




Ilmiy-texnik va ishlab chiqarish jurnali, 1997 yil iyul oyidan chiqa 
boshlagan. Bir yilda toórt marta nashr etiladi. 
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çNavoiy kon-metallurgiya kombinatiè AJ, Navoiy davlat konchilik va 
texnologiyalar universiteti, Oózbekiston geoteʭnologiya va rangli 
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çOózGEORANGMETLITIè MChJ 
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çNavoiy KMKè AJ 
 

Bosh muharrir:  
U.Z. Sharafutdinov  
 

Bosh muharrir oórinbosari:  
Sh.Sh. Alikulov   
 

Texnik va badiiy muharrir:  
F.Yu. Zairovʘ   
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va laboratoriya tadqiqotlari ï Mishina O.V. (Germaniya), 
Mustaqimov O.M. (Oózbekiston), Muxiddinov B.F. (Oózbekiston), 
Nurmurodov T.I. (Oózbekiston), Roóziev N.R. (Oózbekiston), 
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(Oózbekiston), Raziqov Z.A. (Tojikiston), Raxmatov A.B. 
(Oózbekiston); iqtisod ï Vorobyov A.E. (Rossiya), Djulibekov N.K. 
(Oózbekiston) 
 

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

Jurnaldan koóchirib bosilganda manba qayd etilishi shart 
 

Jurnalda chop etilgan maôlumot va keltirilgan  
dalillarning aniqligi uchun muallif javobgardir 
 

Tahririyat manzili:  
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çNGMKè AJ Innovatsion rivojlanish departamenti ilgóor 
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A3 formatda. Adadi 100 nusxa 
É ʆózbekiston konchilik ʭabarnomasi 2025 

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

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

ʌʠʥʘʥʩʦʚʘʷ ʧʦʜʜʝʨʞʢʘ:  
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 
ʎʝʥʪʨ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ɼʝʧʘʨʪʘʤʝʥʪʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 
ʨʘʟʚʠʪʠʷ ɸʆ çʅɻʄʂè 
ʊʝʣ.: +99879 227-81-59 
 

E-mʘil: FY.Zairova@ngmk.uz, 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 25.12.2025 ʛ. 
ʌʦʨʤʘʪ ɸ3. ʊʠʨʘʞ 100 ʵʢʟ.  
É ɻʦʨʥʳʡ ʚʝʩʪʥʠʢ ʋʟʙʝʢʠʩʪʘʥʘ 2025 
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KONCHILIK ISHLARI / ɻʆʈʅʓɽ ʈɸɹʆʊʓ 
  
ʅʙʮʥʬʝʧʛ ɹ.ʅ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ 
ʧʨʦʯʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜéééééééééééééééééé. 
 
ʀʙʡʩʧʛ ʑ.ʑ., ʆʬʫʭʬʤʤʧʞʛ ɼ.ʊ., ɼʙʡʚʦʙʠʙʩʧʛ ɺ.ɹ.,           
ʁʪʥʙʫʡʤʤʙʞʛ ʆ.ɹ. ʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʩʩʠʚʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ 
ʧʨʠ ʧʦʜʟʝʤʥʳʭ ʨʘʙʦʪʘʭééééééééééééééééé... 
 
Jiyanov A.B. Amantaytov koni togó jinslari massivi kuchlanish-
deformatsiyalanish holatlarining karyer borti oldi massivi 
turgóunligiga taôsirini baholashéé............................éééééé 
 
ʀʙʡʩʧʛ ʑ.ʑ., ʅʙʛʤʸʦʧʛ ɹ.ɹ., ɼʙʡʚʦʙʠʙʩʧʛ ɺ.ɹ.,           
ʊʙʭʙʩʧʛʙ ʅ.ɽ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʦʙʚʦʜʥʸʥʥʦʩʪʠ    
ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ ʢʘʨʴʝʨʘéééé. 
 
ʋʬʮʫʙʱʞʛ ɹ.ɺ., ɹʚʝʬʩʙʱʡʝʧʛ ʑ.ʅ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ 
ʪʝʭʥʦʣʦʛʠʡ ʦʪʨʘʙʦʪʢʠ ʰʪʘʙʝʣʷ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ..éé 
 
ʌʥʙʩʧʛ ʍ.ʘ., ʃʙʩʡʥʧʛ ʑ.ɻ., ʋʬʢʰʡʚʧʞʛ ʖ.ʁ., ʆʧʩʧʛ ɽ.ʑ. 
ʊʝʭʥʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʠʭ ʤʥʦʛʦʷʨʫʩʥʳʭ ʘʚʪʦʤʦ-
ʙʠʣʴʥʳʭ ʦʪʚʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ «ʄʫʨʫʥʪʘʫèééééé.. 
 
 

 BOYITISH VA METALLURGIYA /  
ʆɹʆɻɸʑɽʅʀɽ ʀ ʄɽʊɸʃʃʋʈɻʀʗ  

 
ʎʙʪʙʦʧʛ ɹ.ʊ., ɹʣʥʙʤʧʛ ʅ.ʄ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʝʜʝʵʣʝʢʪʨʦʣʠʪʥʳʭ ʰʣʘʤʦʚ ʩ   
ʠʟʚʣʝʯʝʥʠʝʤ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳéééééééé... 
 
ʎʙʪʙʦʧʛ ɹ.ʊ., ʑʙʣʙʩʧʛ ʋ.ʁ., ʅʬʮʙʥʞʝʚʙʞʛ ɹ.ɹ., ʅʙʫʥʬʪʙʞʛ ʁ.ʃ. 
ʇʝʨʝʨʘʙʦʪʢʘ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʬʣʦʪʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
ʧʦʣʫʯʝʥʠʝʤ  ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘéééé.éééé  
 
ʃʬʩʚʙʦʧʛ ʅ.ɹ., ʊʙʤʡʥʧʛ ʑ.ɼ., ʃʬʤʚʙʞʛʙ ʃ.ɺ., ɺʙʮʙʝʡʩʧʛʙ ʆ.ɺ. 
ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʜʭʦʜʘ ʢ ʧʦʠʩʢʫ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ 
ʩʙʨʦʩʥʳʭ ʚʦʜ ʧʨʠ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜ 
ʜʨʘʛʦʮʝʥʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ............................................... 
 

 
 
 

 ILMIY-LABORATORIYA IZLANISHLARI /  
ʅɸʋʏʅʆ-ʃɸɹʆʈɸʊʆʈʅʓɽ ʀɿʓʉʂɸʅʀʗ 

 
ʌʥʙʩʧʛ ʍ.ʘ., ʎʬʝʙʢʚʞʩʝʡʞʛ ʇ.ɿ., ʀʙʡʩʧʛʙ ʍ.ʗ., ɽʟʬʩʙʞʛʙ ʆ.ʅ. 
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KONCHILIK ISHLARI 

ʖʆɾʉɼɾʋʁʐɾʊʃʁʂ ɹʆɹʄʁʀ ʈʉʇʏɾʊʊɹ ʉɹʀʉʌʑɾʆʁʘ ʈʉʇʐʆʔʎ 
ɼʇʉʆʔʎ ʈʇʉʇɽ 

ʋɼʂ  622.271:622.3 DOI:10.54073/GV.2025.4.103.001 

ɺʚʝʜʝʥʠʝ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʫʯʸʥʳ-
ʤʠ, ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 
(ʦʩʦʙʝʥʥʦ ʫʛʣʝʡ) ʠ ʤʸʨʟʣʳʭ ʛʨʫʥʪʦʚ (ʩʪʘʪʠʯʝʩʢʠʤʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 
ʥʘʛʨʫʟʢʘʤʠ) ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦ-
ʤʝʨʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ. 
ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ɽ, 

(ʫʜʝʣʴʥʫʶ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʫʶ), ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʢʦʣʠʯʝ-
ʩʪʚʦ ʵʥʝʨʛʠʠ (ʨʘʙʦʪʳ), ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʥʘ ʦʪʜʝ-
ʣʝʥʠʝ ʝʜʠʥʠʮʳ ʦʙʲʸʤʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʪ ʤʘʩʩʠʚʘ. ɽʩʪʝʩʪʚʝʥʥʦ, 
ʯʝʤ ʤʝʥʴʰʝ ʵʥʝʨʛʦʸʤʢʦʩʪʴ, ʪʝʤ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʷʚʣʷʝʪʩʷ 
ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ. 
ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ 

ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ.  
ʀʟ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʘʰʠʥ ʜʣʷ 
ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ [1, 2]: 

ʘ)  ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʚʦʡʩʪʚ ʨʘʟʨʫʰʘʝʤʦʡ   
ʩʨʝʜʳ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʫʜʘʨʘ, ʚʳʙʦʨ 
ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʘʰʠʥ ʫʜʘʨʥʦʛʦ ʜʝʡ-
ʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʚʳʙʦʨ ʠʭ ʦʙʣʘʩʪʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ; 
ʙ)  ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʨʝʤʝʥʠ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʨʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ; 
ʚ)  ʦʧʪʠʤʠʟʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ 

ʠ ʤʘʰʠʥ, ʥʘ ʙʘʟʝ ʨʘʟʨʘʙʦʪʢʠ ʪʝʦʨʠʠ ʧʨʦʮʝʩʩʘ ʫʜʘʨʥʦʛʦ ʨʘʟʨʫʰʝ-
ʥʠʷ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 
ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ. ʕʥʝʨʛʦʸʤʢʦʩʪʴ ʨʘʟʨʫ-

ʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʫʜʘʨʥʳʤ ʢʣʠʥʦʚʠʜʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʤʦʞʝʪ 
ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʩʪʨʫʢʪʫʨʥʦʤ 
ʚʠʜʝ [2, 9, 10]: 

 
 (1) 

ʛʜʝ ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʪʝʭʥʦʣʦʛʠʶ ʨʘʙʦʪʳ ʤʘʰʠʥʳ;  
Ů ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʪʠʧ ʛʦʨʥʳʭ ʧʦʨʦʜ;  
ɸʝʜ. ï ʨʘʙʦʪʘ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ;  

Maqolada togó jinslarini buzuvchi qoziq shaklidagi asbob yordamida togó jinsini buzishning energiya sigóimini aniqlash boóyicha    
nazariy va eksperimental tadqiqotlar natijalari keltirilgan. Togó jinsini buzish jarayonining energetik bogóliqliklarini oóz ichiga olgan 
strukturaviy modeli koórib chiqilgan, bunda energiyaning uzatilishi, taqsimlanishi va zarba paytidagi yoóqotishlari ifodalangan. Zarb 
beruvchi ishchi uskunaning umumiy foydali ish koeffitsienti ifodasi aniqlashtirilib, u çzarb beruvchi ï asbobè va çasbob ï togó jinsiè 
kichik tizimlariga ajratilgan. Qoziq shaklidagi asbobning togó jinsiga impulsli kirib borish qonuniyatlarini tahlil qilish asosida asbobning 
tezlanish, barqaror harakat va tormozlanish davrlari, shuningdek, kirib borish chuqurligi hamda zarba kuchining vaqtga bogóliqligi 
aniqlangan. Kichik zarba energiyalarida togó jinsini buzish samaradorligi jinsning elastik deformatsiyalari sababli sezilarli darajada kama-
yishi, optimal energiyadan oshganda esa ortiqcha maydalanish yoóqotishlari kuzatilishi aniqlandi. Turli jins turlari uchun qoziq shaklidagi 
asbobning optimal uchi burchagi 25-35Ü ni tashkil etib, bu kirib borish chuqurligini saqlagan holda minimal energiya sarfini taôminlaydi. 
Olingan bogólanishlar konstruktsion, texnologik va energetik parametrlarning massiv buzilish jarayoniga taôsirini baholashga imkon    
beradi va zarb beruvchi qoziq shaklidagi asbobli kon mashinalarining loyihalash hamda optimallashtirish jarayonlarida qoóllanilishi mumkin. 
Kalit soôzlar: buzilishning energiya sigóimi, qoziq shaklidagi asbob, zarba taôsiri, foydali ish koeffitsienti, dinamik kirib borish, qoziq 

shaklidagi asbobning optimal burchagi, plastik deformatsiya, togó jinslari. 
 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ    

ʛʦʨʥʳʭ ʧʦʨʦʜ ʫʜʘʨʥʳʤ ʢʣʠʥʦʚʠʜʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. ʈʘʩʩʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ, ʚʢʣʶʯʘʶʱʘʷ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʝʨʝʜʘʯʫ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʠ ʫʜʘʨʝ. ʋʪʦʯʥʝʥʦ ʚʳʨʘʞʝ-
ʥʠʝ ʜʣʷ ʩʫʤʤʘʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʫʜʘʨʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʟʜʝʣʝʥʥʦʛʦ ʥʘ ʧʦʜʩʠʩʪʝʤʳ 
çʫʜʘʨʥʠʢ ï ʠʥʩʪʨʫʤʝʥʪè ʠ çʠʥʩʪʨʫʤʝʥʪ ï ʛʦʨʥʘʷ ʧʦʨʦʜʘè. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʤʧʫʣʴʩʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ 
ʢʣʠʥʘ ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʠʦʜʳ ʨʘʟʛʦʥʘ, ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʠ ʪʦʨʤʦʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʛʣʫʙʠʥʳ ʚʥʝʜʨʝʥʠʷ ʠ ʫʜʘʨʥʦʡ ʩʠʣʳ ʦʪ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʵʥʝʨʛʠʷʭ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ    
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦʨʦʜʳ, ʘ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʦʧʪʠ-
ʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʣʠʰʥʠʝ ʧʦʪʝʨʠ ʥʘ ʧʝʨʝʠʟʤʝʣʴʯʝʥʠʝ. ʆʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʟʘʦʩʪʨʝʥʠʷ ʢʣʠʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
ʪʠʧʦʚ ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʝʪ 25-35Ü, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʦʡ 
ʛʣʫʙʠʥʳ ʚʥʝʜʨʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝ-
ʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 
ʫʜʘʨʥʳʭ ʢʣʠʥʦʚʳʭ ʩʠʩʪʝʤ ʛʦʨʥʳʭ ʤʘʰʠʥ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻ ʥʝʨʛʦʸʤʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ, ʢʣʠʥʦʚʠʜʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʫʜʘʨʥʦʝ ʜʝʡʩʪʚʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ, ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʢʣʠʥʘ, ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʛʦʨʥʳʝ ʧʦʨʦʜʳ. 

ʅʙʮʥʬʝʧʛ ɹ.ʅ.,   
ʠ.ʦ. ʧʨʦʬʝʩʩʦʨʘ ʢʘʬʝʜʨʳ 

«ɻʦʨʥʘʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘ» ʅɻɻʊʋ, ʢ.ʪ.ʥ.  
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

t, ɤ ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ; 
ɖ× ï ʩʫʤʤʘʨʥʳʡ ʢ. ʧ. ʜ. ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ;  
vʧʫ ï ʧʨʝʜʫʜʘʨʥʘʷ ʩʢʦʨʦʩʪʴ ʙʦʡʢʘ;  
Ŭ, b ï ʫʛʦʣ ʠ ʰʠʨʠʥʘ ʟʘʦʩʪʨʝʥʠʷ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 
ɼʣʷ ʩʣʫʯʘʷ ʯʘʩʪʦ ʫʜʘʨʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʠʛʨʫʟʢʠ ʬʦʨʤʫʣʘ (1) ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ: 

 
 (2) 

 
ʛʜʝ ɽ' ï ɻ ʥʝʨʛʦʸʤʢʦʩʪʴ ʯʘʩʪʦʫʜʘʨʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ; 
ʈʉʊ ï ʫʩʠʣʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʠʛʨʫʟʢʠ; 
v ï ʯʘʩʪʦʪʘ ʫʜʘʨʦʚ. 
ʉ ʧʦʤʦʱʴʶ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤʫʣ (1) ʠ (2) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ 
(ʧʦʤʠʤʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʭʦʜʷʱʠʭ ʚ ʬʦʨʤʫʣʳ): 
ʉ ï ʯʠʩʣʦ ʫʜʘʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʣʦʪʥʦʤʝʨʘ; 
Wn ï ʯʠʩʣʦ ʧʣʘʩʪʠʯʥʦʩʪʠ;  
h, hɆ ï ʚʝʣʠʯʠʥʳ ʝʜʠʥʠʯʥʦʡ ʠ ʩʫʤʤʘʨʥʦʡ ʛʣʫʙʠʥ ʧʦʛʨʫʞʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ;  
ůʩʞ, ůʨ, ůʚʜ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʜʝʣʳ ʧʨʦʯʥʦʩʪʠ ʤʸʨʟʣʳʭ    

ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʩʞʘʪʠʝ, ʨʘʟʨʳʚ ʠ ʚʜʘʚʣʠʚʘʥʠʝ;  
ʪ ï «ʧʨʠʩʦʝʜʠʥʝʥʥʘʷ» ʤʘʩʩʘ ʛʨʫʥʪʘ;  
v ï ʯʘʩʪʦʪʘ ʫʜʘʨʦʚ;  
ʝ ï ɻ ʢʩʮʝʥʪʨʠʩʠʪʝʪ ʩʦʫʜʘʨʝʥʠʷ;  
ʂ' ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ;  
Vʫʜ ï ʩʢʦʨʦʩʪʴ ʩʦʫʜʘʨʝʥʠʷ ʙʦʡʢʘ ʩ ʢʣʠʥʦʤ; 
Ű ï ʚʨʝʤʷ ʩʦʫʜʘʨʝʥʠʷ; 
lɻ ʬ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʣʠʥʘ ʜʦ ʢʨʦʤʢʠ ʟʘʙʦʷ;  
ɓ ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʩʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʢ ʛʦʨʠʟʦʥʪʫ; 
ʊʮ ï ʚʨʝʤʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ; 
æ ï ʩʪʝʧʝʥʴ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʟʘʙʦʷ; 
lʪʝʭʥ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʨʘʙʦʯʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ʏʠʩʣʦ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ, ʧʘʨʘʤʝʪʨʦʚ   

ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ, ʝʩʣʠ ʚʢʣʶʯʠʪʴ ʩʶʜʘ ʧʘʨʘʤʝʪʨʳ ʫʩʪʨʦʡʩʪʚʘ, 
ʬʦʨʤʠʨʫʶʱʝʛʦ ʫʜʘʨʥʳʡ ʠʤʧʫʣʴʩ, ʧʘʨʘʤʝʪʨʳ ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ ʠ ʪ. ʜ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ. ɼʘʞʝ ʧʨʠ 

ʙʝʛʣʦʤ ʘʥʘʣʠʟʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, 
ʯʪʦ ʥʝ ʚʩʝ ʠʟ ʥʠʭ ʚʣʠʷʶʪ ʥʘ ɽ' ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʘ ʪʦʣʴʢʦ ʯʝʨʝʟ 
ʧʦʩʨʝʜʩʪʚʦ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ.  
ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʩʘʤʦ ʧʦʥʷʪʠʝ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʠ 

ʨʘʟʨʫʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝʤ ʢʦʤʧʣʝʢʩʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʥʘʣʠ-
ʟʘ ʫʜʘʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʫʜʘʨʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʦʯʥʳʭ 
ʛʦʨʥʳʭ ʧʦʨʦʜ [3, 4]. 
ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʟʘʢʦʥʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʥʝʨʛʠʠ 

ʚ ʫʜʘʨʥʦʤ ʤʝʭʘʥʠʟʤʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʥʳ 
ʦʪ ʟʘʢʦʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʩ 
ʛʦʨʥʦʡ ʧʦʨʦʜʦʡ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʦʥʠ ʥʝʟʘʚʠʩʠ-
ʤʳ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʦʚʦʜʠʪʴ 
ʠʟʫʯʝʥʠʝ ʵʪʠʭ ʜʚʫʭ ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʘʜʠʡ 
ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ ʨʘʙʦʯʠʤ ʦʙʦ-
ʨʫʜʦʚʘʥʠʝʤ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʈʆʋɼ) ʧʦ 
ʵʪʘʧʘʤ. ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ, ʦʙʫʩʣʦʚ-
ʣʝʥʥʳʝ ʩʦʫʜʘʨʝʥʠʝʤ ʙʦʡʢʘ ʠ ʠʥʩʪʨʫʤʝʥʪʘ, 
ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʚʝʣʠʯʠʥʦʡ ʢ. ʧ. ʜ. ɖ1, ʘ ʧʦʪʝ-
ʨʠ ʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʠ ʝʛʦ 
ʨʘʟʨʫʰʝʥʠʝ ï ʢ. ʧ. ʜ. ɖ2. ʊʦʛʜʘ ʫʧʦʤʷʥʫʪʳʡ 
ʚʳʰʝ ʢ. ʧ. ʜ. ɖɆ (ʩʫʤʤʘʨʥʳʡ ʢ. ʧ. ʜ.) ʚʩʝʛʦ 
ʧʨʦʮʝʩʩʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

 
(3) 

ʛʜʝ ɸ'ʧʦʪ ï ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ 
ʙʦʡʢʘ ʩ ʢʣʠʥʦʤ. 

ʋʯʠʪʳʚʘʷ ʪʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʈʆʋɼ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʧʦʜʩʠʩʪʝʤ: ʫʜʘʨ-
ʥʠʢ ï ʠʥʩʪʨʫʤʝʥʪ; ʠʥʩʪʨʫʤʝʥʪ ï ʛʦʨʥʘʷ ʧʦʨʦʜʘ. 
ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ (ʧʨʦʯʥʦʩʪʠ, ʩʣʦʠʩʪʦʩʪʠ ʠ ʩʪʨʫʢ-
ʪʫʨʥʦʛʦ ʩʪʨʦʝʥʠʷ), ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ ʠʥʩʪʨʫʤʝʥʪʘ, 
ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʪʢʨʳʪʦʡ ʩʪʝʥʢʠ ʟʘʙʦʷ (ʰʘʛʘ ʟʘʙʠʚʢʠ), ʧʦʜʛʦʪʦʚʢʠ 
ʟʘʙʦʷ, ʢ. ʧ. ʜ. ʫʜʘʨʘ ʠ ʜʨ. 
ɼʠʥʘʤʠʢʘ ʠʤʧʫʣʴʩʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʢʣʠʥʘ. ʉʦʫʜʘʨʝʥʠʝ ʢʣʠʥʘ 

ʩ ʛʦʨʥʦʡ ʧʦʨʦʜʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʘʢʦʡ-ʪʦ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʠ, ʥʦ 
ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʥʦ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʥʝʢʦ-
ʪʦʨʦʡ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʥʝʜʨʝʥʠʷ. 
ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʜʘʚʣʠʚʘʥʠʷ 

ʢʦʥʠʯʝʩʢʠʭ ʰʪʘʤʧʦʚ ʚ ʛʦʨʥʫʶ ʧʦʨʦʜʫ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʙʦʪʘ ʜʠʥʘʤʠ-
ʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ 2-2,5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʩʪʘʪʠʯʝʩʢʦʛʦ. 
ɼʠʥʘʤʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ   ʩʢʦʨʦ-
ʩʪʴʶ ʥʘʛʨʫʞʝʥʠʷ (ʪʝʤʧʦʤ ʧʦʛʨʫʞʝʥʠʷ). ɽʩʣʠ ʩʪʘʪʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝ-
ʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠʤʝʨʥʦ       66-2660 
ʢʅ/(ʤ2Ŀʩ), ʪʦ ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʦʩʪʠʛʘʝʪ ʩʢʦʨʦʩʪʠ ʥʘʛʨʫʞʝʥʠʷ (2õ2,7) 
104 ʢʅ/(ʤ2Ŀʩ). ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ůʩʞ ʠ Űʩʨ (Űʩʜ) ʠʟʤʝʥʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪ-
ʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ. ʇʨʠʯʸʤ ʚ 
ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʝʡ ʥʘʛʨʫʟʢʠ ʧʨʦʷʚʣʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ 
ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʨʠʚʠʟʥʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 
ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ  ʩʢʦʨʦʩʪʝʡ ʥʘʛʨʫ-
ʞʝʥʠʷ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʮʝʣʴʶ ʫʪʦʯ-
ʥʝʥʠʷ ʨʘʩʯʸʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝʛʜʘ ʧʨʘʚʠʣʴʥʦ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ 
ʨʘʟʨʫʰʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ 
ʥʘʛʨʫʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʫʞʝ ʦʜʥʠʤ ʵʪʠʤ ʬʘʢʪʦʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 
ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʙʦʪʳ ʚʥʝʜʨʝʥʠʷ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʩʧʦ-
ʩʦʙʝ ʧʦʛʨʫʞʝʥʠʷ. ʆʜʥʘʢʦ ʚʦʧʨʦʩ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ 
ʨʘʙʦʪʳ ʧʦʛʨʫʞʝʥʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 
ʨʘʙʦʪʳ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ. ʕʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʣʠ ʤʥʦʛʠʝ 
ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʛʠʧʝʨʙʦʣʫ. ʊʠʧʠʯʥʘʷ ʢʨʠʚʘʷ ɽ=ä(ɸʝʜ) ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1 [1, 7].  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʠʭ ʘʥʘʣʠʟ. ʀʟ ʨʠʩ. 1 ʩʣʝʜʫʝʪ, 
ʯʪʦ ʢʨʠʚʫʶ E=f(A) ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʢʘʢ ʵʢʩʧʦʥʝʥʪʫ ʩʦ ʟʥʘʯʝʥʠʝʤ 
ɽŸconst ʧʨʠ ɸ>2500 ɼʞ. ɽʝ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 
ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʦʥʝ ʤʘʣʳʭ ʵʥʝʨʛʠʡ ʦʜʥʦʛʦ ʫʜʘʨʘ (ʜʦ 2 ʢɼʞ). ʇʦʵʪʦʤʫ 
ʥʫʞʥʦ ʠʟʙʝʛʘʪʴ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʨʘʙʦʪʳ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ ʢʘʢ ʥʝʵʬ-
ʬʝʢʪʠʚʥʳʭ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʆʙʲʷʩʥʝʥʠʝ ʧʨʠʯʠʥ ʩʫʱʝ-
ʩʪʚʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʚ ʬʠʟʠʯʝʩʢʠʭ 
ʷʚʣʝʥʠʷʭ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʧʦʛʨʫʞʝʥʠʝ ʢʣʠʥʘ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ 
ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʵʥʝʨʛʠʷʭ ʫʜʘʨʘ ʤʝʥʴʰʝ 
ʦʧʪʠʤʘʣʴʥʳʭ ʦʙʲʷʩʥʷʝʪ ʪʦ, ʯʪʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʧʨʠ ʫʜʘʨʝ ʥʘʧʨʷʞʝʥʠʷ 

ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʚʝʣʠʯʠʥʳ ʨʘʙʦʪʳ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ ɸʝʜ ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ         
ɽ ʤʨʘʤʦʨʘ: I ï ʟʦʥʘ ʤʘʣʳʭ ʵʥʝʨʛʠʡ ʫʜʘʨʘ; II ï ʟʦʥʘ ʩʨʝʜʥʠʭ ʵʥʝʨʛʠʡ ʫʜʘʨʘ; III ï ʟʦʥʘ ʙʦʣʴʰʠʭ 
ʵʥʝʨʛʠʡ ʫʜʘʨʘ 
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ʥʝ ʜʦʩʪʠʛʘʶʪ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʨʘʩʭʦ-
ʜʫʝʪʩʷ ʥʘ ʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʪ. ʝ. ʨʘʟʨʫʰʝʥʠʝ ʥʦʩʠʪ ʚ  ʦʩʥʦʚʥʦʤ 
ʫʩʪʘʣʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ [5, 6].  

ɽʩʣʠ ʚʝʣʠʯʠʥʘ ɸ ʠʟʙʳʪʦʯʥʘ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ 
ʫʜʘʨʦʤ, ʪʦ ʠʟʣʠʰʝʢ ʨʘʙʦʪʳ ʧʦʛʣʦʱʘʝʪʩʷ ʤʘʩʩʠʚʦʤ ʠʣʠ ʠʜʸʪ ʥʘ 
ʧʝʨʝʠʟʤʝʣʴʯʝʥʠʝ. ɺʘʞʥʳʤ ʫʟʣʦʤ ʤʦʣʦʪʦʚ ʣʶʙʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 
ʠʩʧʦʣʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʝʛʦ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ. 
ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠʤʝ-

ʥʷʪʴ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʢʣʠʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʩ ʦʩʪʨʳʤʠ ʛʨʘʥʷʤʠ.   
ʂʣʠʥ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦ- ʠʣʠ ʜʚʫʭʦʩʥʳʤ, ʩʠʤʤʝʪʨʠʯʥʳʤ ʠʣʠ ʘʩʠʤ-
ʤʝʪʨʠʯʥʳʤ, ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʟʘʦʩʪʨʝʥʠʷ ʠ ʰʠʨʠʥʦʡ ʣʝʟʚʠʷ. 
ʅʘ ʧʦʛʨʫʞʝʥʠʝ ʜʚʫʩʢʦʩʥʦʛʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʣʠʥʘ ʩ ʫʛʣʦʤ Ŭ=30Ü 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʚ 2,5-3 ʨʘʟʘ ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ, ʯʝʤ ʥʘ ʧʦʛʨʫ-
ʞʝʥʠʝ ʚ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʢʣʠʥʘ ʩ ʫʛʣʦʤ Ŭ = 7Ü. 
ʇʨʠ ʤʘʣʦʤ Ŭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʥʝʜʨʝʥʠʶ ʢʣʠʥʘ ʤʘʣʦ; ʥʦ ʤʦʛʫʪ 

ʦʢʘʟʘʪʴʩʷ ʤʘʣʳ ʠ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʥʘ ʱʝʢʘʭ ʫʩʠʣʠʷ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ 
ʧʨʝʜʝʣʴʥʳʝ ʨʘʟʨʳʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʛʨʫʥʪʝ. 
ɹʦʣʴʰʦʡ ʫʛʦʣ Ŭ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʸʤ ʩʞʠʤʘʝʤʦʛʦ ʛʨʫʥʪʘ, ʯʪʦ 

ʚʝʜʸʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ. 
ʆʧʪʠʤʘʣʴʥʳʤ ʫʛʣʦʤ ʟʘʦʩʪʨʝʥʠʷ ʢʣʠʥʘ ʜʣʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʯʠʪʘ-

ʝʪʩʷ ʫʛʦʣ, ʨʘʚʥʳʡ 25-30Ü (ʜʣʷ ʚʝʩʴʤʘ ʭʨʫʧʢʠʭ 30-35Ü). 
ɺʣʠʷʥʠʝ ʵʪʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʝʣʠʯʠʥʳ ʦʙʲʸ-

ʤʦʚ ʩʢʦʣʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ 
ʨʠʩ. 2. 
ʄʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ. ʋʜʘʨ 

ʣʝʟʚʠʷ ʢʣʠʥʘ ʦ ʛʦʨʥʫʶ ʧʦʨʦʜʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʫʜʘʨ ʚ 
ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʬʘʟʝ.  

ʈʠʩ. 2. ɺʣʠʷʥʠʷ ʫʛʣʘ ʟʘʦʩʪʨʝʥʠʷ ʢʣʠʥʘ Ŭ ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ɽ ʩʢʦʣʘ 
ʤʨʘʤʦʨʘ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʈʠʩ. 3. ʄʝʭʘʥʠʟʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢʣʠʥʦʤ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʚʥʝʜʨʝʥʠʷ: ʘ ï ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʢʦʥʪʘʢʪ ʢʣʠʥʘ ʩ ʤʘʩʩʠʚʦʤ 
ʛʦʨʥʦʡ ʧʦʨʦʜʳ; ʙ ï ʧʨʦʮʝʩʩ ʩʞʘʪʠʷ ʤʘʩʩʠʚʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʜʘʨʘ ʢʣʠʥʘ; ʚ ï ʧʨʦʮʝʩʩ ʦʪʢʘʣʳʚʘʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʦʪ ʤʘʩʩʠʚʘ ʚ ʨʝʟʫʣʴ-
ʪʘʪʝ ʫʜʘʨʘ ʢʣʠʥʘ  

ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʨʘʙʦʪʳ ʰʘʨʘ ɸ ʦʪ ʛʣʫʙʠʥʳ ʚʥʝʜʨʝʥʠʷ h ʚ ʧʦʨʦʜʫ ʢʣʠʥʴʝʚ ʩ ʫʛʣʘʤʠ ʟʘʦʩʪʨʝʥʠʷ Ŭ=70 (1) ʠ Ŭ=300 (2) 

6 



 

ɻʦʨʥʳʡ ʚʝʩʪʥʠʢ ʋʟʙʝʢʠʩʪʘʥʘ ̄  4 (103) 2025 
 
 

ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʅʘ ʦʩʪʨʠʝ ʢʣʠʥʘ ʚʩʝʛʜʘ ʝʩʪʴ ʧʣʦʱʘʜʢʘ, ʠ ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʥʘʭʦ-
ʜʠʪʩʷ ʚ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʛʦʨʥʦʡ ʧʦʨʦʜʦʡ, ʪʦ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ 
ʢʣʠʥʘ ʧʝʨʝʜʘʝʪʩʷ ʧʦʨʦʜʝ ʠ ʚʳʟʳʚʘʝʪ ʚ ʧʝʨʚʳʡ ʤʦʤʝʥʪ ʨʘʚʥʦʤʝʨ-
ʥʦʝ ʩʞʘʪʠʝ ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʦʛʦ ʩʣʦʷ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ   
[7,  8]. 
ʈʘʩʩʤʦʪʨʠʤ ʵʪʘʧ ʧʝʨʚʠʯʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʢʣʠʥʘ ʚ ʧʦʨʦʜʫ.       

ʇʨʠ ʵʪʦʤ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʢʣʠʥʘ ʥʝʚʝʣʠʢʘ. ʈʘʟʜʝʣʠʤ ʤʘʩʩʠʚ 
ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʨʷʜ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʠʭ ʩʣʦʸʚ (ʨʠʩ. 
3, ʘ). ʇʨʠ ʫʜʘʨʝ ʧʨʦʜʦʣʴʥʘʷ ʚʦʣʥʘ ʚʳʟʦʚʝʪ ʩʞʘʪʠʝ ʵʪʠʭ ʩʣʦʝʚ, 
ʥʘʧʨʷʞʝʥʠʝ ʩ ʛʣʫʙʠʥʦʡ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚ 
ʧʝʨʚʦʤ ʩʣʦʝ ʜʦ ʥʫʣʝʚʦʛʦ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʋʯʘʩʪʢʠ ab ʠ cd (ʨʠʩ. 3, ʙ) ʙʫʜʫʪ ʠʩʧʳʪʳʚʘʪʴ ʨʘʩʪʷʞʝʥʠʝ ʦʪ ʫʜʣʠ-

ʥʝʥʠʷ ʠ ʦʪ ʧʦʷʚʣʝʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʳ. ʅʘ ʣʠʥʠʠ bʩ ʜʝʡʩʪʚʫʝʪ 
ʩʠʣʘ ʤʛʥʦʚʝʥʥʦʛʦ ʪʨʝʥʠʷ, ʧʦʵʪʦʤʫ ʫʯʘʩʪʦʢ ʵʪʦʪ ʨʘʩʪʷʛʠʚʘʪʴʩʷ ʥʝ 
ʙʫʜʝʪ, ʘ ʙʫʜʝʪ ʪʦʣʴʢʦ ʩʞʘʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʩʞʘʪʠʷ. 
ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʠ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʳʝ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʚ ʥʘʠʙʦʣʝʝ ʚʝʨʦ-
ʷʪʥʳʭ ʪʦʯʢʘʭ b ʠ c. ʇʦʩʣʝ ʨʘʟʨʳʚʘ ʩʣʦʷ ʫʯʘʩʪʢʠ ab ʠ cd ʧʦʜ ʜʝʡ-
ʩʪʚʠʝʤ ʩʠʣ ʫʧʨʫʛʦʩʪʠ ʨʘʩʧʨʷʤʷʪʩʷ ʠ ʧʨʦʠʟʦʡʜʝʪ ʦʪʢʦʣ ʠʭ ʦʪ ʧʦʚʝʨʭ-
ʥʦʩʪʠ; ʦʥʠ ʢʦʩʥʫʪʩʷ ʱʸʢ ʢʣʠʥʘ (ʨʠʩ. 3, ʚ). ʉʪʦʣʙ ʧʦʨʦʜʳ ʧʦ ʣʠʥʠʠ bʩ 
ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʧʦʜʧʦʨʘ ʩ ʙʦʢʦʚ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʞʠʤʘʶʱʝʡ 
ʥʘʛʨʫʟʢʠ ʨʘʟʨʫʰʠʪʩʷ. ɻʣʫʙʠʥʘ ʨʘʟʨʫʰʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ 
ʥʘʧʨʷʞʝʥʠʡ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜʳ. 
ɼʘʣʴʥʝʡʰʝʝ ʧʦʛʨʫʞʝʥʠʝ ʢʣʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʸʤʘ ʧʦʛʨʫʞʝʥʠʷ ʠ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ. ʅʘʧʨʷʞʝ-
ʥʠʷ ʥʘ ʱʸʢʘʭ ʚʳʟʳʚʘʶʪ ʩʞʘʪʠʝ ʢʣʠʥʘ ʠ ʟʘʪʨʫʜʥʷʶʪ ʝʛʦ ʜʘʣʴʥʝʡ-
ʰʝʝ ʧʦʛʨʫʞʝʥʠʝ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʥʘʯʘʣʴʥʘʷ ʣʫʥʢʘ ʫʞʝ 
ʩʫʱʝʩʪʚʫʝʪ, ʧʨʦʮʝʩʩ ʧʦʛʨʫʞʝʥʠʷ ʢʣʠʥʘ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʵʥʝʨʛʠʠ 
ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ ʟʘʤʝʜʣʷʝʪʩʷ (ʨʠʩ. 4), ʪʘʢ ʢʘʢ ʥʘʯʠʥʘʶʪ ʚʣʠʷʪʴ 
ʧʦʪʝʨʠ ʥʘ ʫʧʨʫʛʠʝ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʧʦ-
ʛʨʫʞʝʥʠʶ ʢʣʠʥʘ. ʊʘʢ, ʜʣʷ ʧʦʛʨʫʞʝʥʠʷ ʢʣʠʥʘ ʩ ʫʛʣʦʤ ʟʘʦʩʪʨʝʥʠʷ 
Ŭ=7Ü ʩʦʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦʛʨʫʞʝʥʠʷ ʥʘ 4 ʠ 1 ʩʤ ʙʫʜʝʪ ʨʘʚʥʦ 13, ʘ 
ʜʣʷ ʢʣʠʥʘ ʩ Ŭ = 30Ü-14. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩ-

ʩʘ ʨʘʟʨʫʰʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ 
ʈʜʠʥ, ʵʥʝʨʛʠʶ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ ɸ ʠ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ɽ. 
ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʩʚʷʟʘʥʳ ʩʠʩʪʝʤʦʡ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʣʦʚʠʡ: 

 (4) 
ʛʜʝ ɸ2 ï ɻ ʥʝʨʛʠʷ, ʧʝʨʝʜʘʥʥʘʷ ʦʪ ʙʦʡʢʘ ʢʣʠʥʫ;  
                          ï ɻ ʥʝʨʛʠʷ ʙʦʡʢʘ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʧʨʠʥʮʠʧʘ ʩʫʧʝʨʧʦ-

ʟʠʮʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʠʠ ɸ2 ʤʦʞʥʦ 
ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ ʵʥʝʨʛʠʡ, ʠʜʫʱʠʭ ʥʘ ʥʘʠʙʦʣʝʝ ʩʫʱʝ-
ʩʪʚʝʥʥʳʝ ʠʟ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʪʝʨʴ: 

ɸ2 =ɸ3+ɸ4+ɸ5+ɸ6+ɸ7, (5) 
ʛʜʝ ɸ3 ï ɻ ʥʝʨʛʠʷ, ʦʪʨʘʞʝʥʥʘʷ ʦʪ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʚ ʢʣʠʥ; 
ɸ4 ï ɻ ʥʝʨʛʠʷ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ; 
A5 ï ɻ ʥʝʨʛʠʷ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʨʦʜʝ; 
ɸ6 ï ʵʥʝʨʛʠʷ, ʠʜʫʱʘʷ ʥʘ ʢʦʣʝʙʘʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʤʘʩʩʳ);  
ɼʣʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʦʨʤʫʣʳ (5) ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʫʧʨʦ-

ʱʘʶʱʠʝ ʜʦʧʫʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʯʘʩʪʠʯʥʦ ʦʙʦʩʥʦʚʘʥʳ ʨʘʥʝʝ: 
ï ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʡ ʨʘʟʨʳʚʘ, ʪ. ʝ. ʥʦʩʠʪ 

ʭʘʨʘʢʪʝʨ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ; 
ï ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʦ-ʩʠʤʤʝʪʨʠʯʥʦʝ ʪʝʣʦ ʩ 

ʧʣʦʩʢʦʩʪʴʶ ʩʠʤʤʝʪʨʠʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʨʘʙʦʯʫʶ ʢʨʦʤʢʫ; 
ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʫʧʨʫʛʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ 

ʵʥʝʨʛʠʶ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʩʢʘʣʳʚʘʝʤʦʛʦ ʪʝʣʘ. 
ʇʨʠ ʪʘʢʠʭ ʜʦʧʫʱʝʥʠʷʭ ʤʳ ʫʞʝ ʤʦʞʝʤ ʚ ʦʙʱʝʤ ʚʠʜʝ ʦʧʨʝʜʝʣʠʪʴ 

ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʬʦʨʤʫʣʳ (5). 
ʕʥʝʨʛʠʷ ɸ3, ʦʪʨʘʞʸʥʥʘʷ ʦʪ ʧʦʨʦʜʳ ʚ ʢʣʠʥ, ʧʦ ʜʘʥʥʳʤ ɽ.ʉ. ɺʘʪʦ-

ʣʠʥʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ [8, 9]: 
 

 (6) 

ʛʜʝ Fa ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ (ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦ ʛʣʫʙʠʥʝ ʧʦʛʨʫʞʝ-
ʥʠʷ) ʩʝʯʝʥʠʷ ʢʣʠʥʘ; 

t1 ï ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʢʣʠʥʘ ʠ ʧʦʨʦʜʳ; 
ů ï ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʦʨʦʜʝ ʥʘ ʢʦʥʪʘʢʪʝ ʢʣʠʥʘ ʠ ʫʜʘʨʥʠʢʘ (ʠʣʠ 

ʢʣʠʥʘ ʩ ʧʦʨʦʜʦʡ ʜʣʷ ʧʘʜʘʶʱʝʛʦ ʢʣʠʥʘ); 
v1 ï ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʚ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʝ, 

 
 (7) 

 
ɿʜʝʩʴ ʠʥʜʝʢʩ 1 ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʢ ʤʘʪʝ-

ʨʠʘʣʫ ʠʥʩʪʨʫʤʝʥʪʘ. 
ʇʦ ʬʦʨʤʫʣʝ (6) ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ ɸ3 ʜʣʷ ʩʣʫʯʘʷ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʧʦʪʝʨʠ ʧʨʠ h=var ʠ ů1=f(h)=const. 
ɼʣʷ ʢʣʠʥʘ ʰʠʨʠʥʦʡ b=0,1 ʤ ʧʨʠ ʛʣʫʙʠʥʝ ʧʦʛʨʫʞʝʥʠʷ ʜʦ 0,4 ʤ; 

ůʈ=2Ŀ105 ʢʅ/ʤ2; E=2·106 ʢʅ/ʤ2; v1=vʫʜ=10 ʤ/ʩ ʧʦʣʫʯʘʝʤ, ʯʪʦ ʦʪʨʘ-
ʞʝʥʥʘʷ ʚ ʢʣʠʥ ʵʥʝʨʛʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 70 ɼʞ, ʪ. ʝ. ʧʨʠ ʨʘʙʦʪʝ 
ʫʜʘʨʘ 1500 ɼʞ ʧʦʪʝʨʠ ʩʦʩʪʘʚʣʷʶʪ 5 %, ʥʦ ʵʪʦ ʧʨʠ ʙʦʣʴʰʦʡ ʞʸʩʪʢʦ-
ʩʪʠ ʨʘʟʨʫʰʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɾʸʩʪʢʦʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ (ʘʢʫʩʪʠʯʝʩ-
ʢʘʷ) ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ (ʫʧʨʫʛʦʡ ʠʣʠ ʧʣʘ-
ʩʪʠʯʝʩʢʦʡ) ʥʘʧʨʷʞʝʥʠʡ. 
ʉʢʦʨʦʩʪʴ ʵʪʠʭ ʚʦʣʥ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 600 ʜʦ 

1600 ʤ/ʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʨʦʝʥʠʷ. 
ʇʨʠ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʚʥʝʜʨʝʥʠʷ ʜʦʣʷ ɸ3 ʚ ʦʙʱʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʙʘʣʘʥʩʝ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʤʘʣʦʡ. 
ɼʘʣʝʝ ʦʮʝʥʠʤ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʡ A5 ʠ ɸ6, ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʚ ʧʦʨʦʜʫ ʢʦʣʝʙʘʥʠʷ ʚ ʥʝʤ ʙʫʜʫʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʳ ʩ 
ʢʦʣʝʙʘʥʠʷʤʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʘ ʚ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʨʘʚʥʳ ʠʤ ʧʦ 
ʘʤʧʣʠʪʫʜʝ. ʇʦʵʪʦʤʫ ɸ5 ʠ A6, ʪ. ʝ. ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʷ ʫʧʨʫʛʦʛʦ ʭʘʨʘʢ-
ʪʝʨʘ ʠ «ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʤʘʩʩʳ» ʛʨʫʥʪʘ ʪ*, ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʢʦʣʝʙʘʥʠʷʭ ʩ 
ʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ (ʟʘʥʠʤʘʶʱʝʡ ʧʦʣʫʵʣʣʠʧʩʦʠʜ ʩ ʧʦʣʫʦʩʷʤʠ, ʷʚʣʷʶʱʠʤʠ-
ʩʷ ʬʫʥʢʮʠʷʤʠ ʜʣʠʥʳ ʚʦʣʥ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ), ʧʨʝʜʩʪʘ-
ʚʠʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [9,11]: 

 
 (8) 

 
ʛʜʝ vy ï ʩʢʦʨʦʩʪʴ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʫʜʘʨʘ;  

Ntd ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʧʫʣʴʩʘ ʩʠʣʳ;  
ɟ ï ʧʣʦʪʥʦʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ;  
dS ï ʪʝʢʫʱʘʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ ʛʦʨʥʦʡ ʧʦʨʦʜʦʡ. 
ʀʟ ʬʦʨʤʫʣʳ (8) ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʚʥʝʜʨʝʥʠʷ 

ʢʣʠʥʘ ʚ ʧʦʨʦʜʫ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʚʥʝʜʨʝʥʠʷ ʦʙʘ ʩʣʘʛʘʝʤʳʭ 
ʚ ʬʦʨʤʫʣʝ (8) ʙʫʜʫʪ ʨʘʩʪʠ. 
ɼʣʷ A6 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʘʩʩʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʪ* ʧʨʠ ʫʜʘʨʝ ʰʪʘʤʧʘ ʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ 

ʈʠʩ. 5. ɻʨʘʬʠʢ ʠʤʧʫʣʴʩʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ        
ʚ ʛʦʨʥʫʶ ʧʦʨʦʜʫ: 1 ï  ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ                
ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʫʰʝʥʠʷ ty: 2 ï ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʙʝʟ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ      
ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʫʰʝʥʠʷ; 3 ï ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʟʘʚʠʩʠʤʦʩʪʠ v=f(t) 
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KONCHILIK ISHLARI 

(ʧʨʝʜʣʘʛʘʝʤʦʡ ɹ. ʅ. ʂʫʪʫʟʦʚʳʤ) ʠ ʚʳʯʠʩʣʠʤ ʵʥʝʨʛʠʶ A6 [2, 5]: 
 

(9) 
 

ʛʜʝ ű ï ʧʦʪʝʥʮʠʘʣ ʩʢʦʨʦʩʪʝʡ ʚʥʝʜʨʝʥʠʷ; 
ɓ ï ʫʛʦʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʩʣʦʚʠʷ ʢʦʥʪʘʢʪʘ; 
S ï ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ. 
ɼʣʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʢʣʠʥʦʚʠʜʥʦʡ ʬʦʨʤʳ ʰʠʨʠʥʦʡ 10 ʩʤ ʠ 

ʛʣʫʙʠʥʦʡ ʧʦʛʨʫʞʝʥʠʷ ʜʦ 0,5 ʤ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʫʜʘʨʘ A6 ʙʫʜʫʪ ʩʦ-
ʩʪʘʚʣʷʪʴ ʜʦ 2-4 % ʥʘ ʫʜʘʨ. 
ɺʝʣʠʯʠʥʘ A5 ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʝʣʠʯʠʥʳ ɸ3 ʪʦʣʴʢʦ ʪʝʤ, ʯʪʦ ʚ ʨʘʩ-

ʩʤʦʪʨʝʥʠʝ ʚʭʦʜʷʪ ʫʞʝ ʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʢʣʠʥʘ, ʘ ʧʨʦʯ-

ʥʦʩʪʴ ʧʦʨʦʜʳ, ʧʦʵʪʦʤʫ ʙʫʜʝʤ ʠʤʝʪʴ ʦʯʝʥʴ 
ʥʝʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ 
ʯʘʩʪʠʮ ʧʦʨʦʜʳ ʤʠʥʠʤʘʣʴʥʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ 

ʚʠʜʳ ʧʦʪʝʨʴ ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 10 % 
ʵʥʝʨʛʠʠ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʫʚʝ-
ʣʠʯʠʚʘʶʪʩʷ ʚ ʵʪʦʤ ʧʨʝʜʝʣʝ ʦʪ ʤʠʥʠʤʫʤʘ ʧʨʠ 
h=0 ʜʦ ʤʘʢʩʠʤʫʤʘ ʧʨʠ h= hmax=400÷500 ʤʤ. 
ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʚʦʧʨʦʩ ʦ ʚʝʣʠʯʠʥʝ ɸ4 ï 

ʨʘʙʦʪʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ï 
ʧʨʦʥʠʢʘʥʠʷ. 
ɼʣʷ ʧʨʦʮʝʩʩʘ ʧʨʦʥʠʢʘʥʠʷ ʙʳʣʠ ʧʨʝʜʣʦʞʝ-

ʥʳ ʨʘʟʣʠʯʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, 
ʩʚʷʟʳʚʘʶʱʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʩʠʣʫ F ʩ 
ʤʘʩʩʦʡ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʝʛʦ ʧʨʝʜʫʜʘʨʥʦʡ 
ʩʢʦʨʦʩʪʴʶ vʧʫ, ʠʤʝʶʱʠʝ ʚʠʜ: 

 
 (10) 

 
ʛʜʝ ɺ1, ɺ2, ɺ3 ï ɻ ʤʧʠʨʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ. 
ʇʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʥʠʢʘʥʠʶ ʧʦʩʪʦʷʥʥʦ ʠ ʧʨʦ-
ʧʦʨʮʠʦʥʘʣʴʥʦ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, 
ʪʘʢ ʯʪʦ ɺ1=ɺ2=0 ʠ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʦʧʨʝ-
ʜʝʣʷʝʪʩʷ ʠʟ ʚʝʣʠʯʠʥʳ ʨʘʙʦʪʳ ʜʝʬʦʨʤʘʮʠʠ, 
ʧʨʠʨʘʚʥʠʚʘʝʤʦʡ ʢ ʵʥʝʨʛʠʠ ɸ5. ʇʨʠ ʠʤʧʫʣʴʩ-
ʥʦʤ (ʫʜʘʨʥʦʤ) ʧʦʛʨʫʞʝʥʠʠ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥ-
ʩʪʚʦ N ʥʝʧʦʩʪʦʷʥʥʘ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ vʧʫ ʚ 
ʧʨʦʮʝʩʩʝ ʧʦʛʨʫʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ 
ʧʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩ. 5. 
ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʟʫʯʝʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ, ʵʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 
ʦʪʨʘʞʘʶʪ ʣʠʰʴ ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ ʫʜʘʨʘ.     
ʈʝʘʣʴʥʳʝ ʢʨʠʚʳʝ h=f(t) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 6. 
ʇʦʤʝʥʷʚ ʤʝʩʪʘʤʠ ʦʩʠ ʢʦʦʨʜʠʥʘʪ, ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʴ ʧʦʛʨʫʞʝʥʠʷ ʢʣʠʥʘ ʚ ʤʘʩʩʠʚ ʤʦʞʥʦ 
ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ h=Ktn        

(ʨʠʩ. 7) ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʂ ʠ ʧ. 
ɿʥʘʷ ʬʫʥʢʮʠʶ h=f(t), ʧʦʩʣʝ ʜʚʦʡʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʦʧʨʝʜʝʣʷ-
ʝʤ ʫʩʢʦʨʝʥʠʷ ʫʜʘʨʘ ʘʫ, ʘ ʟʘʪʝʤ ʧʦʣʫʯʘʝʤ 
ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʜʘʨʥʦʡ ʩʠʣʳ ʦʪ 
ʚʨʝʤʝʥʠ ʧʦʛʨʫʞʝʥʠʷ (ʨʠʩ. 8). 
ɸʥʘʣʠʟ ʢʨʠʚʳʭ ʧʦʛʨʫʞʝʥʠʷ, ʧʦʢʘʟʘʥʥʳʭ 

ʥʘ ʨʠʩ. 8, ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʝʩʴ ʧʨʦ-
ʮʝʩʩ ʧʦʛʨʫʞʝʥʠʷ ʢʣʠʥʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 
ʪʨʠ ʧʝʨʠʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ 
ʫʯʘʩʪʢʘʤ ʢʨʠʚʦʡ h=f(t): 
ʘ) ʨʘʟʛʦʥʘ ʢʣʠʥʘ, ʦʧʠʩʳʚʘʝʤʳʡ ʬʫʥʢʮʠʝʡ 

h=K1tn, (n>1); 
ʙ)  ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʢʣʠʥʘ, 

ʦʧʠʩʳʚʘʝʤʦʡ ʬʫʥʢʮʠʝʡ h=K2t (n=l); 
ʚ)  ʪʦʨʤʦʞʝʥʠʷ ʢʣʠʥʘ, ʦʧʠʩʳʚʘʝʤʳʡ ʬʫʥʢ-

ʮʠʝʡ h=K3tn (n<1). 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʜʚʠʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʧʦʨʦʜʝ t2y, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ (ʨʠʩ. 8): 
 (11) 

ʛʜʝ tp, tʫʜ, tT ï ʚʨʝʤʷ ʨʘʟʛʦʥʘ, ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʠ ʪʦʨʤʦʞʝ-
ʥʠʷ ʢʣʠʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʋʩʢʦʨʝʥʠʝ ʘʫ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ 

ʧʦ ʟʥʘʢʫ ʠ ʚʝʣʠʯʠʥʝ. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʢʨʦʤʝ ʘʫ ʚ ʧʨʦʮʝʩʩʝ 
ʧʨʦʥʠʢʘʥʠʷ ʢʣʠʥʘ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ʤʘʩʩʠʚʘ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ 
ʪʘʢʞʝ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʢʣʠʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʛʣʫʙʠʥʳ, 
ʪʦ ʩ ʥʝʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʦʰʠʙʢʠ ʚʨʝʤʷ ʧʦʛʨʫʞʝʥʠʷ ʤʦʞʥʦ ʨʘʟʙʠʪʴ 

ʈʠʩ. 6. ʂʨʠʚʳʝ ʧʦʛʨʫʞʝʥʠʝ ʢʣʠʥʘ ʚ ʛʦʨʥʫʶ ʧʦʨʦʜʫ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʦʙʱʝʡ 
ʛʣʫʙʠʥʳ ʚʥʝʜʨʝʥʠʷ 

ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ h ʦʪ ʚʨʝʤʝʥʠ ʧʦʛʨʫʞʝʥʠʷ (ʢʦʥʪʘʢʪ ʧʨʠ ʫʜʘʨʝ) t 
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ɻʦʨʥʳʡ ʚʝʩʪʥʠʢ ʋʟʙʝʢʠʩʪʘʥʘ ̄  4 (103) 2025 
 
 

ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʥʘ ʜʚʘ ʧʝʨʠʦʜʘ: ʚʨʝʤʷ ʫʩʢʦʨʝʥʥʦʛʦ (0-tm) ʠ 
ʟʘʤʝʜʣʝʥʥʦʛʦ (tm-ty) ʨʦʩʪʘ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʘʥʠʷ 
(ʨʠʩ. 7). ʇʨʠ ʵʪʦʤ ʤʦʤʝʥʪ tm ʩʦʚʧʘʜʘʝʪ ʩ ʤʦʤʝʥ-
ʪʦʤ ʜʦʩʪʠʞʝʥʠʷ ʩʠʣʦʡ F ʫʜʘʨʘ ʩʚʦʝʛʦ ʤʘʢʩʠ-
ʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ.  
ʊʦʛʜʘ ʛʣʫʙʠʥʫ ʧʦʛʨʫʞʝʥʠʷ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 
 

 (12) 
 
 

 (13)  
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʫʜʘʨʘ ʧʨʠʙʣʠ-
ʞʝʥʥʦ ʦʧʠʩʘʥ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦ 
ʤʦʜʫʣʶ ʫʩʢʦʨʝʥʠʷ ʘʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠ-
ʤʦʩʪʴ v=f(t) ʧʨʠʤʝʪ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʧʫʥʢʪʠ-
ʨʦʤ ʥʘ ʨʠʩ. 7. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 
ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ ʢʣʠʥʘ (ʠʥʩʪʨʫʤʝʥʪʘ) ʚ 
ʧʦʨʦʜʝ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʘʥʘʣʠʟʫ ʩʠʣ ʠ 
ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʠ ʧʨʦʥʠʢʘʥʠʠ ʢʣʠʥʘ, 
ʤʝʪʦʜʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ. 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʘʥʘʣʠʟʘ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʫʧʨʫʛʦʧʣʘʩʪʠ-

ʯʝʩʢʦʡ ʩʨʝʜʳ, ʩʣʝʜʫʝʪ ʚʚʝʩʪʠ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʷʪʴ ʬʫʥʢʮʠʡ:           
ʍʭ(ʭ,ʫ,t), Yy(x,ʫ,t); Xy(x,ʫ,t); vx(x,ʫ,t); vy(x,ʫ,t) ï ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ ʪʝʥʟʦʨʘ 
ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʚʝ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʠ ʭ ʠ ʫ. ɹʫʜʝʤ 
ʠʩʭʦʜʠʪʴ ʠʟ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʝʡ ʩʦʩʪʦʷ-
ʥʠʝ ʜʚʠʞʫʱʝʡʩʷ ʩʨʝʜʳ: 

 
 (14) 

 
  

(15) 
 

 (16) 
 
 

 (17) 
 
 

 (18) 
 
 

ʋʨʘʚʥʝʥʠʷ (14) ʠ (15) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 
ʩʨʝʜʳ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʧʝʨʝʤʝʥʥʳʭ ʕʡʣʝʨʘ.  
ɿʜʝʩʴ: ɟʦ ï ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ; 
X, Y ï ʧʨʦʝʢʮʠʠ ʤʘʩʩʦʚʳʭ ʩʠʣ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʦʩʠ ʢʦʪʦʨʳʭ 

ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. 
ʋʩʣʦʚʠʝ (16) ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ ʠʜʝʘʣʴʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʪ. ʝ. 

ʚʳʨʘʞʘʝʪ ʫʩʣʦʚʠʝ ʧʦʩʪʦʷʥʩʪʚʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ, ʨʘʚʥʦʛʦ ʂ. ɼʚʘ ʩʝʤʝʡʩʪʚʘ ʣʠʥʠʡ, ʩʦʚʧʘʜʘʶʱʠʭ ʚ 
ʢʘʞʜʦʡ ʪʦʯʢʝ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʣʦʱʘʜʦʢ ʂmax, ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 
ʣʠʥʠʷʤʠ ʩʢʦʣʴʞʝʥʠʷ. 
ʋʨʘʚʥʝʥʠʝ (17) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʣʦʚʠʝ ʩʧʣʦʰʥʦʩʪʠ ʩʨʝʜʳ. 
ʋʩʣʦʚʠʝ, ʚʳʨʘʞʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝʤ (18), ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦ-

ʚʘʪʴ ʢʘʢ ʬʫʥʢʮʠʶ ʫʛʣʘ ʤʝʞʜʫ ʦʩʴʶ ʭ ʠ ʥʘʧʨʘʚ-ʣʝʥʠʷʤʠ ʤʘʢʩʠʤʘʣʴ-
ʥʳʭ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ, ʢʦʪʦʨʳʝ ʩʦʚʧʘʜʘʶʪ ʩ 
ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʣʠʥʠʡ ʩʢʦʣʴʞʝʥʠʷ. 
ɺʳʨʘʟʠʤ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʯʝʨʝʟ ʜʚʝ ʥʦʚʳʝ 

ʬʫʥʢʮʠʠ x ʠ űʥ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 
 (19) 
 (20) 

 
 (21) 

ʪʦʞʜʝʩʪʚʝʥʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤʠ ʫʩʣʦʚʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ (16) 
 

 (22) 
 

ʛʜʝ űʥ ï ʫʛʦʣ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʦʩʠ ʭ ʠ ʤʘʢʩʠ-
ʤʘʣʴʥʳʤ ʛʣʘʚʥʳʤ ʥʦʨʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ů1 (ʨʠʩ. 9).  
ɼʣʷ ʢʣʠʥʘ ʩ ʧʣʦʩʢʠʤʠ ʛʨʘʥʷʤʠ ʚʳʧʦʣʥʷʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʠ ʧʦʣʫʯʘʝʤ:  
 

                                                                     ,                                (23) 
 
 

                                                                                            ,         (24) 
 
ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ ʭ1, ʫ1, ʫ ʢʦʪʦ-

ʨʦʡ ʦʩʴ ʭ1 ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ɸʉ. ɼʣʷ ʩʝʪʢʠ ʥʘʧʨʷʞʝʥʠʡ ʢʣʠʥʘ 
(ʨʠʩ. 10, ʘ) ʠʤʝʝʤ: 

 
    (25) 

 
ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʘʤʠ: 

 
   (26) 

 
ʛʜʝ v ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʣʠʥʘ.  

ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʘʨʥʦʡ ʩʠʣʳ F ʦʪ ʚʨʝʤʝʥʠ ʧʦʛʨʫʞʝʥʠʷ (ʢʦʥʪʘʢʪʘ ʧʨʠ ʫʜʘʨʝ) 

ʈʠʩ. 9. ʆʨʠʝʥʪʘʮʠʷ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ů1.2 ʠ ʧʣʦʱʘʜʦʢ          
ʩʢʦʣʴʞʝʥʠʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ x-y ʠ n-t ʚ ʪʦʯʢʝ ɸ ʤʘʩʩʠʚʘ 
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KONCHILIK ISHLARI 

ʀʟ ʬʦʨʤʫʣ (26):  
 

 ɺ=0.                              (27) 
 
 
ʕʪʦ ʜʘʝʪ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ ʚʳʨʘʞʝʥʠʷ: 
 

 (28) 
 
 
 

 (29) 
 

ʅʘ ʧʨʷʤʦʡ ɸʉ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ 
ʥʫʣʶ ʥʦʨʤʘʣʴʥʦʡ ů ʠ ʢʘʩʘʪʝʣʴʥʦʡ Ű ʢʦʤʧʦʥʝʥʪ ʥʘʧʨʷʞʝʥʠʷ.        
ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʠ ɝ ʠ ɖ. ʆʥʠ ʠʤʝʶʪ ʚʠʜ: 

 
 (30) 

 
 

 (31) 
 
 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ɖ ʚ ʬʦʨʤʫʣʝ (31) ʩʧʨʘʚʝʜʣʠʚʦ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ 
ABC, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ɝ ʣʠʰʴ ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ ACD (ʨʠʩ. 10, ʙ).       
ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʡʪʠ ɝ ʚ ʦʙʣʘʩʪʠ ABD, ʠʩʧʦʣʴʟʫʝʤ ʫʩʣʦʚʠʝ ʨʘʚʝʥ-
ʩʪʚʘ ʥʫʣʶ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʨʷʤʦʡ ɸɺ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʫʨʘʚʥʝʥʠʶ: 

 
 (32) 

 
ʦʪʢʫʜʘ ʧʦʣʫʯʘʝʤ: 

 
 

 (33) 
 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɝ ʜʣʷ ʚʩʝʡ ʦʙʣʘʩʪʠ ɸɺʉ ʚ ʜʘʥʥʦʤ ʯʘʩʪʥʦʤ 
ʩʣʫʯʘʝ ʧʦʣʫʯʠʣʘʩʴ ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ, ʯʝʛʦ ʥʝ ʙʫʜʝʪ ʧʨʠ ʧʨʦ-
ʠʟʚʦʣʴʥʦʤ ʦʯʝʨʪʘʥʠʠ ʢʨʦʤʢʠ (ʙʦʢʦʚʦʡ) ʢʣʠʥʘ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʬʦʨʤʝ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʟʥʘʯʝʥʠʷ űʥ, ʘ ʠ b.  
ɺʚʦʜʷ ʩʢʦʨʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʣʠʥʘ:   
 
 
 

ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʣʠʥʠʶ ɸɽ 
(34) 

ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʬʦʨʤʫʣʳ (34) ʧʦʣʫʯʠʣʦʩʴ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ 
ʧʨʠ ʨʘʩʯʸʪʝ ʧʨʝʜʝʣʴʥʦʛʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʳ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ űʥ. 
ʀʩʧʦʣʴʟʫʷ ʜʣʷ ʵʪʦʛʦ ʧʝʨʚʦʝ ʚʳʨʘʞʝʥʠʝ ʠʟ ʬʦʨʤʫʣʳ ʧʦʣʫʯʘʝʤ: 

 
 (35) 

 
ɼʣʷ ʠʜʝʘʣʴʥʦʛʦ ʥʝʩʞʠʤʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʣʦʱʘʜʠ        

ʪʨʝʫʛʦʣʴʥʠʢʦʚ EFN ʠ ANɺ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ ʠ ʪʦʛʜʘ ʩʦʦʪʥʦʰʝ-
ʥʠʝ (35) ʙʫʜʝʪ ʩʪʨʦʛʦ ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ h. ɺ ʨʝʘʣʴʥʦʡ 
ʛʦʨʥʦʡ ʧʦʨʦʜʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʥʝʢʦʪʦʨʦʝ ʩʞʘʪʠʝ ʧʦʜ ʱʝʢʘʤʠ 
ʢʣʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ l ï ʚʝʣʠʯʠʥʘ ʭʦʪʷ ʠ ʧʝʨʝʤʝʥʥʘʷ, ʥʦ 
ʦʛʨʘʥʠʯʝʥʥʘʷ ʩʦʦʪʥʦʰʝʥʠʝʤ h>l, ʧʦʵʪʦʤʫ ʜʦʧʫʱʝʥʠʷ ʦ ʥʝʩʞʠʤʘʝ-
ʤʦʩʪʠ ʥʝ ʜʘʶʪ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦʡ ʦʰʠʙʢʠ. ʆʪʩʶʜʘ 
ʠʤʝʝʤ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʱʝʢʠ ʩ 
ʧʦʨʦʜʦʡ (ʨʠʩ. 10, ʙ): 

 
(36) 

 
ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʧʨʠ cåh/cosɔ 

 (37) 
ɼʣʷ ʢʣʠʥʴʝʚ ʩ 2ɔ=10, 15, 20, 25 ʠ 30Á ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʚʝʣʠʯʠ-

ʥʫ űʥ ʧʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 
 

(38) 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʚʳʨʘʞʝʥʠʡ (38) ʠ (35), ʩʪʨʫʢʪʫʨʥʦ ʦʥʠ 
ʦʜʠʥʘʢʦʚʳ, ʥʦ ʬʠʟʠʯʝʩʢʠ ʧʨʦʮʝʩʩ ʧʦʛʨʫʞʝʥʠʷ ʙʦʣʝʝ ʧʦʣʥʦ ʫʯʠʪʳʚʘ-
ʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (35). 
ɼʣʷ ʨʘʩʯʸʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʥʝʜʨʝʥʠʶ ʢʣʠʥʘ, ʢʨʦʤʝ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʠ ʢʘʩʘʪʝʣʴʥʫʶ 
ʩʦʩʪʘʚʣʷʶʱʫʶ (ʢʦʤʧʦʥʝʥʪʫ) t. ʀʩʭʦʜʷ ʠʟ ʩʭʝʤʳ (ʨʠʩ. 10), 
ʠʤʝʝʤ: 

ʊ = tcb;  N = nʩb,                                    (39) 
ʛʜʝ b ï h ʠʨʠʥʘ ʢʣʠʥʘ; 
ʊ, N ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʩʘʪʝʣʴʥʳʝ ʠ ʥʦʨʤʘʣʴʥʳʝ ʩʠʣʳ ʥʘ 

ʱʝʢʘʭ ʢʣʠʥʘ. 
ʇʦʣʫʯʘʝʤ ʚ ʠʪʦʛʝ ʜʣʷ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʳ ʚʥʝʜʨʝʥʠʷ: 

 
(40) 

 
ʀʣʠ 

 (41) 
ʄʝʞʜʫ t u n ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʚʝʩʪʥʫʶ ʩʚʷʟʴ 

(42) 
ʛʜʝ ů ï ʫʛʦʣ ʪʨʝʥʠʷ ʧʦʨʦʜʳ ʧʦ ʤʘʪʝʨʠʘʣʫ ʢʣʠʥʘ, ʦʪʩʶʜʘ 

 (43) 
ʇʦʜʩʪʘʚʣʷʷ ʚ ʬʦʨʤʫʣʫ (43) ʚʤʝʩʪʦ ʛʣʫʙʠʥʫ ʧʦʛʨʫʞʝʥʠʷ h, ʚ 

ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʤʛʥʦʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʣʳ 
ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʧʦʛʨʫʞʝʥʠʠ ʢʣʠʥʘ: 

 
 (44) 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ (44) ʠ (38) ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʤʛʥʦʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʚʥʝʜʨʝʥʠʷ ʧʨʠ ʫʜʘʨʥʦʤ ʧʦʛʨʫ-
ʞʝʥʠʠ ʢʣʠʥʘ. 
ʇʨʠʚʝʜʝʤ ʨʘʩʯʸʪ ʤʛʥʦʚʝʥʥʦʛʦ ʫʩʠʣʠʷ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʢʣʠʥʘ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: b=0,1 ʤ; 2ɔ=20Á; ɟʦ=26 
ʢʅ/ʤ3; v=vmax=2 ʤ/ʩ; k=2·106 ʅ/ʤ2; h=0,01 ʤ; tgŭ=0,53; 
ɸʝʜ=1500ɼʞ. 
ɺʳʯʠʩʣʷʝʤ űʥ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ l=h, ʧʦ ʬʦʨʤʫʣʝ (38): 

ʈʠʩ. 10. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʥʘ ʩ ʧʣʦʩʢʠʤʠ ʛʨʘʥʷʤʠ ʨʘʟʨʫʰʘʝ-
ʤʦʡ ʩʨʝʜʳ: ʘ ð ʜʣʷ ʫʯʘʩʪʢʘ ʧʨʷʤʦʡ EF ɻ ʣʣʠʧʩʘ ʪʝʢʫʯʝʩʪʠ (ʩʠʩʪʝʤʘ 
ʢʦʦʨʜʠʥʘʪ ʭ1ðʫ1 ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ ʢʣʠʥʘ); ʙ ð ʜʣʷ ʣʦʤʘʥʦʡ EAF ɻ ʣʣʠʧʩʘ 
ʪʝʢʫʯʝʩʪʠ (ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ɚð ɛ. ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʪʦʯʢʫ ɸ) 
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(45) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʈ=110 ʢʅ.  
ɽʝ ʟʥʘʯʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʈmax ʧʨʠ t = tm (ʨʠʩ. 9). 

ɿʘʤʝʥʷʷ ʈmax ʚʝʣʠʯʠʥʦʡ ʈʩʨ, ʜʣʷ ʧʦʩʣʝʜʥʝʡ ʧʦʣʫʯʘʝʤ: 
 

(46) 
 

ʆʪʩʶʜʘ ʦʧʨʝʜʝʣʷʝʤ, ʯʪʦ ʨʘʙʦʪʘ ʥʘ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘ-
ʥʠʝ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʨʘʚʥʘʷ ʧʨʦʠʟʚʝʜʝʥʠʶ ʩʨʝʜʥʝʡ ʩʠʣʳ ʫʜʘʨʘ ʥʘ ʛʣʫʙʠ-
ʥʫ ʚʥʝʜʨʝʥʠʷ, ʩʦʩʪʘʚʠʣʘ 37 %  ʚʩʝʡ ʝʜʠʥʠʯʥʦʡ ʥʘʯʘʣʴʥʦʡ ʨʘʙʦʪʳ ʫʜʘʨʘ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ.  
ʋʯʠʪʳʚʘʷ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʯʪʦ ʥʘ ʜʨʫʛʠʝ ʚʠʜʳ 

ʧʦʪʝʨʴ ʫʰʣʦ ʦʢʦʣʦ 10-12 %, ʦʩʪʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʯʪʦ ʟʘʪʨʘʯʠʚʘ-
ʝʪʩʷ ʧʦʯʪʠ ʧʦʣʦʚʠʥʘ ʦʩʪʘʚʰʝʡʩʷ ʵʥʝʨʛʠʠ ʫʜʘʨʘ.  
ɿʘʢʣʶʯʝʥʠʝ.  
ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʦʩʥʦʚʥʦʡ ʚʳʚʦʜ: ʜʘʞʝ ʧʨʠ 

ʥʘʣʠʯʠʠ ʠʜʝʘʣʴʥʦʡ ʫʜʘʨʥʦʡ ʩʠʩʪʝʤʳ, ʛʘʨʘʥʪʠʨʫʶʱʝʡ ʥʘʤ ʚʝʣʠ-
ʯʠʥʫ ɖ1= 1,0, ʩʫʤʤʘʨʥʳʡ ʢ. ʧ. ʜ. ɖ× ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʷ ʥʘʤʥʦʛʦ 
ʥʠʞʝ, ʝʩʣʠ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʛʦ 
ʠʥʩʪʨʫʤʝʥʪʘ ʥʝ ʧʦʜʦʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 
ʤʠʥʠʤʠʟʘʮʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʦʢʨʫʞʘʶʱʫʶ ʧʦʨʦʜʥʫʶ 
ʩʨʝʜʫ. 
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ENERGY ANALYSIS OF THE ROCK FRACTURE PROCESS 

 

Mahmudov A.M., Acting Professor of the Department of ñMining Electromechanicsò, Ph.D. in Technical Sciences. 
 

Navoi State Mining and Technological University, Navoi, Uzbekistan. 
 

The article presents the results of theoretical and experimental studies on the energy consumption of rock fracturing using a impact wedge-shaped tool. A 
structural model of the fracture process is considered, including energy relationships characterizing the transmission, distribution, and loss of energy during impact. 
A refined expression for the overall efficiency coefficient of impact working equipment is proposed, divided into the subsystems ñhammer ï toolò and ñtool ï rockò. 
Based on the analysis of the patterns of impulse wedge penetration, the acceleration, steady motion, and deceleration periods of the tool are determined, and the 
dependencies of penetration depth and impact force on contact time are established. It is shown that at low single-strike energies, the fracture efficiency decreases 
significantly due to elastic deformations of the rock, while exceeding the optimal energy leads to excessive losses due to over-crushing. The optimal wedge sharp-
ening angle for different types of rocks is 25ï35º, ensuring minimal energy consumption for fracturing while maintaining the required penetration depth. The ob-
tained dependencies allow evaluating the influence of design, technological, and energy parameters on the rock fracture process and can be used for the design 
and optimization of impact wedge systems of mining machines. 

Keywords: energy consumption of fracturing, wedge-shaped tool, impact action, efficiency coefficient, dynamic penetration, optimal wedge angle, plastic 
deformation, rocks. 
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KONCHILIK ISHLARI 

ʃʇʅʈʄɾʃʊʆɹʘ ʇʏɾʆʃɹ ɻʄʁʘʆʁʘ ɼɾʇʄʇɼʁʐɾʊʃʇʂ  
ʆɾʇɽʆʇʉʇɽʆʇʊʋʁ ʅɹʊʊʁɻɹ ʆɹ ʈɹʉɹʅɾʋʉʔ ʃʇʆʋʌʉʆʇɼʇ 
ɻʀʉʔɻɹʆʁʘ ʈʉʁ ʈʇɽʀɾʅʆʔʎ ʉɹɺʇʋɹʎ 

ʋɼʂ 622.235:550.8(043.3) DOI:10.54073/GV.2025.4.103.002 

ɺʚʝʜʝʥʠʝ. ʂʦʥʪʫʨʥʦʝ ʚʟʨʳʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʜ-
ʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʜʘʥʥʦ-
ʛʦ ʧʨʦʬʠʣʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʦʢʨʫʞʘʶʱʝʛʦ ʤʘʩʩʠʚʘ 
[1].  ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʘʥʠʷ (ʜʠʘʤʝʪʨʘ ʠ ʜʣʠʥʳ 
ʰʧʫʨʦʚ, ʟʘʨʷʜʘ, ʰʘʛʘ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʟʘʜʝʨʞʝʢ ʠ ʩʭʝʤ ʠʥʠʮʠʠʨʦʚʘ-
ʥʠʷ) ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʢʦʥʪʫʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʩʪʦʡ-
ʯʠʚʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʘʞʥʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʥʘʨʫʰʝʥʥʦʩʪʴ ʤʘʩʩʠʚʘ, ʝʛʦ ʪʨʝ-
ʱʠʥʦʚʘʪʦʩʪʴ, ʘʥʠʟʦʪʨʦʧʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 
ʩʚʦʡʩʪʚ ʧʦʨʦʜ [2], ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʥʘʧʨʷʞʝʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʫʧʨʫʛʠʭ ʠ ʚʟʨʳʚʥʳʭ ʚʦʣʥ, ʘ ʪʘʢʞʝ ʥʘ 
ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ ʧʨʠ ʚʟʨʳʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʇʨʠ ʵʪʦʤ 
ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʫʨʥʦʛʦ 
ʚʟʨʳʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʫʯʠʪʳʚʘʶʪ ʛʝʦʤʝʭʘʥʠʯʝʩʢʫʶ ʥʝʦʜʥʦ-
ʨʦʜʥʦʩʪʴ ʤʘʩʩʠʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʟʨʫʰʝʥʠʶ ʠʣʠ, ʥʘʧʨʦʪʠʚ, 
ʥʝʜʦʨʘʟʨʫʰʝʥʠʶ ʢʦʥʪʫʨʘ ʚʳʨʘʙʦʪʢʠ. 
ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʧʘʨʘ-

ʤʝʪʨʳ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʥʘʫʯ-
ʥʦ-ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʘʜʘʧʪʠʚ-
ʥʳʝ ʩʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʨʷʜʦʚ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ, ʩʧʦʩʦʙ-
ʩʪʚʫʶʱʠʭ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʫʤʝʥʴʰʝ-

ʥʠʶ ʟʦʥʳ ʧʝʨʝʨʘʟʨʫʰʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʦʚʣʠ ʠ 
ʙʦʢʦʚ ʚʳʨʘʙʦʪʦʢ [3]. 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʟʨʳʚʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜ-
ʥʦʛʦ ʤʘʩʩʠʚʘ [4, 5], ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ         
ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 
ʩʪʨʦʝʥʠʷ, ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
ʚʟʨʳʚʘ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʘʪʫʨʥʳʤʠ 
ʥʘʙʣʶʜʝʥʠʷʤʠ ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʠʪʴ ʨʘʩʯʸʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʧʪʠ-
ʤʠʟʠʨʦʚʘʪʴ ʨʝʞʠʤʳ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʛʦʨʥʦ-
ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʅʘ ʨʫʜʥʠʢʝ ʂʘʫʣʴʜʳ ɸʆ «ɸʣʤʘʣʳʢʩʢʠʡ 

ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ» ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 
ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʩʩʠ-
ʚʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʥʦʩʠʪʩʷ 
ʢ ʢʚʘʨʮʝʚʦ-ʟʦʣʦʪʦʨʫʜʥʦʡ ʬʦʨʤʘʮʠʠ. ʆʩʥʦʚʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʨʫʜʥʠʢʘ 
ʷʚʣʷʶʪʩʷ «ʟʦʣʦʪʦʥʦʩʥʳʝ ʢʚʘʨʮʝʚʳʝ ʨʫʜʳ». ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 
ʧʨʠʫʨʦʯʝʥʘ ʢ ʢʚʘʨʮʝʚʳʤ ʞʠʣʘʤ ʠ ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʤ ʞʠʣʳʤ 
ʩʠʩʪʝʤʘʤ [6]. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʣʠʪʦʣʦʛʦ-ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʫʣʴʜʳ. 
ʈʝʟʫʣʴʪʘʪʳ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʤʝʪ-

ʨʦʚ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʘʫʣʴʜʳ ʙʳʣʠ ʚʳʷʚ-
ʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

Maqolada gorizontal yerosti yoóllarini oótishda kontur portlatish parametrlariga struktur-geologik sharoitlarning taôsiri koórib chiqilgan. 
Qatlamlarning yotish burchagi, qatlam quvvati va massivning tabiiy yoriqlanish darajasiga qarab chiziqli ortiqcha kavlab tashlash miqdo-
rini baholash imkonini beruvchi tabiiy va eksperimental tadqiqotlar majmuasi oótkazilgan. Olingan maôlumotlar tahlili asosida zaryadlash 
koeffitsienti, jinslarning geomekanik xususiyatlari va buzilish natijalari oórtasidagi miqdoriy bogóliqliklar aniqlangan boólib, ular kontur port-
latishning adaptiv sxemalarini ishlab chiqish imkonini beradi. Bu esa ortiqcha buzilishni minimallashtirish, yoól barqarorligini oshirish 
hamda massivga texnogen taôsirlarni kamaytirishni taôminlaydi. 
Kalit soózlar: kontur portlatish, yerosti kon yoóllari, struktur-geologik sharoitlar, massivning yoriqlanishi, qatlamlarning yotish bur-

chagi, qatlam quvvati, zaryadlash koeffitsienti, chiziqli ortiqcha kavlash, yoól barqarorligi, burgóilab-portlatish ishlari. 
 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝ-

ʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʇʨʦʚʝʜʸʥ ʢʦʤʧʣʝʢʩ ʥʘʪʫʨʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶ-
ʱʠʭ ʦʮʝʥʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʣʠʥʝʡʥʳʭ ʧʝʨʝʙʦʨʦʚ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ʧʣʘʩʪʦʚ, ʤʦʱʥʦʩʪʠ ʩʣʦʸʚ ʠ ʩʪʝʧʝʥʠ ʝʩʪʝʩʪʚʝʥ-
ʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʤʘʩʩʠʚʘ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 
ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʨʷʞʘʥʠʷ, ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʨʦʜ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 
ʨʘʟʨʘʙʦʪʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʩʭʝʤʳ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʠʥʠʤʠʟʘʮʠʶ ʧʝʨʝʨʘʟʨʫʰʝʥʠʷ, ʧʦʚʳʰʝʥʠʝ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʨʘʙʦʪʦʢ ʠ ʩʥʠʞʝʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʤʘʩʩʠʚ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʪʫʨʥʦʝ ʚʟʨʳʚʘʥʠʝ, ʧʦʜʟʝʤʥʳʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʪʨʝʱʠʥʦ-

ʚʘʪʦʩʪʴ ʤʘʩʩʠʚʘ, ʫʛʦʣ ʧʘʜʝʥʠʷ ʧʣʘʩʪʦʚ, ʤʦʱʥʦʩʪʴ ʩʣʦʸʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʞʘʥʠʷ, ʣʠʥʝʡʥʳʝ ʧʝʨʝʙʦʨʳ, ʫʩʪʦʡʯʠʚʦʩʪʴ 
ʚʳʨʘʙʦʪʢʠ, ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ. 

ɼʙʡʚʦʙʠʙʩʧʛ ɺ.ɹ., 
ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ 

ʬʘʢʫʣʴʪʝʪʘ «ɻʦʨʥʦʝ ʜʝʣʦ» ɸʣʤʘʣʳʢ-
ʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ  

ʠʥʩʪʠʪʫʪʘ, PhD, ʜʦʮʝʥʪ 

ʁʪʥʙʫʡʤʤʙʞʛ ʆ.ɹ., 
ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ 

«ɻʦʨʥʦʝ ʜʝʣʦ» ɸʣʤʘʣʳʢʩʢʦʛʦ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ 

ʀʙʡʩʧʛ ʑ.ʑ., 
ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ  

«ɻʦʨʥʦʝ ʜʝʣʦ» ɸʌ ʅʀʊʋ «ʄʀʉʀʉ», 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ʆʬʫʭʬʤʤʧʞʛ ɼ.ʊ., 
ʥʘʯʘʣʴʥʠʢ ʫʧʨʘʚʣʝʥʠʷ ʜʝʣʘʤʠ 
ʌʠʣʠʘʣʘ ʅʀʊʋ «ʄʀʉʀʉ»  
ʚ ʛ. ɸʣʤʘʣʳʢ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ  
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ (ɹɺʈ) ʥʘ ʢʦʥʪʫʨʝ ʚʳʨʘʙʦʪʢʠ.  
ʆʙʩʫʞʜʝʥʠʝ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [7-11], ʧʨʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʤʧʣʝʢʩ 
ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 
ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʬʦʨʤʫ ʢʫʩʢʘ ʠ ʩʪʝʧʝʥʴ ʧʝʨʝ-
ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʦʩʦʙʝʥʥʦ ʢʨʠ-
ʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ: 

1. ʋʛʦʣ ʧʘʜʝʥʠʷ ʩʣʦʸʚ. ʋʛʦʣ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʦʚ ʠ ʨʫʜʥʳʭ ʪʝʣ 
ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʜʘʨ-
ʥʳʭ ʚʦʣʥ, ʘ ʪʘʢʞʝ ʥʘ ʬʦʨʤʫ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ.        
ʇʨʠ ʧʦʣʦʛʦʤ ʟʘʣʝʛʘʥʠʠ ʩʣʦʸʚ (ʫʛʦʣ ʧʘʜʝʥʠʷ ʤʝʥʝʝ 30Á) ʫʜʘʨʥʳʝ 
ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʜʦʣʴ ʩʣʦʸʚ, ʯʪʦ ʩʧʦ-
ʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʦʤʫ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʦʤʫ ʨʘʟʨʫʰʝ-
ʥʠʶ, ʩʦʟʜʘʚʘʷ ʜʣʠʥʥʳʝ ʦʙʣʦʤʢʠ, ʩʢʣʦʥʥʳʝ ʢ ʩʧʦʣʟʘʥʠʶ ʧʦ ʧʣʘʩʪʫ. 
ʇʨʠ ʢʨʫʪʦʤ ʟʘʣʝʛʘʥʠʠ (ʫʛʦʣ ʙʦʣʝʝ 45Á) ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘ-
ʥʷʶʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʣʦʶ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʙʦʣʝʝ ʜʨʦʙʥʦʝ ʨʘʟʨʫ-
ʰʝʥʠʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʢʫʩʢʦʚ, ʥʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʚʳʙʨʦʩʘ 
ʦʙʣʦʤʢʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʘʤʧʣʠʪʫʜʫ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 
ʦʢʨʫʞʘʶʱʠʡ ʤʘʩʩʠʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʣʦʸʚ ʥʘʧʨʷʤʫʶ 
ʚʣʠʷʝʪ ʥʘ ʚʳʙʦʨ ʩʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʰʧʫʨʦʚ, ʰʘʛ ʟʘʨʷʜʦʚ ʠ ʚʝʣʠ-
ʯʠʥʫ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ. 

2. ʄʦʱʥʦʩʪʴ ʩʣʦʸʚ. ʄʦʱʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʩʣʦʸʚ ʧʦʨʦʜʥʦʛʦ 
ʤʘʩʩʠʚʘ ʦʧʨʝʜʝʣʷʝʪ ʪʦʣʱʠʥʫ ʧʣʘʩʪʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʨʘʟʨʫʰʝʥʠʶ, ʠ 
ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ. ɺ ʤʘʩʩʠʚʝ ʩ 
ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ (<2-3 ʤ) ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʦʛʨʘ-
ʥʠʯʝʥʥʦʤ ʦʙʲʸʤʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʡ ʣʦʢʘʣʴʥʦʡ ʜʨʦʙʠʤʦ-
ʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʣʢʠʭ ʢʫʩʢʦʚ. ɺ ʤʘʩʩʠʚʝ ʩ ʤʦʱʥʳʤʠ ʩʣʦʷʤʠ 
(>5-6 ʤ) ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʨʘʩʩʝʠʚʘʝʪʩʷ ʥʘ ʙʦʣʴʰʠʡ ʦʙʲʸʤ, ʯʪʦ     
ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʦʙʣʦʤʢʦʚ ʠ ʯʘʩʪʠʯʥʦʝ ʥʝʜʦ-

ʨʘʟʨʫʰʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʚ ʙʦʣʝʝ ʧʨʦʯʥʳʭ ʧʦʨʦʜʘʭ (ʥʘʧʨʠʤʝʨ, ʠʥʪʨʫ-
ʟʠʚʥʳʝ ʩʠʝʥʠʪʦ-ʜʠʦʨʠʪʳ ʠ ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʳ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 
ʫʯʠʪʳʚʘʪʴ ʪʦʣʱʠʥʫ ʩʣʦʷ ʠ ʩʦʧʦʩʪʘʚʣʷʪʴ ʝʸ ʩ ʜʠʘʤʝʪʨʦʤ ʰʧʫʨʦʚ, 
ʜʣʠʥʦʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʨʷʜʘ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ 
ʨʘʟʨʫʰʝʥʠʝ ʤʘʩʩʠʚʘ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʝʨʝʨʘʟʨʫʰʝʥʠʝ. 

3. ʉʪʝʧʝʥʴ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʤʘʩʩʠʚʘ.       
ɽʩʪʝʩʪʚʝʥʥʘʷ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʧʦʨʦʜʳ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ    
ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʫʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ ʠ 
ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ. ɺ ʤʘʩʩʠʚʝ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ   
ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ >1,2-1,5) ʫʜʘʨʥʳʝ 
ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤ ʪʨʝʱʠʥʘʤ, ʯʪʦ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʜʨʦʙʣʝʥʠʶ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʣʢʠʭ ʢʫʩʢʦʚ.  
ɺ ʤʘʩʩʠʚʝ ʩ ʥʠʟʢʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ (0,4-0,7) ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʨʘʩ-
ʭʦʜʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʨʘʟʨʫʰʝʥʠʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ 
ʟʘʨʷʜʦʚ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʭʝʤʳ ʟʘʜʝʨʞʝʢ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝ-
ʤʦʡ ʩʪʝʧʝʥʠ ʜʨʦʙʠʤʦʩʪʠ. ʉʪʝʧʝʥʴ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ 
ʢʦʥʪʨʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʨʫʰʝʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳ-
ʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʤʦʛʫʪ ʩʪʘʪʴ ʠʩʪʦʯ-
ʥʠʢʦʤ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʛʦ ʧʝʨʝʨʘʟʨʫʰʝʥʠʷ ʠʣʠ ʩʧʦʣʟʘʥʠʷ ʙʣʦʢʦʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʫʨʥʦʛʦ 

ʚʟʨʳʚʘʥʠʷ ʥʘ ʩʣʦʞʥʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 
ʤʘʩʩʠʚʘʭ, ʪʘʢʠʭ ʢʘʢ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʘʫʣʴʜʳ, ʥʝʦʙʭʦʜʠʤʦ    
ʢʦʤʧʣʝʢʩʥʦ ʫʯʠʪʳʚʘʪʴ ʫʢʘʟʘʥʥʳʝ ʪʨʠ ʬʘʢʪʦʨʘ. ʀʛʥʦʨʠʨʦʚʘʥʠʝ 
ʣʶʙʦʛʦ ʠʟ ʥʠʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, 
ʧʝʨʝʨʘʩʭʦʜʫ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʳʭ ʦʙʣʦʤʢʦʚ, 
ʧʦʚʳʰʝʥʥʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʢʨʫʞʘʶʱʠʡ ʤʘʩʩʠʚ ʠ ʩʥʠ-
ʞʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ɹɺʈ. ʇʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʠ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ 
ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʩʭʝʤʳ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʩ 
ʫʯʸʪʦʤ ʫʛʣʘ ʧʘʜʝʥʠʷ ʩʣʦʸʚ, ʤʦʱʥʦʩʪʠ ʧʣʘʩʪʦʚ ʠ ʩʪʝʧʝʥʠ ʝʩʪʝʩʪʚʝʥ-

ʋʙʚʤʡʯʙ 1  
ʄʡʫʧʤʧʜʧ-ʜʞʧʥʞʮʙʦʡʰʞʪʣʡʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ ʨʧʩʧʝ ʥʞʪʫʧʩʧʟʝʞʦʡʸ ʃʙʬʤʵʝʴ (ʨʧ ʝʙʦʦʴʥ [6]) 

 ́ ʋʡʨ ʨʧʩʧʝʴ 
ɼʞʧʤʧʜʡʰʞʪʣʧʞ 
ʨʩʧʡʪʮʧʟʝʞʦʡʞ 

ʏʛʞʫ, ʪʫʩʬʣʫʬʩʙ, 
ʫʞʣʪʫʬʩʙ 

ʊʩʞʝʦʸʸ 
ʨʤʧʫʦʧʪʫʵ, 
ʛ/ʩʤį 

ʈʩʞʝʞʤ  
ʨʩʧʰʦʧʪʫʡ ʦʙ 
ʪʟʙʫʡʞ, ʄʇʘ 

ʃʧʶʭʭʡʯʡʞʦʫ 
ʫʩʞʲʡʦʧʛʙ-
ʫʧʪʫʡ, ʝʜ. 

ʇʪʧʚʞʦʦʧʪʫʡ ʛʤʡʸʦʡʸ 
 ʦʙ ʛʠʩʴʛʦʴʞ ʨʩʧʯʞʪʪʴ 

1. ʂʚʘʨʮʝʚʳʝ 
ʩʠʝʥʠʪʦ-ʜʠʦʨʠʪʳ 

ʠʥʪʨʫʟʠʚʥʳʝ ʩʝʨʦ-ʟʝʣʝʥʳʝ, 
ʤʘʩʩʠʚʥʳʝ, 
ʤʝʣʢʦ- ʠ ʩʨʝʜʥʝ-
ʟʝʨʥʠʩʪʳʝ 

2,75-2,80 140-180 0,4-0,6 ʧʣʦʪʥʳʝ, ʤʘʣʦʪʨʝʱʠʥʦʚʘʪʳʝ; 
ʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ 
ʨʘʩʭʦʜʘ ʚʚ ʠ ʫʤʝʥʴʰʝʥʠʝ ʰʘʛʘ 

ʰʧʫʨʦʚ 

2. ʉʠʝʥʠʪʦ-ʜʠʦʨʠʪʳ ʠʥʪʨʫʟʠʚʥʳʝ ʪʝʤʥʦ-ʩʝʨʳʝ, 
ʧʦʨʬʠʨʦʚʠʜʥʳʝ 

2,70-2,78 130-160 0,5-0,7 ʬʦʨʤʠʨʫʶʪ ʤʝʣʢʦʙʣʦʯʥʦʝ ʨʘʟʨʫ-
ʰʝʥʠʝ; ʭʦʨʦʰʦ ʧʦʜʜʘʶʪʩʷ ʢʦʥ-

ʪʫʨʥʦʤʫ ʚʟʨʳʚʘʥʠʶ 

3. ɻʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʳ ʠʥʪʨʫʟʠʚʥʳʝ, 
ʨʫʜʦʚʤʝʱʘʶʱʠʝ 

ʩʝʨʦ-ʨʦʟʦʚʳʝ, 
ʧʦʨʬʠʨʦʚʠʜʥʳʝ, 
ʦʢʚʘʨʮʦʚʘʥʥʳʝ 

2,65-2,72 100-140 0,7-1,0 ʩʨʝʜʥʝʧʨʦʯʥʳʝ, ʩʢʣʦʥʥʳ ʢ ʚʪʦ-
ʨʠʯʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʧʨʠ 

ʚʟʨʳʚʝ 

4. ɸʥʜʝʟʠʪʳ ʠ ʜʘʮʠʪʳ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʪʝʤʥʦ-ʩʝʨʳʝ, 
ʧʣʦʪʥʳʝ, ʤʘʩʩʠʚ-

ʥʳʝ 

2,55-2,70 90-130 0,8-1,2 ʨʘʟʨʫʰʘʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ; ʥʝʦʙ-
ʭʦʜʠʤ ʧʦʜʙʦʨ ʟʘʜʝʨʞʝʢ ʧʦ ʩʣʦʷʤ 

5. ʂʚʘʨʮʝʚʳʝ ʧʦʨʬʠʨʳ, 
ʨʠʦʣʠʪʳ 

ʚʫʣʢʘʥʦʛʝʥʥʳʝ, 
ʢʠʩʣʳʝ 

ʩʚʝʪʣʦ-ʩʝʨʳʝ, 
ʨʦʟʦʚʘʪʳʝ, ʤʘʩ-
ʩʠʚʥʳʝ 

2,50-2,60 70-100 1,0-1,3 ʧʦʚʳʰʝʥʥʘʷ ʭʨʫʧʢʦʩʪʴ; ʚʦʟʤʦʞʥʘ 
ʠʟʙʳʪʦʯʥʘʷ ʟʦʥʘ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ 

ʙʦʣʴʰʠʭ ʟʘʨʷʜʘʭ 

6. ʀʟʚʝʩʪʥʷʢʠ ʦʩʘʜʦʯʥʳʝ ʙʝʣʳʝ, ʩʝʨʳʝ, 
ʩʣʦʠʩʪʳʝ 

2,60-2,70 60-90 1,2-1,5 ʩʣʦʠʩʪʦʩʪʴ ʚʳʟʳʚʘʝʪ ʥʝʨʘʚʥʦ-
ʤʝʨʥʦʝ ʨʘʟʨʫʰʝʥʠʝ; ʪʨʝʙʫʝʪʩʷ 
ʢʦʥʪʨʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʰʧʫʨʦʚ 

7. ɼʦʣʦʤʠʪʳ ʦʩʘʜʦʯʥʳʝ ʩʚʝʪʣʦ-ʩʝʨʳʝ, 
ʧʣʦʪʥʳʝ 

2,80-2,85 70-100 1,0-1,4 ʭʦʨʦʰʦ ʚʟʨʳʚʘʶʪʩʷ ʧʨʠ ʢʦʥʪʨʦʣʝ 
ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ; ʩʢʣʦʥʥʳ ʢ 
ʩʢʦʣʘʤ ʧʦ ʩʣʦʠʩʪʦʩʪʠ 

8. ɿʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 
ʥʘʨʫʰʝʥʠʡ 
(ʛʣʠʥʠʟʠʨʦʚʘʥʥʳʝ, 
ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 
ʧʦʨʦʜʳ) 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʨʘʟʨʳʭʣʝʥʥʳʝ, 
ʚʣʘʞʥʳʝ 

2,30-2,50 10-40 1,5-2,0 ʪʨʝʙʫʶʪ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʛʦ 
ʟʘʨʷʜʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʱʘʜʷʱʠʭ 
ʩʭʝʤ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ 

13 
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ʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʜʦʙʳʯʠ ʨʫʜʳ ʠ ʩʥʠʟʠʪʴ ʪʝʭʥʦʛʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʩʩʠʚ. 
ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʚʝʣʠʯʠʥʳ ʧʝʨʝʙʫʨʦʚ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʣʦʠʩʪʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. 
ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʟʘʤʝʨʳ ʧʝʨʝʙʫʨʦʚ      
ʦʪʜʝʣʴʥʦ ʧʦ ʥʘʚʠʩʘʶʱʠʤ (ʩʚʝʨʭʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʫʨʘ ʚʳʨʘʙʦʪʢʠ) 
ʠ ʧʨʠʣʝʛʘʶʱʠʤ (ʩʥʠʟʫ ʠʣʠ ʧʦ ʙʦʢʘʤ) ʩʣʦʷʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ 
ʨʘʟʣʠʯʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʧʦʨʦʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʦʣʦʞʝʥʠʷ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʢʦʥʪʫʨʘ ʚʳʨʘʙʦʪʢʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʣʝʛʘʥʠʷ ʩʣʦʸʚ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʚʝʣʠʯʠʥʳ ʧʝʨʝʙʫʨʦʚ ʚ ʩʣʦʷʭ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʞʘʥʠʷ ʂ3 
ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʩʦʨʪʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʨʠʩ.1ל). ɸʥʘʣʠʟ 
ʛʨʘʬʠʢʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʝʙʫʨʳ ʚ ʧʨʠʣʝʛʘʶʱʠʭ ʩʣʦʷʭ (ʢʨʠʚʘʷ1) ʧʨʠ 
ʦʜʠʥʘʢʦʚʦʤ ʟʥʘʯʝʥʠʠ ʂ3 ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʚʝʣʠʯʠʥʫ ʧʝʨʝʙʫ-
ʨʦʚ ʚ ʥʘʚʠʩʘʶʱʠʭ ʩʣʦʷʭ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠ-
ʝʤ ʩʝʢʫʱʝʡ ʩʠʩʪʝʤʳ ʪʨʝʱʠʥ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʧʣʘʩʪʦʚʘʥʠʷ. ʏʝʨʝʟ ʵʪʠ ʪʨʝʱʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʦʣ 
ʦʪʜʝʣʴʥʳʭ ʢʫʩʢʦʚ ʧʦʨʦʜʳ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʣʘʙʦʡ ʩʮʝʧʣʸʥʥʦʩʪʠ ʤʝʞ-
ʜʫ ʩʣʦʷʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʣʝʛʘʶʱʠʝ ʩʣʦʠ ʨʘʟʨʫʰʘʶʪʩʷ ʙʦʣʝʝ 
ʠʥʪʝʥʩʠʚʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʣʠʯʠʥʳ ʧʝʨʝʙʫʨʦʚ. 
ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʫʛʣʘ ʧʘʜʝʥʠʷ ʧʣʘʩʪʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʧʝʨʝʙʫ-

ʨʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʥʘ ʚʳʨʘʙʦʪʢʘʭ ʩʝʯʝʥʠʝʤ 10ʤĮ ʧʨʠ 
ʫʛʣʘʭ ʧʘʜʝʥʠʷ ɓ=40-55Á. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʧʦʩʪʨʦʠʪʴ 
ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʠʭ ʣʠʥʝʡʥʳʭ ʧʝʨʝʙʫʨʦʚ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʟʘʨʷʞʘʥʠʷ ʂ3 ʜʣʷ ʨʘʟʥʳʭ ʫʛʣʦʚ ʧʘʜʝʥʠʷ ʩʣʦʸʚ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 
ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʧʘʜʝʥʠʷ ʧʣʘʩʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʚʝʣʠ-
ʯʠʥʳ ʧʝʨʝʙʫʨʦʚ ʚ ʥʘʚʠʩʘʶʱʠʭ ʩʣʦʷʭ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʨʠʣʝʛʘʶʱʠʭ 
ʩʣʦʷʭ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʦʢʘʟʳʚʘʝʪ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʯʪʦ 
ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʢʨʫʪʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʦʪ 
ʚʟʨʳʚʘ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʜʦʣʴ ʩʣʦʸʚ, ʫʤʝʥʴ-
ʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʢʦʣʘ ʦʪʜʝʣʴʥʳʭ ʢʫʩʢʦʚ ʧʦʨʦʜʳ ʚ ʚʝʨʭʥʝʡ 
ʯʘʩʪʠ ʚʳʨʘʙʦʪʢʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶ-

ʱʝʝ: 
1. ʍʘʨʘʢʪʝʨ ʩʣʦʠʩʪʦʩʪʠ ʠ ʦʨʠʝʥʪʘʮʠʷ ʪʨʝʱʠʥ ʦʧʨʝʜʝʣʷʶʪ   

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʨʫʰʝʥʠʷ ʧʦ ʥʘʚʠʩʘʶʱʠʤ ʠ ʧʨʠʣʝʛʘʶʱʠʤ ʩʣʦʷʤ. 
2. ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʞʘʥʠʷ ʂ3 ʧʨʷʤʦ ʚʣʠʷʝʪ ʥʘ  

ʚʝʣʠʯʠʥʫ ʧʝʨʝʙʫʨʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʠʣʝʛʘʶʱʠʭ ʩʣʦʷʭ. 

3. ʋʛʦʣ ʧʘʜʝʥʠʷ ʧʣʘʩʪʦʚ ɓ ʠʟʤʝʥʷʝʪ ʜʠʥʘʤʠʢʫ ʨʘʟʨʫʰʝʥʠʷ, 
ʩʥʠʞʘʷ ʧʝʨʝʙʫʨʳ ʚ ʥʘʚʠʩʘʶʱʠʭ ʩʣʦʷʭ ʧʨʠ ʢʨʫʪʳʭ ʧʘʜʝʥʠʷʭ ʠ 
ʚʣʠʷʷ ʥʘ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʩʭʝʤ ʟʘʨʷʜʘ ʜʣʷ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳ-
ʚʘʥʠʷ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 
ʟʘʨʷʜ ɺɺ ʠ ʩʭʝʤʫ ʰʧʫʨʦʚ ʩ ʫʯʸʪʦʤ ʧʦʣʦʞʝʥʠʷ ʩʣʦʸʚ ʠ ʠʭ ʪʨʝʱʠʥʦ-
ʚʘʪʦʩʪʠ. 
ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʝʨʝʙʫʨʦʚ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 
ʩʣʦʸʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʞʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫ-
ʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 
ï ʜʣʷ ʥʘʚʠʩʘʶʱʠʭ ʩʣʦʸʚ: 

                                                     (1) 
ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

0,99Ñ0,01. 
ï ʜʣʷ ʧʨʠʣʝʛʘʶʱʠʭ ʩʣʦʸʚ: 

                                                                  (2) 
ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

0,99Ñ0,01. 
ʀʟ ʛʨʘʬʠʢʘ, ʧʨʠʚʝʜʸʥʥʦʛʦ ʥʘ ʨʠʩ. 2, ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ɓ<450 

(ʢʨʠʚʘʷ 1) ʧʝʨʝʙʫʨʳ ʧʦʨʦʜʳ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʟʥʘʯʝʥʠʠ ʂʟ ʤʝʥʴ-
ʰʝ, ʯʝʤ ʧʨʠ ɓ>45Ü. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ 
ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.  
ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʝʨʝʙʫʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥ-
ʪʘ ʟʘʨʷʞʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʧʘʜʝʥʠʷ ʩʣʦʸʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʩʣʝʜʫʶʱʠʤʠ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 
ï ʧʨʠ ʫʛʣʝ ʧʘʜʝʥʠʷ ʩʣʦʸʚ ɓ>45Ü 

                      (3) 
ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

0,99Ñ0,01; 
ï ʧʨʠ ʫʛʣʝ ʧʘʜʝʥʠʷ ʩʣʦʝʚ ɓ<45Ü 

                                          (4) 
ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

0,99Ñ0,01. 
ɺʣʠʷʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʩʣʦʸʚ ʥʘ ʚʝʣʠʯʠʥʫ ʧʝʨʝʙʫʨʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ. ɺʝʣʠʯʠʥʘ ʩʨʝʜʥʝʛʦ 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʙʦʨʦʚ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʩʣʦʝʚ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʞʘʥʠʷ 

;811,3145,1938,391
3

2

3
+Ö-Ö=D KK

;105,44836,267795,584
3

2

3
+Ö-Ö=D KK

;833,22185,106706,14
3

2

3
-Ö+Ö-=D KK

;858,3531,11006,50
3

2
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʙʫʨʘ ʧʦ ʧʨʦʬʠʣʶ ʚʳʨʘʙʦʪʢʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚ-
ʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  

                                     
    (5) 

 
ʛʜʝ æH   ï ʩʨʝʜʥʠʡ ʣʠʥʝʡʥʳʡ ʧʝʨʝʙʫʨ ʧʦ ʥʘʚʠʩʘʶʱʠʤ ʩʣʦʷʤ;  
æn ï ʩʨʝʜʥʠʡ ʣʠʥʝʡʥʳʡ ʧʝʨʝʙʫʨ ʧʦ ʧʨʠʣʝʛʘʶʱʠʤ ʩʣʦʷʤ; 
lH ï ʯʘʩʪʴ ʧʝʨʠʤʝʪʨʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʥʘʚʠʩʘʶʱʠʤ ʩʣʦʷʤ; 
ln ï ʯʘʩʪʴ ʧʝʨʠʤʝʪʨʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʧʨʠʣʝʛʘʶʱʠʤ ʩʣʦʷʤ; 
lʟ  ï ʧʝʨʠʤʝʪʨ ʟʘʙʦʷ ʙʝʟ ʧʦʜʦʰʚʳ. 
ʅʦ ʪʘʢ ʢʘʢ  
 

  ,                                     (6) 
 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʦʪʥʦʰʝʥʠʷ lH/lʟ ʟʘʤʝʪʠʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
ʫʛʣʘ ʧʘʜʝʥʠʷ ʝʛʦ ʟʥʘʯʝʥʠʷ ʪʦʞʝ ʚʦʟʨʘʩʪʘʶʪ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʦʪʥʦ-

ʰʝʥʠʝ  ln/lʟ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʦ ʪʘʢ ʢʘʢ æH Ҕ>æn  ʚʝʣʠʯʠʥʘ ʧʝʨʝʙʫʨʦʚ 

ʧʦ ʧʨʦʬʠʣʶ ʚʳʨʘʙʦʪʢʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʧʘʜʝʥʠʷ ʩʣʦʝʚ ʪʦʞʝ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 2 ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʧʝʨʝʙʫʨʦʚ ʦʪ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ʧʣʘʩʪʦʚ ʥʦʩʠʪ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʟʥʘʯʝʥʠʝ æ 
ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʵʤʧʠʨʠʯʝʩʢʠʤ. 
ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʧʝʨʝʙʫʨʦʚ ʦʢʘʟʳʚʘʝʪ ʤʦʱʥʦʩʪʴ 

ʩʣʦʸʚ, ʩʣʘʛʘʶʱʠʭ ʤʘʩʩʠʚ ʧʦʨʦʜʳ. ʏʝʤ ʪʦʥʴʰʝ ʩʣʦʠ ʠ ʯʝʤ ʩʣʘʙʝʝ 
ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ, ʪʝʤ ʣʝʛʯʝ ʦʥʠ ʦʙʨʫʰʘʶʪʩʷ ʠ ʥʘʦʙʦʨʦʪ. ʅʘ ʦʩʥʦ-
ʚʘʥʠʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 
ʥʘʙʣʶʜʝʥʠʡ, ʧʨʦʠʟʚʝʜʸʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 
ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ, ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʛʨʘʥʠʮʳ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʤʦʱʥʦʩʪʠ.  ʇʨʠ ʤʦʱʥʦʩʪʠ 
ʩʣʦʸʚ ʦʪ 10 ʜʦ 40 ʩʤ ʚ ʧʦʨʦʜʘʭ ʩʨʝʜʥʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʨʫʰʝʥʠʝ 

ʩʣʦʸʚ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʥʝʙʦʣʴʰʠʤʠ ʫʯʘʩʪʢʘʤʠ, ʩʧʫʩʪʷ 1-2 ʩʫʪʦʢ 
ʧʦʩʣʝ ʚʟʨʳʚʘ. 
ʇʨʠ ʤʦʱʥʦʩʪʠ ʩʣʦʸʚ ʙʦʣʝʝ 40 ʩʤ ʧʦʨʦʜʘ ʩʦʭʨʘʥʷʝʪ ʮʝʣʦʩʪ-

ʥʦʩʪʴ. 
ɹʦʣʴʰʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʦʣʝʝ ʤʦʱʥʳʭ ʩʣʦʸʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʘʷ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ, 
ʦʩʣʘʙʣʷʶʱʘʷ ʤʘʩʩʠʚ, ʚ ʙʦʣʝʝ ʤʦʱʥʳʭ ʩʣʦʷʭ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʞʝ, 
ʯʝʤ ʚ ʪʦʥʢʠʭ. 
ʍʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʪʘʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʟʨʫʰʝ-

ʥʠʷ ʵʢʨʘʥʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʪʨʝʱʠʥ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚ 
ʩʪʦʨʦʥʫ ʦʪ ʟʘʨʷʜʘ.  
ɺ ʧʦʨʦʜʘʭ ʙʳʣʠ ʚʩʪʨʝʯʝʥʳ 2 ʪʠʧʘ ʧʦʜʦʙʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʘʟʤʝʨʘʤʠ ʙʣʦʢʦʚ. 
 ʇʨʠ ʨʘʟʤʝʨʘʭ ʙʣʦʢʘʭ ʥʝ ʙʦʣʝʝ 30ʭ30 ʩʤ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʟʨʳʚʘ 

ʢʦʥʪʫʨʥʳʭ ʟʘʨʷʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʫʰʝʥʠʝ ʢʘʢ ʧʨʘʚʠʣʦ ʦʜʥʦʛʦ ʩʣʦʷ 
ʵʪʠʭ ʙʣʦʢʦʚ, ʘ ʚʳʰʝʣʝʞʘʱʠʝ ʩʣʦʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʮʝʣʦʩʪʥʦʩʪʴ. 
ʇʣʘʩʪʦʚʳʝ ʦʪʜʝʣʴʥʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʣʦʩ-

ʢʦʩʪʷʤʠ, ʧʨʠʫʨʦʯʝʥʥʳʤʠ ʢ ʛʨʘʥʠʮʘʤ ʩʣʦʸʚ ʠʣʠ ʚʥʫʪʨʝʥʥʠʤ ʟʦʥʘʤ 
ʦʜʥʦʨʦʜʥʳʭ ʧʦʨʦʜ. ʆʪʢʨʳʪʳʝ ʪʨʝʱʠʥʳ ʩ ʨʘʩʢʨʳʪʠʝʤ ʜʦ 1 ʤʤ, 
ʛʣʘʜʢʠʝ ʠʣʠ ʩʣʘʙʦʰʝʨʦʭʦʚʘʪʳʝ, ʟʘʧʦʣʥʝʥʳ ʢʘʣʴʮʠʪʦʤ ʩ ʧʨʠʤʘʟʢʦʡ 
ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʛʣʠʥʳ. ʉʣʘʙʦʩʚʷʟʘʥʥʘʷ ʧʣʘʩʪʦʚʘʷ ʦʪʜʝʣʴʥʦʩʪʴ ʩʫ-
ʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʧʝʨʝʙʫʨʦʚ. ʊʘʢ ʞʝ ʢʘʢ ʠ ʩʣʦʠ, ʧʣʘ-
ʩʪʦʚʳʝ ʦʪʜʝʣʴʥʦʩʪʠ ʠʤʝʶʪ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʠʭ 
ʤʦʱʥʦʩʪʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʣʘʩʪʦʚʘʷ ʦʪʜʝʣʴʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʤʝʥʝʝ 
30 ʩʤ ̫ ʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʫʩʪʦʡʯʠʚʦʡ ʠ ʦʙʨʫʰʘʝʪʩʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʩʧʦʩʦʙʘ ʚʝʜʝʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ 
ʚʟʨʳʚʘ. ʇʨʠ ʤʦʱʥʦʩʪʠ ʙʦʣʝʝ 30 ʩʤ ʦʙʨʫʰʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 
ʥʘʙʣʶʜʘʣʦʩʴ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʘʨʠ-

ʘʥʪʳ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʜʦʣʞʥʳ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦ-

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʧʝʨʝʙʦʨʦʚ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʞʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʧʘʜʝʥʠʷ ʩʣʦʝʚ 

ʋʙʚʤʡʯʙ 2 
ʖʣʪʨʞʩʡʥʞʦʫʙʤʵʦʴʞ ʠʦʙʰʞʦʡʸ ʣʧʶʭʭʡʯʡʞʦʫʙ ʠʙʩʸʟʙʦʡʸ Kʟʘʨ ʡ ʛʞʤʡʰʡʦʴ ʨʞʩʞʩʙʪʪʞʰʞʦʡʸ ȹ  

ʨʩʡ ʩʙʠʤʡʰʦʧʥ ʬʜʤʞ ʠʙʤʞʜʙʦʡʸ ʨʤʙʪʫʧʛ ɓ ʛ ʨʩʧʯʞʪʪʞ ʣʧʦʫʬʩʦʧʜʧ ʛʠʩʴʛʙʦʡʸ 

ɓ ɓ>450 ɓ<450 
ʂʟʘʨ 0,35 0,48 0,53 0,58 0,35 0,39 0,48 0,58 

ʇʝʨʝʙʦʨʳ, ȹ, ʩʤ 12,5 25 28,95 33,95 6,1 6,7 10 13,95 

ʋʙʚʤʡʯʙ 3 
ʊʩʞʝʦʡʞ ʠʦʙʰʞʦʡʸ ʛʞʤʡʰʡʦʴ ʨʞʩʞʩʙʪʪʞʰʞʦʡʸ (Ⱥ) ʛ ʠʙʛʡʪʡʥʧʪʫʡ ʧʫ ʬʜʤʙ ʠʙʤʞʜʙʦʡʸ ʨʤʙʪʫʧʛ ɔ 

 ʋʛʦʣ ʧʘʜʝʥʠʷ ʧʣʘʩʪʦʚ, ɓ, ʛʨʘʜ 15 30 45 60 
ʉʨʝʜʥʠʝ ʣʠʥʝʡʥʳʝ ʧʝʨʝʙʦʨʳ ʧʦʨʦʜʳ, ȹ, ʩʤ 10 12 15 18 
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KONCHILIK ISHLARI 

ʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩ ʫʯʸʪʦʤ ʩʣʝ-
ʜʫʶʱʠʭ ʧʦʣʦʞʝʥʠʡ:  
ʘ) ʢʦʥʪʫʨʥʳʝ ʰʧʫʨʳ ʚ ʥʘʚʠʩʘʶʱʠʭ ʩʣʦʷʭ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴ-

ʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 8-10 ʩʤ ʦʪ ʣʠʥʠʠ ʧʨʦʝʢʪʥʦʛʦ ʢʦʥʪʫʨʘ; 
ʙ) ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʥʪʫʨʘ ʚʳʨʘʙʦʪʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤʝʥʝʝ 

30 ʩʤ ʦʪ ʪʨʝʱʠʥʳ ʥʘʧʣʘʩʪʦʚʘʥʠʷ ʠʣʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʪʨʝʱʠʥ, ʘ 
ʪʘʢʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʩʪʝʤʳ ʚʟʘʠʤʥʦ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʪʨʝʱʠʥ, 
ʦʙʨʘʟʫʶʱʠʭ ʙʣʦʢʠ ʧʦʨʦʜʳ,  ʚ ʮʝʣʷʭ ʩʦʭʨʘʥʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ  
ʟʘʨʷʜ ʚ ʢʦʥʪʫʨʥʳʭ ʰʧʫʨʘʭ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 25-30 %. ɺʦ ʠʟʙʝʞʘʥʠʝ 
ʚʳʚʘʣʦʚ ʚʳʨʘʙʦʪʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʢʨʝʧʣʝʥʘ ʚ ʪʝʯʝʥʠʝ 15-20 ʯ 
ʧʦʩʣʝ ʚʟʨʳʚʘ; 
ʚ) ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʥʘ 

ʢʦʥʪʫʨʝ ʚʳʨʘʙʦʪʢʠ ʩ ʫʯʸʪʦʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʧ. ʧ. «ɸ» ʠ «ɹ» ʧʦʟʚʦ-
ʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʨʝʜʥʠʝ ʣʠʥʝʡʥʳʝ ʧʝʨʝʙʦʨʳ ʦʪ 7-9 ʩʤ (ʚ ʩʣʘʙʦʪʨʝ-
ʱʠʥʦʚʘʪʳʭ ʧʝʩʯʘʥʠʢʘʭ) ʜʦ 12-14 ʩʤ (ʚ ʪʨʝʱʠʥʦʚʘʪʳʭ ʧʦʨʦʜʘʭ).  
ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʞʘʥʠʷ ʦʪ ʚʝʣʠʯʠʥʳ ʧʝʨʝʙʦʨʦʚ ʚ 
ʧʦʨʦʜʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʢʨʝʧʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ   
ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

 ʜʣʷ ʧʦʨʦʜ ʩ fʢʨ=12-14 
  (7) 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 
0,951Ñ0,01; 

 ʜʣʷ ʧʦʨʦʜ ʩ fʢʨ=15-16 
                                              (8) 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 
0,951Ñ0,01; 
ʅʘʣʠʯʠʝ ʚ ʢʨʦʚʣʝ ʟʘʙʦʷ ʤʦʱʥʳʭ ʙʣʦʢʦʚ ʧʦʨʦʜ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʝʨʝʙʫʨʦʚ ʥʘ 10-12 ʩʤ. ʉʨʝʜʥʠʡ ʣʠʥʝʡ-

ʥʳʡ ʧʝʨʝʙʫʨ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʭʦʜʠʪ ʜʦ 25 ʩʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠ-
ʯʠʥʳ ʩʨʝʜʥʠʭ ʣʠʥʝʡʥʳʭ ʧʝʨʝʙʫʨʦʚ, ʦʞʠʜʘʝʤʳʭ ʧʨʠ ʚʝʜʝʥʠʠ 
ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʤʦʞʝʪ 
ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʧʨʠʚʝʜʸʥʥʦʛʦ ʥʘ ʨʠʩ. 3, ʩʦʩʪʘʚ-
ʣʝʥʥʦʛʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʨʘʙʦʪ.  
ɿʜʝʩʴ, ʧʦ ʟʘʜʘʥʥʦʡ ʢʨʝʧʦʩʪʠ ʧʦʨʦʜ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪ-

ʨʘʭ ʙʫʨʦʚʳʭ ʨʘʙʦʪ (ʘ ʠ Kʩʙ) ʠ ʨʘʥʝʝ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ 
ʟʘʨʷʞʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ 
ʧʝʨʝʙʫʨʦʚ. ɻʨʘʬʠʢ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 3, ʧʦʣʫʯʝʥ ʜʣʷ ʦʜʥʦʨʦʜ-
ʥʳʭ ʧʦʨʦʜ ʙʝʟ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʛʦ ʥʘʧʣʘʩʪʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-
ʥʦʩʪʠ.  
ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 
ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʩʪʨʦʛʦ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-
ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʘʩʩʠʚʘ.  
ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ 

ʧʦʨʦʜʳ, ʚʝʣʠʯʠʥʫ ʣʠʥʝʡʥʳʭ ʧʝʨʝʙʦʨʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɹɺʈ, 
ʷʚʣʷʶʪʩʷ ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʣʦʸʚ, ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʦʚ ʠ ʩʪʝʧʝʥʴ ʝʩʪʝ-
ʩʪʚʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʤʘʩʩʠʚʘ.  
ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦ-
ʚʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʨʷʞʘ-
ʥʠʷ, ʫʛʣʦʤ ʧʘʜʝʥʠʷ ʧʣʘʩʪʦʚ, ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʘʩʩʠʚʘ 
ʠ ʚʝʣʠʯʠʥʦʡ ʧʝʨʝʙʫʨʦʚ.  
ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʚʳʰʝʧʨʠʚʝʜʸʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʨʘʟʨʫʰʝʥʠʶ ʠʣʠ ʥʝʜʦʨʘʟʨʫʰʝʥʠʶ 
ʢʦʥʪʫʨʥʦʡ ʚʳʨʘʙʦʪʢʠ, ʫʚʝʣʠʯʝʥʠʶ ʚʠʙʨʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ 
ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʞʘʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʝʨʝʙʦʨʦʚ ʚ ʧʦʨʦʜʘʭ ʨʘʟʣʠʯʥʦʡ ʢʨʝʧʦʩʪʠ 
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3

2

3
+Ö-Ö=D KK

;356,23231,146545,279
3

2

3
+Ö-Ö=D KK

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 
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The article examines the influence of water saturation of the rock mass on the stability of open-pit slopes and pit walls during surface mining operations. It is 

shown that the presence of groundwater and filtration flows significantly alters the stressïstrain state of the rock mass, reduces effective stresses and the strength 
characteristics of rocks, and promotes the development of deformations, cracking, and the formation of slip surfaces. Special attention is given to the analysis of the 
interaction of pore pressure and filtration flows with the geomechanical state of the mass in the slope zone. Models of stress redistribution under changes in ground-
water level are presented, and the role of hydrostatic and hydrodynamic forces in reducing slope stability is demonstrated. It is noted that during blasting operations 
under water-saturated conditions, a short-term increase in pore pressure occurs, intensifying soil loosening and creating a risk of local failures. 

It is concluded that a comprehensive consideration of hydrogeological factors is required when assessing slope stability under conditions of increased water 
saturation. 

Keywords: open pit; slope; stability; water saturation; pore pressure; filtration; blasting operations; hydrodynamic processes; effective stresses; geomechanical 
model. 
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Kirish. Respublikamizda konchilik sanoati iqtisodiyotning yetakchi 
tarmoqlaridan biri hisoblanadi. Ayniqsa, foydali qazilmalarni ochiq 
usulda qazib olish jarayonida karyer bortlari turgóunligini taôminlash ma-
salasi geomexanik xavfsizlikning eng muhim yoónalishlaridan biridir. Shu 
nuqtai nazardan, Amantaytov koni togó jinslari massivi kuchlanish-
deformatsiyalanish holatlarining karyer borti oldi massivining 
turgóunligiga taôsirini baholash dolzarb ilmiy va amaliy masalalardan biri 
sanaladi. 
Togó jinslari massividagi kuchlanishlar va deformatsiyalar karyer 

bortlarining turgóunligiga bevosita taôsir koórsatadi. Kuchlanishlarning 
notekis taqsimlanishi natijasida yoriqlar, siljish zonalari, choókish yoki 
sirpanish hodisalari kuzatiladi. Bu esa ishlab chiqarish xavfsizligini pa-
saytiradi, texnologik jarayonlarni murakkablashtiradi hamda iqtisodiy 
zarar keltirishi mumkin. Shu sababli karyer bortlari oldi massivining 
kuchlanish-deformatsiyalanish holatini aniqlash va ularning turgóunlik 
darajasini baholash muhim ilmiy-amaliy vazifa hisoblanadi. 
Konchilik obyektlari toógórisidagi dastlabki muhandis-geologik 

maôlumotlarning muhim qismlaridan biri ï bu uning strukturaviy tuzulishi bilan 
bir qatorda kondagi togó jinslari massivining kuchlanish holatlari hisoblanadi. 
Uning asosida bort oldi massivi uchastkalarining mos ravishdagi 
deformatsiyaviy modellari tuzib chiqiladi [1]. Kondagi togó jinslari massivining 
kuchlanish holatlari toógórisidagi maôlumotlar bizga bort oldi massivlarining 
deformatsiyaviy xarakterlarini yangi ilmiy darajada bashorat qilish va 
karyerlarda konchilik ishlarini amalga oshirish mobaynida surilmaviy 
deformatsiyalarning yuzaga kelish ehtimollarini baholash imkonini beradi. 

Amantaytov konining geologik tuzilishi murakkab boólib, togó 
jinslarining mexanik xossalari, qatlamlarning yoónalishi va tikligi, suv 
rejimi hamda kon-texnologik omillar massivning kuchlanish holatini 
shakllantiruvchi asosiy omillar hisoblanadi. Shu sababli, mazkur kon 
sharoitida kuchlanish-deformatsiyalanish jarayonlarini chuqur oórganish, 
ularning karyer borti oldi massivining turgóunligiga taôsirini baholash 
dolzarb ilmiy va amaliy ahamiyatga ega. 
Turli xildagi konlarning bort oldi togó jinslari massivi va hattoki bitta 

kondagi bortning turli xil uchastkalarida ham tektonik kuchlanish 
maydonining taôsiri alohida ravishda namoyon boóladi. Keling, 
Amantaytov koni bort oldi uchastkalarining oózaro jipslashgan va ochilish 
yuzalaridan 20 ï 30 m masofada turli yoónaltirilgan darzliklar tizimi bilan 
boólaklangan massivni koórib chiqamiz (1-rasm). Karyerning qazib 
oótilgan maydoni tomon yoónaltirilgan kichik qiyalikli va tik qiya 
joylashgan zaiflashish yuzalari mavjudligini faraz qilaylik [2]. Ushbu 
yuzalarning mavjudligi ushbu hududda surilmaviy deformatsiyalar 
rivojlanishining muhim omillaridan biri hisoblanadi. 

Ikkita dazliklar tizimining mavjudligi hisobga olgan holda hosil 
qilingan togó jinslari prizmasining turgóunligini tavsiflovchi tenglamalar 
tizimi quyidagi koórinishda ifodalanadi [3]: 

 
 

                                                                                     (1) 
bu yerda,  (Űsil)1 va (Űil)1 ï tik yotuvchi yuzalarning solishtirma siljituvchi 
va ilashish kuchlari, MPa; 

Maqolada Amantaytov karyeri borti oldi massivining kuchlanish-deformatsiyalanish holati, kondagi togó jinsi massivining 
darzlanganligi, zaiflashuv yuzalari va massivning strukturaviy elementlarining joylashuvi toógórisidagi dastlabki geologik qidiruv 
maôlumotlaridan foydalangan holda muhandis-geologik tadqiqotlar natijalariga koóra, karyer borti oldi massivi uchastkalarining 
turgóunligini baholash keltirilgan. Bunda tik va kichik qiyaliklarda joylashuvchi yoriqliklar tizimlari mavjud boólganda bort oldi massivi 
uchastkalarining turgóunligi nafaqat ushbu yoriqlar sistemalarining fizika-mexanik xossalariga, balki tektonik kuchlanish maydonining 
parametrlariga ham bogóliq ekanligi yoritilgan. 
Tayanch iboralar: togó jinsi massivi, massivning kuchlanish-deformatsiyalanish holati, massivning strukturaviy elementlari, 

turgóunlik, karyer, darzdorlik, zaiflashish yuzalari, tektonik kuchlanish maydoni. 
 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʯʘʩʪʢʦʚ ʧʨʠʢʦʥʪʫʨʥʦʛʦ ʤʘʩʩʠʚʘ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ɸʤʘʥʪʘʡʪʘʫ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʤʘʩʩʠʚʘ, ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʩʣʘʙʣʝʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 
ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʤʘʩʩʠʚʝ ʢʨʫʪʳʭ ʠ ʧʦʣʦʛʦʧʘʜʘʶʱʠʭ ʩʠʩʪʝʤ ʪʨʝʱʠʥ ʫʩʪʦʡʯʠʚʦʩʪʴ 
ʫʯʘʩʪʢʦʚ ʧʨʠʢʦʥʪʫʨʥʦʛʦ ʤʘʩʩʠʚʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʦ ʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷ 
ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ, ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ 

ʤʘʩʩʠʚʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʘʨʴʝʨ, ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ, ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʣʘʙʣʝʥʠʷ, ʧʦʣʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ.  

Jiyanov A.B., 
NDK va TU ñNoyob va radioaktiv 
metall rudalarini qazish va qayta 
ishlashò kafedrasi dotsenti 
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 (Űsil)2 va (Űil)2 ï kichik qiyalikda joylashgan yuzalarning solishtirma 
siljituchi va ilashish kuchlari, MPa; 

   Btik va Bkich ï prizmaning sirpanish yuzasi oraligóidagi tik va kichik 
qiyalikda joylashuvchi darzliklar uzunligi, m. 

Yuqorida keltirilgan formulalarga muvofiq, tik va kichik qiyaliklarda 
yotuvchi darzliklar tizimlarining mavjudligi bilan yuzaga keladigan 
sirpanish yuzasi boóylab togó jinsi prizmasining zahiraviy turgóunlik 
koeffitsienti quyidagicha ifodalanadi 

,                                                                                                   (2) 
Tadqiqotlar shuni koórsatadiki, karyer bortlari oldi massivlarining 

turgóunligiga kuchlanishlarning notekis taqsimlanishi katta taôsir 
koórsatadi. Kuchlanishning ortiqcha konsentratsiyasi yoriqlar hosil 
boólishiga, sirpanish tekisliklarining shakllanishiga va deformatsion 
siljishlarga olib keladi. Shu sababli, har bir konning geologik tuzilishiga 
mos ravishda mahalliy geomekanik model ishlab chiqish zarur. 

Amantaytov koni sharoitida olib borilgan dastlabki kuzatishlar shuni 
koórsatadiki, jinslarning qatlamlanish yoónalishi va tikligi, ularning mexan-
ik mustahkamligi hamda yer osti suvlari miqdori kuchlanish-
deformatsiyalanish holatlariga sezilarli darajada taôsir qiladi. Shu bois, 
mazkur kon boóyicha tahliliy va modellashtirish ishlari olib borish, mavjud 
adabiyotlarda keltirilgan uslublarni solishtirish va takomillashtirish zarur. 
Bortning maôlum bir uchastkasi uchun zahiraviy turgóunlik 

koeffitsientini aniqlash uchun 1-rasmda koórsatib oótilgan bort oldi 
massividagi siljish yuzalari modelidan foydalanamiz [4]. Sirpanuvchi 
tananing siljishi karyerining qazib oótilgan maydonida Ŭ1 va Ŭ2 yotish 
burchaklari asosida yuzaga keluvchi zaiflashish yuzalari sirtlari boóylab 
sodir boóladi. Sirpanuvchi tananing siljish yuzasi uzunligi quyidagiga teng 

                                                              
(3) 

bu yerda, H ï bort oldi uchastkasining umumiy balandligi, m; 
B ï halokatli darzliklarning joylashish chuqurligi, m; 
h1 va h2 ï tik va kichik qiyalikli tushuvchi sirpanish yuzasi qismlari 

balandligi, m; 
Ŭ1 va Ŭ2 ï tik va kichik qiyalikli tushuvchi sirpanish yuzalari 

burchaklari, grad.; 
Btik va Bkich ï sirpanish prizmasi yuzasi ichidagi tik va kichik qiyalikda 

yotuvchi dazliklarning uzunligi, m. 
Tik va kichik qiyalikda yotuvchi dazliklarning umumiy uzunligi 

quyidagicha aniqlanadi. 
,                                                               (4) 

bu yerda, ɓ ï karyer bortining tegishli uchastkasi qiyalik burchagi, grad.; 
  a ï bortning yuqori chetidan halokatli darzliklargacha boólgan 

masofa, m. 
Yuqorida keltirib oótilgan (3) va (4) formulalar quyidagi tenglamalar 

tizimini ifodalaydi: 
 

                                                                        (5) 
 

Ushbu tenglamalar tizimini qayta shakllantirish orqali sirpanuvchi 
yuzalar ichidagi tik va kichik qiliklarda yotuvchi darzliklarning kengligini 
quyidagi tenglamalar boóyicha aniqlashimiz mumkin: 

               
                                                                  (6) 

 
                                                                                

  (7) 
 
Natijalar. Bortning maôlum bir uchastkasi uchun zahiraviy turgóunlik 

koeffitsientini aniqlashda yuqorida keltirib oótilgan tenglamalarga muvofiq 
ravishda tik va kichik qiyaliklarda yotuvchi darzliklar yuzalarining 
solishtirma siljituvsi va ilashish kuchlarini aniqlash lozim [5-6]. 

                                                                                   (8) 
 

                                                                    (9) 

bu yerda,  ů1 ï kuchlanish maydonining eng katta komponenti, MPa; 
ů3 ï kuchlanish maydonining eng kichik komponenti, MPa; 
Ŭ ï ů1 va darzliklar yuzasi orasidagi burchak, grad; 
ű ï darzlanish yuzalari oraligóidagi ishqalanish burchagi, grad; 
C ï darzlanish yuzalari oraligóidagi ilashish, MPa. 
Quyidagi parametrlar Amantaytov koni togó jinslari massivida tik va 

kichik qiyaliklarda yotuvchi darzliklar tizimida shakllanadigan sirpanish 
yuzasiga ega boólgan siljish prizmasining zahiraviy turgóunlik 
koeffitsientini aniqlash masalasini koórib chiqamiz: bort uchastkaning 
balandligi H=100 m, sirpanish yuzasining uzunligi A = 90 m, bortning 
qiyalik burchagi ɓ=350, bortning yuqori chetidan halokatli darzlikgacha 
boólgan masofa a=15 m.  

Ushbu zonadagi darzliklar tizimining parametrlari: tik yotuvchi 
darzliklar tizimi notekis, bir oz qoópol yuzalarga ega boólib, yuzalararo 
ishqalanish burchagi ű=200, ilashish koórsatkichi C=0,5 MPa va qiyalik 
burchagi Ŭ=450 ga teng; kichik qiyalikda yotuvchi darzliklar tizimi esa 
qoópol darzlanish yuzalariga ega boólib, yuzalararo ishqalanish burchagi 
űȭ=150, ilashish koórsatkichi Cȭ=0,3 MPa va qiyalik burchagi Ŭȭ=120 ga 
teng.  
Berilgan parametrlar boóyicha va (6-7) tenglamalarga muvofiq 

tarzida sirpanish yuzasi oraligóidagi tik va kichik qiyaliklarda yotuvchi 
darzliklarning uzunliklari Btik=92,18 m va Bkich=95,88 m ni tashkil etadi. 
Darzliklarning yuzalari boóylab siljituvchi va ilashish kuchlarini 

hisoblash uchun (8) va (9) tenglamalar boóyicha turli genezdagi darzliklar 
hamda kuchlanish maydonining eng katta va eng kichik tarkibiy 
qismlarining turli qiymatlari boóyicha hisoblash natijalari asosida 1-3-
jadvallar tuzib chiqildi. 

Kuchlanish maydonini tashkil etuvchilarining turli eng katta va eng 
kichik qiymatlari hamda darzliklar yuzalari va ů1 oórtasidagi burchaklar 
uchun tik va kichik qiyaliklarda yotuvchi darzliklar tizimlari mavjud 
boólgan massivning bir qismiga taôsir qiluvchi ilashish koórsatkichi, siljitish 
kuchi va zahiraviy turgóunlik koeffitsientini hisoblash 1-3-jadvallardan 
olingan (Űsil)1, (Űil)1, (Űsil)2 va (Űil)2 parametrlarining qiymatlari yordamida 
amalga oshirildi. 
Hisoblashlar natijasida zahiraviy turgóunlik koeffitsientining 

qiymatlariga ega boóldik va uni 4-jadvalda aks ettirdik. Shuningdek 
tadqiqot olib borilgan Amantaytov koni massividagi darzliklar yuzalari va 
kuchlanish maydonini eng katta tashkil etuvchilari oórtasidagi burchak 
bilan zahiraviy turgóunlik koeffitsienti oórtasidagi bogóliqligi grafigi tuzildi  
(2-rasm). 

Muhokama. Olingan natijalarga asoslanib xulosa qilish mumkinki, tik 
va kichik qiyaliklarda yotuvchi darzliklar tizimlari mavjud boólgan bort oldi 
massivi uchastkalarining turgóunligi nafaqat, ushbu darzliklar tizimlarining 
fizika-mexanik xususiyatlariga, balki tektonik kuchlanish maydonining 
parametrlariga ham bogóliq boóladi.  
Kuchlanishlar tenzori eng katta tashkil etuvchilarining taôsirlashish 

vektori ů1 bilan 15-550 oraligóida burchak hosil qiluvchi darzliklar bort oldi 
massivining turgóunligi uchun juda muhim hisoblanadi. Agar darzliklar 
yuzalari boóylab ilashish koórsatkichi 0,3-0,5 MPa boólsa, u holda 
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cossin 1-rasm. Amantaytov koni bort oldi massividagi siljish yuzalarining modeli 



 

O'zbekiston konchilik xabarnomasi ˉ 4 (103) 2025 
 
 

KONCHILIK ISHLARI 

1-jadval 
Kuchlanish maydonining eng katta va eng kichik tarkibiy qismlari qiymatlari ů1=14,5 MPa va ů3=5,8 MPa asosida turli xil genezdagi darzliklar yuzasi 

boôylab siljituvchi va ilashish kuchlarining qiymatlari 

Ŭ, grad 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 
qoópol darzlanish yuzalar ű=200, S=0,5 MPa 

Űil 2,82 2,98 3,17 3,4 3,65 3,92 4,19 4,47 4,73 4,98 5,21 5,4 5,56 5,68 5,75 5,77 
Űsil 2,17 2,79 3,33 3,77 4,09 4,28 4,35 4,28 4,09 3,77 3,34 2,8 2,18 1,49 0,76 0,01 

bir oz qoópol yuzalar űȭ=150, Sȭ=0,3 MPa 
Űil 2,01 2,13 2,27 2,44 2,62 2,82 3,02 3,22 3,42 3,6 3,77 3,91 4,03 4,11 4,17 4,18 
Űsil 2,17 2,79 3,33 3,77 4,09 4,28 4,35 4,28 4,09 3,77 3,34 2,8 2,18 1,49 0,76 0,01 

2-jadval 
Kuchlanish maydonining eng katta va eng kichik tarkibiy qismlari qiymatlari Ű1=20 MPa va ů3=7,5 MPa asosida turli xil genezdagi darzliklar yuzasi 

boôylab siljituvchi va ilashish kuchlarining qiymatlari 

Ŭ, grad 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 
qoópol darzlanish yuzalar ű=200, S=0,5 MPa 

Űil 3,53 3,76 4,04 4,36 4,72 5,11 5,5 5,89 6,28 6,64 6,96 7,24 7,47 7,64 7,74 7,78 
Űsil 3,12 4,02 4,79 5,41 5,87 6,15 6,25 6,16 5,88 5,42 4,79 4,02 3,13 2,15 1,09 0,01 

bir oz qoópol yuzalar űȭ=150, Sȭ=0,3 MPa 
Űil 2,53 2,7 2,91 3,14 3,41 3,69 3,98 4,27 4,55 4,82 5,06 5,26 5,43 5,55 5,63 5,66 
Űsil 3,12 4,02 4,79 5,41 5,87 6,15 6,25 6,16 5,88 5,42 4,79 4,02 3,13 2,15 1,09 0,01 

3-jadval 
Kuchlanish maydonining eng katta va eng kichik tarkibiy qismlari qiymatlari ů1=5 MPa va ů3=1,5 MPa asosida turli xil genezdagi darzliklar yuzasi 

boôylab siljituvchi va ilashish kuchlarining qiymatlari 

Ŭ, grad 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 
qoópol darzlanish yuzalar ű=200, S=0,5 MPa 

Űil 1,13 1,19 1,27 1,36 1,46 1,57 1,68 1,79 1,9 2 2,09 2,17 2,23 2,28 2,31 2,32 
Űsil 0,87 1,12 1,34 1,52 1,64 1,72 1,75 1,72 1,65 1,52 1,34 1,13 0,88 0,6 0,31 0,01 

bir oz qoópol yuzalar űȭ=150, Sȭ=0,3 MPa 
Űil 0,76 0,81 0,87 0,94 1,01 1,09 1,17 1,25 1,33 1,4 1,47 1,53 1,58 1,61 1,63 1,64 
Űsil 0,87 1,12 1,34 1,52 1,64 1,72 1,75 1,72 1,65 1,52 1,34 1,13 0,88 0,6 0,31 0,01 

3-jadval 
Kuchlanish maydonining eng katta va eng kichik tarkibiy qismlari qiymatlari Ű1=5 MPa va Ű3=1,5 MPa asosida turli xil genezdagi darzliklar yuzasi 

boôylab siljituvchi va ilashish kuchlarining qiymatlari 

Ŭ, grad 15 20 25 30 35 40 45 50 
ů1=14,5 MPa va ů3=5,8 MPa uchun 

Fil 452,68 478,94 509,88 547,38 587,68 631,75 675,82 720,81 
Fsil 408,11 524,71 626,26 709,01 769,19 804,93 818,09 804,93 
kzax. 1,11 0,91 0,81 0,77 0,76 0,78 0,83 0,90 

ů1=20 MPa va ů3=7,5 MPa uchun 
Fil 25,46 27,14 29,19 31,50 34,15 36,96 39,82 42,67 
Fsil 26,11 33,65 40,09 45,28 49,13 51,48 52,31 51,56 
kzax. 0,97 0,81 0,73 0,70 0,70 0,72 0,76 0,83 

ů1=5 MPa va ů3=1,5 MPa uchun 
Fil 11,43 12,09 12,94 13,90 14,93 16,08 17,23 18,38 
Fsil 10,47 13,48 16,13 18,30 19,75 20,71 21,07 20,71 
kzax. 1,09 0,90 0,80 0,76 0,76 0,78 0,82 0,89 
Ŭ, grad 55 60 65 70 75 80 85 90 

ů1=14,5 MPa va ů3=5,8 MPa uchun 
Fil 763,95 804,25 841,76 872,70 898,95 917,68 929,89 932,69 
Fsil 769,19 709,01 628,14 526,59 409,99 280,22 142,93 1,88 
kzax. 0,99 1,13 1,34 1,66 2,19 3,27 6,51 495,94 

ů1=20 MPa va ů3=7,5 MPa uchun 
Fil 45,49 48,13 50,48 52,50 54,18 55,40 56,15 56,45 
Fsil 49,22 45,37 40,09 33,65 26,20 18,00 9,12 0,08 
kzax. 0,92 1,06 1,26 1,56 2,07 3,08 6,15 674,41 

ů1=5 MPa va ů3=1,5 MPa uchun 
Fil 19,52 20,55 21,52 22,36 23,03 23,51 23,81 23,93 
Fsil 19,87 18,30 16,13 13,61 10,60 7,22 3,73 0,06 
kzax. 0,98 1,12 1,33 1,64 2,17 3,25 6,38 407,05 
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darzliklar vektori ů1 dan ushbu buzilish chetlanishi burchaklari 
oraliqlarida togó jinsi prizmasining darzliklar va buzilishlar boóylab 
siljishiga imkon beradi. Darzlikning eng katta tashkil etuvchilari taôsir 
vektori ů1 dan 0-15Ü va 55-90Ü ogóish burchaklaridagi tektonik 
kuchlanishlar maydoni, kuchlanish maydoni tashkil etuvchilarining bortga 
nisbatan boóylama taôsir koórsatishi tufayli, bort oldi massivi 
uchastkalarining turgóunligiga ijobiy taôsir koórsatadi. 

Tadqiqot davomida aniqlanishicha, kuchlanish va deformatsiya 
jarayonlarining notekis taqsimlanishi natijasida massivda yoriqlar, siljish 
zonalari va sirpanish tekisliklari hosil boólishi mumkin. Bunday holatlar 
karyer bortlarining barqarorligiga xavf tugódiradi hamda qazish ishlarining 

xavfsizligiga salbiy taôsir etadi. Shu bois, kuchlanish-deformatsiyalanish 
jarayonlarini nazorat qilish va oldindan bashoratlash konchilik 
amaliyotida muhim ahamiyatga ega. 

Xulosa. Tadqiqot natijalari shuni koórsatdiki, darzliklar vektori ů1 va 
buzilish chetlanishi burchaklari togó jinsining barqarorligiga sezilarli taôsir 
koórsatadi. Notekis kuchlanish va deformatsiya natijasida massivda yori-
qlar, siljish zonalari va sirpanish tekisliklari hosil boólishi mumkin, bu esa 
karyer bortlarining xavfsizligiga salbiy taôsir qiladi. Shu bois, kuchlanish-
deformatsiyalanish jarayonlarini muntazam nazorat qilish va oldindan 
bashoratlash konchilik amaliyotida muhim ahamiyatga ega, bu qazish 
ishlarining barqarorligi va xavfsizligini taôminlashga yordam beradi.  

2-rasm. Darzliklar yuzalari va ů1 kuchlanish maydonini eng katta tashkil etuvchilari oórtasidagi burchak bilan bort oldi massivi uchastkasining zahiraviy 
turgóunlik koeffitsienti oórtasidagi bogóliqligi grafigi 
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ʁʊʊʄɾɽʇɻɹʆʁɾ ɻʄʁʘʆʁʘ ʇɺɻʇɽʆɫʆʆʇʊʋʁ ʈʇʉʇɽʆʇɼʇ 
ʅɹʊʊʁɻɹ ʆɹ ʌʊʋʇʂʐʁɻʇʊʋʕ ʇʋʃʇʊʇɻ ʃɹʉʕɾʉɹ 

ʋɼʂ: 622.271.4:624.131.23 DOI:10.54073/GV.2025.4.103.004 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦ-
ʤʳʰʣʝʥʥʦʩʪʠ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʣʦʞʥʳʤʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 
ʫʩʣʦʚʠʷʤʠ, ʚʢʣʶʯʘʷ ʚʳʩʦʢʫʶ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʴ.  
ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʝ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ (ɹɺʈ) ʩʦʧʨʷ-

ʞʝʥʦ ʩ ʨʷʜʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʚʢʣʶʯʘʷ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʨʘʙʘʪʳʚʘʥʠʷ 
ʟʘʨʷʜʦʚ, ʨʦʩʪ ʟʦʥʳ ʚʪʦʨʠʯʥʦʛʦ ʜʨʦʙʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ 
ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʠʝ ʦʙʲʝʢʪʳ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 
ʩʪʨʫʢʪʫʨʳ. 
ʉʝʡʩʤʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʚʟʨʳʚʦʚ ʚ ʦʙʚʦʜʥʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝ-

ʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ, ʪ.ʢ. ʚʦʜʘ ʚ ʧʦʨʘʭ ʠ ʪʨʝʱʠʥʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 
ʩʧʦʩʦʙʥʘ ʫʩʠʣʠʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ, ʯʪʦ   
ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ï ʦʪ ʨʘʟʨʫʰʝʥʠʷ 
ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʜʦ ʘʢʪʠʚʘʮʠʠ 
ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦ-
ʝʢʪʠʨʦʚʘʥʠʶ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ɹɺʈ ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥ-
ʥʦʩʪʝʡ ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʤʘʩʩʠʚʘ. 
ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʚ 

ʢʘʨʴʝʨʘʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʟʘʣʝ-
ʛʘʥʠʷ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 
ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ ʠ ʥʘ ʭʘʨʘʢʪʝʨ 
ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʸʤ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ [1].  ɺʦʟʜʝʡʩʪʚʠʝ ʧʦʜ-
ʟʝʤʥʳʭ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ ʷʚʣʷ-
ʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʤʥʦʛʦʬʘʢʪʦʨʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʚʦʜʘ ʚ ʧʦʨʦʜʥʦʤ 
ʤʘʩʩʠʚʝ ʚʳʩʪʫʧʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʬʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ, ʠʟʤʝʥʷʶ-
ʱʘʷ ʵʬʬʝʢʪʠʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʥʦ ʠ ʢʘʢ ʘʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ, 
ʚʣʠʷʶʱʠʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʣʠʷʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʦʪʢʦʩʦʚ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʛʨʫʥʪ ʠ 
ʩʢʘʣʴʥʳʝ ʧʦʨʦʜʳ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʘ [2]: 

Maqolada ochiq kon ishlari olib borilayotganda togó jinslarining namlik darajasining togó konlarning qirralari va baland qirralarining 
barqarorligiga taôsiri koórib chiqilgan. Yer osti va filtratsiya suvlari mavjudligi jinslar massasining taranglik-deformatsiya holatini sezilarli 
darajada oózgartiradi, samarali taranglik va jinslarning mustahkamlik xususiyatlarini pasaytiradi, deformatsiyalarning rivojlanishiga, yori-
qlarning hosil boólishiga va sirpanish yuzalarining shakllanishiga yordam beradi.  
Maxsus eôtibor por bosimi va filtratsiya oqimlarining qirra zonasidagi geomexanik holat bilan oózaro taôsiriga qaratilgan.  
Yer osti suv darajasining oózgarishi bilan tarangliklarning qayta taqsimlanish modellari keltirilgan va gidrostatis va gidrodinamika 

kuchlarining qirralarning barqarorligini pasaytirishdagi roli koórsatilgan. Suv bilan toóyingan sharoitda portlatish ishlarini olib borishda por 
bosimining qisqa muddatli oshishi sodir boóladi, bu esa tuproqning boóshashish effektini kuchaytiradi va mahalliy qulashi xavfini yaratadi. 
Natijada, oshirilgan namlik sharoitida qirralarning barqarorligini hisoblashda gidrogeologik omillarni kompleks hisobga olish zarurligi 

taôkidlangan. 
Kalit soózlar: kon, qirra, barqarorlik, namlik, por bosimi, filtratsiya, portlatish ishlari, gidrodinamika jarayonlari, samarali taranglik, 

geomexanik model. 
 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʦʙʚʦʜʥʸʥʥʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ ʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʧʨʠ 

ʚʝʜʝʥʠʠ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʦʜʟʝʤʥʳʭ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ ʥʘʧʨʷ-
ʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ, ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ, 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʜʝʬʦʨʤʘʮʠʡ, ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ.  
ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʘʥʘʣʠʟʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʩ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʦʩʪʦʷʥʠʝʤ ʤʘʩʩʠʚʘ ʚ ʟʦʥʝ ʦʪʢʦʩʘ.  
ʇʨʠʚʝʜʝʥʳ ʤʦʜʝʣʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʧʦʢʘʟʘʥʘ ʨʦʣʴ ʛʠʜʨʦʩʪʘʪʠʯʝ-

ʩʢʠʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʚ ʩʥʠʞʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʚʝʜʝʥʠʠ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʚ ʚʦʜʦʥʘ-
ʩʳʱʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʫʩʠʣʠʚʘʶʱʝʝ ʵʬʬʝʢʪ ʨʘʟʫʧʣʦʪʥʝʥʠʷ 
ʛʨʫʥʪʦʚ ʠ ʩʦʟʜʘʶʱʝʝ ʫʛʨʦʟʫ ʣʦʢʘʣʴʥʳʭ ʦʙʨʫʰʝʥʠʡ. 
ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʯʸʪʘ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʨʘʩʯʸʪʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ 

ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʦʙʚʦʜʥʸʥʥʦʩʪʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʴʝʨ, ʦʪʢʦʩ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʦʙʚʦʜʥʸʥʥʦʩʪʴ, ʧʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʬʠʣʴʪʨʘʮʠʷ, ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʵʬʬʝʢʪʠʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʛʝʦʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. 

ʅʙʛʤʸʦʧʛ ɹ.ɹ., 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʢʘʬʝʜʨʳ «ɻʦʨʥʦʝ ʜʝʣʦ» ɸʣʤʘʣʳʢʩʢʦʛʦ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ  

ʀʙʡʩʧʛ ʑ.ʑ., 
ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ  

«ɻʦʨʥʦʝ ʜʝʣʦ» ɸʌ ʅʀʊʋ «ʄʀʉʀʉ», 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ʊʙʭʙʩʧʛʙ ʅ.ɽ., 
ʜʦʢʪʦʨʘʥʪ ʢʘʬʝʜʨʳ  

«ɻʦʨʥʦʝ ʜʝʣʦ» ʅɻɻʊʋ 

ɼʙʡʚʦʙʠʙʩʧʛ ɺ.ɹ., 
ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ 

ʬʘʢʫʣʴʪʝʪʘ «ɻʦʨʥʦʝ ʜʝʣʦ» ɸʣʤʘʣʳʢ-
ʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ  

ʠʥʩʪʠʪʫʪʘ, PhD, ʜʦʮʝʥʪ 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

1. ɼʘʚʣʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʚʥʫʪʨʠʧʦʨʦʚʦʡ  ʞʠʜʢʦʩʪʠ ʥʘ ʪʚʸʨʜʫʶ 
ʬʘʟʫ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʩʦʟʜʘʶʪ ʧʦʨʦʚʦʝ ʜʘʚʣʝ-
ʥʠʝ, ʢʦʪʦʨʦʝ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪ ʜʝʡʩʪʚʫʶʱʠʝ ʥʦʨʤʘʣʴʥʳʝ 
ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʦʨʦʜʝ, ʫʤʝʥʴʰʘʷ ʪʝʤ ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʝ ʥʘʧʨʷʞʝ-
ʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʥʫʪʨʝʥʥʝʝ ʩʮʝʧʣʝʥʠʝ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ.  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʩʩʠʚʘ, ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʩʜʚʠʛʦʚ ʧʦ 
ʦʩʣʘʙʣʝʥʥʳʤ ʟʦʥʘʤ.  
ʆʩʦʙʝʥʥʦ ʦʧʘʩʥʦ ʵʪʦ ʚ ʫʩʣʦʚʠʷʭ ʦʙʚʦʜʥʸʥʥʳʭ ʦʪʢʦʩʦʚ, ʛʜʝ 

ʫʨʦʚʥʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʦʜʥʠʤʘʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘ-
ʥʠʡ ʠʣʠ ʬʠʣʴʪʨʘʮʠʠ ʠʟ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 
2. ʀʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʚʥʫʪʨʠʧʦʨʦʚʦʡ ʞʠʜʢʦʩʪʠ. ɺʦʜʘ, ʟʘʧʦʣʥʷʷ ʧʦʨʳ ʠ ʪʨʝʱʠʥʳ, 
ʠʟʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨ ʤʝʞʟʝʨʥʦʚʳʭ ʩʚʷʟʝʡ, ʩʥʠʞʘʝʪ ʩʠʣʳ ʘʜʛʝʟʠʠ ʠ 
ʢʦʛʝʟʠʠ ʤʝʞʜʫ ʤʠʥʝʨʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʨʘʟʚʠʪʠʶ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʫʭʘʥʠʷ, ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʨʘʟʫʧʨʦʯʥʝʥʠʷ 
ʧʦʨʦʜ.  
ʇʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠ ʩʮʝʧʣʝʥʠʝ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʱʝʤʫ ʧʘʜʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 
ʧʦʨʦʜʘʭ ʛʣʠʥʠʩʪʦʛʦ ʠ ʩʣʦʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 
ʩʢʦʣʴʟʷʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʫʚʣʘʞʥʸʥʥʳʤ ʩʣʦʷʤ, ʯʪʦ ʫʩʢʦʨʷʝʪ 
ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. 
ʂʘʞʜʳʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩʧʦʩʦʙʝʥ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠʣʠ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ ʦʙʱʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ ʠ 
ʚʳʟʚʘʪʴ ʜʝʬʦʨʤʘʮʠʠ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ï ʦʪ ʣʦʢʘʣʴʥʳʭ ʦʩʝʜʘ-
ʥʠʡ ʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ʨʘʟʚʠʪʠʷ ʢʨʫʧʥʳʭ ʦʧʦʣʟʥʝʡ ʠ ʦʙʨʫ-
ʰʝʥʠʡ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ, ʦʢʘʟʳ-
ʚʘʷ ʚʣʠʷʥʠʝ ʢʘʢ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ, ʪʘʢ ʠ ʥʘ ʠʭ 
ʥʘʧʨʷʞʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
ɺʣʠʷʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ ʩʚʦʜʠʪʩʷ ʢ 

ʩʣʝʜʫʶʱʠʤ ʢʣʶʯʝʚʳʤ ʵʬʬʝʢʪʘʤ [3]: 
ï ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʨʦʜʥʦʛʦ 

ʤʘʩʩʠʚʘ; 
ï ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʦʪʢʦʩʘ; 
ï ʨʘʟʚʠʪʠʶ ʧʨʦʮʝʩʩʦʚ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʳʥʦʩʘ (ʨʘʟʤʳʚʘ) ʠ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʦʛʦ ʩʥʦʩʘ ʤʝʣʢʠʭ ʯʘʩʪʠʮ; 
ï ʧʦʚʳʰʝʥʠʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʦʪʢʦʩʳ ʠ ʦʩʥʦ-

ʚʘʥʠʝ ʫʩʪʫʧʦʚ; 
ï ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʩʧʦʩʦʙ-

ʩʪʚʫʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʢʦʣʴʟʷʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʫʯʸʪ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠ ʨʘʩʯʸ-
ʪʘʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʧʨʠ ʚʝʜʝʥʠʠ ɹɺʈ ʚ 
ʦʙʚʦʜʥʸʥʥʳʭ ʤʘʩʩʠʚʘʭ, ʪ.ʢ. ʩʦʯʝʪʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ 
ʧʦʚʳʰʝʥʥʦʛʦ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ 
ʦʩʣʘʙʣʝʥʠʶ ʧʦʨʦʜ ʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʚʪʦʨʠʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ 
ʦʪʢʦʩʦʚ. 
ʈʝʟʫʣʴʪʘʪʳ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʜʝʡʩʪʚʠʝ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʪʢʦʩ ʙʦʨʪʘ ʢʘʨʴʝʨʘ. 
ɺ ʩʭʝʤʝ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʦʥʳ: 
1) ʟʦʥʘ ʬʠʣʴʪʨʘʮʠʠ ï ʦʙʣʘʩʪʴ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ; 
2) ʟʦʥʘ ʥʘʩʳʱʝʥʠʷ ï ʦʙʣʘʩʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʨʦʚʳʤ ʜʘʚʣʝ-

ʥʠʝʤ; 
3) ʟʦʥʘ ʨʘʟʛʨʫʟʢʠ ʦʪʢʦʩʘ ï ʫʯʘʩʪʦʢ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʱʠʥ; 
4) ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʣʠʥʠʷ ʨʘʟʨʫʰʝ-

ʥʠʷ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʧʝʨʝʫʚʣʘʞʥʸʥʥʳʝ ʩʣʦʠ; 
5) ʚʝʢʪʦʨ ʩʠʣʳ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ï ʥʘʧʨʘʚʣʝʥ ʧʨʦʪʠʚ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʘ. 
ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʧʦʨʘʭ ʠ ʪʨʝʱʠʥʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 

ʩʚʷʟʘʥʥʦʡ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʪʚʸʨʜʦʡ ʬʘʟʳ ʠʩʧʳʪʳ-
ʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦ ʩʪʦʨʦʥʳ ʞʠʜʢʦʩʪʠ, ʩʦʟʜʘʶʱʝʡ ʚʩʝʩʪʦʨʦʥʥʝʝ 
(ʠʟʦʪʨʦʧʥʦʝ) ʜʘʚʣʝʥʠʝ.  
ɼʘʥʥʦʝ ʜʘʚʣʝʥʠʝ ʧʝʨʝʜʘʸʪʩʷ ʯʝʨʝʟ ʞʠʜʢʦʩʪʴ ʥʘ ʩʢʝʣʝʪ ʧʦʨʦ-

ʜʳ, ʠʟʤʝʥʷʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʪʠʚʥʳʝ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ.  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʞʠʜʢʦʩʪʴ ʚ ʧʦʨʘʭ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʥʝ ʪʦʣʴʢʦ 

ʩʨʝʜʳ, ʫʤʝʥʴʰʘʶʱʝʡ ʵʬʬʝʢʪʠʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʥʦ ʠ ʬʘʢʪʦʨʘ, 
ʚʳʟʳʚʘʶʱʝʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʣ ʚʥʫʪʨʠ ʤʘʩʩʠʚʘ. 
ʉʫʤʤʘʨʥʦʝ ʜʘʚʣʝʥʠʝ ʧʦʨʦʚʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʢʘʞʜʫʶ ʯʘʩʪʠʮʫ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʳʪʘʣʢʠʚʘʶʱʝʡ ʩʠʣʳ, ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʣʝ 
ɸʨʭʠʤʝʜʘ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʚʝʨʭ.  
ɺ ʧʨʦʠʟʚʦʣʴʥʦʤ ʦʙʲʸʤʝ ʧʦʨʦʜʳ † ʩ ʧʦʨʠʩʪʦʩʪʴʶ ά ʜʦʣʷ ʪʚʸʨ-

ʜʦʡ ʬʘʟʳ ʩʦʩʪʘʚʣʷʝʪ             .   
ʊʦʛʜʘ ʚʳʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʪʚʸʨʜʫʶ ʯʘʩʪʴ 

ʤʘʩʩʠʚʘ, ʚʳʨʘʞʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ [1]: 
                               (1) 

ʛʜʝ Ҫw ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʚʦʜʳ; 
m ï ʧʦʨʠʩʪʦʩʪʴ; 
    ï ʦʙʲʸʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ 

(ʠʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʸʤʘ ʧʦʨʦʜʳ), ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʘʥʘ-
ʣʠʟʠʨʫʝʪʩʷ ʜʝʡʩʪʚʠʝ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʥʘ ʪʚʸʨʜʫʶ 
ʬʘʟʫ. 

ʈʠʩ. 1. ʉʭʝʤʘ ʚʣʠʷʥʠʷ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʘ 
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 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ. ʀʥʳʤʠ 
ʩʣʦʚʘʤʠ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʙʦʣʴʰʦʡ ʫʯʘʩʪʦʢ ʤʘʩʩʠʚʘ 
(ʥʘʧʨʠʤʝʨ,  1 ʤį ʧʦʨʦʜʳ), ʪʦ ʯʘʩʪʴ ʵʪʦʛʦ ʦʙʲʸʤʘ ʟʘʥʷʪʘ ʧʦʨʘʤʠ 
(m·Ű), ʘ ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ             ï ʵʪʦ ʪʚʸʨʜʳʡ ʤʠʥʝʨʘʣʴʥʳʡ   
ʩʢʝʣʝʪ, ʥʘ ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʚʳʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ ʚʦʜʳ Ὂὥ. 
ɼʘʥʥʘʷ ʩʠʣʘ ʩʪʨʝʤʠʪʩʷ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʝʩ ʪʚʸʨʜʳʭ 

ʯʘʩʪʠʮ, ʩʦʟʜʘʚʘʷ ʵʬʬʝʢʪ ʚʟʚʝʰʠʚʘʥʠʷ ʛʨʫʥʪʘ, ʢʦʪʦʨʳʡ ʚ ʠʥʞʝʥʝʨ-
ʥʦʡ ʧʨʘʢʪʠʢʝ ʠʟʚʝʩʪʝʥ ʢʘʢ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʦʩʣʘʙʣʝʥʠʝ ʵʬʬʝʢʪʠʚ-
ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ.  
ʇʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʢʘʞʫʱʘʷʩʷ ʧʣʦʪʥʦʩʪʴ ʤʘʩʩʠʚʘ ʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʘʶʪʩʷ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʯʪʦ 
ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ ʠ ʫʩʪʫʧʦʚ ʚ  
ʦʙʚʦʜʥʸʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ 
ʧʦʨʘʭ, ʧʦʤʠʤʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ï ʩʠʣʘ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-
ʛʦ ʧʦʪʦʢʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʩʢʝʣʝʪ ʧʦʨʦʜʳ.  
ɼʘʥʥʘʷ ʩʠʣʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʜʦʣʴ ʚʝʢʪʦʨʘ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ 

ʧʦʪʦʢʘ, ʚʳʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ  
ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʫʧʨʦʯʥʝʥʠʶ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʤʠʥʝʨʘʣʴ-
ʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ 
ʠʣʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ, ʠ ʦʥʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʘʥʘʣʠʟʝ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʜʨʝʥʘʞʘ ʠʣʠ ʥʘʧʦʨʥʳʭ 
ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 
ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʵʬʬʝʢʪʦʤ ʚʟʚʝʰʠ-

ʚʘʥʠʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʢʝʣʝʪʝ ʛʨʫʥʪʘ ʤʦʞʥʦ 
ʨʘʩʩʤʦʪʨʝʪʴ ʤʦʜʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ.  
ʇʨʝʜʩʪʘʚʠʤ ʩʝʙʝ ʩʦʩʫʜ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʰʥʝʡ, ʨʘʟʜʝʣʸʥʥʳʭ ʧʨʫʞʠʥʘʤʠ (ʨʠʩ. 2). ʇʦʨʰʥʠ ʫʩʣʦʚʥʦ ʤʦʜʝ-
ʣʠʨʫʶʪ ʦʪʜʝʣʴʥʳʝ ʧʣʘʩʪʳ ʛʨʫʥʪʘ, ʘ ʧʨʫʞʠʥʳ ï ʫʧʨʫʛʠʝ ʩʚʷʟʠ ʤʝʞʜʫ 
ʥʠʤʠ, ʪʦ ʝʩʪʴ ʘʥʘʣʦʛ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʢʝʣʝʪʝ ʧʦʨʦʜʳ [1]. 
ɺ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ 

ʧʦʨʰʥʝʡ, ʧʨʫʞʠʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʞʘʪʦʤ ʧʦʣʦʞʝʥʠʠ. ɽʩʣʠ ʚ ʩʦʩʫʜ 
ʜʦʙʘʚʠʪʴ ʚʦʜʫ ʜʦ ʫʨʦʚʥʷ ὃïὃ, ʥʝ ʜʦʭʦʜʷʱʝʛʦ ʜʦ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ 
ʧʝʨʚʦʛʦ ʧʦʨʰʥʷ, ʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʞʠʜʢʦʩʪʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʛʦ 
ʚʣʠʷʥʠʷ ʥʘ ʩʠʩʪʝʤʫ ï ʜʘʚʣʝʥʠʝ ʚʦʜʳ ʥʝ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʧʦʨʰʥʠ.     
ɺ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʚʩʷ ʥʘʛʨʫʟʢʘ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʧʨʫʞʠʥʘʤʠ, ʠʤʠʪʠ-
ʨʫʷ ʩʫʭʦʡ ʤʘʩʩʠʚ ʧʦʨʦʜ, ʛʜʝ ʧʦʣʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʢʝʣʝʪʝ ʨʘʚʥʦ 
ʚʝʩʫ ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʸʚ. 

ʂʦʛʜʘ ʫʨʦʚʝʥʴ ʚʦʜʳ ʧʦʚʳʰʘʝʪʩʷ ʜʦ ʦʪʤʝʪʢʠ ὃ1ïὃ1, ʧʝʨʚʳʡ 
ʧʦʨʰʝʥʴ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʞʸʥʥʳʤ ʚ ʚʦʜʫ. ʅʘ ʥʝʛʦ 
ʥʘʯʠʥʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʚʳʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ ɸʨʭʠʤʝʜʘ, ʯʪʦ ʚʳʟʳʚʘʝʪ 
ʫʤʝʥʴʰʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʥʠʞʥʶʶ ʧʨʫʞʠʥʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʫʞʠʥʘ 
ʯʘʩʪʠʯʥʦ ʨʘʩʪʷʛʠʚʘʝʪʩʷ, ʘ ʧʦʨʰʥʠ ʧʦʜʥʠʤʘʶʪʩʷ ʚʚʝʨʭ ï ʘʥʘʣʦʛʠʯʥʦ 
ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʥʠʞʝʣʝʞʘʱʝʤ ʩʣʦʝ ʛʨʫʥʪʘ ʧʨʠ 
ʥʘʩʳʱʝʥʠʠ ʚʦʜʦʡ. 

ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ ʜʦ ʦʪʤʝʪʢʠ ὃ2ïὃ2 ʧʨʠʚʦ-
ʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʫʞʝ ʜʚʘ 
ʧʦʨʰʥʷ. ʅʘʛʨʫʟʢʘ ʥʘ ʥʠʞʥʶʶ ʧʨʫʞʠʥʫ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʚʝʩ ʞʠʜʢʦ-
ʩʪʠ, ʚʳʪʝʩʥʷʝʤʦʡ ʦʙʲʸʤʘʤʠ ʧʦʨʰʥʝʡ 1 ʠ 2, ʘ ʥʘʛʨʫʟʢʘ ʥʘ ʩʣʝʜʫʶ-
ʱʫʶ ʧʨʫʞʠʥʫ ï ʥʘ ʚʝʩ ʚʦʜʳ, ʚʳʪʝʩʥʷʝʤʦʡ ʚʪʦʨʳʤ ʧʦʨʰʥʝʤ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʫʨʦʚʥʷ ʚʦʜʳ ʚʚʝʨʭ ʧʦ ʩʠʩʪʝʤʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʘʞʜʦʡ 
ʥʠʞʝʣʝʞʘʱʝʡ ʧʨʫʞʠʥʝ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦ ʫʤʝʥʴʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʚʥʷ ʧʦʜʟʝʤ-
ʥʳʭ ʚʦʜ. 

ʂʦʛʜʘ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʜʦʩʪʠʛʘʝʪ ʦʪʤʝʪʢʠ ὃὲïὃὲ, ʚʩʝ ʧʦʨʰʥʠ 
ʦʢʘʟʳʚʘʶʪʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠ ʧʨʫʞʠʥʳ ʨʘʩʪʷʛʠʚʘʶʪʩʷ, 
ʧʦʢʘʟʳʚʘʷ ʩʥʠʞʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʢʝʣʝʪʘ ʧʦʨʦʜʳ.  
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʧʦʣʥʦʩʪʴʶ      

ʢʦʤʧʝʥʩʠʨʫʝʪ ʯʘʩʪʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʧʦʨʦʜ, ʠ ʝʩʣʠ ʧʨʠ ʵʪʦʤ ʚ 
ʤʘʩʩʠʚʝ ʚʦʟʥʠʢʘʶʪ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʦʥʠ ʤʦʛʫʪ ʚʳʟʚʘʪʴ 
ʧʦʪʝʨʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ 
ʯʘʩʪʠʮʘʤʠ, ʨʘʟʞʠʞʝʥʠʷ ʛʨʫʥʪʘ ʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʢʦʣʴʟʷʱʠʭ 
ʧʦʚʝʨʭʥʦʩʪʝʡ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠʣʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 
ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝ-
ʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʢʝʣʝʪʝ ʛʨʫʥʪʘ, ʩʥʠʞʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦ-
ʩʪʠ ʤʘʩʩʠʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʤʦʞʥʦʝ ʨʘʟʚʠʪʠʝ ʜʝʬʦʨʤʘʮʠʡ 
ʦʪʢʦʩʦʚ ʠ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ.  
ʇʨʦʩʪʝʡʰʠʤ ʚʠʜʦʤ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʧʣʦʰʥʳʭ ʪʝʣʘʭ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʦʝ ʥʘʧʨʷʞʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ     
ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʪʝʣʘ ʧʦ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʣʦʱʘʜʢʘʤ ʜʝʡʩʪʚʫʶʪ 
ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ.  
ʊʘʢʦʡ ʪʠʧ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ, ʧʦʜʚʝʨʛʘʝʤʦʛʦ ʦʜʥʦʦʩʥʦʤʫ ʩʞʘʪʠʶ ʠʣʠ 
ʨʘʩʪʷʞʝʥʠʶ, ʢʦʛʜʘ ʚʣʠʷʥʠʝ ʢʨʘʝʚʳʭ ʵʬʬʝʢʪʦʚ ʤʠʥʠʤʘʣʴʥʦ ʠ    
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʦʤʝʨʥʳʤ. 
ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʧʨʷʞʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʙʣʠʟʢʦʝ ʢ ʦʜʥʦ-

ʨʦʜʥʦʤʫ, ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʚ ʛʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʝʤ ʧʣʘʩʪʝ ʛʦʨʥʳʭ 
ʧʦʨʦʜ, ʧʝʨʝʢʨʳʪʦʤ ʨʘʚʥʦʤʝʨʥʦ ʩʣʦʠʩʪʦʡ ʪʦʣʱʝʡ ʧʦʨʦʜ, ʝʩʣʠ    
ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʣʘʩʪʦʚʘʥʠʷ ʠ ʜʥʝʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴ-
ʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳ.  
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʧʣʘʩʪʘ ʬʦʨʤʠʨʫʝʪʩʷ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʚʳʰʝʣʝʞʘʱʠʭ 
ʧʦʨʦʜ. 
ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʦʙʚʦʜʥʸʥʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʚʝʩ ʧʦʨʦʜ, ʥʦ ʠ ʭʘʨʘʢʪʝʨ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʠ ʢʘʩʘ-
ʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʘʩʩʠʚʘ.  
ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʤʝʭʘʥʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ       

ʧʨʠʙʣʠʞʸʥʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʩ ʫʯʸʪʦʤ 
ʚʝʩʘ ʚʳʰʝʣʝʞʘʱʠʭ ʧʦʨʦʜ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʚ 
ʧʦʨʘʭ.  
ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʦʨʠʩʪʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʜ 
ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʩʩʠʚʝ. 
ʇʫʩʪʴ ʥʘ ʛʣʫʙʠʥʝ z ʚ ʧʣʘʩʪʝ ʜʝʡʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ůn, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʚʝʩʦʤ ʚʳʰʝʣʝʞʘʱʠʭ ʧʦʨʦʜ ʚʳʩʦʪʦʡ z ʠ ʦʙʲʸʤ-
ʥʳʤ ʚʝʩʦʤ Ҫn(z). ʊʦʛʜʘ: 

                                                       
   (2) 

ɿʜʝʩʴ ʚʝʨʪʠʢʘʣʴʥʘʷ ʦʩʴ (z) ʥʘʧʨʘʚʣʝʥʘ ʚʥʠʟ, ʘ ʥʘʯʘʣʦ ʦʪʩʯʸʪʘ 
ʧʨʠʥʷʪʦ ʥʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʆʙʲʸʤʥʳʡ ʚʝʩ ʧʦʨʦʜʳ ʙʝʟ ʫʯʸʪʘ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚʳʨʘʞʝʥʠʝʤ [1]: 
                      (3) 

ʛʜʝ ɔc ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʪʚʸʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʢʝʣʝʪʘ); 
ɔ ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʚʦʜʳ; 

ʈʠʩ. 2. ɻʝʦʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

m ï ʧʦʨʠʩʪʦʩʪʴ ʧʦʨʦʜʳ; 
W ï ʦʙʲʸʤʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʧʨʠ ʧʦʣʥʦʤ ʥʘʩʳʱʝʥʠʠ ʧʨʠʥʠʤʘʶ-

ʱʘʷ ʟʥʘʯʝʥʠʝ W=m. 
ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʸʪʦʚ ʧʨʠʤʝʤ, ʯʪʦ ʥʘʜ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʛʣʫʙʠʥʝ z0, ʧʦʨʦʜʳ ʦʩʪʘʶʪʩʷ 
ʩʫʭʠʤʠ, ʘ ʥʠʞʝ ʫʨʦʚʥʷ ï ʧʦʣʥʦʩʪʴʶ ʥʘʩʳʱʝʥʳ ʚʦʜʦʡ. ʊʦʛʜʘ ʟʘʚʠʩʠ-
ʤʦʩʪʴ ʚʣʘʞʥʦʩʪʠ ʠ ʦʙʲʸʤʥʦʛʦ ʚʝʩʘ ʦʪ ʛʣʫʙʠʥʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 
ʚʠʜʝ: 

 
                                  

                             ,                                    (4) 
 
 
 
ʇʦʜʩʪʘʚʠʚ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʚ ʬʦʨʤʫʣʫ (2), ʧʦʣʫʯʠʤ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʣʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʛʣʫʙʠʥʝ z: 
 
 
 
 

(5) 
ʈʘʩʢʨʦʝʤ ʠʥʪʝʛʨʘʣʳ ʠ ʚʳʜʝʣʠʤ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʚʝʩʦʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʢʝʣʝʪʘ ʠ ʜʘʚʣʝʥʠʝʤ ʞʠʜʢʦʩʪʠ: 
                                

      
 

(6) 
ʊʦʛʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

                                                 
   (7) 

 
                         (8) 

ɺʝʣʠʯʠʥʫ ůɻ ʥʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʪ.ʢ. ʦʥʘ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʝʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʤʠʥʝʨʘʣʴʥʳʤ 
ʩʢʝʣʝʪʦʤ ʧʦʨʦʜʳ, ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʯʥʦʩʪʴ, ʞʸʩʪʢʦʩʪʴ ʠ ʜʝʬʦʨʤʠʨʫ-
ʝʤʦʩʪʴ ʤʘʩʩʠʚʘ. 
ɺʝʣʠʯʠʥʘ                        ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ (ʧʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ) ʚ ʞʠʜʢʦʩʪʠ. ʕʪʦ ʜʘʚʣʝʥʠʝ ʵʢʚʠʚʘ-
ʣʝʥʪʥʦ ʚʝʩʫ ʩʪʦʣʙʘ ʚʦʜʳ ʚʳʩʦʪʦʡ (z-z0) ʩ ʝʜʠʥʠʯʥʦʡ ʧʣʦʱʘʜʴʶ 
ʦʩʥʦʚʘʥʠʷ. 
ʕʬʬʝʢʪʠʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʤʠʥʝʨʘʣʴʥʳʤʠ ʟʸʨʥʘʤʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʯʥʦʩʪʴ ʠ  
ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ.  
ɼʘʚʣʝʥʠʝ ʚ ʧʦʨʦʚʦʡ ʞʠʜʢʦʩʪʠ p ʥʘʟʳʚʘʶʪ ʥʝʡʪʨʘʣʴʥʳʤ ʥʘʧʨʷ-

ʞʝʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʥʝʛʦ ʧʨʦʯʥʦʩʪʴ ʠ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ          
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʟʘʚʠʩʷʪ [1]. 
ʈʝʟʫʣʴʪʘʪʳ. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʭʝʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʚʦʜʦʥʘ-
ʩʳʱʝʥʥʦʤ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ. 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3, ʧʦʣʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ůn ʩʢʣʘʜʳ-

ʚʘʝʪʩʷ ʠʟ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 
ï ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ůɻ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ ʩʢʝʣʝʪʦʤ 

ʧʦʨʦʜʳ; 
ï ʥʝʡʪʨʘʣʴʥʦʛʦ (ʧʦʨʦʚʦʛʦ) ʜʘʚʣʝʥʠʷ p, ʜʝʡʩʪʚʫʶʱʝʛʦ ʚ ʟʘʧʦʣ-

ʥʝʥʥʳʭ ʚʦʜʦʡ ʧʦʨʘʭ. 
ʆʙʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

              ʠʣʠ                                                   (9)   
ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ (ʦʩʫʰʝʥʠʠ ʤʘʩʩʠʚʘ) 

ʚʝʣʠʯʠʥʘ z0 ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʘʝʪʩʷ ʚʳʩʦʪʘ 
ʚʦʜʥʦʛʦ ʩʪʦʣʙʘ (z-z0) ʠ ʧʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ p ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦ-
ʜʠʪ ʢ ʨʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ůɻ, ʪ.ʝ. ʢ ʫʧʣʦʪʥʝʥʠʶ ʧʦʨʦʜʳ 
ʠ ʫʚʝʣʠʯʝʥʠʶ ʝʸ ʧʨʦʯʥʦʩʪʠ. 
ʅʘʧʨʦʪʠʚ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʜʘʚʣʝʥʠʝ p ʚʦʟ-

ʨʘʩʪʘʝʪ, ʘ ʵʬʬʝʢʪʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ůɻ  ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʦʩʣʘʙʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʚʠʞ-
ʥʦʩʪʠ ʛʨʫʥʪʘ ʠ ʩʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʠ ʫʩʪʫʧʦʚ ʢʘʨʴʝʨʘ.  
ʊʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʣʣʶʩʪʨʠʨʫʝʪ ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʚʟʚʝʰʠʚʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʛʠʜʨʦ-
ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪ ʚʝʩ ʚʳʰʝʣʝʞʘʱʠʭ 
ʧʦʨʦʜ, ʩʥʠʞʘʷ ʨʝʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʝʨʝʜʘʚʘʝʤʦʝ ʩʢʝʣʝʪʦʤ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʜʟʝʤʥʳʭ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜ 

ʥʘ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʷʚʣʷʝʪ-
ʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ ʠ 
ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ.   
ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ 

ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʨʦʯʥʦʩʪʠ ʤʘʩʩʠʚʘ, ʥʦ ʠ 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚʙʣʠʟʠ ʦʪʢʦʩʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʬʦʨʤʠʨʦʚʘʥʠʶ ʟʦʥ ʦʩʣʘʙʣʝʥʠʷ, ʨʘʩʢʨʳʪʠʶ ʪʨʝʱʠʥ ʠ ʚʦʟʥʠʢʥʦʚʝ-
ʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ.  
ʆʩʦʙʝʥʥʦ ʦʧʘʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʬʠʣʴʪʨʘ-

ʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʥʘʧʨʘʚʣʝʥʳ ʢ ʦʪʢʦʩʫ, ʩʦʟʜʘʚʘʷ ʧʦʚʳʰʝʥʥʳʝ ʛʠʜʨʦ-
ʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʚʣʝʥʠʷ ʚ ʝʛʦ ʦʩʥʦʚʘʥʠʠ. 
ɺ ʫʩʣʦʚʠʷʭ ʚʝʜʝʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʚ ʦʙʚʦʜʥʸʥʥʳʭ ʧʦʨʦ-

ʜʘʭ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʫʩʠʣʠʚʘʝʪʩʷ: ʚʦʣʥʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ 
ʚʳʟʳʚʘʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ, ʥʦ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝ-
ʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʫʧʣʦʪʥʝʥʠʶ ʛʨʫʥʪʦʚ, ʧʦʪʝʨʝ ʥʝʩʫʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʶ ʣʦʢʘʣʴʥʳʭ ʦʙʨʫʰʝʥʠʡ.  
ʇʦʚʪʦʨʷʶʱʠʝʩʷ ʮʠʢʣʳ ʚʟʨʳʚʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ  

ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʨʝʥʘʞʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʘʢʦʧʣʝʥʠʶ ʦʩʪʘʪʦʯʥʳʭ  
ʜʝʬʦʨʤʘʮʠʡ, ʧʦʩʪʝʧʝʥʥʦʤʫ ʦʩʣʘʙʣʝʥʠʶ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʯʘʩʪʠʮʘ-
ʤʠ ʠ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ.  
ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʦʜʦʙʥʳʭ ʷʚʣʝʥʠʡ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ: ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʧʦʜ-
ʟʝʤʥʳʭ ʚʦʜ ʩ ʧʦʤʦʱʴʶ ʜʨʝʥʘʞʥʳʭ ʠ ʚʦʜʦʦʪʣʠʚʥʳʭ ʩʠʩʪʝʤ, ʦʨʛʘʥʠ-
ʟʘʮʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʵʢʨʘʥʘ ʚ ʦʩʥʦʚʘʥʠʠ ʫʩʪʫʧʦʚ, ʙʫʨʝʥʠʝ    
ʨʘʟʛʨʫʟʦʯʥʳʭ ʩʢʚʘʞʠʥ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ 
ʧʨʦʚʝʜʝʥʠʝ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʩ ʧʦʥʠʞʝʥʥʳʤ ʟʘʨʷʜʦʤ ɺɺ ʠʣʠ ʚ 
ʧʦʵʪʘʧʥʦʤ ʨʝʞʠʤʝ.  
ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʪʢʦʩʦʚ ʚ ʦʙʚʦʜ-

ʥʸʥʥʳʭ ʤʘʩʩʠʚʘʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘ-
ʮʠʠ ʧʦʨʦʜ, ʧʦʣʦʞʝʥʠʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝ-
ʥʠʷ ʧʦʪʦʢʘ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠ-
ʤʘ ʚʦ ʚʨʝʤʝʥʠ. 
ɿʘʢʣʶʯʝʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ ʚ ʦʙʚʦʜʥʸʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʣʞʥʘ ʦʮʝʥʠʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʩ ʫʯʸʪʦʤ ʤʝʭʘʥʠʯʝ-
ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜ, ʥʦ ʠ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʛʠʜʨʦʛʝʦ-
ʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʩʫʱʝ-
ʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ ʜʝʡʩʪʚʫʶʱʝʝ ʥʘʧʨʷʞʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ.  
ʊʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʳʡ ʫʯʸʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʜʸʞʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʤʘʩʩʠʚʘ ʠ ʙʝʟʦʧʘʩʥʫʶ    

ʈʠʩ. 3. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʠ 
ʥʝʡʪʨʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʚʦʜʦʥʘʩʳʱʝʥʥʦʤ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ 
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The article examines the influence of water saturation of the rock mass on the stability of open-pit slopes and pit walls during surface mining operations. It is 

shown that the presence of groundwater and filtration flows significantly alters the stressïstrain state of the rock mass, reduces effective stresses and the strength 
characteristics of rocks, and promotes the development of deformations, cracking, and the formation of slip surfaces. Special attention is given to the analysis of the 
interaction of pore pressure and filtration flows with the geomechanical state of the mass in the slope zone. Models of stress redistribution under changes in ground-
water level are presented, and the role of hydrostatic and hydrodynamic forces in reducing slope stability is demonstrated. It is noted that during blasting operations 
under water-saturated conditions, a short-term increase in pore pressure occurs, intensifying soil loosening and creating a risk of local failures. 

It is concluded that a comprehensive consideration of hydrogeological factors is required when assessing slope stability under conditions of increased water 
saturation. 

Keywords: open pit; slope; stability; water saturation; pore pressure; filtration; blasting operations; hydrodynamic processes; effective stresses; geomechani-
cal model. 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʋɾʇʉɾʋʁʐɾʊʃʇɾ ʊʉɹɻʆɾʆʁɾ ʋɾʎʆʇʄʇɼʁʂ ʇʋʉɹɺʇʋʃʁ  
ʑʋɹɺɾʄʘ ʃʌʐʆʇɼʇ ɻʔʒɾʄɹʐʁɻɹʆʁʘ 

ʋɼʂ 622.235  DOI:10.54073/GV.2025.4.103.005 

ɺʚʝʜʝʥʠʝ. ɺ ʤʠʨʝ ʠʤʝʶʪʩʷ ʢʦʣʦʩʩʘʣʴʥʳʝ ʦʙʲʸʤʳ ʦʪʭʦʜʦʚ 
ʛʦʨʥʦʛʦ, ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ 
ʚʠʜʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ [1,2].  
ʏʘʩʪʴ ʪʘʢʠʭ ʦʪʭʦʜʦʚ, ʟʘʩʢʣʘʜʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʥʦʛʦ ʨʦʜʘ 

ʦʪʚʘʣʘʭ, ʫʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʧʦʣʥʦʮʝʥʥʳʤʠ 
ʪʝʭʥʦʛʝʥʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ. ʆʙʲʸʤʳ ʪʘʢʠʭ ʦʪʭʦʜʦʚ ʠʟ ʛʦʜʘ ʚ 
ʛʦʜ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʝʤʧʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʳʡ 
ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʠʭ ʢ ʧʝʨʝʨʘʙʦʪʢʝ 
[3, 4].  
ʆʩʚʦʝʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʠʞʝ-

ʥʠʝ ʜʚʫʭ ʛʣʦʙʘʣʴʥʳʭ ʮʝʣʝʡ: ʚʦ-ʧʝʨʚʳʭ, ʧʦʣʫʯʝʥʠʝ ʥʝʜʦʨʦʛʦʛʦ  
ʠʩʪʦʯʥʠʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ; ʚʦ-ʚʪʦʨʳʭ,      
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʢʦʧʣʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʯʪʦ ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʠʭ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 
ʩʨʝʜʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʘ ʧʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʸ ʙʦʣʴʰʝʝ 
ʟʥʘʯʝʥʠʝ.  
ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʝʟʥʦʛʦ 
ʢʦʤʧʦʥʝʥʪʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʜʦʨʦʛʦʩʪʦʷʱʘʷ.  
ɺ ʈʝʩʧʫʙʣʠʢʝ ʧʨʦʚʦʜʠʪʩʷ ʨʷʜ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʩʭʝʤ ʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʣʴʜʦʟʝʨʦʚ, ʧʦʛʨʫʟʯʠʢʦʚ 
ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʜʦʙʳʯʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʠ ʦʪʢʨʳʪʦʡ 
ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  
ɺ ʤʠʨʝ ʚʝʜʫʪʩʷ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟ-

ʨʘʙʦʪʢʫ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʭʝʤ ʦʪʨʘʙʦʪʢʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʜʦʙʳʚʘʝʤʦʡ 
ʨʫʜʥʦʡ ʤʘʩʩʳ, ʚʢʣʶʯʘʷ ʚʳʙʦʨʦʯʥʫʶ ʜʦʙʳʯʫ ʨʫʜʳ, ʘ ʪʘʢʞʝ ʥʘ ʚʥʝʜ-
ʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-
ʨʦʚ. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʶʪ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 
ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ [5, 6, 7]. 
ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʦʪʨʘʙʦʪʢʠ ʪʝʭ-

ʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ 
ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ.  
ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ 
ʦʙʨʘʟʦʚʘʥʠʡ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 
ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʭʝʤ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 
ɸʆ «ʅɻʄʂ» ʠ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʦʪʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 
ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭ-

ʥʦʣʦʛʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʪʨʘʙʦʪʢʠ ʰʪʘʙʝʣʷ ʢʫʯʥʦʛʦ ʚʳ-
ʱʝʣʘʯʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʢʣʦʥʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʦʥʚʝʡ-
ʝʨʦʚ, ʧʦ ʢʦʪʦʨrʤ ʤʘʪʝʨʠʘʣ ʧʦʜʘʝʪʩ̫ ʩʚʝʨʭʫ ʚʥʠʟ ʩ ʚʝʨʭʥʠʭ ʨ̫ʫʩʦʚ. 
ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʟʘ ʩʯʸʪ ʠʩʢʣʶʯʝ-
ʥʠʷ ʙʫʣʴʜʦʟʝʨʘ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ.  
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʂʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʚʦʜʘ ɻʄɿ-7 ʨʫʜʦʡ ʥʘʟʳʚʘʝʪʩʷ «ʉʳʨʴʝʚʳʤ 
ʢʦʤʧʣʝʢʩʦʤ», ʢʦʪʦʨʳʡ ʩʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ ʩʦʩʪʦʠʪ ʠʟ ʨʘʙʦʪʳ: 
ʙʫʣʴʜʦʟʝʨʘ, ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ, ʧʠʪʘʪʝʣʷ-ʣʝʥʪʦʯʥʦʡ 
ʤʦʜʫʣʴʥʳʡ ʠ ʢʦʥʚʝʡʝʨʦʚ [8, 9]. 
ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ (ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ) ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʧʨʦʮʝʩʩʦʚ ʢʦʪʦʨʘʷ ʧʨʠʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1: 

Maqolada texnogen konlarni qazib olish texnologiyasi taklif etilgan va uyumda eritmaga oótkazilgan shtabelni qazib olish bugungi 
kunda qoólanilayotgan va taklif etilayotgan texnologiyalarini taqqoslash uchun nazariy hisob-kitoblar amalga oshirilgan. GMZ-7 zavodi 
xomashyo kompleksi 1-uyumi rudalarini qazib olishda dastlab pogóona oólchamlari oózgartirish va qiya magistral konveyerlar vositasida 
yordamida zavodga ruda yetkazib berish ekspluatatsiya harajatlarining sezilarli kamayishiga olib kelishi haqida xulosa qilindi. 
Kalit soózlar: uyumni qazib olish, texnologik sxema, qiya magistral konveyer, pogóona ʦólchamlari, texnogen xosila, buldozerning 

unumdorligi, texnogen konlar, texnogen xom ashyo, texnogen xosilalar, texnologiya, uyumda ishqorlash, agódarma, bulldozer, yuklagich. 
 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʙʘʟʦʚʦʡ ʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʪʨʘʙʦʪʢʠ ʰʪʘʙʝʣʷ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʉʬʦʨʤʫʣʠʨʦʚʘʥ ʚʳʚʦʜ ʦ 
ʪʦʤ, ʯʪʦ ʦʪʨʘʙʦʪʢʘ ʰʪʘʙʝʣʷ ˉ 1 ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ɻʄɿ-7 ʜʦʣʞʥʘ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʥʘʯʠʥʘʷ ʩ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
ʷʨʫʩʦʚ ʰʪʘʙʝʣʷ ˉ 1 ʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʘʢʣʦʥʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʦʥʚʝʡʝʨʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘ-
ʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʦʪʨʘʙʦʪʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʨʫʜ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʟʨʘʙʦʪʢʘ ʰʪʘʙʝʣʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʥʘʢʣʦʥʥʳʡ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʢʦʥʚʝʡʝʨ, ʧʘʨʘʤʝʪʨʳ   

ʷʨʫʩʦʚ, ʪʝʭʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʫʣʴʜʦʟʝʨʘ, ʪʝʭʥʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʝʭʥʦʛʝʥʥʦʝ ʩʳʨʴʸ, 
ʪʝʭʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʷ, ʢʫʯʥʦe ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʦʪʚʘʣ, ʙʫʣʴʜʦʟʝʨ, ʧʦʛʨʫʟʯʠʢ. 

ʋʬʮʫʙʱʞʛ ɹ.ɺ.,  
ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

«ɻʦʨʥʦʝ ʜʝʣʦ», ʅɻɻʊʋ DSc., ʧʨʦʬʝʩʩʦʨ 

ɹʚʝʬʩʙʱʡʝʧʛ ʑ.ʅ., 
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

«ɻʦʨʥʦʝ ʜʝʣʦ»  ʅɻɻʊʋ, PhD 
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KONCHILIK ISHLARI 

1. ɹʫʣʴʜʦʟʝʨ ʧʝʨʝʤʝʱʘʝʪ ʨʫʜʫ ʥʘ ʨʘʙʦʯʠʡ ʛʦʨʠʟʦʥʪ ʩʚʝʨʭʫ 
ʚʥʠʟ ʧʦ ʦʪʢʦʩʫ ʰʪʘʙʝʣʷ ˉ 1, ʯʝʤ ʜʦʩʪʠʛʘʝʪʩʷ ʰʠʭʪʦʚʢʘ ʨʫʜʳ ʧʦ 
ʚʳʩʦʪʝ ʩʣʦʷ. 

2. ʌʨʦʥʪʘʣʴʥʳʡ ʧʦʛʨʫʟʯʠʢ ʜʦʩʪʘʚʣʷʝʪ ʧʝʨʝʤʝʱʸʥʥʫʶ 
ʙʫʣʴʜʦʟʝʨʦʤ ʨʫʜʫ ʢ ʧʨʠʸʤʥʦʤʫ ʙʫʥʢʝʨʫ ʣʝʥʪʦʯʥʦʛʦ ʩʘʤʦʭʦʜʥʦʛʦ 
ʧʠʪʘʪʝʣʷ ʇʃʄ-2000 ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʥʫʣʝʚʦʤ ʛʦʨʠʟʦʥʪʝ; 

3. ʈʫʜʘ ʠʟ ʣʝʥʪʦʯʥʦʛʦ ʩʘʤʦʭʦʜʥʦʛʦ ʧʠʪʘʪʝʣʷ ʇʃʄ-2000 
ʩʘʤʦʭʦʜʥʳʤʠ ʤʦʜʫʣʷʤʠ (ʧʝʨʝʛʨʫʞʘʪʝʣʷʤʠ-ʢʫʟʥʝʯʠʢʘʤʠ) ʧʝʨʝʛʨʫ-
ʞʘʝʪʩʷ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʢʦʥʚʝʡʝʨ; 

4. ʄʘʛʠʩʪʨʘʣʴʥʳʡ ʢʦʥʚʝʡʝʨ ʜʣʠʥʦʡ 1100 ʤ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʨʫʜʫ 
ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʢʦʥʚʝʡʝʨʘ, ʢʦʪʦʨʳʡ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʨʫʜʫ ʥʘ 
ʪʝʨʨʠʪʦʨʠʶ ʟʘʚʦʜʘ [10, 11]. 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʢʣʦʥʥʳʭ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʦʥʚʝʡʝʨʦʚ ʩ ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ ʩʚʝʨʭʫ ʚʥʠʟ 
ʦʪʨʘʙʦʪʢʦʡ ʬʨʦʥʪʘʣʴʥʳʤʠ ʧʦʛʨʫʟʯʠʢʘʤʠ ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 
ʨʠʩ. 2. ʊʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʘʢʣʦʥʥʳʭ 
ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʦʥʚʝʡʝʨʦʚ ʥʘ ʙʦʨʪʫ ʰʪʘʙʝʣʷ ʠ ʦʪʨʘʙʦʪʢʘ ʰʪʘʙʝʣʷ, 
ʥʘʯʠʥʘʷ ʩ ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ (ʩʚʝʨʭʫ ʚʥʠʟ) ʬʨʦʥʪʘʣʴʥʳʤʠ 
ʧʦʛʨʫʟʯʠʢʘʤʠ ʩ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʙʦʪʳ ʙʫʣʴʜʦʟʝʨʦʚ. 
ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ (ʙʝʟ ʙʫʣʴʜʦʟʝʨʦʚ) 

ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ: 
1. ʈʘʙʦʪʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʫʩʪʘʥʦʚʢʦʡ ʥʘʢʣʦʥʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʢʦʥʚʝʡʝʨʦʚ ʥʘ ʚʦʩʪʦʯʥʦʤ ʙʦʨʪʫ ʰʪʘʙʝʣʷ ˉ 1. ɼʣʷ ʵʪʦʛʦ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʡʪʠ ʧʦʣʫʪʨʘʥʰʝʶ ʰʠʨʠʥʦʡ 10 ʤ ʧʦʜ ʫʛʣʦʤ ʥʝ ʙʦʣʝʝ 

10Ü ʩ ʰʝʩʪʦʛʦ ʷʨʫʩʘ ʚʥʠʟ ʥʘ ʥʫʣʝʚʫʶ ʦʪʤʝʪʢʫ. ɼʣʠʥʘ ʢʦʥʚʝʡʝʨʥʦʡ 
ʣʠʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 300 ʤ. 

2. ʅʘ 8 ʷʨʫʩʝ ʩʦʟʜʘʸʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʧʣʦʱʘʜʢʘ ʜʣʷ 
ʨʘʙʦʪʳ ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ ʇʃʄ-2000, ʧʝʨʝʛʨʫʞʘʪʝʣʷ 
(ʢʫʟʥʝʯʠʢʘ). 

3. ʌʨʦʥʪʘʣʴʥʳʡ ʧʦʛʨʫʟʯʠʢ ʜʦʩʪʘʚʣʷʝʪ ʨʫʜʫ ʢ ʧʨʠʸʤʥʦʤʫ 
ʙʫʥʢʝʨʫ ʇʃʄ-2000, ʢʦʪʦʨʳʡ ʧʝʨʝʛʨʫʞʘʝʪ ʨʫʜʫ ʥʘ ʧʝʨʝʛʨʫʞʘʪʝʣʠ 
(ʢʫʟʥʝʯʠʢʠ). 

4. ʈʫʜʘ ʧʝʨʝʛʨʫʞʘʝʪʩʷ ʥʘ ʥʘʢʣʦʥʥʳʡ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʢʦʥʚʝʡʝʨ, 
ʢʦʪʦʨʳʡ ʜʦʩʪʘʚʣʷʝʪ ʨʫʜʫ ʯʝʨʝʟ ʧʝʨʝʛʨʫʞʘʪʝʣʠ (ʢʫʟʥʝʯʠʢʠ) ʥʘ 
ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʢʦʥʚʝʡʝʨ ˉ 1. 

5. ɼʘʣʝʝ ʨʫʜʘ ʢʦʥʚʝʡʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʦʩʪʘʚʣʷʝʪʩʷ ʥʘ ɻʄɿ-7. 
ʆʪʨʘʙʦʪʢʘ ʰʪʘʙʝʣʷ ˉ 1 ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʫʩʤʘʪʨʠ-

ʚʘʝʪʩʷ ʦʪʜʝʣʴʥʳʤʠ ʟʘʭʦʜʢʘʤʠ ʜʣʠʥʦʡ ʦʢʦʣʦ 400 ʤ ʠ ʥʘ ʚʩʶ ʰʠʨʠʥʫ 
ʰʪʘʙʝʣʷ ˉ 1 ʩʚʝʨʭʫ ʚʥʠʟ. ɺ ʮʝʣʷʭ ʫʩʨʝʜʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 
ʤʝʪʘʣʣʘ ʚ ʨʫʜʘʭ, ʦʪʨʘʙʦʪʢʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʘʨʝʥʥʳʤʠ 
ʷʨʫʩʘʤʠ. ʉʥʘʯʘʣʘ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ 9 ʠ 8 ̫ ʨʫʩʳ, ʧʦʪʦʤ 7 ʠ 6 ̫ ʨʫʩʳ, 
ʧʦʪʦʤ 5 ʠ 4 ̫ ʨʫʩʳ ʠ ʚ ʢʦʥʮʝ 3, 2 ʠ 1 ʷʨʫʩʳ ʜʣʠʥʦʡ 400 ʤ ʥʘ ʚʩʶ 
ʰʠʨʠʥʫ ʰʪʘʙʝʣʷ ˉ 1. 
ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ ʩʭʝʤʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʨʫʜʳ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʨʘʙʦʪʳ ʙʫʣʴʜʦʟʝʨʘ ʥʘ ʰʪʘʙʝʣʝ. 
ʐʪʘʙʝʣʴ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦ ʷʨʫʩʘʤ ʚʳʩʦʪʦʡ 10 ʤ, ʯʪʦ ʩʦʟʜʘʸʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʤʦʥʪʘʞʘ ʠʤʝʶʱʠʭ ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ ʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ. 

ʈʠʩ. 1. ɹʘʟʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʪʨʘʙʦʪʢʠ ʰʪʘʙʝʣʷ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 
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ʐʪʘʙʝʣʴ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʪʨʘʙʦʪʘʪʴ 8 ʟʘʭʦʜʢʘʤʠ. ʇʨʠ ʟʘʚʝʨ-
ʰʝʥʠʠ ʦʪʨʘʙʦʪʢʠ ʢʘʞʜʦʡ ʟʘʭʦʜʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʨʘʟʨʘʚʥʝʥʥʘʷ 
ʧʣʦʱʘʜʴ 40-45 ʛʘ. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʟʘʙʦʷ ʦʪʨʘʙʦʪʢʠ ʰʪʘʙʝʣʷ ˉ 1 
ʥʘ ʦʩʚʦʙʦʞʜʸʥʥʦʡ ʧʣʦʱʘʜʠ ʩ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʢ ʟʘʧʘʜʫ ʤʦʞʥʦ 
ʙʫʜʝʪ ʧʘʨʘʣʣʝʣʴʥʦ ʚʝʩʪʠ ʨʘʙʦʪʳ ʧʦ ʦʪʩʳʧʢʝ ʧʦʜʫʰʢʠ ʠʟ 
ʟʘʙʘʣʘʥʩʦʚʳʭ ʨʫʜ ʜʣʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʦ ʨʘʥʝʝ ʩʫʱʝʩʪʚʫʶʱʝʡ 
ʩʭʝʤʝ. 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʚʦʜʘ ʨʫʜʦʡ ʩ ʩʪʘʙʠʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʝʪʘʣʣʘ ʚʦʟʤʦʞʥʦ ʫʩʨʝʜʥʝʥʠʝ ʨʫʜʳ ʠʟ ʰʪʘʙʝʣʷ ˉ1 ʩ ʟʘʙʘʣʘʥʩʦ-
ʚʳʤʠ ʨʫʜʘʤʠ ʢʘʨʴʝʨʘ ʄʫʨʫʥʪʘʫ ʧʦʩʣʝ ʠʭ ʜʨʦʙʣʝʥʠʷ. ʊʦʛʜʘ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʙʝʟ ʙʫʣʴʜʦʟʝʨʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2 
ʚʘʨʠʘʥʪʘ: 
ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʨʘʟʚʠʪʠʷ ï ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ 

ʨʫʜʝ ʥʘ ʫʨʦʚʥʝ ʦʪ 0,5 ʜʦ 0,6 ʛ/ʪ. ʊʦʛʜʘ ʦʩʪʘʸʪʩʷ 
ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ï ʨʘʩʧʦʣʦʞʝʥʠʝ 
ʥʘʢʣʦʥʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʦʥʚʝʡʝʨʦʚ ʥʘ ʙʦʨʪʫ ʰʪʘʙʝʣʷ ʠ 
ʦʪʨʘʙʦʪʢʘ ʰʪʘʙʝʣʷ ʥʘʯʠʥʘʷ ʩ ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ ʬʨʦʥʪʘʣʴʥʳʤʠ 
ʧʦʛʨʫʟʯʠʢʘʤʠ ʩ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʙʦʪʳ ʙʫʣʴʜʦʟʝʨʦʚ, ʨʘʙʦʪʳ ʚʝʜʫʪʩʷ 
ʚ ʜʚʫʭ ʷʨʫʩʘʭ; 
ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʨʘʟʚʠʪʠʷ ï ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ 

ʨʫʜʝ ʥʠʞʝ 0,5 ʛ/ʪ. ʊʦʛʜʘ ʜʣʷ ʫʩʨʝʜʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ ʚ 
ʨʫʜʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʢʦʥʚʝʡʝʨ ʚʤʝʩʪʝ ʩ ʨʫʜʘʤʠ 
ʰʪʘʙʝʣʷ ˉ 1 ʧʦʜʘʚʘʪʴ ʨʫʜʫ ʠʟ ʟʘʙʘʣʘʥʩʦʚʳʭ ʨʫʜ ʢʘʨʴʝʨʘ 
ʄʫʨʫʥʪʘʫ. 

ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʰʠʭʪʦʚʢʫ ʨʫʜʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ 
ʟʘ ʩʯʸʪ ʟʘʙʘʣʘʥʩʦʚʳʭ ʩʢʣʘʜʦʚ ʢʘʨʴʝʨʘ ʄʫʨʫʥʪʘʫ. ʕʪʦ ʤʦʞʥʦ 
ʚʳʧʦʣʥʠʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʡʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ 
ʨʫʜʥʠʢʘ ʎʂɺɿ, ʪʘʢ ʢʘʢ ʩ ʟʘʙʦʷ ʩʢʣʘʜʦʚ ʄʫʨʫʥʪʘʫ ʜʦ ɻʄɿ-7 ʚʩʝ 
ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʢʦʥʚʝʡʝʨʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʝʡʩʪʚʫʶʪ. 
ʈʝʟʫʣʴʪʘʪʳ. ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʦʪʨʘʙʦʪʢʠ 
ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠ ʧʦʜʫʩʪʫʧʥʦʡ ʦʪʨʘʙʦʪʢʝ ʠ ʩ 
ʥʘʢʣʦʥʥʳʤʠ ʩʨʝʟʘʤʠ ʧʦ ʚʳʩʦʪʝ ʪʝʭʥʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  
ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʩʯʸʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʢʦʤʧʣʝʢʩʳ ʧʨʠ-

ʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʠ ʠʭ ʢʦʣʠʯʝ-
ʩʪʚʦ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣ. 1 ʠ 2.  
ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ 

ʥʘ 30 ʤʣʥ. ʪ/ʛʦʜ. 
ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʸʪʳ ʧʦʪʨʝʙʥʦʩʪʠ ʙʫʣʴʜʦʟʝʨʦʚ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [12, 13, 14]. 
ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʸʪʳ ʧʦʪʨʝʙʥʦʩʪʠ ʬʨʦʥʪʘʣʴʥʦʛʦ 

ʧʦʛʨʫʟʯʠʢʘ. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʪʨʘ-

ʙʦʪʢʠ ʰʪʘʙʝʣʷ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʢʘʧʠ-
ʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʚʳʙʨʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʦʩʫʱʝʩʪʚʣʸʥʥʳʝ ʧʫʪʸʤ ʩʦʩʪʘʚʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʤʝʪ ʥʘ ʧʨʠʦʙʨʝʪʝ-
ʥʠʝ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʦʛʦ, ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʈʠʩ. 2. ɻʦʨʠʟʦʥʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʪʨʘʙʦʪʢʠ ʰʪʘʙʝʣʷ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ  
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ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʧʣʘʥʠʨʫʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʧʣʘʥʘ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʳʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʚʩʧʦʤʦʛʘ-
ʪʝʣʴʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʡ. ʇʨʠʚʝʜʸʥʥʳʝ ʟʘʪʨʘʪʳ ʦʪʨʘʞʘʶʪ ʩʫʤʤʫ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʠ ʯʘʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʦʪ ʧʨʝʜʣʦ-
ʞʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ. 
ɼʣʷ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʩʨʘʚʥʝʥʠʡ ʜʚʫʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʨʠʩ. 

3 ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩ ʧʨʠʤʝʥʷʝʤʳʭ ʦʙʦʨʫʜʦʚʘʥʠʡ. 

ɺ ʙʘʟʦʚʳʤ ʚʘʨʠʘʥʪʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ: 14 ʰʪ. 
ʙʫʣʴʜʦʟʝʨʦʚ, 8 ʰʪ. ʬʨʦʥʪʘʣʴʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ, 4 ʰʪ. ʧʠʪʘʪʝʣʷ 
(ʇʃʄ), 32 ʰʪ. ʢʦʥʚʝʡʝʨʦʚ ʧʝʨʝʛʨʫʞʘʪʝʣʝʡ (ʢʫʟʥʝʯʠʢ) ʠ 7 ʰʪ. 
ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʦʥʚʝʡʝʨʦʚ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʚʘʨʠʘʥʪʝ ʥʝʦʙʭʦʜʠʤʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ 8 ʰʪ. ʬʨʦʥʪʘʣʴʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ, 4 ʰʪ. ʧʠʪʘʪʝʣʷ 
(ʇʃʄ), 48 ʰʪ. ʢʦʥʚʝʡʝʨʦʚ ʧʝʨʝʛʨʫʞʘʪʝʣʝʡ (ʢʫʟʥʝʯʠʢ), 2 ʰʪ. 
ʥʘʢʣʦʥʥʳʭ ʢʦʥʚʝʡʝʨʦʚ ʠ 7 ʰʪ. ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʦʥʚʝʡʝʨʦʚ. 

ʋʙʚʤʡʯʙ 1 
ʉʙʪʰʹʫʴ ʨʧʫʩʞʚʦʧʪʫʡ ʚʬʤʵʝʧʠʞʩʙ 

ʆʙʠʛʙʦʡʞ 
ʇʚʧʠʦʙʰʞʦʡʸ ʡ ʞʝʡʦʡʯʴ 

ʡʠʥʞʩʞʦʡʸ 
CAT-D10 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʟʘʙʦʷ ʅʟ, ʤ 10 

ʈʘʩʩʪʦʷʥʠʝ ʥʘʙʦʨʘ ʧʦʨʦʜʳ lʥ, ʤ 10 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʙʫʣʴʜʦʟʝʨʘ ʧʨʠ ʥʘʙʦʨʝ Vʥ, ʩ 1,5 

ʈʘʩʩʪʦʷʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʦʜʳ Lʛ, ʤ 179,3 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʙʫʣʴʜʦʟʝʨʘ ʩ ʛʨʫʟʦʤ Vʜ.ʛ., ʤ/c 1,5 

ʈʘʩʩʪʦʷʥʠʝ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʙʝʟ ʛʨʫʟʦʤ ʧʦʨʦʜʳ Lʧ, ʤ 189,3 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʙʫʣʴʜʦʟʝʨʘ ʙʝʟ ʛʨʫʟʘ Vʜ.ʧ., ʤ/c 2,5 

ɺʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʦʧʫʩʢʘʥʠʷ ʣʝʤʝʭʘ tʚ, ʩ 8 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ Tʮ.ʨ., ʩ 209,92 

ʆʙʲʸʤ ʧʦʨʦʜʳ, ʧʝʨʝʤʝʱʘʝʤʳʭ ʙʫʣʴʜʦʟʝʨʦʤ ʟʘ ʮʠʢʣ Vʧ, ʤ3 22 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʫʣʴʜʦʟʝʨʘ, ʫʯʠʪʳʚʘʶʱʠʡ ʫʢʣʦʥ ʠ 
ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʦʜʳ 

Kq 0,9 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʨʘʢʮʠʦʥʥʦʩʪʠ ʧʦʨʦʜʳ Kʨ.ʧ. 1,1 

ʊʝʭʥʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Qʪ, ʤ3/ʯ 308,7 

ʏʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ Qʯ, ʤ3/ʯ 153,7 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʧʝʨʘʪʦʨʘ ʂʢʚ.ʦʧ. 0,75 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʠʜʠʤʦʩʪʠ ʧʨʠ ʫʯʸʪʝ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʧʳʣʴ, ʜʦʞʜʴ, ʩʥʝʛ, ʪʫʤʘʥ ʠʣʠ ʪʝʤʥʦʪʘ ʂʚʠʜ 0,8 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʫʣʴʜʦʟʝʨʘ ʚʦ ʚʨʝʤʝʥʠ Kʠ 0,83 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʤʝʥʳ Tʩʤ, ʯ 11,2 

ʉʤʝʥʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʫʣʴʜʦʟʝʨʘ Qʙ.ʩʤ., ʤ3/ʩʤʝʥʫ 1721,7 

ʉʫʪʦʯʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʫʣʴʜʦʟʝʨʘ Qʙ.ʩʪ., ʤ3/ʩʫʪʢʠ 3443,5 

ʆʙʲʸʤʥʳʡ ʚʝʩ ʨʫʜʳ ɔ, ʪ/ʤ3 1,874 

ɻʦʜʦʚʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʫʣʴʜʦʟʝʨʘ Qʙ.ʛ., ʤ3/ʛʦʜ 1033046,3 

ɻʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʇ, ʪ 30000000 

ʈʘʩʯʸʪ ʧʦʪʨʝʙʥʦʩʪʠ ʙʫʣʴʜʦʟʝʨʦʚ N, h ʪ. 14 

ʋʙʚʤʡʯʙ 2 
ʉʙʪʰʹʫʴ ʨʧʫʩʞʚʦʧʪʫʡ ʭʩʧʦʫʙʤʵʦʧʜʧ ʨʧʜʩʬʠʰʡʣʙ 

ʆʙʠʛʙʦʡʞ 
ʇʚʧʠʦʙʰʞʦʡʸ ʡ ʞʝʡʦʡʯʴ 

ʡʠʥʞʩʞʦʡʸ 
CAT-992K 

ɪʤʢʦʩʪʴ ʢʦʚʰʘ ɽ, ʤ3 11,5 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ ʢʦʚʰʘ ʂʥ.ʢ 1 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʟʨʳʭʣʝʥʠʝ ʧʦʨʦʜʳ ʚ ʢʦʚʰʝ ʂʨ.ʧ. 1,2 

ɺʨʝʤʷ ʥʘʧʦʣʥʝʥʠʷ ʢʦʚʰʘ ʧʦʨʦʜʦʡ tʥ, ʩ 15 

ɺʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦʛʨʫʟʯʠʢʘ ʢ ʤʝʩʪʫ ʨʘʟʛʨʫʟʢʠ tʛʨ, ʩ 15,6 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʟʘʙʦʷ ʜʦ ʤʝʩʪʘ ʨʘʟʛʨʫʟʢʠ Lʪ, ʤ 30 

ʉʢʦʨʦʩʪʴ ʛʨʫʞʝʥʦʛʦ ʭʦʜʘ Vʛʨ, ʤ/ʩ 1,92 

ʉʢʦʨʦʩʪʴ ʧʦʨʦʞʥʷʢʦʚʦʛʦ ʭʦʜʘ Vʧ, ʤ/ʩ 2,08 

ɺʨʝʤʷ ʨʘʟʛʨʫʟʢʠ tʨ, ʩ 5 

ɺʨʝʤʷ ʚʦʟʚʨʘʱʝʥʠʷ ʧʦʛʨʫʟʯʠʢʘ ʚ ʟʘʙʦʡ tʧ, ʩ 14,4 

ɺʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ (ʚʨʝʤʷ ʨʘʙʦʪʳ ʛʠʜʨʦʩʠʩʪʝʤʳ) tʩ, ʩ 18,5 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʊʮ, ʩ 68,5 

ʊʝʭʥʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Qʪ, ʤ3/ʯ 503,3 

ʏʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ Qʯ, ʤ3/ʯ 250,6 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʧʝʨʘʪʦʨʘ ʂʢʚ.ʦʧ. 0,75 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʠʜʠʤʦʩʪʠ ʧʨʠ ʫʯʸʪʝ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʧʳʣʴ, ʜʦʞʜʴ, ʩʥʝʛ, ʪʫʤʘʥ ʠʣʠ ʪʝʤʥʦʪʘ ʂʚʠʜ 0,8 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ Kʠ 0,83 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʤʝʥʳ Tʩʤ, ʯ 11,2 

ʉʤʝʥʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Qʧ.ʩʤ., ʤ3/ʩʤʝʥʫ 2807,2 

ʉʫʪʦʯʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Qʧ.ʩʪ., ʤ3/ʩʫʪʢʠ 5614,4 

ʆʙʲʸʤʥʳʡ ʚʝʩ ʨʫʜʳ ɔ, ʪ/ʤ3 1,874 

ɻʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Qʧ.ʛ., ʤ3/ʛʦʜ 2049245,8 

ɻʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʇ, ʪ 30000000 

ʈʘʩʯʸʪ ʧʦʪʨʝʙʥʦʩʪʠ ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ N, h ʪ. 8 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʆʙʩʫʞʜʝʥʠʝ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʨʝʜʣʘʛʘʝʤʦʡ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʪʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ: 

1. ɺʦʟʤʦʞʥʦʩʪʴ ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʧʦ ʫʜʘʣʝʥʠʶ ʠʥʦʨʦʜʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ ʤʝʞʜʫ ʩʣʦʷʤʠ ʟʘ ʩʯʸʪ ʷʨʫʩʥʦʡ 
ʦʪʨʘʙʦʪʢʠ ʰʪʘʙʝʣʷ ʩʚʝʨʭʫ, ʚʥʠʟ ʯʝʨʝʟ ʢʘʞʜʳʡ 10 ʤ. 

2. ɺʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʰʪʘʙʝʣʷ ʢʫʯʥʦʛʦ 
ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʪʩʳʧʢʦʡ ʥʘ ʦʙʨʘʟʫʝʤʦʡ ʨʘʟʨʘʚʥʝʥ-
ʥʦʡ ʧʣʦʱʘʜʠ. 
3. ʇʨʦʚʝʜʸʥʥʳʝ ʨʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʠʩʢʣʶʯʝʥʠʠ 

ʙʫʣʴʜʦʟʝʨʘ ʵʢʦʥʦʤʠʷ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ 
ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʨʫʜʳ ʜʦ ɻʄɿ-7.  
ɿʘʢʣʶʯʝʥʠʝ. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʢʣʦʥʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʦʥʚʝʡʝʨʦʚ, ʦʙʝʩʧʝʯʠʚʘ-
ʶʱʠʭ ʧʝʨʝʤʝʱʝʥʠʝ ʨʫʜʳ ʩ ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ ʚʥʠʟ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʵʢʦʥʦʤʠʪʴ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʟʘ ʩʯʸʪ ʠʩʢʣʶʯʝʥʠʷ ʙʫʣʴʜʦʟʝʨʘ 
ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨ-
ʤʠʨʦʚʘʥʠʷ ʰʪʘʙʝʣʷ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʪ-
ʩʳʧʢʦʡ ʥʘ ʦʙʨʘʟʫʝʤʦʡ ʨʘʟʨʘʚʥʝʥʥʦʡ ʧʣʦʱʘʜʠ. ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʦʣʦ-ʛʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʩʭʝʤ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠ ʧʦʜʫʩʪʫʧʥʦʡ ʦʪʨʘʙʦʪʢʝ 
ʠ ʦʪʨʘʙʦʪʢʝ ʥʘ ʚʩʶ ʚʳʩʦʪʫ. ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʦʪʨʘʙʦʪʢʠ ʰʪʘʙʝʣʷ ʢʫʯʥʦʛʦ 
ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʫʩʪʫʧʘʤʠ ʩ ʚʝʨʭʥʠʭ ʷʨʫʩʦʚ ʩʚʝʨʭʫ ʚʥʠʟ ʠ ʥʘ ʚʩʶ 
ʚʳʩʦʪʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫʣʴʜʦʟʝʨʦʚ, ʬʨʦʥʪʘʣʴʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ ʠ 
ʢʦʥʚʝʡʝʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʆʙʦʩʥʦʚʘʥʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘ-
ʙʦʪʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ, ʢʦʤʧʣʝʢʩʳ ʧʨʠʤʝʥʷʝʤʦʛʦ ʛʦʨʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʦʙʲʸʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ.  
ʈʘʩʯʸʪʳ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Microsoft 

Excel ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʧʨʠʤʝ-
ʥʝʥʠʷ. ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ, ʢʘʢ ʚ ʙʘʟʦʚʳʤ, ʪʘʢ ʠ 
ʧʨʝʜʣʘʛʘʝʤʳʤ ʚʘʨʠʘʥʪʝ ʥʝ ʷʚʣʷʶʪʩʷ ʟʘʢʦʥʯʝʥʥʳʤʠ ʠ ʪʨʝʙʫʶʪ 
ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʜʝʥʠʷ ʦʪʨʘʙʦʪʢʠ 
ʨʫʜʥʦʛʦ ʰʪʘʙʝʣʷ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ 
ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ, ʥʦ ʠ ʚʩʝʡ ʮʝʧʦʯʢʠ ʚ ʮʝʣʦʤ. 
ɼʘʣʴʥʝʡʰʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʜʦʣʞʥʳ ʙʳʪʴ 
ʧʦʩʚʷʱʝʥʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤʘʭ. 

ʈʠʩ. 3. ɻʨʘʬʠʢ ʩʨʘʚʥʝʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʦʙʦʨʫʜʦʚʘʥʠʡ ʧʨʠ ʙʘʟʦʚʦʡ ʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʡ ʦʪʨʘʙʦʪʢʠ ʰʪʘʙʝʣʷ ʢʫʯʥʦʛʦ 
ʚʳʱʝʣʘʯʠʚʘʥʠʷ 
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KONCHILIK ISHLARI 

ʋɾʎʆʇʄʇɼʁʘ ʍʇʉʅʁʉʇɻɹʆʁʘ ɻʔʊʇʃʁʎ ʅʆʇɼʇʘʉʌʊʆʔʎ 
ɹɻʋʇʅʇɺʁʄʕʆʔʎ ʇʋɻɹʄʇɻ ɻ ʌʊʄʇɻʁʘʎ ʃɹʉʕɾʉɹ «ʅʌʉʌʆʋɹʌ» 

ʋɼʂ 622.23:622.276  DOI:10.54073/GV.2025.4.103.006 

Maqolada ochiq usulda kon qazib olish sharoitida qoplovchi jinslardan yuqori koóp pogóonali agódarmalarni shakllantirish muammosi 
Muruntov karyeri misolida koórib chiqiladi. Yer resurslarining cheklanganligi va karyerlar chuqurligining ortib borishi sharoitida geotexnik 
xavflarni, jumladan poydevorda kuchlanishlarning oshishi, filtratsion jarayonlar va mavsumiy namlanishni hisobga olgan holda ikki va 
uch pogóonali agódarma konstruksiyalariga oótish zarurati asoslab beriladi. Maqolada MorïKulon qonuni va chegaraviy muvozanat usul-
lari (jumladan Bishop usuli) asosida qiyaliklarning barqarorligini baholash boóyicha muhandislik yondashuvlari bayon etilib, barqarorlik 
zaxira koeffitsienti kamida 1,27 boólishi lozimligi koórsatiladi. Balandligi 60ï90 m gacha boólgan pogóonalarni 30ï60 m kenglikdagi ber-
malar bilan bosqichma-bosqich toókish, qatlamma-qatlam zichlash hamda deformatsiyalarni oldini olish uchun drenaj tizimlarini 
qoóllashni nazarda tutuvchi texnologik sxema taklif etiladi. Agódarma texnikasi va bortoldi massivining taôsiri hisobga olinib, monitoringni 
tashkil etish va old agódarma shakllantirish boóyicha tavsiyalar beriladi. Sonli modellashtirish natijalari umumiy balandligi 180 m gacha 
boólgan agódarmalar uchun taklif etilgan sxemaning samaradorligini tasdiqlab, hududdan oqilona foydalanish va ekologik xavfsizlikni 
taôminlashini koórsatadi. 
Kalit soózlar: yuqori agódarmalar, koóp pogóonali agódarmalar, avtomobil agódarmalari, qiyaliklar barqarorligi, geotexnik asoslash, 

barqarorlik koeffitsienti, Bishop usuli, chegaraviy muvozanat, Muruntov karyeri, qoplovchi jinslar, bermalar, qatlamma-qatlam toókish, 
jinslarni zichlash, bortoldi massivi, chekli elementlar usuli, texnologik sxema, ekologik talablar 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʠʭ ʤʥʦʛʦʷʨʫʩʥʳʭ ʦʪʚʘʣʦʚ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʚ ʫʩʣʦʚʠʷʭ ʦʪ-

ʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʘ ʧʨʠʤʝʨʝ ʢʘʨʴʝʨʘ ʄʫʨʫʥʪʘʫ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʜʚʫʭ- ʠ 
ʪʨʝʭʲʷʨʫʩʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʦʪʚʘʣʦʚ ʧʨʠ ʜʝʬʠʮʠʪʝ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʨʦʩʪʝ ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʦʚ, ʩ ʫʯʝʪʦʤ ʛʝʦʪʝʭʥʠʯʝ-
ʩʢʠʭ ʨʠʩʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʩʥʦʚʘʥʠʠ, ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʩʝʟʦʥʥʦʝ ʫʚʣʘʞʥʝʥʠʝ. ʆʧʠʩʳʚʘʶʪ-
ʩʷ ʠʥʞʝʥʝʨʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ʄʦʨʘ-ʂʫʣʦʥʘ ʠ ʤʝʪʦʜʦʚ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 
(ʚʢʣʶʯʘʷ ʤʝʪʦʜ ɹʠʰʦʧʘ), ʩ ʨʘʩʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝ ʥʠʞʝ 1,27. ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 
ʩʭʝʤʘ ʧʦʵʪʘʧʥʦʡ ʦʪʩʳʧʢʠ ʷʨʫʩʦʚ ʚʳʩʦʪʦʡ ʜʦ 60-90 ʤ, ʩ ʙʝʨʤʘʤʠ ʰʠʨʠʥʦʡ 30-60 ʤ, ʧʦʩʣʦʡʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʠ ʜʨʝʥʘʞʥʳʤʠ 
ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ. ʋʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʦʪʚʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʠʙʦʨʪʦʚʦʛʦ ʤʘʩʩʠʚʘ, ʩ ʨʝʢʦ-
ʤʝʥʜʘʮʠʷʤʠ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʝʜʦʪʚʘʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʩʭʝʤʳ ʜʣʷ ʦʙʱʝʡ ʚʳʩʦʪʳ ʦʪʚʘʣʘ ʜʦ 180 ʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʵʢʦʣʦʛʠʯʝ-
ʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʠʝ ʦʪʚʘʣʳ, ʤʥʦʛʦʷʨʫʩʥʳʝ ʦʪʚʘʣʳ, ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʦʪʚʘʣʳ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ, ʛʝʦʪʝʭʥʠ-

ʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʤʝʪʦʜ ɹʠʰʦʧʘ, ʧʨʝʜʝʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʢʘʨʴʝʨ ʄʫʨʫʥʪʘʫ, ʚʩʢʨʳʰʥʳʝ 
ʧʦʨʦʜʳ, ʙʝʨʤʳ, ʧʦʩʣʦʡʥʘʷ ʦʪʩʳʧʢʘ, ʫʧʣʦʪʥʝʥʠʝ ʧʦʨʦʜ, ʧʨʠʙʦʨʪʦʚʦʡ ʤʘʩʩʠʚ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 
ʩʭʝʤʘ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ  

ɺʚʝʜʝʥʠʝ. ʆʪʢʨʳʪʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʠʟʙʝʞʥʦ 
ʩʚʷʟʘʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʸʤʦʚ ʚʩʢʨʳʰʥʳʭ ʠ ʚʤʝ-
ʱʘʶʱʠʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʧʦʜʣʝʞʘʪ ʩʢʣʘʜʠʨʦʚʘʥʠʶ ʚʦ ʚʥʝʰʥʠʭ ʠʣʠ 
ʚʥʫʪʨʝʥʥʠʭ ʦʪʚʘʣʘʭ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʦʚ ʠ ʨʦʩʪʘ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʩʢʨʳʰʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʥʠʟʢʠʝ ʦʪʚʘʣʳ ʩʪʘʥʦʚʷʪʩʷ 
ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʟ-ʟʘ ʜʝʬʠʮʠʪʘ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, 
ʫʩʣʦʞʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʠ ʫʩʠʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 
ʪʨʝʙʦʚʘʥʠʡ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʠʭ ʦʪʚʘʣʦʚ, ʚʳ-
ʧʦʣʥʷʝʤʳʭ ʚ ʚʠʜʝ ʜʚʫʭ- ʠ ʪʨʸʭʲʷʨʫʩʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʨʘʩʩʤʘʪʨʠʚʘ-
ʝʪʩʷ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 
ʨʘʟʚʠʪʠʷ ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʦʝ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʥʞʝʥʝʨ-
ʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʚʘʣʦʚ ʠ ʢʘʨʴʝʨʥʳʭ ʦʪʢʦʩʦʚ, ʘ ʪʘʢʞʝ 
ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʫʨʩʘʭ ʛʝʦʪʝʭʥʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʛʨʫʥʪʦʚ [1].  
ʇʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ 

ʚʳʩʦʪʳ ʦʪʚʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʨʠʩ-

ʢʦʚ: ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʩʥʦʚʘʥʠʠ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʜʝʬʦʨ-
ʤʘʮʠʡ ʧʦ ʩʣʘʙʳʤ ʩʣʦʷʤ, ʫʩʠʣʠʚʘʝʪʩʷ ʨʦʣʴ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʨʦ-
ʮʝʩʩʦʚ ʠ ʩʝʟʦʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ, ʯʪʦ ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʨʘʙʦ-
ʪʘʭ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʠ ʤʝʪʦʜʘʤ ʫʢʨʝʧʣʝʥʠʷ [2]. ʇʦʵʪʦʤʫ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʛʦʷʨʫʩʥʳʭ ʚʳʩʦʢʠʭ ʦʪʚʘʣʦʚ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦ-
ʛʦ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ, ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʠ 
ʥʘʜʸʞʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ. 
ʇʦʜ ʚʳʩʦʢʠʤ ʦʪʚʘʣʦʤ ʚ ʠʥʞʝʥʝʨʥʦʡ ʪʨʘʢʪʦʚʢʝ ʧʦʥʠʤʘʶʪ ʦʪ-

ʚʘʣʴʥʦʝ ʩʦʦʨʫʞʝʥʠʝ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʳ, ʧʨʠ 
ʢʦʪʦʨʳʭ ʦʜʠʥʦʯʥʳʡ ʦʪʢʦʩ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʫʩʪʦʡʯʠʚʳʤ ʙʝʟ ʨʘʟʜʝ-
ʣʝʥʠʷ ʥʘ ʷʨʫʩʳ ʠ ʙʝʨʤʳ. ʄʥʦʛʦʷʨʫʩʥʦʩʪʴ ʦʟʥʘʯʘʝʪ ʧʦʵʪʘʧʥʦʝ ʧʦ-
ʩʪʨʦʝʥʠʝ ʦʪʚʘʣʘ ʩʪʫʧʝʥʷʤʠ (ʷʨʫʩʘʤʠ), ʨʘʟʜʝʣʸʥʥʳʤʠ ʙʝʨʤʘʤʠ, 
ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʦʪʠʚʦ-
ʦʧʦʣʟʥʝʚʳʝ ʬʫʥʢʮʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʷʤʦ ʚʳʪʝʢʘʝʪ ʠʟ ʧʨʘʢʪʠʢʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʦʪʢʦʩʦʚ: ʫʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʆʧʩʧʛ ɽ.ʑ., 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ 

«ɽʩʪʝʩʪʚʝʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ» 
ʅʘʚʦʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

ʠʥʥʦʚʘʮʠʡ  

ʃʙʩʡʥʧʛ ʑ.ɻ., 
ʥʘʯʘʣʴʥʠʢ ʩʝʢʪʦʨʘ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʥʥʦʚʘʮʠʡ ʠ 
ʧʦʜʛʦʪʦʚʢʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 
ʢʘʜʨʦʚ ɸʌ ʅʀʊʋ «ʄʀʉʀʉ», 

PhD, ʜʦʮʝʥʪ  

ʋʬʢʰʡʚʧʞʛ ʖ.ʁ., 
ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ  

«ɻʦʨʥʦʝ ʜʝʣʦ»  ɸʌ ʅʀʊʋ ʄʀʉʀʉ 

ʌʥʙʩʧʛ ʍ.ʘ.,  
ʜʠʨʝʢʪʦʨ 

 ɸʌ ʅʀʊʋ ʄʀʉʀʉ, 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ  
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʚʳʩʦʪʳ ʩʚʦʙʦʜʥʦʛʦ ʦʪʢʦʩʘ ʠ ʩʦʟʜʘʥʠʝ «ʨʘʟʨʳʚʦʚ» ʚ ʛʝʦʤʝʪʨʠʠ 
ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʝʜʠʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ. ɺ 
ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪʚʘʣʦʚ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʤʥʦʛʦʷʨʫʩʥʦʩʪʴ ʮʝʣʝʩʦ-
ʦʙʨʘʟʥʘ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʧʦ ʧʣʦʱʘʜʠ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳ-
ʰʝʥʠʷ ʸʤʢʦʩʪʠ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʨʠʩʢʝ [6ï9]. 
ʆʪʚʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʦʛʝʥʥʳʡ ʤʘʩʩʠʚ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦ ʢʨʫʧʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ. ɼʣʷ ʦʮʝʥʢʠ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʠ ʦʩʥʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʨʘʩʯʸʪʳ ʧʦ ʧʨʝʜʝʣʴ-
ʥʦʤʫ ʨʘʚʥʦʚʝʩʠʶ ʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʥʞʝʥʝʨʥʳʭ 
ʤʝʪʦʜʠʢ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʄʦʨʘïʂʫʣʦʥʘ: 

 
ʛʜʝ c ï ʩʮʝʧʣʝʥʠʝ; ű ï ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ; ůǋ ï ʵʬʬʝʢʪʠʚʥʦʝ 
ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʕʬʬʝʢʪʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʦ-
ʨʦʚʳʤ ʜʘʚʣʝʥʠʝʤ ʚʦʜʳ: 

 
ʛʜʝ ů ï ʧʦʣʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ; u ï ʧʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ.  
ʀʤʝʥʥʦ ʨʦʩʪ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʣʦʭʦʤ ʚʦʜʦʦʪʚʦʜʝ ʠ 

ʬʠʣʴʪʨʘʮʠʠ ʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʟʦʥʘʭ ʯʘʩʪʦ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝ-
ʩʢʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʳʩʦʢʠʭ ʦʪʚʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʝʟʦʥʥʦʤ 
ʫʚʣʘʞʥʝʥʠʠ, ʪʘʷʥʠʠ ʩʥʝʛʘ ʠ ʠʥʪʝʥʩʠʚʥʳʭ ʦʩʘʜʢʘʭ. ɸ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 
ʙʘʟʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʤʝʭʘʥʠʢʠ ʛʨʫʥʪʦʚ ʠ ʦʙʲʷʩʥʷʝʪ ʧʦʪʝʨʶ ʫʩʪʦʡ-
ʯʠʚʦʩʪʠ ʧʨʠ ʨʦʩʪʝ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ u ʚ ʧʝʨʝʫʚʣʘʞʥʸʥʥʳʭ ʟʦʥʘʭ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʨʘʩʯʸʪʘʭ ʧʦ ʧʨʝʜʝʣʴʥʦʤʫ 

ʨʘʚʥʦʚʝʩʠʶ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʫʜʝʨʞʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʢ 
ʩʜʚʠʛʘʶʱʠʤ.   

 
 
ʇʨʘʢʪʠʯʝʩʢʠ ʧʨʠʤʝʥʷʝʤʳʝ ʩʭʝʤʳ ʨʘʩʯʸʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦ-

ʩʦʚ (ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʢʨʫʛʣʦʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʦʣʴʞʝ-
ʥʠʷ ʠ ʦʙʱʝʛʦ ʩʣʫʯʘʷ) ʦʧʠʨʘʶʪʩʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʠ ʠʭ ʨʘʟ-
ʚʠʪʠʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʘʢʪʠʢʝ [3-5], ʘ ʪʘʢʞʝ ʥʘ ʦʙʦʙʱʘʶʱʠʝ 
ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʫʢʨʝʧʣʝʥʠʶ ʩʢʣʦʥʦʚ. 
ɼʣʷ ʩʢʘʣʴʥʳʭ ʠ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʚʩʢʨʳʰʠ, ʚʘʞʥʳ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʦʚʝʜʝʥʠʠ ʩʢʘʣʴʥʳʭ ʤʘʩ-
ʩʠʚʦʚ ʠ ʠʥʞʝʥʝʨʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʚ 
ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʘʭ. ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ 
ʢʘʨʴʝʨʳ ʠ ʦʪʚʘʣʳ, ʧʦʜʯʸʨʢʠʚʘʶʪ, ʯʪʦ ʧʨʠ ʨʦʩʪʝ ʚʳʩʦʪʳ ʦʪʚʘʣʘ 
ʢʨʠʪʠʯʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʩʦʚʤʝʩʪʥʳʡ ʫʯʸʪ ʩʚʦʡʩʪʚ ʦʩʥʦʚʘʥʠʷ, ʚʦʟ-
ʤʦʞʥʦʡ ʩʣʦʠʩʪʦʩʪʠ, ʚʦʜʦʥʘʩʳʱʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜ-
ʥʦʩʪʠ ʤʘʩʩʠʚʘ [6-9]. ɻʝʦʤʝʪʨʠʷ ʤʥʦʛʦʷʨʫʩʥʦʛʦ ʦʪʚʘʣʘ ʟʘʜʘʸʪʩʷ 
ʚʳʩʦʪʦʡ ʢʘʞʜʦʛʦ ʷʨʫʩʘ, ʰʠʨʠʥʦʡ ʙʝʨʤ, ʫʛʣʘʤʠ ʦʪʢʦʩʦʚ ʷʨʫʩʦʚ ʠ 
ʦʙʱʠʤ ʫʛʣʦʤ ʦʪʢʦʩʘ ʚʩʝʛʦ ʩʦʦʨʫʞʝʥʠʷ. ɺ ʠʥʞʝʥʝʨʥʦʡ ʣʦʛʠʢʝ ʨʘʟʣʠ-
ʯʘʶʪ ʣʦʢʘʣʴʥʳʡ ʫʛʦʣ ʦʪʢʦʩʘ ʷʨʫʩʘ ʠ ʦʙʱʠʡ ʫʛʦʣ, ʦʧʨʝʜʝʣʷʝʤʳʡ 
ʣʠʥʠʝʡ ʦʪ ʚʝʨʰʠʥʳ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ ʢ ʧʦʜʦʰʚʝ. ɺʚʝʜʝʥʠʝ ʙʝʨʤ 
ʫʤʝʥʴʰʘʝʪ ʦʙʱʠʡ ʫʛʦʣ ʠ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʡ ʚʳʩʦʪʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ, 
ʛʜʝ ʤʦʛʫʪ ʨʘʟʤʝʱʘʪʴʩʷ ʜʨʝʥʘʞ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʦʨʦʛʠ. ʇʨʠ ʧʨʦ-
ʝʢʪʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʳ ʦʙʳʯʥʦ ʧʦʜʙʠʨʘʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩ-
ʯʸʪʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʤʝʪʦʜʘʤ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (ʜʣʷ 
«ʙʳʩʪʨʳʭ» ʠʥʞʝʥʝʨʥʳʭ ʦʮʝʥʦʢ) ʠ ʫʪʦʯʥʷʶʪʩʷ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘ-
ʤʠ, ʚʢʣʶʯʘʷ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʳʝ ʧʦʩʪʘʥʦʚʢʠ [10]. ʇʨʘʢʪʠʯʝʩʢʠʝ 
ʪʨʝʙʦʚʘʥʠʷ ʢ ʛʝʦʤʝʪʨʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʝʞʠʤʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪʚʘ-
ʣʦʚ ʟʘʢʨʝʧʣʷʶʪʩʷ ʚ ʦʪʨʘʩʣʝʚʳʭ ʨʫʢʦʚʦʜʩʪʚʘʭ ʠ ʧʨʠʤʝʥʠʤʳʭ ʩʪʨʦʠ-
ʪʝʣʴʥʳʭ ʧʨʘʚʠʣʘʭ. 
ʊʝʭʥʦʣʦʛʠʷ ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨ-

ʪʘ ʠ ʩʧʦʩʦʙʦʤ ʨʘʟʛʨʫʟʢʠ. ɼʣʷ ʚʳʩʦʢʠʭ ʦʪʚʘʣʦʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ 
ʩʭʝʤʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʛʠʙʢʦʩʪʴʶ, ʥʦ ʪʨʝʙʫʶʪ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝ-
ʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʦʨʦʛ ʥʘ ʙʝʨʤʘʭ, ʦʛʨʘʥʠʯʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚʙʣʠʟʠ 
ʙʨʦʚʢʠ ʠ ʨʝʛʣʘʤʝʥʪʦʚ ʦʪʩʳʧʢʠ ʧʦ ʢʘʨʪʘʤ. ɺ ʨʫʢʦʚʦʜʩʪʚʘʭ ʧʦ ʙʝʟ-
ʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪʚʘʣʦʚ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʧʦʵʪʘʧʥʦʛʦ ʚʦʟʚʝʜʝʥʠʷ ʷʨʫʩʦʚ ʠ ʜʦʚʝʜʝʥʠʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʜʦ ʧʨʦ-
ʝʢʪʥʦʡ ʬʦʨʤʳ ʜʦ ʥʘʯʘʣʘ ʥʘʨʘʱʠʚʘʥʠʷ ʩʣʝʜʫʶʱʠʭ ʫʨʦʚʥʝʡ. ʉ ʪʦʯ-
ʢʠ ʟʨʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʘ ʚʘʞʥʘ ʧʣʦʪ-

ʥʦʩʪʴ ʫʢʣʘʜʢʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. 
ʂʣʘʩʩʠʯʝʩʢʠʝ ʢʫʨʩʳ ʤʝʭʘʥʠʢʠ ʛʨʫʥʪʦʚ ʠ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ 
ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʧʣʦʪʥʝʥʠʝ, ʩʪʝʧʝʥʴ ʨʘʟʨʳʭʣʝʥʠʷ ʠ ʚʦʜʦʥʘʩʳʱʝ-
ʥʠʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ c ʠ ű, ʘ ʪʘʢʞʝ ʥʘ 
ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʩʩʠʚʘ [11-12]. ɼʣʷ 
ʢʘʨʴʝʨʥʳʭ ʦʪʚʘʣʦʚ ʵʪʦ ʜʦʧʦʣʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ 
ʦ ʚʣʠʷʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʝʛʨʝʛʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʨʘʟʛʨʫʟʢʝ ʥʘ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥ ʨʘʟʣʠʯʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ.  
ʅʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʢʠʭ ʤʥʦʛʦʷʨʫʩʥʳʭ ʦʪʚʘʣʦʚ ʜʣʷ ʛʣʫʙʦʢʠʭ ʢʘʨʴ-
ʝʨʦʚ ʪʠʧʘ ʄʫʨʫʥʪʘʫ ʥʝ ʚʩʝʛʜʘ ʫʯʠʪrʚʘʁʪʩ̫ ʩʦʚʤʝʩʪʥʦ: ʫʜʘʣyʥʥʦʩʪɹ 
ʷʨʫʩʦʚ ʦʪ ʧʨʠʙʦʨʪʦʚʦʡ ʟʦʥʳ, ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʵʢʩʧʣʫʘʪʘʮʠ-
ʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʪʷʞʸʣʦʡ ʪʝʭʥʠʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʧʨʝʜʦʪʚʘʣʘ. ʕʪʦ ʚʝʜʸʪ ʣʠʙʦ ʢ ʟʘʚʳʰʝʥʥʦʤʫ ʟʘʧʘʩʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 
ʥʝʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʣʠʙʦ ʢ ʨʦʩʪʫ ʨʠʩ-
ʢʦʚ ʜʝʬʦʨʤʘʮʠʡ. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʛʝʦʪʝʭʥʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʪʴ ʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʪʝʭʥʦʣʦʛʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʠʭ ʤʥʦʛʦʷʨʫʩʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 
ʦʪʚʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ ʄʫʨʫʥʪʘʫ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝ ʥʠʞʝ 1,27 ʧʨʠ ʦʙʱʝʡ ʚʳʩʦʪʝ ʦʪʚʘʣʘ ʜʦ 180 ʤ. 
ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʪʦʯʥʝʥʠʠ ʨʘʮʠʦʥʘʣʴ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʤʝʱʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʠ ʪʨʸʭʲʷʨʫʩʥʦʛʦ ʘʚʪʦʤʦ-
ʙʠʣʴʥʦʛʦ ʦʪʚʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ ʄʫʨʫʥʪʘʫ ʩ ʫʯʸʪʦʤ ʚʣʠʷʥʠʷ 
ʫʜʘʣʸʥʥʦʩʪʠ ʷʨʫʩʦʚ ʦʪ ʙʦʨʪʘ, ʰʠʨʠʥʳ ʙʝʨʤ ʠ ʧʦʩʣʦʡʥʦʛʦ ʫʧʣʦʪʥʝ-
ʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ «ʦʪʚʘʣïʦʩʥʦʚʘʥʠʝï
ʧʨʠʙʦʨʪʦʚʦʡ ʤʘʩʩʠʚ», ʘ ʪʘʢʞʝ ʚ ʧʨʝʜʣʦʞʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 
ʩʭʝʤʳ, ʧʦʜʪʚʝʨʞʜʸʥʥʦʡ ʨʘʩʯʸʪʘʤʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ/ ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʦʪʢʦʩʘ ʦʪʚʘʣʘ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʩʫʤʤʠʨʦʚʘʥʠʝ ʩʜʚʠʛʘʶʱʠʭ 
ʠ ʫʜʝʨʞʠʚʘʶʱʠʭ ʩʠʣ. ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ, ʢʦʪʦʨʳʡ 
ʠʩʧʦʣʴʟʫʝʪ ʢʨʫʛʣʦʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʠ ʦʮʝʥʠ-
ʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʩʫʤʤʳ ʫʜʝʨʞʠʚʘʶʱʠʭ ʠ ʜʚʠʞʫʱʠʭ ʩʠʣ, 
ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠʣʠ ʤʝʪʦʜʦʤ ɹʠʰʦʧʘ. 
ʄʝʪʦʜ ɹʠʰʦʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦ-
ʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ 
(n) ʦʪʢʦʩʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʛʨʫʟʢʠ. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʠʢʫ 
ʥʠʞʝ, ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʧʦʣʦʞʝ-
ʥʠʷ ʘʚʪʦʩʘʤʦʩʚʘʣʘ ʠ ʜʚʫʭ ʧʦʣʦʞʝʥʠʡ ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʪʝʣʷ (ʆɻʉ 
4000/125) ʥʘ ʨʘʩʩʪʦʷʥʠʠ 50 ʤ ʦʪ ʢʨʘʷ ʷʨʫʩʘ ʠ 300 ʤ ʦʪ ʚʝʨʭʥʝʡ ʙʨʦʚ-
ʢʠ ʙʦʨʪʘ, ʧʨʠ ʚʳʩʦʪʝ ʦʪʚʘʣʘ 120 (ʨʠʩ. 1). ʊʘʢʞʝ ʜʣʷ ʘʚʪʦʩʘʤʦʩʚʘʣʘ 
ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʝʨʭʥʝʡ ʙʨʦʚʢʠ ʙʦʨʪʘ ʜʦ ʥʠʞʥʝʡ ʙʨʦʚʢʠ ʧʝʨʚʦʛʦ ʷʨʫʩʘ 
ʦʪʚʘʣʘ 75 ʤ ʠ ʚʳʩʦʪʘ ʦʪʚʘʣʘ 60 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ 
ʚʝʨʭʥʝʡ ʙʨʦʚʢʠ ʙʦʨʪʘ ʜʦ ʚʝʨʭʥʝʡ ʙʨʦʚʢʠ ʚʪʦʨʦʛʦ ʷʨʫʩʘ 500 ʤ (ʨʠʩ. 2). 
ʆʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʚʘʣʘ ʪʘʢʞʝ ʨʘʩʩʯʠ-

ʪʳʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʠ ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 3 ʩ ʫʯʸʪʦʤ ʚʝʩʘ 
ʦʪʚʘʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ 1 ʧʦʛ. ʤ  ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʫʩʪʫ-
ʧʘ ʚʜʦʣʴ ʙʨʦʚʢʠ ʚ ʧʨʝʜʝʣʘʭ ʧʨʠʟʤʳ, ʦʢʦʥʪʫʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ: 

 
 
 

ʛʜʝ P ï ʦʙʱʠʡ ʚʝʩ ʦʙʦʨʫʜʦʚʘʥʠʷ; b ï ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 
ʦʧʦʨʘʤʠ; c ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʨʘʷ ʦʙʦʨʫʜʦʚʘʥʠʷ/ʩʦʦʨʫʞʝʥʠʷ ʜʦ ʚʝʨʭ-
ʥʝʡ ʙʨʦʚʢʠ. 

 
 
 

ʛʜʝ L ï ʜʣʠʥʘ ʦʧʦʣʟʥʝʚʦʛʦ ʤʘʩʩʠʚʘ, ʤ; Ni ï ʥʦʨʤʘʣʴʥʘʷ ʩʠʣʘ; Ti ï 
ʢʘʩʘʪʝʣʴʥʘʷ ʩʠʣʘ.  
ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʠ ʧʨʝʜʝʣʴʥʫʶ ʚʳʩʦʪʫ ʷʨʫʩʘ ʜʦ-

ʧʫʩʢʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʛʣʝ ʦʪʢʦʩʘ ʷʨʫʩʘ ʧʦ ʬʦʨʤʫʣʝ: 
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KONCHILIK ISHLARI 

ɼʣʷ ʤʥʦʛʦʷʨʫʩʥʳʭ ʦʪʚʘʣʦʚ ʢʘʞʜʳʡ ʷʨʫʩ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʪ-
ʜʝʣʴʥʦ (H̫ ʨʫʩʘ  Ò 45-80ʤ ʧʨʠ ʫʛʣʝ 37ï40Á), ʩ ʙʝʨʤʘʤʠ ʰʠʨʠʥʦʡ 20ï
70 ʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʮʝʧʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩ ʫʯʝʪʦʤ ʥʘʛʨʫʟʢʠ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʨʘʷ (bÓ4-10 ʤ). 
ʇʦʚʪʦʨʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʙʦʨʪʘ ʤʝʪʦʜʦʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʜʚʠʛʘʶʱʠʭ ʠ ʫʜʝʨʞʠʚʘʶʱʠʭ ʩʠʣ 
ʣʠʙʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩ-
ʧʝʯʝʥʠʷ. ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ n, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ, 
ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 1,2ï1,3. ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʢʘʟʘʥʥʦʛʦ 
ʫʩʣʦʚʠʷ ʜʦʧʫʩʢʘʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʷʨʫʩʘ ʦʪʚʘʣʘ. 
ʐʠʨʠʥʘ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʡ ʙʝʨʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʝʝ 

ʫʣʘʚʣʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʤʥʝʧʘʜʘ, ʚʳʚʘʣʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʝʨʝʜʚʠʞʝʥʠʷ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  
ɺʝʣʠʯʠʥʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʙʝʨʤʳ (ɺʦ) ʠ ʰʠʨʠʥʘ ʙʝʨʤʳ ʜʣʷ ʟʘ-

ʜʝʨʞʠʚʘʥʠʷ ʧʘʜʘʶʱʠʭ ʢʘʤʥʝʡ (ɺʧ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʥʘʙʣʶʜʝʥʠʡ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ), ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʥʘʣʦ-
ʛʦʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣ.  
ʇʨʠ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʪʫʧʦʚ ʰʠʨʠʥʘ ʧʨʝʜʦ-

ʭʨʘʥʠʪʝʣʴʥʦʡ ʙʝʨʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  
 

ʛʜʝ ɺʧʦ ï ʰʠʨʠʥʘ ʧʨʠʟʤʳ ʚʦʟʤʦʞʥʦʛʦ ʦʙʨʫʰʝʥʠʷ, ʤ; ɺʨ ï ʰʠʨʠʥʘ 
ʨʘʟʚʘʣʘ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʩ ʚʳʰʝʣʝʞʘʱʝʛʦ ʫʩʪʫʧʘ, ʤ;  ɺɻ ʬ ï   
ʵʬʬʝʢʪʠʚʥʘʷ ʰʠʨʠʥʘ ʙʝʨʤʳ (ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʙʝʨʤʳ ʧʦʩʣʝ ʦʩʳʧʠ 
ʠ ʨʘʟʚʘʣʘ ʚʳʰʝʣʝʞʘʱʝʛʦ ʫʩʪʫʧʘ), ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪʩʷ: ʥʝ ʤʝʥʝʝ  
2 ʤ ʜʣʷ ʣʶʙʳʭ ʫʩʪʫʧʦʚ ʢʘʨʴʝʨʘ;  0 ʤ ʜʣʷ ʥʠʞʥʠʭ ʫʩʪʫʧʦʚ ʧʨʠ ʜʦʨʘ-
ʙʦʪʢʝ ʢʘʨʴʝʨʘ ʧʨʠ ʫʩʣʦʚʠʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʞʠ-
ʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʦ ʩʧʣʦʰʥʦʡ ʟʦʥʦʡ ʧʦʢʨʳʪʠʷ ʨʘʙʦʯʝʡ ʟʦʥʳ 
ʠʣʠ ʧʨʠ ʙʝʟʣʶʜʥʦʡ ʚʳʝʤʢʝ. 
ʈʘʩʯʸʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʦʪʚʘʣʦʚ, ʩʣʦʞʝʥʥʳʭ ʩʚʷʟʥʳʤʠ 

ʜʠʩʧʝʨʩʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠʣʠ ʩʢʘʣʴʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 
ʛʣʠʥʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ 30 % ʠ ʙʦʣʝʝ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ ʧʦʨʦ-
ʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜ ʠʣʠ ʫʨʦʚʥʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.  
ɺ ʩʣʫʯʘʝ ʩʣʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʟʘʧʘʩʘ ʧʨʠ ʦʪʩʳʧʢʝ ʧʝʨʚʦʛʦ ʷʨʫʩʘ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 
ʤʝʨʦʧʨʠʷʪʠʷ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʦʧʝʨʝʞʘʶʱʝʛʦ ʦʪʚʘʣʘ (ʧʨʝʜʦʪʚʘʣʘ). ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʜʦʪʚʘʣʘ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʤ ʨʘʩʯʝʪʦʤ.  
ʈʝʟʫʣʴʪʘʪʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʠʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʦʪʚʘʣʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ ʄʫʨʫʥʪʘʫ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʝʦʤʝʭʘ-
ʥʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʨʘʩ-
ʯʸʪʘʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʙʦʨʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʠ ʦʩʥʦʚʘʥʠʷ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʩʳʧʢʘ ʥʠʞʥʝʛʦ (ʧʝʨʚʦʛʦ) ʷʨʫʩʘ, ʨʘʩʧʦʣʘʛʘʝʤʦ-
ʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ ʙʦʨʪʦʤ ʢʘʨʴʝʨʘ. ɽʛʦ ʧʘʨʘʤʝʪʨʳ ʧʨʠʥʠʤʘʶʪ-
ʩʷ ʠʩʭʦʜʷ ʠʟ ʬʘʢʪʠʯʝʩʢʠʭ ʫʛʣʦʚ ʦʪʢʦʩʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʨʘʩʯʸʪʘʤʠ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʘ. ʊʘʢ ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʚʦʛʦ ʷʨʫʩʘ ʟʘʚʝʨʰʠ-
ʣʦʩʴ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʸʤʢʦʩʪʠ ʦʪʚʘʣʘ ʠ ʦʧʪʠʤʠ-
ʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʝʩʫʨʩʘ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 
ʩʯʸʪ ʧʦʵʪʘʧʥʦʛʦ ʚʦʟʚʝʜʝʥʠʷ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʷʨʫʩʦʚ. 
ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʸʪʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʩʩʘ ʚʪʦʨʦʛʦ 

ʷʨʫʩʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʙʣʠʞʝ ʯʝʤ ʥʘ 400 ʤ ʢ ʚʝʨʭʥʝʡ ʙʨʦʚʢʝ ʙʦʨʪʘ, 
ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʟʦʥ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʠʢʦʥʪʫʨ-
ʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦ 1,1. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʪʦʨʦʛʦ 
ʷʨʫʩʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʫʜʘʣʸʥʥʦʩʪʠ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠ-
ʮʳ ʜʦ 550 ʤ ʦʪ ʙʨʦʚʢʠ ʙʦʨʪʘ, ʧʦʜʪʚʝʨʞʜʸʥʥʦʤʫ ʨʘʩʯʸʪʘʤʠ ʤʝʪʦʜʦʤ 
ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʪʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʠʟʦʣʠʥʠʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ 
ʥʘʧʨʷʞʝʥʠʡ ʚʳʥʦʩʷʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ʢʦʥʪʫʨʥʦʡ ʟʦʥʳ, ʘ ʩʫʤʤʘʨʥʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʙʦʨʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʜʦʩʪʠʛʘʝʪ 1,27. 
ʊʨʝʪʠʡ ʷʨʫʩ ʦʪʚʘʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʩʣʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʪʦʨʦʛʦ, 

ʧʨʠ ʵʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʦʧʨʷ-
ʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʫʚʝʣʠʯʝʥʥʘʷ ʰʠʨʠʥʘ 
ʙʝʨʤʳ ʥʝ ʤʝʥʝʝ 40 ʤ. ʐʠʨʦʢʘʷ ʙʝʨʤʘ ʠʛʨʘʝʪ ʨʦʣʴ ʢʦʥʪʨʙʘʥʢʝʪʘ, 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʱʝʛʦ ʘʢʪʠʚʥʳʝ ʩʠʣʳ ʩʜʚʠʛʘ ʠ ʚʳʧʦʣʥʷʶʱʝʛʦ 
ʬʫʥʢʮʠʶ ʨʘʟʛʨʫʟʦʯʥʦʡ ʧʣʦʱʘʜʢʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʘʥʘʣʠʟʦʤ 
ʠʟʦʣʠʥʠʡ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʭʝʤ ʨʘʚʥʦʚʝʩʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 
ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʢʚʦʟʥʳʭ ʟʦʥ ʨʘʩʪʷʞʝʥʠʷ ʚ ʦʩʥʦʚʘ-
ʥʠʠ ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʠ ʠʩʢʣʶʯʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʩʩʳ ʚʝʨʭʥʠʭ ʩʣʦ-
ʸʚ ʥʘ ʧʨʠʢʦʥʪʫʨʥʳʡ ʤʘʩʩʠʚ. ʇʨʠ ʚʳʩʦʪʝ ʦʪʚʘʣʘ 180 ʤ. ʨʘʩʯʸʪʥʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʩʪʘʸʪʩʷ ʥʝ 
ʥʠʞʝ 1,27, ʯʪʦ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʦʚ ʜʣʷ ʩʪʘʪʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʷʨʫʩʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʦʡʥʦʡ ʦʪʩʳʧ-

ʢʦʡ ʪʦʣʱʠʥʦʡ 8ï10 ʤ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʢʘʪʢʘʤʠ ʜʦ 
ʢʦʵʬʬʠʮʠʝʥʪʘ 1,2. ʊʘʢʦʡ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʝʧʝʥʥʦʝ ʧʦʚʳ-
ʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʜ ʦʪʚʘʣʘ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʯʠʩʣʝʥʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʚ 
ʦʪʚʘʣʴʥʦʡ ʪʦʣʱʝ ʜʦ 33ï34Á  
ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʟʚʝʜʝʥʠʷ ʦʪʚʘʣʦʚ ʚʥʝ ʧʨʠʙʦʨʪʦʚʦʡ ʟʦʥʳ, 

ʛʜʝ ʚʣʠʷʥʠʝ ʥʘ ʙʦʨʪ ʠʩʢʣʶʯʝʥʦ, ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʝ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʤʥʦʛʦʷʨʫʩʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʝʨʚʘʷ ʧʨʝʜʫ-
ʩʤʘʪʨʠʚʘʝʪ ʪʨʠ ʨʘʚʥʦʚʳʩʦʢʠʭ ʷʨʫʩʘ ʧʦ 60 ʤ ʢʘʞʜʳʡ ʩ ʰʠʨʠʥʦʡ 
ʙʝʨʤ ʙʦʣʝʝ 30 ʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʥʘʛʨʫʟʢʠ ʠ ʧʦʣʥʦʝ ʨʘʟʦʙʱʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʦʣʴʞʝ-
ʥʠʷ ʤʝʞʜʫ ʷʨʫʩʘʤʠ. ɺʪʦʨʘʷ ʩʭʝʤʘ ʚʢʣʶʯʘʝʪ ʪʨʠ ʥʝʨʘʚʥʳʭ ʷʨʫʩʘ 
ʚʳʩʦʪʦʡ 90, 60 ʠ 30 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʰʠʨʠʥʘʤʠ ʙʝʨʤ 60 ʠ 40 ʤ. 
ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʦʛʦ ʟʘʧʘʩʘ 
ʫʩʪʦʡʯʠʚʦʩʪʠ (ʨʠʩ. 3).  
ʆʙʩʫʞʜʝʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʩʦʢʠʭ 

ʤʥʦʛʦʷʨʫʩʥʳʭ ʦʪʚʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ ʄʫʨʫʥʪʘʫ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 
ʦʙʱʠʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʤʝʭʘʥʠʢʠ ʛʨʫʥʪʦʚ ʠ ʩʢʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ, 
ʠʟʣʦʞʝʥʥʳʤʠ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ Terzaghi, Duncan & Wright, 
Hoek & Bray ʠ ʜʨ. [1ï3, 11, 12]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦ-
ʨʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʶʪʩʷ: ʦʛʨʘʥʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚ-
ʥʦʡ ʚʳʩʦʪʳ ʦʪʢʦʩʘ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʧʦ ʷʨʫ-
ʩʘʤ ʠ ʥʘʜʸʞʥʘʷ ʜʨʝʥʘʞʥʘʷ ʩʠʩʪʝʤʘ, ʩʥʠʞʘʶʱʘʷ ʧʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ. 
ɸʥʘʣʠʟ ʨʘʩʯʸʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʜʘʣʸʥʥʦʩʪʴ ʚʪʦʨʦʛʦ ʷʨʫʩʘ ʦʪ 

ʚʝʨʭʥʝʡ ʙʨʦʚʢʠ ʙʦʨʪʘ ʥʘ 550 ʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʘ ʜʣʷ ʠʩʢʣʶʯʝ-
ʥʠʷ ʟʦʥ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʠʙʦʨʪʦʚʦʤ ʤʘʩʩʠʚʝ.         
ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʚʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʛʣʫʙʦʢʠʤ ʢʘʨʴʝʨʘʤ 
ʋʟʙʝʢʠʩʪʘʥʘ, ʛʜʝ ʦʪʤʝʯʝʥʘ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʙʦʨʪʦʚ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ ʦʪ ʪʝʭʥʦʛʝʥʥʳʭ ʤʘʩʩʠʚʦʚ [13ï15]. 
ʈʦʣʴ ʙʝʨʤ, ʦʩʦʙʝʥʥʦ ʰʠʨʦʢʦʡ ʙʝʨʤʳ ʪʨʝʪʴʝʛʦ ʷʨʫʩʘ (ʥʝ ʤʝʥʝʝ 

40 ʤ), ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʚ ʧʦʚʳʰʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, 
ʪʘʢ ʠ ʚ ʣʦʢʘʣʴʥʦʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʧʦʜʪʚʝʨ-
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ʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯ-
ʥʳʭ ʵʣʝʤʝʥʪʦʚ [10].  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʝʨʤʳ ʚ ʤʥʦʛʦʷʨʫʩʥʳʭ ʦʪʚʘʣʘʭ ʩʣʝʜʫʝʪ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ (ʧʣʦʱʘʜʢʠ ʜʣʷ 
ʜʚʠʞʝʥʠʷ ʪʝʭʥʠʢʠ), ʥʦ ʠ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʪʠʚʦʦʧʦʣʟʥʝʚʳʝ 
ʢʦʥʩʪʨʫʢʮʠʠ, ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʥʪʨʙʘʥʢʝʪʘʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʧʨʠ ʫʢʨʝʧ-
ʣʝʥʠʠ ʩʢʣʦʥʦʚ [8, 9, 12]. 
ʇʦʩʣʦʡʥʘʷ ʦʪʩʳʧʢʘ ʩ ʫʧʣʦʪʥʝʥʠʝʤ ʜʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 1,2 ʧʨʠʚʦ-

ʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠ ʩʥʠʞʝʥʠʶ ʜʝʬʦʨʤʠʨʫ-
ʝʤʦʩʪʠ ʤʘʩʩʠʚʘ. ʕʪʦ ʧʦʣʥʦʩʪɹʁ  ʩʦʛʣʘʩʫʝʪʩ̫ ʩ ʜʘʥʥrʤʠ ʣʘʙʦʨʘʪʦʨ-
ʥʳʭ ʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʣʠʷʥʠʶ ʧʣʦʪʥʦʩʪʠ ʠ ʚʦʜʦʥʘʩʳʱʝ-
ʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʨʦʯʥʦʩʪʠ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ ʠ 
ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ [1, 2, 11]. ɺ ʫʩʣʦʚʠʷʭ ʄʫʨʫʥʪʘʫ, ʛʜʝ ʚʩʢʨʳʰʥʳʝ 
ʧʦʨʦʜʳ ʠʤʝʶʪ ʩʣʦʞʥʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʣʦʢʘʣʴʥʳʝ 
ʟʦʥʳ ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʪʘʢʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 
ʧʦʟʚʦʣʷʝʪ ʥʠʚʝʣʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ   
ʩʝʛʨʝʛʘʮʠʠ ʧʨʠ ʨʘʟʛʨʫʟʢʝ. 
ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʨʝʜʦʪʚʘʣʘ ʚ ʩʣʫʯʘʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʫʩʪʦʡ-
ʯʠʚʦʩʪʠ ʧʨʠ ʦʪʩʳʧʢʝ ʧʝʨʚʦʛʦ ʷʨʫʩʘ. ʆʪʜʝʣʴʥʳʡ ʨʘʩʯʸʪ ʫʩʪʦʡʯʠʚʦ-
ʩʪʠ ʧʨʝʜʦʪʚʘʣʘ ʠ ʩʠʩʪʝʤʳ «ʧʨʝʜʦʪʚʘʣïʦʩʥʦʚʥʦʡ ʦʪʚʘʣïʙʦʨʪ» ʧʦʟ-
ʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʛʝʦʤʝ-
ʭʘʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʯʪʦ ʭʦʨʦʰʦ ʢʦʨʨʝʩʧʦʥʜʠʨʫʝʪ ʩ ʧʨʘʢʪʠʢʦʡ 
ʫʧʨʘʚʣʝʥʠʷ ʜʣʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʦʪʢʦʩʦʚ ʥʘ ʢʘʨʴʝʨʘʭ ʋʟʙʝʢʠ-
ʩʪʘʥʘ [8, 9, 14, 15]. 
ɺ ʮʝʣʦʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʨʝʜʣʦ-

ʞʝʥʥʘʷ ʪʨʸʭʲʷʨʫʩʥʘʷ ʩʭʝʤʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʨʘʟʚʠʪʠʝ 
ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʚʳʩʦʢʠʭ ʦʪʚʘʣʦʚ, ʜʦ-
ʧʦʣʥʷʷ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʦ ʫʜʘʣʸʥʥʦʩʪʠ ʷʨʫʩʦʚ, 
ʰʠʨʠʥʝ ʙʝʨʤ ʠ ʨʝʞʠʤʘʤ ʧʦʩʣʦʡʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 
ʫʯʸʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʷʞʸʣʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ. 
ɿʘʢʣʶʯʝʥʠʝ. 
1. ɺ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ ʄʫʨʫʥʪʘʫ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʠʭ ʤʥʦʛʦ-

ʷʨʫʩʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʦʪʚʘʣʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʚʩʣʝʜ-
ʩʪʚʠʝ ʜʝʬʠʮʠʪʘ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʛʦʨʥʳʭ 
ʨʘʙʦʪ; ʧʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʞʸʩʪʢʦʝ ʛʝʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 
ʧʘʨʘʤʝʪʨʦʚ ʦʪʚʘʣʦʚ. 

2. ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʸʪʦʚ ʧʦ ʤʝʪʦʜʫ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 
(ʤʝʪʦʜ ɹʠʰʦʧʘ) ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʝʟʦʧʘʩʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʸʭʲʷʨʫʩʥʦʛʦ 
ʦʪʚʘʣʘ ʦʙʱʝʡ ʚʳʩʦʪʦʡ ʜʦ 180 ʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʫʜʘʣʸʥʥʦʩʪʠ 
ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʳ ʚʪʦʨʦʛʦ ʷʨʫʩʘ ʦʪ ʚʝʨʭʥʝʡ ʙʨʦʚʢʠ ʙʦʨʪʘ ʥʝ 
ʤʝʥʝʝ 550 ʤ ʠ ʰʠʨʠʥʝ ʙʝʨʤʳ ʪʨʝʪʴʝʛʦ ʷʨʫʩʘ ʥʝ ʤʝʥʝʝ 40 ʤ ʧʨʠ 
ʢʦʵʬʬʠʮʠʝʥʪʝ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝ ʥʠʞʝ 1,27. 

3. ʇʦʩʣʦʡʥʘʷ ʦʪʩʳʧʢʘ ʷʨʫʩʦʚ ʪʦʣʱʠʥʦʡ 8ï10 ʤ ʩ ʫʧʣʦʪʥʝʥʠʝʤ 
ʢʘʪʢʘʤʠ ʜʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 1,2 ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪ-
ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʚʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ (ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʜʦ 
33-34Á) ʠ ʩʥʠʞʝʥʠʶ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴ-
ʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʪʘʚ-
ʣʝʥʠʷʤʠ ʤʝʭʘʥʠʢʠ ʛʨʫʥʪʦʚ. 

4. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʠʭ ʤʥʦʛʦʷʨʫʩʥʳʭ ʘʚʪʦ-
ʤʦʙʠʣʴʥʳʭ ʦʪʚʘʣʦʚ, ʫʯʠʪʳʚʘʶʱʝʡ ʚʣʠʷʥʠʝ ʧʨʠʙʦʨʪʦʚʦʛʦ ʤʘʩʩʠʚʘ, 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ ʦʪ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʠ ʦʪʚʘʣʦʦʙʨʘʟʦʚʘ-
ʪʝʣʷ, ʘ ʪʘʢʞʝ ʚ ʧʨʝʜʣʦʞʝʥʠʠ ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ ʨʘʩʩʪʦʷʥʠʡ ʠ ʛʝʦ-
ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʷʨʫʩʦʚ ʠ ʙʝʨʤ. 

5. ʅʘʫʯʥʳʡ ʚʢʣʘʜ ʩʦʩʪʦʠʪ ʚ ʫʪʦʯʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʘʚʠʩʠ-
ʤʦʩʪʝʡ ʤʝʞʜʫ ʛʝʦʤʝʪʨʠʝʡ ʤʥʦʛʦʷʨʫʩʥʦʛʦ ʦʪʚʘʣʘ, ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠ-
ʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʨʪʘ, ʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʢʦʵʬʬʠ-
ʮʠʝʥʪʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ «ʦʪʚʘʣïʦʩʥʦʚʘʥʠʝïʙʦʨʪ», ʯʪʦ ʤʦ-
ʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʥʦʨ-
ʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʠʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʪʚʘʣʦʚ ʜʣʷ ʛʣʫ-
ʙʦʢʠʭ ʢʘʨʴʝʨʦʚ. 
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BOYITISH VA METALLURGIYA 

ʉɹʀʉɹɺʇʋʃɹ ʁ ʁʊʊʄɾɽʇɻɹʆʁɾ ʋɾʎʆʇʄʇɼʁʁ ʈɾʉɾʉɹɺʇʋʃʁ 
ʅɾɽɾʖʄɾʃʋʉʇʄʁʋʆʔʎ ʑʄɹʅʇɻ ʊ ʁʀɻʄɾʐɾʆʁɾʅ ʅɾʋɹʄʄʇɻ 
ʈʄɹʋʁʆʇɻʇʂ ɼʉʌʈʈʔ 

ʋɼʂ  622.235  DOI:10.54073/GV.2025.4.103.007 

ɺʚʝʜʝʥʠʝ. ʇʨʠ ʵʣʝʢʪʨʦʨʘʬʠʥʠʨʦʚʘʥʠʠ ʤʝʜʠ ʦʙʨʘʟʫʝʪʩʷ ʘʥʦʜ-
ʥʳʡ ʰʣʘʤ ï ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʘʜʦʢ, ʩʦʜʝʨʞʘʱʠʡ ʧʨʠʤʝʩʠ ʠ ʮʝʥʥʳʝ 
ʢʦʤʧʦʥʝʥʪʳ, ʥʘʢʘʧʣʠʚʘʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʪʚʦʨʝʥʠʷ ʘʥʦʜʦʚ 
(ʨʠʩ. 1). ʅʘ ʢʘʞʜʫʶ ʪʦʥʥʫ ʧʦʣʫʯʘʝʤʦʡ ʢʘʪʦʜʥʦʡ ʤʝʜʠ ʧʨʠʭʦʜʠʪʩʷ 
ʦʢʦʣʦ  5-10 ʢʛ ʘʥʦʜʥʦʛʦ ʰʣʘʤʘ. ʊʘʢʦʡ ʰʣʘʤ ʙʦʛʘʪ ʙʣʘʛʦʨʦʜʥʳʤʠ ʠ 
ʨʝʜʢʠʤʠ ʤʝʪʘʣʣʘʤʠ: ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʜʦ 11 ʤʘʩ.% 
ʟʦʣʦʪʘ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʝʙʨʘ, ʩʝʣʝʥʘ, ʪʝʣʣʫʨʘ, ʘ ʪʘʢ-
ʞʝ ʤʝʪʘʣʣʳ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (ʧʣʘʪʠʥʫ, ʧʘʣʣʘʜʠʡ ʠ ʜʨ.).  
ʄʝʜʝʵʣʝʢʪʨʦʣʠʪʥʳʝ ʰʣʘʤʳ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʚʪʦʨʠʯʥʳʤ  

ʩʳʨʴʸʤ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ    
ʤʝʪʘʣʣʦʚ, ʦʜʥʘʢʦ ʠʭ ʧʝʨʝʨʘʙʦʪʢʘ ʩʚʷʟʘʥʘ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʫʜ-
ʥʦʩʪʷʤʠ ʠʟ-ʟʘ ʤʥʦʛʦʬʘʟʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʠʩʫʪʩʪʚʠʷ 
ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (As, Sb, Pb ʠ ʜʨ.). ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʚʣʝ-
ʯʝʥʠʷ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʘʥʦʜʥʳʭ ʰʣʘʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 
ʧʦʚʳʩʠʪʴ ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ ʩʯʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʙʳʯʠ 
ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ [1]. 
ʅʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʤʝʜʥʳʭ ʘʥʦʜʥʳʭ ʰʣʘʤʦʚ. 
ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʩʫʰʢʫ ʠ ʧʣʘʚʢʫ ʰʣʘʤʘ ʩ ʬʣʶʩʘʤʠ ʠ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʧʣʘʚʘ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ 
(ʩʧʣʘʚ ɼʦʨʝ) ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʨʦʜʫʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʥʘ ɹʘʣʭʘʰ-
ʩʢʦʤ ʤʝʜʥʦʤ ʟʘʚʦʜʝ (ʂʘʟʘʭʩʪʘʥ) ʰʣʘʤʳ ʵʣʝʢʪʨʦʨʘʬʠʥʠʨʦʚʘʥʠʷ 
ʤʝʜʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʧʝʯʴ ʂʘʣʜʦ ʜʨʘʛʦʮʝʥʥʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 
ʦʪʜʝʣʝʥʠʷ, ʛʜʝ ʚ ʦʜʥʦʤ ʘʛʨʝʛʘʪʝ ʩʦʚʤʝʱʝʥʳ ʧʨʦʮʝʩʩʳ ʩʫʰʢʠ,   

Ushbu maqolada mis elektrolit shlamlarini qayta ishlash texnologiyasini takomillashtirish va platina guruhi metallari ajratib olish 
boóyicha oótkazilgan ilmiy tadqiqotlar natijalari keltirilgan. Tadqiqotda bosqichma-bosqich gidrometallurgik sxema taklif etiladi: kislotali 
muhitda misni ajratib olish, oksidlovchi eritmada oltin va selenni yuvib chiqarish, ammiak eritmasida kumushni yuvib ajratish hamda 
qolgan qattiq qoldiqni gidroksidlar bilan oksidlab platina guruhi metallar kontsentratini olish. Optimum sharoitlar eksperimental ravishda 
aniqlandi: 10 % H2SO4 va 0,5-1,0 % NaNO2 aralashmasida 25-30ÁC da misni eritib ajratish; 80-90ÁC da NaNO2 ishtirokida oltin va 
selendirni eritmaga oótkazish; eritmadan SO2 gazi bilan oltinni va Na2SO3 eritmasi bilan selendirni selektiv choóktirish; qoldiqni 25%  
ammiak eritmasida eritib kumushni ajratish; qoldiqni NaOH va NaNO3 bilan ~300ÁC da qizdirib, keyin suvda yuvib ajratish. Taklif etilgan 
texnologiya natijasida >99 % Cu, ~95 % Au, ~90 % Ag va >98 % Pt hamda Pd ajratib olindi. Olingan qimmatbaho metallarning jamoaviy 
kontsentrati tarkibida ~70-80 % platina guruhi metallari mavjud boólib, keyinchalik ularni tozalab, alohida metall sifatida olish mumkin. 
Ishning ilmiy yangiligi shundan iboratki, taklif etilgan usul yuqori haroratli pirometallurgik jarayonlarsiz, toóliq gidrometallurgik usulda 
amalga oshiriladi. Olingan natijalar mis eritish korxonalarida mazkur texnologiyani joriy qilish platina guruhi metallari ajratib olish sama-
radorligini oshirish hamda ekologik xavfni kamaytirishga xizmat qilishini koórsatadi. 
Kalit soózlar: mis elektrorafinirovka shlami, anod shlami, platina guruhi metallari, gidrometallurgiya, yuvib chiqarish, misni ajratish, 

sulfatlash, qimmatbaho metallar, selektiv choóktirish, kontsentrat, olish samaradorligi, chiqindilarni qayta ishlash. 
 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪ-

ʢʠ ʤʝʜʥʳʭ ʘʥʦʜʥʳʭ ʰʣʘʤʦʚ ʩ ʮʝʣʴʶ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (ʄʇɻ). ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʘ ʧʦ-
ʵʪʘʧʥʘʷ ʩʭʝʤʘ: ʢʠʩʣʦʪʥʦʝ ʦʙʝʟʤʝʜʥʝʥʠʝ, ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʩ ʩʝʣʝʢʪʠʚʥʳʤ ʠʟʚʣʝʯʝʥʠʝʤ ʟʦʣʦʪʘ ʠ ʩʝʣʝʥʘ, 
ʘʤʤʠʘʯʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʩʝʨʝʙʨʘ, ʱʸʣʦʯʥʦ-ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʩʪʘʪʢʘ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʪʝʣʣʫʨʘ ʠ ʧʦʣʫʯʝʥʠʝ ʢʦʥ-
ʮʝʥʪʨʘʪʘ ʄʇɻ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʦʙʝʟʤʝʜʥʝʥʠʝ ʰʣʘʤʘ 10%-ʥʳʤ H2SO4 ʧʨʠ ʜʦʙʘʚʢʝ 
0,5-1,0 % NaNO2, 25-30ÁC; ʛʣʫʙʦʢʦʝ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʧʨʠ 80-90ÁC ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʜʣʷ ʧʝʨʝʚʦ-
ʜʘ Au ʠ Se ʚ ʨʘʩʪʚʦʨ; ʦʩʘʞʜʝʥʠʝ Au SO2 ʠ Se Na2SO3 ʠʟ ʨʘʩʪʚʦʨʘ; ʨʘʩʪʚʦʨʝʥʠʝ Ag ʚ 25 %-ʥʦʤ ʨʘʩʪʚʦʨʝ ʘʤʤʠʘʢʘ; ʩʧʝʢʘʥʠʝ 
ʦʩʪʘʪʢʘ ʩ NaOH ʠ NaNO3 ʧʨʠ ~300ÁC ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʜʥʳʤ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʠʟʚʣʝʯʝʥʠʝ > 99 % Cu, ~95 % Au, ~90 % Ag, > 98 % Pt ʠ Pd. ʇʦʣʫʯʝʥʥʳʡ ʢʦʣʣʝʢʪʠʚʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 
ʩʦʜʝʨʞʠʪ ~70-80% ʄʇɻ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʳʨʴʝʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʜʝʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ. 
ʅʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʝʟʦʪʭʦʜʥʦʡ ʩʭʝʤʳ ʙʝʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʚʢʠ: ʟʘ ʩʯʸʪ ʛʠʜʨʦʤʝʪʘʣ-
ʣʫʨʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʄʇɻ ʧʨʠ ʩʥʠʞʝʥʠʠ ʧʦʪʝʨʴ ʩ ʧʳʣʴʶ ʠ ʛʘʟʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʤʝʜʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 
ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʟʚʣʝʯʝʥʠʷ ʧʣʘʪʠʥʦʠʜʦʚ ʠ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʄʇɻ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʜʝʵʣʝʢʪʨʦʣʠʪʥʳʡ ʰʣʘʤ, ʘʥʦʜʥʳʡ ʰʣʘʤ, ʧʣʘʪʠʥʦʚʳʝ ʤʝʪʘʣʣʳ, ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷ, ʚʳʱʝʣʘʯʠʚʘ-

ʥʠʝ, ʦʙʝʟʤʝʜʥʝʥʠʝ, ʩʫʣʴʬʘʪʠʟʘʮʠʷ, ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʩʝʣʝʢʪʠʚʥʦʝ ʦʩʘʞʜʝʥʠʝ, ʢʦʥʮʝʥʪʨʘʪ; ʠʟʚʣʝʯʝʥʠʝ, ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ, ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ. 
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ʦʙʞʠʛʘ, ʧʣʘʚʢʠ ʠ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʣʘʚʢʠ 
ʷʚʣʷʝʪʩʷ ʩʧʣʘʚ ɼʦʨʝ, ʩʦʜʝʨʞʘʱʠʡ Au, Ag ʠ ʧʣʘʪʠʥʦʠʜʳ, ʢʦʪʦʨʳʡ 
ʟʘʪʝʤ ʧʦʩʪʫʧʘʝʪ ʥʘ ʘʬʬʠʥʘʞ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ. 
ʇʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʩʝʣʝʥʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ (ʯʝʨʥʦʚʦʡ 
ʩʝʣʝʥ ~80% Se) ʠ ʤʝʜʥʳʡ ʪʝʣʣʫʨʠʜ, ʘ ʯʘʩʪʴ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 
ʫʣʘʚʣʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʧʳʣʠ ʛʘʟʦʦʯʠʩʪʢʠ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʧʠʨʦʤʝʪʘʣ-
ʣʫʨʛʠʯʝʩʢʠʭ ʩʭʝʤ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʧʣʘʪʠʥʦʚʳʭ    
ʤʝʪʘʣʣʦʚ ʩ ʰʣʘʢʦʤ ʠ ʧʳʣʴʶ (ʥʘʧʨʠʤʝʨ, Rh ʠ Pd ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʚ 
ʰʣʘʢʝ), ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʛʘʟʦʚ (SeOϜ, AsϜOϝ ʠ ʜʨ.) ʠ ʜʣʠ-
ʪʝʣʴʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ [2]. ʊʘʢ, ʧʦʣʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʰʣʘʤʘ 
ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʝ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʜʦ 30-45 ʜʥʝʡ, ʚʢʣʶʯʘʷ 
ʩʪʘʜʠʠ ʚʳʜʝʨʞʢʠ ʧʨʦʜʫʢʪʦʚ ʚ ʦʞʠʜʘʥʠʠ ʘʬʬʠʥʘʞʘ.  
ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ 

ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ ʦʙʳʯʥʦ ʧʨʝʜʰʝʩʪʚʫʝʪ ʛʠʜʨʦʤʝ-
ʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʰʣʘʤʘ: ʫʜʘʣʝʥʠʝ ʤʝʜʠ, ʪʝʣʣʫʨʘ ʠ    
ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ ʧʫʪʸʤ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʶ-
ʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʰʣʘʤʘ ʯʘʩʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢ-
ʪʠʚʥʳ ï ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʞʠʛʝ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʫʜʘʣʷʝʪʩʷ ʥʝ ʚʝʩʴ 
ʪʝʣʣʫʨ ʠ ʤʝʜʴ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʧʦʩʣʝʜʫʶʱʫʶ ʧʣʘʚʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʘʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʵʪʘʧʘ ʜʝʢʫʧʝʨʠʟʘ-
ʮʠʠ (ʦʙʝʟʤʝʜʥʝʥʠʷ) ʰʣʘʤʘ.  
ʅʝʜʘʚʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʘʚʪʦʢʣʘʚʝ (ʨʠʩ. 2) (H2SO4 ʩ ʜʦʙʘʚʣʝʥʠʝʤ H2O2 
ʧʨʠ 150 ÁC, 0,8 ʄʇʘ) ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʠʪʴ ʠʟ ʰʣʘʤʘ ʩʚʳʰʝ 99 % Cu ʠ 
97 % Te, ʧʨʠ ʵʪʦʤ ʧʦʪʝʨʠ Au ʠ Ag ʚ ʨʘʩʪʚʦʨ ʤʠʥʠʤʘʣʴʥʳ (<0,03 %). 
ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʦʛʘʱʝʥʠʝ ʦʩʘʜʢʘ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 
ʧʝʨʝʜ ʧʣʘʚʢʦʡ ʠ ʧʦʚʳʰʘʝʪ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ. ʅʝʩʤʦʪʨʷ 
ʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʩʪʘʶʪʩʷ 
ʤʘʪʝʨʠʘʣʦ- ʠ ʵʥʝʨʛʦʸʤʢʠʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʛʘʟʦ-
ʦʯʠʩʪʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʘʬʬʠʥʘʞʘ ʧʦʣʫ-
ʯʝʥʥʳʭ ʩʧʣʘʚʦʚ. 
ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʚʢʝ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʘʥʦʜʥʳʭ ʰʣʘʤʦʚ.  
ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʚʝʜʝʥʳ ʦʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦ ʧʨʷʤʦʤʫ ʠʟʚʣʝʯʝʥʠʶ ʜʨʘʛʦʮʝʥʥʳʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʤʝʪʘʣ-
ʣʦʚ ʠʟ ʰʣʘʤʦʚ ʚ ʨʘʩʪʚʦʨʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʝʣʝʢʪʠʚʥʳʤ ʦʩʘʞʜʝʥʠ-
ʝʤ ʠʣʠ ʵʢʩʪʨʘʢʮʠʝʡ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʣʥʦʩʪʴʶ ʛʠʜʨʦʤʝʪʘʣ-
ʣʫʨʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʫʞʝ ʚʥʝʜʨʝʥʳ ʥʘ ʥʝʢʦʪʦʨʳʭ ʟʘʨʫʙʝʞʥʳʭ ʧʨʝʜ-
ʧʨʠʷʪʠʷʭ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʷ Sumitomo Metal Mining Co. (ʗʧʦʥʠʷ) 

ʧʝʨʝʚʝʣʘ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʰʣʘʤʘ ʥʘ ʯʠʩʪʦ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠ-
ʯʝʩʢʫʶ ʦʩʥʦʚʫ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ Sumitomo ʚʢʣʶʯʘʝʪ ʭʣʦʨʠ-
ʨʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʰʣʘʤʘ (ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʣʷʥʦ-
ʢʠʩʣʦʪʥʦʡ ʩʨʝʜʝ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʭʣʦʨʘ), ʩʝʣʝʢʪʠʚʥʦʝ ʚʳʜʝʣʝʥʠʝ 
ʩʝʨʝʙʨʘ, ʟʦʣʦʪʘ ʠ ʧʣʘʪʠʥʦʠʜʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʤʝʪʦʜʘʤʠ ʦʩʘʞʜʝʥʠʷ, 
ʵʢʩʪʨʘʢʮʠʠ ʠ ʠʦʥʥʦʡ ʩʦʨʙʮʠʠ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠʝ ʩʝʣʝʥʘ ʠ ʪʝʣʣʫʨʘ 
ʚ ʚʠʜʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ.  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʭʦʜʘ ʥʘ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʴ ʮʠʢʣʘ ʧʝʨʝʨʘʙʦʪʢʠ ʰʣʘʤʘ ʩʦʢʨʘʪʠʣʘʩʴ ʩ ~45 ʜʦ 7 ʜʥʝʡ,    
ʩʥʠʟʠʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʢʩʠʯʥʦʛʦ ʛʘʟʘ SeO2 ʠ ʩʪʘʣʠ ʠʟʚʣʝʢʘʪʴʩʷ 
ʨʘʥʝʝ ʪʝʨʷʝʤʳʝ ʄʇɻ (ʥʘʧʨʠʤʝʨ, ʨʫʪʝʥʠʡ). ɸʥʘʣʦʛʠʯʥʦ, ʥʘ ʟʘʚʦʜʝ 
Saganoseki (ʗʧʦʥʠʷ) ʩ 1997 ʛ. ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʛʠʜʨʦʤʝʪʘʣʣʫʨ-
ʛʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʳʭ    
ʧʨʦʜʫʢʪʦʚ ʠ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʜʦ 8 ʜʥʝʡ 
ʧʨʦʪʠʚ ~17 ʜʥʝʡ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ.  
ʂʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʘʢʠʭ ʩʭʝʤ ʷʚʣʷʝʪʩʷ ʨʘʥʥʝʝ ʠʟʚʣʝʯʝ-

ʥʠʝ ʟʦʣʦʪʘ (ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ) ʠ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʦʩʪʘʣʴ-
ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢ, ʥʘ ʟʘʚʦʜʝ Saganoseki ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʷʪ 
ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʤʝʜʠ (ʧʨʠ 70-85 ÁC, ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ),  
ʟʘʪʝʤ ʭʣʦʨʠʨʦʚʘʥʠʝ ʧʫʣʴʧʳ ʜʣʷ ʧʝʨʝʚʦʜʘ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 
ʩʝʣʝʥʘ ʚ ʨʘʩʪʚʦʨ, ʦʩʘʞʜʝʥʠʝ Pb ʠ Sb, ɻ ʢʩʪʨʘʢʮʠʶ ʟʦʣʦʪʘ ʦʨʛʘʥʠʯʝ-
ʩʢʠʤ ʨʝʘʛʝʥʪʦʤ (ʜʠʙʫʪʠʣʢʘʨʙʠʪʦʣ), ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʦʩʘʞʜʝʥʠʝ 
ʟʦʣʦʪʘ, ʧʦʩʣʝ ʯʝʛʦ ʠʟ ʦʩʪʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʧʣʘʪʠ-

ʈʠʩ. 1. ɸʥʦʜʥʳʡ ʰʣʘʤ 

ʈʠʩ. 2. ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʯʝʪʳʨʸʭʢʘʤʝʨʥʳʡ ʘʚʪʦʢʣʘʚ ʜʣʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ: 1 ï ʢʦʨʧʫʩ ʘʚʪʦʢʣʘʚʘ; 2 ï ʪʨʫʙʦʧʨʦʚʦʜ ʜʣʷ ʧʦʜʘʯʠ ʧʫʣʴʧʳ; 3 ï ɻ ʣʝʢ-
ʪʨʦʜʚʠʛʘʪʝʣʴ; 4 ï ʧʝʨʝʤʝʰʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 
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ʥʫ, ʧʘʣʣʘʜʠʡ, ʩʝʣʝʥ ʠ ʪʝʣʣʫʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʚʝʜʝʥʠʝʤ SO2 ʠ 
ʛʠʜʨʘʟʠʥʘ. ʇʣʘʪʠʥʘ ʦʩʘʞʜʘʝʪʩʷ ʠ ʚʳʜʝʣʷʝʪʩʷ ʧʝʨʚʦʡ, ʟʘ ʥʝʡ ʧʘʣ-
ʣʘʜʠʡ; ʧʦʣʫʯʝʥʥʳʡ ʯʝʨʥʦʚʦʡ ʇɻʄ-ʢʦʥʮʝʥʪʨʘʪ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ 
ʦʪʜʝʣʴʥʳʡ ʵʪʘʧ ʨʘʬʠʥʠʨʦʚʘʥʠʷ, ʘ ʩʝʨʝʙʨʦ ʚʳʜʝʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦ 
ʵʣʝʢʪʨʦʣʠʟʦʤ. ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʫʜʘʣʝʥʠʝ ʤʝʜʠ, ʪʝʣʣʫʨʘ, ʩʚʠʥʮʘ ʠ 
ʜʨ. ʧʨʠʤʝʩʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʠʟʚʣʝʯʝʥʠʝ Au, Ag, ʇɻM ʠ 
ʧʦʚʳʰʘʝʪ ʠʭ ʩʫʤʤʘʨʥʦʝ ʠʟʚʣʝʯʝʥʠʝ [3, 4]. 
ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʰʣʘʤʦʚ, ʪʘʢ, ʊʝʨ-ʆʛʘʥʝʩʷʥʮ ʠ 
ʜʨ. (2005) ʧʨʝʜʣʦʞʠʣʠ ʤʥʦʛʦʩʪʘʜʠʡʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʚʳʱʝʣʘʯʠʚʘ-
ʥʠʷ ʰʣʘʤʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʣʘʪʠ-
ʥʦʚʳʭ ʤʝʪʘʣʣʦʚ.  
ʃʘʧʰʠʥ (2014) ʠʩʩʣʝʜʦʚʘʣ ʘʚʪʦʢʣʘʚʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʧʣʘʪʠ-

ʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʘʥʦʜʥʳʭ ʦʩʪʘʪʢʦʚ. ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 
ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʀɽʅ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ (ʄʘʩʪʶʛʠʥ ʠ ʜʨ.), 
ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 
ʤʝʜʝʵʣʝʢʪʨʦʣʠʪʥʳʭ ʰʣʘʤʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ  ʢʦʥʮʝʥʪʨʘʪʘ ʙʣʘʛʦʨʦʜ-
ʥʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʰʣʘʤʘʭ ɸʆ «ɸʣʤʘʣʳʢʩʢʠʡ 
ɻʄʂ» (ʋʟʙʝʢʠʩʪʘʥ) ʙʳʣʘ ʦʪʨʘʙʦʪʘʥʘ ʦʧʳʪʥʦ-ʣʘʙʦʨʘʪʦʨʥʘʷ ʪʝʭʥʦʣʦ-
ʛʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ: ʦʙʝʟʤʝʜʥʝʥʠʝ, 
ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʟʦʣʦʪʘ ʠ ʩʝʣʝʥʘ, ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʩʝʨʝʙʨʘ, ʨʘʩʪʚʦ-
ʨʝʥʠʝ ʪʝʣʣʫʨʘ. ʆʙʝʟʤʝʜʥʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʝʨʥʦʢʠʩʣʦʪʥʦʤ ʨʘʩ-
ʪʚʦʨʝ (H2SO4) ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʊ:ɾ = 1:4 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 25-30 Áʉ ʩ 
ʜʦʙʘʚʢʦʡ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ (0,5-1 % ʦʪ ʤʘʩʩʳ ʰʣʘʤʘ) ʠ ʙʘʨʙʦʪʘʞʝʤ 
ʢʠʩʣʦʨʦʜʘ; ʧʨʠ ʵʪʦʤ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʪʚʸʨʜʦʤ ʢʝʢʝ 
ʩʥʠʞʘʣʦʩʴ ʜʦ 0,5-1,5 %. ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʚʝ ʘʣʴʪʝʨʥʘʪʠʚ-
ʥʳʝ ʩʭʝʤʳ.  
ʉʭʝʤʘ 1: ʧʦʩʣʝ ʦʙʝʟʤʝʜʥʝʥʠʷ ʧʨʦʚʦʜʷʪ ʛʣʫʙʦʢʦʝ ʦʢʠʩʣʠʪʝʣʴ-

ʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʢʝʢʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 2-3 % NaNO2 ʚ ʪʝʯʝʥʠʝ 
~5 ʯ; ʧʨʠ ʵʪʦʤ ʚ ʨʘʩʪʚʦʨ ʧʝʨʝʭʦʜʠʪ ʩʝʣʝʥ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʝ ʝʤʫ 
ʟʦʣʦʪʦ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʝʣʝʢʪʠʚʥʦ ʦʩʘʞʜʘʶʪ ʟʦʣʦʪʦ 
ʚʚʝʜʝʥʠʝʤ ʛʘʟʘ SO2, ʟʘʪʝʤ ʦʩʘʞʜʘʶʪ ʩʝʣʝʥ ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʥʮʝʥ-
ʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʠʪʘ ʥʘʪʨʠʷ Na2SO3. ʆʩʪʘʚʰʠʡʩʷ ʪʚʸʨ-
ʜʳʡ ʦʩʪʘʪʦʢ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜʚʝʨʛʘʶʪ ʘʤʤʠʘʯʥʦʤʫ ʚʳʱʝʣʘʯʠ-
ʚʘʥʠʶ, ʠʟʚʣʝʢʘʷ ʩʝʣʝʢʪʠʚʥʦ ʠʟ ʥʝʛʦ ʩʝʨʝʙʨʦ ʚ ʚʠʜʝ ʜʠʘʤʤʠʥ-
ʩʝʨʝʙʨʷʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  
ʉʭʝʤʘ 2: ʧʦʩʣʝ ʦʙʝʟʤʝʜʥʝʥʠʷ ʚʤʝʩʪʦ ʩʪʘʜʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʘʤʤʠʘʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʬʣʦʪʘʮʠʦʥ-
ʥʦ ʨʘʟʜʝʣʠʪʴ ʦʙʝʟʤʝʜʥʝʥʥʳʡ ʢʝʢ ʥʘ ʜʚʝ ʬʨʘʢʮʠʠ. ɺʳʜʝʣʝʥʥʳʡ 
ʬʣʦʪʘʮʠʦʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ (ʦʙʦʛʘʱʸʥʥʳʡ ʜʨʘʛʦʮʝʥʥʳʤʠ ʤʝʪʘʣʣʘ-
ʤʠ ʠ ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʠʤʠ ʬʘʟʘʤʠ) ʧʦʜʚʝʨʛʘʶʪ ʱʸʣʦʯʥʦ-ʩʦʣʝʚʦʡ 
ʦʙʨʘʙʦʪʢʝ ï ʩʧʝʢʘʥʠʶ ʩ ʩʦʜʦʡ (Na2CO3) ʠ ʦʢʠʩʣʠʪʝʣʝʤ, ʥʘʧʨʠʤʝʨ 
ʥʠʪʨʘʪʦʤ ʥʘʪʨʠʷ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʪʦʢʩʠʯʥʳʭ 
ʛʘʟʦʚ ʠʟ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʝʨʝʚʝʩʪʠ ʩʝʣʝʥ ʚ ʨʘʩʪʚʦʨ, ʘ 
ʟʦʣʦʪʦ, ʩʝʨʝʙʨʦ ʠ ʧʣʘʪʠʥʦʚʳʝ ʤʝʪʘʣʣʳ ï ʚ ʙʦʛʘʪʳʡ ʤʝʪʘʣʣʩʦʜʝʨ-
ʞʘʱʠʡ ʧʨʦʜʫʢʪ. ʇʦʣʫʯʘʝʤʳʡ ʢʦʥʮʝʥʪʨʘʪ ʩʦʜʝʨʞʠʪ ʥʝ ʤʝʥʝʝ 90 % 
ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ    
ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, 
ʩʦʯʝʪʘʶʱʠʝ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ 
(Cu, Se, Te, ʙʘʟʦʚʳʝ ʤʝʪʘʣʣʳ) ʠ ʩʝʣʝʢʪʠʚʥʦʝ ʦʩʘʞʜʝʥʠʝ ʠʣʠ     
ʵʢʩʪʨʘʢʮʠʶ ʮʝʣʝʚʳʭ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 
ʪʘʢʠʭ ʩʭʝʤ ʫʞʝ ʚʥʝʜʨʝʥʳ (ʥʘʧʨʠʤʝʨ, ʨʘʥʥʷʷ ʵʢʩʪʨʘʢʮʠʷ ʟʦʣʦʪʘ, 
ʦʙʝʟʤʝʜʥʝʥʠʝ), ʦʜʥʘʢʦ ʝʜʠʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʦʙʝʩʧʝʯʠ-
ʚʘʶʱʘʷ ʚʳʩʦʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʠʤʝʥʥʦ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʰʣʘ-
ʤʦʚ, ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ.  
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʭʝʤʳ ʠʟʚʣʝʯʝʥʠʷ ʠʤʝʥʥʦ ʄʇɻ (Pt, Pd ʠ ʜʨ.) ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 
ʚʦʟʚʨʘʱʝʥʠʠ ʧʦʧʫʪʥʳʭ Au, Ag, Se, Te ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʚ 
ʪʦʚʘʨʥʦʤ ʚʠʜʝ [5, 6]. 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʠ ʠʩʩʣʝʜʫʝʪʩʷ ʥʦʚʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʤʝʜʝʵʣʝʢʪʨʦʣʠʪʥʳʭ ʰʣʘʤʦʚ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʩʦʯʝʪʘʥʠʝʤ 
ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʠʟʚʣʝʯʝʥʠʝ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘ-
ʪʫʨʥʳʭ ʩʪʘʜʠʡ.  
ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʛʜʝ ʧʣʘʪʠʥʦʚʳʝ ʤʝʪʘʣʣʳ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʩʧʣʘʚʘʭ ʠʣʠ ʪʝʨʷʶʪʩʷ ʩ ʦʪʭʦʜʘʤʠ, ʚ ʜʘʥʥʦʡ 
ʩʭʝʤʝ ʄʇɻ ʚʳʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʦʩʨʝʜ-
ʩʪʚʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ.  
ʅʦʚʠʟʥʘ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʠ   ʘʤʤʠʘʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʱʸʣʦʯʥʦʡ 
ʦʙʨʘʙʦʪʢʦʡ ʪʚʸʨʜʦʛʦ ʦʩʪʘʪʢʘ. ʊʘʢʘʷ ʢʦʤʙʠʥʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢ-
ʪʠʚʥʦ ʫʜʘʣʷʪʴ ʠʟ ʰʣʘʤʘ ʦʩʥʦʚʥʳʝ ʤʝʰʘʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ (ʤʝʜʴ, 
ʩʝʣʝʥ, ʪʝʣʣʫʨ, ʩʚʠʥʝʮ ʠ ʜʨ.) ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʥʝ ʟʘʭʚʘʪʳʚʘʷ 
ʧʣʘʪʠʥʦʚʳʝ ʤʝʪʘʣʣʳ ʚ ʨʘʩʪʚʦʨ, ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʣʫʯʘʪʴ ʪʚʸʨʜʳʡ 
ʦʩʪʘʪʦʢ, ʦʙʦʛʘʱʸʥʥʳʡ ʧʣʘʪʠʥʦʡ ʠ ʧʘʣʣʘʜʠʝʤ.  
ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 
ʠʭ ʚʳʩʦʢʫʶ ʯʠʩʪʦʪʫ.  
ʅʘʧʨʠʤʝʨ, ʚʧʝʨʚʳʝ ʜʣʷ ʫʩʣʦʚʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʘʥʦʜʥʳʭ ʰʣʘʤʦʚ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʠʦʤʦʯʝʚʠʥʫ ʚ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ ʧʘʣ-
ʣʘʜʠʷ ʠʟ ʚʪʦʨʠʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʧʘʣʣʘʜʠʡ ʜʦ 
ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʦʤ ï ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-
ʯʘʪʴ ʦʯʠʱʝʥʥʳʡ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʧʘʣʣʘʜʠʡ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ Pd 
ʥʝ ʤʝʥʝʝ 99,5 % ʠ ʠʟʚʣʝʯʝʥʠʝʤ ~82-85 % ʠʟ ʨʘʩʪʚʦʨʦʚ. 
ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʤʝʜʥʳʭ ʘʥʦʜʥʳʭ ʰʣʘʤʦʚ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ 
ʛʨʫʧʧʳ.  
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ:  
ï ʧʨʦʚʝʩʪʠ ʬʘʟʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʭʦʜʥʦʛʦ ʰʣʘʤʘ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʥʸʤ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ;  
ï ʠʩʩʣʝʜʦʚʘʪʴ ʫʩʣʦʚʠʷ ʦʙʝʟʤʝʜʥʝʥʠʷ ʰʣʘʤʘ ʠ ʫʜʘʣʝʥʠʷ ʦʩʥʦʚ-

ʥʳʭ ʧʨʠʤʝʩʝʡ (As, Sb, Bi, Pb, Se, Te) ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ 
ʙʣʘʛʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ;  
ï ʧʦʜʦʙʨʘʪʴ ʨʝʘʛʝʥʪʳ ʠ ʨʝʞʠʤʳ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ 

ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ;  
ï ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 

ʄʇɻ ʠʟ ʦʩʪʘʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʠʟʫʯʠʪʴ ʝʛʦ ʩʦʩʪʘʚ;  
ï ʦʮʝʥʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ ʮʝʣʝʚʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʢʘʞʜʦʤ 

ʵʪʘʧʝ ʠ ʚ ʮʝʣʦʤ ʧʦ ʩʭʝʤʝ;  
ï ʚʳʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ    

ʧʨʦʮʝʩʩʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [7]. 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  
ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʜʝʵʣʝʢʪʨʦ-

ʣʠʪʥʳʡ ʰʣʘʤ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʵʣʝʢʪʨʦʨʘʬʠʥʠʨʦʚʘʥʠʠ ʯʝʨʥʦʚʦʡ 
ʤʝʜʠ ï ʰʣʘʤ ʧʨʝʜʦʩʪʘʚʣʝʥ ɸʆ «ɸʣʤʘʣʳʢʩʢʠʡ ɻʄʂ»; ʧʨʝʜʚʘʨʠʪʝʣʴ-
ʥʦ ʦʥ ʙʳʣ ʜʝʢʘʥʪʠʨʦʚʘʥ ʠ ʚʳʩʫʰʝʥ ʧʨʠ 110 Áʉ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 
ʠʩʭʦʜʥʦʛʦ ʰʣʘʤʘ ʧʦʢʘʟʘʥ ʚ ʪʘʙʣ. 1.  
ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Cu, Pb, Sn, ʘ ʪʘʢʞʝ ʙʣʘʛʦ-

ʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: Au ~2 %, Ag ~8 %, ʩʫʤʤʘ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣ-
ʣʦʚ ~0,8 % (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Pt ʠ Pd). ʉʝʣʝʥ ʠ ʪʝʣʣʫʨ ʩʦʩʪʘʚʣʷʶʪ 
ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʤʝʜʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ 
CuO ʠ CuSO4, ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ ʥʘʭʦʜʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 
ʵʣʝʤʝʥʪʘʨʥʦʤ ʠʣʠ ʩʫʣʴʬʠʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʝʣʣʫʨ ʚ ʚʠʜʝ Cu2Te ʠ 
ʜʨʫʛʠʭ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʠʤʝʥʷʣʠ 
ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʫʶ ʩʧʝʢʪʨʦʤʝʪʨʠʶ (AAS) ʠ ʵʤʠʩʩʠʦʥʥʳʡ ʩʧʝʢ-
ʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 
ʜʠʬʨʘʢʮʠʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʨʘʟʙʦʨʘ [8]. 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʰʣʘʤ ʧʦʜʚʝʨʛʘʣʠ 

ʩʣʝʜʫʶʱʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʧʝʨʘʮʠʷʤ: 
ï ʂʠʩʣʦʪʥʦʝ ʦʙʝʟʤʝʜʥʝʥʠʝ. ʉʫʭʦʡ ʰʣʘʤ ʩʤʝʰʠʚʘʣʠ ʩ ʩʝʨʥʦ-

ʢʠʩʣʳʤ ʨʘʩʪʚʦʨʦʤ (ʢʦʥʮʝʥʪʨʘʮʠʷ H2SO4 100-150 ʛ/ʣ) ʚ ʨʝʘʢʪʦʨʝ ʩ 
ʤʝʰʘʣʢʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (25-30 Áʉ). ʊʚʸʨʜʦʝ ʩʦʦʪʥʦ-
ʰʝʥʠʝ ʊ:ɾ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʥʘ ʫʨʦʚʥʝ 1:4. ɺ ʨʘʩʪʚʦʨ ʜʦʧʦʣʥʠʪʝʣʴ-
ʥʦ ʚʚʦʜʠʣʠ ʥʠʪʨʠʪ ʥʘʪʨʠʷ NaNO2 (0,5-1 % ʦʪ ʤʘʩʩʳ ʰʣʘʤʘ) ʠ ʪʝʭʥʠ-
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ʯʝʩʢʠʡ ʢʠʩʣʦʨʦʜ (ʯʝʨʝʟ ʙʘʨʙʦʪʸʨ) ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʨʘʩʪʚʦʨʷʝʤʳʭ 
ʧʨʠʤʝʩʝʡ (As(III)ŸAs(V) ʠ ʪ.ʧ.) ʠ ʨʘʟʨʫʰʝʥʠʷ ʥʠʪʨʠʪʘ ʜʦ HNO2. 
ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 4 ʯ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ (300 ʦʙ./
ʤʠʥ). ʇʦ ʦʢʦʥʯʘʥʠʠ ʩʫʩʧʝʥʟʠʶ ʬʠʣʴʪʨʦʚʘʣʠ; ʪʚʸʨʜʳʡ ʦʩʪʘʪʦʢ (ʢʝʢ) 
ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ. ʌʠʣʴʪʨʘʪ ʥʘʧʨʘʚʣʷʣʠ ʥʘ ʘʥʘʣʠʟ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 
Cu ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʚʸʨʜʳʡ ʦʩʪʘʪʦʢ ï ʥʘ ʩʣʝʜʫʶʱʫʶ 
ʩʪʘʜʠʶ.  
ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʩʪʚʦʨ 

ʧʝʨʝʭʦʜʠʪ ʥʝ ʤʝʥʝʝ 99 % ʤʝʜʠ ʠ ʥʠʢʝʣʷ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʝ 
ʜʦʣʠ Zn, Cd, Fe. ʆʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Cu ʚ ʢʝʢʝ ʥʝ ʧʨʝʚʳʰʘʝʪ    
1 % (ʪʘʙʣ. 1), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ. ʆʜʥʦʚʨʝʤʝʥ-
ʥʦ ʚ ʢʠʩʣʳʡ ʨʘʩʪʚʦʨ ʯʘʩʪʠʯʥʦ ʧʝʨʝʭʦʜʷʪ As, Sb, Bi ï ʜʦ 90 % ʧʦ 
ʢʘʞʜʦʤʫ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ     
ʢʦʥʮʝʥʪʨʘʪʘ ʄʇɻ. ʉʝʣʝʥ ʠ ʪʝʣʣʫʨ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦ ʢʠʩʣʦʛʦ 
ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ (ʥʠʪʨʠʪ ʥʘʪʨʠʷ ʦʢʠʩʣʷʝʪ ʠʭ ʧʨʝ-
ʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʙʦ ʥʝʨʘʩʪʚʦʨʠʤʳʭ 
ʩʦʝʜʠʥʝʥʠʡ), ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ (Au, Ag, Pt, Pd) ʦʩʪʘʶʪʩʷ ʮʝʣʠ-
ʢʦʤ ʚ ʪʚʸʨʜʦʤ ʦʩʪʘʪʢʝ.  
ʆʙʩʫʞʜʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʜʠʷ ʦʙʝʟʤʝʜʥʝʥʠʷ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʦʯʠʩʪʢʫ ʰʣʘʤʘ ʦʪ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʠ 
~4-ʢʨʘʪʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʦʩʪʘʪʢʘ ʧʦ ʙʣʘʛʦʨʦʜʥʳʤ ʤʝʪʘʣ-
ʣʘʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ; 
ï ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʟʦʣʦʪʘ ʠ ʩʝʣʝʥʘ. ʆʙʝʟʤʝʜ-

ʥʸʥʥʳʡ ʢʝʢ ʧʦʜʚʝʨʛʘʣʠ ʚʳʩʦʢʦʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʚʳʱʝʣʘʯʠʚʘʥʠʶ 
ʜʣʷ ʧʝʨʝʚʦʜʘ ʚ ʨʘʩʪʚʦʨ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʮʝʣʝʩʦʦʙ-
ʨʘʟʥʦ ʠʟʚʣʝʢʘʪʴ ʜʦ ʚʳʜʝʣʝʥʠʷ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ. ʇʨʝʜʚʘʨʠ-
ʪʝʣʴʥʳʝ ʦʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʷʤʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʟʦʣʦʪʘ ʚ 
ʮʠʘʥʠʜʥʳʭ ʠʣʠ ʪʠʦʩʫʣʴʬʘʪʥʳʭ ʨʘʩʪʚʦʨʘʭ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʧʨʠʩʫʪ-
ʩʪʚʠʷ Se, Te, Pb. ʇʦʵʪʦʤʫ ʚʳʙʨʘʥʘ ʩʪʨʘʪʝʛʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ   
ʨʘʩʪʚʦʨʝʥʠʷ ʩʝʣʝʥʘ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʟʦʣʦʪʘ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ.      
ʂʝʢ (ʧʦʩʣʝ ʦʙʝʟʤʝʜʥʝʥʠʷ) ʦʙʨʘʙʘʪʳʚʘʣʠ ʛʦʨʷʯʠʤ ʩʝʨʥʦʢʠʩʣʳʤ 
ʨʘʩʪʚʦʨʦʤ ʩ ʜʦʙʘʚʢʘʤʠ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ: ʥʠʪʨʘʪʘ ʥʘʪʨʠʷ 
NaNO3 (5 %) ʠ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ NaNO2 (2 %). ʇʫʣʴʧʫ ʢʠʧʷʪʠʣʠ ʧʨʠ   
90-95 Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ.  
ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʚʳʜʝʣʷʣʠʩʴ ʧʫʟʳʨʴʢʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ; ʜʣʷ ʧʦʚʳ-

ʰʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʜʦʙʘʚʣʷʣʠ ʥʝ-
ʙʦʣʴʰʠʝ ʧʦʨʮʠʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ (ʜʦ 1 % H2O2). ɿʘ ʩʯʸʪ ʛʝʥʝʨʠ-
ʨʦʚʘʥʠʷ    ʩʤʝʩʝʡ HNO3/NOx ʠ H2O2 ʩʦʟʜʘʚʘʣʘʩʴ ʵʢʚʠʚʘʣʝʥʪʥʘʷ 
«ʮʘʨʩʢʘʷ ʚʦʜʢʘ» ʚ ʨʝʘʢʪʦʨʝ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʙʠʪʴʩʷ ʨʘʩʪʚʦʨʝʥʠʷ 
ʜʦ 92 % ʩʝʣʝʥʘ ʠ ~85-90 % ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʦʙʨʘʟʮʝ ʟʦʣʦʪʘ. ʊʝʣ-
ʣʫʨ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʷʝʪʩʷ ʣʠʰʴ ʯʘʩʪʠʯʥʦ (ʜʦ Te(IV), 
ʢʦʪʦʨʳʡ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤ ʚ H2SO4) ï ʦʢʦʣʦ 30 % Te ʧʝʨʝʭʦʜʠʪ ʚ 
ʨʘʩʪʚʦʨ, ʦʩʪʘʣʴʥʦʝ ʦʩʪʘʸʪʩʷ ʚ ʦʩʘʜʢʝ ʚ ʚʠʜʝ ʙʘʟʦʚʳʭ ʩʫʣʴʬʘʪʥʦ-
ʪʝʣʣʫʨʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʝʨʝʙʨʦ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ 
ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ (ʦʙʨʘʟʫʝʪ ʥʝʨʘʩʪʚʦʨʠʤʳʡ Ag2SO4 ʠ AgCl, ʝʩʣʠ 
ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʩʣʝʜʳ). ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʩʫʩʧʝʥʟʠʠ 
ʜʦ ~40 Áʉ ʝʸ ʬʠʣʴʪʨʦʚʘʣʠ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʦʜʝʨʞʠʪ H2SeO4, 
Au3+, ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ Cu2+ (~0,3 ʛ/ʣ) ʠ ʜʨ. ʧʨʠʤʝʩʠ.  
ɿʦʣʦʪʦ ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʜʝʣʷʣʠ ʧʫʪʸʤ ʙʘʨʙʦʪʠʨʦʚʘʥʠʷ ʚ ʥʝʛʦ 

ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ SO2 (ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʦʩʘʜʢʘ). ɺʳʧʘʜʝ-
ʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʦʩʘʜʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʟʦʣʦʪʘ (ʠʣʠ ʩʫʣʴʬʠ-
ʜʘ Au2S3) ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʦʩʘʞʜʝʥʠʠ 
ʟʦʣʦʪʘ. ɿʘʪʝʤ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʫʣʴʬʠ-
ʪʘ ʥʘʪʨʠʷ Na2SO3, ʚʳʜʝʨʞʠʚʘʣʠ 2 ʯ ʧʨʠ 50 Áʉ; ʧʨʠ ʵʪʦʤ ʚʦʩʩʪʘʥʘʚ-
ʣʠʚʘʣʩʷ ʩʝʣʝʥ ʜʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʳʧʘʜʘʷ ʚ ʚʠʜʝ ʢʨʘʩʥʦ-
ʙʫʨʦʛʦ ʦʩʘʜʢʘ Se. ʆʩʘʜʢʠ ʟʦʣʦʪʘ ʠ ʩʝʣʝʥʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ,    
ʧʨʦʤʳʚʘʣʠ ʠ ʦʪʧʨʘʚʣʷʣʠ ʥʘ ʘʥʘʣʠʟ. ʂʦʥʝʯʥʳʡ ʨʘʩʪʚʦʨ ʧʦʩʣʝ    
ʦʩʘʞʜʝʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʜʝʨʞʘʣ (<0,1 ʛ/ʣ Au, <0,5 
ʛ/ʣ Se) ʠ ʧʦʜʣʝʞʘʣ ʨʝʛʝʥʝʨʘʮʠʠ ʣʠʙʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚ ʩʠʩʪʝʤʫ    
ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʦʩʣʝ ʦʯʠʩʪʢʠ.  
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʚ ʪʚʸʨʜʦʤ ʦʩʪʘʪʢʝ (ʬʠʣʴʪʨʘʪʝ 

ʧʦʩʣʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ) ʦʩʪʘʣʠʩʴ ʦʩʥʦʚʥʳʝ ʮʝʥʥʳʝ 
ʢʦʤʧʦʥʝʥʪʳ: Ag, ʧʣʘʪʠʥʦʚʳʝ ʤʝʪʘʣʣʳ, ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ Au 
(~5-10 %, ʧʦʪʝʨʷʥʥʳʭ ʠʟ-ʟʘ ʥʝʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ), ʘ ʪʘʢʞʝ ʥʝʨʘʩ-

ʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ PbSO4, TeO2 ʠ ʧʨ. ʕʪʦʪ ʦʩʪʘʪʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʚʳʜʝʣʝʥʠʷ ʩʝʨʝʙʨʘ ʠ ʇɻʄ; 
ï ɸʤʤʠʘʯʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʩʝʨʝʙʨʘ. ʆʩʪʘʪʦʢ ʧʦʩʣʝ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʦʜʝʨʞʠʪ ʜʦ 80 % ʠʩʭʦʜʥʦʛʦ ʩʝʨʝʙʨʘ, ʚ 
ʬʦʨʤʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Ag2SO4 ʠ ʤʝʣʢʠʭ ʚʢʣʶʯʝʥʠʡ ʤʝʪʘʣʣʠ-
ʯʝʩʢʦʛʦ Ag. ɼʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʩʝʨʝʙʨʘ ʧʨʠʤʝʥʷʣʠ  
ʘʤʤʠʘʯʥʳʡ ʨʘʩʪʚʦʨ, ʚ ʢʦʪʦʨʦʤ ʦʙʨʘʟʫʶʪʩʷ ʨʘʩʪʚʦʨʠʤʳʝ ʘʤʤʠʥʥʳʝ 
ʢʦʤʧʣʝʢʩʳ ʩʝʨʝʙʨʘ. ʂʝʢ ʩʤʝʰʠʚʘʣʠ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ 
ʢʦʥʮʝʥʪʨʘʮʠʝʡ 25 % NH3 (ʧʣʦʪʥʦʩʪʴ ~0,91 ʛ/ʩʤį ) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 
ʊ:ɾ = 1:3. ɼʦʙʘʚʣʷʣʠ ʭʣʦʨʠʜ ʘʤʤʦʥʠʷ NH4Cl (50 ʛ/ʣ) ʜʣʷ ʫʚʝʣʠʯʝ-
ʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ Ag2SO4 ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ    
ʭʣʦʨʠʜʦ-ʘʤʤʠʥʥʳʭ ʠʦʥʦʚ. ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝ-
ʨʘʪʫʨʝ 40 Áʉ ʧʦʜ ʢʨʳʰʢʦʡ (ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʩʧʘʨʝʥʠʷ ʘʤʤʠʘʢʘ) ʚ 
ʪʝʯʝʥʠʝ 4 ʯ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʝʨʝʙʨʘ (ʜʦ 90-95 %) 
ʧʝʨʝʰʣʘ ʚ ʨʘʩʪʚʦʨ: ɖAg ~ 90 %. ʇʨʦʪʝʢʘʣʠ ʨʝʘʢʮʠʠ: Ag2SO4 + 4 NH3 
Ÿ 2 [Ag(NH3)2]ϕ + SO42ϖ ʠ AgCl + 2NH3 Ÿ [Ag(NH3)2]ϕ + Clϖ.  
ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʪʸʤʥʦ-ʩʠʥʠʡ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʥʦʛʦ [Ag(NH3)2]ϕ 

ʬʠʣʴʪʨʦʚʘʣʠ ʦʪ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʩʝʨʝʙʨʘ 
ʠʟ ʘʤʤʠʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ 
ʠʣʠ ʮʝʤʝʥʪʘʮʠʶ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩʝʨʝʙʨʦ ʦʩʘʞʜʘʣʠ 
ʜʦʙʘʚʣʝʥʠʝʤ ʧʦʨʦʰʢʦʚʦʡ ʤʝʜʠ: ʧʨʦʪʝʢʘʣʘ ʮʝʤʝʥʪʘʮʠʦʥʥʘʷ ʨʝʘʢ-
ʮʠʷ 2[Ag(NH3)2]Cl + Cu Ÿ 2 AgŹ + CuCl2 + 4NH3. ɺʳʧʘʚʰʠʡ ʩʝʨʳʡ 
ʦʩʘʜʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʨʝʙʨʘ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ; ʧʦ ʘʥʘʣʠʟʘʤ 
ʝʛʦ ʯʠʩʪʦʪʘ ~98 % Ag ʩ ʧʨʠʤʝʩʷʤʠ Cu, ʧʨʠʛʦʜʝʥ ʜʣʷ ʦʪʧʨʘʚʢʠ ʥʘ 
ʘʬʬʠʥʘʞ. ʈʘʩʪʚʦʨ ʧʦʩʣʝ ʮʝʤʝʥʪʘʮʠʠ (ʩʦʜʝʨʞʘʱʠʡ Cu2ϕ, NH4ϕ, Clϖ) 
ʚʦʟʚʨʘʱʘʣʠ ʥʘ ʩʪʘʜʠʶ ʦʙʝʟʤʝʜʥʝʥʠʷ ʠʣʠ ʨʝʛʝʥʝʨʠʨʦʚʘʣʠ; 
ï ʑʸʣʦʯʥʦ-ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʩʪʘʪʢʘ ʠ ʧʦʣʫʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʪʘ ʄʇɻ. ʅʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ ʧʦʩʣʝ ʘʤʤʠʘʯʥʦʛʦ 
ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʠʥʘʣʴʥʳʡ ʪʚʸʨʜʳʡ ʧʨʦʜʫʢʪ, 
ʦʙʦʛʘʱʸʥʥʳʡ ʧʣʘʪʠʥʦʚʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʚ ʵʪʦʤ 
ʦʩʪʘʪʢʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ >98 % ʧʣʘʪʠʥʳ ʠ ʧʘʣʣʘʜʠʷ ʦʪ ʠʭ ʠʩʭʦʜʥʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʚ ʰʣʘʤʝ (ʧʦʪʝʨʠ <2 % ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʨʘʩʪʚʦʨʳ ʧʨʝʜʳ-
ʜʫʱʠʭ ʩʪʘʜʠʡ). ʆʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʜʘʥʥʦʤ ʦʩʘʜʢʝ ʧʦʩʪʦʨʦʥʥʠʭ 
ʧʨʠʤʝʩʝʡ (ʩʦʝʜʠʥʝʥʠʡ Pb, Te, ʥʝʠʟʚʣʝʯʝʥʥʦʛʦ Au ʠ Ag, ʦʢʩʠʜʦʚ Cu 
ʠ ʜʨ.) ʩʥʠʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʄʇɻ ʚ ʢʦʥʮʝʥʪʨʘʪʝ. ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴ-
ʥʦʡ ʦʯʠʩʪʢʠ ʠ ʦʪʜʝʣʝʥʠʷ ʪʝʣʣʫʨʘ ʧʨʠʤʝʥʝʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 
ʦʙʨʘʙʦʪʢʘ ʚ ʱʸʣʦʯʥʦʡ ʩʨʝʜʝ. ʅʘʚʝʩʢʫ ʚʣʘʞʥʦʛʦ ʦʩʪʘʪʢʘ ʩʤʝʰʠʚʘʣʠ 
ʩ ʪʚʸʨʜʦʡ ʛʠʜʨʦʢʩʠʜ-ʥʠʪʨʘʪʥʦʡ ʩʤʝʩʴʶ: NaOH ʠ NaNO3 ʚ ʤʘʩʩ. 
ʩʦʦʪʥʦʰʝʥʠʠ 3:1 (ʦʙʱʠʡ ʨʘʩʭʦʜ ~50 % ʦʪ ʤʘʩʩʳ ʦʩʪʘʪʢʘ).  
ʉʤʝʩʴ ʟʘʛʨʫʞʘʣʠ ʚ ʢʝʨʘʤʠʯʝʩʢʠʡ ʪʠʛʝʣʴ ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʤʫʬʝʣʴ-

ʥʦʡ ʧʝʯʠ ʜʦ 300-350 Áʉ, ʚʳʜʝʨʞʠʚʘʣʠ 1 ʯ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
ʇʨʦʠʩʭʦʜʠʣʦ ʩʫʭʦʝ ʦʢʠʩʣʝʥʠʝ ʪʝʣʣʫʨʘ ʠ ʯʘʩʪʠʯʥʦ ʩʝʨʳ: 2Te + 
2NaOH + 3O2 Ÿ 2 Na2TeO3 + 2H2O; ʩʝʣʝʥ, ʝʩʣʠ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʪʘʢʞʝ 
ʦʢʠʩʣʷʝʪʩʷ ʜʦ Na2SeO4. ʉʚʠʥʝʮ (ʠʟ PbSO4) ʧʨʠ ʩʧʝʢʘʥʠʠ ʧʝʨʝʭʦʜʠʪ 
ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʢʩʠʜ PbO. ʇʦʣʫʯʝʥʥʳʡ ʩʧʸʢ ʠʟʤʝʣʴʯʘʣʠ ʠ ʚʳʱʝ-
ʣʘʯʠʚʘʣʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ (70-80 Áʉ, L:S = 5:1). ʇʨʠ ʵʪʦʤ ʩʦʣʠ ʪʝʣʣʫ-
ʨʦʚʦʡ ʠ ʩʝʣʝʥʦʚʦʡ ʢʠʩʣʦʪ ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʩʪʚʦʨ.  
ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ    ʨʘʩʪʚʦʨ ʫʭʦʜʠʪ ʜʦ 80-85 % ʪʝʣʣʫʨʘ ʠ 

>95 % ʦʩʪʘʪʦʯʥʦʛʦ ʩʝʣʝʥʘ. ʈʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ Na2TeO3/Na2TeO4, 

ʋʙʚʤʡʯʙ 1 
ʊʧʪʫʙʛ ʡʪʮʧʝʦʧʜʧ ʥʞʝʦʧʜʧ ʙʦʧʝʦʧʜʧ ʱʤʙʥʙ ʡ ʨʧʤʬʰʞʦʦʧʜʧ 

ʣʧʦʯʞʦʫʩʙʫʙ ʅʈɼ (ʥʙʪ. %) 

ʖʤʞʥʞʦʫ 
ʁʪʮʧʝʦʴʢ  
ʱʤʙʥ 

ʃʧʦʯʞʦʫʩʙʫ  
ʅʈɼ 

Cu 25,0 0,5 
Au 2,0 0,2 
Ag 8,0 1,0 
Se 3,0 0,05 
Te 1,0 0,1 
Pt 0,5 45,0 
Pd 0,3 30,0 
Ɇ ʇɻʄ 0,8 75 
ʇʨʦʯʠʝ (Pb, Sn, Ni, Fe, SiOϜ ʠ ʜʨ.) 60 23 
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ʦʭʣʘʞʜʘʣʠ; ʧʨʠ ʵʪʦʤ ʠʟ ʥʝʛʦ ʯʘʩʪʠʯʥʦ ʚʳʚʘʣʠʚʘʣʩʷ ʦʩʘʜʦʢ TeO2 
(ʥʝʧʦʣʥʳʡ ʛʠʜʨʦʣʠʟ).     ɼʣʷ ʧʦʣʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʪʝʣʣʫʨʘ ʨʘʩʪʚʦʨ 
ʧʦʜʢʠʩʣʷʣʠ ʜʦ pH 1-2 ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ï ʧʨʠ ʵʪʦʤ ʪʝʣʣʫʨ ʦʩʘʞʜʘʣ-
ʩʷ ʚ ʚʠʜʝ ʜʠʦʢʩʠʜʘ TeO2. ʆʩʘʜʦʢ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ; ʧʦʣʫ-
ʯʝʥʥʳʡ ʩʳʨʦʡ ʜʠʦʢʩʠʜ ʪʝʣʣʫʨʘ (~ 90 % Te) ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ 
ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʚʘʢʫʫʤʥʫʶ ʧʝʨʝʛʦʥʢʫ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʚʘʨʥʦʛʦ 
ʪʝʣʣʫʨʘ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʣʣʫʨ ʠ ʩʝʣʝʥ, ʨʘʥʝʝ ʤʝʰʘʶʱʠʝ ʚʳʜʝʣʝʥʠʶ 

ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ, ʚʳʜʝʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ. ʊʚʸʨʜʳʡ 
ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ ʧʦʩʣʝ ʱʝʣʦʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʦʪʜʝʣʝ-
ʥʠʷ ʪʝʣʣʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʣʝʢʪʠʚʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʙʣʘʛʦ-
ʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʙʦʛʘʱʝʥʥʳʡ ʧʣʘʪʠʥʦʡ ʠ ʧʘʣʣʘʜʠʝʤ. ɽʛʦ ʩʦʩʪʘʚ 
ʧʨʠʚʝʜʸʥ ʚ ʪʘʙʣ. 1: ʩʦʜʝʨʞʘʥʠʝ Pt ~ 45 %, Pd ~30 %, Au ~ 0,2 %,   
Ag ~ 1 %, ʦʩʪʘʣʴʥʦʝ ï ʦʢʩʠʜʥʳʝ ʧʨʠʤʝʩʠ (PbO, CuO, SiO2 ʠ ʜʨ.). 
ʉʫʤʤʘʨʥʘʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ (Pt+Pd+Rh+Ru) 
ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 75-80 %. ɼʘʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ï 
ʯʸʨʥʦ-ʩʝʨʳʡ ʧʦʨʦʰʦʢ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ 
ʤʝʞʜʫ ʩʪʘʜʠʷʤʠ    ʨʘʩʩʯʠʪʳʚʘʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟ-
ʚʣʝʯʝʥʠʷ (ɖ) ʠ ʦʙʦʛʘʱʝʥʠʷ (Ů).  ʀʟʚʣʝʯʝʥʠʝ ʵʣʝʤʝʥʪʘ i ʥʘ ʜʘʥʥʦʡ 
ʩʪʘʜʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʫʣʦʡ: 

    
(1) 

 
ʛʜʝ mi, ʧʨʦʜʫʢʪ ï ʤʘʩʩʘ ʵʣʝʤʝʥʪʘ i ʚ ʮʝʣʝʚʦʤ ʧʨʦʜʫʢʪʝ ʩʪʘʜʠʠ, ʢʛ; 

mi, ʠʩʭ. ï ʤʘʩʩʘ ʵʣʝʤʝʥʪʘ i ʚ ʰʣʘʤʝ, ʢʛ. 
ʅʘʧʨʠʤʝʨ, ʠʟʚʣʝʯʝʥʠʝ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨ ʥʘ ʩʪʘʜʠʠ ʦʙʝʟʤʝʜʥʝʥʠʷ 

ʩʦʩʪʘʚʠʣʦ ɖCu = 99,3 %. 
ʉʪʝʧʝʥʴ ʦʙʦʛʘʱʝʥʠʷ (ʢʦʥʮʝʥʪʨʘʮʠʠ) ʵʣʝʤʝʥʪʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʧʨʦʜʫʢʪʝ ʢ ʩʦʜʝʨʞʘʥʠʶ ʚ 
ʠʩʭʦʜʥʦʤ ʩʳʨʴʝ: 

 
    (2) 

 
ʛʜʝ Ci, ʧʨʦʜʫʢʪ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ i ʚ ʧʦʣʫʯʝʥʥʦʤ ʧʨʦʜʫʢʪʝ, %; 

Ci, ʠʩʭ.  ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ i ʚ ʠʩʭʦʜʥʦʤ ʰʣʘʤʝ, %. 
 ɼʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʇɻʄ ʩʪʝʧʝʥʴ ʦʙʦʛʘʱʝʥʠʷ ʧʣʘʪʠ-

ʥʳ ŮPt ʧʨʝʚʳʰʘʝʪ 90 (ʪʦ ʝʩʪʴ ~ 45% ʧʨʦʪʠʚ 0,5%), ʧʘʣʣʘʜʠʷ ï ʦʢʦ-

ʣʦ 100 (30% ʧʨʦʪʠʚ 0,3%) (ʨʠʩ. 3). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ ʩʝ-
ʣʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʧʨʝʜʣʘʛʘʝʤʳʤ ʩʧʦ-
ʩʦʙʦʤ [9].  
ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʝʥ ʤʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʧʦ ʮʝʣʝʚʳʤ 

ʤʝʪʘʣʣʘʤ. ʊʘʢ, ʩʫʤʤʘʨʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʤʝʜʠ ʚ ʩʝʨʥʦʢʠʩʣʳʡ ʨʘʩʪʚʦʨ 
(ʧʦʩʣʝ ʦʙʝʟʤʝʜʥʝʥʠʷ) ʠ ʚ ʘʤʤʠʘʯʥʳʡ ʨʘʩʪʚʦʨ (ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 
ʢʦʣʠʯʝʩʪʚʘʭ) ʩʦʩʪʘʚʠʣʦ 99,5 %, ʧʦʪʝʨʠ ʩ ʪʚʸʨʜʳʤ ʢʦʥʮʝʥʪʨʘʪʦʤ ~ 
0,5 %. ʀʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʚ ʦʩʘʜʦʢ Au ʧʦʩʣʝ ʥʠʪʨʠʪʥʦʛʦ ʚʳʱʝʣʘʯʠ-
ʚʘʥʠʷ ï 94,6 %, ʝʱʸ ~4,8 % Au ʧʝʨʝʰʣʦ ʚ ʩʝʨʝʙʨʷʥʳʡ ʮʝʤʝʥʪ 
(ʘʜʩʦʨʙʠʨʦʚʘʣʦʩʴ ʥʘ ʤʝʜʠ ʧʨʠ ʮʝʤʝʥʪʘʮʠʠ Ag), ʠ ʩʫʤʤʘʨʥʦ ʠʟʚʣʝ-
ʯʝʥʠʝ Au ʜʦʩʪʠʛʣʦ ~99,4 %; ʦʩʪʘʚʰʠʝʩʷ ʩʣʝʜʳ Au (~ 0,6 %) ʦʩʪʘ-
ʣʠʩʴ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʄʇɻ. ʀʟʚʣʝʯʝʥʠʝ ʩʝʨʝʙʨʘ ʚ ʮʝʤʝʥʪʠʨʦʚʘʥʥʳʡ 
ʧʦʨʦʰʦʢ ï 91 %, ʧʦʪʝʨʠ Ag ʚ ʢʦʥʮʝʥʪʨʘʪʝ ~9 %. ʀʟʚʣʝʯʝʥʠʝ ʩʝʣʝʥʘ ï 
88 % (ʦʩʘʜʦʢ Se), ʝʱʸ ~10 % ʫʰʣʦ ʚ ʨʘʩʪʚʦʨ ʪʝʣʣʫʨʦʚʦʛʦ ʚʳʱʝʣʘ-
ʯʠʚʘʥʠʷ (ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʚʨʘʱʝʥʦ), ʧʦʪʝʨʠ Se ʩ ʢʦʥʮʝʥʪʨʘʪʦʤ ~    
2 %. ʀʟʚʣʝʯʝʥʠʝ ʪʝʣʣʫʨʘ (ʚ ʦʩʘʜʦʢ TeO2) ï 78 %, ʦʩʪʘʣʴʥʦʝ (~ 22 %) 
ʦʩʪʘʣʦʩʴ ʚ ʢʦʥʮʝʥʪʨʘʪʝ (TeO2ĀPbO ʚ ʧʨʠʤʝʩʷʭ).  
ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʧʦʣʥʦʝ ʦʪʜʝʣʝʥʠʝ Te, ʝʛʦ ʘʙʩʦʣʶʪʥʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʚ ʢʦʥʮʝʥʪʨʘʪʝ    ʥʠʟʢʦʝ (ʜʦʣʠ ʧʨʦʮʝʥʪʘ, ʪʘʙʣ. 1).  ʀʟʚʣʝʯʝʥʠʝ 
ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ Pt ʠ Pd ʚ ʢʦʥʝʯʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʩʦʩʪʘʚʠʣʦ 
98,5 % ʠ 97,0 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʥʝʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʩʚʷʟʘʥʳ ʩ ʨʘʩ-
ʪʚʦʨʝʥʠʝʤ ʩʣʝʜʦʚ ʇɻʄ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ (ʙʳʣʦ 
ʦʙʥʘʨʫʞʝʥʦ ~ 0,5 ʤʛ/ʣ   Pt ʠ Pd ʚ ʥʠʪʨʠʪʥʦʤ ʬʠʣʴʪʨʘʪʝ) ʠ ʤʝʭʘʥʠ-
ʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ ʧʨʠ ʬʠʣʴʪʨʘʮʠʷʭ (ʨʠʩ. 4).  
ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʚʦʩʭʦʜʷʪ ʪʠʧʠʯʥʳʝ ʜʣʷ ʧʠʨʦʤʝʪʘʣʣʫʨ-

ʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ: ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʰʣʘʤʦʚ ʚ 
ʧʝʯʠ ʂʘʣʜʦ ʯʘʩʪʴ ʧʘʣʣʘʜʠʷ ʠ ʨʦʜʠʷ ʫʭʦʜʠʪ ʚ ʰʣʘʢ ʠ ʧʳʣʴ, ʠ ʩʦʚʦ-
ʢʫʧʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʠʞʝ 80 %. ɺ 
ʥʘʰʝʡ ʞʝ ʩʭʝʤʝ ʧʦʪʝʨʠ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʤʠʥʠʤʘʣʴʥʳ, ʪʘʢ ʢʘʢ 
ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʝ ʜʦ ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠ 
ʚʳʜʝʣʷʶʪʩʷ ʚ ʪʚʸʨʜʦʤ ʦʩʪʘʪʢʝ. ʅʘ ʨʠʩ. 5. ʠʟʦʙʨʘʞʝʥʘ ʧʨʝʜʣʦʞʝʥ-
ʥʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʮʝʥʪʨʘʪʘ ʄʇɻ. 
ʇʦʣʫʯʝʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʄʇɻ ʤʦʞʝʪ ʙʳʪʴ ʚʦʚʣʝʯʸʥ ʚ ʩʫʱʝʩʪʚʫ-

ʶʱʠʝ ʧʨʦʮʝʩʩʳ ʨʘʟʜʝʣʝʥʠʷ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ. ʆʜʠʥ ʠʟ ʚʘʨʠ-
ʘʥʪʦʚ ï ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʮʘʨʩʢʦʡ ʚʦʜʢʝ ʠʣʠ ʭʣʦʨʥʦʡ 
ʚʦʜʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʭʣʦʨʦʢʦʤʧʣʝʢʩʦʚ Pt(IV) ʠ Pd(II) ʠ ʧʦʩʣʝʜʫʶʱʝʝ 
ʠʭ ʩʝʣʝʢʪʠʚʥʦʝ ʦʩʘʞʜʝʥʠʝ.  
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʣʘʪʠʥʘ ʤʦʞʝʪ ʩʝʣʝʢʪʠʚʥʦ ʦʩʘʞʜʘʪʴʩʷ ʠʟ ʭʣʦʨʠʜ-
ʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʦʙʘʚʣʝʥʠʝʤ ʭʣʦʨʠʜʘ ʘʤʤʦʥʠʷ (ʦʙʨʘʟʫʝʪʩʷ ʛʝʢ-
ʩʘʭʣʦʨʦʧʣʘʪʠʥʘʪ ʘʤʤʦʥʠʷ (NH4)2[PtCl6]). ɺ ʬʠʣʴʪʨʘʪʝ ʧʨʠ ʵʪʦʤ ʦʩʪʘ-
ʸʪʩʷ ʧʘʣʣʘʜʠʡ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʤʝʪʘʣʣʳ. ʇʨʠʤʝʩʠ (Fe, Cu, Ni) ʤʦʛʫʪ 
ʙʳʪʴ ʦʪʜʝʣʝʥʳ ʦʩʘʞʜʝʥʠʝʤ ʛʠʜʨʦʦʢʠʩʝʡ ʜʦʙʘʚʣʝʥʠʝʤ ʱʸʣʦʯʠ. ɼʘ-
ʣʝʝ ʧʘʣʣʘʜʠʡ ʠʟʚʣʝʢʘʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl, 
ʚʳʟʳʚʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʯʘʩʪʠʯʥʦʝ ʧʨʝ-
ʚʨʘʱʝʥʠʝ ʚ ʦʩʘʜʦʢ ʭʣʦʨʧʘʣʣʘʜʘʪʘ ʘʤʤʦʥʠʷ ʠʣʠ ʘʤʠʥʥʳʭ ʩʦʝʜʠʥʝ-
ʥʠʡ (ʥʘʧʨʠʤʝʨ, [Pd(NH3)2]Cl2 ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʘʤʤʠʘʢʦʤ).  
ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʦʩʩʪʘʥʦʚʠ-

ʪʝʣʴʥʦʝ ʦʩʘʞʜʝʥʠʝ ʧʘʣʣʘʜʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ï ʵʬʬʝʢʪʠʚʥʳʤ ʚʦʩʩʪʘ-
ʥʦʚʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʟʠʥ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʧʦʨʦʰʢʦʦʙ-
ʨʘʟʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʘʣʣʘʜʠʡ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ 
ɺʦʭʠʜʦʚʘ, ʩʦʯʝʪʘʥʠʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʘʞʜʝʥʠʷ (NH4Cl ʜʣʷ Pt, ʛʠʜʨʦ-
ʦʢʠʩʠ ʜʣʷ ʧʨʠʤʝʩʝʡ) ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʩʘʜʢʠ ʧʘʣʣʘʜʠʷ (HCl 
ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ, ʟʘʪʝʤ ʛʠʜʨʘʟʠʥ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 
ʧʘʣʣʘʜʠʝʚʳʡ ʧʦʨʦʰʦʢ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ Pd 99,5-99,9 % ʧʨʠ ʩʢʚʦʟ-
ʥʦʤ ʠʟʚʣʝʯʝʥʠʠ ʧʘʣʣʘʜʠʷ ~82-85 % ʠʟ ʠʩʭʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ.  
ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʜʝʪʘʣʴʥʦʝ ʨʘʬʠʥʠʨʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘ-

ʪʘ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ, ʦʜʥʘʢʦ ʦʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝ-
ʥʳ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʢʦʥʮʝʥʪʨʘʪʫ ʄʇɻ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʳʭ ʠʥʜʠʚʠ-
ʜʫʘʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ. 
ʇʨʦʚʝʜʝʥʥʳʝ ʦʧʳʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦ-

ʞʝʥʥʦʡ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʩʭʝʤʳ. ɺʩʝ ʮʝʣʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ 
ʠʟʚʣʝʯʝʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʜʠʷʭ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦ-
ʩʪʴʶ. ʄʝʜʴ, ʥʠʢʝʣʴ ʠ ʩʚʠʥʝʮ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʶʪʩʷ ʚ 
ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʠʭ ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʩʣʝ-
ʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ 
ʦʩʪʘʪʢʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ɿʦʣʦʪʦ ʫʩʧʝʰʥʦ 
ʚʳʜʝʣʝʥʦ ʠʟ ʰʣʘʤʘ ʚ ʬʦʨʤʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʩʘʜʢʘ ʝʱʝ ʜʦ ʧʝʨʝʭʦ-
ʜʘ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨ ï ʵʪʦ ʚʘʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʟʦʣʦʪʦ 
ʩʦʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʮʝʥʥʦʩʪʠ ʰʣʘʤʘ ʠ ʝʛʦ ʨʘʥʥʝʝ    
ʠʟʚʣʝʯʝʥʠʝ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ Au ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 
ʮʝʧʦʯʢʝ. ʇʦʣʫʯʝʥʥʳʡ ʚ ʦʧʳʪʘʭ ʦʩʘʜʦʢ ʟʦʣʦʪʘ (ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ ʠ 
ʩʫʰʢʠ) ʩʦʜʝʨʞʠʪ >99 % Au ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʨʘʟʫ ʥʘʧʨʘʚʣʝʥ ʚ ʧʣʘʚʢʫ 

ʥʘ ʩʣʠʪʢʠ ʚʳʩʦʢʦʡ ʧʨʦʙʳ (99,99 %). ʉʝʣʝʥ ʚʳʜʝʣʝʥ ʥʘ ʦʪʜʝʣʴʥʦʡ 
ʩʪʘʜʠʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʝʛʦ 
ʚʦʟʛʦʥʢʠ ʚ ʛʘʟ ʧʨʠ ʧʣʘʚʢʝ (ʧʨʦʙʣʝʤʘ ʧʠʨʦʩʭʝʤ). ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ 
ʦʩʘʜʢʘ Se (ʯʸʨʥʳʡ ʧʦʨʦʰʦʢ) ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʡ ʩʫʙʣʠʤʘʮʠʠ ʧʣʘ-
ʥʠʨʫʝʪʩʷ ʧʦʣʫʯʘʪʴ ʪʦʚʘʨʥʳʡ ʩʝʣʝʥ ʤʘʨʢʠ ʉʊ0 ʠʣʠ ʉʊ1 (ʯʠʩʪʦʪʦʡ 
>99,5 % Se). ʉʝʨʝʙʨʦ ʠʟʚʣʝʯʝʥʦ ʠʟ ʰʣʘʤʘ ʩ ʧʨʠʝʤʣʝʤʦʡ ʧʦʣʥʦʪʦʡ 
(~91 %) ʚ ʚʠʜʝ ʮʝʤʝʥʪʥʦʛʦ ʧʦʨʦʰʢʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ 
ʘʬʬʠʥʘʞ ʩʝʨʝʙʨʘ.  
ʆʩʪʘʚʰʠʡʩʷ ʚ ʢʦʥʮʝʥʪʨʘʪʝ Ag (ʦʢʦʣʦ 1 % ʤʘʩʩ.) ʥʝ ʧʨʝʧʷʪʩʪʚʫ-

ʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʚʳʜʝʣʝʥʠʶ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥ ʥʘ ʩʪʘʜʠʠ ʘʬʬʠʥʘʞʘ (ʥʘʧʨʠʤʝʨ, ʨʘʩʪʚʦ-
ʨʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʘ ʚ HNO3 ʩ ʦʪʜʝʣʝʥʠʝʤ AgCl). ʊʝʣʣʫʨ, ʷʚʣʷʶ-
ʱʠʡʩʷ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʚ ʧʨʦʜʫʢʪʘʭ, ʫʩʧʝʰʥʦ ʫʜʘʣʸʥ ʠʟ 
ʢʦʥʮʝʥʪʨʘʪʘ ʥʘ ʱʝʣʦʯʥʦʡ ʩʪʘʜʠʠ ï ʢʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʝʟ 
ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʪʝʣʣʫʨʠʜʳ ʤʦʛʣʠ ʙʳ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʠʪʴ ʨʘʩʪʚʦ-
ʨʝʥʠʝ ʇɻʄ ʧʨʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʤ ʘʬʬʠʥʘʞʝ.    
ʆʪʤʝʪʠʤ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ï ʚʘʞʥʦʝ ʧʨʝʠʤʫ-

ʱʝʩʪʚʦ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʩʭʝʤʳ. ɺʩʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʚ 
ʟʘʢʨʳʪʳʭ ʨʝʘʢʪʦʨʘʭ ʠʣʠ ʝʤʢʦʩʪʷʭ; ʚʳʜʝʣʷʶʱʠʝʩʷ ʛʘʟʳ (NOx, SO2) 
ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʚʥʫʪʨʠ ʧʨʦʮʝʩʩʘ (ʥʘʧʨʠʤʝʨ, NOx ʧʦʛʣʦʱʘʶʪʩʷ ʚ 
ʥʠʪʨʠʪʥʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ, SO2 ʧʦʣʥʦʩʪʴʶ ʨʝʘʛʠʨʫʝʪ ʧʨʠ ʦʩʘʞʜʝ-
ʥʠʠ Au ʠ ʟʘʪʝʤ ʦʢʠʩʣʷʝʪʩʷ ʚʦʟʜʫʭʦʤ). ʕʪʦ ʢʦʥʪʨʘʩʪʠʨʫʝʪ ʩ ʧʠʨʦʤʝ-
ʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʧʣʘʚʣʝʥʠʝʤ, ʛʜʝ ʪʨʝʙʫʶʪʩʷ ʤʦʱʥʳʝ ʩʠʩʪʝʤʳ ʛʘʟʦ-
ʦʯʠʩʪʢʠ, ʠ ʚʩʸ ʞʝ ʯʘʩʪʴ ʩʝʣʝʥʘ ʥʝʠʟʙʝʞʥʦ ʫʥʦʩʠʪʩʷ ʩ ʜʳʤʦʚʳʤʠ 
ʛʘʟʘʤʠ.   ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʥʘʧʨʦʪʠʚ, ʣʦʢʘʣʠʟʫʝʪ ʩʝʣʝʥ ʠ 
ʪʝʣʣʫʨ ʚ ʞʠʜʢʠʭ ʠ ʪʚʸʨʜʳʭ ʧʦʪʦʢʘʭ, ʦʙʣʝʛʯʘʷ ʠʭ ʧʦʩʣʝʜʫʶʱʫʶ 
ʧʝʨʝʨʘʙʦʪʢʫ. 
ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʠʤʳ ʠʣʠ ʧʨʝʚʦʩʭʦʜʷʪ ʜʘʥʥʳʝ, ʠʟʚʝʩʪʥʳʝ 

ʜʣʷ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ ɽʬʠʤʦʚʘ ʠ ʜʨ. 
(ʅʦʨʠʣʴʩʢʠʡ ʥʠʢʝʣʴ) ʠʩʩʣʝʜʦʚʘʥʘ ʩʭʝʤʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʦʙʞʠ-
ʛʘ ʰʣʘʤʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ: ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʛʘʨ-
ʢʘ ʰʣʘʤʘ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤ ʨʝʘʛʝʥʪʦʤ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʩʫʣʴʬʘ-
ʪʠʟʘʮʠʷ (ʦʙʞʠʛ ʩ H2SO4 ʧʨʠ 200 Áʉ) ʧʦʟʚʦʣʠʣʠ ʧʝʨʝʚʝʩʪʠ ʚ ʨʘʩʪʚʦʨ 
ʜʦ 99 % Ni, 99 % Cu ʠ 90 % Fe, ʘ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ ʩʦʜʝʨʞʘʣ 
20-30 % ʄʇɻ. ɼʘʥʥʘʷ ʩʭʝʤʘ ʙʣʠʟʢʘ ʧʦ ʠʜʝʦʣʦʛʠʠ ʢ ʥʘʰʝʡ 
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(ʫʜʘʣʝʥʠʝ Cu ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʝʤ, ʧʦʣʫʯʝʥʠʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʣʘʪʠ-
ʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ), ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʘʜʠʠ ʚʳʩʦʢʦ-
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʞʠʛʘ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʥʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʘʥʘʣʦʛʠʯ-
ʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ï ʤʝʜʴ ʫʜʘʣʷʝʪʩʷ 
ʧʨʠ 25-30 Áʉ ʚ ʨʝʘʢʪʦʨʝ, ʘ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʪʘʪʦʢ ʧʦʩʣʝ ʚʩʝʭ ʛʠʜ-
ʨʦʩʪʘʜʠʡ ʩʦʜʝʨʞʠʪ ~75 % ʄʇɻ (ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 20-30 % ʙʝʟ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ).  
ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʦʙʫʩʣʦʚʣʝʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʫʜʘʣʝʥʠʝʤ Au, Ag, Se, Te ʧʝʨʝʜ ʬʠʥʘʣʴʥʦʡ 
ʩʪʘʜʠʝʡ, ʯʝʛʦ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʠʚʝʜʸʥʥʘʷ ʧʠʨʦʛʠʜʨʦʤʝʪʘʣ-
ʣʫʨʛʠʯʝʩʢʘʷ ʩʭʝʤʘ. ʅʘʰ ʢʦʥʮʝʥʪʨʘʪ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʭʠʤʠʯʝ-
ʩʢʦʛʦ ʘʬʬʠʥʘʞʘ, ʥʦ ʘʥʘʣʦʛʠʯʥʦʝ ʨʘʟʜʝʣʝʥʠʝ Pt ʠ Pd ʥʝʦʙʭʦʜʠʤʦ ʠ 
ʜʣʷ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʦ ʜʨʫʛʠʤ ʪʝʭʥʦʣʦʛʠʷʤ.  
ʀʟʚʣʝʯʝʥʠʝ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʚ ʥʘʰʝʡ ʩʭʝʤʝ (>97 %) ʟʘ-

ʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʚ ʪʝʭʥʦʣʦʛʠʠ ɹʘʣʭʘʰʩʢʦʛʦ ʟʘʚʦʜʘ, ʛʜʝ 
ʧʨʠ ʧʣʘʚʢʝ ʰʣʘʤʘ ʯʘʩʪʴ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʫʣʘʚʣʠʚʘʝʪʩʷ ʣʠʰʴ 
ʚ ʧʳʣʝʚʳʭ ʰʣʘʤʘʭ ʛʘʟʦʦʯʠʩʪʢʠ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩ ʩ ʧʦʪʝʨʷ-
ʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʚʦʢʫʧʥʦʝ ʠʟʚʣʝʯʝʥʠʝ Au+Ag ʫ ʥʘʩ ʩʦʩʪʘʚʣʷʝʪ ~99 
%, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ ʥʝʢʦʪʦʨʳʝ ʧʦʪʝʨʠ 

ʥʝʠʟʙʝʞʥʳ ʠʟ-ʟʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʥʦʩʘ ʰʣʘʢʘʤʠ ʠ ʠʩʧʘʨʝʥʠʷ 
(ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʝʨʝʙʨʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ) [10, 11, 12]. 
ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʚʦʚʣʝʯʴ ʘʥʦʜʥʳʝ ʰʣʘʤʳ 

ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʙʝʟ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʣʘʚʠʣʴʥʳʭ ʘʛʨʝ-
ʛʘʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʱʝʩʪʚʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 
ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʮʝʭʦʚ (ʨʝʘʢʪʦʨʳ, ʬʠʣʴʪʨʳ ʠ ʧʨ.).  
ɺʩʝ ʨʝʘʛʝʥʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʩʭʝʤʝ (H2SO4, NaNO2, NaOH, 

NH3, ʜʨ.) ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ. ʅʠʪʨʠʪ 
ʥʘʪʨʠʷ, ʭʦʪʷ ʠ ʨʘʩʭʦʜʫʝʪʩʷ, ʯʘʩʪʠʯʥʦ ʨʝʛʝʥʝʨʠʨʫʝʪʩʷ (ʧʨʝʚʨʘʱʘʷʩʴ 
ʚ NaNO3) ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʜʦ ʥʠʪʨʠʪʘ 
ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʚʪʦʨʥʦ.  
ɸʤʤʠʘʯʥʳʝ ʨʘʩʪʚʦʨʳ ʧʦʩʣʝ ʮʝʤʝʥʪʘʮʠʠ Ag ʤʦʞʥʦ ʧʦʚʪʦʨʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʦʚʳʭ ʧʦʨʮʠʡ ʰʣʘʤʘ, ʢʦʤʧʝʥʩʠʨʫʷ ʧʦʪʝʨʠ ʘʤʤʠ-
ʘʢʘ. ʑʝʣʦʯʥrʝ ʚr ʝɦʣʘʯʠʚʘʁ ʠɦʝ ʨʘʩʪʚʦʨr ʧʦʩʣʝ ʦʩʘʞʜʝʥʠ̫ ʪʝʣ-
ʣʫʨʘ ʪʘʢʞʝ ʤʦʛʫʪ ʚʦʟʚʨʘʱʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩ (ʩʦʜʝʨʞʘʪ ʛʣʘʚʥʳʤ ʦʙʨʘ-
ʟʦʤ Na2SO4).  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʭʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʢ ʦʙʨʘʱʘʶʱʘ-

ʷʩʷ, ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ 
ʥʘʛʨʫʟʢʘ ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʸʪ  ʦʪʩʫʪʩʪʚʠʷ ʚʳʙʨʦʩʦʚ SO2 ʠ ʧʳʣʝʡ, 

ʈʠʩ. 5. ʉʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʮʝʥʪʨʘʪʘ ʄʇɻ 
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ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʣʘʚʢʠ; ʚʩʝ ʚʨʝʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (As, Pb) ʢʦʥʮʝʥ-
ʪʨʠʨʫʶʪʩʷ ʚ ʞʠʜʢʠʭ ʦʪʭʦʜʘʭ ʧʝʨʚʦʡ ʩʪʘʜʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 
ʥʝʡʪʨʘʣʠʟʦʚʘʥʳ ʠʟʚʝʩʪʴʶ ʩ ʦʩʘʞʜʝʥʠʝʤ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝ-
ʥʠʡ (ʥʘʧʨʠʤʝʨ, As ï ʚ ʚʠʜʝ ʞʝʣʝʟʦ-ʤʳʰʴʷʢʦʚʳʭ ʦʩʘʜʢʦʚ ʪʠʧʘ FeA-
sO4·xH2O). ʅʘʰʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 
ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʧʝʨʝʨʘʙʦʪʢʠ ʰʣʘʤʦʚ ʩ ʥʝʜʝʣʴ ʜʦ 
ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʟʘ ʩʯʸʪ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʩʪʘʜʠʡ ʠ ʦʪʩʫʪ-
ʩʪʚʠʷ ʜʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ (ʥʘʧʨʠʤʝʨ, ʩʫʰʢʠ ʠʣʠ ʵʣʝʢʪʨʦʨʘʬʠʥʠ-
ʨʦʚʘʥʠʷ ʩʝʨʝʙʨʘ). ʂʨʦʤʝ ʪʦʛʦ, ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʲʸʤ ʥʝʟʘʚʝʨʰʝʥʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʰʣʘʤʳ ʤʦʛʫʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴʩʷ ʦʧʝʨʘʪʠʚʥʦ ʧʦ 
ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ, ʘ ʥʝ ʩʢʣʘʜʠʨʦʚʘʪʴʩʷ ʚ ʦʞʠʜʘʥʠʠ ʧʘʨʪʠʠ ʜʣʷ 
ʧʣʘʚʢʠ. 
ɺʳʚʦʜʳ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʙʘʣʘʥʩʳ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʚʥʝʜʨʝ-
ʥʠʶ ʧʨʦʮʝʩʩʘ ʥʘ ɸʆ «ɸɻʄʂ». ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʥʝʙʦʣʴ-
ʰʫʶ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʫʶ ʣʠʥʠʶ ʚ ʩʦʩʪʘʚʝ ʘʬʬʠʥʘʞʥʦʛʦ ʫʯʘʩʪ-
ʢʘ: ʨʝʘʢʪʦʨ ʦʙʝʟʤʝʜʥʝʥʠʷ (ʢʠʧʷʱʠʡ ʩʣʦʡ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠ ʧʝʨʝʤʝ-
ʰʠʚʘʝʤʳʡ), ʨʝʘʢʪʦʨ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ʢʠʧʷʱʠʡ ʩʣʦʡ 
ʩ ʧʦʜʘʯʝʡ ʛʘʟʦʦʙʨʘʟʥʦʛʦ NOx, ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʥʠʪʨʦʟʥʦʤ 
ʘʧʧʘʨʘʪʝ), ʸʤʢʦʩʪʴ ʜʣʷ ʮʝʤʝʥʪʘʮʠʠ ʩʝʨʝʙʨʘ ʠ ʧʝʯʴ ʜʣʷ ʩʧʝʢʘʥʠʷ 
ʦʩʪʘʪʢʦʚ.  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʢʠʩ-
ʣʦʪʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʦʣʠʵʪʠʣʝʥ, ʧʦʣʠʧʨʦʧʠʣʝʥ, ʥʝʨʞ. ʩʪʘʣʴ ʩ 
ʨʝʟʠʥʦʚʳʤ ʬʫʪʝʨʦʚʘʥʠʝʤ).  
ʇʦ ʦʮʝʥʢʘʤ, ʧʝʨʝʨʘʙʦʪʢʘ 1 ʪ h ʣʘʤʘ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʟʚʦʣʠʪ 

ʠʟʚʣʝʯʴ ʜʦ 10 ʢʛ ʩʝʨʝʙʨʘ, 1-2 ʢʛ ʟʦʣʦʪʘ ʠ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʛʨʘʤʤʦʚ 
ʧʣʘʪʠʥʳ ʠ ʧʘʣʣʘʜʠʷ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʦ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ 
ʚʳʨʫʯʢʘ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʧʨʝʚʳʩʠʪ ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʛʝʥ-
ʪʳ ʠ ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʘ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʸʤʦʚ ʭʨʘʥʷʱʠʭʩʷ 
ʰʣʘʤʦʚ ʩʥʠʟʠʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ. 

 ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʜʪʚʝʨʜʠʣʠ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʝʣʝʚʳʤ ï ʜʦʩʪʠʛʘʝʪʩʷ ʛʣʫʙʦʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʜʨʘʛʦ-
ʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ (ʚʢʣʶʯʘʷ ʧʣʘʪʠʥʦʚʳʝ) ʚ ʪʦʚʘʨʥʳʝ ʧʨʦʜʫʢʪʳ ʠʣʠ 
ʢʦʥʮʝʥʪʨʘʪʳ, ʘ ʦʪʭʦʜʳ ʧʨʦʮʝʩʩʘ ʤʠʥʠʤʠʟʠʨʫʶʪʩʷ ʠ ʤʦʛʫʪ ʙʳʪʴ 
ʫʪʠʣʠʟʠʨʦʚʘʥʳ.  
ʇʨʦʚʝʜʸʥʥʘʷ ʨʘʙʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ. 
ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳ-
ʰʝʥʠʶ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ, ʫʚʝʣʠʯʝʥʠʶ ʜʦʙʳʯʠ 
ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʥʠʞʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʟʘ ʩʯʸʪ 
ʚʦʚʣʝʯʝʥʠʷ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦ ʚʪʦʨʠʯʥʳʡ ʮʠʢʣ. 
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This article presents the results of the development of a hydrometallurgical technology for the comprehensive processing of copper anode slimes with the aim 

of extracting platinum group metals (PGMs). The study proposes a stepwise process scheme: acid decoppering, oxidative leaching with selective extraction of gold 
and selenium, ammonia leaching of silver, and alkali-oxidative treatment of the residue for tellurium separation and PGM concentrate production. The optimal condi-

tions were experimentally determined as follows: decoppering of the slime with 10% HϜSOϞ and 0.5ï1.0% NaNOϜ at 25ï30°C; intensive oxidative leaching at 80ï

90°C in the presence of sodium nitrite for the transfer of Au and Se into solution; precipitation of Au with SOϜ and Se with NaϜSOϝ from solution; dissolution of Ag in 

25% ammonia solution; roasting of the residue with NaOH and NaNOϝ at ~300°C followed by water leaching. It is shown that this approach provides extraction 
yields of >99% Cu, ~95% Au, ~90% Ag, and >98% Pt and Pd. The resulting collective noble metals concentrate contains ~70ï80% PGMs and can be used as raw 
material for the subsequent separation of individual platinum group metals. The novelty of the work lies in the development of a waste-free process without high-
temperature smelting: high PGM recovery is achieved through hydrometallurgical operations while reducing losses to dust and gases. The research results demon-
strate the promise of implementing the proposed technology at copper processing plants to increase the recovery of platinum group elements and to obtain highly 
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ɺʚʝʜʝʥʠʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʣʦʪʘʮʠʦʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʷʚʣʷʝʪʩʷ 
ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ. ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʣʠʯʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 
ʩʚʦʡʩʪʚ ʤʠʥʝʨʘʣʦʚ, ʘ ʠʤʝʥʥʦ ï ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʤʘʯʠʚʘʥʠʶ    
ʚʦʜʦʡ. ʇʨʦʮʝʩʩ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʟʣʠʯʠʠ ʚ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 
ʵʥʝʨʛʠʠ ʤʠʥʝʨʘʣʦʚ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ «ʚʦʜʘ-ʛʘʟ» [1, 2]. 
ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʬʣʦʪʘʮʠʠ: ʧʝʥʥʘʷ, ʤʘʩʣʷʥʘʷ, 
ʠʦʥʥʘʷ, ʚʘʢʫʫʤʥʘʷ, ʬʣʦʢʫʣʷʮʠʦʥʥʘʷ, ʵʣʝʢʪʨʦʬʣʦʪʘʮʠʷ, ʧʝʥʥʘʷ 
ʩʝʧʘʨʘʮʠʷ, ʬʣʦʪʦʛʨʘʚʠʪʘʮʠʷ, ʬʣʦʪʘʮʠʷ ʥʘ ʛʠʜʨʦʬʦʙʥʦʡ ʪʚʸʨʜʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʨ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʟ ʨʘʟʥʦʚʠʜ-
ʥʦʩʪʝʡ ʬʣʦʪʘʮʠʠ ʧʦʣʫʯʠʣʘ ʧʝʥʥʘʷ ʬʣʦʪʘʮʠʷ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ 
ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ 
ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [3]. 
ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʤʠʥʝʨʘʣʳ, ʧʣʦʭʦ 

ʩʤʘʯʠʚʘʝʤʳʝ ʚʦʜʦʡ, ʪ.ʝ. ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʣʘʜʘʶʪ 
ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʟʙʠʨʘʪʝʣʴʥʦ ʟʘʢʨʝʧʣʷʪʴʩʷ ʥʘ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦ-
ʩʪʠ. ʇʨʠ ʬʣʦʪʘʮʠʠ ʪʘʢʠʝ ʯʘʩʪʠʮʳ ʧʨʠʣʠʧʘʶʪ ʢ ʧʫʟʳʨʴʢʘʤ ʚʦʟʜʫʭʘ, 
ʧʝʨʝʤʝʱʘʶʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʣʴʧʳ ʙʣʘʛʦʜʘʨʷ ʧʦʜʲʸʤʥʦʡ ʩʠʣʝ 
ʧʫʟʳʨʴʢʘ, ʦʙʨʘʟʫʶʪ ʧʝʥʫ. ɸ ʯʘʩʪʠʮʳ, ʭʦʨʦʰʦ  ʩʤʘʯʠʚʘʝʤʳʝ ʚʦʜʦʡ, 
ʪ.ʝ. ʛʠʜʨʦʬʠʣʴʥʳʝ ʯʘʩʪʠʮʳ, ʦʩʪʘʶʪʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ 
ʦʙʲʸʤʝ ʧʫʣʴʧʳ ʠ ʫʜʘʣʷʶʪʩʷ ʩ ʭʚʦʩʪʘʤʠ. ɺʦ ʬʣʦʪʘʮʠʦʥʥʫʶ ʤʘʰʠʥʫ 
ʧʦʩʪʫʧʘʝʪ ʩʤʝʩʴ ʪʦʥʢʦʠʟʤʝʣʴʯʸʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʚʟʚʝ-
ʰʝʥʥʳʭ ʚ ʚʦʜʝ (ʧʫʣʴʧʘ). ɺ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʧʫʣʴʧʳ ʛʠʜʨʦʬʦʙ-
ʥʳʝ ʯʘʩʪʠʮʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ, ʧʨʦʯʥʦ ʟʘʢʨʝʧʣʷ-
ʶʪʩʷ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʜʥʠʤʘʶʪʩʷ ʚʚʝʨʭ, ʬʦʨʤʠʨʫʷ ʤʠʥʝʨʘʣʠ-
ʟʦʚʘʥʥʳʡ ʧʝʥʥʳʡ ʩʣʦʡ. ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʧʫʟʳʨʴʢʠ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʣʴʧʳ ʦʙʨʘʟʫʶʪ ʧʝʥʥʳʡ ʩʣʦʡ (ʢʦʥʮʝʥʪʨʘʪ), ʘ ʯʘʩʪʠʮʳ 
ʧʫʩʪʦʡ ʧʦʨʦʜʳ ʦʩʪʘʶʪʩʷ ʚ ʢʘʤʝʨʝ ʬʣʦʪʦʤʘʰʠʥʳ ʠ ʨʘʟʛʨʫʞʘʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʭʚʦʩʪʦʚ ʬʣʦʪʘʮʠʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 
ʧʫʟʳʨʴʢʦʚ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ, 
ʪʘʢ ʢʘʢ ʢ ʥʠʤ ʧʨʠʣʠʧʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʝʟʥʳʭ 
ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ. ʇʨʠʤʝʨ ʟʘʢʨʝʧʣʝʥʠʷ ʯʘʩʪʠʮ ʧʠʨʠʪʘ 
ʢʨʫʧʥʦʩʪʴʶ 20-40 ʤʢʤ  ʧʨʠʚʝʜʸʥ ʚ [4] (ʨʠʩ. 1). ʅʝʠʟʙʝʞʥʦʩʪʴ 
ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʚʦ ʬʣʦʪʘʮʠʦʥʥʦʤ ʦʙʦʛʘʱʝʥʠʠ ʤʝʜʥʦ-
ʤʦʣʠʙʜʝʥʦʚʳʭ ʨʫʜ ʥʘ ʄʆʌ-2 ɸɻʄʂ ʚ ʙʦʣʴʰʠʭ ʦʙʲʸʤʘʭ 
ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ ʪʝʭʥʦʣʦʛʠʝʡ ʦʙʦʛʘʱʝʥʠʷ, ʪʘʢ ʠ ʩʦʩʪʘʚʦʤ ʠ 
ʦʙʲʸʤʘʤʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʨʫʜʳ. ʇʨʦʚʝʜʸʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʠʩʭʦʜʥʳʭ ʧʨʦʙʘʭ ʨʫʜʳ 
ʢʘʨʴʝʨʘ ʉʘʨʳ-ʏʝʢʫ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ 
ʄʆʌ-2, ʩʦʩʪʘʚʠʣʠ ʉu ï 0,45 %, ʄʦ ï 0,08 %. ʅʝʩʤʦʪʨʷ ʥʘ ʚʥʝʜʨʝ-
ʥʠʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ, ʚ ʥʘʩʪʦʷ-
ʱʝʝ ʚʨʝʤʷ ʥʘ ʦʪʚʘʣʘʭ ɸʆ «ɸɻʄʂ» ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʣʝʪʥʝʡ ʧʝʨʝ-
ʨʘʙʦʪʢʠ ʨʫʜ, ʭʚʦʩʪʦʚ ʬʣʦʪʘʮʠʠ ʩʢʦʧʠʣʦʩʴ ʦʢʦʣʦ 960,5 ʤʣʥ. ʪ ʩ 
ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʜʦ 0,17 %; ʰʣʘʢʦʚ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦ-
ʮʝʩʩʘ 12,4 ʤʣʥ. ʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʦʢʦʣʦ 0,7 %; ʢʣʠʥʢʝʨʘ ʮʠʥ-
ʢʦʚʦʛʦ ʟʘʚʦʜʘ 533 ʪʳʩ. ʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʦʢʦʣʦ 1,4 % [5]. 

Xom ashyo aralashmasining tuproq komponenti sifatida Olmaliq KMK MOF-2 mis-molibden rudasining flotochiqindisidan foyda-
langan holda Portlend tsement klinkerini olish masalalari koórib chiqilgan. Foydali qazilmalarni flotatsiya qilish va flotochiqindilarning 
hosil bo'lishining asosiy masalalari muhokama qilinadi. Uch komponentli xom ashyo aralashmasini kuydirish orqali standartlarga javob 
beradigan Portlend tsement klinkerini olish imkoniyatini koórsatilgan. Texnogen chiqindilarni tsement ishlab chiqarishning muqobil xom 
ashyosi sifatida qoóllashning afzalliklari qayd etilgan.  
Kalit soózlar: boyitish, flotatsiya, minerallar, flotatsiya chiqindilari, texnologiya, mis-molibden rudasi, Portlend tsement klinkeri, 

bogólanmagan ohak.  
 
ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʣʫʯʝʥʠʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʣʦʪʦʦʪʭʦʜʘ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʦʡ 

ʨʫʜʳ ʄʆʌ-2 ɸɻʄʂ ʚ ʢʘʯʝʩʪʚʝ ʛʣʠʥʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʬʣʦʪʘʮʠʠ 
ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʬʣʦʪʦʦʪʭʦʜʦʚ. ʆʙʞʠʛ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫ-
ʯʝʥʠʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʘʥʜʘʨʪʘʤ. ʆʪʤʝʯʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ  ʪʝʭʥʦ-
ʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʳʨʴʷ ʮʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʦʛʘʱʝʥʠʝ, ʬʣʦʪʘʮʠʷ, ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʦʪʭʦʜʳ ʬʣʦʪʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʷ, ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʘʷ 

ʨʫʜʘ, ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʳʡ ʢʣʠʥʢʝʨ, ʥʝʩʚʷʟʘʥʥʘʷ ʠʟʚʝʩʪʴ. 

ʅʬʮʙʥʞʝʚʙʞʛ ɹ.ɹ., 
ʜʠʨʝʢʪʦʨ  

ʅʀʇ ʆʆʆ «ANTENN-BRANCH», 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʑʙʣʙʩʧʛ ʋ.ʁ.., 
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ  

«ʄʝʪʘʣʣʫʨʛʠʷ» ɸʣʤʘʣʳʢʩʢʦʛʦ 
ʬʠʣʠʘʣʘ ʅʀʊʋ ʄʀʉʀʉ, 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʎʙʪʙʦʧʛ ɹ.ʊ., 
ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ 

ʎʈʠɺʀʊ ɸʆ «ɸʣʤʘʣʳʢʩʢʠʡ ɻʄʂ», 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʅʙʫʥʬʪʙʞʛ ʁ.ʃ., 
ʛʣʘʚʥʳʡ ʠʥʞʝʥʝʨ  

ʄʆʌ-2 ɸʆ «ɸʣʤʘʣʳʢʩʢʠʡ ɻʄʂ» 

ʈʠʩ. 1. ʂʠʥʝʪʠʢʘ ʟʘʢʨʝʧʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʥʘ ʧʫʟʳʨʴʢʝ 
ʚʦʟʜʫʭʘ: ʘ ï ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ; ʙ ï ʩʦʜʘ (0,05ʄ); ʚ ï ʢʘʪʦʣʠʪ 

ʚ) ʙ) ʘ) 
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ʅʝʨʫʜʥʘʷ ʯʘʩʪʴ ʭʚʦʩʪʦʚ ʬʣʦʪʘʮʠʠ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʨʫʜ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʚʘʨʮʝʤ, ʩʣʶʜʘʤʠ, ʢʘʨʙʦʥʘʪʘʤʠ, ʩʣʶʜʦʧʦʜʦʙʥʳʤʠ ʠ 
ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʭʣʦʨʠʪʦʤ, ʩʝʨʠʮʠʪʦʤ, ʢʘʦʣʠʥʠʪʦʤ ʠ 
ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ. ʉʫʜʷ ʧʦ ʜʘʥʥʳʤ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʭʚʦʩʪʳ ʬʣʦʪʘʮʠʠ ʚʧʦʣʥʝ ʤʦʛʫʪ ʙʳʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʛʣʠʥʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ 
ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ [6-8]. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 
ʭʚʦʩʪʦʚ ʬʣʦʪʘʮʠʠ ʢʘʢ ʚʠʜʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ 
ʩʪʝʧʝʥʴ ʜʦʩʪʫʧʥʦʩʪʠ. ʍʚʦʩʪʳ ʨʘʟʤʝʱʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʣʝʛʘʶʪ 
ʢʦʤʧʘʢʪʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʠ ʥʝ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʠ ʢʘʧʠʪʘ-
ʣʦʸʤʢʠʭ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʣʶʯʘʝʪʩʷ ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʵʢʩʢʘʚʘʮʠʠ ʤʦʥʦʣʠʪ-
ʥʳʭ ʧʦʨʦʜ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʚʩʢʨʳʰʥʳʭ ʤʘʩʩ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 
ʩʥʠʞʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʭ ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʠ ʧʦʚʳʰʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ. 
ʄʠʨʦʚʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʦʧʳʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʰʠʨʦʢʦʤ 

ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʨʪʣʘʥʜʮʝ-
ʤʝʥʪʘ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʝʚʳʭ ʢʦʤʧʦ-
ʥʝʥʪʦʚ, ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʪʦʧʣʠʚʦʟʘʤʝʱʘʶʱʠʭ ʜʦʙʘʚʦʢ. ʊʘʢ, ʦʪʭʦʜʳ 
ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ «ʋʟʤʝʪʢʦʤʙʠʥʘʪ» (ʢʦʚʰʦʚʳʝ 
ʰʣʘʢʠ) ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʮʝʤʝʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝʩʧʫʙʣʠʢʠ ʚ 
ʢʘʯʝʩʪʚʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ [8]. ʌʦʩʬʦ-
ʛʠʧʩ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʦ-
ʥʝʥʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
ʦʙʞʠʛʘ [9], ʘ ʪʘʢʞʝ ʩʦʚʤʝʩʪʥʦ ʩ ʟʦʣʦʡ ʧʦʜ ʥʘʠʤʝʥʦʚʘʥʠʝʤ 
«ʬʦʩʬʦʟʦʣ» ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 
ʜʦʙʘʚʦʢ ʢ ʮʝʤʝʥʪʘʤ [10]. ʆʪʭʦʜʳ ʫʛʣʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦ-
ʩʪʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʦʟʘʤʝʱʘʶʱʠʭ ʜʦʙʘʚʦʢ 
ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʮʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [11].ʊʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʫʪʠʣʠ-
ʟʘʮʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʣʦʪʦʦʪʭʦʜʘ ʤʝʜʥʦ-
ʤʦʣʠʙʜʝʥʦʚʳʭ ʨʫʜ ʄʆʌ-2 ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʳʨʴʝ-

ʚʦʡ ʩʤʝʩʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ, ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ   
ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʤʝʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʳʨʴʝʤ, ʥʦ 
ʠ ʧʦʩʣʫʞʠʪ ʦʟʜʦʨʦʚʣʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚʦʢʨʫʛ ʧʨʦ-
ʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʨʘʩʯʸʪʘ ʩʦʩʪʘʚʘ 

ʩʳʨʴʝʚʳʭ ʩʤʝʩʝʡ ʦʧʨʝʜʝʣʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʠʩʭʦʜʥʳʭ ʤʘʪʝ-
ʨʠʘʣʦʚ ʧʦ ɻʆʉʊ 5382-2019 ʎʝʤʝʥʪʳ ʠ ʤʘʪʝʨʠʘʣʳ ʮʝʤʝʥʪʥʦʛʦ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ.  
ʄʝʪʦʜʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʈʘʩʯʸʪʳ ʩʦʩʪʘʚʦʚ ʩʤʝʩʝʡ ʧʨʦʚʦ-

ʜʠʣʠʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ [1] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ-
ʥʳʭ ʩʨʝʜʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʥʷʪʳ    ʠʟʚʝʩʪʥʷʢ 
ʉʘʫʢ-ɹʫʣʘʢʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʬʣʦʪʦʦʪʭʦʜ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ 
ʨʫʜ ʄʆʌ-2 ʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʜʦʙʘʚʢʠ ɸɻʄʂ. ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘ-
ʚʳ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.  
ʉʳʨʴʝʚʳʝ ʩʤʝʩʠ ʙʳʣʠ ʦʙʦʞʞʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘ-

ʣʝ 1300 ï 1420Üʉ ʩ ʚʳʜʝʨʞʢʦʡ ʧʨʠ ʢʦʥʝʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʪʝʯʝ-
ʥʠʝ 30 ʤʠʥ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʝʩʚʷʟʘʥʥʦʡ ʠʟʚʝʩʪʠ (ʉʘʆʩʚ) 
ʚ ʦʙʦʞʞʝʥʥʳʭ ʧʨʦʜʫʢʪʘʭ ʩʳʨʴʝʚʳʭ ʩʤʝʩʝʡ ʧʨʦʚʦʜʠʣʠ ʩʧʠʨʪʦʚʦ-
ʛʣʠʮʝʨʘʪʥʳʤ ʤʝʪʦʜʦʤ [12]. ʉʳʨʴʝʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʦʜʫʢʪʳ 
ʦʙʞʠʛʘ ʠʟʤʝʣʴʯʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʝʣʴʥʠʮʝ ʄɹʃ-1. ʋʜʝʣʴʥʫʶ 
ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʚʦʟʜʫʭʦʧʨʦʥʠʮʠʘʤʦʩʪʠ ʥʘ 
ʧʨʠʙʦʨʝ ʊ-3, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘ-
ʪʦʚ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 
ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʤʝʥʪʥʳʭ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 30744-2001 «ʎʝʤʝʥʪʳ. ʄʝʪʦʜʳ 
ʠʩʧʳʪʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʝʩʢʘ», ʨʝʛʣʘʤʝʥ-
ʪʠʨʫʶʱʝʛʦ ʧʦʨʷʜʦʢ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʠ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ 
ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʛʠʙ ʠ ʩʞʘʪʠʝ. 
ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʣʦʪʘʮʠʦʥʥʳʝ ʦʪʭʦʜʳ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʨʫʜ 
ʄʆʌ-2 ʧʦ ʩʚʦʝʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝ-
ʩʪʚʝʥʥʦ ʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ (SiOϜ), ʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ (AlϜOϝ), ʦʢʩʠ-
ʜʦʤ ʞʝʣʝʟʘ (FeϜOϝ), ʘ ʪʘʢʞʝ ʦʢʩʠʜʘʤʠ ʤʘʛʥʠʷ (MgO), ʢʘʣʴʮʠʷ (CaO) 
ʠ ʩʝʨʳ (SOϝ). ʉʦʜʝʨʞʘʥʠʝ ʱʸʣʦʯʥʳʭ ʦʢʩʠʜʦʚ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʥʘʭʦ-
ʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʛʣʠʥʠʩʪʦ-

ʋʙʚʤʡʯʙ 1  
ʎʡʥʡʰʞʪʣʡʞ ʪʧʪʫʙʛʴ ʡʪʮʧʝʦʴʮ ʥʙʫʞʩʡʙʤʧʛ 

ʆʙʡʥʞʦʧʛʙʦʡʞ 
ʊʧʝʞʩʟʙʦʡʞ ʧʣʪʡʝʧʛ, % 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 TiO2 Na2O K2O ʨ. ʨ. ʨ. 

ʀʟʚʝʩʪʥʷʢ 3,52 2,02 0,57 52,76 1,36 0,07 0,02 0,12 0,11 41,24 

ʌʣʦʪʦʦʪʭʦʜ ʄʆʌ-2 57,82 12,40 2,65 2,35 1,74 0,82 0,40 1,46 5,95 2,49 

ɾʝʣʝʟʦʩʦʜʝʨʞʘʱʘʷ ʜʦʙʘʚʢʘ 36,52 7,01 44,83 3,32 1,60 1,96 0,45 0,41 2,58 0,30 

ʋʙʚʤʡʯʙ 2  
ʉʙʪʰʞʫʦʴʢ ʛʞʲʞʪʫʛʞʦʦʴʢ ʡ ʮʡʥʡʰʞʪʣʡʢ ʪʧʪʫʙʛ ʪʴʩʵʞʛʧʢ ʪʥʞʪʡ 

 ́
ʨ/ʨ 

ʊʧʪʫʙʛ ʱʡʮʫʴ, ʥʙʪ. % 
ʢʅ 

ʅʧʝʬʤʡ ʉʙʪʰʹʫʦʴʢ ʮʡʥʡʰʞʪʣʡʢ ʪʧʪʫʙʛ ʪʴʩʵʞʛʧʢ ʪʥʞʪʡ, ʥʙʪ. % 

ʁʠʛʞʪʫʦʸʣ ʍʤʧʫʧ-ʧʫʮʧʝ ʟ. ʪ. ʝ. n p SiO2 Al2O3 Fe2O3 CaO MgO SO3 ʨ. ʨ. ʨ. 

1. 78,5 17,4 4,1 0,87 2,0 1,2 14,4 4,0 3,3 42,8 1,0 0,6 33,9 

2. 78,8 17,1 4,1 0,89 2,0 1,2 14,2 3,9 3,2 43,0 1,0 0,6 34,1 

3. 79,2 16,9 3,9 0,91 2,0 1,2 14,0 3,9 3,2 43,2 1,0 0,6 34,2 

4. 79,5 16,6 3,9 0,93 2,0 1,2 13,8 3,8 3,1 43,4 1,0 0,6 34,4 

ʋʙʚʤʡʯʙ 3 
ʉʙʪʰʹʫʦʴʢ ʮʡʥʡʰʞʪʣʡʢ ʡ ʥʡʦʞʩʙʤʧʜʡʰʞʪʣʡʢ ʪʧʪʫʙʛ ʣʤʡʦʣʞʩʙ 

 ́
ʨ/ʨ 

ʉʙʪʰʹʫʦʴʢ ʮʡʥʡʰʞʪʣʡʢ ʪʧʪʫʙʛ ʣʤʡʦʣʞʩʙ, ʥʙʪ. % 
ʢʅ 

ʅʧʝʬʤʡ 
ʉʙʪʰʞʫʦʴʢ ʥʡʦʞʩʙʤʧʜʡʰʞʪʣʡʢ 
ʪʧʪʫʙʛ ʣʤʡʦʣʞʩʙ, ʥʙʪ. % 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 n p C3S C2S C3A C4AF 

1. 21,8 6,0 4,9 64,8 1,5 0,9 0,87 2,0 1,2 51,8 25,1 7,6 15,4 

2. 21,8 5,9 4,9 65,2 1,5 0,9 0,89 2,0 1,2 56,2 21,0 7,6 15,2 

3. 21,3 5,9 4,8 65,6 1,5 0,9 0,91 2,0 1,2 60,5 17,0 7,5 14,9 

4. 21,1 5,8 4,7 66,1 1,5 0,9 0,93 2,0 1,2 64,6 13,1 7,5 14,7 
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ʛʦ ʩʳʨʴʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʮʝʤʝʥʪʥʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 
ʦʩʥʦʚʥʳʭ ʦʢʩʠʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʩʣʝ-
ʜʫʝʤʳʝ ʬʣʦʪʘʮʠʦʥʥʳʝ ʦʪʭʦʜʳ ʤʦʛʫʪ 
ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʪʦʯ-
ʥʠʢʘʤ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, ʧʨʠʛʦʜʥʦʛʦ 
ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 
ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ. ʈʘʩʯʸʪʳ 
ʩʦʩʪʘʚʘ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʳʨʴʝʚʦʡ 
ʩʤʝʩʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ 
(ʪʘʙʣ. 2 ʠ 3) ʧʦʢʘʟʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴ-
ʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʣʠʥʢʝʨʘ ʩ 
ʦʧʪʠʤʘʣʴʥʳʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘ-
ʚʦʤ. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʢʣʠʥ-
ʢʝʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ 
ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʝʣʘʭ (ʤʘʩ. %): ʪʨʸʭ-
ʢʘʣʴʮʠʝʚʳʡ ʩʠʣʠʢʘʪ (CϝS) ï ʦʪ 51,8 ʜʦ 
65,2; ʜʚʫʭʢʘʣʴʮʠʝʚʳʡ ʩʠʣʠʢʘʪ (CϜS) ï 
ʦʪ 13,1 ʜʦ 25,1; ʪʨʸʭʢʘʣʴʮʠʝʚʳʡ ʘʣʶ-
ʤʠʥʘʪ (CϝA) ï ʦʪ 7,5 ʜʦ 7,9, ʯʝʪʳʨʸʭ-
ʢʘʣʴʮʠʝʚʳʡ ʘʣʶʤʦʬʝʨʨʠʪ (CϞAF) ï ʦʪ 
13,7 ʜʦ 15,4. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚ-
ʣʷʝʤʳʤ ʢ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 
ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ ʦʙʱʝ-
ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɼʦʩʪʠʞʝ-
ʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘ-
ʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʠ 
ʢʣʠʥʢʝʨʘ ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ 
ʰʠʭʪʝ ʠʟʚʝʩʪʥʷʢʘ ʦʪ 78,5 ʜʦ 79,5 ʤʘʩ. %, 
ʬʣʦʪʘʮʠʦʥʥʳʭ ʦʪʭʦʜʦʚ ʤʝʜʥʦ-ʤʦʣʠʙ-
ʜʝʥʦʚʳʭ ʨʫʜ ï ʦʪ 16,6 ʜʦ 17,4 ʤʘʩ. %, ʘ 
ʪʘʢʞʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʢʦʨʨʝʢʪʠʨʫ-
ʶɦ ʝʡ ʜʦʙʘʚʢʠ ï ʦʪ 3,9 ʜʦ 4,1 ʤʘʩ. %.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʣʦʪʦʦʪʭʦʜʳ  

ʄʆʌ-2 ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʣʠʥʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʙʝʟ ʥʘʨʫ-
ʰʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʢʣʠʥʢʝʨʘ ʠ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʪʨʝʙʫʝʤʳʭ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʀʟʤʝʣʴʯʸʥʥʳʝ  
ʩʳʨʴʝʚʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʩʣʝ ʜʦʟʠʨʦʚʘʥʠʷ ʠ ʚʟʚʝʰʠʚʘʥʠʷ ʥʘ ʣʘʙʦ-
ʨʘʪʦʨʥʳʭ ʚʝʩʘʭ ʩ ʪʦʯʥʦʩʪʴʶ Ñ0,1 ʛ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʩʪʘʚʘʤʠ, 
ʧʨʠʚʝʜʸʥʥʳʤʠ ʚ ʪʘʙʣ. 1, ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʱʘʪʝʣʴʥʦʤʫ ʧʝʨʝʤʝʰʠʚʘ-
ʥʠʶ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʙʘʨʘʙʘʥʥʦʡ ʤʝʣʴʥʠʮʝ ʙʝʟ ʰʘʨʦʚʦʡ ʟʘʛʨʫʟʢʠ, 
ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ 
ʚʩʝʤʫ ʦʙʲʸʤʫ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ. ʇʦʣʫʯʝʥʥʫʶ ʰʠʭʪʫ ʫʚʣʘʞʥʷʣʠ ʚʦ-
ʜʦʡ ʜʦ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ 6-8 ʤʘʩ. %, ʧʦʩʣʝ ʯʝʛʦ ʠʟ ʥʝʸ ʬʦʨʤʦʚʘʣʠ 
ʦʙʨʘʟʮʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ ʠ ʚʳʩʦʪʦʡ 5-10 
ʤʤ ʤʝʪʦʜʦʤ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ.  
ʊʘʢʦʡ ʩʧʦʩʦʙ ʬʦʨʤʦʚʘʥʠʷ ʧʦʟʚʦʣʷʣ ʧʦʣʫʯʠʪʴ ʦʙʨʘʟʮʳ ʩ ʜʦʩʪʘ-

ʪʦʯʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʨʠʛʦʜ-
ʥʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʉʬʦʨʤʦʚʘʥʥʳʝ 
ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʫʰʢʝ ʚ ʵʣʝʢʪʨʦʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤ-
ʧʝʨʘʪʫʨʝ 105-110 Áʉ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ, ʧʦʩʣʝ ʯʝʛʦ 
ʧʨʦʚʦʜʠʣʠ ʠʭ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʩ ʧʨʦ-
ʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1300-1420 Áʉ. 
ʈʝʞʠʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʚʢʣʶʯʘʣ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: ʧʦʜʲʸʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 2 ʯ; ʚʳʜʝʨʞʢʫ ʧʨʠ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 30 ʤʠʥ; ʦʭʣʘʞʜʝʥʠʝ ʚ ʧʝʯʠ ʧʨʠ ʦʪʢʣʶ-
ʯʸʥʥʦʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʦʣʦ 1000 Áʉ; ʧʦʩʣʝʜʫʶ-
ʱʝʝ ʨʝʟʢʦʝ ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 
ʚʦʟʜʫʭʝ (ʨʠʩ. 2). ɺʳʙʨʘʥʥʳʡ ʨʝʞʠʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʤʦʜʝʣʠʨʦʚʘʣ 
ʫʩʣʦʚʠʷ ʦʙʞʠʛʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ ʠ ʦʙʝʩʧʝʯʠʚʘʣ ʬʦʨ-
ʤʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. 
ɸʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 3, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʡ ʢʣʠʥʢʝʨ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ 
(CaOʩʚ) ʜʘʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʞʠʛʘ 1420 Áʉ ʥʝ ʜʦʩʪʠʛʘʝʪ ʥʠʞʥʝʡ 
ʛʨʘʥʠʮʳ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ 2 %. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ 
ʢʣʠʥʢʝʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʭʦʜʦʚ ʬʣʦʪʘʮʠʠ ʤʝʜʥʦ-
ʤʦʣʠʙʜʝʥʦʚʳʭ ʨʫʜ, ʜʘʥʥʳʡ ʧʦʨʦʛ ʜʦʩʪʠʛʘʝʪʩʷ ʫʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
1380 Áʉ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʧʦʣʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩ-
ʩʦʚ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʬʣʦʪʘʮʠʦʥʥʳʭ ʦʪʭʦʜʦʚ ʚ ʩʦʩʪʘʚʝ 

ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʞʠʛʘ ʢʣʠʥʢʝʨʘ 
ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 70 Áʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʢʣʠʥʢʝ-
ʨʦʤ, ʦʙʞʠʛʘʝʤʳʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʨʷʜʢʘ 1450 Áʉ. ʋʤʝʥʴʰʝʥʠʝ 
ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʥʘʧʨʷʤʫʶ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʘʩʭʦʜʘ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝ-
ʩʢʠʭ ʟʘʪʨʘʪ ʠ ʫʤʝʥʴʰʝʥʠʶ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʫ. 
ɿʘʢʣʶʯʝʥʠʝ. ʇʨʠʤʝʥʝʥʠʝ ʦʪʭʦʜʦʚ ʬʣʦʪʘʮʠʠ ʤʝʜʥʦ-

ʤʦʣʠʙʜʝʥʦʚʳʭ ʨʫʜ ʄʆʌ-2 ɸʆ «ɸʣʤʘʣʳʢʩʢʠʡ ɻʄʂ» ʚ ʢʘʯʝʩʪʚʝ ʛʣʠ-
ʥʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʥʦʤʝʥ-
ʢʣʘʪʫʨʫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʨʪ-
ʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʦʙʩʪʘʥʦʚʢʠ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝ-
ʛʦ ʨʘʩʰʠʨʝʥʠʝ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʮʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʬʬʝʢ-
ʪʠʚʥʫʶ ʫʪʠʣʠʟʘʮʠʶ ʦʪʭʦʜʦʚ ʬʣʦʪʘʮʠʠ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʨʫʜ. 
ʇʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ ʙʝʟ 
ʩʥʠʞʝʥʠʷ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝ-
ʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʮʝʩʩ ʦʙʞʠʛʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 
ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ. 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ: ʘ ï ʧʨʝʩʩ-ʬʦʨʤʘ; ʙ ï ɻ ʣʝʢʪʨʦʧʝʯʴ ʤʫʬʝʣʴʥʘʷ (ʜʦ 1500 Üʉ); ʚ ï ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʦʙʞʠʛʘ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ1420Üʉ 
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ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʚʦʝʥʠʷ ʠʟʚʝʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (1-4 ï ʥʦʤʝʨʘ ʧʨʦʙ ʩʦʛʣʘʩʥʦ 
ʪʘʙʣ. 2) 

ʚ) ʙ) ʘ) 
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The issues of obtaining Portland cement clinker using the flotation waste of copper-molybdenum ore MOF-2 AGMK as a clay component of the raw material 
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mixture shows the possibility of obtaining Portland cement clinker that meets the standards. The advantages of using man-made waste as an alternative raw materi-
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ʆɹʆɻɸʑɽʅʀɽ ʀ ʄɽʊɸʃʃʋʈɻʀʗ 

ʇʊʆʇɻʆʔɾ ʈʉʁʆʏʁʈʔ ʈʇɽʎʇɽɹ ʃ ʈʇʁʊʃʌ ʊʈʇʊʇɺʇɻ  
ʇʐʁʊʋʃʁ ʊɺʉʇʊʆʔʎ ɻʇɽ ʈʉʁ ɼʁɽʉʇʅɾʋɹʄʄʌʉɼʁʐɾʊʃʇʂ  
ʈɾʉɾʉɹɺʇʋʃɾ ʉʌɽ ɽʉɹɼʇʏɾʆʆʔʎ ʁ ʏɻɾʋʆʔʎ ʅɾʋɹʄʄʇɻ 

ʋɼʂ  628.3:661.183.2:669 DOI:10.54073/GV.2025.4.103.009 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʯʪʠ ʧʦʣʦʚʠʥʘ ʥʘʩʝʣʝʥʠʷ 
ɿʝʤʣʠ ʧʨʦʞʠʚʘʝʪ ʚ ʨʘʡʦʥʘʭ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʜʝʬʠʮʠʪ ʚʦʜʥʳʭ 
ʨʝʩʫʨʩʦʚ. ʇʦ ʧʨʦʛʥʦʟʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢ 2050 ʛʦʜʫ ʜʘʥʥʫʶ 
ʧʨʦʙʣʝʤʫ ʤʦʛʫʪ ʦʱʫʪʠʪʴ ʥʘ ʩʝʙʝ 5,7 ʤʣʨʜ. ʯʝʣʦʚʝʢ. ʉ ʫʯʸʪʦʤ ʵʪʦʛʦ, 
ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 
ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʦʯʠʩʪʢʠ ʧʨʠʦʙʨʝʪʘʝʪ 
ʛʣʦʙʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʬʝʨʝ, 
ʦʩʦʙʝʥʥʦ ʚ ʛʠʜʨʦʤʝʪʘʣ-ʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ 
ʠ ʠʭ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʜʨʫʛʠʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 
ʢʘʯʝʩʪʚʝ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʤʦʞʝʪ ʩʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ 
ʧʨʦʙʣʝʤʳ ʜʝʬʠʮʠʪʘ ʚʦʜʳ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 
ʚʝʱʝʩʪʚ ʠ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʪʘʢʠʭ ʩʪʦʢʘʭ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ 
ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʠʙʣʠʟʠʪʴ 
ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʪʝʭʥʠʯʝʩʢʦʡ. 
ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʟʫʯʝʥʠʠ ʢʠʥʝʪʠʢʠ ʩʦʨʙʮʠʠ ʨʦʜʘʥʠʜ-ʠʦʥʦʚ (SCNϖ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
ʦʧʨʝʜʝʣʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʜʝʩʦʨʙʮʠʠ ʥʘʩʳʱʝʥʥʦʛʦ 
ʠʦʥʠʪʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʦʙʤʝʥʥʫʶ ʸʤʢʦʩʪʴ ʩʤʦʣ, ʥʦ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʥʝʧʨʝʨʳʚʥʳʡ ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ 
ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʨʦʜʘʥʠʜʦʚ.  
ɺʧʝʨʚʳʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ, ʧʦʟʚʦ-

ʣʷʶʱʘʷ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʦʨʙʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʠ 
ʧʦʚʪʦʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʠʪʘ ʚ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝ-
ʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ.  
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʩʫʱʝʩʪʚʫʶʪ ʠ 

ʨʘʟʚʠʚʘʶʪʩʷ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʤʠʥʠ-ʬʘʙʨʠʢʠ ʠ 
ʮʝʭʘ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʥʳʭ ʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʩ 
ʠʟʚʣʝʯʝʥʠʝʤ ʠʟ ʥʠʭ ʜʨʘʛʦʮʝʥʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. ʂʘʢ 
ʧʨʘʚʠʣʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ʚʦʜʘ ʟʘʛʨʷʟʥʷʝʪʩʷ 
ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
ʮʠʢʣʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʭʦʟʷʡʩʪʚʘ ʧʦ ʭʨʘʥʝʥʠʶ ʦʪʭʦʜʦʚ. 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʩʦʩʪʘʚʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʮʠʘʥʠʜʦʚ, ʨʦʜʘʥʠʜʦʚ ʠ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ 
ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ. 

Maqolada dunyo aholisining katta qismi suv resurslari tanqis boólgan hududlarda yashayotgani, va bu muammo 2050-yilga borib 
yanada keskinlashishi taôkidlanadi. Ushbu holat mavjud suv resurslaridan oqilona foydalanish, shuningdek, gidrometallurgiya zavodla-
rining oqava suvlarini samarali tozalash va texnik suv sifatida qayta ishlatishning muhimligini koórsatadi. Metallurgiya korxonalari misol-
ida turli oksidli va sulfidli rudalarni qayta ishlash jarayonlarida foydalaniladigan texnik suv hamda oqava suvlarning kimyoviy tarkibi tahlil 
qilingan. Laboratoriya tadqiqotlari natijalariga koóra, suv tarkibida sianidlar, rodanidlar, ogóir metallar, quruq qoldiq miqdori hamda 
umumiy qattiqlik darajasi meôyordan yuqori ekanligi aniqlangan. Olingan natijalar oqava suvlarni texnik suv sifatiga qadar tozalash usul-
larini ishlab chiqish zarurligini koórsatadi. Bu esa ishlab chiqarish jarayonlarida suvni qayta ishlatish imkonini berib, tabiiy suv manbalari-
dan foydalanishni sezilarli darajada kamaytiradi hamda ekologik barqarorlikni taôminlashga xizmat qiladi. 
Kalit soózlar: Suv resurslari tanqisligi, oqava suvlarni qayta ishlash, gidrometallurgiya, gidrometallurgiya oqava suvlarini tozalash, 

texnik suv, ogóir metallar, oqava suvlar tarkibi, suvdagi sianid va rodanid birikmalari, oqava suvlarning kimyoviy tahlili, oqava suvlarni 
tozalash texnologiyalari, quruq qoldiq miqdori, suvning qattiqlik darajasi. 

 
ɺ ʩʪʘʪʴʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ʤʠʨʘ ʧʨʦʞʠʚʘʝʪ ʚ ʨʘʡʦʥʘʭ ʩ ʜʝʬʠʮʠʪʦʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʠ ʵʪʘ ʧʨʦʙʣʝʤʘ ʢ 2050 ʛʦʜʫ ʙʫʜʝʪ ʪʦʣʴʢʦ ʦʙʦʩʪʨʷʪʴʩʷ. ɺ ʪʘʢʦʡ ʪʝʥʜʝʥʮʠʠ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ 
ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ. ʅʘ ʧʨʠʤʝʨʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʠʚʝʜʸʥ ʭʠʤʠ-
ʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʥʳʭ ʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʘ 
ʪʘʢʞʝ ʩʪʦʯʥʳʭ ʚʦʜ. ʃʘʙʦʨʘʪʦʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʮʠʘʥʠʜʦʚ, ʨʦʜʘʥʠʜʦʚ, ʪʷʞʸʣʳʭ 
ʤʝʪʘʣʣʦʚ, ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʱʝʡ ʞʸʩʪʢʦʩʪʠ ʚʦʜʳ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʘʞʥʦʩʪʴ ʧʦʠʩʢʘ 
ʧʫʪʝʡ ʦʯʠʩʪʢʠ ʩʙʨʦʩʥʳʭ ʚʦʜ ʜʦ ʢʘʯʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʩ ʮʝʣʴʶ ʚʦʟʚʨʘʪʘ ʠʭ ʥʘ ʥʫʞʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʦʢʨʘʪʠʪʴ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʦʪ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʦʟʜʘʩʪ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝ-
ʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʝʬʠʮʠʪ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʝʨʝʨʘʙʦʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷ, ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʛʠʜ-

ʨʦʤʝʪʘʣʣʫʨʛʠʠ, ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ, ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ, ʩʪʦʯʥʳʭ ʚʦʜ, ʮʠʘʥʠʜʳ ʠ ʨʦʜʘʥʠʜʳ ʚ ʚʦʜʝ, ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʪʦʯ-
ʥʳʭ ʚʦʜ, ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʫʭʦʡ ʦʩʪʘʪʦʢ, ʞʸʩʪʢʦʩʪʴ ʚʦʜʳ. 

ʃʬʤʚʙʞʛʙ ʃ.ɺ.,  
ʠʥʞʝʥʝʨ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʣʘʙʦʨʘʪʦʨʠʠ 
ʧʦ ʨʝʰʝʥʠʶ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ  

ʎʅʀʃ ɸʆ «ʅɻʄʂ»  

ʊʙʤʡʥʧʛ ʑ.ɼ., 
ʥʘʯʘʣʴʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʨʝʰʝʥʠʶ 

ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ  
ʎʅʀʃ ɸʆ «ʅɻʄʂ»  

ʃʬʩʚʙʦʧʛ ʅ.ɹ., 
ʥʘʯʘʣʴʥʠʢ ʎʅʀʃ 
ɸʆ «ʅɻʄʂ», ʜ.ʪ.ʥ. 

ɺʙʮʙʝʡʩʧʛʙ ʆ.ɺ., 
ʠʥʞʝʥʝʨ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʣʘʙʦʨʘʪʦʨʠʠ 
ʧʦ ʨʝʰʝʥʠʶ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ  

ʎʅʀʃ ɸʆ «ʅɻʄʂ» 
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ɺ ʪʘʙʣ. 1 ʥʠʞʝ ʧʨʠʚʝʜʝʥʳ ʫʩʨʝʜʥʸʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ 
ʘʥʘʣʠʟʘ ʩʪʦʯʥʳʭ ʚʦʜ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʠʚʝʜʸʥʥʳʤ ʚ ʪʘʙʣ. 1, ʩʦʜʝʨʞʘʥʠʝ 

ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʩʣʝ 
ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʘʪʠʚʳ ʢʘʯʝʩʪʚʘ 
ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʚ 12 ʨʘʟ; ʦʙʱʘʷ ʞʸʩʪʢʦʩʪʴ ʚʦʜʳ ï ʚ 7 ʨʘʟ; 
ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ ï ʚ 5 ʨʘʟ; ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪʦʚ ï ʚ 4,5 ʨʘʟʘ; 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʠʘʥʠʜʦʚ ï ʚ 250 ʨʘʟ; ʘ ʩʦʜʝʨʞʘʥʠʝ ʜʨʫʛʠʭ ʪʷʞʸʣʳʭ 
ʤʝʪʘʣʣʦʚ ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʳ ʚ 3-7 ʨʘʟ. 
ʅʘ ʨʠʩʫʥʢʘʭ 1, 2, 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʩʦ-

ʜʝʨʞʘʥʠʶ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ, ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ ʠ ʨʦʜʘʥʠʜʦʚ ʚ ʧʨʦʙʘʭ 

ʩʪʦʯʥʳʭ ʚʦʜ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨ-
ʤʘʪʠʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ. ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ 
ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦ-
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʦʟʚʨʘʪʘ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ 
ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʠ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴ-
ʪʘʪʳ. ɼʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʣʘʙʦʨʘ-
ʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʢʦʘʛʫʣʷʮʠʠ ʠ ʬʣʦʢʫʣʷʮʠʠ. 

 ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʢʦʘʛʫʣʷʮʠʠ-ʬʣʦʢʫʣʷʮʠʠ ʙʳʣʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ: 
ï ʩʫʣʴʬʘʪ ʘʣʶʤʠʥʠʷ [Al2(SO4)3];  

ʋʙʚʤʡʯʙ 1 

ʉʞʠʬʤʵʫʙʫʴ ʮʡʥʡʰʞʪʣʧʜʧ ʙʦʙʤʡʠʙ ʪʫʧʰʦʴʮ ʛʧʝ ʜʡʝʩʧʥʞʫʙʤʤʬʩʜʡʰʞʪʣʡʮ ʨʩʞʝʨʩʡʸʫʡʢ 

ʇʨʩʞʝʞʤʸʞʥʴʞ 
ʨʙʩʙʥʞʫʩʴ 

ɾʝ. ʡʠʥ. 

ʃʙʰʞʪʫʛʞʦʦʴʞ 
ʦʧʩʥʴ 

ʫʞʮʦʡʰʞʪʣʧʢ 
ʛʧʝʴ 

ʈʩʧʚʙ ˊ 1 ʈʩʧʚʙ ˊ 2 ʈʩʧʚʙ ˊ 3 ʈʩʧʚʙ ˊ 4 ʈʩʧʚʙ ˊ 5 ʈʩʧʚʙ ˊ 6 ʈʩʧʚʙ ˊ 7 

ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ pH 6-9 7,4 8,3 7,8 8,7 7,3 6,7 9,0 
ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʤʛ/ʣ 25 81,3 46,9 146,2 14,2 262,3 33,1 64,2 
ʉʫʭʦʡ ʦʩʪʘʪʦʢ ʤʛ/ʣ 1500 8342.6 7392,6 9504,0 2011,8 17378,0 4294,6 12604,0 
ʆʙʱʘʷ ʞʸʩʪʢʦʩʪʴ ʤʛ-ɻ ʢʚ/ʣ 10 42,9 32,9 72,0 5,0 36,7 25,0 24,5 
ʂʘʣʴʮʠʡ (Ca2+) ʤʛ/ʣ ï 581,2 661,3 581,2 100,2 501,0 420,8 491,0 
ʄʘʛʥʠʡ (Mg2+) ʤʛ/ʣ ï 170,2 <1,0 523,0 <1,0 142,9 <1,0 <1,0 
ɾʝʣʝʟʦ (Feʦʙ) ʤʛ/ʣ 0,3 0,06 0,07 0,28 0,42 0,26 0,06 66,7 
ʍʣʦʨʠʜʳ (Cl-) ʤʛ/ʣ 350 908,5 605,9 1200,7 113,2 1152,1 634,7 1843,4 
ʅʠʪʨʠʪʳ (NO2-) ʤʛ/ʣ 3,0 11,5 2,0 1,44 0,44 0,02 17,1 3,0 
ʅʠʪʨʘʪʳ (NO3-) ʤʛ/ʣ 45,0 8,6 44,5 82,7 13,7 5,1 77,2 27,8 
ʉʫʣʴʬʘʪʳ (SO42-) ʤʛ/ʣ 500 2202,7 1820,9 2014,0 944,4 1522,6 1785,0 2286,2 
ʈʦʜʘʥʠʜʳ (SCN-) ʤʛ/ʣ ï 7,1 7,3 748,0 12,19 90,1 1,0 43,6 
ʎʠʘʥʠʜʳ (CN-) ʤʛ/ʣ 0,035 10,0 2,67 0,21 2,7 0,62 <0,01 0,9 
ʄʘʨʛʘʥʝʮ (Mn) ʤʛ/ʣ 0,1 0,29 <0,001 0,56 <0,001 0,05 0,031 <0,001 
ʉʚʠʥʝʮ (Pb) ʤʛ/ʣ 0,03 0,03 0,05 0,03 0,05 0,05 <0,01 0,07 
ʄʝʜʴ (Cu) ʤʛ/ʣ 1,0 1,34 1,74 4,2 0,89 0,22 11,1 15,7 
ʍʨʦʤ (Cr) ʤʛ/ʣ 0,05 0,06 <0,05 <0,05 <0,05 <0,05 <0,01 0,003 
ʅʠʢʝʣʴ (Ni) ʤʛ/ʣ 0,1 0,79 0,68 8,9 0,39 0,21 0,49 8,2 
ʂʦʙʘʣʴʪ (ʉʦ) ʤʛ/ʣ 0,1 0,55 0,27 2,1 0,2 0,75 0,29 9,5 
ʂʘʨʙʦʥʘʪʳ (ʉʆ32-) ʤʛ/ʣ ï <8,0 <8,0 84,0 <8,0 <8,0 24,0 48,0 
ɻʠʜʨʦʢʘʨʙʦʥʘʪʳ (HCO3-) ʤʛ/ʣ ï 158,6 109,8 244,0 183,0 85,4 73,2 170,8 
ʂʘʣʠʡ (K) ʤʛ/ʣ ï 299,1 465,4 453,7 76,8 110,2 65,83 100,0 
ʅʘʪʨʠʡ (Na) ʤʛ/ʣ ï 1168,0 1631,5 1168,4 607,5 4475,0 1350,5 2588,7 
ʎʠʥʢ (Zn) ʤʛ/ʣ 3,0 0,012 0,03 0,03 0,02 0,04 0,03 0,053 

ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʚ ʧʨʦʙʘʭ ʩʪʦʯʥʳʭ ʚʦʜ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 
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ï ʛʠʜʨʦʢʩʠʜ ʢʘʣʴʮʠʷ [Ca(OH)2];  
ï ʨʘʩʪʚʦʨ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ [Proestol 2500]. 
ɺ ʧʨʦʮʝʩʩʝ ʢʦʘʛʫʣʷʮʠʠ-ʬʣʦʢʫʣʷʮʠʠ ʚ ʩʪʦʯʥʳʝ ʚʦʜʳ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʜʦʙʘʚʣʷʣʠ AlϜ(SOϞ)ϝ ʠ Ca(OH)Ϝ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 
ʪʝʯʝʥʠʝ 20 ʤʠʥ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Proestol 2500 ʠ ʧʝʨʝʤʝ-
ʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ 
ʚʝʱʝʩʪʚ ʚ ʦʙʨʘʟʮʝ ʩʪʦʯʥʦʡ ʚʦʜʳ ʩʥʠʟʠʣʦʩʴ ʦʪ ʜʦ 19 ʤʛ/ʣ. 
ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʩʪʦʯʥʦʡ ʚʦʜʳ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʢʦʘʛʫʣʷʮʠʠ ʠ ʬʣʦʢʫʣʷʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʰʝʡ ʞʸʩʪʢʦʩʪʠ ʚ ʧʨʦʙʘʭ ʩʪʦʯʥʳʭ ʚʦʜ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʦʜʘʥʠʜʦʚ ʚ ʧʨʦʙʘʭ ʩʪʦʯʥʳʭ ʚʦʜ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʋʙʚʤʡʯʙ 2 
ʉʞʠʬʤʵʫʙʫʴ ʡʪʨʴʫʙʦʡʸ ʪʥʧʤ ʝʤʸ ʪʧʩʚʯʡʡ ʩʧʝʙʦʡʝʧʛ  

ʡʠ ʪʫʧʰʦʧʢ ʛʧʝʴ ʛ ʪʫʙʫʡʰʞʪʣʡʮ ʬʪʤʧʛʡʸʮ 
(ʀʩʭʦʜʥʘʷ ʚʦʜʘ: [SCNϖ] = 748,0 ʤʛ/ʣ) 

 ́
ʧʚʩʙʠʯʙ 

ʋʡʨ ʙʦʡʧʦʡʫʙ 
ʃʧʦʯʞʦʫʩʙʯʡʸ SCN- ʛ 

ʥʙʫʧʰʦʧʥ ʩʙʪʫʛʧʩʞ ʪʧʩʚʯʡʡ, 
ʤʛ/ʣ 

1 ʉʤʝʰʘʥʥʦʡ ʦʩʥʦʚʥʦʩʪʠ 89 
2 ʉʠʣʴʥʦʦʩʥʦʚʥʘʷ 63 

ʈʠʩ. 4. ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʧʦ ʩʦʨʙʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʦʪ ʨʦʜʘʥʠʜʦʚ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 
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ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ: 
ï ʨʘʩʪʚʦʨ ʭʣʦʨʠʜ ʞʝʣʝʟʦ (III) [FeCl3·6H2O]; 
ï ʧʦʨʦʰʦʢ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ [Na2CO3]; 
ï ʨʘʩʪʚʦʨ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ [Proestol 2500]. 
ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʢʦʘʛʫʣʷʮʠʠ-ʬʣʦʢʫʣʷʮʠʠ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʧʨʦʙʫ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʜʦʙʘʚʣʷʣʠ FeCl3·6H2O ʠ Na2CO3 ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 
ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ Proestol 2500 ʠ ʧʝʨʝʤʝ-
ʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʰʘʷ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ ʚ 
ʧʨʦʙʝ ʩʪʦʯʥʦʡ ʚʦʜʳ ʩʥʠʟʠʣʘʩʴ ʜʦ 11 ʤʛ-ɻ ʢʚ/ʣ. ɼʣʷ ʫʜʘʣʝʥʠʷ 
ʨʦʜʘʥʠʜ-ʠʦʥʦʚ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ɺ 
ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ ʩ 
ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ: ʩʠʣʴʥʦʦʩʥʦʚʥʳʤʠ, 
ʩʤʝʰʘʥʥʦʡ ʦʩʥʦʚʥʦʩʪʠ. 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʨʙʝʥʪʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʩʪʝʧʝʥʠ ʩʥʠʞʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʦʜʘʥʠʜ-ʠʦʥʦʚ ʚ ʤʘʪʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦʩʣʝ ʩʦʨʙʮʠʠ. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

ʈʝʟʫʣʴʪʘʪʳ.  ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 
ʪʘʙʣ. 2, ʦʙʘ ʦʙʨʘʟʮʘ ʦʙʣʘʜʘʶʪ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʚ 
ʦʪʥʦʰʝʥʠʠ ʨʦʜʘʥʠʜʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʨʦʜʘʥʠʜ-ʠʦʥʦʚ ʚ ʤʘʪʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʥʠʟʠʣʘʩʴ ʜʦ 89 ʤʛ/ʣ 
(ʦʙʨʘʟʝʮ 1) ʠ 63 ʤʛ/ʣ (ʦʙʨʘʟʝʮ 2), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʨʙʝʥʪʦʚ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʧʨʦ-

ʚʝʜʝʥʠʠ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʨʙʝʥʪʦʚ ʥʘ ʦʙʦʠ ʦʙʨʘʟʮʘʭ ˉ 1 ʠ ˉ 2. ʇʨʦʮʝʩʩ 
ʩʦʨʙʮʠʠ ʧʨʦʜʦʣʞʘʣʩʷ ʜʦ ʤʦʤʝʥʪʘ ʧʦʣʥʦʛʦ ʧʨʦʩʢʦʢʘ, ʪʦ ʝʩʪʴ ʜʦ ʜʦʩʪʠ-
ʞʝʥʠʷ ʧʦʣʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʤʝʥʥʦʡ ʸʤʢʦʩʪʠ.    ʇʦ ʟʘʚʝʨʰʝʥʠʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʨʙʝʥʪ ʧʦʜʚʝʨʛʘʣʩʷ ʘʥʘʣʠʟʫ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʦʛʣʦʱʸʥ-
ʥʳʭ ʨʦʜʘʥʠʜʦʚ. ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʨʙʮʠʦʥ-
ʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʩʳʱʝʥʠʷ ʠʦʥʠʪʘ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 3, 

ʈʠʩ. 5. ɻʨʘʬʠʢʠ ʚʳʭʦʜʥʳʭ ʢʨʠʚʳʭ ʩʦʨʙʮʠʠ SCN-:            ʦʙʨʘʟʝʮ ˉ 1;               ʦʙʨʘʟʝʮ ˉ 2 
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ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʤʝʥʥʘʷ      ʸʤʢʦʩʪʴ (ɼʆɪ) ʜʣʷ ʦʙʨʘʟʮʘ 1 ʜʦʩʪʠʛʘʝʪ-
ʩʷ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ 30 ʤ3 ʨʘʩʪʚʦʨʘ ʥʘ 1 ʤ3 ʩʤʦʣʳ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ 
ʦʙʨʘʟʮʘ 2 ï ʧʨʠ 70 ʤ3/ʤ3. ʇʦʣʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʤʝʥʥʘʷ ʸʤʢʦʩʪʴ 
(ʇɼʆɪ) ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʘ 1 ʧʨʠ 70 ʤ3/ʤ3, ʘ ʜʣʷ ʦʙʨʘʟʮʘ 2 ï 
ʧʨʠ 100 ʤ3/ʤ3. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʇɼʆɪ ʥʘʩʳʱʝʥʠʝ ʩʤʦʣ ʨʦʜʘʥʠʜ-
ʠʦʥʦʤ ʩʦʩʪʘʚʠʣʦ 75 ʤʛ/ʛ ʜʣʷ ʦʙʨʘʟʮʘ 1 ʠ 152 ʤʛ/ʛ ʜʣʷ ʦʙʨʘʟʮʘ 2.  
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʯʠʩʪ-

ʢʠ ʚʦʜʳ ʦʪ ʨʦʜʘʥʠʜʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʴʥʦʦʩʥʦʚ-
ʥʳʝ ʘʥʠʦʥʠʪʳ. 
ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʠʦʥʠʪʦʚ ʚ ʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢ ʚʳʭʦʜʥʳʭ ʢʨʠʚʳʭ ʩʦʨʙʮʠʠ    
(ʨʠʩ. 5) ʥʘ ʢʦʪʦʨʦʡ ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʠʣʴʥʦʦʩʥʦʚʥʦʛʦ 
ʘʥʠʦʥʠʪʘ ï ʦʙʨʘʟʝʮ ˉ 2.  
ʊʘʢ ʞʝ ʧʦʣʫʯʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʦʥʠʪʘ ʧʦʟʚʦ-

ʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ SCN- ʫʜʝʣʴʥʫʶ 
ʥʘʛʨʫʟʢʫ ʚ ʧʨʝʜʝʣʘʭ 3-5 ʦʙʲʸʤʦʚ ʦʯʠʱʘʝʤʦʡ ʚʦʜʳ ʥʘ ʦʜʠʥ ʦʙʲʝʤ 
ʠʦʥʠʪʘ ʚ ʯʘʩ, ʧʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ SCN- ʠʟ ʩʪʦʯʥʦʡ ʚʦʜʳ 
ʩʦʩʪʘʚʠʣ 98,7 %.   
ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʧʳʪʘʥʠʡ ʠʟʫʯʝʥʳ ʩʧʦʩʦʙʳ ʜʝʩʦʨʙʮʠʠ 

ʥʘʩʳʱʝʥʥʦʛʦ ʨʦʜʘʥʠʜʦʤ ʦʙʨʘʟʮʘ ˉ 2 ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩ 
ʧʦʜʙʦʨʦʤ ʨʝʘʛʝʥʪʦʚ ʠ ʫʩʣʦʚʠʡ. ʅʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʝʩʦʨʙʮʠʠ 
ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʥʠʪʨʘʪʥʦʡ ʩʨʝʜʝ ʩ ʧʦʜʦʛʨʝʚʦʤ ʜʦ 50Üʉ, ʧʨʠ ʢʦʪʦ-
ʨʦʤ ʩʪʝʧʝʥʴ ʜʝʩʦʨʙʮʠʠ ʨʦʜʘʥʠʜʦʚ ʩʦʩʪʘʚʠʣʘ 96,5 %. ʉʦʜʝʨʞʘʥʠʝ 
SCNϖ  ʚ ʦʙʨʘʟʦʚʘʥʥʳʭ ʜʝʩʦʨʙʘʪʘʭ ʩʦʩʪʘʚʠʣʦ ʜʦ 1000 ʤʛ/ʣ. ɻʨʘʬʠʢ 
ʚʳʭʦʜʥʦʡ ʢʨʠʚʦʡ ʜʝʩʦʨʙʮʠʠ SCNϖ ʠʟ ʥʘʩʳʱʝʥʥʦʛʦ ʠʦʥʠʪʘ ʦʙʨʘʟʮʘ 
ˉ 2 ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩ. 6. 
ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘ-

ʮʠʡ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʝʸ ʚʦʟʚʨʘʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʨʠ-
ʤʝʨʝ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ (ʨʠʩ. 7) 

ʆʙʩʫʞʜʝʥʠʝ.  ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ 
ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʘʣʴʪʝʨʥʘʪʠʚ-
ʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭ ʨʦʜʘʥʠʜ-ʠʦʥ. 
ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢ-
ʪʠʢʝ ʧʝʨʝʨʘʙʦʪʢʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʤʝʪʦʜʦʤ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʚʳʱʝ-
ʣʘʯʠʚʘʥʠʷ ʥʝ ʥʘʰʣʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ 
ʨʦʜʘʥʠʜʩʦʜʝʨʞʘʱʠʭ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʨʙʮʠʦʥʥʳʭ 
ʤʝʪʦʜʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦ-
ʩʪʴʶ ʢʠʥʝʪʠʢʠ ʩʦʨʙʮʠʠ SCNϖ ʠ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʝʥʝʨʘʮʠʠ ʥʘʩʳʱʝʥ-
ʥʦʛʦ ʠʦʥʠʪʘ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 
ɺʳʚʦʜʳ. ʇʨʦʚʝʜʸʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʛʠʜʨʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ 
ʜʦʧʫʩʪʠʤʳʭ ʥʦʨʤʘʪʠʚʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʮʠʘʥʠʜʦʚ, ʨʦʜʘʥʠʜʦʚ, 
ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ, ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʠ ʦʙʱʝʡ ʞʸʩʪʢʦʩʪʠ ʚʦʜʳ. ʕʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʜ 
ʧʦʩʣʝ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʠʭ ʚʨʝʜ-
ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʘʢ ʮʠʘʥʠʜʳ ʧʨʝʚʳʰʘʶʪ ʥʦʨʤʳ ʙʦʣʝʝ ʯʝʤ ʚ 250 
ʨʘʟ, ʘ ʩʫʭʦʡ ʦʩʪʘʪʦʢ ʠ ʞʸʩʪʢʦʩʪʴ ʚʦʜʳ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 12 ʠ 7 ʨʘʟ, 
ʯʪʦ ʜʝʣʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʩʪʦʯʥʳʭ ʚʦʜ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 
ʦʯʠʩʪʢʠ ʥʝʚʦʟʤʦʞʥʳʤ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠ-
ʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʘʛʫʣʷʮʠʠ-ʬʣʦʢʫʣʷʮʠʠ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ (AlϜ(SOϞ)ϝ), ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ     
(Ca(OH)Ϝ) ʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ Proestol 2500.  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʩʥʠ-

ʟʠʣʦʩʴ ʜʦ 19 ʤʛ/ʣ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʪʝʭʥʠʯʝʩʢʦʡ 
ʚʦʜʝ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʦʙʲʝʢʪʘʭ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠʟ 
ʩʪʦʯʥʳʭ ʚʦʜ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʘʛʫʣʷʮʠʠ-ʬʣʦʢʫʣʷʮʠʠ ʩ ʨʝʘʛʝʥʪʘʤʠ 
ʭʣʦʨʠʜ   ʞʝʣʝʟʘ (III) (FeClϝ·6HϜO), ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ (NaϜCOϝ) ʠ 

ʈʠʩ. 6. ɻʨʘʬʠʢ ʚʳʭʦʜʥʦʡ ʢʨʠʚʦʡ ʜʝʩʦʨʙʮʠʠ SCN- ʠʟ ʥʘʩʳʱʝʥʥʦʛʦ ʠʦʥʠʪʘ ʦʙʨʘʟʮʘ ˉ 2 




