ ʥʝʦʛʝʥ, 8 ï ʤʠʦʮʝʥ-ʧʣʠʦʮʝʥ, 9 ï ʦʣʠʛʦʮʝʥ, 10 ï ʩʫʤʩʘʨʩʢʠʡ ʷʨʫʩ, 11 ï ʥʠʞʥʠʡ ʵʦʮʝʥ, 12 ï ʥʠʟʳ ʚʝʨʭʥʝʛʦ ʤʝʣʘ, 13 ï ʪʫʨʦʥ 
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ʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʩ ʧʨʠʣʝʛʘʶʱʠʭ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ 
ʩʦʩʪʘʚ ʟʘʣʝʞʠ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʯʠʩʪʦʪʳ. 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ NaϜSOϞ (ʤʠʨʘʙʠʣʠʪ ʠ ʪʝʥʘʨ-
ʜʠʪ), ʛʠʧʩ, ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʛʘʣʠʪʘ ʠ ʵʧʩʦʤʠʪʘ. ʍʠʤʠ-
ʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ  
(ʜʦ 48,92 %) ʠ ʢʨʘʡʥʝ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʠʜʦʚ, ʤʘʛʥʠʷ ʠ ʢʘʣʴ-
ʮʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʣʴʬʘʪʥʳʡ (ʥʘʪʨʠʝʚʳʡ) ʪʠʧ ʛʘʣʦʛʝʥʝʟʘ [5]. 
ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʛʠʦʥʘ, ʥʘʣʠʯʠʝ 
ʛʠʧʩʦʥʦʩʥʳʭ ʠ ʩʦʣʝʥʦʩʥʳʭ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʠʪʘʥʠʷ ʠ 
ʦʪʩʫʪʩʪʚʠʷ ʨʘʧʳ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʉʘʡʣʷʫʢʫʜʫʢ ʢ 
ʪʠʧʠʯʥʳʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʧʦʩʣʝ ʧʘʣʝʦʛʝʥʦʚʳʤ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷʤ. 
ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʢʨʠʪʝ-
ʨʠʠ ʧʨʠ ʜʘʣʴʥʝʡʰʠʭ ʧʦʠʩʢʘʭ ʠ ʦʮʝʥʢʝ ʨʝʩʫʨʩʦʚ ʥʘʪʨʠʝʚʳʭ ʩʫʣʴʬʘ-
ʪʦʚ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
ʉʦʣʝʥʘʢʦʧʣʝʥʠʝ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʦʛʦ ʩʦʩʪʘʚʘ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, 

ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʦʪʣʦʞʝʥʠʝʤ ʵʪʠʭ ʩʦʣʝʡ ʠʟ ʵʦʮʝʥʦʚʳʭ ʛʣʠʥ, ʢʦʪʦʨʳʝ 
ʠʤʝʶʪ ʤʦʨʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʙʦʛʘʱʝʥʠʶ 
ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ ʭʣʦʨʠʩʪʳʤ ʥʘʪʨʠʝʤ.  
ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʫʣʴʬʘʪʘ 

ʥʘʪʨʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʜʣʠʪʝʣʴʥʳʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, 

ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʭʣʦʨʘ ʠ ʥʘʪʨʠʷ ʠʟ ʧʨʠʨʦʜʥʳʭ ʭʣʦʨʠʜ-
ʥʦ-ʥʘʪʨʠʝʚʳʭ ʨʘʩʩʦʣʦʚ,     ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʚ ʟʦʥʘʭ ʩʦʣʝʥʘʢʦʧ-
ʣʝʥʠʷ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʙʦʛʘʱʝʥʠʶ ʩʫʣʴʬʘ-
ʪʦʤ ʦʩʪʘʪʦʯʥʳʡ ʨʘʩʩʦʣ ʨʘʧʳ. 

  ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʘ ʦʟʝʨʝ ʚ ʧʨʝʞʥʠʝ 
ʛʦʜʳ ʠ ʯʘʩʪʠʯʥʦ ʚ ʥʝʜʘʣʝʢʦʤ ʧʨʦʰʣʦʤ, ʜʦʙʳʚʘʣʩʷ ʥʝ ʩʫʣʴʬʘʪ 
ʥʘʪʨʠʷ, ʘ ʧʦʚʘʨʝʥʥʘʷ ʩʦʣʴ. 
ɿʘʢʣʶʯʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʣʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʘʡʣʷʢʫʜʫʢ ʚʳʷʚʠʣʦ ʨʷʜ ʚʘʞʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʪʣʠʯʘʶʱʠʭ ʜʘʥ-
ʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪ ʜʨʫʛʠʭ ʩʦʣʝʚʳʭ ʙʘʩʩʝʡʥʦʚ ʎʝʥʪʨʘʣʴʥʦʡ 
ɸʟʠʠ. ʇʨʦʩʪʦʪʘ ʠ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ 
ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨ-
ʤʠʨʫʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ 
ʟʘʧʘʩʦʚ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ. ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʛʫʪ ʩʣʫ-
ʞʠʪʴ ʢʨʠʪʝʨʠʷʤʠ ʧʨʠ ʧʦʠʩʢʘʭ ʥʦʚʳʭ ʟʘʣʝʞʝʡ ʚ ʨʝʛʠʦʥʘʭ ʩ ʧʦʜʦʙ-
ʥʳʤ ʧʘʣʝʦʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩ-
ʰʠʨʷʶʪ ʩʫʱʝʩʪʚʫʶʱʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʚʥʦʩʷʪ ʚʘʞʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟ-
ʚʠʪʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʝʦʣʦʛʠʠ, ʯʪʦ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 
ʜʘʣʴʥʝʡʰʠʭ ʧʦʠʩʢʦʚ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʝʚʳʭ 
ʨʝʩʫʨʩʦʚ ʨʝʛʠʦʥʘ. 

ʋʙʚʤʡʯʙ  1 
ʎʡʥʡʰʞʪʣʡʢ ʪʧʪʫʙʛ ʛʧʝʦʧʢ ʛʴʫʸʟʣʡ (ʛʞʪ. %) ʪʧʤʸʦʴʮ ʧʫʤʧʟʞʦʡʢ ʧʠ. ʊʙʢʤʸʣʬʝʬʣ 

ʇʨʠʤʝʯʘʥʠʝ:  ʧʨʦʙʳ 1-3 ï ʪʝʥʘʨʜʠʪ; 4, 6 ï ʤʠʨʘʙʠʣʠʪ; 7 ï ʩʫʧʝʩʴ ʩ ʛʠʧʩʦʤ. "ʩʣ." ï ʩʣʝʜʳ (ʦʯʝʥʴ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ)  

ʆʧʥʞʩ 
ʧʚʩʙʠʯʙ 

ɼʤʬʚʡʦʙ, ʩʤ 
ʊʧʝʞʩʟʙʦʡʞ ʡʧʦʧʛ ʆʞʩʙʪʫʛʧʩʡʥʴʢ 

ʧʪʫʙʫʧʣ 
ɻʧʝʙ 

ʊʬʥʥʙ 
ʡʧʦʧʛ Ca²ϕ Mg²ϕ Na1ϕ KIϕ COϝ2ϖ+HCO31- SOϞ²ϖ Cl1ϖ 

21/1 ʜʦ 15 2,40 ï 11,69 ï 1,22 30,78 ï 51,66 2,54 100,29 

22/2 ï ï ï 24,70 ï 1,22 68,47 ï 0,84 4,67 99,90 

23/3 ï ï ï 32,33 ï 0,61 66,66 ï - - 99,60 

24/4 20 0,60 0,09 15,22 ʩʣ. ï 33,08 0,42 2,78 47,82 100,01 

25/6 81 0,49 0,24 9,54 0,08 0,12 21,85 0,19 22,56 44,64 99,71 

26/7 93 0,38 0,48 1,17 0,20 0,12 5,00 0,26 82,36 17,49 100,11 

ʋʙʚʤʡʯʙ 2 
ʎʡʥʡʰʞʪʣʡʢ ʪʧʪʫʙʛ ʛʧʝʦʧʩʙʪʫʛʧʩʡʥʴʮ ʪʧʤʞʢ ʏʞʦʫʩʙʤʵʦʴʮ ʃʴʠʴʤʣʬʥʧʛ 

ʋʙʚʤʡʯʙ 3 

ʉʞʠʬʤʵʫʙʫʴ ʪʨʞʣʫʩʙʤʵʦʧʜʧ ʙʦʙʤʡʠʙ ʪʧʤʞʢ ʏʞʦʫʩʙʤʵʦʴʮ ʃʴʠʴʤʣʬʥʧʛ 

ʇʨʠʤʝʯʘʥʠʝ: ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʜʘʥʳ ʚ ʧʨʦʮʝʥʪʘʭ  

ˊ  ́
ʧʚʩ. 

ʅʞʪʫʧ ʛʠʸʫʡʸ 
ʇʨʩʞʝʞʤʞʦʡʞ 
ʧʚʩʙʠʯʙ 

ʆʞʩʙʪʫʛʧʩ. 
ʧʪʫʙʫʧʣ 

H2O 
CI SO4 Na K Ca Mg ʊʬʥʥʙ, 

% ʛ/% ʛ/ʵʢʚ ʛ/% ʛ/ʵʢʚ ʛ/% ʛ/ʵʢʚ ʛ/% ʛ/ʵʢʚ ʛ/% ʛ/ʵʢʚ ʛ/% ʛ/ʵʢʚ 

25/2 ʉʘʡʣʷʫʢʫʜʫʢ ʛʘʣʠʪ 3,88 47,82 0,42 11,99 33,08 688,15 15,22 662,16 ʩʣʝʜʳ 0,60 29,99 0,09 7,99 100,01 

27/3 
ʂʦʪʣ.  
ɸʷʢ-ɸʛʳʪʤʘ 

ʛʘʣʠʪ 0,66 0,32 57,62 57,62 2,47 51,35 38,21 1662,31 ʩʣʝʜʳ 0,24 12,00 0,02 1,99 99,60 

44 ʂʦʪʣ. ʂʘʨʘʢʘʪʘ ʛʘʣʠʪ 8,77 1,18 49,64 49,64 5,51 114,69 33,16 1442,66 ʩʣʝʜʳ 0,98 49,00 0,28 22,99 100,43 

ˊ 
ʨʩʧʚ 

ʃʩʙʫʣʙʸ  
ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ 
ʨʩʧʚʴ 

ʇʚʦʙʩʬʟʞʦʦʴʞ ʶʤʞʥʞʦʫʴ 

Si Al Mg Ca Fe Mn Ni Co Ti V Zr Cu Be Na Sr Ba K Li Rb 

11/ʚ ʄʠʨʘʙʠʣʠʪ > 1 > 1 > 1 > 1 > 1 0,01 0,001 0,001 0,1 0,003 0,01 0,001 0,001 < 0,001 > 1 0,01 0,01 å 1 0,0004 

19/ʭ ɸʩʪʨʘʭʘʥʠʪ å 0,1 0,003 > 1 0,1 0,01 0,001 ï ï 0,001 ï ï ï ï ï > 1 ï ï ï 0,0003 

21 
ʉʫʧʝʩʴ 
(ʟʘʩʦʣʝʥʥʘʷ) 

0,06 0,03 0,1 0,3 0,006 0,001 ï ï 0,003 ï ï ï ï > 1 ï ï ï ï ï 

21/3 ɻʘʣʠʪ 0,06 0,03 0,3 0,6 0,01 0,001 ï ï 0,001 0,001 ï ï ï > 1 ï ï ï 0,0002 0,0002 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ:    
1. ʈʫʙʘʥʦʚ ʀ.ɺ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ. ï ʊʘʰʢʝʥʪ: «ʌʘʥ». 1961. ï 71 ʩ. 
2. ʈʫʙʘʥʦʚ ʀ.ɺ. ʅʝʦʛʝʥ-ʘʥʪʨʦʧʦʛʝʥʦʚʳʝ ʩʫʣʴʬʘʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʢʥ. ʇʦʩʪʧʘʣʝʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʋʟʙʝʢʠʩʪʘʥʘ. ï ʊʘʰʢʝʥʪ: «ʌʘʥ» ʋʟʉʉʈ, 

1973. ï ʉ. 33-38. 
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ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʋʟʙʝʢʠʩʪʘʥʘ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʨʘʩʣʝʡ ʪʨʝʙʫʝʪ ʫʢʨʝʧʣʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ 
ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʛʦʨʥʦʨʫʜʥʳʭ ʨʘʡʦʥʦʚ ʨʝʩʧʫʙʣʠʢʠ, ʛʜʝ 
ʜʝʡʩʪʚʫʶʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ 
ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʎʝʥʪʨʘʣʴʥʦ ʂʳʟʳʣʢʫʤʩʢʠʡ ʨʝʛʠʦʥ ï ʵʪʦ ʦʜʠʥ 
ʠʟ ʫʥʠʢʘʣʴʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʧʨʦʚʠʥʮʠʡ ʤʠʨʘ, ʛʜʝ ʨʘʟʤʝʱʝʥʸʥ ʨʷʜ 
ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 
ʛʠʛʘʥʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʄʫʨʫʥʪʘʫ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ 
ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ 
ʫʢʨʝʧʣʝʥʠʝ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʟʦʣʦʪʘ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ 
ʩʦʢʨʘʱʝʥʠʝ ʜʦ ʤʠʥʠʤʫʤʘ ʣʠʤʠʪʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʙʣʠʟ 
ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʤʠʥʝʨʘʣʴʥʦ-
ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʨʘʡʦʥʘ ʛʣʘʚʥʳʤ ʧʫʪʸʤ ʷʚʣʷʶʪʩʷ ʧʦʠʩʢʠ ʥʦʚʳʭ 
ʦʙʲʝʢʪʦʚ, ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 
ʧʣʦʱʘʜʷʭ ʠ ʥʘ ʬʣʘʥʛʘʭ ʠʟʚʝʩʪʥʳʭ ʠ ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʂ ʯʠʩʣʫ ʧʦʩʣʝʜʥʠʭ ʦʪʥʦʩʠʪʩʷ ɼʘʫʛʳʟʪʘʫʩʢʦʝ 
ʨʫʜʥʦʝ ʧʦʣʝ ʩ ʟʦʣʦʪʦʨʫʜʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ɼʘʫʛʳʟʪʘʫ, 
ɸʩʘʫʢʘʢ, ɸʤʘʥʪʘʡʪʘʫ, ɺʳʩʦʢʦʚʦʣʴʪʥʦʝ (ɸu, Ag) ʠ ʜʨ. 
ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ (ʀ.ʍ. ʍʘʤʨʘʙʘʝʚ, ʍ.ʆ. ʈʘʭʤʘʪʫʣʣʘʝʚ, 

ɸ.ɺ. ʂʦʨʦʣʸʚ, ɽ.ʄ. ʅʝʢʨʘʩʦʚ, ʌ.ʀ. ɺʦʣʴʬʩʦʥ, ɸ.ɼ. ʐʚʝʮʦʚ, ʖ.ʉ. 
ʉʘʚʯʫʢ, ʄ.ʂ. ʊʫʨʘʧʦʚ, ʈ.ʍ. ʄʠʨʢʘʤʘʣʦʚ, ʄ.ʄ. ʄʘʥʩʫʨʦʚ,               

ɹ.ʆ. ɾʘʥʠʙʝʢʦʚ, ʍ. ʆʤʦʥʦʚ ʠ ʜʨ.) [1, 2] ʠʟʫʯʘʚʱʠʝ ʟʦʣʦʪʦʨʫʜʥʳʝ 
ʦʙʲʝʢʪʳ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ ʦʪʤʝʯʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ 
ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʜʠʥʘʤʠʢʠ ʚ ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 
ʨʘʟʤʝʱʝʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  
ʕʪʠ ʬʘʢʪʦʨʳ, ʢʘʢ ʦʪʤʝʯʘʶʪ ɺ.ʀ. ʂʘʟʘʥʩʢʠʡ, ɽ.ʇ. ʄʘʣʠʥʦʚʩʢʠʡ, 

ɻ.ɹ. ʅʘʫʤʦʚ ʠ ʜʨ. ʦʧʨʝʜʝʣʷʶʪ ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 
ʨʘʩʪʚʦʨʦʚ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʨʫʜʥʳʭ ʪʝʣ, ʘ ʪʘʢʞʝ ʠʭ 
ʤʦʨʬʦʣʦʛʠʶ. 
ʂ ʥʘʩʪʘʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ 

ʧʨʦʚʝʜʝʥʳ ʦʛʨʦʤʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʛʝʥʝʟʠʩʘ, 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʫʩʣʦʚʠʡ 
ʨʘʟʤʝʱʝʥʠʷ, ʟʦʣʦʪʦʨʫʜʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʠʭ 
ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 
ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʛʝʦʣʦʛʦ-
ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʨʳʪʠʶ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʟʦʣʦʪʘ ʚ ʨʝʛʠʦʥʝ, ʯʪʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʫʢʨʝʧʣʝʥʠʶ 
ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʟʦʣʦʪʘ ʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 
ʧʨʦʙʣʝʤʦʡ ʥʦʤʝʨ ʦʜʠʥ ʜʣʷ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ.  
ɺ ʜʘʥʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʠʟʫʯʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ 

ʜʝʬʦʨʤʘʮʠʠ ʧʣʦʱʘʜʠ ʧʨʦʷʚʣʝʥʠʷ ʵʥʜʦʛʝʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʪʝʢʪʦʥʦʬʠʟʠʯʝʩʢʠʭ 
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Ushbu ish oltin minerallashuvining shakllanishi davrida Daugiztov maôdanli maydonining geodinamik holatini oórganishga 
bagóishlangan. Oltin konlarini joylashishida blok tektonikasining roli koórsatilgan. Tadqiqotlar shuni koórsatadiki,  ruda hosil  boólish  dav-
rining geodinamikasi uzluksiz tuzilmalar va ularning taôsiri ostidagi tektonik bloklarning faolligini belgilovchi gorizontal harakatlarning 
ustunligi bilan tavsiflanadi. Tadqiqotlar shuni koórsatadiki, Beltovning asosiy strukturaviy xususiyati sharqda chegaradosh Daugiztov 
chuqur yorigóidir. Bu ruda tashuvchi va ruda nazorat qiluvchi strukturadir. Ruda hosil boólish davrining geodinamik holati shimoli-sharqiy 
yoriqlar va tektonik bloklarning faolligi bilan tavsiflanganligi aniqlandi. Tadqiqot hududida shartli ravishda yettita blok belgilangan. Har bir 
blok oóziga xos tektonik kuchlanish taqsimoti va deformatsiyalari bilan tavsiflanadi. Bloklarning geodinamikasi, ayniqsa, ularning xanjar 
shaklidagi uchastkalari yangi uzluksiz strukturalarning paydo boólishiga olib keldi, ular avvalgilari bilan birga konning shakllanishida va 
ularning chegaralarida oltin mineralizatsiyasini joylashtirishda muhim rol oóynadi. 
Kalit soózlar: geodinamika, yoriqlar, ruda maydoni, blok, kon, faollik, deformatsiya, yoriqlar, omillar, chegara  yorigói, siljish. 
 
ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʘ ɼʘʫʛʳʟʪʘʫʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʚʦ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. ʇʦʢʘʟʘʥʘ ʨʦʣʴ ʙʣʦʢʦʚʦʡ ʪʝʢʪʦʥʠʢʠ ʚ ʨʘʟʤʝʱʝʥʠʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ 
ʠʩʩʝʜʦʚʘʥʠʷ ʛʝʦʜʠʥʘʤʠʢʘ ʧʝʨʠʦʜʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʦʩʧʦʜʩʪʚʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ, 
ʦʙʫʩʣʦʚʠʚʰʠʭ ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʨʳʚʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʧʦʜ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ 
ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʣʘʚʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ɹʝʣʴʪʘʫ ʷʚʣʷʝʪʩʷ ɼʘʫʛʳʟʪʘʫʩʢʠʡ ʛʣʫʙʠʥʥʳʡ ʨʘʟʣʦʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ 
ʝʛʦ ʩ ʚʦʩʪʦʢʘ. ʆʥ ʷʚʣʷʝʪʩʷ ʨʫʜʦʨʘʩʧʨʝʜʝʣʷʶʱʝʡ ʠ ʨʫʜʦʚʳʚʦʜʷʱʝʡ ʩʪʨʫʢʪʫʨʦʡ. ʋʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ 
ʦʙʩʪʘʥʦʚʢʘ ʧʝʨʠʦʜʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ. 
ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ ʫʩʣʦʚʥʦ ʚʳʜʝʣʝʥʳ ʩʝʤʴ ʙʣʦʢʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʭʘʨʘʢʪʝʨʥʘ ʩʚʦʷ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʷ. ɻʝʦʜʠʥʘʤʠʢʘ ʙʣʦʢʦʚ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʢʣʠʥʦʚʠʜʥʳʭ ʫʯʘʩʪʢʦʚ ʦʙʫʩʣʦʚʠʣʠ 
ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʨʘʟʨʳʚʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʥʥʝʝ ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʩʳʛʨʘʣʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 
ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʠ ʚ ʨʘʟʤʝʱʝʥʠʠ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʠʭ ʧʝʨʝʜʝʣʘʭ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʜʠʥʘʤʠʢʘ, ʨʘʟʣʦʤʳ, ʨʫʜʥʦʝ ʧʦʣʝ, ʙʣʦʢ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʘʢʪʠʚʥʦʩʪʴ, ʜʝʬʦʨʤʘʮʠʷ, ʪʨʝʱʠʥʳ, ʬʘʢ-

ʪʦʨʳ, ʛʨʘʥʠʯʥʳʡ ʨʘʟʣʦʤ, ʩʤʝʱʝʥʠʝ. 

ɼɾʇɽʁʆɹʅʁʐɾʊʃɹʘ ʇɺʊʋɹʆʇɻʃɹ ʈʉʁ ʍʇʉʅʁʉʇɻɹʆʁʁ 
ʀʇʄʇʋʇʉʌɽʆʔʎ ʈʉʇʘɻʄɾʆʁʂ ɺɾʄʕʋɹʌ (ʏɾʆʋʉɹʄʕʆʔɾ  
ʃʔʀʔʄʃʌʅʔ) 

ʌʥʥʙʫʧʛ ʆ.ʍ., 
ʤʣʘʜʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ  

ɻʋ «ʀʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ» 

ʑʙʩʡʨʧʛ ʑ.ʍ., 
ʥʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ 

ʅʘʚʦʠʡʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɸʅʈʋʟ,  
PhD, ʜʦʮʝʥʪ 

ʋʬʩʙʨʧʛ ʅ.ʃ., 
ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

 ɻʋ «ʀʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ» 
ʜ.ʛ.-ʤ.ʥ, ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʈɸɽʅ  
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʄ.ɺ. ɻʟʦʚʩʢʦʛʦ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʬʨʦʚʘʪʴ ʤʝʭʘʥʠʟʤ 
ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ 
ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʠ ʜʝʬʦʨʤʘʮʠʠ ʩ 
ʧʨʦʮʝʩʩʘʤʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʚ ʠʟʫʯʝʥʠʠ 
(ʤʦʜʝʣʠʨʦʚʘʥʠʠ) ʪʝʢʪʦʥʦʬʠʟʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨ ʨʫʜʥʳʭ 
ʦʙʲʝʢʪʦʚ. 
ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʨʘʙʦʪ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʘʥʥʳʤʠ ʠʟʫʯʝʥʠʷ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʠ ʢʦʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʥʦʚʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʰʠʬʨʦʚʢʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ 
ʦʙʩʪʘʥʦʚʢʠ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ; ʨʫʜʥʳʭ  ʧʦʣʝʡ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ï ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʜʠ-

ʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ɼʘʫʛʳʟʪʘʫʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʚ ʧʝʨʠʦʜ  
ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʠ 
ʨʘʟʣʦʤʦʚ ʥʘ ʨʘʟʤʝʱʝʥʠʝ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 
ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
ʆʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʫʜʥʦʛʦ ʧʦʣʷ; 
ʀʟʫʯʠʪʴ ʭʘʨʘʢʪʝʨ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʝʥʥʳʭ ʙʣʦʢʦʚ; 

ɺʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʘʢʪʠʚʥʦʩʪʴʶ ʨʘʟʣʦʤʦʚ, ʜʠʥʘʤʠʢʦʡ 
ʙʣʦʢʦʚ ʠ ʧʨʦʮʝʩʩʘʤʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ; 
ʈʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʦʙʲʷʩʥʷʶ-

ʱʫʶ ʨʘʟʤʝʱʝʥʠʝ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
ʄʝʪʦʜʠʢʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ: ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ ʚ ʧʨʦʮʝʩʩʘʭ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ; 
ʦʧʨʝʜʝʣʝʥʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨ ʩ 
ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʠ ʜʝʬʦʨʤʘʮʠʝʡ; ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʝʧʝʥʠ ʘʢʪʠʚʥʦʩʪʠ 
ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ; ʚʣʠʷʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʜʠʥʘʤʠʢʫ 
ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ; 
ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʚʩʝʭ ʵʪʠʭ ʷʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʧʨʦʮʝʩʩʦʤ 
ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʘʫʛʳʟʪʘʫʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʩ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʟʦʣʦʪʘ ɼʘʫʛʳʟʪʘʫ, ɸʩʘʫʢʘʢ, ɺʳʩʦʢʦʚʦʣʴʪʥʦʝ ʠ 
ʜʨʫʛʠʤʠ ʟʘʥʠʤʘʝʪ ʚʩʶ ʪʝʨʨʠʪʦʨʠʶ ʛʦʨ ɹʝʣʴʪʘʫ. ʂʘʢ ʫʢʘʟʳʚʘʶʪ 
ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʛʣʘʚʥʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 
ɹʝʣʴʪʘʫ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʝʛʦ ʩ ʚʦʩʪʦʢʘ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶ-
ʱʘʷ (ʧʦ ɸ.ɺ. ʂʦʨʦʣʝʚʫ ð ʨʫʜʦʨʘʩʧʨʝʜʝʣʷʶʱʘʷ) ʨʘʟʨʳʚʥʘʷ ʩʪʨʫʢʪʫ-
ʨʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ.  

ɼʨʫʛʦʡ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʡ 
ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʙʣʦʢʦʚʦʝ 
ʩʪʨʦʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʠʩʪʝ-
ʤʘʤʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʠ ʰʠʨʦʪ-
ʥʳʭ ʨʘʟʣʦʤʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 
ʦʩʥʦʚʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʩʪʨʫʢ-
ʪʫʨʘʤʠ, ʫʯʘʩʪʚʦʚʘʚʰʠʤʠ ʚ ʧʨʦ-
ʮʝʩʩʝ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝ-
ʣʷʚʰʠʤʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʦʙʩʪʘ-
ʥʦʚʢʫ ʛʦʨ ɹʝʣʴʪʘʫ, ʘ ʩʦʦʪʚʝʪʩʪ-
ʚʝʥʥʦ ï ʠ ɼʘʫʛʳʟʪʘʫʩʢʦʛʦ ʨʫʜʥʦʛʦ 
ʧʦʣʷ. ʕʪʦ ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ 
ʚʣʠʷʣʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʫʜʥʳʭ 
ʦʙʲʝʢʪʦʚ ʠ ʨʘʟʤʝʱʝʥʠʝ ʟʦʣʦʪʦ-
ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʠʭ 
ʧʨʝʜʝʣʘʭ.  
ʇʦ ʤʥʝʥʠʶ ʀ.ʍ. ʍʘʤʨʘʙʘʝʚʘ 

ʃ.ʇ. ɿʦʥʝʥʱʘʡʥʘ, ʅ.ʅ. ʋʩʤʘʥʦʚʘ 
ʊ.ʅ. ɼʘʣʠʤʦʚʘ, ʇ.ɸ. ʄʫʭʠʥʘ,   
ʖ.ʉ. ʉʘʚʯʫʢʘ, ʀ.ʄ. ɻʦʣʦʚʘʥʦʚʘ, 
ʈ.ʍ. ʄʠʨʢʘʤʘʣʦʚʘ ʠ ʜʨ., ʨʝʛʠʦ-
ʥʘʣʴʥʘʷ ʪʝʢʪʦʥʠʢʘ ʠ ʛʝʦʜʠʥʘʤʠʢʘ 
ʛʝʨʮʠʥʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ 
ʵʧʦʭʠ ʟʘʧʘʜʘ ʶʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʎʝʥʪʨʘʣʴʥʳʭ 
ʂʳʟʳʣʢʫʤʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʢʪʦ-
ʥʠʢʦʡ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʧʨʠ 
ʛʦʩʧʦʜʩʪʚʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʚʠ-
ʞʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʧʨʦʮʝʩ-
ʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʣʦʩʴ ʩʪʨʫʢʪʫʨʥʦ-
ʪʝʢ-ʪʦʥʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʨʝʛʠʦʥʘ 
ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʰʘʨʴʷʞʥʳʭ ʠ 
ʥʘʜʚʠʛʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʧʨʦʚʦʞ-
ʜʘʚʰʠʭʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʤʘʛʤʘʪʠ-
ʯʝʩʢʠʭ ʷʚʣʝʥʦʡ. ɼʠʥʘʤʠʢʘ ʵʪʠʭ 
ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʣʠʪʦʣʦ-
ʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʬʠʟʠʢʦ-ʤʝʭʘ-
ʥʠʯʝʩʢʠʤʠ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ 
ʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʤʝ-
ʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʦʟʜʘʣʘ 
ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʨʠʨʦʜʥʦ-ʛʝʦʣʦ-
ʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʮʠʨʢʫʣʷʮʠʠ 
ʛʦʨʷʯʠʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦ-
ʨʦʚ ʠʟ ʥʝʜʨ ɿʝʤʣʠ, ʠʭ ʤʠʛʨʘʮʠʠ ʚ 
ʧʦʨʦʜʘʭ ʠ ʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʩ 

ʈʠʩ. 1. ʉʭʝʤʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʧʝʨʠʦʜ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ɼʘʫʛʳʟʪʘʫʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. 
ɺʘʨʠʘʥʪ III (ʦʩʥʦʚʘ ʚ ʤʘʩʰʪʘʙʝ 1:50000): 1 ï ʨʘʟʣʦʤʳ; 2 ï ʟʦʥʘ ʣʦʢʘʣʴʥʦʛʦ ʩʞʘʪʠʷ; 3 ï ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʟʦʥʘ 
ʩʞʘʪʠʷ; 4 ï ʟʦʥʘ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ; 5 ï ʟʦʥʘ ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ; 6 ï ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʟʦʥʘ ʨʘʩʪʷʞʝ-
ʥʠʷ; 7 ï ʟʦʥʘ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʨʘʩʪʷʞʝʥʠʷ; 8 ï ʧʣʦʱʘʜʠ ʨʘʩʪʷʞʝʥʠʡ; 9 ï ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʦʣʷ ʩʞʘ-
ʪʠʷ; 10 ï ʥʘʧʨʘʚʣʝʥʠʝ ʩʤʝʱʝʥʠʡ ʣʦʢʘʣʴʥʘʷ ʫʯʘʩʪʢʦʚ; 11 ï ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ; 12 ï ʛʨʘʥʠʮʘ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʬʫʥʜʘ-
ʤʝʥʪʘ; 13 ï ʥʦʤʝʨʘ ʙʣʦʢʦʚ 

ʇʣʘʥ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 
ʜʝʬʦʨʤʘʮʠʠ 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ:    
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ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ  
ʜʘʥʥʳʭ ʦ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʜʝʬʦʨʤʘʮʠʠ ʧʣʦʱʘʜʠ 
ɼʘʫʛʳʟʪʘʫʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʚ ʧʝʨʠʦʜʝ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʛʜʝ ʵʪʠ 
ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ 
ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ 
ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʥʘʧʨʷ-
ʞʸʥʥʦʩʪʠ ʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨ ʨʫʜʥʦʛʦ ʧʦʣʷ. 
ʂʘʢ ʧʦʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ  

ʦʙʩʪʘʥʦʚʢʘ ʧʣʦʱʘʜʝʡ ɹʝʣʴʪʘʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʨʫʜʥʦʛʦ ʧʦʣʷ 
ʧʝʨʠʦʜʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 
ʥʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʠʣ ʘʢʪʠʚʠʟʠʨʦʚʘʣʦ ʠʭ ʨʘʟʨʳʚʥʳʝ 
ʩʪʨʫʢʪʫʨʳ. ɸʢʪʠʚʥʦʩʪʴ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʨʘʟʣʦʤʦʚ ʚʳʟʚʘʣʠ ʜʚʠʞʝ-
ʥʠʝ ʙʣʦʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʄʦʨʬʦʣʦʛʠʷ ʙʣʦʢʦʚ ʠ ʠʭ    
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʩʝʪʠ ʨʫʜʥʦʛʦ ʧʦʣʷ 
ʧʨʷʤʦ ʚʣʠʷʶʪ ʥʘ ʭʘʨʘʢʪʝʨ ʠʭ ʜʚʠʞʝʥʠʷ, ʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʠ ʜʝʬʦʨ-
ʤʘʮʠʶ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ. ɺ ʧʣʦʱʘʜʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʫʩʣʦʚ-
ʥʦ ʚʳʜʝʣʝʥʦ 7 ʙʣʦʢʦʚ (ʨʠʩ. 1).   
ʇʝʨʚʳʝ ʜʚʘ ʥʝʙʦʣʴʰʠʭ ʙʣʦʢʘ ʟʘʥʠʤʘʶʪ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ ʨʫʜʥʦʛʦ 

ʧʦʣʷ. ɼʣʷ ʙʣʦʢʦʚ ʭʘʨʘʢʪʝʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩ ʫʩʠʣʝʥʠʝʤ 
ʜʝʬʦʨʤʘʮʠʠ ʚʜʦʣʴ ʟʦʥ ʠʭ ʚʦʩʪʦʯʥʳʭ ʛʨʘʥʠʮ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷ-
ʞʝʥʠʡ ʟʜʝʩʴ ʚʳʟʚʘʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʭʘʨʘʢʪʝʨʠʟʫʶ-
ʱʝʡʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʫʜʥʦʛʦ ʧʦʣʷ ï 
ɼʘʫʛʳʟʪʘʫʩʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʨʘʟʣʦʤʘ ʟʘ ʩʯʸʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ 
ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ. ʍʘʨʘʢʪʝʨ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʜʠʥʘʤʠʢʠ ʚʦʩʪʦʯʥʦʛʦ 
ʛʨʘʥʠʯʥʦʛʦ ʨʘʟʣʦʤʘ ʦʙʫʩʣʦʚʠʣʠ ʤʠʛʨʘʮʠʶ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝ-
ʥʠʡ ʚ ʵʪʠʭ ʙʣʦʢʘʭ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʜʦʣʴ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʫʩʠʣʠ-
ʣʠ ʜʝʬʦʨʤʘʮʠʶ ʧʦʨʦʜ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥ ʣʦʢʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 
ʩʞʘʪʠʷ. 
ɹʣʦʢ 3 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʝʦʜʠʥʘʤʠʢʦʡ; ʛʜʝ ʝʛʦ ʛʨʘʥʠʯʥʳʝ ʨʘʟ-

ʣʦʤʳ ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ, ʟʘ ʩʯʸʪ ʚʳʢʣʠʥʠʚʘʥʠʷ ʩʝʚʝʨʥʳʭ ʙʣʦʢʦʚ ʚ 
ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺʳʢʣʠʥʠʚʘʥʠʝ ʙʣʦʢʦʚ ʦʙʫʩʣʦʚʣʝʥʦ 
ʘʢʪʠʚʥʦʩʪʴʶ ʠʭ ʛʨʘʥʠʯʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ʠʭ ʤʦʨʬʦʣʦʛʠʝʡ. ʌʦʨʤʠʨʦʚʘ-
ʣʠʩʴ ʟʦʥʳ ʣʦʢʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʷ ʩ ʧʘʜʝʥʠʝʤ ʥʘʧʨʷ-
ʞʝʥʥʦʩʪʠ: ʶʞʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʙʣʦʢʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ      
ʫʤʝʨʝʥʥʳʭ ʠ ʩʠʣʴʥʳʭ ʚʝʣʠʯʠʥ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʛʜʝ 
ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʟʦʥ ʣʦʢʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʷ.  
ʈʘʩʧʦʣʦʞʝʥʠʝ ʠʭ ʚʜʦʣʴ ʛʨʘʥʠʮ ʙʣʦʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʧʨʠʨʦʜʘ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚ-
ʥʦʩʪʴʶ, ʪ.ʝ. ʜʠʥʘʤʠʢʦʡ ʛʨʘʥʠʯʥʳʭ ʨʘʟʣʦʤʦʚ. ɼʣʷ ʙʣʦʢʘ ʭʘʨʘʢʪʝʨʥʦ 
ʧʨʦʷʚʣʝʥʠʝ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʝʛʦ ʦʪʜʝʣʴ-
ʥʳʭ ʫʯʘʩʪʢʦʚ. ʉʝʚʝʨʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʩʤʝʱʘʝʪʩʷ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʮʝʥʪʨʝ ʙʣʦʢʘ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʤʦʱʥʘʷ ʟʦʥʘ      
ʣʦʢʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʷ ʦʪ ʢʦʪʦʨʦʡ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʠ 
ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʪʷʞʝʥʠʝ. 
ʎʝʥʪʨʘʣʴʥʳʡ ʙʣʦʢ ʠ ʨʫʜʥʦʝ ʧʦʣʝ ʧʦ ʩʚʦʝʡ ʛʝʦʜʠʥʘʤʠʢʝ ʦʪʣʠʯʘ-

ʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʙʣʦʢʦʚ. ʇʘʩʩʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʛʝʦʜʠʥʘʤʠʢʠ ʵʪʦʛʦ 
ʙʣʦʢʘ ʦʙʫʩʣʦʚʠʣ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʠ 
ʜʝʬʦʨʤʘʮʠʠ. ʅʘʙʣʶʜʘʝʤʳʝ ʜʚʠʞʝʥʠʷ (ʩʜʚʠʛʠ) ʧʦ ʛʨʘʥʠʯʥʳʤ ʨʘʟ-
ʣʦʤʘʤ ʠʤʝʶʪ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʝʨʦʷʪʥʦ, ʧʘʩʩʠʚʥʦʩʪʴ ʨʘʟʣʦ-
ʤʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʙʣʦʢʘ ʚ ʮʝʥʪʨʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʝʪʠ 
ʨʫʜʥʦʛʦ ʧʦʣʷ ʠ ʦʛʨʘʥʠʯʝʥʠʝʤ ʩ ʶʛʘ ʠ ʩʝʚʝʨʘ ʰʠʨʦʪʥʳʤʠ ʨʘʟʣʦʤʘʤʠ, 
ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʣʦʞʝʥʥʳʭ 
ʚ ʤʦʜʝʣʠ ʫʩʠʣʠʡ ʩʞʘʪʠʷ. 
ʆʜʥʠʤ ʠʟ ʘʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʫʜʥʦʛʦ ʧʦʣʷ ʷʚʣʷ-

ʝʪʩʷ ï ʙʣʦʢ 5. ɽʛʦ ʘʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʳʤ ʚʦʟʜʝʡ-
ʩʪʚʠʝʤ ʥʘ ʥʝʛʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ɼʘʫʛʳʟʪʘʫʩʢʦʡ     
ʛʣʫʙʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʅʘ ʩʝʚʝʨʝ ʙʣʦʢʘ ʟʘ ʩʯʸʪ ʩʦʧʨʷʞʝʥʠʷ ʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʛʦ ʨʘʟʣʦʤʘ (ʩʠʩʪʝʤʳ ɸʩʘʫʢʘʢʩʢʦʛʦ ʨʘʟʣʦʤʘ) ʠ ɼʘʫʛʳʟʪʘ-
ʫʩʢʦʡ ʛʣʫʙʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʢʣʠʥʦʚʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ, 
ʢʦʪʦʨʘʷ ʟʘ ʩʯʸʪ ʩʚʦʝʡ ʤʦʨʬʦʣʦʛʠʠ ʚʳʢʣʠʥʠʚʘʝʪʩʷ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚ-
ʣʝʥʠʠ. ʕʪʦ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ 
ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʜʦ ʤʠʥʠʤʫʤʘ ʠ ʧʨʦʷʚʣʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʡ ʨʘʩʪʷʞʝ-
ʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʠʦʥʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʷ. ʇʨʦʮʝʩʩ ʚʳʢʣʠ-
ʥʠʚʘʥʠʷ ʚʳʟʚʘʣ ʤʠʛʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩ ʫʩʠʣʝ-

ʥʠʝʤ ʜʝʬʦʨʤʘʮʠʡ ʢ ʩʝʚʝʨʫ ʦʪ ʫʯʘʩʪʢʘ ʩʦʧʨʷʞʝʥʠʷ ɸʩʘʫʢʘʢʩʢʦʛʦ 
ʨʘʟʣʦʤʘ ʩ ɼʘʫʛʳʟʪʘʫʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺʜʦʣʴ ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʯʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʙʣʦʢʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʟʦʥʘ ʣʦʢʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ   
ʨʘʩʪʷʞʝʥʠʷ. ʖʞʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʙʣʦʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʝʦʜʠʥʘʤʠ-
ʯʝʩʢʦʡ ʧʘʩʩʠʚʥʦʩʪʴʶ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʝʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷ-
ʝʪʩʷ ʥʘʣʠʯʠʝ ʰʠʨʦʪʥʦʛʦ ʨʘʟʣʦʤʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʙʣʦʢ ʩ ʶʛʘ.  
ɹʣʦʢ 6 ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʠ ʶʛʦ-ʚʦʩʪʦʢʘ ʦʛʨʘʥʠʯʝʥ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʳʤʠ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʨʘʟʣʦʤʘʤʠ, ʩ ʶʛʘ ð ʩʫʙʰʠʨʦʪ-
ʥʳʤ ʨʘʟʣʦʤʦʤ, ʘ ʩ ʚʦʩʪʦʢʘ ð ɼʘʫʛʳʟʪʘʫʩʢʦʡ ʛʣʫʙʠʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ-
ɻʝʦʜʠʥʘʤʠʢʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʙʣʦʢʘ ʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʝʛʦ ʩʪʨʫʢ-
ʪʫʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ.  
ʉʝʚʝʨʥʳʡ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʡ ʫʯʘʩʪʢʠ ʙʣʦʢʘ, ʠʤʝʶʱʠʝ ʬʦʨʤʫ 

ʢʣʠʥʘ, ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʚʠʜʝ ʩʤʝʱʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 
ʶʞʥʦʤ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʩʦʧʨʦʚʦʞ-
ʜʘʶʪʩʷ ʤʠʛʨʘʮʠʝʡ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ 
ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʙʣʦʢʘ, ʚ ʟʦʥʝ ʩʦʧʨʷʞʝʥʠʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʨʘʟ-
ʣʦʤʘ ʩ ɼʘʫʛʳʟʪʘʫʩʢʦʡ ʛʣʫʙʠʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ   
ʤʠʛʨʘʮʠʝʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʧʨʷʞʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ 
ʜʝʬʦʨʤʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʦʥʳ ʣʦʢʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʷ. 
ʆ ʚʘʞʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʣʦʢʘʣʴ-
ʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʜʝʬʦʨ-
ʤʘʮʠʝʡ ʩʞʘʪʠʷ, ʦʪʤʝʯʘʣʠ ɸ.ɺ. ʂʦʨʦʣʝʚ ʠ ʇ.ɸ. ʐʝʭʪʤʘʥ, ʍ.ɸ. ɸʢʙʘ-
ʨʦʚ [3], ʄ.ʂ. ʊʫʨʘʧʦʚ ʠ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ [4-6]. ʃ.ʀ. ʃʫʢʠʥ,    
ʌ.ʀ. ɺʦʣʴʬʩʦʥ ʠ ʜʨ. ʦʪʤʝʯʘʶʪ, ʯʪʦ ʟʘʜʘʯʝʡ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʛʣʘʚʥʳʤ ʚʳʷʩʥʝʥʠʝ ʛʝʥʝʟʠʩʘ ʝʛʦ 
ʬʦʨʤʳ (ʩʪʝʨʝʦʛʝʥʝʟ) ʩʦ ʚʩʝʤʠ ʦʩʣʦʞʥʝʥʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ     
ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ ʜʚʠʞʝʥʠʷʤʠ ʚ  ʧʨʦʮʝʩʩʘʭ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ.  
ɻʝʦʜʠʥʘʤʠʢʘ ʢʣʠʥʦʚʠʜʥʳʭ ʫʯʘʩʪʢʦʚ ʙʣʦʢʘ 6 ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ 

ʦʙʨʘʟʦʚʘʥʠʶ ʣʦʢʘʣʴʥʳʭ ʟʦʥ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʷ, ʯʪʦ ʝʩʪʝ-
ʩʪʚʝʥʥʦ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ, ʧʦʥʠʞʘʷ ʝʸ ʜʦ ʤʠʥʠʤʫʤʘ. 
ʇʦʥʠʞʝʥʠʝ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʠʛʨʘʮʠʝʡ ʢʘʩʘʪʝʣʴʥʳʭ 
ʩʠʣ ʠʟ ʟʦʥʳ ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʩ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʵʥʝʨʛʠʠ 
ʩʞʘʪʠʷ. ʇʨʦʮʝʩʩ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʵʥʝʨʛʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʨʝʱʠʥʦ-
ʦʙʨʘʟʦʚʘʥʠʝʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʨʫʰʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 
ʦʙʨʘʟʦʚʘʥʠʡ. 
ɺ ʢʣʠʥʦʚʠʜʥʳʭ ʫʯʘʩʪʢʘʭ, ʚ ʟʦʥʘʭ ʛʨʘʥʠʯʥʳʭ ʨʘʟʣʦʤʦʚ ʙʣʦʢʘ 

ʧʨʠ ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʣʞʥʳ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʦʚʳʝ 
ʩʪʨʫʢʪʫʨʳ ï ʪʨʝʱʠʥʳ ʦʪʨʳʚʘ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʥʝʢʦʪʦ-
ʨʳʤ ʫʛʣʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʩʪʠʨʘʥʠʶ ʨʘʟʣʦʤʦʚ. ɺʦ ʤʥʦʛʠʭ ʟʦʣʦ-
ʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʏʘʪʢʘʣʦ-ʂʫʨʘʤʳ (ɻʫʟʘʢʩʘʡ, ʂʦʯʙʫʣʘʢ) 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʦʪʦʨʫʜʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ɹʝʣʴʪʘʫ ʧʦ 
ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʟʠʮʠʷʤ: 1 ï ʟʦʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʨʘʟʣʦʤʘ; 2 ï ʟʦʥʘ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʨʘʟʣʦʤʘ; 3 ï ʟʦʥʘ ʠʩʢʨʠʚʣʝʥʠʷ ʨʘʟʣʦʤʘ; 4 ï ʟʦʥʘ    
ʧʝʨʝʩʝʯʝʥʠʠ ʨʘʟʣʦʤʦʚ; 5 ï ʟʦʥʘ ʩʢʘʣʳʚʘʥʠʷ; 6 ï ʟʦʥʘ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʭ 
ʨʘʟʣʦʤʦʚ; 7 ï ʟʦʥʘ ʢʣʠʥʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ 
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ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʤʝʱʝʥʠʠ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝ-
ʥʝʥʠʷ ʠ ʷʚʣʷʶʪʩʷ ʨʫʜʦʚʤʝʱʘʶʱʠʤʠ. ɺ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʩʝʢʫʱʠʡ ʪʠʧ ʦʨʫʜʝʥʝʥʠʷ ʩ ʞʠʣʴʥʦʡ, ʩʣʦʞʥʦʡ ʠ ʣʠʥʟʦʦʙʨʘʟʥʦʡ   
ʤʦʨʬʦʣʦʛʠʝʡ. ʇʦʩʣʝʜʩʪʚʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʙʣʦʢʘʭ, 
ʦʩʦʙʝʥʥʦ ʚ ʠʭ ʢʣʠʥʦʚʠʜʥʳʭ ʫʯʘʩʪʢʘʭ, ʦʙʫʩʣʦʚʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ 
ʥʦʚʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʩ ʨʘʥʝʝ ʩʬʦʨʤʠʨʦ-
ʚʘʚʰʠʤʠʩʷ ʩʳʛʨʘʣʠ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʤʝʱʝʥʠʠ ʟʦʣʦʪʦʨʫʜʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʠʭ ʧʨʝʜʝʣʘʭ. 
ɻʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʧʦʟʠʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʫʜʥʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝ-
ʣʷʝʪʩʷ ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ɹʝʩʘʧʘʥʩʢʦʡ ʩʚʠʪʳ ʠ 
ʟʦʥʘʤʠ ʩʦʧʨʷʞʝʥʠʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʨʘʟʣʦʤʦʚ ʩ ɼʘʫʛʳʟʪʘʫʩʢʦʡ 
ʛʣʫʙʠʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 
ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ɼʘʫʛʳʟʪʘʫʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʚ ʢʣʠʥʦʚʠʜʥʦʤ ʫʯʘʩʪʢʝ 
ʙʣʦʢʘ 6 ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠʦʪʢʨʳʪʠʝ ʛʨʘʥʝʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʨʘʟʣʦ-
ʤʘ ʠ ʟʦʥʳ ɼʘʫʛʳʟʪʘʫʩʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʨʘʟʣʦʤʘ.  
ɽʩʣʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʨʦʜʥʳʤ 

ʷʚʣʝʥʠʷʤ ʵʪʘʧʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʦʪ-
ʢʨʳʪʳʝ ʛʨʘʥʠ ʨʘʟʣʦʤʦʚ ʩʣʫʞʠʣʠ ʢʘʥʘʣʘʤʠ ʜʣʷ ʤʠʛʨʘʮʠʠ ʛʠʜʨʦʪʝʨ-
ʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʟ ʛʣʫʙʠʥ ɿʝʤʣʠ. ʀʤʝʥʥʦ ʪʘʢʠʤ ʢʘʥʘʣʦʤ ʤʦʛʣʘ 
ʷʚʣʷʪʴʩʷ ʟʦʥʘ ʧʨʠʦʪʢʨʳʪʠʷ ʛʨʘʥʝʡ ʨʘʟʣʦʤʦʚ, ʧʦʩʢʦʣʴʢʫ ʤʝʩʪʦʨʦʞ-
ʜʝʥʠʝ ɼʘʫʛʳʟʪʘʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʧʨʠʫʨʦʯʝʥʦ ʢ ʵʪʦʡ ʟʦʥʝ.  
ɸʥʘʣʦʛʠʯʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʝʪ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ɸʩʘʫʢʘʢ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɸʤʘʥʪʘʡʪʘʫ, ʧʦʜʦʙʥʦ ɼʘʫʛʳʟʪʘʫ ʠ ɸʩʘʫʢʘʢʫ, 
ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʣʠʥʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʜʥʘʢʦ ʝʛʦ ʧʦʟʠʮʠʷ ʦʧʨʝ-
ʜʝʣʷʝʪʩʷ ʥʝ ʫʯʘʩʪʢʦʤ ʩʦʧʨʷʞʝʥʠʷ ʨʘʟʣʦʤʦʚ, ʘ ʟʦʥʦʡ ʣʦʢʘʣʴʥʦʡ 
ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʚ ʮʝʥʪʨʝ ʢʣʠʥʦʚʠʜʥʦʡ 
ʩʪʨʫʢʪʫʨʳ. 
ɹʣʦʢ 7 ʨʘʩʧʦʣʦʞʝʥ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʧʦʣʷ. ʇʦ 

ʤʦʨʬʦʣʦʛʠʠ (ʪʨʝʫʛʦʣʴʥʠʢ) ʠ ʧʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʦʥ 
ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʙʣʦʢʦʚ. ɽʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ 
ʧʝʨʠʦʜʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʘʢʪʠʚʥʦ-
ʩʪʠ ʚʩʝʭ ʝʛʦ ʛʨʘʥʠʯʥʳʭ ʨʘʟʣʦʤʦʚ. ʇʨʠ ʵʪʦʤ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʠʤʝʝʪ 
ʣʦʢʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨ. ʇʦ ʟʘʧʘʜʥʦʤʫ ʙʦʨʪʫ ʨʘʟʣʦʤʘ ʥʘʙʣʶʜʘʝʪʩʷ 
ʩʜʚʠʛ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʙʦʨʪʫ ï 
ʚ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  
ʃʦʢʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʧʦ 

ʙʦʨʪʘʤ ɼʘʫʛʳʟʪʘʫʩʢʦʛʦ ʨʘʟʣʦʤʘ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʫʯʘʩʪʢʝ  
ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʤʦʨʬʦʣʦʛʠʠ, ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝ-
ʥʠʷ ʠ ʫʩʠʣʠʚʘʶʪ ʜʝʬʦʨʤʘʮʠʶ ʧʦʨʦʜ ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʙʦʨʪʘ      
ɼʘʫʛʳʟʪʘʫʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤʫ ʠ ʩʫʙʰʠʨʦʪʥʦʤʫ 
ʛʨʘʥʠʯʥʳʤ ʨʘʟʣʦʤʘʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʢʘʨʪʠʥʘ: ʘʢʪʠʚʥʦʩʪʴ 
ʨʘʟʣʦʤʦʚ ʥʘʧʨʘʚʣʝʥʘ ʦʪ ʠʭ ʮʝʥʪʨʘ ʚ ʩʪʦʨʦʥʫ ʩʦʧʨʷʞʝʥʠʷ ʩ          
ɼʘʫʛʳʟʪʘʫʩʢʠʤ ʨʘʟʨʳʚʦʤ. ʕʪʠ ʷʚʣʝʥʠʷ ʦʙʫʩʣʦʚʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʣʦʢʘʣʴʥʳʭ ʟʦʥ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʙʣʦʢʘ 7. 
ʇʦ ʭʘʨʘʢʪʝʨʫ ʤʠʛʨʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝ-

ʥʠʡ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʶ ʜʝʬʦʨʤʘʮʠʠ ʧʣʦʱʘʜʴ ʙʣʦʢʘ 7 ʤʦʞʥʦ    
ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ    
ʩʤʝʱʘʶʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ, 

ʧʨʠʫʨʦʯʝʥʥʘʷ ʢ ɼʘʫʛʳʟʪʘʫʩʢʦʤʫ ʨʘʟʣʦʤʫ, ʩʤʝʱʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʟʘʧʘʜʥʘʷ ï ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ. ʇʨʠ ʪʘʢʦʡ 
ʛʝʦʜʠʥʘʤʠʢʝ ʚ ʣʦʢʘʣʴʥʳʭ ʟʦʥʘʭ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʷ ʪʝʦʨʝʪʠ-
ʯʝʩʢʠ ʜʦʣʞʥʳ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʪʨʝʱʠʥʳ ʦʪʨʳʚʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 
ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʧʨʠʨʦʜʥʦʤ ʘʥʘʣʦʛʝ ʵʪʦʡ ʧʣʦʱʘʜʠ ʥʘʙʣʶʜʘʝʪʩʷ 
ʩʠʩʪʝʤʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʨʘʟʣʦʤʦʚ, ʢʦʥʪʨʦʣʠʨʦʚʘʚʰʠʭ ʟʦʣʦʪʦ-
ʩʝʨʝʙʨʷʥʳʝ ʞʠʣʴʥʳʝ ʪʝʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʳʩʦʢʦʚʦʣʴʪʥʦʝ. 
ɼʨʫʛʦʡ ʧʨʠʯʠʥʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ     

ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʩʪʨʫʢʪʫʨ ʙʣʦʢʘ 7 ʤʦʞʝʪ ʙʳʪʴ ʛʨʘʥʠʯʥʳʡ ʨʘʟʣʦʤ 
ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʟʦʥ, ʧʨʦʭʦʜʷʱʠʡ ʧʦ ʶʛʫ ɹʝʣʴʪʘʫ ʠ ʦʛʨʘʥʠ-
ʯʠʚʘʶʱʠʡ ʝʛʦ. ʕʪʦʪ ʨʘʟʣʦʤ ʨʘʟʜʝʣʷʝʪ ɿʝʨʘʬʰʘʥʦ ï ʊʫʨʢʝʩʪʘʥʩʢʫʶ 
ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʫʶ ʟʦʥʫ ʠ ɿʝʨʘʬʰʘʥʦ ï ɸʣʘʡʩʢʫʶ, ʘ ʪʦʯʥʝʝ ð 
ʎʝʥʪʨʘʣʴʥʦ ï ʂʳʟʳʣʢʫʤʩʢʫʶ ʧʦʜʟʦʥʫ (ʚʢʣʶʯʘʶʱʫʶ ɹʝʣʴʪʘʫ) ʠ     
ɿʘʨʘʬʰʘʥʩʢʫʶ ʧʦʜʟʦʥʫ (ʧʦ ɸ.ʂ. ɹʫʭʘʨʠʥʫ). ʕʪʘ ʢʨʫʧʥʘʷ ʨʝʛʠʦʥʘʣʴʥʘʷ 
ʩʪʨʫʢʪʫʨʘ ʚ ʧʝʨʠʦʜ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘʭʦʜʠʣʘʩʴ ʚ ʘʢʪʠʚʥʦʡ ʬʘʟʝ 
ʨʘʟʚʠʪʠʷ, ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ 
ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ɸʤʠʥʟʘʪʘʫ.  
ɺ ʨʘʡʦʥʝ ɹʝʣʴʪʘʫ ʧʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʜ  

ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʝʤʥʦʡ ʢʦʨʳ. ɸʥʘʣʠʟ ʠʭ 
ʧʦʣʦʞʝʥʠʷ 11 ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ: ʟʦʥʘ ʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʛʦ ʨʘʟʣʦʤʘ, ʟʦʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʨʘʟʣʦʤʘ, ʟʦʥʘ ʠʩʢʨʠʚʣʝ-
ʥʠʷ ʨʘʟʣʦʤʘ, ʟʦʥʘ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʦʚ, ʟʦʥʘ ʩʢʘʣʳʚʘʥʠʷ, ʟʦʥʘ 
ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ʟʦʥʘ ʢʣʠʥʦʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ (ʨʠʩ. 2).  
ɺʦ ʚʩʝʭ ʩʝʤʠ ʛʨʫʧʧʘʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʟʠʮʠʡ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʦʷʚ-

ʣʝʥʠʷ ʟʦʣʦʪʘ ɹʝʣʴʪʘʫ. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʟʠʮʠʡ ʦʪʨʘʞʘʝʪ 
ʩʣʦʞʥʫʶ ʠ ʜʠʥʘʤʠʯʥʫʶ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ, ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʫʶ 
ʧʨʦʮʝʩʩʘʤ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʩʣʫʞʠʣʘ ʧʨʠʯʠʥʦʡ ʨʘʟʥʦʦʙʨʘ-
ʟʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʯʝʪʘʥʠʡ, ʦʙʝʩʧʝʯʠʚʰʠʭ ʙʣʘʛʦʧʨʠ-
ʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ: 
1. ɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʛʦʨ ɹʝʣʴʪʘʫ (ɼʘʫʛʳʟʪʘʫʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ) ʧʝʨʠʦʜʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʦʟʜʝʡʩʪʚʠʝʤ 
ʚʥʝʰʥʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʠʣ. 
2. ɺʥʫʪʨʝʥʥʷʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʛʦʨ ɹʝʣʴʪʘʫ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ɼʘʫʛʳʟʪʘʫʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʧʦʤʠʤʦ ʚʦʟʜʝʡʩʪʚʠʷ 
ʚʥʝʰʥʠʭ ʩʠʣ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ, 
ʛʜʝ ʛʣʘʚʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 
ʷʚʣʷʶʪʩʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ, ʰʠʨʦʪʥʳʝ ʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʝ 
ʨʘʟʣʦʤʳ ʠ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʨʝʛʠʦʥʘʣʴ-
ʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʠʣ ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ, ʩʦʟʜʘʚʘʷ ʩʪʨʫʢʪʫʨʥʳʝ 
ʧʦʟʠʮʠʠ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʡ ʠ ʨʘʟʤʝʱʝʥʠʷ ʵʥʜʦʛʝʥʥʦʛʦ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. 
3. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʨʫʢʪʫʨ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʦʢʘʟʘʣʘ   
ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʚʳʷʚʣʝʥʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟ-
ʤʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʨʘʟʤʝʱʝʥʠʝ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 
4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʠ ʫʢʨʝʧʣʝʥʠʷ 
ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ. 
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʦʩʦʙʦʝ 
ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʤʫ ʢʦʤʧʣʝʢʩʫ ʢʘʢ ʦʜʥʦʤʫ 
ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ     
ʛʦʩʫʜʘʨʩʪʚ. ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ, ʦʙʣʘʜʘʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʤʠʥʝ-
ʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʥʘ ʤʠʨʦ-
ʚʦʤ ʨʳʥʢʝ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ         
ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʠ 
ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʩʝʨʝʙʨʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʘʥʳ, ʢʦʪʦʨʘʷ 
ʦʙʣʘʜʘʝʪ ʨʘʟʚʠʪʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʦʡ ʠ ʫʥʠʢʘʣʴʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 
ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʨʘʟ-

ʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ ʚ ʤʠʨʦʚʦʡ ʜʦʙʳʯʝ ʩʝʨʝʙʨʘ, ʯʪʦ ʩʦʟʜʘʸʪ ʙʣʘʛʦʧʨʠ-
ʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ  ʧʨʠʩʫʪʩʪʚʠʷ ʋʟʙʝʢʠʩʪʘʥʘ ʥʘ ʤʝʞʜʫ-
ʥʘʨʦʜʥʦʤ ʨʳʥʢʝ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷ-
ʝʪʩʷ ʘʥʘʣʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʨʝʙʨʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʋʟʙʝ-
ʢʠʩʪʘʥʘ, ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚ ʝʸ ʨʘʟʚʠʪʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ 
ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʪʨʦʥʫʣʘ 
ʤʝʪʦʜʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ  
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʠ 
ʨʘʟʚʠʪʠʷ ʩʝʨʝʙʨʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʧʦʚʳʰʝʥʠʷ 
ʝʸ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ. 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʩʝʨʝʙʨʦʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʋʟʙʝʢʠʩʪʘʥʘ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ 
ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʦʚ ʜʦʙʳʯʠ ʜʨʘʛʦʮʝʥʥʦʛʦ     
ʤʝʪʘʣʣʘ. ʉʪʨʘʥʘ ʨʘʩʧʦʣʘʛʘʝʪ ʦʙʰʠʨʥʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʦʡ, ʩʢʦʥʮʝʥ-
ʪʨʠʨʦʚʘʥʥʦʡ ʚ ʢʣʶʯʝʚʳʭ ʨʝʛʠʦʥʘʭ, ʪʘʢʠʭ ʢʘʢ ʂʳʟʳʣʢʫʤʩʢʠʡ ʠ   
ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʡ ʟʘʥʠʤʘʪʴ ʚʘʞʥʦʝ ʤʝʩʪʦ ʥʘ 
ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʩʝʨʝʙʨʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʩʥʦʚʥʳʤ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʅʫʢʨʘʢʦʥ ʠ ʂʦʩʤʘʥʘʯʠ.  
ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʢʣʶʯʘʷ ʅʘʚʦʠʡʩʢʠʡ ʠ ɸʣʤʘʣʳʢʩʢʠʡ 

ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʢʦʤʙʠʥʘʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 
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Maqolada Oózbekiston Respublikasi kumush sanoatining holati va rivojlanish istiqbollarini har tomonlama oórganish, shu jumladan 
mineral-xomashyo bazasini tahlil qilish va kumush-oltin oóz ichiga olgan rudalarni qayta ishlashning samarali texnologiyalarini ishlab 
chiqish taqdim etilgan. Asosiy eôtibor Nukrakon va Kosmanachi konlariga qaratilgan. Konlarning geologik xususiyatlari, rudalarning  
mineralogik tarkibi va ularni qayta ishlashning texnologik jarayonlari batafsil tahlil qilingan. Rudalarning fizik-kimyoviy xossalari, shu 
jumladan sianlash kinetikasi, faollashtirilgan uglerodning sorbsiya sigóimi, gravitatsion va flotatsion boyitish samaradorligi oórganildi. 
Qoórgóoshin oksidi qoóshimchalarining sianlash jarayoniga taôsiri oórganildi va texnologik jarayonlarning maqbul parametrlari aniqlangan. 
Rudalarning mineralogik tarkibining oóziga xos xususiyatlarini hisobga olgan holda boyitish va sianlash jarayonlarini kuchaytirish 
boóyicha tavsiyalar ishlab chiqilgan. Taklif etilayotgan texnologik yechimlar ishlab chiqarish quvvatlarini modernizatsiya qilish, qayta 
ishlashning innovatsion usullarini joriy etish va ishlab chiqarish jarayonlarining atrof muxitga ekologik ta'sirini minimallashtirishni oóz 
ichiga oladi. 
Kalit soózlar: kumush sanoati, mineral-xom ashyo bazasi, kumushni oóz ichiga olgan rudalarni qayta ishlash, boyitish usullari,    

sianlash, oksidlovchi yonish, nitrat kislotali yuvish, gidrometallurgik jarayonlar, ishlab chiqarishni modernizatsiya qilish, rudalarning fizik-
kimyoviy xususiyatlari, gravitatsiyaviy boyitish, flotatsion boyitish, texnologik jarayonlar. 

 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʩʝʨʝʙʨʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  

ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ʚʢʣʶʯʘʶʱʝʝ ʘʥʘʣʠʟ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ʨʘʟʨʘʙʦʪʢʫ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ 
ʩʝʨʝʙʨʦ-ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʅʫʢʨʘʢʦʥ ʠ ʂʦʩʤʘʥʘʯʠ. ʇʨʦʚʝʜʸʥ ʜʝʪʘʣʴʥʳʡ 
ʘʥʘʣʠʟ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʭ ʧʝʨʝ-
ʨʘʙʦʪʢʠ. ʀʩʩʣʝʜʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʫʜ, ʚʢʣʶʯʘʷ ʢʠʥʝʪʠʢʫ ʮʠʘʥʠʨʦʚʘʥʠʷ, ʩʦʨʙʮʠʦʥʥʫʶ ʸʤʢʦʩʪʴ ʘʢʪʠʚʠʨʦ-
ʚʘʥʥʦʛʦ ʫʛʣʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʦʢʩʠʜʘ ʩʚʠʥʮʘ ʥʘ 
ʧʨʦʮʝʩʩ ʮʠʘʥʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 
ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʦʛʘʱʝʥʠʷ ʠ ʮʠʘʥʠʨʦʚʘʥʠʷ ʩ ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʢʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜ. ʇʨʝʜʣʦʞʝʥʥʳʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚʢʣʶʯʘʶʪ ʤʦʜʝʨʥʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝ-
ʨʘʙʦʪʢʠ ʠ ʤʠʥʠʤʠʟʘʮʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʨʝʙʨʷʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʘʷ ʙʘʟʘ, ʧʝʨʝʨʘʙʦʪʢʘ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ,  

ʤʝʪʦʜʳ ʦʙʦʛʘʱʝʥʠʷ, ʮʠʘʥʠʨʦʚʘʥʠʝ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʦʙʞʠʛ, ʘʟʦʪʥʦʢʠʩʣʦʪʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ 
ʧʨʦʮʝʩʩʳ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʫʜ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ, ʬʣʦʪʘʮʠʦʥʥʦʝ  
ʦʙʦʛʘʱʝʥʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ʇʈʋʁʅʁʀɹʏʁʘ ʋɾʎʆʇʄʇɼʁʁ ʈɾʉɾʉɹɺʇʋʃʁ 
ʊɾʉɾɺʉʇʊʇɽɾʉɿɹʒʁʎ ʊʌʄʕʍʁɽʆʔʎ ʉʌɽ ɽʄʘ  
ʅɾʊʋʇʉʇɿɽɾʆʁʂ ʆʌʃʉɹʃʇʆ ʁ ʃʇʊʅɹʆɹʐʁ 

ʊʙʦʙʣʬʤʧʛ ʃ., 
ʧʨʝʜʩʝʜʘʪʝʣʴ ʧʨʘʚʣʝʥʠʷ ï ʛʝʥʝʨʘʣʴʥʳʡ 

ʜʠʨʝʢʪʦʨ ɸʆ «ʅɻʄʂ», 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʁʪʥʙʡʤʧʛ ɽ.ʃ., 
ʜʠʨʝʢʪʦʨ  
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ʜʦʣʶ ʜʦʙʳʯʠ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʩʰʠʨʝʥʠʠ ʠ 
ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ. ɺʩʝʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʨʝʩʧʫʙʣʠʢʠ ʫʯʪʝʥʦ 26 ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʝʨʝʙʨʘ, ʠʟ ʢʦʪʦʨʳʭ 80,4 % 
ʩʦʩʪʘʚʣʷʶʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ [1]. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʧʘʩʦʚ ʧʦ 
ʦʩʥʦʚʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʰʠʨʝʥʠʝ ʠ ʤʦʜʝʨ-

ʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ, ʫʚʝʣʠʯʝʥʠʝ   
ʦʙʲʸʤʦʚ ʜʦʙʳʯʠ ʟʘ ʩʯʸʪ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʠʚʣʝ-
ʯʝʥʠʝ ʠʥʦʩʪʨʘʥʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. 
ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʝʨʘʙʦʪʢʘ ʫʧʦʨʥʳʭ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʭ ʢʦʥʮʝʥʪʨʘʪʦʚ 
ʪʨʝʙʫʝʪ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 
ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺʳʷʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ 
ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʙʦʣʝʝ ʵʢʦʣʦ-
ʛʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʙʞʠʛʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 
ʧʦʜʭʦʜʦʚ [2-6]. 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ  

ʤʠʥʝʨʘʣʦʚ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤ ʟʦʣʦʪʦʤ, ʥʘʠʙʦ-
ʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ, 
ʩʚʝʨʭʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ, ʘʚʪʦʢʣʘʚʥʦʛʦ ʠ ʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠ-
ʚʘʥʠʷ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʩʫʣʴʬʠʜʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩ 
ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʝʙʨʘ, ʟʦʣʦʪʘ, ʤʝʜʠ ʠ ʤʳʰʴʷʢʘ ʧʦʢʘʟʘʣʦ ʘʟʦʪʥʦ-
ʢʠʩʣʦʪʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ. 
ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ 

ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ,             
ʘ ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʜʣʷ       
ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʥʮʝʥʪʨʘʪʦʚ. ʂʫʯʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ     
ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʢʘʢ     
ʧʨʠʨʦʜʥʳʭ, ʪʘʢ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʨʫʜ [7-9]. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ ʟʘʚʠ-

ʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ʠ ʵʢʦʥʦʤʠ-
ʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ    
ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʩʝʨʝʙʨʘ 
ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʨʝʙʨʦ-ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ 
ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʅʫʢʨʘʢʦʥ, ʂʦʩʤʘʥʘʯʠ ʚ ʋʟʙʝʢʠʩʪʘʥʝ.  
ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ʩ ʚʳʩʦʢʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʘʮʠʠ ʵʢʦʣʦ-
ʛʠʯʝʩʢʦʛʦ    ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʢʨʫʞʘʶ-
ʱʫʶ ʩʨʝʜʫ. 
ʄʝʪʦʜʦʣʦʛʠʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʧʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨ-

ʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦ ʤʝʪʦʜʘʤ ʧʝʨʝʨʘʙʦʪʢʠ, ʪʘʢʠʤ ʢʘʢ ʩʦʨʙʮʠʦʥʥʦʝ ʠ 
ʠʥʪʝʥʩʠʚʥʦʝ ʮʠʘʥʠʨʦʚʘʥʠʝ, ʦʪʤʳʚʢʘ ʠ ʦʩʘʞʜʝʥʠʝ ʤʝʪʘʣʣʦʚ ʮʝʤʝʥ-
ʪʘʮʠʝʡ ʠ ʧʣʘʚʢʘ. 
ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʟʘʪʨʘʪ ʠ ʚʳʛʦʜ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦ-
ʣʦʛʠʡ, ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʫʜ 
ʠ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 
ʦʩʥʦʚʝ ʨʘʩʯʸʪʘ ʚʳʙʨʦʩʦʚ ʠ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘ-
ʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʦʚ.  
ɺʳʙʦʨ ʤʝʪʦʜʦʣʦʛʠʠ ʦʙʫʩʣʦʚʣʝʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ  
ʤʠʥʠʤʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ     
ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʦʜʦʣʝ-
ʚʘʶʪʩʷ ʪʘʢʠʝ ʧʨʝʧʷʪʩʪʚʠʷ, ʢʘʢ ʩʣʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʩʫʣʴʬʠʜʥʳʭ 
ʨʫʜ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 
ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 
ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʥʘʫʯʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ, ʜʘʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʥʘ    
ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʆʩʦʙʦʝ 
ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʦʧʳʪʘ ʟʘʨʫʙʝʞʥʳʭ ʢʦʤʧʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 
ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʨʝʙʨʦ-ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʠ ʘʜʘʧʪʘʮʠʠ ʧʝʨʝʜʦ-
ʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢ ʫʩʣʦʚʠʷʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʟʙʝʢʠʩʪʘʥʘ [2-6]. 
ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʝʨʝʙʨʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʩʫʣʴʬʠʜ-

ʥʳʭ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʫʢʨʘʢʦʥ ʠ ʂʦʩʤʘʥʘʯʠ ʧʨʠʤʝʥʷʣʠʩʴ 
ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘ-
ʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʠʤʝʝʪ ʩʚʦʠ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2 ʠ 3 ʜʘʥʥʳʝ ʚʢʣʶʯʘʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʦʙʱʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʙ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦ-
ʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʫʢʨʘ-
ʢʦʥ ʠ ʂʦʩʤʘʥʘʯʠ.  
ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʫʢʨʘʢʦʥ ʩʦʜʝʨʞʘʥʠʝ 

ʢʚʘʨʮʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 60 % ʜʦ 70 %, ʘ ʘʣʶʤʦʩʠʣʠʢʘʪʳ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 
35 % ʜʦ 50 %. ʂʘʨʙʦʥʘʪʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 1 % ʜʦ 6 %, 
ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʩʫʣʴʬʘʪʦʚ ʜʦʩʪʠʛʘʝʪ ʜʦ 3 %, ʘ ʩʦʜʝʨʞʘʥʠʝ    
ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 0,3 %. ɺ ʩʦʩʪʘʚʝ ʨʫʜ ʦʙʥʘʨʫʞʝʥʳ 
ʪʘʢʠʝ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ, ʢʘʢ ʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, 
ʙʣʸʢʣʳʝ ʨʫʜʳ, ʘʢʘʥʪʠʪ, ʢʝʨʘʨʛʠʨʠʪ, ʵʣʝʢʪʨʫʤ, ʩʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ 
ʠ ʟʦʣʦʪʦ. ɺ ʧʨʦʙʝ ˉ 639 ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʫʢʨʘʢʦʥ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ 
ʚʪʦʨʠʯʥʳʝ ʩʫʣʴʬʠʜʳ ï ʢʦʚʝʣʣʠʥ ʠ ʭʘʣʴʢʦʟʠʥ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʛʘʣʝ-
ʥʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ. 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʦʩʤʘʥʘʯʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʚʘʨʮʘ (60-70 %) ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ (30-35 %). ʂʘʨʙʦ-
ʥʘʪʳ ʚ ʵʪʠʭ ʨʫʜʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ (1-6 %), ʘ 
ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1 %.  

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʦʚ ʩʝʨʝʙʨʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ʋʟʙʝʢʠʩʪʘʥ 

ʂʘʣʴʤʘʢʳʨ ʠ ɼʘʣʴʥʝʝ 

ʋʯʢʫʣʘʯ 

ʍʘʥʜʠʟʘ 

ʂʦʯʙʫʣʘʢ 

ʂʳʟʳʣʘʣʤʘʩʘʡ 

ʄʫʨʫʥʪʘʫ 

ʅʫʢʨʘʢʦʥ 

ʂʦʩʤʘʥʘʯʠ 

ʆʢʞʝʪʝʧʝʩ 
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ʋʛʣʠʩʪʦʝ ʚʝʱʝʩʪʚʦ ʚ ʨʫʜʘʭ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ 
ʚ ʢʦʣʠʯʝʩʪʚʝ 1,1 %. ɺ ʩʦʩʪʘʚʝ ʨʫʜ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʝ ʞʝ ʨʫʜʥʳʝ   
ʤʠʥʝʨʘʣʳ, ʯʪʦ ʠ ʚ ʅʫʢʨʘʢʦʥʝ, ʦʜʥʘʢʦ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝ-
ʩʪʚʦ ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʟʸʨʝʥ 
ʠ ʦʪʢʨʳʪʳʭ ʩʨʦʩʪʢʦʚ. 
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʝʨʝʙʨʘ ʚ ʨʫʜʘʭ ʦʙʦʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʤʝʝʪ 

ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʅʫʢʨʘʢʦʥʝ ʦʢʦʣʦ 80-90 % ʩʝʨʝʙʨʘ ʥʘʭʦʜʠʪʩʷ ʚ 
ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʟʸʨʝʥ ʠ ʦʪʢʨʳʪʳʭ ʩʨʦʩʪʢʦʚ, ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ï 
ʚ ʩʫʣʴʬʠʜʘʭ ʠ ʤʠʥʝʨʘʣʘʭ.  
ɺ ʂʦʩʤʘʥʘʯʠ ʧʨʠʤʝʨʥʦ 60-65 % ʩʝʨʝʙʨʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʟʸʨʝʥ ʠ ʦʪʢʨʳʪʳʭ ʩʨʦʩʪʢʦʚ, ʦʩʪʘʣʴʥʦʝ ï ʚ ʩʫʣʴ-
ʬʠʜʘʭ ʠ ʤʠʥʝʨʘʣʘʭ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʫʢʨʘʢʦʥ ʠ ʂʦʩʤʘʥʘʯʠ ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʭʘʨʘʢʪʝʨʝ ʩʝʨʝʙʨʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘ-

ʮʠʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ 
ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ. 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʸʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʝʱʝʩʪʚʝʥ-

ʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
«ʅʫʢʨʘʢʦʥ» ʠ «ʂʦʩʤʘʥʘʯʠ» ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ: 
ï ʚ ʧʝʨʚʠʯʥʳʭ ʨʫʜʘʭ ʦʙʦʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʩʥʦʚʥʳʤʠ ʮʝʥʥʳ-

ʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʩʝʨʝʙʨʦ ʠ ʟʦʣʦʪʦ; 
ï ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʩʝʨʝʙʨʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʬʦʨʤʘʭ 

ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ, ʩʫʣʴʬʦʩʦʣʠ, ʪʘʢʠʝ ʢʘʢ ʪʝʪʨʘʵʜʨʠʪ ʠ ʪʝʥʥʘʥ-
ʪʠʪ, ʘ ʪʘʢʞʝ ʘʢʘʥʪʠʪ, ʧʠʨʘʨʛʠʨʠʪ, ʤʠʘʨʛʠʨʠʪ, ʛʝʩʩʠʪ ʠ ʢʝʨʘʨʛʠʨʠʪ; 
ï ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʟʸʨʝʥ ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ ʠ 

ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ ʩʝʨʝʙʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷ-
ʪʝʣʴʥʳʭ ʟʸʨʝʥ ʣʠʙʦ ʚ ʦʪʢʨʳʪʳʭ ʩʨʦʩʪʢʘʭ ʩ ʜʨʫʛʠʤʠ ʤʠʥʝ-
ʨʘʣʘʤʠ. 

ʈʠʩ. 2. ɺʘʨʠʘʮʠʷ ʩʦʜʝʨʞʘʥʠʡ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʦʙʘʭ ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʫʢʨʘʢʦʥ ʠ ʂʦʩʤʘʥʘʯʠ 

ʈʠʩ. 3. ʆʙʦʙʱʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʦʙ ʠʟʫʯʝʥʥʳʭ ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʫʢʨʘʢʦʥ ʠ ʂʦʩʤʘʥʘʯʠ 

Feʦʙʱ. Sʦʙʱ. 

FeO Fe2O3 

Al2O3 

P2O3 K2O Na2O MgO CaO 

Cʦʨʛ. Ss As Sb SiO2 TiO2 

MnO 

SiO2 ; 68,12 

Sʦʙʱ.; 2,17 

Sb; 0,01 

Feʦʙʱ.; 3,02 

Al2O3; 11,03 

Fe2O3; 2,53 

FeO; 1,67 

TiO2; 0,58 

Na2O; 0,74 

K2O; 3,03 

CaO; 2,12 

MgO; 1,65 

P2O5; 0,38 

MnO; 0,06 

Cʦʨʛ.; 0,54 

As; 0,28 

Ss; 1,51 
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ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʦʩʤʦʥʘʯʠ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʧʨʠʥʘʜʣʝʞʘ-
ʱʝʝ ʢ ʫʙʦʛʦ ʩʫʣʴʬʠʜʥʦʤʫ ʪʠʧʫ ʚ ʨʘʤʢʘʭ ʟʦʣʦʪʦʩʝʨʝʙʨʷʥʦʡ ʬʦʨʤʘʮʠʠ. 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʩʘʤʦʨʦʜʥʦʛʦ 
ʩʝʨʝʙʨʘ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ 60 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʸʤʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʩʝʨʝʙʨʘ ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʤʠʥʝʨʘʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 
ʪʝʪʨʘʵʜʨʠʪ, ʧʦʣʠʙʘʟʠʪ ʠ ʧʠʨʘʨʛʠʨʠʪ.  
ʄʦʨʬʦʣʦʛʠʷ ʚʳʜʝʣʝʥʠʡ ʩʝʨʝʙʨʘ ʚʘʨʴʠʨʫʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʟʤʝ-

ʨʦʚ ʦʪ 0,5 ʜʦ 0,75 ʤʤ, ʧʨʠʥʠʤʘʷ ʢʦʤʢʦʚʠʜʥʫʶ, ʧʣʘʩʪʠʥʯʘʪʫʶ ʠʣʠ 
ʜʝʥʜʨʠʪʦʚʠʜʥʫʶ ʬʦʨʤʳ. 
ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʢʣʶʯʘʝʪ ʦʩʥʦʚʥʳʝ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ: 

ʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ ʠ ʛʘʣʝʥʠʪ, ʘ ʪʘʢʞʝ ʥʝʨʫʜʥʳʝ ʢʦʤʧʦ-
ʥʝʥʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʚʘʨʮʝʤ, ʫʛʣʝʨʦʜʠʩʪʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, 
ʩʝʨʠʮʠʪʦʤ, ʭʣʦʨʠʪʦʤ ʠ ʢʘʨʙʦʥʘʪʘʤʠ.  
ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʮʠʘʥʠʨʦʚʘʥʠʶ ʨʫʜ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʚʨʝʤʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʠʘʥʠ-
ʜʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʠʟʫʯʝʥʠʶ ʢʠʥʝ-
ʪʠʢʠ ʮʠʘʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ 
ʚʨʝʤʷ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ 90 % ʩʝʨʝʙʨʘ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʮʝʥʠʚʘʣʘʩʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 
ʦʙʦʛʘʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ, ʪʘʢʠʭ ʢʘʢ ʦʪʩʘʜ-
ʢʘ ʠ ʮʝʥʪʨʦʙʝʞʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ.  
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʬʣʦʪʘʮʠʦʥʥʦʤʫ ʦʙʦʛʘʱʝʥʠʶ ʚʢʣʶʯʘʣʠ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʚʳʙʦʨ ʨʝʘʛʝʥʪʦʚ, ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 
ʀʟʫʯʝʥʘ ʩʦʨʙʮʠʦʥʥʘʷ ʸʤʢʦʩʪʴ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʜʣʷ 

ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠ-
ʤʝʥʪʳ ʧʦ ʧʨʦʪʠʚʦʪʦʯʥʦʡ ʜʝʢʘʥʪʘʮʠʠ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʨʘʩʪʚʦʨʝʥ-
ʥʳʭ ʤʝʪʘʣʣʦʚ ʦʪ ʪʚʝʨʜʦʛʦ ʦʩʪʘʪʢʘ. ʀʩʩʣʝʜʦʚʘʣʩʷ ʧʨʦʮʝʩʩ ʮʝʤʝʥ-
ʪʘʮʠʠ ʮʠʥʢʦʚʦʡ ʧʳʣʴʶ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʩʝʨʝʙʨʘ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʧʨʠ 
ʵʪʦʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ 
ʧʨʦʮʝʩʩʘ. 
ɼʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʮʠʘʥʠʨʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ 

ʜʦʙʘʚʢʠ ʦʢʩʠʜʘ ʩʚʠʥʮʘ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 
ʦʢʩʠʜʘ ʩʚʠʥʮʘ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʩʝʨʝʙʨʘ. 
ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʳ ʧʦʜʛʦʪʦʚʢʠ ʬʣʦʪʦʢʦʥʮʝʥʪʨʘʪʦʚ 

ʢ ʮʠʘʥʠʨʦʚʘʥʠʶ, ʚʢʣʶʯʘʷ ʛʦʨʷʯʫʶ ʦʙʨʘʙʦʪʢʫ ʢʠʩʣʦʪʘʤʠ.  

ʈʠʩ. 4. ʈʘʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʩʝʨʝʙʨʘ ʚ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʘʭ ʚ ʧʨʦʮʝʥʪʘʭ 

1. ʉʚʦʙʦʜʥʦʝ ʚ ʚʠʜʝ 
ʩʨʦʩʪʢʦʚ (ʮʠʘʥʠʨʫʝʤʦʝ) 

2. ʎʠʘʥʠʨʫʝʤʦʝ ʧʦʩʣʝ 
ʦʙʨʘʙʦʪʢʠ NaOH 
(ʧʦʢʨʳʪʦʝ ʧʣʸʥʢʘʤʠ, 
ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʝ ʩ 
ʘʥʪʠʤʦʥʠʪʦʤ ʠ ʘʤʦʨʬ-
ʥʳʤ ʢʨʝʤʥʝʟʸʤʦʤ) 

3. ʎʠʘʥʠʨʫʝʤʦʝ ʧʦʩʣʝ 
ʦʙʨʘʙʦʪʢʠ HCl 
(ʩʚʷʟʘʥʥʦʝ ʩ  
ʦʢʩʠʜʘʤʠ,  

ʛʠʜʨʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ, 
ʢʘʨʙʦʥʘʪʘʤʠ,  
ʭʣʦʨʠʪʘʤʠ) 

4ʘ. ɸʩʦʮʠʠʨʦʚʘʥʥʦʝ  
ʩ ʩʫʣʴʬʠʜʘʤʠ ʠ  
ʫʛʣʝʨʦʜʠʩʪʳʤ  
ʚʝʱʝʩʪʚʦʤ,  
ʚ ʪʦʤ ʯʠʩʣʝ: 
ʘ) ʠʟʚʣʝʢʘʝʤʦʝ  

ʮʠʘʥʠʨʦʚʘʥʠʝʤ ʧʦʩʣʝ 
ʦʙʨʘʙʦʪʢʠ HNO3 
(ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʝ ʩ 
ʩʫʣʴʬʠʜʘʤʠ) 

4ʙ. ʀʟʚʣʝʢʘʝʤʦʝ  
ʮʠʘʥʠʨʦʚʘʥʠʝʤ ʧʦʩʣʝ 
ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 
ʦʙʞʠʛʘ t = 650Üʉ 
(ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʝ ʩ 
ʫʛʣʝʨʦʜʠʩʪʳʤ  
ʚʝʱʝʩʪʚʦʤ ʠ  

ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʤʠ ʚ 
ʥʝʛʦ ʩʫʣʴʬʠʜʘʤʠ) 

5. ʊʦʥʢʦʚʢʨʘʧʣʝʥʥʦʝ ʚ 
ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ 
ʤʠʥʝʨʘʣʳ 
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ʄ. ʅʫʢʨʘʢʦʥ ʊʇ-639 ʄ. ʅʫʢʨʘʢʦʥ ʅʫʢʨʘʢʦʥ-24 ʄ. ʅʫʢʨʘʢʦʥ NUK-1/23 ʄ. ʂʦʩʤʘʥʘʯʠ Kos 1-23 

48 

ʋʙʚʤʡʯʙ 1 

ʍʤʧʫʙʯʡʧʦʦʧʞ ʧʚʧʜʙʲʞʦʡʞ ʡʪʮʧʝʦʧʢ ʪʬʤʵʭʡʝʦʧʢ ʪʞʩʞʚʩʧʪʧʝʞʩʟʙʲʞʢ ʩʬʝʴ ʨʧ ʨʩʧʚʙʥ ʥʞʪʫʧʩʧʟʝʞʦʡʢ ʆʬʣʩʙʣʧʦ ʡ ʃʧʪʥʙʦʙʰʡ 

ʋʡʨ ʩʬʝʴ, ʨʩʧʚʙ 
ʊʧʝʞʩʟʙʦʡʞ ʛ ʡʪʮʧʝʦʧʢ 

ʨʩʧʚʞ, ʛ/ʪ 
ʊʧʝʞʩʟʙʦʡʞ ʛ ʮʛʧʪʫʙʮ 
ʭʤʧʫʙʯʡʡ, ʛ/ʪ 

ʊʧʝʞʩʟʙʦʡʞ  
ʛʧ ʭʤʧʫʧʣʧʦʯʞʦʫʩʙʫʞ, ʛ/ʪ ɻʴʮʧʝ ʍʃ, 

% 

ʁʠʛʤʞʰʞʦʡʞ  
ʛʧ ʭʤʧʫʧʣʧʦʯʞʦʫʩʙʫ 

Au Ag Au Ag Au Ag Au, % Ag, % 
ʉʫʣʴʬʠʜʥʘʷ ʨʫʜʘ ʅʫʢʨʘʢʦʥ, 
ʊʇ-639 2,11 217,35 0,79 33,5 12,34 1641,3 11,43 66,85 86,35 

ʉʫʣʴʬʠʜʥʘʷ ʨʫʜʘ ʅʫʢʨʘʢʦʥ, 
NUK-1/23 1,10 40,55 0,27 4,7 9,81 418,6 8,66 77,5 89,41 

ʉʫʣʴʬʠʜʥʘʷ ʨʫʜʘ ʅʫʢʨʘʢʦʥ, 
ʅʫʢʨʘʢʦʥ-24 1,31 27,5 0,21 4,6 7,01 146,6 16,16 86,56 86,0 

ʉʫʣʴʬʠʜʥʘʷ ʨʫʜʘ ʂʦʩʤʘʥʘʯʠ, 
Kos 1-23 0,31 81,92 0,12 5,0 1,61 608,84 12,74 66,25 94,67 


