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ʇʆɼɿɽʄʅɸʗ ɻɽʆʊɽʍʅʆʃʆɻʀʗ 

 

 

ʋɼʂ 622.272 

 

ʆ ʇʈʆʄɽɾʋʊʆʏʅʓʍ ʈɽɿʋʃʔʊɸʊɸʍ ʀʉʇʓʊɸʅʀʁ ʅʆɺʆʁ 

ɻɽʆʊɽʍʅʆʃʆɻʀʀ ʇʆɼɿɽʄʅʆʁ ʈɸɿʈɸɹʆʊʂʀ ʇʆʃʀʄɽʊɸʃʃʀʏɽʉʂʀʍ ʈʋɼ  

 

ɺɸʃʀɽɺ ʅ. ɻ., ʇʈʆʇʇ ɺ. ɼ., ʐʆʍʆɺ ʉ. ʆ. 
 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʨʘʟʨʘʙʦʪʢʠ ʩ ʟʘʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʂʦʨʙʘʣʠʭʠʥʩʢʦʤ ʨʫʜʥʠʢʝ ɸʆ çʉʠ-

ʙʠʨʴ-ʇʦʣʠʤʝʪʘʣʣʳè. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ, ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʧʘʨʘ-

ʤʝʪʨʳ ʦʯʠʩʪʥʳʭ ʢʘʤʝʨ, ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʝ ʨʘʙʦʪʳ, ʟʘʢʣʘʜʢʘ ʪʚʝʨʜʝʶʱʝʡ ʩʤʝʩʴʶ, 
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ABOUT THE RESULTS OF PILOT TESTS OF THE CHAMBER MINING  

SYSTEM IN THE CONDITIONS OF THE KORBALIKHINSKY MINE  

 

VALIEV N. G., PROPP V. D., SHOKHOV S. O. 
 

Ural State Mining University, Ekaterinburg 

 

Abstract. The article presents the interim results of tests of a chamber mining system with back-

filling of mined-out space at the Korbalikhinsky mine of Siberia-Polymetals JSC. 

 

Keywords: ʩhamber development system, pilot-industrial testing, parameters of cleaning cham-

bers, preparatory cutting work, filling with a hardening mixture, descending mining order, cutting 

slot, extraction rates. 

 

ʂʦʨʙʘʣʠʭʠʥʩʢʠʡ ʨʫʜʥʠʢ ɸʆ çʉʠʙʠʨʴ-ʇʦʣʠʤʝʪʘʣʣʳè, ʚʭʦʜʷʱʠʡ ʚ ʛʨʫʧʧʫ ʧʨʝʜʧʨʠ-

ʷʪʠʡ ʆɸʆ çʋɻʄʂè, ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʫʥʠʢʘʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʩ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ, ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʥʘ ʶʛʝ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʚ 30 ʢʤ ʦʪ ʛʦʨ. ʈʫʙʮʦʚʩʢʘ. 

ʄʦʨʬʦʣʦʛʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʚʳʜʝʨ-

ʞʘʥʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ, ʢʘʢ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ, ʪʘʢ ʠ ʧʦ ʧʘʜʝʥʠʶ. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʨʫʜʥʦʛʦ ʪʝʣʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2 ʜʦ 50-60 ʤ, ʩʨʝʜʥʠʡ ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 55-60Á. ʆʢʦʣʦ 80 

% ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʛʣʫʙʠʥʝ ʙʦʣʝʝ 400 ʤ.  

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʂʦʨʙʘʣʠʭʠʥʩʢʦʛʦ ʨʫʜʥʠʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ 400 

ʪʳʩ. ʪ ʨʫʜʳ ʚ ʛʦʜ. ʇʨʠʤʝʥʷʝʤʘʷ ʥʘ ʨʫʜʥʠʢʝ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʩʣʦʷʤʠ ʩ 

ʟʘʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ, ʧʦ-ʩʫʱʝʩʪʚʫ, ʜʦʙʳʯʫ ʨʫʜʳ ʩ ʧʦ-

ʤʦʱʴʶ ʧʨʦʭʦʜʢʠ ʦʯʠʩʪʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩʝʯʝʥʠʝʤ 16 ʤ2 (4ʤĬ4ʤ). ʅʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʪʨʫʜʘ, ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʭ ʨʘʙʦʪ (ʇʅʈ) ʠ ʚʳʩʦʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʜʦʙʳʯʠ ʨʫʜʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʨʫʜʥʠʢʘ.  
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ɺ ʩʚʷʟʠ ʩ ʜʠʥʘʤʠʯʥʳʤ ʨʘʟʚʠʪʠʝʤ ɸʆ çʉʠʙʠʨʴ-ʇʦʣʠʤʝʪʘʣʣʳè ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʥʘʡʪʠ ʩʧʦʩʦʙʳ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʨʫʜʥʠʢʘ ʜʦ 1,5 ʤʣʥ. ʪ ʜʦ 2025 ʛ. ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʪʝʭʥʦʣʦ-

ʛʠʡ. ʆʙʝʩʧʝʯʠʪʴ ʪʘʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʨʘʟʨʘʙʦʪʢʠ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʳʤʠ ʩʣʦʷʤʠ ʩ ʟʘʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʳʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʯʘʩʪʢʦʚ ʩ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʴʶ ʨʫʜʥʳʭ ʪʝʣ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʚʳ-

ʝʤʢʠ ʨʫʜʳ ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʘʤʝʨ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠ ʟʘʢʣʘʜ-

ʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʂʘʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʘʤʝʨ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠ ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜ-

ʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʥʠʩʭʦʜʷʱʠʡ ʧʦʨʷʜʦʢ ʦʪʨʘʙʦʪʢʠ) 

 

ʉʫʱʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʫʜʥʦʝ ʪʝʣʦ 

ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʢʘʤʝʨʘʤʠ ʜʣʠʥʦʡ 25 ʤ, ʰʠʨʠʥʦʡ 10 ʤ ʠ ʚʳʩʦʪʦʡ 16 ʤ. ʆʯʠʩʪʥʘʷ ʚʳʝʤʢʘ ʚ 

ʢʘʤʝʨʝ ʚʝʜʝʪʩʷ ʦʜʥʠʤ ʟʘʙʦʝʤ ʚ ʦʪʩʪʫʧʘʶʱʝʤ ʧʦʨʷʜʢʝ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʪʘʚʣʷʶʪʩʷ 

ʤʝʞʜʫʢʘʤʝʨʥʳʝ ʮʝʣʠʢʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʙʘʪʳʚʘʶʪ ʧʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʠ ʟʘʢʣʘʜʢʠ ʩʦʩʝʜʥʠʭ ʢʘ-

ʤʝʨ, ʣʠʙʦ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʦʪʨʘʙʦʪʢʠ ʢʘʤʝʨʳ ʥʘ ʛʨʘʥʠʮʝ ʩ ʟʘʣʦʞʝʥʥʦʡ. ʆʪʙʦʡʢʘ 

ʨʫʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʣʦʷʤʠ ʩ ʧʦʤʦʱʴʶ ʚʦʩʭʦʜʷʱʠʭ ʚʝʝʨʦʚ ʩʢʚʘʞʠʥ, ʧʨʦ-

ʙʫʨʝʥʥʳʭ ʠʟ ʙʫʨʦ-ʜʦʩʪʘʚʦʯʥʦʛʦ ʰʪʨʝʢʘ. ʆʪʛʨʫʟʢʫ ʠ ʜʦʩʪʘʚʢʫ ʨʫʜʳ ʧʨʦʠʟʚʦʜʷʪ ʩ ʧʦʯʚʳ ʢʘ-

ʤʝʨʳ ʧʦʛʨʫʟʦʯʥʦ-ʜʦʩʪʘʚʦʯʥʦʡ ʤʘʰʠʥʦʡ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʨʫ-

ʜʦʩʧʫʩʢʘ ʠʣʠ ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʧʫʥʢʪʘ. ʇʦʩʣʝ ʧʦʣʥʦʡ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʢʘʤʝʨʳ ʚʦʟʚʦʜʷʪ ʧʝ-

ʨʝʤʳʯʢʠ ʠ ʧʨʦʠʟʚʦʜʷʪ ʟʘʢʣʘʜʢʫ ʢʘʤʝʨ ʪʚʝʨʜʝʶʱʠʤʠ ʩʤʝʩʷʤʠ. 

ʂʘʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʣʦʝʚʦʡ ʚʳʝʤʢʦʡ ʨʫʜʳ 

ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ: 

ï ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʨʫʜʥʠʢʘ ʜʦ 1,5 ʤʣʥ. ʪ; 

ï ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʦʚ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʭ ʚʳʨʘʙʦʪʦʢ ʜʦ 45 ʤ3/1000 ʪ; 

ï ʩʦʢʨʘʱʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ ʜʦ 4 %; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʭʝʤʳ ʚʩʢʨʳʪʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʢʘʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʜʣʷ ʂʦʨʙʘʣʠʭʠʥʩʢʦʛʦ ʨʫʜʥʠʢʘ ʥʦ-

ʚʦʡ, ʪʦ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ (ʆʇʀ) ʩ 

ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʝʝ ʜʘʣʴʥʝʡʰʝʤʫ ʧʨʠʤʝʥʝʥʠʶ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʆʇʀ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʨʘʙʦʯʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʧʨʦʚʝʜʝʥʠʶ 

ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ [1], ʨʘʟʨʘʙʦʪʘʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʦʛʦ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ çʈʫʜʥʠʢ ʂʦʨʙʘʣʠʭʠʥʩʢʠʡ ɸʆ çʉʠʙʠʨʴ-ʇʦʣʠʤʝʪʘʣʣʳè, ʧʦʣʫ-

ʯʝʥʦ ʟʘʢʣʶʯʝʥʠʝ ʵʢʩʧʝʨʪʠʟʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʜʛʦʪʦʚʣʝʥʘ ʠ ʫʪʚʝʨʞʜʝʥʘ 

ʇʨʦʛʨʘʤʤʘ ʧʨʦʚʝʜʝʥʠʷ ʆʇʀ.  

ʆʧʳʪʥʳʡ ʙʣʦʢ ʚʳʙʨʘʥ ʚ ʦʪʤ. -192 ʤ / -224 ʤ. ʤʦʱʥʦʛʦ ʫʯʘʩʪʢʘ ʨʫʜʥʦʛʦ ʪʝʣʘ. ɹʣʦʢ 

ʩʦʩʪʦʠʪ ʠʟ 23 ʦʯʠʩʪʥʳʭ ʢʘʤʝʨ ʠ 12 ʄʂʎ (ʨʠʩ. 2). 

ʆʪʨʘʙʦʪʢʘ ʟʘʧʘʩʦʚ ʙʣʦʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʚʝʨʭʫ ʚʥʠʟ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʵʪʘʧʥʦ ʧʦʜʛʦ-

ʪʘʚʣʠʚʘʪʴ ʠ ʦʪʨʘʙʘʪʳʚʘʪʴ ʟʘʧʘʩʳ. ʋʯʘʩʪʦʢ ʚʳʩʦʪʦʡ 32 ʤ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʜʦʙʳʯʥʳʭ ʩʣʦʷ ʚʳ-

ʩʦʪʦʡ ʧʦ 16 ʤ, ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ ʢʘʤʝʨʘʤʠ. ʉʣʦʡ ʦʪʨʘʙʘʪʳʚʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪ ʚʠʩʷʯʝʛʦ 

ʙʦʢʘ ʢ ʣʝʞʘʯʝʤʫ. ɿʘʝʟʜʘʤʠ ʥʘ ʩʣʦʠ ʩʣʫʞʘʪ ʥʘʢʣʦʥʥʳʝ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʠ ʜʦʩʪʘʚʦʯʥʳʝ ʦʨʪʳ. 

ʆʯʠʩʪʥʘʷ ʚʳʝʤʢʘ ʚ ʢʘʤʝʨʘʭ ʚʝʜʝʪʩʷ ʦʜʥʠʤ ʟʘʙʦʝʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʦʨʪʘ 

ʢ ʜʦʩʪʘʚʦʯʥʦʤʫ. 

ɺ ʦʧʳʪʥʦʤ ʙʣʦʢʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʨʘʙʦʪʝ ʥʘʭʦʜʠʪʩʷ ʜʚʝ ʢʘʤʝʨʳ. ɺ ʧʨʝʜʝʣʘʭ ʩʣʦʷ 

ʢʘʤʝʨʳ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʦʯʥʦʩʪʠ ʩʦʧʨʷʞʝʥʥʦʡ 

ʢʘʤʝʨʳ. ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʢʘʤʝʨ ʚ ʥʠʞʥʝʤ ʩʣʦʝ ʦʧʝʨʝʞʝʥʠʝ ʚʳʝʤʢʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʜʦʣʞʥʦ 

ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʢʘʤʝʨ.  

ʇʨʠʥʷʪʳʡ ʧʦʨʷʜʦʢ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʦʧʳʪʥʦʛʦ ʙʣʦʢʘ (ʨʠʩ. 2) ʦʙʝʩʧʝʯʠʚʘʝʪ: 

ï ʧʦʩʪʝʧʝʥʥʳʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʚʚʦʜ ʟʘʧʘʩʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ; 

ï ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʟʘʛʨʫʟʢʫ ʠʤʝʶʱʝʛʦʩʷ ʙʫʨʦʚʦʛʦ ʠ 

ʧʦʛʨʫʟʦʯʥʦ-ʜʦʩʪʘʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʟʘ 

ʧʨʦʮʝʩʩʦʤ ʚʝʜʝʥʠʷ ʟʘʢʣʘʜʦʯʥʳʭ ʨʘʙʦʪ. 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʆʇʀ ʧʨʦʚʝʨʷʶʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʨʦʚʣʠ ʠ ʩʪʝʥʦʢ ʢʘʤʝʨ ʧʨʠ 

ʧʨʠʥʷʪʳʭ, ʛʝʦʤʝʭʘʥʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ, ʧʘʨʘʤʝʪʨʘʭ ʢʘʤʝʨ ʠ ʨʝʘʣʴʥʳʝ ʩʨʦʢʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʦʯʠʩʪʥʳʭ ʠ ʟʘʢʣʘʜʦʯʥʳʭ ʨʘʙʦʪ. ʊʘʢʞʝ, ʚʘʞʥʦ ʧʦʣʫʯʝʥʠʝ ʦʧʳʪʘ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ, 

ʥʘʪʫʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʦʢʦʚ ʪʚʝʨʜʝʥʠʷ ʟʘʢʣʘʜʢʠ ʠ ʥʘʙʦʨʘ ʝʝ ʧʨʦʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʠ ʨʘʙʦʪʝ ʧʦʜ ʥʝʩʢʦʣʴʢʠʤʠ ʟʘʣʦʞʝʥʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. 
 

 
 

ʈʠʩ. 2. ʇʦʨʷʜʦʢ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʦʧʳʪʥʦʛʦ ʙʣʦʢʘ: 

1, 2, 3, é28 - ʥʦʤʝʨʘ ʢʘʤʝʨ, ʄʂʎ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʭ ʦʪʨʘʙʦʪʢʠ; 

-  - ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʨʘʙʦʪʢʠ ʢʘʤʝʨ ʦʪ ʚʠʩʷʯʝʛʦ ʙʦʢʘ ʨʫʜʥʦʛʦ ʪʝʣʘ ʢ ʣʝʞʘʯʝʤʫ 
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ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʝ ʠ ʦʯʠʩʪʥʳʝ ʨʘʙʦʪʳ ʚ ʦʧʳʪʥʦʤ ʙʣʦʢʝ ʧʨʦʠʟʚʦʜʷʪ ʩʦ-

ʛʣʘʩʥʦ ʧʨʠʥʷʪʦʤʫ ʧʦʨʷʜʢʫ ʦʪʨʘʙʦʪʢʠ ʢʘʤʝʨ. 

ɺ ʭʦʜʝ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʩ ʥʦʷʙʨʷ 2023 ʛʦʜʘ ʧʦ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ:  

1) ʅʝʢʘʯʝʩʪʚʝʥʥʦʝ ʚʝʜʝʥʠʝ ʨʘʙʦʪ ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʩʣʫʞʙʦʡ ʨʫʜʥʠʢʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʭ ʚʳʨʘʙʦʪʦʢ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʨʷʜ ʚʳʨʘʙʦʪʦʢ ʠʤʝʶʪ ʦʪʢʣʦʥʝ-

ʥʠʷ ʦʪ ʧʨʦʝʢʪʥʦʡ ʪʨʘʩʩʠʨʦʚʢʠ.  

2) ʅʘʨʫʰʝʥʠʝ ʦʯʝʨʝʜʥʦʩʪʠ ʧʨʦʭʦʜʢʠ ʥʘʨʝʟʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ ʦʧʳʪʥʦʤ ʙʣʦʢʝ ʧʨʠʚʝʣʦ 

ʢ ʥʘʨʫʰʝʥʠʶ ʧʨʦʝʢʪʘ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʙʣʦʢʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʪʨʝʙʦʚʘʣʦ ʧʨʦʚʝʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʧʦʨʷʜʢʘ ʦʪʨʘʙʦʪʢʠ ʢʘʤʝʨ. 

3) ɺ ʩʚʷʟʠ ʩ ʫʪʦʯʥʝʥʠʝʤ ʢʦʥʪʫʨʦʚ ʨʫʜʥʦʡ ʟʘʣʝʞʠ ʠʟʤʝʥʝʥʳ ʛʨʘʥʠʮʳ ʠ ʯʠʩʣʦ ʢʘʤʝʨ 

ʚ ʦʧʳʪʥʦʤ ʙʣʦʢʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʝʢʪʥʳʤʠ (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 3. ʌʘʢʪʠʯʝʩʢʠʡ ʢʦʥʪʫʨ ʨʫʜʥʦʡ ʟʘʣʝʞʠ ʠ ʘʢʪʫʘʣʴʥʳʡ ʧʦʨʷʜʦʢ ʦʪʨʘʙʦʪʢʠ ʢʘʤʝʨ 

 

4) ɹʫʨʝʥʠʝ ʩʢʚʘʞʠʥ ʚʝʜʝʪʩʷ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʧʨʦʝʢʪʘ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʟ-

ʤʝʪʢʠ ʩʝʪʢʠ ʩʢʚʘʞʠʥ ʠ ʚʦʟʤʦʞʥʦʡ ʥʝʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʙʫʨʝʥʠʷ ʩʚʷʟʘʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ Simba. 

5) ʆʯʠʩʪʥʳʝ ʨʘʙʦʪʳ ʚ ʂʘʤʝʨʝ ˉ1 ʧʨʦʚʝʜʝʥʳ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪ-

ʙʦʡʢʠ ʚʝʝʨʘ ˉ16 (ʨʠʩ. 4), ʦʪʙʦʡʢʘ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʚʳʝʤʢʝ ʟʘʧʘʩʦʚ ʄʂʎ. 

ɺʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʧʦ ʦʪʙʦʡʢʝ ʚʝʝʨʘ ˉ16 ʥʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ ʧʨʠʯʠʥʝ ʨʘʟʚʠʪʠʷ ʠʥʪʝʥʩʠʚ-

ʥʦʛʦ ʟʘʢʦʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ ʚ ʙʦʨʪʘʭ ʠ ʢʨʦʚʣʝ ʧʦʜʚʦʜʷʱʠʭ 

ʚʳʨʘʙʦʪʦʢ. 

6) ʇʦ ʧʨʠʯʠʥʝ ʨʘʟʚʠʪʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʦʨʤ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʦʠʟʦ-

ʰʣʦ ʦʙʨʫʰʝʥʠʝ ʮʝʣʠʢʘ ʤʝʞʜʫ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤʠ ʩʙʦʡʢʘʤʠ ʦʪʤ. -192 ʤ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʨʝ-

ʚʳʰʝʥʠʶ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʦʚʣʠ ʂʘʤʝʨʳ ˉ1 (ʨʠʩ. 5) ʥʘ ʫʯʘʩʪʢʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪ-

ʨʝʟʥʦʡ ʱʝʣʠ ʠ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟʚʣʝʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʦʙʲʝʤʦʚ ʟʘʩʦʨʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʠ ʧʫʩʪʦʡ ʧʦʨʦʜʦʡ.  
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ʈʠʩ. 4. ʇʨʦʝʢʪʥʳʝ ʠ ʬʘʢʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʂʘʤʝʨʳ ˉ1 ʧʦʩʣʝ ʧʦʣʥʦʡ ʝʝ ʦʪʨʘʙʦʪʢʠ 

 

7) ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʘʢʪʠʯʝʩʢʦʡ ʩʲʸʤʢʠ ʂʘʤʝʨʳ ˉ1 ʚ ʧʝʨʠʦʜ ʦʢʦʥʯʘʥʠʷ ʝʝ ʦʪʨʘʙʦʪʢʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʪʢʣʦʥʝʥʠʝ ʢʦʥʪʫʨʘ ʧʦʯʚʳ ʢʘʤʝʨʳ ʦʪ ʧʨʦʝʢʪʥʦʛʦ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪ-

ʩʪʚʠʝʤ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ ʚ ʥʠʞʥʠʡ ʫʛʦʣ ʢʘʤʝʨʳ (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 5. ʇʨʝʚʳʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʂʘʤʝʨʳ ˉ1: 

1 ï ʧʨʦʝʢʪʥʳʡ ʢʦʥʪʫʨ ʢʘʤʝʨʳ; 2 ï ʬʘʢʪʠʯʝʩʢʠʡ ʢʦʥʪʫʨ ʢʘʤʝʨʳ 

 

8) ɺ ʂʘʤʝʨʝ ˉ3 ʠʟ-ʟʘ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʦʪʨʝʟʥʦʡ ʱʝʣʠ ʧʨʠ ʚʟʨʳʚʘʥʠʠ 

ʧʝʨʚʦʛʦ ʚʝʝʨʘ ʩʢʚʘʞʠʥ ʧʨʦʠʟʦʰʸʣ ʦʙʚʘʣ ʢʨʦʚʣʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʪʘʣʦ ʥʝʚʦʟʤʦʞʥʳʤ ʟʘʨʷ-

ʞʘʪʴ ʚʝʝʨʘ ʩʢʚʘʞʠʥ ˉ2 ʠ ˉ3. ɼʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʧʝʨʝʙʫʨʠ-

ʚʘʪʴ ʩʢʚʘʞʠʥʳ ʩ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ. 

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʦʥʪʫʨʘ ʢʘʤʝʨ ʚ ʭʦʜʝ ʆʇʀ ʙʳʣ ʨʘʟ-

ʨʘʙʦʪʘʥ ʧʣʘʥ - ʛʨʘʬʠʢ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʦʯʠʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʩʦ ʩʪʦʨʦʥʳ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʙʦʡʢʠ ʥʘ ʵʪʘʧʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʨʝʟʥʦʡ ʱʝʣʠ, ʦʪʨʘʙʦʪʢʠ 50 

% ʟʘʧʘʩʦʚ ʢʘʤʝʨ ʠ ʦʪʨʘʙʦʪʢʠ 100 % ʟʘʧʘʩʦʚ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ, 

ʠʟʤʝʥʷʶʱʠʭ ʧʘʨʘʤʝʪʨʳ ʢʘʤʝʨ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʦʯʠʩʪʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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ʈʠʩ. 6. ʈʘʟʨʝʟ ʂʘʤʝʨʳ ˉ1 ʧʦ ʚʝʝʨʫ ˉ15: 

1 ï ʧʨʦʝʢʪʥʳʡ ʢʦʥʪʫʨ ʢʘʤʝʨʳ; 2 ï ʬʘʢʪʠʯʝʩʢʠʡ ʢʦʥʪʫʨ ʢʘʤʝʨʳ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʪʨʘʙʦ-

ʪʘʥʘ ʂʘʤʝʨʘ ˉ1. ɿʘʢʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ ʚ ʂʘʤʝʨʝ ˉ1 ʦʩʫʱʝʩʪʚʣʝʥʳ ʦʙʱʠʤ ʦʙʲʸʤʦʤ 5111 ʤ3 

ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʦʨʤʘʪʠʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʟʘʢʣʘʜʢʠ 5 ʄʇʘ. ʂʘʤʝʨʘ ˉ2 ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ 

ʥʘʨʝʟʥʳʭ ʨʘʙʦʪ ʠʤʝʣʘ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʨʦʝʢʪʥʦʛʦ ʢʦʥʪʫʨʘ (ʨʠʩ. 3), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʪʨʝʙʦ-

ʚʘʣʦʩʴ ʟʘʣʦʞʠʪʴ ʢʘʤʝʨʫ ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʢʦʡ ʠ ʠʟʤʝʥʠʪʴ ʧʦʨʷʜʦʢ ʦʪʨʘʙʦʪʢʠ. ɺ ʂʘʤʝʨʝ 

ˉ3 ʟʘʢʦʥʯʝʥʘ ʦʯʠʩʪʥʘʷ ʚʳʝʤʢʘ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʢ ʟʘʢʣʘʜʦʯʥʳʤ ʨʘʙʦʪʘʤ. ɺ 

ʢʘʤʝʨʝ ˉ4 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʯʠʩʪʥʘʷ ʚʳʝʤʢʘ. ɺ ʂʘʤʝʨʝ ˉ5 ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʦʙʨʘʟʦ-

ʚʘʥʠʶ ʦʪʨʝʟʥʦʡ ʱʝʣʠ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ 

ʜʣʷ ʦʧʪʠʤʠʩʪʠʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʂʦʨʙʘʣʠʭʠʥʩʢʦʤ ʨʫʜʥʠʢʝ ʢʘʤʝʨ-

ʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʟʘʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʢʦʥʯʘʪʝʣʴʥʳʝ ʞʝ ʚʳ-

ʚʦʜʳ ʙʫʜʫʪ ʩʜʝʣʘʥʳ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʆʇʀ ʠ ʧʦʣʥʦʡ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʦʧʳʪʥʦʛʦ ʙʣʦʢʘ.  

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʈʘʙʦʯʠʡ ʧʨʦʝʢʪ çʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ (ʆʇʀ ˉ2) ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʚ 

ʫʩʣʦʚʠʷʭ ʂʦʨʙʘʣʠʭʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʆ çʉʠʙʠʨʴ-ʇʦʣʠʤʝʪʘʣʣʳè: ʦʪʯʝʪ ʦ ʅʀʈ / ʋɻɻʋ. ɽʢʘ-

ʪʝʨʠʥʙʫʨʛ, 2023. 148 ʩ. 
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ʋɼʂ 622.282 

ʇʈʆʌʀʃɸʂʊʀʏɽʉʂʆɽ ɿɸʀʃʀɺɸʅʀɽ ʇʈʀ ʈɸɿʈɸɹʆʊʂɽ ʄɽɼʅʆ-

ʂʆʃʏɽɼɸʅʅʓʍ ʈʋɼ ʉʀʉʊɽʄɸʄʀ ʈɸɿʈɸɹʆʊʂʀ ʉ ʆɹʈʋʐɽʅʀɽʄ  

 

ɹɽʈʂʆɺʀʏ ɺ. ʍ., ʇʈʆʇʇ ɺ. ɼ., ʐʆʍʆɺ ʉ. ʆ., ʉʊɸʈʎɽɺ ɺ. ɸ., ɻʋʉʄɸʅʆɺ ʌ. ʌ. 

 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ, 

ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ ʦʯʘʛʦʚ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ, ʧʨʠʚʦʜʠʪʩʷ 

ʪʝʭʥʦʣʦʛʠʷ ʠ ʩʧʦʩʦʙʳ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ 

ʩ ʦʙʨʫʰʝʥʠʝʤ ʨʫʜʳ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʠʣʠʚʘʥʠʝ, ʩʘʤʦʚʦʟʛʦʨʘʥʠʝ ʨʫʜ ʠ ʧʦʨʦʜ, ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷ-

ʪʠʷ, ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʦʙʨʫʰʝʥʠʝʤ, ʵʥʜʦʛʝʥʥʳʝ ʧʦʞʘʨʳ, ʟʘʠʣʦʚʦʯʥʳʝ ʫʩʪʘʥʦʚʢʠ. 

 

PREVENTIVE SILTING DURING THE MINING OF COPPER -SITE ORES BY CAVE-

DEVELOPMENT SYSTEMS  

 

BERKOVICH V. KH., PROPP V. D., SHOKHOV S. O., STARTSEV V. A., GUSMANOV F. F. 

 

Ural State Mining University, Ekaterinburg 

 

Abstract. The article describes preventive measures for the prevention, localization and elimina-

tion of sources of spontaneous combustion of copper pyrite ores, provides technology and methods 

of preventive siltation when using mining systems with caving of ore and host rocks. 

 

Keywords: siltation, spontaneous combustion of ores and rocks, preventive measures, mining sys-

tems with collapse, endogenous fires, silting installations. 

 

ʇʨʘʢʪʠʢʘ ʦʪʨʘʙʦʪʢʠ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʢʠʩʣʠ-

ʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʜʦʩʪʠʛʘʶʱʠʝ ʩʪʘʜʠʠ ʵʥʜʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ, ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʝ-

ʜʝʥʠʷ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, ʚʝʜʫʪʩʷ ʣʠ ʦʥʠ ʩʠʩʪʝʤʘʤʠ ʩ ʟʘʢʣʘʜʢʦʡ ʠʣʠ ʩ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ ʟʘʠʣʠʚʘʥʠʝʤ, ʪʦ ʝʩʪʴ ʦʥʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʨʘʟʨʘ-

ʙʦʪʢʠ, ʜʦʧʫʩʢʘʶʱʝʡ ʚʨʝʤʝʥʥʦʝ ʦʩʪʘʚʣʝʥʠʝ ʦʪʙʠʪʦʡ ʨʫʜʳ ʚ ʦʯʠʩʪʥʦʤ ʟʘʙʦʝ. ʇʦʵʪʦʤʫ ʚ ʣʶ-

ʙʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʵʥʜʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ.  

ʇʨʦʬʠʣʘʢʪʠʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʧʦʞʘʨʦʚ ʦʪ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʨʫʜ ʠ ʧʦʨʦʜ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ, ʪʘʢ ʠ ʤʝʨʳ ʧʦ ʣʠʢ-

ʚʠʜʘʮʠʠ ʦʯʘʛʦʚ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ. 

ɺʩʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ, ʣʦʢʘʣʠʟʘʮʠʠ ʠ 

ʣʠʢʚʠʜʘʮʠʠ ʦʯʘʛʦʚ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʙʱʠʝ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʠ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

1) ʠʟʦʣʷʮʠʷ ʦʢʠʩʣʷʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ; 

2) ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ ʢ ʦʢʠʩʣʷʶʱʝʤʫʩʷ ʤʘʪʝʨʠʘʣʫ; 

3) ʩʥʠʞʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʘʤʦʚʦʟ-

ʛʦʨʘʶʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ; 

4) ʦʭʣʘʞʜʝʥʠʝ ʥʘʛʨʝʪʦʡ ʤʘʩʩʳ; 

5) ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʩʘʤʦʚʦʟʛʦʨʘʶʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʧʨʠʢʦʩʥʦ-

ʚʝʥʠʠ ʩ ʢʠʩʣʦʨʦʜʦʤ. 

ʆʙʱʠʝ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ 

ʠ ʧʷʪʦʛʦ ʫʩʣʦʚʠʡ. ʆʥʠ ʩʚʦʜʷʪʩʷ ʢ ʙʳʩʪʨʦʡ ʠ ʧʦʣʥʦʡ ʚʳʝʤʢʝ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʧʦʣʝ-



13 

ʚʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʦ ʥʝ ʚʦʟʛʦʨʘʶʱʠʤʩʷ ʧʦʨʦʜʘʤ, ʚʳʧʦʣʥʝʥʠʶ ʤʠʥʠʤʘʣʴʥʳʭ ʦʙʲʝʤʦʚ ʧʦʜʛʦ-

ʪʦʚʠʪʝʣʴʥʳʭ ʠ ʥʘʨʝʟʥʳʭ ʨʘʙʦʪ, ʧʦʜʛʦʪʦʚʢʝ ʢ ʚʳʝʤʢʝ ʦʪʜʝʣʴʥʳʭ ʣʝʛʢʦ ʠʟʦʣʠʨʫʝʤʳʭ ʙʣʦʢʦʚ 

ʩ ʦʩʪʘʚʣʝʥʠʝʤ ʤʝʞʜʫʙʣʦʢʦʚʳʭ ʮʝʣʠʢʦʚ, ʩʦʭʨʘʥʷʶʱʠʭ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʠʟʦʣʷʮʠʠ ʚʳ-

ʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʦʚ ʠ ʩʥʠʞʝʥʠʶ ʜʝʧʨʝʩʩʠʠ ʚʝʥʪʠʣʷʮʠʦʥ-

ʥʳʭ ʩʪʨʫʡ ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ. 

ʉʧʝʮʠʘʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʦʚʦʜʷʪ ʧʦ ʦʩʦʙʳʤ ʧʨʦʝʢʪʘʤ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʧʝʮʠʘʣʠ-

ʟʠʨʦʚʘʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ʉʧʝʮʠʘʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʚʪʦ-

ʨʦʛʦ, ʪʨʝʪʴʝʛʦ, ʯʝʪʚʝʨʪʦʛʦ ʠ ʠʥʦʛʜʘ ʧʝʨʚʦʛʦ ʫʩʣʦʚʠʡ. ʉʧʝʮʠʘʣʴʥʳʝ ʘʚʘʨʠʡʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩʠʣʘʤʠ ʛʦʨʥʦʩʧʘʩʘʪʝʣʴʥʳʭ ʯʘʩʪʝʡ. 

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʦʞʘʨʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʦʪ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʨʫʜ ʠ ʧʦʨʦʜ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʚʦʜʠʪʴ ʧʨʦʪʠʚʦʧʦʞʘʨʥʫʶ ʧʨʦʬʠʣʘʢʪʠʢʫ. ʆʩʥʦʚʥʳʤ ʧʨʦʪʠʚʦ-

ʧʦʞʘʨʥʳʤ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ ʤʝʨʦʧʨʠʷʪʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʚʝʩʪʠ ʦʪʨʘʙʦʪʢʫ ʩʠʩʪʝʤʘʤʠ ʩ 

ʦʙʨʫʰʝʥʠʝʤ ʙʝʟ ʧʦʞʘʨʦʚ, ̫ ʚʣʷʝʪʩʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʟʘʠʣʠʚʘʥʠʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʛʣʠʥʠʩʪʦʡ ʧʫʣʴʧʦʡ. 

ɻʣʠʥʠʩʪʘʷ ʧʫʣʴʧʘ ʧʦʜʘʝʪʩʷ ʚ ʚʳʨʘʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʝʛʦ ʠʟʦʣʷʮʠʠ ʦʪ ʧʦʜ-

ʩʦʩʦʚ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʧʨʦʬʠʣʘʢʪʠʢʠ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʨʫʜʥʦʡ ʤʝʣʦʯʠ ʠʣʠ ʜʣʷ ʧʦ-

ʜʘʚʣʝʥʠʷ ʫʞʝ ʚʦʟʥʠʢʰʠʭ ʦʯʘʛʦʚ ʩʘʤʦʥʘʛʨʝʚʘʥʠʷ ʠ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ. ʇʫʣʴʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʦʜʥʫʶ ʩʫʩʧʝʥʟʠʶ ʠʟ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʛʣʠʥʳ, ʩʫʛʣʠʥʢʘ, ʧʝʩʢʘ 

ʠ ʜʨ.). ʇʨʦʭʦʜʷ ʯʝʨʝʟ ʦʙʨʫʰʝʥʥʳʝ ʧʦʨʦʜʳ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʫʣʴʧʘ ʨʘʩʩʣʘʠʚʘ-

ʝʪʩʷ: ʚʦʜʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʝʪʩʷ ʚ ʧʨʠʤʳʢʘʶʱʠʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʘ ʪʚʝʨʜʳʡ ʦʩʘʜʦʢ ʟʘʧʦʣ-

ʥʷʝʪ ʧʫʩʪʦʪʳ ʠ ʪʨʝʱʠʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘʠʣʠʚʘʥʠʝ. ʂʦʥʩʠʩʪʝʥʮʠʷ ʧʫʣʴʧʳ 

(ʊ:ɾ ï ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʢ ʦʙʲʝʤʫ ʚʦʜʳ) ʧʨʠ ʟʘʠʣʠʚʘʥʠʠ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 1:1 ʜʦ 1:8. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʫʣʴʧʳ 

ʩ ʦʪʥʦʰʝʥʠʝʤ ʪʚʝʨʜʦʛʦ ʢ ʞʠʜʢʦʤʫ ʦʪ 1:2 ʜʦ 1:4. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʨʦʣʴ ʚʦʜʳ ʧʨʠ ʟʘʠʣʠʚʘʥʠʠ. ɺʦʜʘ ʧʨʠ ʟʘʠʣʠʚʘʥʠʠ ʧʦʩʪʫʧʘʝʪ ʚ ʧʦʜ-

ʟʝʤʥʳʝ ʚʳʨʘʙʦʪʢʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʝ ʙʦʣʝʝ 10ʦ. ʇʨʠ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʠʩʣʝʥʠʝ ʨʫʜ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ. ʆʭʣʘʞʜʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚʦʜʳ ʜʦ ʩʠʭ ʧʦʨ ʥʝʜʦʦʮʝʥʠʚʘʣʦʩʴ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʤʝ-

ʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ ʟʘʠʣʠʚʘʥʠʷ. ʈʦʣʴ ʚʦʜʳ ʧʨʠ ʟʘʠʣʠʚʘʥʠʠ ʥʝ ʚʪʦʨʦʩʪʝʧʝʥʥʘʷ, ʘ ʦʜʥʘ ʠʟ ʛʣʘʚ-

ʥʳʭ. ɺʝʩʴʤʘ ʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, 

ʤʦʞʝʪ ʙʳʪʴ, ʦʙʲʷʩʥʝʥʘ ʭʦʨʦʰʠʤ ʦʭʣʘʞʜʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʚʦʜʳ, ʘ ʥʝ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʦʤ 

ʟʘʧʦʣʥʝʥʠʷ ʛʣʠʥʦʡ ʧʫʩʪʦʪ, ʪʨʝʱʠʥ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʦʣʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʫʜʥʦʡ ʤʝʣʦʯʠ. 

ɿʘʠʣʠʚʘʥʠʝ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʧʣʦ-

ʱʘʜʥʦʝ ʟʘʠʣʠʚʘʥʠʝ) ʠʣʠ ʪʦʣʴʢʦ ʧʦ ʝʛʦ ʢʦʥʪʫʨʫ (ʢʦʥʪʫʨʥʦʝ ʟʘʠʣʠʚʘʥʠʝ). ʇʣʦʱʘʜʥʦʝ ʟʘʠʣʠ-

ʚʘʥʠʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʩʣʫʯʘʷʭ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʱʥʳʭ ʩʘʤʦʚʦʟʛʦʨʘʶʱʠʭʩʷ ʧʣʘʩʪʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʧʦʪʝʨʷʤʠ ʨʫʜʳ. 

ʂʦʣʠʯʝʩʪʚʦ ʟʘʠʣʦʚʦʯʥʦʡ ʧʫʣʴʧʳ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʜʫʭʦʥʝʧʨʦʥʠʮʘ-

ʝʤʦʩʪʠ ʦʙʨʫʰʘʝʤʳʭ ʧʦʨʦʜ, ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʦʙʨʫʰʘʝʤʳʤʠ ʧʦʨʦʜʘʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʘ ʟʘʠʣʠʚʘʥʠʷ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʤʝʜʥʦ-ʢʦʣʯʝ-

ʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʨʘʣʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʯʝʨʝʜʦʚʘʥʠʠ ʦʯʠʩʪʥʦʡ ʚʳ-

ʝʤʢʠ ʩ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ ʟʘʠʣʠʚʘʥʠʝʤ ʧʨʠ ʟʘʢʘʯʢʝ ʚ ʟʘʠʣʠʚʘʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 20-25% 

ʛʣʠʥʳ (ʦʪ ʚʳʥʫʪʦʛʦ ʦʙʲʝʤʘ ʨʫʜʳ) ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʞʘʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶ-

ʯʝʥʦ. 

ʂʦʥʪʫʨʥʦʝ ʟʘʠʣʠʚʘʥʠʝ ʩʥʠʞʘʝʪ ʚʦʟʜʫʭʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʙʨʫʰʝʥʥʳʭ ʧʦʨʦʜ ʥʘ ʛʨʘ-

ʥʠʮʘʭ ʚʳʝʤʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʢʘʢ ʧʦ ʧʘʜʝʥʠʶ, ʚʦʩʩʪʘʥʠʶ, ʪʘʢ ʠ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ. 

ʉʧʦʩʦʙ ʙʦʨʴʙʳ ʩ ʧʦʜʟʝʤʥʳʤʠ ʧʦʞʘʨʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʘʤʦʚʦʟʛʦʨʘ-

ʥʠʷ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʠʣʠʚʘʥʠʷ ʠʟʚʝʩʪʝʥ ʦʯʝʥʴ ʜʘʚʥʦ. ʆʜʥʘʢʦ ʚʥʘʯʘʣʝ 

ʟʘʠʣʠʚʘʣʠ ʪʦʣʴʢʦ ʪʝ ʫʯʘʩʪʢʠ, ʛʜʝ ʚʦʟʥʠʢʘʣʠ ʧʦʞʘʨʳ. ɼʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʞʘʨʥʦʛʦ ʫʯʘʩʪʢʘ 

ʧʨʠʭʦʜʠʣʦʩʴ ʫʩʪʨʘʠʚʘʪʴ ʧʝʨʝʤʳʯʢʠ ʚ ʚʳʨʘʙʦʪʢʘʭ, ʠʟʦʣʠʨʫʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʫʜʥʳʝ ʧʣʦ-

ʱʘʜʠ. ɿʘʠʣʠʚʘʥʠʝ ʞʝ ʩ ʮʝʣʴʶ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʦʞʘʨʦʚ ʥʝ ʧʨʦʚʦʜʠʣʠ ʩʦʚʩʝʤ. 
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ʆʩʥʦʚʥʳʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʙʦʨʴʙʳ ʩ ʧʦʞʘʨʘʤʠ ʦʪ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʪʫʰʝʥʠʝ ʚʦʟʥʠʢʘʶʱʠʭ ʦʯʘʛʦʚ ʧʦʞʘʨʦʚ, ʥʦ ʠ ʠʭ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʟʘʠʣʠ-

ʚʘʥʠʝʤ ʦʙʨʫʰʝʥʥʳʭ ʨʫʜʥʳʭ ʤʘʩʩ, ʢʦʪʦʨʦʝ ʠ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠ-

ʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʚʳʙʦʨʝ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʭʝʤ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ 

ʠ ʥʘʨʝʟʥʳʭ ʚʳʨʘʙʦʪʦʢ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʙʣʦʢʦʚ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʦʣʞʥʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴʩʷ ʫʚʷʟʢʘ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʠ ʩ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ ʟʘʠʣʠʚʘʥʠʝʤ [1, 2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʟʘʠʣʠʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʠ-

ʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ. 

ʉʫʱʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ ʨʫʜʥʳʭ ʪʝʣ ʩʠʩʪʝʤʘʤʠ ʩ ʦʙʨʫʰʝʥʠʝʤ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ ʟʘ-

ʠʣʠʚʘʥʠʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʠʣʦʚʦʯʥʳʝ ʨʘʙʦʪʳ ʯʝʨʝʜʫʶʪʩʷ ʩ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʦʡ, ʪʦ 

ʝʩʪʴ ʧʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʙʣʦʢʘ (ʩʝʢʮʠʠ) ʦʯʠʩʪʥʳʝ ʨʘʙʦʪʳ ʦʩʪʘʥʘʚʣʠʚʘʶʪ, ʦʪʨʘʙʦʪʘʥʥʦʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʠʟʦʣʠʨʫʶʪ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʚʳʨʘʙʦʪʦʢ ʠ ʚ ʥʝʛʦ, ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʜʛʦ-

ʪʦʚʢʠ, ʧʦʜʘʶʪ ʛʣʠʥʠʩʪʫʶ ʧʫʣʴʧʫ. 

ʆʪʨʘʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʦʜʣʝʞʘʱʝʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʤʫ ʟʘʠʣʠʚʘʥʠʶ, ʠʟʦʣʠ-

ʨʫʶʪ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʚʳʨʘʙʦʪʦʢ ʧʝʨʝʤʳʯʢʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʦʨʪʘʭ ʢʘʞʜʦʛʦ 

ʧʦʜʵʪʘʞʘ ʚ ʧʦʨʦʜʘʭ ʣʝʞʘʯʝʛʦ ʠ ʚʠʩʷʯʝʛʦ ʙʦʢʘ (ʧʨʠ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʧʦʣʝʚʦʡ ʧʦʜʛʦʪʦʚʢʝ). 

ɼʣʷ ʚʦʟʚʝʜʝʥʠʷ ʧʝʨʝʤʳʯʝʢ ʚʳʙʠʨʘʶʪ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʫʯʘʩʪʢʠ ʥʘ ʧʦʜʵʪʘʞʥʳʭ ʦʨʪʘʭ, 

ʥʦ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʙʣʠʞʝ ʢ ʨʫʜʥʦʤʫ ʪʝʣʫ. ʊʦʣʱʠʥʫ ʧʝʨʝʤʳʯʝʢ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʥʠʤʘʶʪ ʨʘʚ-

ʥʦʡ 1 ʤ. 

ɺ ʧʝʨʝʤʳʯʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʤʦʥʪʠʨʦʚʘʥʳ ʧʘʪʨʫʙʢʠ ʜʣʷ: ʥʘʛʥʝʪʘʥʠʷ ʧʫʣʴʧʳ ʚ ʟʘʧʝ-

ʨʝʤʳʯʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʥʪʨʦʣʷ ʟʘ ʧʦʣʥʦʪʦʡ ʟʘʠʣʠʚʘʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ 

ʟʘ ʛʘʟʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʚ ʥʝʤ. 

ʇʦʩʣʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʘʢʪ ʦ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ, ʚ ʢʦʪʦ-

ʨʦʤ ʫʢʘʟʳʚʘʶʪ ʥʘʤʝʯʝʥʥʳʝ ʧʨʦʝʢʪʦʤ ʠ ʬʘʢʪʠʯʝʩʢʠ ʚʳʧʦʣʥʝʥʥʳʝ ʦʙʲʝʤʳ ʠ ʩʨʦʢʠ ʨʘʙʦʪ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʟʘʢʘʯʢʠ ʧʫʣʴʧʳ ʨʘʟʣʠʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʟʘʠʣʠʚʘʥʠʷ 

(ʨʠʩʫʥʦʢ ): 

1) ʯʝʨʝʟ ʩʢʚʘʞʠʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ; 

2) ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʯʝʨʝʟ ʩʢʚʘʞʠʥʳ, ʧʨʦʙʫʨʝʥʥʳʝ ʠʟ ʧʦʜʵʪʘʞʥʳʭ ʦʨʪʦʚ; 

3) ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʟʘ ʧʝʨʝʤʳʯʢʠ ʥʘ ʧʦʜʵʪʘʞʥʳʭ ʦʨʪʘʭ;  

4) ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʯʝʨʝʟ ʩʢʚʘʞʠʥʳ, ʧʨʦʙʫʨʝʥʥʳʝ ʠʟ ʧʦʜʵʪʘʞʥʳʭ ʦʨʪʦʚ, ʠ 

ʟʘ ʧʝʨʝʤʳʯʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʥʠʭ. 

ɺʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ, ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʩʧʦʩʦʙʳ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ. 

ʋʢʘʟʘʥʥʳʝ ʩʧʦʩʦʙʳ ʟʘʠʣʠʚʘʥʠʷ (ʢʨʦʤʝ ʧʝʨʚʦʛʦ) ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʙʷʟʘʪʝʣʴʥʫʶ 

ʧʦʣʝʚʫʶ ʧʦʜʛʦʪʦʚʢʫ. ʅʘ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ: ʛʣʫʙʠʥʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʝʜʝʪʩʷ ʦʯʠʩʪʥʘʷ ʚʳʝʤʢʘ, ʤʦʱʥʦʩʪʴ ʨʫʜʥʦʛʦ 

ʪʝʣʘ, ʩʭʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʨʫʜʥʦʛʦ ʪʝʣʘ ʢ ʚʳʝʤʢʝ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ. 

ʇʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ ʦʪʨʘʙʦʪʢʠ, ʢʦʛʜʘ ʙʫʨʠʤʳʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʚʘʞʠʥʳ ʥʝ 

ʙʦʣʴʰʝ 40-60 ʤ, ʧʨʝʜʧʦʯʠʪʘʶʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʟʘʠʣʠʚʘʥʠʝ ʯʝʨʝʟ ʵʪʠ 

ʩʢʚʘʞʠʥʳ (ʨʠʩʫʥʦʢ 1, ʘ). ʇʨʠ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʝ ʣʫʯʰʝ ʧʨʠʥʠʤʘʪʴ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʩʧʦʩʦʙ 

ʟʘʠʣʠʚʘʥʠʷ ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʅʠʞʝ ʠʟʣʘʛʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʩʧʦʩʦʙʦʚ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʛʣʫʙʠʥʝ ʦʪʨʘʙʦʪʢʠ, ʘ ʢʦʣʠʯʝʩʪʚʦ 

ʩʢʚʘʞʠʥ ʧʦ ʟʘʠʣʠʚʘʝʤʦʡ ʧʣʦʱʘʜʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʧʨʘʢʪʠʢʠ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʟʘʠʣʠʚʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 

400 -- 600 ʤ2 ʥʝʦʙʭʦʜʠʤʦ ʙʫʨʠʪʴ 3-4 ʩʢʚʘʞʠʥʳ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʚʝʩʴʤʘ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʟʘʠʣʠʚʘʥʠʷ ʚʩʝʡ ʧʣʦʱʘʜʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʨʫʜʥʦʛʦ ʪʝʣʘ. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʫʢʘʟʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʟʘʠʣʠʚʘʥʠʷ ʩʠʣʴʥʦ 

ʦʙʚʦʜʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘʠʣʠʚʘʝʤʳʡ, ʥʦ ʠ ʩʦʩʝʜʥʠʝ ʨʘʙʦʪʘʶʱʠʝ ʫʯʘʩʪʢʠ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʠʭ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʟʘʠʣʠʚʘʥʠʷʭ ʥʝʨʝʜʢʦ ʧʨʦʠʩʭʦʜʠʪ ʚʳʥʦʩ ʛʣʠʥʳ ʠʟ ʨʘʥʝʝ ʟʘʠʣʝʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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ʈʠʩ. 1. ʉʧʦʩʦʙʳ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ ʦʪʨʘʙʦʪʘʥʥʳʭ ʙʣʦʢʦʚ 

ʘ ï ʟʘʠʣʠʚʘʥʠʝ ʯʝʨʝʟ ʩʢʚʘʞʠʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ; ʙ ï ʟʘʠʣʠʚʘʥʠʝ ʯʝʨʝʟ ʩʢʚʘʞʠʥʳ, ʧʨʦʙʫʨʝʥʥʳʝ ʠʟ ʧʦʜʵʪʘʞʥʳʭ 

ʦʨʪʦʚ; ʚ ï ʟʘʠʣʠʚʘʥʠʝ ʧʫʪʝʤ ʥʘʛʥʝʪʘʥʠʷ ʧʫʣʴʧʳ ʟʘ ʧʝʨʝʤʳʯʢʠ ʚ ʧʦʜʵʪʘʞʥʳʭ ʦʨʪʘʭ; ʛ ï ʟʘʠʣʠʚʘʥʠʝ ʯʝʨʝʟ 

ʩʢʚʘʞʠʥʳ ʠ ʟʘ ʧʝʨʝʤʳʯʢʠ ʚ ʧʦʜʵʪʘʞʥʳʭ ʚʳʨʘʙʦʪʢʘʭ; 1 ï ʟʘʠʣʦʚʦʯʥʳʝ ʩʢʚʘʞʠʥʳ; 2 ï ʟʦʥʘ ʦʙʨʫʰʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ; 3 ï ʦʪʨʘʙʦʪʘʥʥʦʝ ʟʘʠʣʠʚʘʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ; 4 ï ʧʫʣʴʧʦʧʨʦʚʦʜʳ; 5 ï ʧʝʨʝʤʳʯʢʠ;  

6 ï ʟʘʠʣʦʚʦʯʥʳʝ ʧʦʜʟʝʤʥʳʝ ʩʢʚʘʞʠʥʳ; 7 ï ʧʦʪʝʨʠ ʦʪʙʠʪʦʡ ʨʫʜʳ 

 

ɹʫʨʝʥʠʝ ʠ ʟʘʠʣʠʚʘʥʠʝ ʤʦʞʥʦ ʥʘʯʠʥʘʪʴ ʪʦʣʴʢʦ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʠ. 

ʇʨʠ ʟʘʠʣʠʚʘʥʠʠ ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʯʝʨʝʟ ʩʢʚʘʞʠʥʳ ʠʟ ʧʦʜʵʪʘʞʥʳʭ ʦʨʪʦʚ 

(ʨʠʩʫʥʦʢ 1, ʙ) ʦʪʨʘʙʦʪʘʥʥʳʡ ʧʦʜʵʪʘʞ ʠʟʦʣʠʨʫʶʪ ʦʪ ʜʨʫʛʠʭ ʜʝʡʩʪʚʫʶʱʠʭ ʚʳʨʘʙʦʪʦʢ 

ʧʝʨʝʤʳʯʢʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʧʦʜʵʪʘʞʥʳʭ ʦʨʪʘʭ. ʉ ʦʨʪʘ ʧʦʜʵʪʘʞʘ, ʨʘʥʝʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʠ ʟʘʠʣʝʥʥʦʛʦ, ʚ ʟʘʠʣʠʚʘʝʤʳʡ ʧʦʜʵʪʘʞ ʙʫʨʷʪ ʩʢʚʘʞʠʥʳ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʠ ʟʘʢʘʯʠʚʘʶʪ 

ʛʣʠʥʠʩʪʫʶ ʧʫʣʴʧʫ. 

ʇʨʠ ʤʦʱʥʦʩʪʠ ʨʫʜʥʦʛʦ ʪʝʣʘ ʜʦ 25-30 ʤ ʟʘʠʣʠʚʘʥʠʝ ʦʙʳʯʥʦ ʚʝʜʫʪ ʩʦ ʩʪʦʨʦʥʳ ʣʝʞʘ-

ʯʝʛʦ ʙʦʢʘ, ʧʨʠ ʤʦʱʥʦʩʪʠ ʙʦʣʝʝ 30 ʤ ï ʯʝʨʝʟ ʩʢʚʘʞʠʥʳ, ʧʨʦʡʜʝʥʥʳʝ ʩʦ ʩʪʦʨʦʥʳ ʣʝʞʘʯʝʛʦ ʠ 

ʚʠʩʷʯʝʛʦ ʙʦʢʦʚ. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʢʚʘʞʠʥ ʟʘʚʠʩʠʪ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪ ʰʠʨʠʥʳ ʟʘʠʣʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ. 

ʇʨʠ ʰʠʨʠʥʝ ʝʛʦ ʜʦ 10 ʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ ʦʜʥʫ ʩʢʚʘʞʠʥʫ, 

ʧʨʠ ʙʦʣʴʰʝʡ ʰʠʨʠʥʝ ï ʜʚʝ ʠʣʠ ʪʨʠ. 

ʇʨʠ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʟʘʠʣʠʚʘʥʠʷ ʦʙʲʝʤ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ, ʘ 

ʩʢʚʘʞʠʥʳ ʧʦ ʚʤʝʱʘʶʱʠʤ ʧʦʨʦʜʘʤ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʙʫʨʝʥʳ ʜʦ ʦʢʦʥʯʘʥʠʷ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʠ 

ʚ ʧʦʜʵʪʘʞʝ. ʉʦʚʤʝʱʝʥʠʝ ʙʫʨʝʥʠʷ ʟʘʠʣʦʚʦʯʥʳʭ ʩʢʚʘʞʠʥ ʩ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʦʡ ʩʦʢʨʘʱʘʝʪ 

ʚʨʝʤʷ ʦʩʪʘʥʦʚʢʠ ʙʣʦʢʘ (ʩʝʢʮʠʠ) ʥʘ ʟʘʠʣʠʚʘʥʠʝ. ʇʨʠ ʟʘʢʘʯʢʝ ʧʫʣʴʧʳ ʯʝʨʝʟ ʫʢʘʟʘʥʥʳʝ 

ʩʢʚʘʞʠʥʳ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʚʝʩʴʤʘ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ ʟʘʠʣʠʚʘʥʠʷ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʚʪʦʨʦʛʦ ʩʧʦʩʦʙʘ ʟʘʠʣʠʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ: 

ï ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦʜʟʝʤʥʳʭ ʟʘʠʣʦʚʦʯʥʳʭ ʨʘʙʦʪ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʢʣʘʜʢʠ ʧʦʜʟʝʤʥʦʛʦ ʧʫʣʴʧʦʧʨʦʚʦʜʘ; 

ï ʦʪʣʦʞʝʥʠʝ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʬʨʘʢʮʠʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʜʵʪʘʞʘ, ʘ ʤʝʣʢʠʭ ʚ 

ʥʠʞʥʝʡ (ʧʦʩʣʝʜʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ ʦʪʜʘʶʪ ʚʦʜʫ) ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʨʝʤʷ ʜʨʝʥʘʞʘ 

ʧʦʩʣʝ ʟʘʠʣʠʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɿʘʠʣʠʚʘʥʠʝ ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʟʘ ʧʝʨʝʤʳʯʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʧʦʜʵʪʘʞʥʳʭ 

ʦʨʪʘʭ (ʨʠʩʫʥʦʢ 1, ʚ), ʧʨʦʚʦʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʫʣʴʧʫ ʥʘʛʥʝʪʘʶʪ ʟʘ ʧʝʨʝʤʳʯʢʠ ʩ 

ʥʠʞʥʝʛʦ ʧʦʜʵʪʘʞʥʦʛʦ ʦʨʪʘ, ʪʦ ʝʩʪʴ ʟʘʠʣʠʚʘʶʪ ʩʥʠʟʫ ʚʚʝʨʭ. 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʬʨʘʢʮʠʠ ʦʩʝʜʘʶʪ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʟʘʠʣʠʚʘʝʤʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʙʦʣʝʝ ʣʝʛʢʠʝ ʧʦʜʥʠʤʘʶʪʩʷ ʚʚʝʨʭ. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʠʣʦʚʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʜʨʝʥʠʨʦʚʘʥʠʶ ʚʦʜʳ ʠʟ ʟʘʠʣʠʚʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʟʜʝʩʴ ʠʩʢʣʶʯʘʝʪʩʷ 

ʦʩʥʦʚʥʘʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʘʷ ʦʧʝʨʘʮʠʷ ï ʙʫʨʝʥʠʝ ʟʘʠʣʦʚʦʯʥʳʭ ʩʢʚʘʞʠʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʘʯʘʪʴ ʟʘʢʘʯʢʫ ʧʫʣʴʧʳ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʞʝ 

ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʟʘʪʨʫʜʥʝʥʠʝ ʚ ʜʦʩʪʠʞʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʠʣʠʚʘʥʠʷ ʚʩʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ ʟʘʠʣʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʥʠʟʫ ʚʚʝʨʭ. 

ɿʘʠʣʠʚʘʥʠʝ ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʯʝʨʝʟ ʩʢʚʘʞʠʥʳ ʠ ʟʘ ʧʝʨʝʤʳʯʢʠ ʚ ʧʦʜʵʪʘʞʥʳʭ 

ʦʨʪʘʭ (ʨʠʩʫʥʦʢ 1, ʛ) ï ʯʝʪʚʝʨʪʳʡ ʩʧʦʩʦʙ, ʚʢʣʶʯʘʝʪ ʜʦʩʪʦʠʥʩʪʚʘ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ 

ʩʧʦʩʦʙʦʚ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʟʘʠʣʠʚʘʥʠʷ ʠ ʫʩʪʨʘʥʠʪʴ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʥʝʜʦʩʪʘʪʢʦʚ. ɿʘʢʘʯʢʘ ʧʫʣʴʧʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʧʝʨʝʤʳʯʢʠ ʩ ʥʠʞʥʝʛʦ ʧʦʜʵʪʘʞʥʦʛʦ ʦʨʪʘ ʠ ʚʦ ʚʪʦʨʫʶ ʦʯʝʨʝʜʴ ʧʦ 

ʩʢʚʘʞʠʥʘʤ, ʧʨʦʙʫʨʝʥʥʳʤ ʩ ʚʳʰʝʣʝʞʘʱʝʛʦ ʧʦʜʵʪʘʞʥʦʛʦ ʦʨʪʘ. 

ʄʘʪʝʨʠʘʣ ʜʣʷ ʧʫʣʴʧʳ ʧʨʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʤ ʟʘʠʣʠʚʘʥʠʠ ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʩʢʘ ʩ ʮʝʣʴʶ ʙʳʩʪʨʝʡʰʝʛʦ ʝʛʦ ʚʳʧʘʜʝʥʠʷ, ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ʨʘʩʪʝʢʘʥʠʝ ʧʫʣʴʧʳ ʚ ʟʘʠʣʠʚʘʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘ ɼʝʛʪʷʨʩʢʦʤ 

ʨʫʜʥʠʢʝ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʫʯʘʩʪʢʦʚ ʚʳʰʝ ʛʦʨʠʟʦʥʪʘ 70 ʤ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʥʘ ʨʫʜʥʠʢʝ 

ʧʨʠʤʝʥʷʣʠ, ʚ ʦʩʥʦʚʥʦʤ, ʪʦʣʴʢʦ ʪʨʝʪʠʡ ʩʧʦʩʦʙ, ʪʦ ʝʩʪʴ ʥʘʛʥʝʪʘʥʠʝ ʧʫʣʴʧʳ ʟʘ ʧʝʨʝʤʳʯʢʠ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʚ ʦʨʪʘʭ ʧʦʜʵʪʘʞʝʡ. 

ʏʝʪʚʝʨʪʳʡ ʩʧʦʩʦʙ ï ʟʘʠʣʠʚʘʥʠʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʜʵʪʘʞʘ ʠʟ ʧʦʜʟʝʤʥʳʭ 

ʚʳʨʘʙʦʪʦʢ ʯʝʨʝʟ ʩʢʚʘʞʠʥʳ, ʧʨʦʙʫʨʝʥʥʳʝ ʠʟ ʧʦʜʵʪʘʞʥʳʭ ʦʨʪʦʚ, ʠ ʥʘʛʥʝʪʘʥʠʝ ʟʘ ʧʝʨʝʤʳʯʢʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʧʦʜʵʪʘʞʥʳʭ ʦʨʪʘʭ, ʷʚʣʷʣʩʷ ʦʩʥʦʚʥʳʤ ʧʨʠ ʟʘʠʣʠʚʘʥʠʠ ʦʙʨʫʰʝʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪʨʘʙʦʪʘʥʥʳʭ ʧʦʜʵʪʘʞʝʡ ʥʘ ʂʨʘʩʥʦʛʚʘʨʜʝʡʩʢʦʤ ʨʫʜʥʠʢʝ. 

ɺʩʝ ʯʝʪʳʨʝ ʩʧʦʩʦʙʘ ʟʘʠʣʠʚʘʥʠʷ ʩ ʫʩʧʝʭʦʤ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʨʫʜʥʳʭ 

ʪʝʣ ʩʠʩʪʝʤʘʤʠ ʩ ʦʙʨʫʰʝʥʠʝʤ ʨʫʜʳ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʇʨʠ ʵʪʦʤ ʯʝʪʚʝʨʪʳʡ 

(ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ) ʩʧʦʩʦʙ ʟʘʠʣʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʧʨʦʠʟʚʝʩʪʠ ʧʦʣʥʦʝ ʟʘʠʣʠʚʘʥʠʝ ʦʙʨʫʰʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ 

ʧʨʝʢʨʘʱʝʥʠʝ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʥʘ ʧʝʨʠʦʜ ʟʘʠʣʠʚʘʥʠʷ. 

ɺʨʝʤʷ ʦʪ ʦʢʦʥʯʘʥʠʷ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʠ ʜʦ ʝʝ ʚʦʟʦʙʥʦʚʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʚʨʝʤʷ ʥʘ 

ʠʟʦʣʷʮʠʶ ʠ ʩʦʙʩʪʚʝʥʥʦ ʟʘʠʣʦʚʦʯʥʳʝ ʨʘʙʦʪʳ, ʧʦ ʜʘʥʥʳʤ ʧʨʘʢʪʠʢʠ, ʩʦʩʪʘʚʣʷʝʪ 7-8% ʦʪ 

ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʦʪʨʘʙʦʪʢʠ ʙʣʦʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʯʝʨʝʜʦʚʘʥʠʠ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʠ 

ʩ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ ʟʘʠʣʠʚʘʥʠʝʤ, ʜʦ 8% ʚʩʝʡ ʦʪʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʙʣʦʢʦʚ ʧʦʩʪʦʷʥʥʦ 

ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʟʘʠʣʠʚʘʥʠʠ. ɺʨʝʤʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ ʧʦ ʦʧʝʨʘʮʠʷʤ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ: ʧʦʜʛʦʪʦʚʢʘ ʧʫʣʴʧʳ 25%, ʚʦʟʚʝʜʝʥʠʝ ʧʝʨʝʤʳʯʝʢ ʠ ʠʭ ʫʢʨʝʧʣʝʥʠʝ 55-

60%, ʟʘʢʘʯʢʘ ʧʫʣʴʧʳ 15-20%. 

ʇʨʠ ʩʦʚʤʝʱʝʥʠʠ ʧʦʜʛʦʪʦʚʢʠ ʫʯʘʩʪʢʦʚ ʢ ʠʟʦʣʷʮʠʠ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʚʳʨʘʙʦʪʦʢ ʩ 

ʦʯʠʩʪʥʳʤʠ ʨʘʙʦʪʘʤʠ ʧʝʨʠʦʜ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʩʦʢʨʘʱʝʥ ʥʘ 40-50%. 

ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʠʣʦʚʦʯʥʳʭ ʨʘʙʦʪ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʩʦʩʪʘʚʣʷʶʪ ʛʨʘ-

ʬʠʢ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ, ʢʦʛʜʘ ʠ ʥʘ ʢʘʢʦʤ ʫʯʘʩʪʢʝ, ʚ ʢʘʢʦʤ ʧʦʜʵʪʘʞʝ ʧʨʦʚʝʩʪʠ 

ʦʯʠʩʪʥʫʶ ʚʳʝʤʢʫ, ʢʦʛʜʘ ʠ ʥʘ ʢʘʢʦʤ ʫʯʘʩʪʢʝ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʢʨʘʱʝʥʳ ʠ ʥʘʯʘʪʦ ʧʨʦ-

ʬʠʣʘʢʪʠʯʝʩʢʦʝ ʟʘʠʣʠʚʘʥʠʝ. ɺ ʛʨʘʬʠʢʝ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʦʙʲʝʤ ʟʘʠʣʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝ-

ʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʟʘʠʣʠʚʘʥʠʷ ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʜʵʪʘʞʝʡ ʦʯʠʩʪʥʳʭ ʙʣʦʢʦʚ. 

ɿʘʠʣʠʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʜʚʫʭ ʚʠʜʦʚ: ʙʝʟʥʘʧʦʨʥʳʤ ʠ ʧʦʜ ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ. ʐʠʨʦ-

ʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʦ ʙʝʟʥʘʧʦʨʥʦʝ ʟʘʠʣʠʚʘʥʠʝ ʩʘʤʦʪʝʢʦʤ ʯʝʨʝʟ ʩʢʚʘʞʠʥʳ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʦʪʩʫʪʩʪʚʠʷ ʚ ʩʪʨʘʥʝ ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʭ ʥʘʜʝʞʥʳʭ ʥʘʩʦʩʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʣʷ 

ʟʘʠʣʠʚʘʥʠʷ ʩʢʦʧʣʝʥʠʡ ʨʫʜʥʦʡ ʤʝʣʦʯʠ ʚ ʚʳʨʘʙʦʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʝʟʥʘʧʦʨʥʳʡ ʩʧʦʩʦʙ 
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ʜʘʚʘʣ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦʪ ʩʧʦʩʦʙ ʥʝ ʪʨʝʙʫʝʪ ʥʘʩʦ-

ʩʦʚ ʠ ʩʪʦʠʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʦ. ʅʘʧʦʨʥʳʡ ʩʧʦʩʦʙ ʟʘʠʣʠʚʘʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʚ ʠʩʢʣʶʯʠ-

ʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ï ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʠʣʠʚʘʥʠʷ ʪʨʝʱʠʥʦʚʘʪʳʭ ʨʫʜʥʳʭ ʤʘʩʩʠʚʦʚ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ ʯʪʦ, ʜʣʷ ʟʘʠʣʠʚʘʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʚʘ ʪʠʧʘ 

ʟʘʠʣʦʚʦʯʥʳʭ ʫʩʪʘʥʦʚʦʢ: 1) ʮʝʥʪʨʘʣʴʥʳʝ ʟʘʠʣʦʚʦʯʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʧʦʜʘʯʝʡ ʧʫʣʴʧʳ ʩ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ 2) ʧʦʜʟʝʤʥʳʝ ʧʝʨʝʜʚʠʞʥʳʝ ʟʘʠʣʦʚʦʯʥʳʝ ʫʩʪʘʥʦʚʢʠ (ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ). ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʨʚʦʛʦ ʪʠʧʘ ʫʩʪʘʥʦʚʦʢ ʜʦʩʪʠʛʘʝʪ 50-100 ʤ3 ʠ ʙʦʣʝʝ 

ʧʫʣʴʧʳ ʚ ʯʘʩ ʠʣʠ 1000-2000 ʤ3 ʚ ʩʫʪʢʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʜʟʝʤʥʳʭ ʧʝʨʝʜʚʠʞʥʳʭ ʫʩʪʘ-

ʥʦʚʦʢ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʧʦʩʦʙʥʳʤ ʧʨʠʛʦʪʦʚʠʪʴ ʟʘʠʣʦʚʦʯ-

ʥʫʶ ʩʤʝʩʴ, ʘ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʩʦʩʳ ʪʠʧʘ Putzmeister DSA 1400 HP ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩ-

ʧʝʯʠʚʘʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʰʣʘʤʦʧʦʜʦʙʥʳʭ ʩʦʩʪʘʚʦʚ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 65 ʤ3 

ʚ ʯʘʩ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 600 ʤ ʧʦ ʚʝʨʪʠʢʘʣʠ. 

ʇʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʟʘʠʣʠʚʘʥʠʝ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʣʠʥʠʩʪʦʡ ʧʫʣʴʧʦʡ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʩ ʦʙʨʫʰʝʥʠʝʤ ʨʫʜʳ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʩ ʧʨʘʚʠʣʴʥʳʤ ʯʝ-

ʨʝʜʦʚʘʥʠʝʤ ʧʝʨʠʦʜʦʚ ʦʯʠʩʪʥʳʭ ʠ ʟʘʠʣʦʚʦʯʥʳʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʧʨʝʜʫ-

ʧʨʝʞʜʘʶʱʠʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʥʜʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ ʥʘ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʦʪ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʨʫʜ ʠ ʧʦʨʦʜ. 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʢ ʦʪʨʘʙʦʪʢʝ ʩʠʩʪʝʤʘʤʠ ʩ ʦʙʨʫʰʝʥʠʝʤ ʨʫʜʳ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ 

ʨʫʜʥʳʝ ʪʝʣʘ, ʠʤʝʶʱʠʝ ʣʠʥʟʦʚʠʜʥʳʝ ʬʦʨʤʳ, ʥʝʙʦʣʴʰʠʝ ʤʦʱʥʦʩʪʠ, ʢʨʫʪʦʝ ʧʘʜʝʥʠʝ,  ʥʝ-

ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʚ ʧʣʘʥʝ ʠ ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʤʦʛʫʪ 

ʦʪʨʘʙʘʪʳʚʘʪʴʩʷ ʙʝʟ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ, ʥʦ ʩ ʧʦʩʪʦʷʥʥʳʤ ʛʘʟʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʢʦʥʪʨʦʣʝʤ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʦʪʨʘʙʦʪʢʠ ʨʫʜʥʦʛʦ ʪʝʣʘ (ʚʳʝʤʦʯʥʳʡ ʝʜʠʥʠʮʳ) ʠ ʜʦ ʦʢʦʥʯʘʥʠʷ 

(ʥʝ ʤʝʥʝʝ ʯʝʤ ʯʝʨʝʟ ʧʦʣʛʦʜʘ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʝʛʦ ʦʪʨʘʙʦʪʢʠ) [2]. ɻʘʟʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʥ-

ʪʨʦʣʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʪʙʦʨ ʠ ʘʥʘʣʠʟ ʛʘʟʦʚʳʭ ʧʨʦʙ, ʟʘʤʝʨʳ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʚʳʨʘ-

ʙʦʪʢʘʭ ʚʳʧʫʩʢʘ ʨʫʜʳ ʠ ʜʨʫʛʠʭ ʚʳʨʘʙʦʪʢʘʭ, ʧʨʦʡʜʝʥʥʳʭ ʚ ʛʨʘʥʠʮʘʭ ʚʳʝʤʦʯʥʦʡ ʝʜʠʥʠʮʳ, 

ʟʘʤʝʨʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʜʨʝʥʠʨʫʝʤʦʡ ʚʦʜʳ. 

ʆʪʢʘʟ ʦʪ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʟʘʠʣʠʚʘʥʠʷ ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ ʥʦʨʤʘʣʴʥʦʛʦ 

ʛʘʟʦ-ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ ʙʣʦʢʘʭ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟ-

ʤʦʞʥʦ ʦʩʪʘʚʣʝʥʠʝ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʙʘʨʴʝʨʥʳʭ ʮʝʣʠʢʦʚ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʨʘʟʤʝʨʦʤ 15-20 

ʤ ʯʝʨʝʟ 100 ʤ. 

ɺʩʝ ʢʦʥʩʪʨʫʠʨʫʝʤʳʝ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʠʝ ʧʨʦʪʷ-

ʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʦʢʠʩʣʷʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ (ʦʪʙʠʪʦʡ ʨʫʜʳ) ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ ʢ ʦʢʠʩʣʷʶʱʝʤʫʩʷ 

ʤʘʪʝʨʠʘʣʫ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʣʠʙʦ ʧʨʦʚʝʜʝʥʠʝʤ ʟʘʠʣʦʚʦʯʥʳʭ ʨʘʙʦʪ, ʣʠʙʦ ʟʘ-

ʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʘʣʦʧʨʦʯʥʳʤʠ ʪʚʝʨʜʝʶʱʠʤʠ ʩʤʝʩʷʤʠ. 

 
ʃʀʊɽʈɸʊʋʈɸ 

1. ɺʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʪʨʘʙʦʪʢʠ ʥʘʢʣʦʥʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʤʦʱʥʦʩʪʴʶ 15- 20 ʤ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ʇɸʆ çɻʘʡʩʢʠʡ ɻʆʂè / ʆʪʯʝʪ ʦ ʅʀʈ ʌɻɹʆʋ ɺʆ çʋɻɻʋè.- 

ɽʢʘʪʝʨʠʥʙʫʨʛ, 2023 ï183 ʩ. 

2. ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʠ ʪʫʰʝʥʠʶ ʧʦʜʟʝʤʥʳʭ ʵʥʜʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ ʚ ʛʦʨʥʦʨʫʜʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʄʠʥʠʩʪʝʨʩʪʚʘ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʉʉʉʈ ï ʄ: ʄʠʥʮʚʝʪʤʝʪ ʉʉʉʈ, 1981. 
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ʉʇʆʉʆɹ ʂʈɽʇʃɽʅʀʗ ɻʆʈʅʓʍ ɺʓʈɸɹʆʊʆʂ ʕʃɽʂʊʈʆɼʋɻʆɺʆʁ ʉɺɸʈʂʆʁ 

 

ɺɸʃʀɽɺ ʅ. ɻ.1, ʇɽʊʈʆɺ ɺ. ʇ.2 

 
1ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

2ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʧʨʦʝʢʪʥʳʡ ʠʥʩʪʠʪʫʪ çʋʨʘʣʤʝʭʘʥʦʙʨè, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʘʨʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢʘʢ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʩʧʦʩʦʙʘ ʢʨʝʧʣʝʥʠʷ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʤ ʠ ʛʦʨʥʦ-ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʳʧʦʣʥʝʥʥʳʤ ʘʥʘʣʠʟʦʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ ʩʚʘʨʢʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʛʦʨ-

ʥʳʭ ʧʦʨʦʜ. ʕʣʝʢʪʨʦʜʫʛʦʚʘʷ ʩʚʘʨʢʘ ʧʨʦʚʦʜʷʱʠʭ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʧʦʨʦʜ ʦʙʨʘʟʫʝʪʩʷ ʧʦʜ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʥʦʣʠʪʥʦʛʦ ʩʣʦʷ ʚʩʣʝʜ-

ʩʪʚʠʝ ʩʚʘʨʠʚʘʝʤʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʛʣʫʙʠʥʫ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʳʪʥʳʭ ʦʙ-

ʨʘʟʮʦʚ ʠ ʧʦ ʧʝʨʠʤʝʪʨʫ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦ-

ʩʦʙʘ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʳʨʘʙʦʪʦʢ, ʨʘʟʨʘʙʦʪʘʥʳ ʚʘʨʠʘʥʪʳ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʠʟʤʝʥʸʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʚʘʥʥʝ ʨʘʩʧʣʘʚʘ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʢʨʝʧ-

ʣʝʥʠʷ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʧʦʟʚʦʣʠʪ: ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʝʧʣʝʥʠʷ ʛʦʨ-

ʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʟʘʢʦʥʪʫʨʥʳʡ ʤʘʩʩʠʚ ʚʳʨʘʙʦʪʦʢ ʠ ʠʩʢʣʶʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʠʭ ʜʦʩʪʘʚʣʷʝʤʳʭ ʢ ʤʝʩʪʫ 

ʢʨʝʧʣʝʥʠʷ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʫʜʘ, ʛʦʨʥʘʷ ʧʦʨʦʜʘ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ 

ʩʚʘʨʢʘ, ʢʨʝʧʣʝʥʠʝ, ʛʦʨʥʘʷ ʚʳʨʘʙʦʪʢʘ. 
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Abstract. The purpose of the study of rock welding is to search for an alternative method of fas-

tening a mine working, corresponding to the mining technical and mining-geological conditions 

of the deposit. The analysis of the mineralogical composition of rocks established the possibility 

of conducting an experiment in welding electrically conductive rocks. Electric arc welding of elec-

trically conductive rocks is formed under the influence of an electric arc, which ensures the for-

mation of a monolithic layer due to the welded rock to a specified depth along the surface of the 

prototypes and along the perimeter of the mine opening. For further study of the proposed method 

of electric arc welding of mine workings, options have been developed for studying the properties 

of altered rocks in the molten pool. 

The proposed method of innovative technology for the formation of a reinforced layer of fastening 

of mining workings allows: to increase the efficiency of the production of fastening of mining 

workings, using ore rocks representing a structured array of workings and eliminate the use of 

other materials delivered to the place of fastening the mining workings. 

 

Keywords: ore, rock, electrical conductivity of rocks, electric arc welding, fastening, mining. 
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ɺ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʝʜʸʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʝʧʝʡ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʭʘʥʠʟʘʮʠʠ ʢʨʝʧʣʝʥʠʷ ʩ ʮʝʣʴʶ ʧʦʚʳ-

ʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʢʨʝʧʝʡ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʚʳʭ ʠ ʤʘʪʝʨʠ-

ʘʣʴʥʳʭ ʟʘʪʨʘʪ. 

ɻʦʨʥʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʚʷʟʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʦʙ-

ʨʘʟʫʶʱʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʪʝʣʘ, ʩʣʘʛʘʶʱʠʝ ʟʝʤʥʫʶ ʢʦʨʫ. ʇʦ ʩʪʝʧʝʥʠ ʩʚʷʟʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʟʸʨʝʥ ʠ ʯʘʩʪʠʮ ʚʩʝ ʧʦʨʦʜʳ ʜʝʣʷʪ ʥʘ ʪʚʝʨʜʳʝ, ʩʚʷʟʥʳʝ ʠ ʩʳʧʫʯʠʝ. 

ɿʥʘʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʟʚʦ-

ʣʷʝʪ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʩʦʩʪʘʚʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʭʘʨʘʢʪʝʨʝ ʚʦʟʤʦʞʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʩʪʝ-

ʧʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʥʘʞʝʥʠʠ ʤʘʩʩʠʚʘ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʚʥʝʜʨʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʨʝʧʣʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʨʦʙʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʩʧʦʩʦʙʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʙʨʘ-

ʙʦʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʧʝʪʨʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ 

ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʤʥʝʣʠʪʳʝ ʠʟʜʝʣʠʷ, ʧʫʪʸʤ ʨʘʩʧʣʘʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ (ʪʘʢʠʭ, ʢʘʢ ʙʘʟʘʣʴʪ ʠ 

ʜʠʘʙʘʟ) ʠ ʣʠʪʴʷ ʞʝʣʦʙʦʚ, ʪʨʫʙ, ʧʣʠʪ ʠ ʜʨ. ʠʟʜʝʣʠʡ.  

ʂʘʤʝʥʥʦʝ ʣʠʪʴʸ ʧʦʣʫʯʘʶʪ ʚ ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʠʣʠ ʛʘʟʦʚʳʭ ʧʝʯʘʭ. ʇʨʦʮʝʩʩ ʧʣʘʚʢʠ ʢʘ-

ʤʝʥʥʦʛʦ ʣʠʪʴʷ ʘʥʘʣʦʛʠʯʝʥ ʧʣʘʚʢʝ ʤʝʪʘʣʣʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

ʦʪ 800 ʜʦ 18 000Áʉ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʦʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʘʤʥʝʣʠʪʳʝ ʠʟʜʝʣʠʷ ʧʨʦʭʦʜʷʪ ʦʪ-

ʞʠʛ ʧʨʠ ʧʣʘʚʥʦʤ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 800Áʉ ʜʦ 200Áʉ. ʇʦʵʪʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʤʝʥ-

ʥʦʛʦ ʣʠʪʴʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʥʝʨʛʦʸʤʢʠʤ ʧʨʦʮʝʩʩʦʤ ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʣʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʚʝʜʝʥʠʝ ʦʧʳʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʚʘʨʢʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʣʘʙʦ-

ʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠ-

ʥʦʚʘʪʦʩʪʠ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʝʱʝʩʪʚ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʥʠʢʘ-

ʶʱʝʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʪʦʢʫ ʚʳʟʳʚʘʝʪʩʷ ʭʘʦʪʠʯʝʩʢʠʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʦʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ ʘʪʦʤʦʚ, ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʠʥʝ-

ʨʘʣʦʚ ʠ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ [1]. 

ʇʘʨʘʤʝʪʨʳ ʘʪʦʤʦʚ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʝʣʠʯʠʥʦʡ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʟʘʨʷʜʘ, ʥʦ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ 

ʩʫʤʤʘʨʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʦʚ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥ ʨʘʚʥʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʧʨʦʪʦʥʦʚ ʷʜʨʘ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʨʦʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʣʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʚʩʣʝʜʩʪʚʠʝ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚʥʝʰʥʝʡ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʨʦʜ ʠ ʭʘʨʘʢʪʝʨʘ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʤʘʛʥʝʪʠʪ, ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ ʠ ʜʨ. ʦʙʣʘʜʘʶʪ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʀʭ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 10-6 ī 10-2 ʆʤĀʤ. ʕʣʝʢʪʨʦʥʥʫʶ ʧʨʦʚʦʜʠ-

ʤʦʩʪʴ ʠʤʝʝʪ ʛʨʘʬʠʪ (ʟʘ ʩʯʝʪ ˊ ï ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʝʥʥʠʭ ʦʨʙʠʪ [1]) ʧʨʠʤʝʥʷʝʤʳʡ ʧʨʠ ʨʘʩ-

ʧʣʘʚʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʇʨʠ ʨʘʩʧʣʘʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʧʣʦʪʥʦʩʪʴʶ ʤʠʥʝʨʘʣʦʚ. ʄʠʥʝʨʘʣʳ ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ (ʩʘʤʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠ-

ʤʦʩʪʴʶ ʚ ʩʚʷʟʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ, ʠʦʥʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʢʦʚʘʣʝʥʪʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨ-

ʤʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʠ.  

ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʚʝʨʜʦʡ ʬʘʟʳ (ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʢʝʣʝʪʘ) ʧʨʝ-

ʚʦʩʭʦʜʠʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʞʠʜʢʦʡ ʬʘʟʳ ʨʘʩʧʣʘʚʘ ʥʘ 6ï8 ʧʦʨʷʜʢʦʚ. ʇʦʵʪʦʤʫ ʚʣʠʷʥʠʝ ʨʘʟʥʳʭ 

ʬʘʟ, ʟʘʧʦʣʥʷʶʱʠʭ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʨʦʜ, ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʩʣʝʜʥʝʛʦ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝ-

ʣʷʶʱʠʤʠ ʜʣʷ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʧʣʘʚʘ ʙʦʣʴʰʠʥʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. 
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ʄʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʦʥʥʳʡ, ʵʣʝʢʪʨʦʥʥʳʡ ʠ 

ʩʤʝʰʘʥʥʳʡ ʚ ʩʚʷʟʠ ʩ ʨʘʟʣʠʯʠʝʤ ʠʭ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʨʘʟʥʦʡ ʧʨʠʨʦʜʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦ-

ʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʘʢʮʝʩʩʦʨʥʳʭ ʠʣʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʤʠʥʝʨʘʣʳ ʚʣʠʷʶʪ ʥʘ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʧʣʘʚʣʷʝʤʳʭ 

ʧʦʨʦʜ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʝʨʥʘ ʠʭ ʚ ʛʦʨʥʦʡ ʧʦʨʦʜʝ ʢʦʥʪʘʢʪʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɼʣʷ 

ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʦʙʲʝʤ 

ʚʢʣʶʯʝʥʠʡ ʩʦʩʪʘʚʣʷʣ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʦʪ ʦʙʲʝʤʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. 

ʉʫʣʴʬʠʜʠʟʘʮʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʨʠʩʫʱʘ ʤʥʦʛʠʤ ʨʫʜʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʠ ʧʨʠ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʝ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʧʦʥʠʞʘʝʪ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʦʨʥʦʡ ʧʦ-

ʨʦʜʳ ʜʦ ʩʦʪʝʥ ʠ ʝʜʠʥʠʮ ʆʤĀʤ. 

ʉʧʦʩʦʙ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʈʘʩʧʣʘʚ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ, 

ʚʢʣʶʯʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʳ ʧʦ ʢʦʥʪʘʢʪʫ ʩʚʘʨʠʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʉʫʪʴ ʩʧʦ-

ʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, ʯʝʨʝʟ ʦʙʨʘʟʮʳ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʦʙʣʘʜʘʶʱʝʡ ʩʚʦʡʩʪʚʘʤʠ ʵʣʝʢ-

ʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʨʦʧʫʩʢʘʶʪ ʧʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʘ ʛʨʘ-

ʥʠʮʝ ʤʘʩʩʠʚʘ ʧʦʨʦʜʳ ʦʙʨʘʟʦʚʘʣʘʩʴ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʫʛʘ. ɼʘʣʝʝ ʨʘʟʦʛʨʝʚʘʶʪʩʷ ʢʨʦʤʢʠ ʩʚʘ-

ʨʠʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʩʧʣʘʚʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʫʢʘʟʘʥʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ, ʦʩʫʱʝʩʪʚʣʷʷ ʧʝʨʝʤʝʱʝʥʠʝ ʧʣʦʱʘʜʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʜʫʛʠ ʩ ʤʘʩʩʠʚʦʤ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ɺ ʧʨʦʮʝʩʩʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʪʳʚʘʥʠʷ ʚʘʥʥʳ ʩ ʨʘʩʧʣʘʚʣʝʥ-

ʥʳʤ ʢʘʤʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʦʙʨʘʟʫʝʪʩʷ ʤʦʥʦʣʠʪʥʳʡ ʩʣʦʡ ʠʟʤʝʥʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʦʨʥʦʡ ʧʦ-

ʨʦʜʳ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʧʣʘʚʣʷʪʴ ʨʫʜʥʳʝ ʛʦʨʥʳʝ 

ʧʦʨʦʜʳ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 3 000 ʜʦ 7 000 Áʉ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʩ ʦʙʣʘʩʪʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʆʧʨʦʙʦʚʘʥʠʝ ʩʧʦʩʦʙʘ ʩʚʘʨʠʚʘʥʠʷ ʥʘ ʨʫʜʥʳʭ ʦʙʨʘʟʮʘʭ ʛʦʨʥʦʡ ʧʦʨʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʚʘʨʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʠʥʝʨʘʣʝ ʭʘʣʴʢʦʧʠʨʠʪ (CuFeS2) 

ʩʦʩʪʦʠʪ ʠʟ ʉu ð 34,57 %, Fe ð 30,54 %, S ð 34,9 %. ɼʘʥʥʳʝ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʦʙʳʯʥʦ 

ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʵʪʠʤ ʮʠʬʨʘʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ ʚ ʥʠʯʪʦʞʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʠʥʦʛʜʘ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ Ag, ɸu Tl, Se, ʊʝ. 

ʍʘʣʴʢʦʧʠʨʠʪ ʭʦʨʦʰʠʡ ʧʨʦʚʦʜʥʠʢ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ɽʛʦ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʤʠʥʝʨʘʣʘ 

1000Á. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʨʦʭʦʜʠʪ ʧʦʵʪʘʧʥʫʶ ʦʧʳʪʥʫʶ ʨʝʘʣʠʟʘʮʠʶ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʚʦʜʠʪʩʷ ʦʧʨʦʙʦʚʘʥʠʝ ʩʧʦʩʦʙʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʦʙʨʘʟʮʘʭ 

ʭʘʣʴʢʦʧʠʨʠʪʘ.  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʦʙ-

ʨʘʟʮʘʭ ʭʘʣʴʢʦʧʠʨʠʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʢʫʩʢʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʠ-

ʣʝʥʥʳʝ ʧʣʦʩʢʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʪʦʣʱʠʥʦʡ ʧʨʠʤʝʨʥʦ 20 ʤʤ. ʆʙʨʘʟʝʮ ˉ1 ʨʘʟʤʝʨʦʤ 120 ʭ 110 

ʭ 85 ʤʤ, ʚʝʩʦʤ 814 ʛʨʘʤʤʦʚ (ʨʠʩ. 2, ʘ). ʆʙʨʘʟʝʮ ˉ2 ʨʘʟʤʝʨʦʤ 110 ʭ 110 ʭ 85 ʤʤ, ʚʝʩʦʤ 726 

ʛʨʘʤʤʦʚ (ʨʠʩ. 2, ʙ).  
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ʘ) ʙ) 

 

 

ʈʠʩ. 2 ʆʙʨʘʟʮʳ ʛʦʨʥʦʡ ʧʦʨʦʜʳ (ʭʘʣʴʢʦʧʠʨʠʪ) ʘ) ʦʙʨʘʟʝʮ ˉ2 ʩ ʚʝʩʦʤ 726 ʛʨʘʤʤ; ʙ) ʦʙʨʘʟʝʮ ˉ 1  

ʩ ʚʝʩʦʤ 817 ʛʨʘʤʤ 

 

ʅʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʫ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʢʨʝʧʣʝʥʘ ʢʣʝʤʤʘ ʟʘʟʝʤʣʝʥʠʷ ʢʘʙʝʣʷ ʦʪ 

ʩʚʘʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʫʢʘʟʘʥʥʳʝ ʢʫʩʢʠ ʨʫʜʳ ʭʘʣʴʢʦʧʠʨʠʪʘ. ɿʘʪʝʤ ʧʨʠ ʧʦ-

ʤʦʱʠ ʛʨʘʬʠʪʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʚ ʵʣʝʢʪʨʦʜʦʜʝʨʞʘʪʝʣʝ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʢʘʙʝʣʝʤ 

ʩʦ ʩʚʘʨʦʯʥʳʤ ʘʧʧʘʨʘʪʦʤ, ʯʝʨʝʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʧʨʦʧʫʩʢʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ 

ʚʝʣʠʯʠʥʦʡ 20 õ100 ɸ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʨʠʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʚ ʤʝʩʪʝ ʢʦʥ-

ʪʘʢʪʘ ʵʣʝʢʪʨʦʜʘ ʦʙʨʘʟʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʫʛʘ. ɺ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʜʫʛʠ, ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʧʨʦʪʝʢʘʥʠʝʤ ʪʦʢʘ ʯʝʨʝʟ ʦʙʨʘʟʝʮ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʦʛʨʝʚ ʧʷʪʥʘ ʢʦʥ-

ʪʘʢʪʘ ʠ ʧʣʘʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʭʘʣʴʢʦʧʠʨʠʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʘʥʥʳ ʨʘʩʧʣʘʚʘ (ʨʠʩ. 3).  

 

 
ʈʠʩ. 3. ʉʚʘʨʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʛʦʨʥʦʡ ʧʦʨʦʜʳ (ʭʘʣʴʢʦʧʠʨʠʪ) 

 

ʆʩʫʱʝʩʪʚʣʷʷ ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʨʠʚʘʝʤʳʭ ʦʙʨʘʟ-

ʮʦʚ, ʫʚʝʣʠʯʠʚʘʶʪ ʧʣʦʱʘʜʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʠ ʬʦʨʤʠʨʫʶʪ ʥʘ ʢʦʥʪʘʢʪʝ ʦʙʨʘʟʮʦʚ ʩʣʦʡ ʨʘʩ-

ʧʣʘʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʚʘʥʥʫ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʥʫʞʥʦʛʦ ʦʙʲʝʤʘ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʦʮʝʩʩ ʩʚʘʨʢʠ ʧʨʝʢʨʘʱʘʶʪ.  

ʆʙʨʘʟʮʫ ʜʘʶʪ ʚʨʝʤʷ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʪʳʚʘʥʠʷ. ʅʘ ʤʝʩʪʝ ʚʘʥʥʳ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ 

ʤʘʩʩʠʚʘ ʦʙʨʘʟʫʝʪʩʷ ʠʟʤʝʥʸʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʫʧʨʦʯʥʝʥʥʳʡ 

ʩʣʦʡ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʭʘʣʴʢʦʧʠʨʠʪʘ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʉʚʘʨʥʦʡ ʰʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʥʘ ʤʝʩʪʝ ʩʪʳʢʘ ʦʙʨʘʟʮʦʚ 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʧʳʪʘ ʥʘ ʤʘʪʝʨʠʘʣʴʥʦʤ ʦʙ-

ʨʘʟʮʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʟʘʷʚʣʷʝʤʦʛʦ ʩʧʦʩʦʙʘ ʩʚʘʨʢʠ ʦʙʨʘʟʮʦʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷ-

ʱʝʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʩ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʫʢʘʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʇʘʨʘʤʝʪʨʳ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʘʨʠʚʘʝʤʦʛʦ ʰʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʚ ʜʘʣʴʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ɿʘʢʣʶʯʝʥʠʝ  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʥʘ ʛʨʘʥʠʮʝ ʩʚʘʨʠʚʘʝʤʳʭ ʫʯʘʩʪʢʦʚ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʨʘʡʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʜʘ, 

ʚ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʚʘʥʥʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʵʣʝʢʪʨʦʜʫʛʦʚʳʤ ʩʧʦʩʦʙʦʤ, ʧʦʟʚʦʣʷʶʪ 

ʦʮʝʥʠʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʚ ʢʘʯʝʩʪʚʝ ʢʨʝʧʝʞʥʦʛʦ ʜʣʷ ʩʚʘʨʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ ʚ ʟʦʥʝ ʪʨʝʱʠʥ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʘ ʪʘʢʞʝ ʫʪʦʯʥʠʪʴ ʫʩʣʦʚʠʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʧʣʘʚʣʝʥʠʷ ʠ ʦʩʪʳʚʘʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʜʣʷ ʢʨʝʧ-

ʣʝʥʠʷ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʟʚʦʣʠʪ: ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʢʨʝʧʣʝʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʝʛʦ ʟʘʢʦʥʪʫʨʥʳʡ ʤʘʩʩʠʚ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʚʘʨʥʦʡ ʰʦʚ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙ-

ʨʘʟʮʦʚ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʫʯʘʩʪʢʘʭ ʪʨʝʱʠʥʦʚʘʪʳʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ. 

ʄʠʥʝʨʘʣʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʦʙʨʘʟʫʶʱʠʝ ʤʘʩʩʠʚʥʳʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʫʣʴʬʠʜʥʦʡ ʨʫʜʳ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ [1]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʣʴʬʠʜ-

ʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʭʘʣʴ-

ʢʦʧʠʨʠʪ, ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʧʳʪʥʦʛʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠʩʧʳʪʘ-

ʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʩʚʘʨʠʚʘʥʠʶ ʦʪʜʝʣʴʥʦʡ ʠʣʠ ʣʦ-

ʢʘʣʴʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʧʝʪʨʦʬʠʟʠʢʘ). ʉʧʨʘʚʦʯʥʠʢ ʛʝʦʬʠ-

ʟʠʢʘ/ʇʦʜ ʨʝʜ. ʅ.ɹ. ɼʦʨʪʤʘʥ, - 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. - ʄ.: ʅʝʜʨʘ, 1984, 455 ʩ. 
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ʆ ʍɸʈɸʂʊɽʈɽ ʀɿʄɽʅɽʅʀʗ ʊɽʄʇɽʈɸʊʋʈʓ ɺ ɺʓʈɸɹʆʊɸʅʅʆʄ  

ʇʈʆʉʊʈɸʅʉʊɺɽ ʀ ʎɽʃʀʂɸʍ ʋɻʃʗ 

 
ɺɸʅɼʓʐɽɺ ɸ. ʄ., ʇʆʊɸʇʆɺ ɺ. ɺ.  

 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʳ-

ʨʘʙʦʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʚʝʜʝʥʠʠ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʚ ʣʘʚʘʭ ʠ ʮʝʣʠʢʘʭ ʫʛʣʷ ʨʘʟʣʠʯʥʦʡ 

ʰʠʨʠʥʳ. ɼʣʷ ʵʪʦʛʦ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʪʝʨʤʦʜʘʪʯʠʢʠ ʚ ʟʘʙʦʷʭ ʦʯʠʩʪʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʮʝʣʠʢʘʭ 

ʫʛʣʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʠʪʩʷ ʚ ʪʝʯʝʥʠʠ 3-4 ʤʝʩ. ɺ ʜʘʣʴ-

ʥʝʡʰʝʤ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʩʪʘʙʠʣʠʟʘʮʠʷ. ʅʘʠʙʦʣʝʝ ʧʦʞʘʨʦʦʧʘʩʥʦʡ ʷʚʣʷʝʪʩʷ ʟʦʥʘ ʧʨʠʤʳʢʘʶ-

ʱʝʡ ʢ ʚʦʟʜʫʭʦʧʘʜʘʶʱʝʡ ʚʳʨʘʙʦʪʢʠ. ʐʠʨʠʥʘ ʵʪʦʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 30-40 ʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʝʣʠʢʘʭ ʫʛʣʷ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʞʘʨʦ-

ʦʧʘʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʰʠʨʠʥʦʡ 4-6 ʤ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ, ʦʢʠʩʣʝʥʠʝ ʫʛʣʷ, ʧʨʦʪʠʚʦʧʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʯʠʩʪ-

ʥʦʡ ʟʘʙʦʡ, ʧʣʘʩʪ, ʪʝʨʤʦʜʘʪʯʠʢʠ, ʩʘʤʦʥʘʛʨʝʚʘʥʠʝ ʫʛʣʷ 
 

 

ON THE NATURE OF TEMPERATURE CHANGES IN THE WORKED -OUT SPACE 

AND COAL DEPOSITS 
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Abstract. The article discusses the results of research, the change in temperature in the mined-out 

space during mining operations in longwall faces and pillars of coal of various widths. For this pur-

pose, thermal sensors were installed in the working faces and coal pillars. It has been established that 

the process of temperature change lasts for 3-4 months. Subsequently, it stabilizes. The most fire-

hazardous area is the area adjacent to the air-falling workings. The width of this zone is 30-40 m. 

Studies of temperature changes in coal pillars of various widths have shown that the most fire haz-

ardous are those with a width of 4-6 m. 

 

Keywords: hard coal, coal oxidation, fire safety, longwall face, seam, temperature sensors, self-

heating of coal. 

 

ʅʘ ʰʘʭʪʝ çʂʦʢ-ʗʥʛʘʢè ʨʘʟʨʘʙʘʪʳʚʘʶʱʝʡ ʧʣʘʩʪʳ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ, ʩʢʣʦʥʥʳʝ ʢ ʩʘʤʦ-

ʚʦʟʛʦʨʘʥʠʶ, ʚʳʝʤʦʯʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʭʨʘʥʷʶʪʩʷ ʮʝʣʠʢʘʤʠ ʫʛʣʷ. ʆʢʦʣʦ 30 % 

ʵʥʜʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ ʦʪ ʦʙʱʝʛʦ ʠʭ ʯʠʩʣʘ ʧʨʦʠʟʦʰʣʦ ʚ ʮʝʣʠʢʘʭ ʫʛʣʷ ʫ ʚʳʝʤʦʯʥʳʭ ʚʳʨʘʙʦ-

ʪʦʢ ʠ 53% ð ʚ ʚʳʨʘʙʦʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʦʯʠʩʪʥʳʭ ʚʳʨʘ-

ʙʦʪʦʢ. 

ʅʘʠʙʦʣʴʰʝʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʫʛʦʣʴ ʧʣʘʩʪʘ çʊʶʣʝʢʩʢʦʛʦè. ʂʦʥ-

ʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʫʛʣʷ ʧʨʠ 25 Áʉ ʩʦʩʪʘʚʣʷʝʪ 0,0076 ʤʣ/ʛ-ʯʘʩ, ʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʥʢʫ-

ʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ð 52 ʩʫʪʦʢ. ʇʨʠ ʫʜʝʣʴʥʳʭ ʫʪʝʯʢʘʭ ʚʦʟʜʫʭʘ 0,06ð 0,18 ʤ3/ʤʠʥ-ʤ2 ʧʨʦ-

ʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʩʘʤʦʥʘʛʨʝʚʘʥʠʷ ʫʛʣʷ [1]. 

ʋʩʪʘʥʦʚʣʝʥʦ [2], ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʳʝʤʦʯʥʳʝ ʚʳʨʘ-

ʙʦʪʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʨʘʩʧʦʣʘʛʘʪʴ ʥʘ ʛʨʘʥʠʮʝ ʩ ʚʳʨʘʙʦʪʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʨʘʥʝʝ ʦʪʨʘ-

ʙʦʪʘʥʥʳʭ ʩʪʦʣʙʦʚ. ʆʜʥʘʢʦ ʥʘ ʰʘʭʪʝ çʂʦʢ-ʗʥʛʘʢè ʧʝʨʝʭʦʜ ʥʘ ʙʝʩʮʝʣʠʢʦʚʫʶ ʪʝʭʥʦʣʦʛʠʶ 

ʩʜʝʨʞʠʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʚʦʧʨʦʩʦʚ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ ʚ 
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ʯʘʩʪʥʦʩʪʠ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʳʨʘʙʦʪʘʥʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʠ ʮʝʣʠʢʘʭ ʫʛʣʷ ʧʨʠ ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʩʧʦʩʦʙʘ ʦʭʨʘʥʳ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʥʘ ʧʦ-

ʞʘʨʦʦʧʘʩʥʦʩʪʴ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʚʳʨʘʙʦʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʯʠʩʪʥʳʭ ʟʘʙʦʝʚ ʠ 

ʫʛʦʣʴʥʳʭ ʮʝʣʠʢʘʭ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʳ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɺʦʩʪʅʀʀ [3]. 

ɿʘʢʣʘʜʢʫ ʪʝʨʤʦʜʘʪʯʠʢʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʥʘʠʙʦʣʝʝ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʤʝʩʪʘʭ: ʥʘ ʩʦʧʨʷʞʝʥʠʷʭ 

ʣʘʚ ʩ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤʠ ʠ ʢʦʥʚʝʡʝʨʥʳʤʠ ʰʪʨʝʢʘʤʠ, ʚ ʮʝʣʠʢʘʭ ʫʛʣʷ, ʦʩʪʘʚʣʝʥʥʳʭ ʚ ʚʳʨʘʙʦ-

ʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʣʠʥʝ ʣʘʚʳ 

ʥʘ ʩʝʢʮʠʷʭ ʢʨʝʧʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʢʘʙʝʣʴʥʳʝ ʢʘʪʫʰʢʠ. ʊʝʨʤʦʜʘʪʯʠʢ ʧʨʠ ʵʪʦʤ ʦʩʪʘʚʣʷʣʩʷ 

ʚ ʚʳʨʘʙʦʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʧʦ ʤʝʨʝ ʧʝʨʝʜʚʠʞʢʠ ʩʝʢʮʠʡ ʢʨʝʧʠ ʢʘʙʝʣʴ ʩʤʘʪʳʚʘʣʩʷ ʩ ʢʘ-

ʪʫʰʢʠ. ʇʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʢʦʣʝʙʘʣʩʷ ʦʪ 60 ʜʦ 150 ʩʫʪʦʢ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʷʪʠ 

ʫʯʘʩʪʢʘʭ. ʅʘʙʣʶʜʝʥʠʷʤʠ ʦʭʚʘʯʝʥʳ ʩʣʫʯʘʠ ʦʭʨʘʥʳ ʚʳʨʘʙʦʪʦʢ ʮʝʣʠʢʘʤʠ ʫʛʣʷ ʠ ʙʝʟ ʮʝʣʠʢʦʚ, 

ʘ ʪʘʢʞʝ ʮʝʣʠʢʘʤʠ ʫʛʣʷ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʳ. 

ʍʘʨʘʢʪʝʨʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʝ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʣʘʚʳ 514. ʃʘʚʦʡ 514 Åʦʪʨʘʙʘʪʳʚʘʣʩʷ ʧʣʘʩʪ çʊʶʣʝʢʩʢʠʡè. ʉʨʝʜʥʷʷ ʩʢʦ-

ʨʦʩʪʴ ʧʦʜʚʠʛʘʥʠʷ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʩʦʩʪʘʚʣʷʣʘ 30 ʤ/ʤʝʩʷʮ. ʃʘʚʘ 514 ʦʪʨʘʙʘʪʳʚʘʣʘʩʴ ʚ ʰʘʭ-

ʤʘʪʥʦʤ ʧʦʨʷʜʢʝ ʩ ʯʘʩʪʠʯʥʳʤ ʧʨʦʚʝʜʝʥʠʝʤ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚʧʨʠʩʝʯʢʫ ʢ ʚʳ-

ʨʘʙʦʪʘʥʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʩʤʝʞʥʳʭ ʣʘʚ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʪʝʨʤʦʜʘʪʯʠʢʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʪʝʨʤʦʜʘʪʯʠʢʦʚ ʚ ʣʘʚʝ 514 (ʘ) ʠ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʣʘʚʳ 514 (ʙ) 

 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚʩʝ ʪʝʨʤʦʜʘʪ-

ʯʠʢʠ. ʅʘʠʙʦʣʴʰʠʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʣʩʷ ʧʝʨʚʳʝ 20 - 30 ʩʫʪʦʢ ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʣʘʚʳ. 
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ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʨʘʡʦʥʝ ʢʦʥʚʝʡʝʨʥʦʛʦ ʰʪʨʝʢʘ (ʪʝʨʤʦʜʘʪ-

ʯʠʢʠ ˉ 2, 3). ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 50 ʠ 86 C̄. ʊʝʤʧʝʨʘ-

ʪʫʨʘ, ʙʣʠʟʢʘʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ, ʫʜʝʨʞʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 25 - 30 ʩʫʪʦʢ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠʥʘʣʩʷ 

ʝʝ ʩʧʘʜ. 

ʄʝʥʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʨʘʡʦʥʝ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʰʪʨʝʢʘ 

(ʪʝʨʤʦʜʘʪʯʠʢʠ ˉ 4, 5). ʄʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 55 ʠ 43 Áʉ. ʆʜ-

ʥʘʢʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣ ʘʥʘʣʦʛʠʯʝʥ ʚʳʰʝʠʟʣʦʞʝʥʥʦʤʫ. ʏʝʨʝʟ 140 ʩʫʪʦʢ 

ʪʝʨʤʦʜʘʪʯʠʢʠ ˉ1,5 ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʠʩʭʦʜʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. ʅʘ ʦʩʪʘʣʴʥʳʭ ʥʘʙʣʶʜʘʝʤʳʭ 

ʫʯʘʩʪʢʘʭ (ʪʝʨʤʦʜʘʪʯʠʢʠ ˉ 2, 3,4,6) ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʠʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 25,29,27 ʠ 22ʉ̄. 

 
ʊʘʙʣʠʮʘ. - ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

 
 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʥʘ ʜʨʫʛʠʭ ʫʯʘʩʪʢʦʚ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ (ʩʤ. 

ʪʘʙʣʠʮʫ) 

ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʝʣʠʢʘʭ ʫʛʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʟ-

ʤʝʨʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʛʦʣʴʥʦʤ ʮʝʣʠʢʝ, ʦʩʪʘʚʣʝʥʥʦʤ ʤʝʞʜʫ ʢʦʥʚʝʡʝʨʥʳʤ ʰʪʨʝʢʦʤ ʣʘʚʳ 514 

ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤ ʰʪʨʝʢʦʤ ʣʘʚʳ 516, 

ɺ ʨʘʡʦʥʝ ʟʘʢʣʘʜʢʠ ʪʝʨʤʦʜʘʪʯʠʢʦʚ ʰʠʨʠʥʘ ʮʝʣʠʢʘ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 2 ʜʦ 15 ʤ. ʃʘʚʘ ʚ 

ʤʦʤʝʥʪ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʘ ʦʪʨʘʙʦʪʘʥʘ. 
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ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʘʤʦʥʘʛʨʝʚʘʥʠʷ ʫʛʣʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦ-

ʠʩʭʦʜʠʣ ʥʘ ʫʯʘʩʪʢʘʭ ʮʝʣʠʢʘ ʰʠʨʠʥʦʡ 4-6 ʤ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 

ʵʪʦʤ ʚ ʪʝʯʝʥʠʝ 60ð80 ʩʫʪʦʢ, ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʝ 40-60 ʩʫʪʦʢ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ, ʘ ʧʦʩʣʝ ʵʪʦʛʦ ʦʥʘ ʤʝʜʣʝʥʥʦ ʩʥʠʞʘʣʘʩʴ. ʇʨʠ ʰʠʨʠʥʝ ʮʝʣʠʢʘ ʙʦʣʝʝ 

10 ʤ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʪʘʚʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʇʨʦʮʝʩʩ ʩʘʤʦʥʘʛʨʝʚʘʥʠʷ ʫʛʣʷ ʚ ʚʳʨʘʙʦʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʣʘʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 
ʩʧʦʩʦʙʘ ʦʭʨʘʥʳ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʜʣʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 3-4 ʤʝʩʷʮʝʚ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʩʭʦʜʠʪ ʩʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ. 

2. ʇʦ ʬʘʢʪʦʨʫ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʧʨʦʚʝʜʝʥʠʝ ʧʨʠʩʝʯʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʥʝ ʨʘʥʝʝ, ʯʝʤ ʯʝʨʝʟ 5-6 ʤʝʩʷʮʝʚ ʧʦʩʣʝ 

ʦʙʨʫʰʝʥʠʷ, ʧʦʨʦʜ. 

3. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʦʡ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʟʦʥʘ, ʧʨʠʤʳʢʘʶʱʘʷ 
ʢ ʚʦʟʜʫʭʦʧʘʜʘʶʱʝʡ ʚʳʨʘʙʦʪʢʝ. ʈʘʟʤʝʨ ʵʪʦʡ ʟʦʥʳ ʜʣʷ ʫʩʣʦʚʠʡ ʰʘʭʪʳ çʂʦʢ-ʗʥʛʘʢè ʩʦʩʪʘʚ-

ʣʷʝʪ 30-45 ʤ. 

ʅʘʠʙʦʣʝʝ ʧʦʞʘʨʦʦʧʘʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʮʝʣʠʢʠ ʫʛʣʷ ʰʠʨʠʥʦʡ 4-6 ʤ. 
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ʋɼʂ 622. 274.4 

ʊɽʍʅʆʃʆɻʀʗ ʈɸɿʈɸɹʆʊʂʀ ʇʆʃʀʄɽʊɸʃʃʀʏɽʉʂʀʍ ʈʋɼ ʉʆ ʉʃʆɾʅʓʄ 

ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʀʄ ʉʆʉʊɸɺʆʄ ɺ ʇʆɼɿɽʄʅʓʍʋʉʃʆɺʀʗʍ 

 

ɻʋʉʄɸʅʆɺ ʌ. ʌ., ʇʆʊɸʇʆɺ ɺ. ɺ. 
 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʦ ʧʨʠʤʝʥʝʥʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ 

ʦʪʨʘʙʦʪʢʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʩʦ ʩʣʦʞʥʳʤ ʩʦʩʪʘʚʦʤ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʧʦ-

ʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʨʫʜ. 
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ʇʦʜʟʝʤʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ: ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʛʣʫʙʠʥʘ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʩʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘ-

ʥʠʝ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʦʣʝʝ ʙʝʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʩʝ 

ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʙʳʚʘʝʤʦʛʦ ʩʳʨʴʷ ʠ ʩʥʠʞʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʨʥʦʨʫʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʛʦʨʥʦ-

ʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʥʦʛʦ 

ʩʳʨʴʷ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʢʘʯʝʩʪʚʘ ʠ ʮʝʥʥʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʨʝʘʣʠʟʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʨʥʦʨʫʜʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚʦʟʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ 

ʦʩʥʦʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʥʦ ʠ ʧʦ-

ʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʫʜʥʦʡ ʤʘʩʩʳ. 

ʆʪ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʦʡ ʨʫʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʦʙʦʛʘʱʝʥʠʝ, ʟʘʚʠʩʷʪ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝ-

ʨʘʙʦʪʢʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʨʥʦʨʫʜʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʙʝʟʚʦʟʤʝʟʜʥʦ ʪʝʨʷʶʪʩʷ 20 - 25 % ʦʩ-

ʥʦʚʥʳʭ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʝʱʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʨʘʛʦʮʝʥʥʳʭ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘ-

ʙʦʪ ʧʨʠʨʦʜʥʦʝ ʢʘʯʝʩʪʚʦ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʥʝ ʫʣʫʯʰʘʝʪʩʷ, ʘ ʫʭʫʜʰʘʝʪʩʷ. ɺ ʵʢʩʧʣʫʘʪʘ-

ʮʠʶ ʚʦʚʣʝʢʘʶʪʩʷ ʨʫʜʥʳʝ ʪʝʣʘ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʄʥʦʛʦʦʙʨʘ-

ʟʠʝ ʧʨʠʨʦʜʥʳʭ ʪʠʧʦʚ ʨʫʜ ʦʪʣʠʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʧʦʣʝʟʥʳʭ 
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ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʠ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʨʘʟʣʠʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʦ-

ʛʘʱʝʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 

20 ʜʦ 30 % ʠ ʥʘʨʫʰʘʶʪ ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ, ʚʝʜʫʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʧʝʨʝʨʘʩʭʦʜʫ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʢ ʧʦʪʝʨʷʤ ʤʝʪʘʣʣʦʚ, ʦʩʪʘʶʱʠʭʩʷ ʚ ʭʚʦ-

ʩʪʘʭ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ. 

ɺʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ: 

- ʚʳʙʦʨʦʯʥʘʷ ʚʳʝʤʢʘ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʪʠʧʘʤ ʠ ʩʦʨʪʘʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪ-

ʨʘʙʦʪʢʦʡ ʙʝʜʥʳʭ ʠ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʭ ʨʫʜ; 

- ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʪʨʘʙʦʪʢʠ ʪʠʧʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 

- ʨʘʟʜʝʣʴʥʘʷ ʚʳʝʤʢʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʨʫʜ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʘʤ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʚʳʰʝ-

ʥʠʷ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʪʘʜʠʠ ʦʙʦʛʘʱʝʥʠʷ ʠʟ ʨʫʜ ʙʦʣʝʝ ʚʳ-

ʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʜʝʣʴʥʦʡ ʚʳʝʤʢʝ.  

ʇʝʨʝʜ ʵʪʠʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʨʫʜʥʦʤ ʪʝʣʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʚʳʝʤʦʯʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʨʫʜ; 

ʦʮʝʥʠʚʘʶʪʩʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝ-

ʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʜʘʚʘʝʤʦʡ ʨʫʜʳ; 

ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʚʦʟʤʦʞʥʳʝ ʧʨʝʜʝʣʳ ʧʦʩʪʦʷʥʩʪʚʘ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ 

ʨʫʜ; 

ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʘʟʜʝʣʴʥʫʶ ʦʪʙʦʡʢʫ, ʚʳ-

ʧʫʩʢ ʠ ʜʦʩʪʘʚʢʫ ʨʫʜʳ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʘʤ; 

ʦʧʨʝʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʘʣʦʚʦʡ ʠ ʨʘʟʜʝʣʴʥʦʡ ʚʳʝʤʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦ-

ʦʪʥʦʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʚ ʦʙʲʝʤʝ ʨʫʜʳ. 

ɺʩʝ ʨʫʜʳ ʆʨʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʲʝʜʠʥʝʥʳ ʚ 4 ʧʨʠʨʦʜʥʳʭ ʪʠʧʘ, ʛʣʘʚʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʥʠʭ ʷʚʣʷʶʪʩʷ ʤʝʜʴ, ʩʚʠʥʝʮ, ʮʠʥʢ. ʀʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʟʘʧʘʩʳ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣ. [1, 2]. 

 
ʊʘʙʣʠʮʘ - ʇʘʨʘʤʝʪʨʳ ʧʨʠʨʦʜʥʳʭ ʪʠʧʦʚ ʨʫʜ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʪʠʧʘ ɿʘʧʘʩʳ 

ʨʫʜʳ, 

%ʦʪʥ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ, % 

ʤʝʜʴ ʩʚʠʥʝʮ ʮʠʥʢ 

ɹʘʨʠʪ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʳ 37,2 1,63 2,25 3,67 

ʄʝʜʥʦ-ʮʠʥʢʦʚʳʝ 10,0 3,66 0,33 3,19 

ʉʣʦʞʥʳʝ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʝ 12,2 3,68 0,10 0,78 

ɺʢʨʘʧʣʝʥʥʳʝ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʝ 40,6 4,57 0,07 0,23 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʘʚʘ ʨʫʜ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʥʠʭ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʩʣʦʚʠʡ ʟʘʣʝʛʘʥʠʷ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠʨʦʜʥʳʭ ʪʠʧʦʚ ʨʫʜ ʚʳʜʝʣʝʥʦ ʜʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʘ: ʤʝʜ-

ʥʦʢʦʣʯʝʜʘʥʥʦʡ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ. ʄʝʜʥʦʢʦʣʯʝʜʘʥʥʳʝ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʳ 

ʠʤʝʶʪ ʯʝʪʢʦ ʚʳʜʝʣʝʥʥʳʡ ʢʦʥʪʘʢʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʨʝʥʥʦ ʨʘʟʜʝʣʷʪʴ ʠʭ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʜʦʙʳʯʠ. 

ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʯʝʩʪʚʘ ʨʫʜʥʦʡ ʤʘʩʩʳ ʠʛʨʘʶʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʦʯʠʩʪʥʦʡ ʜʦʙʳʯʠ, ʥʦ ʠ ʦʨʛʘʥʠʟʘʮʠʷ, ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʠʭ ʟʥʘ-
ʯʠʤʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʨʘʟʜʝʣʴʥʦʡ ʜʦʙʳʯʝ ʚ ʩʣʦʞʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʤʥʦʛʦʦʙʨʘʟʠʠ ʪʠʧʦʚ ʠ ʩʦʨʪʦʚ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘ ʢʘʯʝʩʪʚʦ ʨʫʜʥʦʡ ʤʘʩʩʳ ʚʣʠʷʶʪ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ: ʩʣʦʞʥʦʩʪʴ ʟʘʣʝ-

ʛʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ ʠ ʧʝʨʝʤʝʞʘʝʤʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʤʘʩʩʠʚʝ, ʠʟʚʣʝʯʝʥʠʝ ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ, ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʧʫʩʪʦʡ ʧʦʨʦ-

ʜʦʡ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʦʜʥʦʛʦ ʪʠʧʘ ʨʫʜ ʜʨʫʛʠʤ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʢʘʯʝʩʪʚʦ ʛʦʨʥʳʭ ʨʘʙʦʪ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʫʜʥʦʡ ʤʘʩʩʝ. 
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ʈʘʟʜʝʣʝʥʠʝ ʨʫʜʳ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʠʧʳ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝ-

ʩʪʚʦ ʨʫʜʥʦʡ ʤʘʩʩʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʜʝʨʞʘʱʠʤ ʠ ʦʙʱʠʭ ʦʙʲʝʤʘʭ ʧʨʠ ʚʘʣʦʚʦʡ ʜʦʙʳʯʝ: 

ʤʝʜʠ ʥʘ 1 - 2,5 %; ʮʠʥʢʘ 0,5 - 2; ʩʚʠʥʮʘ ʥʘ 0,2 - 0,5 %, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʦʚ 

ʜʦʙʳʯʠ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʘʤ. 

ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʦʡ ʨʫʜʳ ʠʩʢʣʶʯʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʪʦʢʩʠʯ-

ʥʳʭ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʮʠʘʥʠʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʨʘʡ-

ʦʥʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʪʨʘʪʳ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʥʘ ʨʘʟʜʝʣʴʥʫʶ ʜʦʙʳʯʫ ʚʦʟʨʘʩʪʘʶʪ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʚ ʧʨʝʜʝʣʘʭ 0,5 % ʦʪ ʦʙ-

ʱʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ). 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʦʛʘʱʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ 

ʨʘʩʭʦʜʘ ʨʝʘʛʝʥʪʦʚ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ [3,4]. 

ɼʣʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʆʨʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ 

ʩʣʦʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʥʠʩʭʦʜʷʱʠʤʠ ʩʣʦʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʵʬʬʝʢʪʠʚʥʫʶ ʚʳʝʤʢʫ 

ʨʫʜ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʘʤ (ʥʘ ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʜʝʣʴʥʦʡ ʚʳʝʤʢʠ 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶ-

ʱʝʡ ʩʣʦʝʚʦʡ ʩʠʩʪʝʤʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʘʨʠʘʥʪʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʟʘʚʠʩʠʤʫʶ ʜʦʙʳʯʫ ʜʚʫʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʨʫʜ; 

- ʠʩʢʣʶʯʘʝʪʩʷ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʦʜʥʦʛʦ ʪʠʧʘ ʨʫʜ ʜʨʫʛʠʤ; 

- ʫʧʨʦʱʘʶʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʨʘʟʜʝʣʴʥʦʡ ʜʦʙʳʯʝ ʧʦ ʪʠʧʘʤ ʨʫʜ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʜʝʣʴʥʦʡ ʚʳ-

ʝʤʢʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʩʣʦʞʥʦʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʫʜʝʣʴʥʘʷ ʧʨʠʙʳʣʴ ʚʦʟ-

ʨʘʩʪʘʝʪ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ, ʯʪʦ ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʢ ʨʘʟʜʝʣʴʥʦʡ ʜʦʙʳʯʠ ʧʦ ʜʚʫʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʘʤ. 
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ʋɼʂ 622.281 (574.32) 

ʊɽʍʅʆʃʆɻʀʗ ʋʇʈʆʏʅɽʅʀʗ ʅɽʋʉʊʆʁʏʀɺʓʍ ɻʆʈʅʓʍ ʄɸʉʉʀɺʆɺ  

ʉʀʅʊɽʊʀʏɽʉʂʀʄʀ ʉʄʆʃɸʄʀ ɺ ʋɻʆʃʔʅʓʍ ʐɸʍʊɸʍ 

 

ɼɽʄʀʅ ɺ. ʌ.1, ɿɸʍɸʈʆɺ ɸ. ʄ.1, ɼɽʄʀʅɸ ʊ. ɺ.2 

1 ʅɸʆ çʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ. ʉ. ʉʘʛʠʥʦʚʘè, ʂʘʨʘʛʘʥʜʘ 
2 ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʫʧʨʦʯ-

ʥʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ ʚ ʫʩʣʦʚʠʷʭ ʫʛʦʣʴʥʳʭ ʰʘʭʪ ʩ ʨʝʢʦ-

ʤʝʥʜʘʮʠʷʤʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʢʨʝʧʣʝʥʠʷ ʚ ʟʦʥʘʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʧʨʠ 

ʦʯʠʩʪʥʳʭ ʨʘʙʦʪʘʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʥʘʷ ʚʳʨʘʙʦʪʢʘ, ʧʦʯʚʘ ʚʳʨʘʙʦʪʢʠ, ʛʦʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʫʯʝʥʠʝ ʧʦʨʦʜ, ʜʝ-

ʬʦʨʤʘʮʠʷ, ʧʦʜʟʝʤʥʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ, ʘʥʢʝʨʥʘʷ ʢʨʝʧʴ, ʬʘʢʪʦʨʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ, ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʟʨʘʙʦʪʢʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʭʝʤʳ, ʧʨʦʚʝʜʝʥʠʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʚʠʜʳ ʢʨʝʧʣʝʥʠʷ. 
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Abstract. The article examines the possibility of implementing technological schemes for strength-

ening and stabilizing unstable rock masses in coal mines with recommendations for determining 

fastening parameters in zones of geological disturbances during mining operations. 
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ʊʝʭʥʦʣʦʛʠʠ ʫʧʨʦʯʥʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʩʤʦʣʘʤʠ ʢʘʢ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʦʨʥʳʡ ʤʘʩʩʠʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʫʣʫʯʰʘʶʪʩʷ ʝʛʦ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʩʧʦʩʦʙʦʤ ʫʢʨʝʧʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ 

ʟʘʢʨʝʧʣʝʥʠʝ ʤʘʩʩʠʚʘ ʘʥʢʝʨʥʦʡ ʢʨʝʧʴʶ ʩ ʩʰʠʚʘʥʠʝʤ ʩʣʦʝʚ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʤʝʞʜʫ ʩʦʙʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ, ʩʪʘʣʝʧʦʣʠʤʝʨʥʳʤʠ, ʧʦʣʠʤʝʨʙʝʪʦʥʥʳʤʠ ʠ ʜʨʫʛʠʤʠ ʚʠ-

ʜʘʤʠ ʘʥʢʝʨʦʚ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʮʝʤʝʥʪʘʮʠʝʡ, ʛʣʠʥʠʟʘʮʠʝʡ, ʙʠʪʫʤʠʟʘʮʠʝʡ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ 

ʜʨ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʩʦʙʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠ ʩʦ-

ʚʨʝʤʝʥʥʳʡ ʩʧʦʩʦʙ ʫʢʨʝʧʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʠʚʘ ʪʨʝʱʠ-

ʥʦʚʘʪʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʤʦʣʦʠʥʲʝʢʪʠʨʦʚʘʥʠʝʤ [1 - 2]. 

ʉʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʭʦʪʷ ʙʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ - ʚʩʝ ʢʨʝʧʢʠʝ ʪʨʝ-

ʱʠʥʦʚʘʪʳʝ, ʩʨʝʜʥʝʡ ʢʨʝʧʦʩʪʠ ʠ ʩʣʘʙʳʝ, ʚʢʣʶʯʘʶʱʠʝ ʧʝʩʢʠ, ʩʫʧʝʩʠ ʠ ʜʨʫʛʠʝ ʛʦʨʥʳʝ ʧʦ-

ʨʦʜʳ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʦʚʣʠ ʚ ʦʯʠʩʪʥʳʭ ʟʘ-

ʙʦʷʭ ʠ ʧʨʠʤʳʢʘʶʱʠʤ ʢ ʥʠʤ ʚʳʨʘʙʦʪʢʘʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʤʦʣ ʚ ʫʛʦʣʴʥʳʭ  ʰʘʭʪʘʭ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʩʪʚʘ ʠ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʛʦʨ-

ʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʅʘʛʥʝʪʘʪʝʣʴʥʘʷ  ʪʨʫʙʢʘ  ʩ ʬʫʥʢʮʠʝʡ  ʘʥʢʝʨʘ ï ʀʈʄɸ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ ʜʚʦʡʥʫʶ 

ʬʫʥʢʮʠʶ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʧʦʤʦʱʴʶ ʪʨʫʙʢʠ ʀʈʄɸ ʤʦʞʥʦ, ʢʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʦʙʳʯʥʳʭ 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʪʨʫʙʦʢ, ʥʘʛʥʝʪʘʪʴ ʩʤʦʣʳ ʠ ʮʝʤʝʥʪ ʚ ʧʦʨʦʜʫ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʀʈʄɸ ʚʳ-

ʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʘʥʢʝʨʘ, ʪ.ʝ. ʦʩʪʘʝʪʩʷ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʥʘʛʥʝʪʘʥʠʷ ʚ ʩʢʚʘʞʠʥʝ ʠ ʩʢʨʝʧʣʷʝʪ 

ʧʦʨʦʜʫ. ɽʝ ʧʨʠʤʝʥʝʥʠʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʩʦʙʝʥʥʦ ʚ ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʦʨʦʜʥʳʭ ʟʦʥʘʭ, ʚ ʢʦʪʦ-

ʨʳʭ ʥʘʨʷʜʫ ʩ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʧʫʪʝʤ ʥʘʛʥʝʪʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʘʨʤʠʨʦ-

ʚʘʥʠʝ ʠ ʘʥʢʝʨʦʚʘʥʠʝ ʨʳʭʣʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ [3]. ʇʦʨʦʜʘ ʤʦʞʝʪ ʫʢʨʝʧʣʷʪʴʩʷ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʩʢʚʘʞʠʥʳ, ʪʘʢ ʢʘʢ ʙʣʘʛʦʜʘʨʷ ʫʜʣʠʥʷʶʱʝʡ ʪʨʫʙʢʝ ʚʳʭʦʜ ʩʤʦʣʳ ʤʦʞʝʪ ʚʩʝ ʙʦʣʝʝ ʩʤʝʱʘʪʴʩʷ 

ʥʘ ʜʥʦ ʩʢʚʘʞʠʥʳ. 

ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʢʨʦʚʣʠ ʚ ʦʯʠʩʪʥʳʭ ʟʘʙʦʷʭ ʩ ʥʘʛʥʝʪʘʥʠʝʤ ʟʘʢʨʝʧʣʷʶʱʠʭ ʩʤʝʩʝʡ ʚ 

ʰʧʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʩʪʘʚʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʫʨʝʪʘʥʦʚ. 

ʕʪʠ ʩʤʦʣʳ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʚʨʝʤʷ ʩʪʘʨʪʘ 2 ï 

30 ʩ;  ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ 4 ï 5,5;  ʢʣʘʩʩ ʛʦʨʶʯʝʩʪʠ çɻè (ʪʨʫʜʥʦ ʛʦʨʶʯʠʡ);  ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʩʨʝʜʳ ʧʨʠʤʝʥʝʥʠʷ 2 ï 35Á [4]. 

ɿʘʢʨʝʧʣʝʥʠʝ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʩʤʦʣʘʤʠ. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʫʨʝʪʘʥʦʚʦʡ ʩʤʦʣʳ  ɹʝʚʝʜʦʣ ï ɹʝʚʝʜʘʥ ʚ ʚʠʜʝ ʧʦ-

ʢʨʳʪʠʷ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʤʘʩʩʠʚʘ. 

 

 ʘ                                                                                       ʙ 
ʈʠʩ. 1. ʇʦʣʠʫʨʝʪʘʥʦʚʘʷ ʩʤʦʣʘ  ɹʝʚʝʜʦʣ ï ɹʝʚʝʜʘʥ: ʘ ï ʚʠʜʝ ʧʦʢʨʳʪʠʷ; ʙ ï ʟʘʢʨʝʧʣʝʥʠʷ ʤʘʩʩʠʚʘ 

 

ɺʳʙʦʨ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʠ ʫʢʨʝʧʣʝʥʠʷ ʥʘʨʫʰʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʭʠʤʠʯʝ-

ʩʢʠʤ ʘʥʢʝʨʦʚʘʥʠʝʤ 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʯʠʩʪʥʦʤʫ ʟʘʙʦʶ ʫʧʨʦʯʥʝʥʠʶ ʧʦʜʣʝʞʘʪ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʪʝʨʷʶʪ 

ʩʚʦʶ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦ ʫʩʪʘʥʦʚʢʠ ʢʨʝʧʠ. 

ʇʦʨʦʜʳ ʢʨʦʚʣʠ ʦʯʠʩʪʥʳʭ ʟʘʙʦʝʚ ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦ ʜʚʫʤ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʤ ʧʨʠʟʥʘ-

ʢʘʤ  [5]: ʦʙʨʫʰʘʝʤʦʩʪʴ ʤʘʩʩʠʚʘ ʥʘʜ ʦʯʠʩʪʥʦʡ ʚʳʨʘʙʦʪʢʦʡ; ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʨʦʜ ʥʠʞʥʝʛʦ 

ʩʣʦʷ ʥʘʜ ʦʯʠʩʪʥʦʡ ʚʳʨʘʙʦʪʢʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʫʧʨʦʯʥʝʥʠʷ ʧʦʨʦʜ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦ-

ʨʦʚ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʛʥʝʪʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʛʥʝʪʘʥʠʝ ʩʢʨʝʧʣʷʶʱʠʭ 

ʩʦʩʪʘʚʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʚ ʰʧʫʨʳ ʩ ʠʥʲʝʢʮʠʦʥʥʳʤʠ ʘʥʢʝʨʘʤʠ ʠʣʠ ʯʝʨʝʟ ʛʝʨʤʝʪʠʟʘʪʦʨ. ɹʫʨʷʪ 

ʰʧʫʨʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʧʨʦʯʥʷʝʤʦʤ ʤʘʩʩʠʚʝ ʠʣʠ ʯʝʨʝʟ ʫʛʦʣʴʥʳʡ ʧʣʘʩʪ.  

ʂ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʥʘʛʥʝʪʘʥʠʷ ʩʢʨʝʧʣʷʶʱʝʛʦ ʩʦʩʪʘʚʘ ʦʪʥʦʩʷʪʩʷ ʜʣʠʥʘ ʠ ʫʛʦʣ 
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ʥʘʢʣʦʥʘ ʰʧʫʨʘ ʢ ʧʣʦʩʢʦʩʪʠ ʥʘʧʣʘʩʪʦʚʘʥʠʷ ʧʦʨʦʜ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʰʧʫʨʘʤʠ, ʛʣʫʙʠʥʘ ʛʝʨ-

ʤʝʪʠʟʘʮʠʷ ʫʩʪʴʷ ʰʧʫʨʘ, ʜʘʚʣʝʥʠʝ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʪʝʤʧ ʥʘʛʥʝʪʘʥʠʷ, ʨʘʩʭʦʜ ʩʢʨʝʧʣʷʶʱʝʛʦ ʥʘ 

ʦʜʠʥ ʰʧʫʨ. 

ʋʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʷʪ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʧʨʦʯʥʷʝʤʳʭ ʧʦ-

ʨʦʜ, ʠʭ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʤʦʱʥʦʩʪʠ, ʢʘʨʙʦʥʘʪʥʦʩʪʠ ʠ ʦʙʚʦʜʥʸʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ ʧʨʠʤʝʥʷʝ-

ʤʳʭ ʩʨʝʜʩʪʚ ʢʨʝʧʣʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ ʠ ʩʢʦʨʦʩʪʠ ʧʦʜʚʠʛʘʥʠʷ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ. ʇʘʨʘʤʝʪʨʳ 

ʥʘʛʥʝʪʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʯʸʪʥʳʤ ʧʫʪʸʤ, ʘ ʟʘʪʝʤ ʫʪʦʯʥʷʶʪʩʷ ʧʦ ʬʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘ-

ʪʘʤ. ɼʣʠʥʘ ʰʧʫʨʘ ʜʦʣʞʥʘ ʥʘ 0,5 ʤ ʧʨʝʚʳʰʘʪʴ ʚʝʣʠʯʠʥʫ ʧʦʜʚʠʛʘʥʠʷ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ. 

ɼʣʠʥʘ ʘʥʢʝʨʘ, ʦʩʦʙʝʥʥʦ ʛʣʫʙʠʥʘ ʟʘʜʝʣʢʠ ʚ ʤʘʩʩʠʚʝ, ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʘʥʢʝʨʥʦʡ ʢʨʝʧʠ, ʝʸ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʨʘʟʣʠʯʥʳʤ ʥʘʛʨʫʟʢʘʤ ʠ ʜʝʬʦʨʤʘʮʠʷʤ. 

ʋʛʣʳ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʦʚ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʩʪʴʝʚ ʰʧʫʨʦʚ ʧʦʜ ʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʨʠʝʥʪʘʮʠʶ 

ʚʚʦʜʠʤʳʭ ʚ ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚ ʩʨʝʜʩʪʚ ʫʢʨʝʧʣʝʥʠʷ ï ʪʘʙʣ. 1 [6]. 

 
ʊʘʙʣ. 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʢʝʨʦʚʘʥʠʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʢʨʝʧʣʷʝʤʳʭ 

ʧʦʨʦʜ 

ɼʣʠʥʘ 

ʰʧʫʨʘ, ʤ 

ɼʣʠʥʘ ʘʥ-

ʢʝʨʘ, ʤ 

ʐʘʛ ʫʩʪʘ-

ʥʦʚʢʠ, ʤ 

ʇʨʠʤʝʯʘʥʠʝ 

ʉʣʘʙʳʝ ʧʦʨʦʜʳ ʢʨʦʚʣʠ, ʩʣʦʞʝʥʥʳʝ ʘʨʛʠʣʣʠʪʘʤʠ ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ 

ɹʣʦʯʥʦʝ ʦʙʨʫʰʝʥʠʝ ʥʘ ʚʳʩʦʪʫ ʜʦ 

2 ʤ 

2,8ï3,3 3,0ï3,5 0,7ï1,0 ʀʥʲʝʢʮʠʦʥʥʳʝ ʘʥʢʝʨʘ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʟʦʥʳ 

ʦʩʣʘʙʣʝʥʠʷ 

ɹʣʦʯʥʦʝ ʦʙʨʫʰʝʥʠʝ ʥʘ ʚʳʩʦʪʫ 2 

ʤ ʠ ʙʦʣʝʝ 

2,8ï3,3 3,0ï3,5 0,7ï1,0 ɿʘʢʘʯʢʘ ʬʝʥʦʣʴʥʳʭ ʩʤʦʣ 

ʆʙʨʫʰʝʥʠʝ ʢʨʦʚʣʠ ʤʝʣʢʦʡ ʢʫʩ-

ʢʦʚʘʪʦʩʪʴʶ (ʨʘʟʤʝʨ ʢʫʩʢʦʚ ʧʦ-

ʨʦʜʳ ʥʝ ʤʝʥʝʝ 100 ʤʤ) ʥʘ ʚʳʩʦʪʫ 

ʜʦ 2 ʤ ʠ ʙʦʣʝʝ 

2,8ï3,3 3,0ï3,5 0,3ï0,4 ɿʘʢʘʯʢʘ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ 

ʩʤʦʣ 

ʅʘʨʫʰʝʥʥʳʡ ʫʛʦʣʴʥʳʡ ʧʣʘʩʪ 

ʆʪʞʠʤ ʫʛʣʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 2 ʤ 2,5ï2,8 2,8ï3,0 0,8ï1,0 ɸʥʢʝʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʚ 2 ʨʷʜʘ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦ-

ʨʷʜʢʝ 

ʆʪʞʠʤ ʫʛʣʷ ʥʘ ʛʣʫʙʠʥʫ ʙʦʣʝʝ 2 

ʤ 

2,8ï3,3 3,0ï3,5 0,8ï1,0 ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ 

ʟʘʣʠʚʢʫ ʩʤʦʣʳ ʚ ʰʧʫʨʳ 

 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ ʘʥʢʝʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʧʦʜ ʫʛʣʦʤ 40 - 600, ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʰʠʚʢʘ ʫʧʨʦʯʥʷʝʤʦʛʦ ʤʘʩʩʠʚʘ ʩ ʙʦʣʝʝ ʫʩʪʦʡʯʠ-

ʚʳʤʠ ʚʳʰʝʣʝʞʘʱʠʤʠ ʧʦʨʦʜʘʤʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʜʚʠʞʝʥʠʷ ʧʦʨʦʜ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʘʥʢʝʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʜ ʫʛʣʦʤ 0 - 100. ɹʦʣʝʝ ʜʚʫʭ ʨʷʜʦʚ ʧʦ ʧʣʦʩʢʦʩʪʠ 

ʦʙʥʘʞʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʐʘʛ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʦʚ ʚ ʨʷʜʫ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʪʝʧʝʥʴʶ ʥʘʨʫʰʝʥʥʦʩʪʠ ʤʘʩʩʠʚʘ ʠ ʧʨʦʯʥʦʩʪʴʶ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʐʘʛ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʦʚ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,4 ʜʦ 1,5 ʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʦʯʥʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ ʙʳʩʪʨʦʪʚʝʨʜʝ-

ʶʱʠʤʠ ʩʦʩʪʘʚʘʤʠ. ʋʧʨʦʯʥʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʛʥʝʪʘʥʠʝʤ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ 

ʩʦʩʪʘʚʦʚ ʠ ʭʠʤʠʯʝʩʢʠʤ ʘʥʢʝʨʦʚʘʥʠʝʤ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʫʧʨʦʯʥʝʥʠʷ ʧʦʨʦʜ 

ʢʨʦʚʣʠ ʙʳʩʪʨʦʪʚʝʨʜʝʶʱʠʤʠ ʩʦʩʪʘʚʘʤʠ, ʧʨʠ ʵʪʦʤ ʛʣʘʚʥʳʤ ʢʨʠʪʝʨʠʝʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦ-

ʪʦʨʳʤ ʚʳʙʠʨʘʶʪʩʷ ʩʧʦʩʦʙ ʠ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʫʧʨʦʯʥʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ, 

ʷʚʣʷʝʪʩʷ ʠʭ ʩʨʝʜʥʷʷ ʢʫʩʢʦʚʘʪʦʩʪʴ ʧʨʠ ʦʙʨʫʰʝʥʠʷʭ. 

ʂ ʧʝʨʚʦʡ (I) ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʧʦʨʦʜʳ, ʫ ʢʦʪʦʨʳʭ ʧʨʠ ʦʙʨʫʰʝʥʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʢʫʩʢʠ 

ʩ ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 0,1 ʤ, ʢʦ ʚʪʦʨʦʡ (II ) ï 0,1 - 0,3 ʤ, ʢ ʪʨʝʪʴʝʡ (III ) ï 0,3 - 0,5 ʤ ʠ ʢ ʯʝʪʚʝʨʪʦʡ 

(IV) ï ʙʦʣʝʝ 0,5 ʤ. ʋʩʣʦʚʠʝ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʩʧʦʩʦʙʦʚ ʫʧʨʦʯʥʝʥʠʷ ʙʫʜʝʪ 

ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣ. 2. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʩʪ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʧʨʦʯʥʝʥʠʝ ʧʦʨʦʜ ʢʨʦʚʣʠ ʙʳʩʪʨʦʜʝʡ-

ʩʪʚʫʶʱʠʤʠ ʩʦʩʪʘʚʘʤʠ, ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʨʘʙʦʪʘʥ ʥʠʞʝʣʝʞʘʱʠʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤʝʥʝʝ 12 

ʤ. 
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ʊʘʙʣ. 2. ʋʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ ʩʧʦʩʦʙʦʚ ʫʧʨʦʯʥʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ 

 
ʉʚʦʡʩʪʚʘ ʫʢʨʝʧʣʷʝʤʳʭ ʧʦʨʦʜ ʎʝʣʝʩʦʦʙʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʫʧʨʦʯʥʝʥʠʷ 

ʅʘʛʥʝʪʘʥʠʝ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʩʦ-

ʩʪʘʚʦʚ 

ʍʠʤʠʯʝʩʢʦʝ ʘʥʢʝʨʦʚʘʥʠʝ 

ʄʦʱʥʦʩʪʴ ʦʙʨʫʰʘʶʱʠʭʩʷ ʧʦʨʦʜ, 

hʦʙʨ , ʤ 

ɹʦʣʝʝ 0,8 ɹʦʣʝʝ 0,4 

ɻʨʫʧʧʘ ʧʦʨʦʜ ʧʦ ʢʫʩʢʦʚʘʪʦʩʪʠ I ʠ II  II, III ʠ IV 

 

ʅʘʛʥʝʪʘʥʠʝ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʧʨʦʚʦʜʠʪʩʷ ʯʝʨʝʟ ʰʧʫʨʳ ʜʠʘʤʝʪʨʦʤ 42 - 45 

ʤʤ ʠ ʜʣʠʥʦʡ 4,0 - 4,5 ʤ ʩ ʛʝʨʤʝʪʠʟʘʮʠʝʡ ʠʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 1,2 - 1,5 ʤ ʧʨʠ ʥʦ-

ʤʠʥʘʣʴʥʦʤ ʜʘʚʣʝʥʠʝ ʥʘʛʥʝʪʘʥʠʷ ï 2 - 5 ʄʇʘ ʩ ʪʝʤʧʦʤ ʥʘʛʥʝʪʘʥʠʷ 7 - 9 ʣ/ʤʠʥ. 

ʋʛʦʣ ʧʦʜʲʝʤʘ ʰʧʫʨʦʚ ʜʣʷ ʥʘʛʥʝʪʘʥʠʷ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʠ ʨʘʩʭʦʜ ʩʦʩʪʘʚʘ ʥʘ 

ʦʜʠʥ ʰʧʫʨ ʚʳʙʠʨʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʊʘʙʣ. 3. 

ʇʦʚʪʦʨʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʧʦ ʥʘʛʥʝʪʘʥʠʶ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʨʝʢʦʤʝʥʜʫ-

ʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʩʣʝ ʧʦʜʚʠʛʘʥʠʷ ʣʘʚʳ ʥʘ 3,5 - 4,0 ʤ, ʝʩʣʠ ʧʨʠ ʧʨʦʜʚʠʛʘʥʠʠ  ʣʘʚʳ ʥʘ 2,0 

- 2,5 ʤ ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʨʫʰʝʥʠʷ ʧʦʨʦʜ, ʥʘʛʥʝʪʘʥʠʝ ʩʣʝʜʫʝʪ ʧʦʚʪʦʨʠʪʴ ʚ 

ʰʧʫʨʳ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ. 

 

 
ʊʘʙʣ. 3. ʇʘʨʘʤʝʪʨʳ ʩʧʦʩʦʙʘ ʫʧʨʦʯʥʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ ʥʘʛʥʝʪʘʥʠʝʤ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʩʦʩʪʘʚʦʚ 

 

ʉʚʦʡʩʪʚʘ ʫʧʨʘʚʣʷʝʤʳʭ ʧʦʨʦʜ ʋʛʦʣ ʧʦʜʲʝʤʘ 

ʰʧʫʨʦʚ, ʛʨʘʜ 

ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʰʧʫʨʘʤʠ, 

ʤ 

ʈʘʩʭʦʜ ʩʦʩʪʘʚʘ 

ʥʘ ʰʧʫʨ, ʢʛ ʄʦʱʥʦʩʪʴ ʦʙʨʫʰʘʶ-

ʱʠʭʩʷ ʧʦʨʦʜ hʦʙʨ, ʤ 

ɻʨʫʧʧʘ ʧʦʨʦʜ ʧʦ 

ʢʫʩʢʦʚʘʪʦʩʪʠ 

ʄʝʥʝʝ 1,5 ʤ I 10-15 2,5-3,0 100-140 

II  10-15 3,5-4,0 160-180 

ɹʦʣʝʝ 1,5 ʤ I 15-20 3,0-3,5 160-200 

II  15-20 4,0-5,0 200-250 

 

ʊʝʭʥʦʣʦʛʠʷ ʫʧʨʦʯʥʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ ʩʧʦʩʦʙʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʢʝʨʦʚʘʥʠʷ. ɿʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʘʨʤʠʨʦʚʘʥʠʠ ʤʘʩʩʠʚʘ ʧʦʨʦʜ ʩʪʝʨʞʥʷʤʠ (ʘʥʢʝʨʘʤʠ), ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʰʧʫʨʘ ʪʚʝʨʜʝʶʱʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʘʶʪʩʷ ʚ ʰʧʫʨ ʚ ʘʤʧʫʣʘʭ. ʇʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʰʧʫʨʝ ʘʤʧʫʣ (ʧʫʪʝʤ ʚʨʘʱʝ-

ʥʠʷ ʩʚʝʨʣʦʤ ʘʨʤʠʨʫʶʱʝʛʦ ʩʪʝʨʞʥʷ), ʢʦʤʧʦʥʝʥʪʳ ʭʠʤʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʠ ʩʤʝʰʠʚʘʶʪʩʷ, 

ʟʘʧʦʣʥʷʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʝʨʞʥʷ ʠ ʩʪʝʥʢʘʤʠ ʰʧʫʨʘ ʠ ʚʩʪʫʧʘʶʪ ʚ ʨʝ-

ʘʢʮʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʚʝʨʜʝʥʠʷ ʩʦʩʪʘʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʘʨʤʠʨʦ-

ʚʘʥʠʝ ʦʩʣʘʙʣʝʥʥʦʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʞʝʩʪʢʠʤʠ ʩʪʝʨʞʥʷʤʠ, ʥʦ ʠ ʫʧʨʦʯʥʝʥʠʝ ʝʛʦ ʪʚʝʨʜʝ-

ʶʱʝʡ ʭʠʤʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʝʡ, ʧʨʦʥʠʢʘʶʱʝʡ ʚ ʦʢʦʣʦʰʧʫʨʦʚʳʝ ʪʨʝʱʠʥʳ. 

ʉʭʝʤʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʢʝʨʦʚʘʥʠʷ ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʦʨʦʜ ʢʨʦʚʣʠ ʚ ʦʯʠʩʪʥʳʭ ʟʘʙʦʷʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʦʚ ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ, ʘ ʪʘʢʞʝ ʦʪ ʤʦʱʥʦʩʪʠ ʦʙʨʫ-

ʰʠʚʰʠʭʩʷ ʧʦʨʦʜ ʠ ʩʪʝʧʝʥʠ ʠʭ ʥʘʨʫʰʝʥʥʦʩʪʠ (ʛʨʫʧʧʘ ʧʦ ʢʫʩʢʦʚʘʪʦʩʪʠ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝ-

ʜʫʶʱʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʵʪʠʭ ʩʭʝʤ: ʦʜʥʦʨʦʜʥʘʷ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʩʪʝʨʞʥʷʤʠ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ; ʜʚʫʭʨʷʜʥʘʷ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʩʪʝʨʞʥʷʤʠ ʧʦ ʚʝʨʪʠʢʘʣʠ; 

ʜʚʫʭʨʷʜʥʘʷ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʩʪʝʨʞʥʷʤʠ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ ʛʦʨʠʟʦʥʪʘʣʠ; ʦʜʥʦ-

ʨʦʜʥʘʷ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʪʝʨʞʥʷʤʠ (ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʘʥʢʝʨʦʚʘʥʠʝ). 

ɸʥʢʝʨʦʚʘʥʠʝ ʧʦ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʪʨʝʭ ʩʭʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʦʙʨʫʰʝ-

ʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ ʚ ʣʘʚʝ. ʕʪʠ ʩʭʝʤʳ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʩʭʝʤʘʤʠ ʧʝʨʚʠʯʥʦʛʦ ʘʥʢʝʨʦʚʘʥʠʷ. 

ʇʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʘʥʢʝʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝ ʧʝʨʚʠʯʥʦʛʦ ʘʥʢʝʨʦʚʘʥʠʷ ʠ ʧʦ-

ʜʚʠʛʘʥʠʷ ʣʘʚʳ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʛʣʫʙʠʥʝ ʧʝʨʚʠʯʥʦʛʦ ʘʥʢʝʨʦʚʘʥʠʷ, ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʝ-

ʢʨʘʱʝʥʠʷ ʦʙʨʫʰʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ. ʇʦʜ ʛʣʫʙʠʥʦʡ ʘʥʢʝʨʦʚʘʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ ʚ ʣʘʚʝ ʧʦʜʨʘ-

ʟʫʤʝʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʚʠʛʘʥʠʷ ʣʘʚʳ), ʥʘ ʢʦʪʦʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʫʧʨʦʯʥʝʥʠʝ ʦʪ ʦʜʥʦʛʦ ʮʠʢʣʘ ʘʥʢʝʨʦʚʘʥʠʷ. 

ɸʨʤʠʨʫʶʱʠʝ ʩʪʝʨʞʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʠʟ ʩʪʘʣʴʥʦʛʦ ʧʨʦʢʘʪʘ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʠ ʜʨʝʚʝ-

ʩʠʥʳ. ɼʣʷ ʫʢʨʝʧʣʝʥʠʷ ʤʘʩʩʠʚʦʚ ʧʦʨʦʜ ʢʨʦʚʣʠ ʚ ʣʘʚʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʘʣʴʥʳʝ ʩʪʝʨʞʥʠ. 
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ʉʪʝʨʞʥʠ ʠʭ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʠ ʜʨʝʚʝʩʠʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʫʛʦʣʴʥʳʭ ʟʘʙʦʝʚ  ʚ 

ʣʘʚʘʭ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʢʝʨʦʚʘʥʠʷ ʥʘ ʧʣʘʩʪʘʭ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 2,5 - 3,0 ʤ. 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʘʨʤʠʨʫʶʱʠʝ ʩʪʝʨʞʥʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʘʨʤʘʪʫʨʥʦʡ ʠʣʠ ʛʣʘʜʢʦʡ 

ʩʪʘʣʠ ʜʠʘʤʝʪʨʦʤ 25 ʠ 28 ʤʤ. 

ʐʘʛ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʦʚ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʥʢʝʨʘʤʠ) ʚ ʨʷʜʫ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʜʘʥ-

ʥʳʤ ʪʘʙʣ. 4. 
ʊʘʙʣ. 4. ʐʘʛ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʦʚ ʚ ʨʷʜʫ 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʢʝʨʦʚʘʥʠʷ 

ʐʘʛ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʦʚ ʚ ʛʨʫʧʧʘʭ ʦʙʨʫʰʘʶʱʠʭʩʷ ʧʦʨʦʜ ʧʦ ʢʫʩʢʦʚʘʪʦʩʪʠ 

II  III  IV 

ʆʜʥʦʨʷʜʥʘʷ ʠ ʜʚʫʭ-

ʨʷʜʥʘʷ 
0,5ʤ 0,7ʤ 0,9ʤ 

ʆʜʥʦʨʷʜʥʘʷ ʧʨʦʬʠ-

ʣʘʢʪʠʯʝʩʢʦʝ ʘʥʢʝʨʦʚʘ-

ʥʠʝ 

0,7 ʤ ʧʝʨʝʜ ʢʘʞʜʳʤ ʠʟ ʧʝʨʚʳʭ 

ʜʚʫʭ ʮʠʢʣʦʚ ʧʦ ʚʳʝʤʢʝ ʫʛʣʷ 

(ʧʦʩʣʝ ʫʜʝʨʞʘʥʠʷ ʢʨʦʚʣʠ ʘʥ-

ʢʝʨʦʚʘʥʠʝʤ) ʠ 0,9 ʤ ʧʝʨʝʜ 

ʢʘʞʜʳʤ ʠʟ ʜʚʫʭ ʧʦʩʣʝʜʫʶ-

ʱʠʭ ʮʠʢʣʦʚ ʧʦ ʚʳʝʤʢʝ ʫʛʣʷ 

0,9 ʤ ʧʝʨʝʜ ʢʘʞʜʳʤ ʠʟ 

ʧʝʨʚʳʭ ʜʚʫʭ ʮʠʢʣʦʚ ʧʦ 

ʚʳʝʤʢʝ ʫʛʣʷ (ʧʦʩʣʝ 

ʫʜʝʨʞʘʥʠʷ ʢʨʦʚʣʠ ʘʥ-

ʢʝʨʦʚʘʥʠʝʤ) 

ʇʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ 

ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 4 ʨʝʢʦʤʝʥʜʘʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʭʠʤʠʯʝʩʢʦʝ ʘʥʢʝʨʦʚʘʥʠʝ 

ʧʦʨʦʜ ʢʨʦʚʣʠ ʥʘ ʩʦʧʨʷʞʝʥʠʷʭ ʣʘʚʳ ʩ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʢʘʯʢʠ ʟʘʢʨʝʧʣʷʶʱʠʭ ʩʤʦʣ ʚ ʥʝʫʩʪʦʡʯʠʚʳʡ ʛʦʨʥʳʡ ʤʘʩʩʠʚ. 

ʅʠʞʝ ʧʦʢʘʟʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘʢʘʯʢʠ ʟʘʢʨʝʧʣʷʶʱʠʭ ʩʤʦʣ ʚ ʥʝʫʩʪʦʡʯʠʚʳʡ ʛʦʨʥʳʡ ʤʘʩ-

ʩʠʚ ʧʦ ʜʣʠʥʝ ʥʘʨʫʰʝʥʠʷ ʚ ʧʨʠʢʦʥʪʫʨʥʳʝ ʧʦʨʦʜʳ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʫʯʘʩʪʢʦʚ ʩʦ ʩʣʘʙʳʤʠ 

ʨʘʟʨʫʰʝʥʥʳʤʠ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ï ʨʠʩ. 2. 

 
ʘ 

 
ʙ 

 

ʈʠʩ. 2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʧʝʨʝʞʘʶʱʠʤ ʢʨʦʚʝʣʴʥʳʤ ʠ ʙʦʢʦʚʳʤ ʫʧʨʦʯʥʝʥʠʝʤ  ʚ ʟʦʥʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ  
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ʘ ï ʧʨʦʬʠʣʴ; ʙ ï ʩʝʯʝʥʠʝ; 1 ï ʢʨʦʚʝʣʴʥʘʷ ʘʥʢʝʨʥʘʷ ʢʨʝʧʴ; 2 ï ʦʧʝʨʝʞʘʶʱʝʝ ʢʨʦʚʝʣʴʥʦʝ ʠ ʙʦʢʦʚʦʝ 

ʦʧʝʨʝʞʝʥʠʝ ʫʧʨʦʯʥʝʥʠʝʤ ʫʜʣʠʥʝʥʥʳʤʠ ʥʘʢʣʦʥʥʳʤ ʘʥʢʝʨʠʨʦʚʘʥʠʝʤ ʩ ʥʘʭʣʝʩʪʦʤ; 3 ï ʥʘʨʫʰʝʥʥʘʷ ʟʦʥʘ; 4 ï 

ʬʨʦʥʪ ʚʳʨʘʙʦʪʢʠ ʩ ʧʨʝʚʝʥʪʠʚʥʳʤ ʢʨʝʧʣʝʥʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʨʘʙʦʪʢʠ; 5 ï ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʧʦʜʘʪʣʠʚʘʷ ʢʨʝʧʴ; 6 ï ʟʘʢʨʝʧʣʝʥʥʳʡ ʢʦʥʪʫʨ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ  
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ʋɼʂ 622.273.217.4, 622.273.217.6 

 

ɺʃʀʗʅʀɽ ʋɺɽʃʀʏɽʅʅʆɻʆ ʈɸʉʍʆɼɸ ɺʆɼʓ ʅɸ ʇʈʆʏʅʆʉʊʔ ɿɸʂʃɸɼʂʀ 

 
ɹɽʃʆʅʆɻʆɺɸ ɺ. ɸ. 

 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʧʨʦʝʢʪʥʳʡ ʠʥʩʪʠʪʫʪ ɸʆ çʋʨʘʣʤʝʭʘʥʦʙʨè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʚʝʨʜʝʶʱʘʷ 

ʟʘʢʣʘʜʦʯʥʘʷ ʩʤʝʩʴ, ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʩʤʝʩʠ. 

ʇʦʜʚʠʞʥʦʩʪʴ ʩʤʝʩʠ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟʘʚʘʨʠʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʦ ʪʨʫʙʘʤ ʥʘ ʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʛʘʨʘʥʪʠʨʫʝʪ ʭʦʨʦʰʫʶ ʨʘʩʪʝʢʘʝʤʦʩʪʴ ʪʚʝʨʜʝʶʱʝʡ ʩʤʝʩʠ ʚ ʚʳʨʘʙʦ-

ʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʜʚʠʞʥʦʩʪʴ ʩʤʝʩʠ ʟʘʚʠʩʠʪ ʦʪ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʟʘʧʦʣʥʠʪʝʣʷ, ʘ 

ʪʘʢʞʝ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʩʦʩʪʘʚʝ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ʨʘʩʪʝʢʘʝʤʦʩʪʠ ʥʘ ʧʨʦʯʥʦʩʪʴ ʟʘʢʣʘ-

ʜʦʯʥʦʡ ʩʤʝʩʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʚʷʞʫʱʠʭ ʠ ʠʥʝʨʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʜʳ ʦʜʥʦ-
ʟʥʘʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ. ɺ ʩʨʝʜʥʝʤ, ʢʘʞʜʳʝ ʣʠʰʥʠʝ ʜʦʙʘʚʣʝʥʥʳʝ 

10 ʣ/ʤ3 ʚʦʜʳ ʫʚʝʣʠʯʠʚʘʶʪ ʨʘʩʭʦʜ ʮʝʤʝʥʪʘ ʥʘ 5,1 %. 

ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʚʦʜʫ ʚ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ ʠ ʩʦʙʣʶʜʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʝʸ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʢʣʘʜʢʘ, ʨʘʩʪʝʢʘʝʤʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ, ʧʦʜʚʠʞʥʦʩʪʴ 

ʩʤʝʩʠ. 
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Abstract. One of the main requirements that the hardening filling mixture must meet is to ensure 

the required mobility of the mixture. 

The mobility of the mixture determines the possibility of accident-free transport through the pipes 

for a significant distance, guarantees good spreadability of the hardening mixture in the worked-

out space. The mobility of the mixture depends on the fractional composition of the aggregate, as 

well as on the optimal water content in the filling mixture. 

The report shows the results of the dependence of the effect of spreading on the strength of the 

filling mixture using different astringent and inert materials. 

Laboratory studies have shown that an increase in water consumption definitely leads to an in-

crease in cement consumption. On average, each excess added 10 l/m3 of water increases the ce-

ment consumption by 5.1%. 

Therefore, in order to achieve an optimal result, it is necessary to carefully monitor the water in 

the filling mixture and follow the technology of its preparation. 
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ʊʚʝʨʜʝʶʱʘʷ ʟʘʢʣʘʜʦʯʥʘʷ ʩʤʝʩʴ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʩʪʘʚʘ, ʩʦ ʚʨʝʤʝʥʝʤ ʠʤʝʝʪ ʩʚʦʡʩʪʚʦ 

ʧʦʪʝʨʠ ʧʦʜʚʠʞʥʦʩʪʠ. ʇʦʜʚʠʞʥʦʩʪʴ ʩʤʝʩʠ ʟʘʚʠʩʠʪ ʦʪ ʝʸ ʩʚʷʟʥʦʩʪʠ ʠ ʨʘʩʪʝʢʘʝʤʦʩʪʠ. ʈʘʩʪʝ-

ʢʘʝʤʦʩʪʴ ʩʤʝʩʠ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʚʠʩʢʦʟʠʤʝʪʨʘ ʉʫʪʪʘʨʜʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ. 
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ʅʘ ʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʣʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʮʠʣʠʥʜʨ (ʚʥʫʪʨʝʥʥʠʡ ʜʠʘ-

ʤʝʪʨ 55 ʤʤ, ʚʳʩʦʪʘ 100 ʤʤ), ʚ ʢʦʪʦʨʳʡ ʚʨʦʚʝʥʴ ʩ ʢʨʘʷʤʠ ʧʦʤʝʱʘʝʪʩʷ ʟʘʢʣʘʜʦʯʥʘʷ ʩʤʝʩʴ 

(ʈʠʩ. 1). ɿʘʪʝʤ ʮʠʣʠʥʜʨ ʩʥʠʤʘʝʪʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʤʝʩʴ ʨʘʩʪʝʢʘʝʪʩʷ ʧʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʢʨʫʛʘ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʝʛʦ ʜʠʘʤʝʪʨʘ (ʈʠʩ. 2). 

ɿʘʢʣʘʜʦʯʥʳʝ ʩʤʝʩʠ, ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʝ ʧʦ ʪʨʫʙʘʤ, ʜʦʣʞʥʳ ʧʝʨʝʤʝʱʘʪʴʩʷ ʙʝʟ ʟʘʢʫ-

ʧʦʨʦʢ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʥʝ ʪʝʨʷʷ ʧʨʠ ʵʪʦʤ ʩʚʷʟʥʦʩʪʠ, ʦʜʥʦʨʦʜʥʦʩʪʠ. ʆʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝ-

ʥʠʝʤ ʨʘʩʪʝʢʘʝʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʟʘʢʣʘʜʦʯʥʫʶ ʩʤʝʩʴ, ʷʚʣʷʝʪʩʷ ʟʥʘʯʝ-

ʥʠʝ ʦʪ 24 ʜʦ 27 ʩʤ. ɼʣʷ ʫʩʣʦʚʠʡ ʥʝʢʦʪʦʨʳʭ ʨʫʜʥʠʢʦʚ ʪʘʢʦʡ ʨʘʩʪʝʢʘʝʤʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚ 

ʩʚʷʟʠ ʩ ʙʦʣʴʰʦʡ ʜʘʣʴʥʦʩʪʴʶ ʜʦʩʪʘʚʢʠ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʨʫʜʥʠʢʘʭ, ʥʘʦʙʦ-

ʨʦʪ, ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʨʘʩʪʝʢʘʝʤʦʩʪʠ ʙʝʟ ʨʠʩʢʘ ʟʘʢʫʧʦʨʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʩʤʝʩʴ ʪʝʨʷʝʪ ʩʚʦʶ ʧʦʜʚʠʞʥʦʩʪʴ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ 

ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʩʧʦʩʦʙʝ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʟʘʢʣʘʜʦʯʥʳʭ ʩʤʝʩʝʡ. ʉʨʘʚʥʠʚʘʷ ʩʪʦʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʳ ʩʦ ʩʪʦʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʩʦʩʪʘʚʝ ʙʝʟ ʫʚʝʣʠ-

ʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʧʦʤʦʯʴ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʩʧʦ-

ʩʦʙ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ.  

ɺʘʞʥʦ ʪʱʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʚʦʜʳ, ʪʘʢ ʢʘʢ ʠʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ 

ʤʦʞʝʪ ʧʦʥʠʟʠʪʴ ʧʨʦʯʥʦʩʪʴ ʟʘʢʣʘʜʢʠ, ʘ ʧʨʝʚʳʰʝʥʠʝ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʚ ʩʤʝʩʠ ʤʦʞʝʪ ʧʨʠʚʝ-

ʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦ-

ʣʠʯʝʩʪʚʦ ʜʦʙʘʚʣʝʥʥʦʡ ʚʦʜʳ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʢʣʘʜʦʯʥʳʭ ʨʘʙʦʪ. 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʘʜʦʯʥʳʭ ʩʤʝʩʝʡ ʜʣʷ ʨʫʜʥʠʢʦʚ, 

ʛʜʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʟʘʢʣʘʜʢʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʪʝʢʘʝʤʦʩʪʠ. ɼʣʷ ʠʤʝʶʱʠʭʩʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʪʦʛʦ, ʥʘ ʩʢʦʣʴʢʦ ʠʟʤʝʥʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ-

ʢʫʙʠʢʦʚ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʳ ʚ ʩʦʩʪʘʚ. 

 

  

ʈʠʩ. 1. ɺʠʩʢʦʟʠʤʝʪʨ ʉʫʪʪʘʨʜʘ   ʈʠʩ. 2. ʈʘʩʪʝʢʘʝʤʦʩʪʴ ʟʘʢʣʘʜʦʯʥʳʭ ʩʤʝʩʝʡ 

 

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʷʪʠ ʨʘʟʥʳʭ ʩʝʨʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʮʝʤʝʥʪ, ʭʚʦʩʪʳ ʦʙʦʛʘʱʝʥʠʷ, ʘʥʛʠʜʨʠʪ, ʧʝʩʯʘʥʦ-ʛʨʘ-

ʚʠʡʥʘʷ ʩʤʝʩʴ (ʇɻʉ), ʩʢʘʣʴʥʘʷ ʧʦʨʦʜʘ, ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ. 

ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʩʦʩʪʘʚʳ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʅʦʨʤʘ-

ʪʠʚʥʳʡ ʩʨʦʢ ʪʚʝʨʜʝʥʠʷ ʟʘʢʣʘʜʢʠ 90 ʩʫʪʦʢ. 
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ʊʘʙʣ. 1. ʉʦʩʪʘʚʳ ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ 

ʐʠʬʨ 

ʩʦʩʪʘʚʘ 

ʈʘʩʭʦʜ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʛ/ʤ3 
ʈʘʩʪʝʢʘʝʤʦʩʪʴ, 

ʩʤ 

ʇʨʦʯʥʦʩʪʴ ʦʙʨʘʟ-

ʮʦʚ, ʄʇʘ, ʚ ʚʦʟ-

ʨʘʩʪʝ 90 ʩʫʪʦʢ 
ʎʝʤʝʥʪ ɻʨʘʥʰʣʘʢ ɿʘʧʦʣʥʠʪʝʣʴ ɺʦʜʘ 

ʈʫʜʥʠʢ 1 

ʎʝʤʝʥʪ + ʅʠʢʝʣʝʚʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ + ɸʥʛʠʜʨʠʪ + ɺʦʜʘ 

ɸ1 60 1077 718 429 18 7,57 

ɸ2 60 1037 692 449 22 6,95 

ɸ3 60 1008 667 467 25,5 5,85 

ɸ4 60 967 644 485 29,5 5,72 

ɸ5 60 851 567 544 38 5,39 

ʈʫʜʥʠʢ 2 

ʎʝʤʝʥʪ + ɻʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ + ʉʢʘʣʴʥʘʷ ʧʦʨʦʜʘ + ɺʦʜʘ 

ɸ6 80 150 1185 496 30,5 4,15 

ɸ7 80 150 1189 521 34,5 3,53 

ɸ8 120 150 1134 501 31,5 5,11 

ɸ9 120 150 1189 508 34 4,95 

ʈʫʜʥʠʢ 3 

ʎʝʤʝʥʪ + ɻʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ + ʇɻʉ + ɺʦʜʘ 

ɸ10 180 250 1007 471 24,8 3,74 

ɸ11 180 250 945 501 26 3,62 

ɸ12 180 250 912 513 30 3,48 

ʈʫʜʥʠʢ 4 

ʎʝʤʝʥʪ + ʍʚʦʩʪʳ (ʪ. ʧ. 65,0 %) + ɺʦʜʘ 

ɸ13 200 - 1535 457 13 3,76 

ɸ14 200 - 1384 504 21,5 3,39 

ɸ15 200 - 1340 518 24,5 2,47 

ʈʫʜʥʠʢ 5 

ʎʝʤʝʥʪ + ʍʚʦʩʪʳ (ʪ. ʧ. 75,5 %) + ɺʦʜʘ 

ɸ16 200 - 1047 564 28 1,71 

ɸ17 200 - 971 598 36 1,44 

ɸ18 250 - 1029 554 25 2,90 

ɸ19 250 - 930 596 35 2,43 

ɸ20 300 - 982 561 24,7 3,90 

ɸ21 300 - 867 602 36,5 3,04 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʝʢʘʝʤʦʩʪʠ ʦʪ ʨʘʩ-

ʭʦʜʘ ʮʝʤʝʥʪʘ ʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ (ʈʠʩ. 3-7). ʊʘʢ ʞʝ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯ-

ʥʦʩʪʠ ʟʘʢʣʘʜʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʚʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 8-12. 

 

  

ʈʠʩ. 3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʝʢʘʝʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʠ ʚʦʜʳ ʚ ʩʦʩʪʘʚʝ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ 

(ʮʝʤʝʥʪ + ʥʠʢʝʣʝʚʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ + ʘʥʛʠʜʨʠʪ + ʚʦʜʘ) 
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ʈʠʩ. 4. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʝʢʘʝʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʠ ʚʦʜʳ ʚ ʩʦʩʪʘʚʝ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ 

(ʮʝʤʝʥʪ + ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ + ʩʢʘʣʴʥʘʷ ʧʦʨʦʜʘ + ʚʦʜʘ) 

  

ʈʠʩ. 5. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʝʢʘʝʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʠ ʚʦʜʳ ʚ ʩʦʩʪʘʚʝ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ 

(ʮʝʤʝʥʪ + ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ + ʇɻʉ + ʚʦʜʘ) 

  

ʈʠʩ. 6. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʝʢʘʝʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʠ ʚʦʜʳ ʚ ʩʦʩʪʘʚʝ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ 

(ʮʝʤʝʥʪ + ʭʚʦʩʪʳ (ʪ.ʧ. 65 %) + ʚʦʜʘ) 

  

ʈʠʩ. 7. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʝʢʘʝʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʠ ʚʦʜʳ ʚ ʩʦʩʪʘʚʝ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ 

(ʮʝʤʝʥʪ + ʭʚʦʩʪʳ (ʪ. ʧ. 75,5 %) + ʚʦʜʘ) 
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ʈʠʩ. 8. ʀʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ (ʮʝʤʝʥʪ (60 ʢʛ/ʤ3) + ʥʠʢʝʣʝʚʳʡ ʛʨʘʥʫʣʠʨʦ-

ʚʘʥʥʳʡ ʰʣʘʢ + ʘʥʛʠʜʨʠʪ + ʚʦʜʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʚʦʜʳ 

 

ʈʠʩ. 9. ʀʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ (ʮʝʤʝʥʪ + ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ + ʩʢʘʣʴ-

ʥʘʷ ʧʦʨʦʜʘ + ʚʦʜʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʚʦʜʳ 

 

ʈʠʩ. 10. ʀʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʟʘʢʣʘʜʦʯʥʦʡ (ʮʝʤʝʥʪ (180 ʢʛ/ʤ3) + ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ + 

ʇɻʉ + ʚʦʜʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʚʦʜʳ 
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ʈʠʩ. 11. ʀʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʟʘʢʣʘʜʦʯʥʦʡ (ʮʝʤʝʥʪ (200 ʢʛ/ʤ3) + ʭʚʦʩʪʳ (ʪ.ʧ. 65 %) + ʚʦʜʘ) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʚʦʜʳ 

 

ʈʠʩ. 12. ʀʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʟʘʢʣʘʜʦʯʥʦʡ (ʮʝʤʝʥʪ + ʭʚʦʩʪʳ (ʪ.ʧ. 75,5 %) + ʚʦʜʘ) ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʚʦʜʳ 

 

ɸʥʘʣʠʟʠʨʫʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʪʝʢʘʝʤʦʩʪʠ ʩʦʩʪʘʚʦʚ ʟʘʢʣʘʜʥʳʭ ʩʤʝʩʝʡ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʚʦʜʳ ʥʘʙʣʶʜʘʝʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʦʯ-

ʥʦʩʪʴ. 

ɼʣʷ ʢʘʞʜʦʡ ʩʝʨʠʠ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʨʝʜʥʝʝ ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʠ ʚʦʜʳ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʨʘʩʪʝʢʘʝʤʦʩʪʠ ʥʘ 1 ʩʤ. ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʩʪʝʢʘʝʤʦʩʪʠ ʥʘ 

ʨʘʩʭʦʜ ʮʝʤʝʥʪʘ ʧʨʠʚʷʞʝʤ ʢ ʟʥʘʯʝʥʠʶ ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʣ/ʤ3. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

 
ʊʘʙʣ. 2. ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʉʝʨʠʷ ʠʩʧʳʪʘ-

ʥʠʡ 

ʈʘʩʭʦʜ ʮʝʤʝʥʪʘ 

ʚ ʩʦʩʪʘʚʝ, ʢʛ/ʤ3 

ʈʘʩʭʦʜ ʮʝʤʝʥʪʘ ʥʘ 1 ʩʤ 

ʨʘʩʪʝʢʘʝʤʦʩʪʠ, ʢʛ/ʤ3  

ʈʘʩʭʦʜ ʚʦʜʳ ʥʘ 1 ʩʤ 

ʨʘʩʪʝʢʘʝʤʦʩʪʠ, ʣ/ʤ3 

ʈʘʩʭʦʜ ʮʝʤʝʥʪʘ ʥʘ 

10 ʣ/ʤ3 ʚʦʜʳ, % 

ʈʫʜʥʠʢ 1 60 0,6 (1,0 %) 5,8 3,5 

ʈʫʜʥʠʢ 2 
80 2,5 (3,1 %) 6,3 6,4 ʉʨ. ʟʥʘʯ. 

5,2 120 0,8 (0,7 %) 2,8 4,0 

ʈʫʜʥʠʢ 3 180 1,9 (1,1 %) 9,3 1,4 

ʈʫʜʥʠʢ 4 200 8,8 (4,4 %) 5,4 8,4 

ʈʫʜʥʠʢ 5 

200 10,6 (5,3 %) 4,2 6,9 
ʉʨ. ʟʥʘʯ. 

7,2 
250 7,2 (2,9 %) 4,2 6,4 

300 7,5 (2,5 %) 3,5 8,3 
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ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 10 ʣ/ʤ3 ʚʦʜʳ ʚ ʩʦʩʪʘʚʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʭʦʜ ʮʝʤʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 1,4 % ʜʦ 8,4 %, ʚ ʩʨʝʜʥʝʤ ʨʘʩʭʦʜ ʮʝ-

ʤʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 5,1%. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʘʢʣʘʜʦʯʥʳʭ ʨʘʙʦʪ ʠʟʙʝʞʘʪʴ ʫʚʝʣʠʯʝʥʠʷ ʟʘ-

ʪʨʘʪ, ʩʣʝʜʫʝʪ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʠ ʪʱʘʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʦʜʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʤʠʥʠʤʘʣʴ-

ʥʦʤ ʨʘʩʭʦʜʝ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʩʧʦʩʦʙʝ ʪʨʘʥʩʧʦʨ-

ʪʠʨʦʚʘʥʠʷ ʟʘʢʣʘʜʦʯʥʳʭ ʩʤʝʩʝʡ, ʩʨʘʚʥʠʚʘʷ ʩʪʦʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʧʨʠ ʜʦ-

ʙʘʚʣʝʥʠʠ ʚʦʜʳ ʩʦ ʩʪʦʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʩʦʩʪʘʚʘ ʙʝʟ ʫʚʝʣʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ. 
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ʋɼʂ 622.271 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ʂʆʄɹʀʅʀʈʆɺɸʅʅʆʁ ɺʓɽʄʂʀ 

ʊʆʅʂʀʍ ʈʋɼʅʓʍ ʊɽʃ ʉ ʎɽʅʅʓʄ ʄʀʅɽʈɸʃʔʅʓʄ ʉʓʈʔɽʄ 

 

ʏɽɹɸʅ ɸ. ʖ. 

ʍʘʙʘʨʦʚʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ, ʍʘʙʘʨʦʚʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʮʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳ-

ʨʴʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʪʦʥʢʠʭ ʨʫʜʥʳʭ ʪʝʣʘʭ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʠʤ ʨʘʟʫʙʦʞʠʚʘʥʠʝʤ ʨʫʜ ʚʤʝʱʘʶʱʠʤʠ ʧʦ-

ʨʦʜʘʤʠ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʤʝʭʘʥʠʯʝʩʢʫʶ ʚʳʝʤʢʫ ʦʙʦʛʘʱʝʥ-

ʥʳʭ ʧʦʣʝʟʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʫʯʘʩʪʢʦʚ ʨʫʜʥʳʭ ʞʠʣ ʧʦʩʨʝʜʩʪʚʦʤ ʛʦʨʥʦʛʦ ʢʦʤʙʘʡʥʘ ʩ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʳʤ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʚʟʨʳʚʥʦʝ ʨʳʭʣʝʥʠʝ ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ɻʦʨʥʳʡ ʢʦʤʙʘʡʥ ʦʩʥʘʱʝʥ ʨʝʞʫʱʠʤʠ ʜʠʩʢʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʱʝʣʠ ʜʣʷ ʦʢʦʥʪʫʨʠʚʘʥʠʷ 

ʤʘʣʦʤʦʱʥʦʛʦ ʙʦʛʘʪʦʛʦ ʨʫʜʥʦʛʦ ʚʢʣʶʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʢʘʣʳʚʘʶʱʠʤ ʜʠʩʢʦʤ ʜʣʷ ʦʪʜʝʣʝʥʠʷ 

ʦʢʦʥʪʫʨʝʥʥʦʛʦ ʚʢʣʶʯʝʥʠʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʛʦʨʥʦʛʦ ʢʦʤʙʘʡʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʤʝʱʝʥʠʝ ʧʨʦ-

ʮʝʩʩʦʚ ʨʘʙʦʪʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʪʜʝʣʝʥʥʘʷ ʦʪ ʤʘʩʩʠʚʘ ʙʦʛʘʪʘʷ 

ʨʫʜʥʘʷ ʤʘʩʩʘ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʙʫʥʢʝʨʝ ʢʦʤʙʘʡʥʘ. ʈʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʪ ʩʦʭʨʘ-

ʥʠʪʴ ʧʨʠʨʦʜʥʦʝ ʢʘʯʝʩʪʚʦ ʠʟʚʣʝʢʘʝʤʦʛʦ ʠʟ ʥʝʜʨ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʩʦʢʨʘʪʠʪʴ ʩʝʙʝʩʪʦʠ-

ʤʦʩʪʴ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʙʦʛʘʪʳʝ ʨʫʜʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʚʳʝʤʢʘ, 

ʨʝʞʫʱʠʝ ʜʠʩʢʠ, ʩʢʘʣʳʚʘʥʠʝ, ʚʟʨʳʚʥʦʝ ʨʳʭʣʝʥʠʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

 

IMPROVEMENT OF TECHNOLOGY FOR COMBINED EXCAVATION OF THIN 

ORE BODIES WITH VALUABLE MINERAL RAW MATERIALS  

 
CHEBAN A. YU. 

Khabarovsk Federal Research Center of the Far Eastern Branch of the Russian Academy of Sciences, 

Khabarovsk 

Abstract. In many deposits, significant reserves of valuable mineral raw materials are concentrated 

in thin ore bodies, the development of which using traditional technologies is impractical due to 

the high dilution of ores by the host rocks. The article proposes a technology that includes me-

chanical excavation of ore vein sections enriched with a useful component using a mining machine 

with combined working equipment and explosive loosening of the host rocks. The miner is 

equipped with cutting discs that form slits to delineate thin, rich ore inclusions, as well as a shear-

ing disc to separate the contoured inclusion. The design of the mining machine ensures the com-

bination of operating processes of combined working equipment; the rich ore mass separated from 

the massif is accumulated in the combine's bunker. The implementation of the technology will 

preserve the natural quality of mineral raw materials extracted from the subsoil and reduce the cost 

of its subsequent processing. 

 

Keywords: noble metals, rich ore inclusions, mechanical excavation, cutting discs, chipping, ex-

plosive loosening, productivity. 

 

ɸʥʘʣʠʟ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʮʚʝʪʥʳʭ 

ʤʝʪʘʣʣʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʩʳʨʴʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʪʦʥʢʠʭ ʠ 
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ʤʘʣʦʤʦʱʥʳʭ ʨʫʜʥʳʭ ʪʝʣʘʭ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʜʦʣʷ ʟʘʧʘʩʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ʞʠʣʘʭ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʪʘʢ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʘʯʢʘʨʴ ʦʢʦʣʦ 

60 % ʟʘʧʘʩʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʞʠʣʘʭ ʤʦʱʥʦʩʪʴʶ 0,4-0,6 ʤ, ʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɼʘʨʘʩʫʥʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ ʜʦ 85 % ʟʘʧʘʩʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʞʠʣʘʭ ʤʦʱʥʦʩʪʴʶ 0,15-0,4 ʤ [1]. 

ʇʦʩʪʝʧʝʥʥʦʝ ʠʩʪʦʱʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʳʥʫʞʜʘʝʪ 

ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʦʪʨʘʙʦʪʢʫ ʤʘʣʦʤʦʱʥʳʭ ʨʫʜʥʳʭ ʪʝʣ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʧʨʠ ʜʦʙʳʯʝ ʮʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʤʦʛʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʞʠʣʳ ʤʦʱʥʦʩʪʴʶ ʤʝʥʝʝ 0,1-0,2 ʤ [2]. ʆʪʨʘʙʦʪʢʘ ʧʦʜʦʙʥʳʭ ʟʘʧʘʩʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʟʫʙʦʞʠʚʘʥʠʶ ʨʫʜʳ, ʪʘʢ 

ʥʘ ɼʘʨʘʩʫʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʠ ʚʘʣʦʚʦʡ ʚʳʝʤʢʝ ʩʫʣʴʬʠʜʥʳʭ ʞʠʣ ʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʩʠʩʪʝʤʦʡ ʩ ʤʘʛʘʟʠʥʠʨʦʚʘʥʠʝʤ ʨʫʜʳ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʨʫʜʥʳʭ ʪʝʣ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʪʦʚʘʨʥʦʡ ʨʫʜʝ ʩʦʜʝʨʞʠʪʩʷ 4-10 % ʞʠʣʴʥʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʘʷ ʥʝʩʝʪ ʚ ʩʝʙʝ 

ʜʦ 95 % ʟʦʣʦʪʘ [2]. ʇʦʩʢʦʣʴʢʫ ʤʠʥʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʦʯʠʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʧʦʜʟʝʤʥʦʡ 

ʦʪʨʘʙʦʪʢʝ ʞʠʣ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,8é1,1 ʤ ʥʝʠʟʙʝʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʫʙʦʞʠʚʘʥʠʝ 

ʙʦʛʘʪʦʡ ʨʫʜʳ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʚʤʝʱʘʶʱʠʤʠ ʠ ʧʫʩʪʳʤʠ ʧʦʨʦʜʘʤʠ. ʇʨʠʤʝʰʠʚʘʥʠʝ ʚ 

ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʢ ʢʦʥʜʠʮʠʦʥʥʦʡ ʨʫʜʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʦʚ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʨʫʜʥʦʡ ʤʘʩʩʳ, ʧʦʚʳʰʝʥʠʶ ʧʦʪʝʨʴ ʤʝʪʘʣʣʘ ʚ 

ʭʚʦʩʪʳ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ, ʨʦʩʪʫ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [3-

4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʥʪʘʙʝʣʴʥʦʝ ʦʩʚʦʝʥʠʝ ʧʦʜʦʙʥʳʭ ʟʘʧʘʩʦʚ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʦʡ ʚʳʝʤʢʠ ʙʦʛʘʪʦʡ ʨʫʜʥʦʡ ʤʘʩʩʳ ʩ ʚʥʝʜʨʝʥʠʝʤ ʚ ʛʦʨʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʧʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʦʪʭʦʜʦʚ [5-8]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʦʥʢʠʭ ʨʫʜʥʳʭ ʪʝʣ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʨʳʚʥʦʛʦ ʨʳʭʣʝʥʠʷ, ʯʪʦ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʨʫʜʥʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʪʝʤ ʚʳʰʝ, ʯʝʤ 

ʤʝʥʴʰʝ ʤʦʱʥʦʩʪʴ ʞʠʣʳ [1]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʙʝʟʚʟʨʳʚʥʦʡ ʚʳʝʤʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [9-12]. 

ʀʟʚʝʩʪʥʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʧʦʩʦʙʳ ʚʳʝʤʢʠ ʮʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʳʤ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʭ ʫʯʘʩʪʢʦʚ ʪʦʥʢʠʭ ʞʠʣ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʝʨʝʞʘʶʱʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʚʳʝʤʢʘ ʧʫʪʝʤ ʚʳʙʫʨʠʚʘʥʠʷ, ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʚʟʨʳʚʘʥʠʝ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ ʞʠʣʳ. ʊʘʢ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʡ ʚʳʝʤʢʠ ʨʫʜʳ ʤʘʣʦʤʦʱʥʦʡ ʟʘʣʝʞʠ 

ʚ ʨʘʙʦʪʝ [11] ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʙʘʡʥʘ ʂɼ800ʕ ʚʝʜʫʱʝʛʦ ʙʫʨʝʥʠʝ 

ʧʦ ʦʩʠ ʟʘʣʝʞʠ ʚ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʭ ʫʯʘʩʪʢʘʭ ʧʠʣʦʪʥʳʭ ʩʢʚʘʞʠʥ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ 

ʨʘʟʙʫʨʠʚʘʥʠʝʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʧʦʣʦʩʪʝʡ, ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʟʨʳʚʥʦʝ ʨʳʭʣʝʥʠʝ ʮʝʣʠʢʦʚ, ʦʩʪʘʚʰʠʭʩʷ ʤʝʞʜʫ ʨʘʟʙʫʨʝʥʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ. ɺ ʨʘʙʦʪʝ [13] 

ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʩʧʦʩʦʙ ʧʦʣʥʦʩʪʴʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʚʳʝʤʢʠ ʪʦʥʢʠʭ ʟʘʣʝʞʝʡ ʢʨʝʧʢʠʭ ʨʫʜ 

ʧʫʪʝʤ ʠʭ ʚʳʙʫʨʠʚʘʥʠʷ ʩʢʚʘʞʠʥʘʤʠ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʘ ʪʘʢʞʝ ʨʘʟʙʫʨʠʚʘʥʠʷ ʧʠʣʦʪʥʳʭ 

ʩʢʚʘʞʠʥ ʯʝʨʝʟ ʦʜʥʫ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘʢʣʘʜʦʯʥʳʤʠ ʩʤʝʩʷʤʠ, 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʚʳʩʦʢʠʝ ʧʦʪʝʨʠ ʨʫʜʳ, 

ʦʩʪʘʚʣʷʝʤʦʡ ʚ ʤʝʞʩʢʚʘʞʠʥʥʳʭ ʮʝʣʠʢʘʭ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʨʘʙʦʪ ʧʨʠ 

ʙʝʟʚʟʨʳʚʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʙʦʩʥʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʚʳʙʦʨʦʯʥʦʡ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʪʙʦʡʢʠ ʧʦʨʦʜ [14-19]. ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ 

ʦʪʨʘʙʦʪʢʠ ʪʦʥʢʠʭ ʟʘʣʝʞʝʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩʤʝʰʘʥʥʳʤ ʟʘʙʦʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʦʨʥʦʛʦ ʢʦʤʙʘʡʥʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʨʝʞʫʱʝʡ ʛʦʣʦʚʢʦʡ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʤʦʣʦʪʦʤ, ʧʨʠ ʵʪʦʤ 

ʧʦʣʝʟʥʦʝ ʠʩʢʦʧʘʝʤʦʝ ʚʳʥʠʤʘʝʪʩʷ ʨʝʞʫʱʝʡ ʛʦʣʦʚʢʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʨʫʙʘ, ʘ ʙʦʣʝʝ 

ʧʨʦʯʥʳʝ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʨʘʟʨʫʰʘʶʪʩʷ ʛʠʜʨʦʤʦʣʦʪʦʤ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʨʘʙʦʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʜʢʠ [14]. ɺ 

ʨʘʙʦʪʘʭ [16, 18] ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʤʙʘʡʥʘ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʱʝʣʝʚʳʤ 

ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ, ʦʩʥʘʱʝʥʥʳʤ ʜʠʩʢʦʚʦʡ ʬʨʝʟʦʡ ʜʣʷ ʧʨʦʨʝʟʘʥʠʷ ʚ ʤʘʩʩʠʚʝ ʱʝʣʠ ʠ 

ʢʦʥʠʯʝʩʢʦʡ ʰʘʨʦʰʢʦʡ ʜʣʷ ʚʟʣʘʤʳʚʘʥʠʷ ʧʦʨʦʜʥʳʭ ʮʝʣʠʢʦʚ, ʦʙʨʘʟʫʝʤʳʭ ʱʝʣʴʶ, ʯʪʦ 
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ʧʦʟʚʦʣʷʝʪ ʩʦʚʤʝʩʪʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʪʨʫʛʦʚʦʡ ʠ ʢʦʤʙʘʡʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ, ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʯʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʩʝʣʝʢʪʠʚʥʦʡ ʚʳʝʤʢʠ 

ʪʦʥʢʠʭ ʨʫʜʥʳʭ ʞʠʣ ʤʦʱʥʦʩʪʴʶ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʩʘʥʪʠʤʝʪʨʦʚ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʦ 

ʦʪʨʘʙʦʪʢʝ ʤʘʩʩʠʚʘ ʩʣʦʞʝʥʥʦʛʦ ʧʨʦʯʥʳʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʦʨʥʦʛʦ 

ʢʦʤʙʘʡʥʘ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʫʶ ʚʳʝʤʢʫ ʪʦʥʢʠʭ ʨʫʜʥʳʭ ʞʠʣ ʤʦʱʥʦʩʪʴʶ 

ʤʝʥʝʝ 0,1-0,2 ʤ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʚʳʝʤʢʠ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɸʚʪʦʨʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʨʘʟʨʘʙʦʪʢʠ ʪʦʥʢʠʭ ʨʫʜʥʳʭ 

ʞʠʣ, ʩʦʜʝʨʞʘʱʠʭ ʮʝʥʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ, ʢʦʪʦʨʳʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʥʘ 

ʫʯʘʩʪʢʘʭ ʚʳʢʣʠʥʠʚʘʥʠʷ ʞʠʣʳ ʧʨʠ ʝʝ ʤʦʱʥʦʩʪʠ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʩʘʥʪʠʤʝʪʨʦʚ ʜʣʷ ʚʳʝʤʢʠ 

ʚʢʣʶʯʝʥʠʡ ʦʩʦʙʦ ʙʦʛʘʪʳʭ ʨʫʜ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʘʩʧʠʣʦʚʢʠ ʢʘʤʝʥʥʳʭ ʙʣʦʢʦʚ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʘʣʤʘʟʥʳʤʠ ʨʝʞʫʱʠʤʠ ʜʠʩʢʘʤʠ [20], ʜʦʩʪʦʠʥʩʪʚʦʤ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʰʠʨʠʥʘ ʧʨʦʨʝʟʘʝʤʳʭ ʱʝʣʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʚʝʩʴʤʘ 

ʧʨʦʯʥʳʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ (ʛʨʘʥʠʪʘʤʠ, ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ, ʙʘʟʘʣʴʪʘʤʠ ʠ ʜʨ.) ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ʊʘʢ ʰʠʨʠʥʘ ʨʝʞʫʱʠʭ ʩʝʛʤʝʥʪʦʚ ʘʣʤʘʟʥʳʭ 

ʜʠʩʢʦʚ ʜʠʘʤʝʪʨʦʤ 0,6, 0,8 ʠ 1,0 ʤ, ʨʘʚʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 5, 6 ʠ 7 ʤʤ [20]. ɼʣʷ ʚʳʧʠʣʠʚʘʥʠʷ 

ʠ ʦʪʜʝʣʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʦʩʦʙʦ ʙʦʛʘʪʳʭ ʨʫʜ ʪʦʥʢʠʭ ʨʫʜʥʳʭ ʞʠʣ 1 ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ 2 ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʛʦʨʥʦʛʦ ʢʦʤʙʘʡʥʘ 3, 

ʦʩʥʘʱʝʥʥʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʚʢʣʶʯʘʶʱʠʤ ʜʚʘ ʨʝʞʫʱʠʭ 

ʘʣʤʘʟʥʳʭ ʜʠʩʢʘ 4 ʠ ʩʢʘʣʳʚʘʶʱʠʡ ʜʠʩʢ 5 ʜʣʷ ʚʳʣʘʤʳʚʘʥʠʷ ʦʢʦʥʪʫʨʝʥʥʦʛʦ ʱʝʣʷʤʠ 6 ʮʝʣʠʢʘ 

7 ʦʩʦʙʦ ʙʦʛʘʪʦʡ ʨʫʜʳ (ʨʠʩ. 1).  

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʪʦʥʢʦʡ ʨʫʜʥʦʡ ʞʠʣʳ: ʘ ï ʥʘʨʝʟʘʥʠʝ ʱʝʣʝʡ ʧʦ ʛʨʘʥʠʮʘʤ 

ʚʢʣʶʯʝʥʠʷ ʦʩʦʙʦ ʙʦʛʘʪʦʡ ʨʫʜʳ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʮʝʣʠʢʘ; ʙ ï ʩʢʘʣʳʚʘʥʠʝ ʮʝʣʠʢʘ; ʚ ï ʧʦʜʛʦʪʦʚʢʘ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʤʝʱʘʶʱʠʭ ʠ ʧʫʩʪʳʭ ʧʦʨʦʜ ʢ ʚʟʨʳʚʥʦʤʫ ʨʳʭʣʝʥʠʶ 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʨʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʩ ʫʯʝʪʦʤ ʫʛʣʘ ʧʘʜʝʥʠʷ 

ʞʠʣʳ 1 ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʤʳ 8, ʰʘʨʥʠʨʥʦ ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʭʦʜʦʚʦʡ ʯʘʩʪʠ 9 ʢʦʤʙʘʡʥʘ 3 ʠ 
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ʧʦʚʦʨʘʯʠʚʘʝʤʦʡ ʛʠʜʨʦʮʠʣʠʥʜʨʦʤ 10 ʚ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʈʝʞʫʱʠʝ ʜʠʩʢʠ 4 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ b, ʨʘʚʥʦʤ ʤʦʱʥʦʩʪʠ ʦʢʦʥʪʫʨʠʚʘʝʤʦʛʦ ʱʝʣʷʤʠ ʮʝʣʠʢʘ 7 

ʞʠʣʳ 1, ʥʘ ʧʦʚʦʨʦʪʥʦʡ ʙʘʣʢʝ 11, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʘ ʮʝʧʥʘʷ ʧʝʨʝʜʘʯʘ ʧʨʠʚʦʜʘ 12 

ʚʨʘʱʝʥʠʷ ʜʠʩʢʦʚ 4. ʇʨʠ ʥʘʨʝʟʘʥʠʠ ʱʝʣʝʡ 6 ʛʦʨʥʳʡ ʢʦʤʙʘʡʥ 3 ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʧʦʜʟʝʤʥʦʡ 

ʚʳʨʘʙʦʪʢʠ 13, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʢʦʥʪʫʨʠʚʘʥʠʝʤ ʮʝʣʠʢʘ 7 ʚ ʦʜʥʫ ʠʟ ʱʝʣʝʡ 6 ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʦʚʦʨʦʪʥʦʛʦ ʨʳʯʘʛʘ 14 ʚʥʝʜʨʷʝʪʩʷ ʩʢʘʣʳʚʘʶʱʠʡ ʜʠʩʢ 5, ʚʳʣʘʤʳʚʘʶʱʠʡ ʢʫʩʢʠ ʦʩʦʙʦ 

ʙʦʛʘʪʦʡ ʨʫʜʳ (ʨʠʩ. 1ʙ), ʢʦʪʦʨʳʝ ʩʩʳʧʘʶʪʩʷ ʚ ʧʨʠʝʤʥʳʡ ʙʫʥʢʝʨ 15 ʢʦʤʙʘʡʥʘ 3. ʇʦʩʣʝ 

ʦʪʨʘʙʦʪʢʠ ʪʦʥʢʦʡ ʞʠʣʳ 1 ʥʘ ʛʣʫʙʠʥʫ h, ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʦʟʚʨʘʱʝʥʠʝ ʛʦʨʥʦʛʦ ʢʦʤʙʘʡʥʘ 3 ʚ 

ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʨʝʞʫʱʠʝ 4 ʠ ʩʢʘʣʳʚʘʶʱʠʡ 5 ʜʠʩʢʠ ʧʨʠʧʦʜʥʠʤʘʶʪʩʷ ʥʘ ʚʳʩʦʪʫ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʣʫʙʠʥʝ h ʥʘʨʝʟʘʥʠʷ ʱʝʣʝʡ 6, ʠ ʨʘʙʦʯʠʡ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʟʘʛʣʫʙʣʝʥʠʝ ʨʝʞʫʱʠʭ ʜʠʩʢʦʚ 4 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʳʝʤʢʠ 16 ʥʘ ʛʣʫʙʠʥʫ H, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʫʨʝʥʠʝ ʰʧʫʨʦʚ 17 ʠʭ ʟʘʨʷʞʘʥʠʝ ʠ 

ʚʟʨʳʚʘʥʠʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʤʝʱʘʶʱʠʭ 2 ʠ ʧʫʩʪʳʭ 18 ʧʦʨʦʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʳʨʘʙʦʪʢʠ 

13 ʰʠʨʠʥʦʡ ɺ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʤʝʱʝʥʠʷ ʢʦʤʙʘʡʥʘ 3 (ʨʠʩ. 1ʚ). ɹʦʛʘʪʘʷ ʨʫʜʥʘʷ ʤʘʩʩʘ 

ʪʦʥʢʦʡ ʞʠʣʳ 1 ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʫʶ ʬʘʙʨʠʢʫ, ʛʜʝ ʧʦʩʣʝ ʜʨʦʙʣʝʥʠʷ ʠ 

ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʦʙʦʛʘʱʝʥʠʶ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʘ, 

ʥʘʧʨʘʚʣʷʝʤʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʣʘʚʢʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʘ.  

ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʛʦʨʥʘʷ ʤʘʩʩʘ ʧʦʩʣʝ ʜʨʦʙʣʝʥʠʷ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʈʘʟʜʝʣʴʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʙʦʛʘʪʦʡ ʨʫʜʥʦʡ ʤʘʩʩʳ ʞʠʣʳ ʠ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʝ ʦʙʱʝʝ ʠʟʚʣʝʯʝʥʠʝ 

ʤʝʪʘʣʣʘ ʠʟ ʨʫʜ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʥʘ ʢʫʯʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʛʦʨʥʦʛʦ ʢʦʤʙʘʡʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʥʘʨʝʟʘʥʠʝ 

ʘʣʤʘʟʥʳʤʠ ʜʠʩʢʘʤʠ ʱʝʣʝʡ ʤʘʣʦʡ ʰʠʨʠʥʳ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʫʶʱʝʝ ʩʢʘʣʳʚʘʥʠʝ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʱʝʣʷʤʠ ʮʝʣʠʢʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʚʳʝʤʢʠ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʠʪʴ 

ʧʨʠʨʦʜʥʦʝ ʢʘʯʝʩʪʚʦ ʠʟʚʣʝʢʘʝʤʦʛʦ ʠʟ ʥʝʜʨ ʮʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚʳʭʦʜʘ 

ʤʝʪʘʣʣʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʥʪʘʙʝʣʴʥʦʛʦ ʦʩʚʦʝʥʠʷ ʟʘʧʘʩʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʪʦʥʢʠʭ ʨʫʜʥʳʭ ʞʠʣʘʭ. 
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Abstract. During underground mining of coal seams, a significant part of the balance reserves 

remains in the subsoil in the form of pillars for various purposes (security, barrier, near geological 

disturbances, etc.). Due to the increase in the depth of mining operations, the deterioration of min-

ing and geological conditions for mining seams and the reduction in reserves of low-ash coking 

coals, the urgency of solving the problem of extracting previously abandoned coal pillars in the 

Karaganda coal basin increases. 
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ʫʯʘʩʪʢʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ, ʫʭʫʜʰʘʶʪʩʷ ʫʩʣʦʚʠʷ ʠʭ ʙʝʟʦʧʘʩʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʦʪʨʘʙʦʪʢʠ, 

ʩʥʠʞʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʜʦʙʳʚʘʝʤʦʛʦ ʫʛʣʷ, ʧʘʜʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʘ ʟʘʪʨʘʪʳ ʥʘ ʜʦ-

ʙʳʯʫ ʚʦʟʨʘʩʪʘʶʪ. ʇʦʵʪʦʤʫ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʚʦʟʚʨʘʱʝʥʠʝ ʥʘ ʨʘʥʝʝ ʦʪʨʘʙʦʪʘʥʥʳʝ ʫʯʘʩʪʢʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʦʩʪʘʚʣʝʥʥʳʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʥʘ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʦʭʨʘʥʥʳʝ ʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ ʮʝʣʠʢʠ ʫʛʣʷ, ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ 

ʦʪʨʘʙʘʪʳʚʘʪʴ ʙʳʣʦ ʥʝʚʳʛʦʜʥʦ.  

ɺ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ ʮʝʣʠʢʘʭ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʠ ʦʭʨʘʥʥʳʭ) ʚ ʂʘʨʘʛʘʥʜʠʥʩʢʦʤ ʫʛʦʣʴʥʦʤ ʙʘʩʩʝʡʥʝ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʦ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʛʣʷ. ɺ ʪʘʢʠʭ ʮʝʣʠʢʘʭ ʥʘʭʦʜʠʪʩʷ ʜʦ 30-40% ʙʘʣʘʥʩʦ-

ʚʳʭ ʟʘʧʘʩʦʚ ʫʛʣʷ. ʇʦʵʪʦʤʫ ʜʘʞʝ ʯʘʩʪʠʯʥʘʷ ʚʳʝʤʢʘ ʵʪʠʭ ʟʘʧʘʩʦʚ ʧʨʠʥʝʩʝʪ ʥʝʤʘʣʫʶ ʵʢʦʥʦ-

ʤʠʯʝʩʢʫʶ ʚʳʛʦʜʫ.  

ɼʣʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʫʜʥʳʭ ʟʦʥ, ʧʦʣʝʡ, ʙʘʩʩʝʡʥʦʚ ʠ ʨʘʡʦʥʦʚ 

ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʩʣʫʯʘʷʭ ʥʘ ʦʩʥʦʚʝ ʦʙʱʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢ 
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ʥʘʟʳʚʘʝʤʳʝ ʧʨʦʛʥʦʟʥʳʝ ʟʘʧʘʩʳ. ʇʨʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʟʘʧʘʩʳ ʩʦʜʝʨʞʘ-

ʱʠʭʩʷ ʚ ʥʠʭ ʦʩʥʦʚʥʳʭ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʫʯʠʪʳʚʘʶʪʩʷ ʧʦ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʢʘʪʝʛʦʨʠʷʤ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʟʘʧʘʩʳ ʚʢʣʶʯʘʶʪ ʚʝʩʴ ʦʙʲʝʤ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʚʳʷʚʣʝʥʥʳʭ ʧʨʠ ʨʘʟ-

ʚʝʜʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʊʦʣʴʢʦ ʟʘʧʘʩʳ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʥʪʘʙʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʧʦʜʣʝʞʘʪ ʠʟʚʣʝʯʝʥʠʶ 

ʠʟ ʟʝʤʥʳʭ ʥʝʜʨ.[1] 

ʇʦʜʩʯʝʪ ʟʘʧʘʩʦʚ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ ʙʣʦʢʘʤ ʠ ʢʘʪʝʛʦʨʠʷʤ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʢʦʥʜʠʮʠʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ. 

ʇʦʣʝ ʰʘʭʪʳ çʊʝʥʪʝʢʩʢʘʷè ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʚʦʩʪʦʯʥʦʤ ʢʨʳʣʝ ʊʝʥʪʝʢʩʢʦʡ ʤʫʣʴʜʳ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʊʝʥʪʝʢʩʢʦʛʦ ʫʛʣʝʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ 

(ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʘʷ  ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ 

 

ɻʣʫʙʠʥʘ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ ʧʨʠʥʷʪʘ ʧʦ ʠʟʦʛʠʧʩʝ ʩ ʦʪʤʝʪʢʦʡ -340 ʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʛʣʫʙʠʥʝ 820 ʤ. 

ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʟʘʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ ʫʛʣʷ ʚ ʥʝʜʨʘʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ. ʀʩʭʦʜʥʳʤʠ ʙʘʣʘʥʩʦʚʳʤʠ ʟʘʧʘʩʘʤʠ ʰʘʭʪʳ, ʷʚʣʷʶʪʩʷ ʟʘʧʘʩʳ ʠʟ 

ʯʠʩʣʘ ʫʪʚʝʨʞʜʝʥʥʳʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʝʡ. 

ʇʦʜʩʯʝʪ ʟʘʧʘʩʦʚ ʫʛʣʷ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ ʙʣʦʢʘʤ ʠ ʢʘʪʝʛʦʨʠʷʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥ-

ʜʠʮʠʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

ɼʣʷ ʧʦʜʩʯʝʪʘ ʦʩʪʘʚʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʙʝʨʝʤ ʧʣʘʩʪ ɼ6 ʰʘʭʪʳ çʊʝʥʪʝʢʩʢʘʷè. ɺʳʥʠʤʘʝ-

ʤʘʷ ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʘ ɼ6  ʩʦʩʪʘʚʣʷʝʪ 4,2 ʤʝʪʨʘ, ʟʦʣʴʥʦʩʪʴ 20,3-21,6%, ʤʘʨʢʘ ʫʛʣʷ ʂɾ. 

ʂ ʟʘʧʘʩʘʤ, ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʧʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ, 

ʚʳʷʚʠʚʰʠʤʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʛʦʨʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʝʦ-

ʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʦʪʥʦʩʷʪʩʷ ʟʘʧʘʩʳ: 

- ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʤʘʣʦʡ ʧʣʦʱʘʜʠ; 

- ʥʘ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, 

ʧʝʨʝʭʦʜ ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʩʦʧʨʷʞʝʥ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʙʲʝʤʝ ʛʦʨʥʳʭ ʚʳ-

ʨʘʙʦʪʦʢ ʧʦ ʧʦʨʦʜʝ; 

-ʥʘ ʫʯʘʩʪʢʘʭ, ʩʠʣʴʥʦ ʥʘʨʫʰʝʥʥʳʭ ʠʣʠ ʩʦ ʩʣʦʞʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʦʚ; 
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-ʥʘ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʥʦʩʪʠ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʥʝ ʫʩʪʦʡʯʠʚʳ, ʘ 

ʪʘʢ ʞʝ ʥʘ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʚ ʫʛʦʣʴʥʦʤ ʧʣʘʩʪʝ ʚʩʪʨʝʯʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʨʫʧʥʳʝ ʧʦʨʦʜʥʳʝ 

ʚʢʣʶʯʝʥʠʷ; 

-ʥʘ ʩʠʣʴʥʦ ʦʙʚʦʜʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ (ʝʩʣʠ ʦʩʫʰʝʥʠʝ ʥʝ ʚʦʟʤʦʞʥʦ ʠʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ 

ʚʳʛʦʜʥʦ). 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʫʛʣʷ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʫʛʦʣʴʥʳʤ ʧʘʯʢʘʤ ʠ ʨʷʜʦʚʦʛʦ ʫʛʣʷ (ʛʦʨ-

ʥʦʡ ʤʘʩʩʳ) ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ çʂè, ʫʯʠʪʳʚʘʶʱʝʛʦ ʟʘʩʦʨʝʥʠʝ ʫʛʣʷ ʚʥʫʪʨʠʧʣʘʩʪʦʚʳʤʠ 

ʧʨʦʩʣʦʷʤʠ ʠ ʧʦʨʦʜʘʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʠ ʧʦʯʚʳ ʥʘ ʧʨʠʥʷʪʫʶ ʚʳʥʠʤʘʝʤʫʶ ʤʦʱ-

ʥʦʩʪʴ ʧʣʘʩʪʦʚ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʦʜʦʚʦʡ ʜʦʙʳʯʠ, ʩʨʦʢʘ ʦʪʨʘʙʦʪʢʠ ʧʣʘʩʪʘ, ʩʨʦʢʘ ʩʣʫʞʙʳ ʛʦ-

ʨʠʟʦʥʪʘ, ʙʣʦʢʘ ʠ ʰʘʭʪʳ. ʇʦ ʧʣʘʩʪʘʤ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʫʛʣʷ ʦʧʨʝʜʝʣʝʥʳ ʠʩʭʦʜʷ ʠʟ 

ʫʪʚʝʨʞʜʝʥʥʳʭ ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ ʫʛʣʷ ʩ ʫʯʝʪʦʤ ʧʝʨʝʚʦʜʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʧʨʠʚʝʜʝʥʳ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʛʦʨʥʦʡ ʤʘʩʩʳ (ʨʷʜʦʚʦʛʦ ʫʛʣʷ).[2] 

ɼʣʷ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʷʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʥʠʤʘʝʤʦʡ ʯʘʩʪʠ 

ʫʛʦʣʴʥʳʭ ʧʘʯʝʢ, ʧʦ ʢʦʪʦʨʳʤ ʫʪʚʝʨʞʜʝʥʳ ʙʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ ʫʛʣʷ: 

 

ʂ= mʚ ʭ dʚ: m ʫ.ʧ ʭ dʫ.ʧ. 

 

ʛʜʝ mʚ - ʚʳʥʠʤʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʘ ʧʨʠʥʷʪʘʷ ʧʨʦʝʢʪʦʤ; dʚ - ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ ʚʳʥʠʤʘʝʤʦʡ 

ʯʘʩʪʠ ʧʣʘʩʪʘ; mʫ.ʧ. - ʤʦʱʥʦʩʪʴ ʫʛʦʣʴʥʳʭ ʧʘʯʝʢ, ʧʦ ʢʦʪʦʨʳʤ ʫʪʚʝʨʞʜʝʥʳ ʙʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ 

dʫ.ʧ. - ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ ʫʛʣʷ ʧʦʜʩʯʝʪʥʦʡ ʯʘʩʪʠ ʫʛʦʣʴʥʳʭ ʧʘʯʝʢ ʧʣʘʩʪʘ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʩʦʨʝʥʠʷ ʫʛʣʷ ʧʦ ʧʣʘʩʪʘʤ ʧʨʠ-

ʥʷʪʳ: ʧʦ ʧʣʘʩʪʫ ɼ6 - 1,08; [3]  

ʇʨʠ ʨʘʩʯʝʪʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʫʛʣʷ, ʙʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʮʝʣʠʢʘʭ ʧʦʜ ʩʪʚʦʣʳ, ʛʣʘʚʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʢʚʝʨʰʣʘʛʠ, ʛʦʨʥʳʝ ʚʳʨʘ-

ʙʦʪʢʠ, ʚ ʙʘʨʴʝʨʥʳʭ ʮʝʣʠʢʘʭ ʠ ʧʣʦʱʘʜʷʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʮʝʣʠʢʘʤ, ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʴʶ ʠʭ ʩʦʭʨʘʥʝʥʠʷ, ʠʟ ʨʘʩʯʝʪʘ ʠʩʢʣʶʯʝʥʳ ʢʘʢ ʚʨʝʤʝʥʥʦ ʥʝʘʢʪʠʚʥʳʝ ʟʘʧʘʩʳ (ʟʘʢʦʥʩʝʨʚʠ-

ʨʦʚʘʥʥʳʝ) ʚ ʥʝʜʨʘʭ. ʋʢʘʟʘʥʥʳʝ ʟʘʧʘʩʳ ʩʦʩʪʘʚʣʷʶʪ 51863 ʪʳʩ.ʪ ʫʛʣʷ ʠʣʠ 28,86% ʦʪ  ʙʘʣʘʥ-

ʩʦʚʳʭ ʟʘʧʘʩʦʚ ʰʘʭʪʳ (ʪʘʙʣ.1). 

ɹʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ ʫʛʣʷ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʤ ʮʝʣʠʢʘʤ, ʨʝʢʦʤʝʥʜʫʝ-

ʤʳʝ ʢ ʦʪʨʘʙʦʪʢʝ ʩʦʚʤʝʩʪʥʦ ʩ ʥʠʤʠ, ʩʦʩʪʘʚʣʷʶʪ 10576 ʪʳʩ.ʪ ʫʛʣʷ ʠʣʠ 20,4% ʟʘʧʘʩʦʚ ʰʘʭʪʳ 

(ʨʠʩ.2). 

ʇʨʠ ʵʪʦʤ, ʫ ʢʨʫʧʥʳʭ ʥʘʨʫʰʝʥʠʡ - 9275 ʪʳʩ.ʪ ʫʛʣʷ ʠʣʠ 17,8%, ʚ ʦʙʦʩʦʙʣʝʥʥʳʭ ʫʯʘʩʪ-

ʢʘʭ ʠ ʙʣʦʢʘʭ ï 440 ʪʳʩʷʯ ʪʦʥʥ ʫʛʣʷ ʠʣʠ 4,2% (ʨʠʩ.2). 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʫʛʣʷ ʧʦ ʩʠʩʪʝʤʝ ʨʘʟʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʧʦʪʝʨʴ ʫʛʣʷ 

ʧʦ ʧʣʦʱʘʜʠ ʠ ʧʦ ʤʦʱʥʦʩʪʠ ʠ ʧʨʠʥʷʪʳ ʧʦ ʧʣʘʩʪʘʤ ʩʦʛʣʘʩʥʦ ʚʳʥʠʤʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʣʘʩʪʦʚ 

ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ. [4] 

 
ʊʘʙʣʠʮʘ 1. ʇʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʫʛʣʷ ʠ ʦʩʪʘʚʣʝʥʥʳʝ ʟʘʧʘʩʳ ʚ ʮʝʣʠʢʘʭ ʧʣʘʩʪʘ ɼ6 ʰʘʭʪʳ çʊʝʥʪʝʢ-

ʩʢʘʷè. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʪʘʚʣʝʥʥʳʭ ʟʘʧʘʩʦʚ (ʮʝʣʠʢʦʚ) ʧʣʘʩʪʘ ɼ6 

 ɿʘʧʘʩʳ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʤ ʮʝʣʠʢʘ 

 ɿʘʧʘʩʳ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʦʙʦʩʦʙʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʙʣʦʢʘʭ 

 ɿʘʧʘʩʳ ʫ ʢʨʫʧʥʳʭ ʥʘʨʫʰʝʥʠʡ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʦʩʥʦʚʘʪʴ ʦʪʨʘʙʦʪʢʫ ʜʘʥʥʳʭ 

ʦʩʪʘʚʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʨʝ-

ʰʝʥʠʶ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ. 
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THE STABILITY OF ROCKS IN MINE WORKINGS  
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Annotation. One of the main conditions for the construction of underground mine workings is to 

ensure the stability of the formed rocks. The rock mass in its pure state depends on a number of 

factors: 

- physical and mechanical properties of rocks;  

- to the conditions of geological formation and rock formation;  

- the degree of violation. 

- concentrates complex physical processes associated with various stress fields associated 

with the tendency to geodynamic phenomena, etc. 

In such cases, during mining operations, various unforeseen circumstances may arise, as a result 

of which the walls of the mine workings lose their load-bearing capacity and begin to collapse. 

The stability of rocks is significantly affected by the degree of wetting of rocks, which leads to 

intensive stratificationand collapse of rocks. Due to this, sections of roofing rocks have 

repeatedly collapsed in coal mines, both during the excavation of mine workings and during their 

operation, the elimination of which requires significant labor and money costs, and in some cases 

leads to serious catastrophic consequences. 

 

Keywords: rock, contour, destruction, mining, in rub, parameters of mining, calculation. 
 

A very important factor is the quality of contouring of mine workings, especially when 

using blasting operations. If the production chain is not uniform, then the stress concentration 

around mining will be very different from a flat chain. It is known that in a pure massif, rocks are 

in a state of all-round volumetric compression. When conducting mine workings, the state of equi-

librium is disturbed and static stress fields are formed in the downhole zone, the type and size of 

which depend on the shape and size of the cross-section of the mine workings, as well as the 

physical and mechanical properties of rocks. The stress state of rocks significantly affects the 

strength characteristics of rocks. 

In the process of mining, the equilibrium state of rocks is disturbed, and therefore operating 

stresses are redistributed both around the workings and before the face. In addition, depending on 

the strength properties of rocks around production, there are two types of environmental conditions 

ï elastic and elastic.  

Elastic state is typical for mining operations carried out in high-strength monolithic rocks, 

inelastic-in less strong rocks. The stability of rocks during mining operations using the drilling and 

blasting methodis affected by both the operating pressures y and stress waves caused by the ex-

plosion of a set of explosive hole charges. 

In stable rocks, when the stresses do not exceed the long-term strength of the rocks, and 

the deformations do not go beyond the elastic-loose ones, the rock chain is constant, and fixation 

such as a support structure is not always required. In cases where a zone of inelastic deformations 

is formed around the workings, it is necessary to install an anchor D I, which has flexibility, so 

that some mixing of rocksʘʥʢʝʨʜʽ is possible, otherwise the anchor may break or be damaged. 

çɸʥWhen considering the Anchor-array system in various mining and geological 

conditions, two main modes of fastener operation are distinguished: the mode of a given load and 

the mode of mutually acting deformations (the anchor array men works together, the load on 

fasteners is determined by its deformation by a moving mountain range). The main parameters of 
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fasteners are flexibility and load-bearing capacity. These modes can be interleaved and combined. 

So, for example, at the first stage of work, the anchor can only support sections of split roof rocks 

and work in the mode of a given load, and then switch to the mode of mutual deformation due to 

an increase in deformations in the upper layers of the rock. çʂʨʝʧʴ-ʤʘʩʩʠʚèMany years of expe-

rience in studying the mechanism of interaction of the "Support-array" system allowed us to form 

the main requirements for the approval of mine workings, which are reducedto the following: 

- ensuring compliance with the shape and dimensions of the cross-section of the mine work-

ings during the entire service life; 

- do not require an increase in the cross-section of the mine workings during its construction; 

- low resistance to the movement of air flow during ventilation; 

- do not require large investments. 

Given the established conditions, the correct choice of a certain type of fastener occupies 

a special place in the construction of mining operations, but these conditions are not always met. 

In practice, such types of safety anchors are often used, which have become a tradition for certain 

enterprises and are used most often because employees of the enterprise are used to themʘʥʢʝʨʣ. 

But they are not always economical and do not always correspond to mining and geological con-

ditions, and sometimes excavations carried out on stable rocksʘʥʢʝʨare unreasonably fixed with 

an anchor line that requires expensive material. 

Currentlyʘʥʢʝʨ , the anchor retainer is widely used. ɸʥʢʝʨ Many different designs of an-

chor fasteners are known, but they do not always meet the requirements with certain disadvantages. 

We have made design changes to some of them and developed fundamentally new designs, 

defining the scope of their application. 

ᴄʣʩʽʟ ʞᴅʥʝ ʦʨʪʘʰʘ ʙʝʢʽʥʽʩʪʽ ʪʘʫ ʞʳʥʳʩʪʘʨʳ װʰʽʥ ʢʣʠʥʦʨʩʧʦʨʘʣʳץ ʘʥʢʝʨ1) [2]. It 

consists of 1 metal rod, 2 heads with 3 longitudinal grooves, and 4 end parts in the form of a 

truncated cone. On the outer surface of the head 2 there are 5 teeth, and 6 metal wedges are inserted 

into the longitudinal groove 3. 

The V-bar anchorand operation ʘʥʢʝʨare performed in normal mode, just like other similar 

anchors. Before placing the hole, the wedge 6 is inserted into the cell 3 and slightly pressed to get 

the desired vertical position. After that, the anchor is inserted into the hole 7 and the metal rod 1 

is pressed or hammered in any way ï with a hammer, jack, etc., so that the metal wedge completely 

enters the groove. Due ʘʥʢʝʨto this, the walls of the anchor head are separated from each other, 

and the teeth on its surface penetrate the ʘʥʢʝʨanchor walls, ensuring a reliable and reliable fixa-

tion of the anchor barrel on the hole and its maximum load-bearing capacity. 

 

 

 

Figure 1. V-bolt anchor Figure 2. Hydraulic explosive tube anchor 
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Andthe presence of teeth on the walls of the anchor head ensures reliable fixation of the 

anchor shaft even in wetted pits, and in cases when the pit walls are covered with clay for-

mations.ʘʥʢʝʨ At the same time, an anchor with smooth ribbed surfaces ʘʥʢʝʨis not used, since 

the coefficient of metal friction against such rocks decreases sharplyʘʥʢʝʨ, and the bearing capac-

ity of the anchor shaft is insufficient. 

In the construction of mine workings in monolithic rocks, a hydraulic explosive pipe an-

chor is recommended with high strength and insignificant rupture ʘʥʢʝʨ (Fig. 2) [4, 5]. Andthe 

nker is made in the form of a metal pipe with teeth on the outer surface. At a distance of 30-40 cm 

from the lower end, the upper end and lower part of the pipe are hermetically sealed with plugs, to 

which a detonation wire with an electric detonator is attached in the lower part. The inner cavity 

of the pipe is filled with water. 

Installation of tubular anchors is carried out as follows. The tubular anchor is inserted into 

the hole (well) and the lower end of the pipe, ʘʥʢʝʨan elongated conical nut with a thread is twisted 

on its outer surface to pre-hold the anchor in the hole, so that the conical nut simultaneously cuts 

into the hole neck, which ʘʥʢʝʨensures reliable anchor retention in the hole. 

ɻʠʜʨʘʚʣʠʢʘʣʳץ ʞʘʨʳʣסʳʰ ײץʙʳʨʣʳ After placing hydraulic explosive tubeanchors on 

the boreholes, the ends of the electric detonator conductors coming out of the pipes are connected 

to the explosion circuit and activate them. A strong shock wave generated when the detonation 

wire breaks causes a hydraulic shock that acts on the walls of the metal pipe through the water 

mass. Thanks to this, the metal pipe walls expand and press tightly against the hole walls, and the 

toothed protrusions are inserted into the stonesʘʥʢʝʨ, ensuring effective and reliable fixation of 

the barrel of the hydraulic explosive pipe anchor on the hole. 

Currentlyʘʥʢʝʨ, the anchor retainer of various modifications is widely used. ɸʥʢʝʨ The 

disadvantage of the known anchorage structures is that they perform only one function-the role of 

a load-bearing structure that supports a certain thickness of rocks in the contour space of mining. 

However, during mining operations, there are different conditions for the formation of rocks-over-

laps, cracks, and different degrees of faults. If excavations are carried out with the use of drilling 

and blasting operations, then a fault zone to a depth of 1.0-1.5 m is created in the contour massif 

under the influence of the explosion energy, which significantly reduces the stability of rocks. 

 

 
Figure 3. Support element 
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In such cases, it is necessary to create conditions for stabilizing the geological structure of 

rocks outside the production contours. This ʘis the second function that the buffer lock must per-

form. This functionis intended to some extent for performing prestressedʥʢʝʨbuffers. But in such 

structuresʘʥʢʝʨ, a significant drawback is the complexity of tension of a multi-layer metal cable 

when installing anchors. We ʘhave developeda fundamentally new type of nker rod-a clamp con-

sisting of 1 metal rod [3] (Fig. 3), a metal wedge 2 inserted into the groove at the upper end of the 

metal rod, a double-sided half coupling 3 connected by an assembly ring 4 (the fastening device 

can have any other design). A spring 5 is attached to the metal rod 1, the design parameters of 

whichʥʢʝʨare taken depending on the length of the trunk and the structural state of rocks. 

At the lower end of the spring, a cylindrical bushing 6 is fixed with a thread on the outer 

surface, in which a support plate 7 is located in contact with the rock 8, and a traction nut 9. 

At the lower end of the metal rod, a restrictive nut 10 is installed using a threaded connec-

tion, which fixes the length of the spring extension 5 and restricts the stroke of the cylindrical 

sleeve 6. The value of the maximum distance l ʞʳʥʳʩʪʘʨʳ ʤʘʩʩʠʚʽʥʽײץ שʨʳʣʳʤʜʳץ ʞʘʡ-ʢװʡʽʥ 

ʞᴅʥʝ ʞʘʨʳʣʫ ʤʝʥ ʙײʟʳʣʫ ʜᴅʨʝʞʝʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʦʥʳ ץʘʞʝʪʪʽ çץʘʪʘʡʪʫèis calculated when 

developing certificates for fixing the rock outlet during the construction of mine workings, taking 

into account the structural state of the rock mass and the value of its necessary "hardening", de-

pending on the degree of cracking and destruction. 

ɸʥʢʝʨ ʰʧʫʨסNker hole A is inserted and fixed with a 2-metermeat wedge and 3-sided 

half-couplings at the base of the hole. Andnkerampoules with polyester resins can be used for 

stronger attachment of the barrel head to the hole. ɸʥʢʝʨ After the nker is attached to the hole, the 

traction nut 9 is screwed into the cylindrical sleeve 6, which moves along the metal rod 1 to the 

lower position to the restriction nut 10, while simultaneously stretching the spring, while pressing 

the support plate to the fixed rock. 

During operation, the tensioned spring, striving for compression, compresses the destroyed 

rock layers, reducing cracks and preventing their further development, which significantly in-

creases the stability of rocks during the entire service life of mining operations. 

We have developed a movable protective mount that can be used in combination with a 

permanent or temporary nker a mount of any design during mining ʘʥʢʝʨoperations [6, 7, 8]. 

 

 
Figure 4. Support element for extendable mounting 
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The purpose of temporary safety fasteners is to protect against a pile of rocks after the 

explosion of a set of borehole charges in the process of loading the destroyed rock mass and de-

signing the downhole space until the installation of temporary and permanent fasteners. Such fas-

teners ʘʥʢʝʨconsist of extendable cantilever beams made of a special SVP profile with a protective 

coating in the form of a metal mesh, fixed to the end parts of the nker a fastener using special 

support elements (Fig. 4). 

The support element consists of two side inclined elements 1 connected by parallel plat-

forms 3 of the lower and 4 of the upper. The upper platform ʘʥʢʝʨhas 5 nuts with a thread similar 

to the thread at the ends of the nker A. The support elements ʘare screwed to the ends of the nker 

a protruding from the holes, and 2 sliding consoles made of a special SVP profile are placed inside 

the support elements. Before the downhole part of the mine, a metal mesh is hung on the protruding 

cantilever parts, which prevents the penetration of exfoliating rock parts into the working area. 

As the mining industry develops, the support elements are easily twisted ʘʥʢʝʨand replaced 

with the next newly installed row of conveyor shafts. 

The extendable temporary safetylockʥʢʝʨis easily installed on the nker a lock and moves 

without using any mechanisms, and the shape of the support elements, which repeat the shape of 

the extendable SVP consoles, prevents them from moving and tipping over during operation, 

which increases the safety of miners. 

The use of the developed types of lightweight fasteners reduces the material consumption 

and cost of fixing mine workings, providing the necessary load-bearing capacity of the fastening 

and massive system and the safety of miners. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʀ ʈɸɿʈɸɹʆʊʂʀ ʂʆʄʇʃɽʂʉʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ  

ʊɺɽʈɼʓʍ ʇʆʃɽɿʅʓʍ ʀʉʂʆʇɸɽʄʓʍ * 

 

ʗʂʆɺʃɽɺ ɺ. ʃ.  

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ 

ʧʨʦʙʣʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩ-

ʢʦʧʘʝʤʳʭ. 

ʇʦʢʘʟʘʥʘ ʩʧʝʮʠʬʠʢʘ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳ-

ʨʴʝʚʦʡ ʙʘʟʳ ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ 

ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ ʧʦ ʨʘʟʚʠʪʠʶ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ʝʝ ʨʘʮʠʦʥʘʣʴ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʈʘʟʚʠʪʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʠ ʦʙʦʛʘ-

ʱʝʥʠʷ ʨʫʜ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʠʟʚʣʝʯʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯ-

ʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʘʷ ʙʘʟʘ, ʩʪʨʘʪʝʛʠʷ ʨʘʟ-

ʚʠʪʠʷ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. 

 

FEATURES OF THE METHODOLOGICAL APPROACH TO PROBLEM SOLVING  

DESIGN AND DEVELOPMENT OF COMPLEX DEPOSITS OF SOLID MINERALS  

YAKOVLEV  V. L.  

Institute of Mining of the Ural Branch of RAS, Ekaterinburg 

Abstract. The article presents the features of the methodological approach to solving the problems 

of designing and developing complex deposits of solid minerals. 

The specifics of assessing the state and substantiating the prospects for the development of the 

mineral resource base of the Ural Federal District are shown. 

Proposals have been formulated for the scientific and technical program being developed by the 

Interdepartmental Council of the Russian Academy of Sciences for the development of the mineral 

resource base and its rational use "Development of the mineral resource base and technology for 

the extraction and enrichment of ores of strategic metals and their extraction to ensure the high-

tech industry of the Russian Federation". 

 

 
* ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʊʝʤʝ I çʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʪʨʘʪʝʛʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʦʩʚʦʝʥʠʷ ʟʘʧʘʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (2022-

2024)è 
The article is based on the results of research on the Topic I "Methodological foundations of the strategy of integrated development 

of reserves of solid mineral deposits in the dynamics of development of mining systems (2022-2024)"  
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ʂʦʤʧʣʝʢʩʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʪʲʝʤʣʝʤʳʤ 

ʧʨʠʨʦʜʥʳʤ ʩʚʦʡʩʪʚʦʤ ʥʝʜʨ. ʇʦʚʳʰʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝ-

ʩʫʨʩʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʝʜʨ ʥʝ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʭ, 

ʥʦ ʠ ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪʢʨʳʪʦ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʤʠʥʝʨʘʣʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʠʭ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ [1]. 

ɼʦʣʷ ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʘ ʚ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʇʦ ʜʘʥ-

ʥʳʤ ʥʘ 1985 ʛ. ʠʟ 74 ʠʟʚʣʝʢʘʝʤʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 62 ʵʣʝʤʝʥʪʘ ʷʚʣʷʶʪʩʷ ʧʦʧʫʪʥʳʤʠ. 

ʇʨʠ ʵʪʦʤ ʜʦʣʷ ʮʝʥʥʦʩʪʠ ʠʟʚʣʝʢʘʝʤʳʭ ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʮʝʥʥʦʩʪʠ ʤʝʜʥʦʢʦʣʯʝʜʘʥ-

ʥʦʛʦ ʪʠʧʘ ʤʝʜʥʳʭ ʨʫʜ ʜʦʩʪʠʛʘʝʪ 70%, ʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʧʦ ʦʮʝʥʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ [2] ʜʦ 85%. 

ɼʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʨʫʛʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ ʜʦʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʠʟ-

ʚʣʝʢʘʝʤʳʭ ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʩ 30-40% ʜʦ 45-74%.  

ɹʦʣʝʝ ʨʘʟʠʪʝʣʴʥʘʷ ʢʘʨʪʠʥʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʞʝʣʝʟʥʳʭ ʨʫʜ [3]. 

ʀʟ 11 ʚʳʜʝʣʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 3-ʭ ʪʠʧʦʚ ʚʦʦʙʱʝ ʥʝ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ, ʠʟ 4-ʭ ʪʠʧʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʟʚʣʝʢʘʝʤʘʷ ʜʦʣʷ ʮʝʥʥʦ-

ʩʪʠ ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʚʥʘ ʥʫʣʶ, ʭʦʪʷ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʜʦʣʷ ʤʦʞʝʪ 

ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦʡ. 

ʄʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʘʷ ʙʘʟʘ ʦʪʨʘʩʣʠ, ʨʝʛʠʦʥʘ, ʧʨʝʜʧʨʠʷʪʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʦʛʨʘʥʠ-

ʯʠʚʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦ ʤʠʥʝʨʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ - ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʥʘʣʠʯʠʝ ʝʱʝ 

ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʮʠʠ ʩ ʪʨʝʙʫʝʤʳʤʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʇʦʜ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʦʡ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʦ ʪʘʢʞʝ ʠ ʩʨʝʜʩʪʚ ʠʭ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ. ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʦʪʨʘ-

ʞʝʥʠʷ ʫʩʣʦʚʠʡ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʞʝʪ ʩʪʘʪʴ ʧʦʥʷʪʠʝ çʤʠʥʝʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩè 

(ʄʂ), ʚʢʣʶʯʘʶʱʠʡ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʩʳʨʴʝʚʳʝ ʬʦʥʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷʤʠ ʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ; ʩʣʫʞʙʳ ʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʠʟʚʘʥ-

ʥʳʝ ʚʝʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ, ʦʭʨʘʥʷʪʴ ʠ ʚʦʩʧʦʣʥʷʪʴ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ; ʜʦʙʳʚʘʶ-

ʱʫʶ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ; ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʦʧʳʪʥʦ-ʢʦʥ-

ʩʪʨʫʢʪʦʨʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʨʘʟʨʘ-

ʙʦʪʢʫ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʨʘʮʠʦʥʘʣʴʥʦʡ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ; ʦʨʛʘʥʳ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ, ʫʧʨʘʚʣʷʶʱʠʝ ʢʦʤʧʣʝʢʩʦʤ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʦʩʚʦʝʥʠʷ ʠʭ ʟʘʧʘʩʦʚ: 

1. ʀʩʯʝʨʧʘʝʤʦʩʪʴ ʠ ʥʝʚʦʟʦʙʥʦʚʠʤʦʩʪʴ ʟʘʧʘʩʦʚ ʢʦʥʢʨʝʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟ-

ʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

2. ʂʦʤʧʣʝʢʩʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. 

3. ʈʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʨʘʟʨʘʙʦʪʢʠ ʦʜʥʦʠʤʝʥʥʳʭ ʚʠʜʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ. 

4. ʀʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʫʩʣʦʚʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴ-

ʥʦʛʦ ʩʳʨʴʷ. 

5. ɺʳʩʦʢʘʷ ʧʨʠʨʦʜʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

6. ʄʥʦʛʦʧʨʦʮʝʩʩʥʦʩʪʴ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʦʩʪʴ ʠ ʥʝʩʪʘʮʠʦʥʘʨ-

ʥʦʩʪʴ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʦʩʥʦʚʥʳʭ ʬʦʥʪʦʚ. 

7. ʄʥʦʛʦʦʙʨʘʟʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʤʘ ʚʳʧʫʩʢʘ 

ʧʨʦʜʫʢʮʠʠ. 

8. ʅʘʨʘʩʪʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʦ ʤʝʨʝ ʝʛʦ ʦʩʚʦʝʥʠʷ ʠ ʧʨʠʥʷʪʠʝ ʦʩ-

ʥʦʚʥʳʭ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ.     
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ɺʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ 

ʦʩʚʦʝʥʠʷ ʥʝʜʨ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʩʠʩʪʝʤʥʦʩʪʠ, ʢʦʤʧʣʝʢʩʥʦʩʪʠ, ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʥʘʨʘʩʪʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ, ʛʦʨʥʦʪʝʭʥʠʯʝ-

ʩʢʦʡ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʉʫʪʴ ʧʦʵʪʘʧʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ  

ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʨʦʝʢʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʛʝʦʣʦʛʠ-

ʯʝʩʢʦʤ ʦʪʯʝʪʝ: ʨʘʟʚʝʜʘʥʥʦʩʪʴ, ʫʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ, ʟʘʧʘʩʳ, ʠʭ ʢʘʯʝʩʪʚʝʥʥʘʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ɺʩʝ ʜʘʥʥʳʝ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ɺʩʝ ʨʝʰʝʥʠʷ 

ʧʨʠʥʠʤʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʩʦʮʠ-

ʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘ ʧʝʨʠʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ [4].  

ʇʨʠʤʝʥʷʝʤʘʷ ʛʦʨʥʘʷ ʪʝʭʥʠʢʘ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʡ ʧʨʦʝʢʪʦʤ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʧʝʨʠʦʜ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʋʪʦʯʥʷʶʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ, ʟʘʧʘʩʳ, ʫʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ ʠ ʢʘʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘ-

ʝʤʳʭ. ʄʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴʩʷ ʮʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʦʚʘʨʥʫʶ ʧʨʦʜʫʢʮʠʶ, ʩʳʨʴʝ, 

ʤʘʪʝʨʠʘʣʳ ʠ ʪ.ʧ. ɺʳʚʦʜ: ʪʨʝʙʫʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 

ʀʟʤʝʥʷʶʪʩʷ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʨʝʙʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦ ʦʙʲʝʤʘʤ, ʢʘ-

ʯʝʩʪʚʫ ʠ ʮʝʥʘʤ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʅʝʦʙʭʦʜʠʤʘ ʧʦʩʪʦʷʥʥʘʷ ʘʜʘʧʪʘʮʠʷ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʦʥʠʪʦʨʠʥʛʘ, ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʛʥʦʟʘ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ [5]. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʩʚʦʝʥʠʷ 

ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʣʘʥʠʨʦʚʘʥʠʠ, ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʜʦʙʳʯʝʡ ʠ 

ʨʫʜʦʧʦʜʛʦʪʦʚʢʦʡ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩ ʫʯʝʪʦʤ 

ʥʘʨʘʩʪʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʨʦ-

ʧʨʠʷʪʠʡ, ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʛʦʨʥʦʛʦ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʅʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤ ʨʘʟʚʠʪʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʚʢʣʶʯʘʝʪ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʜʦʣʛʦʩʨʦʯʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠʥʥʦʚʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ: 

- ʘʥʘʣʠʟ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʤʘʭ, ʢʘʯʝʩʪʚʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʩʪʘʚʰʠʭʩʷ ʟʘʧʘʩʦʚ ʦʩʥʦʚʥʳʭ ʠ ʧʦʧʫʪʥʳʭ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

- ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʥʜʠʮʠʡ ʩ ʫʯʝʪʦʤ ʫʪʦʯʥʝʥʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʜʦʙʳʚʘʝʤʦʛʦ 

ʩʳʨʴʷ ʠ ʢʦʥʲʶʥʢʪʫʨʳ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʥʘ ʪʦʚʘʨʥʫʶ ʧʨʦʜʫʢʮʠʶ; 

- ʫʪʦʯʥʝʥʠʝ ʛʨʘʥʠʮ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ, 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ; 

- ʦʙʦʩʥʦʚʘʥʠʝ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʠ ʥʦʤʝʥʢʣʘʪʫʨʳ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʢʘʢ ʦʩʥʦʚʳ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʫʶ ʠ ʜʦʣʛʦʩʨʦʯʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ. 

2. ɺʳʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʠ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʢʣʶʯʘʷ: 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʫʚʷʟʢʝ ʩ ʧʦʨʷʜʢʦʤ ʠʭ ʨʘʟʚʠʪʠʷ ʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝʤ ʨʘʙʦʯʝʡ ʟʦʥʳ (ʦʯʠʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʫʧʨʘʚʣʝ-

ʥʠʷ ʢʘʯʝʩʪʚʦʤ ʜʦʙʳʚʘʝʤʦʛʦ ʩʳʨʴʷ;  

- ʘʫʜʠʪ ʠ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʧʘʨʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ - ʤʦʜʝʨʥʠʟʘʮʠʷ ʜʝʡ-

ʩʪʚʫʶʱʠʭ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ; 

- ʮʝʣʝʚʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ, ʩʧʝʮʠʬʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 
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3. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʫʧʨʘʚʣʝʥ-

ʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩ ʮʝʣʴʶ ʚʳʭʦʜʘ ʠʟ ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʡ ʠʣʠ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ: 

- ʦʙʦʩʥʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚʩʝʭ 

ʚʠʜʦʚ (ʪʦʚʘʨʥʘʷ ʧʨʦʜʫʢʮʠʷ, ʬʠʥʘʥʩʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʘʪʝʨʠʘʣʳ ʠ ʪ.ʧ.); 

- ʩʠʪʫʘʮʠʦʥʥʳʡ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʦʨ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʠʩʢ çʫʟʢʠʭè ʤʝʩʪ, ʩʜʝʨʞʠʚʘʶʱʠʭ ʩʥʠʞʝʥʠʝ ʪʝʢʫʱʠʭ ʠʟʜʝʨʞʝʢ ʠʣʠ 

ʧʦʚʳʰʝʥʠʝ ʜʦʭʦʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʝʜʝʥʠʷ ʨʘʙʦʪ; 

- ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʩʠʩʪʝʤʥʘʷ ʫʚʷʟʢʘ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʜ-

ʩʠʩʪʝʤ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʢʘʢ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʬʠʥʘʥʩʦʚʦʡ ʩʠʩʪʝʤʳ ʠ 

ʧʨ. 

ʅʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʩ ʫʯʝʪʦʤ ʤʠʨʦʚʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ, ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʨʝʩʫʨʩʥʦʛʦ ʥʝʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʜʦʣʛʦ-

ʩʨʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʟʘʢʦʥʦ-

ʜʘʪʝʣʴʥʳʝ ʘʢʪʳ (ɿʘʢʦʥ ʦ ʥʝʜʨʘʭ), ʩʪʨʘʪʝʛʠʷ ʩʳʨʴʝʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʦʪ-

ʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʣʘʥʳ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʦʚ. 

ʅʘ ʬʝʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʦʣʴ ʠ ʤʝʩʪʦ ʦʢʨʫʛʘ ʠ ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ 

ʩʫʙʲʝʢʪʦʚ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʨʦʛʨʘʤʤʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʠ ʨʘʟʨʘ-

ʙʘʪʳʚʘʶʪʩʷ ʧʨʦʛʨʘʤʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʥʘ 

ʧʝʨʠʦʜ ʜʦ 2030-2050 ʛʛ., ʢʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʨʝʛʠʦʥʦʚ. 

ʅʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʠ ʥʘ ʦʩʥʦʚʝ ʣʠʮʝʥʟʠʡ ʥʘ ʧʨʘʚʦ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʦʨʤʘ-

ʪʠʚʥʦ-ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʦʚ ʦ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʠ ʠ ʬʠʥʘʥʩʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ (ʠʥʚʝʩʪʠ-

ʮʠʡ) ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʨʝʘʣʠʟʫʶʪ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʩʳʨʴʝʚʦʡ ʙʘʟʳ. 

ʉʧʝʮʠʬʠʢʘ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴ-

ʝʚʦʡ ʙʘʟʳ ʋʨʘʣʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʥʦʛʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʘ 300-ʣʝʪʥʶʶ ʠʩʪʦʨʠʶ ʛʦʨʥʦʛʦ 

ʜʝʣʘ ʫʞʝ ʦʪʨʘʙʦʪʘʥʳ, ʠ ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝ-

ʥʠʷ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʨʷʜʘ ʧʨʦʙʣʝʤ. 

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ ʦʙʣʘʜʘʝʪ ʤʦʱʥʳʤ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʤ ʢʦʤʧʣʝʢ-

ʩʦʤ, ʷʚʣʷʶʱʠʤʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʦʢʨʫʛʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʮʝʣʦʤ. ɺ ʥʸʤ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚʩʷ ʠʣʠ ʧʦʯʪʠ ʚʩʷ ʦʙʱʝʨʦʩʩʠʡʩʢʘʷ ʜʦʙʳʯʘ ʚʘʥʘʜʠʷ, ʤʘʛʥʝʟʠʪʘ, ʤʦʣʦʪʦʛʦ 

ʪʘʣʴʢʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʢʘʦʣʠʥʘ, ʩʚʳʰʝ 42% ʛʨʘʬʠʪʘ, ʩʚʳʰʝ 46% ʭʨʠʟʦʪʠʣʦʚʦʛʦ ʘʩʙʝʩʪʘ, 

ʭʨʦʤʦʚʳʭ ʨʫʜ, ʦʢʦʣʦ 60% ʙʦʢʩʠʪʦʚ, ʪʨʝʪʴʷ ʯʘʩʪʴ ʜʦʙʳʯʠ ʢʚʘʨʮʠʪʦʚ, ʦʢʦʣʦ 60% ʢʘʜʤʠʷ, 

ʮʠʥʢʘ, ʦʢʦʣʦ 13% ʞʝʣʝʟʥʳʭ ʨʫʜ. 

ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʋʨʘʣʘ ʦʪ ʠʤʧʦʨʪʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʟ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ 

ʈʦʩʩʠʠ ʠʣʠ ʠʟ-ʟʘ ʨʫʙʝʞʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʯʘʩʪʠ ʞʝʣʝʟʥʳʭ ʨʫʜ 65%, ʙʦʢʩʠʪʦʚ ï 30%, ʫʛʣʷ ï 90%, 

ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ï 100%, ʭʨʦʤʦʚʳʭ ʨʫʜ ï 60%, ʤʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ï 60% [6]. 

ɹʫʜʫʱʝʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʥʦʤʠʢʠ ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʦʢʨʫʛʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʦʜʦʣʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ: 

- ʦʪʩʫʪʩʪʚʫʝʪ ʣʠʙʦ ʩʣʘʙʦ ʦʩʚʦʝʥʘ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʘʷ ʙʘʟʘ ʥʝʢʦʪʦʨʳʭ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʪʨʝʙʥʦʩʪʠ ʢʦʪʦʨʳʭ ʧʦʢʨʳʚʘʶʪʩʷ ʟʘ ʩʯʸʪ ʠʤʧʦʨʪʘ ʩʳʨʴʷ ʠ ʠʟʜʝʣʠʡ 

(ʨʫʜʳ ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, ʪʠʪʘʥʘ, ʦʣʦʚʘ, ʪʘʥʪʘʣʘ, ʥʠʦʙʠʷ, ʮʠʨʢʦʥʠʷ ʠ ʜʨ.); 

- ʜʦʙʳʯʘ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʪʝʯʝʥʠʝ ʨʷʜʘ ʣʝʪ ʥʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʧʨʠʨʦʩʪʦʤ ʟʘʧʘʩʦʚ ʥʠ ʥʘ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ, ʥʠ ʥʘ ʥʦʚʳʭ ʦʙʲʝʢʪʘʭ; 

- ʧʦ ʠʥʪʝʥʩʠʚʥʦ ʜʦʙʳʚʘʝʤʳʤ ʧʦʣʝʟʥʳʤ ʠʩʢʦʧʘʝʤʳʤ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʣʩʷ çʧʦ-

ʠʩʢʦʚʳʡ ʟʘʜʝʣè, ʧʨʦʠʟʦʰʣʘ ʫʙʳʣʴ ʘʢʪʠʚʥʳʭ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪ-

ʩʪʚʫʝʪ ʨʝʟʝʨʚ ʦʙʲʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʩʪʦʚ ʟʘʧʘʩʦʚ 

ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ; 

- ʜʦʙʳʯʘ ʨʷʜʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʤʦʥʦʧʦʣʠʟʠʨʦʚʘʥʘ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʦʥʢʫʨʝʥʮʠʶ ʚ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʠ. 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʨʘʩʰʠʨʝʥʠʠ ʄʉɹ ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚʢʣʶʯʘʶʪ: 
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1. ɼʦʠʟʫʯʝʥʠʝ ʠ ʚʦʚʣʝʯʝʥʠʝ ʚ ʦʩʚʦʝʥʠʝ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʇʦʣʷʨʥʦʛʦ, ʇʨʠʧʦ-

ʣʷʨʥʦʛʦ ʠ ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ. 

2. ɺʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʤʝʱʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦ-

ʧʘʝʤʳʭ (ʥʠʢʝʣʴ, ʙʦʢʩʠʪʳ, ʫʨʘʥ, ʩʢʘʥʜʠʡ, ʚʘʥʘʜʠʡ, ʟʦʣʦʪʦ, ʧʣʘʪʠʥʦʠʜʳ ʠ ʜʨ.). 

3. ʈʝʚʠʟʠʷ ʨʘʥʝʝ ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʠʩʭʦʜʷ ʠʟ ʧʝʨʝʩʤʦʪʨʘ ʢʦʥʜʠʮʠʡ 

ʥʘ ʙʘʟʝ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʦʙʦʛʘʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ 

ʠ ʚʠʜʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʘ ʨʘʥʝʝ ʦʧʦʠʩʢʦʚʘʥʥʳʭ ʧʣʦʱʘʜʷʭ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʦʩʚʦʝʥʠʷ ʛʝʦʨʝʩʫʨʩʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʦʮʝʥʢʠ ʙʦʛʘʪʩʪʚʘ ʥʝʜʨ ʈʌ, 

ʝʝ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʦʚ ʠ ʩʫʙʲʝʢʪʦʚ, ʥʝʪ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʄʉɹ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʨʝʩʫʨʩʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘ 

ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʦ 2035 ʠ 2050 ʛʦʜʦʚ. ʕʪʠʤ ʚʦʧʨʦʩʘʤ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʭ ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʝʣʝʥʦ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ. 

ʉʦʭʨʘʥʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʘʜʝʥʠʷ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʠ ʟʘʧʘʩʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. 

ʇʨʝʢʨʘʱʝʥʳ ʠʣʠ ʨʝʟʢʦ ʩʦʢʨʘʱʝʥʳ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʚʩʝ ʚʠʜʳ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ, ʢʨʦʤʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʆʙʝʩʧʝʯʝʥʥʦʩʪʴ ʟʘʧʘʩʘʤʠ ʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʦʛʨʘʥʠʯʝʥʘ ʚ ʧʨʝʜʝʣʘʭ 3-5-10-15 ʣʝʪ, ʪʦ ʝʩʪʴ, ʤʝʥʝʝ 27 ʣʝʪ, ʢʦʪʦʨʳʝ ʦʩʪʘʣʠʩʴ 

ʜʦ 2050 ʛʦʜʘ. 

ʅʘʯʠʥʘʷ ʩ 2019 ʛʦʜʘ ʥʘ ʢʘʞʜʳʡ ʨʫʙʣʴ ʙʶʜʞʝʪʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʚʣʦʞʝʥʥʳʡ ʚ 

ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ, ʙʫʜʝʪ ʧʨʠʭʦʜʠʪʴʩʷ ʥʝ ʤʝʥʝʝ 10 ʨʫʙʣʝʡ ʩʨʝʜʩʪʚ ʥʝʜʨʦʧʦʣʴʟʦ-

ʚʘʪʝʣʝʡ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʪʚʝʨʞʜʝʥʥʦʡ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ çʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʄʉɹ ʈʌ ʜʦ 

2035 ʛ.è, 

ʉʠʩʪʝʤʘ ʩʘʥʢʮʠʡ ɿʘʧʘʜʘ, ʫʞʝʩʪʦʯʝʥʥʘʷ ʩ ʥʘʯʘʣʦʤ ʉɺʆ, ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦ-

ʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʦʩʚʦ-

ʝʥʠʷ ʥʝʜʨ. 

ʈʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ 2914-ʨ ʦʪ 22 ʜʝʢʘʙʨʷ 2018 

ʛ. ʫʪʚʝʨʞʜʝʥʘ çʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 

2035 ʛʦʜʘè, ʥʦ ʩ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫ çʉʪʨʘʪʝʛʠʠè ʝʩʪʴ ʜʚʘ ʥʝʜʦʩʪʘʪʢʘ: 

- ʚ ʥʝʡ ʥʝʪ ʤʝʭʘʥʠʟʤʘ (ʤʝʪʦʜʠʢʠ) ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʨʠʥʮʠʧʝ ʧʨʘʚʠʣʴʥʦ ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʥʥʦʡ ʠʜʝʠ, ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʚʳʙʦʨʘ ʩʪʨʘʪʝʛʠʠ ʦʩʚʦʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ; 

- ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʠʟʫʯʝʥʠʶ ʥʝʜʨ ʠ ʦʮʝʥʢʝ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʨʘʟʚʝʜʘʥʥʳʤʠ ʟʘʧʘʩʘʤʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳ-

ʨʴʷ, ʙʝʟ ʫʯʝʪʘ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʧʨʠʨʦʜʥʳʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʳʨʴʝʚʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ. 

ʅʘ ʦʩʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʥʩʪʠʪʫʪʘ ʧʦ 

ʧʨʦʙʣʝʤʘʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʟʘʧʘʩʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ çʇʨʝʜʣʦʞʝʥʠʷ ʀʥʩʪʠʪʫʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ 

ʧʦ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2050 ʛ.è, ʥʘʧʨʘʚʣʝʥʥʳʝ ʚ ʘʜʨʝʩ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ 

ʩʦʚʝʪʘ ʈɸʅ ʧʦ ʨʘʟʚʠʪʠʶ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ 

ʛʦʪʦʚʥʦʩʪʴʶ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʥʘʫʯʥʦ-ʪʝʭ-

ʥʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʝ çʈʘʟʚʠʪʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʠ ʦʙʦʛʘ-

ʱʝʥʠʷ ʨʫʜ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʠʟʚʣʝʯʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯ-

ʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè. 

ʉʫʪʴ ʵʪʠʭ ʧʨʝʜʣʦʞʝʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ. 

1. ʇʦʜ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʦʡ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʦ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘ ʠ ʩʧʦʩʦʙʳ ʠʭ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ. 

2. ʉʪʨʘʪʝʛʠʷ ʦʩʚʦʝʥʠʷ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ ʈʌ ʜʦʣʞʥʘ 

ʜʦʧʦʣʥʷʪʴʩʷ ʧʨʠʥʮʠʧʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʮʝʥʪʨʦʚ. 

3. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʩʣʝʜʫʝʪ  ʦʙʝʩʧʝ-

ʯʠʪʴ ʨʝʘʣʠʟʘʮʠʶ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʨʦʛʨʘʤʤ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ, 
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ʠ ʜʨʫʛʠʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʧʝʨʝʞʘʶʱʝʤ ʠʟʫʯʝʥʠʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʝ ʜʝʬʠʮʠʪʥʳʭ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʫʛʣʝʡ, ʨʝʜʢʠʭ ʟʝʤʝʣʴ, ʜʨʘʛʦʮʝʥʥʳʭ ʠ ʙʣʘʛʦ-

ʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʧʨ. 

4. ʉʪʨʘʪʝʛʠʯʝʩʢʠʤ ʨʝʟʝʨʚʦʤ ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʥʘʢʦʧʣʝʥʥʳʭ ʪʝʭʥʦʛʝʥ-

ʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʠʟʚʣʝʯʝʥʠʝ ʠ ʛʣʫʙʠʥʘ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʪʦʨʳʭ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠ. 

ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʦ-ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʩʚʦʝ-

ʥʠʶ ʥʝʜʨ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʇʨʦʛʨʘʤʤ ʦʩʚʦʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʠʥʝ-

ʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʦʚ ʠ ʩʫʙʲʝʢʪʦʚ ʈʌ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030-2050 ʛʛ., 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʘʭ ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ. 

ɸʥʘʣʠʟ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤʠ ʚʠʜʘʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ʯʘʩʪʠ ʨʝʜ-

ʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʈʦʩʩʠʷ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʩʪʠʪʴ ʠʤʧʦʨʪ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʟʘ ʩʯʝʪ ʨʘʟʚʠʪʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʄʉɹ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳ-

ʨʴʷ, ʥʦ: 

- ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʥʠʟʢʦʡ ʨʝʥʪʘʙʝʣʴʥʦ-

ʩʪʴʶ; 

- ʢʦʤʧʣʝʢʩʥʳʡ ʩʦʩʪʘʚ ʨʫʜ ʠ ʠʭ ʪʨʫʜʥʘʷ ʦʙʦʛʘʪʠʤʦʩʪʴ; 

- ʦʪʩʫʪʩʪʚʠʝ ʨʝʥʪʘʙʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʇʨʝʜʣʦʞʝʥ ʧʝʨʝʯʝʥʴ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ʆʙʦʩʥʦʚʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʫʯʝʪʘ ʛʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʫʩʣʦʚʠʡ ʨʝʛʠʦʥʦʚ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʮʝʥʪʨʦʚ. 

2. ʈʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ: 

- ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʦʮʝʥʠʚʘʝ-

ʤʳʭ ʦʙʲʝʢʪʦʚ; 

- ʧʦʵʪʘʧʥʦʛʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʘʪʝʛʠʡ ʨʘʟʚʠʪʠʷ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ; 

- ʚʳʷʚʣʝʥʠʷ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʦʯʝʨʝʜʥʦʩʪʠ ʚʦʚʣʝʯʝʥʠʷ ʚ ʦʪʨʘʙʦʪʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

3. ʆʙʦʩʥʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ʧʦ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʤ ʩʦʨʪʘʤ ʠ ʧʨʦʤʳʰʣʝʥʥʳʤ ʪʠʧʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝ-

ʩʫʨʩʦʚ ʥʘʢʦʧʣʝʥʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʡ ʠ ʧʨʦʛʨʘʤʤ ʦʩʚʦʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ 

ʩʫʙʲʝʢʪʦʚ ʈʌ ʠ ʢʨʫʧʥʳʭ ʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʘʭ ʦʙʱʝʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʩʚʦʝʥʠʷ ʥʝʜʨ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʠ, ʛʦʨʥʦʛʦ ʜʝʣʘ, ʤʝʪʘʣʣʫʨ-

ʛʠʠ, ʵʢʦʥʦʤʠʢʠ ʠ ʵʢʦʣʦʛʠʠ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʳ: 

1. ʇʝʨʝʯʝʥʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʫʜʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʦʤ (ʧʨʦʤʧʨʦʜʫʢ-

ʪʦʤ) ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʨʘʪʝʛʠʡ ʧʦʣʫʯʝʥʠʷ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦ-

ʩʣʝ ʜʦʙʳʯʠ, ʨʫʜʦʧʦʜʛʦʪʦʚʢʠ, ʦʙʦʛʘʱʝʥʠʷ ʠ ʧʦʩʪʘʚʢʠ ʤʝʪʘʣʣʫʨʛʘʤ ʠ ʜʘʣʝʝ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

2. ɼʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ, ʦʙʲʝʤʘʭ, ʢʘʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʟʘʧʘʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʫʩʣʦʚʠʷʭ ʠ ʧʘʨʘʤʝʪʨʘʭ ʠʭ ʟʘʣʝʛʘʥʠʷ (ʪ.ʝ. ʧʦʜʨʦʙʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ). 

3. ʆʪ ʢʦʛʦ ʤʳ ʚʩʝ ʵʪʦ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ (ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʨʫʛʠʤʠ ʫʯʝʥʳʤʠ (ʛʝʦ-

ʣʦʛʘʤʠ, ʛʝʦʭʠʤʠʢʘʤʠ, ʵʢʦʥʦʤʠʩʪʘʤʠ, ʤʝʪʘʣʣʫʨʛʘʤʠ, ʵʢʦʣʦʛʘʤʠ ʠ ʜʨ.) ʠ ʢʦʤʫ ʧʝʨʝʜʘʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ, ʪ.ʝ. ʟʥʘʥʠʝ ʚʩʝʡ çʮʝʧʦʯʢʠè ʦʪ ʟʘʙʦʷ ʜʦ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ. 
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ɿʘʢʣʶʯʝʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʥʩʪʠʪʫʪʘ ʧʦ 

ʧʨʦʙʣʝʤʘʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʟʘʧʘʩʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ çʇʨʝʜʣʦʞʝʥʠʷ ʀʥʩʪʠʪʫʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ 

ʧʦ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2050 ʛ.è. 

1. ʇʦʜ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʦʡ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʦ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘ ʠ ʩʧʦʩʦʙʳ ʠʭ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ. 

2. ʈʘʟʚʠʪʠʝ ʄʉɹ ʜʦʣʞʥʦ ʙʳʪʴ ʫʚʷʟʘʥʦ ʩ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʦʩʚʦʝʥʠʷ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ ʈʌ ʠ ʜʦʧʦʣʥʷʪʴʩʷ ʧʨʠʥʮʠʧʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ 

ʪʝʨʨʠʪʦʨʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʮʝʥʪʨʦʚ. 

3. ʊʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʠ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʝʘʣʠʟʘʮʠʶ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʨʦʛʨʘʤʤ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝ-

ʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʦʧʝʨʝʞʘʶʱʝʛʦ ʠʟʫʯʝʥʠʷ 

ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʜʝʬʠʮʠʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʝʜʢʠʭ ʟʝʤʝʣʴ, ʜʨʘʛʦʮʝʥʥʳʭ ʠ ʙʣʘʛʦ-

ʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʧʨ. 

4. ʇʨʝʜʣʦʞʝʥ ʧʝʨʝʯʝʥʴ ʥʘʫʯʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʥʩʪʠʪʫʪʘ, ʚʢʣʶʯʘʶʱʠʡ ʦʙʦʩʥʦʚʘʥʠʝ  ʧʨʠʥʮʠʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʡ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʫʯʝʪʘ ʛʦʨʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʫʩʣʦʚʠʡ 

ʨʝʛʠʦʥʦʚ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʨʫʛʠʤʠ ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʇʨʦʛʨʘʤʤʳ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʮʝʣʷʭ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʤʠʥʝ-

ʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ, ʫʩʢʦʨʝʥʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʠʤʧʦʨʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʩʳ-

ʨʴʝʚʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ. 

5. ʆʮʝʥʢʘ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʜʨ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ  ʜʦʣʞʥʘ 

ʙʳʪʴ ʧʝʨʝʩʤʦʪʨʝʥʘ ʩ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ ʚ ʨʘʙʦʪʘʭ [4-5] ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ 

ʚʳʜʝʣʝʥʠʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʜʣʷ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʝʪʘʣ-

ʣʦʚ ʠ ʠʭ ʠʟʚʣʝʯʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʨʳʥʢʘ ʢʘʥʘʪʥʳʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʘʨʴ-

ʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʤʥʦʛʦʣʝʪʥʠʭ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ, ʤʦʥʠʪʦʨʠʥʛʘ ʜʠʥʘʤʠʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʩʪʘʚʦʢ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ ʚ ʈʦʩʩʠʶ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʘ ʚʳʧʫʩʢʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʇɸʆ 

çʋʈɸʃʄɸʐɿɸɺʆɼè ʠ ʆʆʆ çʀɿ-ʂɸʈʊʕʂʉ ʠʤ. ʇ.ɻ. ʂʦʨʦʙʢʦʚʘè ʟʘ ʧʝʨʠʦʜ 1980-2023 ʛʛ., 

ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʘ ʩʪʨʫʢʪʫʨʳ ʠʤʧʦʨʪʥʳʭ ʧʦʩʪʘʚʦʢ ʢʘʥʘʪʥʳʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 2000-2023 ʛʛ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʧʦ ʘʥʘʣʠʟʫ ʜʠ-

ʥʘʤʠʢʠ ʧʦʩʪʘʚʦʢ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʈʦʩʩʠʠ. 
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ʮʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʨʳʥʦʢ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
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Abstract. The article presents the market analysis of mining rope and hydraulic excavators based 

on long-term marketing researches, monitoring of production performance and supply of mining 
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The production structure of domestic mining rope shovels manufactured by URALMASHPLANT 

and P.G. Korobkov IZ-KARTEX for the period 1980-2023 was analyzed, as well as the dynamics 
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ʈʘʟʨʘʙʦʪʢʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʢʘʨʴʝʨʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʚʳʝʤʢʫ ʠ ʧʦʛʨʫʟʢʫ ʛʦʨ-

ʥʦʡ ʤʘʩʩʳ ʚ ʩʨʝʜʩʪʚʘ ʪʨʘʥʩʧʦʨʪʘ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʝ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʤʘʰʠʥʳ ʠ ʨʘʟʛʨʫʟʢʫ 

ʚ ʦʪʚʘʣ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʠʣʠ ʵʢʩʢʘʚʘʮʠʠ ʛʦʨʥʦʡ ʤʘʩʩʳ.  

ɼʣʷ ʤʝʭʘʥʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʨʴʝʨʥʳʝ ʤʘʰʠʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʨʥʦʪʝʭʥʠ-

ʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʨʘʟʨʘʙʦʪʢʠ [1]. 

ʈʘʟʨʘʙʦʪʢʘ ʤʷʛʢʠʭ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ, ʫʛʣʷ ʠ ʨʫʜ ʚ ʫʤʝʨʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʷʭ ʚʝʜʝʪʩʷ ʦʜʥʦʢʦʚʰʦʚʳʤʠ ʵʢʩʢʘʚʘʪʦʨʘʤʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʳʭʣʝʥʠʷ.  
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ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʫʩʢʘʣʴʥʳʭ ʠ ʩʢʘʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʨʳʭʣʝ-

ʥʠʝʤ ʚ ʣʶʙʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʷʶʪ ʦʜʥʦʢʦʚʰʦʚʳʝ ʢʘʥʘʪʥʳʝ ʠ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʣʦʧʘʪʳ ʪʠʧʘ [2]:  

ʕʂɻ - ʵʢʩʢʘʚʘʪʦʨ ʢʘʨʴʝʨʥʳʡ ʛʫʩʝʥʠʯʥʳʡ ʩ ʢʘʥʘʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʜʲʝʤʘ ʢʦʚʰʘ;  

ʕɻ ï ʵʢʩʢʘʚʘʪʦʨ ʢʘʨʴʝʨʥʳʡ ʛʫʩʝʥʠʯʥʳʡ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʜʲʝʤʘ 

ʢʦʚʰʘ ʧʨʷʤʦʛʦ ʢʦʧʘʥʠʷ; 

ʕɻʆ ï ʵʢʩʢʘʚʘʪʦʨ ʢʘʨʴʝʨʥʳʡ ʛʫʩʝʥʠʯʥʳʡ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʜʲʝʤʘ 

ʢʦʚʰʘ, ʦʙʦʨʫʜʦʚʘʥʥʳʡ ʦʙʨʘʪʥʦʡ ʣʦʧʘʪʦʡ. 

ʆʜʥʦʢʦʚʰʦʚʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʣʦʧʘʪʳ - ʢʘʥʘʪʥʳʝ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ - ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʥʘ ʢʘʨʴʝʨʘʭ.  

ʇʝʨʚʳʡ ʵʢʩʢʘʚʘʪʦʨ ʪʠʧʘ ʢʘʥʘʪʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʣʦʧʘʪʘ ʙʳʣ ʩʦʟʜʘʥ ʘʤʝʨʠʢʘʥʩʢʠʤ 

ʠʟʦʙʨʝʪʘʪʝʣʝʤ ʋʠʣʴʷʤʦʤ ʉʤʠʪʦʤ ʆʪʠʩʦʤ ʚ 1834 ʛ. (ʨʠʩ. 1).  

ɺ ʈʦʩʩʠʠ ʧʝʨʚʳʡ ʵʢʩʢʘʚʘʪʦʨ ʙʳʣ ʧʦʩʪʨʦʝʥ ʥʘ ʇʫʪʠʣʦʚʩʢʦʤ ʟʘʚʦʜʝ ʚ 1901ʛ. (ʨʠʩ. 2). 

ʇʫʪʠʣʦʚʩʢʠʡ ʟʘʚʦʜ ʚʳʧʫʩʪʠʣ 39 ʵʢʩʢʘʚʘʪʦʨʦʚ ʧʦ ʯʝʨʪʝʞʘʤ ʢʦʤʧʘʥʠʠ Bucyrus [3]. ʕʪʦ ʙʳʣʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʝʧʦʣʥʦʧʦʚʦʨʦʪʥʳʝ ʧʘʨʦʚʳʝ ʣʦʧʘʪʳ ʥʘ ʨʝʣʴʩʦʚʦʤ ʭʦʜʫ ʩ ʢʦʚʰʘʤʠ 

ʚʤʝʩʪʠʤʦʩʪʴʶ ʜʦ 2,3 ʤ3. 

 

 

       
 

ʈʠʩ. 1. ʘ - ʇʝʨʚʳʡ ʧʘʨʦʚʦʡ ʵʢʩʢʘʚʘʪʦʨ ʆʪʠʩʘ, 1841 ʛ.; ʙ ï ʇʘʨʦʚʘʷ ʨʦʩʩʠʡʩʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʣʦʧʘʪʘ 

çʇʫʪʠʣʦʚʝʮè [3] 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʢʘʨʴʝʨʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ 35 ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ ʢʘʥʘʪʥʳʭ ʤʝʭʣʦʧʘʪ ʩ ʢʦʚʰʘʤʠ ʚʤʝʩʪʠʤʦʩʪʴʶ ʦʪ 5 ʜʦ 75 

ʤ3 ʠ ʨʘʙʦʯʝʡ ʤʘʩʩʦʡ ʦʪ 200 ʜʦ 2000 ʪ (ʪʘʙʣ. 1, 2, 3). 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʢʘʨʴʝʨʥʳʭ ʢʘʥʘʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʣʦʧʘʪ ʩ ʢʦʚʰʘʤʠ 

ʚʤʝʩʪʠʤʦʩʪʴʶ 5-60 ʤ3 ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʷʚʣʷʶʪʩʷ ʯʝʪʳʨʝ ʤʠʨʦʚʳʝ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʛʨʫʧʧʳ: 

ʇɸʆ çʋʨʘʣʤʘʰʟʘʚʦʜè ʠ ʆʆʆ çʀɿ-ʂɸʈʊʕʂʉ ʠʤʝʥʠ ʇ.ɻ. ʂʦʨʦʙʢʦʚʘè, ʚʭʦʜʷʱʠʝ ʚ 

ʛʨʫʧʧʫ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʢʪʠʚʦʚ ɻʇɹ (ɸʆ) ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʆʆ ʋʂ çʋɿʊʄ ʂɸʈʊʕʂʉè; 

ʌʠʨʤʘ Caterpillar, ʧʦʛʣʦʪʠʚʰʘʷ ʚ 2011 ʛ. Bucyrus International Inc. [3]; 

ʌʠʨʤʘ Komatsu, ʧʦʛʣʦʪʠʚʰʘʷ ʚ 2017 ʛ. Joy Global, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ ʤʘʰʠʥʦ-

ʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ P&H Mining Equipment ʚ ʛ. ʄʠʣʫʦʢʠ,  ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʡʩʷ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ - ʢʘʥʘʪʥʳʭ ʤʝʭʣʦʧʘʪ ʠ ʪʷʞʝʣʳʭ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ;  

TYHI  - ʊʘʡʶʘʥʴʩʢʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʤʧʘʥʠʷ (ʂʠʪʘʡ).  

ɺʩʝ ʤʦʜʝʣʠ ʢʘʥʘʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ  ʵʢʩʢʘʚʘʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʋɿʊʄ, Komatsu 

(Joy Global) ʠ TYHI ʦʩʥʘʱʘʶʪʩʷ ʨʝʝʯʥʳʤ ʥʘʧʦʨʦʤ ʩ ʜʚʫʭʙʘʣʦʯʥʦʡ ʨʫʢʦʷʪʴʶ.  

ʇʨʦʜʫʢʪʦʚʘʷ ʣʠʥʝʡʢʘ ʦʜʥʦʢʦʚʰʦʚʳʭ ʤʝʭʣʦʧʘʪ ʩ ʨʝʝʯʥʳʤ ʥʘʧʦʨʦʤ ʇɸʆ 

çʋʨʘʣʤʘʰʟʘʚʦʜè ʚʢʣʶʯʘʝʪ ʤʦʜʝʣʠ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-5ɸ, ʕʂɻ-12, ʕʂɻ-20 ʠ ʕʂɻ-35 (ʪʘʙʣ. 

1, 2, 3) [4, 5]. 

ʉ 2016 ʛ. ʋɿʊʄ ʥʘʣʘʜʠʣ ʩʝʨʠʡʥʳʡ ʚʳʧʫʩʢ ʵʢʩʢʘʚʘʪʦʨʦʚ ʪʠʧʘ ʕʂɻ- 18(20) ʩ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʦʡ ʚ ʢʦʚʰʝ 40 ʪ ʩ ʢʦʚʰʦʤ ʚʤʝʩʪʠʤʦʩʪʴʶ 16-22 ʤ3 (ʪʘʙʣ. 2)  ʠ ʧʦʩʪʘʚʠʣ ʜʦ 2023 ʛ.  ʥʘ 

ʢʘʨʴʝʨʳ 53 ʝʜ.[6].  

ʘ ʙ 

http://2.bp.blogspot.com/-mz69X7wFPx0/VoJwAeU02dI/AAAAAAAAD0k/sA3FXOk4AY8/s1600/otis_steam_tovel_1840.jpg


67 

ʅʘʠʚʳʩʰʘʷ ʤʝʩʷʯʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʕʂɻ-20 ʩ ʢʦʚʰʦʤ 20 ʤ3 (ʧʦ SAE 2:1),  ʜʦ-

ʩʪʠʛʥʫʪʘʷ  ʥʘ ʨʘʟʨʝʟʝ çʂʝʜʨʦʚʩʢʠʡè ɸʆ çʋʂ çʂʫʟʙʘʩʩʨʘʟʨʝʟʫʛʦʣʴè ʚ ʠʶʣʝ 2019 ʛ. ʧʨʠ 

ʧʦʛʨʫʟʢʝ ʚ ʩʘʤʦʩʚʘʣʳ ɹʝʣʘʟ 75306 ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 220 ʪ ʧʦʣʫʩʢʘʣʴʥʳʭ ʚʟʦʨʚʘʥʥʳʭ 

ʧʦʨʦʜ ʧʣʦʪʥʦʩʪʴʶ ʚ ʤʘʩʩʠʚʝ 2,3 ʪ/ʤ3, ʩʦʩʪʘʚʠʣʘ 1090 ʪʳʩ. ʤ3. ʅʘ ʨʘʟʨʝʟʝ çɹʝʨʝʟʦʚʩʢʠʡè ɸʆ 

çʉʪʨʦʡʩʝʨʚʠʩè ʕʂɻ-18 (ʟʘʚ. ˉ6, ʨʠʩ. 2) ʧʨʠ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʧʦʛʨʫʟʢʝ ʚ ʩʘʤʦʩʚʘʣʳ ʂomatsu 

830ɽ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 231 ʪ ʜʦʩʪʠʛ ʤʝʩʷʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 1018 ʤ3/ʤʝʩ. [7]. 

ɺ 2018 ʛ. ʋɿʊʄ ʟʘʧʫʩʪʠʣ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʝʨʚʳʡ ʕʂɻ-35 ʩ ʧʦʣʝʟʥʦʡ ʚʝʩʦʚʦʡ ʥʘʛʨʫʟ-

ʢʦʡ 63,5 ʪ ʩ ʢʦʚʰʦʤ 33 ʤ3 ʥʘ ʨʘʟʨʝʟʝ çʂʨʘʩʥʳʡ ɹʨʦʜè ɸʆ ʋʂ çʂʫʟʙʘʩʩʨʘʟʨʝʟʫʛʦʣʴè. ʂ 2023 

ʛ. ʠʟʛʦʪʦʚʣʝʥʦ 4 ʝʜ. ʕʂɻ-35.  

ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʦʜʫʢʪʦʚʘʷ ʣʠʥʝʡʢʘ ʆʆʆ çʀɿ ʂɸʈʊʕʂʉ ʠʤ. ʇ.ɻ. ʂʦʨʦʙʢʦʚʘè 

ʚʢʣʶʯʘʝʪ ʵʢʩʢʘʚʘʪʦʨʳ ʩ ʢʦʚʰʦʤ 10-35 ʤ3 ʩ ʧʦʣʝʟʥʦʡ ʚʝʩʦʚʦʡ ʥʘʛʨʫʟʢʦʡ ʜʦ 63 ʪ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʜʣʷ ʟʘʚʦʜʘ ʢʘʥʘʪʥʳʤ ʥʘʧʦʨʦʤ.  

ʅʘʯʠʥʘʷ ʩ 1957 ʛ. ʆʆʆ çʀɿ ʂɸʈʊʕʂʉè ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʠʣ ʙʦʣʝʝ 3860 

ʝʜ. ʕʂɻ-8, ʕʂɻ-10, ʕʂɻ-15 ʠ ʕʂɻ-20 ʩ ʢʘʥʘʪʥʳʤ ʥʘʧʦʨʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ, ʠʟ 

ʢʦʪʦʨʳʭ ʙʦʣʝʝ 1000 ʥʘʭʦʜʷʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʞʝ ʚ ʣʠʥʝʡʢʫ ʟʘʚʦʜʘ ʚʭʦʜʷʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʜʚʫʭʙʘʣʦʯʥʦʡ ʕʂɻ-18ʈ ʠ ʦʜʥʦʙʘʣʦʯʥʦʡ ʨʫʢʦʷʪʴʶ ʕʂɻ-32ʈ 

(ʪʘʙʣ. 2).  

ɺ ʥʘʯʘʣʝ 1970-ʭ ʛʦʜʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ ʟʘ ʩʯʸʪ ʧʨʦʩʪʦʪʳ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʠʣʠ ʥʘ ʟʝʤʣʝʨʦʡʥʳʭ ʨʘʙʦʪʘʭ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʩʚʦʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ð ʵʢʩʢʘʚʘʪʦʨ ʥʘ ʪʨʦʩʘʭ (ʢʘʥʘʪʘʭ) ʠ 

ʣʝʙʸʜʢʘʭ. 

ʉ 1990-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʥʘʯʘʣʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʩʧʨʦʩ ʥʘ ʢʘʨʴʝʨʥʳʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʣʥʦʩʪʴʶ 

ʚʳʪʝʩʥʠʣʠ ʢʘʥʘʪʥʳʝ ʵʢʩʢʘʚʘʪʦʨʳ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʚ ʢʣʘʩʩʘʭ  ʤʘʰʠʥ ʩ ʢʦʚʰʦʤ 4-12 ʤ3, ʘ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʫʩʧʝʰʥʦ ʢʦʥʢʫʨʠʨʫʶʪ ʚ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʢʣʘʩʩʘʭ ʚʳʝʤʦʯʥʦ-

ʧʦʛʨʫʟʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 15-56 ʤ3 [8, 9]. 

 

 
ʈʠʩ. 2. ʕʢʩʢʘʚʘʪʦʨ ʕʂɻ-18 ˉ6 ʩ ʢʦʚʰʦʤ ʚʤʝʩʪʠʤʦʩʪʴʶ 20 ʤ3 (SAE 2:1) ʚ ʟʘʙʦʝ ʩ ʧʦʛʨʫʟʢʦʡ ʚ 

ʘʚʪʦʩʘʤʦʩʚʘʣʳ 231,2 Komatsu 830E ʪ ʥʘ ʨʘʟʨʝʟʝ çɹʝʨʝʟʦʚʩʢʠʡè ɿɸʆ çʉʪʨʦʡʩʝʨʚʠʩè 
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ʊʘʙʣʠʮʘ 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʨʴʝʨʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ 

 
ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʉʪʨʘʥʘ ʂʣʘʩʩ ʧʦ ʚʤʝʩʪʠʤʦʩʪʠ ʢʦʚʰʘ, ʢʫʙ. ʤ (ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ, ʪ) 

  4-5 10-12 15-25 30-35 45-60 70-80 

ʇʦʣʝʟʥʘʷ ʚʝʩʦʚʘʷ 

ʥʘʛʨʫʟʢʘ, ʪ 

8-10 
18-24 30-50 60-70 90-100 110-130 

ʈʘʙʦʯʘʷ ʤʘʩʩʘ, ʪ 190-250 380-450 700-800 1000-1200 1300-1600 1900-2200 

P&H ʉʐɸ 

 1900 Al (18 

ʪ) 

2300XPC (45 

ʪ) 
2800XPC (59 ʪ) 

4100ʉ (82 

ʪ) 

4800XPC 

(123 ʪ) 

   2650CX  (65 ʪ) 
4100ʉ 

Boss (91 ʪ) 

4100XPC 

(109 ʪ) 

Caterpillar ʉʐɸ 

 
7182 

(18 ʪ) 

7295 

(45 ʪ) 

7395 

(70 ʪ) 

7495HD 

(81 ʪ) 

7495, HF, 

HR 

(110 ʪ) 

      

ʀɿ-ʂɸʈʊʕʂʉ ʈʦʩʩʠʷ 

 ʕʂɻ-10  (20 

ʪ) 

ʕʂɻ-15ʄ 

(32,5 ʪ) 

ʕʂɻ-32ʈ/35ʂ 

(63 ʪ) 
  

 ʕʂɻ-12ʂ (24 

ʪ) 

ʕʂɻ-

18ʈ/20ʂ(40 ʪ) 
   

  ʕʂɻ-20ʂʄ (50 

ʪ) 
   

ʋʨʘʣʤʘʰʟʘʚʦʜ ʈʦʩʩʠʷ 
ʕʂɻ-5ɸ 

(10 ʪ) 

, ʕʂɻ-12ɸ 

(24 ʪ) 
ʕʂɻ-20  (40 ʪ) ʕʂɻ-35(63 ʪ)   

Taiyuan Heavy 

Industry Co  
ʂʠʪʘʡ 

WK-4 (8 ʪ) 
WK-12ɸ (22 

ʪ) 
WK-20(36 ʪ) WK-27 (49 ʪ) 

WK-55 (99 

ʪ) 

WK-75 

(130 ʪ) 

   WK-35  (63 ʪ)   

 
ʊʘʙʣʠʮʘ 2. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʴʝʨʥʳʭ ʢʘʥʘʪʥʳʭ ʦʜʥʦʢʦʚʰʦʚʳʭ ʵʢʩʢʘʚʘʪʦ-

ʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʌ 

ʄʦʜʝʣʴ 

ɺʤʝʩʪʠʤʦʩʪʴ ʢʦʚʰʘ 

(**ʧʨʠ ʥʘʩʳʧʥʦʡ 

ʧʣʦʪʥʦʩʪʠ 1,8 ʪ/ʤ3), ʤ3 

ʇʦʣʝʟʥʘʷ 

ʚʝʩʦʚʘʷ 

ʥʘʛʨʫʟʢʘ, ʪ 

ʄʦʱʥʦʩʪʴ ʩʝʪʝ-

ʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʘ, ʢɺɸ 

ʄʘʩʩʘ ʨʘʙʦʯʘʷ, ʪ 

ʇɸʆ çʋʨʘʣʤʘʰʟʘʚʦʜè 

ʕʂɻ-5ɸ 5**  10 250 196 

ʕʂɻ-12 12**  24 1250 655 

ʕʂɻ-18 (20) 18**  40 1250 750 

ʕʂɻ-35 35**  63 3000 1 250 

ʆʆʆ çʀɿ-ʂɸʈʊʕʂʉ ʠʤ. ʇ.ɻ. ʂʦʨʦʙʢʦʚʘè 

ʕʂɻ-10 10**  20 800 395 

ʕʂɻ-12ʂ 12**  24 1000 410 

ʕʂɻ-15 15**  27 1 250 695 

ʕʂɻ-18ʈ/20ʂ 20 40 1250 710/700 

ʕʂɻ-18ʈʄ/20ʂʄ 25 50 1600 760/780 

ʕʂɻ-32ʈ/35ʂ 32/35 64 2000 1 050 

ʂʦmʘtsu (P&H Mining Equipment, ʉʐɸ) 

2300XPC 18,3-25,5 45,4 2000 775-787,5 

2800XPC 26,8-33,6 59 2750 1079-1084 

4100C 45,9 81,6 3000 1243-1247 

4100C BOSS 44,3 90,7 3300 1410-1424 

Caterpillar (* ʤʦʜʝʣʠ Bucyrus, ʉʐɸ) 

7495 HD (495 HD*) 27,5-60,4 82 3330 1306,3 

TYHI ð ʆɸʆ çʊʘʡʶʘʥʴʩʢʘʷ ʪʷʞʝʣʦʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʤʧʘʥʠʷè (ʂʠʪʘʡ) 

WK-20 16-34 36 2240 792 

WK-35 25-54 60,6 2400 1065 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʝʩʪʴʶ ʤʠʨʦʚʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ - Liebherr, Komatsu, Hitachi, 

Caterpillar, Hyundai ʠ Volvo -  ʚʳʧʫʩʢʘʝʪʩʷ ʙʦʣʝʝ 30 ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 
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ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʜʠʟʝʣʴʥʳʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʪʠʧʘ ʧʨʷʤʘʷ ʠ ʦʙʨʘʪʥʘʷ ʣʦʧʘʪʘ (ʪʘʙʣ. 

3) ʨʘʙʦʯʝʡ ʤʘʩʩʦʡ 70-1200 ʪ ʧʨʠ ʚʤʝʩʪʠʤʦʩʪʠ ʢʦʚʰʘ ʦʪ 3,5 ʜʦ 56 ʤ3 [5, 8]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʂʠʪʘʡʩʢʠʝ ʟʘʚʦʜʳ ʦʩʚʦʠʣʠ ʣʠʥʝʡʢʫ ʢʘʨʴʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʢʦʚʰʦʤ ʦʪ 4 ʜʦ 35 ʤ3 ʠ ʤʘʩʩʦʡ ʦʪ 70 ʜʦ 673 ʪ: XCMG (60-673 ʪ), SANY  (60-

210 ʪ), LIUGONG (ʤʘʩʩʦʡ 60-125 ʪ)  ZOOMLION (60-80 ʪ) [10-12]. 

ɿʘ ʧʝʨʠʦʜ ʩ 2000 ʛ. - ʩ ʧʝʨʚʳʭ ʧʦʩʪʘʚʦʢ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʈʦʩʩʠʶ - 

ʧʦʩʪʘʚʣʝʥʦ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʙʦʣʝʝ 3000 ʝʜ. ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʢʦʚʰʦʤ 3,5-38 ʤ3. 

ʇɸʆ çʋʈɸʃʄɸʐɿɸɺʆɼè ʚ 2019 ʛ. ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʦʩʚʦʝʥʠʷ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʢʘʨʴʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʠʟʛʦʪʦʚʠʣʦ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʪʠʧʘ ʋɻʕ-

300 ʨʘʙʦʯʝʡ ʤʘʩʩʦʡ 302 ʪ ʩ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʨʷʤʦʡ ʣʦʧʘʪʳ ʩ ʢʦʚʰʦʤ 16 ʤ3, ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʠʩʴ ʥʘ ʨʘʟʨʝʟʝ ʆʆʆ çɹʘʨʟʘʩʩʢʦʝ ʪʦʚʘʨʠʱʝʩʪʚʦè 

ɸʆ çʉʪʨʦʡʩʝʨʚʠʩè (ʨʠʩ. 3) [13].  

ʅʘ ʟʘʚʦʜʝ ɸʆ ɹʝʣɸɿ ʚ 2023 ʛ. ʠʟʛʦʪʦʚʣʝʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʢʘʨʴʝʨʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ 

ʩ ʢʦʚʰʦʤ 12 ʤ3 ʚʝʩʦʚʦʛʦ ʢʣʘʩʩʘ 200 ʪ ɺʍ-20012 (ʨʠʩ. 4) [14]. ʇʣʘʥʠʨʫʝʪʩʷ ʜʦʩʪʠʯʴ ʩʝʨʠʡ-

ʥʦʛʦ ʚʳʧʫʩʢʘ ʜʦ 12 ʝʜ. ʵʪʠʭ ʤʘʰʠʥ ʚ ʛʦʜ. 

 

 
ʈʠʩ. 3. ʂʘʨʴʝʨʥʳʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʵʢʩʢʘʚʘʪʦʨ ʋɻʕ 300 ʩ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʨʷʤʦʡ ʣʦʧʘʪʳ ʩ 

ʢʦʚʰʦʤ 16 ʤ3 ʥʘ ʨʘʟʨʝʟʝ ʆʆʆ çɹʘʨʟʘʩʩʢʦʝ ʪʦʚʘʨʠʱʝʩʪʚʦè ɸʆ çʉʪʨʦʡʩʝʨʚʠʩè ʚ 2019 ʛ. 
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ʈʠʩ. 4. ʂʘʨʴʝʨʥʳʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʵʢʩʢʘʚʘʪʦʨ ɹʝʣʘʟ ɺʍ-20012 ʩ ʢʦʚʰʦʤ 12 ʤ3 (ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚ 

ʢʦʚʰʝ 1,78ʪ/ʤ3), ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ 1167 ʣ.ʩ., ʚʳʨʳʚʥʦʝ ʫʩʠʣʠʝ 770ʢʅ 

 
ʊʘʙʣʠʮʘ 3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʨʴʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʥʘ ʤʠʨʦʚʦʡ ʠ 

ʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʚ 2008-2021 ʛʛ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʬʠʨʤʳ  

ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʂʣʘʩʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ 

I II  III  IV V VI  VII  VIII  

ɺʤʝʩʪʠʤʦʩʪʴ ʢʦʚʰʘ, ʤ3 

4-5 ʤ3 7-8 ʤ3 10-12 ʤ3 15-18  ʤ3 21-22 ʤ3 
25-28 

ʤ3 

34-36 

ʤ3 

40-42 

ʤ3 

ʈʘʙʦʯʘʷ ʤʘʩʩʘ, ʪ 

70-90 ʪ 
100-125 

ʪ 
170-200 ʪ 

250-300 

ʪ 
350-400 ʪ 

450-

550 ʪ 

550-

650 ʪ 

700-

800 ʪ 

ɹʝʣɸɿ   ɺʍ-20012      

ʋɿʊʄ  ʋɻʕ 

110* 
ʋɻʕ-200* 

ʋɻʕ-

300 
    

Caterpillar  

ʉɸʊ 374, 

CAT 395, 

CAT 390 

ʉɸʊ 

6015 
ʉɸʊ 6020 

ʉɸʊ 

6030 
ʉɸʊ 6040  ʉɸʊ 

6060 
 

Komatsu PC 800 PC 1250 PC 2000 
PC 3000, 

PC-3400 
PC 4000 

PC 

5500 
 

PC-

7000, 

PC 

8000 

Hitachi ZX 870 EX 1200 EX 1900 EX 2600 EX 3600 
EX 

5600 
 EX 

8000 

Liebherr 

R 972, 

R-978,  

R 992 

R 998,  

R 9100,  

R 9150 

R 9200 

R 9250, 

R9300, 

R 9350 

R 9400  R 9600 R 9800 

 R 9150  R 9350     

Hyundai R 850 R 1200       

Volvo 
EC 750, 

EC-950 
       

XCMG 

XE-700,  

XE-800, 

XE-900, 

XE-950 

XE-1250, 

XE-1350 

XE-2000, 

XE-200E 

XE-

2800E, 

XE-3000 

XE-4000, 

XE-4000E 
  

XE-

7000, 

XE-

7000E 

Liugong 970E, 990F 9125F       

SANY  

SY-700H, 

SY-750H, 

SY950H 

       

ZOOMLION  
ZE750G, 

ZE950G ZE1250G       
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ɸʥʘʣʠʟ ʤʠʨʦʚʳʭ ʧʦʩʪʘʚʦʢ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʩʠʩʪʝʤʥʦʡ 

ʮʠʢʣʠʯʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʜʲʸʤʘʤ ʠ ʩʧʘʜʘʤ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ (ʨʠʩ. 5-7).  

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʠʥʜʝʢʩʘ PARKER BAY , ʦʪʨʘʞʘʶʱʘʷ 

ʜʠʥʘʤʠʢʫ ʩʧʨʦʩʘ ʥʘ ʛʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʤʠʨʝ. ʀʥʜʝʢʩ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʤʠʨʦʚʦʛʦ ʦʙʲʝʤʘ ʚʳʧʫʩʢʘ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʩʝʭ ʪʠʧʦʚ ʧʦʢʚʘʨʪʘʣʴʥʦ. ɹʘʟʦʚʳʡ 

ʧʦʢʘʟʘʪʝʣʴ 1Q 2007 ʛ. (ʧʝʨʚʦʛʦ ʢʚʘʨʪʘʣʘ 2007 ʛ.) ʧʨʠʥʷʪ ʨʘʚʥʳʤ 100. ʇʝʨʠʦʜʠʯʥʦʩʪʴ 

ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ ʩʧʨʦʩʘ (ʧʦʩʪʘʚʦʢ) ʥʘ ʛʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʟʘ 2007-2023 ʛʛ. 

ʩʦʩʪʘʚʣʷʝʪ ʰʝʩʪʴ-ʩʝʤʴ ʣʝʪ [15].  

ɼʠʥʘʤʠʢʘ ʦʙʲʝʤʦʚ ʧʦʩʪʘʚʦʢ ʥʘ ʢʘʨʴʝʨʥʳʝ ʵʢʩʢʘʚʘʪʦʨʳ ʠ ʩʘʤʦʩʚʘʣʳ ʚ ʤʠʨʝ ʠ ʈʦʩʩʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʠʤ ʮʠʢʣʘʤ (ʨʠʩ. 6, 7, 10,11). 

ɼʣʷ ʩʪʨʫʢʪʫʨʳ ʧʦʩʪʘʚʦʢ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʭʘʨʘʢʪʝʨʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʧʨʦʩʘ ʥʘ ʢʘʥʘʪʥʳʝ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ ʥʘ ʫʨʦʚʥʝ 15-17 % ʚ 

ʢʣʘʩʩʘʭ ʩ ʢʦʚʰʦʤ ʙʦʣʝʝ 10 ʤ3 (ʨʠʩ. 8) [8]. 

ʄʠʨʦʚʳʝ ʣʠʜʝʨʳ ʛʦʨʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ Komatsu ʠ Caterpillar ʫʜʝʨʞʠʚʘʶʪ ʜʦʣʶ 

ʢʘʥʘʪʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʢʦʚʰʘʤʠ ʙʦʣʝʝ 25 ʤ3 ʥʘ ʫʨʦʚʥʝ 15-25%, ʪʨʘʜʠʮʠʦʥʥʦ ʧʦʩʪʘʚʣʷʷ 

ʤʦʱʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʩ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʦʡ ʙʦʣʝʝ 50-100 ʪ ʥʘ ʢʨʫʧʥʳʝ ʢʘʨʴʝʨʳ 

ʧʦ ʜʦʙʳʯʝ ʫʛʣʷ, ʥʝʬʪʝʥʦʩʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʞʝʣʝʟʥʦʡ ʨʫʜʳ [16]. 

 

 
ʈʠʩ. 5. ɼʠʥʘʤʠʢʘ ʠʥʜʝʢʩʘ Parker Bay ʚ 2007-2023 ʛʛ. ʥʘ ʢʘʨʴʝʨʥʫʶ ʪʝʭʥʠʢʫ 

 

 
ʈʠʩ. 6. ɼʠʥʘʤʠʢʘ ʧʦʩʪʘʚʦʢ ʢʘʨʴʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʤʠʨʝ ʚ ʢʣʘʩʩʘʭ ʚʤʝʩʪʠʤʦʩʪʠ 

ʢʦʚʰʘ ʙʦʣʝʝ 10 ʤ3 (ʚʝʩʦʚʳʭ ʢʣʘʩʩʦʚ ʙʦʣʝʝ 200 ʪ) 
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ʈʠʩ.7. ɼʠʥʘʤʠʢʘ ʩʪʨʫʢʪʫʨʳ ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ʧʦ ʢʣʘʩʩʘʤ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ 90-380 ʪ ʚ ʪʝʯʝʥʠʝ 

2008-2020 ʛʛ. (ʬʘʢʪ) 

 

 
ʈʠʩ. 8. ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʠʨʦʚʳʭ ʧʦʩʪʘʚʦʢ ʢʘʥʘʪʥʳʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʢʦʚʰʦʤ 

ʙʦʣʝʝ 10 ʤ3 ʠ ʢʘʥʘʪʥʳʭ - ʙʦʣʝʝ 20 ʤ3 
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ɺ ʧʝʨʠʦʜ 1980-1991 ʛ. ʥʘ ʟʘʚʦʜʘʭ ʈʦʩʩʠʠ: ʋɿʊʄ, ʀɿ ʂɸʈʊʕʂʉ, ʂʈɸɿʊʗɾʄɸʐ 

ʚʳʧʫʩʢʘʣʦʩʴ ʝʞʝʛʦʜʥʦ ʙʦʣʝʝ 400 ʝʜ. ʢʘʥʘʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʪʠʧʘ ʕʂɻ-5 

(ʕʂɻ-4,6), ʕʂɻ-8, ʕʂɻ-10, ʕʂɻ-12,5, ʕʂɻ-20. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʦʩʪʘʚʣʷʣ: ʕʂɻ- 5 ʥʘ ʋɿʊʄ - ʜʦ 376 ʝʜ. ʚ ʛʦʜ ʠ ʕʂɻ-8 ʥʘ ʀɿ ʂɸʈʊʕʂʉ - ʜʦ 134 ʝʜ. ʚ ʛʦʜ 

(ʨʠʩ. 9) [8]. 

ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʛʦʨʥʳʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝʤ ʢʘʨʴʝʨʥʳʝ ʵʢʩʢʘʚʘʪʦʨʳ 

ʪʠʧʘ ʕʂɻ ʩ ʢʦʚʰʦʤ 5-20 ʤ3 ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 25 ʣʝʪ ʩʦʩʪʘʚʣʷʣʠ ʦʩʥʦʚʫ ʧʘʨʢʦʚ ʢʘʨʴʝʨʦʚ 

ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ. 

ʆʙʲʝʤ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ 1996-2004 ʛʛ. ʩʦʢʨʘʪʠʣʩʷ ʜʦ 4-

17 ʰʪ. ʚ ʛʦʜ, ʠ ʪʦʣʴʢʦ ʩ 2005 ʛ. ʥʘʯʘʣʠʩʴ ʩʠʩʪʝʤʥʳʝ ʧʦʩʪʘʚʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʕʂɻ ʥʘ 

ʢʘʨʴʝʨʳ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ (ʨʠʩ.9). 

ɿʘ ʧʝʨʠʦʜ 2005-2022 ʛʛ. ʥʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʈʌ ʧʦʩʪʘʚʣʝʥʦ 364 

ʢʘʥʘʪʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʦʙʲʝʤʦʤ ʢʦʚʰʘ ʙʦʣʝʝ 10 ʤ3 (ʪʘʙʣ. 4), ʚ ʪʦʤ ʯʠʩʣʝ ʀɿ-ʂɸʈʊʕʂʉ- 

201 ʝʜ. ,ʋʨʘʣʤʘʰʟʘʚʦʜ -72 ʝʜ, P&H (Komatsu) ï 31 ʝʜ. , ʉaterpillar (Bucyrus) - 2 ʝʜ. Taiyuan 

- 29 ʝʜ. (ʪʘʙʣ.4, ʨʠʩ. 10). 

ɺ 2023 ʛ. ʥʘ ʢʘʨʴʝʨʳ ʧʦʩʪʘʚʣʝʥ 31 ʢʘʥʘʪʥʳʡ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʵʢʩʢʘʚʘʪʦʨ ʠ 8 ʝʜ. 

ʢʠʪʘʡʩʢʠʭ (ʪʘʙʣ.4). 

ʋʭʦʜ ʩ ʨʳʥʢʘ ʈʦʩʩʠʠ ʬʠʨʤ Komatsu ʠ ʉaterpillar ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʨʘʱʠʚʘʥʠʷ ʦʙʲʝʤʦʚ ʧʦʩʪʘʚʦʢ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʘʥʘʪʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʋɿʊʄ 

ʠ ʀɿ ʂɸʈʊʕʂʉ.  

ʇʝʨʚʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʯʘʣʠ 

ʧʦʩʪʫʧʘʪʴ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʈʦʩʩʠʠ ʩ 2001 ʛ. [17], ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʪʝʩʥʷʷ ʧʘʨʢ ʚʳʙʳʚʘʶʱʠʭ 

ʢʘʥʘʪʥʳʭ ʤʘʰʠʥ ʪʠʧʘ ʕʂɻ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʪʘʙʣ. 5, ʨʠʩ. 11). 

ʇʘʨʢʠ ʢʘʨʴʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʈʦʩʩʠʠ ʧʦʣʥʦʩʪʴʶ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʟ ʤʘʰʠʥ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. (ʨʠʩ. 12) 

ɿʘ ʧʝʨʠʦʜ ʩ 1999 ʛ. ʚ ʩʪʨʘʥʫ ʚʚʝʟʝʥʦ 3049 ʝʜ. ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʢʦʚʰʘʤʠ 

4-36 ʤ3, ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ - 2013-2023 - 2144 ʝʜ. 

ɿʘ 2022-2023 ʛʛ. ʥʘ ʛʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʈʦʩʩʠʠ ʧʦʩʪʘʚʣʝʥʦ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 499 

ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʢʦʚʰʦʤ 4-25 ʤ3 (ʨʘʙʦʯʝʡ ʤʘʩʩʦʡ 70-500 ʪ, ʪʘʙʣ. 5).  

ʆʩʥʦʚʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʢʘʨʴʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘ ʨʳʥʦʢ 

ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ ʯʝʪʳʨʝ ʢʨʫʧʥʝʡʰʠʭ ʣʠʜʝʨʘ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʚ ʧʝʨʠʦʜ 

2013-2023 ʛʛ.: Komatsu - 34%; Hitachi - 22%, Caterpillar - 10%, Liebherr - 9%, Hyundai - 9%, 

ʢʠʪʘʡʩʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ï 10% (ʨʠʩ. 12). ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʛʦʜʘ (2022-2023 ʛʛ.) ʜʦʣʷ 

ʢʠʪʘʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚʳʨʦʩʣʘ ʜʦ 40% ʟʘ ʩʯʝʪ ʧʦʩʪʘʚʦʢ ʵʢʩʢʘʚʘʪʦʨʦʚ ʢʣʘʩʩʦʚ 70 ʠ 110 

ʪ (ʨʠʩ. 13) 

ʅʘ ʜʦʣʶ ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʢʦʚʰʦʤ 4-5 ʤ3 ʧʨʠʭʦʜʠʪʩʷ 51% ʠ 7-8 ʤ3 ï 34%, ʚʩʝʛʦ ʦʙʲʝʤʘ 

ʧʦʩʪʘʚʦʢ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ (ʚ ʮʝʣʦʤ 85% ʧʦ ʢʦʣʠʯʝʩʪʚʫ, ʨʠʩ.11,14). 

ʕʪʠ ʜʚʘ ʢʣʘʩʩʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚʦ ʚʩʝʭ 

ʦʪʨʘʩʣʷʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʥʘ ʢʘʨʴʝʨʘʭ ʚ ʢʦʤʧʣʝʢʪʝ ʩ 

ʩʘʤʦʩʚʘʣʘʤʠ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴʶ ʦʪ 30 ʜʦ 100 ʪ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʠ ʦʙʲʸʤʳ 

ʧʦʪʨʝʙʣʝʥʠʷ ʩʘʤʦʩʚʘʣʦʚ ʚ ʵʪʠʭ ʢʣʘʩʩʘʭ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ.  

ɼʠʥʘʤʠʢʘ ʩʧʨʦʩʘ ʥʘ ʢʘʨʴʝʨʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ ʚ ʈʦʩʩʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʮʠʢʣʠʯʥʦʩʪʴʶ ʚ 6-7 ʣʝʪ. ɼʠʘʛʨʘʤʤʘ ʥʘ ʨʠʩ. 11 ʦʪʨʘʞʘʝʪ ʯʝʪʳʨʝ ʮʠʢʣʘ 

ʧʦʜʲʝʤʘ ʩʧʨʦʩʘ: 2007 ʛ., 2011-2012 ʛʛ., 2017 ʛ (ʨʝʢʦʨʜʥʳʡ) ʠ 2021 ʛ. (ʧʦʩʣʝʧʘʥʜʝʤʠʡʥʳʡ). 

ʎʠʢʣʳ ʩʧʨʦʩʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʨʦʢʘʤ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʜʣʷ ʤʘʰʠʥ ʩ ʢʦʚʰʦʤ 4-8 ʤ3 ʩʦʩʪʘʚʣʷʶʪ 5-7 ʣʝʪ. 

ʇʦʵʪʦʤʫ ʟʘ ʧʝʨʠʦʜʘʤʠ ʧʘʜʝʥʠʷ ʠ ʦʪʣʦʞʝʥʥʦʛʦ ʩʧʨʦʩʘ ʩʣʝʜʫʶʪ ʨʝʟʢʠʝ ʚʟʣʝʪʳ ʧʦʪʨʝʙʥʦʩʪʠ 

ʚ ʥʦʚʳʭ ʵʢʩʢʘʚʘʪʦʨʘʭ. 

ʀʩʭʦʜʷ ʠʟ ʫʢʨʫʧʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʨʦʢʦʚ ʩʣʫʞʙʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʵʢʩʢʘʚʘʪʦʨʦʚ, ʦʙʱʠʡ ʜʝʡʩʪʚʫʶʱʠʡ ʧʘʨʢ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʢʦʚʰʘʤʠ 4-36 ʤ3 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 1000 ʝʜ.  
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ɺʳʚʦʜʳ 

1. ʆʩʥʦʚʫ ʧʘʨʢʦʚ ʢʘʥʘʪʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʢʘʨʴʝʨʦʚ ʈʦʩʩʠʠ - 83% - ʩʦʩʪʘʚʣʷʶʪ ʤʘ-

ʰʠʥʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʀɿ ʂɸʈʊʕʂʉ ʠʤ ʇ.ɻ. ʂʦʨʦʙʢʦʚʘè ʠ ʇɸʆ çʋʈɸʃʄɸʐɿɸ-

ɺʆɼè. 

2. ʇʦʩʪʘʚʢʠ ʢʘʨʴʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʈʦʩʩʠʶ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝ-
ʯʠʚʘʣʠʩʴ ʤʠʨʦʚʳʤʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ: Komatsu, Hitachi, Liebherr, Cater-

pillar. ʉ 2022 ʛ. ʜʦʣʷ ʢʠʪʘʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ XCMG, SANY, Liugong ʠ ʜʨ. ʫʚʝʣʠʯʠʣʘʩʴ 

ʜʦ 40%. 

3. ʋʭʦʜ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ ʨʳʥʢʘ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʜʣʷ ʨʦʩʪʘ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʥʘʪʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʚʦʜʦʚ 

ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʆʆ ʋʂ çʋɿʊʄ ʂɸʈʊʕʂʉè ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʢʦʨʝʡ-

ʰʝʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʦʩʚʦʝʥʠʷ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʨʴʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʢʣʘʩʩʘʭ 4-5 ʤ3 (ʚʝʩʦʚʦʡ ʢʣʘʩʩ 70-80 ʪ), 7-8 ʤ3 (100-110 ʪ), 10-12 ʤ3 (200 ʪ) ʠ 

15-18 ʤ3 (300 ʪ). 

 
ʈʠʩ. 9. ɼʠʘʛʨʘʤʤʘ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʥʘʪʥʳʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʪʠʧʘ ʕʂɻ ʥʘ ʟʘʚʦʜʘʭ 

ʉʉʉʈ/ʈʦʩʩʠʠ ʚ 1980-2017 ʛʛ. ʠ ʧʦʩʪʘʚʦʢ ʟʘʨʫʙʝʞʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ 2001 -2017 ʛʛ. 
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ʈʠʩ. 10. ɼʠʥʘʤʠʢʘ ʧʦʩʪʘʚʦʢ ʢʘʥʘʪʥʳʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘ ʛʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʈʦʩʩʠʠ 

 

 
ʈʠʩ. 11. ʇʦʩʪʘʚʢʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʦʙʲʝʤʦʤ ʢʦʚʰʘ 4-40 ʤ3 ʥʘ ʨʳʥʦʢ ʈʌ ʚ 

1999-2023 ʛʛ. 
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ʊʘʙʣʠʮʘ 4. ʇʦʩʪʘʚʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʢʘʨʴʝʨʥʳʭ ʢʘʥʘʪʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘ ʨʳʥʦʢ ʈʌ 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʤʦʜʝʣʠ ʂʣʘʩʩ 

ʇʦʩʪʘʚʢʠ ʥʘ ʛʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʈʌ ʠ ʀɿ ʂɸʈʊʕʂʉ, ʰʪ.   ʀʪʦʛʦ 

2013-

2023 

ʀʪʦʛʦ  

2005-

2023 
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 

ʀɿ-ʂɸʈʊʕʂʉ     

ʕʂɻ-10 10-12 ʤ3 3 4 4 2 3 1 1 1 1 2 5 27 109 

ʕʂɻ-12ʂ/12 10-12 ʤ3 3 2   1 1 1 6 3 6 4 12 39 50 

ʕʂɻ-15 15-25 ʤ3 1 2 2 2 2 4 6 1 2 2 7 31 34 

ʕʂɻ-18ʈ/20ʂ/20ʂʄ 15-25 ʤ3 1 1   2 2       12 6 5 29 34 

ʕʂɻ-32ʈ 30-35 ʤ3   1   1               2 3 

ʀʊʆɻʆ ʀɿ-ʂɸʈʊʕʂʉ:   8 10 6 8 8 6 13 5 21 14 29 128 230 

ʋʨʘʣʤʘʰʟʘʚʦʜ   

ʕʂɻ-12 10-12 ʤ3 1     1               2 15 

ʕʂɻ-18/20 18-22 ʤ3 1 1   6 9 11 8 8 6   2 52 53 

ʕʂɻ-35 30-40 ʤ3           1 1 1 1     4 4 

ʀʊʆɻʆ ʋʨʘʣʤʘʰ: 10-40 ʤ3  2 1 0 7 9 12 9 9 7 0 2 58 72 

ɺʩʝʛʦ ʋɿʊʄ-ʂɸʈʊʕʂʉ ʚ ʈʌ  10-35 ʤ3  10 11 6 15 17 18 22 14 28 14 31 186 302 

P&H    

P&H 2300 15-25 ʤ3 2           1 5 1     9 16 

P&H 2800 30-40 ʤ3 1                     1 13 

P&H 4100 45-60 ʤ3                       0 2 

ʀʊʆɻʆ P&H:   3 0 0 0 0 0 1 5 1 0   10 31 

Caterpillar    

Bucyrus 495 45-60 ʤ3                       2 2 

ʀʊʆɻʆ Caterpillar:    0 0 0 0 0 1 5 1 0   2 2 

Taiyuan   

WK-20 15-25 ʤ3         2 2 3 1     2 10 10 

WK-35 30-40 ʤ3         2 3 2 1     6 14 19 

ʀʊʆɻʆ Taiyuan:   0 0 0 0 4 5 5 2 0 0 8 24 29 

ʀʊʆɻʆ:  16 11 6 15 21 23 29 26 30 14 39 222 364 

 
ʊʘʙʣʠʮʘ 5. ɼʠʥʘʤʠʢʘ ʧʦʩʪʘʚʦʢ ʢʘʨʴʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘ ʨʳʥʦʢ ʈʌ ʚ 2013-2023 ʛʛ. 

  2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2013-23 2000-23 

ɻʕ 70 ʪ 4-5 ʤ3 50 32 63 59 210 92 89 68 158 117 161 1099 1496 

ɻʕ110 ʪ (7-8 ʤ3) 31 18 19 48 117 111 68 21 109 84 98 724 1008 

ɻʕ 200 ʪ (10-11 ʤ3) 16 7 4 14 20 22 28 3 20 16 1 151 245 

ɻʕ 300 ʪ (15-18 ʤ3) 11 4 3 2 8 8 9 6 12 16 0 79 168 

ɻʕ 400 ʪ(21-22 ʤ3) 7 9 2 4 10 12 9 9 15 2 0 79 95 

ɻʕ 500 (25-28 ʤ3) 4 2 0 0 0 1 0 0 1 4 0 12 30 

ɻʕ>600 ʪ > 36 ʤ3 0 0 0 0 0 0 0 0 0 0 0 0 3 

ɺʩʝʛʦ  119 72 91 127 365 246 203 107 315 239 260 2144 3049 
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ʈʠʩ. 12. ʉʪʨʫʢʪʫʨʘ ʧʦʩʪʘʚʦʢ ʢʘʨʴʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʈʦʩʩʠʶ ʟʘ ʧʝʨʠʦʜ 2010-

2023 ʛʛ. ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ 

 

 
ʈʠʩ. 13. ʉʪʨʫʢʪʫʨʘ ʧʦʩʪʘʚʦʢ ʢʘʨʴʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʈʦʩʩʠʶ ʟʘ ʧʝʨʠʦʜ 2022-

2023 ʛʛ. ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ 
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ʈʠʩ. 14. ʉʪʨʫʢʪʫʨʘ ʧʦʩʪʘʚʦʢ ʢʘʨʴʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʈʦʩʩʠʶ ʟʘ ʧʝʨʠʦʜ -2013-

2023 ʛʛ. ʧʦ ʢʣʘʩʩʘʤ ʚʤʝʩʪʠʤʦʩʪʠ ʢʦʚʰʘ 

 
ʃʀʊɽʈɸʊʋʈɸ 

1. ʆʪʢʨʳʪʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ï XXI ʚʝʢ. ʉʧʨʘʚʦʯʥʠʢ. ʊʦʤ 2 / ɸʥʠʩʪʨʘʪʦʚ ʖ.ʀ., ɸʥʠʩʪʨʘʪʦʚ ʂ.ʖ. 

ʠ ʜʨʫʛʠʝ. ʇʦʜ ʨʝʜ. ɸʥʠʩʪʨʘʪʦʚʘ ʂ.ʖ.: ʄ., ʆʆʆ çʉʠʩʪʝʤʘ ʤʘʢʩʠʤʫʤè, 2019. 872 ʩ.: ʠʣ.  

2. ɻʆʉʊ 26980-95 ʕʢʩʢʘʚʘʪʦʨʳ ʦʜʥʦʢʦʚʰʦʚʳʝ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

3. ɸʥʠʩʪʨʘʪʦʚ ʂ.ʖ., ʃʫʢʘʰʢʠʥ ɼ.ɺ. ʂʦʤʧʘʥʠʷ Bucyrus Inc. ʀʩʪʦʨʠʷ ʛʦʨʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 
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ʋɼʂ 622.68:[622.83:550.8] 
 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʇʓʊɸʅʀʗ ʕʃɽʂʊʈʆʅʅʆʁ ʉʀʉʊɽʄʓ 

ʀʅʀʎʀʀʈʆɺɸʅʀʗ ɿɸʈʗɼʆɺ ɺ ʋʉʃʆɺʀʗʍ ɻʋʇ çʄʆʅɽʊʅʓʁ 

ʑɽɹɽʅʆʏʅʓʁ ɿɸɺʆɼè 

 

ɼʋɹʉʂʀʍ ʖ. ɸ1, ʃɽʃʔ ʖ. ʀ.2, ʉʊʀʍʀʅ ɸ. ɸ.2 
 

1ʆʆʆ çʇʨʦʪʦʣè, ɽʢʘʪʝʨʠʥʙʫʨʛ 
2ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʟʘʨʷʜʦʚ (ʕʉʀ) AVidet ʢʦʤʧʘʥʠʠ AVGroup ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ ɻʋʇ çʄʦʥʝʪʥʳʡ ʱʝʙʝ-

ʥʦʯʥʳʡ ʟʘʚʦʜè. ʇʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʕʉʀ ʠ ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʀʩʢʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʜʦʨʦʞʘʥʠʝ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʕʉʀ ʠʤʝʝʪ ʧʝʨʩʧʝʢ-

ʪʠʚʳ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʘʨʴʝʨʘʭ ʚ ʩʚʷʟʠ ʩ ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʦʡ 

ʤʘʩʩʳ, ʩʥʠʞʝʥʠʝʤ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʠ ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʴʝʨ, ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʚʳʭʦʜ ʥʝʛʘʙʘʨʠʪʘ. 

 

TEST RESULTS OF THE ELECTRONIC CHARGE INITIATION SYSTEM IN THE 

CONDITIONS OF THE STATE UNITARY ENTERPRISE "COIN CRUSHED STONE 

PLANT"  

 

DUBSKIKH YU. A.1, LEL Yu. I.2, STIKHIN A. A.2 

 
1OOO "Protol", Yekaterinburg  

2Ural State Mining University, Yekaterinburg 

 

Annotation. The results of testing the AVGroup AVidet electronic charge initiation system 

(ESI) in the conditions of the GUP "Coin Crushed Stone Plant" quarry are considered. The cost 

of blasting operations using the ASI and the currently used non-electric Spark initiation system 

are compared. It has been established that, despite the increase in the cost of blasting, ESI has 

prospects in domestic quarries due to improved quality of crushing rock mass, reduced seismic 

impact of the explosion and increased productivity of mining equipment. 

 

Keywords: quarry, drilling and blasting, electronic initiation system, granulometric composi-

tion, cost of blasting, oversized output. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʢʘʨʴʝʨʝ ʄʦʥʝʪʥʦʛʦ ʱʝʙʸʥʦʯʥʦʛʦ ʟʘʚʦʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ-

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʚʟʨʳʚʘʥʠʷ ʀʩʢʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʦʥʘʪʦʨʦʚ ʩ ʬʠʢʩʠʨʦʚʘʥ-

ʥʳʤ ʟʥʘʯʝʥʠʝʤ ʟʘʤʝʜʣʝʥʠʷ. ʅʝʜʦʩʪʘʪʦʢ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʛʨʘʥʩʦʩʪʘʚ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʟʨʳʚʦʚ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʘʨʘʤʝʪʨʳ ʨʘʟʚʘʣʘ ʛʦʨʥʦʡ ʤʘʩʩʳ. ʕʪʠ ʧʨʦʙʣʝʤʳ, ʢʘʢ ʧʦʢʘʟʳ-

ʚʘʝʪ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ, ʨʝʰʘʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʟʘʨʷʜʦʚ (ʕʉʀ). ʕʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ AVidet ʢʦʤʧʘʥʠʠ AVGroup ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʦʜʨʷʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʆʆʆ çʇʨʦʪʦʣè ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʳʪʥʦʛʦ 
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ʚʟʨʳʚʘ ʥʘ ʢʘʨʴʝʨʝ ʄʦʥʝʪʥʦʛʦ ʱʝʙʝʥʦʯʥʦʛʦ ʟʘʚʦʜʘ ʚ ʘʚʛʫʩʪʝ 2023 ʛ. ʕʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʚʟʨʳʚʘʥʠʷ AVidet ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʙʦʝʚʠʢʦʚ ʚ ʩʢʚʘʞʠʥʥʳʭ (ʰʧʫʨʦ-

ʚʳʭ) ʟʘʨʷʜʘʭ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʟʘʤʝʜʣʝʥʠʝʤ ʜʝʪʦʥʘʪʦʨʦʚ. ʊʦʯʥʦʩʪʴʶ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

(Ñ0,02 %) ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʟʨʳʚʘʥʠʝ ʩʢʚʘʞʠʥʥʳʭ ʟʘʨʷʜʦʚ ʠ ʚʟʨʳ-

ʚʘʥʠʝ ʟʘʨʷʜʦʚ ʚ ʟʘʞʘʪʦʡ ʩʨʝʜʝ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʦʤʫ ʜʝʪʦʥʘʪʦʨʫ ʤʦʞʥʦ ʟʘʜʘʪʴ ʩʚʦʡ ʧʝʨʠʦʜ 

ʟʘʤʝʜʣʝʥʠʷ ʠ ʤʝʥʷʪʴ ʝʛʦ ʜʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʟʨʳʚʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʚʟʨʳʚʘʥʠʷ, ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʚʘʣ ʩʨʘʙʘʪʳʚʘʥʠʷ, ʜʝʡʩʪʚʠʝ 

AVidet ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʧʨʦʚʝʜʝʥʠʷ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʧʦʟʚʦ-

ʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ ʚʟʨʳʚ ʧʦʵʪʘʧʥʦ. 

ʕʉʀ AVidet ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʝʪʦʥʘʪʦʨʘ, ʤʦʥʪʘʞʥʦʛʦ ʧʨʦʚʦʜʘ, ʨʝʛʠʩʪʨʘ-

ʪʦʨʘ çʃʦʛʛʝʨè, ʚʟʨʳʚʥʦʡ ʤʘʰʠʥʢʠ çɹʣʘʩʪʝʨ 3000è, ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çShot 

Plusè (çOpen Plusè) ʠ ʰʘʰʢʠ ʜʝʪʦʥʘʪʦʨʘ ʇʊ-ʇ500. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʕʉʀ AVidet ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʊʦʯʥʘʷ ʥʘʩʪʨʦʡʢʘ ʠ ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʚʳʙʦʨʘ ʟʘʤʝʜʣʝʥʠʡ (ʦʪ 1 ʤʩ ʜʦ 30 ʩ) 
ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʚʟʨʳʚʳ ʦʪ ʩʘʤʳʭ ʙʳʩʪʨʳʭ ʜʦ ʩʘʤʳʭ ʤʝʜʣʝʥʥʳʭ. 

2. ʆʪʩʫʪʩʪʚʫʝʪ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʩʭʝʤʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʢʣʶ-
ʯʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʜʙʦʷ. 

3. ʂʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʘʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʛʠʣʴʟʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ 

ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʚ ʩʘʤʳʭ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ. 

4. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʶ ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 10 % ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʤʝʥʷʝʤʦʡ ʛʠʣʴʟʦʡ ʠʟ CuZn ʚ ʅʉʀ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʦʚ ʠʟ-

ʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʜʘʨʦʚ. 

5. ʆʙʦʨʫʜʦʚʘʥʠʝ ʕʉʀ ʩʧʦʩʦʙʥʦ ʧʨʦʚʝʨʷʪʴ ʢʘʞʜʳʡ ʜʝʪʦʥʘʪʦʨ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙ-
ʥʦʩʪʴ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʦʪʢʘʟʳ. 

6. ʆʙʦʨʫʜʦʚʘʥʠʝ ʕʉʀ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʚʟʨʳʚʘ ʜʠʩʪʘʥʮʠ-
ʦʥʥʦ. ʆʧʝʨʘʪʦʨ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʜʦ 2000 ʤ ʦʪ ʚʟʨʳʚʥʦʛʦ ʙʣʦʢʘ. 

7. ʇʨʦʛʨʘʤʤʘ çShot Plusè (çOpen Plusè) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʘ-

ʮʠʠ ʧʨʦʝʢʪʘ ʚʟʨʳʚʘ. ʄʦʞʥʦ ʩʦʟʜʘʪʴ ʵʤʧʠʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʚʠʙʨʘʮʠʠ ʦʪ 

ʚʟʨʳʚʘʝʤʦʛʦ ʙʣʦʢʘ, ʢʘʨʪʫ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʚʟʨʳʚʘ 

ʛʨʫʧʧʳ ʩʢʚʘʞʠʥ. 

ʇʘʨʘʤʝʪʨʳ ʚʟʨʳʚʘʝʤʦʛʦ ʙʣʦʢʘ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʕʉʀ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1 ʠ ʥʘ ʨʠʩ. 1. 
ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʚʟʨʳʚʘʝʤʦʛʦ ʙʣʦʢʘ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ  

ʄʦʜʝʣʴ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ  ʉɹʐ-200ʄʅɸ 

ɼʠʘʤʝʪʨ ʩʢʚʘʞʠʥʳ, ʤʤ  220 

ɺʳʩʦʪʘ ʫʩʪʫʧʘ, ʤ   12 

ɺʟʨʳʚʘʝʤʳʝ ʧʦʨʦʜʳ ɻʨʘʥʦʜʠʦʨʠʪʳ  

ʂʨʝʧʦʩʪʴ ʧʦʨʦʜ ʧʦ ʰʢʘʣʝ ʄ.ʄ. ʇʨʦʪʦʜʴʷʢʦʥʦʚʘ 12 

ʂʘʪʝʛʦʨʠʷ ʧʦʨʦʜ ʧʦ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ  IV 

ʂʘʪʝʛʦʨʠʷ ʧʦʨʦʜ ʧʦ ʚʟʨʳʚʘʝʤʦʩʪʠ IV 

ɼʣʠʥʘ ʧʝʨʝʙʫʨʘ, ʤ  2 

ɼʣʠʥʘ ʟʘʙʦʡʢʠ, ʤ  4,5 

ɼʣʠʥʘ ʟʘʨʷʜʘ, ʤ  9,5 

ɺʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ  ʇʨʦʪʦʣʠʪ ʕ-100 

ʇʣʦʪʥʦʩʪʴ ɺɺ, ʛ/ʩʤ3  1,38 

ɺʤʝʩʪʠʤʦʩʪʴ ʩʢʚʘʞʠʥʳ, ʢʛ/ʤ  52,4 

ɺʝʩ ʟʘʨʷʜʘ ʚ ʩʢʚʘʞʠʥʝ, ʢʛ  498,3 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ, ʢʛ/ʤ3  1,5 

ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʩʢʚʘʞʠʥ, ʤĬʤ  5,2Ĭ5,2 

ʆʙʲʝʤ ʧʦʨʦʜʳ ʩʦ ʩʢʚʘʞʠʥʳ, ʤ3  332,2 

ʆʙʲʝʤ ʚʟʨʳʚʥʦʛʦ ʙʣʦʢʘ, ʤ3  26 283 

ʇʨʦʙʫʨʝʥʦ ʩʢʚʘʞʠʥ ʥʘ ʙʣʦʢʝ, ʰʪ.  81 

ʂʦʣʠʯʝʩʪʚʦ ʙʦʝʚʠʢʦʚ, ʰʪ.  2 
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ʈʠʩ. 1. ʇʘʩʧʦʨʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʟʨʳʚʥʦʛʦ ʙʣʦʢʘ ˉ 23-23 

 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕʉʀ. 
 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕʉʀ 

 

ɺ ʪʘʙʣ. 2, 3, 4 ʠ 5  ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʯʝ-

ʩʢʘʷ ʦʮʝʥʢʘ. 
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ʊʘʙʣʠʮʘ 2. ʈʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʥʠ-

ʮʠʠʨʦʚʘʥʠʷ ʟʘʨʷʜʦʚ (ʅʉʀ) çʀʩʢʨʘè 

ʉʪʘʪʴʠ ʟʘʪʨʘʪ 

ɽʜ. 

ʠʟʤʝʨʝʥ

ʠ ̫

ʂʦʣʠʯʝʩʪʚʦ 
ʎʝʥʘ, 

ʨʫʙ. 

ʉʪʦʠʤʦʩʪʴ, ʨʫʙ. 

ʥʘ ʚʟʨʳʚʥʦʡ 

ʙʣʦʢ 

(Vʙʣ  = 26283 ʤ
3) 

ʥʘ 1 ʤ3 

ʕʤʫʣʴʩʠʦʥʥʦʝ ɺɺ ʇʨʦʪʦʣʠʪ ʕ-

100 ʢʛ 39424,5 55 2 168 347,50 82,50 

ʉʨʝʜʩʪʚʘ ʚʟʨʳʚʘʥʠʷ:      

ʪʨʦʪʠʣʦʚʳʝ ʰʘʰʢʠ  ʰʪ. 168 571,0 96 114,14 3,66 

ʅʉʀ-ʩʢʚʘʞ. ï 5 ʤ  ʰʪ. 79 151,2 11 969,44 0,46 

ʅʉʀ-ʩʢʚʘʞ. ï 14 ʤ  ʰʪ. 79 210,41 16 656,69 0,09 

ʅʉʀ-ʩʢʚʘʞ. ï 6 ʤ  ʰʪ. 79 227,20 17 985,83 0,68 

ʅʉʀ-ʩʢʚʘʞ. ï 500 ʤ  ʰʪ. 2,0 5023,50 10 042,00 0,38 

ʆʧʣʘʪʘ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ  60 092,00 2,29 

ɼʦʩʪʘʚʢʘ ʚʟʨʳʚʯʘʪʳʭ ʤʘʪʝʨʠʘʣʦʚ  2 2200,00 0,84 

ʅʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ  367 962,00 14,00 

ʇʣʘʥʠʨʫʝʤʘʷ ʧʨʠʙʳʣʴ  394 245,00 15,00 

ʀʪʦʛʦ: ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ  3 165 619,60 120,44 

 
ʊʘʙʣʠʮʘ 3. ʈʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠʥʠʮʠʠʨʦ-

ʚʘʥʠʷ ʟʘʨʷʜʦʚ (ʕʉʀ) AVidet 

ʉʪʘʪʴʠ ʟʘʪʨʘʪ 

ɽʜ. 

ʠʟʤʝʨʝʥ

ʠ ̫

ʂʦʣʠʯʝʩʪʚʦ  
ʎʝʥʘ, 

ʨʫʙ. 

ʉʪʦʠʤʦʩʪʴ, ʨʫʙ. 

ʥʘ ʚʟʨʳʚʥʦʡ ʙʣʦʢ                              

(Vʙʣ  = 26 283 ʤ
3) 

ʥʘ 1 ʤ3 

ʕʤʫʣʴʩʠʦʥʥʦʝ ɺɺ ʇʨʦʪʦʣʠʪ ʕ-100 ʢʛ 39 424,5 55 2 168 347,50 82,50 

ʉʨʝʜʩʪʚʘ ʚʟʨʳʚʘʥʠʷ:      

ʪʨʦʪʠʣʦʚʳʝ ʰʘʰʢʠ  ʰʪ. 168 571 96 114,14 3,66 

ʕʉʀ-ʩʢʚʘʞ. ï 5 ʤ  ʰʪ. 79 4000 316 000,00 12,02 

ʕʉʀ-ʩʢʚʘʞ. ï 14 ʤ  ʰʪ. 79 4000 316 000,00 12,02 

ʧʨʦʚʦʜ ɺʇ+ʚʳʪʷʞʢʘ 500 ʤ  ʤ 916 42,30 38 763,61 1,47 

ʆʧʣʘʪʘ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ  60 092,00 2,29 

ɼʦʩʪʘʚʢʘ ʚʟʨʳʚʯʘʪʳʭ ʤʘʪʝʨʠʘʣʦʚ  22 200,00 0,84 

ʅʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ  367 962,00 14,00 

ʇʣʘʥʠʨʫʝʤʘʷ ʧʨʠʙʳʣʴ 394 245,00 15,00 

ʀʪʦʛʦ: ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ  3 780 376,21 143,83 

 
ʊʘʙʣʠʮʘ 4. ʈʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʨʘʟʜʝʣʢʠ ʥʝʛʘʙʘʨʠʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠʥʠʮʠʠ-

ʨʦʚʘʥʠʷ ʟʘʨʷʜʦʚ 

ʇʦʢʘʟʘʪʝʣʠ 
ʉʠʩʪʝʤʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʟʘʨʷʜʦʚ 

ʅʉʀ (ʀʩʢʨʘ) ʕʉʀ (AVidet) 

ɺʳʙʦʨ  ʥʝʛʘʙʘʨʠʪʘ, %  4,0 1,5 

ʆʙʲʝʤ ʥʝʛʘʙʘʨʠʪʘ ʧʨʠ ʚʟʨʳʚʘʥʠʠ ʙʣʦʢʘ (Vʙʣ  = 26283 ʤ
3), ʤ3 919,9 394,2 

ʉʪʦʠʤʦʩʪʴ ʨʘʟʜʝʣʢʠ ʥʝʛʘʙʘʨʠʪʘ  ʛʠʜʨʦʤʦʣʦʪʦʤ, ʨʫʙ/ʤ3  56,94 56,94 

ɿʘʪʨʘʪʳ ʥʘ ʨʘʟʜʝʣʢʫ ʥʝʛʘʙʘʨʠʪʘ, ʨʫʙ.  52 382,46 22 449,62 

 
ʊʘʙʣʠʮʘ 5. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʟʘʨʷʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ  

ɻʋʇ çʄʦʥʝʪʥʳʡ ʱʝʙʝʥʦʯʥʳʡ ʟʘʚʦʜè 

ʇʦʢʘʟʘʪʝʣʠ 
ʉʠʩʪʝʤʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʟʘʨʷʜʦʚ 

ʅʉʀ (ʀʩʢʨʘ) ʕʉʀ (AVidet) 

ʉʪʦʠʤʦʩʪʴ, ʨʫʙ.:   

ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ 3 165 619,60 3 780 376,21 

ʨʘʟʜʝʣʢʠ ʥʝʛʘʙʘʨʠʪʘ  52 382,46 22 449,62 

ʉʪʦʠʤʦʩʪʴ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʩ ʫʯʝʪʦʤ ʨʘʟʜʝʣʢʠ ʥʝʛʘʙʘʨʠʪʘ :   

ʨʫʙ.  3 218 002,06 3 802 825,83 

ʨʫʙ/ʤ3  122,44 144,69 

%  100 118,2 
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ɺʳʚʦʜʳ  

1. ʇʨʠʤʝʥʝʥʠʝ ʕʉʀ ʧʨʠʚʦʜʠʪ ʢ ʫʜʦʨʦʞʘʥʠʶ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʥʘ 18,2 %. ʕʪʦ ʚ 
ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʢʦʤʧʦʥʝʥʪʦʚ ʟʘʨʫʙʝʞʥʦʡ ʩʠʩʪʝʤʳ.  

ʉʪʦʠʤʦʩʪʴ ʠʭ ʚ 15,8 ʨʘʟ ʚʳʰʝ ʩʪʦʠʤʦʩʪʠ ʩʨʝʜʩʪʚ ʚʟʨʳʚʘʥʠʷ ʅʉʀ ʀʩʢʨʘ. ɽʩʣʠ ʩʨʝʜʩʪʚʘ 

ʚʟʨʳʚʘʥʠʷ ʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʅʉʀ ʀʩʢʨʘ ʩʦʩʪʘʚʣʷʝʪ 1,3 %, ʪʦ ʚ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʕʉʀ AVi-

det ï 25,4 %. 

2. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕʉʀ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ ʟʘʨʷʞʘʥʠʷ ʚʟʨʳʚʥʦʛʦ ʙʣʦʢʘ, 
ʪʘʢ ʢʘʢ ʧʦʩʣʝ ʟʘʨʷʞʘʥʠʷ ʢʘʞʜʳʡ ʜʝʪʦʥʘʪʦʨ ʧʦʜʚʝʨʛʘʣʩʷ ʧʨʦʚʝʨʢʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʪʩʫʪ-

ʩʪʚʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʭʝʤʳ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʦʙʣʝʛʯʘʝʪ ʤʦʥʪʘʞ ʩʢʚʘʞʠʥ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʕʉʀ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ (ʚʳʭʦʜ ʥʝʛʘ-
ʙʘʨʠʪʘ ʩʦʢʨʘʱʘʝʪʩʷ ʚ 2,7 ʨʘʟʘ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʦʨʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ɼʉʂ. 

4. ʕʉʀ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ ʚ 1,5ï2,0 ʨʘʟʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʜʝʥʠʷ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʚ ʢʘʨʴʝʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

5. ʇʨʠʤʝʥʝʥʠʝ ʕʉʀ ʧʦʟʚʦʣʷʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ɹɺʈ (ʫʚʝʣʠʯʠʚʘʪʴ 
ʩʝʪʢʫ ʩʢʚʘʞʠʥ) ʙʝʟ ʩʥʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʨʦʙʣʝʥʠʷ. 

6. ɺ ʮʝʣʦʤ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʕʉʀ ʥʘ ʢʘʨʴʝʨʝ ʄʦʥʝʪʥʦʛʦ ʱʝʙʝʥʦʯʥʦʛʦ ʟʘʚʦʜʘ 
ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʆʥ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʚʥʝʜʨʝʥʠʷ ʙʦʣʝʝ ʜʝʰʝʚʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʩʠʩʪʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʕʉʀ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʵʪʘʧʦʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ɹɺʈ, 

ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʥʝʜʨʝʥʠʝ ʕʉʀ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘ ʢʘʨʴʝʨʘʭ ʩ ʙʦʣʴʰʦʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʛʦʨʥʦʡ ʤʘʩʩʝ, ʠʤʝʶʱʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʚʟʨʳʚʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ. 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʉʆɺʈɽʄɽʅʅʆʁ ɹʋʈʆɺʆʁ ʊɽʍʅʀʂʀ  

ɼʃʗ ʆʊʂʈʓʊʓʍ ɻʆʈʅʓʍ ʈɸɹʆʊ 

 
ʈɽɻʆʊʋʅʆɺ ɸ. ʉ. 

 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʤʦʜʝʣʝʡ ʙʫʨʦʚʦʡ ʪʝʭʥʠʢʠ ʰʘʨʦʰʝʯʥʦʛʦ ʠ ʫʜʘʨʥʦ-ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʦʩʩʠʡʩʢʦʛʦ 

ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʢʘʨʴʝʨʘʭ ʈʦʩʩʠʠ ʠ 

ʉʅɻ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʪʝʭʥʠʢʠ. ɺ ʮʝʣʷʭ 

ʥʘʠʙʦʣʴʰʝʡ ʘʜʘʧʪʘʮʠʠ ʢ ʩʣʦʞʠʚʰʠʤʩʷ ʫʩʣʦʚʠʷʤ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʢʘʨʴʝʨʘʭ ʦʙʦ-

ʟʥʘʯʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʘʧʪʘʮʠʷ, ʢʘʨʴʝʨ, ʰʘʨʦʰʝʯʥʦʝ ʙʫʨʝʥʠʝ, ʫʜʘʨʥʦ-ʚʨʘʱʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ 

ʙʫʨʝʥʠʷ, ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

 

COMPARATIVE ANALYSIS OF MODERN DRILLING EQUIPMENT FOR OPEN -

PIT MINING  

 
REGOTUNOV A. S. 

 

Institute of Mining of the Ural Branch of RAS, Ekaterinburg 

 

Abstract. The article presents the results of a comparative analysis of common models of drill-

ing equipment of spherical and impact-rotational action of Russian and foreign production, cur-

rently used in quarries in Russia and the CIS. The advantages and disadvantages of the consid-

ered technique are formulated. In order to best adapt to the prevailing conditions of mining 

operations in quarries, the main directions for improving domestic drilling equipment are out-

lined. 

 

Keywords: adaptation, quarry, roller drilling, down-the-hole drilling method, technical indica-

tors. 

 

ʇʨʠ ʦʩʚʦʝʥʠʠ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝ-

ʤʳʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʙʫʨʝʥʠʝ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ ʰʘʨʦʰʝʯʥʳʤʠ ʙʫʨʦʚʳʤʠ ʩʪʘʥ-

ʢʘʤʠ. ɺ ʈʦʩʩʠʠ ʠ ʉʅɻ ʦʙʲʝʤ ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 90 % ʠ ʚ ʧʝʨʩʧʝʢ-

ʪʠʚʝ ʫʢʘʟʘʥʥʳʡ ʩʧʦʩʦʙ ʙʫʨʝʥʠʷ ʩʦʭʨʘʥʠʪ ʩʚʦʠ ʧʦʟʠʮʠʠ ʥʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ. 

ɺ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʚʚʝʜʝʥʥʳʭ ʟʘʧʘʜʥʳʤʠ ʩʪʨʘʥʘʤʠ, ʚ ʙʣʠ-

ʞʘʡʰʝʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʘʜʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʰʘʨʦʰʝʯʥʳʭ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ ʧʦ ʪʝʭ-

ʥʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ, ʧʨʝʚʦʩʭʦʜʷʱʝʤʫ ʟʘʨʫʙʝʞʥʫʶ ʙʫʨʦʚʫʶ ʪʝʭʥʠʢʫ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʥʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʠ ʷʚʣʝ-

ʥʠʷ, ʩʪʨʝʤʷʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʩʪʨʘʥʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʫʩʪʘʨʝʚʰʝʡ ʪʝʭʥʠʢʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʥʦʚʳʭ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ ʢ ʩʣʦʞʠʚʰʠʤʩʷ ʫʩʣʦʚʠʷʤ ʥʘ ʢʘʨʴʝʨʘʭ 

[1-2].  
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ʊʘʙʣʠʮʘ 1 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʰʘʨʦʰʝʯʥʳʭ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ ʜʣʷ ʙʫʨʝʥʠʷ ʥʘ ʢʘʨʴʝʨʘʭ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉɹʐ-250ʄʅɸ-

32  (ʉɹʐ250ʄʅ) 

ʉɹʐ-250ʄʅɸ-32 

ʂʇ 

ʉɹʐ -270ʀɿ SWDRT250 

 

KY -200B 

 

DML  Pit Viper  

270 

ɿʘʚʦʜ ʠʟʛʦʪʦʚʠʪʝʣʴ 
ʆɸʆ çʈʫʜʛʦʨʤʘʰè 

(ʈʦʩʩʠʷ) 

ʆɸʆ çʀʞʦʨʩʢʠʝ 

ʟʘʚʦʜʳè 

(ʈʦʩʩʠʷ) 

SUNWARD 

(ʂʠʪʘʡ) 

FIELDCHIEF 

(ʂʠʪʘʡ) 

EPIROC 

(ʐʚʝʮʠʷ) 

ɼʠʘʤʝʪʨ ʩʢʚʘʞʠʥʳ, 

ʤʤ 

244,5;269,9 250;270;311 250;270 220-270 150-200 170-270 200-270 

ɼʣʠʥʘ ʰʪʘʥʛʠ, ʤ 8 18 11 10  9,1/10,7 12,2/16,76 

ɻʣʫʙʠʥʘ ʙʫʨʝʥʠʷ, ʤ 32 34 32 48 17 54,9 ʠʣʠ 53,3 60 ʠʣʠ 30 

ʋʩʠʣʠʝ ʧʦʜʘʯʠ, ʢʅ 300 350 450 220-290 

(ʝʩʪʴ ʧʥʝʚʤʦʫʜʘʨʥʦʝ 

ʙʫʨʝʥʠʝ) 

160 272 340 

ʉʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ ʙʫ-

ʨʦʚʦʛʦ ʩʥʘʨʷʜʘ, 

ʤ/ʤʠʥ 

15 24 16 63 20 0-62,5 0-48,2 

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, 

ʦʙ/ʤʠʥ/ʤʦʤʝʥʪ ʚʨʘ-

ʱʝʥʠʷ,ʢʅʤ 

0-120/10 0-120/13 0-120/13 0-120 0-120 0-105/ 12,2; 

105-160 /7, 

0-150/ 11,8 

ʇʦʜʘʯʘ ʢʦʤʧʨʝʩ-

ʩʦʨʘ,ʤ3 /ʤʠʥ 

32 50 38 36 32 34,0;45,3;53,8 53,8 

ɼʠʟʝʣʴʥʳʡ ʧʨʠʚʦʜ ʥʝʪ ʥʝʪ ʥʝʪ ʜʘ ʜʘ ʜʘ ʜʘ 

ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʝʩʪʴ ʝʩʪʴ ʝʩʪʴ ʥʝʪ ʥʝʪ ʅʝʪ ʥʝʪ 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝ-

ʥʠʷ, ʢʤ/ʯʘʩ 

1,8 1,8 1,5 2 1 0-2,7 0-1,8 

ʅʘʧʨʘʚʣʝʥʠʝ ʙʫʨʝʥʠʷ 

ʢ ʚʝʨʪʠʢʘʣʠ, ʛʨʘʜʫʩ 

0;15;30 0;15;30 0;15;30 60-90 90 0-30ʦ 0-30ʦ 

ʄʘʩʩʘ ʩʪʘʥʢʘ,ʪ 80 110 136 55-60 48 50 80 
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ʊʘʙʣʠʮʘ 2 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʩʪʘʥʢʦʚ ʫʜʘʨʥʦ-ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ ʙʫʨʝʥʠʷ ʥʘ ʢʘʨʴʝʨʘʭ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ D545 ECD-45E CM358A (D) JD-800 ER KL511 KT11S ɹʫʨʘʥ 1 ɹʫʨʘʥ 1ɸ ʉɹʋ-100ɻɸ-50 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ ZEGA 

(ʂʅʈ) 

EVERDIGM 

(ʖ. ʂʦʨʝʷ) 

JINKE 

(ʖ. ʂʦʨʝʷ) 

JUNJIN 

(ʖ. ʂʦʨʝʷ) 

KAISHAN 

(ʖ. ʂʦʨʝʷ) 

KAISHAN 

(ʖ. ʂʦ-

ʨʝʷ) 

ɸʤʫʨʩʢʠʡ ʤʝʪʘʣʣʠʩʪ 

(ʈʦʩʩʠʷ) 

ʂʄʆ 

(ʈʦʩʩʠʷ) 

ʏʘʩʪʦʪʘ ʫʜʘʨʦʚ, ɻʮ 43 50 50 33-50 41 40 23 23 22-25 

ʄʦʱʥʦʩʪʴ ʫʜʘʨʘ, 

ʢɺʪ 

25 21 20 20 23,4 23 13,6 13,6 2,8 -4 

ɼʠʘʤʝʪʨ ʙʫʨʝʥʠʷ 

(ʤʤ) 

90-130 76 -115 90-165 65-102 76-127 105-125 130-165 155-185 110-130 

ʏʘʩʪʦʪʘ ʚʨʘʱʝ-

ʥʠʷ, ʦʙ/ʤʠʥ 

0-105 140 100 190 130 63 20-30 20-30 46 

ʂʨʫʪʷʱʠʡ ʤʦ-

ʤʝʥʪ, ʢʅʤ 

2,8 - 4,5 0,862 1,59 2,8 3,5 9 0,83 

ʆʩʝʚʦʝ ʫʩʠʣʠʝ, ʢʅ 15 - 30 - 19 32 39 40 1-6 

ɻʣʫʙʠʥʘ ʙʫʨʝʥʠʷ, 

ʤ 

20 22 40 19 22 18 20 25 50 

ɼʚʠʛʘʪʝʣʴ Cummins Cummins Cummins Cummins Caterpillar 

C7 

Cummins Cummins, 

ʉaterpillar 

Cummins 

ʉaterpillar 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 

ʄʘʩʩʘ, ʪ 11,3 14,81 6,1 11,9 15 14,6 21 23 5 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝ-

ʱʝʥʠʷ, ʢʤ/ʯ 

3 3,5 2 3,8 3,5 2,2 2 2 0,8 

ɻʘʙʘʨʠʪʳ, ʤʤ: 

ɼʣʠʥʘ 

ɺʳʩʦʪʘ 

ʐʠʨʠʥʘ 

 

 

7550 

2500 

3060 

 

9290 

2860 

2305 

 

6900 

2200 

2200 

 

 

8680 

2860 

2470 

 

11100 

2520 

3320 

 

9300 

2580 

3000 

 

10500 

3200 

4100 

 

11500 

3000 

3400 

 

4350 

2286 

2220 

 



 

88 

ɸʥʘʣʠʟ ʪʘʙʣ. 1. ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʙʫʨʦʚʦʡ ʪʝʭʥʠʢʦʡ 

ʟʘʨʫʙʝʞʥʳʝ ʩʪʘʥʢʠ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʩʢʦʨʦʩʪʠ ʩʧʫʩʢʦ - ʧʦʜʲʝʤʥʳʭ ʦʧʝ-

ʨʘʮʠʡ (ʚ 3-3,5 ʨʘʟʘ), ʧʝʨʝʜʚʠʞʝʥʠʷ ʩʪʘʥʢʘ (ʚ 1,5 -2 ʨʘʟʘ). ʂʦʥʩʪʨʫʢʮʠʷ ʤʘʯʪʳ ʦʪʢʨʳʪʦʛʦ 

ʪʠʧʘ ʩ ʚʝʨʭʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʨʘʱʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʰʪʘʥʛʠ ʙʦʣʴʰʦʡ ʜʣʠʥʳ, 

ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʷʝʪ ʦʙʫʨʠʚʘʪʴ ʚʳʝʤʦʯʥʳʝ ʙʣʦʢʘ ʙʝʟ ʥʘʨʘʱʠʚʘʥʠʷ ʩʪʘʚʘ.  

ʉʦʚʨʝʤʝʥʥʳʡ ʟʘʨʫʙʝʞʥʳʡ ʩʪʘʥʦʢ ʠʤʝʝʪ ʛʠʜʨʦʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʠʚʦʜʳ, ʤʦʱʥʳʡ 

ʢʦʤʧʨʝʩʩʦʨ, ʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʙʫ-

ʨʝʥʠʷ, ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʘʛʨʝʛʘʪʦʚ ʩʪʘʥʢʘ, ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʩʧʦʣʥʝʥʠʝ ʩʪʘʥʢʘ, ʢʘʢ ʩ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ, ʪʘʢ ʠ ʩ ʜʠʟʝʣʴʥʳʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʪʘʥʢʠ ʟʘʨʫʙʝʞʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʦʩʦʙʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʘʨʦʰʝʯʥʦʛʦ, 

ʫʜʘʨʥʦ-ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʛʠʜʨʦʫʜʘʨʥʦʛʦ ʩʧʦʩʦʙʦʚ. ʅʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ ʜʣʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʟʘʦʪʢʦʩʥʳʭ ʨʘʙʦʪ, ʜʨʦʙʣʝʥʠʷ ʥʝʛʘʙʘʨʠʪʘ, ʩʦʟʜʘʥʠʷ ʵʢʨʘʥʠʨʫʶʱʠʭ ʱʝʣʝʡ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʙʫʨʦʚʳʝ ʩʪʘʥʢʠ ʫʜʘʨʥʦ-ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ. ɸʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʫʢʘʟʘʥʥʳʭ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʪʘʙʣ. 2) ʧʦʢʘʟʘʣ, 

ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʥʘ ʢʘʨʴʝʨʘʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʶʞʥʦ-ʢʦʨʝʡʩʢʦʛʦ ʠ 

ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʤʦʙʠʣʴʥʳ, ʥʦ ʠ ʦʙʣʘʜʘʶʪ ʥʝʙʦʣʴʰʠʤʠ ʛʘʙʘʨʠʪʘʤʠ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. ɺʩʷ ʙʫʨʦʚʘʷ ʪʝʭʥʠʢʘ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʬʠʮʠʨʦ-

ʚʘʥʥʦʡ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫ-

ʯʘʝʚ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʥʘʣʠʯʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʰʪʘʥʛ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʜʠ-

ʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʦʜʝʣʠ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ ʷʚʣʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʘʥʘʣʦʛʘʤʠ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ Sandvik, EPIROC ʠ ʜʨʫʛʠʭ ʟʘʧʘʜʥʳʭ ʬʠʨʤ, ʠ ʧʨʦʠʟʚʦ-

ʜʷʪʩʷ ʧʦ ʣʠʮʝʥʟʠʷʤ, ʧʨʠʦʙʨʝʪʝʥʥʳʤ ʫ ʵʪʠʭ ʢʦʤʧʘʥʠʡ. ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʫʩʪʫʧʘʶʪ 

ʟʘʨʫʙʝʞʥʳʤ ʦʙʨʘʟʮʘʤ ʧʦ ʫʜʘʨʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ, ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʧʥʝʚʤʦʫʜʘʨ-

ʥʠʢʘʭ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʙʫʨʦʚʳʭ ʩʪʘʥʢʘʭ ʜʦ 2,5 - 3,0 ʙʘʨ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʫʨʝʥʠʷ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʙʫʨʦʚʳʭ ʢʦʨʦʥʦʢ ʚ 3-5 ʨʘʟ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʫʜʘʨʥʳʤʠ ʤʘʰʠʥʘʤʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (0,5-0,7 ʙʘʨ). ʅʝʦʙʭʦʜʠʤʘʷ ʫʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ 

ʰʪʳʨʴ ʜʣʷ ʦʙʲʝʤʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 46,1 ɼʞ [3]. ʕʪʦ 

ʦʙʝʩʧʝʯʠʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʠ ʰʧʫʨʦʚ ʚ ʩʢʘʣʴ-

ʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ.  

ɸʥʘʣʠʟ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʩʪʘʥʢʦʚ ʚ ʦʜʠʥʘʢʦʚʳʭ ʛʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʣ, ʯʪʦ,  ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʩʤʝʥʥʦʡ  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ, ʜʦʩʪʠʛʘʝʤʳʡ  ʟʘʨʫʙʝʞʥʳʤʠ   ʤʘʰʠ-

ʥʘʤʠ, ʦʥʠ  ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʨʘʩʭʦʜʫ ʥʘ ʦʙʫʨʠʚʘʥʠʝ 1 ʤ3 ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʚ 

ʫʩʣʦʚʠʷʭ ʢʨʫʧʥʳʭ ʢʘʨʴʝʨʦʚ [4].  

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʡ ʰʘʨʦʰʝʯʥʦʡ ʙʫʨʦʚʦʡ ʪʝʭʥʠʢʝ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ ʝʝ ʘʜʘʧʪʘʮʠʠ ʢ 

ʩʣʦʞʠʚʰʠʤʩʷ ʫʩʣʦʚʠʷʤ ʥʘ ʢʘʨʴʝʨʘʭ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʝʛʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʤʘʩʩʳ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ; ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ; ʙʣʦʯʥʦ-ʤʦʜʫʣʴ-

ʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʫʧʨʦʱʝʥʠʷ ʜʦʩʪʘʚʢʠ ʚ ʨʘʟʦʙʨʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ; 

ʚʥʝʜʨʝʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʣʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ; ʚʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʣʦʢʘʣʴʥʳʭ ʙʣʦʢʘʭ; ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʚʳʥʦʩʘ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫ-

ʰʝʥʠʷ ʩ ʟʘʙʦʷ ʩʢʚʘʞʠʥʳ; ʚʥʝʜʨʝʥʠʝ ʧʨʠʙʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʜʝ-

ʪʘʣʝʡ ʠ ʫʟʣʦʚ ʤʘʰʠʥʳ; ʛʠʜʨʦʬʠʢʘʮʠʷ ʦʩʥʦʚʥʳʭ ʧʨʠʚʦʜʦʚ ʩʪʘʥʢʘ; ʨʘʟʨʘʙʦʪʢʘ ʙʫʨʦʚʳʭ ʩʪʘʥ-

ʢʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʫʩʣʦʚʠʡ ʜʦʙʳʯʠ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʷʭ; ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ; ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʘ (ʤʘʛʥʠʪʦʩʪʨʠʢʪʦʨʘ ʚʳʩʦʢʦʯʘ-

ʩʪʦʪʥʦʡ ʚʠʙʨʘʮʠʠ (100-400 ɻʮ); ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʝʨʤʦʤʝʭʘ-

ʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʘʙʦʡ ʩʢʚʘʞʠʥʳ; ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʘʜʜʦʣʦʪʥʳʭ ʠʣʠ 

ʥʘʜʰʪʘʥʛʦʚʳʭ ʘʤʦʨʪʠʟʘʪʦʨʦʚ; ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʦʧʦʨ  ʥʘ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝ-

ʥʠʷ ʙʫʨʦʚʦʛʦ ʜʦʣʦʪʘ (ʙʦʣʝʝ 220 ʦʙ/ʤʠʥ).  



 

89 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʫʨʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʢʘʨʴʝʨʘʭ ʈʦʩʩʠʠ ʠ ʉʅɻ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʙʫʨʝʥʠʷ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ ʧʨʦʠʟ-

ʚʦʜʠʪʩʷ ʰʘʨʦʰʝʯʥʳʤʠ ʙʫʨʦʚʳʤʠ ʩʪʘʥʢʘʤʠ. ʅʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣ ʩʪʘʥʦʢ ʦʪʝ-

ʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʠʧʘ ʉɹʐ-250ʄʅ.  ɺ ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʥʘ ʢʘʨʴʝʨʘʭ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʩʪʘʥʢʠ ʫʜʘʨʥʦ-ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʉʦʚʨʝʤʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʫʩʪʫʧʘʝʪ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ, ʘ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʦʪʚʝʯʘʶʪ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ ʩʣʦʞʠʚʰʠʤʩʷ ʫʩʣʦʚʠʷʤ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʢʘʨʴʝʨʘʭ. ʕʪʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦ 

ʫʜʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʪʝʭʥʠʢʘ ʥʝ ʫʩʪʫʧʘʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʟʘʨʫʙʝʞʥʳʤ ʦʙʨʘʟ-

ʮʘʤ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʤʦʩʪʴ ʠʤʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ. 

ɼʣʷ ʫʢʨʫʧʥʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʙʫʨʦʚʦʡ ʪʝʭʥʠʢʠ ʚ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʫʩʣʦʚʠʷʭ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʚʠʯʥʳʝ ʦʮʝʥʦʯʥʳʝ ʧʦʢʘʟʘ-

ʪʝʣʠ, ʫʢʘʟʘʥʥʳʝ ʚ ʨʝʢʣʘʤʥʳʭ ʢʘʪʘʣʦʛʘʭ. ʀʪʦʛʦʚʳʡ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʤʦʜʝʣʠ ʙʫ-

ʨʦʚʦʡ ʪʝʭʥʠʢʠ ʜʣʷ ʠʤʝʶʱʠʭʩʷ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʀɻɼ ʋʨʆ ʈɸʅ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ075-00412-22 ʇʈ, 

ʪʝʤʳ 1 (2022-2024): ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʪʨʘʪʝʛʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʟʘʧʘʩʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ (FUWE-2022-0005), ʨʝʛ. ˉ1021062010531-8-1.5.1. 
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ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʪʨʝʭʦʩʥʳʝ ʢʘʨʴʝʨʥʳʝ ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 

30-90 ʪʦʥʥ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʪʠʭ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʝʠʤʫʱʝ-

ʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʚʫʭʦʩʥʳʤʠ ʢʘʨʴʝʨʥʳʤʠ ʘʚʪʦʩʘʤʦʩʚʘʣʘʤʠ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʩʝʛʦʜʥʷ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʢʘʨʴʝʨʳ, ʪʨʝʭʦʩʥʳʝ ʢʘʨʴʝʨʥʳʝ ʘʚ-

ʪʦʩʘʤʦʩʚʘʣʳ, ʚʥʝʜʦʨʦʞʥʳʝ ʩʘʤʦʩʚʘʣʳ, ʜʚʫʭʦʩʥʳʝ ʢʘʨʴʝʨʥʳʝ ʩʘʤʦʩʚʘʣʳ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʘʨʳ. 

 

PROSPECTS FOR USE IN MINING ENTERPRISES OF THREE-AXLE DUMP 

TRUCKS WITH A LIFTING CAPACITY OF 30 -90 TONS 

 
FROLOV S. G., SANDRIGAILO I. N., AREFYEV S. A., OVCHINNIKOVA T. V. 

 

Ural State Mining University, Ekaterinburg 

 

Abstract. The article describes three-axle dump trucks with a lifting capacity of 30-90 tons, the 

use of which is advisable in the development of many mineral deposits. The main parameters of 

these machines are given, as well as their advantages and disadvantages in comparison with two-

axle dump trucks of traditional design used today in mining enterprises. 

 

Keywords: mineral deposits, quarries, three-axle dump trucks, off-road dump trucks, two-axle 

dump trucks of traditional design, tare coefficient. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʛʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʩʝ ʰʠʨʝ ʠʩʧʦʣʴʟʫʶʪ ʪʨʝʭʦʩʥʳʝ ʢʘ-

ʨʴʝʨʥʳʝ ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 30-90 ʪʦʥʥ. ʕʪʠ ʤʘʰʠʥʳ ʠʤʝʶʪ ʦʩʦʙʦ ʧʨʦʯ-

ʥʫʶ ʫʩʠʣʝʥʥʫʶ ʨʘʤʫ, ʩʧʝʮʠʘʣʴʥʳʝ ʤʦʩʪʳ ʠ ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ, ʢʫʟʦʚʘ ʦʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʘʤʦʩʚʘʣʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʥʘ ʩʪʨʦʡʢʘʭ, ʨʘʟʤʝʨʳ.  

ɺ ʂʠʪʘʝ, ʛʜʝ ʦʥʠ ʧʦʣʫʯʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʠʭ ʥʘʟʳʚʘʶʪ ʰʠʨʦʢʦʬʶ-

ʟʝʣʷʞʥʳʤʠ ʢʘʨʴʝʨʥʳʤʠ ʩʘʤʦʩʚʘʣʘʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʠʤʝʶʪ ʙʝʩʢʘʧʦʪʥʫʶ ʢʦʤʧʦ-

ʥʦʚʢʫ ʩ ʦʜʥʦʤʝʩʪʥʦʡ ʢʘʙʠʥʦʡ, ʩʤʝʱʝʥʥʦʡ ʥʘ ʣʝʚʫʶ ʩʪʦʨʦʥʫ, ʥʦ ʝʩʪʴ ʠ ʤʦʜʝʣʠ ʩ ʢʘʧʦʪʦʤ. 

ʅʘʜ ʢʘʙʠʥʦʡ ʥʘʭʦʜʠʪʩʷ ʙʦʣʴʰʦʡ ʟʘʱʠʪʥʳʡ ʢʦʟʳʨʝʢ.  

ʀʤʝʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʦʪ 30 ʜʦ 90 ʪʦʥʥ, ʪʘʢʠʝ ʤʘʰʠʥʳ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʜʝʰʝʚʣʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʦʱʥʳʝ ʜʚʫʭʦʩʥʳʝ ʢʘʨʴʝʨʥʳʝ 

ʩʘʤʦʩʚʘʣʳ. 

ʉʝʛʦʜʥʷ ʰʠʨʦʢʦʬʶʟʝʣʷʞʥʳʝ ʩʘʤʦʩʚʘʣʳ ʧʨʦʠʟʚʦʜʷʪ ʢʨʫʧʥʳʝ ʢʠʪʘʡʩʢʠʝ ʢʦʤʧʘʥʠʠ 

LGMG, LiuGong, SANY, TONLY, XCMG, Weichai, Zoomlion ʠ ʜʨʫʛʠʝ. ʆʙʲʝʤ ʠʭ ʧʨʦʜʘʞ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ ʢʠʪʘʡʩʢʦʤ ʨʳʥʢʝ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʈʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ ʪʘʢʠʤ ʤʘʰʠʥʘʤ ʠ 

ʚ ʈʦʩʩʠʠ. ɺʩʝʛʦ ʟʘ ʧʷʪʴ ʣʝʪ ʠʤʧʦʨʪ ʪʨʸʭʦʩʥʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʚ 

ʈʦʩʩʠʡʩʢʫʶ ʌʝʜʝʨʘʮʠʶ ʫʚʝʣʠʯʠʣʩʷ ʚ ʧʷʪʴ ʨʘʟ.  
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ʇʨʠʯʝʤ ʧʦʩʪʘʚʣʷʝʤʳʝ ʥʘ ʨʦʩʩʠʡʩʢʠʝ ʛʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʤʘʰʠʥʳ ʠʟʥʘʯʘʣʴʥʦ ʘʜʘʧ-

ʪʠʨʦʚʘʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʭʦʣʦʜʥʦʤ ʢʣʠʤʘʪʝ. ʂʘʙʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦ ʫʪʝʧʣʷʶʪ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ. ɽʩʪʴ ʚʦʟʜʫʰʥʳʡ ʦʪʦʧʠʪʝʣʴ ʩʘʣʦʥʘ. ʏʪʦʙʳ ʜʚʠʛʘʪʝʣʠ ʙʝʟ ʧʨʦʙʣʝʤ ʟʘʚʦʜʠʣʠʩʴ 

ʚ ʤʦʨʦʟʳ, ʠʭ ʦʙʦʨʫʜʫʶʪ ʧʨʝʜʧʫʩʢʦʚʳʤʠ ʧʦʜʦʛʨʝʚʘʪʝʣʷʤʠ. ʄʘʰʠʥʳ ʦʙʦʨʫʜʦʚʘʥʳ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʤ ʦʙʦʛʨʝʚʦʤ ʩʪʸʢʦʣ ʢʘʙʠʥʳ ʠ ʧʦʜʦʛʨʝʚʦʤ ʦʙʦʠʭ ʟʝʨʢʘʣ ʟʘʜʥʝʛʦ ʚʠʜʘ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʤʠ 

ʦʧʮʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʩʘʤʳʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʃʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʚ ʧʦʩʪʘʚʢʘʭ ʪʨʝʭʦʩʥʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʚ ʈʦʩʩʠʶ 

ʟʘʥʠʤʘʶʪ ʢʦʤʧʘʥʠʠ LGMG, SANY ʠ TONLY.  

ʊʘʢ ʜʦʣʷ ʢʦʤʧʘʥʠʠ Lingong Heavy Maschinery Co., Ltd., (ʠʣʠ ʩʦʢʨʘʱʝʥʥʦ LGMG) ʩʦ-

ʩʪʘʚʣʷʝʪ ʩʝʛʦʜʥʷ 30% ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʧʨʦʜʘʞ. ʇʝʨʚʳʝ ʩʘʤʦʩʚʘʣʳ ʙʳʣʠ ʚʳʧʫʱʝʥʳ ʚ 2010 

ʛʦʜʫ, ʘ ʫʞʝ ʩ 2015 ʛʦʜʘ ʤʘʰʠʥʳ ʢʦʤʧʘʥʠʠ LGMG ʧʦʩʪʘʚʣʷʶʪʩʷ ʥʘ ʨʳʥʦʢ ʈʦʩʩʠʠ. ʄʦʜʝʣʴ-

ʥʳʡ ʨʷʜ ʪʨʝʭʦʩʥʳʭ ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ʜʘʥʥʦʛʦ ʙʨʝʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥ 12 ʤʦʜʝʣʷʤʠ ʛʨʫʟʦ-

ʧʦʜʲʝʤʥʦʩʪʴʶ ʦʪ 35 ʜʦ 90 ʪʦʥʥ.   

ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ ʈʦʩʩʠʠ ʪʨʝʭʦʩʥʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘ-

ʣʦʚ ʢʦʤʧʘʥʠʠ LGMG, ʷʚʣʷʶʪʩʷ ʤʘʰʠʥʳ ʤʦʜʝʣʝʡ MT96H ʠ CMT66. 

 ʂʘʨʴʝʨʥʳʡ ʘʚʪʦʩʘʤʦʩʚʘʣ LGMG ʤʦʜʝʣʠ MT96H ʠʤʝʝʪ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ 65 ʪʦʥʥ.  

ɺʤʝʩʪʠʪʝʣʴʥʦʩʪʴ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʢʫʟʦʚʘ ʩʦʩʪʘʚʣʷʝʪ 38 ʤ3, ʘ ʩʢʘʣʴʥʦʛʦ ð 33 ʤ3. ʄʘʩʩʘ 

ʤʘʰʠʥʳ 34 ʪʦʥʥʳ. ʂʘʙʠʥʘ ʙʝʩʢʘʧʦʪʥʘʷ. ɼʚʠʛʘʪʝʣʴ Weichai ʨʷʜʥʳʡ, ʰʝʩʪʠʮʠʣʠʥʜʨʦʚʳʡ, ʩ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʧʨʳʩʢʦʤ, ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʪʫʨʙʦʥʘʜʜʫʚʦʤ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ. ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʨʘʚʥʘ 530 ʣ.ʩ. ʘ ʦʙʲʝʤ 12,5 ʣ. ʇʨʠ 2100 ʦʙ/ʤʠʥ ʤʘʢʩʠ-

ʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʜʦʩʪʠʛʘʝʪ 2300 ʅʤ. ɺʦʟʤʦʞʥʘ ʢʦʤʧʣʝʢʪʘʮʠʷ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʢʦʨʦʙʢʦʡ ʧʝʨʝʜʘʯ ʦʪ ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ Shaanxi Fast Gear ʠʣʠ ʧʦ ʞʝʣʘʥʠʶ ʟʘʢʘʟʯʠʢʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ. ʄʦʩʪʳ ʧʦʩʪʘʚʣʷʝʪ ʢʦʤʧʘʥʠʷ Shandong Pengxiang Automobile, ʥʦ ʦʪʜʝʣʴ-

ʥʳʝ ʩʘʤʦʩʚʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʫʢʦʤʧʣʝʢʪʦʚʘʥʳ ʧʨʦʜʫʢʮʠʝʡ ʟʘʚʦʜʘ Shaanxi Hande Axle 

(Weichai Group).  

ʉʫʱʝʩʪʚʫʝʪ ʤʦʜʠʬʠʢʘʮʠʷ ʜʘʥʥʦʛʦ ʘʚʪʦʩʘʤʦʩʚʘʣʘ MT106H ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʜʦ 70 ʪʦʥʥ 

ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴʶ ʠ ʦʙʲʸʤʦʤ ʢʫʟʦʚʘ 49 ʤ3. ʕʪʘ ʤʘʰʠʥʘ ʢʦʤʧʣʝʢʪʫʝʪʩʷ ʫʩʠʣʝʥʥʳʤʠ ʤʦ-

ʩʪʘʤʠ ʠ ʧʝʨʝʜʥʝʡ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʧʦʜʚʝʩʢʦʡ.  

ɼʨʫʛʦʡ ʧʦʧʫʣʷʨʥʳʡ ʢʘʨʴʝʨʥʳʡ ʘʚʪʦʩʘʤʦʩʚʘʣ LGMG ʤʦʜʝʣʠ CMT66, ʠʤʝʝʪ ʛʨʫʟʦ-

ʧʦʜʲʸʤʥʦʩʪʴ 45 ʪʦʥʥ. ʆʙʲʸʤ ʢʫʟʦʚʘ ï ʜʦ 28,5 ʤ3 ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʠ ʦʢʦʣʦ 26 

ʤ3 ï ʚ ʩʢʘʣʴʥʦʤ. ʄʘʩʩʘ ʤʘʰʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 30 ʪʦʥʥ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʝʣʠ MT96H, ʫ ʤʦʜʝʣʠ 

CMT66 ʢʘʙʠʥʘ ʢʘʧʦʪʥʦʛʦ ʪʠʧʘ. ɼʚʠʛʘʪʝʣʴ ʢʦʤʧʘʥʠʠ Weichai ʠʤʝʝʪ ʤʦʱʥʦʩʴ 460 ʣ.ʩ. ʨʷʜ-

ʥʳʡ, 6-ʮʠʣʠʥʜʨʦʚʳʡ, ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʧʨʳʩʢʦʤ, ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʪʫʨʙʦʥʘʜʜʫ-

ʚʦʤ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. ʆʙʲʝʤ ʜʚʠʛʘʪʝʣʷ 11,6 ʣʠʪʨʘ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷ-

ʱʠʡ ʤʦʤʝʥʪ ʜʦʩʪʠʛʘʝʪ 2110 ʅʤ ʧʨʠ 2100 ʦʙ/ʤʠʥ. ʂʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʷ Shaanxi. ʇʨʠ ʞʝʣʘʥʠʠ ʤʦʞʥʦ ʟʘʢʘʟʘʪʴ ʤʘʰʠʥʫ ʥʝ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʂʇʇ, ʘ ʩ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʡ. ɼʦʩʪʫʧʥʳ ʤʦʩʪʳ ʜʚʫʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ï Shandong Pengxiang Automobile ʠʣʠ 

Shaanxi Hande Axle (Weichai Group). 

ʅʦʚʳʤ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʪʷʞʝʣʳʭ ʠ ʤʦʱʥʳʭ ʚ ʨʷʜʫ ʤʘʰʠʥ ʢʦʤʧʘʥʠʠ 

LGMG ʷʚʣʷʝʪʩʷ ʘʚʪʦʩʘʤʦʩʚʘʣ ʤʦʜʝʣʠ RT90. ʆʥ ʠʤʝʝʪ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ 90 ʪʦʥʥ. ʆʙʲʸʤ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʢʫʟʦʚʘ ï ʜʦ 71 ʤ3, ʩʢʘʣʴʥʦʛʦ ï ʜʦ 64 ʤ3. ʄʘʩʩʘ ʩʘʤʦʩʚʘʣʘ ï 46 ʪʦʥʥ. ʄʦʱ-

ʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ Weichai ʩʦʩʪʘʚʣʷʝʪ 770 ʣ.ʩ. ɼʚʠʛʘʪʝʣʴ ʨʷʜʥʳʡ 8-ʮʠʣʠʥʜʨʦʚʳʡ ʩ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʳʤ ʚʧʨʳʩʢʦʤ, ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʪʫʨʙʦʥʘʜʜʫʚʦʤ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʭʣʘʞʜʝ-

ʥʠʝʤ. ʇʨʠ 1900 ʦʙ/ʤʠʥ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʜʦʩʪʠʛʘʝʪ 3000 ʅʤ. ʂʦʨʦʙʢʘ ʧʝʨʝ-

ʜʘʯ ʤʝʭʘʥʠʯʝʩʢʘʷ ʚʦʩʴʤʠʩʪʫʧʝʥʯʘʪʘʷ ʦʪ Shaanxi Fast Gear. ʄʦʩʪʳ ʧʦʩʪʘʚʣʷʝʪ ʢʠʪʘʡʩʢʘʷ 

ʢʦʤʧʘʥʠʷ Hebei Hengsheng Technology.ʋʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʮʝʥʪʨʘʣʴʥʘʷ ʩʠ-

ʩʪʝʤʘ ʩʤʘʟʢʠ ʠ ʨʘʜʠʘʣʴʥʳʝ ʰʠʥʳ. ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʪʘʢʞʝ ʥʘʟʚʘʪʴ 

ʥʘʣʠʯʠʝ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʧʦʜʚʝʩʦʢ ʠ ʫʩʠʣʝʥʥʫʶ ʮʝʣʴʥʦʣʠʪʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʨʘʤʳ. 

ɽʱʝ ʦʜʥʦʡ ʠʥʪʝʨʝʩʥʦʡ ʤʦʜʝʣʴʶ ʢʦʤʧʘʥʠʠ LGMG ʷʚʣʷʝʪʩʷ ʪʨʝʭʦʩʥʳʡ ʢʘʨʴʝʨʥʳʡ 

ʘʚʪʦʩʘʤʦʩʚʘʣ ʤʦʜʝʣʠ CMT60A, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ  35 ʪʦʥʥ ʩ ʩʢʘʣʴʥʳʤ ʢʫʟʦʚʦʤ ʦʙʲʸʤʦʤ 

26 ʤ3. ʂʦʤʧʘʥʠʷ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʢʦʣʸʩʥʦʡ ʬʦʨʤʫʣʝ 6x6 ʵʪʘ ʤʘʰʠʥʘ ʤʦʞʝʪ ʵʢʩʧʣʫ-
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ʘʪʠʨʦʚʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʙʝʟʜʦʨʦʞʴʷ ʠ ʩʪʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʰʘʨʥʠʨʥʦ-ʩʦʯʣʝʥʸʥʥʳʤ ʩʘʤʦ-

ʩʚʘʣʘʤ. ʅʘ ʜʘʥʥʳʡ ʘʚʪʦʩʘʤʦʩʚʘʣ ʫʩʪʘʥʦʚʣʝʥ 6-ʮʠʣʠʥʜʨʦʚʳʡ ʵʢʦʥʦʤʠʯʥʳʡ ʜʚʠʛʘʪʝʣʴ 

Weichai ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʧʨʳʩʢʦʤ, ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʪʫʨʙʦʥʘʜʜʫʚʦʤ ʩ ʧʨʦʤʝ-

ʞʫʪʦʯʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ 460 ʣ.ʩ. ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ð 2000 ʅʤ ʧʨʠ 

2100 ʦʙ/ʤʠʥ. ʂʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʤʝʭʘʥʠʯʝʩʢʘʷ 7-ʩʪʫʧʝʥʯʘʪʘʷ FAST FULLER ʦʪ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʷ Shaanxi Fast Gear. ʉʘʤʦʩʚʘʣ ʦʙʦʨʫʜʫʶʪ ʤʦʩʪʘʤʠ ʢʦʤʧʘʥʠʠ Shandong Pengxiang 

Automobile. ɺʦʟʤʦʞʥʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʢʘ ʤʦʩʪʦʚ Shaanxi Hande Axle (Weichai Group). ɺ ʙʘ-

ʟʦʚʦʡ ʢʦʤʧʣʝʢʪʘʮʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʟʘʱʠʪʘ ʟʘʜʥʝʛʦ ʤʦʩʪʘ. ʄʘʰʠʥʘ ʠʤʝʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩʤʘʟʢʠ.  

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʢʦʤ-

ʧʘʥʠʠ LGMG, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

 
ʊʘʙʣʠʮʘ 1. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʢʦʤʧʘʥʠʠ  LGMG  

 

ʇʦʢʘʟʘʪʝʣʴ 
ʄʦʜʝʣʴ ʘʚʪʦʩʘʤʦʩʚʘʣʘ 

ʄʊ96ʅ ʉʄʊ66 ʉʄʊ96 RT90 ʉʄʊ60ɸ 

ɻʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, ʪ 65 45 65 90 35 

ʄʘʩʩʘ, ʪ 34 30 34 46 28 

ɺʤʝʩʪʠʤʦʩʪʴ ʢʫʟʦʚʘ, ʤ3 33 26 33 64 26 

ɼʣʠʥʘ, ʤ 9,50 9,10 9,67 10,50 9,50 

ʐʠʨʠʥʘ, ʤ 3,67 3,73 3,97 4,48 3,55 

ɺʳʩʦʪʘ, ʤ 4,45 4,02 4,25 4,30 4,30 

ʂʦʣʝʩʥʘʷ ʬʦʨʤʫʣʘ 6 ʭ 4 6 ʭ 4 6 ʭ 4 6 ʭ 4 6 ʭ 6 

ɼʦʨʦʞʥʳʡ ʧʨʦʩʚʝʪ, ʤʤ 370 340 370 485 500 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʣ.ʩ. 530 460 530 770 460 

 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʦʩʩʠʠ ʧʦʣʫʯʠʣʠ ʤʘʰʠʥʳ 

ʢʨʫʧʥʝʡʰʝʛʦ ʚ ʂʠʪʘʝ ʠ ʧʷʪʦʛʦ ʧʦ ʚʝʣʠʯʠʥʝ ʚ ʤʠʨʝ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʪʷʞʝʣʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ SANY Heavy Industry Company Limited.   

ʉʘʤʦʡ ʧʦʧʫʣʷʨʥʦʡ ʤʦʜʝʣʴʶ ʚ ʣʠʥʝʡʢʝ ʪʨʝʭʦʩʥʳʭ ʢʘʨʴʝʨʥʳʭ ʤʘʰʠʥ ʵʪʦʡ ʢʦʤʧʘʥʠʠ 

ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʘʚʪʦʩʘʤʦʩʚʘʣ SANY SKT90S ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 60 

ʪ. ʄʘʩʩʘ ʵʪʦʛʦ ʩʘʤʦʩʚʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 32 ʪ. ʂʦʣʝʩʥʘʷ ʬʦʨʤʫʣʘ 6ʭ4. ʅʘ ʤʘʰʠʥʝ ʫʩʪʘʥʦʚʣʝʥ 

ʜʚʠʛʘʪʝʣʴ Weichai WP13 ʤʦʱʥʦʩʪʴʶ 530 ʣ.ʩ. ʠ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ FAST FC6A 250. ʊʘʢʦʝ ʩʦ-

ʯʝʪʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʧʨʝʦʜʦʣʝʚʘʪʴ ʫʢʣʦʥʳ ʚ ʢʘʨʴʝʨʘʭ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʟʘ-

ʪʨʘʪʘʭ ʥʘ ʪʦʧʣʠʚʦ.  

ʄʘʰʠʥʘ ʤʦʞʝʪ ʢʦʤʧʣʝʢʪʦʚʘʪʴʩʷ ʢʫʟʦʚʦʤ ʩ ʟʘʜʥʠʤ ʙʦʨʪʦʤ ʦʙʲʝʤʦʤ 38 ʤ3 ʠʣʠ ʩʢʘʣʴ-

ʥʳʤ ʢʫʟʦʚʦʤ ʙʝʟ ʟʘʜʥʝʛʦ ʙʦʨʪʘ ʦʙʲʝʤʦʤ 35 ʤ3. ʂʫʟʦʚʘ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʠʟʥʦʩʦʩʪʦʡʢʦʡ ʩʪʘʣʠ 

ʠ ʭʦʨʦʰʦ ʩʝʙʷ ʧʦʢʘʟʳʚʘʶʪ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʝʨʝʜʥʷʷ ʧʦʜʚʝʩʢʘ ʩʘʤʦ-

ʩʚʘʣʘ SANY SKT90S ʧʥʝʚʤʦʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩ ʘʟʦʪʦʤ. ɿʘʜʥʷʷ ʧʦʜʚʝʩʢʘ ï ʧʨʦʩʪʘʷ ʨʝʩʩʦʨʥʘʷ. 

ʋ ʩʘʤʦʩʚʘʣʘ ʥʘʜʸʞʥʘʷ ʨʘʤʘ ð ʢʣʸʧʘʥʘʷ, ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʜʚʦʡʥʳʭ ʮʝʣʴʥʦʛʥʫʪʳʭ ʧʨʦ-

ʜʦʣʴʥʳʭ ʙʘʣʦʢ. ʀʥʞʝʥʝʨʳ ʢʦʤʧʘʥʠʠ SANY ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ ʠʩʧʳʪʘʥʠʷ 

ʨʘʤʳ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʫʩʪʘʣʦʩʪʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʪʘʣʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʦʢʘʟʘʪʝʣʴ ʙʝʩʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʜʦ 8 ʣʝʪ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʢʦʤ-

ʧʘʥʠʠ SANY, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  
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ʊʘʙʣʠʮʘ 2. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʢʦʤʧʘʥʠʠ SANY 

 

ʇʦʢʘʟʘʪʝʣʴ 
ʄʦʜʝʣʴ ʘʚʪʦʩʘʤʦʩʚʘʣʘ 

SKT90S SKT90SL SKT105S SKT115S 

ɻʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, ʪ 60 57 70 70 

ʄʘʩʩʘ, ʪ 32 37 35 35 

ɺʤʝʩʪʠʤʦʩʪʴ ʢʫʟʦʚʘ, ʤ3 33 46 35 38 

ɼʣʠʥʘ, ʤ 9,10 8,97 9,20 9,20 

ʐʠʨʠʥʘ, ʤ 3,66 3,66 4,00 4,00 

ɺʳʩʦʪʘ, ʤ 4,53 4,53 4,10 4,10 

ʂʦʣʝʩʥʘʷ ʬʦʨʤʫʣʘ 6 ʭ 4 6 ʭ 4 6 ʭ 4 6 ʭ 4 

ɼʦʨʦʞʥʳʡ ʧʨʦʩʚʝʪ, ʤʤ 325 325 330 330 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʣ.ʩ. 530 530 530 530 

 

ʂʦʤʧʘʥʠʷ Shaanxi Tonly Heavy Industries Co., Ltd. ʦʙʣʘʜʘʝʪ ʢʨʫʧʥʝʡʰʠʤʠ ʤʦʱʥʦ-

ʩʪʷʤʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʧʝʮʪʝʭʥʠʢʠ ʚ ʂʠʪʘʝ. ʉ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʚʳʧʫʩʢʘ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘ-

ʤʦʩʚʘʣʦʚ ʚ 2004 ʛʦʜʫ ʦʙʲʝʤʳ ʧʦʩʪʘʚʦʢ ʨʦʩʣʠ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʝʜʧʨʠʷʪʠʝ ʟʘʥʠʤʘʝʪ 

ʚʝʜʫʱʠʝ ʧʦʟʠʮʠʠ ʚ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʅʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ ʂʠʪʘʷ ʥʘ ʜʦʣʶ ʵʪʦʡ ʢʦʤʧʘʥʠʠ 

ʧʨʠʭʦʜʠʪʩʷ 35% ʧʨʦʜʘʞ ʪʘʢʠʭ ʤʘʰʠʥ. ɿʘ 2023 ʛʦʜ ʢʦʤʧʘʥʠʷ TONLY, ʙʦʣʝʝ ʯʝʤ ʚ ʰʝʩʪʴ ʨʘʟ 

ʫʚʝʣʠʯʠʣʘ ʦʙʲʸʤ ʧʦʩʪʘʚʦʢ ʩʚʦʠʭ ʪʨʝʭʦʩʥʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʚ ʈʦʩʩʠʶ. ɺ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʤʦʜʝʣʴʥʳʡ ʨʷʜ ʢʦʤʧʘʥʠʠ ʚʢʣʶʯʘʝʪ ʩʘʤʦʩʚʘʣʳ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴʶ ʜʦ 70 ʪʦʥʥ. 

ʂʦʤʧʘʥʠʷ TONLY ʟʘʧʘʪʝʥʪʦʚʘʣʘ ʢʦʥʩʪʨʫʢʮʠʶ ʨʘʤʳ ʥʘ ʛʠʙʢʦʤ ʩʦʝʜʠʥʝʥʠʠ. ʈʘʤʘ 

ʠʤʝʝʪ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʫʩʠʣʝʥʥʳʡ ʪʨʸʭʩʣʦʡʥʳʡ ʰʚʝʣʣʝʨ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʩʪʘʣʠ WISCO 

W610L, ʘ ʧʝʨʝʜʥʠʡ ʠ ʟʘʜʥʠʡ ʩʝʛʤʝʥʪʳ ʨʘʤʳ ʩʦʝʜʠʥʝʥʳ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʛʠʙʢʦʡ ʢʦʥʩʪʨʫʢ-

ʮʠʝʡ. ɿʘʜʥʷʷ ʧʦʜʚʝʩʢʘ ʩ ʣʠʩʪʦʚʳʤʠ ʨʝʩʩʦʨʘʤʠ ʠ ʙʘʣʘʥʩʠʨʦʤ ʦʙʦʨʫʜʦʚʘʥʘ V-ʦʙʨʘʟʥʳʤʠ 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʚʠʞʥʦʩʪʴ ʦʩʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʆʩʦ-

ʙʝʥʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʛʠʙʢʦʡ ʨʘʤʳ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʮʠʷ ʟʘʜʥʝʡ ʧʦʜʚʝʩʢʠ ʧʦʟʚʦʣʷʶʪ ʢʘʨʴ-

ʝʨʥʦʤʫ ʩʘʤʦʩʚʘʣʫ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ ʚ ʫʩʣʦʚʠʷʭ ʙʝʟʜʦʨʦʞʴʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, 

ʩʘʤʦʩʚʘʣ ʠʤʝʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ ʚʥʝʜʦʨʦʞʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ. ɺʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʮʠʡ ʢʫʟʦʚʘ: ʩ ʟʘʜʥʠʤ ʙʦʨʪʦʤ ʠʣʠ ʙʝʟ ʟʘʜʥʝʛʦ ʙʦʨʪʘ, ʧʨʷ-

ʤʦʫʛʦʣʴʥʦʛʦ ʠʣʠ U-ʦʙʨʘʟʥʦʛʦ ʩʝʯʝʥʠʷ, ʨʘʟʣʠʯʥʦʛʦ ʦʙʲʸʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʩʘ-

ʤʦʩʚʘʣʘ (ʜʣʷ ʚʩʢʨʳʰʠ, ʨʫʜʳ ʠʣʠ ʫʛʣʷ), ʛʣʘʜʢʠʡ, ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʨʝʙʨʘʤʠ ʞʸʩʪʢʦʩʪʠ 

ʠʣʠ ʩ ʬʫʪʝʨʦʚʢʦʡ. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʥʝʜʦʨʦʞʥʳʡ ʪʨʸʭʦʩʥʳʡ ʢʘʨʴʝʨʥʳʡ ʩʘʤʦʩʚʘʣ 

TONLY TL859 ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 40 ʪʦʥʥ. ʕʪʦʪ ʩʘʤʦʩʚʘʣ ʦʩʥʘʱʸʥ ʜʚʠʛʘʪʝʣʝʤ Weichai 

ʤʦʱʥʦʩʪʴʶ 460 ʣ.ʩ. ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʦʙʢʦʡ ʧʝʨʝʜʘʯ. ʂʦʣʝʩʥʘʷ ʬʦʨʤʫʣʘ 6ʭ6, ʧʦʚʳʰʝʥ-

ʥʳʡ ʜʦʨʦʞʥʳʡ ʧʨʦʩʚʝʪ ʨʘʚʥʳʡ 525 ʤʤ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʥʳʝ ʰʠʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʪʦʤʫ 

ʧʦʣʥʦʧʨʠʚʦʜʥʦʤʫ ʩʘʤʦʩʚʘʣʫ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʨʝʥʥʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʩʣʘʙʦʤʫ ʛʨʫʥʪʫ ʠ 

ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʙʝʟʜʦʨʦʞʴʷ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʩʦʢʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ TONLY TL859 ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʰʘʨʥʠʨʥʦ-ʩʦ-

ʯʣʝʥʸʥʥʳʝ ʩʘʤʦʩʚʘʣʳ. 

ʅʦʚʠʥʢʦʡ TONLY ʷʚʣʷʶʪʩʷ ʚʥʝʜʦʨʦʞʥʳʝ ʩʘʤʦʩʚʘʣʳ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʦʙʢʦʡ 

ʧʝʨʝʜʘʯ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʠ ʫʛʣʷ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴʶ ʦʪ 40 ʜʦ 70 ʪʦʥʥ 

ʩʝʨʠʠ TLD, ʩʦʟʜʘʥʥʦʡ ʩ ʫʯʝʪʦʤ ʦʧʳʪʘ ʨʘʙʦʪʳ ʤʦʜʝʣʝʡ ʧʨʝʜʳʜʫʱʝʡ ʩʝʨʠʠ. ʋ ʤʘʰʠʥ ʩʝʨʠʠ 

TLD ʫʚʝʣʠʯʝʥ ʩʨʦʢ ʩʣʫʞʙʳ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʸʛʢʠʭ, ʥʦ ʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʜʘʥʥʦʡ ʩʝʨʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ ʟʘʢʘʟʘ ʚ ʜʚʫʭ ʢʦʤʧʣʝʢʪʘʮʠʷʭ: ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʫʛʣʷ ʠ 

ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʢʦʤ-

ʧʘʥʠʠ TONLY, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʢʦʤʧʘʥʠʠ TONLY  

 

ʇʦʢʘʟʘʪʝʣʴ 
ʄʦʜʝʣʴ ʘʚʪʦʩʘʤʦʩʚʘʣʘ 

TL849 TL859 TL855 TL875 TLD65 TLD90 

ɻʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, ʪ 35 40 40 60 40 60 

ʄʘʩʩʘ, ʪ 22 26 25 30 25 30 

ɺʤʝʩʪʠʤʦʩʪʴ ʢʫʟʦʚʘ, ʤ3 20 22 24 30 24 36 

ɼʣʠʥʘ, ʤ 8,93 9,2 8,89 9,15 8,89 9,5 

ʐʠʨʠʥʘ, ʤ 3,20 3,65 3,22 3,67 3,22 3,65 

ɺʳʩʦʪʘ, ʤ 3,81 4,10 3,80 3,97 3,80 3,71 

ʂʦʣʝʩʥʘʷ ʬʦʨʤʫʣʘ 6ʭ6 6ʭ6 6ʭ4 6ʭ4 6ʭ4 6ʭ4 

ɼʦʨʦʞʥʳʡ ʧʨʦʩʚʝʪ, ʤʤ 512 525 350 385 305 305 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʣ.ʩ. 430 460 430 460 430 530 

 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʪʨʝʭʦʩʥʳʤ ʢʘʨʴʝʨʥʳʤ ʘʚʪʦʩʘʤʦʩʚʘʣʘʤ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʠ 

ʧʨʠ ʩʦʧʦʩʪʘʚʠʤʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʚʫʭʦʩʥʳʤʠ ʢʘʨʴʝʨ-

ʥʳʤʠ ʤʘʰʠʥʘʤʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʤʝʥʴ-

ʰʘʷ ʰʠʨʠʥʘ ʘʚʪʦʩʘʤʦʩʚʘʣʘ (ʈʠʩ. 1).  

 
ʈʠʩ. 1. ʐʠʨʠʥʘ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴʶ 55-65 ʪʦʥʥ 

 

ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʰʠʨʠʥʘ ʪʨʝʭʦʩʥʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʤʝʥʴʰʝ ʥʘ 23 

%, ʯʝʤ ʰʠʨʠʥʘ ʩʘʤʦʩʚʘʣʘ ɹʝʣɸɿ-7555ɸ, ʠʤʝʶʱʝʛʦ ʪʨʘʜʠʮʠʦʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʘ ʟʥʘʯʠʪ 

ʤʝʥʴʰʝʡ ʙʫʜʝʪ ʰʠʨʠʥʘ ʢʘʨʴʝʨʥʦʡ ʘʚʪʦʜʦʨʦʛʠ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʣʦʱʘʜʢʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʠʪʴ ʫʛʦʣ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʠ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤʳ ʚʩʢʨʳʰʠ, ʩʥʠ-

ʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʝʝ ʚʳʝʤʢʫ. 

ʊʨʝʭʦʩʥʳʝ ʢʘʨʴʝʨʥʳʝ ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʤʘʩʩʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭ-

ʦʩʥʳʤʠ ʤʘʰʠʥʘʤʠ (ʈʠʩ. 2). 
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ʈʠʩ.2. ʄʘʩʩʘ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴʶ 55-65 ʪʦʥʥ 

 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʤʘʩʩʘ ʪʨʝʭʦʩʥʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʛʨʫʟʦʧʦʜʲʝʤ-

ʥʦʩʪʴʶ 60-65 ʪʦʥʥ ʤʝʥʴʰʝ ʥʘ 20-25 %, ʯʝʤ ʤʘʩʩʘ ʩʘʤʦʩʚʘʣʘ ɹʝʣɸɿ-7555ɸ ʠʤʝʶʱʝʛʦ ʛʨʫ-

ʟʦʧʦʜʲʝʤʥʦʩʪʴ 55 ʪʦʥʥ.  

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʘʨʳ ʩʨʘʚʥʠʚʘʝʤʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚ-

ʪʦʩʘʤʦʩʚʘʣʦʚ. 

 

 
ʈʠʩ. 3. ʂʦʵʬʬʠʮʠʝʥʪ ʪʘʨʳ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴʶ 55-65 ʪʦʥʥ 

 

ʀʟ ʨʠʩʫʥʢʘ 3 ʚʠʜʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʘʨʳ ʫ ʪʨʝʭʦʩʥʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ 

ʨʘʚʝʥ 0,5-0,53 ʧʨʦʪʠʚ 0,76 ʫ ʩʘʤʦʩʚʘʣʘ ɹʝʣɸɿ-7555ɸ. 

ʀʤʝʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʫʶ ʤʘʩʩʫ, ʪʨʝʭʦʩʥʳʝ ʢʘʨʴʝʨʥʳʝ ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʤʝʥʴʰʠʤ ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʩ ʜʚʫʭ-

ʦʩʥʳʤʠ ʤʘʰʠʥʘʤʠ. ʂʘʢ ʧʦʢʘʟʘʣ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʩʘʤʦʩʚʘʣʘ SANY SKT90S ʛʨʫʟʦ-

ʧʦʜʲʝʤʥʦʩʪʴʶ 60 ʪ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʦʜʠʥ ʢʫʙʠʯʝʩʢʠʡ ʤʝʪʨ ʧʝʨʝʚʝʟʝʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʫ 

ʥʝʛʦ ʚ 2 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʫ ʩʘʤʦʩʚʘʣʘ ɹʝʣɸɿ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 55 ʪ.  

ʎʝʥʘ ʦʜʥʦʡ ʰʠʥʳ ʪʨʝʭʦʩʥʦʛʦ ʩʘʤʦʩʚʘʣʘ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 60 ʪʦʥʥ ʚ 7,5 ʨʘʟ ʥʠʞʝ 

ʮʝʥʳ ʰʠʥʳ ʜʣʷ ɹʝʣɸɿ-7555ɸ. ɸ ʢʦʤʧʣʝʢʪ ʰʠʥ ʜʣʷ ʪʨʝʭʦʩʥʦʡ ʤʘʰʠʥʳ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 

60 ʪʦʥʥ ʦʙʦʡʜʝʪʩʷ ʚ 4,5 ʨʘʟʘ ʜʝʰʝʚʣʝ ʢʦʤʧʣʝʢʪʘ ʰʠʥ ʜʣʷ ʩʘʤʦʩʚʘʣʘ ɹʝʣɸɿ-7555ɸ. ʇʨʠ-

ʤʝʨʥʦ ʪʘʢʘʷ ʨʘʟʥʠʮʘ ʚ ʮʝʥʝ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʫʟʣʘʤʠ ʠ ʘʛʨʝʛʘʪʘʤʠ ʩʨʘʚʥʠʚʘʝʤʳʭ ʤʘʰʠʥ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ ʪʨʝʭʦʩʥʳʤ ʘʚʪʦʩʘʤʦʩʚʘʣʦʤ 

ʥʠʞʝ ʚ 1,5-2 ʨʘʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭʦʩʥʦʡ ʤʘʰʠʥʦʡ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʨʝʭʦʩʥʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʧʝʨʝʜ ʜʚʫʭ-

ʦʩʥʳʤʠ ʤʘʰʠʥʘʤʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʥʦʩʷʪʩʷ:  

- ʙʦʣʝʝ ʥʠʟʢʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ; 

- ʙʦʣʝʝ ʜʝʰʝʚʳʝ (ʚ 7-8 ʨʘʟ) ʰʠʥʳ; 

- ʙʦʣʝʝ ʜʝʰʝʚʳʝ ʟʘʧʯʘʩʪʠ; 

- ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ;  

- ʤʝʥʴʰʘʷ ʰʠʨʠʥʘ ʤʘʰʠʥʳ, (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʫʞʥʳ ʤʝʥʝʝ ʰʠʨʦʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʜʦʨʦʛʠ ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʣʦʱʘʜʢʠ); 

- ʤʝʥʴʰʘʷ ʩʦʙʩʪʚʝʥʥʘʷ ʤʘʩʩʘ;  

- ʚʳʩʦʢʘʷ ʧʨʦʭʦʜʠʤʦʩʪʴ; 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʪʨʝʭʦʩʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʙʦʣʴʰʫʶ ʜʣʠʥʫ ʤʘʰʠʥʳ (ʥʘ 2-7%), ʯʪʦ ʩʥʠʞʘʝʪ ʤʘʥʝʚʨʝʥʥʦʩʪʴ;  

- ʙʦʣʴʰʦʡ ʨʘʜʠʫʩ ʧʦʚʦʨʦʪʘ;  

- ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʰʠʨʠʥʫ ʢʫʟʦʚʘ, ʯʪʦ ʚʳʩʪʫʧʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʠ ʟʘʛʨʫʟʢʝ ʙʦʣʴ-

ʰʠʤʠ ʢʘʨʴʝʨʥʳʤʠ ʧʦʛʨʫʟʯʠʢʘʤʠ ʠ ʵʢʩʢʘʚʘʪʦʨʘʤʠ. 

ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʚʫʭʦʩʥʳʝ ʢʘʨʴʝʨʥʳʝ ʘʚʪʦ-

ʩʘʤʦʩʚʘʣʳ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʪʘʢʠʝ ʢʘʢ ɹʝʣɸɿ, Caterpillar, Komatsu, Liebherr, Hi-

tachi), ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʜʣʷ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʢʘʨʴʝʨʘʭ, ʠʤʝʶʱʠʭ ʟʥʘʯʠʪʝʣʴ-

ʥʫʶ ʛʣʫʙʠʥʫ ʠ ʟʘʪʷʞʥʳʝ ʧʦʜʲʝʤʳ, ʛʜʝ ʧʨʠ ʧʦʛʨʫʟʢʝ ʩʢʘʣʴʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʥʘʙʣʶʜʘʶʪʩʷ 

ʚʳʩʦʢʠʝ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ, ʛʜʝ ʚʳʩʦʢʘʷ ʟʘʧʳʣʝʥʥʦʩʪʴ ʠ ʟʘʛʘʟʦʚʘʥʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ. ʋ ʪʘʢʠʭ 

ʤʘʰʠʥ ʩʧʝʮʠʘʣʴʥʘʷ, ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʪ ʦʙʳʯʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ʢʦʤʧʦ-

ʥʦʚʢʘ ʠ ʨʘʤʘ. ʆʥʠ ʠʤʝʶʪ ʦʩʦʙʫʶ ʬʦʨʤʫ ʢʫʟʦʚʘ, ʦʩʦʙʫʶ ʧʦʜʚʝʩʢʫ, ʦʩʦʙʫʶ ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ, 

ʦʩʦʙʳʝ ʪʦʨʤʦʟʘ, ʦʩʦʙʫʶ ʩʠʩʪʝʤʫ ʬʠʣʴʪʨʘʮʠʠ ʠ ʪ.ʧ. ʕʪʠ ʢʘʨʴʝʨʥʳʝ ʩʘʤʦʩʚʘʣʳ, ʩʧʨʦʝʢʪʠʨʦ-

ʚʘʥʳ ʜʣʷ ʢʨʫʛʣʦʩʫʪʦʯʥʦʡ ʨʘʙʦʪʳ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʥʠ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʫʶ ʮʝʥʫ. 

ʊʨʝʭʦʩʥʳʝ ʢʘʨʴʝʨʥʳʝ ʘʚʪʦʩʘʤʦʩʚʘʣʳ, ʠʤʝʶʱʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ 30-90 ʪʦʥʥ ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʳ ʧʝʨʝʚʦʟʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʥʦ ʧʨʠ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʫʩʣʦʚʠʷʭ 

ʨʘʙʦʪʳ ʚ ʢʘʨʴʝʨʘʭ, ʠʤʝʶʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʚʳʩʦʪʫ ʧʦʜʲʝʤʘ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘ-

ʝʤʦʛʦ ʠ ʚʩʢʨʳʰʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ, ʛʜʝ ʥʝʪ ʪʷʞʝʣʳʭ ʟʘʪʷʞʥʳʭ ʧʦʜʲʝʤʦʚ, ʠ ʚʳʩʦʢʠʭ ʫʜʘʨ-

ʥʳʭ ʥʘʛʨʫʟʦʢ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʵʪʠ ʤʘʰʠʥʳ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ, ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ.  

ʊʨʝʭʦʩʥʳʝ ʢʘʨʴʝʨʥʳʝ ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʢʠʪʘʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘ-

ʪʠʨʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ: ʚ ʀʥʜʠʠ, ʀʥʜʦʥʝʟʠʠ, ʂʘʟʘʭʩʪʘʥʝ, ʂʠʪʘʝ, ʂʦʥʛʦ, ʂʳʨʛʳʟ-

ʩʪʘʥʝ, ʃʘʦʩʝ, ʄʘʣʘʡʟʠʠ, ʄʦʥʛʦʣʠʠ, ʄʴʷʥʤʝ, ʇʘʢʠʩʪʘʥʝ, ʊʘʠʣʘʥʜʝ, ʖɸʈ, ɺʴʝʪʥʘʤʝ ʠ ʨʷʜʝ 

ʜʨʫʛʠʭ.  

ɺ ʈʦʩʩʠʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʤʘʰʠʥ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʩʫʨʦʚʳʭ ʫʩʣʦ-

ʚʠʷʭ ʗʢʫʪʠʠ, ʉʠʙʠʨʠ, ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ ʠ ʥʘ ʉʘʭʘʣʠʥʝ.  

ʊʘʢ ʚ ɸʆ çʗʥʦʣʦʚʦè, ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʦʙʳʯʫ ʦʣʦʚʘ ʚ ʗʢʫʪʠʠ, ʩ ʬʝʚʨʘʣʷ 2023 

ʛʦʜʘ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʯʝʪʳʨʝ ʩʘʤʦʩʚʘʣʘ SANY SKT90S. ʄʘʰʠʥʳ ʨʘʙʦʪʘʶʪ ʚ ʋʩʪʴ-ʗʥʩʢʦʤ 

ʫʣʫʩʝ, ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʈʫʯʝʡ ʊʠʨʝʭʪʷʭ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʫʯʘʩʪʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 

2400 ʢʠʣʦʤʝʪʨʘʭ ʦʪ ʗʢʫʪʩʢʘ. ʆʥʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʦʣʦʚʦʩʦʜʝʨʞʘʱʠʡ ʧʝʩʦʢ ʥʘ ʬʘʙʨʠʢʫ ʠ 

ʧʝʨʝʚʦʟʷʪ ʚʩʢʨʳʰʥʳʝ ʧʦʨʦʜʳ.   

ʉʘʤʦʩʚʘʣʳ ʘʥʘʣʦʛʠʯʥʦʡ ʤʦʜʝʣʠ SANY SKT90S ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʨʘʙʦʪʘʶʪ 

ʚ ʗʢʫʪʠʠ ʥʘ ʂʦʙʷʡʩʢʦʤ ʫʛʦʣʴʥʦʤ ʨʘʟʨʝʟʝ. 

ʆʆʆ çɼʘʨʘʩʫʥʩʢʠʡ ʨʫʜʥʠʢè ʥʘ ʊʘʣʘʪʫʡʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʟʦʣʦʪʘ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ 

ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ, ʪʘʢʞʝ ʵʢʩʧʣʫʘʪʠʨʫʝʪ SANY SKT90S. ʆʥʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʨʫʜʫ ʥʘ ɼʘ-

ʨʘʩʫʥʩʢʫʶ ʟʦʣʦʪʦʠʟʚʣʝʢʘʪʝʣʴʥʫʶ ʬʘʙʨʠʢʫ. ʇʨʠʯʝʤ ʨʘʙʦʪʘʪʴ ʧʨʠʭʦʜʠʪʩʷ ʚ ʩʫʨʦʚʳʭ ʫʩʣʦ-

ʚʠʷʭ, ʪʘʢ ʢʘʢ ʚ ʨʘʡʦʥʝ ʊʘʣʘʪʫʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʥʚʘʨʷ ʥʠʞʝ ï30 

Áʉ. 
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ʅʦʚʳʝ ʪʨʝʭʦʩʥʳʝ ʢʘʨʴʝʨʥʳʝ ʘʚʪʦʩʘʤʦʩʚʘʣʳ SANY SKT90S ʨʘʙʦʪʘʶʪ ʚ ʉʠʙʠʨʠ ʥʘ 

çʐʘʭʪʝ ˉ12è ɸʆ çʉʪʨʦʡʩʝʨʚʠʩè.  ʆʥʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʛʦʨʥʫʶ ʤʘʩʩʫ ʥʘ ʫʯʘʩʪʢʝ ʦʪʢʨʳ-

ʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ çʉʝʚʝʨʥʳʡ ʄʘʛʘʥʘʢè. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʜʦʣʝʚʘʪʴ ʩʘʤʳʝ ʩʣʦʞʥʳʝ 

ʫʯʘʩʪʢʠ ʜʦʨʦʛ ʧʦʟʚʦʣʷʝʪ ʙʝʟʦʧʘʩʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʫʛʣʷ.  ɺʩʝʛʦ ʥʘ 

ʨʘʟʨʝʟʳ ʢʦʤʧʘʥʠʠ ʧʦʩʪʫʧʠʣʦ 15 ʪʘʢʠʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ.  

ʅʘ ʉʠʚʘʛʣʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʧʨʝʜʝʣʘʭ ɸʣʜʘʥʩʢʦʛʦ ʥʘʛʦʨʴʷ, ʥʘ 

ʜʦʙʳʯʝ ʞʝʣʝʟʥʦʡ ʨʫʜʳ, ʚ ʗʢʫʪʠʠ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʶʪ ʘʚʪʦʩʘʤʦʩʚʘʣʳ LGMG ʄʊ86ʅ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʤʘʰʠʥʳ ʤʦʜʝʣʠ LGMG MT86H ʪʘʢʞʝ ʧʨʠʩʪʫʧʠʣʠ ʢ ʨʘʙʦʪʝ ʥʘ ʢʨʫʧ-

ʥʦʤ ʄʘʣʤʳʞʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ.  

ʅʘ ʦʩʪʨʦʚʝ ʉʘʭʘʣʠʥ ʚ ʋʛʣʝʛʦʨʩʢʝ ʥʘ ʉʦʣʥʮʝʚʩʢʦʤ ʨʘʟʨʝʟʝ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʣʝʪ ʵʢʩ-

ʧʣʫʘʪʠʨʫʶʪʩʷ ʪʨʝʭʦʩʥʳʝ ʢʘʨʴʝʨʥʳʝ ʘʚʪʦʩʘʤʦʩʚʘʣʳ TONLY TL875 ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴʶ 60 

ʪʦʥʥ, ʩ ʦʙʲʝʤʦʤ ʢʫʟʦʚʘ 54 ʤ3. ʆʥʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʫʛʦʣʴ.  

ɺ ʍʘʙʘʨʦʚʩʢʦʤ ʢʨʘʝ 24 ʪʨʝʭʦʩʥʳʭ ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʘ-ʚʝʟʜʝʭʦʜʘ TL849 ʩ ʢʦʣʝʩʥʦʡ 

ʬʦʨʤʫʣʦʡ 6ʭ6 ʨʘʙʦʪʘʶʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʕʣʴʛʘ-ʏʫʤʠʢʘʥ, ʦʪ ʕʣʴʛʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʷ ʢ ʧʦʙʝʨʝʞʴʶ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ. ʆʧʳʪ ʠʭ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ 

ʫʩʧʝʰʥʦ ʚʳʜʝʨʞʘʣʠ ʩʫʨʦʚʳʝ ʟʠʤʥʠʝ ʫʩʣʦʚʠʷ ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʝʛʠʦʥʘ.  

ʄʘʰʠʥʳ ʤʦʜʝʣʠ TONLY TLD65 ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʷʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʟʦʣʦʪʘ ʚ ʉʠʙʠʨʠ.  

ʅʘ ɸʡʭʘʣʴʩʢʦʤ ɻʆʂʝ ʚ ʗʢʫʪʠʠ ʥʘ ʢʘʨʴʝʨʝ çʖʙʠʣʝʡʥʳʡè ʧʨʦʭʦʜʠʪ ʦʧʳʪʥʦ-ʧʨʦ-

ʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʘʚʪʦʩʘʤʦʩʚʘʣ TONLY TL859 ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 40 ʪʦʥʥ. ʆʥ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʛʦʨʥʫʶ ʤʘʩʩʫ ʠʟ ʢʘʨʴʝʨʘ ʥʘ ʨʫʜʥʳʡ ʩʢʣʘʜ ʠ ʦʪʚʘʣʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥʳ ʚ ʫʩʣʦʚʠʷʭ ʷʢʫʪʩʢʠʭ ʤʦʨʦʟʦʚ, ʥʘ ʫʟʢʠʭ ʜʦʨʦʛʘʭ ʠ ʢʨʫʪʳʭ ʧʦʜʲʝʤʘʭ ʚ 

ʢʘʨʴʝʨʝ, ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʘʚʪʦ-

ʩʘʤʦʩʚʘʣʦʚ ʩ ʢʦʣʝʩʥʦʡ ʬʦʨʤʫʣʦʡ 6ʭ6 ʚ ʜʨʫʛʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʢʦʤʧʘʥʠʠ ɸʃʈʆʉɸ.  

ɸʚʪʦʩʘʤʦʩʚʘʣʳ TONLY TLD90 ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 60 ʪʦʥʥ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦ-

ʚʘʣʠ ʩʝʙʷ ʥʘ ʦʙʲʝʢʪʘʭ ʈʋʉɸʃʘ, ʥʘ ʫʛʦʣʴʥʳʭ ʨʘʟʨʝʟʘʭ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʠ ʂʝʤʝʨʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ.  

ʕʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʪʨʝʭʦʩʥʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 30-

90 ʪʦʥʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʨʦʩʪʫ ʩʧʨʦʩʘ ʥʘ ʥʠʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʠʭ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʤʘʰʠʥ ʘʥʘʣʦʛʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʯʘʣʘ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʈʦʩʩʠʠ, ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚ-

ʪʦʟʘʚʦʜʘʭ. 
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ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ ʉʃʆɾʅʆʉʊʈʋʂʊʋʈʅʓʍ ʈʋɼʅʓʍ ʊɽʃ ʉ  

ʇʈʀʄɽʅɽʅʀɽʄ ʋʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʅʆɻʆ ʉʊʈɽʃʆɺʆɻʆ ʂʆʄɹɸʁʅɸ 

 

ʏɽɹɸʅ ɸ. ʖ.  

 

ʍʘʙʘʨʦʚʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʍʘʙʘʨʦʚʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʛʣʫʙʦʢʦʢʦʩʝʣʝʢʪʠʚʥʦʡ ʚʳʝʤʢʠ 

ʢʨʫʪʦʥʘʢʣʦʥʥʳʭ ʪʦʥʢʠʭ ʨʫʜʥʳʭ ʪʝʣ ʧʨʠ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʮʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ɼʝʟʠʥʪʝʛʨʘʮʠʷ ʚʩʢʨʳʰʥʳʭ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ 

ʚʝʜʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʨʳʚʘ ʩ ʦʩʪʘʚʣʝʥʠʝʤ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʮʝʣʠʢʘ, ʨʳʭʣʝʥʠʝ ʪʦʥʢʦʛʦ 

ʨʫʜʥʦʛʦ ʪʝʣʘ ʠ ʟʦʥ ʧʨʦʞʠʣʢʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʨʝʣʦʚʦʛʦ ʢʦʤʙʘʡʥʘ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʩʪʨʝʣʦʚʦʡ ʢʦʤʙʘʡʥ ʩʥʘʙʞʝʥ ʩʦʨʪʠʨʦ-

ʚʦʯʥʳʤ ʘʛʨʝʛʘʪʦʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʙʦʛʘʱʝʥʥʳʭ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʠʟ ʨʫʜʥʦʡ ʤʘʩʩʳ, ʘ ʪʘʢʞʝ 

ʜʚʫʭʩʝʢʮʠʦʥʥʳʤ ʥʘʢʦʧʠʪʝʣʴʥʳʤ ʙʫʥʢʝʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʙʝʟʦʩʪʘʥʦʚʦʯʥʫʶ ʨʘʙʦʪʫ 

ʩʪʨʝʣʦʚʦʛʦ ʢʦʤʙʘʡʥʘ ʧʨʠ ʩʤʝʥʝ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʧʦʜ ʟʘʛʨʫʟʢʦʡ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʚ ʩʪʘʪʴʝ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʘʣʦʤʘʩʰʪʘʙʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʦʥʢʠʝ ʨʫʜʥʳʝ ʪʝʣʘ, ʚʟʨʳʚʥʦʝ ʠ ʤʝʭʘʥʠ-

ʯʝʩʢʦʝ ʨʳʭʣʝʥʠʝ, ʬʨʝʟʘ, ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ, ʘʚʪʦʩʘʤʦʩʚʘʣ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 
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Abstract. A combined technology for deep-selective extraction of steeply inclined thin ore bodies 

during open-pit mining of complex-structured deposits of valuable mineral raw materials is pro-

posed. Disintegration of overburden and host rocks is carried out by means of an explosion leaving 

a safety pillar; loosening of the thin ore body and veining zones is carried out using a boom miner 

of the proposed design. The improved boom miner is equipped with a sorting unit for separating 

enriched fine fractions from the ore mass, as well as a two-section storage hopper, which ensures 

non-stop operation of the boom miner when changing dump trucks under loading. The use of the 

technical and technological solution proposed in the article will improve the efficiency of devel-

opment of complex-structured small-scale fields. 

 

Keywords: gold deposits, thin ore bodies, explosive and mechanical loosening, milling cutter, fine 

fractions, dump truck, productivity. 

 

ɺ ʩʚʷʟʠ ʩ ʦʪʨʘʙʦʪʢʦʡ ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʟʘʧʘʩʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʥʝʧʨʝ-

ʨʳʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʟʨʘ-

ʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [1-3]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʜʨʦʧʦʣʴʟʦ-

ʚʘʪʝʣʠ ʚʳʥʫʞʜʝʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʧʨʦʩʳ ʧʦ ʚʦʚʣʝʯʝʥʠʶ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
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ʠʣʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʨʘʥʝʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʚʰʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ ʜʣʷ ʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʠʭ ʩʣʦʞʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ-

ʙʦʣʴʰʠʤʠ ʟʘʧʘʩʘʤʠ. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʟʘʯʘ-

ʩʪʫʶ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʚʦʝʥʠʝ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʷʚʣʷʝʪʩʷ ʥʝʨʝʥʪʘʙʝʣʴʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʷ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʥ-

ʪʘʙʝʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʤʘʣʦʤʘʩʰʪʘʙʥʳʭ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʮʝʥʥʦʛʦ ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʩʳʨʴʷ [4-5].  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʯ-

ʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢ ʚʳʝʤʢʝ ʷʚʣʷʶʪʩʷ ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ [6-7]. ʆʜʥʘʢʦ ʨʳʭʣʝʥʠʝ ʚʤʝʱʘʶ-

ʱʠʭ ʧʦʨʦʜ ʠ ʪʦʥʢʠʭ ʨʫʜʥʳʭ ʪʝʣ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʩ ʠʟʤʝʥʷʝʤʳʤ ʫʛʣʦʤ ʧʘʜʝʥʠʷ, ʤʦʱʥʦʩʪʴʶ 

ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʩʘʥʪʠʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʚʟʨʳʚʘ ʚʝʜʝʪ ʢ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʮʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴ-

ʥʦʛʦ ʩʳʨʴʷ ʩ ʧʫʩʪʳʤʠ ʧʦʨʦʜʘʤʠ [8]. ʕʪʦ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠ 

ʦʙʦʛʘʱʝʥʠʷ ʨʫʜʳ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʠ ʩʥʠʞʘʝʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʛʦʨʥʦ-ʦʙʦʛʘʪʠ-

ʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [9]. ʅʘ ʤʥʦʛʠʭ ʞʠʣʴʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʟʥʘʯʠʪʝʣʴ-

ʥʳʝ ʟʘʧʘʩʳ ʤʝʪʘʣʣʘ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʚʝʩʴʤʘ ʪʦʥʢʠʭ ʨʫʜʥʳʭ ʪʝʣʘʭ ʤʦʱʥʦʩʪʴʶ 0,2-0,4ʤ ʧʨʠ 

ʵʪʦʤ ʞʠʣʳ ʯʘʩʪʦ ʚʝʪʚʷʪʩʷ, ʧʨʠ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʟʦʣʦʪʘ ʚ ʞʠʣʘʭ 10-20ʛ/ʪ ʠʤʝʶʪʩʷ ʦʪ-

ʜʝʣʴʥʳʝ ʙʦʛʘʪʳʝ ʟʦʥʳ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʝʪʘʣʣʘ ʩʦʪʥʠ ʛʨʘʤʤ ʥʘ ʪʦʥʥʫ ʨʫʜʳ [10]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚʳʝʤʢʠ ʨʘʟʨʘʙʦʪʢʫ ʪʦʥʢʠʭ ʨʫʜʥʳʭ ʪʝʣ, ʩʣʦʞʝʥʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʯʥʳʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʨʳʭʣʝʥʠʷ [11-12]. ɺʳʙʦʨ ʪʠʧʘ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʤʦʱʥʦʩʪʠ ʠ ʫʛʣʘ ʧʘʜʝʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ, ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ 

ʩʝʣʝʢʮʠʠ [13]. ʄʝʭʘʥʠʯʝʩʢʦʝ ʨʳʭʣʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ, ʧʦʣʦʛʠʭ ʠ ʥʘʢʣʦʥʥʳʭ ʨʫʜʥʳʭ ʪʝʣ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʙʫʣʴʜʦʟʝʨʦʚ-ʨʳʭʣʠʪʝʣʝʡ, ʬʨʝʟʝʨʥʳʭ ʤʘʰʠʥ ʠ ʢʘʨʴʝʨʥʳʭ 

ʢʦʤʙʘʡʥʦʚ ʧʦʩʣʦʡʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ [14-16]. ʈʘʟʨʘʙʦʪʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʯʥʳʭ ʪʦʥʢʠʭ 

ʨʫʜʥʳʭ ʪʝʣ ʢʨʫʪʦʛʦ ʧʘʜʝʥʠʷ ʧʦ ʫʩʪʫʧʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʪʨʝʣʦʚʳʤʠ 

ʢʦʤʙʘʡʥʘʤʠ, ʘ ʪʘʢʞʝ ʦʜʥʦʢʦʚʰʦʚʳʤʠ ʵʢʩʢʘʚʘʪʦʨʘʤʠ ʩʦ ʩʤʝʥʥʳʤ ʥʘʚʝʩʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʚ ʚʠʜʝ ʨʳʭʣʠʪʝʣʷ, ʛʠʜʨʦʤʦʣʦʪʘ ʠ ʬʨʝʟ ʨʘʟʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ [17-18]. ʋ ʩʪʨʝʣʦʚʳʭ ʢʦʤʙʘʡʥʦʚ 

ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʪʨʝʣʝ, ʧʨʠ ʵʪʦʤ ʦʪʨʘʙʦʪʢʘ ʤʘʩʩʠʚʘ ʚʝʜʝʪʩʷ ʫʩʪʫʧʘʤʠ, ʨʘʟ-

ʨʳʭʣʝʥʥʘʷ ʛʦʨʥʘʷ ʤʘʩʩʘ ʦʩʳʧʘʝʪʩʷ ʥʘ ʟʘʛʨʫʟʦʯʥʳʡ ʩʪʦʣ ʠ ʜʘʣʝʝ ʧʦʜʘʝʪʩʷ ʥʘ ʨʘʟʛʨʫʟʦʯʥʳʡ 

ʢʦʥʚʝʡʝʨ ʢʦʤʙʘʡʥʘ. ɼʘʥʥʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʝʤʢʦ-

ʩʪʠ ʧʦʛʨʫʟʢʠ, ʧʦʩʢʦʣʴʢʫ ʚʩʶ ʨʘʟʨʳʭʣʝʥʥʫʶ ʛʦʨʥʫʶ ʤʘʩʩʫ ʧʨʠʭʦʜʠʪʩʷ ʧʦʜʥʠʤʘʪʴ ʩ ʫʨʦʚʥʷ 

ʧʦʜʦʰʚʳ ʟʘʙʦʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ. ʈʘʟʨʳʭʣʝʥʥʘʷ ʩʤʝʥʥʳʤ ʥʘʚʝʩʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʵʢʩʢʘʚʘʪʦʨʘ ʛʦʨʥʘʷ ʤʘʩʩʘ ʪʘʢʞʝ ʩʩʳʧʘʝʪʩʷ ʢ ʧʦʜʦʰʚʝ ʟʘʙʦʷ, ʧʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ-

ʤʝʥʘ ʨʳʭʣʷʱʝʛʦ ʦʨʛʘʥʘ ʥʘ ʢʦʚʰ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʛʨʫʟʢʘ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʪʨʘʥʩʧʦʨʪ, ʣʠʙʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʛʨʫʟʦʯʥʦʝ ʩʨʝʜʩʪʚʦ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʩʳ-

ʧʘʥʠʠ ʠ ʯʘʩʪʠʯʥʦʤ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʥʘ ʧʦʜʦʰʚʝ ʟʘʙʦʷ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʝʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʤʝʥʴʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʩʝʣʝʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʪʦʥʢʠʭ ʨʫʜʥʳʭ ʪʝʣ ʩ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ 40-50ʦ ʨʘʟʨʳʭʣʝʥʥʘʷ ʛʦʨʥʘʷ ʤʘʩʩʘ ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʦʩʳʧʘʝʪʩʷ ʢ ʧʦʜʦʰʚʝ ʟʘʙʦʷ, ʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʦʪʢʦʩʝ ʫʩʪʫʧʘ, ʯʪʦ ʟʘ-

ʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ ʨʳʭʣʝʥʠʷ ʠ ʚʳʝʤʢʠ ʪʦʥʢʠʭ ʨʫʜʥʳʭ ʪʝʣ. 

ʀʟʚʝʩʪʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʩʭʝʤʳ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ (ʩʪʨʝʣʦʚʳʭ ʢʦʤʙʘʡʥʦʚ) ʩʦ 

ʩʧʝʮʠʘʣʴʥʳʤ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʠʩʢʣʶʯʘʶʱʠʤ ʩʩʳʧʘʥʠʝ ʨʘʟʨʳʭʣʝʥʥʦʡ ʛʦʨʥʦʡ 

ʤʘʩʩʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʙʦʷ, ʟʘ ʩʯʝʪ ʩʦʚʤʝʱʝʥʥʦʡ ʩʭʝʤʳ ʚʳʝʤʢʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʛʦʨʥʦʡ 

ʤʘʩʩʳ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʩ ʝʝ ʧʦʜʘʯʝʡ ʦʪ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘ ʧʨʠʝʤʥʳʡ ʢʦʥʚʝʡʝʨ 

ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʩʪʨʝʣʝ [19-20]. ʅʝʜʦʩʪʘʪʢʘʤʠ ʛʦʨʥʳʭ ʤʘʰʠʥ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʨʘʙʦʪʘʭ [19-20] ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʦʩʪʘʥʦʚʢʠ ʧʨʠ ʟʘʤʝʥʝ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʧʦʜ ʧʦ-

ʛʨʫʟʢʦʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʦʪʨʘʙʦʪʢʝ ʜʨʫʛʦʛʦ ʪʠʧʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʩʥʠʞʘʝʪ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʝʤʢʠ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʳʝʤʢʝ ʨʫʜʳ ʠ ʝʝ ʧʦʩʣʝʜʫʶ-

ʱʝʡ ʧʝʨʝʛʨʫʟʢʝ ʧʦ ʪʨʘʥʩʧʦʨʪʝʨʘʤ ʠ ʢʦʥʚʝʡʝʨʘʤ, ʧʦʛʨʫʟʢʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʠʭ ʧʝʨʝ-

ʤʝʱʝʥʠʠ ʢ ʤʝʩʪʫ ʨʘʟʛʨʫʟʢʠ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʧʨʦʩʳʧʘʥʠʝ ʠ ʚʳʜʫʚʘʥʠʝ ʤʝʣʢʠʭ ʬʨʘʢ-
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ʮʠʡ ʨʫʜʳ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʫʜ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʚʟʨʳʚʥʦʛʦ ʠʣʠ ʤʝʭʘʥʠ-

ʯʝʩʢʦʛʦ ʨʳʭʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʤʝʣʢʠʭ ʬʨʘʢʮʠʷʭ, ʩʦʜʝʨ-

ʞʘʱʠʭ ʤʝʪʘʣʣʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʢʨʫʧʥʳʝ ʬʨʘʢʮʠʠ ʵʪʦʡ ʞʝ ʨʫʜʥʦʡ ʤʘʩʩʳ [5, 

21]. ʀʟʚʝʩʪʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʩʙʦʨʫ ʨʫʜʥʦʡ ʤʝʣʦʯʠ, ʦʩʪʘʚʰʝʡʩʷ ʚ ʦʯʠʩʪʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʫʜʥʠʢʘ ʚ ʪʨʝʱʠʥʘʭ ʠ ʥʝʨʦʚʥʦʩʪʷʭ ʚʳʨʘʙʦʪʦʢ ʧʦʩʨʝʜʩʪʚʦʤ ʚʘʢʫʫʤʥʳʭ ʫʩʪʘ-

ʥʦʚʦʢ. ʊʘʢ ʥʘ ʨʫʜʥʠʢʝ ʀʨʦʢʠʥʜʘ ʧʨʠʤʝʥʝʥʠʝ ʚʘʢʫʫʤʥʦʛʦ ʩʙʦʨʘ ʨʫʜʥʦʡ ʤʝʣʦʯʠ ʧʦʟʚʦʣʠʣʦ 

ʥʘ 4% ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠʟ ʥʝʜʨ, ʧʨʠ ʵʪʦʤ ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ ʫʩʪʘʥʦʚʦʢ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 4 ʤʝʩʷʮʘ [21]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʚʳ-

ʝʤʢʝ ʪʦʥʢʠʭ ʢʨʫʪʦʥʘʢʣʦʥʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʨʝʣʦʚʦʛʦ 

ʢʦʤʙʘʡʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʛʣʫʙʦʢʦʩʝʣʝʢʪʠʚʥʫʶ ʚʳʝʤʢʫ ʨʫʜ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦ-

ʩʪʦʝʚ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʨʫʜʳ. 

ɺ ʀʥʩʪʠʪʫʪʝ ʛʦʨʥʦʛʦ ʜʝʣʘ ɼɺʆ ʈɸʅ ʨʘʟʨʘʙʦʪʘʥʦ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʧʦ ʚʳʝʤʢʝ ʪʦʥʢʠʭ ʢʨʫʪʦʥʘʢʣʦʥʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʩʪʨʝ-

ʣʦʚʦʛʦ ʢʦʤʙʘʡʥʘ 1, ʚʢʣʶʯʘʶʱʝʛʦ ʬʨʝʟʫ 2, ʩʦʨʪʠʨʦʚʦʯʥʳʡ ʘʛʨʝʛʘʪ 3 ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʥ-

ʚʝʡʝʨ 4, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʪʝʣʝ 5, ʘ ʪʘʢʞʝ ʙʫʥʢʝʨ 6 ʩ ʧʠʪʘʪʝʣʝʤ 7, ʨʘʟʛʨʫ-

ʟʦʯʥʳʡ ʢʦʥʚʝʡʝʨ 8, ʚʘʢʫʫʤʥʫʶ ʩʠʩʪʝʤʫ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ 9 ʨʫʜʥʦʡ ʤʝʣʦʯʠ ʠ ʛʫʩʝʥʠʯʥʫʶ 

ʭʦʜʦʚʫʶ ʯʘʩʪʴ 10 (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʦʪʨʘʙʦʪʢʠ ʪʦʥʢʦʛʦ ʨʫʜʥʦʛʦ ʪʝʣʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʩʪʨʝʣʦʚʳʤ ʢʦʤʙʘʡʥʦʤ:  

ʘ ï ʦʙʱʠʡ ʚʠʜ; ʙ, ʚ ï ʬʨʝʟʘ ʠ ʩʦʨʪʠʨʦʚʦʯʥʳʡ ʘʛʨʝʛʘʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʨʘʙʦʯʠʭ ʧʦʣʦʞʝ-

ʥʠʷʭ 

 

ʉʦʨʪʠʨʦʚʦʯʥʳʡ ʘʛʨʝʛʘʪ 3 ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ 11 ʩ ʚʩʘʩʳʚʘʶʱʠʤʠ ʧʘʪʨʫʙʢʘʤʠ 12, 13 

ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ 9, ʩʢʨʝʙʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ 14 ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ 15 ʩ ʧʝ-

ʨʝʢʨʳʚʘʶʱʠʤʠʩʷ ʱʝʣʷʤʠ. ɹʫʥʢʝʨ 6 ʟʘʩʣʦʥʢʦʡ 16 ʜʝʣʠʪʩʷ ʥʘ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ ʩʝʢʮʠʠ. 
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ʈʳʭʣʝʥʠʝ ʚʩʢʨʳʰʥʳʭ ʠ ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʨʫʜʥʦʛʦ ʙʣʦʢʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. ʋʯʘʩʪʦʢ ʧʫʩʪʳʭ ʧʦʨʦʜ, ʧʨʠʤʳʢʘʶʱʠʡ 

ʢ ʚʠʩʷʯʝʤʫ ʙʦʢʫ ʪʦʥʢʦʛʦ ʨʫʜʥʦʛʦ ʪʝʣʘ 17, ʦʩʣʘʙʣʷʝʪʩʷ ʧʫʪʝʤ ʚʟʨʳʚʘʥʠʷ ʟʘʨʷʜʦʚ ʤʘʣʦʛʦ 

ʜʠʘʤʝʪʨʘ ʩ ʦʩʪʘʚʣʝʥʠʝʤ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʮʝʣʠʢʘ 18 ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʨʠʤʝʰʠʚʘʥʠʷ 

ʨʫʜʥʦʡ ʤʘʩʩʳ ʢ ʧʫʩʪʳʤ ʧʦʨʦʜʘʤ, ʚʟʦʨʚʘʥʥʳʝ ʧʫʩʪʳʝ ʧʦʨʦʜʳ ʫʜʘʣʷʶʪʩʷ ʦʜʥʦʢʦʚʰʦʚʳʤ ʢʘ-

ʨʴʝʨʥʳʤ ʵʢʩʢʘʚʘʪʦʨʦʤ ʠʣʠ ʧʦʛʨʫʟʯʠʢʦʤ (ʥʘ ʨʠʩ. ʥʝ ʧʦʢʘʟʘʥʳ). ɺʳʝʤʢʘ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ-

ʥʦʛʦ ʮʝʣʠʢʘ 18, ʪʦʥʢʦʛʦ ʨʫʜʥʦʛʦ ʪʝʣʘ 17, ʘ ʪʘʢʞʝ ʟʦʥ ʧʨʦʞʠʣʢʦʚʘʥʠʷ 19 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʩʪʨʝʣʦʚʳʤ ʢʦʤʙʘʡʥʦʤ 1 ʧʦʩʨʝʜʩʪʚʦʤ ʚʨʘʱʘʶʱʝʡʩʷ ʬʨʝʟʳ 2. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʢʦʤʙʘʡʥ 1 ʬʨʝʟʦʡ 2 ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʳʭʣʝʥʠʝ ʧʫʩʪʳʭ ʧʦʨʦʜ ʧʨʝʜʦʭʨʘ-

ʥʠʪʝʣʴʥʦʛʦ ʮʝʣʠʢʘ 18, ʧʨʠ ʵʪʦʤ ʨʘʟʨʳʭʣʝʥʥʘʷ ʛʦʨʥʘʷ ʤʘʩʩʘ ʩʩʳʧʘʝʪʩʷ ʥʘ ʩʢʨʝʙʢʦʚʳʡ ʪʨʘʥʩ-

ʧʦʨʪʝʨ 14. ʑʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ 15 ʧʝʨʝʢʨʳʪʳ, ʠ ʚʝʩʴ ʦʙʲʝʤ ʛʦʨʥʦʡ ʤʘʩʩʳ 

ʧʦʜʘʝʪʩʷ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʥʚʝʡʝʨ 4, ʟʘʪʝʤ ʚ ʙʫʥʢʝʨ 6, ʘ ʦʪʪʫʜʘ ʯʝʨʝʟ ʧʠʪʘʪʝʣʴ 7 ʠ ʨʘʟ-

ʛʨʫʟʦʯʥʳʡ ʢʦʥʚʝʡʝʨ 8 ï ʚ ʘʚʪʦʩʘʤʦʩʚʘʣ (ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʧʦʢʘʟʘʥ). ɿʘʪʝʤ ʥʘʯʠʥʘʝʪʩʷ ʦʪʨʘ-

ʙʦʪʢʘ ʪʦʥʢʦʛʦ ʨʫʜʥʦʛʦ ʪʝʣʘ 17 (ʨʠʩ. 1ʘ), ʧʨʠ ʵʪʦʤ ʱʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ 15 

ʦʪʢʨʳʚʘʶʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟ ʨʫʜʥʦʡ ʤʘʩʩʳ, ʧʝʨʝʤʝʱʘʝʤʦʡ ʩʢʨʝʙʢʦʚʳʤ ʪʨʘʥʩʧʦʨʪʝ-

ʨʦʤ 14 ʥʘʯʠʥʘʶʪ ʧʨʦʩʝʠʚʘʪʴʩʷ ʤʝʣʢʠ ʬʨʘʢʮʠʠ, ʦʙʦʛʘʱʝʥʥʳʝ ʧʦʣʝʟʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ. ʄʝʣ-

ʢʠʝ ʬʨʘʢʮʠʠ ʩʩʳʧʘʶʪʩʷ ʚ ʢʦʨʧʫʩ 11, ʦʪʢʫʜʘ ʯʝʨʝʟ ʚʩʘʩʳʚʘʶʱʠʝ ʧʘʪʨʫʙʢʠ 12, 13 ʧʦ ʛʠʙʢʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ 9 ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʙʫʥʢʝʨ ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ 20. ʇʨʠ ʧʦʜʥʷʪʦʡ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʪʨʝʣʝ 5 ʨʫʜʥʘʷ ʤʝʣʦʯʴ ʙʫʜʝʪ ʚ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʩʢʘʧʣʠʚʘʪʴʩʷ ʚ ʟʘʜʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 11 ʠ ʫʜʘʣʷʪʴʩʷ ʯʝʨʝʟ ʚʩʘʩʳʚʘʶʱʠʡ ʧʘʪʨʫʙʦʢ 

12 (ʨʠʩ. 1ʙ). ʇʨʠ ʦʧʫʩʢʘʥʠʠ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʪʨʝʣʳ 5 ʨʫʜʥʘʷ ʤʝʣʦʯʴ ʫʜʘʣʷʝʪʩʷ ʯʝʨʝʟ ʚʩʘ-

ʩʳʚʘʶʱʠʡ ʧʘʪʨʫʙʦʢ 13 (ʨʠʩ. 1ʚ). ʆʪ ʩʢʨʝʙʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ 14 ʨʫʜʥʘʷ ʤʘʩʩʘ ʧʦʩʪʫʧʘʝʪ 

ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʥʚʝʡʝʨ 4, ʧʨʠ ʵʪʦʤ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʫʩʪʳʭ ʧʦʨʦʜ ʧʦ ʧʨʦ-

ʤʝʞʫʪʦʯʥʦʤʫ ʢʦʥʚʝʡʝʨʫ 4 ʟʘʩʣʦʥʢʘ 16 ʟʘʢʨʳʚʘʝʪʩʷ ʠ ʨʘʟʜʝʣʷʝʪ ʙʫʥʢʝʨ 6 ʥʘ ʜʚʝ ʩʝʢʮʠʠ (ʨʠʩ. 

1ʘ). ʈʫʜʥʘʷ ʤʘʩʩʘ ʥʘʯʠʥʘʝʪ ʩʩʳʧʘʪʴʩʷ ʚ ʚʝʨʭʥʶʶ ʩʝʢʮʠʶ ʙʫʥʢʝʨʘ 6, ʘ ʦʩʪʘʚʰʘʷʩʷ ʧʫʩʪʘʷ 

ʧʦʨʦʜʘ ʠʟ ʥʠʞʥʝʡ ʩʝʢʮʠʠ ʧʦ ʧʠʪʘʪʝʣʶ 7 ʠ ʨʘʟʛʨʫʟʦʯʥʦʤʫ ʢʦʥʚʝʡʝʨʫ 8 ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʘʚʪʦʩʘʤʦʩʚʘʣ. ʇʨʦʠʩʭʦʜʠʪ ʟʘʤʝʥʘ ʘʚʪʦʩʘʤʦʩʚʘʣʘ, ʧʨʠ ʵʪʦʤ ʟʘʩʣʦʥʢʘ 16 ʦʪ-

ʢʨʳʚʘʝʪʩʷ, ʠ ʥʘʢʦʧʣʝʥʥʘʷ ʚ ʙʫʥʢʝʨʝ 6 ʨʫʜʥʘʷ ʤʘʩʩʘ ʥʘʯʠʥʘʝʪ ʧʦʜʘʚʘʪʴʩʷ ʚ ʘʚʪʦʩʘʤʦʩʚʘʣ. 

ʇʨʠ ʚʩʪʨʝʯʝ ʩ ʧʫʩʪʳʤʠ ʧʦʨʦʜʘʤʠ ʚ ʟʦʥʝ ʧʨʦʞʠʣʢʦʚʘʥʠʷ 19 ʚʥʦʚʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʢʨʳʪʠʝ 

ʱʝʣʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ 15 ʠ ʟʘʩʣʦʥʢʠ 16, ʘ ʪʘʢʞʝ ʩʤʝʥʘ ʘʚʪʦʩʘʤʦʩʚʘʣʘ ʧʦʜ ʧʦ-

ʛʨʫʟʢʫ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʝʟʦʩʪʘʥʦʚʦʯʥʘʷ ʨʘʙʦʪʘ ʢʦʤʙʘʡʥʘ 1 ʧʨʠ ʟʘʤʝʥʝ ʟʘ-

ʛʨʫʞʝʥʥʳʭ ʩʘʤʦʩʚʘʣʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʛʣʫʙʠʥʫ ʩʝʣʝʢʮʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʚʳʝʤʦʯʥʳʭ ʙʣʦʢʦʚ, 

ʩʥʠʟʠʪ ʧʦʪʝʨʠ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʨʫʜʥʦʡ ʤʝʣʦʯʴʶ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʦʙʳʯʠ ʨʫʜʳ, ʯʪʦ ʧʦʟʚʦ-

ʣʠʪ ʚʦʚʣʝʯʴ ʦʪʨʘʙʦʪʢʫ ʨʷʜ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʣʠ ʠʭ ʫʯʘʩʪʢʦʚ, ʦʩʚʦʝʥʠʝ 

ʢʦʪʦʨʳʭ ʨʘʥʝʝ ʩʯʠʪʘʣʦʩʴ ʥʝʨʝʥʪʘʙʝʣʴʥʳʤ. 
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Annotation. The current problems of the development of quarries of non-metallic building mate-
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ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦ-

ʛʨʘʤʤ ʧʦ ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʨʘʩʣʠ, ʦʙʲʝʤʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʦʙʲʝʢʪʦʚ. ʉʞʘʪʳʝ ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʚ ʢʨʫʧʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʚʳʷʚʣʷʶʪ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝ-

ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʳʨʴʝʤ, ʘ ʪʘʢʞʝ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʠʭ ʧʦʩʪʘʚʦʢ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʦʙʲʝʢʪʳ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʟʳʚʘʝʪ ʥʘ ʥʠʭ ʧʨʦʩʪʦʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦ-

ʢʫʧʢʠ ʥʝʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʫ ʧʦʩʨʝʜʥʠʢʦʚ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʩʳʨʴ-

ʝʚʦʡ ʙʘʟʳ. ɽʩʪʝʩʪʚʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʧʦʩʨʝʜʥʠʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʟʘʪʨʘʪ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘ ʚʦʟʚʦʜʠʤʳʝ ʦʙʲʝʢʪʳ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʵʪʘ ʧʨʦʙʣʝʤʘ 

ʟʘʪʨʘʛʠʚʘʝʪ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʳʧʦʣʥʷʶʱʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʭ ʢʦʥʪʨʘʢʪʦʚ, ʪʘʢ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʝʢʪʥʦʡ ʩʤʝʪʥʦʡ ʩʪʦʠʤʦʩʪʠ ʦʙʲʝʢʪʘ ʚʚʠʜʫ ʫʜʦ-

ʨʦʞʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʘʢʪʫʘʣʴʥʘ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ - ʘʚʪʦ-

ʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. ɼʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ ʧʦ ʚʦʟʚʝʜʝ-

ʥʠʶ ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʪʨʝʙʫʝʪʩʷ ʬʦʨʩʠʨʦʚʘʥʥʦʝ ʨʘʟʚʠʪʠʝ ʚ 

ʩʬʝʨʝ ʜʦʙʳʯʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʊʘʢ ʢʘʢ ʜʦʙʳʯʘ ʦʙʱʝʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ï ʣʠʮʝʥʟʠʨʫʝʤʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʟʘʢʦ-

ʥʦʜʘʪʝʣʴʥʳʤʠ ʘʢʪʘʤʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʘʨʴʝʨʦʚ ʥʝʨʫʜʥʦʛʦ ʩʳʨʴʷ, ʥʘʯʠʥʘʷ 

ʦʪ ʩʪʘʜʠʠ ʧʨʝʜʧʨʦʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʦʟʥʠʢʘʝʪ ʤʥʦ-

ʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʣʦʞʝʥʠʷ ʩʨʝʜʩʪʚ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦ-

ʝʢʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʧʨʠʟʤʝ ʩʨʦʢʦʚ ʨʝʘʣʠʟʘʮʠʠ ʠʥʚʝ-

ʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʝʝ ʨʘʟʚʠʪʠʷ (ʩʤ. ʪʘʙʣʠʮʫ). 

ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʝ ʥʝ ʫʯʪʝʥʳ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʘʜʠʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ; ʫʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʣʷ ʩʭʝʤʘʪʠʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʧʦʨʷʜʢʘ ʦʬʦʨʤʣʝʥʠʷ ʜʦʙʳʯʠ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʳʜʝʣʝʥʥʳʝ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʩ-

ʥʦʚʥʳʝ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʮʝʥʟʠʠ ʢʘʢ ʦʙʲʝʢʪʘ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ. 

 
ʉʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ɺʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʈʘʟʚʠʪʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ɿʘʪʫʭʘʥʠʝ 

ʆʩʥʦʚʥʦʡ ʧʨʘʚʦ-

ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ 

ʜʦʢʫʤʝʥʪ (ʥʝʤʘʪʝ-

ʨʠʘʣʴʥʳʡ ʘʢʪʠʚ) 

ʃʠʮʝʥʟʠʷ (ʥʘ ʧʨʘʚʦ ʥʝʜʨʦ-

ʧʦʣʴʟʦʚʘʥʠʷ) 

 

ʇʨʦʝʢʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʘ ʨʘʟ-

ʨʘʙʦʪʢʫ ʢʘʨʴʝʨʘ (ʊʝʭʥʠʯʝʩʢʠʡ ʠ 

ʨʘʙʦʯʠʡ ʧʨʦʝʢʪʳ) 

ʇʨʦʝʢʪ ʨʝʢʫʣʴʪʠʚʘ-

ʮʠʠ ʠ/ʠʣʠ ʧʨʦʝʢʪ 

ʣʠʢʚʠʜʘʮʠʠ ʢʘʨʴʝʨʘ 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ  1.ɺʳʙʦʨ ʫʯʘʩʪʢʘ ʧʦʜ ʣʠ-

ʮʝʥʟʠʦʥʥʳʡ ʢʦʥʪʫʨ ï ʧʦ-

ʜʘʯʘ ʟʘʷʚʢʠ ʥʘ ʫʯʘʩʪʦʢ 

2.ɸʫʢʮʠʦʥ 

3.ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 

ʫʯʘʩʪʢʘ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʙʘ-

ʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ 

4.ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʛʣʘʩʦʚʘ-

ʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ 

(ʚ ʩʦʩʪʘʚʝ ʧʨʦʝʢʪ ʨʝʢʫʣʴʪʠ-

ʚʘʮʠʠ) 

5.ʆʬʦʨʤʣʝʥʠʝ ʠ ʩʦʛʣʘʩʦʚʘ-

ʥʠʝ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ 

6.ʆʬʦʨʤʣʝʥʠʝ ʠ ʩʦʛʣʘʩʦʚʘ-

ʥʠʝ ʟʝʤʝʣʴʥʦʛʦ ʦʪʚʦʜʘ 

7.ʈʝʛʠʩʪʨʘʮʠʷ ʆʇʆ 

8.ɺʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

1.ʈʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʫʯʘʩʪʢʘ 

(ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʧʝʨʚʳʤ ʵʪʘʧʦʤ) 

2.ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʙʦʯʝʛʦ ʧʨʦʝʢʪʘ 

ʨʘʟʨʘʙʦʪʢʠ ʢʘʨʴʝʨʘ 

3.ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʧʣʘʥʘ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ 

(ʝʞʝʛʦʜʥʦ) 

4.ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʵʢʦ-

ʣʦʛʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʨʘʟʨʘʙʦʪʢʠ 

ʢʘʨʴʝʨʘ 

5. ʈʘʟʨʘʙʦʪʢʘ ʢʘʨʴʝʨʘ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩʦ ʚʩʝʤʠ ʧʨʘʚʦʫʩʪʘʥʘʚʣʠʚʘ-

ʶʱʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʩʪʚʦʤ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ 

1.ʋʪʦʯʥʝʥʠʝ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠ-

ʝʤʢʠ ʫʯʘʩʪʢʘ ʦʪ ʚʣʘ-

ʜʝʣʴʮʘ 

2.ʈʝʢʫʣʴʪʠʚʘʮʠʷ 

ʠ/ʠʣʠ ʣʠʢʚʠʜʘʮʠʷ 

ʢʘʨʴʝʨʘ 

3.ʉʜʘʯʘ ʨʝʢʫʣʴʪʠʚʠ-

ʨʦʚʘʥʥʳʭ ʟʝʤʝʣʴ / 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʣʠʢʚʠ-

ʜʘʮʠʠ ʢʘʨʴʝʨʘ ʦʨʛʘ-

ʥʘʤʠ ʈʦʪʩʝʭʥʘʜʟʦʨʘ 

ɻʣʘʚʥʳʡ ʬʘʢʪʦʨ 

ʦʮʝʥʢʠ ʠʥʚʝʩʪʠ-

ʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ 

ʆʩʚʦʝʥʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢ-

ʪʠʚʘ ʨʘʟʚʠʪʠʷ ʫʯʘʩʪʢʘ 

ʋʪʚʝʨʞʜʝʥʥʳʝ ʙʘʣʘʥʩʦʚʳʝ ʟʘ-

ʧʘʩʳ ʠ ʛʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ 

ʤʦʱʥʦʩʪʴ ʢʘʨʴʝʨʘ 

ʉʨʦʢ ʩʣʫʞʙʳ ʢʘʨʴ-

ʝʨʘ 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʳʜʝʣʝʥʥʳʝ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʩ-

ʥʦʚʥʳʝ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʮʝʥʟʠʠ ʢʘʢ ʦʙʲʝʢʪʘ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʴʝ çʆʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʛʦʨʥʦ-

ʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷè, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʞʫʨʥʘʣʝ çʈʘʮʠʦʥʘʣʴʥʦʝ ʦʩʚʦʝʥʠʝ ʥʝʜʨè ˉ 
6 ʟʘ 2013 ʛ. (ʘʚʪʦʨʳ ɸ. ɺ. ʂʘʧʣʘʥ, ʃ. ʇ. ʃʝʡʜʝʨʤʘʥ, ʄ. ɸ. ʊʝʨʝʰʠʥʘ) ʣʠʮʝʥʟʠʷ ʥʘ ʧʨʘʚʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʨʘʤʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʘʢʪʠʚʦʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʧʨʝʜʝ-

ʣʝʥʥʳʤʠ ʧʨʠʯʠʥʘʤʠ: 

- ʚʣʘʜʝʣʝʮ ʣʠʮʝʥʟʠʠ ʥʝ ʠʤʝʝʪ ʧʨʘʚʦ ʧʨʦʜʘʪʴ ʠʣʠ ʧʝʨʝʜʘʪʴ ʘʢʪʠʚ ʠʥʦʤʫ ʶʨʠʜʠʯʝ-
ʩʢʦʤʫ ʣʠʮʫ; 

- ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʣʠʮʝʥʟʠʠ ʦʛʨʘʥʠʯʝʥ ʠ ʚ ʦʩʥʦʚʥʦʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 15-20 ʣʝʪ, ʚʥʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʠ ʢʘʯʝʩʪʚʘ ʟʘʧʘʩʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ; 

- ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʠʥʬʦʨ-
ʤʘʮʠʶ ʦ ʚʳʩʪʘʚʣʷʝʤʦʤ ʥʘ ʘʫʢʮʠʦʥ ʦʙʲʝʢʪʝ; 

- ʧʨʠ ʚʳʜʘʯʝ ʣʠʮʝʥʟʠʡ ʨʝʛʫʣʷʨʥʦ ʜʦʧʫʩʢʘʶʪʩʷ ʦʰʠʙʢʠ ʠ ʧʦʛʨʝʰʥʦʩʪʠ, ʥʝ ʧʦʟʚʦʣʷ-
ʶʱʠʝ ʧʦʣʥʦʮʝʥʥʦ ʦʪʨʘʙʘʪʳʚʘʪʴ ʟʘʧʘʩʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ; 

- ʣʠʮʝʥʟʠʝʡ ʥʘ ʧʦʣʴʟʦʚʘʥʠʝ ʥʝʜʨʘʤʠ ʧʨʦʧʠʩʘʥʳ ʦʙʷʟʘʥʥʦʩʪʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʷ 
ʧʝʨʝʜ ʛʦʩʫʜʘʨʩʪʚʦʤ ʧʦ ʩʨʦʢʘʤ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʠ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ, ʦʙʲʝ-

ʤʘʤ ʜʦʙʳʯʠ, ʥʘʧʨʘʚʣʝʥʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ. 
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ɽʩʪʝʩʪʚʝʥʥʦ, ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʢ ʦʮʝʥʢʝ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ 

ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʪʘʢ ʢʘʢ ʜʝ-

ʷʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ ʢʘʨʴʝʨʦʚ ʪʘʢʞʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʬʝʜʝʨʘʣʴʥʳʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʤʠ 

ʘʢʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʴ, ʧʨʝʞʜʝ ʯʝʤ ʧʦʜʘʚʘʪʴ ʟʘʷʚʢʫ ʥʘ 

ʫʯʘʩʪʠʝ ʚ ʘʫʢʮʠʦʥʝ, ʜʦʣʞʝʥ ʧʦʣʥʦʚʝʩʥʦ ʦʮʝʥʠʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ ʪʘʢʦʛʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʘʢʪʠʚʘ.  

ʇʦ ʦʛʨʦʤʥʦʤʫ ʟʘʧʨʦʩʫ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʚʳʧʦʣʥʝʥʠʝʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʢʦʥʪʨʘʢʪʦʚ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʩ 2018 ʛʦʜʘ ʚʩʪʫʧʠʣ 

ʚ ʩʠʣʫ ʥʦʚʳʡ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʡ ʘʢʪ, ʫʧʨʦʱʘʶʱʠʡ ʧʦʣʫʯʝʥʠʝ ʣʠʮʝʥʟʠʠ ʥʘ ʧʨʘʚʦ ʧʦʣʴʟʦʚʘ-

ʥʠʷ ʥʝʜʨʘʤʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʫʞʜ. ʉ ʥʘʯʘʣʦʤ ʜʝʡʩʪʚʠʷ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ˉ 188-ʌɿ 

ʦʪ 26.07.2018 ʛ. çʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ɿʘʢʦʥ ʦ ʥʝʜʨʘʭè ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʘʢʪʠʢʘ ʫʧʨʦʱʝ-

ʥʠʷ ʧʦʨʷʜʢʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʨʘʚʘ ʧʦʣʴʟʦʚʘʥʠʷ ʫʯʘʩʪʢʘʤʠ ʥʝʜʨ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʮʝʣʷʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʫʯʘʩʪʢʦʚ ʥʝʜʨ ʠʟ 

ʧʝʨʝʯʥʷ ʫʯʘʩʪʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʙʘʣʘʥʩʝ ʟʘʧʘʩʦʚ. ʆʜʥʘʢʦ, ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟ ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʄʠʥʠʩʪʝʨʩʪʚʦʤ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʢ ʦʪʨʘʙʦʪʢʝ ʠʟ ʠʤʝʶʱʝʛʦʩʷ ʧʝʨʝʯʥʷ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʟʘʧʘʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷʤʠ ʛʣʠʥ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʩʪʨʦʷʱʠʭʩʷ ʠʣʠ ʧʨʦʝʢʪʠʨʫʝ-

ʤʳʭ ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʉʪʨʦʠʪʝʣʴʥʳʝ ʢʦʤʧʘʥʠʠ ʧʨʝʜʣʘʛʘʣʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʚ ʩʦ-

ʩʪʘʚʝ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʠʷ ʚʳʜʝʣʝʥʠʝ ʫʯʘʩʪʢʦʚ ʥʝʜʨ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʙʣʠʟʠ ʦʪ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʩ ʟʘʧʘ-

ʩʘʤʠ ʥʝʨʫʜʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʚʝʜʦʤʩʪʚʝʥ-

ʥʳʤʠ ʤʠʥʠʩʪʝʨʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʟʚʝʜʢʦʡ ʠ ʧʦʩʪʘʥʦʚʢʦʡ ʥʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʟʘʧʘʩ ʙʘʣʘʥ-

ʩʦʚ ʩ ʦʬʦʨʤʣʝʥʠʝʤ ʣʠʮʝʥʟʠʠ ʧʦʙʝʜʠʪʝʣʶ ʘʫʢʮʠʦʥʘ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʘ. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ, ʫʯʠʪʳʚʘʷ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʟʘʧʘʩʦʚ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʩʪʨʦʠʪʝʣʴʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ, ʧʣʘʥʠʨʫʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʩʪʚʝʥ-

ʥʫʶ ʩʳʨʴʝʚʫʶ ʙʘʟʫ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʭʦʜʠʪʴ ʩʪʘʥʜʘʨʪʥʫʶ ʧʨʦʮʝʜʫʨʫ ʜʣʠʪʝʣʴʥʦʛʦ ʠ ʤʘʪʝʨʠ-

ʘʣʴʥʦ ʟʘʪʨʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʬʦʨʤʣʝʥʠʷ ʣʠʮʝʥʟʠʠ ʩ ʚʳʭʦʜʦʤ ʥʘ ʘʫʢʮʠʦʥ.  

ʆʜʥʘʢʦ, ʥʘ ʜʝʣʝ, ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʧʦ ʫʧʨʦʱʝʥʠʶ ʧʦʨʷʜʢʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʣʠʮʝʥʟʠʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʚʳʧʦʣʥʝʥʠʝʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʥʝ ʧʨʠʥʝʩʣʦ ʜʦʣʞʥʦʛʦ ʵʬʬʝʢʪʘ ʧʦ ʫʣʫʯʰʝʥʠʶ ʩʠʪʫʘʮʠʠ ʠ ʙʝʩ-

ʧʝʨʝʙʦʡʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʨʫʜʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʳʨʴʝʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʦʢ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ, ʧʦʵʪʦʤʫ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʦʙʩʪʚʝʥʥʫʶ ʩʳʨʴʝʚʫʶ 

ʙʘʟʫ ʠ ʧʝʨʝʜ ʚʩʝʤʠ ʠʥʳʤʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ï ʪʝʭʥʠʯʝʩʢʠ ʠ ʵʢʦʥʦ-

ʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʩʦʙʣʶʜʘʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʚ ʦʙʣʘʩʪʠ 

ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ. 

ɺ ʧʨʘʢʪʠʢʝ ʨʘʙʦʪʳ ʢʨʫʧʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʧʨʝʜʧʨʠʷʪʠʝʤ ʥʝ ʧʨʦʚʦʜʠʪʩʷ 

ʧʨʝʜʧʨʦʝʢʪʥʳʡ ʘʥʘʣʠʟ ʦʮʝʥʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝ-

ʤʦʛʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ. ɿʘʷʚʢʘ ʥʘ ʫʯʘʩʪʦʢ 

ʥʝʜʨ ʧʦʜʘʝʪʩʷ ʧʦ ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʧʨʠʥʮʠʧʫ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʥʥʦʛʦ 

ʫʯʘʩʪʢʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʠʷ ʣʠʮʝʥʟʠʠ ʦʮʝ-

ʥʠʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʠʤʝʥʥʦ ï ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʳʡ 

ʧʨʝʜʧʨʦʝʢʪʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʫʯʪʝʥʳ 

ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʥʘʡʜʝʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. ʇʨʦʚʦ-

ʜʠʤʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʧʨʦʝʢʪʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʘʫʢʮʠʦʥʘ ʥʘ ʧʨʘʚʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʨʘʤʠ 

ʫʯʘʩʪʥʠʢʠ ʥʝ ʧʦʣʫʯʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʤʠʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʤʦʛʦ ʫʯʘʩʪʢʘ, ʚ ʢʦʪʦʨʦʡ ʫʢʘʟʳʚʘʝʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʪʦʧʦʛʨʘʬʠʷ 
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ʫʯʘʩʪʢʘ, ʙʣʠʟʣʝʞʘʱʠʝ ʦʙʲʝʢʪʳ, ʨʘʟʤʝʨʳ ʫʯʘʩʪʢʘ ʠ ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʦʛʦ 

ʠʩʢʦʧʘʝʤʦʛʦ. ʇʨʠ ʵʪʦʤ, ʛʝʦʣʦʛʠʷ ʫʯʘʩʪʢʘ ʚ ʦʧʠʩʘʥʠʠ ʧʨʠʚʦʜʠʪʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʩʦʩʝʜʥʠʤʠ 

ʫʯʘʩʪʢʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʩʢʘʞʘʪʴ ʨʝʘʣʴʥʫʶ ʢʘʨʪʠʥʫ. ʇʦʜʩʯʝʪ ʟʘʧʘʩʦʚ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝ ʦʬʦʨʤʣʝʥʠʷ ʣʠʮʝʥʟʠʠ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʦʪʯʝʪʘ ʧʦ ʦʮʝʥʢʝ 

ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʠʭ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʙʘʣʘʥʩ.  ʅʦ ʦʬʦʨʤ-

ʣʝʥʠʝ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ ʢʘʨʴʝʨʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʥʘ ʜʘʣʴʥʝʡʰʝʝ 

ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ, ʪʘʢ ʢʘʢ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʷʚʣʷʶʪʩʷ ʩʧʦʨʥʳʝ ʚʦʧʨʦʩʳ, ʨʝʰʝʥʠʝ ʢʦʪʦ-

ʨʳʭ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʨʛʘʥʘ, ʚʳʜʘʚʰʝʛʦ ʣʠʮʝʥʟʠʶ.  ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʩʧʦʨ-

ʥʳʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʟʝʤʝʣʴʥʦʛʦ ʦʪʚʦʜʘ, ʢʦʪʦʨʳʡ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ ʜʣʷ ʫʯʘʩʪʢʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʩʢʠʭ ʦʢʨʫʛʦʚ.  ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʝʰʝ-

ʥʠʝ ʩʧʦʨʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʦʬʦʨʤʣʝʥʠʠ ʛʨʘʥʠʮ ʟʝʤʝʣʴʥʦʛʦ ʦʪʚʦʜʘ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝ-

ʥʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ ʠ ʦʙʲʝʤʦʚ ʟʘʧʘʩʦʚ ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ. 

ʂʦʥʝʯʥʦ, ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʥʷʪʴ ʚ ʨʘʩʯʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ ʠ ʧʦʪʝʨʠ ʧʨʠ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʦʡ ʟʘʷʚʢʝ ʥʘ ʫʯʘʩʪʦʢ, ʧʨʠ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʘʷ ʜʦʣʷ ʨʠʩʢʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʬʘʢʪʦʨʳ, ʥʝʟʘ-

ʚʠʩʷʱʠʝ ʦʪ ʢʘʯʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʢ ʦʩʚʦʝʥʠʶ ʫʯʘʩʪʢʘ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦ-

ʤʝʥʪ ʵʪʠ ʬʘʢʪʦʨʳ ʥʝʚʦʟʤʦʞʥʦ ʫʯʝʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʤʦʜʝʣʠ ʥʘ ʩʪʘʜʠʠ 

ʦʮʝʥʢʠ ʧʨʦʝʢʪʘ ʦʪʪʘʣʢʠʚʘʶʪʩʷ ʦʪ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʯʘʩʪʢʘ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʦʙʲʝʤʘ 

ʟʘʧʘʩʦʚ, ʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʢʘʞʜʦʝ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪ ʜʘʣʴʥʝʡʰʫʶ ʢʘʨʪʠʥʫ, ʘ 

ʨʘʟʨʘʙʦʪʢʘ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʪʨʫʜʦʝʤʢʘ ʠ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʪʘʢ ʘʢʪʫ-

ʘʣʴʥʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʩʪʘʨʳʝ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʠ ʩʦʟʜʘʪʴ ʥʦʚʫʶ, ʛʜʝ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʤʦʞʥʦ ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʥʝ ʦʪ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʯʘʩʪʢʘ, ʘ ʦʪ ʩʚʦʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ. ʊʦ ʝʩʪʴ ʨʝʰʠʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ï ʧʦ ʟʘʜʘʥʥʳʤ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ (ʢ ʧʨʠʤʝʨʫ, ʪʨʝʙʫʝʤʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ) ʚʳʷʚʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʫʯʘʩʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪ ʟʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ.  ʇʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʪ ʝʱʝ ʥʘ ʵʪʘʧʝ ʟʘʷʚʢʠ ʥʘ 

ʫʯʘʩʪʦʢ ʚʳʷʚʠʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʣʦʞʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʚ ʜʘʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ.   

ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪʩʷ ʦʛʨʦʤʥʘʷ ʨʘʙʦʪʘ ʧʦ ʚʳʷʚʣʝʥʠʶ ʦʙʨʘʪʥʳʭ ʟʘʚʠ-

ʩʠʤʦʩʪʝʡ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ, ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ, ʘ ʪʘʢʞʝ ʚʩʝ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ. 
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ʆɹʆɻɸʑɽʅʀɽ ʇʆʃɽɿʅʓʍ ʀʉʂʆʇɸɽʄʓʍ 

 

 

ʋɼʂ 622.2  

ɺʃʀʗʅʀɽ ʕʃɽʂʊʈʆʆɹʈɸɹʆʊʂʀ ʅɸ ʀɿʄɽʃʔʏɽʅʀɽ ʄɸʊɽʈʀɸʃɸ  

ɺ ʐɸʈʆɺʆʁ ʄɽʃʔʅʀʎɽ 

 

ɸʌɸʅɸʉʔɽɺ ɸ. ʀ. ɹʆʏʂʆɺ ɺ. ʉ., ʇʆʊɸʇʆɺ ɺ. ʗ., ʇʆʊɸʇʆɺ ɺ. ɺ., ɹʆʏʂʆɺɸ ʂ. ɺ. 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʣʴʯʝʥʠʷ ʙʝʜʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʨʫʜʳ 

ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʫʩʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʙʦʡ ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʠʪʴ ʩʫʱʝ-

ʩʪʚʝʥʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ.  ʈʫʜʘ ʧʦʜʚʝʨʛʘʣʠʩʴ ʫʜʘʨ-

ʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʜʦ ʢʨʫʧʥʦʩʪʠ -25 ʤʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʠʪʦʚʳʤ ʘʥʘʣʠʟʦʤ. ʇʦʩʣʝ ʫʜʘʨʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʘʷ ʤʘʩʩʘ ʧʦʤʝʱʘʣʠʩʴ ʚ ʦʪʜʝʣʴʥʳʝ ʢʘʤʝʨʳ ʤʝʣʴʥʠʮʳ ʠ ʠʟʤʝʣʴʯʘʣʠʩʴ ʚ ʪʝ-

ʯʝʥʠʠ 20 ʤʠʥʫʪ. ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʟʘʤʝʨʷʣʠʩʴ: ʚʨʝʤʷ(t), ʚʝʣʠʯʠʥʘ ʪʦʢʘ (I) ʚ ʷʢʦʨʥʦʡ ʮʝʧʠ 

ʠ ʰʫʥʪʦʚʦʡ ʦʙʤʦʪʢʝ, ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ(U), ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ (ʧʦ ʚʘʪʪʤʝʪʨʫ) ʠ 

ʚʝʣʠʯʠʥʫ ʚʳʭʦʜʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʥʝʨʛʦʝʤ-

ʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʵʣʝʢʪʨʦʦʙʨʘʙʦʪʘʥʥʦʡ ʨʫʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 20% ʤʝʥʴʰʝ, ʯʝʤ 

ʥʝ ʵʣʝʢʪʨʦʦʙʨʘʙʦʪʘʥʥʦʡ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʝʨʘʙʘʪʳ-

ʚʘʝʤʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʦʡ ʚ ʤʝʣʴʥʠʮʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʥʦʩ ʬʫʪʝʨʦʚʦʢ ʠ ʤʝʣʠʱʠʭ ʪʝʣ, ʪʘʢ ʢʘʢ ʚ 

ʧʨʦʙʝ ʠʟʤʝʣʴʯʝʥʥʦʡ ʨʫʜʳ ʧʦʷʚʠʣʩʷ ʤʝʪʘʣʣ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣɻʝʢʪʨʦʦʙʨʘʙʦʪʢʘ ʨʫʜʳ, ʤʝʣʴʥʠʮʘ, ʬʫʪʝʨʦʚʢʘ, ʠʟʥʘʰʠʚʘʥʠʝ, ʜʨʦʙʣʝʥʠʝ, 

ʛʦʨʥʘʷ ʧʦʨʦʜʘ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

 

INFLUENCE OF ELECTRICAL TREATMENT ON THE GRINDING OF MATERIAL 

IN A BALL MILL  
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Abstract. The article discusses the study of grinding low-grade sulfide ore before and after expos-

ing the pieces to electrical breakdown, which allows for a significant weakening of the mechanical 

strength of the rock. The ore was subjected to impact destruction to a particle size of -25 mm, 

followed by sieve analysis. After impact destruction, the rock mass was placed in separate cham-

bers of the mill and crushed for 20 minutes. During the experiments, the following were measured: 

time (t), current value (I) in the armature circuit and shunt winding, voltage value (U), average 

energy consumption (by wattmeter) and the output value of the finished product for a certain time. 

It has been established that the energy intensity of the grinding process of electrically treated ore 

is almost 20% less than that of non-electrified ore. It was also established that during the processes 

of interaction with the processed rock in the mill, wear of the linings and grinding bodies occurs, 

since metal appeared in the sample of crushed ore. 

 

Keywords: electrical processing of ore, mill, lining, wear, crushing, rock, energy intensity of the 

process. 
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ɼʨʦʙʣʝʥʠʝ ʠ ʠʟʤʝʣʴʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʥʝʨʛʦʝʤ-

ʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ.  ʆʥʠ ʧʦʪʨʝʙʣʷʶʪ ʧʦʯʪʠ ʧʷʪʫʶ ʯʘʩʪʴ ʚʩʝʡ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ [1]. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʛʣʫʙʠʥʘ 

ʢʘʨʴʝʨʦʚ, ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʯʥʦʩʪʴ ʜʦʙʳʚʘʝʤʦʡ ʨʫʜʳ, ʩʥʠʞʘʝʪʩʷ ʝʸ ʠʟʤʝʣʴʯʘʝʤʦʩʪʴ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʜʦʙʳʯʫ ʠ ʦʙʦʛʘ-

ʱʝʥʠʝ [2-5]. 

ɹʘʨʘʙʘʥʥʳʝ ʤʝʣʴʥʠʮʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʠʟ-

ʤʝʣʴʯʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʜʦ ʢʨʫʧʥʦʩʪʠ ʤʝʥʴʰʝ 5 ʤʤ. ʕʪʦʪ ʨʘʟʤʝʨ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʥʳʤ ʠ 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʨʘʟʨʫʰʝʥʠʷ ʠ ʚʠʜʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ [2,6-8.]. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʣʴʯʝʥʠʷ ʙʝʜʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʨʫʜʳ ʜʦ ʠ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʫʩʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʙʦʡ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫ-

ʯʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ[2]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʩʷ ʛʦʨʥʘʷ ʤʘʩʩʘ ʨʘʟʜʝʣʷʣʘʩʴ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʧʨʦʙʠʚʘʝʤʘʷ ʪʦʢʦʤ ʠ ʥʝʧʨʦʙʠʚʘ-

ʝʤʘʷ ʪʦʢʦʤ. ʆʙʝ ʯʘʩʪʠ ʚʟʚʝʰʠʚʘʣʠʩʴ ʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʫʜʘʨʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʜʦ ʢʨʫʧʥʦʩʪʠ -

25 ʤʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʠʪʦʚʳʤ ʘʥʘʣʠʟʦʤ. ʋʜʘʨ ʧʦ ʢʫʩʢʫ ʨʫʜʳ ʥʘʥʦʩʠʣʩʷ ʧʣʦʩʢʠʤ ʪʦʨʮʦʤ 

ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 2 ʤʘʛʥʠʪʥʦ-ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʫʜʘʨʥʠʢʘ (ʨʠʩ.1) ʩ ʢʦʥʜʝʥʩʘʪʦʨʥʳʤ 

ʥʘʢʦʧʠʪʝʣʝʤ ʵʥʝʨʛʠʠ. ɺʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʠʟʤʝʥʷʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʫʧʥʦʩʪʠ ʢʫʩ-

ʢʦʚ. ʅʝʦʙʭʦʜʠʤʘʷ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʟʘʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʠ [5]. 

ʇʦʩʣʝ ʫʜʘʨʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʝ ʧʦʨʮʠʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʦʪʜʝʣʴʥʳʝ ʢʘ-

ʤʝʨʳ ʤʝʣʴʥʠʮʳ (ʩʤ. ʨʠʩ.2) ʠ ʠʟʤʝʣʴʯʘʣʠʩʴ ʚ ʪʝʯʝʥʠʠ 20 ʤʠʥʫʪ. ɿʘʪʝʤ ʦʧʷʪʴ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʩʠʪʦʚʦʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ. ɻʦʪʦʚʳʡ ʧʨʦʜʫʢʪ (ʢʣʘʩʩ -0,15ʤʤ) ʦʪʧʨʘʚʣʷʣʩʷ ʥʘ 

ʘʥʘʣʠʟ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʣʘʙʦʨʘʪʦʨʠʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʦʣʝʟ-

ʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ï ʤʝʜʠ.  

 

 
 

ʈʠʩʫʥʦʢ 1. ʄʘʛʥʠʪʥʦ-ʠʥʜʫʢʮʠʦʥʥʳʡ ʠʤʧʫʣʴʩʥʳʡ ʫʜʘʨʥʳʡ ʤʝʭʘʥʠʟʤ: 

1 - ʢʦʨʧʫʩ ʫʜʘʨʥʠʢʘ; 2 - ʨʘʙʦʯʘʷ ʯʘʩʪʴ ʫʜʘʨʥʠʢʘ; 3 - ʢʫʩʦʢ ʛʦʨʥʦʡ ʧʦʨʦʜʳ; 4 - ʨʘʤʘ ʫʩʪʘʥʦʚʢʠ 

 

 

1 

2 

3 

4 
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ʈʠʩʫʥʦʢ 2. ʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʘʷ ʤʝʣʴʥʠʮʘ:  

1- ʢʦʨʧʫʩ ʤʝʣʴʥʠʮʳ; 2- ʧʦʜʰʠʧʥʠʢʦʚʘʷ ʦʧʦʨʘ; 3- ʯʝʨʚʷʯʥʳʡ ʨʝʜʫʢʪʦʨ; 4- ʢʣʠʥʦʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ, 

5 ï ʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

 

ʇʦ ʩʚʦʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʘʨʘʤʝʪʨʳ ʵʪʦʡ 

ʤʝʣʴʥʠʮʳ ʧʨʝʚʳʰʘʶʪ ʚ ʜʚʘ ʨʘʟʘ ʧʘʨʘʤʝʪʨʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʝʣʴʥʠʮ ʊʘʙʣ.1. [10-12] 

ʐʘʨʦʚʘʷ ʤʝʣʴʥʠʮʘ ʠʤʝʝʪ ʜʚʝ ʜʨʦʙʠʣʴʥʳʝ ʢʘʤʝʨʳ. ʈʘʟʛʨʫʟʢʘ, ʘ ʪʘʢʞʝ ʟʘʛʨʫʟʢʘ ʨʫʜʳ 

ʠ ʰʘʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʣʶʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʣʴ-

ʥʠʮʳ. ʄʝʣʴʥʠʮʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʣʠʯʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

 
ʊʘʙʣʠʮʘ 1 - ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ ʄʐ-600 

 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɿʥʘʯʝʥʠʝ 

1 ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʙʘʨʘʙʘʥʘ  D, ʤʤ 600 

2 ɼʣʠʥʘ ʦʜʥʦʡ ʢʘʤʝʨʳ ʙʘʨʘʙʘʥʘ L, ʤʤ  260 

3 ʅʦʤʠʥʘʣʴʥʳʡ ʦʙʲʝʤ ʙʘʨʘʙʘʥʘ V, ʜʤ3, Ñ5% 54 

4 ʅʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, % ʦʪ ʢʨʠʪʠʯʝʩʢʦʡ 70-75 

5 ʉʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʙʘʨʘʙʘʥʘ ʤʝʣʶʱʠʤʠ ʪʝʣʘʤʠ, %, ʥʝ ʙʦʣʝʝ  

35 

6 ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠʚʦʜʘ, ʢɺʪ, ʥʝ ʙʦʣʝʝ 1,5 

7  ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʤʝʣʴʥʠʮʳ ʚ ʩʙʦʨʝ ʩ ʧʨʠʚʦʜʦʤ, ʤʤ, ʥʝ ʙʦʣʝʝ: ʜʣʠʥʘ 

ʰʠʨʠʥʘ 

ʚʳʩʦʪʘ 

 

1500 

800 

1200 

8 ʄʘʩʩʘ ʤʝʣʴʥʠʮʳ ʙʝʟ, ʤʝʣʶʱʠʭ ʪʝʣ, ʢʛ, ʥʝ ʙʦʣʝʝ 670 

 

ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʟʘʤʝʨʷʣʠʩʴ: ʚʨʝʤʷ(t) , ʚʝʣʠʯʠʥʘ ʪʦʢʘ (I)  ʚ ʷʢʦʨʥʦʡ ʮʝʧʠ ʠ ʰʫʥ-

ʪʦʚʦʡ ʦʙʤʦʪʢʝ, ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ(U), ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ (ʧʦ ʚʘʪʪʤʝʪʨʫ) ʠ ʚʝʣʠ-

ʯʠʥʫ ʚʳʭʦʜʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ. ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʠ ʪʘʨʠʨʦʚʘʥʳ ʚ ʫʩʪʘʥʦʚ-

ʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. ɼʣʷ ʟʘʤʝʨʘ  ʪʦʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʦʙʤʦʪʢʦʡ ʚʢʣʶʯʘʣʩʷ  ʰʫʥʪ (75 ʤɺ), ʩ  

ʢʦʪʦʨʦʛʦ ʧʦʜʘʚʘʣʩʷ ʩʠʛʥʘʣ ʥʘ ʦʩʮʠʣʣʦʛʨʘʬ ʉ1-68. 

 ʅʘʧʨʷʞʝʥʠʝ ʚ ʷʢʦʨʥʦʡ ʮʝʧʠ ʠ ʰʫʥʪʦʚʦʡ  ʦʙʤʦʪʢʝ ʟʘʤʝʨʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʚʦʣʴʪ-

ʤʝʪʨʘ. ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʨʫʜʳ ʧʝʨʝʜ ʠ ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ ʦʧʨʝʜʝʣʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʩʠʪ. ʄʘʩʩʘ ʰʘʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʫʪʝʤ ʚʟʚʝʰʠʚʘʥʠʷ ʢʘʞʜʦʛʦ ʰʘʨʘ 

ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ.  ʂʣʘʩʩ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʙʳʣ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ.  

      ʉʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʥʦʨʤʘʤ, ʦʙʲʝʤ ʰʘʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʩʦʩʪʘʚʣʷʣ 35% ʦʪ 

ʦʙʲʝʤʘ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ. ʂʨʫʧʥʦʩʪʴ ʠʩʭʦʜʥʦʡ ʨʫʜʳ ʩʦʩʪʘʚʣʷʣʘ -40+20 ʤʤ. ʄʘʩʩʘ ʰʘ-

1 

2 

3 

4 

5 
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ʨʦʚ ʚ ʧʷʪʴ ʨʘʟ ʧʨʝʚʳʰʘʣʘ ʤʘʩʩʫ ʨʫʜʳ, ʯʪʦ ʧʨʠʥʷʪʦ ʚ ʧʨʘʢʪʠʢʝ ʠʟʤʝʣʴʯʝʥʠʷ.    ʋʛʣʦʚʘʷ ʩʢʦ-

ʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʧʨʠʥʠʤʘʣʘʩʴ ʨʘʚʥʦʡ 0,8 ʦʪ ʢʨʠʪʠʯʝʩʢʦʡ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʣʘ ʜʣʷ 

ʜʘʥʥʦʡ ʤʝʣʴʥʠʮʳ 

 

ɤʢʨ  =  (0,75g/r)0,5   =    (0,75*g/0,3)0,5    å  4,9 ʨʘʜ/ʩ                (1) 

 

ʛʜʝ  r ï ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʤʝʣʴʥʠʮʳ, ʤ; g  - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ2. 

ɼʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ (n å 47 ʦʙ/ʤʠʥ) ʦʙʝʩʧʝʯʠʚʘʣʘ ʦʜʠʥ ʠʟ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʜʣʷ ʜʘʥʥʦʡ ʨʫʜʳ ʚʦʜʦʧʘʜʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʰʘʨʦʚ.   

ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʟʘʙʘʣʘʥʩʦʚʦʡ 

ʨʫʜʳ ʜʦ ʠ ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ.  

 
ʊʘʙʣʠʮʘ 2 - ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʘ ʙʘʣʘʥʩʦʚʦʡ ʤʝʜʥʦ-ʮʠʥʢʦʚʦʡ ʨʫʜʳ ʄʦʣʦʜʝʞʥʦʛʦ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ 

 

ˉ 

ʂʣʘʩʩ, ʤʤ 

ʉʦʜʝʨʞʘʥʠʝ 

ʢʣʘʩʩʘ ʜʦ ʠʟʤʝʣʴ-

ʯʝʥʠʷ,% 

ʉʦʜʝʨʞʘʥʠʝ ʢʣʘʩʩʘ 

ʧʦʩʣʝ ʠʟʤʝʣʴʯʝ-

ʥʠʷ,% 

ʉʦʜʝʨʞʘʥʠʝ ʢʣʘʩʩʘ 

ʜʦ ʠʟʤʝʣʴʯʝʥʠʷ,% 

ʉʦʜʝʨʞʘʥʠʝ ʢʣʘʩʩʘ 

ʧʦʩʣʝ ʠʟʤʝʣʴʯʝ-

ʥʠʷ,% 

1  ʕʣʝʢʪʨʦʦʙʨʘʙʦʪʘʥʥʘʷ ʅʝʦʙʨʘʙʦʪʘʥʥʘʷ 

2 +20 14,9 8,0 31,0 22,7 

3 -20+10 33,6 20,8 35,2 24,6 

4 -10+5 21,5 8,5 6,3 8,3 

5 -5+2 11,9 2,2 8,0 2,8 

6 -2+1 5,6 0,9 3,8 1,1 

7 -1+0,5 4,7 1,0 2,5 1,4 

8 -0,5+0,25 3,6 2,2 1,2 2,5 

9 -0,25+0,15 0,9 6,5 0,5 6,3 

10 -0,15 3,3 49,9 1,5 31,5 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʭʦʣʦʩʪʦʡ ʭʦʜ ʤʝʣʴʥʠʮʳ 

ʩ ʰʘʨʘʤʠ, ʙʝʟ ʰʘʨʦʚ, ʩ ʨʫʜʦʡ ʠ ʰʘʨʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʧʦʪʨʝʙʣʝʥʠʷ ʤʝʣʴʥʠʮʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʝʣʠʯʠʥʦʡ ʰʘʨʦʚʦʡ ʥʘʛʨʫʟʢʠ.  ʊʘʢ 

ʢʘʢ ʦʙʝ ʧʦʨʮʠʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʣʴʯʘʣʠʩʴ ʚ ʜʚʫʭʢʘʤʝʨ-

ʥʦʡ ʤʝʣʴʥʠʮʝ, ʪʦ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ  ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʢʘʞʜʦʡ ʯʘʩʪʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʦʜʠʥʘʢʦ-

ʚʳʤʠ. ʇʦʵʪʦʤʫ, ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʦʙʨʘʙʦʪʢʠ ʟʘʙʘʣʘʥʩʦʚʦʡ ʨʫʜʳ ʤʦʞʥʦ ʧʨʦ-

ʠʟʚʦʜʠʪʴ ʧʦ ʚʳʭʦʜʫ ʤʝʣʢʠʭ ʠ   ʢʨʫʧʥʳʭ ʢʣʘʩʩʦʚ. ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʣʝʢ-

ʪʨʦʦʙʨʘʙʦʪʢʘ ʛʦʨʥʦʡ ʤʘʩʩʳ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʚʳʭʦʜʘ ʤʝʣʢʠʭ ʢʣʘʩ-

ʩʦʚ, ʚ ʢʦʪʦʨʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʭʦʜʷʪʩʷ ʩʫʣʴʬʠʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʭʦʜ ʢʣʘʩʩʘ   -0,15 ʤʤ 

ʚʦʟʨʦʩ ʥʘ 18,4%, ʘ ʚʳʭʦʜ ʢʣʘʩʩʘ +5ʤʤ ʩʦʢʨʘʪʠʣʩʷ ʥʘ 28,3%.   

ɺ ʪʘʙʣʠʮʝ 3. ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ  ʠʟʤʝʣʴʯʝʥʠʶ ʵʣʝʢʪʨʦʦʙʨʘʙʦ-

ʪʘʥʥʦʡ  ʠ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ  ʙʝʜʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʨʫʜʳ. 

 
ʊʘʙʣʠʮʘ 3 - ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʤʝʣʴʯʝʥʠʶ ʩʫʣʴʬʠʜʥʦʡ ʨʫʜʳ 

 

ˉ 
ʊʦʢ, 

ɸ 

ʅʘʧʨʷ

ʞʝʥʠʝ, 

ɺ 

ɺʳʭʦʜ ʛʦ-

ʪʦʚʦʛʦ ʧʨʦ-

ʜʫʢʪʘ, ʢʛ 

ʇʦʣʝʟ-

ʥʘʷ 

ʤʦʱ-

ʥʦʩʪʴ, 

ɺʪ 

ɺʨʝʤʷ 

ʠʟʤʝʣʴ-

ʯʝʥʠʷ, 

ʤʠʥ. 

ʉʨʝʜʥʠʡ ʨʘʟ-

ʤʝʨ ʢʫʩʢʦʚ, 

ʤʤ 

ʀʥʜʝʢʩ ʨʘ-

ʙʦʪʳ ʧʦ 

ɹʦʥʜʫ, 

ʢɺʪ*ʯ/ʪ 

ʇʨʠʤʝʯʘʥʠʝ 

1 11 84 2,59 140 20 10,4 18,0 
ʈʫʜʘ ʵʣʝʢʪʨʦ-

ʦʙʨʘʙʦʪʘʥʥʘʷ 

2 11 84 2,1 140 20 13,6 22,2 

ʈʫʜʘ ʥʝ ʵʣʝʢ-

ʪʨʦʦʙʨʘʙʦ-

ʪʘʥʥʘʷ 

3 10,5 84 0,46 110 15 -40ʤʤ 59,8 
ʈʫʜʘ ʵʣʝʢʪʨʦ-

ʦʙʨʘʙʦʪʘʥʥʘʷ 

4 5,5 120  660    ʍʦʣʦʩʪʦʡ ʭʦʜ 
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ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 3. ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʵʣʝʢʪʨʦ-

ʦʙʨʘʙʦʪʘʥʥʦʡ ʨʫʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 20% ʤʝʥʴʰʝ, ʯʝʤ ʥʝ ʵʣʝʢʪʨʦʦʙʨʘʙʦʪʘʥʥʦʡ.  ʋʚʝʣʠʯʝʥʠʝ 

ʥʘʯʘʣʴʥʦʡ ʢʨʫʧʥʦʩʪʠ ʧʨʦʜʫʢʪʘ (ʪʨʝʪʴʷ ʩʪʨʦʢʘ ʪʘʙʣʠʮʳ) ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʠʥʜʝʢʩ ʨʘ-

ʙʦʪʳ ʧʦ ɹʦʥʜʫ [12], ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʨʘʚʠʣʴʥʦʤ ʜʣʷ ʜʘʥʥʦʡ ʤʝʣʴʥʠʮʳ ʚʳʙʦʨʝ ʨʘʟ-

ʤʝʨʦʚ ʠʩʭʦʜʥʦʛʦ ʧʠʪʘʥʠʷ. ʇʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʣʴʥʠʮʳ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʚʳʭʦʜʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʵʣʝʢʪʨʦʦʙʨʘʙʦʪʢʠ ʙʝʜʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʨʫʜʳ. 

ʅʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʫʤʤʘʨʥʳʝ ʟʘʪʨʘʪʳ (ɽʩ) ʵʥʝʨʛʠʠ ʥʘ ʩʦʨʪʠʨʦʚʢʫ (ʛʨʦʭʦʯʝʥʠʝ 

(ɽʛ)  ʠ ʵʣʝʢʪʨʦʦʙʨʘʙʦʪʢʫ (ɽʦ)), ʜʨʦʙʣʝʥʠʝ (ɽʫ/m)  ʠ ʠʟʤʝʣʴʯʝʥʠʝ ʟʘʙʘʣʘʥʩʦʚʦʡ ʤʝʜʥʦʮʠʥʢʦ-

ʚʦʡ ʨʫʜʳ (ɽʠʟʤ) : 

 

ɽʩ  = Eʛ + Eo +  Eʫ/m + Eʠʟʤ 
 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʫʜʘʣʝʥʠʷ ʢʫʩʢʘ ʧʦʨʦʜʳ ʚ ʭʚʦʩʪʳ ʙʳʣʦ ʧʨʠʥʷʪʦ ʤʠʥʠʤʘʣʴʥʦʝ 

(ʛʨʘʥʠʯʥʦʝ) ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʠʜʦʚ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʥʝʦʙʭʦ-

ʜʠʤʦʝ ʜʣʷ ʧʨʦʙʦʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.3. 

 

 
ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʦʪ ʛʨʘʥʠʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʠʜʦʚ 

 

ʂʦʨʨʝʣʷʮʠʦʥʥʦʝ ʦʪʥʦʰʝʥʠʝ,  ʨʘʚʥʦʝ RĮ = 0,96 [9], ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʩʫʤʤʘʨʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʩʦʨʪʠʨʦʚʢʫ, ʜʨʦʙʣʝʥʠʝ ʠ ʠʟʤʝʣʴʯʝʥʠʝ ʩ ʛʨʘʥʠʯ-

ʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʣʴʬʠʜʦʚ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ (ɽʩ, ʢɺʪ*ʯ/ʪ)  ʥʘ ʛʨʦʭʦʯʝʥʠʝ, 

ʵʣʝʢʪʨʦʦʙʨʘʙʦʪʢʫ, ʜʨʦʙʣʝʥʠʝ ʠ ʠʟʤʝʣʴʯʝʥʠʝ  ʙʝʜʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʨʫʜʳ ʠʤʝʝʪ ʚʠʜ: 

 

ɽʩ  = 3,74*[Ŭ]
-0,715                                             (2) 

 

ʛʜʝ [Ŭ] ï ʛʨʘʥʠʯʥʦʝ (ʜʦʧʫʩʪʠʤʦʝ) ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʠʜʦʚ, ʛ/ʛ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ  ʛʨʘʥʠʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʥʴʰʝ 0,2 ʛ/ʛ ʩʫʤ-

ʤʘʨʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʚʦʟʨʘʩʪʘʶʪ ʜʦ ʪʘʢʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʩʦʨʪʠʨʦʚʢʠ ʪʝʨʷʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʨʘʜʠʦʨʝʟʦʥʘʥʩʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ. 

ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʨʫʜʳ ʟʘ ʩʯʝʪ ʝʸ 

ʨʘʟʫʧʨʦʯʥʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʤʝʣʢʠʭ ʢʣʘʩʩʦʚ ʫʤʝʥʴ-

ʰʠʪʴ ʨʘʩʭʦʜ ʤʝʣʶʱʠʭ ʪʝʣ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʠʟʤʝʣʴʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʙʳʣ ʦʪʜʘʥ 

ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʵʣʝʢʪʨʦ-

ʦʙʨʘʙʦʪʘʥʥʦʡ ʨʫʜʝ ʚ 4,1 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ.   
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ʆʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ (ʨʠʩ. 2) ʤʝʣʴʥʠʮʳ ʩ ʯʘʩʪʠʮʘʤʠ ʘʙʨʘ-

ʟʠʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʠʩʪʝʤʳ: ʛʦʨʥʘʷ ʧʦʨʦʜʘ - ʯʘʩʪʠʮʘ 

ʘʙʨʘʟʠʚʘ ï ʤʝʪʘʣʣ. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʯʪʦ  ʚ ʤʝʣʴʥʠʮʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʥʦʩ ʬʫʪʝʨʦʚʦʢ  ʠ ʤʝ-

ʣʠʱʠʭ ʪʝʣ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʙʝ ʠʟʤʝʣʴʯʝʥʥʦʡ ʨʫʜʳ ʧʦʷʚʠʣʩʷ ʤʝʪʘʣʣ[13].  

ɺʳʚʦʜʳ 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʪʝʩʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʠʜʦʚ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 

(ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʙʣʠʟʢʦ ʢ ʝʜʠʥʠʮʝ) ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ 

ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʛʨʘʥʠʮʫ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʫʜʘʣʷʪʴ ʚ ʭʚʦʩʪʳ ʧʫʩʪʫʶ ʧʦʨʦʜʫ.  

ʆʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʢʫʩʢʦʚ ʩʫʣʴʬʠʜʥʦʡ ʨʫʜʳ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʢ ʩʪʝʧʝʥʠ ʜʨʦʙʣʝʥʠʷ. ʆʥʘ ʫʤʝʥʴʰʘʝʪʩʷ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ ʢʫʩʢʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʦʨʪʠʨʦʚʢʘ ʙʝʜʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʨʫʜʳ ʧʨʠʚʦʜʠʪ ʢ ʫʜʘʣʝʥʠʶ ʚ ʭʚʦʩʪʳ 

ʧʫʩʪʦʡ ʧʦʨʦʜʳ, ʫʤʝʥʴʰʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʨʘʟʨʫʰʝʥʠʷ ʚ 1,3 ʨʘʟʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʤʫ ʩʥʠʞʝʥʠʶ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ ʜʨʦʙʣʝʥʠʝ. 

ʕʣʝʢʪʨʦʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʤʝʣʢʠʭ ʢʣʘʩʩʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚʩʢʨʳʪʠʝ ʚʢʨʘʧʣʝʥʠʡ ʩʫʣʴʬʠʜʦʚ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʠʟʚʣʝʯʝʥʠʝ ʧʦʣʝʟ-

ʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ ʜʣʷ ʟʘʙʘʣʘʥʩʦʚʳʭ ʤʝʜʥʦ-ʮʠʥʢʦʚʳʭ ʨʫʜ 

ʜʦʣʞʥʘ ʙʳʪʴ 8é9 ʢɺ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʥʘʜʝʞʥʦʝ ʚʳʜʝʣʝʥʠʠ ʢʣʘʩʩʘ -80 +20 ʤʤ. 
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ɸʇʇɸʈɸʊʓ ɼʃʗ ʈɸɿɼɽʃɽʅʀʗ ɻʆʈʅʓʍ ʇʆʈʆɼ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ɺʆɿɼʋʍɸ 

 
ʇʆʊɸʇʆɺ ɺ. ʗ., ɸʌɸʅɸʉʔɽɺ ɸ. ʀ., ʇʆʊɸʇʆɺ ɺ. ɺ., ɸʅʆʍʀʅ ʇ. ʄ., ʂʋɿʅɽʎʆɺ ɸ. ʄ. 

 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ   ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʠ 

ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʜʣʷ ʠʭ ʨʘʟʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ. ʕʪʦ ʪʨʝʥʠʝ, ʫʧʨʫʛʦʩʪʴ, ʬʦʨʤʘ ʠʣʠ ʪʚʝʨʜʦʩʪʴ ʧʦʣʝʟ-

ʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʘʧʧʘʨʘʪʦʚ ʧʦ ʦʜʥʦʤʫ ʧʨʠʟʥʘʢʫ 

ʨʘʟʜʝʣʝʥʠʷ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʛʦʨʥʳʭ 

ʧʦʨʦʜ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʧʧʘʨʘʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʢʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʧʦʣʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʚ ʦʜʥʦʤ ʘʧʧʘʨʘʪʝ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʣʠʟ, ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʦʚ, ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʧʨʠ-

ʟʥʘʢʠ, ʪʨʝʥʠʝ, ʫʧʨʫʛʦʩʪʴ, ʬʦʨʤʘ, ʪʚʝʨʜʦʩʪʴ. 
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Abstract. The article analyzes existing devices for separating rocks using directed air flow. An 

analysis of the given designs of apparatus for separating rocks showed that one is used as separat-

ing signs for their separation. These are friction, elasticity, shape or hardness of the useful compo-

nent and host rocks. The introduction of new devices based on one separation criterion only par-

tially ensures the possibility of high-quality separation of rocks. The most promising direction in 

improving and designing separation devices is the creation of devices that use a complex of phys-

ical and mechanical properties of rocks, which ensures a more complete separation of minerals in 

one device. 

 

Keywords: analysis, apparatus designs, rocks, separating features, friction, elasticity, shape, hard-

ness. 

 

ʈʘʟʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʫʭʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʦʙʳʯʥʦ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʧʦ ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, 

ʩʧʦʩʦʙʫ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʪ.ʜ. ʕʪʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝ ʩʦʜʝʨʞʠʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʜʝʣʝʥʠʷ ʢʫʩʢʦʚ 

ʛʦʨʥʦʡ ʤʘʩʩʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʥʳʝ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʳ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ 

ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʦʧʨʝʜʝʣʷʶʱʠʤ ʚ ʣʶʙʦʡ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [1]. ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʧʧʘʨʘʪʦʚ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ 

ʅʘ ʨʠʩ. 1( ʘ, ʙ) ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʩʝʧʘʨʘʪʦʨʘ çɺʝʜʘʛè ʩ ʚʳʥʦʩʥʳʤʠ ʮʠʢʣʦʥʘʤʠ ʠ 

ʚʥʝʰʥʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ [1]. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʘʧʧʘʨʘʪʘ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ 
ʢʘʩʢʘʜʥʫʶ ʧʝʨʝʯʠʩʪʢʫ ʢʨʫʧʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ. ʕʪʦ 
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ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʪʦ, ʯʪʦ ʘʧʧʘʨʘʪʘʤ ʩ ʚʳʥʦʩʥʳʤʠ ʮʠʢʣʦʥʘʤʠ ʩʚʦʡʩʪʚʝʥʥʳ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ. 

ɸʧʧʘʨʘʪʳ ʵʪʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ ʠ ʛʨʦʤʦʟʜʢʠ. ʇʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʪʝʭ ʞʝ ʮʝʣʝʡ, ʯʪʦ 

ʠ ʩʝʧʘʨʘʪʦʨʳ ʩ ʚʥʫʪʨʝʥʥʝʡ ʮʠʨʢʫʣʷʮʠʝʡ. 

ʇʣʦʩʢʦʩʪʥʦʡ ʩʝʧʘʨʘʪʦʨ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʧʦ ʬʦʨʤʝ ʠ ʧʘʨʫʩʥʦʩʪʠ (ʨʠʩ. 2, ʛ) ʩʥʘʙʞʝʥ 

ʨʘʟʛʦʥʥʦʡ ʧʣʦʱʘʜʢʦʡ 1 ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʴʶ, ʦʪʨʘʞʘʪʝʣʴʥʳʤ ʚʳʩʪʫʧʦʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʩʝʧʘʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʣʦʱʘʜʢʠ 2 ʫ ʦʪʨʘʞʘʪʝʣʴʥʦʛʦ ʚʳʩʪʫʧʘ 3 ʠ 

ʩʦʝʜʠʥʝʥʠʝ ʵʪʦʡ ʧʣʦʱʘʜʢʠ ʩ ʨʘʟʛʨʫʟʦʯʥʦʡ ʱʝʣʴʶ ʢʘʥʘʣʘ 5, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥ 

ʚʝʥʪʠʣʷʪʦʨ 6. 

ʇʦʜʘʯʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʧʝʨʬʦʨʘʮʠʠ ʧʣʦʱʘʜʢʠ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʫʜʘʨʳ ʯʘʩʪʠʮ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʳ (ʩʣʶʜʳ) ʦʙ ʦʪʨʘʞʘʶʱʠʡ ʚʳʩʪʫʧ, ʘ ʟʘʙʦʨ ʚʦʟʜʫʭʘ ʠʟ ʱʝʣʠ 4 ʧʨʠ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʨʘʟʛʨʫʟʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 7 ʧʨʠʚʦʜʠʪ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʫʚʣʝʯʝʥʠʶ ʚ ʱʝʣʴ 4 

ʯʘʩʪʠʮ, ʠʤʝʶʱʠʭ ʧʦʚʳʰʝʥʥʫʶ ʧʘʨʫʩʥʦʩʪʴ, ʪ. ʝ. ʯʘʩʪʠʮ ʩʣʶʜʳ. ʆʢʨʫʛʣʳʝ ʯʘʩʪʠʮʳ 

ʫʜʘʨʷʶʪʩʷ ʦ ʚʳʩʪʫʧ 3 ʠ ʧʨʦʭʦʜʷʪ ʥʘʜ ʱʝʣʴʶ 4 ʚʳʰʝ ʧʣʦʩʢʠʭ ʯʘʩʪʠʮ ʠ ʚʳʚʦʜʷʪʩʷ ʚ 

ʭʚʦʩʪʦʚʦʡ ʧʨʦʜʫʢʪ [2]. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʎʝʥʪʨʦʙʝʞʥʳʝ ʩʝʧʘʨʘʪʦʨʳ ʩ ʚʥʫʪʨʝʥʥʝʡ ʮʠʨʢʫʣʷʮʠʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʃ.ʀ. ʌʝʪʠʩʦʚʘ (ʘ), ʩ 

ʚʳʥʦʩʥʳʤʠ ʮʠʢʣʦʥʘʤʠ çɺʝʜʘʛè (ʙ) 
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ʈʠʩʫʥʦʢ 2. ʇʣʦʩʢʦʩʪʥʦʡ ʩʝʧʘʨʘʪʦʨ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʧʦ ʬʦʨʤʝ ʠ ʧʘʨʫʩʥʦʩʪʠ 

 

ʈʘʟʣʠʯʠʝ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʪʨʝʥʠʷ ʧʣʦʩʢʠʭ ʠ ʦʢʨʫʛʣʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʧʘʨʫʩʥʦʩʪʠ 

ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʧʦʣʦʯʥʦʤ ʩʝʧʘʨʘʪʦʨʝ (ʩʤ. ʨʠʩ.2, ʜ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʩʤʝʩʠ 

ʩʣʶʜʘ-ʛʨʘʥʠʪ-ʢʚʘʨʮ ʢʨʫʧʥʦʩʪʴʶ ʤʝʥʝʝ 5 ʤʤ. ɺ ʢʦʨʧʫʩʝ 1 ʫʩʪʘʥʦʚʣʝʥʘ ʥʘʢʣʦʥʥʘʷ ʧʦʣʢʘ 3 ʩ 

ʪʨʘʤʧʣʠʥʦʤ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ (ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʜʣʠʥʫ) ʨʝʛʫʣʠʨʫʶʪ ʚʘʣʦʤ-ʨʳʯʘʛʦʤ 2, 

ʧʨʠʝʤʥʠʢʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʜʝʣʝʥʠʷ ʩ ʨʝʛʫʣʠʨʦʚʦʯʥʳʤʠ ʰʠʙʝʨʘʤʠ 4, ʚʳʜʚʠʞʥʘʷ ʰʪʦʨʢʘ 5, 

ʥʘʢʣʦʥʥʘʷ ʟʘʩʣʦʥʢʘ 6, ʧʦʚʦʨʦʪʥʘʷ ʥʠʞʥʷʷ ʩʪʝʥʢʘ 7 ʚʦʟʜʫʰʥʦʡ ʢʘʤʝʨʳ, ʞʝʣʦʙʘ ʜʣʷ 

ʨʘʟʛʨʫʟʢʠ ʧʦʨʦʜʳ 8, 9, 10. ʇʨʠʝʤʥʠʢ ʜʣʷ ʩʣʶʜʳ ʩʦʝʜʠʥʝʥ ʚʦʟʜʫʰʥʦʡ ʢʘʤʝʨʦʡ ʜʣʷ ʦʪʩʦʩʘ 

ʩʣʶʜʳ 11 ʩ ʚʩʘʩʳʚʘʶʱʠʤ ʧʘʪʨʫʙʢʦʤ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʧʦʚʦʨʦʪʥʦʡ ʟʘʩʣʦʥʢʦʡ 

12. ʇʨʠ ʧʦʜʘʯʝ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʣʢʫ 3 ʩʝʧʘʨʘʪʦʨʘ ʦʢʨʫʛʣʳʝ ʯʘʩʪʠʮʳ ʥʘ ʧʦʜʭʦʜʝ ʢ ʪʨʘʤʧʣʠʥʫ 

ʜʦʩʪʠʛʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ, ʯʝʤ ʧʣʦʩʢʠʝ ʯʘʩʪʠʮʳ ʩʣʶʜʳ, ʚʩʣʝʜʩʪʚʠʝ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʠ ʩʢʦʣʴʞʝʥʠʷ ʩʣʶʜʳ. ʅʘ 

ʪʨʘʤʧʣʠʥʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʛʘʩʷʪʩʷ ʩʝʣʝʢʪʠʚʥʦ, ʠ ʨʘʟʣʠʯʠʷ ʚ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʮ ʛʨʘʥʠʪʘ 1 ʩʣʶʜʳ ʚʦʟʨʘʩʪʘʶʪ. ʀʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʪʨʘʝʢʪʦʨʠʷʭ ʜʚʠʞʝʥʠʷ ʦʢʨʫʛʣʳʭ ʠ 

ʧʣʦʩʢʠʭ ʯʘʩʪʠʮ ʠ ʨʘʟʣʠʯʠʠ ʚ ʠʭ ʧʘʨʫʩʥʦʩʪʠ ʯʘʩʪʠʮʳ ʩʣʶʜʳ ʦʪʢʣʦʥʷʶʪʩʷ ʚ ʙʫʥʢʝʨ 

ʩʣʶʜʷʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʦʩʘʞʜʘʶʪʩʷ ʚ ʥʝʤ [5,6 ï 16]. 

ʅʘ ʣʝʥʪʦʯʥʦʤ ʩʝʧʘʨʘʪʦʨʝ-ʢʦʥʚʝʡʝʨʝ (ʩʤ. ʨʠʩ. 2, ʝ) ʯʘʩʪʠʮʳ ʧʣʦʩʢʦʡ ʬʦʨʤʳ 

ʜʚʠʞʫʪʩʷ ʧʦ ʙʦʣʝʝ ʧʦʣʦʛʦʡ ʪʨʘʝʢʪʦʨʠʠ ʠ ʧʨʦʣʝʪʘʶʪ ʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ. ʊʨʘʝʢʪʦʨʠʷ 

ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʧʘʨʫʩʥʦʩʪʴʶ ʯʘʩʪʠʮ. ʀʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʬʦʨʤʝ ʯʘʩʪʠʮ 

ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʠʭ (ʢʫʚʳʨʢʘʥʠʝ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʠʟʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ. 

ʇʦʧʝʨʝʯʥʦ-ʧʦʪʦʯʥʳʡ ʩʝʧʘʨʘʪʦʨ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʩʢʣʦʥʥʳʭ ʢ 

ʩʣʠʧʘʥʠʶ, ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3, ʘ. ʉ ʮʝʣʴʶ ʨʘʟʨʫʰʝʥʠʷ ʘʛʣʦʤʝʨʘʪʦʚ ʯʘʩʪʠʮ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ 

ʫʩʪʘʥʦʚʣʝʥ ʨʷʜ ʦʜʥʦʪʠʧʥʳʭ ʦʪʙʦʡʥʳʭ ʫʛʦʣʴʥʠʢʦʚ. ʆʜʥʘʢʦ ʥʘʨʷʜʫ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʥʘ ʧʨʦʮʝʩʩ ʦʥʠ ʚʳʟʳʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʬʘʢʪʦʨʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʥʘʨʫʰʝʥʠʝʤ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʝʪ ʫʩʠʣʝʥʠʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʯʘʩʪʠʮ [1]. 

ʅʘ ʨʠʩ. 3, ʙ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʧʝʨʝʯʥʦ-ʧʦʪʦʯʥʳʡ ʩʝʧʘʨʘʪʦʨ. ʇʨʦʮʝʩʩ ʩʝʧʘʨʘʮʠʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 



 

116 

ʆʪ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʧʝʨʚʫʶ ʧʝʨʝʩʳʧʥʫʶ ʧʦʣʢʫ, ʦʪʜʝʣʷʝʪʩʷ 

ʧʦʧʝʨʝʯʥʳʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʯʘʩʪʴ ʪʦʥʢʠʭ ʬʨʘʢʮʠʡ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʨʠ ʵʪʦʤ 

ʧʦʣʫʬʘʙʨʠʢʘʪ ʢʨʫʧʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʩʳʧʘʷʩʴ ʥʘ ʚʪʦʨʫʶ ʧʦʣʢʫ, ʚ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʧʨʦʜʫʚʘʝʪʩʷ 

ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ, ʧʨʠʯʝʤ ʦʪ ʥʝʛʦ ʦʪʜʝʣʷʝʪʩʷ ʝʱʝ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʥʢʠʭ ʬʨʘʢʮʠʡ 

ʠ ʪ. ʜ. ʇʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʠ ʦʙʝʩʧʳʣʠʚʘʥʠʷ ʛʨʫʙʦʛʦ ʧʨʦʜʫʢʪʘ 

(ʜʣʷ ʯʝʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʫʞʥʦʝ ʯʠʩʣʦ ʩʝʧʘʨʘʮʠʦʥʥʳʭ ʩʪʫʧʝʥʝʡ). 

 

 
ʈʠʩʫʥʦʢ 3. ʇʦʧʝʨʝʯʥʦ-ʧʦʪʦʯʥʳʡ ʩʝʧʘʨʘʪʦʨ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʢʣʦʥʥʳʭ ʢ ʩʣʠʧʘʥʠʶ (ʘ), ʢʘʩʢʘʜʥʳʡ ʧʦʧʝʨʝʯʥʦ-ʧʦʪʦʯʥʳʡ ʩʝʧʘʨʘʪʦʨ (ʙ) 

 

ɹʝʟʫʩʣʦʚʥʦ, ʢʘʯʝʩʪʚʦ ʩʝʧʘʨʘʮʠʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʰʝ, 

ʯʝʤ ʧʨʠ ʦʜʥʦʘʢʪʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʚ ʘʥʘʣʦʛʠʯʥʦʤ ʧʨʦʮʝʩʩʝ. ʀʟ 

ʥʝʜʦʩʪʘʪʢʦʚ ʘʧʧʘʨʘʪʘ ʦʪʤʝʯʝʥʦ ʜʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʪʨʫʜʥʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʚʥʦʤʝʨʥʳʡ ʨʘʩʭʦʜ ʧʠʪʘʥʠʷ ʚʩʝʭ ʩʪʫʧʝʥʝʡ 

ʢʘʩʢʘʜʘ ʚʦʟʜʫʭʦʤ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʨʝʘʣʠʟʘʮʠʶ ʨʘʟʥʳʭ 

ʛʨʘʥʠʮ ʨʘʟʜʝʣʝʥʠʠ ʥʘ ʵʪʠʭ ʩʪʫʧʝʥʷʭ ʠ ʦʙʱʝʝ ʧʦʥʠʞʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʧʘʨʘʮʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʜʘʥʥʦʤ ʘʧʧʘʨʘʪʝ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʢʨʫʧʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʤʝʣʢʠʡ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʝʨʝʯʠʩʪʢʝ, ʯʪʦ ʪʘʢʞʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʧʘʨʘʮʠʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʦʙʨʘʟʦʤ [1]. 

ʂʘʩʢʘʜʥʳʡ ʩʝʧʘʨʘʪʦʨ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʦʪʦʢʦʤ 

ʚʦʟʜʫʭʘ (ʨʠʩ.4.). 

ʆʥ ʦʯʝʥʴ ʧʦʭʦʞ ʥʘ ʢʘʩʢʘʜʥʳʡ ʧʦʧʝʨʝʯʥʦ-ʧʦʪʦʯʥʳʡ 

ʩʝʧʘʨʘʪʦʨ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʠʯʝʤ ʦʪ ʥʝʛʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ. 

ʇʝʨʝʩʳʧʥʳʝ ʧʦʣʢʠ ʧʦʩʣʝʜʥʝʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʣʫʯʰʝʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʙʦʯʝʡ ʟʦʥʝ 

ʩʥʘʙʞʝʥʳ ʩʧʝʮʠʘʣʴʥʳʤʠ ʨʝʙʨʘʤʠ (ʧʦʟ. 1). ʋʩʪʘʥʦʚʢʘ 

ʧʝʨʝʩʳʧʥʳʭ ʧʦʣʦʢ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ ʩʦʟʜʘʝʪ ʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʠ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʘʛʣʦʤʝʨʘʪʦʚ, ʢʨʦʤʝ 

ʪʦʛʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ ʷʚʣʝʥʠʝ ʧʨʦʩʢʘʢʠʚʘʥʠʷ ʯʘʩʪʠ ʢʨʫʧʥʳʭ 

ʯʘʩʪʠʮ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʩʪʫʧʝʥʝʡ. 

ʇʦʩʣʝʜʥʝʝ ʦʪʣʠʯʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ, ʪʦʣʴʢʦ ʫʞʝ ʥʝ 

ʚ ʚʳʠʛʨʳʰʥʫʶ ʩʪʦʨʦʥʫ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʝʥʴʰʝʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʟʦʥʳ ʩʝʧʘʨʘʮʠʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ (ʧʦ ʭʦʜʫ ʚʦʟʜʫʭʘ) ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʝʡ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʝʝ ʟʘʛʨʷʟʥʝʥʠʝ ʤʝʣʢʦʛʦ ʧʨʦʜʫʢʪʘ. 

 
ʈʠʩʫʥʦʢ 4. ʂʘʩʢʘʜʥʳʡ 

ʩʝʧʘʨʘʪʦʨ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʦʪʦʢʦʤ 

ʚʦʟʜʫʭʘ 
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ʂ ʢʘʩʢʘʜʥʳʤ ʘʧʧʘʨʘʪʘʤ ʦʪʥʦʩʠʪʩʷ ʩʝʧʘʨʘʪʦʨ ʬʠʨʤʳ çʀʦʩʪè (ʨʠʩ. 5).  

 

 
ʈʠʩʫʥʦʢ 5. ɺʠʙʨʘʮʠʦʥʥʳʡ ʢʘʩʢʘʜʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ 

 

ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʩʚʦʙʦʞʜʝʥʥʳʡ ʦʪ ʢʣʘʩʩʦʚ, ʢʨʫʧʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ (ʧʨʦʜʫʢʪ ʂ2), ʧʦʩʪʫʧʘʝʪ ʚ ʩʝʧʘʨʘʮʠʦʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʪʦʢʘ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʳ 

ʯʘʩʪʠʮʳ ʥʘʯʠʥʘʶʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʠʭ 

ʨʘʟʤʝʨʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʫʧʨʦʱʝʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 

ʢʨʫʧʥʳʭ 1 ʠ ʤʝʣʢʠʭ 2 ʯʘʩʪʠʮ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʝʨʝʩʳʧʥʳʝ ʧʦʣʢʠ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʫʰʝʥʠʝ ʘʛʣʦʤʝʨʘʪʦʚ. ʇʦʩʣʝ ʩʭʦʜʘ ʩ ʧʦʣʦʢ ʪʚʝʨʜʘʷ ʬʘʟʘ ʚʥʦʚʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʡʩʪʚʠʶ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 

ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʚʳʛʨʫʟʢʠ ʢʨʫʧʥʦʩʪʠ ʬʨʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʥʝʟʘʪʨʫʜʥʝʥʥʦʛʦ ʩʭʦʜʘ ʩ 

ʧʝʨʝʩʳʧʥʳʭ ʧʦʣʦʢ ʘʧʧʘʨʘʪ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʠʙʨʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʢʦʤʧʘʢʪʥʳʝ ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ 

ʙʣʦʢʠ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʢʘʩʢʘʜʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ: ʜʠʘʧʘʟʦʥ ʢʨʫʧʥʦʩʪʠ ʨʘʟʜʝʣʷʝʤʳʭ 

ʟʝʨʝʥ ʵʪʦ ʧʦʨʷʜʢʘ 50 ï 10000 ʤʢʤ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʘʩʙʝʩʪʘ ʢʨʫʧʥʦʩʪʠ ï50Ĭ0 ʤʤ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʩʢʘʜʥʳʝ ʚʦʟʜʫʰʥʦ-ʧʨʦʭʦʜʥʳʝ ʩʝʧʘʨʘʪʦʨʳ ɺʇʉ (ʨʠʩ. 6), ʚ ʢʦʪʦʨʳʭ 

ʘʩʙʝʩʪʦʚʦʝ ʚʦʣʦʢʥʦ (ʫʩʣʦʚʥʦ ʣʝʛʢʘʷ ʬʨʘʢʮʠʷ) ʦʪʩʘʩʳʚʘʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʦʪʦʢʦʤ 

ʚʦʟʜʫʭʘ ʠʟ ʚʝʨʪʠʢʘʣʴʥʦ ʧʘʜʘʶʱʝʡ ʨʫʜʳ. 

 

 
 

ʈʠʩʫʥʦʢ 6. ɺʦʟʜʫʰʥʦ-ʧʨʦʭʦʜʥʦʡ ʩʝʧʘʨʘʪʦʨ ɺʇʉ: 

1 ï ʧʨʠʝʤʥʘʷ ʚʦʨʦʥʢʘ; 2 ï ʰʠʙʝʨ; 3 ï ʧʠʪʘʪʝʣʴ; 4 ï ʦʪʙʦʡʥʳʝ ʧʦʣʢʠ; 5 ï ʧʘʪʨʫʙʦʢ ʚʩʘʩʳʚʘʶʱʝʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ 
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ʉʝʧʘʨʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʢʘʤʝʨʫ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʩʝʯʝʥʠʷ, ʩʥʘʙʞʝʥʥʫʶ ʚʥʫʪʨʠ ʦʪʙʦʡʥʳʤʠ ʧʦʣʢʘʤʠ, ʟʘʤʝʜʣʷʶʱʠʤʠ ʧʘʜʝʥʠʝ ʟʘʛʨʫʞʘʝʤʦʡ 

ʩʚʝʨʭʫ ʨʫʜʳ. ʆʪʩʘʩʳʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ. ʀʟʚʣʝʢʘʝʤʳʡ ʤʘʪʝʨʠʘʣ 

(ʢʦʥʮʝʥʪʨʘʪ), ʩʦʩʪʦʷʱʠʡ ʠʟ ʘʩʙʝʩʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʤʝʣʢʠʭ ʯʘʩʪʠʮ 

ʧʫʩʪʦʡ ʧʦʨʦʜʳ ʠ ʧʳʣʠ, ʫʣʘʚʣʠʚʘʝʪʩʷ ʚ ʮʠʢʣʦʥʘʭ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʧʝʨʝʯʠʩʪʢʫ 

[4]. 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʦʨʥʳʭ ʤʘʩʩ ʧʦ ʫʧʨʫʛʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʩʝʧʘʨʘʪʦʨʳ 

ʤʝʪʘʪʝʣʴʥʦʛʦ ʪʠʧʘ [6, 7]. 

ɺ ʜʘʥʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ ʨʘʟʜʝʣʝʥʠʷ ʨʘʟʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 

ʩʯʝʪ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘʧʨʦʪʠʚ ʤʝʪʘʪʝʣʷ (ʨʠʩ.7.ï11.). 

 
ʈʠʩʫʥʦʢ 7. ʉʝʧʘʨʘʪʦʨ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ: 

1 ï ʧʦʜʘʶʱʠʡ ʢʦʥʚʝʡʝʨ;2 ï ʨʘʤʘ;3 ï ʣʦʧʘʩʪʥʦʡ ʤʝʪʘʪʝʣʴ;4 ï ʨʘʟʜʝʣʷʶʱʠʡ ʦʨʛʘʥ; 

5 ïʦʙʚʦʜʥʳʝ ʙʘʨʘʙʘʥʳ;6 ï ʨʘʤʘ;7 ï ʱʠʪ;8 ï ʥʘʧʨʘʚʣʷʶʱʠʝ;9 ï ʧʨʫʞʠʥʳ; 10 ï ʨʦʣʠʢʠ 

 

 
ʈʠʩʫʥʦʢ 8. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʝʨʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ: 

1 ï ʙʫʥʢʝʨ; 2 ï ʪʨʫʙʦʧʨʦʚʦʜ; 3 ï ʱʝʣʴ; 4 ï ʣʦʧʘʩʪʠ; 5 ï ʢʨʠʚʦʣʠʥʝʡʥʘʷ ʢʨʳʰʢʘ; 

6 ï ʰʘʨʥʠʨʥʦʝ ʟʘʢʨʝʧʣʝʥʠʝ; 7 ï ʟʘʟʦʨ; 8 ï ʪʦʨʮʝʚʳʝ ʜʠʩʢʠ; 9 ï ʢʦʨʧʫʩ; 

10 ï ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʧʨʦʩʳʧʠ ʤʘʪʝʨʠʘʣʘ; 11 ï ʢʦʞʫʭ; 

12 ï ʧʨʠʝʤʥʠʢ ʜʣʷ ʬʠʢʩʘʮʠʠ ʤʘʪʝʨʠʘʣʘ; 13 ï ʧʨʠʝʤʥʠʢ ʜʣʷ ʧʳʣʝʚʠʜʥʳʭ ʯʘʩʪʠʮ 

 



 

119 

 
ʈʠʩʫʥʦʢ 9. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ: 

1 ï ʟʘʛʨʫʟʦʯʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ; 2 ï ʜʚʫʭʨʦʪʦʨʥʳʡ ʧʥʝʚʤʦʙʘʣʣʦʥʥʳʡ ʤʝʪʘʪʝʣʴ; 

3, 4, 5 ï ʦʪʙʦʡʥʳʝ ʱʠʪʳ; 6, 7, 8 ï ʨʘʟʜʝʣʴʥʳʝ ʬʨʘʢʮʠʠ 

 

 
ʈʠʩʫʥʦʢ 10. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ ʧʦ ʬʨʠʢʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ: 

1 ï ʟʘʛʨʫʟʦʯʥʘʷ ʚʦʨʦʥʢʘ ʩ ʤʘʪʝʨʠʘʣʦʤ 2; 3 ï ʚʠʙʨʦʧʣʦʩʢʦʩʪʴ;4 ï ʧʨʠʚʦʜ ʚʠʙʨʦʧʣʦʩʢʦʩʪʠ; 5 ï ʣʝʥʪʦʯʥʳʡ 

ʢʦʥʚʝʡʝʨ; 6 ï ʤʝʪʘʪʝʣʴʥʳʡ ʙʘʨʘʙʘʥ ʩ ʣʦʧʘʪʢʘʤʠ; 7 ï ʣʠʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ; 8 ï ʛʦʣʦʚʢʘ 

ʢʦʥʚʝʡʝʨʘ; 9, 10 ï ʟʦʥʳ ʨʘʟʜʝʣʝʥʠʷ;11 ï ʧʣʦʩʢʦʩʪʴ, ʟʘʢʨʝʧʣʝʥʥʘʷ ʥʘ ʩʪʦʡʢʝ 12 ʩ ʫʧʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ;  

13; 14 ï ʨʘʟʜʝʣʠʪʝʣʴʥʘʷ ʟʦʥʘ; 15 ï ʦʙʨʘʟʫʶʱʘʷ ʫʛʣʘ ʥʘʢʣʦʥʘ; 17 ï 21 ï ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ; 22ï ʰʠʙʝʨ 

 
ʈʠʩʫʥʦʢ 11. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ ʧʦ ʩʚʦʡʩʪʚʘʤ ʫʧʨʫʛʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ: 

1 ï ʨʘʟʛʨʫʟʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ; 2 ï ʣʦʧʘʩʪʥʦʡ ʤʝʪʘʪʝʣʴ; 3 ï ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʧʣʠʪʘ; 4 ï ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ;  

5 ï ʩʙʦʨʥʠʢʠ; 6 ï ʩʢʨʝʙʦʢ; 7 ï ʪʝʣʝʞʢʘ; 8 ï ʨʘʤʘ; 9 ï ʩʪʨʫʷ; 10 ï ʰʘʨʥʠʨ; 11 ï ʪʝʣʝʞʢʘ; 12 ï ʫʟʝʣ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʝʯʝʥʠʷ ʩʪʨʫʠ;13 ï ʣʦʪʦʢ; 14 ï ʰʘʨʥʠʨʳ ʨʝʛʫʣʠʨʦʚʢʠ ʫʛʣʘ ʥʘʢʣʦʥʘ;15 ï ʧʦʚʦʨʦʪʥʳʝ 

ʟʘʢʨʳʣʢʠ; 16 ï ʚʦʨʦʪʥʠʢʦʚʦʝ ʧʨʠʢʨʳʪʠʝ; 17 ï ʚʝʨʭʥʷʷ ʟʦʥʘ; 18 ï ʚʝʨʭʥʠʡ ʢʦʥʪʘʢʪʥʳʡ ʩʣʦʡ;19 ï ʧʦʜʣʦʞʢʘ 

ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ; 20 ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʪʝʥʢʘ; 21 ï ʨʝʛʫʣʠʨʫʝʤʘʷ ʟʘʩʣʦʥʢʘ; 22 ï ʝʤʢʦʩʪʴ ʜʣʷ ʦʯʠʱʝʥʥʦʛʦ 

ʢʦʤʧʦʩʪʘ; 23 ï ʝʤʢʦʩʪʴ ʜʣʷ ʪʚʝʨʜʳʭ ʙʘʣʣʘʩʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 
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ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ï ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʚʦʣʦʢʥʠʩʪʳʭ ʘʩʙʝʩʪʘ ʠ ʯʝʰʫʡʯʘʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʩʣʶʜ). 

ɺʳʚʦʜʳ: ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʧʦʢʘʟʘʣ , ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʠʭ ʨʘʟʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ. 

ʕʪʦ ʪʨʝʥʠʝ, ʫʧʨʫʛʦʩʪʴ, ʬʦʨʤʘ ʠʣʠ ʪʚʝʨʜʦʩʪʴ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʠ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʧʧʘʨʘʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʢʦʤ-

ʧʣʝʢʩ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʧʦʣʥʦʝ ʨʘʟʜʝ-

ʣʝʥʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʦʜʥʦʤ ʘʧʧʘʨʘʪʝ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʛʨʘʥʫ-

ʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʦʚ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʉʪʘʨʦʙʠʥʩʢʦʛʦ ʠ ɺʝʨʭʥʝʢʘʤ-
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Abstract. The analysis of studies of mineralogical, chemical and granulometric compositions of 

halite waste from ore enrichment of Starobinskoye and Verkhnekamskoye deposits is presented. 

The influence of the compositions on the change in the physical and mechanical properties of 

halite waste during their storage is described. 

 

Keywords: potash ores, halite waste, enrichment of potash ores, mineralogical, chemical and gran-
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ɻʘʣʠʪʦʚʳʝ ʦʪʭʦʜʳ, ʩʢʣʘʜʠʨʫʝʤʳʝ ʚ ʩʦʣʝʦʪʚʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʳʭʣʫʶ ʪʨʝʭʬʘʟʥʫʶ 

ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʤʝʩʠ ʪʚʝʨʜʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʩʦʣʦʚ ʠ ʨʘʟ-

ʣʠʯʥʦʛʦ ʨʦʜʘ ʛʘʟʦʚ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚʳ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʠʥʝ-

ʨʘʣʴʥʳʤʠ ʠ ʚ ʮʝʣʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʠʥʝʨʘʣʘʤʠ ʛʘʣʦʧʝʣʠʪʦʚ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʨʫʜʳ, ʢʦ-

ʪʦʨʘʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʣʦʪʘʮʠʦʥʥʦʤʫ ʦʙʦʛʘʱʝʥʠʶ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʛʘʣʦʧʝʣʠʪʳ ʉʪʘʨʦʙʠʥ-

ʩʢʦʛʦ ʠ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʣʦʞʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʤʠʥʝʨʘʣʴ-

ʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʠʟ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ. ʉʪʨʫʢ-

ʪʫʨʘ ʤʠʥʝʨʘʣʦʚ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʠ-ʟʝʨʥʠʩʪʘʷ. ʈʘʟʤʝʨʳ ʟʝʨʝʥ ï ʨʘʟʣʠʯʥʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʨʝʜʥʠʝ ʠ ʢʨʫʧʥʳʝ. ɺʝʣʠʯʠʥʘ ʟʝʨʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʜʨʦʙʣʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʥʝ-

ʩʢʦʣʴʢʠʭ ʜʦ ʪʳʩʷʯʥʳʭ ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ. ʌʦʨʤʘ ʠʭ ʩʚʷʟʘʥʘ ʩ ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʜʝʬʦʨʤʘʮʠ-

ʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʦʛʘʱʝʥʠʷ, ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʩʚʦʝʦʙʨʘʟʠʝ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʦʪʣʠʯʥʳʭ ʦʪ ʩʚʦʡʩʪʚ ʜʨʫʛʠʭ ʥʝʩʚʷʟʥʳʭ ʧʦʨʦʜ. 

ɸʥʘʣʠʟ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʧʨʠ ʬʣʦʪʘʮʠʦʥʥʦʤ ʤʝʪʦʜʝ 

ʦʙʦʛʘʱʝʥʠʷ [1-7] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʨʦʣʴ ʚ ʥʠʭ ʠʛʨʘʝʪ NaCl ʩ ʥʝʙʦʣʴʰʠʤʠ 

ʧʨʠʤʝʩʷʤʠ KCl ʠ ʜʨʫʛʠʭ ʩʦʣʝʡ, ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ (ʥ.ʦ.), ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʝʡ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʛʠʜʨʦʩʣʶʜʳ, ʭʣʦ-

ʨʠʪʳ ʠ ʠʥʦʛʜʘ ʩʤʝʰʘʥʥʦʩʣʦʡʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʠʪ-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʦʛʦ ʠ ʭʣʦʨʠʪ-ʚʝʨ-

ʤʠʢʫʣʠʪʦʚʦʛʦ ʪʠʧʦʚ. 
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ɺ ʮʝʣʦʤ, ʚ ʭʠʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʛʘʣʠʪʦʚʳʝ ʦʪʭʦʜʳ ʉʪʘʨʦʙʠʥʩʢʦʛʦ ʠ ɺʝʨʭʥʝʢʘʤ-

ʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠ ʬʣʦʪʘʮʠʦʥʥʦʤ ʤʝʪʦʜʝ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʠʤʝʶʪ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ-

ʢʘʟʘʪʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2. ʊʘʢ, ʨʫʜʳ ʉʪʘʨʦʙʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘ-

ʣʠʡʥʳʭ ʩʦʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ KCl 23,0-28,7 % ʠ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʧʨʠʤʝʩʝʡ 3,9-5,6 %. ʈʫʜʳ ɺʝʨʭʥʝʢʘʤ-

ʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʣʠʡʥʦ-ʤʘʛʥʠʝʚʳʭ ʩʦʣʝʡ ʩʦʜʝʨʞʘʪ KCl ʦʪ 5,8 ʜʦ 60 %, MgCl2 ʦʪ 16,4 

ʜʦ 22,2 %, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥ.ʦ. ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 2 % [8]. 

 
ʊʘʙʣʠʮʘ 1 ï ʋʩʨʝʜʥʝʥʥʳʝ ʧʨʝʜʝʣʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʉʪʘʨʦʙʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ (ʩ ʫʯʝʪʦʤ ʅʝʞʠʥʩʢʦʛʦ ʫʯʘʩʪʢʘ) 

 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, % 

NaCl KCl CaCl CaSO4 MgCl2 MgSO4 ʥ.ʦ. 

85-95 3,0-5,0 0,02-0,35 0,10-1,27 0,04-0,2 0,1-0,15 2,0-4,5 

 

ʊʘʙʣʠʮʘ 2 ï ʋʩʨʝʜʥʝʥʥʳʝ ʧʨʝʜʝʣʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ (ʩ ʫʯʝʪʦʤ ʋʩʦʣʴʩʢʦʛʦ ʫʯʘʩʪʢʘ) 

 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, % 

NaCl KCl CaSO4 MgCl2 MgSO4 ʥ.ʦ. ʅ2ʆ 

85,27-98,00 0,11-3,40 1,3-3,0 0,01-0,20 0,05-0,07 0,07-3,00 0,1-8,0 

 

ɸʥʘʣʠʟ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʜʣʷ ʫʩʣʦʚʠʡ ʉʪʘ-

ʨʦʙʠʥʩʢʦʛʦ ʠ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʦʩʪʘ-

ʚʦʤ ʠʩʭʦʜʥʦʡ ʨʫʜʳ ʠ ʬʣʦʪʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʦʙʦʛʘʱʝʥʠʷ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʫʩʣʦʚʠʡ 

ʉʪʘʨʦʙʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥ.ʦ., ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʨʫʜʝ ʛʘʣʦʧʝʣʠʪʦʚ ʠ ʠʤʝʶʱʝʝ ʛʣʠʥʠʩʪʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. ʇʦ ʦʩʥʦʚʥʦʡ ʞʝ 

ʯʘʩʪʠ NaCl ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ [4]. 

ʉʚʝʞʠʝ ʛʘʣʠʪʦʚʳʝ ʦʪʭʦʜʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʩʦʣʝʦʪʚʘʣ ʩ ʬʣʦʪʘʮʠʦʥʥʦʡ ʦʙʦʛʘʪʠʪʝʣʴ-

ʥʦʡ ʬʘʙʨʠʢʠ, ʩʦʜʝʨʞʘʪ ʨʘʩʩʦʣʳ ʚ ʧʨʝʜʝʣʘʭ 6-22 % [1-3, 5]. ɺ ʭʠʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʧʦʡ [1]. ɸʥʘʣʠʟ ʩʪʝʧʝʥʠ ʝʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ [2, 3, 5], ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ ʝʝ 

ʧʦʢʘʟʘʪʝʣʠ ʚ ʧʨʝʜʝʣʘʭ 340-375 ʛ/ʣ. 

ʇʨʦʮʝʩʩ ʦʪʞʘʪʠʷ ʞʠʜʢʦʡ ʬʘʟʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʥʝ ʙʦʣʝʝ 18 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʛʦ ʩʥʠʞʘʝʪʩʷ. ɺʳʭʦʜ ʧʝʨʚʠʯʥʦʡ 

ʨʘʧʳ ʩʦʩʪʘʚʣʷʝʪ 50-70 % ʦʪ ʠʩʭʦʜʥʦʡ ʚʣʘʞʥʦʩʪʠ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ (12-18 %), ʯʪʦ ʩʦʩʪʘʚ-

ʣʷʝʪ 6-8 % ʦʪ ʚʝʩʘ ʩʢʣʘʜʠʨʫʝʤʳʭ ʩʦʣʝʦʪʭʦʜʦʚ [1], ʜʦʩʪʠʛʘʷ ʚʣʘʞʥʦʩʪʠ 5-8 %. ɺʣʘʞʥʦʩʪʴ 

ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʋʩʦʣʴʩʢʦʛʦ ʢʘʣʠʡʥʦʛʦ ʢʦʤʙʠʥʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 8 % [8]. ɼʝʡʩʪʚʠʝ ʩʪʘʪʠʯʝ-

ʩʢʠʭ ʥʘʛʨʫʟʦʢ ʦʪ ʚʝʩʘ ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʚʳʟʳʚʘʝʪ ʦʪʪʦʢ ʞʠʜʢʦʡ ʬʘʟʳ 

ʠ ʩʦʙʩʪʚʝʥʥʦ ʫʧʣʦʪʥʝʥʠʝ ʧʦʨʦʜ ʩʦʣʝʦʪʚʘʣʘ. ʀʭ ʚʣʘʞʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʜʦ 0,9-2,8 %. ɺ ʛʨʘʥʫ-

ʣʦʤʝʪʨʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʛʘʣʠʪʦʚʳʝ ʦʪʭʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʳʭʣʫʶ ʧʝʩʯʘʥʫʶ 

ʤʘʩʩʫ, ʢʨʫʧʥʦʩʪʴ ʯʘʩʪʠʮ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʧʦʤʦʣʘ ʨʫʜʳ. ɽʩʣʠ ʛʘʣʠʪʦʚʳʝ ʦʪʭʦʜʳ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʳʯʥʳʝ ʜʠʩʧʝʨʩʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʦ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʝʛʢʠʝ 

ʩʫʧʝʩʠ ʠʣʠ ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ ʧʝʩʢʠ. 

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʉʪʘʨʦʙʠʥ-

ʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [1-3, 5, 9], ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʬʣʦʪʘʮʠʦʥʥʦʤ ʤʝʪʦʜʝ ʦʙʦʛʘʱʝʥʠʷ, ʧʦʟ-

ʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ ʩʣʝʜʫʶʱʠʡ ʫʩʨʝʜʥʝʥʥʳʡ ʩʦʩʪʘʚ ʧʨʠ ʩʨʝʜʥʝʤ ʜʠʘʤʝʪʨʝ ʯʘʩʪʠʮ 0,45 

ʤʤ (ʪʘʙʣʠʮʘ 3). ʋʩʨʝʜʥʝʥʥʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʪʘʥʜʘʨʪʥʳʤ ʩʠ-

ʪʦʚʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʩʚʝʞʝʦʪʩʳʧʘʥʥʳʭ ʠ ʩʣʝʞʘʚʰʠʭʩʷ ʛʘʣʠʪʦʚʳʭ ʦʪʚʘʣʦʚ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 4. 

ɻʘʣʠʪʦʚʳʝ ʦʪʭʦʜʳ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʥʝʦʜʥʦʨʦʜʥʳʝ ʩʦ ʩʪʝʧʝʥʴʶ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʠ ʠʭ ʟʝʨʥʦʚʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʝʝ 3 ʠ ʨʘʚʥʦʡ 3,8 (ʜʣʷ ʩʚʝʞʝʦʪʩʳʧʘʥʥʳʭ ʛʘʣʠʪʦʚʳʭ ʦʪ-

ʭʦʜʦʚ) ʠ 8,5 (ʜʣʷ ʩʣʝʞʘʚʰʠʭʩʷ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ). ʅʘ ʩʚʝʞʝʦʪʩʳʧʘʥʥʦʤ ʩʦʣʝʦʪʚʘʣʝ ʩ ʛʣʫ-

ʙʠʥʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 3,0-0,5 ʤʤ ʠ ʨʦʩʪ ʜʦʣʠ ʤʝʣʢʦʡ ʠ 
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ʩʨʝʜʥʝʡ ʬʨʘʢʮʠʠ 0,5-0,1 ʤʤ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʩʪʚʦʨʷʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʘʪʤʦ-

ʩʬʝʨʥʦʡ ʚʣʘʛʠ ʠ ʨʘʩʩʦʣʦʚ ʥʘ ʛʘʣʠʪʦʚʳʝ ʦʪʭʦʜʳ. 

 
ʊʘʙʣʠʮʘ 3 ï ʋʩʨʝʜʥʝʥʥʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʉʪʘʨʦʙʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ 

 

ʌʨʘʢʮʠʷ (ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ), ʤʤ 

5,0-2,0 2,0-1,0 1,0-0,5 0,5-0,25 0,25-0,1 0,1-0,005 ʤʝʥʝʝ 0,005 

ʉʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ, % 

0,38 1,47 38,83 28,09 14,79 12,58 3,48 

 

ʊʘʙʣʠʮʘ 4 ï ʋʩʨʝʜʥʝʥʥʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ 

 

ʌʨʘʢʮʠʷ (ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ), ʤʤ 

ʙʦʣʝʝ 3 3-2 2-1 1-0,5 0,5-0,25 0,25-0,1 ʤʝʥʝʝ 0,1 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʩʚʝʞʝʦʪʩʳʧʘʥʥʦʛʦ ʩʦʣʝʦʪʚʘʣʘ, % 

2 7 33 27 23 6 2 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʩʣʝʞʘʚʰʝʛʦʩʷ ʩʦʣʝʦʪʚʘʣʘ, % 

2 5 27 25 22 9 10 

 

ɸʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ [1-3, 10] ʧʦʟʚʦ-

ʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʣʘʛʘʶʱʠʭ ʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʫʩʪʦʡʯʠʚʳʭ ʧʨʝʜʝʣʘʭ 2,0-

2,2 ʛ/ʩʤ3, ʯʪʦ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʩ ʧʦʟʠʮʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʠʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

(NaCl, KCl, ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ). ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʙʲʷʩʥʷʶʪʩʷ ʙʦʣʴ-

ʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʷʞʝʣʦʛʦ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʧʦʨʠʩʪʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ, ʨʘʩʩʦʣʦʩʦʜʝʨʞʘʥʠʝ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ 

ʧʣʦʪʥʦʩʪʴ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ. ʊʘʢ, ʘʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʩʢʣʘʜʠʨʫʝʤʳʭ ʩʚʝʞʠʭ ʛʘʣʠ-

ʪʦʚʳʭ ʦʪʭʦʜʦʚ [2-5] ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʫʩʪʦʡʯʠʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 1,2-1,4 ʛ/ʩʤ3 (ʧʨʠ ʧʦ-

ʨʠʩʪʦʩʪʠ 35-40 %). ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ [5] ʦʙʨʘʟʮʦʚ ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʣʷʥʳʭ ʦʪʣʦʞʝʥʠʡ, 

ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʚ ʩʦʣʝʦʪʚʘʣʘʭ, ʧʦʟʚʦʣʷʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʭ ʧʦʨʠ-

ʩʪʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 12 ʜʦ 15 %, ʘ ʟʥʘʯʝʥʠʷ ʠʭ ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1,75 ʜʦ 1,90 ʛ/ʩʤ3. 

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʘʞʥʦʩʪʠ ʩʢʣʘʜʠʨʫʝʤʳʭ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ [1, 3, 5] ʧʦʟʚʦ-

ʣʷʝʪ ʩʯʠʪʘʪʴ ʝʝ ʢʦʣʝʙʘʥʠʷ ʚ ʚʝʩʴʤʘ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʊʘʢ, ʜʣʷ ʫʩʣʦʚʠʡ ʉʪʘʨʦʙʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʢʦʣʝʙʣʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 8-14 %, ʧʨʠ ʤʠʥʠʤʘʣʴ-

ʥʳʭ ʝʝ ʟʥʘʯʝʥʠʷʭ 5 %, ʤʘʢʩʠʤʘʣʴʥʳʭ ï 22 %. ɸʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʢʦʣʝʙʘʥʠʡ ʚʣʘʞʥʦʩʪʠ ʚʝʨʭ-

ʥʝʡ ʟʦʥʳ ʩʦʣʝʦʪʚʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʝʝ ʢʦʣʝʙʘʥʠʷ ʢʘʢ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ï 

ʦʪ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʡ, ʢʦʛʜʘ ʚʣʘʞʥʦʩʪʴ ʙʣʠʟʢʘ ʟʥʘʯʝʥʠʷʤ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʡ ʚʣʘʞʥʦʩʪʠ 0,5-

1,0 % ʜʦ ʚʣʘʞʥʦʩʪʠ 20-25 % ʚ ʧʝʨʠʦʜ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʦʚ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʉʪʘ-

ʨʦʙʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [1, 10-12] ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʛʠʛʨʦʩʢʦʧʠʯʥʦ-

ʩʪʠ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʬʠʮʠʪʘ ʚʣʘʞʥʦʩʪʠ 

ʦʢʨʫʞʘʶʱʝʡ ʘʪʤʦʩʬʝʨʳ, ʚʨʝʤʝʥʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʥʝʡ, ʩʪʝʧʝʥʠ ʫʧʣʦʪʥʝʥʥʦʩʪʠ ʦʙʨʘʟ-

ʮʦʚ, ʠʭ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢ, ʥʠʞʝ ʧʦʨʦʛʦʚ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ 74-75 % ʠ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ 5-8 Áʉ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʘʷ ʚʣʘʞʥʦʩʪʴ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,20-0,90 

%, ʧʨʠʯʝʤ ʩ ʨʦʩʪʦʤ ʘʙʩʦʣʶʪʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦ 

ʨʘʟʚʠʚʘʶʱʝʝʩʷ ʚʦ ʚʨʝʤʝʥʠ ʫʚʝʣʠʯʝʥʠʝ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʚʦʟʜʫʭʘ 74-75 % ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 5-8 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʨʦʪʝʢʘ-

ʥʠʷ ʛʠʜʨʦʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʠʝ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʪʥʦʩʪʠ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ [1, 5, 10-12] ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘ-

ʚʠʪʴ ʠʭ ʢʦʣʝʙʘʥʠʷ ʚ ʚʝʩʴʤʘ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 1,2-1,40 ʛ/ʩʤ3 ʚ ʨʳʭʣʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦ 2,0 

ʛ/ʩʤ3 ʚ ʫʧʣʦʪʥʝʥʥʳʭ ʟʦʥʘʭ ʩʦʣʝʦʪʚʘʣʦʚ. 
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ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ ʚ ʨʘʟʚʠʪʠʠ ʚʦʜʥʦ-ʵʨʦʟʠʦʥʥʳʭ 

ʠ ʢʘʨʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʝʣʝ ʩʦʣʝʦʪʚʘʣʘ. ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʣʷ Kʉl 

ʩʦʩʪʘʚʣʷʶʪ 283,7-362,5 ʛ/ʣ ʅ2ʆ, ʘ ʜʣʷ NaCl ï 356,5-391,8 ʛ/ʣ ʅ2ʆ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 0-

100 Áʉ. ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʨʘʩʪʚʦʨʝʥʠʠ Kʉl ʠ NaCl ʟʥʘʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʘʞʜʦʡ ʠʟ ʩʦʣʝʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʨʘʟʜʝʣʴʥʦʤ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʩʦʣʠ ʩʦʜʝʨʞʘʪ ʦʙʱʠʡ ʠʦʥ Cl-. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʨʘʩʩʦʣʦʚ NaCl. 

ʇʣʦʪʥʦʩʪʴ ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʩʦʣʦʚ ʥʘ 20 % ʚʳʰʝ ʧʣʦʪʥʦʩʪʠ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʘ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ ʚʳʰʝ ʚʷʟʢʦʩʪʠ ʧʨʝʩʥʦʡ ʚʦʜʳ ʧʦʯʪʠ ʥʘ 200 % [1]. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʷʟʢʦʩʪʴ ʨʘʩʩʦʣʦʚ NaCl ʧʘʜʘʝʪ, ʢʘʢ ʠ ʚʷʟʢʦʩʪʴ ʧʨʝʩʥʦʡ ʚʦʜʳ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘʮʠʠ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ 

ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ [1, 9, 12] ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʫʶʱʝʡ 

ʞʠʜʢʦʩʪʠ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʨʘʩʩʦʣʦʚ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʩʦʣʝʦʪʚʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶ-

ʯʠʪʴ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʨʘʩʩʦʣʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʩʴʤʘ 

ʚʝʣʠʢ (ʪʘʙʣʠʮʘ 5). 

 
ʊʘʙʣʠʮʘ 5 ï ʇʦʢʘʟʘʪʝʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʠʣʴʪʨʘʮʠʠ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʫʧʣʦʪʥʝʥ-

ʥʦʩʪʠ 

 

ʇʦʢʘʟʘʪʝʣʠ 

ʉʪʝʧʝʥʴ ʫʧʣʦʪʥʝʥʥʦʩʪʠ 

ʨʳʭʣʳʝ 
ʩʣʘʙʦ-ʫʧʣʦʪʥʝʥ-

ʥʳʝ 

ʩʨʝʜʥʝ-ʫʧʣʦʪʥʝʥ-

ʥʳʝ 

ʩʠʣʴʥʦ-

ʫʧʣʦʪʥʝʥʥʳʝ 
ʤʦʥʦʣʠʪ 

ʇʣʦʪʥʦʩʪʴ, % 0,70 0,70-0,50 0,50-0,30 0,30-0,10 0,1 

ʇʦʨʠʩʪʦʩʪʴ, % 45 45-35 35-25 25-5 5 

ʆʙʱʘʷ ʧʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 1,50 1,40-1,60 1,60-1,80 1,80-1,95 1,95 

ʇʣʦʪʥʦʩʪʴ ʩʢʝʣʝʪʘ, 

ʛ/ʩʤ3 
1,25 1,25-1,50 1,50-1,70 1,70-1,90 1,90 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘ-

ʮʠʠ, ʤ/ʩʫʪ 
10,00 0,5-10,0 0,05-0,50 0,0-0,0005 0 

 

ʊʘʢ, ʧʦ ʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʨʝʜʥʠʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢʘʢ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ ʠ ʩʦ-

ʦʨʫʞʝʥʠʡ, ʨʳʭʣʳʝ ʠ ʩʣʘʙʦ ʫʧʣʦʪʥʝʥʥʳʝ ʛʘʣʠʪʦʚʳʝ ʦʪʭʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʜʦʧʨʦʥʠʮʘʝ-

ʤʦʩʪʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ. ʌʠʣʴʪʨʘʮʠʷ ʞʝ ʨʘʩʩʦʣʦʚ ʩʨʝʜʥʝ- ʠ ʩʣʘʙʦ ʫʧʣʦʪʥʝʥʥʳʭ ʧʦ-

ʜʦʙʥʘ ʬʠʣʴʪʨʘʮʠʠ ʚ ʩʫʧʝʩʯʘʥʳʭ ʧʦʨʦʜʘʭ. ʉʠʣʴʥʦʫʧʣʦʪʥʝʥʥʳʝ ʨʘʟʥʦʩʪʠ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ 

ʬʠʣʴʪʨʫʶʪ ʘʥʘʣʦʛʠʯʥʦ ʛʣʠʥʠʩʪʳʤ ʛʨʫʥʪʘʤ. ʄʦʥʦʣʠʪʥʳʝ ʠ ʚʳʩʦʢʦʫʧʣʦʪʥʝʥʥʳʝ ʛʘʣʠʪʦʚʳʝ 

ʦʪʭʦʜʳ ʷʚʣʷʶʪʩʷ ʨʘʩʩʦʣʦʥʝʧʨʦʥʠʮʘʝʤʳʤʠ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, 

ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʩʪʦʷʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ ʚ ʪʝʣʝ ʩʦʣʝʦʪʚʘ-

ʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʥʦʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʦʪʤʝʯʘʪʴʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʯʝʪʢʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʩ 

ʛʣʫʙʠʥʦʡ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʨʝʞʠʤʦʤ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ, 

ʚʣʠʷʶʱʝʛʦ ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʧʣʦʪʥʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʣʘʜʠʨʦʚʘʥʠʷ, ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ, ʚ ʢʦ-

ʪʦʨʫʶ ʦʥʠ ʩʢʣʘʜʠʨʫʶʪʩʷ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦ ʚʨʝʤʝʥʠ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ. 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʦʚ 

ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʢʣʘʜʠʨʫʝʤʳʭ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: ʚ ʧʨʦʮʝʩʩʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʦʚ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦ-

ʜʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʩʦʣʝʦʪʚʘʣ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʣʦʪʥʦʩʪʠ ʚ ʫʧʨʦʯʥʝʥʥʳʭ ʟʦʥʘʭ ʠ ʥʠʟ-

ʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʨʠʩʪʦʩʪʠ, ʟʘʚʠʩʠʤʳʭ ʦʪ ʩʪʝʧʝʥʠ ʣʠʪʠʬʠʢʘʮʠʠ ʩʦʣʝʦʪʚʘʣʦʚ ʠ ʩʚʷʟʘʥʥʦʡ 

ʩ ʥʘʣʠʯʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʦ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʤ ʧʨʦʤʝʞʫʪʢʦʚ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ 

ʠ ʟʝʨʥʘʤʠ ʩʦʣʝʡ, ʟʘʧʦʣʥʝʥʥʳʭ ʨʘʩʩʦʣʦʤ ʠʣʠ ʚʦʟʜʫʭʦʤ; ʧʣʦʪʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ, ʥʘʭʦʜʷʪʩʷ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩʦ ʚʨʝʤʝʥʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʘʣʠʪʦʚʳʭ ʦʪʭʦʜʦʚ, ʛʣʫʙʠʥʦʡ ʠ 

ʩʪʝʧʝʥʴʶ ʣʠʪʠʬʠʢʘʮʠʠ ʩʦʣʝʦʪʚʘʣʦʚ. 
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ʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠ ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʠʭ ʩʨʘʚʥʝʥʠʷ ʠʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. 

ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪ ʫʢʨʫʧʥʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʩʪʦʠʤʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ, ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʚʳʭʦʜʥʦʡ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʥʘʜʝʞʥʦʩʪʴ, ʢʦʪʦʨʳʝ, ʫʧʦʨʷ-

ʜʦʯʠʚ ʧʦ ʩʪʝʧʝʥʠ ʟʥʘʯʠʤʦʩʪʠ, ʦʙʨʘʟʫʶʪ ʚʝʢʪʦʨʥʳʡ ʢʨʠʪʝʨʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʚ ʚʠʜʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʨʘʟʥʦʩʪ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʘʛʨʝʛʘʪʳ, ʧʥʝʚʤʘʪʠʯʝʩʢʘʷ ʩʝʪʴ, ʧʦʪʨʝʙʠʪʝʣʠ ʩʞʘʪʦʛʦ ʚʦʟ-

ʜʫʭʘ, ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. 
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ʈʫʜʥʠʯʥʫʶ ʢʦʤʧʨʝʩʩʦʨʥʫʶ ʫʩʪʘʥʦʚʢʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʪʝʭʥʠʯʝʩʢʫʶ ʩʠ-

ʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ (ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʘʛʨʝʛʘʪʳ, ʧʥʝʚʤʘʪʠʯʝʩʢʘʷ ʩʝʪʴ, 

ʧʦʪʨʝʙʠʪʝʣʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ) (ʨʠʩ. 1.) [1-4]. 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 1. ʈʫʜʥʠʯʥʘʷ ʢʦʤʧʨʝʩʩʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʢʘʢ ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʫʪʝʤ ʧʦʠʩʢʘ ʠ ʧʨʠʥʷʪʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʙʲʝʢʪʘ. 

ʅʘ ʩʪʘʜʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʧʦʠʩ-

ʢʦʤ ʪʝʭʥʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪ 

ʫʢʨʫʧʥʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʩʪʦʠʤʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʵʥʝʨʛʦʟʘʪʨʘʪʳ, 

ʚʳʭʦʜʥʦʡ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʥʘʜʝʞʥʦʩʪʴ, ʢʦʪʦʨʳʝ, ʫʧʦʨʷʜʦʯʠʚ ʧʦ ʩʪʝʧʝʥʠ ʟʥʘ-

ʯʠʤʦʩʪʠ, ʦʙʨʘʟʫʶʪ ʚʝʢʪʦʨʥʳʡ ʢʨʠʪʝʨʠʡ.  

ʆʮʝʥʢʘ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʣʴ-

ʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠ ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʠʭ ʩʨʘʚʥʝʥʠʷ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. 

ɿʘʜʘʯʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, ʢʘʢ ʟʘʜʘʯʘ ʚʳʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʍ* ʚ 

ʤʥʦʞʝʩʪʚʝ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʍ, ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʴʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʢʦʪʦ-

ʨʘʷ ʩʦʟʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

- ʨʘʩʧʣʳʚʯʘʪʦʩʪʴ ʦʛʨʘʥʠʯʝʥʠʡ, ʟʘʜʘʶʱʠʭ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʍ; 

- ʧʣʦʭʘʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʢʨʠʪʝʨʠʝʚ ʚʳʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʍ*; 

- ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʚʳʙʦʨʘ 
*ʍʭÍ

Ø

 ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʬʘʢ-

ʪʦʨʦʚ; 

- ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʠʩʢʘʞʝʥʠʝ ʧʨʠ ʝʝ ʧʦʜʘʯʝ. 

ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʣʶʙʦʡ ʩʠʩʪʝʤʳ ʥʘʨʷʜʫ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʘʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʪʦʢʦʚ, ʢʘʞʜʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʩʠʛʥʘʣ ï ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʦʝ ʦʪʦʙʨʘʞʘʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʨʠʥʷʪʦʡ ʫʩʣʦʚʥʦʩʪʴʶ ʠʥʬʦʨʤʘʮʠʶ, ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ ʚʦʟʜʝʡʩʪʚʠʠ. 

ɽʩʣʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʣʝʤʝʥʪ ʩʠʩʪʝʤʳ ʚʣʠʷʝʪ ʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʥʘʧʨʠʤʝʨ, ʧʦʪʦʢʘ 

ʚʦʟʜʫʭʘ, ʪʦ ʵʪʦʪ ʧʦʪʦʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʘʢʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, 

ʢʘʢ ʧʦʜʘʯʘ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ (ʤ3/ʩ) ʠ ʵʥʝʨʛʠʠ (ɼʞ/ʩ). 

ɽʩʣʠ ʣʶʙʘʷ ʠʟ ʵʪʠʭ ʚʝʣʠʯʠʥ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʪʦ ʦʥʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʢʘʢ ʩʠʛʥʘʣ, ʧʝʨʝʜʘʶʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʘʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʪʴ 

ʥʘ ʧʦʪʦʢʠ ʚʝʱʝʩʪʚʘ ʠʣʠ ʵʥʝʨʛʠʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ. 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʪʨʝʙʫʝʤʦʤ ʫʨʦʚʥʝ ʠʣʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʟʘʜʘʥʥʦʤʫ ʟʘʢʦʥʫ, ʝʩʪʴ 

ʫʧʨʘʚʣʷʝʤʘʷ ʚʝʣʠʯʠʥʘ. 

ʋʧʨʘʚʣʷʝʤʦʡ ʚʝʣʠʯʠʥʦʡ ʤʦʞʝʪ ʙʳʪʴ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʣʠʙʦ ʠʟʤʝʨʷʝʪʩʷ 

ʥʘ ʚʳʭʦʜʝ (ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʠ ʜʨ.), ʣʠʙʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʜʨʫʛʠʝ ʚʝʣʠ-

ʯʠʥʳ (ʥʘʧʨʠʤʝʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ). 

ʈʫʜʥʠʯʥʘʷ ʢʦʤʧʨʝʩʩʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ  

ʂʦʤʧʨʝʩʩʦʨʥʳʝ ʘʛʨʝʛʘʪʳ ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ʩʝʪʴ ʇʦʪʨʝʙʠʪʝʣʠ ʩʞʘʪʦʛʦ 

ʚʦʟʜʫʭʘ 
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ɺʳʭʦʜʥʳʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʰʘʭʪʥʦʡ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʂʋ), 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ (ʂɸ) 

{ }m
ii 1=

W=W
, ʷʚʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ. 

ʉ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʚʟʘʠʤʦʩʚʷʟʴ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩ ʧʥʝʚʤʦʧʦʪʨʝʙʣʝʥʠʷ, ʠ ʧʦʢʘ-

ʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʨʘʙʦʪʢʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʧʨʦʠʟ-

ʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʫʜʥʠʯʥʳʭ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʈʂʋ), ʘ 

ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʨʘʥʞʠʨʦʚʘʥʠʝ ʂɸ ʧʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʢʨʠʪʝʨʠʷʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ 

ʠ ʩʘʤʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʩʥʦʚʝ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʤʝ-

ʥʝʥʠʝ ʢʨʠʪʝʨʠʝʚ). 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʶʪ ʦʩʥʦʚʘʥʠʷ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ. 

ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʩʠʩʪʝʤʝ 

i

m

i
WÇ=W

=1                                                              (1) 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʟʜʝʡʩʪʚʠʡ 
() () ()( )ttt=t

­

iniii ʭ,...,ʭ,ʭ)(ʭ 21 , i = 1, 2, 3,é, 

m, ʥʘ ʦʙʲʝʢʪ iW , i = 1, 2, 3,é, m, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʚ 

ʚʠʜʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ [2]. 
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1
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1

11

1

11

1

1

1

                                           (2) 

ʛʜʝ ʨj (t), j = 1, 2, 3,é, m; t = 0, 1, 2, é., ʠʩʢʦʤʳʝ ʨʝʰʝʪʯʘʪʳʝ ʬʫʥʢʮʠʠ, ʟʘʜʘʶʱʠʝ ʠʟʤʝʥʝ-
ʥʠʝ ʜʘʚʣʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʦʙʲʝʢʪʘ ʚ ʩʦʩʪʦʷʥʠʠ t; ʘij, i, j = 1, 2, 3,é, m, bik, i 

= 1, 2, 3,é, m, k = 1, 2, 3,é, n ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

(ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ); 
)(ʭi t

­

 - ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʦʙʲʝʢʪ iW , i 

= 1, 2, 3,é., m, ʩʠʩʪʝʤʳ W, ʧʨʠ ʟʘʜʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 
,ʨ)(ʨ 101 0 =
 

,ʨ)(ʨ 202 0 =
 é, 00 mm ʨ)(ʨ =

. 

ʉʭʝʤʘ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ 

 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (2) ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ Z ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

1. ʅʘʡʪʠ Z ï ʠʟʦʙʨʘʞʝʥʠʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

[ ])(xZ)z(ʍ ikik t=
, i = 1, 2, 3,é, m, k = 1, 2, 3, é, n.                        (3) 

2. ʇʝʨʝʡʪʠ ʦʪ ʩʠʩʪʝʤʳ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ (2) ʢ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʚ Z ï ʠʟʦʙ-

ʨʘʞʝʥʠʷʭ. 

3. ʅʘʡʪʠ Z ï ʠʟʦʙʨʘʞʝʥʠʝ ʈ (z) ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
)(ʨt
. 

4. ʇʦ Z ï ʠʟʦʙʨʘʞʝʥʠʶ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
() () ()( )zʨ,....,zp,zʨ)z(ʈ m21=

 

ʥʘʡʪʠ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 
() () () ()( )ttt=t mʨ....,ʨ,ʨʨ 21 , ʠʩʧʦʣʴʟʫʷ ʦʙʨʘʪʥʦʝ Z 

ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ: 

() ()[ ] () dzzzP
j

zPZʨ
C

iii ñ
-t- Ö

p
==t 11

2

1

, i = 1, 2, 3,..., m,                      (4) 

ʛʜʝ ʉ ï ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʣʝʞʘʪ ʚʩʝ ʦʩʦʙʳʝ ʪʦʯʢʠ ʬʫʥʢʮʠʠ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʈi (z);  j ï ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʞʝ ʦʜʥʦʡ ʠʟ ʬʦʨʤʫʣ 

ʥʘʭʦʞʜʝʥʠʷ ʦʨʠʛʠʥʘʣʘ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ: 

() ()[ ] ,m,...,,,i,,zzʈresʨ ii 3211 =¤Ö-=t -t

                                              (5) 

ʠʣʠ 

() ()[ ] ,m,...,,,i,z,zzʈresʨ i

N

i 3211

1

=Ö=t n
-t

=n

ä
                                         (6) 

ʛʜʝ 
,...,,,,z 321=nn  N ï ʦʩʦʙʳʝ ʪʦʯʢʠ ʬʫʥʢʮʠʠ 

() ;m,...,,,i,zʈi 321=
 

()[ ]¤Ö-t ,zzʈres i
1

 ʠ 
()[ ]n-tÖ z,zzʈres i

1

 - ʚʳʯʝʪʳ ʬʫʥʢʮʠʠ 
() 1-tÖzzʈi , i  = 1, 2, 3, é, m, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʥʦʡ ʪʦʯʢʠ (z = Ð)  ʠ ʦʩʦʙʦʡ ʪʦʯʢʠ zv, v = 1, 2, 3, ..., N, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʇʫʩʪʴ 
[ ] )z(X)(xZ ikik =t

, i = 1, 2, 3,é, m,  k =  1, 2, 3, é, n.           (7) 

[ ] )z(ʈ)(ʨZ ii =t
, i = 1, 2, 3, é,m.                                                      (8) 

ʊʦʛʜʘ, ʧʦʣʴʟʫʷʩʴ ʩʚʦʡʩʪʚʘʤʠ Z ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʙʫʜʝʤ ʠʤʝʪʴ 

[ ] )(pz)z(ʈz)(ʨZ iii 01 Ö-Ö=+t
, i = 1, 2, 3,é, m.                            (9) 
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ʉʠʩʪʝʤʝ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ (2) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʩʪʝʤʘ ʚ Z ï ʠʟʦʙʨʘʞʝʥʠʷʭ: 
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                           (10) 

 

ʠʣʠ 
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Ö+Ö=Ö-+-Ö-Ö-

Ö+Ö=Ö--Ö-+Ö-

Ö+Ö=Ö--Ö-Ö-
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=

=
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............................................................................................................................
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(11) 

  

ʕʪʘ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ m ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ m 

ʥʝʠʟʚʝʩʪʥʳʤʠ 
),z(ʈi  i  = 1, 2, 3, é, m, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʣʶʙʳʤ ʠʟ ʠʟʚʝʩʪʥʳʭ 

ʤʝʪʦʜʦʚ, ʧʨʠʚʦʜʠʤʳʭ ʚ ʢʫʨʩʝ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ. 

ʅʘʧʨʠʤʝʨ, ʧʦʣʴʟʫʷʩʴ ʬʦʨʤʫʣʘʤʠ ʂʨʘʤʝʨʘ, ʧʦʣʫʯʘʝʤ 

)z(

)z(
)z(ʈ i

i
D

D
=

,  i  = 1, 2, 3, é, m,                                                     (12) 

ʛʜʝ 
)z(D
- ʦʧʨʝʜʝʣʠʪʝʣʴ ʩʠʩʪʝʤʳ: 

)az(....aa

................

a....)az(a

a....a)az(

)z(

mmmm

m

m

---

---

---

=D

21

22221

11211

.                                      (13) 

ʆʧʨʝʜʝʣʠʪʝʣʴ 
)z(iD , i  = 1, 2, 3, é, m, ʧʦʣʫʯʘʝʪʩʷ ʟʘʤʝʥʦʡ i-ʛʦ ʩʪʦʣʙʮʘ ʦʧʨʝʜʝʣʠ-

ʪʝʣʷ 
)z(D
 ʥʘ ʩʪʦʣʙʝʮ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ ʩʠʩʪʝʤʳ. 
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                                                                 (14) 

ɼʘʣʝʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ.4 ʘʣʛʦʨʠʪʤʘ, ʧʦ ʧʦʣʫʯʝʥʥʳʤ Z ï ʠʟʦʙʨʘʞʝʥʠʷʤ 
),z(ʈi       i  

= 1, 2, 3, é, m, ʥʘʭʦʜʠʤ ʠʭ ʦʨʠʛʠʥʘʣʳ 
),(ʨi t  i  = 1, 2, 3, é, m. ɿʘʜʘʚʘʷ t ʟʥʘʯʝʥʠʷ 1, 2, 3, 

é., ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʣʶʙʳʝ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʳʭ ʨʝʰʝʪʯʘʪʳʭ ʬʫʥʢʮʠʡ 
),(ʨi t  i  = 1,2,3,..., 

m, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʦʷʥʠʶ t, ʧʦ ʥʘʯʘʣʴʥʳʤ ʜʘʥʥʳʤ .mʨ,...,ʨ,ʨ 02010  

ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʫʜʥʠʯʥʳʭ ʢʦʤʧʨʝʩʩʦʨ-

ʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢ-

ʪʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩ ʧʥʝʚʤʦʧʦʪʨʝʙʣʝʥʠʷ, ʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʨʘʙʦʪʢʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ. ʇʨʦʠʟʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʨʫʜʥʠʯʥʳʭ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʨʘʥʞʠʨʦʚʘʥʠʝ 

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʧʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʢʨʠʪʝʨʠʷʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʠ ʩʘʤʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʩʥʦʚʝ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʝ ʢʨʠ-

ʪʝʨʠʝʚ). 
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ʢʦʤʧʨʝʩʩʦʨʦʚ // ʇʨʦʤʳʰʣʝʥʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 1975. ˉ 6. ʉ. 4-6. 
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ʋɼʂ 622.2 

ʆɹɽʉʇɽʏɽʅʀɽ ɹɽʉʂɸɺʀʊɸʎʀʆʅʅʓʍ ʈɽɾʀʄʆɺ ʈɸɹʆʊʓ ʐɸʍʊʅʓʍ  

ɺʆɼʆʆʊʃʀɺʆɺ 
 

ʖʉʋʇʆɺ ʊ. ʀ., ʋɻʆʃʔʅʀʂʆɺ ɸ. ɺ. 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

ɸʥʥʦʪʘʮʠʷ. ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʰʘʭʪʥʳʭ ʥʘʩʦʩʦʚ. ɸʚʪʦ-

ʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʩʯʝʪ ʬʘʢʪʠʯʝʩʢʦʛʦ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʘʧʘʩʘ ʩʠʩʪʝʤʳ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦ-

ʨʦʚ, ʛʣʘʚʥʳʤ ʫʩʣʦʚʠʝʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʥʘʜʝʞʥʫʶ ʠ ʵʢʦʥʦʤʠʯʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚʦʜʦʦʪ-
ʣʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʩʢʘʚʠʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʥʘʩʦʩʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʚʦʜʦʦʪʣʠʚʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʰʘʭʪʥʳʝ ʚʦʜʦʦʪʣʠʚʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʮʝʥʪʨʦʙʝʞ-

ʥʳʝ ʥʘʩʦʩʳ, ʢʘʚʠʪʘʮʠʷ, ʘʙʨʘʟʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʚʝʨʜʳʭ ʧʨʠʤʝʩʝʡ. 

 

PROVISION OF CAVITATION -FREE MODES OF OPERATION OF SHAFT PUMPS 

 

YUSUPOV T. I., UGOLNIKOV A. V. 

Ural State Mining University, Ekaterinburg 

Abstract. The article discusses the cavitation properties of shaft pumps. The authors present the 

calculation of the actual cavitation reserve of the system. According to the authors, the main con-

dition determining the reliable and economical operation of drainage complexes is to ensure cav-

itation-free operation modes of drainage pumping units. 

 

Keywords: cavitation properties, mine drainage systems, centrifugal pumps, cavitation, abrasive 

effect of solid impurities. 

 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʥʘʩʦʩʘ ʰʘʭʪʥʦʛʦ ʚʦʜʦʦʪʣʠʚʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʤʠʥʠ-

ʤʘʣʴʥʦʝ ʘʙʩʦʣʶʪʥʦʝ ʜʘʚʣʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʧʦʪʦʢʝ ʚ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʚ ʢʦʣʝʩʦ, ʙʦʣʴʰʝ 

ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ [4]. ʄʘʣʝʝʚ ɺ.ɹ., ʂʫʜʨʷʚʮʝʚ ɸ.ɸ.  

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʠʟʙʳʪʦʯʥʳʡ ʥʘʧʦʨ ʚʩʘʩʳʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʧʘʩ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ 

ʰʘʭʪʥʦʡ ʚʦʜʳ ʥʘʜ ʵʥʝʨʛʠʝʡ ʚʩʢʠʧʘʥʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʞʠʜʢʦʩʪʴ çʚʩʢʠʧʘʝʪè, ʚʦʟʥʠ-

ʢʘʝʪ ʷʚʣʝʥʠʝ ʢʘʚʠʪʘʮʠʠ, ʯʪʦ ʨʝʟʢʦ ʠʟʤʝʥʷʝʪ ʥʘʧʦʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʩʦʩʘ. ɿʘʧʘʩ ʵʥʝʨ-

ʛʠʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʦʣʝʤ ʩʢʦʨʦʩʪʠ ʥʘ ʚʭʦʜʝ ʚ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʠ ʧʦʪʝʨʷʤʠ 

ʵʥʝʨʛʠʠ ʚ ʵʣʝʤʝʥʪʘʭ ʚʩʘʩʳʚʘʶʱʝʛʦ ʪʨʘʢʪʘ [4].  

ʂʘʢ ʦʪʤʝʯʘʶʪ ɼʦʣʛʘʥʦʚ ɸ.ɺ., ʊʠʤʫʭʠʥ ʉ.ɸ., ʰʘʭʪʥʳʝ ʣʦʧʘʩʪʥʳʝ ʥʘʩʦʩʳ ʷʚʣʷʶʪʩʷ 

ʚʝʩʴʤʘ ʜʦʣʛʦʚʝʯʥʳʤʠ ʤʘʰʠʥʘʤʠ ʠ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʙʦʣʝʝ 20-30 ʣʝʪ [1, 2]. ʆʜʥʘʢʦ ʚ ʧʨʘʢʪʠʢʝ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʥʘʩʦʩ ʠʟʥʘʰʠ-

ʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʠ ʯʝʨʝʟ ʢʘʞʜʳʝ1-2 ʛʦʜʘ, ʘ ʠʥʦʛʜʘ ʠ ʯʘʱʝ ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʠʟʚʦ-

ʜʠʪʴ ʝʛʦ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ. ʊʘʢʦʡ ʠʟʥʦʩ ʦʙʳʯʥʦ ʚʳʟʳʚʘʝʪʩʷ ʢʘʚʠʪʘʮʠʝʡ ʠ ʘʙʨʘʟʠʚʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʚʝʨʜʳʭ ʧʨʠʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʠʣʠ ʩʦʚʤʝʩʪ-

ʥʳʤ ʠʭ ʜʝʡʩʪʚʠʝʤ. ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʩ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʳ, ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʭʦʜʥʦʛʦ 

ʦʙʦʜʘ ʠ ʟʘʟʦʨ ʫʧʣʦʪʥʷʶʱʝʡ ʢʨʦʤʢʠ. ɺ ʟʘʟʦʨʝ ʨʘʟʚʠʚʘʝʪʩʷ ʦʩʦʙʘʷ ʬʦʨʤʘ ʢʘʚʠʪʘʮʠʠ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʱʝʣʝʚʘʷ, ʚʳʟʳʚʘʝʤʘʷ ʤʝʩʪʥʳʤʠ ʦʪʞʠʤʘʤʠ ʧʦʪʦʢʘ, ʛʜʝ ʩʦʟʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʝ ʧʦʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ [1, 2].  

ʂʘʚʠʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʰʘʭʪʥʳʭ ʥʘʩʦʩʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦ-

ʩʪʴʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʦʡ ʚʩʘʩʳʚʘʥʠʷ, ʦʪʢʣʦʥʝʥʠʝ ʢʦʪʦʨʳʭ ʦʪ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 
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ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʨʘʟʚʠʪʦʡ ʢʘʚʠʪʘʮʠʠ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʥʘʩʦʩʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦ-

ʣʝʝ ʙʳʩʪʨʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʨʘʙʦʯʠʭ ʯʘʩʪʝʡ ʥʘʩʦʩʘ, ʥʘ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʠ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʫʶʪ ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʧʫʟʳʨʠ, ʘ ʪʘʢʞʝ ʥʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ. ʆʪʢʣʦʥʝʥʠʝ ʥʘʧʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ ʦʪ ʨʘʩʯʝʪʥʦʡ ʚʳʟʳʚʘʝʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ (ʫʤʝʥʴʰʝʥʠʶ) ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. [3].  

ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʢʘʚʠʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʜʦʧʫʩʢʘʝʤʳʡ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʧʘʩ 

ʥʘʩʦʩʘ ȹhʜʦʧ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʝʥ ʢʘʚʠʪʘʮʠʦʥʥʦʤʫ ʟʘʧʘʩʫ ʩʠʩʪʝʤʳ ȹhʩʠʩʪ, ʚ ʢʦ-

ʪʦʨʫʶ ʦʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ȹhʜʦʧ < ȹhʩʠʩʪ, ʤ       

ʂʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʧʘʩ ʩʠʩʪʝʤʳ ȹhʩʠʩʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ ʈ1 - ʘʙʩʦʣʶʪʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʝʤʢʦʩʪʠ, ʠʟ ʢʦʪʦʨʦʡ 

ʚʝʜʝʪʩʷ ʦʪʢʘʯʠʚʘʥʠʝ, ʇʘ, ʈ1 = ʈʘ = 101ʢʇʘ; ʈʥ.ʧ - ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʧʝʨʝʢʘʯʠʚʘʝ-

ʤʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʇʘ, ʧʦ ʪʘʙʣʠʮʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 ʉ ʜʘʚʣʝʥʠʝ 

ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʨʘʚʥʦ ʈʥ.ʧ = 880ʇʘ; Zl - ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʚʝʨʪʠʢʘʣʠ ʦʪ ʦʩʠ ʚʘʣʘ ʜʦ ʫʨʦʚʥʷ 

ʞʠʜʢʦʩʪʠ ʚ ʠʩʭʦʜʥʦʡ ʝʤʢʦʩʪʠ, ʤ. ɿʥʘʢ + ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʝʤʢʦʩʪʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʩʠ ʚʘʣʘ ʥʘʩʦʩʘ (ʟʥʘʢ ç+è - ʧʨʠ ʝʤʢʦʩʪʠ ʥʠʞʝ ʦʩʠ ʚʘʣʘ ʥʘʩʦʩʘ ʠ ʥʘʦʙʦʨʦʪ), ʦʥʦ ʨʘʚʥʦ 

ʚr ʩʦʪʝ ʚʩʘʩʳʚʘʥʠʷ hʚc ʤ; hʚʭ - ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʚʦ ʚʩʘʩʳʚʘʶʱʝʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʜʘʯʝ, ʤ, ʪʦ ʝʩʪʴ ʵʪʦ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʥʘ ʚʭʦʜʝ ʚ ʥʘʩʦʩ. 

                             
ʤ

C

Qn
h HH
ɺʍ ,)(10 3/4

2/1Ö
Ö=D

       
ʛʜʝ ʉ - ʢʨʠʪʝʨʠʡ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʜʦʙʠʷ ʥʘʩʦʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʪʦʡʢʦʩʪʴ ʢ ʢʘʚʠʪʘʮʠ-

ʦʥʥʳʤ ʷʚʣʝʥʠʷʤ, ʉ = 800é1000. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʳʤ ʫʩʣʦʚʠʝʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʥʘʜʝʞʥʫʶ ʠ ʵʢʦʥʦʤʠʯʥʫʶ ʵʢʩ-

ʧʣʫʘʪʘʮʠʶ ʚʦʜʦʦʪʣʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʩʢʘʚʠʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚʦʜʦʦʪʣʠʚʘ [3,4,5]. 
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ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʜʘʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʦʨ-

ʥʳʭ ʧʦʨʦʜ ʧʦ ʪʨʝʥʠʶ ʠ ʫʧʨʫʛʦʩʪʠ. ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʨʘʟʜʝ-

ʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʠʭ ʨʘʟʜʝʣʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʝʥʠʝ, ʫʧʨʫʛʦʩʪʴ, ʬʦʨʤʘ ʠʣʠ ʪʚʝʨʜʦʩʪʴ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʘʧʧʘʨʘʪʦʚ ʧʦ ʦʜʥʦʤʫ ʧʨʠʟʥʘʢʫ ʨʘʟʜʝʣʝʥʠʷ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʘʧʧʘʨʘʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʢʦʤʧʣʝʢʩ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʧʦʣʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʦʜʥʦʤ ʘʧʧʘʨʘʪʝ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʣʠʟ, ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʦʚ, ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʧʨʠ-
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Abstract. The article provides an overview of existing designs of apparatus for separating rocks 

by friction and elasticity. An analysis of the given designs of apparatus for separating rocks showed 

that friction, elasticity, shape or hardness of the useful component and host rocks are used as sep-

arating characteristics for their separation. The introduction of new devices based on one separa-

tion criterion only partially ensures the possibility of high-quality separation of rocks. The most 

promising direction in improving and designing separation devices is the creation of devices that 

use a complex of physical and mechanical properties of rocks, which ensures a more complete 

separation of minerals in one device. 

 

Keywords: ʘnalysis, apparatus designs, rocks, separating features, friction, elasticity, shape, hard-

ness. 

 

ʇʨʦʛʨʝʩʩ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʳʚʘʶʪ ʩ ʨʘʟ-

ʨʘʙʦʪʢʦʡ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʩʳʨʴʝʚʦʡ ʙʘʟʳ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʛʦʨʥʳʭ ʤʘʰʠʥ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʚʝʜʝ-

ʥʠʷ ʚ ʨʫʜʦʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʧʝʨʝʜʝʣ ʘʧʧʘʨʘʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʛʦʨʥʦʡ 

ʤʘʩʩʳ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʩʣʝ ʧʝʨʚʳʭ ʩʪʘʜʠʡ ʜʨʦʙʣʝʥʠʷ ʫʜʘʣʠʪʴ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʧʫʩʪʫʶ ʧʦʨʦʜʫ. ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʩʪʨʫʢʮʠʡ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦ 

ʪʨʝʥʠʶ ʠ ʫʧʨʫʛʦʩʪʠ. ʄʘʰʠʥʳ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʧʨʠʤʝʥʷʶʪ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʨʘʟʜʝ-

ʣʝʥʠʷ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʪʘʢʠʭ, ʢʘʢ ʘʩʙʝʩʪ, ʫʛʦʣʴ, ʩʣʶʜʘ ʠ ʜʨ. 
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ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ ʧʦ ʫʧʨʫʛʦʩʪʠ ʠʥʦʛʜʘ ʧʨʠʤʝʥʷʶʪ ʩʝʧʘʨʘʪʦʨʳ ʩ ʥʘʢʣʦʥ-

ʥʦʡ ʩʪʘʣʴʥʦʡ ʧʣʠʪʦʡ. ʇʘʜʘʷ ʥʘ ʧʣʠʪʫ, ʙʦʣʝʝ ʫʧʨʫʛʠʝ ʯʘʩʪʠʮʳ ʦʪʨʘʞʘʶʪʩʷ ʧʦʜ ʙʦʣʴʰʠʤ 

ʫʛʣʦʤ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʠ ʦʪʣʝʪʘʶʪ ʜʘʣʴʰʝ ʦʪ ʢʦʥʮʘ ʧʣʠʪʳ, ʘ ʤʝʥʝʝ ʫʧʨʫʛʠʝ ʠ ʥʝʧʨʦʯ-

ʥʳʝ ʦʪʨʘʞʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʧʦʧʘʜʘʶʪ ʚ ʢʦʥʝʮ ʧʣʠʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʝʤʥʠʢʠ 

(ʨʠʩ. 1) [1- 4]. ʇʨʠ ʵʪʦʤ ʤʝʨʦʡ ʫʧʨʫʛʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʧʨʠ ʧʘʜʝʥʠʠ ʥʘ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʤʛʥʦʚʝʥʥʦʛʦ ʪʨʝʥʠʷ [5-7]. 

ʈʘʟʣʠʯʠʷ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʧʨʠ ʧʨʷ-

ʤʦʤ ʮʝʥʪʨʘʣʴʥʦʤ ʫʜʘʨʝ ʯʘʩʪʠʮ ʦ ʨʘʟʜʝʣʷʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʚʠʙʨʘʮʠʦʥʥʦʤ 

ʩʝʧʘʨʘʪʦʨʝ (ʩʤ. ʨʠʩ. 1, ʘ).  

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʳ ʩʝʧʘʨʘʪʦʨʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʫʧʨʫʛʦʩʪʠ: 

ʘ - ʩʭʝʤʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʩ ʧʦʜʚʠʞʥʦʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʫʧʨʫʛʦʩʪʠ; 

ʙ - ʩʭʝʤʘ ʩʝʧʘʨʘʪʦʨʘ ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʛʨʘʚʠʷ 

 

ʉʝʧʘʨʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭ ʩʝʢʮʠʦʥʥʳʡ ʢʦʨʦʙ, ʜʥʠʱʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʝʥʦ ʠʟ ʫʧʨʫʛʦʡ ʩʝʪʢʠ 5, ʠʛʨʘʶʱʝʡ ʨʦʣʴ ʨʘʟʜʝʣʷʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʜ 

ʮʝʥʪʨʘʣʴʥʦʡ ʩʝʢʮʠʝʡ ʢʦʨʦʙʘ ʫʩʪʘʥʦʚʣʝʥ ʫʛʦʣʢʦʚʳʡ ʦʪʨʘʞʘʪʝʣʴ 1. ʇʨʠ ʩʦʦʙʱʝʥʠʠ ʚʠʙʨʘ-

ʮʠʡ ʩʝʧʘʨʘʪʦʨʫ ʠ ʧʦʜʘʯʝ ʧʠʪʘʥʠʷ ʥʘ ʫʧʨʫʛʫʶ ʩʝʪʢʫ ʢʫʩʢʠ 2, ʠʤʝʶʱʠʝ ʙʦʣʴʰʫʶ ʫʧʨʫʛʦʩʪʴ, 

ʜʦʩʪʠʛʘʶʪ ʫʛʦʣʢʦʚʦʛʦ ʦʪʨʘʞʘʪʝʣʷ ʠ, ʦʪʨʘʞʘʷʩʴ ʦʪ ʥʝʛʦ, ʧʦʧʘʜʘʶʪ ʚ ʧʨʠʝʤʥʠʢʠ 4. ʂʫʩʢʠ 3 

ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʠʤʝʶʱʠʝ ʤʘʣʫʶ ʫʧʨʫʛʦʩʪʴ, ʧʦʜʥʠʤʘʶʪʩʷ ʥʘ ʤʝʥʴʰʫʶ ʚʳʩʦʪʫ ʠ 

ʦʩʪʘʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʩʝʢʮʠʠ ʩʝʧʘʨʘʪʦʨʘ ʠ ʨʘʟʛʨʫʞʘʶʪʩʷ ʥʘ ʩʭʦʜʝ ʩ ʥʝʝ. ʈʝʟʫʣʴʪʘʪʳ ʩʝ-

ʧʘʨʘʮʠʠ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʫʩʢʦʚ ʩ ʫʧʨʫʛʦʡ ʩʝʪʢʦʡ, ʥʦ ʠ ʩ ʫʛʦʣʢʦʚʳʤ 

ʦʪʨʘʞʘʪʝʣʝʤ. 

ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʧʦʣʝʟ-

ʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʩ ʧʣʠʪʦʡ ʧʦʣʫʯʘʶʪ ʧʨʠ ʩʙʨʘʩʳʚʘʥʠʠ ʠʭ ʩ ʥʝʢʦʪʦʨʦʡ ʚʳʩʦʪʳ ʥʘ ʥʘʢʣʦʥʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʧʣʦʩʢʦʩʪʴ (ʩʤ. ʨʠʩ. 1, ʙ). 

ʀʟʚʝʩʪʥʳ ʩʝʧʘʨʘʪʦʨʳ ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʧʣʠʪʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʧʣʠ-

ʪʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʷʨʫʩʥʦ [1, 5, 6,7]. ʄʘʪʝʨʠʘʣ ʧʣʦʩʢʠʤ ʧʦʪʦʢʦʤ ʧʦʜʘʝʪʩʷ ʥʘ ʥʘʢʣʦʥ-

ʥʫʶ ʧʣʠʪʫ. ɺʝʝʨ ʦʪʨʘʞʝʥʥʳʭ ʯʘʩʪʠʮ ʜʝʣʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʰʠʙʝʨʘ ʥʘ ʜʚʘ ʧʨʦʜʫʢʪʘ: ʫʧʨʫʛʫʶ 

ʠ ʥʝʫʧʨʫʛʫʶ ʯʘʩʪʴ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʝ-

ʨʝʯʠʩʪʢʝ. ʆʜʠʥ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ï ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʤ ʦʙʦʛʘʱʝʥʠʷ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ ʜʝʣʘʝʪʩʷ ʧʦʧʳʪʢʘ ʧʝʨʝʡʪʠ ʦʪ ʧʣʦʩʢʦʩʪʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʢ ʦʙʲʝʤʥʦʤʫ [3,4,7,8], ʢʦʛʜʘ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʨʘʟʜʝʣʠʪʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ-

ʜʘʝʪʩʷ ʥʝ ʤʦʥʦʩʣʦʝʤ, ʘ ʩʧʣʦʰʥʳʤ ʦʙʲʝʤʥʳʤ ʧʦʪʦʢʦʤ. ʅʦ ʪʘʢ ʢʘʢ ʨʘʟʜʝʣʝʥʠʝ ʠʜʝʪ ʚ ʦʜʥʫ 

ʦʧʝʨʘʮʠʶ, ʪʦ ʜʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ. 
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ʉʭʝʤʘ ʩʝʧʘʨʘʪʦʨʦʚ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʫʧʨʫʛʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.10, ʙ. ɺ ʵʪʦʤ 

ʩʝʧʘʨʘʪʦʨʝ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʙʫʥʢʝʨʘ 1 ʧʦ ʚʠʙʨʦʧʠʪʘʪʝʣʶ2ʤʦʥʦʩʣʦʝʤ ʧʦʜʘʶʪ ʥʘ ʧʣʠʪʫ 

3, ʦʪʨʘʞʘʷʩʴ ʦʪ ʢʦʪʦʨʦʡ, ʯʘʩʪʠʮʳ 4 ʠ 6 ʧʦʧʘʜʘʶʪ ʚ ʧʨʠʝʤʥʠʢʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʜʝʣʝʥʠʷ 5. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʪʨʝʥʠʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪʦʣʴʢʦ ʧʨʠ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʷʭ ʨʘʟʜʝʣʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʪʨʝʥʠʷ. ʇʨʦʮʝʩʩ ʚʝʜʝʪʩʷ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʷʟʘʥ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ [1,2]. 

ʈʘʟʜʝʣʝʥʠʝ ʧʦ ʪʨʝʥʠʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʝ ʩʪʘʜʠʠ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʚ ʮʝʣʷʭ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʨʘʟʜʝʣʷʝʤʳʭ ʯʘʩʪʠʮ; 

ʚʳʜʝʣʝʥʠʝ ʠʟ ʧʦʪʦʢʘ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʠʮ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʚʠʞʝʥʠʷ. ɺʪʦʨʘʷ ʬʘʟʘ 

ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʠʡ ʚ ʪʨʘʝʢʪʦ-

ʨʠʷʭ, ʩʢʦʨʦʩʪʠ ʠʣʠ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʨʘʟʜʝʣʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴʩʷ ʢʘʢ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ʊʨʝʙʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʧʨʠʚʦʜʠʪ ʢ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʧʨʦʮʝʩʩʘ ʚ ʤʦʥʦʩʣʦʡʥʦʤ ʧʦʪʦʢʝ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ ʚʘʨʠʘʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝ-

ʨʠʘʣʘ: ʩ ʥʝʧʦʜʚʠʞʥʦʡ, ʧʦʜʚʠʞʥʦʡ ʠ ʚʠʙʨʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ɹʦʣʴʰʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʢʘʩʢʘʜʥʳʝ ʘʧʧʘʨʘʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʨʷʜʘ ʩʦʝʜʠʥʝʥʥʳʭ 

ʩʝʢʮʠʡ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʠʪ ʧʦʣʠʜʠʩʧʝʨʩʥʳʡ ʤʘʪʝʨʠʘʣ. ɺ ʜʘʥʥʳʭ ʘʧ-

ʧʘʨʘʪʘʭ ʨʘʟʜʝʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʪʨʝʥʠʶ, ʫʧʨʫʛʦʩʪʠ ʠ ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʚʦʟ-

ʜʫʭʘ ʥʘ ʯʘʩʪʠʮʫ. 

ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʧʝʨʚʳʤʠ ʙʳʣʠ ʘʧʧʘʨʘʪʳ ʪʠʧʘ çɿʠʛʟʘʛè (ʨʠʩ. 2.) ʠ ʰʘʭʪʥʳʝ ʘʧʧʘ-

ʨʘʪʳ ʩ ʧʝʨʝʩʳʧʥʳʤʠ ʧʦʣʢʘʤʠ (ʨʠʩ 3.). 

 
ʈʠʩʫʥʦʢ. 2. ʂʘʩʢʘʜʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʪʠʧʘ 

çɿʠʛʟʘʛè: 

ʘ - ʦʙʱʘʷ ʩʭʝʤʘ; ʙ- ʭʘʨʘʢʪʝʨ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʢʣʘʩʩʦʚ 

ʈʠʩʫʥʦʢ. 3. ʂʘʩʢʘʜʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ 

ʩ ʧʝʨʝʩʳʧʥʳʤʠ ʧʦʣʢʘʤʠ: 

1 ï ʨʫʯʢʘ; 2 ï ʢʦʨʧʫʩ; 3 ï ʧʦʚʦʨʦʪʥʳʝ ʧʦʣʢʠ; 

4 ï ʪʷʛʘ; 5, 7 ï ʟʘʪʚʦʨʳ;6 ï ʚʝʨʭʥʷʷ ʧʦʣʢʘ 
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ʂʨʦʤʝ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʩʢʘʜʥʦʛʦ ʧʨʠʥʮʠʧʘ ʨʘʟʜʝʣʝʥʠʷ, ʚ ʵʪʠʭ ʘʧʧʘʨʘʪʘʭ ʨʝʰʘʣʠʩʴ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ ʚ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʩʝʧʘʨʘʮʠʠ [1, 9].  

ɺ ʩʝʧʘʨʘʪʦʨʝ ʢʦʥʩʪʨʫʢʮʠʠ ɺʅʀʀʥʝʨʫʜʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʠʙʨʠʨʫʶʱʘʷ ʥʘʢʣʦʥʥʘʷ ʧʣʠʪʘ. ʅʘ ʩʝʧʘʨʘʪʦʨʝ ʨʘʟʜʝʣʷʣʠ ʩʤʝʩʠ ʧʝʩʢʘ ʠ ʛʨʘʚʠʷ, ʨʘʟʥʦʧʨʦʯ-

ʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʘ ʪʘʢʞʝ ʢʦʤʦʚʦʡ ʛʣʠʥʳ ʠ ʛʨʘʚʠʷ. ɺ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ ʧʦ 

ʫʧʨʫʛʦʩʪʠ [10] ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʠʙʨʠʨʫʶʱʘʷ ʣʝʥʪʘ 

ʢʦʥʚʝʡʝʨʘ (ʨʠʩ. 4). 

 

 
ʈʠʩʫʥʦʢ 4. ʉʝʧʘʨʘʪʦʨ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ: 

1 ï ʧʦʜʘʶʱʠʡ ʢʦʥʚʝʡʝʨ;2 ï ʨʘʤʘ;3 ï ʣʦʧʘʩʪʥʦʡ ʤʝʪʘʪʝʣʴ, 4 ï ʨʘʟʜʝʣʷʶʱʠʡ ʦʨʛʘʥ, 5 ïʦʙʚʦʜʥʳʝ ʙʘʨʘʙʘʥʳ,  

6 ï ʨʘʤʘ, 7 ï ʱʠʪ, 8 ï ʥʘʧʨʘʚʣʷʶʱʠʝ, 9 ï ʧʨʫʞʠʥʳ, 10 ï ʨʦʣʠʢʠ 

 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʦʨʥʳʭ ʤʘʩʩ ʧʦ ʫʧʨʫʛʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʩʝʧʘʨʘʪʦʨʳ ʤʝʪʘ-

ʪʝʣʴʥʦʛʦ ʪʠʧʘ [1,4,9,14]. 

ɺ ʜʘʥʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ ʨʘʟʜʝʣʝʥʠʷ ʨʘʟʥʦ ʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 

ʩʯʝʪ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘʧʨʦʪʠʚ ʤʝʪʘʪʝʣʷ (ʨʠʩ. 5.). 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ï ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʥʝ-

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʚʦʣʦʢʥʠʩʪʳʭ ʘʩʙʝʩʪʘ ʠ ʯʝʰʫʡʯʘʪʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʩʣʶʜ). 
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ʈʠʩʫʥʦʢ 5. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ ʧʦ ʩʚʦʡʩʪʚʘʤ ʫʧʨʫʛʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ: 

1 ï ʨʘʟʛʨʫʟʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ; 2 ï ʣʦʧʘʩʪʥʦʡ ʤʝʪʘʪʝʣʴ; 3 ï ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʧʣʠʪʘ; 

4 ï ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ; 5 ï ʩʙʦʨʥʠʢʠ; 6 ï ʩʢʨʝʙʦʢ; 7 ï ʪʝʣʝʞʢʘ;8 ï ʨʘʤʘ; 9 ï ʩʪʨʫʷ; 

10 ï ʰʘʨʥʠʨ;11 ï ʪʝʣʝʞʢʘ;12 ï ʫʟʝʣ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʝʯʝʥʠʷ ʩʪʨʫʠ; 13 ï ʣʦʪʦʢ; 

14 ï ʰʘʨʥʠʨʳ ʨʝʛʫʣʠʨʦʚʢʠ ʫʛʣʘ ʥʘʢʣʦʥʘ; 15 ï ʧʦʚʦʨʦʪʥʳʝ ʟʘʢʨʳʣʢʠ; 

16 ï ʚʦʨʦʪʥʠʢʦʚʦʝ ʧʨʠʢʨʳʪʠʝ; 17 ï ʚʝʨʭʥʷʷ ʟʦʥʘ; 18 ï ʚʝʨʭʥʠʡ ʢʦʥʪʘʢʪʥʳʡ ʩʣʦʡ; 

19 ï ʧʦʜʣʦʞʢʘ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ; 20 ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʪʝʥʢʘ; 21 ï ʨʝʛʫʣʠʨʫʝʤʘʷ ʟʘʩʣʦʥʢʘ; 

22 ï ʜʣʷ ʦʯʠʱʝʥʥʦʛʦ ʢʦʤʧʦʩʪʘ;23 ï ʜʣʷ ʪʚʸʨʜʳʭ ʙʘʣʣʘʩʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʛʦʨʥʦʡ ʤʘʩʩʳ ʧʦ ʪʨʝʥʠʶ ʠ ʫʧʨʫʛʦʩʪʠ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʠʷ ʚ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʪʨʝʥʠʷ ʧʨʠ ʫʜʘʨʝ. 

ʈʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʢʦʥʩʪʨʫʢʮʠʡ ʪʘʢʠʭ ʩʝʧʘʨʘʪʦʨʦʚ [2,4, 7, 9-13]. 

ʉʝʧʘʨʘʪʦʨ H. ʂ. ʊʠʤʯʝʥʢʦ (ʨʠʩ. 6, ʘ) ʩʦʩʪʦʠʪ ʠʟ ʙʫʥʢʝʨʘ ï ʧʠʪʘʪʝʣʷ 1, ʠʟ ʢʦʪʦʨʦʛʦ 

ʤʘʪʝʨʠʘʣ ʧʦʩʪʫʧʘʝʪ ʚ ʩʪʘʙʠʣʠʟʘʪʦʨ ʪʨʘʝʢʪʦʨʠʠ 2, ʧʦʟʚʦʣʷʶʱʠʡ ʩʤʝʱʘʪʴ ʪʦʯʢʫ ʧʦʜʘʯʠ ʤʘ-

ʪʝʨʠʘʣʘ ʥʘ ʙʘʨʘʙʘʥ 3 ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʦʩʠ. ʏʘʩʪʠʮʳ, ʧʘʜʘʷ ʥʘ ʙʘʨʘʙʘʥ 3, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʩ ʥʠʤ. ɻʣʠʥʠʩʪʳʝ ʯʘʩʪʠʮʳ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʠ ʫʥʦʩʷʪʩʷ ʙʘʨʘʙʘʥʦʤ ʚ ʭʚʦʩʪʳ. ʕʬʬʝʢʪʠʚʥʦʝ 

ʚʳʜʝʣʝʥʠʝ ʚ ʭʚʦʩʪʦʚʦʡ ʧʨʦʜʫʢʪ ʯʘʩʪʠʮ, ʠʤʝʶʱʠʭ ʤʘʣʫʶ ʫʧʨʫʛʦʩʪʴ, ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʜʙʦʨʦʤ 

ʪʦʯʢʠ ʧʦʜʘʯʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʦʡ ʠ ʧʝʨʝʯʠʩʪʥʦʡ ʦʧʝ-

ʨʘʮʠʠ ʦʙʦʛʘʱʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʜʚʫʭʙʘʨʘʙʘʥʥʳʡ ʩʝʧʘʨʘʪʦʨ ʅ. ʂ. ʊʠʤʯʝʥʢʦ. ʊʘʢʦʡ ʩʝʧʘʨʘʪʦʨ 

ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʟʘʚʦʜʘʭ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʨʘʚʥʦʧʨʦʯʥʦʛʦ ʱʝʙʥʷ [2]. 

ʅʘ ʨʠʩ.6, ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʝʧʘʨʘʪʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ɺʅʀʀʥʝʨʫʜʘ, ʩʦʩʪʦʷʱʝʛʦ 

ʠʟ ʧʠʪʘʪʝʣʷ 1, ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʪʨʘʝʢʪʦʨʠʠ ʧʦʜʘʯʠ ʯʘʩʪʠʮ 2, ʚʨʘʱʘʶʱʝʛʦʩʷ ʙʘʨʘʙʘʥʘ 3 ʩ 

ʟʫʙʴʷʤʠ 4, ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ 5, ʨʠʬʣʝʥʦʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʫʛʣʦʤ; 

ʥʘʢʣʦʥʘ ʨʠʬʣʝʥʦʡ ʯʘʩʪʠ, ʠ ʧʨʠʝʤʥʠʢʦʚ ʧʨʦʜʫʢʪʦʚ ʨʘʟʜʝʣʝʥʠʷ. ʊʘʣʴʢ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʢʦʥ-

ʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʤʝʥʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʯʝʤ ʚʤʝʱʘʶʱʠʝ ʧʦ-

ʨʦʜʳ. ʇʨʠ ʧʦʜʘʯʝ ʦʙʦʛʘʱʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʨʘʱʘʶʱʠʡʩʷ ʟʫʙʯʘʪʳʡ ʙʘʨʘʙʘʥ ʢʫʩʢʠ ʧʦ-

ʨʦʜʳ ʩʠʣʴʥʦ ʟʘʢʨʫʯʠʚʘʶʪʩʷ ʠ ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʥʘ ʥʘʢʣʦʥʥʫʶ ʨʠʬʣʝʥʫʶ ʧʣʦʩʢʦʩʪʴ, ʜʚʠʛʘʷʩʴ 

ʧʦ ʢʦʪʦʨʦʡ, ʯʘʩʪʠʮʳ ʧʦʧʘʜʘʶʪ ʚ ʧʨʠʝʤʥʠʢ 6.  
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ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘ ʦʜʥʦʙʘʨʘʙʘʥʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʅ.ʂ. ʊʠʤʯʝʥʢʦ (ʘ); 

ʩʭʝʤʘ ʩʝʧʘʨʘʪʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ɺʅʀʀʥʝʨʫʜʘ (ʙ) 

 

ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʥʘ ʙʘʨʘʙʘʥ ʯʘʩʪʠʮʘ ʪʘʣʴʢʘ ʧʦʣʫʯʘʝʪ ʤʝʥʴʰʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, 

ʪʘʢ ʢʘʢ ʟʫʙ 4 ʙʘʨʘʙʘʥʘ ʩʤʠʥʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮʳ ʪʘʣʴʢʘ ʠ ʦʪʙʨʘʩʳʚʘʝʪ ʝʝ ʥʠʞʝ, ʯʝʤ 

ʧʦʨʦʜʥʳʝ ʯʘʩʪʠʮʳ, ʥʘ ʥʘʢʣʦʥʥʫʶ ʧʣʦʩʢʦʩʪʴ 5, ʠ ʯʘʩʪʠʮʳ ʪʘʣʴʢʘ ʩʢʘʪʳʚʘʶʪʩʷ ʧʦ ʧʣʦʩʢʦʩʪʠ 

5 ʚ ʧʨʠʝʤʥʠʢ ʢʦʥʮʝʥʪʨʘʪʘ 7 [2]. 

 

 
ʈʠʩʫʥʦʢ 7. ʉʭʝʤʘ ʜʚʫʭ ʙʘʨʘʙʘʥʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ɼɹʂ-20: 

1ïʙʫʥʢʝʨ, 2ï ʧʠʪʘʪʝʣʴ, 3ïʙʘʨʘʙʘʥ, 4ïʚʪʦʨʦʡ ʙʘʨʘʙʘʥ,5, 6ïʩʙʦʨʥʠʢ 

 

ʅʘ ʜʚʫʭ ʙʘʨʘʙʘʥʥʦʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ɼɹʂ-20 (ʨʠʩ. 7) ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ (ʨʘʟʥʦʧʨʦʯ-

ʥʳʡ ʢʘʨʙʦʥʘʪʥʳʡ ʱʝʙʝʥʴ) ʠʟ ʙʫʥʢʝʨʘ 1 ʧʠʪʘʪʝʣʝʤ 2 ʧʦʜʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʤʦʥʦʩʣʦʝʤ ʥʘ 

ʞʝʩʪʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʨʘʱʘʶʱʝʛʦʩʷ ʙʘʨʘʙʘʥʘ 3 ʩʦ ʩʤʝʱʝʥʠʝʤ. ʇʨʦʯʥʳʝ ʫʧʨʫʛʠʝ ʟʝʨʥʘ ʦʪ-

ʩʢʘʢʠʚʘʶʪ ʦʪ ʙʘʨʘʙʘʥʘ ʚʣʝʚʦ ʠ ʧʘʜʘʶʪ ʚ ʩʙʦʨʥʠʢ 6. ʉʣʘʙʳʝ ʟʝʨʥʘ, ʩʨʦʩʪʢʠ ʠ ʟʝʨʥʘ ʧʨʠʤʝʩʝʡ 

ʫʚʣʝʢʘʶʪʩʷ ʚʨʘʱʘʶʱʠʤʩʷ ʙʘʨʘʙʘʥʦʤ ʚʧʨʘʚʦ ʠ ʧʦʩʪʫʧʘʶʪ ʥʘ ʧʝʨʝʯʠʩʪʢʫ ʚʦ ʚʪʦʨʦʡ ʙʘʨʘʙʘʥ 

4. ʇʨʦʯʥʳʝ ʟʝʨʥʘ ʦʪʣʝʪʘʶʪ ʚʣʝʚʦ ʠ ʧʦʧʘʜʘʶʪ ʚ ʩʙʦʨʥʠʢ 6, ʘ ʩʣʘʙʳʝ ʨʘʟʥʦʩʪʠ ʫʚʣʝʢʘʶʪʩʷ 

ʚʨʘʱʘʶʱʠʤʩʷ ʙʘʨʘʙʘʥʦʤ ʚʧʨʘʚʦ ʠ ʧʘʜʘʶʪ ʚ ʩʙʦʨʥʠʢ 5. ɺ ʢʣʘʩʩʠʬʠʢʘʪʦʨʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʛʣʦʚ ʧʘʜʝʥʠʷ ʟʝʨʝʥ ʥʘ ʙʘʨʘʙʘʥʳ. ʉ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʝʨʴ 

ʧʨʦʯʥʳʭ ʟʝʨʝʥ ʥʘʜ ʙʘʨʘʙʘʥʘʤʠ ʚ ʟʦʥʝ ʦʪʩʢʦʢʘ ʩʣʘʙʳʭ ʟʝʨʝʥ ʫʩʪʘʥʦʚʣʝʥ ʚʦʛʥʫʪʳʡ ʵʢʨʘʥ [2, 

4,12-14]. 

ɺʳʚʦʜʳ: ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʧʦʜʚʠʞ-

ʥʦʡ ʠ ʥʝʧʦʜʚʠʞʥʦʡ ʨʘʟʜʝʣʷʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʫ ʠʣʠ 

ʜʚʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɸʧʧʘʨʘʪʳ ʩ ʥʝʧʦʜʚʠʞʥʳʤʠ ʨʘʟʜʝʣʷʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʪʣʠ-

ʯʘʶʪ ʜʝʰʝʚʠʟʥʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʴ ʚ ʨʘʙʦʪʝ, ʥʦ ʦʥʠ ʦʙʝʩ-

ʧʝʯʠʚʘʶʪ ʥʝʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʦʙʦʛʘʪʠʪʝʣʴ-

ʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʧʘʨʘʪʦʨʦʚ ʩ ʧʦ-

ʜʚʠʞʥʳʤʠ ʨʘʟʜʝʣʷʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ, 

ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʧʦʷʚʣʷʶʪʩʷ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ. 
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ʄʀʅʀʄʀɿɸʎʀʗ ʇʆʊɽʈʔ ʕʅɽʈɻʀʀ ʇʈʀ ʈɸʉʇʈɽɼɽʃɽʅʀʀ ʉɾɸʊʆɻʆ 

ɺʆɿɼʋʍɸ ɺ ʂʆʄʇʈɽʉʉʆʈʅʆʁ ʉʊɸʅʎʀʀ 

 

ʋɻʆʃʔʅʀʂʆɺ ɸ. ɺ.1, ʇʆʊɸʇʆɺ ɺ. ʗ.1, ʇʆʊɸʇʆɺ ɺ. ɺ.1, ʋɻʆʃʔʅʀʂʆɺɸ ɸ. ɽ.1,  

ʇɸʈɸʄʆʅʆɺɸ ɸ. ɸ.2. 

 
1ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

2ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʥʝʚ-

ʤʘʪʠʯʝʩʢʠʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʦ ʤʝʩʪʦʤ ʥʘʠʙʦʣʴʰʠʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʚʠʜʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʧʥʝʚʤʦʩʝʪʷʭ: ʪʝʧʣʦʚʳʝ, ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʠʝ, ʦʙʲʝʤʥʳʝ. ʇʨʦʠʟʚʝʜʝʥʘ ʤʠʥʠʤʠʟʘʮʠʷ ʚʩʝʭ ʚʠʜʦʚ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʠ ʜʣʷ ʠʭ ʨʘʩʯʝʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʨʝʩʩʦʨʥʘʷ ʩʪʘʥʮʠʷ, ʧʥʝʚʤʘʪʠʯʝʩʢʘʷ ʩʝʪʴ, ʧʦʪʨʝʙʠʪʝʣʠ ʩʞʘʪʦʛʦ ʚʦʟ-

ʜʫʭʘ, ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʪʝʧʣʦʚʳʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ, ʦʙʲʝʤʥʳʝ, ʢʨʠʪʝʨʠʡ ʅʫʩʩʝʣʴʪʘ, ʢʨʠʪʝʨʠʡ 

ɻʨʘʩʛʦʬʘ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

 

MINIMIZATION OF ENERGY LOSSES IN THE DISTRIBUTION OF COMPRESSED 

AIR IN THE COMPRESSOR STATION  
 

UGOLNIKOV A. V.1, POTAPOV V. YA.1, POTAPOV V. V.1, UGOLNIKOVA A. E.1,  

PARAMONOVA A. A.2 

 

Abstract. The efficiency in the operation of any object of the technical system is achieved by 

searching and making optimal decisions at various stages of the operation of the object. Evaluation 

of the effectiveness criteria can be obtained by mathematical modeling of alternative options and 

using their comparison or by using expert assessments. 

At the same time, enlarged efficiency criteria are used: cost, productivity, energy consumption, 

output controlled indicator, reliability, which, ordered by degree of importance, form a vector cri-

terion. To solve such a problem, a mathematical model is presented in the form of an inhomoge-

neous system of linear difference equations. 

Keywords: compressor station, pneumatic network, compressed air consumers, energy losses, 

thermal, hydraulic, volumetric, Nusselt criteria, Grashof criterion, differential equations. 
 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʦʪ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ ʜʦ ʧʥʝʚʤʦʧʨʠʝʤʥʠ-

ʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʚʦʟʜʫʭʦʧʨʦʚʦʜʥʳʤ ʩʝʪʷʤ ʠʣʠ ʧʥʝʚʤʦʩʝʪʷʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʥʥʦ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʦ ʤʝʩʪʦʤ ʥʘʠʙʦʣʴ-

ʰʠʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʦʵʪʦʤʫ ʧʨʘʚʠʣʴʥʦʝ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʩʦʙʝʥʥʦ ʛʨʘʤʦʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʥʝʚʤʦʩʝʪʝʡ ï ʥʝʧʨʝʤʝʥʥʦʝ ʫʩʣʦʚʠʝ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚʩʝʛʦ ʧʥʝʚʤʦʭʦʟʷʡʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʚʠʜʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʧʥʝʚʤʦʩʝʪʷʭ: 

- ʪʝʧʣʦʚʳʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʚʦʟʜʫʭʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʧʥʝʚʤʦʩʝʪʠ; 

- ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʧʦ ʧʥʝʚʤʦʩʝʪʠ; 

- ʦʙʲʝʤʥʳʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʪʝʯʢʘʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʴʶ ʧʥʝʚʤʦʩʝ-

ʪʝʡ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ. ɺ ʩʣʫʯʘʝ ʩʪʘʙʠʣʴʥʦʛʦ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟ-

ʜʫʭʘ ʧʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʪʨʫʙʝ (ʚʜʦʣʴ ʦʩʠ 0z, ʨʠʩʫʥʦʢ 1.) ʠʟ ʫʩʣʦʚʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ 

ʚʦʟʜʫʭʘ  
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ʈʠʩʫʥʦʢ.1. ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ 

 

ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

)(
4

)( 22 rR
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ʨ
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D
=
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ʘ ʩʝʢʫʥʜʥʳʡ ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ, ʬʦʨʤʫʣʦʡ ʇʫʘʟʝʡʣʷ [19] 
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 ï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, v ï ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, R, r ï 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥʠʠʡ ʨʘʜʠʫʩ ʪʨʫʙʳ, l ï ʜʣʠʥʘ ʪʨʫʙʳ, 
ɖ

- ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ. 

ʊʦʛʜʘ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷ-
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ʆʜʥʘʢʦ, ʪʨʫʙʦʧʨʦʚʦʜ ʥʝ ʚʩʝʛʜʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʪʘʢʞʝ ʧʨʠ ʙʦʣʴʰʦʡ ʝʛʦ 
ʜʣʠʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ, ʤʝʥʷʶʱʠʡ ʧʣʦʪʥʦʩʪʴ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ. ʅʝʦʙʭʦ-

ʜʠʤʦ ʫʯʝʩʪʴ ʠ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʦ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʠʭ ʰʝʨʦʭʦʚʘʪʦʩʪʠ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʘ ʦʩʥʦʚʫ ʨʘʩʯʝʪʦʚ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ 

ʟʘ ʩʯʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʪʝʥʦʢ, ʠʩʧʦʣʴʟʫʝʤ ʫʨʘʚʥʝʥʠʝ [1-3] 
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,                                   (6) 

ʛʜʝ  ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ; l i ï ʧʨʠʚʝʜʝʥʥʘʷ ʜʣʠʥʘ  i-ʛʦ ʫʯʘʩʪʢʘ, 

ʤ; di ï ʜʠʘʤʝʪʨ i-ʛʦ ʫʯʘʩʪʢʘ, ʤ; vi ï  ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʥʘ i-ʤ ʫʯʘʩʪʢʝ, ʤ/ʩ; 
ɟ

 ï ʧʣʦʪʥʦʩʪʴ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʢʛ/ʤ3. 
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ʇʦʩʢʦʣʴʢʫ 
ɟ

 ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʘ ʜʘʚʣʝʥʠʝ ʝʛʦ ʤʦʞʥʦ ʧʨʠ-

ʥʷʪʴ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʤ, ʪʦ ʠʟ ʫʨʘʚʥʝʥʠʷ ʄʝʥʜʝʣʝʝʚʘ- ʂʣʘʧʝʡʨʦʥʘ 
Rʊʨ 111 ɟ=

, 

Rʊʨ ʭʭɟ1=  ʩʣʝʜʫʝʪ 

1
1ɟɟ
ʭ

ʭ
ʊ

ʊ
=

,                                                 (7) 

ʛʜʝ 1ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ, ʭɟ ï ʪʝʢʫʱʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʊ1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʭʦʜʝ, ʊʭ ï ʪʝʢʫʱʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʩʪʝʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 
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= = .                                     (8) 

ʊʝʧʣʦʚʳʝ ʧʦʪʝʨʠ. ʅʘ ʧʫʪʠ ʦʪ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ ʩʞʘʪʳʡ ʚʦʟ-

ʜʫʭ ʥʝʠʟʙʝʞʥʦ ʪʝʨʷʝʪ ʯʘʩʪʴ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʨʠʦʙʨʝʪʝʥʥʫʶ ʠʤ ʧʨʠ ʩʞʘʪʠʠ ʝʛʦ ʚ ʢʦʤ-

ʧʨʝʩʩʦʨʝ.  

ʇʦʪʝʨʠ ʪʝʧʣʘ ʯʝʨʝʟ ʩʪʝʥʢʠ ʚʦʟʜʫʭʦʧʨʦʚʦʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʫʨʘʚʥʝʥʠʶ ʪʝʧʣʦ-

ʦʙʤʝʥʘ [2, 5] 

),( 1 xp TTmcQ -=
                                                   (9) 

ʣʠʙʦ ʧʦ ʫʨʘʚʥʝʥʠʶ ʪʝʧʣʦʧʝʨʝʜʘʯʠ  

,
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-
=

,                                                 (10) 

ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʊ0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, Fʊ ï ʧʣʦʱʘʜʴ 

ʩʝʯʝʥʠʷ ʪʨʫʙʳ.  

ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ 9 ʠ 10 ʩ ʫʯʝʪʦʤ, ʯʪʦ 
xdFT Ö= 1ˊ , ʧʦʣʫʯʠʤ 

x
mc

kd

ʭ
ʨʝʊʊʊʊ

1

)( 010

p
-

-+=
,                                    (11) 

ʛʜʝ d1 ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʳ, ʭ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʭʦʜʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜ ʜʦ ʠʥʪʝʨʝʩʫʶ-

ʱʝʛʦ ʥʘʩ ʩʝʯʝʥʠʷ. 

ʊʘʢ ʢʘʢ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʢ ʪʨʫʙʝ ʠ ʦʪ ʪʨʫʙʳ ʢ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʝ, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ (ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ, ʚʦʜʦʤʘʩʣʷʥʦʡ 

ʵʤʫʣʴʩʠʠ ʠ ʪ.ʧ.) ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ [2, 5,] 
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                                                 (12) 

ʛʜʝ  
ŭ212 +=dd

 - ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ, ŭ- ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʢ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ [2, 5] 
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=

,                                              (13) 

ʛʜʝ 
0,8Re0,018Nu Ö=

- ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ, ɚ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 
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ʇʦʜʩʪʘʚʣʷʷ ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ʚ ʫʨʘʚʥʝʥʠʝ 1Ŭ, ʧʦʣʫʯʠʤ 

),(ɚ
Re0,018

Ŭ
1

8,0

1 xT
d

Ö
=

                                            (14) 

ʛʜʝ ɡ

ɟ
Re 1 ʭvd ÖÖ
=

ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ɡ - ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ [2, 5] 

),(ɚ
Gr46,0

)(ɚ
Nu
ɔŬ 00

2

0,2

00

2

0
2 T

d
T

d

Ö
== g

                              (15) 

ʛʜʝ 
0,2

0 Gr46,0Nu Ö=
, Gr - ʯʠʩʣʦ ɻʨʘʩʛʦʬʘ, 

D= -eɔ
 - ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʶ ʪʨʫʙʦʧʨʦʚʦʜʘ, D- ʪʦʣʱʠʥʘ ʠʟʦʣʷʮʠʠ (
ɔ

= 0 ï ʠʜʝʘʣʴʥʘʷ ʠʟʦʣʷʮʠʷ, 
ɔ

= 1 

ï ʠʟʦʣʷʮʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪʩʫʪʩʪʚʫʝʪ). 

 

ʇʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ɻʨʘʩʛʦʬʘ ʚ ʫʨʘʚʥʝʥʠʝ 15, ʧʦʣʫʯʠʤ 
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                     (16) 

ʛʜʝ g = 9,81 ʤ/ʩ2, 
ɓ

- ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʜʫʭʘ. 

ʇʦʜʩʪʘʚʣʷʷ ʫʨʘʚʥʝʥʠʷ 14, 16 ʚ ʫʨʘʚʥʝʥʠʝ 12, ʧʦʣʫʯʠʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝ-

ʜʘʯʠ ʦʪ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʙʫʜʝʪ ʨʘʚʝʥ 
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        (17) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʩʞʘʪʦʛʦ 

ʚʦʟʜʫʭʘ 
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ʇʦʜʩʪʘʚʣʷʷ ʚ ʫʨʘʚʥʝʥʠʝ 18 ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪ ʩʞʘʪʦʛʦ ʚʦʟ-

ʜʫʭʘ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʧʦʣʫʯʠʤ 
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ʆʙʲʝʤʥʳʝ ʧʦʪʝʨʠ. ʆʙʲʝʤʥʳʝ ʧʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʪʝʯʢʦʡ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠʟ ʧʥʝʚ-

ʤʦʩʝʪʠ, ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʦ ʧʨʠʯʠʥʦʡ ʥʘʠʙʦʣʴʰʠʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʫʩʪʘʥʦʚ-

ʢʘʭ.  
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ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʦʪ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ ʜʦ ʧʥʝʚʤʦʧʨʠʝʤʥʠʢʦʚ 

ʥʝʠʟʙʝʞʥʳʝ ʫʪʝʯʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʧʨʦʩʪʦ ʧʦʪʝʨʠ ʢʦʣʠʯʝʩʪʚʘ, ʘ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʨ1 ʠ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʨ0 ʧʦʩʪʦʷʥʥʦ, ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 
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                                               (20) 

ʊʦʛʜʘ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʫʪʝʯʝʢ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ  
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ʛʜʝ R ï ʧʦʩʪʦʷʥʥʘʷ ʂʣʘʧʝʡʨʦʥʘ, ʢ ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ (ʢ = 1,4 ʜʣʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ). 

ɽʩʣʠ ʧʣʦʱʘʜʴ ʟʘʟʦʨʘ ʌi, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʫʪʝʯʢʘ ʩʞʘʪʦʛʦ           ʚʦʟʜʫʭʘ,  

ʪʦ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ [1-3] 
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ʆʙʱʠʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʝʪʷʭ ʦʧʨʝʜʝʣʷʶʪʩʷ 
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ʆʧʪʠʤʠʟʘʮʠʷ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʦʤʧʨʝʩʩʦʨʥʦʤ ʘʛʨʝʛʘʪʝ, ʜʠʘʤʝʪʨʝ ʠ ʪʦʣʱʠʥʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʪ.ʧ., ʬʫʥʢʮʠʦʥʘʣ ʧʦʪʝʨʴ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

Tli, ʪʦ ʝʩʪʴ ʦʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʫʤʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

.0
d

d
=

liT

ʇ

 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴʩʷ, ʚ ʢʘʢʠʭ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ Tli:  1

*

0 TTTʊ li ¢¢¢
. 

ʊʦʛʜʘ, ʠʣʠ ʵʢʩʪʨʝʤʫʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ (ʪ. ʝ. ʇ = ʇmin), ʠʣʠ ʥʘʠʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠʮʫ liTT ¢*

. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʙʫʜʫʪ ʧʨʠ 0

* TT =
,
 ʥʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʚʳ-

ʰʝʥʠʝ ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ
 

*T ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ 

ʪʝʧʣʦʠʟʦʣʷʮʠʶ. ɺ ʠʜʝʘʣʝ, ʧʨʠ ʫʩʪʨʘʥʝʥʠʠ ʚʩʝʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʪʝʯʝʢ (ʪ.ʝ. *T  
ʙʣʠʟʢʦ ʢ 

1T ) ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʂʇɼ ʩʠʩʪʝʤʳ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 
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ʙʫʜʫʪ ʠʜʪʠ ʥʘ ʦʙʦʛʨʝʚ ʪʦʣʴʢʦ ʩʘʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ). ʇʦʵʪʦʤʫ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 
*T ʢʘʢ ʬʫʥʢʮʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʫʪʝʧʣʝʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʦ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʨʠ ʬʠʢʩʠʨʦʚʘ-

ʥʠʠ 
*T  ʩ ʫʯʝʪʦʤ 

mʩ

dk

l
ʨʊʊʊʊʊ
Ö

ÖÖ
-

-+=¢

1

e)( 010

*

p

,                                      (24) 

ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʢʘʢ ʬʫʥʢʮʠʶ ʜʣʠʥʳ l ʪʨʫʙʦʧʨʦʚʦʜʘ 

,0
d

d
=

l

ʇ

 
ʛʜʝ

 ä= ill , ʠʣʠ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ,0
d

d
=

d

ʇ

 

,0
)2(d

d
=

+ ilid

ʇ

d ʛʜʝ id- 

ʚʘʨʴʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ, ʪʦʣʱʠʥʳ i-ʡ ʪʨʫʙʳ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʢʘʢ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʬʫʥʢ-

ʮʠʠ (ʊ ʠ d1, d1 ʠ l), ʙʦʣʝʝ ʫʜʦʙʥʦ, ʪʦʛʜʘ, ʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ, ʛʨʘʬʠʯʝʩʢʠ, 

ʚʠʜʝ ʧʦʚʝʨʭʥʦʩʪʠ ʇ = f (ʊ, d1). ʇʨʠ ʵʪʦʤ ʦʧʪʠʤʫʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʦ ʚ ʧʨʝʜʝʣʘʭ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʛʨʘʥʠʮ (ʨʠʩʫʥʦʢ 2.). 
 

 

 
ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 

 

ɺʳʚʦʜʳ:  

ʇʨʦʠʟʚʝʜʝʥʘ ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʜʣʷ 

ʵʪʦʛʦ ʚʳʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ, ʪʝʧʣʦʚʳʭ ʠ ʦʙʲʝʤʥʳʭ ʧʦʪʝʨʴ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʦʩ-

ʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ) ʩ 

ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʫʤ ʧʦʪʝʨʴ, ʧʫʪʝʤ ʚʟʷʪʠʷ ʧʨʦʠʟʚʦʜʥʦʡ 

ʧʦ ʵʪʠʤ ʧʘʨʘʤʝʪʨʘʤ. 
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ɻɽʆʄɽʍɸʅʀʂɸ 

 

 

ʋɼʂ 622.275; 622.831 

 

ʇɸʈɸʄɽʊʈʓ ʆʉʊɸʊʆʏʅʆɻʆ ʆʇʆʈʅʆɻʆ ɼɸɺʃɽʅʀʗ ʀ ʀɿʄɽʅɽʅʀɽ  

ʀʍ ɺʆ ɺʈɽʄɽʅʀ 

 
ɺɸʅɼʓʐɽɺ ɸ. ʄ., ʇʆʊɸʇʆɺ ɺ. ɺ., ʇʆʊɸʇʆɺ ɺ. ʗ. 

 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʷʚʣʝʥʠʷ ʦʩʪʘ-

ʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. ʆʩʥʦʚʦʡ ʝʝ ʷʚʣʷʝʪʩʷ ʨʝ-

ʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʜʘʥʥʦʤʫ 

ʚʦʧʨʦʩʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʟʦʥʳ ʦʩʪʘ-

ʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʦʩʥʦʚʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʨʝ-

ʰʘʪʴ ʚʦʧʨʦʩʳ ʦ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʤʝʩʪʝ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʧʣʘʩʪʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʨʘʝʚʘʷ ʯʘʩʪʴ ʧʣʘʩʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʟʦʥʳ 

ʚʨʝʤʝʥʥʦʛʦ ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʣʘʩʪ ʫʛʣʷ, ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʘ, ʫʛʦʣ ʧʘʜʝʥʠʷ, 

ʦʭʨʘʥʘ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

 

PARAMETERS OF RESIDUAL REFERENCE PRESSURE AND THEIR CHANGE 

OVER TIME  

 
VANDYSHEV A. M., POTAPOV V. V., POTAPOV V. YA. 

 

Ural State Mining University, Ekaterinburg 

 

Abstract. The article provides a method for calculating the main parameters of the manifestation 

of residual reference rock pressure, taking into account its temporary nature. 

It is based on the results of field observations and analytical studies carried out on this issue. The 

use of the presented methodology makes it possible to determine the parameters of the zone of 

residual support pressure, taking into account the main natural and man-made factors and to solve 

questions about the time of mining and the location of their distribution relative to the edge of the 

formation. 

 

Keywords: rock pressure, edge part of the seam, stress concentration, zones of temporary and re-

sidual bearing pressure, coal seam, seam thickness, dip angle, protection of mine workings. 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ ʦʭʨʘʥʝ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳ-

ʨʘʙʦʪʦʢ ʥʝʦʙʭʦʜʠʤʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʨʦʷʚʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʛʦʨʥʦʛʦ ʜʘʚʣʝ-

ʥʠʷ (ʰʠʨʠʥʘ ʟʦʥʳ ʧʦʥʠʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (lʧ), ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʦʧʦʨʥʦʛʦ ʜʘʚ-

ʣʝʥʠʷ (lmax) ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʟʦʥʳ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ (lo). 

ʀʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʧʘʜʝʥʠʶ ʧʣʘ-

ʩʪʘ ʧʨʠ ʩʣʦʝʚʦʡ ʦʪʨʘʙʦʪʢʝ ʤʦʱʥʳʭ ʧʦʣʦʛʠʭ ʠ ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʰʘʭʪʘʭ 

ʏʝʣʷʙʠʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʉʨʝʜʥʝʡ ɸʟʠʠ [1]. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʦʭʚʘʯʝʥ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ: ʫʛʦʣ ʧʘʜʝʥʠʷ ʧʣʘʩʪʘ ʦʪ 6 ʜʦ 

37̄; ʛʣʫʙʠʥʘ ʨʘʟʨʘʙʦʪʢʠ ʦʪ 240 ʜʦ 395 ʤ; ʨʘʟʨʳʚ ʚʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʦʪʨʘʙʦʪʢʦʡ ʩʤʝʞʥʦʛʦ 
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ʩʪʦʣʙʘ (ʠʣʠ ʥʠʞʥʝʛʦ ʩʣʦʷ ʚ ʩʤʝʞʥʦʤ ʩʪʦʣʙʝ) ʠ ʧʝʨʠʦʜʦʤ ʥʘʙʣʶʜʝʥʠʡ ʦʪ 6 ʜʦ 52 ʤʝʩʷʮʝʚ. 

ʅʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʧʝʨʚʳʭ, ʚʪʦʨʳʭ ʠ ʪʨʝʪʴʠʭ ʩʣʦʝʚ ʤʦʱʥʳʭ ʧʣʘʩʪʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʥʝʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʤʝʨʘʭ. 

ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʤʦʱʥʦʛʦ ʧʣʘʩʪʘ ʆʩʥʦʚʥʦʛʦ (ʂʳʟʳʣ-ʂʠʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ) ʟʘ-

ʤʝʨʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʫʛʣʷ ʚ ʩʪʚʦʨʝ ʟʘʤʝʨʥʳʭ ʧʫʥʢʪʦʚ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʧʝʯʠ ʣʘʚʳ 20, ʧʨʦʚʝʜʝʥʥʦʡ ʧʦ ʧʝʨʚʦʤʫ ʩʣʦʶ ʧʣʘʩʪʘ ʆʩ-

ʥʦʚʥʦʛʦ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʢʨʦʚʣʷ ʧʣʘʩʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʤʠʤʝʪʨʦʚʦʡ ʪʦʣʱʝʡ ʧʝʨʝʩʣʘʠʚʘ-

ʶʱʠʭʩʷ ʛʣʠʥ ʠ ʘʣʝʚʨʦʣʠʪʦʚ (sʩʞ = 18 - 20 ʄʇʘ). ʆʩʥʦʚʥʘʷ ʢʨʦʚʣʷ ï ʧʝʩʯʘʥʠʢ ʤʦʱʥʦʩʪʴʶ 

ʦʢʦʣʦ 12 ʤ (sʩʞ = 45-60 ʄʇʘ.) ʋʛʦʣ ʧʘʜʝʥʠʷ ʧʣʘʩʪʘ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ 35.̄ ɺʨʝʤʷ ʤʝʞʜʫ 

ʦʪʨʘʙʦʪʢʦʡ ʥʠʞʥʝʛʦ ʩʣʦʷ ʠ ʧʝʨʠʦʜʦʤ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʣʷʣʦ 12 ʤʝʩʷʮʝʚ. ɻʣʫʙʠʥʘ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʚʳʨʘʙʦʪʢʠ 280 ï 320 ʤ. 

ʆʮʝʥʢʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʢʦʥʪʫʨʥʦʤ ʤʘʩʩʠʚʝ ʧʦʨʦʜ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʫʛʣʷ ʠ ʩʤʝʱʝʥʠʡ ʚʤʝʱʘʶʱʠʭ ʚʳʨʘʙʦʪʢʫ ʧʦʨʦʜ [1]. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. ɺ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʧʣʘʩʪʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʦʥʘ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 3 ʤ, ʥʘʧʨʷʞʝʥʠʝ ʚ ʢʦʪʦʨʦʡ ʥʠʞʝ, ʯʝʤ ʚ ʥʝʧʦʜʚʝʨʞʝʥʥʦʤ ʦʧʦʨʥʦʤʫ 

ʜʘʚʣʝʥʠʶ ʤʘʩʩʠʚʝ ʫʛʣʷ. ʆʩʪʘʪʦʯʥʦʝ ʦʧʦʨʥʦʝ ʜʘʚʣʝʥʠʝ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ ʦʢʦʣʦ 9 ʤ ʧʦ ʧʘʜʝʥʠʶ ʦʪ ʢʨʦʤʢʠ ʧʣʘʩʪʘ. ʆʙʱʠʡ ʨʘʟʤʝʨ ʟʦʥʳ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣ 22 ʤ. 

 

 
ʈʠʩʫʥʦʢ 1. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʧʦ ʧʘʜʝʥʠʶ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʧʣʘʩʪʘ ʆʩʥʦʚʥʦʛʦ 

 

ʆʮʝʥʢʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʝ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʧʣʘʩʪʘ ʧʦ ʚʝʣʠʯʠʥʘʤ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʦʠʟʚʝʜʝʥʘ ʚ ʩʙʦʝʯʥʦʡ ʧʝʯʠ ʣʘʚʳ 185 ʰʘʭʪʳ çʂʦʨʢʠʥʩʢʘʷè (ʏʝʣʷʙʠʥʩʢʠʡ ʙʘʩʩʝʡʥ). ʇʝʯʴ 

ʧʨʦʚʝʜʝʥʘ ʧʦ ʧʝʨʚʦʤʫ ʩʣʦʶ ʧʣʘʩʪʘ ʏʫʤʣʷʢʩʢʦʛʦ ʤʝʞʜʫ ʢʦʥʚʝʡʝʨʥʳʤ ʰʪʨʝʢʦʤ, ʦʭʨʘʥʷʝ-

ʤʳʤ ʮʝʣʠʢʦʤ ʰʠʨʠʥʦʡ 40ʤ, ʠ ʦʢʦʥʪʫʨʠʚʘʶʱʠʤ ʢʦʥʚʝʡʝʨʥʳʤ ʰʪʨʝʢʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ 

ʥʘ ʛʨʘʥʠʮʝ ʩ ʦʙʨʫʰʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʨʘʥʝʝ ʦʪʨʘʙʦʪʘʥʥʦʡ ʣʘʚʳ 176. ɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʢʨʦʚʣʝ ʟʘʣʝʛʘʶʪ ʘʨʛʠʣʣʠʪʳ ʤʦʱʥʦʩʪʴ 6-11 ʤ (sʩʞ =20 - 25 ʄʧʘ). ʆʩʥʦʚʥʘʷ ʢʨʦʚʣʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʧʝʩʯʘʥʠʢʦʤ ʤʦʱʥʦʩʪʴʶ 7 ʤ (sʩʞ =42 - 60 ʄʧʘ). ʋʛʦʣ ʧʘʜʝʥʠʷ ʧʣʘʩʪʘ 6,̄ ʛʣʫʙʠʥʘ ʨʘʩ-

ʧʦʣʦʞʝʥʠʷ ʚʳʨʘʙʦʪʢʠ 395 ʤ. ʈʘʟʨʳʚ ʚʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʦʪʨʘʙʦʪʢʦʡ ʣʘʚʳ 176 ʤ ʠ ʧʝʨʠʦʜʦʤ 

ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 8 ʤʝʩʷʮʝʚ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʧʣʘʩʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʣʘʩʪʝ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 12 

ʤ ʦʪ ʣʠʥʠʠ ʦʙʨʫʰʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ. ʆʙʱʠʡ ʨʘʟʤʝʨ ʟʦʥʳ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʝ ʜʘʚʣʝʥʠʷ 

ʩʦʩʪʘʚʠʣ 35 ʤ. 
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ʈʠʩʫʥʦʢ 2. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʧʦ ʧʘʜʝʥʠʶ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʧʣʘʩʪʘ ʏʫʤʣʷʢʩʢʦʛʦ 

 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʘʟʚʝʜʦʯʥʦʡ ʧʝʯʠ, ʧʨʦʚʝʜʝʥʥʦʡ 

ʧʦ ʧʝʨʚʦʤʫ ʩʣʦʶ ʧʣʘʩʪʘ B (ʰʘʭʪʘ ˉ 8, ʉʨʝʜʥʷʷ ɸʟʠʷ) ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʧʝʯʠ ʣʘʚʳ 42 - ʙʠʩ 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʚʪʦʨʦʤ ʩʣʦʝ ʧʣʘʩʪʘ ʂʳʟʳʣ-ʂʠʡʩʢʦʛʦ (ʰʘʭʪʘ ˉ 4, ʉʨʝʜʥʷʷ ɸʟʠʷ) ʂʨʦʚʣʷ 

ʧʣʘʩʪʘ B ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʣʠʥʠʩʪʳʤ ʩʣʘʥʮʝʤ ʤʦʱʥʦʩʪʴʶ 0,8 ʤ ʠ ʩʣʘʙʦʮʝʤʝʥʪʠʨʦʚʘʥʥʳʤ ʛʨʘ-

ʚʝʣʠʪʦʤ (sʩʞ = 12-18 ʄʧʘ) ʤʦʱʥʦʩʪʴʶ 13-15 ʤ. ʋʛʦʣ ʧʘʜʝʥʠʷ ʧʣʘʩʪʘ ʚ ʨʘʡʦʥʝ ʨʘʟʚʝʜʦʯʥʦʡ 

ʧʝʯʠ ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʧʝʯʠ ʣʘʚʳ 42 - ʙʠʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʣ 37 ʠ 15,̄ ʘ ʛʣʫʙʠʥʘ ʠʭ 

ʨʘʩʧʦʣʦʞʝʥʠʷ 260 ʠ 380 ʤ. 

ʀʟ ʛʨʘʬʠʢʦʚ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩ. 3, ʚʠʜʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯ-

ʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʤʦʱʥʳʭ ʧʣʘʩʪʦʚ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʚ ʨʘʥʝʝ ʨʘʩʩʤʦʪ-

ʨʝʥʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. ʄʘʢʩʠʤʫʤ ʥʘʧʨʷʞʝʥʠʡ ʫʜʘʣʝʥ ʦʪ ʢʨʦʤʢʠ ʧʝʨʚʦʛʦ ʩʣʦʷ ʧʣʘʩʪʘ B ʥʘ 10 

ʠ ʦʪ ʢʨʦʤʢʠ ʚʪʦʨʦʛʦ ʩʣʦʷ ʧʣʘʩʪʘ ʂʳʟʳʣ-ʂʠʡʩʢʦʛʦ ʥʘ 7 ʤ. ʈʘʟʤʝʨ ʟʦʥʳ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨ-

ʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʝʥ 30 ʠ 20 ʤ. 

 

 
ʈʠʩʫʥʦʢ 3. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʧʦ ʧʘʜʝʥʠʶ ʧʣʘʩʪʘ ʘ ï ʧʦ ʧʣʘʩʪʫ B (ʧʝʨʚʳʡ ʩʣʦʡ); 

ʙ ï ʧʦ ʧʣʘʩʪʫ ʆʩʥʦʚʥʦʤʫ (ʚʪʦʨʦʡ ʩʣʦʡ). 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʨʷʜʘ ʭʘʨʘʢʪʝʨʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ 

ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʧʘʜʝʥʠʶ ʧʣʘʩʪʘ ʥʘ ʧʝʨʚʳʭ ʠ ʥʠʞʥʠʭ ʩʣʦʷʭ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʦʥʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʥʘʧʨʷʞʝʥʠʝ 

ʤʝʥʴʰʝ, ʯʝʤ ʚ ʥʝʪʨʦʥʫʪʦʤ ʤʘʩʩʠʚʝ. ɼʘʣʝʝ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʨʘʩʪʘʶʪ, ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷ-

ʥʠʠ ʦʪ ʢʨʦʤʢʠ ʧʣʘʩʪʘ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʟʘʪʝʤ ʧʣʘʚʥʦ ʩʥʠʞʘʶʪʩʷ ʠ ʩʪʘ-

ʙʠʣʠʟʠʨʫʶʪʩʷ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʛʨʘʥʠʮʫ ʚʣʠʷʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʟʦʥʳ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʰʠʨʠʥʘ ʨʘʟʛʨʫʞʝʥʥʦʡ ʟʦʥʳ, ʫʜʘʣʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʢʨʦʤʢʠ ʩʣʦʷ, ʦʙʱʠʡ ʨʘʟʤʝʨ ʟʦʥʳ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝ-

ʥʠʷ) ʚ ʩʦʧʦʩʪʘʚʠʤʳʭ ʫʩʣʦʚʠʷʭ ʧʦ ʥʠʞʥʠʤ ʩʣʦʷʤ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʧʝʨʚʳʤ. ʊʘʢ ʥʘ ʰʘʭʪʘʭ 

ʉʨʝʜʥʝʡ ɸʟʠʠ ʰʠʨʠʥʘ ʟʦʥʳ ʧʦʥʠʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʝʨʚʳʭ ʩʣʦʷʭ ʨʘʚʥʘ 3-5 ʤ ʠ ʥʘ 

ʥʠʞʥʠʭ 2-3 ʤ; ʤʘʢʩʠʤʫʤ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʝʨʚʳʭ ʩʣʦʷʭ ʫʜʘʣʸʥ ʦʪ ʢʨʦʤʢʠ ʫʛʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ 

ʥʘ 7,2-10 ʤ, ʘ ʥʘ ʥʠʞʥʠʭ, ʥʘ 5,8- 7,5 ʤ, ʠ ʦʙʱʠʡ ʨʘʟʤʝʨ ʟʦʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʝʪ 22-

40 ʤ ʠ 18-26 ʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʤʘʢʩʠʤʫʤʘ ʥʘʛʨʫʟʢʠ ʨʘʚʝʥ 

2,0-2,6 ʥʘ ʧʝʨʚʳʭ ʠ 1,3 -1,6 ʥʘ ʥʠʞʥʠʭ ʩʣʦʷʭ. 

ʋʤʝʥʴʰʝʥʠʝ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʥʠʞʥʠʭ ʩʣʦʷʭ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʥʘʜʨʘʙʦʪʢʠ 

ʠ ʘʢʪʠʚʠʟʘʮʠʠ ʩʤʝʱʝʥʠʡ ʦʙʨʫʰʝʥʥʳʭ ʧʦʨʦʜ ʧʨʠ ʧʦʚʪʦʨʥʦʡ ʧʦʜʨʘʙʦʪʢʝ. ʆʙʨʫʰʝʥʥʳʝ ʧʦ-

ʨʦʜʳ, ʜʘʞʝ ʩʢʣʦʥʥʳʝ ʢ ʩʣʝʞʠʚʘʥʠʶ, ʥʝ ʧʨʠʦʙʨʝʪʘʶʪ ʧʨʝʞʥʝʡ ʤʦʥʦʣʠʪʥʦʩʪʠ ʠ ʧʨʠ ʦʪʨʘ-

ʙʦʪʢʝ ʥʠʞʥʠʭ ʩʣʦʝʚ ʟʘʚʠʩʘʶʪ ʥʘʜ ʢʨʦʤʢʦʡ ʫʛʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʤʝʥʴʰʠʭ ʧʣʦʱʘʜʷʭ. ʇʨʦ-

ʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʣʦʩʢʠʭ ʤʦʜʝʣʷʭ ʠʟ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʠ ʧʦʚʪʦʨʥʦʡ ʧʦʜʨʘʙʦʪʢʝ ʫʛʣʳ ʧʦʣʥʦʛʦ ʩʜʚʠʞʝʥʠʷ ʧʦʨʦʜ ʩʦ ʩʪʦʨʦʥʳ ʧʘʜʝʥʠʷ j1 ʫʚʝʣʠʯʠ-

ʚʘʶʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 5,̄ ʘ ʩʦ ʩʪʦʨʦʥʳ ʚʦʩʩʪʘʥʠʷ j2  - ʥʘ 7,̄ ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ, ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʱʘʜʠ ʟʘʚʠʩʘʶʱʠʭ ʧʦʨʦʜ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʦʥ ʚʨʝʤʝʥʥʦʛʦ ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʉʨʝʜʥʝʡ ɸʟʠʠ, ʏʝʣʷʙʠʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʜʨʫʛʠʭ ʙʘʩʩʝʡʥʦʚ [2,3,4,5] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʘʨʘ-

ʤʝʪʨʳ ʟʦʥ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ ʢʨʦʚʣʠ, ʛʣʫʙʠʥʘ 

ʨʘʟʨʘʙʦʪʢʠ, ʫʛʦʣ ʧʘʜʝʥʠʷ ʧʣʘʩʪʘ, ʚʳʥʠʤʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʘ (ʩʣʦʷ), ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʯʠʩʪ-

ʥʦʛʦ ʟʘʙʦʷ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʣʘʩʪ ʫʛʣʷ. ʉʣʝʜʫʝʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʧʝʨʚʳʭ ʧʷʪʠ ʬʘʢʪʦʨʦʚ ʥʘ ʧʘʨʘʤʝʪʨʳ ʟʦʥ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʠʟʫʯʝʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ. ɿʥʘʥʠʝ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʠ ʚʦ ʚʨʝ-

ʤʝʥʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʚʳʙʦʨʝ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʚʨʝʤʝʥʠ 

ʧʨʦʚʝʜʝʥʠʷ ʩʣʦʝʚʳʭ ʚʳʨʘʙʦʪʦʢ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʘ ʚʨʝʤʝʥʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʦʚʝʜʝʥʳ 

ʩʧʝʮʠʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ. ʉʫʪʴ ʵʪʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʫʛʣʷ ʚ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʯʝʨʝʟ ʦʧʨʝ-

ʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ʅʘʙʣʶʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʢʦʥʚʝʡʝʨʥʦʤ ʰʪʨʝʢʝ ʣʘʚʳ 11, 

ʦʪʨʘʙʘʪʳʚʘʶʱʝʡ ʧʝʨʚʳʡ ʩʣʦʡ ʧʣʘʩʪʘ B (ʰʘʭʪʘ ˉ 8 ʐʫʨʘʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ). ʆʪʨʘ-

ʙʦʪʢʘ ʣʘʚʳ 11 ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʟʘʜʥʠʡ ʢʚʝʨʰʣʘʛ. ʇʦ ʤʝʨʝ ʧʦʜʚʠʛʘʥʠʷ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʠʟ 

ʢʦʥʚʝʡʝʨʥʦʛʦ ʰʪʨʝʢʘ ʣʘʚʳ 11 ʙʫʨʠʣʠʩʴ ʩʢʚʘʞʠʥʳ ʚ ʩʪʦʨʦʥʫ ʧʘʜʝʥʠʷ ʧʣʘʩʪʘ ʥʘ ʛʣʫʙʠʥʫ 6-

10 ʤ. ʧʨʠ ʵʪʦʤ ʩ ʠʥʪʝʨʚʘʣʦʤ 0,5 ʤ ʦʪʙʠʨʘʣʠ ʧʨʦʙʳ ʫʛʣʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʚʣʘʞʥʦʩʪʠ. 

ʇʝʨʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʦ ʥʘ ʫʯʘʩʪʢʝ ʧʣʘʩʪʘ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʤ ʚ 5 ʤ ʧʦʟʘʜʠ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷ-

ʞʝʥʠʡ ʚ ʟʦʥʝ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʵʪʦʤ ʙʳʣ ʨʘʚʝʥ 2,65. 

ʉ ʚʦʩʩʪʘʶʱʝʡ ʩʪʦʨʦʥʳ ʰʪʨʝʢʘ ʙʳʣʠ ʚʳʣʦʞʝʥʳ ʢʦʩʪʨʳ ʠ ʧʨʦʙʠʪ ʦʨʛʘʥʥʳʡ ʨʷʜ. ʄʘʢ-

ʩʠʤʫʤ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʳʣ ʫʜʘʣʝʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 6,3 ʤ ʦʪ ʣʠʥʠʠ ʦʙʨʫʰʝ-

ʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ. 

ʉʧʫʩʪʷ 2 ʤʝʩʷʮʘ (ʟʘʙʦʡ ʣʘʚʳ 11 ʫʜʘʣʝʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 48 ʤ), ʤʘʢʩʠʤʫʤ ʦʧʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʝʨʝʤʝʩʪʠʣʩʷ ʚʛʣʫʙʴ ʤʘʩʩʠʚʘ ʠ ʥʘʭʦʜʠʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 8,4 ʤ ʦʪ ʣʠʥʠʠ ʦʙʨʫʰʝ-

ʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣ 2,3.  
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ʅʘ ʨʠʩ. 4. ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʫʛʣʷ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʦʧʦʨ-

ʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʧʣʘʩʪʘ ʩʧʫʩʪʷ 6 ʤʝʩ. ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʥʘ ʟʘ-

ʤʝʨʥʦʤ ʫʯʘʩʪʢʝ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʩʦʩʪʘʚʣʷʣ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ 2,15 ʠ ʙʳʣ ʫʜʘʣʝʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 9,7 ʤ ʦʪ ʣʠʥʠʠ ʦʙʨʫʰʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ. ʏʝʨʝʟ 10 

ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʣʘʚʳ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʩʦ-

ʩʪʘʚʣʷʣ 2,1 ʠ ʥʘʭʦʜʠʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʤ. ʉʧʫʩʪʷ 12 ʤʝʩ. ʧʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʣʘʚʳ ʤʘʢʩʠ-

ʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʙʳʣ ʟʘʬʠʢʩʠ-

ʨʦʚʘʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10,3 ʤ ʦʪ ʣʠʥʠʠ ʦʙʨʫʰʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ ʠ ʙʳʣ ʨʘʚʝʥ 2,07.  

 
ʈʠʩʫʥʦʢ 4. ʀʟʤʝʥʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʫʛʣʷ ʚ ʟʦʥʝ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʣʘʚʳ 11 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠ ʚ ʢʦʥʚʝʡʝʨʥʦʤ ʰʪʨʝʢʝ ʣʘʚʳ 31.  

 
ʊʘʙʣʠʮʘ 1 ï ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʦʥʚʝʡʝʨʥʦʤ ʰʪʨʝʢʝ ʣʘʚʳ 31 

 

ʈʘʟʨʳʚ ʚʦ ʚʨʝ-

ʤʝʥʠ ʤʝʞʜʫ 

ʦʪʨʘʙʦʪʢʦʡ 
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ʜʝʥʠʝʤ 
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Kmax 

ʋʜʘʣʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ 

ʥʘʧʨʷʞʝʥʠʡ 

ʦʪ ʣʠʥʠʠ ʦʙ-

ʨʫʰʝʥʠʷ ʧʦ-

ʨʦʜ ʢʨʦʚʣʠ, 

ʤ 

ʈʘʟʨʳʚ ʚʦ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʦʪʨʘʙʦʪʢʦʡ 

ʣʘʚʳ ʠ ʧʨʦʚʝʜʝ-

ʥʠʝʤ ʥʘʙʣʶʜʝʥʠʡ, 

ʤʝʩ. 

ʄʘʢʩʠʤʘʣʴ 

ʥʳʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ, 

Kmax 

ʋʜʘʣʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ 

ʥʘʧʨʷʞʝʥʠʡ 

ʦʪ ʣʠʥʠʠ ʦʙ-

ʨʫʰʝʥʠʷ ʧʦ-

ʨʦʜ ʢʨʦʚʣʠ, 

ʤ 

0,2 2,43 6,0 6,0 2,10 9,5 

2,0 2,25 7,3 - - - 

4,0 2,14 9,0 10,0 2,10 10,7 

 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʚ ʢʦʥʚʝʡʝʨʥʳʭ ʰʪʨʝʢʘʭ ʣʘʚ 11 ʠ 31 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʘʨʘ-

ʤʝʪʨʳ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ ʠʟʤʝʥʷʶʪʩʷ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʭ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʚʳʝ 4-6 ʤʝʩ. ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ. ɼʘʣʝʝ ʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ, 

ʠ ʧʦ ʠʩʪʝʯʝʥʠʠ 10-12 ʤʝʩ. ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʣʘʚʳ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝ-

ʥʷʶʪʩʷ. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʦʥʳ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʦʪ ʜʝʡʩʪʚʫʶʱʝʛʦ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʠʟʫʯʘʣʩʷ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʱ-

ʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʰʘʭʪʘʭ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʦʩʠʪ ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨ [5]. 

ʋʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʠʩʧʦʣʴʟʫʷ ʦʩʥʦʚ-

ʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪ [7,8,9], ʨʘʩʩʤʦʪʨʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʘʨʘʤʝʪ-

ʨʦʚ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʤʘʩʩʠʚʝ ʫʛʣʷ, ʧʨʠʣʝʛʘʶʱʠʤ ʢ ʚʳʨʘʙʦʪʘʥʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʚ ʦʙ-

ʱʝʤ ʚʠʜʝ.  



 

153 

ʉʭʝʤʘʪʠʯʥʦ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5. 

ʇʨʠ ʵʪʦʤ ʟʘ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʧʨʠʥʷʪʘ ʢʨʦʤʢʘ ʫʛʦʣʴʥʦʛʦ ʧʣʘʩʪʘ; Ltʥ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʨʦʤʢʠ 

ʧʣʘʩʪʘ ʜʦ ʤʘʢʩʠʤʫʤʘ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʧʘʜʝʥʠʶ ʧʣʘʩʪʘ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, 

ʪ.ʝ. ʚ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʣʠʥʠʠ ʜʝʡʩʪʚʫʶ-

ʱʝʛʦ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ; Ltʢ ï ʪʦ ʞʝ, ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʩʣʫʯʘʷ, ʪ.ʝ. ʢʦʛʜʘ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝ-

ʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʪʠʣʩʷ; Lti ï ʪʦ ʞʝ, ʚ ʣʶ-

ʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ti (ʦʪʩʯʝʪ ʚʨʝʤʝʥʠ ʚʝʜʝʪʩʷ ʦʪ ʤʦʤʝʥʪʘ ʧʨʦʭʦʜʘ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʥʘ 

ʫʯʘʩʪʢʝ ʥʘʙʣʶʜʝʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 5. ʉʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʦʥʳ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ: 

I , II , III - ʧʝʨʠʦʜʳ ʦʪʨʘʙʦʪʢʠ 

 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʨʝʜʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʯʘ-

ʩʪʠ ʧʣʘʩʪʘ ʚʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘʩʣʝʜʩʪʚʝʥʥʘʷ ʪʝʦʨʠʷ ʧʦʣʟʫʯʝʩʪʠ [8], ʢʦʪʦʨʘʷ ʦʪʨʘ-

ʞʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʚʩʝ ʩʪʦʨʦʥʳ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʫʯʘʩʪʦʢ ʧʣʘʩʪʘ ʦʪ Ltʧ ʜʦ Lti ʢʘʢ ʪʚʝʨ-

ʜʦʝ ʪʝʣʦ, ʜʝʬʦʨʤʠʨʫʶʱʝʝʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʟʘʢʦʥ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ɺʦʣʴʪʝʨʨʘ [8]. 

 

‐ὸ  „ὸ ᷿ὒὸȟ†„†Ὠ†                                                 (1) 

c ʷʜʨʦʤ ʧʦʣʟʫʯʝʩʪʠ 

 

ὒ ὸȟt ʃ ὒὸ †),                                                       (2) 

ʛʜʝ ‐ὸ ʠ „ὸ ï ʜʝʬʦʨʤʘʮʠʷ ʠ ʥʘʧʨʷʞʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʤʦʤʝʥʪʫ 

ʚʨʝʤʝʥʠ t, ʢʦʪʦʨʳʡ ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʤʦʤʝʥʪʘ ʥʘʯʘʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʪʝʣʘ; 

E ï ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ; 

ὒ ὸȟt - ʥʝʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʬʫʥʢʮʠʷ, ʦʪʨʘʞʘʶʱʘʷ ʚʣʠʷʥʠʝ ʝʜʠ-

ʥʠʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ „ὸ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʚ ʧʨʦʤʝʞʫʪʦʢ t, ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʚ ʤʦʤʝʥʪ t; 

ɡ, L ï ʧʦʩʪʦʷʥʥʳʝ. 

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʦ (1) ʧʝʨʚʳʡ ʯʣʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʛʥʦʚʝʥʥʫʶ ʫʧʨʫʛʫʶ 

ʜʝʬʦʨʤʘʮʠʶ, ʘ ʚʪʦʨʦʡ ï ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ. 

ɺ ʚʠʜʫ ʪʦʛʦ ʯʪʦ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʠ ʧʨʝʜʝʣʴʥʦ-ʥʘʧʨʷʞʝʥ-

ʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʟʘ ʩʯʝʪ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʟʫʯʝʩʪʠ ʧʝʨʚʳʡ ʯʣʝʥ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚ-

ʥʝʥʠʷ (1) ʥʝ ʧʨʠʥʠʤʘʝʤ ʚʦ ʚʥʠʤʘʥʠʝ (ʜʝʬʦʨʤʘʮʠʠ ʫʧʨʫʛʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪʩʷ ʵʪʠʤ 

ʯʣʝʥʦʤ, ʧʨʦʠʟʦʰʣʠ ʜʦ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʥʘʩ ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʢʩʠ-

ʤʫʤʘ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʛʣʫʙʴ ʤʘʩʩʠʚʘ). 
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ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʠ, ʧʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ὒ ὸȟt ʠʟ ʫʨʘʚʥʝʥʠʷ (2) ʚ ʫʨʘʚʥʝʥʠʝ (1), ʧʦ-

ʣʫʯʠʤ ʟʘʢʦʥ, ʧʦ ʢʦʪʦʨʦʤʫ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʫʯʘʩʪʦʢ ʧʣʘʩʪʘ ʦʪ Ltʧ ʜʦ Lti ʚ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʘ: 

‐ ὸ
̒̑
ρ Ὡ ,                                                              (3) 

ʛʜʝ  ‐ ὸ ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʠ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʘ; 

Ὁ  - ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʘʛʨʫʟʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʥʘʧʣʘʩʪʦʚʘ-

ʥʠʶ. 

 

ʉʨʝʜʥʝʝ ʥʘʧʨʷʞʝʥʠʝ „̒  ̑ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ ʧʣʘʩʪʘ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

„̒ ̑ ὥɾὌ,                                                                   (4) 

ʛʜʝ ὥ ï ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʫʯʘʩʪʢʝ ʧʣʘʩʪʘ ʦʪ Ltʧ ʜʦ Lti. 

ɾὌ ï ʥʘʧʨʷʞʝʥʠʝ ʚ ʥʝʪʨʦʥʫʪʦʤ ʤʘʩʩʠʚʝ ʥʘ ʛʣʫʙʠʥʝ H ʦʪ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʜʩʪʘʚʠʤ ʟʥʘʯʝʥʠʝ „̒  ̑ʠʟ ʫʨʘʚʥʝʥʠʷ (4) ʚ ʫʨʘʚʥʝʥʠʠ (3) 

‐ ὸ ɾὌρ Ὡ .                                              (5) 

ʅʘʡʜʝʤ ʪʝʧʝʨʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʫʯʘʩʪʢʘ ʧʣʘʩʪʘ Ltʧ ʜʦ Lti. 

ʉʨʝʜʥʝʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʘ ʩʦʩʪʘʚʠʪ: 

„̒ ̑᷆ ὦɾὌȢ                                                              (6) 

ʇʦʣʘʛʘʝʤ, ʢʘʢ ʚ ʨʘʙʦʪʝ [10], ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʘ ʟʘ ʤʘʢʩʠʤʫʤʦʤ 

ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ɾὌ. ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʣʘʩʪʘ ʚ ʥʘʯʘʣʴʥʳʡ 
ʤʦʤʝʥʪ. ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʵʪʦʪ ʫʯʘʩʪʦʢ ʙʫʜʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʧʨʝʜʝʣʴʥʦ ʥʘʧʨʷ-

ʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʙʫʜʝʪ ʤʝʥʴʰʝ 1. 

ɼʣʷ ʦʜʥʦʤʝʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʪʦʨʦʥʫ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʫʜʣʠʥʝʥʠʷ ʵʣʝʤʝʥʪʘ 

ʫʛʦʣʴʥʦʛʦ ʧʣʘʩʪʘ ʜʣʷ ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʦʡ x ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ [10]: 

‐᷆ ᷆

᷆ ᷆
ɾὌ.                                                                 (7) 

 

ʀʥʪʝʛʨʠʨʫʷ ʧʨʘʚʫʶ ʯʘʩʪʴ ʨʘʚʝʥʩʪʚʘ (7) ʦʪ Ltʧ ʜʦ Lti ʧʦʣʫʯʠʤ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʜʝʬʦʨ-

ʤʘʮʠʶ ʚʩʝʛʦ ʫʯʘʩʪʢʘ: 

 

‐᷆ ᷿
᷆
ɾὌὨὼ

̎ ᷆
ɾὌὒ ὒ̐                                           (8) 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʠ ʣʶʙʦʛʦ ʪʝʣʘ ʩʚʷʟʘʥʳ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ 

ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ Õ: 

‐ ‐ʈȢ                                                                       (9) 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʫʨʘʚʥʝʥʠʝ (9) ʟʥʘʯʝʥʠʷ ‐᷆ ʠ ‐ ʠʟ ʫʨʘʚʥʝʥʠʡ (8) ʠ (5), ʧʦʣʫʯʠʤ ʩʣʝʜʫ-

ʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ Lti 

ὒ ὒ̎ ὧρ Ὡ ),                                                  (10) 

ʛʜʝ ὧ ᷆ . 

ɽʩʣʠ t­Ð, ʪʦ ὒ ὒ  ̋ʠ ὧ ὒ̋ ὒ̎ . 

ʈʘʚʝʥʩʪʚʦ (10) ʩ ʫʯʝʪʦʤ ʵʪʦʛʦ ʧʨʠʤʝʪ ʚʠʜ: 

ὒ ὒ̋ ὒ̋ ὒ̎ Ὡ .                                                (11) 
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ʈʠʩʫʥʦʢ 6. ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ (1) ʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʢʨʦʤʢʠ ʧʣʘʩʪʘ ʜʦ 

ʤʘʢʩʠʤʫʤʘ ʥʘʧʨʷʞʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ (2) 

 

ʋʨʘʚʥʝʥʠʝ (11) ʚʳʨʘʞʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʠ ʧʨʝʜʝʣʴʥʦ-

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦ ʚʨʝʤʝʥʠ. ʇʘʨʘʤʝʪʨʳ ὒ  ̎ʠ a, ʚʭʦʜʷʱʠʝ ʚ ʚʳʨʘʞʝʥʠʝ (11), ʟʘʚʠ-

ʩʷʪ ʦʪ ʨʷʜʘ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʦʪʨʘʙʦʪʢʝ ʧʝʨʚʳʭ ʩʣʦʝʚ ʤʦʱʥʳʭ ʧʣʘʩʪʦʚ ὒ̎ φ ̍ a =  = ð 0,275. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʰʘʭʪʘʭ ʉʨʝʜʥʝʡ ɸʟʠʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʠ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ (ʨʠʩ. 6). ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʪʦʯʢʠ 

ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ ὒ ,̋ ʦʪʚʝʯʘʶʱʝʡ ʩʣʫʯʘʶ ʫʩʪʘʥʦʚʠʚ-

ʰʝʛʦʩʷ ʦʧʦʨʥʦʛʦ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ; ʪʦʣʴʢʦ ʧʦ ʠʩʪʝʯʝʥʠʠ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝ-

ʤʝʥʠ. ʆʜʥʘʢʦ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʧʦ 

ʠʩʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʚʪʦʨʦʡ ʯʣʝʥ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (11) ʩʪʘʥʦʚʠʪʩʷ ʥʘʩʪʦʣʴʢʦ ʤʘʣʳʤ, 

ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ὒ ὒ̋. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʵʪʦ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 - 12 

ʤʝʩʷʮʝʚ. ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ 

ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʦʤʢʠ ʧʣʘʩʪʘ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʧʝʨʚʳʭ ʩʣʦʝʚ ʤʦʱʥʳʭ ʧʣʘ-

ʥʝʪʦʚ ʚ ʧʝʨʠʦʜ ʦʪ 0 ʜʦ 12 ʤʝʩʷʮʝʚ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ὒ ρπȟυ τȟυὩ ȟ , ʤ,                                              (12) 

ʛʜʝ t ï ʚʨʝʤʷ, ʤʝʩ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʯʠʪʳʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚʦ ʚʨʝʤʝʥʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʬʦʨʤʫʣʝ 

ὖ
ȟ ȟ

.                                                         (13) 

ʆʙ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʧʫʩʪʷ 10 - 12 ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʧʨʦʭʦʜʘ 

ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʩʜʝʣʘʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʣʶʯʝʥʠʷ ʠʟ-ʟʘ ʦʪ-

ʩʫʪʩʪʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʆʜʥʘʢʦ ʤʦʞʥʦ ʧʨʝʜ-

ʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʠ ʥʝ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʚʦ ʚʨʝʤʝʥʠ. ʉʦ ʚʨʝʤʝʥʝʤ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴ-

ʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʟʘʚʠʩʘʶʱʠʭ ʧʦʨʦʜ ʠ ʵʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʘ-

ʨʘʤʝʪʨʦʚ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ 

[9,10,11] ʧʨʠʥʷʪ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʦʥʳ ʦʩʪʘʪʦʯʥʦʛʦ 

ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

1. ʈʘʟʤʝʨ ʟʦʥʳ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʧʘʜʝʥʠʶ ʧʣʘʩʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝ-

ʨʝʟ ʨʘʟʤʝʨ ʟʦʥʳ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʩ ʫʯʝʪʦʤ ʫʛʣʘ ʧʘʜʝʥʠʷ ʧʣʘʩʪʘ 

(ὒ  ὒὧέίɻ. 
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2. ʈʘʟʤʝʨ ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʥʘʧʨʷʞʝ-

ʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʦʙʱʠʡ ʨʘʟʤʝʨ ʟʦʥʳ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. 

3. ʇʘʨʘʤʝʪʨʳ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʥʠʞʥʠʭ ʩʣʦʷʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ 

ʘʥʘʣʦʛʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʣʷ ʧʝʨʚʳʭ ʩʣʦʝʚ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʭ 

ʫʤʝʥʴʰʝʥʠʷ. 

4. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʧʝʨʚʳʤ ʩʣʦʷʤ 

ʫʯʠʪʳʚʘʝʪʩʷ ʬʘʢʪʦʨ ʚʨʝʤʝʥʠ.  

ɿʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚ-

ʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2 

 
ʊʘʙʣʠʮʘ 2 ï ʈʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

 

ʆʧʨʝʜʝʣʷʝʤʳʡ ʧʘʨʘʤʝʪʨ ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ 

ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʟʦʥʳ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʦ ʧʘʜʝʥʠʶ ʧʣʘʩʪʘ, ʤ: 

ʧʝʨʚʳʡ ʩʣʦʡ 

 

ὒ
ὥὖὌὧέίɻ

Ὢ
 

ʥʠʞʥʠʡ ʩʣʦʡ ὒᴂ πȟφυὒ  
ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʦʤʢʠ ʧʣʘʩʪʘ, ʤ: 

ʧʝʨʚʳʡ ʩʣʦʡ 

 

 

ὒ πȟσςὒ 

ʥʠʞʥʠʡ ʩʣʦʡ ὒᴂ πȟςρὒ 

ʈʘʟʤʝʨ ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʤ: 

ʧʝʨʚʳʡ ʩʣʦʡ 

 

ὒ̐ πȟρσὒ 

ʥʠʞʥʠʡ ʩʣʦʡ ὒᴂ̐ πȟπψὒ 

 

ɺ ʬʦʨʤʫʣʘʭ (ʪʘʙʣ.2) ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

Ὄ ï ʛʣʫʙʠʥʘ ʨʘʟʨʘʙʦʪʢʠ, ʤ; 

Ὢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʝʧʦʩʪʠ ʧʦʨʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʧʦ ʄ.ʄ. ʇʨʦʪʦʜʴʷʢʦ-
ʥʦʚʫ; 

a, b ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ɼ [11] 

ɼ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʪʝʧʝʥʴ ʟʘʚʠʩʘʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ ʚ ʚʳʨʘʙʦʪʘʥ-
ʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʦʨʦʜ ʦʩʥʦʚʥʦʡ 

ʢʨʦʚʣʠ (Mo) ʢ ʩʫʤʤʝ ʤʦʱʥʦʩʪʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ (hʥʢ) ʠ ʚʳʥʠʤʘʝʤʦ ʩʣʦʷ ʧʣʘʩʪʘ 

(m); 

ὖ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʨʝʤʝʥʥʦʡ ʬʘʢʪʦʨ. 

ɺʳʚʦʜ. ʀʟʣʦʞʝʥʥʳʝ ʚ ʩʪʘʪʴʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʭʘʨʘʢʪʝʨ 

ʬʦʨʤʠʨʦʚʘʥʠʡ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʧʘʜʝʥʠʶ ʧʣʘʩʪʘ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʤʦʱʥʳʭ 

ʧʣʘʩʪʦʚ ʥʘʢʣʦʥʥʳʤʠ ʩʣʦʷʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʥʝ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʯʥʳʤʠ, ʠ ʠʟʤʝʥʷʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦ-

ʞʝʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʦʩʪʘʪʦʯʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʦʩʥʦʚʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʬʘʢʪʦʨʘ ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʧʦʟʚʦʣʠʪ 

ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʦ ʦʭʨʘʥʝ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʩʣʦʝʚʳʭ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ 

ʰʪʨʝʢʦʚ ʠ ʝʩʪʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʧʦʜʜʝʨʞʘʥʠʝ. 
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ʆʎɽʅʂɸ ʇʈʆʗɺʃɽʅʀʁ ʇʋʏɽʅʀʗ ʇʆʈʆɼ ʇʆʏɺʓ ɺ ʇʆɼɻʆʊʆɺʀʊɽʃʅʓʍ 

ɺʓʈɸɹʆʊʂɸʍ 

 

ɼɽʄʀʅ ɺ. ʌ.1, ɿɸʍɸʈʆɺ ɸ. ʄ.1, ɼɺʋɾʀʃʆɺɸ ʉ. ʅ.1, ɼɽʄʀʅɸ ʊ. ɺ.2 

1 ʅɸʆ çʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘè,  

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
2 ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 

ɸʥʥʦʪʘʮʠʷ. ʇʫʯʝʥʠʝ ʧʦʨʦʜ ʚ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ, ʩʦʟʜʘ-

ʶʱʠʭ ʧʫʯʝʥʠʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ, ʷʚʣʷʝʪʩʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʚʳʨʘʙʦʪʦʢ ʠ ʚʳʩʦʢʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʢ ʨʘʟʤʦʢʘʥʠʶ. ʇʨʠ ʚʳʙʦʨʝ ʩʧʦʩʦʙʘ ʙʦʨʴʙʳ ʩ ʧʫʯʝʥʠʝʤ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʰʘʭʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʝʨʳ 

ʙʦʨʴʙʳ ʩ ʧʫʯʝʥʠʝʤ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʥʘʷ ʚʳʨʘʙʦʪʢʘ, ʧʦʯʚʘ ʚʳʨʘʙʦʪʢʠ, ʛʦʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʫʯʝʥʠʝ ʧʦʨʦʜ, ʜʝ-

ʬʦʨʤʘʮʠʷ. 
 

ASSESSMENT OF THE MANIFESTATIONS OF HEAVING OF SOIL ROCKS IN PRE-

PARATORY WORKINGS  

DEMIN V. F.1, ZAKHAROV A. M.1, DVUZHILOVA S. N.1, DEMINA T. V.2 

1 NAO "Karaganda Technical University named after Abylkas Saginov", Republic of Kazakhstan  

2 Ural State Mining University, Yekaterinburg 

Abstract. The rock heaving in underground mines is one of the most common varieties of mani-

festation of rock pressure. One of the conditions creating a heaving of developing roadways is 

watering of workings and the high sensitivity of clay rocks to soaking. When choosing a method 

of combating heaving, first of all, the need for additional measures are determined. Based on the 

research conducted in the mine conditions, the paper proposes measures to combat heaving of 

mine roadways. 

 

Keywords: mine roadway, roadway floor, rock pressure, rock heaving, deformation. 

 

ʇʫʯʝʥʠʝ ʧʦʨʦʜ ʚ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʟʦ-
ʚʘʥʠʠ ʦʙʣʘʩʪʠ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʘʚʣʠʚʘʥʠʷ ʙʦʣʝʝ ʤʷʛʢʠʭ ʧʦʨʦʜ ʠʟ-

ʧʦʜ ʫʛʦʣʴʥʳʭ ʮʝʣʠʢʦʚ. 

ʆʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʦʷʚʣʝʥʠʷ ʧʫʯʝʥʠʷ ʧʦʨʦʜ ʚ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʛʦʨʥʦʡ ʚʳʨʘ-

ʙʦʪʢʝ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʠ ʧʦʨʦʜʳ ʧʫʯʘ-

ʱʝʛʦ ʩʣʦʷ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʚʣʠʷʥʠʝʤ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʦʨʦʜʥʳʭ ʦʙʥʘʞʝʥʠʡ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʡ ʧʦ-

ʨʦʜ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʥʠʭ ʥʘʧʨʷʞʝ-

ʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʤʘʩʩʦʡ ʚʳʰʝʣʝʞʘʱʠʭ ʧʦʨʦʜ, ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʫʛʦʣʴ-

ʥʳʭ ʰʘʭʪʘʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʧʦʯʚʝ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʤʝʥʝʝ ʧʨʦʯʥʳʭ ʧʨʦʩʣʦʝʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ (ʨʠʩ. 1). 
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ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ, ʩʦʟʜʘʶʱʠʭ ʧʫʯʝʥʠʝ ʧʦʯʚʳ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ, ʷʚʣʷʝʪʩʷ ʦʙʚʦʜ-

ʥʝʥʥʦʩʪʴ ʚʳʨʘʙʦʪʦʢ ʠ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʢ ʨʘʟʤʦʢʘʥʠʶ. ʇʨʦʯ-

ʥʦʩʪʴ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʧʨʠ ʧʦʣʥʦʤ ʚʦʜʦʥʘʩʳʱʝʥʠʠ ʩʥʠʞʘʝʪʩʷ ʚ ʜʚʘ ʠ ʙʦʣʝʝ ʨʘʟ. ʅʘ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʧʫʯʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʚʣʠʷʝʪ ʤʦʱʥʦʩʪʴ ʩʣʦʝʚ ʧʦʨʦʜ ʩʦ ʩʣʘʙʳʤʠ ʧʦ ʧʨʦʯʥʦʩʪʠ 

ʧʦʨʦʜʘʤʠ (ʪʘʙʣʠʮʘ 1) [1]. 

ʇʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʦʪʣʠʯʠʠ ʧʨʦʯʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʦʜ ʢʨʦʚʣʠ, ʙʦʢʦʚ ʠ ʧʦʯʚʳ 

ʚ ʫʩʣʦʚʠʷʭ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ ʧʦʨʦʜ ʧʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ ʚʳʨʘ-

ʙʦʪʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʚʳʨʘʙʦʪʢʠ ʚʦʟʨʘʩʪʘʝʪ ʪʘʥʛʝʥʮʠ-

ʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ, ʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʤʝʱʝʥʠʷ ʢʦʥʪʫʨʘ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦ ʨʘʟʛʨʘʥʠʯʠʚʘʪʴ ʧʫʯʝʥʠʝ ʧʦʯʚʳ ʥʘ ʜʚʘ ʚʠʜʘ: ʚʩʣʝʜʩʪʚʠʝ ʥʘʧʨʷ-

ʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʩʝʛʦ ʤʘʩʩʠʚʘ ʚʦʢʨʫʛ ʧʦʨʦʜ ʚʳʨʘʙʦʪʢʠ; ʚʳʜʘʚʣʠʚʘʥʠʷ 

ʧʦʨʦʜ ʠʟ-ʧʦʜ ʮʝʣʠʢʦʚ, ʠʛʨʘʶʱʠʭ ʨʦʣʴ ʰʪʘʤʧʦʚ. 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ,  ʦʢʨʫʞʘʶʱʠʭ ʚʳʨʘʙʦʪʢʫ 

 
ʊʘʙʣʠʮʘ 1 ï ʉʚʝʜʝʥʠʷ ʦ ʩʢʦʨʦʩʪʠ ʧʫʯʝʥʠʷ ʧʦʨʦʜ ʥʘ ʦʜʠʥʘʢʦʚʦʡ ʛʣʫʙʠʥʝ (ʧʦ ɺ.ɸ. ʃʘʪʳʢʠʥʫ) [2] 

 

ʇʦʨʦʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʦʯʚʳ ʧʣʘʩʪʘ ʄʦʱʥʦʩʪʴ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʡ ʧʦʯʚʳ, ʤ 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʫʯʝ-

ʥʠʷ, ʤʤ/ʤʝʩ 

ʇʝʩʯʘʥʠʩʪʳʡ ʩʣʘʥʝʮ 0,5 50 - 120 

ɻʣʠʥʠʩʪʳʡ ʩʣʘʥʝʮ 0,5-0,6 60 - 80 

ɻʣʠʥʠʩʪʳʡ ʠ ʧʝʩʯʘʥʠʩʪʳʡ ʩʣʘʥʮʳ 0,75 100 - 150 

ɻʣʠʥʠʩʪʳʡ ʩʣʘʥʝʮ 1,2 100 - 600 

ʇʝʩʯʘʥʠʩʪʳʡ ʩʣʘʥʝʮ 2,6 500 -  6 

 

ʇʨʦʚʝʜʝʥʠʝ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚ ʧʦʯʚʝ ʫʧʨʫʛʦ-ʚʷʟʢʠʝ ʜʝʬʦʨʤʘʮʠʠ, 

ʫʩʠʣʠʚʘʶʱʠʝʩʷ ʚʦ ʚʨʝʤʝʥʠ (ʩʤ. ʨʠʩ. 1). ɺʥʫʪʨʠ ʵʪʦʡ ʟʦʥʳ ʦʙʨʘʟʫʝʪʩʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ, 

ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪ ʩʚʦʠ ʨʘʟʤʝʨʳ ʚʦ ʚʨʝʤʝʥʠ. ʅʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʨʦʜ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʯʘʩʪʷʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʙʫʜʝʪ ʨʘʟʣʠʯʥʳʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ. 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʣʠʯʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʧʦʯʚʳ ʠ ʙʦʢʦʚ ʚʳʨʘ-

ʙʦʪʢʠ ʠʟʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʦʜ ʧʦʯʚʳ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠʟʫʯʘʶʪ ʩ ʧʦʤʦʱʴʶ 

ʛʣʫʙʠʥʥʳʭ ʨʝʧʝʨʥʳʭ ʩʪʘʥʮʠʠ. ɺ ʚʳʨʘʙʦʪʢʘʭ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʣʠʷʥʠʶ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ 

(ʧʝʨʚʳʡ ʪʠʧ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ) ʜʝʬʦʨʤʘʮʠʠ ʧʦʨʦʜ ʩʣʦʝʚ ʧʦʯʚʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʦʤ ʨʘʩʰʠʨʝʥʠʠ, ʧʦ ʚʝʣʠʯʠʥʝ ʤʝʥʴʰʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʨʦʜʳ ʧʦ 

ʦʙʨʘʟʮʘʤ (15Ŀ10-3 ʤ). ʇʦʣʥʦʝ ʟʘʪʫʭʘʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʨʝʟ 150-300 ʩʫʪ. 

ʇʨʠ ʚʪʦʨʦʤ ʪʠʧʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʢʦʥʪʫʨʘ ʧʦʯʚʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʦʥʘ ʨʘʟʨʫʰʝʥʥʳʭ 

ʧʦʨʦʜ. ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜ ʚ ʥʝʡ ʩʦ ʚʨʝʤʝʥʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʦ ʵʪʦ ʫʚʝʣʠʯʝ-

ʥʠʝ ʠʤʝʝʪ ʟʘʪʫʭʘʶʱʠʡ ʭʘʨʘʢʪʝʨ. ʈʘʟʤʝʨ ʨʘʟʨʫʰʝʥʥʦʡ ʟʦʥʳ ʜʦʩʪʠʛʘʝʪ 2 - 3 ʤ, ʘ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ʧʦʨʦʜ 1,02-1,03. ɼʘʣʝʝ ʟʘ ʟʦʥʦʡ ʨʘʟʨʫʰʝʥʠʷ ʜʦ ʛʣʫʙʠʥʳ 5 - 6 ʤ ʨʘʩʧʦʣʘʛʘ-

ʝʪʩʷ ʟʦʥʘ ʜʝʬʦʨʤʘʮʠʡ ʧʦʣʟʫʯʝʩʪʠ (ʫʧʨʫʛʦ-ʚʷʟʢʠʭ ʜʝʬʦʨʤʘʮʠʡ). ʍʘʨʘʢʪʝʨ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʨʦʜ ʚ ʵʪʦʡ ʟʦʥʝ ʪʦʞʝ ʟʘʪʫʭʘʶʱʠʡ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʩʣʦʝʚ ʩʦʩʪʘʚʣʷʶʪ 

(10é15)Ŀ10-3 ʤ, ʪ.ʝ. ʚ 2 ʨʘʟʘ ʠ ʥʝ ʤʝʥʴʰʝ ʜʝʬʦʨʤʘʮʠʡ ʚ ʟʦʥʝ ʨʘʟʨʫʰʝʥʠʷ. 

ʆʩʥʦʚʥʘʷ ʢʨʦʚʣʷ 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ 

ʢʨʦʚʣʷ 

ʃʦʞʥʘʷ ʢʨʦʚʣʷ 

ʅʝʧʦʩʨʝʜʩʪʚʝʥ 
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ɺ ʩʣʫʯʘʝ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʠ ʧʦʨʦʜ ʚʙʣʠʟʠ ʢʦʥʪʫʨʘ ʨʘʟʨʫʰʘʶʪʩʷ 

ʚʩʣʝʜ ʟʘ ʧʨʦʚʝʜʝʥʠʝʤ ʚʳʨʘʙʦʪʢʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʰʠʨʝʥʠʷ ʧʦʨʦʜ ʜʦʩʪʠʛʘʶʪ 1,1. ʅʘ ʛʣʫ-

ʙʠʥʝ 2 - 3 ʤ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʝʢʦʪʦʨʳʤ ʟʘʧʦʟʜʘʥʠʝʤ, ʪ.ʝ. ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʠ-

ʪʝʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜ. ʅʘ ʛʣʫʙʠʥʘʭ ʩʚʳʰʝ 3 - 6 ʤ ʧʦʨʦʜʳ ʧʦʜʚʝʨʞʝʥʳ ʜʝʬʦʨʤʘʮʠʷʤ 

ʧʦʣʟʫʯʝʩʪʠ. 

ʉʨʘʚʥʝʥʠʝ ʩʤʝʱʝʥʠʡ ʧʦ ʰʠʨʠʥʝ ʚʳʨʘʙʦʪʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʧʦʨʦʜ ʧʦʯʚʳ ʚ ʮʝʥʪʨʝ ʚʳʨʘʙʦʪʢʠ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʧʦ ʙʦʢʘʤ.   

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʦʙʣʘʩʪʠ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʧʨʦʷʚʣʝʥʠʝ ʧʫʯʝʥʠʷ ʩʚʷʟʘʥʦ ʩ 

ʥʘʧʨʷʞʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʤʘʩʩʠʚʘ ʧʦʨʦʜ, ʪ.ʝ. ʩ ʛʣʫʙʠʥʦʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʛʣʫʙʠʥʳ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʧʣʘʩʪʦʚ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʧʫʯʝʥʠʷ ʧʦʯʚʳ ʟʘʤʝʪʥʦ 

ʚʦʟʨʘʩʪʘʝʪ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʦʢʨʫʞʘʶʱʠʭ ʚʳʨʘʙʦʪʢʘʭ ʧʦʨʦʜ ʧʫʯʘʱʝʛʦ ʩʣʦʷ ʦʩʥʦʚʥʳʤ ʚʦʧʨʦʩʦʤ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʘ ʧʫʯʝʥʠʷ, ʪ. ʝ. ʦʙʲʝʤʘ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʳʜʘʚʣʝʥ ʚ ʚʳ-

ʨʘʙʦʪʢʫ ʥʘ ʝʜʠʥʠʮʫ ʝʝ ʜʣʠʥʳ ʠʣʠ ʧʣʦʱʘʜʠ ʧʦʯʚʳ. 

ʀʤʝʷ ʪʘʢʫʶ ʦʮʝʥʢʫ ʦʙʲʝʤʘ ʧʫʯʝʥʠʷ, ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʦʜʦʡʪʠ ʦʙʦʩʥʦʚʘʥʥʦ ʢ ʨʝʰʝʥʠʶ 

ʚʦʧʨʦʩʘ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʨʝʧʣʝʥʠʷ ʧʦʯʚʳ ʚʳʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʦ ʬʦʨʤʝ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʵʪʦʡ 

ʢʨʝʧʠ. 

ʇʨʠ ʚʳʙʦʨʝ ʩʧʦʩʦʙʘ ʙʦʨʴʙʳ ʩ ʧʫʯʝʥʠʝʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʧʦʩʦʙʦʚ ʦʭʨʘʥʳ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪʩʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʥʘʣʠʯʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʨʘʙʦʪ.   

ɺʩʝ ʤʝʨʳ ʙʦʨʴʙʳ ʩ ʧʫʯʝʥʠʝʤ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʨʘʟʜʝʣʝʥʳ ʥʘ 4 ʛʨʫʧʧʳ: ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ; ʨʘʟʛʨʫʟʢʘ ʧʦʨʦʜʥʦʛʦ 

ʤʘʩʩʠʚʘ; ʫʢʨʝʧʣʝʥʠʝ ʧʦʨʦʜ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ; ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʧʦʩʦʙʳ. 

ʇʨʦʩʣʝʞʠʚʘʶʪʩʷ ʬʘʢʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʨʦʚʣʝ ʠ ʧʦʯʚʝ ʚʳʨʘʙʦʪʢʠ ʟʦʥ ʨʘʟʛʨʫʟʢʠ ʩ ʧʦ-

ʷʚʣʝʥʠʝʤ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʕʪʠ ʟʦʥʳ ʧʨʦʚʦʮʠʨʫʶʪ ʨʘʟʚʠʪʠʝ 

ʩʚʦʜʘ ʦʙʨʫʰʝʥʠʷ ʧʦʨʦʜ ʚ ʢʨʦʚʣʝ ʠ ʧʫʯʝʥʠʷ ʧʦʯʚʳ, ʢʦʪʦʨʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʞʠʤʘʶʱʠʭ ʚ ʙʦʢʘʭ ʚʳʨʘʙʦʪʢʠ, ʬʦʨʤʠʨʫʶʱʘʷ ʧʦʜʦʙʠʝ ʟʦʥʳ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʉʣʘʙʳʝ ʦʙʚʦʜʥʝʥʥʳʝ ʧʦʨʦʜʳ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʧʫʯʝʥʠʝ ʧʦʯʚʳ ʚʳʨʘʙʦʪʢʠ. ʅʘ ʛʣʫʙʦ-

ʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʜʦʣʷ ʧʫʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʷʭ ʜʦʩʪʠʛʘʝʪ 70-90%. ʫʩʣʦʚʠʷ ʧʦʜʜʝʨ-

ʞʘʥʠʷ ʚʳʨʘʙʦʪʦʢ, ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʙʦʨʴʙʝ 

ʩ ʧʫʯʝʥʠʝʤ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʦ ʢʨʠʪʝʨʠʶ σ 

 

                                                     ɋ=
ȟ ˚

 

 

ʛʜʝ ʅ ï ʛʣʫʙʠʥʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʳʨʘʙʦʪʢʠ, ʤ;  

ʂʨʠʪʝʨʠʠ ʫʩʣʦʚʠʡ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʨʘʙʦʪʦʢ ʧʦ ʧʫʯʝʥʠʶ ʧʦʨʦʜ ʠ ʫʛʣʷ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʚ ʧʦʯʚʝ ʚʳʨʘʙʦʪʢʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 [2, 3]. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ ʫʩʣʦʞʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠʟ-ʟʘ ʚʦʟʨʘʩʪʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʩ ʛʣʫʙʠʥʦʡ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ, ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʨʘʙʦʪʢʠ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ, ʧʨʦʷʚʣʷʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʧʫʯʝʥʠʶ ʜʘʞʝ ʚʝʩʴʤʘ ʢʨʝʧʢʠʭ ʧʦʨʦʜ ʚʦʟʥʠʢʘʶʪ ʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʷʚʣʝʥʠʷ  (ʚʥʝʟʘʧʥʳʝ ʚʳʙʨʦʩʳ ʫʛʣʷ ʠ ʛʘʟʘ, ʛʦʨʥʳʝ ʫʜʘʨʳ). ʂ ʙʦʣʴʰʠʤ ʛʣʫʙʠʥʘʤ ʦʪʥʦʩʷʪ 

ʛʦʨʠʟʦʥʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʫʭʫʜʰʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʫʩʣʦʚʠʷʤ ʧʨʦʚʝʜʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʨʘʙʦʪʦʢ ʚʳ-

ʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʛʣʫʙʠʥʳ: ʤʘʣʳʝ (ʜʦ 300 ʤ), ʩʨʝʜʥʠʝ (300-600 ʤ) ʠ ʙʦʣʴʰʠʝ (ʙʦʣʝʝ 600 

ʤ). ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʫʩʣʦʚʠʡ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʨʘʙʦʪʦʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ὙȾH ʠ Ὑ̃ Ⱦ̅  ̊ (ʪʘʙʣʠʮʘ 3). 

Ὑ̃ -̅ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜ ʧʦʯʚʳ ʚʜʘʚʣʠʚʘʥʠʶ ʰʪʘʤʧʘ ʧʣʦʱʘʜʴʶ 10 ʩʤ2, ʄʇʘ;     ï 

ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜ,  ʄʅ. 
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ʊʘʙʣʠʮʘ 2 ï ʇʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ɋ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʦʭʨʘʥʳ ʧʣʘʩʪʦʚʳʭ ʚʳʨʘʙʦʪʦʢ 

 

ʉʧʦʩʦʙʳ ʦʭʨʘʥʳ ʧʣʘʩʪʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ɿʥʘʯʝʥʠʝ ɋ, ʧʨʠ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʙʦʨʴʙʝ ʩ 

ʧʫʯʝʥʠʝʤ 

ʧʦʨʦʜ ʫʛʣʷ 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʚ ʤʘʩʩʠʚʝ ʩ ʧʦʛʘʰʝʥʠʝʤ ʟʘ ʟʘʙʦʝʤ ʣʘʚʳ 

ʉʦʭʨʘʥʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʟʘ ʟʘʙʦʝʤ ʣʘʚʳ ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʚʧʨʠʩʝʯʢʫ ʢ ʚʳʨʘʙʦʪʘʥʥʦʤʫ ʧʨʦʩʪʨʘʥ-

ʩʪʚʫ 

ʆʬʦʨʤʣʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʟʘ ʣʘʚʦʡ ʚ ʚʳʨʘʙʦʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

ʙʦʣʝʝ 0,5 

 

 

ʙʦʣʝʝ 0,35 

 

ʙʦʣʝʝ 0,65 

 

ʙʦʣʝʝ 0,8 

 

ʙʦʣʝʝ 0,25 

 

 

ʙʦʣʝʝ 0,15 

 

ʙʦʣʝʝ 0,2 

 

- 

 
ʊʘʙʣʠʮʘ  3 ïʂʣʘʩʩʠʬʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʨʘʙʦʪʦʢ 

 
ʋʩʣʦʚʠʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʨʘʙʦʪʦʢ Ὑ

 Ὄ
 

Ὑ

 Ὄ
 

ʃʝʛʢʠʝ  

ʉʨʝʜʥʠʝ 

ʊʷʞʝʣʳʝ 

ʙʦʣʝʝ 3,5 

1,7 ï 3,5 

ʤʝʥʝʝ 1,7 

ʙʦʣʝʝ 3,5 

1,7 ï 3,5 

ʤʝʥʝʝ 1,7 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʚʠʜʳ ʧʫʯʝʥʠʷ ʧʦʯʚʳ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘ-

ʙʦʪʦʢ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʦʭʦʜʯʝʩʢʠʭ ʠ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ïʍʘʨʘʢʪʝʨʥʳʝ ʚʠʜʳ ʧʫʯʝʥʠʷ ʧʦʯʚʳ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʦʭʦʜʯʝ-

ʩʢʠʭ ʠ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ 

ʘïʣʝʚʦʛʦ ʙʦʢʘ ʚʳʨʘʙʦʪʢʠ; ʙïʦʙʦʠʭ ʙʦʢʦʚ; ʚïʧʨʘʚʦʛʦ ʙʦʢʘ; ʛïʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʦʨʦʜ; ʜïʨʘʟʣʦʤ ʧʦʨʦʜ; ʩïʚʟʜʫ-

ʪʠʝ ʧʦ ʮʝʥʪʨʫ; ʞïʟʘʧʦʣʥʝʥʠʝ ʧʦʜʜʫʪʦʡ ʧʦʨʦʜʦʡ; 

ʟïʚʳʜʘʚʣʠʚʘʥʠʝ ʚ ʧʦʣʦʩʪʴ ʚʳʨʘʙʦʪʢʠ 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ ʫʩʣʦʞʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠʟ-ʟʘ ʚʦʟʨʘʩʪʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʩ ʛʣʫʙʠʥʦʡ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ, ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʨʘʙʦʪʢʠ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ, ʧʨʦʷʚʣʷʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʧʫʯʝʥʠʶ ʜʘʞʝ ʚʝʩʴʤʘ ʢʨʝʧʢʠʭ ʧʦʨʦʜ ʚʦʟʥʠʢʘʶʪ ʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʷʚʣʝʥʠʷ  (ʚʥʝʟʘʧʥʳʝ ʚʳʙʨʦʩʳ ʫʛʣʷ ʠ ʛʘʟʘ, ʛʦʨʥʳʝ ʫʜʘʨʳ). ʂ ʙʦʣʴʰʠʤ ʛʣʫʙʠʥʘʤ ʦʪʥʦʩʷʪ 

ʛʦʨʠʟʦʥʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʫʭʫʜʰʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. 
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ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ ʫʩʣʦʞʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠʟ-ʟʘ ʚʦʟʨʘʩʪʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʩ ʛʣʫʙʠʥʦʡ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ, ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʨʘʙʦʪʢʠ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ, ʧʨʦʷʚʣʷʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʧʫʯʝʥʠʶ ʜʘʞʝ ʚʝʩʴʤʘ ʢʨʝʧʢʠʭ ʧʦʨʦʜ ʚʦʟʥʠʢʘʶʪ ʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʷʚʣʝʥʠʷ  (ʚʥʝʟʘʧʥʳʝ ʚʳʙʨʦʩʳ ʫʛʣʷ ʠ ʛʘʟʘ, ʛʦʨʥʳʝ ʫʜʘʨʳ). ʂ ʙʦʣʴʰʠʤ ʛʣʫʙʠʥʘʤ ʦʪʥʦʩʷʪ 

ʛʦʨʠʟʦʥʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʫʭʫʜʰʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

ʅʘ ʨʠʩ. 3 ʠ 4 ʧʦʢʘʟʘʥʳ ʜʝʬʦʨʤʘʮʠʠ ʧʦʯʚʳ ʠ ʢʨʦʚʣʠ ʚ ʛʣʘʚʥʦʤ ʢʦʥʚʝʡʝʨʥʦʤ ʫʢʣʦʥʝ 

ʢ9 7 ʛʦʨ...ʰʘʭʪʳ çʉʘʨʘʥʩʢʘʷè ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ. 

 

 

 
 

 

 

 

 

 

 

ʘ                                                                            ʙ 

 

ʈʠʩ. 3ïɼʝʬʦʨʤʘʮʠʠ ʢʨʦʚʣʠ ʠ ʧʦʯʚʳ (ʘ) ʠ ʢʨʝʧʠ (ʙ) ʚ ʛʣʘʚʥʦʤ ʢʦʥʚʝʡʝʨʥʦʤ ʫʢʣʦʥʝ ʢ9 7 ʛʦʨ. ʰʘʭʪʳ 

çʉʘʨʘʥʩʢʘʷè  ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ 

 

 

 

 

ʘ                                             ʙ                                                 ʚ 

 

ʈʠʩ.4ïɼʝʬʦʨʤʘʮʠʠ ʚʳʨʘʙʦʪʦʢ ʧʦ ʩʝʨʝʜʠʥʝ ʧʦʯʚʳ (ʘ), ʧʦ ʙʦʢʘʤ (ʙ), ʢʦʥʪʫʨʦʚ (ʚ) ʚʳʨʘʙʦʪʦʢ 

 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʧʫʯʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʚ 

ʙʦʢʘ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ, ʥʘ ʰʘʭʪʘʭ 

ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʨʴʙʳ ʩ ʧʫʯʝʥʠʝʤ ʧʦʜʛʦ-

ʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʂ ʦʩʥʦʚʥʦʤʫ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʧʫʯʝʥʠʝʤ ʦʪʥʦ-

ʩʠʪʩʷ ʧʦʜʨʳʚʢʘ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʇʦʜ-

ʨʳʚʢʘ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʡ ʠ ʟʘʪʨʘʪʥʳʡ ʤʝʪʦʜ ʙʦʨʴʙʳ ʩ ʧʫʯʝʥʠʝʤ 

ʧʦʯʚʳ, ʥʫʞʜʘʶʱʠʡʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʝʭʥʦʣʦʛʠʷ ʫʩʪʘʥʦʚʢʠ 

ʘʥʢʝʨʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʚ ʙʦʢʘ ʚʳʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʜʘʥʥʳʝ ʥʝʜʦ-

ʩʪʘʪʢʠ. 
ʊʝʭʥʦʣʦʛʠʷ [3], ʚʢʣʶʯʘʝʪ ʫʩʪʘʥʦʚʢʫ ʧʨʠʧʦʯʚʝʥʥʳʭ ʘʥʢʝʨʦʚ ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʚ ʙʦʢʘ 

ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,2 - 0,4 ʤ ʦʪ ʝʝ ʧʦʯʚʳ. ɸʥʢʝʨʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʯʝʨʝʟ 0,5-

0,7 ʤ ʚ ʢʨʝʩʪ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦʜ ʫʛʣʦʤ 50-65Á ʢ ʫʛʣʫ ʥʘʢʣʦʥʘ ʚʳʨʘʙʦʪʢʠ ï ʨʠʩ.  5. 
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ʈʠʩ.  5 ï ʊʝʭʥʦʣʦʛʠʷ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʚ ʙʦʢʘ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ 

1 ï ʙʦʢʦʚʳʝ ʘʥʢʝʨʘ; 2 ï ʢʨʦʚʝʣʴʥʳʝ ʘʥʢʝʨʘ; 3 ï ʧʨʠʧʦʯʚʝʥʥʳʝ ʘʥʢʝʨʘ; 4 ï ʦʩʥʦʚʥʘʷ ʢʨʦʚʣʷ; 5 ï ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʘʷ ʢʨʦʚʣʷ; 6 ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʧʦʯʚʘ; 7 ï ʦʩʥʦʚʥʘʷ ʧʦʯʚʘ; 8 ï ʟʘʢʨʝʧʣʝʥʥʳʡ ʧʨʠʧʦʯʚʝʥʥʳʡ ʢʦʥʪʫʨ 

ʘïʩʭʝʤʘ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ; ʙ, ʚ ï ʧʨʦʬʠʣʴ ʠ ʧʣʘʥ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʭʨʘʥʝʥʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʳʨʘʙʦʪʢʠ 

ʥʘ ʚʝʩʴ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʟʘ ʩʯʝʪ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʘʥʢʝʨʥʦʡ ʢʨʝʧʠ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʚʳʨʘʙʦʪʢʫ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʬʨʦʥʪʘ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ. 

ɿʘʜʘʯʘ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʧʦʩʦʙ ʙʦʨʴʙʳ ʩ ʧʫʯʝʥʠʝʤ ʧʦʯʚʳ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, 

ʚʢʣʶʯʘʶʱʠʡ ʧʨʦʭʦʜʢʫ ʚʳʨʘʙʦʪʢʠ ʠ ʫʩʪʘʥʦʚʢʫ ʚ ʧʦʯʚʫ ʫ ʝʝ ʙʦʨʪʦʚ ʥʘʢʣʦʥʥʳʭ ʘʥʢʝʨʦʚ, 

ʧʨʠʯʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʭʦʜʢʦʡ ʚʳʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʶʪ ʤʦʱʥʦʩʪʴ ʩʣʦʝʚ ʧʦʯʚʳ ʠ ʩʪʝʧʝʥʴ 

ʦʩʣʘʙʣʝʥʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʧʦ ʵʪʠʤ ʩʣʦʷʤ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʧʦʯʚʫ ʚʳʨʘʙʦʪʢʠ 

ʫ ʝʝ ʙʦʨʪʦʚ ʨʝʧʝʨʳ ʠ ʧʨʠ ʠʭ ʩʙʣʠʞʝʥʠʠ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʦʩʣʘʙʣʝʥʥʦʩʪʠ ʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʦʧʨʝʜʝʣʷʶʪ ʤʦʱʥʦʩʪʴ ʧʫʯʘʱʝʛʦ ʩʣʦʷ ʧʦʯʚʳ, ʘ ʘʥʢʝʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʦʜ 

ʫʛʣʦʤ ʢ ʚʝʨʪʠʢʘʣʠ 20-30Á, ʜʣʠʥʫ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʝ ʦʪʣʠʯʘʶ-

ʱʠʡʩʷ ʪʝʤ, ʯʪʦ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʫʯʘʱʝʛʦ ʩʣʦʷ ʚ ʧʦʯʚʫ ʫ ʙʦʨʪʦʚ ʚʳʨʘʙʦʪʢʠ 
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ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʪʘʣʝʧʦʣʠʤʝʨʥʳʝ ʘʥʢʝʨʘ (ʥʘʧʨʠʤʝʨ ʜʣʠʥʦʡ 2,4ʤ) ʩ ʟʘʣʦʞʝʥʠʝʤ ʠʭ ʧʦʜ ʫʛ-

ʣʦʤ 30-45Á (a) ʢ ʥʘʧʣʘʩʪʦʚʘʥʠʶ, ʧʦ ʤʝʨʝ ʟʘʢʨʝʧʣʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʰʧʫʨʘʭ ʩ ʧʦʤʦʱʴʶ ʘʤʧʫʣ 

ʦʙʨʘʟʫʶʪʩʷ ʧʦʨʦʜʥʳʝ ʙʣʦʢʠ ʚʦʢʨʫʛ ʘʥʢʝʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʠʣʘʤʠ ʩʮʝʧʣʝʥʠʷ 

ʫʢʨʝʧʣʝʥʥʳʭ ʧʦʨʦʜ, ʠ ʟʘ ʩʯʝʪ ʯʝʛʦ ʩʦʟʜʘʝʪʩʷ ʥʝʩʫʱʠʡ ʩʚʦʜ (ʢʦʥʪʫʨ ʫʢʨʝʧʣʝʥʠʷ) ʜʣʷ ʩʥʠʞʝ-

ʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʞʠʤʘʶʱʠʭ ʫʩʠʣʠʡ ʩ ʙʦʢʦʚ ʚʳʨʘʙʦʪʢʠ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʨʦʜʦʣʴʥʦ-ʧʦʧʝ-

ʨʝʯʥʦʤʫ ʠʟʛʠʙʫ ʩʣʦʝʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʪʝʨʝʡ ʠʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʳʧʠʨʘʥʠʶ ʚʥʫʪʨʴ ʚʳ-

ʨʘʙʦʪʢʠ, ʧʨʠʯʝʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʘʪʣʠʚʦʩʪʠ ʦʧʦʨ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʥʢʝʨʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʢʦʥʫʩʥʫʶ ʧʨʦʩʪʘʚʢʫ, ʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʛʨʫʟʢʠ 

ʧʦʨʦʜ ʧʦʯʚʳ ʦʪ ʥʘʧʨʷʞʝʥʠʡ ʰʧʫʨʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʦʚ ʨʘʟʙʫʨʠʚʘʶʪ ʥʘ ʛʣʫʙʠʥʫ 1-1,2ʤ 

ʜʠʘʤʝʪʨʦʤ, ʙʦʣʴʰʠʤ ʚ ʜʚʘ ʨʘʟʘ, ʯʪʦ ʥʘʨʫʰʠʪ ʮʝʣʦʩʪʥʦʩʪʴ ʧʫʯʘʱʝʛʦ ʩʣʦʷ ʠ ʟʘʤʝʜʣʠʪ (ʠʩ-

ʢʣʶʯʠʪ), ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʧʨʦʜʦʣʴʥʦ-ʧʦʧʝʨʝʯʥʦʛʦ ʠʟʛʠʙʘ ʩʣʦʝʚ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʚʝʜʝʥʠʝʤ ʘʥʢʝʨʥʦʛʦ ʢʨʝʧʣʝʥʠʷ, ʥʝ ʷʚ-

ʣʷʶʪʩʷ ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʦʙʳʯʠ ʫʛʣʷ ʚ ʦʯʠʩʪʥʦʤ ʟʘʙʦʝ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʠʭ ʚʦʟ-

ʚʝʜʝʥʠʷ ʦʧʝʨʝʞʘʝʪ ʩʢʦʨʦʩʪʴ ʧʦʜʚʠʛʘʥʠʷ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʚ 4 - 5 ʨʘʟ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉɼɺʀɾɽʅʀʗ ɿɽʄʅʆʁ ʇʆɺɽʈʍʅʆʉʊʀ ʆʊ  

ɿʆʃʆʊʆʈʋɼʅʓʍ ɼɸɽʂ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ ʈʀʉʂʆɺ ʉʊʈʆʀʊɽʃʔʉʊɺɸ 

ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ɿɼɸʅʀʁ 

 
ʋʉɸʅʆɺ ʉ. ɺ. 

 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 
ɸʥʥʦʪʘʮʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʨʘʛʤʝʥʪ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ɹʝʨʝʟʦʚʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜ-

ʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʜʨʘʙʦʪʘʥʥʳʡ ʧʦʜʟʝʤʥʳʤʠ ʨʘʙʦʪʘʤʠ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ ʩʜʚʠʞʝʥʠʷ ʦʪ ʩʪʘʨʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʦʮʝʥʠʪʴ ʨʠʩʢʠ ʟʘʩʪʨʦʡʢʠ ʫʯʘʩʪʢʘ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ: ʘʥʘʣʠʟ ʠʩʪʦʨʠʯʝʩʢʠʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ɹʝʨʝʟʦʚʩʢʦʛʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ, ʘʥʘʣʠʟ ʧʣʘʥʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʫʯʘʩʪʢʘ, ʥʘʪʫʨʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʦʚʝʨʢʘ ʧʦ 

ʙʘʟʝ ʧʨʦʚʘʣʦʚ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʮʝʥʝʥʦ ʩʦʩʪʦʷʥʠʝ ʧʦʨʦʜ ʧʦʜʨʘʙʦʪʘʥʥʦʛʦ ʛʦʨ-

ʥʦʛʦ ʤʘʩʩʠʚʘ, ʩʜʝʣʘʥ ʧʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʩʜʚʠʞʝʥʠʷ. ʉʪʝʧʝʥʴ ʚʥʝʜʨʝʥʠʷ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʩʪʘʜʠʠ ʠ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʪʝʨʨʠʪʦʨʠʠ. 

ɿʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ï ʩʥʠʞʘʝʪ ʨʠʩʢ ʘʚʘʨʠʡ ʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʤʝʩʪʘʭ ʟʘʣʝʛʘʥʠʷ ʧʦʜʟʝʤʥʳʭ 

ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʜʘʥʠʡ, ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʨʘʷ ʰʘʭʪʘ, ʦʙʨʫʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʚʘʣ, ʧʦʜʨʘʙʦʪʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ, ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

 

INVESTIGATION OF THE MOVEMENT OF THE EARTH'S SURFACE FROM GOLD 

ORE DIKES TO DETERMINE THE RISKS OF CONSTRUCTION OF INDUSTRIAL 
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Abstract: The object of the study is a fragment of the mountain massif from the Berezovsky gold mine, 

which was previously mined underground. The aim of the work is to evaluate the parameters of the process 

of land reclamation after mining and assess the risks associated with constructing a site on this area. Re-

search methods: Analysis of historical mining and geological data for the development of the Berezovsky 

deposit, Review of surface plans for the site, Full-scale surveying of the territory,  Verification based on 

surface failures. Based on the research, an assessment is made of the condition of the rock strata in the 

mined area and a forecast is made for the development of displacement processes. This information is used 

for investment decisions and planning the use of the land. The importance of this work reduces the risk of 

accidents and emergencies in areas where underground mining takes place, increases the safety of people 

and the stability of buildings, and improves the safety of industrial facilities.. 

 

Keywords: old mine, surface collapse, sinkhole, part-time area, construction safety. 
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ɼʝʬʦʨʤʘʮʠʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ï 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʝ ʚʦ ʚʩʝʤ ʤʠʨʝ ʪʝʭʥʦʛʝʥʥʦʝ ʷʚʣʝʥʠʝ [1, 2, 3]. ɹʝʟʦʧʘʩʥʦʩʪʴ ʟʘʩʪʨʦʡʢʠ 

ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʮʝʥʠʚʘʶʪ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʶʱʝʛʦ 

ʤʝʪʦʜʳ ʛʝʦʜʝʟʠʯʝʩʢʠʭ [5] ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [6, 7], ʘ ʪʘʢʞʝ ʥʘʪʫʨʥʳʡ ʧʦʠʩʢ 

ʩʣʝʜʦʚ ʨʘʟʚʠʪʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʄʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʘ ʧʨʦʮʝʩʩʘ ʩʜʚʠʞʝʥʠʷ ʥʘ 

ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʦʩʥʦʚʘʥʳ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʘʣʠʟʝ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [8, 9, 10]. ʄʳ 

ʠʩʩʣʝʜʦʚʘʣʠ ʙʦʣʝʝ 400 ʫʯʘʩʪʢʦʚ ʥʘ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚ ʛʦʨʦʜʘʭ ʉʚʝʨʜʣʦʚʩʢʦʡ ʠ 

ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʝʡ, ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʠ ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ [11-14]. ʉʘʤʘʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ ʧʣʦʱʘʜʴ ʦʙʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 0,2 ï 1,5 ʛʝʢʪʘʨ. ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʡ ʤʝʪʦʜʠʢʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚ 100% 

ʩʣʫʯʘʝʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʢʘʟʘʣʘ ʦʪʩʫʪʩʪʚʠʝ ʘʚʘʨʠʡ ʥʘ ʧʦʜʨʘʙʦʪʘʥʥʳʭ 

ʟʝʤʣʷʭ, ʢʦʪʦʨʳʝ ʤʳ ʚʚʝʣʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʂʘʞʜʳʡ ʩʣʫʯʘʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ɹʝʟʘʚʘʨʠʡʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʟʜʘʥʠʡ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʞʠʣʳʭ ʤʥʦʛʦʵʪʘʞʥʳʭ) ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʧʣʦʱʘʜʷʭ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʠʢ. 

ʇʣʦʱʘʜʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ. ʉʦ ʚʩʝʭ ʩʪʦʨʦʥ ʦʪ 

ʫʯʘʩʪʢʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʩʪʨʦʝʥʳ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʩʜʚʠʞʝʥʠʷ ʥʘʜ ʩʪʘʨʳʤʠ ʧʦʜʟʝʤʥʳʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʚ ʛʦʨʦʜʝ ɹʝʨʝʟʦʚʩʢʠʡ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʤʝʨʝʥʠʷʤʠ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʟʜʘʥʠʡ. ʀʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ ʧʣʦʱʘʜʴʶ 1 ʛʘ 

ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʣʦʱʘʜʠ ʟʘʣʝʛʘʥʠʷ ɹʝʨʝʟʦʚʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʥ 

ʧʦʜʨʘʙʦʪʘʥ ʧʦʜʟʝʤʥʳʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʧʦ ʜʘʡʢʘʤ ɺʪʦʨʦ-ʇʘʚʣʦʚʩʢʘʷ ʠ ʀʣʴʠʥʩʢʘʷ (ʨʠʩʫʥʦʢ 

1). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʟʜʝʩʴ ʥʝ ʚʝʜʫʪʩʷ, ʟʘʧʘʩʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʦʪʨʘʙʦʪʢʝ, ʥʝ 

ʯʠʩʣʠʪʩʷ. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʜʘʚʥʦ ʧʨʦʰʝʜʰʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʩʪʘʨʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʧʝʨʚʳʤ ʰʘʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [15] ʧʦ 

ʧʝʨʝʯʥʶ ʧʘʨʘʤʝʪʨʦʚ (ʪʘʙʣʠʮʘ 1). ʆʮʝʥʠʚ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦʜʨʘʙʦʪʢʠ ʠʪʦʛʦʚʳʤ 

ʥʘʢʦʧʣʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ [16], ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚ ʧʨʝʜʝʣʘʭ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ.   

ɻʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʜʘʡʢʝ ɺʪʦʨʦ-ʇʘʚʣʦʚʩʢʘʷ 

ɼʘʡʢʘ ɺʪʦʨʦ-ʇʘʚʣʦʚʩʢʘʷ ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ 

ʧʝʨʝʩʝʢʘʝʪ ʫʯʘʩʪʦʢ ʯʝʨʝʟ ʮʝʥʪʨ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ. ʆʥʘ ʠʤʝʝʪ ʢʨʫʪʦʝ ʚʦʩʪʦʯʥʦʝ ʧʘʜʝʥʠʝ ʧʦʜ 

ʫʛʣʦʤ 70Á. ʕʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʘʝʢ ɹʝʨʝʟʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɼʦ 18 ï 19 ʚʝʢʘʭ ʚʝʢʘ ʜʘʡʢʘ ʯʘʩʪʠʯʥʦ ʦʪʨʘʙʘʪʳʚʘʣʘʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʛʣʫʙʠʥʳ 54 

ʤʝʪʨʘ. ɺ ʜʚʘʜʮʘʪʦʤ ʚʝʢʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʜʘʡʢʝ ʚʝʣʠʩʴ ʜʦ 1986 ʛʦʜʘ. ʆʪʨʘʙʦʪʢʘ ʟʘʧʘʩʦʚ 

ʙʳʣʘ ʠʥʪʝʥʩʠʚʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʧʣʦʰʥʦʡ. 

ʏʘʩʪʴ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʧʦʜ ʫʯʘʩʪʢʦʤ ʧʦʛʘʰʝʥʘ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʦʙʨʫʰʝʥʠʝʤ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ʫʯʘʩʪʢʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʢʨʫʧʥʳʝ (20 ï 40 ʤ ʚ 

ʜʠʘʤʝʪʨʝ) ʧʨʦʚʘʣʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 1958 ʠ 1973 ʛʦʜʘʭ. ʉ ʫʯʝʪʦʤ ʧʘʜʝʥʠʷ ʠ ʧʨʦʩʪʠʨʘʥʠʷ 

ʜʘʡʢʠ ɺʪʦʨʦ-ʇʘʚʣʦʚʩʢʘʷ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʦʪ ʛʣʫʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʫʯʘʩʪʢʘ, ʥʦ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʦʙʨʫʰʝʥʠʷ ʧʨʠʚʦʜʷʪ 

ʢ ʪʦʤʫ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʨʫʰʝʥʠʡ ʧʨʠʚʷʟʘʥʦ ʢ ʚʳʭʦʜʫ ʜʘʡʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʪ.ʝ. ʢ ʮʝʥʪʫ 

ʫʯʘʩʪʢʘ. 

ɻʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʜʘʡʢʝ ʀʣʴʠʥʩʢʘʷ 

ɼʘʡʢʘ ʀʣʴʠʥʩʢʘʷ ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʨʠʩʫʥʦʢ 1). ʆʥʘ 

ʠʤʝʝʪ ʥʘʢʣʦʥʥʦʝ ʟʘʧʘʜʥʦʝ ʧʘʜʝʥʠʝ ʧʦʜ ʫʛʣʦʤ 40Á. ɼʘʡʢʘ ʦʪʨʘʙʘʪʳʚʘʣʘʩʴ ʩ 1745 ʧʦ 1918 

ʛʦʜʳ ʜʦ ʛʣʫʙʠʥʳ 54 ʤʝʪʨʘ. ʊʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ ʚ ʵʪʦ ʚʨʝʤʷ ʙʳʣʠ ʨʫʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʧʦʵʪʦʤʫ ʨʘʟʤʝʨʳ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠʟʤʝʨʷʶʪʩʷ ʧʝʨʚʳʤʠ ʤʝʪʨʘʤʠ ʚ ʩʝʯʝʥʠʠ. 

ɼʦ 1948 ʛʦʜʘ ʧʦ ʜʘʡʢʝ ʧʦʜ ʫʯʘʩʪʢʦʤ ʚʝʣʠʩʴ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʥʘ ʛʣʫʙʠʥʝ ʜʦ 75 ʤʝʪʨʦʚ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʨʘʙʦʪʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʤʝʥʝʝ 30 % ʦʪ ʦʙʲʝʤʘ ʨʫʜʥʦʛʦ 

ʪʝʣʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʥʝʧʦʣʥʦʡ ʧʦʜʨʘʙʦʪʢʠ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩ ʩʜʚʠʞʝʥʠʷ 

ʨʘʟʚʠʚʘʝʪʩʷ ʤʝʜʣʝʥʥʦ ʠ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ 

ʅʘ ʫʯʘʩʪʢʝ ʥʘʭʦʜʷʪʩʷ ʯʝʪʳʨʝ ʩʪʘʨʳʭ ʰʘʭʪʥʳʭ ʩʪʚʦʣʘ (ʨʠʩʫʥʦʢ 1). ɻʣʫʙʠʥʘ 

ʚʳʨʘʙʦʪʦʢ ʤʦʞʝʪ ʙʳʪʴ 20-70 ʤ. ɺʳʨʘʙʦʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʫʛʣʘʭ ʫʯʘʩʪʢʘ ï ʩʝʚʝʨʥʦʤ, 

ʚʦʩʪʦʯʥʦʤ ʠ ʟʘʧʘʜʥʦʤ. ʕʪʠ ʚʳʨʘʙʦʪʢʠ ʟʘʩʳʧʘʣʠʩʴ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ, ʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʠʤʝʥʥʦ 

ʚ ʵʪʠʭ ʤʝʩʪʘʭ ʧʨʦʚʘʣʳ ʧʨʦʠʩʭʦʜʷʪ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ. ɼʠʘʤʝʪʨ ʧʨʦʚʘʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ 5 ʤ. 
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ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ 

ʇʦʜ ʫʯʘʩʪʢʦʤ ʥʘʭʦʜʷʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ ï ʰʪʨʝʢʠ ʠ 

ʚʘʩʩʝʨʰʪʦʣʴʥʠ. ɼʚʝ ʚʘʩʩʝʨʰʪʦʣʴʥʠ ʥʘ ʛʣʫʙʠʥʝ 37 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ. ɼʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʨʘʟʨʫʰʝʥʠʷ ʢʨʝʧʠ ʠ ʦʙʚʘʣʘ 

ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʧʨʦʪʷʞʝʥʥʦʡ ʪʨʘʥʰʝʠ ʠʣʠ ʩʝʨʠʠ ʚʦʨʦʥʦʢ ʚʜʦʣʴ ʣʠʥʠʠ 

ʚʳʨʘʙʦʪʢʠ ʜʠʘʤʝʪʨʦʤ ʜʦ 3 ʤ. ʐʪʨʝʢʠ ï ʚʳʨʘʙʦʪʢʠ, ʧʨʦʡʜʝʥʥʳʝ ʧʦ ʜʘʡʢʘʤ ʀʣʴʠʥʩʢʘʷ ʠ 

ɺʪʦʨʦ-ʇʘʚʣʦʚʩʢʘʷ ʥʘ ʛʣʫʙʠʥʘʭ: 20 ʤ, 32 ʤ, 54 ʤ, 60 ʤ, 75 ʤ, 97 ʤ, 110 ʤ, 131 ʤ, 170 ʤ, 240 

ʤ, 274 ʤ ʠ 314 ʤ. ʀʪʦʛʦ ʧʦ 12 ʛʦʨʠʟʦʥʪʘʤ ʟʘʣʝʛʘʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʚʳʨʘʙʦʪʢʠ.  

ʆʙʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ  

ʇʦʚʝʨʭʥʦʩʪʴ ʫʯʘʩʪʢʘ ʦʙʩʣʝʜʦʚʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʭʦʜʘ ʧʦ ʩʝʪʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. ʇʦʚʝʨʭʥʦʩʪʴ ʥʝ ʟʘʩʪʨʦʝʥʘ. ʇʦʢʨʳʪʘ ʚʳʩʦʢʦʡ ʪʨʘʚʦʡ ʠ ʢʫʩʪʘʨʥʠʢʦʤ. 

ʈʝʣʴʝʬ ʫʯʘʩʪʢʘ ʥʝʨʦʚʥʳʡ, ʧʦʢʨʳʪ ʧʨʦʚʘʣʘʤʠ ʦʪ ʩʪʘʨʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʜʠʘʤʝʪʨʦʤ ʦʪ 1 ʜʦ 40 

ʤ. ɺ ʨʘʡʦʥʘʭ ʩʪʚʦʣʦʚ ʧʨʦʚʘʣʳ ʛʣʫʙʠʥʦʡ ʙʦʣʝʝ 1 ʤ. ʇʦ ʜʘʥʥʳʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʣʘʥʘ 

1:500 ʥʘ ʛʨʘʥʠʮʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʫʛʣʘ ʟʘ ʛʨʘʥʠʮʝʡ ʫʯʘʩʪʢʘ ʙʳʣ ʢʨʫʧʥʘʷ ʚʦʨʦʥʢʘ ʦʪ 

ʦʙʨʫʰʝʥʠʷ ʚ ʜʠʘʤʝʪʨʝ 40 ʤ, ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʩʳʧʘʥʘ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʥʠʮʳ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʟʝʤʝʣʴʥʦʤ ʫʯʘʩʪʢʝ ʚ ʛʦʨʦʜʝ ɹʝʨʝʟʦʚʩʢʠʡ 

 

ʏʝʢ-ʣʠʩʪ ʫʯʘʩʪʢʘ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʠʩʪʦʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʣʝʥ ʯʝʢ-ʣʠʩʪ ʧʦʜʨʘʙʦʪʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ (ʪʘʙʣʠʮʘ 1), ʢʦʪʦʨʳʡ ʦʙʦʱʘʝʪ 20 ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʙʠʥʘʨʥʦʤ ʬʦʨʤʘʪʝ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʯʘʩʪʦʢ ʥʘʭʦʜʠʪʩʷ ʚ ʩʣʦʞʥʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʘʷ ʥʝʩʝʪ ʚ 

ʩʝʙʝ ʚʳʩʦʢʠʝ ʜʦʣʛʦʩʨʦʯʥʳʝ ʨʠʩʢʠ ʩʚʷʟʘʥʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʣʦʢʘʣʴʥʳʤʠ ʧʨʦʩʝʜʘʥʠʷʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ.  
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ʊʘʙʣʠʮʘ 1 ï ʏʝʢ-ʣʠʩʪ ʧʦʜʨʘʙʦʪʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʨʠʤʝʯʘʥʠʝ ï ʮʚʝʪʦʚʘʷ ʢʦʜʠʨʦʚʢʘ ʦʟʥʘʯʘʝʪ: 

ʢʨʘʩʥʳʡ ʮʚʝʪ ï ʦʧʘʩʥʳʡ ʬʘʢʪʦʨ, ʟʝʣʝʥʳʡ ï ʬʘʢʪʦʨ ʩʥʠʞʘʶʱʠʡ ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʷ ʟʜʘʥʠʡ 

 

ˉ ʅʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ʅʘʣʠʯʠʝ/ʜʘ ʆʪʩʫʪʩʪʚʠʝ/ʥʝʪ ʇʨʠʤʝʯʘʥʠʝ 

1  ɻʦʨʥʳʝ ʨʘʙʦʪʳ ʧʣʘʥʠʨʫʶʪʩʷ  +  

2  
ɻʦʨʥʳʝ ʨʘʙʦʪʳ ʘʢʪʠʚʥʳʝ 

 + 
ɿʘʚʝʨʰʝʥʳ ʜʦ 1973 

ʛʦʜʘ 

3  ɿʘʧʘʩʳ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ  +  

4  ʂʨʝʧʢʠʝ ʚʤʝʱʘʶʱʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ  +  

5  ʐʘʭʪʘ ʟʘʪʦʧʣʝʥʘ  +  

6  ʄʥʦʛʦʢʨʘʪʥʘʷ ʧʦʜʨʘʙʦʪʢʘ +   

7  ʈʘʟʥʳʝ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ +   

8  ʆʯʠʩʪʥʳʝ ʚʳʨʘʙʦʪʢʠ +   

9  

ʇʫʩʪʦʪʳ ʙʦʣʝʝ 20 ʤ3 

+  

ɺʝʨʦʷʪʥʦ ʥʘ 

ʛʣʫʙʠʥʝ ʙʦʣʝʝ  

150 ʤ 

10  ɺʝʨʪʠʢʘʣʴʥʳʝ ʚʳʨʘʙʦʪʢʠ ʩ ʚʳʭʦʜʦʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ 
+   

11  ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʚʳʨʘʙʦʪʢʠ +  ʅʝ ʤʝʥʝʝ 1 000 ʤ3 

12  ɺʳʭʦʜ ʨʫʜʥʳʭ ʪʝʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ/ʧʦʜ 

ʥʘʥʦʩʳ 
+   

13  ʉʦʚʨʝʤʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ  +  

14  ʄʫʣʴʜʘ ʩʜʚʠʞʝʥʠʷ +   

15  ɿʦʥʘ ʩʜʚʠʞʝʥʠʷ +   

16  ɿʦʥʘ ʪʨʝʱʠʥ +   

17  ɿʦʥʘ ʦʙʨʫʰʝʥʠʷ +   

18  ʄʘʢʨʦʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʫʯʘʩʪʢʘ +   

19  ʄʘʢʨʦʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʤʝʞʥʳʭ ʫʯʘʩʪʢʦʚ 
+   

20  ɼʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ  +  

 ʀʪʦʛʦ 13 7  

 

ʇʦ ʜʘʥʥʳʤ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʧʦ ʚʳʨʘʙʦʪʢʘʤ ʰʘʭʪʳ ʦʙʲʝʤʳ ʩʪʘʨʳʭ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʚʝʣʠʢʠ ʠ ʠʭ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʦ ʠʥʪʝʥʩʠʚʥʳʤ. ʉ 

ʫʯʝʪʦʤ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʜʨʘʙʦʪʢʠ ʫʯʘʩʪʢʘ ʠ ʥʘʣʠʯʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʨʳʭ 

ʚʦʨʦʥʦʢ ʦʙʨʫʰʝʥʠʷ ʚ ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʦ ʵʪʠʤ ʞʝ ʧʨʠʯʠʥʘʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʯʘʩʪʢʘ ʚʩʝʛʜʘ ʙʫʜʝʪ ʩʚʷʟʘʥʦ ʩ ʨʠʩʢʦʤ ʜʝʬʦʨʤʘʮʠʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʩʣʝʜʫʝʪ 

ʦʛʨʘʥʠʯʠʪʴ ʚʠʜʳ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʥʝʣʴʟʷ ʩʪʨʦʠʪʴ ʣʶʙʳʝ ʞʠʣʳʝ ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ 

ʟʜʘʥʠʷ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʢʨʫʧʥʳʭ ʤʘʢʨʦʜʝʬʦʨʤʘʮʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʧʦʠʩʢ ʧʫʩʪʦʪ. ʅʘʣʠʯʠʝ ʦʧʘʩʥʳʭ ʧʫʩʪʦʪ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦ ʩʪʨʫʢʪʫʨʝ ʧʦʜʨʘʙʦʪʘʥʥʦʛʦ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʩʜʚʠʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [5 - 7]. 

ʇʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʫʩʪʦʪ, ʤʦʞʥʦ 

ʨʘʟʤʝʩʪʠʪʴ ʩʢʣʘʜʳ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʜʘʥʠʷ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʙʳʪʦʚʳʝ ʧʦʤʝʱʝʥʠʷ ʠ 

ʜʨʫʛʠʝ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʧʘʩʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ 

ʦʙʲʝʢʪʘʤ. 

ʇʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʩʜʚʠʞʝʥʠʷ  

ʄʝʜʣʝʥʥʳʝ ʜʝʟʠʥʪʝʛʨʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʪ ʩʪʘʨʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩʧʦʩʦʙʥʳ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʠ ʚʳʟʳʚʘʪʴ ʚ ʦʙʦʟʥʘʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʣʦʢʘʣʴʥʳʝ ʧʨʦʩʝʜʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʘʤʝʪʨʦʤ 1 ï 7 ʤ ʠ ʛʣʫʙʠʥʦʡ 1 ï 2 ʤ. ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʧʨʦʩʘʜʦʢ ʜʣʷ ʜʘʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʚ ʥʝʟʘʩʪʨʦʝʥʥʦʤ ʚʠʜʝ ʩʦʩʪʘʚʠʪ - ʦʜʥʦ ʩʦʙʳʪʠʝ ʚ 30 ʣʝʪ. ʆʥʠ ʨʘʟʚʠʚʘʶʪʩʷ ʯʘʱʝ ʚʩʝʛʦ 

ʚ ʚʝʩʝʥʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʠ 
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ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʠʟ ʘʥʘʣʠʟʘ ʙʘʟʳ ʧʨʦʚʘʣʦʚ ʥʘ ɹʝʨʝʟʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʢʦʪʦʨʘʷ 

ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʝʝ 1100 ʩʣʫʯʘʝʚ ʟʘ 57 ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ [11]. ɿʘ ʵʪʦ ʚʨʝʤʷ ʥʝʙʦʣʴʰʠʝ 

ʧʨʦʩʝʜʘʥʠʷ ʧʦʜ ʟʜʘʥʠʷʤʠ ʚ ʛʦʨʦʜʝ ɹʝʨʝʟʦʚʩʢʠʡ ʧʨʦʷʚʣʷʣʠʩʴ ʥʝʦʜʥʦʢʨʘʪʥʦ ʠ ʥʝ ʚʳʟʳʚʘʣʠ 

ʘʚʘʨʠʡʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʧʨʠʥʷʪʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʤʝʨ. 

ʆʙʨʫʰʝʥʠʝ ʛʨʫʥʪʘ ʥʘʜ ʦʙʦʩʦʙʣʝʥʥʳʤʠ ʥʝʙʦʣʴʰʠʤʠ ʧʦʜʟʝʤʥʳʤʠ ʧʦʣʦʩʪʷʤʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʤʦʤʝʥʪʘʣʴʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʟʜʘʥʠʡ. ɺʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʦʪ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʚʠʜʝ ʧʦʚʨʝʞʜʝʥʠʡ ʦʪʜʝʣʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʨʝʱʠʥ ʚ ʩʪʝʥʘʭ [14, 16, 20]. ʊʨʝʙʫʝʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʨʝʤʦʥʪ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʧʨʦʩʘʜʦʢ ʛʨʫʥʪʘ. 

ʇʦ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʧʦ ʯʘʩʪʦʪʝ ʧʨʦʩʘʜʦʢ ʠ ʠʭ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʨʘʟʤʝʨʘʤ ʫʯʘʩʪʦʢ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʯʘʩʪʠ (ʨʠʩʫʥʦʢ 2). ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʨʦʩʘʜʢʠ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ 7 ʤ ʚ ʜʠʘʤʝʪʨʝ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʘʟʤʝʨ ʧʨʦʩʘʜʦʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

3 ʤ ʜʠʘʤʝʪʨʝ. ʅʝ ʨʘʟʤʝʰʘʪʴ ʟʜʘʥʠʷ ʥʘʜ ʤʝʩʪʘʤʠ ʩʪʘʨʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

 
ʈʠʩʫʥʦʢ 2 ï ʈʘʡʦʥʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʘ ʧʦ ʯʘʩʪʦʪʝ ʧʨʦʩʘʜʦʢ ʠ ʠʭ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʘʤ:  

1 ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʨʦʩʘʜʢʠ 3 ʤ, ʯʘʩʪʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ 1 ʩʦʙʳʪʠʝ ʚ 30 ʣʝʪ;  

2 ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʨʦʩʘʜʢʠ 7 ʤ, ʯʘʩʪʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ 1 ʩʦʙʳʪʠʝ ʚ 20 ʣʝʪ 

 

ɺʳʚʦʜʳ 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʣʶʙʳʭ ʟʜʘʥʠʡ ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʨʘʙʦʪʘʥʥʦʛʦ 

ʫʯʘʩʪʢʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʟʘ ʩʯʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʛʨʫʥʪʦʚ ʠ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ 

ʫʚʣʘʞʥʝʥʠʷ ʛʨʫʥʪʦʚ. ʇʦʵʪʦʤʫ ʚ ʧʝʨʚʦʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʩʪʨʦʝʥʥʳʭ ʟʜʘʥʠʡ ʚʦʟʤʦʞʥʘ 

ʘʢʪʠʚʠʟʘʮʠʷ ʜʝʬʦʨʤʘʮʠʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦʪ ʧʝʨʠʦʜ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʜʦ 3 ï 5 ʣʝʪ. ɼʘʣʝʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʧʝʨʝʡʜʫʪ ʚ ʨʝʞʠʤ 1 ʩʦʙʳʪʠʝ ʚ 20 ʣʝʪ. 

ʅʘ ʚʩʝʡ ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʢʣʘʜʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʠ ʪʦʨʛʦʚʳʭ ʟʜʘʥʠʡ, ʦʬʠʩʥʳʭ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʙʳʪʦʚʳʭ ʧʦʤʝʱʝʥʠʡ (ʩʪʘʪʴʷ 2, 4 ʌɿ ˉ 

384) ʩʚʷʟʘʥʦ ʩ ʨʠʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʘʜʦʢ ʛʨʫʥʪʘ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʧʦʚʨʝʞʜʝʥʠʷ 

ʟʜʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʪʠʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʳ ʠ/ʠʣʠ ʫʢʨʝʧʠʪʴ ʛʨʫʥʪʳ, ʩʦʙʣʶʜʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

[ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 30.12.2009 N 384-ʌɿ (ʨʝʜ. ʦʪ 02.07.2013) "ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʦ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ", ʉʪʘʪʴʷ 36]. 
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ʀʟʤʝʥʝʥʠʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʫʯʘʩʪʢʘ ʚ ʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠʣʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʤʦʞʝʪ ʨʝʟʢʦ 

ʫʭʫʜʰʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʫʯʘʩʪʢʘ [17, 18, 19]. ʇʦʵʪʦʤʫ ʚʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʚ 

ʨʘʙʦʪʝ, ʦʙʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠ ʩʨʦʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʦʛʨʘʥʠʯʝʥ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 10 ʣʝʪ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɼɽʌʆʈʄɸʎʀʆʅʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ  

ʕʂʉʇʃʋʊɸʎʀʆʅʅʓʍ ɺʓʈɸɹʆʊʂɸʍ, ʇʈʀʃɽɻɸʖʑʀʍ ʂ ɺʓɽʄʆʏʅʆʄʋ 

ʉʊʆʃɹʋ  

 
ɼɽʄʀʅ ɺ. ʌ.1, ɿɸʍɸʈʆɺ ɸ. ʄ.1, ɾʋʄɸɹɽʂʆɺ ʄ. ʅ.1, ɼɽʄʀʅɸ ʊ. ɺ.2 

 
1 ʅɸʆ çʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ. ʉ. ʉʘʛʠʥʦʚʘè, ʂʘʨʘʛʘʥʜʘ 

2ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʦʩʪ ʛʣʫʙʠʥʳ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʫʭʦʜ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ, 

ʟʘʣʝʛʘʶʱʠʭ ʚ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʨʘʟʚʠʪʠʝ 

ʝʞʝʛʦʜʥʦʝ ʦʩʣʦʞʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʌʘʢʪʦʨʘʤʠ, ʩʜʝʨʞʠʚʘʶʱʠʝ 

ʜʦʩʪʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʜʦʙʳʯʝ ʫʛʣʷ: ʧʨʦʩʪʦʠ ʦʯʠʩʪʥʳʭ ʟʘʙʦʝʚ ʧʦ ʧʨʠʯʠʥʝ 

ʠʟʥʦʰʝʥʥʦʩʪʠ ʛʦʨʥʦʰʘʭʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʝʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʤ 

ʫʩʣʦʚʠʷʤ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʚʘʨʠʡʥʦʩʪʠ ʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʰʘʭʪʘʤ 

ʋʛʦʣʴʥʦʛʦ ʜʝʧʘʨʪʘʤʝʥʪʘ ʧʦʢʘʟʳʚʘʝʪ ʨʦʩʪ ʘʚʘʨʠʡʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʫʛʦʣʴʥʳʤ 

ʜʝʧʘʨʪʘʤʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʨʳ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʠ ʩʥʠʞʝʥʠʝ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʫʛʣʷ. ʆʜʥʠʤ ʠʟ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʫʪʝʡ ʫʣʫʯʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʳʨʘʙʦʪʦʢ ʠ 

ʵʢʦʥʦʤʠʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʥʢʝʨʥʦʡ ʢʨʝʧʠ. ʐʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʘʥʢʝʨʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʙʣʠʟʠ ʚʳʨʘʙʦʪʦʢ. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʣʝʧʦʣʠʤʝʨʥʳʭ ʠ ʢʘʥʘʪʥʳʭ 

ʘʥʢʝʨʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʩʣʦʞʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʦʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʨʘʟʨʘʙʦʪʢʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʥʘʷ ʚʳʨʘʙʦʪʢʘ, ʧʦʯʚʘ ʚʳʨʘʙʦʪʢʠ, ʛʦʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʫʯʝʥʠʝ ʧʦʨʦʜ, 

ʜʝʬʦʨʤʘʮʠʷ, ʧʦʜʟʝʤʥʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ, ʘʥʢʝʨʥʘʷ ʢʨʝʧʴ, ʬʘʢʪʦʨʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʟʨʘʙʦʪʢʠ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ, ʧʨʦʚʝʜʝʥʠʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʚʠʜʳ ʢʨʝʧʣʝʥʠʷ. 
 

INVESTIGATION OF DEFORMATION PROCESSES IN OPERATIONAL WORKINGS 

ADJACENT TO THE EXCAVATION POST  
 

DEMIN V. F.1, ZAHAROV A. M.1, ZHUMABEKOV M. N.1, DEMINA T. V.2 

 
1 NAO çA. S. Saginov Karaganda Technical Universityè, Karaganda 

2 Ural State Mining University, ɽkaterinburg 

 

 

Abstract. Growth of a depth of mining and leaving from initial working off of the stocks which 

are lying down in more favorable service conditions involves development annual complicating 
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173 

 

Keywords: mining, excavation soil, rock pressure, rock heaving, deformation, underground 

mining, rock bolting, factors, efficiency, research, mining-geological and mining-technical 

development conditions, technological schemes, mining, types of fastening. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʨʘʟʨʘʙʦʪʢʠ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʚ 

ʂʘʨʘʛʘʥʜʠʥʩʢʦʤ ʙʘʩʩʝʡʥʝ ʢʨʘʪʥʦʩʪʴ ʧʝʨʝʢʨʝʧʣʝʥʠʷ ʚʳʝʤʦʯʥʳʭ ʚʳʨʘʙʦʪʦʢ ʜʦʩʪʠʛʘʝʪ 

ʚʝʣʠʯʠʥʳ 2, 3 ʠ ʜʘʞʝ 4. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʨʘʙʦʪ, 

ʚʦʟʨʘʩʪʘʶʪ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʚʳʨʘʙʦʪʦʢ, ʚʝʣʠʯʠʥʘ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʨʦʩʪʝ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜ. 

ɺ ʮʝʣʦʤ, ʨʘʩʭʦʜʳ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʨʘʩʪʫʪ ʩ ʨʦʩʪʦʤ ʛʣʫʙʠʥʳ ʠ 

ʩʦʩʪʘʚʣʷʶʪ ʦʪ ʦʙʱʠʭ ʨʘʩʭʦʜʦʚ ʥʘ ʤʘʣʳʭ ʛʣʫʙʠʥʘʭ 4-5%, ʘ ʥʘ ʙʦʣʴʰʠʭ - ʜʦ 15%. 

ʇʨʦʙʣʝʤʘ ʦʭʨʘʥʳ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʝʤʦʯʥʳʭ ʚʳʨʘʙʦʪʦʢ ʥʘ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʚ 

ʂʘʨʘʛʘʥʜʠʥʩʢʦʤ ʙʘʩʩʝʡʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʦʡ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʫʛʣʷ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʩʠʩʪʝʤʳ ʢʨʝʧʣʝʥʠʷ ï 

ʤʦʙʠʣʠʟʘʮʠʷ ʠ ʩʦʭʨʘʥʝʥʠʝ ʩʚʦʡʩʪʚʝʥʥʦʡ ʜʘʥʥʦʤʫ ʤʘʩʩʠʚʫ ʧʨʦʯʥʦʩʪʠ ʩ ʪʝʤ, ʯʪʦʙʳ ʦʥ 

ʩʪʘʥʦʚʠʣʩʷ ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʠʤ.  

ʋʛʣʫʙʣʝʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ  ʫʭʫʜʰʠʣʦ ʩʦʩʪʦʷʥʠʝ  ʧʣʘʩʪʦʚʳʭ ʚʳʝʤʦʯʥʳʭ ʚʳʨʘʙʦʪʦʢ, 

15ï25%  ʢʦʪʦʨʳʭ ʝʞʝʛʦʜʥʦ ʨʝʤʦʥʪʠʨʫʝʪʩʷ.  ʇʨʠʯʝʤ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʨʘʙʦʪʦʢ 

ʨʝʟʢʦ ʨʘʩʪʝʪ ʩ ʛʣʫʙʠʥʦʡ  ʨʘʟʨʘʙʦʪʢʠ (ʩ 500 ʜʦ 800 ʤïʩ 550 ʜʦ 2000 ʯʝʣ./ʩʤʝʥ ʥʘ 1 ʢʤ). 

ʆʧʦʨʥʦʝ ʜʘʚʣʝʥʠʝ ʦʪ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʚʧʝʨʝʜʠ ʟʘʙʦʷ (10ï50 ʤ) ʠ ʥʘ ʢʨʘʝʚʳʭ ʦʙʣʘʩʪʷʭ (ʜʦ 15-20 ʤ), ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʚʳʝʤʦʯʥʳʝ ʚʳʨʘʙʦʪʢʠ.    ʇʦʩʪʦʷʥʥʦ  ʚʣʠʷʥʠʶ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʧʦʜʚʝʨʛʘʶʪʩʷ 25-45 % ʦʙʱʝʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ  ʧʨʠʤʝʥʷʝʤʘʷ ʥʘ ʰʘʭʪʘʭ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʘʨʦʯʥʘʷ 

ʪʨʝʭʟʚʝʥʥʘʷ ʢʨʝʧʴ ʩ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ  ʚ ʧʦʜʘʪʣʠʚʦʤ ʨʝʞʠʤʝ 140-220 ʢʅ ʠ ʚ ʞʝʩʪʢʦʤ 

- 260-350 ʢʅ ʠ ʧʦʜʘʪʣʠʚʦʩʪʠ  0,3 ʤ  ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʚʳʨʘʙʦʪʦʢ ʚ ʧʨʠʛʦʜʥʦʤ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʠʤʝʥʝʥʠʷ ʞʝʩʪʢʠʭ ʠ ʧʦʜʘʪʣʠʚʳʭ ʩʪʦʝʢ, ʟʘʛʨʦʤʦʞʜʘʶʱʠʭ ʚʳʨʘʙʦʪʢʠ ʠ ʫʚʝʣʠʯʠʚʘʶʱʠʭ 

ʩʪʦʠʤʦʩʪʴ ʠʭ ʧʦʜʜʝʨʞʘʥʠʷ, ʨʘʤʥʦ-ʘʥʢʝʨʥʦʡ ʢʨʝʧʠ  ʚ ʫʩʣʦʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʩʩʣʦʝʥʠʡ, 

ʩʤʝʱʝʥʠʡ ʧʦʨʦʜ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ 

ʧʦ ʩʦʚʤʝʩʪʥʦʡ  ʠʭ ʨʘʙʦʪʝ ʩ ʧʨʠʢʦʥʪʫʨʥʳʤ ʤʘʩʩʠʚʦʤ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʤʥʦʡ ʢʨʝʧʠ ʘʥʢʝʨʥʘʷ ʢʨʝʧʴ ʤʦʞʝʪ ʚʦʟʚʦʜʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʧʨʷʞʝʥʥʦʡ, ʧʦʵʪʦʤʫ ʩʨʘʟʫ ʧʦʩʣʝ ʚʦʟʚʝʜʝʥʠʷ ʢʨʝʧʠ ʧʦʚʳʰʘʝʪʩʷ ʩʮʝʧʣʝʥʠʝ ʧʦ ʧʣʦʩʢʦʩʪʷʤ 

ʥʘʧʣʘʩʪʦʚʘʥʠʷ ʧʦʨʦʜ ʠʣʠ ʠʭ ʪʨʝʱʠʥʘʤ. ɸʥʢʝʨʥʘʷ ʩʠʩʪʝʤʘ ʢʨʝʧʠʪ ʧʦʨʦʜʫ, ʩʦʭʨʘʥʷʷ 

ʦʛʨʘʥʠʯʝʥʠʝ ʜʚʠʞʝʥʠʷ ʢʨʦʚʣʠ ʠ ʧʦʟʚʦʣʷʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʫʜʝʨʞʠʚʘʪʴ 

ʢʨʦʚʣʶ ʥʘ ʤʝʩʪʝ, ʥʝ ʜʘʚʘʷ ʝʡ ʚʳʧʘʜʘʪʴ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʣʝʧʦʣʠʤʝʨʥʳʭ ʘʥʢʝʨʦʚ ʩ ʟʘʢʨʝʧʣʝʥʠʝʤ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʰʧʫʨʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʘʛʨʝʛʘʪʥʘʷ ʧʨʦʯʥʦʩʪʴ ʤʘʩʩʠʚʘ (ʧʨʠʙʣʠʞʝʥʥʘʷ ʢ ʧʨʦʯʥʦʩʪʠ ʥʝʪʨʦʥʫʪʦʛʦ 

ʤʘʩʩʠʚʘ), ʠ ʩʦʟʜʘʝʪʩʷ ʥʝʩʫʱʘʷ ʙʘʣʢʘ. ɸʥʢʝʨ ʩ ʧʦʣʠʤʝʨʥʳʤ ʩʦʩʪʘʚʦʤ ʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʞʝʥʠʷʤ ʧʦʨʦʜ ʚ ʩʘʤʦʡ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ, ʪ.ʝ. ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʥʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʢʦʥʪʫʨʥʦʛʦ ʤʘʩʩʠʚʘ ʝʱʸ ʤʦʞʥʦ ʧʦʚʣʠʷʪʴ. ʈʘʤʥʘʷ ʞʝ ʢʨʝʧʴ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʝʟ ʪʘʤʧʦʥʘʞʘ ʟʘʢʨʝʧʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʫʣʫʯʰʘʶʱʠʤ ʩʦʩʪʦʷʥʠʝ ʚʳʨʘʙʦʪʢʠ, 

ʷʚʣʷʝʪʩʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʝʧʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʰʘʭʪʘʭ ʙʘʩʩʝʡʥʘ ʧʨʠʤʝʥʷʝʤʘʷ 

ʘʨʦʯʥʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʢʨʝʧʴ ʠʟ ʩʧʝʮʧʨʦʬʠʣʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʯʝʨʝʟ 1,0 ï0,5 ʤ (ʨʝʜʢʦ ʯʝʨʝʟ 

0,25 ʤ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʧʦʨ ʦʪ 20 ʜʦ 50ï70 ʢʅ/ʤ2. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʪʘʢʦʡ 

ʨʝʘʢʮʠʠ ʢʨʝʧʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʨʘʙʦʪʦʢ ʩ 

ʨʦʩʪʦʤ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ. ʇʦʵʪʦʤʫ ʥʘ ʰʘʭʪʘʭ ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʠʣʝʥʠʝ 

ʢʨʝʧʣʝʥʠʷ ʚʳʝʤʦʯʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʠʟ ʢʨʝʧʠ ʋʂʈ ʧʦʜ 

ʧʨʦʜʦʣʴʥʳʝ ʧʨʦʬʠʣʷ, ʛʠʜʨʦʩʪʦʝʢ ʠʣʠ ʩʪʦʝʢ ʪʨʝʥʠʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ. 
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ʇʨʠʤʝʥʝʥʠʝ ʞʝ ʩʪʘʣʝʧʦʣʠʤʝʨʥʳʭ ʘʥʢʝʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪ ɹʚʳʨʘʙʦʪʢʠ ʟʘ 

ʩʯʝʪ ʫʧʨʦʯʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʩʚʦʜʘ ʩʣʦʠʩʪʳʭ ʧʦʨʦʜ  ʢʨʦʚʣʠ  ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ  ʩʚʷʟʠ  ʢʦʥʪʫʨʘ 

ʚʳʨʘʙʦʪʢʠ ʩ  ʯʘʩʪʴʶ ʧʨʠʢʦʥʪʫʨʥʦʛʦ ʩʣʦʷ ʚʤʝʱʘʶʱʝʛʦ ʤʘʩʩʠʚʘ.   ʇʦʩʪʦʷʥʥʦ  ʚʣʠʷʥʠʶ 

ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʧʦʜʚʝʨʛʘʶʪʩʷ 25-45 % ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ 

ʚʳʨʘʙʦʪʦʢ. ʅʘ ʰʘʭʪʘʭ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʢʨʘʪʥʦʩʪʴ ʧʝʨʝʢʨʝʧʣʝʥʠʷ ʚʳʝʤʦʯʥʳʭ 

ʚʳʨʘʙʦʪʦʢ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ 2, 3 ʠ ʜʘʞʝ 4, ʧʨʠ ʵʪʦʤ 15 ï 25 %  ʠʭ ʝʞʝʛʦʜʥʦ 

ʨʝʤʦʥʪʠʨʫʝʪʩʷ (ʨʠʩ. 1 ʠ 2). 

 

     
ʜʝʬʦʨʤʘʮʠʷ (ʚʝʨʭʥʝʛʦ ʢʨʝʧʣʝʥʠʷ)     ʜʝʬʦʨʤʘʮʠʷ ʩʪʦʝʢ ʘʨʦʯʥʦʡ ʢʨʝʧʠ 

 

ʈʠʩ. 1 - ʋʩʣʦʚʠʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʝʤʦʯʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ 

 

 

     
ʚ ʯʠʩʪʦʤ ʚʠʜʝ                                                        ʩʤʝʰʘʥʥʦʝ 

 

ʈʠʩ. 2 - ɸʥʢʝʨʥʦʝ ʢʨʝʧʣʝʥʠʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ ʬʦʨʤʳ ʠ ʩʝʯʝʥʠʷ ʚʳʨʘʙʦʪʢʠ 

ʨʘʟʣʠʯʘʶʪ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ  ʘʥʢʝʨʥʦʡ ʢʨʝʧʠ (ʨʠʩ. 3 ʠ 4) [1, 2, 3]: 

- ʩʣʘʙʦʫʩʪʦʡʯʠʚʳʝ ʩʣʦʠʩʪʳʝ ʧʦʨʦʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʠʣʠ ʣʦʞʥʦʡ ʢʨʦʚʣʠ 

ʧʦʜʚʝʰʠʚʘʶʪʩʷ ʘʥʢʝʨʘʤʠ ʢ ʦʩʥʦʚʥʦʡ ʢʨʦʚʣʝ; 

- ʧʦʨʦʜʥʳʝ ʩʣʦʠ, ʩʢʨʝʧʣʷʷʩʴ ʘʥʢʝʨʘʤʠ, ʦʙʨʘʟʫʶʪ ʩʦʩʪʘʚʥʫʶ ʙʘʣʢʫ, 

ʧʨʝʜʦʭʨʘʥʷʶʱʫʶ ʢʨʦʚʣʶ ʦʪ ʦʙʨʫʰʝʥʠʷ (ʩʣʫʯʘʡ çʩʰʠʚʢʠè); 

- ʦʢʦʣʦ ʢʘʞʜʦʛʦ ʘʥʢʝʨʘ ʢʫʩʢʠ ʪʨʝʱʠʥʦʚʘʪʦʡ ʧʦʨʦʜʳ ʧʨʠʞʠʤʘʶʪʩʷ ʘʥʢʝʨʘʤʠ ʢ ʜʨʫʛ 

ʜʨʫʛʫ, ʦʙʨʘʟʫʷ ʧʨʦʯʥʳʡ ʙʣʦʢ; 

- ʚ ʪʨʝʱʠʥʦʚʘʪʦʡ ʦʜʥʦʨʦʜʥʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʝ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʘʥʢʝʨʥʘʷ ʢʨʝʧʴ 
ʧʨʝʜʦʭʨʘʥʷʝʪ ʚʳʨʘʙʦʪʢʫ ʦʪ ʚʳʚʘʣʘ ʦʪʜʝʣʴʥʳʭ ʢʫʩʢʦʚ ʧʨʠ ʨʘʩʢʨʳʪʠʠ ʧʨʠʨʦʜʥʳʭ 
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ʪʨʝʱʠʥ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ; 

- ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦ ʩʠʣʴʥʦ ʪʨʝʱʠʥʦʚʘʪʦʤʫ ʩʣʦʠʩʪʦʤʫ ʤʘʩʩʠʚʫ ʩ ʢʦʥʪʫʨʦʤ, ʙʣʠʟʢʦ 
ʩʦʚʧʘʜʘʶʱʠʤ ʩʦ ʩʚʦʜʦʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʘʥʢʝʨʥʘʷ ʢʨʝʧʴ ʧʨʝʜʦʭʨʘʥʷʝʪ 

ʚʳʨʘʙʦʪʢʫ ʦʪ ʢʦʨʞʝʥʠʷ ʠ ʚʳʩʳʧʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

-  
ʘ                                                                       ʙ 

 
ʚ                                                                       ʛ 

 
ʜ 

 
 

ʈʠʩʫʥʦʢ  3ï ʉʭʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʢʝʨʥʦʡ ʢʨʝʧʠ ʩ ʚʤʝʱʘʶʱʠʤʠ 

ʧʦʨʦʜʘʤʠ 

ʘ) ï ʧʨʠ ʤʥʦʛʦʩʣʦʠʩʪʦʡ ʧʦʨʦʜʥʦʡ ʤʘʩʩʝ; ʙ) ï ʧʨʠ ʤʘʣʦʩʣʦʠʩʪʳʭ ʧʦʨʦʜʘʭ ʢʨʦʚʣʠ; ʚ) ï ʧʨʠ ʧʨʦʯʥʳʭ ʧʦʨʦʜʘʭ; 

ʛ) ï ʧʨʠ ʤʘʣʦʫʩʪʦʡʯʠʚʳʭ ʧʦʨʦʜʘʭ; ʜ) ï ʧʨʠ ʥʝʫʩʪʦʡʯʠʚʦʡ ʥʠʞʥʝʡ ʧʦʨʦʜʥʦʡ ʧʘʯʢʝ 

 

 

         

  

͍ͫͦ͒ 
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ʈʠʩʫʥʦʢ 4 ï ʂʦʤʧʣʝʢʩ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʝʧʠ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩ ʛʦʨʥʳʤ 

ʤʘʩʩʠʚʦʤ 

 

ɺʩʝ ʚʠʜʳ ʜʝʬʦʨʤʘʮʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʜ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʳʨʘʙʦʪʦʢ. ʆʥʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʣʠʷʥʠʡ 

ʉʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ 

ʋʧʨʫʛʦʝ 

 

ʅʝʫʧʨʫʛʦʝ  

(ʧʣʘʩʪʠʯʥʦʝ, ʚʷʟʢʦʝ, ʜʠʩ-

ʧʝʨʩʥʦʝ) 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ  

ʫʧʨʫʛʦ - ʧʣʘʩʪʠʯʥʦʝ 

ɺʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʥʝʨʝʛʫʣʠ-

ʨʫʝʤʳʝ ʛʣʫʙʠʥʘ ʨʘʟʨʘ-

ʙʦʪʢʠ, ʫʛʦʣ ʧʘʜʝʥʠʷ, 

ʩʪʨʦʝʥʠʝ ʠ ʪʠʧ ʧʦʨʦʜ, 

ʥʘʨʫʰʝʥʥʦʩʪʴ 

 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʨʝʛʫʣʠʨʫʝʤʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʨʦʜ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘ-

ʨʘʤʝʪʨʳ 

 

ʈʝʛʫʣʠʨʫʝʤʳʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ 

ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʚʳʨʘʙʦ-

ʪʦʢ, ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʧʦ-

ʩʦʙʳ ʦʭʨʘʥʳ ʠ ʢʨʝʧʣʝʥʠʷ 

 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  

ʢʨʝʧʠ 

ɺʨʝʤʷ ʚcʪʫʧʣʝʥʠʷ ʚ ʢʦʥʪʘʢʪ ʩ 

ʧʦʨʦʜʦʡ 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ 

ʧʝʨʝʤʝʱʝʥʠʷ 

ʈʝʞʠʤ ʨʘʙʦʪʳ ʢʨʝʧʠ 

ɿʘʜʘʥʥʘʷ ʜʝʬʦʨ-

ʤʘʮʠʷ 

ɿʘʜʘʥʥʘʷ 

ʥʘʛʨʫʟʢʘ 

ɺʟʘʠʤʦʚʣʠʷʶʱʘʷ 

ʜʝʬʦʨʤʘʮʠʷ 

ʂʦʤʙʠʥʠʨʦ-ʚʘʥ-

ʥʳʡ  

ʇʨʠʯʠʥʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩ-

ʩʠʚʘ 

ɿʦʥʳ ʧʦʚʳʰʝʥʥʦʛʦ 

ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

 

ɺʣʠʷʥʠʝ ʦʯʠʩʪʥʳʭ 

ʨʘʙʦʪ 

 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʦʨ-

ʥʦʡ ʚʳʨʘʙʦʪʢʠ 

 

ʇʝʨʝʭʦʜ ʛʦʨʥʳʭ 

ʚʳʨʘʙʦʪʦʢ 
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ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʩʪʘʭ (ʩʤ. ʨʠʩ. 4). 

ʉ ʫʛʣʫʙʣʝʥʠʝʤ ʛʦʨʥʳʭ ʨʘʙʦʪ ʦʩʦʙʝʥʥʦ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʜʝʬʦʨʤʘʮʠʠ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ ʠ ʥʘʛʨʫʟʢʠ ʥʘ ʢʨʝʧʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ 

ʦʯʠʩʪʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʉ ʧʝʨʝʭʦʜʦʤ ʥʘ ʥʠʞʥʠʝ ʛʦʨʠʟʦʥʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʨʘʟʤʝʨʳ 

ʟʦʥ ʚʣʠʷʥʠʷ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʥʘʯʠʥʘʷ ʩ ʛʣʫʙʠʥʳ 500 ʤ. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʪʝʥʜʝʥʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʮʝʣʠʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʪʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ 

ʪʨʝʙʫʝʪ ʠʟʳʩʢʘʥʠʷ ʥʘʜʝʞʥʳʭ ʩʨʝʜʩʪʚ ʦʭʨʘʥʳ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʦʯʠʩʪʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ ʜʦ 800 ʤ ʚʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ ʧʦʨʦʜ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ, ʘ ʟʘʪʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʧʦʣʘʞʠʚʘʥʠʝ ʢʨʠʚʳʭ, ʪʘʢ ʢʘʢ ʩʜʚʠʞʝʥʠʝ ʧʦʨʦʜ ʥʘʜ 

ʚʳʨʘʙʦʪʢʦʡ ʟʘ ʩʨʦʢ ʝʝ ʩʣʫʞʙʳ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʛʣʫʙʠʥʫ, ʥʝ ʧʨʝʚʳʰʘʶʱʫʶ 900 ʤ. 

ʉʤʝʱʝʥʠʷ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʧʦʧʝʨʝʯʥʦʛʦ   ʩʝʯʝʥʠʷ ʚʳʨʘʙʦʪʦʢ. 

ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ ʰʠʨʠʥʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʍʘʨʘʢʪʝʨʥʳʝ 

ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʝʱʝʥʠʡ ʧʦʨʦʜ ʚʦʢʨʫʛ ʢʘʧʠʪʘʣʴʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʧʨʠʚʝʜʝʥʳ    

ʥʘ ʨʠʩ. 5. ʉʤʝʱʝʥʠʷ ʫʙʳʚʘʶʪ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʢʦʥʪʫʨʘ ʚ ʛʣʫʙʴ ʤʘʩʩʠʚʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʦʥʳ ʨʘʩʪʷʞʝʥʠʷ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪ ʜʦ 9 ʤ. 

ɸʥʢʝʨʥʘʷ ʢʨʝʧʴ, ʨʘʙʦʪʘʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʫʜʝʨʞʠʚʘʶʪ ʘʥʢʝʨʫʝʤʳʝ ʧʦʨʦʜʳ ʦʪ 

ʨʘʩʩʣʦʝʥʠʷ, ʩʜʚʠʞʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ. ɺ ʧʦʨʦʜʘʭ ʩʦ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʣʦʠ ʥʝʫʩʪʦʡʯʠʚʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʣʠʙʦ ʧʨʠʢʨʝʧʣʷʶʪʩʷ (ʧʦʜʰʠʚʘʶʪʩʷ) ʘʥʢʝʨʘʤʠ ʢ ʫʩʪʦʡʯʠʚʦʡ 

ʦʩʥʦʚʥʦʡ ʢʨʦʚʣʠ, ʣʠʙʦ ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ ʧʦʨʦʜ ʘʥʢʝʨʘʤʠ ʩʢʨʝʧʣʷʶʪʩʷ  ʚ ʦʜʥʫ ʤʦʥʦʣʠʪʥʫʶ 

ʧʣʠʪʫ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʚʦʩʧʨʠʥʠʤʘʪʴ ʥʘʛʨʫʟʢʫ ʦʪ ʚʳʰʝʣʝʞʘʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɺ ʧʦʨʦʜʘʭ 

ʩ ʥʝʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʘʥʢʝʨʳ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʚʦʜʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʦʙʨʫʰʝʥʠʷ, ʧʨʦʪʠʚʦʩʪʦʷʪ ʨʘʩʪʷʛʠʚʘʶʱʠʤ ʫʩʠʣʠʷʤ ʚ ʧʦʨʦʜʘʭ ʩʚʦʜʘ.  

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʝʤ ʤʘʩʩʠʚʘ ʩʦʦʨʫʞʝʥʠʝʤ ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʨʝʧʝʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ; ʫʩʪʘʥʦʚʣʝʥʠʝ  

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʜʚʠʞʝʥʠʷ ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʭʘʨʘʢʪʝʨ ʩʜʚʠʞʝʥʠʷ   ʟʘʘʥʢʝʨʠʨʦʚʘʥʥʳʭ  ʧʦʨʦʜ   ʧʨʠ  ʠʭ  ʨʘʟʥʦʦʙʨʘʟʥʦʤ ʩʪʨʫʢʪʫʨʥʦʤ 

ʩʪʨʦʝʥʠʠ ʠ ʛʦʨʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʘʭ; ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ 

ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʢʨʝʧʴ ʚʥʝ ʟʦʥʳ  ʠ  ʚ  ʟʦʥʝ ʚʣʠʷʥʠʷ  ʦʯʠʩʪʥʳʭ  ʨʘʙʦʪ,  ʩʤʝʱʝʥʠʡ ʧʦʨʦʜ 

ʢʨʦʚʣʠ, ʧʦʯʚʳ, ʙʦʢʦʚ ʚʳʨʘʙʦʪʦʢ; ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʥʢʝʨʥʦʛʦ 

ʢʨʝʧʣʝʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʧʦʩʨʝʜʩʪʚʦʤ ʵʬʬʝʢʪʠʚʥʦʛʦ  ʫʧʨʦʯʥʝʥʠʷ ʦʩʣʘʙʣʝʥʥʳʭ ʟʦʥ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʨʝʧʠ ʧʨʦʚʝʜʝʥʳ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ 

ʘʥʢʝʨʥʦʡ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʠ ʨʘʤʥʦʡ ʢʨʝʧʷʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʚʳʷʚʣʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʥʢʝʨʥʦʡ ʢʨʝʧʠ.   

ɺ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʭʦʜʠʣʦ ʥʘʪʫʨʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ: ʫʩʪʘʥʦʚʠʪʴ ʭʘʨʘʢʪʝʨ 

ʩʜʚʠʞʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʠʭ ʩʪʨʦʝʥʠʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʭ 

ʢʨʦʚʝʣʴ ʚʳʨʘʙʦʪʦʢ; ʦʧʨʝʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʢʨʝʧʴ, ʢʦʛʜʘ 

ʚʳʨʘʙʦʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʟʦʥʝ ʠ ʚʥʝ ʟʦʥʳ ʚʣʠʷʥʠʷ ʦʯʠʩʪʥʦʤʫ ʟʘʙʦʶ.      
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ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʤʝʱʝʥʠʡ, ʤ/ʩʫʪ 

 
ʚʳʩʦʪʘ ʚʳʨʘʙʦʪʢʠ, ʤ 

 
ʈʠʩ. 5 - ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʤʝʱʝʥʠʡ ʦʪ ʛʣʫʙʠʥʳ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʚʳʨʘʙʦʪʢʠ 

1,3 - ʩʤʝʱʝʥʠʝ ʧʦʯʚʳ ʠ ʢʨʦʚʣʠ ʚʳʨʘʙʦʪʢʠ; 

2,4 - ʩʤʝʱʝʥʠʷ ʙʦʢʦʚ ʚʳʨʘʙʦʪʢʠ. 

 

ɿʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʢʦʥʚʝʡʝʨʥʦʤ ʰʪʨʝʢʝ 42ʢ10-ʟ  ʰʘʭʪʳ ʠʤ. ʂʫʟʝʤʙʘʝʚʘ 

ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʟʘʢʨʝʧʣʝʥʥʦʤ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʢʨʝʧʠ. 

ɼʝʬʦʨʤʘʮʠʷ ʢʦʥʪʫʨʦʚ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ (v ï ʩʢʦʨʦʩʪʴ, ʤ/ʩʫʪ; U ï ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʤʝʱʝʥʠʡ, ʤ) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 6. ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʫʩʢʘʥʠʷ ʢʨʦʚʣʠ æhk, ʩʙʣʠʞʝʥʠʷ ʙʦʢʦʚ æly ʥʘ ʫʯʘʩʪʢʝ ʫʛʦʣʴʥʦʛʦ 

ʧʣʘʩʪʘ ʠ æln ʥʘ ʫʯʘʩʪʢʝ ʧʦʜʨʳʚʢʠ ʠ ʨʘʩʩʣʦʝʥʠʷ 1,5 - ʤʝʪʨʦʚʦʛʦ ʩʣʦʷ ʢʨʦʚʣʠ ȹhp. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 200 ʩʫʪʦʢ ʩ ʤʦʤʝʥʪʘ ʫʩʪʘʥʦʚʢʠ ʢʨʝʧʠ ʚ 

ʥʝʪʨʦʥʫʪʦʤ ʤʘʩʩʠʚʝ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʜʚʠʞʝʥʠʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ 

ʚ ʚʳʨʘʙʦʪʢʘʭ ʪʨʘʧʝʮʝʚʠʜʥʦʡ ʠ ʘʨʦʯʥʦʡ ʬʦʨʤʳ, ʟʘʢʨʝʧʣʸʥʥʳʭ ʨʘʤʥʦʡ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

(ʘʥʢʝʨʥʦ-ʨʘʤʥʦʡ) ʠ ʘʥʢʝʨʥʦʡ ʢʨʝʧʴʶ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʢʨʦʚʣʷ ʦʧʫʩʢʘʝʪʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʨʦʭʦʜʯʝʩʢʦʛʦ ʟʘʙʦʷ. ɿʘ ʧʝʨʚʳʝ ʩʫʪʢʠ ʚʝʣʠʯʠʥʘ ʦʧʫʩʢʘʥʠʷ 

ʢʨʦʚʣʠ ʥʘ ʫʯʘʩʪʢʝ ʩ ʘʥʢʝʨʥʦʡ ʢʨʝʧʴʶ ʩʦʩʪʘʚʠʣʘ 20 % ʦʧʫʩʢʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʥʘʙʣʶʜʝʥʠʡ 200ʩʫʪ, ʩ ʘʨʦʯʥʦ - ʨʘʤʥʦʡ 30% ʠ ʩ ʨʘʤʥʦ - ʘʥʢʝʨʥʦʡ ï 5 %, ʘ ʟʘ ʧʝʨʚʳʝ 10 ʩʫʪ.ï

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 35, 45 ʠ 25 %. ɺ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚ ʜʚʠʞʝʥʠʝ ʧʨʠʰʣʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʪʦʣʱʘ 

ʧʦʨʦʜ: ʟʘ 10 ʩʫʪ. ʨʝʧʝʨʘ ʥʘ ʛʣʫʙʠʥʝ 1,5ʤ ʦʧʫʩʪʠʣʘʩʴ ʥʘ ʫʯʘʩʪʢʝ ʩ ʘʨʦʯʥʦʡ ʢʨʝʧʴʶ ʥʘ 10ʤʤ 

ʠʣʠ 80 % ʚʩʝʛʦ ʦʧʫʩʢʘʥʠʷ ʵʪʦʛʦ ʨʝʧʝʨʘ ʚ ʤʘʩʩʠʚʝ, ʩ ʘʥʢʝʨʥʦʡï35ʤʤ (50%) ʠ ʩ ʘʥʢʝʨʥʦ-

ʨʘʤʥʦʡï14ʤʤ  (20 %). 

ʇʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚʳʨʘʙʦʪʢʠ ʩʦʩʪʘʚʠʣ 20 ʤʝʩʷʮʝʚ. ʉʤʝʱʝʥʠʷ 

ʧʦʨʦʜ ʢʨʦʚʣʠ ʚ 20 ʤ ʧʝʨʝʜ ʣʘʚʦʡ, ʚ ʩʪʚʦʨʝ ʩ ʣʘʚʦʡ ʠ 100 ʤ ʧʦʟʘʜʠ ʥʝʸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʩʦʩʪʘʚʠʣʠ:   ʨʘʤʥʦʡ ʢʨʝʧʴʶ ï 0,31, 0,49, 1,11 ʤ; ʘʥʢʝʨʥʦ-ʨʘʤʥʦʡ ʢʨʝʧʴʶ ï0,07, 0,09, 0,21 ʤ 

(ʠʣʠ ʤʝʥʴʰʝ ʚ 3ï4 ʨʘʟʘ).   

ʉʙʣʠʞʝʥʠʝ ʢʨʦʚʣʠ ʠ ʧʦʯʚʳ ʚʳʨʘʙʦʪʢʘʭ ʩʦʩʪʘʚʠʣʦ 750 ï 800 ʤʤ, ʠʟ ʥʠʭ 65 % 

ʩʤʝʱʝʥʠʡ ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʧʫʯʝʥʠʝ ʧʦʨʦʜ ʧʦʯʚʳ. ʂʦʥʚʝʡʝʨʥʳʝ ʚʳʨʘʙʦʪʢʠ ʙʳʣʠ ʧʨʦʡʜʝʥ r

ʫʟʢʠʤ ʟʘʙʦʝʤ ʠ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʧʦʟʘʜʠ ʣʘʚ rʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʈʘʟʤʝʨ ʟʦʥʳ 

ʦʧʝʨʝʞʘʶʱʝʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʣʘʚʳ ʩʦʩʪʘʚʣʷʣ 120ï130 ʤ ʠ ʚ ʚʳʨʘʙʦʪʢʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʠʥʪʝʥʩʠʚʥʦʝ ʧʫʯʝʥʠʝ ʧʦʯʚʳ, ʜʝʬʦʨʤʘʮʠʷ ʢʨʝʧʠ. ɺ 20ï30 ʤ ʚʧʝʨʝʜʠ ʟʘʙʦʷ ʣʘʚʳ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦʜʨʳʚʢʘ ʧʦʨʦʜ ʧʦʯʚʳ ʥʘ ʛʣʫʙʠʥʫ 0,8ï1,0 ʤ, ʩʙʣʠʞʝʥʠʝ ʢʨʦʚʣʠ ʠ ʧʦʯʚʳ ʚ 

ʚʳʨʘʙʦʪʢʝ ʥʘ ʣʠʥʠʠ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʩʦʩʪʘʚʠʣʦ 0,126 ʤ. 

ʇʦʟʘʜʠ ʣʘʚʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʤʝʱʝʥʠʡ ʦʩʪʘʚʘʣʘʩʴ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ, ʠ ʚ 100ï150 ʤ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʝʨʝʢʨʝʧʣʝʥʠʝ ʠ ʚʪʦʨʠʯʥʘʷ ʧʦʜʨʳʚʢʘ ʧʦʯʚʳ ʚʳʨʘʙʦʪʢʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʥʘʛʨʫʟʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʢʝʨʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ 
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ʫʩʣʦʚʠʷʭ ʰʘʭʪʳ ʠʤ. ʂʫʟʝʤʙʘʝʚʘ ʋɼ ɸʆ çɸʨʩʝʣʦʨʄʠʪʪʘʣ ʊʝʤʠʨʪʘʫè ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʣʘʚʳ 

11ʢ7-ʟ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ 288 ʤ ʠʩʩʣʝʜʦʚʘʥ ʢʦʥʚʝʡʝʨʥʳʡ ʰʪʨʝʢ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʘʥʢʝʨʥʦʡ 

ʢʨʝʧʴʶ. ʂʨʝʧʣʝʥʠʝ ʚʳʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʦʚ ʜʠʘʤʝʪʨʦʤ 22 ʤʤ,  

ʜʣʠʥʦʡ 1,8 ʤ ʧʦ 5 ʰʪʫʢ ʚ ʨʷʜ, ʩ ʨʘʩʩʪʦʷʥʠʝʤ  ʤʝʞʜʫ ʨʷʜʘʤʠ 0,7 ʤ. 

 

 
ʈʠʩ. 6ïɼʝʬʦʨʤʘʮʠʷ ʢʦʥʪʫʨʦʚ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ 

ʘ)  1 ʠ 2 ï ʩʙʣʠʞʝʥʠʝ (U) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ (V) ʧʦʨʦʜ ʢʨʦʚʣʠ ʠ ʧʦʯʚʳ; ʙ)  3, 4 ʠ 5 ï 

ʦʧʫʩʢʘʥʠʝ ʢʨʦʚʣʠ, ʩʙʣʠʞʝʥʠʝ ʙʦʢʦʚ ʠ  ʧʫʯʝʥʠʝ ʧʦʯʚʳ; ʚ)  6, 7 ʠ 8 ï ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʢʨʦʚʣʠ, ʙʦʢʦʚ ʠ 

ʧʦʯʚʳ. 

 

ʂʨʝʧʣʝʥʠʝ ʙʦʢʦʚ ʚʳʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʘʥʢʝʨʘʤʠ ʧʦ 4 ʘʥʢʝʨʘ 

ʥʘ ʦʜʠʥ ʤʝʪʨ. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʚ ʟʦʥʝ ʚʝʜʝʥʠʷ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ, 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʫʩʪʘʥʦʚʢʘ ʪʨʝʭ ʨʷʜʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʝʮʧʨʦʬʠʣʷ ʉɺʇ-22 ʜʣʷ ʫʩʠʣʝʥʠʷ 

ʢʨʦʚʣʠ ʚʳʨʘʙʦʪʢʠ  ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʩʪʦʡʢʘʤʠ. ʅʘ ʩʦʧʨʷʞʝʥʠʠ ʣʘʚʳ ʩʦ ʰʪʨʝʢʦʤ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʘʥʢʝʨʘ ʧʦʜ ʫʛʣʦʤ 45ï60Á ʚ ʩʪʦʨʦʥʫ ʣʠʥʠʠ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ. ʇʘʩʧʦʨʪ 

ʢʨʝʧʣʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʧʨʠ ʧʨʦʭʦʜʢʝ ʠ ʧʦʜʜʝʨʞʘʥʠʠ ʝʝ ʟʘ ʧʦʜʚʠʛʘʥʠʝʤ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 8. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ ʚʧʝʨʝʜʠ ʣʠʥʠʠ ʦʯʠʩʪʥʦʛʦ 

ʟʘʙʦʷ ʚ 10ï20 ʤ ʦʪ ʣʘʚʳ ʩʦʩʪʘʚʣʷʣʠ 0,025ï0,03 ʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʪʫʭʘʥʠʝʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

30-35 ʤ. ʉʤʝʱʝʥʠʝ ʧʦʨʦʜ  ʢʨʦʚʣʠ ʚ ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʯʘʩʪʠ ʜʦʩʪʠʛʘʣʠ ʚʝʣʠʯʠʥʳ 0,52ï0,55ʤ. 

ʘ) 

 

 

 

 

 

ʙ) 

 

 

 

 

 

ʚ) 
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ɺʝʣʠʯʠʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʥʘ ʩʦʧʨʷʞʝʥʠʠ ʢʦʥʚʝʡʝʨʥʦʛʦ ʰʪʨʝʢʘ ʩ ʣʘʚʦʡ ʩʦʩʪʘʚʣʷʣʦ  

0,025ï0,045 ʤ.   

ʇʨʦʠʟʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ  ʩ ʨʦʩʪʦʤ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ (ʜʦ 750-800 

ʤ), ʫʚʝʣʠʯʝʥʠʷ ʩʝʯʝʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ (ʜʦ 18-20 ʤ2), ʧʨʠ ʩʨʦʢʝ ʧʦʜʜʝʨʞʘʥʠʷ 3-5 ʣʝʪ, 

ʨʘʩʪʫʪ ʩʤʝʱʝʥʠʷ ʧʦʨʦʜ ʢʨʦʚʣʠ (0,3-0,5 ʤ ʠ ʙʦʣʝʝ), ʧʦʯʚʳ (0,4-0,6 ʤ ʠ ʙʦʣʝʝ) ʥʘ ʠʭ ʢʦʥʪʫʨʝ 

ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ ʢʨʝʧʴ (ʜʦ 800-900 ʢʅ), ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʤʥʦʡ ʢʨʝʧʠ 

(2,6-2,7 ʨʘʤ/ʧʦʛ. ʤ) ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʛʦʨʥʳʭ 

ʚʳʨʘʙʦʪʦʢ. 
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ʄɽʊʆɼʓ ʆʎɽʅʂʀ ʋʉʊʆʁʏʀɺʆʉʊʀ ʋʉʊʋʇʆɺ ʀ ʆʊʂʆʉʆɺ ɺ ʋʉʃʆɺʀʗʍ 

ɸʅʀɿʆʊʈʆʇʅʆɻʆ ʄɸʉʉʀɺɸ 

 

ʉɸʊɸʅʆɺ ɾ. ʈ., ʄʋʉʀʅ ɸ. ɸ., ɼɸʃʀɹɸɽɺ ɸ. ɾ. 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʠʣʢʘʩʘ ʉʘʛʠʥʦʚʘ, ʂʘʨʘʛʘʥʜʘ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʠ ʫʩʪʫʧʦʚ ʚ ʫʩʣʦ-ʚʠʷʭ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʤʘʩʩʠʚʘ. ɺ ʩʪʘʪʴʝ ʠʟʫʯʘʶʪ ʩʪʨʫʢʪʫʨʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ ʠ ʧʨʝʜʣʘʛʘ-ʶʪ ʤʝʪʦʜ 

ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ. ʊʘʢʞʝ ʦʥʠ ʘʥʘʣʠ-ʟʠʨʫʶʪ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠʣʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʩʨʝʟʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʪʘʪʴʝ  ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩʪʝʨʝʦʛʨʘʬʠ-ʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʫʯʘʩʪʢʘʭ ʟʘʧʘʜʥʦʛʦ ʠ ʜʘʣʴʥʝʟʘ-ʧʘʜʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʠʟʦʪʨʦʧʥʳʡ ʤʘʩʩʠʚ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʪʢʦʩʦʚ, ʤʝʪʦʜ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ. 

METHODS FOR ASSESSING THE STABILITY OF BERCHES AND SLOPES UNDER 

CONDITIONS OF ANISOTROPIC MASSIVE  

SATANOV ZH. R., MUSIN A. A., DALIBAEV A.  ZH. 

Abilkas Saginov Karaganda Technical University 

Abstract. The article discusses methods for assessing the stability of slopes and ledges in conditions of an 

anisotropic massif. The article studies the structural stability of slopes and proposes a limit equil-ibrium 

method for calculating the stability of quarry sides. They also analyze the stability of sliding surfaces using 

limit equilibrium methods with vertical or horizontal shear. In addition, the authors con-sider stereographic 

projections to study the geological and structural conditions in areas of the western and far-western massif. 

Keywords: anisotropic massif, slope stability, limit equilibrium method, sliding surfaces, stereoraphic pro-

jections. 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʄʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʨʴʝʨʦʚ ʂʘ-

ʟʘʭʩʪʘʥʘ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʦʙʨʫʰʝʥʠʡ, ʚʳʟʳʚʘʝʤʳʭ ʩʦʯʝʪʘʥʠʝʤ ʦʪʜʝʣʴ-

ʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʦʩʣʘʙʣʝʥʠʷ ʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʬʦʨ-

ʤʘʮʠʠ ʤʘʩʩʠʚʘ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʝʢʪ, ʩ ʫʯʝʪʦʤ ʩʪʨʫʢʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʪʢʦʩʦʚ (ʊʘʙʣʠʮʘ 1). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ɾʘʡʨʝʤʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʙʫʜʫʪ ʧʨʝʦʙʣʘ-

ʜʘʪʴ ʧʣʦʩʢʦʩʪʥʳʝ (1, 2) ʠ ʢʣʠʥʦʚʠʜʥʳʝ (3, 5, 6, 7) ʚʠʜʳ ʦʙʨʫʰʝʥʠʡ.  

ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʈʂ, ʰʠʨʠʥʘ ʙʝʨʤ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ 1/3 ʚʳ-

ʩʦʪʳ ʫʩʪʫʧʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʦʪʢʦʩʘ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʙʝʨʤʘʤʠ 

ʧʨʠ ʫʛʣʝ ʦʪʢʦʩʘ ʫʩʪʫʧʦʚ 80Á ʩʦʩʪʘʚʠʪ 63Á. ɼʘʥʥʳʡ ʘʩʧʝʢʪ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢ-

ʪʦʨʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʫʩʣʦʚʠʷ 
ɼʘʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʭ ʟʘʤʝʨʦʚ ʙʳʣʠ ʩʚʝʜʝʥʳ ʚ ʝʜʠʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴ-

ʟʦʚʘʣʘʩʴ ʜʣʷ ʦʮʝʥʢʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʟʘʧʦʣʥʠʪʝʣʷ ʥʘʨʫʰʝʥʠʡ. ʕʪʠ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʦʢʘʟʳ-

ʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʮʝʧʣʝʥʠʷ ʠ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʥʘʨʫʰʝʥʠʡ. 

ʄʘʩʩʠʚ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʘ 2 ʠ ʊʘʙʣʠʮʘ 3, ʘ ʦʩʥʦʚʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠ ʥʘ ʈʠʩʫʥʦʢ 1 ʠ ʈʠʩʫʥʦʢ 2. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩʚʝʜʝʥʠʡ ʤʦʞʥʦ 

ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʫʚʝʨʝʥʥʦʩʪʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʨʫʰʝʥʠʷ, ʚ ʮʝʣʦʤ, ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʩʷ ʢʘʢ ʩʣʝʛʢʘ ʰʝʨʦʭʦʚʘʪʳʝ ʩ ʧʨʦʯʥʳʤ ʜʦ ʤʷʛʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʝʤ, ʤʦʱʥʦʩʪʴʶ ʤʝʥʝʝ 5 ʤʤ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʨʫʰʝʥʠʡ 
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ɼʘʥʥʳʝ ʧʦʣʝʚʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʟʚʦʣʠʣʠ ʩʦʩʪʘʚʠʪʴ ʦʙʦʙʱʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʥʘʨʫʰʝ-

ʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʷ ʠʭ ʢʘʢ ʩʣʝʛʢʘ ʰʝʨʦʭʦʚʘʪʳʝ ʩ ʫʤʝʨʝʥʥʦ ʧʨʦʯʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ, ʢʦʪʦ-

ʨʦʤʫ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʱʝʦʪʨʘʩʣʝʚʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ (ʩʤ. ʊʘʙʣʠʮʘ 4), ʤʦʞʥʦ ʧʨʠʩʚʦʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʩʮʝʧʣʝʥʠʷ ʠ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ. ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʠʟ ʣʠʪʝ-

ʨʘʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʳ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʈʂ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʠʩʧʳʪʘʥʠʡ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʧʦ ʧʣʦʩʢʦ-

ʩʪʠ ʨʘʩʧʠʣʘ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʥʘʨʫʰʝʥʠʶ. ɺ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʟʥʘʯʝʥʠʷ: 

ʉʮʝʧʣʝʥʠʝ ï 0 ʄʇʘ;  

ʋʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ï 32Á. 

 

ʊʘʙʣʠʮʘ 1: ʄʝʭʘʥʠʟʤʳ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ˉ ʊʠʧ ʆʧʠʩʘʥʠʝ 

1 
 

ʆʙʨʫʰʝʥʠʝ ʙʣʦʢʦʚ ʧʦ ʥʘʢʣʦʥʥʳʤ ʠʣʠ ʧʨʷʤʳʤ ʧʣʦʩʢʦʩʪʷʤ 

ʦʩʣʘʙʣʝʥʠʷ; ʥʘʢʣʦʥʥʳʝ, ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʱʠʝ ʩ ʦʪʢʦʩʦʤ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʦʩʣʘʙʣʝʥʠʷ (a>l); 

2 
 

ʇʨʠʟʤʳ ʚ ʧʦʨʦʜʥʳʭ ʦʪʚʘʣʘʭ ʧʦ ʢʨʫʪʦʧʘʜʘʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ 

(aÒl); 

3 
 

ʆʙʨʫʰʝʥʠʝ ʙʣʦʢʦʚ ʧʦ ʥʘʢʣʦʥʥʦʡ ʠʣʠ ʧʨʷʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʩʣʘʙʣʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʜʠʘʛʦʥʘʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʛʣʘʩ-

ʥʦʤʫ ʥʘʧʣʘʩʪʦʚʘʥʠʶ (a>l); 

4 
 

ɺʳʚʘʣ ʩ ʦʙʨʫʰʝʥʠʝʤ ʧʨʠʟʤ ʧʦ ʢʨʫʪʦʧʘʜʘʶʱʠʤ ʠ ʧʦʣʦʛʠʤ ʧʦ-

ʚʝʨʭʥʦʩʪʷʤ, ʩʝʢʫʱʠʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʣʘʙʣʝʥʠʷ. (l1<aÃl2); 

5 
 

ʆʙʨʫʰʝʥʠʝ ʢʣʠʥʘ ʧʦ ʜʚʫʤ ʧʘʨʥʳʤ ʜʠʘʛʦʥʘʣʴʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ 

ʦʩʣʘʙʣʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʩʦʛʣʘʩʥʦ ʥʘʧʣʘʩʪʦʚʘʥʠʶ (a<y1) 

6 
 

ʆʙʨʫʰʝʥʠʝ ʧʨʠʟʤ ʚ ʧʦʨʦʜʥʳʭ ʦʪʚʘʣʘʭ ʧʦ ʜʚʫʤ ʜʠʘʛʦʥʘʣʴʥʳʤ 

ʢʨʫʪʦʧʘʜʘʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʦʩʣʘʙʣʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʩʦ-

ʛʣʘʩʥʦ ʥʘʧʣʘʩʪʦʚʘʥʠʶ ʚ ʦʪʢʦʩʝ (aÒy1); 

b

l

H

a

r
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7 
 

ʆʙʨʫʰʝʥʠʝ ʧʨʠʟʤ ʠ ʧʠʨʘʤʠʜ ʚ ʧʦʨʦʜʥʳʭ ʦʪʚʘʣʘʭ ʧʦ ʜʚʫʤ ʜʠʘ-

ʛʦʥʘʣʴʥʳʤ ʢʨʫʪʦʧʘʜʘʶʱʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʠ ʪʨʝʪʴʝʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʦʩʣʘʙʣʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʩʦʛʣʘʩʥʦ ʥʘʧʣʘʩʪʦʚʘʥʠʶ ʦʪʢʦʩʘ 

(aÒy1); 

8 
 

ʆʙʨʫʰʝʥʠʝ ʧʨʠʟʤ ʠ ʧʠʨʘʤʠʜ ʚ ʧʦʨʦʜʥʳʭ ʦʪʚʘʣʘʭ ʧʦ ʜʚʫʤ ʩʠ-

ʩʪʝʤʘʤ ʥʘʨʫʰʝʥʠʡ: ʦʜʥʦʡ ï ʜʠʘʛʦʥʘʣʴʥʦʡ ʢʨʫʪʦʧʘʜʘʶʱʝʡ ʠ 

ʚʪʦʨʦʡ ï ʧʨʦʜʦʣʴʥʦʡ (ʥʘ ʦʩʥʦʚʝ ʩʭʝʤʳ 7 ʩ ʟʘʤʝʥʦʡ ʦʜʥʦʛʦ ʜʠʘ-

ʛʦʥʘʣʴʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʜʚʠʛʘ ʩ ʫʛʣʦʤ 900 ʠ ʫʛ-

ʣʦʤ ʧʦʚʦʨʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʢʦʩʘ (900-b/2, ʠ ʚ b1=00 ʧʦ ʩʭʝʤʝ 

4). 

 

, ʛʜʝ: a - ʫʛʦʣ ʦʪʢʦʩʘ ʫʩʪʫʧʘ;  

li ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʥʘʨʫʰʝʥʠʷ (ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʣʘʙʣʝʥʠʷ);  

y1 ï ʫʛʦʣ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ ʣʠʥʠʡ ʥʘʨʫʰʝʥʠʡ. 

ʊʘʙʣʠʮʘ 2: ʇʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘʨʫʰʝʥʠʡ ʧʦ ɹʝʥʷʚʩʢʦʤʫ (1989 ʛ.) 
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ʀʪʦʛʦ 

BRCS 13 56 54 45 4 172 

CHSL 

 

20 52 17 17 106 

COSL 

 

19 65 20 

 

104 

GRPO 

 

5 4 7 

 

16 

LCHSL 

 

7 12 14 

 

33 

LIM  46 226 336 173 52 833 

LMSL 422 1088 628 237 53 2428 

SILT 

 

10 9 5 

 

24 

TUFF 

 

8 20 39 23 90 

WTCLDB 

 

7 24 1 

 

32 

ɺʩʝʛʦ 481 1446 1204 558 149 3838 



 

184 

ʊʘʙʣʠʮʘ 3: ʆʧʠʩʘʥʠʝ ʟʘʧʦʣʥʠʪʝʣʷ ʧʦ ɹʝʥʷʚʩʢʦʤʫ (1989 ʛ.) 

ʃʠʪʦʪʠʧ 

ɿʘʧʦʣʥʠʪʝʣʴ 

ʄʷʛʢʠʡ, 

ʙʦʣʝʝ 5 ʤʤ 

ʇʨʦʯʥʳʡ, ʙʦʣʝʝ 5 

ʤʤ / ʄʷʛʢʠʡ, ʤʝ-

ʥʝʝ 5 ʤʤ 

ʇʨʦʯʥʳʡ, ʤʝ-

ʥʝʝ 5 ʤʤ ʆʪʩʫʪʩʪʚʫʝʪ ʀʪʦʛʦ 

BRCS 1 74  97 172 

CHSL 4 60  42 106 

COSL 13 43 1 47 104 

GRPO    16 16 

LCHSL 5 27  1 33 

LIM  22 663 4 144 833 

LMSL 55 1421 1 951 2428 

SILT 3 12  9 24 

TUFF 3 34 7 46 90 

WTCLDB  25  7 32 

ɺʩʝʛʦ 106 2359 13 1360 3838 

 

 

ʈʠʩʫʥʦʢ 1: ɻʨʘʬʠʢʠ ʟʘʤʝʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘʨʫʰʝʥʠʡ ʧʦ ɹʝʥʷʚʩʢʦʤʫ (1989 ʛ.) 
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ʈʠʩʫʥʦʢ 2: ɻʨʘʬʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʧʦʣʥʠʪʝʣʷ ʥʘʨʫʰʝʥʠʡ ʧʦ ɹʝʥʷʚʩʢʦʤʫ (1989 ʛ.) 

 

ʊʘʙʣʠʮʘ 4: ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʟʥʘʯʝʥʠʷʤ ʩʮʝʧʣʝʥʠʷ ʠ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 

ʥʘʨʫʰʝʥʠʡ 

ɿʘʧʦʣʥʠʪʝʣʴ  ʇʦʨʦʜʳ ʉʫʭʦʡ / ʇʠʢʦʚʦʝ 
ʆʙʚʦʜ. / ʆʩʪʘʪʦʯ-

ʥʦʝ 
ʂʦʤʤʝʥʪʘʨʠʠ 

    ű, ʛʨʘʜ. c, ʢʇʘ 
ű, 

ʛʨʘʜ. 
c, ʢʇʘ   

ɹʝʟ ʟʘʧʦʣʥʠʪʝʣʷ 

ʄʝʣ   30-41 0  

ɸʣʝʚʨʦʣʠʪ 20-33 100-790    

ʄʷʛʢʠʡ ʩʣʘʥʝʮ 15-39 0-460    

ʉʣʘʥʝʮ   22-37 0  

ɼʦʣʦʤʠʪ    30-38 0  

ʅʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʧʦʣʥʠʪʝʣʷ 

ʊʨʝʱʠʥʘ ʚ ʠʟ-

ʚʝʩʪʥʷʢʝ ʩ ʛʣʠ-

ʥʠʩʪʦʡ ʧʣʝʥ-

ʢʦʡ (<1 ʤʤ) 

17-21 49-196   ůn 0,1-2,5 ʄʇʘ 

ɻʣʠʥʠʩʪʳʡ ʟʘʧʦʣʥʠ-

ʪʝʣʴ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠ-

ʯʝʩʪʚʝ 

ʀʟʚʝʩʪʥʷʢ ʩ 

ʛʣʠʥʠʩʪʳʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ 

(ʜʦ 60 ʤʤ) 

  13 0 ůn 0,8-2,5 ʄʇʘ 

ʉʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ ʙʘʟʦʚʦʛʦ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 

ɹʝʟ ʟʘʧʦʣʥʠʪʝʣʷ 

ʄʝʣ   30 0  
ɼʦʣʦʤʠʪ 31-37 0 27-35 0  
ʀʟʚʝʩʪʥʷʢ 31-37 0 27-35 0  
ɸʣʝʚʨʦʣʠʪ 31-33 0 27-31 0  

 

ʇʦʩʪʨʦʝʥʠʝ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ 

ɺʩʝ ʛʝʦʪʝʭʥʠʯʝʩʢʠʝ ʩʢʚʘʞʠʥʳ ʙʳʣʠ ʚʥʝʩʝʥʳ ʚ ʙʘʟʫ ʫʧʨʘʚʣʝʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʩʩʠʚ ʚʧʦʩʣʝʜʩʪʚʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʥʘ ʧʦʩʢʚʘʞʠʥʥʦʡ ʦʩʥʦʚʝ ʩ ʮʝ-

ʣʴʶ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʫʯʘʩʪʢʘʭ ɿʘʧʘʜʥʳʡ ʠ ɼʘʣʴʥʝʟʘ-

ʧʘʜʥʳʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʘʥʥʳʝ ʧʦ ʩʢʚʘʞʠʥʘʤ ʦʙʲʝʜʠʥʷʣʠʩʴ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʜʦʤʝʥʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ. 

ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘʨʫʰʝʥʠʡ ʠ ʩ 

ʫʯʝʪʦʤ 95% ʠʟʤʝʥʯʠʚʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʪʨʠ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʘ, ʦʩʥʦ-

ʚʘʥʥʳʭ ʥʘ ʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʥʘʨʫʰʝʥʠʡ: ʧʣʦʩʢʦʩʪʥʳʝ ʠ ʢʣʠʥʦʚʠʜʥʳʝ ʦʙʨʫʰʝ-

ʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʢʦʣʳ. ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʜʚʫʭ ʧʨʦʛʨʘʤʤʘʭ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ: 

SBlock ï ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ, ʚʳʧʦʣʥʷʶʱʘʷ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʘʥʘʣʠʟ ʧʫʪʝʤ 

ʦʮʝʥʢʠ ʦʙʲʝʤʦʚ ʧʣʦʩʢʦʩʪʥʳʭ ʠ ʢʣʠʥʦʚʠʜʥʳʭ ʦʙʨʫʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʟʘʢʦʣʦʚ, ʧʨʠ ʫʢʘʟʘʥʠʠ 

ʩʠʩʪʝʤ ʥʘʨʫʰʝʥʠʡ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʪʘʢʠʭ ʥʘʨʫʰʝʥʠʡ. ʇʦʣʫʯʘ-

ʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʰʠʨʠʥʫ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʡ ʙʝʨʤʳ. 

SWedge ï ʧʨʦʛʨʘʤʤʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ Rocscience, ʠ ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʪʝʭ ʞʝ 

ʫʨʘʚʥʝʥʠʷʭ ʨʘʚʥʦʚʝʩʠʷ ʩʠʣ, ʯʪʦ ʠ ʥʦʨʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʈʂ, ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʙʣʦʢʦʚ. ʇʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʣʠʥʴʝʚ, ʦʙʲʝʤʳ ʚʳʚʘʣʦʚ ʠ ʥʝʦʙʭʦʜʠʤʫʶ ʰʠʨʠʥʫ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʡ 

ʙʝʨʤʳ. 

ʆʙʝ ʧʨʦʛʨʘʤʤʳ ʨʘʩʩʯʠʪʳʚʘʶʪ ʰʠʨʠʥʫ ʙʝʨʤʳ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʢʦʩʘ, 

ʫʛʣʘ ʦʪʢʦʩʘ ʠ ʚʳʩʦʪʳ ʫʩʪʫʧʘ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʟʥʘ-

ʯʝʥʠʷ: 

ɺʳʩʦʪʘ ʦʪʢʦʩʘ: 16 ʤʝʪʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʠʩʭʦʜʷ ʠʟ 8-ʤʝʪʨʦʚʦʡ ʚʳʩʦʪʳ ʙʣʦʢʘ ʚ ʨʝ-

ʩʫʨʩʥʦʡ ʤʦʜʝʣʠ; 

ʋʛʦʣ ʦʪʢʦʩʘ ʫʩʪʫʧʘ: 65 ï 80 ʛʨʘʜʫʩʦʚ; 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʥʘʨʫʰʝʥʠʡ (ʚ ʤʝʪʨʘʭ):  

SBlock: ʩʨʝʜʥʷʷ ï 10, ʤʠʥʠʤʘʣʴʥʘʷ ï 5, ʤʘʢʩʠʤʘʣʴʥʘʷ ï 50; 
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SWedge: ʤʘʢʩʠʤʘʣʴʥʘʷ ï 20; 

ɼʣʠʥʘ ʧʨʦʝʢʮʠʠ (ʚ ʤʝʪʨʘʭ): ʤʘʢʩʠʤʘʣʴʥʘʷ ï 30; 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʘʨʫʰʝʥʠʷʤʠ (ʚ ʤʝʪʨʘʭ):  ʩʨʝʜʥʝʝ ï 0,3, ʤʠʥʠʤʘʣʴʥʦʝ ï 0,1, ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ï 1. 

ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʰʠʨʠʥʳ ʙʝʨʤʳ, ʩʧʦʩʦʙʥʦʡ ʫʜʝʨʞʘʪʴ 

100% ʦʙʲʝʤʘ ʦʙʨʫʰʝʥʠʷ ʙʝʟ ʧʨʦʩʳʧʘʥʠʷ ʧʦʨʦʜʳ ʥʘ ʥʠʞʝʣʝʞʘʱʠʝ ʫʩʪʫʧʳ. 

ʈʘʩʯʝʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʘʡʨʝʤ ʚʳʧʦʣʥʷʣʩʷ ʩ ʫʯʝʪʦʤ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʠ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʨʷʜ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʥʷʣʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ, 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘ-

ʤʝʪʨʘʭ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʤʦʜʝʣʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʤʘʩʩʠʚʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʣʠʰʴ ʥʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʧʨʦʯʥʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʝ-

ʱʠʥʦʚʘʪʦʩʪʠ ʠ ʤʦʨʬʦʣʦʛʠʠ ʥʘʨʫʰʝʥʠʡ (ʪʘʙʣʠʮʘ 5). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʫʯʘʩʪʢʠ ɿʘ-

ʧʘʜʥʳʡ ʠ ɼʘʣʴʥʝʟʘʧʘʜʥʳʡ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚ ʨʘʤʢʘʭ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʘʢ 

ʦʜʥʦʨʦʜʥʳʡ ʤʘʩʩʠʚ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʨʘʟʜʝʣʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 5 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʇʦʨʦʜʳ 

ʇʣʦʪ-

ʥʦʩʪʴ, 

ʛ/ʩʤ3 

ʉʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʨʘʟ-

ʨʳʚʫ, ʄʇʘ 

ʉʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʩʞʘ-

ʪʠʶ, ʄʇʘ 

ʉʮʝʧʣʝ-

ʥʠʝ, ʄʇʘ 

ʋʛʦʣ ʪʨʝ-

ʥʠʷ, ʛʨʘʜ. 

ɺʳʚʝʪʨʝ-

ʣʳʝ ʧʦʨʦʜʳ 

ʇʝʨʝʢʨʳʚʘʶʱʘʷ ʪʦʣʱʘ 
2,01 

        

ɺʳʚʝʪʨʝʣʳʝ ʧʦʨʦʜʳ         

ʉʢʘʣʴʥʳʝ 

ʧʦʨʦʜʳ 

ʀʟʚʝʩʪʢʦʚʳʡ ʘʣʝʚʨʦʣʠʪ 2,74 10,23 72,64 32,79 21,06 

ʀʟʚʝʩʪʥʷʢ  2,71 7,86 94 33,88 17,9 

ʉʨʝʜʥʝʝ 2,7 10,86 76 33,29 19,67 

 

ɼʘʣʝʝ ʥʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʨʝ-

ʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʇʆ Slide. 
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ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʨʘʟʨʝʟʫ 41 (ʟʘʧʘʜʥʳʡ ʙʦʨʪ) 

 

ʇʆ Slide ʘʥʘʣʠʟʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝ-

ʪʦʜʦʚ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠʣʠ ʥʝʚʝʨʪʠʢʘʣʴʥʳʤ ʩʨʝʟʦʤ (ʥʘʧʨʠʤʝʨ, ɹʠ-

ʰʦʧʘ, ɼʞʘʥʙʫ, ʉʧʝʥʩʝʨʘ, ʉʘʨʤʳ ʠ ʪ. ʜ.). ʄʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ ʠʣʠ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʢʦʣʴʞʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʫʢʣʦʥʘ. 
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ʋɼʂ 622.1.67 

 

ɻɽʆʄɽʍɸʅʀʏɽʉʂʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ɻʆʈʅʓʍ ɺʓʈɸɹʆʊʆʂ 

ʇʈʀ ʈɸɿʈɸɹʆʊʂɽ ʈʋɼʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

 
ɸʃɼɸʄɾɸʈʆɺ ɽ. ɸ. 

ʅɸʆ çʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ. ʉ. ʉʘʛʠʥʦʚʘè, ʂʘʨʘʛʘʥʜʘ 

 

 
ɸʥʥʦʪʘʮʠʷ. ʅʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʝ ʧʦʜʟʝʤʥʳʤ ʩʧʦ-

ʩʦʙʦʤ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʜʟʝʤʥʳʡ ʨʫʜʥʠʢ. 

ʎʝʣʴʶ ʤʘʛʠʩʪʝʨʩʢʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ: ʆʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʯʠʩʪʥʳʭ ʠ ʧʦʜʛʦʪʦʚʠ-

ʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

ʈʘʟʠʚʪʠʝ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʨʳʥʢʝ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ 

ʚʳʧʫʩʢʘ ʚʳʩʦʢʦʩʦʨʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʜʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ ʜʦʙʳʚʘʝ-

ʤʦʛʦ ʩʳʨʴʷ. 

ʅʘ ʩʝʛʦʜʥʠʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʝ ʦʙʲʝʤʳ ʜʦʙʳʯʠ ʩʳʨʴʷ ʚ ʈʂ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʦʪʢʨʳ-

ʪʳʤ ʩʧʦʩʦʙʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʫʜʝ, ʥʝ ʧʨʝʚʳʰʘ-

ʶʱʠʤ 40%. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʙʦʛʘʪʳʭ ʨʫʜ, ʩʦʩʪʘʚʣʷʶʱʠʝ 12,4% ʦʪ ʟʘʧʘʩʦʚ, ʚ 

ʦʩʥʦʚʥʦʤ ʠʤʝʶʪ ʛʣʫʙʦʢʦʝ ʟʘʣʝʛʘʥʠʝ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʣʦʝʚʦʡ ʩʠʩʪʝʤʳ ʩ ʟʘʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʪʨʘʙʦʪʢʠ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦʞʥʦʩʪʴʶ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʛʝʦʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʦʩʚʦʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʦʛʘʪʳʭ ʨʫʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʤʝʭʘʥʠʢʘ, ʚʳʨʘʙʦʪʢʘ, ʧʨʦʯʥʦʩʪʴ, ʩʚʦʡʩʪʚʘ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ, ʅɼʉ, 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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Annotation. The field of research is being developed by the subsurface method.  

The object of the study. The objects of the study are an underground mine.  

The purpose of the master's project is to ensure the sustainability of treatment and preparatory 

workings with an increase in geomechanical parameters to increase the efficiency of the development of 

unstable mine workings.  

The development of ferrous metallurgy at a high level of competition in the market is possible due 

to the production of high-grade metallurgical products, which is determined by the quality of the extracted 

raw materials.  

To date, the main volumes of raw material extraction in the Republic of Kazakhstan are accounted 

for by the open-pit mining of deposits with an average content of a useful component in ore not exceeding 

40%. Deposits of high-quality rich ores, which make up 12.4% of the reserves, are mainly deep-lying and 

are developed underground.  

The use of a classical layered system with the laying of the developed space at the initial stage of 

mining is due to the complexity and insufficient study of geomechanical processes in the development of 

rich ore deposits.  

Keywords: geomechanics, mining, strength, properties of mountain ranges, VAT, deposits. 

 

ɺʚʝʜʝʥʠʝ.  

ɺ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦʜʷʪ:  

- ʆʙʦʙʱʝʥʠʝ ʦʧʳʪʘ ʨʘʟʨʘʙʦʪʢʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʩʣʦʞʥʳʭ ʛʦʨʥʦ ï ʛʝʦʣʦʛʠ-

ʯʝʩʢʠʭ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
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- ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʯʠʩʪʥʳʭ ʠ ʧʦʜʛʦʪʦ-

ʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

- ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʟ-

ʤʝʥʝʥʠʷ ʅɼʉ ʨʫʜʥʦʛʦ, ʧʦʨʦʜʥʦʛʦ ʠ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʙʦʛʘʪʳʭ ʨʫʜ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ. 

- ɺʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʯʠʩʣʝʥʥʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʘʩʩʠʚʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʅɼʉ ʤʘʩʩʠʚʘ, ʚʤʝʱʘʶʱʝʛʦ ʦʯʠʩʪʥʳʝ ʚʳʨʘʙʦʪʢʠ ʠ ʫʯʠʪʳʚʘʶʱʝʝ ʠʟʤʝʥʝ-

ʥʠʝ ʠʭ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ: ʨʫʜʥʠʢ 

ʇʦʣʫʯʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʤʘʩʩʠʚʘ ʚ ʫʩʣʦʚʠʷʭ ʦʙʲʝʤʥʦʛʦ ʩʞʘʪʠʷ, ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷʤ, ʜʝʡʩʪʚʫʶʱʠʤ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʘ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [1]. ʈʫʜʳ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʜʝʣʷʪʩʷ ʥʘ 4 ʪʠʧʘ ʧʦ ʧʨʦʯʥʦʩʪʠ: ʢʘʤʝʥʠʩʪʳʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʯʥʳʝ, ʨʫʜʳ 

ʩ ʚʨʝʤʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʩʞʘʪʠʝ ʚʳʰʝ 40 ʄʇʘ. ʅʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 18,5% ʨʫʜ; 

ʢʘʤʝʥʠʩʪʳʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʝ ʨʫʜʳ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʚʨʝʤʝʥʥʦʝ ʩʞʘʪʠʝ 40õ10 ʄʇʘ, ʜʦʣʷ 

ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 17,8%; 23%-ʵʪʦ ʥʝʜʦʣʛʦʚʝʯʥʳʝ ʧʦʣʫʞʝʩʪʢʠʝ ʨʫʜʳ ʩ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʨʘʟʨʳʚ, ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʩʞʘʪʠʝ ʦʪ 1 ʄʇʘ ʜʦ 2 ʄʇʘ; ʨʳʭʣʳʝ ʨʫʜʳ ʩ 

ʚʨʝʤʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʩʞʘʪʠʝ ʤʝʥʝʝ 2 ʄʇʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʨʘʟʨʫʰʝʥʠʝʤ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʷʟʝʡ; ʧʨʠ ʧʦʣʠʚʝ ʨʳʭʣʳʭ ʨʫʜ ʨʘʟʙʘʚʣʝʥʠʝ ʧʝʨʝʭʦʜʠʪ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʜʨʝʥʘʞ ʤʘʩʩʠʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʠʡ, ʧʦʨʠʩʪʦʩʪʴ ʚʳʩʦʢʘʷ. ɼʦʣʷ ʨʳʭʣʳʭ ʨʫʜ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 40,7% [2,3]. 

ʇʨʦʯʥʦʩʪʥʳʝ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʥʝʨʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʛʦʨʥʦ-

ʛʦʨʥʳʝ ʤʘʩʩʠʚʳ ʗʢʦʚʣʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ. 

1.3 ʠ 1.4 (ʧʦ ʣʘʙʦʨʘʪʦʨʥʳʤ ʠ ʧʦʣʝʚʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ɻʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, VNIMI, 

VIOGEM). 

ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʦʚ ʨʫʜʥʳʭ ʤʘʩʩʠʚʦʚ ʧʦʢʘʟʳʚʘʶʪ 

ʩʠʣʴʥʦʝ ʨʘʩʩʝʷʥʠʝ ʧʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʇʨʦʯʥʦʩʪʴ ʨʳʭʣʳʭ ʨʫʜ ʥʘ 

ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʄʇʘ, ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 30o, ʘʜʛʝʟʠʷ 0,5 ʄʇʘ. 

ʇʨʝʜʝʣ ʨʘʩʪʷʞʝʥʠʷ ʧʣʦʪʥʳʭ ʨʫʜ ʜʦʩʪʠʛʘʝʪ 19 ʄʇʘ, ʘ ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʨʫʜ ʥʝ ʧʨʝʚʳʰʘʝʪ 

7 ʄʇʘ [4,5]. 

ʉ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʳ ʨʫʜʳ ʠ ʟʘʣʠʚʢʠ ʩ ʧʨʦʛʥʦʟʦʤ ʦʞʠʜʘʝʤʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʨʘʙʦʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʧʨʦʙʣʝʤʫ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʥʝʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʤʘʩʩʠʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʫʯʠʪʳʚʘʪʴ ʦʙʣʘʩʪʠ 

ʧʦʣʷ, ʢʦʪʦʨʳʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ. - ʩʦʩʪʦʷʥʠʝ 

ʜʝʬʦʨʤʘʮʠʠ. ɼʚʠʞʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʦʜʝʣʠ ʧʦ ʥʦʨʤʘʣʠ ʟʘʧʨʝʱʝʥʦ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʠ ʟʘʧʨʝʱʝʥʦ, ʘ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʤʦʜʝʣʠ ʦʩʪʘʝʪʩʷ 

ʩʚʦʙʦʜʥʦ ʜʝʬʦʨʤʠʨʫʝʤʦʡ. ʅʘʧʨʷʞʝʥʠʷ, ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʤʦʜʝʣʠʨʫʝʤʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʶ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʦʣʝ ʩ ʫʯʝʪʦʤ ʛʣʫʙʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʦʙʣʘʩʪʠ. ɻʝʦʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʝ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʦʪʦʣʢʘ. 

ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʜʝʥʩʘʮʠʶ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʪ, ʢʦʪʦʨʘʷ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʘ ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʢ ʛʨʘʥʠʮʝ ʤʦʜʝʣʠ. ʄʠʥʠʤʘʣʴʥʳʡ 

ʨʘʟʤʝʨ ʧʦʩʣʝʜʥʝʛʦ ʵʣʝʤʝʥʪʘ ʩʦʩʪʘʚʣʷʣ 0,25 ʤ [5], ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ 

ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʘʯʝʩʪʚʦ ʨʝʰʝʪʯʘʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʗʢʦʚʣʝʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʬʦʨʤʠʨʫʶʪʩʷ ʟʦʥʳ 

ʥʝʣʠʥʝʡʥʦʡ ʵʣʘʩʪʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʢʦʥʪʫʨʘʭ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʜʦʙʳʯʝ, 

ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʤʘʩʩʠʚ ʞʝʣʝʟʥʳʭ ʨʫʜ ʨʳʭʣʦʡ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ [6]. ʅʘʧʨʷʞʝʥʥʦ-
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ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʦʛʘʪʦʛʦ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʤʘʩʩʠʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʵʣʘʩʪʦʧʣʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʩ ʄʦʨ-ʢʫʣʦʥʦʚʩʢʠʤ ʢʨʠʪʝʨʠʝʤ ʧʨʦʯʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠ, ʙʣʠʟʢʫʶ ʢ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʡ [7]. 

2.ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʫʜʥʳʭ ʠ ʟʘʣʠʚʥʳʭ ʤʘʩʩʠʚʦʚ. 

ʇʨʦʯʥʦʩʪʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʨʫʜʥʳʭ ʠ ʟʘʣʠʚʥʳʭ ʤʘʩʩ, ʚʭʦʜʷʱʠʭ ʚ ʤʦʜʝʣʴ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ 

ʤʘʩʩʠʚʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʛʦʨʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʨʫʜ ʠ ʟʘʣʠʚʥʦʡ 

ʤʘʩʩʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʜʥʦʦʩʥʦʝ ʠ ʦʙʲʝʤʥʦʝ ʩʞʘʪʠʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʵʬʬʝʢʪʠʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʦʩʪʘʚʣʷʶʪʩʷ ʧʘʩʧʦʨʪʘ 

ʧʨʦʯʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʭʘʨʘʢʪʝʨ ʵʣʘʩʪʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 8]. 

3.ʨʘʩʯʝʪ ʅɼʉ ʧʦ ʨʫʜʝ ʠ ʛʦʨʥʦʡ ʧʦʨʦʜʝ, ʜʦʙʳʪʦʡ ʛʦʨʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ 

ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ, ʠ ʩʦʩʪʦʷʥʠʶ ʩ ʤʘʩʩʦʡ ʟʘʧʦʣʥʝʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʅɼʉ ʤʘʩʩʳ ʨʫʜʳ ʠ ʥʘʧʦʣʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʪʦʣʱʠʥʳ 

ʨʘʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʤʘʩʩʳ ʥʘʧʦʣʥʝʥʠʷ (ʢʦʣʠʯʝʩʪʚʘ ʦʪʨʘʙʦʪʘʥʥʳʭ ʩʣʦʝʚ). ʅʘ ʦʩʥʦʚʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʣʝ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʟʘʧʦʣʥʝʥʠʷ ʚʩʝʭ ʨʘʙʦʪ ʥʘ ʨʘʙʦʯʝʤ ʩʣʦʝ 

ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʪʝʢʫʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʦʙʥʦʚʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʩ ʫʯʝʪʦʤ ʛʣʫʙʠʥʳ ʛʦʨʥʳʭ ʨʘʙʦʪ). 

ɼʣʷ ʫʯʝʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʜʦʙʳʯʠ ʨʫʜʥʦʡ ʤʘʩʩʳ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʩʢʚʘʞʠʥʳ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʝʣʷʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʫʯʝʪʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʩʢʦʧʘʝʤʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʛʣʫʙʠʥʳ ʛʦʨʥʳʭ ʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ɼʘʥʥʳʝ 

ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʚʳʙʦʨʝ ʠ ʨʘʩʯʝʪʝ ʧʘʨʘʤʝʪʨʦʚ ʘʨʤʘʪʫʨʥʳʭ ʠʣʠ 

ʦʧʦʨʥʳʭ ʢʨʝʧʣʝʥʠʡ. 

ʋʯʠʪʳʚʘʷ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʪ (ʥʝ 

ʙʦʣʝʝ 4 ʤʝʩʷʮʝʚ), ʞʝʣʘʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʭʦʜʦʚ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʦʚ 

ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʥʘ. 

ɺ ʮʠʬʨʦʚʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʥʢʝʨʳ ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʙʳʣʠ ʟʘʤʝʥʝʥʳ 

ʫʧʨʫʛʠʤʠ ʩʪʝʨʞʥʷʤʠ ʠ ʟʘʢʨʝʧʣʝʥʳ ʧʦ ʚʩʝʡ ʜʣʠʥʝ, ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʢʦʥʪʘʢʪʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʫʯʠʪʳʚʘʣ ʩʚʦʡʩʪʚʘ ʟʘʢʘʣʦʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʘʥʢʝʨ ʚ ʩʢʚʘʞʠʥʝ. ʉʪʝʨʞʥʠ ʠʟ 

ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʧʨʠʥʠʤʘʶʪʩʷ ʜʣʠʥʦʡ 0,12 ʤ ʩ ʨʘʜʠʫʩʦʤ 2,2 ʤʝʪʨʘ. ʄʦʜʫʣʴ ʖʥʛʘ ʤʘʪʝʨʠʘʣʘ 

ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʩʦʩʪʘʚʣʷʝʪ 40 000 ʄʇʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʇʫʘʩʩʦʥʘ 0,26. ʚ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʧʦʩʢʦʣʴʢʫ ʤʘʪʝʨʠʘʣ ʘʥʢʝʨʘ ʠʤʝʝʪ ʥʠʟʢʫʶ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ, ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʚʨʝʞʜʝʥʠʷ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʢʦʤʙʘʡʥʘ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʘʥʢʝʨʦʚ ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʥʘ 

ʧʨʠ ʨʳʪʴʝ ʩʦʩʝʜʥʠʭ ʢʘʤʝʨ [9,10,11,12]. 

ʈʘʩʯʝʪ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʦʥ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚʦʢʨʫʛ 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʜʦʙʳʚʘʶʱʠʭ ʨʘʙʦʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʘʥʢʝʨʥʳʭ 

ʩʪʫʧʝʥʝʡ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʩʥʦʚʥʦʛʦ ʈʫʜʥʦʛʦ ʤʘʩʩʠʚʘ. 

ɻʨʘʬʠʢ ʥʘʧʨʷʞʝʥʠʡ ʨʘʩʪʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʘʥʢʝʨʥʳʡ ʩʪʝʨʞʝʥʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʘʥʢʝʨʦʚ ʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʢʦʥʪʫʨʘ ʚʳʨʘʙʦʪʢʠ, ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩ.1. 
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ʈʠʩʫʥʦʢ 1-ʆʩʝʚʘʷ ʩʠʣʘ ʨʘʩʪʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʘʥʢʝʨ ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʥʘ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʘʨʤʘʪʫʨʥʦʡ ʢʨʝʧʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʣʫʯʝʥʳ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʦʥ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʦʛʨʘʞʜʘʶʱʝʛʦ ʤʘʩʩʠʚʘ ʚʦʢʨʫʛ ʨʘʟʨʘʙʦʪʢʠ, ʟʘ-

ʢʨʝʧʣʝʥʥʦʛʦ ʘʥʢʝʨʦʤ 7 ʜʣʠʥʦʡ 2,2 ʤ ʩ ʠʥʪʝʨʚʘʣʦʤ 1,0 ʤ. (ʈʠʩ. 2). ʄʘʢʩʠʤʘʣʴʥʳʡ ʣʠʥʝʡʥʳʡ 

ʨʘʟʤʝʨ ʟʦʥʳ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʤʝʥʴʰʠʣʩʷ ʜʦ 0,35 ʤ 

 
ʈʠʩʫʥʦʢ 2-ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥʳ ʧʨʝʜʝʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦ ʙʦʢʘʤ ʠ ʧʦʪʦʣʢʫ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʪ 

ʚʪʦʨʦʛʦ ʵʪʘʞʘ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʤ ʘʥʢʝʨʦʤ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʢʨʝʧʣʝʥʠʝ ʢʨʳʰʠ ʠ ʙʦʨʪʦʚ ʦʙʨʘʙʘ-

ʪʳʚʘʶʱʠʭ ʨʘʙʦʪ ʘʨʤʠʨʫʶʱʠʤ ʩʪʝʢʣʦʚʦʣʦʢʦʥʥʳʤ ʘʥʢʝʨʦʤ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʧʣʦʱʘʜʴ 

ʟʦʥʳ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ 2,77 ʨʘʟʘ, ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʧʨʝʜʦʪ-

ʚʨʘʪʠʪʴ ʛʦʨʥʳʝ ʨʘʙʦʪʳ. ʧʘʜʝʥʠʝ ʢʘʤʝʥʥʦʡ ʤʘʩʩʳ. 
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ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʘʥʢʝʨʥʳʤʠ ʙʦʣʪʘʤʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʦʣʷʮʠʦʥʥʳʝ ʧʦ-

ʢʨʳʪʠʷ, ʪʘʢʠʝ ʢʘʢ ʧʦʢʨʳʪʠʝ Tekflex. ʇʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʜʘʥʥʦʛʦ ʚʠʜʘ ʮʝʤʝʥʪʥʦ-ʣʘ-

ʪʝʢʩʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʣʷʝʪ 4,5 ʄʇʘ. ʄʘʪʝʨʠʘʣ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʦʝ ʟʘʱʠʪʥʦʝ ʠ ʦʧʦʨʥʦʝ ʢʨʝʧʣʝʥʠʝ ʥʘ ʢʨʳʰʝ ʨʘʙʦʪ, ʫʚʝʣʠʯʠʚʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʩʥʦʚʥʦʛʦ 

ʤʘʩʩʠʚʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝ-

ʩʢʠʭ) ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʩʩʣʦʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ɺʳʚʦʜʳ 

1. ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʣʦʩʢʠʭ ʯʠʩʣʝʥʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ, ʧʦʟʚʦʣʷʶ-

ʱʘʷ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʘʩʩʠʚʘ ʩ ʛʦʨʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ ʪʨʘʧʝʮʠʝʚʠʜʥʦʛʦ ʩʝʯʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʦʙʦʩʥʦʚʘʥʳ ʧʨʝʜʣʦʞʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ ʧʦʜ-

ʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʤʘʩʩʠʚʝ ʥʝʩʪʘʙʠʣʴʥʳʭ ʞʝʣʝʟʥʳʭ ʨʫʜ. 

2. ʦʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʜʣʷ 

ʤʦʥʪʘʞʘ, ʷʚʣʷʶʪʩʷ: ʦʙʣʝʛʯʝʥʥʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ ʫʩʪʘʥʦʚʢʘ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʦʛʦ ʚʝʩʘ (ʚʝʩ ʚ 

5 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ); ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʘʥʢʝʨʘ ʠʟ ʩʪʝʢʣʦ-

ʚʦʣʦʢʥʘ, ʦʙʣʝʛʯʘʶʱʘʷ ʝʛʦ ʦʧʦʨʦʞʥʝʥʠʝ ʧʨʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʨʘʩʢʦʧʢʝ ʰʘʭʪʥʳʭ ʚʳʨʘʙʦ-

ʪʦʢ; ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʘʥʢʝʨʘ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʥʢʝʨʥʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ ʢ ʚʥʝʰʥʝʡ ʩʨʝʜʝ (ʢʦʨʨʦʟʠʠ). 

3. ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʝʧʣʝʥʠʝ ʩʪʝʥ ʠ ʧʦʪʦʣʢʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʘʥʢʝʨʘʤʠ ʠʟ 

ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʜʣʠʥʦʡ 2,2 ʤ ʩ ʠʥʪʝʨʚʘʣʦʤ ʘʥʢʝʨʘ 1,1ʭ1,0 ʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʙʦʪʢʦʡ ʙʝʟ 

ʦʧʦʨʳ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʧʣʦʱʘʜʴ ʧʨʝʜʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʧʣʦʱʘʜʴ ʟʘʣʠʚʥʦʡ ʤʘʩʩʳ ʩʦ-

ʩʪʘʚʣʷʝʪ 64% (ʜʦ ʟʥʘʯʝʥʠʷ 0,35 ʤ). 

4. ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʭʦʜʦʚ ʜʦʙʳʚʘʶʱʠʭ ʠ 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʪ ʩ ʫʯʝʪʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ, ʛʣʫʙʠʥʳ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʪʦʣʱʠʥʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʦʪʦʣʢʘ, ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ. ʠʟ ʩʪʝʢʣʦʚʦʣʦʢʦʥʥʦʛʦ ʘʥʢʝʨʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʢʦʥʯʝʥʥʫʶ ʥʘʫʯʥʦ-

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ, ʧʦʩʚʷʱʝʥʥʫʶ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʧʦ-

ʣʠʛʦʥʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʩʪʘʙʠʣʴʥʳʭ ʞʝʣʝʟʥʳʭ ʨʫʜ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʫʜ-

ʥʦʡ ʤʘʩʩʳ ʠ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʩʪʘʥʮʠʷʭ ʛʣʫʙʦʢʦʡ ʧʦʜ-

ʜʝʨʞʢʠ ʜʘʥʘ ʦʮʝʥʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʞʝʣʝʟʦʨʫʜ-

ʥʦʡ ʤʘʩʩʳ ʠ ʚʳʷʚʣʝʥʘ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʪ ʚ 

ʚʠʜʝ ʧʝʨʝʢʨʳʪʠʡ ʠ ʣʦʢʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʩʜʚʠʛʘ. 

2. ʦʙʦʩʥʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʘʩʪʦʧʣʘʩʪʠʯʝʩʢʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʘʩʩʳ 

ʨʫʜʳ ʠ ʩʦʩʪʘʚʣʝʥʳ ʤʦʜʝʣʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʳ ʨʫʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Abaqus ʩ ʫʯʝʪʦʤ ʬʦʨʤʳ 

ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʤʘʩʩʳ ʨʫʜʳ. ʬʠʟʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʨʫʜʳ ʠ ʟʘʣʠʚʥʦʡ ʤʘʩʩʳ. 

3. ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚʦʢʨʫʛ ʨʘʙʦʪ ʩ ʤʥʦ-

ʛʦʫʛʦʣʴʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

4. ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʟʦʥ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚʦʢʨʫʛ 

ʚʳʨʘʙʦʪʦʢ ʩ ʤʥʦʛʦʫʛʦʣʴʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʦʪ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʩʩʳ ʨʫʜʳ. ɺ ʨʳʭʣʳʭ ʨʫʜʘʭ ʟʦʥʘ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʩʪʠʨʘ-

ʝʪʩʷ ʜʦ ʚʩʝʡ ʚʳʩʦʪʳ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ɺ ʛʠʜʨʦʛʝʤʘʪʠʪ-ʤʘʨʪʠʪʦʚʳʭ ʨʫʜʘʭ ʩ ʨʘʙʦʯʝʡ ʚʳʩʦ-

ʪʦʡ 16 ʤ ʠ 12 ʤ ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʠʝ ʣʠʥʝʡʥʳʝ ʨʘʟ-

ʤʝʨʳ 0,7õ0,5 ʤ ʠ 0,3õ0,2 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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5. ʦʙʦʩʥʦʚʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩ ʤʥʦʛʦʫʛʦʣʴʥʳʤ ʧʦ-

ʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ, ʦʙʝʩʧʝʯʝʥʘ ʙʝʟʦʧʘʩʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʙʦʛʘʪʳʭ ʞʝʣʝʟʥʳʭ ʨʫʜ ʠ ʜʘʥʳ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʠʤʝʪʨʘʣʴʥʦʡ ʟʦʥʳ ʤʘʩʩʠʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʝʢ-

ʣʦʚʦʣʦʢʦʥʥʦʡ ʢʨʦʚʣʠ. 

6. ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʚʝʨʰʝʥʥʦʛʦ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʨʘʟ-

ʨʘʙʦʪʢʠ ʤʦʱʥʳʭ, ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʩʘʜʦʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʩʪʘʙʠʣʴʥʳʭ ʞʝʣʝʟʥʳʭ ʨʫʜ 

(ʧʘʪʝʥʪ 2648371 ʦʪ 26.03.2018 ʛ., ʙʶʣʣʝʪʝʥʴ ˉ 9). 

7. ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʝʢʪʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘ-

ʥʠʟʘʮʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ 

ʦʩʚʦʝʥʠʷ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʜʦʙʳʚʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çɻʦʨʥʦʝ ʜʝʣʦ 
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ʋɼʂ 528.5 

ʆɹɿʆʈ ʉʆɺʈɽʄɽʅʅʓʍ ɻɽʆɼɽɿʀʏɽʉʂʀʍ ʇʈʀɹʆʈʆɺ ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ 

ɼɽʌʆʈʄɸʎʀʆʅʅʓʍ ʇʈʆʎɽʉʉʆɺ ɿɽʄʅʆʁ ʇʆɺɽʈʍʅʆʉʊʀ 

 

ɺʀʅɸʃʔɽɺɸ ɽ. ɸ. 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ  

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʮʝʩʩ ʩʜʚʠʞʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʧʨʠʯʠʥʝ ʥʘʨʫʰʝʥʠʷ ʝʩʪʝ-

ʩʪʚʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦ ï ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ɼʝʡʩʪʚʫʶʱʠʝ ʚ ʛʦʨʥʦʤ ʤʘʩʩʠʚʝ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʧʦʨʦʜ ʠ 

ʩʫʬʬʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚʳʟʳʚʘʶʪ ʨʘʟʨʫʰʝʥʠʝ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʧʦʨʦʜ ʚ ʚʳ-

ʨʘʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʕʪʦʪ ʧʨʦʮʝʩʩ, ʨʘʟʚʠʚʘʷʩʴ, ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʦʙʨʘʟʫ-

ʶʪʩʷ ʧʨʦʚʘʣʳ, ʪʝʨʨʘʩʳ ʠ ʪʨʝʱʠʥʳ. ɿʘʭʚʘʪʳʚʘʶʱʠʝ ʪʦʣʱʫ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʠ ʟʝʤʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʜʚʠʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʦʧʘʩʥʳʤʠ ʜʣʷ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʠʨʦʜʥʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʦʚʝʜʝʥ-

ʥʳʭ ʚ ʪʦʣʱʝ ʧʦʨʦʜ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʨʦʮʝʩʩʦʚ ʩʜʚʠʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘ-

ʮʠʡ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʤʝʩʪʥʦʩʪʠ. 

ɼʣʷ ʵʪʠʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʩʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ. 

ʆʜʥʘʢʦ ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ - ʟʘʜʘʯʘ ʥʝ ʠʟ ʣʝʛʢʠʭ, ʠ ʦʥʘ ʫʩʣʦʞʥʷʝʪʩʷ, ʢʦʛʜʘ 

ʨʝʯʴ ʠʜʝʪ ʦ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʛʝʦʜʝʟʠʯʝʩʢʦʝ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝ, ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʚʳʙʦʨʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ 

ʞʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ.  

ʆʙʲʝʢʪʦʤ ʦʙʟʦʨʘ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʠ ʩʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʩʜʚʠʞʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʧʦʜʨʘʙʦʪʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʘ ʪʘʢʞʝ, ʩʦʩʪʘʚ-

ʣʝʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʳʙʦʨʫ ʧʨʠʙʦʨʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ, ʪʘʭʝʦʤʝʪʨ, ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ, ʥʠʚʝʣʠʨ, ʟʝʤʥʘʷ ʧʦʚʝʨʭ-

ʥʦʩʪʴ, ʠʟʤʝʨʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ, ʩʜʚʠʞʝʥʠʝ, ʘʥʘʣʠʟ, ʧʦʜʨʘʙʦʪʘʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ˉ 075-00412-22 ʇʈ, ʪʝʤʘ No (FUWE-

2022-0003), ʨʝʛ. No1021062010536-3-1.5.1. 

 

REVIEW OF MODERN GEODETIC INSTRUMENTS FOR MONITORING  

THE DEFORMATION PROCESSES OF THE EARTH'S SURFACE 

VINAL'EVA E . A.  

Institute of Mining, Ural Branch of the Russian Academy of Sciences, Yekaterinburg  

Abstract. The process of displacement of rocks develops due to the violation of the natural stress-strain 

state of the massif due to the formation of mine workings.The stresses acting in the rock mass, the own 

weight of the rocks and suffusion processes cause the destruction and movement of the undermined rocks 

into the goaf.This process, developing, reaches the surface, where dips, terraces and cracks are formed.The 

displacements and deformations that capture the rock mass, as well as the earth's surface, can be dangerous 

for structures located on the surface, natural and economic objects, including mine workings carried out in 

the rock mass.The relevance of this problem lies in the fact that in recent years there has been an increase 

in the number of displacement and deformation processes in the world, which makes it necessary to monitor 

deformation processes on the ground.For these tasks, both classical and satellite geodetic instruments are 

used.However, choosing the right equipment is not an easy task, and it gets more complicated when it 
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comes to different working conditions.This article reviewed geodetic equipment, featuresits choice for 

monitoring deformations of the earth's surface, a comparative analysis of its advantages and disadvantages 

is also given in various operating conditions. 

Key words: monitoring, tacheometer, geodetic instruments, level, earth's surface, measurements, defor-

mations, displacement, analysis, undermined territories. 

 

ɺʚʝʜʝʥʠʝ 

ɺʳʝʤʢʘ ʧʣʘʩʪʦʚ ʫʛʣʷ ʠ ʜʨʫʛʠʭ ʟʘʣʝʞʝʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚ ʥʝʜʨʘʭ ʟʝʤʣʠ ʧʫʩʪʦʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ. ʇʦʨʦʜʳ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʢʨʦʚʣʝ ʛʦʨʥʳʭ ʚʳ-

ʨʘʙʦʪʦʢ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠʭʦʜʷʪ ʚ ʜʚʠʞʝʥʠʝ, ʦʙʫʩʣʦʚ-

ʣʠʚʘʷ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʩʜʚʠʞʝʥʠʷ ʚʩʝʡ ʪʦʣʱʠ, ʚʢʣʶʯʘʷ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʠ ʥʘʨʫʰʘʝʪʩʷ ʮʝʣʦʩʪʥʦʩʪʴ ʢʨʝʧʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, 

ʧʦʧʘʚʰʠʭ ʚ ʟʦʥʫ ʩʜʚʠʞʝʥʠʷ.[1] ʆʙʲʝʢʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʘʢʞʝ 

ʧʦʧʘʚʰʠʝ ʚ ʟʦʥʫ ʩʜʚʠʞʝʥʠʷ, ʜʝʬʦʨʤʠʨʫʶʪʩʷ, ʘ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜʨʘʙʦʪʢʠ 

ʜʘʞʝ ʨʘʟʨʫʰʘʶʪʩʷ.[2] ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʟʝʤʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ.  ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʦ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʦʪʤʝʪʢʘʭ ʚʳʩʦʪ ʪʦʯʝʢ ʥʘ ʤʝʩʪʥʦʩʪʠ. 

ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʥʠʚʝʣʠʨʳ, 

ʪʝʦʜʦʣʠʪʳ ʠ ʪʘʭʝʦʤʝʪʨʳ, ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ, ʪʘʢʠʝ ʢʘʢ 

ʩʠʩʪʝʤʳ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (GPS), ɻʃʆʅɸʉʉ ʠ Galileo, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 

ʪʦʯʥʳʝ ʠ ʫʜʦʙʥʳʝ ʜʘʥʥʳʝ ʦ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʦʪʤʝʪʢʘʭ ʚʳʩʦʪ ʪʦʯʝʢ ʥʘ ʤʝʩʪʥʦʩʪʠ ʧʨʠ ʩʦʙʣʶ-

ʜʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚ-

ʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʥʘ ʤʝʩʪʥʦʩʪʠ. 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʥʠʚʝʣʠʨʳ, ʪʝʦʜʦʣʠʪʳ ʠ ʪʘʭʝʦʤʝʪʨʳ, 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʤʝʩʪʥʦʩʪʠ. ʈʘʩʩʤʦʪ-

ʨʠʤ ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʛʝʦʜʝʟʠʠ. 

ʅʠʚʝʣʠʨ ð ʧʨʠʙʦʨ, ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʚʳʩʦʪ ʤʝʞʜʫ ʪʦʯ-

ʢʘʤʠ.[3] ʆʥ ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʦʧʪʠʯʝʩʢʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʣʫʯʝʡ, ʧʨʠʯʝʤ ʣʫʯʠ 

ʩʚʝʪʘ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʟʨʠʪʝʣʴʥʫʶ ʪʨʫʙʫ ʥʠʚʝʣʠʨʘ, ʜʘʣʝʝ ʯʝʨʝʟ ʧʨʠʟʤʫ ʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ 

ʨʝʬʣʝʢʪʦʨ. ʈʝʬʣʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʪʦʯʢʝ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝ-

ʨʝʥʠʝ, ʦʪʨʘʞʘʝʪ ʣʫʯʠ ʥʠʚʝʣʠʨʘ ʦʙʨʘʪʥʦ ʚ ʟʨʠʪʝʣʴʥʫʶ ʪʨʫʙʫ, ʛʜʝ ʦʥʠ ʧʦʧʘʜʘʶʪ ʥʘ ʠʟʤʝʨʠ-

ʪʝʣʴʥʫʶ ʰʢʘʣʫ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʳʩʦʪʫ ʪʦʯʢʠ ʥʘ ʦʩʥʦʚʝ ʥʝʩʢʦʣʴʢʠʭ ʠʟʤʝʨʝ-

ʥʠʡ. 

ʊʝʦʜʦʣʠʪ ð ɻ ʪʦ ʦʧʪʠʯʝʩʢʠʡ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝ-

ʨʝʥʠʷ ʫʛʣʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʦʯʢʘʤʠ ʥʘ ʤʝʩʪʥʦʩʪʠ. ʊʝʦʜʦʣʠʪ ʪʘʢʞʝ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥ-

ʮʠʧʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʣʫʯʝʡ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʝʡ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʫʛʣʳ ʚ ʜʘʥʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. ʇʨʠʙʦʨ ʪʘʢʞʝ ʠʤʝʝʪ ʠʟʤʝʨʠʪʝʣʴ-

ʥʫʶ ʰʢʘʣʫ ʠ ʦʢʫʣʷʨ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʫʛʣʦʚ. ʉ ʧʦʤʦʱʴʶ ʪʝʦʜʦʣʠʪʘ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʫʛʣʳ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʥʘ ʤʝʩʪʥʦʩʪʠ. 

ʊʘʭʝʦʤʝʪʨ ð ʵʪʦ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩ-

ʩʪʦʷʥʠʡ, ʫʛʣʦʚ ʠ ʚʳʩʦʪ ʥʘ ʤʝʩʪʥʦʩʪʠ. ʆʥ ʦʙʳʯʥʦ ʩʦʩʪʦʠʪ ʠʟ ʪʝʦʜʦʣʠʪʘ ʠ ʜʘʣʴʥʦʤʝʨʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʠʟʤʝʨʷʝʤʳʭ ʪʦʯʝʢ. ʊʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʥʘʱʝʥ ʫʩʪʨʦʡʩʪʚʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʬʦʢʫʩʠʨʦʚʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠʟʤʝʨʷʪʴ ʨʘʩ-

ʩʪʦʷʥʠʷ ʠ ʫʛʣʳ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʥʘ ʤʝʩʪʥʦʩʪʠ. ʊʘʭʝʦʤʝʪʨʳ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʜʝʣʷʪʩʷ 

ʥʘ ʦʧʪʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʥʥʳʝ (ʮʠʬʨʦʚʳʝ) ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ (ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ). [3]  
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ʆʛʨʘʥʠʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ(ʨʠʩ.1), ʪʘʢʠʝ ʢʘʢ ʥʠʚʝʣʠʨʳ, ʪʝʦʜʦʣʠʪʳ ʠ ʪʘ-

ʭʝʦʤʝʪʨʳ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʤʝʩʪʥʦ-

ʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʪʦʯʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʡ, ʦʥʠ ʠʤʝʶʪ ʪʘʢʞʝ ʠ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʚʦ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

 

ʈʠʩ. 1. ʂʣʘʩʩʠʯʝʩʢʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ 

 ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠ-

ʙʦʨʳ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʀʟʤʝʨʝʥʠʷ ʜʦʣʞʥʳ ʧʨʦ-

ʠʟʚʦʜʠʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʜʛʦ-

ʪʦʚʢʠ ʠ ʚʨʝʤʝʥʠ ʥʘ ʩʘʤʦ ʠʟʤʝʨʝʥʠʝ.  

 ɼʨʫʛʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʇʦʩʢʦʣʴʢʫ ʠʟʤʝʨʝ-

ʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʨʷʜ ʩʣʦʞʥʳʭ ʨʘʩ-

ʯʝʪʦʚ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

 ʂʨʦʤʝ ʪʦʛʦ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʳ ʚ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʜʝʬʦʨʤʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʢʦ-

ʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʠ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʪʦʯʥʳʭ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ. 

 ʅʘʢʦʥʝʮ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʳ ʚ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʚ ʦʪʜʘʣʝʥʥʳʭ ʠʣʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʛʜʝ ʜʦʩʪʘʚʢʘ ʠ ʫʩʪʘʥʦʚʢʘ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥʘ. 

 ɺ ʩʚʝʪʝ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, ʧʦʯʝʤʫ ʩʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝ-

ʩʢʠʝ ʧʨʠʙʦʨʳ ʩʪʘʣʠ ʪʘʢ ʧʦʧʫʣʷʨʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʘʣʝʝ 

ʨʘʩʩʤʦʪʨʠʤ ʩʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ.  

ʉʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʩʧʫʪʥʠʢʦʚʳʝ (ʨʠʩ.2) ʧʦʟʚʦ-

ʣʷʶʪ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʳʭ, ʪʘʢ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʠ 

ʥʝ ʪʨʝʙʫʶʪ ʫʩʪʘʥʦʚʢʠ ʤʥʦʞʝʩʪʚʘ ʧʨʠʙʦʨʦʚ. 
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ʈʠʩ.2. ʉʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ 

 ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʩʧʫʪʥʠʢʦʚʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝ-

ʥʠʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʧʨʠʝʤʘ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʛʨʫʧʧʠʨʦʚʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ ʠ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʦʧʨʘʚʦʢ 

ʠʟʤʝʨʝʥʠʡ ʦʪ ʥʘʟʝʤʥʳʭ ʨʝʬʝʨʝʥʮʩʪʘʥʮʠʡ ʘʥʪʝʥʥʦʡ ʧʦʪʨʝʙʠʪʝʣʷ.[4] 

ʉʧʫʪʥʠʢʦʚʘʷ ʛʝʦʜʝʟʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʠʩʧʦʣʴʟʫʶʱʫʶʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ ʪʦʯʝʢ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʥʘʚʠʛʘʮʠʠ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ GPS ʠ GLONASS. 

GPS (Global Positioning System) - ʵʪʦ ʩʠʩʪʝʤʘ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥ-

ʥʘʷ ʉʐɸ. GPS ʩʦʩʪʦʠʪ ʠʟ 24 ʩʧʫʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʢʨʫʞʘʪ ʚʦʢʨʫʛ ɿʝʤʣʠ ʥʘ ʚʳʩʦʪʝ 20 192 

ʢʤ.[5] ʂʘʞʜʳʡ ʩʧʫʪʥʠʢ ʧʝʨʝʜʘʝʪ ʩʠʛʥʘʣʳ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪʩʷ 

GPS-ʧʨʠʝʤʥʠʢʦʤ. ʆʥ ʠʟʤʝʨʷʝʪ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʩʧʫʪʥʠʢʘ 

ʜʦ ʧʨʠʝʤʥʠʢʘ, ʠ ʠʩʧʦʣʴʟʫʝʪ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

GPS-ʧʨʠʝʤʥʠʢ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʧʫʪʥʠʢʦʚ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʚʦʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ. 

 ɻʃʆʅɸʉʉ ð ʨʦʩʩʠʡʩʢʘʷ ʩʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ ʥʘʚʠʛʘʮʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʝ-

ʨʘʪʠʚʥʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʥʘʟʝʤʥʦʛʦ, ʤʦʨʩʢʦʛʦ, ʚʦʟʜʫʰʥʦʛʦ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ. ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʚ ʤʠʨʝ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ ʛʨʘʞʜʘʥʩʢʦʤʫ ʩʠʛʥʘʣʫ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦ-

ʚʘʥʠʷ ʚ ʜʚʫʭʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ L1 ʠ L2 ʧʦʪʨʝʙʠʪʝʣʷʤ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʥʘ ʙʝʟʚʦʟʤʝʟʜʥʦʡ 

ʦʩʥʦʚʝ. ʆʩʥʦʚʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ 24 ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʳʩʦʪʝ 

19 100 ʢʤ ʠ ʜʚʠʞʫʪʩʷ ʚ ʪʨʸʭ ʦʨʙʠʪʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʧʦ 8 ʘʧʧʘʨʘʪʦʚ ʚ ʢʘʞʜʦʡ.[6] ʂʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʩ GPS, ʢʘʞʜʳʡ ʩʧʫʪʥʠʢ ʧʝʨʝʜʘʝʪ ʩʠʛʥʘʣʳ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʧʨʠʥʠ-

ʤʘʶʪʩʷ ɻʃʆʅɸʉʉ-ʧʨʠʝʤʥʠʢʦʤ, ʜʘʣʝʝ ʠʜʝʪ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʧʫʪʥʠ-

ʢʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ.  

 ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʥʠ ʪʘʢʞʝ ʠʤʝʶʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, 

ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝ-

ʩʪʠ ʢ ʦʰʠʙʢʘʤ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ ʙʳʪʴ ʥʝʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʨʘʙʦʪʝ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʛʦʨʦʜ-

ʩʢʠʭ ʨʘʡʦʥʘʭ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʩʧʫʪʥʠʢʠ ʥʘʭʦʜʷʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʙʟʦʨʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʜʝʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʉʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩ-

ʩʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʘʣʝʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

1. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

 ʉʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʧʫʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪ ʩʠʛʥʘʣʳ ʥʘ 

ʟʝʤʣʶ.  

2. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ 
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 ɺʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʠʟʤʝʨʷʪʴ ʨʘʩʩʪʦʷʥʠʷ ʠ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝ-

ʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʣʫʯʘʝ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʧʘʩʥʳʭ ʟʦʥʘʭ. 

3. ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʪʦʯʝʢ 

 ʉ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʫʜʘʣʝʥʥʳʝ 

ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʭʚʘʪʳʚʘʪʴ ʙʦʣʴ-

ʰʠʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʩʣʝʜʠʪʴ ʟʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʙʦʣʴʰʠʭ ʦʙʲʝʢʪʘʭ (ʪʘʢʠʭ 

ʢʘʢ ʛʦʨʳ ʠ ʜʘʤʙʳ). 

4. ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʧʣʦʭʠʭ ʫʩʣʦʚʠʷʭ ʧʦʛʦʜʳ 

 ʆʥʠ ʨʘʙʦʪʘʶʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʜʦʞʜʴ, ʩʥʝʛ ʠʣʠ ʪʫʤʘʥ. 

ʕʪʦ ʜʝʣʘʝʪ ʠʭ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳʤʠ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʦʙʲʝʢʪʦʚ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠ ʵʢʩ-

ʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

5. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʡ 

 ʉʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʟʘʧʠʩʠ 

ʜʘʥʥʳʭ ʠ ʠʭ ʧʝʨʝʜʘʯʠ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ. ʕʪʦ ʫʧʨʦʱʘʝʪ ʠ ʘʚʪʦʤʘʪʠʟʠ-

ʨʫʝʪ ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ. 

6. ʀʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʷʭ  

 ʉʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʜʦ ʥʝ-

ʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ ʚ ʜʠʘʤʝʪʨʝ. 

7. ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʆʙʦʨʫʜʦʚʘʥʠʝʤ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʡ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʜʝ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʣʫʯʘʝ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, 

ʪʘʢʠʭ ʢʘʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʣʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠʟʚʝʨʞʝʥʠʷ. 

ɺ ʮʝʣʦʤ, ʩʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʠ 

ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʤʥʦ-

ʛʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ 

1. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝ-

ʨʝʥʠʡ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʂʣʘʩʩʠʯʝʩʢʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʥʠʚʝʣʠʨʳ, ʪʝʦʜʦʣʠʪʳ ʠ ʪʘʭʝʦʤʝʪʨʳ, 

ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʤʝʭʘʥʠʟʤʦʚ. ʆʜʥʘʢʦ, ʦʥʠ ʠʤʝʶʪ ʩʚʦʠ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʥʘʣʠ-

ʯʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʪʫʤʘʥ, ʜʦʞʜʴ, ʩʥʝʛ ʠʣʠ ʩʠʣʴʥʳʡ ʚʝʪʝʨ, ʤʦʞʝʪ ʥʝʛʘ-

ʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ.  

ʉʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ, ʪʘʢʠʝ ʢʘʢ GPS ʠ ɻʃʆʅɸʉʉ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʧʨʠʙʦ-

ʨʘʤʠ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ 

ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʢʦʦʨʜʠʥʘʪʘʭ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦ ʩʧʫʪʥʠʢʦʚ.  

ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, 

ʦʪ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ ʠʣʠ ʦʪ ʥʘʣʠʯʠʷ ʧʦʤʝʭ ʚ ʩʠʛʥʘʣʘʭ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, 

ʯʪʦ ʩʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʤʦʛʫʪ ʪʨʝʙʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʦʙ-

ʩʣʫʞʠʚʘʥʠʝ ʠ ʢʘʣʠʙʨʦʚʢʫ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

2. ɺʣʠʷʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ɺʣʠʷʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʠʟʤʝʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʥʘ-

ʯʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝ-

ʩʢʠʭ ʧʨʠʙʦʨʦʚ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʤʦʛʫʪ 

ʙʳʪʴ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʚʝʪʝʨ, ʜʦʞʜʴ ʠ ʪʫʤʘʥ, 
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ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʧʫʪʥʠʢʦʚʳʝ ʧʨʠ-

ʙʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ. 

ʆʜʥʘʢʦ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʢʘʢ 

ʢʣʘʩʩʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ. ɼʝʬʦʨʤʘʮʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʤʦʛʫʪ 

ʚʳʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ ʚ ʠʟʤʝ-

ʨʝʥʠʷʭ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʝ 

ʚʣʠʷʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

3. ɺʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ 

ɹʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʪʨʝʙʫʶʪ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʫʪʥʠʢʦʚʳʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʩʪʘʥʦʚʢʦʡ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʥʘ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʷ ʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ ʨʷʜʘ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʳʭ ʦʧʝʨʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʫʩʪʘʥʦʚʢʘ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, ʥʘʩʪʨʦʡʢʘ ʧʨʠʙʦʨʦʚ ʠ ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʯʘʩʪʦ 

ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʩʦʥʘʣʘ, ʯʪʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. 

ʉʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʤʦʛʫʪ ʧʨʦʠʟʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ ʥʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ 

ʟʘ ʙʦʣʝʝ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ʆʥʠ ʥʝ ʪʨʝʙʫʶʪ ʫʩʪʘʥʦʚʢʠ ʥʘ ʢʘʞʜʦʡ ʪʦʯʢʝ, ʯʪʦ 

ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʧʦʯʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʩʚʷʟʘʥʳ ʩ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ 

ʦʙʣʘʯʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʩʠʛʥʘʣʘ. ʆʜʥʘʢʦ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ 

ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ɻʃʆʅɸʉʉ ʠ Galileo, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ GPS, 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ. 

ʆʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝ-

ʩʢʠʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ʉʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ. 

2. ʉʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʙʣʶʜʝʥʠʝ ʟʘ 

ʦʙʲʝʢʪʘʤʠ, ʫʜʘʣʝʥʥʳʤʠ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. 

3. ɺʣʠʷʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʚʳʰʝ, ʯʝʤ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ. 

4. ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʦʧʨʘʚʜʘʥʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʙʣʠʟʠ ʦʙʲʝʢʪʘ ʤʦʥʠʪʦʨʠʥʛʘ [7]. 

5. ɺʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ [7 ï 8]. 

6. ɹʦʣʝʝ ʧʨʦʩʪʳʤʠ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʷʚʣʷʶʪʩʷ ʩʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ. 

ʄʘʣʦʛʘʙʘʨʠʪʥʘʷ ʘʧʧʘʨʘʪʫʨʘ, ʣʝʛʢʦ ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʦʙʲʝʢʪʝ 

[9]. 

ɺʳʚʦʜ 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʷʚ-

ʣʷʶʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʥʘʙʣʶʜʝ-

ʥʠʝ ʟʘ ʦʙʲʝʢʪʘʤʠ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʘʚʜʘʥʦ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʳ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʙʣʠʟʠ ʦʙʲʝʢʪʘ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʨʠʙʦʨʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ: 
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1. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʙʳʩʪʨʳʡ ʠ ʪʦʯʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʥʝʙʦʣʴ-
ʰʠʭ ʫʯʘʩʪʢʘʭ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ. 

2. ʅʘ ʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘʭ ʠʣʠ ʚ ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʜʦʩʪʫʧʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷ-
ʝʪʩʷ ʧʨʦʙʣʝʤʦʡ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ. 

3. ʇʨʠ ʚʳʙʦʨʝ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞ-
ʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʥʘʣʠʯʠʝʤ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ[10 ï 11]. 

4. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʨʝ-
ʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʙʠʥʘʮʠʶ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʦʚ[10]. 

5. ʇʨʠ ʚʳʙʦʨʝ ʧʨʠʙʦʨʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ 
ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʢʫ ʠ ʮʝʣʠ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʜʦʩʪʫʧʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʳʙʨʘʥʥʳʤʠ ʧʨʠʙʦʨʘʤʠ. 

6. GNSS-ʩʠʩʪʝʤʳ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʧʨʠʤʝʥʷʪʴ ʥʘ ʜʦʚʦʣʴʥʦ ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʩ ʭʦ-

ʨʦʰʦ ʦʪʢʨʳʪʳʤ ʥʝʙʦʤ: ʜʦʨʦʛʠ, ʩʝʪʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʥʘ ʥʝʟʘʩʪʨʦʝʥʥʦʡ ʠʣʠ ʤʘʣʦʟʘ-

ʩʪʨʦʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʪʦʯʥʦʩʪʴ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʥʠʞʝ, ʯʝʤ ʫ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ. [12] 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʚ ʨʘʤʢʘʭ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʙʳʩʪʨʳʡ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʩʧʫʪʥʠʢʦʚʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ. ʇʨʠ ʚʳʙʦʨʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-

ʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 
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ɸʅɸʃʀɿ ʉʆɺʈɽʄɽʅʅʓʍ ʉʇʆʉʆɹʆɺ ʆʎɽʅʂʀ ɻɽʆʄɽʍɸʅʀʏɽʉʂʆɻʆ 

ʉʆʉʊʆʗʅʀʗ ʄɸʉʉʀɺɸ ɻʆʈʅʓʍ ʇʆʈʆɼ 

 
ɼɸʃʀɹɸɽɺ ɸ. ɾ., ʄʋʉʀʅ ɸ. ɸ., ʉɸʊɸʅʆɺ ɾ. ʈ. 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʠʣʢʘʩʘ ʉʘʛʠʥʦʚʘ, ʂʘʨʘʛʘʥʜʘ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʩʪʦʷʥʠʷ ʚʳ-
ʨʘʙʦʪʦʢ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. ɸʚʪʦʨ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʳʨʘʙʦʪʢʠ, ʧʨʦʯʥʦʩʪʠ ʨʫʜ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʤʦʱʥʦʩʪʠ ʨʫʜʥʦʛʦ ʪʝʣʘ, 

ʧʨʦʣʝʪʘ ʧʦʜʨʘʙʦʪʢʠ, ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʯʠʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʠʥʷʪʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨ ʚʳʜʝʣʷʝʪ ʜʚʝ ʛʨʫʧʧʳ ʢʨʠʪʝʨʠʝʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʥʘ-

ʞʝʥʠʡ: ʧʝʨʚʫʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʨʦʯʥʦʩʪʥʦʤ ʨʘʩʯʝʪʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʠ 

ʚʪʦʨʫʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʦʯʥʦʩʪʥʦʤ ʨʘʩʯʝʪʝ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʜ-

ʭʦʜʝ. ɸʚʪʦʨ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʧʨʠ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʥʘʛʨʫʟʢʠ ʥʘ 

ʢʨʝʧʴ ʢʦʥʢʫʨʠʨʫʶʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘ ï ʨʘʩʯʝʪ ʧʦ ʟʘʜʘʥʥʳʤ ʥʘʛʨʫʟ-

ʢʘʤ ʠ ʧʦ ʟʘʜʘʥʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʘʜʦʯʥʘʷ ʧʦʨʦʜʘ, ʠʥʜʝʢʩ GSI, ʛʦʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʘʪʝʛʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʛʦʨʥʳʭ ʧʦʨʦʜ, ʠʥʜʝʢʩ ʢʘʯʝʩʪʚʘ ʤʘʩʩʠʚʘ. 
 

ANALYSIS OF MODERN METHODS FOR ASSESSING THE GEOMECHANICAL 

STATE OF A ROCK MASS 

 
DALIBAYEV A.  ZH., MUSIN A. A., SATANOV ZH. R. 

Abilkas Saginov Karaganda Technical University, Karaganda 

Abstract. The article discusses the factors influencing the stability of the state of workings in mine 

workings. The author emphasizes that stability depends on the depth of the excavation, the strength 

of the ores and host rocks, the thickness of the ore body, the span of the undermining, the distance 

to the working area, the adopted development system and other factors. In addition, the author 

identifies two groups of criteria for the stability of outcrops: the first, based on the strength calcu-

lation of the stability of mine workings, and the second, based on the deformation approach. Meth-

ods for calculating the stability of mine workings based on strength calculations and the defor-

mation approach are considered. The author emphasizes that when assessing the stability of mine 

workings and the load on the support, two fundamentally different approaches compete - calcula-

tion for given loads and for given deformations. 

Keywords: sedimentary rock, GSI index, rock pressure, rock stability categories, massif quality 

index. 

ʋʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʚʳʨʘʙʦʪʦʢ ʟʘʚʠʩʠʪ ʦʪ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʝʜʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ: ʛʣʫʙʠʥʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʳʨʘʙʦʪʢʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʫʜ 

ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʤʦʱʥʦʩʪʠ ʨʫʜʥʦʛʦ ʪʝʣʘ ʠ ʝʛʦ ʫʛʣʘ ʧʘʜʝʥʠʷ, ʧʨʦʣʝʪʘ ʧʦʜʨʘʙʦʪʢʠ, ʨʘʩ-

ʩʪʦʷʥʠʷ ʜʦ ʦʯʠʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʠʥʷʪʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʦʨʠʝʥ-

ʪʠʨʦʚʢʠ ʚʳʨʘʙʦʪʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʨʦʥʪʫ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ, ʦʩʪʘʚʣʝʥʥʳʤ ʮʝʣʠʢʘʤ ʠ ʪʝʢ-

ʪʦʥʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʷʤ, ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʚʠʜʘ ʢʨʝʧʠ ʠ ʜʨ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʜʚʝ ʛʨʫʧʧʳ ʢʨʠʪʝʨʠʝʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʥʘʞʝʥʠʡ. ʂ ʧʝʨ-

ʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʢʨʠʪʝʨʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʦʯʥʦʩʪʥʦʤ ʨʘʩʯʝʪʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʥʳʭ 
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ʚʳʨʘʙʦʪʦʢ, ʪʦ ʝʩʪʴ ʦʮʝʥʢʝ ʠʭ ʧʨʦʯʥʦʩʪʠ [1-9]. ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʢʨʠʪʝʨʠʠ, ʦʩʥʦ-

ʚʘʥʥʳʝ ʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ, ʪ.ʝ. ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ 

ʧʨʝʜʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʡ ʢʦʥʪʫʨʘ ʚʳʨʘʙʦʪʦʢ. 

ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʦʯʥʦʩʪʥʦʤ ʨʘʩʯʝʪʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦ-

ʪʦʢ (ʧʦ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ) ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʛʠʧʦʪʝʟʘʭ ʄ.ʄ. ʇʨʦʪʦʜʴʷʢʦʥʦʚʘ, ʇ.ʄ. ʎʠʤʙʘʨʝ-
ʚʠʯʘ, ɺ.ɼ. ʉʣʝʩʘʨʝʚʘ, ʅ.ʄ. ʇʦʢʨʦʚʩʢʦʛʦ ʠ ʜʨ. ɼʨʫʛʦʡ ʧʦʜʭʦʜ (ʨʘʩʯʝʪ ʧʦ ʟʘʜʘʥʥʦʡ ʜʝʬʦʨʤʘ-
ʮʠʠ) ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʝ ʢʘʢ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ, ʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʝʧʠ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʛʠʧʦʪʝʟʘʭ ɸ. ʃʘʙʘʩʩʘ, ʂ.ɺ. 

ʈʫʧʧʝʥʝʡʪʘ, ʖ.ʄ. ʃʠʙʝʨʤʘʥʘ , ɻ.ʃ. ʌʠʩʝʥʢʦ, ʀ.ʅ. ʂʘʮʘʫʨʦʚʘ ʠ ʜʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʥʘʛʨʫʟʢʠ ʥʘ ʢʨʝʧʴ ʢʦʥ-

ʢʫʨʠʨʫʶʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘ ï ʨʘʩʯʝʪ ʧʦ ʟʘʜʘʥʥʳʤ ʥʘʛʨʫʟʢʘʤ ʠ ʧʦ ʟʘ-

ʜʘʥʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ. ʀʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʦʡ ʩʣʦʞʠʣʘʩʴ ʢʦʥʮʝʧʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʜʘ ʝʩʪʝ-

ʩʪʚʝʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʘʤʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʥʠʢʘʢ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʣʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ, ʦʩʥʦʚʘʥ-

ʥʳʭ ʥʘ ʦʮʝʥʢʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ ʟʦʥʳ ʥʝʫʧʨʫʛʠʭ (ʟʘʧʨʝʜʝʣʴʥʳʭ) ʜʝʬʦʨʤʘʮʠʡ. 

ʕʪʠ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʨʠʠ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ï ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʯʠʪʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʘʚʣʝʥʠʝ ʥʘ ʢʨʝʧʴ, ʥʦ ʠ ʩʤʝʱʝʥʠʝ ʧʦ-

ʨʦʜ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʦʡ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʢʨʝʧʠ. 

ɼʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ, ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡ-

ʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʚʦʢʨʫʛ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʧʨʠʥʷʪʳ 

ʩʤʝʱʝʥʠʷ ʥʘ ʢʦʥʪʫʨʝ ʠʭ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʟʘ ʚʝʩʴ ʩʨʦʢ ʩʣʫʞʙʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʨʝʧʠ, 

ʪ.ʝ. ʚ ʥʝʟʘʢʨʝʧʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʦʞʠʜʘʝʤʳʭ ʩʤʝʱʝʥʠʡ ʚʳʜʝ-

ʣʷʶʪ ʯʝʪʳʨʝ ʢʘʪʝʛʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜ (ʪʘʙʣʠʮʘ 1).  

 
ʊʘʙʣʠʮʘ 1 ï ʆʪʥʝʩʝʥʠʝ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʘʪʝʛʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝ-

ʣʠʯʠʥʳ ʩʤʝʱʝʥʠʡ 

ʂʘʪʝʛʦʨʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʦʨʦʜ 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʧʦʨʦʜ 

ʉʤʝʱʝʥʠʷ U, ʤʤ 

ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ (ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʘʨʛʠʣ-

ʣʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ, ʫʛʦʣʴ ʠ ʜʨ.) 

I ʋʩʪʦʡʯʠʚʦʝ ɼʦ 50 

II  ʉʨʝʜʥʝʫʩʪʦʡʯʠʚʦʝ ʉʚʳʰʝ 50 ʜʦ 200 

III  ʆʯʝʥʴ ʥʝʫʩʪʦʡʯʠʚʦʝ ʉʚʳʰʝ 200 ʜʦ 500 

IV ʉʠʣʴʥʦ ʥʝʫʩʪʦʡʯʠʚʦʝ ʉʚʳʰʝ 500 

 
ɼʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʪʧʨʘʚʥʳʤ ʧʫʥʢʪʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʜʟʝʤʥʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ, ʪ.ʢ. ʠʤʝʥʥʦ ʩʤʝʱʝʥʠʷ ʧʦʨʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʧʦ ʉʅʠʇ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʢʨʝʧʴ ʠ ʜʘʣʴʥʝʡ-

ʰʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʨʝʧʠ (ʚʠʜ ʢʨʝʧʠ, ʪʠʧ ʧʨʦʬʠʣʷ, ʧʣʦʪʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʠ ʪ.ʜ.). 

ʇʨʠ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʥʘʞʝʥʠʡ ʥʘ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʦʣʴʟʫʶʪʩʷ ʚʝʣʠʯʠ-

ʥʦʡ ʣʠʙʦ ʨʘʟʤʝʨʘ ʧʨʦʣʝʪʘ ʥʝʟʘʢʨʝʧʣʝʥʥʦʛʦ ʦʙʥʘʞʝʥʠʷ (ʜʣʷ ʧʨʦʪʷʞʝʥʥʳʭ ʚʳʨʘʙʦʪʦʢ) ʣʠʙʦ 

ʧʣʦʱʘʜʠ ʦʙʥʘʞʝʥʠʷ (ʜʣʷ ʢʘʤʝʨʥʳʭ ʚʳʨʘʙʦʪʦʢ). ʇʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʨʫʜ ʧʨʠʥʷʪʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ ʪʘʙʣʠʮʝ 2. 

 
ʊʘʙʣʠʮʘ 2 ï ʆʪʥʝʩʝʥʠʝ ʧʦʨʦʜ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʘʪʝʛʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʧʣʦʱʘʜʠ ʦʙʥʘʞʝʥʠʷ 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜ ʇʣʦʱʘʜʴ ʦʙʥʘʞʝʥʠʷ 

ʩʣʘʙʳʝ ʠ ʥʝʫʩʪʦʡʯʠʚʳʝ ʨʫʜʳ ʥʝ ʜʦʧʫʩʢʘʶʪ ʦʙʥʘʞʝʥʠʡ ʠ ʪʨʝʙʫʶʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʩʠ-

ʣʝʥʥʦʛʦ ʢʨʝʧʣʝʥʠʷ 

ʤʘʣʦʫʩʪʦʡʯʠʚʳʝ ʜʦʧʫʩʢʘʶʱʠʝ ʦʙʥʘʞʝʥʠʷ ʙʝʟ ʢʨʝʧʣʝʥʠʷ ʰʠʨʠʥʦʡ ʜʦ 3 ʤ 

ʩʨʝʜʥʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦʧʫʩʪʠʤʘʷ ʧʣʦʱʘʜʴ ʦʙʥʘʞʝʥʠʷ ʜʦ 50ï100 ʤ2 

ʫʩʪʦʡʯʠʚʳʝ ʜʦʧʫʩʪʠʤʘʷ ʧʣʦʱʘʜʴ ʦʙʥʘʞʝʥʠʷ ʜʦ 200ï500 ʤ2 

ʚʝʩʴʤʘ ʫʩʪʦʡʯʠʚʳʝ ʜʦʧʫʩʪʠʤʘʷ ʧʣʦʱʘʜʴ ʦʙʥʘʞʝʥʠʷ 800ï1000 ʤ2 ʠ ʙʦʣʝʝ 
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ʉʘʤʦ ʦʙʠʣʠʝ ʪʘʢʠʭ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʜʦʩʪʘʪʦʯ-

ʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʝ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʷʩʥʦʩʪʴ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʥʝʨʝʜʢʦ ʧʨʦʠʟʚʦʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʠʭ ʚʝʣʠʯʠʥʳ ʧʨʠʚʦʜʠʪ ʢ ʩʫʙʲ-

ʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

ʂʘʪʝʛʦʨʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʝʣʠʯʠʥʦʡ ʢʨʠʪʝʨʠʷ ὅ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʘʙ-

ʣʠʮʝ 3. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʢʨʠʪʝʨʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʉ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʮʝʥʠʚʘʪʴ ʜʘʚ-

ʣʝʥʠʝ ʥʘ ʢʨʝʧʴ. 

 
ʊʘʙʣʠʮʘ 3 ï ʂʘʪʝʛʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʂʘʪʝʛʦʨʠʷ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʂʨʠʪʝʨʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ὅ 

I ʋʩʪʦʡʯʠʚʦʝ ʜʦ 3 

II  ʉʨʝʜʥʝʫʩʪʦʡʯʠʚʦʝ 3 ï 6 

III  ʅʝʫʩʪʦʡʯʠʚʦʝ 6 ï 10 

IV ʆʯʝʥʴ ʥʝʫʩʪʦʡʯʠʚʦʝ ʩʚʳʰʝ 10 

 
ɺ ʥʦʨʤʘʪʠʚʥʦʤ ʜʦʢʫʤʝʥʪʝ ʧʦʨʦʜʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʚʦʡʩʪʚʘʤ: ʦʙʨʫ-

ʰʘʝʤʦʩʪʴ (ʫʧʨʘʚʣʷʝʤʦʩʪʴ) ʤʘʩʩʠʚʘ ʧʦʨʦʜ ʥʘʜ ʧʣʘʩʪʦʤ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ; ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʥʠʞʥʝʛʦ ʩʣʦʷ ʢʨʦʚʣʠ; ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʦʯʚʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʚʳʜʝʣʝʥʠʷ ʢʘʪʝʛʦʨʠʡ ʧʦʨʦʜ ʚ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʥʷʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘ-

ʨʘʤʝʪʨʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʧʦ ʦʧʳʪʫ ʨʘʙʦʪʳ ʦʯʠʩʪʥʳʭ ʟʘʙʦʝʚ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʩʨʝʜʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʨʠʨʘʱʝʥʠʷ ʦʧʫʩʢʘʥʠʷ ʢʨʦʚʣʠ ʥʘ 1 ʤ ʰʠʨʠʥʳ ʧʨʠʟʘʙʦʡ-

ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; ʰʘʛ ʧʝʨʚʦʡ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʦʩʘʜʦʢ ʤʘʩʩʠʚʘ ʧʦʨʦʜ; ʨʘʟʤʝʨ ʫʩʪʦʡʯʠʚʦʛʦ 

ʰʘʛʘ ʟʘʚʠʩʘʥʠʷ ʝʛʦ ʚ ʚʳʨʘʙʦʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʢʨʝʧʠ) ʠ ʣʠʪʦʣʦʛʠʯʝ-

ʩʢʠʝ (ʧʨʦʯʥʦʩʪʴ ʧʦʨʦʜ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʨʝʱʠʥʘʤʠ). 

ɸʥʘʣʠʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʜʥʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ 

ʩʣʠʰʢʦʤ ʦʙʱʠʤʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʤʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʚʳʨʘʙʦʪʦʢ, ʜʨʫʛʠʝ ï 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʦʥʢʨʝʪʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʜʦʙʳʯʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʠ ʩʦʜʝʨʞʘʪ ʯʠʩʣʦ-

ʚʳʝ ʟʥʘʯʝʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʠʥʳʭ ʛʦʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʤʦʛʫʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʝʤ ʙʦʣʝʝ ʚ ʩʣʫʯʘʝ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʜʦʙʳʚʘʶ-

ʱʝʡ ʪʝʭʥʠʢʠ, ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ, ʨʘʟʨʘʙʦʪʢʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝ-

ʰʝʥʠʡ. 

ɺ ʫʢʘʟʘʥʥʳʭ ʩʣʫʯʘʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʜʦʣʞʥʦ ʧʨʝʜʚʘʨʷʪʴʩʷ 

ʢʦʤʧʣʝʢʩʦʤ ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʚʢʣʶʯʘʶʱʠʤ ʚʠʟʫʘʣʴʥʳʝ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʥʘʙʣʶ-

ʜʝʥʠʷ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʧʦʨʦʜ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʬʠʟʠʯʝʩʢʦʝ, ʪʘʢ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

(ʯʠʩʣʝʥʥʦʝ). ʀʤʝʥʥʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʚʳʨʘʙʦʪʢʘ, ʚʘʞʥʦ 

ʦʪʥʝʩʝʥʠʝ ʧʦʨʦʜ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʘʪʝʛʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʫʚʷʟʢʠ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʨʦʜ, ʩʚʝʜʝʥʠʡ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʦ-

ʨʦʜ ʠ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʫʯʘʩʪʢʘʭ. 

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʜʘʥ-

ʥʳʝ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʳʨʘʙʦʪʦʢ, ʠʩʧʦʣʴʟʫʶʪ ʨʝʡʪʠʥʛʦʚʳʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚ ʢʦʪʦʨʳʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʘʩʩʠʚʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʙʘʣ-

ʣʘʭ. 

ʈʝʡʪʠʥʛʦʚʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʩʠʩʪʝʤʳ) ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ï ʵʪʦ ʪʠʧʠʟʘʮʠʷ ʩʣʦʞʥʦʩʪʠ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʣʦʞ-

ʥʦʩʪʴ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʚʳʜʝʣʠʪʴ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʠ ʥʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʯʘʩʪʢʠ ʚ ʛʦʨʥʦʤ ʤʘʩʩʠʚʝ. ʊʦ ʝʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʠʚʘ. 

ɺ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ çʈʝʡʪʠʥʛʘ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦ-

ʨʦʜè (RMR) ɹʝʥʷʚʩʢʦʛʦ, ʩʦʧʦʩʪʘʚʣʷʶʱʘʷ ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʯʠʩʣʦ 

ʙʘʣʣʦʚ, ʩʫʤʤʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪ ʢʘʪʝʛʦʨʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʠʚʘ. ɺ ʥʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 
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ʩʣʝʜʫʶʱʠʝ ʰʝʩʪʴ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʧʨʦʯʥʦʩʪʴ ʧʦʨʦʜ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ (JA1); ʧʦʢʘ-

ʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʧʦʨʦʜ RQD (JA2); ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʨʝʱʠʥʘʤʠ (JA3); ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʪʨʝʱʠʥ (JA4); ʦʨʠʝʥʪʘʮʠʷ ʧʨʦʩʪʠʨʘʥʠʷ ʪʨʝʱʠʥ (JA5); ʥʘʣʠʯʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜʦʧʨʠʪʦʢʦʚ 

(JBB). ɼʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘʜʘʥʳ ʛʨʘʜʘʮʠʠ (ʠʥʪʝʨʚʘʣʳ) ʝʛʦ ʠʟʤʝʥʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʥʝʦʙ-

ʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʮʝʥʠʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ. ɿʥʘʯʝʥʠʝ ʠʥ-

ʜʝʢʩʘ RMR ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʨʝʡʪʠʥʛʦʚʳʭ ʟʥʘʯʝʥʠʡ: 

RMR = JA1+ JA2+ JA3+ JA4+ JA5+ JBB                                 (1) 

 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʡʪʠʥʛʘ ʧʦ ʢʘʞʜʦʤʫ ʦʪʜʝʣʴʥʦʤʫ ʬʘʢʪʦʨʫ ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʝʥʠʷ 

ʢʨʠʪʝʨʠʷ ὙὓὙ. ʇʦ ʚʝʣʠʯʠʥʝ ʢʨʠʪʝʨʠʷ ὙὓὙ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʨʦʜʥʦʛʦ 
ʤʘʩʩʠʚʘ, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʥʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ (ʪʘʙʣʠʮʘ 4). 

 
ʊʘʙʣʠʮʘ 4 - ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦ ʧʦʢʘʟʘʪʝʣʶ RMR 

ɺʝʣʠʯʠʥʘ ʢʨʠ-

ʪʝʨʠʷ  

RMR 

ʂʘʪʝʛʦʨʠʷ 

ʫʩʪʦʡʯʠ-ʚʦ-

ʩʪʠ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ 

100 - 81 I ɺʝʩʴʤʘ ʫʩʪʦʡʯʠʚʳʝ ʧʦʨʦʜʳ 10 ʣʝʪ, ʧʨʦʣʝʪ ʜʦ 15 ʤ 

80 - 61 II  ʋʩʪʦʡʯʠʚʳʝ ʧʦʨʦʜʳ 6 ʤʝʩʷʮʝʚ, ʧʨʦʣʝʪ ʜʦ 8 ʤ 

60 - 41 III  ʇʦʨʦʜʳ ʩʨʝʜʥʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 1 ʥʝʜʝʣʷ, ʧʨʦʣʝʪ ʜʦ 5 ʤ 

40 - 21 IV ʅʝʫʩʪʦʡʯʠʚʳʝ ʧʦʨʦʜʳ 10 ʯʘʩʦʚ, ʧʨʦʣʝʪ ʜʦ 2,5 ʤ 

< 21 V ɺʝʩʴʤʘ ʥʝʫʩʪʦʡʯʠʚʳʝ ʧʦʨʦʜʳ 30 ʤʠʥʫʪ, ʧʨʦʣʝʪ ʜʦ 1 ʤ 

  

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʤʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʟʜʝʣʝʥʳ ʥʘ ʯʠʩʣʦ 

ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʣʘʩʪʝʡ, ʠ ʢʘʞʜʘʷ ʦʙʣʘʩʪʴ ʠʤʝʝʪ ʩʚʦʡ ʨʝʡʪʠʥʛʦʚʳʡ ʧʦʢʘʟʘʪʝʣʴ. ɺ 1989 ʛʦʜʫ 

ɿ.ɹʝʥʷʚʩʢʠʡ ʦʧʫʙʣʠʢʦʚʘʣ ʢʦʤʧʣʝʢʩ ʩʠʩʪʝʤ ʢʨʝʧʣʝʥʠʷ ʜʣʷ ʠʤʝʶʱʠʭʩʷ ʜʠʘʧʘʟʦʥʦʚ ʧʦʢʘʟʘ-

ʪʝʣʝʡ RMR. ʅʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣʠ ʩʦʟʜʘʥʳ ʛʨʘʬʠʢʠ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʨʘʙʦʪʦʢ ʦʪ ʧʨʦʣʝʪʘ ʦʙʥʘʞʝʥʠʷ ʧʦ ʩʠʩʪʝʤʝ RMR (ʨʠʩʫ-

ʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʦʣʝʪʦʤ ʦʙʥʘʞʝʥʠʷ ʧʦ ʨʝʡʪʠʥʛʦʚʳʤ ʧʦʢʘ-

ʟʘʪʝʣʷʤ RMR  

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʭʦʜʯʝʩʢʠʭ ʨʘʙʦʪ, ɹʘʨʪʦʥ ʚ ʅʦʨʚʝʞʩʢʦʤ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʧʨʝʜʣʦʞʠʣ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʩʩʠʚʘ ʠ ʦʙʦʩʥʦʚʘ-

ʥʠʷ ʚʳʙʦʨʘ ʢʨʝʧʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ çʠʥʜʝʢʩ ʢʘʯʝʩʪʚʘ ʤʘʩʩʠʚʘ Qè ʜʣʷ ʧʨʦʭʦʜʯʝʩʢʠʭ ʨʘʙʦʪ. 

ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0,001 ʜʦ 1000 ʧʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ. ʄʝʥʴʰʝʝ 
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ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʥʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʦʙʥʘʞʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʝʛʦ 

ʫʚʝʣʠʯʝʥʠʠ ʛʦʚʦʨʠʪ ʦ ʧʦʚʳʰʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʦʙʥʘʞʝʥʠʷ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʠʩʪʝʤʳ Q ʠ RMR ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʦ ʚʩʝʤ ʤʠʨʝ. 

ʈʝʡʪʠʥʛ Q ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ɸʚʩʪʨʘʣʠʠ, ʂʘʥʘʜʝ, ʀʥʜʠʠ ʠ ʉʢʘʥʜʠʥʘʚʠʠ, ʘ ʨʝʡʪʠʥʛ 

RMR ï ʚ ʖʞʥʦʡ ɸʬʨʠʢʝ ʠ ʉʐɸ. ʆʙʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ, ʦʪʣʠʯʠʝ ʞʝ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʝʡʪʠʥʛ RMR ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ Q-ʩʠʩʪʝʤʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʩʩʠʚʝ (SRF), ʘ 

ʪʘʢʞʝ ʚ ʨʘʟʣʠʯʥʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʠʩʪʝʤʳ ɹʝʥʷʚʩʢʦʛʦ (RMR) ʠ ɹʘʨʪʦʥʘ (Q) ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ 

ʧʦʜʟʝʤʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʨʘʞʜʘʥʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʩʧʝʮʠʘʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ RMR ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦ-

ʪʦʢ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠ ʜʦʧʦʣʥʝʥʠʷ. 

ʃʦʙʰʠʨ, ʚʚʝʣ ʩʠʩʪʝʤʫ çʛʦʨʥʦʛʦ ʨʝʡʪʠʥʛʘ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜè, ʢʦʪʦʨʘʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

RMR, ʥʦ ʚ ʥʝʝ ʙʳʣʠ ʪʘʢʞʝ ʚʥʝʩʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ: ʧʘʨʘʤʝʪʨ 

ʚʣʠʷʥʠʷ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʧʘʨʘ-

ʤʝʪʨ ʥʘʨʫʰʝʥʥʦʩʪʠ. ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʨʝʡʪʠʥʛʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʤʘʩʩʠʚʘ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ɸʣʛʦʨʠʪʤ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʨʝʡʪʠʥʛʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ MRMR ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ɼ.ʃʦʙʰʠʨʘ 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʡʪʠʥʛʠ (RMR ʠ MRMR) ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠ ʧʘʨʘʤʝʪʨʳ ʢʨʝʧʣʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʦʜʥʘʢʦ, ʢʘʢ ʫʢʘʟʳʚʘʣʦʩʴ 

ʚʳʰʝ, ʟʥʘʯʝʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦ-

ʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ. 

ʊʦʣʴʢʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʧʨʠʤʝʨʥʦ ʩ ʩʝʨʝʜʠʥʳ 2000-ʭ ʛʛ., ʨʝʡʪʠʥʛʦʚʳʝ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʠ ʩʪʘʣʠ ʥʘʭʦʜʠʪʴ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʨʫʜʥʠʢʘʭ ʩʪʨʘʥ ʉʅɻ. 

ʅʘʠʙʦʣʝʝ ʩʠʩʪʝʤʥʦ ʨʝʡʪʠʥʛʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʍʦʝʢʦʤ ʠ ɹʨʘʫʥʦʤ (Hoek-

Brown) ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʨʦʯʥʦʩʪʠ ʚ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ. ʕʪʦʪ 

ʢʨʠʪʝʨʠʡ ʧʨʦʯʥʦʩʪʠ ʦʯʝʥʴ ʧʦʧʫʣʷʨʝʥ ʚ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʪʨʘʥ ɽʚʨʦʧʳ, ʉʝ-

ʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʠ ɸʚʩʪʨʘʣʠʠ. ʆʩʥʦʚʥʦʡ ʠʜʝʝʡ ʨʘʟʨʘʙʦʪʢʠ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʍʦʝʢʘ-

ɹʨʘʫʥʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʘʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʨʨʝʢʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ 

ʩʚʦʡʩʪʚ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʨʘʟʮʘ ʢ ʩʚʦʡʩʪʚʘʤ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. 
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ʂʣʘʩʩʠʬʠʢʘʮʠʷ GSI ʚʩʝ ʚʨʝʤʷ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʧʨʦʩʦʚ, ʚʳʪʝʢʘ-

ʶʱʠʭ ʠʟ ʧʨʘʢʪʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʘʢ, ʚ ʦʜʥʦʤ ʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʍʦʝʢʘ ʧʨʝʜ-

ʣʦʞʝʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠʥʜʝʢʩ GSI ʧʦ ʬʦʨʤʫʣʝ: 

 

ὋὛὍρȟυϽὐὅέὲὨ ȟ                                              (2) 

 
ʛʜʝ  ὐὅέὲὨ ï ʨʝʡʪʠʥʛ ʛʦʨʥʦʡ ʧʦʨʦʜʳ (ʪʘʙʣʠʮʘ 5); 

        ὙὗὈ ï ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. 

 

ʇʘʨʘʤʝʪʨ ʨʝʡʪʠʥʛʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ὐὅέὲὨ ʦʧʨʝ-
ʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʱʝʩʪʚʘ ʧʦ ʤʝʭʘʥʠʢʝ ʛʦʨʥʳʭ ʧʦʨʦʜ 

(International Society for Rock Mechanics ï ISRM), ʧʦʢʘʟʘʪʝʣʠ ʚ ʙʘʣʣʘʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

5: 

 

 ὐὅέὲὨ JA4 = JA41+ JA42+ JA43+ JA44+ JA45                    (3) 

 

 
ʊʘʙʣʠʮʘ 5 ï ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ╙╒▫▪▀ ʩʦʛʣʘʩʥʦ ʨʝʡʪʠʥʛʫ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʦ ɹʝʥʷʚʩʢʦʤʫ ʦʪ 1989 
ʛ. 

ʉʦʩʪʦʷʥʠʝ 

ʪʨʝʱʠʥʳ 

ʆʯʝʥʴ ʰʝʨʦʭʦ-

ʚʘʪʘʷ ʧʦʚʝʨʭ-

ʥʦʩʪʴ, ʨʘʩʢʨʳ-

ʪʠʝ ʪʨʝʱʠʥʳ 

ʦʪʩʫʪʩʪʚʫʝʪ, 

ʙʝʟ ʩʣʝʜʦʚ ʚʳ-

ʚʝʪʨʠʚʘʥʠʷ 

ʩʪʝʥʦʢ ʪʨʝ-

ʱʠʥʳ 

ʉʣʝʛʢʘ ʰʝʨʦʭʦ-

ʚʘʪʘʷ ʧʦʚʝʨʭ-

ʥʦʩʪʴ, ʨʘʩʢʨʳʪʠʝ 

ʪʨʝʱʠʥʳ ʤʝʥʝʝ 1 

ʤʤ, ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʳʝ ʩʣʝʜʳ ʚʳ-

ʚʝʪʨʠʚʘʥʠʷ ʩʪʝ-

ʥʦʢ ʪʨʝʱʠʥʳ 

ʉʣʝʛʢʘ ʰʝʨʦʭʦ-

ʚʘʪʘʷ ʧʦʚʝʨʭ-

ʥʦʩʪʴ, ʨʘʩʢʨʳʪʠʝ 

ʪʨʝʱʠʥʳ ʤʝʥʝʝ 1 

ʤʤ, ʟʥʘʯʠʪʝʣʴ-

ʥʳʝ ʩʣʝʜʳ ʚʳ-

ʚʝʪʨʠʚʘʥʠʷ ʩʪʝ-

ʥʦʢ ʪʨʝʱʠʥʳ 

ɻʣʘʜʢʘʷ ʠʣʠ 

ʩʢʦʣʴʟʢʘʷ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʠʣʠ 

ʟʘʧʦʣʥʝʥʠʝ ʪʨʝ-

ʱʠʥʳ ʜʨʫʛʦʡ 

ʧʦʨʦʜʦʡ ʪʦʣʱʠ-

ʥʦʡ ʜʦ 5 ʤʤ ʠʣʠ 

ʨʘʩʢʨʳʪʠʝ ʪʨʝ-

ʱʠʥʳ ʦʪ 1 ʜʦ 5 

ʤʤ 

ɿʘʧʦʣʥʝʥʠʝ 

ʪʨʝʱʠʥʳ ʩʣʘ-

ʙʦʡ ʧʦʨʦʜʦʡ 

ʪʦʣʱʠʥʦʡ ʙʦ-

ʣʝʝ 5 ʤʤ ʠʣʠ 

ʨʘʩʢʨʳʪʠʝ 

ʪʨʝʱʠʥʳ ʙʦ-

ʣʝʝ 5 ʤʤ 

ʈʝʡʪʠʥʛ 

 ὐὅέὲὨ 
30 25 20 10 0 

 

ʇʦʢʘʟʘʪʝʣʴ ὙὗὈ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʢʝʨʥʘ ʧʦʨʦʜʳ, ʠʟʚʣʝʢʘʝʤʦʛʦ ʠʟ 
ʩʢʚʘʞʠʥʳ. ɽʩʣʠ ʪʘʢʠʝ ʜʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʥʘ ʪʝʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘʭ, ʛʜʝ ʚ ʧʨʦʛʨʘʤʤʫ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʝ ʚʢʣʶʯʝʥʳ ʪʨʝʙʦʚʘʥʠʷ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʠʢʘʤʠ 

ʜʣʷ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ  ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ὙὗὈ ʯʝʨʝʟ 
ʧʦʢʘʟʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ: 

 

ὙὗὈ ρππὩ Ȣ πȢρ‗ ρ                                        (4) 

 

ʛʜʝ ɚ ï ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʱʠʥ ʥʘ 1 ʤʝʪʨ ʜʣʠʥʳ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. 

  

ʀʥʜʝʢʩ GSI ʪʘʢʞʝ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʍʦʝʢʘ-ɹʨʘʫʥʘ, 

ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ 100. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʷ GSI ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʩʦʩʪʦʷʥʠʷ ʪʨʝʱʠʥ, ʚ 

ʢʦʪʦʨʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʦʩʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ρȟυϽὐὅέὲὨ, ʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʦʩʴ ï 

ʟʥʘʯʝʥʠʷʤʠ RQD/2. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʧʨʦʯʥʦʩʪʠ GSI ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʦʜʥʦʨʦʜʥʳʤ ʠ 

ʠʟʦʪʨʦʧʥʳʤ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʩʢʣʶʯʠʪʴ ʧʦʩʣʝʜʥʠʝ ʜʚʝ ʢʘʪʝʛʦʨʠʠ ʩʪʨʫʢʪʫʨʳ ʤʘʩʩʠʚʘ, 

ʧʦʵʪʦʤʫ ʚ ʦʙʥʦʚʣʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʪʘʙʣʠʮʝ ʠʥʜʝʢʩʘ GSI ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ 4 

ʢʘʪʝʛʦʨʠʠ ʩʪʨʫʢʪʫʨʳ ʤʘʩʩʠʚʘ. 
ʆʩʥʦʚʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʧʨʦʯʥʦʩʪʠ GSI ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʦʥ, ʷʚʣʷʷʩʴ ʧʘʨʘʤʝʪʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʚʣʠʷʥʠʝ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʫʯʝʩʪʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʪʨʝʱʠʥʦʚʘʪʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ GSI ʚʤʝ-

ʩʪʝ ʩ ʤʝʪʦʜʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ ʧʦʜʦʡʪʠ ʢ ʛʝʦʤʝ-

ʭʘʥʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʜʝʢʩʘ GSI ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʩ-

ʧʦʣʴʟʫʝʤʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʨʷʜʘ ʛʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ ʧʘ-

ʨʘʤʝʪʨʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢʦʣʣʝʢʪʠʚʦʤ ʇʇʉ ʅɸʆ çʂʘʨʘʛʘʥʜʠʥʩʢʠʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘè ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʅɼʉ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʡʪʠʥʛʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ. ɺ 

ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʣʝʞʠʪ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʨʝʘʣʠʟʘ-

ʮʠʷ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Phase2. ʉʪʨʫʢʪʫʨʘ ʤʝ-

ʪʦʜʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩʫʥʦʢ 3 - ʉʪʨʫʢʪʫʨʘ ʤʝʪʦʜʠʢʠ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅɼʉ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 

 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʝʟʫʣʴʪʘʪʘʭ ʰʘʭʪʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʧʨʦʯʥʦʩʪʠ GSI ʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʅɼʉ 

ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʪʘʧʳ ʚʳʧʦʣʥʝ-

ʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ 

ʠʟʫʯʘʪʁʩʷ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʬʘʢ-

ʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʷʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʥʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʟʥʘʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʧʨʦʯʥʦʩʪʠ GSI, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʲʝʤʢʫ ʪʨʝʱʠ-

ʥʦʚʘʪʦʩʪʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʨʝʡʪʠʥʛʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʛʦʨʥʳʭ 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

1. ʀʟʫʯʝʥʠʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ 

ʧʦʨʦʜ 

2. ʇʨʦʚʝʜʝʥʠʝ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ 

ʧʨʦʯʥʦʩʪʠ (GSI) 

3. ʇʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

RocData 

4. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ  

5. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʦʙʥʘʞʝʥʠʡ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 

6. ʆʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 
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ʧʦʨʦʜ  ὐὅέὲὨ ʠ ʠʟʤʝʨʝʥʠʷ ʢʝʨʥʘ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘ-
ʪʝʣʷ ʢʘʯʝʩʪʚʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ RQD. 

ʊʨʝʪʠʡ ʵʪʘʧ ï ʧʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʅɼʉ ʠʩʩʣʝʜʫʝ-

ʤʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʟʘʣʦʞʝʥʠʷ ʚʳʨʘʙʦʪʢʠ, ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʛʦʨ-

ʥʳʭ ʧʦʨʦʜ, ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʘʭ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʩʦʩʪʦʷʥʠʷʭ ʪʨʝʱʠʥ, ʘ ʪʘʢʞʝ ʦ ʪʝʭ-

ʥʦʛʝʥʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʤʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅɼʉ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʚʤʝʩʪʝ ʩ ʤʝʪʦ-

ʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ ʧʦʜʦʡʪʠ ʢ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʦʟʚʦʣʠʪ: 

ï ʦʧʝʨʘʪʠʚʥʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʅɼʉ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦ-

ʨʦʜ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ; 

ï ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʥʘʞʝʥʠʡ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʚʝʜʝʥʠʷ ʦʙ 

ʦʧʘʩʥʳʭ ʫʯʘʩʪʢʘʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʳʙʦʨʫ ʩʧʦʩʦʙʦʚ ʠ ʩʨʝʜʩʪʚ ʦʭʨʘʥʳ ʛʦʨ-

ʥʳʭ ʚʳʨʘʙʦʪʦʢ; 

ï ʧʨʠʤʝʥʷʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʥʘʞʝʥʠʡ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠ-

ʚʘʷ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʦʚʳʰʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ; 

ï ʠʩʧʦʣʴʟʫʷ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʄʂʕ, ʤʦʜʝʣʠʨʦʚʘʪʴ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ ʣʶʙʦʡ 

ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʟʦʥʳ ʦʙʨʫʰʝʥʥʳʭ ʠ ʫʧʣʦʪʥʝʥʥʳʭ ʧʦʨʦʜ, ʵʣʝʤʝʥʪʳ ʢʨʝʧʣʝʥʠʷ 

ʚʳʨʘʙʦʪʦʢ, ʟʘʜʘʥʠʝ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʚ ʣʶʙʦʡ ʬʦʨʤʝ ʠ ʪ.ʜ. 
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6. ʌʦʤʠʥ ʉ. ʀ., ʇʘʩʳʥʢʦʚ ɼ. ɺ., ʉʝʤʝʥʦʚ ɸ. ʉ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʛʦʨʥʦʡ ʥʘʫʢʠ: ʩʙ. ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʉʇʙ: ʉʇɻɻʀ (ʊʋ), 2009. ʉ. 
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ʄʆʅʀʊʆʈʀʅɻ ʇʈʆʉɸɼʆʏʅʓʍ ɼɽʌʆʈʄɸʎʀʁ ɺ ʐɸʍʊɸʍ ʉ ʇʆʄʆʑʔʖ 

ʀʅʊɽʈʌɽʈʆʄɽʊʈʀʀ ʈɸɼɸʈɸ ʉ ʉʀʅʊɽɿʀʈʆɺɸʅʅʆʁ ɸʇɽʈʊʋʈʆʁ 

 

ʏɾɸʆ ɾʆʅɸʅʔ 

 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ʂʠʪʘʡ - ʚʪʦʨʘʷ ʧʦ ʚʝʣʠʯʠʥʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʩʪʨʘʥʘ ʚ ʤʠʨʝ, ʩ ʦʙʠʣʴʥʳʤʠ 

ʦʙʱʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʦ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ, ʠ ʫʛʦʣʴ, ʢʘʢ ʦʜʠʥ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʂʠʪʘʝ, ʠʤʝʝʪ ʦʩʦʙʦʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʀ ʢʨʫʧ-

ʥʦʤʘʩʰʪʘʙʥʘʷ ʜʦʙʳʯʘ ʫʛʣʷ ʧʨʠʚʝʣʘ ʢ ʨʷʜʫ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʥʘ ʦʩʥʦʚʝ ʫʜʦʚʣʝʪʚʦ-

ʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʇʨʦʩʝʜʘʥʠʝ ʛʨʫʥʪʘ, ʦʩʝʜʘʥʠʝ, ʜʝʬʦʨʤʘʮʠʷ ʠ 

ʦʙʨʫʰʝʥʠʝ ʟʜʘʥʠʡ, ʚʳʟʚʘʥʥʳʝ ʜʦʙʳʯʝʡ, ʩʝʨʴʝʟʥʦ ʫʛʨʦʞʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʠ ʠ ʠʤʫʱʝ-

ʩʪʚʘ ʣʶʜʝʡ ʚ ʨʘʡʦʥʘʭ ʜʦʙʳʯʠ, ʧʦʵʪʦʤʫ ʜʦʣʛʦʩʨʦʯʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʩʝʜʘ-

ʥʠʷ ʛʨʫʥʪʘ ʚ ʨʘʡʦʥʘʭ ʜʦʙʳʯʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ ʩʤʷʛʯʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʢʘʪʘʩʪʨʦʬ. ʈʘʜʘʨ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ 

(InSAR), ʢʘʢ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘʙʣʶʜʝʥʠʷ ʠʟ ʢʦʩʤʦʩʘ ʥʘ ʟʝʤʣʶ, ʩʪʘʣ ʛʦʨʷʯʝʡ ʪʦʯʢʦʡ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʩʝʜʘʥʠʷ ʛʨʫʥʪʘ ʚ ʰʘʭʪʘʭ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʪʦʯ-

ʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʨʘʜʘʨʘ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ, ʤʦʥʠʪʦʨʠʥʛ 

ʰʘʭʪ, ʜʝʬʦʨʤʘʮʠʷ ʧʦʩʝʣʝʥʠʡ, ʜʦʙʳʯʘ, ʫʛʦʣʴ. 

 

MONITORING OF SUBSIDENCE DEFORMATIONS IN MINES USING SYNTHETIC 
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Abstract. China is the world's second largest energy-consuming country, with abundant total re-

sources but low per capita, and coal, as one of China's most important sources of energy, is partic-

ularly important in its strategic position. And large-scale coal mining has caused a series of nega-

tive impacts on the basis of meeting the needs of economic development. Ground subsidence, 

subsidence, building deformation and collapse caused by mining seriously threaten the safety of 
people's lives and properties in mining areas, so the long-term and efficient monitoring of ground 

subsidence in mining areas is of great theoretical and practical significance for disaster prevention 

and mitigation. Interferometric synthetic aperture radar (InSAR), as a new space-based earth ob-

servation technology, has become a research hotspot in the field of mine subsidence monitoring 

because of its high-precision surface deformation monitoring capability. 

Keywords: Interferometric Synthetic aperture radar (SAR) techniques, mine monitoring, settle-

ment deformation, mining, coal. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʟʥʘʯʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʰʘʭʪ. ʂʘʢ ʚʘʞʥʳʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ 

ʵʥʝʨʛʠʠ ʩ ʢʨʫʧʥʝʡʰʠʤʠ ʚ ʤʠʨʝ ʟʘʧʘʩʘʤʠ, ʰʠʨʦʯʘʡʰʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʚʳʩʦʯʘʡʰʝʡ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴʶ, ʫʛʦʣʴ ʠʛʨʘʝʪ ʥʝʟʘʤʝʥʠʤʫʶ ʨʦʣʴ ʚ ʧʨʦʜʚʠʞʝʥʠʠ ʧʨʦʮʝʩʩʘ ʛʣʦʙʘʣʠʟʘʮʠʠ 

[1]. ʈʘʟʚʠʪʠʝ ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʘʢʞʝ ʚʥʝʩʣʦ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩ ʫʨʙʘʥʠʟʘ-

ʮʠʠ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʚ ʂʠʪʘʝ. ʆʜʥʘʢʦ ʥʘʨʷʜʫ ʩ ʰʠʨʦʢʦ-

ʤʘʩʰʪʘʙʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʫʛʦʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʪʘʢʞʝ ʧʨʠʚʝʣʠ ʢ 
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ʩʝʨʴʝʟʥʳʤ ʚʳʟʦʚʘʤ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʘ. ɺ ʂʠʪʘʝ 95% ʫʛʣʷ ʜʦʙʳʚʘʝʪʩʷ ʧʦʜ ʟʝʤ-

ʣʝʡ, ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʜʝʬʠʮʠʪ, ʚʳʟʚʘʥʥʳʡ ʧʦʜʟʝʤʥʦʡ ʜʦʙʳʯʝʡ, ʧʨʠʚʝʣ ʢ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʢʘʪʘʩʪʨʦʬʘʤ [2-3], ʦʩʦʙʝʥʥʦ ʢ ʦʩʝʜʘʥʠʶ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʤʫ ʜʦʙʳʯʝʡ ʫʛʣʷ. ɺ ʥʘʯʘʣʝ XXI  ʚʝʢʘ ʫʯʝʥʳʝ ʠʩʩʣʝʜʦʚʘʣʠ ʠ ʦʙʥʘʨʫ-

ʞʠʣʠ, ʯʪʦ ʧʣʦʱʘʜʴ ʧʫʩʪʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʚʳʟʚʘʥʥʳʭ ʧʦʜʟʝʤʥʦʡ ʜʦʙʳʯʝʡ, ʚ ʂʠʪʘʝ ʩʦʩʪʘʚʣʷʝʪ 

ʙʦʣʝʝ 7000 ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ, ʘ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʜʦʩʪʠʛʘʶʪ 50 ʤʠʣʣʠʘʨʜʦʚ ʶʘ-

ʥʝʡ [4-5], ʦʩʦʙʝʥʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʩʫʨʩʥʳʭ ʛʦʨʦʜʘʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʝ ʧʦʪʝʨʠ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳ, ʦʩʦʙʝʥʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʩʫʨʩʥʳʭ ʛʦʨʦʜʘʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʟ-

ʜʝʨʞʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʤʘʩʰʪʘʙʦʚ ʜʦʙʳʯʠ, 

ʧʣʦʱʘʜʴ ʧʨʦʩʝʜʘʥʠʷ ʛʨʫʥʪʘ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʟʦʥʝ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʩʚʦʙʦʜʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʟʦʥʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʤʝʥʴʰʝ ʠ ʤʝʥʴʰʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶ-

ʱʝʡ ʟʦʥʳ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʢʘʪʘʩʪʨʦʬʳ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘʟʝʤʥʳʭ ʟʜʘʥʠʡ, ʚʳʟʚʘʥʥʳʝ ʜʦʙʳʯʝʡ 

ʫʛʣʷ, ʧʨʠʚʣʝʢʘʶʪ ʰʠʨʦʢʦʝ ʚʥʠʤʘʥʠʝ, ʠ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʦʚʝʜʝʥʠʝ 

ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʩʝʜʘʥʠʷ ʛʨʫʥʪʘ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʨʘʡʦ-

ʥʘʭ, ʧʦʥʠʤʘʥʠʝ ʟʘʢʦʥʘ ʧʨʦʩʝʜʘʥʠʷ ʛʨʫʥʪʘ ʚʦ ʚʨʝʤʝʥʠ, ʛʣʫʙʦʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʠ 

ʬʘʢʪʦʨʦʚ ʚʣʠʷʥʠʷ ʧʨʦʩʝʜʘʥʠʷ ʛʨʫʥʪʘ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʨʘʡʦʥʘʭ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘ-

ʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʘʞʥʳʭ ʜʘʥʥʳʭ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʦʮʝʥʢʠ ʢʘʪʘʩʪʨʦʬ ʠ ʨʘʥʥʝʛʦ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʨʘʡʦʥʦʚ. 

ʄʝʪʦʜʳ ʛʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʩʝʜʘʥʠʡ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ 

ʨʘʡʦʥʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʤʝʩʪʥʦʩʪʠ ʠ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʚ ʦʩʥʦʚʥʦʤ ʰʠʨʦʪʥʦ-ʜʦʣʛʦʪʥʳʝ ʠ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, 

GPS, ʠʟʤʝʨʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʢʘʥʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʪ.ʜ. [6]. ʆʜʥʘʢʦ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʩʝʣʝʥʠʡ ʚʩʝ ʙʦʣʝʝ ʟʘʤʝʪʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʜʦ-

ʩʪʘʪʢʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

1. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʚʳʩʦʪʫ ʚ ʪʦʯʢʫ ʦʪʩʯʝʪʘ, ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʠʟʤʝ-
ʨʝʥʠʠ ʫʨʦʚʥʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʣʦʞʠʪʴ ʩʝʪʴ ʚ ʛʨʘʜʫʠʨʦʚʘʥʥʦʤ ʚʠʜʝ, ʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʧʨʦ-

ʚʝʨʷʪʴ ʩʝʪʴ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʧʝʨʝʜ ʢʘʞʜʳʤ ʥʘʙʣʶʜʝʥʠʝʤ ʧʦʩʝʣʝʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ 

ʦʙʲʝʤʘ ʨʘʙʦʪʳ, ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʷ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ; 

2. GPS, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʦʝ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩʙʦʨʦʤ ʜʘʥʥʳʭ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʪʦʯʢʘʤ. ʍʦʪʷ GPS ʠʤʝʝʪ ʚʳʩʦʢʦʝ 

ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʥ ʦʛʨʘʥʠʯʝʥ ʩʙʦʨʦʤ ʜʘʥʥʳʭ ʦ 

ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʢʘʭ, ʧʦʵʪʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʥʠʟʢʦʝ, ʘ ʦʭʚʘʪ ʥʝʙʦʣʴʰʦʡ. 

ɼʣʷ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʡʦʥʘʭ ʜʦ-

ʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ ʚʳ-

ʩʦʢʦʪʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʨʘʜʘʨʘ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ (InSAR) 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʣʛʦʩʨʦʯʥʳʭ ʤʝʜʣʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ. ʆʥʘ ʠʩʧʦʣʴʟʫʝʪ ʬʘʟʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥ-

ʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʦ ʩʧʫʪʥʠʢʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʝʝ ʪʦʯʥʦʩʪʴ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʫʨʦʚʥʷ, ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʚʳʩʦʢʦʪʦʯʥʳʤ ʤʦʥʠʪʦʨʠʥ-

ʛʦʤ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʦʚʳʡ ʤʝʪʦʜ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺʳʚʦʜ 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ GPS ʠ ʠʟʤʝʨʝʥʠʷʤʠ ʫʨʦʚʥʷ, ʪʝʭʥʦʣʦʛʠʷ InSAR 

ʠʤʝʝʪ ʙʦʣʴʰʝ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʦʩʝʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʝʬʦʨʤʘʮʠʠ ʛʦʨʥʦʜʦ-

ʙʳʚʘʶʱʝʛʦ ʨʘʡʦʥʘ. ʊʝʭʥʦʣʦʛʠʷ InSAR ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʚʳʙʦʨʢʠ, ʭʦʨʦʰʫʶ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʠ ʥʝ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʥʘʟʝʤʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʘ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʷ InSAR ʠʤʝʝʪ ʤʝʥʴʰʝ 



 

211 

ʪʦʯʝʢ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʦʥʘ ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʛʦʨʥʦʜʦʙʳʚʘ-

ʶʱʝʛʦ ʨʘʡʦʥʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʠ, ʪʝʭʥʦ-

ʣʦʛʠʷ InSAR ʠʤʝʝʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʙʣʠʟʢʘ ʢ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʠʤʝʝʪ ʥʝʩʨʘʚʥʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩ GPS ʠ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʯʪʦ 

ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʜʦʧʦʣʥʝʥʠʝ ʢ GPS. ʇʦʵʪʦʤʫ ʫʛʣʫʙʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʪʝʭʥʦʣʦ-

ʛʠʠ InSAR ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʩʝʜʘʥʠʷ ʛʨʫʥʪʘ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʨʘʡʦʥʘʭ ʤʦʞʝʪ ʵʬʬʝʢ-

ʪʠʚʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠ ʫʤʝʥʴʰʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ. 
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ʋɼʂ 622.1.67 

 

ʄɽʊʆɼ ʆʇʈɽɼɽʃɽʅʀʗ ʆɾʀɼɸɽʄʓʍ ʅɸɻʈʋɿʆʂ  

ɼʃʗ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʗ ɻʆʈʅʓʍ ɺʓʈɸɹʆʊʆʂ 

 
ʂɸʄɿʀʅʆɺ ʅ. 

 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘ, ʂʘʨʘʛʘʥʜʘ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʛʥʦʟ ʦʞʠʜʘʝʤʳʭ ʥʘʛʨʫʟʦʢ ʧʨʦʚʦʜʷʪʩʷ ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʳʭ ʠʥʪʝ-

ʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʵʪʘʧʥʳʤ ʥʘʛʨʫʞʝʥʠʝʤ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʪʚʝʨʩʪʠʷ ʚ ʥʝ-

ʥʘʨʫʰʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʕʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʠʩʢʘʞʝʥʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʘʩʩʠʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʣʘʢʩʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʢʦʥʪʫʨʝ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ, ʪ.ʝ. ʧʨʦʚʝʜʝʥʠʝ ʚʳ-

ʨʘʙʦʪʢʠ, ʤʦʜʝʣʠʨʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʛʨʫʞʝʥʠʝʤ ʤʘʩʩʠʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚ: ʧʦʨʦʜʘ, ʢʦʥʪʫʨ, ʨʘʟʨʫʰʝʥʠʷ, ʚʳʨʘʙʦʪʢʘ, ʚʨʫʙ, ʧʘʨʘʤʝʪʨʳ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, 

ʨʘʩʯʝʪ. 

 

A METHOD FOR DETERMINING EXPECTED LOADS FOR IMPROVING  

MINE WORKINGS  

 
KAMZINOV N.  

 

Karaganda Technical University named after Abylkas Saginov, Karaganda 

 
Annotation. In this article, the forecast of expected loads is carried out by the method of boundary integral 

equations with phased loading of rocks. The essence of this method lies in the fact that the process of mining 

is modeled by the formation of a hole in an undisturbed plane. This is equivalent to a distortion of the initial 

stress state of the massif as a result of relaxation of rocks on the contour of the mining, i.e., mining is 

modeled by additional loading of the massif.  

Keywords: rock, contour, destruction, mining, in rub, parameters of mine workings, calculation. 

ɺʚʝʜʝʥʠʝ. ɿʘʜʘʯʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʛʨʘ-

ʥʠʯʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʪʘʢ ʢʘʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠ ʝʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʩʦʢʨʘʱʘʝʪʩʷ ʦʙʲʝʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʘʤʷʪʠ ʕɺʄ, ʫʤʝʥʴʰʘʝʪʩʷ ʚʨʝʤʷ ʨʘʩʯʝʪʦʚ 

[4].  

ʅʝʣʠʥʝʡʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ ʫʯʠʪʳʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʨʷʜ ʵʪʘʧʦʚ. ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ ʥʘʭʦ-

ʜʠʪʩʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʧʨʫʛʦʛʦ ʤʘʩʩʠʚʘ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ 

ʛʨʘʥʠʮʝʡ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʩʣʝʜʥʝʡ ʷʚʣʷʝʪʩʷ ʢʦʥʪʫʨ ʚʳʨʘʙʦʪʢʠ. ʅʘ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ 

ï ʢʦʥʪʫʨ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʡ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ. ʇʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʥʘʛʨʫʞʝʥʠʷ, ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʢʦʥʪʫʨʝ ʥʘʧʨʷʞʝʥʠʷ ʩʦʭʨʘʥʷʶʪ ʟʥʘʯʝʥʠʷ, ʜʦʩʪʠʛʥʫʪʳʝ ʥʘ 

ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ, ʪ.ʝ. ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʧʦʨʦʜʳ ʚ ʋɿʅɼ ʚ ʧʨʦʮʝʩʩʝ ʜʘʣʴʥʝʡ-

ʰʝʛʦ ʥʘʛʨʫʞʝʥʠʷ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʫʧʨʫʛʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘ ʢʘʞʜʦʤ ʜʘʣʴʥʝʡʰʝʤ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʧʨʫʛʠʝ ʩʤʝʱʝʥʠʷ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʝ ʫʧʨʫʛʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʧʨʦʠʩʭʦʜʷʪ ʙʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʘʢ ʜʣʷ ʥʝʧʦʜ-

ʢʨʝʧʣʝʥʥʦʛʦ ʢʦʥʪʫʨʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʩʤʝʱʝʥʠʷ ʦʩʪʘ-

ʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ.  

ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ ʨʝʰʘʝʪʩʷ ʫʧʨʫʛʘʷ ʟʘʜʘʯʘ ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʳʭ ʠʥʪʝ-

ʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ɻʀʋ) ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ.[4] 

ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʤ ʢʦʥʝʯʥʦʤ ʯʠʩʣʝ ʪʦ-

ʯʝʢ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʳʨʘʙʦʪʢʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʥʘʛʨʫʞʝ-

ʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʦʜʥʦ ʠʟ ʫʩʣʦʚʠʡ ʧʝʨʝʭʦʜʘ ʚ ʥʝʫʧʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ. 
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ʅʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ ʥʘʛʨʫʞʝʥʠʷ ʩʪʨʦʠʪʩʷ ʢʦʥʪʫʨ ʟʦʥʳ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʧʦʨʦʜʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʫʧʨʫʛʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʨʠ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʘʚʠʣʴʥʳʡ 

ʚʳʙʦʨ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʧʨʠʢʦʥʪʫʨʥʦʡ ʯʘʩʪʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. ʆʥʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʣʠʥʝʡʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʜ ʚʙʣʠʟʠ ʚʳʨʘʙʦʪʢʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ [5]. 

ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʪʚʝʯʘʝʪ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʧʦʵʪʘʧʥʦʛʦ (ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʛʦ) ʥʘʛʨʫʞʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʥ ʨʘʟʨʫʰʝʥʠʷ ʚʦʢʨʫʛ ʪʝʭʥʦʛʝʥ-

ʥʳʭ ʦʙʥʘʞʝʥʠʡ. ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ: 

- ʧʨʦʩʪʦʪʘ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʳ; 

- ʙʦʣʴʰʦʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ, ʢʘʢ ʥʘ ʰʘʭʪʘʭ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʪʘʢ ʠ ʥʘ ʨʫʜ-

ʥʠʢʘʭ çɾʦʣʳʤʙʝʪè, çɹʝʩʪʦʙʝè, ʘ ʪʘʢʞʝ ʭʦʨʦʰʘʷ ʩʭʦʜʠʤʦʩʪʴ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨ-

ʥʳʭ ʥʘʙʣʶʜʝʥʠʡ [6].  

ʇʦʩʪʨʦʝʥʠʝ ʢʦʥʪʫʨʘ ʟʦʥʳ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʥ ʥʝʫʧʨʫ-

ʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʵʪʘʧʥʦ: ʚʥʘʯʘʣʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

ʥʘ ʤʘʩʩʠʚ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʷʚʣʷʝʪʩʷ ʟ.ʥ.ʜ. ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ, ʘ ʟʘʪʝʤ ʧʦʩʣʝʜʫʶʱʝʝ ʥʘʛʨʫ-

ʞʝʥʠʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʨʷʜ ʵʪʘʧʦʚ. ʅʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ ʥʘʛʨʫʞʝʥʠʷ ʩʪʨʦʠʪʩʷ ʢʦʥʪʫʨ ʟʦʥʳ, 

ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʧʦʨʦʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʫʧʨʫʛʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟ.ʥ.ʜ. ʯʠʩʣʝʥʥʳʡ, ʥʝʦʙʭʦʜʠʤʦ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʨʝʰʝʥʠʷ [6]. 

ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦʵʪʘʧʥʦ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ. ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ ʨʝʰʘʝʪʩʷ 

ʫʧʨʫʛʘʷ ʟʘʜʘʯʘ ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦ ʧʨʠʯʠʥʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʡ ʩʣʦʞʥʦʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʢʦʥʪʫʨʦʚ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʫʞʝʥʠʷ. ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʥʘʛʨʫʞʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʜʦʩʪʠʛʥʫʪʦʛʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʧʨʫʛʦʛʦ 

ʤʘʩʩʠʚʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʥʷʪʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʦʯʥʦʩʪʠ ʠ ʧʝʨʝʤʝʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʝʡ. 

ʏʠʩʣʝʥʥʳʡ ʚʘʨʠʘʥʪ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʪʝʨʠʝʚ ʨʘʟʨʫʰʝʥʠʷ, ʧʦʵʪʦʤʫ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʩʜʚʠʛʦʚʦʡ (ʂʫʣʦʥʘ-ʄʦʨʘ) ʠ ʨʘʟʨʳʚʥʦʡ (ʥʘʠʙʦʣʴʰʠʝ 

ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʷ) ʢʨʠʪʝʨʠʠ [2]. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʝʨʝʤʝʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʝʡ ʷʚʣʷʝʪʩʷ ʢʦʥʪʫʨ ʚʳʨʘʙʦʪʢʠ. ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ï ʢʦʥʪʫʨ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʡ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ ʥʘ 

ʢʘʞʜʦʤ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʢʦʥʪʫʨʝ ʥʘʧʨʷʞʝʥʠʷ ʩʦʭʨʘʥʷʶʪ ʟʥʘʯʝʥʠʷ, 

ʜʦʩʪʠʛʥʫʪʳʝ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ. ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʧʦʨʦʜʳ, ʧʦʧʘʚʰʠʝ ʚ ʟʦʥʫ 

ʨʘʟʨʫʰʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʜʘʣʴʥʝʡʰʝʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʠ ʫʧʨʫʛʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʧʨʫʛʠʝ ʩʤʝʱʝʥʠʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʝ ʫʧʨʫʛʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ 

ʧʨʦʠʩʭʦʜʷʪ ʙʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʘʢ ʜʣʷ ʥʝʧʦʜʢʨʝʧʣʝʥʥʦʛʦ ʢʦʥʪʫʨʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʘʢʦʧʣʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʩʤʝʱʝʥʠʷ ʵʪʦʛʦ ʢʦʥʪʫʨʘ ʩʦʭʨʘʥʷʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʪʫʨʘ ʨʘʟʨʫʰʝʥʠʷ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʤʘʩʩʠʚʘ. ʂʦʥʪʫʨ ʚʳʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʤ. ɻʝʦʤʝʪʨʠʷ ʵʪʦʛʦ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ ʟʘʜʘʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʦʚ (ʚʝʨʰʠʥʳ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ). ʇʦʩʢʦʣʴʢʫ ʚʩʷ 

ʦʙʣʘʩʪʴ ʚʥʝ ʢʦʥʪʫʨʘ ʚʳʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʯʠʩʣʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʠ 

ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʥʝʚʦʟʤʦʞʝʥ, ʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʦʛʨʘʥʠʯʠʤʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʢʦʥʝʯʥʦʛʦ ʨʷʜʘ ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʧʦʨʷʜʢʝ. ɺʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʪʦʯʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʣʫʯʘʭ, ʠʩʭʦʜʷʱʠʭ ʠʟ ʩʝʨʝʜʠʥʳ ʫʯʘʩʪʢʦʚ 

ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  
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ʕʪʦ ʨʘʩʩʪʦʷʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʰʘʛʦʤ ʧʨʦʩʤʦʪʨʘ. ʅʘʧʨʘʚʣʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʣʫʯʝʡ 

ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪ ʪʨʝʙʦʚʘʥʠʝ, ʯʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʣʫʯʝʡ ʜʦʣʞʥʘ ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʘʩʭʦʜʷʱʫʶʩʷ 

ʩʠʩʪʝʤʫ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʦʭʚʘʪʦʤ ʤʘʩʩʠʚʘ. ʀʟʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʢʦʚ (ʩʪʦʨʦʥ) ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ, m ï ʢʦʣʠʯʝʩʪʚʦ ʣʫʯʝʡ [5]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʥʘ ʢʦʥʪʫʨʝ ʚʳʨʘʙʦʪʢʠ 

 

ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʝʨʚʦʛʦ ʧʦ ʧʦʨʷʜʢʫ ʣʫʯʘ, ʩ 

ʧʝʨʚʦʡ, ʫʜʘʣʝʥʥʦʡ ʥʘ ʦʜʠʥ ʰʘʛ ʧʨʦʩʤʦʪʨʘ ʪʦʯʢʠ ʥʘ ʵʪʦʤ ʣʫʯʝ. ɺʳʯʠʩʣʷʶʪʩʷ ʥʘ ʵʪʦʤ ʣʫʯʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʦʤʫ ʵʪʘʧʫ ʥʘʛʨʫʞʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: 

  

m

y

z

n

0
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ʊʘʙʣʠʮʘ 1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʩʙʦʡʢʘ ʙʨʝʤʩʙʝʨʛ  

1 2  

ɺʳʩʦʪʘ ʚʳʨʘʙʦʪʢʠ, ʤ 3400 3650 

ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ, ʤ 600 550 

ʋʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʛʦʨʥʳʭ 

ʧʦʨʦʜ: 

- ʣʝʚʨʦʣʠʪ: 

- ʘʨʛʠʣʣʠʪ: 

- ʧʝʩʯʘʥʠʢ: 

- ʫʛʦʣʴ 

 

 

35 

33 

29 

 

 

35 

33 

29 

 

ʆʙʲʝʤʥʳʡ ʚʝʩ ʧʦʨʦʜ: 

- ʘʣʝʚʨʦʣʠʪ: 

- ʘʨʛʠʣʣʠʪ: 

- ʧʝʩʯʘʥʠʢ: 

- ʫʛʦʣʴ: 

 

1,5 

1,4 

2 

1,6 

 

1,5 

1,4 

2 

1,6 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʩʞʘʪʠʝ , ʄʇʘ: 

- ʘʣʝʚʨʦʣʠʪ: 

- ʘʨʣʠʣʣʠʪ: 

- ʧʝʩʯʘʥʠʢ: 

- ʫʛʦʣʴ: 

 

42 

32 

55 

- 

 

- 

30 

- 

18 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʨʘʩʯʝʪʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠʥʷʪʘ 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʚʤʝʱʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ (sʨ) ʠ ʩʮʝʧʣʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ (ʂ).  

ɺʚʦʜ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʙʣʦʢʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʦʡ. 

1 ʙʣʦʢ. ɿʜʝʩʴ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʝ: 30- 

ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ (ʫʯʘʩʪʢʦʚ), 1 - ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ, 4 - ʢʦʣʠʯʝʩʪʚʦ ʵʪʘʧʦʚ, 100 - ʢʦʣʠʯʝʩʪʚʦ 

ʪʦʯʝʢ ʥʘ ʣʫʯʝ, Cx Cy txy - ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʚ ʜʦʣʷʭ gH (1.00; 1.00; 0.00), nu - 

ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ (0.25), as - ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʣʦʝʚ  (0.00), rn  - ʰʘʛ ʧʨʦʩʤʦʪʨʘ (0.10) - 

ʚʩʝʛʦ 10 ʯʠʩʝʣ. ʏʠʩʣʘ ʚʚʦʜʷʪʩʷ ʢʘʢ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʚ ʚʝʱʝʩʪʚʝʥʥʦʤ ʚʠʜʝ. ʄʝʞʜʫ ʯʠʩʣʘʤʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʙʝʣʳ. ɺʩʝʛʦ 10 ʟʥʘʯʝʥʠʡ [1]. 

2 ʙʣʦʢ cʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʘʩʩʠʚʝ ʢʦʦʨʜʠʥʘʪ ʫʟʣʦʚ. ʂʦʦʨʜʠʥʘʪʳ ʟʘʜʘʶʪʩʷ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʦʟʨʘʩʪʘʥʠʷ ʥʦʤʝʨʦʚ ʫʟʣʦʚ. ɺ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ 

ʢʦʦʨʜʠʥʘʪʘʭ 5 ʫʟʣʦʚ (10 ʯʠʩʝʣ). ʄʝʞʜʫ ʯʠʩʣʘʤʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʙʝʣʳ. ʇʦʩʣʝʜʥʷʷ ʩʪʨʦʢʘ, 

ʝʩʣʠ ʦʥʘ ʥʝ ʟʘʧʦʣʥʝʥʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʜʦʧʦʣʥʷʝʪʩʷ ʜʦ 10 ʯʠʩʝʣ ʥʫʣʷʤʠ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʳ ʚʳʨʘʙʦʪʢʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʨʘʟʙʠʝʥʠʷ 
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ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ KonturMac 2.2 

ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʟʙʠʪʴ ʠʩʩʣʝʜʫʝʤʳʡ ʢʦʥʪʫʨ ʚʳʨʘʙʦʪʢʠ ʥʘ ʨʘʚʥʦʤʝʨʥʳʝ ʫʯʘʩʪʢʠ ʩ ʚʦʟʤʦʞ-

ʥʦʩʪʴʶ ʚʚʝʜʝʥʠʝʤ ʬʘʩʦʢ ʧʦ ʫʛʣʘʤ (ʩʤ. ʨʠʩʫʥʢʠ 2-3).  

 

 
ʈʠʩʫʥʦʢ 3 ï ɼʣʠʥʘ ʠ ʚʳʩʦʪʘ ʚʳʨʘʙʦʪʢʠ, ʫʛʦʣ ʥʘʢʣʦʥʘ, ʨʘʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʨʘʟʙʠʝʥʠʷ 

 

3 ʙʣʦʢ. ɺʚʦʜʠʪʩʷ ʤʘʩʩʠʚ ʫʛʣʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʝ ʣʫʯʝʡ ʧʨʦʩʤʦʪʨʘ. ʋʛʣʳ, 

ʟʘʜʘʶʪʩʷ ʚ ʛʨʘʜʫʩʘʭ. ʋʛʣʳ ʪʘʢʞʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʛʦ ʣʫʯʘ ʚ ʧʦʨʷʜʢʝ ʩʣʝʜʦ-

ʚʘʥʠʷ ʥʦʤʝʨʦʚ. ʅʦʤʝʨ ʣʫʯʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʝʨʫ ʫʯʘʩʪʢʘ. ʅʦʤʝʨ ʫʯʘʩʪʢʘ ʩʯʠʪʘʝʪʩʷ ʧʦ ʥʦ-

ʤʝʨʫ ʛʨʘʥʠʯʥʦʛʦ ʫʟʣʘ, ʚʩʪʨʝʯʘʶʱʝʛʦʩʷ ʧʝʨʚʳʤ ʧʨʠ ʦʙʭʦʜʝ ʢʦʥʪʫʨʘ ʧʨʦʪʠʚ ʭʦʜʘ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʝʨʚʦʛʦ ʧʦ ʩʯʝʪʫ ʣʫʯʘ, ʩ ʧʝʨʚʦʡ, ʫʜʘʣʝʥʥʦʡ ʥʘ ʦʜʠʥ 

ʰʘʛ ʧʨʦʩʤʦʪʨʘ, ʪʦʯʢʠ ʥʘ ʢʘʞʜʦʤ ʣʫʯʝ. ɺʳʯʠʩʣʷʶʪʩʷ ʚ ʵʪʦʡ ʪʦʯʢʝ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʝ ʜʘʥʥʦʤʫ ʵʪʘʧʫ ʥʘʛʨʫʞʝʥʠʷ. ɿʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʫʩʣʦʚʠʡ ʧʨʦʯʥʦʩʪʠ, ʠ 

ʜʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ ʩʣʝʜʫʶʱʝʡ ʪʦʯʢʠ (ʘ ʧʦ ʦʢʦʥʯʘʥʠʠ ʪʦʯʝʢ ʥʘ ʣʫʯʝ - ʜʣʷ 

ʪʦʯʝʢ ʩʣʝʜʫʶʱʝʛʦ ʣʫʯʘ) ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʫʪ ʧʨʦʩʤʦʪʨʝʥʳ ʚʩʝ ʪʦʯʢʠ ʥʘ ʣʫʯʘʭ [5]. 

4 ʙʣʦʢ ï ʢʦʦʨʜʠʥʘʪʳ ʩʣʦʝʚ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ.  

ʇʦʩʣʝ ʜʘʥʥʳʭ ʦ ʥʘʧʨʘʚʣʝʥʠʷʭ ʣʫʯʝʡ ʩʣʝʜʫʶʪ ʩʪʨʦʢʠ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚʘʭ ʩʣʦʝʚ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʠ. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʦʜʥʦʤ ʩʣʦʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʦʜʥʦʡ 

ʩʪʨʦʢʝ, ʪ.ʝ.- ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʩʣʦʝʚ. ɺ ʩʪʨʦʢʝ, ʟʘʧʠʩʳʚʘʝʪʩʷ 5 ʯʠʩʝʣ ʚ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ys - ʢʦʦʨʜʠʥʘʪʘ  ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʦʚʣʠ ʩʣʦʷ ʩ ʦʩʴʶ ʋ, ʩʩʩ - 

ʚʝʣʠʯʠʥʘ ʩʮʝʧʣʝʥʠʷ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʜʦʣʷʭ gH tfs - ʪʘʥʛʝʥʩ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, rras - 

ʧʨʦʯʥʦʩʪʴ ʧʦʨʦʜ ʩʣʦʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʜʦʣʷʭ gH,. kpo - ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʩʢʦʩʪʝʡ 

ʦʩʣʘʙʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʛʦ ʩʣʦʷ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʣʦʩʢʦʩʪʝʡ ʦʩʣʘʙʣʝʥʠʷ (kpo - 0) ʟʘ 

ʩʪʨʦʢʦʡ ʩ ʜʘʥʥʳʤʠ ʦ ʩʣʦʝ ʩʣʝʜʫʝʪ ʩʪʨʦʢʘ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʧʠʩʠ 

- ʚ ʧʦʨʷʜʢʝ ʩʣʝʜʦʚʘʥʠʷ ʩʣʦʝʚ ʩʥʠʟʫ-ʚʚʝʨʭ. ɽʩʣʠ kpo >0, ʪʦ ʟʘ ʩʪʨʦʢʦʡ ʜʘʥʥʳʭ ʦ ʩʣʦʝ ʩʣʝʜʫʶʪ 

ʩʪʨʦʢʠ ʩ ʜʘʥʥʳʤʠ ʦ ʧʣʦʩʢʦʩʪʷʭ ʦʩʣʘʙʣʝʥʠʷ. ɼʘʥʥʳʝ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʣʝ-

ʜʫʶʱʝʤ  ʧʦʨʷʜʢʝ: a - ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʣʦʩʢʦʩʪʠ ʦʩʣʘʙʣʝʥʠʷ ʢ ʦʩʠ X, ʉ - ʩʮʝʧʣʝʥʠʝ ʚ ʜʦʣʷʭ gH 

ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʩʣʘʙʣʝʥʠʷ, tfi  - ʪʘʥʛʝʥʩ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʩʣʘʙʣʝʥʠʷ, k 

- ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʩʣʘʙʣʝʥʠʷ ʚ ʜʦʣʷʭ gH. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʙʦʪʫ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʉɸʇʈ ʠ ɻɻʀʉ.  

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʝʱʸ ʥʘ ʩʪʘʜʠʠ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʣʠʷʪʴ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ. ʊʘʢ ʢʘʢ ʦʯʠʩʪ-

ʥʳʝ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ɹʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʪʝʭ ʧʨʦʮʝʩʩʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ 

ʦʢʘʟʳʚʘʪʴ ʦʧʝʨʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ [1]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Blast Maker 

Underground ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʦʯʠʩʪʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʄʘʡʩʢʦʤ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʠ. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʝʢʪʥʦʡ ʠ ʬʘʢʪʠʯʝʩʢʦʡ ʦʪ-

ʙʦʡʢʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʜʦ ʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ Blast Maker Underground. 

ʆʙʟʦʨ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʇʆ Blast Maker Underground (BMU) ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʚ ʥʘ ʙʫ-

ʨʝʥʠʝ ʠ ʚʟʨʳʚ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʚʝʜʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʩʦʩʪʘʚʣʝʥʠʷ ʧʘʩʧʦʨʪʦʚ ɹɺʈ [2]. 

ʇʨʦʛʨʘʤʤʦʡ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʝʜʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʦ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝ-

ʩʪʚʘʭ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʜʝʪʦʥʘʪʦʨʘʭ ʠ ʟʘʤʝʜʣʝʥʠʷʭ ʧʨʠ ʢʦʨʦʪʢʦʟʘʤʝʜʣʝʥʥʦʤ ʚʟʨʳʚʘ-

ʥʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ɺ ʙʘʟʝ ʜʘʥʥʳʭ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪʩʷ ʛʘʙʘʨʠʪʳ ʙʫʨʦʚʳʭ 

ʫʩʪʘʥʦʚʦʢ ʠ ʰʘʙʣʦʥʳ ʦʪʨʝʟʥʳʭ ʱʝʣʝʡ ʠ ʚʦʩʩʪʘʶʱʠʭ. 
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ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʥʘʯʘʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʘʨʢʘʩʳ (3D ʤʦʜʝʣʠ) 

ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʨʫʜʥʳʭ ʪʝʣ ʚ ʬʦʨʤʘʪʝ .dm ʠ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʙʣʦʯʥʘʷ ʤʦʜʝʣʴ. ʊʘʢʞʝ ʚ 

ʧʨʦʛʨʘʤʤʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʙʣʦʯʥʦʡ ʤʦʜʝʣʠ.  

ɺ Blast Maker Underground ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠ ʨʫʯʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ. ʇʨʦʛʨʘʤʤʦʡ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʙʫ-

ʨʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʧʦʜʘʪʯʠʢʘ ʚ ʚʳʨʘʙʦʪʢʝ. 

ʇʦʤʠʤʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ʚ ʧʨʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠ-

ʨʦʚʘʪʴ ʢʦʤʤʫʪʘʮʠʦʥʥʫʶ ʩʝʪʴ. 

ɺʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 3D ʤʦʜʝʣʴ ʦʯʠʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. 

 

 
 

ʈʠʩ. 1 ʇʨʦʝʢʪ ʚ Blast Maker Underground ʚʠʜ ʚ ʧʣʘʥʝ 

1 ï ʧʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ; 2 ï ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʢʦʥʪʫʨ ʦʯʠʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; 3 ï ʣʠʥʠʠ ʩʝʯʝʥʠʡ ʚʝʝʨʦʚ 
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ʈʠʩ. 2 ʇʨʦʝʢʪ ʚ Blast Maker Underground ʚʠʜ ʚ ʩʝʯʝʥʠʠ 

1 ï ʬʘʢʪʠʯʝʩʢʠʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ; 2 ï ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʢʦʥʪʫʨ ʦʯʠʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; 3 ï ʧʨʦʝʢʪʥʳʝ 

ʩʢʚʘʞʠʥʳ; 4 ï ʛʘʙʘʨʠʪʳ ʙʫʨʦʚʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʇʆ Blast Maker Underground ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ɼʦ ʚʥʝʜʨʝʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ BMU ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʢʦʥʪʫʨʘ ʦʪʙʦʡʢʠ ʠ ʝʛʦ ʧʦʩʪʨʦ-

ʝʥʠʝ ʚ 3D ʧʨʦʠʩʭʦʜʠʣʦ ʚʨʫʯʥʫʶ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Datamine Studio 

UG. ɺʥʝʜʨʝʥʠʝ BMU ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʘ ʦʪʙʦʡʢʠ, ʘ 

ʪʘʢʞʝ ʩʦʢʨʘʪʠʣʦ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. 

ɹʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʪʘʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʝʢʪ-

ʥʳʭ ʦʙʲʸʤʦʚ ʢʘʤʝʨ ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ, ʦʙʱʝʝ ʟʘʩʦʨʝʥʠʝ ʠ ʧʦʪʝʨʠ ʚ ʢʘʤʝʨʘʭ, ʟʘ ʧʝʨʠʦʜ ʩ 2019 

ʛ. ʧʦ 2024ʛ. 

ɺ ʧʝʨʠʦʜ ʩ 2019 ʧʦ 2021 ʛʦʜ ʚʢʣʶʯʠʪʝʣʴʥʦ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʧʨʦ-

ʝʢʪʥʳʤʠ ʠ ʬʘʢʪʠʯʝʩʢʠʤʠ ʢʦʥʪʫʨʘʤʠ ʦʪʙʦʡʢʠ ʩʦʩʪʘʚʠʣ 21%, ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ Blast Maker 

Underground ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 16%.  

2 

3 

4 
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ʈʠʩ. 3 ʆʪʢʣʦʥʝʥʠʝ ʧʣʘʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʙʦʡʢʠ ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ ʩ 2019 ʧʦ 2024 ʛʦʜ 

 

ʆʪʢʣʦʥʝʥʠʝ ʧʣʘʥʦʚʳʭ ʠ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʩʦʨʝʥʠʷ ʩ 2019 ʧʦ 2021 ʠ ʩ 2022 

ʧʦ 2024 ʛʦʜʘ ʩʦʩʪʘʚʠʣʦ 4,8% ʠ 5,8% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʪʝʨʠ ʚ ʦʯʠʩʪʥʳʭ ʢʘʤʝʨʘʭ. ʊʘʢ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʧʦʪʝʨʴ ʚ ʧʝʨʠʦʜ ʩ 2019 ʧʦ 2021 ʛʦʜʘ ʩʦʩʪʘʚʠʣ 10,55%, ʘ ʚ ʧʝʨʠʦʜ ʩ 2022 ʧʦ 2024 ʛʦʜ 8,76%.  

 

 
ʈʠʩ. 4 ʇʦʪʝʨʠ ʩ 2019 ʧʦ 2024 ʛʦʜ 

 

 

 

 

 

0%

5%

10%

15%

20%

25%

30%

2019 2020 2021 2022 2023

ʆ
ʪ
ʢ
ʣ
ʦ
ʥ
ʝ
ʥ
ʠ
ʝ
 
ʧ
ʣ
ʘ
ʥ
/
ʬ
ʘ
ʢ
ʪ
,
 
%

ɻʦʜ

0,00%

2,00%

4,00%

6,00%

8,00%

10,00%

12,00%

2019 2020 2021 2022 2023

ʇ
ʦ
ʪ
ʝ
ʨ
ʠ
,
 
%

ɻʦʜ



 

222 

ɺʳʚʦʜʳ 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʳ ʩʪʘʣʦ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʚ ʨʘʟʚʠʪʠʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʦʧʠʩʘʥ ʠ ʧʨʦʘʥʘ-

ʣʠʟʠʨʦʚʘʥ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʦʯʠʩʪʥʳʭ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʇʆ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʦʯʠʩʪʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʦʢʘʟʘʣʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ. ʊʘʢ ʪʦʯʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 

5% ʩ ʤʦʤʝʥʪʘ ʚʥʝʜʨʝʥʠʷ Blast Maker Underground, ʘ ʧʦʪʝʨʠ ʫʤʝʥʴʰʠʣʠʩʴ ʥʘ 1,79%. ɿʘʩʦʨʝ-

ʥʠʝ ʦʩʪʘʣʦʩʴ, ʧʨʠʤʝʨʥʦ, ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ, ʯʪʦ ʠ ʜʦ ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʅʘ ʜʨʫʛʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʇʦʣʠʤʝʪʘʣʣʘ, ʥʘ ʨʫʜʥʠʢʝ, ɼʫʢʘʪ ʚʥʝʜʨʝʥʠʝ BMU ʧʦʟʚʦʣʠʣʦ 

ʩʥʠʟʠʪʴ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʥʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʥʘ 2-5% [3]. 
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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʉʊɸʊʀʉʊʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ  

ɻʆʈʅʆʊɽʍʅʀʏɽʉʂʀʍ ɿɸɼɸʏ 

 

ɺʆʃʂʆɺ ʄ. ʅ., ʇʆʊɸʇʆɺ ɺ. ʗ., ʇʆʊɸʇʆɺ ɺ. ɺ. 

 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʂʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʤʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʥʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʦʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʙʣʠʞʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʢ ʨʝʘʣʴʥʳʤ ʩʠʪʫʘʮʠʷʤ ʠ ʜʨ. ɼʣʷ ʠʤʠʪʘ-

ʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ (ʄʄʂ), ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʤʥʦʛʦʢʨʘʪʥʦʤ ʨʦʟʳʛʨʳʰʝ ʩʣʫʯʘʡʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʘʪʯʠʢʘʤʠ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ 

ʕɺʄ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʟʘʢʦʥʦʤ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʚʳʙʦʨʢʠ, ʦʮʝʥʢʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʠʣʠ ʥʘʜʝʞʥʦʩʪʠ. ʇʨʠʚʝʜʝʥʥʳʝ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʠʤʝʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦʪʣʠʯʥʳʝ ʦʪ ʥʦʨʤʘʣʴʥʳʭ. ʇʨʠʚʝʜʝʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʥʘʛʨʫʟʦʢ ʜʣʷ ʪʨʝʭ ʨʘʟʳʛʨʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ, ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ 

ʨʠʩʢʠ, ʤʦʜʝʣʠ, ʥʘʛʨʫʟʢʠ, ʛʠʩʪʦʛʨʘʤʤʳ, ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ. 

 

IMPROVING STATISTICAL MODELING MINING AND TECHNICAL TASKS  

 
VOLKOV M.N., POTAPOV V. YA., POTAPOV V. V. 

 

Ural State Mining University, Ekaterinburg 

 

Abstract. The article presents the results of simulation modeling of complex geomechanical prob-

lems. Which allows us to take into account the instability of the input information characterizing 

the rock mass, loads and impacts, the properties of structural materials, the approximation of the 

calculation model to real situations, etc. For simulation modeling, the monte carlo method (mcm) 

is proposed, the essence of which is in repeated drawing of random information by computer ran-

dom number sensors with their subsequent transformation in accordance with the established law 

of sampling distribution, assessment of geomechanical risk or reliability. The experimental data 

presented show that measurement errors in most cases have distributions that differ from normal 

ones. Histograms of the distribution of vertical and horizontal loads for three random input param-

eters are presented. 

 

Keywords: simulation modeling, monte carlo method, geomechanical risks, models, loads, histo-

grams, angle of internal friction. 

 

ɸʢʪʠʚʥʦʝ ʧʦʜʟʝʤʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʦ ʤʥʦʛʠʭ ʢʨʫʧʥʝʡʰʠʭ ʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʤʠʨʘ, 

ʨʘʟʚʝʨʥʫʚʰʝʝʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʛʦʨʦʜʩʢʠʭ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɹʝʟʦʧʘʩʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʛʦʨʦʜʩʢʠʭ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʦ ʤʥʦ-

ʛʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʥʘʜʝʞʥʦʩʪʴʶ ʠʭ ʦʙʜʝʣʦʢ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʩʩʠʚʘ ʛʨʫʥʪʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʶʱʘʷ ʧʨʘʢʪʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʜʝʣʦʢ ʚ ʩʣʦʞʥʳʭ ʛʝʦʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʩʠʪʫʘʮʠʷʭ ʙʘʟʠʨʫʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), 

ʛʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʢʦʪʦʨʦʛʦ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʩ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ. ʇʝʨʝʭʦʜ ʦʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʢ 

ʠʤʠʪʘʮʠʦʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʦʟʚʦʣʷʝʪ:  

ï ʫʯʝʩʪʴ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʤʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦ-

ʨʦʜ, ʥʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʙʣʠʞʝʥʠʝ ʨʘʩʯʝʪ-

ʥʦʡ ʤʦʜʝʣʠ ʢ ʨʝʘʣʴʥʳʤ ʩʠʪʫʘʮʠʷʤ ʠ ʜʨ.; 

ï ʠʩʢʣʶʯʠʪʴ ʧʦʛʨʝʰʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʯʠʩʣʦʤ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʦʛʨʝʰʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʝʪʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ.  

ʀʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ (ʄʄʂ), ʩʫʱ-

ʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʥʦʛʦʢʨʘʪʥʦʤ ʨʦʟʳʛʨʳʰʝ ʩʣʫʯʘʡʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʘʪʯʠʢʘʤʠ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʕɺʄ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʤ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʙʦʨʢʠ, ʦʮʝʥʢʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʠʣʠ ʥʘʜʝʞʥʦʩʪʠ, 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʜʥʠʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ.  

ʄʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ʧʨʠʤʝʥʷʝʪʩʷ ʩ 1949 ʛ. ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʟʘ-

ʜʘʯ, ʦʩʥʦʚʥʘʷ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ - ʨʝʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ  ʛʦʨʥʦʤ ʜʝʣʝ ʠ ʧʦʜʟʝʤʥʦʤ ʛʦʨʦʜʩʢʦʤ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ - ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ ʦʙʣʘʩʪʠ ʛʦʨʥʦʡ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʛʝʦʤʝʭʘʥʠʢʠ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʠʤʝʣ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ, ʥʦ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʯʝʥʴ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʚ ʪ.ʯ. ʚ ʩʦʯʝ-

ʪʘʥʠʠ ʩ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʄʂ+ʄʂʕ) [1 -3].  

ʅʝʜʦʩʪʘʪʢʘʤʠ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ: 

1) ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ) ʦʪʜʝʣʴʥʦʛʦ ʩʣʫ-

ʯʘʡʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʦʜʝʣʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠ ʚ ʮʝʣʦʤ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʥʝʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʣʠ ʢʘʢʘʷ-ʣʠʙʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʙʦʣʝʝ ʟʥʘʯʠʤʦʡ, ʯʝʤ 

ʦʩʪʘʣʴʥʳʝ; 

2) ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʜʝʢʚʘʪʥʦʩʪʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʢ ʢʘʯʝʩʪʚʫ ʦʮʝʥʢʠ ʭʘ-

ʨʘʢʪʝʨʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʝ ʩʣʫʯʘʡʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʦʚ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

3) ʥʝʦʙʭʦʜʠʤʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʦʩʪʦʨʦʞʥʦʩʪʴ ʧʨʠ ʧʦʜʚʝʜʝʥʠʠ ʠʪʦʛʦʚ ʠʤʠʪʘʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʜʝʣʝʥʠʷ ʥʘ ʩʣʫʯʘʡʥʦʝ 

ʯʠʩʣʦ, ʙʣʠʟʢʦʝ ʢ ʥʫʣʶ. 

ʇʫʪʷʤʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ:  

ʘ) ʛʝʥʝʨʘʮʠʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩʠʩʪʝʤ ʩʣʫʯʘʡ-

ʥʳʭ ʚʝʣʠʯʠʥ ʠ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ ʠ ʦʮʝʥʢʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ ʠʤʠʪʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘ-

ʥʠʡ (ʛʝʥʝʨʘʮʠʡ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ;  

ʙ) ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʳʤ ʫʩʣʦʚʠʷʤ; 

ʚ) ʦʮʝʥʢʘ ʟʥʘʯʠʤʦʩʪʠ ʥʝʩʪʘʙʠʣʴʥʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʋɻɻʋ, ʥʘ ʢʘʬʝʜʨʝ ʰʘʭʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʨʦʚʦʜʠʪʩʷ ʢʦʤʧʣʝʢʩ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʩʫʱʝʩʪʚʦ ʢʦʪʦʨʳʭ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ: 

1.ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝ-

ʥʠʷ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ ʛʝʥʝʨʘ-

ʮʠʡ. ʇʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʮʠʢʣʘ ʚ ʦʙʦʙʱʝʥʥʦʡ ʙʣʦʢ-ʩʭʝʤʝ 

(ʨʠʩ.1). ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ l ʦʙʨʘʱʝʥʠʡ ʢ ʮʠʢʣʫ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ:  

l = Nmax  / 500,                                                             (1) 

ʛʜʝ Nmax ï ʟʘʜʘʚʘʝʤʦʝ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʛʝʥʝʨʘʮʠʡ (ʥʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʦʛʨʘ-

ʥʠʯʠʚʘʝʪʩʷ Nmax = 15000). 

 

ʋʩʣʦʚʠʝ ʚʳʭʦʜʘ ʠʟ ʮʠʢʣʘ: 

x ¢ ʈm ï Pm-1,                                                          (2) 



 

225 

ʛʜʝ x ï ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ, x = 0,0009;  

       ʈm ï ʨʠʩʢ ʧʦ ʩʫʤʤʝ ʛʝʥʝʨʘʮʠʡ;   Pm-1 - ʨʠʩʢ ʧʦ ʩʫʤʤʝ ʛʝʥʝʨʘʮʠʡ ʥʘ ʰʘʛʝ m ï 1. 

 

 
ʈʠʩʫʥʦʢ 1. ɹʣʦʢ-ʩʭʝʤʘ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʛʝʥʝʨʘʮʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

 

2. ɸʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦ ʯʝʪʳʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ʉʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʷʤ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʩʪʦʨʦʥʥʝ  ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʅ.ʉ. ɹʫʣʳʯʝʚʳʤ, 
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ɺ.ʂ. ʈʫʧʧʝʥʝʡʪʦʤ, ɺ.ɻ. ɹʝʨʝʟʘʥʮʝʚʳʤ [4-7], ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʥʳʤʠ ʩʭʝʤʘʤʠ, ʚʢʣʶʯʝʥʥʳʤʠ ʚ 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ [8-10]. II -94-80.   

ʉʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʘʥʥʳʭ ʦ ʚʤʝʱʘʶʱʠʭ ʤʘʩʩʠʚʘʭ, ʧʦʢʘʟʘʪʝʣʷʭ 

ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʥʘʛʨʫʟʢʘʭ ʠ ʚʦʟʜʝʡʩʪʚʠʷʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ 

(ʬʘʢʪʠʯʝʩʢʠʤ) ʟʥʘʯʝʥʠʷʤ. ɼʦʩʪʠʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝ-

ʪʦʜʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʝʡ ʢʘʢ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʘʥʘʣʠʟʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʜ-

ʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʫʯʘʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʪʫʣʠʨʫʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ  ʟʘ-

ʢʦʥʦʤ.  ʄʝʞʜʫ ʪʝʤ,  ʩʦʚʨʝʤʝʥʥʘʷ  ʧʨʠʢʣʘʜʥʘʷ  ʩʪʘʪʠʩʪʠʢʘ  ʫʪʚʝʨʞʜʘʝʪ,  ʯʪʦ "ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʠʝ ʩʝʤʝʡʩʪʚʘ ʩʫʱʝʩʪʚʫʶʪ ʣʠʰʴ ʚ ʛʦʣʦʚʘʭ ʘʚʪʦʨʦʚ ʫʯʝʙʥʠʢʦʚ ʧʦ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ. ɺ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʠʭ ʥʝʪ" [4]. ʇʨʠʚʝʜʝʥʥʘʷ ʮʠʪʘʪʘ ʥʝ ʧʨʦʪʠ-

ʚʦʨʝʯʠʪ ʚʦʟʟʨʝʥʠʷʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʰʢʦʣʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʦʮʝʥʠʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʘʚʪʦʨʠʪʝʪʥʝʡʰʠʡ ʫʯʝʥʳʡ - ʩʪʘʪʠʩʪʠʢ ʃ. ɿʘʢʩ ʚ 1976 ʛ. ʋʢʘʟʳʚʘʣ: "ʂʣʘʩʩʠʯʝʩʢʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʘʷ, 

ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʥʠʢʦʛʜʘ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ, ʪʘʢ ʯʪʦ ʣʶʙʦʝ ʧʨʠʣʦʞʝʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʦʩʪʘʚ-

ʣʷʝʪ ʦʱʫʱʝʥʠʝ ʦʧʘʩʥʦʩʪʠ ʦʰʠʙʢʠ" [11, ʩ. 124]. 

ʏʪʦ ʞʝ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ? ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [3], 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʟ 219 ʬʘʢʪʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʛʨʝʰʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ 174 ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʢʣʘʩʩʫ ʦʜʥʦʤʦʜʘʣʴʥʳʭ, ʥʝ ʷʚʣʷʶʪʩʷ ʥʦʨ-

ʤʘʣʴʥʳʤʠ, ʘ ʦʩʪʘʚʰʠʝʩʷ 45 ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʦʢʘʟʘʣʠʩʴ ʜʚʫʤʦʜʘʣʴʥʳʤʠ. 

ɺ ʢʥʠʛʝ ʠʟʚʝʩʪʥʦʛʦ ʤʝʪʨʦʣʦʛʘ ʇ.ɺ. ʅʦʚʠʮʢʦʛʦ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ. ʆʙʲʝʤ ʚʳʙʦʨʦʢ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʩʦʩʪʘʚʣʷʣ 100-400 ʦʪʩʯʝʪʦʚ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

46 ʠʟ 47 ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ. 

 ʇʨʠʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʤʝʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦʪʣʠʯʥʳʝ ʦʪ ʥʦʨʤʘʣʴʥʳʭ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʠʤʝʥʝʥʠʡ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ, ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʛʨʝʩʩʠʦʥ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʨʫʛʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʥʦʨʤʘʣʴʥʦʡ ʪʝʦʨʠʠ, ʩʪʨʦʛʦ 

ʛʦʚʦʨʷ, ʥʝ ʷʚʣʷʶʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʥʝʚʝʨʥʘ ʣʝʞʘʱʘʷ ʚ ʠʭ ʦʩʥʦʚʝ ʘʢʩʠʦʤʘ ʥʦʨ-

ʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ-ʧʝʨʚʳʭ, ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴʩʷ ʦʮʝʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʩʣʝʜʫʝʪ ʧʨʠʚʣʝʯʴ ʢʦʤʧʣʝʢʩ ʚʳʩʦʢʠʭ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʘʢʪʠʢʠ ʘʥʘʣʠʟʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [2-7,11]. 

3. ʆʮʝʥʢʘ ʟʥʘʯʠʤʦʩʪʠ ʢʘʞʜʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ:                                                        

ä
=

10

1k

NjkPjk 
/ 
ä
=

10

1k

NikPik 
,                                                    (3) 

ʛʜʝ   
ä
=

10

1k

NjkPjk 
= Nj1Pj1 + Nj2Pj2 + ... + Nj10Pj10,  j = var; 

ä
=

10

1k

NikPik 
äNikPik = Ni1Pi1 + Ni2Pi2 + ... + Ni10Pi10 , i = 1, 2, ... , j, ... , n; 

Nj ʠ Pj ï ʥʘʛʨʫʟʢʠ ʠ ʨʠʩʢʠ, ʚʳʯʠʩʣʝʥʥʳʝ ʜʣʷ j-ʛʦ ʧʘʨʘʤʝʪʨʘ;  

Ni ʠ Pi ï ʥʘʛʨʫʟʢʠ ʠ ʨʠʩʢʠ, ʚʳʯʠʩʣʝʥʥʳʝ  ʜʣʷ n ʩʣʫʯʘʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʩʫʤʤ 
ä
=

10

1k

NjkPjk 
 ʜʣʷ ʫʩʣʦʚʠʡ: ʜʠʘʤʝʪʨ ʪʦʥʥʝʣʷ ʚʯʝʨʥʝ 4,0 ʤ;  ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʦʙʜʝʣʢʠ kp = 1,8; ʦʙʲʝʤʥʳʡ ʚʝʩ ʧʦʨʦʜʳ g = 2,4 ʪʩ/ʤ3; ʩʨʝʜʥʝʝ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʚʝʩʘ ʧʦʨʦʜʳ gʩʨ.ʢʚ. = 0,3 ʪʩ/ʤ3; ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʝʧʦʩʪʠ 

¥ = 2,0;  ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʨʝʧʦʩʪʠ ¥ʩʨ.ʢʚ = 0,2; ʢʘʞʫʱʠʡʩʷ 

ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ j = 65ʦ; ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʘʞʫʱʝʛʦʩʷ ʫʛʣʘ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ jʩʨ.ʢʚ. = 15ʦ, ʜʘʥʳ  ʚ  ʪʘʙʣ. 1 · 3.   
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ʉʫʤʤʘ 
ä
=

10

1k

NjkPjk 
ʜʣʷ  ʚʝʨʪʠʢʘʣʴʥʦʡ  ʥʘʛʨʫʟʢʠ  ʨʘʚʥʘ 4,03, ʩʫʤʤʘ  

ä
=

10

1k

NjkPjk 
ʜʣʷ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʩʦʩʪʘʚʣʷʝʪ 2,35. 

 
ʊʘʙʣʠʮʘ 1 - ʇʝʨʝʤʝʥʥʘʷ ï ʦʙʲʝʤʥʳʡ ʚʝʩ ʧʦʨʦʜ, j  = 1: 

g = 2,4 ʪ/ʤ2; gʩʨ.ʢʚ. = 0,3 ʪ/ʤ2; ¥ = 2; ¥ʩʨ.ʢʚ. = 0; jʢ = 650; jʩʨ.ʢʚ. = 00 

ʋʨʦʚʥʠ ʨʠʩʢʘ ɻʨʘʥʠʮʳ ʨʠʩʢʘ, ʪʩ/ʤ2 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

0,206 6,06743 

0,052 6,61901 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

0,006 7,17059 

0,000 7,72218 

0,000 8,27376 

0,000 8,82535 

0,000 9,37693 

0,000 9,92851 

0,000 10,48010 

0,000 11,03168 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

0,206 0,46033 

0,052 0,50218 

0,006 0,54403 

0,000 0,58587 

0,000 0,62772 

0,000 0,66957 

0,000 0,71142 

0,000 0,75327 

0,000 0,79512 

0,000 0,83696 

 

ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 
ä
=

10

1k

NjkPjk 
 = 1,64, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ä
=

10

1k

NjkPjk 
= 0,12. 

                                                                                                       
  



 

228 

ʊʘʙʣʠʮʘ 2 - ʇʝʨʝʤʝʥʥʘʷ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʝʧʦʩʪʠ, j  = 2: 

g = 2,4 ʪ/ʤ2; gʩʨ.ʢʚ. = 0 ʪ/ʤ2; ¥ = 2; ¥ʩʨ.ʢʚ. = 0,2; jʢ = 650; jʩʨ.ʢʚ. = 00 

 

ʋʨʦʚʥʠ ʨʠʩʢʘ ɻʨʘʥʠʮʳ ʨʠʩʢʘ, ʪʩ/ʤ2 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

0,177 6,12530 

0,046 6,68215 

0,010 7,23899 

0,002 7,79584 

0,000 8,35268 

0,000 8,90953 

0,000 9,46637 

0,000 10,02322 

0,000 10,58007 

0,000 11,13691 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

0,098 0,46338 

0,010 0,50551 

0,000 0,54764 

0,000 0,58976 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

0,000 0,63189 

0,000 0,67404 

0,000 0,71614 

0,000 0,75826 

0,000 0,80039 

0,000 0,84252 

                                                                                                             

ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 
ä
=

10

1k

NjkPjk 
= 1,48, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ä
=

10

1k

NjkPjk 
= 0,05. 

                                          
ʊʘʙʣʠʮʘ 3 - ʇʝʨʝʤʝʥʥʘʷ ï ʢʘʞʫʱʠʡʩʷ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, j  = 3: 

g = 2,4 ʪ/ʤ2; gʩʨ.ʢʚ. = 0 ʪ/ʤ2; ¥ = 2; ¥ʩʨ.ʢʚ. = 0; jʢ = 650; jʩʨ.ʢʚ. = 150 

 

ʋʨʦʚʥʠ ʨʠʩʢʘ ɻʨʘʥʠʮʳ ʨʠʩʢʘ 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

0,234 6,12954 

0,068 6,68677 

0,016 7,24400 

0,000 7,80123 

0,000 8,35847 

0,000 8,91570 

0,000 9,47293 

0,000 10,03016 

0,000 10,58739 

0,000 11,14462 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

0,358 0,74063 

0,315 0,80796 

0,299 0,87529 

0,272 0,94263 

0,242 1,00996 

0,224 1,07729 

0,199 1,14462 

0,181 1,21195 

0,173 1,27928 

0,154 1,34661 
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ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 
ä
=

10

1k

NjkPjk 
= 2,00, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ä
=

10

1k

NjkPjk 
= 2,40. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʥʘʛʨʫʟʦʢ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʪʨʝʭ ʨʘʟʳʛʨʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘ  ʨʠʩ. 3 · 5 

ï ʛʠʩʪʦʛʨʘʤʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʣʠʷʥʠʝ  ʦʜʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ.  
ʘ)                                                                         ʙ) 

 
ʈʠʩʫʥʦʢ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ (ʘ) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʙ) ʥʘʛʨʫʟʦʢ 

ʧʨʠ g = 2.4 ʪʩ/ʤ3; gvar = 0.3 ʪʩ/ʤ3; ¥ = 2; ¥var = 0.2; jʢ = 65ʆ; jʢvar = 15ʆ 

 

ʘ)                                                                    ʙ) 

 
ʈʠʩʫʥʦʢ. 3.  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ (ʘ) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʙ) ʥʘʛʨʫʟʦʢ 

ʧʨʠ g = 2.4 ʪʩ/ʤ3; gvar = 0.3 ʪʩ/ʤ3; f = 2; fvar = 0; jʢ = 65ʆ; jʢvar = 0ʆ 

 

ʘ)                                                                     ʙ) 

 
 

ʈʠʩʫʥʦʢ .4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ (ʘ) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʙ) ʥʘʛʨʫʟʦʢ 

ʧʨʠ g = 2.4 ʪʩ/ʤ3; gvar = 0.0 ʪʩ/ʤ3; ¥ = 2; ¥var = 0.2; jʢ = 65ʆ; jʢvar = 0ʆ 
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ʘ)                                                                               ʙ) 

 
ʈʠʩʫʥʦʢ 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ (ʘ) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʙ) ʥʘʛʨʫʟʦʢ 

ʧʨʠ g = 2.4 ʪʩ/ʤ3; gvar = 0.0 ʪʩ/ʤ3; ¥ = 2; ¥var = 0; jʢ = 65ʆ; jʢvar = 15ʆ 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʨʘʩʯʝʪ ʟʥʘʯʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥ ʧʦ ʬʦʨʤʫʣʝ (3):  

ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

ʆʙʲʝʤʥʳʡ ʚʝʩ: 1,64/4,03 = 0,407; 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʨʝʧʦʩʪʠ: 1,48/4,03 = 0,367; 

ʂʘʞʫʱʠʡʩʷ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ: 2,00/4,03 = 0,496; 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

ʆʙʲʝʤʥʳʡ ʚʝʩ: 0,12/2,35 = 0,051; 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʨʝʧʦʩʪʠ: 0,05/2,35 = 0,021; 

ʂʘʞʫʱʠʡʩʷ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ: 2,40/2,35 = 1,021. 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʩʝʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʮʝʥʢʠ ʟʥʘʯʠʤʦʩʪʠ ʚʭʦʜ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʩʣʫʯʘʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚ ʠʥʪʝʨʚʘʣʘʭ: ʦʙʲʝʤʥʳʡ ʚʝʩ ʧʦʨʦʜ ʦʪ 0,00  ʜʦ 0,36 ʪʩ/ʤ3; ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʨʝʧʦʩʪʠ, ʦʪ 0,0 

ʜʦ 0,6; ʜʣʷ ʢʘʞʫʱʝʛʦʩʷ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, j, ʦʪ 0 ʜʦ 20¯. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʙʣʘʜʘʝʪ ʚʪʦʨʳʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ï ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʥʳʭ ʩʣʫʯʘʡʥʳʭ ʤʘʩʩʠʚʦʚ. 

ʅʘ ʨʠʩ. 6, 7 ʧʨʠʚʝʜʝʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʜʣʷ 

ʦʜʥʦʛʦ ʚʘʨʴʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʢʘʞʫʱʝʛʦʩʷ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ 65ʦ, ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 

15ʦ ʜʦ 0ʦ. ɿʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʩʪʘʣʴʥʳʝ ʩʣʫʯʘʡʥʳʝ ʧʘʨʘʤʝʪʨʳ: g = 2,4 ʪ/ʤ2; gʩʨ.ʢʚ. = 

0,3 ʪ/ʤ2; ¥ = 2; ¥ʩʨ.ʢʚ. = 0,2. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 6, 7, ʬʘʢʪʦʨʦʤ, ʠʩʢʘʞʘʶʱʠʤ ʥʦʨʤʘʣʴʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʠʚʦʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ, ʷʚʣʷʝʪʩʷ ʢʘʞʫʱʠʡʩʷ 

ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʧʦʨʦʜ.  
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              jʢ = 15ʦ                                                                                        jʢ = 10ʦ 

 
                              jʢ = 5ʦ                                                        jʢ = 1ʦ 

 
jʢ = 0ʦ 

 
 

ʈʠʩ. 6. ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʢʘʞʫʱʝʛʦʩʷ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ jʢ 

ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 15ʆ ʜʦ 0ʆ 
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                        jʢ = 15ʦ                                                                       jʢ = 10ʦ 

     
                                 jʢ = 5ʦ                                                         jʢ = 1ʦ 

 
                                                                       jʢ = 0ʦ 

 
 

ʈʠʩ. 7. ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʢʘʞʫʱʝʛʦʩʷ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ jʢ 

ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 15ʆ ʜʦ 0ʆ 

 

ɺʳʚʦʜʳ. ɿʥʘʥʠʝ ʛʨʘʥʠʮ ʠ ʰʢʘʣʳ ʨʠʩʢʦʚ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʣʴʮʝʚʳʭ ʦʙʜʝʣʦʢ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʨʝʰʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ʧʨʠʝʤʣʝʤʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ ʟʥʘʯʠʤʦʩʪʠ 

ʚʭʦʜʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʨʘʥʷʝʪ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ, ʢʦ-

ʪʦʨʳʡ ʩʦʩʪʦʠʪ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʢʘʢʘʷ-ʣʠʙʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 

ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʠʣʠ ʙʦʣʝʝ ʚʘʞʥʦʡ, ʯʝʤ ʜʨʫʛʠʝ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʠ ʚʝʨʦʷʪ-

ʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 
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244

90
63

36 25
9 6 3 5 3

0

50

100

150

200

250

300

1 2 3 4 5 6 7 8 9 10

137129

84

57

36
22

8 5 7 2
0

20
40
60
80

100
120
140
160

1 2 3 4 5 6 7 8 9 10

35

103
119

87

61
48

19
12 6 3

0

20

40

60

80

100

120

140

1 2 3 4 5 6 7 8 9 10

6

55

78

114

97

76

39

16
7 6

0

20

40

60

80

100

120

1 2 3 4 5 6 7 8 9 10

4
19

65

89

126

91

55

26
13

6

0

20

40

60

80

100

120

140

1 2 3 4 5 6 7 8 9 10



 

233 

2. ɺʦʣʢʦʚ ʄ. ʅ. ʈʘʩʯʝʪ ʢʨʫʛʦʚʳʭ ʦʙʜʝʣʦʢ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ / ɻʝʦʤʝʭʘʥʠʢʘ ʚ ʛʦʨʥʦʤ ʜʝʣʝ - 

2000: ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 29 ʤʘʷ - 2 ʠʶʥʷ 2000 ʛ. - ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀɻɼ 

ʋʨʆ ʈɸʅ, 2000. - ʉ. 58 · 60. 

3. ɺʦʣʢʦʚ ʄ. ʅ., ʇʦʣʦʚʦʚ ɹ. ɼ. ʈʘʩʯʝʪ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʄʦʥʪʝ-ʂʘʨʣʦ / VI  ʨʝʩʧʫʙʣʠʢʘʥʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʂʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʛʦʨʥʦʤ ʜʝʣʝè (ɽʢʘʪʝʨʠʥʙʫʨʛ, 3 ï 6 ʠʶʥʷ 2002 ʛ.) ï 

ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋɻɻɻɸ, 2002. ï  ʉ.34-40 

4. ʐʝʡʥʠʥ ɺ. ʀ., ʈʫʧʧʝʥʝʡʪ ʂ. ɺ. ʅʝʢʦʪʦʨʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝ-

ʥʠʡ. - ʄ.: ʅʝʜʨʘ, 1969. - 153 ʩ. 

5. ʈʝʯʠʮʢʠʡ ɺ. ʀ., ʂʦʨʷʙʠʥ ʀ. ɸ. ʆʮʝʥʢʘ ʥʘʜʝʞʥʦʩʪʠ ʩʢʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ ʧʦ ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ. 

- ʈʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʝʭʘʥʠʢʝ ʛʦʨʥʳʭ ʧʦʨʦʜ. - ʉ. - ʇʝʪʝʨʙʫʨʛ, 9 -11 ʩʝʥʪʷʙʨʷ, 1997. - ʉ. 

389 · 395.  

6. ʄʝʪʦʜʳ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʝʭʘʥʠʢʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʛʦʨʥʦʤ ʜʝʣʝ: 

ʙʠʙʣʠʦʛʨʘʬʠʷ (1995 - 1998). Finite element and boundary element technology in rock and mining me-

chanics. A bibliography (1995 - 1998). Mackele Jaroslav. Finite Elem. Anal. And Des. 1999. 31, ˉ4, ʉ. 

317 · 325.  

7. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʰʘʭʪʥʦʛʦ ʩʪʚʦʣʘ. Du Zhi-xing, Jin Feng-xiang, Wu 

Qing-zhong. Zhongguo youse jinshu xuebao = Chin. J. Nonferrous Metals. 2000. 10, ˉ4. ʉ. - 604 · 608. 

8. ʉʅʠʇ II -44-78. ʊʦʥʥʝʣʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʠ ʘʚʪʦʜʦʨʦʞʥʳʝ / ɻʦʩʩʪʨʦʡ ʉʉʉʈ. - ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 

1978. - 21 ʩ. 

9. ʉʅʠʇ 32-04-97. ʊʦʥʥʝʣʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʠ ʘʚʪʦʜʦʨʦʞʥʳʝ / ɻʦʩʩʪʨʦʡ ʈʦʩʩʠʠ. - ʄ.: ɻʋʇ ʎʇʇ, 

1997. - 31 ʩ. 

10. ʉʅʠʇ II-94-80. ʇʦʜʟʝʤʥʳʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ / ɻʦʩʩʪʨʦʡ ʉʉʉʈ. - ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 1982. - 31 ʩ. 

11. ɿʘʢʩ ʃ. 3. ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʦʮʝʥʠʚʘʥʠʝ. ʄ.: ʉʪʘʪʠʩʪʠʢʘ, 1976. 598 ʩ.  



 

234 

ʋɼʂ 514.18:512.7:004.925.8 

 

ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺ ɿɸɼɸʏɸʍ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʀʅɾɽʅɽʈʅʓʍ ʆɹʒɽʂʊʆɺ 

 
ɹɸɹʀʏ ɺ. ʅ., ʐɸʅɻʀʅɸ ɽ. ʀ., ʉʀʈɸɿʋʊɼʀʅʆɺɸ ʅ. ɹ. 

 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠʥʞʝʥʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ 3-ʤʝʨʥʦʡ ʛʨʘʬʠʢʦʡ, ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʞʝʩʪʚʝʥʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʨʝʭʤʝʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ (3D ʛʨʘʬʠʢʘ) ʦʙʲʝʤʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʛʦ ʩʪʨʦʝʥʠʷ. ʆʥʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʘʢʪʠʚ-

ʥʦʡ ʨʘʙʦʪʳ ʩ ʤʦʜʝʣʴʶ (ʚʳʧʦʣʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚʥʝʩʝʥʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʩʤʦʪʨʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʘʭ, ʧʦʣʫʯʝʥʠʝ 

ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʥʢʨʝʪʠʟʠʨʫʶʱʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʦ-

ʜʝʣʠ), ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʭʘ-

ʨʘʢʪʝʨʘ ʚʥʫʪʨʠ ʤʦʜʝʣʠ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʧʫʩʪʠʤʳʭ ʚʘʨʠʘʥʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ, ʧʨʦʮʝʩʩʫʘʣʴʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʘʣʠʟʘʮʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʨʦʝʢʪ-

ʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʠʥʞʝʥʝʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʥʞʝʥʝʨ-

ʥʳʝ ʬʦʨʤʳ. 
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Abstract. Modern software for modeling and designing engineering facilities is characterized by 

interactive 3-dimensional graphics, high-quality visualization of surfaces and object models, as 

well as a user-friendly interface. Three-dimensional visualization (3D graphics) of a three-dimen-

sional model of an object provides a comprehensive study of the features of its structure. It pro-

vides an opportunity for interactive work with the model (performing various geometric transfor-

mations, making constructive changes with subsequent viewing from various angles, obtaining 

numerical results specifying the quantitative relationships of model elements), as well as the for-

mation of various technological and constructive objects within the model, consideration and com-

parison of various acceptable options. 
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ʆʙʱʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ 

ʝʛʦ ʦʧʠʩʘʥʠʝ ʢʘʢ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʟʥʳʝ ʚʠʜʳ (ʩʧʦʩʦʙʳ, ʬʦʨʤʳ) ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʤʦʜʝʣʴ-

ʥʦʛʦ ʦʧʠʩʘʥʠʷ) ʦʙʲʝʢʪʘ ʧʦʟʥʘʥʠʷ ʩ ʧʦʟʠʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ (ʮʝʣʦʩʪʥʦʩʪʴ, ʠʝʨʘʨʭʠʯʝ-

ʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʩʪʨʫʢʪʫʨʥʘʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʦʨʜʠʥʘʮʠʷ, 

ʮʝʣʝʚʘʷ ʘʜʘʧʪʘʮʠʷ, ʧʨʦʮʝʩʩʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ). 
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ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʵʪʦ ʩʣʦʞʥʦʦʨʛʘʥʠʟʦ-

ʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʦʙʨʘʟʘ ʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘ-

ʣʠʟʘ ʩʠʩʪʝʤʥʦ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʘʩʩʠʚʘ, ʦʪʦʙʨʘʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʝ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʩʪʨʫʢʪʫʨʥʳʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ, ʧʨʦʮʝʩʩʫʘʣʴ-

ʥʳʝ ʘʩʧʝʢʪʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʮʝʜʫʨ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʘʣʠʟʘʮʠʠ, ʛʝʦʤʝʪʨʠʟʘʮʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ 

ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ, ʚʠʟʫʘʣʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ 

ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ï ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚʠʟʫʘʣʠʟʠʨʫʝʤʦʡ ʤʦʜʝʣʠ 

ʦʙʲʝʢʪʘ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʥʦʛʦ ʦʧʠʩʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʙʲʝʢʪ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʩʚʷʟʝʡ ʠ ʦʪ-

ʥʦʰʝʥʠʡ, ʛʝʦʤʝʪʨʠʟʘʮʠʠ ʦʙʲʝʢʪʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʦʣʦʯʢʠ, ʨʝʘʣʠʟʫʝʤʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʉ ʤʦʤʝʥʪʘ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʟʘʜʘʥʠʷ ʠʥʞʝʥʝʨ-ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʦʨʛʘʥʠʟʫʝʪ ʩʙʦʨ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʝʢʪʥʦʡ ʩʠʪʫʘʮʠʠ ï ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʩʫʱʥʦʩʪʠ ʵʪʦʛʦ ʟʘʜʘʥʠʷ, ʠʥʠʮʠʘʮʠʠ ʪʚʦʨʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʠʥʞʝʥʝʨ-

ʥʦʛʦ ʦʙʲʝʢʪʘ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʫʩʠʣʠʷʤʠ 

ʠ ʪʚʦʨʯʝʩʢʠʤ ʚʦʦʙʨʘʞʝʥʠʝʤ ʠʥʞʝʥʝʨʘ-ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ.  

ʊʦʣʴʢʦ ʞʠʚʘʷ ʪʚʦʨʯʝʩʢʘʷ ʤʳʩʣʴ, ʞʠʚʦʝ ʠʩʢʘʥʠʝ ʩʧʦʩʦʙʥʳ ʩʦʦʙʱʠʪʴ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ 

ʧʨʦʝʢʪʫ ʧʦʣʥʦʪʫ ʠ ʟʘʢʦʥʯʝʥʥʦʩʪʴ, ʦʙʲʝʜʠʥʷʷ ʚʩʝ ʧʦʜʨʦʙʥʦʩʪʠ ʚʦʝʜʠʥʦ. ʂʘʢ ʙʳ ʧʨʝʢʨʘʩʥʦ 

ʥʠ ʙʳʣʘ ʨʝʰʝʥʘ ʠʥʞʝʥʝʨʥʘʷ ʤʳʩʣʴ, ʦʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʘ, ʝʩʣʠ ʚ ʥʝʡ ʥʝ ʚʳʷʚʣʝʥʦ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʦʝ ʪʚʦʨʯʝʩʪʚʦ ʝʝ ʩʦʟʜʘʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʥʥʦʩʪʴ ʧʨʦʠʟʚʝʜʝʥʠʡ ʠʟʤʝʨʷʝʪʩʷ 

ʪʝʤʠ ʪʚʦʨʯʝʩʢʠʤʠ ʟʘʤʳʩʣʘʤʠ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʝʢʪʘʥʪ. ʍʫʜʦʞʝʩʪʚʝʥʥʘʷ ʠ ʜʘʞʝ 

ʫʪʠʣʠʪʘʨʥʘʷ ʮʝʥʥʦʩʪʴ ʚʩʷʢʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʲʝʢʪʘ ʠʟʤʝʨʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʟʦʙʨʝʪʘʪʝʣʴʩʪʚʘ, ʧʨʦʷʚʣʝʥʥʦʛʦ ʘʚʪʦʨʦʤ ʧʨʦʝʢʪʘ [1].  

ʀʥʞʝʥʝʨʥʳʡ ʦʙʲʝʢʪ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʦʝʢʪʘ, ʘ ʧʨʦʝʢʪ ï ʩ ʠʜʝʠ, ʝʛʦ ʟʘʤʳʩʣʘ. ʆʪʧʨʘʚʥʦʡ 

ʪʦʯʢʦʡ ʟʘʤʳʩʣʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʦʙʲʝʢʪʘ. ʊʚʦʨʯʝʩʢʠʡ ʧʦʠʩʢ ʢʦʥʮʝʧ-

ʪʫʘʣʴʥʦʡ ʠʜʝʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʨʦʝʢ-

ʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʝʛʦ ʚʦʟʤʦʞʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʦʤʧʦʟʠʮʠʷ (ʢʦʥʢʨʝʪʥʘʷ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʚʥʝʰʥʷʷ ʬʦʨʤʘ) ʥʝ ʦʧʨʝʜʝʣʝʥʘ ʠ ʝʝ ʚʳʙʦʨ ʷʚʣʷʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ 

ʧʨʝʨʦʛʘʪʠʚʦʡ ʠʥʞʝʥʝʨʘ-ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ.  

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʟʘʤʳʩʣʘ ï ʢʣʶʯʝʚʦʝ ʟʚʝʥʦ ʚ ʪʚʦʨʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʦʧʨʝʜʝʣʷʝʪ ʜʘʣʴ-

ʥʝʡʰʫʶ ʜʠʥʘʤʠʢʫ ʚ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʝ. ɺʳʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʧʨʦʝʢʪʘ ʢʘʢ ʦʩʤʳʩʣʝʥʥʦʝ 

ʦʧʨʝʜʤʝʯʠʚʘʥʠʝ ʟʘʤʳʩʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʟʜʘʥʠʝ ʧʨʦʝʢʪʥʦʛʦ ʦʙʨʘʟʘ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ 

ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʲʝʢʪʘ.  

ʇʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʘ ʚʢʣʶʯʘʝʪ ʧʦʠʩʢ ʠʥʞʝʥʝʨʥʳʭ 

ʨʝʰʝʥʠʡ, ʚʳʨʘʞʘʶʱʠʭ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʪʚʦʨʯʝʩʢʦʛʦ ʟʘʤʳʩʣʘ, ʦʧʪʠʤʘʣʴʥʦʩʪʴ (ʨʘʮʠʦʥʘʣʴ-

ʥʦʩʪʴ) ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʠʩʭʦʜʥʳʭ ʟʘ-

ʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ; ʨʘʟʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʥʞʝʥʝʨʥʳʡ ʨʘʟʜʝʣ ʧʨʦʝʢʪ-

ʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (ʚʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʚʠʜ), 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲ-

ʝʢʪʘ, ʧʣʘʥʠʨʦʚʦʯʥʫʶ ʩʭʝʤʫ ʠ ʵʨʛʦʥʦʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ.  

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʝʣʝʚʘʷ ʧʨʦʙʣʝʤʘ ʩʚʦʜʠʪʩʷ ʢ ʩʦʚʦʢʫʧʥʦʡ ʩʠʩʪʝʤʝ ʟʘʜʘʯ 

ʦʧʪʠʤʠʟʘʮʠʠ (ʦʧʪʠʤʠʟʘʮʠʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ): ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʪʘʢʦʝ ʨʝʰʝʥʠʝ 

(ʧʨʠʯʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʞʝʥʝʨʥʳʤ ʟʘʤʳʩʣʦʤ), ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝ-

ʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʵʩʪʝʪʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʮʠʘʣʴʥʳʭ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʡ.  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ï ʤʥʦʛʦʵʪʘʧʥʳʡ ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʵʪʘʧʳ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩ ʚʘʨʠʘʥʪʘʤʠ ʢʦʤʧʦʥʦʚʢʠ, 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ), ʨʘʩʯʝʪʥʦʛʦ (ʧʦ ʢʨʠʪʝʨʠʷʤ ʧʨʦʯʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ, ʙʘʣʣʠ-

ʩʪʠʢʠ, ʛʠʜʨʦ- ʠ ʘʵʨʦ- ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʜʨ.), ʦʧʪʠʤʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʦʙʲʝʢʪʘ (ʬʠʟʠʯʝʩʢʠʭ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʩʪʦʠʤʦʩʪʥʳʭ ʠ ʪ. ʜ.), ʚʠʟʫʘʣʠʟʘ-

ʮʠʠ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʨʠ ʚʳʙʦʨʝ ʚʘʨʠʘʥʪʦʚ (ʚʢʣʶʯʘʷ ʫʯʝʪ ʫʩʣʦʚʠʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ) 

[2]. 

ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʯʘʩʪʴʶ ʠʥʞʝʥʝʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʛʝʦʤʝʪʨʠʟʘʮʠʷ ʬʦʨʤʳ ʠʟʜʝʣʠʷ (ʦʙʲʝʢʪʘ) ʧʦʟʚʦʣʷʝʪ ʦʩʦʟʥʘʪʴ 

ʦʙʲʝʤʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ ʩ ʧʦʟʠʮʠʡ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʵʢʦʣʦʛʠʯʥʦ-

ʩʪʠ, ʵʢʦʥʦʤʠʯʥʦʩʪʠ, ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʧʨʝʜʝʣʠʪʴ ʦʙʲʝʤ, ʨʘʮʠʦʥʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʨ. 

ɻʝʦʤʝʪʨʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʤʳʰʣʝʥʠʷ: ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ, ʪʘʢ ʠ ʨʘʟʨʘʙʦʪʢʝ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʠ ʦʮʝʥʠʚʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʟʘʜʘʯʘʭ 

ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʠ, ʚʢʣʶʯʘʷ ʠʥʞʝʥʝʨʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʮʝʣʦʤ, ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʩʣʦʞʥʦʡ ʧʨʦʙʣʝʤʝ ʦʧʪʠʤʠʟʘʮʠʠ: ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʙʨʘʪʴ ʠʥʞʝʥʝʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʦʤ-

ʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ 

ʩʦʮʠʘʣʴʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ. ʇʦʵʪʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ (ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 

ʬʫʥʢʮʠʡ) ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ. ɻʝʦʤʝʪʨʠʟʘʮʠʷ ʦʙʲʝʢʪʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ, ʚʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʥʝ-

ʥʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ, ʠ ʪʦʤ ʯʠʩʣʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʤʦʜʝʣʠ. ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʤʦʜʝʣʠ 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʚʠʜʦʠʟʤʝʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʯʘʩʪʝʡ ʧʨʠ ʦʙʱʝʤ ʩʦʭʨʘʥʝʥʠʠ ʦʩʥʦʚ-

ʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ï ʚʘʞʥʦʝ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʦ-

ʬʦʨʤʘʪʥʳʭ ʜʘʥʥʳʭ (ʪʝʢʩʪʦʚʳʭ, ʯʠʩʣʦʚʳʭ, ʛʨʘʬʠʯʝʩʢʠʭ), ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ ʪʘʢʠʭ ʢʘʢ ʬʦʪʦ- ʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʳ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʪʝʭʥʠʯʝʩʢʘʷ ʜʦ-

ʢʫʤʝʥʪʘʮʠʷ, ʩʧʨʘʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʛʨʘʬʠʯʝʩʢʠʝ ʘʨʭʠʚʳ ʠ ʜʨ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨ-

ʥʳʭ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ, ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʥʠʤʘʮʠʠ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩ ʤʦʜʝʣʴʶ, ʚʳʧʦʣʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚʥʝʩʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʩʤʦʪʨʦʤ, ʩʜʚʠʛ, 

ʧʦʚʦʨʦʪ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʲʝʢʪ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ ʧʦʜ ʣʶ-

ʙʳʤ ʫʛʣʦʤ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʩʪʘʚʦʤ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ. 

ʀʪʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ï ʵʪʦ 

ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚʠʟʫʘʣʠʟʠʨʫʝʤʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʙʲʝʢʪ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʦʪʥʦʰʝʥʠʡ, ʛʝʦʤʝʪʨʠʟʘʮʠʠ ʦʙʲʝʢʪʘ ʠ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʦʙʦʣʦʯʢʠ, ʨʝʘʣʠʟʫʝʤʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ [3]. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʨʨʝʢʪʥʦ-

ʩʪʴʶ ʦʧʠʩʘʥʠʷ ʠʪʦʛʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦʧʠʩʘʥʠʡ ʜʝʪʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʩʦʩʪʘʚʫ, ʧʦ ʨʘʟʤʝʨʥʦʩʪʷʤ, ʧʦ ʩʧʦʩʦʙʘʤ ʩʦʝʜʠʥʝʥʠʷ 

ʯʘʩʪʝʡ ʠ ʵʣʝʤʝʥʪʦʚ, ʩʦʧʨʷʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʯʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʦʜʥʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʯʘʩʪʝʡ ʠ ʚ ʮʝʣʦʤ, ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʝʢʮʠʠ ʠ ʩʝʯʝʥʠʷ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ ʧʨʦʝʢʪ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ (ʨʝʘʣʴʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ), ʜʦʣʞʝʥ ʜʦ-

ʧʫʩʢʘʪʴ ʦʜʥʦʟʥʘʯʥʦʝ ʧʦʥʠʤʘʥʠʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʛʦ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʝ ʚʦʧʣʦʱʝʥʠʝ (ʧʨʦʠʟʚʦʜʩʪʚʦ).  

ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʤʥʦʛʠʝ ʫʧʦʤʷʥʫʪʳʝ ʧʨʦ-

ʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʘʞʥʳʤʠ ʵʪʘʧʘʤʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: 

¶  ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ (ʩ ʚʳʨʘʙʦʪʢʦʡ ʘʚʪʦʨʩʢʦʛʦ ʟʘʤʳʩʣʘ);  

¶  ʩʦʟʜʘʥʠʝ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʦʙʱʫʶ ʢʦʥʩʪʨʫʢʮʠʶ (ʦʩʥʦʚʥʫʶ 
ʩʭʝʤʫ) ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ;  
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¶  ʚʳʧʦʣʥʝʥʠʝ ʘʥʘʣʠʟʘ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, 
ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ; 

¶  ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʝʢʪʘ, ʫʪʦʯʥʷʶʱʝʛʦ ʢʦʥʩʪʨʫʢʮʠʶ ʦʙʲʝʢʪʘ (ʩʪʨʫʢʪʫʨʫ, ʛʝʦ-
ʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʳ, ʜʦʧʫʩʪʠʤʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʥʞʝʥʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ 

ʠʭ ʵʣʝʤʝʥʪʘʤʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʙʦʨʢʠ/ʢʦʤʧʦʥʦʚʢʠ ʠ ʜʨ.).  

ʍʦʪʷ ʠʟʥʘʯʘʣʴʥʦ ʢʦʥʮʝʧʮʠʷ (ʠʜʝʷ, ʟʘʤʳʩʝʣ) ʠʩʭʦʜʠʪ ʦʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʧʨʦʝʢʪʘ 

(ʝʛʦ ʚʠʜʝʥʠʝ ʦʙʲʝʢʪʘ, ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ), ʥʦ ʧʨʠ ʵʪʦʤ ʥʘ ʪʚʦʨʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ 

ʨʝʰʝʥʠʷ ʚʣʠʷʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ, ʠʥʞʝʥʝʨ-

ʥʦʛʦ, ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʧʨʦʝʢʪʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʨʝʰʝʥʠʡ ʫʯʘʩʪʚʫʶʪ ʩʧʝʮʠʘʣʠʩʪʳ-ʩʤʝʞʥʠʢʠ. 

ʀ ʟʜʝʩʴ ʩʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ (ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʘ ʩʦʟʜʘʥʠʷ ʵʪʦʡ ʤʦʜʝʣʠ) ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʘʙʦʪ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʟʘʪʨʘʛʠʚʘʝʪ (ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ) ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʩʝʡ ʮʝʧʦʯʢʠ ʧʨʦʮʝʩʩʘ. ʅʝʦʙʭʦʜʠʤʦ ʩʨʘʟʫ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʦʙ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʣʥʦʪʝ ʤʦ-

ʜʝʣʠ ʦʙʲʝʢʪʘ, ʪ. ʝ. ʥʘʩʢʦʣʴʢʦ ʧʦʣʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʦʜʝʣʠ ʠʥʞʝʥʝʨʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʜʘʥʥʳʝ ʦʙ ʦʙʲʝʢʪʝ ʩʦ ʚʩʝʤʠ ʚʟʘʠʤʦʩʚʷʟʷʤʠ ʠ ʟʘ-

ʚʠʩʠʤʦʩʪʷʤʠ. ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ, ʚ ʢʘʢʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ ʙʫʜʝʪ ʩʦʟʜʘ-

ʚʘʪʴʩʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ (ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʥʳʤ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʧʨʦʝʢʪʝ, ʨʘ-

ʙʦʪʘʪʴ ʚ ʦʜʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ). 

ʈʝʟʫʣʴʪʘʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ, ʩʦʜʝʨʞʘ-

ʱʝʛʦ ʛʝʦʤʝʪʨʦ-ʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ (ʪʝʭʥʠʯʝʩʢʫʶ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʠ ʜʨ.). ʆʙʝʩʧʝʯʝʥʠʝʤ ʪʘʢʦʛʦ ʦʧʠʩʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʢʦʦʨʜʠ-

ʥʠʨʦʚʘʥʥʦʡ, ʚʥʫʪʨʝʥʥʝ ʩʦʛʣʘʩʦʚʘʥʥʦʡ, ʩʠʩʪʝʤʥʦ-ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʝʢʪʠ-

ʨʫʝʤʦʤ ʦʙʲʝʢʪʝ, ʘ ʪʘʢʞʝ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʢʘʢ ʮʠʬʨʦʚʦʡ ʧʨʦʪʦʪʠʧ ʧʨʦʝʢʪʠʨʫʝ-

ʤʦʛʦ ʦʙʲʝʢʪʘ. ʇʨʠʯʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʜʝʣʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ. ʊʘʢʦʡ ʮʠʬʨʦʚʦʡ ʧʨʦʪʦʪʠʧ ʢʘʢ ʝʜʠʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʲʝʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩ-

ʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʝʤʘʷ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʟʤʝʥʠʣʘ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʥʦʤʫ ʧʨʦʮʝʩʩʫ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʝʛʦ ʢʘʢ ʧʨʦʮʝʩʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺʦʟʥʠʢʣʠ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʠʜʝʠ, ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʥʦʚʳʝ ʬʦʨʤʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʙʦʪ (ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ).  

ɺ ʪʚʦʨʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʧʨʦʝʢʪʥʦʡ ʠʜʝʠ ʚʢʣʶʯʘʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʝʥʝʨʘʮʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʣʦʞʥʳʭ ʬʦʨʤ, ʘ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʬʦʨʤ (ʧʦ ʪʨʝʭʤʝʨʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ) ʧʦʟʚʦʣʷʶʪ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴ ʪʚʦʨʯʝʩʢʠʝ ʠʤ-

ʧʨʦʚʠʟʘʮʠʠ ʠʥʞʝʥʝʨʘ-ʧʨʦʝʢʪʘʥʪʘ [3]. 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʦʧʨʦʩʘʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʪʦʧʦʣʦʛʠʠ ʠ ʤʦʨʬʦ-

ʣʦʛʠʠ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʨʘʥʝʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ (ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʬʦʨʤʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ). ʕʪʦ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʠʣʣʶʟʠʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

çʪʚʦʨʯʝʩʪʚʘè. ʆʜʥʘʢʦ ʢʦʤʧʴʶʪʝʨ ʩʘʤ ʥʝ ʪʚʦʨʠʪ. ʅʝ ʩʣʝʜʫʝʪ ʧʝʨʝʦʮʝʥʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʧʦʩʦʙʳ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʣʝʞʠʪ ʛʝʥʝʨʘʮʠʷ ʬʦʨʤ, ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ, ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ, ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʠ (ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ), ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʂʦʤʧʴʶʪʝʨʥʦʝ ʩʦʟʜʘʥʠʝ ʬʦʨʤʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ, 

ʨʝʘʣʠʟʫʶʱʝʡ ʦʧʨʝʜʝʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʬʦʨʤʳ, ʠʣʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʩʨʝʜʝ. ʇʨʠ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ (ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʝʪ ʠʥʞʝʥʝʨ) ʟʘ-

ʜʘʝʪ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʚʚʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʝʪ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦ-

ʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʪ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-
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ʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ. ɺ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ  ʬʦʨʤʦʡ ʢʦʤʧʴʶʪʝʨʫ ʦʪʚʦʜʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʨʦʣʴ, ʠ ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʷʜ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ: ʛʝʥʝʨʘʮʠʷ ʤʦʜʝʣʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʩʭʦʜʥʳʭ ʜʘʥ-

ʥʳʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ (ʧʨʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʨʝʰʝʥʠʷ), ʚʠʟʫʘʣʠʟʘʮʠʷ ʬʦʨʤʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʯʠʩʣʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ.  

ʀʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʠ ʢʦʤʧʴʶʪʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʥʠʤʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʣʦʚʝʢʦ-ʢʦʤʧʴʶʪʝʨʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. 

ʂʦʤʧʴʶʪʝʨ ʩʪʘʥʦʚʠʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʧʦʤʦʱʥʠʢʦʤ ʠʥʞʝʥʝʨʘ ʚ ʪʚʦʨʯʝʩʢʦʤ ʧʦʠʩʢʝ ʧʨʦʝʢʪ-

ʥʦʡ ʠʜʝʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ. ʉʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʠʣʦ ʧʝʨʝʣʦʞʠʪʴ 

ʥʘ ʢʦʤʧʴʶʪʝʨ ʤʥʦʞʝʩʪʚʦ ʧʨʦʝʢʪʥʳʭ ʦʧʝʨʘʮʠʡ. ʆʜʥʘʢʦ ʢʦʤʧʴʶʪʝʨ ʥʝ ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʤʳʩʣʠʪʴ, ʯʫʚʩʪʚʦʚʘʪʴ, ʢʨʠʪʠʯʝʩʢʠ ʦʮʝʥʠʚʘʪʴ. ʀʤʝʥʥʦ ʧʨʦʝʢʪʘʥʪ ʧʨʠʥʠʤʘʝʪ ʨʝ-

ʰʝʥʠʝ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʬʦʨʤ.  

ʈʝʰʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʩʦʚʦʢʫʧʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ (ʪ. ʝ. ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʦʚʤʝʩʪʥʦʤ ʧʨʦʮʝʩʩʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ). ʇʨʠ ʵʪʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ 

ʚʠʜʝ ʵʩʢʠʟʘ, ʧʨʦʩʪʦʛʦ ʯʝʨʪʝʞʘ, ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʫʢʘʟʘʥʠʷ ʪʨʝʙʫ-

ʝʤʳʭ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ) ʤʦʞʝʪ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴʩʷ, ʫʩʣʦʞʥʷʪʴʩʷ ʚʢʣʶʯʘʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʘʟʤʝʨʥʳʝ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʩʦʚʦʢʫʧʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʦʙʲʝʢʪʘ ʝʛʦ ʥʦʩʠ-

ʪʝʣʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʪʥʦʰʝʥʠʡ ʚʢʣʶʯʘʷ ʨʘʟʤʝʨʥʦʩʪʴ, ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ, ʦʨ-

ʪʦʛʦʥʘʣʴʥʦʩʪʴ, ʧʦʜʦʙʠʝ, ʢʦʥʛʨʫʵʥʪʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ, ʚʟʘ-

ʠʤʦʩʚʷʟʠ (ʦʙʨʘʟʫʷ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʦʙʲʝʢʪʘ), ʬʦʨʤʠʨʫʷ ʪʝ ʠʣʠ ʠʥʳʝ ʫʩʣʦʚʠʷ (ʚ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʧʦʥʷʪʠʷʭ ʠʣʠ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ, ʥʘʧʨʠʤʝʨ, ʚ ʬʦʨʤʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ 

ʟʘʜʘʯʠ), ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʧʨʠʩʪʫʧʘʝʪ ʢ ʧʦʠʩʢʫ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ (ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʡ) 

ʟʘʜʘʯʠ, ʠʩʧʦʣʴʟʫʷ ʚʝʩʴ ʝʤʫ ʜʦʩʪʫʧʥʳʡ ʘʨʩʝʥʘʣ ʩʨʝʜʩʪʚ (ʘʥʘʣʠʪʠʯʝʩʢʠʭ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ), ʥʝ ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʣʠʰʴ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ. 

ɺʳʚʦʜʳ 

ʊʚʦʨʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ï ɻ ʪʦ ʩʣʦʞʥʳʡ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʚ ʢʦʪʦʨʳʡ ʚʢʣʶʯʝʥʳ ʠʥʪʝʣʣʝʢʪ, ʵʤʦʮʠʠ, ʚʦʣʷ. ʊʚʦʨʯʝʩʪʚʦ ʩʚʷʟʘʥʦ ʩ ʣʠʯʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʥʘʣʠʯʠʝ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʤʦʪʠʚʦʚ, ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ), ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʚʦʦʙʨʘʞʝʥʠʝ, ʠʥʪʫʠʮʠʷ [5].  

ʂʘʞʜʦʛʦ ʠʥʞʝʥʝʨʘ-ʧʨʦʝʢʪʘʥʪʘ ʦʪʣʠʯʘʝʪ ʪʚʦʨʯʝʩʢʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ, ʩʚʦʡ ʪʚʦʨʯʝ-

ʩʢʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ. ʆʩʤʳʩʣʝʥʠʝ ʮʝʣʝʡ, ʫʩʣʦʚʠʡ ʠ ʟʘʜʘʯ ʧʨʦʝʢʪʥʦʡ 

ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʦʝʢʪʥʦʡ ʩʠʪʫʘʮʠʠ.  

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʢʘʟʳʚʘʶʱʠʤʠ ʚʣʠʷʥʠʝ ʥʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʧʦʠʩʢʘ, 

ʷʚʣʷʶʪʩʷ ʤʦʪʠʚʠʨʦʚʘʥʥʦʩʪʴ, ʵʤʦʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʢʦʛʥʠʪʠʚʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʇʨʦʝʢʪʥʦʝ ʤʳʰʣʝʥʠʝ ʠʥʞʝʥʝʨʘ-ʧʨʦʝʢʪʘʥʪʘ ʦʙʫʩʣʦʚʣʝʥʦ ʪʘʢʠʤʠ ʙʘʟʦʚʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʢʘʢ 

ʢʨʝʘʪʠʚʥʦʩʪʴ ʠ ʠʥʪʝʣʣʝʢʪ. 

ʀʥʞʝʥʝʨ-ʧʨʦʝʢʪʘʥʪ ʤʳʩʣʠʪ ʪʝʭʥʠʯʝʩʢʠʤʠ, ʵʤʦʮʠʦʥʘʣʴʥʳʤʠ ʦʙʨʘʟʘʤʠ. 

ʂ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʤʳʰʣʝʥʠʷ ʦʪʥʦʩʷʪʩʷ 

ʘʥʘʣʠʪʠʯʥʦʩʪʴ, ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʨʝʬʣʝʢʩʠʚʥʦʩʪʴ, ʢʨʠʪʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ, ʩʠʩʪʝʤ-

ʥʦʩʪʴ, ʧʨʦʛʥʦʩʪʠʯʥʦʩʪʴ, ʩʪʨʘʪʝʛʠʯʥʦʩʪʴ, ʛʠʙʢʦʩʪʴ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʩʪʴ. ɼʣʷ ʠʥʞʝʥʝʨʥʦʛʦ 

ʧʨʦʝʢʪʥʦʛʦ ʤʳʰʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʠ ʧʨʘʛʤʘʪʠʟʤ, ʧʨʘʢʪʠʢʦ-

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ï ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʘʫʯʥʦʛʦ ʤʥʝʥʠʷ, ʦʪʥʦʰʝʥʠʷ ʢ ʨʝʘʣʠʟʦʚʘʥʥʦʤʫ ʥʘ ʧʨʘʢ-

ʪʠʢʝ ʧʨʦʝʢʪʫ, ʦʩʦʟʥʘʥʠʝ ʠʥʞʝʥʝʨʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ.  

ʄʦʪʠʚʘʮʠʦʥʥʳʤʠ ʘʩʧʝʢʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʪʚʦʨʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʥʞʝʥʝʨʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʪʨʝʤʣʝʥʠʷ, ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʮʝʣʠ, ʷʚʣʷʶʪʩʷ 
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ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʳʡ, ʩʘʤʦʨʝʘʣʠʟʘʮʠʦʥʥʳʡ, ʧʨʘʛʤʘʪʠʯʝʩʢʠʡ, ʢʦʥʲʶʥʢ-

ʪʫʨʥʳʡ, ʠʥʥʦʚʘʮʠʦʥʥʳʡ. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʦʙʨʘʟʦʚʘʥʥʦʩʪʴ ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴ ʠʥʞʝʥʝʨʘ ʢ ʧʨʦʝʢʪʥʦʡ ʨʘ-

ʙʦʪʝ ʧʦʟʚʦʣʷʝʪ ʦʩʤʳʩʣʝʥʥʦ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʧʨʦʝʢʪʥʦʤ ʧʨʦʮʝʩʩʝ, ʨʝʰʘʪʴ ʩʠʪʫʘʮʠʦʥʥʳʝ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʜʘʯʠ. 

ʐʠʨʦʢʘʷ ʵʨʫʜʠʮʠʷ ʠʥʞʝʥʝʨʘ-ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, ʨʘʟʚʠʪʳʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʢʨʫʛʦ-

ʟʦʨ, ʧʦʥʠʤʘʥʠʝ ʩʧʝʮʠʬʠʢʠ ʚʦʩʧʨʠʷʪʠʷ ʧʨʦʛʨʝʩʩʘ ʯʝʣʦʚʝʢʦʤ (ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʠʥʞʝʥʝʨ-

ʥʦʡ ʩʨʝʜʳ), ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʨʩʝʥʘʣʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʨʠʝʤʦʚ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʜʝʢʚʘʪʥʳʡ ʚʳʙʦʨ ʧʨʠʥʮʠʧʦʚ ʠ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʢʣʶʯʘʶʱʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ, ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢ-

ʪʫʨʫ ʩʨʝʜʳ. 

ɺʳʨʘʙʦʪʢʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʟʘʤʳʩʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʚʦʨʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʠ ʦʩʤʳʩʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʨʝ-

ʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ (ʦʛʨʘʥʠʯʝʥʠʡ, ʪʨʝʙʦʚʘʥʠʡ, ʫʩʣʦʚʠʡ), ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʝʢʪʥʦʡ ʟʘ-

ʜʘʯʝʡ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʚʦʨʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʠʩʢʘ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʙʘʟʠʩʘ (ʟʘʧʘʩʘ ʟʥʘʥʠʡ, ʚʢʣʶʯʘʷ ʥʘʢʦʧʣʝʥʥʳʡ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʳʡ ʦʧʳʪ), ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʦʝʢʪʘʥʪʘ, ʘʢʪʠʚʥʦʩʪʴʶ ʧʦʠʩʢʘ ʨʝʰʝ-

ʥʠʷ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʛʦʪʦʚʥʦʩʪʴ ʠʥʞʝʥʝʨʘ-ʧʨʦʝʢʪʘʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʦʩʧʨʠʠʤʯʠ-

ʚʦʩʪʴ ʢ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʧʦʥʠʤʘʥʠʝ ʠʭ ʩʫʱʥʦʩʪʠ, ʥʘʟʥʘʯʝʥʠʷ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʭ ʧʨʠʤʝ-

ʥʝʥʠʶ, ʦʩʦʟʥʘʥʥʦʩʪʴ ʚʳʙʦʨʘ ʩʧʦʩʦʙʦʚ ʜʝʡʩʪʚʠʷ (ʪʝʭʥʦʣʦʛʠʡ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʩʪʨʫ-

ʤʝʥʪʘʨʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʠʞʝʥʠʝ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʜʦʩʪʘʪʦʯ-

ʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʚ ʨʘʙʦʪʝ ʩʦ ʩʧʝʮʠʘʣʠ-

ʩʪʘʤʠ-ʩʤʝʞʥʠʢʘʤʠ, ʟʥʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 

ʠ ʫʤʝʥʠʝ ʠʭ ʧʨʠʤʝʥʷʪʴ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʣʠ ʦʙʝʩʧʝʯʠʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 

ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʢʨʘʱʝ-

ʥʠʠ ʚʨʝʤʝʥʠ ʧʨʠʥʷʪʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʨʘʙʦʪʢʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ, ʚʥʫʪʨʝʥʥʝ ʩʦʛʣʘʩʦʚʘʥʥʦʡ, ʩʠʩʪʝʤʥʦ-ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʦʝʢʪʠʨʫʝʤʦʤ ʦʙʲʝʢʪʝ, ʩʦʟʜʘʥʠʝ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʢʘʢ ʮʠʬʨʦʚʦʛʦ ʧʨʦʪʦʪʠʧʘ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʫʧʨʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʧʝʨʠʦʜʘ ʩʦʟʜʘʥʠʷ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʲʝʢʪʘ.  

ʊʘʢʦʡ ʮʠʬʨʦʚʦʡ ʧʨʦʪʦʪʠʧ ʢʘʢ ʝʜʠʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʲʝʢʪ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ (BIM). ʇʨʦ-

ʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʠʤʫʣʠʨʫʶʪ ʧʦʠʩʢ ʥʦ-

ʚʳʭ ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʬʦʨʤ, ʥʘʧʨʘʚʣʷʶʪ ʢ ʚʳʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  

BIM-ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʪʚʦʨʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʟ-

ʚʦʣʷʶʱʠʤ ʥʝ ʪʦʣʴʢʦ ʨʝʘʣʠʟʦʚʘʪʴ ʠʜʝʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, ʥʦ ʠ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʡ ʧʦʠʩʢ ʵʪʠʭ ʠʜʝʡ, ʦʪʢʨʳʚʘʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ [6]. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ BIM-ʪʝʭʥʦʣʦʛʠʡ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ 

ʠʟʫʯʝʥʠʠ (ʦʩʤʳʩʣʝʥʠʠ) ʥʦʚʦʡ ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʚʝʨʢʝ ʥʦʚʳʭ ʠʥ-

ʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠʜʝʡ, ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʨʝʰʝʥʠʡ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʠʨʦʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʦʪʨʘʙʦʪʢʝ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʧʨʠʝʤʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʪʠʚʠʨʫʝʪ ʥʘ ʦʩʤʳʩʣʝʥʥʫʶ ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 
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ɻɽʆʎʀʌʈʆɺʀɿɸʎʀʗ ʕʅɼʆɻɽʅʅʓʍ ʉʀɻʅɸʃʆɺ ɼɽʐʀʌʈʀʈʆɺɸʅʀʗ  

ɺʆɼʅʓʍ ʉɺʆʁʉʊɺ ɺ ʈɽʐɽʅʀʀ ʕʂʆʃʆɻʆ-ʀʅɾɽʅɽʈʅʓʍ ɿɸɼɸʏ ʇʈʀ  

ɺʆɿɺɽɼɽʅʀʀ ʆɹʒɽʂʊʆɺ ɻʆʈʅʆʁ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ  

ʀ ɻʀɼʈʆʊɽʍʅʀʏɽʉʂʆɻʆ ʉʊʈʀʊɽʃʔʉʊɺɸ 

 
ʊʀʄʆʍʀʅ ɸ. ɺ., ʗʂʆɺʃɽɺ ɸ. ʄ., ʊʀʊʆɺ ʈ. ʉ., ʂɸʅʊɽʄʀʈʆɺ ɺ. ɼ. 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʢʨʳʪʳ ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʤʝʪʨʠʠ ʚ ʩʚʷʟʠ ʩ ʚʦʜʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʛʝʦʩʨʝʜ ʧʨʠ ʵʢʦʣʦʛʦ-ʠʥʞʝʥʝʨʥʦʡ ʦʮʝʥʢʝ. ʀʣʣʶʩʪʨʠʨʫʝʪʩʷ ʧʦʨʷʜʦʢ ʠ ʧʦʜʭʦʜ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʵʥʜʦʛʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝ-

ʩʢʠʤʠ ʨʘʙʦʪʘʤʠ, ʙʫʨʝʥʠʝʤ ʩʢʚʘʞʠʥ ʠ ʠʟʫʯʝʥʠʝʤ ʢʝʨʥʦʚ. ʇʦʜʦʙʨʘʥʳ ʧʨʠʤʝʨʳ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚ ʘʥʦʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʖɻ- ʉɽɺɽʈ: ʦʪ ʝʩʪʝʩʪʚʝʥʥʦ-

ʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʦʚ ʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ, ʧʦʣʫʧʫʩʪʳʥʴ ʠ ʧʫʩʪʳʥʴ ʜʦ ʟʦʥʳ ʮʠʨʢʫʤʧʦʣʷʨʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʠ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ, ʩʦ ʩʣʦʞʥʳʤ ʥʘʣʦʞʝʥʠʝʤ 

ʢʘʨʩʪʦʚ, ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʦʤʧʨʦʜʫʢʪʘʤʠ ʠ ʞʠʜʢʠʤʠ ʦʪʭʦʜʘʤʠ. ɻʝʦʮʠʬʨʦʚʠʟʘʮʠʷ ʧʨʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʥʜʦʛʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦʥʠʤʘʝʪʩʷ, ʢʘʢ ʧʦʜʭʦʜ, ʠʩʢʣʶʯʘʶʱʠʡ ʦʰʠʙʢʠ ʪʦʣ-

ʢʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚ ʩʠʣʫ ʧʨʝʦʜʦʣʝʥʠʷ ʚʨʝʜʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠʟʚʝʩʪʥʳʭ ʚ ʛʝʦʬʠ-

ʟʠʢʝ ʧʨʠʥʮʠʧʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʮʝʥʢʘ ʚʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʮʠʬʨʦ-
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GEOCYPHROVIZATION OF ENDOGENOUS DECRYPTION SIGNALS WATER 

PROPERTIES IN SOLVING ENVIRONMENTAL ENGINEERING PROBLEMS WHEN 

CONSTRUCTION OF MINING FACILITIES AND HYDRAULIC ENGINEERING 

CONSTRUCTION 

 
TIMOKHIN A.V., YAKOVLEV A.M., TITOV R. S., KANTEMIROV V. D.  
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Annotation. The article reveals the parameters of electrometry signals in connection with the water 

properties of the geomedium during environmental engineering assessment. The procedure and 

approach of forming prototypes of endogenous measurements, in combination with topographic 

and geodetic works, well drilling and core study, are illustrated. Examples of research and inter-

pretation in abnormal conditions of SOUTH-NORTH zoning are selected: from naturally saline 

soils of arid climate, semi-deserts and deserts to the zone of circumpolar distribution of permafrost 

and permafrost, with complex karst overlay, assessment of pollution by industrial products and 

liquid waste. Geocyphrovization in the interpretation of endogenous signals is understood as an 

approach that eliminates errors in the interpretation of digital doubles due to overcoming the harm-

ful effects of equivalence principles known in geophysics.  

Keywords: geological and geophysical research, assessment of the water state, digitalization of 

endogenous signals, industry 4.0, environmental engineering solutions. 

ʇʨʘʢʪʠʢʘ ʠʟʫʯʝʥʠʷ ʚʦʜʥʳʭ ʩʚʦʡʩʪʚ ʪʨʘʜʠʮʠʦʥʥʦ ʦʧʠʨʘʝʪʩʷ ʥʘ ʠʟʤʝʨʝʥʠʷ ʵʥʜʦʛʝʥ-

ʥʳʭ- ʚʥʫʪʨʝʥʥʠʭ ʩʠʛʥʘʣʦʚ ʥʝʜʨ, ʠʟ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ï ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʨʘʟ-

ʚʝʜʢʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʧʦ ʤʝʪʦʜʫ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʄʉ. ɻʝʦʮʠʬʨʦʚʠʟʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʩ ʦʧʦʨʦʡ ʥʘ ʥʦʚʝʡʰʠʡ ʫʨʦʚʝʥʴ ʪʝʦʨʠʠ ʧʦʣʷ ʠ ʩʠʛʥʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. 
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ʇʦʣʦʞʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠ ʫʨʘʚʥʝʥʠʷ ʪʝʦʨʠʠ ʧʦʣʷ. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ʠ ʦʩʘʜʦʯʥʳʭ ʛʨʫʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʜʝʡʩʪʚʠʝ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ ʧʨʠʨʦʜʳ [1- 3] ʩ ʜʝʣʝʥʠʝʤ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʥʘ 2 ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘ-

ʥʠʟʤʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʦʙʩʪʘʥʦʚʢʦʡ, ʩʦʩʪʦʷʥʠʝʤ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ.  

1. ʕʣʝʢʪʨʦʥʥʘʷ ʧʨʠʨʦʜʘ (I-ʛʦ ʨʦʜʘ) ʠ ʤʝʭʘʥʠʟʤʳ ʚʣʠʷʥʠʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʜʘʶʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ çʟʦʥʥʦʡè ʪʝʦʨʠʠ. ʇʨʦʯʥʦ ʩʚʷʟʘʥʳ ʩ ʷʜʨʦʤ ʵʣʝʢʪʨʦʥʳ ʚʥʫʪʨʝʥ-

ʥʠʭ ʦʙʦʣʦʯʝʢ, ʥʦʩʠʪʝʣʠ ʪʦʢʘ ï ʧʦʜʚʠʞʥʳʝ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ,  ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʫ çʜʥʘè 

ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʠ ʠʭ ʚʘʢʘʥʩʠʠ ʫ çʧʦʪʦʣʢʘè ʟʦʥʳ ʚʘʣʝʥʪʥʦʩʪʠ ï ʜʳʨʢʠ. ʇʨʠ ʨʘʟʜʝʣʴʥʦʤ 

ʫʯʝʪʝ ʥʦʩʠʪʝʣʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʝ:   

ï ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʵʣʝʢʪʨʦʥʘʤʠ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ 

(ʩʦʙʩʪʚʝʥʥʳʡ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ n ï ʤʝʭʘʥʠʟʤ) nI En /1~)(r
, 

ï ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʟʤʝʨʫ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʦʙʣʘʩʪʠ ʚ ʚʘʣʝʥʪ-

ʥʦʡ ʟʦʥʝ, ʨʘʚʥʦ ʩʪʝʧʝʥʠ ʝʝ "ʥʝʟʘʧʦʣʥʝʥʥʦʩʪʠ" (p ï ʤʝʭʘʥʠʟʤ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʠʣʠ çʜʳ-

ʨʦʯʥʳʡè) pI Ep ~)(r
. 

pn Eɽ ,
- ʵʣʝʢʪʨʦʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʚ ʥʦʨʤʘʣʴʥʦ ʥʝʟʘʧʦʣʥʝʥʥʦʡ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚ 

ʥʦʨʤʘʣʴʥʦ ʟʘʧʦʣʥʝʥʥʦʡ ʟʦʥʝ ʚʘʣʝʥʪʥʦʩʪʠ.  

2. ʀʦʥʥʘʷ, ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ (II- ʨʦʜʘ) ʦʙʫʩʣʦʚʣʝʥʘ ʪʘʢ ʞʝ 2-ʤʷ ʤʝʭʘʥʠʟ-

ʤʘʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʭʦʞʜʝʥʠʷ ʠʦʥʦʚ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʣʝʡ (ʥʦʩʠʪʝʣʝʡ) ʚ ʨʘʟʣʠʯʥʦʡ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ: 

ï ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (m) ʩʚʦʙʦʜʥʦʡ ʧʦʨʦʚʦʡ ʠ ʨʳʭʣʦ (-ʩʣʘʙʦ) 

ʩʚʷʟʘʥʥʦʡ ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʩʢʝʣʝʪʦʤ ʚʦʜʳ mII /1~r , 

ï ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ʦʢʦʣʦ 10-ʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʡ (ʄ), ʦʪʥʝʩʝʥʥʳʭ 

ʢ ʦʙʲʝʤʫ ʛʣʠʥʠʩʪʦʡ, ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʩʦʜʝʨʞʘʥʠʝʤ Cʛʣ., ʫ ʢʦʪʦʨʦʡ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʚʦʜʦʡ 

ʦʙʨʘʟʫʶʪʩʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, çʜʚʦʡʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʣʦʠè, ʯʪʦ ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ 

ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʘʭ ʢ ʚʦʜʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʦʡ ʩʦ ʩʢʝʣʝʪʦʤ 
)10/(1~)( ÌpII Öºr å 1/ Cʛʣ.. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʫʭʘʛʨʝʛʘʪʥʳʡ ʩʤʝʩʝʡ ʚʳʨʘʞʘʝʪ ʫʨʘʚʥʝʥʠʝ ʆʚʯʠʥʥʠʢʦʚʘ [4]: 

)()1(23

3 .

BCACABwABC

ABC

ʟʘʧ

ʟʘʧ
ʧ

++D-+
=

r

r
r

,     (1) 

ʛʜʝʧ
r

- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʤʝʩʠ,ʟʘʧr
- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʧʦʣʥʠʪʝʣʷ, ʟʘʧw

- ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʟʘʧʦʣʥʠʪʝʣʷ; ʚʢʣʟʘʧrrr -=D
, ʚʢʣr

- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ; 

ʚʢʣʟʘʧwabcAA rr 2)0( +D=
, ʚʢʣʟʘʧwabcBB rr 2)0( +D=

, 

ʚʢʣʟʘʧwabcCC rr 2)0( +D=
, cba ,, - ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʦʠʜʘ; )0(),0(),0( CBA - ʬʫʥʢ-

ʮʠʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʦʚ 1-ʛʦ ʠ 2-ʛʦ ʨʦʜʘ ʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʫʨʘʚʥʝʥʠʷ (1) ʜʣʷ ʩʤʝʩʠ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʚʳʨʘʞʘʝʪ ʫʨʘʚʥʝʥʠʝ ʉʝʤʝʥʦʚʘ [5]: 

ʟʘʧ

ʟʘʧʟʘʧ
ʧ

w

w

2

)3( .r
r

-
=

        (2) 

 

ʄʦʜʝʣʠ ʛʨʫʥʪʦʚ 

ʈʘʩʯʝʪʳ ʠʩʪʠʥʥʦʛʦ ʵʣ.ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʫʨʘʚʥʝʥʠʷʤ ʪʝʦʨʠʠ ʧʦʣʷ 1 ʠ 2 ʚʝʜʫʪʩʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʣʦʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʩʝ ʚʣʠʷʶʱʠʝ 

ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʛʨʝʛʘʪʳ ʙʳʣʠ ʫʯʪʝʥʳ. ʇʦʩʪʘʥʦʚʢʘ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʣʘ 

ʦʪ ʧʨʦʩʪʳʭ ʤʦʜʝʣʝʡ ʩʤʝʩʝʡ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟ ʧʝʨʝʡʪʠ ʢ ʨʘʩʯʝʪʘʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥ-

ʪʦʚ, ʢʘʢ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ (ʨʠʩ. 1).  
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ʈʠʩʫʥʦʢ 1. ɼʚʫʭʬʘʟʥʳʝ çʟʘʧʦʣʥʠʪʝʣʴ- ʚʢʣʶʯʝʥʠʷè (ɸ) ʠ ʤʥʦʛʦʘʛʨʝʛʘʪʥʳʝ (ɹ) ʤʦʜʝʣʠ 

 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʛʨʫʥʪʘʭ, ʢʘʢ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʥʳʭ ʩʤʝʩʷʭ, ʪʘʢ ʠ ʩ ʥʘʣʠʯʠʝʤ ʠʥʲʝʢʮʠʦʥʥʳʭ, ʞʠʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ.  

ʆʭʚʘʪ ʧʦʜʭʦʜʘ ʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʚ ʨʝʰʝʥʠʷʭ ʫʯʝʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʝ, ʠʤʝʶʱʝʝʩʷ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʨʫʥʪʦʚ, ʚʢʣʶʯʘʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʤʦʜʝʣʷʭ ʨʠʩʫʥʢʘ 1:  

(1) ʦʩʘʜʦʯʥʳʝ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ ʛʨʫʥʪʳ, (2) ʩʢʘʣʴʥʳʝ ʛʨʫʥʪʳ, (3) ʤʝʨʟʣʳʝ ʧʝʩʯʘʥʦ-

ʛʣʠʥʠʩʪʳʝ ʛʨʫʥʪʳ, (4) ʩʢʘʣʴʥʳʝ ʛʨʫʥʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʢʪʨʦʥʦʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʥʝʥʪ 

(ʛʝʦʩʨʝʜʳ ʠ ʛʝʦʤʘʪʝʨʠʘʣʳ ʨʫʜʥʦʛʦ ʨʘʟʥʦʦʦʙʨʘʟʠʷ), (5) ʤʝʨʟʣʳʝ ʩʢʘʣʴʥʳʝ ʛʨʫʥʪʳ, (6) ʦʩʘ-

ʜʦʯʥʳʝ ʛʨʫʥʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʢʪʨʦʥʦʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʥʝʥʪ (ʛʝʦʤʘʪʝʨʠʘʣʳ ʨʦʩʩʳʧʝʡ), 

(7) ʤʝʨʟʣʳʝ ʦʩʘʜʦʯʥʳʝ ʛʨʫʥʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʢʪʨʦʥʦʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʥʝʥʪ (ʨʦʩʩʳʧʠ 

ʩʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ). 

ɸʛʨʝʛʘʪʳ ʥʘ ʨʠʩʫʥʢʝ (ɹ): 1- ʥʝʧʨʦʚʦʜʷʱʠʝ ʠ ʩʣʘʙʦ-ʧʨʦʚʦʜʷʱʠʝ ʪʦʢ ʩʬʝʨʠʯʝʩʢʠʝ 

ʬʨʘʢʮʠʠ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʩʢʝʣʝʪʳ, 2- ʧʦʨʦʚʳʡ ʠ ʪʨʝʱʠʥʥʳʡ ʟʘʧʦʣʥʠʪʝʣʴ ʠ 3- ʥʘʭʦʜʷʱʠʝʩʷ 

ʚ ʝʛʦ ʚʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʝ ʛʣʠʥʠʩʪʳʝ ʚʢʣʶʯʝʥʠʷ, 4- ʣʝʜ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ- 

ʠʥʲʝʢʮʠʦʥʥʳʭ ʞʠʣ ʠ ʣʝʜ ʧʦʨʦʚʳʡ, ʦʙʨʘʟʫʶʱʠʡ ʤʘʩʩʠʚʥʫʶ ʪʝʢʩʪʫʨʫ, 5- ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦ-

ʥʦʧʨʦʚʦʜʷʱʠʝ ʚʢʣʶʯʝʥʠʷ. 

 

ʈʝʟʫʣʴʪʘʪʳ 

ɽʩʪʝʩʪʚʝʥʥʦ-ʟʘʩʦʣʝʥʥʳʝ ʛʨʫʥʪʳ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ (ʜʦ 50 - 70 ʤʝʪ-

ʨʦʚ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʥʠʞʝʥʠʝ ʵʣ. ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʛʨʫʥʪʦʚ. ʅʘ ʧʨʠʤʝʨʝ 

ʠʟʳʩʢʘʥʠʡ ɻʈʕʉ ʚ ʧʫʩʪʳʥʥʦʡ ʟʦʥʝ ʨʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʠʬʬʝʨʝʥʮʠ-

ʘʮʠʠ ʛʨʘʬʠʢʦʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʦʥʜʠʨʦʚʘʥʠʡ ɺʕɿ (ʨʠʩ. 2). 
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ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢʠ ɺʕɿ (ʵʣ. ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʆʤ. ʤ ʧʨʠ ʜʣʠʥʝ ʧʦʣʫʨʘʟʥʦʩʘ AB/2, ʤ) 

 

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʬʦʨʤʫʣʷʨ ʛʝʦʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʝʥ ʨʘʩʯʝʪʘʤʠ ʬʠʟʠʯʝʩʢʠʭ ʠ ʚʦʜʥʳʭ 

ʩʚʦʡʩʪʚ ʥʦʤʝʥʢʣʘʪʫʨʥʳʭ ʚʠʜʦʚ ʛʨʫʥʪʦʚ: c- ʛʣʠʥʠʩʪʦʩʪʴ (%, ʩʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ 

ʤʝʥʝʝ 0.005 ʤʤ), n- ʧʦʨʠʩʪʦʩʪʴ (ʜ.ʝ.), m- ʩʫʤʤʘ ʩʦʣʝʡ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ (ʛ/ʣ), t(Áʉ)- ʪʝʤʧʝ-

ʨʘʪʫʨʘ, g- ʩʪʝʧʝʥʴ ʚʣʘʞʥʦʩʪʠ (ʜ.ʝ.), y- ʧʣʦʪʥʦʩʪʴ ʩʢʝʣʝʪʘ (ʪ/ʤ3), & (ʤʤ/ʤ)- ʧʫʯʝʥʠʝ ʧʨʠ ʧʨʦ-

ʤʝʨʟʘʥʠʠ ʠ ʦʩʘʜʢʘ ʧʨʠ ʦʪʪʘʠʚʘʥʠʠ ʛʨʫʥʪʦʚ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʪʝʨ-

ʨʠʪʦʨʠʠ. 

ɺ ʭʦʜʝ ʣʠʪʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʟʘʬʠʢʩʠʨʦʚʘʥ ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʨʦʩʪ  ʤʠ-

ʥʝʨʘʣʠʟʘʮʠʠ m ʦʪ 1.1 ʜʦ 40-50 ʛ/ʣ ʚ ʩʣʦʷʭ ʥʝ ʛʣʫʙʞʝ 24 ʤʝʪʨʦʚ (ʨʠʩ. 3). 

 

 
ʈʠʩʫʥʦʢ 3. ʀʥʞʝʥʝʨʥʦ- ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʊʫʨʛʘʡʩʢʦʡ ɻʈʕʉ ʨʝʩʧ. ʂʘʟʘʭʩʪʘʥ 

 

ɺʠʜ ʛʨʫʥʪʦʚ (ʧʝʨʠʦʜ ʠ ʛʝʥʝʟʠʩ): 1- ʧʝʩʢʠ (P2, K2cn-m, K2cm), 2- ʩʫʧʝʩʠ (1dQ), 3- ʩʫ-

ʛʣʠʥʢʠ (1dQ), 4- ʛʣʠʥʳ (P2- ʚʩʢʨʳʪʳ ʩʢʚ. 70, K2cm+J1-2- ʟʘʣʝʛʘʶʱʠʝ ʛʣʫʙʞʝ), 5- ʜʦʣʝʨʠʪʳ, 

6- ʪʦʯʢʠ: ʩʢʚʘʞʠʥʘ ʠ ɺʕɿ, 7- ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʛʨʘʥʠʮʘ, ʵʣ.ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʆʤ.ʤ) ʩʣʦʷ ʥʘʜ 

ʛʨʘʥʠʮʝʡ ʠ ʝʝ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ (ʤ), 8- ʫʨʦʚʝʥʴ (ʤ) ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʋɻɺ, 9- ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 



 

245 

ɺʪʦʨʦʡ ʚʠʜ ʘʥʦʤʘʣʠʡ ʝʩʪʝʩʪʚʝʥʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʟʦʥʘʭ ʨʘʟʚʠ-

ʪʠʷ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ, ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʉʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʥʪʝʨʝʩʝʥ ʧʨʠʤʝʨ ʵʥʜʦʛʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʨʠʩ. 4) ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝ-

ʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʦʪʪʘʡʢʠ (ʧʦʩ. ʊʠʭʠʡ, ʋʨʝʥʛʦʡʩʢʘʷ ɻʈʕʉ). 

 
ʈʠʩʫʥʦʢ 4. ɺʕɿ ʠ ʨʘʟʨʝʟʳ ʩʚʘʡʥʦʛʦ ʦʩʥʦʚʘʥʠʷ 5-ʪʠ ʵʪʘʞʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ (ɸ-ʜʦ ʠ ɹ- ʧʦʩʣʝ ʦʪʪʘʡʢʠ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʦʡ ʪʦʣʱʠ ʥʘ ʛʣʫʙʠʥʫ 30 ʤʝʪʨʦʚ) 

1, 2, 3- ʩʫʧʝʩʠ (ʩʫʛʣʠʥʢʠ), ʧʝʩʢʠ ʠ ʛʣʠʥʳ, 4- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʛʣʫʙʠʥʘ ʩʣʦʷ, 5- ʢʦʥʪʘʢʪ ʦʪʪʘʡʢʠ ʠ ʤʝʨʟʣʦʪʳ, 

6- ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʃʴʜʠʩʪʦʩʪʴ: ʃ- ʤʘʪʨʠʯʥʘʷ (ʫʩʘʜʢʘ), ʠʥʲʝʢʮʠʦʥʥʘʷ (ʧʨʦʩʘʜʢʘ ʥʘ ʧʦʣʥʫʶ ʞʠʣʫ). 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʤʝʨʘ, ʵʣ.ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 1050 ʠ 8000 ʆʤ.ʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʤʝʨʟʣʳʝ 

ʧʝʩʢʠ, ʘ 230 ʆʤ.ʤ ï ʫʨʦʚʝʥʴ ʪʘʣʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʛʣʠʥʘʭ 40 ʆʤ.ʤ ï ʠʟʤʝʨʝʥʥʳʡ ʫʨʦʚʝʥʴ 

ʤʝʨʟʣʦʪʳ, ʪʦʛʜʘ ʢʘʢ 17 ʆʤ.ʤ ï ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʪʘʷʥʠʷ. ɻʨʘʬʠʢ ɹ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʛʣʫʙʠʥ ʧʦʢʘʟʘʣ ʧʦʥʠʞʝʥʥʳʝ ɟk. 

 ʅʘ ʧʨʠʤʝʨʝ ʠʟʫʯʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʵʥʜʦʛʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʤʝʪʨʠʠ ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ (ʨʠʩ. 5). 
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ʈʠʩʫʥʦʢ 5. ʊʝʨʨʠʪʦʨʠʷ ʰʣʘʤʦʦʪʚʘʣʘ ʇʝʨʤʩʢʦʡ ɻʈʕʉ (ʛ. ɼʦʙʨʷʥʢʘ). 

1 - ʦʙʣʘʩʪʴ ʚ ʟʘʣʠʚ ʂʘʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, 2 - ʰʣʘʤʦʦʪʚʘʣ, 3 - ʝʛʦ ʧʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝʥʠʝ, 4 - ʜʘʤʙʘ ʠ ʝʝ 

ʦʩʴ, 5 - ʪʦʯʢʠ ʦʪʙʦʨʘ ʚʦʜʳ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʥʦʤʝʨʘ ʧʨʦʙ, 6 - ʪʦʯʢʠ ʠ ʥʦʤʝʨʘ ʵʣʝʢʪʨʦʟʦʥʜʠʨʦ-

ʚʘʥʠʡ ɺʕɿ, 7 - çɹè- ʫʯʘʩʪʦʢ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

 

ʇʨʠ ʟʘʧʦʣʥʝʥʠʠ ʰʣʘʤʦʦʪʚʘʣʘ ʜʦʩʪʠʞʝʥʠʝ ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʢʘʟʘʣʦʩʴ ʥʝ ʚʦʟ-

ʤʦʞʥʳʤ ʠʟ-ʟʘ ʫʪʝʯʝʢ. ʏʘʩʪʴ ʧʨʦʙ ʚʦʜʳ ʠʟ 9-ʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣʘ ʧʨʝʚʳ-

ʰʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʛ/ʣ): 1- 1.07, 2- 2.71, 4- 3.59, 5- 1.99, 6- 0.69, 7- 0.073, 

8- 0.067, 9- 0.242. ɺʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʠ ʩʚʦʡʩʪʚ ʜʘʤʙʳ (ʨʠʩ. 6).         

 
ʈʠʩʫʥʦʢ 6. ʋʯʘʩʪʦʢ ʜʝʪʘʣʠʟʘʮʠʠ ʠʟʤʝʨʝʥʠʡ. 

1-ʧʣʦʱʘʜʴ ʩʲʝʤʢʠ ʄʉ (ʇʉɻ), 2- ʧʣʦʱʘʜʴ ʩʲʝʤʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʦʣʷ (ɽʕʇ), 3- ʚʝʢʪʦʨʳ ʥʘʧʨʘʚʣʝʥʠʷ 

ʬʠʣʴʪʨʘʮʠʠ (ʩʢʦʨʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʦʣʱʠʥʝ ʩʪʨʝʣʢʠ). 

 

ʀʟʤʝʨʝʥʠʷ ʧʣʦʱʘʜʥʦʛʦ ʩʨʝʜʠʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʇʉɻ ʧʦʟʚʦʣʠʣʠ ʢʘʨʪʠʨʦʚʘʪʴ ʢʦʥʪʘʢʪʳ 

ʚ ʦʙʩʪʘʥʦʚʢʝ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʭ ʰʣʘʤʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘ ʬʦʥʝ ʝʩʪʝ-

ʩʪʚʝʥʥʦ-ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʚʦʜʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʧʦʨ. ʉʲʝʤʢʘ ɽʕʇ ʚʳʧʦʣʥʷʣʘʩʴ ʜʣʷ ʨʘʟ-

ʜʝʣʝʥʠʷ ʧʨʠʨʦʜʳ ʜʠʬʬʫʟʠʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ ʥʘ ʛʣʠʥʠʩʪʳʭ 

ʯʘʩʪʠʮʘʭ (ʚʦʜʦʫʧʦʨʥʘʷ ʝʤʢʦʩʪʴ ʛʨʫʥʪʦʚ). 
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ɼʘʥʥʳʝ ʇʉɻ ʠ ɽʕʇ ʧʦʟʚʦʣʠʣʠ ʫʚʝʨʝʥʥʦ ʩʧʣʘʥʠʨʦʚʘʪʴ ɺʕɿ, ʢʘʢ ʢʣʶʯʝʚʦʡ ʤʝʪʦʜ ʜʝ-

ʰʠʬʨʠʨʦʚʘʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ ʰʣʘʤʘʤʠ. ɿʘʛʨʷʟʥʠʪʝʣʴ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʜʦʩʪʦʚʝʨʥʦ ʚ ʧʦ-

ʢʘʟʘʪʝʣʷʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʫʭʣʷʢʦʚ (ʨʠʩ. 7).  

 

 
ʈʠʩʫʥʦʢ 7. ʈʘʟʨʝʟ ʚʦʢʨʫʛ ʰʣʘʤʦʦʪʚʘʣʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʇʉɻ, ɽʕʇ ʠ ɺʕɿ. 

1- ʥʘʩʳʧʥʳʝ ʛʨʫʥʪʳ ʜʘʤʙʳ, 2- ʙʫʨʳʝ ʛʣʠʥʳ ʠ ʩʫʛʣʠʥʢʠ, 3- ʧʝʩʢʠ ʠ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʠʢʦʚʳʝ ʛʨʫʥʪʳ,  

4- ʵʣʶʚʠʡ ʨʫʭʣʷʢʦʚ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ, 5- ʧʝʩʯʘʥʠʢʠ, 6- ʘʣʝʚʨʦʣʠʪʳ ʠ ʘʨʛʠʣʣʠʪʳ, 7- ʪʦʯʢʘ ɺʕɿ,  

ʥʦʤʝʨ, 8- ʵʣ.ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʛʣʫʙʠʥʘ ʩʣʦʷ, 9- ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, 10- ʛʨʘʬʠʢ ɽʕʇ ʧʦ ʧʨʦʬʠʣʶ,  

11- ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʟʤʝʨʫ ʩʪʨʝʣʢʠ). 

 

ʅʘ ʯʝʨʪʝʞʝ ʨʘʟʨʝʟʘ ʞʠʨʥʳʤ ʪʦʥʦʤ ʧʦʢʘʟʘʥʘ ʰʣʘʤʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ m= 4.5, 2.5, 0.9 

ʛ/ʣ, ʪʦʛʜʘ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʘʷ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʫʨʦʚʥʝ ʜʦ 0.3 ʛ/ʣ. 

ɺ ʤʝʨʠʜʠʘʥʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʖʛ- ʉʝʚʝʨ ʝʩʪʝʩʪʚʝʥʥʦʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦ-

ʦʙʨʘʟʠʝ ʵʥʜʦʛʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʤʝʪʨʠʠ ʩʬʦʨʤʠʨʦʚʘʥʦ ʚ ʩʚʷʟʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʚ ʛʨʫʥʪʘʭ 

ʨʘʟʨʝʟʦʚ (1) ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʚ ʶʞʥʦ-ʘʨʠʜʥʳʭ ʦʙʣʘʩʪʷʭ ʠ ʚ ʩʠʣʫ (2) ʥʘʣʠʯʠʷ 

ʣʴʜʘ ʠ ʦʧʘʩʥʦʩʪʠ ʧʨʦʩʝʜʘʥʠʷ ʧʨʠ ʚʳʪʘʠʚʘʥʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩʝʚʝʨʘ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʩʠʛʥʘʣʦʚ, ʢʘʨʪʠʨʫʶʱʠʭ ʢʘʨʩʪ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʞʠʜʢʠʤʠ ʦʪʭʦʜʘʤʠ, ʵʬ-

ʬʝʢʪʠʚʥʘ ʚ ʩʠʣʫ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʧʨʠʨʦʜʳ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʤʝʪʨʠʠ: ʧʦ ʤʝ-

ʪʦʜʫ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʄʉ (ɺʕɿ ʠ ʇʉɻ) ʠ ʥʘʙʣʶʜʝʥʠʡ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʣʝʡ (ɽʕʇ). 

ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʧʝʨʘʪʦʨʳ ʩʠʛʥʘʣʴ-

ʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʤʦʜʝʨʥʠʟʠʨʫʶʪʩʷ ʚ ʨʘʩʯʝʪʘʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʠ ʛʠʜʨʘʚʣʠʢʠ 

(1) ʜʨʝʥʠʨʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʢʘʨʩʪʦʧʨʦʷʚʣʝʥʠʷʭ, (2) ʤʦʜʝʣʝʡ ʥʘʣʠʚʥʦʡ ʧʨʠʛʨʫʟʢʠ ʠ ʧʘ-

ʨʘʤʝʪʨʦʚ ʝʤʢʦʩʪʥʦ-ʦʙʲʝʤʥʳʭ ʚʦʜʦʫʧʦʨʦʚ: ʜʘʤʙ ʰʣʘʤʦ- ʠ ʭʚʦʩʪʦ-ʥʘʢʦʧʠʪʝʣʝʡ, ʦʛʨʘʞʜʘʶ-

ʱʠʭ ʜʘʤʙ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ʦʙʦʨʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʳ, ʚʦʟʚʦʜʠʤʳʭ ʚ ʵʥʝʨʛʝ-

ʪʠʢʝ ʪʝʧʣʦʚʦʡ ʛʝʥʝʨʘʮʠʠ: ɻʈʕʉ, ʊʕʉ, ʊʕʎ [6- 9] . 

 

ʆʙʩʫʞʜʝʥʠʝ ʛʝʦʪʝʭʥʦʣʦʛʠʠ 

ɻʝʦʬʠʟʠʯʝʩʢʠʡ ʤʝʪʦʜ ʚʝʨʪʠʢʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʦʥʜʠʨʦʚʘʥʠʡ ɺʕɿ ʦʪʥʝʩʝʥ ʢ 

ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʝ ʧʦ ʤʝʪʦʜʫ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʄʉ. ʇʨʝʜʤʝʪ ʠʟʫʯʝʥʠʷ ɺʕɿ ï ɻ ʥʜʦʛʝʥʥʳʝ- ʚʥʫʪ-

ʨʝʥʥʠʝ ʩʠʛʥʘʣʳ ʅʝʜʨ, ʚʳʨʘʞʘʝʤʳʝ ʯʝʨʝʟ ʛʨʘʬʠʢʠ ʧʦʛʣʫʙʠʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣ.ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʡ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ï ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʥʘ ʤʘʩʩʠʚ ʜʘʥ-

ʥʳʭ ʩʢʚʘʞʠʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ʈʘʥʝʝ ʥʘʤʠ ɺʕɿ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʇʉɻ 

ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʩʦʨʪʦʚ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʘ ʛʦʨʥʳʭ ʙʣʦ-

ʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʟʘʣʝʛʘʥʠʠ [10], ʪ.ʝ. ʄʉ ʙʳʣ ʤʝʪʦʜʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥ ʩʠʛ-

ʥʘʣʘʤʠ ʦʨʫʜʝʥʝʥʠʡ, ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʚ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʥʘ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ 

ʩʢʚʘʞʠʥʥʦʡ ʛʝʦʭʠʤʠʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ʥʘ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʩʢʚʘʞʠʥʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʚʦʜ-

ʥʳʭ ʩʚʦʡʩʪʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʀɻʕ) ʨʘʟʨʝʟʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦ-
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ʚʘʥʠʷʤʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʨʝʜʤʝʪ ʠʟʫʯʝʥʠʷ, ʢʘʨʪʠʨʦʚʘʥʠʷ ʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʚ ɺʕɿ ï ʬʠʟʠ-

ʯʝʩʢʠʝ ʠ ʚʦʜʥʳʝ ʩʚʦʡʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʢʘʢ ʥʦʤʝʥʢʣʘʪʫʨʥʳʭ ʪʠʧʦʚ ʛʨʫʥʪʦʚ, ʪʘʢ ʠ ʚʦʜ-

ʥʳʭ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʦʷʥʠʡ, ʯʪʦ ʚʘʞʥʦ ʚ ʨʝʰʝʥʠʠ ʵʢʦʣʦʛʦ-ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ 

ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [6- 10]. 

ʀʥʥʦʚʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʛʥʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʫʨʘʚʥʝʥʠʡ ʪʝʦʨʠʠ ʧʦʣʷ ʩʦ-

ʩʪʦʠʪ ʚ ʨʝʘʣʠʟʘʮʠʠ çʧʨʷʤʦʡ ʵʣʝʢʪʨʦʘʛʨʝʛʘʪʥʦʡ ʟʘʜʘʯʠè ʧʦ ʘʣʛʦʨʠʪʤʫ: ʚʚʦʜʠʤ ʥʘʙʦʨ ʬʠʟʠ-

ʯʝʩʢʠʭ ʠ ʚʦʜʥʳʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʘ Ÿ ʨʘʩʩʯʠʪʳʚʘʝʤ ʠʩʪʠʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ɟʧ (ʆʤ.ʤ), ʯʪʦ 

ʯʠʩʣʝʥʥʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʦ ʚ ʧʧ. 4- 7 IBM- ʧʨʦʛʨʘʤʤʳ KOBRA (ʨʠʩ. 8) 

 

 
ʈʠʩʫʥʦʢ 8. ʉʝʨʚʠʩʥʘʷ ʩʪʨʘʥʠʮʘ ʧʨʦʛʨʘʤʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ. 

 

ɻʝʦʮʠʬʨʦʚʠʟʘʮʠʷ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʘʜʠʮʠʦʥʥʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝ-

ʤʦʡ ʜʦʩʪʦʚʝʨʥʦʛʦ ʪʦʣʢʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʛʨʘʬʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ɺʕɿ ï ɟʢ 

(AB/2) = F (ɟʧ, h), ʛʜʝ ɟʢ ï ʠʟʤʝʨʝʥʥʦʝ ʢʘʞʫʱʝʝʩʷ ʵʣ.ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʧʦʣʫʨʘʟʥʦʩʝ AB/2 

(ʜʘʝʪʩʷ ʚ ʧʨʠʤʝʨʘʭ ʥʘ ʨʠʩʫʥʢʦʚ 2 ʠ 4), ɟʧ ʠ h ï ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʝ ʠʩʪʠʥʥʳʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʠ ʤʦʱʥʦʩʪʠ ʛʨʫʥʪʦʚ (ʩʣʦʝʚ) ʨʘʟʨʝʟʘ. 

ɺʨʝʜʥʦʝ ʜʝʡʩʪʚʠʝ ʧʨʠʥʮʠʧʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ (ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ) ʚ ʧʨʦʚʦʜʷʱʝʤ ʩʣʦʝ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɻʨʘʬʠʢʠ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʡ ʠ ʠʟʤʝʨʝʥʥʳʡ ʜʦʙʨʦʪʥʦ 

ʩʭʦʜʷʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʧʨʦʜʦʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ S (ɟʧ * h), ʘ ʠʩʢʦʤʳʝ ɟʧ ʠ h ʧʨʠ ʵʪʦʤ 

ʠʟʤʝʥʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ (ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ). ɼʚʦʡʥʠʢʠ ʥʘ ʛʨʘʬʠʢʘʭ ɺʕɿ ʜʣʷ ʚʳʩʦʢʦʦʤ-

ʥʳʭ ʩʣʦʝʚ, ʥʘʧʨʦʪʠʚ, ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʧʨʠʤʝʥʝʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

(= h/ ɟʧ). 

ɼʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʨʘʩʯʝʪʳ ɟʧ ʧʦ ʩʚʦʡʩʪʚʘʤ ʢʝʨʥʦʚ ʦʧʦʨ-

ʥʳʭ ʩʢʚʘʞʠʥ (ʨʠʩ. 8, ʧ. 4- 7). ʀʥʪʝʨʧʨʝʪʘʪʦʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʢʚʘʞʠʥʥʳʭ 

ʜʘʥʥʳʭ, ʢʦʨʝʣʣʠʨʫʝʪ ʚ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʝʧʝʨʥʳʝ ʠ ʨʷʜʦʚʳʝ ʩʣʦʠ, ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʩʯʝʪʘʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʘʥʥʳʭ ʦ ʢʝʨʥʘʭ. 

 

ɺʳʚʦʜʳ 

ʀʟʫʯʝʥʠʝ ʵʥʜʦʛʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʤʝʪʨʠʠ ʜʣʷ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʚʦʜʥʳʭ ʩʚʦʡʩʪʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʞʥʫʶ ʥʘʫʯʥʫʶ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʨʘʟʚʠʪʠʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʩʝʨʚʠʩʦʚ ʵʢʦʣʦʛʦ-ʠʥʞʝʥʝʨʥʦʡ ʦʮʝʥʢʠ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɻʝʦʮʠʬʨʦʚʠʟʘʮʠʷ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʧʨʠʤʝʥʝʥʠʝ ʩʠʛʥʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʪʝʦʨʠʠ 

ʧʦʣʷ ʧʦʥʠʤʘʶʪʩʷ, ʢʘʢ ʧʦʜʭʦʜ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ, ʠʩʢʣʶʯʘʶʱʠʡ ʦʰʠʙʢʠ ʪʦʣʢʦʚʘʥʠʷ ʮʠʬ-

ʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʚ ʩʠʣʫ ʧʨʝʦʜʦʣʝʥʠʷ ʚʨʝʜʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠʟʚʝʩʪʥʳʭ ʚ ʛʝʦʬʠʟʠʢʝ ʧʨʠʥʮʠʧʦʚ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʦʚ: ˉ 94- 05- 16963- çʘè; 

ˉ 98- 05- 65001 çʘè, ˉ 02- 05- 79130- çʢè, ˉ 11- 05- 00159- çʘè ʠ ʚ ʨʘʤʢʘʭ ʪʝʤ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʀɻɼ ʋʨʆ ʈɸʅ ʩ 1993 ʛʦʜʘ. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʆʊʈɸɹʆʊʂʀ ʈʋɼʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʇʆɼɿɽʄʅʓʄ 

ʉʇʆʉʆɹʆʄ ʉ ʇʆʄʆʑʔʖ ʉʆɺʈɽʄɽʅʅʆɻʆ ʇʆ 

 
ʊʆʄʀʃʆɺ ɸ. ɼ. 

 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʧʨʦʝʢʪʥʳʡ ʠʥʩʪʠʪʫʪ ɸʆ çʋʨʘʣʤʝʭʘʥʦʙʨè, ɽʢʘʪʝʨʠʥʙʫʨʛ 
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ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Deswik ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʣʫʯʠʪʴ ʥʫʞʥʳʡ 

ʨʘʟʨʝʟ ʠ ʨʘʙʦʪʘʪʴ ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʣʦʩʢʦʩʪʠ. ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ 3d ʤʦʜʝʣʠ 

ʚ ʦʩʥʦʚʥʦʤ cad ʤʦʜʫʣʝ, ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʧʨʦʛʨʘʤʤʳ - ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʚʷʟʝʡ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʦʙʦʩʥʦʚʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʧʦʨʷʜʢʦʤ ʦʪʨʘʙʦʪʢʠ ʚʳʝʤʦʯʥʳʭ ʝʜʠʥʠʮ. ɿʘʜʘʝʪʩʷ ʧʦʨʷʜʦʢ 

ʧʨʦʭʦʜʢʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ ʚʚʦʜʘ ʠʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʇʦʩʣʝ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʢʘʣʝʥʜʘʨʷ ʜʦʙʳʯʠ ʨʫʜʳ ʩʦʟʜʘʝʪʩʷ ʦʪʯʝʪ ʩ ʚʳʚʦʜʦʤ ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦ ʛʦʜʘʤ, ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʚʳʝ-

ʤʦʯʥʳʝ ʫʯʘʩʪʢʠ.  

ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʚʝʜʝʥʠʶ 

ʛʦʨʥʳʭ ʨʘʙʦʪ, ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʛʦʨʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʥʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʝʢʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʇʆ DESWIK, ʧʨʠ 

ʥʘʣʠʯʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʚʳʢʦʚ, ʧʦʤʦʛʘʝʪ ʙʳʩʪʨʦ ʚʳʧʦʣʥʷʪʴ ʙʦʣʴʰʠʝ ʧʨʦʝʢʪʳ, ʘ ʪʘʢʞʝ 

ʚʳʧʦʣʥʷʪʴ ʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʧʦʣʫʯʘʪʴ ʪʦʯʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʝʥʥʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʝʢʪʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, Deswik, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʪʨʘʙʦʪʢʠ, ʧʣʘʥʠʨʦ-

ʚʘʥʠʝ, ʮʠʬʨʦʚʠʟʘʮʠʷ. 
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Abstract. As part of the design of the development of reserves of the Podolsk deposit, ore frames 

created in the MICROMINE program based on a block model, as well as the axes of capital work-

ings created in the DATAMINE program, were taken as a basis. The design of preparatory and 

cutting workings, as well as the division of the ore field into panels, strips and mining units - 

chambers, was carried out directly in the DESWIK software by the geotechnology laboratory of 

the mining science department of Uralmekhanobr JSC. 

The Deswik software package allows you to obtain the desired cut in real time and work in the 

plane required at the moment. After constructing a 3D model in the main CAD module, further 

design is carried out using additional program modules - connections and dependencies are created 

in accordance with the reasonable direction and order of mining of excavation units. The order of 

excavation of preparatory workings is set, taking into account the time of their commissioning. 
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After aligning the ore mining calendar, a report is created showing the annual productivity, content 

and quantity of the useful component by year, divided into mining areas. 

The constructed model allows us to find optimal technological solutions for conducting mining 

operations and determine the influence of the parameters of mining technological processes on the 

technical and economic indicators of the project. Using DESWIK software, if you have certain 

skills, helps you quickly complete large projects, as well as make their adjustments if necessary, 

and obtain an accurate assessment of the qualitative and quantitative indicators of the project. 

Keywords: software, Deswik, mining design, planning, digitalization. 

 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʨʦ ʚʩʪʘʶʪ ʚʦʧʨʦʩʳ ʮʠʬʨʦʚʠʟʘ-

ʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʨʦʩʯʸʪ ʩʮʝʥʘʨʠʝʚ, ʚʘʨʠ-

ʘʪʠʚʥʦʩʪʴ ʚʩʢʨʳʪʠʷ ʠ ʦʪʨʘʙʦʪʢʠ ʟʘʥʠʤʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ, 

ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʚ ʇʆ DESWIK ʫʧʨʦʱʘʝʪ ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠ-

ʯʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʇʦʜʦʣʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʘ ʦʩʥʦʚʫ ʙʳʣʠ 

ʚʟʷʪʳ ʢʘʨʢʘʩʳ ʨʫʜʥʳʭ ʪʝʣ (ʨʠʩ. 2), ʩʦʟʜʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ MICROMINE ʥʘ ʦʩʥʦʚʝ ʙʣʦʯʥʦʡ 

ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʦʩʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ (ʨʠʩ. 1), ʩʦʟʜʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ DATAMINE. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Deswik ʧʦʟʚʦʣʷʝʪ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʚ ʩʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʘʥʥʳʝ ʠʟ 

ʣʶʙʳʭ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʦʨʥʦʤ ʜʝʣʝ. ʉʦʟʜʘʥʠʝ 3D ʤʦʜʝʣʠ ʨʫʜʥʠʢʘ, ʢʘ-

ʣʝʥʜʘʨʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʜʦʙʳʯʠ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ çʂʦʨʨʝʢʪʠʨʦʚʢʘ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘè, ʚʳʧʫʱʝʥʥʦʛʦ ɸʆ ʋʨʘʣʤʝʭʘʥʦʙʨ ʚ 2021 ʛʦʜʫ. ɺʩʝ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʨʘʙʦʪʳ ʠ ʧʦʩʣʫʞʠʣʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ. 

 
ʈʠʩʫʥʦʢ 1 ï ʆʩʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʇʦʜʦʣʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 
ʈʠʩʫʥʦʢ 2 ï ʂʘʨʢʘʩʳ ʨʫʜʥʳʭ ʪʝʣ ʦʩʥʦʚʥʦʡ ʟʘʣʝʞʠ ʇʦʜʦʣʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
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ʉʦʟʜʘʥʠʝ ʢʘʨʢʘʩʦʚ ʢʘʤʝʨ 

ʈʘʟʜʝʣʝʥʠʝ ʨʫʜʥʦʛʦ ʧʦʣʷ ʥʘ ʧʘʥʝʣʠ, ʣʝʥʪʳ ʠ ʚʳʝʤʦʯʥʳʝ ʝʜʠʥʠʮʳ ï ʢʘʤʝʨʳ, ʧʨʦʠʟ-

ʚʦʜʠʣʦʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʇʆ DESWIK ʣʘʙʦʨʘʪʦʨʠʝʡ ʛʝʦʪʝʭʥʦʣʦʛʠʠ ʦʪʜʝʣʘ ʛʦʨʥʦʡ 

ʥʘʫʢʠ ɸʆ çʋʨʘʣʤʝʭʘʥʦʙʨè. ɺʟʷʚ ʟʘ ʦʩʥʦʚʫ ʧʘʨʘʤʝʪʨʳ ʚʳʝʤʦʯʥʳʭ ʝʜʠʥʠʮ, ʦʙʦʩʥʦʚʘʥʥʳʭ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʝʛʣʘʤʝʥʪʝ ʥʘ ʦʪʨʘʙʦʪʢʫ ʟʘʧʘʩʦʚ ʇʦʜʦʣʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ Deswik.SO ʚʳʧʦʣʥʠʣʠ ʦʧʪʠʤʠʟʘʮʠʶ ʦʯʠʩʪʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ɿʘʜʘ-

ʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʦʯʠʩʪʥʳʭ ʢʘʤʝʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʛʨʘʥʠʯʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʥʠʱʘ ʢʘʤʝʨʳ ʜʣʷ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʇɼʄ, ʙʦʨʪʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʜʨ. ʆʧʪʠʤʠʟʘʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʧʨʠ-

ʨʝʟʢʫ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ (ʨʘʟʫʙʦʞʠʚʘʥʠʝ) ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʦʪʝʨʠ ʨʫʜʳ, ʦʪʩʪʨʘʠʚʘʝʪ ʢʘʨ-

ʢʘʩʳ ʢʘʤʝʨ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʢʘʨʢʘʩʦʚ (ʨʠʩ. 3) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʚʝʨʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ï ʩʣʠʰʢʦʤ ʤʘʣʝʥʴʢʠʝ ʢʘʤʝʨʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʙʦʣʴʰʠʝ ʧʦ ʚʩʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʠ ʥʘʨʝʟʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʩʦʟʜʘʥʠʝ 3D ʤʦʜʝʣʠ 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʢʘʨʢʘʩʦʚ ʢʘʤʝʨ ʧʨʠʩʪʫʧʘʶʪ ʢ ʦʪʨʠʩʦʚʢʝ ʦʩʝʡ ʧʦʜʛʦʪʦ-

ʚʠʪʝʣʴʥʳʭ ʠ ʥʘʨʝʟʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʇʦ ʧʘʥʝʣʠ ʚ ʢʘʞʜʦʤ ʧʦʜʵʪʘʞʝ ʧʨʦʭʦʜʠʪ ʧʘʥʝʣʴʥʳʡ ʦʨʪ, 

ʩʙʠʪʳʡ ʩ ʧʦʣʝʚʳʤ ʰʪʨʝʢʦʤ ʩ ʩʝʚʝʨʘ ʠ ʶʛʘ, ʜʘʣʝʝ ʧʦ ʧʦʯʚʝ ʢʘʞʜʦʡ ʢʘʤʝʨʳ ʙʫʨʦ-ʜʦʩʪʘʚʦʯ-

ʥʳʡ ʰʪʨʝʢ ʠ ʚ ʢʨʦʚʣʝ ʢʘʞʜʦʛʦ ʙʣʦʢʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 3 ʢʘʤʝʨ, ʚʝʥʪʠʣʷʮʠʦʥʥʦ-ʟʘʢʣʘʜʦʯʥʳʡ 

ʰʪʨʝʢ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Deswik ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʩʪʨʦʠʪʴ 

ʥʫʞʥʳʡ ʚʠʜ, ʨʘʟʨʝʟ, ʦʪʩʝʯʴ ʣʠʰʥʝʝ ʠ ʨʘʙʦʪʘʪʴ ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʣʦʩʢʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ (ʨʠʩ. 4) ʧʦʢʘʟʘʥʦ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʜʝʣʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʜʛʦʪʦ-

ʚʠʪʝʣʴʥʦ ʥʘʨʝʟʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ ʢʦʥʢʨʝʪʥʦʡ ʧʘʥʝʣʠ. 

 
ʈʠʩʫʥʦʢ 3 ï ʂʘʨʢʘʩʳ ʢʘʤʝʨ ʦʩʥʦʚʥʦʡ ʟʘʣʝʞʠ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʇʦʜʦʣʴʩʢʦʛʦ  

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 
ʈʠʩʫʥʦʢ 4 ï ʈʘʙʦʯʠʡ ʚʠʜ ʧʘʥʝʣʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʠ ʥʘʨʝʟʥʳʭ ʚʳʨʘʙʦʪʦʢ 

 



 

253 

ʇʦʩʪʨʦʠʚ ʦʩʠ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʨʘʙʦʪʦʢ, ʟʘʜʘʚ ʥʝ-

ʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʘʪʨʠʙʫʪʳ ʧʨʠʩʪʫʧʘʶʪ ʢ ʩʦʟʜʘʥʠʶ 3D ʤʦʜʝʣʠ. ɿʘʛʨʫʞʘ-

ʶʪʩʷ ʠʣʠ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʩʝʯʝʥʠʷ ʚʳʨʘʙʦʪʦʢ (ʨʠʩ. 5), ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʪʠʧʳ ʟʘ-

ʜʘʯ ï ʧʨʦʭʦʜʢʘ, ʦʯʠʩʪʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʘʩʪʨʘʠʚʘʝʪʩʷ ʧʨʦʝʢʪ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʤʦʜʫʣʝ 

Deswik.IS, ʩ ʫʢʘʟʘʥʠʝʤ ʩʚʦʡʩʪʚ ʠ ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʳʭ ʢʘʨʢʘʩʦʚ ʢʘʤʝʨ ʠ ʚʳʨʘʙʦ-

ʪʦʢ ʙʣʦʯʥʦʡ ʤʦʜʝʣʴʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʟʘʧʫʩʢʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʧʨʦʩʯʝʪ ʤʦʜʝʣʠ. ʀʪʦʛʦʤ 

ʵʪʦʛʦ ʵʪʘʧʘ ʧʦʣʫʯʘʝʤ ʧʦʩʪʨʦʝʥʥʫʶ 3D ʤʦʜʝʣʴ ʨʫʜʥʠʢʘ (ʨʠʩ. 6, 7) ʩ ʜʘʥʥʳʤʠ ʧʦ ʦʙʲʝʤʘʤ 

ʨʫʜʳ, ʧʦʨʦʜʳ ʠ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʢʘʨʢʘʩʘ (ʢʘʤʝʨʳ). 

 

 
ʈʠʩʫʥʦʢ 5 ï ʈʝʜʘʢʪʦʨ ʩʝʯʝʥʠʡ ʚʳʨʘʙʦʪʦʢ 

 
ʈʠʩʫʥʦʢ 6 ï ʈʘʙʦʯʠʡ ʚʠʜ ʧʘʥʝʣʠ ʧʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ 3D ʤʦʜʝʣʠ ʢʘʤʝʨ ʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ 
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ʈʠʩʫʥʦʢ 7 ï ʆʙʱʠʡ ʚʠʜ 3D ʤʦʜʝʣʠ ʦʩʥʦʚʥʦʡ ʟʘʣʝʞʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ ʜʦʙʳʯʠ ʨʫʜʳ 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ 3d ʤʦʜʝʣʠ ʠ ʟʘʚʝʨʢʠ ʧʦʣʫʯʠʚʰʠʭʩʷ ʦʙʲʸʤʦʚ ʜʣʷ ʥʝʜʦʧʫʱʝʥʠʷ 

ʦʰʠʙʦʢ, ʧʨʠʩʪʫʧʘʶʪ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ ʜʦʙʳʯʠ ʨʫʜʳ. ɺʳʧʦʣʥʷʝʪʩʷ ʩʦ-

ʟʜʘʥʠʝ ʩʚʷʟʝʡ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩ. 8) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʦʩʥʦʚʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʧʦ-

ʨʷʜʢʦʤ ʦʪʨʘʙʦʪʢʠ ʚʳʝʤʦʯʥʳʭ ʝʜʠʥʠʮ. ɿʘʜʘʝʪʩʷ ʧʦʨʷʜʦʢ ʧʨʦʭʦʜʢʠ ʢʘʧʠʪʘʣʴʥʳʭ, ʧʦʜʛʦʪʦ-

ʚʠʪʝʣʴʥʳʭ ʠ ʥʘʨʝʟʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩ ʫʯʝʪʦʤ ʩʢʦʨʦʩʪʝʡ ʧʨʦʭʦʜʢʠ, ʥʫʞʥʦʛʦ ʚʨʝʤʝʥʠ ʚʚʦʜʘ ʠʭ 

ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʶʱʠʭ ʟʘʙʦʝʚ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ ʤʳ ʧʦʣʫʯʘʝʤ ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʦ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʜʦʙʳʯʠ ʠ ʥʘʙʦʨʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ. ʉʦʟʜʘʶʪʩʷ ʨʝʩʫʨʩʳ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠʣʠ ʧʨʦʝʢʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʰʘʭʪʥʳʭ ʤʘʰʠʥ ʩ 

ʜʘʥʥʳʤʠ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʟʘʜʘʯʘʤ, ʵʪʦ ʥʘʯʘʣʦ ʨʘʙʦʪʳ ʧʦ ʚʳʨʘʚʥʠ-

ʚʘʥʠʶ ʥʘʙʦʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʫʜʥʠʢʘ ʧʦ ʜʦʙʳʯʝ ʨʫʜʳ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʛʣʘʞʠʚʘʝʪʩʷ ʚʚʦʜʦʤ ʧʨʝʜʝʣʦʚ ʦʛʨʘʥʠʯʝʥʠʷ (ʨʠʩ. 9), ʢʦʪʦʨʳʝ ʠʩʢʣʶʯʘʶʪ ʨʝʟʢʠʝ ʩʢʘʯʢʠ ʠ 

ʨʘʩʧʨʝʜʝʣʷʶʪ ʥʘʛʨʫʟʢʫ ʥʘ ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʧʣʘʥʦʤʝʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʦʝʢʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

 

 
ʈʠʩʫʥʦʢ 8 ï ʈʘʙʦʯʠʡ ʚʠʜ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʚʷʟʝʡ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ 
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ʈʠʩʫʥʦʢ 9 ï ʊʘʙʣʠʮʘ ʥʘʩʪʨʦʡʢʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘʙʦʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

 

ʆʪʯʸʪ ʜʚʠʞʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʇʦʩʣʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʢʘʣʝʥʜʘʨʷ ʜʦʙʳʯʠ ʨʫʜʳ ʩʦʟʜʘʝʪʩʷ ʦʪʯʝʪ (ʨʠʩ. 10) ʩ ʚʳʚʦʜʦʤ 

ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦ ʛʦʜʘʤ, 

ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʚʳʝʤʦʯʥʳʝ ʫʯʘʩʪʢʠ. ʊʘʢʞʝ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʧʦʜʵʪʘʞʠ, 

ʷʨʫʩʘ, ʧʘʥʝʣʠ, ʚʳʚʝʩʪʠ ʦʪʜʝʣʴʥʦ ʟʥʘʯʝʥʠʷ ʧʦ ʩʦʨʪʘʤ ʨʫʜʳ, ʦʙʲʸʤʳ ʧʨʦʭʦʜʢʠ ʧʦ ʛʦʜʘʤ ʠ 

ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʨʘʤʢʘʭ ʥʘʰʝʡ ʨʘʙʦʪʳ ʥʝ ʚʦʟʥʠʢʣʦ ʪʘʢʦʡ ʟʘʜʘʯʠ, ʢʦʪʦ-

ʨʫʶ ʥʝʣʴʟʷ ʙʳʣʦ ʨʝʰʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Deswik. 

ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʩʮʝʥʘʨʠʝʚ ʠ ʨʘʙʦʪʘ ʩ ʛʦʪʦʚʦʡ ʤʦʜʝʣʴʶ ʨʫʜʥʠʢʘ 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʨʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 3D ʤʦʜʝʣʠ ʠ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʶ ʝʸ ʟʘʢʘʟʯʠʢʫ ʜʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʩʚʷʟʘʥʘ ʩ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʚʚʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʣʫ-

ʯʝʥʠʷ ʚʘʨʠʘʥʪʦʚ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Deswik ʧʦʟʚʦʣʷʝʪ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʛʦʪʦʚʳʡ ʧʨʦʝʢʪ ʠ 

ʪʫʪ ʞʝ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪ. ʊʘʢ ʢʘʢ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʥʦʡ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʥʘ ʢʘ-

ʢʦʤ ʫʯʘʩʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʚ ʢʘʢʦʡ ʤʦʤʝʥʪ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ, ʧʝʨʝʩʤʦʪʨʝʪʴ ʠ ʚʥʝʩʪʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɺʚʦʜʷʪʩʷ ʨʘʟʥʳʝ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʜʢʠ 

ʠʣʠ ʩʦʢʨʘʱʘʝʪʩʷ ʩʨʦʢ ʪʚʝʨʜʝʥʠʷ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʪʨʝʙʥʦʩʪʴʶ ʩʢʦʨʝʡ-

ʰʝʛʦ ʚʳʭʦʜʘ ʥʘ ʧʨʦʝʢʪʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʣʠ ʧʦʜʥʷʪʠʝʤ ʟʥʘʯʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʨʦʢʘ ʧʨʦʝʢʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʜʦʙʳʯʠ ʨʫʜʳ. ʅʘ ʨʠʩʫʥʢʘʭ (ʨʠʩ. 11 ï 13) ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʘʥʘʣʠʟʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ 

ʨʫʜʥʠʢʘ ʧʦ ʨʘʟʥʳʤ ʬʘʢʪʦʨʘʤ. 

 



 

256 

 
ʈʠʩʫʥʦʢ 10 ï ʇʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʸʪʘ ʧʦ 3D ʤʦʜʝʣʠ ʨʫʜʥʠʢʘ 

 
ʈʠʩʫʥʦʢ 11 ï ɸʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ ʧʦ ʬʘʢʪʦʨʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘʢʣʘʜʦʯʥʦʛʦ  

ʢʦʤʧʣʝʢʩʘ 
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ʈʠʩʫʥʦʢ 12 ï ɸʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ ʧʦ ʬʘʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʜʢʠ ʚʳʨʘʙʦʪʦʢ 

 
ʈʠʩʫʥʦʢ 13 ï ɸʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ ʧʦ ʬʘʢʪʦʨʫ ʩʨʦʢʘ ʪʚʝʨʜʝʥʠʷ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʋʜʦʙʩʪʚʦ ʠ ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʆ DESWIK ʧʨʠ ʥʘʣʠʯʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʚʳ-

ʢʦʚ ʧʦʤʦʛʘʶʪ ʙʳʩʪʨʦ ʚʳʧʦʣʥʷʪʴ ʙʦʣʴʰʠʝ ʧʨʦʝʢʪʳ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʫ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ɼʠʥʘʤʠʯʥʦʩʪʴ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦ-

ʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʫʜʥʠʢʘ ʠ ʥʘʙʣʶʜʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ 

ʥʘ ʦʪʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ʋɼʂ 622.34 

 

ɻɽʆʀʅʌʆʈʄɸʎʀʆʅʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ʀ ʆɹʈɸɹʆʊʂɸ ɼɸʅʅʓʍ  

ʅɸ ʉʊɸɼʀʀ ʇʆʃʋʏɽʅʀʗ ʃʀʎɽʅɿʀʀ ʅɸ ʇʆʃʔɿʆɺɸʅʀɽ ʅɽɼʈɸʄʀ 

 
ʐɸɹɸʅʆɺɸ ɺ. ɸ. 

 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʥʩʪʨʫʢʮʠʷ ʧʦʵʪʘʧʥʦʩʪʠ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʵʪʘ-

ʧʘʭ ʧʦʣʫʯʝʥʠʷ ʣʠʮʝʥʟʠʠ, ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 
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ʨʘʩʧʦʨʷʜʠʪʝʣʴ ʥʝʜʨ. 
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ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʫʜʫʱʠʡ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʦʭʦʜʠʪ ʥʝ-

ʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʩʦʛʣʘʩʦʚʘʥʠʷ, ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʛʝʦʠʥʬʦʨʤʘʮʠʠ. ʇʦʜ ʪʝʨʤʠʥʦʤ 

çʛʝʦʠʥʬʦʨʤʘʮʠʷè ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʝʛʦ 

ʦʙʲʝʢʪʘʭ ʚ ʮʠʬʨʦʚʦʡ ʢʦʤʧʴʶʪʝʨʥʦ-ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʬʦʨʤʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʇʦʨʷʜʦʢ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʥʝʜʨ ʚ ʧʦʣʴʟʦʚʘʥʠʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ ɿʘʢʦʥʦʤ ʈʌ "ʆ 

ʥʝʜʨʘʭ" ʦʪ 21.02.1992 N 2395-1, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ çéʧʦʣʴʟʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ ʥʝʜʨ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ ʠʣʠ ʟʘʧʨʝʱʝʥʦ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʦʨʦʥʳ 

ʩʪʨʘʥʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʥʝʜʨ, ʦʭʨʘʥʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè. 

ʉʘʤʳʤ ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʦʜʘʯʘ ʧʘʢʝʪʘ ʜʦʢʫʤʝʥʪʦʚ ʙʫʜʫʱʠʤ ʥʝʜʨʦʧʦʣʴʟʦʚʘ-

ʪʝʣʝʤ ʈʘʩʧʦʨʷʜʠʪʝʣʶ ʥʝʜʨ ʩ ʟʘʷʚʢʦʡ ʦ ʚʥʝʩʝʥʠʠ ʫʯʘʩʪʢʘ ʚ ʧʝʨʝʯʝʥʴ ʫʯʘʩʪʢʦʚ ʥʝʜʨ, ʧʨʝʜʣʘ-

ʛʘʝʤʳʭ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʚ ʧʦʣʴʟʦʚʘʥʠʝ (ʜʣʷ ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʘ 

ʪʘʢʞʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ, ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ).  

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʘʢʝʪʘ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʚʳʜʘʯʫ ʣʠʮʝʥʟʠʠ ʥʘ 

ʧʨʘʚʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʨʘʤʠ ʨʘʩʧʦʨʷʜʠʪʝʣʝʤ ʥʝʜʨ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘʧʨʦʩʳ ʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦ-

ʪʦʨʳʝ ʤʦʛʫʪ ʦʛʨʘʥʠʯʠʪʴ ʢʦʥʪʫʨʳ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ. ɼʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʙʫʜʫʱʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝʜʨ ʟʘʢʘʟʳʚʘʝʪ ʚ ʌɻɹʋ çʈʦʩʛʝʦʣʬʦʥʜʝè, ʣʠʙʦ ʝʛʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʨʛʘʥʘʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚ ʟʘʷʚʢʝ ʦʪʨʘʞʘʶʪʩʷ ʪʘʢʠʝ ʜʘʥʥʳʝ, ʢʘʢ: 

ï ʥʘʠʤʝʥʦʚʘʥʠʝ ʫʯʘʩʪʢʘ ʥʝʜʨ; 

ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʫʯʘʩʪʢʘ ʥʝʜʨ (ʩʫʙʲʝʢʪ ʈʌ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʨʘʡʦʥ);  

ï ʪʘʙʣʠʮʘ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʫʛʣʦʚʳʭ ʪʦʯʝʢ ʬʦʨʤʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʥʝʜʨ;  

ï ʧʣʘʥʠʨʫʝʤʳʡ ʚʠʜ ʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʨʘʤʠ;  
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ï ʩʚʝʜʝʥʠʷ ʦ ʟʘʧʘʩʘʭ ʠ ʨʝʩʫʨʩʘʭ ʦʩʥʦʚʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʧʦʧʫʪʥʳʭ ʧʦʣʝʟ-

ʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʧʦ ʢʘʞʜʦʡ ʢʘʪʝʛʦ-

ʨʠʠ, ʘ ʪʘʢʞʝ ʙʘʣʘʥʩʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ;  

ï ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʘʡʦʥʘ 

ɿʘʧʨʦʩʳ ʦʪʧʨʘʚʣʷʶʪʩʷ ʚ ʄʠʥʧʨʠʨʦʜʳ ʨʝʛʠʦʥʘ, ʦʨʛʘʥʳ ʄʠʥʦʙʦʨʦʥʳ ʠ ʌʉɹ, ʘ ʪʘʢʞʝ 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

1. ʄʠʥʧʨʠʨʦʜʳ ʨʝʛʠʦʥʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʚʝʜʝʥʠʷ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʥʘ ʫʯʘʩʪʢʝ ʥʝʜʨ ʦʙʱʝ-
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʘ ʚ ʩʣʫʯʘʝ ʠʭ ʥʘʣʠʯʠʷ ʩʚʝʜʝʥʠʷ ʦ:  

ʘ) ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʣʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ, ʨʘʟ-

ʚʝʜʢʠ ʠ ʜʦʙʳʯʠ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʧʦʣʝʟʥʳʤ ʠʩʢʦʧʘʝʤʳʤ, ʙʝʟ ʚʦʚʣʝʯʝʥʠʷ ʚ ʦʩʚʦʝʥʠʝ ʯʘʩʪʝʡ ʥʝʜʨ, ʩʦʜʝʨʞʘʱʠʭ ʦʙʱʝʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ;  

ʙ) ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʯʘʩʪʝʡ ʥʝʜʨ, ʩʦʜʝʨʞʘʱʠʭ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʦ-

ʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʚ ʧʝʨʝʯʝʥʴ ʫʯʘʩʪʢʦʚ ʥʝʜʨ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʦʩʥʦʚʘʥʠʷʤ, ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʥʳʤ ʧʧ. 1, 2 ʧ. 8 ʇʦʨʷʜʢʘ ʧʦʜʛʦʪʦʚʢʠ, ʨʘʩʩʤʦʪʨʝʥʠʷ, ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʝʨʝʯʥʝʡ ʫʯʘʩʪ-

ʢʦʚ ʥʝʜʨ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʣʠ ʦʪʢʘʟʘ ʚ ʩʦʛʣʘʩʦʚʘʥʠʠ ʪʘʢʠʭ ʧʝʨʝʯʥʝʡ, ʫʪʚʝʨʞʜʝʥʥʦʛʦ ʧʨʠ-

ʢʘʟʦʤ ʈʦʩʥʝʜʨ ʦʪ 15.06.2012 ˉ 687, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʪʘʢʠʝ ʯʘʩʪʠ ʥʝʜʨ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʦ-

ʩʪʘʚʣʝʥʳ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʧʦ ʨʝʰʝʥʠʶ ʦʨʛʘʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʫʙʲʝʢʪʘ ʈʌ. 

2. ʄʠʥʠʩʪʝʨʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝ-

ʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʩʦʙʦ ʦʭʨʘʥʷʝ-

ʤʳʝ ʧʨʠʨʦʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ (ʆʆʇʊ) - ʫʯʘʩʪʢʠ ʟʝʤʣʠ, ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʦʟʜʫʰ-

ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘʜ ʥʠʤʠ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʲʝʢʪʳ, ʢʦ-

ʪʦʨʳʝ ʠʤʝʶʪ ʦʩʦʙʦʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʝ, ʥʘʫʯʥʦʝ, ʢʫʣʴʪʫʨʥʦʝ, ʵʩʪʝʪʠʯʝʩʢʦʝ, ʨʝʢʨʝʘ-

ʮʠʦʥʥʦʝ ʠ ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʳʝ ʠʟʲʷʪʳ ʨʝʰʝʥʠʷʤʠ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʠʟ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʜʣʷ 

ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥ ʨʝʞʠʤ ʦʩʦʙʦʡ ʦʭʨʘʥʳ. 

ʇʦʣʴʟʦʚʘʥʠʝ ʥʝʜʨʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʟʦʥ ʩ ʆʆʇʊ ʤʦʞʝʪ ʙʳʪʴ 

ʦʛʨʘʥʠʯʝʥʦ ʠʣʠ ʟʘʧʨʝʱʝʥʦ ʚ ʩʣʫʯʘʷʭ, ʝʩʣʠ ʵʪʦ ʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʫʛʨʦʟʫ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ, ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʦʭʨʘʥʥʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦ-

ʦʨʫʞʝʥʠʡ, ʚʢʣʶʯʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʙʫʨʦʚʳʭ ʩʢʚʘʞʠʥ ʠ ʠʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʜʨʘʤʠ. ʤʝʩʪʥʳʭ ʆʆʇʊ ʠ ʪ.ʜ.   

ʇʦʣʴʟʦʚʘʥʠʝ ʥʝʜʨʘʤʠ ʥʘ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʞʠʤʦʤ ʦʩʦʙʦʡ ʦʭʨʘʥʳ ʠʭ ʪʝʨʨʠʪʦʨʠʡè ʩʪ. 8 ɿʘʢʦʥʘ ʈʌ "ʆ ʥʝʜʨʘʭ" ʦʪ 

21.02.1992 N 2395-1. 

3. ʆʨʛʘʥʳ ʌʉɹ ʠ ʄʠʥʦʙʦʨʦʥʳ ʈʌ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ ʦʙ ʫʯʘʩʪʢʘʭ ʥʝʜʨ, ʦʪʨʘʙʦʪʢʘ 
ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʘ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠ-

ʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʫʯʘʩʪʢʘʭ ʄʠʥʦʙʦʨʦʥʳ, ʌʉɹ ʈʦʩʩʠʠ ʚ ʯʘʩʪʠ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪ-

ʩʫʪʩʪʚʠʷ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʠʟ ʩʦʩʪʘʚʘ ʟʝʤʝʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʝʤʝʣʴ ʦʙʦʨʦʥʳ ʚ 

ʛʨʘʥʠʮʘʭ ʫʯʘʩʪʢʘ ʥʝʜʨ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʈʘʩʧʦʨʷʜʠʪʝʣʴ ʥʝʜʨ ʬʦʨʤʠʨʫʝʪ ʣʠʮʝʥʟʠʦʥʥʦʝ 

ʩʦʛʣʘʰʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʥʪʫʨ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ ʚ ʧʦʣʴʟʦʚʘʥʠʝ. ʆʪʤʝʯʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʠ ʧʦʨʷʜʦʢ 

ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʛʨʘʥʠʮʳ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʳʭ ʟʦʥ, ʚʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ, ʬʦʨʤʳ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʦʪʯʝʪʥʦʩʪʠ.  

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʟʘʷʚʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʩʦʜʝʨʞʘʱʠʤ ʧʦʣʥʳʡ ʧʝ-

ʨʝʯʝʥʴ ʠʥʬʦʨʤʘʮʠʠ ʈʘʩʧʦʨʷʜʠʪʝʣʴ ʥʝʜʨ ʚ ʩʨʦʢ ʥʝ ʧʦʟʜʥʝʝ 30 ʜʥʝʡ ʩʦ ʜʥʷ ʨʝʛʠʩʪʨʘʮʠʠ, ʦʩʫ-

ʱʝʩʪʚʣʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʝʜʝʥʠʡ ʦʙ ʫʯʘʩʪʢʝ ʥʝʜʨ.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʯʘʩʪʢʘ ʥʝʜʨ ʈʘʩʧʦʨʷʜʠʪʝʣʝʤ ʟʘʧʨʘʰʠʚʘʝʪʩʷ: 
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ï ʩʧʨʘʚʢʘ ʠʟ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʬʦʥʜʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʘʷ 

ʩʚʝʜʝʥʠʷ: 

ï ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʢʦʦʨʜʠʥʘʪ ʬʦʨʤʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʥʝʜʨ ʧʘʩʧʦʨʪʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

(ʧʨʦʷʚʣʝʥʠʷ) ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ;  

ï ʦ ʟʘʧʘʩʘʭ ʠ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʘʭ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʥʘ ʫʯʘʩʪʢʝ ʥʝʜʨ, ʩ ʫʯʝ-

ʪʦʤ ʜʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʘʣʘʥʩʘ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ (ʠʣʠ) ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʧʨʦʪʦʢʦʣʦʚ ʘʧʨʦʙʘʮʠʠ (ʨʘʩʩʤʦʪʨʝʥʠʷ) ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ;  

ï ʦ ʥʘʣʠʯʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʣʠʮʝʥʟʠʡ ʥʘ ʫʯʘʩʪʢʝ ʥʝʜʨ, ʦ ʥʘʣʠʯʠʠ ʚ ʢʦʥʪʫʨʝ ʬʦʨʤʠ-

ʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʥʝʜʨ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʠʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ;  

ï ʩʧʨʘʚʢʘ ʊʌɻʀ ʩ ʫʢʘʟʘʥʠʝʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ (ʥʘʟʚʘʥʠʝ, ʘʚʪʦʨ, ʛʦʜ ʩʦʩʪʘʚ-

ʣʝʥʠʷ, ʠʥʚʝʥʪʘʨʥʳʡ ʥʦʤʝʨ ʭʨʘʥʝʥʠʷ), ʧʦ ʢʦʪʦʨʳʤ ʧʦʜʛʦʪʦʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʘʧʘʩʘʭ ʠ 

ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʘʭ; 

ï ʦʪʩʢʘʥʠʨʦʚʘʥʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʠ (ʠʣʠ) ʩʭʝʤʳ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ 

ʧʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʫʨʦʚ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ ʠ (ʠʣʠ) ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʠʚʷ-

ʟʘʥʥʳʝ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʝ (ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʪʘʙʣʠʮ ʧʨʠʚʷʟʢʠ (ʪʘʙ-

ʣʠʮ ʩʚʷʟʝʡ)), ʩ ʫʢʘʟʘʥʠʝʤ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘ (ʥʘʟʚʘʥʠʝ, ʘʚʪʦʨ, ʛʦʜ ʩʦʩʪʘʚʣʝʥʠʷ, ʠʥ-

ʚʝʥʪʘʨʥʳʡ ʥʦʤʝʨ ʭʨʘʥʝʥʠʷ), ʧʦ ʢʦʪʦʨʦʤʫ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ;  

ï ʪʝʡʧ-ʬʘʡʣ ʩ ʦʮʠʬʨʦʚʘʥʥʳʤ ʢʦʥʪʫʨʦʤ ʫʯʘʩʪʢʘ ʥʝʜʨ, ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʜʣʷ ʧʨʝʜʦ-

ʩʪʘʚʣʝʥʠʷ ʚ ʧʦʣʴʟʦʚʘʥʠʝ, ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʝ;  

ï ʢʦʧʠʷ ʧʨʦʪʦʢʦʣʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʟʘʧʘʩʦʚ ʧʦ ʫʯʘʩʪʢʘʤ ʥʝʜʨ ʠ (ʠʣʠ) 

ʧʨʦʪʦʢʦʣʦʚ ʘʧʨʦʙʘʮʠʠ (ʨʘʩʩʤʦʪʨʝʥʠʷ) ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ;  

ï ʚʳʧʠʩʢʫ ʠʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʘʣʘʥʩʘ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʩʦʜʝʨʞʘʱʫʶ ʩʚʝʜʝʥʠʷ ʧʦ ʫʯʘʩʪʢʫ ʥʝʜʨ ʥʘ ʧʦʩʣʝʜʥʶʶ ʦʪʯʝʪʥʫʶ ʜʘʪʫ; 

ï ʩʚʝʜʝʥʠʷ ʦ ʧʦʩʣʝʜʥʝʤ ʧʝʨʠʦʜʝ ʠ ʩʪʘʜʠʷʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥ-

ʥʳʭ ʥʘ ʫʯʘʩʪʢʝ ʥʝʜʨ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʬʝʜʝʨʘʣʴʥʦʛʦ (ʨʝʛʠʦʥʘʣʴʥʦʛʦ) ʙʶʜʞʝʪʘ ʠ/ʠʣʠ 

ʩʨʝʜʩʪʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʝʜʨ;  

 ï ʩʚʝʜʝʥʠʷ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʥʘ ʫʯʘʩʪʢʝ ʥʝʜʨ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦ-

ʧʘʝʤʳʭ, ʘ ʚ ʩʣʫʯʘʝ ʠʭ ʥʘʣʠʯʠʷ ʩʚʝʜʝʥʠʷ ʦ: 

 ʘ) ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʣʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ, 

ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʳʤ ʧʦʣʝʟʥʳʤ ʠʩʢʦʧʘʝʤʳʤ, ʙʝʟ ʚʦʚʣʝʯʝʥʠʷ ʚ ʦʩʚʦʝʥʠʝ ʯʘʩʪʝʡ ʥʝʜʨ, ʩʦʜʝʨʞʘʱʠʭ ʦʙ-

ʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ;  

ʙ) ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʯʘʩʪʝʡ ʥʝʜʨ, ʩʦʜʝʨʞʘʱʠʭ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʚ ʧʝʨʝʯʝʥʴ ʫʯʘʩʪʢʦʚ ʥʝʜʨ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʦʩʥʦʚʘʥʠʷʤ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ ʧʧ. 1, 2 ʧ. 8 ʇʦʨʷʜʢʘ ʧʦʜʛʦʪʦʚʢʠ, ʨʘʩʩʤʦʪʨʝʥʠʷ, ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʝʨʝʯʥʝʡ 

ʫʯʘʩʪʢʦʚ ʥʝʜʨ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʣʠ ʦʪʢʘʟʘ ʚ ʩʦʛʣʘʩʦʚʘʥʠʠ ʪʘʢʠʭ ʧʝʨʝʯʥʝʡ, ʫʪʚʝʨʞʜʝʥ-

ʥʦʛʦ ʧʨʠʢʘʟʦʤ ʈʦʩʥʝʜʨ ʦʪ 15.06.2012 ˉ 687, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʪʘʢʠʝ ʯʘʩʪʠ ʥʝʜʨ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʧʦ ʨʝʰʝʥʠʶ ʦʨʛʘʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘ-

ʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʫʙʲʝʢʪʘ ʈʌ. 

ï ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʝʪʴ, ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʫʶ ʩʝʪʴ;  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝʜʨ ʦʙʨʘʱʘʝʪʩʷ ʚ ʧʨʦʝʢʪʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ. 

ɻʣʘʚʥʳʤ ʠʥʞʝʥʝʨʦʤ ʧʨʦʝʢʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʧʦ ʦʪʨʘʙʦʪʢʠ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʢʦʥʪʫʨʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ: 

1. ʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

ɺ ʥʝʤ ʫʢʘʟʳʚʘʶʪʩʷ ʦʙʱʠʝ ʜʘʥʥʳʝ ʟʘʢʘʟʯʠʢʘ, ʦʩʥʦʚʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʶʪ: ʩʧʦʩʦʙ ʦʪʨʘʙʦʪʢʠ, ʩʳʨʴʝʚʫʶ ʙʘʟʫ, ʩʦʩʪʘʚ ʠ ʦʙʲʝʤ ʦʩʥʦʚ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʝʞʠʤ ʨʘʙʦʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ ʦʭʨʘʥʳ ʪʨʫʜʘ, ʦʭʨʘʥʘ ʥʝʜʨ ʠ ʧʨʦʯʝʝ. 

2. ɼʘʥʥʳʝ ʦ ʥʘʣʠʯʠʠ/ʦʪʩʫʪʩʪʚʠʠ ʆʆʇʊ ʤʝʩʪʥʦʛʦ ʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʘʣʠʯʠʝ 

ʩʢʦʪʦʤʦʛʠʣʴʥʠʢʦʚ, ʟʘʭʦʨʦʥʝʥʠʡ, ʧʦʩʝʣʝʥʠʡ ʢʦʨʝʥʥʳʭ ʥʘʨʦʜʦʚ. 

3. ʆʪʯʝʪ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʠʟʫʯʝʥʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ, 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʯʝʪ. 
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ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʝʛʦ ʜʦʩʪʫʧʥʦʩʪʴ 

(ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ), ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʩʳʨʴʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ ʠ 

ʧʦʜʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʡ 

ʧʨʦʝʢʪ ʥʘ ʦʪʨʘʙʦʪʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʇʦʩʣʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝʜʨ ʧʝʨʝʭʦʜʠʪ ʢ ʚʘʞ-

ʥʦʤʫ ʵʪʘʧʫ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʆʪʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠ ʫʪʚʝʨʞʜʝʥʥʦʡ ʧʨʦ-

ʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɽʞʝʛʦʜʥʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝʜʨ ʩʦʛʣʘʩʦʚʳʚʘʝʪ ʠ ʫʪʚʝʨʞʜʘʝʪ ʩ ʨʘʩʧʦʨʷ-

ʜʠʪʝʣʝʤ ʥʝʜʨ ʧʣʘʥ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʠ ʩʦʜʝʨʞʘʪʴ ʜʘʥʥʳʝ, 

ʫʢʘʟʘʥʥʳʝ ʚ ʇʨʠʢʘʟʝ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ˉ 537 ʦʪ 15.12.2020 ʛ. ʕʪʠ ʜʘʥʥʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʚ 

ʬʦʨʤʝ ʟʘʧʠʩʢʠ ʠ ʯʝʨʪʝʞʝʡ. 

ɹʣʘʛʦʜʘʨʷ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪʨʘʙʦʪʘʥʦ ʚ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʩ ʫʯʝ-

ʪʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. 
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ɻʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʏʢʘʣʦʚʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʆʪʤʝʯʝʥʳ ʬʘʢʪʦʨʳ, ʠʭ ʚʣʠʷʥʠʝ 

ʥʘ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʇʨʦʚʝʜʝʥ ʢʨʘʪ-

ʢʠʡ ʦʙʟʦʨ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʠ ʧʫʪʠ ʠʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 
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Abstract. The article is devoted to the study of the influence of factors on marketing regulation of 

sustainable development of mining enterprises. Factors, their influence on marketing regulation 

and methods for managing these factors are noted. A brief overview of the influence of factors and 

ways of their regulation is provided. 
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ʄʘʨʢʝʪʠʥʛʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʟʘʚʠʩʠʪ 

ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʧʦʟʠʮʠʶ ʥʘ ʨʳʥʢʝ. ʂ ʢʣʶʯʝ-

ʚʳʤ ʬʘʢʪʦʨʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

½ ʉʧʨʦʩ ʠ ʧʨʝʜʣʦʞʝʥʠʝ; 

½ ʂʦʥʢʫʨʝʥʪʥʘʷ ʩʨʝʜʘ; 

½ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ; 

½ ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ; 

½ ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ; 

½ ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ; 

½ ʉʦʮʠʘʣʴʥʳʝ ʬʘʢʪʦʨʳ. 

ʅʘʛʣʷʜʥʦ ʧʦʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ. 

ʉʧʨʦʩ ʠ ʧʨʝʜʣʦʞʝʥʠʝ: 

ʎʝʥʦʦʙʨʘʟʦʚʘʥʠʝ: ʋʨʦʚʝʥʴ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʮʝʥʳ ʥʘ ʛʦʨ-

ʥʳʝ ʨʝʩʫʨʩʳ. ʂʦʛʜʘ ʩʧʨʦʩ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʣʦʞʝʥʠʝ, ʮʝʥʳ ʦʙʳʯʥʦ ʧʦʚʳʰʘʶʪʩʷ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʙʳʣʠ ʜʣʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʅʘʦʙʦʨʦʪ, ʠʟʙʳʪʦʯ-

ʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʮʝʥ ʠ ʩʥʠʞʝʥʠʶ ʧʨʠʙʳʣʠ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ 
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ʮʝʥ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʤʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ 

ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʮʠʠ. 

ʄʘʨʢʝʪʠʥʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ: ʋʨʦʚʝʥʴ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʤʘʨʢʝ-

ʪʠʥʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʨʠ ʚʳʩʦʢʦʤ ʩʧʨʦʩʝ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʦʜʘʞ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʣʠʝʥʪʦʚ. ɺ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʛʦ ʩʧʨʦʩʘ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʧʝʨʝʩʤʦʪʨʝʪʴ ʩʚʦʠ ʩʪʨʘʪʝʛʠʠ ʠ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ 

ʥʘ ʩʥʠʞʝʥʠʠ ʠʟʜʝʨʞʝʢ ʠʣʠ ʧʦʠʩʢʝ ʥʦʚʳʭ ʨʳʥʢʦʚ ʩʙʳʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ: ʂʦʛʜʘ ʩʧʨʦʩ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʠʜʳ ʛʦʨʥʳʭ ʨʝʩʫʨʩʦʚ 

ʚʦʟʨʘʩʪʘʝʪ, ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʨʫʜʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʘʜʘʧʪʠ-

ʨʦʚʘʪʴʩʷ ʢ ʨʳʥʦʯʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʨʘʩʪʫʱʠʡ ʩʧʨʦʩ. 

ɼʠʚʝʨʩʠʬʠʢʘʮʠʷ ʧʨʦʜʫʢʮʠʠ: ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʛʦʨʥʦʜʦʙʳ-

ʚʘʶʱʠʝ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʦ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʩʚʦʝʡ ʧʨʦʜʫʢʮʠʠ. ɽʩʣʠ 

ʩʧʨʦʩ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ ʨʝʩʫʨʩʦʚ ʩʥʠʞʘʝʪʩʷ, ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʩʚʦʝ ʚʥʠ-

ʤʘʥʠʝ ʥʘ ʜʨʫʛʠʭ ʚʠʜʘʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ. ɺ 

ʵʪʦʤ ʧʣʘʥʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦ ʛʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʟʜʘʶʪʩʷ ʪʘʤ, ʛʜʝ ʩʫʱʝʩʪʚʫʶʪ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʫʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʠʚʝʨʩʠʬʠ-

ʢʘʮʠʠ ʚ ʛʦʨʥʳʭ ʦʪʨʘʩʣʷʭ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʳʥʢʘ: ɻʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥ-

ʥʳʝ ʦ ʩʧʨʦʩʝ ʠ ʧʨʝʜʣʦʞʝʥʠʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʫʜʫʱʠʭ ʪʝʥʜʝʥʮʠʡ ʥʘ ʨʳʥʢʝ ʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʨʘʪʝʛʠʡ ʤʘʨʢʝʪʠʥʛʘ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʪʨʝʙʫʝʪ ʦʪ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ ʛʠʙ-

ʢʦʩʪʠ ʠ ʘʜʘʧʪʠʚʥʦʩʪʠ, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʥʘ ʨʳʥʢʝ ʠ ʤʘʢʩʠʤʠʟʠ-

ʨʦʚʘʪʴ ʩʚʦʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ʂʦʥʢʫʨʝʥʪʥʘʷ ʩʨʝʜʘ: 

ʎʝʥʦʦʙʨʘʟʦʚʘʥʠʝ: ʂʦʥʢʫʨʝʥʮʠʷ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʜʘʚʣʝʥʠʝ ʥʘ ʮʝʥʳ. ɺ ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʢʦʥʢʫʨʝʥʮʠʷ ʚʳʩʦʢʘ, ʛʦʨʥʦ-

ʜʦʙʳʚʘʶʱʠʝ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʥʫʞʜʝʥʳ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʙʦʣʝʝ ʥʠʟʢʠʝ ʮʝʥʳ ʜʣʷ ʧʨʠ-

ʚʣʝʯʝʥʠʷ ʢʣʠʝʥʪʦʚ ʠʣʠ ʤʦʛʫʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʪʦʠʤʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ 

ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠʣʠ ʤʝʪʘʣʣʘ. 

ʇʨʦʜʫʢʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ: ʂʦʥʢʫʨʝʥʪʥʘʷ ʩʨʝʜʘ ʤʦʞʝʪ ʩʪʠʤʫ-

ʣʠʨʦʚʘʪʴ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʝʜʣʦʞʝʥʠʶ ʥʦʚʳʭ ʠʣʠ ʫʣʫʯ-

ʰʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ. ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʨʦʜʫʢʮʠʠ ʤʦʞʝʪ ʧʦʤʦʯʴ ʢʦʤʧʘʥʠʷʤ ʚʳʜʝ-

ʣʠʪʴʩʷ ʩʨʝʜʠ ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʫʜʝʨʞʘʪʴ ʧʦʢʫʧʘʪʝʣʝʡ. 

ʄʘʨʢʝʪʠʥʛʦʚʳʝ ʘʢʪʠʚʥʦʩʪʠ: ɼʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʠ ʫʜʝʨʞʘʥʠʷ ʢʣʠʝʥʪʦʚ ʛʦʨʥʦʜʦʙʳʚʘ-

ʶʱʠʝ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʠʥʪʝʥʩʠʚʥʝʝ ʚʝʩʪʠ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʨʝʢʣʘʤʥʳʝ 

ʢʘʤʧʘʥʠʠ, ʫʣʫʯʰʝʥʠʝ ʙʨʝʥʜʘ, ʫʯʘʩʪʠʝ ʚ ʚʳʩʪʘʚʢʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ ʠ ʘʥʘʣʠʟ ʢʦʥʢʫʨʝʥʪʦʚ: ɺʥʠʤʘʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʚ ʠ 

ʠʭ ʩʪʨʘʪʝʛʠʡ ʧʦʟʚʦʣʷʝʪ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʤ ʢʦʤʧʘʥʠʷʤ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʩʚʦʶ ʧʦʟʠʮʠʶ ʥʘ 

ʨʳʥʢʝ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʫʥʠʢʘʣʴʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠ ʩʣʘʙʦʩʪʷʭ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʢʦʥʢʫʨʝʥʮʠʠ: ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ ʤʦʛʫʪ ʚʤʝʰʠʚʘʪʴʩʷ ʜʣʷ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʨʳʥʢʝ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʤʦʥʦʧʦ-

ʣʠʟʘʮʠʶ ʠʣʠ ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʝ ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʦʣʦʞʝʥʠʝʤ ʥʘ ʨʳʥʢʝ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʚ ʩʝʙʷ ʘʥʪʠʤʦʥʦʧʦʣʴʥʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʠ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʢʦʥʢʫʨʝʥʮʠʠ. 

ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʡ: ʂʦʥʢʫʨʝʥʪʥʘʷ ʩʨʝʜʘ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʪʠʤʫʣʠʨʦ-

ʚʘʥʠʶ ʠʥʥʦʚʘʮʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʛʦʨʥʦʨʫʜʥʦʡ ʦʪʨʘʩʣʠ, ʧʦʩʢʦʣʴʢʫ ʢʦʤʧʘ-

ʥʠʠ ʩʪʨʝʤʷʪʩʷ ʚʳʜʝʣʠʪʴʩʷ ʥʘ ʬʦʥʝ ʢʦʥʢʫʨʝʥʪʦʚ ʯʝʨʝʟ ʧʨʝʜʣʦʞʝʥʠʝ ʫʥʠʢʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʠʣʠ ʫʣʫʯʰʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʳ ʚ ʛʦʨʥʦʨʫʜʥʦʡ ʦʪʨʘʩʣʠ ʪʨʝʙʫʝʪ ʙʘʣʘʥʩʘ ʤʝʞʜʫ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝʤ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ 
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ʤʦʥʦʧʦʣʠʟʘʮʠʷ ʨʳʥʢʘ ʠʣʠ ʜʝʤʧʠʥʛʦʚʘʷ ʢʦʥʢʫʨʝʥʮʠʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʠʥʥʦʚʘ-

ʮʠʡ, ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʣʫʯʰʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ: 

ʋʣʫʯʰʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ: ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʜʦʙʳʯʫ ʠ 

ʦʙʨʘʙʦʪʢʫ ʨʫʜʳ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʞʘʪʴ ʠʟʜʝʨʞʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʣʫʯʰʘʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, 

ʪ.ʝ. ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʮʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʫʜʝ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ 

ʜʣʷ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʩʪʨʘʪʝʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ. 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ: ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʘ-

ʙʦʪʢʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʩʣʫʛ, ʪʘʢʠʭ ʢʘʢ ʨʫʜʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʣʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʨʫʜʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʨʥʦ-

ʨʫʜʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʚʳʜʝʣʠʪʴʩʷ ʥʘ ʨʳʥʢʝ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʠʟʤʝʥʷʶʱʠʝʩʷ ʧʦʪʨʝʙʥʦʩʪʠ 

ʢʣʠʝʥʪʦʚ. 

ʋʣʫʯʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ: ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘ-

ʮʠʠ ʤʦʛʫʪ ʪʘʢʞʝ ʥʘʧʨʘʚʣʷʪʴʩʷ ʥʘ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ ʩʦʙʣʶʜʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʩʪʘʥʜʘʨʪʦʚ. ɻʦʨʥʦʨʫʜʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʧʝʨʝʜʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚ ʦʙʣʘʩʪʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʢʫʨʝʥʪ-

ʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʯʘʩʪʴ ʩʚʦʝʡ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʩʪʨʘʪʝʛʠʠ. 

ɸʜʘʧʪʘʮʠʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʪʨʝʙʦʚʘʥʠʷʤ ʨʳʥʢʘ: ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʟ-

ʚʦʣʷʶʪ ʛʦʨʥʦʨʫʜʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʙʳʩʪʨʝʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʪʨʝʙʦʚʘʥʠʷʤ 

ʨʳʥʢʘ ʠ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʤ ʩʧʨʦʩʝ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʙʳʩʪʨʫʶ ʧʝʨʝ-

ʢʣʶʯʘʝʤʦʩʪʴ ʤʝʞʜʫ ʚʠʜʘʤʠ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʛʠʙʢʦʩʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʘʨʢʝʪʠʥʛʝ: ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʛʦʨʥʦʨʫʜʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʫʣʫʯʰʘʪʴ ʩʚʦʠ ʤʘʨʢʝʪʠʥʛʦʚʳʝ 

ʩʪʨʘʪʝʛʠʠ, ʩʦʙʠʨʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʨʳʥʢʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʣʠʝʥʪʘʤʠ ʯʝʨʝʟ 

ʮʠʬʨʦʚʳʝ ʢʘʥʘʣʳ ʠ ʪ. ʜ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ ʠʥʥʦʚʘʮʠ-

ʦʥʥʫʶ ʧʦʣʠʪʠʢʫ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʛʦʩʫʜʘʨʩʪʚʦʤ ʠ ʦʙʱʝʩʪʚʝʥʥʳʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠʥʚʝʩʪʠʮʠʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ 

ʛʦʨʥʦʨʫʜʥʦʡ ʦʪʨʘʩʣʠ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʦʪʨʘʩʣʠ ʠ ʧʦʜʜʝʨʞʠ-

ʚʘʪʴ ʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

ʉʦʙʣʶʜʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ: ɻʦʨʥʦʨʫʜʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʣʞʥʳ ʩʦʙʣʶ-

ʜʘʪʴ ʩʪʨʦʛʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʪʘʥʜʘʨʪʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ, ʚʢʣʶʯʘʷ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʧʦ ʚʳʙʨʦʩʘʤ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʝʩʧʝʯʝʥʠʝ ʯʠʩʪʦʪʳ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʨʝ-

ʩʪʨʫʢʪʫʨʠʟʘʮʠʶ ʪʝʨʨʠʪʦʨʠʡ ʧʦʩʣʝ ʜʦʙʳʯʠ. ʅʝʩʦʙʣʶʜʝʥʠʝ ʵʪʠʭ ʩʪʘʥʜʘʨʪʦʚ ʤʦʞʝʪ ʥʝʛʘ-

ʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʨʝʧʫʪʘʮʠʠ ʢʦʤʧʘʥʠʠ ʠ ʫʭʫʜʰʠʪʴ ʝʸ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ʀʥʚʝʩʪʠʮʠʠ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ: ɻʦʨʥʦʨʫʜʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʚʥʝʜʨʝʥʠʝ ʯʠʩʪʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʨʫʜʳ, ʨʝʮʠʨʢʫʣʷʮʠʶ ʚʦʜʳ, ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʠ ʜʨʫʛʠʝ ʤʝʨʳ. ʀʥʚʝʩʪʠʮʠʠ ʚ ʪʘʢʠʝ ʪʝʭʥʦ-

ʣʦʛʠʠ ʤʦʛʫʪ ʩʪʘʪʴ ʯʘʩʪʴʶ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʩʪʨʘʪʝʛʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʧʦʜʯʝʨʢʠʚʘʥʠʝ ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʢʣʠʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʵʪʦ ʚʘʞʥʦ. 

ʉʦʮʠʘʣʴʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ: ɻʦʨʥʦʨʫʜʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʘʢ-

ʪʠʚʥʦ ʧʨʠʚʣʝʢʘʪʴ ʚʥʠʤʘʥʠʝ ʢ ʩʚʦʝʡ ʩʦʮʠʘʣʴʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚ ʨʘʤʢʘʭ 

ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʢʘʤʧʘʥʠʡ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʫʯʘʩʪʠʝ ʚ ʧʨʦʝʢʪʘʭ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʚ ʨʝʛʠʦʥʘʭ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʪʨʘʥʩʧʘ-

ʨʝʥʪʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʩʚʦʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʉʝʨʪʠʬʠʢʘʮʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ: ʇʦʣʫʯʝʥʠʝ ʩʝʨʪʠʬʠʢʘʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʧʨʦʜʫʢʮʠʠ ʤʦʞʝʪ ʧʦʤʦʯʴ ʛʦʨʥʦʨʫʜʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ 
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ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʩʚʦʠ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ ʥʘ ʨʳʥʢʝ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʣʝʯʴ ʚʥʠʤʘʥʠʝ ʢʣʠʝʥ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʮʝʥʷʪ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʧʨʦʜʫʢʪʳ ʠ ʛʦʪʦʚʳ ʟʘʧʣʘʪʠʪʴ ʟʘ ʥʠʭ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʫʶ ʮʝʥʫ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ: ɻʦʨʥʦʨʫʜʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ 

ʩʪʦʨʦʥʘʤʠ (ʥʘʧʨʠʤʝʨ, ʤʝʩʪʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ, ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ) ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʤʝʩʪʥʳʭ 

ʩʪʨʘʪʝʛʠʡ ʧʦ ʠʭ ʨʝʰʝʥʠʶ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʥʳʝ ʤʝʨʳ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠʥʚʝʩʪʠʮʠʡ ʚ ʯʠʩʪʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣʴ 

ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʦʙʱʝʩʪʚʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʧʫʙʣʠʯ-

ʥʦʝ ʤʥʝʥʠʝ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʝ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʥʦʨʫʜʥʦʡ 

ʦʪʨʘʩʣʠ. 

ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ: 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʥʦʨʤʳ ʠ ʩʪʘʥʜʘʨʪʳ: ɿʘʢʦʥʳ ʠ ʥʦʨʤʘʪʠʚʳ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʪʨʝʙʦ-

ʚʘʥʠʷ ʢ ʟʘʱʠʪʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʣʠʷʶʪ ʥʘ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ ʛʦʨʥʦʨʫʜʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʂʦʤʧʘʥʠʠ ʚʳʥʫʞʜʝʥʳ ʩʦʙʣʶʜʘʪʴ ʵʪʠ ʩʪʘʥʜʘʨʪʳ, ʯʪʦ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʮʝʩʩʳ. 

ʃʠʮʝʥʟʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʝʰʠʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ: ɻʦʨʥʦʨʫʜʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʣʞʥʳ 

ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʠʮʝʥʟʠʠ ʠ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʕʪʦ ʤʦʞʝʪ ʚʣʠ-

ʷʪʴ ʥʘ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ ʢʦʤʧʘʥʠʡ, ʪʘʢ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʨʝʛʠʦʥʳ ʤʦʛʫʪ ʠʤʝʪʴ ʙʦʣʝʝ 

ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠʣʠ ʧʨʦʮʝʜʫʨʳ ʧʦʣʫʯʝʥʠʷ ʣʠʮʝʥʟʠʡ. 

ʅʘʣʦʛʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ: ʅʘʣʦʛʦʚʳʝ ʩʪʘʚʢʠ ʠ ʧʨʘʚʠʣʘ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʪʘʢʞʝ ʚʣʠ-

ʷʶʪ ʥʘ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʅʘʧʨʠʤʝʨ, ʥʘʣʦʛʦʚʳʝ ʣʴʛʦʪʳ 

ʠʣʠ ʩʢʠʜʢʠ ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʠʥʚʝʩʪʠʮʠʠ ʚ ʨʘʟʚʠʪʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʦʣʠʪʠʢʘ ʧʦʜʜʝʨʞʢʠ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ: ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʠʥʠʮʠʘ-

ʪʠʚʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʚʠʪʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʠʣʠ ʧʦʜʜʝʨʞʢʫ ʠʥʥʦʚʘʮʠʡ, ʤʦ-

ʛʫʪ ʚʣʠʷʪʴ ʥʘ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʨʝʰʝʥʠʷ ʢʦʤʧʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʫʙʩʠʜʠʠ ʠʣʠ 

ʛʨʘʥʪʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ɸʥʪʠʤʦʥʦʧʦʣʴʥʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ: ɿʘʢʦʥʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʢʦʥʢʫʨʝʥʮʠʶ ʥʘ 

ʨʳʥʢʝ, ʤʦʛʫʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʧʨʘʢʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʮʝʥʦʚʦʡ ʜʝʤ-

ʧʠʥʛ ʠʣʠ ʤʦʥʦʧʦʣʠʟʘʮʠʷ ʨʳʥʢʘ. ʕʪʦ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʦʪ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʚʦʠ ʩʪʨʘʪʝʛʠʠ ʠ ʜʝʡʩʪʚʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʯʝʨʝʟ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʟʘʢʦʥʦʚ ʠ ʥʦʨʤʘʪʠʚʦʚ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴ ʠ ʥʘʜʟʦʨ 

ʟʘ ʠʭ ʩʦʙʣʶʜʝʥʠʝʤ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʧʨʘʚʝʜʣʠʚʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʢʦʥʢʫʨʝʥʮʠʶ 

ʥʘ ʨʳʥʢʝ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ: 

ɼʦʩʪʫʧʥʦʩʪʴ ʨʝʩʫʨʩʦʚ: ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠ-

ʷʪʠʡ ʦʧʨʝʜʝʣʷʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʕʪʦ ʚʣʠʷʝʪ ʥʘ ʚʳʙʦʨ ʩʪʨʘʪʝʛʠʡ ʤʘʨ-

ʢʝʪʠʥʛʘ, ʪʘʢ ʢʘʢ ʢʦʤʧʘʥʠʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ ʠ ʩʣʦʞʥʦʩʪʴ ʜʦʙʳʯʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ: ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʛʦʜʘ, ʩʝʟʦʥʥʳʝ ʠʟʤʝ-

ʥʝʥʠʷ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʢʘʪʘʢʣʠʟʤʳ, ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʦ-

ʩʪʘʚʢʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ. ʕʪʦ ʪʨʝʙʫʝʪ ʦʪ ʢʦʤʧʘʥʠʡ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʚʦʠ ʤʘʨʢʝ-

ʪʠʥʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʦʩʪʘʚʦʢ. 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʪʨʘʥʩʧʦʨʪ: ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʪʘʢʞʝ ʚʣʠʷʪʴ ʥʘ ʜʦ-

ʩʪʫʧʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʨʰʨʫʪʦʚ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʜʦʙʳʯʠ ʠ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʠ ʨʫʜʳ. ʕʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʣʦʛʠʩʪʠʢʫ ʠ ʩʪʦʠʤʦʩʪʴ ʧʦʩʪʘʚʦʢ, ʯʪʦ ʥʫʞʥʦ ʫʯʠ-

ʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʩʪʨʘʪʝʛʠʡ. 
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ʈʘʟʚʠʪʠʝ ʤʝʩʪʥʳʭ ʨʳʥʢʦʚ: ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴ ʨʘʟʚʠʪʠʝ 

ʤʝʩʪʥʳʭ ʨʳʥʢʦʚ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ. ɻʦʨ-

ʥʦʨʫʜʥʳʝ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʚʦʠ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ, ʯʪʦʙʳ ʫʯʠʪʳʚʘʪʴ 

ʵʪʠ ʨʘʟʣʠʯʠʷ ʠ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʢʣʠʝʥʪʦʚ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʪʘʢʞʝ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʝ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʟʘʱʠʪʳ ʩʦ ʩʪʦ-

ʨʦʥʳ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ. ʕʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʠʭ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ ʠ ʦʙ-

ʱʝʩʪʚʝʥʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʙʨʝʥʜʘ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝ-

ʨʝʟ ʠʥʚʝʩʪʠʮʠʠ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʪʨʘʥʩʧʦʨʪ, ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʢ ʵʢʩ-

ʪʨʝʤʘʣʴʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʫʯʘʩʪʠʝ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʠ 

ʧʨʦʝʢʪʘʭ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʉʦʮʠʘʣʴʥʳʝ ʬʘʢʪʦʨʳ: 

ʋʨʦʚʝʥʴ ʟʘʥʷʪʦʩʪʠ: ɻʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʤʠ ʨʘ-

ʙʦʪʦʜʘʪʝʣʷʤʠ ʚ ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ. ʋʨʦʚʝʥʴ ʟʘʥʷʪʦʩʪʠ ʠ ʙʣʘʛʦʩʦʩʪʦʷʥʠʝ ʥʘʩʝʣʝʥʠʷ ʚ ʨʝ-

ʛʠʦʥʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʩʧʨʦʩ ʥʘ ʧʨʦʜʫʢʮʠʶ ʠ ʫʩʣʫʛʠ ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʦʵʪʦʤʫ ʩʦʮʠ-

ʘʣʴʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʢʦʤʧʘʥʠʡ ʠ ʠʭ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʨʝʛʠʦʥʘ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʩʪʨʘʪʝʛʠʷʭ. 

ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʤʝʩʪʥʳʤ ʥʘʩʝʣʝʥʠʝʤ: ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʝʩʪʥʳʤʠ ʩʦʦʙʱʝ-

ʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ. ʇʦʜʜʝʨʞʢʘ ʤʝʩʪʥʳʭ ʠʥʠʮʠʘʪʠʚ, ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦ-

ʝʢʪʦʚ ʧʦʤʦʛʘʝʪ ʢʦʤʧʘʥʠʷʤ ʫʩʪʘʥʦʚʠʪʴ ʧʦʟʠʪʠʚʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩ ʤʝʩʪʥʳʤ ʥʘʩʝʣʝʥʠʝʤ ʠ 

ʫʢʨʝʧʠʪʴ ʩʚʦʶ ʨʝʧʫʪʘʮʠʶ ʚ ʩʦʦʙʱʝʩʪʚʝ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ ʠ ʫʩʣʦʚʠʷ ʪʨʫʜʘ: ɻʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʦʪʨʘʩʣʴ ʩʚʷʟʘʥʘ ʩ ʚʳʩʦʢʠʤʠ 

ʨʠʩʢʘʤʠ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʠ ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦ-

ʚʠʡ ʪʨʫʜʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʩʪʨʘʪʝʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʚʣʠʷʝʪ ʥʘ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ ʢʘʢ ʨʘʙʦʪʦʜʘʪʝʣʷ ʠ ʥʘ ʦʪʥʦʰʝʥʠʝ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʢ ʥʝʡ. 

ʋʯʘʩʪʠʝ ʚ ʩʦʮʠʘʣʴʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʝʢʪʘʭ: ɻʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʢʦʤʧʘʥʠʠ 

ʤʦʛʫʪ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʩʦʮʠʘʣʴʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʚ ʨʝʛʠʦʥʘʭ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʧʦʥʩʦʨʩʪʚʦ ʤʝʩʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʬʠʥʘʥʩʠʨʦ-

ʚʘʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʂʫʣʴʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: ʇʦʥʠʤʘʥʠʝ ʢʫʣʴʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʮʝʥʥʦʩʪʝʡ ʤʝʩʪ-

ʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʩʪʨʘʪʝʛʠʷʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʋʯʠʪʳʚʘʷ ʵʪʠ ʘʩʧʝʢʪʳ, ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʚʦʠ ʤʘʨʢʝʪʠʥʛʦʚʳʝ 

ʢʘʤʧʘʥʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʝʩʪʥʳʤ ʥʘʩʝʣʝʥʠʝʤ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʥʘ 

ʨʳʥʢʝ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʤʘʨʢʝʪʠʥʛʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʩʦʙʣʶʜʝʥʠʝ 

ʥʦʨʤʘʪʠʚʦʚ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʠ ʪʨʫʜʦʚʳʤ ʦʪʥʦʰʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʘʢʪʠʚʥʦʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʩ ʤʝʩʪʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʠ ʦʙʱʝʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʩʦ-

ʟʜʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʠ ʜʦʣʛʦʩʨʦʯʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʠʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-

ʜʦʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʫʩʧʝʰʥʦʛʦ ʤʘʨʢʝʪʠʥʛʘ. 

ʇʦʥʠʤʘʥʠʝ ʠ ʫʯʝʪ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʦʤʦʛʘʝʪ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʤ ʢʦʤʧʘʥʠʷʤ ʨʘʟʨʘʙʘ-

ʪʳʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦ-

ʚʠʷʤ ʥʘ ʨʳʥʢʝ ʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 
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ʅɸɿɸʈʄɸʊʆɺ ɸ. ɸ. 

 

ɻʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʏʢʘʣʦʚʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʨʘʟʤʝʱʝʥʠʷ ʛʦʨʥʦʨʫʜʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ. ʂʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʨʠʥʮʠʧʳ ʠ ʬʘʢʪʦʨʳ ʨʘʟʤʝʱʝʥʠʷ ʛʦʨʥʦ-

ʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʢʘʟʘʥʳ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʫʧʠʪʳʚʘʶʱʠʝʩʷ ʧʨʠ ʨʘʟ-

ʤʝʱʝʥʠʠ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʋʢʘʟʘʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟ-

ʤʝʱʝʥʠʝʤ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. ʆʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʨʘʟʤʝ-

ʱʝʥʠʝ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʨʘʟʤʝʱʝʥʠʷ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ ʥʘ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʨʝʛʠʦʥʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʟʤʝʱʝʥʠʝ, ʛʦʨʥʦʨʫʜʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʬʘʢʪʦʨʳ, ʚʣʠʷʥʠʝ, ʨʝʛʠʦʥ. 

 

SPECIFIC FEATURES OF LOCATION OF THE MINING INDUSTRY  

IN THE REGION  
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Abstract. The article discusses issues related to the location of the mining industry in the region. 

The principles and factors of location of the mining industry are classified. The distinctive features 

that are absorbed in the placement of the mining industry are shown. Some problems associated 

with placement and ways to solve them are indicated. The influence of natural resources on the 

development and location of the mining industry, as well as the influence of the location of the 

mining industry on the development of the regional economy, is noted. 

 

Keywords: location, mining industry, factors, influence, region. 

 

ɻʦʨʥʦʨʫʜʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʨʝ-

ʛʠʦʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʳʨʴʝʤ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʤʝʝʪ ʩʚʦʠ ʩʧʝʮʠʬʠ-

ʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʛʦʨʥʦʨʫʜʥʘʷ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʤʥʦʛʠʭ ʨʝʛʠ-

ʦʥʦʚ. ɺʳʙʦʨ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʬʬʝʢʪʠʚʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʛʦʨʥʦʨʫʜʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʨʝʛʠʦʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦ-

ʩʪʠ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘ-

ʟʘʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʠ ʧʨʠʥʮʠʧʳ, ʧʨʦʙʣʝʤʳ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ 

ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ. 
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ʈʠʩʫʥʦʢ 1. ʆʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʨʘʟʤʝʱʝʥʠʷ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʛʦʨʥʦʨʫʜʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ ʫʨʘʚʥʦʚʝʰʝʥ-

ʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʟʤʝʱʝʥʠʶ, ʫʯʠʪʳʚʘʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩ-

ʧʝʢʪʳ. ʊʦʣʴʢʦ ʪʘʢʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʨʝ-

ʛʠʦʥʘ ʠ ʛʦʨʥʦʨʫʜʥʦʡ ʦʪʨʘʩʣʠ ʚ ʮʝʣʦʤ. 

ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʫʥʠʢʘʣʴʥʦʩʪʴ ʠ ʨʝʩʫʨʩʥʘʷ ʙʘʟʘ. ʆʜʥʠʤ ʠʟ ʧʝʨʚʦʩʪʝʧʝʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʷʚʣʷʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʫʥʠʢʘʣʴʥʦʩʪʴ ʨʝʛʠʦʥʘ ʠ ʥʘʣʠʯʠʝ ʚ ʥʝʤ ʙʦʛʘʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ-

ʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʂʘʯʝʩʪʚʦ ʨʫʜʳ, ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʧʨʷʤʫʶ 

ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʳʯʠ ʠ ʦʙʨʘʙʦʪʢʠ. 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʪʨʘʥʩʧʦʨʪʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ. ʅʘʣʠʯʠʝ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʪʘʢʦʡ ʢʘʢ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʝʪʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʫʧ-

ʥʦʩʪʠ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ, ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʣʦʛʠʩʪʠʢʫ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʩʳʨʴʷ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʘʩʧʝʢʪʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʚʷʪ ʧʝʨʝʜ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʟʘʜʘʯʫ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚ-

ʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩʦʮʠʘʣʴʥʳʝ ʘʩ-

ʧʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʚʦʚʣʝʯʝʥʠʝ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʩʦʟʜʘʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʨʝʘʣʠʟʘʮʠʷ ʩʦ-

ʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ. ɸʥʘʣʠʟ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʦʮʝʥʢʫ ʟʘʪʨʘʪ ʥʘ ʜʦʙʳʯʫ ʠ ʦʙʨʘʙʦʪʢʫ ʨʫʜʳ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʨʳʥʢʝ, ʘ 

ʪʘʢʞʝ ʨʝʟʝʨʚʳ ʧʨʠʙʳʣʠ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ ʩʫʱʝʩʪʚʝʥʥʘ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ. 
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ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʠʥʥʦʚʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʜʦʙʳʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʨʫʜʳ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞ-

ʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦ-

ʩʧʦʩʦʙʥʦʩʪʠ. 

ɻʝʦʧʦʣʠʪʠʯʝʩʢʠʝ ʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʬʘʢʪʦʨʳ. ɻʝʦʧʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʝʛʠ-

ʦʥʘ ʠ ʷʩʥʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʚ ʦʙʣʘʩʪʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷ-

ʥʠʝ ʥʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʜʣʷ ʠʥʚʝʩʪʦʨʦʚ ʠ ʫʩʧʝʰʥʦʩʪʴ ʙʠʟʥʝʩ-ʧʨʦʝʢʪʦʚ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ. ʇʦʣʠʪʠʢʘ ʛʦʩʫʜʘʨʩʪʚʘ, ʥʘʣʠʯʠʝ ʥʘʣʦ-

ʛʦʚʳʭ ʣʴʛʦʪ, ʤʝʨ ʧʦʜʜʝʨʞʢʠ ʠ ʩʪʝʧʝʥʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʨʘʩʣʠ ʪʘʢʞʝ ʚʘʞʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ɸʥʘʣʠʟ ʠ ʫʯʝʪ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʙʘ-

ʣʘʥʩ ʤʝʞʜʫ ʠʥʪʝʨʝʩʘʤʠ ʙʠʟʥʝʩʘ, ʦʙʱʝʩʪʚʘ ʠ ʧʨʠʨʦʜʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʠ ʵʬ-

ʬʝʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʠ ʨʘʟ-

ʤʝʱʝʥʠʠ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʠ ʨʝʩʫʨʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʫ ʜʣʷ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ ʛʦʨʥʦʨʫʜʥʦʡ ʦʪʨʘʩʣʠ ʠ ʦʧʨʝʜʝʣʷʶʪ ʚʳʙʦʨ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʣʷ ʜʦʙʳʯʠ ʠ ʦʙʨʘ-

ʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺʣʠʷʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʨʘʟʤʝʱʝʥʠʝ ʛʦʨ-

ʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʟʘʧʘʩʳ ʨʫʜ. ʅʘʣʠʯʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʠ ʦʙ-

ʰʠʨʥʳʤʠ ʟʘʧʘʩʘʤʠ ʨʫʜʳ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ. ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʣʝʟ-

ʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʥʚʝʩʪʦʨʦʚ ʠ ʢʦʤʧʘʥʠʡ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʝʛʠʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʜʦʩʪʫʧ-

ʥʦʩʪʴ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʢʣʘʜʢʠ ʠʣʠ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ. 

ʂʘʯʝʩʪʚʦ ʨʫʜʳ. ʂʘʯʝʩʪʚʦ ʜʦʙʳʚʘʝʤʦʡ ʨʫʜʳ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠ ʢʦʥʝʯʥʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. ɻʦʨʥʦʨʫʜʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʯʘʩʪʦ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʠʥʝʨʘʣʦʚ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. ɼʦʩʪʫʧʥʦʩʪʴ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʛʦʨ-

ʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʈʝʛʠʦʥʳ ʩ ʦʙʰʠʨʥʳʤʠ ʟʘʧʘʩʘʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʪʘ-

ʢʠʭ ʢʘʢ ʫʛʦʣʴ, ʛʘʟ ʠʣʠ ʛʠʜʨʦʵʥʝʨʛʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʛʦʨ-

ʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ɺʦʜʘ ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʝʪʠ. ʅʘʣʠʯʠʝ ʚʦʜʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʫʜʳ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ 

ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʩʳʨʴʷ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʪʘʢʞʝ ʚʘʞʥʳ. ʈʝʛʠʦʥʳ ʩ ʜʦʩʪʫʧʥʦʩʪʴʶ ʚʦʜʳ ʠ 

ʭʦʨʦʰʦ ʨʘʟʚʠʪʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʛʦʨ-

ʥʦʨʫʜʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʅʝʢʦʪʦʨʳʝ ʨʝʛʠʦʥʳ ʤʦʛʫʪ ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʮʝʥʥʳʤʠ 

ʜʣʷ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʟ-ʟʘ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺʥʠʤʘʥʠʝ ʢ ʩʦ-

ʙʣʶʜʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʤʝʪʦʜʦʚ ʜʦʙʳʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʨʫʜʳ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤʠ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ. ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʨʝʛʠʦʥʘ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʩʪʦʠʤʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʣʦʛʠʩʪʠʢʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʜʦ-

ʙʳʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʨʫʜʳ. ʅʘʧʨʠʤʝʨ, ʩʝʟʦʥʥʦʩʪʴ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ 

ʪʨʝʙʦʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʇʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʛʦʨ-

ʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʦʥʢʨʝʪʥʦʤ ʨʝʛʠʦʥʝ. ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʘʩʧʝʢʪʦʚ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʵʪʦʡ ʦʪʨʘʩʣʠ ʠ ʨʝʛʠʦʥʘ ʚ ʮʝʣʦʤ. 
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ʈʘʟʤʝʱʝʥʠʝ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ ʯʘʩʪʦ ʩʦʧʨʷʞʝʥʦ ʩ ʨʘʟʣʠʯ-

ʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʩʦʮʠʘʣʴʥʳʝ ʢʦʥʬʣʠʢʪʳ, ʠ ʥʝʩʪʘʙʠʣʴ-

ʥʦʩʪʴ ʨʳʥʢʘ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ 

ʩʪʨʘʪʝʛʠʡ. ʂ ʚʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʷʤ ʵʪʠʭ ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɺʥʝʜʨʝʥʠʝ ʯʠʩʪʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʜʦʙʳʯʠ, ʢʦ-

ʪʦʨʳʝ ʤʠʥʠʤʠʟʠʨʫʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʦʙʣʶʜʝʥʠʝ ʩʪʨʦʛʠʭ ʩʪʘʥʜʘʨʪʦʚ 

ʠ ʥʦʨʤʘʪʠʚʦʚ ʧʦ ʦʭʨʘʥʝ ʧʨʠʨʦʜʳ ʠ ʚʥʝʜʨʝʥʠʝ ʤʝʨ ʧʦ ʨʝʘʙʠʣʠʪʘʮʠʠ ʟʝʤʝʣʴ ʧʦʩʣʝ ʟʘʚʝʨʰʝ-

ʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɸʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʦʙʱʝ-

ʩʪʚʝʥʥʦʩʪʴʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʡ. 

ʉʦʮʠʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʉʦʟʜʘʥʠʝ ʧʘʨʪʥʝʨʩʪʚ ʩ ʤʝʩʪʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ, ʚʢʣʶʯʘʷ 

ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʫʯʘʩʪʠʝ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʤʝʱʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʨʝʜ-

ʧʨʠʷʪʠʡ. ʈʘʟʚʠʪʠʝ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʫʯʝʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ ʤʝʩʪ-

ʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʦʪʢʨʳʪʦʛʦ ʜʠʘʣʦʛʘ ʩ ʤʝʩʪ-

ʥʳʤʠ ʞʠʪʝʣʷʤʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʠʷʥʠʠ ʛʦʨʥʦʨʫʜʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʠʭ 

ʞʠʟʥʴ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʨʦʚʝʜʝʥʠʝ ʪʱʘʪʝʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʜʣʷ ʦʮʝʥʢʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ ʠ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦ-

ʩʪʠ. ɺʚʝʜʝʥʠʝ ʠʥʥʦʚʘʮʠʡ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠ ʤʝʩʪʥʳʤʠ ʚʣʘʩʪʷʤʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʥʘʣʦʛʦʚʳʭ ʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʠʥʚʝʩʪʠʮʠʡ. 

ɻʝʦʧʦʣʠʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɸʥʘʣʠʟ ʠ ʤʦʥʠʪʦʨʠʥʛ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ 

ʨʝʛʠʦʥʝ ʜʣʷ ʧʨʠʥʷʪʠʷ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʝʡ ʚ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʦʚ. ʈʘʟʚʠʪʠʝ ʩʪʨʘʪʝʛʠʡ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʧʦʩʪʘʚʦʢ ʠ ʨʘʩʰʠʨʝʥʠʝ ʨʳʥʢʦʚ ʩʙʳʪʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟ-

ʤʝʥʯʠʚʦʩʪʠ ʛʣʦʙʘʣʴʥʦʡ ʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝʛʨʘʮʠʷ. ʀʥʚʝʩʪʠʮʠʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʫ ʜʣʷ ʚʥʝʜʨʝ-

ʥʠʷ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʚʳʰʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʥʠʞʘʶʱʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ ʠ ʩʥʠʟʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʨʘʙʦʪʥʠʢʦʚ. 

ʋʯʘʩʪʠʝ ʛʦʩʫʜʘʨʩʪʚʘ. ɺʚʝʜʝʥʠʝ ʩʪʨʦʛʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʚʳʧʦʣʥʝ-

ʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʉʦʟʜʘʥʠʝ ʩʪʠʤʫʣʦʚ ʠ ʣʴʛʦʪ ʜʣʷ ʢʦʤʧʘʥʠʡ, 

ʩʦʙʣʶʜʘʶʱʠʭ ʚʳʩʦʢʠʝ ʩʪʘʥʜʘʨʪʳ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ. 

ʈʝʛʠʦʥʘʣʴʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʨʝʛʠʦ-

ʥʘʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʜʣʷ ʩʦʚʤʝʩʪʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʦʙʤʝʥʘ ʦʧʳʪʦʤ. ʉʦʜʝʡʩʪʚʠʝ ʚ ʩʦʟʜʘʥʠʠ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʩʥʠʞʘʷ ʦʙ-

ʱʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʠʟʜʝʨʞʢʠ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʨʘʟʤʝʱʝʥʠʷ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ ʪʨʝʙʫʝʪ 

ʛʘʨʤʦʥʠʠ ʤʝʞʜʫ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ, ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʩʦʮʠʘʣʴʥʳʤʠ ʠʥʪʝʨʝʩʘʤʠ. ɺʘʞʥʘ ʩʦʚ-

ʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʢʦʤʧʘʥʠʡ, ʛʦʩʫʜʘʨʩʪʚʘ, ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʚʟʘʠʤʦʚʳʛʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʤʝʱʝʥʠʝ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ, ʧʨʠʚʥʦʩʷ ʚ ʥʝʝ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ (ʨʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2. ɺʣʠʷʥʠʝ ʨʘʟʤʝʱʝʥʠʷ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʨʝʛʠʦʥʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʤʝʱʝʥʠʷ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ 

ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʨʝʛʠʦʥʘ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ: 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ. ɻʦʨʥʦʨʫʜʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʤʦʞʝʪ ʩʪʘʪʴ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʚ ʨʝʛʠʦʥʝ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝ-

ʤʳʭ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʳʨʫʯʢʠ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʦʙʱʠʡ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʨʝʛʠʦʥʘ. 

ʉʦʟʜʘʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ. ɻʦʨʥʦʨʫʜʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ 

ʨʘʙʦʪʥʠʢʦʚ, ʥʘʯʠʥʘʷ ʦʪ ʛʦʨʥʦʨʘʙʦʯʠʭ ʠ ʟʘʢʘʥʯʠʚʘʷ ʠʥʞʝʥʝʨʘʤʠ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʦ ʦʙʨʘ-

ʙʦʪʢʝ. ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʟʘʥʷʪʦʩʪʠ ʚ ʨʝ-

ʛʠʦʥʝ. 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʚʠʪʠʝ. ʈʘʟʤʝʱʝʥʠʝ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʠʤʫʣʠʨʫʝʪ 

ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʨʝʛʠʦʥʝ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʨʦʛ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʞʠ-

ʣʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ. 

ʇʨʠʪʦʢ ʠʥʚʝʩʪʠʮʠʡ. ʈʘʟʨʘʙʦʪʢʘ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʦʝʢʪʦʚ ʧʨʠʚʣʝʢʘʝʪ ʠʥʚʝʩʪʠʮʠʠ ʚ ʨʝ-

ʛʠʦʥ. ʕʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʪʨʘʥʩ-

ʧʦʨʪ, ʠ ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʩʬʝʨʳ. 

ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ: 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ɻʦʨʥʦʨʫʜʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʯʘʩʪʦ ʩʚʷʟʘʥʘ ʩ ʟʥʘʯʠ-

ʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʦʙʳʯʘ ʠ ʦʙʨʘʙʦʪʢʘ ʨʫʜʳ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ 

ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ, ʧʦʯʚʳ ʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦ-

ʙʣʝʤʘʤ. 

ʉʦʮʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɹʦʣʴʰʦʡ ʧʨʠʪʦʢ ʨʘʙʦʯʝʡ ʩʠʣʳ ʠ ʠʟʤʝʥʝʥʠʷ ʚ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʝ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʩʦʮʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚʢʣʶʯʘʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʥʘʩʝʣʝʥʠʷ ʠ ʩʦʮʠ-

ʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. 

ʎʠʢʣʠʯʥʦʩʪʴ ʨʳʥʢʘ. ɻʦʨʥʦʨʫʜʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʦʜʚʝʨʞʝʥʘ ʮʠʢʣʠʯʥʦʩʪʠ 

ʨʳʥʢʘ. ʉʧʨʦʩ ʠ ʮʝʥʳ ʥʘ ʨʫʜʫ ʤʦʛʫʪ ʩʠʣʴʥʦ ʢʦʣʝʙʘʪʴʩʷ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʜʦʭʦʜʥʦʩʪʴ ʧʨʝʜʧʨʠ-

ʷʪʠʡ ʠ ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʛʠʦʥʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʤʠʨʦʚʳʭ ʨʳʥʢʦʚ. ʈʘʟʚʠʪʠʝ ʛʦʨʥʦʨʫʜʥʦʡ ʦʪʨʘʩʣʠ ʯʘʩʪʦ ʟʘʚʠʩʠʪ ʦʪ 

ʤʠʨʦʚʳʭ ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʡ. ʀʟʤʝʥʝʥʠʷ ʚ ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʝ ʠ ʩʳʨʴʝʚʳʭ ʨʳʥʢʘʭ ʤʦʛʫʪ 

ʩʠʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʵʢʦʥʦʤʠʢʫ ʨʝʛʠʦʥʘ. 
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ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʝʩʫʨʩʦʚ. ɼʦʣʛʦʩʨʦʯʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ʀʩʯʝʨʧʘʥʠʝ ʟʘʧʘʩʦʚ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʪʨʫʜʥʦʩʪʷʤ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʘʩʧʝʢʪʦʚ, ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʙʘʣʘʥʩʠʨʦʚʢʫ ʠʥʪʝʨʝʩʦʚ, 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʪʨʘʪʝʛʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʚʥʝʜʨʷʪʴ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʯʠʪʳ-

ʚʘʪʴ ʩʦʮʠʘʣʴʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʘʟʤʝ-

ʱʝʥʠʠ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʨʝʛʠʦʥʝ.  
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ʋʇʈɸɺʃɽʅʀɽ ʏɽʃʆɺɽʏɽʉʂʀʄʀ ʈɽʉʋʈʉɸʄʀ ɻʆʈʅʓʍ ʇʈɽɼʇʈʀʗʊʀʁ 

 
ʍɸɼɾʀɹɸɽɺɸ ʄ. ʄ. 

 

ɻʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʏʢʘʣʦʚʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʫʧʨʘʚʣʝʥʠʶ ʯʝʣʦʚʝ-

ʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ, 

ʷʚʣʷʶʱʠʝʩʷ ʚʘʞʥʳʤʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ʆʪʤʝʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʘ 

ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ ʥʘ 

ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʝʣʦʚʝʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʫʧʨʘʚʣʝʥʠʝ, ʛʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 

HUMAN RESOURCE MANAGEMENT IN MINING ENTERPRISES  

 
KHADZHIBAEVA M.  M. 

 

Mining-metallurgical institute of Tajikistan, Chkalovsk 

 

Abstract. This article discusses issues related to human resource management of mining 

enterprises. Some issues that are important for human resource management in mining enterprises 

are given. The features of human resource management at mining enterprises are noted, as well as 

various mechanisms used for effective personnel management at mining enterprises. 
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ʏʝʣʦʚʝʯʝʩʢʠʡ ʢʘʧʠʪʘʣ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʘʢʪʦʨʦʤ ʠ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʟʚʠʪʠʷ 

ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ. ʋʧʨʘʚʣʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ ʚ ʛʦʨ-

ʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʨʘʟʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʨʷʜʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʭ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʘʥʳ, ʧʦʚʳʰʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙ-

ʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ 

ʥʘʩʝʣʝʥʠʷ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨ-

ʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʤʧʦʚ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 

ʋʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ð ʵʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʚ ʦʨʛʘʥʠʟʘ-

ʮʠʠ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʝʡ ʙʠʟʥʝʩʘ. ʂ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʘʤ ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ʈʝʢʨʫʪʠʥʛ ʠ ʥʘʡʤ: ʇʨʦʮʝʩʩ ʧʨʠʚʣʝʯʝʥʠʷ, ʧʨʠʚʣʝʯʝʥʠʷ ʠ ʥʘʡʤʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʟʘʥʷʪʦʩʪʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʚʘʢʘʥʩʠʡ, ʧʨʦʚʝ-

ʜʝʥʠʝ ʠʥʪʝʨʚʴʶ, ʦʮʝʥʢʫ ʢʘʥʜʠʜʘʪʦʚ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʦ ʧʨʠʝʤʝ ʥʘ ʨʘʙʦʪʫ. 

ʆʙʫʯʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ: ʆʙʝʩʧʝʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʥʝʦʙʭʦʜʠʤʳʤʠ ʥʘʚʳʢʘʤʠ, ʟʥʘʥʠ-

ʷʤʠ ʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʦʨʛʘʥʠʟʘʮʠʶ 

ʪʨʝʥʠʥʛʦʚ, ʩʝʤʠʥʘʨʦʚ, ʢʫʨʩʦʚ ʦʙʫʯʝʥʠʷ, ʧʨʦʛʨʘʤʤ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʠ ʪ.ʜ. 
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ʆʮʝʥʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ: ʆʮʝʥʢʘ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ, ʫʩʪʘʥʦʚ-

ʣʝʥʠʝ ʮʝʣʝʡ ʠ ʦʞʠʜʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘ-

ʪʦʚ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʝʞʝʛʦʜʥʳʝ ʦʙʟʦʨʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 360-ʛʨʘʜʫʩʥʫʶ ʦʙ-

ʨʘʪʥʫʶ ʩʚʷʟʴ, ʨʘʟʨʘʙʦʪʢʫ ʧʣʘʥʦʚ ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʪ.ʜ. 

ʄʦʪʠʚʘʮʠʷ ʠ ʧʦʦʱʨʝʥʠʝ: ʉʦʟʜʘʥʠʝ ʩʪʠʤʫʣʦʚ ʜʣʷ ʤʦʪʠʚʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʢ ʜʦʩʪʠ-

ʞʝʥʠʶ ʚʳʩʦʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʠʝ ʙʦʥʫʩʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʨʝʤʠʠ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʨʴʝʨʥʦʛʦ ʨʦʩʪʘ, ʧʨʠʟʥʘʥʠʝ ʜʦʩʪʠʞʝʥʠʡ ʠ ʜʨʫʛʠʝ ʤʝʨʳ. 

ʋʧʨʘʚʣʝʥʠʝ ʦʪʥʦʰʝʥʠʷʤʠ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ: ʈʘʙʦʪʘ ʩ ʢʦʥʬʣʠʢʪʘʤʠ, ʧʨʦʙʣʝʤʘʤʠ ʠ 

ʞʘʣʦʙʘʤʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʧʦʜʜʝʨʞʢʘ ʭʦʨʦʰʠʭ ʦʪʥʦʰʝʥʠʡ ʚ ʢʦʣʣʝʢʪʠʚʝ ʠ ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠ-

ʷʪʥʦʡ ʨʘʙʦʯʝʡ ʘʪʤʦʩʬʝʨʳ. 

ʋʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤʠ: ʇʦʜʛʦʪʦʚʢʘ ʠ ʧʦʜʜʝʨʞʢʘ ʩʦʪʨʫʜʥʠʢʦʚ ʚʦ ʚʨʝʤʷ ʠʟʤʝʥʝ-

ʥʠʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʪʘʢʠʭ ʢʘʢ ʨʝʦʨʛʘʥʠʟʘʮʠʠ, ʩʣʠʷʥʠʷ, ʘʢʚʠʟʠʮʠʠ ʠʣʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʠ ʧʨʦʮʝʩʩʦʚ. 

ʋʧʨʘʚʣʝʥʠʝ ʨʘʟʜʝʣʝʥʠʝʤ ʠ ʦʧʣʘʪʦʡ ʪʨʫʜʘ: ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʠ ʚʦʟ-

ʥʘʛʨʘʞʜʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʙʝʥʝʬʠʪʘʤʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʙʣʶʜʝʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ 

ʚ ʦʙʣʘʩʪʠ ʪʨʫʜʘ ʠ ʟʘʨʧʣʘʪ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʜʦʩʪʠ-

ʞʝʥʠʠ ʮʝʣʝʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʣʠʯʠʝ ʠ ʨʘʟʚʠʪʠʝ ʪʘʣʘʥʪʣʠʚʳʭ ʠ ʤʦʪʠʚʠʨʦʚʘʥʥʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ. 

ʋʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʤʝʝʪ ʩʚʦʠ ʩʧʝʮʠ-

ʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʫʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ, ʦʧʘʩʥʦ-

ʩʪʠ ʠ ʪʷʞʝʩʪʴ ʪʨʫʜʘ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʘʞʥʳʤʠ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ: 

ʂʘʢʠʝ ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʥʠʤʘʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʟʜʦʨʦʚʴʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪ-

ʥʠʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʥʳʭ ʨʘʙʦʪ? 

ʂʘʢʠʝ ʧʨʦʛʨʘʤʤʳ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ? 

ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʡʤ ʠ ʦʪʙʦʨ ʧʝʨʩʦʥʘʣʘ, ʫʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ ʨʘ-

ʙʦʪʳ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ? 

ʂʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʪʠʚʘʮʠʠ ʠ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʜʝʨʞʘʥʠʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ? 

ʂʘʢʠʝ ʧʨʦʛʨʘʤʤʳ ʟʘʙʦʪʳ ʦ ʟʜʦʨʦʚʴʝ ʠ ʙʣʘʛʦʧʦʣʫʯʠʠ ʨʘʙʦʪʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʝʜʦ-

ʩʪʘʚʣʷʶʪʩʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʚʷʟʠ ʩ ʪʷʞʝʣʳʤ ʪʨʫʜʦʤ ʠ ʚʦʟʤʦʞʥʳʤʠ ʪʨʘʚʤʘʤʠ? 

ʂʘʢ ʫʧʨʘʚʣʷʝʪʩʷ ʧʝʨʩʦʥʘʣ ʚ ʫʩʣʦʚʠʷʭ ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʦʙʲʝʤʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʨʳʥʢʘ ʠʣʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ? 

ʂʘʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʢʦʥʬʣʠʢʪʘʤʠ ʩʨʝʜʠ ʧʝʨʩʦʥʘʣʘ, 

ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʪʷʞʝʣʳʭ ʠ ʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ? 

ʂʘʢʠʝ ʤʝʨʳ ʧʨʠʥʠʤʘʶʪʩʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʣʠʜʝʨʩʢʠʭ ʢʘʯʝʩʪʚ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʧʦʪʝʥ-

ʮʠʘʣʘ ʩʨʝʜʠ ʧʝʨʩʦʥʘʣʘ, ʦʩʦʙʝʥʥʦ ʩ ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ 

ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ? 

ʂʘʢʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʪʨʫʜʘ? 

ʂʘʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʤʥʦʛʦʥʘʮʠʦʥʘʣʴʥʳʤ ʧʝʨʩʦʥʘʣʦʤ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʷʭ, ʫʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʳʝ ʢʫʣʴʪʫʨʥʳʝ ʨʘʟʣʠʯʠʷ ʠ ʷʟʳʢʦʚʳʝ ʙʘʨʴʝʨʳ? 

ʕʪʠ ʚʦʧʨʦʩʳ ʧʦʤʦʛʘʶʪ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʫʧʨʘʚʣʷʶʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝ-

ʩʫʨʩʘʤʠ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʢʘʢʠʝ ʤʦʛʫʪ ʙʳʪʴ ʫʣʫʯʰʝʥʠʷ ʚ ʵʪʦʡ ʩʬʝʨʝ. 

ʋʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ (HR) ʚ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʠʟ-ʟʘ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ ʚ ʵʪʦʡ ʦʪʨʘʩʣʠ, ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʩʚʷʟʘʥʘ ʩ ʪʷʞʝʣʳʤ ʬʠʟʠ-

ʯʝʩʢʠʤ ʪʨʫʜʦʤ, ʦʧʘʩʥʦʩʪʷʤʠ ʠ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʂʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ 

ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʷʭ ʚʢʣʶʯʘʶʪ: 

ɹʝʟʦʧʘʩʥʦʩʪʴ: ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʩʧʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʨʘʙʦʪʥʠʢʦʚ. HR-ʦʪʜʝʣʳ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʜʦʣʞʥʳ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʩʪʨʦʛʠʝ 
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ʧʨʦʮʝʜʫʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʴ 

ʘʫʜʠʪʳ ʠ ʧʨʦʚʝʨʢʠ ʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ. 

ʊʨʫʜʦʚʘʷ ʤʦʪʠʚʘʮʠʷ: ʀʟ-ʟʘ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʚ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʘʞʥʦ 

ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʳ ʤʦʪʠʚʘʮʠʠ ʠ ʧʦʦʱʨʝʥʠʷ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʙʦ-

ʥʫʩʳ ʟʘ ʙʝʟʘʚʘʨʠʡʥʫʶ ʨʘʙʦʪʫ, ʧʨʝʤʠʠ ʟʘ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʜʨʫʛʠʝ 

ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʤʝʨʳ. 

ʆʙʫʯʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ: ɻʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʣʞʥʳ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʦʙʫʯʝʥʠʝ ʠ ʨʘʟ-

ʚʠʪʠʝ ʩʚʦʠʭ ʩʦʪʨʫʜʥʠʢʦʚ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʦʙʫʯʝʥʠʝ ʥʦʚʠʯʢʦʚ, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤʳ 

ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʜʣʷ ʦʧʳʪʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣ-

ʥʷʪʴ ʩʚʦʶ ʨʘʙʦʪʫ ʠ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʤʝʪʦʜʘʤ. 

ʈʘʙʦʪʘ ʩ ʧʝʨʩʦʥʘʣʦʤ: HR-ʦʪʜʝʣʳ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʜʦʣʞʥʳ ʘʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ 

ʧʝʨʩʦʥʘʣʦʤ, ʟʘʥʠʤʘʪʴʩʷ ʥʘʡʤʦʤ ʠ ʫʚʦʣʴʥʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʨʝʰʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʢʦʥʬʣʠʢʪʳ 

ʠ ʧʨʦʙʣʝʤʳ ʚ ʢʦʣʣʝʢʪʠʚʝ. 

ɿʜʦʨʦʚʴʝ ʠ ʙʣʘʛʦʧʦʣʫʯʠʝ: ʇʦʤʠʤʦ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʘʞʥʦ ʪʘʢʞʝ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ 

ʟʜʦʨʦʚʴʶ ʠ ʙʣʘʛʦʧʦʣʫʯʠʶ ʨʘʙʦʪʥʠʢʦʚ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʧʨʦʛʨʘʤʤʳ ʧʦ ʦʟʜʦʨʦʚʣʝʥʠʶ, 

ʤʝʜʠʮʠʥʩʢʠʝ ʦʩʤʦʪʨʳ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʜʨʫʛʠʝ ʤʝʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʜ-

ʜʝʨʞʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʧʩʠʭʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʉʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ: HR-ʦʪʜʝʣʳ ʜʦʣʞʥʳ ʩʪʨʦʛʦ ʩʦʙʣʶʜʘʪʴ ʚʩʝ ʪʨʝʙʦʚʘ-

ʥʠʷ ʪʨʫʜʦʚʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʚʢʣʶʯʘʷ ʥʦʨʤʳ ʧʦ ʦʧʣʘʪʝ ʪʨʫʜʘ, ʨʘʙʦʯʝʤʫ ʚʨʝʤʝʥʠ, ʦʪ-

ʧʫʩʢʘʤ ʠ ʜʨʫʛʠʤ ʘʩʧʝʢʪʘʤ. 

ʋʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠ-

ʤʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʜʦʨʦʚʴʶ ʨʘʙʦʪʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʤʦʪʠʚʘʮʠʠ ʠ 

ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ. 

ʋʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ. 

ʉʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʙʫʯʝʥʠʷ: ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʦʙʫʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʘʚʠʣʘʤ ʠ ʧʨʦʮʝʜʫʨʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʚʝʜʝʥʠʝ ʦʙʫʯʘʶʱʠʭ ʢʫʨʩʦʚ, 

ʪʨʝʥʠʥʛʦʚ, ʩʠʤʫʣʷʮʠʡ ʠ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʠʩʪʝʤʳ ʤʦʪʠʚʘʮʠʠ ʠ ʧʦʦʱʨʝʥʠʷ: ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʤʦʪʠʚʘʮʠʠ ʠ ʧʦʦʱʨʝʥʠʷ, ʢʦʪʦ-

ʨʳʝ ʩʪʠʤʫʣʠʨʫʶʪ ʩʦʪʨʫʜʥʠʢʦʚ ʢ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʦʙʣʶʜʝʥʠʶ ʩʪʘʥʜʘʨʪʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʙʦʥʫʩʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʧʨʝʤʠʠ, ʧʦʦʱʨʝʥʠʷ ʟʘ ʙʝʟ-

ʘʚʘʨʠʡʥʫʶ ʨʘʙʦʪʫ ʠ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʠʩʪʝʤʳ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʠʤ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʝʞʝʛʦʜʥʳʝ ʦʙʟʦʨʳ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʮʝʣʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ. 

ʉʠʩʪʝʤʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ: ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʢʦʤ-

ʤʫʥʠʢʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʪʢʨʳʪʳʡ ʠ ʧʨʦʟʨʘʯʥʳʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʨʫ-

ʢʦʚʦʜʩʪʚʦʤ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʨʝʛʫʣʷʨʥʳʝ ʩʦʙʨʘʥʠʷ, ʦʧʨʦʩʳ ʫʜʦ-

ʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʦʪʢʨʳʪʳʝ ʜʚʝʨʠ ʜʣʷ ʦʙʨʘʱʝʥʠʡ ʠ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ. 

ʉʠʩʪʝʤʳ ʨʘʟʚʠʪʠʷ ʢʘʨʴʝʨʳ ʠ ʦʙʫʯʝʥʠʷ: ʇʨʦʚʝʜʝʥʠʝ ʧʨʦʛʨʘʤʤ ʨʘʟʚʠʪʠʷ ʢʘʨʴʝʨʳ ʠ 

ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʠʤ ʨʘʟʚʠʚʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʥʘʚʳʢʠ ʠ 

ʢʘʨʴʝʨʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ. ʕʪʦ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʧʨʦʛʨʘʤʤʳ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ, ʦʙʫʯʝʥʠʝ 

ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʤʝʪʦʜʘʤ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʧʦ ʩʣʫʞʙʝ. 

ʋʧʨʘʚʣʝʥʠʝ ʨʘʟʜʝʣʝʥʠʝʤ ʠ ʦʧʣʘʪʦʡ ʪʨʫʜʘ: ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤ 

ʚʨʝʤʝʥʝʤ, ʦʧʣʘʪʦʡ ʪʨʫʜʘ ʠ ʜʨʫʛʠʤʠ ʘʩʧʝʢʪʘʤʠ ʪʨʫʜʦʚʳʭ ʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʩʦʙʣʶʜʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦʪʨʝʙʥʦʩʪʠ ʢʘʢ ʩʦʪʨʫʜʥʠʢʦʚ, ʪʘʢ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ. 
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ʋʧʨʘʚʣʝʥʠʝ ʢʦʥʬʣʠʢʪʘʤʠ ʠ ʧʨʦʙʣʝʤʘʤʠ: ʈʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥ-

ʬʣʠʢʪʘʤʠ ʠ ʧʨʦʙʣʝʤʘʤʠ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʨʝ-

ʰʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʩʧʦʨʳ ʠ ʧʨʦʙʣʝʤʳ ʤʝʞʜʫ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠʣʠ ʤʝʞʜʫ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠ ʨʫ-

ʢʦʚʦʜʩʪʚʦʤ. 

ʕʪʠ ʤʝʭʘʥʠʟʤʳ ʧʦʤʦʛʘʶʪ ʛʦʨʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʯʝʣʦʚʝʯʝ-

ʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʤʦʪʠʚʘʮʠʶ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʦ-

ʪʨʫʜʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ ʙʠʟʥʝʩʘ. 
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ʍʋʉʅʋʃʃʀʅ ɼ. ʈ. 

 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ. ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʩʦ-

ʯʝʪʘʥʠʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʳʭ ʛʝʦʨʝʩʫʨʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʥʝ ʪʦʣʴʢʦ ʨʘʩʰʠʨʠʪʴ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʫʶ ʙʘʟʫ,ʥʦ ʠ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʨʝʩʫʨʩʳ, ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʤʠ ʛʝʦʨʝʩʫʨʩʘʤʠ, ʫʪʠʣʠʟʘʮʠʷ, ʨʘʟʨʘ-

ʙʦʪʢʘ ʛʦʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʚʦʧʨʦʩʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʩʠʩʪʝʤ ʧʨʠ ʦʩʚʦʝʥʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ,  ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʛʥʦʟʘ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʨʝʩʫʨʩʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʠʥʮʠʧʳ ʠ ʦʙʦʩ-

ʥʦʚʘʥʘ ʧʦʩʪʘʥʦʚʢʘ ʥʦʚʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʩʠʩʪʝʤ ʠ ʵʪʘʧʦʚ ʠʭ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʧʨʠʨʦʜʥʦʡ ʛʝʦʩʠʩʪʝʤʦʡ ʜʣʷ ʚʳʙʦʨʘ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʳʭ ʛʝʦʪʝʭʥʦʣʦʛʠʡ ʦʩʚʦʝʥʠʷ ʤʦʱʥʳʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʪʠʧʦʚ; ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʠ ʩʬʦʨʤʠʨʦʚʘʥ ʙʘʥʢ ʜʘʥʥʳʭ ʧʦ ʦʩʚʦʝʥʠʶ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʛʝʦʩʠʩʪʝʤʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʦ ʩʦʟʜʘʚʘʝʤʳʤʠ ʥʘ ʦʩ-

ʥʦʚʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʙʦʨʢʠ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 

ʛʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [2].   

ʂʘʢ ʦʪʤʝʯʘʝʪ ʚ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʊ.ʇ. ʇʣʝʩʦʚʩʢʠʭ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʦʝ 

ʦʩʚʦʝʥʠʝ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʧʦ-

ʩʦʙʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʦʪʭʦʜʦʚ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʚʠʜʝ ʦʪʚʘʣʦʚ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʨʫʜ ʠ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ, ʚʳʨʘʙʦʪʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʦʪʩʝʚʦʚ ʨʘʜʠʦʤʝʪ-

ʨʠʯʝʩʢʦʡ ʩʝʧʘʨʘʮʠʠ [3]. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʤʠ ʛʝʦʨʝʩʫʨ-

ʩʘʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʦʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʊ.ʇ. ʇʣʝʩʦʚʩʢʠʭ ʚʳʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ: ʧʦʣʝʟ-
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ʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ (ʫʪʠʣʠʟʘʮʠʷ) ʪʝʭʥʦʛʝʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʨʝ-

ʩʫʨʩʦʚ ʠ ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʊ.ʇ. ʇʣʝʩʦʚʩʢʠʭ ʦʪʤʝ-

ʯʘʝʪ, ʯʪʦ çʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʥʮʠʧʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʛʦʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʪʨʘʙʦʪʢʫ ʪʦʣʴʢʦ ʧʨʠʨʦʜʥʳʭ ʛʝʦʨʝʩʫʨʩʦʚ ʩ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʩʢʣʘʜʠʨʫʝʤʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʚʷʟʠ ʩ ʧʝʨʝʩʤʦʪʨʦʤ ʢʦʥʜʠʮʠʡ ʥʘ ʤʠ-

ʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ ʟʘʪʨʫʜʥʷʶʪ ʧʦʩʣʝʜʫʶʱʫʶ ʨʘʟʨʘʙʦʪʢʫ ʟʘʧʘʩʦʚ; ʘ ʙʣʠʟʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʛʦʨʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʢ ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʭʚʘʪʢʫ ʟʝʤʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ 

ʧʦʜ ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʚʥʦʚʴ ʦʙʨʘʟʫʶʱʠʭ ʦʪʭʦʜʦʚè.   

ʈʷʜ ʘʚʪʦʨʦʚ ʧʨʝʜʣʘʛʘʝʪ ʪʝʭʥʦʛʝʥʥʳʝ ʛʝʦʨʝʩʫʨʩʳ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 1) ʛʝʦʨʝ-

ʩʫʨʩʳ ʫʪʠʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʤ ʫʨʦʚʥʝ ʨʘʟʚʠ-

ʪʠʷ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ; 2) ʪʝʭʥʦʛʝʥʥʳʝ ʛʝʦʨʝʩʫʨʩʳ, ʫʪʠʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ, ʥʦ ʚ ʙʫʜʫʱʝʤ ʠʭ ʤʦʞʥʦ ʙʫʜʝʪ ʚʦʚʣʝʯʴ ʚ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ 

[3,4,5,6]. ɺ ʮʝʣʦʤ, ʫʪʠʣʠʟʘʮʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʨʝʩʫʨʩʦʚ ʢʘʢ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʜʦʙʳʯʠ ʧʦʣʝʟ-

ʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʵʬʬʝʢʪʠʚʥʘ. ʆʜʥʘʢʦ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ 

ʫʛʣʫʙʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʛʝʦʨʝʩʫʨʩʦʚ, ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ 

ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ.  

ʄʳ ʨʘʟʜʝʣʷʝʤ ʪʦʯʢʫ ʟʨʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦ ʪʦʤ, ʯʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴ-

ʝʚʫʶ ʙʘʟʫ, ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  

ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʤʠ ʛʝʦʨʝʩʫʨʩʘʤʠ ʩʢʣʘ-

ʜʳʚʘʶʪʩʷ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʩʧʦʩʦʙʝ ʨʘʟʨʘʙʦʪʢʠ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʫʪʠʣʠʟʠʨʦʚʘʪʴ 

ʪʝʭʥʦʛʝʥʥʦʝ ʩʳʨʴʝ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʢʘʨʴʝʨʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʠ-

ʤʝʥʝʥʠʠ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʩ ʟʘʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʦʙʝʩʧʝʯʠʪ ʨʘʩʰʠʨʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʛʦʨʥʦʜʦ-

ʙʳʚʘʶʱʠʭ ʨʝʛʠʦʥʦʚ, ʩ ʜʨʫʛʦʡ ï ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.      ʊʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʣʴʥʦ 

ʧʝʨʝʤʝʰʘʥʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘʥʦ-ʟʝʨʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʘʢʦʧʣʝʥʦ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ 

ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʙʦʣʴʰʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʳʛʦʜʳ ʠ ʚʘʞʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʙʣʝʤ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʨʝʩʫʨʩʦʚ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʭʨʘʥʝʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʠ, ʫʪʠʣʠʟʘʮʠʠ ʠʣʠ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʣʝ 

ʥʘʜʣʝʞʘʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʘʠʙʦʣʴʰʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʝʭʥʦ-

ʣʦʛʠʠ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʛʝʦʨʝʩʫʨʩʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʦʜʨʦʙʥʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʫʯʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʇʣʝʩʦʚʩʢʠʭ ʊ.ʇ. ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʦ-

ʮʝʩʩʘʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʳʭ ʛʝʦʨʝʩʫʨʩʦʚ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʤʠʥʝ-

ʨʘʣʴʥʦ-ʩʳʨʴʝʚʫʶ ʙʘʟʫ, ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʣʦʛʠʯʝ-

ʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦ ʦʩʚʦʝʥʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝ-

ʤʳʭ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʛʝʥʥʳʤʠ ʛʝʦʨʝʩʫʨʩʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ [1]. 
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