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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. 
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ʋɼʂ 622.1:528 

ʆʎɽʅʂɸ ɻɽʆɼʀʅɸʄʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ ʇʆʈʆɼʅʆɻʆ ʄɸʉʉʀɺɸ 

ʅɸ ʉʊɸɼʀʀ ʇʈʆʍʆɼʂʀ ɺʉʂʈʓɺɸʖʑʀʍ ɺʓʈɸɹʆʊʆʂ* 

ɹɸʃɽʂ ɸ.ɽ. 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʚʳʷʚʣʝʥʠʷ ʚ ʤʘʩʩʠʚʘʭ ʩʢʘʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʨʘʥʠʮ, ʨʘʟʜʝʣʷʶʱʠʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ (ʨʘʟʤʝʨʘʤʠ ʧʦʨʷʜʢʘ 

30 ï 100 ʤ) ʧʦʜʚʠʞʥʳʝ ʧʦʨʦʜʥʳʝ ʙʣʦʢʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʟʘʤʝʨʦʚ ʚʳʚʘʣʦʦʙʨʘʟʦʚʘʥʠʡ 

ʢʦʥʪʫʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʩʢʨʳʚʘʶʱʠʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʬʠʢʩʠʨʫʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʠʭ ʧʨʦʭʦʜʢʠ. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʝʨʝʩʝʢʘʝʤʦʡ ʤʝʞʜʫʙʣʦʢʦʚʦʡ ʛʨʘʥʠʮʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʛʨʘʜʠʝʥʪʘ ʫʚʝʣʠʯʝʥʠʷ 

ʟʘʤʝʨʝʥʥʳʭ ʨʘʟʤʝʨʦʚ (ʚʯʝʨʥʝ) ʚʩʢʨʳʚʘʶʱʝʡ ʚʳʨʘʙʦʪʢʠ ʢ ʛʨʘʜʠʝʥʪʫ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʨʦʝʢʪʥʳʤ ʨʘʟʤʝʨʘʤ. ɹʦʣʝʝ ʘʢʪʠʚʥʦʡ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʙʦʣʝʝ ʧʦʜʚʠʞʥʳʤʠ 

ʙʣʦʢʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʙʳʩʪʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʚʳʨʘʙʦʪʢʠ ʢ ʧʨʦʝʢʪʥʳʤ ʟʥʘʯʝʥʠʷʤ. 

ʕʪʦ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʦʜʚʠʞʥʦʡ 

ʛʨʘʥʠʮʳ ʚʟʘʠʤʥʳʝ ʜʚʠʞʝʥʠʷ ʝʝ ʙʣʦʢʦʚ ʪʝʤ ʜʦʣʴʰʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʥʝʟʘʢʨʝʧʣʝʥʥʳʭ ʧʨʠʟʘʙʦʡʥʳʭ ʫʯʘʩʪʢʦʚ ʚʳʨʘʙʦʪʢʠ, ʯʝʤ ʚʳʰʝ ʘʢʪʠʚʥʦʩʪʴ ʧʝʨʝʩʝʢʘʝʤʦʡ 

ʤʝʞʙʣʦʯʥʦʡ ʛʨʘʥʠʮʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʦʙʲʝʢʪʘ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʟʘʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʚʩʢʨʳʪʠʷ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʪʚʦʣʘʤʠ 

ʨʫʜʦʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʰʘʭʪʳ ç10-ʣʝʪʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘè, ʦʪʨʘʙʘʪʳʚʘʶʱʝʡ 

ʂʝʤʧʠʨʩʘʡʩʢʠʝ ʭʨʦʤʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʛ. ʍʨʦʤʪʘʫ). ɺʳʙʦʨ ʦʙʲʝʢʪʘ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫʙʣʦʢʦʚʳʭ ʧʦʜʚʠʞʝʢ: 

ʩʦʯʝʪʘʥʠʝʤ ʚʝʩʴʤʘ ʚʳʩʦʢʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ 

ʧʨʦʯʥʦʩʪʴʶ ʠ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʠ ʨʫʜʥʦʛʦ ʤʘʩʩʠʚʘ ʰʘʭʪʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʘʭʪʘ çɼʝʩʷʪʠʣʝʪʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘè, ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʚʦʣʳ, 

ʧʨʦʭʦʜʢʘ, ʤʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʥʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʷʞʝʥʥʦ - ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʩʪʨʫʢʪʫʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʙʣʦʯʥʦʩʪʴ, ʩʦʚʨʝʤʝʥʥʳʝ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ, ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

* ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ ˉ 0405-2019-

0007 

ASSESSMENT OF GEODYNAMIC ACTIVITY OF THE ROCK MASS AT THE STAGE 

OF EXCAVATION OF THE OPENING WORKINGS*  

BALEK A.E. 

Institute of Mining, Ural Branch of the Russian Academy of Sciences 

Abstract. A new method is presented for detecting geodynamically active boundaries in rock 

massifs separating largeïscale (about 30-100 m in size) mobile rock blocks, based on the results 

of measurements of the fallout of the contour of the cross-section of the opening mine workings 
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recorded during their penetration. For the first time, it is proposed to quantify the geodynamic 

activity of the intersected interblock boundary with respect to the gradient of the increase in the 

measured dimensions (rough) of the opening workings to the gradient of their sUral 

Branchsequent approximation to the design dimensions. A more active boundary between more 

mobile block structures corresponds to an abrupt rapid increase and a sUral Branchsequent 

slower approximation of the actual radius of production to the design values. This is a natural 

consequence of the fact that, as we move away from the mobile boundary, the mutual 

movements of its blocks affect the stability of the loose bottom-hole sections of the workings for 

the longer, the higher the activity of the intersecting interblock boundary. 

As a basic object of field studies, the results of surveying measurements obtained during 

the opening of the vertical shafts of the ore-bearing massif of the mine "10th anniversary of 

Independence of Kazakhstan", working out the Kempirsai chromite deposits (Khromtau), were 

used. The choice of the object is due to its favorable conditions for studying the processes of 

interblock movements: a combination of very high tectonic stresses with relatively low strength 

and modulus of elasticity of the rock and ore mass of the mine. 

Keywords: mine "Decades of Independence of Kazakhstan", vertical shafts, sinking, rock mass, 

field studies, stress-strain state, structural structure, hierarchical blockiness, modern geodynamic 

movements, geomechanical support. 
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ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ 

ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʦʜʚʠʞʥʦʩʪʠ ʩʣʘʛʘʶʱʠʭ ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ: 

ʧʦʨʦʜʥʳʭ ʙʣʦʢʦʚ ʠ ʦʢʦʥʪʫʨʠʚʘʶʱʠʭ ʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʥʘʨʫʰʝʥʠʡ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʟʘʠʤʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ, ʧʘʨʘʤʝʪʨʳ 

ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʨʦʜʥʦʛʦ ʠ ʨʫʜʥʦʛʦ ʤʘʩʩʠʚʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚ ʤʘʩʩʠʚʘʭ ʩʢʘʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʤʝʞʜʫʙʣʦʢʦʚʳʭ ʛʨʘʥʠʮ ʥʘ ʩʪʘʜʠʠ ʚʩʢʨʳʪʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʣʦʞʝʥʦ ʫʯʠʪʳʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʚʳʚʘʣʦʦʙʨʘʟʦʚʘʥʠʡ ʢʦʥʪʫʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʩʢʨʳʚʘʶʱʠʭ 

ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚʯʝʨʥʝ, ʬʠʢʩʠʨʫʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʨʦʭʦʜʢʠ [1, 2]. ʀʩʧʦʣʴʟʦʚʘʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʟʘʙʦʷ ʚʳʨʘʙʦʪʢʠ ʢ 

ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ (ʨʘʟʤʝʨʘʤʠ ʚ ʜʝʩʷʪʢʠ ï ʩʦʪʥʠ ʤʝʪʨʦʚ) 

ʥʝʧʦʜʚʠʞʥʳʤʠ ʧʦʨʦʜʥʳʤʠ ʙʣʦʢʘʤʠ, ʦʢʦʥʪʫʨʠʚʘʝʤʳʭ ʟʦʥʘʤʠ ʧʦʚʳʰʝʥʥʦʡ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʭʫʜʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʟʘʙʦʡʥʦʛʦ 

ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. ɿʘʪʝʤ, ʧʦ ʤʝʨʝ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʭʦʜʢʠ ʚʳʨʘʙʦʪʢʠ ʠ ʫʜʘʣʝʥʠʷ ʟʘʙʦʷ ʦʪ 

ʤʝʞʜʫʙʣʦʢʦʚʦʡ ʛʨʘʥʠʮʳ, ʩ ʪʝʤ ʞʝ ʪʝʤʧʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʘʩʩʠʚʘ.  

ʆʜʥʘʢʦ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʟʘʙʦʝʤ ʚʳʨʘʙʦʪʢʠ ʛʨʘʥʠʮʳ çʘʢʪʠʚʥʦʡè, ʧʦʜ ʢʦʪʦʨʦʡ 

ʧʦʥʠʤʘʝʪʩʷ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʧʦʜʚʠʞʥʳʤʠ ʙʣʦʢʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʫʭʫʜʰʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʟʘʙʦʡʥʦʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʙʳʩʪʨʦ, ʯʝʤ ʧʨʠ 

ʧʝʨʝʩʝʯʝʥʠʠ çʧʘʩʩʠʚʥʦʡè ʛʨʘʥʠʮʳ, ʪ.ʝ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʥʝʧʦʜʚʠʞʥʳʤʠ. ʕʪʦ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʧʨʦʚʦʮʠʨʦʚʘʥʠʠ ʚʳʚʘʣʦʦʙʨʘʟʦʚʘʥʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʚʳʨʘʙʦʪʢʠ ʚʯʝʨʥʝ. ʇʦ ʤʝʨʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʜʘʣʝʥʠʷ ʟʘʙʦʷ ʦʪ ʪʘʢʦʛʦ 

ʨʦʜʘ çʘʢʪʠʚʥʦʡè ʛʨʘʥʠʮʳ ʧʨʠʙʣʠʞʝʥʠʝ ʢʦʥʪʫʨʘ ʚʳʨʘʙʦʪʢʠ ʢ ʧʨʦʝʢʪʥʳʤ ʨʘʟʤʝʨʘʤ, 

ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦ, ʯʝʤ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʛʨʘʥʠʮʳ çʧʘʩʩʠʚʥʦʡè, ʪ.ʢ. ʥʘ ʥʝʛʦ 

ʧʨʦʜʦʣʞʘʶʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʙʣʦʢʦʚʳʝ ʧʦʜʚʠʞʢʠ, ʧʨʦʚʦʮʠʨʫʝʤʳʝ ʧʨʦʭʦʜʢʦʡ 

ʚʳʨʘʙʦʪʢʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʝʩʝʢʘʝʤʦʡ 

ʤʝʞʜʫʙʣʦʢʦʚʦʡ ʛʨʘʥʠʮʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʛʨʘʜʠʝʥʪʘ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ 
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ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʚʳʨʘʙʦʪʢʠ ʢ ʛʨʘʜʠʝʥʪʫ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 

ʧʨʦʝʢʪʥʳʤ. 

ʅʘ ʩʪʘʜʠʠ ʚʩʢʨʳʪʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʙʣʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʨʠ ʧʨʦʭʦʜʢʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʚʦʣʦʚ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʤʝʥʴʰʠʤ ʚʣʠʷʥʠʝʤ ʩʣʫʯʘʡʥʳʭ ʧʦʨʦʜʥʳʭ 

ʚʳʚʘʣʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʯʝʤ ʚ ʚʳʨʘʙʦʪʢʘʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ.  

ʂʨʦʤʝ ʪʦʛʦ ʧʨʠ ʧʨʦʭʦʜʢʝ ʰʘʭʪʥʳʭ ʩʪʚʦʣʦʚ ʜʝʪʘʣʴʥʳʝ ʟʘʤʝʨʳ ʧʦʨʦʜʥʦʛʦ ʢʦʥʪʫʨʘ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʘ ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʣʝʞʘʪ ʘʨʭʠʚʠʨʦʚʘʥʠʶ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʧʨʦʭʦʜʢʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʚʦʣʦʚ ʟʘʤʝʨʳ ʢʦʥʪʫʨʘ ʠʭ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʯʝʨʥʝ ʨʝʛʫʣʷʨʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʤʘʨʢʰʝʡʜʝʨʩʢʠʤʠ ʩʣʫʞʙʘʤʠ 

ʛʦʨʥʦʧʨʦʭʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʨʦʬʠʣʠ ʧʦʨʦʜʥʳʭ ʩʪʝʥʦʢ ʩʪʨʦʷʱʝʛʦʩʷ ʩʪʚʦʣʘ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʩʘʥʪʠʤʝʪʨʘ ʟʘʤʝʨʷʶʪʩʷ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʣʠ ʙʦʢʦʚʳʭ ʦʪʚʝʩʦʚ ʧʦ ʚʦʩʴʤʠ 

ʨʘʜʠʫʩʘʤ ʯʝʨʝʟ 45Á ʩ ʰʘʛʦʤ, ʢʨʘʪʥʳʤ ʧʨʦʭʦʜʯʝʩʢʠʤ ʮʠʢʣʘʤ, ʥʦ ʥʝ ʙʦʣʝʝ ʯʝʤ ʯʝʨʝʟ 8 ʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʞʫʨʥʘʣʝ, ʢʦʪʦʨʳʡ ʭʨʘʥʠʪʩʷ ʚ ʘʨʭʠʚʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʜʦʩʪʫʧʝʥ ʜʣʷ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʦʙʲʝʢʪʘ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʨʫʜʦʧʦʨʦʜʥʳʡ 

ʤʘʩʩʠʚ ʂʝʤʧʠʨʩʘʡʩʢʠʭ ʭʨʦʤʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ ʰʘʭʪʦʡ ç10-ʣʝʪʠʝ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘè. ɺʳʙʦʨ ʦʙʲʝʢʪʘ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʦʜʚʠʞʝʢ ʧʦʨʦʜʥʳʭ ʙʣʦʢʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʩʦʯʝʪʘʥʠʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩ ʥʠʟʢʠʤʠ ʧʨʦʯʥʦʩʪʴʶ ʠ ʤʦʜʫʣʝʤ 

ʫʧʨʫʛʦʩʪʠ ʩʢʘʣʴʥʦʛʦ ʧʦʨʦʜʥʦʛʦ ʠ ʨʫʜʥʦʛʦ ʤʘʩʩʠʚʘ ʰʘʭʪʳ. 

ɺʤʝʱʘʶʱʠʡ ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚ ʚʩʢʨʳʚʘʶʱʠʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʰʘʭʪʳ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥ ʪʨʝʱʠʥʦʚʘʪʳʤʠ ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʘʤʠ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤʠ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤʠ ʧʦʨʦʜʘʤʠ: ʜʫʥʠʪʘʤʠ, ʧʝʨʠʜʦʪʠʪʘʤʠ, ʧʠʨʦʢʩʝʥʦʚʳʤʠ ʜʫʥʠʪʘʤʠ. 

ʌʠʟʠʢʦ - ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ ʚ ʦʙʨʘʟʮʘʭ:  

- ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ [ů]ʩʞ =  -45 õ -90 ʄʇʘ; 

- ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ [ů]ʨʘʩʪ =  5 õ 9 ʄʇʘ; 

- ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ï  ʭʨʫʧʢʠʡ; 

- ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ɽ =  35 õ 40 ɻʇʘ; 

- ʩʪʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ɛ = 0,25 õ 0,30. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ 

ʠʩʩʣʝʜʫʝʤʳʡ ʤʘʩʩʠʚ, ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʧʨʝʜʝʣʘʭ IV ï V 

ʢʘʪʝʛʦʨʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤʠ ɿ. ɹʝʥʷʚʩʢʦʛʦ, ɼ. ʃʦʙʰʠʨʘ, ʅ. ɹʘʨʪʦʥʘ ʠ ʜʨ 

[3 ï 5]. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʩʪʦʣʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʚʤʝʱʘʶʱʝʛʦ ʤʘʩʩʠʚʘ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʭʘʦʪʠʯʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʠʩʪʝʤ 

ʪʨʝʱʠʥ ʠ ʨʘʟʥʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʨʘʟʙʠʚʘʶʱʠʭ ʤʘʩʩʠʚ ʥʘ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʙʣʦʢʠ. ɹʣʦʢʠ ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 0,1 ï 0,5 ʤ 

ʦʢʦʥʪʫʨʝʥʳ ʪʨʝʱʠʥʘʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʢʨʳʪʳʤʠ ʠʣʠ ʟʘʣʝʯʝʥʥʳʤʠ ʧʨʦʯʥʳʤ 

ʟʘʧʦʣʥʠʪʝʣʝʤ, ʘ ʙʣʦʢʠ ʨʘʟʤʝʨʘʤʠ ʧʦʨʷʜʢʘ 1 ï 1,5 ʤ ʠ ʙʦʣʴʰʝ ʦʩʦʙʝʥʥʦ ʚ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜʘʭ ʦʢʦʥʪʫʨʝʥʳ ʪʨʝʱʠʥʘʤʠ ʩ ʤʠʣʦʥʠʪʦʚʳʤ ʠʣʠ 

ʩʝʨʧʦʬʠʪʦʚʳʤ ʪʘʣʴʢʦʚʠʜʥʳʤʠ ʟʘʧʦʣʥʠʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʫʚʣʘʞʥʝʥʠʠ ʩʪʘʥʦʚʷʪʩʷ 

ʤʳʣʴʥʳʤʠ ʥʘ ʦʱʫʧʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʤʝʞʜʫʙʣʦʢʦʚʦʡ ʩʚʷʟʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʢʘʟʳʚʘʶʪʩʷ ʩʣʘʙʳ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʧʦʨʦʜʥʳʤʠ 

ʙʣʦʢʘʤʠ, ʨʘʟʤʝʨʘʤʠ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʦʢʦʥʪʫʨʠʚʘʶʪʩʷ ʟʦʥʘʤʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʞʫʨʥʘʣʦʚ ʧʨʦʭʦʜʢʠ ʪʨʝʭ 

ʚʩʢʨʳʚʘʶʱʠʭ (ʜʠʘʤʝʪʨ ʚ ʩʚʝʪʫ R = 8 ʤ) ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʚʦʣʦʚ ʰʘʭʪʳ: ɺʝʥʪʠʣʷʮʠʦʥʥʦʛʦ, 

ʉʢʠʧʦʚʦʛʦ ʠ ʂʣʝʪʝʚʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʠ ʥʘʨʫʰʝʥʠʷ 

ʧʦʩʪʦʷʥʥʦʡ ʢʨʝʧʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʧʦʜʚʠʞʢʘʤʠ ʚʤʝʱʘʶʱʝʛʦ ʧʦʨʦʜʥʦʛʦ 

ʤʘʩʩʠʚʘ.  



 
8 

 

ʇʨʦʭʦʜʢʘ ʩʪʚʦʣʦʚ ɺʝʥʪʠʣʷʮʠʦʥʥʳʡ ʠ ʉʢʠʧʦʚʦʡ 2-ʡ ʦʯʝʨʝʜʠ ʰʘʭʪʳ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʩʭʦʞʠʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʢʘʢ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 120 ʤ. ɼʦ ʛʣʫʙʠʥʳ 900 ï 1050 ʤ ʠʭ ʧʨʦʭʦʜʢʘ 

ʚʝʣʘʩʴ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʦʤ ʠ ʦʜʥʦʨʦʜʥʦʤ ʪʨʝʱʠʥʦʚʘʪʦʤ ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʦʚʦʤ 

ʤʘʩʩʠʚʝ, ʘ ʛʣʫʙʞʝ ï ʚ ʥʝʫʩʪʦʡʯʠʚʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʤʘʩʩʠʚʝ ʩʝʨʧʝʥʪʠʥʝʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ.  

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʩʪʚʦʣʘ ʂʣʝʪʝʚʦʛʦ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʛʨʫʧʧʝ ʩʪʚʦʣʦʚ ʠ 

ʦʪʩʪʦʷʱʝʛʦ ʦʪ ʩʪʚʦʣʦʚ 2-ʡ ʦʯʝʨʝʜʠ ʥʘ 3,5 ʢʤ, ʧʨʦʭʦʜʠʣʦ ʚ ʢʘʯʝʩʪʚʝʥʥʦ ʠʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘ 

ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʩʪʚʦʣʘ ʧʨʦʭʦʜʢʘ ʚʝʣʘʩʴ ʚ ʪʨʝʱʠʥʦʚʘʪʦʤ ʥʝʫʩʪʦʡʯʠʚʦʤ  ʤʘʩʩʠʚʝ 

ʩʝʨʧʝʥʪʠʥʝʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʤʝʱʘʶʱʝʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, 

ʯʝʤ ʚ ʩʪʚʦʣʘʭ ʉʢʠʧʦʚʦʡ ʠ ɺʝʥʪʠʣʷʮʠʦʥʥʳʡ [6, 7].  

ʇʨʠ ʧʨʦʭʦʜʢʝ ʩʪʚʦʣʘ ɺʝʥʪʠʣʷʮʠʦʥʥʳʡ ʚ 2015 ʛ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 950 ʤ ʥʘ ʛʨʘʥʠʮʝ 

ʛʘʙʙʨʦʚʦʛʦ ʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʛʦ ʤʘʩʩʠʚʦʚ ʧʨʦʠʟʦʰʣʠ ʥʘʨʫʰʝʥʠʷ ʜʚʫʭ ʢʦʣʝʮ ʪʶʙʠʥʛʦʚʦʡ 

ʢʨʝʧʠ: ʨʘʟʨʳʚʳ ʯʫʛʫʥʥʳʭ ʧʦʣʦʢ, ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʧʠʥʢʘʭ ʠ ʨʝʙʨʘʭ ʪʶʙʠʥʛʦʚ, 

ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʠʟʛʠʙʘʤʠ ʤʦʥʪʘʞʥʳʭ ʙʘʣʦʢ - ʨʘʩʩʪʨʝʣʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʵʣʣʠʧʩʦʠʜʥʦʩʪʠ ʪʶʙʠʥʛʦʚʳʭ ʢʦʣʝʮ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʫʤʤʘʨʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ȹR = 187 

ʤʤ. ɿʘʤʝʨʳ ʧʦʣʦʞʝʥʠʷ ʩʪʝʥʦʢ ʩʪʚʦʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʚʝʩʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʘʨʫʰʝʥʠʷ ʢʨʝʧʠ ʧʨʦʠʟʦʰʣʠ ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʥʳʭ ʩʨʝʟʘʶʱʠʭ ʧʦʜʚʠʞʝʢ ʜʚʫʭ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʙʣʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚʤʝʱʘʶʱʝʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, ʥʘʢʣʦʥʥʦ 

ʧʝʨʝʩʝʢʘʶʱʠʭ ʩʪʚʦʣ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʣʠ ʢ ʩʤʝʱʝʥʠʶ ʝʛʦ ʩʝʯʝʥʠʷ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʘ 50 ʤʤ [8].  

ʇʨʠ ʧʨʦʭʦʜʢʝ ʩʪʚʦʣʘ ʉʢʠʧʦʚʦʡ ʚ 2020 ʛ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 1067 - 1077 ʤ (ʪʘʢʞʝ 

ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʛʘʙʙʨʦʚʳʤ ʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʤ ʤʘʩʩʠʚʘʤʠ) ʚ ʪʨʝʭ ʢʦʣʴʮʘʭ 

ʤʦʥʦʣʠʪʥʦʡ ʙʝʪʦʥʥʦʡ ʢʨʝʧʠ ʚʳʩʦʪʦʡ 6 ʤ, ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʢʦʣʳ ʙʝʪʦʥʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʘʢʣʦʥʥʦ ʩʝʢʫʱʠʭ ʪʨʝʱʠʥ ʩ ʨʘʩʢʨʳʪʠʝʤ ʜʦ 3 ʤʤ. ʇʨʠ ʵʪʦʤ ʥʠʞʝ, ʥʘ ʧʨʠʟʘʙʦʡʥʦʤ ʫʯʘʩʪʢʝ 

ʚʳʩʦʪʦʡ 6 ʤ, ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʤ ʢ ʥʘʨʫʰʝʥʠʷʤ ʙʝʪʦʥʥʦʡ ʢʨʝʧʠ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʠʟʛʠʙʘʤ 

ʚʨʝʤʝʥʥʦʡ ʢʨʝʧʠ ʠʟ ʢʦʣʝʮ ʉɺʇ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʦʜʚʠʞʢʘ ʧʦʨʦʜʥʦʡ ʩʪʝʥʢʠ ʩʪʚʦʣʘ ʥʘ 

400 ʤʤ.  

ʉʫʜʷ ʧʦ ʢʦʩʚʝʥʥʳʤ ʜʘʥʥʳʤ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʧʦʜʚʠʞʢʘʤʠ ʢʨʫʧʥʳʭ ʙʣʦʢʦʚʳʭ 

ʩʪʨʫʢʪʫʨ ʚʤʝʱʘʶʱʝʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʩʚʷʟʘʥʳ ʠ ʥʘʨʫʰʝʥʠʷ ʙʝʪʦʥʥʦʡ ʢʨʝʧʠ 

ʂʣʝʪʝʚʦʛʦ ʩʪʚʦʣʘ. ʅʘ ʵʪʦʤ ʩʪʚʦʣʝ ʚ 1984 ʛ ʧʨʠ ʧʨʦʭʦʜʢʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʦʤ 

ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʤ ʤʘʩʩʠʚʝ ʫʭʦʜʢʘʤʠ ʧʦ 3 ï 4 ʤ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 572 ï 765 ʤ ʧʨʦʠʟʦʰʣʦ 

ʘʚʘʨʠʡʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 193-ʤʝʪʨʦʚʦʛʦ ʫʯʘʩʪʢʘ ʤʦʥʦʣʠʪʥʦʡ ʙʝʪʦʥʥʦʡ ʢʨʝʧʠ. ʇʨʠʯʝʤ 

ʧʨʦʠʟʦʰʣʦ ʦʥʦ ʘʥʦʤʘʣʴʥʦ ʙʳʩʪʨʦ ʠ  ʥʝʨʘʚʥʦʤʝʨʥʦ. ʇʦʩʣʝ ʚʳʚʘʣʘ ʢʨʫʧʥʦʛʦ (ʩʚʳʰʝ 20 ʤ3) 

ʧʦʨʦʜʥʦʛʦ ʦʙʲʝʤʘ ʠʟ ʩʝʚʝʨʥʦʡ ʧʨʠʟʘʙʦʡʥʦʡ ʩʪʝʥʢʠ ʩʪʚʦʣʘ ʥʘ ʛʣʫʙʠʥʝ 765 ʤ ʠ ʧʦʷʚʣʝʥʠʷ ʚ 

ʚʳʰʝʣʝʞʘʱʝʤ ʙʝʪʦʥʥʦʤ ʢʦʣʴʮʝ ʧʝʨʚʳʭ ʪʨʝʱʠʥ ʠ ʚʳʢʦʣʦʚ ʙʝʪʦʥʘ ʥʘʯʘʣʦʩʴ ʠʥʪʝʥʩʠʚʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʫʯʘʩʪʢʘ ʢʨʝʧʠ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ 30 ʤ ʚʳʰʝ, ʥʘ ʛʣʫʙʠʥʝ 727 ï 730 ʤ, ʘ ʪʘʢʞʝ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʩʪʝʥʢʝ ʩʪʚʦʣʘ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 737 ï 743 ʤ. 

ɿʘʪʝʤ, ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʩʫʪʦʢ, ʧʨʦʠʟʦʰʣʦ ʣʘʚʠʥʦʦʙʨʘʟʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 193-

ʤʝʪʨʦʚʦʛʦ ʫʯʘʩʪʢʘ ʙʝʪʦʥʥʦʡ ʢʨʝʧʠ [9]. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʞʜʫʙʣʦʢʦʚʳʭ ʛʨʘʥʠʮ ʚʤʝʱʘʶʱʝʛʦ 

ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʤʝʨʳ ʧʨʝʚʳʰʝʥʠʡ ʧʨʦʝʢʪʥʳʭ ʨʘʜʠʫʩʦʚ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʪʚʦʣʦʚ ʚ ʧʨʦʭʦʜʢʝ. ʅʘ ʩʪʚʦʣʘʭ ɺʝʥʪʠʣʷʮʠʦʥʥʳʡ  ʠ ʂʣʝʪʝʚʦʡ ʟʘʤʝʨʳ 

ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʰʘʛʦʤ 8 ʤ (ʧʨʠ ʫʭʦʜʢʘʭ ʧʦ 3 ï 4 ʤ), ʘ ʥʘ ʩʪʚʦʣʝ ʉʢʠʧʦʚʦʡ ï 3 ʤ (ʧʨʠ 

ʫʭʦʜʢʘʭ ʧʦ 6 ʤ). ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ, ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʧʝʨʠʤʝʪʨʘʤ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ 

ʩʪʚʦʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 ï 3 ʚ ʬʦʨʤʝ ʪʦʯʝʯʥʳʭ ʜʠʘʛʨʘʤʤ. ʊʘʤ ʞʝ ʦʪʤʝʯʝʥʳ 

ʛʣʫʙʠʥʳ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʠ ʥʘʨʫʰʝʥʠʷ ʢʨʝʧʠ, ʠ ʛʨʘʥʠʮʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʙʣʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʚʳʜʝʣʷʝʤʳʭ ʧʦ ʧʠʢʦʚʳʤ ʧʨʝʚʳʰʝʥʠʷʤ ʧʨʦʝʢʪʥʳʭ ʨʘʜʠʫʩʦʚ. 
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ɸʥʘʣʠʟ ʪʦʯʝʯʥʳʭ ʜʠʘʛʨʘʤʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʚ ʤʘʩʩʠʚʘʭ 

ʩʢʘʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

çʘʢʪʠʚʥʳʭè ʤʝʞʜʫʙʣʦʢʦʚʳʭ ʛʨʘʥʠʮ, ʥʝ ʚʳʜʝʣʷʝʤʳʭ ʛʝʦʣʦʛʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ.  

ɺ ʩʪʚʦʣʝ ɺʝʥʪʠʣʷʮʠʦʥʥʳʡ ʧʨʦʠʟʦʰʝʜʰʠʝ ʥʘ ʛʣʫʙʠʥʝ 950 ʤ ʧʦʜʚʠʞʢʠ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʙʣʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʥʘʢʣʦʥʥʦ ʧʝʨʝʩʝʢʘʶʱʠʭ ʩʪʚʦʣ ʠ ʧʨʠʚʝʜʰʠʭ ʢ 

ʩʤʝʱʝʥʠʶ ʝʛʦ ʩʝʯʝʥʠʷ ʥʘ 50 ʤʤ, ʩʦʚʧʘʣʠ ʩʦ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ (ʟʘ 8 ï 9 ʫʭʦʜʦʢ) ʨʦʩʪʦʤ ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚ 3 ʨʘʟʘ ʙʦʣʝʝ ʧʦʩʪʝʧʝʥʥʳʤ (ʩʚʳʰʝ 24 ʫʭʦʜʦʢ) ʧʨʠʙʣʠʞʝʥʠʝʤ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʨʘʜʠʫʩʘ ʩʪʚʦʣʘ ʢ ʧʨʦʝʢʪʥʳʤ ʟʥʘʯʝʥʠʷʤ (ʥʘ ʨʠʩʫʥʢʝ 1 ʚʳʜʝʣʝʥʦ ʧʫʥʢʪʠʨʦʤ). 

ʈʘʥʝʝ ʬʠʢʩʠʨʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʭʦʜʢʠ ʧʠʢʦʚʳʝ ʚʦʟʨʘʩʪʘʥʠʷ ʫʩʨʝʜʥʝʥʥʦʛʦ ʨʘʜʠʫʩʘ 

ʩʪʚʦʣʘ, ʟʘʯʘʩʪʫʶ ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʛʝʦʣʦʛʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʠʤʝʣʠ çʩʠʤʤʝʪʨʠʯʥʳʡè ʭʘʨʘʢʪʝʨ ʚʦʟʨʘʩʪʘʥʠʷ ʠ 

ʫʤʝʥʴʰʝʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʤʝʥʴʰʝʡ ʠʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʨʫʰʝʥʠʝʤ ʥʘ ʛʣʫʙʠʥʝ 950 ʤ. 

ɽʱʝ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʥʳʭ ʫʭʦʜʦʢ ʠ ʤʝʥʴʰʝʛʦ ʰʘʛʘ ʟʘʤʝʨʦʚ, 

ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʠʣʣʶʩʪʨʠʨʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʚ ʩʪʚʦʣʝ ʉʢʠʧʦʚʦʡ (ʈʠʩʫʥʦʢ 2). 

ɹʳʩʪʨʳʝ ʚʦʟʨʘʩʪʘʥʠʷ ʠ ʤʝʜʣʝʥʥʳʝ ʫʤʝʥʴʰʝʥʠʷ ʫʩʨʝʜʥʝʥʥʦʛʦ ʨʘʜʠʫʩʘ ʩʪʚʦʣʘ ʥʘʯʘʣʠ 

ʧʨʦʷʚʣʷʪʴʩʷ ʩ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 450 ʤ. ʅʘ ʨʠʩʫʥʢʝ 2 ʥʘ ʵʪʦ ʫʢʘʟʳʚʘʶʪ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ 

ʣʠʥʝʡʥʳʭ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʪʨʝʥʜʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʝ, ʯʝʤ 

ʚʦʟʨʘʩʪʘʥʠʷ (ʚ 5 ï 6 ʠ ʙʦʣʝʝ ʨʘʟ), ʧʨʠʙʣʠʞʝʥʠʷ ʩʛʣʘʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʩʨʝʜʥʝʥʥʦʛʦ 

ʨʘʜʠʫʩʘ ʩʪʚʦʣʘ ʢ ʧʨʦʝʢʪʥʳʤ. ʆʥʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʥʘ ʛʣʫʙʠʥʘʭ ʦʢʦʣʦ 470, 600, 

660, 730 ʠ 860 ʤʝʪʨʦʚ çʘʢʪʠʚʥʳʭè ʛʨʘʥʠʮ ʤʝʞʜʫ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ (ʨʘʟʤʝʨʘʤʠ 

ʧʦʨʷʜʢʘ 100 ʤ) ʧʦʜʚʠʞʥʳʤʠ ʙʣʦʢʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʚ ʨʘʜʠʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʚʥʝʰʥʠʡ ʢʦʥʪʫʨ 

ʙʝʪʦʥʥʦʡ ʢʨʝʧʠ ʩʪʚʦʣʘ ʧʨʠʦʙʨʝʣ çʰʪʫʮʝʨʦʦʙʨʘʟʥʫʶè ʬʦʨʤʫ. 

ʉʧʦʩʦʙ ʩʛʣʘʞʠʚʘʥʠʷ ʟʘʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʜʠʫʩʘ ʩʪʚʦʣʘ ʥʘ ʠʭ ʣʠʥʝʡʥʫʶ 

ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʩʢʘʟʳʚʘʝʪʩʷ ʩʣʘʙʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʟʘʚʝʜʦʤʦ ʥʝ ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʧʦʜʚʠʞʥʳʭ 

ʙʣʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩʦʩʪʘʚʣʷʣʠ ʧʦʨʷʜʢʘ 100 ʤ, ʘ ʨʘʟʤʝʨʳ ʩʣʘʛʘʶʱʠʭ ʠʭ ʙʦʣʝʝ ʤʝʣʢʠʭ 

ʧʦʨʦʜʥʳʭ ʙʣʦʢʦʚ, ʚʳʜʝʣʷʝʤʳʭ ʧʦ çʩʠʤʤʝʪʨʠʯʥʳʤè ʧʠʢʦʚʳʤ ʧʨʝʚʳʰʝʥʠʷʤ ʧʨʦʝʢʪʥʳʭ 

ʨʘʜʠʫʩʦʚ ï ʦʢʦʣʦ 30 ʤ. 

ʊʘʢʠʝ ʞʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʟʤʝʨʦʚ çʘʢʪʠʚʥʳʭè ʠ çʧʘʩʩʠʚʥʳʭè ʧʦʨʦʜʥʳʭ ʙʣʦʢʦʚ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʧʦ ʟʘʤʝʨʘʤ ʚ ʩʪʚʦʣʝ ʂʣʝʪʝʚʦʡ (ʨʠʩ. 3). ɺʳʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʤʝʞʜʫ 100-

ʤʝʪʨʦʚʳʤʠ ʧʦʜʚʠʞʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʟʘʠʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʢʦʣʦ 5 ï 

6, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʟ 30-ʤʝʪʨʦʚʳʭ ʤʘʣʦʧʦʜʚʠʞʥʳʭ ʙʣʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʘʢʪʠʚʥʦʩʪʠ ʧʦʨʷʜʢʘ 1. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʤʝʨʳ ʙʦʣʝʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʦʜʚʠʞʥʳʭ 

ʧʦʨʦʜʥʳʭ ʙʣʦʢʦʚ, ʨʘʥʝʝ ʚʳʷʚʣʝʥʥʳʭ ʧʦ ʟʘʤʝʨʘʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʨʝʧʝʨʥʳʭ 

ʧʫʥʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʭʪʥʦʛʦ ʧʦʣʷ, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʠ 300 ï 500 ʤ [10]. ʊʘʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠʝʨʘʨʭʠʡ ʧʦʜʚʠʞʥʳʭ ʙʣʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʚʣʦʞʝʥʠʷ ʦʢʦʣʦ ʪʨʝʭ, ʭʦʨʦʰʦ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ (ʢʦʥʩʦʣʠʜʘʮʠʠ, ʚʪʦʨʠʯʥʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ) 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʤʘʩʩʠʚʘ ʩʢʘʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʚ ʥʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʭ ʙʣʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʚʳʜʝʣʷʝʤʳʭ ʧʦ ʩʦʛʣʘʩʦʚʘʥʥʳʤ 

ʩʤʝʱʝʥʠʷʤ ʩʣʘʛʘʶʱʠʭ ʠʭ ʙʦʣʝʝ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʧʦʨʦʜʥʳʭ ʙʣʦʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʧʨʦʭʦʜʢʝ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʚʦʣʦʚ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠ ʥʘʧʨʷʞʝʥʥʳʭ ʤʘʩʩʠʚʘʭ ʩʢʘʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʚʳʷʚʣʝʥ ʥʦʚʳʡ ʢʨʠʪʝʨʠʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ (ʨʘʟʤʝʨʘʤʠ ʧʦʨʷʜʢʘ 100 ʤ) 

ʧʦʜʚʠʞʥʳʭ ʙʣʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ 

ʚ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. ʂʨʠʪʝʨʠʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ:  
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- ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʟʘʙʦʝʤ ʚʳʨʘʙʦʪʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʡ ʛʨʘʥʠʮʳ ʤʝʞʜʫ 

ʧʦʜʚʠʞʥʳʤʠ ʙʣʦʢʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʳʩʪʨʦʝ ʫʭʫʜʰʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʟʘʙʦʡʥʦʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, ʦʪʨʘʞʘʝʤʦʝ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʚʳʨʘʙʦʪʢʠ ʚʯʝʨʥʝ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʝʝ 

ʧʦʩʪʝʧʝʥʥʳʤ ʠʭ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʧʨʦʝʢʪʥʳʤ;  

- ʩʪʝʧʝʥʴ (ʢʦʵʬʬʠʮʠʝʥʪ) ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʝʩʝʢʘʝʤʦʡ 

ʤʝʞʜʫʙʣʦʢʦʚʦʡ ʛʨʘʥʠʮʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʥʦʰʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʚʳʨʘʙʦʪʢʠ ʢ ʛʨʘʜʠʝʥʪʫ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʨʦʝʢʪʥʳʤ 

ʨʘʟʤʝʨʘʤ. 
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ʂ ʈɸʉʏɽʊʋ ʇɸʈɸʄɽʊʈʆɺ ʎɽʃʀʂʆɺ ʇʈʀ ʂɸʄɽʈʅʆʁ ʉʀʉʊɽʄɽ 

ʈɸɿʈɸɹʆʊʂʀ ʉ ɿɸʂʃɸɼʂʆʁ ɺʓʈɸɹʆʊɸʅʅʆɻʆ ʇʈʆʉʊʈɸʅʉʊɺɸ 

ɺɸʃʀɽɺ ʅ. ɻ.1, ʇʈʆʇʇ ɺ. ɼ.1, ɹɽʈʂʆɺʀʏ ɺ. ʍ.1, ʂʆʃɽʉʅʀʂʆɺ ɸ. ɸ.2 

1ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
2ɸʆ çʉʠʙʠʨʴ-ʇʦʣʠʤʝʪʘʣʣʳè 

ɸʥʥʦʪʘʮʠʷ. ɻʝʦʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ 

ʫʤʝʥʴʰʝʥʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʟʘʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʤʝʞʜʫʙʣʦʢʦʚʦʛʦ ʠ 

ʤʝʞʜʫʢʘʤʝʨʥʳʭ ʮʝʣʠʢʦʚ, ʨʘʩʯʝʪ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʠʢʝ ʨʘʩʯʝʪʘ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʤʝʞʜʫʢʘʤʝʨʥʳʭ ʮʝʣʠʢʦʚ ʧʨʠ ʢʘʤʝʨʥʦ-ʩʪʦʣʙʦʚʦʡ ʩʠʩʪʝʤʝ ʨʘʟʨʘʙʦʪʢʠ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʧʦʧʨʘʚʢʘʤʠ, ʧʦʚʳʰʘʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ. ʈʘʩʯʝʪ ʩʚʦʜʝʥ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʜʘʚʣʝʥʠʷ ʥʘ ʮʝʣʠʢ ʧʦ ʤʝʪʦʜʫ ʊʫʨʥʝʨʘ-ʐʝʚ̫ʢʦʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʝʭʥʦʣʦʛʠʷ, ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʤʝʞʜʫʙʣʦʢʦʚʳʡ ʠ ʤʝʞʜʫʢʘʤʝʨʥʳʝ ʮʝʣʠʢʠ, ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ 

ʢʘʤʝʨʳ. 
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Abstract. The geomechanical sUral Branchstantiation of the parameters of the development 

system with reduced geometric parameters and backfilling of the worked-out space, along with 

other parameters, provided for the determination of the dimensions of the inter-block and inter-

chamber pillars, the calculation of which was made similarly to the method for calculating 

rectangular inter-chamber pillars with a chamber-pillar development system with some 

amendments that increase the safety factor. The calculation is reduced to determining the 

pressure on the rear pillar by the Turner-Shevyakov method. 
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ʂʦʨʙʘʣʠʭʠʥʩʢʦʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ ʥʘ ʶʛʝ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʚ 1,5 ʢʤ ʢ ʩʝʚʝʨʫ ʦʪ ʛʦʨ. ɿʤʝʠʥʦʛʦʨʩʢʘ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ ʂʘʨʙʦʣʠʭʠʥʩʢʠʤ ʨʫʜʥʠʢʦʤ ɸʆ çʉʠʙʠʨʴ-ʇʦʣʠʤʝʪʘʣʣʳè, ʚʭʦʜʷʱʠʤ 

ʚ ʛʨʫʧʧʫ ʧʨʝʜʧʨʠʷʪʠʡ ʆɸʆ çʋʨʘʣʴʩʢʘʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷè (ʆɸʆ 

çʋɻʄʂè). 

ʇʨʦʜʫʢʮʠʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʨʫʜʘ, ʦʩʥʦʚʥʳʝ ʧʦʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʦʡ - 

ʤʝʜʴ, ʮʠʥʢ, ʩʚʠʥʝʮ. ʈʫʜʘ ʧʦʩʪʘʚʣʷʝʪʩʷ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʥʘ ʈʫʙʮʦʚʩʢʫʶ ʦʙʦʛʘʪʠʪʝʣʴʥʫʶ 

ʬʘʙʨʠʢʫ, ʚʭʦʜʷʱʫʶ ʚ ʩʦʩʪʘʚ ɸʆ çʉʠʙʠʨʴ-ʇʦʣʠʤʝʪʘʣʣʳè. 

ɹʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ ʟʘʣʝʛʘʶʪ ʥʘ ʛʣʫʙʠʥʝ 200õ1250ʤ ʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʨʠʯʝʤ, ʦʢʦʣʦ 80% ʟʘʧʘʩʦʚ ʟʘʣʝʞʝʡ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʛʣʫʙʠʥʝ ʙʦʣʝʝ 400ʤ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʂʦʨʙʘʣʠʭʠʥʩʢʦʛʦ ʨʫʜʥʠʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ 400 

ʪʳʩ. ʪ ʨʫʜʳ ʚ ʛʦʜ.  

ɺ ʩʚʷʟʠ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ ʆɸʆ çʋɻʄʂè ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʨʫʜʥʠʢʘ ʢ 2025 ʛʦʜʫ ʜʦ 1,5 ʤʣʥ.ʪ ʚ ʛʦʜ. ɼʦʩʪʠʛʥʫʪʴ ʪʘʢʫʶ 
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ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʘ ʨʫʜʥʠʢʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʨʫʜʳ 

(ʧʨʠʤʝʥʷʝʤʘʷ ʥʘ ʨʫʜʥʠʢʝ ʩʣʦʝʚʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʩ ʟʘʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʭ ʨʘʙʦʪ, ʚʳʩʦʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʜʦʙʳʯʠ ʨʫʜʳ) ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ.  

 ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ ʜʣʷ ʨʫʜʥʠʢʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʜʦʙʳʯʠ ʨʫʜʳ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʨʫʜʥʠʢʘ ʚ 1,5 ʤʣʥ.ʪ ʨʫʜʳ  ʚ ʛʦʜ, 

ʠʟ ʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʨʫʜʥʠʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʫʤʝʥʴʰʝʥʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʟʘʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʳʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʩ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ, ʚʤʝʩʪʝ ʩ ʪʝʤ, ʙʦʣʝʝ ʙʝʟʦʧʘʩʝʥ. ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʣʶʜʝʡ ʚ ʚʳʨʘʙʦʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ ʠ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʣʝʯʝʥʠʷ. 

 ɻʝʦʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ [1-3] ʥʘʨʷʜʫ ʩ 

ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʤʝʞʜʫʙʣʦʢʦʚʦʛʦ ʠ 

ʤʝʞʜʫʢʘʤʝʨʥʳʭ ʮʝʣʠʢʦʚ, ʨʘʩʯʝʪ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʠʢʝ ʨʘʩʯʝʪʘ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʤʝʞʜʫʢʘʤʝʨʥʳʭ ʮʝʣʠʢʦʚ ʧʨʠ ʢʘʤʝʨʥʦ-ʩʪʦʣʙʦʚʦʡ ʩʠʩʪʝʤʝ ʨʘʟʨʘʙʦʪʢʠ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʧʦʧʨʘʚʢʘʤʠ, ʧʦʚʳʰʘʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ. ʈʘʩʯʝʪ ʩʚʝʜʝʥ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʜʘʚʣʝʥʠʷ ʥʘ ʮʝʣʠʢ ʧʦ ʤʝʪʦʜʫ ʊʫʨʥʝʨʘ-ʐʝʚʷʢʦʚʘ. ʋʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʜʣʷ 

ʮʝʣʠʢʦʚ ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʦʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

˚ ̋ ̗ ̋ ̗ ̒̇̒̓̑̃ ̑

̈́̐
ὑ̕ὑ̕ ,                                (1) 

ʛʜʝ bʢ ï ʰʠʨʠʥʘ ʢʘʤʝʨʳ, ʤ; lʢ ï ʜʣʠʥʘ ʢʘʤʝʨʳ, ʤ; bʮ ï ʰʠʨʠʥʘ ʮʝʣʠʢʘ, ʤ; lʮ ï ʜʣʠʥʘ 

ʮʝʣʠʢʘ, ʤ (lʮ=bʢ); Kʅ ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʛʨʫʟʢʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʜʦʣʶ ʚʝʩʘ ʧʦʨʦʜ 

ʥʘʣʝʛʘʶʱʝʡ ʪʦʣʱʠ, ʚʦʩʧʨʠʥʠʤʘʝʤʫʶ ʮʝʣʠʢʘʤʠ; KŬ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʣʠʷʥʠʝ ʫʛʣʘ ʧʘʜʝʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ ʥʘ ʚʝʣʠʯʠʥʫ ʥʘʛʨʫʟʢʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʮʝʣʠʢ; Kʩʪʨ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜ ʚ 

ʨʝʘʣʴʥʦʤ ʤʘʩʩʠʚʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʭ ʧʨʦʯʥʦʩʪʠ ʚ ʦʙʨʘʟʮʝ; Kʚʨ ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʮʝʣʠʢʘ ʠʣʠ ʢʨʦʚʣʠ ʢʘʤʝʨʳ; Kʟʘʧ 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ; ὑ̕  ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʮʝʣʠʢʘ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʮʝʣʠʢʘ ʚ ʧʣʘʥʝ; ὑ̕  ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʮʝʣʠʢʘ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ ʮʝʣʠʢʘ ʚ ʩʝʯʝʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ ʮʝʣʠʢ; ɔ ï 

ʩʨʝʜʥʠʡ ʦʙʲʝʤʥʳʡ ʚʝʩ ʧʦʨʦʜ ʥʘʣʝʛʘʶʱʝʡ ʪʦʣʱʠ, ʄʅ/ʤ3; H ï ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʧʦʨʦʜ, 

ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʮʝʣʠʢʦʤ, ʤ. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʤʝʞʜʫʙʣʦʢʦʚʦʛʦ ʮʝʣʠʢʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

ɺʳʜʝʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ q: 

ή ˚ ̈́̐

̒̇̒̓̑̃ ̑̏̒̌
,     (2) 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʢ ʨʘʩʯʝʪʫ ʰʠʨʠʥʳ ʤʝʞʜʫʙʣʦʢʦʚʦʛʦ ʮʝʣʠʢʘ 

Figure 1. Scheme for calculating the width of the interblock rear sight 

 

ʌʦʨʤʫʣʘ 4.10 ʧʨʠʤʝʪ ʚʠʜ: 

 ήὦ̋ ὰ̗ ὰ̋ ὦ̗ ὰ̗ὦ̗ὦὑ̕ὑ̕          (3) 

ʊʦʛʜʘ ʰʠʨʠʥʘ ʮʝʣʠʢʘ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

    ὦ̗ ̋ ̋ ̗

̗ ̕ ̕ ̋ ̗
            (4) 

ʀʩʧʦʣʴʟʫʷ ʨʝʢʦʤʝʥʜʘʮʠʠ çʄʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ éè [2,3] ʧʨʠʥʠʤʘʝʤ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: Kʅ=0,3 (ʩ ʫʯʝʪʦʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʥʘ ʨʫʜʥʳʡ ʠ ʟʘʢʣʘʜʦʯʥʳʡ ʤʘʩʩʠʚ); ὑ̒ ̓̑πȟψ; ὑ̃ ̑ ρ; ὑ̈ ́̐ρȟυ;  

ὑ̕ πȟψ πȟς̗

̗
  ʠ ὑ̕ ̗

̗
. 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʜʦʩʪʘʚʦʯʥʦʡ ʚʳʨʘʙʦʪʢʠ ʠ 

ʨʘʩʩʝʯʢʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ: 

                                            ὑ̏ ̒̌
̗ ̏̑̓ȟ ̐̑ ̈ ȟ

̗̐̑
,     (5) 

ʛʜʝ bʮ ï ʰʠʨʠʥʘ ʮʝʣʠʢʘ, ʤ; bʦʨʪ ï ʰʠʨʠʥʘ ʜʦʩʪʘʚʦʯʥʦʡ ʚʳʨʘʙʦʪʢʠ, ʤ; lʧʨ ï ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʟʘʝʟʜʘʤʠ, ʤ; lʟ ï ʰʠʨʠʥʘ ʟʘʝʟʜʘ, ʤ. 

ʈʘʩʯʝʪ ʰʠʨʠʥʳ ʤʝʞʜʫʙʣʦʢʦʚʦʛʦ ʮʝʣʠʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʝ ʠ ʰʠʨʠʥʝ ʢʘʤʝʨʳ 

(ʜʣʠʥʳ ʮʝʣʠʢʘ) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1 ʠ 2. 

 

ʊʘʙʣʠʮʘ 1. ʈʘʩʯʝʪ ʰʠʨʠʥʳ ʤʝʞʜʫʙʣʦʢʦʚʦʛʦ ʮʝʣʠʢʘ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʝ ʢʘʤʝʨʳ 

Table 1. Calculation of the width of the interblock rear sight for different chamber lengths 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʩʣʘʙʣʝʥʠʷ 
ὑ̏ ̒̌ 

ʜʦʣʠ 

ʝʜ. 0,11 0,15 0,18 0,20 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ 

ʮʝʣʠʢʘ 
ὑ̕  

ʜʦʣʠ 

ʝʜ. 0,85 0,84 0,84 0,83 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ 

ʮʝʣʠʢʘ 
ὑ̕  

ʜʦʣʠ 

ʝʜ. 1,49 1,93 2,38 2,82 

ɼʣʠʥʘ ʮʝʣʠʢʘ ὰ̗ ʤ 6 

ʐʠʨʠʥʘ ʮʝʣʠʢʘ ὦ̗ ʤ 5,3 6,2 7,2 8,2 

ʂʦʵʬʬʠʮʠʝʥʪ ή - 0,13 0,14 0,15 0,17 

ɼʣʠʥʘ ʢʘʤʝʨʳ ὰ̋ ʤ 20 30 40 50 

ʐʠʨʠʥʘ ʢʘʤʝʨʳ ὦ̋ ʤ 6 
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ʊʘʙʣʠʮʘ 2. ʈʘʩʯʝʪ ʰʠʨʠʥʳ ʤʝʞʜʫʙʣʦʢʦʚʦʛʦ ʮʝʣʠʢʘ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʝ ʢʘʤʝʨʳ 

Table 2. Calculation of the width of the interblock rear sight for different chamber widths 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʩʣʘʙʣʝʥʠʷ 
ὑ̏ ̒̌ 

ʜʦʣʠ 

ʝʜ. 0,20 0,23 0,25 0,26 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ 

ʮʝʣʠʢʘ 
ὑ̕  

ʜʦʣʠ 

ʝʜ. 0,83 0,83 0,82 0,82 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ 

ʮʝʣʠʢʘ 
ὑ̕  

ʜʦʣʠ 

ʝʜ. 2,82 2,82 2,82 2,82 

ɼʣʠʥʘ ʮʝʣʠʢʘ ὰ̗ ʤ 6 8 10 12 

ʐʠʨʠʥʘ ʮʝʣʠʢʘ ὦ̗ ʤ 8,2 6,7 6,2 6 

ʂʦʵʬʬʠʮʠʝʥʪ ή - 0,17 0,14 0,13 0,13 

ɼʣʠʥʘ ʢʘʤʝʨʳ ὰ̋ ʤ 50 

ʐʠʨʠʥʘ ʢʘʤʝʨʳ ὦ̋ ʤ 6 8 10 12 

 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʧʨʠʥʠʤʘʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʚʘʨʠʘʥʪʘ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, 

ʰʠʨʠʥʘ ʤʝʞʜʫʙʣʦʢʦʚʦʛʦ ʮʝʣʠʢʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 8,2 ʤ. 

ʆʪʨʘʙʦʪʢʘ ʟʘʧʘʩʦʚ ʧʦʜʵʪʘʞʘ ʧʦ ʢʘʤʝʨʥʦ-ʮʝʣʠʢʦʚʦʡ ʩʭʝʤʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʮʝʥʢʫ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʞʜʫʢʘʤʝʨʥʦʛʦ ʮʝʣʠʢʘ (ʢʘʤʝʨʳ ʚʪʦʨʦʡ ʦʯʝʨʝʜʠ). ʈʘʩʯʝʪ ʤʝʞʜʫʢʘʤʝʨʥʦʛʦ 

ʮʝʣʠʢʘ ʘʥʘʣʦʛʠʯʝʥ ʤʝʪʦʜʠʢʝ ʜʣʷ ʨʘʩʯʝʪʘ ʤʝʞʜʫʙʣʦʢʦʚʦʛʦ ʮʝʣʠʢʘ, ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ. 

ʅʝʢʦʪʦʨʳʝ ʜʦʧʫʱʝʥʠʷ ʧʨʠ ʨʘʩʯʝʪʝ ʠʜʫʪ ʚ ʟʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 2. ʈʘʩʯʝʪ ʰʠʨʠʥʳ ʤʝʞʜʫʢʘʤʝʨʥʦʛʦ ʮʝʣʠʢʘ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʝ ʢʘʤʝʨʳ (ʜʣʠʥʳ 

ʮʝʣʠʢʘ) ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 3. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʢ ʨʘʩʯʝʪʫ ʰʠʨʠʥʳ ʤʝʞʜʫʢʘʤʝʨʥʦʛʦ ʮʝʣʠʢʘ 

Figure 2. Scheme for calculating the width of the inter-chamber rear sigh 
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ʊʘʙʣʠʮʘ 3. ʈʘʩʯʝʪ ʰʠʨʠʥʳ ʤʝʞʜʫʢʘʤʝʨʥʦʛʦ ʮʝʣʠʢʘ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʝ ʢʘʤʝʨʳ 

Table 3. Calculation of the width of the inter-chamber rear sight for different chamber 

lengths 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʮʝʣʠʢʘ ╚̕  ʜʦʣʠ 

ʝʜ. 
0,81 0,81 0,81 0,81 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʮʝʣʠʢʘ ╚̕  ʜʦʣʠ 

ʝʜ. 
1,93 2,38 2,82 3,27 

ɼʣʠʥʘ ʮʝʣʠʢʘ ■̗ ʤ 30 40 50 60 

ʐʠʨʠʥʘ ʮʝʣʠʢʘ ╫̗ ʤ 1,5 2 2,6 3,2 

ʂʦʵʬʬʠʮʠʝʥʪ ▲ - 0,06 0,08 0,10 0,12 

ɼʣʠʥʘ ʢʘʤʝʨʳ ■̋ ʤ 30 40 50 60 

ʐʠʨʠʥʘ ʢʘʤʝʨʳ ╫̋ ʤ 6 

 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʜʣʠʥʝ ʢʘʤʝʨʳ ʨʘʚʥʦʡ 50 ʤ ʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʮʝʣʠʢʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʝʛʦ ʰʠʨʠʥʝ 2,6 ʤ. ʉ ʫʯʝʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʧʦ ʫʩʣʦʚʠʶ ʌ.ɸ. ɹʘʨʩʫʢʦʚʘ [4] ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʝʣʠʯʠʥʫ 

ʤʝʞʜʫʢʘʤʝʨʥʦʛʦ ʮʝʣʠʢʘ ʧʨʠʥʠʤʘʪʴ ʥʝ ʤʝʥʝʝ 6 ʤ. 
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ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʥʥʦʪʘʮʠʷ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʧʦʜʟʝʤʥʦʛʦ ʩʞʠʛʘʥʠʷ 

ʫʛʣʷ ʠʤʝʝʪ ʟʥʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʛʥʝʚʦʛʦ ʟʘʙʦʷ, ʘ ʪʘʢʞʝ ʝʛʦ  ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ.  ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʪʝʧʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ ʟʘʤʝʨʥʳʝ ʩʢʚʘʞʠʥʳ ʨʘʩʧʦʣʘʛʘʶʪ ʥʘ ʧʫʪʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʦʥʳ ʛʦʨʝʥʠʷ. ʉʢʚʘʞʠʥʳ ʦʙʦʨʫʜʫʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ 

ʪʝʨʤʦʧʘʨʘʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦ ʜʨʫʛʘ ʥʘ ʚʩʶ 

ʤʦʱʥʦʩʪʴ ʫʛʦʣʴʥʦʛʦ ʧʣʘʩʪʘ. ʆʧʠʩʘʥ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʢʚʘʞʠʥ, ʧʨʦʙʫʨʝʥʥʳʭ ʚ ʤʝʞʜʫʧʣʘʩʪʴʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʧʨʦʛʨʝʚʝ ʧʦʨʦʜ ʤʝʞʜʫʧʣʘʩʪʴʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʛʦʣʴ, ʧʣʘʩʪʳ, ʤʝʞʜʫʧʣʘʩʪʴʝ, ʧʦʜʟʝʤʥʘʷ ʛʘʟʠʬʠʢʘʮʠʷ, ʩʢʚʘʞʠʥʳ, 

ʪʝʨʤʦʧʘʨʳ, ʦʛʥʝʚʦʡ ʟʘʙʦʡ. 
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ABOUT THE CONTROL OF THE POSITION OF FIRE FACES  DURING 

UNDERGROUND COAL BURNING  

RAKHIMZHANOV A.M. ISAGULOV S.T. 

Karaganda State Technical University 

Abstract. Knowledge of the parameters of the fire face, as well as its location, spatial orientation, 

and speed of movement is of great importance in obtaining a model of an underground coal 

burning system. To get an idea of the thermal activity in three dimensions, measuring wells are 

located in the path of the intended movement of the gorenje zone. Wells are equipped with 

several thermocouples installed at a certain distance from each other for the entire capacity of the 

coal seam. The method of control is described, which consists in the use of wells drilled in the 

interlayer and the corresponding analytical solution of the problem of heating the rocks of the 

interlayer. 

Keywords: coal, strata, interplast, underground gasification, wells, thermocouples, fire face. 

 

ʇʦʜʟʝʤʥʳʡ ʪʝʧʣʦʛʘʟʦʛʝʥʝʨʘʪʦʨ ʢʘʢ ʦʙʲʝʢʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʦʡ ʥʦʩʠʪ ʠʥʪʝʛʨʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʢʘʟʳʚʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʳ ʧʦʜʟʝʤʥʦʛʦ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʜʦʩʪʘʪʦʯʥʦ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʧʦʜʟʝʤʥʦʛʦ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʧʨʠʦʙʨʝʪʘʝʪ ʟʥʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʦʛʥʝʚʦʛʦ ʟʘʙʦʷ, ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ ʧʦʣʦʞʝʥʠʷ ʦʛʥʝʚʳʭ 

ʟʘʙʦʝʚ. 

ʈʝʰʝʥʠʝ ʨʷʜʘ ʚʘʞʥʳʭ ʟʘʜʘʯ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʧʨʠ ʧʦʜʟʝʤʥʦʡ 

ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʢʘʙʝʣʝʡ-ʜʘʪʯʠʢʦʚ (ʊʂɼ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʪʠʧʦʚ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʊʂɼ 

ʧʦʟʚʦʣʷʝʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝ ʚ ʦʜʥʦʡ ʪʦʯʢʝ, ʘ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʦʥʠ 

ʧʨʦʣʝʛʘʶʪ [2]. 

ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʞʠʛʘʥʠʠ ʩʙʣʠʞʝʥʥʳʭ ʧʣʘʩʪʦʚ ʫʛʣʷ ʚ ʤʘʩʩʠʚʝ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ ʦʙʨʘʟʫʝʪʩʷ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʜʚʘ ʧʦʜʟʝʤʥʳʭ ʪʝʧʣʦʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʌʠʟʠʯʝʩʢʦʝ 

ʪʝʧʣʦ, ʧʦʣʫʯʘʝʤʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʞʠʛʘʥʠʷ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʛʦʨʝʥʠʷ ʠ ʛʘʟʠʬʠʢʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ ʧʦʚʝʜʝʥʠʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. 

ʕʛʦ ʚʣʠʷʥʠʝ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʦʱʥʦʩʪʴ ʧʦʨʦʜ ʤʝʞʜʫʧʣʘʩʪʴʷ 

ʩʦʠʟʤʝʨʠʤʘ ʠʣʠ ʙʦʣʴʰʝ ʤʦʱʥʦʩʪʠ ʩʞʠʛʘʝʤʳʭ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʫʯʘʩʪʢʦʚ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʀʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ ʧʦʣʦʞʝʥʠʷ ʦʛʥʝʚʦʛʦ ʟʘʙʦʷ ʥʘʠʙʦʣʝʝ 

ʧʨʘʢʪʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʟʤʝʨʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦ-

ʨʦʜ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ, ʢʦʪʦʨʳʝ ʙʫʨʷʪʩʷ ʥʘ ʧʫʪʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʜʚʠʞʝʥʠʷ ʟʦʥʳ ʛʦʨʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ [1]. ʕʪʠ ʩʢʚʘʞʠʥʳ ʦʙʦʨʫʜʫʶʪʩʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʪʝʨʤʦʧʘʨʘʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʥʘ ʚʩʶ ʤʦʱʥʦʩʪʴ ʫʛʦʣʴʥʦʛʦ ʧʣʘʩʪʘ ʦʪ ʝʛʦ ʧʦʯʚʳ ʜʦ ʢʨʦʚʣʠ. ʇʫʪʝʤ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʟʘʤʝʨʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʧʫʪʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʦʥʳ ʛʦʨʝʥʠʷ ʧʦʣʫʯʘʶʪ ʧʦʣʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʧʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ 

ʩʣʝʜʫʶʱʝʝ. 

1. ʊʨʝʙʫʝʪʩʷ ʯʘʩʪʘʷ ʩʝʪʢʘ ʩʢʚʘʞʠʥ, ʧʨʦʙʫʨʠʚʘʝʤʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. 

2. ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦʯʢʘʭ, ʧʨʠ 

ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʦʛʥʝʚʦʛʦ ʟʘʙʦʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ. 
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3. ʊʨʝʙʫʝʪʩʷ ʦʙʩʘʜʢʘ ʩʢʚʘʞʠʥ ʚʦ ʠʟʙʝʞʘʥʠʝ ʠʭ ʟʘʪʦʧʣʝʥʠʷ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʢʚʘʞʠʥ, 

ʧʨʦʙʫʨʝʥʥʳʭ ʚ ʤʝʞʜʫʧʣʘʩʪʴʝ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ 

ʧʨʦʛʨʝʚʝ ʧʦʨʦʜ ʤʝʞʜʫʧʣʘʩʪʴʷ (ʩʤ. ʨʠʩ.). ʉʢʚʘʞʠʥʳ ʦʙʩʘʞʠʚʘʶʪʩʷ ʪʨʫʙʘʤʠ, ʠʟʤʝʨʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʪʩʷ ʪʝʨʤʦʧʘʨʦʡ, ʢʦʪʦʨʘʷ ʧʨʦʜʚʠʛʘʝʪʩʷ ʧʦ ʪʨʫʙʝ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ. ɺ ʦʩʥʦʚʫ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʧʨʦʛʨʝʚʝ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ 

ʧʦʣʦʞʝʥʦ ʠʟʚʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʤʛʥʦʚʝʥʥʦʤ ʪʦʯʝʯʥʦʤ ʠʩʪʦʯʥʠʢʝ ʪʝʧʣʘ, 

ʧʦʣʫʯʝʥʥʦʤ ʚ [3], ʢʦʪʦʨʦʝ, ʩ ʫʯʝʪʦʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʨʝʘʢʮʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʛʥʝʚʳʭ 

ʟʘʙʦʝʚ, ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὸὢȟὣ ᶻ᷿ Ὡ
ᶻ

ὑz
ᶻ

Ὠώ   

 

+ ᶻ᷿ Ὡ
ᶻ

ὑz
ᶻ

Ὠώ , 

ʛʜʝ,  h  - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʘʤʠ, ʤʦʱʥʦʩʪʴ ʧʦʨʦʜ ʤʝʞʜʫʧʣʘʩʪʴʷ, ʤ; 

hu ʠ hd  - ʤʦʱʥʦʩʪʠ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʧʣʘʩʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤ; 

V - ʩʢʦʨʦʩʪʴ ʧʦʜʚʠʛʘʥʠʷ ʦʛʥʝʚʳʭ ʟʘʙʦʝʚ, ʤ/ʩ; 

ɚ, a - ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʩʨʝʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;  

yᴂ - ʧʝʨʝʤʝʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ; 

l - ʚʝʣʠʯʠʥʘ ʦʪʩʪʘʚʘʥʠʷ ʥʠʞʥʝʛʦ ʟʘʙʦʷ ʦʪ ʚʝʨʭʥʝʛʦ, ʤ; 

K0 ð ʬʫʥʢʮʠʷ ʄʘʢ-ɼʦʥʘʣʴʜʘ (ʙʝʩʩʝʣʝʚʘ ʬʫʥʢʮʠʷ 4-ʛʦ ʨʦʜʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ). 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʦʜ ʤʝʞʜʫʧʣʘʩʪʴʷ ʥʘʨʷʜʫ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʨʝʰʝʥʠʷ (1) ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʪʴ ʦʩʥʦʚʳ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʛʥʝʚʳʭ ʟʘʙʦʝʚ ʧʨʠ ʧʦʜʟʝʤʥʦʤ ʩʞʠʛʘʥʠʠ ʩʙʣʠʞʝʥʥʳʭ ʧʣʘʩʪʦʚ ʫʛʣʷ. 

 
ɼʣʷ ʧʦʣʫʯʝʥʠʷ  ʜʘʥʥʳʭ ʚ ʮʝʣʷʭ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʦʛʥʝʚʳʭ ʟʘʙʦʝʚ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʣʫʯʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʚʳʨʘʞʝʥʠʝ ʥʘ ʵʢʩʪʨʝʤʫʤ, ʯʪʦ ʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʊɽʍʅʆʃʆɻʀʀ ʃɸɿɽʈʅʆɻʆ ʉʂɸʅʀʈʆɺɸʅʀʗ ʅɸ ʇʈʀʄɽʈɽ CAVITY 

MONITORING SYSTEM ( CMS) ʇʈʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 

ʄɸʈʂʐɽʁɼɽʈʉʂʆʁ ʉʒɽʄʂʀ ʊʈʋɼʅʆɼʆʉʊʋʇʅʓʍ ɻʆʈʅʓʍ ɺʓʈɸɹʆʊʆʂ 
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1ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʝʪ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠʣʠ ʦʧʘʩʥʳʭ ʧʦʜʟʝʤʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ. ʉ ʝʝ ʧʦʤʦʱʴʶ ʜʦʩʪʠʛʘʝʪʩʷ ʘʙʩʦʣʶʪʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ, 

ʪʘʢ ʢʘʢ ʦʧʝʨʘʪʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʙʝʟʦʧʘʩʥʦʤ ʤʝʩʪʝ. 
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ʇʨʠ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ 

ʩʚʷʟʘʥʘ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʜʦʚ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʧʦʣʦʞʝʥʠʝ ʠ 

ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʳʭ ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʝʪʩʷ ʢʘʢ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʏʝʤ ʩʣʦʞʥʝʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʪʝʤ ʚʘʞʥʝʝ ʚʦʧʨʦʩ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠ ʪʦʯʥʦʡ ʫʚʷʟʢʠ ʤʝʞʜʫ 

ʩʦʙʦʡ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʦʙʲʝʤʦʚ ʠ ʢʦʥʪʫʨʦʚ.  

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʩʣʫʞʙʳ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʙʦʪ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ, 

ʥʘʨʝʟʥʳʭ, ʦʯʠʩʪʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʝʡ [1].  

ʇʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʘʨʢʰʝʡʜʝʨ ʧʨʦʠʟʚʦʜʠʪ ʩʲʝʤʢʫ ʛʦʨʥʳʭ 

ʚʳʨʘʙʦʪʦʢ ʠ ʵʣʝʤʝʥʪʦʚ ʟʘʣʝʛʘʥʠʷ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʡ 

ʩʦʩʪʘʚʣʷʝʪ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʘʢʠ ʧʦʧʦʣʥʷʝʪ ʧʣʘʥʳ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʇʦʣʥʘʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʘʷ 

ʤʘʨʢʰʝʡʜʝʨʩʢʘʷ ʩʲʝʤʢʘ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʠʭ ʚ 

ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʥʷʪʦʡ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ 

ʫʩʣʦʚʠʝʤ ʙʝʟʦʧʘʩʥʦʛʦ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ.                                                       

ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʲʝʤʦʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʧʨʠʙʦʨʦʚ 

ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʩʲʝʤʢʠ ʧʦ ʧʨʠʯʠʥʝ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ɿʘʯʘʩʪʫʶ ʠʩʧʦʣʥʠʪʝʣʷʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘʭʦʜʠʪʴʩʷ ʚ 



 
20 

 

ʟʦʥʘʭ ʦʧʘʩʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ 

ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʲʝʤʦʢ. 

ʉʴʝʤʢʘ ʦʯʠʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʜʦʙʳʯʠ ʛʦʨʥʦʡ 

ʤʘʩʩʳ, ʦʙʲʸʤʦʚ ʧʫʩʪʦʪ, ʦʙʲʝʤʘ ʟʘʢʣʘʜʦʯʥʦʡ ʩʤʝʩʠ, ʧʦʜʩʯʝʪʘ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʥʪʫʨʘ ʢʘʤʝʨʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʞʜʫʢʘʤʝʨʥʳʭ ʮʝʣʠʢʦʚ ʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ [2]. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ 

ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʲʝʤʢʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʧʦʣʦʩʪʝʡ CMS (Cavity Monitoring System). ʆʥʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʥʘʜʩʢʦʡ ʢʦʤʧʘʥʠʝʡ 

Optech ʚ 2003 ʛʦʜʫ [3]. 

 

ʆʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʧʨʦʜʫʢʪʦʚ ʢʦʤʧʘʥʠʠ ʷʚʣʷʝʪʩʷ Teledyne Optech CMS V500. ʕʪʦ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʤʘʨʢʰʝʡʜʝʨʘʤʠ ʚʩʝʛʦ ʤʠʨʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʜʦʩʪʫʧʥʳʭ 

ʧʦʣʦʩʪʝʡ. ʉʠʩʪʝʤʘ ʩʦʙʠʨʘʝʪ ʪʳʩʷʯʠ ʪʦʯʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ, ʦʨʠʝʥʪʘʮʠʠ ʠ ʦʙʲʝʤʦʚ ʧʦʣʦʩʪʝʡ ʠ ʩʦʟʜʘʥʠʷ 

ʧʦʜʨʦʙʥʦʡ ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʛʦʨʥʦ-ʛʨʘʬʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʦʥʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʙʩʦʣʶʪʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ 

ʨʘʙʦʪ, ʧʦʩʢʦʣʴʢʫ ʩʝʥʩʦʨ ʩʠʩʪʝʤʳ ʚʳʜʚʠʛʘʝʪʩʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʠʣʠ ʦʧʘʩʥʳʝ ʦʙʣʘʩʪʠ, ʘ 

ʦʧʝʨʘʪʦʨ ʦʩʪʘʝʪʩʷ ʚ ʙʝʟʦʧʘʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1. ʈʘʙʦʪʘ CMS ʚ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʝ [4]. 

 

ʄʘʨʢʰʝʡʜʝʨʩʢʠʡ ʩʢʘʥʝʨ CMS Teledyne Optech ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʢʦʥʪʫʨʦʚ ʦʪʙʠʪʳʭ ʢʘʤʝʨ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʙʦʨʪʦʚ ʠ ʢʨʦʚʣʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʚ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʙʫʨʝʥʠʝ 

ʩʦʩʝʜʥʠʭ ʢʘʤʝʨ. ʇʨʠ ʨʘʟʙʫʨʠʚʘʥʠʠ, ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʬʘʢʪʠʯʝʩʢʠʭ ʢʦʥʪʫʨʦʚ, 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʮʝʣʠʢʘ ʥʘ ʢʦʥʪʘʢʪʝ "ʨʫʜʘ-ʙʝʪʦʥ", ʯʪʦ 

ʫʤʝʥʴʰʘʝʪ ʧʦʧʘʜʘʥʠʝ ʟʘʢʣʘʜʢʠ ʚ ʦʪʙʠʪʫʶ ʨʫʜʫ ʠ ʫʤʝʥʴʰʘʝʪ ʝʸ ʧʦʪʝʨʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʢʘʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʩʣʝʜʠʪʴ ʟʘ ʦʙʨʫʰʝʥʠʷʤʠ ʢʨʦʚʣʠ ʢʘʤʝʨ ʚ 

ʧʨʦʮʝʩʩʝ ʦʪʙʦʡʢʠ ʠ ʧʦʩʣʝ ʝʝ ʟʘʚʝʨʰʝʥʠʷ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ CMS ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʜʘʣʴʥʦʤʝʨʘ, ʢʦʪʦʨʳʡ ʚʚʦʜʠʪʩʷ ʚ ʧʦʣʦʩʪʴ ʠ ʚʨʘʱʘʝʪʩʷ ʚ ʥʝʡ ʥʘ 360ę ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʧʦ 

ʚʝʨʪʠʢʘʣʠ ʥʘ 320ę, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʧʨʝʨʳʚʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ ʦʙ ʫʛʣʘʭ ʠ ʨʘʩʩʪʦʷʥʠʷʭ. 

ʈʘʩʩʪʦʷʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʜʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʨʘʪʥʦ. ʆʥʦ ʠʟʤʝʨʷʝʪʩʷ ʚʳʩʦʢʦʪʦʯʥʳʤ ʩʯʝʪʯʠʢʦʤ ʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʨʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʩʯʠʪʳʚʘʝʪʩʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʤ. ɹʳʩʪʨʦʝ ʧʨʦʙʫʞʜʝʥʠʝ ʣʘʟʝʨʘ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʫʩʨʝʜʥʝʥʠʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʧʦʟʚʦʣʷʝʪ 

ʜʘʣʴʥʦʤʝʨʫ ʩʥʠʤʘʪʴ ʧʦʢʘʟʘʥʠʷ ʩ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ. 

ʂʦʥʪʨʦʣʣʝʨ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʩʲʝʤʢʫ ʩʠʩʪʝʤʦʡ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʮʝʩʩ ʥʘ ʜʠʩʧʣʝʝ. ʋʧʨʘʚʣʷʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʚʩʝ ʜʘʥʥʳʝ 

ʩʲʝʤʢʠ ʭʨʘʥʷʪʩʷ ʚ ʢʦʥʪʨʦʣʣʝʨʝ. 
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ʂʦʤʧʴʶʪʝʨ ʩʦʝʜʠʥʝʥ ʩ ʪʦʯʢʦʡ ʚʭʦʜʘ ʚ ʩʝʪʴ (ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ) ʚ ʙʣʦʢʝ ʧʠʪʘʥʠʷ 

ʩʝʪʝʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. 

ʄʘʨʢʰʝʡʜʝʨʩʢʘʷ ʧʨʠʚʷʟʢʘ CMS ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʣʘʟʝʨʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʛʦʣʦʚʳ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ 

(ʨʠʩ. 2). ʕʪʠ ʢʦʦʨʜʠʥʘʪʳ ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʦʛʨʘʤʤʦʡ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚʠʟʠʨʥʳʭ ʤʘʨʦʢ ʠ 

ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʧʝʨʝʜʥʝʡ ʚʠʟʠʨʥʦʡ ʤʘʨʢʠ ʜʦ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʩʢʘʥʠʨʫʶʱʝʡ ʛʦʣʦʚʳ. 

ʇʦʩʢʦʣʴʢʫ ʤʘʨʢʰʝʡʜʝʨʩʢʠʡ ʩʢʘʥʝʨ CMS ʧʨʦʠʟʚʦʜʠʪ ʩʲʝʤʢʫ ʚ ʫʩʣʦʚʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʮʝʥʪʨʦʤ ʚʨʘʱʝʥʠʷ ʣʘʟʝʨʥʦʡ ʛʦʣʦʚʳ, ʪʦ ʟʥʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʵʪʦʛʦ 

ʮʝʥʪʨʘ, ʘ ʪʘʢʞʝ ʘʟʠʤʫʪʘ ʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʠʪʴ ʤʦʜʝʣʴ ʩʥʠʤʘʝʤʦʛʦ 

ʦʙʲʝʢʪʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ [4]. 

 

 
ʈʠʩʫʥʦʢ 2. ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʧʨʠʚʷʟʢʘ ʣʘʟʝʨʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ 

 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ ʩʧʝʮʠʘʣʠʩʪʘ ʩ ʧʨʠʙʦʨʦʤ CMS Teledyne Optech:  

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʩʠʩʪʝʤʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʧʨʦʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: ʦʪʩʦʝʜʠʥʝʥʠʝ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʙʣʦʢʘ ʧʠʪʘʥʠʷ, 

ʧʨʦʚʝʨʢʘ ʢʦʤʧʣʝʢʪʘʮʠʠ ʩʢʘʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ CMS, ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ - 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʩʠʩʪʝʤʳ CMS ʢ ʤʝʩʪʫ ʩʲʸʤʢʠ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʢʘʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʚ ʛʦʨʥʦʡ 

ʚʳʨʘʙʦʪʢʝ: ʦʙʩʣʝʜʦʚʘʥʠʝ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʩʲʸʤʢʠ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ 

ʧʦʣʦʞʝʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʳ CMS (ʨʠʩ. 3), ʤʦʥʪʘʞ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʧʦʨ. ʇʦʩʣʝ 

ʟʘʢʨʝʧʣʝʥʠʷ ʣʘʟʝʨʥʦʡ ʩʢʘʥʠʨʫʶʱʫʶ ʱʝʡ ʛʦʣʦʚʢʠ ʠ ʚʠʟʠʨʥʳʭ ʤʘʨʦʢ, ʛʦʣʦʚʢʘ ʚʚʦʜʠʪʩʷ ʚ 

ʧʦʣʦʩʪʴ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʜʦʞʜʘʪʴ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʘʣʴʥʦʤʝʨ 

ʧʨʠʩʧʦʩʦʙʠʣʩʷ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʦʩʤʦʪʨʝʪʴ ʣʠʥʟʳ ʜʘʣʴʥʦʤʝʨʘ ʥʝ 

ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʣʠ ʚʣʘʛʘ. 

 

 

 

 

 

 

ʘ                                          ʙ                                      ʚ                                     ʛ 

ʈʠʩʫʥʦʢ 3. ʉʧʦʩʦʙʳ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʳ ʘ) ʧʦʜʢʘʪʥʘʷ ʪʝʣʝʞʢʘ, ʙ) ʢʘʨʙʦʥʦʚʳʝ ʰʪʘʥʛʠ 

ʠ ʤʘʯʪʳ, ʚ) ʰʪʘʪʠʚ, ʛ) ʚʝʨʪʠʢʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ [4]. 

 

ʆʩʥʦʚʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʩʲʸʤʢʘ ʧʦʣʦʩʪʠ ʢʘʤʝʨʳ. ʈʘʙʦʪʘ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʚʢʣʶʯʝʥʠʷ ʙʣʦʢʘ ʧʠʪʘʥʠʷ ʠ ʘʢʪʠʚʘʮʠʠ ʢʦʥʪʨʦʣʣʝʨʘ. ʂʘʢ ʪʦʣʴʢʦ ʠʥʜʠʢʘʪʦʨ ʙʝʩʧʨʦʚʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʩʪʘʥʝʪ ʟʝʣʸʥʳʤ, ʥʘ ʢʦʥʪʨʦʣʣʝʨʝ ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʦʛʨʘʤʤʘ CMS.  ʇʦʩʣʝ ʥʘʞʘʪʠʷ 

ʢʥʦʧʢʠ çSurveyè, ʩʢʘʥʠʨʫʶʱʘʷ ʛʦʣʦʚʢʘ ʧʨʠʚʦʜʠʪʩʷ ʢ ʛʦʨʠʟʦʥʪʫ. ɼʘʣʝʝ ʚʳʙʠʨʘʝʪʩʷ ʨʝʞʠʤ 

ʩʲʸʤʢʠ ʠ ʥʘʟʚʘʥʠʝ ʬʘʡʣʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʩʲʸʤʢʠ, ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ 
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ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʘ ʢʦʥʪʨʦʣʣʝʨʝ, ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʜʚʝ ʚʠʟʠʨʥʳʭ ʮʝʣʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ (ʩʤ. ʨʠʩ. 2) ʣʘʟʝʨʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʛʦʣʦʚʢʠ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʘʙʦʪʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʢʣʶʯʝʥʠʝ ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʙʣʦʢʘ ʧʠʪʘʥʠʷ.  

ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʵʪʘʧ ʜʝʤʦʥʪʘʞʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ: ʠʟʚʣʝʯʝʥʠʷ ʣʘʟʝʨʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ 

ʛʦʣʦʚʢʠ ʠʟ ʧʦʣʦʩʪʠ, ʜʝʤʦʥʪʘʞʘ ʩʠʩʪʝʤʳ CMS ʠ ʤʦʥʪʘʞʥʳʭ ʦʧʦʨ, ʧʦʜʥʷʪʠʷ ʣʘʟʝʨʥʦʡ 

ʩʢʘʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʠ ʢʦʥʪʨʦʣʣʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʟʘʛʨʫʟʢʘ 

ʜʘʥʥʳʭ ʩʲʸʤʢʠ ʠʟ ʢʦʥʪʨʦʣʣʝʨʘ ʥʘ ʢʦʤʧʴʶʪʝʨ, ʢʦʥʚʝʨʪʘʮʠʷ ʜʘʥʥʳʭ ʩʲʸʤʢʠ ʚ ʬʘʡʣ DXF 

ʜʣʷ ʠʤʧʦʨʪʘ ʚ ʧʨʦʛʨʘʤʤʫ Mainframe, ʨʝʞʝ CAD-ʩʠʩʪʝʤʫ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʦʣʫʯʝʥʠʝ 3D ʤʦʜʝʣʠ ʚʳʨʘʙʦʪʢʠ (ʨʠʩ. 4). 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʦʜʟʘʨʷʜʢʘ ʙʘʪʘʨʝʠ ʩʠʩʪʝʤʳ ʠ ʢʦʥʪʨʦʣʣʝʨʘ. 

 

 
ʈʠʩʫʥʦʢ 4. 3D-ʤʦʜʝʣʴ, ʩʦʟʜʘʥʥʘʷ ʠʟ ʦʙʣʘʢʘ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʠʟʤʝʨʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʠ ʦʙʲʝʤʘ ʧʦʣʦʩʪʠ [6]. 

 

ʇʦʚʳʰʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʪʦʯʝʯʥʦʡ ʤʦʜʝʣʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ  

ʩʢʘʥʝʨʘ ʥʘ ʙʦʣʴʰʝʡ ʚʳʩʦʪʝ ʥʘʜ ʦʙʲʝʢʪʦʤ ʩʲʝʤʢʠ, ʯʪʦ  ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʦʙʟʦʨ ʦʙʣʘʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʥʘ ʩʢʘʥʝ [5]. 

 ʊʝʭʥʦʣʦʛʠʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʳʣʘ ʫʩʧʝʰʥʘ ʧʨʠʤʝʥʝʥʘ, ʢʦʛʜʘ ʦʙʨʫʰʠʣʘʩʴ 

ʢʨʳʰʘ ʪʫʥʥʝʣʷ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ ɹʫʪʘʥʝ. ʆʙʨʫʰʝʥʠʝ 

ʢʨʳʰʠ ʚʥʫʪʨʠ ʦʩʥʦʚʥʦʛʦ ʧʦʜʲʝʟʜʥʦʛʦ ʪʫʥʥʝʣʷ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʧʣʦʪʠʥʳ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ ɹʫʪʘʥʝ ʧʨʠʚʝʣʦ ʢ ʛʠʙʝʣʠ ʣʶʜʝʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʟʘʜʝʨʞʢʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʋʯʘʩʪʥʠʢʠ ʧʨʦʝʢʪʘ ʥʝ ʤʦʛʣʠ ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʫ ʚ ʪʫʥʥʝʣʝ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʥʝ ʚʳʷʩʥʠʣʠ ʨʘʟʤʝʨ ʠ ʩʦʩʪʦʷʥʠʝ ʧʦʣʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʩʪʘʣʘʩʴ ʥʘʜ ʦʙʣʦʤʢʘʤʠ, 

ʙʣʦʢʠʨʦʚʘʚʰʠʤʠ ʢʘʤʝʨʫ 

APIPL (Asssociated Polytech Industries P Ltd) ʧʨʠʟʥʘʣ, ʯʪʦ ʦʜʥʠʤ ʠʟ 

ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʪʦʯʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

CMS.  

 ʉʢʚʘʞʠʥʘ, ʢʦʪʦʨʫʶ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʩʲʝʤʢʠ, ʙʳʣʘ ʧʨʦʙʫʨʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ. ɺ 

ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʦʪʚʝʨʩʪʠʷ ʙʳʣʘ 

ʦʙʣʠʮʦʚʘʥʘ ʩʪʘʣʴʥʳʤ ʢʦʞʫʭʦʤ. ʕʪʠ ʫʩʣʦʚʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʙʝʟʦʧʘʩʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠ 

ʠʟʚʣʝʯʝʥʠʶ CMS V500 (ʨʠʩ. 5).  

ʉʧʝʮʠʘʣʠʩʪʳ ʧʨʝʜʧʦʯʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ VIP (The vertical insertion package), 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʚʤʝʩʪʝ ʩ CMS ʦʪ Optech. ʇʨʫʞʠʥʥʳʡ ʤʝʭʘʥʠʟʤ VIP ʫʜʝʨʞʠʚʘʣ ʫʩʪʨʦʡʩʪʚʦ 

ʚ ʫʩʪʦʡʯʠʚʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʚ ʮʝʥʪʨʝ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ, ʢʦʛʜʘ ʦʥʦ ʙʝʟʦʧʘʩʥʦ ʦʧʫʩʢʘʣʦʩʴ ʚ 

ʩʢʚʘʞʠʥʫ. 
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ʈʠʩʫʥʦʢ 5. ʂʦʤʧʣʝʢʪ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ (VIP) ʫʜʝʨʞʠʚʘʝʪ CMS ʚ 

ʫʩʪʦʡʯʠʚʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʧʦ ʮʝʥʪʨʫ ʧʨʠ ʝʛʦ ʦʧʫʩʢʘʥʠʠ ʚ ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʢʚʘʞʠʥʫ [6]. 

 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʩʢʘʥʠʨʦʚʘʥʠʶ ʧʦʣʦʩʪʠ ʩʧʝʮʠʘʣʠʩʪʳ ʩʥʘʯʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ CMS 

ʚ ʥʘʟʝʤʥʦʤ ʨʝʞʠʤʝ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʥʘ ʰʪʘʪʠʚʝ ʚʥʫʪʨʠ ʪʫʥʥʝʣʷ(ʩʤ. ʨʠʩ. 3ʚ). ʆʥʠ ʩʜʝʣʘʣʠ 

ʧʷʪʴ ʩʢʘʥʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʪʫʥʥʝʣʷ, ʥʘʯʠʥʘʷ ʩ ʤʝʩʪʘ ʦʙʨʫʰʝʥʠʷ ʠ ʟʘʪʝʤ 

ʧʨʦʜʚʠʛʘʷʩʴ ʢ ʚʭʦʜʫ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʠʤʝʣʘ ʞʠʟʥʝʥʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʦʩʪʠ ʚ ʧʨʘʚʠʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʦʜʟʝʤʥʳʭ ʪʫʥʥʝʣʝʡ.  

ʇʝʨʝʜ ʫʩʪʘʥʦʚʢʦʡ CMS ʢ VIP ʙʳʣ ʧʨʠʢʨʝʧʣʝʥ ʘʚʪʦʥʦʤʥʳʡ ʠʥʢʣʠʥʦʤʝʪʨ, ʢʦʪʦʨʳʡ 

ʩʧʫʩʢʘʣʩʷ ʚ ʩʢʚʘʞʠʥʫ ʩ ʧʦʤʦʱʴʶ ʣʝʙʝʜʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʜ ʦʪʚʝʨʩʪʠʝʤ. ʆʥ ʬʠʢʩʠʨʦʚʘʣ 

ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦʙ ʦʨʠʝʥʪʘʮʠʠ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ, ʢʦʛʜʘ ʦʥ ʩʧʫʩʢʘʣʩʷ ʚ ʩʢʚʘʞʠʥʫ ʜʦ ʪʦʛʦ, 

ʢʘʢ ʜʦʩʪʠʛ ʧʦʣʦʩʪʠ. ʕʪʠ ʜʘʥʥʳʝ ʠʩʧʳʪʘʥʠʡ ʙʫʜʫʪ ʧʦʟʞʝ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩʦ ʩʢʘʥʘʤʠ CMS ʠ 

ʜʘʥʥʳʤʠ ʚʩʪʨʦʝʥʥʦʛʦ ʠʥʢʣʠʥʦʤʝʪʨʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ɿʘʪʝʤ ʩʠʩʪʝʤʘ ʙʳʣʘ ʧʦʜʢʣʶʯʝʥʘ ʢ VIP ʜʣʷ ʩʙʦʨʘ ʩʢʘʥʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʦ 

ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ ʦʧʫʩʢʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʣʝʙʝʜʢʠ, CMS, ʦʩʥʘʱʝʥʥʘʷ ʢʘʤʝʨʦʡ, 

ʬʠʢʩʠʨʦʚʘʣʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ ʥʠʟʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚʥʫʪʨʠ ʩʢʚʘʞʠʥʳ, 

ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʚʘʣʠʩʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʦ ʦʧʪʦʚʦʣʦʢʦʥʥʦʤʫ ʢʘʙʝʣʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʉʧʝʮʠʘʣʠʩʪʳ ʠʟʫʯʘʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʧʣʘʥʰʝʪʝ, ʤʝʜʣʝʥʥʦ ʥʘʧʨʘʚʣʷʷ ʫʩʪʨʦʡʩʪʚʦ 

ʚʥʠʟ ʥʘ ʤʝʪʨ ʟʘ ʨʘʟ. ʅʘ ʢʘʞʜʦʤ ʤʝʪʨʝ ʙʳʣʘ ʩʜʝʣʘʥʘ ʦʪʤʝʪʢʘ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʜʘʥʥʳʝ 

ʩʢʘʥʠʨʦʚʘʥʠʷ CMS ʤʦʞʥʦ ʙʳʣʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʟʘʧʠʩʷʤʠ ʧʦʟʠʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ʠʥʢʣʠʥʦʤʝʪʨʘ. 

ʆʢʘʟʘʚʰʠʩʴ ʚʥʫʪʨʠ ʢʘʤʝʨʳ, CMS ʙʳʣ ʧʝʨʝʢʣʶʯʝʥ ʚ ʨʝʞʠʤ çʪʦʯʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷè, ʚ ʢʦʪʦʨʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʳʩʷʯʠ ʣʘʟʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʂʘʞʜʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʬʠʢʩʠʨʦʚʘʣʦ ʦʙʣʘʢʦ ʪʦʯʝʢ ʩ ʧʦʣʝʤ ʦʙʟʦʨʘ 360ę x 320ę ʚ ʧʫʩʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʥʢʣʠʥʦʤʝʪʨ ʦʪʩʣʝʞʠʚʘʣ ʧʦʣʦʞʝʥʠʝ ʩʢʘʥʝʨʘ ʚʦ ʚʨʝʤʷ ʢʘʞʜʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʭʝʦʤʝʪʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘʜ ʩʢʚʘʞʠʥʦʡ, ʠʩʩʣʝʜʦʚʘʣ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

VIP, ʢʦʛʜʘ CMS ʦʧʫʩʢʘʣʘʩʴ. 

ʇʦʩʣʝ ʙʝʟʦʧʘʩʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʨʘʙʦʪʢʠ 

Optech CMS Desktop ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʫʜʘʣʝʥʠʷ ʰʫʤʘ ʠʟ ʜʘʥʥʳʭ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʝʨʝʜ 

ʦʙʲʝʜʠʥʝʥʠʝʤ ʩʢʘʥʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʪʨʝʭʤʝʨʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ 

ʚʩʶ ʧʦʣʦʩʪʴ. ɼʘʥʥʳʝ ʦʪ ʠʥʢʣʠʥʦʤʝʪʨʘ ʠ ʪʘʭʝʦʤʝʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʢʘʥʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʟʘʪʝʤ ʜʣʷ ʧʨʠʚʷʟʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ 

ʧʨʦʝʢʪʘ. 

ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʦʙʣʘʢʦ ʪʦʯʝʢ ʧʦʢʘʟʘʣʦ ʙʦʣʴʰʫʶ ʧʦʣʦʩʪʴ ʩʦ ʩʪʝʥʢʘʤʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ. CMS ʧʨʦʚʝʣʘ ʪʳʩʷʯʠ ʠʟʤʝʨʝʥʠʡ ʚʥʫʪʨʠ ʧʦʣʦʩʪʠ, ʘ ʧʨʦʛʨʘʤʤʥʦʝ 
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ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʨʝʜʝʣʠʣʦ ʝʝ ʦʙʱʠʡ ʦʙʲʝʤ. ʂʦʦʨʜʠʥʘʪʥʳʝ ʜʘʥʥʳʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʣʠ ʧʫʩʪʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ 3D-ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʠʣʘ 

ʠʥʞʝʥʝʨʘʤ ʣʫʯʰʝ ʧʦʥʷʪʴ ʫʩʣʦʚʠʷ ʚ ʨʘʡʦʥʝ, ʛʜʝ ʧʨʦʠʟʦʰʣʦ ʦʙʨʫʰʝʥʠʝ, ʠ ʧʦʟʚʦʣʠʣʘ ʠʤ 

ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʘ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʨʘʙʦʪ ʚ ʦʩʥʦʚʥʦʤ ʪʫʥʥʝʣʝ [6]. 

ʅʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʲʝʤʢʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʧʫʩʪʦʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʜʨʫʛʠʭ ʢʦʤʧʘʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ ʵʪʠʭ ʢʦʤʧʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ.1. 

ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʧʨʠ ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʩʲʝʤʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʘʥʘʣʦʛʠʠ, ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ, 

ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʲʸʤʦʯʥʳʭ ʪʦʯʝʢ. 

ʇʦʛʨʝʰʥʦʩʪʠ ʘʥʘʣʦʛʠʠ ʧʨʦʠʩʭʦʜʷʪ ʦʪ ʪʦʛʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʧʠʩʳʚʘʝʤʘʷ 

ʩʲʝʤʦʯʥʳʤʠ ʪʦʯʢʘʤʠ, ʥʝ ʦʪʨʘʞʘʝʪ ʚʩʝʭ ʠʟʛʠʙʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʥʠʤʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚʳʩʦʢʦʪʦʯʥʦʡ ʩʭʝʤʳ ʧʦʛʨʝʰʥʦʩʪʠ 

ʘʥʘʣʦʛʠʠ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʩʢʘʞʘʶʪ ʦʙʲʝʤ, ʪʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʩʲʝʤʦʯʥʳʭ ʪʦʯʝʢ 

ʜʦʩʪʘʪʦʯʥʘʷ (ʜʦ 300 000 ʪʦʯʝʢ ʚ ʩʝʢ.). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʠʟʦʙʨʘʟʠʪʴ 

ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɼʨʫʛʠʝ ʩʭʝʤʳ ʩʲʝʤʦʢ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʚʣʠʷʥʠʶ 

ʧʦʛʨʝʰʥʦʩʪʠ ʘʥʘʣʦʛʠʠ, ʫʤʝʥʴʰʠʪʴ ʢʦʪʦʨʫʶ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʩʲʝʤʦʯʥʳʭ ʪʦʯʝʢ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʭʝʤʘʭ. 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ ʘʥʘʣʦʛʠʠ. ʅʦ ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʝʜʝʥʳ ʢ ʤʠʥʠʤʫʤʫ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʪʦʜʠʢʠ ʚʝʜʝʥʠʷ ʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

ʉʦʛʣʘʩʥʦ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ ʦʧʨʝʜʝʣʠʤ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʳʭ ʚʝʣʠʯʠʥ. 

ʉʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ [7] ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʥʪʫʨʦʚ ʢʘʤʝʨ ʥʝ ʜʦʣʞʥʳ 

ʧʨʝʚʳʰʘʪʴ 1:100.  

ʆʧʨʝʜʝʣʠʤ ʜʦʧʫʩʪʠʤʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʳʭ ʚʝʣʠʯʠʥ ʧʦ ʬʦʨʤʫʣʝ  

, ʦʪʩʶʜʘ , ʛʜʝ d ï ʜʣʠʥʘ ʣʠʥʠʠ. ʊʦʛʜʘ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʢʘʤʝʨ ʦʪ 20-80 ʤ 

ʪʦʯʥʦʩʪʴ ʣʠʥʝʡʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 0,2-0,8 ʤ. 

ɼʘʣʝʝ ʧʨʦʠʟʚʝʜʝʤ ʦʮʝʥʢʫ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ. 

ʆʙʲʝʤ ʢʘʤʝʨʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

,                                                      (1) 

ʛʜʝ  - ʣʠʥʝʡʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʤʝʨʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʠʥʘ, ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ, ʤ. 

ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʦʙʲʝʤʘ ʢʘʤʝʨʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʠʪ 

                                    (2) 

ʇʦʩʣʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ: 

,                                 (3) 

ʛʜʝ - ʧʦʛʨʝʰʥʦʩʪʴ ʣʠʥʝʡʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʙʝʨʝʪʩʷ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʠʙʦʨʘ. 
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ʊʘʙʣʠʮʘ 1. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʘʥʝʨʦʚ 

ʊʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʘʥʝʨʦʚ 

Optech CMS 

ʤʦʜʝʣʴ V500 

ʂʦʤʧʘʥʠʷ Gexel 

ʅERON Lite 

ʂʦʤʧʘʥʠʷ Carlson ʂʦʤʧʘʥʠʷ 

GeoSLAM ZEB-

Horizon VS150 C-ALS 

ɼʠʘʧʘʟʦʥ ʜʝʡʩʪʚʠʷ 

ʄʠʥʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ: 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ: 

 

50 ʩʤ 

ʜʦ 500 ʤ 

 

- 

100 ʤ 

 

0,5 ʤ 

ɼʦ 150 ʤ 

 

0,5 ʤ 

ɼʦ 150 ʤ 

 

- 

100 ʤ 

ʉʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʪʦʯʝʢ/ʩ 

 

57 600 

 

300 000 

 

200 

 

200 

 

300000 

ʊʦʯʥʦʩʪʴ ʣʠʥʝʡʥʳʭ 

ʠʟʤʝʨʝʥʠʡ, ʩʤ 
 

Ñ 2 

 

° 3 

 

Ñ1 

 

Ñ1 

 

1-3 

ʈʘʟʨʝʰʝʥʠʝ: 0,02Á 0,1Á 0,1Á 0,1Á 0,1Á 

ʆʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ: 

ʇʦ ʚʝʨʪʠʢʘʣʠ 

ʇʦ ʛʦʨʠʟʦʥʪʘʣʠ 

 

ʦʪ 0 ʜʦ 320Á 

ʦʪ 0 ʜʦ 360Á 

 

 

ʦʪ + 15Á ʜʦ - 15Á 

ʦʪ 0 ʜʦ 360Á 

 

 

ʦʪ +135Á ʜʦ ï135Á 

ʦʪ 0Á ʜʦ 360Á 

 

 

ʦʪ + 90Á ʜʦ - 90Á 

ʦʪ 0Á ʜʦ 360Á 

 

 

ʦʪ + 20Á ʜʦ - 20Á 

ʦʪ 0 ʜʦ 360Á 

 

ʊʦʯʥʦʩʪʴ ʦʪʩʯʝʪʘ ʫʛʣʘ: Ñ0,1Á Ñ 0,2Á Ñ 0,1Á Ñ 0,2Á Ñ 0,2Á 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 
ʉʲʸʤʢʘ ʢʘʤʝʨ ʠ 

ʧʫʩʪʦʪ 

 

ʉʲʝʤʢʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʧʦʜʟʝʤʥʳʭ 

ʢʘʤʝʨ 

ʉʲʸʤʢʘ ʢʘʤʝʨ ʠ 

ʧʫʩʪʦʪ 

 

ʉʲʸʤʢʘ ʢʘʤʝʨ ʠ 

ʧʫʩʪʦʪ 

 

ʉʲʝʤʢʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠ 

ʧʦʜʟʝʤʥʳʭ ʢʘʤʝʨ 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʲʝʤʢʠ ʇʨʠʚʷʟʢʘ ʩʢʘʥʝʨʘ 

ʢ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʤ 

ʪʦʯʢʘʤ 

ɹʝʟ ʦʛʨʘʥʠʯʝʥʠʡ 

ʇʨʠʚʷʟʢʘ ʩʢʘʥʝʨʘ ʢ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʤ 

ʪʦʯʢʘʤ 

ʇʨʠʚʷʟʢʘ ʩʢʘʥʝʨʘ 

ʢ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʤ 

ʪʦʯʢʘʤ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʚʧʘʜʝʠʷ 

ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ 

ʩʲʸʤʢʠ 
 

ʉʪʘʮʠʦʥʘʨʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʩʢʘʥʝʨʘ ʥʘ ʤʝʩʪʝ ʩʲʸʤʢʠ 

ʊʨʝʙʫʝʪʩʷ (ʩ 

ʨʘʟʚʸʨʪʳʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ 

ʟʘʢʨʝʧʠʪʝʣʴʥʳʭ 

ʰʪʘʥʛ ʠ ʰʝʩʪʦʚ) 

ʅʝ ʪʨʝʙʫʝʪʩʷ 

(ʧʦʣʥʦʩʪʴʶ 

ʤʦʙʠʣʴʥʦʝ ʨʝʰʝʥʠʝ) 

ʊʨʝʙʫʝʪʩʷ (ʩ 

ʨʘʟʚʸʨʪʳʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ 

ʟʘʢʨʝʧʠʪʝʣʴʥʳʭ 

ʰʪʘʥʛ ʠ ʰʝʩʪʦʚ) 

ʊʨʝʙʫʝʪʩʷ 

(ʢʦʦʨʜʠʥʘʮʠʷ 

ʚʭʦʜʘ) 

ʊʨʝʙʫʝʪʩʷ (ʩ 

ʨʘʟʚʸʨʪʳʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ 

ʟʘʢʨʝʧʠʪʝʣʴʥʳʭ 

ʰʪʘʥʛ ʠ ʰʝʩʪʦʚ) 

ɺʝʩ ʩʢʘʥʝʨʘ, ʢʛ 7 0,9 5 5,9 1,3 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʂʘʥʘʜʘ ʀʪʘʣʠʷ ʉʐɸ ʉʐɸ ɸʚʩʪʨʘʣʠʷ 

ʉʪʦʠʤʦʩʪʴ ʤʣʥ. ʨʫʙ. 8-10 3-5 3-5 8-10 4-5 
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ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʦʙʲʝʤʘ ʢʘʤʝʨʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʠʪ: 

                              (2) 

ʇʦʩʣʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ: 

,                                         (3) 

ʛʜʝ - ʧʦʛʨʝʰʥʦʩʪʴ ʣʠʥʝʡʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʙʝʨʝʪʩʷ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʙʦʨʘ. 

ɺʣʠʷʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʲʸʤʦʯʥʳʭ ʪʦʯʝʢ 

ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʛʫʩʪʦʪʳ ʩʲʸʤʦʯʥʳʭ ʪʦʯʝʢ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʘ ʢʘʤʝʨʳ, ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ, ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʢʦʩʚʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʦ ʢʦʥʪʫʨʘʤ ʢʘʤʝʨ ʥʘ ʧʣʘʥʘʭ ʠ ʨʘʟʨʝʟʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʲʝʤʢʠ ʠ ʟʘʤʝʨʘ ʢʦʥʪʨʦʣʴʥʳʭ ʩʢʚʘʞʠʥ [7]. 

ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʧʦ ʛʨʘʬʠʯʝʩʢʠʤ 

ʤʘʪʝʨʠʘʣʘʤ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʢʦʥʪʫʨʘ ʥʘ ʧʣʘʥ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

, 

ʛʜʝ   ï  ʛʨʘʬʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʣʘʥ, ʧʨʠʥʠʤʘʝʤ ʨʘʚʥʦʡ 0,5 ï 0,7 

ʤʤ; ʄ ï ʟʥʘʤʝʥʘʪʝʣʴ ʤʘʩʰʪʘʙʘ. 

ʊʝʭʥʦʣʦʛʠʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʦʝ, ʪʦʯʥʦʝ, ʪʨʝʭʤʝʨʥʦʝ 

ʛʝʦʜʝʟʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʶʱʝʝ ʧʦʪʨʝʙʥʦʩʪʷʤ ʤʘʨʢʰʝʡʜʝʨʦʚ. ʉʧʝʮʠʘʣʠʩʪʳ 

ʙʝʟʦʧʘʩʥʦ ʚʳʧʦʣʥʷʶʪ ʠʟʤʝʨʝʥʠʷ, ʘ ʧʦʣʥʦʩʪʴʶ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʬʫʥʢʮʠʠ, ʧʨʦʩʪʦʪʘ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʥʘʩʪʨʦʡʢʠ ʠ ʧʨʠʚʷʟʢʠ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʠ ʧʦʣʫʯʘʪʴ 

ʜʘʥʥʳʝ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʬʦʨʤʘʪʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ[8]. 
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ʋɼʂ 622.274.4 

ʆɹʆʉʅʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʆɼʕʊɸɾʅʆ-ʂɸʄɽʈʅʆʁ  

ʉʀʉʊɽʄʓ ʈɸɿʈɸɹʆʊʂʀ ʉ ʊɺɽʈɼɽʖʑɽʁ ɿɸʂʃɸɼʂʆʁ ʇʈʀ ʆʉɺʆɽʅʀʀ 

ʋʈɸʃʔʉʂʀʍ ʄɽɼʅʆʂʆʃʏɽɼɸʅʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

ɸʅʊʀʇʀʅ ʖ.ɻ., ʉʄʀʈʅʆɺ ɸ.ɸ., ʅʀʂʀʊʀʅ ʀ.ɺ., ʉʆʃʆʄɽʀʅ ʖ.ʄ. 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʳ ʚʘʨʠʘʥʪʳ ʧʦʜʵʪʘʞʥʦ-ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʪʚʝʨʜʝʶʱʝʡ 

ʟʘʢʣʘʜʢʦʡ, ʫʯʠʪʳʚʘʶʱʠʝ ʩʧʝʮʠʬʠʢʫ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʫʨʘʣʴʩʢʠʭ 

ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ ʠ ʟʘʪʨʘʪ ʥʘ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʝ ʠ ʟʘʢʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʘ 

ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʯʠʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʧʝʨʠʦʜ ʦʪʨʘʙʦʪʢʠ ʢʘʤʝʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʝʜʥʦʢʦʣʯʝʜʘʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʧʦʜʟʝʤʥʘʷ ʨʘʟʨʘʙʦʪʢʘ, ʧʦʜʵʪʘʞʥʦ-

ʢʘʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ, ʚʳʩʦʪʘ ʧʦʜʵʪʘʞʘ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ. 

 

JUSTIFICATION OF THE EFFECTIVENESS OF THE S URAL BRANCH -LEVEL 

CHAMBER MINING SYSTEM WITH SOLID FILLING AT THE MINING  

OF THE URAL CUPPER PYRITE DEPOSITS 

ANTIPIN YU. G., SMIRNOV A. A., NIKITIN I.  V., SOLOMEIN YU. M. 

The Institute of Mining of the Ural branch of the Russian Academy of Sciences 

Abstract. Options of the sUral Branch-level chamber mining system with solid filling, accounting 

the specifics of the mining and geological conditions of the Ural cupper pyrite deposits, allowing to 

increase the economic efficiency of underground mining operations by reducing the dilution of ore 

and the costs of pre-cutting and filling operations, and also to ensure their safety by increasing the 

stability of the stoping space during the mining of chambers, have been developed. 

Keywords: Cupper pyrite deposit, underground mining, sUral Branch-level chamber mining system, 

sUral Branch-level height, technical and economic assessment. 

 

ɼʣʷ ʤʝʜʥʳʭ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʤʝʥʝʥʠʝ ʵʪʘʞʥʦ-ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʨʘʟʨʘʙʦʪʢʠ ʩ ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʢʦʡ ʠ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʘʤʦʭʦʜʥʦʡ ʪʝʭʥʠʢʠ 

(ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʦʛʨʫʟʦ-ʜʦʩʪʘʚʦʯʥʳʭ ʤʘʰʠʥ, ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ). ʅʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʜʚʫʭ- ʠʣʠ ʪʨʝʭʩʪʘʜʠʡʥʳʡ ʧʦʨʷʜʦʢ ʦʪʨʘʙʦʪʢʠ ʵʪʘʞʘ, ʩʧʦʩʦʙ 

ʧʦʜʛʦʪʦʚʢʠ ʜʥʠʱʘ ʢʘʤʝʨ ï ʪʨʘʥʰʝʡʥʳʡ, ʚʳʧʫʩʢ ʨʫʜʳ ï ʧʣʦʱʘʜʥʦʡ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʪʫ ʠʟʚʣʝʯʝʥʠʷ ʟʘʧʘʩʦʚ ʠ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ. 

ʇʘʨʘʤʝʪʨʳ ʢʘʤʝʨ: ʜʣʠʥʘ 30-50 ʤ, ʚʳʩʦʪʘ 60-80 ʤ ʠ ʰʠʨʠʥʘ 10-20 ʤ [1ï3]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʨʘʣʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʝʫʩʪʦʡʯʠʚʳʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚʠʩʷʯʝʛʦ ʙʦʢʘ 

ʤʦʱʥʦʩʪʴʶ ʦʪ 2 ʜʦ 20 ʤ (ʠʥʦʛʜʘ ʜʦ 60 ʤ), ʢʦʪʦʨʳʝ ʧʨʠ ʦʙʥʘʞʝʥʠʠ ʦʪʩʣʘʠʚʘʶʪʩʷ ʠ 

ʦʙʨʫʰʘʶʪʩʷ ʚ ʦʯʠʩʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʤʝʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʨʘʟʫʙʦʞʠʚʘʥʠʷ (ʜʦ 16%) ʠ ʩʥʠʞʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚʠʩʷʯʝʛʦ ʙʦʢʘ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʢʘʤʝʨ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʠ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ 

[4]. ɼʣʠʥʘ ʢʘʤʝʨʳ ʧʨʠ ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʟʘʣʝʞʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʱʥʦʩʪʠ 

ʨʫʜʥʦʛʦ ʪʝʣʘ, ʰʠʨʠʥʘ ʢʘʤʝʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ 

ʧʨʠʥʠʤʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦ ʫʩʣʦʚʠʶ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʩʦʪʘ ʢʘʤʝʨʳ ï 
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ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʤʝʥʷʪʴ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʠʩʷʯʝʛʦ ʙʦʢʘ ʠ ʩʥʠʞʝʥʠʷ ʨʘʟʫʙʦʞʠʚʘʥʠʷ. ʉ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ 

ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʵʪʘʞʥʦ-ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʳʩʢʘʥʠʝ ʠ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʚʘʨʠʘʥʪʦʚ ʧʦʜʵʪʘʞʥʦ-ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʪʚʝʨʜʝʶʱʝʡ 

ʟʘʢʣʘʜʢʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʥʠʞʝʥʠʝ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʥʳʭ 

ʨʘʙʦʪ ʧʨʠ ʦʩʚʦʝʥʠʠ ʫʨʘʣʴʩʢʠʭ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʇʨʠ ʠʟʳʩʢʘʥʠʠ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʚʘʨʠʘʥʪʦʚ ʧʦʜʵʪʘʞʥʦ-ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʨʘʟʨʘʙʦʪʢʠ ʠʩʭʦʜʠʣʠ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʦʚ [5ï7]: 

ï ʩʦʙʣʶʜʝʥʠʝ ʫʩʣʦʚʠʡ ʥʠʩʭʦʜʷʱʝʡ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʥʦʪʳ ʚʳʝʤʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ 

ʚ ʧʦʯʚʝ ʠ ʢʨʦʚʣʝ ʢʘʤʝʨ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʥʠʱʘ ʚʳʰʝʣʝʞʘʱʠʭ ʢʘʤʝʨ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʦʚʣʠ ʥʠʞʝʣʝʞʘʱʠʭ ʢʘʤʝʨ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʠ ʨʫʜʳ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʦʜʵʪʘʞʥʦ-ʢʘʤʝʨʥʦʡ 

ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʳʩʦʪʦʡ ʧʦʜʵʪʘʞʝʡ. ʇʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ: ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʨʫʜʥʳʭ ʪʝʣ ï 40 ʤ, ʫʛʦʣ ʧʘʜʝʥʠʷ ï 65̄ , ʛʣʫʙʠʥʘ 

ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ï ʙʦʣʝʝ 600 ʤ, ʚʳʩʦʪʘ ʵʪʘʞʘ ï 80 ʤ, ʨʫʜʳ ʫʩʪʦʡʯʠʚʳʝ, ʚʤʝʱʘʶʱʠʝ 

ʧʦʨʦʜʳ ʩʨʝʜʥʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʝʩʴʤʘ ʥʝʫʩʪʦʡʯʠʚʳʝ. 

ʇʦʜʵʪʘʞʥʦ-ʢʘʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʜʚʫʤʷ ʧʦʜʵʪʘʞʘʤʠ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʳ 

(ʚʘʨʠʘʥʪ 1). ɺʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʧʦʜʵʪʘʞʠ ʚʳʩʦʪʦʡ ʧʦ 40 ʤ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ  

ʚ ʥʠʩʭʦʜʷʱʝʤ ʧʦʨʷʜʢʝ ʢʘʤʝʨʘʤʠ I ʠ II ʦʯʝʨʝʜʠ ʰʠʨʠʥʦʡ 20 ʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʢʨʝʩʪ 

ʧʨʦʩʪʠʨʘʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ. ʉʧʦʩʦʙ ʠ ʩʭʝʤʘ ʦʪʙʦʡʢʠ ʨʫʜʳ ï ʚʝʝʨʘʤʠ ʩʢʚʘʞʠʥʥʳʭ ʟʘʨʷʜʦʚ. 

ʉʧʦʩʦʙ ʧʦʜʛʦʪʦʚʢʠ ʜʥʠʱʘ ʢʘʤʝʨ ï ʪʨʘʥʰʝʡʥʳʡ, ʚʳʧʫʩʢ ʨʫʜʳ ï ʪʦʨʮʦʚʳʡ ʧʨʠ ʧʦʤʦʱʠ ʇɼʄ, 

ʦʩʥʘʱʝʥʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʂʨʦʚʣʷ ʚʩʝʭ ʢʘʤʝʨ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʜʨʘʙʘʪʳʚʘʝʤʦʛʦ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʩʤʝʞʥʳʭ ʢʘʤʝʨ ʤʝʞʜʫ ʚʳʧʫʩʢʥʳʤʠ ʪʨʘʥʰʝʷʤʠ ʬʦʨʤʠʨʫʶʪʩʷ ʨʫʜʥʳʝ ʮʝʣʠʢʠ, 

ʢʦʪʦʨʳʝ ʚʳʥʠʤʘʶʪʩʷ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʥʠʞʝʣʝʞʘʱʠʭ ʢʘʤʝʨ (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1. ʇʦʜʵʪʘʞʥʦ-ʢʘʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʜʚʫʤʷ ʧʦʜʵʪʘʞʘʤʠ  

ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʳ 



 
29 

 

 

ʇʦʜʵʪʘʞʥʦ-ʢʘʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʜʚʫʤʷ ʧʦʜʵʪʘʞʘʤʠ ʨʘʟʥʦʡ ʚʳʩʦʪʳ (ʚʘʨʠʘʥʪ 

2). ɺʝʨʭʥʠʡ ʧʦʜʵʪʘʞ ʚʳʩʦʪʦʡ 54 ʤ ʠ ʥʠʞʥʠʡ ʧʦʜʵʪʘʞ ʚʳʩʦʪʦʡ 26 ʤ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʚ 

ʥʠʩʭʦʜʷʱʝʤ ʧʦʨʷʜʢʝ ʢʘʤʝʨʘʤʠ I ʠ II ʦʯʝʨʝʜʠ ʰʠʨʠʥʦʡ 20 ʤ. ʉʧʦʩʦʙ ʠ ʩʭʝʤʘ ʦʪʙʦʡʢʠ ʨʫʜʳ ï 

ʚʝʝʨʘʤʠ ʩʢʚʘʞʠʥʥʳʭ ʟʘʨʷʜʦʚ. ʈʘʟʙʫʨʠʚʘʥʠʝ ʢʘʤʝʨ I ʦʯʝʨʝʜʠ ʚʝʨʭʥʝʛʦ ʧʦʜʵʪʘʞʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʙʫʨʦʚʳʭ ʦʨʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʛʨʘʥʠʮʝ ʢʘʤʝʨ, ʢʘʤʝʨ II ʦʯʝʨʝʜʠ ï 

ʙʫʨʦʚʳʭ ʦʨʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʦʩʠ ʢʘʤʝʨ. ʉʧʦʩʦʙ ʧʦʜʛʦʪʦʚʢʠ ʜʥʠʱʘ ʢʘʤʝʨ ï 

ʪʨʘʥʰʝʡʥʳʡ, ʚʳʧʫʩʢ ʨʫʜʳ ï ʪʦʨʮʦʚʳʡ ʧʨʠ ʧʦʤʦʱʠ ʇɼʄ, ʦʩʥʘʱʝʥʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ (ʨʠʩ. 2).  

 

 
ʈʠʩʫʥʦʢ 2. ʇʦʜʵʪʘʞʥʦ-ʢʘʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʜʚʫʤʷ ʧʦʜʵʪʘʞʘʤʠ  

ʨʘʟʥʦʡ ʚʳʩʦʪʳ 

 

ʇʨʠʤʝʥʝʥʠʝ ʚʘʨʠʘʥʪʦʚ 1 ʠ 2 ʧʦʟʚʦʣʷʝʪ: 

ï ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʭ ʨʘʙʦʪ (ʇʅʈ) ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ 

ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʚʳʨʘʙʦʪʦʢ ʜʥʠʱʘ ʢʘʤʝʨ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʪʦʨʮʦʚʦʛʦ ʚʳʧʫʩʢʘ ʨʫʜʳ; 

ï ʩʥʠʟʠʪʴ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʨʫʜʳ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʦʚ ʦʙʨʫʰʝʥʠʷ ʧʦʨʦʜ 

ʚʠʩʷʯʝʛʦ ʙʦʢʘ ʚ ʦʯʠʩʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʤʝʨ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʤʝʥʴʰʝʥʠʷ ʚʳʩʦʪʳ ʢʘʤʝʨ, ʘ 

ʪʘʢʞʝ ʦʪʩʣʦʝʥʠʷ ʟʘʢʣʘʜʢʠ ʢʨʦʚʣʠ ʟʘ ʩʯʝʪ ʧʨʠʜʘʥʠʷ ʝʡ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʬʦʨʤʳ; 

ï ʠʩʢʣʶʯʠʪʴ ʧʦʪʝʨʠ ʦʪʙʠʪʦʡ ʨʫʜʳ ʚ ʜʥʠʱʝ ʢʘʤʝʨ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇɼʄ  

ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ; 

ï ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʠ ʟʘʢʣʘʜʢʝ ʢʘʤʝʨ 

ʪʚʝʨʜʝʶʱʝʡ ʩʤʝʩʴʶ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʝʛʦ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʳʩʦʪʳ 

ʢʘʤʝʨ; 

ï ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʯʠʩʪʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʤʝʨ. 

ɺʳʧʦʣʥʝʥʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʚʘʨʠʘʥʪʦʚ 1 ʠ 2 ʧʦ ʢʨʠʪʝʨʠʶ ʧʨʠʙʳʣʠ, 

ʦʪʥʝʩʝʥʥʦʡ ʥʘ 1 ʪ ʧʦʛʘʰʘʝʤʳʭ ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ [8]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʊʕʇ) ʧʨʝʜʩʪʘʚʣʝʥʳ  

ʚ ʪʘʙʣʠʮʝ. 

 

 



 
30 

 

ʊʘʙʣʠʮʘ ï ʊʕʇ ʚʘʨʠʘʥʪʦʚ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ˉ 

ʧ/ʧ 

ʇʦʢʘʟʘʪʝʣʴ ɽʜ. ʠʟʤ. ʕʪʘʞʥʦ-

ʢʘʤʝʨʥʘʷ 

ʩʠʩʪʝʤʘ 

ʨʘʟʨʘʙʦʪʢʠ 

ʩ 

ʪʚʝʨʜʝʶʱʝʡ 

ʟʘʢʣʘʜʢʦʡ 

ʇʦʜʵʪʘʞʥʦ-

ʢʘʤʝʨʥʘʷ  

ʩʠʩʪʝʤʘ 

ʨʘʟʨʘʙʦʪʢʠ 

ʜʚʫʤʷ 

ʧʦʜʵʪʘʞʘʤʠ 

ʦʜʠʥʘʢʦʚʦʡ 

ʚʳʩʦʪʳ 

(ʚʘʨʠʘʥʪ 1) 

ʇʦʜʵʪʘʞʥʦ-

ʢʘʤʝʨʥʘʷ  

ʩʠʩʪʝʤʘ 

ʨʘʟʨʘʙʦʪʢʠ 

ʜʚʫʤʷ 

ʧʦʜʵʪʘʞʘʤʠ 

ʨʘʟʥʦʡ 

ʚʳʩʦʪʳ 

(ʚʘʨʠʘʥʪ 2) 

1 ʇʦʪʝʨʠ % 3,0 2,8 2,6 

2 ʈʘʟʫʙʦʞʠʚʘʥʠʝ  % 16,0 10,0 10,0 

3 ʋʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʜʦʙʳʯʫ ʠ ʦʙʦʛʘʱʝʥʠʝ 

ʨʫʜʳ,  

ʚ ʪʦʤ ʯʠʩʣʝ: 

 

ʨʫʙ/ʪ 

 

 

1903,8 

 

1860,2 

 

1852,6 

- ʥʘ ʇʅʈ ʨʫʙ/ʪ 113,9 104,4 99,8 

- ʥʘ ʦʪʙʦʡʢʫ ʨʫʜʳ ʨʫʙ/ʪ 163,6 160,6 160,6 

- ʥʘ ʚʳʧʫʩʢ ʠ ʜʦʩʪʘʚʢʫ 

ʨʫʜʳ 
ʨʫʙ/ʪ 

142,8 144,1 145,3 

- ʥʘ ʟʘʢʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ ʨʫʙ/ʪ 180,5 160,2 162,7 

4 ʀʟʚʣʝʢʘʝʤʘʷ ʮʝʥʥʦʩʪʴ 

ʨʫʜʳ 
ʨʫʙ/ʪ 

2076,2 2145,0 2155,3 

5 ʇʨʠʙʳʣʴ ʨʫʙ/ʪ 172,4 284,8 302,7 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʵʪʘʞʥʦ-

ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʢʦʡ ʧʨʠ ʦʩʚʦʝʥʠʠ ʫʨʘʣʴʩʢʠʭ 

ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʪʘʞʥʦ-ʢʘʤʝʨʥʦʡ 

ʩʠʩʪʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ 

ʨʘʙʦʪ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʨʫʜʳ ʚ 1,6 ʨʘʟʘ (ʩ 16% ʜʦ 10%) ʠ ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ 

ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʝ ʠ ʟʘʢʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ 8-12%,  

ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʯʠʩʪʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʧʝʨʠʦʜ ʦʪʨʘʙʦʪʢʠ ʢʘʤʝʨ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ075-00581-19-00 ʧʦ 

ʊʝʤʝ ˉ0405-2019-0005. 
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ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ.   ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʪʦʨʘ ʥʘ ʰʘʭʪʥʫʶ 

ʩʝʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʝʛʦ ʨʘʩʭʦʜ ʠ ʜʝʧʨʝʩʩʠʷ, ʠ ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʰʘʭʪʳ. ʇʨʠ ʵʪʦʤ ʥʝ ʚʩʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ 

ʪʝʭʥʠʯʝʩʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ, ʢʨʦʤʝ ʵʪʦʛʦ, ʟʘʯʘʩʪʫʶ ʨʝʟʝʨʚʘ ʧʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʣʠ ʜʝʧʨʝʩʩʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʠ ʨʘʙʦʪʝ ʦʜʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʐʘʭʪʥʳʝ ʚʝʥʪʠʣʷʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʛʣʘʚʥʘʷ ʚʝʥʪʠʣʷʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʚʝʥʪʠʣʷʪʦʨʳ ʛʣʘʚʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʚʝʥʪʠʣʷʪʦʨʳ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, 

ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

JUSTIFICATION OF METHODS FOR REGULATING THE OPERATION OF FAN 

INSTALLATIONS IN A MINING ENTERPRISE (ON T HE EXAMP LE OF THE NOVO -
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Abstract. The article presents in detail the performance control of fan installations. The authors note 

that the mode of operation of the fan on the mine network is determined if its flow rate and 

depression are known, and depends on the total resistance of the ventilation shaft. At the same time, 

not all operating modes are technically and economically feasible, in addition, often the reserve for 

performance or depression is not enough when operating a single fan. 
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ʐʘʭʪʥʳʝ ʚʝʥʪʠʣʷʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʨʘʩʭʦʜʫʶʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʝ ʚ ʛʦʨʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ. ʂ ʧʨʠʤʝʨʫ, ʚ ʛʦʨʥʦʡ ʦʪʨʘʩʣʠ ʥʘ ʧʨʠʚʦʜ 

ʚʝʥʪʠʣʷʪʦʨʦʚ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʰʘʭʪʫ, ʫʭʦʜʠʪ ʜʦ 10% ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʨʘʩʭʦʜʫʝʤʦʡ ʚʩʝʡ 

ʰʘʭʪʦʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʵʢʦʥʦʤʠʯʥʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʧʨʘʚʠʣʴʥʦʝ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ [1]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʝʥʪʠʣʷʪʦʨʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʰʘʭʪʘʭ ʠ ʨʫʜʥʠʢʘʭ, ʧʦ ʩʚʦʝʤʫ 

ʥʘʟʥʘʯʝʥʠʶ ʜʝʣʷʪʩʷ ʥʘ ʚʝʥʪʠʣʷʪʦʨʳ ʛʣʘʚʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ; ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ, ʠʣʠ 

ʫʯʘʩʪʢʦʚʳʝ; ʚʝʥʪʠʣʷʪʦʨʳ ʤʝʩʪʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ.  

ʆʩʥʦʚʥʳʤ ʫʟʣʦʤ ʚ ʩʠʩʪʝʤʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʰʘʭʪ ʠ 

ʨʫʜʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʚʝʥʪʠʣʷʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʛʣʘʚʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ (ɺʋɻʇ), 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʙʣʠʟʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʩʪʚʦʣʘ, ʩ 

ʢʦʪʦʨʳʤ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʜʚʦʜʷʱʠʤʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ. ʇʦʜʟʝʤʥʳʝ ʚʳʨʘʙʦʪʢʠ 

ʜʦʣʞʥʳ ʧʨʦʚʝʪʨʠʚʘʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʥʝʧʨʝʨʳʚʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ɺʋɻʇ, ʢ ʢʦʪʦʨʳʤ 

ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʩʦʩʪʘʚʫ, ʤʝʩʪʫ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʧʨʠʙʦʨʘʤ ʢʦʥʪʨʦʣʷ ʧʦʜʘʯʠ ʠ 

ʜʘʚʣʝʥʠʷ, ʨʝʚʝʨʩʠʨʦʚʘʥʠʶ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʪʨʫʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʘʩʭʦʜʦʤ, ʤʝʨʘʤ, 

ʠʩʢʣʶʯʘʶʱʠʤ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʥʠʭ ʦʧʘʩʥʳʭ ʛʘʟʦʚ. ʉʧʦʩʦʙ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʰʘʭʪ ʠ ʨʫʜʥʠʢʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʛʥʝʪʘʪʝʣʴʥʳʤ, ʚʩʘʩʳʚʘʶʱʠʤ ʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ [2]. 

ɺʝʥʪʠʣʷʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʢʘʢ ʛʣʘʚʥʦʛʦ, ʪʘʢ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ 

ʨʘʙʦʪʘʶʪ ʥʘ ʩʝʪʴ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʩʭʦʜʦʤ 

ʚʦʟʜʫʭʘ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʠʟʤʝʥʝʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʷʚʣʷʶʪʩʷ: 

ʨʘʟʚʠʪʠʝ ʬʨʦʥʪʘ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʫʚʝʣʠʯʠʚʘʶʱʝʝ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʦʟʜʫʭʝ ʚ 1,5 ï 2,0 ʨʘʟʘ; 

ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʚʳʟʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʠʰʘʭʪʥʦʡ 

ʜʝʧʨʝʩʩʠʠ ʥʘ 10 ï 15 % ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ; ʠʟʤʝʥʝʥʠʝ ʫʪʝʯʝʢ ʠ ʧʦʜʩʦʩʦʚ ʚʦʟʜʫʭʘ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ; ʨʘʙʦʪʘ ʚ ʨʝʤʦʥʪʥʳʝ ʜʥʠ, ʢʦʛʜʘ ʧʦʪʨʝʙʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʟʜʫʭʘ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 30 ï 50 %; ʠʟʤʝʥʝʥʠʝ ʩʫʪʦʯʥʦʛʦ ʨʠʪʤʘ ʨʘʙʦʪ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ, ʪʨʝʙʫʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʚʝʪʨʠʚʘʥʠʷ [4]. ʉʦʟʜʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʩʯʝʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʠʣʠ ʦʩʝʚʳʤʠ 

ʚʝʥʪʠʣʷʪʦʨʘʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʚ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ (ɺʋ). ʅʘ ʈʠʩʫʥʦʢ 1-3 

ʧʨʠʚʝʜʝʥʳ ʩʚʦʜʥʳʝ ʛʨʘʬʠʢʠ ʦʙʣʘʩʪʝʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʘʭʪʥʳʭ ɺʋ ʛʣʘʚʥʦʛʦ 

ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ [2].  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʪʦʨʘ ʥʘ ʰʘʭʪʥʫʶ ʩʝʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ, 

ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʝʛʦ ʨʘʩʭʦʜ ʠ ʜʝʧʨʝʩʩʠʷ, ʠ ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ 

ʰʘʭʪʳ. ʇʨʠ ʵʪʦʤ ʥʝ ʚʩʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ, ʢʨʦʤʝ ʵʪʦʛʦ, ʟʘʯʘʩʪʫʶ ʨʝʟʝʨʚʘ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʣʠ ʜʝʧʨʝʩʩʠʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʠ ʨʘʙʦʪʝ ʦʜʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʚʝʥʪʠʣʷʮʠʠ ʧʦʜʟʝʤʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʙʦʪʘ ʥʝʩʢʦʣʴʢʠʭ ʚʝʥʪʠʣʷʪʦʨʦʚ. 

ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʚʝʥʪʠʣʷʪʦʨʦʚ ʚʦʟʤʦʞʥʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʭʝʤʘʤ: ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ, 

ʧʘʨʘʣʣʝʣʴʥʘʷ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʘ ʫʩʪʘʥʦʚʢʘ ʚʝʥʪʠʣʷʪʦʨʦʚ ʢʘʢ ʥʘ ʦʜʥʦʤ, 

ʪʘʢ ʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʩʪʚʦʣʘʭ. 

ɸ.ɺ. ɼʦʣʛʘʥʦʚ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʠʭ ʨʘʙʦʪʳ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ ʜʠʘʧʘʟʦʥʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ 1:2 ʠ ʜʘʚʣʝʥʠʷ 1:3 ʩ ʧʨʠʥʷʪʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʜʣʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʦʩʣʝ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ. ʀʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʝʥʪʠʣʷʪʦʨʦʚ:  

1. ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʚ ʣʠʥʠʠ ʥʘʛʥʝʪʘʥʠʷ ʠʣʠ ʚʩʘʩʳʚʘʥʠʷ; 

2. ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ; 



 
33 

 

3. ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʧʝʨʝʜ ʚʭʦʜʦʤ ʚ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ; 

4. ʧʦʚʦʨʦʪ ʣʦʧʘʪʦʢ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʣʦʧʘʪʦʢ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ [3]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʨʘʩʩʤʦʪʨʠʤ ʚʝʥʪʠʣʷʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʅʦʚʦ-ʋʯʘʣʠʥʩʢʦʛʦ 

ʨʫʜʥʠʢʘ.  ɻʣʘʚʥʘʷ ʚʝʥʪʠʣʷʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ (ɻɺʋ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʚʦʩʩʪʘʶʱʝʛʦ. ʇʨʦʚʝʪʨʠʚʘʥʠʝ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʚʩʘʩʳʚʘʶʱʝʡ ʩʭʝʤʝ. ʉʪʨʫʷ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ ʦʪ ʇʅɺ ʧʦ ʚʝʥʪʠʣʷʮʠʦʥʥʦʤʫ ʢʘʥʘʣʫ ʧʦʜʘʝʪʩʷ ʚ 

ʩʪʚʦʣ ʰʘʭʪʳ çʉʢʠʧʦ-ʂʣʝʪʝʚʘʷè ʠ ʜʘʣʝʝ ʚ ʧʦʜʟʝʤʥʳʡ ʨʫʜʥʠʢ. ʀʩʭʦʜʷʱʘʷ ʩʪʨʫʷ ʚʳʜʘʝʪʩʷ ʧʦ 

ʚʝʥʪʠʣʷʮʠʦʥʥʦʤʫ ʚʦʩʩʪʘʶʱʝʤʫ ʯʝʨʝʟ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʢʘʥʘʣ ʚ ɻɺʋ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʧʦʣʥʝʥʥʳʤʠ ʨʘʩʯʝʪʘʤʠ, ʪʨʝʙʫʝʤʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʜʣʷ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʩʦʩʪʘʚʠʪ 635 ʤ3/ʩ, ʜʘʚʣʝʥʠʝ (ʜʝʧʨʝʩʩʠʷ) 4100 

ʇʘ (410 ʜʘʇʘ). ɺ ʧʝʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ, ɻɺʋ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʧʦʜʘʯʫ ʠ ʜʘʚʣʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʫʩʪʘʥʦʚʢʠ ʛʣʘʚʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ZVN 1-44-4600/8, ʢʦʪʦʨʘʷ ʢʦʤʧʣʝʢʪʫʝʪʩʷ ʜʚʫʤʷ 

ʦʜʥʦʪʠʧʥʳʤʠ ʚʝʥʪʠʣʷʪʦʨʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ (ʨʘʙʦʯʠʡ, ʨʝʟʝʨʚʥʳʡ). ɺ ʊʘʙ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʪʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʅʦʚʦ-ʋʯʘʣʠʥʩʢʦʛʦ ʨʫʜʥʠʢʘ. 

 

ʊʘʙʣʠʮʘ 1. ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 
 

ɿʥʘʯʝʥʠʝ 

ɼʠʘʤʝʪʨʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʤʤ  
 

4400 
 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʦʙ/ʤʠʥ  
 

750 
 

ʇʦʜʘʯʘ ʥʦʤʠʥʘʣʴʥʘʷ, ʤ3/ʩ  
 

635 
 

ʉʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ (ʜʝʧʨʝʩʩʠʷ), ʜʘʇʘ  
 

410 

ɺʨʝʤʷ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ ʨʝʚʝʨʩʘ, ʥʝ ʙʦʣʝʝ, ʤʠʥ  
 

10 

ʇʦʜʘʯʘ ʧʨʠ ʨʝʚʝʨʩʝ, ʥʝ ʤʝʥʝʝ, %  
 

60 

ʂʇɼʤ
ʢʩʠʤʘʣʴʥʳʡ ʩʪʘʪʠʯʝʩʢʠʡ, %  
 

83 

ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʢɺʪ  
 

4600 

 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʨʝʚʝʨʩʠʚʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʨʦʪʦʨʘ ʩ ʦʜʥʠʤ ʨʘʙʦʯʠʤ 

ʢʦʣʝʩʦʤ, ʢʦʨʧʫʩʘ ʩ ʧʦʚʦʨʦʪʥʳʤ ʩʧʨʷʤʣʷʶʱʠʤ ʘʧʧʘʨʘʪʦʤ, ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʛʦ ʚʘʣʘ, ʢʦʨʦʙʢʠ 

ʚʭʦʜʥʦʡ, ʜʠʬʬʫʟʦʨʘ, ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʨʦʪʦʨʘ, ʪʦʨʤʦʟʘ. ʇʨʠʚʦʜ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

ʚʝʥʪʠʣʷʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʡ ʚʘʣ ʩ ʤʫʬʪʦʡ ʦʪ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʂʦʨʧʫʩ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʜʠʬʬʫʟʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʘʨʥʫʶ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʣʠʩʪʦʚʦʛʦ ʧʨʦʬʠʣʴʥʦʛʦ ʧʨʦʢʘʪʘ. ʅʘ ʚʝʥʪʠʣʷʪʦʨʘʭ ʧʨʠʤʝʥʝʥʳ 

ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ ʠʤʝʶʱʠʝ ʞʝʩʪʢʫʶ ʬʠʢʩʘʮʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ ʥʘ ʚʘʣʫ ʦʪ ʦʩʝʚʦʛʦ 

ʩʤʝʱʝʥʠʷ. ʅʘ ʚʝʥʪʠʣʷʪʦʨʘʭ ʧʨʠʤʝʥʷʝʪʩʷ ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʩʤʘʟʢʘ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʠ ʧʦʤʦʱʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʘʩʣʦʩʪʘʥʮʠʠ. ɺʝʥʪʠʣʷʪʦʨ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʚ ʨʝʚʝʨʩʠʚʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. 

ʈʝʚʝʨʩʠʨʦʚʘʥʠʝ ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ 

ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʝʥʪʠʣʷʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʫʪʝʤ ʧʦʚʦʨʦʪʘ ʣʦʧʘʪʦʢ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ.  

ɼʘʥʥʘʷ ʚʝʥʪʠʣʷʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʫʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʝʪʠ ʨʫʜʥʠʢʘ 

ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʌʅʇ çʇʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪéè, ʫʪʚʝʨʞʜʝʥʥʳʝ 

ʧʨʠʢʘʟʦʤ ʦʪ 11 ʜʝʢʘʙʨʷ 2013 ʛ. ˉ 599. ɺʨʝʤʷ ʧʝʨʝʭʦʜʘ ʫʩʪʘʥʦʚʢʠ ʚ ʨʝʞʠʤ ʨʝʚʝʨʩʘ 

ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 10 ʤʠʥʫʪ, ʧʦʜʘʯʘ ʥʝ ʤʝʥʝʝ 60% ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ.  
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ʈʠʩʫʥʦʢ 1. ɻʣʘʚʥʘʷ ʚʝʥʪʠʣʷʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ (ɻɺʋ) ʅʦʚʦ-ʋʯʘʣʠʥʩʢʦʛʦ ʨʫʜʥʠʢʘ 

 



 
35 

 

ɿʜʘʥʠʝ ʛʣʘʚʥʦʡ ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʨʘʟʨʘʙʦʪʘʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʣʘʥʠʨʦʚʢʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʟʘʚʦʜʦʤ ʠʟʛʦʪʦʚʠʪʝʣʝʤ, ʛʘʙʘʨʠʪʳ ʟʜʘʥʠʷ ʚ ʧʣʘʥʝ 42ʭ42ʤ. ɿʜʘʥʠʝ ʦʩʥʘʱʝʥʦ 

ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʝʡ, ʦʪʘʧʣʠʚʘʝʪʩʷ ʜʦ +5Á ʉ, ʠʤʝʝʪ ʨʘʙʦʯʝʝ ʠ ʘʚʘʨʠʡʥʦʝ 

ʦʩʚʝʱʝʥʠʝ. ʂʦʥʪʨʦʣʴ ʟʘ ʨʘʙʦʪʦʡ ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʧʝʨʘʪʦʨ. ɼʣʷ 

ʩʦʟʜʘʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʧʦʤʝʱʝʥʠʠ ʦʧʝʨʘʪʦʨʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ +18Áʉ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 60%. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʚ ʟʜʘʥʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥ ʤʦʩʪʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʧʦʨʥʳʡ ʢʨʘʥ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 50 ʪ.ɺʝʥʪʠʣʷʮʠʦʥʥʳʡ ʢʘʥʘʣ ʠ ʩʪʚʦʣ ʰʘʭʪʳ çʉʢʠʧʦ-ʂʣʝʪʝʚʘʷè 

ʦʙʦʨʫʜʦʚʘʥʳ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʤʠ (ʦʪʩʝʢʘʶʱʠʤʠ) ʣʷʜʘʤʠ.  

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʫʧʨʘʚʣʝʥʠʝ ɻɺʋ:  

- ʤʝʩʪʥʳʡ (ʨʫʯʥʦʡ ʨʝʞʠʤ ʫʧʨʘʚʣʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʚʝʥʪʠʣʷʪʦʨʘ);  

- ʜʠʩʪʘʥʮʠʦʥʥʳʡ (ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʩ ʧʫʣʴʪʘ ʦʧʝʨʘʪʦʨʘ ɻɺʋ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʰʘʭʪʥʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ ʤʦʞʝʪ ʚʝʩʪʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʭ-ʪʨʝʭ ʩʧʦʩʦʙʦʚ. ɺʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʝʥʪʠʣʷʪʦʨʦʚ ʜʦʣʞʝʥ ʨʝʰʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʥʘʠʙʦʣʴʰʝʡ ʝʛʦ ʵʢʦʥʦʤʠʯʥʦʩʪʠ, 

ʧʨʦʩʪʦʪʳ ʠ ʫʜʦʙʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
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Abstract. The article analyzes the influence of the main mining-geological and mining-

technological factors affecting the efficiency of mining thick flat and inclined seams. 

Recommendations are given for improving the layered development systems and design parameters 

of technological schemes that ensure an increase in the safety and efficiency of mining operations. 
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ʄʥʦʛʦʦʙʨʘʟʠʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʟʨʘʙʦʪʢʠ ʤʦʱʥʳʭ ʧʣʘʩʪʦʚ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʨʠʥʷʪʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʠʭ ʨʘʟʨʘʙʦʪʢʝ. ʕʪʠ 

ʨʝʰʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ, ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ ʙʝʩʩʧʦʨʥʳʤʠ ʠ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʦʱʥʳʭ ʧʣʘʩʪʦʚ ʫʛʣʷ, ʩʢʣʦʥʥʦʛʦ ʢ 

ʩʘʤʦʚʦʟʛʦʨʘʥʠʶ ʠ ʧʨʠ ʩʣʘʙʳʭ ʚʤʝʱʘʶʱʠʭ ʧʣʘʩʪʳ ʧʦʨʦʜʘʭ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ 

ʙʦʣʴʰʠʝ ʛʣʫʙʠʥʳ ʥʝʜʦʩʪʘʪʢʠ, ʧʨʠʩʫʱʠʝ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʧʨʘʢʪʠʢʝ ʚʘʨʠʘʥʪʦʚ ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʦʪʨʘʙʦʪʢʠ ʤʦʱʥʳʭ ʧʣʘʩʪʦʚ, ʫʩʫʛʫʙʣʷʶʪʩʷ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʠʭ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ɸʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ ʦʪʨʘʙʦʪʢʠ ʤʦʱʥʳʭ ʧʦʣʦʛʠʭ ʠ 

ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʦʚ [1,2] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʩ ʧʦʣʥʦʡ ʧʦʣʝʚʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʩʣʦʝʚʳʭ ʰʪʨʝʢʦʚ ʚʧʨʠʩʝʯʢʫ ʢ 

ʚʳʨʘʙʦʪʘʥʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʚʧʝʨʝʜʠ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʦʪʜʝʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʜʦ ʦʯʝʨʝʜʥʦʛʦ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʚʝʨʰʣʘʛʘ ʠʣʠ ʛʝʟʝʥʢʘ (ʈʠʩʫʥʦʢ 1). ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʠʤʝʪʴ 

ʤʠʥʠʤʘʣʴʥʫʶ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʧʨʠʩʝʯʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʸʞʥʫʶ 

ʠʟʦʣʷʮʠʶ ʚʳʨʘʙʦʪʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʟʨʳʚ ʚʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʦʪʨʘʙʦʪʢʦʡ ʩʤʝʞʥʳʭ ʩʪʦʣʙʦʚ ʠ ʩʣʦʸʚ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʦʪʨʘʙʦʪʢʠ ʧʣʘʩʪʘ ʥʘʢʣʦʥʥʳʤʠ ʩʣʦʷʤʠ ʧʨʠ ʧʦʣʥʦʡ ʧʦʣʝʚʦʡ 

ʧʦʜʛʦʪʦʚʢʝ: 1 ï ʧʦʣʝʚʦʡ ʦʪʢʘʪʦʯʥʳʡ ʰʪʨʝʢ; 2 ï ʧʦʣʝʚʦʡ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʰʪʨʝʢ;  3,4 ï

ʧʦʣʝʚʦʡ ʙʨʝʤʩʙʝʨʛ ʩ ʭʦʜʢʦʤ; 5,6 ï ʩʣʦʝʚʳʝ ʢʦʥʚʝʡʝʨʥʳʝ ʰʪʨʝʢʠ;  7,8 ï ʩʣʦʝʚʳʝ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʰʪʨʝʢʠ; 9 ï ʫʯʘʩʪʢʦʚʳʡ ʢʚʝʨʰʣʘʛ. 

 

ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʠ ʨʘʟʥʦʚʨʝʤʝʥʥʦʡ ʦʪʨʘʙʦʪʢʦʡ ʩʣʦʝʚ 

ʵʪʘʞʝ (ʷʨʫʩʝ). ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʪʨʘʙʦʪʢʝ ʩʣʦʝʚ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʣʘʚʘʤʠ 

ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʚ ʧʨʠʜʝʣʘʭ 25-60 ʤ. ʇʨʠ ʝʛʦ ʫʤʝʥʴʰʝʥʠʠ ʤʝʥʝʝ 25 ʤ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʢʘʟʘʪʴʩʷ ʚʣʠʷʥʠʝ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʚ ʥʠʞʥʝʤ ʩʣʦʝ ʥʘ ʚʝʨʭʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

ʙʦʣʝʝ 60 ʤ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʩʣʦʝʚʳʭ ʰʪʨʝʢʦʚ ʠ ʧʦʚʳʰʝʥʠʶ 

ʵʥʜʦʛʝʥʥʦʡ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ. 

ʇʨʠ ʨʘʟʥʦʚʨʝʤʝʥʥʦʡ ʦʪʨʘʙʦʪʢʝ ʩʣʦʝʚ ʚ ʵʪʘʞʝ (ʷʨʫʩʝ) ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʪʦʡ ʞʝ ʩʝʪʠ ʚʳʨʘʙʦʪʦʢ, ʯʪʦ ʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʪʨʘʙʦʪʢʝ ʩʣʦʝʚ. ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ ʯʪʦ, ʦʯʠʩʪʥʳʝ ʟʘʙʦʠ ʚ ʩʣʦʷʭ ʚʳʝʤʦʯʥʦʛʦ ʧʦʣʷ ʚʝʜʫʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʞʝʩʪʢʦ ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ. ʄʠʥʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʝ ʦʧʝʨʝʞʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʤʝʞʥʳʭ ʩʣʦʝʚ ʟʘʚʠʩʠʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ 

ʚʨʝʤʝʥʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʢʪʠʚʥʳʭ ʩʜʚʠʞʝʥʠʡ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʚʳʰʝʣʝʞʘʱʝʛʦ 

ʩʣʦʷ ʠ ʘʢʪʠʚʥʦʩʪʠ ʫʛʣʝʡ ʢ ʩʘʤʦʚʦʟʛʦʨʘʥʠʶ. 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʨʘʟʨʳʚʳ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʘʨʠʘʥʪʝ ʦʪʨʘʙʦʪʢʠ ʩʣʦʝʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʳʙʦʨ ʦʧʝʨʝʞʝʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ 

ʚʳʝʤʦʯʥʳʤʠ ʩʪʦʣʙʘʤʠ ʠ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʨʘʟʨʳʚʳ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʤʦʱʥʳʭ 

ʧʣʘʩʪʦʚ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ 

 

ʇʦʢʘʟʘʪʝʣʠ 

 

ʏʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ 

ɺʨʝʤʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʢʪʠʚʥʳʭ ʩʜʚʠʞʝʥʠʡ ʧʦʨʦʜ, ʤʝʩ.:  

ʧʨʠ ʚʳʝʤʢʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 2é3 

ʧʨʠ ʚʳʝʤʢʝ ʥʠʞʥʠʭ ʩʣʦʸʚ 1,5é2 

ɺʨʝʤʷ ʩʥʠʞʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʚʳʨʘʙʦʪʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʤʝʩ.: 

 

ʧʨʠ ʚʳʝʤʢʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 5é6 

ʧʨʠ ʚʳʝʤʢʝ ʥʠʞʥʠʭ ʩʣʦʸʚ 6é7 

ɺʨʝʤʷ ʩʣʸʞʠʚʘʥʠʷ ʦʙʨʫʰʝʥʥʳʭ ʧʦʨʦʜ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʦʪʨʘʙʦʪʢʠ ʥʠʞʥʠʭ ʩʣʦʸʚ, ʤʝʩ. 

 

5é7 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʨʘʟʨʳʚʳ ʚʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʦʪʨʘʙʦʪʢʦʡ 

ʩʤʝʞʥʳʭ ʩʣʦʸʚ, ʤʝʩ. 

 

6é7 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʨʘʟʨʳʚʳ ʚʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʦʪʨʘʙʦʪʢʦʡ 

ʩʤʝʞʥʳʭ ʚʳʝʤʦʯʥʳʭ ʩʪʦʣʙʦʚ, ʤʝʩ.: 

 

 

ʧʨʠ ʚʳʝʤʢʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 6 

ʧʨʠ ʚʳʝʤʢʝ ʥʠʞʥʠʭ ʩʣʦʸʚ 7 

 

ʇʨʠ ʩʣʦʝʚʦʡ ʦʪʨʘʙʦʪʢʝ ʤʦʱʥʳʭ ʧʣʘʩʪʦʚ ʧʦʣʝʚʳʝ ʚʳʨʘʙʦʪʢʠ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʥʝʦʜʥʦʢʨʘʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ. ʕʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ 

ʚʳʙʦʨʝ ʤʝʩʪʘ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʜʨʘʙʘʪʳʚʘʶʱʝʛʦ ʧʣʘʩʪʘ. 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʝʚʦʡ ʚʳʨʘʙʦʪʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʜʨʘʙʘʪʳʚʘʶʱʝʛʦ ʧʣʘʩʪʘ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʜʚʘ ʛʣʘʚʥʳʭ ʧʘʨʘʤʝʪʨʘ [2] ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʚʳʨʘʙʦʪʢʠ ʜʦ ʢʨʦʤʢʠ ʧʣʘʩʪʘ ʧʦ ʥʘʧʣʘʩʪʦʚʘʥʠʶ lʥ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚʳʨʘʙʦʪʢʠ ʜʦ 

ʥʘʜʨʘʙʘʪʳʚʘʶʱʝʛʦ ʧʣʘʩʪʘ (ʧʦ ʥʦʨʤʘʣʠ) hʥ (ʨʠʩ. 2). 
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ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʩʪʘ ʟʘʣʦʞʝʥʠʷ ʧʦʣʝʚʳʭ ʰʪʨʝʢʦʚ 

 

ʋʩʪʘʥʦʚʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ lʥ ʠ hʥ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʥʘʜʨʘʙʦʪʢʝ ʧʦʣʝʚʳʭ ʰʪʨʝʢʦʚ 

ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʚʳʧʦʣʥʝʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʦʣʴʥʳʭ 

ʙʘʩʩʝʡʥʦʚ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʘ ʙʘʟʝ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺʅʀʄʀ ʨʘʟʨʘʙʦʪʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʣʝʚʳʭ ʚʳʨʘʙʦʪʦʢ [3]. ʕʪʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2 ʠ 3. 

 

ʊʘʙʣʠʮʘ 2. ʄʠʥʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ ʧʦʣʝʚʦʡ ʚʳʨʘʙʦʪʢʠ ʧʦʜ 

ʥʘʜʨʘʙʘʪʳʚʘʶʱʠʤ ʧʣʘʩʪʦʤ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʥʘʜʨʘʙʦʪʢʝ 

ʈʘʩʯʸʪʥʘʷ ʛʣʫʙʠʥʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʅʨ, 

ʤ 

ʄʠʥʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʧʦʜ 

ʥʘʜʨʘʙʘʪʳʚʘʶʱʠʤ ʧʣʘʩʪʦʤ hʥ (ʤ) ʧʨʠ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

ʧʦʨʦʜ ʩʞʘʪʠʶ Rʩ, ʄʇʘ 

ɼʦ 40 40-60 ɹʦʣʝʝ 60 

300 15 10 10 

600 20 15 10 

900 25 20 15 

1200 30 25 2 

 

ʊʘʙʣʠʮʘ 3. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʣʝʚʦʡ ʚʳʨʘʙʦʪʢʠ ʜʦ ʢʨʦʤʢʠ ʧʣʘʩʪʘ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʡ 

ʥʘʜʨʘʙʦʪʢʝ 

ʈʘʩʯʸʪʥʘʷ ʛʣʫʙʠʥʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʳʨʘʙʦʪʢʠ 

ʅʨ, ʤ 

ʈʘʩʯʸʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʦʨʦʜ ʩʞʘʪʠʶ 

Rʩ, ʄʇʘ 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʣʝʚʦʡ ʚʳʨʘʙʦʪʢʠ ʜʦ 

ʢʨʦʤʢʠ ʧʣʘʩʪʘ (ʧʦ ʥʘʧʣʘʩʪʦʚʘʥʠʶ) 

lʥ (ʤ) ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʥʘʜʨʘʙʘʪʳʚʘʶʱʝʛʦ ʧʣʘʩʪʘ ʜʦ 

ʚʳʨʘʙʦʪʢʠ (ʧʦ ʥʦʨʤʘʣʠ) hʥ, ʤ 

10 20 30 40 

300 

ɼʦ 40 20 20 25 50 

40-60 15 15 20 15 

ɹʦʣʝʝ 60 10 10 15 10 

600 

ɼʦ 40 20 25 30 25 

40-60 20 20 25 20 

ɹʦʣʝʝ 60 15 15 15 10 

900 

ɼʦ 40 25 30 30 25 

40-60 25 25 25 20 

ɹʦʣʝʝ 60 20 20 15 10 

1200 

ɼʦ 40 30 35 35 30 

40-60 30 20 25 20 

ɹʦʣʝʝ 60 25 25 20 15 
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʰʘʭʪʘʭ ʏʝʣʷʙʠʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʉʨʝʜʥʝʡ ɸʟʠʠ [1] ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʪʦʨʠʯʥʘʷ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʥʘʜʨʘʙʦʪʢʠ ʧʦʣʝʚʳʭ 

ʚʳʨʘʙʦʪʦʢ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʩʦʩʪʦʷʥʠʝ. ʕʪʦ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʣʠʯʠʥ lʥ ʠ hʥ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʦʙʱʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʟʘʣʦʞʝʥʠʷ 

ʧʦʣʝʚʳʭ ʚʳʨʘʙʦʪʦʢ ʧʦʜ ʤʦʱʥʳʤ ʥʘʜʨʘʙʘʪʳʚʘʶʱʠʤ ʧʣʘʩʪʦʤ, ʦʪʨʘʙʘʪʳʚʘʝʤʳʤ ʥʘʢʣʦʥʥʳʤʠ 

ʩʣʦʷʤʠ ʚ ʥʠʩʭʦʜʷʱʝʤ ʧʦʨʷʜʢʝ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ.  

ʄʠʥʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ ʚʳʨʘʙʦʪʢʠ hʥ
ʤ (ʤ):  

ʘ) ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʧʣʘʩʪʘ ʥʘ ʜʚʘ ʥʘʢʣʦʥʥʳʭ ʩʣʦʷ  

hʥ
ʤ = 1,2 hʥ,                                                            (1) 

ʘ) ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʧʣʘʩʪʘ ʥʘ ʪʨʠ ʠ ʙʦʣʝʝ ʥʘʢʣʦʥʥʳʭ ʩʣʦʸʚ  

hʥ
ʤ = 1,25 hʥ,                                                          (2) 

ʛʜʝ hʥ ï ʤʠʥʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ ʧʦʣʝʚʦʡ ʚʳʨʘʙʦʪʢʠ ʧʦʜ ʥʘʜʨʘʙʘʪʳʚʘʶʱʠʤ ʧʣʘʩʪʦʤ 

ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ (ʧʦ ʥʦʨʤʘʣʠ) ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʥʘʜʨʘʙʦʪʢʝ (ʩʤ. ʪʘʙʣ. 2), ʤ.  

ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʦʣʝʚʦʡ ʚʳʨʘʙʦʪʢʠ ʜʦ ʢʨʦʤʢʠ ʧʣʘʩʪʘ (ʧʦ ʥʘʧʣʘʩʪʦʚʘʥʠʶ) 

lʥ
ʤ (ʤ):  

lʥ
ʤ = lʥ + ʚ (n-1),                                                   (3) 

ʛʜʝ  lʥ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʳʨʘʙʦʪʢʠ ʜʦ ʢʨʦʤʢʠ ʥʘʜʨʘʙʘʪʳʚʘʶʱʝʛʦ ʥʠʞʥʝʛʦ ʩʣʦʷ ʧʨʠ 

ʦʜʥʦʢʨʘʪʥʦʡ ʥʘʜʨʘʙʦʪʢʝ (ʩʤ. ʪʘʙʣ. 3), ʤ;  

ʚ ï ʰʠʨʠʥʘ ʩʣʦʝʚʦʛʦ ʰʪʨʝʢʘ, ʤ;  

n ï ʢʦʣʠʯʝʩʪʚʦ ʥʘʢʣʦʥʥʳʭ ʩʣʦʸʚ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʝʪʩʷ ʤʦʱʥʳʡ ʧʣʘʩʪ. 

ʇʨʠ ʩʣʘʙʳʭ ʚʤʝʱʘʶʱʠʭ ʫʛʦʣʴʥʳʝ ʧʣʘʩʪʳ ʧʦʨʦʜʘʭ ʠ ʩʢʣʦʥʥʦʩʪʠ ʢ ʩʘʤʦʚʦʟʛʦʨʘʥʠʶ 

ʫʛʣʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʛʦʨʥʳʭ ʚʦʧʨʦʩʦʚ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʦʪʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ, ʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʧʘʨʘʤʝʪʨʳ, ʫʧʨʘʚʣʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʢʨʦʚʣʷʤʠ, ʦʭʨʘʥʘ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʜʨ.), ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʜʨʫʛʠʭ ʙʘʩʩʝʡʥʦʚ. 

ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʟʨʘʙʦʪʢʠ ʤʦʱʥʳʭ ʧʦʣʦʛʠʭ ʫʛʦʣʴʥʳʭ 

ʧʣʘʩʪʦʚ ʥʘ ʰʘʭʪʘʭ ʉʨʝʜʥʝʘʟʠʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʥʘʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠʭ ʦʪʨʘʙʦʪʢʠ. 

ʄʦʱʥʦʩʪʴ ʧʣʘʩʪʘ, ʫʛʦʣ ʧʘʜʝʥʠʷ ʠ ʛʣʫʙʠʥʘ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʱʥʳʭ ʧʣʘʩʪʦʚ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʦʱʥʦʩʪʠ ʚʳʥʠʤʘʝʤʦʛʦ ʩʣʦʷ ʠ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ ʚʦʟʨʘʩʪʘʝʪ ʟʦʥʘ ʘʢʪʠʚʥʦʛʦ ʩʜʚʠʞʝʥʠʷ 

ʧʦʨʦʜ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʧʨʦʷʚʣʝʥʠʡ ʦʧʦʨʥʦʛʦ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʥʘʛʨʫʟʢʠ ʥʘ 

ʢʨʝʧʴ. 

ʇʨʠ ʚʳʝʤʢʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʟʦʥʳ ʚʨʝʤʝʥʥʦʛʦ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 50é80 ʤ ʚʧʝʨʝʜʠ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʠ 60é120 ʤ ʧʦʟʘʜʠ ʝʛʦ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʦʧʦʨʥʦʛʦ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5é15 ʤ ʦʪ 

ʢʨʦʤʢʠ ʫʛʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,5é2,5. ʐʠʨʠʥʘ ʟʦʥʳ ʧʦʥʠʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 2 ʜʦ 5 ʤ [1]. ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʥʠʞʥʠʭ ʩʣʦʸʚ ʤʦʱʥʳʭ ʧʣʘʩʪʦʚ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʚ 

1,3é1,5 ʨʘʟʘ ʤʝʥʴʰʝ. 

ʋʛʦʣ ʧʘʜʝʥʠʷ ʧʣʘʩʪʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʤʝʱʝʥʠʷ ʧʦʨʦʜ ʚ 

ʚʳʨʘʙʦʪʢʘʭ ʠ ʭʘʨʘʢʪʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥʳ ʩʜʚʠʞʝʥʠʷ ʧʦʨʦʜ ʧʨʠ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʝ ʫʛʣʷ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʧʘʜʝʥʠʷ ʥʘʛʨʫʟʢʘ ʥʘ ʢʨʝʧʴ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʟʦʥʳ ʩʜʚʠʞʝʥʠʷ ʧʦʨʦʜ. ʕʪʠʤ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʨʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʘʝʚʳʭ ʟʦʥ ʫʛʦʣʴʥʦʛʦ ʧʣʘʩʪʘ ʠ ʢʨʦʚʣʠ, ʩʧʦʣʟʘʥʠʝ ʠ ʦʧʨʦʢʠʜʳʚʘʥʠʝ ʢʨʝʧʠ. 

ʅʘʨʫʰʝʥʥʦʩʪʴ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʚʳʟʳʚʘʝʪ ʘʥʦʤʘʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʪʝʭʥʦʣʦʛʠʠ ʦʪʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ, ʦʩʦʙʝʥʥʦ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʛʜʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʧʝʨʝʭʦʜʘ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʠ ʫʜʝʨʞʘʥʠʷ ʧʨʠʟʘʙʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʤʘʩʩʦʚʦʛʦ ʦʙʨʫʰʝʥʠʷ 
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ʧʦʨʦʜ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʨʫʰʝʥʥʦʩʪʠ ʧʣʘʩʪʘ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨʳ ʚʳʝʤʦʯʥʳʭ ʙʣʦʢʦʚ ʧʦ 

ʧʨʦʩʪʠʨʘʥʠʶ (ʧʘʜʝʥʠʶ) ʧʣʘʩʪʘ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʙʦʣʝʝ 500 ʤ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʪʨʘʙʦʪʢʫ ʙʣʦʢʦʚ ʧʨʦʠʟʚʦʜʠʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʢʨʝʧʝʡ; ʧʨʠ 

ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʥʝʝ 500 ʤ ʦʪʨʘʙʦʪʢʫ ʙʣʦʢʦʚ ʨʘʮʠʦʥʘʣʴʥʝʝ ʧʨʦʠʟʚʦʜʠʪʴ ʫʟʢʦʟʘʭʚʘʪʥʳʤʠ 

ʢʦʤʙʘʡʥʘʤʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʝʧʴʶ. 

ʇʣʘʩʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʩʣʘʙʳʭ 

ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʦʨʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʠ ʧʦʯʚʳ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʚʘʣʦʦʙʨʘʟʦʚʘʥʠʡ ʚ ʧʨʠʟʘʙʦʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʠ ʵʪʦʤ ʝʩʪʝʩʪʚʝʥʥʦ ʪʨʝʙʫʝʪʩʷ 

ʚʳʧʦʣʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜ ʢʨʦʚʣʠ. 

ɺʳʝʤʢʘ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦ ʫʩʣʦʚʠʷʤ ʫʜʘʨʦʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ 

ʤʦʱʥʦʩʪʴ ʥʝ ʙʦʣʝʝ 2é2,5 ʤ, ʘ ʚʳʝʤʢʘ ʥʠʞʥʠʭ ʩʣʦʸʚ ïʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʤʦʱʥʦʩʪʴ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʠʜʘ ʢʨʝʧʠ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʦʩʪʘʚʣʝʥʠʷ ʤʝʞʩʣʦʝʚʳʭ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʧʘʯʝʢ ʫʛʣʷ ʧʨʠ ʚʳʝʤʢʝ 

ʚʝʨʭʥʝʛʦ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʩʣʦʸʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢʨʦʚʝʣʴ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢʨʦʚʣʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʦʮʝʥʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ɛ, 

ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [4] 

 

ɛ = K Ŀ hʩʨ Ŀ ůʩʞ,                                                         (4) 

 

ʛʜʝ  K ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, 1/(ʤ Ŀ ʄʇʘ); 

hʩʨ ï ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʩʣʦʸʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ, ʤ; 

ůʩʞï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜʳ ʩʣʦʸʚ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʩʞʘʪʠʠ, ʄʇʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜ ʢʨʦʚʣʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 4 ʜʦ 12, ʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʤʝʥʝʝ 4. 

ʇʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʦʚʣʠ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʣʘʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʴ ʦʜʥʠʤ ʠʣʠ ʢʦʤʙʠʥʘʮʠʝʡ ʩʧʦʩʦʙʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ 3. 

 

 
 

ʈʠʩʫʥʦʢ 3. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʦʚʣʠ: 1 ï 

ʟʘʱʠʪʥʘʷ ʧʘʯʢʘ ʫʛʣʷ; 2 ï ʦʧʝʨʝʞʘʶʱʝʝ ʭʠʤʠʯʝʩʢʦʝ ʘʥʢʝʨʦʚʘʥʠʝ; 3 ï ʥʘʛʥʝʪʘʥʠʝ 

ʚʷʞʫʱʠʭ ʩʦʩʪʘʚʦʚ; 4 ï ʯʘʩʪʠʯʥʘʷ ʟʘʪʷʞʢʘ ʢʨʦʚʣʠ; 5 ï ʩʧʣʦʰʥʘʷ ʟʘʪʷʞʢʘ ʢʨʦʚʣʠ 

 



 
41 

 

ʇʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ ʧʨʠ ʚʳʝʤʢʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 

ʤʦʱʥʦʛʦ ʧʣʘʩʪʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʧʦʩʦʙʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʸʤʦʤ ʫʢʨʝʧʣʷʝʤʳʭ ʧʦʨʦʜ, ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʪʦʪ ʠʣʠ ʠʥʦʡ ʫʯʘʩʪʦʢ ʰʘʭʪʥʦʛʦ ʧʦʣʷ. 

ʄʦʱʥʦʩʪʴ ʫʢʨʝʧʣʷʝʤʦʛʦ ʩʣʦʷ h (ʤ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

ʩʞ

ʥʢ6,01

s

ÖÖgÖÖ
=

LhR

B
h

                                                     (5) 

ʛʜʝ  B ï ʰʠʨʠʥʘ ʫʧʨʦʯʥʷʝʤʦʡ ʧʦʣʦʩʳ ʧʦʨʦʜ, ʤ; 

R ï ʨʘʜʠʫʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʦʯʥʷʶʱʝʛʦ ʩʦʩʪʘʚʘ, ʤ; ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 1,5é2,5 

ʤ; 

g ï ʦʙʲʸʤʥʘʷ ʤʘʩʩʘ ʧʦʨʦʜ, ʪ/ʤ3; 

hʥʢ ï ʤʦʱʥʦʩʪʴ ʥʝʫʩʪʦʡʯʠʚʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʢʨʦʚʣʠ, ʤ; 

L ï ʧʨʦʣʸʪ ʦʙʨʫʰʝʥʠʷ, ʤ; 

ůʩʞ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ, ʄʇʘ. 

ʅʘʛʥʝʪʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʚ ʤʘʩʩʠʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʰʧʫʨʳ, ʧʨʦʙʫʨʝʥʥʳʝ ʠʟ ʧʨʠ-

ʟʘʙʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʠʥʠʠ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ. ɼʣʠʥʘ ʰʧʫʨʦʚ Lʰ  (ʤ) 

ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 3é5 ʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

 

L  h= Lʩ Ā n ï R + 0,5,                                                (6) 

 

ʛʜʝ Lʩ ï ʩʫʪʦʯʥʦʝ ʧʦʜʚʠʛʘʥʠʝ ʣʠʥʠʠ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ, ʤ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʩʫʪʦʢ, ʥʘ ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʬʨʦʥʪ ʨʘʙʦʪʳ; 

R ï ʨʘʜʠʫʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʢʨʝʧʣʷʶʱʝʛʦ ʩʦʩʪʘʚʘ ʚʛʣʫʙʴ ʤʘʩʩʠʚʘ, ʤ; 

0,5 ï ʧʨʝʚʳʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʜʚʠʛʘʥʠʷ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ, ʤ. 

ʇʘʨʘʤʝʪʨʳ ʥʘʛʥʝʪʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʯʸʪʥʳʤ ʧʫʪʸʤ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʦʩʣʝʜʫʶʱʝʤ 

ʫʪʦʯʥʝʥʠʝʤ ʧʦ ʬʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʚ ʰʘʭʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʪ. ʢ. ʦʥʠ ʟʘʚʠʩʷʪ 

ʦʪ ʩʚʦʡʩʪʚ ʧʨʠʤʝʥʷʝʤʦʛʦ ʫʢʨʝʧʣʷʶʱʝʛʦ ʩʦʩʪʘʚʘ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʩʩʠʚʘ ʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʧʦʨʦʜʳ Q (ʤ3), ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʚʳʨʘʞʝʥʠʷ 

Q = V(n ï W)m,                                                     (7) 

 

ʛʜʝ  V ï ʦʙʲʸʤ ʫʢʨʝʧʣʷʝʤʦʡ ʧʦʨʦʜʳ, ʤ3; 

n ï ʧʦʨʠʩʪʦʩʪʴ ʧʦʨʦʜʳ, %; 

W ï ʚʣʘʞʥʦʩʪʴ ʧʦʨʦʜ, %; 

m ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʧʦʨ ʨʘʩʪʚʦʨʦʤ; (ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 0,5). 

ʇʘʨʘʤʝʪʨʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʢʝʨʦʚʘʥʠʷ ʧʨʠ ʫʧʨʦʯʥʝʥʠʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʦʨʦʜ ʚ ʣʘʚʘʭ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʣʷ ʰʘʭʪ ʨʝʛʠʦʥʘ ʦʧʳʪʥʳʤ ʧʫʪʸʤ. 

ʈʘʮʠʦʥʘʣʴʥʘʷ ʜʣʠʥʘ ʘʥʢʝʨʥʳʭ ʩʪʝʨʞʥʝʡ ʠʟ ʛʝʦʤʝʪʨʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʩʦʩʪʘʚʣʷʝʪ 1,8é2,0 ʤ. ʇʦʨʦʜʳ ʢʨʦʚʣʠ ʚ ʤʝʩʪʘʭ ʦʧʘʩʥʳʭ ʧʦ ʚʳʚʘʣʘʤ ʫʧʨʦʯʥʷʶʪʩʷ ʟʘ ʢʘʞʜʳʤ 

ʮʠʢʣʦʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʘʥʢʝʨʘʤʠ. ʐʘʛ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʥʘʨʫʰʝʥʥʦʩʪʠ ʤʘʩʩʠʚʘ ʩʦʩʪʘʚʣʷʝʪ 0,7é1,3 ʤ. ɺ ʤʝʩʪʘʭ ʦʪʞʠʤʘ ʫʛʣʷ ʟʘʙʦʡ ʫʧʨʦʯʥʷʝʪʩʷ 

ʜʝʨʝʚʷʥʥʳʤʠ ʘʥʢʝʨʘʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʣʦʩʢʦʩʪʠ ʦʪʩʣʦʝʥʠʷ ʚ ʦʜʠʥ 

ʠʣʠ ʜʚʘ ʨʷʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʦʪʩʣʦʝʥʠʷ. ʐʘʛ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 0,5é1,0 ʤ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʧʨʠʤʝʥʷʝʤʳʭ ʘʤʧʫʣ (ʩʪʝʢʣʷʥʥʳʝ, ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʠ ʪ. ʜ.) ʧʨʠ 

ʟʘʧʦʣʥʝʥʠʠ ʠʤʠ ʰʧʫʨʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʩʪʨʦʛʦ ʩʦʙʣʶʜʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʚʷʞʫʱʝʛʦ ʠ 

ʟʘʪʚʝʨʜʠʪʝʣʷ [4]. 
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ʇʨʠ ʚʳʝʤʢʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʩ ʟʘʣʝʛʘʥʠʝʤ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʢʨʦʚʣʝ ʩʫʭʠʭ 

ʪʦʥʢʦʩʣʦʠʩʪʳʭ ʧʦʨʦʜ, ʦʙʚʦʜʥʸʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ (ʧʣʳʚʫʥʦʚ) ʠʣʠ ʥʘʣʠʯʠʠ ʢʘʧʝʞʘ ʠʟ ʧʦʨʦʜ 

ʢʨʦʚʣʠ ʜʣʷ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʦʚʣʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʩʪʘʚʣʷʪʴ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʫʶ 

ʫʛʦʣʴʥʫʶ ʧʘʯʢʫ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ 0,4é0,6 ʤ. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦʡ ʢʨʦʚʣʠ ʠʟ ʦʙʨʫʰʝʥʥʳʭ ʧʦʨʦʜ ʚ ʦʪʨʘʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʚʘʪʴ 

ʛʣʠʥʠʩʪʫʶ ʧʫʣʴʧʫ ʠʣʠ ʚʷʞʫʱʠʝ ʨʘʩʪʚʦʨʳ. ʆʧʪʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʛʣʠʥʠʩʪʦʡ ʧʫʣʴʧ 

ʢʦʥʩʠʩʪʝʥʮʠʠ ʊ : ɾ = 1 : 3 ʩʦʩʪʘʚʣʷʝʪ 0,04é0,06 ʤ3 ʥʘ ʤ2 ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ. 

ʇʣʦʱʘʜʴ ʫʩʪʦʡʯʠʚʳʭ ʦʙʥʘʞʝʥʠʡ ʧʦʨʦʜ S (ʤ2) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [4] 

S = 4,349 W0,007 V0,118 T0,257 Q0,202,                             (8) 

ʛʜʝ  W ï ʚʣʘʞʥʦʩʪʴ ʧʦʨʦʜ, %; 

V ï ʩʢʦʨʦʩʪʴ ʧʦʜʚʠʛʘʥʠʷ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ, ʤ/ʤʝʩ.; 

T ï ʨʘʟʨʳʚ ʚʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʦʪʨʘʙʦʪʢʠ ʩʤʝʞʥʳʭ ʩʣʦʸʚ, ʤ; 

Q ï ʦʙʲʸʤ ʛʣʠʥʠʩʪʦʡ ʧʫʣʴʧʳ, ʧʦʜʘʥʥʦʡ ʚ ʦʙʨʫʰʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʤ3/ʤ2. 

ʀʟʣʦʞʝʥʥʳʝ ʚ ʩʪʘʪʴʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʰʠʨʦʢʦ ʚʥʝʜʨʝʥʳ ʥʘ ʰʘʭʪʘʭ ʫʛʦʣʴʥʳʭ ʉʨʝʜʥʝʘʟʠʘʪʩʢʦʛʦ 

ʨʝʛʠʦʥʘ. ʕʪʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʱʥʳʭ ʫʛʦʣʴʥʳʭ 

ʧʣʘʩʪʦʚ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. 

ɺʥʝʜʨʝʥʠʝ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦ, ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ. 
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ʂʆʄɹʀʅʀʈʆɺɸʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʆʉɺʆɽʅʀʗ  

ʈʆʉʉʓʇʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

ʂɸɿɸʈʀʅɸ ɽ.ʅ. 

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ɸʥʥʦʪʘʮʠʷ. ʋʩʣʦʞʥʝʥʠʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʜʦʙʳʯʠ ʮʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʦʩʩʳʧʝʡ, ʟʘʧʘʩʳ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʠʤ ʠ ʪʦʥʢʠʤ ʟʦʣʦʪʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʦʛʘʱʝʥʠʷ 

ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʥʝʨʝʥʪʘʙʝʣʴʥʳʤ ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʟʦʣʦʪʘ ʚ ʭʚʦʩʪʘʭ. 

ʇʦʵʪʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʚʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʦʩʚʦʝʥʠʷ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʣʦʢʘʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʚʳʝʤʢʝ ʙʦʛʘʪʳʭ ʫʯʘʩʪʢʦʚ 

ʨʦʩʩʳʧʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʨʫʧʥʦʝ ʟʦʣʦʪʦ, ʢʦʪʦʨʦʝ ʥʝʚʦʟʤʦʞʥʦ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʠʪʴ 

ʚʳʱʝʣʘʯʠʚʘʶʱʠʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʦʩʩʳʧʠ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʪ 

ʫʚʝʣʠʯʠʪʴ ʠʟʚʣʝʯʝʥʠʝ ʮʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʟ ʥʝʜʨ ʠ ʧʦʚʳʩʠʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ 

ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʧʦʩʦʙʳ, ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʟʦʣʦʪʦ, ʨʦʩʩʳʧʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʤʘʩʩʘ, ʧʦʨʦʜʳ. 

COMBINED TECHNOLOGIES FOR THE DEVELOPMENT OF PLA CER 

DEPOSITS 

KAZARINA E.N. 

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

Abstract. The increasing complexity of mining and geological and mining technical conditions 

during the development of placer deposits predetermines the need to improve technologies for the 

extraction of valuable mineral raw materials. When developing placers, the reserves of which are 

represented by fine and thin gold, the use of traditional beneficiation technologies in a number of 

cases is unprofitable due to large losses of gold in the tailings. Therefore, a promising area of 

development is the use of in situ leaching technology. The analysis of known methods of leaching, 

providing an increase in gold recovery in the development of alluvial deposits, is carried out. The 

article proposes a technology for the development of complex-structured deep-seated deposits, 

which consists in local mechanical excavation of rich areas of placers containing large gold, which 

cannot be fully dissolved with leaching solutions, the rest of the placer is mined using the 

underground leaching technology. The use of combined methods will increase the extraction of 

valuable mineral raw materials from the sUral Branchsoil and will increase the profitability of 

mining. 

Keywords: combined methods, leaching, gold, placer deposits, weight, breed.  

ʅʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ʈʦʩʩʠʠ ʚʝʜʝʪʩʷ ʜʦʙʳʯʘ ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ, ʧʣʘʪʠʥʳ, ʘʣʤʘʟʦʚ, 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʧʨʠ ʵʪʦʤ ʟʦʣʦʪʦ ʜʦʙʳʚʘʝʪʩʷ ʢʘʢ ʠʟ 

ʨʫʜʥʳʭ, ʪʘʢ ʠ ʠʟ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [1-5]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 
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ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʚʩʝ ʙʦʣʝʝ ʤʦʱʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʢʦʤʧʣʝʢʩʥʘʷ 

ʤʝʭʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [6-8]. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʦʩʩʳʧʝʡ 

ʟʘʧʘʩʳ, ʢʦʪʦʨʳʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʠʤ ʠ ʪʦʥʢʠʤ ʟʦʣʦʪʦʤ 

ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʦʛʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʨʝʥʪʘʙʝʣʴʥʳʤ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʚʦʝʥʠʷ ʧʦʜʦʙʥʳʭ ʨʦʩʩʳʧʝʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ [9]. ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʨʘʥʘ, ʟʦʣʦʪʘ, ʤʝʜʠ, ʮʠʥʢʘ, ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ, ʘʣʶʤʠʥʠʷ ʠ ʜʨʫʛʠʭ 

ʤʝʪʘʣʣʦʚ. ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʦʚʣʝʢʘʪʴ ʚ ʧʝʨʝʨʘʙʦʪʢʫ 

ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦ ʦʩʚʘʠʚʘʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʤʘʣʳʤʠ 

ʟʘʧʘʩʘʤʠ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʳʤʠ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʦʩʚʦʝʥʠʷ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ ʨʦʩʩʳʧʝʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ [10] ʦʧʠʩʘʥ ʩʧʦʩʦʙ 

ʦʪʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʦʜʟʝʤʥʳʤ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ, ʚʢʣʶʯʘʶʱʠʡ ʦʙʥʘʨʫʞʝʥʠʝ 

ʨʫʜʥʦʛʦ ʪʝʣʘ ʩʠʩʪʝʤʘʤʠ ʟʘʢʘʯʥʳʭ ʠ ʦʪʢʘʯʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʳʱʝʣʘʯʠʚʘʶʱʝʛʦ ʨʘʩʪʚʦʨʘ, ʧʦʜʘʯʫ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘʩʪ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʟʘʢʘʯʥʳʭ ʩʢʚʘʞʠʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ. ʈʘʩʪʚʦʨ ʧʦʜʘʝʪʩʷ ʚ ʧʣʘʩʪ ʯʝʨʝʟ 

ʩʠʩʪʝʤʫ ʟʘʢʘʯʥʳʭ ʩʢʚʘʞʠʥ ʠ ʩʢʚʘʞʠʥ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ ʯʘʩʪʠ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʜʦ ʧʦʣʥʦʛʦ ʚʣʘʛʦʥʘʩʳʱʝʥʠʷ. ʉʠʩʪʝʤʳ ʟʘʢʘʯʥʳʭ ʠ ʦʪʢʘʯʥʳʭ 

ʚʳʨʘʙʦʪʦʢ ʨʘʩʧʦʣʘʛʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʷʭ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ. ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʜʦʙʳʯʠ 

ʤʝʪʘʣʣʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʠʟ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʚʩʢʨʳʪʠʠ ʩʣʦʝʚ 

ʧʝʩʢʦʚ ʢʘʥʘʚʘʤʠ, ʦʙʦʡʜʝʥʥʳʤʠ ʧʦ ʛʨʘʥʠʮʝ ʟʘʧʘʩʦʚ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʷʭ ʧʦ ʧʘʜʝʥʠʶ 

ʨʦʩʩʳʧʠ, ʧʦʜʘʯʫ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʚʝʨʭʥʶʶ ʢʘʥʘʚʫ ʠ ʦʪʢʘʯʢʫ ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʟ 

ʥʠʞʥʝʡ ʢʘʥʘʚʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʝʜʝʣ ʠ ʧʦʜʘʯʫ ʚ ʧʣʘʩʪ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʦʚʦʤ ʮʠʢʣʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ [11]. ɺ ʢʘʥʘʚʘʭ ʨʘʩʧʦʣʘʛʘʶʪ ʦʩʥʦʚʥʳʝ 

ʵʣʝʢʪʨʦʜʳ: ʚ ʚʝʨʭʥʝʡ ʢʘʥʘʚʝ - ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ; ʚ ʥʠʞʥʝʡ ʢʘʥʘʚʝ - ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʵʣʝʢʪʨʦʜʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʧʦʯʚʳ 

ʚʩʢʨʳʪʦʛʦ ʧʣʘʩʪʘ ʧʝʩʢʦʚ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʡ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʧʝʩʢʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ 

ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ ʥʘʛʨʝʚʘʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ ʠ ʨʘʩʪʚʦʨʦʚ. ɺ ʨʘʙʦʪʝ 

[12] ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʧʦʜʟʝʤʥʦʛʦ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʤʝʪʘʣʣʦʚ ʠʟ ʤʝʨʟʣʳʭ ʧʦʨʦʜ, 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʳ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʟʨʳʚʘʤʠ ʚ 

ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʩʢʚʘʞʠʥ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʭʦʨʦʰʝʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʩʩʠʚʘ ʨʘʟʨʳʚʘʤʠ ʚ 

ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʦʪʢʘʯʥʳʭ ʩʢʚʘʞʠʥ ʦʙʨʘʟʫʶʪ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ ʠ ʙʦʣʴʰʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʚ 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜʘʭ ʜʣʷ ʩʙʦʨʘ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʉʧʦʩʦʙʳ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʚ 

ʨʘʙʦʪʘʭ [10-12] ʠʤʝʶʪ ʦʙʱʠʡ ʥʝʜʦʩʪʘʪʦʢ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

ʨʘʚʥʦʤʝʨʥʦ ʜʝʡʩʪʚʫʝʪ ʥʘ ʟʦʣʦʪʠʥʳ ʨʘʟʥʦʡ ʢʨʫʧʥʦʩʪʠ, ʚ ʪʦʞʝ ʚʨʝʤʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ 

ʩʦʜʝʨʞʘʥʠʝ ʠ ʢʨʫʧʥʦʩʪʴ ʟʦʣʦʪʘ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʳʱʝʣʘʯʠʚʘʶʱʠʡ ʨʘʩʪʚʦʨ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ 

ʟʦʣʦʪʠʥ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ ʙʦʛʘʪʳʭ ʟʦʥ ʥʝ ʙʫʜʝʪ ʨʘʩʪʚʦʨʝʥʘ ʠ ʠʟʚʣʝʯʝʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ 

ʟʦʣʦʪʘ. 

ɼʣʷ ʨʦʩʩʳʧʝʡ ʭʘʨʘʢʪʝʨʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʪʨʘʙʦʪʢʠ: 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʣʘʩʪʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʝʩʢʦʚ ʠ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ; 

ʫʩʣʦʞʥʝʥʠʝ ʛʨʘʥʠʮ ʠ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʝʩʢʦʚ; ʫʤʝʥʴʰʝʥʠʝ ʢʨʫʧʥʦʩʪʠ ʟʦʣʦʪʘ ʠ ʩʚʷʟʘʥʥʳʡ 

ʩ ʵʪʠʤ ʨʦʩʪ ʧʦʪʝʨʴ ʤʝʪʘʣʣʘ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ; ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʛʦʨʥʦʡ 

ʤʘʩʩʳ ʥʘ ʝʜʠʥʠʮʫ ʠʟʚʣʝʢʘʝʤʦʛʦ ʤʝʪʘʣʣʘ. ʊʘʢ ʠʩʩʣʝʜʦʚʘʥʠʝ ʂʫʨʘʥʘʭʩʢʦʛʦ ʟʦʣʦʪʦʨʦʩʩʳʧʥʦʛʦ 



 
45 

 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʬʨʦʚʦʡ ʛʝʦʣʦʛʦ-ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ñʄʘʡʥʬʨʝʡʤò (ɻʦʀ ʂʅʎ ʈɸʅ), ʧʨʦʛʨʘʤʤʳ 

BTSOD (ʀɻɼʉ ʉʆ ʈɸʅ), ʫʩʪʘʥʦʚʠʣʠ ʩʪʨʫʢʪʫʨʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʟʘʧʘʩʦʚ ʨʘʟʣʠʯʥʳʭ 

ʫʯʘʩʪʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʪʘʙʣʠʮʘ 1). ʈʘʩʯʝʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʦ ʛʨʫʧʧʘʤ ʨʘʟʚʝʜʦʯʥʳʭ ʣʠʥʠʡ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ ʟʘʧʘʩʦʚ ʭʘʨʘʢʪʝʨʥʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʫʯʘʩʪʢʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʥʦ ʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ʤʝʞʜʫ ʨʘʟʚʝʜʦʯʥʳʤʠ ʣʠʥʠʷʤʠ.  

 

ʊʘʙʣʠʮʘ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʟʘʧʘʩʦʚ ʩʦʛʣʘʩʥʦ [13] 

 

ʉʦʜʝʨʞʘʥʠʝ, ʛ/ʤ3 

ɼʦʣʷ,% 

ʋʯʘʩʪʦʢ 1 ʋʯʘʩʪʦʢ 4 

ʧʝʩʢʠ ʤʝʪʘʣʣ ʧʝʩʢʠ ʤʝʪʘʣʣ 

0-0.03 43.7 4.0 20.9 0.7 

0.03-0.1 26.2 15.4 18.7 4.9 

0.1-0.3 21.7 36.9 32.7 25.0 

0.3-0.6 6.4 24.9 18.67 31.8 

0.6-.1.0 1.3 9.9 6.3 19.4 

1.0-8.0 0.6 9.0 2.8 18.2 

 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʨʦʩʩʳʧʝʡ ʧʨʝʜʣʘʛʘʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʦʪʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʤʝʥʴʰʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʩʧʦʩʦʙʦʚ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ. 

ʉʧʦʩʦʙ ʢʫʯʥʦ-ʩʢʚʘʞʠʥʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʦʣʦʪʘ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʠʣʠ ʧʝʩʢʦʚ ʥʝʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ ʨʦʩʩʳʧʝʡ [14], ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʙʫʨʝʥʠʠ 

ʟʘʢʘʯʥʳʭ ʩʢʚʘʞʠʥ ʜʣʷ ʧʦʜʘʯʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʚʳʱʝʣʘʯʠʚʘʶʱʠʭ ʨʘʩʪʚʦʨʦʚ ʚ ʧʨʦʜʫʢʪʠʚʥʳʡ 

ʧʣʘʩʪ. ɼʨʝʥʘʞʥʳʝ ʚʳʨʘʙʦʪʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʫʪʝʤ ʣʦʢʘʣʴʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʡ 

ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʩʩʳ ʠʟ ʟʦʥ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʬʨʘʢʮʠʡ. ʄʝʞʜʫ 

ʜʨʝʥʘʞʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ ʚʝʜʫʪ ʙʫʨʝʥʠʝ ʟʘʢʘʯʥʳʭ ʩʢʚʘʞʠʥ, ʠʟʚʣʝʯʝʥʥʫʶ ʤʠʥʝʨʘʣʴʥʫʶ 

ʤʘʩʩʫ ʧʦʜʚʝʨʛʘʶʪ ʘʛʣʦʤʝʨʘʮʠʠ, ʟʘʪʝʤ ʩʢʣʘʜʠʨʫʶʪ ʝʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʥ ʩ ʧʨʦʙʫʨʝʥʥʳʤʠ 

ʩʢʚʘʞʠʥʘʤʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʟʘʢʘʯʢʫ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʚʳʱʝʣʘʯʠʚʘʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʚ ʦʩʪʘʚʰʫʶʩʷ ʥʝʠʟʚʣʝʯʝʥʥʦʡ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʫʶ ʤʠʥʝʨʘʣʴʥʫʶ 

ʤʘʩʩʫ. ɺ ʨʘʙʦʪʝ [15] ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʟʦʣʦʪʘ ʠʟ ʨʦʩʩʳʧʝʡ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚʦ ʚʩʢʨʳʪʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʝʨʝʞʘʶʱʝʡ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʝ ʙʘʣʘʥʩʦʚʳʭ ʧʝʩʢʦʚ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʳʨʘʙʦʪʦʢ ʩ ʣʦʢʘʣʴʥʳʤ ʠʟʚʣʝʯʝʥʠʝʤ ʙʦʛʘʪʳʭ ʧʝʩʢʦʚ. ʆʩʪʘʚʰʠʝʩʷ ʟʘʧʘʩʳ ʩ 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝ ʮʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʟʚʣʝʢʘʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ʩʢʚʘʞʠʥʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʭʚʦʩʪʳ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʛʘʪʳʭ ʧʝʩʢʦʚ 

ʩ ʪʦʥʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʥʝʜʦʠʟʚʣʝʯʝʥʥʦʛʦ ʤʝʣʢʦʛʦ ʠ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʟʦʣʦʪʘ ʨʘʟʤʝʱʘʶʪʩʷ ʚ 

ʛʠʜʨʦʠʟʦʣʠʨʦʚʘʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʚʳʨʘʙʦʪʢʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʩʧʦʩʦʙʳ [14-15] ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʩʚʦʝʥʠʷ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ ʨʦʩʩʳʧʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʦʪʨʘʙʦʪʢʦʡ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʘʧʘʩʦʚ ʨʦʩʩʳʧʥʦʛʦ 

ʟʦʣʦʪʘ ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘʯʠʥʘʶʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʝ ʨʦʩʩʳʧʠ. ɼʘʥʥʳʝ ʨʦʩʩʳʧʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʪʘʢʞʝ ʠʤʝʶʪ ʩʣʦʞʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩ ʥʘʣʠʯʠʝʤ ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʙʦʛʘʪʳʭ ʧʝʩʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʨʫʧʥʦʝ ʟʦʣʦʪʦ, 

ʢʦʪʦʨʦʝ ʥʝʚʦʟʤʦʞʥʦ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʠʪʴ ʚʳʱʝʣʘʯʠʚʘʶʱʠʤʠ ʨʘʩʪʚʦʨʘʤʠ. ɼʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʙʦʛʘʪʳʭ ʫʯʘʩʪʢʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʚʳʙʫʨʠʚʘʥʠʷ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʢʚʘʞʠʥʘʤʠ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʩ ʧʦʜʘʯʝʡ ʠʟʚʣʝʯʝʥʥʳʭ ʙʦʛʘʪʳʭ ʧʝʩʢʦʚ ʥʘ 

ʦʙʦʛʘʪʠʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ. ʇʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʢʨʫʧʥʦʛʦ ʟʦʣʦʪʘ ʚ ʭʦʜʝ ʦʙʦʛʘʱʝʥʠʷ 

ʦʩʪʘʚʰʘʷʩʷ ʛʦʨʥʘʷ ʤʘʩʩʘ, ʩʦʜʝʨʞʘʱʘʷ ʪʦʥʢʦʝ ʠ ʤʝʣʢʦʝ ʟʦʣʦʪʦ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʥʳʝ 

ʚʳʨʘʙʦʪʢʠ ʧʫʪʝʤ ʟʘʩʳʧʘʥʠʷ ʠʤ ʩʢʚʘʞʠʥ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ. ʇʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʚʳʝʤʢʠ 

ʙʦʛʘʪʳʭ ʧʝʩʢʦʚ, ʦʩʪʘʚʰʠʡʩʷ ʤʘʩʩʠʚ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʝʡ ʨʦʩʩʳʧʠ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ ʩʭʝʤ. 
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ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʟʨʘʙʦʪʢʠ ʨʦʩʩʳʧʝʡ ʩ ʦʧʝʨʝʞʘʶʱʠʤ 

ʣʦʢʘʣʴʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʚʣʝʯʝʥʠʝʤ ʙʦʛʘʪʳʭ ʧʝʩʢʦʚ ʩ ʢʨʫʧʥʳʤ ʟʦʣʦʪʦʤ ʧʫʪʝʤ 

ʚʳʙʫʨʠʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʨʦʩʩʳʧʠ, ʩʦʜʝʨʞʘʱʝʡ ʪʦʥʢʦʝ 

ʠ ʜʠʩʧʝʨʩʥʦʝ ʟʦʣʦʪʦ, ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʠʟʚʣʝʯʝʥʠʝ ʮʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʟ ʥʝʜʨ ʠ 

ʧʦʚʳʩʠʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ʋɼʂ 622.1.528.022.6 

ɻɽʆʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ (ɻʀʉ) ʅʆɺʓʁ ʋʈʆɺɽʅʔ 

ʄɸʈʂʐɽʁɼɽʈʉʂʀʍ ʊɽʍʅʆʃʆɻʀʁ ʅɸ ʇʈʀʄɽʈɽ ʇʈʆɻʈɸʄʄʓ 

WELLTRACKING  

ɻʆʃʋɹʂʆ ɹ.ʇ.1, ɼɸʅʏɽʅʂʆ ʆ.ʅ.2, ɹɸɹʂʀʅɸ ɽ.ɸ.1 

1ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
2ʆʆʆ çɻʘʟʧʨʦʤʥʝʬʪʴ ï ʈʘʟʚʠʪʠʝè, ʛ. ʊʶʤʝʥʴ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ. ʋ ʩʧʝʮʠʘʣʠʩʪʘ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʙʦʪʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʜʦʙʳʯʝʡ ʧʦʣʝʟʥʦʛʦ 

ʠʩʢʦʧʘʝʤʦʛʦ ʠʟ ʥʝʜʨ ɿʝʤʣʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ ʩʪʘʜʠʠ ʙʫʨʦʚʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʊʘʢʞʝ, ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ 
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ɺ ʥʘʯʘʣʝ 60-ʭ ʙʳʣ ʧʦʜʥʷʪ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʚʦʧʨʦʩ, ʘ ʠʤʝʥʥʦ, ʢʘʢ ʫʜʝʨʞʘʪʴ ʫʨʦʚʝʥʴ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʠʢʘ ʠ ʠʩʪʦʱʝʥʠʠ ʟʘʧʘʩʦʚ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʯʘʣʦʩʴ ʘʢʪʠʚʥʦʝ ʦʩʚʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ɺ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ 

ʵʪʦʪ ʨʘʡʦʥ ʩʪʘʣ ʢʨʫʧʥʝʡʰʠʤ ʚ ʉʉʉʈ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʤ ʨʝʛʠʦʥʦʤ [1]. ʅʘʯʘʣʦʤ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ 

1965 ʛʦʜ [2].  ʇʣʦʪʥʦʩʪʴ ʨʘʟʙʫʨʠʚʘʥʠʷ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʫʞʝ ʙʳʣʠ ʨʘʟʙʫʨʝʥʳ ʠ 

ʤʝʞʜʫ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʥʘ ʜʦʩʪʠʛʣʘ 

ʩʚʦʠʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʧʣʘʥʠʨʦʚʘʪʴ 

ʙʫʨʝʥʠʝ ʩʣʝʜʫʶʱʝʡ ʩʢʚʘʞʠʥʳ, ʥʫʞʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʡ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʢʚʘʞʠʥ ʢʫʩʪʦʚʦʡ ʧʣʦʱʘʜʢʠ (ʈʠʩʫʥʦʢ1) ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩʪʚʦʣʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦʙʳ ʙʝʟʦʧʘʩʥʦ ʧʨʦʠʟʚʝʩʪʠ ʙʫʨʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʪʴ ʪʦʯʥʦ ʢʦʦʨʜʠʥʘʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʫʩʪʴʶ ʩʢʚʘʞʠʥʳ, ʧʦ ʪʦʯʢʝ ʟʘʙʦʷ, ʧʦ ʪʦʤʫ ʢʘʢ 

ʩʪʚʦʣ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʞʝ ʧʨʦʙʫʨʝʥʥʳʭ ʩʢʚʘʞʠʥ. ʇʨʠʥʠʤʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʙʦʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺʩʝ ʩʧʝʮʠʘʣʠʩʪʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʢʚʘʞʠʥʝ, 

ʧʨʝʜʲʷʚʣʷʶʪ ʩʘʤʳʝ ʪʦʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʸ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʢʪʫʘʣʴʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 1. ʂʫʩʪ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ [3] 

                                                               

ɽʱʸ ʜʚʘʜʮʘʪʴ ʣʝʪ ʥʘʟʘʜ ʚʩʝ ʜʘʥʥʳʝ ʧʦ ʩʢʚʘʞʠʥʘʤ ʭʨʘʥʠʣʠʩʴ ʚ ʙʫʤʘʞʥʦʤ ʚʠʜʝ ʠ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢʘʞʜʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʧʨʠʥʠʤʘʣʦ ʨʝʰʝʥʠʝ ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʅʝʢʦʪʦʨʳʝ ʚʚʝʣʠ ʨʘʩʯʸʪʳ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮʘʭ Excel, ʥʝʢʦʪʦʨʳʝ 

ʧʳʪʘʣʠʩʴ ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʧʨʦʠʟʚʦʜʷʱʠʝ ʨʘʩʯʝʪʳ. ɺʩʸ ʵʪʦ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ ʥʝ ʛʘʨʘʥʪʠʨʦʚʘʣʦ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʜʘʥʥʳʭ. ʆʪʩʫʪʩʪʚʠʝ ʯʝʪʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʧʦʨʦʞʜʘʣʦ ʥʘ ʩʝʨʚʝʨʘʭ ʢʦʤʧʘʥʠʠ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʬʦʨʤʘʪʦʚ ʠ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʝ ʩʣʫʞʙʳ ʦʪʚʝʯʘʣʠ ʥʘ ʪʳʩʷʯʠ ʟʘʧʨʦʩʦʚ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʪʴ ʝʜʠʥʦʝ ʦʢʥʦ ʜʦʩʪʫʧʘ ʢʦ ʚʩʝʤ ʚʠʜʘʤ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʣʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʧʨʦʚʦʞʜʝʥʠʝʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʢʚʘʞʠʥʳ ʠ 

ʧʦʟʚʦʣʠʣʦ ʙʳ ʭʨʘʥʠʪʴ ʚ ʝʜʠʥʦʤ ʤʝʩʪʝ, ʚ ʝʜʠʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʚʩʝ ʜʘʥʥʳʝ, ʧʦ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʠ ʧʨʦʝʢʪʥʳʤ ʩʢʚʘʞʠʥʘʤ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ɻʀʉ).  ɻʀʉ ð ʵʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʦʩʥʦʚʦʡ ʠʥʪʝʛʨʘʮʠʠ ʢʦʪʦʨʳʭ ʩʣʫʞʠʪ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ [4]. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʙʦʨ, ʭʨʘʥʝʥʠʝ, ʦʙʨʘʙʦʪʢʫ ʠ ʦʪʦʙʨʘʞʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʫʨʝʥʠʷ. ʆʥʘ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʨʘʙʦʪʫ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʙ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʝʜʝʥʠʝʤ ʙʘʟ 

ʛʝʦʜʘʥʥʳʭ [5]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʜʝʩʷʪʴ ʣʝʪ ʥʘʟʘʜ ʥʘ ʙʘʟʝ ESRI ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʘʩʪʦʣʴʥʳʡ ʤʦʜʫʣʴ 

ʜʣʷ ArcGIS ʧʦʜ ʥʘʟʚʘʥʠʝʤ WellTracking. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʚʝʨʩʠʠ ArcGIS ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʵʪʘʣʦʥʥʘʷ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ [5]. ɼʘʞʝ ʧʨʠ ʩʘʤʦʤ ʧʝʨʚʦʤ ʠʤʧʦʨʪʝ ʜʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤʘ ʧʨʦʚʝʨʷʝʪ ʥʘ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʚʦʜʘ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʟʘʱʠʱʘʝʪʩʷ ʢʘʢ ʥʘ 

ʫʨʦʚʥʝ ʧʨʠʣʦʞʝʥʠʷ WellTracking, ʪʘʢ ʠ ʥʘ ʫʨʦʚʥʝ ʙʘʟ ʛʝʦʜʘʥʥʳʭ. ʂ ʧʨʠʤʝʨʫ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ 

ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʩʢʚʘʞʠʥʫ ʩ ʦʜʠʥʘʢʦʚʳʤ ʠʤʝʥʝʤ, ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʅʘ 

ʫʨʦʚʥʝ ʙʘʟ ʛʝʦʜʘʥʥʳʭ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʜʦʩʪʫʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʩʚʦʝʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʛʣʘʤʝʥʪʦʤ. ɸʥʘʣʠʟ ʠ ʧʨʦʩʤʦʪʨ ʜʘʥʥʳʭ ʚ 2D ʠ 

3D ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʚ ʙʘʟʝ ʛʝʦʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʩʢʚʘʞʠʥ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʛʨʘʤʤʘ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʝʙʷ 60 ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʧʦ ʙʫʨʝʥʠʶ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʵʪʘʧʥʦ ʨʘʙʦʪʫ ʤʘʨʢʰʝʡʜʝʨʘ ʩ ʧʨʦʛʨʘʤʤʦʡ WellTracking. 
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1. ʇʨʝʜʧʨʠʷʪʠʝ ʧʦʣʫʯʘʝʪ ʣʠʮʝʥʟʠʶ ʥʘ ʧʨʘʚʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʨʘʤʠ; 

2. ʉʦʟʜʘʥʠʝ ʢʘʢ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʪʘʢ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʛʜʝ ʚʥʦʩʷʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʶ (ʨʠʩ. 2); 

 

ʈʠʩʫʥʦʢ 2. ʉʦʟʜʘʥʠʝ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ [6] 

 

3. ʇʦ ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦʣʫʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʦʧʨʝʜʝʣʷʶʪ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ 

ʧʦʣʝʟʥʦʡ ʪʦʣʱʠ. ɼʘʣʝʝ ʤʘʪʝʨʠʘʣ ʚʥʦʩʠʪʩʷ ʚ ʙʘʟʫ ʛʝʦʜʘʥʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʫʨʦʚʳʭ ʨʘʙʦʪ.                                           

4. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ʧʨʝʜʝʣʘʭ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʢʫʩʪʦʚʘʷ 

ʧʣʦʱʘʜʢʘ. ɺ WellTracking ʵʪʦ ʨʝʛʫʣʠʨʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʦʥ ʩʦʟʜʘʝʪ ʧʨʦʝʢʪʥʫʶ ʛʝʦʤʝʪʨʠʶ ʢʫʩʪʘ (ʨʠʩ. 3); 

 

 
 

ʈʠʩʫʥʦʢ 3. ʇʨʦʝʢʪʥʘʷ ʛʝʦʤʝʪʨʠʷ ʢʫʩʪʘ [6] 

 

5. ʇʦʩʣʝ ʦʪʩʳʧʢʠ ʧʣʦʱʘʜʢʠ ʧʦʷʚʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠ ʜʨʫʛʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʦʙʥʦʚʣʝʥʳ; 
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6. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʚʳʥʝʩʝʪ ʧʝʨʚʫʶ ʩʢʚʘʞʠʥʫ, ʚ ʧʨʦʛʨʘʤʤʝ 

ʩʦʟʜʘʝʪʩʷ ʧʨʦʝʢʪʥʘʷ ʩʢʚʘʞʠʥʘ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʟʜʘʥʠʷ ʪʦʯʢʠ ʮʝʣʠ, ʠ ʝʸ ʧʨʠʚʷʟʢʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʢʫʩʪʫ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʦʚʝʨʷʝʪʩʷ ʥʝʪ ʣʠ ʧʝʨʝʩʝʯʝʥʠʡ ʩ 

ʣʠʮʝʥʟʠʦʥʥʳʤ ʫʯʘʩʪʢʦʤ (ʨʠʩ. 4);  

 

ʈʠʩʫʥʦʢ 4. ʇʨʦʚʝʨʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘʥʠʮ ʩ ʣʠʮʝʥʟʠʦʥʥʳʤ ʫʯʘʩʪʢʦʤ[6] 

 

7. ɽʩʣʠ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʙʫʨʠʚʘʪʴ ʢʫʩʪ, ʪʦ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʫʩʪʴʝʚ 

ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʣʠʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʪʘʥʢʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪ ʩʦʟʜʘʥʠʷ ʙʘʪʘʨʝʠ, ʘ ʜʣʷ ʫʩʪʴʷï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʥʩʪʨʫʤʝʥʪ ʫʩʪʴʝ. ʅʘ ʵʪʦʤ 

ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜ ʙʫʨʝʥʠʷ ï ʤʦʙʠʣʴʥʳʡ ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʳʡ (ʨʠʩ. 5);  

 

ʈʠʩʫʥʦʢ 5. ɺʠʜʳ ʙʫʨʝʥʠʷ [6] 

 

8. ʕʪʘʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʪʯʸʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. ʉ 

ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘʛʨʫʟʢʠ ʩʪʘʨʦʛʦ ʬʦʥʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʘʢʝʪʥʘʷ ʟʘʛʨʫʟʢʘ ʫʩʪʴʝʚ 

ʧʨʦʙʫʨʸʥʥʳʭ ʩʢʚʘʞʠʥ ʠ ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʥʠʤ ʜʘʥʥʳʭ ʠʥʢʣʠʥʦʤʝʪʨʠʠ ʠ ʛʠʨʦʩʢʦʧʘ. ʊʘʢ 

ʢʘʢ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪ ʜʚʝ ʪʝʭʥʦʣʦʛʠʠ ʙʫʨʝʥʠʷ, ʧʨʠʣʦʞʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠ ʤʦʙʠʣʴʥʦʛʦ ʙʫʨʝʥʠʷ; 

9. ʇʦʣʫʯʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʩʪʚʦʣʘ ʟʘʥʦʩʷʪʩʷ ʚ ʙʘʟʫ ʩ ʧʦʤʦʱʴʶ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠʥʢʣʠʥʦʤʝʪʨʠʠ ʠ ʧʦ ʫʤʦʣʯʘʥʠʶ ʚ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʩʨʝʜʥʠʭ ʫʛʣʦʚ, ʦʜʥʘʢʦ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʝʩʪʴ ʰʘʥʩ ʚʳʙʨʘʪʴ ʜʨʫʛʠʝ ʤʝʪʦʜʠʢʠ, ʩʦʛʣʘʩʥʦ 

ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʤʘʨʢʰʝʡʜʝʨʩʢʠʤ ʠ ʪʦʧʦʛʨʘʬʦʛʝʦʜʝʟʠʯʝʩʢʠʤ ʨʘʙʦʪʘʤ ʚ ʥʝʬʪʷʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [7]; 

10. ʌʘʡʣ ʩʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʨʘʟʙʠʚʢʘʤʠ, ʚʚʦʜʠʪʩʷ ʚ ʜʠʘʣʦʛ 

ʧʣʘʩʪʦʧʝʨʝʩʝʯʝʥʠʡ, ʠ ʥʘ ʪʨʘʝʢʪʦʨʠʶ ʩʪʚʦʣʘ ʥʘʥʦʩʷʪʩʷ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʩʢʚʘʞʠʥʘ 

ʧʝʨʝʩʝʢʘʝʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʣʘʩʪ. ʈʘʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʧʣʘʩʪʦʧʝʨʝʩʝʯʝʥʠʡ 

ʤʘʨʢʰʝʡʜʝʨ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʠʟ ʦʪʯʸʪʘ;  
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11. ʆʪʢʣʦʥʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʙʫʨʝʥʥʦʛʦ ʩʪʚʦʣʘ ʦʪ   ʧʨʦʝʢʪʥʦʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʘ 3D ʘʥʘʣʠʟʘ (ʨʠʩ. 6). ʂ ʧʨʠʤʝʨʫ, ʫʟʥʘʪʴ 

ʢʨʠʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʨʘʝʢʪʦʨʠʷʤʠ ʩʪʚʦʣʦʚ ʠ ʚʳʯʠʩʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚ 

ʠ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ; 

 

ʈʠʩʫʥʦʢ 6. 3D ʘʥʘʣʠʟ [6] 

 

12. ʇʨʦʚʦʜʷ ʟʘʤʝʨ ʬʘʢʪʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʫʩʪʴʝʚ ʚ ʧʨʠʣʦʞʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚʩʝ ʦʙʲʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʯʘʩʪʢʦʤ, ʠʟʤʝʥʷʶʪ 

ʩʚʦʸ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ-ʮʝʣʠ[4].  

ʂʘʞʜʳʡ ʵʪʘʧ ʤʦʞʥʦ ʩʦʧʨʦʚʦʜʠʪʴ ʤʘʨʢʰʝʡʜʝʨʩʢʠʤ ʦʪʯʝʪʦʤ, ʥʘʧʨʠʤʝʨ, ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʦʪʯʝʪ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʚʳʜʘʩʪ ʧʦʣʥʫʶ ʩʪʘʪʠʩʪʠʢʫ ʧʦ ʚʩʝʤ ʩʢʚʘʞʠʥʘʤ ʚ ʜʘʥʥʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ. 

ʂʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʝʪ ʚʥʝʜʨʝʥʠʝ ʵʪʦʛʦ ʤʦʜʫʣʷ: 

ï ʝʜʠʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ, ʦʙʨʘʙʦʪʢʠ ʠ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ; 

ï ʘʢʪʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ; 

ï ʧʦʣʫʯʠʪʴ ʮʝʣʦʩʪʥʫʶ ʘʢʪʫʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʙʫʨʝʥʥʦʛʦ ʤʠʨʘ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʳ ʧʦʣʫʯʘʝʤ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺʩʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʢʚʘʞʠʥʘʤ, ʚʢʣʶʯʘʷ ʘʨʭʠʚʥʳʡ ʬʦʥʜ, ʜʦʩʪʫʧʥʳ ʜʣʷ ʨʘʙʦʪʳ, 

ʧʨʠʚʝʜʝʥʳ ʢ ʝʜʠʥʳʤ ʬʦʨʤʘʪʘʤ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʩʦʛʣʘʩʥʦ ʙʠʟʥʝʩ ʣʦʛʠʢʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [8]; 

 ï ʩʥʠʞʝʥʠʝ ʨʠʩʢʦʚ (ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ, ʯʝʣʦʚʝʯʝʩʢʠʝ ʬʘʢʪʦʨʳ). ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʠ ʜʘʥʥʳʭ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʠʭ ʪʦʯʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ 

ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺʩʪʨʦʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʩʪʚʦʣʘ ʠ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʝʢʪʥʳʤ ʜʘʥʥʳʤ ʧʦʟʚʦʣʷʶʪ ʥʝ ʜʦʧʫʩʪʠʪʴ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʪʚʦʣʘʤʠ ʠʣʠ ʥʘʨʫʰʝʥʠʷ ʛʨʘʥʠʮ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ [8]; 

ï ʧʦʚʳʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. çʉʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʤʘʨʢʰʝʡʜʝʨʘ ʪʦʣʴʢʦ 

ʧʨʠ ʚʳʜʘʯʝ ʟʘʜʘʥʠʷ ʥʘ ʙʫʨʝʥʠʝ ʚʳʨʦʩʣʘ ʚ 4 ʨʘʟʘ. ʇʦʣʫʯʘʝʤ ʮʝʣʦʩʪʥʫʶ ʘʢʪʫʘʣʴʥʫʶ 

ʧʦʜʟʝʤʥʫʶ ʢʘʨʪʠʥʫ ʧʨʦʙʫʨʝʥʥʦʛʦ ʬʦʥʜʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ - ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ. ɺʩʝʛʜʘ 

ʤʦʞʥʦ ʚʳʜʘʪʴ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʡ ʦʨʠʝʥʪʠʨ, ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʣʘʩʪʦʧʝʨʝʩʝʯʝʥʠʡ ʧʦ ʣʶʙʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʩʢʚʘʞʠʥ, ʠ ʵʪʦ ʚʦʧʨʦʩ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ. ʉʥʠʟʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʫʩʪʘʣʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʘ ʪʘʢʞʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʪʘʢ ʢʘʢ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʧʣʘʥ-ʧʨʦʛʨʘʤʤʳ ʤʳ ʤʦʞʝʤ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʦʙʱʫʶ ʧʦʜʟʝʤʥʫʶ ʢʘʨʪʠʥʫ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʘʚʘʨʠʡ ʧʨʠ ʙʫʨʝʥʠʠ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʦʜʥʦʦʙʨʘʟʥʳʭ ʠ ʫʪʦʤʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʦʙʱʠʡ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ 
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ʤʠʢʨʦʢʣʠʤʘʪ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʡ ʢʦʤʘʥʜʳè, - ʦʪʤʝʯʘʝʪ 

ʅʘʪʘʣʠʷ ɼʦʣʛʠʭ, ʥʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʄʠɿʈ 

ʆɸʆ çʉʘʤʦʪʣʦʨʥʝʬʪʝʛʘʟè [9]. 

ʊʘʢ ʞʝ ʙʦʣʴʰʠʝ ʢʦʨʧʦʨʘʮʠʠ ʩʦʟʜʘʶʪ ʩʚʦʠ ʧʨʦʜʫʢʪʳ ʥʘ ʦʩʥʦʚʝ ɻʀʉ. ʅʘʧʨʠʤʝʨ, ʇɸʆ 

çɻʘʟʧʨʦʤè ʠʩʧʦʣʴʟʫʝʪ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʳ, ʢʘʢ Qgis, MAPInfo [10]. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ çɽʜʠʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ɸʂ çɸʃʈʆʉɸè (ʆɸʆ) ʥʘ ʧʨʦʛʨʘʤʤʥʳʭ ʧʣʘʪʬʦʨʤʘʭ Micromine & 

MineFrameè ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʇʨʦʛʨʘʤʤʳ ʩʦʟʜʘʥʠʷ ɽɻɻʀʉ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʤʠʛʨʘʮʠʶ ʜʘʥʥʳʭ, 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʤʝʶʱʠʡʩʷ ʠʥʬʦʨʤʘʮʠʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ 

ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʠʩʪʝʤʳ, ʩʦʢʨʘʪʠʪʴ ʧʝʨʠʦʜ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʙʫʯʝʥʠʡ ʜʣʷ 

ʩʦʪʨʫʜʥʠʢʦʚ ʢʦʤʧʘʥʠʠ [11]. 

ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ (ɻʀʉ) ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤ ʩʝʛʦʜʥʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʝʢʪʥʦ-

ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʙʫʨʝʥʠʝʤ ʩʢʚʘʞʠʥ. ɻʀʉ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʨʘʙʦʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ ʩʪʘʜʠʠ ʙʫʨʦʚʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩ ʧʦʤʦʱʴʶ ʩʚʦʠʭ 

ʧʨʦʛʨʘʤʤ ʩʧʝʮʠʘʣʠʩʪʳ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʛʝʦʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ 3D ʠ 

ʦʧʝʨʘʪʠʚʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʦʪʯʝʪʳ ʠ ʜʦʢʫʤʝʥʪʘʮʠʶ [9]. 
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ɺɽʈʍʅʀʁ ʀ ʅʀɾʅʀʁ ɻʆʈʆɼʉʂʀɽ ʌʆʈʄʆʆɹʈɸɿʆɺɸʅʀʗ  

ɺ ʋʉʃʆɺʀʗʍ ʉʆɺʈɽʄɽʅʅʆʁ ʋʈɹɸʅʀʉʊʀʂʀ 

ʂɸʈɼɸʇʆʃʔʎɽɺɸ ɺ. ʅ., ʇɽʏɽʅʂʀʅ ʉ. ʀ. 

 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʫʨʙʘʥʠʩʪʠʢʠ ʥʘ ʩʤʝʥʫ ʧʦʣʠʩʘʤ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʦʩʪʝʧʝʥʥʦ ʙʫʜʫʪ ʧʨʠʭʦʜʠʪʴ ʠ ʫʞʝ ʧʨʠʭʦʜʷʪ ʧʦʣʠʩʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ ʝʜʠʥʦʤʫ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʤʫ ʧʣʘʥʫ, 

ʫʚʷʟʘʥʥʦʤʫ ʩ ʛʝʥʝʨʘʣʴʥʳʤ ʧʣʘʥʦʤ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ. ʇʦʜʟʝʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʚʤʝʩʪʠʪʴ 

ʚʩʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʧʦʩʦʙʥʳʝ ʦʙʝʩʧʝʯʠʪʴ ʥʠʞʥʝʤʫ ʛʦʨʦʜʫ ʩʦʙʩʪʚʝʥʥʫʶ ʞʠʟʥʴ ʠ ʦʩʦʙʳʡ 

ʭʘʨʘʢʪʝʨ. ʅʠʞʥʠʡ ʛʦʨʦʜ ʬʦʨʤʠʨʫʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘʟʝʤʥʦʤʫ ʠ ʚ ʪʝʩʥʦʡ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ, 

ʠʤʝʷ ʩʚʦʡ ʦʪʣʠʯʥʳʡ ʦʪ ʜʨʫʛʦʛʦ ʭʘʨʘʢʪʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʠʞʥʝʛʦ ʛʦʨʦʜʘ, ʧʦʜʟʝʤʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚʝʨʭʥʠʡ ʛʦʨʦʜ, 

ʟʝʤʣʝʩʢʨʝʙʳ, ʧʦʜʟʝʤʥʘʷ ʫʨʙʘʥʠʩʪʠʢʘ, ʧʦʜʟʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

UPPER AND LOWER URBAN FORMATIONS  IN THE CONDITIONS OF MODERN 

URBANISM  

KARDAPOLTSEVA V. N., PECHENKIN S. I. 

Ural State Mining University 

Abstract. In the conditions of modern urbanism, policies with maximum vertical development will 

gradually be replaced by policies with the integrated use of underground space according to a single 

urban planning plan linked to the master plan of the city's development. The underground structure 

can accommodate all activities that can provide the lower city with its own life and special 

character. The lower city is formed in parallel with the terrestrial one and in their close 

interconnection, having its own character of activity and its own characteristics, which is different 

from the other. 

Keywords: Lower city formation, underground structure, upper city, earthscrapers, underground 

urbanism, underground space. 

 

ʅʝʜʨʘ ð ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ 

ʉʫʱʝʩʪʚʫʝʪ ʩʪʝʨʝʦʪʠʧ ʚ ʧʦʥʠʤʘʥʠʠ ʛʦʨʥʦʛʦ ʜʝʣʘ ʢʘʢ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʦʙʳʯʠ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʥʦ ʦʪʜʝʣʴʥʦʝ ʤʝʩʪʦ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʝʦʨʝʩʫʨʩʦʚ 

ʟʘʥʠʤʘʶʪ ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʧʦʣʦʩʪʠ ð ʧʦʜʟʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. [1]   

ʇʝʱʝʨʘ ð ʩʘʤʦʝ ʜʨʝʚʥʝʝ ʫʙʝʞʠʱʝ ʯʝʣʦʚʝʢʘ ʵʧʦʭʠ ʥʝʦʣʠʪʘ. ʆʥʘ ʟʘʱʠʱʘʣʘ ʝʛʦ ʦʪ 

ʥʝʧʦʛʦʜʳ, ʦʙʝʨʝʛʘʣʘ ʦʪ ʭʠʱʥʠʢʦʚ, ʩʦʭʨʘʥʷʣʘ ʪʝʧʣʦ ʠ ʧʦʢʦʡ. ʉ ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ ʠ ʜʦ ʥʘʰʠʭ 

ʜʥʝʡ ʩʦʭʨʘʥʠʣʠʩʴ ʧʦʜʟʝʤʥʳʝ ʛʦʨʦʜʘ, ʩʘʤʳʝ ʢʨʫʧʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʪʫʨʝʮʢʦʡ 

ʦʙʣʘʩʪʠ ʂʘʧʧʘʜʦʢʠʷ. ʇʨʷʤʦ ʚʥʫʪʨʠ ʩʢʘʣ ʚʳʨʫʙʣʝʥʳ ʦʪʜʝʣʴʥʳʝ ʢʝʣʴʠ ʠ ʮʝʨʢʚʠ, ʚ ʵʪʠʭ 

ʧʦʤʝʱʝʥʠʷʭ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʞʠʣʦ ʜʦ 60 ʪʳʩʷʯ ʯʝʣʦʚʝʢ. ɺ ʵʧʦʭʫ ʨʘʥʥʝʛʦ ʩʨʝʜʥʝʚʝʢʦʚʴʷ 

ʧʝʨʚʳʝ ʭʨʠʩʪʠʘʥʝ ʩʢ  ʨʳʚʘʣʠʩʴ ʪʫʪ ʦʪ ʧʨʝʩʣʝʜʦʚʘʥʠʷ ʨʠʤʩʢʠʭ ʷʟʳʯʥʠʢʦʚ. ɺ XVI ʩʪʦʣʝʪʠʠ 

ʃʝʦʥʘʨʜʦ ʜʘ ɺʠʥʯʠ ʧʨʝʜʣʦʞʠʣ ʫʩʪʨʘʠʚʘʪʴ ʫʣʠʮʳ ʚ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

çʩʝʥʴʦʨʦʚè ʠ ʧʨʦʩʪʦʛʦ ʣʶʜʘ. ʆʜʥʘʢʦ ʤʘʩʰʪʘʙʥʦʝ ʛʦʨʦʜʩʢʦʝ ʧʦʜʟʝʤʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʥʘʯʘʣʦʩʴ ʣʠʰʴ ʚʦ 2-ʦʡ ʧʦʣʦʚʠʥʝ XIX ʚʝʢʘ. ɺ ʵʧʦʭʫ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦʣʶʮʠʠ ʵʪʦʤʫ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʷʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʨʝʣʴʩʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 
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ʂ ʧʦʜʟʝʤʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʦʪʥʦʩʷʪ ʧʝʱʝʨʳ, ʢʘʨʩʪʳ, ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʧʨʠʛʦʜʥʳʝ 

ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʚʘʝʤʳʝ ʩʦʦʨʫʞʝʥʠʷ [1]. 

ʉʧʦʩʦʙʥʦʩʪʴ ʧʦʨʦʜʳ ʟʘʱʠʱʘʪʴ ʦʪ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʟʝʤʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ ʜʣʷ ʫʢʨʳʪʠʷ ʦʪ ʩʨʝʜʩʪʚ ʤʘʩʩʦʚʦʛʦ ʧʦʨʘʞʝʥʠʷ, ʢʘʪʘʩʪʨʦʬ ʠ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ. 

ɺ ʧʦʜʟʝʤʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʨʘʟʤʝʱʘʶʪʩʷ ʭʨʘʥʠʣʠʱʘ, ʤʫʟʝʠ, ʪʝʘʪʨʳ, ʮʝʨʢʚʠ ʠ ʢʦʥʮʝʨʪʥʳʝ 

ʟʘʣʳ. 

ɺʦ ʚʩʸʤ ʤʠʨʝ ʨʘʩʪʸʪ ʠʥʪʝʨʝʩ ʢ ʦʩʚʦʝʥʠʶ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʦʷʚʠʣʦʩʴ 

ʦʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ð ʧʦʜʟʝʤʥʘʷ ʫʨʙʘʥʠʩʪʠʢʘ (ʧʦʜʟʝʤʥʦʝ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʦ). ʇʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʬʝʩʩʦʨʘ ɻ. ɽ. ɻʦʣʫʙʝʚʘ, ʦʥʘ ʷʚʣʷʝʪʩʷ çʦʙʣʘʩʪʴʶ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʛʦʨʦʜʦʚ ʠ ʜʨʫʛʠʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚè [1]. 

ʅʘ ʟʝʤʣʝ ʩʪʘʥʦʚʠʪʩʷ ʪʝʩʥʦ 

ʉʝʡʯʘʩ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʚʩʝʛʦ ʤʠʨʘ ʨʝʟʢʦ ʦʙʦʩʪʨʠʣʘʩʴ ʧʨʦʙʣʝʤʘ ʥʝʭʚʘʪʢʠ ʤʝʩʪʘ. 

ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʘʭ ʤʝʛʘʧʦʣʠʩʦʚ ʉʐɸ, ʂʘʥʘʜʳ, ʄʝʢʩʠʢʠ, ʗʧʦʥʠʠ, ʖʞʥʦʡ 

ʂʦʨʝʠ, ɻʦʣʣʘʥʜʠʠ. ʋʞʝ ʩʝʛʦʜʥʷ ʥʘʩʝʣʝʥʠʝ ʪʘʢʠʭ ʛʦʨʦʜʦʚ, ʢʘʢ ʄʝʭʠʢʦ, ʉʪʘʤʙʫʣ, ʐʘʥʭʘʡ, 

ʅʴ-ʁʁʦʨʢ, ʊʦʢʠʦ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ 11 ʜʦ 30 ʤʠʣʣʠʦʥʦʚ, ʘ ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 3 ʜʦ 7 ʪʳʩʷʯ ʯʝʣʦʚʝʢ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʢʠʣʦʤʝʪʨ. ɺ ʄʦʩʢʚʝ ð ʦʢʦʣʦ 4,8 ʪʳʩʷʯʠ. ʇʦ 

ʧʨʦʛʥʦʟʘʤ, ʢ 2025 ʛʦʜʫ ʥʘʩʝʣʝʥʠʝ ʢʨʫʧʥʝʡʰʠʭ ʤʝʛʘʧʦʣʠʩʦʚ ʩʦʩʪʘʚʠʪ ʦʪ 19 ʜʦ 35 ʤʠʣʣʠʦʥʦʚ 

ʯʝʣʦʚʝʢ ʚ ʢʘʞʜʦʤ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɼʝʧʘʨʪʘʤʝʥʪʘ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʠ ʩʦʮʠʘʣʴʥʳʤ ʚʦʧʨʦʩʘʤ 

ʦʨʛʘʥʠʟʘʮʠʠ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ ʢ ʩʝʨʝʜʠʥʝ ʚʝʢʘ 68% ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ ʙʫʜʝʪ ʞʠʪʴ ʚ 

ʛʦʨʦʜʘʭ, ʙʳʩʪʨʝʝ ʚʩʝʛʦ ʨʘʩʪʝʪ ʛʦʨʦʜʩʢʦʝ ʥʘʩʝʣʝʥʠʝ ʩʪʨʘʥ ɸʟʠʠ ʠ ɸʬʨʠʢʠ, ʚʪʦʨʦʝ ʤʝʩʪʦ 

ʟʘʥʠʤʘʝʪ ɽʚʨʦʧʘ. ɺ ʩʪʨʘʥʘʭ ʩʝʚʝʨʥʦʡ ʠ ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʠ ʚ ʛʦʨʦʜʘʭ ʧʨʦʞʠʚʘʝʪ ʙʦʣʝʝ 80% 

ʥʘʩʝʣʝʥʠʷ, ʘ ʧʣʦʱʘʜʴ ʟʘʩʪʨʦʡʢʠ ʚ ʥʝʢʦʪʦʨʳʭ ʛʦʩʫʜʘʨʩʪʚʘʭ ɽʚʨʦʧʳ ʫʞʝ ʜʦʩʪʠʛʘʝʪ 20 

ʧʨʦʮʝʥʪʦʚ ʦʪ ʠʭ ʦʙʱʝʡ ʪʝʨʨʠʪʦʨʠʠ [4]. 

ʉʪʦʠʤʦʩʪʴ ʟʝʤʣʠ ʚ ʤʝʛʘʧʦʣʠʩʘʭ ʚʳʟʳʚʘʝʪ ʞʝʣʘʥʠʝ ʚʳʞʘʪʴ ʠʟ ʥʝʝ ʤʘʢʩʠʤʫʤ. 

ʇʦʷʚʣʷʶʪʩʷ ʬʫʪʫʨʠʩʪʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʨʫʧʥʳʭ ʧʦʜʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ, ʯʘʱʝ 

ʚʩʝʛʦ ʪʘʤ ʨʘʟʤʝʱʘʶʪʩʷ ʧʝʨʝʩʘʜʦʯʥʳʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʫʟʣʳ, ʧʦʜʟʝʤʥʳʝ ʧʘʨʢʦʚʢʠ, 

ʤʘʛʘʟʠʥʳ, ʪʦʨʛʦʚʦ-ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʊʘʢʠʝ ʧʦʜʟʝʤʥʳʝ ʦʙʲʝʢʪʳ ʫʞʝ ʜʘʚʥʦ 

ʩʫʱʝʩʪʚʫʶʪ ʚʦ ʤʥʦʛʠʭ ʛʦʨʦʜʘʭ ʉʐɸ, ʗʧʦʥʠʠ, ʂʠʪʘʷ ʠ ʈʦʩʩʠʠ. ɺʦʟʤʦʞʥʦ ʣʠ ʩʦʟʜʘʪʴ 

ʧʦʜʟʝʤʥʦʝ çʦʪʨʘʞʝʥʠʝè ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʦʨʦʜʘ ʭʦʪʷ ʙʳ ʯʘʩʪʠʯʥʦ? ʋʙʝʜʠʪʝʣʴʥʳʡ ʦʪʚʝʪ ʥʘ ʵʪʦʪ 

ʚʦʧʨʦʩ ʜʘʸʪ ʦʧʳʪ ʢʘʥʘʜʩʢʦʛʦ ʄʦʥʨʝʘʣʷ. The Underground City, ʥʝʨʝʜʢʦ ʠʤʝʥʫʝʤʳʡ 

çʚʥʫʪʨʝʥʥʠʤ ʛʦʨʦʜʦʤè, ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʚ ʩʚʦʸʤ ʨʦʜʝ ʧʦʜʟʝʤʝʣʴʝʤ ʤʠʨʘ. ʇʣʦʱʘʜʴ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʞʠʣʴʷ ʠ ʨʘʙʦʪʳ, ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 3,5 ʤʠʣʣʠʦʥʘ ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ [2]. 

ɿʠʤʦʡ Underground City ʝʞʝʜʥʝʚʥʦ ʧʦʩʝʱʘʝʪ ʧʨʠʤʝʨʥʦ ʧʦʣʤʠʣʣʠʦʥʘ ʯʝʣʦʚʝʢ. ɿʜʝʩʴ ʝʩʪʴ 

ʧʦʯʪʠ ʚʩʸ ʥʫʞʥʦʝ ʜʣʷ ʞʠʟʥʠ: ʪʦʨʛʦʚʳʝ ʮʝʥʪʨʳ, ʦʪʝʣʠ, ʙʘʥʢʠ, ʤʫʟʝʠ, ʫʥʠʚʝʨʩʠʪʝʪʳ, ʩʪʘʥʮʠʠ 

ʤʝʪʨʦ, ʧʝʨʝʩʘʜʦʯʥʳʝ ʫʟʣʳ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʘʚʪʦʩʪʘʥʮʠʷ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʨʘʟʚʣʝʢʘʪʝʣʴʥʦʡ 

ʠ ʜʝʣʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɾʠʪʝʣʠ ʜʦʤʦʚ, ʩʦʝʜʠʥʸʥʥʳʭ ʩ ʧʦʜʟʝʤʥʳʤ ʛʦʨʦʜʦʤ, ʚ ʭʦʣʦʜʘ 

ʩʧʫʩʢʘʶʪʩʷ ʟʘ ʧʦʢʫʧʢʘʤʠ, ʥʝ ʚʳʭʦʜʷ ʥʘ ʫʣʠʮʫ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʟʝʤʥʳʝ 

ʜʦʨʦʛʠ, ʯʪʦʙʳ ʙʳʩʪʨʝʝ ʜʦʙʨʘʪʴʩʷ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʥʘʟʝʤʥʦʛʦ ʛʦʨʦʜʘ ʚ ʜʨʫʛʫʶ. 

ʆʧʳʪ ʄʦʩʢʚʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʪʘʥʮʠʡ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʷʚʣʷʝʪʩʷ 

ʤʦʱʥʳʤ ʩʪʠʤʫʣʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʨʘʟʚʠʪʳʭ ʮʝʥʪʨʦʚ ʛʦʨʦʜʘ. ʇʨʠʯʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʫʞʝ ʩʣʦʞʠʚʰʝʡʩʷ ʟʘʩʪʨʦʡʢʠ (ʢʘʢ ʠʟʚʝʩʪʥʦ ʣʠʥʠʠ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʧʨʦʢʣʘʜʳʚʘʶʪ ʚ ʫʞʝ 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʞʠʣʳʝ ʨʘʡʦʥʳ) ʩʧʦʩʦʙʦʤ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʤʝʩʪʘ ʷʚʣʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʈʘʙʦʪʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʘ ʪʦʣʴʢʦ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʦʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʘʥʮʠʡ ʩ 

ʫʯʨʝʞʜʝʥʠʝʤʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʧʦʧʫʪʥʦʛʦè ʪʦʨʛʦʚʦʛʦ, ʢʦʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʦʛʦ ʠ ʜʨʫʛʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ [3]. 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʫʨʦʚʥʠ (ʜʦ ʦʪʤʝʪʢʠ - 4 ʤ) ʦʪʚʦʜʷʪʩʷ ʜʣʷ 

ʧʝʰʝʭʦʜʦʚ, ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʘʚʪʦʩʪʦʷʥʦʢ, ʤʝʩʪʥʳʭ ʨʘʟʚʦʜʷʱʠʭ 
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ʩʝʪʝʡ. ʋʨʦʚʥʠ ʦʪ - 4 ʤ ʜʦ - 20 ʤ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʪʨʘʩʩ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʪʦʥʥʝʣʝʡ ʤʝʣʢʦʛʦ ʟʘʣʦʞʝʥʠʷ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʧʦʜʟʝʤʥʳʭ ʛʘʨʘʞʝʡ, ʩʢʣʘʜʦʚ, ʨʝʟʝʨʚʫʘʨʦʚ ʠ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ. ʋʨʦʚʥʠ ʥʘ ʦʪʤʝʪʢʝ ʦʪ - 15 ʤ ʜʦ - 40 ʤ ʧʨʝʜʥʘʟʥʘʯʘʶʪ ʜʣʷ ʪʨʘʩʩ 

ʨʝʣʴʩʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ, ʚʢʣʶʯʘʷ ʛʦʨʦʜʩʢʠʝ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ.  

ʆʯʝʥʴ ʩʢʦʨʦ ʩʪʘʥʦʚʷʪʩʷ ʦʯʝʚʠʜʥʳʤʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ: ʚʜʨʫʛ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ  

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʲʝʢʪʘ ʠʣʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʩʠʪʫʘʮʠʷ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʜʦʙʥʳʭ ʧʨʦʙʣʝʤ ʛʨʘʜʦʩʪʨʦʠʪʝʣʠ ʜʦʣʞʥʳ ʧʨʝʦʜʦʣʝʪʴ 

ʪʨʘʜʠʮʠʦʥʥʦʝ ʜʚʫʭʤʝʨʥʦʝ ʧʨʦʝʪʠʨʦʚʘʥʠʝ ʥʘʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʥʘʯʘʪʴ ʧʨʠʥʠʤʘʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ ʚʩʝ ʘʩʧʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʘʩʪʨʦʝʥʥʦʡ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʦʡ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. 

ʇʦʜʟʝʤʥʘʷ ʫʨʙʘʥʠʩʪʠʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʮʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʛʦʨʦʜʘ  

ɻʦʨʦʜʘ ʯʘʩʪʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʨʠʪʠʢʝ: ʦʥʠ ʩʦʟʜʘʶʪ ʜʘʚʣʝʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʷʚʣʷʶʪʩʷ ʚʠʪʨʠʥʦʡ ʥʝʨʘʚʝʥʩʪʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʜʥʦʩʪʠ. ʅʦ ʠʤʝʥʥʦ ʛʦʨʦʜʩʢʘʷ 

ʘʛʣʦʤʝʨʘʮʠʷ ʩ ʝʝ ʧʣʦʪʥʦʩʪʴʶ ʞʠʟʥʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ, ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʛʨʘʞʜʘʥ. ʇʨʦʙʣʝʤʳ 

ʛʦʨʦʜʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʦʯʝʚʠʜʥʦ, ʥʝ ʚ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʛʦʨʦʜʦʚ, ʘ ʚ ʪʦʤ, ʢʘʢ, ʢʫʜʘ ʠ ʩ ʢʘʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʦʥʠ ʜʚʠʛʘʶʪʩʷ ʚ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʛʦʨʦʜʘ ʚʝʜʫʪ ʙʦʨʴʙʫ ʟʘ ʪʘʣʘʥʪʳ, ʟʘ ʣʶʜʝʡ, ʟʘ ʠʭ ʠʜʝʠ ʠ ʜʝʥʴʛʠ, ʚ 

ʵʪʦʡ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ ʮʝʣʴ ð ʧʦʚʳʩʠʪʴ ʩʚʦʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, ʛʜʝ ʥʝʤʘʣʦʚʘʞʥʫʶ 

ʨʦʣʴ ʠʛʨʘʶʪ ʜʠʟʘʡʥʝʨʩʢʠʝ ʥʘʭʦʜʢʠ. ɹʣʘʛʦʜʘʨʷ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʡ ʜʠʥʘʤʠʯʥʦ 

ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʧʦʣʠʩ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʩʝʣʝʥʠʷ, ʟʜʘʥʠʡ, ʪʨʘʥʩʧʦʨʪʘ, 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʬʦʨʪʥʳʤ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ ʯʝʣʦʚʝʢʘ, 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʝʛʦ ʨʘʟʚʠʪʠʶ ʠ ʨʦʩʪʫ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ. 

ʄʘʩʰʪʘʙʥʳʝ ʧʨʦʝʢʪʳ ʧʦ ʦʩʚʦʝʥʠʶ ʧʦʜʟʝʤʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʫ 

ʧʦʜʟʝʤʥʳʭ ʛʦʨʦʜʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʱʝ ʥʝ ʨʝʘʣʠʟʦʚʘʥʳ ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ, ʥʦ ʧʝʨʚʳʝ ʰʘʛʠ ʢ ʪʘʢʠʤ ʧʨʦʝʢʪʘʤ ʫʞʝ ʩʜʝʣʘʥʳ: ʥʘʧʨʠʤʝʨ, ʚ 

ʏʠʢʘʛʦ ʧʦʩʪʨʦʝʥʘ ʧʦʜʟʝʤʥʘʷ ʩʝʪʴ ʪʦʥʥʝʣʝʡ ʇʝʜʚʝʡ (ʘʥʛʣ. çPedwayè) ð ʧʝʰʝʭʦʜʥʳʝ ʠ 

ʪʦʨʛʦʚʳʝ ʛʘʣʝʨʝʠ ʧʦʜ ʛʦʨʦʜʦʤ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 40 ʢʚʘʨʪʘʣʦʚ 

ʧʨʷʤʦ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ. 

ʉʘʤʳʤ ʙʣʠʟʢʠʤ ʢ ʨʝʘʣʠʟʘʮʠʠ ʠʜʝʝʡ ʦʩʚʦʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʝʢʪ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ çʟʝʤʣʝʩʢʨʝʙʘè ʚ ʄʝʭʠʢʦ, ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʜʟʝʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʠʪ 775 ʪʳʩ. ʢʚ. ʤʝʪʨʦʚ. ɺ ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʰʝʥʠʷ ʣʝʛʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʭʨʘʥʠʪʴ ʠʩʪʦʨʠʯʝʩʢʠʡ ʚʠʜ ʧʣʦʱʘʜʠ ʠ ʦʢʨʫʞʘʶʱʠʭ ʝʝ 

ʟʜʘʥʠʡ, ʧʨʠ ʵʪʦʤ ʩʦʟʜʘʚ ʚ ʮʝʥʪʨʝ ʄʝʭʠʢʦ ʦʛʨʦʤʥʫʶ ʧʣʦʱʘʜʢʫ ʜʣʷ ʦʬʠʩʦʚ, ʞʠʣʳʭ 

ʧʦʤʝʱʝʥʠʡ, ʤʫʟʝʷ, ʛʘʣʝʨʝʡ, ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʠ ʤʘʛʘʟʠʥʦʚ. ʂʦʤʧʘʥʠʷ BNKR 

Arquitectura ʨʘʟʨʘʙʘʪʳʚʘʝʪ 70-ʵʪʘʞʥʳʡ çThe Earthscraperè ʚ ʬʦʨʤʝ ʧʠʨʘʤʠʜʳ, ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʤʘʢʫʰʢʦʡ ʚʥʠʟ, ʩ ʧʫʩʪʦʪʦʡ ʚ ʮʝʥʪʨʝ. ʆʥ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥ ʧʦʜ ʕʣʴ ɿʦʢʘʣʦ ð ʛʣʘʚʥʦʡ 

ʧʣʦʱʘʜʴʶ ʄʝʭʠʢʦ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʱʘʜʴ ʦʩʪʘʥʝʪʩʷ ʧʨʝʞʥʝʡ, ʪʦʣʴʢʦ ʧʦʜ ʥʦʛʘʤʠ 

ʛʫʣʷʶʱʠʭ ʚʤʝʩʪʦ ʘʩʬʘʣʴʪʘ ʠ ʧʣʠʪʢʠ ʙʫʜʝʪ ʩʚʝʨʭʧʨʦʯʥʦʝ ʩʪʝʢʣʦ, ʵʪʦ ʩʪʝʢʣʦ ʙʫʜʝʪ 

ʧʨʦʧʫʩʢʘʪʴ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ, ʯʪʦ ʩʥʠʟʠʪ ʨʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ. ʅʘ ʚʝʨʭʥʠʭ ʵʪʘʞʘʭ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠʡ ʤʫʟʝʡ 

ʤʝʟʦʘʤʝʨʠʢʘʥʩʢʠʭ ʢʫʣʴʪʫʨ, ʩʣʝʜʫʶʱʠʝ ʜʝʩʷʪʴ ʵʪʘʞʝʡ ʟʘʡʤʫʪ ʪʦʨʛʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʠ ʝʱʸ 

ʥʠʞʝ ʙʫʜʫʪ ʧʦʩʪʨʦʝʥʳ ʞʠʣʳʝ ʘʧʘʨʪʘʤʝʥʪʳ. ʇʦʤʝʱʝʥʠʷ ʥʘ ʛʣʫʙʠʥʝ 180ï220 ʤʝʪʨʦʚ ʦʪʜʘʜʫʪ 

ʧʦʜ ʦʬʠʩʳ, ʚʝʨʰʠʥʘ ʵʪʦʡ ʧʝʨʝʚʸʨʥʫʪʦʡ ʧʠʨʘʤʠʜʳ, ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʣʫʙʠʥʝ 300 ʤʝʪʨʦʚ. 

ʈʦʩʩʠʡʩʢʠʡ ʚʘʨʠʘʥʪ ʥʠʞʥʝʛʦ ʛʦʨʦʜʘ 

ʄʘʩʰʪʘʙʥʳʝ ʧʦʜʟʝʤʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʝʩʦʤʥʝʥʥʦ, ʙʫʜʫʪ ʦʩʚʘʠʚʘʪʴʩʷ ʠ ʫ ʥʘʩ, 

ʥʘʧʨʠʤʝʨ,  

ʚ ʨʝʛʠʦʥʘʭ ʩ ʦʯʝʥʴ ʩʫʨʦʚʳʤ ʢʣʠʤʘʪʦʤ. ʊʘʢ, ʚ ʛʦʨʦʜʝ ʄʠʨʥʦʤ (ʗʢʫʪʠʷ), ʛʜʝ ʨʝʟʢʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʢʣʠʤʘʪ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʩʫʨʦʚʦʡ ʟʠʤʦʡ, ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ çʕʢʦʛʦʨʦʜ-
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2020è ʚʤʝʩʪʠʤʦʩʪʴʶ ʜʦ 100 000 ʯʝʣʦʚʝʢ. ɺ ʢʘʨʴʝʨʝ, ʦʩʪʘʚʰʝʤʩʷ ʦʪ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ (ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʪʨʫʙʢʘ çʄʠʨè), ʛʣʫʙʠʥʦʡ 530 ʤʝʪʨʦʚ ʠ ʜʠʘʤʝʪʨʦʤ 

ʦʢʦʣʦ ʢʠʣʦʤʝʪʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʦʟʚʝʩʪʠ ʧʦʜʟʝʤʥʳʡ ʛʦʨʦʜ, ʧʝʨʝʢʨʳʪʳʡ ʧʨʦʟʨʘʯʥʳʤ 

ʢʫʧʦʣʦʤ. ɿʜʝʩʴ ʤʥʦʛʦ ʩʦʣʥʮʘ, ʧʦʵʪʦʤʫ ʢʫʧʦʣ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. 

ɿʘ ʩʯʸʪ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ɿʝʤʣʠ ʚ ʦʙʨʘʟʦʚʘʚʰʝʤʩʷ ʦʙʲʸʤʝ ʢʣʠʤʘʪ ʙʫʜʝʪ ʤʷʛʯʝ, 

ʯʝʤ ʩʥʘʨʫʞʠ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʷʨʫʩʘ: ʥʠʞʥʠʡ ð ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʩʝʣʴʭʦʟʧʨʦʜʫʢʮʠʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʬʝʨʤʘ, ʩʨʝʜʥʠʡ ð 

ʣʝʩʦʧʘʨʢʦʚʘʷ ʟʦʥʘ, ʦʯʠʱʘʶʱʘʷ ʚʦʟʜʫʭ, ʚʝʨʭʥʠʡ ð ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʣʶʜʝʡ. 

ɺʝʥʪʠʣʷʮʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʝʩʪʝʩʪʚʝʥʥʘʷ, ʟʘ ʩʯʸʪ ʨʘʟʥʠʮʳ ʚ ʜʘʚʣʝʥʠʠ ʭʦʣʦʜʥʦʛʦ ʠ ʪʸʧʣʦʛʦ 

ʚʦʟʜʫʭʘ. 

ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʟ 

ʪʝʧʣʦʩʙʝʨʝʛʘʶʱʠʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ: ʠʭ ʬʫʥʢʮʠʶ ʚʳʧʦʣʥʷʶʪ ʩʪʝʥʢʠ ʢʘʨʴʝʨʘ. ɺ 

ʚʝʨʭʥʝʤ ʷʨʫʩʝ ʙʫʜʫʪ ʨʘʟʤʝʱʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʞʠʣʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʥʦ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ 

ʟʜʘʥʠʷ, ʢʫʣʴʪʫʨʥʦ-ʜʦʩʫʛʦʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʕʪʦʪ ʛʦʨʦʜ ʤʦʞʝʪ ʩʪʘʪʴ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʤ ʠ 

ʨʝʢʨʝʘʮʠʦʥʥʳʤ ʮʝʥʪʨʦʤ ʜʣʷ ʞʠʪʝʣʝʡ ʗʢʫʪʠʠ. ɸ ʩʦ ʚʨʝʤʝʥʝʤ ð ʠ ʮʝʥʪʨʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʪʫʨʠʟʤʘ [2]. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʦʨʫʞʝʥʠʠ ʧʦʜʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʩʘʤʦʛʦ ʨʘʟʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʟʘʜʘʯʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʜʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʪʨʝʙʫʶʪ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʛʝʦʤʝʭʘʥʠʢʝ ʠ ʛʝʦʪʝʭʥʠʢʝ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʜʠʟʘʡʥʝ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʙʣʠʞʝʥʠʶ ʠ ʚʟʘʠʤʦʦʙʦʛʘʱʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ 

ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʰʢʦʣ. ʋʞʝ ʩʝʛʦʜʥʷ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʩʦʟʜʘʥʳ ʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ 

ʥʘʫʯʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʧʨʦʙʣʝʤʘʤ ʦʩʚʦʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʣʠʞʘʡʰʠʭ ʧʣʘʥʝʪ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʌʘʥʪʘʩʪʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ ʧʦ ʧʝʨʝʩʝʣʝʥʠʶ ʣʶʜʝʡ ʥʘ ʜʨʫʛʠʝ ʧʣʘʥʝʪʳ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʘʤ ʧʦʜʟʝʤʥʳʭ ʛʦʨʦʜʦʚ (ʥʘʧʨʠʤʝʨ, ʥʘ ʃʫʥʝ, 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʡ ʧʦʜʚʝʨʞʝʥʘ ʧʦʩʪʦʷʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʤʝʪʝʦʨʠʪʥʳʭ ʜʦʞʜʝʡ). ʇʨʠ 

ʞʠʟʥʠ ʵʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʞʠʜʘʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʜʟʝʤʥʦʛʦ ʛʦʨʦʜʘ-ʢʦʣʦʥʠʠ ʥʘ ʄʘʨʩʝ, 

ʚʝʨʦʷʪʥʘ ʦʪʧʨʘʚʢʘ ʚ 2028 ʛʦʜʫ ʧʝʨʚʳʭ ʤʠʩʩʠʡ ʩ ʨʦʙʦʪʘʤʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʘʨʩʠʘʥʩʢʦʡ 

ʙʘʟʳ. ʅʦ ʩʝʛʦʜʥʷ ʵʪʦ ʧʦʢʘ ʚʠʜʠʪʩʷ ʜʘʣʝʢʦʡ, ʥʦ ʚʧʦʣʥʝ ʨʝʘʣʴʥʦʡ ʤʝʯʪʦʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʄʠʨʦʚʦʡ ʦʧʳʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʩʪʨʘʪʝʛʠʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʦʚ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʠ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʦʨʦʜʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʩ 

ʢʦʤʧʣʝʢʩʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ ʝʜʠʥʦʤʫ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʤʫ 

ʧʣʘʥʫ, ʫʚʷʟʘʥʥʦʤʫ ʩ ʛʝʥʝʨʘʣʴʥʳʤ ʧʣʘʥʦʤ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʅʠʞʥʝʛʦ (ʧʦʜʟʝʤʥʦʛʦ) ʛʦʨʦʜʘ 

ʧʘʨʘʣʣʝʣʴʥʦ ʛʦʨʦʜʫ ʥʘʟʝʤʥʦʤʫ ʠ ʠʭ ʚʟʘʠʤʥʘʷ ʩʚʷʟʴ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ 

ʠʤʝʝʪ ʩʚʦʡ ʦʪʣʠʯʥʳʡ ʦʪ ʜʨʫʛʦʛʦ ʭʘʨʘʢʪʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ [5]. ʇʦʜʟʝʤʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʚʤʝʩʪʠʪʴ ʚʩʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʧʦʩʦʙʥʳʝ ʩʦʟʜʘʪʴ ʥʠʞʥʝʤʫ ʛʦʨʦʜʫ 

ʩʦʙʩʪʚʝʥʥʫʶ ʞʠʟʥʴ ʠ ʦʩʦʙʳʡ ʭʘʨʘʢʪʝʨ. ʅʠʞʥʠʡ ʛʦʨʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʢʦʝ 

ʦʪʨʘʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʟʜʘʥʠʡ ɺʝʨʭʥʝʛʦ ʛʦʨʦʜʘ. ɿʜʝʩʴ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʦʙʲʝʢʪʳ 

ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʕʪʠ ʟʦʥʳ ʜʦʣʞʥʳ ʙʳʪʴ ʵʩʪʝʪʠʯʝʩʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʧʠʩʘʥʳ ʚ 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʩʠʪʫʘʮʠʶ. 

ʈʦʩʪ ʦʙʲʝʤʦʚ ʠ ʤʘʩʰʪʘʙʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʦʜʟʝʤʥʦʛʦ ʛʦʨʦʜʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʝʛʦʜʥʷ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʚʩʝʚʦʟʨʘʩʪʘʶʱʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʩʝʣʝʥʠʷ ʚ ʛʦʨʦʜʘʭ ʠ ʥʝʧʨʝʨʳʚʥʳʤ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʠ ʘʚʪʦʧʘʨʢʘ. 

ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʦʚ ʅʠʞʥʝʛʦ ʛʦʨʦʜʘ, ʦʩʤʳʩʣʝʥʠʝ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ, ʧʦʨʦʞʜʘʝʪ ʧʨʦʩʪʦʨ ʜʣʷ 

ʪʚʦʨʯʝʩʪʚʘ, ʧʨʠʣʦʞʝʥʠʷ ʩʠʣ ʠ ʪʘʣʘʥʪʘ ʠʥʞʝʥʝʨʦʚ, ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʜʠʟʘʡʥʝʨʦʚ, ʛʜʝ ʦʪʥʶʜʴ ʥʝ 

ʧʦʩʣʝʜʥʷʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʜʠʟʘʡʥʝʨʘʤ.  
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ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʨʫʟʦ-ʜʦʩʪʘʚʦʯʥʳʭ ʤʘʰʠʥ ʥʘ 

ʚʳʧʫʩʢʝ ʠ ʜʦʩʪʘʚʢʝ ʨʫʜʳ. ʅʘʠʙʦʣʝʝ ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʚʳʭʦʜ ʥʝʛʘʙʘʨʠʪʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ 

ʩʥʠʞʝʥʠʷ ʚʳʭʦʜʘ ʥʝʛʘʙʘʨʠʪʘ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʧʝʨʚʠʯʥʳʭ ʢʘʤʝʨ, ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʟʦʥ ʥʝʨʝʛʫʣʠʨʫʝʤʦʛʦ ʜʨʦʙʣʝʥʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʝ ʢʦʥʮʦʚ ʩʢʚʘʞʠʥ ʚʝʝʨʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʝʜʥʦʢʦʣʯʝʜʘʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʳʭʦʜ ʥʝʛʘʙʘʨʠʪʘ, ʟʦʥʘ 

ʥʝʨʝʛʫʣʠʨʫʝʤʦʛʦ ʜʨʦʙʣʝʥʠʷ, ʚʳʧʫʩʢ ʨʫʜʳ, ʚʝʝʨʘ ʩʢʚʘʞʠʥ, ʧʫʯʢʠ ʩʢʚʘʞʠʥ 
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ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʋʨʘʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʨʘʙʘʪʳʚʘʶʪ ʢʘʤʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʨʘʟʨʘʙʦʪʢʠ ʩ ʟʘʢʣʘʜʢʦʡ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʩʘʤʦʭʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʚʳʧʫʩʢʝ ʠ ʜʦʩʪʘʚʢʝ 

ʨʫʜʳ [1] (ʪʘʙʣ. 1).  

 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʢʘʤʝʨʥʳʭ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʉʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʇʘʨʘʤʝʪʨʳ 

ɻʘʡʩʢʦʝ ʵʪʘʞʥʦ-ʢʘʤʝʨʥʘʷ ʩ 

ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʢʦʡ 

ʂʘʤʝʨʳ ʚʳʩʦʪʦʡ 80 ʤ, ʜʣʠʥʦʡ 30-

50 ʤ ʠ ʰʠʨʠʥʦʡ 20 ʤ, ʚʳʩʦʪʘ 

ʧʦʜʵʪʘʞʘ 26-27 ʤ 

ʆʢʪʷʙʨʴʩʢʦʝ ʵʪʘʞʥʦ-ʢʘʤʝʨʥʘʷ ʩ 

ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʢʦʡ 

ʂʘʤʝʨʳ ʚʳʩʦʪʦʡ 20-50 ʤ, ʜʣʠʥʦʡ 

30-140 ʤ ʠ ʰʠʨʠʥʦʡ 10-15 ʤ 

ʋʯʘʣʠʥʩʢʦʝ ʵʪʘʞʥʦ-ʢʘʤʝʨʥʘʷ ʩ 

ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʢʦʡ 

ʂʘʤʝʨʳ ʚʳʩʦʪʦʡ 20-40 ʤ, ʜʣʠʥʦʡ 

50-60 ʤ ʠ ʰʠʨʠʥʦʡ 8-15 ʤ 

ʄʦʣʦʜʝʞʥʦʝ ʵʪʘʞʥʦ-ʢʘʤʝʨʥʘʷ ʩ 

ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʢʦʡ 

ʂʘʤʝʨʳ ʚʳʩʦʪʦʡ ʜʦ 60 ʤ, ʰʠʨʠʥʘ 

ʜʦ 15 ʤ, ʜʣʠʥʘ ʢʘʤʝʨ 20-30 ʤ, 

ʚʳʩʦʪʘ  ʧʦʜʵʪʘʞʘ 12-30 ʤ 

ʉʘʬʴʷʥʦʚʩʢʦʝ  ʧʦʜʵʪʘʞʥʦ-ʢʘʤʝʨʥʘʷ ʩ 

ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʢʦʡ 

ʂʘʤʝʨʳ ʚʳʩʦʪʦʡ 20-40 ʤ, ʰʠʨʠʥʘ 

10-15 ʤ, ʜʣʠʥʘ ʢʘʤʝʨ 10-60 ʤ 

 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ 

ɻʘʡʩʢʦʛʦ, ʦʪʙʦʡʢʫ ʢʘʤʝʨʥʳʭ ʟʘʧʘʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʜʠʘʤʝʪʨʦʤ 

105 ʤʤ. ʇʨʠ ʨʘʟʙʫʨʠʚʘʥʠʠ ʢʘʤʝʨʳ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʭʦʜʠʪʴ 

ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʨʫʜʥʦʛʦ ʪʝʣʘ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʫʨʦʚʳʭ ʟʘʭʦʜʦʢ, ʯʪʦ 

ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʜʝʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. 

ʇʦʵʪʦʤʫ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʧʝʨʝʭʦʜ ʥʘ ʚʝʝʨʥʳʝ ʩʭʝʤʳ ʦʪʙʦʡʢʠ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʙʫʨʝʥʠʝ 

ʩʢʚʘʞʠʥ ʠʟ ʚʳʨʘʙʦʪʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʪʘʢʘʷ ʩʭʝʤʘ ʦʪʙʦʡʢʠ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ [2-5].  

ɼʣ̫ ʤʥʦʛʠʭ ʋʨʘʣʴʩʢʠʭ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʭʘʨʘʢʪʝʨʥʦ ʪʦ, ʯʪʦ 

ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʨʫʜʥʳʭ ʪʝʣ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʩʩʠʚʥʳʤʠ ʠ ʚʝʩʴʤʘ ʫʩʪʦʡʯʠʚʳʤʠ ʨʫʜʘʤʠ, 

ʜʦʩʪʘʪʦʯʥʦ ʢʨʝʧʢʠʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʨʝʱʠʥʦʚʘʪʳʤʠ. ʇʨʠ ʚʝʝʨʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʩʢʚʘʞʠʥ ʚʳʭʦʜ ʥʝʛʘʙʘʨʠʪʘ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 10-18 % ʠ ʙʦʣʝʝ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʝʡʰʝʡ ʤʝʨʝ 

ʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʧʫʩʢʘ ʨʫʜʳ ʩʘʤʦʭʦʜʥʳʤʠ ʧʦʛʨʫʟʦʯʥʦ-ʜʦʩʪʘʚʦʯʥʳʤʠ 

ʤʘʰʠʥʘʤʠ (ʇɼʄ) [6].  

ɸʥʘʣʠʟ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʦʙʳʯʠ ʨʫʜʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʭʦʜʳ ʥʘ ʦʪʙʦʡʢʫ ʨʫʜʳ ʩʦʩʪʘʚʣʷʝʪ 

12,5 %, ʘ ʥʘ ʚʳʧʫʩʢ ʠ ʜʦʩʪʘʚʢʫ (ʚ ʪ.ʯ. ʚʪʦʨʠʯʥʦʝ ʜʨʦʙʣʝʥʠʝ) ï 18,1 % ʦʪ ʦʙʱʠʭ ʟʘʪʨʘʪ. 

ʅʘʠʙʦʣʝʝ ʜʝʡʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʫʩʢʘ ʠ ʜʦʩʪʘʚʢʠ ʨʫʜʳ ï 

ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʜʨʦʙʣʝʥʠʷ.  

ɺʝʝʨʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʢʚʘʞʠʥ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ, ʚʝʝʨʥʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʳ ʩʢʚʘʞʠʥ, 

ʫʚʝʣʠʯʝʥʠʝʤ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ ʥʘ ʦʪʙʦʡʢʫ ʠ ʭʫʜʰʠʤ ʢʘʯʝʩʪʚʦʤ ʜʨʦʙʣʝʥʠʷ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʭ ʨʘʙʦʪ (ʇʅʈ) ʠ ʪʨʫʜʦʝʤʢʦʩʪʠ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ [7]. ʆʜʥʘʢʦ ʧʨʠ 

ʙʫʨʝʥʠʠ ʚʝʝʨʦʚ ʩʢʚʘʞʠʥ ʜʣʠʥʦʡ ʙʦʣʝʝ 15-20 ʤ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʠʩʢʨʠʚʣʝʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʟʦʥʳ ʥʝʨʝʛʫʣʠʨʫʝʤʦʛʦ ʜʨʦʙʣʝʥʠʷ (ɿʅɼ), ʩ ʢʦʪʦʨʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥ ʚʳʭʦʜ ʥʝʛʘʙʘʨʠʪʘ. 

ɿʅɼ ʧʨʠ ʚʝʝʨʥʦʡ ʩʭʝʤʝ ʦʪʙʦʡʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʯʘʩʪʠ ʦʪʙʠʚʘʝʤʦʛʦ ʩʣʦʷ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ 

ʧʦʩʣʝʜʥʠʝ 15-25 % ʜʣʠʥʳ ʩʢʚʘʞʠʥ [8-9].  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʨʦʙʣʝʥʠʷ ʨʫʜʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ɿʅɼ ʚʝʝʨʘ, ʚ ʪʦʨʮʘʭ 

ʚʝʝʨʥʳʭ ʩʢʚʘʞʠʥ ʧʦ ʛʨʘʥʠʮʘʤ ʢʘʤʝʨʳ ʠ ʧʦʜʵʪʘʞʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʫʨʷʪʩʷ ʧʫʯʢʠ 

ʩʙʣʠʞʝʥʥʳʭ ʩʢʚʘʞʠʥ [10]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʫʯʢʦʚ ʠ ʠʭ ʤʦʱʥʳʭ ʟʘʨʷʜʦʚ ɺɺ ʧʦʟʚʦʣʷʝʪ 
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ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʦʪʙʦʡʢʠ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʠʥʦʯʥʦʡ ʩʢʚʘʞʠʥʦʡ). ʅʘʣʠʯʠʝ ʚ 

ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʚʝʝʨʘ ʟʘʨʷʜʦʚ ʚ ʧʫʯʢʘʭ ʩʢʚʘʞʠʥ ʧʦʟʚʦʣʷʝʪ ʧʦʤʠʤʦ ʩʥʠʞʝʥʠʷ 

ʥʝʛʘʙʘʨʠʪʘ ʫʚʝʣʠʯʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ ʚʝʝʨʘ. ʊʘʢʞʝ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʦʙʲʝʤ ʇʅʈ ʟʘ ʩʯʝʪ ʦʪʢʘʟʘ ʦʪ ʧʨʦʭʦʜʢʠ ʚʪʦʨʦʛʦ ʙʫʨʦʚʦʛʦ ʦʨʪʘ ʥʘ ʦʜʥʦʤ ʠʟ 

ʧʦʜʵʪʘʞʥʳʭ ʛʦʨʠʟʦʥʪʦʚ (ʈʠʩʫʥʦʢ 1).  

 
ʈʠʩʫʥʦʢ 1. ʉʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʚʳʭʦʜʘ ʥʝʛʘʙʘʨʠʪʘ ʧʨʠ ʦʪʙʦʡʢʝ ʟʘʧʘʩʦʚ ʧʝʨʚʠʯʥʳʭ ʢʘʤʝʨ: 

1 ï ʚʝʝʨ ʩʢʚʘʞʠʥ; 2, 5 ï ʢʦʤʧʣʝʢʪʳ (ʧʫʯʢʠ) ʧʘʨʥʦ-ʩʙʣʠʞʝʥʥʳʭ ʩʢʚʘʞʠʥ; 3 ï ʙʫʨʦʚʳʝ 

ʚʳʨʘʙʦʪʢʠ; 4 ï ʟʦʥʘ ʥʝʨʝʛʫʣʠʨʫʝʤʦʛʦ ʜʨʦʙʣʝʥʠʷ; 6 ï ʜʫʛʦʦʙʨʘʟʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʪʘ 

ʩʢʚʘʞʠʥ (ʧʫʯʢʘ); 7 ï ʦʪʙʠʚʘʝʤʳʡ ʩʣʦʡ. 

  

ɼʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ ʧʫʯʢʦʚ ʩʢʚʘʞʠʥ, ʘ ʠʤʝʥʥʦ ʝʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʪʦʨʦʥʫ ɿʅɼ ʠ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʘʢʦʥʪʫʨʥʳʡ ʤʘʩʩʠʚ, 

ʩʢʚʘʞʠʥʳ ʚ ʢʦʤʧʣʝʢʪʝ ʨʘʩʧʦʣʘʛʘʶʪ ʧʦ ʜʫʛʝ ʚʳʧʫʢʣʦʩʪʴʶ ʚ ʩʪʦʨʦʥʫ ʧʨʠʦʨʠʪʝʪʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ [11].  

ʋʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʠʝʡ ʚʟʨʳʚʘ ʧʫʯʢʦʚ ʩʢʚʘʞʠʥʥʳʭ ʟʘʨʷʜʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʣʠʥ ʩʢʚʘʞʠʥ ʚ ʧʫʯʢʝ ʠʣʠ ʜʣʠʥ ʟʘʨʷʜʦʚ ʚ ʩʢʚʘʞʠʥʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʦʱʥʦʩʪʠ ʟʦʥʳ ʥʝʨʝʛʫʣʠʨʫʝʤʦʛʦ ʜʨʦʙʣʝʥʠʷ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 
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ʦʛʨʘʥʠʯʝʥʘ ʧʝʨʚʠʯʥʳʤʠ ʢʘʤʝʨʘʤʠ, ʘ ʝʛʦ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʥʳʡ ʥʘ 25-

30 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʦʙʲʝʤ ʙʫʨʝʥʠʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʳʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʝʜʣʘʛʘʝʤʦʤ 

ʚʘʨʠʘʥʪʝ ʵʪʘʞʥʦ-ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʚ ʧʝʨʚʠʯʥʳʭ ʢʘʤʝʨʘʭ ʚʳʭʦʜ ʥʝʛʘʙʘʨʠʪʘ 

ʩʦʩʪʘʚʠʣ 3-5 %, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝ ʯʝʤ ʧʨʠ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʝʝʨʥʦʡ ʦʪʙʦʡʢʦʡ ʨʫʜʳ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʦʪʙʦʡʢʠ ʠ ʨʘʟʜʝʣʢʠ ʥʝʛʘʙʘʨʠʪʘ, ʚʢʣʶʯʘʶʱʠʡ ʟʘʪʨʘʪʳ ʥʘ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ, ʚʟʨʳʚʯʘʪʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʟʘʨʷʞʘʥʠʝ ʠ ʚʪʦʨʠʯʥʦʝ ʜʨʦʙʣʝʥʠʝ ʥʝʛʘʙʘʨʠʪʘ [12-14].  

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʦʪʙʦʡʢʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

ɔ

ɿɿɿ
ʉ

ʩʣ

ʟʘʨɺʄʙʫʨ

ʦʪʙ i

iii

i

V

++
=

, ʨʫʙ/ʪ.                                        (1) 

ʛʜʝ 
i

ʙʫʨɿ
 ï ʟʘʪʨʘʪʳ ʥʘ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ, ʨʫʙ.; 

i

ɺʄɿ  ï ʟʘʪʨʘʪʳ ʥʘ ʚʟʨʳʚʯʘʪʳʝ ʤʘʪʝʨʠʘʣʳ, ʨʫʙ.; 
i

ʟʘʨɿ
 ï ʟʘʪʨʘʪʳ ʥʘ ʟʘʨʷʞʘʥʠʝ ʩʢʚʘʞʠʥ, ʨʫʙ.; 

iVʩʣ ï ʦʙʲʝʤ ʦʪʙʠʚʘʝʤʦʛʦ ʩʣʦʷ, ʤ3; ɔ ï ʧʣʦʪʥʦʩʪʴ 

ʨʫʜʳ, ʪ/ʤ3.  
iii L ʙʫʨʩʢʚʙʫʨ ʉɿ ä=
, ʨʫʙ                                              (2) 

ʛʜʝ L
i

ʩʢʚ ï ʜʣʠʥʘ ʩʢʚʘʞʠʥ, ʤ; 
i

ʙʫʨʉ
 ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ, ʨʫʙ/ʤ. 

ɿʘʪʨʘʪʳ ʥʘ ʚʟʨʳʚʯʘʪʳʝ ʤʘʪʝʨʠʘʣʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
iiii kVq ʩʚʚʚʩʣʚʚɺʄ Cɿ =
, ʨʫʙ.                                            (3) 

ʛʜʝ 
iqʚʚ ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ, ʢʛ/ʤ3; ʚʚC  ï ʩʪʦʠʤʦʩʪʴ ɺɺ, ʨʫʙ/ʢʛ; 

ikʩʚ ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʟʘʪʨʘʪʳ ʥʘ ʩʨʝʜʩʪʚʘ ʚʟʨʳʚʘʥʠʷ.  

ɿʘʪʨʘʪʳ ʥʘ ʟʘʨʷʞʘʥʠʝ ʩʢʚʘʞʠʥ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

i
ii

i

P

Vq
ʟʘʨ

ʩʢʚ

ʩʣʚʚ
ʟʘʨ ʉɿ =

, ʨʫʙ.                                             (4) 

ʛʜʝ ʩʢʚP  ï ʚʤʝʩʪʠʤʦʩʪʴ 1 ʤ ʩʢʚʘʞʠʥʳ, ʢʛ/ʤ; 
i

ʟʘʨʉ
 ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʟʘʨʷʞʘʥʠʷ, ʨʫʙ/ʤ.  

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʨʘʟʜʝʣʢʠ ʥʝʛʘʙʘʨʠʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ɔ100
ɿʉ ʥʨʫʜ

ʨ.ʥ.ʨ.ʥ.

i
i V
=

, ʨʫʙ/ʪ                                            (5) 

ʛʜʝ 
ʨʫʜ

ʨ.ʥ.ɿ
 ï ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʜʝʣʢʫ 1 ʤ3 ʥʝʛʘʙʘʨʠʪʘ, ʨʫʙ/ʤ3; 

iVʥ ï ʚʳʭʦʜ ʥʝʛʘʙʘʨʠʪʘ, %;  

ɔ ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʨʫʜʳ, ʪ/ʤ3. 

ʉʨʘʚʥʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʦʪʙʦʡʢʠ ʨʫʜʳ ʠ ʨʘʟʜʝʣʢʠ ʥʝʛʘʙʘʨʠʪʘ ʧʦ ʙʘʟʦʚʦʤʫ ʠ 

ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʚʘʨʠʘʥʪʫ ʪʝʭʥʦʣʦʛʠʠ, ʦʪʥʝʩʝʥʥʦʡ ʥʘ 1 ʤ3 ʜʦʙʳʪʦʡ ʨʫʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 2.  

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ 

ʪʝʭʥʦʣʦʛʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʙʘʟʦʚʦʛʦ (ʥʘ 2,5-3 %).  
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ʈʠʩʫʥʦʢ 2. ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʦʪʙʦʡʢʠ ʨʫʜʳ ʠ ʨʘʟʜʝʣʢʠ ʥʝʛʘʙʘʨʠʪʘ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʨʦʥʦʤʝʪʨʘʞʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʚʳʭʦʜʘ 

ʥʝʛʘʙʘʨʠʪʘ (ɖ) ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʛʨʫʟʢʠ ʘʚʪʦʩʘʤʦʩʚʘʣʘ (tʧ) ʧʨʠ ʜʣʠʥʝ ʜʦʩʪʘʚʢʠ 30-80 

ʤ (ʨʠʩ. 3) 

tʧ = 2,80 + 0,51ɖ ï 1,25ln ɖ, ʤʠʥ.                                       (6) 

 

 
ʈʠʩʫʥʦʢ 3. ɺʣʠʷʥʠʝ ʚʳʭʦʜʘ ʥʝʛʘʙʘʨʠʪʘ ʥʘ ʚʨʝʤʷ ʧʦʛʨʫʟʢʠ ʘʚʪʦʩʘʤʦʩʚʘʣʘ 

 

ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʨʝʜʣʘʛʘʝʤʦʤ ʚʘʨʠʘʥʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʇɼʄ ʥʘ 

ʚʳʧʫʩʢʝ ʨʫʜʳ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʚʳʭʦʜʘ ʥʝʛʘʙʘʨʠʪʘ ʩ 15 % ʜʦ 

5 %. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʝʛʘʙʘʨʠʪʥʳʝ ʢʫʩʢʠ ʨʫʜʳ ʧʨʠʭʦʜʠʪʩʷ ʜʦʩʪʘʚʣʷʪʴ ʚ 

ʢʘʤʝʨʫ ʜʨʦʙʣʝʥʠʷ ʥʝʛʘʙʘʨʠʪʘ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʪʫ ʞʝ ʨʫʜʫ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʚ ʨʫʜʦʩʧʫʩʢ, 

ʯʪʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʇɼʄ. ʇʦʩʢʦʣʴʢʫ ʚʨʝʤʷ ʧʦʛʨʫʟʢʠ ʩʦʩʪʘʚʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ ʠ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʦʩʥʦʚʥʦʡ ʠʟʥʦʩ 

ʰʠʥ ʠ ʜʨʫʛʠʭ ʘʛʨʝʛʘʪʦʚ ʇɼʄ, ʦʯʝʥʴ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʥʝʛʘʙʘʨʠʪʘ. 

ʕʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʠʪʴ ʧʨʠ ʚʳʝʤʢʝ ʟʘʧʘʩʦʚ ʚʪʦʨʠʯʥʳʭ ʢʘʤʝʨ ʩʧʦʩʦʙ ʦʪʙʦʡʢʠ ʨʫʜʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʫʯʢʦʚ ʩʢʚʘʞʠʥ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʧʦʜʵʪʘʞʥʳʝ ʙʫʨʦʚʳʝ 

ʦʨʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʦʩʠ ʢʘʤʝʨʳ.  

ɺ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʫʨʘʣʴʩʢʠʭ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʥʘʨʘʱʠʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʭʝʤ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʥʦʡ ʦʪʙʦʡʢʠ ʨʫʜʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʟʝʤʥʦʡ ʛʝʦʪʝʭʥʦʣʦʛʠʠ. ʆʙʦʙʱʘʷ 
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ʚʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʫʶ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʦʪʙʦʡʢʠ ʨʫʜʳ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʵʪʘʞʥʦ-ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ 

ʜʣʷ ʫʩʣʦʚʠʡ ʧʝʨʚʠʯʥʳʭ ʢʘʤʝʨ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʚʳʭʦʜʘ ʥʝʛʘʙʘʨʠʪʘ ʜʦ 3-ʭ ʨʘʟ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʇɼʄ ʥʘ ʚʳʧʫʩʢʝ 

ʠ ʜʦʩʪʘʚʢʝ ʨʫʜʳ ʜʦ 1,5 ʨʘʟ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ˉ075-00581-19-00. ʊʝʤʘ ˉ0405-2019-

0005.  
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ʆʊɹʆʁʂɸ ʇʆʈʆɼ ɻʀɼʈʆʄʆʅʀʊʆʈʆʄ ʉ ʋʇʈɸɺʃʗɽʄʓʄ ʉʆɼɽʈɾɸʅʀɽʄ 

ʊʆʅʂʆɼʀʉʇɽʈʉʅʓʍ ɻʈʋʅʊʆɺʓʍ ʏɸʉʊʀʎ ɺ ʅɸʇʆʈʅʆʁ ɺʆɼɽ 

ʐʂɸʈʋɹɸ ʅ. ɸ., ʂʀʉʃʗʂʆɺ ɺ.ɽ. 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʥʥʦʪʘʮʠʷ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʳ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʨʝʜʩʪʚʘʤʠ ʛʠʜʨʦʤʝʭʘʥʠʟʘʮʠʠ ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʚʦʜʝ ʧʨʫʜʦʚ-ʦʪʩʪʦʡʥʠʢʦʚ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ.  

ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʨʘʥʝʝ, ʧʨʝʜʣʦʞʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʦʪʙʦʡʢʠ ʧʦʨʦʜ ʛʠʜʨʦʤʦʥʠʪʦʨʦʤ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ 

ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʥʘʧʦʨʥʦʡ ʚʦʜʝ, ʧʨʠʤʝʥʠʤʳʝ ʜʣʷ ʜʦʙʳʯʥʳʭ ʠ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ. 

ʅʘʢʦʧʣʝʥʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʚʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʚ ʪʝʯʝʥʠʝ 

ʧʨʦʤʳʚʦʯʥʦʛʦ ʩʝʟʦʥʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʠʜʨʦʤʦʥʠʪʦʨ, ʛʠʜʨʦʤʦʥʠʪʦʨʥʘʷ ʦʪʙʦʡʢʘ, ʛʣʠʥʠʩʪʳʡ ʤʘʩʩʠʚ, 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʛʨʫʥʪʦʚʳʝ ʯʘʩʪʠʮʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪʙʦʡʢʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ. 

ROCK JETTING BY A HYDRAULIC MONITOR WITH CONTROLLED CONTENT OF 

FINE SOIL PARTICLES IN PRESSURE WATER  

SHKARURAL BRANCHA N. A., KISLYAKOV V. E. 

Siberian Federal University 

Abstract. A lot of fine particles are accumulated in reused water of settling ponds because of 

considerable clay content in wall rocks during hydraulic mining.  

On the basis of our previous research, we propose our solutions for rock jetting by a 

hydraulic monitor with controlled content of fine particles in pressure water. They can be applied 

for mining and overburden operations. The accumulation of fine particles in water occurs naturally 

during the flushing season. 

Keywords: Hydraulic monitor, rock jetting, clay mass, fine soil particles, rock jetting performance, 

technological solutions.  

 

ɺ ʩʠʙʠʨʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʈʌ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʟʘʣʝʛʘʶʪ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʳ. ʕʪʦʪ ʬʘʢʪʦʨ ʷʚʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʪʨʘʙʦʪʢʠ 

ʠ ʦʙʦʛʘʱʝʥʠʷ ʧʝʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʦʪʨʘʙʘʪʳʚʘʶʪ ʩʨʝʜʩʪʚʘʤʠ 

ʛʠʜʨʦʤʝʭʘʥʠʟʘʮʠʠ ʩ ʦʙʦʨʦʪʥʳʤ ʚʦʜʦʩʥʘʙʞʝʥʠʝʤ ʠʟ ʧʨʫʜʦʚ-ʦʪʩʪʦʡʥʠʢʦʚ.  

ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ ʥʘ ʦʩʘʞʜʝʥʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ ʦʪʙʠʪʦʛʦ 

ʛʣʠʥʠʩʪʦʛʦ ʤʘʩʩʠʚʘ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʘ ʛʠʜʨʦʤʦʥʠʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʧʦʜʘʝʪʩʷ ʥʘʧʦʨʥʘʷ 

ʚʦʜʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ. 

ʅʘʣʠʯʠʝ ʵʪʠʭ ʯʘʩʪʠʮ ʠʟʤʝʥʷʝʪ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʳ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʠ ʛʠʜʨʦʤʦʥʠʪʦʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʠʣʫ ʫʜʘʨʘ ʩʪʨʫʠ ʦ ʟʘʙʦʡ. ʊʘʢʞʝ ʨʘʩʯʝʪ 

ʦʙʲʝʤʘ ʚʦʜʳ ʚ ʦʪʩʪʦʡʥʠʢʝ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʦʜʝʨʞʘʥʠʠ 
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ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʚʦʜʝ ʥʘ ʢʦʥʝʮ ʧʨʦʤʳʚʦʯʥʦʛʦ ʩʝʟʦʥʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ 

ʦʙʲʝʤ ʛʦʨʥʦ-ʢʘʧʠʪʘʣʴʥʳʭ ʨʘʙʦʪ ʠ ʥʘ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʚʦʜʳ, ʢʦʪʦʨʳʡ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʝ ʧʨʝʜʧʨʠʷʪʠʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʨʫʰʝʥʠʷ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʣʠ ʢʘʤʥʝʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʘ ʩʪʨʫʠ ʚʦʜʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ, ʜʠʘʤʝʪʨʘ, ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʠ ʫʛʣʘ ʧʘʜʝʥʠʷ ʚʦʜʥʦʡ ʩʪʨʫʠ, ʘ ʪʘʢʞʝ 

ʚʳʷʚʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʜʘʚʣʝʥʠʷ ʠ ʪʠʧʘ ʧʦʨʦʜ ʦʪ ʛʣʫʙʠʥʳ ʨʝʟʘ, ʜʠʘʤʝʪʨʘ, ʨʘʟʨʫʰʝʥʠʷ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʨʦʜʝ [1-4].  

ʀʟʚʝʩʪʥʳ ʨʘʙʦʪʳ Jiang Hongxiang, Du Changlong, Liu Songyong, and Gao Kuidong [5], 

ʛʜʝ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʮʝʣʴʶ ʦʙʲʷʩʥʝʥʠʷ 

ʧʨʠʯʠʥ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʥ ʜʨʦʙʣʝʥʠʷ, ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʠ ʚʦʜʷʥʦʡ ʩʪʨʫʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ: 

ʜʨʦʙʣʝʥʠʝ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʦʪ ʫʜʘʨʘ ʩʪʨʫʠ ʚʦʜʳ ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʮʝʩʩ 

ʟʘʛʨʫʟʢʠ/ʨʘʟʛʨʫʟʢʠ; ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʪʨʫʠ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʜʚʠʛʘ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ; ʵʨʦʟʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʨʦʜʳ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ, ʠ ʬʘʢʪʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ (ʥʘʧʨʠʤʝʨ, 

ʨʘʜʠʘʣʴʥʳʝ ʠ ʦʪʢʦʣʴʥʳʝ ʪʨʝʱʠʥʳ) ʧʨʦʠʟʦʡʜʝʪ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʫʜʘʨʘ ʜʦʩʪʠʛʥʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ.  

ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [6-8], ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʙʦʡʢʠ ʧʦʨʦʜ ʩʪʨʫʝʡ ʛʠʜʨʦʤʦʥʠʪʦʨʘ ʩ ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʥʝʡ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤʠ ʛʨʫʥʪʦʚʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʫʚʝʣʠʯʠʚʘʶʱʠʤʠ ʧʣʦʪʥʦʩʪʴ ʥʘʧʦʨʥʦʡ ʚʦʜʳ, 

ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ, ʧʨʠʤʝʥʠʤʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʪʙʦʡʢʠ ʧʦʨʦʜ ʛʠʜʨʦʤʦʥʠʪʦʨʦʤ ʧʨʠ ʦʙʦʨʦʪʥʦʡ ʩʭʝʤʝ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠʟ ʧʨʫʜʦʚ-ʦʪʩʪʦʡʥʠʢʦʚ 

ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʛʨʫʥʪʘʭ. 

ʆʪʙʦʡʢʫ ʧʦʨʦʜ, ʠʩʭʦʜʷ ʠʟ ʨʝʰʝʥʠʡ [6-8], ʚʦʟʤʦʞʥʦ ʚʝʩʪʠ ʢʘʢ ʥʘ ʚʩʢʨʳʰʥʳʭ, ʪʘʢ ʠ ʥʘ 

ʜʦʙʳʯʥʳʭ ʨʘʙʦʪʘʭ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ [9-15], ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʥʘʧʦʨʥʦʡ ʚʦʜʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʧʨʦʮʝʩʩʝ 

ʦʙʦʛʘʱʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʛʨʘʥʠʯʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʥʘʧʦʨʥʦʡ 

ʚʦʜʝ ʥʝ ʙʦʣʝʝ 60 ʛ/ʣ [15].  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ ʩʦʜʝʨʞʘʥʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʛʨʘʥʠʯʠʚʘʪʴ ʟʥʘʯʝʥʠʷʤʠ 100 ʛ/ʣ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ 

ʦʩʥʦʚʥʦʤ, ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʫʢʘʟʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʜʘʯʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʳ ʥʘ ʛʠʜʨʦʤʦʥʠʪʦʨ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ 

ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʝʝ ʩʦʩʪʘʚʝ. ʅʘʢʦʧʣʝʥʠʝ ʵʪʠʭ ʯʘʩʪʠʮ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʚ ʪʝʯʝʥʠʝ ʧʨʦʤʳʚʦʯʥʦʛʦ ʩʝʟʦʥʘ.  

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʝ ʥʘ ʢʦʥʝʮ ʧʨʦʤʳʚʦʯʥʦʛʦ 

ʩʝʟʦʥʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʨʝʜʩʪʚ ʛʠʜʨʦʤʝʭʘʥʠʟʘʮʠʠ 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ [6-8] ʥʘ ʛʦʨʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ 

ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʠ.  

ʅʘ ʩʪʘʜʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠʟʫʯʘʶʪ ʜʘʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʝʩʢʦʚ ʠʣʠ ʪʦʨʬʦʚ, ʣʠʙʦ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʥʘʢʦʧʣʝʥʠʝʤ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʦʪʩʪʦʡʥʠʢʝ ʚ ʧʨʝʜʳʜʫʱʠʝ ʩʝʟʦʥʳ (ʠʩʧʦʣʴʟʫʶʪ ʫʞʝ 

ʠʤʝʶʱʠʝʩʷ ʩʚʝʜʝʥʠʷ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦ ʧʨʦʚʦʜʷʪ ʟʘʤʝʨʳ).  

ʇʨʠʤʝʨ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʚʦʜʝ ʧʨʫʜʘ-

ʦʪʩʪʦʡʥʠʢʘ ʚ ʪʝʯʝʥʠʝ ʧʨʦʤʳʚʦʯʥʦʛʦ ʩʝʟʦʥʘ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ 200 ʜʥʷʤ, ʧʦʢʘʟʘʥ ʥʘ  

ʨʠʩ. 1, ʛʜʝ ʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʚʦʜʝ 

ʧʨʫʜʘ-ʦʪʩʪʦʡʥʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʣʠʥʝʡʥʦ.  
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ʈʠʩʫʥʦʢ 1. ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʚʦʜʝ ʧʨʫʜʘ-

ʦʪʩʪʦʡʥʠʢʘ ʚ ʪʝʯʝʥʠʝ ʧʨʦʤʳʚʦʯʥʦʛʦ ʩʝʟʦʥʘ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʠʭ ʩʦʜʝʨʞʘʥʠʷ: 1 ï ʜʦ 60 

ʛ/ʣ; 2 ï ʜʦ 100 ʛ/ʣ 

 

ʇʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʷ (1) ʩʪʨʦʷʪ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʙʦʡʢʠ 

ʧʦʨʦʜ ʟʘ ʧʨʦʤʳʚʦʯʥʳʡ ʩʝʟʦʥ, ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʶʪ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʶ 

ʩʠʣʳ ʫʜʘʨʘ ʩʪʨʫʠ ʛʠʜʨʦʤʦʥʠʪʦʨʘ ʦ ʟʘʙʦʡ ʠ ʦʮʝʥʠʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʦʪʙʦʡʢʠ ʧʦʨʦʜ ʟʘ ʧʨʦʤʳʚʦʯʥʳʡ ʩʝʟʦʥ, ʧʨʠʥʠʤʘʷ ʟʘ ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʪʙʦʡʢʠ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʩʧʦʩʦʙʝ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 
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  (1) 

ʛʜʝ ɸ, ɺ, ʉ, D, ɽ, F ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ: 
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(3) 

 

ʛʜʝ ʘ, b, ʩ ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (ʪʘʙʣʠʮʘ). 

 

ʊʘʙʣʠʮʘ. ʊʘʙʣʠʮʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ (2)  

ʂʦʵʬʬʠʮʠʝʥʪ ʫʨʘʚʥʝʥʠʷ (1)  
ʕʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ (2) 

ʘ b ʩ 

ɸ -0,36 5,31 -7,63 

ɺ -1,79 22,46 -66,16 

ʉ 54,7 -687,4 2025 

D -414,3 525,5 15860 

ɽ 0,45 -6,25 10,62 

 

ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 2) ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʷ (1), 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʙʦʡʢʠ ʧʦʨʦʜ ʩʪʨʫʝʡ ʛʠʜʨʦʤʦʥʠʪʦʨʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʡ 
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ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ. ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʙʦʡʢʠ ʧʦʨʦʜ ʩʪʨʫʝʡ ʛʠʜʨʦʤʦʥʠʪʦʨʘ ʜʣʷ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ ï ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʘʧʦʨʥʦʡ ʚʦʜʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʜʦ 60 ʛ/ʣ ʠ 

ʜʣʷ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ ï ʜʦ 100 ʛ/ʣ (ʚʳʜʝʣʝʥʦ ʰʪʨʠʭʦʚʢʦʡ).  

 
ʈʠʩʫʥʦʢ 2. ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʙʦʡʢʠ ʧʦʨʦʜ ʩʪʨʫʝʡ 

ʛʠʜʨʦʤʦʥʠʪʦʨʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʥʘʧʦʨʥʦʡ ʚʦʜʝ (ʟʘ 

100% ʧʨʠʥʷʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪʙʦʡʢʠ ʧʦʨʦʜ ʩʪʨʫʝʡ ʛʠʜʨʦʤʦʥʠʪʦʨʘ ʯʠʩʪʦʡ 

ʚʦʜʦʡ). ʉʦʜʝʨʞʘʥʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ: 1 ï ʜʦ 60 ʛ/ʣ (ʦʙʣʘʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ); 2 ï ʜʦ 100 ʛ/ʣ (ʦʙʣʘʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ). 

 

ʊʘʢ ʢʘʢ ʥʘʢʦʧʣʝʥʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʝ 

ʦʪʩʪʦʡʥʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦ, ʪʦ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ 

ʧʨʦʤʳʚʦʯʥʦʛʦ ʩʝʟʦʥʘ ʠ ʜʦʩʪʠʛʥʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʢʦʥʮʝ ʥʝʛʦ. ʇʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪʙʦʡʢʠ ʧʦʨʦʜ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʩʨʝʜʥʝʡ ʟʘ ʩʝʟʦʥ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʙʦʡʢʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʚʦʜʝ ʚʦʟʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʝʤ ʦʙʲʝʤʘ ʚʦʜʳ ʚ ʦʪʩʪʦʡʥʠʢʝ.  

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ (ʧʨʠ ʧʦʤʦʱʠ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʠ, ʥʦ ʩ ʫʯʝʪʦʤ ʙʦʣʴʰʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʝ) ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʦʙʲʝʤʘ ʦʪʩʪʦʡʥʠʢʘ ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʝʪ ʨʘʟʤʝʱʝʥ ʨʘʩʩʯʠʪʘʥʥʳʡ ʦʙʲʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʳ. ʅʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘʜʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ 

ʨʘʟʤʝʨʳ ʧʨʫʜʘ-ʦʪʩʪʦʡʥʠʢʘ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʝʭʥʦʣʦʛʠʶ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʥʘ 

ʜʝʡʩʪʚʫʶʱʝʤ ʧʨʝʜʧʨʠʷʪʠʠ, ï ʚʦʟʤʦʞʥʦ ʥʝʧʦʣʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʠʤʝʶʱʝʛʦʩʷ ʦʪʩʪʦʡʥʠʢʘ.  

ʀʟʤʝʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ ʚ ʦʪʩʪʦʡʥʠʢʝ (ʯʪʦ ʧʨʠʚʝʜʝʪ ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʝʛʦ 

ʨʘʟʤʝʨʦʚ) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.  
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ʈʠʩʫʥʦʢ 3. ʀʟʤʝʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ ʚ ʧʨʫʜʫ-ʦʪʩʪʦʡʥʠʢʝ ʥʘ ʢʦʥʝʮ 

ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʝ 

 

ʆʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʤʦʞʥʦ ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʷ (4) [16], 

ʫʯʠʪʳʚʘʶʱʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʚʦʜʝ ʧʨʫʜʘ-ʦʪʩʪʦʡʥʠʢʘ ʥʘ 

ʢʦʥʝʮ ʧʨʦʤʳʚʦʯʥʦʛʦ ʩʝʟʦʥʘ. 

ʣ/ʛ,
V

b
ɟV10ʉ

ʦ
ʪʧʬ ÖÖÖ=

, 
(4) 

ʛʜʝ ʉʬ ï ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʝ ʥʘ ʢʦʥʝʮ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʨʫʜʘ-ʦʪʩʪʦʡʥʠʢʘ; Vʧ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʤʳʪʳʭ ʛʨʫʥʪʦʚ (ʭʚʦʩʪʦʚ), ʧʦʩʪʫʧʘʶʱʠʭ ʚ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʦʪʚʘʣ ʚ ʧʦʨʦʜʥʦʡ ʤʘʩʩʝ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʤ3; ɟʪ ï ʧʣʦʪʥʦʩʪʴ 

ʩʘʤʳʭ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ, ʪ/ʤ3; b ï ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʬʨʘʢʮʠʡ ʤʝʥʝʝ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ, %; 

Vʦ ï ʦʙʲʝʤ ʚʦʜʳ ʚ ʦʪʩʪʦʡʥʠʢʝ, ʤ
3.  

ʉʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʬʨʘʢʮʠʡ ʤʝʥʝʝ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ (b) ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʜʘʥʥʳʤ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʛʨʫʥʪʦʚ, ʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʢʨʫʧʥʦʩʪʴ 

ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ï ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʛʨʫʥʪʦʚʳʭ 

ʯʘʩʪʠʮ ʚ ʦʪʩʪʦʡʥʠʢʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ 

ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ ʚ ʧʨʫʜʫ-ʦʪʩʪʦʡʥʠʢʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʢʨʘʱʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ, ʚʣʝʢʫʱʝʛʦ ʟʘ ʩʦʙʦʡ ʫʤʝʥʴʰʝʥʠʝ 

ʧʣʦʱʘʜʠ ʧʨʫʜʘ-ʦʪʩʪʦʡʥʠʢʘ ʠ ʦʪʯʫʞʜʘʝʤʳʭ ʜʣʷ ʵʪʦʛʦ ʟʝʤʝʣʴ; ʧʦʚʳʰʝʥʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʙʦʡʢʠ ʧʦʨʦʜ ʠ ʩʦʢʨʘʱʝʥʠʠ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ ʥʘ ʦʪʙʦʡʢʫ ʧʦʨʦʜ.  

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ ʧʨʦʤʳʚʦʯʥʦʛʦ 

ʩʝʟʦʥʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʨʝʜʩʪʚ ʛʠʜʨʦʤʝʭʘʥʠʟʘʮʠʠ 

ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʦʪʙʦʡʢʫ ʧʦʨʦʜ ʥʘʧʦʨʥʦʡ ʚʦʜʦʡ ʩ ʟʘʜʘʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʤʳʚʦʯʥʦʛʦ 

ʩʝʟʦʥʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʷ (1) ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʙʦʡʢʠ ʧʦʨʦʜ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ (ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ).  

ʆʧʝʨʠʨʫʷ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʜʘʥʥʳʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʠʙʦ 

ʥʘʙʣʶʜʝʥʠʷʤʠ ʟʘ ʥʘʢʦʧʣʝʥʠʝʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʧʨʫʜʘʭ-ʦʪʩʪʦʡʥʠʢʘʭ 
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ʉʦʜʝʨʞʘʥʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʚʦʜʝ ʥʘ ʢʦʥʝʮ 
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ʧʨʝʜʧʨʠʷʪʠʷ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʠ ʩʦʦʨʫʜʠʪʴ ʧʨʫʜ-ʦʪʩʪʦʡʥʠʢ ʩ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʧʨʫʜʫ-

ʦʪʩʪʦʡʥʠʢʝ, ʝʛʦ ʚʳʧʦʣʥʷʶʪ ʜʚʫʭʩʝʢʮʠʦʥʥʳʤ ï ʩ ʩʝʢʮʠʝʡ ʜʣʷ ʯʠʩʪʦʡ ʚʦʜʳ, ʠʟ ʢʦʪʦʨʦʡ ʧʦ 

ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʧʦʣʥʷʶʪ ʧʨʫʜ-ʦʪʩʪʦʡʥʠʢ. 

ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʚʦʜʳ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʧʦʧʦʣʥʝʥʠʷ ʧʨʫʜʘ-ʦʪʩʪʦʡʥʠʢʘ ʯʠʩʪʦʡ 

ʚʦʜʦʡ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʷ (4), ʩʨʘʚʥʠʚʘʷ ʧʦʢʘʟʘʪʝʣʴ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʚʦʜʝ ʧʨʫʜʘ-ʦʪʩʪʦʡʥʠʢʘ ʠ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʟʘʜʘʥʥʦʛʦ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʜʦʩʪʫʧʥʳʤʠ ʥʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʤ ʧʨʝʜʧʨʠʷʪʠʠ ʩʨʝʜʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠʤʝʥʝʥʠʝʤ ʰʘʥʜʦʨʥʳʭ ʢʦʣʦʜʮʝʚ ʠʣʠ ʪʨʫʙʥʦʛʦ ʩʣʠʚʘ ï ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʦʙʲʝʤʘ ʯʠʩʪʦʡ ʚʦʜʳ ʚ ʧʨʫʜʫ-ʦʪʩʪʦʡʥʠʢʝ.  

ɺʳʚʦʜʳ 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʦʪʙʦʡʢʝ ʧʦʨʦʜ ʩ 

ʫʧʨʘʚʣʷʝʤʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʥʘʧʦʨʥʦʡ ʚʦʜʝ 

ʛʠʜʨʦʤʦʥʠʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʝ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʩʨʝʜʩʪʚ ʛʠʜʨʦʤʝʭʘʥʠʟʘʮʠʠ, ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪʙʦʡʢʠ ʧʦʨʦʜ ʠ 

ʩʦʢʨʘʪʠʪʴ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ ʦʪʙʦʡʢʫ ʧʦʨʦʜ; ʩʦʢʨʘʪʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʚʦʜʳ ʚ 

ʧʨʫʜʫ-ʦʪʩʪʦʡʥʠʢʝ, ʯʪʦ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʧʣʦʱʘʜʠ ʠ ʦʪʯʫʞʜʘʝʤʳʭ ʜʣʷ ʵʪʦʛʦ 

ʟʝʤʝʣʴ. 

ʋʧʨʘʚʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ 

ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʝ ʧʨʫʜʘ-ʦʪʩʪʦʡʥʠʢʘ ʚʦʟʤʦʞʥʦ ʦʛʨʘʥʠʯʝʥʠʝʤ ʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʢʦʥʝʮ ʧʨʦʤʳʚʦʯʥʦʛʦ ʩʝʟʦʥʘ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʫʜʘ-

ʦʪʩʪʦʡʥʠʢʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʧʣʦʱʘʜʠ ʠʣʠ ʦʙʲʝʤʘ ʚʦʜʳ ʚ ʥʝʤ (ʜʣʷ ʫʞʝ ʠʤʝʶʱʝʛʦʩʷ 

ʧʨʫʜʘ-ʦʪʩʪʦʡʥʠʢʘ). ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʦʪʙʦʡʢʫ ʧʦʨʦʜ ʥʘʧʦʨʥʦʡ ʚʦʜʦʡ ʩ 

ʫʧʨʘʚʣʷʝʤʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚʳʭ ʯʘʩʪʠʮ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʧʨʦʤʳʚʦʯʥʦʛʦ ʩʝʟʦʥʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʫʜ-ʦʪʩʪʦʡʥʠʢ ʚʳʧʦʣʥʷʶʪ ʜʚʫʭʩʝʢʮʠʦʥʥʳʤ ʣʠʙʦ 

ʠʩʧʦʣʴʟʫʶʪ ʜʦʩʪʫʧʥʳʝ ʥʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʤ ʧʨʝʜʧʨʠʷʪʠʠ ʩʨʝʜʩʪʚʘ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ʥʦʤʝʨ 19-35-90112.  

The study was funded by RFBR, project number 19-35-90112. 
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ʀʄʇʆʈʊʅʓʍ ɹʋʈʆɺʓʍ ʉʊɸʅʂʆɺ ɺ ʋʉʃʆɺʀʗʍ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè 

ʃɽʃʔ ʖ.ʀ.,1  ɿʆʊʆɺ ʀ.ɻ.,2  ɿɸʍɸʈʆɺ ɸ.ɺ.,3 ʄɸʈʊʓʅʆɺ ʅ.ɺ.,1  ʉʊɽʅʀʅ ʖ.ɺ.1 

1 ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
2 ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè, 

3 ʆʆʆ çʉʘʥʜʚʠʢ ʄʘʡʥʠʥʛ ʕʥʜ ʂʦʥʩʪʨʘʢʰʝʥ ʉʅɻè ʋʨʘʣʴʩʢʠʡ ʬʠʣʠʘʣ 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ Sandvik D50KS ʚ ʩʨʘʚʥʝʥʠʠ  ʩ ʜʝʡʩʪʚʫʶʱʠʤ ʧʘʨʢʦʤ ʩʪʘʥʢʦʚ 

ʉɹʐ-250ʄʅɸ ʚ ʫʩʣʦʚʠʷʭ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè. ʋʩʪʘʥʦʚʣʝʥʳ ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ ʪʝʭʥʠʯʝʩʢʘʷ 

ʩʢʦʨʦʩʪʠ ʙʫʨʝʥʠʷ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠ ʩʤʝʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʤʧʦʨʪʥʳʭ ʩʪʘʥʢʦʚ. 

ʇʨʦʚʝʜʝʥʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʤʧʦʨʪʥʳʭ ʩʪʘʥʢʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè ʧʦ ʢʨʠʪʝʨʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʙʫʨʝʥʠʷ ʠ ʬʠʟʠʯʝʩʢʦʤʫ ʢʨʠʪʝʨʠʶ 

ʫʜʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʠʤʧʦʨʪʥʳʭ ʩʪʘʥʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʫʨʦʚʦʡ ʩʪʘʥʦʢ, ʢʘʪʝʛʦʨʠʷ ʧʦʨʦʜ ʧʦ ʙʫʨʠʤʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ, ʫʜʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 
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RESULTS OF PILOT TESTS OF IMPORTED DRILLING RIGS IN TH E CONDITIONS 

OF PJSC URALASBEST 

LEL YU. I.1, ZOTOV I. G.2, ZAKHAROV A. V.3, MARTYNOV N. V.1, STENIN YU. V.1 

1Ural State Mining University, 
2PJSC Uralasbest, 

3LLC Sandvik Mining and Construction CIS Ural branch 

 

Abstract. The results of pilot tests of Sandvik D50KS drilling rigs in comparison with the existing 

fleet of SBSH-250MNA rigs in the conditions of PJSC Uralasbest are considered and analyzed. 

Mechanical and technical drilling speeds, energy intensity and replaceable productivity of imported 

machines have been established. A technical and economic assessment of the effectiveness of the 

use of imported machines in the conditions of PJSC Uralasbest was carried out according to the 

drilling cost criterion and the physical criterion of specific effect. Based on the calculations, 

conclusions are drawn about the prospects of using imported machines in the conditions of PJSC 

Uralasbest. 

Keywords: Drilling rig, rock category by drillability, drilling speed, productivity, specific energy 

intensity, specific action, cost. 

 

ɹʫʨʦʚʳʝ ʨʘʙʦʪʳ ʥʘ ʢʘʨʴʝʨʘʭ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè ʚʝʜʫʪʩʷ ʩʪʘʥʢʘʤʠ ʉɹʐ-250ʄʅɸ ʚ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʝʨʧʝʥʪʠʥʠʪʘʤʠ (21-27 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 

ʙʫʨʝʥʠʷ) ʠ ʧʝʨʠʜʦʪʠʪʘʤʠ (55-58 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ). ʆʩʪʘʣʴʥʦʡ ʦʙʲʝʤ ʦʙʫʨʠʚʘʝʤʳʭ ʧʦʨʦʜ 

ʧʨʝʜʩʪʘʚʣʝʥ ʛʘʙʙʨʦ, ʜʠʦʨʠʪʘʤʠ, ʜʫʥʠʪʘʤʠ, ʛʨʘʥʠʪʘʤʠ ʠ ʪʘʣʴʢʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ. 

ʆʙʫʨʠʚʘʝʤʳʝ ʧʦʨʦʜ ʦʪʥʦʩʷʪʩʷ ʢ 15 ʠ 16-ʡ ʢʘʪʝʛʦʨʠʷʤ ʙʫʨʠʤʦʩʪʠ ʧʦ ɽʜʠʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʦʨʦʜ ʧʦ ʙʫʨʠʤʦʩʪʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʙʶʨʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʪʨʫʜʘ. ɼʦʣʷ ʧʦʨʦʜ, ʦʪʥʝʩʝʥʥʳʭ ʢ 17 

ʢʘʪʝʛʦʨʠʠ, ʚ ʮʝʣʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʠ ʧʦ ʦʪʜʝʣʴʥʳʤ ʩʪʘʥʢʘʤ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 5,6 ʜʦ 12,4 % [1]. 

ʉʢʚʘʞʠʥʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʝʨʪʠʢʘʣʴʥʳʝ, ʜʦʣʷ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʩʪʘʥʢʘʤ ʦʪ 

12.1 ʜʦ 24.4 %. ʇʘʨʢ ʩʪʘʥʢʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʬʠʟʠʯʝʩʢʠ ʠ ʤʦʨʘʣʴʥʦ ʠʟʥʦʰʝʥ, ʧʦʵʪʦʤʫ 

ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ ʢʦʤʧʣʝʢʪʦʚʘʥʠʠ ʧʘʨʢʘ ʥʦʚʳʤʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʩʪʘʥʢʘʤʠ ʉɹʐ ʠʣʠ 

ʠʤʧʦʨʪʥʳʤʠ ʩʪʘʥʢʘʤʠ Sandvik D50KS ʬʠʨʤʳ Sandvik. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʢʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʩʨʦʢʘ ʩʣʫʞʙʳ. ʆʙʲʝʤ ʙʫʨʝʥʠʷ ʠ 

ʩʨʝʜʥʝʩʤʝʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʢʦʚ ʠʤʝʶʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʢ 

ʩʥʠʞʝʥʠʶ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʨʦʢʘ ʩʣʫʞʙʳ. ʊʘʢʞʝ ʯʝʪʢʦ ʚʳʨʘʞʝʥʘ ʩʚʷʟʴ ʨʦʩʪʘ ʩʫʤʤʘʨʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʩʪʦʝʚ ʩʪʘʥʢʦʚ ʧʦ ʚʩʝʤ ʧʨʠʯʠʥʘʤ ʩʦ ʩʨʦʢʦʤ ʩʣʫʞʙʳ.  

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʠʟʝʣʴʥʳʭ ʩʪʘʥʢʦʚ Sandvik D50KS ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʘʨʴʝʨʘʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʝʜʫʶʱʠʭ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʢʘʤʠ ʉɹʐ [2-6]: 

- ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; 

- ʤʝʥʴʰʘʷ ʤʘʩʩʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʰʠʨʦʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʜʦʙʩʪʚʦ ʚ 

ʫʧʨʘʚʣʝʥʠʠ; 

- ʥʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ (ʛʠʜʨʦʧʨʠʚʦʜ) ʟʘʜʝʡʩʪʚʫʝʪ ʚʩʝ ʧʨʠʚʦʜʳ ʠ ʘʛʨʝʛʘʪʳ ʩʪʘʥʢʘ, 

ʤʝʭʘʥʠʟʠʨʫʝʪ ʦʩʥʦʚʥʳʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʪʘʥʢʘ ʦʜʥʠʤ ʦʧʝʨʘʪʦʨʦʤ; 

- ʚʳʩʦʢʠʡ (ʜʦ 0,9) ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ; 

- ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ (ʥʘʨʘʱʠʚʘʥʠʝ ʩʪʘʚʘ, ʟʘʤʝʥʫ 

ʜʦʣʦʪʘ, ʛʦʨʠʟʦʥʪʠʨʦʚʘʥʠʝ); 

- ʤʦʙʠʣʴʥʦʩʪʴ (ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ); 

- ʘʚʪʦʥʦʤʥʦʩʪʴ (ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʨʘʙʦʪʳ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ). 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ D50KS 17.10.2019 ʛ. ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʮʝʣʦʩʤʝʥʥʦʝ ʭʨʦʥʦʤʝʪʨʘʞʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʨʠ ʦʙʫʨʠʚʘʥʠʠ 
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ʙʣʦʢʘ ˉ 208 ʛʦʨ. ï28 ʤ, ʩʣʦʞʝʥʥʦʛʦ ʧʝʨʠʜʦʪʠʪʘʤʠ 15 ʢʘʪʝʛʦʨʠʠ ʙʫʨʠʤʦʩʪʠ ʠ V ʢʘʪʝʛʦʨʠʠ 

ʚʟʨʳʚʘʝʤʦʩʪʠ. ɹʫʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʦʣʦʪʦʤ ʊʂ-2 ɻʆʈʄɸʐ ʜʠʘʤʝʪʨʦʤ 229 ʤʤ. 

 

.  

ʈʠʩʫʥʦʢ 1. ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʩʪʘʥʢʦʚ ʉɹʐ-250ʄʅ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʨʦʢʘ ʩʣʫʞʙʳ: V ï ʦʙʲʝʤ ʙʫʨʝʥʠʷ (1); Q ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (2); ʇ ï ʧʨʦʩʪʦʠ ʧʦ 

ʚʩʝʤ ʧʨʠʯʠʥʘʤ (3);  t ï ʧʨʦʩʪʦʠ ʧʦ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ 

(4). 

 

ɺʦ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʨʘʚʥʦʤ ʜʣʠʥʝ ʰʪʘʥʛʠ. ʉʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ ʠʟʤʝʥʷʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 0,3ï0,8 ʤ/ʤʠʥ, ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʧʨʠ ʙʫʨʝʥʠʠ ʧʝʨʚʦʡ ʰʪʘʥʛʦʡ ʩʦʩʪʘʚʠʣʘ 0,6 ʤ/ʤʠʥ., ʚʪʦʨʦʡ ï 0,56 ʤ/ʤʠʥ., ʚ ʮʝʣʦʤ ʧʦ 

ʚʩʝʤ ʥʘʙʣʶʜʝʥʠʷʤ ʯʠʩʪʘʷ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ ï 0,58 ʤ/ʤʠʥ. (34,8 ʤ/ʯ). ʊʝʭʥʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ (ʩ 

ʫʯʝʪʦʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ) 22 ʤ/ʯ. ʇʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʤʝʥʠ 

ʩʤʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 0,70ï0,75 ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʢʘ ʥʘ ʧʦʨʦʜʘʭ 15 ʢʘʪʝʛʦʨʠʠ ʙʫʨʠʤʦʩʪʠ 

ʩʦʩʪʘʚʠʣʘ 180ï190 ʤ/ʩʤʝʥʫ. 

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʨʘʙʦʪʝ ʩʪʘʥʢʦʚ ʉɹʐ ʠ Sandvik D50KS ʥʘ ʙʫʨʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʧʦ ʠʪʦʛʘʤ ʰʝʩʪʠ ʤʝʩʷʮʝʚ 2020 ʛ. ʃʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʠ 

ʰʘʨʦʰʝʯʥʳʭ ʩʪʘʥʢʦʚ ʧʦʢʘʟʘʣ ʩʪʘʥʦʢ ʉɹʐ ˉ 352, ʠʤʝʶʱʠʡ ʩʘʤʳʡ ʥʠʟʢʠʡ ʩʨʦʢ ʩʣʫʞʙʳ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʢʘ ʉɹʐ ˉ 352 ʩʦʩʪʘʚʠʣʘ 86,7 ʤ/ʩʤʝʥʫ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʘʣʝʥʜʘʨʥʦʛʦ ʚʨʝʤʝʥʠ 66,3 %. 

ʉʪʘʥʢʦʤ D50KS ʚʳʧʦʣʥʝʥʦ 33,7 % (35,6 ʪʳʩ. ʧʦʛ. ʤ) ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʙʫʨʝʥʠʷ, ʩʨʝʜʥʝʩʤʝʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 128,4 ʤ/ʩʤʝʥʫ, ʯʪʦ ʥʘ 55 % ʚʳʰʝ 

ʩʨʝʜʥʝʩʤʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʉɹʐ, ʥʘ 37,7 % ʣʫʯʰʝ ʧʦʢʘʟʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʘʣʝʥʜʘʨʥʦʛʦ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩʨʝʜʥʝʯʘʩʦʚʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʢʦʚ, 

ʦʧʨʝʜʝʣʷʝʤʫʶ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʙʫʨʝʥʠʷ ʢ ʢʘʣʝʥʜʘʨʥʦʤʫ ʚʨʝʤʝʥʠ ʩ ʫʯʝʪʦʤ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʦ ʯʘʩʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʉɹʐ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 7 ʤ/ʯ (ˉ 347) ï 

7,33 ʤ/ʯ (ˉ 352), ʩʪʘʥʢʘ D50KS ʩʦʩʪʘʚʣʷʝʪ 10,8 ʤ/ʯ, ʯʪʦ ʚʳʰʝ ʥʘ 48 %.  ʉʣʝʜʫʝʪ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʭʥʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ ʩʪʘʥʢʦʤ D50KS (ʩ ʫʯʝʪʦʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ) ʧʦ ʭʨʦʥʦʤʝʪʨʘʞʥʳʤ ʟʘʤʝʨʘʤ ʩʦʩʪʘʚʣʷʝʪ 22 ʤ/ʯ, ʯʪʦ ʚ 2,0ï2,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ 

ʪʝʭʥʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ ʩʪʘʥʢʘʤʠ ʉɹʐ. ʈʘʟʥʠʮʘ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩʨʝʜʥʝʡ ʯʘʩʦʚʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (1,5) ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ (2,0ï2,5) ʩʪʘʥʢʦʚ ʉɹʐ ʠ D50KS 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʦʧʳʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʠʟʝʣʴʥʳʭ ʩʪʘʥʢʦʚ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʟʝʨʚʘʭ ʩʪʘʥʢʦʚ D50KS. 
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ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʩʪʘʥʢʦʚ ʉɹʐ-250ʄʅ ʠ Sandvik D50KS 

ʟʘ ʰʝʩʪʴ ʤʝʩʷʮʝʚ 2020 ʛʦʜʘ ʥʘ ʙʫʨʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ 

ʇʦʢʘʟʘʪʝʣʠ ɺʩʝʛʦ 

ʀʥʚʝʥʪʘʨʥʳʝ ʥʦʤʝʨʘ ʩʪʘʥʢʘ 

ʉɹʐ 

ʉʨʝʜʥʠʝ 

ʧʦʢʘʟʘʪʝʣʠ                             

ʧʦ ʩʪʘʥʢʘʤ 

352 350 347 345 ʉɹʐ Sandvik 

 ʉʨʦʢ ʩʣʫʞʙʳ 

ʩʪʘʥʢʦʚ, ʣʝʪ - 11 13 18 19 - 1 

ʅʘʙʫʨʝʥʦ: _ʤ_ 105640 21379 18105 12527 18053 70044 35596 

           % 100 20,9 17,1 11,9 17,1 66,3 33,7 

ɺ ʪʦʤ ʯʠʩʣʝ: 

ʥʘʢʣʦʥʥʦʝ ʙʫʨʝʥʠʝ (ʚ 

ʯʠʩʣʠʪʝʣʝ -  ʚ ʤ;  ʚ 

ʟʥʘʤʝʥʘʪʝʣʝ -  ʚ %: 

24834 

23,5 

3790 

17,7 

5924 

32,7 

2602 

20,8 

4007 

22,2 

16323 

23,3 

8511 

23,9 

ʅʘʙʫʨʝʥʦ ʧʦ 

ʢʘʪʝʛʦʨʠʷʤ ʧʦʨʦʜ (ʚ 

ʯʠʩʣʠʪʝʣʝ - ʚ ʤ;                            

ʚ ʟʥʘʤʝʥʘʪʝʣʝ - ʚ %): 

       

15 ʢʘʪʝʛʦʨʠʠ  44562 

42,2 

8230 

38,5 

9308 

51,4 

3662 

29,2 

10077 

55,8 

31277 

44,7 

13285 

37,3 

16 ʢʘʪʝʛʦʨʠʠ 
40811 

38,6 

10061 

47,1 

5890 

32,5 

5539 

44,2 

4193 

23,2 

25683 

36,7 

15128 

42,5 

17 ʢʘʪʝʛʦʨʠʠ 
20287 

19,2 

3088 

14,4 

2907 

16,1 

3326 

26,6 

3783 

21,0 

13104 

18,7 

7183 

20,2 

ʂʘʣʝʥʜʘʨʥʦʝ ʚʨʝʤʷ, ʯ 21840 4368 4368 4368 4368 17472 4368 

ʆʪʨʘʙʦʪʘʥʦ, ʚʩʝʛʦ, ʯ 13463 2949 2641 1898 2660 10148 3315 

ɺ ʪʦʤ ʯʠʩʣʝ:                                  

ʥʘ ʯʠʩʪʢʝ ʩʢʚʘʞʠʥ 522 53 171 116 182 522 - 

ʥʘ ʙʫʨʝʥʠʠ 12941 2896 2470 1782 2478 9626 3315 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʘʣʝʥʜʘʨʥʦʛʦ 

ʚʨʝʤʝʥʠ, % 59,3 66,3 56,5 40,8 56,7 55,1 75,9 

ʉʤʝʥʥʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʤ/ʩʤʝʥʫ 94,2 86,7 82,3 67,1 80,6 82,8 128,4 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʙʫʨʝʥʠʷ ʠʤʧʦʨʪʥʳʤʠ ʩʪʘʥʢʘʤʠ ʩ ʜʠʟʝʣʴʥʳʤ 

ʧʨʠʚʦʜʦʤ ʧʨʝʜʣʦʞʝʥʘ ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʛʦʨʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʉʐɸ [7]. ʄʝʭʘʥʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʫʩʠʣʠʷ, 

ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʝʜʠʥʠʮʫ ʜʠʘʤʝʪʨʘ ʜʦʣʦʪʘ, ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʜʦʣʦʪʘ ʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦʨʦʜ (ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ). 

vʤ = 5,4Ā10-5(kʧʨ ï 28 lg ůʩʞ) ʈʫnp,                                           (1) 

ʛʜʝ vʤ ï ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ, ʤ/ʯ; kʧʨ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʨʦʯʥʦʩʪʴ 

ʧʦʨʦʜ ʥʘ ʩʞʘʪʠʝ (ʪʘʙʣ. 2); ůʩʞ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜ ʥʘ ʩʞʘʪʠʝ, ʄʇʘ; ʈʫ ï ʚʝʣʠʯʠʥʘ 

ʦʩʝʚʦʛʦ ʫʩʠʣʠʷ ʧʨʠʭʦʜʷʱʝʛʦʩʷ ʥʘ ʝʜʠʥʠʮʫ ʜʠʘʤʝʪʨʘ ʜʦʣʦʪʘ, ʢʛ/ʤʤ; np ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʜʦʣʦʪʘ, ʤʠʥ-1. 
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ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ  kʧʨ 

sʩʞ, ʄʇʘ > 207 150-207 103-150 69-103 34-69 7-34 <7 

kʧʨ 100 120 150 267 295 355 450 

 

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʙʫʨʝʥʠʷ ʩʪʘʥʢʘʤʠ Sandvik D50KS ʚ  

ʫʩʣʦʚʠʷʭ  ʢʦʤʙʠʥʘʪʘ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʦʢ 2. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʈʠʩʫʥʦʢ 2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʙʫʨʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʭʨʦʥʦʤʝʪʨʘʞʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʘʙʦʪʦʡ ʩʪʘʥʢʘ 17.10.2020 ʛ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʚʳʩʦʢʘʷ ʩʭʦʜʠʤʦʩʪʴ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

 

ʈʠʩʫʥʦʢ 2. ʈʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʙʫʨʝʥʠʷ ʩʪʘʥʢʦʚ                                                  

Sandvik D50KS  (vʤ) ʦʪ ʢʨʝʧʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ (f) ʚ ʫʩʣʦʚʠʷʭ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè;  ï 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

 

ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʘ ʢʘʣʴʢʫʣʷʮʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʙʫʨʝʥʠʷ ʩʪʘʥʢʘʤʠ ʉɹʐ-250ʄʅ ʠ 

Sandvik D50KS ʟʘ 2019 ʛʦʜ ʠ 6 ʤʝʩʷʮʝʚ 2020 ʛʦʜʘ. 

 

ʊʘʙʣʠʮʘ 3. ʂʘʣʴʢʫʣʷʮʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʙʫʨʝʥʠʷ (ʨʫʙ/ʧʦʛ. ʤ) ʩʪʘʥʢʘʤʠ ʉɹʐ-250ʄʅ ʠ  

Sandvik D50KS ʟʘ 2019 ʛʦʜ ʠ 6 ʤʝʩʷʮʝʚ 2020 ʛʦʜʘ 

ʉʪʘʪʴʠ ʟʘʪʨʘʪ 2019 ʛ. 2020 ʛ. 

ʉɹʐ Sandvik ʉɹʐ Sandvik 

ʊʦʧʣʠʚʦ (ʵʥʝʨʛʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʮʝʣʠ) 

54,26 205,20 58,00 228,99 

ʆʩʥʦʚʥʘʷ ʟʘʨʧʣʘʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʨʘʙʦʯʠʭ 

79,38 40,50 71,25 25,17 

ʆʪʯʠʩʣʝʥʠʷ ʥʘ ʩʦʮʠʘʣʴʥʳʝ ʥʫʞʜʳ 26,54 13,24 24,60 8,29 

ʈʝʟʝʨʚ ʥʘ ʦʧʣʘʪʫ ʦʪʧʫʩʢʦʚ 11,00 2,44 12,18 3,57 

ʉʪʨʘʭʦʚʳʝ ʚʟʥʦʩʳ ʥʘ ʨʝʟʝʨʚ 3,80 0,82 4,28 1,14 

ʆʙʱʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʨʘʩʭʦʜʳ 419,38 408,24 356,54 333,45 

ʆʙʱʝʭʦʟʷʡʩʪʚʝʥʥʳʝ ʨʘʩʭʦʜʳ 74,75 39,09 65,25 22,47 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 669,10 709,53 592,09 623,08 

ɺ  % 100,00 106,00 100,00 105,20 

 



 
74 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚʳʩʦʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʙʫʨʝʥʠʷ ʠʤʧʦʨʪʥʳʤʠ ʜʠʟʝʣʴʥʳʤʠ ʩʪʘʥʢʘʤʠ ʷʚʣʷʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 

(ʙʦʣʴʰʝ, ʯʝʤ ʚ 4,5 ʨʘʟ, ʯʝʤ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʉɹʐ). 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʩʪʦʠʤʦʩʪʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 

ʢʦʤʙʠʥʘʪʝ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè ʩ 2005 ʧʦ 2019 ʛʛ. ɿʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ ʩʪʦʠʤʦʩʪʴ ʜʠʟʪʦʧʣʠʚʘ 

ʫʚʝʣʠʯʠʣʘʩʴ ʚ 3,3 ʨʘʟʘ, ʘ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 2,5 ʨʘʟʘ. 

 

 
ʈʠʩʫʥʦʢ 3. ɼʠʥʘʤʠʢʘ ʩʪʦʠʤʦʩʪʠ ʜʠʟʪʦʧʣʠʘ (ʈʪ) ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ (ʈʵ) ʥʘ ʢʦʤʙʠʥʘʪʝ 

ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè 

 

ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʝʨʠʦʜʦʤ ʜʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʜʠʟʝʣʴʥʦʡ ʪʝʭʥʠʢʠ 

ʙʳʣʠ 2009-2010 ʛʛ., ʢʦʛʜʘ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʪʦʠʤʦʩʪʴʶ ʜʠʟʪʦʧʣʠʚʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ɛ, 

ʢɺʪĀʯ/ʢʛ) ʩʦʩʪʘʚʣʷʣʦ 7,8 ï 8,2. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʥʘ ʢʦʤʙʠʥʘʪʝ ʇɸʆ 

çʋʨʘʣʘʩʙʝʩʪè ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ 16 ʢɺʪĀʯ/ʢʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ 

ʜʠʟʝʣʴʥʳʭ ʩʪʘʥʢʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʫʢʘʟʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ. 

ɼʘʥʥʳʝ ʪʘʙʣ. 3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʜʠʟʝʣʴʥʳʭ ʩʪʘʥʢʦʚ 

Sandvik D50KS. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʩʚʦʝʥʠʠ ʠ ʥʘʢʦʧʣʝʥʠʠ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʙʫʨʝʥʠʷ ʩʪʘʥʢʘʤʠ Sandvik ʤʦʞʝʪ ʙʳʪʴ ʥʠʞʝ, ʯʝʤ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʙʫʨʝʥʠʷ ʉɹʐ. ʇʨʠ ʚʳʩʦʢʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʩʪʘʥʢʦʚ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʙʫʨʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ 

ʦʩʥʦʚʥʦʤ, ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: 

ï ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʞʜʫ ʩʪʦʠʤʦʩʪʴʶ ʜʠʟʪʦʧʣʠʚʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

ï ʢʫʨʩʦʤ ʜʦʣʣʘʨʘ. 

ʉʪʘʥʢʠ ʧʨʠʦʙʨʝʪʘʣʠʩʴ ʧʨʠ ʢʫʨʩʝ ʜʦʣʣʘʨʘ 63,39 ʨʫʙ. ʥʘ 28.06.2018 ʛ., ʢ 27.12.2020 ʛ. 

ʢʫʨʩ ʚʳʨʦʩ ʜʦ 75,7 ʨʫʙ., ʪ. ʝ. ʚ 1,2 ʨʘʟʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʪʦʠʤʦʩʪʴʶ 

ʜʠʟʪʦʧʣʠʚʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 2018 ʛ. ʩʦʩʪʘʚʣʷʣʦ 17,6 ʢɺʪĀʯ/ʢʛ, ʘ ʢ 2020 ʛ. ʦʥʦ ʩʥʠʟʠʣʦʩʴ ʜʦ 

16 ʢɺʪĀʯ/ʢʛ, ʪ. ʝ. ʚ 1,1 ʨʘʟʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ 

ʙʫʨʝʥʠʷ ʩʪʘʥʢʘʤʠ Sandvik. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʧʦʣʫʯʘʝʪ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ. ʇʨʠʥʮʠʧ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ 

ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʪʝʛʨʘʣʴʥʳʤ ʚʘʨʠʘʮʠʦʥʥʳʤ ʧʨʠʥʮʠʧʘʤ ʤʝʭʘʥʠʢʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʠʟ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʜʚʠʞʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʩʪʠʥʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʝʢʦʪʦʨʘʷ 



 
75 

 

ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʥʘʟʳʚʘʝʤʘʷ ʜʝʡʩʪʚʠʝʤ, ʠʤʝʝʪ ʟʘ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ ʩʠʩʪʝʤʳ 

ʵʢʪʨʝʤʫʤ, ʦʙʳʯʥʦ ʤʠʥʠʤʫʤ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʬʦʨʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʠʥʮʠʧʘ 

ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘ ɻʘʤʠʣʴʪʦʥʘ. ɺ ʫʢʘʟʘʥʥʦʡ ʬʦʨʤʝ ʧʨʠʥʮʠʧ 

ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʧʝʨʝʤʝʱʝʥʠʷ 

ʠʩʪʠʥʥʦʡ ʙʫʜʝʪ ʪʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʜʝʡʩʪʚʠʝ, ʨʘʚʥʦʝ ʠʥʪʝʛʨʘʣʫ ʦʪ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʇʨʠʥʮʠʧ ɻʘʤʠʣʴʪʦʥʘ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʤʝʭʘʥʠʢʝ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [8, 9]. ʉ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʦʧʫʱʝʥʠʷʤʠ ʵʪʦʪ ʧʨʠʥʮʠʧ ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʥʘ ʙʫʨʦʚʳʝ ʨʘʙʦʪʳ ʚ 

ʢʘʨʴʝʨʘʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʝʡʩʪʚʠʝ ï ʵʪʦ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ, ʨʘʩʭʦʜʫʝʤʦʝ ʥʘ ʙʫʨʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʠ ʚʨʝʤʝʥʠ 

ʙʫʨʝʥʠʷ. 

ɺʚʝʜʝʥʥʦʝ ʥʘʤʠ ʧʦʥʷʪʠʝ ʫʜʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ (D) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ ʨʘʟʨʫʰʝʥʠʝ 1 ʤ3 ʧʦʨʦʜ ʧʨʠ ʙʫʨʝʥʠʠ ʠ ʚʨʝʤʝʥʠ ʙʫʨʝʥʠʷ ʵʪʦʛʦ ʦʙʲʝʤʘ. 

ʋʜʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʫʚʷʟʳʚʘʶʱʠʤ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ. 

ʄʦʞʥʦ ʟʘʧʠʩʘʪʴ  

D = ɤʫ.ʪ t,                                                               (2) 

ʛʜʝ D ï ʫʜʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ, ʢʛĀʯ/ʤ3; ɤʫ.ʪ ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ 

ʨʘʟʨʫʰʝʥʠʝ 1 ʤ3 ʧʦʨʦʜ ʧʨʠ ʙʫʨʝʥʠʠ, ʢʛ/ʤ3; t ï ʚʨʝʤʷ ʨʘʟʨʫʰʝʥʠʷ (ʙʫʨʝʥʠʷ) 1 ʤ3 ʧʦʨʦʜ, ʯ. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʫʛʦʣʴʥʳʡ ʵʢʚʠʚʘʣʝʥʪ ï 7000 ʢʢʘʣ (29,3 ʤɼʞ) ï ʪʝʧʣʦʪʘ, ʢʦʪʦʨʘʷ ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ 1 ʪ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʛʣʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ 

ɤʫ.ʪ = ɤʪ kʪ,                                                          (3) 

ɤʫ.ʪ = ɤ ɻkʪ,                                                          (4) 

ʛʜʝ    ɤʪ  ï ʫʜʝʣʴʥʳʡ  ʨʘʩʭʦʜ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʙʫʨʝʥʠʝ, ʢʛ/ʤ
3;   kʪ  ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʨʘʟʥʠʮʫ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʠ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ                        

(kʪ = 1,437);  ɤ ɻ ï ʫʜʝʣʴʥʳʡ  ʨʘʩʭʦʜ  ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʙʫʨʝʥʠʝ, ʢɺʪĀʯ/ʤ3; k  ɻï ʧʦʢʘʟʘʪʝʣʴ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʟʘʪʨʘʪʳ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʧʦʣʫʯʝʥʠʝ 1 ʢɺʪĀʯ  ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʛ/ ʢɺʪĀʯ (k ɻ

= 397 ʛ/ ʢɺʪĀʯ). 

ɺ ʪʘʙʣ. 4 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʪʘʥʢʦʚ ʉɹʐ-250ʄʅɸ-32 ʠ ʜʠʟʝʣʴʥʳʭ ʩʪʘʥʢʦʚ 

Sandvik D50KS ʧʦ ʫʢʘʟʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʥʘ ʢʦʤʙʠʥʘʪʝ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʙʦʨʥʳʭ ʟʘʤʝʨʦʚ ʨʘʩʭʦʜʘ 

ʜʠʟʪʦʧʣʠʚʘ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʙʫʨʝʥʠʷ ʩʪʘʥʢʘʤʠ Sandvik D50KS ˉ 354 ʚ ʥʦʷʙʨʝ 2020 ʛ. 

ʥʘ ʧʦʨʦʜʘʭ 16 ʢʘʪʝʛʦʨʠʠ ʙʫʨʠʤʦʩʪʠ. ʉʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 22,0 ʤ/ʯ, ʨʘʩʭʦʜ 

ʜʠʟʪʦʧʣʠʚʘ ï 6,0 ʣ/ʧʦʛ. ʤ (5,06 ʢʛ/ʧʦʛ. ʤ). ʇʦ ʩʪʘʥʢʘʤ ʉɹʐ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʧʨʠ ʙʫʨʝʥʠʠ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʨʦʜʘʭ ʧʦ ʢʘʪʝʛʦʨʠʠ 

ʙʫʨʠʤʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʙʫʨʝʥʠʷ 1 ʧʦʛ. ʤ ʚ ʝʜʠʥʠʮʘʭ ʫʩʣʦʚʥʦʛʦ 

ʪʦʧʣʠʚʘ ʫ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʠʤʧʦʨʪʥʳʭ ʩʪʘʥʢʦʚ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ (7,16ï7,27 ʢʛ 

ʫ.ʪ/ʧʦʛ. ʤ).  

ʇʦ ʧʦʢʘʟʘʪʝʣʶ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʥʘ 1 ʤ3 ʨʘʟʨʫʰʝʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ 

ʠʤʧʦʨʪʥʳʝ ʩʪʘʥʢʠ ʫʩʪʫʧʘʶʪ ʦʪʝʯʝʩʪʚʝʥʥʳʤ. ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʩʪʘʥʢʠ ʥʘ 20 % ʵʢʦʥʦʤʠʯʥʝʝ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤʫ ʧʦʢʘʟʘʪʝʣʶ çʫʜʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝè ʜʠʟʝʣʴʥʳʝ ʩʪʘʥʢʠ 

Sandvik ʥʘ 41 % ʵʬʬʝʢʪʠʚʥʝʝ ʩʪʘʥʢʦʚ ʉɹʐ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʙʫʨʝʥʠʷ. 

ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʪʘʥʢʦʚ Sandvik, ʟʘʢʣʶʯʘʶʱʠʝʩʷ 

ʚ ʙʦʣʴʰʝʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʧʨʠ ʙʫʨʝʥʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ʊʘʙʣʠʮʘ 4. ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʪʘʥʢʦʚ ʰʘʨʦʰʝʯʥʦʛʦ ʙʫʨʝʥʠʷ ʥʘ 

ʢʘʨʴʝʨʘʭ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè 

ʇʦʢʘʟʘʪʝʣʠ  
ʄʦʜʝʣʴ ʩʪʘʥʢʘ 

ʉɹʐ-ʄʅɸ-32 Sandvik D50KS 

ʂʘʪʝʛʦʨʠʷ ʧʦʨʦʜ ʧʦ ʙʫʨʠʤʦʩʪʠ 16 16 

ɼʠʘʤʝʪʨ ʜʦʣʦʪʘ dʜ, ʤʤ 250,8 229 

ɼʠʘʤʝʪʨ ʩʢʚʘʞʠʥ dʩ, ʤʤ 263,3 240,4 

ʉʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ v:   

ʣʠʥʝʡʥʘʷ, ʧʦʛ. ʤ/ ʯ 8,7 22,0 

ʦʙʲʝʤʥʘʷ, ʤ3/ʯ 1,89 3,98 

ɺʨʝʤʷ ʨʘʟʨʫʰʝʥʠʷ (ʙʫʨʝʥʠʷ) 1 ʤ3 ʧʦʨʦʜʳ t, ʯ 0,53 0,25 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ɤʵ:   

ʢɺʪĀʯ/ʧʦʛ. ʤ 18,3 ï 

ʢɺʪĀʯ/ ʤ3 83,3 ï 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʜʠʟʪʦʧʣʠʚʘ ɤʪ:   

ʢʛ/ʧʦʛ. ʤ ï 5,06 

ʢʛ/ ʤ3 ï 27,96 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ, ɤʫ.ʪ:   

   ʢʛ/ʧʦʛ. ʤ 

      % 
7,16/100 7,27/101,5 

ʢʛ/ʤ3 

   % 
33,3/100 40,18/120,6 

ʋʜʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ 
tD  ɤ= ʫ.ʪ, ʢʛĀʯ/ʤ3                                                                                                                                     

% 

17,6/100 10,04/58,9 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʤʦʞʝʪ ʥʝ ʩʦʚʧʘʜʘʪʴ ʩ 

ʦʮʝʥʢʦʡ ʧʦ ʬʠʟʠʯʝʩʢʦʤʫ ʢʨʠʪʝʨʠʶ ʫʜʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ. ʆʜʥʘʢʦ, ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦ ʥʝʩʦʚʝʨʰʝʥʩʪʚʝ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʵʥʝʨʛʦʨʝʩʫʨʩʳ (ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ 

ʜʠʟʪʦʧʣʠʚʦ). ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʜʦʣʞʥʘ 

ʩʪʨʝʤʠʪʴʩʷ ʢ ʩʦʚʧʘʜʝʥʠʶ ʩ ʦʮʝʥʢʦʡ ʧʦ ʫʜʝʣʴʥʦʤʫ ʜʝʡʩʪʚʠʶ, ʪʘʢ ʢʘʢ ʦʮʝʥʢʘ ʧʦ ʫʜʝʣʴʥʦʤʫ 

ʜʝʡʩʪʚʠʶ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʠ ʥʘʠʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʩʪʘʥʢʦʚ 

Sandvik ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè. 
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ʋɼʂ 622.2 

ʆʇʓʊ ʇʈʆʌʀʃɸʂʊʀʂʀ ʕʅɼʆɻɽʅʅʓʍ ʇʆɾɸʈʆɺ  

ʅɸ ʋɻʆʃʔʅʓʍ ʈɸɿʈɽɿɸʍ 

ɹɸʀɿɹɸɽɺ ʄ. ɹ.1, ʂɸʁʅɸɿɸʈʆɺ ɸ. ʉ.1, ʂɸʁʅɸɿɸʈʆɺɸ ɸ. ʉ.1, ʄɸʊɸɽɺ ɸ. ʂ.2 

1ʕʢʠʙʘʩʪʫʟʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʂ. ʉʘʪʧʘʝʚʘ,   
2ʅɸʆ ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ (ʨʘʟʨʝʟʘʭ) ʦʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʫʛʦʣʴʥʳʝ ʰʪʘʙʝʣʷ, ʧʦʨʦʜʥʦ ï ʫʛʦʣʴʥʳʝ ʦʪʚʘʣʳ, ʫʛʦʣʴʥʳʝ ʫʩʪʫʧʳ ʠ ʩʢʣʘʜʳ 

ʛʦʪʦʚʦʛʦ ʢ ʦʪʧʨʘʚʢʝ ʫʛʣʷ. ʗʚʣʝʥʠʝ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʫʛʣʷ ʧʨʠʥʦʩʠʪ ʙʦʣʴʰʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʟʘʪʨʘʪʳ ʥʘ ʵʢʦʣʦʛʠʶ, ʧʦʪʝʨʠ ʟʘʧʘʩʦʚ ʠ ʩʦʟʜʘʸʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ 

ʧʨʝʜʧʨʠʷʪʠʷ.  

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʉʘʤʦʚʦʟʛʦʨʘʥʠʝ ʫʛʣʷ ʠ ʛʦʨʶʯʠʭ ʩʣʘʥʮʝʚ, ʧʨʦʬʠʣʘʢʪʠʢʘ ʵʥʜʦʛʝʥʥʳʭ 

ʧʦʞʘʨʦʚ, ʩʘʤʦʥʘʛʨʝʚʘʥʠʷ ʠ ʚʦʟʛʦʨʘʥʠʷ ʫʛʣʝʡ, ʫʛʦʣʴʥʳʡ ʦʪʚʘʣ ʠ ʰʪʘʙʝʣʴ, ʫʛʦʣʴʥʳʡ ʨʘʟʨʝʟ. 

EXPERIENCE IN THE PREVENTION OF  ENDOGENOUS FIRES AT COAL 

MINES 

BAIZBAYEV M. B. 1, KAINAZAROV A. S.1, KAINAZAROVA A. S.1, MATAEV A. K. 2 

Abstract. In open-pit mining operations (sections), the main objects of spontaneous combustion are 

coal stacks, rock-coal dumps, coal ledges and warehouses of ready-to-ship coal. The phenomenon 

of spontaneous combustion of coal brings large economic costs to the environment, losses of 

reserves and creates unfavorable conditions for the operation of the enterprise.  

Keywords: Spontaneous combustion of coal and oil shale, prevention of endogenous fires, self-

heating and ignition of coals, coal dump and stack, coal mine. 

 

ʇʨʦʙʣʝʤʘ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʫʛʣʷ ʧʦʚʩʝʤʝʩʪʥʦ ʩʫʱʝʩʪʚʫʝʪ ʚʦ ʚʩʸʤ ʤʠʨʝ. ʅʘ ʦʪʢʨʳʪʳʭ 

ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ (ʨʘʟʨʝʟʘʭ) ʦʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʷʚʣʷʶʪʩʷ ʫʛʦʣʴʥʳʝ 

ʰʪʘʙʝʣʷ, ʧʦʨʦʜʥʦ ï ʫʛʦʣʴʥʳʝ ʦʪʚʘʣʳ, ʫʛʦʣʴʥʳʝ ʫʩʪʫʧʳ ʠ ʩʢʣʘʜʳ ʛʦʪʦʚʦʛʦ ʢ ʦʪʧʨʘʚʢʝ ʫʛʣʷ. 

ʗʚʣʝʥʠʝ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʫʛʣʷ ʧʨʠʥʦʩʠʪ ʙʦʣʴʰʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʵʢʦʣʦʛʠʶ, 

ʧʦʪʝʨʠ ʟʘʧʘʩʦʚ ʠ ʩʦʟʜʘʸʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ. ʏʪʦ ʢʘʩʘʝʤʦ 

ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʪʦ ʪʫʪ ʷʚʣʝʥʠʝ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʫʛʣʷ ʠ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʥʦʩʠʪ 

ʤʘʩʩʦʚʳʡ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʙʣʘʛʦʜʘʨʷ ʦʙʥʘʞʝʥʠʶ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ ʫʛʣʝʥʦʩʥʦʡ ʪʦʣʱʠ 

ʠ ʩʚʦʙʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ ʚ ʥʠʭ. ɿʘʜʘʯʘ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠ ʥʝʜʦʧʫʱʝʥʠʷ 
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ʩʘʤʦʥʘʛʨʝʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʦʟʛʦʨʘʥʠʷ ʫʛʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʘ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨ. 

ʆʧʳʪ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʋʕʂʘ ʠ ʉʠʙʠʨʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʟʘʚʠʩʠʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ ʚʨʝʤʝʥʥʦʛʦ 

ʬʘʢʪʦʨʘ, ʪʦ ʝʩʪʴ ʦʪ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʫʛʣʝʡ, ʘ ʪʘʢ ʞʝ ʦʪ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʝʩʪʥʦʩʪʠ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʧʦʨʦʜʥʦ ï ʫʛʦʣʴʥʳʭ ʦʪʚʘʣʦʚ, ʘ ʪʘʢʞʝ ʫʛʦʣʴʥʳʭ ʰʪʘʙʝʣʝʡ ʥʘ 

ʫʯʘʩʪʢʘʭ ʧʦʛʨʫʟʢʠ.  

ʆʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʦ ʙʦʨʴʙʝ ʩ ʩʘʤʦʚʦʟʛʦʨʘʥʠʝʤ ʫʛʣʷ ʥʘ ʧʦʩʪʩʦʚʝʪʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʣʦʞʠʣ ʘʢʘʜʝʤʠʢ ʉʢʦʯʠʥʩʢʠʡ ɸ.ɸ. ʀʤʝʥʥʦ ʦʥ ʚʚʸʣ ʚʧʝʨʚʳʝ ʧʦʥʷʪʠʝ 

çʘʥʪʠʧʠʨʦʛʝʥè, ʢʘʢ ʩʨʝʜʩʪʚʦ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʵʥʜʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ. ʄʘʩʰʪʘʙʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʯʠʥʳ ʩʘʤʦʥʘʛʨʝʚʘʥʠʷ ʫʛʣʷ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʭʠʤʠʯʝʩʢʠʭ, 

ʘ ʩʢʦʨʝʝ ʦʪ ʬʠʟʠʢʦ ï ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʛʣʷ, ʪ.ʢ. ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʪʘʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʧʦʨʠʩʪʦʩʪʴ ʫʛʣʷ, ʫʛʣʝʥʦʩʥʦʩʪʴ, ʟʦʣʴʥʦʩʪʴ, ʦʪ ʚʣʘʞʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʛʦʩʧʦʜʩʪʚʫʶʱʠʭ ʚ ʨʘʡʦʥʝ ʚʝʪʨʦʚ.  

ʀʟʫʯʘʷ ʦʧʳʪ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ, ʥʘ ʧʨʠʤʝʨʝ ɻʝʨʤʘʥʠʠ, ʟʘʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʞʘʨʦʪʫʰʝʥʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʠʟʦʣʠʨʫʶʱʠʭ 

ʩʤʦʣ, ʪʚʝʨʜʝʶʱʠʭ ʠ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʩʦʩʪʘʚʦʚ, ʙʝʚʝʜʦʣʦʚʳʭ ʩʤʦʣ, ʠʟʦʣʠʨʫʶʱʠʭ ʛʝʣʝʡ) 

ʥʘ ʩʤʝʥʫ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤ ʘʥʪʠʧʠʨʦʛʝʥʥʳʤ ʩʦʩʪʘʚʘʤ.  

ʆʜʥʘʢʦ ʥʝ ʚʩʝʛʜʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ ʙʦʨʴʙʳ ʩ ʩʘʤʦʚʦʟʛʦʨʘʥʠʝʤ ʫʛʣʷ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʳʡ ʵʬʬʝʢʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩ ʨʘʟʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʡ. ʂ ʧʨʠʤʝʨʫ ʧʨʠʤʝʥʝʥʠʝ ʘʥʪʠʧʠʨʦʛʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʫʯʘʩʪʠʝʤ ʭʣʦʨʘ (ʭʣʦʨʠʜʳ) ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʧʦ 

ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʫʛʣʷ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝʡʪʨʘʣʴʥʳʡ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ. 

ʇʨʦʙʣʝʤʘ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʫʛʣʝʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʤʝʝʪ ʛʣʦʙʘʣʴʥʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ, ʪ.ʢ. ʟʘʜʳʤʣʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʶ ʧʨʦʠʟʚʦʜʥʳʭ ʛʘʟʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʠ ʪʣʝʥʠʷ ʫʛʣʷ, 

ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʥʘʥʦʩʷʪ ʚʨʝʜ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʵʢʦʣʦʛʠʠ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʅʘʨʫʰʘʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʫʭʫʜʰʘʝʪʩʷ ʚʠʜʠʤʦʩʪʴ, 

ʘʪʤʦʩʬʝʨʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʨʦʡ ʥʝʧʨʠʛʦʜʥʦʡ ʜʣʷ ʜʳʭʘʥʠʷ. ɺʪʦʨʦʡ ʥʝʤʘʣʦʚʘʞʥʳʡ ʬʘʢʪʦʨ ï ʵʪʦ 

ʧʦʪʝʨʠ ʩʚʷʟʘʥʥʳʝ ʩ ʵʥʜʦʛʝʥʥʳʤʠ ʧʦʞʘʨʘʤʠ ʥʘ ʨʘʟʨʝʟʘʭ. ʂ ʧʨʠʤʝʨʫ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʩʪʘʪʴʝ 

ʛʦʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʞʫʨʥʘʣʘ çɻʦʨʥʳʡ ʚʝʩʪʥʠʢè  ʜʘʥʥʳʝ, ʩʦʦʙʱʘʶʪ ʥʘʤ ʚ ʩʨʝʜʥʝʤ ʦ 7-8 

ʧʨʦʮʝʥʪʘʭ ʧʦʪʝʨʴ ʫʛʣʷ ʠʟ ʟʘ ʵʥʜʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ ʥʘ ʨʘʟʨʝʟʘʭ ʈʦʩʩʠʠ. 

 ʉʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʤʝʨʘʤʠ ʧʦ ʙʦʨʴʙʝ ʩ ʩʘʤʦʚʦʟʛʦʨʘʥʠʝʤ ʫʛʣʷ, ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʧʫʱʝʥʠʝ ʝʛʦ ʩʘʤʦʥʘʛʨʝʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʦʟʛʦʨʘʥʠʷ, ʪʦ ʝʩʪʴ ï ʧʨʦʬʠʣʘʢʪʠʢʘ 

ʵʥʜʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ. 

ʆʧʳʪ ʧʦ ʧʨʦʬʠʣʘʢʪʠʢʠ ʵʥʜʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʥʘʜʣʝʞʠʪ ʩʪʨʘʥʘʤ 

ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ, ʉʐɸ ʠ ʂʘʥʘʜʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʘʟʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ, 

ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʤʝʨʳ ʧʦ ʧʨʦʬʠʣʘʢʪʠʢʝ ʵʥʜʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ: 

- ʥʝʜʦʧʫʱʝʥʠʝ ʧʦʧʘʜʘʥʠʷ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʨʦʜʥʳʝ ʦʪʚʘʣʳ, ʚʥʝʩʝʥʠʝ 

ʢʦʨʨʝʢʪʠʚʦʚ ʚ ʪʝʭʥʦʣʦʛʠʶ ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʯʠʩʪʢʘ ʨʘʙʦʯʝʡ ʟʦʥʳ ʵʢʩʢʘʚʘʪʦʨʘ ʦʪ 

ʧʨʦʩʳʧʘʥʥʦʛʦ ʫʛʣʷ 

- ʦʙʨʘʙʦʪʢʘ ʦʙʲʝʢʪʦʚ ʧʨʦʬʠʣʘʢʪʠʢʠ ʘʥʪʠʧʠʨʦʛʝʥʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʚ ʩʨʦʢʠ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʠʥʢʫʙʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʫʛʣʷ 

- ʧʦʣʥʳʡ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʙ ʫʛʣʷ ʥʘ ʧʨʦʙʣʝʤʥʳʭ ʫʯʘʩʪʢʘʭ 

- ʥʝʜʦʧʫʱʝʥʠʷ ʢʨʫʧʥʳʭ ʩʢʦʧʣʝʥʠʡ ʨʘʟʨʳʭʣʝʥʥʦʛʦ ʫʛʣʷ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ 

- ʪʝʭʥʠʯʝʩʢʠ ʚʝʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʛʦʣʴʥʳʭ ʰʪʘʙʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʘʷ 

ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʛʦʩʧʦʜʩʪʚʫʶʱʠʭ ʚʝʪʨʦʚ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʫʶ ʚʳʩʦʪʫ ʰʪʘʙʝʣʷ (ʥʝ 

ʙʦʣʝʝ 15 ʤ) ʠ ʫʚʝʣʠʯʝʥʠʶ ʫʛʣʘ ʦʪʢʦʩʘ.  

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʣʘʜʦʛʝʥʪʦʚ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʫʛʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʫʛʦʣʴʥʦʤ ʤʘʩʩʠʚʝ 
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- ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʙʣʝʤʥʳʭ ʟʦʥ, ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 

ʧʦʤʦʱʴʶ ʪʝʧʣʦʠʟʤʝʨʠʪʝʣʴʥʳʭ ʟʦʥʜʦʚ ʠ ʪʝʧʣʦʚʠʟʝʨʦʚ. 

ʅʘʨʷʜʫ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʦʞʘʨʦʚ ʪʘʤ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʮʝʤʝʥʪʥʘʷ ʩʤʝʩʴ çʊʝʢʙʣʝʥʜè, 

ʢʘʨʙʦʬʠʣʦʚʘʷ ʩʤʦʣʘ, ʪʚʝʨʜʝʶʱʘʷ ʧʝʥʘ, ʢʣʝʝʚʳʝ ʩʤʝʩʠ çʊʝʢʬʦʥè ʠ çʊʝʬʣʝʢʩè ʠ ʜʨ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʘ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʦʪʚʘʣʦʚ ʚʣʠʷʶʪ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʢʨʫʪʳʝ ʦʪʢʦʩʳ, 

ʚʳʩʦʪʘ ʷʨʫʩʘ ʦʪʚʘʣʘ, ʨʝʟʢʠʝ ʚʳʩʪʫʧʳ ʠ ʧʝʨʝʣʦʤʳ ʬʦʨʤ, ʦʩʦʙʝʥʥʦʩʪʴ ʥʘʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ, 

ʥʝʨʦʚʥʘʷ (çʭʦʣʤʠʩʪʘʷè) ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʱʘʜʠ ʩʘʤʦʛʦ ʦʪʚʘʣʘ ʠ ʜʨ.  

ʉʦʙʨʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʩʪʨʘʥʘʤ ʉʅɻ (ʈʦʩʩʠʷ, ʋʟʙʝʢʠʩʪʘʥ, ʋʢʨʘʠʥʘ, ʂʘʟʘʭʩʪʘʥ ʠ 

ʂʠʨʛʠʟʠʷ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʥʘ ʂʦʨʢʠʥʩʢʦʤ ʨʘʟʨʝʟʝ ʚ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚʩʷ 

ʚʥʝʰʥʷʷ ʠ ʚʥʫʪʨʝʥʥʷʷ ʚʩʢʨʳʰʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʩʢʣʘʜʠʨʫʝʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʦʪʚʘʣʳ ʚ 

ʢʦʪʣʦʚʘʥʝ ʦʪʨʘʙʦʪʘʥʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ʅʘ ʫʛʦʣʴʥʳʭ ʨʘʟʨʝʟʘʭ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ 

ʅʝʨʶʥʛʨʝʥʩʢʠʡ, ʐʘʨʦʦʨʩʢʠʡ, ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʠ ʜʨ. ʠʤʝʶʪʩʷ ʢʘʢ ʚʥʝʰʥʠʝ, ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʠʝ 

ʦʪʚʘʣʳ. ʅʘ ʅʝʨʶʥʛʨʝʥʩʢʦʤ ʨʘʟʨʝʟʝ ʢ 2015 ʛ. ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʰʣʠ ʢ ʩʢʣʘʜʠʨʦʚʘʥʠʶ ʧʦʨʦʜ 

ʚʩʢʨʳʰʠ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʦʪʚʘʣʳ, ʪ.ʢ. ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʜʘʞʝ ʨʝʜʢʠʝ ʧʦʞʘʨʳ 

ʧʦʨʦʜʦʫʛʦʣʴʥʦʡ ʤʘʩʩʳ ʥʘ ʚʥʝʰʥʠʭ ʦʪʚʘʣʘʭ, ʧʨʠʚʦʜʠʣʠ ʢ ʫʛʨʦʟʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ ʥʘ 

ʣʝʩʥʳʝ ʤʘʩʩʠʚʳ ʪʘʡʛʠ, ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʟʝʤʝʣʴʥʦʛʦ ʦʪʚʦʜʘ ʨʘʟʨʝʟʘ. 

ɿʘʩʣʫʞʠʚʘʝʪ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʧʨʦʩ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʳʭ ʦʪʚʘʣʦʚ ʥʘ ʨʘʟʨʝʟʘʭ ʊʕʂ ʈʦʩʩʠʠ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʦʪʚʘʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ 

ʬʘʢʪʦʨʦʚ, ʪʘʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʘ ʠ 

ʦʙʲʝʤʘ ʦʪʚʘʣʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʦʪʚʘʣʘʭ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʩ ʧʦʣʦʛʠʤʠ ʬʨʦʥʪʘʣʴʥʳʤʠ ʠ ʙʦʢʦʚʳʤʠ 

ʦʪʢʦʩʘʤʠ ʩʘʤʦʚʦʟʛʦʨʘʥʠʝ ʫʛʣʠʩʪʳʭ ʧʦʨʦʜ ʧʨʦʠʩʭʦʜʠʪ ʢʨʘʡʥʝ ʨʝʜʢʦ. ɺʳʧʦʣʘʞʠʚʘʥʠʝ 

ʦʪʢʦʩʦʚ ʦʪʚʘʣʘ ʦʪ ʫʛʣʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ ʜʦ 20õ25Á ʩʥʠʞʘʝʪ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʟʘ 

ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʫ ʧʦʜʦʰʚʳ ʦʪʚʘʣʘ. ʅʘ 

ʧʦʣʦʛʦʤ ʦʪʚʘʣʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʪʳʚʘʥʠʝ (ʩʝʛʨʝʛʘʮʠʷ) ʢʨʫʧʥʳʭ ʢʫʩʢʦʚ ʫʛʣʝʧʦʨʦʜʥʦʡ ʤʘʩʩʳ 

ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʟʘʧʦʣʥʝʥʠʝ ʤʝʣʢʠʤʠ ʬʨʘʢʮʠʷʤʠ 

ʤʝʞʢʫʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ ʧʝʨʠʤʝʪʨʫ ʧʦʜʦʰʚʳ ʦʪʚʘʣʘ. 

ʏʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʠʭ ʥʘ ʧʝʨʠʦʜ ʟʠʤʳ, 

ʠʣʠ ʢ ʟʠʤʝ ʦʪʩʳʧʘʶʪʩʷ ʨʷʜʦʤ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʦʪʚʘʣʘʤʠ ʩʢʣʘʜʳ, ʩ ʟʘʧʘʩʦʤ ʚ ʦʙʲʝʤʝ ʦʪ 20 ʜʦ 

50 ʪʳʩ.ʤį ʠʥʝʨʪʥʦʡ ʧʦʨʦʜʳ ʧʦ ʩʚʦʝʤʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʠ ʬʨʘʢʮʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ 

ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʠʟʦʣʷʮʠʠ ʫʛʣʝʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʥʘ ʦʪʚʘʣʘʭ. ʊʘʢʠʝ çʩʢʣʘʜʳè ʧʨʘʢʪʠʢʫʶʪʩʷ 

ʫʞʝ ʤʥʦʛʠʝ ʛʦʜʳ ʥʘ ʨʘʟʨʝʟʝ çɺʦʩʪʦʯʥʳʡè ʚ ʕʢʠʙʘʩʪʫʟʝ, ʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʘʧʘʩ ʠʥʝʨʪʥʦʡ 

ʧʦʨʦʜʳ ʜʝʣʘʶʪ ʥʘ ʄʘʡʢʫʙʝʥʩʢʦʤ ʠ ʦʪʜʝʣʴʥʳʭ ʨʘʟʨʝʟʘʭ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ). 

ɺ ʋʟʙʝʢʠʩʪʘʥʝ ʜʝʡʩʪʚʫʝʪ ʦʜʠʥ ʢʨʫʧʥʳʡ ʨʘʟʨʝʟ (4-5 ʤʣʥ. ʪ ʫʛʣʷ ʚ ʛʦʜ) ɸʥʛʨʝʥʩʢʠʡ, ʚ 

130 ʢʤ ʦʪ ʛ. ʊʘʰʢʝʥʪʘ. ʊʘʤ ʚʩʷ ʚʥʝʰʥʷʷ ʠ ʚʥʫʪʨʝʥʥʷʷ ʚʩʢʨʳʰʘ ʤʥʦʛʠʝ ʜʝʩʷʪʠʣʝʪʠʷ (ʩ 70-80 

ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ) ʩʢʣʘʜʠʨʫʝʪʩʷ ʚ ʩʪʘʨʦʝ ʨʫʩʣʦ ʨʝʢʠ ɸʥʛʨʝʥʢʘ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 15 ʢʤ, 

ʰʠʨʠʥʦʡ ʦʪ 50 ʜʦ 150 ʤ. 

ʇʦʞʘʨʳ ʦʪ ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʫʛʣʝʧʦʨʦʜʥʦʡ ʤʘʩʩʳ ʪʘʤ ʚʦʟʥʠʢʘʶʪ ʢʨʘʡʥʝ ʨʝʜʢʦ, ʪ.ʢ. 

ʩʣʝʜʦʤ ʟʘ ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʚʦʜʠʪʩʷ ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʨʦʤʝ ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʭ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʧʦʩʦʙʦʚ ʠʟʦʣʷʮʠʠ 

ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʫʯʘʩʪʢʦʚ ʥʘ ʦʪʚʘʣʘʭ ʠʥʝʨʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ ʥʘ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʨʘʟʨʝʟʘʭ ʥʘʭʦʜʠʣʠ ʵʧʠʟʦʜʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ 

ʘʥʪʠʧʠʨʦʛʝʥʦʚ: 5% ʠʟʚʝʩʪʢʦʚʦʝ çʤʦʣʦʢʦè, ʟʘʠʣʦʚʦʯʥʘʷʩʫʩʧʝʥʟʠʷ, 3% ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ, ʇɸɺ (ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ), ʨʘʟʣʠʯʥʳʝ ʩʤʘʯʠʚʘʪʝʣʠ ʠ 

ʛʝʣʝʦʙʨʘʟʫʶʱʠʡ ʩʦʩʪʘʚ. ʇʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʥʠ ʥʝ ʥʘʰʣʠ. 



 
80 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʪʝʭ ʫʛʦʣʴʥʳʭ ʨʘʟʨʝʟʘʭ, ʛʜʝ ʠʤʝʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʰʪʘʪ ʨʘʙʦʪʥʠʢʦʚ 

ʧʨʠ ʫʯʘʩʪʢʘʭ ʧʨʦʬʨʘʙʦʪ, ʥʘʧʨʠʤʝʨ, ʨʘʟʨʝʟ çɺʦʩʪʦʯʥʳʡè ʚ ʕʢʠʙʘʩʪʫʟʝ (ʂʘʟʘʭʩʪʘʥ), 

ʂʦʨʢʠʥʩʢʠʡ ʚ ʈʦʩʩʠʠ ʠ ʚ ʩʪʨʘʥʘʭ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʥʘ ʚʩʝʭ ʨʘʟʨʝʟʘʭ, ʪʘʤ ʧʦʞʘʨʳ ʠ ʥʘ 

ʦʪʚʘʣʘʭ ʠ ʥʘ ʜʦʙʳʯʥʳʭ ʫʯʘʩʪʢʘʭ ʚʦʟʥʠʢʘʶʪ ʢʨʘʡʥʝ ʨʝʜʢʦ. 

ʈʝʟʶʤʠʨʫʷ ʚʩʝ ʠʟʣʦʞʝʥʥʦʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʬʠʣʘʢʪʠʢʘ ʠ ʙʦʨʴʙʘ ʩ 

ʵʥʜʦʛʝʥʥʳʤʠ ʧʦʞʘʨʘʤʠ ʥʘ ʫʛʦʣʴʥʳʭ ʨʘʟʨʝʟʘʭ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦʡ ʪʦʣʴʢʦ ʧʨʠ 

ʥʝʫʢʦʩʥʠʪʝʣʴʥʦʤ ʩʦʙʣʶʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʙʳʯʠ ʫʛʣʷ ʠ 

ʦʪʚʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʠ ʩʨʝʜʩʪʚ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʵʥʜʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ 

ʪʦʨʬʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʪʝʭʥʦʣʦʛʠʡ ʦʩʚʦʝʥʠʷ ʠ ʜʦʙʳʯʠ ʪʦʨʬʘ. ʇʨʠʚʦʜʠʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʪʦʨʬʷʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʫʯʝʪʦʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ ʨʘʟʚʠʪʠʷ ʪʦʨʬʷʥʦʡ ʦʪʨʘʩʣʠ. ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʫʯʝʪʦʤ ʥʝʧʦʣʥʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʦʨʬʷʥʦʤ ʤʘʩʩʠʚʝ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ 

çʫʥʠʚʝʨʩʘʣʴʥʦʡè ʪʝʭʥʦʣʦʛʠʠ ʦʩʚʦʝʥʠʷ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʨʬʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʪʝʭʥʦʣʦʛʠʠ ʦʩʚʦʝʥʠʷ ʠ ʜʦʙʳʯʠ ʪʦʨʬʘ, ʥʝʧʦʣʥʘʷ 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʛʣʫʙʦʢʦʝ ʠ ʩʧʣʦʰʥʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ.  

IMPROVEMENT OF TECHNOLOGY O F DEVELOPMENT OF A PEAT DEPOSIT  

YAKONOVSKAYA T.  B., ZHIGULSKAYA A. I.  

Tver State Technical University 

Abstract. The article focuses on the classifications of existing peat extraction technologies. The 

problems of technologies for the development and extraction of peat are considered. A 

fundamentally new approach to the design of peat enterprises, taking into account modern 

conditions and requirements for the development of the peat industry, is presented. The authors 

have developed an algorithm for choosing a technology for the development of a peat deposit, 

taking into account incomplete geological information about the peat massif, and also a description 

of the "universal" technology for the development of a peat deposit is given.  
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ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʈʦʩʩʠʠ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʨʦʩʪ ʟʥʘʯʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʙʱʝʩʪʚʘ. ʆʜʥʘʢʦ, ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʵʪʦʡ ʩʬʝʨʝ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʨʘʟʚʠʪʠʝ ʤʘʣʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʥʠʟʢʘʷ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʚ ʵʥʝʨʛʦʙʘʣʘʥʩʳ ʤʝʩʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʣʦʢʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ [1-5]. ʀʥʥʦʚʘʮʠʦʥʥʘʷ ʠ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʣʠʪʠʢʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʜʦ 2035 ʛ. ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʪʦʨʬʘ ʠ ʙʠʦʤʘʩʩʳ, ʘ ʪʘʢ ʞʝ ʨʘʩʰʠʨʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʙʠʦʤʘʩʩʳ.  

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʠʤʝʥʥʦ ʟʘʧʘʩʳ ʪʦʨʬʘ ʷʚʣʷʶʪʩʷ ʜʝʰʝʚʳʤ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ɺʦʚʣʝʯʝʥʠʝ ʪʦʨʬʷʥʳʭ ʠ ʪʦʨʬʦʜʨʝʚʝʩʥʳʭ 

ʨʝʩʫʨʩʦʚ ʚ ʵʥʝʨʛʦʙʘʣʘʥʩ ʨʝʛʠʦʥʦʚ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘʩʝʣʝʥʠʷ ʧʦ 

ʫʩʣʫʛʘʤ ɾʂʍ ʚ ʩʬʝʨʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʝʛʠʦʥʦʚ ʠ 

ʠʭ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʠʚʦʟʥʦʛʦ ʠ ʜʦʨʦʛʦʛʦ ʪʦʧʣʠʚʘ. ʆʜʥʘʢʦ, ʚ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʣʘʥʩʘʭ ʤʝʩʪʥʳʝ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʩʣʘʙʦ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʪʘʢ ʜʦʣʷ ʪʦʨʬʘ ʚ 

ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʘʣʘʥʩʝ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʩ 2010 ʛ. ʩʦʩʪʘʚʣʷʣʘ 1,5 ʧʨʦʮʝʥʪʘ ʠ 

ʝʞʝʛʦʜʥʦ ʩʥʠʞʘʝʪʩʷ (ʚ 2020 ʛ. ʊʕʎ ʨʝʛʠʦʥʘ ʧʨʝʢʨʘʪʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʨʬ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʟʝʨʚʥʦʛʦ ʪʦʧʣʠʚʘ), ʜʦʣʠ ʧʨʦʯʠʭ ʚʠʜʦʚ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ, ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʥʳʝ ʦʪʭʦʜʳ, ʠ 

ʜʨʦʚʘ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 2 %. ʇʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʪʦʨʬ ʠ ʪʦʨʬʦʜʨʝʚʝʩʥʳʝ ʨʝʩʫʨʩʳ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʧʣʠʚʘ. ʅʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʵʪʦʛʦ 

ʤʝʩʪʥʦʛʦ ʨʝʩʫʨʩʘ ʜʘʚʥʦ ʫʩʪʘʨʝʣʠ ʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʨʝʘʣʠʷʤ 

[6-10].  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ (ʧʦʨʷʜʢʘ 100) 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺʩʝ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ 

ʦʪʣʠʯʘʶʪʩʷ ʩʪʝʧʝʥʴʶ ʤʝʭʘʥʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʜʦʙʳʯʠ ʪʦʨʬʘ, 

ʩʧʦʩʦʙʘʤʠ ʜʦʙʳʯʠ, ʚʠʜʦʤ ʠ ʩʪʝʧʝʥʴʶ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʨʬʷʥʦʛʦ ʩʳʨʴʷ ʠ ʜʨ. ɸʚʪʦʨʳ, ʩ ʧʦʟʠʮʠʡ 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʨʝʜʣʘʛʘʶʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʪʦʨʬʘ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʧʨʠʟʥʘʢʘʤ [11-15]: 

1. ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʬʨʦʥʪʘ ʪʦʨʬʦʜʦʙʳʯʥʳʭ ʨʘʙʦʪ ï ʢʘʨʴʝʨʥʦ-ʛʣʫʙʠʥʥʳʝ 

(ʚʝʨʪʠʢʘʣʴʥʳʝ); ʧʦʩʣʦʡʥʦ-ʧʦʚʝʨʭʥʦʩʪʥʳʝ (ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ); 

2. ʇʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʪʦʨʬʘ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʦʜʳ (ʛʠʜʨʦʩʧʦʩʦʙ (ʙʦʣʴʰʦʡ ʠ ʤʘʣʳʡ) ʠ ʢʨʠʦʛʝʥʥʦʝ ʦʪʪʘʠʚʘʥʠʝ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ); ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ (ʧʨʠʤʝʥʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʦʩʫʰʝʥʠʷ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ); 

3. ʇʦ ʚʠʜʫ ʵʢʩʢʘʚʠʨʫʝʤʦʛʦ ʪʦʨʬʘ ï ʪʝʭʥʦʣʦʛʠʠ ʢʫʩʢʦʚʦʛʦ ʪʦʨʬʘ; ʬʨʝʟʝʨʥʦʡ ʢʨʦʰʢʠ 

(ʨʘʩʩʪʠʣ); ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʪʦʨʬʘ; ʨʝʟʥʦʛʦ ʬʦʨʤʦʚʘʥʥʦʛʦ; ʛʠʜʨʦʪʦʨʬʘ (ʪʦʨʬʷʥʘʷ ʧʫʣʴʧʘ); 

4. ʇʦ ʩʪʝʧʝʥʠ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʨʬʘ ï ʥʝʛʣʫʙʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ (ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ); 

ʛʣʫʙʦʢʘʷ ʪʝʨʤʦ-, ʙʠʦ-ʭʠʤʠʯʝʩʢʘʷ (ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ); 

5. ʇʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʜʦʙʳʯʠ ʪʦʨʬʘ ï 

ʵʣʝʢʪʨʦʬʠʮʠʨʦʚʘʥʥʘʷ; ʜʠʟʝʣʴʥʘʷ; ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ; 

6. ʇʦ ʤʘʩʰʪʘʙʫ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʪʦʨʬʘ ï ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʘʷ (ʢʨʫʧʥʦʦʙʲʝʤʥʘʷ) ʠ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʘʷ (ʤʘʣʦʦʙʲʝʤʥʘʷ). 

ɺ ʧʝʨʠʦʜ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʦʨʬʷʥʦʡ ʦʪʨʘʩʣʠ ʯʘʩʪʦ ʤʦʞʥʦ ʙʳʣʦ ʥʘʙʣʶʜʘʪʴ 

ʢʘʨʪʠʥʫ, ʢʦʛʜʘ ʚ ʛʨʘʥʠʮʘʭ ʦʜʥʦʛʦ ʪʦʨʬʷʥʦʛʦ ʢʘʨʴʝʨʘ (ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ) ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʪʦʨʬʘ ʛʠʜʨʦʩʦʙʦʤ, ʩʧʦʩʦʙʦʤ ʬʨʝʟʝʨʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʫʯʝʥʠʷ ʢʫʩʢʦʚʦʛʦ ʪʦʨʬʘ. ʇʨʠ ʵʪʦʤ ʪʦʨʬʦʧʨʝʜʧʨʠʷʪʠʝ ʦʪʣʠʯʘʣʦʩʴ ʥʘʣʠʯʠʝʤ ʦʙʰʠʨʥʦʛʦ 

ʧʘʨʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʛʨʦʤʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʅʦ ʢ ʢʦʥʮʫ 1970-ʭ ʛ. ʧʦʚʩʝʤʝʩʪʥʦ ʥʘ ʪʦʨʬʦʧʨʝʜʧʨʠʷʪʠʷʭ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ 
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ʧʦʩʣʦʡʥʦ-ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʧʦʩʦʙʘ ʜʦʙʳʯʠ ʪʦʨʬʘ ï ʬʨʝʟʝʨʦʚʘʥʠʝ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʨʘʩʩʪʠʣʘ ʬʨʝʟʝʨʥʦʡ ʢʨʦʰʢʠ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʣ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤʳ ʜʦʙʳʯʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʜʝʰʝʚʦʛʦ ʪʦʨʬʘ ʢʘʢ ʪʦʧʣʠʚʥʦʛʦ, ʪʘʢ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʣ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʥʠ ʩʝʟʦʥʘ ʜʦʙʳʯʠ 

ʟʘ ʩʯʝʪ ʫʢʦʨʦʯʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʠʢʣʦʚ. ʆʜʥʘʢʦ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ [16-18]: 

1. ʇʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʩʝʟʦʥʘ ʜʦʙʳʯʠ; 

2. ɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʪʨʘʙʦʪʢʠ ʪʦʨʬʷʥʠʢʘ;  

3. ʂʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʦʪ ʦʧʝʨʘʮʠʠ ʵʢʩʢʘʚʘʮʠʠ 

ʧʦʛʨʝʙʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ. ʇʦʣʫʯʝʥʥʫʶ ʧʥʸʚʫʶ ʜʨʝʚʝʩʠʥʫ ʩʢʣʘʜʠʨʦʚʘʣʠ ʚ ʦʪʚʘʣ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʣʠ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʩʫʭʦʜʦʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʥʦ ʯʘʱʝ ʚʩʝʛʦ (ʚ ʮʝʣʷʭ 

ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʧʘʞʦʨʦʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʠʟʢʦʩʦʨʪʥʳʭ 

ʪʦʧʣʠʚʥʳʭ ʜʨʦʚ [19].  

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʪʦʨʬʦʜʦʙʳʚʘʶʱʠʡ ʩʝʢʪʦʨ 

ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʢʨʠʟʠʩʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʫʩʫʛʫʙʣʷʶʪʩʷ 

ʥʝʜʦʩʪʦʚʝʨʥʦʡ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ɺʩʷ ʠʟʚʝʩʪʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʠʤʝʶʱʠʤʩʷ ʪʦʨʬʷʥʳʤ ʨʝʩʫʨʩʘʤ ʈʦʩʩʠʠ ʩʦʜʝʨʞʠʪʩʷ ʚ çʄʝʩʪʥʳʭ ʪʦʨʬʷʥʳʭ 

ʬʦʥʜʘʭè ʜʘʪʠʨʫʝʤʳʭ 1950 ï 1955 ï 1980 ï 2000 ʛʦʜʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʚʳʨʘʙʦʪʘʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʦʪʨʘʩʣʠ 

ʩʜʝʨʞʠʚʘʝʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʭ ʫʜʘʣʝʥʥʦʩʪʴʶ ʦʪ ʨʳʥʢʦʚ ʩʙʳʪʘ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʜʲʝʟʜʥʳʭ ʧʫʪʝʡ. ʊʘʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʫʯʝʥʳ ʤʘʨʰʨʫʪʥʦ ʠ ʠʥʬʦʨʤʘʮʠʷ ʧʦ 

ʥʠʤ ʩʢʫʜʥʘʷ, ʢ ʪʦʤʫ ʞʝ ʚ ʪʦʨʬʷʥʳʭ ʬʦʥʜʘʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʧʨʠ ʧʨʠʥʷʪʠʠ 

ʨʝʰʝʥʠʷ ʦ ʨʘʟʨʘʙʦʪʢʝ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʨʠʩʢʠ: 

1. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʨʠʩʢ ï ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʦʮʝʥʢʝ ʦʙʲʝʤʦʚ ʠ ʢʘʯʝʩʪʚʘ ʟʘʧʘʩʦʚ ʪʦʨʬʷʥʦʛʦ 

ʩʳʨʴʷ ʚ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ. ʊʘʢʘʷ ʦʮʝʥʢʘ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʦʨʬʦʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʛʝʦʣʦʛʠ ʦʧʨʝʜʝʣʷʶʪ 

ʪʠʧ, ʛʨʫʧʧʫ, ʚʠʜ, ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ, ʟʦʣʴʥʦʩʪʴ, ʧʥʠʩʪʦʩʪʴ, ʛʣʫʙʠʥʫ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʪʦʨʬʘ. ʇʨʠ ʥʘʣʠʯʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ 

ʪʦʤʫ ʯʪʦʙʳ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʘʪʦʯʥʳʭ ʟʘʧʘʩʦʚ ʪʦʨʬʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ, ʘ ʚ ʩʣʫʯʘʝ ʠʭ ʥʘʣʠʯʠʷ ï ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ 

ʩʪʝʧʝʥʴ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ [20-23]. 

2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʠʩʢ ï ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʠ ʩʚʷʟʘʥ ʩ ʥʝʧʨʘʚʠʣʴʥʳʤ ʚʳʙʦʨʦʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ 

ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʧʘʨʢʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʩʝʨʚʠʩʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʡ ʪʝʭʥʠʢʠ. 

3. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʨʠʩʢ ï ʚʦʟʥʠʢʘʝʪ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʥʝʪʦʯʥʦʩʪʴʶ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʪʦʨʬʷʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʚʝʣʠʯʠʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ 

ʤʝʥʴʰʝ ʥʘ ʟʘʣʝʞʘʭ ʵʚʪʨʦʬʥʦʛʦ (ʥʠʟʠʥʥʦʛʦ) ʪʠʧʘ ʪʦʨʬʘ, ʯʝʤ ʥʘ ʦʣʠʛʦʪʨʦʬʥʳʭ (ʚʝʨʭʦʚʳʭ) 

ʪʦʨʬʘʭ. ʊʦ ʞʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ ʧʥʠʩʪʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʦʩʪ ʧʥʠʩʪʦʩʪʠ ʥʘ 1% ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʦʚ ʥʘ ʜʦʙʳʯʫ ʪʦʨʬʘ ʥʘ 10% ʥʘ ʣʶʙʳʭ ʪʠʧʘʭ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʠʩʢ ʥʝʜʦʩʪʦʚʝʨʥʦʡ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʪʦʨʬʷʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ, ʙʘʟʦʚʳʤ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ 

ʨʠʩʢʘ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʪʦʨʬʦʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪʘʭ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʨʬʘ ʚ ʟʘʣʝʞʠ, ʢʘʢ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ 
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ʦʩʫʰʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʦʨʬ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʦʟʜʫʭʦʤ ʠ ʦʢʠʩʣʷʝʪʩʷ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʨʬʷʥʦʛʦ ʩʳʨʴʷ ʪʘʢʞʝ ʤʝʥʷʶʪʩʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʩʦʙʦ 

ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʤʝʪʦʜʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ ʨʘʟʨʘʙʦʪʢʝ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʜʦʙʳʯʠ ʪʦʨʬʘ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʩʝʤʠ ʧʨʠʥʮʠʧʦʚ: 

1. ʊʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ; 

2. ʊʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʛʠʙʢʦʡ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʦʜ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; 

3. ʊʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʝ, ʤʦʙʠʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ; 

4. ʊʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʯʠʚʦʩʪʴ ʨʳʥʦʯʥʦʡ ʢʦʥʲʶʥʢʪʫʨʳ, ʘ ʟʥʘʯʠʪ 

ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʩʝʣʝʢʪʠʚʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʠ ʠʟʤʝʥʷʪʴ ʦʙʲʝʤʳ ʜʦʙʳʯʠ ʪʦʨʬʘ; 

5. ʊʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʮʠʦʥʘʣʴʥʦʡ. 

6. ʊʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʦʩʚʦʝʥʠʷ ʠ ʜʦʙʳʯʠ ʪʦʨʬʘ.  

7. ʊʝʭʥʦʣʦʛʠʷ ʚʳʙʠʨʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʨʠʥʮʠʧʘʤ, ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʙʘʟʦʚʫʶ 

ʛʝʦʪʝʭʥʦʣʦʛʠʶ ʛʣʫʙʦʢʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʪʦʨʬʦʟʘʣʝʞʠ ʚʤʝʩʪʝ ʩ ʧʦʛʨʝʙʝʥʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ 

ʜʨʝʚʝʩʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʤʝʣʢʦʡ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʠ ʜʦʙʳʯʥʳʭ ʦʧʝʨʘʮʠʡ. ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ɺ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʣʝʩʴʷ ʤʘʰʠʥʘ ʩ ʬʨʝʟʦʡ ʛʣʫʙʦʢʦʛʦ ʠ ʩʧʣʦʰʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ 

(ʰʥʝʢ-ʬʨʝʟʘ) ʧʨʦʚʦʜʠʪ ʦʙʨʘʙʦʪʢʫ ʪʦʨʬʷʥʦʛʦ ʫʯʘʩʪʢʘ ʩ ʟʘʛʣʫʙʣʝʥʠʝʤ ʬʨʝʟʳ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 

30ʩʤ. ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʪʦʨʬʘ, ʦʯʝʩʘ ʠ ʛʦʨʠʟʦʥʪʘ ʧʦʛʨʝʙʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ 

(ʨʠʩ. 1); 

2. ʋʙʦʨʢʘ ʧʦʣʫʯʝʥʥʦʡ ʪʦʨʬʦʜʨʝʚʝʩʥʦʡ ʤʘʩʩʳ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʪʦʚʦʡ ʪʦʨʬʦʧʨʦʜʫʢʮʠʠ ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʯʠʩʪʳʡ ʪʦʨʬ ʙʝʟ ʧʨʠʤʝʩʝʡ, ʪʦ 

ʧʫʪʝʤ ʩʝʧʘʨʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʪʦʨʬʦʜʨʝʚʝʩʥʦʡ ʤʘʩʩʳ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ (ʪʦʨʬ ʠ 

ʜʨʝʚʝʩʥʫʶ ʱʝʧʫ). 

3. ʇʨʦʚʦʜʠʪʴ ʦʧʝʨʘʮʠʶ ʩʝʧʘʨʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʢʘʢ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʚ 

ʟʘʚʦʜʩʢʠʭ. ʊʦʨʬʦʜʨʝʚʝʩʥʘʷ ʤʘʩʩʘ ʩʘʤʘ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʩʳʨʴʝʤ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʝʩʩʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʀʟʥʘʯʘʣʴʥʦ ʪʝʭʥʦʣʦʛʠʷ ʩʧʣʦʰʥʦʛʦ ʠ ʛʣʫʙʦʢʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ 

ʩʧʦʩʦʙ ʦʙʦʛʘʱʝʥʠʷ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʧʦ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ʪʦʨʬʷʥʳʭ ʟʘʣʝʞʝʡ ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʜʢʦ, ʘ ʧʦʪʦʤʫ ʥʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʘʩʴ. ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʜʨʫʛʫʶ ʪʦʯʢʫ 

ʟʨʝʥʠʷ ʥʘ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʝʝ ʤʦʜʠʬʠʢʘʮʠʡ (ʪʘʙʣ. 1). ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʝʝ ʦʩʥʦʚʝ çʛʠʙʨʠʜʥʳʭè ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʜʦʙʳʯʠ ʪʦʨʬʘ. 
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ʊʘʙʣʠʮʘ 1. ʄʦʜʠʬʠʢʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʛʣʫʙʦʢʦʛʦ ʠ ʩʧʣʦʰʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ 

(ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʘʤʠ) 

ʅʘʟʚʘʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʄʘʨʢʠ ʦʩʥʦʚʥʦʛʦ ʜʦʙʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

1. ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʬʨʦʥʪ ʪʦʨʬʦʜʦʙʳʯʥʳʭ ʨʘʙʦʪ (ʧʦʣʫʯʝʥʠʝ ʪʦʨʬʦʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ ʩ 

ʚʦʟʤʦʞʥʦʡ ʩʝʧʘʨʘʮʠʝʡ) 

ʇʦʩʣʦʡʥʦʝ ʛʣʫʙʦʢʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ 

(ʦʪ 25 ʜʦ 70 ʩʤ) 

ʧʦʯʚʝʥʥʘʷ ʬʨʝʟʘ AgriWorld FTCD-35;ʫʥʠʚʝʨʩʘʣʴʥʘʷ 

ʣʝʩʥʘʷ ʬʨʝʟʘ STARSOIL; Multiforst ʫʥʠʚʝʨʩʘʣʴʥʘʷ 

ʬʨʝʟʘ (ʨʦʪʦʚʘʪʦʨ); ʄʇɻ-42 (ʩ ʤʦʜʠʬʠʢʘʮʠʷʤʠ) 

2. ɺʝʨʪʠʢʘʣʴʥʳʡ ʬʨʦʥʪ ʪʦʨʬʦʜʦʙʳʯʥʳʭ ʨʘʙʦʪ (ʧʦʣʫʯʝʥʠʝ ʪʦʨʬʦʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ ʩ 

ʚʦʟʤʦʞʥʦʡ ʩʝʧʘʨʘʮʠʝʡ) 

ʉʢʚʘʞʠʥʥʘʷ ʜʦʙʳʯʘ (ʜʦ 70 ʩʤ) ɺʝʨʪʠʢʘʣʴʥʘʷ ʰʥʝʢ-ʬʨʝʟʘ, ʜʠʩʢʦʚʘʷ ʬʨʝʟʘ ɼʌʄ-ɻʇʀ-1, 

ɼʌʄ-ɻʇʀ-1ɸ (ʜʦ 1,5 ʤ); ʄʊʇ-39 

ɻʠʜʨʦʩʢʚʘʞʠʥʥʘʷ ʜʦʙʳʯʘ (ʩ 

ʧʦʜʘʯʝʡ ʚʦʜʳ ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ 

ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ) 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʰʥʝʢ-ʬʨʝʟʘ ʩ ʧʦʜʘʯʝʡ ʚʦʜʳ ʠʟ ʢʘʥʘʣʘ 

ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʝʪʠ 

ʊʨʘʥʰʝʡʥʘʷ ʜʦʙʳʯʘ (ʥʘ ʚʩʶ 

ʛʣʫʙʠʥʫ ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ) 

ʊʨʘʥʰʝʡʥʳʡ ʨʦʪʦʨʥʳʡ ʵʢʩʢʘʚʘʪʦʨ ʕʊʈ-134 

3. ɻʠʙʨʠʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʨʘʟʜʝʣʴʥʘʷ ʚʳʝʤʢʘ ʯʠʩʪʦʛʦ ʪʦʨʬʘ ʠ ʪʦʨʬʦʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ) 

ʊʨʘʜʠʮʠʦʥʥʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ (ʜʦ 3 

ʩʤ) + ʧʦʩʣʦʡʥʦʝ ʛʣʫʙʦʢʦʝ 

ʬʨʝʟʝʨʦʚʘʥʠʝ 

1. ʉʣʦʠ ʪʦʨʬʘ (ʙʝʟ ʧʦʛʨʝʙʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ) 

ʬʨʝʟʝʨʫʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʬʨʝʟʝʨʥʳʤʠ ʙʘʨʘʙʘʥʘʤʠ 

ʩʝʨʠʡ ɹʌʊ, ʄʊʌ 

2. ʉʣʦʠ ʪʦʨʬʘ ʩ ʧʦʛʨʝʙʝʥʥʦʡ ʜʨʝʚʝʩʠʥʦʡ  ʬʨʝʟʝʨʫʶʪʩʷ 

ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʰʠʥ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʩʣʦʡʥʦʛʦ ʛʣʫʙʦʢʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ 

ʉʢʚʘʞʠʥʥʘʷ (ʱʝʣʝʚʘʷ) + 

ʪʨʘʜʠʮʠʦʥʥʦʝ ʬʨʝʟʝʨʦʚʘʥʠʝ (ʜʦ 3 

ʩʤ) 

1. ʇʨʦʚʦʜʠʪʩʷ ʦʧʝʨʘʮʠʷ ʢʦʨʯʝʚʢʠ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 70 ʩʤ; 

2. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʠʩʢʦʚʘʷ ʬʨʝʟʘ, ʢʦʪʦʨʘʷ ʟʘʛʣʫʙʣʷʝʪʩʷ ʚ 

ʪʦʨʬʷʥʦʡ ʤʘʩʩʠʚ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 70 ʩʤ, ʧʦʣʫʯʝʥʥʘʷ 

ʪʦʨʬʷʥʘʷ ʤʘʩʩʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʬʦʨʤʦʚʘʪʝʣʴ ʦʪʢʫʜʘ, 

ʟʘʪʝʤ ʥʘ ʧʦʣʝ ʚʳʩʪʠʣʘʝʪʩʷ ʢʫʩʢʦʚʦʡ ʪʦʨʬ; 

3. ʂʦʛʜʘ ʜʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʜʥʘ ʦʩʪʘʝʪʩʷ ʤʝʥʝʝ 1 ʤ 

ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʦʝ 

ʬʨʝʟʝʨʦʚʘʥʠʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʨʘʩʩʪʠʣʘ ʪʦʨʬʷʥʦʡ ʢʨʦʰʢʠ 

ʜʦ 3 ʩʤ ï ʤʘʰʠʥʘʤʠ ʩʝʨʠʡ ɹʌʊ, ʄʊʌ 

4. ʉʝʣʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ɻʝʦʣʦʛʦʛʝʥʝʪʠʯʝʩʢʘʷ ʧʦʩʣʦʡʥʘʷ 

ʚʳʝʤʢʘ ʪʦʨʬʘ (ʩʣʦʠ ʪʦʨʬʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʪʦʨʬʦʦʙʨʘʟʫʶʱʝʤʫ ʬʠʪʦʮʝʥʦʟʫ) 

ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʫʯʘʩʪʢʠ ʪʦʨʬʘ ʨʘʟʥʦʛʦ ʧʦ ʛʝʦʣʦʛʦ-

ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʰʠʥʘ 

ʛʣʫʙʦʢʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠʣʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʬʨʝʟʦʡ) ï ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʭʦʜʦʚʘʷ ʯʘʩʪʴ 

ʤʘʰʠʥʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʚʝʨʰʘʪʴ ʜʚʠʞʝʥʠʝ ʧʦ 

ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʬʦʨʤʝ ʟʘʣʝʛʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʪʦʨʬʷʥʦʛʦ ʩʣʦʷ) 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʧʦʩʣʦʡʥʘʷ ʚʳʝʤʢʘ 

ʪʦʨʬʘ (ʩʣʦʠ ʪʦʨʬʘ ʦʪʣʠʯʘʶʪʩʷ 

ʩʪʝʧʝʥʴʶ ʨʘʟʣʦʞʝʥʠʷ ʠ 

ʟʦʣʴʥʦʩʪʴʶ) 

ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʫʯʘʩʪʢʠ ʪʦʨʬʘ ʨʘʟʥʦʛʦ ʧʦ ʩʪʝʧʝʥʠ 

ʨʘʟʣʦʞʝʥʠʷ ʠ ʟʦʣʴʥʦʩʪʠ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʰʠʥʘ 

ʛʣʫʙʦʢʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠʣʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʬʨʝʟʦʡ) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʩʧʦʩʦʙʝ ʨʘʟʨʘʙʦʪʢʠ ʪʦʨʬʷʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʞʥʦ ʥʝ ʧʨʦʚʦʜʠʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʭ, ʜʝʪʘʣʴʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, 

ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʜʘʥʥʳʝ ʧʦ ʟʦʥʜʠʨʦʚʘʥʠʶ ʟʘʣʝʞʠ ʥʘ ʧʥʠʩʪʦʩʪʴ. ʂʦʣʠʯʝʩʪʚʦ ʧʣʦʱʘʜʦʢ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʥʠʩʪʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʦʪ ʚʠʜʘ ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ, 

ʧʨʠ ʵʪʦʤ ʥʘ ʵʪʦʡ ʞʝ ʧʣʦʱʘʜʠ ʧʨʦʚʦʜʷʪ ʠ ʦʧʨʦʙʠʨʦʚʘʥʠʝ ʟʘʣʝʞʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʝ ʪʠʧʘ 

(ʚʝʨʭʦʚʘʷ, ʧʝʨʝʭʦʜʥʘʷ, ʥʠʟʠʥʥʘʷ). 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ɿʶʟʠʥ ɹ.ʌ., ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ. ʇʨʦʙʣʝʤʳ ʜʦʙʳʯʠ ʪʦʨʬʘ ʚ ʊʚʝʨʩʢʦʤ 

ʨʝʛʠʦʥʝ // ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʥʦʚʘʮʠʠ: ʤʘʪʝʨ. IV ɺʩʝʨʦʩ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ., 

19 ʤʘʨʪʘ 2020 ʛ., ʊʚʝʨʴ / ʧʦʜ ʦʙʱ. ʨʝʜ. ʊ.ɹ. ʅʦʚʠʯʝʥʢʦʚʦʡ. ï ʊʚʝʨʴ: ʊɻʊʋ, 2020. ʉ. 95-99. 

2. ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ɿʶʟʠʥ ɹ.ʌ. ɺʦʧʨʦʩʳ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʪʦʨʬʷʥʦʡ ʦʪʨʘʩʣʠ // ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: 

ʵʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ: ʩʙ. ʥʘʫʯ. ʪʨ. ʄʝʞʜ. ʥʘʫʯ. ʢʦʥʬ. , ʊʚʝʨʴ, 04-05 ʜʝʢʘʙʨʷ 2018 ʛ. / 

ʧʦʜ ʦʙʱ. ʨʝʜ. ɼ.ɺ. ʈʦʟʦʚʘ, ɻ.ɻ. ʉʢʚʦʨʮʦʚʦʡ. ïʊʚʝʨʴ: ʉʂʌ-ʦʬʠʩ, 2018. ʉ. 139-142. 

3. ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ɿʶʟʠʥ ɹ.ʌ. ɸʥʘʣʠʟ ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʫʧʨʘʚʣʝʥʠʷ 

ʪʦʨʬʷʥʦʡ ʦʪʨʘʩʣʴʶ ʈʌ // ɻʦʨʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʙʶʣʣʝʪʝʥʴ (ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ). 2014. ̄  7. ʉ. 276-280. 

4. ɿʶʟʠʥ ɹ.ʌ., ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ɾʠʛʫʣʴʩʢʠʡ ʄ.ɸ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʨʢ 
ʪʦʨʬʦʨʘʟʨʘʙʦʪʦʢ ʈʦʩʩʠʠ: ʧʨʦʙʣʝʤʳ ʩʪʨʫʢʪʫʨʳ ʠ ʠʟʥʦʩʘ // ʀʥʥʦʚʘʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ: IPDME-2017: ʩʙ. ʥʘʫʯ. ʪʨ. ʤʝʞʜ. 

ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ. 23-24 ʤʘʨʪʘ 2017 ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ / ʥʘʫʯ. ʨʝʜ. ɺ.ɺ. ʄʘʢʩʘʨʦʚ, ɺ.ɺ. 

ɻʘʙʦʚ. ï ʉʇʙ.: ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2017. ʉ. 42-46. 

5. ʄʘʢʘʨʝʥʢʦ ɻ.ʃ., ʊʠʤʦʬʝʝʚ ɸ.ɽ., ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ. ʇʝʨʩʧʝʢʪʠʚʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ 

ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʵʢʦʣʦʛʠʯʝʩʢʠʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʩʧʝʢʪʳ) // 

ɻʦʨʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʙʶʣʣʝʪʝʥʴ (ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ). 2010. 

ˉ 10. ʉ. 265-272. 

6. ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ɿʶʟʠʥ ɹ.ʌ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʧʦʩʦʙʦʚ 

ʨʘʟʨʘʙʦʪʢʠ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ʨʝʥʪʥʳʡ ʧʦʜʭʦʜ // ɻʦʨʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʙʶʣʣʝʪʝʥʴ (ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ). 2014. ̄  7. ʉ. 318-323. 

7. ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʠʥʞʝʥʝʨʥʳʝ ʘʩʧʝʢʪʳ ʥʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʙʝʟʦʪʭʦʜʥʦʡ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʝʩʫʨʩʦʚ 

ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [ʊʝʢʩʪ] / ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ. // ɻʦʨʥʳʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʙʶʣʣʝʪʝʥʴ (ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ). ï ɼʝʧ. ʚ ɻʀɸɹ 

30.01.2013, ˉ 953/04-13 

8. ʄʠʭʘʡʣʦʚ ɸ.ɺ., ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ɾʠʛʫʣʴʩʢʠʡ ʄ.ɸ. ʆʮʝʥʢʘ ʵʪʘʧʦʚ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʘʟʨʘʙʦʪʢʠ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ / ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-

ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ɿʘʧʘʜʘ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ: ʧʨʦʙʣʝʤʳ ʠʟʫʯʝʥʠʷ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʤʘʪʝʨ. ʄʝʞʜ. ʥʘʫʯ. ʢʦʥʬ., ʧʦʩʚ. 215-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜ. 

ʀ. ɼʦʤʝʡʢʦ, 31 ʠʶʣʷ ï 03 2017 ʛ. ʄʠʥʩʢ / ʧʦʜ ʨʝʜ. ɸ.ʂ. ʂʘʨʘʙʘʥʦʚʘ. ï ʄʠʥʩʢ: 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠè 2017. ʉ. 196-199. 

9. ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ. ʅʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʙʝʟʦʪʭʦʜʥʦʡ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʝʩʫʨʩʦʚ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ʫʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ / ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʊʚʝʨʴ: ʊɻʊʋ, 2016. (2-

ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ.), 160 ʩ. 

10. ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ. ʈʝʥʪʘ ʢʘʢ ʵʣʝʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʪʦʨʬʦʜʦʙʳʚʘʶʱʠʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ (ʥʘ ʧʨʠʤʝʨʝ ʆʆʆ ʊʕʂ çʊʚʝʨʴʨʝʛʠʦʥʪʦʨʬè) // ɻʦʨʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʙʶʣʣʝʪʝʥʴ (ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ). 2021. ̄  3. ʉ. 167-179. 

11. Yakonovskaya T.B., Zhigulskaya A.I Technical modernization as an element of technological 

safety of a peat mining enterprise (for example çTverregiontorfè) // IOP Conference Series: 

https://www.elibrary.ru/item.asp?id=44543937
https://www.elibrary.ru/item.asp?id=44543937
https://www.elibrary.ru/item.asp?id=23084687
https://www.elibrary.ru/item.asp?id=23084687
https://www.elibrary.ru/contents.asp?id=34057075
https://www.elibrary.ru/contents.asp?id=34057075
https://www.elibrary.ru/contents.asp?id=34057075&selid=23084687
https://www.elibrary.ru/publisher_books.asp?publishid=1179
https://www.elibrary.ru/item.asp?id=15585392
https://www.elibrary.ru/item.asp?id=15585392
https://www.elibrary.ru/contents.asp?id=33655603
https://www.elibrary.ru/contents.asp?id=33655603&selid=15585392
https://www.elibrary.ru/item.asp?id=23084693
https://www.elibrary.ru/item.asp?id=23084693
https://www.elibrary.ru/contents.asp?id=34057075
https://www.elibrary.ru/contents.asp?id=34057075
https://www.elibrary.ru/contents.asp?id=34057075&selid=23084693
https://elibrary.ru/item.asp?id=22914645
https://elibrary.ru/item.asp?id=22914645
https://elibrary.ru/item.asp?id=22914645
https://www.elibrary.ru/item.asp?id=36280576
https://www.elibrary.ru/item.asp?id=36280576
https://www.elibrary.ru/publisher_books.asp?publishid=23182
https://www.elibrary.ru/publisher_books.asp?publishid=23182
https://elibrary.ru/item.asp?id=28094208
https://elibrary.ru/item.asp?id=28094208
https://www.elibrary.ru/item.asp?id=44887505
https://www.elibrary.ru/item.asp?id=44887505
https://www.elibrary.ru/contents.asp?id=44887489
https://www.elibrary.ru/contents.asp?id=44887489
https://www.elibrary.ru/contents.asp?id=44887489&selid=44887505
https://www.elibrary.ru/item.asp?id=44882957
https://www.elibrary.ru/item.asp?id=44882957


 
87 

 

Earth and Environmental Science. International science and technology conference "Earth 

science". 2021. ʉ. 032078. 

12. ʂʫʣʠʢʦʚʘ ʊ.ɹ. ʆʧʪʠʤʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʨʝʟʝʨʥʦʛʦ 

ʪʦʨʬʘ // ɿʘʧʠʩʢʠ ɻʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ. 2004. ʊ. 159-2. ʉ. 55-58. 

13. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʨʬʷʥʳʭ ʠ ʜʨʝʚʝʩʥʳʭ ʨʝʩʫʨʩʦʚ / ɿʶʟʠʥ ɹ.ʌ., ʠ ʜʨ. // 

ʇʨʦʙʣʝʤʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʇʦʣʝʩʴʷ: ʩʙ. ʜʦʢ. ʄʝʞʜ. ʥʘʫʯ. ʢʦʥʬ.: ʚ 2-ʭ ʪʦʤʘʭ., ʄʠʥʩʢ, 14-17 ʩʝʥʪʷʙʨʷ 2016 ʛ. ï 

ʄʠʥʩʢ: ɹʝʣʘʨʫʩʢʘʷ ʥʘʚʫʢʘ, 2016. ʉ. 152-156. 

14. ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ. ʂʦʤʧʣʝʢʩ ʤʘʰʠʥ ʜʣʷ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʪʦʨʬʦʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ // ʀʥʥʦʚʘʮʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ: ʩʙ. ʪʨ. III 

ʄʝʞʜ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ.: ʚ 5 ʪʦʤʘʭ, 14-15 ʘʧʨʝʣʷ 2015 ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ / ʧʦʜ ʨʝʜ. 

ɺ.ɺ. ʄʘʢʩʘʨʦʚʘ. ï ʉʇʙ.: ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 2015. ʉ. 76-79. 

15. ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʐʘʤʙʝʨ ʆ.ɺ., ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ʆʛʘʥʝʩʷʥ ɸ.ʉ. ʄʦʜʝʨʥʠʟʘʮʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʜʣʷ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʪʦʨʬʦʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ 

// ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʥʝʨʛʝʪʠʢʠ: ʤʘʪʝʨ. 11-ʡ ʄʝʞʜ. ʢʦʥʬ. ʧʦ ʧʨʦʙ. ʛʦʨ. ʧʨʦʤ., ʩʪʨʦʠʪ. ʠ 

ʵʥʝʨʛ., 05ï06 ʥʦʷʙʨʷ 2015 ʛ., ʊʫʣʘ / ʧʦʜ ʦʙʱ. ʨʝʜ. ʈ.ɸ. ʂʦʚʘʣʝʚʘ. ï ʊʫʣʘ: ʊɻʋ, 2015. ʉ. 

96. 

16. ɸʥʘʣʠʟ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʪʦʨʬʷʥʳʭ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 
ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ / ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ʠ ʜʨ. 

// ɻʦʨʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʙʶʣʣʝʪʝʥʴ (ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ). 

2015. ̄  1. ʉ. 66-70. 

17. ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ɾʠʛʫʣʴʩʢʠʡ ʄ.ɸ., ʆʛʘʥʝʩʷʥ ɸ.ʉ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʙʠʣʴʥʦʛʦ ʵʢʩʧʨʝʩʩ - ʩʝʨʚʠʩʘ ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʡ ʪʝʭʥʠʢʠ // 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʛʦʨʥʦʡ ʠ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʩʙ. ʪʨ. XV 

ʄʝʞʜ. ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ. çʏʪʝʥʠʷ ʧʘʤʷʪʠ ɺ.ʈ. ʂʫʙʘʯʝʢʘè, 20-21 ʘʧʨʝʣʷ, 2017 ʛ., 

ɽʢʘʪʝʨʠʥʙʫʨʛ / ʧʦʜ ʦʙʱ. ʨʝʜ. ʖ.ɸ. ʃʘʛʫʥʦʚʦʡ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋɻɻʋ, 2017. ʉ. 414-417. 

18. ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʆʛʘʥʝʩʷʥ ɸ.ʉ. ʇʨʝʜʧʦʩʳʣʢʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʣʘʩʪʝʨʘ 
ʩʝʨʚʠʩʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʡ ʪʝʭʥʠʢʠ ʚ ʈʌ / ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʛʦʨʥʦʡ ʠ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʩʙ. ʪʨ. XVIII ʤʝʞʜ. ʥʘʫʯ.-

ʪʝʭʥ. ʢʦʥʬ. çʏʪʝʥʠʷ ʧʘʤʷʪʠ ɺ.ʈ. ʂʫʙʘʯʝʢʘè, 02-03 ʘʧʨʝʣʷ 2020 ʛ., ɽʢʘʪʝʨʠʥʙʫʨʛ / ʧʦʜ 

ʦʙʱ. ʨʝʜ. ʖ.ɸ. ʃʘʛʫʥʦʚʦʡ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋɻɻʋ, 2020. ʉ. 325-328. 

19. ɿʶʟʠʥ ɹ.ʌ., ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ɾʠʛʫʣʴʩʢʠʡ ʄ.ɸ. ʄʝʪʦʜʦʣʦʛʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʪʦʨʬʦʜʦʙʳʚʘʶʱʠʭ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʧʨʠʤʝʨʝ ʬʨʝʟʝʨʥʦʛʦ ʙʘʨʘʙʘʥʘ ɹʌʊ-9 / ʀʥʥʦʚʘʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ: IPDME-2018: ʩʙ. ʪʝʟ. ʤʝʞʜ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ., 12-

13 ʘʧʨʝʣʷ 2018 ʛ., ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛ / ʧʦʜ ʨʝʜ. ɺ.ɺ. ʄʘʢʩʘʨʦʚʘ. ï ʉʇʙ.: ʉʘʥʢʪ-

ʧʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2018. ʉ. 105. 

20. ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʆʛʘʥʝʩʷʥ ɸ.ʉ. ɻʝʦʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʦʨʬʦʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ // ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʥʝʨʛʝʪʠʢʠ: ʤʘʪʝʨ. 

16-ʦʡ ʄʝʞʜ. ʢʦʥʬ. ʧʦ ʧʨʦʙ. ʛʦʨ. ʧʨʦʤ., ʩʪʨʦʠʪ. ʠ ʵʥʝʨʛ., 19-20 ʥʦʷʙʨʷ 2020 ʛ., ʊʫʣʘ, 

ʄʠʥʩʢ, ɼʦʥʝʮʢ / ʧʦʜ ʦʙʱ. ʨʝʜ. ʈ.ɸ. ʂʦʚʘʣʝʚʘ. ï ʊʫʣʘ: ʊɻʋ, 2020. ʉ. 118-122.  

21. ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʆʛʘʥʝʩʷʥ ɸ.ʉ. ʆʙʦʩʥʦʚʘʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ 

ʨʘʟʨʘʙʦʪʢʠ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ // ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʛʦʨʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʥʝʨʛʝʪʠʢʠ: ʤʘʪʝʨ. 16-ʦʡ ʄʝʞʜ. ʢʦʥʬ. ʧʦ ʧʨʦʙ. ʛʦʨ. 

ʧʨʦʤ., ʩʪʨʦʠʪ. ʠ ʵʥʝʨʛ., 19-20 ʥʦʷʙʨʷ 2020 ʛ., ʊʫʣʘ, ʄʠʥʩʢ, ɼʦʥʝʮʢ / ʧʦʜ ʦʙʱ. ʨʝʜ. ʈ.ɸ. 

ʂʦʚʘʣʝʚʘ. ï ʊʫʣʘ: ʊɻʋ, 2020. ʉ. 60-66. 

22. ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʉʝʨʛʝʝʚʘ ɸ.ʉ., ʉʫʚʳʨʠʥ ɽ.ɸ. ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʡ 

ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʩʚʦʝʥʠʷ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ 

https://www.elibrary.ru/item.asp?id=44343484
https://www.elibrary.ru/item.asp?id=44343484
https://www.elibrary.ru/contents.asp?id=44343483
https://www.elibrary.ru/publisher_books.asp?publishid=1179
https://elibrary.ru/item.asp?id=23005848
https://elibrary.ru/item.asp?id=23005848
https://elibrary.ru/contents.asp?id=34053859
https://elibrary.ru/contents.asp?id=34053859&selid=23005848
https://www.elibrary.ru/item.asp?id=32821477
https://www.elibrary.ru/item.asp?id=32821477
https://www.elibrary.ru/item.asp?id=32821477
https://www.elibrary.ru/item.asp?id=44658668
https://www.elibrary.ru/item.asp?id=44658668
https://www.elibrary.ru/item.asp?id=44658664
https://www.elibrary.ru/item.asp?id=44658664
https://www.elibrary.ru/item.asp?id=44658664
https://www.elibrary.ru/item.asp?id=44658665
https://www.elibrary.ru/item.asp?id=44658665


 
88 

 

ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ // ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʥʝʨʛʝʪʠʢʠ: ʤʘʪʝʨ. 16-ʦʡ ʄʝʞʜ. 

ʢʦʥʬ. ʧʦ ʧʨʦʙ. ʛʦʨ. ʧʨʦʤ., ʩʪʨʦʠʪ. ʠ ʵʥʝʨʛ., 19-20 ʥʦʷʙʨʷ 2020 ʛ., ʊʫʣʘ, ʄʠʥʩʢ, ɼʦʥʝʮʢ / 

ʧʦʜ ʦʙʱ. ʨʝʜ. ʈ.ɸ. ʂʦʚʘʣʝʚʘ. ï ʊʫʣʘ: ʊɻʋ, 2020. ʉ. 97-103. 

23. ʗʢʦʥʦʚʩʢʘʷ ʊ.ɹ., ɾʠʛʫʣʴʩʢʘʷ ɸ.ʀ., ʗʢʦʥʦʚʩʢʠʡ ʇ.ɸ. ʆʮʝʥʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ VLF ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ // 

ɻʦʨʥʳʝ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ. 2020. ʊ. 5. ˉ 3. ʉ. 224-234. 

 

ʋɼʂ 662.271 

ʆʉʆɹɽʅʅʆʉʊʀ 3D ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʊʆʈʌʗʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

ʗʂʆʅʆɺʉʂɸʗ ʊ. ɹ., ɾʀɻʋʃʔʉʂɸʗ ɸ. ʀ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʥʥʦʪʘʮʠʷ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʠʤʝʶʱʠʭ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ. ʕʪʘ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʪʴ ʛʣʘʚʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ, ʢʘʪʝʛʦʨʠʠ ʩʳʨʴʷ ʠ ʘʩʩʦʨʪʠʤʝʥʪ 

ʪʦʨʬʷʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʨʬʷʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʪʦʨʬʷʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʩʯʝʪ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʪʦʨʬʘ, ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʜʦʙʳʯʠ ʪʦʨʬʘ, ʦʙʦʩʥʦʚʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʡ 

ʦʪʨʘʙʦʪʢʠ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʨʬʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 3d ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʪʦʨʬʷʥʘʷ ʰʢʦʣʘ, ɻʀʉ-ʩʠʩʪʝʤʘ.  

 

FEATURES OF 3D MODELING OF PEAT DEPOSITS 

YAKONOVSKAYA T. B., ZHIGULSKAYA A. I. 

Tver State Technical University 

Abstract. One of the most important tasks of paramount importance for the design of a peat-mining 

enterprise is the construction of an information model of a peat massif. This model should 

adequately reflect the main qualitative characteristics of the peat deposit, industrial reserves, 

categories of raw materials and the range of peat products. The model makes it possible to sUral 

Branchstantiate the most expedient direction of the use of peat resources at various stages of 

development of a peat deposit, as well as to calculate the volumes of peat extraction, the choice of 

rational technology and equipment for peat extraction, to sUral Branchstantiate the feasibility of 

selective mining of a peat deposit.  

Keywords: peat deposit, modeling features, 3d modeling, peat school, GIS system. 

 

ɺ çʇʨʦʛʥʦʟʝ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʩʦʮʠʘʣʴʥʦ ï ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʪʨʝʥʜʦʚ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʵʢʦʥʦʤʠʢʠ ʫʢʘʟʘʥʦ ʚʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦ ʚʩʝ ʩʬʝʨʳ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʚ ʜʦʙʳʚʘʶʱʫʶ ʦʪʨʘʩʣʴ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʠ 

ʬʫʥʜʘʤʝʥʪʦʤ ʜʦʣʛʦʩʨʦʯʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʛʦ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʜʦʙʳʚʘʶʱʝʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ 

ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʀʉ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

https://www.elibrary.ru/item.asp?id=44658665
https://www.elibrary.ru/contents.asp?id=44155663
https://www.elibrary.ru/contents.asp?id=44155663&selid=44155667
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ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʠʥʞʝʥʝʨʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ [1-5]. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ɻʀʉ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʠʭ 

ʥʝʜʦʩʪʘʪʢʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʠʭ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. ʂ ʪʦʤʫ ʞʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʢʦʥʢʨʝʪʥʳʭ ʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʪʨʝʙʫʝʪ ʠʭ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʜʦʨʘʙʦʪʢʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʳʩʦʢʦʡ ʮʝʥʦʡ ʦʙʣʘʜʘʶʪ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ɻʀʉ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʚʩʪʫʧʠʣʠ ʚ ʩʪʘʜʠʶ ʧʦʜʜʝʨʞʢʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʙʦʨʘ 

ʬʫʥʢʮʠʡ. ʊʘʢʠʝ ɻʀʉ-ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʜʦʙʳʚʘʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʩʝʛʤʝʥʪʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɻʀʉ-ʩʠʩʪʝʤʳ 

ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʠ ʥʝ ʚʩʝʛʜʘ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʥʢʨʝʪʥʦʛʦ 

ʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʦʨʬʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 1986 ʛ. ʚ ʢʦʪʦʨʦʤ ʧʨʦʧʠʩʘʥʳ ʥʦʨʤʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʜʦʙʳʯʝ ʪʦʨʬʘ (ɺʅʊʇ 19 86).ʕʪʠ 

ʠʥʩʪʨʫʢʮʠʠ ʫʩʪʘʨʝʣʠ ʠ ʥʝ ʦʪʚʝʯʘʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʪʦʨʬʷʥʦʛʦ ʩʝʢʪʦʨʘ ʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʘʢ ʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʥʘʣʠʯʠʝ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʠ 

ʦʙʲʝʤʘʭ ʪʦʨʬʷʥʳʭ ʟʘʧʘʩʦʚ ʚ çʊʦʨʬʷʥʦʤ ʬʦʥʜʝ ʈʦʩʩʠʠè ʧʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ, ʢʦʪʦʨʦʛʦ 

ʜʘʪʠʨʫʝʪʩʷ 2000 ʛ. [6-11]. 

ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʨʘʟʣʠʯʥʦʡ 

ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʠʥʷʪʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʧʦʚʳʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ ʜʣʷ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʜʦʙʳʯʝ ʪʦʨʬʘ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ɻʀʉ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʦʪʘʪʴ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʕʪʘ 

ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʟʘʧʘʩʘʤʠ ʥʘ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʧʦʠʩʢ, 

ʨʘʟʚʝʜʢʘ, ʨʘʟʨʘʙʦʪʢʘ), ʘ ʪʘʢ ʞʝ ʦʨʛʘʥʠʟʫʝʪ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʩʪʘʜʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ (ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʭʝʤ ʵʢʩʢʘʚʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʜʦʙʳʯʝʡ).  

ɺ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʦʨʬʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʘʢʝʪʦʚ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʛʦʨʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʦʨʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ, ʤʘʨʢʰʝʡʜʝʨʠʠ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ. ʊʘʢʠʝ ʧʘʢʝʪʳ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ, ʘ ʠʭ ʦʮʝʥʢʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤ, ʢʘʢ ʦʥʠ ʘʜʘʧʪʠʨʫʶʪʩʷ ʜʣʷ ʥʫʞʜ ʢʦʥʢʨʝʪʥʦʛʦ ʪʦʨʬʷʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ [12-15]. ʇʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʙʲʝʢʪʘʤʠ ʛʝʦʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ:  

- ʪʦʨʬʷʥʦʡ ʤʘʩʩʠʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʣʠʥʠʡ ʟʦʥʜʠʨʦʚʦʯʥʦʡ ʩʝʪʠ, ʦʪʤʝʪʢʠ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʫʩʣʦʚʥʦ 

ʚʳʜʝʣʝʥʳ ʢʦʥʪʫʨʳ ʪʠʧʦʚ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ; 

- ʨʝʣʴʝʬ ʠ ʘʙʨʠʟ ʫʯʘʩʪʢʘ ʤʝʩʪʥʦʩʪʠ, ʚ ʛʨʘʥʠʮʘʭ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʛʦʨʥʳʡ ʦʪʚʦʜ 

ʠ ʪʦʨʬʷʥʦʡ ʢʘʨʴʝʨ; 

- ʢʘʥʘʣʳ ʦʩʫʰʠʪʝʣʴʥʦʡ ʠ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʩʝʪʠ; 

- ʩʝʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʣʦʱʘʜʦʢ, ʚʳʨʘʙʦʪʘʥʥʳʝ ʪʦʨʬʷʥʳʝ ʫʯʘʩʪʢʠ;  

- ʦʪʚʘʣʳ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ, ʥʘʩʳʧʠ, ʦʪʩʪʦʡʥʠʢ, ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠ ʧʨʦʯʠʝ 

ʪʝʭʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʟʣʠʯʥʳʝ ʩʦʦʨʫʞʝʥʠʷ; 

- ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ; 
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- ʟʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; 

- ʟʦʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ, ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʘʨʫʰʝʥʠʷ 

ʣʠʮʝʥʟʠʠ ʥʘ ʧʨʘʚʦ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪ.ʜ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʧʝʨʚʠʯʥʦʡ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʛʝʦʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ 

ʪʦʨʬʦʜʦʙʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʩʣʫʞʘʪ ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʠ 

ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʝ ʧʣʘʥʳ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ, 

ʜʘʥʥʳʝ ʦʧʨʦʙʦʚʘʥʠʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ, ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ʕʪʦʪ ʙʣʦʢ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʩʣʝʜʫʝʪ ʧʨʘʚʠʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʛʨʘʤʦʪʥʦ ʦʧʠʩʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʷʟʳʢʦʤ. ʇʨʦʱʝ ʚʩʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʛʝʦʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʣʘʥʳ ʠ ʧʨʦʬʠʣʠ, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ. 

ʊʦʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʠ 

ʧʨʦʬʠʣʝʡ ʩ ʜʘʥʥʳʤʠ ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʦʨʬʘ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʨʝʣʴʝʬʥʦʛʦ 

ʧʦʣʷ ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʧʝʨʝʧʘʜʘ ʚʳʩʦʪ ʠʟʦʣʠʥʠʡ ʛʦʨʠʟʦʥʪʘʣʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪ.ʝ. ʢʘʨʪʘ ʤʝʩʪʥʦʩʪʠ ʩ ʦʧʠʩʘʥʠʝʤ ʩʫʭʦʜʦʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. ɺ ʧʨʦʮʝʩʩʝ 

ʵʢʩʢʘʚʘʮʠʠ ʪʦʨʬʘ (ʧʦʩʣʦʡʥʳʤ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʳʤ (ʩʢʚʘʞʠʥʥʳʤ) ʩʧʦʩʦʙʘʤʠ) ʦʙʨʘʟʫʝʪʩʷ 

ʚʳʨʘʙʦʪʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʪʦʨʬʷʥʦʡ ʢʘʨʴʝʨ), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʤʝʞʜʫ ʜʚʫʤʷ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ: ʝʩʪʝʩʪʚʝʥʥʘʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʫʯʘʩʪʢʘ 

ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ; ʥʘʨʫʰʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʪʦʨʬʘ [16-18].  

ʊʦʨʬʦʜʦʙʳʚʘʶʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʤʝʝʪ ʩʚʦʠ ʦʙʲʝʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʪʦʨʬʷʥʠʢʘ, ʧʦʵʪʦʤʫ, ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ. ɺʚʠʜʫ ʵʪʦʛʦ ʪʦʨʬʷʥʠʢ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ 

ʩʪʨʫʢʪʫʨʳ. ʀʩʭʦʜʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʦʧʨʝʜʝʣʷʝʪ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʪʦʯʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚʳʙʦʨ ʝʝ ʚʠʜʘ ʠ ʩʣʦʞʥʦʩʪʠ [19-22]. ɸʣʛʦʨʠʪʤ ʧʨʦʮʝʩʩʘ 

ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩ. 1. ʇʨʦʮʝʩʩ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʦʙʦʩʥʦʚʘʥ ʢʘʯʝʩʪʚʦʤ ʠʩʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʚ, ʘ ʠʤʝʥʥʦ: ʢʘʨʪʦʛʨʘʬʠʝʡ, ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, 

ʩʪʨʘʪʠʛʨʘʬʠʝʡ ʠ ʛʠʧʩʦʤʝʪʨʠʝʡ, ʛʝʦʬʠʟʠʢʦʡ ʪʦʨʬʦʟʘʣʝʞʠ, ʧʦʩʣʦʡʥʳʤ ʦʧʨʦʙʠʨʦʚʘʥʠʝʤ ʚ 

ʪʦʯʢʘʭ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʕʪʠ ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʦʜʥʘʢʦ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʪʨʝʙʫʝʪ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, 

ʪʘʢ ʢʘʢ ʪʦʯʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʠʜʝʥʪʠʯʥʘ ʪʦʯʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʛʝʦʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʝʛʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʜʦʙʳʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ 

ʦʪʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʣʘʜʘʶʪ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʜʘ ʠ ʩʘʤʠ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʨʬʘ ʪʘʢʞʝ ʥʝʦʜʥʦʨʦʜʥʳ ʢʘʢ ʧʦ ʛʣʫʙʠʥʝ, ʪʘʢ ʠ ʧʦ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʬʨʦʥʪʘ ʪʦʨʬʦʜʦʙʳʯʥʳʭ ʨʘʙʦʪ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʦʪʨʘʞʘʝʪ ʩʣʦʞʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʘʩʩʠʚʘ ʜʣʷ ʪʦʨʬʷʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʦʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ. ʆʜʥʘʢʦ, ʝʩʣʠ 

ʠʥʬʦʨʤʘʮʠʶ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʝ ʝʜʠʥʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʨʠʚʷʟʘʥʥʳʭ ʚ 

ʬʦʨʤʝ ʪʦʯʝʢ ʢ ʢʦʦʨʜʠʥʘʪʘʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ, ʪʦ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ 

ʝʜʠʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʘʩʩʠʚ [23-25]. ʊʦʯʢʘ ï ʵʪʦ ʙʘʟʦʚʳʡ ʵʣʝʤʝʥʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʚ 3d ʢʦʦʨʜʠʥʘʪʘʭ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ ʢʘʯʝʩʪʚʝʥʥʳʭ (ʛʝʦʣʦʛʠʯʝʩʢʠʭ) 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʨʬʘ, ʠ ʢʦʦʨʜʠʥʘʪʳ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ; ʚʝʢʪʦʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʢʠ; ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʢʠ ʠ ʚʨʝʤʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʩʨʦʢ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʢʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʦʨʬʷʥʳʭ 

ʟʘʣʝʞʝʡ ʦʩʥʦʚʘʥʦ ʥʘ ʮʠʬʨʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʛʨʘʥʠʯʘʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʤʝʞʜʫ ʩʣʦʷʤʠ ʪʦʨʬʘ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʩʣʦʷʤʠ ʧʦʛʨʝʙʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʠ ʧʦʜʩʪʠʣʘʶʱʠʤ 

ʩʣʦʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʜ. ɹʘʟʦʡ ʛʝʦʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʪʦʯʝʯʥʦ-ʮʠʬʨʦʚʘʷ 

ʠʥʬʦʨʤʘʮʠʷ, ʘ ʠʤʝʥʥʦ ʜʘʥʥʳʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ (ʟʦʥʜʠʨʦʚʘʥʠʝ ʠ ʩʪʨʘʪʠʛʨʘʬʠʷ) ʪʦʨʬʷʥʦʛʦ 
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ʤʘʩʩʠʚʘ. ʇʦ ʪʘʢʦʤʫ ʜʠʩʢʨʝʪʥʦ-ʪʦʯʝʯʥʦʤʫ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʛʝʦʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʟʘʣʦʞʝʥʥʳʝ ʚ ɻʀʉ-ʩʠʩʪʝʤʘʭ. 

 
ʈʠʩʫʥʦʢ 1. ɸʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʢʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʘʟʳ 

ʜʘʥʥʳʭ ʪʦʨʬʦʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʦʜʠʨʦʚʘʪʴ ʚʩʝ ʠʟʚʝʩʪʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʩ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ɻʀʉ. ʀ ʫʞʝ 

ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʩʨʝʜʠ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ. ʊʝʢʫʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʜʝʣ ʧʦ ʚʦʧʨʦʩʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɻʀʉ 

ʪʘʢʦʚʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʦʡ ʵʪʦʡ ʪʝʤʳ ʟʘʥʠʤʘʶʪʩʷ ʪʨʠ ʥʘʫʯʥʳʝ ʪʦʨʬʷʥʳʝ ʰʢʦʣʳ: ʋʨʘʣʴʩʢʘʷ, 

ʊʦʤʩʢʘʷ ʠ ʊʚʝʨʩʢʘʷ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʋʨʘʣʴʩʢʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ (ɸʣʝʢʩʘʥʜʨʦʚ ɹ.ʄ., ɻʨʝʚʮʝʚ 

ʅ.ɺ., ɽʛʦʰʠʥʘ ʆ.ʉ.) ʧʨʝʜʣʘʛʘʶʪ ʢʦʜʠʨʦʚʘʪʴ ʚʩʝ ʚʠʜʳ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʟʷʚ ʟʘ 

ʦʩʥʦʚʫ ʠʟʚʝʩʪʥʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʪʦʨʬʘ. ʊʘʢʫʶ ʠʜʝʶ ʢʦʜʠʨʦʚʢʠ ʚʠʜʦʚ 

ʪʦʨʬʘ ʧʨʝʜʣʦʞʠʣʠ ɹʘʟʠʥ ɽ.ʊ., ʂʦʩʦʚ ɺ.ʀ. ʠ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʠ ʚ 1987 ʛ. ʆʜʥʘʢʦ, ʥʝʜʦʩʪʘʪʦʢ 

ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʜʦʩʪʦʚʝʨʥʦ ʦʧʠʩʳʚʘʝʪ ʪʦʣʴʢʦ ʪʦʨʬʘ ɽʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ʈʌ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʠʜʳ ʪʦʨʬʦʚ ɸʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ. ʂ ʪʦʤʫ ʞʝ, ʜʝʪʘʣʴʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʪʦʨʬʷʥʦʛʦ ʩʳʨʴʷ ʧʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʝ ʙʫʜʝʪ 

ʜʦʩʪʘʪʦʯʥʦʛʦ, ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʙʲʝʤʘ ʟʘʧʘʩʦʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʪʝʛʦʨʠʡ ʪʦʨʬʘ 

ʠ ʪʦʛʜʘ ʩʝʣʝʢʪʠʚʥʘʷ ʜʦʙʳʯʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʡ. ɹʝʨʥʘʪʦʥʠʩ ʇ.ɺ., ɹʦʨʢʦ ɻ.ʖ., 

ʀʥʠʰʝʚʘ ʃ.ʀ. ʧʨʝʜʣʘʛʘʶʪ ʢʦʜʠʨʦʚʘʪʴ ʪʦʨʬʷʥʠʢʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ʟʘʧʘʩʦʚ ɸ, ɺ, ʉ, 

ʧʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʪʦʨʬʘ ʚ ʟʘʣʝʞʠ ʫʩʨʝʜʥʷʝʪʩʷ ʠ ʧʨʦʧʘʜʘʝʪ ʩʪʠʤʫʣ ʢ ʩʝʣʝʢʪʠʚʥʦʡ ʦʪʨʘʙʦʪʢʝ 

ʟʘʧʘʩʦʚ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʊʚʝʨʩʢʦʡ ʰʢʦʣʳ (ɹʘʟʠʥ ɽ.ʊ.,ʃʠʰʪʚʘʥ ʀ.ʀ., ʂʦʩʦʚ ɺ.ʀ., ʄʘʢʘʨʝʥʢʦ 

ɻ.ʃ, ʠ ʜʨ.) ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʜʠʨʦʚʢʠ ʚʠʜʦʚ ʪʦʨʬʘ 

ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʪʦʣʴʢʦ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʥʦ ʠ ʢʣʶʯʝʚʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ 



 
92 

 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʨʬʷʥʦʛʦ ʠ ʪʦʨʬʦʜʨʝʚʝʩʪʥʦʛʦ ʩʳʨʴʷ [26-28]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ 

ʩʪʨʫʢʪʫʨʫ ʟʘʧʘʩʦʚ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʯʪʦ ʪʦʯʥʝʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ, ʠ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʢʦʜʠʨʦʚʘʥʠʶ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʦʨʬʷʥʳʭ 

ʨʝʩʫʨʩʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ 

ʊʦʨʬʷʥʘʷ 

ʰʢʦʣʘ 

ʆʩʥʦʚʘ ʢʦʜʠʨʦʚʘʥʠʷ ʚʠʜʦʚ ʪʦʨʬʘ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʇʨʠʤʝʨ ʢʦʜʠʨʦʚʘʥʠʷ ʚʠʜʦʚ ʪʦʨʬʘ 

ʋʨʘʣʴʩʢʘʷ ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʠʜʦʚ 

ʪʦʨʬʘ 

ʊʠʧ ï ʇʦʜʪʠʧ ï ɻʨʫʧʧʘ ï ɺʠʜ 

ʅ 1-ʥʠʟʠʥʥʳʡ, ʇ 2-ʧʝʨʝʭʦʜʥʳʡ, ɺ 3-

ʚʝʨʭʦʚʦʡ 

ʊʦʤʩʢʘʷ ʇʦ ʢʘʪʝʛʦʨʠʷʤ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʟʘʧʘʩʦʚ ʪʦʨʬʘ 

ʂʘʪʝʛʦʨʠʠ ʟʘʧʘʩʦʚ ʪʦʨʬʘ ʧʦ ʩʪʝʧʝʥʠ 

ʠʟʫʯʝʥʥʦʩʪʠ: ɸ ï 1.1; ɺ ï1.2; ʉï1.3  

ʊʚʝʨʩʢʘʷ ʂʦʤʧʣʝʢʩʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʩʫʨʩʦʚ 

ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʊʠʧ ï ʇʥʠʩʪʦʩʪʴ ï ʉʪʝʧʝʥʴ 

ʨʘʟʣʦʞʝʥʠʷ ï ɿʦʣʴʥʦʩʪʴ ï ɻʣʫʙʠʥʘ 

ʟʘʣʝʞʠ 

 

ʊʘʢ ʢʘʢ ʨʘʟʥʳʝ ʪʦʨʬʷʥʳʝ ʰʢʦʣʳ ʠʤʝʶʪ ʩʚʦʶ ʪʦʯʢʫ ʟʨʝʥʠʷ ʧʦ ʚʦʧʨʦʩʫ ʦ ʩʪʨʫʢʪʫʨʝ 

ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʦ ʧʦʩʪʨʦʝʥʥʳʝ ʤʦʜʝʣʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʪʦʨʬʷʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʘʢʞʝ ʙʫʜʫʪ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʦʨʬʷʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʦ ʚʩʝʭ ʛʦʨʥʳʭ ɻʀʉ ʚʦʟʥʠʢʘʝʪ ʚʘʞʥʳʡ ʚʦʧʨʦʩ ʦ ʨʘʟʤʝʨʘʭ ʝʜʠʥʠʯʥʳʭ 

ʙʣʦʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 3d ʤʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʨʘʟʤʝʨʳ ʙʘʟʦʚʳʭ ʙʣʦʢʦʚ ʚ 3d ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʦʨʬʷʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ: 

- ʛʣʫʙʠʥʘ (h) 0,25 ï 0,5 ʤ ï ʛʣʫʙʠʥʘ ʧʣʘʩʪʦʦʙʨʘʟʫʶʱʝʛʦ ʩʣʦʷ, ʚ ʢʦʪʦʨʦʤ ʚʩʪʨʝʯʘʶʪʩʷ 

ʦʩʪʘʪʢʠ ʨʘʩʪʝʥʠʡ ʪʦʨʬʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʦʨʬʷʥʦ-ʙʦʣʦʪʥʦʤʫ 

ʬʠʪʦʮʝʥʦʟʫ; 

- ʜʣʠʥʘ (x) 100 - 500 - 1000 ʤ ï ʰʘʛ ʩʝʪʠ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʱʘʜʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʚʠʜʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ); 

- ʰʠʨʠʥʘ (y) 500 - 1000 ʤ ï (ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʝʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ 

ʠʤʝʥʥʦ ʰʠʨʠʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʦʱʘʜʢʠ ʠʣʠ ʫʯʘʩʪʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʝʜʝʪʩʷ ʜʦʙʳʯʘ ʪʦʨʬʘ). 

ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ ʪʘʢ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʦʨʬʷʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʩʬʝʨʝ ʟʘʚʦʜʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʨʬʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʪʜʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʩʬʝʨʝ ʫʧʨʘʚʣʝʥʠʷ 

ʪʦʨʬʷʥʦʡ ʦʪʨʘʩʣʴʶ ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʪʨʫʜʘʭ ʅ.ʄ. ʂʘʨʘʚʘʝʚʦʡ. ʀʥʪʝʨʝʩ ʢ ʪʝʤʝ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʪʦʨʬʷʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʥʦʚʴ ʚʦʟʥʠʢ ʚ ʢʦʥʮʝ 1980-ʭ ʥʘʯʘʣʝ 1990-ʭ ʛ.ʛ [21-

28]. ʀʤʝʥʥʦ ʪʦʛʜʘ ʚ ʊʚʝʨʩʢʦʡ ʪʦʨʬʷʥʦʡ ʰʢʦʣʝ ʧʦʷʚʠʣʘʩʴ ʠʜʝʷ ʨʘʟʨʘʙʦʪʢʠ ɻʀʉ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʜʥʘʢʦ, 

ʩʦ ʩʤʝʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʫʨʩʘ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʠʥʪʝʨʝʩ ʢ ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ 

ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʣ ʫʛʘʩʘʪʴ ʠ ʤʥʦʛʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʫʯʥʳʝ ʠʜʝʠ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʚ ʪʝʭ ʫʩʣʦʚʠʷʭ, 

ʩʪʘʣʠ ʥʝ ʚʦʩʪʨʝʙʦʚʘʥʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʦʨʬʦʜʦʙʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦ ʫʩʪʘʨʝʚʰʠʤ ʜʘʥʥʳʤ ʪʦʨʬʷʥʳʭ ʬʦʥʜʦʚ 1955 ï 1989 ʛ.ʛ. ʍʦʪʷ ʠʟʫʯʝʥʥʦʩʪʴ ʝʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ʈʦʩʩʠʠ ʧʦ ʪʦʨʬʷʥʦʤʫ ʩʳʨʴʶ ʩʦʩʪʘʚʣʷʝʪ 80 ï 90% ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʦʨʬʷʥʳʝ 

ʬʦʥʜʳ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʝʨʝʦʮʝʥʢʝ ʠ ʟʘʯʘʩʪʫʶ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʝʧʦʣʥʳʝ ʠ ʩʦʜʝʨʞʘʪ 

ʦʰʠʙʢʠ ʚ ʨʘʩʯʝʪʘʭ ʟʘʧʘʩʦʚ ʪʦʨʬʘ ʠ ʨʝʩʫʨʩʦʚ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ɻʀʉ ʚ ʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʣʶʙʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʦʨʬʷʥʫʶ ʟʘʣʝʞʴ, ʢʘʢ ʝʜʠʥʳʡ ʩʧʣʦʰʥʦʡ ʤʘʩʩʠʚ, ʯʪʦ ʚ ʢʦʨʥʝ 

ʦʰʠʙʦʯʥʦ, ʪʘʢ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʟʥʘʥʠʷʤ ʦ ʩʪʨʦʝʥʠʠ ʪʦʨʬʷʥʠʢʘ. 
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ʋɼʂ 662.271 

ʂʆʄʇʃɽʂʉʅʆɽ ʀ ʈɸʎʀʆʅɸʃʔʅʆɽ ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʈɽʉʋʈʉʆɺ 

ʊʆʈʌʗʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

ʗʂʆʅʆɺʉʂɸʗ ʊ. ɹ., ɾʀɻʋʃʔʉʂɸʗ ɸ. ʀ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ 

ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʢʘʟʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʨʝʩʫʨʩʦʚ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʘʢ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʤʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ 

ʩʪʘʜʠʡ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʦʨʬʷʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʢ ʵʣʝʤʝʥʪʘ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʡ 

ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʨʬʷʥʳʝ ʨʝʩʫʨʩʳ, ʪʦʨʬʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʤʠʥʝʨʘʣʴʥʘʷ ʧʦʨʦʜʘ, 

ʢʦʤʧʣʝʢʩʥʦʝ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ.  

INTEGRATED AND RATIONAL US E OF RESOURCES OF PEAT DEPOSITS 

YAKONOVSKAYA T. B., ZHIGULSKAYA A. I. 

Tver State Technical University 

Abstract. The article deals with the problems of the complex use of resources of peat deposits in 

modern economic and industrial conditions. The technology of complete extraction of resources of 

peat deposits of both organic and mineral origin is shown. The mechanism of changing the stages of 

the life cycle of peat production as an element of the mining system is presented.  

Keywords: peat resources, peat deposits, mineral rock, complex and rational use, life cycle. 

 

ʈʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʠ ʨʘʩʪʫʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʱʝʩʪʚʘ ʧʨʠʚʦʜʷʪ ʢ ʨʦʩʪʫ ʦʙʲʝʤʦʚ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ ʠʩʯʝʨʧʘʝʤʦʩʪʠ. ɺʚʠʜʫ ʵʪʦʛʦ 

ʚʩʝ ʯʘʱʝ ʚ ʥʘʫʯʥʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦʙ ʵʬʬʝʢʪʠʚʥʦʤ, 

ʨʘʮʠʦʥʘʣʴʥʦʤ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʝʨʨʠʪʦʨʠʡ [1-

3].  

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ, ʠʩʢʦʧʘʝʤʳʤ ʨʝʩʫʨʩʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʫʙʲʝʢʪʦʚ ʈʌ ʷʚʣʷʝʪʩʷ ʪʦʨʬ. ʆʙʲʝʤ ʟʘʪʦʨʬʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 70%. ɺ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʘ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʝʣʘʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʩʪʝʥʩʠʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʰʠʨʥʳʭ ʧʣʦʱʘʜʝʡ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʣʷ ʜʦʙʳʯʠ 

ʪʦʨʬʘ; ʢʨʫʧʥʦʦʙʲʝʤʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʦʙʳʯʠ ʪʦʨʬʘ; ʪʨʫʜʦʝʤʢʠʝ ʠ ʟʘʪʨʘʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʚʳʨʘʙʦʪʘʥʥʳʭ ʧʣʦʱʘʜʝʡ ʪʦʨʬʷʥʳʭ ʢʘʨʴʝʨʦʚ; ʩʢʫʜʥʳʡ ʘʩʩʦʨʪʠʤʝʥʪ 

ʚʳʧʫʩʢʘʝʤʦʡ ʪʦʨʬʦʧʨʦʜʫʢʮʠʠ (ʜʦ 2-3 ʥʘʠʤʝʥʦʚʘʥʠʡ).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʯʘʣʝ 1980 ʛ., ʚʚʠʜʫ ʚʳʨʘʙʦʪʢʠ ʠ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʜʦʙʳʯʠ, ʚ 

ʪʦʨʬʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʩʝ ʯʘʱʝ ʩʪʘʣʠ ʟʘʜʫʤʳʚʘʪʴʩʷ ʦ ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝ 

ʪʦʣʴʢʦ ʪʦʨʬʘ, ʥʦ ʠ ʚʩʝʭ ʨʝʩʫʨʩʦʚ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [4-7].  



 
96 

 

ʇʦʜ ʪʝʨʤʠʥʦʤ çʨʝʩʫʨʩʳ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡè, ʘʚʪʦʨʳ, ʧʦʥʠʤʘʶʪ ʥʝ ʪʦʣʴʢʦ 

ʪʦʨʬ, ʥʦ ʠ ʧʨʦʠʟʨʘʩʪʘʶʱʫʶ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʘ ʪʘʢʞʝ ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʝʛʦ ʪʦʣʱʝ 

ʧʦʛʨʝʙʝʥʥʫʶ ʜʨʝʚʝʩʠʥʫ, ʠ ʤʠʥʝʨʘʣʴʥʫʶ ʧʦʨʦʜʫ ʧʦʜʩʪʠʣʘʶʱʫʶ ʪʦʨʬʷʥʠʢ (ʩʘʧʨʦʧʝʣʠ, ʠʣʳ, 

ʩʫʛʣʠʥʢʠ, ʛʣʠʥʳ, ʧʝʩʢʠ ʠ ʧʨ.). ɹʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ 

ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʨʝʚʝʩʥʳʡ ʵʣʝʤʝʥʪ ʚ ʩʪʨʫʢʪʫʨʝ ʪʦʨʬʷʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʢ ʦʪʭʦʜʳ, ʢʦʪʦʨʳʝ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʪʦʣʱʠ ʪʦʨʬʷʥʠʢʘ ʠ ʩʢʣʘʜʠʨʫʶʪʩʷ ʚ 

ʦʪʚʘʣ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʩʫʭʦʜʦʣʝ ʠʣʠ ʚʳʚʦʟʠʪʩʷ ʟʘ ʛʨʘʥʠʮʳ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ. ʇʨʠ ʵʪʦʤ, ʦʙʲʝʤ 

ʟʘʧʘʩʦʚ ʪʦʣʴʢʦ ʧʦʛʨʝʙʝʥʥʦʡ, ʚ ʪʦʣʱʝ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ, ʜʨʝʚʝʩʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʦʪ ʪʳʩʷʯ ʜʦ ʤʠʣʣʠʦʥʦʚ ʢʫʙ. ʤ. ʅʘʭʦʜʷʩʴ ʚ ʦʪʚʘʣʝ ʪʘʢʠʝ 

ʜʨʝʚʝʩʥʳʝ ʨʝʩʫʨʩʳ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʞʘʨʘ, 

ʚʧʨʦʯʝʤ, ʢʘʢ ʠ ʦʩʪʘʶʱʠʝʩʷ ʥʘ ʦʢʨʘʠʥʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʢʦʥʜʠʮʠʦʥʥʳʝ ʫʯʘʩʪʢʠ ʪʦʨʬʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʦʪʝʨʠ [8, 9]. 

ɺʳʨʘʙʦʪʘʥʥʳʝ ʪʦʨʬʷʥʳʝ ʧʣʦʱʘʜʠ ʪʨʝʙʫʶʪ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʦʜ ʥʫʞʜʳ ʣʝʩʥʦʛʦ ʠ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚ ʠʣʠ ʚʦʜʥʳʡ ʦʙʲʝʢʪ. ʍʦʪʷ, ʧʦʜʩʪʠʣʘʶʱʠʡ ʤʠʥʝʨʘʣʴʥʳʡ ʛʨʫʥʪ, ʪʘʢʞʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʝʨʝʚʝʜʷ ʪʦʨʬʷʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʚ ʩʪʘʪʫʩ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʨʫʜʥʦʡ ʦʪʨʘʩʣʠ ʧʦ ʜʦʙʳʯʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʚʪʦʨʳ 

ʧʨʝʜʣʘʛʘʶʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʰʠʨʝʥʠʠ ʘʩʩʦʨʪʠʤʝʥʪʘ ʪʦʨʬʦʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʝʪ ʚʦʚʣʝʯʝʥʠʷ ʚ 

ʧʝʨʝʨʘʙʦʪʢʫ ʨʝʩʫʨʩʦʚ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ (ʜʨʝʚʝʩʠʥʳ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʨʦʜʳ).  

ɼʣʷ ʮʝʣʠ ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʪʦʨʬʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʦʣʥʦʛʦ 

ʠʟʚʣʝʯʝʥʠʷ ʪʦʨʬʘ ʙʝʟ ʧʦʪʝʨʴ [10-13]: 

1. ʆʩʪʘʪʦʯʥʳʡ ʩʣʦʡ ʪʦʨʬʘ, ʢʦʪʦʨʳʡ ʧʦ ɻʆʉʊ ʦʪʥʦʩʠʪʩʷ ʢ çʥʝʢʦʥʜʠʮʠʦʥʥʦʤʫè ʠ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ (ʜʦ 0,5 ʤ) ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʚʝʪʨʦʚʦʡ ʵʨʦʟʠʠ; 

2. ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʠ ʥʘʣʠʯʠʝ ʨʝʟʢʦʛʦ ʧʝʨʝʧʘʜʘ ʦʪʤʝʪʦʢ ʚʳʩʦʪ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʜʥʘ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʦ 30% ʪʦʨʬʷʥʳʭ ʧʣʦʱʘʜʝʡ ʦʙʥʘʞʝʥʳ ʜʦ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʣʦʷ; 

3. ɿʘʱʠʪʥʳʡ ʩʣʦʡ ʪʦʨʬʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʦʣʦʪʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʦʜ ʧʦʚʪʦʨʥʦʝ ʟʘʙʦʣʘʯʠʚʘʥʠʝ; 

4. ʕʢʦʥʦʤʠʯʝʩʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʚʣʝʢʘʪʴ ʪʦʨʬʷʥʦʝ ʩʳʨʴʝ ʧʦʣʥʦʩʪʴʶ 

ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʥʦʛʦ ʨʷʜʘ ʪʦʨʬʦʧʨʦʜʫʢʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʫʪʝʤ ʫʩʪʨʘʥʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʧʦʞʘʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʯʠʥ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʜʦʙʳʯʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʨʦʜʳ 

ʩʣʝʜʫʝʪ ʥʘʟʚʘʪʴ: 

1. ʇʦʚʳʰʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʦʨʬʦ-

ʤʠʥʝʨʘʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ; 

2. ɺʳʝʤʢʘ ʩʣʦʷ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʨʦʜʳ ʧʨʠʙʣʠʟʠʪ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʘʯʘʣʴʥʳʡ 

ʵʪʘʧ ʚ ʵʚʦʣʶʮʠʠ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 1, 2). ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʪʦʨʬʷʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʟʥʘʯʝʥʠʡ ʧʨʠʙʳʣʠ ʠʣʠ ʦʙʲʝʤʦʚ 

ʜʦʙʳʯʠ. ʉʭʝʤʘ ʥʘ ʈʠʩʫʥʦʢ 2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʠ ʫʜʣʠʥʝʥʠʷ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [14-17]: 

1. ʕʪʘʧ ï ʪʦʨʬʷʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʛʜʘ ʧʨʝʜʧʨʠʷʪʠʝ ʘʨʝʥʜʫʝʪ ʪʦʨʬʷʥʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠ ʟʘʥʠʤʘʝʪʩʷ ʜʦʙʳʯʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʪʦʨʬʷʥʠʢʘ ʠʟ ʢʦʪʦʨʳʭ, ʟʘʪʝʤ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʘʷ ʪʦʨʬʷʥʘʷ ʠ ʪʦʨʬʦʜʨʝʚʝʩʥʘʷ ʧʨʦʜʫʢʮʠʷ. ʕʪʘʧ ʜʣʠʪʩʷ ʜʦ 35 ʣʝʪ, 

ʧʨʠ ʵʪʦʤ ʪʦʨʬʷʥʳʝ ʨʝʩʫʨʩʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʠʟʚʣʝʢʘʶʪʩʷ. 

2. ʕʪʘʧ ï ʪʦʨʬʦʤʠʥʝʨʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʛʜʘ ʵʪʘʧ ʪʦʨʬʷʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʩʪʫʧʘʝʪ ʚ ʩʪʘʜʠʶ ʟʘʪʫʭʘʶʱʝʡ ʜʦʙʳʯʠ ʠ ʠʩʪʦʱʝʥʠʷ ʪʦʨʬʷʥʦʛʦ ʤʘʩʩʠʚʘ. ʆʙʥʘʞʘʶʪʩʷ 
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ʫʯʘʩʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʣʦʞʘ ʪʦʨʬʷʥʠʢʘ, ʘ ʦʩʪʘʚʰʠʡʩʷ ʪʦʨʬ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʟʦʣʴʥʦʩʪʴʶ ʠ ʠʟʤʝʥʷʝʪ ʩʚʦʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʝʜʧʨʠʷʪʠʝ ʤʝʥʷʝʪ ʩʚʦʡ ʩʪʘʪʫʩ 

çʪʦʨʬʦʜʦʙʳʚʘʶʱʝʛʦè ʠ ʧʝʨʝʭʦʜʠʪ ʠʟ ʪʦʨʬʷʥʦʡ ʦʪʨʘʩʣʠ ʚ ʦʪʨʘʩʣʴ ʜʦʙʳʯʠ ʥʝʨʫʜʥʦʛʦ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʕʪʘʧ ʜʣʠʪʩʷ ʜʦ 5 ʣʝʪ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʣʦʞʝ ʪʦʨʬʷʥʠʢʘ ʧʦʜʩʪʠʣʘʝʪ 

ʩʘʧʨʦʧʝʣʴ, ʪʦ ʦʬʦʨʤʣʷʝʪʩʷ ʘʨʝʥʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʘʧʨʦʧʝʣʝʡ ʠ ʵʪʘʧ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʤʦʞʝʪ ʨʘʩʪʷʥʫʪʩʷ ʜʦ 15 ʣʝʪ. 

3. ʕʪʘʧ ï ʜʦʙʳʯʘ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʨʦʜʳ, ʢʦʛʜʘ ʧʨʝʜʧʨʠʷʪʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʣʠ ʤʠʥʝʨʘʣʴʥʦʝ ʣʦʞʝ 

ʪʦʨʬʷʥʠʢʘ (ʩʫʛʣʠʥʢʠ, ʛʣʠʥʳ, ʧʝʩʢʠ).  

 
ʈʠʩʫʥʦʢ 1. ʕʚʦʣʶʮʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʦʨʬʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʢ 

ʵʣʝʤʝʥʪʘ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʡ ʩʠʩʪʝʤʳ (ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʘʤʠ): 1 ï ʩʪʘʜʠʷ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ; 2 ï ʩʪʘʜʠʷ ʨʘʩʪʫʱʝʡ ʜʦʙʳʯʠ; 3 ï ʩʪʘʜʠʷ 

ʩʪʘʙʠʣʴʥʦʡ ʜʦʙʳʯʠ; 4 ï ʩʪʘʜʠʷ ʟʘʪʫʭʘʶʱʝʡ ʜʦʙʳʯʠ ʠ ʠʩʪʦʱʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; ɺʉ ï 

ʩʪʘʜʠʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 

ʊʘʢʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʟʚʦʣʠʪ ʨʝʛʠʦʥʘʤ, ʛʜʝ ʦʩʥʦʚʫ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʩʦʩʪʘʚʣʷʶʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʪʦʨʬ ʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʘʪʝʛʠʶ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ ʠ ʩʦʟʜʘʪʴ ʨʝʛʠʦʥʘʣʴʥʫʶ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʧʨʠ ʵʪʦʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʪʝ ʪʦʨʬʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʝ ʣʦʞʝ ʠ 

ʤʠʥʝʨʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʦʪʦʨʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ.  

ʆʜʥʘʢʦ, ʜʣʷ ʪʘʢʦʛʦ ʩʮʝʥʘʨʠʷ ʨʘʟʚʠʪʠʷ ʪʦʨʬʷʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʢʘʢ ʵʣʝʤʝʥʪʦʚ 

ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʪʨʝʙʫʝʪʩʷ ʚʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʦʧʦʣʥʝʥʠʷ ʚ ʪʦʨʬʷʥʳʝ 

ʬʦʥʜʳ ʨʝʛʠʦʥʦʚ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʘʩʩʦʚʦ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ (ʜʦ 1990-ʭ ʛʛ.) ʠ ʧʨʠ ʦʧʠʩʘʥʠʠ ʪʦʨʬʷʥʠʢʦʚ ʚ ʨʝʛʠʦʥʘʣʴʥʳʝ ʪʦʨʬʷʥʳʝ ʬʦʥʜʳ 

ʥʝ ʚʥʦʩʠʣʘʩʴ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʠʜʝ, ʩʦʩʪʘʚʝ ʠ ʦʙʲʝʤʘʭ ʟʘʧʘʩʦʚ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʠ ʧʨʠʥʷʪʠʠ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʦ ʨʘʟʨʘʙʦʪʢʝ ʪʦʨʬʷʥʦʛʦ 

ʤʘʩʩʠʚʘ ʠ ʧʦʨʦʜ ʤʠʥʝʨʘʣʴʥʦʛʦ ʜʥʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʵʢʩʧʝʨʪʥʫʶ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʩʠʩʪʝʤʫ (ʛʝʦʢʘʜʘʩʪʨ) ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʦ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, 

ʥʦ ʠ ʦʙ ʦʙʲʝʤʘʭ ʠ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʜʩʪʠʣʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʢʨʫʞʘʶʱʠʭ ʠ ʛʨʘʥʠʯʘʱʠʭ ʩ ʪʦʨʬʷʥʠʢʦʤ [18-20]. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʠ ʪʘʢʦʡ ʧʦʜʭʦʜ ʩʦʚʤʝʩʪʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʘʨʫʰʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ (ʚʳʨʘʙʦʪʘʥʥʳʭ ʢʘʨʴʝʨʦʚ), ʘ ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʧʦʜ ʚʦʜʥʳʡ ʦʙʲʝʢʪ ʧʦʟʚʦʣʠʪ ʧʦʣʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. 
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ʈʠʩʫʥʦʢ 2. ɸʣʛʦʨʠʪʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ 

ʪʦʨʬʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [12] 

 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʪʤʝʪʠʤ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ 

ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ ʪʦʨʬʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʘʢ 

ʢʘʢ ʧʨʠʚʦʜʠʪ ʢ: 

1. ʈʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ 

ʨʘʟʥʦʢʘʯʝʩʪʚʝʥʥʦʡ ʪʦʨʬʷʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʧʦʩʦʙʥʦʡ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʦʪʨʝʙʠʪʝʣʷ; 

2. ʌʦʨʤʠʨʦʚʘʥʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ 

ʪʦʨʬʷʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʜʦʙʳʚʘʶʱʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ; 

3. ʈʘʩʰʠʨʝʥʠʶ ʩʬʝʨʳ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʦʨʬʦʧʨʝʜʧʨʠʷʪʠʷ ʠ ʝʛʦ 

ʧʣʘʚʥʦʤʫ, ʣʦʛʠʯʝʩʢʦʤʫ ʧʝʨʝʭʦʜʫ ʩʦ ʩʪʘʜʠʠ ʪʦʨʬʦʜʦʙʳʯʠ ʚ ʩʪʘʜʠʶ ʜʦʙʳʯʠ ʤʠʥʝʨʘʣʴʥʦʡ 

ʧʦʨʦʜʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʣʠʪʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʝʜʧʨʠʷʪʠʷ; 
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4. ɺʦʟʤʦʞʥʦʩʪʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʚʳʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʚʦʜʥʳʡ ʦʙʲʝʢʪ (ʦʟʝʨʦ) 

ʠʣʠ ʧʦʚʪʦʨʥʳʡ ʧʨʦʮʝʩʩ ʚʪʦʨʠʯʥʦʛʦ ʟʘʙʦʣʘʯʠʚʘʥʠʷ; 

5. ʇʦʷʚʣʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚ ʨʘʡʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʨʬʦʧʨʝʜʧʨʠʷʪʠʷ. 
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ʊɽʍʅʆʃʆɻʀʗ ɺʓɽʄʂʀ ɻʆʈʅʆʁ ʄɸʉʉʓ ʕʂʉʂɸɺɸʊʆʈʆʄ  

ʉ ʇʈʆʉɽʀɺɸʖʑʀʄ ʂʆɺʐʆʄ 

ʏɽɹɸʅ ɸ.ʖ. 

ʍʘʙʘʨʦʚʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʧʦʚʳʰʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʟ ʥʝʜʨ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʋʩʣʦʞʥʝʥʠʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʳʝʤʢʫ ʨʫʜ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʝʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʦʜʥʦʢʦʚʰʦʚʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʩ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʈʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ 

ʧʨʦʩʝʠʚʘʶʱʠʡ ʢʦʚʰ ʩ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ 

ʦʙʦʛʘʱʝʥʥʳʭ ʧʦʣʝʟʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʫ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʨʫʜʥʦʡ 

ʤʝʣʦʯʠ ʚ ʙʫʥʢʝʨ ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʆʪʜʝʣʝʥʠʝ ʦʙʦʛʘʱʝʥʥʦʡ ʨʫʜʥʦʡ 

ʤʝʣʦʯʠ ʚʝʜʝʪʩʷ ʧʨʠ ʚʳʝʤʢʝ ʠ ʧʦʛʨʫʟʢʝ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʨʫʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ 

ʧʦʚʦʨʦʪʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʤʝʩʪʫ ʨʘʟʛʨʫʟʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ 

ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʵʢʩʢʘʚʘʪʦʨʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʣʦʞʥʦʩʪʨʫʢʪʨʫʨʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʥʝʢʦʥʜʠʮʠʦʥʥʘʷ ʨʫʜʘ, ʵʢʩʢʘʚʘʪʦʨ, 

ʢʦʚh, ʨʫʜʥʘʷ ʤʝʣʦʯʴ, ʘʚʪʦʩʘʤʦʩʚʘʣ. 

EXCAVATOR WITH A SEEDING BUCKET  

CHEBAN A. YU. 

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

Abstract. The article proposes a technical and technological solution that ensures an increase in the 

extraction of mineral raw materials from the sUral Branchsoil during the development of complex-

structured deposits. The increasing complexity of mining and geological and mining technical 

conditions during the development of ore deposits predetermines the need to improve technologies 

and mining equipment. It is proposed to extract ores from a complex-structured deposit using a 

hydraulic single-bucket excavator with improved working equipment. The working equipment 

includes a screening bucket with perforated surfaces for separating fine fractions enriched with a 

useful component, as well as a system for pneumatic transport of ore fines to the hopper of a special 

vehicle. The separation of enriched ore fines is carried out during the excavation and loading of 

sUral Branchstandard ores directly while the working equipment is turning to the unloading point, 

which ensures a reduction in the operating cycle of the excavator. 

Keywords: complex structure deposit, sUral Branchstandard ore, excavator, ladle, ore fines, dump 

truck.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʫʭʫʜʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ 

ʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʥʫʞʜʝʥʳ ʚʝʩʪʠ ʨʘʟʨʘʙʦʪʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʠʭ 

ʫʯʘʩʪʢʦʚ ʩʦ ʩʣʦʞʥʳʤʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ [1-3]. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʫʩʧʝʰʥʦ ʚʝʩʪʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʟʨʘʙʦʪʢʫ ʤʘʩʩʠʚʦʚ, 

ʩʣʦʞʝʥʥʳʭ ʧʣʦʪʥʳʤʠ ʠ ʧʦʣʫʩʢʘʣʴʥʳʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ [4-7]. ʈʘʟʨʘʙʦʪʢʘ ʩʢʘʣʴʥʳʭ 

ʤʘʩʩʠʚʦʚ ʚʝʜʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ [8]. ɼʣʷ ʤʥʦʛʠʭ 
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ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʮʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʝʣʢʠʭ ʬʨʘʢʮʠʷʭ ʚʟʦʨʚʘʥʥʦʡ ʨʫʜʥʦʡ ʤʘʩʩʳ [9-12]. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʡ ʨʫʜʝ 

ʭʘʨʘʢʪʝʨʥʦ ʢʘʢ ʜʣʷ ʢʦʥʜʠʮʠʦʥʥʳʭ, ʪʘʢ ʠ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʨʫʜ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʰʪʦʢʚʝʨʢʦʚʳʭ ʚʤʝʩʪʝ ʩ 

ʥʝʢʦʥʜʠʮʠʦʥʥʳʤʠ ʨʫʜʘʤʠ ʥʘ ʩʢʣʘʜ ʥʝʢʦʥʜʠʮʠʦʥʥʦʡ ʨʫʜʳ, ʘ ʧʦ ʩʫʱʝʩʪʚʫ ʚ ʦʪʚʘʣ, 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ [13]. ɺʳʜʝʣʝʥʠʝ ʧʦʣʝʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʚ ʤʝʣʢʠʭ ʬʨʘʢʮʠʷʭ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ ʨʫʜ ʚʦ ʚʨʝʤʷ ʚʝʜʝʥʠʷ 

ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʳʯʠ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ.  

ʀʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʚʳʜʝʣʝʥʠʶ ʦʙʦʛʘʱʝʥʥʳʭ 

ʧʦʣʝʟʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʨʫʜʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ 

ʚʳʝʤʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [14-16]. ʊʘʢ ʚ ʨʘʙʦʪʝ [15] ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʧʘʪʠʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʝʤʦʯʥʦ-

ʩʦʨʪʠʨʦʚʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʌʨʝʟʝʨʥʳʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʢʦʤʧʣʝʢʩʘ ʚʝʜʝʪ ʨʳʭʣʝʥʠʝ 

ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʧʦʜʘʯʝʡ ʨʘʟʨʳʭʣʝʥʥʦʡ ʨʫʜʥʦʡ ʤʘʩʩʳ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦ-

ʩʦʨʪʠʨʦʚʦʯʥʳʡ ʘʛʨʝʛʘʪ, ʛʜʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʨʠ ʚʳʝʤʢʝ ʢʦʥʜʠʮʠʦʥʥʦʡ ʠ ʥʝʢʦʥʜʠʮʠʦʥʥʦʡ ʨʫʜʳ ʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʨʝʰʝʪʢʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʩʦʨʪʠʨʦʚʦʯʥʦʛʦ ʘʛʨʝʛʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʨʝʰʝʪʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʚʳʜʝʣʷʶʪʩʷ ʦʙʦʛʘʱʝʥʥʳʝ ʧʦʣʝʟʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ, ʢʦʪʦʨʳʝ 

ʩʦʙʠʨʘʶʪʩʷ ʚ ʥʘʢʦʧʠʪʝʣʝ ʠ ʩʠʩʪʝʤʦʡ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʢʦʥʪʝʡʥʝʨ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʅʘʜʨʝʰʝʪʥʳʡ ʧʨʦʜʫʢʪ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʢ ʣʦʪʢʫ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʩʩʳʧʘʝʪʩʷ ʚ ʦʪʨʳʪʫʶ ʬʨʝʟʝʨʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʪʨʘʥʰʝʶ. ʇʨʠ ʚʳʝʤʢʝ ʧʫʩʪʦʡ ʧʦʨʦʜʳ 

ʱʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʠ ʚʝʩʴ ʦʙʲʝʤ ʛʦʨʥʦʡ ʤʘʩʩʳ ʯʝʨʝʟ ʣʦʪʦʢ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʪʨʘʥʰʝʶ. ʆʪʩʳʧʘʥʥʳʡ ʚ ʪʨʘʥʰʝʶ ʥʘʜʨʝʰʝʪʥʳʡ ʧʨʦʜʫʢʪ ʩʝʣʝʢʪʠʚʥʦ 

ʛʨʫʟʠʪʩʷ ʧʦʛʨʫʟʯʠʢʦʤ ʚ ʘʚʪʦʩʘʤʦʩʚʘʣʳ. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʚʳʝʤʦʯʥʦ-ʩʦʨʪʠʨʦʚʦʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʣʦʞʝʥʥʳʭ 

ʩʢʘʣʴʥʳʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʜʥʦʛʦ ʠʟ ʥʠʢʝʣʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʣʷ ʚʳʝʤʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦʢʦʚʰʦʚʳʝ ʵʢʩʢʘʚʘʪʦʨʳ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʢʦʚʰʘʤʠ ʬʠʨʤʳ ALLU ʩ 

ʧʨʦʩʝʠʚʘʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ [16]. ʅʠʢʝʣʝʚʘʷ ʨʫʜʘ (ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ ʛʦʨʥʦʡ ʤʘʩʩʳ) 

ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʧʫʩʪʦʡ ʧʦʨʦʜʳ (ʢʨʫʧʥʳʝ ʬʨʘʢʮʠʠ ʛʦʨʥʦʡ ʤʘʩʩʳ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ 

ʜʦʙʳʯʠ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʵʢʩʢʘʚʘʪʦʨ ʧʨʦʠʟʚʦʜʠʪ ʯʝʨʧʘʥʠʝ ʛʦʨʥʦʡ ʤʘʩʩʳ ʠ ʧʦʚʦʨʘʯʠʚʘʝʪ 

ʨʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢ ʤʝʩʪʫ ʨʘʟʛʨʫʟʢʠ. ɿʘʪʝʤ ʚʢʣʶʯʘʝʪʩʷ ʧʨʦʩʝʠʚʘʶʱʠʡ ʤʝʭʘʥʠʟʤ ʠ ʠʟ 

ʢʦʚʰʘ ʧʨʦʩʝʠʚʘʝʪʩʷ ʥʠʢʝʣʝʚʘʷ ʨʫʜʘ, ʢʦʪʦʨʘʷ ʩʩʳʧʘʝʪʩʷ ʚ ʰʪʘʙʝʣʴ ʠʣʠ ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʩʨʝʜʩʪʚʦ. ʇʦʩʣʝ ʧʨʦʩʝʠʚʘʥʠʷ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʵʢʩʢʘʚʘʪʦʨ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʢ ʤʝʩʪʫ 

ʨʘʟʛʨʫʟʢʠ ʧʫʩʪʳʭ ʧʦʨʦʜ ʠ ʧʫʪʝʤ ʧʦʚʦʨʦʪʘ ʢʦʚʰʘ ʚʳʛʨʫʞʘʝʪ ʠʟ ʥʝʛʦ ʢʨʫʧʥʳʝ ʬʨʘʢʮʠʠ. 

ɼʘʥʥʦʝ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠʥʷʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ, ʝʛʦ ʦʩʥʦʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʦʠ ʵʢʩʢʘʚʘʪʦʨʘ ʚʦ ʚʨʝʤʷ ʧʨʦʩʝʠʚʘʥʠʷ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʠʟ ʢʦʚʰʘ, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʝʤʦʯʥʦ-ʧʦʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʥʠʟʠʪʴ ʧʨʦʩʪʦʠ ʦʜʥʦʢʦʚʰʦʚʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʩʝʠʚʘʥʠʷ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʧʦʚʦʨʦʪʘ ʢʦʚʰʘ 

ʵʢʩʢʘʚʘʪʦʨʘ ʢ ʤʝʩʪʫ ʨʘʟʛʨʫʟʢʠ. 

ɺ ʀʥʩʪʠʪʫʪʝ ʛʦʨʥʦʛʦ ʜʝʣʘ ɼɺʆ ʈɸʅ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʚʳʝʤʢʠ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ 

ʤʘʩʩʳ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʨʫʜʘʭ ʢʦʪʦʨʳʭ ʧʨʠ ʚʟʨʳʚʥʦʤ ʨʳʭʣʝʥʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʝʣʢʠʭ ʬʨʘʢʮʠʷʭ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʢʩʢʘʚʘʪʦʨʘ ʩ ʧʨʦʩʝʠʚʘʶʱʠʤ ʢʦʚʰʦʤ. ʆʜʥʦʢʦʚʰʦʚʳʡ ʵʢʩʢʘʚʘʪʦʨ ʦʩʥʘʱʘʝʪʩʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʩʝʣʝʢʪʠʚʥʦʡ ʚʳʝʤʢʠ ʨʫʜʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʩʦʢʦʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʟʘʙʦʝ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʘʯʝʩʪʚʘ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʢʦʚʰʝ. ʈʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 



 
103 

 

ʦʜʥʦʢʦʚʰʦʚʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʦʥ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʦʨʥʦʡ ʤʘʩʩʳ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʝ ʨʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʜʥʦʢʦʚʰʦʚʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʦʚʤʝʱʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʦʛʨʫʟʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʦʪʜʝʣʝʥʠʝʤ ʦʙʦʛʘʱʝʥʥʳʭ ʧʦʣʝʟʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʥʝʢʦʥʜʠʮʠʦʥʥʦʡ ʨʫʜʳ.  

ʇʨʦʩʝʠʚʘʶʱʠʡ ʢʦʚʰ 1 ʵʢʩʢʘʚʘʪʦʨʘ 2 ʦʙʦʨʫʜʦʚʘʥ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤʠ ʣʠʩʪʘʤʠ 3, 

ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʥʠʱʘ 4 ʠ 

ʩʪʝʥʦʢ 5 ʢʦʚʰʘ 1 ʠ ʦʙʨʘʟʫʶʪ ʧʦʣʦʩʪʠ 6.  

 

 
 

ʈʠʩʫʥʦʢ. ʉʭʝʤʘ ʚʳʝʤʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʵʢʩʢʘʚʘʪʦʨʦʤ ʩ ʧʨʦʩʝʠʚʘʶʱʠʤ ʢʦʚʰʦʤ 

 

ʇʨʠ ʚʳʝʤʢʝ ʵʢʩʢʘʚʘʪʦʨʦʤ 2 ʥʝʢʦʥʜʠʮʠʦʥʥʦʡ ʨʫʜʳ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʟʘʧʦʣʥʝʥʥʦʛʦ ʢʦʚʰʘ 1 ʥʘ ʨʘʟʛʨʫʟʢʫ ʚ ʘʚʪʦʩʘʤʦʩʚʘʣ 7 ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ ʧʨʦʩʝʠʚʘʶʪʩʷ ʯʝʨʝʟ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʣʠʩʪʳ 3. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʚ 

ʧʨʦʩʝʠʚʘʶʱʝʤ ʢʦʚʰʝ ʚʝʜʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʘʪʦʨʘ 8. ʆʪʜʝʣʝʥʥʳʝ ʚ ʧʦʣʦʩʪʠ 6 

ʧʨʦʩʝʠʚʘʶʱʝʛʦ ʢʦʚʰʘ 1 ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ ʧʦ ʛʠʙʢʠʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤ 9 ʩʠʩʪʝʤʳ 

ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʧʦʜʘʶʪʩʷ ʚ ʢʦʥʪʝʡʥʝʨ ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 10. 

ɸʚʪʦʩʘʤʦʩʚʘʣ 7 ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʥʝʢʦʥʜʠʮʠʦʥʥʫʶ ʨʫʜʫ, ʠʟ ʢʦʪʦʨʦʡ ʚʳʜʝʣʝʥʳ ʦʙʦʛʘʱʝʥʥʳʝ 

ʧʦʣʝʟʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ ʥʘ ʩʢʣʘʜ ʚʨʝʤʝʥʥʦ ʥʝʢʦʥʜʠʮʠʦʥʥʦʡ ʨʫʜʳ. ʇʨʠ 

ʩʝʣʝʢʪʠʚʥʦʡ ʚʳʝʤʢʝ ʵʢʩʢʘʚʘʪʦʨʦʤ 2 ʧʫʩʪʦʡ ʧʦʨʦʜʳ ʠ ʢʦʥʜʠʮʠʦʥʥʦʡ ʨʫʜʳ ʚʠʙʨʘʪʦʨ 8 ʠ 

ʩʠʩʪʝʤʘ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʚʳʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, 

ʧʨʦʩʝʠʚʘʥʠʝ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʯʝʨʝʟ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʣʠʩʪʳ 3 ʚ ʨʘʥʝʝ 

ʟʘʧʦʣʥʝʥʥʳʝ ʧʦʣʦʩʪʠ 6 ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʈʘʟʛʨʫʟʢʘ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚʝʜʝʪʩʷ ʚ ʘʚʪʦʩʘʤʦʩʚʘʣʳ 7, 

ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʜʨʝʩ ʤʝʩʪʘ ʨʘʟʛʨʫʟʢʠ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʳʝʤʢʠ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʦʜʥʦʢʦʚʰʦʚʳʤ 

ʵʢʩʢʘʚʘʪʦʨʦʤ ʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʟʚʣʝʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʟ 

ʥʝʜʨ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʦʙʦʛʘʱʝʥʥʳʭ ʧʦʣʝʟʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʠʟ 

ʥʝʢʦʥʜʠʮʠʦʥʥʦʡ ʨʫʜʳ. ʇʨʦʩʝʠʚʘʥʠʝ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʥʝʢʦʥʜʠʮʠʦʥʥʦʡ ʨʫʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
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ʚ ʢʦʚʰʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʧʦʚʦʨʦʪʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʢʩʢʘʚʘʪʦʨʘ ʢ ʤʝʩʪʫ 

ʨʘʟʛʨʫʟʢʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʵʢʩʢʘʚʘʪʦʨʘ ʠ ʧʦʚʳʰʘʝʪ ʝʛʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ.  
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ʋɼʂ 622.271 

ʆɹʆʈʋɼʆɺɸʅʀɽ ɼʃʗ ɼʆʈɸɹʆʊʂʀ ʇʈʀɹʆʈʊʆɺʓʍ ʀ ʇʆɼʂɸʈʔɽʈʅʓʍ 

ɿɸʇɸʉʆɺ ʎɽʅʅʆɻʆ ʄʀʅɽʈɸʃʔʅʆɻʆ ʉʓʈʔʗ 

ʏɽɹɸʅ ɸ.ʖ. 

ʍʘʙʘʨʦʚʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ɸʥʥʦʪʘʮʠʷ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʚ ʙʦʨʪʘʭ ʢʘʨʴʝʨʘ ʠ ʧʦʜʢʘʨʴʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʩʪʘʶʪʩʷ 

ʟʘʧʘʩʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʚʦʚʣʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʦʪʨʘʙʦʪʢʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ ʵʬʬʝʢʪʠʚʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʪʦ-

ʧʦʜʟʝʤʥʦʡ ʜʦʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳʭ ʟʘʧʘʩʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʠʟʚʝʩʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʢʦʤʧʣʝʢʩʦʚ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʘʷ ʠ ʧʨʷʤʦʣʠʥʝʡʥʘʷ ʩʚʷʟʴ ʨʝʞʫʱʝʛʦ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʩ ʙʘʟʦʚʦʡ ʤʘʰʠʥʦʡ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʳʝʤʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʱʝʛʦ ʛʠʙʢʫʶ ʩʚʷʟʴ ʜʦʙʳʯʥʦʛʦ 

ʘʛʨʝʛʘʪʘ ʩ ʙʘʟʦʚʦʡ ʤʘʰʠʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ ʨʫʜʥʳʭ ʪʝʣ ʩ ʠʟʤʝʥʷʝʤʳʤ ʫʛʣʦʤ 

ʧʘʜʝʥʠʷ. ɼʦʙʳʯʥʦʡ ʘʛʨʝʛʘʪ ʚʢʣʶʯʘʝʪ ʬʨʝʟʝʨʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ, ʩʠʩʪʝʤʫ 

ʚʘʢʫʫʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʨʫʜʥʦʡ ʤʘʩʩʳ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʨʘʩʧʦʨʢʫ ʜʣʷ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʟʘʙʦʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʫʜʥʳʝ ʪʝʣʘ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʚʳʝʤʦʯʥʳʡ ʢʦʤʧʣʝʢʩ, ʬʨʝʟʝʨʥʳʡ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ, ʨʫʜʥʘʷ ʤʘʩʩʘ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʠʚʦʜ, ʢʘʥʘʪ. 

EQUIPMENT FOR PROCESSING ON-BOARD AND UNDER-QUARRY 

RESERVES OF VALUABLE MINERAL RAW MATERIALS  

CHEBAN A. YU. 
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Abstract. In many cases, there are reserves of mineral raw materials in the sides of the quarry and 

under the quarry space, the involvement of which in the development using traditional technologies 

is not economically effective. At present, technologies of open-underground development of such 

reserves using deep mining complexes and other equipment are known. A significant design 

disadvantage of the known designs of deep mining complexes is the rigid and straight-line 

connection of the cutting executive body with the base machine located on the surface. The article 

proposes the design of a mining complex with a flexible connection between the mining unit and 

the base machine, which can significantly reduce the metal consumption of the equipment and 

provide the possibility of mining ore bodies with a variable angle of incidence. The mining unit 

includes a milling cutter, a system for vacuum transport of ore mass and a hydraulic strut for 

positioning in the face. 

Keywords: low-power ore bodies, mining complex, milling head, ore mass, hydraulic drive, rope.  

 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʚ ʧʨʠʙʦʨʪʦʚʦʤ ʠ ʧʦʜʢʘʨʴʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ 

ʢʘʨʴʝʨʘ ʢ ʛʨʘʥʠʯʥʳʤ ʢʦʥʪʫʨʘʤ ʦʩʪʘʶʪʩʷ ʟʘʧʘʩʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʚʦʚʣʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʚ 

ʦʪʨʘʙʦʪʢʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ ʵʬʬʝʢʪʠʚʥʦ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝʙʝʟʦʧʘʩʥʦ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʥʘʣʠʯʠʝ ʨʘʥʝʝ ʩʦʟʜʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʜʦʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʮʝʥʥʦʛʦ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ [1-3]. ʈʘʟʚʠʪʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʳʭʣʝʥʠʷ ʛʦʨʥʳʭ 
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ʧʦʨʦʜ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʦʚ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ, ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʘʩʧʝʢʪʝ ʧʦʚʳʰʝʥʠʷ 

ʠʟʚʣʝʯʝʥʠʷ ʟʘʧʘʩʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʟ ʥʝʜʨ [4-9]. ʂ ʪʘʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʨʘʟʨʘʙʦʪʢʫ ʧʣʘʩʪʦʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʞʠʣʴʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʨʴʝʨʥʳʭ 

ʢʦʤʙʘʡʥʦʚ, ʢʦʤʧʣʝʢʩʦʚ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʰʥʝʢʦʙʫʨʦʚʳʭ ʤʘʰʠʥ ʠ ʜʨʫʛʦʛʦ ʛʦʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [10-14]. ɼʦʨʘʙʦʪʢʘ ʧʨʠʙʦʨʪʦʚʳʭ ʠ ʧʦʜʢʘʨʴʝʨʥʳʭ ʟʘʧʘʩʦʚ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʨʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʙʫʨʦʚʟʨʳʚʥʦʝ 

ʨʳʭʣʝʥʠʝ, ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʙʦʨʪʘ ʢʘʨʴʝʨʘ. ʊʝʭʥʦʣʦʛʠʷ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʢʦʤʧʣʝʢʩʘʤʠ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ʧʣʘʩʪʦʚ ʚʝʜʝʪʩʷ ʧʫʪʝʤ ʥʘʨʝʟʘʥʠʷ ʚʳʨʘʙʦʪʦʢ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 300ʤ 

[14].  

ʀʟʚʝʩʪʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʚʳʝʤʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʬʨʝʟʝʨʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ 

ʦʨʛʘʥʦʤ, ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʪʨʝʣʦʡ ʠ ʦʛʦʣʦʚʢʦʤ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʨʫʪʦʥʘʢʣʦʥʥʳʭ ʨʫʜʥʳʭ ʪʝʣ, 

ʩʣʦʞʝʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʯʥʳʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ [15]. ʇʨʠ ʧʦʤʦʱʠ ʛʠʜʨʦʧʨʠʚʦʜʘ 

ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʟʜʘʝʪʩʷ ʥʘʧʦʨ ʬʨʝʟʝʨʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʥʘ ʟʘʙʦʡ. 

ɺʳʝʤʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʠʤʝʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʚʠʜʝ ʙʫʣʴʜʦʟʝʨʥʦʛʦ 

ʦʪʚʘʣʘ ʜʣʷ ʚʝʜʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʘʙʦʪ. ɻʣʫʙʠʥʘ ʚʳʨʘʙʦʪʦʢ ʚʳʧʦʣʥʷʝʤʳʭ ʚʳʝʤʦʯʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʨʘʟʤʝʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʫʜʥʳʭ ʪʝʣ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 50-70ʤ. ʅʝʜʦʩʪʘʪʢʦʤ ʚʳʝʤʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [15], 

ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʘʷ ʩʚʷʟʴ ʬʨʝʟʝʨʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ ʩ ʙʘʟʦʚʦʡ ʤʘʰʠʥʦʡ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʥʘʧʦʨʥʦʛʦ ʫʩʠʣʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʪʨʝʣʳ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, 

ʨʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣʦʝʤʢʠʤ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʪʨʘʙʦʪʢʠ ʨʫʜʥʦʛʦ ʪʝʣʘ ʩ ʠʟʤʝʥʷʝʤʳʤ ʫʛʣʦʤ ʧʘʜʝʥʠʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ, 

ʠʤʝʶʱʠʤ ʛʠʙʢʫʶ ʩʚʷʟʴ ʩ ʙʘʟʦʚʦʡ ʤʘʰʠʥʦʡ ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʩ ʠʟʤʝʥʷʝʤʳʤ ʫʛʣʦʤ ʧʘʜʝʥʠʷ. 

ʀʥʩʪʠʪʫʪʦʤ ʛʦʨʥʦʛʦ ʜʝʣʘ ɼɺʆ ʈɸʅ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʳʝʤʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʜʣʷ ʜʦʨʘʙʦʪʢʠ ʧʦʜʢʘʨʴʝʨʥʳʭ ʠ ʧʨʠʙʦʨʪʦʚʳʭ ʟʘʧʘʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɺʳʝʤʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ ʙʘʟʦʚʫʶ ʤʘʰʠʥʫ 1 ʩ ʢʨʘʥʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ 2 ʠ ʜʦʙʳʯʥʦʡ 

ʘʛʨʝʛʘʪ 3 (ʨʠʩ.). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʙʳʯʥʦʡ ʘʛʨʝʛʘʪ 3 ʩʦʩʪʦʠʪ ʠʟ ʬʨʝʟʝʨʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʨʛʘʥʘ 4, ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʝʢʮʠʠ 5 ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʨʘʤʝ 6 ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ 7 

ʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʰʘʨʥʠʨʘ 8, ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʨʘʩʧʦʨʢʠ 9, ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ 10 ʨʫʜʥʦʡ ʤʘʩʩʳ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʜʦʙʳʯʥʦʡ ʘʛʨʝʛʘʪ 3 ʧʦʩʨʝʜʩʪʚʦʤ ʢʨʘʥʦʚʦʡ ʫʩʪʘʥʦʚʢʠ 2 ʧʝʨʝʚʦʜʠʪʩʷ ʠʟ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʨʘʙʦʯʝʝ (ʧʦʣʦʞʝʥʠʝ I). ʌʨʝʟʝʨʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ 4 

ʥʘʯʠʥʘʝʪ ʜʦʨʘʙʦʪʢʫ ʨʫʜʥʦʛʦ ʪʝʣʘ 11 ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ 12, ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʦʚʦʨʦʪʘ ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ 7 ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʝʢʮʠʠ 5 ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʰʘʨʥʠʨʘ 8 ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ. ʋʜʘʣʝʥʠʝ ʦʪʬʨʝʟʝʨʦʚʘʥʥʦʡ ʨʫʜʥʦʡ 

ʤʘʩʩʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʦʡ 10 ʩ ʨʘʟʛʨʫʟʢʦʡ ʚ ʘʚʪʦʩʘʤʦʩʚʘʣ.  

ʇʦʩʣʝ ʧʦʛʨʫʞʝʥʠʷ ʜʦʙʳʯʥʦʛʦ ʘʛʨʝʛʘʪʘ 3 ʥʠʞʝ ʫʨʦʚʥʷ ʩʪʦʷʥʢʠ ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ 1 (ʧʨʠ 

ʦʪʨʘʙʦʪʢʠ ʧʦʜʢʘʨʴʝʨʥʳʭ ʟʘʧʘʩʦʚ), ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʜʚʠʞʝʥʠʝ ʨʘʩʧʦʨʢʠ 9 ʜʦ ʝʝ ʢʦʥʪʘʢʪʘ ʩ 

ʚʠʩʷʯʠʤ ʙʦʨʪʦʤ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ 12. ʇʨʠ ʵʪʦʤ ʨʘʤʘ 6 ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʣʝʞʘʯʝʤʫ ʙʦʨʪʫ 

ʚʳʨʘʙʦʪʢʠ 12, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʠʢʩʘʮʠʶ ʜʦʙʳʯʥʦʛʦ ʘʛʨʝʛʘʪʘ 3 (ʧʦʣʦʞʝʥʠʝ II). 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʩʥʷʪʠʝ ʞʝʩʪʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʜʦʙʳʯʥʳʤ ʘʛʨʝʛʘʪʦʤ 3 ʠ ʢʨʘʥʦʚʦʡ 

ʫʩʪʘʥʦʚʢʦʡ 2, ʧʦʩʣʝ ʯʝʛʦ ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʥʘʪʘ 13. ʆʪʨʘʙʦʪʢʘ 

ʨʫʜʥʦʛʦ ʪʝʣʘ 11 ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ, ʬʨʝʟʝʨʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ 4 ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʚʳʨʘʙʦʪʢʠ 12, ʘ ʪʘʢʞʝ ʚ ʛʣʫʙʠʥʫ ʥʘ ʚʝʣʠʯʠʥʫ ʭʦʜʘ 14 ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ 

ʩʝʢʮʠʠ 5. ʇʨʠ ʧʦʣʥʦʤ ʚʳʜʚʠʞʝʥʠʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ 4 ʬʨʝʟʝʨʦʚʘʥʠʝ 

ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʠ ʨʘʩʧʦʨʢʘ 9 ʯʘʩʪʠʯʥʦ ʚʪʷʛʠʚʘʝʪʩʷ. ʊʝʣʝʩʢʦʧʠʯʝʩʢʘʷ ʩʝʢʮʠʷ 5 

ʚʪʷʛʠʚʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʢʘʥʘʪʘ 13 ʠ ʜʦʙʳʯʥʦʡ ʘʛʨʝʛʘʪ 3, ʣʠʰʝʥʥʳʡ 
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ʬʠʢʩʘʮʠʠ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʨʘʤʝ 6 ʧʦ ʣʝʞʘʯʝʤʫ ʙʦʨʪʫ ʚʳʨʘʙʦʪʢʠ 12 

ʩʦʩʢʘʣʴʟʳʚʘʝʪ ʚʥʠʟ.  

 
 

ʈʠʩʫʥʦʢ. ʉʭʝʤʘ ʜʦʨʘʙʦʪʢʠ ʧʦʜʢʘʨʴʝʨʥʳʭ ʟʘʧʘʩʦʚ ʚʳʝʤʦʯʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

 

ɿʘʪʝʤ ʨʘʩʧʦʨʢʘ 9 ʚʥʦʚʴ ʚʳʜʚʠʛʘʝʪʩʷ ʜʦ ʢʦʥʪʘʢʪʘ ʩ ʚʠʩʷʯʠʤ ʙʦʨʪʦʤ, ʠ ʮʠʢʣ ʦʪʨʘʙʦʪʢʠ 

ʨʫʜʥʦʛʦ ʪʝʣʘ 11 ʧʦʚʪʦʨʷʝʪʩʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʫʛʣʫʙʣʝʥʠʝ 

ʜʦʙʳʯʥʦʛʦ ʘʛʨʝʛʘʪʘ 3 ʧʨʠ ʜʦʨʘʙʦʪʢʝ ʟʘʧʘʩʦʚ (ʧʦʣʦʞʝʥʠʝ III). ɻʠʙʢʘʷ ʧʦʜʚʝʩʢʘ ʜʦʙʳʯʥʦʛʦ 

ʘʛʨʝʛʘʪʘ 3 ʧʦʟʚʦʣʷʝʪ ʦʪʨʘʙʘʪʳʚʘʪʴ ʨʫʜʥʳʝ ʪʝʣʘ 11 ʩ ʠʟʤʝʥʷʝʤʳʤ ʫʛʣʦʤ ʧʘʜʝʥʠʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʛʣʫʙʠʥʫ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʪʨʘʙʦʪʢʠ ʨʫʜʥʦʛʦ ʪʝʣʘ ʜʦʙʳʯʥʦʡ ʘʛʨʝʛʘʪ 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʥʘʪʘ ʧʦʜʥʠʤʘʝʪʩʷ, ʧʝʨʝʤʝʱʘʷʩʴ ʧʦ ʣʝʞʘʯʝʤʫ ʙʦʨʪʫ ʚʳʨʘʙʦʪʢʠ, ʥʘ ʜʥʝʚʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ.  

ɺʳʝʤʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʛʠʙʢʦʡ ʩʚʷʟʴʶ ʜʦʙʳʯʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʩ ʙʘʟʦʚʦʡ ʤʘʰʠʥʦʡ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʦʪʨʘʙʦʪʢʫ ʟʘʣʝʞʝʡ ʩ ʠʟʤʝʥʷʝʤʳʤ ʫʛʣʦʤ ʧʘʜʝʥʠʷ. ʆʪʢʘʟ 

ʦʪ ʞʝʩʪʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʙʘʟʦʚʦʡ ʤʘʰʠʥʦʡ ʠ ʜʦʙʳʯʥʳʤ ʘʛʨʝʛʘʪʦʤ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʚʳʩʠʪ ʝʛʦ 

ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʚʳʝʤʢʠ ʧʨʠʙʦʨʪʦʚʳʭ 

ʠ ʧʦʜʢʘʨʴʝʨʥʳʭ ʟʘʧʘʩʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʋʤʝʥʴʰʝʥʠʝ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʩʥʠʞʝʥʠʝ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʦʙʳʯʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʧʨʠ ʜʦʨʘʙʦʪʢʝ ʟʘʧʘʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ. 2017. ʊ.15. ˉ3. ʉ. 18-23. 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʀʉʊɽʄʓ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ 

ʋʇʈɸɺʃɽʅʀʗ ɹʋʈʆɺʆɻʆ ʉʊɸʅʂɸ PV-235   

ɺ ʋʉʃʆɺʀʗʍ ɸʁʍɸʃʔʉʂʆɻʆ ɻʆʂɸ 

 
ʀʃʔɹʋʃʔɼʀʅ ɼ. ʍ.1, ɽɻʆʈʆɺ ʄ. ʉ.1, ʂʆʅʋʈʀʅ ɸ. ʀ.2 

 
1 ʀʥʩʪʠʪʫʪ çʗʢʫʪʥʠʧʨʦʘʣʤʘʟè ɸʂ çɸʃʈʆʉɸè (ʇɸʆ), 

2 ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʠʤʝʥʠ ʅ.ɸ. ʏʠʥʘʢʘʣʘ ʉʆ ʈɸʅ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ PitViper-235. ʆʧʨʝʜʝʣʝʥʳ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢ 

ʥʦʨʤʘʪʠʚʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʚ ʨʝʞʠʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʪʘʥʢʘ ʚ 

ʨʝʞʠʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʫʨʦʚʦʡ ʩʪʘʥʦʢ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʭʨʦʥʦʤʝʪʨʘʞʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, 

ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ.  

EXPERIMENTAL STUDY OF THE REMOTE CONTROL SYSTEM OF THE PV -235 

DRILLING RIG IN T HE CONDITIONS OF THE AIKHAL GOK  

ILBULDIN D.  KH.1, EGOROV M. S.1, KONURIN A. I.2 

1Yakutniproalmaz Institute of PJSC ALROSA, 
2N.A. Chinakal Institute of Mining SB RAS 

Abstract. The object of the research is the remote control system of the drilling rig. The results of an 

experiment on the use of the remote control system of the PitViper-235 drilling rig are presented. 

Correction factors have been determined for the standard productivity of the drilling rig in the 

remote control mode. Provides examples of how to improve system components for efficient 

machine operation in remote control mode. 

Keywords: Drilling rig, remote control, timing observations, correction factors. 

 

ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʢʘʨʴʝʨʦʚ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʚʝʜʫʪʩʷ ʚ ʩʣʦʞʥʳʭ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ: ʚʳʩʦʢʘʷ ʟʘʧʳʣʝʥʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʨʘʟʨʫʰʝʥʠʝʤ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʟʨʳʚʥʳʤ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʘʤʠ; ʟʘʛʘʟʦʚʘʥʥʦʩʪʴ ʚʦʟʜʫʭʘ 

ʦʪ ʚʳʭʣʦʧʦʚ ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʛʦʨʶʯʝʤ ʪʦʧʣʠʚʝ; ʚʣʠʷʥʠʝ ʚʳʩʦʢʠʭ 

ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ [1]. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʩʢʣʶʯʝʥʠʝ ʯʝʣʦʚʝʢʘ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ 

ʨʘʟʚʠʪʠʠ ʤʠʨʦʚʦʡ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. 

ʈʘʟʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʫʞʝ ʚ ʩʘʤʦʝ 

ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʩʤʦʛʫʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʘ ʨʫʙʝʞʦʤ ʚʝʜʫʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ 

ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʫʨʦʚʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ [2-4]. ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ (ɼʋ) ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ ʥʘ ʢʘʨʴʝʨʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ 

ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʙʳ ʦʙʝʩʧʝʯʠʣʠ ʤʠʥʠʤʫʤ ʧʨʠʩʫʪʩʪʚʠʷ ʣʶʜʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚ ʟʘʙʦʝ [5]. 

ɺ ʘʢʮʠʦʥʝʨʥʦʡ ʢʦʤʧʘʥʠʠ çɸʃʈʆʉɸè (ʇɸʆ) (ʜʘʣʝʝ ï ʂʦʤʧʘʥʠʷ) ʥʝʧʨʝʨʳʚʥʦ 

ʨʝʘʣʠʟʦʚʳʚʘʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʫʯʰʠʤʠ ʤʠʨʦʚʳʤʠ ʧʨʘʢʪʠʢʘʤʠ ʠ ʩʪʘʥʜʘʨʪʘʤʠ [6-8]. ɺʧʝʨʚʳʝ ʚ ʈʦʩʩʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʥʘ ʢʘʨʴʝʨʝ çʖʙʠʣʝʡʥʳʡè ʚʳʧʦʣʥʝʥʳ ʠʩʧʳʪʘʥʠʷ ʨʘʙʦʪʳ ʙʫʨʦʚʦʛʦ 

ʩʪʘʥʢʘ PitViper-235 ʢʦʤʧʘʥʠʠ Atlas Copco, ʦʩʥʘʱʝʥʥʦʛʦ ʩʠʩʪʝʤʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ (ʜʘʣʝʝ ï ʉɼʋ). ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʨʘʙʦʪʳ ʉɼʋ ʩʪʘʥʢʘ PitViper-235 ʤʥʦʛʦʟʘʭʦʜʥʦʛʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʙʫʨʝʥʠʷ ʥʘ ʛʫʩʝʥʠʯʥʦʤ ʰʘʩʩʠ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʚʝʨʭʥʠʤ ʧʨʠʚʦʜʦʤ, ʜʣʷ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ 

ʛʣʫʙʠʥʦʡ ʜʦ 42.7 ʤ ʩʤʝʥʥʳʤʠ ʰʪʘʥʛʘʤʠ ʜʣʠʥʦʡ 10.7 ʤ (ʈʠʩʫʥʦʢ 1).  

 
 

ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: ʘ) ʤʦʙʠʣʴʥʳʡ ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ 

ʙʫʨʦʚʳʤ ʩʪʘʥʢʦʤ ʥʘ ʙʘʟʝ ʧʨʠʮʝʧʘ; ʙ) ʙʫʨʦʚʦʡ ʩʪʘʥʦʢ PitViper-235 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʉɼʋ ʥʘ ʨʘʙʦʯʠʡ ʮʠʢʣ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ. ʆʥʠ ʚʳʧʦʣʥʷʣʠʩʴ ʚ 3 ʵʪʘʧʘ: ʧʦʜʛʦʪʦʚʢʘ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ 

ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʝʞʠʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʙʦʪʳ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʚ ʨʝʞʠʤʝ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʈʋ) ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ. 

ʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʉɼʋ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʧʨʦʚʝʜʝʥʳ ʥʘ ʙʣʦʢʝ ˉ 524, 

ʛʦʨʠʟʦʥʪʘ +440 ʤ ʢʘʨʴʝʨʘ çʖʙʠʣʝʡʥʳʡè ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 15 ʢʤ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʧʦʩ. 

ɸʡʭʘʣ. ʊʨʫʙʢʘ çʖʙʠʣʝʡʥʘʷè ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ ʩ 1989 ʛʦʜʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʚ ʪʝʢʫʱʝʤ ʢʦʥʪʫʨʝ ʢʘʨʴʝʨʘ çʖʙʠʣʝʡʥʳʡè ʜʦʩʪʠʛʣʠ ʛʣʫʙʠʥʳ 360 ʤ 

(ʘʙʩʦʣʶʪʥʘʷ ʦʪʤʝʪʢʘ +260 ʤ). ɻʦʨʥʳʝ ʧʦʨʦʜʳ ʙʣʦʢʘ ʩʦʩʪʦʷʣʠ ʠʟ ʤʝʨʛʝʣʝʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʢʨʝʧʦʩʪʠ ʧʦ ʇʨʦʪʦʜʲʷʢʦʥʦʚʫ f ï 5 ʠ ʦʙʲʝʤʥʳʤ ʚʝʩʦʤ ï 2.41 ʪ/ʤ3. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʭʨʦʥʦʤʝʪʨʘʞʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʙʣʦʢ ʙʳʣ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥ ʥʘ 2 ʯʘʩʪʠ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʙʳʣʦ ʧʨʦʙʫʨʝʥʦ ʧʦ 10 ʩʢʚʘʞʠʥ ʚ ʨʝʞʠʤʝ ʨʫʯʥʦʛʦ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʂʘʙʠʥʘ ɼʋ 

ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 520 ʤʝʪʨʦʚ ʦʪ ʟʦʥʳ ʨʘʙʦʪʳ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʥʘ ʦʜʥʦʤ ʩ ʥʠʤ 

ʛʦʨʠʟʦʥʪʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳʡ ʩʠʛʥʘʣ ʥʘ ʧʨʠʝʤ ʠ 

ʧʝʨʝʜʘʯʫ. ʉʘʤʘʷ ʢʨʘʡʥʷʷ ʫʩʪʦʡʯʠʚʘʷ ʪʦʯʢʘ ʨʘʙʦʯʝʛʦ ʩʠʛʥʘʣʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʜʠʩʪʘʥʮʠʠ 800 

ʤʝʪʨʦʚ. ɹʫʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʘʨʦʰʝʯʥʦʛʦ ʜʦʣʦʪʘ ʬʠʨʤʳ 

çɺʦʣʛʘʙʫʨʤʘʰè 228.6 ʄɿ-ʇɻɺ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʨʝʞʠʤʘʭ ʙʫʨʝʥʠʷ: ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 90-105 

ʦʙ/ʤʠʥ, ʥʘʛʨʫʟʢʘ ʥʘ ʜʦʣʦʪʦ 170-190 ʢʅ, ʚʦʟʜʫʰʥʦʝ ʜʘʚʣʝʥʠʝ 4.5-4.9 ʙʘʨ. ɹʫʨʦʚʦʡ ʩʪʘʥʦʢ 

PitViper-235 ʙʳʣ ʫʢʦʤʧʣʝʢʪʦʚʘʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʦʜʫʣʷʤʠ: ʚʳʩʦʢʦʪʦʯʥʦʡ ʛʣʦʙʘʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ GPS, ʩʠʩʪʝʤʦʡ ʩʘʤʦʚʳʨʘʚʥʠʚʘʥʠʷ. 

ɿʘʜʘʯʠ ʠʩʧʳʪʘʥʠʷ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʨʦʚʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʝʞʠʤʘʭ ʨʫʯʥʦʛʦ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

2. ɸʥʘʣʠʟ ʟʘʪʨʘʪ ʦʙʱʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ; 
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3. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʝʞʠʤʘʭ ʨʫʯʥʦʛʦ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʢʦʤʧʣʝʢʩ ʉɼʋ ʚʭʦʜʠʪ: Wi-Fi ʤʦʜʫʣʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʘʫʜʠʦ ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʠʝʤʥʠʢʠ, ʨʘʙʦʯʝʝ ʢʨʝʩʣʦ ʦʧʝʨʘʪʦʨʘ ʩ ʧʫʣʴʪʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʤʦʥʠʪʦʨ ʠ 4 ʢʘʤʝʨʳ 

ʥʘʙʣʶʜʝʥʠʷ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʫʧʨʘʚʣʷʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ (ʧʦʚʦʨʦʪ, ʥʘʢʣʦʥ, ʧʨʠʙʣʠʞʝʥʠʝ). 

ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʛʣʫʙʠʥʘ ʙʫʨʝʥʠʷ, ʜʘʚʣʝʥʠʝ ʤʘʩʣʘ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ) ʧʝʨʝʜʘʶʪʩʷ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʥʘ 

ʧʘʥʝʣʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʪʘʢʦʡ ʞʝ ʚʥʝʰʥʠʡ ʚʠʜ, ʵʨʛʦʥʦʤʠʢʫ ʠ 

ʢʥʦʧʢʠ, ʢʘʢ ʠ ʧʘʥʝʣʴ ʥʘ ʙʫʨʦʚʦʤ ʩʪʘʥʢʝ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉɼʋ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ çʖʙʠʣʝʡʥʳʡè 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ: 

1. ʆʪʤʝʯʘʝʪʩʷ ʟʘʜʝʨʞʢʘ ʦʪʢʣʠʢʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʚʠʜʝʦʩʠʛʥʘʣʘ ʠ ʢʦʤʘʥʜʳ ʦʧʝʨʘʪʦʨʘ ʥʘ 

ʙʫʨʦʚʦʡ ʩʪʘʥʦʢ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʠ ʧʦ ʥʘʨʘʱʠʚʘʥʠʶ ʠ ʨʘʟʙʦʨʢʝ ʰʪʘʥʛ ʚ 

ʨʝʞʠʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ ʦʧʝʨʘʮʠʡ ʠ 

ʥʘʛʨʫʟʢʘ ʥʘ ʨʝʟʴʙʫ ʙʫʨʦʚʳʭ ʰʪʘʥʛ. 

2. ʆʪʤʝʯʘʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʧʨʠ ʧʝʨʝʝʟʜʝ ʥʘ ʧʝʨʚʳʡ ʨʷʜ ʩʢʚʘʞʠʥ 

ʧʦʜʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʚʟʨʳʚʥʦʛʦ ʙʣʦʢʘ. 

3. ʊʨʝʙʫʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʨʫʯʥʘʷ ʩʤʘʟʢʘ ʨʝʟʴʙʳ ʙʫʨʦʚʳʭ ʰʪʘʥʛ. 

4. ʊʨʝʙʫʝʪʩʷ ʨʫʯʥʘʷ ʦʯʠʩʪʢʘ ʜʦʤʢʨʘʪʦʚ ʛʦʨʠʟʦʥʪʠʨʦʚʘʥʠʷ ʦʪ ʥʘʣʠʧʘʥʠʷ ʧʦʨʦʜ, ʣʴʜʘ ʠ 
ʩʥʝʛʘ. ʇʦʩʪʘʥʦʚʢʘ ʥʝʦʯʠʱʝʥʥʦʛʦ ʜʦʤʢʨʘʪʘ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʝʛʦ ʧʦʣʦʤʢʠ. 

5. ʊʨʝʙʫʝʪʩʷ ʟʘʯʠʩʪʢʘ ʠ ʟʘʢʨʳʪʠʝ ʫʩʪʴʝʚ ʩʢʚʘʞʠʥ. 

6. ɿʘʧʨʘʚʢʘ ʩʪʘʥʢʘ ʪʦʧʣʠʚʦʤ ʠ ʚʦʜʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ ʧʝʨʝʛʦʥʘ ʩʪʘʥʢʘ ʜʦ 
ʙʝʟʦʧʘʩʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʯʝʣʦʚʝʢʘ. 

ʈʘʙʦʪʘ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ GPS/ɻʃʆʅɸʉʉ ʚ ʢʘʨʴʝʨʝ 

çʖʙʠʣʝʡʥʳʡè ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʘʥʠʝʡ çBlast Makerè ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ (ʜʘʣʝʝ ï ɸʉʋ ɹɺʈ çBlast Makerè). ʉʠʩʪʝʤʘ 

ʚʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʫʨʦʚʳʤ ʩʪʘʥʢʦʤ, ʫʚʝʣʠʯʠʚʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ ʠ ʩʥʠʞʘʷ ʠʟʥʦʩ ʩʪʘʥʢʘ. ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʠʩʪʝʤʳ ʧʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʶ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʘ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʨʴʝʨʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʢʩʢʘʚʘʪʦʨʦʚ [9]. 

ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ ʉɼʋ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʪʦʯʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʢʚʘʞʠʥ ʠ ʠʭ ʘʟʠʤʫʪʘ 

(ʧʨʠ ʙʫʨʝʥʠʠ ʥʘʢʣʦʥʥʳʭ ʩʢʚʘʞʠʥ) ʧʨʠʤʝʥʷʣʩʷ ʧʦʨʪʘʪʠʚʥʳʡ ʧʣʘʥʰʝʪ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ɸʉʋ ɹɺʈ çBlast Makerè ʚ ʨʝʞʠʤʝ çʅʘʚʠʛʘʮʠʷè, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʤʘʰʠʥʠʩʪʫ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʥʘʚʦʜʠʪʴ ʙʫʨʦʚʦʡ ʩʪʘʥʦʢ ʥʘ ʢʦʦʨʜʠʥʘʪʳ ʩʢʚʘʞʠʥ. ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʙʫʨʝʥʠʝ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʨʝʞʠʤʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. 

ɺ ʭʦʜʝ ʭʨʦʥʦʤʝʪʨʘʞʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

ʩʤʘʟʢʘ ʩʪʘʥʢʘ, ʟʘʧʨʘʚʢʘ ʢʦʤʧʨʝʩʩʦʨʘ, ʥʘʙʦʨ ʚʦʜʳ, ʟʘʧʨʘʚʢʘ ʩʪʘʥʢʘ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʧʝʨʝʛʦʥ ʩʪʘʥʢʘ ʜʦ ʦʧʘʩʥʦʛʦ ʠʣʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʝʨʝʜʝʣʘ, ʧʝʨʝʤʝʱʝʥʠʝ 

ʤʘʰʠʥʠʩʪʘ ʤʝʞʜʫ ʢʘʙʠʥʦʡ ɼʋ ʠ ʙʫʨʦʚʳʤ ʩʪʘʥʢʦʤ, ʧʦʜʛʦʪʦʚʢʘ ʢʘʙʠʥʳ ʠ ʩʪʘʥʢʘ ʢ ʨʘʙʦʪʝ ʚ 

ʨʝʞʠʤʝ ɼʋ. 

ʉʤʝʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʦʨʤʫʣʦʡ: 
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ʛʜʝ  Tʩʤ, Tʧʟ, Tʣʥ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʤʝʥʳ (12 ʯʘʩ.), ʚʨʝʤʷ ʥʘ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʠ ʣʠʯʥʳʝ ʥʘʜʦʙʥʦʩʪʠ (ʪʘʙʣ. 1), ʤʠʥ;  

tʙʫʨ ï ʥʦʨʤʘʪʠʚ ʚʨʝʤʝʥʠ ʥʘ ʙʫʨʝʥʠʝ ʦʜʥʦʛʦ ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʩʢʚʘʞʠʥ, ʤʠʥ/ʧʦʛ.ʤ, 
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tʚʩʧ ï ʥʦʨʤʘʪʠʚʳ ʚʨʝʤʝʥʠ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʤʠʥ/ʧʦʛ.ʤ [10]. 

ɺʨʝʤʷ ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʩʤʝʥʳ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ: 

ï ʧʦʜʛʦʪʦʚʢʠ ʢʘʙʠʥʳ ʠ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʢ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ɼʋ (ʚʢʣʶʯʝʥʠʝ Wi-Fi, 

ʧʦʜʢʣʶʯʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʘʙʠʥʦʡ ʠ ʩʪʘʥʢʦʤ ʠ ʪ.ʜ.); 

ï ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʰʠʥʠʩʪʘ ʤʝʞʜʫ ʢʘʙʠʥʦʡ ʠ ʙʫʨʦʚʳʤ ʩʪʘʥʢʦʤ; 

ï ʧʝʨʝʛʦʥʘ ʩʪʘʥʢʘ ʚ ʦʧʘʩʥʫʶ ʟʦʥʫ ʠ ʚʳʚʦʜ ʚ ʙʝʟʦʧʘʩʥʦʝ ʤʝʩʪʦ. 

 

ʊʘʙʣʠʮʘ 1. ʇʦʦʧʝʨʘʮʠʦʥʥʦʝ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʨʘʙʦʪ 

ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ PitViper-235 ʚ ʨʝʞʠʤʘʭ ʨʫʯʥʦʛʦ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

 ̄

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʧʝʨʘʮʠʠ 

ɺʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ, ʤʠʥ/ʩʤ ʆʪʥʦʰʝʥʠʝ 

ʈʋ ʢ ɼʋ ʚ ʨʝʞʠʤʝ ʈʋ ʚ ʨʝʞʠʤʝ ɼʋ 

1 ʇʨʠʝʤ-ʩʜʘʯʘ ʩʤʝʥʳ 12* 12 1.00 

2 

ʆʩʤʦʪʨ ʩʪʘʥʢʘ, ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʢʠ, 
ʦʩʥʦʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʣʠʯʠʷ ʩʨʝʜʩʪʚ ʇɹ 
ʠ ʆʊ 

8* 8 1.00 

3 

ʉʤʘʟʢʘ ʩʪʘʥʢʘ, ʟʘʧʨʘʚʢʘ 
ʢʦʤʧʨʝʩʩʦʨʘ, ʥʘʙʦʨ ʚʦʜʳ, ʟʘʧʨʘʚʢʘ 
ʩʪʘʥʢʘ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʤʠ 
ʤʘʪʝʨʠʘʣʘʤʠ, ʫʩʪʨʘʥʝʥʠʝ ʤʝʣʢʠʭ 
ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

18 42 2.33 

4 ʇʨʦʭʦʞʜʝʥʠʝ ʤʝʜʦʩʤʦʪʨʘ 5 5 1.00 

5 
ʇʝʨʝʛʦʥ ʩʪʘʥʢʘ ʜʦ ʦʧʘʩʥʦʛʦ ʠʣʠ 
ʙʝʟʦʧʘʩʥʦʛʦ ʧʝʨʝʜʝʣʘ (150 ʤ) 

- 18 - 

6 
ʇʝʨʝʤʝʱʝʥʠʝ ʤʘʰʠʥʠʩʪʘ ʤʝʞʜʫ 
ʢʘʙʠʥʦʡ ɼʋ ʠ ʙʫʨʦʚʳʤ ʩʪʘʥʢʦʤ 
(520 ʤ) 

- 6 - 

7 
ʇʦʜʛʦʪʦʚʢʘ ʢʘʙʠʥʳ ʠ ʙʫʨʦʚʦʛʦ 
ʩʪʘʥʢʘ ʢ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ɼʋ 

- 10 - 

8 
ʀʪʦʛʦ, ʟʘʪʨʘʯʝʥʦ ʚʨʝʤʝʥʠ ʥʘ 
ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ 
ʨʘʙʦʪʳ 

43* 101 2.35 

9 ɺʨʝʤʷ ʥʘ ʣʠʯʥʳʝ ʥʘʜʦʙʥʦʩʪʠ 15* 15 1.00 
ʇʨʠʤʝʯʘʥʠʷ: * ʇʨʠʥʷʪʦ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʝʜʠʥʳʭ ʥʦʨʤʘʭ ʚʳʨʘʙʦʪʢʠ (ʚʨʝʤʝʥʠ) ʥʘ ʦʪʢʨʳʪʳʝ 

ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɹʫʨʝʥʠʝ [10]. 

 

ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʭʨʦʥʦʤʝʪʨʘʞʥʳʭ ʜʘʥʥʳʭ ʧʦ ʟʘʪʨʘʪʘʤ 

ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʩʪʘʥʢʦʤ PitViper-235 ʚ ʨʝʞʠʤʘʭ ʨʫʯʥʦʛʦ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ 

[11]. ʇʦ ʭʨʦʥʦʤʝʪʨʘʞʥʳʭ ʜʘʥʥʳʤ ʦʧʨʝʜʝʣʝʥʳ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢ ʩʤʝʥʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ PitViper-235 ʚ ʨʝʞʠʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 
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ʊʘʙʣʠʮʘ 2. ʇʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢ ʩʤʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ 

ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ PitViper-235 ʚ ʨʝʞʠʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

 ̄

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʉʤʝʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʦʛ.ʤ/ʩʤ ʆʪʥʦʰʝʥʠʝ 

ʈʋ ʢ ɼʋ ʚ ʨʝʞʠʤʝ ʈʋ ʚ ʨʝʞʠʤʝ ɼʋ 

1 
ʇʨʠ ʙʫʨʝʥʠʠ ʩʢʚ. ʛʣʫʙʠʥʦʡ ʜʦ 
10.7 ʧʦʛ. ʤ (ʙʝʟ ʥʘʨʘʱʠʚʘʥʠʷ ʠ 
ʨʘʟʙʦʨʢʠ ʰʪʘʥʛ) 

480 310 1.55 

2 

ʇʨʠ ʙʫʨʝʥʠʠ ʩʢʚ. ʛʣʫʙʠʥʦʡ 
ʩʚʳʰʝ 10.7 ʧʦʛ. ʤ (ʩ 
ʥʘʨʘʱʠʚʘʥʠʝʤ ʠ ʨʘʟʙʦʨʢʦʡ 
ʰʪʘʥʛ) 

413 260 1.62 

3 

 

ʇʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢ 
ʩʤʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ɼʋ ʧʨʠ 
ʙʫʨʝʥʠʠ ʩʢʚ. ʛʣʫʙʠʥʦʡ: 

 

 - ʜʦ 10.7 ʧʦʛ. ʤ 0.65 

 - ʩʚʳʰʝ 10.7 ʧʦʛ. ʤ 0.62 

 

ʉʦʛʣʘʩʥʦ ʭʨʦʥʦʤʝʪʨʘʞʥʳʤ ʜʘʥʥʳʤ ʧʦʪʝʨʠ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʚ 

ʨʝʞʠʤʝ ɼʋ ʧʦ ʟʘʪʨʘʪʘʤ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʦʩʥʦʚʥʦʤ 

ʦʪʤʝʯʘʶʪʩʷ ʟʘ ʩʯʝʪ ʥʘʨʘʱʠʚʘʥʠʷ ʠ ʨʘʟʙʦʨʢʠ ʰʪʘʥʛ (ʪʘʙʣ. 3). ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʵʪʠʭ ʧʦʪʝʨʴ 

ʥʫʞʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʦʩʥʘʩʪʠʪʴ ʚʨʘʱʘʪʝʣʴ ʙʫʨʦʚʦʛʦ ʩʪʘʚʘ ʜʝʤʧʬʠʨʫʶʱʠʤ ʘʜʘʧʪʝʨʦʤ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʨʝʟʴʙʳ ʙʫʨʦʚʳʭ ʰʪʘʥʛ ʠ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘʨʘʱʠʚʘʥʠʷ ʰʪʘʥʛ. ɺʦ-ʚʪʦʨʳʭ, 

ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʙʫʨʦʚʦʡ ʩʪʘʥʦʢ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʠ ʨʘʟʙʦʨʢʠ ʰʪʘʥʛ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʜʘʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ, 

ʩʦʩʪʘʚʷʪ ʜʦ 2 ʤʠʥʫʪ. ɼʘʣʝʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʚ ʨʝʞʠʤʝ ɼʋ ʤʦʞʥʦ ʟʘ ʩʯʝʪ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʨʝʤʦʥʪʥʳʭ ʙʨʠʛʘʜ. 

 

ʊʘʙʣʠʮʘ 3. ʇʦʦʧʝʨʘʮʠʦʥʥʦʝ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ PitViper-235 ʚ 

ʨʝʞʠʤʘʭ ʨʫʯʥʦʛʦ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʭʨʦʥʦʤʝʪʨʘʞʘ 

ʈʝʞʠʤ 

ʨʘʙʦʪʳ 
ʇʝʨʝʝʟʜ 

ʅʘʨʘʱʠʚʘʥʠʝ 

ʰʪʘʥʛʠ 

ʈʘʟʙʦʨʢʘ 

ʰʪʘʥʛʠ 

ɻʦʨʠʟʦʥʪʠʨʦʚʘʥʠʝ 

ʩʪʘʥʢʘ 

ʉʥʷʪʠʝ ʩʪʘʥʢʘ ʩ 

ʜʦʤʢʨʘʪʦʚ 
ɹʫʨʝʥʠʝ 

ʈʋ 2,17 3,31 3,6 0,63 0,42 16,32 

ɼʋ 3,71 6,59 6,8 1,11 0,71 20,32 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʫʩʣʦʞʥʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʤʘʰʠʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦ ʚʨʝʤʷ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʙʳʣʦ ʙʦʣʴʰʝ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ 

ʠ ʧʨʠ ʧʨʠʦʙʨʝʪʝʥʠʠ ʦʧʝʨʘʪʦʨʘʤʠ ʥʘʚʳʢʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʥʦ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʫʤʝʥʴʰʠʣʦʩʴ. ʕʪʦʪ ʩʣʫʯʘʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʦʙʦʩʥʦʚʘʪʴ, ʚ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʢʩʧʝʨʪʥʳʤ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʦʧʝʨʘʮʠʡ ʟʘ ʚʨʝʤʷ ʙʫʨʝʥʠʷ ʦʜʥʦʡ ʩʢʚʘʞʠʥʳ ʩʦʩʪʘʚʠʪ 10%. 

ʆʩʥʘʩʪʠʚ ʩʫʱʝʩʪʚʫʶʱʠʡ ʙʫʨʦʚʦʡ ʩʪʘʥʦʢ ʤʦʜʫʣʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʙʫʨʝʥʠʷ, 

ʚʦʟʤʦʞʝʥ ʝʛʦ ʧʝʨʝʭʦʜ ʚ ʨʝʞʠʤ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʪʦʣʴʢʦ 

ʯʘʩʪʴ ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʝ ʙʫʨʦʚʳʤ ʩʪʘʥʢʦʤ, ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʪʨʝʙʦʚʘʪʴʩʷ ʫʧʨʘʚʣʝʥʠʝ 

ʯʝʣʦʚʝʢʦʤ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʝʨʘʪʦʨʫ ʥʫʞʥʦ ʙʫʜʝʪ ʪʦʣʴʢʦ ʩʦʚʝʨʰʠʪʴ ʧʝʨʝʝʟʜ ʩʪʘʥʢʘ ʥʘ ʤʝʩʪʦ 

ʨʘʙʦʪʳ ʠ ʫʩʪʘʥʦʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥʳ. ʆʧʝʨʘʮʠʠ ʧʦ 

ʥʘʨʘʱʠʚʘʥʠʶ ʠ ʨʘʟʙʦʨʢʝ ʰʪʘʥʛ, ʛʦʨʠʟʦʥʪʠʨʦʚʘʥʠʶ ʠ ʩʥʷʪʠʶ ʩ ʜʦʤʢʨʘʪʦʚ, ʧʨʦʜʫʚʢʠ 

ʩʢʚʘʞʠʥʳ ʙʫʜʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ 

ʩʠʪʫʘʮʠʡ ʩʪʘʥʦʢ ʧʦʜʘʩʪ ʩʠʛʥʘʣ ʦʧʝʨʘʪʦʨʫ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 



 
114 

 

ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʚ ʨʝʞʠʤʘʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʙʫʨʝʥʠʠ ʚ ʨʝʞʠʤʝ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʦʪʢʣʦʥʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʩʪʘʚʠʣʦ: ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥʳ ʜʦ 10.7 

ʧʦʛ.ʤ (ʙʝʟ ʥʘʨʘʱʠʚʘʥʠʷ ʠ ʨʘʟʙʦʨʢʠ ʰʪʘʥʛ) ʦʢʦʣʦ 13%; ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥʳ ʩʚʳʰʝ 10.7 

ʧʦʛ.ʤ (ʩ ʥʘʨʘʱʠʚʘʥʠʝʤ ʠ ʨʘʟʙʦʨʢʦʡ ʰʪʘʥʛ) ʦʢʦʣʦ 32% (ʨʠʩ. 2). 

ʇʨʠ ʫʩʣʦʚʠʠ ʘʜʘʧʪʘʮʠʠ ʠ ʜʦʫʢʦʤʧʣʝʢʪʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ ʥʦʨʤʳ ʚʳʨʘʙʦʪʢʠ (ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ) 

ʤʘʰʠʥʠʩʪʘ (ʦʧʝʨʘʪʦʨʘ) ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʚ 2,2 ʨʘʟʘ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʤʥʦʛʦʩʪʘʥʦʯʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ PitViper-235 (ʜʦ 3-ʭ ʝʜ.) ʚ ʨʝʞʠʤʝ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠʟ ʢʘʙʠʥʳ ʤʦʙʠʣʴʥʦʛʦ ʮʝʥʪʨʘ ɼʋ (ʨʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 2. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʤʝʥʥʦʡ ʚʳʨʘʙʦʪʢʠ ʤʘʰʠʥʠʩʪʘ (ʦʧʝʨʘʪʦʨʘ) 

ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʚ ʨʝʞʠʤʘʭ ʨʫʯʥʦʛʦ, ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ, ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʤʥʦʛʦʩʪʘʥʦʯʥʦʤ ʨʝʞʠʤʝ ʧʨʠ 

ʫʧʨʘʚʣʝʥʠʠ 3 ʩʪʘʥʢʘʤʠ. 

 

ɺʳʚʦʜʳ 

1. ɺ ʭʦʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ 

PitViper-235 ʥʘ ʢʘʨʴʝʨʝ çʖʙʠʣʝʡʥʳʡè ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ʨʘʙʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ: 

a) ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: 

ï ʦʩʥʘʱʝʥʠʝ ʚʨʘʱʘʪʝʣʷ ʙʫʨʦʚʦʛʦ ʩʪʘʚʘ ʜʝʤʧʬʠʨʫʶʱʠʤ ʘʜʘʧʪʝʨʦʤ, ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʨʝʟʴʙʳ ʙʫʨʦʚʳʭ ʰʪʘʥʛ; 

ï ʦʩʥʘʱʝʥʠʝ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ/ʨʘʟʙʦʨʢʠ ʰʪʘʥʛ ʠ ʙʫʨʝʥʠʷ 

ʩʢʚʘʞʠʥ ʜʦ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʪʘʥʢʘ ʚ ʨʝʞʠʤʝ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

b) ʧʦ ʩʠʩʪʝʤʝ ʩʚʷʟʠ: 

ï ʦʩʥʘʱʝʥʠʝ ʢʘʙʠʥʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʡ ʘʥʪʝʥʥʦʡ ʩʚʷʟʠ ʠʣʠ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʤʝʶʱʝʡʩʷ ʘʥʪʝʥʥʳ ʥʘ ʧʦʜʚʠʞʥʫʶ ʧʣʘʪʬʦʨʤʫ (ʩ ʧʦʚʦʨʦʪʦʤ ʚ 360 ʛʨʘʜʫʩʦʚ ʠ 
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ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʜʦ 30 ʛʨʘʜʫʩʦʚ), ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʷʟʠ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥ; 

c) ʧʦ ʚʳʩʦʢʦʪʦʯʥʦʡ ʥʘʚʠʛʘʮʠʠ: 

ï ʦʩʥʘʱʝʥʠʝ ʢʘʙʠʥʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʦʨʪʦʚʳʤ ʢʦʤʧʣʝʢʪʦʤ (ʥʘʧʨʠʤʝʨ, 

çʂʆɹʋʉè) ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ GPS/ɻʃʆʅɸʉʉ; 

d) ʧʦ ʙʦʨʪʦʚʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ: 

ï ʫʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤʥʳʭ ʤʦʜʫʣʝʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʙʫʨʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʟ ʢʘʙʠʥʳ 

ʥʝʩʢʦʣʴʢʠʤʠ ʙʫʨʦʚʳʤʠ ʩʪʘʥʢʘʤʠ (ʜʦ 3-ʭ ʝʜ.). 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʙʝʟʣʶʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

2. ʆʧʨʝʜʝʣʝʥʳ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢ ʥʦʨʤʘʪʠʚʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ PitViper-235 ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: 

ʘ) ʇʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʛʣʫʙʠʥʦʡ ʜʦ 10.7 ʧʦʛ. ʤ ï 0.65; 

ʙ) ʇʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʛʣʫʙʠʥʦʡ ʩʚʳʰʝ 10.7 ʧʦʛ. ʤ ï 0.62. 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʘʩʯʸʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʘʪʨʘʪ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʥʘ ʙʫʨʦʚʳʭ ʫʯʘʩʪʢʘʭ. 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʛʦʨʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʧʦʟʚʦʣʷʝʪ ʦʪʨʘʙʘʪʳʚʘʪʴ ʛʣʫʙʦʢʠʝ ʛʦʨʠʟʦʥʪʳ ʢʘʨʴʝʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʚ ʛʨʘʥʠʮʘʭ ʦʧʘʩʥʳʭ ʧʦ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʟʦʥ ʦʪ ʙʦʨʪʦʚ ʠ ʫʩʪʫʧʦʚ. 

4. ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʙʫʨʝʥʠʷ, ʩʦʟʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʤʥʦʛʦʩʪʘʥʦʯʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʥʦʨʤʫ 

ʚʳʨʘʙʦʪʢʠ ʤʘʰʠʥʠʩʪʘ (ʦʧʝʨʘʪʦʨʘ) ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʘʭ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ ʤʘʰʠʥʠʩʪʦʚ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ. 
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ʆʇʓʊ ʇʈʀʄɽʅɽʅʀʗ ɿɽʄʉʅɸʈʗɼɸ 300-40 ʅɸ ɻʃʋɹʆʂʆʄ 

ʄɽʉʊʆʈʆɾɼɽʅʀʀ ʇɽʉʏɸʅʅʆ-ɻʈɸɺʀʁʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ʄɽɼɺɽɼʔ ʅ.ɺ., ɽɻʆʈʆɺɸ ɽ.ʃ., ʄʆʈʆɿʆɺ ɺ.ʅ. 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʟʝʤʩʥʘʨʷʜʘ ʥʘ ʛʣʫʙʦʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʠʘʤʝʪʨʝ 

ʚʩʘʩʳʚʘʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʨʝʚʳʰʘʶʱʝʛʦ ʜʠʘʤʝʪʨ ʚʭʦʜʥʦʡ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʥʘ 150 ʤʤ 

ʬʘʢʪʠʯʝʩʢʠʡ ʥʘʧʦʨ ʦʪ ʵʞʝʢʪʦʨʘ, ʥʝ ʧʨʝʚʳʰʘʝʪ ʦʜʥʦʛʦ ʤʝʪʨʘ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʘʯʠ 

ʟʝʤʣʝʩʦʩʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʢʦʛʦ ʩʢʘʯʢʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʚʦʜʠʣʦ ʢ ʩʨʳʚʫ 

ʚʘʢʫʫʤʘ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʯʝʪʥʫʶ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʩʪʨʫʡʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʞʝʢʮʠʠ ʠ ʚʭʦʜʥʦʡ ʩʢʦʨʦʩʪʠ ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ 

ʧʦʪʦʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʝʤʩʥʘʨʷʜ, ʵʞʝʢʪʦʨʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʩʪʨʫʡʥʳʝ ʘʧʧʘʨʘʪʳ, ʩʦʧʣʦ, ʢʘʤʝʨʘ ʩʤʝʰʝʥʠʷ, ʥʘʧʦʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʞʝʢʮʠʠ. 

 

EXPERIENCE OF APPLICATION OF THE DIGGER 300 -40 AT DEEP DEPOSITS 

OF SAND-GRAVEL MATERIALS  

MEDVED N.V., EGOROVA E.L., MOROZOV V.N. 

Siberian federal university 

Abstract.  The article presents the results of the dredger in a deep deposit of sand and gravel 

materials.  It was found that when the diameter of the suction pipe exceeds the diameter of the inlet 

mixing chamber by 150 mm, the actual pressure from the ejector does not exceed one meter, and 

with an increase in the supply of the suction pump as a result of a sharp jump in hydraulic 

resistance, the vacuum is disrupted.  It was also found that the effect on the calculated compression 

ratio of the jet apparatus increases with an increase in the injection coefficient and the input velocity 

of the injected stream. 

Keywords: sand and gravel materials deposit, dredger, ejector device, inkjet apparatus, nozzle, 

mixing chamber, pressure, injection coefficient. 
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ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʩʪʨʫʡʥʳʭ ʘʧʧʘʨʘʪʦʚ ʟʘʚʠʩʷʪ ʪʘʢʞʝ ʦʪ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩʨʝʜ. ʇʦʜ ʫʧʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʣʠ ʩʞʠʤʘʝʤʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʩʨʝʜʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʝ ʜʘʚʣʝʥʠʷ. ʅʘ ʧʨʘʢʪʠʢʝ 

ʧʨʠʤʝʥʷʶʪʩʷ' ʩʪʨʫʡʥʳʝ ʘʧʧʘʨʘʪʳ, ʚ ʢʦʪʦʨʳʭ: ʘ) ʦʙʝ ʩʨʝʜʳ (ʨʘʙʦʯʘʷ ʠ ʠʥʞʝʢʪʠʨʫʝʤʘʷ) 

ʫʧʨʫʛʠ; ʙ) ʦʜʥʘ ʠʟ ʩʨʝʜ ʫʧʨʫʛʘ; ʚ) ʦʙʝ ʩʨʝʜʳ ʥʝʫʧʨʫʛʠʝ. 

 ʉ ʵʪʠʭ ʧʦʟʠʮʠʡ ʤʦʞʥʦ ʚʩʝ ʩʪʨʫʡʥʳʝ ʘʧʧʘʨʘʪʳ ʨʘʟʙʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʛʨʫʧʧʳ: 1) 

ʘʧʧʘʨʘʪʳ, ʚ ʢʦʪʦʨʳʭ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʙʦʯʝʡ ʠ ʠʥʞʝʢʪʠʨʫʝʤʦʡ ʩʨʝʜ ʦʜʠʥʘʢʦʚʦ; 2) 

ʘʧʧʘʨʘʪʳ, ʚ ʢʦʪʦʨʳʭ ʨʘʙʦʯʠʡ ʠ ʠʥʞʝʢʪʠʨʫʝʤʳʡ ʧʦʪʦʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʘʛʨʝʛʘʪʥʳʭ 

ʩʦʩʪʦʷʥʠʷʭ, ʥʝ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʤʝʰʝʥʠʷ ʵʪʠʭ ʧʦʪʦʢʦʚ; 3) ʘʧʧʘʨʘʪʳ ʩ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʘʛʨʝʛʘʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩʨʝʜ. ɺ ʵʪʠʭ ʘʧʧʘʨʘʪʘʭ ʨʘʙʦʯʠʡ ʠ ʠʥʞʝʢʪʠʨʫʝʤʳʝ 

ʧʦʪʦʢʠ ʜʦ ʩʤʝʰʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʬʘʟʘʭ, ʘ ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ ð ʚ ʦʜʥʦʡ ʬʘʟʝ, ʪ. ʝ. ʚ 

ʧʨʦʮʝʩʩʝ ʩʤʝʰʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʜʥʦʛʦ ʠʟ ʧʦʪʦʢʦʚ. 

ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʛʘʟʦʧʘʨʦʩʪʨʫʡʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ, ʵʞʝʢʪʦʨʳ ʠ ʠʥʞʝʢʪʦʨʳ, ʘ 

ʪʘʢʞʝ ʩʪʨʫʡʥʳʝ ʥʘʩʦʩʳ. 

ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʩʪʨʫʡʥʳʝ ʘʧʧʘʨʘʪʳ ʜʣʷ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʘ, 

ʚʦʜʦʚʦʟʜʫʰʥʳʝ ʵʞʝʢʪʦʨʳ ʠ ʩʪʨʫʡʥʳʝ ʘʧʧʘʨʘʪʳ ʜʣʷ ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʘ. ʂ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ 

ʦʪʥʦʩʷʪʩʷ ʧʘʨʦʚʦʜʷʥʳʝ ʠʥʞʝʢʪʦʨʳ ʠ ʩʪʨʫʡʥʳʝ ʧʦʜʦʛʨʝʚʘʪʝʣʠ. 

ʇʨʦʮʝʩʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʩʝʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʩʪʨʫʡʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʦʧʠʩʳʚʘʶʪʩʷ 

ʪʨʝʤʷ ʟʘʢʦʥʘʤʠ [1]: 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

Ὤ όὬ  ρ όὬ ,                                                   (1) 

ʛʜʝ Ὤ, Ὤ, Ὤ  ï ʵʥʪʘʣʴʧʠʠ ʨʘʙʦʯʝʛʦ ʠ ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʧʦʪʦʢʦʚ ʜʦ ʘʧʧʘʨʘʪʘ ʠ ʩʤʝʰʘʥʥʦʛʦ 

ʧʦʪʦʢʘ ʧʦʩʣʝ ʘʧʧʘʨʘʪʘ, ʢɼʞ/ʢʛ; u = ὋȾὋ ð ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʞʝʢʮʠʠ, ʪ, ʝ. ʦʪʥʦʰʝʥʠʝ 

ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʧʦʪʦʢʘ ʢ ʤʘʩʩʦʚʦʤʫ ʨʘʩʭʦʜʫ ʨʘʙʦʯʝʛʦ ʧʦʪʦʢʘ; 

ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ 

Ὃ Ὃ Ὃ,                   (2) 

ʛʜʝ Ὃȟ ὋȟὋ ï ʤʘʩʩʦʚʳʝ ʨʘʩʭʦʜʳ ʨʘʙʦʯʝʛʦ, ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ ʧʦʪʦʢʦʚ, ʢʛ/ʩ; 

ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ, ʢʦʪʦʨʳʡ ʜʣʷ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ 

Ὅ Ὅ =᷿ ὴὨὪ+Ὅ,  `                 (3) 

ʛʜʝ Iʈ, Ii ï ʠʤʧʫʣʴʩ ʨʘʙʦʯʝʛʦ ʠ ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʧʦʪʦʢʦʚ ʚʦ ʚʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ʢʘʤʝʨʳ 

ʩʤʝʰʝʥʠʷ, ʥ;  

Ὅ ï ʠʤʧʫʣʴʩ ʩʤʝʰʘʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ, ʅ; 

᷿ ὴὨὪ ï ʠʥʪʝʛʨʘʣ ʠʤʧʫʣʴʩʘ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʤʝʞʜʫ 

ʩʝʯʝʥʠʷʤʠ. ɺ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʩʤʝʰʝʥʠʷ ᷿ ὴὨὪ=0. 

ʀʤʧʫʣʴʩ ʧʦʪʦʢʘ ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ 

Ὅ=Gv+pf,                   (4) 

ʛʜʝ G ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ, ʢʛ/ʩ; v ð ʩʢʦʨʦʩʪʴ, ʤ/ʩ; ʨ ï ʜʘʚʣʝʥʠʝ, ʇʘ (ʥ/ʤ2); f ï ʩʝʯʝʥʠʝ, ʤ2. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ ʛʨʫʥʪʦʚʳʝ ʥʘʩʦʩʳ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

5ï6 ʤ ʚʦʜ. ʩʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʧʘʣʫʙʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʥʘʩʦʩʘ ʥʘ ʟʝʤʩʥʘʨʷʜʝ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʦʜʚʦʜʥʳʡ ʢʘʨʴʝʨ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 10 ʤ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʧʫʣʴʧʳ ʥʝ ʚʳʰʝ 1,1ï

1,15 ʪ/ʤ3. ʇʨʠ ʪʨʶʤʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʥʘʩʦʩʘ ʥʘ ʟʝʤʩʥʘʨʷʜʝ ʛʣʫʙʠʥʘ ʨʘʟʨʘʙʦʪʢʠ ʢʘʨʴʝʨʘ 

ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʜʦ 12ï13 ʤ [1]. 

ʅʦ ʚʦ ʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʝʩʦʢ ʠ ʛʨʘʚʠʡ ʤʦʛʫʪ ʟʘʣʝʛʘʪʴ ʤʥʦʛʦ ʥʠʞʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʛʨʫʥʪʦʚ ʦʙʳʯʥʳʤʠ ʟʝʤʩʥʘʨʷʜʘʤʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʬʪʝʥʦʩʥʦʤ 

ʙʘʩʩʝʡʥʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʝʩʢʠ ʟʘʣʝʛʘʶʪ ʥʘ ʛʣʫʙʠʥʝ ʜʦ 20 ï 30 ʤ, ʘ ʜʣʷ ʦʩʚʦʝʥʠʷ 

ʟʘʙʦʣʦʯʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʥʷʪʴ ʧʣʦʱʘʜʢʠ ʜʦʙʳʯʠ ʠ ʜʦʨʦʛʠ ʥʘʩʳʧʴʶ 

ʧʝʩʢʘ ʥʘ 3ð4 ʤ, ʯʪʦ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʟʝʤʩʥʘʨʷʜʦʚ. 
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ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʚʝʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʨʷʜʘ ʟʝʤʩʥʘʨʷʜʦʚ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʛʨʫʥʪʦʚ ʜʦ 15 ï 25 ʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʵʞʝʢʪʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʩʪʘʥʦʚʠʪʴ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚʝʣʠʯʠʥ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʩʦʧʣʘ ʢ ʧʣʦʱʘʜʠ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ. ʇʨʠ ʤʘʣʦʡ 

ʚʝʣʠʯʠʥʝ ʦʪʥʦʰʝʥʠʷ ʘʧʧʘʨʘʪʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʥʘʧʦʨʥʳʤʠ. ʊʘʢʠʝ ʘʧʧʘʨʘʪʳ ʨʘʟʚʠʚʘʶʪ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ, ʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʞʝʢʮʠʠ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʦʪʥʦʰʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʘʧʧʘʨʘʪʘ ʠ ʨʘʩʪʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʵʞʝʢʮʠʠ. 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʞʝʢʪʦʨʘ ʠʤʝʝʪ 

ʩʦʦʩʥʦʩʪʴ ʩʦʧʣʘ ʠ ʜʠʬʬʫʟʦʨʘ. ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʡʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʪ ʩʦʦʩʥʦʩʪʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴ ʧʨʝʜʝʣʴʥʦʝ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʵʞʝʢʮʠʠ [2]. 

ʆʩʥʦʚʥʳʤ ʦʩʝʚʳʤ ʨʘʟʤʝʨʦʤ ʵʞʝʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ (ʚʳʭʦʜʥʦʝ 

ʩʝʯʝʥʠʝ ʩʦʧʣʘ) ʜʦ ʚʭʦʜʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʯʘʩʪʴ ʜʠʬʬʫʟʦʨʘ. ʕʪʦʪ ʨʘʟʤʝʨ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʦʨʤʦʡ ʩʪʨʫʠ, ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʩʦʧʣʘ.  

ʋʜʘʣʝʥʠʝ ʩʦʧʣʘ ʦʪ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʝʪ ʨʘʙʦʪʫ ʘʧʧʘʨʘʪʘ, ʪʘʢ ʢʘʢ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʠʘʤʝʪʨ ʢʦʥʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʠ ʧʨʝʚʳʰʘʝʪ ʜʠʘʤʝʪʨ ʚʭʦʜʥʦʛʦ 

ʩʝʯʝʥʠʷ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ. ʉʚʦʙʦʜʥʘʷ ʩʪʨʫʷ ʚʥʦʩʠʪ ʚ ʢʘʤʝʨʫ ʩʤʝʰʝʥʠʷ ʙʦʣʴʰʝ ʛʘʟʘ, ʯʝʤ 

ʤʦʞʝʪ ʧʨʦʧʫʩʪʠʪʴ ʢʘʤʝʨʘ ʩʤʝʰʝʥʠʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʦʙʨʘʪʥʳʝ ʪʦʢʠ ʩʨʝʜʳ ʠ ʧʦʚʳʰʝʥʥʳʝ 

ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ. 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʘ ʢʘʨʴʝʨʦʚ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʛʠʜʨʦʤʝʭʘʥʠʟʘʮʠʠ 

ʦʪʥʦʩʠʣʘʩʴ ʢ ʩʪʨʦʠʪʝʣʴʥʳʤ ʨʘʙʦʪʘʤ, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʨʘʙʦʪʳ ʦʪʥʝʩʝʥʳ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʢ ʛʦʨʥʳʤ ʨʘʙʦʪʘʤ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʨʘʙʦʪ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʥʦʡ ʚʳʝʤʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʧʝʩʢʘ ʠ ʛʨʘʚʠʷ. 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʩʝʚʳʭ ʨʘʟʤʝʨʦʚ ʩʪʨʫʡʥʳʭ ʘʧʧʘʨʘʪʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʘʧʧʘʨʘʪʘʭ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʥʘ ʦʜʥʦʤ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʘʧʦʨʘ ʧʝʨʝʜ ʛʨʫʥʪʦʚʳʤ ʥʘʩʦʩʦʤ ʚ 3ð

4 ʤ ʚʦʜ ʩʪ. ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʨʘʟʨʘʙʦʪʢʠ ʢʘʨʴʝʨʦʚ ʧʝʩʢʘ ʠ ʛʨʘʚʠʷ ʜʦ 20ð30 ʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʨʠʥʷʪʘ 

ʛʠʧʦʪʝʟʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʧʨʠ ʨʘʩʯʝʪʝ ʩʪʨʫʡʥʳʭ ʘʧʧʘʨʘʪʦʚ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʦʧʣʘ 

ʦʪ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʠʥʞʝʢʮʠʠ 

ʢʦʥʝʯʥʦʝ ʩʝʯʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʠ ʨʘʚʥʦ ʚʭʦʜʥʦʤʫ ʩʝʯʝʥʠʶ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ; 

ʋʯʘʩʪʦʢ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʫʨʦʯʝʥ ʢ ʘʣʣʶʚʠʘʣʴʥʳʤ ʦʪʣʦʞʝʥʠʷʤ 

1-ʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʨ. ɽʥʠʩʝʡ ʠ ʦʪʩʪʦʠʪ ʦʪ ʨʫʩʣʘ ʨʝʢʠ ʶʞʥʝʝ 1,5 ʢʤ, ʚʦʟʚʳʰʘʷʩʴ ʥʘʜ 

ʫʨʝʟʦʤ ʚʦʜʳ ʥʘ 5-15 ʤ. ʇʨʦʜʫʢʪʠʚʥʘʷ ʪʦʣʱʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʣʦʞʝʥʘ ʨʳʭʣʳʤʠ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʧʳʣʝʚʘʪʳʤʠ ʠ ʤʝʣʢʠʤʠ 

ʧʝʩʢʘʤʠ. ʇʦʜʩʪʠʣʘʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʩʣʦʠ ʩʫʛʣʠʥʠʩʪʳʭ ʠ ʛʨʘʚʠʡʥʦ-

ʛʘʣʝʯʥʠʢʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ ʧʝʩʢʠ ʷʚʣʷʶʪʩʷ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʠ ʚ 

ʧʨʦʜʫʢʪʠʚʥʫʶ ʪʦʣʱʫ ʥʝ ʚʭʦʜʷʪ. ʆʪʤʝʯʘʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʣʫʦʢʠʩʣʝʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ. 

ʇʦʣʝʟʥʘʷ ʪʦʣʱʘ ʠʤʝʝʪ ʬʦʨʤʫ ʧʣʘʩʪʦʚʦʡ ʟʘʣʝʞʠ, ʥʝ ʩʦʜʝʨʞʠʪ ʧʨʦʩʣʦʝʚ ʧʫʩʪʳʭ ʧʦʨʦʜ 

ʠ ʩʣʦʞʝʥʘ ʧʝʩʢʘʤʠ ʧʳʣʝʚʘʪʳʤʠ, ʤʝʣʢʠʤʠ ʠ ʩʨʝʜʥʠʤʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʤʠ. ʄʦʱʥʦʩʪʴ ʝʸ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʮʝʣʦʤ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʦʪ 5 ʤ ʜʦ 15,0 ʤ ʜʦʩʪʠʛʘʷ 25 ʤ. ɺʩʢʨʳʰʥʘʷ ʧʦʨʦʜʘ 

ʦʪʩʫʪʩʪʚʫʝʪ. 

ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʣʝʟʥʦʡ ʪʦʣʱʠ ʜʘʥʥʦʛʦ ʢʘʨʴʝʨʥʦʛʦ ʧʦʣʷ 25,0 ʤ, ʘ 

ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʚʳʩʦʢʠʭ ʚʦʜ ʚ ʨʫʩʣʝ ʨʝʢʠ ʜʦ 5 ʤ, ʨʘʩʩʪʦʷʥʠʝʤ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʫʣʴʧʳ, ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʫʥʢʪʦʚ ʧʦʜʢʣʶʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʤ ʠ ʨʘʮʠʦʥʘʣʴʥʳʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʳʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣ ʧʨʠʥʷʪ ʟʝʤʩʥʘʨʷʜ ʪʠʧʘ 300-40 ʩ 

ʟʝʤʣʝʩʦʩʦʤ 20ʈï11. 

ʅʘʯʘʣʦ ʨʘʟʨʘʙʦʪʢʠ ʢʘʨʴʝʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʚʚʝʜʝʥʠʷ ʟʝʤʩʥʘʨʷʜʘ ʚ ʟʘʙʦʡ ʚ ʥʘʯʘʣʝ 

ʠʶʣʷ ʧʦʩʣʝ ʩʧʘʜʘ ʧʘʚʦʜʢʦʚʳʭ ʚʦʜ ʜʦ ʦʪʤʝʪʢʠ ʫʨʦʚʥʷ ʚʦʜʳ 11,5 ʤ ʠ ʤʝʥʝʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʫʢʣʘʜʢʫ ʛʨʫʥʪʘ ʥʘ ʥʝʦʙʚʦʜʥʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ. ɺʩʢʨʳʪʠʝ ʢʘʨʴʝʨʥʦʛʦ ʧʦʣʷ 
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ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʨʦʭʦʜʢʦʡ ʧʠʦʥʝʨʥʦʡ ʨʘʟʨʝʟʥʦʡ ʪʨʘʥʰʝʠ. ʈʘʟʨʘʙʦʪʢʘ ʢʘʨʴʝʨʥʦʛʦ ʧʦʣʷ ʚʝʜʝʪʩʷ 

ʥʘ ʚʩʶ ʚʳʩʦʪʫ ʫʩʪʫʧʘ, ʪ.ʝ. ʩʧʣʦʰʥʳʤ ʫʩʪʫʧʦʤ, ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ ʧʦʣʝʟʥʦʛʦ ʩʣʦʷ ʜʦ ʛʨʘʥʠʮʳ 

ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʠʣʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʩʫʛʣʠʥʢʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʫʢʣʘʜʢʦʡ ʚ ʩʦʦʨʫʞʝʥʠʝ, ʠ 

ʩʙʨʦʩʦʤ ʦʪʨʘʙʦʪʘʥʥʦʡ ʚʦʜʳ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʦʪʩʪʦʡʥʠʢ. ʐʠʨʠʥʘ ʧʨʦʨʝʟʠ ʩʦʩʪʘʚʠʣʘ 40 ʤ.  

ʇʨʦʮʝʩʩ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʛʨʫʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʩʦʛʣʘʩʦʚʘʥʥʳʭ 

ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʨʘʙʦʯʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʟʝʤʩʥʘʨʷʜʘ ʩ ʧʦʤʦʱʴʶ 

ʧʘʧʠʣʴʦʥʘʞʥʳʭ ʢʘʥʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʠ ʢʦʪʦʨʦʡ ʟʝʤʩʥʘʨʷʜ ʫʜʝʨʞʠʚʘʝʪʩʷ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʟʘʙʦʝ ʩ ʧʦʤʦʱʴʶ ʧʘʧʠʣʴʦʥʘʞʥʳʭ ʣʝʙʝʜʦʢ (ʥʦʩʦʚʳʭ ʠ ʢʦʨʤʦʚʳʭ, ʩʪʘʣʴʥʳʝ ʢʘʥʘʪʳ ʢʦʪʦʨʳʭ 

ʦʩʥʘʱʝʥʳ ʨʝʯʥʳʤʠ ʷʢʦʨʷʤʠ ʠ ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʙʝʨʝʛʦʚʳʤ ʘʥʢʝʨʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ. ʇʦ ʤʝʨʝ 

ʦʪʨʘʙʦʪʢʠ ʟʘʙʦʷ ʠ ʧʨʦʜʚʠʞʝʥʠʷ ʟʝʤʩʥʘʨʷʜʘ ʚʧʝʨʝʜ ʧʨʦʠʟʚʦʜʷʪ ʧʝʨʝʢʣʘʜʢʫ ʷʢʦʨʝʡ 

ʧʣʘʚʢʨʘʥʘʤʠ ʠʣʠ ʤʦʪʦʟʘʚʦʟʥʷʤʠ, ʘ ʪʘʢʞʝ ʧʝʨʝʥʦʩ ʙʝʨʝʛʦʚʳʭ ʘʥʢʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʨʦʮʝʩʩ ʛʨʫʥʪʦʟʘʙʦʨʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 

ʟʝʤʩʥʘʨʷʜʘ. ʇʦʜʚʦʜʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʩʣʘʙʦʫʧʣʦʪʥʝʥʥʳʭ ʩʣʝʞʘʚʰʠʭʩʷ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʭ 

ʛʨʫʥʪʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʤʦʱʥʦʩʪʴʶ ʜʦ 25 ʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʝʩʪʠ ʚʩʘʩʳʚʘʥʠʝʤ ʩ 

ʵʞʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʳʭʣʠʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʧʨʠʥʮʠʧʫ 

ʛʠʜʨʦʤʦʥʠʪʦʨʘ. ʆʪʨʘʙʦʪʘʪʴ ʫʯʘʩʪʢʠ ʩ ʪʘʢʦʡ ʤʦʱʥʦʩʪʴʶ ʟʝʤʩʥʘʨʷʜʦʤ 300-40 ʙʝʟ 

ʵʞʝʢʪʠʨʦʚʘʥʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɼʣʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʨʳʭʣʠʪʝʣʷ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʩʦʩ ʪʠʧʘ ɼ630-90. 

ʈʘʟʨʘʙʦʪʢʘ ʛʨʫʥʪʘ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʚʫʯʝʛʦ ʥʝʩʘʤʦʭʦʜʥʦʛʦ 

ʟʝʤʣʝʩʦʩʥʦʛʦ ʩʥʘʨʷʜʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʛʠʜʨʦʨʳʭʣʠʪʝʣʝʤ. ʇʝʨʝʤʝʱʝʥʠʝ ʟʝʤʣʝʩʦʩʥʦʛʦ ʩʥʘʨʷʜʘ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʨʫʥʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʥʘʪʥʦʛʦ ʧʘʧʠʣʴʦʥʠʨʦʚʘʥʠʷ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʨʝʟʝʡ. 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʛʨʫʥʪʘ ʜʦ ʤʝʩʪʘ ʫʢʣʘʜʢʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʦ ʧʣʘʚʫʯʠʤ, 

ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʠ ʥʘʤʳʚʥʳʤ ʧʫʣʴʧʦʧʨʦʚʦʜʘʤ. 

ʋʢʣʘʜʢʘ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʩʦʦʨʫʞʝʥʠʷ (ʰʪʘʙʝʣʴ). ʈʘʟʤʝʱʝʥʠʝ 

ʧʣʦʱʘʜʦʢ ʧʦʜ ʩʦʦʨʫʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʝʥʝʨʘʣʴʥʳʤ ʧʣʘʥʦʤ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʘ ʫʩʣʦʚʠʷʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ - ʨʘʟʨʘʙʦʪʢʘ ʢʘʨʴʝʨʥʦʛʦ ʧʦʣʷ ʩʧʣʦʰʥʳʤ ʫʩʪʫʧʦʤ ʛʣʫʙʠʥʦʡ 25 ʤ, 

ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʧʦ ʧʫʣʴʧʦʧʨʦʚʦʜʫ, ʫʢʣʘʜʢʘ ʛʨʫʥʪʦʚ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʠ ʚ ʙʝʟʛʨʘʥʠʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʪʦʯʥʦʩʪʴʶ ʜʣʷ ʨʘʩʯʝʪʘ ʦʩʝʚʳʭ ʨʘʟ-

ʤʝʨʦʚ ʩʪʨʫʡʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩʦ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʙʦʯʝʡ ʩʪʨʫʠ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʩʪʨʫʡʥʳʭ ʘʧʧʘʨʘʪʦʚ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʦʧʣʘ ʦʪ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʠʥʞʝʢʮʠʠ ʢʦʥʝʯʥʦʝ ʩʝʯʝʥʠʝ 

ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʠ ʨʘʚʥʦ ʚʭʦʜʥʦʤʫ ʩʝʯʝʥʠʶ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʧʦʣʦʞʝʥʠʝ ʨʘʙʦʯʝʛʦ ʩʦʧʣʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʩʯʠʪʘʪʴ ʜʚʘ ʨʘʟʤʝʨʘ ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʠ: ʜʣʠʥʫ ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʠ ʠ ʜʠʘʤʝʪʨ ʩʚʦʙʦʜʥʦʡ 

ʩʪʨʫʠ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʙʦʣʴʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʛʨʫʥʪʦʚʦʤ ʥʘʩʦʩʝ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʚʠʪʘʮʠʷ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʨʳʚʦʤ ʝʛʦ ʨʘʙʦʪʳ. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʘʨʴʝʨ 

ʛʨʫʥʪʘ ʥʘ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʣʦʪʥʦʩʪʴ ʧʫʣʴʧʳ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʟʝʤʩʥʘʨʷʜʘ [3, 4].      

ɺ ʭʦʜʝ ʧʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ 

ʩʦʧʣʦʤ ʠ ʢʘʤʝʨʦʡ ʩʤʝʰʝʥʠʷ ʤʝʥʴʰʝʤ, ʯʝʤ ʧʦ ʨʘʩʯʝʪʫ, ʤʝʥʴʰʝ ʨʘʩʯʝʪʥʦʛʦ ʠ ʨʘʩʭʦʜ 

ʠʥʞʝʢʪʠʨʫʝʤʦʡ ʩʨʝʜʳ, ʫʚʣʝʢʘʝʤʳʡ ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʝʡ. ʇʨʠʙʣʠʞʝʥʠʝ ʩʦʧʣʘ ʢ ʢʘʤʝʨʝ ʩʤʝʰʝ-

ʥʠʷ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʫʜʘʣʝʥʠʝ, ʫʭʫʜʰʘʝʪ ʨʘʙʦʪʫ ʘʧʧʘʨʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʯʝʪʦʤ. ʇʨʠ 

ʨʘʩʯʝʪʝ ʩʪʨʫʡʥʳʭ ʘʧʧʘʨʘʪʦʚ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʦʧʣʘ ʦʪ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʠʥʞʝʢʮʠʠ ʢʦʥʝʯʥʦʝ ʩʝʯʝʥʠʝ ʩʚʦʙʦʜʥʦʡ 

ʩʪʨʫʠ ʨʘʚʥʦ ʚʭʦʜʥʦʤʫ ʩʝʯʝʥʠʶ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʠʘʤʝʪʨʝ 

ʚʩʘʩʳʚʘʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʨʝʚʳʰʘʶʱʝʛʦ ʜʠʘʤʝʪʨ ʚʭʦʜʥʦʡ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʥʘ 150 ï 

200 ʤʤ ʬʘʢʪʠʯʝʩʢʠʡ ʥʘʧʦʨ ʦʪ ʵʞʝʢʪʦʨʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʦʜʥʦʛʦ ʤʝʪʨʘ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 



 
120 

 

ʧʦʜʘʯʠ ʟʝʤʣʝʩʦʩʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʢʦʛʦ ʩʢʘʯʢʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʚʦʜʠʣʦ ʢ 

ʩʨʳʚʫ ʚʘʢʫʫʤʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʞʝʢʮʠʠ ʠ ʚʭʦʜʥʦʡ ʩʢʦʨʦʩʪʠ 

ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʧʦʪʦʢʘ ʚʦʟʨʘʩʪʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʯʝʪʥʫʶ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʩʪʨʫʡʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠ ʥʘʧʨʦʪʠʚ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʞʝʢʮʠʠ, ʚʣʠʷʥʠʝ ʧʨʦʬʠʣʷ ʚʭʦʜʥʦʛʦ 

ʫʯʘʩʪʢʘ ʥʘ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʦʩʣʘʙʣʷʝʪʩʷ. ʇʨʠ ʜʠʘʤʝʪʨʝ ʚʩʘʩʳʚʘʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 600 ʤʤ 

ʠ ʚʭʦʜʥʦʡ ʢʘʤʝʨʝ ʩʤʝʰʝʥʠʷ 400 ʤʤ ʬʘʢʪʠʯʝʩʢʠʡ ʥʘʧʦʨ ʦʪ ʵʞʝʢʪʦʨʘ ʥʝ ʧʨʝʚʳʰʘʣ ʦʜʥʦʛʦ 

ʤʝʪʨʘ ʧʨʠ ʨʘʩʯʝʪʥʦʤ ʥʘʧʦʨʝ ʚ 4ï5 ʤ, ʘ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʧʦʜʘʯʝ ʛʨʫʥʪʦʚʦʛʦ ʥʘʩʦʩʘ 

ʫʩʪʨʦʡʩʪʚʦ ʦʙʨʘʱʘʣʦʩʴ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʘ ʘʧʧʘʨʘʪʘ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʢʘʤʝʨʘ ʩʤʝʰʝʥʠʷ ʥʘ 200 ʤʤ. 

ʇʦʩʣʝ ʫʚʝʣʠʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʜʦ 600 ʤʤ, ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʦʝʢʪʥʳʡ 

ʥʘʧʦʨ ʵʞʝʢʪʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʪʨʘʙʘʪʳʚʘʪʴ ʫʯʘʩʪʢʠ ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ 25 ʤ. ʊʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʯʝʪʥʫʶ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʩʪʨʫʡʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʞʝʢʮʠʠ ʠ ʚʭʦʜʥʦʡ ʩʢʦʨʦʩʪʠ ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʧʦʪʦʢʘ. ʇʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʞʝʢʮʠʠ ʚʣʠʷʥʠʝ ʧʨʦʬʠʣʷ ʚʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʥʘ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ 

ʦʩʣʘʙʣʷʝʪʩʷ. ʇʦʩʢʦʣʴʢʫ ʚ ʩʦʧʣʝ ʩʪʝʧʝʥʴ ʨʘʩʰʠʨʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʦʪʦʢʘ ʧʨʝʚʳʰʘʝʪ 

ʢʨʠʪʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ, ʧʦʩʪʦʣʴʢʫ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʨʘʙʦʯʝʛʦ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠʤ ʩʝʯʝʥʠʝʤ ʩʦʧʣʘ.  
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ʕʂʉʂɸɺɸʊʆʈʆɺ ʈʋɼʆʋʇʈɸɺʃɽʅʀʗ ʇɸʆ çʋʈɸʃɸʉɹɽʉʊè 

ɸʃɽʂʉɽɽʅʂʆ ɺ. ɹ.1, ʍɸɾʀɽɺ ɺ.ɸ.2, ɹɸʁʂʀʅ ɺ. ʉ.2, ʃɽʐʂʆɺ ɽ. ʖ.2 
 

1ʇʨʝʜʧʨʠʷʪʠʝ "ʇʨʦʤʪʝʭʚʟʨʳʚ"  ʇɸʆ ʋʨʘʣʘʩʙʝʩʪ,2ʅʀʀʆɻʈ, ʛ. ʏʝʣʷʙʠʥʩʢ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ 

ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʵʢʩʢʘʚʘʪʦʨʥʦʡ ʪʝʭʥʠʢʠ. ʈʘʩʩʯʠʪʘʥʘ ʩʨʝʜʥʷʷ ʜʦʣʷ ʚʳʭʦʜʘ ʥʝʛʘʙʘʨʠʪʘ 

ʧʦ ʜʘʥʥʳʤ ʟʘ 2020 ʛ. ɺʳʷʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʪʢʘʟʦʚ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʟʣʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ ʦʪ ʜʦʣʠ ʥʝʛʘʙʘʨʠʪʘ ʚʦ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʝ. 

ʆʧʨʝʜʝʣʝʥ ʚʦʟʤʦʞʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʦʙʫʩʣʦʚʣʠʚʘʝʤʳʡ ʧʦʚʳʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ 

ʚʟʨʳʚʘʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʜʨʦʙʣʝʥʠʷ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ʚʟʨʳʚʦʤ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʵʢʩʢʘʚʘʪʦʨ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʝʧʣʘʥʦʚʳʭ ʨʝʤʦʥʪʦʚ, ʦʪʢʘʟ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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INVESTIGATION OF THE INFLUENCE OF THE GRAN ULOMETRIC 

COMPOSITION OF THE SHIPPED ROCK ON THE TECHNICAL CONDITION OF 

EXCAVATORS OF THE MINING DEPARTMENT OF PJSC "URAL ASBESTè 

ALEKSEENKO V. B.1, KHAZHIEV V. A. 2,  BAYKIN V. S.2, LESHKOV E. Y.2 

1ʉompany "Promtekhvzryv" PJSC Uralasbest, 
2NIIOGR, Chelyabinsk. 

Abstract. The article presents the results of the study of the granulometric composition of the 

blasted rock mass in the conditions of the open pit of PJSC "Uralasbest", as well as the analysis of 

data on the technical condition of excavator equipment. The average share of oversized output is 

calculated according to the data for 2020. The dependences of the number and duration of failures 

of mechanical components of excavators on the proportion of oversized rock in the blasted rock 

mass are revealed. A possible economic effect caused by an increase in the quality of rock mass 

blasting in the conditions of the Uralasbest open pit is determined. 

Keywords: quality of rock crushing by explosion, granulometric composition, technical condition, 

excavator, duration of unplanned repairs, equipment failure. 

 

 ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʟʨʳʚʦʤ ʷʚʣʷʝʪʩʷ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʩʩʠʚʘ, ʦʮʝʥʠʚʘʝʤʳʡ ʧʦ ʚʳʭʦʜʫ ʥʝʛʘʙʘʨʠʪʘ. ɺʳʩʦʢʘʷ ʜʦʣʷ 

ʥʝʛʘʙʘʨʠʪʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʣʦʞʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʥʘʛʨʫʞʝʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʢʘʨʴʝʨʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʣʦʧʘʪ. ʕʪʦ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʘʟʦʚ ʵʪʠʭ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʭ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʨʝʤʦʥʪʦʚ [1]. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʪʜʝʣʘ ʈʫʜʦʫʧʨʘʚʣʝʥʠʷ ʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ, ʦʮʝʥʠʚʘʝʤʦʛʦ ʩ ʧʦʤʦʱʴʶ 

ʬʦʪʦʧʣʘʥʦʛʨʘʤʤ [2, 3], ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʢʘʨʴʝʨʘ ʇɸʆ çʋʨʘʣʘʩʙʝʩʪè 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʝʛʘʙʘʨʠʪʘ (ʥʝʛʘʙʘʨʠʪʦʤ ʧʨʠʥʷʪ ʢʫʩʦʢ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 1200 ʤʤ) ʦʢʦʣʦ 3-8%. ʇʨʠ ʵʪʦʤ ʚ 

ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʦʣʷ ʚʳʭʦʜʘ ʥʝʛʘʙʘʨʠʪʘ ʜʦʩʪʠʛʘʝʪ 20-25%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʨʝʩʫʨʩ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʵʢʩʢʘʚʘʪʦʨʘ.  

ʆʮʝʥʢʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʤʦʥʪʥʳʭ ʧʨʦʩʪʦʝʚ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʫʟʣʳ ʠ ʤʝʭʘʥʠʟʤʳ 

ʜʦʙʳʯʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʈʫʜʦʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʥʝ ʤʝʥʝʝ 50% 

ʥʝʧʣʘʥʦʚʳʭ ʧʨʦʩʪʦʝʚ ʵʪʠʭ ʤʘʰʠʥ ʩʚʷʟʘʥʳ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ, ʣʠʙʦ ʩ ʦʪʢʘʟʦʤ ʫʟʣʦʚ ʠ 

ʤʝʭʘʥʠʟʤʦʚ ʥʘʧʨʷʤʫʶ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʣʠʷʥʠʶ ʢʘʯʝʩʪʚʘ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚʟʨʳʚʦʤ. 

ʆʪʤʝʯʝʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʦʙʫʩʣʦʚʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʪʝʧʝʥʠ 

ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʚʟʨʳʚʦʤ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʵʢʩʢʘʚʘʪʦʨʦʚ ʈʫʜʦʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʩʚʝʜʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʪʯʝʪʝ ʧʦ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ 

ʨʝʤʦʥʪʦʚ ʧʘʨʢʘ ʜʦʙʳʯʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʟʘ ʧʝʨʠʦʜ ʷʥʚʘʨʴ 2019 ï ʬʝʚʨʘʣʴ 2021 ʛʛ., ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʠʤ ʦʪʜʝʣʦʤ ʈʫʜʦʫʧʨʘʚʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʟʦʨʚʘʥʥʳʭ 

ʙʣʦʢʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʩʪʦʝʚ ʵʢʩʢʘʚʘʪʦʨʦʚ ʧʦ ʧʨʠʯʠʥʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʚʰʝʡ, ʙʘʣʢʠ ʨʫʢʦʷʪʠ, ʩʪʨʝʣʳ, ʘ ʪʘʢʞʝ ʦʪʢʘʟʦʚ ʧʥʝʚʤʦʩʠʩʪʝʤʳ ʦʪ ʜʦʣʠ 

ʥʝʛʘʙʘʨʠʪʘ (ʨʠʩ. 1ï4). 
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ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʤʦʥʪʦʚ ʢʦʚʰʘ  

ʦʪ ʜʦʣʠ ʥʝʛʘʙʘʨʠʪʘ 

 

 
 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʤʦʥʪʦʚ ʧʥʝʚʤʦʩʠʩʪʝʤʳ 

ʦʪ ʜʦʣʠ ʥʝʛʘʙʘʨʠʪʘ 

 

Y = 0,3x2 - 0,4x + 47,3
wч Ґ лΣо
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ʉʫʤʤʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʤʦʥʪʦʚ ʧʦ ʵʩʢʘʚʘʪʦʨʘʤ (13 ʝʜ. ʪʝʭʥʠʢʠ)
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ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ  ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʤʦʥʪʦʚ ʧʥʝʚʤʦʩʠʩʪʝʤʳ,ʯ 
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ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʤʦʥʪʦʚ ʙʘʣʢʠ ʨʫʢʦʷʪʠ 

ʦʪ ʜʦʣʠ ʥʝʛʘʙʘʨʠʪʘ 

 
ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʤʦʥʪʦʚ ʩʪʨʝʣʳ  

ʦʪ ʜʦʣʠ ʥʝʛʘʙʘʨʠʪʘ 

 

y = 0,9x - 1,2

RĮ = 0,4
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ʉʫʤʤʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʤʦʥʪʦʚ ʧʦ ʵʢʩʢʘʚʘʪʦʨʘʤ (13 ʝʜ. ʪʝʭʥʠʢʠ)

ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʤʦʥʪʦʚ ʙʘʣʢʠ ʨʫʢʦʷʪʠ, ʯ 

y = 3,7x2 - 20,0x + 48,4

RĮ = 0,9
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ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʤʦʥʪʦʚ ʩʪʨʝʣʳ, ʯ 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʨʷʜʫ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʟʣʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʪʝʩʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʫʩʪʨʘʥʝʥʠʷ ʠʭ ʦʪʢʘʟʦʚ ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʥʝʛʘʙʘʨʠʪʘ, ʪʦʛʜʘ ʢʘʢ ʜʘʥʥʘʷ ʩʚʷʟʴ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʜʦʣʞʥʘ ʙʳʣʘ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ. ɺ ʭʦʜʝ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʦʪʩʫʪʩʪʚʠʷ ʜʘʥʥʦʡ ʩʚʷʟʠ ʫʩʪʘʥʦʚʣʝʥʘ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʪʢʘʟʘʤʠ ʩʦʧʨʷʞʝʥʥʳʭ ʫʟʣʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ: ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʩʙʦʝʚ 

ʧʦ ʦʜʥʠʤ ʫʟʣʘʤ ʧʨʠʚʦʜʠʣ ʢ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʩʙʦʝʚ ʧʦ ʩʦʧʨʷʞʝʥʥʳʤ (ʨʠʩ. 5ï6).  

ʈʠʩʫʥʦʢ 5. ʀʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʤʦʥʪʦʚ ʧʘʨʢʘ ʟʘʙʦʡʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʧʦ ʧʨʠʯʠʥʘʤ 

ʧʦʚʨʝʞʜʝʥʠʡ ʢʦʚʰʘ ʠ ʦʪʢʘʟʦʚ ʧʥʝʚʤʦʩʠʩʪʝʤʳ 

 
 ʈʠʩʫʥʦʢ 6. ʀʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʤʦʥʪʦʚ ʧʘʨʢʘ ʟʘʙʦʡʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʧʦ 

ʧʨʠʯʠʥʘʤ ʧʦʚʨʝʞʜʝʥʠʡ ʢʘʥʘʪʘ ʠ ʤʝʭʘʥʠʟʤʘ ʧʦʜʲʝʤʘ 

 

ɸʧʨʦʙʘʮʠʷ ʜʘʥʥʳʭ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʝʡ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʈʫʜʦʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʠʣʘ 

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʠ ʫʩʪʨʘʥʝʥʠʠ ʦʪʢʘʟʦʚ ʦʜʥʠʭ ʫʟʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ 

ʩʦʧʨʷʞʝʥʥʳʭ ʫʟʣʦʚ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʨʝʤʦʥʪʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʯʪʦ ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ ʚ 

ʩʠʩʪʝʤʝ ʫʯʝʪʘ ʢʘʢ ʚʨʝʤʷ ʨʝʤʦʥʪʘ ʵʪʦʛʦ ʫʟʣʘ [4]. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʩʣʫʞʠʣʦ 

ʦʙʦʩʥʦʚʘʥʠʝʤ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʦʙʱʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ 

0

10

20

30

40

50

60

70

80

90

ʷ
ʥ
ʚ

ʬ
ʝ
ʚ

ʤ
ʘ
ʨ

ʘ
ʧ
ʨ

ʤ
ʘ
ʡ

ʠ
ʶ
ʥ

ʠ
ʶ
ʣ

ʘ
ʚ
ʛ

ʩ
ʝ
ʥ

ʦ
ʢ
ʪ

ʥ
ʦ
ʷ

ʜ
ʝ
ʢ

ʷ
ʥ
ʚ

ʬ
ʝ
ʚ

ʤ
ʘ
ʨ

ʘ
ʧ
ʨ

ʤ
ʘ
ʡ

ʠ
ʶ
ʥ

ʠ
ʶ
ʣ

ʘ
ʚ
ʛ

ʩ
ʝ
ʥ

ʦ
ʢ
ʪ

ʥ
ʦ
ʷ

ʜ
ʝ
ʢ

ʷ
ʥ
ʚ

ʬ
ʝ
ʚ

ʂʦʣʠʯʝʩʪʚʦ ʨʝʤʦʥʪʦʚ (13 ʝʜ. ʪʝʭʥʠʢʠ)

ʂʦʚʰ ʇʥʝʚʤʦʩʠʩʪʝʤʘ

0

5

10

15

20

25

ʤ
ʘ
ʨ

ʘ
ʧ
ʨ

ʤ
ʘ
ʡ

ʠ
ʶ
ʥ

ʠ
ʶ
ʣ

ʘ
ʚ
ʛ

ʩ
ʝ
ʥ

ʦ
ʢ
ʪ

ʥ
ʦ
ʷ

ʜ
ʝ
ʢ

ʷ
ʥ
ʚ

ʬ
ʝ
ʚ

ʤ
ʘ
ʨ

ʘ
ʧ
ʨ

ʤ
ʘ
ʡ

ʠ
ʶ
ʥ

ʠ
ʶ
ʣ

ʘ
ʚ
ʛ

ʩ
ʝ
ʥ

ʦ
ʢ
ʪ

ʥ
ʦ
ʷ

ʜ
ʝ
ʢ

ʷ
ʥ
ʚ

ʬ
ʝ
ʚ

ʂʦʣʠʯʝʩʪʚʦ ʨʝʤʦʥʪʦʚ (13 ʝʜ. ʪʝʭʥʠʢʠ)

ʂʘʥʘʪ ʄʝʭʘʥʠʟʤ ʧʦʜʲʝʤʘ
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ʫʩʪʨʘʥʝʥʠʷ ʦʪʢʘʟʦʚ ʟʘʙʦʡʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʦʪ ʜʦʣʠ ʥʝʛʘʙʘʨʠʪʘ ʚʦ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʨʠʩ. 7 ʠ 8. 

  
ʈʠʩʫʥʦʢ 7. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʩʫʤʤʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʤʦʥʪʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʦʪ ʜʦʣʠ ʥʝʛʘʙʘʨʠʪʘ 

 
ʈʠʩʫʥʦʢ 8. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʝʤʦʥʪʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ ʦʪ ʜʦʣʠ 

ʥʝʛʘʙʘʨʠʪʘ 
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ʋʜʝʣʴʥʘʷ ʩʫʤʤʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʤʦʥʪʦʚ, ʯ/100ʪʳʩ. ʤį  

н͍ ͪ͊͊͘

y = -28,2x2 + 8 237,7x - 9 471,0
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н͍ ͪ͊͊͘



 
126 

 

ʅʘ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʚʦʟʤʦʞʥʦʛʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʦʙʫʩʣʦʚʣʠʚʘʝʤʦʛʦ ʩʥʠʞʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ 

ʫʩʪʨʘʥʝʥʠʷ ʦʪʢʘʟʦʚ ʜʦʙʳʯʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʟʘʙʦʝ, ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʨʦʙʣʝʥʠʷ 

ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʚ ʟʘʙʦʝ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʛʘʙʘʨʠʪʥʦʛʦ ʢʫʩʢʘ ʥʝ ʙʦʣʝʝ 

3%. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʥʝʧʣʘʥʦʚʳʭ ʧʨʦʩʪʦʝʚ ʧʦ ʧʨʠʯʠʥʘʤ ʦʪʢʘʟʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʫʟʣʦʚ ʜʣʷ ʧʘʨʢʘ ʠʟ 13-ʪʠ 

ʵʢʩʢʘʚʘʪʦʨʦʚ (ʕʂɻ-10 ʠ ʕʂɻ-8) ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴʩʷ ʥʘ 41 %, ʘ ʚʦʟʤʦʞʥʳʡ ʛʦʜʦʚʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʦʪʢʘʟʦʚ ʠ ʩʦʢʨʘʱʝʥʠʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʩʪʦʝʚ ʜʦʙʳʯʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ 82 ʤʣʥ. ʨʫʙ. 

 ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʛʨʫʞʘʝʤʦʡ 

ʩʢʘʣʴʥʦʡ ʧʦʨʦʜʳ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʣʦʞʝʥʠʷ ʩʨʝʜʩʪʚ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʜʨʦʙʣʝʥʠʷ ʚʟʨʳʚʦʤ. 
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1ʅʘʚʦʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʠʥʩʪʠʪʫʪ 
2ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʥʥʦʪʘʮʠʷ. ʈʦʩʪ ʮʝʥ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʘʨʠʬʦʚ ʚʳʟʳʚʘʶʪ 

ʨʘʩʪʫʱʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʵʢʦʥʦʤʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʵʥʝʨʛʦʝʤʢʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʝ ʢʘʢ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʦʨʥʦʡ ʤʘʩʩʳ ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʮʝʥʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʨʦʜʦʣʞʘʶʪ ʨʘʩʪʠ, 

ʚʦʟʨʘʩʪʘʶʱʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʧʨʘʚʣʝʥʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʪʨʝʙʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʣʷ ʵʥʝʨʛʦʝʤʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʪʘʢʠʭ ʢʘʢ ʢʦʥʚʝʡʝʨʥʳʝ 

ʣʝʥʪʳ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʙʦʪʫ ʣʝʥʪʦʯʥʳʭ ʢʦʥʚʝʡʝʨʦʚ ʷʚʣʷʝʪʩʷ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ.  

ʂʣʶʯʠʚʳʝ ʩʣʦʚʘ: ʢʦʥʚʝʡʝʨ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʘʛʨʫʟʢʘ, ʤʦʜʝʣʴ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
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INVESTIGATION OF THE EFFICIENCY OF WATER TREATMENT AND ORE 

TRANSPORTATION SYSTEMS OF THE PROCESSING COMPLEX  
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Navoi State Mining Institute 

Tashkent State Technical University 

Abstract. Rising electricity prices and changing tariff structures are causing a growing need for 

efficient and economical use of electricity, especially in energy-intensive industrial technological 

processes, such as the transportation of rock mass With increasing electricity prices continue to rise, 

the increasing need for energy management requires the study of energy-efficient operating modes 

for energy-intensive installations, such as conveyor belts. One of the factors affecting the operation 

of belt conveyors is that the resistance in transport systems significantly affects the energy 

efficiency of the transport system..  

Keywords: conveyor, mechanical resistance, load, model, energy efficiency. 

 

ʂʦʥʚʝʡʝʨʥʳʝ ʣʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʢʣʶʯʘʷ 

ʵʥʝʨʛʝʪʠʢʫ, ʛʦʨʥʦʜʦʙʳʚʘʶʱʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ʂʦʥʚʝʡʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ ʢʦʥʚʝʡʝʨʘ, ʣʝʥʪʳ 

ʚʚʦʜʷʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʣʝʥʪʦʯʥʦʡ 

ʢʦʥʚʝʡʝʨʥʦʡ ʝʜʠʥʠʮʝʡ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ. 

ʈʦʩʪ ʮʝʥ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʘʨʠʬʦʚ ʚʳʟʳʚʘʶʪ ʨʘʩʪʫʱʫʶ 

ʧʦʪʨʝʙʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʵʥʝʨʛʦʝʤʢʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʪʘʢʠʭ ʢʘʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʦʨʥʦʡ 

ʤʘʩʩʳ [1ï3]. ʕʬʬʝʢʪʠʚʥʘʷ ʠ ʨʝʥʪʘʙʝʣʴʥʘʷ ʨʘʙʦʪʘ ʣʝʥʪʦʯʥʳʭ ʢʦʥʚʝʡʝʨʦʚ, ʢʘʢ ʠ ʜʣʷ ʣʶʙʦʛʦ 

ʜʨʫʛʦʛʦ ʫʩʪʘʥʦʚʢʠ, ʪʨʝʙʫʝʪ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʦʚ [3]. 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʣʝʥʪʦʯʥʳʭ ʢʦʥʚʝʡʝʨʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʩʢʦʨʦʩʪʠ ʣʝʥʪʳ ʩ ʧʦʜʘʯʝʡ ʚʭʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʩʢʦʨʦʩʪʠ, ʯʪʦʙʳ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʤʘʩʩʫ 

ʤʘʪʝʨʠʘʣʘ, ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʝʜʠʥʠʮʫ ʵʥʝʨʛʠʠ [4]. 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ ʩʫʱʝʩʪʚʫʝʪ, ʧʦʪʦʤʫ ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ 

ʢʦʥʚʝʡʝʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʙʦʪʘʶʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ. ʃʝʥʪʦʯʥʳʝ 

ʢʦʥʚʝʡʝʨʳ ʦʙʳʯʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʘʟʤʝʨʘʭ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʨʘʩʰʠʨʝʥʠʝ ʤʦʱʥʦʩʪʝʡ, ʘ ʠʥʦʛʜʘ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʨʘʟʤʝʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʩ 

ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ [5]. ɺ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʢʦʥʚʝʡʝʨʳ ʤʦʛʫʪ ʟʘʛʨʫʞʘʪʴʩʷ ʵʢʩʢʘʚʘʪʦʨʦʤ, ʟʘʛʨʫʟʦʯʥʦʛʦ ʙʫʥʢʝʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʟʘʛʨʫʟʢʝ ʣʝʥʪʳ, ʦʙʱʠʡ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 50% -70% ʦʪ ʧʦʣʥʦʡ 

ʤʦʱʥʦʩʪʠ [6]. 

ɼʠʘʛʨʘʤʤʳ ʥʘʛʨʫʟʦʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʨʫʜʦʧʦʜʛʦʪʦʚʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʫʜʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1. 
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ʈʠʩʫʥʦʢ 1. ɼʠʘʛʨʘʤʤʳ ʥʘʛʨʫʟʦʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʭʝʤʳ ʨʫʜʦ ʧʦʜʛʦʪʦʚʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʫʜʳ 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʭʝʤʳ ʨʫʜʦʧʦʜʛʦʪʦʚʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʫʜʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʨʘʙʦʪʘʶʪ 

ʤʝʥʝʝ ʯʝʤ ʥʘ ʧʦʣʦʚʠʥʫ ʩʚʦʝʡ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ: ʦʪ 33,70 ï 50,39 % ʥʦʤʠʥʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ [9]. 

ʈʘʩʯʝʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʛʦʣʠʯʝʩʢʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʨʫʜʦʧʦʜʛʦʪʦʚʢʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʫʜʳ ʧʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪʘʝʪ ʥʝʜʦʛʨʫʟʢʦʡ ʠ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʵʥʝʨʛʦʟʘʪʨʘʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʢʦʥʚʝʡʝʨʥʳʭ 

ʣʠʥʠʷʭ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʥʦʩʪʴ  

ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʩʪʨʫʢʪʫʨʝ ʣʝʥʪʦʯʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʠ ʝʛʦ ʧʦʜʩʠʩʪʝʤʘʭ ʧʨʦʠʩʭʦʜʷʪ ʧʦʪʝʨʠ. ʇʦʪʝʨʠ ʚ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʚʦʟʥʠʢʘʶʪ ʚ ʧʦʪʦʢʝ ʤʦʱʥʦʩʪʠ ʦʪ ʩʝʪʝʚʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʠʩʪʝʤʝ 

ʣʝʥʪʦʯʥʦʛʦ ʢʦʥʚʝʡʝʨʘ, ʚ ʜʚʠʛʘʪʝʣʝ ʠ ʚ ʪʨʘʥʩʤʠʩʩʠʠ. ʄʦʱʥʦʩʪʴ ʧʝʨʝʜʘʯʠ Pʧʝʨ, ʥʝʦʙʭʦʜʠʤʘʷ 

ʥʘ ʧʨʠʚʦʜ ʙʘʨʘʙʘʥʘ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

                                          (1) 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, 

ʚʳʟʚʘʥʥʳʝ ʪʨʝʥʠʝʤ ʣʝʥʪʳ ʠ ʨʦʣʠʢʘ ʠ ʠʟ-ʟʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʢʣʦʥʘ, ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʘʚʝ 

ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Fʦʙ.ɦ ʆʙʱʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʝʥʪʳ v 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʦʚ ʥʘʛʨʫʟʢʠ, ʪ.ʝ. ʦʪ ʩʢʦʨʦʩʪʠ ʛʨʫʟʦʧʦʪʦʢʘ J ʠ ʦʪ ʚʳʩʦʪʳ ʧʦʜʲʸʤʘ 

ʅ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʣʝʥʪʦʯʥʦʤ ʢʦʥʚʝʡʝʨʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʦʜʝʣʴ ʧʦʪʝʨʴ. ʆʙʳʯʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ISO 5048 ʠ DIN 22101 ʜʦʧʫʩʢʘʶʪ ʪʦʣʴʢʦ 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʥʘʛʨʫʟʢʠ, ʥʦ ʥʠʢʘʢ ʥʝ ʨʘʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʪ ʩʢʦʨʦʩʪʠ ʚʘʞʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʤʝʞʜʫ 

ʧʨʠʚʦʜʘʤʠ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʠ ʥʝʨʝʛʫʣʠʨʫʝʤʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʄʝʪʦʜ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʰʠʨʠʥʘ ʣʝʥʪʳ, ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʠ 

ʩʢʦʨʦʩʪʴ ʣʝʥʪʳ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʢʦʥʚʝʡʝʨʥʦʡ ʩʠʩʪʝʤʝ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʣʝʥʪʦʯʥʦʤ ʢʦʥʚʝʡʝʨʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʦʜʝʣʴ ʧʦʪʝʨʴ. ʆʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʢʦʥʚʝʡʝʨʥʳʭ ʩʠʩʪʝʤʘʭ 

ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [7]. ʆʙʳʯʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ISO 5048 ʠ DIN 22101 ʜʦʧʫʩʢʘʶʪ ʪʦʣʴʢʦ 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʥʘʛʨʫʟʢʠ, ʥʦ ʥʠʢʘʢ ʥʝ ʨʘʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʪ ʩʢʦʨʦʩʪʠ ʚʘʞʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʤʝʞʜʫ 

ʧʨʠʚʦʜʘʤʠ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʠ ʥʝʨʝʛʫʣʠʨʫʝʤʦʡ ʩʢʦʨʦʩʪʴʶ. 
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ʆʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Fʦʙʱ ʨʘʟʜʝʣʝʥ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

                  (2) 

ʆʩʥʦʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Fʦʩʥ ʚʢʣʶʯʘʝʪ:  

 ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʢʘʯʝʥʠʶ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ 

ʢʦʥʚʝʡʝʨʥʦʡ ʣʝʥʪʳ; 

 ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʢʣʦʥʘ Fʥʘʢ: ʠʟ-ʟʘ ʚʝʩʘ ʣʝʥʪʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ; 

 ʰʫʥʪʠʨʫʶʱʠʝ ʨʝʟʠʩʪʦʨʳ Fʰʫʥʪ: ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʣʠʥʳ ʠ ʚʳʩʦʪʳ ʢʦʥʚʝʡʝʨʥʦʡ ʣʝʥʪʳ. 

ʈʘʩʯʝʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʪʠʧʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ 

(ʥʝʨʝʛʫʣʠʨʫʤʳʭ ʠ ʨʝʛʫʣʠʨʫʝʤʳʭ), ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2ʘ ʠ 2ʙ.  

 
Fʥʘʢ  ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʢʣʦʥʘ; Fʠ  ʨʝʟʦʥʘʥʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʠʟʛʠʙʝ; 

Fʥʘʞ  ʥʘʞʠʤʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ; Fʢʘʯ  ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ; 

Fʜʦʙ  ʜʦʙʘʚʦʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʘ) ʨʘʙʦʪʘ ʦʪ ʩʝʪʠ    ʙ) ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʴʶ 

 
ʘ) ʢʦʥʚʝʡʝʨʥʘʷ ʩʠʩʪʝʤʘ ʩ    ʙ) ʢʦʥʚʝʡʝʨ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ ʙʝʟ ʨʝʛʫʣʠʨʦʚʘʥʠʷ                ʧʦ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʷʤʠ 

 

ʈʠʩʫʥʦʢ 2. ʈʘʩʯʝʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ F ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ J 

 

ʆʩʥʦʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʥʠʟʢʠʭ ʫʢʣʦʥʘʭ ʠ 

ʜʣʠʥʥʳʭ ʢʦʥʚʝʡʝʨʥʳʭ ʣʝʥʪʘʭ. ʆʥ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʪʷʞʥʳʭ ʨʦʣʠʢʦʚ Fʥʨ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʛʠʙʫ Fʠʟʙ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʚʝʨʭʥʝʛʦ ʜʠʘʧʘʟʦʥʘ (ʠʥʜʝʢʩ 0) ʠ 

ʥʠʞʥʝʛʦ ʜʠʘʧʘʟʦʥʘ (ʠʥʜʝʢʩ u). ʆʩʥʦʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ FH ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [7]: 

.            (3) 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʨʦʣʠʢʘ Fʥʨ ʚʦʟʥʠʢʘʝʪ ʥʘ ʥʘʧʨʘʚʣʷʶʱʝʤ ʨʦʣʠʢʝ ʟʘ ʩʯʝʪ 

ʬʨʠʢʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʛʨʫʟʘ ʩ ʢʦʥʚʝʡʝʨʥʦʡ ʣʝʥʪʳ, ʠ ʦʥʦ ʤʝʥʴʰʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʛʠʙʫ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʨʦʣʠʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʘʛʨʫʟʢʠ ʥʘ ʤʝʪʨ ʜʣʠʥʳ   ʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʢʦʨʦʩʪʠ ʣʝʥʪʳ v. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʛʠʙʫ Fʠʟʛ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʯʘʩʪʠ. ʕʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ ʧʦ 

ʚʜʘʚʣʠʚʘʥʠʶ Fʚʜ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʣʝʥʪʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʦʣʠʢʠ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʛʠʙʥʳʤ ʢʦʣʝʙʘʥʠʷʤ Fʠʢ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʝʪ ʠʟʛʠʙʘ ʣʝʥʪʳ ʚʧʝʨʝʜ ʠ 

ʥʘʟʘʜ, ʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʛʠʙʫ ʤʘʪʝʨʠʘʣʘ ʢʦʥʚʝʡʝʨʘ Fʠʤ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʬʨʠʢʮʠʦʥʥʦʤ ʜʚʠʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʛʠʙʥʦʤʫ ʠʟʛʠʙʫ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʛʠʙʫ Fʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [7]: 

 .                 (4) 
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ʆʪ 50 ʜʦ 70% ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ ʧʨʠ ʚʜʘʚʣʠʚʘʥʠʠ Fʚʜ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ ʜʦʣʶ ʚ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʠʟʛʠʙʫ Fʠʟ. ʅʘʛʨʫʟʢʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʩʪʘʥʮʠʶ ʯʝʨʝʟ 

ʢʦʥʚʝʡʝʨʥʫʶ ʣʝʥʪʫ, ʧʨʠʚʦʜʠʪ ʢ ʫʛʣʫʙʣʝʥʠʶ ʚ ʥʘʢʣʘʜʢʘʭ ʣʝʥʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʤʘʪʝʨʠʘʣʘ ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʜʚʠʞʝʥʠʝʤ 

ʣʝʥʪʳ, ʧʦʣʥʦʩʪʴʶ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʛʠʙʫ ʠ ʠʟʛʠʙʫ Fʠʠ ʩʫʤʤʠʨʫʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʣʝʙʘʥʠʷʤ ʧʨʠ ʠʟʛʠʙʝ 

Fʢʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Fʛ ʧʝʨʝʤʝʱʘʝʤʦʛʦ ʛʨʫʟʘ. 

ʅʘʢʣʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Fʥʘʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʙʱʝʤʫ ʥʘʧʦʨʫ H ʠ ʜʣʠʥʝ. ʄʘʩʩʘ 

 ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʛʨʫʟʘ [7]: 

    .        (5) 

ɺʪʦʨʠʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ F h ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʦʜʝʨʞʠʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʜʘʯʠ ʧʝʨʝʤʝʱʘʝʤʳʭ ʛʨʫʟʦʚ. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʰʫʥʪʠʨʫʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʣʝʥʪʦʯʥʳʭ ʢʦʥʚʝʡʝʨʘʭ 

ʥʝʙʦʣʴʰʦʡ ʜʣʠʥʳ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʜʦʣʶ, ʯʝʤ ʦʩʥʦʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʰʫʥʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [8]: 

                             (6) 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ: 

 Fʫʩʢ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʪʦʯʢʝ ʧʦʜʘʯʠ. ʕʪʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʙʦʣʴʰʫʶ ʜʦʣʶ ʚʪʦʨʠʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʣʝʥʪʳ; 

 Fʪʨ ʦʧʠʩʳʚʘʝʪ ʪʨʝʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦ ʩʪʝʥʢʠ ʞʝʣʦʙʘ ʪʦʯʢʠ ʧʦʜʘʯʠ; 

 Fʦʯ ʚʢʣʶʯʘʝʪ ʪʨʝʥʠʝ ʣʝʥʪʦʯʥʦʛʦ ʦʯʠʩʪʠʪʝʣʷ ʦ ʢʦʥʚʝʡʝʨʥʫʶ ʣʝʥʪʫ; 

 Fʠʟ ʦʧʠʩʳʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʠʟʛʠʙʘ ʢʦʥʚʝʡʝʨʥʦʡ ʣʝʥʪʳ ʥʘ 

ʙʘʨʘʙʘʥʝ; 

 Fʪʨ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʥʝ ʧʨʠʚʦʜʥʳʭ ʙʘʨʘʙʘʥʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ.  

ʇʦʚrh ʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʢʦʥʚʝʡʝʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ: 

 ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ (ʵʢʦʥʦʤʠʷ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʟʘʪʨʘʪ); 

 ʫʚʝʣʠʯʝʥʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʚʦʜʘ (ʵʢʦʥʦʤʠʷ ʥʘ ʟʘʪʨʘʪʘʭ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ); 

 ʤʝʥʴʰʝ ʫʩʠʣʠʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʪʝʧʣʘ ʠ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ 

ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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ʋɼʂ 622.273.3 

ɺʓɹʆʈ ɸɺʊʆɻʈɽʁɼɽʈɸ ɼʃʗ ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʀ ʉʆɼɽʈɾɸʅʀʗ ɼʆʈʆɻ 

ʅɸ ʂʈʋʇʅʓʍ ʂɸʈʔɽʈɸʍ 

ɸʈɽʌʔɽɺ ʉ. ɸ. 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʥʥʦʪʘʮʠʷ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʛʨʝʡʜʝʨʦʚ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʜʦʨʦʞʥʳʭ ʨʘʙʦʪ ʥʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʇʨʠʚʝʜʝʥʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʝʡ ʛʨʝʡʜʝʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʨʴʝʨʥʳʭ ʜʦʨʦʛ. ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʚʪʦʛʨʝʡʜʝʨʦʚ, ʢʦʪʦʨʳʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʢʨʫʧʥʳʭ 

ʢʘʨʴʝʨʘʭ ʠ ʨʘʟʨʝʟʘʭ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʦʩʦʙʦ ʙʦʣʴʰʦʡ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʚʪʦʛʨʝʡʜʝʨ, ʜʦʨʦʞʥʳʝ ʨʘʙʦʪʳ, ʧʨʦʝʟʞʘʷ ʯʘʩʪʴ ʘʚʪʦʜʦʨʦʛʠ, 

ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʦʩʦʙʦ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʰʠʨʠʥʘ ʦʪʚʘʣʘ. 

CHOOSING A GRADER FOR THE CONSTRUCTION AND MAINTENANCE OF 

ROADS IN LARGE QUAR RIES 

AREFEV S. A. 

Ural State Mining University 

Abstract. The necessity of wider use of motor graders for performing road works at mining 

enterprises is justified. The characteristics of grader models designed for the construction and 

operation of quarry roads are given. Recommendations have been developed and the main 

parameters of graders that are advisable to use in large quarries and sections that operate 

technological dump trucks of particularly large load capacity have been determined. 

Keywords: Grader, road works, roadway, dump trucks of particularly large capacity, the width of 

the blade. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʢʨʫʧʥʳʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʦʩʩʠʠ ʚʩʝ ʰʠʨʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʦʩʦʙʦ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ. ʉʝʛʦʜʥʷ ʙʦʣʝʝ 300 ʤʘʰʠʥ 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʘʚʪʦʟʘʚʦʜʘ  ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 220 ʪʦʥʥ ʨʘʙʦʪʘʶʪ ʥʘ ʨʘʟʨʝʟʘʭ ʂʫʟʙʘʩʩʘ. 
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ɸʥʘʣʦʛʠʯʥʳʝ ʩʘʤʦʩʚʘʣʳ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʆʆʆ çʉʦʣʥʮʝʚʩʢʠʡ ʫʛʦʣʴʥʳʡ ʨʘʟʨʝʟè ʥʘ 

ʉʘʭʘʣʠʥʝ, ʚ ɸʆ çʈʘʟʨʝʟ ʊʫʛʥʫʡʩʢʠʡè (ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ), ʥʘ ʨʘʟʨʝʟʝ çʅʝʨʶʥʛʨʠʥʩʢʠʡè ʚ 

ʈʝʩʧʫʙʣʠʢʝ ʉʘʭʘ (ʗʢʫʪʠʷ). ɸʚʪʦʩʘʤʦʩʚʘʣʳ çʂʦʤʘʮʫè 730ɽ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 186 ʪʦʥʥ, 

ʨʘʙʦʪʘʶʪ ʥʘ ʄʠʭʝʝʚʩʢʦʤ ʢʦʤʙʠʥʘʪʝ ʚ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʂʦʩʪʦʤʫʢʰʩʢʦʤ ɻʆʂʝ ʫʞʝ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʜʝʩʷʪʢʠ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 220-236 

ʪʦʥʥ  ʢʦʤʧʘʥʠʡ çʂʘʪʝʨʧʠʣʣʝʨè (ʉɸʊ 793D) ʠ çʂʦʤʘʮʫè (830ɽ). ʅʘ ʢʘʨʴʝʨʘʭ ʂʘʯʢʘʥʘʨʩʢʦʛʦ, 

ʄʠʭʘʡʣʦʚʩʢʦʛʦ ʠ ʉʪʦʡʣʝʥʩʢʦʛʦ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʢʦʤʙʠʥʘʪʦʚ ʨʘʙʦʪʘʶʪ ɹʝʣɸɿʳ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 240 ʪ. ɽʱʝ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʩʘʤʦʩʚʘʣʳ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 320-360 ʪʦʥʥ 

ʧʝʨʝʚʦʟʷʪ ʛʦʨʥʫʶ ʤʘʩʩʫ ʚ ɸʆ çʈʘʟʨʝʟ ʊʘʣʜʠʥʩʢʠʡè, ɸʆ çʈʘʟʨʝʟ ɹʘʯʘʪʩʢʠʡè, ɿɸʆ 

çʏʝʨʥʠʛʦʚʝʮè.  

ʎʝʥʘ ʢʨʫʧʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʜʦʩʪʠʛʘʝʪ 2-3,5 ʤʣʥ. ʜʦʣʣʘʨʦʚ. 

ʆʧʳʪ ʨʘʙʦʪʳ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʦʩʩʠʠ ʠ ʤʠʨʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʦʛʜʘ 

ʟʘʪʨʘʪʠʚ ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʪʘʢʠʭ ʜʦʨʦʛʠʭ  ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ, ʦʥʠ ʥʝ 

ʚʩʝʛʜʘ ʫʜʝʣʷʶʪ ʜʦʣʞʥʦʝ ʚʥʠʤʘʥʠʝ ʢʘʯʝʩʪʚʫ ʘʚʪʦʜʦʨʦʛ ʚ ʢʘʨʴʝʨʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦʨʦʛʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ [1, 2]. 

ʆʧʳʪ ʨʘʙʦʪʳ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʪ 15 ʜʦ 30% ʚ ʩʪʨʫʢʪʫʨʝ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʪʨʘʪ ʩʦʩʪʘʚʣʷʶʪ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʤʦʥʪʦʤ ʠ ʧʦʢʫʧʢʦʡ ʰʠʥ ʢʘʨʴʝʨʥʳʭ 

ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ 50-90 % ʰʠʥ ʤʝʥʴʰʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʨʦʢʘ 

ʩʣʫʞʙʳ [3-5]. ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʥʠʟʢʦʡ ʭʦʜʠʤʦʩʪʠ ʰʠʥ - ʵʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ 

(ʦʪ 35 ʜʦ 60%) ʠ ʦʪʩʣʦʝʥʠʝ ʧʨʦʪʝʢʪʦʨʘ (ʦʪ 17 ʜʦ 30%). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʦ ʪʦʤ, ʯʪʦ 

ʚʘʞʥʝʡʰʝʡ ʧʨʠʯʠʥʦʡ ʨʦʩʪʘ ʨʘʩʭʦʜʦʚ ʥʘ ʨʝʤʦʥʪ ʠ ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʦʚʳʭ ʰʠʥ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʝ 

ʢʘʯʝʩʪʚʦ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ [6]. 

ʇʨʠ ʧʣʦʭʦʤ ʢʘʯʝʩʪʚʝ ʜʦʨʦʛ ʚ ʢʘʨʴʝʨʝ ʧʦʚʳʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʦʤʢʠ ʨʘʤʳ 

ʘʚʪʦʩʘʤʦʩʚʘʣʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʫʪʦʤʣʷʝʤʦʩʪʴ ʚʦʜʠʪʝʣʝʡ, ʩʥʠʞʘʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʦʨʦʛʠ ʧʦʟʚʦʣʷʶʪ ʩʘʤʦʩʚʘʣʘʤ ʜʚʠʛʘʪʴʩʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠ ʧʝʨʝʚʦʟʠʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʟʘ ʚ ʪʝʯʝʥʠʝ ʩʤʝʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ 

ʢʨʫʧʥʳʭ ʢʘʨʴʝʨʘʭ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʤʝʥʴʰʠʪʴ ʧʘʨʢ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ï ʥʝ 

ʧʨʠʦʙʨʝʪʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʤʘʰʠʥʳ. ʉʥʠʞʘʶʪʩʷ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʠ ʨʝʤʦʥʪʦʤ ʰʠʥ. ʉʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʨʘʩʭʦʜ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ [7-18]. 

ʉʢʘʟʘʥʥʦʝ ʚʳʰʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʦʩʦʙʦ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʫʜʝʣʷʪʴ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʢʘʯʝʩʪʚʫ ʜʦʨʦʛ 

ʚ ʢʘʨʴʝʨʝ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʘʨʴʝʨʥʳʭ ʜʦʨʦʛ ʤʦʱʥʦʡ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ (ʙʫʣʴʜʦʟʝʨʦʚ, ʘʚʪʦʛʨʝʡʜʝʨʦʚ, 

ʢʘʪʢʦʚ ʠ ʜʨ.). 

ɸʚʪʦʛʨʝʡʜʝʨʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʦʪʥʘ 

ʜʦʨʦʛ, ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʨʘʟʨʘʚʥʠʚʘʥʠʷ ʛʨʫʥʪʘ, ʛʨʘʚʠʷ ʠ ʱʝʙʥʷ, ʫʩʪʨʦʡʩʪʚʘ ʢʶʚʝʪʦʚ ʠ  ʦʪʢʦʩʦʚ, 

ʚʳʝʤʦʢ ʠ ʥʘʩʳʧʝʡ. ʂʨʦʤʝ ʪʦʛʦ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʠʨʢʦʚʘʥʠʷ ʛʨʫʥʪʘ ʠ ʠʟʥʦʰʝʥʥʦʛʦ 

ʧʦʣʦʪʥʘ ʜʦʨʦʛ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʩʯʠʩʪʢʠ ʠʭ ʦʪ ʩʥʝʛʘ [19]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʝʡʜʝʨʦʚ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʨʝʤʦʥʪʝ ʜʦʨʦʛ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ  ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʘʤʦʩʚʘʣʦʚ. ʉʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ ʘʚʪʦʩʘʤʦʩʚʘʣʘʤʠ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʛʦʨʶʯʝʛʦ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʘʚʪʦʛʨʝʡʜʝʨʦʤ ʧʨʠ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʜʦʨʦʛ. ʉʥʠʞʘʶʪʩʷ ʨʘʩʭʦʜʳ ʥʘ ʨʝʤʦʥʪ ʩʘʤʦʩʚʘʣʦʚ, ʠ 

ʧʦʜʜʝʨʞʘʥʠʝ ʠʭ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʪʘ ʵʢʦʥʦʤʠʷ ʧʝʨʝʢʨʳʚʘʝʪ ʟʘʪʨʘʪʳ ʥʘ 

ʧʦʢʫʧʢʫ ʘʚʪʦʛʨʝʡʜʝʨʘ. 

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʦʩʦʙʦ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʜʦʨʦʛ. ʆʧʳʪ ʨʘʙʦʪʳ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʚr ʰʝ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʝʛʦʜʥʷ ʥʘ ʥʠʭ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 27-31 ʤʝʪʨ (ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʘ 1. ʐʠʨʠʥʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʘʚʪʦʜʦʨʦʛ ʥʘ ʢʨʫʧʥʳʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʇʨʝʜʧʨʠʷʪʠʝ 
ʄʦʜʝʣʴ ʘʚʪʦʩʘʤʦʩʚʘʣʘ ʠ ʝʛʦ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ 

ʐʠʨʠʥʘ ʧʨʦʝʟʞʝʡ 

ʯʘʩʪʠ ʘʚʪʦʜʦʨʦʛ, ʤ 

ʆɸʆ çʈʘʟʨʝʟ ʊʘʣʜʠʥʩʢʠʡè ɹʝʣɸɿ-75600 (320 ʪ) 31 

ʆɸʆ çʈʘʟʨʝʟ ɹʘʯʘʪʩʢʠʡè ɹʝʣɸɿ-75600 (320ʪ) 31 

ʆɸʆ çʈʘʟʨʝʟ ʊʫʛʥʫʡʩʢʠʡè ɹʝʣɸɿ-75306 (220 ʪ) 27 

ʆɸʆ çʂʘʨʝʣʴʩʢʠʡ ʦʢʘʪʳʰè ʉɸʊ-793D  (220 ʪ) 27 

 

ɺ ʧʨʦʰʝʜʰʠʝ ʛʦʜʳ ʥʘ ʢʨʫʧʥʳʭ ʢʘʨʴʝʨʘʭ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʘʚʪʦʩʘʤʦʩʚʘʣʳ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 110-180 ʪʦʥʥ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʦʙʩʣʫʞʠʚʘʥʠʶ 

ʘʚʪʦʜʦʨʦʛ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʛʨʝʡʜʝʨʳ ɼɿ-98. ʕʪʦʪ ʘʚʪʦʛʨʝʡʜʝʨ ʠʤʝʝʪ ʰʠʨʠʥʫ 

ʦʪʚʘʣʘ 4,2 ʤ, ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ 173 ʢɺʪ, ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʤʘʩʩʫ 19,5 ʪʦʥʥ.  

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʚʪʦʛʨʝʡʜʝʨʘ ɼɿ-98 ʷʚʣʷʶʪʩʷ ʧʨʠʚʦʜ ʥʘ ʚʩʝ ʰʝʩʪʴ ʢʦʣʝʩ ʠ 

ʨʝʛʫʣʠʨʫʝʤʦʝ ʜʘʚʣʝʥʠʝ ʚ ʰʠʥʘʭ. ʆʩʥʦʚʥʳʤ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʵʪʦʛʦ ʘʚʪʦʛʨʝʡʜʝʨʘ 

ʷʚʣʷʶʪʩʷ ʦʪʚʘʣ ʠ ʢʠʨʢʦʚʱʠʢ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʤʝʩʪʦ ʢʠʨʢʦʚʱʠʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʙʫʣʴʜʦʟʝʨʥʳʡ ʦʪʚʘʣ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʘʙʦʪ (ʟʘʩʳʧʢʘ ʪʨʘʥʰʝʡ, ʦʯʠʩʪʢʘ ʜʦʨʦʛ ʦʪ ʩʥʝʛʘ, ʧʝʨʝʤʝʱʝʥʠʝ ʩʳʧʫʯʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨ.).  

ʈʦʩʪ ʧʦʣʥʦʡ ʤʘʩʩʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʧʦʪʨʝʙʦʚʘʣ ʥʝ ʪʦʣʴʢʦ 

ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʥʦ ʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʨʘʩʪʘʶʪ ʦʙʲʝʤʳ ʨʘʙʦʪ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʨʴʝʨʥʳʭ ʘʚʪʦʜʦʨʦʛ. 

ʇʦʵʪʦʤʫ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 180-360 ʪʦʥʥ, ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʜʦʨʦʞʥʳʭ ʨʘʙʦʪʘʭ ʚ ʢʘʨʴʝʨʘʭ 

ʘʚʪʦʛʨʝʡʜʝʨʦʚ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʠʝ ʰʠʨʠʥʫ ʦʪʚʘʣʘ, ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ 

ʤʘʩʩʫ, ʯʝʤ ʫ ʛʨʝʡʜʝʨʘ ɼɿ-98.  

ʊʘʢʠʝ ʤʦʱʥʳʝ ʘʚʪʦʛʨʝʡʜʝʨʳ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʦʟʜʘʥʳ ʠ ʧʦʩʪʘʚʣʷʶʪʩʷ ʥʘ ʛʦʨʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʨʷʜʦʤ ʢʦʤʧʘʥʠʡ [20-22]. ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2. ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʷʞʝʣʳʭ ʛʨʝʡʜʝʨʦʚ 

ʇʘʨʘʤʝʪʨʳ çʂʘʪʝʨʧʠʣʣʝʨè çʂʦʤʘʮʫè 

ʉɸʊ 24ʄ ʉɸʊ 18ʄ ʉɸʊ 16ʄ GD 825ɸ-2 

ʐʠʨʠʥʘ ʦʪʚʘʣʘ, ʤ 7, 3 5,5 4,9 4,8 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʢɺʪ 397 227 216 209 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ, ʪ 65,84 33,71 32,41 26,35 

     

ʂʦʤʧʘʥʠʷ çʂʘʪʝʨʧʠʣʣʝʨè ʦʪʤʝʯʘʝʪ, ʯʪʦ ʝʝ ʪʷʞʝʣʳʝ ʛʨʝʡʜʝʨʳ ʤʦʜʝʣʝʡ 24ʄ, 18ʄ ʠ 

16ʄ ʩʦʟʜʘʥʳ ʩ ʫʯʝʪʦʤ ʧʦʞʝʣʘʥʠʡ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ 

ʦʪʥʦʩʠʪʩʷ ʢ ʢʨʫʧʥʝʡʰʝʤʫ ʚ ʤʠʨʝ ʘʚʪʦʛʨʝʡʜʝʨʫ ʤʦʜʝʣʠ 24ʄ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤʫ ʜʣʷ ʨʘʙʦʪʳ 

ʥʘ ʢʘʨʴʝʨʘʭ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʘʚʪʦʩʘʤʦʩʚʘʣʳ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 180-360 ʪ. ɼʚʠʛʘʪʝʣʴ 

ʉ18ɸʉɽRʊ ʨʘʙʦʯʠʤ ʦʙʲʝʤʦʤ 18,1 ʣ ʠ ʤʦʱʥʦʩʪʴʶ 540 ʣ.ʩ., ʘ ʪʘʢʞʝ ʙʦʣʴʰʘʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ ʵʪʦʛʦ ʛʨʝʡʜʝʨʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ʠ ʥʘʛʨʫʟʢʫ ʥʘ ʦʪʚʘʣ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʢʨʫʪʷʱʝʤʫ 

ʤʦʤʝʥʪʫ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʩʪʘʙʠʣʴʥʦ ʨʘʙʦʪʘʪʴ ʥʘ ʨʝʞʠʤʘʭ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ 

ʜʦʩʪʠʛʘʝʪʩʷ ʤʦʱʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʣʘʚʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʨʝʟʢʠʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ 

ʫʚʝʣʠʯʝʥʠʷʭ ʥʘʛʨʫʟʢʠ ʥʘ ʤʘʰʠʥʫ. ʊʝʭʥʦʣʦʛʠʷ ɸʉɽRʊ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʠ ʦʧʪʠʤʠʟʠʨʫʝʪ ʨʝʞʠʤ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʜʚʠʛʘʪʝʣʷ. ʐʝʩʪʴ ʧʝʨʝʜʘʯ ʧʝʨʝʜʥʝʛʦ ʭʦʜʘ ʠ ʪʨʠ ʧʝʨʝʜʘʯʠ ʟʘʜʥʝʛʦ 

ʭʦʜʘ ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ 



 
134 

 

ʰʠʨʦʢʦʤ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʩʝʭ ʨʘʙʦʪ ʥʘ ʢʘʨʴʝʨʘʭ. ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ 

ʧʦʤʦʛʘʝʪ ʦʧʝʨʘʪʦʨʫ ʜʦʩʪʠʛʘʪʴ ʪʨʝʙʫʝʤʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʬʠʣʷ. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ 

ʢʨʠʚʠʟʥʘ ʦʪʚʘʣʘ ʠ ʙʦʣʴʰʦʡ ʟʘʟʦʨ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʝʛʦ ʯʘʩʪʴʶ ʠ ʧʦʚʦʨʦʪʥʳʤ ʢʨʫʛʦʤ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʦʪʚʘʣʘ ʥʘʟʘʜ ʫʚʝʣʠʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʰʠʥʳ ʫʜʝʣʷʣʦʩʴ ʦʙʝʩʧʝʯʝʥʠʶ ʢʦʤʬʦʨʪʥʳʭ 

ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʘ ʠ  ʫʜʦʙʩʪʚʫ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ, 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʤʘʩʩʝ ʠ ʤʦʱʥʦʩʪʠ ʛʨʝʡʜʝʨ ʤʦʜʝʣʠ 24ʄ ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʫʧʨʘʚʣʷʝʤʦʩʪʴ 

ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʚʫʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʞʦʡʩʪʠʢʦʚ, ʚʤʝʩʪʦ ʨʫʣʝʚʦʛʦ ʢʦʣʝʩʘ 

ʠ ʥʝʩʢʦʣʴʢʠʭ ʨʳʯʘʛʦʚ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʜʞʦʡʩʪʠʢʦʚ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʜʚʠʞʝʥʠʡ ʨʫʢʠ ʠ ʧʨʝʜʧʣʝʯʴʷ ʦʧʝʨʘʪʦʨʘ ʧʦʯʪʠ ʥʘ 78% ʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʝʛʦ 

ʫʪʦʤʣʷʝʤʦʩʪʴ. ʂʦʥʪʨʦʣʴ ʟʘ ʨʘʙʦʪʦʡ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ʤʘʰʠʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʩʠʩʪʝʤʳ VIMS. ʕʪʘ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʪʝʭʥʠʯʝʩʢʫʶ ʛʦʪʦʚʥʦʩʪʴ, ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʨʝʡʜʝʨʘ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʨʦʛ ʚ ʢʘʨʴʝʨʝ ʛʨʝʡʜʝʨʘ ʉɸʊ 24ʄ 

ʚʤʝʩʪʦ ʤʝʥʝʝ ʤʦʱʥʦʛʦ ʉɸʊ 16ʄ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʙʦʪ. 

ʂʦʤʧʘʥʠʷ çʂʘʪʝʨʧʠʣʣʝʨè ʨʝʢʦʤʝʥʜʫʝʪ [22] ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ  

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʚʪʦʛʨʝʡʜʝʨʘ ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʢ ʧʣʦʱʘʜʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʪʚʘʣʦʤ 

ʫʯʘʩʪʢʘ (ʇ, ʤ2/ʯ): 

ʇ=1000 V (Lʝ  - Lʦ) ɽ 

ʛʜʝ  V ï ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ, ʢʤ/ʯ 

 Lʝ  ï ʵʬʬʝʢʪʠʚʥʘʷ ʜʣʠʥʘ ʦʪʚʘʣʘ, ʤ 

 Lʦï ʰʠʨʠʥʘ ʥʘʣʦʞʝʥʠʷ, ʤ 

 ɽï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʈʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠ ʢʦʥʝʯʥʦʤ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 4 ʢʤ/ʯ, ʧʨʠ 

ʧʣʘʥʠʨʦʚʢʝ ʚ ʦʩʦʙʦ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ 9 ʢʤ/ʯ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʘʚʪʦʜʦʨʦʛ ʜʣʷ ʧʝʨʝʚʦʟʢʠ 

ʛʨʫʟʦʚ  ʦʪ 5 ʜʦ 16 ʢʤ/ʯ, ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʩʥʝʛʘ ʦʪ 7 ʜʦ 21 ʢʤ/ʯ.  

ʕʬʬʝʢʪʠʚʥʘʷ ʜʣʠʥʘ ʦʪʚʘʣʘ  Lʝ  ʨʘʚʥʘ ʰʠʨʠʥʝ ʧʝʨʝʤʝʱʘʝʤʦʛʦ ʦʪʚʘʣʦʤ ʤʘʪʝʨʠʘʣʘ. ʆʥʘ 

ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʛʨʝʡʜʝʨʘ ʤʦʜʝʣʠ ʉɸʊ 24ʄ ï 6,33 ʤ ʧʨʠ ʟʥʘʯʝʥʠʠ ʫʛʣʘ ʟʘʭʚʘʪʘ ʦʪʚʘʣʘ 30 

ʛʨʘʜʫʩʦʚ  ʠ 5,17 ʤ ʧʨʠ ʟʥʘʯʝʥʠʠ ʫʛʣʘ ʟʘʭʚʘʪʘ ʦʪʚʘʣʘ 45 ʛʨʘʜʫʩʦʚ. ɼʣʷ ʛʨʝʡʜʝʨʘ ʤʦʜʝʣʠ ʉɸʊ 

16ʄ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 4,22 ʠ 3,45 ʤ. 

ʐʠʨʠʥʘ ʥʘʣʦʞʝʥʠʷ  Lʦ  ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 0,6 ʤ   

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʦʡ 0,7 ï 0,85. 

ʇʣʦʱʘʜʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʪʚʘʣʦʤ ʛʨʝʡʜʝʨʘ ʫʯʘʩʪʢʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʜʦʨʦʛʠ ʩʦʩʪʘʚʣʷʝʪ: 

- ʜʣʷ ʛʨʝʡʜʝʨʘ ʉɸʊ 24ʄ: 

ʇ=1000 5 (6,33 - 0,6) 0,85 = 24352 ʤ2/ʯ 

- ʜʣʷ ʛʨʝʡʜʝʨʘ ʉɸʊ 16ʄ: 

ʇ=1000 5 (4,22 - 0,6) 0,85 =15385 ʤ2/ʯ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʜʦʨʦʛʠ ʟʘʤʝʥʘ ʛʨʝʡʜʝʨʘ ʉɸʊ 

16ʄ ʥʘ ʙʦʣʝʝ ʤʦʱʥʳʡ ʛʨʝʡʜʝʨ ʉɸʊ 24ʄ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʣʦʱʘʜʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʦʪʚʘʣʦʤ ʫʯʘʩʪʢʘ ʚ 1,5 ʨʘʟʘ. 

ʈʘʩʯʝʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʮʝʥʢʦʡ ʚʦʟʤʦʞʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʘʨʢʘ ʘʚʪʦʛʨʝʡʜʝʨʦʚ 

ʤʦʜʝʣʝʡ 16ʄ ʠ 24ʄ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʨʦʛ (ʣʝʛʢʠʡ ʨʝʤʦʥʪ), ʠʤʝʶʱʠʭ 

ʰʠʨʠʥʫ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 35 ʤ, ʚʳʧʦʣʥʠʣʠ ʩʧʝʮʠʘʣʠʩʪʳ ʢʦʤʧʘʥʠʠ çʂʘʪʝʨʧʠʣʣʝʨè [22].  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʛʨʝʡʜʝʨʘ ʉɸʊ 16ʄ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 16 ʧʨʦʭʦʜʦʚ ʧʦ 

ʫʯʘʩʪʢʫ ʜʦʨʦʛʠ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉɸʊ 24ʄ ʪʦʣʴʢʦ 7 ʧʨʦʭʦʜʦʚ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʨʦʛ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘ ʩʤʝʥʫ ʘʚʪʦʛʨʝʡʜʝʨʦʤ ʉɸʊ 16ʄ, ʩʦʩʪʘʚʣʷʝʪ 4,79 

ʢʤ, ʘ ʛʨʝʡʜʝʨʦʤ ʉɸʊ 24ʄ ï 12,08 ʢʤ. ɽʩʣʠ ʦʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʨʦʛ ʚ 
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ʢʘʨʴʝʨʝ ʩʦʩʪʘʚʣʷʝʪ 30 ʢʤ, ʥʝʦʙʭʦʜʠʤʳʡ ʧʘʨʢ ʛʨʝʡʜʝʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʜʦʨʦʞʥʳʭ ʨʘʙʦʪ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ 24ʄ ʙʫʜʝʪ ʚ 2,5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʛʨʝʡʜʝʨʦʚ ʤʦʜʝʣʠ 16ʄ. 

ɺʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʘʚʪʦʛʨʝʡʜʝʨʘ ʷʚʣʷʝʪʩʷ ʰʠʨʠʥʘ ʦʪʚʘʣʘ. ʀʤʝʥʥʦ ʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥʳ. ʏʝʤ ʙʦʣʴʰʝ ʰʠʨʠʥʘ 

ʦʪʚʘʣʘ ʛʨʝʡʜʝʨʘ. ʪʝʤ ʤʝʥʴʰʝ ʧʨʦʭʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʝʤʫ ʚʳʧʦʣʥʠʪʴ ʚʜʦʣʴ ʦʙʩʣʫʞʠʚʘʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʘʚʪʦʜʦʨʦʛʠ. 

ʀʩʭʦʜʷ ʠʟ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʰʠʨʠʥʘ ʜʦʨʦʛ ʚ ʢʘʨʴʝʨʝ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʲʝʤ ʨʘʙʦʪ ʧʦ ʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʩʦʜʝʨʞʘʥʠʶ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʙʦʣʴʰʝʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʝʨʝʭʦʜʠʪʴ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʦʣʝʝ ʤʦʱʥʳʭ ʛʨʝʡʜʝʨʦʚ ʩ ʙʦʣʴʰʝʡ ʰʠʨʠʥʦʡ ʦʪʚʘʣʘ.  

ʅʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʰʠʨʠʥʳ ʦʪʚʘʣʘ ʠ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʘʚʪʦʛʨʝʡʜʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ, ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʧʦ ʜʦʨʦʛʘʤ ʚ ʢʘʨʴʝʨʝ.  

ʇʨʝʜʣʦʞʝʥʦ ʧʨʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ 30-110 ʪ ʧʨʠʤʝʥʷʪʴ ʛʨʝʡʜʝʨʳ ʩ 

ʰʠʨʠʥʦʡ ʦʪʚʘʣʘ 3,5 ï 4,8 ʤ ʠ ʤʦʱʥʦʩʪʴʶ ʜʚʠʛʘʪʝʣʷ 120-210 ʢɺʪ. 

ɽʩʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʰʠʥʳ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 130-260 ʪ, ʪʦ ʰʠʨʠʥʘ ʦʪʚʘʣʘ 

ʛʨʝʡʜʝʨʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 5,1 ï 6,6 ʤ, ʘ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ 230-340 ʢɺʪ.  

ɼʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʨʦʛ, ʧʦ ʢʦʪʦʨʳʤ ʧʝʨʝʤʝʱʘʶʪʩʷ ʩʘʤʦʩʚʘʣʳ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 280 ï 360 ʪ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʝʡʜʝʨʳ ʩ ʰʠʨʠʥʦʡ ʦʪʚʘʣʘ 6,9- 

7,5 ʤ ʠ ʤʦʱʥʦʩʪʴʶ ʜʚʠʛʘʪʝʣʷ 350-400 ʢɺʪ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʨʠ ʚʳʙʦʨʝ ʤʦʜʝʣʠ ʘʚʪʦʛʨʝʡʜʝʨʘ ʜʣʷ ʜʦʨʦʞʥʳʭ 

ʨʘʙʦʪ ʚ ʢʨʫʧʥʦʤ ʢʘʨʴʝʨʝ ʧʦʟʚʦʣʠʪ: 

- ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʢ ʘʚʪʦʛʨʝʡʜʝʨʦʚ ʥʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʤ ʧʨʝʜʧʨʠʷʪʠʠ; 

- ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʢʘʨʴʝʨʥʳʭ 

ʘʚʪʦʜʦʨʦʛ; 

- ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʜʦʨʦʞʥʦʡ ʩʣʫʞʙʳ. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʅɸɹʃʖɼɸʊɽʃʔʅʓʍ ʉʂɺɸɾʀʅ ʅɸ 

ʉʈɽɼʅɽʉɸʈʄɸʊʉʂʀʁ ɺʆɼʆʅʆʉʅʓʁ ɻʆʈʀɿʆʅʊ  

ʅɸ ʉɽɺɽʈʆ-ʉʊɸɺʈʆʇʆʃʔʉʂʆʄ ʇʍɻ 

ɻʆʃʆɺɸʅʆɺ ʂ.ʉ. 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ ʉʝʚʝʨʦ-ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʇʍɻ. 

ʆʩʦʙʳʡ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʩʨʝʜʥʝʛʦ ʩʘʨʤʘʪʘ (ʚʝʨʭʥʷʷ ʩʚʠʪʘ ʩʨʝʜʥʝʛʦ 

ʩʘʨʤʘʪʘ), ʷʚʣʷʶʱʠʡʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʅʘ ʫʢʘʟʘʥʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʧʨʦʝʢʪʥʳʭ ʩʢʚʘʞʠʥ ʚ ʮʝʣʷʭ ʢʦʥʪʨʦʣʷ ʟʘ ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʝʚʝʨʦ-ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʇʍɻ, ʩʨʝʜʥʝʩʘʨʤʘʪʩʢʠʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ, 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʥʘ ʩʨʝʜʥʝʩʘʨʤʘʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ   
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DESIGN OF OBSERVATION WELLS AT THE AQUIFER ROCK OF THE 

MIDDLE SARMATIAN ON NORTH -STAVROPOL GAS STORAGE FACILITY  

GOLOVANOV K. S. 

North Caucasus Federal University 

Abstract. The article presents the geomorphological and hydrogeological characteristics of the near-

surface sediments of the territory of the mountain branch of the North Stavropol gas storage facility. 

Special emphasis is placed on the aquifer of the Middle Sarmatian (upper formation of the Middle 

Sarmatian), which is the most suitable for the water supply of settlements in the territory under 

consideration. The design of observation wells is recommended for the specified aquifer in order to 

control the chemical composition of near-surface waters. 

Keywords: North-Stavropol gas storage facility, aquiferous rock of the middle Sarmatian, 

observation wells on the rocks of the middle Sarmatian 

 

ʉʝʚʝʨʦ-ʉʪʘʚʨʦʧʦʣʴʩʢʦʝ ʧʦʜʟʝʤʥʦʝ ʭʨʘʥʠʣʠʱʝ ʛʘʟʘ (ʉʉʇʍɻ) ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ ʚ 30 ʢʤ ʢ ʩʝʚʝʨʦ ï ʟʘʧʘʜʫ ʦʪ ʛ. ʉʪʘʚʨʦʧʦʣʷ. ʇʣʦʱʘʜʴ 

ʦʩʥʦʚʥʦʛʦ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ ʉʉʇʍɻ ʩʦʩʪʘʚʣʷʝʪ 689 ʢʤ2. ʊʝʨʨʠʪʦʨʠʷ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ ʧʦ 

ʧʣʦʱʘʜʠ ʦʛʨʘʥʠʯʝʥʘ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʤ, ʚʤʝʱʘʶʱʠʤ ʩʪʨʫʢʪʫʨʫ ʧʦʜʟʝʤʥʳʭ ʭʨʘʥʠʣʠʱ ʛʘʟʘ ʚ 

ʭʘʜʫʤʩʢʦʤ ʛʦʨʠʟʦʥʪʝ ʠ ʚ ʟʝʣʝʥʦʡ ʩʚʠʪʝ. ɼʘʥʥʳʝ ʛʦʨʠʟʦʥʪʳ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʭʨʘʥʝʥʠʷ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ  ʪʝʨʨʠʪʦʨʠʠ.  ɻʨʘʥʠʮʳ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʚʝʨʭʥʠʭ 

ʢʦʥʪʨʦʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦ ʚʝʨʪʠʢʘʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʪ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʧʦʜʦʰʚʳ 

ʟʝʣʝʥʦʡ ʩʚʠʪʳ (ʘʙʩʦʣʶʪʥʘʷ ʦʪʤʝʪʢʘ ʧʦʜʦʰʚʳ ʟʝʣʝʥʦʡ ʩʚʠʪʳ ʤʠʥʫʩ 860 ʤ). ɻʦʨʥʳʡ ʦʪʚʦʜ ʥʘ 

ʧʦʜʟʝʤʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ʚ ʧʣʘʥʝ, ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʩʥʦʚʥʦʛʦ ʛʦʨʥʦʛʦ 

ʦʪʚʦʜʘ, ʚʳʜʘʥʥʦʛʦ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʦʜʟʝʤʥʦʛʦ ʭʨʘʥʠʣʠʱʘ (ʨʠʩ. 1) [6].  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ ʉʉʇʍɻ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʨʦʟʠʦʥʥʦ-

ʜʝʥʫʜʘʮʠʦʥʥʫʶ ʧʦʣʦʛʦʩʪʫʧʝʥʯʘʪʫʶ ʨʘʚʥʠʥʫ, ʥʘʢʣʦʥʸʥʥʫʶ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʠ 

ʦʩʣʦʞʥʷʶʱʫʶʩʷ ʤʝʣʢʠʤʠ ʧʣʦʩʢʦʜʦʥʥʳʤʠ ʚʧʘʜʠʥʘʤʠ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ (ʟʘʧʘʜʠʥʘʤʠ, 

ʩʪʝʧʥʳʤʠ ʙʣʶʜʮʘʤʠ). ɻʠʧʩʦʤʝʪʨʠʯʝʩʢʠ  ʚ ʶʞʥʦʡ ʯʘʩʪʠ  ʧʣʦʱʘʜʠ  ʘʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ 

ʨʝʣʴʝʬʘ ʜʦʩʪʠʛʘʶʪ  ʧʣʶʩ 470 ʤ, ʚ ʩʝʚʝʨʥʦʡ ʩʦʩʪʘʚʣʷʶʪ ʧʣʶʩ 135 ʤ. 

ɺʝʜʫʱʘʷ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʠʟʫʯʘʝʤʦʡ ʤʝʩʪʥʦʩʪʠ, 

ʧʨʠʥʘʜʣʝʞʠʪ ʦʪʣʦʞʝʥʠʷʤ ʩʘʨʤʘʪʩʢʦʛʦ ʷʨʫʩʘ (ʧʦʟʜʥʠʡ ʤʠʦʮʝʥ). ʊʘʢ, ʦʪʣʦʞʝʥʠʷ  

ʥʠʞʥʝʩʘʨʤʘʪʩʢʦʛʦ ʧʦʜʲʷʨʫʩʘ ʦʙʥʘʞʘʶʪʩʷ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʈʫʩʩʢʘʷ, ʏʠʙʨʠʢ, ʊʘʰʣʘ, ʄʘʣʘʷ 

ʊʘʰʣʘ ʠ ɺʝʨʙʦʚʢʘ. ʇʦʨʦʜʳ ʤʘʤʘʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʳʭʦʜʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʜʦʣʠʥʘʭ ʨʝʢ 

ʈʫʩʩʢʘʷ, ʏʠʙʨʠʢ, ʊʘʰʣʘ ʠ ʨʫʯʝʡ ʉʦʣʸʥʳʡ. ʂʨʠʧʪʦʤʘʢʪʨʦʚʳʡ ʛʦʨʠʟʦʥʪ ʦʙʥʘʞʘʝʪʩʷ ʚ ʙʦʨʪʘʭ 

ʨʝʢ ʈʫʩʩʢʘʷ, ʏʠʙʨʠʢ, ʊʘʰʣʘ, ʄʘʣʘʷ ʊʘʰʣʘ, ʨʫʯʝʡ ʉʦʣʸʥʳʡ ʠ ʨʫʯʝʡ ɹʝʣʷʝʚʩʢʠʡ. ʗʩʝʥʦʚʩʢʦʡ 

ʠ ʬʦʨʰʪʘʜʪʩʢʦʡ ʩʚʠʪʘʤʠ ʩʣʦʞʝʥʳ ʚʝʨʭʥʠʝ ʯʘʩʪʠ ʢʨʫʪʳʭ ʩʢʣʦʥʦʚ ʧʣʘʪʦʦʙʨʘʟʥʳʭ 

ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ, ʨʘʩʩʝʯʸʥʥʳʭ ʙʘʣʢʘʤʠ ʠ ʜʦʣʠʥʘʤʠ ʨʝʢ. ʇʦʨʦʜʘʤʠ ʭʦʣʦʜʥʦʨʦʜʥʠʢʦʚʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʩʣʦʞʝʥʳ ʙʨʦʥʠʨʦʚʘʥʥʳʝ ʧʣʘʪʦʦʙʨʘʟʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʭʨʘʥʠʣʠʱʘ. 

ɼʘʥʥʳʡ ʛʦʨʠʟʦʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʚʝʩʪʥʷʢʦʤ-

ʨʘʢʫʰʝʯʥʠʢʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ. ʊʨʝʱʠʥʦʚʘʪʦʩʪʴ ʧʦʨʦʜʳ 

ʩʚʷʟʘʥʘ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʚʦʟʥʠʢʰʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʉʝʚʝʨʦ-ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʠ ʇʝʣʘʛʠʘʜʠʥʩʢʦʛʦ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʧʦʜʥʷʪʠʡ. 

ʂʨʫʧʥʳʝ ʙʣʦʢʠ ʠʟʚʝʩʪʥʷʢʦʚ-ʨʘʢʫʰʝʯʥʠʢʦʚ, ʦʪʢʦʣʦʚʰʠʭʩʷ ʦʪ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʳ, 

ʫʯʘʩʪʚʫʶʪ ʚ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʘʭ ʩʪʫʧʝʥʯʘʪʦʛʦ ʪʠʧʘ, ʦʙʨʘʟʫʷ ʚʜʦʣʴ ʩʢʣʦʥʘ ʨʝʯʥʦʡ ʜʦʣʠʥʳ 

ʣʠʥʠʠ ʠʟ ʧʝʨʝʤʝʱʝʥʥʳʭ ʙʣʦʢʦʚ ʧʦʨʦʜʳ. ʉʢʦʣʴʟʷʪ ʙʣʦʢʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʠʥ ʢʨʠʧʪʦʤʘʢʪʨʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ [1,7]. ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʫʧʝʥʯʘʪʳʝ 

ʦʧʦʣʟʥʠ ʨʘʟʚʠʪʳ ʚ ʨʘʡʦʥʝ ʩ. ʇʦʜʣʫʞʥʦʛʦ, ʭ. ʂʨʘʩʥʘʷ ɹʘʣʢʘ ʠ ʭ. ɿʦʣʦʪʦʡ ʈʦʜʥʠʢ [1]. 
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ʈʠʩʫʥʦʢ 1.  ʆʙʟʦʨʥʘʷ ʢʘʨʪʘ ʨʘʡʦʥʘ ʨʘʩʧʦʣʦʞʝʥʠʷ  ʉʝʚʝʨʦ-ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʇʍɻ 

 

ɺ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʣʘʛʘʶʱʠʝ ʨʘʟʨʝʟ ʉʉʇʍɻ 

ʤʦʞʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʥʘ 3 ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʪʨʝʤʷ ʚʦʜʦʫʧʦʨʘʤʠ. 

ɺʦʜʦʥʦʩʥʳʤʠ ʷʚʣʷʶʪʩʷ  ʯʝʪʚʝʨʪʠʯʥʳʡ, ʭʦʣʦʜʥʦʨʦʜʥʠʢʦʚʩʢʦ-ʬʦʨʰʪʘʜʪʩʢʦ-ʷʩʝʥʦʚʩʢʠʡ ʠ 

ʤʘʤʘʡʩʢʠʡ ʛʦʨʠʟʦʥʪʳ. ʂ ʚʦʜʦʫʧʦʨʥʳʤ ʦʪʥʦʩʷʪʩʷ ʦʪʣʦʞʝʥʠʷ ʧʣʠʦʮʝʥʘ (ʧʦʥʪʠʯʝʩʢʠʡ ʷʨʫʩ, 

ʘʨʤʘʚʠʨʩʢʘʷ ʩʚʠʪʘ), ʢʨʠʧʪʦʤʘʢʪʨʦʚʳʡ ʠ ʥʠʞʥʝʩʘʨʤʘʪʩʢʠʡ ʛʦʨʠʟʦʥʪʳ.  
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ʏʝʪʚʝʨʪʠʯʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʩʚʷʟʘʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʨʝʯʥʳʤʠ ʜʦʣʠʥʘʤʠ ʠ 

ʢʨʫʧʥʳʤʠ ʙʘʣʢʘʤʠ. ɺʦʜʦʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʜʘʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʷʚʣʷʶʪʩʷ ʛʘʣʝʯʥʠʢʠ ʠ 

ʧʝʩʢʠ, ʜʝʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʦ-ʵʦʣʦʚʳʝ ʩʫʛʣʠʥʢʠ ʠ ʩʫʧʝʩʠ. ʂ ʚʳʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ  

ʧʨʠʫʨʦʯʝʥʳ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʦʪʣʠʯʘʶʱʠʝʩʷ ʨʘʟʥʦʨʦʜʥʦʩʪʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʅʘʧʦʨ ʠ 

ʜʝʙʠʪ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʶʱʠʭ  

ʦʩʘʜʢʦʚ. ʊʦʣʱʠʥʘ ʛʦʨʠʟʦʥʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 ʤ [3,7].  

ɺ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʷʶʱʝʛʦ ʚʦʜʦʫʧʦʨʘ ʤʝʞʜʫ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʠ ʩʘʨʤʘʪʩʢʠʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʩʣʫʞʘʪ ʦʪʣʦʞʝʥʠʷ ʧʣʠʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ɼʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ   (ʘʨʤʘʚʠʨʩʢʘʷ 

ʩʚʠʪʘ ʚ ʯʘʩʪʥʦʩʪʠ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʦʪʥʳʤʠ ʢʨʘʩʥʦ-ʙʫʨʳʤʠ ʛʣʠʥʘʤʠ ʩ ʦʙʣʦʤʢʘʤʠ ʨʦʟʦʚʘʪʦ-

ʩʝʨʦʛʦ ʠʟʚʝʩʪʥʷʢʘ ʠ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. 

ʊʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 2 ʤ [4]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʜʝʣʝʥʠʝ ʚ ʦʪʜʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʝʜʫʱʘʷ ʨʦʣʴ 

ʚ ʚʦʜʦʥʘʩʳʱʝʥʠʠ ʧʦʨʦʜ  ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʭʨʘʥʠʣʠʱʘ ʦʪʚʦʜʠʪʩʷ ʩʘʨʤʘʪʩʢʦʤʫ 

ʛʦʨʠʟʦʥʪʫ. 

ʇʝʨʚʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʩʘʨʤʘʪʩʢʠʤ 

ʦʪʣʦʞʝʥʠʷʤ ï ʭʦʣʦʜʥʦʨʦʜʥʠʢʦʚʩʢʦ-ʬʦʨʰʪʘʜʪʩʢʦ-ʷʩʝʥʦʚʩʢʠʡ. ɼʘʥʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ 

ʦʪʥʦʩʠʪʩʷ ʢ ʚʝʨʭʥʝʡ ʩʚʠʪʝ ʩʨʝʜʥʝʛʦ ʩʘʨʤʘʪʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ ʛʦʨʠʟʦʥʪ ʩ ʪʠʧʠʯʥʦʡ 

ʩʨʝʜʥʝʩʘʨʤʘʪʩʢʦʡ ʬʘʫʥʦʡ. ʈʦʣʴ ʚʦʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚ ʥʸʤ ʠʛʨʘʶʪ ʧʝʩʢʠ, ʧʝʩʯʘʥʠʢʠ ʠ 

ʠʟʚʝʩʪʥʷʢʠ-ʨʘʢʫʰʝʯʥʠʢʠ. ɺʦʜʳ ʦʧʠʩʳʚʘʝʤʦʛʦ ʛʦʨʠʟʦʥʪʘ ʦʪʥʦʩʷʪʩʷ ʢ ʙʝʟʥʘʧʦʨʥʳʤ. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,3 ʜʦ 3,0 ʛ/ʜʤ3. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ, ʨʝʞʝ ʩʫʣʴʬʘʪʥʳʡ  ʢʘʣʴʮʠʝʚʦ-ʤʘʛʥʠʝʚʳʡ.  ʅʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʚʦʜʳ ʫʢʘʟʘʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʳʭʦʜʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʚʠʜʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʨʦʜʥʠʢʦʚ, ʙ·ʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʚ ʧʨʝʜʝʣʘʭ ʜʦʣʠʥ ʨʝʢ ʊʘʰʣʘ ʠ ʄʘʣʘʷ 

ʊʘʰʣʘ. ʊʘʢʞʝ ʨʦʜʥʠʢʠ ʨʘʟʛʨʫʞʘʶʪʩʷ ʚ ʜʦʣʠʥʝ ʨʫʯʴʷ ʉʦʣʸʥʳʡ ʚʦʟʣʝ ʭ. ʅʘʡʜʸʥʦʚʢʘ, ʚ ʙʦʨʪʘʭ  

ʨʫʯʴʷ ɹʝʣʷʝʚʩʢʦʛʦ ʚ ʨʘʡʦʥʝ  ʭ. ɹʝʣʷʝʚ ʠ ʥʘ ʈʦʞʜʝʩʪʚʝʥʩʢʦʤ ʫʯʘʩʪʢʝ ʉʉʇʍɻ (ʨʠʩ. 2). ɼʘʥʥʳʝ 

ʚʳʭʦʜʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʩʪʥʳʤ ʥʘʩʝʣʝʥʠʝʤ ʜʣʷ ʧʠʪʴʝʚʦʛʦ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 65-70 ʤ [1,3,4,7]. 

ɼʘʣʝʝ ʧʦ ʨʘʟʨʝʟʫ ʩʨʝʜʥʝʩʘʨʤʘʪʩʢʠʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʨʘʟʦʙʱʘʝʪ 

ʢʨʠʧʪʦʤʘʢʪʨʦʚʳʡ ʚʦʜʦʫʧʦʨʥʳʡ ʛʦʨʠʟʦʥʪ. ʕʪʦʪ ʛʦʨʠʟʦʥʪ ʩʣʦʞʝʥ ʛʣʠʥʘʤʠ, ʛʣʠʥʠʩʪʳʤʠ 

ʧʝʩʢʘʤʠ ʠ ʤʝʨʛʝʣʷʤʠ [7]. ʊʦʣʱʠʥʘ ʛʦʨʠʟʦʥʪʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 30 ʜʦ 45 ʤ. 

ʊʨʝʪʠʡ ʚʳʜʝʣʷʝʤʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ï ʤʘʤʘʡʩʢʠʡ, ʚʦʜʦʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʩʣʦʠ ʠ ʣʠʥʟʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʛʣʠʥʠʩʪʳʭ ʧʝʩʢʦʚ. 

ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʛʦʨʠʟʦʥʪʘ ʜʨʝʥʠʨʫʶʪʩʷ ʥʘ ʦʧʠʩʳʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʚʠʜʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʜʠʥʦʯʥʳʭ ʠ ʛʨʫʧʧʦʚʳʭ ʨʦʜʥʠʢʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʩʝʚʝʨʥʦʡ ʠ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʘʭ ʪʝʨʨʠʪʦʨʠʠ. ʅʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 

ʤʘʤʘʡʩʢʠʡ ʩʦʜʝʨʞʠʪ ʩʣʘʙʦʩʦʣʦʥʦʚʘʪʳʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʧʦʨʥʳʝ ʠ ʥʝ ʠʤʝʶʱʠʝ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚʦʜʳ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʳ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ, ʩʫʣʴʬʘʪʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʝ ʠ ʩʫʣʴʬʘʪʥʳʝ ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʝ ʠ 

ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʝ. ʄʠʥʝʨʘʣʠʟʘʮʠʷʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,4 ʜʦ 4,4 ʛ/ʜʤ3 [7]. ʊʦʣʱʠʥʘ ʛʦʨʠʟʦʥʪʘ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 25 ʤ. 

ɼʨʫʛʠʤ ʚʦʜʦʫʧʦʨʥʳʤ ʛʦʨʠʟʦʥʪʦʤ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ 

ʥʠʞʥʝʩʘʨʤʘʪʩʢʠʡ. ʉʣʦʞʝʥ ʛʦʨʠʟʦʥʪ, ʚ ʦʩʥʦʚʥʦʤ, ʛʣʠʥʘʤʠ [7]. ʊʦʣʱʠʥʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 

45 ʤ.  

ɺ çɼʦʧʦʣʥʝʥʠʠ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʝʢʪʘʤ ʉʝʚʝʨʦ-ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʇʍɻ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷéè [2], ʚʳʧʦʣʥʝʥʥʦʤ ʚ 2002 ʛʦʜʫ,  ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʙʫʨʝʥʠʝ 24 ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʩʨʝʜʥʝʩʘʨʤʘʪʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷ. ʈʘʩʧʦʣʘʛʘʪʴ ʩʢʚʘʞʠʥʳ ʧʣʘʥʠʨʫʝʪʩʷ ʚʙʣʠʟʠ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ ʉʉʇʍɻ. ʉ ʧʦʤʦʱʴʶ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ 

ʥʘʤʝʯʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʥʘʣʠʯʠʝʤ  ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʘʟʘ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ, ʧʦʩʣʝʜʥʠʡ ʟʘ ʩʯʸʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʠʟ ʦʙʲʝʢʪʦʚ ʭʨʘʥʝʥʠʷ 

ʤʦʞʝʪ ʥʘʩʳʱʘʪʴ ʧʦʨʦʜʳ ʩʘʨʤʘʪʩʢʦʛʦ ʷʨʫʩʘ.  
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ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʨʝʜʥʝʩʘʨʤʘʪʩʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʝʢʪʥʳʭ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʫʢʘʟʘʥʥʳʡ ʛʦʨʠʟʦʥʪ ʉʉʇʍɻ [3] 


















































































































































