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ʇʨʝʜʩʝʜʘʪʝʣʴ:  

ɺʘʣʠʝʚ ʅ. ɻ. ï ʟʘʚ. ʢʘʬʝʜʨʦʡ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋɻɻʋ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʦʧʨʝʜʩʝʜʘʪʝʣʠ:  

ʉʦʢʦʣʦʚ ʀ. ɺ. ï ʜʠʨʝʢʪʦʨ ʀɻɼ ʋʨʆ ʈɸʅ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ʃʝʣʴ ʖ. ʀ. ï ʟʘʚ. ʢʘʬ. ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ ʋɻɻʋ,  

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʇʨʦʧʧ ɺ. ɼ. ï ʟʘʤ. ʟʘʚ. ʢʘʬ. ʛʦʨʥʦʛʦ ʜʝʣʘ ʋɻɻʋ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʦʣʢʦʚ ʄ. ʅ. ï ʟʘʚ. ʢʘʬ. ʰʘʭʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʋɻɻʋ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʜʝʢʘʥ ʛʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʆʨʛʢʦʤʠʪʝʪ:  

ɼʝʤʠʥ ɺ. ʌ. ï ʧʨʦʬ. ʢʘʬ. çʈʘʟʨʘʙʦʪʢʘ ʄʇʀè ʂʘʨɻʊʋ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ),  

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ  

ɿʘʚʦʨʥʠʮʳʥ ɺ. ɺ. ï ʥʘʯʘʣʴʥʠʢ ʋʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʠʥʚʝʩʪ. ʧʨʦʝʢʪʦʚ 

ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʆɸʆ çʋɻʄʂè 

ʅʘʙʠʫʣʣʠʥ ʌ. ʄ. ï ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʆʆʆ çɹʝʨʝʟʦʚʩʢʠʡ ʨʫʜʥʠʢè 

ɾʵʵʥʘʣʠʝʚ ʄ. ʉ. ï ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʆʆʆ çʂʫʨʘʥʜʳ ɼʝʚʝʣʦʧʠʥʛè 

(ʂʠʨʛʠʟʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ) 

ʂʦʣʝʩʥʠʢʦʚ ɸ. ɸ. ï ʛʣʘʚʥʳʡ ʠʥʞʝʥʝʨ ɸʆ çʉʠʙʠʨʴ-ʇʦʣʠʤʝʪʘʣʣʳè 

ʉʘʣʘʭʠʝʚ ʈ. ɻ. ï ʛʣʘʚʥʳʡ ʠʥʞʝʥʝʨ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè 

ɿʜʦʨʦʚʝʮ ʀ. ʃ. ï ʛʣʘʚʥʳʡ ʠʥʞʝʥʝʨ ʘʨʪʝʣʠ ʩʪʘʨʘʪʝʣʝʡ çʅʝʡʚʘè 

ɸʨʝʬʴʝʚ ʉ. ɸ. ï ʜʦʮ. ʢʘʬʝʜʨʳ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋɻɻʋ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʇʝʯʘʪʘʝʪʩʷ ʧʦ ʨʝʰʝʥʠʶ ʈʝʜʘʢʮʠʦʥʥʦ-ʠʟʜʘʪʝʣʴʩʢʦʛʦ ʩʦʚʝʪʘ ʋʨʘʣʴʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʆʨʛʢʦʤʠʪʝʪ ʥʝ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʩʦʜʝʨʞʘʥʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʕʪʘ ʢʥʠʛʘ ʠʣʠ ʝʝ ʯʘʩʪʴ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʚ ʣʶʙʦʡ ʬʦʨʤʝ ʙʝʟ ʧʠʩʴʤʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʠʟʜʘʪʝʣʝʡ 
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XI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʥʦʚʘʮʠʦʥʥʳʝ 

ʛʝʦʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʫʜʥʳʭ ʠ ʥʝʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡè, ʛ. 

ɽʢʘʪʝʨʠʥʙʫʨʛ, 7ï8 ʘʧʨʝʣʷ 2022 ʛ. (ʋʨʘʣʴʩʢʘʷ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʘʷ ʜʝʢʘʜʘ, ʛ. 

ɽʢʘʪʝʨʠʥʙʫʨʛ, 4ï13 ʘʧʨʝʣʷ 2022 ʛ.): ʩʙʦʨʥʠʢ ʜʦʢʣʘʜʦʚ / ʆʨʛʢʦʤʠʪʝʪ: ʅ. ɻ. ɺʘʣʠʝʚ (ʦʪʚ. 

ʟʘ ʚʳʧʫʩʢ) ʠ ʜʨ.; ʋʨʘʣ. ʛʦʩ. ʛʦʨʥʳʡ ʫʥ-ʪ. ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀʟʜ-ʚʦ ʋɻɻʋ, 2022. 158 ʩ.  

ɼʦʢʣʘʜʳ XI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʛʝʦʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʫʜʥʳʭ ʠ ʥʝʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡè ʚ 

ʨʘʤʢʘʭ ʋʨʘʣʴʩʢʦʡ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʢʘʜʳ ʚ ʋʨʘʣʴʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʛʦʨʥʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʦʩʚʷʱʝʥʳ ʦʙʩʫʞʜʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʙʣʝʤʘʤ ʥʘʫʢ ʦ ɿʝʤʣʝ, ʚʦʧʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʦʨʥʦʤ ʜʝʣʝ, ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʛʝʦʤʝʪʨʠʟʘʮʠʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ 

ʛʦʨʥʳʭ ʠʥʞʝʥʝʨʦʚ. 

ʇʫʙʣʠʢʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ, ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʫʟʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʦʛʨʘʤʤʳ 

ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʛʦʨʥʦʛʦ ʜʝʣʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

 

É ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2022  

É ɸʚʪʦʨʳ, ʧʦʩʪʘʪʝʡʥʦ, 2022 
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ʋʏɽʊ ɻɽʆʂʈʀʆʃʆɻʀʏɽʉʂʀʍ ʋʉʃʆɺʀʁ ʈɸɿʈɸɹʆʊʂʀ ɿʆʃʆʊʆʈʋɼʅʓʍ 

ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʇʈʀ ʆɹʆʉʅʆɺɸʅʀʀ ʇɸʈɸʄɽʊʈʆɺ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ʄɸʉʉʆɺʆɻʆ ʆɹʈʋʐɽʅʀʗ ʎɽʃʀʂʆɺ 

 

ʈʆɾʂʆɺ ɸ. ɸ., ɹɸʈɸʅʆɺʉʂʀʁ ʂ. ɺ., ɸʅʊʀʇʀʅ ʖ. ɻ., ʉʄʀʈʅʆɺ ɸ. ɸ.,  

ɼʔʗʏʂʆɺ ʇ. ʉ. 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʝʛʦ ʨʫʜʥʠʢʘ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʦʙʨʫʰʝʥʠʷ 

ʤʝʞʜʫʵʪʘʞʥʦʛʦ ʠ ʤʝʞʜʫʢʘʤʝʨʥʦʛʦ ʮʝʣʠʢʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʛʨʘʥʠʮ ʦʧʘʩʥʦʡ ʟʦʥʳ ʧʦ 

ʚʦʟʜʝʡʩʪʚʠʶ ʫʜʘʨʥʦʡ ʚʦʟʜʫʰʥʦʡ ʚʦʣʥʳ. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʟʜʫʰʥʦʡ ʚʦʣʥʳ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʤʝʩʪʘ ʤʘʩʩʦʚʦʛʦ ʚʟʨʳʚʘ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʝʜʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʦʣʠʪʦʟʦʥʳ ʠ ʦʪʩʫʪʩʪʚʠʷ ʢʨʝʧʣʝʥʠʷ ʛʦʨʥʳʭ 

ʚʳʨʘʙʦʪʦʢ, ʚ ʢʘʯʝʩʪʚʝ ʨʫʢʦʚʦʜʷʱʝʛʦ ʚʳʙʨʘʥʦ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʟʜʫʰʥʦʡ ʚʦʣʥʳ ʙʝʟ ʫʯʝʪʘ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʰʪʦʣʴʥʷ, ʮʝʣʠʢ, ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʤʘʩʩʦʚʦʝ ʦʙʨʫʰʝʥʠʝ, ʫʜʘʨʥʘʷ ʚʦʟʜʫʰʥʘʷ ʚʦʣʥʘ.  

 

CONSIDERATION OF THE GEOCRYOLOGICAL CONDITIONS OF THE GOLD 

DEPOSITS MINING IN SUBSTANTIATION OF THE SAFETY PARAMETERS OF 

MASS PILLARS CAVING  

 

ROZHKOV A. A., BARANOVSKY K. V., ANTIPIN Y. G., SMIRNOV A. A.,  

DYACHKOV P. S.  

Institute of Mining UB RAS  

 

Abstract. In the conditions of a gold mine for the massive collapse of the level and rib pillars, 

calculations were made of the boundaries of the hazardous zone by the impact of a shock air wave. 

The dependence of the overpressure at the front of the shock air wave on the distance from the place 

of the mass explosion has been established. Taking into account the fact that the mining of deposit is 

carried out in the conditions of the permafrost zone and the absence of support for mine workings, the 

calculated value of the excess pressure at the front of the shock air wave was chosen as the guideline, 

without taking into account local resistances.  

Keywords: gold deposit, tunnel, pillar, safety, mass caving, air shock wave.  

 

ɿʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɺʝʪʨʝʥʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʚʦʩʪʦʯʥʦʡ 

ʦʢʨʘʠʥʳ ɺʝʨʭʥʝ-ʂʦʣʳʤʩʢʦʛʦ ʥʘʛʦʨʴʷ, ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʨ. ʂʦʣʳʤʳ. ʊʝʨʨʠʪʦʨʠʷ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʦʥʝ ʩʧʣʦʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ 

(ʢʨʠʦʣʠʪʦʟʦʥʝ). ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʙʣʠʞʝʥʥʳʤʠ ʨʫʜʦʥʦʩʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ 

ʞʠʣʘʤʠ, ʟʘʣʝʛʘʶʱʠʤʠ ʚ ʩʣʘʥʮʘʭ. ɺʩʢʨʳʪʠʝ ʰʘʭʪʥʦʛʦ ʧʦʣʷ ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ 

ʰʪʦʣʴʥʝʚʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. ʈʫʜʥʳʝ ʪʝʣʘ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʘʭʦʜʠʚʰʠʝʩʷ ʚ 

ʦʪʨʘʙʦʪʢʝ, ʟʘʣʝʛʘʣʠ ʚʳʰʝ ʛʦʨʠʟʦʥʪʘ ʨʫʜʦʚʳʜʘʯʥʦʡ ʰʪʦʣʴʥʠ, ʧʨʦʡʜʝʥʥʦʡ ʚ ʦʩʥʦʚʘʥʠʠ 
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ʛʦʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʦʧʨʝʜʝʣʝʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʪʠʯʥʦ ʦʪʨʘʙʦʪʘʥʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʥʠʞʝ ʛʦʨʠʟʦʥʪʘ ʨʫʜʦʚʳʜʘʯʥʦʡ ʰʪʦʣʴʥʠ.  

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʫʜʥʦʛʦ ʪʝʣʘ çXè ʥʘʢʣʦʥʥʦʛʦ ʧʘʜʝʥʠʷ (35ï45Á) ʤʦʱʥʦʩʪʴʶ ʜʦ 7 ʤ 

ʨʘʥʝʝ ʙʳʣʘ ʦʪʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʦʡ ʧʦʜʵʪʘʞʥʦʛʦ ʦʙʨʫʰʝʥʠʷ. ɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ ʝʛʦ ʥʠʞʥʝʡ ʯʘʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʠʩʴ ï ʩʨʝʜʥʠʝ ʤʦʱʥʦʩʪʴ ʠ 

ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ʧʦʨʷʜʢʘ 4 ʤ ʠ 70Á, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʝʛʦ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʚ ʜʘʥʥʳʭ ʦʪʤʝʪʢʘʭ ʧʨʝʚʳʰʘʝʪ ʚʳʩʦʪʫ ʵʪʘʞʘ (50ï60 ʤ). ɺ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʩ ʫʯʝʪʦʤ ʧʨʦʛʥʦʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʧʘʩʦʚ ʜʘʥʥʦʛʦ ʨʫʜʥʦʛʦ ʪʝʣʘ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʝʨʝʡʪʠ ʥʘ ʝʛʦ ʦʪʨʘʙʦʪʢʫ ʩʠʩʪʝʤʦʡ ʧʦʜʵʪʘʞʥʳʭ ʰʪʨʝʢʦʚ [1ï4]. ɼʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʢʨʳʪʦʛʦ ʦʯʠʩʪʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʪʝʢʘʥʠʷ ʦʙʨʫʰʝʥʥʳʭ ʧʦʨʦʜ ʚʳʰʝʣʝʞʘʱʝʛʦ ʙʣʦʢʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʝʞʜʫʵʪʘʞʥʳʡ (ʄʕʎ) ʠ ʤʝʞʜʫʢʘʤʝʨʥʳʡ ʠʣʠ 

ʤʝʞʜʫʙʣʦʢʦʚʳʡ (ʄʂʎ ʠʣʠ ʄɹʎ) ʮʝʣʠʢʠ [5, 6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʚʷʟʠ ʩ ʥʦʚʳʤʠ ʜʣʷ 

ʨʫʜʥʠʢʘ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʙʝʟʦʧʘʩʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʜʘʣʴʥʝʡʰʝʛʦ ʤʘʩʩʦʚʦʛʦ ʦʙʨʫʰʝʥʠʷ ʜʘʥʥʳʭ ʮʝʣʠʢʦʚ, ʯʪʦ ʷʚʣʷʣʦʩʴ 

ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ.  

ʇʦʩʣʝ ʚʳʝʤʢʠ ʦʩʥʦʚʥʳʭ ʟʘʧʘʩʦʚ ʢʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʘʩʩʦʚʦʝ ʦʙʨʫʰʝʥʠʝ 

ʮʝʣʠʢʦʚ [7ï9]. ɼʣʷ ʦʙʫʨʠʚʘʥʠʷ ʄʕʎ ʧʨʦʭʦʜʠʪʩʷ ʧʦʜʵʪʘʞʥʳʡ ʧʦʣʝʚʦʡ ʰʪʨʝʢ ʩ 

ʙʫʨʦʚʳʤʠ ʢʘʤʝʨʘʤʠ ʧʦ ʬʣʘʥʛʘʤ. ʀʟ ʙʫʨʦʚʳʭ ʢʘʤʝʨ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʫʨʝʥʠʝ ʥʘʢʣʦʥʥʳʭ 

ʚʝʝʨʦʚ ʩʢʚʘʞʠʥ. ɿʘʧʘʩʳ ʄʂʎ (ʄɹʎ) ʨʘʟʙʫʨʠʚʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʢʘʤʝʨʥʳʤ ï ʚʝʝʨʘʤʠ 

ʚʦʩʭʦʜʷʱʠʭ ʩʢʚʘʞʠʥ (ʨʠʩ. 1) [10]. ɺʳʧʫʩʢ ʨʫʜʳ ʮʝʣʠʢʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʧʦʛʨʫʟʦʯʥʳʭ 

ʟʘʝʟʜʦʚ ʜʥʠʱʘ ʢʘʤʝʨʳ ʧʦʜ ʦʙʨʫʰʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ.  

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʟʙʫʨʠʚʘʥʠʷ ʄʕʎ ʠ ʄʂʎ  

 

ʆʩʥʦʚʥʳʤ ʧʦʨʘʞʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʣʶʜʝʡ ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʫʜʘʨʥʦʡ 

ʚʦʟʜʫʰʥʦʡ ʚʦʣʥʳ (ʋɺɺ) [11]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʌʝʜʝʨʘʣʴʥʳʤʠ 

ʥʦʨʤʘʤʠ ʠ ʧʨʘʚʠʣʘʤʠ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ çʇʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 
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ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʭʨʘʥʝʥʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ ʚʟʨʳʚʯʘʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷè (ʌʅʠʇ ˉ 494) ʠ çʇʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè (ʌʅʠʇ ˉ 505), ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʙʝʟʦʧʘʩʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʋɺɺ, ʠʩʢʣʶʯʘʶʱʠʭ ʪʨʘʚʤʠʨʦʚʘʥʠʝ ʣʶʜʝʡ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʚ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʬʨʦʥʪʝ ʋɺɺ.  

ʄʘʩʩʦʚʳʡ ʚʟʨʳʚ ʄʕʎ ʠ ʄʂʎ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʛʦʨʠʟʦʥʪʘ ʰʪʦʣʴʥʠ ˉ11. ʉʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʦʙʨʫʰʘʝʤʳʭ ʮʝʣʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 4410 ʤ3 

(ʄʕʎ ï 3180 ʤ3, ʄʂʎ ï 1230 ʤ3). ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ ʧʨʠʥʠʤʘʝʪʩʷ ʩʦʛʣʘʩʥʦ 

ʜʝʡʩʪʚʫʶʱʠʭ çʅʦʨʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɺʅʊʇ-13-2-93è ʧʦ ʢʨʝʧʦʩʪʠ 

ʨʫʜʳ (f = 12ï14) ʠ ʚʳʭʦʜʫ ʥʝʛʘʙʘʨʠʪʘ (ʜʦ 10 %) ʧʨʠ ʨʘʟʤʝʨʝ ʢʦʥʜʠʮʠʦʥʥʦʛʦ ʢʫʩʢʘ c = 

0,4 ʤ ï qʚʚ = 1,5 ʢʛ/ʤ3. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʛʨʘʥʠʮ ʦʧʘʩʥʳʭ ʟʦʥ ʜʝʡʩʪʚʠʷ ʋɺɺ ʥʘ ʣʶʜʝʡ 

ʧʨʠʥʠʤʘʝʪʩʷ ʚʩʷ ʤʘʩʩʘ ʚʟʨʳʚʘʝʤʦʛʦ ɺɺ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʘʤʝʜʣʝʥʠʡ 

ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʝʪ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʜʣʷ ʤʘʩʩʳ ɺɺ Q = 6615 

ʢʛ.  

ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ ʋɺɺ ʜʣʷ ʧʦʨʦʜ ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ 

ʬʦʨʤʫʣʝ [11ï13]:  
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                                                                 NKPdQ ʟʩʢʚʟ 12= ,                                                  (3) 

ʛʜʝ ȹP ï ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ ʋɺɺ, ʢʇʘ; Q  ɻ ï ʤʘʩʩʘ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʟʦʨʚʘʥʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʟʘʨʷʜʘ, ʢʛ; Q ï ʤʘʩʩʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʟʨʳʚʘʝʤʦʛʦ ʟʘʨʷʜʘ, 

ʢʛ; Qʟ ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ; dʩʢʚ ï ʜʠʘʤʝʪʨ ʩʢʚʘʞʠʥ, ʤ; Kʟ ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʡ ʦʪ ʟʘʨʷʜʘ ʯʘʩʪʠ ʩʢʚʘʞʠʥʳ ʢ 

ʝʝ ʜʠʘʤʝʪʨʫ; P ï ʚʤʝʩʪʠʤʦʩʪʴ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ 1 ʤ ʩʢʚʘʞʠʥʳ, ʢʛ; R ï ʨʘʩʩʪʦʷʥʠʝ, 

ʧʨʦʡʜʝʥʥʦʝ ʋɺɺ ʦʪ ʟʘʨʷʜʘ ʜʦ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ, ʤ; ɆS ï ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʳʨʘʙʦʪʦʢ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʟʘʨʷʜʫ ɺɺ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʜʘʚʣʝʥʠʷ ʚ ʋɺɺ, ʤ2; ʝ ï ʦʩʥʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ, ʝ = 

2,71; d ï ʧʨʠʚʝʜʝʥʥʳʡ ʜʠʘʤʝʪʨ ʚʳʨʘʙʦʪʢʠ, d = 1,12 Ö S0,5, ʤ; ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʨʘʙʦʪʦʢ.  

ʇʦʩʢʦʣʴʢʫ ʚʳʨʘʙʦʪʦʢ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʋɺɺ ʥʝʩʢʦʣʴʢʦ, ʠ ʦʥʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ, ʠʭ ʧʨʠʚʝʜʝʥʥʳʡ ʜʠʘʤʝʪʨ ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ ʬʦʨʤʫʣʝ 

 

                                                                 
n

ddd
d n+++
=

...21 ,                                              (4) 

ʛʜʝ d1, d2, dn ï ʧʨʠʚʝʜʝʥʥʳʝ ʜʠʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʳʨʘʙʦʪʦʢ, ʤ; n ï ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʨʘʙʦʪʦʢ.  

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ȹP ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʋɺɺ ʦʪ ʤʝʩʪʘ ʚʟʨʳʚʘ 

ʢ ʫʩʪʴʶ ʨʫʜʦʚʳʜʘʯʥʦʡ ʰʪʦʣʴʥʠ ʙʝʟ ʫʯʝʪʘ ʠ ʩ ʫʯʝʪʦʤ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (ʜʚʘ 
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ʨʘʟʚʝʜʦʯʥʳʭ ʰʪʨʝʢʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ŭ = 1,25 ʢʘʞʜʳʡ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʢʣʦʥ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ŭ = 1,2) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʡʜʝʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.  

 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʬʨʦʥʪʝ ʋɺɺ ʦʪ ʨʘʩʩʪʦʷʥʠʷ  

ʦʪ ʤʝʩʪʘ ʚʟʨʳʚʘ 

 

ʋʩʪʴʝ ʨʫʜʦʚʳʜʘʯʥʦʡ ʰʪʦʣʴʥʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʦʨʷʜʢʘ 600 ʤ ʦʪ ʤʝʩʪʘ 

ʦʙʨʫʰʝʥʠʷ ʮʝʣʠʢʦʚ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʪʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʟʥʘʯʝʥʠʝ 

ȹP ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʜʣʷ ʣʶʜʝʡ ʟʥʘʯʝʥʠʷ. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʦʣʠʪʦʟʦʥʳ, ʪ.ʝ. ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

[14], ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʙʝʟ ʫʯʝʪʘ ʤʝʩʪʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ. ʀʟ ʩʦʦʙʨʘʞʝʥʠʡ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʧʨʠ ʤʘʩʩʦʚʦʤ 

ʚʟʨʳʚʝ ʚʩʝ ʣʶʜʠ ʚʳʚʦʜʷʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟ ʨʫʜʥʠʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʥʝ ʤʝʥʝʝ 50 ʤ ʦʪ 

ʫʩʪʴʷ ʰʪʦʣʴʥʠ. ʅʘʭʦʞʜʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʧʨʦʪʠʚ ʧʦʨʪʘʣʘ ï ʟʘʧʨʝʱʘʝʪʩʷ. 

ʀʥʠʮʠʠʨʦʚʘʥʠʝ ʟʘʨʷʜʦʚ ʦʙʨʫʰʝʥʠʷ ʮʝʣʠʢʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʫʢʨʳʪʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʇʨʠʤʝʥʷʝʤʦʝ ʩʘʤʦʭʦʜʥʦʝ (ʇɼʄ, ʙʫʨʦʚʳʝ ʩʪʘʥʢʠ, ʘʚʪʦʩʘʤʦʩʚʘʣʳ) ʠ 

ʩʪʘʮʠʦʥʘʨʥʦʝ (ʚʝʥʪʠʣʷʪʦʨʳ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʩʤʝʩʠʪʝʣʴʥʦ-ʟʘʨʷʜʥʳʝ ʤʘʰʠʥʳ) 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʚʟʨʳʚʘ ʄʕʎ ʠ ʄʂʎ ʨʘʟʤʝʱʘʝʪʩʷ ʚ 

ʛʘʨʘʞʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʥʠʞʝʣʝʞʘʱʝʛʦ ʛʦʨ. 615 ʤ.  

ʂʦʤʤʫʥʠʢʘʮʠʠ ʚ ʧʨʠʤʳʢʘʶʱʠʭ ʚʳʨʘʙʦʪʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʘʣʴʥʳʤ 

ʚʦʟʜʫʭʦʧʨʦʚʦʜʦʤ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʚʳʧʫʩʢʝ ʨʫʜʳ ʮʝʣʠʢʦʚ ʇɼʄ ʚ ʩʠʣʫ 

ʦʪʩʫʪʩʪʚʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ï ʙʦʣʝʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʇʨʠ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʤ ʠʟʙʳʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ ʥʘ ʬʨʦʥʪʝ ʋɺɺ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʡ 60 ʢʇʘ, 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʤʝʩʪʘ ʦʙʨʫʰʝʥʠʷ ʄʕʎ ʠ ʄʂʎ ʥʘ ʢʦʪʦʨʦʤ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʩʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ï ʜʦ 400 ʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʩʣʦʚʠʡ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ɺʝʪʨʝʥʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʦʩʥʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʜʝʡʩʪʚʠʶ ʋɺɺ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʤʘʩʩʦʚʦʛʦ ʚʟʨʳʚʘ ʧʦ ʦʙʨʫʰʝʥʠʶ ʮʝʣʠʢʦʚ. ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʩʣʦʚʠʡ 

ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʬʨʦʥʪʝ ʋɺɺ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʤʝʩʪʘ ʤʘʩʩʦʚʦʛʦ ʚʟʨʳʚʘ. ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʋɺɺ 

ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
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(ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʫʜʥʠʢʘ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ), ʧʨʝʜʣʦʞʝʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʬʨʦʥʪʝ ʋɺɺ ʤʝʩʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ.  
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ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʇɸʆ çɻʄʂ çʅʆʈʀʃʔʉʂʀʁ ʅʀʂɽʃʔè 

 

ʐʆʍʆɺ ʉ. ʆ., ʇʈʆʇʇ ɺ. ɼ., ʉʊɸʈʎɽɺ ɺ. ɸ. 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʨʫʜʥʠʢʝ çʂʦʤʩʦʤʦʣʴʩʢʠʡè ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʦʪʨʘʙʦʪʢʘ ʦʩʪʘʚʰʠʭʩʷ 

ʟʘʧʘʩʦʚ ʙʦʛʘʪʳʭ ʤʝʜʠʩʪʳʭ ʨʫʜ ʆʢʪʷʙʨʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʙʲʝʤʘ ʜʦʙʳʯʠ 

ʙʦʛʘʪʳʭ ʨʫʜ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ ʥʝʦʙʭʦʜʠʤʦ ʚʦʚʣʝʢʘʪʴ ʚ ʦʪʨʘʙʦʪʢʫ ʥʦʚʳʝ ʨʘʟʚʝʜʘʥʥʳʝ 

ʨʫʜʥʳʝ ʟʘʣʝʞʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʷʚʣʷʝʪʩʷ ʶʛʦ-ʚʦʩʪʦʯʥʳʡ ʫʯʘʩʪʦʢ ʟʘʣʝʞʠ çʉʝʚʝʨʥʘʷ-2è, 

ʦʪʥʝʩʝʥʥʳʡ ʢ ʰʘʭʪʥʦʤʫ ʧʦʣʶ ʨʫʜʥʠʢʘ ʠ ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ çʉʝʚʝʨʥʘʷ-2 ʶʛʦ-ʚʦʩʪʦʢè (ʜʘʣʝʝ 

ʉ-2ʶʚ). ɼʣʷ ʚʩʢʨʳʪʠʷ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʟʘʣʝʞʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʙʝʟʦʧʘʩʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠ 

ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʠ ʧʨʦʚʝʜʝʥʘ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʜʣʷ ʚʳʙʦʨʘ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʩʢʨʳʪʠʝ, ʨʫʜʥʠʢ çʂʦʤʩʦʤʦʣʴʩʢʠʡè, ʆʢʪʷʙʨʴʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, 

ʟʘʣʝʞʴ çʉ-2ʶʚè, ʙʦʛʘʪʳʝ ʤʝʜʠʩʪʳʝ ʨʫʜʳ, ʛʦʨʥʦ-ʢʘʧʠʪʘʣʴʥʳʝ ʨʘʙʦʪʳ, ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ, 

ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʝ ʟʘʪʨʘʪʳ. 
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Adstract. At the Komsomolsky mine, the mining of the remaining reserves of rich cuprous 

ores of the Oktyabrskoye deposit is nearing completion. To maintain the volume of extraction of rich 

ores at a certain level, it is necessary to involve new explored ore deposits in mining. One of these is 

the southeastern section of the Severnaya-2 deposit, referred to the mine field of the mine and called 

Severnaya-2 southeast (hereinafter S-2s). To open this section of the deposit, safe and technically 

feasible options were designed and their comparative economic evaluation was carried out to select the 

most effective one. 

Keywords: stripping, Komsomolsky mine, Oktyabrskoye deposit, S-2yuv deposit, rich cuprous 

ores, capital mining, mode of transport, discounted costs. 

 

ʈʫʜʥʠʢ çʂʦʤʩʦʤʦʣʴʩʢʠʡè ʦʪʨʘʙʘʪʳʚʘʝʪ ʟʘʧʘʩʳ ʆʢʪʷʙʨʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 25ï30 ʢʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ ʛʦʨʦʜʘ ʅʦʨʠʣʴʩʢʘ. ʇʦ ʭʘʨʘʢʪʝʨʫ 

ʨʝʣʴʝʬʘ ʚ ʨʘʡʦʥʝ ʚʳʜʝʣʷʶʪ ʛʦʨʥʫʶ ʠ ʨʘʚʥʠʥʥʫʶ ʯʘʩʪʠ. ʂ ʛʦʨʥʦʡ ʯʘʩʪʠ ʦʪʥʦʩʷʪʩʷ ʶʛʦ-

ʟʘʧʘʜʥʳʝ ʩʢʣʦʥʳ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʍʘʨʘʝʣʘʭʩʢʦʛʦ ʧʣʘʪʦ, ʨʘʩʯʣʝʥʝʥʥʳʝ ʜʦʣʠʥʘʤʠ ʨʝʢ ʠ 

ʨʫʯʴʝʚ ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʘʩʩʠʚʳ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʚʝʨʰʠʥ 400ï600 ʤ. ʉʢʣʦʥʳ 

ʢʨʫʪʳʝ, ʦʙʨʳʚʠʩʪʳʝ. ʈʘʚʥʠʥʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʦʣʤʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʧʨʘʚʦʙʝʨʝʞʴʷ ʨʝʢʠ ʅʦʨʠʣʴʩʢʦʡ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 40ï70 ʤ ʜʦ 

100ï150 ʤ. ʂʣʠʤʘʪ ʨʘʡʦʥʘ ʧʦʣʷʨʥʳʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʟʠʤʦʡ, 

ʢʦʨʦʪʢʠʤ ʙʝʟʤʦʨʦʟʥʳʤ ʧʝʨʠʦʜʦʤ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʨʦʟʥʦʛʦ 

ʧʝʨʠʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 243 ʜʥʷ.  

ʈʫʜʥʳʝ ʪʝʣʘ ʆʢʪʷʙʨʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʬʦʨʤʫ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʣʘʩʪʦʦʙʨʘʟʥʳʭ ʠ ʞʠʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʨʫʜʥʳʭ 
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ʟʘʣʝʞʝʡ ʚ ʩʨʝʜʥʝʤ ʜʦʩʪʠʛʘʝʪ 1,5 ʢʤ, ʤʦʱʥʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʜʦ 46 ʤ. ʋʛʦʣ 

ʧʘʜʝʥʠʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 6ï8Á ʜʦ 28Á. ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ 

ʩʦʩʪʘʚʣʷʝʪ 600ï900 ʤ ʠ ʙʦʣʝʝ. ʈʫʜʥʘʷ ʟʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʤʥʦʛʦʷʨʫʩʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʚ ʝʛʦ 

ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʷʶʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʪʠʧʳ ʨʫʜ: ʚʢʨʘʧʣʝʥʥʳʝ ʨʫʜʳ, ʩʧʣʦʰʥʳʝ ʨʫʜʳ, 

ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʝ ʨʫʜʳ, ʙʨʝʢʯʠʝ-ʚʠʜʥʳʝ. ʈʫʜʳ ʢʨʝʧʢʠʝ, ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ 

ʨʘʟʣʠʯʥʳ ï ʦʪ ʫʩʪʦʡʯʠʚʳʭ ʜʦ ʤʘʣʦʫʩʪʦʡʯʠʚʳʭ. ʇʣʦʪʥʦʩʪʴ ʨʫʜʳ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ 

ʩʦʩʪʘʚʣʷʝʪ 3,81 ʪ/ʤ3 [1].  

ʕʢʦʥʦʤʠʢʫ ʨʘʡʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ɿʌ ʇɸʆ çɻʄʂ çʅʦʨʠʣʴʩʢʠʡ ʅʠʢʝʣʴè, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʦʭʚʘʪʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʩʬʝʨʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ: ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʣʣʦʚ (ʥʠʢʝʣʷ, ʤʝʜʠ, ʢʦʙʘʣʴʪʘ, 

ʧʣʘʪʠʥʦʠʜʦʚ, ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ); ʢʘʧʠʪʘʣʴʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ; ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ 

ʧʨʦʝʢʪʥʦ-ʠʟʳʩʢʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ; ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʩʥʘʙʞʝʥʠʝ; 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ; ʢʨʫʧʥʦʝ ʧʦʨʪʦʚʦʝ ʭʦʟʷʡʩʪʚʦ; ʜʦʙʳʯʫ 

ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ, ʮʝʤʝʥʪʥʦʛʦ ʠʟʚʝʩʪʥʷʢʘ, ʘʥʛʠʜʨʠʪʘ ʠ ʬʣʶʩʦʚʦʛʦ ʧʝʩʯʘʥʠʢʘ, 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʐʘʭʪʥʦʝ ʧʦʣʝ ʨʫʜʥʠʢʘ çʂʦʤʩʦʤʦʣʴʩʢʠʡè ʚʩʢʨʳʪʦ 7 ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʪʚʦʣʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʬʣʘʥʛʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʂʣʝʪʝʚʦʡ ʩʪʚʦʣ (ʂʉ) ʧʨʦʡʜʝʥ ʜʦ ʦʪʤ. ï

721,7 ʤ, ʩʢʠʧʦʚʦʡ ʩʪʚʦʣ (ʉʉ) ï ʜʦ ʦʪʤ. ï807 ʤ, ʟʘʧʘʜʥʳʡ ʟʘʢʣʘʜʦʯʥʳʡ ʩʪʚʦʣ (ɿɿʉ) ï ʜʦ 

ʦʪʤ. ï687,3 ʤ, ʶʛʦ-ʟʘʧʘʜʥʳʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʩʪʚʦʣ (ʖɿɺʉ) ï ʜʦ ʦʪʤ. ï521,3 ʤ, ʶʞʥʳʡ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʩʪʚʦʣ (ʖɺʉ) ï ʜʦ ʦʪʤ. ï430 ʤ, ʚʦʩʪʦʯʥʳʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʩʪʚʦʣ 

(ɺɺʉ) ï ʜʦ ʦʪʤ. ï659 ʤ, ʩʝʚʝʨʥʳʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʩʪʚʦʣ (ʉɺʉ) ï ʜʦ ʦʪʤ. ï609 ʤ. 

ʇʦʜʛʦʪʦʚʢʘ ʰʘʭʪʥʦʛʦ ʧʦʣʷ ï ʧʦʣʝʚʘʷ. ʇʦʨʷʜʦʢ ʦʪʨʘʙʦʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʮʝʥʪʨʘ ʢ 

ʛʨʘʥʠʮʘʤ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦ ʚʩʝʡ ʝʛʦ ʜʣʠʥʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʚʝʜʫʪʩʷ ʧʦ ʧʨʦʭʦʜʢʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ 

ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʝ ʙʦʛʘʪʳʭ ʤʝʜʠʩʪʳʭ ʨʫʜ ʚ ʟʘʣʝʞʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʬʣʘʥʛʘ ʆʢʪʷʙʨʴʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɼʣʷ ʜʦʩʪʘʚʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʫʯʘʩʪʢʦʚʳʝ ʨʫʜʦʩʧʫʩʢʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʧʦʛʨʫʟʦʯʥʦ-ʜʦʩʪʘʚʦʯʥʳʝ ʤʘʰʠʥʳ ʪʠʧʘ çCaterpillarè (R-1600, R-1700, R-1300), 

çSandvikè (LH514, LH410, LH307), çAtlas Copcoè (ST-8, ST-1030), ʘ ʪʘʢʞʝ 

ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʪʠʧʘ çSandvik TH540è, çCaterpillar AD30è, çAtlas Copco MT36è. ɼʣʷ 

ʙʫʨʝʥʠʷ ʰʧʫʨʦʚ ʠ ʩʢʚʘʞʠʥ ʧʨʠʤʝʥʷʶʪʩʷ ʩʘʤʦʭʦʜʥʳʝ ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʪʠʧʘ 

çBoomerè (128H, 282H, 353), çSOLO-1020è, çSimba-H254è, çSandvikè (DL-421, DD-420) 

ʠ ʜʨʫʛʠʝ ʙʫʨʦʚʳʝ ʤʘʰʠʥʳ ʘʥʘʣʦʛʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʆʪʢʘʪʢʘ ʨʫʜʳ ʠ ʧʦʨʦʜʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʪʘʢʪʥʳʤʠ ʵʣʝʢʪʨʦʚʦʟʘʤʠ ʂ14 ʠ ʚʘʛʦʥʝʪʢʘʤʠ ɺɻ-4,5 ʧʦ ʜʚʫʤ ʛʣʘʚʥʳʤ 

ʦʪʢʘʪʦʯʥʳʤ ʛʦʨʠʟʦʥʪʘʤ: ʛʦʨ. ï471 ʤ ʠ ʛʦʨ. ï580 ʤ. ɺʳʜʘʯʘ ʨʫʜʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʦʜʲʝʤʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʩʢʠʧʦʚʦʛʦ ʩʪʚʦʣʘ, ʧʦʨʦʜʳ ï ʢʣʝʪʴʝʚʳʤ ʩʪʚʦʣʦʤ.  
ɺʝʥʪʠʣʷʮʠʷ ʨʫʜʥʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʩʘʩʳʚʘʶʱʠʤ ʩʧʦʩʦʙʦʤ ʧʦ ʬʣʘʥʛʦʚʦʡ 

ʩʭʝʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʚʦʣʦʚ. ɺ ʨʫʜʥʠʢ ʩʚʝʞʠʡ ʚʦʟʜʫʭ ʧʦʜʘʝʪʩʷ 

ʧʦ ʩʪʚʦʣʘʤ ʂʉ, ɺɺʉ, ɿɿʉ ʚ ʦʙʲʝʤʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 315,1 ʤ3/ʩ, 523,9 ʤ3/ʩ, 133,6 ʤ3/ʩ, ʘ 

ʚʳʜʘʝʪʩʷ ʧʦ ʖɺʉ, ʖɿɺʉ, ʉɺʉ ʚ ʦʙʲʝʤʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 363,8 ʤ3/ʩ, 184,3 ʤ3/ʩ, 590,6 

ʤ3/ʩ. ʉʢʠʧʦʚʦʡ ʩʪʚʦʣ ʩ ʧʨʠʩʪʚʦʣʴʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ ʧʨʦʚʝʪʨʠʚʘʝʪʩʷ ʦʙʦʩʦʙʣʝʥʦ ʧʦ 

ʚʩʘʩʳʚʘʶʱʝʡ ʩʭʝʤʝ ʚ ʦʙʲʝʤʝ 41,4 ʤ3/ʩ [2]. 

ʅʘ ʨʫʜʥʠʢʝ çʂʦʤʩʦʤʦʣʴʩʢʠʡè ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʦʪʨʘʙʦʪʢʘ ʦʩʪʘʚʰʠʭʩʷ ʟʘʧʘʩʦʚ 

ʙʦʛʘʪʳʭ ʤʝʜʠʩʪʳʭ ʨʫʜ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʙʲʝʤʘ ʜʦʙʳʯʠ ʙʦʛʘʪʳʭ ʨʫʜ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ 

ʫʨʦʚʥʝ ʥʝʦʙʭʦʜʠʤʦ ʚʦʚʣʝʢʘʪʴ ʚ ʦʪʨʘʙʦʪʢʫ ʥʦʚʳʝ ʨʘʟʚʝʜʘʥʥʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʫʜʥʳʝ 

ʟʘʣʝʞʠ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʶʛʦ-ʚʦʩʪʦʯʥʳʡ ʫʯʘʩʪʦʢ ʟʘʣʝʞʠ ʉ-2ʶʚ. ʇʦ 

ʟʘʣʝʛʘʥʠʶ ʚ ʤʘʩʩʠʚʝ ʟʘʣʝʞʴ ʉ-2ʶʚ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʦʪʨʘʙʘʪʳʚʘʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʣʝʞʠ çʉʝʚʝʨʥʘʷ-1è, ʟʘʧʘʩʳ ʙʦʛʘʪʦʡ ʨʫʜʳ ʢʦʪʦʨʦʡ 

ʙʫʜʫʪ ʜʦʙʳʪʳ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʙʦʛʘʪʳʭ ʨʫʜ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʬʨʦʥʪ ʨʘʙʦʪ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ 
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ʤʦʱʥʦʩʪʝʡ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʜʝʡʩʪʚʦʚʘʥʘ ʩʫʱʝʩʪʚʫʶʱʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʫʜʥʠʢʘ. 

ɿʘʣʝʞʴ C-2ʶʚ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʚ ʧʣʘʥʝ 940 ³ 850 ʤ. ʉʨʝʜʥʷʷ 

ʤʦʱʥʦʩʪʴ ʙʦʛʘʪʳʭ ʨʫʜ ʩʦʩʪʘʚʣʷʝʪ 6,77 ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ï 18,65 ʤ. ʆʙʱʝʝ ʧʘʜʝʥʠʝ ʟʘʣʝʞʠ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ (330ï340ʦ), ʩʨʝʜʥʠʡ ʫʛʦʣ ʧʘʜʝʥʠʷ ʦʢʦʣʦ 18.̄  

ɼʣʷ ʚʩʢʨʳʪʠʷ ʟʘʣʝʞʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʙʝʟʦʧʘʩʥʳʝ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʚʘʨʠʘʥʪʳ:  

ɺʘʨʠʘʥʪ 1. ɺʩʢʨʳʪʠʝ ʟʘʣʝʞʠ ʜʚʫʤʷ ʬʣʘʥʛʦʚʳʤʠ ʩʧʠʨʘʣʴʥʳʤʠ ʫʢʣʦʥʘʤʠ (ʨʠʩ. 

1ï3).  

 
ʈʠʩ. 1. ʉʦʚʤʝʱʝʥʥʳʡ ʧʣʘʥ ʧʦʜʛʦʪʦʚʢʠ ʪʨʝʭ ʛʦʨʠʟʦʥʪʦʚ ʟʘʣʝʞʠ ʉ-2ʶʚ: 

1 ï ʩʝʚʝʨʥʳʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʩʪʚʦʣ; 2 ï ʩʧʠʨʘʣʴʥʳʡ ʩʲʝʟʜ ʶʞʥʦʛʦ ʫʢʣʦʥʘ; 

3 ï ʩʧʠʨʘʣʴʥʳʡ ʩʲʝʟʜ ʩʝʚʝʨʥʦʛʦ ʫʢʣʦʥʘ; 4 ï ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʚʦʩʩʪʘʶʱʠʡ; 

5 ï ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʢʣʦʥ; 6 ï ʧʦʨʦʞʥʷʢʦʚʳʡ ʫʢʣʦʥ; 7 ï ʫʟʝʣ ʨʘʟʛʨʫʟʢʠ; 

8 ï ʢʦʥʚʝʡʝʨʥʳʡ ʫʢʣʦʥ; 9, 10 ï ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʚʦʩʩʪʘʶʱʠʡ ʩʧʠʨʘʣʴʥʦʛʦ ʩʲʝʟʜʘ 

 

ɺʦʟʜʫʭ ʧʦʜʘʝʪʩʷ ʥʘ ʫʯʘʩʪʦʢ ʧʦ ʦʙʦʠʤ ʫʢʣʦʥʘʤ 2 ʠ 3 ʩ ʚʳʜʘʯʝʡ ʠʩʭʦʜʷʱʝʡ ʩʪʨʫʠ 

ʧʦ ʩʠʩʪʝʤʝ ʚʦʩʩʪʘʶʱʠʭ ʚʳʨʘʙʦʪʦʢ 4 ʜʦ ʩʝʚʝʨʥʦʛʦ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʩʪʚʦʣʘ 1. 

ɼʚʠʞʝʥʠʝ ʩʘʤʦʭʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʢʨʫʛʦʚʦʡ ʩʠʩʪʝʤʝ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʨʫʟʦʧʦʪʦʢʦʚ ʧʦ ʪʨʘʥʩʧʦʨʪʥʦʤʫ 5 ʠ 

ʧʦʨʦʞʥʷʢʦʚʦʤʫ 6 ʫʢʣʦʥʘʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʨʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʫʯʘʩʪʢʘ. ɺʩʷ 

ʛʦʨʥʘʷ ʤʘʩʩʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʟʘʢʣʘʜʢʠ ʧʫʩʪʦʪ ʧʦʨʦʜʳ) 

ʧʝʨʝʧʫʩʢʘʝʪʩʷ ʚ ʫʟʣʘʭ ʨʘʟʛʨʫʟʢʠ 7 ʥʘ ʜʝʡʩʪʚʫʶʱʠʡ ʢʦʥʚʝʡʝʨʥʳʡ ʫʢʣʦʥ 8 ʠ 
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ʜʦʩʪʘʚʣʷʝʪʩʷ ʜʦ ʦʪʢʘʪʦʯʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ï580 ʤ. ɼʘʣʝʝ ʛʦʨʥʘʷ ʤʘʩʩʘ ʩʦʩʪʘʚʘʤʠ 

ʵʣʝʢʪʨʦʚʦʟʥʦʡ ʦʪʢʘʪʢʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢ ʦʢʦʣʦʩʪʚʦʣʴʥʦʤʫ ʜʚʦʨʫ ʩʢʠʧʦʚʦʛʦ ʩʪʚʦʣʘ ʥʘ 

ʢʨʫʛʦʚʦʡ ʦʧʨʦʢʠʜʳʚʘʪʝʣʴ ʧʦʜʲʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʚʳʜʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ [3].  

ʄʝʩʪʦ ʟʘʣʦʞʝʥʠʷ ʩʧʠʨʘʣʴʥʦʛʦ ʫʢʣʦʥʘ ʚʳʙʨʘʥ ʧʦʩʣʝ ʫʪʦʯʥʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ, ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ, ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʟʦʥʳ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʦʪʨʘʙʦʪʢʝ 

ʟʘʣʝʞʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʢʣʦʥʘ. ʇʨʠ ʧʨʦʭʦʜʢʝ ʢʘʞʜʘʷ 

ʥʦʚʘʷ ʩʧʠʨʘʣʴ ʩʙʠʚʘʝʪʩʷ ʩ ʧʨʝʜʳʜʫʱʝʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤ ʚʦʩʩʪʘʶʱʠʤ 9 ʠ 10, ʢʦʪʦʨʳʡ 

ʦʙʦʨʫʜʫʝʪʩʷ ʣʝʩʪʥʠʯʥʳʤ ʦʪʜʝʣʝʥʠʝʤ ʠ ʩʣʫʞʠʪ ʟʘʧʘʩʥʳʤ ʚʳʭʦʜʦʤ. ʇʨʝʜʳʜʫʱʘʷ ʩʙʦʡʢʘ 

11 ʫʢʣʦʥʘ ʩ ʚʦʩʩʪʘʶʱʠʤ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʫʪʝʯʝʢ ʠ ʟʘʢʦʨʘʯʠʚʘʥʠʷ ʩʪʨʫʠ, ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʘʜʝʞʥʦ ʠʟʦʣʠʨʦʚʘʥʘ. ʅʘ ʧʨʦʭʦʜʢʝ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʚʦʩʩʪʘʶʱʠʭ, ʢʘʢ ʠ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ 20ï100 ʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʤʦʥʦʨʝʣʴʩʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʦʨʦʪʢʠʝ ʚʦʩʩʪʘʶʱʠʝ ʧʨʦʭʦʜʷʪ ʤʝʪʦʜʦʤ 

ʩʝʢʮʠʦʥʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʩʢʚʘʞʠʥ, ʜʣʠʥʥʳʝ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʪʠʧʘ 

çRobbinsè [4].  

 

 
 

ʈʠʩ. 2. ʈʘʟʨʝʟ ʧʦ ʶʞʥʦʤʫ ʬʣʘʥʛʫ ʨʫʜʥʦʛʦ ʪʝʣʘ: 

1 ï ʩʝʚʝʨʥʳʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʩʪʚʦʣ; 2 ï ʩʧʠʨʘʣʴʥʳʡ ʩʲʝʟʜ ʶʞʥʦʛʦ ʫʢʣʦʥʘ; 

4 ï ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʚʦʩʩʪʘʶʱʠʡ; 5 ï ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʢʣʦʥ; 6 ï ʧʦʨʦʞʥʷʢʦʚʳʡ ʫʢʣʦʥ; 

7 ï ʫʟʝʣ ʨʘʟʛʨʫʟʢʠ; 8 ï ʢʦʥʚʝʡʝʨʥʳʡ ʫʢʣʦʥ; 9 ï ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʚʦʩʩʪʘʶʱʠʡ 

ʩʧʠʨʘʣʴʥʦʛʦ ʩʲʝʟʜʘ; 11 ï ʩʙʦʡʢʘ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʚʦʩʩʪʘʶʱʝʛʦ ʩʦ ʩʧʠʨʘʣʴʥʳʤ 

ʫʢʣʦʥʦʤ 

 

ʖʞʥʳʡ (ʛʨʫʟʦʚʦʡ) ʩʧʠʨʘʣʴʥʳʡ ʩʲʝʟʜ 2 ʧʨʦʭʦʜʠʪʩʷ ʦʪ ʦʪʤʝʪʢʠ ï708,4 ʤ ʜʦ 

ʦʪʤʝʪʢʠ ï942,9 ʤ ʧʦʜ ʫʛʣʦʤ 8ʦ. ʆʙʱʘʷ ʜʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1500 ʤ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʦʭʦʜʢʠ ʫʢʣʦʥʘ (S = 20,7 ʤ2) ʢ ʤʝʩʪʫ ʟʘʣʦʞʝʥʠʷ ʩʧʠʨʘʣʴʥʦʛʦ ʩʲʝʟʜʘ. 

ʉʝʚʝʨʥʳʡ ʩʲʝʟʜ 3 ʧʨʦʭʦʜʠʪʩʷ ʦʪ ʦʪʤ. ï802,7 ʤ ʜʦ ʦʪʤ. ï1017,6 ʤ. ʋʛʦʣ ʥʘʢʣʦʥʘ ʩʲʝʟʜʘ 

8ʦ, ʦʙʱʘʷ ʜʣʠʥʘ 1300 ʤ. ʂ ʩʧʠʨʘʣʴʥʦʤʫ ʩʲʝʟʜʫ ʧʨʦʡʜʝʥʳ ʜʚʘ ʫʢʣʦʥʘ ʠʟ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʜʦʩʪʘʚʦʯʥʦʛʦ ʫʢʣʦʥʘ ʟʘʣʝʞʠ çʉʝʚʝʨʥʘʷ-1è [5].  

ɼʣʷ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʭʦʜʯʝʩʢʠʭ ʨʘʙʦʪ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʘʤʦʭʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ ʩʦʩʪʘʚʝ ʦʜʥʦʡ ʧʦʛʨʫʟʦʯʥʦ-ʜʦʩʪʘʚʦʯʥʦʡ ʤʘʰʠʥʳ ʪʠʧʘ ST-1030 ʩ ʜʠʟʝʣʴʥʳʤ 

ʧʨʠʚʦʜʦʤ; ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 40 ʪ ʪʠʧʘ çSandvik TH540è ʩ ʜʠʟʝʣʴʥʳʤ 

ʧʨʠʚʦʜʦʤ; ʙʫʨʦʚʦʡ ʢʘʨʝʪʢʠ ʪʠʧʘ Boomer 282H ʩ ʛʣʫʙʠʥʦʡ ʙʫʨʝʥʠʷ ʜʦ 4,0 ʤ; ʫʩʪʘʥʦʚʢʠ 

ʘʥʢʝʨʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʢʨʦʚʣʠ ʪʠʧʘ Robolt-330 (320), ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
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ʜʣʷ ʟʘʨʷʞʘʥʠʷ ʰʧʫʨʦʚ, ʪʦʨʢʨʝʪʠʨʦʚʘʥʠʷ, ʤʦʥʪʘʞʘ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʥʘʚʝʩʢʠ 

ʩʝʪʢʠ ʠ ʧʨʦʯʠʭ ʨʘʙʦʪ.  

 
 

ʈʠʩ. 3. ʈʘʟʨʝʟ ʧʦ ʩʝʚʝʨʥʦʤʫ ʬʣʘʥʛʫ ʨʫʜʥʦʛʦ ʪʝʣʘ: 

1 ï ʩʝʚʝʨʥʳʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʩʪʚʦʣ; 3 ï ʩʧʠʨʘʣʴʥʳʡ ʩʲʝʟʜ ʩʝʚʝʨʥʦʛʦ ʫʢʣʦʥʘ; 

6 ï ʧʦʨʦʞʥʷʢʦʚʳʡ ʫʢʣʦʥ; 10 ï ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʚʦʩʩʪʘʶʱʠʡ ʩʧʠʨʘʣʴʥʦʛʦ ʩʲʝʟʜʘ;  

11 ï ʩʙʦʡʢʘ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʚʦʩʩʪʘʶʱʝʛʦ ʩʦ ʩʧʠʨʘʣʴʥʳʤ ʫʢʣʦʥʦʤ 

 

ʆʙʱʠʡ ʦʙʲʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʦʨʥʦ-ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ 

ʧʦ ʚʘʨʠʘʥʪʫ ʩʦʩʪʘʚʠʣ 385,7 ʪʳʩ. ʤ3, ʩʨʦʢ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 11 ʣʝʪ. ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ 

ʧʨʦʠʟʦʰʣʦ ʟʘ ʩʯʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʤʧʣʝʢʩʘ ʚʦʟʜʫʭʦʚʳʜʘʶʱʠʭ ʚʳʨʘʙʦʪʦʢ ʠ ʚʳʨʘʙʦʪʦʢ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.  

ɺʘʨʠʘʥʪ 2.  ɺʩʢʨʳʪʠʝ ʟʘʣʝʞʠ ʦʪʢʘʪʦʯʥʳʤʠ ʢʚʝʨʰʣʘʛʘʤʠ, ʧʨʦʡʜʝʥʥʳʤʠ ʦʪ 

ʩʢʠʧʦ-ʢʣʝʪʝʚʦʛʦ ʩʪʚʦʣʘ ˉ 2 (ʜʘʣʝʝ ʉʂʉ-2) ʛʦʨ. ï950 ʤ ʨʫʜʥʠʢʘ çʉʢʘʣʠʩʪʳʡè ʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʤ ʫʢʣʦʥʦʤ ʦʪ ʦʪʤ. ï730 ʤ ʨʫʜʥʠʢʘ çʂʦʤʩʦʤʦʣʴʩʢʠʡè ʜʦ ʦʪʤ. ï 880 ʤ 

(ʨʠʩ. 4ï6).  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʘʨʠʘʥʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʩʢʨʳʪʠʷ, ʫʯʠʪʳʚʘʝʪ 

ʬʘʢʪ ʦʙʲʝʜʠʥʝʥʠʷ ʨʫʜʥʠʢʦʚ çʂʦʤʩʦʤʦʣʴʩʢʠʡè ʠ çʉʢʘʣʠʩʪʳʡè ʚ ʝʜʠʥʫʶ 

ʚʝʥʪʠʣʷʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. ɼʣʷ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ, ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʧʘʩʥʦʛʦ ʚʳʭʦʜʘ ʠ ʚʳʜʘʯʠ 

ʛʦʨʥʦʡ ʤʘʩʩʳ ʧʨʝʜʥʘʟʥʘʯʝʥ ʧʦʨʦʞʥʷʢʦʚʳʡ 6 ʠ ʛʨʫʟʦʚʦʡ 7 ʢʚʝʨʰʣʘʛʠ ʛʦʨʠʟʦʥʪʘ ï950 ʤ 

ʠ ʩʢʠʧʦ-ʢʣʝʪʝʚʦʡ ʩʪʚʦʣ 8. ɼʣʷ ʚʳʜʘʯʠ ʠʩʭʦʜʷʱʝʛʦ ʚʦʟʜʫʭʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʠʨʘʣʴʥʳʡ 

ʩʲʝʟʜ (ʫʢʣʦʥ) 3, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʶʞʥʦʤ ʬʣʘʥʛʝ ʟʘʣʝʞʠ, ʪʘʢʞʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʩʧʫʩʢʘ-ʧʦʜʲʝʤʘ ʣʶʜʝʡ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʧʠʨʘʣʴʥʳʡ ʩʲʝʟʜ ʧʨʦʭʦʜʠʪʩʷ ʦʪ ʦʪʤʝʪʢʠ ï725 ʤ ʜʦ ʦʪʤʝʪʢʠ ï880 ʤ ʧʦʜ ʫʛʣʦʤ 

8ʦ. ʆʙʱʘʷ ʜʣʠʥʘ ʩʲʝʟʜʘ ʩʦʩʪʘʚʣʷʝʪ 900 ʤ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʦʭʦʜʢʠ 

ʫʢʣʦʥʘ 2 ʢ ʤʝʩʪʫ ʟʘʣʦʞʝʥʠʷ ʩʧʠʨʘʣʴʥʦʛʦ ʩʲʝʟʜʘ.  

ʆʪʢʘʪʦʯʥʳʡ ʛʦʨʠʟʦʥʪ ʩʪʨʦʠʪʩʷ ʥʘ ʦʪʤʝʪʢʝ ï950 ʤ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʳʨʘʙʦʪʦʢ 

ʦʢʦʣʦʩʪʚʦʣʴʥʦʛʦ ʜʚʦʨʘ ʉʂʉ-2 ʨʫʜʥʠʢʘ çʉʢʘʣʠʩʪʳʡè. ʉʪʚʦʣ ʉʂʉ-2 ʜʠʘʤʝʪʨʦʤ 8 ʤ 

ʧʨʦʡʜʝʥ ʥʘ ʛʣʫʙʠʥʫ 1175,7 ʤ ʠ ʦʙʦʨʫʜʦʚʘʥ ʩʢʠʧʦʚʳʤ ʧʦʜʲʝʤʦʤ (2 ʩʢʠʧʘ ʧʦ 5 ʤ3). 

ʉʪʚʦʣ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʟʘʧʘʩʥʳʤ ʚʳʭʦʜʦʤ ʠ ʦʙʦʨʫʜʦʚʘʥ ʢʣʝʪʴʶ. ɼʣʠʥʘ ʚʩʢʨʳʚʘʶʱʠʭ 

ʚʳʨʘʙʦʪʦʢ ʜʦʩʪʠʛʘʝʪ 2,2 ʢʤ. ʇʦʵʪʦʤʫ ʠʭ ʧʨʦʭʦʜʢʫ ʚʝʜʫʪ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʟʘʙʦʷʤʠ, 

ʧʝʨʠʦʜʠʯʝʩʢʠ (ʩ ʰʘʛʦʤ ʜʦ 250 ʤ) ʩʙʠʚʘʷ ʚʳʨʘʙʦʪʢʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʢʚʦʟʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ. ɺʳʨʘʙʦʪʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʜ ʨʫʜʦʡ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʛʦ 
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ʩʙʨʦʩʘ ʠ ʥʘ ʶʞʥʦʤ ʬʣʘʥʛʝ ʦʙʨʘʟʫʶʪ ʢʦʣʴʮʦ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠʝʤ ʛʦʨʥʦʡ ʤʘʩʩʳ ʠʟ 

ʧʘʥʝʣʝʡ ʧʝʨʚʦʛʦ ʧʫʩʢʦʚʦʛʦ ʫʯʘʩʪʢʘ.  

  

 
 

ʈʠʩ. 4. ʉʦʚʤʝʱʝʥʥʳʡ ʧʣʘʥ ʧʦʜʛʦʪʦʚʢʠ ʪʨʝʭ ʛʦʨʠʟʦʥʪʦʚ ʟʘʣʝʞʠ ʉ-2ʶʚ: 

1 ï ʩʝʚʝʨʥʳʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʩʪʚʦʣ; 2 ï ʟʘʝʟʜ ʥʘ ʩʧʠʨʘʣʴʥʳʡ ʩʲʝʟʜ; 3 ï ʩʧʠʨʘʣʴʥʳʡ 

ʩʲʝʟʜ; 4 ï ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʚʦʩʩʪʘʶʱʠʡ ʩʲʝʟʜʘ; 6 ï ʚʝʥʪʠʣʷʮʠʦʥʥʘʷ ʩʙʦʡʢʘ 

ʢʚʝʨʰʣʘʛʦʚ; 7 ï ʧʦʨʦʞʥʷʢʦʚʳʡ ʢʚʝʨʰʣʘʛ; 8 ï ʛʨʫʟʦʚʦʡ ʢʚʝʨʰʣʘʛ; 9 ï ʩʢʠʧʦ-ʢʣʝʪʝʚʦʡ 

ʩʪʚʦʣ ˉ 2 

 

 
 

ʈʠʩ. 5. ʈʘʟʨʝʟ ʧʦ ʶʞʥʦʤʫ ʬʣʘʥʛʫ ʨʫʜʥʦʛʦ ʪʝʣʘ: 

1 ï ʩʝʚʝʨʥʳʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʩʪʚʦʣ; 2 ï ʟʘʝʟʜ ʥʘ ʩʧʠʨʘʣʴʥʳʡ ʩʲʝʟʜ; 3 ï ʩʧʠʨʘʣʴʥʳʡ 

ʩʲʝʟʜ; 4 ï ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʚʦʩʩʪʘʶʱʠʡ ʩʲʝʟʜʘ; 5 ï ʩʙʦʡʢʘ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ 

ʚʦʩʩʪʘʶʱʝʛʦ ʩʦ ʩʧʠʨʘʣʴʥʳʤ ʫʢʣʦʥʦʤ; 7 ï ʧʦʨʦʞʥʷʢʦʚʳʡ ʢʚʝʨʰʣʘʛ 

 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʦʨʥʦʡ ʤʘʩʩʳ ʠʟ ʟʘʙʦʝʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʭ ʠ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʇɼʄ ʪʠʧʘ ST-1030, ʩ ʜʠʟʝʣʴʥʳʤ ʧʨʠʚʦʜʦʤ. ʆʪʙʠʪʘʷ ʛʦʨʥʘʷ ʤʘʩʩʘ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 
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ʯʘʩʪʠ ʟʘʣʝʞʠ ʩ ʧʦʤʦʱʴʶ ʇɼʄ ʚʳʚʦʟʠʪʩʷ ʠʟ ʟʘʙʦʝʚ ʠ ʚʳʛʨʫʞʘʝʪʩʷ ʚ ʧʫʥʢʪʳ 

ʧʝʨʝʛʨʫʟʢʠ, ʦʪʢʫʜʘ ʙʦʣʴʰʝʛʨʫʟʥʳʤʠ ʇɼʄ ʪʠʧʘ Cat R-1700 (ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ 16,7 ʪ) 

ʚʳʚʦʟʠʪʩʷ ʚ ʨʫʜʦʩʧʫʩʢʠ, ʦʙʫʩʪʨʦʝʥʥʳʝ ʣʶʢʦʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʈʫʜʦʩʧʫʩʢʠ ʧʨʦʡʜʝʥʳ 

ʩ ʫʨʦʚʥʷ ʜʦʩʪʘʚʦʯʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘ ʦʪʢʘʪʦʯʥʳʝ ʚʳʨʘʙʦʪʢʠ ʛʦʨ. ï950 ʤ. ɼʘʣʝʝ ʛʦʨʥʘʷ 

ʤʘʩʩʘ ʩʦʩʪʘʚʘʤʠ ʵʣʝʢʪʨʦʚʦʟʥʦʡ ʦʪʢʘʪʢʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢ ʦʢʦʣʦʩʪʚʦʣʴʥʦʤʫ ʜʚʦʨʫ ʩʪʚʦʣʘ 

ʉʂʉ-2 ʨʫʜʥʠʢʘ çʉʢʘʣʠʩʪʳʡè ʥʘ ʢʨʫʛʦʚʦʡ ʦʧʨʦʢʠʜʳʚʘʪʝʣʴ ʧʦʜʲʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 

ʚʳʜʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʫʜʘ ʧʦ ʨʫʜʦʩʧʫʩʢʘʤ ʧʝʨʝʧʫʩʢʘʝʪʩʷ 

ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʡ ʛʦʨʠʟʦʥʪ ʠ ʜʘʣʝʝ ʪʦʯʥʦ ʪʘʢʞʝ ʚʳʚʦʟʠʪʩʷ ʚ ʨʫʜʦʩʧʫʩʢʠ.  

 

 
 

ʈʠʩ. 6. ʈʘʟʨʝʟ ʧʦ ʩʝʚʝʨʥʦʤʫ ʬʣʘʥʛʫ ʨʫʜʥʦʛʦ ʪʝʣʘ: 

1 ï ʩʝʚʝʨʥʳʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʩʪʚʦʣ; 6 ï ʧʦʨʦʞʥʷʢʦʚʳʡ ʢʚʝʨʰʣʘʛ; 7 ï ʛʨʫʟʦʚʦʡ 

ʢʚʝʨʰʣʘʛ; 8 ï ʩʢʠʧʦ-ʢʣʝʪʝʚʦʡ ʩʪʚʦʣ ˉ 2 

 

ʆʙʲʝʤ ʧʨʦʭʦʜʯʝʩʢʠʭ ʨʘʙʦʪ ʩʦʩʪʘʚʠʣ 320 ʪʳʩ. ʤ3. ʉʨʦʢ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 8 ʣʝʪ. 

ʆʙʱʠʤ ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʚʩʢʨʳʪʠʷ ʨʫʜʥʦʡ ʟʘʣʝʞʠ ʉ-2ʶʚ ʷʚʣʷʶʪʩʷ: ʦʪʥʝʩʝʥʠʝ 

ʟʘʧʘʩʦʚ ʙʦʛʘʪʳʭ ʨʫʜ ʟʘʣʝʞʠ ʉ-2ʶʚ ʥʘ ʙʘʣʘʥʩ ʨʫʜʥʠʢʘ çʂʦʤʩʦʤʦʣʴʩʢʠʡè; 

ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʟʘʢʣʘʜʦʯʥʳʭ ʩʤʝʩʝʡ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʟʘʢʣʘʜʦʯʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʨʫʜʥʠʢʘ çʂʦʤʩʦʤʦʣʴʩʢʠʡè. 

ʂʨʠʪʝʨʠʷʤʠ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʦʙʲʝʤʳ 

ʨʘʙʦʪ ʧʦ ʚʩʢʨʳʪʠʶ ʟʘʣʝʞʠ, ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪ, 

ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʦʨʥʦ-ʢʘʧʠʪʘʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʨʷʜ ʜʨʫʛʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʘʨʠʘʥʪʦʚ 

ʚʩʢʨʳʪʠʷ [6]. 
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ʊʘʙʣʠʮʘ 1. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʚʘʨʠʘʥʪʘʤ ʚʩʢʨʳʪʠʷ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 1-ʡ ʚʘʨʠʘʥʪ 2-ʡ ʚʘʨʠʘʥʪ 

ʆʙʲʝʤ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʚʩʢʨʳʪʠʶ ʠ ʧʦʜʛʦʪʦʚʢʝ 

ʟʘʣʝʞʠ ʥʘ ʦʩʚʦʝʥʠʝ ʧʨʦʝʢʪʥʦʡ ʤʦʱʥʦʩʪʠ:  

   ʚʩʝʛʦ, ʤ3 

   ʚ ʪʦʤ ʯʠʩʣʝ ʛʦʨʥʦ-ʢʘʧʠʪʘʣʴʥʳʝ ʨʘʙʦʪʳ, ʤ3 

 

 

385 785 

223 929 

 

 

320 043 

167 995 

   
ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʚʩʢʨʳʚʘʶʱʠʭ ʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ 

ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʤ 

 

22 003 

 

18 812 

ʉʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʤʝʩ. 141 118 

ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʜʣʷ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʤ3/ʩ 130,1 150,1 

ɼʝʧʨʝʩʩʠʷ, ʇʘ 652,4 845,1 

ɺʠʜ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʦʪʢʘʪʦʯʥʦʤ ʛʦʨʠʟʦʥʪʝ ɸʚʪʦʩʘʤʦʩʚʘʣ ʕʣʝʢʪʨʦʚʦʟ 

ʆʙʲʝʤ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʤʣʥ ʨʫʙ. 80 352 80 352 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʤʣʥ ʨʫʙ. 

 ɺ ʪʦʤ ʯʠʩʣʝ: 

    ʦʯʠʩʪʥʘʷ ʚʳʝʤʢʘ 

    ʪʨʘʥʩʧʦʨʪ ʨʫʜʳ 

    ʧʦʜʲʝʤ ʨʫʜʳ 

    ʚʦʜʦʦʪʣʠʚ 

    ʩʞʘʪʳʡ ʚʦʟʜʫʭ 

    ʧʨʦʚʝʪʨʠʚʘʥʠʝ 

    ʧʦʜʜʝʨʞʘʥʠʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ      

27 652,9 

 

8208 

5909,8 

5 111,4 

4 498,4 

270,86 

2411,4 

1243 

29 252,6 

 

8208 

4678,6 

8372,2 

4498,4 

270,86 

2411,4 

813,2 

ʂʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ, ʚʩʝʛʦ, ʤʣʥ ʨʫʙ. 

ɺ ʪʦʤ ʯʠʩʣʝ: 

   ʛʦʨʥʦ-ʢʘʧʠʪʘʣʴʥʳʝ ʨʘʙʦʪʳ 

   ʦʙʦʨʫʜʦʚʘʥʠʝ 

8137,8 

 

6378,4 

1759,5 

6962,9 

 

5611,4 

1351,5 

ɸʤʦʨʪʠʟʘʮʠʦʥʥʳʝ ʦʪʯʠʩʣʝʥʠʷ, ʤʣʥ ʨʫʙ. 4013,6 3434,13 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʜʦʙʳʯʠ 1 ʪ ʨʫʜʳ, ʨʫʙ./ʪ 7393,6 7607,9 

ɹʘʣʘʥʩʦʚʘʷ ʧʨʠʙʳʣʴ, ʤʣʥ ʨʫʙ. 48 685,5 47 665,2 

ʏɼɼ, ʤʣʥ ʨʫʙ. 91 337,1 100 740,7 

ʀʥʜʝʢʩ ʜʦʭʦʜʥʦʩʪʠ, ʜʦʣʠ ʝʜ. 3,34 3,82 

ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʦʝʢʪʘ ʚ ʮʝʣʦʤ, ʤʝʩ. 39 27 

ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʦʝʢʪʘ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ, ʤʝʩ. 38 22 

 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 2 ʚʘʨʠʘʥʪʘ ʚʩʢʨʳʪʠʷ ʠʟ ʜʚʫʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʦʥ ʠ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʚʩʢʨʳʪʠʷ ʨʫʜʥʦʡ ʟʘʣʝʞʠ ʉ-2ʶʚ. 
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ʊɽʍʅʆʃʆɻʀʗ ʈɸɿʈɸɹʆʊʂʀ ʄʆʑʅʓʍ ʇʆʃʆɻʀʍ ʀ ʅɸʂʃʆʅʅʓʍ 

ʋɼɸʈʆʆʇɸʉʅʓʍ ʈʋɼʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

 

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

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʱʥʳʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ 

ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʚʢʣʶʯʘʝʪ ʩʦʟʜʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʚ ʬʦʨʤʝ 

ʥʝʩʫʱʝʛʦ ʩʚʦʜʘ, ʚʳʝʤʢʫ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʧʦʜ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʝʡ ʢʘʤʝʨʘʤʠ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʦʯʝʨʝʜʝʡ ʩ ʟʘʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʚʝʨʜʝʶʱʠʤʠ ʩʤʝʩʷʤʠ. ɿʘʢʣʘʜʦʯʥʳʡ 

ʤʘʩʩʠʚ ʘʨʤʠʨʫʶʪ. ʊʝʭʥʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪ, ʨʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʦʩʥʦʚʥʳʭ ʢʘʤʝʨʥʳʭ ʟʘʧʘʩʦʚ ʠ 

ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʛʦʨʥʦ-ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʢʨʦʚʣʷ, ʩʚʦʜ, ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ 

ʢʘʤʝʨʳ, ʪʚʝʨʜʝʶʱʠʝ ʩʤʝʩʠ, ʥʝʩʫʱʠʡ ʩʣʦʡ, ʘʥʢʝʨʥʘʷ ʢʨʝʧʴ, ʢʘʤʝʨʥʳʝ ʟʘʧʘʩʳ, ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʨʫʜʥʦʤ ʪʝʣʝ, ʪʦʣʱʠʥʘ ʢʨʦʚʣʠ. 

 

TECHNOLOGY FOR THE DEVELOPMENT OF THICK SLOW AND INCLINED 

IMPACT HAZARDOUS ORE DEPOSITS  

 

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

Ural State Mining University 

 

Abstract. The proposed technology for the development of thick ore deposits with unstable 

host rocks includes the creation of an artificial roof in the form of a load-bearing vault, the excavation 

of minerals under the artificial roof by chambers of the first and second stages, with backfilling of the 

mined-out space with hardening mixtures. The filling array is reinforced. The technical result of 

applying the technology is to increase the technical and economic indicators and work safety, expand 

the scope of the chamber development system, increase the volume of the main chamber reserves and 

reduce the specific volume of mining and preparation work. 

Keywords: technology, artificial roofing, vault, primary and secondary chambers, hardening 

mixtures, bearing layer, roof bolting, chamber reserves, stresses in the ore body, roof thickness. 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʥʦʚʦʡ ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʚʷʟʘʥʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʠʟ ʪʚʝʨʜʝʶʱʝʡ 

ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʝʤʢʦʡ ʧʦʜ ʥʝʡ ʦʩʥʦʚʥʳʭ ʢʘʤʝʨʥʳʭ ʟʘʧʘʩʦʚ 

ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ [1]. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʠ ʚʳʝʤʢʘ ʢʘʤʝʨʥʳʭ ʟʘʧʘʩʦʚ ʧʦʜ ʢʨʦʚʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ: 

ï ʧʨʠʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʝ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʧʨʦʯʥʦʩʪʠ) 

ʚʩʣʝʜʩʪʚʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʩʫʱʝʛʦ ʩʣʦʷ ʢʨʦʚʣʠ ʚ ʚʠʜʝ ʤʦʥʦʣʠʪʥʦʡ ʩʚʦʜʯʘʪʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʘʨʤʠʨʦʚʘʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ ʢʨʦʚʣʠ ʘʥʢʝʨʘʤʠ; 

ï ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʫʜʥʦʤ ʪʝʣʝ ʚʩʣʝʜʩʪʚʠʝ 

ʦʧʝʨʝʞʘʶʱʝʡ ʦʪʨʘʙʦʪʢʠ ʚʠʩʷʯʝʛʦ ʙʦʢʘ ʨʫʜʥʦʛʦ ʪʝʣʘ; 

ï ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʦʚ ʛʦʨʥʦ-ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ 

ʚʩʣʝʜʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʘʤʝʨʥʳʭ ʟʘʧʘʩʦʚ, ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ 

ʧʦʜ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʝʡ; 

ï ʠʩʢʣʶʯʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʢʨʝʧʣʝʥʠʝ ʢʨʦʚʣʠ ʢʘʤʝʨ, ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʜ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʝʡ, ʠ ʩʥʠʞʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ ʟʘʢʣʘʜʦʯʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʧʨʠ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʝ; 
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ï ʦʩʪʘʚʣʝʥʠʷ ʥʘ ʧʦʯʚʝ ʚʳʨʘʙʦʪʦʢ, ʧʨʦʡʜʝʥʥʳʭ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʚʤʝʱʘʶʱʠʤʠ 

ʧʦʨʦʜʘʤʠ ʥʘ ʫʨʦʚʥʝ ʢʨʦʚʣʠ ʟʘʣʝʞʠ, ʩʣʦʷ ʦʪʙʠʪʦʡ ʨʫʜʳ ʜʣʷ ʩʤʷʛʯʝʥʠʷ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ ʧʨʠ ʩʢʚʘʞʠʥʥʦʡ ʦʪʙʦʡʢʝ ʦʩʥʦʚʥʳʭ ʢʘʤʝʨʥʳʭ ʟʘʧʘʩʦʚ 

ʨʫʜʳ. 

ʉʫʱʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʦʱʥʳʭ ʧʦʣʦʛʠʭ ʠ ʥʘʢʣʦʥʥʳʭ ʫʜʘʨʦʦʧʘʩʥʳʭ 

ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ (ʨʠʩ. 1) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʚ ʬʦʨʤʝ ʥʝʩʫʱʝʛʦ ʩʚʦʜʘ ʧʫʪʝʤ 

ʧʨʦʭʦʜʢʠ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʘʟʥʦʚʳʩʦʢʠʭ ʢʘʤʝʨ-

ʟʘʭʦʜʦʢ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʦʯʝʨʝʜʝʡ 1 ʠ ʟʘʢʣʘʜʢʠ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʤʝʨ-

ʟʘʭʦʜʦʢ ʪʚʝʨʜʝʶʱʠʤʠ ʩʤʝʩʷʤʠ.  

ʇʨʠ ʵʪʦʤ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʧʨʦʯʥʦʩʪʴ) ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʟʘʢʣʘʜʢʦʡ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʜʘʥʠʷ ʝʡ ʬʦʨʤʳ ʙʣʠʟʢʦʡ ʢ ʬʠʛʫʨʝ ʩʚʦʜʘ 

ʦʙʨʫʰʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʠʩʢʣʶʯʠʪʴ ʠʟ ʦʯʠʩʪʥʦʛʦ ʮʠʢʣʘ ʢʨʝʧʣʝʥʠʝ ʢʨʦʚʣʠ ʢʘʤʝʨ, 

ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʜ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʝʡ, ʠ ʩʦʢʨʘʪʠʪʴ ʜʦ ʤʠʥʠʤʫʤʘ ʨʘʟʫʙʦʞʠʚʘʥʠʝ 

ʨʫʜʳ ʟʘʢʣʘʜʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

 
ʈʠʩ. 1. ɺʳʝʤʢʘ ʦʩʥʦʚʥʳʭ ʢʘʤʝʨʥʳʭ ʟʘʧʘʩʦʚ ʨʫʜʳ ʧʦʜ ʩʚʦʜʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ 

 

ʆʪʨʠʮʘʪʝʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʚ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʦʥʘ ʧʦʣʫʯʘʝʪʩʷ ʩʣʦʠʩʪʦʡ. ʇʦʩʢʦʣʴʢʫ ʟʘʢʣʘʜʢʘ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʧʫʩʪʦʪ ʙʝʟ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʨʳʚʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʘ, ʩʣʦʠ, ʧʦʣʫʯʘʶʱʠʝʩʷ ʤʝʞʜʫ 

ʧʨʦʤʝʞʫʪʢʘʤʠ, ʢʦʛʜʘ ʟʘʢʣʘʜʦʯʥʘʷ ʩʤʝʩʴ ʚ ʢʘʤʝʨʳ ʥʝ ʧʦʜʘʝʪʩʷ, ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝʩʚʷʟʘʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʧʨʠ ʦʙʨʫʰʝʥʠʠ ʦʪʩʣʘʠʚʘʶʪʩʷ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʦʩʣʘʙʣʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʟʘ ʩʯʝʪ ʝʝ ʩʣʦʠʩʪʦʩʪʠ (ʯʝʤ ʪʦʥʴʰʝ ʩʣʦʠ ʠ ʯʝʤ ʠʭ 

ʙʦʣʴʰʝ, ʪʝʤ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʘ ʢʨʦʚʣʷ) ʦʥʘ ʥʫʞʜʘʝʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʫʢʨʝʧʣʝʥʠʠ, ʯʪʦ 

ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʘʥʢʝʨʥʦʡ ʢʨʝʧʠ ʠʣʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʘʨʤʘʪʫʨʳ. ʇʨʠ ʵʪʦʤ, ʘʥʢʝʨʳ 4 ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʝ 1 ʜʦ ʥʘʯʘʣʘ ʝʝ 

ʚʦʟʚʝʜʝʥʠʷ, ʪ.ʝ. ʜʦ ʥʘʯʘʣʘ ʧʦʜʘʯʠ ʟʘʢʣʘʜʢʠ ʚ ʚʝʨʭʥʠʡ ʧʦʜʩʝʯʥʦʡ ʩʣʦʡ. ɼʣʷ ʵʪʦʛʦ ʙʫʨʷʪ 
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ʢʦʨʦʪʢʠʝ ʰʧʫʨʳ ʛʣʫʙʠʥʦʡ 10ï15 ʩʤ, ʚ ʥʠʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʥʢʝʨʳ ʜʣʠʥʦʡ 

1,5ï2,0 ʤ, ʥʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʢʦʪʦʨʳʭ ʟʘʢʨʝʧʣʷʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʰʘʡʙʳ ʨʘʟʤʝʨʦʤ 

15 ³ 15 ʩʤ. ʏʪʦʙʳ ʚʦ ʚʨʝʤʷ ʧʦʜʘʯʠ ʟʘʢʣʘʜʢʠ ʰʪʘʥʛʠ ʦʩʪʘʚʘʣʠʩʴ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠʭ ʩʚʷʟʳʚʘʶʪ ʧʨʦʚʦʣʦʢʦʡ. ʇʦʩʣʝ ʟʘʪʚʝʨʜʝʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ 

ʤʘʩʩʠʚʘ ʘʥʢʝʨʘ ʦʢʘʟʳʚʘʶʪʩʷ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʥʝʤ, ʘ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʰʘʡʙ ʢ ʥʠʤ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʭ çʩʧʦʣʟʘʥʠʶè. 

ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ, ʥʘ ʧʦʯʚʝ 

ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʩʣʦʷ ʤʦʥʪʠʨʫʶʪ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʘʨʤʘʪʫʨʫ ʠʣʠ ʥʘʨʷʜʫ ʩ ʫʩʪʘʥʦʚʢʦʡ ʰʪʘʥʛ 

ʦʙʳʯʥʦʡ ʜʣʠʥʳ 1,8 ʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʰʪʘʥʛʠ ʜʣʠʥʦʡ ʜʦ 3ï4 ʤ. ʀʭ ʨʘʩʧʦʣʘʛʘʶʪ ʧʦ ʦʩʠ 

ʢʘʤʝʨʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3ï5 ʤ ʦʜʥʘ ʦʪ ʜʨʫʛʦʡ. 

ɺʳʝʤʢʘ ʨʫʜʳ ʧʦʜ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʝʡ ʚʝʜʝʪʩʷ ʧʝʨʚʠʯʥʳʤʠ ʠ ʚʪʦʨʠʯʥʳʤʠ 

ʢʘʤʝʨʘʤʠ 2 ʠ 3, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪ ʯʝʨʝʟ ʦʜʥʫ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʭ ʮʝʥʪʨʘʣʴʥʳʝ 

ʦʩʠ ʩʦʚʧʘʜʘʣʠ ʩ ʦʩʷʤʠ ʧʝʨʚʠʯʥʳʭ ʢʘʤʝʨ-ʟʘʭʦʜʦʢ, ʧʨʦʭʦʜʠʤʳʭ ʚ ʩʪʘʜʠʠ ʩʦʟʜʘʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ, ʘ ʠʭ ʛʨʘʥʠʮʳ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʦʩʷʭ ʚʪʦʨʠʯʥʳʭ ʢʘʤʝʨ-ʟʘʭʦʜʦʢ. 

ʆʩʪʘʚʣʝʥʠʝ ʥʘ ʧʦʯʚʝ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʢʘʤʝʨ-ʟʘʭʦʜʦʢ ʚʝʨʭʥʝʛʦ ʧʦʜʩʝʯʥʦʛʦ 

ʩʣʦʷ ʥʘʚʘʣʘ ʦʪʙʠʪʦʡ ʨʫʜʳ 5, ʢʦʪʦʨʳʡ ʟʘʙʠʨʘʝʪʩʷ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʥʠʞʥʠʭ ʢʘʤʝʨ, ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʟʨʫʰʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʚʟʨʳʚʥʳʤʠ ʨʘʙʦʪʘʤʠ. 

ɼʨʫʛʠʤ ʨʝʰʝʥʠʝʤ ʚʦʧʨʦʩʘ ʩʦʭʨʘʥʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ 

ʷʚʣʷʝʪʩʷ ʥʝʜʦʙʫʨ ʩʢʚʘʞʠʥ ʥʘ 0,3ï0,5 ʤ ʜʦ ʟʘʢʣʘʜʢʠ ʠʣʠ ʦʪʙʦʡʢʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʫʜʳ ʚ 

ʢʘʤʝʨʝ ʧʦʜ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʝʡ ʤʝʣʢʦʰʧʫʨʦʚʳʤ ʤʝʪʦʜʦʤ. 

ʊʦʣʱʠʥʘ ʢʨʦʚʣʠ ʥʝʩʫʱʝʛʦ ʩʚʦʜʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʧʦ ʚʠʜʫ ʩʣʦʠʩʪʫʶ 

ʨʘʟʨʝʟʥʫʶ ʙʘʣʢʫ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʩʯʝʪʘ ʤʦʥʦʣʠʪʥʦʡ ʩʚʦʜʯʘʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʦʪ ʜʘʚʣʝʥʠʷ ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ ʟʘʢʣʘʜʢʠ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ 

ʥʝʩʫʱʝʛʦ ʩʚʦʜʘ, ʘ ʥʝʦʙʭʦʜʠʤʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʧʨʦʯʥʦʩʪʴ) ʥʝʩʫʱʝʛʦ ʩʚʦʜʘ, ʢʘʢ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʰʘʨʥʠʨʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ: 

 

„̒ ̇

ὯϽρ Ὧ̐ Ͻ‎̎Ͻὰ

σὬ̎Ͻρ ‚ϽὦȾὬ̎
„̒ Ȣ̇̎ȟ 

 

ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʪʝʧʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʥʝʩʫʱʝʤ ʩʚʦʜʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ; 

ɝ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʘʢʣʘʜʢʠ; 

kʧ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʛʨʫʟʢʠ ʦʪ ʚʝʩʘ (ʩʠʣʳ ʪʷʞʝʩʪʠ) ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ ʟʘʢʣʘʜʢʠ;  

ɔʥ ï ʦʙʲʝʤʥʳʡ ʚʝʩ ʟʘʢʣʘʜʢʠ, ʪ/ʤ
3;  

l ï ʧʨʦʣʝʪ ʢʘʤʝʨʳ, ʦʪʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʜ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʝʡ, ʤ; 

hʥ ï ʪʦʣʱʠʥʘ ʩʚʦʜʘ ʥʝʩʫʱʝʛʦ ʩʣʦʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ, ʤ; 

b ï ʰʠʨʠʥʘ ʩʚʦʜʘ ʥʝʩʫʱʝʛʦ ʩʣʦʷ, ʤ. 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʠʛʨʫʟʢʠ kʧ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ 

(ʪʦʣʱʠʥʳ) ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ ʟʘʢʣʘʜʢʠ ʢ ʪʦʣʱʠʥʝ ʩʚʦʜʘ ʥʝʩʫʱʝʛʦ ʩʣʦʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʢʨʦʚʣʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʛʨʘʬʠʢʫ (ʨʠʩ. 2). 

ɿʘʢʣʘʜʢʘ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʩʪʘʚʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʫʶ ʧʨʦʯʥʦʩʪʴ ʟʘʢʣʘʜʦʯʥʦʛʦ 

ʤʘʩʩʠʚʘ ʥʝ ʤʝʥʝʝ 4 ʄʇʘ. ʕʪʠʤ ʧʨʦʯʥʦʩʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʩʪʘʚʳ 

ʟʘʢʣʘʜʦʯʥʳʭ ʩʤʝʩʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʚʷʞʫʱʝʛʦ ʮʝʤʝʥʪʘ ʠ ʰʣʘʢʦʚ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʦʣʱʠʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʩʦ ʩʚʦʜʯʘʪʳʤ ʥʝʩʫʱʠʤ 

ʩʣʦʝʤ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʤʝʨ-ʟʘʭʦʜʦʢ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ ʧʨʠ ʝʝ ʩʦʟʜʘʥʠʠ ʤʦʞʝʪ ʙʳʪʴ 
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ʥʝ ʙʦʣʝʝ 3 ʤ, ʘ ʚʳʩʦʪʘ ʢʘʤʝʨ-ʟʘʭʦʜʦʢ ʚʪʦʨʦʡ ʦʯʝʨʝʜʠ ʙʦʣʴʰʝ ʚʳʩʦʪʳ ʢʘʤʝʨ ʧʝʨʚʦʡ 

ʦʯʝʨʝʜʠ ʥʘ 1/2 ʩʫʤʤʘʨʥʦʡ ʰʠʨʠʥʳ ʵʪʠʭ ʢʘʤʝʨ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʘʤʝʨʥʦʡ ʚʳʝʤʢʠ ʟʘʧʘʩʦʚ ʧʦʜ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʝʡ ʦʯʠʩʪʥʦʡ 

ʙʣʦʢ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʢ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʝ ʩʠʩʪʝʤʦʡ ʧʘʥʝʣʴʥʳʭ ʰʪʨʝʢʦʚ 7. ʇʦʩʣʝ 

ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʘʨʦʯʥʦʡ ʬʦʨʤʳ ʦʪʙʦʡʢʘ ʦʩʥʦʚʥʳʭ ʢʘʤʝʨʥʳʭ ʟʘʧʘʩʦʚ 

ʙʣʦʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʚʟʨʳʚʘʥʠʷ ʚʝʝʨʦʚ ʩʢʚʘʞʠʥʥʳʭ ʟʘʨʷʜʦʚ 6, ʘ ʚʳʧʫʩʢ, ʧʦʛʨʫʟʢʘ 

ʠ ʜʦʩʪʘʚʢʘ ʦʪʙʠʪʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʠʟ ʢʘʤʝʨ 8 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʛʨʫʟʦʯʥʦ-ʜʦʩʪʘʚʦʯʥʳʤʠ 

ʤʘʰʠʥʘʤʠ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 9.  

 
ʈʠʩ. 2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠʛʨʫʟʢʠ kn ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʫʤʤʘʨʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ ʟʘʢʣʘʜʢʠ (×hi) ʢ ʤʦʱʥʦʩʪʠ (ʪʦʣʱʠʥʝ) ʩʚʦʜʘ  

ʥʝʩʫʱʝʛʦ ʩʣʦʷ (hʥ): 

1 ï ʧʨʠʛʨʫʟʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʣʝ ʪʷʞʝʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʰʝʣʝʞʘʱʠʭ 

ʩʣʦʝʚ ʟʘʢʣʘʜʢʠ; 2, 3, 4 ï ʧʨʠʛʨʫʟʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʣʝ ʪʷʞʝʩʪʠ ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ 

ʟʘʢʣʘʜʢʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ 0,25, 0,5 ʠ 1,0 ʦʪ tg ɓ (ʛʜʝ ɓ ï ʫʛʦʣ ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʩʨʝʜʥʝʡ 

ʣʠʥʠʠ ʩʚʦʜʘ ʥʝʩʫʱʝʛʦ ʩʣʦʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʝʯʝʥʠʠ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ) 

 

ʆʩʚʦʝʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʥʝʜʨʝʥʠʝ ʝʝ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʤʦʱʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʚ 

ʫʜʘʨʦʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ ʧʦʟʚʦʣʠʪ [2ï4]: 

ï ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʳʩʠʪʴ 

ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʟʘʙʦʡʥʦʛʦ ʨʘʙʦʯʝʛʦ ʠ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ ʨʫʜʳ; 

ï ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ 

ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ;  

ï ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʫʜʥʦʤ ʪʝʣʝ ʚʩʣʝʜʩʪʚʠʝ ʦʧʝʨʝʞʘʶʱʝʡ ʦʪʨʘʙʦʪʢʠ ʚʠʩʷʯʝʛʦ ʙʦʢʘ; 

 ï ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤʳ ʦʩʥʦʚʥʳʭ ʢʘʤʝʨʥʳʭ ʟʘʧʘʩʦʚ, ʩʥʠʟʠʪʴ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʛʦʨʥʦ-

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʧʦʚʳʩʠʪʴ ʚ ʮʝʣʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʳʯʠ ʧʦʣʝʟʥʦʛʦ 

ʠʩʢʦʧʘʝʤʦʛʦ. 
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ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʈɽʐɽʅʀʗ ʇʆ ʆʊʈɸɹʆʊʂɽ ɿɸʇɸʉʆɺ ɻʃʋɹʆʂʀʍ 

ɻʆʈʀɿʆʅʊʆɺ ʈʋɼʅʀʂɸ çʄʀʈè 

  

ʂʋʃʔʄʀʅʉʂʀʁ ɸ. ɸ., ʂʆʊɽʅʂʆɺ ɸ. ɺ., ʈʋʉʉʂʀʍ ʀ. ʃ. 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʝʢʪʥʳʡ ʠʥʩʪʠʪʫʪ ɸʆ çʋʨʘʣʤʝʭʘʥʦʙʨè 

 

ɸʥʥʦʪʘʮʠʷ. ʆʪʨʘʙʦʪʢʘ ʟʘʧʘʩʦʚ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ çʄʠʨè ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʘʢʮʠʦʥʝʨʥʦʡ ʢʦʤʧʘʥʠʠ çɸʣʨʦʩʘè. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ çʋʨʘʣʤʝʭʦʥʦʙʨè ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʧʦ ʚʦʟʦʙʥʦʚʣʝʥʠʶ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʙʝʟʦʧʘʩʥʦ ʧʨʦʠʟʚʝʩʪʠ 

ʠʟʚʣʝʯʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʪʨʝʙʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩ 

ʜʦʩʪʠʞʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʯʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʆʪʨʘʙʦʪʢʫ ʨʫʜʥʦʡ ʟʘʣʝʞʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʯʠʥʘʪʴ ʩ ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʙʫʜʫʱʝʛʦ ʨʫʜʥʠʢʘ, ʦʩʪʘʚʣʷʷ ʧʨʠ 

ʵʪʦʤ ʚʨʝʤʝʥʥʳʡ ʨʫʜʥʳʡ ʮʝʣʠʢ ʤʝʞʜʫ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʬʨʦʥʪʦʤ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ ʠ ʟʦʥʦʡ, ʚ 

ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʦʩʫʰʝʥʠʝ ʟʘʪʦʧʣʝʥʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ 

ʧʦʟʚʦʣʠʪ ʤʘʢʩʠʤʘʣʴʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʨʘʙʦʪʳ ʧʦ ʚʦʟʦʙʥʦʚʣʝʥʠʶ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʮʝʣʠʢ, ʦʩʫʰʝʥʠʝ ʟʘʪʦʧʣʝʥʥʳʭ ʚʳʨʘʙʦʪʦʢ, 

ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʛʨʫʟʦʯʥʦʡ ʟʦʥʳ, ʥʠʩʭʦʜʷʱʠʡ ʠ ʚʦʩʭʦʜʷʱʠʡ 

ʧʦʨʷʜʢʠ ʦʪʨʘʙʦʪʢʠ, ʜʚʫʭʩʪʘʜʠʡʥʘʷ ʚʳʝʤʢʘ ʢʘʤʝʨ, ʢʘʤʝʨʳ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ, ʚʳʝʤʢʘ ʟʘʧʘʩʦʚ 

ʨʦʤʙʦʚʠʜʥʳʤʠ ʢʘʤʝʨʘʤʠ. 
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Abstract. Development of the reserves of the Mir kimberlite pipe is one of the priority tasks of 

the joint-stock company Alrosa. In this regard, the research institute "Uralmekhʘnobr" proposed 

technological solutions for the resumption of mining operations at the field, allowing the safe 

extraction of the mineral with the required productivity, as well as the achievement of the required 

values of technological indicators. The development of the ore deposit is supposed to start from the 

deepest horizons of the future mine, while leaving a temporary ore pillar between the initial mining 

front and the zone in which the flooded mine workings will be drained. This decision will maximize 

the intensification of work to resume the development of the field. 

Keywords: safety pillar, drainage of flooded workings, resumption of mining operations, 

formation of an unloading zone, descending and ascending mining orders, two-stage excavation of 

chambers, transition zone chambers, extraction of reserves with diamond-shaped chambers. 

 

ɺ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ 

ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʪʦʧʣʝʥʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦ ʠʪʦʛʘʤ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚ 

ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʫʯʠʪʳʚʘʣʦʩʴ ʜʣʠʪʝʣʴʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʵʣʝʤʝʥʪʦʚ ʠʭ 

ʢʨʝʧʣʝʥʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʣʝʚʳʭ ʧʣʘʩʪʦʚ ʧʦ 

ʢʦʪʦʨʳʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʙʳʣʠ ʧʨʦʡʜʝʥʳ ʟʘʪʦʧʣʝʥʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʪʦʧʣʝʥʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ ʮʝʣʷʭ 

ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ, ʪʘʢ ʢʘʢ ʵʪʦ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʳʩʦʢʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʥʘʛʨʫʟʢʫ ʠ ʟʘʡʤʝʪ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʂ ʪʦʤʫ ʞʝ, ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʦʪʨʘʙʦʪʢʠ 
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ʟʘʣʝʞʠ ʧʣʘʥʠʨʫʝʪʩʷ ʥʘʯʠʥʘʪʴ ʩ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʧʦʵʪʦʤʫ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʚ 

ʧʦʣʴʟʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʛʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ 

ʩʪʘʨʳʭ ʟʘʪʦʧʣʝʥʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʥʦʚʦʛʦ ʨʫʜʥʠʢʘ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʧʨʦʭʦʜʢʫ ʥʦʚʳʭ ʩʪʚʦʣʦʚ, ʩ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʛʦ ʨʫʜʥʠʢʘ. 

ɺʩʢʨʳʪʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɺ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʚʦʟʦʙʥʦʚʣʝʥʠʶ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ çʄʠʨè ʣʝʞʠʪ ʢʦʥʮʝʧʮʠʷ ʦ ʩʦʚʤʝʱʝʥʠʠ ʨʘʙʦʪ 

ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʠ ʚʳʧʦʣʥʝʥʠʶ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʦʩʫʰʝʥʠʝ ʟʘʪʦʧʣʝʥʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʠʩʢʣʶʯʝʥʠʝ ʜʘʣʴʥʝʡʰʝʛʦ ʚʣʠʷʥʠʷ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʜʦʙʳʯʥʳʝ 

ʨʘʙʦʪʳ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʚʳʝʤʢʘ ʟʘʧʘʩʦʚ ʨʫʜʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʧʦʜ ʟʘʱʠʪʦʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʨʫʜʥʦʛʦ ʮʝʣʠʢʘ, ʦʩʪʘʚʣʷʝʤʦʛʦ ʚ ʦʪʤʝʪʢʘʭ ï410 ʤ/ï

575 ʤ. ʆʪʨʘʙʦʪʢʘ ʟʘʧʘʩʦʚ ʚʳʰʝ ʦʪʤʝʪʢʠ ï575 ʤ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ ʦʪʜʝʣʴʥʦʤʫ 

ʧʨʦʝʢʪʫ, ʠ ʚʦʟʤʦʞʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʨʘʟʥʦʩʫ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ çʄʠʨè, ʣʠʢʚʠʜʘʮʠʠ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʢʘʨʴʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʘʨʴʝʨʥʦʛʦ ʚʦʜʦʦʪʣʠʚʘ ʜʣʷ ʦʪʢʘʯʢʠ ʨʘʩʩʦʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ 

ʄʝʪʝʛʝʨʦ-ʠʯʝʨʩʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʜʨʝʥʘʞʘ ʨʘʩʩʦʣʦʚ ʠʟ ʟʘʪʦʧʣʝʥʥʳʭ 

ʚʳʨʘʙʦʪʦʢ ʨʫʜʥʠʢʘ çʄʠʨè [1]. 

ʉʭʝʤʘ ʚʩʢʨʳʪʠʷ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʠʩʭʦʜʷ ʠʟ ʧʦʨʷʜʢʘ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʨʫʜʥʦʡ ʟʘʣʝʞʠ, ʥʘʣʠʯʠʷ ʨʫʜʥʳʭ ʧʣʦʱʘʜʝʡ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʦʚ ʨʫʜʳ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʥʘʣʠʯʠʷ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ 

ʚʨʝʤʝʥʥʦ ʥʝʘʢʪʠʚʥʳʭ ʟʘʧʘʩʦʚ ʥʘ ʚʳʰʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʘʭ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ ʩʭʝʤʳ ʚʩʢʨʳʪʠʷ ʚ ʫʩʣʦʚʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ çʄʠʨè ʷʚʣʷʝʪʩʷ ʚʩʢʨʳʪʠʝ ʩ ʮʝʥʪʨʘʣʴʥʦ-ʬʣʘʥʛʦʚʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʜʚʫʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʚʦʣʦʚ (ʢʣʝʪʴʝʚʦʛʦ ʠ ʩʢʠʧʦʚʦʛʦ) ʚ ʨʘʡʦʥʝ 

ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʛʦ ʨʫʜʥʠʢʘ. ɼʘʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʪʚʦʣʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʘʯʫ 

ʩʚʝʞʝʛʦ ʠ ʚʳʜʘʯʫ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʨʘʟʥʳʭ ʬʣʘʥʛʘʭ ʟʘʣʝʞʠ ʧʦ ʝʝ ʧʨʦʩʪʠʨʘʥʠʶ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʨʫʜʥʠʢʘ. ʉʭʝʤʘ ʚʩʢʨʳʪʠʷ 

ʨʫʜʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ (ʈʠʩ. 1). 

ʉʭʝʤʘ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ï ʚʩʘʩʳʚʘʶʱʘʷ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʨʫʜʥʠʢʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ, 

ʩʫʱʝʩʪʚʫʶʱʝʡ ɻɺʋ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʭʦʜʢʘ ʧʦʜʟʝʤʥʦʛʦ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ ʥʘ ʛʣʫʙʠʥʝ 70ï80 ʤ ʦʪ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʛʦ ʜʦ ʥʦʚʦʛʦ 

ʩʢʠʧʦʚʦʛʦ ʩʪʚʦʣʘ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʜʦʨʘʟʚʝʜʢʠ, ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ 

ʢʦʥʪʫʨʦʚ ʨʫʜʥʦʛʦ ʪʝʣʘ ʥʘ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʥʠʞʥʷʷ ʦʪʤʝʪʢʘ ʨʫʜʥʦʛʦ ʪʝʣʘ 

ʩʦʩʪʘʚʣʷʝʪ ï1250 ʤ. ɺʝʨʭʥʷʷ ʦʪʤʝʪʢʘ ʟʘʣʝʞʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʦʱʥʦʩʪʴʶ ʦʭʨʘʥʥʦʛʦ 

ʮʝʣʠʢʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʩʢʦʧʣʝʥʥʳʭ ʚ ʢʘʨʴʝʨʝ ʚʦʜ ʚ 

ʥʦʚʳʝ ʚʳʨʘʙʦʪʢʠ, ʠ ʩʦʩʪʘʚʣʷʝʪ ï575 ʤ.  
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ʈʠʩ. 1. ʉʭʝʤʘ ʚʩʢʨʳʪʠʷ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʨʫʜʥʠʢʘ çʄʠʨè 
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ɺ ʮʝʣʷʭ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʯʸʪʢʠʭ ʛʨʘʥʠʮ 

ʧʫʩʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʪʤʝʪʦʢ ʦʩʥʦʚʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʚʩʢʨʳʚʘʶʱʠʭ ʚʳʨʘʙʦʪʦʢ, 

ʨʫʜʥʘʷ ʟʘʣʝʞʴ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʜʦʙʳʯʥʳʭ ʷʨʫʩʘ: 

ï ʚʝʨʭʥʠʡ ʷʨʫʩ ï575 ʤ/ï750 ʤ; 

ï ʩʨʝʜʥʠʡ ʷʨʫʩ ï750 ʤ/ï1000 ʤ; 

ï ʥʠʞʥʠʡ ʷʨʫʩ ï1000 ʤ/ï1250 ʤ. 

ʆʪʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʠʞʥʝʛʦ ʷʨʫʩʘ, ʟʘʪʝʤ ʧʦʯʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʨʘʙʦʪʫ ʚʦʚʣʝʢʘʝʪʩʷ ʩʨʝʜʥʠʡ. ɼʘʣʝʝ ʧʦ ʤʝʨʝ ʠʩʪʦʱʝʥʠʷ ʟʘʧʘʩʦʚ 

ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʩ ʮʝʣʴʶ ʟʘʤʝʱʝʥʠʷ ʚʳʙʳʚʘʶʱʠʭ ʤʦʱʥʦʩʪʝʡ ʚ ʨʘʙʦʪʫ ʧʦʜʢʣʶʯʘʝʪʩʷ 

ʚʝʨʭʥʠʡ ʷʨʫʩ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʝʨʠʦʜʘ ʚʳʭʦʜʘ ʨʫʜʥʠʢʘ ʥʘ ʧʨʦʝʢʪʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʜʦ ʤʦʤʝʥʪʘ ʝʛʦ ʟʘʪʫʭʘʥʠʷ, ʨʘʙʦʪʳ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʙʫʜʫʪ 

ʧʨʦʠʟʚʦʜʠʪʩɹʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʠʥʠʤʫʤ ʚ ʜʚʫʭ ʷʨʫʩʘʭ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʛʨʫʟʦʯʥʦʡ ʟʦʥʳ 

ʇʨʠ ʦʬʦʨʤʣʝʥʠʠ ʦʯʠʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦʢʨʫʛ ʝʛʦ ʢʦʥʪʫʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʦʚʝʜʸʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʠʣʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʦʚ ʨʫʜʳ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʪʨʫʙʢʠ çʄʠʨè ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʚʝʩʘ ʥʘʣʝʛʘʶʱʝʛʦ ʤʘʩʩʠʚʘ ʨʫʜʳ, 

ʧʦʨʦʜʳ ʠʣʠ ʟʘʢʣʘʜʢʠ. ɻʣʫʙʠʥʘ ʨʘʟʨʘʙʦʪʢʠ, ʩʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʙʫʜʝʪ 

ʜʦʩʪʠʛʘʪʴ ʧʦʣʫʪʦʨʘ ʢʠʣʦʤʝʪʨʦʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʦʙʣʘʩʪʴ ʥʘʯʘʣʘ 

ʦʪʨʘʙʦʪʢʠ ʟʘʣʝʞʠ (ʥʠʞʥʠʡ ʷʨʫʩ) ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʝ ʧʦʚʳʰʝʥʥʦʛʦ ʛʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʦʪʨʘʙʦʪʢʠ ʨʫʜʥʦʛʦ ʤʘʩʩʠʚʘ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʛʨʫʟʦʯʥʳʭ ʟʦʥ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ 

ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʦʩʥʦʚʥʳʭ ʟʘʧʘʩʦʚ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ. ɼʘʥʥʳʝ ʟʦʥʳ ʙʫʜʫʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʤʝʪʦʜʦʤ ʧʨʦʭʦʜʢʠ ʩʣʦʝʚʳʭ ʣʝʥʪ ʚʳʩʦʪʦʡ ʧʷʪʴ ʤʝʪʨʦʚ ʩ ʠʭ ʜʘʣʴʥʝʡʰʝʡ 

ʟʘʢʣʘʜʢʦʡ ʪʚʝʨʜʝʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʛʨʘʥʠʮʘʤ ʷʨʫʩʦʚ ʚ ʢʦʥʪʫʨʝ 

ʨʫʜʥʦʛʦ ʤʘʩʩʠʚʘ, ʘ ʪʘʢʞʝ ʥʘ 18 ʤʝʪʨʦʚ ʟʘ ʝʛʦ ʧʨʝʜʝʣʘʤʠ (ʈʠʩ. 2). 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥʳ ʨʘʟʛʨʫʟʢʠ 

 

ɺʳʙʦʨ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ 

ʂʨʠʪʝʨʠʷʤʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʠʩʪʝʤʳ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ.  

ɼʣʷ ʦʪʨʘʙʦʪʢʠ ʦʩʥʦʚʥʳʭ ʟʘʧʘʩʦʚ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ çʄʠʨè ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʤʝʨʥʫʶ ʩʠʩʪʝʤʫ ʨʘʟʨʘʙʦʪʢʠ ʩ ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʢʦʡ. ɼʘʥʥʳʡ ʢʣʘʩʩ 

ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ ʠ ʥʝ ʜʦʧʫʩʢʘʝʪ ʦʙʨʫʰʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʫʩʣʦʚʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʝʤʦʯʥʳʭ ʝʜʠʥʠʮ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʫʩʪʦʡʯʠʚʳʝ ʦʙʥʘʞʝʥʠʷ ʠ ʜʦʧʫʩʪʠʤʳʝ ʧʨʦʣʝʪʳ ʢʘʤʝʨ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ 

ʜʣʷ ʨʘʩʯʸʪʘ ʷʚʣʷʣʠʩʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʈʘʩʯʝʪ ʚʝʣʠʯʠʥ ʫʩʪʦʡʯʠʚʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʙʥʘʞʝʥʠʡ ʢʠʤʙʝʨʣʠʪʘ, ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ ʠ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʙʝʟ ʫʯʸʪʘ ʜʘʚʣʝʥʠʷ ʥʘʣʝʛʘʶʱʝʛʦ ʩʪʦʣʙʘ 

ʧʦʨʦʜ ʠʣʠ ʨʫʜ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ 

ʦʙʥʘʞʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʢʠ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʜʝʣʴʥʳʝ ʧʨʦʣʝʪʳ ʢʘʤʝʨ.  

ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʦʪʨʘʙʦʪʢʝ ʟʘʧʘʩʦʚ ʛʣʫʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʨʫʜʥʠʢʘ çʄʠʨè ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʚʝ ʪʝʭʥʦʣʦʛʠʠ ʚʳʝʤʢʠ ʟʘʧʘʩʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ï ʚ ʚʦʩʭʦʜʷʱʝʤ ʠ ʚ ʥʠʩʭʦʜʷʱʝʤ ʧʦʨʷʜʢʘʭ. 

ʇʨʠ ʚʦʩʭʦʜʷʱʝʤ ʧʦʨʷʜʢʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʩʠʩʪʝʤʫ ʨʘʟʨʘʙʦʪʢʠ ʩ 

ʢʘʤʝʨʥʦʡ ʚʳʝʤʢʦʡ ʠ ʟʘʢʣʘʜʢʦʡ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʧʦʨʷʜʢʦʤ ʦʪʨʘʙʦʪʢʠ ʢʘʤʝʨ, ʧʨʠ 

ʥʠʩʭʦʜʷʱʝʤ ï ʢʘʤʝʨʥʫʶ ʩʠʩʪʝʤʫ ʨʘʟʨʘʙʦʪʢʠ ʩ ʟʘʢʣʘʜʢʦʡ ʩ ʚʳʝʤʢʦʡ ʨʦʤʙʦʚʠʜʥʳʤʠ 

ʢʘʤʝʨʘʤʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠ ʚʦʩʭʦʜʷʱʝʤ ʧʦʨʷʜʢʝ 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʟʘʣʝʞʠ 

ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʚʦʩʭʦʜʷʱʝʤ ʧʦʨʷʜʢʝ, ʦʜʥʘʢʦ ʚ ʮʝʣʷʭ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʥʫʪʨʠ ʷʨʫʩʘ ʧʨʦʠʟʚʦʜʠʪʴ ʦʪʨʘʙʦʪʢʫ ʥʝʢʦʪʦʨʳʭ 

ʧʦʜʵʪʘʞʝʡ ʚ ʥʠʩʭʦʜʷʱʝʤ ʧʦʨʷʜʢʝ (ʈʠʩ. 3). 

ʅʘʯʘʣʦʤ ʥʦʨʤʘʣʴʥʦʡ ʩʪʘʜʠʠ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʥʠʞʥʠʡ ʧʦʜʵʪʘʞ 

ʥʠʞʥʝʛʦ ʷʨʫʩʘ (ï1200 ʤ/ï1250 ʤ), ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʠʤ ʥʘʯʠʥʘʝʪ ʦʪʨʘʙʘʪʳʚʘʪʴʩʷ 

ʥʠʞʥʠʡ ʧʦʜʵʪʘʞ ʩʨʝʜʥʝʛʦ ʷʨʫʩʘ (ï950 ʤ/ï1000 ʤ). ʇʦʩʣʝ ʠʩʪʦʱʝʥʠʷ ʟʘʧʘʩʦʚ ʥʘ ʜʘʥʥʳʭ 

ʧʦʜʵʪʘʞʘʭ ʥʘʯʠʥʘʝʪʩʷ ʚʦʚʣʝʯʝʥʠʝ ʚ ʦʪʨʘʙʦʪʢʫ ʟʘʧʘʩʦʚ ʚʳʰʝʣʝʞʘʱʠʭ ʧʦʜʵʪʘʞʝʡ (ï1150 

ʤ/ï1200 ʤ ʠ ï900 ʤ/ï950 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʪʘʢʞʝ ʚʝʨʭʥʝʛʦ ʧʦʜʵʪʘʞʘ ʥʠʞʥʝʛʦ ʷʨʫʩʘ 

(ï1000 ʤ/ï1050 ʤ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʝʜʝʣʘʭ ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʦʪʨʘʙʦʪʢʘ ʟʘʣʝʞʠ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩʭʦʜʷʱʠʤʠʩʷ ʬʨʦʥʪʘʤʠ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʚʝʨʭʥʠʡ 

ʷʨʫʩ. 

 

 
ʈʠʩ. 3. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʪʨʘʙʦʪʢʠ ʟʘʣʝʞʠ ʧʨʠ ʚʦʩʭʦʜʷʱʝʤ ʧʦʨʷʜʢʝ 

 

2ʡ ʧʫʩʢʦʚʦʡ ʢʦʤʧʣʝʢʩ

1ʡ ʧʫʩʢʦʚʦʡ ʢʦʤʧʣʝʢʩ

ɿʦʥʘ ʨʘʟʛʨʫʟʢʠ

ɿʦʥʘ ʨʘʟʛʨʫʟʢʠ

ɿʦʥʘ ʨʘʟʛʨʫʟʢʠ

1ʡ ʧʫʩʢʦʚʦʡ ʢʦʤʧʣʝʢʩ

ɺʦʩʭʦʜʷʱʠʡ ʧʦʨʷʜʦʢ

2ʡ ʧʫʩʢʦʚʦʡ ʢʦʤʧʣʝʢʩ

1ʡ ʧʫʩʢʦʚʦʡ ʢʦʤʧʣʝʢʩ

ɿʦʥʘ ʨʘʟʛʨʫʟʢʠ

ɿʦʥʘ ʨʘʟʛʨʫʟʢʠ

ɿʦʥʘ ʨʘʟʛʨʫʟʢʠ

1ʡ ʧʫʩʢʦʚʦʡ ʢʦʤʧʣʝʢʩ

ʅʠʩʭʦʜʷʱʠʡ ʧʦʨʷʜʦʢ
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ʀʟ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ (ʨʘʩʯʝʪ ʧʨʝʜʝʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʨʦʣʝʪʘ) 

ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʰʠʨʠʥʝ ʢʘʤʝʨ ʜʦ 14 ʤ ʠʭ ʜʣʠʥʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 15 ʤ. 

ʈʫʜʥʘʷ ʟʘʣʝʞʴ ʨʘʟʜʝʣʘʝʪʩʷ ʥʘ ʧʦʜʵʪʘʞʠ ʚʳʩʦʪʦʡ 50 ʤ, ʚ ʧʦʜʵʪʘʞʝ ʫʩʣʦʚʥʦ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʧʘʥʝʣʠ. ʂʘʞʜʘʷ ʧʘʥʝʣʴ ʜʝʣʠʪʩʷ ʥʘ ʩʝʢʮʠʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ 3 ʢʘʤʝʨ (ʣʝʥʪʳ 

1-ʡ, 2-ʡ ʠ 3-ʡ ʦʯʝʨʝʜʝʡ), ʈʠʩ. 4. 

ʇʘʨʘʤʝʪʨʳ ʩʝʢʮʠʡ: 

ï ʜʣʠʥʘ ï 15 ʤ; 

ï ʰʠʨʠʥʘ ï 42 ʤ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʤ ʢʘʤʝʨʘʤ); 

ï ʚʳʩʦʪʘ ʨʘʚʥʘ ʚʳʩʦʪʝ ʚʳʝʤʦʯʥʦʛʦ ʧʦʜʵʪʘʞʘ (50 ʤ). 

ʆʪʨʘʙʦʪʢʘ ʢʘʤʝʨ ʚ ʩʦʩʝʜʥʠʭ (ʩʤʝʞʥʳʭ) ʩʝʢʮʠʷʭ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʦʪʨʘʙʘʪʳʚʘʝʤʳʤʠ 

ʢʘʤʝʨʘʤʠ ʩʤʝʞʥʳʭ ʩʝʢʮʠʠ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ ʜʚʦʡʥʦʡ ʰʠʨʠʥʳ ʢʘʤʝʨʳ (28 

ʤ). 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʩʝʢʮʠʠ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʢʘʤʝʨʳ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ ʰʠʨʠʥʦʡ 14 ʤ. 

ʇʨʠ ʵʪʦʤ ʢʘʤʝʨʳ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ ʚ ʩʤʝʞʥʳʭ ʩʝʢʮʠʷʭ ʨʘʟʜʝʣʷʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʨʫʜʥʳʤ ʮʝʣʠʢʦʤ (ʢʘʤʝʨʳ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʦʯʝʨʝʜʠ) ʰʠʨʠʥʦʡ 28 ʤ (ʈʠʩ. 5). 

ʇʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʠ ʟʘʢʣʘʜʢʠ ʢʘʤʝʨ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʨʘʙʦʪʢʘ 

ʢʘʤʝʨ ʚʪʦʨʦʡ ʦʯʝʨʝʜʠ ʚ ʩʤʝʞʥʳʭ ʩʝʢʮʠʷʭ. ʂʘʤʝʨʳ 2-ʡ ʦʯʝʨʝʜʠ ʨʘʟʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʮʝʣʠʢʦʤ ʰʠʨʠʥʦʡ 28 ʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ ʢʘʤʝʨ 

ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ ʠ ʨʫʜʥʦʛʦ ʤʘʩʩʠʚʘ ʢʘʤʝʨ ʪʨʝʪʴʝʡ ʦʯʝʨʝʜʠ (ʈʠʩ. 5). 

 

 
 

ʈʠʩ. 4. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʪʨʘʙʦʪʢʠ ʢʘʤʝʨ (ʚ ʨʘʟʨʝʟʝ ï ʩʣʝʚʘ; ʚ ʧʣʘʥʝ ï ʩʧʨʘʚʘ) 
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ʈʠʩ. 5. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʪʨʘʙʦʪʢʠ ʩʝʢʮʠʡ 

 

ʇʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʢʘʤʝʨ ʚʪʦʨʦʡ ʦʯʝʨʝʜʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʨʘʙʦʪʢʘ ʢʘʤʝʨ ʪʨʝʪʴʝʡ 

ʦʯʝʨʝʜʠ. ɼʘʥʥʳʝ ʢʘʤʝʨʳ ʚ ʩʤʝʞʥʳʭ ʩʝʢʮʠʷʭ ʨʘʟʜʝʣʷʶʪʩʷ ʟʘʢʣʘʜʦʯʥʳʤ ʤʘʩʩʠʚʦʤ 

ʰʠʨʠʥʦʡ 28 ʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ ʢʘʤʝʨ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʦʯʝʨʝʜʠ. 

ʆʪʨʘʙʦʪʢʘ ʩʘʤʦʡ ʢʘʤʝʨʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʝ ʩʪʘʜʠʠ.  

ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʮʝʣʷʭ ʩʦʙʣʶʜʝʥʠʷ ʫʩʣʦʚʠʡ ʨʘʩʩʯʠʪʘʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʙʥʘʞʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʢʠ (ʊʘʙʣʠʮʘ 1). 

ʆʙʨʘʟʦʚʘʥʠʝ ʦʪʨʝʟʥʦʡ ʱʝʣʠ ʚ ʢʘʤʝʨʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʨʘʟʫ ʥʘ ʚʩʶ ʚʳʩʦʪʫ 

ʧʦʜʵʪʘʞʘ (50 ʤ), ʪ. ʝ. ʥʘ ʚʳʩʦʪʫ ʦʙʝʠʭ ʩʪʘʜʠʡ ʚʳʝʤʢʠ.  

ʇʦʩʣʝ ʧʨʦʭʦʜʢʠ ʦʪʨʝʟʥʦʛʦ ʚʦʩʩʪʘʶʱʝʛʦ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʨʝʟʥʦʡ ʱʝʣʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʦʪʙʠʚʘʝʪʩʷ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʢʘʤʝʨʳ (1-ʷ ʩʪʘʜʠʷ ʚʳʝʤʢʠ ʟʘʧʘʩʦʚ).  

ʆʪʙʦʡʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʠʩʭʦʜʷʱʠʤʠ ʚʝʝʨʘʤʠ ʩʢʚʘʞʠʥ, ʨʘʟʙʫʨʝʥʥʳʭ ʠʟ ʙʫʨʦ-

ʟʘʢʣʘʜʦʯʥʦʛʦ ʦʨʪʘ. ʆʪʛʨʫʟʢʘ ʨʫʜʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʠʟ ʙʫʨʦ-ʜʦʩʪʘʚʦʯʥʦʛʦ ʦʨʪʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʧʦʯʚʝ ʢʘʤʝʨʳ. ʆʪʙʠʪʘʷ ʨʫʜʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʘʤʝʨʳ ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʙʫʨʦ-ʜʦʩʪʘʚʦʯʥʳʡ ʦʨʪ ʯʝʨʝʟ ʦʪʨʝʟʥʫʶ ʱʝʣʴ.  

ʇʦʩʣʝ ʚʳʧʫʩʢʘ ʨʫʜʳ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʘʤʝʨʳ ʚ ʦʪʨʝʟʥʦʡ ʱʝʣʠ ʥʘ ʚʳʩʦʪʫ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʤʝʨʳ (ʚʪʦʨʘʷ ʩʪʘʜʠʷ ʚʳʝʤʢʠ ʨʫʜʳ) ʤʘʛʘʟʠʥʠʨʫʝʪʩʷ ʦʪʙʠʪʘʷ ʨʫʜʘ, 

ʢʦʪʦʨʘʷ ʟʘʧʦʣʥʷʝʪ ʦʪʨʝʟʥʫʶ ʱʝʣʴ ʥʘ ʚʳʩʦʪʫ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʤʝʨʳ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʢʣʘʜʢʘ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ. 

ʇʦʩʣʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʧʫʩʢ ʨʘʥʝʝ 

ʟʘʤʘʛʘʟʠʥʠʨʦʚʘʥʥʦʡ ʨʫʜʳ ʚ ʦʪʨʝʟʥʦʡ ʱʝʣʠ (ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ) ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʙʦʡʢʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʤʝʨʳ.  

ɺ ʩʣʫʯʘʝ ʟʘʚʠʩʘʥʠʷ ʨʫʜʥʦʡ ʤʘʩʩʳ, ʟʘʤʘʛʘʟʠʥʠʨʦʚʘʥʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʨʝʟʥʦʡ 

ʱʝʣʠ, ʠʟ ʙʫʨʦ-ʜʦʩʪʘʚʦʯʥʦʛʦ ʦʨʪʘ, ʧʨʦʡʜʝʥʥʦʛʦ ʧʦ ʧʦʯʚʝ ʢʘʤʝʨʳ ʙʫʨʷʪʩʷ ʚʦʩʭʦʜʷʱʠʝ 

ʩʢʚʘʞʠʥʳ ʚ ʩʪʦʨʦʥʫ ʦʪʨʝʟʥʦʡ ʱʝʣʠ, ʚ ʜʘʥʥʳʭ ʩʢʚʘʞʠʥʘʭ ʨʘʟʤʝʱʘʝʪʩʷ ʟʘʨʷʜ ɺɺ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʪʨʷʩʘʪʝʣʴʥʦʝ ʚʟʨʳʚʘʥʠʝ ʜʣʷ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʧʫʩʢʘ. 
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ɿʘʧʘʩʳ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʦʪʨʘʙʦʪʢʠ ʦʪʙʠʚʘʶʪʩʷ ʚʦʩʭʦʜʷʱʠʤʠ ʚʝʝʨʘʤʠ ʩʢʚʘʞʠʥ, 

ʧʨʦʙʫʨʝʥʥʳʭ ʠʟ ʙʫʨʦ-ʜʦʩʪʘʚʦʯʥʦʛʦ ʦʨʪʘ, ʧʨʦʡʜʝʥʥʦʛʦ ʧʦ ʧʦʯʚʝ ʢʘʤʝʨʳ.  

ʇʦʩʣʝ ʦʪʙʦʡʢʠ ʠ ʦʪʛʨʫʟʢʠ ʟʘʧʘʩʦʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʤʝʨʳ (2-ʷ ʩʪʘʜʠʷ ʚʳʝʤʢʠ 

ʢʘʤʝʨʳ) ʠ ʫʩʪʘʥʦʚʢʠ ʧʝʨʝʤʳʯʢʠ ʠʟ ʙʫʨʦ-ʟʘʢʣʘʜʦʯʥʦʛʦ ʦʨʪʘ, ʧʨʦʡʜʝʥʥʦʛʦ ʧʦ ʢʨʦʚʣʝ 

ʢʘʤʝʨʳ, ʙʫʨʠʪʩʷ ʧʘʨʘ ʟʘʢʣʘʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʢʣʘʜʢʘ ʚʳʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ [1]. 

 

ʊʘʙʣʠʮʘ 1. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʥʘʞʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʨʫʜʥʦʡ ʩʪʝʥʢʠ 

ʈʫʜʥʳʡ ʤʘʩʩʠʚ (ʢʠʤʙʝʨʣʠʪʳ) 
ɺʳʩʦʪʘ ʫʩʪʦʡʯʠʚʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʨʫʜʥʦʡ ʩʪʝʥʢʠ, ʤ 

ʈʘʟʤʝʨʳ ʙʣʦʢʦʚ 0,2 Ĭ 0,2 ʤ (ʜʣʷ ʫʩʣʦʚʠʡ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) 

 

21,0 

ʈʘʟʤʝʨʳ ʙʣʦʢʦʚ 0,25 Ĭ 0,25 ʤ (ʜʣʷ ʫʩʣʦʚʠʡ ʛʣʫʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) 

 

27,4 

 

ʊʝʭʥʦʣʦʛʠʷ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠ ʥʠʩʭʦʜʷʱʝʤ ʧʦʨʷʜʢʝ 

ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʟʘʣʝʞʠ ʚ ʥʠʩʭʦʜʷʱʝʤ ʧʦʨʷʜʢʝ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ 

ʢʘʤʝʨʥʫʶ ʩʠʩʪʝʤʫ ʨʘʟʨʘʙʦʪʢʠ ʩ ʚʳʝʤʢʦʡ ʨʦʤʙʦʚʠʜʥʳʤʠ ʢʘʤʝʨʘʤʠ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʙʝʟʦʧʘʩʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʝʤʦʯʥʳʭ ʝʜʠʥʠʮ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʩ ʫʯʝʪʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʫʜʳ, ʘ ʪʘʢʞʝ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʨʫʜʥʦʡ ʩʪʝʥʢʠ ʢʘʤʝʨʳ.  

ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʝ ʆ. ʊ. ʊʦʢʤʫʨʟʠʥʘ [2], ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʘ 2. 
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ʊʘʙʣʠʮʘ 2. ʋʩʪʦʡʯʠʚʦʩʪʴ ʥʘʢʣʦʥʥʦʡ ʨʫʜʥʦʡ ʩʪʝʥʢʠ ʧʦʜ ʫʛʣʦʤ 75ʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʘʩʩʠʚʘ 
ɺʳʩʦʪʘ ʫʩʪʦʡʯʠʚʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʨʫʜʥʦʡ ʩʪʝʥʢʠ, ʤ 

ɺʳʩʦʪʘ ʫʩʪʦʡʯʠʚʦʡ 

ʥʘʢʣʦʥʥʦʡ ʩʪʝʥʢʠ ʩ ʫʛʣʦʤ 

ʥʘʢʣʦʥʘ 75ʦ, ʤ 

ʂʠʤʙʝʨʣʠʪʳ (ʜʣʷ ʫʩʣʦʚʠʡ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ) 

 

 

25,5 

 

 

52,4 

ʂʠʤʙʝʨʣʠʪʳ (ʜʣʷ ʫʩʣʦʚʠʡ 

ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ) 

 

 

38,1 

 

 

82,1 

 

ɺʳʝʤʢʘ ʟʘʧʘʩʦʚ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʢʨʦʚʣʠ ʥʠʞʥʝʛʦ ʷʨʫʩʘ. ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʧʨʠʩʪʫʧʠʪʴ ʢ ʦʪʨʘʙʦʪʢʝ ʟʘʧʘʩʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʨʦʤʙʦʚʠʜʥʳʤʠ ʢʘʤʝʨʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʝʭʦʜʥʫʶ ʟʦʥʫ. ʇʝʨʝʭʦʜʥʘʷ 

ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʘʧʝʮʠʝʚʠʜʥʳʝ ʢʘʤʝʨʳ, ʢʦʪʦʨʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʫʨʦʤʙʫ ʠ ʠʤʝʶʪ ʧʘʨʘʤʝʪʨʳ:  

ï ʜʣʠʥʘ ï ʜʦ 45 ʤ; 

ï ʰʠʨʠʥʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 6 ʤ ʚ ʧʦʯʚʝ ʢʘʤʝʨʳ ʜʦ 16 ʤ ʚ ʢʨʦʚʣʝ ʢʘʤʝʨʳ; 

ï ʚʳʩʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʪʝ ʚʳʝʤʦʯʥʦʛʦ ʧʦʜʵʪʘʞʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 20 ʤ. 

ʂʘʤʝʨʳ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʢʘʤʝʨʥʦ-ʮʝʣʠʢʦʚʦʤ ʧʦʨʷʜʢʝ ʧʦ 

ʩʭʝʤʝ 1-2-1-2 (ʨʠʩ. 6). 

 

ʈʠʩ. 6. ʇʦʨʷʜʦʢ ʦʪʨʘʙʦʪʢʠ ʢʘʤʝʨ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ 

 

ʇʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʥʝʩʢʦʣʴʢʠʭ ʢʘʤʝʨ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʧʨʠʩʪʫʧʠʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʦʤʙʦʚʠʜʥʳʭ ʢʘʤʝʨ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʉʫʱʥʦʩʪʴ ʚʘʨʠʘʥʪʘ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʚʳʝʤʢʦʡ ʨʦʤʙʦʚʠʜʥʳʤʠ ʢʘʤʝʨʘʤʠ 

ʧʨʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚ çʰʘʭʤʘʪʥʦʤè ʧʦʨʷʜʢʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʅʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʠ ʩʦʩʪʦʠʪ ʚ ʦʬʦʨʤʣʝʥʠʠ ʦʪʨʝʟʥʦʛʦ 

ʚʦʩʩʪʘʶʱʝʛʦ ʠ ʦʪʨʝʟʥʦʡ ʱʝʣʠ ʚ ʪʦʨʮʝ ʢʘʤʝʨʳ ʤʝʞʜʫ ʙʫʨʦ-ʟʘʢʣʘʜʦʯʥʦʡ ʠ ʙʫʨʦ-

ʜʦʩʪʘʚʦʯʥʦʡ ʚʳʨʘʙʦʪʢʘʤʠ. ʆʪʛʨʫʟʢʘ ʦʪʙʠʪʦʡ ʨʫʜʳ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ ʦʪʨʝʟʥʦʡ ʱʝʣʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʙʫʨʦ-ʜʦʩʪʘʚʦʯʥʦʛʦ ʦʨʪʘ, ʧʨʦʡʜʝʥʥʦʛʦ ʥʘ ʫʨʦʚʥʝ ʧʦʯʚʳ ʢʘʤʝʨʳ. 

ʅʦʨʤʘʣʴʥʘʷ ʩʪʘʜʠʷ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʩʦʩʪʦʠʪ ʚ ʧʦʩʣʦʡʥʦʡ ʦʪʙʦʡʢʝ ʥʠʩʭʦʜʷʱʠʭ 

ʚʝʝʨʦʚ ʩʢʚʘʞʠʥ ʥʘ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʙʨʘʟʦʚʘʥʥʦʝ ʦʪʨʝʟʥʦʡ ʱʝʣʴʶ, 
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ʧʨʦʙʫʨʝʥʥʳʭ ʠʟ ʙʫʨʦ-ʟʘʢʣʘʜʦʯʥʦʡ ʚʳʨʘʙʦʪʢʠ ʥʘ 1/2 ʚʳʩʦʪʳ ʨʦʤʙʘ (20 ʤ), ʘ ʪʘʢʞʝ 

ʦʪʙʦʡʢʦʡ ʚʦʩʭʦʜʷʱʠʭ ʚʝʝʨʦʚ ʩʢʚʘʞʠʥ ʛʣʫʙʠʥʦʡ 20 ʤ, ʧʨʦʙʫʨʝʥʥʳʭ ʠʟ ʙʫʨʦ-

ʜʦʩʪʦʚʦʯʥʦʛʦ ʦʨʪʘ. ʆʪʩʪʘʚʘʥʠʝ ʚʦʩʭʦʜʷʱʝʡ ʦʪʙʦʡʢʠ ʦʪ ʥʠʩʭʦʜʷʱʝʡ ʩʦʩʪʘʚʣʷʝʪ ʥʝ 

ʤʝʥʝʝ ʪʨʝʭ ʚʝʝʨʦʚ ʩʢʚʘʞʠʥ.  

ʇʦ ʦʢʦʥʯʘʥʠʠ ʦʪʙʦʡʢʠ ʨʫʜʳ ʚ ʢʘʤʝʨʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʯʠʩʪʢʘ ʧʦʯʚʳ ʢʘʤʝʨʳ ʩ 

ʧʦʤʦʱʴʶ ʇɼʄ, ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʄʘʰʠʥʘ ʧʨʠ 

ʟʘʯʠʩʪʢʝ ʜʚʠʛʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʧʦʯʚʝ ʢʘʤʝʨʳ [1]. 

ʂʘʤʝʨʳ ʨʘʩʧʦʣʘʛʘʶʪ ʚ ʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ. 

ɼʣʷ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʨʫʜʳ ʧʨʝʜʫʩʤʦʪʨʝʥ ʢʘʤʝʨʥʦ-ʮʝʣʠʢʦʚʳʡ ʧʦʨʷʜʦʢ 

ʦʪʨʘʙʦʪʢʠ ʧʦ ʩʭʝʤʝ 1-2-1 (ʈʠʩ. 7). 

 

 
ʈʠʩ. 7. ʇʦʨʜ̫ʦʢ ʦʪʨʘʙʦʪʢʠ ʨʦʤʙʦʚʠʜʥʳʭ ʢʘʤʝʨ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ (ʊʘʙʣʠʮʘ 3), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʛʣʘʚʥʳʡ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʦʙʝ ʩʠʩʪʝʤʳ ʜʦʩʪʠʛʘʶʪ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (2 ʤʣʥ 

ʪ/ʛʦʜ).  

ɺ ʧʦʣʴʟʫ ʩʠʩʪʝʤʳ ʩ ʜʚʫʭ-ʩʪʘʜʠʡʥʦʡ ʦʪʨʘʙʦʪʢʦʡ ʢʘʤʝʨ ʛʦʚʦʨʠʪ ʣʫʯʰʠʡ 

ʫʜʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʇʅʈ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʥʘʷ ʚʳʩʦʪʘ ʧʦʜʵʪʘʞʘ. ʆʜʥʘʢʦ ʜʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʩʣʦʞʥʘ ʚ ʧʦʥʠʤʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʠʩʪʝʤʳ ʩ ʨʦʤʙʦʚʠʜʥʳʤʠ ʢʘʤʝʨʘʤʠ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʦ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʨʫʜʥʠʢʝ 

çɸʡʭʘʣè, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʦʤ ʢʦʤʧʘʥʠʠ çɸʣʨʦʩʘè. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʢʦʤʧʘʥʠʝʡ çɸʣʨʦʩʘè ʧʨʦʚʦʜʠʪʩʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ. 
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ʊʘʙʣʠʮʘ 3. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʣʘʛʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ 

 

ʇʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ 

ɺʦʩʭʦʜʷʱʠʡ ʧʦʨʷʜʦʢ. 

ʉʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʩ ʢʘʤʝʨʥʦʡ 

ʚʳʝʤʢʦʡ ʠ ʟʘʢʣʘʜʢʦʡ ʩ 

ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʧʦʨʷʜʢʦʤ 

ʚʳʝʤʢʠ  

ʢʘʤʝʨ 

ʅʠʩʭʦʜʷʱʠʡ ʧʦʨʷʜʦʢ. 

ʉʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ 

ʨʦʤʙʦʚʠʜʥʳʤʠ ʢʘʤʝʨʘʤʠ 

ʩ ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʢʦʡ 

ɹʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ ʢʘʤʝʨʳ, ʪ 26 250 49 500 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʤʣʥ ʪ/ʛʦʜ 2,0 2,0 

ʋʜʝʣʴʥʳʡ ʦʙʲʝʤ ʇʅʈ ʤ3/1000 ʪ 42,8 62,4 

ʉʨʦʢ ʪʚʝʨʜʝʥʠʷ ʟʘʢʣʘʜʦʯʥʦʛʦ 

ʤʘʩʩʠʚʘ, ʩʫʪ 
 

42 

 

28 

ɺʳʩʦʪʘ ʧʦʜʵʪʘʞʘ, ʤ 50 20 

ɺʳʩʦʪʘ ʢʘʤʝʨ, ʤ 50 40 

ʇʦʪʝʨʠ, % 3,2 3,1 

ʈʘʟʫʙʦʞʠʚʘʥʠʝ, % 13,6 9,4 
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ʋɼʂ. 622.273.06: 622.34 

ʀʅɾɽʅɽʈʅʓʁ ʈɸʉʏɽʊ ʆʇʆʈʅʓʍ ʎɽʃʀʂʆɺ 

 
ʌɽʂʃʀʉʊʆɺ ʖ. ɻ.1, ɺɸʅɼʓʐɽɺ ɸ. ʄ.2, ʇʆʊɸʇʆɺ ɺ. ɺ.2 

1ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ  
2ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʤʝʪʦʜʠʢʘ ʠ ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʳʭ ʨʘʟʤʝʨʦʚ 

ʮʝʣʠʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʦʫʨʘʣʴʩʢʦʛʦ ʙʦʢʩʠʪʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʪʦʣʙʦʚʦʡ 

ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʦʜʥʦʩʣʦʡʥʦʡ ʚʳʝʤʢʦʡ. ʈʘʩʯʝʪʳ ʫʩʪʦʡʯʠʚʳʭ ʨʘʟʤʝʨʦʚ ʮʝʣʠʢʦʚ 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʩʦʚʤʝʩʪʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʮʝʣʠʢʦʚ, ʙʦʢʦʚʳʭ ʧʦʨʦʜ ʠ 

ʵʣʝʤʝʥʪʦʚ ʢʨʝʧʠ ʚ ʦʯʠʩʪʥʳʭ ʟʘʭʦʜʢʘʭ ʠ ʚʳʨʘʙʦʪʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʧʨʷʞʝʥʠʝ, ʜʝʬʦʨʤʘʮʠʠ, ʦʯʠʩʪʥʘʷ ʚʳʝʤʢʘ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʨʦʜ, ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ, ʮʝʣʠʢʠ, ʧʨʦʛʥʦʟʥʳʡ ʨʘʩʯʝʪ, ʰʠʨʠʥʘ ʣʝʥʪʦʯʥʳʭ ʮʝʣʠʢʦʚ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʮʝʣʠʢʦʚ. 

 

ENGINEERING CALCULATION OF SUPPORT PILLARS  

 
FEKLISTOV YU. G.1, VANDYSHEV A.M.2, POTAPOV V. V.2 

1Institute of Mining URAL BRANCH OF RAS 
2Ural State Mining University 

 

Abstract. The article presents the methodology and examples of calculating the stable 

dimensions of the pillars in the conditions of the Severouralsky bauxite deposit when using a column 

development system with a single-layer excavation. Calculations of the stable dimensions of the pillars 

are based on solving the problem of joint deformation of the pillars, side rocks and support elements in 

the cleaning approaches and workings.  

Keywords: stress, deformations, stope, mechanical properties of rocks, underground mining 

system, pillars, predictive calculation, width of belt pillars, stability of pillars. 

 

ʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʪʦʣʙʦʚʦʡ ʩʠʩʪʝʤʳ ʩ ʦʜʥʦʩʣʦʡʥʦʡ ʚʳʝʤʢʦʡ 

ʠ ʢʨʝʧʣʝʥʠʝʤ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʰʘʭʪʝ çʏʝʨʝʤʫʭʦʚʩʢʘʷè ʥʘ ʫʯʘʩʪʢʘʭ ʨʫʜʥʳʭ ʪʝʣ ʩʦ 

ʩʨʝʜʥʝʡ ʥʦʨʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 3,0 ʤ (ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦ 3,5ï4,0 ʤ) ʠ 

ʧʦʢʨʳʚʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʚ ʚʠʜʝ ʩʣʘʥʮʝʚ ʢʦʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ. 

ɹʦʢʩʠʪʦʚʘʷ ʟʘʣʝʞʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʨʳʚʠʩʪʳʤ ʦʨʫʜʝʥʝʥʠʝʤ ʥʘʣʠʯʠʝʤ 

ʙʝʟʨʫʜʥʳʭ ʟʦʥ ʚ ʚʠʜʝ ʧʦʜʥʷʪʠʡ ʠʟʚʝʩʪʥʷʢʦʚ ʣʝʞʘʯʝʛʦ ʙʦʢʘ. ʇʣʦʱʘʜʴ ʙʝʟʨʫʜʠʡ 

ʜʦʩʪʠʛʘʝʪ 30 % ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʣʝʞʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʙʝʟʨʫʜʥʳʭ ʟʦʥʘʤʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 50ï120 ʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʚ ʦʧʳʪʥʳʭ 

ʙʣʦʢʘʭ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʢʘʞʜʦʤ ʦʪʨʘʙʦʪʘʥʥʦʤ ʩʪʦʣʙʝ ʥʘʭʦʜʠʪʩʷ 1ï2 

ʙʝʟʨʫʜʥʳʭ ʫʯʘʩʪʢʘ, ʨʘʟʤʝʨʘʤʠ ʩʪʦʨʦʥ ʦʪ 0,3 ʜʦ 0,6 ʤ. ɿʘʣʝʛʘʶʱʠʝ ʚ ʢʨʦʚʣʝ ʩʣʘʥʮʳ 

ʤʦʱʥʦʩʪʴʶ ʦʪ 12 ʜʦ 20 ʤ, ʩʦʜʝʨʞʠʪ ʢʘʨʙʦʥʘʪʦʚ ʦʪ 7 ʜʦ 12 ʜʦ 24 % ʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʯʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʩʣʦʷʤʠ. ʇʨʠ ʚʝʜʝʥʠʠ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʧʣʦʱʘʜʥʦʛʦ ʦʙʨʫʰʝʥʠʷ 

ʧʦʨʦʜ ʢʨʦʚʣʠ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ, ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ 

ʦʙʨʫʰʝʥʠʷ ʢʨʦʚʣʠ ʚ ʚʠʜʝ ʢʫʧʦʣʦʚ ʚʳʩʦʪʦʡ 1ï1,5 ʤ. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʘʱʠʪʥʦʝ ʚʣʠʷʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʧʦʨ (ʙʝʟʨʫʜʥʳʭ ʟʦʥ), ʢʦʪʦʨʳʝ ʥʝʩʫʪ 

ʦʩʥʦʚʥʳʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʦʜʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʪʦʣʙʦʚʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʢʨʝʧʣʝʥʠʝʤ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʭʨʘʥʝʥʠʷ ʨʫʜʥʦʛʦ, ʚʦʩʩʪʘʶʱʝʛʦ ʥʘ ʚʝʩʴ ʩʨʦʢ ʩʣʫʞʙʳ ʵʪʘʞʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʦʩʪʘʚʣʝʥʠʝ ʣʝʥʪʦʯʥʳʭ ʦʭʨʘʥʥʳʭ ʮʝʣʠʢʦʚ ʚ ʮʝʥʪʨʝ ʚʳʝʤʦʯʥʳʭ ʙʣʦʢʦʚ ʧʦ ʧʘʜʝʥʠʶ ʫ 

ʨʫʜʥʦʛʦ ʚʦʩʩʪʘʶʱʝʛʦ (ʨʠʩ. 1). ɺ ʢʨʳʣʴʷʭ ʚʳʝʤʦʯʥʳʭ ʩʪʦʣʙʦʚ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
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ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʚʣʷʪʴ 

ʣʝʥʪʦʯʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʮʝʣʠʢʠ ʧʦ ʧʘʜʝʥʠʶ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʚʳʝʤʦʯʥʦʛʦ ʙʣʦʢʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʪʦʣʙʦʚʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ  

ʩ ʢʨʝʧʣʝʥʠʝʤ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʩʯʝʪʳ ʫʩʪʦʡʯʠʚʳʭ ʨʘʟʤʝʨʦʚ ʮʝʣʠʢʦʚ, ʠʭ ʰʠʨʠʥʳ ʘʮ ï ʙʘʟʠʨʫʝʪʩʷ 

ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʩʦʚʤʝʩʪʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʮʝʣʠʢʦʚ, ʙʦʢʦʚʳʭ ʧʦʨʦʜ ʠ ʵʣʝʤʝʥʪʦʚ 

ʢʨʝʧʠ ʦʯʠʩʪʥʳʭ ʟʘʭʦʜʦʢ ʠ ʚʳʨʘʙʦʪʦʢ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘʥʠʝ ʢʦʤʧʦʥʝʥʪ ʥʘʯʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ ʧʦʨʦʜ ʠ ʠʭ ʠʟʤʝʥʝʥʠʝ ʧʨʠ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʝ, ʘ ʪʘʢʞʝ ʬʠʟʠʢʦ ï 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʫʜʳ, ʧʦʨʦʜ, ʤʘʪʝʨʠʘʣʳ ʢʨʝʧʠ ʠ ʠʭ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ [1ï5].  

ʉʨʝʜʥʠʝ ʥʘʧʨʷʞʝʥʠʷ (sʮ) ʚ ʮʝʣʠʢʘʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ 

 

[]ʄʇʘ,ůůůůů ʮʢʥʥʮ ¢-D+= ,                                                   (1) 

ʛʜʝ ʥůï ʩʨʝʜʥʠʝ ʥʦʨʤʘʣʴʥʳʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʤʘʩʩʠʚʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʟʘʣʝʞʠ, ʜʦ ʥʘʯʘʣʘ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʠ, ʄʇʘ; 

       ʥůD  ï ʠʟʤʝʥʝʥʠʝ (ʧʨʠʨʘʱʝʥʠʝ) ʥů  ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʚʳʝʤʢʝ ʨʫʜʳ ʩ ʫʯʝʪʦʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʫʜʳ ʠ ʙʦʢʦʚʳʭ 

ʧʦʨʦʜ, ʠ ʨʝʘʢʮʠʠ ʮʝʣʠʢʦʚ, ʄʇʘ; 

         ʢů ï ʧʨʦʛʥʦʟʥʳʝ ʩʨʝʜʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʨʝʘʢʪʠʚʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʨʝʧʠ 

ʦʯʠʩʪʥʳʭ ʟʘʭʦʜʦʢ ʠ ʚʳʨʘʙʦʪʦʢ (ʨʝʘʢʮʠʷ ʦʪʧʦʨʘ), ʄʇʘ; 

[]ʮů  ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ(ʫʩʪʦʡʯʠʚʦʩʪʠ) ʮʝʣʠʢʘ ʩ ʫʯʝʪʦʤ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʨʫʜʳ 

ʥʘ ʩʞʘʪʠʝ ʚ ʦʙʨʘʟʮʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ, 

ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʬʦʨʤʳ ʮʝʣʠʢʘ, ʄʇʘ. 
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ʉʨʝʜʥʠʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʟʘʣʝʞʠ ʥů, ʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʝ ʧʦ 

ʝʝ ʧʘʜʝʥʠʶ ï ʚʦʩʩʪʘʥʠʶ ʧů ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʩʧʦʣʴʟʫʷ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ 

 

ʥ 1 2 1 2ů 0,5(ů ů ) 0,5(ů ů )ʩos 2Ŭ,= + - - Ö  

ʧ 1 2 1 2ů 0,5(ů ů ) 0,5(ů ů )ʩos 2Ŭ,= + - - Ö                                     (2) 

 

ʛʜʝ 1ů, 2ů ï ʛʣʘʚʥʳʝ ʥʘʯʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʄʇʘ; 

Ŭ ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʟʘʣʝʞʠ, ʛʨʘʜ. 

ɼʣʷ ʤʘʩʩʠʚʘ ʧʦʨʦʜ ʉʋɹʈʘ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ů1 : ů2 : 

ů3 = 1 : 0,7 : 0,6. ʇʦʩʢʦʣʴʢʫ ʥʘʧʨʷʞʝʥʠʷ ů1 ʜʝʡʩʪʚʫʝʪ ʚ ʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ů2 ï ʚʝʨʪʠʢʘʣʴʥʦ ʠ ʨʘʚʥʳ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʥʘʛʨʫʟʢʘʤ ʦʪ ʚʝʩʘ 

ʥʘʣʝʛʘʶʱʠʭ ʧʦʨʦʜ, ʘ ů3 ʜʝʡʩʪʚʫʝʪ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ, ʪʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩ ʫʯʝʪʦʤ 

ʩʨʝʜʥʝʛʦ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʧʦʨʦʜ ɔ ʠ ʨʘʩʯʝʪʥʦʡ ʛʣʫʙʠʥʳ H ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ 

ʚʳʨʘʞʝʥʠʡ 

 

1ů 1,43 ɔ ;H= Ö Ö2ů 1,0 ɔ ;H= Ö Ö3ů 0,86 ɔ .H= Ö Ö                                    (3) 

 

ʉʭʝʤʘ ʢ ʨʘʩʯʝʪʫ ʥʘʧʨʷʞʝʥʠʡ ʚ ʮʝʣʠʢʘʭ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʢ ʨʘʩʯʝʪʫ ʥʘʧʨʷʞʝʥʠʡ 

 

ʀʟʤʝʥʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʧʨʝʜʝʣʠʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

 

max ʮ

ʥ 2 2

p ʮ ʧ ʧ

(1- / )
ů ,

/ /ˊ 2/ (1 ɛ )

U S S

m E a E

Ö
D =

è ø+ Ö Ö -ê ú

                                   (4) 

 

ʛʜʝ maxU  ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ (ʩʭʦʞʜʝʥʠʝ) ʧʦʨʦʜ ʚʠʩʷʯʝʛʦ ʠ ʣʝʞʘʯʝʛʦ ʙʦʢʦʚ 

ʟʘʣʝʞʠ, ʥʘ ʚʳʨʘʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʤ; 

ʮS , S  ï ʧʣʦʱʘʜʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʮʝʣʠʢʦʚ ʠ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 

ʧʣʦʩʢʦʩʪʠ ʟʘʣʝʞʠ, ʤ2; 

m ï ʤʦʱʥʦʩʪʴ ʟʘʣʝʞʠ, ʤ; 
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pE , ʧE  ï ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʖʥʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʫʜʳ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʄʇʘ; 

ʮa  ï ʠʩʢʦʤʘʷ ʰʠʨʠʥʘ ʦʧʦʨʥʳʭ ʮʝʣʠʢʦʚ, ʤ; 

ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʧʦʨʦʜ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ (ʩʭʦʞʜʝʥʠʝ) ʧʦʨʦʜ ʥʘ ʚʳʨʘʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʡ: 

ï ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʧʦʛʘʰʝʥʥʦʡ ʢʦʥʩʦʣʠ ʧʦʨʦʜ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʪʦʣʙʝ (ʧʘʥʝʣʠ) 

 

max ʵʢʚ 1 ʧ0,3 ů 2/ ;U H E= Ö Ö                                                         (5) 

 

ï ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʩʦʣʠ ʧʦʨʦʜ ʚ ʧʨʝʜʳʜʫʱʝʡ ʧʘʥʝʣʠ ʧʦ ʚʦʩʩʪʘʥʠʶ 

 

max ʵʢʚ 1 ʧ0,25 ů 2/ ,U H E= Ö Ö                                                        (6) 

 

ʛʜʝ ɻʢʚH  ï ʚʳʩʦʪʘ (ʵʢʚʠʚʘʣʝʥʪʥʘʷ) ʤʘʩʩʠʚʘ ʧʦʨʦʜ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʝʣʠʯʠʥʫ ʩʭʦʞʜʝʥʠʷ 

ʧʦʨʦʜ ʥʘ ʚʳʨʘʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʤ, 

 

ʵʢʚ ʮ0,6 ,ʅ l= Ö                                                                 (7) 

 

ʛʜʝ ʮl  ï ʨʘʟʤʝʨ ʩʪʦʣʙʘ (ʧʘʥʝʣʠ) ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ, ʤ. 

ʇʨʦʛʥʦʟʥʳʡ ʨʘʩʯʝʪ ʩʨʝʜʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʨʝʘʢʪʠʚʥʳʤ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝʤ ʢʨʝʧʠ ʟʘʭʦʜʦʢ, ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʣʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ 

ʨʘʩʧʦʨʘ ʩʪʦʝʢ ʢʨʝʧʠ ʠ ʙʝʟ ʫʯʝʪʘ ʩʞʘʪʠʷ ʚʝʨʭʥʷʢʦʚ ʚ ʫʟʣʘʭ ʢʨʝʧʝʞʥʦʡ ʨʘʤʳ ʠ 

ʚʜʘʚʣʠʚʘʥʠʷ ʩʪʦʝʢ ʚ ʧʦʯʚʫ: 

 

,ůʢ nRÖ=                                                                  (8) 

 

ʛʜʝ R ï ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʜʥʦʡ ʜʝʨʝʚʷʥʥʦʡ ʩʪʦʡʢʠ, ʂʅ, 

 
2

ʩʞˊ 0,25 ,R d R= Ö Ö Ö                                                                (9) 

 

d ï ʜʠʘʤʝʪʨ ʩʪʦʡʢʠ, d = 0, 22 ʤ; 

ʩʞR ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʨʝʚʝʩʠʥʳ ʩʦʩʥʳ ʥʘ ʩʞʘʪʠʝ ʚʜʦʣʴ ʚʦʣʦʢʦʥ ʧʦ ʉʅʠʇ IIï

B.4-62, ʧ.2.1, ʩʞR = 13 ʄʇʘ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʝʢ ʥʘ 1 ʤ2 ʟʘʭʦʜʢʠ, 1/ʤ2. 

ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʨʘʤ ʢʨʝʧʠ ʚʩʧʣʦʰʥʫʶ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʫʩʪʘʥʦʚʢʦʡ 4 ʩʪʦʝʢ ʦʨʛʘʥʢʠ 

ʧʦʜ ʚʝʨʭʥʷʢ ʢʘʞʜʦʡ ʨʘʤʳ ʧʦʣʫʯʘʝʤ 12 ʩʪʦʝʢ ʥʘ 3 ʤ2 ʚʳʨʘʙʦʪʢʠ, ʪʦʛʜʘ n = 4 ʩʪʦʡʢʠ ʥʘ 1 

ʤ2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʩʪʘʚʠʚ ʚ (8) ʥʘʰʠ ʫʩʣʦʚʠʷ, ʧʦʣʫʯʘʝʤ 

 

ʄʇʘ.0,2ʤ/ʪʩ196ʤ/ʂʅ196041325,0038,014,3ů 22

ʢ º==ÖÖÖÖ=  
 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʤʘʩʩʠʚʘ ʮʝʣʠʢʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ 

 

ʮ ʩʞ ʩʦ ʜ ʬ ʟ[ů] [ů]ʂ ʂ ʂ /ʂ ,= Ö Ö Ö                                           (10) 
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ʛʜʝ ʩʞ]ů[  = 65 ʄʇʘ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʨʫʜʳ ʚ ʦʙʨʘʟʮʝ (ʙʦʢʩʠʪ ʢʨʘʩʥʳʡ, ʥʝʤʘʨʢʠʡ); 

ʩʦʂ  = 0,7 ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʙʦʢʩʠʪʘ; 

ʜʂ  = 0,75 ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʨʫʜʳ; 

ʬʂ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʮʝʣʠʢʘ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʦʙʲʝʤʥʦʩʪʠ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʮʝʣʠʢʘ;  

 

ʬ ʮʂ 0,75 0,5ʘ / .m= +                                                          (11) 

 

ʇʦʩʢʦʣʴʢʫ, ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʨʦʤʝ 
ʬʂ , ʠʤʝʶʪ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ, ʪʦ ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠʭ ʩʣʝʜʫʝʪ ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʨʫʜʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʮʝʣʠʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʯʥʦʩʪʴʶ ʚ ʦʙʨʘʟʮʝ ()ʂʩʧ 
 

38,038,1/75,07,0ʂ/ʂʂʂ ʟʜʩʦʩʧ =Ö=Ö= .                                   (12) 

 

ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

 

ʬʩʧʩʞʮ ʂʂ]ů[]ů[ Ö= .                                                       (13) 

 

ʐʠʨʠʥʘ ʣʝʥʪʦʯʥʳʭ ʦʧʦʨʥʳʭ ʮʝʣʠʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʫʪʝʤ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ (1), (4), (13) ʩ ʫʯʝʪʦʤ (2) ʠ (11) ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ 

ʫʨʘʚʥʝʥʠʝ ʪʠʧʘ 

0, ʉʘBʘA ʮ

2

ʮ =+Ö+Ö                                                      (14) 

ʛʜʝ ;
2ʂʂů][6,0

ʧ

ʬʩʧʩʞ

Em
A Ö

ÖÖ
=                                                                                              (15) 

 

;
2

 )ů-ů(1,2 -  
2

ʂů][9,0
ʂʂů][5,0

ʧ

ʢH

ʧ

ʩʧʩʞ

p

ʬʩʧʩʞ

EEE
ɺ ÖÖÖÖÖ+

ÖÖ
=                                          (16) 

 

.1 -
)ů-(ůʂů][75,0 ʮ

max

p

ʢʧ

p

ʩʧʩʞ ö
÷

õ
æ
ç

å
-

Ö
+

ÖÖ
=

S

S
U

E

m

E

m
ʉ                                                             (17) 

 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (14) ʠʤʝʝʪ ʚʠʜ, ʤ: 

 
2

ʮ

4
ʘ .

2

B B ɸ ʉ

ɸ

- ° - Ö
=                                                        (18) 

ɼʘʣʝʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ 

ʦʧʦʨʥʳʭ ʮʝʣʠʢʦʚ. 

 

ʇʨʠʤʝʨ.1. 

ʈʘʩʩʯʠʪʘʪʴ ʰʠʨʠʥʫ ʣʝʥʪʦʯʥʳʭ ʦʧʦʨʥʳʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʮʝʣʠʢʦʚ ʜʣʷ ʩʣʝʜʫʶʱʠʭ 

ʫʩʣʦʚʠʡ: ʨʠʩ. 2 
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H = 800 ʤ; Ŭ = 25;̄ lʧ = 52 ʤ; m = 3 ʤ; ʨʫʜʘ ï ʙʦʢʩʠʪ ʢʨʘʩʥʳʡ ʥʝʤʘʨʢʠʡ ʩʞů][  = 65 ʄʇʘ, 

pE  = 4 Ö 104 ʄʇʘ, ʩʦʂ 0,7,  6 8f= = -; ʙʦʢʦʚʳʝ ʧʦʨʦʜʳ ï ʠʟʚʝʩʪʥʷʢʠ ʩʚʝʪʣʦ-ʩʝʨʳʝ ʧE  = 

5 Ö 104 ʄʇʘ, Õʧ = 0,3, ɔ = 0,027ʄʅ/ʤ
3 f = 4 ï 6. 

ʇʦ ʬʦʨʤʫʣʘʤ (2) ʠ (3) ʨʘʩʩʯʠʪʳʚʘʝʤ ʛʣʘʚʥʳʝ ʠ ʩʨʝʜʥʠʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʄʇʘ8,30800027,043,1 =ÖÖ=l ; 

ʄʇʘ6,21800027,00,1ů2 =ÖÖ= ; 

ʄʇʘ2,23252Cos5,0)6,218,30()6,218,30(5,0ůʥ =ÖÖ-Ö-+= A
; 

ʧů 0,5(30,8 21,6) (30,8 21,6)0,5 Cos2 25 29,1ʄʇʘ.= + +Ö - Ö Ö = 

 

ɺʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʙʦʢʦʚʳʭ ʧʦʨʦʜ ʥʘ ʚʳʨʘʙʦʪʘʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʚʳʨʘʞʝʥʠʷ (5) ʩ ʫʯʝʪʦʤ (7), ʩʯʠʪʳʚʘʷ ʢʦʥʩʦʣʴ ʧʦʨʦʜ ʚʳʰʝ 

ʦʪʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʪʦʣʙʘ (ʧʘʥʝʣʠ) ʥʝʧʦʛʘʰʝʥʥʦʡ 

 

ʵʢʚ0,6 52 31,2ʤ,ʅ = Ö =  

ʤ105,11105/28,032,313,0 34

max

-Ö=ÖÖÖÖ=U ; 

;100,198
105

2

3

0,3865,06,0 3-

4
Ö=

Ö
Ö

ÖÖ
=A  

;100,19
105

2
 2,0)-2,32(1,2 -  

105

2
0,38659,0

104

0,38565,0 3-

444
Ö=

Ö
ÖÖ

Ö
ÖÖÖ+

Ö

ÖÖ
=ɺ  

( ) .10-6,6316,01101,51 -
104

32,0)-(23,2

104

38,036575,0 3-3-

44
Ö=-Ö

Ö

Ö
+

Ö

ÖÖÖ
=ʉ  

ʇʦʣʘʛʘʷ, ʯʪʦ ʚ ʩʪʦʣʙʝ (ʧʘʥʝʣʠ) ʙʫʜʝʪ ʦʩʪʘʚʣʝʥʦ 4 ʮʝʣʠʢʘ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʴʶ 

1204103ʘ ʮʮ =ÖÖ=Ö= hS ʮ ʤ2, ʘ ʧʣʦʱʘʜʴ ʩʪʦʣʙʘ ʩʦʩʪʘʚʠʪ 7281452ʧ =Ö=Ö= hlS ʮ ʤ2, 

ʦʧʨʝʜʝʣʠʤ ʦʪʥʦʰʝʥʠʝ 16,0728/120/ʮ ==SS
 

 

3,5
396,0

25,5036,019,0

198,02

)63,6(198,0419,0)19,0(
ʘ

2

ʮ =
+°-

=
Ö

-ÖÖ-°+-
= ʤ. 

ʇʨʠʤʝʨ 2. ʋʩʣʦʚʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʚ ʧʨʠʤʝʨʝ 1, ʥʦ ʙʦʢʦʚʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʫʛʣʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ʧE  = 2 Ö 104 ʄʇʘ,  f = 2ï4, ů1 =30,8 ʄʇʘ, ů2 = 21,6 ʄʇʘ,  

ůʥ = 23,2 ʄʇʘ. 

Hʵʢʚ =31,2 ʤ; 

 
4 3

max 0,3 31,2 30,8 2 / 2 10 28,8 10ʤ;U -= Ö Ö Ö Ö = Ö
 

 

;100,495
102

2

3

0,3865,06,0 -3

4
Ö=

Ö
Ö

ÖÖ
=A  

;100,033
102

2
 2,0)-2,32(1,2 -  

102

2
0,38659,0

104

0,38565,0 -3

444
Ö+=

Ö
ÖÖ

Ö
ÖÖÖ+

Ö

ÖÖ
=ɺ  
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( )-3 -3

4 4

0,75 65 3 0,38 (23,2-2,0) 3
- 28,8 10 1 0,16 -21,22 10 ;

4 10 2 10
ʉ

Ö Ö Ö Ö
= + Ö - = Ö

Ö Ö
 

16,0/ʮ =SS  

5,6
99,0

01,42001,0033,0

495,02

)22,21(495,04033,0)033,0(
ʘ

2

ʮ =
+°-

=
Ö

-ÖÖ-°+-
= ʤ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩʫʤʤʘʨʥʘʷ ʰʠʨʠʥʘ ʦʧʦʨʥʳʭ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʮʝʣʠʢʦʚ ʥʘ ʧʝʨʠʦʜ ʦʪʨʘʙʦʪʢʠ ʚʩʝʡ ʧʘʥʝʣʠ ʧʨʠ ʙʦʢʦʚʳʭ ʧʦʨʦʜʘʭ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʩʣʘʥʮʘʤʠ ʩʦʩʪʘʚʠʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 5,3 ʠ 6,5 ʤ. 

ʇʦʩʢʦʣʴʢʫ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʦʩʪʘʚʣʷʪʴ ʜʚʘ ʦʧʦʨʥʳʭ ʮʝʣʠʢʘ ʜʣʷ ʦʭʨʘʥʳ ʨʫʜʥʦʛʦ ʚʦʩʩʪʘʶʱʝʛʦ ʠ ʧʦ ʦʜʥʦʤʫ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ ʮʝʣʠʢʫ ʚ ʢʘʞʜʦʤ ʢʨʳʣʝ ʧʘʥʝʣʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʠʪʴ ʩʫʤʤʘʨʥʫʶ 

ʰʠʨʠʥʫ ʮʝʣʠʢʦʚ ʥʘ 4 ʠ ʜʦʙʘʚʠʪʴ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ ʮʝʣʠʢʘ ʧʦ 0,5ï0,8 ʤ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʥʘʨʫʰʝʥʥʦʩʪʠ ʤʘʩʩʠʚʘ ʮʝʣʠʢʘ ʦʪ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. ʆʢʦʥʯʘʪʝʣʴʥʘʷ 

ʰʠʨʠʥʘ ʮʝʣʠʢʦʚ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 3 ʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʰʠʨʠʥʫ 

ʮʝʣʠʢʦʚ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʛʣʫʙʠʥʝ 800ï1000 ʤ, ʪʘʢ ʢʘʢ 

ʧʨʦʛʥʦʟʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ ʧʨʝʜʝʣʫ ʧʨʦʯʥʦʩʪʠ ʤʘʩʩʠʚʘ 

ʮʝʣʠʢʦʚ.  

ɸʥʘʣʦʛʠʯʥʳʡ ʨʘʩʯʝʪ ʜʣʷ ʛʣʫʙʠʥ ʙʦʣʝʝ 1000 ʤ ʥʝʞʝʣʘʪʝʣʝʥ, ʧʦʩʢʦʣʴʢʫ ʫʨʦʚʝʥʴ 

ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʤʝʨʥʦ ʥʘ 25 % ʚʳʰʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʮʝʣʠʢʘ. ʈʘʩʯʝʪ 

ʙʫʜʝʪ ʧʨʘʚʦʤʝʨʥʳʤ ʚ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʘ ʥʘ ʙʦʣʴʰʠʭ 

ʛʣʫʙʠʥʘʭ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʉʍɽʄɽ ɺʉʂʈʓʊʀʗ ɻʃʋɹʆʂʀʍ ʂʀʄɹɽʈʃʀʊʆɺʓʍ ʂɸʈʔɽʈʆɺ 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʫʛʣʦʚ ʦʪʢʦʩʦʚ 

ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ ʧʨʠ ʚʩʢʨʳʪʠʠ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ ʩʧʠʨʘʣʴʥʳʤʠ ʘʚʪʦʩʲʝʟʜʘʤʠ. ʅʘ ʧʨʠʤʝʨʝ 

ʅʶʨʙʠʥʩʢʦʛʦ ʢʘʨʴʝʨʘ ɸʂ çɸʃʈʆʉɸè (ʇɸʆ) ʨʘʩʩʤʦʪʨʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ 

ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʚʩʢʨʳʪʠʷ ʢʨʫʪʦʥʘʢʣʦʥʥʳʤʠ ʘʚʪʦʩʲʝʟʜʘʤʠ ʠ 

ʟʘʢʦʥʪʫʨʥʳʤ ʪʦʥʥʝʣʝʤ. ʋʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʩʢʨʳʪʠʷ 

ʥʘ ʫʛʦʣ ʦʪʢʦʩʘ ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ. ɺʥʝʜʨʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʚʩʢʨʳʪʠʷ ʧʦʟʚʦʣʠʪ 

ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ ʚ 3ï8 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʦʡ ʠ ʩʭʝʤʦʡ 

ʚʩʢʨʳʪʠʷ ʢʨʫʪʦʥʘʢʣʦʥʥʳʤʠ ʘʚʪʦʩʲʝʟʜʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʴʝʨ, ʫʢʣʦʥ ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʩʩʳ, ʫʛʦʣ ʦʪʢʦʩʘ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ, 

ʫʩʪʦʡʯʠʚʳʡ ʫʛʦʣ ʦʪʢʦʩʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʣʥʦʧʨʠʚʦʜʥʳʡ ʘʚʪʦʩʘʤʦʩʚʘʣ, 

ʪʦʥʥʝʣʴ, ʤʦʱʥʦʩʪʴ ʨʫʜʥʦʛʦ ʪʝʣʘ. 

 

FORMATION OF NON -WORKING SIDES WITH A COMBINED SCHEME 

OF OPENING DEEP KIMBERLITE QUARRIES  

 
LELô YU. I.1, ISAKOV S. V.1, GLEBOV I. A.2, GANIEV R. S.1 

1 Ural State Mining University 
2 Institute of Mining UB RAS 

 

Abstract. A method has been developed for calculating the values of the structural angles of 

the slopes of non-working sides when opening deep quarries with spiral car ramp. Using the example 

of the Nyurbinsky quarry of JSC ALROSA (PAO), the formation of non-working sides is considered 

when implementing a combined opening scheme with steep-slope car ramp and a tunnel. The main 

regularities of the influence of the opening parameters on the slope angle of non-working sides are 

established. The introduction of a combined autopsy scheme will reduce the amount of stripping work 

by 3 to 8 times compared to the traditional scheme and the scheme of opening with steep-slope car 

ramp. 

Keywords: quarry, slope of spiral route, slope angle of non-working side, stable slope angle, 

coefficient of stability margin, four-wheel drive dump truck, tunnel, ore body capacity. 

 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʨʘʟʨʘʙʦʪʢʠ ʛʣʫʙʦʢʠʭ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʚ 

ʧʣʘʥʝ ʢʘʨʴʝʨʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʢʘʨʴʝʨʳ ʇɸʆ çɸʃʈʆʉɸè, 

ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦʩʘ ʙʦʨʪʦʚ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚʩʢʨʳʚʘʶʱʠʭ 

ʚʳʨʘʙʦʪʦʢ (ʘʚʪʦʩʲʝʟʜʦʚ). ʈʘʟʤʝʱʝʥʠʝ ʚʩʢʨʳʚʘʶʱʠʭ ʚʳʨʘʙʦʪʦʢ ʚʝʜʝʪ ʢ 

ʚʳʧʦʣʘʞʠʚʘʥʠʶ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʫʩʪʦʡʯʠʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʘʟʥʦʩ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʤʠʣʣʠʦʥʦʚ ʢʫʙʦʤʝʪʨʦʚ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ. 

ʇʨʠ ʚʝʜʝʥʠʠ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʢʨʠʦʣʠʪʟʦʥʝ ʥʘʣʠʯʠʝ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʜʦʪʢʦʩʥʦʛʦ ʤʘʩʩʠʚʘ ʟʘ ʩʯʝʪ 

ʮʝʤʝʥʪʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʣʴʜʘ, ʟʘʧʦʣʥʷʶʱʝʛʦ ʪʨʝʱʠʥʳ ʠ ʤʠʢʨʦʧʦʨʳ. ʇʨʠʤʝʨ 

ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʩ ʛʣʫʙʠʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʦʜʥʦʤ ʠʟ 
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ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʢʘʨʴʝʨʦʚ (ʪʨʫʙʢʘ çʋʜʘʯʥʘʷè) ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1. ɺ ʛʣʫʙʠʥʥʦʡ ʟʦʥʝ 

ʙʦʣʴʰʠʥʩʪʚʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʢʘʨʴʝʨʦʚ ʫʩʪʦʡʯʠʚʳʡ ʫʛʦʣ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 75ï80Á, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʢʘʢ ʧʦ ʫʩʣʦʚʠʶ ʨʘʟʤʝʱʝʥʠʷ ʘʚʪʦʩʲʝʟʜʦʚ ʦʥ ʩʦʩʪʘʚʣʷʝʪ 

48ï60Á. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʦʙʲʝʤʦʚ ʚʩʢʨʳʰʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳ ʨʘʙʦʪ ʠ ʧʨʝʜʝʣʴʥʫʶ ʛʣʫʙʠʥʫ ʢʘʨʴʝʨʦʚ. 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʪʨʫʙʢʠ çʋʜʘʯʥʘʷè  

ʩ ʛʣʫʙʠʥʦʡ ʨʘʟʨʘʙʦʪʢʠ H, ʤ (ʧʦ ʜʘʥʥʳʤ 

ɺʅʀʄʀ): 

ɔ ï ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʚ ʤʘʩʩʠʚʝ; ʉʦ ï 

ʩʮʝʧʣʝʥʠʝ ʚ ʦʙʨʘʟʮʝ; Ŭʪ ï ʫʛʦʣ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 

 

ʆʜʥʠʤ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʪʨʘʙʦʪʢʠ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ ʠ 

ʨʘʩʰʠʨʝʥʠʶ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʦʪʢʨʳʪʦʛʦ ʩʧʦʩʦʙʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠ ʦʩʚʦʝʥʠʠ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ 

ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʚʩʢʨʳʪʠʷ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ 

ʧʦʵʪʘʧʥʦʤ ʧʝʨʝʭʦʜʝ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʣʫʙʠʥʳ ʥʘ ʚʩʢʨʳʪʠʝ ʢʨʫʪʦʥʘʢʣʦʥʥʳʤʠ 

ʘʚʪʦʩʲʝʟʜʘʤʠ ʠ ʟʘʢʦʥʪʫʨʥʳʤʠ ʪʦʥʥʝʣʷʤʠ ʩʧʠʨʘʣʴʥʦʡ ʬʦʨʤʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ. ɻʣʘʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʰʘʨʥʠʨʥʦ-

ʩʦʯʣʝʥʝʥʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʪʦʩʲʝʟʜʦʚ ʩ ʫʢʣʦʥʦʤ ʜʦ 

18ï24 % ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʙʝʨʤ ʤʝʥʴʰʝʡ ʰʠʨʠʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʚʪʦʩʘʤʦʩʚʘʣʘʤʠ ʩ 

ʢʦʣʝʩʥʦʡ ʬʦʨʤʫʣʦʡ 4 Ĭ 2, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʫʛʣʳ ʥʘʢʣʦʥʘ ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ 

ʢʘʨʴʝʨʦʚ, ʩʦʢʨʘʪʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʚʩʢʨʳʰʠ ʦʪ ʨʘʟʤʝʱʝʥʠʷ ʚʩʢʨʳʚʘʶʱʠʭ 

ʚʳʨʘʙʦʪʦʢ, ʦʙʲʝʤ ʧʨʦʭʦʜʢʠ ʪʦʥʥʝʣʝʡ ʠ ʦʪʨʘʙʦʪʘʪʴ ʢʘʨʴʝʨʳ ʜʦ ʛʣʫʙʠʥʳ 700ï750 ʤ. 

ɺ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʝ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚʦʧʨʦʩʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʪʨʘʩʩ ʩʧʠʨʘʣʴʥʦʡ ʬʦʨʤʳ, ʨʘʩʯʝʪʫ ʦʙʲʝʤʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦʩʘ 

ʙʦʨʪʦʚ ʦʪ ʨʘʟʤʝʱʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ ʥʝʨʘʙʦʯʠʭ 

ʙʦʨʪʦʚ ʫʜʝʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ. ʆʜʥʘʢʦ ʧʨʝʜʣʘʛʘʝʤʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ, ʜʘʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʥʝ 

ʫʯʠʪʳʚʘʶʱʠʝ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʩʢʨʳʪʠʷ. ʅʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ ʫʩʣʦʚʠʡ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʢʘʨʴʝʨʦʚ ʧʨʠ ʚʩʢʨʳʪʠʠ ʢʨʫʪʦʧʘʜʘʶʱʠʭ 

ʨʫʜʥʳʭ ʪʝʣ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 

ʂʨʠʚʦʨʦʞʩʢʦʤ ʛʦʨʥʦʨʫʜʥʦʤ ʠʥʩʪʠʪʫʪʝ [1]. ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʧʦʣʦʞʝʥ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʷ 

ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʩʩʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʝʸ ʩʚʦʡʩʪʚ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʨʦʝʢʮʠʠ. ɼʣʷ ʚʳʚʦʜʘ ʫʨʘʚʥʝʥʠʷ 

ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʢʘʨʴʝʨʘ ʚ ʚʠʜʝ 

ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ (ʨʠʩ. 2).  

 

ʈʠʩ. 2. ʂʦʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʘʨʴʝʨʘ: 

ʅʢ ï ʛʣʫʙʠʥʘ ʢʘʨʴʝʨʘ; ɔ ï ʫʛʦʣ ʦʪʢʦʩʘ 

ʙʦʨʪʘ ʢʘʨʴʝʨʘ; r0. r1. r2. r3 ï ʨʘʜʠʫʩʳ 

ʚʠʪʢʦʚ ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʩʩʳ; h1. h2. h3 ï 

ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʘ, ʚʩʢʨʳʚʘʝʤʳʝ ʚʠʪʢʘʤʠ 

ʪʨʘʩʩʳ; 

ɟʦ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʣʠʥʠʠ ʪʨʘʩʳ ʜʦ 

ʚʝʨʰʠʥʳ ʢʦʥʫʩʘ 
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ʇʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʧʦ ʢʦʥʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʫʛʦʣ ʤʝʞʜʫ ʣʠʥʠʝʡ ʪʨʘʩʩʳ ʠ ʝʸ ʧʨʦʝʢʮʠʝʡ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʨʘʚʥʳʤ ʫʢʣʦʥʫ i. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʙʳʣʦ ʩʦʩʪʘʚʣʝʥʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ ʣʠʥʠʠ 

ʪʨʘʩʩʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʲʝʤʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦʩʘ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʦʪ ʨʘʟʤʝʱʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʚ ʬʦʨʤʫʣʝ ʦʙʲʝʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʞʝ ʠʟʚʝʩʪʥʦʝ 

ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʦʪʢʦʩʘ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ (ɔ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʛʦʣ ɔ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʫʢʣʦʥʘ ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʩʩʳ (i), ʰʠʨʠʥʳ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʙʝʨʤʳ (ɺ), ʢʦʣʠʯʝʩʪʚʘ ʚʠʪʢʦʚ ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʩʩʳ (nʚ), ʚʳʩʦʪʳ ʫʩʪʫʧʘ (hʫ) 

ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʋʛʦʣ ʦʪʢʦʩʘ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʠ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦ ʫʩʣʦʚʠʷʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ.   

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʛʣʘ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ 

 

,
Ŭctg++)1-(

arctg=ɔ
ʢʚʙyʢ

ʢ

HBnbhH

H
                                (1) 

 

ʛʜʝ hy ï ʚʳʩʦʪʘ ʥʝʨʘʙʦʯʝʛʦ ʫʩʪʫʧʘ, ʤ; bʙ ï ʰʠʨʠʥʘ ʙʝʨʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤ; nʚ ï ʩʨʝʜʥʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʩʩʳ; Ŭ ï ʫʛʦʣ ʦʪʢʦʩʘ ʥʝʨʘʙʦʯʝʛʦ ʫʩʪʫʧʘ, ʛʨʘʜ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʛʣʘʩʥʦ [1], 
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i
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ʛʜʝ i ï ʫʢʣʦʥ ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʩʩʳ, ʜʦʣʠ ʝʜ.; ro ï ʨʘʜʠʫʩ ʜʥʘ ʢʘʨʴʝʨʘ, ʤ. ʇʦʜʩʪʘʚʠʚ 

ʚʳʨʘʞʝʥʠʝ (2) ʚ ʬʦʨʤʫʣʫ (1), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 
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ʆʙʦʟʥʘʯʠʚ ʭ = tgɔ; ʘ = ɺ/2ˊi; b = Hʢ /ro; c = (Hʢ/hy ï 1) bʙ +ʅʢ ctgŬ; d = Hʢ, ʧʦʣʫʯʠʤ  

ὥὼÌÎρ ὧὼὨ πȟ                                                          (4) 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʤ 

ρ Å ȟ                                                         (5) 

 

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʰʘʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠ ʧʫʪʝʤ ʥʘʭʦʞʜʝʥʠʷ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ 

ʛʨʘʬʠʢʦʚ ʜʚʫʭ ʬʫʥʢʮʠʡ 
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Ƞ
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ʇʨʠʤʝʨ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʢʘʨʴʝʨʘ (tg ɔ) ʧʨʠʚʝʜʝʥ ʚ 

ʨʘʙʦʪʝ [2]. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʅʢ = 450 ʤ, hy = 30 ʤ, bʙ = 10 ʤ, Bʪ = 30 ʤ, i = 0,08, ro = 100 

ʤ, Ŭ = 75ʦ. ʇʦʣʫʯʘʝʤ tg ɔ = 1,21 ʠʣʠ ɔ = 50,4ʦ. 

ʆʪʨʘʙʦʪʢʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʢʘʨʴʝʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʦʚ ʦʪʢʦʩʘ 

ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ ʩ ʛʣʫʙʠʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ 

ʩʭʝʤ ʚʩʢʨʳʪʠʷ, ʪʘʢ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʋʛʣʳ ʦʪʢʦʩʦʚ 

ʠʟʤʝʥʷʶʪʩʷ ʦʪ 40ï45Á ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʚʝʨʭʥʝʡ ʟʦʥʳ ʢʘʨʴʝʨʦʚ, ʩʣʦʞʝʥʥʦʡ 

ʧʦʢʨʳʚʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ, ʜʦ 70ï75Á ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʥʠʞʥʝʡ ʟʦʥʳ, ʩʣʦʞʝʥʥʦʡ 

ʢʦʨʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ [3]. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʢʘʨʴʝʨʳ ʚ ʦʩʥʦʚʥʦʤ ʠʤʝʶʪ ʚʳʧʫʢʣʳʡ 

(ʮʠʩʩʦʠʜʘʣʴʥʳʡ) ʧʨʦʬʠʣʴ ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ (ʨʠʩ. 3).  

 

ʈʠʩ. 3. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʢʠ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʢʘʨʴʝʨʦʚ ʩ ʠʟʤʝʥʷʝʤʦʡ 

ʛʝʦʤʝʪʨʠʝʡ ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ: 

H1, H2, H3 ï ʛʣʫʙʠʥʘ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʛʣʦʚ ʦʪʢʦʩʦʚ 

ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ; ɔ1, ɔ2, ɔ3 ï ʫʛʣʳ ʦʪʢʦʩʦʚ 

ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʨʘʟʨʘʙʦʪʢʠ  

(ɔ3 > ɔ2 > ɔ1); ro1, ro2, ro3 ï ʨʘʜʠʫʩʳ ʜʥʘ ʢʘʨʴʝʨʘ 

ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ; R ï ʨʘʜʠʫʩ 

ʢʘʨʴʝʨʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ; Hʢ ï ʛʣʫʙʠʥʘ ʢʘʨʴʝʨʘ 

 

 

ʇʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʭʝʤʝ ʚʩʢʨʳʪʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʋɻɻʋ ʠ ʠʥʩʪʠʪʫʪʦʤ 

çʗʢʫʪʥʠʧʨʦʘʣʤʘʟè, ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʵʪʘʧʘ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʫʛʣʦʚ ʦʪʢʦʩʦʚ ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ [4]. I ʵʪʘʧ ï ʚʩʢʨʳʪʠʝ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʩʧʠʨʘʣʴʥʳʤʠ ʘʚʪʦʩʲʝʟʜʘʤʠ ʩ ʫʢʣʦʥʦʤ i = 8ï10 % ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʩ 

ʢʦʣʝʩʥʦʡ ʬʦʨʤʫʣʦʡ 4 Ĭ 2. II  ʵʪʘʧ ï ʧʝʨʝʭʦʜ ʥʘ ʚʩʢʨʳʪʠʝ ʢʨʫʪʦʥʘʢʣʦʥʥʳʤʠ 

ʘʚʪʦʩʲʝʟʜʘʤʠ (i = 18ï24 %) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ. III  

ʵʪʘʧ ï ʚʩʢʨʳʪʠʝ ʟʘʢʦʥʪʫʨʥʳʤ ʪʦʥʥʝʣʝʤ ʩʧʠʨʘʣʴʥʦʡ ʬʦʨʤʳ, ʧʨʦʡʜʝʥʥʳʤ ʟʘ ʟʦʥʦʡ 

ʩʜʚʠʞʝʥʠʷ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ. ɻʣʫʙʠʥʘ ʢʘʞʜʦʡ ʟʦʥʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. ʈʘʩʯʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʫʛʣʦʚ 

ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʚʩʢʨʳʪʠʷ. ʇʨʠ ʵʪʦʤ ʨʘʜʠʫʩ ʜʥʘ 

ʢʘʨʴʝʨʘ ʧʨʝʜʳʜʫʱʝʛʦ ʵʪʘʧʘ ʷʚʣʷʝʪʩʷ ʨʘʜʠʫʩʦʤ ʢʘʨʴʝʨʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʵʪʘʧʘ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

1. ʇʦ ʬʦʨʤʫʣʘʤ (1)ï(5), ʨʝʰʘʷ ʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʫʨʘʚʥʝʥʠʝ (6), 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʛʣʘ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʠʣʠ ʝʛʦ ʫʯʘʩʪʢʘ ɔ. 

2. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʫʛʣʘ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʠ 
ʙʦʨʪʘ ʚ ʮʝʣʦʤ ɔʫʩʪ. ʆʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ (kʟʫ) 

ʠ ʜʦʧʫʩʪʠʤʳʭ (Ὧ̈ ̔
̅
) ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ. ɼʣʷ ʦʮʝʥʢʠ Ὧ̈ ̔

̅
 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʣʘʛʘʶʱʠʭ ʙʦʨʪ ʧʦʨʦʜ: ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ, ʫʛʦʣ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʩʮʝʧʣʝʥʠʝ ʚ ʦʙʨʘʟʮʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ. 

ɼʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ, ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʜʝʞʥʦʩʪʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɼʣʷ ʫʩʣʦʚʠʡ ʙʦʣʴʰʠʥʩʪʚʘ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʢʘʨʴʝʨʦʚ Ὧ̈ ̔
̅

 ʧʨʠʥʠʤʘʝʪʩʷ ʜʣʷ ʙʦʨʪʘ (ʫʯʘʩʪʢʘ) ʨʘʚʥʳʤ 1,2 [5ï8]. 

ɺ ʪʘʙʣ. 1 ʠ ʥʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʙʦʨʪʦʚ ʅʶʨʙʠʥʩʢʦʛʦ ʢʘʨʴʝʨʘ ɸʂ çɸʃʈʆʉɸè ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʩʭʝʤʳ 

ʚʩʢʨʳʪʠʷ. 
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ʈʠʩ. 4. ʂʦʥʩʪʨʫʢʮʠʷ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ 

ʅʶʨʙʠʥʩʢʦʛʦ ʢʘʨʴʝʨʘ ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʩʢʨʳʪʠʷ 

ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʢʨʫʪʦʥʘʢʣʦʥʥʳʤʠ 

ʘʚʪʦʩʲʝʟʜʘʤʠ ʠ ʟʘʢʦʥʪʫʨʥʳʤ ʪʦʥʥʝʣʝʤ 

 

 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ ʅʶʨʙʠʥʩʢʦʛʦ ʢʘʨʴʝʨʘ 

 
ɹʦʨʪ/ 
ʫʯʘʩʪʦʢ 

ʆʙʲʝʤʥʘʷ 
ʤʘʩʩʘ 

ʧʦʨʦʜ, ʪ/ʤ3 

ʋʩʣʦʚʥʦʝ 
ʩʮʝʧʣʝʥʠʝ, 
ʪ/ʤ2 

ʋʛʦʣ 
ʚʥʫʪʨʝʥʥʝʛʦ 
ʪʨʝʥʠʷ, ʛʨʘʜ 

ɺʳʩʦʪʘ 
ʙʦʨʪʘ/ 
ʫʯʘʩʪʢʘ, 
ʤ 

ʂʦʵʬʬʠʮʠʝ
ʥʪ 

ʩʪʨʫʢʪʫʨʥʦʛ
ʦ 

ʦʩʣʘʙʣʝʥʠʷ 

ʋʛʦʣ 
ʦʪʢʦʩʘ 
ʙʦʨʪʘ, 
ʛʨʘʜ 

kʟʫ 

ɹʦʨʪ 2,45 900 30,0 750 0,16 47/56* 1,25**  

I 2,50 1000 30,0 620 0,11 52,2/63 1,20**  
II  2,65 1300 29,8 336 0,11 75 1,32 

 
*ɺ ʯʠʩʣʠʪʝʣʝ ï ʤʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʩʪʦʡʯʠʚʳʡ ʫʛʦʣ 

ʦʪʢʦʩʘ ʙʦʨʪʘ;  
**ʉ ʫʯʝʪʦʤ ʢʨʠʚʠʟʥʳ ʙʦʨʪʘ ʚ ʧʣʘʥʝ. 

 

ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʧʦ ʤʝʪʦʜʠʢʝ ɺʅʀʄʀ (V ʩʭʝʤʘ) ʜʣʷ ʥʝʦʙʚʦʜʥʝʥʥʦʛʦ 

ʧʣʦʩʢʦʛʦ ʚ ʧʣʘʥʝ ʙʦʨʪʘ ʤʝʪʦʜʦʤ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʩʣʦʞʝʥʠʷ ʩʠʣ [8]. ʋʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ 

ʩʣʘʙʳʭ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʧʦʨʦʜ, ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ ʚʝʨʦʷʪʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʜʚʠʞʝʥʠʷ: 1 ï ʢʨʫʛʣʦʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʦ ʚʩʝʤʫ ʤʘʩʩʠʚʫ; 2 ï ʩʦʩʪʘʚʥʘʷ ʠʟ 

ʜʚʫʭ ʫʯʘʩʪʢʦʚ ʢʨʫʛʣʦʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦ ʧʝʨʝʢʨʳʚʘʶʱʠʤ ʠ ʚʤʝʱʘʶʱʠʤ 

ʧʦʨʦʜʘʤ. ʂʨʠʚʠʟʥʘ ʙʦʨʪʘ ʫʯʠʪʳʚʘʣʘʩʴ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʧʦʧʨʘʚʢʠ ʢ ʫʛʣʫ ʙʦʨʪʘ ʥʘ 

ʟʘʞʘʪʦʩʪʴ [6]. 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʫʯʘʩʪʢʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʙʦʨʪʘ ʅʶʨʙʠʥʩʢʦʛʦ 

ʢʘʨʴʝʨʘ ʩ ʫʯʝʪʦʤ ʢʨʠʚʦʣʠʥʝʡʥʦʩʪʠ ʚ ʧʣʘʥʝ ʫʩʪʦʡʯʠʚʳ [4]. 

3. ʇʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʫʛʣʦʚ 
ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ. ʇʨʠ ɔ Ò ɔʫʩʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʦʙʲʝʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʨʘʟʥʦʩʘ ʙʦʨʪʦʚ ʦʪ ʨʘʟʤʝʱʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʚʩʢʨʳʪʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʢʨʫʪʦʥʘʢʣʦʥʥʳʝ ʘʚʪʦʩʲʝʟʜʳ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʛʣʘ ɔ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʫʢʣʦʥʦʚ 

ʘʚʪʦʩʲʝʟʜʦʚ ʠ ʩʦʢʨʘʱʝʥʠʝʤ ʰʠʨʠʥʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʙʝʨʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ. 

4. ʇʨʠ ɔ > ɔʫʩʪ  ʥʝʦʙʭʦʜʠʤʘ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʢʘʨʴʝʨʘ. 

ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʢʘʨʴʝʨʦʚ, ʩʣʦʞʝʥʥʳʭ ʩʣʘʙʳʤʠ 

ʧʦʢʨʳʚʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ (I ʵʪʘʧ ʚʩʢʨʳʪʠʷ). ʉʧʦʩʦʙʘʤʠ ʪʘʢʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʷʚʣʷʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʨʫʢʦʚʦʜʷʱʝʛʦ ʫʢʣʦʥʘ ʘʚʪʦʩʲʝʟʜʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʘʚʪʦʩʲʝʟʜʦʚ ʠ 

ʙʝʨʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʥʠʞʝʥʠʝ ʫʢʣʦʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʠʪʢʦʚ 

ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʩʩʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʛʣʘ ʥʝʨʘʙʦʯʝʛʦ 

ʙʦʨʪʘ ʠ ʧʨʠʙʣʠʞʝʥʠʶ ʝʛʦ ʟʥʘʯʝʥʠʡ ʢ ɔʫʩʪ. ʇʦʵʪʦʤʫ ʚʥʝʜʨʝʥʠʝ ʩʭʝʤ ʚʩʢʨʳʪʠʷ 

ʢʨʫʪʦʥʘʢʣʦʥʥʳʤʠ ʘʚʪʦʩʲʝʟʜʘʤʠ ʚ ʚʝʨʭʥʝʡ ʟʦʥʝ ʢʘʨʴʝʨʦʚ ʤʘʣʦʚʝʨʦʷʪʥʦ ʢʘʢ ʩ ʧʦʟʠʮʠʡ 
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ʛʝʦʤʝʭʘʥʠʢʠ, ʪʘʢ ʠ ʩ ʧʦʟʠʮʠʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʵʢʦʥʦʤʠʢʠ. ʇʦʩʣʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ɔ Ò ɔʫʩʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦʩʘ ʙʦʨʪʦʚ. 

5. ʅʘ III ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʚʩʢʨʳʪʠʝ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʟʘʢʦʥʪʫʨʥʳʤ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʦʥʥʝʣʝʤ ʩʧʠʨʘʣʴʥʦʡ ʬʦʨʤʳ. ʉʦʝʜʠʥʝʥʠʝ ʧʦʜʟʝʤʥʦʛʦ 

ʘʚʪʦʩʲʝʟʜʘ ʩ ʨʘʙʦʯʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʚʝʨʰʣʘʛʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪʩʷ 

ʚ ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʘʭ ʠ ʧʦʛʘʰʘʶʪʩʷ ʧʦ ʤʝʨʝ ʧʦʥʠʞʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʇʨʠ ʪʘʢʦʡ ʩʭʝʤʝ 

ʚʩʢʨʳʪʠʷ ʫʛʦʣ ʥʘʢʣʦʥʘ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʚ ʟʦʥʝ ʪʦʥʥʝʣʴʥʦʛʦ ʚʩʢʨʳʪʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʰʠʨʠʥʳ ʠ ʫʢʣʦʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʫʩʣʦʚʠʷʤʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʅʘ ʥʝʨʘʙʦʯʝʤ ʙʦʨʪʫ ʠʩʢʣʶʯʘʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʙʝʨʤ. 

ʋʯʠʪʳʚʘʷ ʨʘʟʥʠʮʫ ʟʥʘʯʝʥʠʡ ʨʘʩʯʝʪʥʦʛʦ ʠ ʜʦʧʫʩʪʠʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʧʘʩʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ ʥʘ ʅʶʨʙʠʥʩʢʦʤ ʢʘʨʴʝʨʝ, ʫʛʦʣ ʥʘʢʣʦʥʘ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʚ ʟʦʥʝ 

ʪʦʥʥʝʣʴʥʦʛʦ ʚʩʢʨʳʪʠʷ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥ ʜʦ 75Á. ʊʦʥʥʝʣʴʥʦʝ ʚʩʢʨʳʪʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʥʠʞʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʙʦʨʪ ʢʘʨʴʝʨʘ, ʯʪʦ ʪʘʢʞʝ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʫʛʣʘ ʦʪʢʦʩʘ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ. ʅʘʣʠʯʠʝ ʪʦʥʥʝʣʷ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʝʱʘʪʴ ʚ ʧʨʝʜʝʣʘʭ ʤʘʩʩʠʚʘ ʘʧʧʘʨʘʪʫʨʫ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʝʛʦ ʩʦʩʪʦʷʥʠʝʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʪʦʥʥʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʘʥʢʝʨʥʦʝ ʢʨʝʧʣʝʥʠʝ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʝ ʦʙʨʫʰʝʥʠʝ ʧʨʠʙʦʨʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʢʘʨʴʝʨʘ [9]. ʇʨʠʤʝʥʝʥʠʝ 

ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʠ ʢʨʫʪʳʭ ʫʢʣʦʥʦʚ ʘʚʪʦʩʲʝʟʜʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʪʴ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʥʘ ʧʨʦʭʦʜʢʫ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʚʩʢʨʳʪʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤ ʚʩʢʨʳʪʠʷ ʥʘ ʫʛʦʣ ʦʪʢʦʩʘ ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʠ ʦʙʲʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦʩʘ ʙʦʨʪʦʚ ʦʪ ʨʘʟʤʝʱʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ. 

ʈʘʩʯʝʪʳ ʧʨʠʚʦʜʠʣʠʩʴ ʥʘ ʧʨʠʤʝʨʝ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʢʘʨʴʝʨʘ ʩ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʤʠ ʠ 

ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʢ ʫʩʣʦʚʠʷʤ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʢʘʨʴʝʨʦʚ ɸʂ çɸʃʈʆʉɸè (ʇɸʆ). ɻʣʫʙʠʥʘ ʢʘʨʴʝʨʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 200 

ʜʦ 800 ʤ (850 ʤ ï ʧʨʝʜʝʣʴʥʘʷ ʛʣʫʙʠʥʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʢʘʨʴʝʨʦʚ ʧʦ ʜʘʥʥʳʤ ʠʥʩʪʠʪʫʪʘ 

çʗʢʫʪʥʠʧʨʦʘʣʤʘʟè). ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʫʢʣʦʥʘ ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʩʩʳ ʧʨʠʥʷʪ ʦʪ 8 % 

(ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʩ ʢʦʣʝʩʥʦʡ ʬʦʨʤʫʣʦʡ 4 Ĭ 2) ʜʦ 30 % (ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʫʢʣʦʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʩ ʢʦʣʝʩʥʦʡ ʬʦʨʤʫʣʦʡ 

6 Ĭ 6). ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ ʜʥʷ ʢʘʨʴʝʨʘ (ʤʦʱʥʦʩʪʠ ʨʫʜʥʦʛʦ ʪʝʣʘ) ʪʘʢʞʝ ʧʨʠʥʷʪ 

ʧʦ ʨʝʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʢʘʨʴʝʨʦʚ (ro = 50é200 ʤ). ʐʠʨʠʥʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʙʝʨʤ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 9ï10 ʤ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ CAT-745ʉ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 41 ʪ ʩ ʢʦʣʝʩʥʦʡ ʬʦʨʤʫʣʦʡ 6 Ĭ 6) ʜʦ 30 ʤ 

(ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʉɸʊ-777D ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 91 ʪ ʩ ʢʦʣʝʩʥʦʡ 

ʬʦʨʤʫʣʦʡ 4 Ĭ 2). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʫʛʣʘ 

ʦʪʢʦʩʘ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʦʢʘʟʳʚʘʝʪ ʛʣʫʙʠʥʘ ʢʘʨʴʝʨʘ, ʫʢʣʦʥ ʩʧʠʨʘʣʴʥʳʭ ʘʚʪʦʩʲʝʟʜʦʚ ʠ 

ʤʦʱʥʦʩʪʴ ʨʫʜʥʦʛʦ ʪʝʣʘ (ʨʠʩ. 5). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʢʣʦʥʘ ʪʨʘʩʩʳ ʩ 8 ʜʦ 30 % ʫʛʦʣ ʦʪʢʦʩʘ 

ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 48ï52Á ʜʦ 57ï60Á, ʘ ʦʙʲʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦʩʘ 

ʙʦʨʪʦʚ ʩʦʢʨʘʱʘʝʪʩʷ ʚ 3,0ï3,7 ʨʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ. ʕʪʦ ʩʚʷʟʘʥʦ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʠʪʢʦʚ ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʩʩʳ. 

ɺʚʠʜʫ ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʧʦʣʥʦʧʨʠʚʦʜʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ (40ï60 

ʪ) ʰʠʨʠʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʙʝʨʤ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʦʙʲʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦʩʘ ʙʦʨʪʦʚ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʜʠʫʩʘ ʜʥʘ 

ʢʘʨʴʝʨʘ (ʤʦʱʥʦʩʪʠ ʨʫʜʥʦʛʦ ʪʝʣʘ) ʩ 50 ʜʦ 200 ʤ ʚʣʠʷʥʠʝ ʫʢʣʦʥʘ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʦʙʲʝʤ ʨʘʟʥʦʩʘ ʙʦʨʪʦʚ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʪʘʢʞʝ ʦʙʲʷʩʥʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʚʠʪʢʦʚ ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʩʩʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʩʭʝʤ ʚʩʢʨʳʪʠʷ ʢʨʫʪʦʥʘʢʣʦʥʥʳʤʠ 

ʘʚʪʦʩʲʝʟʜʘʤʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʢʘʨʴʝʨʘʭ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʨʫʜʥʳʭ ʪʝʣ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ.  
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ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʚʩʢʨʳʪʠʷ ʠ 

ʦʪʨʘʙʦʪʢʠ ʢʘʨʴʝʨʘ çʅʶʨʙʠʥʩʢʠʡè ɸʂ çɸʃʈʆʉɸè (ʇɸʆ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ 

ʨʘʩʯʝʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʩʭʝʤʳ 

ʚʩʢʨʳʪʠʷ ʩ ʠʟʤʝʥʷʝʤʦʡ ʛʝʦʤʝʪʨʠʝʡ ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤʳ 

ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ ʚ 3ï8 ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʳ ʚʩʢʨʳʪʠʷ ʠ ʩʭʝʤʳ 

ʚʩʢʨʳʪʠʷ ʢʨʫʪʦʥʘʢʣʦʥʥʳʤʠ ʘʚʪʦʩʲʝʟʜʘʤʠ 

 

 
ʈʠʩ. 5. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʦʪʢʦʩʘ ʥʝʨʘʙʦʯʝʛʦ ʙʦʨʪʘ ʢʘʨʴʝʨʘ (ɔ) ʦʪ 

ʨʫʢʦʚʦʜʷʱʝʛʦ ʫʢʣʦʥʘ ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʩʩʳ (i), ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʘ (ʅʢ) ʠ ʨʘʜʠʫʩʘ ʜʥʘ 

ʢʘʨʴʝʨʘ (ro) (ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʉɸʊ-745ʉ) 

 

ʊʘʙʣʠʮʘ 2. ʇʘʨʘʤʝʪʨʳ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʚʩʢʨʳʪʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʢʘʨʴʝʨʘ çʅʶʨʙʠʥʩʢʠʡè 

ʇʘʨʘʤʝʪʨʳ  

ʉʭʝʤʳ ʚʩʢʨʳʪʠʷ 

ʊʨʘʜʠʮʠʦʥʥʘʷ 
ʂʨʫʪʦʥʘʢʣʦʥʥʳʤʠ 

ʩʲʝʟʜʘʤʠ  

ʀʥʥʦʚʘʮʠʦʥʥʘʷ ʩ 

ʠʟʤʝʥʷʝʤʦʡ ʛʝʦʤʝʪʨʠʝʡ 

ʥʝʨʘʙʦʯʠʭ ʙʦʨʪʦʚ 

ɻʣʫʙʠʥʘ ʢʘʨʴʝʨʘ, ʤ 750 

ʋʛʦʣ ʦʪʢʦʩʘ ʥʝʨʘʙʦʯʝʛʦ 

ʙʦʨʪʘ ʚʦ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜʘʭ, ʛʨʘʜ 

 

 

45ï48 

 

 

49ï57 

 

 

54ï63 

ʆʙʲʝʤʳ ʚ ʢʦʥʪʫʨʝ ʢʘʨʴʝʨʘ:     

   ʨʫʜʘ, ʤʣʥ ʪ 9,7 9,7 9,7 

   ʚʩʢʨʳʰʘ, ʤʣʥ ʤ3 358,0 135,0 44,9 

   ʛʦʨʥʘʷ ʤʘʩʩʘ, ʤʣʥ ʤ3 361,9 138,9 48,8 

ʉʨʝʜʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʩʢʨʳʰʠ, ʤ3/ʪ 
37,7 14,2 4,7 

 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʩʦʩʪʘʚʠʪ 13,7 ʤʣʨʜ. ʨʫʙ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʦʩʪʦʝʥʳ ʜʠʧʣʦʤʘ ʚ ʥʦʤʠʥʘʮʠʠ çʀʥʥʦʚʘʮʠʦʥʥʳʡ 
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ʧʨʦʝʢʪè ʦʪʢʨʳʪʦʛʦ ʢʦʥʢʫʨʩʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ɸʂ çɸʃʈʆʉɸèè (ʇɸʆ) ʠ 

ʧʨʠʥʷʪʳ ʢ ʚʥʝʜʨʝʥʠʶ. 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ɺʠʣʢʫʣ ʖ. ɻ., ʉʣʦʙʦʜʷʥʶʢ ɺ. ʂ., ʄʘʢʩʠʤʦʚ ʀ. ʀ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʛʦʨʥʦʢʘʧʠʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʨʠ ʚʩʢʨʳʪʠʠ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ 

ʪʨʘʩʩʘʤʠ ʩʧʠʨʘʣʴʥʦʡ ʬʦʨʤʳ // ɻʀɸɹ. 2007. ˉ 7. ʉ. 17ï23. 

2. ʃʝʣʴ ʖ. ʀ., ɻʣʝʙʦʚ ʀ. ɸ., ɹʫʜʥʝʚ ɸ. ɹ., ʀʩʘʢʦʚ ʉ. ɺ., ɻʘʥʠʝʚ ʈ. ʉ. ʂ 

ʦʙʦʩʥʦʚʘʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʢʨʫʪʦʥʘʢʣʦʥʥʳʭ ʘʚʪʦʩʲʝʟʜʦʚ ʧʨʠ ʚʩʢʨʳʪʠʠ ʛʣʫʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʢʘʨʴʝʨʦʚ // ʀʟʚ. ʚʫʟʦʚ. ɻʦʨʥʳʡ ʞʫʨʥʘʣ. 2020. ˉ 7. ʉ. 21ï32. 

3. ʏʘʥʪʫʨʠʷ ɺ.ɸ, ʊʨʫʙʝʮʢʦʡ ʂ.ʅ., ʂʘʧʣʫʥʦʚ ɼ.ʈ. ʠ ʜʨ. ʂʦʤʧʣʝʢʩʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʛʝʦʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʛʣʫʙʦʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʢʠʤʙʝʨʣʠʪʦʚ // ɻʦʨʥʳʡ ʞʫʨʥʘʣ. 2011. ˉ 1. ʉ. 10ï13. 

4. ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ çʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ʘʣʤʘʟʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʥʘ ʧʨʠʤʝʨʝ ʜʦʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʨʫʜʳ ʪʨʫʙʢʠ 

çʅʶʨʙʠʥʩʢʘʷè): ʦʪʯʝʪ ʦ ʅʀʈ / ʗʢʫʪʥʠʧʨʦʘʣʤʘʟ; ʨʫʢʦʚʦʜʠʪʝʣʴ ɸʢʠʰʝʚ ɸ. ʅ. ʄʠʨʥʳʡ, 

2017. 20 ʩ. 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʦʨʪʦʚ ʠ ʫʩʪʫʧʦʚ ʢʘʨʴʝʨʘ 

çʅʶʨʙʠʥʩʢʠʡè ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ ʦʪʨʘʙʦʪʢʠ: ʦʪʯʝʪ ʦ ʅʀʈ / ʗʢʫʪʥʠʧʨʦʘʣʤʘʟ; 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʂʦʥʦʚʘʣʝʥʢʦ ɺ. ʗ. ʄʠʨʥʳʡ, 2006. 20 ʩ. 

6. ʀʟʫʯʠʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʳʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʢʘʨʴʝʨʘ ʥʘ ʪʨʫʙʢʝ çʅʶʨʙʠʥʩʢʘʷè ʧʦ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʢʚʘʞʠʥʘʤ ʜʦ ʛʣʫʙʠʥʳ 

ʘʙʩ. ʦʪʤ. ï400 ʤ: ʦʪʯʝʪ ʦ ʅʀʈ / ʗʢʫʪʥʠʧʨʦʘʣʤʘʟ; ʨʫʢʦʚʦʜʠʪʝʣʴ ɹʦʢʠʡ ʀ. ɹ. ʄʠʨʥʳʡ, 

2014. 28 ʩ. 

7. ʂʦʥʦʚʘʣʝʥʢʦ ɺ. ʗ. ʉʧʨʘʚʦʯʥʠʢ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʗʢʫʪʠʠ. ʅʦʚʦʩʠʙʠʨʩʢ, 2012. 276 ʩ. 

8. ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʙʦʨʪʦʚ, ʦʪʢʦʩʦʚ 
ʫʩʪʫʧʦʚ ʠ ʦʪʚʘʣʦʚ ʩʪʨʦʷʱʠʭʩʷ ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʢʘʨʴʝʨʦʚ. ʃ.: ɺʅʀʄʀ, 1972. 165 ʩ. 

9. Hustrulid W. A., Seegmiller B., Stephansson O. In-the-wall haulage for open-pit 

mining // Mining Engineering, 1987. Vol. 39. No. 2. ʈ. 119ï123. 

 

  



51 

ʋɼʂ 622.274 

ʂʆʄɹʀʅʀʈʆɺɸʅʅɸʗ ɻɽʆʊɽʍʅʆʃʆɻʀʗ ʆʉɺʆɽʅʀʗ ʈʋɼʅʓʍ 

ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʉ ʈɸɿʄɽʑɽʅʀɽʄ ʆʊɺɸʃʔʅʓʍ ʍɺʆʉʊʆɺ 

 

ʇʆɻʆʉʗʅ ɼ. ʂ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɸʨʤʝʥʠʠ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʦʟʜʘʥ ʥʦʚʳʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʦʯʝʪʘʶʱʠʡ ʚ ʩʝʙʝ 

ʜʦʩʪʦʠʥʩʪʚʘ ʦʪʢʨʳʪʦʛʦ ʠ ʧʦʜʟʝʤʥʦʛʦ ʩʧʦʩʦʙʦʚ ʨʘʟʨʘʙʦʪʢʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʧʦʜʟʝʤʥʳʭ ʧʫʩʪʦʪ ï ʩʚʦʙʦʜʥʳʭ ʦʙʲʝʤʦʚ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʪʚʘʣʴʥʳʭ ʭʚʦʩʪʦʚ, ʯʪʦ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʙʳʯʠ ʨʫʜʳ ʠ 

ʫʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ.  

ʆʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʦʱʥʦʝ ʠ ʚʝʩʴʤʘ 

ʤʦʱʥʦʝ ʢʨʫʪʦʧʘʜʘʶʱʝʝ ʚʳʪʷʥʫʪʦʝ ʨʫʜʥʦʝ ʪʝʣʦ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʦʪʢʨʳʪʳʤ 

ʩʧʦʩʦʙʦʤ. ɿʘʪʝʤ ʥʠʞʝ ʜʥʘ ʢʘʨʴʝʨʘ ʚ ʤʘʩʩʠʚʝ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʶʪʩʷ 

ʧʦʧʝʨʝʯʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʝʥʢʠ-ʜʠʘʬʨʘʛʤʳ ʠ ʥʘʢʣʦʥʥʳʝ ʩʪʝʥʢʠ ʩʦ ʩʪʦʨʦʥʳ ʙʦʢʦʚ ʨʫʜʥʦʛʦ 

ʪʝʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʛʨʘʥʠʯʝʥʥʳʝ ʩ ʙʦʢʦʚ ʙʝʪʦʥʥʳʤʠ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʩʪʝʥʢʘʤʠ, ʚʨʝʤʝʥʥʳʝ 

ʨʫʜʥʳʝ ʮʝʣʠʢʠ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʵʪʘʞʥʦʡ ʦʪʙʦʡʢʠ ʩ ʪʦʨʮʦʚʳʤ ʚʳʧʫʩʢʦʤ ʨʫʜʳ, ʛʜʝ 

ʦʪʙʦʡʢʘ ʨʫʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ, 

ʧʨʦʙʫʨʝʥʥʳʭ ʩʦ ʜʥʘ ʢʘʨʴʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʝʪʩʷ ʧʦʜʟʝʤʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ï ʢʘʤʝʨʳ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʪʚʘʣʴʥʳʭ ʭʚʦʩʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʫʜʘ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ, ʢʘʤʝʨʘ, ʩʪʝʥʢʘ, ʨʘʟʨʘʙʦʪʢʘ, ʭʚʦʩʪʳ, 

ʢʘʨʴʝʨ, ʧʦʜʟʝʤʥʳʡ ʨʫʜʥʠʢ. 

 

COMBINED GEOTECHNOLOGY FOR THE DEVELOPMENT OF ORE DEPOSITS 

WITH THE PLACEMENT OF DUMP TAILINGS  

 

POGHOSYAN D. K. 

National Polytechnic University of Armenia 

 

Abstract. A new combined method of operation has been created, which combines the 

advantages of open and underground mining with the simultaneous formation of underground voids - 

free volumes for the placement of tailings, which together provides high technical and economic 

indicators of ore mining and an improvement in the environmental situation.  

The main characteristic feature of the new method is that a powerful and very powerful 

steeply dipping elongated ore body in the upper part is mined by an open pit. Then, below the open pit 

bottom in the ore body massif, transverse vertical walls-diaphragms and inclined walls are 

preliminarily created on the side of the sides of the ore body, after which, laterally bounded by 

concrete and reinforced concrete walls, temporary ore pillars are mined out by a system of storey 

blasting with endface ore extraction, where ore breaking is carried out using parallel blast holes drilled 

from the bottom of the open pit. The result is an underground structure - chambers that can be used to 

house tailings.  

Keywords: ore, combined method, chamber, wall, development, tailings, quarry, underground 

mine. 

 

ɺʚʝʜʝʥʠʝ. ɺʦ ʚʩʝʤ ʤʠʨʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ɸʨʤʝʥʠʠ, ʠʟ ʛʦʜʘ ʛʦʜ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʜʦʣʷ ʦʪʢʨʳʪʦʛʦ ʩʧʦʩʦʙʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʦʪʢʨʳʪʘʷ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʛʝʦʪʝʭʥʦʣʦʛʠʷ). ɺʳʩʦʢʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʱʥʦʛʦ ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ 
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ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʢʘʨʴʝʨʳ ʛʣʫʙʠʥʦʡ ʚʳʰʝ 

600ï700 ʤ.  

ʆʪʢʨʳʪʦʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʛʝʦʪʝʭʥʦʣʦʛʠʠ ʧʨʠʩʫʱʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ, ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʚ ʚʠʜʠʤʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʦʥʘ ʙʫʜʝʪ 

ʩʦʭʨʘʥʷʪʴ ʩʚʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʟʝʤʥʦʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʛʝʦʪʝʭʥʦʣʦʛʠʝʡ.  

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʥʘ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʩʭʝʤʘ ʚʩʢʨʳʪʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʫʭʫʜʰʘʝʪʩʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʪʨʫʜʥʦʩʪʝʡ ʧʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʶ ʢʘʨʴʝʨʘ ʩʦʟʜʘʶʪʩʷ ʧʣʦʭʠʝ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʪʝʪ ʦʙʲʝʤ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʚʦʟʢʠ 

ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ, ʨʘʩʪʫʪ ʧʣʦʱʘʜʠ ʦʪʯʫʞʜʝʥʥʳʭ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʜʣʷ ʚʥʝʰʥʠʭ 

ʦʪʚʘʣʦʚ ʠ ʩʦʙʩʪʚʝʥʥʦ ʜʣʷ ʢʘʨʴʝʨʘ.  

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʨʦʩʪ ʘʛʨʘʨʥʦʡ ʩʪʦʠʤʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʞʝʩʪʦʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʚʨʝʜʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩʦ ʩʪʦʨʦʥʳ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʜʠʢʪʫʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʦ-ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʶʪʩʷ: ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʚʦʧʨʦʩʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʥʝʜʨ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [1ï3].  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʦʨʠʛʠʥʘʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ, ʥʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʦʙʲʝʢʪʠʚʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʳ çʢʘʨʴʝʨïʧʦʜʟʝʤʥʳʡ 

ʨʫʜʥʠʢè, ʦʙʝʩʧʝʯʠʪ ʥʘʜʝʞʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʨʫʜʳ ʠʟ ʥʝʜʨ, ʘ ʪʘʢʞʝ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ.  

ɺ ʵʪʦʤ ʩʤʳʩʣʝ, ʞʝʣʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝʤ 

ʚʳʰʝʦʪʤʝʯʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʜʦʙʳʯʠ ʨʫʜʳ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʛʣʘʚʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʜʟʝʤʥʳʝ ʧʫʩʪʦʪʳ 

ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʷʭ ï ʩʚʦʙʦʜʥʳʝ ʦʙʲʝʤʳ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʠʣʠ ʦʪʚʘʣʴʥʳʭ ʭʚʦʩʪʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʫʱʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

ʄʦʱʥʦʝ ʠ ʚʝʩʴʤʘ ʤʦʱʥʦʝ ʢʨʫʪʦʧʘʜʘʶʱʝʝ ʚʳʪʷʥʫʪʦʝ ʨʫʜʥʦʝ ʪʝʣʦ ʧʦ ʛʣʫʙʠʥʝ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ.  

ɿʘʪʝʤ ʥʠʞʝ ʫʨʦʚʥʷ ʜʥʘ ʢʘʨʴʝʨʘ ʨʫʜʥʦʝ ʪʝʣʦ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʇʦʩʣʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʨʠʩʪʫʧʘʶʪ ʢ ʨʘʟʨʘʙʦʪʢʝ ʙʣʦʢʘ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʜʟʝʤʥʳʭ ʧʫʩʪʦʪ, ʢʦʪʦʨʘʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʳʝʤʢʫ 

ʨʫʜʳ ʟʘʭʦʜʢʘʤʠ ʚ ʧʦʧʝʨʝʯʥʳʭ ʩʪʝʥʢʘʭ-ʜʠʘʬʨʘʛʤʘʭ, ʘ ʪʘʢʞʝ ʚ ʩʪʝʥʢʘʭ ʩʦ ʩʪʦʨʦʥʳ 

ʚʠʩʷʯʝʛʦ ʠ ʣʝʞʘʯʝʛʦ ʙʦʢʦʚ ʥʠʩʭʦʜʷʱʠʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʩʣʦʷʤʠ. ɺ ʟʘʭʦʜʢʘʭ ʩʦ 

ʩʪʦʨʦʥʳ ʦʪʨʘʙʦʪʘʥʥʳʭ ʚʠʩʷʯʝʛʦ ʠ ʣʝʞʘʯʝʛʦ ʙʦʢʦʚ ʩʦʦʨʫʞʘʶʪʩʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʙʘʣʢʠ, 

ʪʝʭʥʦʣʦʛʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʘʨʤʘʪʫʨʥʦʛʦ ʢʘʨʢʘʩʘ ʥʘ ʢʨʝʧʝʞʥʳʭ ʨʘʤʘʭ ʚʜʦʣʴ ʩʪʝʥʦʢ ʦʯʠʩʪʥʳʭ ʟʘʭʦʜʦʢ ʥʘ ʢʦʥʪʘʢʪʝ ʩ 

ʚʨʝʤʝʥʥʳʤʠ ʮʝʣʠʢʘʤʠ. ɺ ʧʦʧʝʨʝʯʥʳʭ ʩʪʝʥʢʘʭʜʠʘʬʨʘʛʤʘʭ ʠʟʚʣʝʯʝʥʠʝ ʨʫʜʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʢʨʝʩʪ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ, ʧʨʦʚʝʜʝʥʠʝʤ ʟʘʭʦʜʦʢ ʤʝʞʜʫ ʦʯʠʩʪʥʳʤʠ 

ʚʳʨʘʙʦʪʢʘʤʠ ʚʠʩʷʯʠʭ ʠ ʣʝʞʘʯʠʭ ʙʦʢʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʚʳʝʤʢʠ 

ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʧʦʣʥʦʩʪʴʶ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʴʶ.  
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Pʠʩ. 1. ʅʦʚʳʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʦʪʢʨʳʪʦ-ʧʦʜʟʝʤʥʳʡ ʩʧʦʩʦʙ ʦʩʚʦʝʥʠʷ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʦʪʚʘʣʴʥʳʭ ʭʚʦʩʪʦʚ: 

1 ï ʩʪʝʥʢʘ-ʜʠʘʬʨʘʛʤʘ, 2 ï ʚʠʩʷʯʠʡ ʙʦʢ, 3 ï ʣʝʞʘʯʠʡ ʙʦʢ, 4 ï ʙʫʜʫʱʠʝ ʧʦʜʟʝʤʥʳʝ 

ʧʫʩʪʦʪʳ, 5 ï ʜʦʩʪʘʚʦʯʥʳʝ ʦʨʪʳ, 6 ï ʚʟʨʳʚʥʳʝ ʩʢʚʘʞʠʥʳ 

 

ʈʫʜʥʳʝ ʮʝʣʠʢʠ - ʙʫʜʫʱʠʝ ʧʦʜʟʝʤʥʳʝ ʧʫʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʩʚʝʨʭʫ ʦʛʨʘʥʠʯʝʥʳ ʜʥʦʤ 

ʢʘʨʴʝʨʘ, ʘ ʩ ʙʦʢʦʚ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʩʪʝʥʢʘʤʠ ʠ ʙʝʪʦʥʥʳʤʠ ʩʪʝʥʢʘʤʠ-ʜʠʘʬʨʘʛʤʘʤʠ, 

ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʵʪʘʞʥʦʡ ʦʪʙʦʡʢʠ ʩ ʪʦʨʮʦʚʳʤ ʚʳʧʫʩʢʦʤ ʨʫʜʳ. ʅʘʨʝʟʥʳʝ 

ʨʘʙʦʪʳ ʚʝʜʫʪ ʧʦ ʮʝʥʪʨʫ ʢʘʤʝʨʳ (ʜʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʩʪʝʥʳ ʚʠʩʷʯʝʛʦ ʙʦʢʘ) ʜʦʩʪʘʚʦʯʥʦʛʦ 

ʦʨʪʘ, ʚ ʧʨʦʭʦʜʢʝ ʦʪʨʝʟʥʦʛʦ ʚʦʩʩʪʘʶʱʝʛʦ, ʠ ʩ ʚʦʩʩʪʘʶʱʝʛʦ ï ʚ ʩʦʟʜʘʥʠʠ ʦʪʨʝʟʥʦʡ ʱʝʣʠ 

ʧʦ ʚʩʝʡ ʰʠʨʠʥʝ ʢʘʤʝʨʳ. ɿʘʪʝʤ ʥʘ ʦʪʨʝʟʥʦʡ ʱʝʣʠ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʪʙʦʡʢʘ ʨʫʜʳ, ʜʣʷ ʯʝʛʦ ʩʦ ʜʥʘ ʢʘʨʴʝʨʘ ʧʨʦʙʫʨʠʚʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʚʟʨʳʚʥʳʝ ʩʢʚʘʞʠʥʳ. ʆʪʙʠʪʘʷ ʨʫʜʘ ʩ ʧʦʤʦʱʴʶ ʩʘʤʦʭʦʜʥʳʭ ʧʦʛʨʫʟʦʯʥʦ-ʜʦʩʪʘʚʦʯʥʳʭ 

ʤʘʰʠʥ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦ ʜʦʩʪʘʚʦʯʥʦʡ ʦʨʪʝ ʠ ʵʪʘʞʥʳʤ ʰʪʨʝʢʘʤ 

ʜʦʩʪʘʚʣʷʝʪʩʷ ʢ ʧʦʜʟʝʤʥʳʤ ʘʚʪʦʩʘʤʦʩʚʘʣʘʤ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʝʪʩʷ ʧʦʜʟʝʤʥʦʝ ʩʦʦʨʫʞʝʥʠʝ. ʇʦʩʣʝʜʥʝʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʷʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʘʤʝʨ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʩʪʝʥʢʘʤʠʜʠʘʬʨʘʛʤʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʳ ʩ ʙʦʢʦʚ ï ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʥʘʢʣʦʥʥʳʤʠ 

ʩʪʝʥʢʘʤʠ. ʂʘʤʝʨʳ ï ʧʦʜʟʝʤʥʳʝ ʧʫʩʪʦʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʦʪʚʘʣʴʥʳʭ ʭʚʦʩʪʦʚ.  

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʘʟʘʥʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʧʫʩʪʦʪ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ 

ʩʧʦʩʦʙʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʱʥʳʭ ʠ ʚʝʩʴʤʘ ʤʦʱʥʳʭ ʨʫʜʥʳʭ ʪʝʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʥʝʫʩʪʦʡʯʠʚʳʤ ʧʦʨʦʜʥʦ-ʨʫʜʥʳʤ ʤʘʩʩʠʚʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʛʣʘʚʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʪʢʨʳʪʦʛʦ ʠ ʧʦʜʟʝʤʥʦʛʦ ʩʧʦʩʦʙʦʚ ʨʘʟʨʘʙʦʪʢʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʩʦʟʜʘʥʠʝʤ ʧʦʜʟʝʤʥʳʭ ʧʫʩʪʦʪ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʪʚʘʣʴʥʳʭ ʭʚʦʩʪʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʟʚʦʣʷʝʪ: 

ʩʥʠʟʠʪʴ ʦʙʱʠʡ ʦʙʲʝʤ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ; ʫʤʝʥʴʰʠʪʴ ʦʨʝʘʣ ʥʘʨʫʰʝʥʠʷ ʟʝʤʝʣʴʥʳʭ 

ʫʛʦʜʠʡ; ʩʦʢʨʘʪʠʪʴ ʫʱʝʨʙ, ʥʘʥʦʩʠʤʳʡ ʛʦʨʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ; 

ʧʦʚʳʩʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; ʩʦʟʜʘʪʴ ʧʦʜʟʝʤʥʳʝ ʧʫʩʪʦʪʳ ʜʣʷ 
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ʨʘʟʤʝʱʝʥʠʷ ʦʪʚʘʣʴʥʳʭ ʭʚʦʩʪʦʚ; ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʫʩʣʦʚʠʝʤ ʧʨʦʚʝʜʝʥʠʷ 

ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ ʟʘʢʦʥʪʫʨʥʦʤ ʤʘʩʩʠʚʝ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʦʩʪʨʦ ʚʩʪʘʸʪ ʚʦʧʨʦʩ 

ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ (ɹɺʈ). ʆʙʳʯʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʜʟʝʤʥʦʛʦ 

ʨʫʜʥʠʢʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʠʙʣʠʞʝʥʠʝʤ ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʘ ʢ ʢʦʥʝʯʥʳʤ ʦʪʤʝʪʢʘʤ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ 

ʦʙʲʸʤ ʧʦʜ ʨʘʟʥʦʩʢʫ ʙʦʨʪʦʚ ʝʩʣʠ ʠ ʝʩʪʴ, ʪʦ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʝʥ ʠ ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʧʦʜʭʦʜʷʪ 

ʚʧʣʦʪʥʫʶ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʢʦʥʪʫʨʫ ʢʘʨʴʝʨʘ, ʟʘ ʢʦʪʦʨʳʤ ʨʘʩʧʦʣʦʞʝʥ ʦʭʨʘʥʷʝʤʳʡ ʤʘʩʩʠʚ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ɹɺʈ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʚʦʜʠʪʩʷ ʢ ʩʦʭʨʘʥʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʦʛʦ ʤʘʩʩʠʚʘ. 

ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʚʟʨʳʚʘ ʠ ʩʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʨʳʚʘ ʧʫʪʸʤ ʢʦʥʪʫʨʥʦʛʦ 

ʚʟʨʳʚʘʥʠʷ ʩʥʠʞʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ ʥʘ ʙʦʨʪ, ʥʦ ʥʝ ʚʩʝʛʜʘ ʧʨʝʜʦʪʚʨʘʱʘʶʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʤʘʩʩʠʚʫ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ʇʦʵʪʦʤʫ 

ʦʛʨʘʥʠʯʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʚ ʧʨʠʢʦʥʪʫʨʥʦʡ ʟʦʥʝ ʠʤʝʝʪ ʩʪʦʣʴ ʞʝ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʠʚʘ, ʢʘʢ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʟʘʦʪʢʦʩʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʧʨʝʜʝʣʴʥʳʡ ʢʦʥʪʫʨ ʢʘʨʴʝʨʘ, ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ, ʜʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʩʩʠʚʝ, ʜʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ ʤʘʩʩʠʚʘ, ʩʢʦʨʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ, ʜʦʧʫʩʪʠʤʳʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʢʦʥʪʫʨʘ ʢʘʨʴʝʨʘ ʜʦ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ. 
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Abstract. With the combined development of a field with the condition of conducting 

underground mining in the legal array of the sides of the quarry, the issue of joint production of 

drilling and blasting operations is acute. Usually, the construction of an underground mine begins with 

the approach of the depth of the quarry to the final marks. In this situation, if there is a volume for 

posting boards, it is very insignificant and blasting works come close to the limit contour of the 

quarry, behind which the protected massif is located and in the future it is planned to conduct 

underground mining operations. The main task in the production of drilling and blasting operations in 

such conditions is to preserve the stability of this array. Timely shielding of the explosion and the 

creation of rupture surfaces by contour blasting reduce the negative impact of the explosion on the 

board, but do not always prevent the propagation of stress waves caused by the seismic effect through 

the array. Therefore, limiting the seismic effect of an explosion in the contiguous zone is just as 

important for the stability of the array as professional skewing. 

Key words: blasting operations, combined field development, the limiting contour of the 

quarry, the seismic impact of the explosion, the permissible magnitude of stresses in the array, the 

permissible velocity of displacement of the array, velocity of seismic vibrations, the permissible 

distances from the contour of the quarry to underground workings. 

 

ʇʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʛʜʘ ʧʦʜʟʝʤʥʳʝ ʚʳʨʘʙʦʪʢʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʢʦʥʪʫʨʥʦʤ ʦʪ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʤʘʩʩʠʚʝ, ʬʨʦʥʪ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ 



56 

ʢʘʨʴʝʨʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʚʩʪʨʝʯʫ ʬʨʦʥʪʫ ʨʘʟʚʠʪʠʷ ʧʦʜʟʝʤʥʳʭ ʦʯʠʩʪʥʳʭ 

ʨʘʙʦʪ. ʇʨʠ ʧʦʜʟʝʤʥʳʭ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪʘʭ ʬʨʦʥʪ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʤʘʩʩʠʚʘ ʢ 

ʢʘʨʴʝʨʫ [1, 2]. ʆʙʳʯʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʠʙʣʠʞʝʥʠʝʤ 

ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʘ ʢ ʢʦʥʝʯʥʳʤ ʦʪʤʝʪʢʘʤ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʦʙʲʸʤ ʧʦʜ ʨʘʟʥʦʩʢʫ ʙʦʨʪʦʚ 

ʝʩʣʠ ʠ ʝʩʪʴ, ʪʦ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʝʥ ʠ ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʧʦʜʭʦʜʷʪ ʚʧʣʦʪʥʫʶ ʢ 

ʧʨʝʜʝʣʴʥʦʤʫ ʢʦʥʪʫʨʫ ʢʘʨʴʝʨʘ, ʟʘ ʢʦʪʦʨʳʤ ʨʘʩʧʦʣʦʞʝʥ ʦʭʨʘʥʷʝʤʳʡ ʤʘʩʩʠʚ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʆʩʥʦʚʥʘʷ 

ʟʘʜʘʯʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ɹɺʈ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʚʦʜʠʪʩʷ ʢ ʩʦʭʨʘʥʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʪʦʛʦ ʤʘʩʩʠʚʘ. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʚʟʨʳʚʘ ʠ ʩʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʨʳʚʘ 

ʧʫʪʸʤ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʩʥʠʞʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ ʥʘ ʙʦʨʪ, ʥʦ ʥʝ 

ʚʩʝʛʜʘ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʤʘʩʩʠʚʫ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ʇʦʵʪʦʤʫ ʦʛʨʘʥʠʯʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʚ 

ʧʨʠʢʦʥʪʫʨʥʦʡ ʟʦʥʝ ʠʤʝʝʪ ʩʪʦʣʴ ʞʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʠʚʘ, ʢʘʢ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʟʘʦʪʢʦʩʢʘ. 

ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʢʘʨʴʝʨʝ ʠ ʧʦʜʟʝʤʥʦʤ ʨʫʜʥʠʢʝ ʚ 

ʦʜʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: ʦʩʪʘʚʣʝʥʠʝ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʮʝʣʠʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʘʩʩʠʚʘ ʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ; 

ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ, ʠʩʢʣʶʯʘʶʱʠʭ ʩʜʚʠʞʝʥʠʝ (ʨʘʟʨʫʰʝʥʠʝ) ʤʘʩʩʠʚʘ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʮʝʣʠʢʘ; ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʠ ʠʭ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʮʝʣʠʢʠ, ʧʦʪʦʣʦʯʠʥʳ ʠ ʫʩʪʫʧʳ ʙʦʨʪʦʚ. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2012 ʛ. ʉʘʨʙʘʡʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʞʝʣʝʟʥʳʭ ʨʫʜ 

ʦʪʨʘʙʘʪʳʚʘʣʦʩʴ ʢʘʨʴʝʨʦʤ, ʢʦʪʦʨʳʡ ʥʘ ʪʦʪ ʧʝʨʠʦʜ ʧʦʜʭʦʜʠʣ ʢ ʩʚʦʠʤ ʧʨʝʜʝʣʴʥʳʤ 

ʦʪʤʝʪʢʘʤ. ʇʨʠ ʵʪʦʤ ʚ ʧʦʜʢʘʨʴʝʨʥʳʭ ʟʘʧʘʩʘʭ (ʚ ʧʨʠʙʦʨʪʦʚʦʡ ʯʘʩʪʠ) ʦʩʪʘʚʘʣʦʩʴ ʙʦʣʝʝ 

900 ʤʣʥ. ʪʦʥʥ ʨʫʜʳ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʠʷ ʙʳʣʦ 

ʥʘʤʝʯʝʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʉʘʨʙʘʡʩʢʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ʤʦʱʥʦʩʪʴʶ 10 ʤʣʥ. ʪʦʥʥ 

ʩʳʨʦʡ ʨʫʜʳ ʚ ʛʦʜ. ʅʘ ʧʝʨʝʭʦʜʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʨʫʜʥʠʢʘ ʙʣrʘ ʥʘʤʝʯʝʥʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʦʪʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʦʜʥʠʤ ʠʟ ʩʣʦʞʥʝʡʰʠʭ 

ʚʦʧʨʦʩʦʚ ʷʚʣʷʣʦʩʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʢʘʢ ʚ ʢʘʨʴʝʨʝ, ʪʘʢ ʠ ʚ ʧʦʜʟʝʤʥʦʤ 

ʨʫʜʥʠʢʝ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʙʦʡʢʠ 

ʨʫʜʳ, ʥʦ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʝʜʝʥʠʷ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʜʣʷ ʧʨʦʝʢʪʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʉʘʨʙʘʡʩʢʦʛʦ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ʧʦ ʟʘʢʘʟʫ ʆɸʆ çɻʠʧʨʦʨʫʜʘè. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʚ ʢʘʨʴʝʨʝ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʢʦʨʦʩʪʴ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʦʨʦʜ ʚ ʨʘʡʦʥʝ ʧʦʜʟʝʤʥʦʡ ʚʳʨʘʙʦʪʢʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʥʘʯʝʥʠʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ 

ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʜʦʧʫʩʪʠʤʫʶ 

ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʩʩʠʚʝ. ɼʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʝʤ ʩʝʡʩʤʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʨʘʙʦʪʢʠ [3]: 

,ů][ů][ů ʜʦʧʜʠʥʩʪ ¢+        (1) 

ʛʜʝ [ůʩʪ] ï ʩʪʘʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʤʘʩʩʠʚʝ, ʦʢʨʫʞʘʶʱʝʤ ʚʳʨʘʙʦʪʢʫ, ʄʇʘ; [ůʜʠʥ] ï

 ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʤʘʩʩʠʚʝ (ʦʢʦʣʦ ʚʳʨʘʙʦʪʢʠ), ʄʇʘ; ůʜʦʧ ï ʜʦʧʫʩʪʠʤʘʷ 

ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʡ, ʄʇʘ. 

ɺʝʣʠʯʠʥʳ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʷ ʜʣʷ ʦʙʨʘʟʮʘ ʠ ʤʘʩʩʠʚʘ ʧʦʨʦʜ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ (ʚ 5 - 10 ʠ ʙʦʣʝʝ ʨʘʟ). ɼʦʩʪʦʚʝʨʥʦ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʤʘʩʩʠʚʘ ʤʦʞʥʦ ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʯʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʝʥ 

ʧʨʠʙʣʠʞʸʥʥʳʡ ʨʘʩʯʸʪ ʩ ʫʯʸʪʦʤ ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʠ ʥʘ 

ʦʩʥʦʚʝ ʧʘʩʧʦʨʪʘ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɺ ʛʨʫʙʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʟʘ ʜʦʧʫʩʪʠʤʫʶ 
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ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʠʡ (ůʜʦʧ) ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʩʪʘʪʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ (ůʨ) ʫʚʝʣʠʯʝʥʥʳʡ ʥʘ 10 - 30% [4]. 

ʉʦʛʣʘʩʥʦ [5] ʜʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ ʤʘʩʩʠʚʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ 

ʚʳʨʘʞʝʥʠʶ: 

ʤ/ʩ,,2604,1
ɔ

ů
ɜ ʜʦʧ

ʜ
C

=       (2) 

ʛʜʝ ůʜʦʧ ï ʜʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʡ, ʄʇʘ; ɔ ï ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜ, ʪ/ʤ3; ʉ ï

 ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʧʦʨʦʜʝ, ʤ/ʩ. 

ʉʢʦʨʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ɺɺ ʚ ʩʪʫʧʝʥʠ ʠ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʟʨʳʚʘ ʜʦ ʦʭʨʘʥʷʝʤʦʛʦ ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩʦʛʣʘʩʥʦ [5]: 

,ʩʤ/ʩ ,)/(ɜ 3 mRQK=       (3) 

ʛʜʝ Q ï ʤʘʩʩʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʟʨʳʚʘʝʤʳʭ ʟʘʨʷʜʦʚ (ʤʘʩʩʘ ɺɺ ʚ ʩʪʫʧʝʥʠ 

ʟʘʤʝʜʣʝʥʠʷ), ʢʛ; R ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ, ʤ; K ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʫʩʣʦʚʠʡ 

ʚʟʨʳʚʘʥʠʷ. ɿʥʘʯʝʥʠʝ K ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʨʦʜ ʚ ʤʝʩʪʝ ʚʟʨʳʚʘ ʠ ʦʪ ʧʦʨʦʜ, 

ʦʢʨʫʞʘʶʱʠʭ ʚʳʨʘʙʦʪʢʫ. ʇʨʠ ʚʟʨʳʚʝ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ʠ ʦʢʨʫʞʘʶʱʠʭ ʚʳʨʘʙʦʪʢʫ 

ʩʢʘʣʴʥʳʭ ʧʦʨʦʜʘʭ K = 200. ʇʨʠ ʚʟʨʳʚʝ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ʠ ʦʢʨʫʞʘʶʱʠʭ ʚʳʨʘʙʦʪʢʫ 

ʧʦʣʫʩʢʘʣʴʥʳʭ ʧʦʨʦʜʘʭ K = 400. ʇʨʠ ʚʟʨʳʚʝ ʧʦʣʫʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ʠ ʦʢʨʫʞʘʶʱʠʭ 

ʚʳʨʘʙʦʪʢʫ ʧʦʣʫʩʢʘʣʴʥʳʭ ʧʦʨʦʜʘʭ K = 600; m ï ʧʦʢʘʟʘʪʝʣʴ ʟʘʪʫʭʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʣʥ. ɼʣʷ ʨʘʩʩʪʦʷʥʠʡ ʜʦ 1500 ʤ ʧʦʢʘʟʘʪʝʣʴ ʟʘʪʫʭʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʥʷʪ ʨʘʚʥʳʤ 1,5. 

ʊʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʴ (3) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

.ʩʤ/ʩ ,ɜ
3R

Q
K=        (4) 

ʋʩʪʘʥʦʚʠʚ ʜʦʧʫʩʪʠʤʫʶ ʩʢʦʨʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʦʭʨʘʥʷʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʧʦʨʦʜ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʩʚʦʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝ ʧʨʠʚʝʜʫʪ ʢ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʦʢʦʣʦ ʧʦʜʟʝʤʥʳʭ 

ʚʳʨʘʙʦʪʦʢ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʢʦʥʪʫʨʘ ʢʘʨʴʝʨʘ ʜʦ ʧʦʜʟʝʤʥʳʭ 

ʚʳʨʘʙʦʪʦʢ, ʧʫʪʸʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʦʨʤʫʣʳ (4), ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ R, ʛʜʝ nʜ ʚʳʯʠʩʣʝʥʘ ʧʦ 

ʬʦʨʤʫʣʝ (2) ʠ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

.ʤ,
ɜ

3
2

ʜ

2KQ
R=        (5) 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʯʘʩʪʢʝ ʢʘʨʴʝʨʘ 

ʤʘʩʩʘ ɺɺ ʚ ʩʪʫʧʝʥʠ ʟʘʤʝʜʣʝʥʠʷ ʜʦʣʞʥʘ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʛʦʨʥʦʛʦ 

ʤʘʩʩʠʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʱʠʱʘʝʤʳʭ ʚʳʨʘʙʦʪʦʢ. ʉʢʦʨʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʬʦʨʤʫʣʘʤ (2) ʠ (3), ʢʦʵʬʬʠʮʠʝʥʪ K ʠ ʧʦʢʘʟʘʪʝʣʴ ʟʘʪʫʭʘʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ m ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʟʘʤʝʨʘʤʠ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʧʦʩʣʝʜʥʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʨʝʜʥʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: 

ʩʤ/ʩ,,)/(225ɜ 1,63 RQ=       (6) 

ʧʦʣʫʯʝʥʥʫʶ ʦʙʦʙʱʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ 

ʩʢʘʣʴʥʳʭ ʤʘʩʩʠʚʘʭ ʢʨʝʧʦʩʪʴʶ f ʧʦ ʰʢʘʣʝ ʇʨʦʪʦʜʴʷʢʦʥʦʚʘ ʦʪ 8 ʜʦ 16 [4]. 

ʉʦʭʨʘʥʥʦʩʪʴ ʫʞʝ ʧʨʦʡʜʝʥʥʳʭ ʚʳʨʘʙʦʪʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʝʩʣʠ ʬʘʢʪʠʯʝʩʢʘʷ 

ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ (n) ʥʝ ʧʨʝʚʳʩʠʪ ʜʦʧʫʩʪʠʤʫʶ ʚʝʣʠʯʠʥʫ (nʜ) ʩ ʫʯʸʪʦʤ ʚʠʜʘ ʢʨʝʧʠ. 

ʉʘʤʘ ʢʨʝʧʴ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʩʝʡʩʤʦʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʨʘʙʦʪʦʢ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʨʘʞʝʥʘ ʢʦʵʬʬʠʮʠʝʥʪʦʤ Kʩʫ. ɼʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʚʳʨʘʙʦʪʦʢ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʦʛʜʘ 
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ʩʤ/ʩ.,/ɜɜ ʩʫɼ
K=        (7) 

 

ɿʥʘʯʝʥʠʷ Kʩʫ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʢʨʝʧʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʝʣʘʭ: 

ɹʝʟ ʢʨʝʧʠ   ï 1,0; 

ʅʘʙʨʳʟʛ-ʙʝʪʦʥ  ï 1,2 - 1,6; 

ɸʥʢʝʨʥʘʷ ʠʣʠ ʰʪʘʥʛʦʚʘʷ ï 1,6 - 2,0; 

ɹʝʪʦʥʥʘʷ   ï 2,2; 

ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʘʨʦʯʥʘʷ ï 2,5 - 3,0. 

 

ʊʘʙʣʠʮʘ 1 ï ɼʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʚʳʨʘʙʦʪʦʢ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [6] 

ʊʠʧ ʚʳʨʘʙʦʪʢʠ 

ɼʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ ʢʦʣʝʙʘʥʠʡ, ʩʤ/ʩ 

ʄʥʦʛʦʢʨʘʪʥʳʝ 

ʚʟʨʳʚʳ 

ʆʜʥʦʢʨʘʪʥʳʝ 

ʚʟʨʳʚʳ 

ʆʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʚʳʨʘʙʦʪʢʠ (ʩʨʦʢ ʩʣʫʞʙʳ ʙʦʣʝʝ 10 

ʣʝʪ): ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʪʦʥʥʝʣʠ, ʩʪʚʦʣʳ ʰʘʭʪ, ʢʘʧʠʪʘʣʴʥʳʝ 

ʰʪʦʣʴʥʠ 

6 12 

ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʚʳʨʘʙʦʪʢʠ (ʩʨʦʢ ʩʣʫʞʙʳ ʜʦ 10 ʣʝʪ): 

ʦʢʦʣʦʩʪʚʦʣʴʥʳʝ ʜʚʦʨʳ, ʛʣʘʚʥʳʝ ʢʚʝʨʰʣʘʛʠ, ʛʣʘʚʥʳʝ 

ʰʪʨʝʢʠ 

12 24 

ɺʳʨʘʙʦʪʢʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ (ʜʦ 3 ʣʝʪ): 

ʦʪʢʘʪʦʯʥʳʝ ʦʨʪʳ ʠ ʰʪʨʝʢʠ 
24 48 

ɺʳʨʘʙʦʪʢʠ ʩʦ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʜʦ 1 ʛʦʜʘ: ʜʦʩʪʘʚʦʯʥʳʝ ʠ 

ʙʫʨʦʚʳʝ ʦʨʪʳ ʠ ʰʪʨʝʢʠ, ʚʦʩʩʪʘʶʱʠʝ, ʚʳʧʫʩʢʥʳʝ ʜʫʯʢʠ 
48 96 

 

ʉʝʡʩʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʢʦʨʦʪʢʦʟʘʤʝʜʣʝʥʥʦʛʦ ʚʟʨʳʚʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʚʝʣʠʯʠʥʝ 

ʠʥʪʝʨʚʘʣʦʚ ʟʘʤʝʜʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʝʥ ʜʝʡʩʪʚʠʶ ʤʛʥʦʚʝʥʥʦʛʦ ʚʟʨʳʚʘ ʦʜʥʦʡ ʩʪʫʧʝʥʠ 

ʢʦʨʦʪʢʦʟʘʤʝʜʣʝʥʥʦʛʦ ʚʟʨʳʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʦʙʱʫʶ ʤʘʩʩʫ ʟʘʨʷʜʦʚ, ʦʛʨʘʥʠʯʝʥʠʝ ʥʝ 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʦʩʪʘʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʚʘʣ ʚʟʨʳʚʘʥʠʷ 20 -

 40 ʤʩ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʉʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʣʘʥʘʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚʳʷʚʣʝʥʳ 

ʫʯʘʩʪʢʠ ʥʘʠʙʦʣʴʰʝʛʦ ʚʣʠʷʥʠʷ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʚ ʢʘʨʴʝʨʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʦʨʥʦʛʦ 

ʤʘʩʩʠʚʘ ʦʢʦʣʦ ʵʪʠʭ ʚʳʨʘʙʦʪʦʢ. ʆʧʨʝʜʝʣʝʥʳ ʥʘʠʤʝʥʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʢʦʥʪʫʨʘ 

ʢʘʨʴʝʨʘ ʜʦ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ (ʨʠʩ. 1). ʋʩʪʘʥʦʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʚ ʧʨʠʣʝʛʘʶʱʝʡ ʟʦʥʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚ ʪʘʙʣʠʮʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʜʣʷ ʛʦʨʠʟʦʥʪʘ -185 ʤ. 

 

ʊʘʙʣʠʮʘ 2 - ʅʘʠʤʝʥʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʢʦʥʪʫʨʘ ʢʘʨʴʝʨʘ ʜʦ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ  

ʛʦʨʠʟʦʥʪʘ -185 ʤ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʚ ʢʘʨʴʝʨʝ 

ˉ ʧʘʨʳ ʪʦʯʝʢ 

ʚ ʢʘʨʴʝʨʝ ʠ 

ʧʦʜʟʝʤʥʦʡ 

ʚʳʨʘʙʦʪʢʝ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʛʨʫʥʪʦʚʳʭ 

ʫʩʣʦʚʠʡ, K 

ʅʘʠʤʝʥʴʰʝʝ 

ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʧʘʨʘʤʠ 

ʪʦʯʝʢ, R, ʤ 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ɹɺʈ  

ʚ ʫʢʘʟʘʥʥʦʤ ʤʝʩʪʝ ʢʘʨʴʝʨʘ 

1 300 97 ʄʘʩʩʘ ɺɺ ʚ ʩʪʫʧʝʥʠ ʟʘʤʝʜʣʝʥʠʷ ʥʝ ʙʦʣʝʝ 4000 ʢʛ 

2 200 100 
ʄʘʩʩʘ ɺɺ ʚ ʩʪʫʧʝʥʠ ʟʘʤʝʜʣʝʥʠʷ ʥʝ ʙʦʣʝʝ 3000 ʢʛ, 

ʣʠʙʦ ʥʝ ʙʦʣʝʝ 5000 ʢʛ ʠ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʚʟʨʳʚʘ 

3 300 144 ʄʘʩʩʘ ɺɺ ʚ ʩʪʫʧʝʥʠ ʟʘʤʝʜʣʝʥʠʷ ʥʝ ʙʦʣʝʝ 9000 ʢʛ 

4 

200 

103 ʄʘʩʩʘ ɺɺ ʚ ʩʪʫʧʝʥʠ ʟʘʤʝʜʣʝʥʠʷ ʥʝ ʙʦʣʝʝ 4000 ʢʛ 

5 68 ʄʘʩʩʘ ɺɺ ʚ ʩʪʫʧʝʥʠ ʟʘʤʝʜʣʝʥʠʷ ʥʝ ʙʦʣʝʝ 1000 ʢʛ 

6 42 ʄʘʩʩʘ ɺɺ ʚ ʩʪʫʧʝʥʠ ʟʘʤʝʜʣʝʥʠʷ ʥʝ ʙʦʣʝʝ 500 ʢʛ, 

ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʚʟʨʳʚʘ 7 41 

8 123 ʄʘʩʩʘ ɺɺ ʚ ʩʪʫʧʝʥʠ ʟʘʤʝʜʣʝʥʠʷ ʥʝ ʙʦʣʝʝ 4000 ʢʛ 

9 118 ʄʘʩʩʘ ɺɺ ʚ ʩʪʫʧʝʥʠ ʟʘʤʝʜʣʝʥʠʷ ʥʝ ʙʦʣʝʝ 3000 ʢʛ 
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10 160 ʄʘʩʩʘ ɺɺ ʚ ʩʪʫʧʝʥʠ ʟʘʤʝʜʣʝʥʠʷ ʥʝ ʙʦʣʝʝ 8000 ʢʛ 

 
ʈʠʩ. 1 - ʅʘʠʤʝʥʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʢʦʥʪʫʨʘ ʢʘʨʴʝʨʘ ʜʦ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ 

 

ɼʣʷ ʛʦʨʠʟʦʥʪʦʚ -285 ʠ -385 ʤ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩʯʸʪʳ ʧʦ 

ʤʝʪʦʜʠʢʝ ʀɻɼ ʋʨʆ ʈɸʅ [6] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ (K) ʠ 

ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʚʳʙʨʘʥʥʳʤʠ ʥʘ ʧʣʘʥʝ ʪʦʯʢʘʤʠ (R), ʠ ʚʳʜʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʝʜʝʥʠʶ ʙʝʨʝʞʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʉʘʨʙʘʡʩʢʦʛʦ ʢʘʨʴʝʨʘ [7, 8]. 

 

ɺʳʚʦʜʳ 
ʀʩʭʦʜʷ ʠʟ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʝʡʩʤʠʢʝ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ 

ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʚ ʢʘʨʴʝʨʝ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʜʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ ʟʘʨʷʜʦʚ ʷʚʣʷʝʪʩʷ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʡ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʯʘʩʪʢʝ ʢʘʨʴʝʨʘ ʵʪʘ ʚʝʣʠʯʠʥʘ ʜʦʣʞʥʘ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ 

ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʱʠʱʘʝʤʳʭ ʚʳʨʘʙʦʪʦʢ. 

ɺʝʣʠʯʠʥʘ ʧʦʜʟʝʤʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʟʨʳʚʦʚ ʚ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʢʘʨʴʝʨʘ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ɹɺʈ ʧʨʠ ʧʨʦʭʦʜʢʝ ʚʳʨʘʙʦʪʦʢ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʛʨʘʤʤ ʥʘ ʩʪʫʧʝʥʴ ʟʘʤʝʜʣʝʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʜʘʥʥʳʝ 

ʚʟʨʳʚʳ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʪʢʦʩʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʢʘʨʴʝʨʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʩʪʚʘ ʚʟʨʳʚʘʥʠʷ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʟʘʚʠʩʠʤʫʶ ʨʘʙʦʪʫ 

ʢʘʞʜʦʛʦ ʟʘʨʷʜʘ ɺɺ ʚ ʩʢʚʘʞʠʥʝ, ʪʦ ʝʩʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʢʘʟʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʠ ʜʦʙʠʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʵʬʬʝʢʪʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʥʘ ʦʭʨʘʥʷʝʤʳʡ ʤʘʩʩʠʚ ʠ ʦʙʲʝʢʪʳ ʢʘʨʴʝʨʘ 

ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʝʜʝʥʠʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʚ 

ʨʘʤʢʘʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

 

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 ʩʠʩʪʝʤ (FUWE-2022-0005), ʨʝʛ. ˉ1021062010531-8-1.5.1, ʘ ʪʘʢʞʝ 

ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʨʠʚʣʝʯʝʥʠʠ ʭʦʟʜʦʛʦʚʦʨʥʳʭ ʩʨʝʜʩʪʚ.  
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ɸʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʨʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʂʘʯʢʘʥʘʨʩʢʠʭ ʢʘʨʴʝʨʦʚ. ʇʨʠʚʝʜʝʥ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ. ʇʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʫʨʦʚʦʡ 

ʪʝʭʥʠʢʠ ʜʣʷ ʫʩʣʦʚʠʡ ʂʘʯʢʘʥʘʨʩʢʠʭ ʢʘʨʴʝʨʦʚ.  
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DRILLING WORKS IN THE PREPARATION OF ROCKS FOR EXCUTTING 

AT EVRAZ KGOK PIT  

 

Stenin Yu. V., Martynov N. V. Prishchepenkov R. Yu. 

Ural State Mining University 

 

Abstract. The article presents the comparative technical characteristics of the drilling 

equipment of the Kachkanar quarries. A technical and economic analysis of the operation of drilling 

rigs is given. Recommendations are given on the prospective use of drilling equipment for the 

conditions of the Kachkanar quarries. 

Key words: drilling conditions, domestic drilling rigs, imported drilling rigs, cone bit, drilling 

speed, productivity. 

 

ɹʫʨʝʥʠʝ ʩʢʚʘʞʠʥ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʙʫʨʦʚʟʨʳʚʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʢ ʚʳʝʤʢʝ. ɿʥʘʯʠʤʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʢ 

ʚʳʝʤʢʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʟʘʚʠʩʠʪ ʦʪ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʚʠʜʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʋʩʣʦʚʠʷ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʥʘ ʢʘʨʴʝʨʘʭ ʂʘʯʢʘʥʘʨʩʢʦʛʦ ɻʆʂʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ (scʞ) 120ï170 ʄʇʘ; ʫʛʦʣ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 32ï34ʦ; ʢʦʵʬ. ʇʫʘʩʩʦʥʘ 0,26ï0,28; ʤʦʜʫʣʴ ʖʥʛʘ 13,8ï14,1 ɻʇʘ; 

ʢʨʝʧʦʩʪʴ ʧʦʨʦʜ 8ï14 ʧʦ ʇʨʦʪʦʜʴʷʢʦʥʦʚʫ; ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʰʢʘʣʦʡ 

ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʚʟʨʳʚʥʦʤʫ ʜʝʣʫ ʫ 60 % ʦʙʲʝʤʘ ʧʦʨʦʜ IVïV ʢʘʪʝʛʦʨʠʠ, 

ʦʩʪʘʣʴʥʦʡ ʦʙʲʝʤ ʧʦʨʦʜʳ ï II ʠ III ʢʘʪʝʛʦʨʠʠ. ʈʫʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʢʨʝʧʦʩʪʴʶ, ʚʷʟʢʦʩʪʴʶ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʪʨʫʜʥʦʚʟʨʳʚʘʝʤʳʭ. 

ɹʫʨʦʚʘʷ ʪʝʭʥʠʢʘ ʢʘʨʴʝʨʦʚ ʂʘʯʢʘʥʘʨʩʢʦʛʦ ɻʆʂʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ 

ʩʪʘʥʢʘʤʠ ʉɹʐ-250ʄʅ ʩʦ ʩʨʦʢʦʤ ʩʣʫʞʙʳ 15ï28 ʣʝʪ, ʠ ʉɹʐ-250ʄʅɸ-32ʂʇ ï 7 ʣʝʪ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʠ ʠʤʧʦʨʪʥʳʤʠ ʩ ʜʠʟʝʣʴʥʳʤ ʧʨʠʚʦʜʦʤ ï DML, PV275, DM45 

ʠ ROC L8, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʦʪʨʝʟʥʦʡ ʱʝʣʠ (ʪʘʙʣ. 1) 
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ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʙʫʨʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʨʴʝʨʦʚ ʂʘʯʢʘʥʘʨʩʢʦʛʦ ɻʆʂʘ 

 

ʇʘʨʘʤʝʪʨʳ ʩʪʘʥʢʘ 

ʄʦʜʝʣʴ ʩʪʘʥʢʘ 

Pit Viper 271 
ʉɹʐ- 

250ʄʅɸ-32 

ʉɹʐ-250 

ʄʅɸ-

32ʂʇ 

DM45 DML 

ɼʣʠʥʘ ʰʪʘʥʛʠ, ʤ 16,8 8,2/10/11,4 8,2/10/12 10 10 

ʋʩʠʣʠʝ ʧʦʜʘʯʠ, ʢʅ, ʥʝ ʙʦʣʝʝ Ò 340 Ò 294 Ò 350 Ò 215,7 Ò (272) 

ʉʢʦʨʦʩʪʴ ʩʧʫʩʢʘ/ʧʦʜʲʝʤʘ 

ʙʫʨʦʚʦʛʦ ʩʪʘʚʘ, ʤ/ʩ 

 

0,64/0,80 

 

0,25/0,25 

 

0,41/0,41 

 

0,74;1,04 

 

0,74;1,04 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʢʅ Ö ʤ 12,2 17,42 21,0 12,2 12,2 

ʇʦʜʘʯʘ ʢʦʤʧʨʝʩʩʦʨʘ, ʤ3/ʤʠʥ 54 32 50 34 54 

ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʚʨʘʱʘʪʝʣʷ, ʢɺʪ 

 

145 

 

120 

 

120 

 

108 

 

120 

ɻʘʙʘʨʠʪʳ ʚ ʨʘʙʦʯʝʤ 

ʧʦʣʦʞʝʥʠʠ, ʤʤ: 

   ʜʣʠʥʘ 

   h ʠʨʠʥʘ 

   ʚʳʩʦʪʘ 

 

 

12 600 

5666 

26 500 

 

 

10 500 

5700 

16 200 

 

 

11 400 

6500 

21 000 

 

 

13 280 

5230 

13 280 

 

 

9700 

5000 

13 300 

ʇʨʠʚʦʜ ʩʪʘʥʢʘ ɼʠʟʝʣʴʥʳʡ ʕʣʝʢʪʨʠʯʝʩʢʠ

ʡ 

ʕʣʝʢʪʨʠʯʝʩʢ

ʠʡ 

ɼʠʟʝʣʴʥʳʡ ɼʠʟʝʣʴʥʳʡ 

ʊʠʧ ʭʦʜʘ ɻʫʩʝʥʠʯʥʳʡ ɻʫʩʝʥʠʯʥʳʡ ɻʫʩʝʥʠʯʥʳ

ʡ 

ɻʫʩʝʥʠʯʥʳ

ʡ 

ɻʫʩʝʥʠʯʥʳʡ 

ʉʢʦʨʦʩʪʴ ʭʦʜʘ, ʢʤ/ʯ 1,8 1,3 1,8 2,1 2,2 

ʄʘʩʩʘ ʩʪʘʥʢʘ, ʪ 80 80 100 30 50 

   

ʉʘʤʳʤ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʠ ʚʳʩʦʢʦʥʘʛʨʫʞʘʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ 

ʷʚʣʷʝʪʩʷ ʙʫʨʦʚʦʡ ʠʥʩʪʨʫʤʝʥʪ. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʩʢʦʨʦʩʪʥʳʝ ʢʘʯʝʩʪʚʘ ʠ ʩʪʦʠʤʦʩʪʴ 

ʜʦʣʦʪʘ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʨʦʚʳʭ ʨʘʙʦʪ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ ʥʘ 

ʢʘʨʴʝʨʘʭ ʂʘʯʢʘʥʘʨʩʢʦʛʦ ɻʆʂʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʣʦʪʘ ʥʘ ʦʧʦʨʘʭ ʢʘʯʝʥʠʷ ʩ ʮʝʥʪʨʘʣʴʥʦʡ 

ʠʣʠ ʙʦʢʦʚʦʡ ʧʨʦʜʫʚʢʦʡ ʤʘʨʢʠ 244,5 ʊʂɿ ï ʇɺ W 2, 244.5 ʆʂ ï ʇɺ W 17, 250,8 ʊʂɿ ï 

ʇɻɺ R833-1, III -250,8 ʆʂ-ʇɺ, III-250,8 ʂ-ʇɻɺ, III-250,8 ʂ-ʇɺ; ʜʣʷ ʫʜʘʨʥʦ-

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʙʫʨʝʥʠʷ ï ʧʥʝʚʤʦʫʜʘʨʥʠʢʠ ʬʠʨʤ Epiroc ʠ ʆʆʆ çʇʦʤɹʫʨè ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʨʦʥʢʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʟʘʚʠʩʠʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʪ ʩʪʦʡʢʦʩʪʠ ʜʦʣʦʪ. ʅʘ 

ʢʘʨʴʝʨʘʭ ʂʘʯʘʥʘʨʩʢʦʛʦ ʦʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʨʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ, 

ʪʠʧʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣʦʪ ʩʦʩʪʘʚʣʷʝʪ 350ï600 ʤ. ʅʘʠʙʦʣʴʰʘʷ ʭʦʜʠʤʦʩʪʴ (700ï750 ʤ) 

ʜʦʩʪʠʛʘʝʪʩʷ ʫ ʜʦʣʦʪ III -250,8 ʂ-ʇɻɺ ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ çɻʦʨʤʘʰè. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʜʦʣʦʪ ʷʚʣʷʶʪʩʷ: 

ï ʠʟʥʦʩ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʦʣʦʪʘ; 

ï ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʡ ʠʟʥʦʩ ʦʧʦʨʳ ʠʟ-ʟʘ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʢʦʟʳʨʴʢʦʚ ʣʘʧ; 

ï ʠʟʥʦʩ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʧʘʜʘʥʠʷ ʰʣʘʤʘ ʚ ʧʦʜʰʠʧʥʠʢ.  

ɼʣʷ ʩʪʘʥʢʦʚ Pit Viper ʠ DM ʧʨʠʤʝʥʷʶʪ ʠʤʧʦʨʪʥʳʝ ʜʦʣʦʪʘ, ʩʪʦʡʢʦʩʪʴ ʢʦʪʦʨʳʭ 

ʜʦʩʪʠʛʘʝʪ 2000ï3000 ʧʦʛ. ʤʝʪʨʦʚ ʠ ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʦʪʣʠʯʠʷ ʦʪ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ: 

ï ʟʘʪʳʣʦʢ ʣʘʧʳ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʪʦʣʱʠʥʦʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ 

ʧʦʜʰʠʧʥʠʢʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʡ ʚʳʭʦʜ ʥʘʨʫʞʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. 
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ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʙʦʣʴʰʠʡ ʩʨʦʢ ʩʣʫʞʙʳ 

ʜʦʣʦʪʘ; 

ï ʢʦʥʩʪʨʫʢʮʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʜʰʠʧʥʠʢʘ ʠ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʰʘʨʦʰʝʢ ʧʦʟʚʦʣʷʝʪ 

ʣʫʯʰʝ ʙʘʣʘʥʩʠʨʦʚʘʪʴ ʠ ʨʘʩʧʨʝʜʝʣʷʪʴ ʨʝʞʫʱʝʝ ʫʩʠʣʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʫʨʠʪʴ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʥʘʛʨʫʟʢʦʡ ʥʘ ʜʦʣʦʪʦ; 

ï ʢʦʥʪʫʨʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʟʘʪʳʣʢʦʚ ʣʘʧ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʜʘʣʝʥʠʝ 

ʰʣʘʤʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʤʠʥʠʤʠʟʘʮʠʝʡ ʝʛʦ ʧʦʧʘʜʘʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʰʘʨʦʰʝʯʥʦʝ ʙʫʨʝʥʠʝ ʥʘʠʙʦʣʝʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ ʩʪʘʥʢʘʤʠ Pit Viper 271. ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʩʪʘʥʢʠ ʉɹʐ-250/270-ʂʇ 

ʧʦʢʘʟʳʚʘʶʪ ʥʘ 11ï13 % ʤʝʥʴʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ, ʧʦʤʠʤʦ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ Pit Viper 271, ʢʘʢ ʫʜʣʠʥʝʥʥʘʷ ʜʦ 

17 ʤ ʙʫʨʦʚʘʷ ʰʪʘʥʛʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʘʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʥʘʨʘʱʠʚʘʥʠʝ 

ʰʪʘʥʛʠ ʧʨʠ ʙʫʨʝʥʠʠ; ʫʚʝʣʠʯʝʥʥʘʷ ʚ ʜʚʘ ʨʘʟʘ ʩʢʦʨʦʩʪʴ ʩʧʫʩʢʦʧʦʜʲʝʤʥʳʭ ʦʧʝʨʘʮʠʡ; 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʝʪʝʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʥʘʷ 

ʤʘʥʝʚʨʝʥʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ, ʙʣʘʛʦʜʘʨʷ ʤʝʥʴʰʝʤʫ ʥʘ 20 ʪ ʚʝʩʫ. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʥʢʦʚ ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʛʦʜʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ 

ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʦʚ ʂʘʯʢʘʥʘʨʩʢʦʛʦ ɻʆʂʘ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ, ʉɹʐ-250 ʂʇ ʦʪʥʦʩʷʪʩʷ: 

ï ʙʫʨʝʥʠʝ ʧʦʨʦʜ ʢʨʝʧʦʩʪʴʶ ʜʦ 20 ʧʦ ʰʢʘʣʝ ʄ. ʄ. ʇʨʦʪʦʜʴʷʢʦʥʦʚʘ; 

ï ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʤʧʦʨʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʙʫʨʝʥʠʷ ʥʘʢʣʦʥʥʳʭ ʩʢʚʘʞʠʥ; 

ï ʢʘʨʢʘʩʥʦ-ʧʣʘʪʬʦʨʤʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ; 

ï ʚʳʩʦʢʦʝ ʫʩʠʣʠʝ ʧʦʜʘʯʠ; 

ï ʚʳʩʦʢʠʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ; 

ï ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʩʧʫʩʢʦ-ʧʦʜʲʝʤʥʳʭ ʦʧʝʨʘʮʠʡ.  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʉɹʐ-250-ʂʇ ʦʪʥʦʩʷʪʩʷ: 

ï ʥʠʟʢʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʤʧʦʨʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ 

ʙʫʨʝʥʠʷ; 

ï ʙʦʣɹh ʦʡ ʚʝʩ ʠ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ; 

ï ʤʝʥʴʰʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʤʧʦʨʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʜʣʠʥʘ ʰʪʘʥʛʠ; 

ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ PV275 ʦʪʥʦʩʷʪʩʷ: 

ï ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ (ʚʦʟʤʦʞʥʦʩʪʴ ʙʫʨʝʥʠʷ ʰʘʨʦʰʝʯʥʳʤ ʜʦʣʦʪʦʤ);  

ï ʘʚʪʦʥʦʤʥʦʩʪʴ; 

ï ʚʳʩʦʢʦʝ ʫʩʠʣʠʝ ʧʦʜʘʯʠ; 

ï ʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʙʫʨʝʥʠʷ; 

ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʩʧʫʩʢʦ-ʧʦʜʲʝʤʥʳʭ ʦʧʝʨʘʮʠʡ.  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ PV275 ʦʪʥʦʩʷʪʩʷ: 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ; 

ï ʚʳʩʦʢʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʮʝʥʘ; 

ï ʚʳʩʦʢʘʷ ʤʘʩʩʘ; 

ï ʙʫʨʝʥʠʝ ʥʘʢʣʦʥʥʳʭ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʮʠʝʡ; 

ï ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʤʘʥʝʚʨʝʥʥʦʩʪʴ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ DM45 ʦʪʥʦʩʷʪʩʷ: 

ï ʥʠʟʢʘʷ ʤʘʩʩʘ; 

ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʢʦʤʧʨʝʩʩʦʨʘ ʧʦʜ ʫʩʣʦʚʠʷ ʙʫʨʝʥʠʷ; 

ï ʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʙʫʨʝʥʠʷ; 
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ï ʚʦʟʤʦʞʥʦʩʪʴ ʙʫʨʝʥʠʷ ʥʘʢʣʦʥʥʳʭ ʩʢʚʘʞʠʥ; 

ï ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʤʘʥʝʚʨʝʥʥʦʩʪʴ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ DM45 ʦʪʥʦʩʷʪʩʷ: 

ï ʤʝʥʴʰʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʘʤʠ ʜʠʘʤʝʪʨ ʜʦʣʦʪʘ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʟʝʣʴʥʦʛʦ ʧʨʠʚʦʜʘ; 

ï ʥʠʟʢʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʘʤʠ ʫʩʠʣʠʝ ʧʦʜʘʯʠ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ DML ʦʪʥʦʩʷʪʩʷ: 

ï ʥʠʟʢʘʷ ʤʘʩʩʘ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʙʫʨʝʥʠʷ ʥʘʢʣʦʥʥʳʭ ʩʢʚʘʞʠʥ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʥʝʚʤʦʫʜʘʨʥʠʢʘ; 

ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ; 

ï ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; 

ï ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʤʘʥʝʚʨʝʥʥʦʩʪʴ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ DML ʦʪʥʦʩʷʪʩʷ: 

ï ʚʳʩʦʢʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʮʝʥʘ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʟʝʣʴʥʦʛʦ ʧʨʠʚʦʜʘ. 

ɸʥʘʣʠʟ ʦʪʯʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ. ʀʟʫʯʠʚ ʜʘʥʥʳʝ ʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʠʤʧʦʨʪʥʳʭ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʙʫʨʦʚʳʝ ʩʪʘʥʢʠ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʩʪʘʥʢʘʤʠ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʚʠʜʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʠ 

ʤʝʥʴʰʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʙʫʨʝʥʠʷ 1 ʤ ʩʢʚʘʞʠʥʳ. 

ʀʤʧʦʨʪʥʳʝ ʙʫʨʦʚʳʝ ʩʪʘʥʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘ ʩʯʝʪ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʦʣʦʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʥʘ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥʳ ʠ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʦʢ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʧʦʨʪʥʳʝ ʩʪʘʥʢʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʜʣʠʥʫ ʰʪʘʥʛ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʫʨʠʪʴ ʩʢʚʘʞʠʥʳ ʛʣʫʙʞʝ ʧʨʠ ʦʜʥʦʟʘʭʦʜʥʦʤ ʙʫʨʝʥʠʠ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʠʤʧʦʨʪʥʳʭ ʩʪʘʥʢʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʚʳʩʦʢʠʝ 

ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ɼʣʷ ʫʩʣʦʚʠʡ ʢʘʨʴʝʨʦʚ ʂʘʯʢʘʥʘʨʩʢʦʛʦ ɻʆʂʘ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚ ʠʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ ʠʣʠ ʜʦʨʘʙʦʪʢʝ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ 

ʙʫʜʝʪ ʚʳʙʦʨ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʪʘʥʢʦʚ ʉɹʐ-250ʄʅ-32ʂʇ, ʪʘʢ ʢʘʢ ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ 

ʥʠʟʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʛʦʜʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʜʘʥʥʳʝ ʩʪʘʥʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ 

ʟʘʪʨʘʪ ʥʘ ʠʠʤʧʦʨʪʥʳʝ ʩʪʘʥʢʠ PV275, DM45, DML. ʇʨʠʯʠʥʦʡ ʚʳʩʦʢʠʭ ʟʘʪʨʘʪ ʥʘ 

ʠʤʧʦʨʪʥʳʝ ʩʪʘʥʢʠ ʷʚʣʷʝʪʩʷ, ʢʨʦʤʝ ʨʳʥʦʯʥʦʡ ʢʦʥʲʶʥʢʪʫʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʤʠ 

ʩʪʘʥʢʘʤʠ ʥʝʣɻʝʢʪʨʠʯʝʩʢʦʛʦ, ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ɸ ʟʘʪʨʘʪʳ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʟʘʪʨʘʪ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʙʫʨʦʚʦʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʠʛʨʳʚʘʝʪ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʤʧʦʨʪʥʳʤ. 

ʀʤʧʦʨʪʥʳʝ ʰʘʨʦʰʝʯʥʳʝ ʜʦʣʦʪʘ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʩʪʦʡʢʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʪʝʯʝʩʪʚʝʥʥr ʤʠ, ʯʪʦ ʜʘʝʪ ʤʝʥʴʰʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʙʫʨʝʥʠʷ 1 ʤ ʩʢʚʘʞʠʥʳ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʙʦʣʴʰʫʶ ʩʪʦʠʤʦʩʪʴ ʠʤʧʦʨʪʥʳʭ ʜʦʣʦʪ. 

 

ʊʘʙʣʠʮʘ 2. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ 

 

ʇʦʢʘʟʘʪʝʣʴ 
ʉɹʐ-

250ʄʅ 

ʉɹʐ-250 

ʄʅɸ-32ʂʇ 
PV275 DM45 DML 

ʊʝʭʥʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ Vʪ, ʤ/ʯ 8,54 9,7 18,23 11,67 19,4 

ɼʠʘʤʝʪʨ ʩʢʚʘʞʠʥʳ dʩʢʚ, ʤ 0,225 0,25 0,25 0,25 0,25 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ      
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ʚ ʩʤʝʥʫ Qʩʤ, ʤ/ʩʤʝʥʫ 70 82 147,5 94,4 157 

ɻʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ 

ʩʪʘʥʢʘ Qʛʦʜ, ʤ/ʛʦʜ 

 

40 880 

 

48 240 

 

86 140 

 

55 129,6 

 

91 688 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʢʘ  

ʚ ʩʤʝʥʫ 

 

0,70 

 

0,8 

 

0,8 

 

0,8 

 

0,8 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʙʫʨʝʥʠʷ 1 ʤ 

ʩʢʚʘʞʠʥʳ, ʨʫʙ./ʤ 

 

662,48 

 

637,34 

 

540,95 

 

674,86 

 

533,63 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʤʘʰʠʥʦʩʤʝʥʳ, ʨʫʙ. 39 797,49 38 007,24 65 932,94 54 837,74 69 030,57 

ɻʦʜʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʪʘʥʦʢ, ʤʣʥ ʨʫʙ. 135,39 128,60 194,56 166,49 210,9 

 

ʀʟʫʯʠʚ ʜʘʥʥʳʝ ʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʠʤʧʦʨʪʥʳʭ ʙʫʨʦʚʳʭ 

ʩʪʘʥʢʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʙʫʨʦʚʳʝ ʩʪʘʥʢʠ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʩʪʘʥʢʘʤʠ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʚʠʜʝ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʠ ʤʝʥʴʰʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʙʫʨʝʥʠʷ 1 ʤ ʩʢʚʘʞʠʥʳ. 

ʀʤʧʦʨʪʥʳʝ ʙʫʨʦʚʳʝ ʩʪʘʥʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘ ʩʯʝʪ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʦʣʦʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʥʘ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥʳ ʠ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʦʢ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʧʦʨʪʥʳʝ ʩʪʘʥʢʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʜʣʠʥʫ ʰʪʘʥʛ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʫʨʠʪʴ ʩʢʚʘʞʠʥʳ ʛʣʫʙʞʝ ʧʨʠ ʦʜʥʦʟʘʭʦʜʥʦʤ ʙʫʨʝʥʠʠ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʠʤʧʦʨʪʥʳʭ ʩʪʘʥʢʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʚʳʩʦʢʠʝ 

ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ɺ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʥʦʛʦ ʢʘʨʴʝʨʘ ʂʘʯʢʘʥʘʨʩʢʦʛʦ ɻʆʂʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ 

ʙʫʜʝʪ ʚʳʙʦʨ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʪʘʥʢʦʚ ʉɹʐ-250ʄʅ, ʉɹʐ-250/270-ʂʇ, ʪʘʢ ʢʘʢ ʛʦʜʦʚʳʝ 

ʟʘʪʨʘʪʳ ʥʘ ʜʘʥʥʳʝ ʩʪʘʥʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʟʘʪʨʘʪ ʥʘ ʩʪʘʥʢʠ PV275, DM45, DML. 

ʇʨʠʯʠʥʦʡ ʚʳʩʦʢʠʭ ʟʘʪʨʘʪ ʥʘ ʠʤʧʦʨʪʥʳʝ ʩʪʘʥʢʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʤʠ 

ʩʪʘʥʢʘʤʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʪʘʢ ʢʘʢ ʟʘʪʨʘʪʳ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʚʳʰʝ ʟʘʪʨʘʪ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʙʫʨʦʚʦʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʠʛʨʳʚʘʝʪ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʤʧʦʨʪʥʳʤ. 

ʀʤʧʦʨʪʥʳʝ ʰʘʨʦʰʝʯʥʳʝ ʜʦʣʦʪʘ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʩʪʦʡʢʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ, ʯʪʦ ʜʘʝʪ ʤʝʥʴʰʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʙʫʨʝʥʠʷ 1 ʤ ʩʢʚʘʞʠʥʳ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʙʦʣʴʰʫʶ ʩʪʦʠʤʦʩʪʴ ʠʤʧʦʨʪʥʳʭ ʜʦʣʦʪ. 

 

ʃʀʊɽʈɸʊʋʈɸ  

1. ʈʝʰʝʪʥʷʢ ʉ. ʇ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ // ʇʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʠ ʦʩʚʦʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʈʦʩʩʠʠ. ɸʧʘʪʠʪʳ: ʀʟʜ. 

ʂʦʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, 2001. ʏ. 2. ʉ. 5ï25. 
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ʋɼʂ 622.233/ 235 

ʈɽɿʋʃʔʊɸʊʓ ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʆɻʆ ʂʆʅʊʈʆʃʗ ʇʈʆʎɽʉʉɸ                               

ʐɸʈʆʐɽʏʅʆɻʆ ɹʋʈɽʅʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʉʂɺɸɾʀʅ 

 

ʈɽɻʆʊʋʅʆɺ ɸ. ʉ., ʉʋʍʆɺ ʈ. ʀ., ɻʈɸʑɽʅʂʆ ɼ. ɸ. 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʵʢʩʧʨʝʩʩʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʦʩʪʦʷʥʠʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʥʘʤʝʯʝʥʥʦʛʦ ʢ ʚʟʨʳʚʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, ʚ ʧʨʦʮʝʩʩʝ 

ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ. ʇʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʘʧʧʘʨʘʪʫʨʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʨʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʥʘ ʦʧʳʪʥʦʤ ʙʣʦʢʝ ʚ ʫʩʣʦʚʠʷʭ 

ʢʘʨʴʝʨʘ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ 

ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʰʘʨʦʰʝʯʥʦʝ ʙʫʨʝʥʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʢʚʘʞʠʥʳ, ʵʥʝʨʛʦʸʤʢʦʩʪʴ, ʤʦʜʝʣʴ, ʘʧʧʘʨʘʪʫʨʘ. 
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Abstract. The article discusses the issue of express receipt of information about the state of 

rock mass, scheduled for explosive destruction, in the process of rotary drilling. The description of the 

equipment and technology for measuring the parameters of the rotary drilling of technological holes 

on the pilot block in the conditions of the Uralasbest pit, providing instrumental control of the 

parameters of the rotary drilling of technological holes is given. The main results of the performed 

measurements are presented and analyzed. 

Keywords: rock mass, rotary drilling, technological drill holes, energy intensity, model, 

equipment. 

 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʦʙʣʘʜʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ. ʉʧʦʩʦʙ ʫʪʦʯʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʧʨʦʮʝʩʩʝ ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʀ. ɸ. 

ʊʘʥʛʘʝʚʳʤ [1]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʝ ɺ. ɺ. ʈʞʝʚʩʢʠʤ, ɻ. ʗ. ʅʦʚʠʢʦʤ, 

ɹ. ʅ. ʂʫʪʫʟʦʚʳʤ, ɻ. ʄ. ʂʨʶʢʦʚʳʤ, ɺ. ɼ. ɹʫʪʢʠʥʳʤ, ɻ. ʉ. ʌʠʣʠʧʧʦʚʳʤ, ɹ. ʅ. 

ʉʠʤʢʠʥʳʤ ʟʘʣʦʞʠʣʠ ʦʩʥʦʚʳ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʢʩʧʨʝʩʩʥʦʛʦ ʤʝʪʦʜʘ ʫʪʦʯʥʝʥʠʷ 

ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʤʘʩʩʠʚʝ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʰʘʨʦʰʝʯʥʦʤ 

ʙʫʨʝʥʠʠ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʢʘʨʴʝʨʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʵʢʩʧʨʝʩʩʥʦʛʦ 

ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʤʘʩʩʠʚʝ ʚ 

ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʚʳʧʦʣʥʷʝʪʩʷ ʨʦʩʩʠʡʩʢʠʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ 

ʫʯʝʥʳʤʠ [2ï9]. 

ɺ ʀʥʩʪʠʪʫʪʝ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ ʨʘʟʨʘʙʦʪʘʥʘ ʦʧʳʪʥʘʷ 

ʚʝʨʩʠʷ ʧʨʠʙʦʨʘ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʳ ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ 

ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ. ʅʦʚʠʟʥʘ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʢ 
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ʙʫʨʦʚʟʨʳʚʥʦʡ ʦʪʙʦʡʢʝ. ɸʧʧʘʨʘʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʜʘʪʯʠʢʦʚ, 

ʦʙʲʝʜʠʥʸʥʥʳʭ ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʜʠʩʪʘʥʮʠʦʥʥʫʶ ʧʝʨʝʜʘʯʫ ʧʦʣʫʯʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʥʝʰʥʠʡ ʩʝʨʚʝʨ.  

ʊʝʭʥʦʣʦʛʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ (ʨʠʩ. 1). ɺʥʘʯʘʣʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʘʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʠ ʙʫʨʝʥʠʷ ʠ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɼʘʣʝʝ 

ʰʘʨʦʰʝʯʥʳʡ ʙʫʨʦʚʦʡ ʩʪʘʥʦʢ ʧʨʦʠʟʚʦʜʠʪ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ ʩʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ ʥʘ 

ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ (ʨʠʩ. 2). ɺ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʰʘʨʦʰʝʯʥʦʝ ʜʦʣʦʪʦ 

ʧʨʦʭʦʜʠʪ ʨʘʟʣʠʯʥʳʝ ʧʦ ʧʨʦʯʥʦʩʪʠ ʠ ʩʪʨʦʝʥʠʶ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʠʩʪʝʤʘ 

ʜʘʪʯʠʢʦʚ ʠʟʤʝʨʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʝʡ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʠ 

ʨʝʛʠʩʪʨʠʨʫʝʪ ʚʨʝʤʷ, ʛʣʫʙʠʥʫ ʙʫʨʝʥʠʷ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʳ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʤʦʞʝʪ 

ʙʳʪʴ ʧʝʨʝʜʘʥʘ ʥʘ ʩʝʨʚʝʨ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʨʝʜʧʨʠʷʪʠ ̫ ʜʣʷ ʨʘʩʯʝʪʘ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʝ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʨʫʜ ʩ 

ʨʘʟʣʠʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʚ ʛʨʘʥʠʮʘʭ ʣʦʢʘʣʴʥʦʛʦ ʙʣʦʢʘ ʤʘʩʩʠʚʘ.  

 

 
ʈʠʩ. 1. ʐʘʨʦʰʝʯʥʳʡ ʙʫʨʦʚʦʡ ʩʪʘʥʦʢ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʧʨʦʠʟʚʦʜʠʪ ʙʫʨʝʥʠʝ 

ʩʢʚʘʞʠʥ ʚ ʣʦʢʘʣʴʥʦʤ ʙʣʦʢʝ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ:  

1 ï ʙʫʨʦʚʦʡ ʩʪʘʥʦʢ ʉɹʐ-250ʄʅɸ-32; 2 ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʢʚʘʞʠʥʳ;  

3 ï ʣʦʢʘʣʴʥʳʡ ʙʣʦʢ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 

 

ɸʧʨʦʙʘʮʠʷ ʘʧʧʘʨʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʦʚ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè 

ʧʨʠ ʙʫʨʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʙʫʨʦʚʳʤ ʩʪʘʥʢʦʤ ʰʘʨʦʰʝʯʥʦʛʦ ʪʠʧʘ ʉɹʐ-

250ʄʅɸ-32 ʚ ʧʦʨʦʜʘʭ ʨʘʟʣʠʯʥʦʡ ʢʘʪʝʛʦʨʠʠ ʙʫʨʠʤʦʩʪʠ ʩʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ ʥʘ 

ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ.  

ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʢʚʘʞʠʥ ʥʘ ʢʘʨʴʝʨʝ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè ʧʦʣʫʯʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʥʘʙʣʶʜʝʥʠʡ ʚ ʧʦʨʦʜʘʭ 

ʨʘʟʣʠʯʥʦʛʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʫʯʘʩʪʢʘʭ 

ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʩʣʦʞʝʥʥʳʭ ʧʦʨʦʜʘʤʠ ʦʜʥʦʛʦ ʪʠʧʘ, ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʙʫʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʤʝʥʷʣʠʩʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʷʚʠʣʠʩʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʧʝʨʝʤʝʞʘʝʤʦʩʪʴ 

ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʚʣʠʷʥʠʝ ʟʦʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʨʫʰʝʥʥʦʩʪʠ.  

ɸʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ 

ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ, ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʜʦ ʥʘʯʘʣʘ 
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ʚʳʧʦʣʥʝʥʠʷ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʥʘ ʦʧʳʪʥʦʤ ʙʣʦʢʝ ʥʘʣʠʯʠʝ ʚ ʦʙʲʝʤʝ ʙʣʦʢʘ ʫʯʘʩʪʢʘ ʚʝʩʴʤʘ 

ʪʨʫʜʥʦʙʫʨʠʤʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚʟʨʳʚʘ ʦʩʪʘʣʩʷ 

ʥʝʨʘʟʨʫʰʝʥʥʳʤ ʦʙʲʝʤ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʙʣʦʢʝ (ʨʠʩ. 2), ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʠʟ 

ʜʠʦʨʠʪʘ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʣʦ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦ ʧʨʦʯʥʦʩʪʠ 

ʫʯʘʩʪʢʘ ʥʘ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʚ ʦʧʳʪʥʦʤ ʙʣʦʢʝ. 

 
ʈʠʩ. 2. ʅʝʨʘʟʨʫʰʝʥʥʳʡ ʫʯʘʩʪʦʢ ʠʟ ʜʠʦʨʠʪʘ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ 

 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʥʦʤʘʣʴʥʳʭ ʧʦ ʧʨʦʯʥʦʩʪʠ ʫʯʘʩʪʢʘʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʚ ʜʨʫʛʠʭ ʙʣʦʢʘʭ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʨʨʝʢʪʠʨʦʚʦʢ ʚ ʧʨʦʝʢʪ ʥʘ 

ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ. ʅʘʧʨʠʤʝʨ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʙʫʨʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ 

ʚʙʣʠʟʠ ʫʯʘʩʪʢʘ ʩ ʘʥʦʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ 

ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʢʚʘʞʠʥʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʙʣʠʟʠ ʪʘʢʦʛʦ ʫʯʘʩʪʢʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʚʟʨʳʚʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʙʣʦʢʘ ʧʦʜʪʚʝʨʜʠʣʠ 

ʤʦʜʝʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʧʨʝʜʝʣʘʭ ʙʣʦʢʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ 

ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ.  

ʊʘʢʞʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʦʧʳʪʥʦʛʦ ʙʣʦʢʘ ʰʘʨʦʰʝʯʥʳʡ ʙʫʨʦʚʦʡ 

ʩʪʘʥʦʢ ʉɹʐ-250ʄʅɸ - 32 ʜʣʷ ʧʦʣʫʯʝʥʠʷ 1 ʤ ʩʢʚʘʞʠʥʳ ʜʠʘʤʝʪʨʘ 244,5 ʤʤ ʧʦʪʨʝʙʣʷʝʪ 

ʚ ʩʨʝʜʥʝʤ 338,4 ʢɺʪ Ö ʯ ɻ ʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʙʫʨʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʥʘ ʦʧʳʪʥʦʤ ʙʣʦʢʝ ʚ ʩʨʝʜʥʝʤ ʩ ʫʯʝʪʦʤ ʟʘʪʨʘʪ ʤʦʱʥʦʩʪʠ 

ʢʦʤʧʨʝʩʩʦʨʘ ʥʘ ʧʨʦʜʫʚʢʫ ʩʢʚʘʞʠʥ ʦʪ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 18,8 (ʢɺʪ Ö ʯ)/ʤ.  

ɺʝʨʦʷʪʥʳʡ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʧʨʦʷʚʠʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʟʘʪʨʘʪ ʥʘ 

ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʩ 30 ʜʦ 15 %, ʧʦʚʳʰʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʫʨʦʚʦʡ ʪʝʭʥʠʢʠ, 

ʢʘʯʝʩʪʚʘ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʛʨʫʟʦʯʥʦ-ʜʦʩʪʘʚʦʯʥʳʭ ʨʘʙʦʪ.  
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ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʦʧʳʪʥʘʷ ʚʝʨʩʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʣʦʢʘʣʴʥʳʭ ʤʘʩʩʠʚʘʭ, 

ʧʦʣʫʯʘʝʤʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʦʩʩʠʠ ʠ ʙʣʠʞʥʝʛʦ ʟʘʨʫʙʝʞʴʷ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ 

ʪʚʝʨʜʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʭʦʜʢʝ ʪʦʥʥʝʣʝʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʨʦʛ.  

3. ɺʝʨʦʷʪʥʳʡ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʷʚʠʪʩʷ 

ʚ ʩʥʠʞʝʥʠʠ ʟʘʪʨʘʪ ʥʘ ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʦʡ 

ʤʘʩʩʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʛʨʫʟʦʯʥʦ-ʜʦʩʪʘʚʦʯʥʳʭ ʨʘʙʦʪ. 

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 075-00412-22 

ʇʈ. ʊʝʤʘ 1 (2022ï2024) çʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʪʨʘʪʝʛʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ 

ʟʘʧʘʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ 

ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (FUWE-2022-0005)è 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʊʘʥʛʘʝʚ ʀ. ɸ. ɹʫʨʠʤʦʩʪʴ ʠ ʚʟʨʳʚʘʝʤʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʄ.: ʅʝʜʨʘ, 1978. 184 

ʩ. 

2. ɾʘʨʠʢʦʚ ʉ. ʅ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʝʧʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʚ ʢʘʨʴʝʨʘʭ // ɻʦʨʥʳʡ ʞʫʨʥʘʣ. 2010. ˉ 

7. ʉ. 50ï51. 

3. ɾʘʨʠʢʦʚ ʉ. ʅ., ʐʝʤʝʥʝʚ ɺ. ɻ. ʕʢʩʧʨʝʩʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʛʦʨʥʦʛʦ 

ʤʘʩʩʠʚʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʚʳʝʤʢʝ ʙʫʨʦʚʟʨʳʚʥʳʤ ʩʧʦʩʦʙʦʤ // ɺʟʨʳʚʥʦʝ ʜʝʣʦ. 2014. ˉ 

111-68. ʉ. 155ï164.  

4. ʉʫʭʦʚ ʈ. ʀ., ʐʘʭʤʘʪʦʚ ɼ. ʉ., ʇʘʥʴʢʦʚ ʀ. ɺ., ʀʚʘʥʦʚʩʢʠʡ ʉ. ɺ., ɺʝʨʝʩʘ ɸ. ʌ. 

ʆʙ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʙʫʨʝʥʠʠ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ. 

// ɻʦʨʥʳʡ ʞʫʨʥʘʣ. 1991.  ̄3. ʉ. 26ï28. 

5. ʈʝʛʦʪʫʥʦʚ ɸ. ʉ., ʉʫʭʦʚ ʈ. ʀ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʣʦʢʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ // ʇʨʦʙʣʝʤʳ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ. 2016. ˉ 4 (11). ʉ. 121ï129. 

6. Thuro K. Prediction of drillability in hard rock tunnelling by drilling and blasting // 

Proceedings of the World Tunnel Congressô97. Vienna, Austria, 1997. Vol. 1. P.103ï108. 

7. Bilgin N., Kahraman S. Drillability Prediction in Rotary Blast Hole Drilling // 

International Mining Congress and Exhibition ot Turkey-IMCET, 2003. P. 177ï182. 

8. Luis E. Izquierdo, Chiang L. E. A methodology for estimation of the specific rock 

energy index using corrected down-the-hole drill monitoring dataô DOI: 

10.1179/037178404225006218, Mining Technology (Trans. Inst. Min. Metall. A), 2004. Vol. 

113. P. 225ï236. 

9. Kelessidis V. C. Rock drillability prediction from in situ determined unconfined 

compressive strength of rock // The Journal of The Southern African Institute of Mining and 

Metallurgy. 2011. Vol. 111. P. 429ï436. 

 

 

  



70 

ʋɼʂ 622.271.3 

 

ʆʇʓʊ ʈɸɹʆʊʓ ɻʆʈʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ ɺ ʋʉʃʆɺʀʗʍ  

ʅʀɿʂʀʍ ʊɽʄʇɽʈɸʊʋʈ 

 

ʋʈʋʁʄɸɻʆɺ ɸ. ʉ.  

ɿɸʆ çʌɸʈʅè 

 ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʦʧʳʪ ʨʘʙʦʪʳ ʦʩʥʦʚʥʦʛʦ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʝʛʠʦʥʘʭ 

ʈʦʩʩʠʠ ʩ ʩʫʨʦʚʳʤ ʢʣʠʤʘʪʦʤ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʧʦʣʦʤʦʢ ʛʦʨʥʳʭ ʤʘʰʠʥ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʙʝʞʘʪʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʵʢʩʢʘʚʘʪʦʨ, ʩʝʚʝʨʥʳʝ ʨʝʛʠʦʥʳ, 

ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʥʝʛʦʧʘʜʳ, ʪʫʤʘʥʳ. 

 

EXPERIENCE OF MINING EQUIPMENT IN THE CONDITIONS OF  

LOW TEMPERATURES  

 

URUYMAGOV A. S.  

CJSC "FARN" 

 

 Abstract. The article describes the experience of the main mining equipment in the regions of 

Russia with a harsh climate. The main reasons for the decrease in productivity and breakdowns of 

mining machines are given. Measures are proposed to avoid the adverse effect of low air temperatures 

and other factors on the efficiency of the equipment. 

Keywords: mining equipment, hydraulic excavator, northern regions, low temperatures, 

snowfall, fog. 

 

ʄʥʦʛʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʈʦʩʩʠʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʨʘʟʨʘʙʦʪʢʫ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ, ʥʘʭʦʜʷʪʩʷ ʚ ʨʝʛʠʦʥʘʭ ʩ ʩʫʨʦʚʳʤʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʉʨʝʜʠ ʥʠʭ ʢʨʫʧʥʳʝ ʢʘʨʴʝʨʳ ɸʂ çɸʃʈʆʉɸè, ɸʆ 

çɸʧʘʪʠʪè, ɸʆ çʉʝʚʝʨʘʣʤʘʟè, ɸʆ çɹʦʢʩʠʪ ʊʠʤʘʥʘè, ɸʆ çʂʘʨʝʣʴʩʢʠʡ ʦʢʘʪʳʰè, 

ʢʦʤʧʘʥʠʠ çʇʦʣʶʩè, çʇʦʣʠʤʝʪʘʣʣè ʠ ʪ. ʧ. ʅʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʩʥʝʛʦʧʘʜʳ, 

ʩʠʣʴʥʳʝ ʚʝʪʨʘ ʠ ʯʘʩʪʳʝ ʪʫʤʘʥʳ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʛʦʨʥʳʭ 

ʤʘʰʠʥ ʥʘ ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ [1ï3].  

ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʢʘʨʴʝʨʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʘʣʦʦʩʚʦʝʥʥʳʭ ʨʘʡʦʥʘʭ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ ʩ ʜʠʟʝʣʴʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ [4ï17]. 

ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʘʤ, ʛʜʝ ʥʝʪ ʥʘʜʝʞʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ.  

ʆʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ ʚʥʝʜʨʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ, ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʘʥʘʣʠʟ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʙʝʞʘʪʴ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʵʪʠʭ ʤʘʰʠʥ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʦʩʩʠʠ, ʥʘʯʘʚʰʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʨʫʧʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʙʳʣʘ ɸʂ çɸʃʈʆʉɸè. ʅʘ ʝʝ ʢʘʨʴʝʨʘʭ ʩ 1999 ʛʦʜʘ ʨʘʙʦʪʘʣʠ ʵʢʩʢʘʚʘʪʦʨ ʤʦʜʝʣʠ 

ʅ-135S ʩ ʢʦʚʰʦʤ ʚʤʝʩʪʠʤʦʩʪʴʶ 9,5 ʤ3 (ʩ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ çʦʙʨʘʪʥʘʷ ʣʦʧʘʪʘè) ʠ 

ʜʚʝ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʤʘʰʠʥʳ ʤʦʜʝʣʠ H-285S ʩ ʢʦʚʰʦʤ ʚʤʝʩʪʠʤʦʩʪʴʶ 19 ʤ3 (ʩ ʨʘʙʦʯʠʤ 
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ʦʙʦʨʫʜʦʚʘʥʠʝʤ çʧʨʷʤʘʷ ʣʦʧʘʪʘè).  ʀʭ ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʘ ʢʘʨʴʝʨʘʭ çʋʜʘʯʥʳʡè ʠ çɸʡʭʘʣè 

ʧʦʟʚʦʣʠʣʘ ʦʮʝʥʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤ ʠ ʘʛʨʝʛʘʪʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʗʢʫʪʠʠ. ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʦʧʳʪʘ, ɸʂ çɸʃʈʆʉɸè ʧʨʠʦʙʨʝʣʘ ʚ 2018 ʛʦʜʫ 

ʥʦʚʳʝ ʤʘʰʠʥʳ ʬʠʨʤʳ Liebherr ʤʦʜʝʣʠ R-9250, ʠʤʝʶʱʠʝ ʚʤʝʩʪʠʤʦʩʪʴ ʢʦʚʰʘ 15 ʤ3. 

ɺ ʥʦʷʙʨʝ 2000 ʛʦʜʘ ʥʘ ʂʘʡʝʨʢʘʥʩʢʦʤ ʫʛʦʣʴʥʦʤ ʨʘʟʨʝʟʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ 30 ʢʤ ʦʪ 

ʛʦʨʦʜʘ ʅʦʨʠʣʴʩʢʘ, ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 2 ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʘ ʬʠʨʤʳ 

Liebherr ʤʦʜʝʣʠ R-992 ʩ ʢʦʚʰʦʤ ʚʤʝʩʪʠʤʦʩʪʴʶ 7 ʤ3. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʨʘʡʦʥʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʟʠʤʦʡ ʦʧʫʩʢʘʣʘʩʴ ʜʦ ï48Á, ʘ ʣʝʪʦʤ ʧʦʜʥʠʤʘʣʘʩʴ ʜʦ +40Á, ʚʣʘʞʥʦʩʪʴ 

ʚʦʟʜʫʭʘ ʜʦ 90 %, ʥʘʙʣʶʜʘʣʠʩʴ ʩʠʣʴʥʳʝ ʩʥʝʛʦʧʘʜʳ, ʘ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʜʦʩʪʠʛʘʣʘ 40 ʤ/ʩ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʙʝ ʤʘʰʠʥʳ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʥʘ 

ʨʫʜʥʠʢʝ çɿʘʧʦʣʷʨʥʳʡè ʢʦʤʧʘʥʠʠ çʅʦʨʠʣʴʩʢʠʡ ʥʠʢʝʣʴè, ʥʘʯʘʣ ʨʘʙʦʪʫ ʥʦʚʳʡ ʢʨʫʧʥʳʡ 

ʵʢʩʢʘʚʘʪʦʨ Liebherr R-9400 ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 22 ʤ3. 

ɺ ɸʆ çɹʦʢʩʠʪ ʊʠʤʘʥʘè ʚ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ ʥʘʯʘʣ ʨʘʙʦʪʘʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 

ʵʢʩʢʘʚʘʪʦʨ ʢʦʤʧʘʥʠʠ Caterpillar ʤʦʜʝʣʠ 5080, ʠʤʝʶʱʠʡ ʚʤʝʩʪʠʤʦʩʪʴ ʢʦʚʰʘ 5,2 ʤ3. 

ʇʦʟʜʥʝʝ ʙʳʣʠ ʟʘʢʫʧʣʝʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ ʂʦʤʘtsu ʈʉ1250 ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ 

ʢʦʚʰʘ 5 ʤ3 ʠ ʦʜʥʘ ʙʦʣʝʝ ʢʨʫʧʥʘʷ ʤʘʰʠʥʘ ʢʦʤʧʘʥʠʠ Hitachi ʤʦʜʝʣʠ ɽʍ2500 ʩ 

ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 15 ʤ3. ʆʩʫʱʝʩʪʚʣʷʷ ʧʦʛʨʫʟʢʫ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʘʚʪʦʩʘʤʦʩʚʘʣʳ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 90 ʪʦʥʥ, ʦʥʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʚ ʩʫʨʦʚʳʭ ʫʩʣʦʚʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ. 

ʉ 2003 ʛʦʜʘ ʚ ʗʢʫʪʠʠ ʥʘ ʨʘʟʨʝʟʝ çʅʝʨʶʥʛʨʠʥʩʠʡè ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʜʚʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʘ ʂʦʤʘtsu ʈʉ5500 ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 23 ʤ3, ʨʘʙʦʯʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ çʦʙʨʘʪʥʘʷ ʣʦʧʘʪʘè ʠ ʜʠʟʝʣʴʥʳʤ ʧʨʠʚʦʜʦʤ. ʇʦ ʠʪʦʛʘʤ ʠʭ ʫʩʧʝʰʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʝʤ ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʨʫʧʥʳʝ ʤʘʰʠʥʳ. ʅʘ 

ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪʘʭ ʚ ʨʘʟʨʝʟʝ ʨʘʙʦʪʘʣʠ ʵʢʩʢʘʚʘʪʦʨʳ ʂʦʤʘtsu ʈʉ5500 ʠ ʩʘʤʳʝ ʤʦʱʥʳʝ 

ʤʘʰʠʥʳ ʢʦʤʧʘʥʠʠ ʂʦʤʘtsu ʤʦʜʝʣʠ ʈʉ8000 ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ ʦʪ 36 ʜʦ 42 ʤ3. ɸ ʥʘ 

ʜʦʙʳʯʝ ʫʛʣʷ ʧʨʠʤʝʥʷʣʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʵʢʩʢʘʚʘʪʦʨ ʂʦʤʘtsu ʤʦʜʝʣʠ ʈʉ3000 ʩ 

ʫʜʣʠʥʝʥʥʳʤ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚ ʚʘʨʠʘʥʪʝ çʦʙʨʘʪʥʘʷ ʣʦʧʘʪʘè. ʉ 2017 ʛʦʜʘ ʥʘ 

ʨʘʟʨʝʟʝ ʥʘʯʘʣ ʨʘʙʦʪʫ Liebherr R-9200 ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 11,5 ʤ3. ʆʧʳʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʠʭ ʤʘʰʠʥ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʦʯʝʥʴ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɿʘ ʇʦʣʷʨʥʳʤ ʢʨʫʛʦʤ, ʥʘ ʢʘʨʴʝʨʝ ɸʆ çɸʧʘʪʠʪè, ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʄʫʨʤʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʣʠ ʜʚʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʘ ʤʦʜʝʣʠ 

Rʅ90ʉ ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 10 ʤ3. ʇʦʟʞʝ ʪʘʤ ʙʳʣ ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʵʢʩʢʘʚʘʪʦʨ Rʅ120 ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 13,5 ʤ3. ɸ ʩ 2020 ʛʦʜʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʨʘʙʦʪʘʝʪ ʵʢʩʢʘʚʘʪʦʨ Caterpillar ʤʦʜʝʣʠ ʉɸʊ 6040, ʠʤʝʶʱʠʡ ʢʦʚʰ 

ʚʤʝʩʪʠʤʦʩʪʴʶ 22 ʤ3.  

ɺ ʇɸʆ çʉʝʚʝʨʘʣʤʘʟè ʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ ʢʦʤʧʘʥʠʠ Caterpillar ʤʦʜʝʣʠ ʉɸʊ 6030  ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ 

ʢʦʚʰʘ 15 ʤ3  ʠ  ʉɸʊ 6015 ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 7  ʤ3,   Bucyrus RH-120E ʩ  ʢʦʚʰʦʤ 

ʚʤʝʩʪʠʤʦʩʪʴʶ 15 ʤ3 ʠ RH-40E ʩ ʢʦʚʰʦʤ ʚʤʝʩʪʠʤʦʩʪʴʶ 7 ʤ3, ʘ ʪʘʢʞʝ Liebherr ʤʦʜʝʣʠ R-

9250 ʩ ʢʦʚʰʦʤ ʚʤʝʩʪʠʤʦʩʪʴʶ 15 ʤ3. 

ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʨʝʣʠʷ ʥʘ ʢʘʨʴʝʨʝ ɸʆ çʂʘʨʝʣʴʩʢʠʡ ʦʢʘʪʳʰè ʥʘʢʦʧʣʝʥ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ ʨʘʙʦʪʳ ʢʨʫʧʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʢʦʤʧʘʥʠʠ ʂʦʤʘtsu 

ʤʦʜʝʣʠ ʈʉ3000 ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 11 ʤ3 ʠ ʤʦʜʝʣʠ ʈʉ5500ɽ ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 

26 ʤ3, ʘ ʪʘʢʞʝ ʢʦʤʧʘʥʠʠ Caterpillar ʤʦʜʝʣʠ ʉɸʊ 6060 ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 31 ʤ3. 

ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʨʝʛʣʘʤʝʥʪʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʩʝʨʚʠʩʥʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʵʪʠʭ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ.  
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ʄʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘ ʢʘʨʴʝʨʘʭ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ 

ʧʦʣʦʤʦʢ ʜʝʪʘʣʝʡ ʠ ʘʛʨʝʛʘʪʦʚ ʵʪʠʭ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʛʦʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ, ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ.  

ʊʘʢ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʩ ʜʠʟʝʣʴʥʳʤ 

ʧʨʠʚʦʜʦʤ ʚ ʩʠʩʪʝʤʝ ʛʠʜʨʦʧʨʠʚʦʜʘ ʥʘʩʦʩʦʚ ʠʥʦʛʜʘ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ ʨʫʢʘʚʘ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ. ʇʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʧʨʝʢʨʘʱʝʥʠʠ ʨʘʙʦʪʳ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʠ 

ʦʩʪʘʥʦʚʢʝ ʜʠʟʝʣʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʠʜʨʦʥʘʩʦʩʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ 

ʨʫʢʘʚʦʚ. ʀ ʚʦʟʤʦʞʥʦ ʣʦʢʘʣʴʥʦʝ ʧʨʦʤʝʨʟʘʥʠʝ. ʇʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʫʭʫʜʰʝʥʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʄʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʪʨʝʱʠʥʳ. ʅʘʯʥʫʪ ʧʦʜʪʝʢʘʪʴ ʫʧʣʦʪʥʝʥʠʷ ʠ ʰʣʘʥʛʠ. ʇʨʠ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʚʷʟʢʦʩʪʠ ʛʠʜʨʦʞʠʜʢʦʩʪʠ. ʇʦʧʳʪʢʘ ʫʩʢʦʨʝʥʥʦʛʦ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʵʢʩʢʘʚʘʪʦʨʘ ʟʘ ʩʯʝʪ 

çʧʨʦʜʘʚʣʠʚʘʥʠʷè ʟʘʛʫʩʪʝʚʰʝʡ ʞʠʜʢʦʩʪʠ ʧʦʩʣʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʦʩʪʘʥʦʚʢʠ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʚʟʜʫʪʠʶ ʨʫʢʘʚʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ ʚ ʢʦʨʧʫʩʝ 

ʛʠʜʨʦʤʦʪʦʨʦʚ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʪʨʫʜʥʷʝʪʩʷ ʧʫʩʢ ʜʚʠʛʘʪʝʣʷ, ʠ ʚ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦ ʧʨʦʩʪʦʷ ʥʘ ʤʦʨʦʟʝ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ ʟʘʧʫʩʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʝʜʧʫʩʢʦʚʦʡ ʧʨʦʛʨʝʚ ʤʘʰʠʥʳ ʩ ʧʦʤʦʱʴʶ ʧʦʜʦʛʨʝʚʘʪʝʣʷ. ʇʦʩʣʝ ʟʘʧʫʩʢʘ 

ʦʩʥʦʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʞʝʣʘʪʝʣʴʥʦ ʠʟʙʝʛʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʦʢʘ ʥʝ ʧʨʦʛʨʝʝʪʩʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʵʢʩʢʘʚʘʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ. ʇʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʧʘʜʝʥʠʝ ʝʤʢʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ 

ʩ ʚʥʫʪʨʝʥʥʠʤ ʵʣʝʢʪʨʦʦʙʦʛʨʝʚʦʤ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʠʭ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ. ʅʘʙʣʶʜʝʥʠʷ 

ʟʘ ʨʘʙʦʪʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʉʝʚʝʨʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʦʤ ʧʝʨʝʧʘʜʝ ʪʝʤʧʝʨʘʪʫʨ 

ʚ ʤʝʪʘʣʣʝ ʚʦʟʥʠʢʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʛʦ 

ʭʨʫʧʢʦʩʪʴ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʝʨʴʝʟʥʳʭ ʧʦʣʦʤʦʢ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʢʨʘʱʘʪʴ ʨʘʙʦʪʫ 

ʵʢʩʢʘʚʘʪʦʨʘ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʫʩʪʠʪʩʷ ʥʠʞʝ ʜʦʧʫʩʪʠʤʦʡ (ʢʘʢ ʧʨʘʚʠʣʦ, ʥʠʞʝ ï42 ʦʉ) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʛʦʨʥʳʭ ʤʘʰʠʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. ʅʘ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʩʪʦʝʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʨʝʤʦʥʪʝ ʚʣʠʷʝʪ ʠʤʝʶʱʝʝ ʠʥʦʛʜʘ ʤʝʩʪʦ 

ʥʝʩʦʙʣʶʜʝʥʠʝ ʩʨʦʢʦʚ ʦʩʪʘʥʦʚʢʠ ʤʘʰʠʥ ʥʘ ʨʝʤʦʥʪ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʟʘʤʝʥʳ ʠ ʥʠʟʢʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ (ʤʘʰʠʥʠʩʪʦʚ ʠ ʨʝʤʦʥʪʥʠʢʦʚ). ʉʦʚʨʝʤʝʥʥʳʝ ʢʨʫʧʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 

ʵʢʩʢʘʚʘʪʦʨʳ, ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʫ ʠ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʚʳʭʦʜʝ 

ʤʘʰʠʥʳ ʠʟ ʩʪʨʦʷ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʩʙʦʨʦʯʥʦ-ʨʘʟʙʦʨʦʯʥʳʭ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʨʝʙʫʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ. ʈʝʤʦʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʙʣʠʟʠ ʟʘʙʦʷ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʨʘʙʦʪʘʝʪ, ʠ ʥʠʟʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʥʘ 

ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ ʚ ʫʩʣʦʚʠʷʭ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ 

ʯʘʩʪʦ ʩʦʟʜʘʶʪʩʷ ʧʝʨʝʜʚʠʞʥʳʝ, ʦʪʘʧʣʠʚʘʝʤʳʝ ʧʦʤʝʱʝʥʠʷ ʩ ʥʝʦʙʭʦʜʠʤʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʘʚʘʨʠʡ, ʠ ʧʦʣʦʤʦʢ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ 

ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʥʘ ʨʫʜʥʦʤ 
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ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ, ʚ ʨʘʡʦʥʝ, ʧʨʠʨʘʚʥʝʥʥʦʤ ʧʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʢ ʨʘʡʦʥʘʤ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. 

ɺ ʢʘʨʴʝʨʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦʛʨʫʟʢʠ, ʚʟʦʨʚʘʥʥʦʡ 

ʩʢʘʣʴʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʵʢʩʢʘʚʘʪʦʨʦʤ ʂʦʤʘtsu ʈʉ2000 ʩ ʨʘʙʦʯʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ çʦʙʨʘʪʥʘʷ ʣʦʧʘʪʘè ʠ ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 12 ʤ3, ʚ ʘʚʪʦʩʘʤʦʩʚʘʣʳ 

ɹʝʣɸɿ-75131 ʠ ɹʝʣɸɿ-75585. ɼʣʷ ʧʨʠʤʝʨʘ ʚ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʭʨʦʥʦʤʝʪʨʘʞʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʥʘʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦʛʨʫʟʢʠ 

ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ. 

 

ʊʘʙʣʠʮʘ 1. ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʦʛʨʫʟʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʘʚʪʦʩʘʤʦʩʚʘʣʳ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʵʢʩʢʘʚʘʪʦʨʦʤ ʂʦʤʘtsu ʈʉ2000 

ʄʦʜʝʣʴ 

ʘʚʪʦ- 

ʩʘʤʦʩʚʘʣʘ 

ɻʘʨʘʞʥʳʡ 

ʥʦʤʝʨ 

ɼʣʠʪʝʣʴ-

ʥʦʩʪʴ 

ʧʦʛʨʫʟʢʠ, ʤʠʥ 

ʄʦʜʝʣʴ 

ʘʚʪʦʩʘʤʦʩʚʘʣʘ 

ɻʘʨʘʞʥʳʡ 

ʥʦʤʝʨ 

ɼʣʠʪʝʣʴ-

ʥʦʩʪʴ 

ʧʦʛʨʫʟʢʠ, ʤʠʥ 

ɹʝʣɸɿ-75585 111 2,03 ɹʝʣɸɿ-75585 111 2,34 

ɹʝʣɸɿ-75131 110 3,11 ɹʝʣɸɿ-75131 110 3,13 

ɹʝʣɸɿ-75131 105 3,07 ɹʝʣɸɿ-75131 105 3,30 

ɹʝʣɸɿ-75131 106 3,09 ɹʝʣɸɿ-75131 106 2,58 

ɹʝʣɸɿ-75585 111 2,00 ɹʝʣɸɿ-75585 111 2,22 

ɹʝʣɸɿ-75131 110 3,31 ɹʝʣɸɿ-75131 110 3,04 

ɹʝʣɸɿ-75131 105 3,13 ɹʝʣɸɿ-75131 105 3,05 

ɹʝʣɸɿ-75131 106 3,05 ɹʝʣɸɿ-75131 106 3,03 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʛʨʫʟʢʠ ʘʚʪʦʩʘʤʦʩʚʘʣʘ ɹʝʣɸɿ-75131 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2,58 ʤʠʥ ʜʦ 3,31 ʤʠʥ, ʘ ʘʚʪʦʩʘʤʦʩʚʘʣʘ ɹʝʣɸɿ-75585 ʦʪ 2 ʤʠʥ ʜʦ 2,34 ʤʠʥ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʧʨʠ ʨʘʙʦʪʝ ʵʢʩʢʘʚʘʪʦʨʘ ʚ ʟʘʙʦʝ ʥʠʞʥʠʤ ʯʝʨʧʘʥʠʝʤ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʩʨʝʜʥʝʤ 24ï25 ʩ. ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʚ ʟʘʙʦʷʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʂʦʤʘtsu PC2000 ʥʘ ʜʨʫʛʠʭ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʈʦʩʩʠʠ.  

ɹʳʣ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʵʢʩʢʘʚʘʪʦʨʘ ʂʦʤʘtsu PC2000 ʧʦ ʤʝʩʷʮʘʤ 2019 ʛʦʜʘ (ʨʠʩ. 1).  
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ʈʠʩ. 1. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʵʢʩʢʘʚʘʪʦʨʘ Komatsu PC2000 ʧʦ ʤʝʩʷʮʘʤ 2019 ʛʦʜʘ 

 

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʟʘ ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʵʢʩʢʘʚʘʪʦʨ ʦʪʛʨʫʟʠʣ 657 ʪʳʩ. ʤ3 ʛʦʨʥʦʡ 

ʤʘʩʩʳ, ʘ ʟʘ ʣʝʪʥʠʝ ʤʝʩʷʮʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 694,8 ʪʳʩ. ʤ3, ʪ. ʝ. ʚʩʝʛʦ ʥʘ 5,4 % ʙʦʣʴʰʝ. 

ʆʪʛʨʫʞʝʥʥʳʡ ʟʘ ʟʠʤʫ ʦʙʲʝʤ ʛʦʨʥʦʡ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 23 % ʦʪ ʛʦʜʦʚʦʛʦ ʦʙʲʝʤʘ, ʘ ʟʘ 

ʣʝʪʦ 24,3 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʵʢʩʢʘʚʘʪʦʨʘ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ 

ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ. 

ɻʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʵʢʩʢʘʚʘʪʦʨʘ Komatsu PC2000 ʥʘ ʢʘʨʴʝʨʝ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʫʨʦʚʥʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʥʘʣʦʛʠʯʥʳʭ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ, ʚ ʦʙʣʘʩʪʷʭ ʩ ʤʝʥʝʝ ʩʫʨʦʚʳʤ ʢʣʠʤʘʪʦʤ.  

ʀʩʭʦʜʷ ʠʟ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʩʝʚʝʨʥʳʭ 

ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʧʨʦʚʝʜʝʥʠʶ ʦʧʠʩʘʥʥʳʭ 

ʚʳʰʝ ʤʝʨʦʧʨʠʷʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʭ ʵʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ.  
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ʕʄʋʃʔʉʀʆʅʅʆɻʆ ɺɺ ʅʇɻʄ ʉ ʇʈʀʄɽʅɽʅʀɽʄ  

ɹʆɽɺʀʂʆɺ ʈɸɿʃʀʏʅʓʍ ʇʈʆʀɿɺʆɼʀʊɽʃɽʁ 
 

ʌʃʗɻʀʅ ɸ.ʉ., ʂʋʊʋɽɺ ɺ.ɸ., ɾɸʈʀʂʆɺ ʉ.ʅ. 

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʤʫʣʴʩʠʦʥʥʦʛʦ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʇʕɺɺ) ʅʇɻʄ ʤʘʨʦʢ ç100è ʠ ç70è ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʠ 

ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʟʘʨʷʜʦʚ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ (ɺɺ) ʨʘʟʥʳʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʜʝʪʦʥʘʪʦʨʘʤʠ, ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ çʕʣʴʜʦʨʘʜʦè ʆʆʆ çʉʦʚʨʫʜʥʠʢè. ʋʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ 

ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʘ ɺɺ ʠ ʥʘʣʠʯʠʝʤ ʩʫʭʦʡ ʬʘʟʳ ʚ ʩʦʩʪʘʚʝ ʇʕɺɺ ʅʇɻʄ, ʘ ʪʘʢʞʝ 

ʧʣʦʪʥʦʩʪʴʶ ɺɺ. ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʳʪʘʥʠʷʤ ʇʕɺɺ ʅʇɻʄ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʩʭʦʜʥʳʤʠ 
ʢʦʤʧʦʥʝʥʪʘʤʠ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʷʚʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɺɺ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʤʳʰʣʝʥʥʦʝ ʵʤʫʣʴʩʠʦʥʥʦʝ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ, ʅʇɻʄ, ʩʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʠ, ʜʝʪʦʥʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʣʦʪʥʦʩʪʴ ɺɺ. 

 

EXPERIMENTAL STUDIES OF DETONATION  

EMULSION EXPLOSIVE NPGM USING INTERMEDIATE  

DETONATORS OF VARIOUS MANUFACTURERS  
 

FLYAGIN A.S., KUTUEV V.A., ZHARIKOV S.N. 

Institute of mining, Ural branch of RAS 

 

Abstract. The results of full-scale measurements of the detonation rate of an industrial 

emulsion explosive (IEE) are presented NPGM of the "100" and "70" brands with the addition of 

ammonium nitrate components of various manufacturers to their composition when initiating 

explosive charges (explosives) with different intermediate detonators, in the industrial conditions of 

the ñEldoradoò quarry of ñSovrudnik LLCò. The relationship between the detonation rate of the 

explosive charge and the presence of a dry phase in the composition of explosives, as well as the 

density of explosives, has been established. Recommendations are given for testing explosives with 

various initial components to ensure the detonation characteristics of explosives declared by the 

manufacturer. 

Key words: industrial emulsion explosive, NPGM, detonation velocity, detonation 

characteristics, explosive density. 

 

ʉʚʦʡʩʪʚʘ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʚʦ ʤʥʦʛʦʤ ʚʣʠʷʶʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʚʟʨʳʚʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʉʤʝʩʝʚʳʝ ɺɺ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʠʤʝʶʪ ʠʟʤʝʥʯʠʚʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʛʣʘʩʥʦ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ. ʇʦʵʪʦʤʫ 

ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʤʫʣʴʩʠʦʥʥʳʭ ɺɺ (ʇʕɺɺ) ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʠ ʬʦʨʤʠʨʫʝʤʦʛʦ ʟʘʨʷʜʘ, 

ʟʘʷʚʣʝʥʥʳʤ ʚ ʊʋ ʩʚʦʡʩʪʚʘʤ, ʚʘʞʥʝʡʰʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ɺɺ 

ʧʨʠ ʚʟʨʳʚʝ [1-3]. 

ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ çʕʣʴʜʦʨʘʜʦè ʆʆʆ çʉʦʚʨʫʜʥʠʢè ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʟʘʤʝʨʳ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʵʤʫʣʴʩʠʦʥʥʦʛʦ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʇʕɺɺ) ʅʇɻʄ-100 ʠ ʅʇɻʄ-70 (ʨʘʟʨʘʙʦʪʯʠʢ ɺɺ 

ï ʅɸʆ çʅʀʇʀɻʆʈʄɸʐè) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʘʤʤʠʘʯʥʦʡ 

ʩʝʣʠʪʨʳ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʠ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʟʘʨʷʜʦʚ ɺɺ ʨʘʟʥʳʤʠ 



77 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʜʝʪʦʥʘʪʦʨʘʤʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʜʝʪʦʥʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺɺ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʊʋ 7276-001-

37945333-2014 [4]. 

 

ʉʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʕɺɺ ʅʇɻʄ [4] 

ʅʇɻʄ ï ʧʨʦʤʳʰʣʝʥʥʦʝ ʵʤʫʣʴʩʠʦʥʥʦʝ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ (ʧʦ 

ʫʩʣʦʚʠʷʤ ʧʨʠʤʝʥʝʥʠʷ), ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʌʅʠʇ [5] ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʥʘ ʤʝʩʪʘʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʟʘʨʷʞʘʥʠʷ ʩʢʚʘʞʠʥ ʩʤʝʩʠʪʝʣʴʥʦ-ʟʘʨʷʜʥʳʤʠ ʤʘʰʠʥʘʤʠ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʦʪʙʦʡʢʝ 

ʩʫʭʠʭ ʠ ʦʙʚʦʜʥʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʨʝʧʦʩʪʠ ʧʦ ʰʢʘʣʝ ʧʨʦʬʝʩʩʦʨʘ 

ʄ. ʄ. ʇʨʦʪʦʜʴʷʢʦʥʦʚʘ ʜʦ 18, ʤʝʪʦʜʦʤ ʩʢʚʘʞʠʥʥʳʭ ʟʘʨʷʜʦʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ -50 ʜʦ +50ʦ ʉ. 

ʅʇɻʄ ʤʘʨʢʠ ç100è ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʭʠʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʘʵʨʠʨʦʚʘʥʥʫʶ 

ʵʤʫʣʴʩʠʶ, ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʚʠʜʠʤʳʭ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ. ʅʇɻʄ 

ʤʘʨʢʠ ç70è ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʭʠʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʘʵʨʠʨʦʚʘʥʥʫʶ ʩʤʝʩʴ ʵʤʫʣʴʩʠʠ ʠ 

ʛʨʘʥʫʣ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ, ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʚʠʜʠʤʳʭ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʛʘʟʦʚʳʭ 

ʧʫʟʳʨʴʢʦʚ. ʉʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʇʕɺɺ ʅʇɻʄ ʤʘʨʦʢ ç100è ʠ ç70è ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʕɺɺ ʅʇɻʄ-100 ʠ ʅʇɻʄ-70 [4] 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ 
ʅʦʨʤʘ 

ʅʇɻʄ-100 ʅʇɻʄ-70 

ʕʤʫʣʴʩʠʷ, % 98,0 - 99,0 69,0 - 69,5 

ɸʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ, ʛʨʘʥʫʣʠʨʦʚʘʥʥʘʷ ɻʆʉʊ 2-2013 (ʩʫʭʘʷ 

ʬʘʟʘ), % 
0 29,0 - 29,5 

ɸʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ ʧʦʨʠʩʪʘʷ, % 0 0 

ɻʘʟʦʛʝʥʝʨʠʨʫʶʱʘʷ ʜʦʙʘʚʢʘ (ɻɻɼ), % 0,5 - 2,0 0,5 - 2,0 

ʇʦʜʢʠʩʣʷʶʱʘʷ ʜʦʙʘʚʢʘ (ʇʂ), % 0 - 0,5 0 - 0,5 

ʈʘʩʯʝʪʥʳʝ 

ʂʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ, % -8,69 -0,11 

ʊʝʧʣʦʪʘ ʚʟʨʳʚʘ, ʂʢʘʣ/ʢʛ (ʢɼʞ/ʢʛ) 558 (2335,5) 716 (2993) 

ʆʙʲʸʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʥʝʨʛʠʠ, ʢʢʘʣ/ʜʤ3 ʧʨʠ ʧʣʦʪʥʦʩʪʠ 

ʦʪ 1,05 ʜʦ 1,25 ʛ/ʩʤ3 
586é697 751é895 

ʊʨʦʪʠʣʦʚʳʡ ʵʢʚʠʚʘʣʝʥʪ ʧʦ ʦʙʲʸʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʥʝʨʛʠʠ 
0,586é0,697 0,751é0,895 

ʆʙʲʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ, ʣ/ʢʛ 1059 1000 

ʆʙʲʝʤ ʷʜʦʚʠʪʳʭ ʛʘʟʦʚ ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʉʆ, ʣ/ʢʛ 25 3 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ, ʂ 2142 2498 

ɼʝʪʦʥʘʮʠʦʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʙʘʨ 26,26 29,37 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʇʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʘ ʯʝʨʝʟ 30 ʤʠʥ. ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ɻɻɼ, ʛ/ʩʤ3 1,05 - 1,25 

ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʦʪʢʨʳʪʦʛʦ ʟʘʨʷʜʘ ʜʠʘʤʝʪʨʦʤ 240 ʤʤ 

ʧʨʠ ʧʣʦʪʥʦʩʪʠ 1,05-1,25 ʛ/ʩʤ3, ʢʤ/ʩ 
5 - 5,4 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʫʜʘʨʫ ʧʦ ɻʆʉʊ 4545-88: 

 - ʥʠʞʥʠʡ ʧʨʝʜʝʣ, ʤʤ, 

 - ʯʘʩʪʦʩʪʴ ʚʟʨʳʚʦʚ, % 

 

500 

0 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʨʝʥʠʶ ʥʘ ʢʦʧʨʝ ʂ-44-III 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠʞʘʪʠʷ, ʄʇʘ 
ɹʦʣʝʝ 300 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʘʛʨʝʚʫ (ʤʝʪʦʜ ɼʊɸ) ʆʪʩʫʪʩʪʚʠʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 170 ʦC. ʅʘʯʘʣʦ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʊʥʠʨ=200-220ᴈ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʝʨʚʠʯʥʳʤ ʩʨʝʜʩʪʚʘʤ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

(ʕɼ, ɼʐʕ-12) 
ʥʝ ʯʫʚʩʪʚʠʪʝʣʝʥ 

 



78 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʕɺɺ ʅʇɻʄ 

ʧʨʠʤʝʥʷʣʘʩʴ çʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ 

ʨʝʦʩʪʘʪʥʳʤ ʤʝʪʦʜʦʤ é ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʠʪʝʣʷ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ DATATRAP 

II DATA/VOD Recorderè ˉ88-16358-007-2019, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʀʥʩʪʠʪʫʪʦʤ ʛʦʨʥʦʛʦ ʜʝʣʘ 

ʋʨʆ ʈɸʅ [6-12]. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʩʦʩʪʘʚʣʷʝʪ d = °3 %. 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʦʩʪʘʪʥʦʛʦ (ʨʝʟʠʩʪʠʚʥʦʛʦ) ʤʝʪʦʜʘ ʪʘʢʞʝ ʦʪʨʘʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [13-16]. ɺ 

ʟʘʨʷʜ ɺɺ ʧʦ ʚʩʝʡ ʝʛʦ ʜʣʠʥʝ ʧʦʤʝʱʘʶʪ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʙʝʣʴ, ʢʦʪʦʨʳʡ ʧʨʠʩʦʝʜʠʥʷʶʪ ʢ 

ʢʘʙʝʣʶ ʈʂ. ʇʨʠ ʚʟʨʳʚʝ, ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ, ʜʣʠʥʘ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʙʝʣʷ ʫʤʝʥʴʰʘʝʪʩʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟʤʝʥʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʢʘʙʝʣʷ. ʈʝʛʠʩʪʨʠʨʫʶʱʠʡ ʧʨʠʙʦʨ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʨʷʝʪ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʠ ʟʘʧʠʩʳʚʘʝʪ ʚʦ ʚʩʪʨʦʝʥʥʫʶ ʧʘʤʷʪʴ. 

ʈʝʛʠʩʪʨʠʨʫʶʱʠʡ ʧʨʠʙʦʨ ʬʠʢʩʠʨʫʝʪ ʩʦʙʳʪʠʝ (ʚʟʨʳʚ ʦʜʥʦʛʦ ʟʘʨʷʜʘ) ʚ ʚʠʜʝ ʮʠʬʨʦʚʦʛʦ 

ʬʘʡʣʘ ï ʪʘʙʣʠʮʳ çʚʨʝʤʷ ï ʚʝʣʠʯʠʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷè ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʰʠʬʨʦʚʢʠ ʥʘ 

ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ çʜʣʠʥʘ ʟʘʨʷʜʘ ï ʚʨʝʤʷè ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ 

ʚʳʯʠʩʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʠ ʠʥʪʝʨʚʘʣʘ ʟʘʤʝʜʣʝʥʠʷ ʤʝʞʜʫ ʚʟʨʳʚʘʤʠ 

ʩʢʚʘʞʠʥʥʳʭ ʟʘʨʷʜʦʚ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʫʨʳ DATATRAP II  

DATA/VOD Recorder (çMREL Group of Companies Limitedè) ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 1(ɸ). ʂʦʤʧʣʝʢʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ɺɺ ʩʦʩʪʦʠʪ 

ʠʟ 4-ʭ ʯʘʩʪʝʡ: ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʙʝʣʷ VOD PROCABLE-LR çʉʠʥʠʡè, VOD PROCABLE 

çɿʝʣʝʥʳʡè ʠʣʠ ʟʦʥʜʦʚʳʭ ʩʪʝʨʞʥʝʡ VOD PROBEROD-HR/HS, ʢʦʘʢʩʠʘʣʴʥʦʛʦ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʢʘʙʝʣʷ ʪʠʧʘ ʈʂ (ʈʂ-75, ʈʂ-50 ʠʣʠ RG-58/U), BNC-ʘʜʘʧʪʝʨʦʚ ʠ ʙʣʦʢʘ 

ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ DATATRAP II. ʉʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ɺɺ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1(ɹ). 

 

     (ɸ)        (ɹ) 

ʈʠʩ.1 - ʇʨʠʙʦʨ DATATRAP II  DATA/VOD Recorder (ɸ) ʠ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʜʝʪʦʥʘʮʠʠ ɺɺ ʚ ʩʢʚʘʞʠʥʝ (ɹ) 

 

ʈʝʟʫʣʴʪʘʪʳ 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʇʕɺɺ ʅʇɻʄ-100 ʠ ʅʇɻʄ-

70 ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥʘʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʚ 

ʢʘʨʴʝʨʝ ʧʨʠ ʨʘʟʥʳʭ: ʜʠʘʤʝʪʨʘʭ ʠ ʛʣʫʙʠʥʘʭ ʩʢʚʘʞʠʥ, ʤʘʩʩʘʭ ʠ ʜʣʠʥʘʭ ʟʘʨʷʜʦʚ, 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʝʪʦʥʘʪʦʨʦʚ ʠ ʧʣʦʪʥʦʩʪʷʭ ɺɺ. ʇʦʜʨʦʙʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ 
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ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʇʕɺɺ ʅʇɻʄ-100 ʠ ʅʇɻʄ-70 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʇʕɺɺ ʅʇɻʄ 

ʤʘʨʦʢ ç100è ʠ ç70è [17] 
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=

 °
3

%
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1 0,22 11,5 320 7 
ʰʘʰʢʘ 

ʇʊ-ʇ750 

ʅʇɻʄ-100 

1,2 

4301 °d 

2 0,16 9 157 6,5 ʅʇɻʄ-70 4556 °d 

3 0,22 5 44 1 
ʰʘʰʢʘ 

ɼʇʋ-ʇʊ600 

ʅʇɻʄ-100 

1,17 

5018 °d 

4 0,22 5 67 1,5 ʅʇɻʄ-70 5233 °d 

 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʇʕɺɺ ʅʇɻʄ 

ʩʫʭʦʡ ʬʘʟʳ ʚ ʨʘʟʤʝʨʝ ʦʢʦʣʦ 30% (ʧʨʠ r = 1,2 ʛ/ʩʤ3) ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʘ ɺɺ ʚ ʩʢʚʘʞʠʥʘʭ Å 160-220 ʤʤ. ʊʘʢʞʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʧʦʢʘʟʘʣʠ ʨʦʩʪ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺɺ ʧʨʠ ʩʥʠʞʝʥʠʠ ʝʛʦ ʧʣʦʪʥʦʩʪʠ ʩ 

r = 1,2 ʛ/ʩʤ3 ʜʦ ʟʥʘʯʝʥʠʷ r = 1,17 ʛ/ʩʤ3. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʧʦʥʠʞʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʜʦ 

ʥʦʨʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ r = 1,16-1,17 ʛ/ʩʤ3 ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʟʘʷʚʣʝʥʘ ʚ ʊʋ 7276-001-37945333-2014 [4]. 

ʅʘ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʘʟʥʠʮʫ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʦʚ ɺɺ ʅʇɻʄ-70 

ʤʝʞʜʫ ʠʩʧʳʪʘʥʠʷʤʠ ʪʝʩʪʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ˉ2 ʠ ˉ4, ʤʦʛʣʦ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ɺɺ, ʥʦ ʠ ʨʘʟʣʠʯʥʦʝ ʢʘʯʝʩʪʚʦ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, 

ʥʘ ʜʝʪʦʥʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʕɺɺ ʅʇɻʄ-70 ʤʦʛʣʘ ʧʦʚʣʠʷʪʴ ʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ 

(ʛʨʘʥʫʣʠʨʦʚʘʥʥʘʷ) ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʋʯʠʪʳʚʘʷ ʵʪʦ ʥʫʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ [12, 13]. 

ɺ ʮʝʣʦʤ, ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʕɺɺ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥʘʭ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦʣʠʛʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʟʘʨʷʜʦʚ ʚ ʛʠʣʴʟʘʭ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʤʝʨʦʚ ʧʨʦʚʦʜʠʪʴ 

ʠʩʧʳʪʘʥʠʷ ʭʦʪʷ ʙʳ ʥʘ ʧʦʣʥʦʪʫ ʜʝʪʦʥʘʮʠʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʩʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʠʩʧʳʪʘʥʠʡ, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʳʙʦʨ ʩʨʝʜʩʪʚ ʠʥʠʮʠʠʨʦʚʘʥʠʷ (ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʜʝʪʦʥʘʪʦʨʘ). ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ɹɺʈ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʣʠʛʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʝʪʦʥʘʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

 

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 ʩʠʩʪʝʤ (FUWE-2022-0005), ʨʝʛ. ˉ1021062010531-8-1.5.1, ʘ ʪʘʢʞʝ 

ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʨʠʚʣʝʯʝʥʠʠ ʭʦʟʜʦʛʦʚʦʨʥʳʭ ʩʨʝʜʩʪʚ. 
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ʕʄʋʃʔʉʀʆʅʅʆɻʆ ɺɺ ʇʆʈʕʄʀʊ 1ɸ 

 

ʄɽʅʔʐʀʂʆɺ ʇ.ɺ., ʂʋʊʋɽɺ ɺ.ɸ., ɾɸʈʀʂʆɺ ʉ.ʅ. 

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ 

ʵʤʫʣʴʩʠʦʥʥʦʛʦ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʕɺɺ) ʧʦʨʵʤʠʪ 1ɸ ʚ ʢʘʨʪʦʥʥʳʭ ʛʠʣʴʟʘʭ ʜʠʘʤʝʪʨʦʤ Ï100 

ʤʤ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʠʛʦʥʘ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè, ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʦʣʥʦʪʫ 

ʜʝʪʦʥʘʮʠʠ ʧʨʠ ʠʭ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʨʘʟʥʳʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʜʝʪʦʥʘʪʦʨʘʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʟʘʤʝʨʦʚ ʨʘʩʩʯʠʪʘʥʳ ʠ ʜʨʫʛʠʝ ʜʝʪʦʥʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʦʩʪʘʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʩʢʦʨʦʩʪʠ 

ʜʝʪʦʥʘʮʠʠ VOD Mate. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʨʷʜʦʚ ʕɺɺ ʠ ʬʘʢʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʦʩʥʦʚʥʳʭ 

ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʟʘʨʷʜʘ ʕɺɺ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ 

ʜʝʪʦʥʘʮʠʠ ʚ ʩʪʘʣʴʥʦʡ ʦʙʦʣʦʯʢʝ ʩʦʛʣʘʩʥʦ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ (ʊʋ) ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɺʳʩʢʘʟʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʨʠʯʠʥʘʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ 

ʜʝʪʦʥʘʮʠʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɺɺ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʊʋ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʤʫʣʴʩʠʦʥʥʳʝ ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ (ʕɺɺ), ʧʦʨʵʤʠʪ 1ɸ, ʧʣʦʪʥʦʩʪʴ 

ɺɺ, ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʕɺɺ, ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʰʠʨʠʥʘ ʟʦʥʳ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʟʘʨʷʜʘ, ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ VODMate 

(çInstantelè, ʂʘʥʘʜʘ). 
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Abstract. The article presents the results of a study of the detonation velocity of the poremit 

1A emulsion explosive in cardboard sleeves with a diameter of Ï100 mm in the Uralasbest landfill 

conditions, as part of tests for the completeness of detonation when they are initiated by different 

intermediate detonators. Based on the measurements, other detonation characteristics of the poremit 

1A explosives were calculated. The measurements were carried out by the rheostatic method using the 

VOD Mate digital detonation velocity meter. Based on the measured values of the detonation velocity, 

the geometric parameters of the explosive charges and the actual density, the calculation of the main 

detonation characteristics of the explosive poremit 1A was carried out. As a result, calculated values 

of the critical diameter of the explosive charge were established, which confirm the values of the 

critical diameter of detonation in a steel shell according to the manufacturer's specifications. 

Assumptions are made about the reasons for the discrepancy between the actual values of the 

detonation velocity with the characteristics of explosives specified in the technical specifications. 

Key words: emulsion explosives, poremite 1A, explosive density, EVV detonation velocity, 

chemical reaction time, chemical reaction zone width, critical charge diameter, VOD Mate measuring 

equipment (Instantel, Canada). 

 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʣʝʪ ʵʤʫʣʴʩʠʦʥʥʳʝ ʚʟʨʳʚʯʘʪʳʝ 

ʚʝʱʝʩʪʚʘ (ʕɺɺ) ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, ʪ.ʢ. ʦʥʠ ʠʤʝʶʪ 

ʧʨʠʝʤʣʝʤʳʝ ʚʟʨʳʚʯʘʪʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʙʣʘʜʘʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ 

ʟʝʨʝʥ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ ʯʘʩʪʠʮ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʚʳʰʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʠ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ɺɺ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʟʘʨʷʜʘ ʠ ʰʠʨʠʥʘ 
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ʟʦʥʳ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʊʘʢʞʝ ʕɺɺ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʪʝʧʣʦʚʦʤʫ ʠ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ 

ʧʨʦʮʝʩʩ ʟʘʨʷʞʘʥʠʷ ʩʢʚʘʞʠʥ. ʕɺɺ ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ ʩʤʝʩʷʤʠ ʠ ʩʦʩʪʦʷʪ ʠʟ 

ʵʤʫʣʴʩʠʦʥʥʦʡ ʦʩʥʦʚʳ ʠ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ. ʆʩʥʦʚʘ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʤʘʩʣʦʤ ʠ ʵʤʫʣʴʛʘʪʦʨʦʤ. ʇʨʠ ʟʘʨʷʞʘʥʠʠ 

ʵʤʫʣʴʩʠʷ ʠʤʝʝʪ ʩʚʦʡʩʪʚʦ ʧʨʦʥʠʢʘʪʴ ʚ ʪʨʝʱʠʥʳ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʣʦʥʢʠ ʟʘʨʷʜʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʣʠ ʵʪʦ ʨʘʩʪʝʢʘʥʠʝ ʥʝ ʚʝʣʠʢʦ ʠ 

ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʫʩʧʝʚʘʝʪ ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴʩʷ ʦʢʦʣʦ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ, ʪʦ ʦʪʨʳʚ ʚʦ 

ʚʨʝʤʷ ʚʟʨʳʚʘ ʤʦʞʝʪ ʙʳʪʴ ʣʫʯʰʝ. ɺ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʄʠʥʫʩʳ ʚ ʦʜʥʦʤ ʤʝʩʪʝ, ʤʦʛʫʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ 

ʧʣʶʩʳ ʚ ʜʨʫʛʦʤ. ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʤʫʣʴʩʠʦʥʥʳʭ ɺɺ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʫʚʝʨʝʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʘ ʜʝʪʦʥʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʟʳʚʘʶʪ ʩʪʘʙʠʣʴʥʳʡ ʠʥʪʝʨʝʩ. ʇʦʪʦʤʫ ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʩʢʦʨʦʩʪʠ 

ʜʝʪʦʥʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʥʘ 1000 ʤ/ʩ ʚʳʟʦʚʝʪ ʨʘʟʣʠʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʨʘʟʨʫʰʘʶʱʠʡ ʵʬʬʝʢʪ. 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɺɺ ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ, ʧʣʦʪʥʦʩʪʴ 

ʟʘʨʷʞʘʥʠʷ, ʜʠʘʤʝʪʨ ʟʘʨʷʜʘ, ʪʝʧʣʦʪʘ ʚʟʨʳʚʘ, ʤʘʩʩʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ 

ʧʨʦʜʫʢʪʘʭ ʜʝʪʦʥʘʮʠʠ, ʜʝʪʦʥʘʮʠʦʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʠʪʨʦʧʳ, ʫʜʝʣʴʥʘʷ 

ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʚ ʪʦʯʢʝ ʏʝʧʤʝʥʘ-ɾʫʛʝ, ʢʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ, ʰʠʨʠʥʘ ʟʦʥʳ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ɺɺ, ʧʣʦʪʥʦʩʪʴʶ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʨʷʜʘ ʠ ʫʩʣʦʚʠʷʤʠ ʚʟʨʳʚʘʥʠʷ. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʩʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʠ ʧʦʩʪʦʷʥʥʘ ʠ ʝʝ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ. ʕʪʦ ʜʝʣʘʝʪ 

ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺɺ [1]. 

ʀʟʛʦʪʦʚʣʝʥʥʦʝ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʊʋ 84-

08628424-671-96 [2], ʫʢʘʟʘʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʅʦʨʤʘ 

ʂʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠ ʧʨʠʝʤʢʝ 

1. ɺʥʝʰʥʠʡ ʚʠʜ ʇʣʘʩʪʠʯʥʦʝ ʚʝʱʝʩʪʚʦ ʦʪ ʩʚʝʪʣʦ-

ʞʝʣʪʦʛʦ ʜʦ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ 

ʮʚʝʪʘ 

2. ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 1,15-1,28 

3. ɼʝʪʦʥʘʮʠʷ ʟʘʨʷʜʘ ʚ ʙʫʤʘʞʥʦʡ ʠʣʠ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʦʙʦʣʦʯʢʝ 

ʜʠʘʤʝʪʨʦʤ 1005 ʤʤ ʦʪ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʜʝʪʦʥʘʪʦʨʘ 

ʇʦʣʥʘʷ 

ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠ ʧʨʠʝʤʢʝ 

ʈʘʩʯʝʪʥʳʝ 

1. ʊʝʧʣʦʪʘ ʚʟʨʳʚʘ, ʄɼʞ/ʢʛ (ʢʢʘʣ/ʢʛ) 2,96 (723) 

2. ʋʜʝʣʴʥʳʡ ʦʙʲʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ, ʣ/ʢʛ 1010 

3. ʂʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ, % ʄʠʥʫʩ 6,2 

4. ʊʨʦʪʠʣʦʚʳʡ ʵʢʚʠʚʘʣʝʥʪ ʧʦ ʪʝʧʣʦʪʝ ʚʟʨʳʚʘ 0,72 

5. ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ 1,28 ʛ/ʩʤ3, 

ʄɼʞ/ʜʤ3 (ʢʢʘʣ/ʜʤ3) 

 

3,80 (922) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

1. ɺʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʟʘʨʷʜʘ ʧʦʨʵʤʠʪʘ 1ɸ ʚ ʦʙʚʦʜʥʝʥʥʦʡ 

ʩʢʚʘʞʠʥʝ ʙʝʟ ʧʦʪʝʨʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʚʟʨʳʚʯʘʪʳʭ 

ʩʚʦʡʩʪʚ, ʩʫʪʢʠ, ʥʝ ʙʦʣʝʝ 
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2. ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʘ ʤʘʩʩʦʡ ʥʝ ʤʝʥʝʝ 1000 ʛ ʦʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʝʪʦʥʘʪʦʨʘ ʤʘʩʩʦʡ 50 ʛ ʚ ʩʪʘʣʴʥʦʡ ʪʨʫʙʝ 

 

 

°
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60ʭ3 (ɻʆʉʊ 8732-78), ʢʤ/ʩ 4,8-5,2 

3. ʇʣʦʪʥʦʩʪʴ ʟʘʨʷʞʘʥʠʷ ʧʨʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ  

ɻɻɼ 0,5-1,5%, ʛ/ʩʤ3 

 

1,15-1,28 

4. ɻʘʟʦʚʘʷ ʚʨʝʜʥʦʩʪʴ (ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʨʝʜʥʳʭ ʛʘʟʦʚ ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ ʫʩʣʦʚʥʫʶ ʦʢʠʩʴ ʫʛʣʝʨʦʜʘ), ʣ/ʢʛ 

 

24 

5. ʂʨʠʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʚ ʩʪʘʣʴʥʦʡ ʦʙʦʣʦʯʢʝ 

ʜʠʘʤʝʪʨʦʤ 1002 ʤʤ, ʛ/ʩʤ3 

 

1,3 

6. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʫʜʘʨʫ ʧʦ ɻʆʉʊ 4545-88: 

ʥʠʞʥʠʡ ʧʨʝʜʝʣ, ʤʤ 

ʯʘʩʪʥʦʩʪʴ ʚʟʨʳʚʦʚ, % 

 

500 

0 

7. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʨʝʥʠʶ ʥʘ ʧʨʠʙʦʨʝ ʂ-44-3: 

ʥʠʞʥʠʡ ʧʨʝʜʝʣ, ʄʇʘ (ʢʛʩ/ʩʤ2) 

ʯʘʩʪʥʦʩʪʴ ʚʟʨʳʚʦʚ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʨʠʞʘʪʠʷ800 ʄʇʘ 

 

1200 (12000) 

0 

8. ʂʨʠʪʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʜʝʪʦʥʘʮʠʠ ʚ ʩʪʘʣʴʥʦʡ ʦʙʦʣʦʯʢʝ, ʤʤ 30 

9. ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ ʧʨʠ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 60 ʩ, Áʉ 305-315 

10. ʄʠʥʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʟʘʞʠʛʘʥʠʷ, ɼʞ ɹʦʣʝʝ 1 

11. ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 Áʉ, ʢʇʘʭʩ (ʢʇ) 0,8-1,2 (8-12) 

 

ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʚʳʧʦʣʥʷʝʪʩʷ ʨʝʦʩʪʘʪʥʳʤ 

ʤʝʪʦʜʦʤ ʧʦ ʤʝʪʦʜʠʢʝ ʀʥʩʪʠʪʫʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ [3, 4]. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʩʦʩʪʘʚʣʷʝʪ d = ° 5 %. ɺ ʟʘʨʷʜ ɺɺ ʧʦ ʚʩʝʡ ʝʛʦ ʜʣʠʥʝ ʧʦʤʝʱʘʶʪ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʙʝʣʴ-ʜʘʪʯʠʢ, ʢʦʪʦʨʳʡ ʧʨʠʩʦʝʜʠʥʷʶʪ ʢ ʢʘʙʝʣʶ ʈʂ-75 (ʨʠʩ. 1). ʇʨʠ 

ʚʟʨʳʚʝ ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʜʣʠʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʙʝʣʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟʤʝʥʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʙʝʣʷ. ʈʝʛʠʩʪʨʠʨʫʶʱʠʡ 

ʧʨʠʙʦʨ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʨʷʝʪ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 

ʠ ʟʘʧʠʩʳʚʘʝʪ ʚʦ ʚʩʪʨʦʝʥʥʫʶ ʧʘʤʷʪʴ. ʈʝʛʠʩʪʨʠʨʫʶʱʠʡ ʧʨʠʙʦʨ ʬʠʢʩʠʨʫʝʪ ʩʦʙʳʪʠʝ 

(ʚʟʨʳʚ ʦʜʥʦʛʦ ʟʘʨʷʜʘ) ʚ ʚʠʜʝ ʮʠʬʨʦʚʦʛʦ ʬʘʡʣʘ ï ʪʘʙʣʠʮʳ çʚʨʝʤʷïʚʝʣʠʯʠʥʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷè ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʰʠʬʨʦʚʢʠ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʚ ʚʠʜʝ 

ʜʠʘʛʨʘʤʤʳ çʜʣʠʥʘ ʟʘʨʷʜʘïʚʨʝʤʷè ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʳʯʠʩʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ. 

 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʕɺɺ ʚ ʛʠʣʴʟʝ 

°

º
º
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ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʫʨʳ VODMate (çInstantelè, 

ʂʘʥʘʜʘ) (ʨʠʩ. 2). ʂʦʤʧʣʝʢʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʢʘʙʝʣʴ VOD PROCABLE GREEN ʠ ʙʣʦʢ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ VODMate [3]. 

 
ʈʠʩ. 2 ï ʎʠʬʨʦʚʦʡ ʠʟʤʝʨʠʪʝʣʴ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ VODMate 

 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʙʝʣʴ VOD PROCABLE GREEN (ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ï 

11,2 ʆʤ/ʤ) ʠʤʝʝʪ ʢʣʘʩʩʠʯʝʩʢʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ 

ʪʠʧʘ RG, ʛʜʝ ʧʨʦʚʦʜ ʩ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʧʨʦʚʦʜʦʤ, ʘ ʦʧʣʸʪʢʘ 

ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʦʙʨʘʪʥʳʡ ʧʨʦʚʦʜ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʧʦʤʝʱʝʥʥʳʡ ʤʝʞʜʫ 

ʧʨʦʚʦʜʦʤ ʚʳʩʦʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʦʙʨʘʪʥʳʤ ʧʨʦʚʦʜʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʦʣʷʮʠʶ ʠ ʠʭ 

ʬʠʟʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ. ʇʦʩʣʝʜʥʝʝ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩ ʢʘʙʝʣʝʤ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʞʠʣʴʥʳʡ ʢʘʙʝʣʴ ʩ ʚʥʝʰʥʠʤ 

ʜʠʘʤʝʪʨʦʤ 1,5 ʤʤ. ʎʝʥʪʨʘʣʴʥʘʷ ʞʠʣʘ ï ʧʨʦʚʦʣʦʢʘ ʜʠʘʤʝʪʨʦʤ 0,2-0,3 ʤʤ ʠʟ ʤʘʪʝʨʠʘʣʘ 

(ʢʦʥʩʪʘʥʪʘʥ) ʩ ʙʦʣʴʰʠʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʆʥʘ ʦʢʨʫʞʝʥʘ ʧʦʣʠʤʝʨʥʳʤ 

ʧʦʢʨʳʪʠʝʤ (ʚʥʫʪʨʝʥʥʷʷ ʠʟʦʣʷʮʠʷ), ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʣʝʪʢʦʡ ʠʟ ʪʦʥʢʦʡ ʩʪʘʣʴʥʦʡ 

ʧʨʦʚʦʣʦʢʠ. ʆʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʚʣʘʛʠ) ʩʪʘʣʴʥʘʷ ʦʧʣʝʪʢʘ ʟʘʱʠʱʝʥʘ 

ʚʥʝʰʥʝʡ ʠʟʦʣʷʮʠʝʡ ʚ ʚʠʜʝ ʪʦʥʢʦʡ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ [3]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ɿʘʤʝʨʳ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ ʚ ʢʘʨʪʦʥʥʳʭ ʛʠʣʴʟʘʭ [5] 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʚʛʫʩʪʝ 2020 ʛʦʜʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʘʩʩʦʚʦʛʦ ʚʟʨʳʚʘ ʥʘ ɸʩʙʝʩʪʦʚʩʢʦʤ 

ʢʘʨʴʝʨʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʟʘʤʝʨʘʤʠ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʥʘ ʚʟʨʳʚʘʝʤʦʤ ʙʣʦʢʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʧʳʪʘʥʠʷ ʟʘʨʷʜʦʚ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ ʚ ʛʠʣʴʟʘʭ ʥʘ ʧʦʣʥʦʪʫ ʜʝʪʦʥʘʮʠʠ ʧʨʠ 

ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʨʘʟʥʳʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʜʝʪʦʥʘʪʦʨʘʤʠ [6]. 

ɿʘʧʦʣʥʝʥʠʝ ʛʠʣʴʟ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʟ ʰʣʘʥʛʘ ʟʘʨʷʜʥʦʡ 

ʤʘʰʠʥʳ. ʅʘʯʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʕɺɺ ʥʘ ʚʳʭʦʜʝ ʠʟ ʟʘʨʷʜʥʦʡ ʤʘʰʠʥʳ ɟ = 1,17 ʛ/ʩʤ3. 

ʇʝʨʚʳʤʠ ʟʘʧʦʣʥʷʣʠʩʴ ʛʠʣʴʟʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʦʣʥʦʪʫ ʜʝʪʦʥʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʟʘʤʝʨʦʚ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ ʚ ʛʠʣʴʟʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ ʚ ʛʠʣʴʟʘʭ 

ˉ 

ɻʠʣʴʟ

 r

ɼʠʘʤʝʪ

ʨ ʟʘʨʷʜʘ 

ɺɺ, ʤʤ 

ɼʣʠʥʘ 

ʟʘʨʷʜ

ʘ ɺɺ, 

ʤʤ 

ʇʨʦʤʝʞʫʪʦʯʥʳ

ʡ ʜʝʪʦʥʘʪʦʨ,  

(ʤʘʩʩʘ, ʛʨ.) 

ʉʠʩʪʝʤʘ 

ʠʥʠʮʠʠʨʦʚʘʥʠ

 ̫

ʇʣʦʪʥʦʩʪ

ʴ ʕɺɺ, 

ʛ/ʩʤ3 

ʄʘʩʩʘ 

ʟʘʨʷʜ

ʘ ɺɺ, 

ʢʛ 

ʉʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʠ 

ʕɺɺ 

ʧʦʨʵʤʠʪ 

1ɸ, ʤ/ʩ  

(d= °5%) 

ʇʦʣʥʦʪʘ 

ʜʝʪʦʥʘʮʠ

ʠ 

1 100 1000 ʐʘʰʢʘ ɼʇʋ  

ʇʊ-600  

(600) 

ʅʉʀ Rionel 1,2 9,4 4294 °d ʧʦʣʥʘʷ 

2 100 1000 1,18 9,3 3977 °d ʧʦʣʥʘʷ 

3 100 1000 ʅʉʀ ʀʉʂʈɸ-ʇ 1,24 9,7 3847 °d ʧʦʣʥʘʷ 

4 100 1000 ʇʘʪʨʦʥ-ʙʦʝʚʠʢ 

ʉʬʝʨʠʪ  

(1000) 

ʅʉʀ Rionel, 

ɼʐ 

1,17 9,2 ʥʝ 

ʠʟʤʝʨʷʣʘʩ

 ɹ

ʧʦʣʥʘʷ 

5 100 1000 ʇʘʪʨʦʥ-ʙʦʝʚʠʢ 

ʅʠʪʨʦʥʠʪ 

(800) 

ʅʉʀ ʀʉʂʈɸ-ʇ, 

ɼʐ 

1,17 9,2 ʥʝ 

ʠʟʤʝʨʷʣʘʩ

 ɹ

ʦʪʢʘʟ  

600 ʤʤ  

 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ ʥʘ ʧʦʣʥʦʪʫ ʜʝʪʦʥʘʮʠʠ ʧʨʠ ʧʦʜʨʳʚʝ 

ʛʠʣʴʟʳ ˉ4, ʠʥʠʮʠʠʨʫʝʤʦʡ ʇɼ ʩʬʝʨʠʪ (1000 ʛʨ.), ʧʨʦʠʟʦʰʣʘ ʧʦʣʥʘʷ ʜʝʪʦʥʘʮʠʷ ʟʘʨʷʜʘ 

ʕɺɺ, ʘ ʧʨʠ ʧʦʜʨʳʚʝ ʛʠʣʴʟʳ ˉ5, ʠʥʠʮʠʠʨʫʝʤʦʡ ʇɼ ʥʠʪʨʦʥʠʪ (800 ʛʨ.), ʩʜʝʪʦʥʠʨʦʚʘʣʘ 

ʪʦʣʴʢʦ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʟʘʨʷʜʘ ʕɺɺ ʜʣʠʥʦʡ 400 ʤʤ ʚʤʝʩʪʝ ʩ ʇɼ. ʆʪʢʘʟʘʚʰʘʷ ʯʘʩʪʴ ʟʘʨʷʜʘ 

ʜʣʠʥʦʡ 600 ʤʤ ʫʧʘʣʘ ʥʘ ʟʝʤʣʶ ʠ ʵʤʫʣʴʩʠʷ ʚʳʪʝʢʣʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʵʪʦ ʤʦʛʣʦ 

ʧʨʦʠʟʦʡʪʠ ʦʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʨʠ ʧʦʜʨʳʚʝ ʛʠʣʴʟʳ ˉ4 ʠʣʠ ʦʪ ʤʘʩʩʦʚʦʛʦ ʚʟʨʳʚʘ ʚ 

ʢʘʨʴʝʨʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʟʘʤʝʨʦʚ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʝʛʦ ʦʩʥʦʚʥʳʝ ʜʝʪʦʥʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [7-11], ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ [12] 
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100 

1,20 9,4 4294 °d 1074 3221 5,53 1,15 9,51 0,006 3365 4,66 15 30,01 

2 1,18 9,3 3977 °d 994 2983 4,68 0,99 9,39 0,006 2989 5,25 15,6 31,29 

3 1,24 9,7 3847 °d 962 2885 4,57 0,92 9,80 0,006 2485 6,31 18,2 36,41 

 

ɺʳʚʦʜʳ 

1. ʌʘʢʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʕɺɺ ʩʦʩʪʘʚʠʣʘ 1,17-1,24ʛ/ʩʤ3 ʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʞʘʥʠʷ ʧʨʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ɻɻɼ 0,5-1,5 %, ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʥʦ ʊʋ 

ʩʦʩʪʘʚʣʷʝʪ 1,15-1,28 ʛ/ʩʤ3. 

2. ʇʨʠ ʨʘʩʯʝʪʝ ʦʩʥʦʚʥʳʭ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ 

ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʟʘʨʷʜʘ ʕɺɺ ʩʦʩʪʘʚʠʣʠ ʦʪ 30 ʜʦ 36,4 ʤʤ, 
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ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʘʤʝʪʨʘ ʜʝʪʦʥʘʮʠʠ ʚ ʩʪʘʣʴʥʦʡ 

ʦʙʦʣʦʯʢʝ (30 ʤʤ) ʩʦʛʣʘʩʥʦ ʊʋ 84-08628424-671-96. 

3. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʟʘʤʝʨʳ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʪʨʝʭ ʟʘʨʷʜʦʚ ʕɺɺ 

ʧʦʨʵʤʠʪ 1ɸ ʚ ʢʘʨʪʦʥʥʳʭ ʛʠʣʴʟʘʭ ʜʠʘʤʝʪʨʦʤ Å 100 ʤʤ ʧʦʢʘʟʘʣʠ ʬʘʢʪʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ 

ʜʝʪʦʥʘʮʠʠ D = (3847-4294 ʤ/ʩ) ° d  (ʧʨʠ ɟ = 1,18-1,24 ʛ/ʩʤ3). ʀʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʥʘʭʦʜʷʪʩʷ ʥʠʞʝ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʕɺɺ ʧʦʨʵʤʠʪ 1ɸ ʚ ʩʪʘʣʴʥʦʡ ʪʨʫʙʝ 

ʜʠʘʤʝʪʨʦʤ Å 60 ʤʤ, ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʥʦ ʊʋ 84-08628424-671-96 ʩʦʩʪʘʚʣʷʝʪ 4800-

5200 ʤ/ʩ. ɺʝʨʦʷʪʥʦ, ʦʙʦʣʦʯʢʘ ʟʘʨʷʜʘ, ʚʨʝʤʷ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʠ ʢʘʯʝʩʪʚʦ ʚʭʦʜʷʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʕɺɺ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ. ɼʘʥʥʳʡ 

ʚʦʧʨʦʩ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘ ʨʘʩʢʨʳʪ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʠ ʙʝʟʫʩʣʦʚʥʦ 

ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

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 

ʩʠʩʪʝʤ (FUWE-2022-0005), ʨʝʛ. ˉ1021062010531-8-1.5.1, ʘ ʪʘʢʞʝ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ 

ʧʨʠʚʣʝʯʝʥʠʠ ʭʦʟʜʦʛʦʚʦʨʥʳʭ ʩʨʝʜʩʪʚ. 
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ʋɼʂ 332.334.2 

ʆ ʅɽʆɹʍʆɼʀʄʆʉʊʀ ʉʆɹʃʖɼɽʅʀʗ ɻʈɸʅʀʎ ɻʆʈʅʆɻʆ ʆʊɺʆɼɸ ʇʈʀ 

ʇʈʆɺɽɼɽʅʀʀ ʆʊʂʈʓʊʓʍ ɻʆʈʅʓʍ ʈɸɹʆʊ 

 

ʅɸɿɸʈʆɺ ʀ. ɺ. 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʣʠʮʝʥʟʠʠ ʥʘ ʜʦʙʳʯʫ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʜʣʷ ʚʝʜʝʥʠʷ 

ʨʘʙʦʪ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʛʦʨʥʳʡ ʦʪʚʦʜ, ʢʦʪʦʨʳʡ ʧʦʜʣʝʞʠʪ ʫʪʦʯʥʝʥʠʶ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ. ɺ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʟʘ ʛʨʘʥʠʮʳ ʫʪʦʯʥʝʥʥʦʛʦ 

ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʴ ʨʠʩʢʫʝʪ ʧʦʜʚʝʨʛʥʫʪʴʩʷ ʫʛʦʣʦʚʥʦʤʫ ʥʘʢʘʟʘʥʠʶ ʟʘ 

ʩʘʤʦʚʦʣʴʥʦʝ ʧʦʣʴʟʦʚʘʥʠʝ ʥʝʜʨʘʤʠ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʵʪʦʛʦ, ʥʫʞʥʦ ʧʨʦʚʦʜʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʠʥʞʝʥʝʨʥʳʝ ʠʟʳʩʢʘʥʠʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʥʳʡ ʦʪʚʦʜ, ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, ʥʘʨʫʰʝʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦʙ 

ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʫʯʘʩʪʢʠ ʥʝʜʨ, ʦʙʲʝʤ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

 
ON THE NEED TO COMPLY WITH THE BOUNDARIES OF THE MINING 

ALLOTMENT DURING OPEN -PIT MINING  

 

NAZAROV I. V. 

Ural State Mining University 

 

Abstract. When obtaining a license for mining, a preliminary mining allotment is provided for 

work, which is subject to clarification during the approval of the technical project. In case of going 

beyond the boundaries of the specified mining allotment, the subsoil user risks being subjected to 

criminal punishment for unauthorized use of the subsoil. To avoid this, it is necessary to conduct high-

quality engineering surveys at the design stage. 

Keywords: mining allotment, blasting, violations of environmental protection legislation, 

subsurface areas, volume of minerals. 
 

ɼʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʜʨ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʪʝʨʨʠʪʦʨʠʶ, ʥʘ ʢʦʪʦʨʦʡ ʙʫʜʫʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʛʦʨʥʳʝ ʨʘʙʦʪʳ. ʋʯʘʩʪʢʠ ʥʝʜʨ ʚ ʮʝʣʷʭ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʜʘʶʪʩʷ ʚ ʚʠʜʝ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ ï ʛʝʦʤʝʪʨʠʟʦʚʘʥʥʦʛʦ ʙʣʦʢʘ ʥʝʜʨ. ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ 

çʆ ʥʝʜʨʘʭè [1] ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʨʷʜʦʢ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʯʘʩʪʢʘ ʥʝʜʨ ʜʣʷ ʝʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʃʠʮʝʥʟʠʷ ʥʘ ʧʦʣʴʟʦʚʘʥʠʝ ʥʝʜʨʘʤʠ ʷʚʣʷʝʪʩʷ ʜʦʢʫʤʝʥʪʦʤ, 

ʫʜʦʩʪʦʚʝʨʷʶʱʠʤ ʧʨʘʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝʜʨ ʥʘ ʧʦʣʴʟʦʚʘʥʠʝ ʫʯʘʩʪʢʦʤ ʥʝʜʨ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʘʥʠʮʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʥʦʡ ʚ ʥʝʡ ʮʝʣʴʶ ʚ ʪʝʯʝʥʠʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʨʦʢʘ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʝʜʨ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʜʘʥʥʦʡ 

ʣʠʮʝʥʟʠʝʡ ʫʩʣʦʚʠʡ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʰʝʣ ʟʘ ʧʨʝʜʝʣʳ ʛʨʘʥʠʮ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ ʠ 

ʦʩʫʱʝʩʪʚʠʣ ʪʘʤ ʜʦʙʳʯʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʠ ʩʪʦʠʤʦʩʪʠ ʩʳʨʴʷ, ʪʘʢʘʷ 

ʜʦʙʳʯʘ ʨʘʩʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʧʦʣʴʟʦʚʘʥʠʝ ʥʝʜʨʘʤʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʣʠʮʝʥʟʠʠ, ʘ ʣʠʮʦ, ʝʸ 

ʩʦʚʝʨʰʠʚʰʝʝ, ʧʦʜʣʝʞʠʪ ʫʛʦʣʦʚʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʦ ʩʪ. 171 ʋʂ ʈʌ (ʥʝʟʘʢʦʥʥʦʝ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ) ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʥʘʢʘʟʘʥʠʷ ʚʧʣʦʪʴ ʜʦ ʘʨʝʩʪʘ ʥʘ ʩʨʦʢ ʜʦ 6 ʤʝʩʷʮʝʚ 

[2]. ɽʩʣʠ ʜʦʙʳʯʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʠ ʧʨʦʠʟʦʰʣʦ 

ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʩʪʨʘʥʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʙʦʣʴʰʠʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ, ʪʦ ʪʘʢʘʷ ʜʦʙʳʯʘ ʤʦʞʝʪ 
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ʨʘʩʮʝʥʠʚʘʪʴʩʷ ʢʘʢ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʥʘʟʥʘʯʝʥʠʝʤ 

ʥʘʢʘʟʘʥʠʷ ʚʧʣʦʪʴ ʜʦ ʣʠʰʝʥʠʷ ʩʚʦʙʦʜʳ ʥʘ ʩʨʦʢ ʜʦ 5 ʣʝʪ ʧʦ ʩʪ. 246 ʋʂ ʈʌ. 

ʈʘʩʯʝʪ ʨʘʟʤʝʨʘ ʚʨʝʜʘ, ʧʨʠʯʠʥʝʥʥʦʛʦ ʥʝʜʨʘʤ ʚʩʣʝʜʩʪʚʠʝ ʩʘʤʦʚʦʣʴʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [3]: 
 

Ὀ ὒ̈ ὅ̌ ὅ̏ȟ     (1) 
 

ʛʜʝ D ï ʨʘʟʤʝʨ ʚʨʝʜʘ, ʧʦʚʣʝʢʰʝʛʦ ʫʪʨʘʪʫ ʥʝʫʯʪʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʚʳʟʚʘʥʥʦʛʦ ʩʘʤʦʚʦʣʴʥʳʤ ʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʜʨʘʤʠ (ʨʫʙʣʝʡ); 

ὒ̈ ï ʩʪʦʠʤʦʩʪʴ ʥʝʫʯʪʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʫʪʨʘʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʨʝʜʘ, 

ʚʳʟʚʘʥʥʦʛʦ ʩʘʤʦʚʦʣʴʥʳʤ ʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʜʨʘʤʠ (ʨʫʙʣʝʡ); 

ὅ̌ ï ʬʘʢʪʠʯʝʩʢʠʝ ʨʘʩʭʦʜʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘʨʫʰʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ (ʠʣʠ) ʨʘʩʭʦʜʳ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʧʨʦʝʢʪʘʤʠ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʨʘʙʦʪ 

ʠʣʠ ʠʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʝʚ ʜʦʙʨʦʚʦʣʴʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʨʫʰʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʨʫʙʣʝʡ); 

ὅ̏ ï ʟʘʪʨʘʪʳ, ʧʦʥʝʩʝʥʥʳʝ ʥʘ ʦʮʝʥʢʫ ʨʘʟʤʝʨʘ ʚʨʝʜʘ, ʚʢʣʶʯʘʷ ʦʨʛʘʥʠʟʘʮʠʶ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ 

ʨʘʙʦʪ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʘ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʨʘʟʨʘʙʦʪʢʫ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʧʨʦʝʢʪʘ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʠʣʠ ʠʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ 

(ʨʫʙʣʝʡ). 

ʉʪʦʠʤʦʩʪʴ ʥʝʫʯʪʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʫʪʨʘʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʨʝʜʘ, 

ʚʳʟʚʘʥʥʦʛʦ ʩʘʤʦʚʦʣʴʥʳʤ ʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʜʨʘʤʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ὒ̈ ὔ̂ Ͻ̈ὖȟ       (2) 

 

ʛʜʝ ὔ̂  ̈ ï ʦʙʲʝʤ ʥʝʫʯʪʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʫʪʨʘʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʨʝʜʘ, 

ʚʳʟʚʘʥʥʦʛʦ ʩʘʤʦʚʦʣʴʥʳʤ ʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʜʨʘʤʠ (ʪʦʥʥ, ʪʳʩ. ʢʫʙ. ʤʝʪʨʦʚ, ʛʨʘʤʤʦʚ, 

ʢʘʨʘʪ, ʢʫʙ. ʤʝʪʨʦʚ ʚ ʩʫʪʢʠ, ʪʦʥʥ ʚ ʩʫʪʢʠ); 

ὖ ï ʩʪʦʠʤʦʩʪʴ ʝʜʠʥʠʮʳ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʩʨʝʜʥʝʡ 

ʨʳʥʦʯʥʦʡ ʮʝʥʝ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʟʘ 6 ʤʝʩʷʮʝʚ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʤʝʩʷʮʫ, ʚ 

ʢʦʪʦʨʦʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʦʚʝʨʰʝʥʥʦʝ ʧʨʘʚʦʥʘʨʫʰʝʥʠʝ (ʨʫʙʣʝʡ). 

ɺʩʝ ʯʘʱʝ ʫʧʦʣʥʦʤʦʯʝʥʥʳʝ ʦʨʛʘʥʳ ʦʙʨʘʱʘʶʪʩʷ ʚ ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩ ʧʨʦʩʴʙʦʡ ʦ ʚʳʜʝʣʝʥʠʠ ʩʧʝʮʠʘʣʠʩʪʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʙʲʝʤʘ ʜʦʙʳʪʳʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɿʘ 2021 ʛʦʜ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 3 ʚʳʝʟʜʘ ʥʘ ʦʙʲʝʢʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ 2 

ʩʣʫʯʘʷ ʢʘʩʘʣʠʩʴ ʚʳʭʦʜʘ ʟʘ ʧʨʝʜʝʣʳ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ (ʨʠʩ. 1, 2).  

ɼʦʙʳʯʘ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʥʘ ʦʙʲʝʢʪʘʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ʠʶʣʝ 2021 

ʛʦʜʘ ʥʘ ʦʙʲʝʢʪ ˉ2 ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʦʙʲʸʤ ʥʝʫʯʪʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʫʪʨʘʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʨʝʜʘ, ʚʳʟʚʘʥʥʦʛʦ ʩʘʤʦʚʦʣʴʥʳʤ ʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʜʨʘʤʠ ʚ 

ʨʘʟʤʝʨʝ 7381 ʢʫʙ. ʤ. ʇʦ ʜʘʥʥʳʤ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ 

ʩʨʝʜʥʷʷ ʨʳʥʦʯʥʘʷ ʮʝʥʘ ʛʨʘʚʠʷ ʟʘ 1 ʢʫʙʠʯʝʩʢʠʡ ʤʝʪʨ (ʷʥʚʘʨʴ-ʠʶʥʴ 2021) ʩʦʩʪʘʚʠʣʘ 

555,40 ʨʫʙ. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (2) ʩʪʦʠʤʦʩʪʴ ʥʝʫʯʪʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʫʪʨʘʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʨʝʜʘ, ʚʳʟʚʘʥʥʦʛʦ ʩʘʤʦʚʦʣʴʥʳʤ ʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʜʨʘʤʠ, 

ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 4 ʤʣʥ ʨʫʙ., ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʳʤ ʫʱʝʨʙʦʤ ʚ ʨʘʤʢʘʭ 171 ʩʪʘʪʴʠ ʋʂ 

ʈʌ. ɽʩʣʠ ʙʳ ʥʘ ʦʙʲʝʢʪʝ ʜʦʙʳʚʘʣʠ ʛʨʘʥʠʪ, ʧʝʩʯʘʥʠʢ ʠ ʧʨʦʯʠʡ ʢʘʤʝʥʴ ʜʣʷ ʧʘʤʷʪʥʠʢʦʚ 

ʠʣʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʦ ʩʪʦʠʤʦʩʪʴ ʥʝʫʯʪʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩʦʩʪʘʚʠʣʘ ʙʳ 2,3 

ʤʣʥ ʨʫʙ., ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʳʤ ʫʱʝʨʙʦʤ ʠ ʧʦʜʧʘʜʘʝʪ ʧʦʜ ʫʛʦʣʦʚʥʫʶ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ. 
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ʅʘ ʦʙʲʝʢʪʝ ˉ 1 ʦʙʲʝʤ ʥʝʫʯʪʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʫʪʨʘʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʨʝʜʘ, ʚʳʟʚʘʥʥʦʛʦ ʩʘʤʦʚʦʣʴʥʳʤ ʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʜʨʘʤʠ, ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 1 

ʤʣʥ ʤ3, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʦʙʦ ʢʨʫʧʥʳʤ ʫʱʝʨʙʦʤ. 

ʉʪʦʠʤʦʩʪʴ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʢʘʪʝʛʦʨʠʠ ʟʝʤʝʣʴ, ʥʘ 

ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʚʳʰʝʜʰʠʝ ʟʘ ʧʨʝʜʝʣʳ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ. 

 
ʈʠʩ. 1. ʆʙʲʝʢʪ ˉ 1. ɻʨʘʥʠʮʘ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ (ʦʙʦʟʥʘʯʝʥʳ ʩʠʥʠʤ ʮʚʝʪʦʤ) ʠ ʬʘʢʪʠʯʝʩʢʠʝ 

ʛʨʘʥʠʮʳ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ (ʦʙʦʟʥʘʯʝʥʳ ʢʨʘʩʥʳʤ)  

 

 
ʈʠʩ 2. ʆʙʲʝʢʪ ˉ 2. ɺʳʭʦʜ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʟʘ ʧʨʝʜʝʣʳ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ 

 

ʆʙʲʝʢʪ ˉ 1 ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʟʝʤʣʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʪ.ʝ. ʧʦʜ ʛʦʨʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ ʚʦʦʙʱʝ ʥʝ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʠ ʦʬʦʨʤʣʝʥ 

ʟʝʤʝʣʴʥʳʡ ʫʯʘʩʪʦʢ ʜʣʷ ʮʝʣʝʡ ʜʦʙʳʯʠ ʥʝʜʨ. ʆʙʲʝʢʪ ˉ 2 ʞʝ ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʛʨʘʥʠʮʘʭ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʩ ʢʘʪʝʛʦʨʠʝʡ ʟʝʤʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʨʘʟʨʝʰʝʥʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 
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ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʣʠʮʝʥʟʠʠ ʥʘ ʜʦʙʳʯʫ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʜʣʷ ʚʝʜʝʥʠʷ ʨʘʙʦʪ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʛʦʨʥʳʡ ʦʪʚʦʜ. ʇʦʩʣʝ ʫʪʚʝʨʞʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʫʯʘʩʪʢʘ ʥʝʜʨ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʴ ʩʦʛʣʘʩʦʚʳʚʘʝʪ ʫʪʦʯʥʝʥʥʳʡ 

ʛʦʨʥʳʡ ʦʪʚʦʜ, ʢʦʪʦʨʳʡ ʥʝ ʜʦʣʞʝʥ ʚʳʭʦʜʠʪʴ ʟʘ ʧʨʝʜʝʣʳ ʣʠʮʝʥʟʠʠ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʧʨʦʙʣʝʤ ʩ ʚʦʟʤʦʞʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʟʝʤʝʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠʣʠ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦ ʥʝʜʨʘʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʥʞʝʥʝʨʥʳʝ 

ʠʟʳʩʢʘʥʠʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʦʬʦʨʤʣʷʪʴ ʟʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ 

ʧʦʜ ʚʩʝʤʠ ʦʙʲʝʢʪʘʤʠ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ. ɺ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʚ 2019 ʛʦʜʫ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ (ʨʠʩ. 3).  

 
ʈʠʩ. 3. ʅʘʨʫʰʝʥʠʝ ʛʨʘʥʠʮʳ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ 

 

ʆh ʠʙʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 3, ʙʳʣʘ ʜʦʧʫʱʝʥʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ, ʯʪʦ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʥʘʨʫʰʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ.  
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉʆɺʈɽʄɽʅʅʆɻʆ ɻʆʈʅʆɻʆ ʀ ʊʈɸʅʉʇʆʈʊʅʆɻʆ 

ʆɹʆʈʋɼʆɺɸʅʀʗ ʇʈʀ ʈɸɿʈɸɹʆʊʂɽ ɺɽʈʍʅɽʈʆɻʆɺʉʂʆɻʆ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʋɻʃʗ 

 

ʉɸʅɼʈʀɻɸʁʃʆ ʀ. ʅ., ɸʈɽʌʔɽɺ ʉ. ɸ., ɸʄɽʃʀʅ ɸ. ɸ.,  

ʐɽʐʋʂʆɺɸ ɸ. ɽ., ʂʋɿʅɽʎʆɺ ɸ. ʄ. 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʨʘʙʦʪʢʠ ʢʨʫʧʥʦʛʦ   

ɺʝʨʭʥʝʨʦʛʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʩʝʚʝʨʝ ʈʦʩʩʠʠ. ʇʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʜʦʙʳʯʥʳʭ ʠ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪʘʭ ʩʦʚʨʝʤʝʥʥʦʝ ʛʦʨʥʦʝ ʠ ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ.  ʆʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʚʳʝʤʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʙʲʝʤʦʚ ʫʛʣʷ ʢʦʤʧʣʝʢʩʦʚ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʫʛʣʷ, ʛʦʨʥʦʝ ʠ ʪʨʘʥʩʧʦʨʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʦʣʴʰʦʡ 

ʤʦʱʥʦʩʪʠ, ʧʦʪʝʨʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʪʝʭʥʦʣʦʛʠʷ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ, ʢʦʤʧʣʝʢʩ 

ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ. 
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ɺʝʨʭʥʝʨʦʛʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʫʛʣʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʅʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʚʙʣʠʟʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. ʂ ʚʦʩʪʦʢʫ ʦʪ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʭʦʜʠʪ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ʂʦʪʣʘʩïɺʦʨʢʫʪʘ. ɹʣʠʞʘʡʰʘʷ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʩʪʘʥʮʠʷ ʥʘʭʦʜʠʪʩʷ ʚ 70 ʢʠʣʦʤʝʪʨʘʭ.  

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʨʘʡʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ï ʤʠʥʫʩ 6 

ʛʨʘʜʫʩʦʚ. ʄʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʠʤʦʡ ï ʤʠʥʫʩ 48ï50 ʛʨʘʜʫʩʦʚ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʣʝʪʦʤ ï ʧʣʶʩ 28ï30 ʛʨʘʜʫʩʦʚ.  

ʇʦʚʝʨʭʥʦʩʪʴ ʨʘʡʦʥʘ ï ʩʣʘʙʦʚʩʭʦʣʤʣʝʥʥʘʷ, ʤʝʩʪʘʤʠ ʟʘʙʦʣʦʯʝʥʥʘʷ. ʅʘʠʙʦʣʴʰʠʝ 

ʘʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ 180ï190 ʤ. ʂ ʩʝʚʝʨʫ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʙʦʣʴʰʦʝ ʧʦʥʠʞʝʥʠʝ ʨʝʣʴʝʬʘ.  

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ɺʝʨʭʥʝʨʦʛʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʥʠʤʘʶʪ 

ʫʯʘʩʪʠʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʧʝʨʤʩʢʦʛʦ, ʶʨʩʢʦʛʦ ʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʦʚ. ʉʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ, ʈʦʛʦʚʩʢʘʷ ʩʠʥʢʣʠʥʘʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʠʨʦʢʫʶ, 

ʦʪʯʘʩʪʠ ʘʩʩʠʤʝʪʨʠʯʥʫʶ ʧʦʣʦʛʫʶ ʩʢʣʘʜʢʫ, ʦʩʴ ʢʦʪʦʨʦʡ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʣʘʩʪ 

ʈʦʛʦʚʩʢʦʡ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ ʦʪ 24,6 ʜʦ 30,2 ʤ. 
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ʉʪʨʦʝʥʠʝ ʧʣʘʩʪʘ ʩʣʦʞʥʦʝ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʧʦʨʦʜʥʳʭ 

ʧʨʦʩʣʦʝʢ ï 7,9 ʤʝʪʨʦʚ, ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ ï 5,23 ʤ. ʇʣʘʩʪ ʈʦʛʦʚʩʢʠʡ ʨʘʩʱʝʧʣʝʥ ʥʘ 

ʜʚʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʧʣʘʩʪʘ: ɺʝʨʭʥʠʡ ï ʩʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ 21,3 ʤ ʠ ʅʠʞʥʠʡ ï ʩʦ 

ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ 5,7 ʤ. ʋʛʦʣ ʧʘʜʝʥʠʷ ʧʣʘʩʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 6ï10 ʛʨʘʜʫʩʦʚ. ɿʦʣʴʥʦʩʪʴ 

ʫʛʣʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 14,3ï43,8 %. ʊʝʧʣʦʪʚʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʪ 

6330 ʜʦ 7090 ʢʢʘʣ/ʢʛ. ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʩʫʭʦʛʦ ʪʦʧʣʠʚʘ 4300 ʢʢʘʣ/ʢʛ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 14,8 %, ʩʨʝʜʥʝʝ ï 6ï7 %. 

ʂʨʝʧʦʩʪʴ ʫʛʣʷ 1,4ï1,5 ʧʦ ʰʢʘʣʝ ʇʨʦʪʦʜʴʷʢʦʥʦʚʘ.  

ɹʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ ʫʛʣʷ ʚ ʣʠʮʝʥʟʠʦʥʥʳʭ ʛʨʘʥʠʮʘʭ ʫʯʘʩʪʢʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ 

ʜʣʷ ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1. ɹʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ ʫʛʣʷ ʚ ʛʨʘʥʠʮʘʭ ʧʝʨʚʦʦʯʝʨʝʜʥʦʛʦ ʫʯʘʩʪʢʘ 

ʋʛʦʣʴ ɿʦʣʴʥʦʩʪʴ ʫʛʣʷ, % ɿʘʧʘʩʳ ʫʛʣʷ, ʪʳʩ. ʪ 

ʏʠʩʪʳʡ ʫʛʦʣʴ ɼʦ 40 243 720 

ʈʷʜʦʚʦʡ ʫʛʦʣʴ ɼʦ 40 319 415 

ʏʠʩʪʳʡ ʫʛʦʣʴ ɼʦ 45 365 664 

ʈʷʜʦʚʦʡ ʫʛʦʣʴ ɼʦ 45 511 910 

 

ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʯʘʥʠʢʘʤʠ, ʘʨʛʠʣʣʠʪʘʤʠ ʠ ʘʣʝʚʨʦʣʠʪʘʤʠ. 

ʀʭ ʢʨʝʧʦʩʪʴ 3ï4, ʘ ʧʣʦʪʥʦʩʪʴ 2,1ï2,2 ʪ/ʤ3. ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʥʝʩʣʦʞʥʳʝ. ʋʜʝʣʴʥʳʡ ʜʝʙʝʪ ʥʝ ʧʨʝʚʳʰʘʝʪ ʩʦʪʝʥ ʜʦʣʝʡ ʣ/ʩ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,125 ʜʦ 9ï29 ʤ3/ʩʫʪ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʫʛʣʷ ɺʝʨʭʥʝʨʦʛʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʛʫʪ 

ʷʚʣʷʪʴʩʷ ɻʣʝʢʪʨʦʩʪʘʥʮʠʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʙʳʪʦʚʳʝ ʧʦʪʨʝʙʠʪʝʣʠ. 

ʈʘʟʨʘʙʦʪʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʝʩʪʠ ʦʯʝʨʝʜʷʤʠ. ʉʨʦʢ ʦʪʨʘʙʦʪʢʠ 

ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ ʩ ʫʯʝʪʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʦʩʪʘʚʠʪ 23 ʛʦʜʘ. ʂ ʤʦʤʝʥʪʫ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪ ʚ 

ʛʨʘʥʠʮʘʭ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ, ʩʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ, ʨʘʟʨʝʟ ʙʫʜʝʪ ʠʤʝʪʴ ʛʣʫʙʠʥʫ 260 ʤ, ʜʣʠʥʫ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 3220 ʠ ʰʠʨʠʥʫ 1400 ʤ. ɻʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʝʟʘ ʧʦ ʫʛʣʶ 

4,7 ʤʣʥ ʪ, ʘ ʧʦ ʚʩʢʨʳʰʝ 34 ʤʣʥ ʤ3.  

ʉʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʫʛʣʫʙʦʯʥʘʷ, ʧʨʦʜʦʣʴʥʘʷ, ʪʨʘʥʩʧʦʨʪʥʘʷ, ʩ ʧʝʨʝʚʦʟʢʦʡ 

ʚʩʢʨʳʰʠ ʚʦ ʚʥʝʰʥʠʝ ʦʪʚʘʣʳ. ɺʳʩʦʪʘ ʨʘʙʦʯʝʛʦ ʫʩʪʫʧʘ 10 ʤ, ʘ ʫʛʦʣ ʝʛʦ ʦʪʢʦʩʘ 75 

ʛʨʘʜʫʩʦʚ. ʐʠʨʠʥʘ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʢʠ 61 ʤ.  

ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʳʤʠ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ 

ɺʝʨʭʥʝʨʦʛʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʨʥʦʝ ʠ ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ [1ï3].  

ɹʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʥʘʥʦʩʦʚ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʛʦʨʥʦ-

ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ɺ ʧʝʨʠʦʜ ʠʭ ʦʩʫʱʝʩʪʚʣʝʥʠʷ, ʧʨʠ ʚʳʝʤʢʝ ʧʝʩʯʘʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ 

ʧʦʨʦʜ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʜʦʨʦʛ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ ʰʘʨʥʠʨʥʦ-ʩʦʯʣʝʥʝʥʥʳʝ 

ʘʚʪʦʩʘʤʦʩʚʘʣʳ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 39 ʪ. ʕʪʠ ʤʘʰʠʥʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʨʦʭʦʜʠʤʦʩʪʴ ʠ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʩ ʞʝʩʪʢʦʡ ʨʘʤʦʡ ʚʳʩʦʢʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʝʦʜʦʣʝʚʘʪʴ ʙʦʣʴʰʠʝ ʫʢʣʦʥʳ. ʇʨʠ ʙʣʦʢʠʨʦʚʢʝ ʚʩʝʭ ʜʠʬʬʝʨʝʥʮʠʘʣʦʚ ʠʭ 

ʢʦʣʝʩʘ ʚʨʘʱʘʶʪʩʷ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʪʷʛʦʚʦʝ 

ʫʩʠʣʠʝ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʙʝʟʜʦʨʦʞʴʷ [4, 5].  

ʇʦʩʣʝ ʩʜʘʯʠ ʨʘʟʨʝʟʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʚʦ 

ʚʥʝʰʥʠʝ ʦʪʚʘʣʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʨʴʝʨʥʳʝ ʘʚʪʦʩʘʤʦʩʚʘʣʳ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 180 ʪ. ɺ ʢʦʤʧʣʝʢʩʝ ʩ ʥʠʤʠ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʵʢʩʢʘʚʘʪʦʨʳ ʩ 

ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 22 ʤ3. ʈʘʙʦʪʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʚʝʩʪʠ ʚʘʭʪʦʚʳʤ 
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ʤʝʪʦʜʦʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʤʦʱʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʢʨʘʱʝʥʠʝ 

ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ, ʧʨʠʙʳʚʘʶʱʠʭ ʥʘ ʚʘʭʪʫ, ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚʘʭʪʦʚʦʛʦ ʧʦʩʝʣʢʘ.  

ɼʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʫʛʣʷ, ʠʤʝʶʱʝʛʦ ʧʣʦʪʥʦʩʪʴ 1,63 ʪ/ʤ3, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʚʪʦʩʘʤʦʩʚʘʣʳ-ʫʛʣʝʚʦʟʳ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 40 ʪ. ɸ ʥʘ ʚʳʝʤʢʝ ʠ 

ʧʦʛʨʫʟʢʝ ʫʛʣʷ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʵʢʩʢʘʚʘʪʦʨʳ ʩ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ çʦʙʨʘʪʥʘʷ ʣʦʧʘʪʘè ʠ 

ʚʤʝʩʪʠʤʦʩʪʴʶ ʢʦʚʰʘ 5 ʤ3.   

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʛʦʨʥʦʛʦ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʚʤʝʩʪʠʤʦʩʪʠ ʢʦʚʰʘ ʵʢʩʢʘʚʘʪʦʨʘ ʠ ʢʫʟʦʚʘ 

ʘʚʪʦʩʘʤʦʩʚʘʣʘ [6ï15]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪ ʚ ʛʨʘʥʠʮʘʭ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ ʥʘ ʜʥʝ ʠ ʚ 

ʙʦʨʪʫ ʨʘʟʨʝʟʘ ʦʩʪʘʝʪʩʷ ʫʛʦʣʴ, ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʝʛʦ ʜʦʙʳʯʠ ʢʦʤʧʣʝʢʩʳ 

ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ (ʂɻʈʇ). ʊʝʭʥʦʣʦʛʠʷ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʦʪʢʨʳʪʳʝ ʠ ʧʦʜʟʝʤʥʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ. ʇʨʠ ʵʪʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʦʩʪʫʧ ʢ ʧʣʘʩʪʘʤ ʫʛʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʨʘʙʦʯʠʭ 

ʧʣʦʱʘʜʢʘʭ ʚ ʨʘʟʨʝʟʝ. ʆʩʪʘʚʘʷʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʜʦʙʳʯʫ ʫʛʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʟʝʤʣʝʡ [16ï21].  

ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʦʙʳʯʠ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʨʷʜʝ ʫʛʣʝʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʉʐɸ, ʀʥʜʠʠ, ʀʥʜʦʥʝʟʠʠ. ɺ ʈʦʩʩʠʠ ʢʦʤʧʣʝʢʩʳ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ ʨʘʙʦʪʘʶʪ 

ʥʘ ʊʘʣʜʠʥʩʢʦʤ, ʊʦʤʫʩʠʥʩʢʦʤ, ʂʘʨʘʢʘʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʚ ʂʫʟʙʘʩʩʝ. ʆʧʳʪ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʜʦʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʫʛʣʷ ʥʘ ʨʘʟʨʝʟʘʭ ʠ ʥʘ ʫʯʘʩʪʢʘʭ ʢʨʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʛʜʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʟʘʪʫʭʘʶʪ ʠʣʠ ʧʨʝʢʨʘʱʝʥʳ ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ 

ʪʝʢʫʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʩʢʨʳʰʠ ʠ ʝʛʦ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʛʨʘʥʠʯʥʦʤʫ ʟʥʘʯʝʥʠʶ, 

ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

ʀʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʨʘʙʦʪʳ ʂɻʈʇ. ɺ ʨʘʟʨʝʟʝ ʥʘ ɺʝʨʭʥʝʨʦʛʦʚʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʢʦʤʧʣʝʢʩ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ ʜʦʣʞʝʥ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ 

ʦʪʢʨʳʪʦʡ ʧʣʦʱʘʜʢʝ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʚʣʝʯʝʥʠʷ ʜʦ ʵʪʦʛʦ ʚʩʢʨʳʰʥʳʭ 

ʧʦʨʦʜ ʠ ʫʛʣʷ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ  

ʥʘ ɺʝʨʭʥʝʨʦʛʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ ʝʛʦ ʨʝʞʫʱʠʡ ʤʦʜʫʣʴ ʚʨʝʟʘʝʪʩʷ 

ʚ ʧʣʘʩʪ ʥʘ ʫʨʦʚʥʝ ʧʦʜʦʰʚʳ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʚʳʩʦʪʳ, ʦʪʙʠʚʘʷ ʧʨʠ ʵʪʦʤ ʫʛʦʣʴ. ɿʘʪʝʤ ʦʥ ʦʧʫʩʢʘʝʪʩʷ ʚʥʠʟ ʜʦ ʧʦʯʚʳ ʧʣʘʩʪʘ ʠ ʝʛʦ 
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ʜʚʠʞʝʥʠʷ ʧʦʚʪʦʨʷʶʪʩʷ. ʈʝʞʫʱʠʡ ʤʦʜʫʣʴ ʧʦʜʘʝʪʩʷ ʥʘ ʟʘʙʦʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʦʣʢʘʶʱʝʡ 

ʩʠʩʪʝʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʝʢʮʠʷʤʠ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ, ʠ ʩʠʩʪʝʤʦʡ ʪʦʣʢʘʥʠʷ ʩʪʘʚʦʚ. 

ɺʩʝʛʦ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 50 ʪʘʢʠʭ ʩʝʢʮʠʡ. ʆʪʙʠʪʳʡ ʫʛʦʣʴ ʧʦʜʘʝʪʩʷ ʧʦʜʙʦʨʱʠʢʦʤ ʥʘ 

ʩʢʨʝʙʢʦʚʳʡ ʢʦʥʚʝʡʝʨ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʜʦ ʩʝʢʮʠʠ ʩʪʘʚʘ ʦʩʥʦʚʥʦʛʦ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ, 

ʢʦʪʦʨʳʡ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʊʘʤ ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʥʚʝʡʝʨ-

ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʪʝʣʴ ʫʢʣʘʜʳʚʘʝʪ ʝʛʦ ʚ ʰʪʘʙʝʣʴ. ʀʟ ʰʪʘʙʝʣʷ ʫʛʦʣʴ ʩ ʧʦʤʦʱʴʶ ʢʦʣʝʩʥʦʛʦ 

ʧʦʛʨʫʟʯʠʢʘ ʦʪʛʨʫʞʘʶʪ ʚ ʘʚʪʦʩʘʤʦʩʚʘʣʳ.  

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʳʨʘʙʦʪʢʘ ʧʨʦʡʜʝʥʘ ʥʘ ʜʣʠʥʫ ʩʝʢʮʠʠ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ, 

ʨʘʚʥʫʶ 6 ʤ ʢʦʣʝʩʥʳʡ ʧʦʛʨʫʟʯʠʢ, ʦʙʦʨʫʜʦʚʘʥʥʳʡ ʩʧʝʮʠʘʣʴʥʦʡ ʚʠʣʢʦʡ-ʟʘʭʚʘʪʦʤ 

ʧʝʨʝʤʝʱʘʝʪ ʦʯʝʨʝʜʥʫʶ ʩʝʢʮʠʶ ʰʥʝʢʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ ʩ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʢʠ ʚ 

ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʘ ʤʝʞʜʫ ʪʦʣʢʘʪʝʣʝʤ ʠ ʨʝʞʫʱʠʤ ʤʦʜʫʣʝʤ. ʅʘʭʦʜʷʱʠʝʩʷ ʚ 

ʩʝʢʮʠʠ ʜʚʘ ʰʥʝʢʘ, ʩʦʝʜʠʥʷʶʪʩʷ ʩʦ ʰʥʝʢʘʤʠ ʧʨʝʜʳʜʫʱʝʡ ʩʝʢʮʠʠ. ɿʘʤʢʠ ʩʝʢʮʠʠ 

ʩʦʝʜʠʥʷʶʪʩʷ ʩʦ ʩʪʘʚʦʤ, ʠ ʨʘʙʦʪʘ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ. ʎʠʢʣ ʥʘʨʘʱʠʚʘʥʠʷ ʦʜʥʦʡ ʩʝʢʮʠʠ 

ʟʘʥʠʤʘʝʪ 1,5 ʤʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʛʦ ʧʨʦʭʦʜʘ ʨʝʞʫʱʝʛʦ ʤʦʜʫʣʷ ʦʙʨʘʟʫʝʪʩʷ ʚʳʨʘʙʦʪʢʘ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʰʠʨʠʥʦʡ 3,5 ʤ ʠ ʜʣʠʥʦʡ ʜʦ 300 ʤ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʭʦʜʢʠ ʚʳʨʘʙʦʪʢʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʪʷʛʠʚʘʥʠʝ ʠʟ ʥʝʝ 

ʨʝʞʫʱʝʛʦ ʤʦʜʫʣʷ, ʘ ʟʘʪʝʤ ʢʦʤʧʣʝʢʩ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʫʛʦʣʴʥʦʛʦ ʧʣʘʩʪʘ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʥʦʚʦʤ ʤʝʩʪʝ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʣʝʜʫʶʱʝʡ ʚʳʨʘʙʦʪʢʠ. ʄʝʞʜʫ 

ʩʤʝʞʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ, ʦʩʪʘʚʣʷʶʪ ʫʛʦʣʴʥʳʝ ʧʝʨʝʤʳʯʢʠ (ʮʝʣʠʢʠ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʨʦʚʣʠ.  

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʘ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɻʈʇ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʐʠʨʠʥʘ ʨʝʟʘ, ʤ 3,5 

ɺʳʩʦʪʘ ʨʝʟʘ, ʤ: 

    ʤʠʥʠʤʘʣʴʥʘʷ 

    ʤʘʢʩʠʤʘʣʴʥʘʷ 

 

1,1 

4,8 

ɼʣʠʥʘ ʦʪʨʘʙʦʪʢʠ ʧʣʘʩʪʘ, ʤ 300 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʦʪʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʣʘʩʪʘ, ʛʨʘʜ 25 

ʈʘʟʤʝʨʳ ʤʘʰʠʥʳ: 

     ʜʣʠʥʘ, ʤ 

     h ʠʨʠʥʘ, ʤ 

 

16,81 

10,20 

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ, ʢɺʪ 1200 

 

ʂʦʤʧʣʝʢʪ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʙʦʪ ʧʦ 

ʦʧʠʩʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ: 

ï ʢʦʤʧʣʝʢʩ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ; 

ï ʧʦʛʨʫʟʯʠʢ ʜʣʷ ʜʦʩʪʘʚʢʠ ʠ ʤʦʥʪʘʞʘ-ʜʝʤʦʥʪʘʞʘ ʩʝʢʮʠʡ; 

ï ʧʦʛʨʫʟʯʠʢ ʜʣʷ ʧʦʛʨʫʟʢʠ ʫʛʣʷ, ʜʦʙʳʪʦʛʦ ʢʦʤʧʣʝʢʩʦʤ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ʧʣʘʩʪʦʚ;  

ï ʙʫʣʴʜʦʟʝʨ ʜʣʷ ʧʣʘʥʠʨʦʚʢʠ ʠ ʯʠʩʪʢʠ ʧʣʦʱʘʜʢʠ;  

ï ʘʚʪʦʛʨʝʡʜʝʨ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʜʦʨʦʛʘʭ;  

ï ʨʝʤʦʥʪʥʫʶ ʤʘʩʪʝʨʩʢʫʶ ʥʘ ʙʘʟʝ ʘʚʪʦʤʘʰʠʥʳ; 

ï ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʜʦʙʳʪʦʛʦ ʫʛʣʷ.  

ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʘ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʫʛʣʷ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʪʨʘʙʦʪʢʝ ʰʘʭʪʥʳʭ ʧʦʣʝʡ ʠ ʜʦʨʘʙʦʪʢʝ ʨʘʟʨʝʟʦʚ (ʚ ʢʦʥʪʫʨʘʭ, 
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ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʝʢʪʦʤ). ʄʦʱʥʦʩʪʴ ʧʣʘʩʪʦʚ ʫʛʣʷ ʜʦ 4,8 ʤ, ʘ ʫʛʣʳ ʠʭ ʧʘʜʝʥʠʷ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ 20ï25Á.  

ɹʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʙʦʯʠʭ ʚ ʟʘʙʦʝ 

ʠ ʦʪʙʦʡʢʦʡ ʫʛʣʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹɺʈ.  

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʂɻʈʇ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 3000 ʪ ʚ ʩʫʪʢʠ. ɺʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦ, ʯʪʦ ʫʩʣʦʚʠʷ ɺʝʨʭʥʝʨʦʛʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʭʦʜʠʪʴ ʚʳʨʘʙʦʪʢʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʜʣʠʥʳ (300 ʤ).  

ʉʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ 1 ʪ ʜʦʙʳʪʦʛʦ ʫʛʣʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʂɻʈʇ 

ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʦ-ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ 

ʚʳʨʘʙʦʪʦʢ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʝʤʢʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʚʩʢʨʳʰʠ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʪʝʨʠ ʫʛʣʷ ʚ ʮʝʣʠʢʘʭ ʤʝʞʜʫ ʚʳʨʘʙʦʪʢʘʤʠ, ʢʦʤʧʣʝʢʩ ʛʣʫʙʦʢʦʡ 

ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʜʦ 60 % ʦʪ 

ʚʩʝʛʦ ʦʙʲʝʤʘ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʦʩʪʘʶʱʝʛʦʩʷ ʚ ʙʦʨʪʘʭ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪ ʚ 

ʛʨʘʥʠʮʘʭ ʨʘʟʨʝʟʘ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

çɺʝʨʭʥʝʨʦʛʦʚʩʢʦʝè, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ ʤʦʞʥʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʳʪʴ 4 ʤʣʥ ʪ ʫʛʣʷ.  
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʦʣʴʥʦʩʪʠ ʚ ʜʦʙʳʚʘʝʤʦʤ ʫʛʣʝ, ʠ ʪʨʝʙʦʚʘʥʠʡ ʢʦʥʝʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʤʦʛʫʪ ʨʝʰʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ: 

ï ʫʜʘʣʝʥʠʝ ʧʦʨʦʜʥʦʡ ʤʘʩʩʳ ʚ ʢʨʫʧʥʦʢʫʩʢʦʚʦʤ ʚʠʜʝ; 

ï ʨʘʟʜʝʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʥʘ ʚʳʩʦʢʦʟʦʣʴʥʳʝ ʠ ʥʠʟʢʦʟʦʣʴʥʳʝ ʧʨʦʜʫʢʪʳ. 

ʕʪʠ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʛʨʘʥʩʦʩʪʘʚʘ ʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʦʪʙʠʪʦʛʦ ʫʛʣʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʳʝ ʬʘʙʨʠʢʠ ʥʝʢʦʪʦʨʳʭ ʰʘʭʪ ʩʪʨʘʥʳ ʧʦʩʪʫʧʘʝʪ 

ʛʦʨʥʘʷ ʤʘʩʩʘ, ʚ ʢʦʪʦʨʦʡ ʟʦʣʴʥʦʩʪʴ ʫʛʣʷ ʢʨʫʧʥʦʩʪʴʶ 10ï200 ʤʤ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 

35ï42,5 %, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʧʦʨʦʜʳ [1]. 

ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʚʩʪʘʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʛʣʫʙʠʥʳ ʚʝʜʝʥʠʷ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʚ ʫʩʣʦʚʠʷʭ ʦʩʚʦʝʥʥʳʭ ʨʘʡʦʥʘʭ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ ʩʦʨʪʠʨʦʚʢʠ, ʘ ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʥʘ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʧʦʢʫʩʢʦʚʦʤ ʨʝʞʠʤʝ. ɽʩʣʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʦʙʳʚʘʝʤʦʛʦ ʩʳʨʴʷ ʚʣʠʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ 

ʪʝʭʥʦʣʦʛʠʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ï ʜʨʦʙʣʝʥʠʝ, 

ʠʟʤʝʣʴʯʝʥʠʝ, ʪʦ ʧʨʠ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʝʧʘʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʧʨʦʚʦʜʠʪʩʷ ʙʝʟ 

ʩʨʝʜʥʝʛʦ ʠ ʤʝʣʢʦʛʦ ʜʨʦʙʣʝʥʠʷ ʠ ʠʟʤʝʣʴʯʝʥʠʷ, ʢʨʫʧʥʦʩʪʴ ʢʫʩʢʦʚ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʦʛʘʱʝʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʷʚʣʷʝʪʩʷ ʩʚʦʡʩʪʚʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʘʞʝ ʩʘʤʫ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜʳ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʝʧʘʨʘʮʠʠ. ʉʪʦʣʴ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ï ʵʪʦ ʩʚʦʡʩʪʚʦ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ.  

ɺʦ-ʧʝʨʚʳʭ, ʥʝʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʳ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʝʧʘʨʘʮʠʠ ʥʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʝʣʢʠʭ ʢʣʘʩʩʦʚ. 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʝʧʘʨʘʪʦʨʦʚ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ 

ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʢʨʫʧʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʳʨʴʷ. ʕʪʦ ʦʩʦʙʝʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʝʧʘʨʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʣʢʠʭ ʢʣʘʩʩʦʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʜʝʣʠʪʝʣʴʥʦʛʦ ʧʨʠʟʥʘʢʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʝʝ 

ʨʝʛʠʩʪʨʘʮʠʠ. ʇʦʵʪʦʤʫ, ʯʝʤ ʢʨʫʧʥʝʝ ʢʫʩʢʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʪʝʤ ʚʳʰʝ, ʧʨʠ 

ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪ ʦʪ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʝʧʘʨʘʮʠʠ.  

ʆʩʪʘʥʦʚʠʤʩʷ ʧʦʜʨʦʙʥʝʝ ʥʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʜʦʙʳʚʘʝʤʳʭ ʫʛʣʝʡ ʨʷʜʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʀʟʫʯʝʥʠʝ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʬʦʨʤʘʮʠʡ ʩ ʮʝʣʴʶ ʠʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʦʙʘʭ ʨʷʜʦʚʳʭ ʫʛʣʝʡ: ʨʘʟʨʝʟ 

çʂʦʨʢʠʥʩʢʠʡè ʆɸʆ çʏʝʣʷʙʠʥʩʢʫʛʦʣʴè, ʨʘʟʨʝʟ çʕʢʠʙʘʩʪʫʟʫʛʦʣʴè [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʜʝʨʞʘʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʟʦʣʳ ʚ 

ʢʣʘʩʩʘʭ ʢʨʫʧʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʷ, ʩʨʦʩʪʢʦʚ ʠ ʧʦʨʦʜʳ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣ. 1, 2. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʆʊʂ ʧʨʝʜʧʨʠʷʪʠʡ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʳ ʦʪ ʢʨʫʧʥʦʩʪʠ ʜʣʷ ʧʨʦʙ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʳ ʦʪ ʢʨʫʧʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʟʦʣʴʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʢʫʩʢʠ 

ʢʨʫʧʥʦʩʪʴʶ 25ï100 ʤʤ. ɺ ʥʠʭ ʟʦʣʴʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 65ï78 %. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʪʘʙʣ. 1, 2 ʨʘʩʩʯʠʪʘʥʳ ʨʝʛʨʝʩʩʠʦʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ()dfAd =  ʧʦʣʠʥʦʤʦʤ 2-ʡ ʩʪʝʧʝʥʠ ʠ ʠʤʝʶʪ ʚʠʜ: 

 

ʈʘʟʨʝʟ ɸʆ çʂʦʨʢʠʥʩʢʠʡè ï ɸd = 33,88 + 0,62d ï 0,003d2, h = 0,99; 

ʆɸʆ çʕʢʠʙʘʩʪʫʟʫʛʦʣʴè ï ɸd = 34,61 + 0,34d ï 0,002d2, h = 0,94, 

 

ʛʜʝ ɸd ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʟʦʣʳ ʚ ʢʣʘʩʩʘʭ ʢʨʫʧʥʦʩʪʠ d, ʤʤ. 
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ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʨʷʜʦʚʳʭ ʫʛʣʝʡ ʨʘʟʨʝʟʘ çʂʦʨʢʠʥʩʢʠʡè 

ʂʣʘʩʩ, ʤʤ ʇʨʦʜʫʢʪ 
ɺʳʭʦʜ 

Y, % 

ʉʦʜʝʨʞʘʥʠʝ 

ʟʦʣʳ 

Ad, % 

ʆʙʲʝʜʠʥʝʥʥʳʝ ʧʨʦʜʫʢʪʳ 

ʇʨʦʜʫʢʪ 
ɺʳʭʦʜ 

Y, % 

ʉʦʜʝʨʞʘʥʠʝ 

ʟʦʣʳ, Ad, % 

+100 

ʋʛʦʣʴ 

ʉʨʦʩʪʢʠ 

ʇʦʨʦʜʘ 

0,19 

0,41 

2,72 

14,7 

47,5 

76,9 

ʋʛʦʣʴ+ʩʨʦʩʪʢʠ 

 

ʇʦʨʦʜʘ 

0,6 

 

2,72 

37,11 

 

76,9 

ʀʪʦʛʦ: 3,32 69,7  3,82 69,7 

50ï100 

ʋʛʦʣʴ 

ʉʨʦʩʪʢʠ 

ʇʦʨʦʜʘ 

1,4 

0,56 

5,27 

27,7 

44 

78,1 

ʋʛʦʣʴ+ʩʨʦʩʪʢʠ 

 

ʇʦʨʦʜʘ 

1,96 

 

5,27 

32,36 

 

78,1 

ʀʪʦʛʦ: 7,23 65,7  7,33 54,1 

25ï50 

ʋʛʦʣʴ 

ʉʨʦʩʪʢʠ 

ʇʦʨʦʜʘ 

5,03 

4,57 

6,74 

23,6 

50,4 

79,4 

ʋʛʦʣʴ+ʩʨʦʩʪʢʠ 

 

ʇʦʨʦʜʘ 

9,6 

 

6,74 

36,36 

 

79,4 

ʀʪʦʛʦ: 16,34 54,1  16,34 54,1 

+25 

ʋʛʦʣʴ 

ʉʨʦʩʪʢʠ 

ʇʦʨʦʜʘ 

6,62 

5,54 

14,73 

24,2 

49,5 

78,5 

ʋʛʦʣʴ+ʩʨʦʩʪʢʠ 

 

ʇʦʨʦʜʘ 

12,16 

 

14,73 

35,73 

 

78,5 

ʀʪʦʛʦ ʂʣ. + 25: 26,89 59,1  26,89 59,1 

13ï25 ʀʪʦʛʦ: 28,59 45,0  28,59 45,0 

6ï13 ʀʪʦʛʦ: 22,83 39,7  22,83 39,7 

3ï6 ʀʪʦʛʦ: 15,56 37,6  15,56 37,6 

0ï3 ʀʪʦʛʦ: 6,13 33,5  6,13 33,5 

ɺʩʝʛʦ: 100 45,7  100 45,7 

ʀʪʦʛʦ ʢʣ. 0ï13: 44,52 38,1  44,52 38,1 

 

ɺʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ ʙʦʣʝʝ ʤʝʣʢʠʭ ʢʣʘʩʩʦʚ ï25+0 ʤʤ ʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʟʦʣʴʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʧʘʜʘʥʠʝʤ ʚ ʥʠʭ ʠʟ-ʟʘ 

ʧʝʨʝʠʟʤʝʣʴʯʝʥʠʷ ʭʨʫʧʢʠʭ ʧʦʨʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʚ ʩʨʝʜʥʝʤ ʟʦʣʴʥʦʩʪʴ ʫʛʣʷ ʚ ʵʪʠʭ 

ʢʣʘʩʩʘʭ ʩʦʩʪʘʚʣʷʝʪ 16ï22 %, ʘ ʧʦʨʦʜʳ 45ï62 %. 

 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʨʷʜʦʚʳʭ ʫʛʣʝʡ çʕʢʠʙʘʩʪʫʟʫʛʦʣʴè 

ʂʣʘʩʩ, ʤʤ ʇʨʦʜʫʢʪ 
ɺʳʭʦʜ 

Y, % 

ʉʦʜʝʨʞʘʥʠʝ 

ʟʦʣʳ 

Ad, % 

ʆʙʲʝʜʠʥʝʥʥʳʝ ʧʨʦʜʫʢʪʳ 

ʇʨʦʜʫʢʪ 
ɺʳʭʦʜ 

Y, % 

ʉʦʜʝʨʞʘʥʠʝ 

ʟʦʣʳ, Ad, % 

+100 

ʋʛʦʣʴ 

ʉʨʦʩʪʢʠ 

ʇʦʨʦʜʘ 

1,21 

1,54 

3,02 

16,21 

37,4 

54,8 

ʋʛʦʣʴ+ʩʨʦʩʪʢʠ 

 

ʇʦʨʦʜʘ 

2,75 

 

3,02 

28,08 

 

54,8 

ʀʪʦʛʦ: 5,77 42,14  5,77 42,14 

50ï100 

ʋʛʦʣʴ 

ʉʨʦʩʪʢʠ 

ʇʦʨʦʜʘ 

1,41 

2,81 

7,21 

21,7 

44,2 

53,68 

ʋʛʦʣʴ+ʩʨʦʩʪʢʠ 

 

ʇʦʨʦʜʘ 

32,2 

 

7,21 

34,35 

 

53,68 

ʀʪʦʛʦ: 10,43 47,71  10,43 47,71 

25ï50 

ʋʛʦʣʴ 

ʉʨʦʩʪʢʠ 

ʇʦʨʦʜʘ 

6,81 

5,63 

8,57 

20,6 

48,2 

51,16 

ʋʛʦʣʴ+ʩʨʦʩʪʢʠ 

 

ʇʦʨʦʜʘ 

12,44 

 

8,57 

33,1 

 

51,16 

ʀʪʦʛʦ: 21,01 40,46  21,01 40,46 

+25 

ʋʛʦʣʴ 

ʉʨʦʩʪʢʠ 

ʇʦʨʦʜʘ 

9,43 

8,98 

18,60 

20,20 

45,55 

53,28 

ʋʛʦʣʴ+ʩʨʦʩʪʢʠ 

 

ʇʦʨʦʜʘ 

18,41 

 

18,60 

32,57 

 

53,28 

ʀʪʦʛʦ ʂʣ. + 25: 37,01 42,8  37,01 42,8 

13-25 ʀʪʦʛʦ: 27,16 48,84  27,16 46,84 

6-13 ʀʪʦʛʦ: 21,45 40,81  21,45 40,81 

3-6 ʀʪʦʛʦ: 9,21 35,46  9,21 35,46 

0-3 ʀʪʦʛʦ: 5,17 28,78  5,77 28,76 
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ɺʩʝʛʦ: 100 42,55  100 42,55 

ʀʪʦʛʦ ʢʣ. 0ï13: 32,83 38,86  32,83 38,86 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʥʜʝʥʮʠʷ 

ʧʦʚʳʰʝʥʠʷ ʟʦʣʴʥʦʩʪʠ ʚ ʜʦʙʳʚʘʝʤʳʭ ʫʛʣʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʤʥʦʛʠʭ ʫʛʦʣʴʥʳʭ 

ʙʘʩʩʝʡʥʘʭ: ʇʝʯʝʨʩʢʦʛʦ, ʂʫʟʥʝʮʢʦʛʦ, ʖʞʥʦʷʢʫʪʩʢʦʛʦ, ɺʦʨʢʫʪʠʥʩʢʦʛʦ, ɼʦʥʝʮʢʦʛʦ [1]. 

ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʝ ʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

ʵʢʩʧʣʫʪʘʮʠʦʥʥʳʭ ʧʨʦʙ ɼʦʥʝʮʢʠʭ ʫʛʣʝʡ ʥʝʢʦʪʦʨʳʭ ʤʘʨʦʢ. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʧʦʩʪʨʦʝʥʳ 

ʢʨʠʚʳʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʂʨʠʚʳʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʝʢʦʪʦʨʳʭ ʫʛʣʝʡ ɼʦʥʙʘʩʩʘ: 

1 ï ʤʘʨʢʘ ɻ; 2 ï ʤʘʨʢʘ ʂ; 3 ï ʤʘʨʢʘ ɸ 

 

ʉʦʜʝʨʞʘʥʠʝ ʟʝʨʝʥ ʢʨʫʧʥʦʩʪʴʶ ʙʦʣʝʝ 50 ʤʤ ʚ ʫʛʣʝ ʤʘʨʢʠ ɸ ʩʦʩʪʘʚʣʷʝʪ 28 %, ʯʪʦ 

ʧʦʯʪʠ ʚ ʨʘʟʳ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʷ ʵʪʦʛʦ ʚ ʫʛʣʝ ʤʘʨʢʠ ʂ. ʉʦʜʝʨʞʘʥʠʝ ʞʝ ʢʣʘʩʩʘ ʤʝʥʝʝ 1 

ʤʤ, ʥʘʦʙʦʨʦʪ, ʧʦʯʪʠ 2 ʨʘʟʘ ʚʳʰʝ ʚ ʫʛʣʝ ʤʘʨʢʠ ʂ. 

 

ʊʘʙʣʠʮʘ 3. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʫʛʣʝʡ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ 

 

ʂʨʫʧʥʦʩʪʴ, ʤʤ ɺʳʭʦʜ, % ɿʦʣʴʥʦʩʪʴ, % 

ɹʦʣʝʝ 50 5,1 32,4 

13ï50 13,8 28,6 

3ï13 36,5 24,2 

0ï3 44,7 26,7 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʟʝʨʝʥ ʢʨʫʧʥʦʩʪʴʶ ʙʦʣʝʝ 50 ʤʤ ʚ ʨʷʜʦʚʳʭ (ʈ) 

ʠ ʘʥʪʨʘʮʠʪʘʭ (ɸ) ʩʦʩʪʘʚʣʷʝʪ 32 %, ʘ ʚ ʢʦʢʩʦʚʳʭ (ʂ) ʫʛʣʷʭ 17 %, ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ 

ʟʦʣʳ ʫ ʧʝʨʚʳʭ ʜʚʫʭ (ʈ, ɸ), 24,8, ʘ ʫ (ʂ) 42,4 % ʚ ʤʝʣʢʠʭ ʢʣʘʩʩʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ʚʳʭʦʜ ʤʘʨʦʢ (ʈ, ɸ) ʩʦʩʪʘʚʣʷʝʪ 68 % ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʟʦʣʳ 36,6 %, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫ (ʂ) 83 % ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʳ 23,6 % [2]. 

ɺ ʇʦʜʤʦʩʢʦʚʥʦʤ ʙʘʩʩʝʡʥʝ ʜʦʙʳʚʘʶʪʩʷ ʫʛʣʠ ʩ ʟʦʣʴʥʦʩʪʴʶ 23ï40 %. 
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ʇʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʜʦʙʳʚʘʝʤʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʰʘʭʪʘʭ 

ʇʦʜʤʦʩʢʦʚʥʦʛʦ ʙʘʩʩʝʡʥʘ ʫʛʣʠ ʥʝ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠʷ: ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ 

ʢʨʫʧʥʳʭ ʢʣʘʩʩʦʚ (> 25 ʤʤ) ʢʦʣʝʙʣʝʪʩʷ ʦʪ 49,2 ʜʦ 53,3 %. ɺʳʭʦʜ ʰʪʳʙʘ (ʢʣʘʩʩʘ 0-6 ʤʤ) 

ʩʦʩʪʘʚʣʷʝʪ 21,4ï28,6 %. ɿʦʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʢʨʫʧʥʳʭ 

ʢ ʤʝʣʢʠʤ [1]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʧʫʪʩʪʚʫʶʱʘʷ ʧʦʨʦʜʘ ʨʷʜʘ ʰʘʭʪ ʙʘʩʩʝʡʥʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ ʛʣʠʥ, ʚ ʧʨʦʮʝʩʩʝ ʦʙʦʛʘʱʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢʘʢ ʩʳʨʴʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚ 

ʟʘʢʣʘʜʦʯʥʳʭ ʨʘʙʦʪʘʭ. 

ʅʘ ʰʘʭʪʝ çʆʢʪʷʙʨʴʩʢʘʷè ʆɸʆ çɺʦʨʢʫʪʘʫʛʦʣʴè ʚʳʭʦʜ ʢʣʘʩʩʘ +50 ʤʤ ʩʦʩʪʘʚʣʷʝʪ 

22,87 % ʩ ʟʦʣʴʥʦʩʪʴʶ 92,5 %, ʧʨʠ ʵʪʦʤ ʚ ʵʪʠʭ ʢʣʘʩʩʘʭ ʩʦʜʝʨʞʘʥʠʝ ʥʠʟʢʦʟʦʣʴʥʦʛʦ ʫʛʣʷ 

ʩʦʩʪʘʚʣʷʝʪ 1,5ï1,6 % ʩ ʟʦʣʴʥʦʩʪʴʶ 21 % [2]. 

ɸʥʘʣʠʟ ʛʨʘʥʩʦʩʪʘʚʘ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʬʦʨʤʘʮʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʳ 

ʧʦ ʢʣʘʩʩʘʤ ʢʨʫʧʥʦʩʪʠ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʳʩʦʢʦʟʦʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʢʨʫʧʥʳʭ ʢʣʘʩʩʘʭ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ, ʜʣʷ ʵʪʠʭ 

ʢʣʘʩʩʦʚ, ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʥʠʟʢʦʟʦʣʴʥʳʭ ʫʛʣʝʡ. ʀʥʪʝʨʝʩ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʦʙʦʛʘʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʛʨʘʥʩʦʩʪʘʚ ʠ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ, ʘ ʪʘʢʞʝ 

ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʤʝʣʢʠʭ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʢʘʢʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʧʣʦʪʥʦʛʦ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʚʳʩʦʢʦʡ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʝʛʦ ʫʩʘʜʢʠ.  

ʅʘʨʷʜʫ ʩ ʦʮʝʥʢʦʡ ʛʨʘʥʩʦʩʪʘʚʘ ʠʟʫʯʘʣʠʩʴ ʠ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʦʪʙʠʪʦʛʦ ʫʛʣʷ ʚ 

ʢʨʫʧʥʳʭ ʢʣʘʩʩʘʭ ʢʨʫʧʥʦʩʪʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʶʙʦʛʦ 

ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʨʝʟʢʦ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʟʦʣʳ ʦʪʜʝʣʴʥʳʝ ʢʫʩʢʠ ʠʣʠ ʯʘʩʪʠʮʳ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʩʳʨʴʷ. ʉʘʤʳʡ ʩʦʚʝʨʰʝʥʥʳʡ ʦʙʦʛʘʪʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʜʝʣʝʥʠʝ ʠʟ ʦʪʙʠʪʦʛʦ ʫʛʣʷ ʙʦʛʘʪʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠʣʠ ʢʫʩʢʦʚ, ʤʘʣʦ ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʦʜʠʥ ʦʪ ʜʨʫʛʦʛʦ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʟʦʣʳ. 

ʇʦʵʪʦʤʫ ʩʪʝʧʝʥʴ ʨʘʟʣʠʯʠʷ ʢʫʩʢʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʠʭ ʟʦʣʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʬʦʨʤʘʮʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʦʙʦʛʘʪʠʤʦʩʪɹ . 

ʈʘʟʣʠʯʠʝ ʢʫʩʢʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʠʭ ʟʦʣʳ ʧʨʠʥʷʪʦ ʦʮʝʥʠʚʘʪʴ ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ. 

ʂʦʥʪʨʘʩʪʥʦʩʪʴ ʦʪʙʠʪʦʛʦ ʫʛʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 

ʄ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʦʪʢʣʦʥʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʳ ʚ ʢʫʩʢʘʭ ʦʪ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʳ ʚ ʧʨʦʙʝ. ʆʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ [3, 4]: 
i n

i
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Ŭ Ŭ
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Ŭ
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=
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=
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M  

 

ʛʜʝ a ï ʩʨʝʜʥʷʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʟʦʣʳ ʚ ʧʨʦʜʫʢʪʝ; ia ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʟʦʣʳ ʚ ʦʪʜʝʣʴʥʦʤ 

ʢʫʩʢʝ; imï ʤʘʩʩʘ ʦʪʜʝʣʴʥʦʛʦ ʢʫʩʢʘ; m ï ʤʘʩʩʘ ʚʩʝʡ ʧʨʦʙʳ. 

ɺʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 0 ʜʦ 2. ʇʦ ʚʝʣʠʯʠʥʝ 

ʧʦʢʘʟʘʪʝʣʷ M ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: ʥʝʢʦʥʪʨʘʩʪʥʳʝ (ʄ Ò 0,5); 

ʥʠʟʢʦʥʪʨʘʩʪʥʳʝ (ʄ = 0,5ï0,7); ʢʦʥʪʨʘʩʪʥʳʝ (ʄ = 0,7ï1,1); ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʝ (ʄ = 1,1ï

1,5); ʦʩʦʙʦʢʦʥʪʨʘʩʪʥʳʝ (ʄ ² 1,5). 
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ʆʨʠʝʥʪʠʨʦʚʦʯʥʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 0,4ï0,5, ʦʙʦʛʘʱʝʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. [5] 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʠʢʦʡ ʠʟʫʯʝʥʠʷ ʧʦʢʫʩʢʦʚʦʡ 

ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ ʦʮʝʥʢʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʙʦʛʘʪʠʤʦʩʪʠ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʬʦʨʤʘʮʠʡ 

ʨʘʟʨʝʟʘ ɸʆ çʂʦʨʢʠʥʩʢʠʡè, ɸʆ çʕʢʠʙʘʩʪʫʟʫʛʦʣʴè ʚ ʢʨʫʧʥʦʢʫʩʢʦʚʦʤ ʚʠʜʝ. [6] 

ʋʛʦʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʝʨʝʜʫʶʱʠʝʩʷ ʧʣʘʩʪʳ ʫʛʦʣʴʥʳʭ 

ʠ ʥʝʫʛʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʏʝʤ ʙʦʣʴʰʝ ʜʦʣʷ ʥʝʫʛʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʦʙʲʝʤʝ ʧʣʘʩʪʘ, ʪʝʤ ʙʦʣʴʰʝ 

ʥʝʫʛʦʣʴʥʳʭ ʢʫʩʢʦʚ ʚ ʦʪʙʠʪʦʡ ʛʦʨʥʦʡ ʤʘʩʩʝ, ʪʝʤ ʙʦʣʴʰʝ ʩʢʣʦʥʘ ʛʦʨʥʦʡ ʤʘʩʩʳ ʢ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʦʙʦʛʘʱʝʥʠʶ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ɼʣʷ ʩʣʫʯʘʷ ʯʝʨʝʜʦʚʘʥʠʷ ʫʛʦʣʴʥʳʭ ʠ ʥʝʫʛʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʧʦ ʦʜʥʦʤʫ ʢʣʘʩʩʫ ʢʨʫʧʥʦʩʪʠ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʢʣʘʩʩʘ ï50+25 ʤʤ, ʘ ʜʣʷ ʫʛʣʝʡ ʰʘʭʪʳ 

çʂʦʨʢʠʥʩʢʘʷè ʝʱʝ ʠ ʚ ʢʣʘʩʩʝ ï150+50 ʤʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʦʙʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʢʣʘʩʩʳ ʢʨʫʧʥʦʩʪʠ, ʘ ʠʟ ʥʠʭ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʦʪʦʙʨʘʥʳ ʢʫʩʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʤʝʥʝʝ 100 ʰʪʫʢ. 

ɺʩʝ ʢʫʩʢʠ ʧʦʩʣʝ ʚʟʚʝʰʠʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚʦ 

ʬʨʘʢʮʠʠ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʬʨʘʢʮʠʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʘʥʘʣʠʟʫ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʦʙʦʛʘʱʝʥʠʷ ʨʘʩʩʯʠʪʘʥʳ ʠ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʨʠʩ. 3.  

 
ʈʠʩ. 3. ʂʨʠʚʳʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʫʛʣʷ ʨʘʟʨʝʟʘ çʂʦʨʢʠʥʩʢʠʡè ʢʣʘʩʩʘ ï50+25 ʤʤ 

 

ʂʨʠʚʳʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʦʛʘʱʝʥʠʷ ʦʪ ʛʨʘʥʠʯʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ 

ʟʦʣʳ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ ʢʫʩʢʝ ʫʛʣʷ. 

ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʦʙʦʛʘʱʝʥʠʷ ʫʛʣʝʡ ʠʟʫʯʘʝʤʳʭ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʦʙʦʛʘʱʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʠʠ ʛʨʘʥʠʮ ʩʦʜʝʨʞʘʥʠʷ 

ʟʦʣʳ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʥʘ ʫʨʦʚʥʝ Ad = 6ï10 %, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʭʦʜ ʭʚʦʩʪʦʚ ʦʪ 31ï42 % ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʳ Ad = 55ï89 %.  
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ɺʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠʟʫʯʝʥʥʳʭ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ ʫʛʣʝʡ ʣʝʞʠʪ 

ʚ ʧʨʝʜʝʣʘʭ 0,86ï0,99 ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʥʪʨʘʩʪʥʳʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʭʦʨʦʰʝʡ 

ʦʙʦʛʘʪʠʤʦʩʪʠ ʫʛʣʝʡ ʚ ʢʨʫʧʥʦʢʫʩʢʦʚʦʤ ʚʠʜʝ. [7] 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʚ ʢʣʘʩʩʝ 6ï13 ʤʤ ʜʣʷ ʰʘʭʪʳ çʂʦʨʢʠʥʩʢʘʷè 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʜʣʷ ʵʪʦʛʦ ʢʣʘʩʩʘ ʨʘʚʝʥ 0,96. ʇʨʠ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʟʦʣʝ Ad = 6,5 % ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʦ 34 % ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʫʛʣʝʡ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ Ad = 54,5 %. 

 

ʊʘʙʣʠʮʘ 3. ʄʘʢʩʠʤʘʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ  

ʫʛʣʝʡ 

ʇʨʝʜʧʨʠʷʪʠʝ 

ʂʣʘʩʩ 

ʢʨʫʧʥʦʩʪʠ
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 ʍʚʦʩʪʳ  ʂʦʥʮʝʥʪʨʘʪ  

ɺʳʭʦ

ʜ, 

% 

Ad, % 

ʀʟʚʣʝʯ

ʝʥʠʝ 

Ad, % 

ɺʳʭ

ʦʜ, 

% 

Ad, 

% 

ʀʟʚʣʝʯʝ

ʥʠʝ 

Ad, % 

ʈʘʟʨʝʟ 

çʂʦʨʢʠʥʩʢʠʡ

è 

ï100+50 0,96 42 41,5 89,22 88,16 58,5 8,5 11,84 

ï50+25 0,86 24 35,4 56,86 83,88 64,5 6,0 16,12 

ɸʆ 

çʕʢʠʙʘʩʪʫʟʫʛ

ʦʣèɹ 

 

ï50+25 

 

0,89 

 

29 

 

35,8 

 

66,66 

 

82,29 

 

64,2 

 

8,0 

 

17,71 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʨʘʥʩʦʩʪʘʚ, ʢʨʠʚʳʝ ʦʙʦʛʘʪʠʤʦʩʪʠ ʠ 

ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʫʛʣʝʡ ʤʥʦʛʠʭ ʫʛʦʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʠʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʦʨʪʠʨʦʚʢʠ ʥʘ ʥʠʟʢʦʟʦʣʴʥʳʝ ʠ 

ʚʳʩʦʢʦʟʦʣʴʥʳʝ. 
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ʋʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʜʦʙʳʚʘʝʤʳʭ ʫʛʣʝʡ, ʠʭ ʨʘʟʫʙʦʞʠʚʘʥʠʝ, ʩʚʷʟʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʨʘʟʨʘʙʦʪʢʠ ʫʛʦʣʴʥʳʭ 

ʧʣʘʩʪʦʚ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ [1ï3]. 

ʋʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʫʛʣʝʡ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʭʝʤ ʧʦʜʟʝʤʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʫʛʣʷ ʠ ʠʭ ʫʚʷʟʢʠ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʫʛʦʣʴʥʳʭ 

ʧʣʘʩʪʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʟʝʤʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʧʦʨʦʜʥʳʝ ʦʪʚʘʣʳ ʠ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʫʛʦʣʴʥʦʡ ʤʘʩʩʳ ʦʪ ʦʯʠʩʪʥʦʛʦ 

ʟʘʙʦʷ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʚʳʩʠʪʴ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ 

ʜʝʡʩʪʚʫʶʱʠʭ ʰʘʭʪ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʧʨʘʚʣʝʥʠʝ ʢʨʦʚʣʝʡ ʧʦʣʥʦʡ 

ʟʘʢʣʘʜʢʦʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʠ ʩʜʚʠʞʝʥʠʷ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʶʪʩʷ ʧʨʝʜʣʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʜʟʝʤʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʫʛʣʷ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʧʫʩʪʦʡ ʧʦʨʦʜʳ ʚ ʚʳʨʘʙʦʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʇʨʝʜʣʦʞʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʜʝʣʝʥʠʝ ʚʙʣʠʟʠ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʠʣʠ 

ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. ʈʘʟʜʝʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦ 
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ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʘʧʧʘʨʘʪʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʣʠʯʠʝ ʚʦ ʬʨʠʢʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʫʛʣʝʡ ʠ ʧʦʨʦʜʳ. ʇʨʦʤʳʰʣʝʥʥʘʷ ʤʦʜʝʣʴ ʩʝʧʘʨʘʪʦʨʘ ɹʇʌʉ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ 1. 

ɺ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʘʵʨʘʮʠʦʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ï ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ 

ʯʘʩʪʠʮ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ çʧʘʨʫʩʥʦʩʪʠè ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʩʧʝʢʪʨʘ ʪʨʘʝʢʪʦʨʠʡ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ [4]. 

 

 
ʈʠʩ. 1. ʇʨʦʤʳʰʣʝʥʥʘʷ ʤʦʜʝʣʴ ʙʘʨʘʙʘʥʥʦ-ʧʦʣʦʯʥʦʛʦ ʬʨʠʢʮʠʦʥʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ (ɹʇʌʉ) 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʘʵʨʘʮʠʦʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʙʘʨʘʙʘʥʥʦ-ʧʦʣʦʯʥʦʤ 

ʬʨʠʢʮʠʦʥʥʦʤ ʩʝʧʘʨʘʪʦʨʝ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʩʦʟʜʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ (ɹʇʌʉɸ) ʨʠʩ. 2 [5, 6]. 

ɹʇʌʉɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʧʘʨʘʪʦʨ, ʚʢʣʶʯʘʶʱʠʡ ʥʘʢʣʦʥʥʫʶ ʧʣʦʩʢʦʩʪʴ 1 ʩ 

ʨʝʙʨʘʤʠ 2 ʠ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʪʨʘʤʧʣʠʥ ʩ ʜʝʬʣʝʢʪʦʨʘʤʠ 4, ʫʟʝʣ 3 ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʧʣʦʩʢʦʩʪʠ, ʚʨʘʱʘʶʱʠʡʩʷ ʙʘʨʘʙʘʥ 6, ʩ ʧʦʜʚʠʞʥʳʝ ʜʠʬʬʫʟʦʨʳ 5, ʢʦʞʫʭ 7, 

ʧʨʠʝʤʥʳʝ ʙʫʥʢʝʨʳ ʬʨʠʢʮʠʦʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 9, 10, ʧʨʠʝʤʥʠʢʠ 8 ʜʣʷ ʢʦʥʮʝʥʪʨʘʪʘ 

ʠʟʚʣʝʢʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɹʇʌʉɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʯʝʪʳʨʝʭ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ 

ʯʘʩʪʠʮ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʪʨʫʢʪʫʨʝ ʧʨʠʟʥʘʢʘʤ (ʨʠʩ. 2). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʝʪʳʨʴʤʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ɹʇʌʉɸ 

ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʬʘʟʳ ʜʚʠʞʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʳʨʴʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʯʝʪʳʨʝʤ ʵʪʘʧʘʤ ʝʛʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: 1 ï ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦ 

ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, 2 ï ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʪʨʘʤʧʣʠʥ ʩ ʜʝʬʣʝʢʪʦʨʘʤʠ, 3 ï ʨʘʟʜʝʣʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʩ ʧʦʜʚʠʞʥʳʤ ʜʠʬʬʫʟʦʨʦʤ ʚʝʥʪʠʣʷʪʦʨʘ 

4 ï ʨʘʟʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʙʘʨʘʙʘʥʘ. 

ʄʝʭʘʥʠʟʤ ʨʘʟʜʝʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʥʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʬʘʟʘʭ ʜʚʠʞʝʥʠʷ ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʘʵʨʘʮʠʦʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ [7]. 

ɺ ʩʠʣʫ ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʧʨʦʮʝʩʩʘ 

ʘʵʨʘʮʠʦʥʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʩ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ çʧʘʨʫʩʥʦʩʪʠè ʧʫʪʝʤ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ, 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʘʵʨʦʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʜʚʫʭʬʘʟʥʦʡ ʩʨʝʜʳ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʪʚʝʨʜʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʘʧʨʘʚʣʝʥʥʦʤ 

ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ. 
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ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʝʧʘʨʘʪʦʨʘ ɹʇʌʉɸ 

 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʯʝʪ ʘʵʨʘʮʠʦʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʠʩʭʦʜʥʦʛʦ 

ʩʳʨʴʷ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ çʧʘʨʫʩʥʦʩʪʠè, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʮʝʩʩʫ ʝʛʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʪʨʝʪʝɹʡ ʬʘʟʝ ʜʚʠʞʝʥʠʷ ʚ ɹʇʌʉɸ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

çʧʘʨʫʩʥʦʩʪʠè ʯʘʩʪʠʮ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘ ʚʝʣʠʯʠʥʫ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʠʭ ʩʠʣ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʉʪʦʢʩʘ, ɸʨʭʠʤʝʜʘ ʠ ʄʘʛʥʫʩʘ ʩ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ 

ʩʧʝʢʪʨʦʤ ʪʨʘʝʢʪʦʨʠʠ ʠʭ ʜʚʠʞʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʘʵʨʘʮʠʦʥʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʧʝʨʝʭʦʜʘ ʦʪ ʤʠʢʨʦʫʨʦʚʥʷ, ʪʦ ʝʩʪʴ 

ʜʚʠʞʝʥʠʷ ʦʪʜʝʣʴʥʦʡ ʯʘʩʪʠʮʳ ʢ ʤʘʢʨʦʫʨʦʚʥʶ, ʪʦ ʝʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʚʫʭʬʘʟʥʦʡ ʩʨʝʜʳ 

ʩ ʟʘʜʘʥʥʳʤ ʩʧʝʢʪʨʦʤ çʧʘʨʫʩʥʦʩʪʠè ʪʚʝʨʜʦʡ ʬʘʟʳ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʘʭ ʩʠʣ, ʚʝʣʠʯʠʥʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ 

çʧʘʨʫʩʥʦʩʪʠè ʯʘʩʪʠʮ, ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 

ʜʚʫʭʬʘʟʥʦʡ ʩʨʝʜʳ ʩ ʟʘʜʘʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ çʧʘʨʫʩʥʦʩʪʠè ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʵʥʝʨʛʠʠ, ʥʘʧʨʘʚʣʝʥʠʷ, ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ. ʋʢʘʟʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʢʪʨʘ ʧʘʨʫʩʥʦʩʪʠ ʯʘʩʪʠʮ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ. 

ʆʙʣʘʜʘʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ i-ʷ ʯʘʩʪʠʮʘ ʠʩʭʦʜʥʦʛʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʳʨʴʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʥʝʨʛʠʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʨʘʝʢʪʦʨʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʵʥʝʨʛʠʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʪʦ ʝʩʪʴ ʵʥʝʨʛʠʷ ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ ʩʨʝʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʜʝʣʴʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʝ, ʪʦ ʝʩʪʴ ʜʘʚʣʝʥʠʶ, ʜʝʡʩʪʚʫʶʱʝʤʫ ʥʘ ʝʜʠʥʠʯʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚ 

ʫʢʘʟʘʥʥʦʤ ʦʙʲʝʤʝ. 
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ɼʣʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ çʧʘʨʫʩʥʦʩʪʠè ʥʘ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʮʳ ʠ ʩʧʝʢʪʨʘ çʧʘʨʫʩʥʦʩʪʠè ʥʘ ʩʧʝʢʪʨ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʜʚʫʭʬʘʟʥʦʡ ʩʨʝʜʳ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʚʝʩʪʠ ʢʨʠʪʝʨʠʠ ʘʵʨʘʮʠʦʥʥʦʛʦ ʧʦʜʦʙʠʷ:  

ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʘʮʠʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʝʨʪʠʢʘʣʴʥʫʶ 

ʧʝʨʝʛʨʫʟʢʫ i-ʡ ʯʘʩʪʠʮʳ, ʣʠʙʦ ʜʚʫʭʬʘʟʥʦʡ ʩʨʝʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ: 

 

‌ ;                                                                                                     (1) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʘʵʨʘʮʠʦʥʥʦʡ ʠʥʝʨʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʧʝʨʝʛʨʫʟʢʫ i-ʡ ʯʘʩʪʠʮʳ, ʣʠʙʦ ʜʚʫʭʬʘʟʥʦʡ ʩʨʝʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ: 

 

‍ ̄Ȣ                                                                  (2)  

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʘʵʨʘʮʠʦʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʪʦ ʝʩʪʴ ʘʵʨʦʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

çʧʘʨʫʩʥʦʩʪʠè, ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʯʘʩʪʠʮʳ ʚ ʪʦʯʢʝ 

ʩʭʦʜʘ ɺ ʩ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʪʨʘʤʧʣʠʥʘ 2, ʵʥʝʨʛʠʝʡ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʝʤʥʳʭ ʙʫʥʢʝʨʦʚ 4 ɹʇʌʉɸ, ʚ ʬʘʟʝ ʘʵʨʘʮʠʦʥʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʦʩʪʨʦʠʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘ ʥʝʝ ʩʠʣ ʩ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʳʭ ʚʳʰʝ ʢʨʠʪʝʨʠʝʚ ʘʵʨʘʮʠʦʥʥʦʛʦ ʧʦʜʦʙʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʥʘ ʜʘʥʥʦʡ 

ʬʘʟʝ ʦʢʘʟʳʚʘʶʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʭʘʨʘʢʪʝʨ, ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʝʝ ʧʘʨʫʩʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʯʠʩʣʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʵʨʘʮʠʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʠ ʠʥʝʨʮʠʠ. 

ʉʚʦʙʦʜʥʳʡ ʧʦʣʝʪ ʯʘʩʪʠʮʳ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʥʘ ʪʨʝʪʝʡ 

ʩʪʘʜʠʠ ʜʚʠʞʝʥʠʷ ʚ ɹʇʌʉɸ ʥʘʯʠʥʘʝʪʩʷ ʠʟ ʪʦʯʢʠ ɺ ʩʦ ʩʢʦʨʦʩʪʴʶ ὠˏ, ʪʦ ʝʩʪʴ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ (ʨʠʩ. 3, 4). ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʮʳ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʧʣʦʪʥʦʩʪʠ, ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚʟʘʠʤʥʦʛʦ ʪʨʝʥʠʷ ʠ ʩʪʦʣʢʥʦʚʝʥʠʷ ʯʘʩʪʠʮ 

ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʦ ʩʪʝʥʢʘʤʠ ʘʧʧʘʨʘʪʘ.  

 
ʈʠʩ. 3. ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʝ ʩʠʣ 

ʥʘ ʪʨʝʪʴʝʡ ʬʘʟʝ ʜʚʠʞʝʥʠʷ ʚ ɹʇʌʉɸ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʚʠʞʝʥʠʝ i-ʡ ʯʘʩʪʠʮʳ ʩ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʢʦʨʦʩʪʠ ὠˏ  ʠʟ ʪʦʯʢʠ ɺ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʦʜʲʝʤʥʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ ɾʫʢʦʚʩʢʦʛʦ, ʩʠʣʳ ʄʘʛʥʫʩʘ, 
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ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʝʨʝʧʘʜʦʤ ʩʠʣ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʚ 

ʩʣʝʜʩʪʚʠʠ ʝʸ ʚʨʘʱʝʥʠʷ, ʩʠʣʳ ɸʨʭʠʤʝʜʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʩʢʦʨʝʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʠ 

ʩʠʣʦʡ ʉʪʦʢʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ ʚʦʟʜʫʭʘ.  

ʇʨʠ ʜʚʠʞʝʥʠʠ i-ʡ ʯʘʩʪʠʮʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʦʭ ʥʘ ʥʝʝ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὂ̌, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʢʘʢ ʩʢʦʨʦʩʪʴʶ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ, ʪʘʢ ʠ ʩʢʦʨʦʩʪʴʶ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ.  

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ i-ʡ ʯʘʩʪʠʮʳ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʚ ʧʨʦʝʢʮʠʠ ʥʘ 

ʦʩʴ ʦʭ, ʩʦʚʧʘʜʘʶʱʫʶ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʦʪ ʜʝʡʩʪʚʠʷ 

ʚʝʥʪʠʣʷʪʦʨʦʚ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 

 

Ὂ̌ ά Ὧ“ὶ”̃ ὠ Ὗ , (3) 

 

ʛʜʝ ʢi ï ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ i-ʪʦʡ ʯʘʩʪʠʮʳ; r i ï ʨʘʜʠʫʩ i-ʡ ʯʘʩʪʠʮʳ, ʤ; 

ɟʚ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʢʛ/ʤ
3; ὠ  ï cʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ i-ʡ ʯʘʩʪʠʮʳ, ʤ/ʩ; U ï 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ, ʤ/ʩ; mi = “ὶ” ï ʤʘʩʩʘ i-ʡ ʯʘʩʪʠʮʳ, ʢʛ; ɟi ï ʧʣʦʪʥʦʩʪʴ i-ʡ 

ʯʘʩʪʠʮʳ, ʢʛ/ʤ3. 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ i-ʡ ʯʘʩʪʠʮʳ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ ʦʫ ʠʤʝʝʪ ʚʠʜ: 

 

ά  Ὂ̇ Ὂ̱ Ὂ˞ Ὂ̍ ;       (4) 

 

ʛʜʝ Ὂ̇ ὧ“ὶ”̃ ὠ Ὗ  ï ʩʠʣʘ ɾʫʢʦʚʩʢʦʛʦ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ i-ʶ ʯʘʩʪʠʮʫ; 

Ὂ̱ “ὶ ” ”̃ Ὣï ʩʠʣʘ ɸʨʭʠʤʝʜʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʥʠʟ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ i-ʶ 

ʯʘʩʪʠʮʫ, ʷʚʣʷʶʱʘʷʩʷ ʘʥʘʣʦʛʦʤ ʩʠʣʳ ʪʷʞʝʩʪʠ; 

Ὂ˞ •”̃“–ὶὠ  ï ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʉʪʦʢʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʷʟʢʦʩʪʴʶ ʚʦʟʜʫʭʘ 

ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ; 

Ὂ̍ “”ὶɱ ὠ Ὗ  ï ʩʠʣʘ ʄʘʛʥʫʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʨʘʱʝʥʠʝʤ i-ʡ ʯʘʩʪʠʮ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ;  

ʩi ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ɾʫʢʦʚʩʢʦʛʦ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ i-ʶ ʯʘʩʪʠʮʫ; g ï

 ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʤ/c2; űi ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʯʘʩʪʠʮʳ ʚ ʟʘʢʦʥʝ ʉʪʦʢʩʘ; 

ɖ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʚʦʟʜʫʭʘ, ʤ2/ʩ; ɋi= 
̃

 ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ i-ʡ ʯʘʩʪʠʮʳ, ʩï1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ oy i-ʡ 

ʯʘʩʪʠʮʳ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʠʷ ʩʠʣ ʉʪʦʢʩʘ, ʄʘʛʥʫʩʘ, ɸʨʭʠʤʝʜʘ 

ʠ ɾʫʢʦʚʩʢʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ:  

 

ά ὧ“ὶ”̃ ὠ Ὗ ”̃άὫ  •“–ὶὠ “”̃ὶɱ ὠ Ὗ . (5) 

 

ʉ ʫʯʝʪʦʤ, ʯʪʦ ὠ Ḻ ὠ Ὗ , ʚ ʫʨʘʚʥʝʥʠʷʭ (4), (5) ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ oy. 
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ʉ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʩʠʣ ɾʫʢʦʚʩʢʦʛʦ, ɸʨʭʠʤʝʜʘ, ʉʪʦʢʩʘ ʠ ʄʘʛʥʫʩʘ 

ʩʢʦʨʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ὠ  i-ʡ ʯʘʩʪʠʮʳ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ 

ʧʦʣʫʯʠʤ ʚ ʚʠʜʝ: 

ὠ
ὶ
τ
σὶ

”
”̃ ρή ὶɱÉὠ Ὗ ̒ὠ Ὗ

•–
Ȣ (6) 

ʀʟ ʬʦʨʤʫʣʳ (6) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ Uʦ ʚʥʠʟ, ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ oy ʙʫʜʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʯʘʩʪʠʮʳ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

 

ὶ
̒ὠ Ὗ

τ
σ
ὶ
”
”̃

ρὫ ὠ Ὗ ɱÉ
Ȣ (7) 

 

ʕʥʝʨʛʠʷ i-ʡ ʯʘʩʪʠʮʳ ʧʨʠ ʩʭʦʜʝ ʩ ʥʠʞʥʝʡ ʢʨʦʤʢʠ ɺ ʥʘʢʣʦʥʥʦʡ ʧʦʣʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ὁ
ς

σ
“ὶ”ὠˏȢ (8) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ i-ʡ ʯʘʩʪʠʮʳ ʩʪʘʥʦʚʠʪʩʷ 

ʨʘʚʥʦʡ ʥʫʣʶ ὠ π ʚ ʪʦʯʢʝ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʝʤʥʦʛʦ ʙʫʥʢʝʨʘ 

ɹʇʌʉɸ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʠʟ ʫʩʣʦʚʠʷ: 

ὢ
Ὁ

Ὂ̌
Ȣ (9) 

 

ʉ ʫʯʝʪʦʤ ʬʦʨʤʫʣ (8), (9) ʧʦʣʫʯʠʤ: 

 

ὢ
ςὧὠ̃ ὶ

σ”̃Ὗὧ
Ȣ (10) 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʵʨʘʮʠʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʠ ʠʥʝʨʮʠʠ ʩ ʫʯʝʪʦʤ 

(8), (9), (10) ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʤ ʚ ʚʠʜʝ:  

 

‌ ̍ ̇

ˍ

̖

̃
”ɱÉ

̃
Ƞ                                   (11) 

 

   ‍ ̌

ˍ

̃

̃
.                                                (12) 

 

ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ i-ʡ ʯʘʩʪʠʮʳ ʚ 

ʬʫʥʢʮʠʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʵʨʘʮʠʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʡ (11), (12) 

ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ ʚ ʚʠʜʝ: 

 

ὠ πȟχυ
̃

̃
.                                                     (13) 
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ʌʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥʠʷ ʧʨʠʝʤʥʦʛʦ ʙʫʥʢʝʨʘ ʘʵʨʘʮʠʦʥʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʬʫʥʢʮʠʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʵʨʘʮʠʦʥʥʦʡ ʠʥʝʨʮʠʠ ʧʦʩʣʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ ʚ ʚʠʜʝ: 

ὢ
̃

̃
.                                                              (14) 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʵʨʘʮʠʦʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ 3-ʡ 

ʬʘʟʝ ʜʚʠʞʝʥʠʷ ʚ ɹʇʌʉɸ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

çʧʘʨʫʩʥʦʩʪʠè, ʚʢʣʶʯʘʶʱʘʷ ʫʨʘʚʥʝʥʠʷ (11), (12), (13), (14), ʧʦʟʚʦʣʠʣʘ ʚʩʝʩʪʦʨʦʥʥʝ 

ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʨʘʟʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ʇʨʠ ʵʪʦʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʫʯʠʪʳʚʘʶʪ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʤ ʢʨʠʪʝʨʠʝʤ 

çʧʘʨʫʩʥʦʩʪʠè, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʩʫʱʝʩʪʚʠʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ɹʇʌʉɸ, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʟʘʪʨʘʪʘʭ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʘʢʝʪʦʚ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʨʘʟʜʝʣʝʥʠʶ ʫʛʣʷ (ʪʘʙʣ. 1) ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʨʠʩ. 1.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʫʧʨʫʛʦʩʪʠ ʠ ʪʨʝʥʠʶ ʚ 

ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʜʦʢʘʟʘʣʠ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʫʛʣʷ. 

 

ʊʘʙʣʠʮʘ 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʜʝʣʝʥʠʷ ʫʛʣʝʡ ʢʣʘʩʩʘ ï50+0 ʤʤ ʥʘ ɹʇʌʉ  

(ʣʦʪʦʢïʩʪʘʣʴ, ʙʘʨʘʙʘʥïʩʪʘʣʴ; ʜʠʘʤʝʪʨ ʙʘʨʘʙʘʥʘ 500 ʤʤ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 102 ʦʙ/ʤʠʥ) 

ʄʝʩʪʦʨʦʞʜʝʥ

ʠʝ 

ʇʨʦʜʫʢʪ 

ʨʘʟʜʝʣʝʥʠʷ 

ɺʳʭʦʜ  

ʧʨʦʜʫʢʪʘ, 

% 

ʄʘʩʩʦʚʘʷ 

ʜʦʣʷ ʟʦʣʳ 

ɸd, % 

ʀʟʚʣʝʯʝʥʠʝ 

ʟʦʣʳ 

E, % 

ʈʘʟʨʝʟ 

çʂʦʨʢʠʥʩʢʠʡ

è 

ʂʦʥʮʝʥʪʨʘʪ 48,72 23,4 24,94 

ʍʚʦʩʪʳ 51,28 66,93 75,06 

ʀʪʦʛʦ 100,00 45,72 100,00 

ʕʢʠʙʘʩʪʫʟ 

ʂʦʥʮʝʥʪʨʘʪ 46,38 19,78 21,79 

ʍʚʦʩʪʳ 53,62 61,42 78,21 

ʀʪʦʛʦ 100,00 42,11 100,00 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʦʯʝʪʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʜʚʠʞʝʥʠʷ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ ʧʦ 

ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʜʘʨʘ ʠʭ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʚʨʘʱʘʶʱʝʛʦʩʷ ʙʘʨʘʙʘʥʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʚʝʝʨ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ 

ʫʜʘʨʝ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ ʚ ɹʇʌʉɸ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʛʦʣʴʥʦʛʦ ʩʳʨʴʷ.   
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ʋɼʂ 622.2 

ʇʈʀʄɽʅɽʅʀɽ ʄʆɹʀʃʔʅʓʍ ɼʆɹʓʏʅʓʍ ʇɽʈɽʈɸɹɸʊʓɺɸʖʑʀʍ 

ʂʆʄʇʃɽʂʉʆɺ ʇʈʀ ʆʉɺʆɽʅʀʀ ʊʈʋɼʅʆɼʆʉʊʋʇʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

 

ɹʆʏʂʆɺ ɺ. ʉ., ɹʆʏʂʆɺɸ ʂ. ɺ. 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦʩʪʝʧʝʥʥʦʝ ʦʙʝʜʥʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʦʙʞʠʪʳʭ ʨʘʡʦʥʘ ʧʨʠʚʦʜʠʪ ʢ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʩʚʦʝʥʠʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʧʦʥʠʤʘʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʦʩʪʫʧ, ʢ ʢʦʪʦʨʳʤ ʟʘʪʨʫʜʥʸʥ ʧʦ 

ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤ ʘʥʘʣʠʟ ʠ ʧʨʦʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʩʚʦʝʥʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɹʦʣʝʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʠ ʧʦʣʫʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʨʦʙʠʣʴʥʦ-ʩʦʨʪʠʨʦʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʨʫʜʦʧʦʜʛʦʪʦʚʢʠ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʝ ʛʦʨʥʳʤ ʠ 

ʜʨʦʙʠʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʝʛʦ ʬʘʢʪʠʯʝʩʢʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʝʟʜʦʚ ʚ ʦʪʜʘʣʸʥʥʳʝ ʨʘʡʦʥʳ ʤʦʙʠʣʴʥʦʡ ʩʝʨʚʠʩʥʦʡ 

ʩʣʫʞʙʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʙʳʯʘ, ʜʨʦʙʣʝʥʠʝ, ʜʦʙʳʯʘ, ʜʨʦʙʠʣʢʠ, ʩʦʨʪʠʨʦʚʢʘ, ʤʦʥʠʪʦʨʠʥʛ, 

ʫʜʘʣʸʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. 

 

APPLICATION OF MOBIL E PRODUCTION AND PROCESSING COMPLEXES IN 

THE DEVELOPMENT OF H ARD TO ACCESS DEPOSITS 

 

BOCHKOV V. S., BOCHKOVA K. V. 

Ural State Mining University 

 

Abstract. Gradual depletion of deposits in populated areas leads to the need to search for 

technologies, equipment for the development of hard-to-reach deposits, which refers to deposits that 

are difficult to access due to the lack of appropriate infrastructure. To develop such deposits, it is 

necessary to analyze and develop new approaches to the development of deposits. Wider use of mobile 

and semi-stationary crushing and screening equipment. Transfer of ore preparation on a certain scale 

directly to the deposit. Use of remote telecommunication technologies to control mining and crushing 

equipment. The use of monitoring systems for the condition of the main components of the equipment 

used to implement maintenance of equipment according to its actual condition and reduce the number 

of trips to remote areas of the mobile service. 

Keywords: mining, crushing, mining, crushers, sorting, monitoring, remote control. 

 

ɿʘʜʘʯʠ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʈʌ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʦʙʝʜʥʝʥʠʝʤ 

ʨʫʜʳ ʚ ʦʙʞʠʪʳʭ ʨʘʡʦʥʘʭ ʈʌ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʩʚʦʝʥʠʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʩʥʦʚʥʳʤ ʪʦʨʤʦʟʦʤ ʧʨʠ ʠʭ ʦʩʚʦʝʥʠʠ ʷʚʣʷʶʪʩʷ ʥʝʨʘʟʚʠʪʦʩʪʴ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʦʪʩʫʪʩʪʚʠʝ ʞ/ʜ ʠ ʧʨʠʛʦʜʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʝʡ ʠ ʪ.ʜ.). ʊʘʢʞʝ, ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʤʘʣʦ ʦʙʞʠʪʦʩʪʴ ʵʪʠʭ ʨʝʛʠʦʥʦʚ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʩʫʪʩʪʚʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʣʘʥʠʨʫʝʤʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʜʦʙʳʯʝ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʜʦʙʳʯʠ ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ ʪʨʝʙʫʝʪʩʷ ʧʦʜʜʝʨʞʢʘ 

ʛʦʩʫʜʘʨʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʩʥʦʚʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɸ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʧʝʨʩʦʥʘʣʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʘʭʪʦʚʳʡ ʤʝʪʦʜ. 
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ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʝʛʠʦʥʘʭ ʩʦʟʜʘʥʠʝ ʛʦʨʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴʩʷ ʜʦʙʳʯʝʡ ʠ ʨʫʜʦʧʦʜʛʦʪʦʚʢʦʡ, ʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʦ ʦʙʦʛʘʱʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʠʭ ʟʘʛʨʫʟʢʫ ʧʨʠ ʠʩʪʦʱʝʥʠʠ 

ʙʣʠʟʣʝʞʘʱʠʭ ʢ ʥʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʪʘʢʦʡ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ ʥʘ 

ʉʨʝʜʥʝʤ ʋʨʘʣʝ ʧʣʘʥʠʨʫʝʪ ʧʨʠʤʝʥʠʪʴ ʭʦʣʜʠʥʛ ʋɻʄʂ ʥʘ ʐʝʤʫʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʩʝʚʝʨʝ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʦʙʨʘʪʴ ʠ ʦʙʦʩʥʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʩʪʨʦʠʪʴ ʝʛʦ 

ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʮʝʧʦʯʢʫ. 

ʈʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ 

ʦʪʜʘʣʸʥʥʳʭ ʨʝʛʠʦʥʘʭ ʥʘʰʝʡ ʩʪʨʘʥʳ ʥʘʯʘʣʠʩʴ ʝʱʝ ʚ 1970ï1980-ʝ ʛʦʜʳ. ʆʩʥʦʚʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦʡ ʤʳʩʣʠ ʙʳʣʦ: 

ï ʩʥʠʞʝʥʠʝ ʢʨʫʧʥʦʩʪʠ ʧʦʨʦʜʳ ʚ ʟʘʙʦʝ, ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʵʢʩʢʘʚʘʪʦʨʘ; 

ï ʪʘʢ ʢʘʢ ʜʨʦʙʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʦʨʦʞʝ ʜʨʦʙʣʝʥʠʷ ʚʟʨʳʚʦʤ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʚʚʝʩʪʠ ʢʦʥʪʨʦʣʴ ʥʝʛʘʙʘʨʠʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ 

ʚʟʨʳʚʦʤ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʛʨʦʭʦʪʦʤ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ, ʚʦʟʤʦʞʥʦ, 

ʧʨʠʤʝʥʷʪ ʧʦʣʫʩʪʘʮʠʦʥʘʨʥʳʝ ʛʨʦʭʦʪʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʟʨʳʚʘ ʜʣʷ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʩʧʦʩʦʙʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ 

ʠʟʜʝʨʞʢʠ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʘ ʫʩʪʘʥʦʚʢʘ ʜʨʦʙʠʣʢʠ (ʩʪʘʮʠʦʥʘʨʥʦʡ ʠʣʠ 

ʧʦʣʫʩʪʘʮʠʦʥʘʨʥʦʡ) ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʨʴʝʨʝ ʠʣʠ ʥʘ ʙʦʨʪʫ ʢʘʨʴʝʨʘ. ʅʝʦʙʭʦʜʠʤʦ 

ʩʪʨʝʤʠʪʴʩʷ ʢ ʧʦʣʫʯʝʥʠʶ ʨʫʜʳ ʨʘʟʤʝʨʦʤ 3ï5 ʤʤ, ʵʪʦ ʧʦʟʚʦʣʠʪ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ 

ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʥʘ ʦʩʥʦʚʥʫʶ ʦʙʦʛʘʪʠʪʝʣʴʥʫʶ ʬʘʙʨʠʢʫ ʠʟʙʝʞʘʪʴ ʧʳʣʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʳ ʤʦʙʠʣʴʥʳʝ 

ʜʨʦʙʠʣʴʥʦ-ʩʦʨʪʠʨʦʚʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʨʠʩ. 1), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʥʘ ʥʝʙʦʣʴʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

(ʩʨʦʢ ʨʘʟʨʘʙʦʪʢʠ ʜʦ 25 ʣʝʪ). ɼʣʷ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʮʠʦʥʘʨʥʦʝ ʠʣʠ ʧʦʣʫʩʪʘʮʠʦʥʘʨʥʦʝ ʜʨʦʙʠʣʴʥʦ-ʩʦʨʪʠʨʦʚʦʯʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʠʩ. 2. 

ʊʘʢʞʝ ʜʣʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠʜʠʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʝ 

ʛʦʨʥʳʤ ʠ ʜʨʦʙʠʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʝʛʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʝʟʜʦʚ ʚ 

ʦʪʜʘʣʸʥʥʳʝ ʨʘʡʦʥʳ ʤʦʙʠʣʴʥʦʡ ʩʝʨʚʠʩʥʦʡ ʩʣʫʞʙʳ.  

ʋʩʣʦʚʠʷ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʘʢʪʠʚʥʦ ʤʝʥʷʶʪʩʷ, 

ʦʩʦʙʝʥʥʦ ʚ ʥʘʰʝ ʚʨʝʤʷ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ 

ʚʦʟʨʘʩʪʘʶʱʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʆʥʠ ʫʩʣʦʞʥʷʶʪʩʷ ʠʟ-ʟʘ ʪʘʢʠʭ, ʥʘʧʨʠʤʝʨ, 

ʬʘʢʪʦʨʦʚ, ʢʘʢ ʩʤʝʱʝʥʠʝ ʨʘʡʦʥʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʟʦʥʳ ʩʫʨʦʚʦʛʦ ʢʣʠʤʘʪʘ, ʨʦʩʪʘ ʦʙʲʝʤʦʚ 

ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ, ʦʙʲʝʤʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠʟ-ʟʘ ʨʦʩʪʘ ʧʦʪʨʝʙʥʦʩʪʠ 

ʚ ʩʳʨʴʝ ʠ ʦʙʝʜʥʝʥʠʷ ʨʫʜ, ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʛʣʫʙʦʢʠʝ ʠ ʩʚʝʨʭʛʣʫʙʦʢʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʢʘʨʴʝʨʦʚ, ʪʨʫʜʥʦʩʪʠ ʦʙʦʛʘʱʝʥʠʷ ʧʨʠ 

ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʫʜ ʠ ʪ. ʜ. 
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ʈʠʩ. 1. ʇʨʠʤʝʨ ʤʦʙʠʣʴʥʦʛʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ 

 

 
ʈʠʩ. 2. ʇʦʣʫʩʪʘʮʠʦʥʘʨʥʳʡ ʜʨʦʙʠʣʴʥʦ-ʩʦʨʪʠʨʦʚʦʯʥʳʡ ʢʦʤʧʣʝʢʩ 

 

ʋʜʦʚʣʝʪʚʦʨʝʥʠʝ ʥʫʞʜ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʦʙʠʣʴʥʦ-ʠʟʤʝʣʴʯʠʪʝʣʴʥʦʛʦ ʠʣʠ ʜʨʦʙʠʣʴʥʦ-ʨʘʟʤʦʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ (ɼʈʆ) ʚʦʟʤʦʞʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ, ʘ ʚ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ ʚʳʥʫʞʜʝʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʙʘʟʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʜʦʣʞʥʦ ʜʦʩʪʠʛʘʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʤʝʨʘʤʠ (ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʜʨʦʙʣʝʥʠʷ ʠ 

ʠʟʤʝʣʴʯʝʥʠʷ, ʧʝʨʝʥʦʩ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʚ ʢʘʨʴʝʨ), ʧʦʚʳʰʝʥʠʝʤ ʝʜʠʥʠʯʥʦʡ 

ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʦʨʝʥʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʫʜʦʧʦʜʛʦʪʦʚʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʤʘʰʠʥ ʥʘ ʙʘʟʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʨʦʙʠʣʴʥʦ-ʠʟʤʝʣʴʯʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʘ ʨʘʟʚʠʪʠʝ ɼʈʆ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʨʘʟʚʠʪʠʝ ʬʦʥʘ ï ʩʤʝʞʥʳʭ ʠ ʦʩʥʦʚʥʳʭ 

ʦʙʲʝʢʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʤʘʰʠʥ. 

ʇʨʠ ʧʨʦʛʥʦʟʝ ʧʨʠʥʷʪʦ, ʯʪʦ ʛʨʘʥʠʯʥʳʤʠ ʤʘʰʠʥʘʤʠ ʜʨʦʙʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʠʩʧʳʪʳʚʘʶʱʠʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʬʦʥʘ, ʷʚʣʷʶʪʩʷ ʜʨʦʙʠʣʢʠ ʢʨʫʧʥʦʛʦ 

ʜʨʦʙʣʝʥʠʷ (ʂʂɼ) ʠ ʜʨʦʙʠʣʢʠ ʤʝʣʢʦʛʦ ʜʨʦʙʣʝʥʠʷ (ʂʄɼ). 
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ɼʨʦʙʠʣʢʠ ʂʂɼ, ʛʨʘʥʠʯʘʱʠʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʚʳʝʤʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘ ʛʦʨʥʦʡ ʤʘʩʩʳ, 

ʠʩʧʳʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʠʤʝʥʥʦ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ɼʨʦʙʠʣʢʠ ʂʄɼ, ʟʘʚʝʨʰʘʶʱʠʝ ʧʨʦʮʝʩʩ 

ʜʨʦʙʣʝʥʠʷ, ʨʘʟʚʠʚʘʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ. 

ɼʨʦʙʠʣʢʠ ʚʪʦʨʠʯʥʦʛʦ ʢʨʫʧʥʦʛʦ ʜʨʦʙʣʝʥʠʷ (ʂʈɼ) ʠ ʩʨʝʜʥʝʛʦ ʜʨʦʙʣʝʥʠʷ (ʂʉɼ) 

çʚʦʩʧʨʠʥʠʤʘʶʪè ʫʨʦʚʝʥʴ ʜʨʦʙʠʣʦʢ ʂʂɼ ʠ ʂʄɼ. 

ʄʝʣʴʥʠʮʳ ʚ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ ʟʘʚʠʩʷʪ ʦʪ ʥʫʞʜ ʧʨʦʮʝʩʩʘ ʦʙʦʛʘʱʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʦʙʟʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʜʨʦʙʠʣʴʥʦ-

ʨʘʟʤʦʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʠʜʪʠ ʥʘ ʙʘʟʝ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ: 

ï ʨʘʟʨʘʙʦʪʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʳʤ ʠ ʧʦʣʫʩʪʘʮʠʦʥʘʨʥʳʤ 

ʢʘʨʴʝʨʥʳʤ ʜʨʦʙʠʣʴʥʳʤ ʫʩʪʘʥʦʚʢʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ï ʚʳʷʚʣʝʥʳ ʚʦʧʨʦʩʳ ʠ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʠ ʦʩʚʦʝʥʠʷ ʜʨʦʙʠʣʦʢ ʟʘʚʝʨʰʘʶʱʠʭ 

ʩʪʘʜʠʡ ʜʨʦʙʣʝʥʠʷ, ʤʝʣʴʥʠʮ ʩ ʤʝʣʶʱʠʤʠ ʪʝʣʘʤʠ ʠ ʩʘʤʦʠʟʤʝʣʴʯʝʥʠʷ; 

ï ʦʮʝʥʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʤʝʶʱʠʭʩʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʝʜʣʦʞʝʥʠʡ; 

ï ʦʧʨʝʜʝʣʝʥʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʨʦʙʠʣʴʥʦ-ʨʘʟʤʦʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ; 

ï ʦʧʨʝʜʝʣʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʝ 

ʛʦʨʥʳʤ ʠ ʜʨʦʙʠʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʝʛʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʝʟʜʦʚ ʚ 

ʦʪʜʘʣʸʥʥʳʝ ʨʘʡʦʥʳ ʤʦʙʠʣʴʥʦʡ ʩʝʨʚʠʩʥʦʡ ʩʣʫʞʙʳ. 
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ʇʈʆʄʓʐʃɽʅʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʆ ʀɿʋʏɽʅʀʖ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ɻʈʆʍʆʏɽʅʀʗ ʇɽʉʂʆɺ ʇʈʀ ɺʅɽɼʈɽʅʀʀ ɺ ʉʍɽʄʋ ʇʈʆʄʓɺʆʏʅʓʍ 

ʋʉʊɸʅʆɺʆʂ ɻʈʆʍʆʊɸ ɻʀʊ-32 

 

ʂʆʈʆʉʊʆɺɽʅʂʆ ɺ. ɺ., ʄɽɼɺɽɼʔ ʅ. ɺ., ʄʆʈʆɿʆɺɸ ɽ. ʃ., ʄʆʈʆɿʆɺ ɺ. ʅ. 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʦʭʦʯʝʥʠʷ 

ʣʝʛʢʦʧʨʦʤʳʚʠʩʪʳʭ ʧʝʩʢʦʚ ʧʨʠ ʙʫʣʴʜʦʟʝʨʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʨʦʩʩʳʧʝʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʦʭʦʯʝʥʠʷ 

ʥʘ ʛʨʦʭʦʪʝ ɻʀʊ-32 ʩʦʩʪʘʚʠʣʘ 95,6-96,6 %, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʨʦʭʦʯʝʥʠʷ ʚ ʩʢʨʫʙʙʝʨʘʭ ɸʉʂ-700 ʠ ɸʉʂ-1200, ʨʘʚʥʫʶ 90 %. ʇʦʪʝʨʠ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ 

ʛʘʣʝʡ ʩʦʩʪʘʚʠʣʠ 11 ʛ/ʤ3 ʧʨʠ ʚʳʭʦʜʝ 74 % ʦʪ ʧʠʪʘʥʠʷ ʛʨʦʭʦʪʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʛʨʦʭʦʪʘ ɻʀʊ-32 ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʦʤʳʚʦʯʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʇɻʉ-700 ʠ ʇʂʉ-1200 ʚʤʝʩʪʦ ʩʢʨʫʙʙʝʨʦʚ ɸʉʂ-700 

ʠ ɸʉʂ-1200 ʧʨʠ ʚʦʚʣʝʯʝʥʠʠ ʚ ʨʘʟʨʘʙʦʪʢʫ ʙʝʜʥʳʭ ʣʝʛʢʦʧʨʦʤʳʚʠʩʪʳʭ ʧʝʩʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʩʩʳʧʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʤʝʪʘʣʣʦʥʦʩʥʳʝ ʧʝʩʢʠ, ʛʨʦʭʦʯʝʥʠʝ, 

ʜʝʟʠʥʪʝʛʨʘʮʠʷ, ʩʢʨʫʙʙʝʨ, ʧʨʦʤʳʚʦʯʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʥʘʜʨʝʰʝʪʥʳʡ ʠ ʧʦʜʨʝʰʝʪʥʳʡ ʧʨʦʜʫʢʪ. 
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Abstract. The article presents the results of an industrial study of the screening of easily 

washed sands during the bulldozing of placers. The screening efficiency for the GIT32 screen was 

95.6-96.6%, which significantly exceeds the screening efficiency in the ASK-700 and ASK-1200 

scrubbers, equal to 90%. The losses of the useful component with the galley amounted to 11 g/m3 at 

the output of 74% of the screen power. Based on the results of industrial tests of the GIT-32 vibrating 

screen, it was concluded that it is advisable to use it on the washing plants PGS-700 and PKS-1200 

instead of the ASK-700 and ASK-1200 scrubbers when involving poor easy-to-wash sands in the 

development. 

Keywords: placer deposit, metalliferous sands, screening, disintegration, scrubber, washing 

plant, over-lath and under-lath product. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʨʦʭʦʯʝʥʠʝ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʧʝʩʢʦʚ ʚ ʧʨʦʤʳʚʦʯʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʢʨʫʙʙʝʨʘʭ ɸʉʂ-700, ɸʉʂ-1200. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʨʦʭʦʯʝʥʠʷ ʚ ʵʪʠʭ ʩʢʨʫʙʙʝʨʘʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ 

ʧʨʦʤʳʚʢʝ ʯʘʩʪʠ ʪʦʨʬʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʨʘʟʨʘʙʦʪʢʫ, ʥʝ ʧʨʝʚʳʰʘʝʪ 90 % [1]. ʉ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʨʦʭʦʯʝʥʠʷ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʧʝʩʢʦʚ ʚ ʩʭʝʤʝ ʧʨʦʤʳʚʦʯʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʇʂʉ-700 ʠ ʇʂʉ-1200 ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʚʠʙʨʘʮʠʦʥʥʳʝ ʛʨʦʭʦʪʘ ɻʀʊ-32. 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʛʨʦʭʦʪʘ ɻʀʊ-32 ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʨʘʟʜʝʣʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʧʦ ʢʣʘʩʩʘʤ ʢʨʫʧʥʦʩʪʠ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʨʦʭʦʪʘ ɻʀʊ-

32 ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʧʨʦʤʳʚʦʯʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʩʢʨʫʙʙʝʨʦʚ ɸʉʂ-700 ʠ ɸʉʂ-1200 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʄʘʪʝʨʠʘʣ ʥʘ ʛʨʦʭʦʪ ɻʀʊ-32 ʧʦʜʘʚʘʣʩʷ ʣʝʥʪʦʯʥʳʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʜʣʷ 

ʛʨʦʭʦʯʝʥʠʷ ʧʦ ʢʣʘʩʩʫ 13 ʤʤ. ʅʘʜʨʝʰʝʪʥʳʡ ʧʨʦʜʫʢʪ ʛʨʦʭʦʪʘ, ʩʦʛʣʘʩʥʦ 
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ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʥʝ ʩʦʜʝʨʞʘʣ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʧʦʵʪʦʤʫ 

ʥʘʧʨʘʚʣʷʣʩʷ ʚ ʦʪʚʘʣ. ʇʦʜʨʝʰʝʪʥʳʡ ʧʨʦʜʫʢʪ ï13 ʤʤ ʧʦʜʘʚʘʣʩʷ ʥʘ ʦʪʩʘʜʦʯʥʫʶ ʤʘʰʠʥʫ 

ʄʆɼ-4ʄ, ʘ ʧʦʜʨʝʰʝʪʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʦʪʩʘʜʢʠ ï ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʩʪʦʣ ʉʂʄ-1-ɸ. 

ʂʦʥʮʝʥʪʨʘʪʳ ʦʪʩʘʜʦʯʥʳʭ ʤʘʰʠʥ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʩʪʦʣʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʝʟʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ 60 % ʥʘʧʨʘʚʣʷʣʠʩʴ ʚ ʩʫʰʠʣʴʥʦ-ʢʚʘʨʪʦʚʦʯʥʳʡ ʮʝʭ. 

 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʨʦʭʦʪʦʚ 

ʇʦʢʘʟʘʪʝʣʠ 
ʊʠʧ ʛʨʦʭʦʪʘ 

ɻʀʊ-32 ɸʉʂ-1200 ɸʉʂ-700 

ʇʘʩʧʦʨʪʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʤ3/ʯ 70 75 50 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʨʫʧʥʦʩʪʴ ʧʠʪʘʥʠʷ, ʤʤ 100 600 600 

ɼʣʠʥʘ ʩʝʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʤ 2500 2730 2100 

ʄʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ, ʢɺʪ 3,8 30 17 

ʄʘʩʩʘ, ʢʛ 1390 6300 5040 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʤʤ: 

    ʜʣʠʥʘ 

    h ʠʨʠʥʘ 

    ʚr ʩʦʪʘ 

 

2690 

1860 

1450 

 

8760 

4930 

5405 

 

7650 

4760 

5400 

ɹʘʣʘʥʩʦʚʘʷ ʩʪʦʠʤʦʩʪʴ, ʨʫʙ.* 6120 23 761 21 920 
 

               *ʇʦ ʮʝʥʘʤ 1991 ʛʦʜʘ. 

  

ʉ ʮʝʣʴʶ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʨʦʭʦʯʝʥʠʷ ʥʘ ʧʨʦʤʳʚʦʯʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ ʧʨʦʚʦʜʠʣʦʩʴ ʦʧʨʦʙʦʚʘʥʠʝ ʧʠʪʘʥʠʷ ʛʨʦʭʦʪʘ ʠ ʥʘʜʨʝʰʝʪʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʥʘʛʨʫʟʢʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʪʘʥʘʚʣʠʚʘʣʩʷ ʢʦʥʚʝʡʝʨ ʠ ʩʪʘʢʝʨ.  ʇʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʩ ʢʦʥʚʝʡʝʨʘ 

(ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ) ʠ ʩʪʘʢʝʨʘ (ʥʘʜʨʝʰʝʪʥʳʡ ʧʨʦʜʫʢʪ), ʟʘʤʝʨʷʣʠʩʴ ʦʙʲʝʤ ʧʨʦʙ ʠ ʜʣʠʥʘ 

ʢʦʥʚʝʡʝʨʘ, ʩ ʢʦʪʦʨʦʛʦ ʦʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ.  ʇʦʩʣʝʜʫʶʱʠʡ ʦʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʝʝ ʩʪʘʙʠʣʠʟʘʮʠʠ.  ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʲʝʤʘ ʧʨʦʙ ʚ ʧʣʦʪʥʦʡ 

ʤʘʩʩʝ ʚʚʝʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʨʳʭʣʝʥʠʷ: ʜʣʷ ʛʘʣʠ ï 1,5; ʜʣʷ ʧʝʩʢʦʚ ï 1,1; ʜʣʷ ʵʬʝʣʝʡ 

ï 1,3.  ʇʘʨʘʤʝʪʨʳ ʦʧʨʦʙʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʢʣʘʩʩʘ ï13 ʤʤ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʩʝʚ ʧʨʦʙ ʩʠʪʦʤ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ 13 ʤʤ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʲʝʤʘ ʚ ʧʣʦʪʥʦʡ ʤʘʩʩʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʨʳʭʣʝʥʠʷ 1,3. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʩʩʝʚʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʨʦʭʦʯʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3.  ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʤʝʪʘʣʣʘ ʩ ʥʘʜʨʝʰʝʪʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʛʨʦʭʦʪʘ ʤʘʪʝʨʠʘʣ ʚ ʠʩʭʦʜʥʦʤ ʧʠʪʘʥʠʠ ʠ ʥʘʜʨʝʰʝʪʥʳʡ ʧʨʦʜʫʢʪ ʙʳʣʠ ʦʪʤʳʪʳ ʥʘ ʣʦʪʢʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʤʳʚʢʠ ʧʨʦʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3-4. ʈʘʩʯʝʪ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʚʝʡʝʨ ʠ 

ʩʪʘʢʝʨ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩʦʛʣʘʩʥʦ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʨʫʢʦʚʦʜʩʪʚʫ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʨʦʤʳʚʦʯʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦ ʬʦʨʤʫʣʝ: 
 

   Q = 3600 Ͻ(V/ L) Ͻ C,                              (1) 
 

ʛʜʝ    Q ï ʥʘʛʨʫʟʢʘ ʥʘ ʢʦʥʚʝʡʝʨ ʠ ʩʪʘʢʝʨ, ʤ3/ʯ; 

       V ï ʦʙʲʝʤ ʧʨʦʙʳ ʚ ʧʣʦʪʥʦʡ ʤʘʩʩʝ, ʤ3; 

       L ï ʜʣʠʥʘ ʫʯʘʩʪʢʘ, ʩ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʙʘ, ʤ; 

       C ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʝʥʪʳ, ʤ3/ʩ. 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʦʭʦʯʝʥʠʷ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ, 
 

   E = (‌- V) Ͻ100 / ‌,                      (2) 
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ʛʜʝ    E ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʦʭʦʯʝʥʠʷ, %; 

    ‌, V ï ʚʳʭʦʜ ʧʦ ʦʙʲʝʤʫ ʬʨʘʢʮʠʡ ʤʝʣʴʯʝ ʨʘʟʤʝʨʘ ʦʪʚʝʨʩʪʠʡ ʛʨʦʭʦʪʘ ʚ ʠʩʭʦʜʥʳʭ 

ʧʝʩʢʘʭ ʠ ʚ ʛʘʣʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, %. 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʨʦʭʦʯʝʥʠʷ ʦʪ ʥʘʛʨʫʟʢʠ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ:  

  

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʤ3/ʯ ééé... 46,0 44,1 40,2 38,6 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʦʭʦʯʝʥʠʷ, % é...        95,6 95,8 96,5 96,6 

  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʦʭʦʯʝʥʠʷ ʥʘ ʛʨʦʭʦʪʝ ɻʀʊ-32 ʩʦʩʪʘʚʠʣʘ 95,6-96,6 %, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʦʭʦʯʝʥʠʷ ʚ ʩʢʨʫʙʙʝʨʘʭ ɸʉʂ-700 ʠ ɸʉʂ-1200, 

ʨʘʚʥʫʶ 90 %. ʇʦʪʝʨʠ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʛʘʣʝʡ ʩʦʩʪʘʚʠʣʠ 11 ʛ/ʤ3 ʧʨʠ ʚʳʭʦʜʝ 74 % 

ʦʪ ʧʠʪʘʥʠʷ ʛʨʦʭʦʪʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʛʨʦʭʦʪʘ 

ɻʀʊ-32 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʦʤʳʚʦʯʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ ʇɻʉ-700 ʠ ʇʂʉ-1200 ʚʤʝʩʪʦ ʩʢʨʫʙʙʝʨʦʚ ɸʉʂ-700 ʠ ɸʉʂ-1200 ʧʨʠ 

ʚʦʚʣʝʯʝʥʠʠ ʚ ʨʘʟʨʘʙʦʪʢʫ ʙʝʜʥʳʭ ʣʝʛʢʦʧʨʦʤʳʚʠʩʪʳʭ ʧʝʩʢʦʚ. 

 

ʊʘʙʣʠʮʘ 2. ʆʧʨʦʙʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʛʨʦʭʦʯʝʥʠʷ ʥʘ ɻʀʊ-32 

 

ʅʦʤʝʨ 

ʧʨʦʙʳ 

ʄʝʩʪʦ 

ʦʪʙʦʨʘ 

ʧʨʦʙ 

ɼʣʠʥʘ 

ʫʯʘʩʪʢʘ 

ʣʝʥʪʳ, ʤ 

ʉʢʦʨʦʩʪʴ 

ʣʝʥʪʳ, ʤ/ʩ 

ʆʙʲʝʤ 

ʧʨʦʙʳ, ʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʨʘʟʨʳʭʣʝʥʠʷ 

ʆʙʲʝʤ 

ʧʨʦʙʳ ʚ 

ʧʣʦʪʥʦʡ 

ʤʘʩʩʝ 

ʇʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ, 

ʤ3/ʯ 

1 
ʂʦʥʚʝʡʝʨ 

ʉʪʘʢʝʨ 

7,42 

23,64 

1,54 

1,54 

0,065 

0,0725 

1,1 

1,5 

0,059 

0,048 

44,1 

11,3 

ʇ 
ʂʦʥʚʝʡʝʨ 

ʉʪʘʢʝʨ 

10,48 

22,32 

1,54 

1,54 

0,03 

0,65 

1,1 

1,5 

0,073 

0,043 

38,6 

10,7 

ʐ 
ʂʦʥʚʝʡʝʨ 

ʉʪʘʢʝʨ 

9,88 

23,29 

1,54 

1,54 

0,09 

0,0925 

1,1 

1,5 

0,082 

0,062 

46,0 

14,8 

1ʋ 
ʂʦʥʚʝʡʝʨ 

ʉʪʘʢʝʨ 

9,38 

22,29 

1,54 

1,54 

0,075 

0,0825 

1,1 

1,5 

0,068 

0,055 

40,2 

13,7 

 

 

ʊʘʙʣʠʮʘ 3. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʦʭʦʯʝʥʠʷ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʧʝʩʢʦʚ 

ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʛʨʦʭʦʪʝ ɻʀʊ-32 

 

ʅʦʤʝʨ 

ʧʨʦʙʳ 

ʄʝʩʪʦ 

ʦʪʙʦʨʘ 

ʧʨʦʙ 

ʆʙʲʝʤ 

ʧʨʦʙʳ ʚ 

ʧʣʦʪʥʦʡ 

ʤʘʩʩʝ 

ʆʙʲʝʤ ʢʣʘʩʩʘ -

13 ʤʤ ʚ ʨʳʭʣʦʡ 

ʤʘʩʩʝ, ʤ 

ʆʙʲʝʤ ʢʣʘʩʩʘ -

13 ʤʤ ʚ ʧʣʦʪʥʦʡ 

ʤʘʩʩʝ, ʤ 

ʉʦʜʝʨʞʘʥʠʝ 

ʢʣʘʩʩʘ ï13 ʤʤ 

ʚ ʧʨʦʙʝ, % 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʨʦʭʦʯʝʥʠʷ, % 

1 
ʂʦʥʚʝʡʝʨ 

ʉʪʘʢʝʨ 

0,059 

0,048 

0,035 

0,0015 

0,032 

0,0011 

54,2 

2,3 
95,8 

ʇ 
ʂʦʥʚʝʡʝʨ 

ʉʪʘʢʝʨ 

0,073 

0,043 

0,049 

0,0012 

0,045 

0,0009 

61,9 

2,1 
96,6 

ʐ 
ʂʦʥʚʝʡʝʨ 

ʉʪʘʢʝʨ 

0,082 

0,062 

0,05 

0,0019 

0,045 

0,0015 

54,9 

2,4 
95,6 

1ʋ 
ʂʦʥʚʝʡʝʨ 

ʉʪʘʢʝʨ 

0,068 

0,055 

0,047 

0,0016 

0,043 

0,0012 

63,2 

2,2 
96,5 

ʉʨ. 
ʂʦʥʚʝʡʝʨ 

ʉʪʘʢʝʨ 

0,071 

0,052 

0,073 

0,0016 

0,045 

0,0012 

63,4 

2,3 
96,4 
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ʊʘʙʣʠʮʘ 4. ɼʘʥʥʳʝ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʰʣʠʭʦʚ ʠ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ ʧʨʦʙʘʭ 

 

ʆʙʲʝʤ ʧʨʦʙʳ ʚ 

ʧʣʦʪʥʦʡ ʤʘʩʩʝ, ʤ 
ʄʘʩʩʘ ʰʣʠʭʘ, ʛ 

ʉʦʜʝʨʞʘʥʠʝ 

ʤʝʪʘʣʣʘ ʚ ʰʣʠʭʝ, % 

ʄʘʩʩʘ ʤʝʪʘʣʣʘ  

ʚ ʰʣʠʭʝ, ʛ 

ʉʦʜʝʨʞʘʥʠʝ  

ʤʝʪʘʣʣʘ, ʛ/ʤ 

0,059 354,7 23,7 84,1 1425 

0,048 3,9 20,42 0,8 17 

0,073 171,6 42,95 73,7 1010 

0,043 7,9 8,83 0,7 16 

0,082 130,2 36,55 47,6 580 

0,062 9,2 5,76 0,53 9 

0,068 86,1 29,83 25,7 378 

0,055 1,3 25,34 0,3 5 

0,282 656,5 35,2 231,1 820 

0,208 22,3 10,4 2,33 11 

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʇʦʪʘʧʦʚʘ ʊ. ʉ., ʄʦʨʦʟʦʚ ɺ. ʅ., ʄʦʨʦʟʦʚʘ ɽ. ʃ. ʆʧʳʪ ʚʥʝʜʨʝʥʠʷ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʛʨʦʭʦʪʘ ɻʀʊ-32 ʚ ʩʭʝʤʝ ʧʨʦʤʳʚʦʯʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠ ʙʫʣʴʜʦʟʝʨʥʦʡ 

ʨʘʟʨʘʙʦʪʢʝ ʨʦʩʩʳʧʝʡ // ʈʘʟʨʘʙʦʪʢʘ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʩʙ. ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʄ.: 

ʀʟʜ-ʚʦ ʄɻʈʀ, 1987. ʉ. 96ï99.  
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ʋɼʂ 622. 532 

 

ʇʈʀʏʀʅʓ ʉʅʀɾɽʅʀʗ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɽɾʀʄʆɺ ʈɸɹʆʊʓ 

ʐɸʍʊʅʓʍ ɺʆɼʆʆʊʃʀɺʅʓʍ ʋʉʊɸʅʆɺʆʂ, ʆɹʆʈʋɼʆɺɸʅʅʓʍ 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʯʠʥʳ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʰʘʭʪʥʳʭ ʚʦʜʦʦʪʣʠʚʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ. ɸʚʪʦʨʳ 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʰʘʭʪʥʦʛʦ ʚʦʜʦʦʪʣʠʚʘ ʷʚʣʷʝʪʩʷ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʰʘʭʪʥʦʡ ʚʦʜʳ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʨʠʤʝʩʷʤʠ. ʅʝʨʘʩʪʚʦʨʠʤʳʝ ʪʚʝʨʜʳʝ, 

ʤʠʥʝʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ (ʰʣʘʤ), ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʦʪʢʘʯʠʚʘʝʤʦʡ ʚʦʜʝ, ʧʨʠʚʦʜʷʪ ʢ ʠʟʥʦʩʫ 

ʵʣʝʤʝʥʪʦʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʘʭʪʥʳʝ ʚʦʜʦʦʪʣʠʚʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʮʝʥʪʨʦʙʝʞʥʳʝ ʥʘʩʦʩʳ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʰʘʭʪʥʳʭ ʚʦʜʦʦʪʣʠʚʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ 

ʰʘʭʪʥʦʡ ʚʦʜʳ. 
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Abstract: the article presents the reasons for reducing the energy efficiency of the operating 

modes of mine drainage systems equipped with centrifugal pumps. The authors note that one of the 

reasons for the high energy intensity of mine drainage is the contamination of mine water with 

mechanical impurities. Insoluble solid, mineral particles (sludge) contained in the pumped water lead 

to wear of the elements of the flow part of centrifugal pumps. 
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ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʰʘʭʪʥʦʛʦ ʚʦʜʦʦʪʣʠʚʘ ʷʚʣʷʝʪʩʷ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʰʘʭʪʥʦʡ ʚʦʜʳ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʨʠʤʝʩʷʤʠ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ 

ʜʦʩʪʠʛʘʝʪ 10-20% ʧʦ ʦʙʲʝʤʫ ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʰʘʭʪʥʦʛʦ ʚʦʜʦʦʪʣʠʚʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ 

ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʜʦʙʳʯʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʫʯʘʩʪʢʘʭ 

ʛʠʜʨʦʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟ ʰʘʭʪʥʦʡ ʚʦʜʳ ʪʚʝʨʜʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ [2].  

ʊʘʢʞʝ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʦʪʢʘʯʠʚʘʝʤʦʡ ʚʦʜʝ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʪʚʝʨʜʳʝ, ʤʠʥʝʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ (ʰʣʘʤ) ʧʨʠʚʦʜʷʪ ʢ ʠʟʥʦʩʫ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʠ ʠʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʟʦʨʦʚ ʠ ʦʙʲʝʤʥʳʭ ʫʪʝʯʝʢ ʯʝʨʝʟ ʥʠʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʧʦʜʘʯʠ, ʥʘʧʦʨʘ, ʂʇɼ ʥʘʩʦʩʦʚ ʠ ʩʦʦʪʚʝʪʩʚʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʝʨʝʨʘʩʭʦʜʫ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʠʭ ʨʘʙʦʪʝ ʥʘ ʚʥʝʰʥʶʶ ʩʝʪʴ [3; 4].  

ɺ ʛʣʘʚʥʳʭ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʰʘʭʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʝʢʮʠʦʥʥʳʝ ʥʘʩʦʩʳ (ʨʠʩ. 1) ʪʠʧʘ ʎʅʉʂ, ʠʤʝʶʱʠʝ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʲʝʤ ʢʦʨʧʫʩʘ. ʂʘʞʜʘʷ ʩʝʢʮʠʷ ʠʤʝʝʪ ʢʦʨʧʫʩ 4 ʩ ʥʘʧʨʘʚʣʷʶʱʠʤ 

ʘʧʧʘʨʘʪʦʤ 5 ʠ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ 6 ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʚʩʘʩʳʚʘʥʠʷ. ʈʘʙʦʯʠʝ ʢʦʣʝʩʘ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʜʥʦʤ ʚʘʣʫ, ʘ ʢʦʨʧʫʩʘ ʩʝʢʮʠʡ ʚʤʝʩʪʝ ʩ ʢʨʳʰʢʘʤʠ ʚʩʘʩʳʚʘʥʠʷ 8 ʠ 

ʥʘʛʥʝʪʘʥʠʷ 3 ʩʦʝʜʠʥʝʥʳ ʩʪʷʞʥʳʤʠ ʰʧʠʣʴʢʘʤʠ 7 ʠ ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ ʛʝʨʤʝʪʠʯʥʳʡ 
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ʢʦʨʧʫʩ ʥʘʩʦʩʘ. ʄʝʩʪʘ ʚʳʭʦʜʘ ʚʘʣʘ 1 ʠʟ ʢʦʨʧʫʩʘ ʥʘʩʦʩʘ ʛʝʨʤʝʪʠʟʠʨʫʶʪʩʷ ʩʘʣʴʥʠʢʦʚʳʤʠ 

ʫʧʣʦʪʥʝʥʠʷʤʠ 2. 

 

 
ʈʠʩ. 1. ʎʅʉ (ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ ʩʝʢʮʠʦʥʥʳʡ) 

 

ʊʝʭʥʦʣʦʛʠʷ ʚʝʜʝʥʠʷ ʦʪʢʨʳʪʳʭ, ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ 

ʨʘʙʦʪʦʡ ʚʦʜʦʦʪʣʠʚʘ, ʩʚʳʰʝ 90 % ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʩʦʩʘʤʠ, 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʙʦʣʝʝ 70 % ʦʪ ʚʩʝʛʦ ʧʘʨʢʘ ʚʦʜʦʦʪʣʠʚʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩʪʨʘʥʳ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʰʘʭʪʥʳʝ ʚʦʜʦʦʪʣʠʚʥʳʝ ʫʩʪʘʥʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʳ ʮʝʥʪʨʦʙʝʞʥʳʤʠ 

ʥʘʩʦʩʘʤʠ ʩʝʢʮʠʦʥʥʳʤʠ ʢʠʩʣʦʪʦʫʧʦʨʥʳʤʠ ʎʅʉʂ. ɺ ʥʘʩʦʩʘʭ ʎʅʉʂ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʦʪʢʘʯʢʠ ʢʠʩʣʦʪʥʳʭ ʰʘʭʪʥʳʭ ʚʦʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ 1 ʜʦ 40Áʉ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʥʝ ʙʦʣʝʝ 0,2% ʧʦ ʤʘʩʩʝ ʠ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 0,2 ʤʤ, ʦʧʦʨʥʳʝ 

ʢʨʦʥʰʪʝʡʥʳ ʚʳʧʦʣʥʷʶʪʩʷ ʠʟ ʯʫʛʫʥʘ, ʫʧʣʦʪʥʷʶʱʠʝ ʢʦʣʴʮʘ, ʥʘʧʨʘʚʣʷʶʱʠʝ ʘʧʧʘʨʘʪʳ, 

ʚʪʫʣʢʠ ʨʘʟʛʨʫʟʢʠ ð ʠʟ ʧʨʝʩʩ-ʤʘʪʝʨʠʘʣʘ ɸɻ-4ɺ, ʦʩʪʘʣʴʥʳʝ ʜʝʪʘʣʠ ð ʠʟ 

ʭʨʦʤʦʥʠʢʝʣʝʚʦʡ ʩʪʘʣʠ. 

ʊʘʢʞʝ ʤʳ ʨʘʟʜʝʣʷʝʤ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʝʟʝʨʚ 

ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʰʘʭʪʥʦʡ ʚʦʜʳ ʦʪ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ ʛʦʨʠʟʦʥʪʘʭ ʥʘ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʠʜʝʪ ʜʦʙʳʯʘ. 

ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʰʘʭʪʥʦʛʦ ʚʦʜʦʦʪʣʠʚʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʝʣʠʯʠʥʫ ʧʦʪʨʝʙʥʦʛʦ 

ʥʘʧʦʨʘ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʠʭ ʨʘʙʦʯʝʛʦ ʨʝʩʫʨʩʘ [1].  
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ɸʥʥʦʪʘʮʠʷ. ɿʘ ʩʯʝʪ ʩʦʚʤʝʱʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʫʛʣʫʙʢʠ ʠ ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ɸʣʛʦʨʠʪʤ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʛʣʫʙʦʯʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʫʚʷʟʳʚʘʶʱʠʡ ʢʦʥʢʨʝʪʥʳʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʟʘʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ. ʋʯʠʪʳʚʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʦʚ ʫʛʣʫʙʢʠ ʨʘʙʦʯʝʡ ʟʦʥʳ 

ʢʘʨʴʝʨʘ ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɸʣʛʦʨʠʪʤ ʚʳʜʝʣʷʝʪ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʦʜʦʣʝʪʴ ʢʨʠʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʴʝʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

ʧʦʢʘʟʘʥʦ ʥʘ ʫʩʣʦʚʥʦʤ ʧʨʠʤʝʨʝ, ʚʝʜʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʢ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚ ɻɻʀʉ MINEFRAME. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʘʨʴʝʨʦʚ, ʜʦʣʛʦʩʨʦʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʨʝʞʠʤ ʛʦʨʥʳʭ 

ʨʘʙʦʪ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʢʘʨʴʝʨʦʚ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʛʦʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʩʢʨʳʰʠ. 
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Abstract. By combining analytical and mathematical methods, an algorithm for automated 

justification of deepening direction and mining mode is developed. The algorithm is designed for 

deepening system of development with concentration of mining works, linking specific mining-

geological conditions and given technological restrictions of development system. The algorithm takes 

into account changes in the rate of deepening of the working zone of the open pit during different 

periods of deposit development. The algorithm singles out and allows to overcome the critical period 

of open pit operation. The use of the algorithm is shown on a conditional example, preparations for its 

implementation in GIS MINEFRAME are being made. 

Keywords: open pit design, long-term planning, mining mode, intermediate positions of open 

pits, automated mining geometric analysis, operational overburden factor. 

 

ʇʦʩʪʘʥʦʚʢʘ ʚʦʧʨʦʩʘ 

ɺʦʧʨʦʩ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʝʤ ʢʘʨʴʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʚʪʦʨʳʤ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʢʘʨʴʝʨʘ, ʘ ʧʦ ʩʣʦʞʥʦʩʪʠ ï ʧʝʨʚʳʤ.  

ʏʘʩʪʠʯʥʦ ʵʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʢʘʨʴʝʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʩʚʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʝʱʝ ʚ 

1960-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʚʠʜʝ ʦʙʱʝʧʨʠʟʥʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʃʝʨʯʩʘ ʠ ɻʨʦʩʩʤʘʥʘ [1] 

ʠ ʝʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ [2]. ʇʨʠ ʵʪʦʤ ʚʦʧʨʦʩ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʫʛʣʫʙʢʠ ʜʦ ʩʠʭ 
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ʧʦʨ ʥʝ ʠʤʝʝʪ ʩʪʨʦʛʦʛʦ ʨʝʰʝʥʠʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʰʘʝʪʩʷ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʘʣʛʦʨʠʪʤʘʭ ʥʘ ʦʩʥʦʚʝ ʧʨʠʙʣʠʞʝʥʥʳʭ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [3ï7]. 

ɺ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ (ɻɻʀʉ) MINEFRAME ʩ 

ʧʦʤʦʱʴʶ ʩʦʯʝʪʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʉ. ɼ. ʂʦʨʦʙʦʚʘ [2] (ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʃʝʨʯʩʘïɻʨʦʩʩʤʘʥʘ) ʠ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʫʛʣʫʙʢʠ, ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʧʦʣʫʯʘʪʴ ʩʠʩʪʝʤʫ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʘʨʴʝʨʘ ʠ ʦʙʦʩʥʦʚʳʚʘʪʴ ʤʠʥʠʤʘʣʴʥʦ-ʧʨʠʝʤʣʝʤʳʡ ʨʝʞʠʤ 

ʛʦʨʥʳʭ ʨʘʙʦʪ. ɸʣʛʦʨʠʪʤ ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʦʚ ʫʛʣʫʙʢʠ ʢʘʨʴʝʨʘ ʠ ʧʨʠʤʝʥʠʤ ʥʘ 

ʥʘʢʣʦʥʥʳʭ ʠ ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʝʤ ʢʘʨʴʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʧʨʠʥʮʠʧʳ ʦʙʦʩʥʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʫʛʣʫʙʢʠ, ʤʝʪʦʜ ʫʩʨʝʜʥʝʥʠʷ ʨʝʞʠʤʘ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʢʘ Vmin = f (P) ʟʘʣʦʞʠʣ ʝʱʝ ʧʨʦʬ. ɸ. ʀ. 

ɸʨʩʝʥʴʝʚ [8]. ʆʥ ʞʝ ʦʙʦʩʥʦʚʘʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ ʚ ɻʦʨʥʫʶ ʥʘʫʢʫ ʧʦʥʷʪʠʷ 

çʟʘʢʦʥʳ ɻʦʨʥʦʡ ʥʘʫʢʠè [9], ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʙʦʪ ʧʦ 

ʧʦʜʚʠʛʘʥʠʶ ʨʘʙʦʯʠʭ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʠ ʧʦ ʫʛʣʫʙʢʝ ʢʘʨʴʝʨʘ. ɺ ʨʘʟʚʠʪʠʝ ʵʪʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʫʛʣʫʙʦʯʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ 

ʨʫʜʥʳʭ ʢʘʨʴʝʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʠʪʤʠʯʥʦʝ ʚʦʩʧʦʣʥʝʥʠʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʟʘʧʘʩʦʚ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʘʨʴʝʨʘ ʢʨʫʪʳʤʠ ʩʣʦʷʤʠ [10].  

ɸʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʘʥʠʮ ʢʘʨʴʝʨʦʚ [1, 2] ʧʨʠ ʟʘʜʘʥʠʠ ʚʘʨʠʘʥʪʦʚ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʨʦʠʪʴ çʩʠʩʪʝʤʳ ʚʣʦʞʝʥʥʳʭ ʢʦʥʪʫʨʦʚè, ʢʦʪʦʨʳʝ ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʫʛʣʫʙʢʠ, ʙʣʠʟʢʦʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ, ʠ 

ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʪʴ 

ʧʨʠʝʤʣʝʤʳʡ ʨʝʞʠʤ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɼʘʥʥʳʝ çʩʠʩʪʝʤʳ ʚʣʦʞʝʥʥʳʭ ʢʦʥʪʫʨʦʚè ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʟʘʧʘʜʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʰʝʜʰʝʝ ʚʨʝʤʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʙʦʣʝʝ çʩʪʨʦʛʦʛʦè ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʫʛʣʫʙʢʠ ʠ ʦʙʦʩʥʦʚʘʥʠʷ 

ʤʠʥʠʤʘʣʴʥʦ-ʜʦʩʪʘʪʦʯʥʦʛʦ ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʠʢʦʤʫ ʪʘʢ ʠ ʥʝ ʫʜʘʣʦʩʴ.  

ɺ ɻʦʀ ʂʅʎ ʈɸʅ (ʛ. ɸʧʘʪʠʪʳ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ) ʨʘʟʨʘʙʦʪʘʥ ʪʘʢʦʡ ʘʣʛʦʨʠʪʤ 

ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʛʦ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ ɻɻʀʉ MINEFRAME [11], ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʢʦʤʧʣʝʢʩʥʫʶ 

ʩʠʩʪʝʤʫ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʨʝʞʠʤʝ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʚ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʦʙʱʝʝ ʧʦ 

ʤʝʪʦʜʘʤ ʩ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʧʦ ʤʝʪʦʜʘʤ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʛʦʜʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʫʝʤʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʘ. ɼʘʥʥʳʝ ʧʨʦʨʘʙʦʪʢʠ ʦʪʥʦʩʷʪʩʷ 

ʠʤʝʥʥʦ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʘʶʪ ʢʨʘʪʢʦʩʨʦʯʥʦʝ 

(ʛʦʜʦʚʦʝ) ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʜʦʣʛʦʩʨʦʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʠʣʠ ʜʘʞʝ ʜʦ ʢʦʥʮʘ ʦʪʨʘʙʦʪʢʠ ʚ ʨʘʤʢʘʭ 

ʧʨʠʥʷʪʦʛʦ ʧʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʢʠ. ʕʪʠ ʜʚʘ ʫʨʦʚʥʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ 

ʧʦ ʤʝʪʦʜʘʤ ʠ ʨʝʰʘʝʤʳʤ ʟʘʜʘʯʘʤ. ʇʨʠ ʵʪʦʤ ʧʦʧʳʪʢʠ ʦʩʫʱʝʩʪʚʠʪʴ ʘʥʘʣʠʟ 

ʩʨʝʜʥʝʩʨʦʯʥʳʭ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ (ʥʘ 3ï5 ʣʝʪ) ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʜʦʚ ʛʦʜʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʘʨʠʘʥʪʥʳʤ ʤʝʪʦʜʦʤ ʥʝ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ 

ʚʝʨʥʳʤʠ, ʪʘʢ ʢʘʢ ʥʝ ʛʘʨʘʥʪʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʠ ʜʦʙʳʯʠ 

ʨʫʜʳ ʩʨʘʟʫ ʞʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʝʰʝʥʠʝ ʠʤʝʥʥʦ ʟʘʜʘʯʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʜʦ ʢʦʥʮʘ ʦʪʨʘʙʦʪʢʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʫʛʣʫʙʢʠ ʠ ʫʪʦʯʥʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦ-ʜʦʩʪʘʪʦʯʥʦʛʦ ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ 
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ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʘʙʦʯʠʝ ʢʦʥʪʫʨʘ ʢʘʨʴʝʨʘ ʧʦʟʚʦʣʷʶʪ 

ʟʘʜʘʚʘʪʴ ʜʦʚʦʣʴʥʦ ʯʝʪʢʠʝ ʨʘʤʢʠ ʜʣʷ ʛʦʜʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ 

ʩʫɦʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʶʪ ʢʨʘʪʢʦʩʨʦʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ. 

ɿʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʛʠʙʢʦʛʦ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ ʚ ʪʦ ʞʝ 

ʩʘʤʦʝ ʚʨʝʤʷ ʙʦʣʝʝ çʩʪʨʦʛʦʛʦè ʘʣʛʦʨʠʪʤʘ ʦʙʦʩʥʦʚʘʥʠʷ ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʥʘʧʨʘʚʣʝʥʠʷ ʫʛʣʫʙʢʠ, ʷʚʣʷʝʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦʡ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʙʣʝʛʯʠʪʴ ʤʥʦʛʠʤ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʝʜʝʥʠʷ ʜʦʙʳʯʥʳʭ ʠ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ ʥʘ ʨʫʜʥʳʭ ʢʘʨʴʝʨʘʭ ʚ ʨʘʤʢʘʭ ʜʝʡʩʪʚʫʶʱʠʭ 

ʧʨʦʝʢʪʦʚ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʜʦ ʢʦʥʮʘ ʦʪʨʘʙʦʪʢʠ. 

ʇʨʠʥʷʪʳʝ ʧʨʦʝʢʪʘʤʠ ʨʝʞʠʤʳ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʝʨʝʩʪʘʥʫʪ ʪʘʠʪʴ ʚ ʩʝʙʝ ʫʛʨʦʟʳ 

ʥʝʦʞʠʜʘʥʥʳʭ ʠ ʨʝʟʢʠʭ ʧʨʦʚʘʣʦʚ ʫʨʦʚʥʷ ʜʦʙʳʯʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʧʦ ʬʘʢʪʦʨʫ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʯʝʡ ʟʦʥʳ ʢʘʨʴʝʨʘ, ʚʳʟʚʘʥʥʦʛʦ ʥʘʢʦʧʣʝʥʥʳʤ 

ʜʝʩʷʪʠʣʝʪʠʷʤʠ ʦʪʩʪʘʚʘʥʠʝʤ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʚʝʩʪʥʦʛʦ ʣʠʰʴ 

ʧʨʠʙʣʠʞʝʥʥʦ ʫʨʦʚʥʷ. 

ʉʫʱʝʩʪʚʦ ʘʣʛʦʨʠʪʤʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʦʢʘʟʘʥʦ ʥʘ ʫʩʣʦʚʥʦʤ ʨʝʘʣʴʥʦʤ ʧʨʠʤʝʨʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʛʦ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʝʨʝʤʝʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. 

ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦ ʧʨʠʥʷʪʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʨʫʜʝ (4 ʤʣʥ ʪ/ʛʦʜ) ʦʮʝʥʠʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʤʧʳ ʫʛʣʫʙʢʠ ʚ 

ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʨʘʙʦʪʳ ʢʘʨʴʝʨʘ (ʨʠʩ. 1, 2). ʈʘʙʦʯʘʷ ʟʦʥʘ ʢʘʨʴʝʨʘ ʜʝʣʠʪʩʷ ʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʛʫʶ ʜʦʙʳʯʥʫʶ ʟʦʥʫ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʪʫʶ ʚʩʢʨʳʰʥʫʶ ʟʦʥʫ. 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʫʛʣʫʙʢʠ ʠ 

ʙʘʟʦʚʦʛʦ ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ ʜʣʷ ʨʘʙʦʯʝʡ ʟʦʥʳ ʢʘʨʴʝʨʘ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ 20 ʛʨʘʜʫʩʦʚ.  

 
ʈʠʩ. 1. ʈʫʜʥʦʝ ʪʝʣʦ ʠ ʢʦʥʪʫʨ ʢʘʨʴʝʨʘ ʥʘ ʢʦʥʝʮ ʦʪʨʘʙʦʪʢʠ 

 

 
ʈʠʩ. 2. ɿʘʧʘʩʳ ʧʦʫʩʪʫʧʥʦ ʠ ʨʘʩʯʝʪʥʳʝ ʪʝʤʧʳ ʫʛʣʫʙʢʠ  



129 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʤʧ ʫʛʣʫʙʢʠ ʢʘʨʴʝʨʘ ʚ ʜʚʘ ʫʩʪʫʧʘ ʚ 

ʛʦʜ (30 ʤ/ʛʦʜ) ʠ ʚʳʜʝʣʷʶʪʩʷ ʧʦ ʚʳʩʦʪʝ ʥʝʩʢʦʣʴʢʦ ʟʦʥ:  

ï ʚ ʧʝʨʚʦʡ ʠʜʝʪ ʥʘʨʘʱʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʨʴʝʨʘ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ 

ʪʝʤʧʘ ʫʛʣʫʙʢʠ 30 ʤ/ʛʦʜ; 

ï ʜʘʣʝʝ (ʜʦ ʛʣʫʙʠʥʳ 100 ʤ) ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʪʝʤʧʘ ʫʛʣʫʙʢʠ ʜʦ 15 ʤ/ʛʦʜ; 

ï ʟʘʪʝʤ (ʜʦ ʛʣʫʙʠʥʳ 390 ʤ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʘʷ ʫʛʣʫʙʢʘ ʩ 

ʪʝʤʧʦʤ ʦʪ 13 ʜʦ 16 ʤ/ʛʦʜ; 

ï ʧʦʩʣʝ (ʜʦ ʛʣʫʙʠʥʳ 500 ʤ) ʪʝʤʧ ʫʛʣʫʙʢʠ ʢʘʨʴʝʨʘ ʥʘʨʘʩʪʘʝʪ ʜʦ 30 ʤ/ʛʦʜ; 

ï ʥʘʢʦʥʝʮ ʥʘʩʪʫʧʘʝʪ ʧʝʨʠʦʜ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʨʴʝʨʘ ʧʨʠ 

ʧʦʜʜʝʨʞʘʥʠʠ ʪʝʤʧʘ ʫʛʣʫʙʢʠ ʥʘ ʫʨʦʚʥʝ 30 ʤ/ʛʦʜ.   

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʭʦʜʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʫʛʣʫʙʦʯʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʚʦ ʚʩʢʨʳʰʥʦʡ ʟʦʥʝ ʢʘʨʴʝʨʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʨʘʙʦʯʠʭ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʚ 

ʚʠʩʷʯʝʤ ʠ ʣʝʞʘʯʝʤ ʙʦʢʘʭ ʟʘʣʝʞʠ ʠ ʚ ʪʦʨʮʘʭ ʢʘʨʴʝʨʘ [10] (ʨʠʩ. 3). ʇʨʠ ʵʪʦʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʮʠʢʣʠʯʥʦʝ ʚʦʩʧʦʣʥʝʥʠʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʠ ʛʦʪʦʚʳʭ ʢ ʚʳʝʤʢʝ ʟʘʧʘʩʦʚ 

ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʚʩʢʨʳʰʥʦʡ ʟʦʥʳ ʢʘʨʴʝʨʘ ʧʦʜ ʫʛʣʘʤʠ 

ʦʪ 25 ʜʦ 40 ʛʨʘʜʫʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʩʝʢʪʦʨʘ ʨʘʙʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʫʜʥʦʛʦ 

ʪʝʣʘ ʠ ʪʝʤʧʦʚ ʫʛʣʫʙʢʠ. 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠ ʪʝʤʧʝ ʧʦʥʠʞʝʥʠʷ 

ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ 45 ʤ/ʛʦʜ 

 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʝʜʝʣʴʥʦʛʦ ʜʣʷ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʨʘʟʨʘʙʦʪʢʠ ʤʠʥʠʤʘʣʴʥʦ-ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ Vmin=f(P). ɼʘʣʝʝ (ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʨʫʯʥʫʶ) ʦʪʩʪʨʘʠʚʘʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʤʠʥʠʤʘʣʴʥʦ-ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʲʝʤʳ ʚʩʢʨʳʰʠ (III -30, V-30, VI-45, 

VII -45 ʠ VIII -45 ʜʣʷ ʪʝʤʧʦʚ ʧʦʥʠʞʝʥʠʷ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ 30 ʠ 45 ʤ/ʛʦʜ). ɿʘʪʝʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ-ʥʝʦʙʭʦʜʠʤʳʡ ʚʳʨʘʚʥʝʥʥʳʡ ʨʝʞʠʤ ʛʦʨʥʳʭ ʨʘʙʦʪ (ʨʠʩ. 4), 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ çʦʧʝʨʝʞʝʥʠʷ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪè ʠ ʫʪʦʯʥʷʶʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʦʣʦʞʝʥʠʷ (III -30+28, V-30+5, VI-45+14 ʩ ʫʯʝʪʦʤ çʦʧʝʨʝʞʝʥʠʡ 

ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪè 28, 5 ʠ 14 ʤʣʥ. ʤ3) (ʨʠʩ. 5). 

ʉʦʚʤʝʱʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, 

ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʧʨʠ ʛʦʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʦʪʩʪʨʘʠʚʘʥʠʷ ʵʪʘʧʥʳʭ ʢʦʥʪʫʨʦʚ ʠ 
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ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʘʨʴʝʨʘ ʧʦʟʚʦʣʷʝʪ 

ʫʪʦʯʥʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʨʝʞʠʤ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʝ ʪʝʤʧʳ ʧʦʥʠʞʝʥʠʷ 

ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʲʝʤʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʨʘʙʦʪʳ. [11] 

ʕʪʠ ʢʦʥʪʫʨʘ ʷʚʣʷʶʪʩʷ ʦʨʠʝʥʪʠʨʘʤʠ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ 

ʜʣʷ ʛʦʜʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʦʤʝ ʧʝʨʝʤʝʥʥʦʛʦ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʢʫʱʠʭ ʟʘʧʘʩʦʚ ʨʫʜʳ) ʪʝʤʧʘ ʫʛʣʫʙʢʠ ʢʘʨʴʝʨʘ ʪʝʤʧ ʧʦʥʠʞʝʥʠʷ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ 

ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ, ʜʦʩʪʠʛʥʫʚ ʟʘʜʘʥʥʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ (45 ʤ/ʛʦʜ ʧʨʠ ʚʳʩʦʪʝ ʫʩʪʫʧʘ 

15 ʤ) ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ VII  ʩʦʩʪʦʷʥʠʷ (ʨʠʩ. 6), ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʜʘʥʥʦʤ 

ʫʨʦʚʥʝ ʜʦ ʢʦʥʮʘ ʦʪʨʘʙʦʪʢʠ. 

 
ʈʠʩ. 4. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ (ʤʠʥʠʤʘʣʴʥʦ-ʥʝʦʙʭʦʜʠʤʳʡ) ʠ ʧʣʘʥʦʚʳʡ  

(ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ) ʠʥʪʝʛʨʘʣʴʥʳʝ ʛʨʘʬʠʢʠ ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ  

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʝʜʝʣʴʥʳʤ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʩʣʝʜʫʝʪ 

ʧʨʠʟʥʘʪʴ ʪʝʤʧ ʧʦʥʠʞʝʥʠʷ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ ʚ 4 ʫʩʪʫʧʘ ʚ ʛʦʜ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʥʝʩʚʷʟʥʳʡ ʥʘʙʦʨ ʨʘʙʦʯʠʭ ʧʦʣʦʞʝʥʠʡ 

ʢʘʨʴʝʨʘ, ʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʳʚʝʨʝʥʥʘʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʢʦʥʢʨʝʪʥʳʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ çʩʠʩʪʝʤʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦʣʦʞʝʥʠʡè ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʟʘʜʘʥʥʳʡ ʧʨʝʜʝʣʴʥʳʡ ʪʝʤʧ ʧʦʥʠʞʝʥʠʷ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʠʨʘʣʝʚʠʜʥʘʷ 

ʩʠʩʪʝʤʘ ʘʢʪʠʚʥʳʭ ʧʣʦʱʘʜʦʢ (ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ï ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ), ʧʦ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʲʝʟʜʦʚ. ʊʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʛʦʨʥʦʡ ʤʘʩʩʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦ ʥʝʡ ʜʦ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʩʲʝʟʜʦʚ, ʢʦʪʦʨʘʷ 

ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʦʚʘʥ ʚ ɻɻʀʉ MINEFRAME ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʟʘʜʘʯʠ ʛʦʨʥʦ-

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʫʛʣʫʙʢʠ ʠ 
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ʦʙʦʩʥʦʚʘʥʠʠ ʤʠʥʠʤʘʣʴʥʦ-ʜʦʩʪʘʪʦʯʥʦʛʦ ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ 

ʩʣʦʞʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠʙʣʠʟʠʣʘʩʴ ʢ ʝʝ ʧʨʦʛʨʘʤʤʥʦʤʫ ʚʦʧʣʦʱʝʥʠʶ. 

ɽʛʦ ʢʦʤʧʴʶʪʝʨʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʦʟʜʘʩʪ ʫʩʣʦʚʠʷ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʟʦʥ 

ʢʘʨʴʝʨʦʚ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʤʠʥʠʤʘʣʴʥʦ-ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʝʞʠʤʘ ʛʦʨʥʳʭ 

ʨʘʙʦʪ ʩ ʬʘʢʪʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʠʪ ʦʩʥʦʚʫ ʜʣʷ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʥʷʪʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʫʪʦʯʥʝʥʠʶ ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʝʩʣʠ ʩʦʩʪʦʷʥʠʝ ʛʦʨʥʳʭ 

ʨʘʙʦʪ ʥʘ ʢʘʨʴʝʨʝ ʙʫʜʝʪ ʪʦʛʦ ʪʨʝʙʦʚʘʪʴ.  

 
 

 
 

ʈʠʩ. 5. ʀʟʦʤʝʪʨʠʷ ʠ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ ʤʦʜʝʣʝʡ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʘʨʴʝʨʘ 
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ʈʠʩ. 6. ɺʠʜ ʩʚʝʨʭʫ ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʢʘʨʴʝʨʘ (VII -45)  
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ʇʈʀʄɽʅɽʅʀɽ ʉʆɺʈɽʄɽʅʅʆɻʆ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ʇʈʀ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ ʀ ʇʃɸʅʀʈʆɺɸʅʀʀ ʇʆɼɿɽʄʅʓʍ ɻʆʈʅʓʍ ʈɸɹʆʊ 

 

ʈʋʉʉʂʀʍ ʀ. ʃ., ʉʀɼʆʈʋʂ ʄ. ʈ., ʐɽɺʃʗʂʆɺ ɽ. ɺ. 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʧʨʦʝʢʪʥʳʡ ʠʥʩʪʠʪʫʪ ɸʆ çʋʨʘʣʤʝʭʘʥʦʙʨè 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʠʟʚʝʜʝʥʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʫʜʥʠʢʘ, ʘ ʠʤʝʥʥʦ ʩʦʟʜʘʥʳ ʢʘʨʢʘʩʳ 

ʦʯʠʩʪʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ Deswik.StopeOptimizer ʥʘ ʦʩʥʦʚʝ ʙʣʦʯʥʦʡ ʤʦʜʝʣʠ, ʦʩʠ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ, ʥʘʨʝʟʥʳʭ ʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ Deswik.CAD, ʢʘʤʝʨʳ ʠ ʦʩʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ Deswik.Sched, ʩʦʟʜʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ ʚ 

Deswik.InteractiveScheduler, ʩʦʩʪʘʚʣʝʥʳ ʜʦʣʛʦʩʨʦʯʥʳʝ ʠ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʢʘʣʝʥʜʘʨʠ ʚʝʜʝʥʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʛʦʨʥʳʭ 

ʨʘʙʦʪ, ʢʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ. 

 

THE USE OF MODERN SOFTWARE IN THE DESIGN AND PLANNING  

OF UNDERGROUND MINING OPERATIONS  

 

RUSSKIH I. L., SIDORUK M. R., SHEVLYAKOV E. V. 

Research and Design Institute JSC ñUralmekhanobrò 

 

Abstract. A 3D modeling of the existing mine, namely, the solids of the stopes were created in 

Deswik.StopeOptimizer based on the geological block model, the axes of main workings were created 

in Deswik.CAD, stopes and axes were integrated in Deswik.Sched, dependencies between tasks were 

created in Deswik.InteractiveScheduler, long-term and short-term mining calendars were compiled. 

Keywords: software, 3D-modeling, mine planning, mine scheduling. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʜʫʩʪʨʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ, ʯʪʦ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʛʦʨʥʳʭ ʠʥʞʝʥʝʨʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʙʦʣʴʰʦʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʠ 

ʨʝʩʫʨʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʝʪʘʣʴʥʳʭ 3D-ʤʦʜʝʣʝʡ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʟʨʘʙʦʪʢʠ ʪʦʯʥʳʭ ʧʣʘʥʦʚ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʧʨʦʨʘʙʦʪʢʠ 

ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʚʳʧʦʣʥʠʤʦʩʪʴ ʛʦʨʥʦʛʦ 

ʧʣʘʥʘ ʠ ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʠʥʷʪʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʦʧʠʩʘʥ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

Deswik ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʜʣʷ ʦʪʨʘʙʦʪʢʠ 

ʟʘʧʘʩʦʚ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʦʪʩʪʨʦʝʥʳ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʝ ʚʳʨʘʙʦʪʢʠ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʦʙʳʯʠ ʨʫʜʳ ʧʦ ʧʨʦʝʢʪʫ ʩ ʠʭ ʧʨʠʚʷʟʢʦʡ ʢ ʢʦʥʪʫʨʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʝʜʠʥʠʮ ʠ ʩʫʱʝʩʪʚʫʶʱʠʤ ʢʘʧʠʪʘʣʴʥʳʤ ʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʤ ʚʳʨʘʙʦʪʢʘʤ. ʆʙʱʠʡ ʚʠʜ 

3D-ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. ɿʘʪʝʤ ʙʳʣʦ ʩʦʟʜʘʥʦ ʙʦʣʝʝ 13000 ʩʚʷʟʝʡ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʦʯʝʨʝʜʥʦʩʪʴ ʧʨʦʭʦʜʢʠ, ʜʦʙʳʯʠ ʠ ʟʘʢʣʘʜʢʠ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʢʘʤʝʨ ʩ ʫʯʸʪʦʤ ʧʨʠʥʷʪʦʛʦ ʧʦʨʷʜʢʘ ʦʪʨʘʙʦʪʢʠ. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Deswik ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʢʘʨʢʘʩʦʚ ʦʯʠʩʪʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʤʦʜʫʣʝ Deswik.SO ʧʦ ʫʩʣʦʚʠʶ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʡ ʚʳʝʤʢʠ ʟʘʧʘʩʦʚ ʨʫʜʳ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ʛʨʘʥʠʮʘʭ ʧʨʦʝʢʪʘ ʩ ʫʯʸʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤ 
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ʨʘʟʨʘʙʦʪʢʠ (ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʫʩʪʦʡʯʠʚʦʛʦ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ). ʅʘ ʦʩʥʦʚʝ 

ʠʩʭʦʜʥʦʡ ʨʝʩʫʨʩʥʦʡ ʙʣʦʯʥʦʡ ʤʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʢʘʩʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʘʨʘʤʝʪʨʳ ʚʳʙʨʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ, ʛʝʦʤʝʪʨʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʝʜʠʥʠʮ, ʦʨʠʝʥʪʘʮʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʦʯʠʩʪʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʣʦʯʥʦʡ ʤʦʜʝʣʠ ʠ ʪ. ʜ. ʇʨʠʤʝʨʳ ʢʘʨʢʘʩʦʚ ʢʘʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ (ʨʠʩ. 2, 3). 

ɿʘʪʝʤ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʮʠʢʣ ʨʘʙʦʪ ʧʦ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʝ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: ʙʫʨʝʥʠʝ ʚʝʝʨʥʳʭ ʩʢʚʘʞʠʥ, ʢʨʝʧʣʝʥʠʝ ʢʨʦʚʣʠ ʢʘʤʝʨʳ, ʟʘʨʷʞʘʥʠʝ 

ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʟʨʳʚʘʥʠʝ ʠ ʧʨʦʚʝʪʨʠʚʘʥʠʝ, ʦʪʛʨʫʟʢʘ ʨʫʜʥʦʡ ʤʘʩʩʳ, ʧʦʜʛʦʪʦʚʢʘ 

ʢʘʤʝʨʳ ʢ ʟʘʢʣʘʜʦʯʥʳʤ ʨʘʙʦʪʘʤ, ʟʘʢʣʘʜʢʘ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʘʙʦʨ 

ʧʨʦʯʥʦʩʪʠ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ. ʂʘʞʜʳʡ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʦʜʥʫʶ 

ʟʘʜʘʯʫ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʢʦʥʢʨʝʪʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʩʚʷʟʝʡ ʚ ʤʦʜʫʣʝ Deswik.IS ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʚʝʜʝʥʠʷ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ (ʦʯʝʨʝʜʥʦʩʪʴ ʚʳʝʤʢʠ ʟʘʧʘʩʦʚ ʧʦ 

ʢʘʤʝʨʘʤ). ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʥʳʭ ʩʚʷʟʝʡ (ʦʙʦʟʥʘʯʝʥʳ ʩʠʥʠʤʠ ʩʪʨʝʣʢʘʤʠ ʥʘ ʨʠʩʫʥʢʘʭ) 

ʤʝʞʜʫ ʢʘʨʢʘʩʘʤʠ ʢʘʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʭ ʨʘʙʦʪ. ʄʦʜʫʣʴ Deswik.CAD, 

ʩʦʚʨʝʤʝʥʥʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 3D ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʥʘʙʦʨʦʚ 

ʜʘʥʥʳʭ. ʉʦʟʜʘʥʠʝ ʠ ʥʘʨʝʟʢʘ ʢʘʨʢʘʩʦʚ ʠ ʚʳʧʦʣʥʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩ ʥʠʤʠ. ʉ 

ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʝʨʘʪʠʚʥʦ ʚʝʩʪʠ ʧʦʜʩʯʸʪ ʦʙʲʸʤʘ ʧʨʦʭʦʜʢʠ ʧʦ 

ʨʫʜʝ ʠ ʧʦʨʦʜʝ. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʭ ʨʘʙʦʪ ʚ ʇʂ Deswik ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʦʩʝʚʳʭ ʣʠʥʠʡ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʭ ʚʳʨʘʙʦʪʦʢ (ʇʅɺ), 

ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʢʘʩʦʚ ʧʦ ʦʩʷʤ ʇʅɺ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʝʯʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʭʦʜʯʝʩʢʦʛʦ ʮʠʢʣʘ ï ʦʙʦʨʢʘ 

ʟʘʢʦʣʦʚ, ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʙʫʨʝʥʠʝ ʰʧʫʨʦʚ, ʟʘʨʷʞʘʥʠʝ ɺɺ, ʚʟʨʳʚʘʥʠʝ, 

ʧʨʦʚʝʪʨʠʚʘʥʠʝ, ʦʪʛʨʫʟʢʘ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʢʨʝʧʣʝʥʠʝ ʦʯʠʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʤʝʞʩʤʝʥʥʳʡ ʧʝʨʝʨʳʚ. 

ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʚʷʟʝʡ ʚ ʤʦʜʫʣʝ Deswik.IS. ʉ ʧʦʤʦʱʴʶ 

ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʱʠʢʘ Deswik.IS ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʢʘʨʢʘʩʦʚ ʠʟ 

ʪʨʝʭʤʝʨʥʦʡ ʩʨʝʜʳ Deswik.CAD ʚ ʪʘʙʣʠʯʥʫʶ ʩʨʝʜʫ Deswik.Sched ʩ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʠ 

ʜʠʘʛʨʘʤʤʘʤʠ ɻʘʥʪʘ. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʇʅɺ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʠʥʷʪʦʤʫ ʧʦʨʷʜʢʫ ʧʨʦʭʦʜʢʠ ʜʘʥʥʳʭ ʇʅɺ, ʧʨʠʤʝʨʳ ʚʳʧʦʣʥʝʥʠʷ 

ʜʘʥʥʳʭ ʵʪʘʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ (ʨʠʩ 5, 6). ʇʦʩʪʨʦʝʥʠʝ ʚʳʨʘʙʦʪʦʢ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʳʨʘʙʦʪʦʢ ʥʘ ʨʫʜʥʠʢʝ. 
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ʈʠʩ. 2. ʇʨʦʜʦʣʴʥʳʡ ʨʘʟʨʝʟ ʧʦʩʪʨʦʝʥʥʳʭ ʢʘʨʢʘʩʦʚ ʦʯʠʩʪʥʳʭ ʢʘʤʝʨ: 

ʢʦʥʪʫʨʳ ʢʘʨʢʘʩʦʚ ï ʯʝʨʥʳʝ ʣʠʥʠʠ, ʙʣʦʯʥʘʷ ʤʦʜʝʣʴ ï ʩʠʥʠʝ ʙʣʦʢʠ 
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