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SECTION 6. Metallurgy and energy. 

 

LASER TREATMENT EFFECTS ON GEOMETRIC DIMENSIONS OF 

MELTING AND HEAT AFFECTED ZONES AT PROCESSING OF 

SINTERED POROUS IRON 

 

Abstract: The article considers the laser radiation effects on the formation of the melting zone and the heat-

affected zone of the porous sintered iron with using the method of mathematical planning experiments. You can see 

the results of influence of factors, their double and triple interaction on the geometric characteristics of the melting 

and the heat-affected zones. It is analyzed the role of the energy flux density (interaction of laser power density and 

displacement speed of the laser beam on the surface), the porosity and their triple interaction - structurally energy 
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ɺʃʀʗʅʀɽ ʃɸɿɽʈʅʆʁ ʆɹʈɸɹʆʊʂʀ ʅɸ ɻɽʆʄɽʊʈʀʏɽʉʂʀɽ ʈɸɿʄɽʈʓ ɿʆʅ ʇʃɸɺʃɽʅʀʗ ʀ 

ʊɽʈʄʀʏɽʉʂʆɻʆ ɺʃʀʗʅʀʗ ʇʈʀ ʆɹʈɸɹʆʊʂɽ ʉʇɽʏɽʅʅʆɻʆ ʇʆʈʀʉʊʆɻʆ ɾɽʃɽɿɸ 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥʳ 

ʧʣʘʚʣʝʥʠʷ ʠ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʧʦʨʠʩʪʦʛʦ ʩʧʝʯʝʥʥʦʛʦ ʞʝʣʝʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʢʘʟʘʥʳ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ, ʠʭ ʜʚʦʡʥʳʭ ʠ ʪʨʦʡʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʥ ʧʣʘʚʣʝʥʠʷ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ 

ʨʦʣʴ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ), ʧʦʨʠʩʪʦʩʪʠ ʠ ʠʭ ʪʨʦʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ - ʩʪʨʫʢʪʫʨʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʙʨʘʙʦʪʢʠ ʧʦʨʠʩʪʦʛʦ ʞʝʣʝʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʥʘ ʧʣʘʚʣʝʥʠʷ, ʟʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ, ʣʘʟʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʨʝʞʠʤ ʦʙʨʘʙʦʪʢʠ, 

ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʫʯʘ, ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 
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ɺʚʝʜʝʥʠʝ 

ʇʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʨʘʚʥʦʤʝʨʥʫʶ 

ʦʙʲʝʤʥʦʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʧʦʨʠʩʪʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʣʠʯʠʝ ʧʦʨʠʩʪʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʝʭʥʠʢʝ, ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʠ ʪ.ʜ.[1]. 

ʆʙʲʝʤ ʧʦʨ ʚ ʧʦʨʠʩʪʦʤ ʤʘʪʝʨʠʘʣʝ ʦʧʨʝʜʝʣʷʝʪ 

ʝʛʦ ʥʘʟʥʘʯʝʥʠʝ: 10...13% - ʬʨʠʢʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ; 15...35% - ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ; 20...50% - ʬʠʣʴʪʨʳ; 50...98% - 

ʚʳʩʦʢʦʧʦʨʠʩʪʳʝ ʠʣʠ ʧʝʥʦʤʘʪʝʨʠʘʣʳ [1]. 

ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʧʦʨ ʚ ʤʘʪʝʨʠʘʣʝ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ [1-3] 

(ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ), 

ʦʧʪʠʯʝʩʢʠʭ [4] (ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ 

ʧʦʛʣʦʱʝʥʠʷ), ʵʣʝʢʪʨʠʯʝʩʢʠʭ [2, 3] (ʫʜʝʣʴʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ) ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ [1-3] ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʨʠʩʪʦʩʪʴ ʩʥʠʞʘʝʪ ʚʩʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʙʝʩʧʦʨʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ [1-3]. 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʥʠʮʠʠʨʫʝʪ ʨʘʟʚʠʪʠʝ 

ʫʩʘʜʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʥʠʞʝʥʠʶ 

ʧʦʨʠʩʪʦʩʪʠ [5-9]. ɼʠʥʘʤʠʢʘ ʧʝʨʝʭʦʜʘ ʦʪ 

ʦʪʢʨʳʪʦʡ ʢ ʟʘʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʧʦʨ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ [6-

9]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʝʜʝʪ ʢ ʨʦʩʪʫ ʝʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʜʥʘʢʦ ʣʦʢʘʣʴʥʦʝ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʚ ʧʦʨʠʩʪʦʤ 

ʪʝʣʝ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʦʪʝʢʘʶʱʠʤʠ ʫʩʘʜʦʯʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ɺ [6-9] ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ çʟʦʥʳ 

ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠè ʚ ʟʦʥʝ ʧʝʨʝʭʦʜʘ ʦʪ 

ʣʠʪʦʡ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʢ ʧʦʨʠʩʪʦʤʫ ʤʘʪʝʨʠʘʣʫ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺ ʩʚʝʪʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʠʟʫʯʝʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʧʦʟʚʦʣʠʪ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʫʧʨʘʚʣʷʪʴ ʩʚʦʡʩʪʚʘʤʠ 

ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʧʝʯʝʥʥʳʭ ʧʦʨʠʩʪʳʭ ʦʙʨʘʟʮʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʦʨʦʰʢʘ ʞʝʣʝʟʘ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ 

ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʆʙʨʘʟʮʳ ʜʣʷ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ (ʧʨʝʩʩʦʚʘʥʠʝ + ʩʧʝʢʘʥʠʝ). 

ʇʨʝʩʩʦʚʢʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʧʦʨʦʰʢʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʞʝʣʝʟʘ ʤʘʨʢʠ 

ɺʂ-1 (ʊʋ 2436- 005-74439740-14). 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʦʨʦʰʢʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1, ʤʦʨʬʦʣʦʛʠʷ 

ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʇʨʝʩʩʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʟʘʢʨʳʪʦʡ ʧʨʝʩʩ-

ʬʦʨʤʝ ʩ ʧʨʦʩʪʘʚʢʦʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʭʦʜ 

ʧʫʘʥʩʦʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʣʫʯʝʥʠʝ 

ʥʝʩʧʝʯʝʥʥʳʭ ʧʨʝʩʩʦʚʦʢ ʜʠʘʤʝʪʨʦʤ 15 ʤʤ ʠ 

ʚʳʩʦʪʦʡ 15 ʤʤ. ʀʟʤʝʥʝʥʠʝʤ ʤʘʩʩʳ ʥʘʚʝʩʢʠ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʨʠʩʪʦʩʪʠ 

ʥʝʩʧʝʯʝʥʥʳʭ ʧʨʝʩʩʦʚʦʢ. ʉʧʝʢʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʠ ʚ 

ʘʪʤʦʩʬʝʨʝ ʦʩʫʰʝʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1100Üʉ ʚ ʪʝʯʝʥʠʠ 120 ʤʠʥʫʪ. ʇʦʩʣʝ ʩʧʝʢʘʥʠʷ 

ʧʦʣʫʯʝʥʳ ʪʨʠ ʚʠʜʘ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʧʦʨʠʩʪʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 22, 30 ʠ 38%. 

ɺʳʙʦʨ ʧʦʨʦʰʢʘ ʞʝʣʝʟʘ ʤʘʨʢʠ ɺʂ-1 ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ 

ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ, ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʫʛʣʝʨʦʜʘ ʠ ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʨʘʩʩʤʦʪʨʝʪʴ ʚʣʠʷʥʠʝ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʧʦʨʠʩʪʦʝ ʪʝʣʦ ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʘʨʪʝʥʩʠʪʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ.  

ʆʙʨʘʙʦʪʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʧʦʣʥʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ çʃʘʪʫʩ-31è ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ 

ʩʦʙʦʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʛʘʟʦʚʳʡ CO2 ʣʘʟʝʨ (ʜʣʠʥʘ 

ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ =10,6 ʤʢʤ) ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʘʢʪʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʢʚʘʥʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ çʂʘʨʘʪè. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʥʘʥʦʩʠʣʦʩʴ 

ʧʦʛʣʦʱʘʶʱʝʝ ʧʦʢʨʳʪʠʝ - ʭʫʜʦʞʝʩʪʚʝʥʥʘʷ ʛʫʘʰʴ 

ʩ ʞʝʣʪʳʤ ʞʝʣʝʟʥʦʦʢʠʩʥʳʤ ʧʠʛʤʝʥʪʦʤ ɾ-1 ɻʆʉʊ 

18172-80. 

ʇʨʦʩʤʦʪʨ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʠʟʤʝʨʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʦʪʢʣʠʢʘ ʚʳʧʦʣʥʝʥʳ ʥʘ ʮʠʬʨʦʚʦʤ 

ʤʠʢʨʦʩʢʦʧʝ Keyence VHX-1000. 

 

ʊʘʙʣʠʮʘ 1  

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʘ ɺʂ-1 

 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʢʤ, ʥʝ 

ʙʦʣʝʝ 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʙʦʣʝʝ 

ʍ10 ʍ50 ʍ90 Fe, % C, % N, % O, % S, % 

4 8 18 ʦʩʥʦʚʘ 0,02ï0,1 0,02 0,3 0,005 

 



Impact Factor: 

ISRA (India)       =  1.344 

ISI  (Dubai, UAE) = 0.829 

GIF  (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

ʈʀʅʎ (Russia) = 0.234  

ESJI (KZ)          = 1.042 

SJIF (Morocco) = 2.031 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI  (India)  = 4.260 
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ʈʠʩʫʥʦʢ 1 - ʄʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʞʝʣʝʟʘ ɺʂ-1. 

 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʨʠʮʳ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʠʟʤʝʥʷʝʤʳʭ 

ʬʘʢʪʦʨʘ: 

x1 ï ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ɺʪ/ʩʤ2; 

ʭ2 ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʤʤ/ʩ; 

x3 ï ʧʦʨʠʩʪʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, %. 

ʊʨʠ ʬʘʢʪʦʨʘ ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʨʦʠʪʴ ʧʣʘʥ 

N=2K, ʛʜʝ K ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ, 2 - ʯʠʩʣʦ ʫʨʦʚʥʝʡ 

(ʚʝʨʭʥʠʡ ç+1è ʠ ʥʠʞʥʠʡ ç-1è). ʇʣʘʥ 23 ʩʦʜʝʨʞʠʪ 

N=23=8 - ʦʧʳʪʦʚ ʥʘ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʘ ʥʘ 

ʦʩʥʦʚʥʦʤ ʫʨʦʚʥʝ. ʇʘʨʘʣʣʝʣʴʥʳʝ ʦʧʳʪʳ 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ 

ʠ ʝʝ ʣʠʥʝʡʥʦʩʪʴ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʤʘʪʨʠʮʫ 

ʬʠʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ çʎʝʥʪʨè. 

ʅʘ ʦʩʥʦʚʥʦʤ ʫʨʦʚʥʝ ʬʘʢʪʦʨʳ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʝ ʥʘʪʫʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ: x1 ï 1Ŀ104 

ɺʪ/ʩʤ2, ʭ2 ï 15 ʤʤ/ʩ, x3 ï 30 %. ʀʥʪʝʨʚʘʣʳ 

ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʦʚ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ:

1xD ï Ñ 0,2Ŀ104 ɺʪ/ʩʤ2, 2xD ï Ñ 5 ʤʤ/ʩ, 3xD ï Ñ 8 

%. 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ 

ʙʳʣʠ ʧʨʠʥʷʪʳ ʰʠʨʠʥʘ, ʛʣʫʙʠʥʘ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ ʠ 

ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ (ɿʊɺ). ʉʭʝʤʘ 

ʠʟʤʝʨʝʥʠʡ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʚʣʠʷʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

 
ʘ) ʙ) 

 

ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʦʪʢʣʠʢʘ (ʘ) ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʟʦʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ 

(ʙ, ʇ=22%, ʭ100) 
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ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ 

ʢʦʜʦʚʦʤ ʤʘʩʰʪʘʙʝ ʠʤʝʶʪ ʚʠʜ: 

 

321213211 6,4273386,4683,7419,8307,12182,2459 xxxxxxxxxy ʎ +-+-+-=  (1) 

3213212 4,503,911,71789,1653,311 xxxxxxxy ʎ ++-+-=  (2) 

32132213213 8,47576,4183,2388,1502,2551,4444,3330 xxxxxxxxxxxy ʎ -+-+-+-=  (3) 

2134 9,1392,1494,679 xxxy -+=  (4) 

 

ʊʘʙʣʠʮʘ 2  

ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

 

ˉ 

ʦʧʳʪʘ 

i 

ɿʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʇʘʨʘʤʝʪʨʳ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ 

çʎʝʥ

ʪʨè 
x1*  x2 x3 

y1 - ʰʠʨʠʥʘ 

ʟʦʥʳ 

ʦʧʣʘʚʣʝʥʠʷ, 

ʤʢʤ 

y2 - ʛʣʫʙʠʥʘ 

ʟʦʥʳ 

ʦʧʣʘʚʣʝʥʠʷ, 

ʤʢʤ 

y3 - 

ʰʠʨʠʥʘ 

ɿʊɺ, 

ʤʢʤ 

y4 - 

ʛʣʫʙʠʥʘ 

ɿʊɺ, 

ʤʢʤ 
ʢʦʜ. ʢʦʜ. ʥʘʪ.,% ʢʦʜ. 

ʥʘʪ.

,% 
ʢʦʜ. 

ʥʘʪ

.,% 

ʆʧʳʪʳ ʥʘ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʫʨʦʚʥʝ 

1 1 1 1,2Ŀ104 1 20 1 38 1971,75 297,09 2818,85 647,72 

2 1 -1 0,8Ŀ104 1 20 1 38 0,00000 0,0000 3242,76 1037,69 

3 1 1 1,2Ŀ104 -1 10 1 38 3226,57 379,94 3939,16 908,26 

4 1 -1 0,8Ŀ104 -1 10 1 38 1613,03 269,53 2497,66 711,51 

5 1 1 1,2Ŀ104 1 20 -1 22 0,00000 0,0000 2325,45 368,15 

6 1 -1 0,8Ŀ104 1 20 -1 22 0,00000 0,0000 2554,97 651,64 

7 1 1 1,2Ŀ104 -1 10 -1 22 3062,26 216,54 3482,78 670,57 

8 1 -1 0,8Ŀ104 -1 10 -1 22 0,00000 0,0000 2228,89 421,21 

ʇʘʨʘʣʣʝʣʴʥʳʝ ʦʧʳʪʳ ʥʘ ʦʩʥʦʚʥʦʤ ʫʨʦʚʥʝ 

9 0 0 1Ŀ104 0 15 1 30 2325,79 265,29 3300,18 645,52 

10 0 0 1Ŀ104 0 15 1 30 2559,34 367,17 3361,36 810,76 

11 0 0 1Ŀ104 0 15 1 30 2473,57 301,36 3329,57 600,65 

* - ʜʠʘʤʝʪʨ ʣʫʯʘ, ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ dʃ =const= 3 ʤʤ 

 
ɺ ʧʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 1-4 ʚʦʰʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ p ʤʝʥʝʝ 0,05. 

ʋʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ p ʚʳʯʠʩʣʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ. ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ R2 ʧʦʣʫʯʝʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ 1-4 ʥʝ ʥʠʞʝ 0,88. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʯʝʪʦʚ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ 

ʛʠʧʦʪʝʟʘ ʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ 

ʬʠʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ çʎʝʥʪʨè ʥʝ ʦʪʚʝʨʛʘʝʪʩʷ ʚ 

ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʦʧʪʠʤʠʟʘʮʠʠ y1, y2 ʠ y3. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʬʠʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ çʎʝʥʪʨè 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʣʠʥʝʡʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ 1-3. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʬʘʢʪʦʨ çʎʝʥʪʨè ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʟʥʘʯʝʥʠʷ 

ç0è ʢ ç1è ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʪ ʮʝʥʪʨʘ ʧʣʘʥʘ ʢ ʝʛʦ 

ʢʨʘʷʤ. 

ʅʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʘʮʠʠ y1, - y4 ʢʘʨʪʳ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʇʘʨʝʪʦ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 3-6. 

 

ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʉʪʨʦʝʥʠʝ ʟʦʥʳ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ 

ʚʳʧʦʣʥʝʥʥʳʭ ʦʧʳʪʘʭ ˉˉ1-8 ʨʘʟʣʠʯʥʦ, ʚ ʦʧʳʪʘʭ 

ˉˉ2, 5, 6, 8 ʦʪʩʫʪʩʪʚʫʝʪ ʟʦʥʘ ʧʣʘʚʣʝʥʠ̫ , ʘ ɿʊɺ 

ʧʨʠʩʫʪʩʪʚʫʝʪ. ɺ ʦʩʪʘʣʴʥʳʭ ʦʧʳʪʘʭ ʠʤʝʝʪʩʷ ʠ 

ʟʦʥʘ ʧʣʘʚʣʝʥʠʷ ʠ ɿʊɺ. 

ʅʘ ʰʠʨʠʥʫ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ ʩʠʣʴʥʦ ʚʣʠʷʝʪ 

ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ ʚʨʝʤʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ: 
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ʈʠʩʫʥʦʢ 3 - ʂʘʨʪʘ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʇʘʨʝʪʦ ʧʦ ʧʘʨʘʤʝʪʨʫ ʦʧʪʠʤʠʟʘʮʠʠ çʐʠʨʠʥʘ ʟʦʥʳ 

ʦʧʣʘʚʣʝʥʠʷè 

 
ʈʠʩʫʥʦʢ 4 - ʂʘʨʪʘ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʇʘʨʝʪʦ ʧʦ ʧʘʨʘʤʝʪʨʫ ʦʧʪʠʤʠʟʘʮʠʠ çɻʣʫʙʠʥʘ ʟʦʥʳ 

ʦʧʣʘʚʣʝʥʠʷè 



Impact Factor: 
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ʈʠʩʫʥʦʢ 5 - ʂʘʨʪʘ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʇʘʨʝʪʦ ʧʦ ʧʘʨʘʤʝʪʨʫ ʦʧʪʠʤʠʟʘʮʠʠ çʐʠʨʠʥʘ 

ɿʊɺè 

 
ʈʠʩʫʥʦʢ 6 - ʂʘʨʪʘ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʇʘʨʝʪʦ ʧʦ ʧʘʨʘʤʝʪʨʫ ʦʧʪʠʤʠʟʘʮʠʠ çɻʣʫʙʠʥʘ 

ɿʊɺè 
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Ű=d/v (5) 

ʛʜʝ Ű - ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ, ʩ; 

d - ʜʠʘʤʝʪʨ çʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘè ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʤ; 

v - ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʤ/ʩ. 

ʉ ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

(ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ) ʰʠʨʠʥʘ 

ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʫʨʘʚʥʝʥʠʝ 1), ʯʪʦ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ [10] ʜʣʷ 

ʙʝʩʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠʤʝʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ 

ʰʠʨʠʥʫ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ (ʫʨʘʚʥʝʥʠʝ 1). 

ʈʘʟʤʝʨʥʦʩʪʴ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʯʝʨʝʟ 

ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ:
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʨʦʩʪʦʤ ʚʨʝʤʝʥʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

(ʪ.ʝ. ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʪʘʥʦʚʠʪʩʷ ʥʠʞʝ) 

ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ 

ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʛʣʫʙʠʥʳ ʦʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ. 

ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʚʠʪʠʝʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʟʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [10, 11]. ʅʘ 

ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʣʠʥʠʠ ʰʠʨʠʥʳ 

ʦʧʣʘʚʣʝʥʥʦʡ ʟʦʥʳ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʧʣʦʪʥʦʩʪʴ 

ʤʦʱʥʦʩʪʠ - ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. 

 

 
ʈʠʩʫʥʦʢ 7 - ʇʨʦʝʢʮʠʠ ʠʟʦʣʠʥʠʡ ʰʠʨʠʥʳ ʦʧʣʘʚʣʝʥʥʦʡ ʟʦʥʳ ʥʘ ʧʣʦʩʢʦʩʪʴ (xʮ=0,73, ʇ=30%) 

 

ʂʦʵʬʬʠʮʠʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʚʣʠʷʥʠʝ 

ʧʦʨʠʩʪʦʩʪʠ ʧʨʝʩʩʦʚʦʢ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʧʣʘʚʣʝʥʥʦʡ ʟʦʥʳ ʧʨʠ ʣʘʟʝʨʥʦʤ ʦʙʣʫʯʝʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ 

(ʫʨʘʚʥʝʥʠʝ 1), ʪ.ʝ. ʩ ʨʦʩʪʦʤ ʧʦʨʠʩʪʦʩʪʠ ʰʠʨʠʥʘ 

ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ [5]. 

ʇʦʨʠʩʪʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʆʮʝʥʠʪʴ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ [2, 

3]: 

( )ʇʂʇ 5,11-=ll  (7) 
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ʛʜʝ ʇ - ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ɺʪ/ʤĿK; 

ʂ - ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʘʢʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʘʥʘʣʦʛʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ɺʪ/ʤĿK; 

ʇ - ʧʦʨʠʩʪʦʩʪʴ ʚ ʜʦʣʷʭ ʝʜʠʥʠʮʳ (ʦʙʲʝʤʥʘʷ 

ʜʦʣʷ). 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʞʝʣʝʟʘ ʩʦʩʪʘʚʣʷʝʪ 81 

ɺʪ/ʤĿK (ʧʨʠ 293,15 ʂ) [2, 3] ʠ ʨʘʩʯʝʪ ʧʦ ʬʦʨʤʫʣʝ 

7 ʜʘʝʪ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʨʠʩʪʦʩʪʠ ʞʝʣʝʟʥʳʭ ʧʨʝʩʩʦʚʦʢ 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʘʪʨʠʮʝ ʧʣʘʥʠʨʦʚʘʥʠʷ (ʪʘʙʣʠʮʘ 

2): 

 

ʇ-22% = 54,3; ʇ-30% = 44,55; ʇ-38% = 34,8. 

 
ʂʘʢ ʠʟʚʝʩʪʥʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʘʢ ʞʝ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ 7 

ʦʙʲʷʩʥʷʶʪ ʥʘʣʠʯʠʝ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʩ 

ʧʦʨʠʩʪʦʩʪʴʶ ʇ=38% ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʥʝ 

ʥʠʞʝ 0,8Ŀ104 ɺʪ/ʩʤ2 ʠ ʦʪʩʫʪʩʪʚʠʝ ʟʦʥʳ 

ʦʧʣʘʚʣʝʥʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʩ ʧʦʨʠʩʪʦʩʪʴʶ ʇ=22% ʚ 

ʠʥʪʝʨʚʘʣʝ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ 0,8-1,2Ŀ104 ɺʪ/ʩʤ2 

ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʚʳʰʝ 10 ʤʤ/ʩ. ʉʥʠʞʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʧʦʨ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʦʣʷʮʠʠ 

ʪʝʧʣʦʪʳ ʧʝʨʝʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʟʝʨʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʣʘʚʣʝʥʠʶ ʤʘʪʝʨʠʘʣʘ. 

ʊʨʦʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʢʠʡ ʩʪʨʫʢʪʫʨʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʫʨʘʚʥʝʥʠʝ 1). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʨʠʩʪʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʰʠʨʠʥʫ ʦʧʣʘʚʣʝʥʥʦʡ ʟʦʥʳ, ʦʯʝʚʠʜʥʦ, ʚ ʦʩʥʦʚʥʦʤ 

ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ. ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʝʢʮʠʠ 

ʠʟʦʣʠʥʠʡ ʰʠʨʠʥʳ ʦʧʣʘʚʣʝʥʥʦʡ ʟʦʥʳ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ - ʧʦʨʠʩʪʦʩʪʴ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʠʟʤʝʥʝʥʠʝ ʛʣʫʙʠʥʳ 

ʦʧʣʘʚʣʝʥʥʦʡ ʟʦʥʳ (ʫʨʘʚʥʝʥʠʝ 2), ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʦʢʘʟʳʚʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝ 

ʟʥʘʯʠʤʳʤ. ʅʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʨʦʥʪʘ 

ʧʣʘʚʣʝʥʠʷ ʚʛʣʫʙʴ ʤʘʪʝʨʠʘʣʘ ʦʪ ʜʝʡʩʪʚʠʷ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ 

ʵʥʝʨʛʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝ 

ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ. 

ɺ ʦʪʜʝʣʴʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 2, ʦʪʨʘʞʘʶʱʠʝ 

ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʦʢʘʟʳʚʘʶʪ 

ʘʥʘʣʦʛʠʯʥʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʯʪʦ ʠ ʥʘ 

ʰʠʨʠʥʫ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ (ʫʨʘʚʥʝʥʠʝ 1). 

 
ʈʠʩʫʥʦʢ 8 - ʇʨʦʝʢʮʠʠ ʠʟʦʣʠʥʠʡ ʰʠʨʠʥʳ ʦʧʣʘʚʣʝʥʥʦʡ ʟʦʥʳ ʥʘ ʧʣʦʩʢʦʩʪʴ (xʮ=0,73, ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ 15 ʤʤ/ʩ) 



Impact Factor: 

ISRA (India)       =  1.344 

ISI  (Dubai, UAE) = 0.829 

GIF  (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

ʈʀʅʎ (Russia) = 0.234  

ESJI (KZ)          = 1.042 

SJIF (Morocco) = 2.031 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI  (India)  = 4.260 
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ʆʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʛʣʫʙʠʥʫ ʟʦʥʳ 

ʧʣʘʚʣʝʥʠʷ (ʫʨʘʚʥʝʥʠʝ 2) ʦʢʘʟʳʚʘʝʪ ʧʦʨʠʩʪʦʩʪʴ, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʪʦʨʦʡ ʛʣʫʙʠʥʘ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʦʯʝʚʠʜʥʦ, ʧʦ ʧʨʠʯʠʥʘʤ 

ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ. ʇʨʦʝʢʮʠʠ ʠʟʦʣʠʥʠʡ 

ʰʠʨʠʥʳ ʦʧʣʘʚʣʝʥʥʦʡ ʟʦʥʳ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ - ʧʦʨʠʩʪʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 9.  
 

 
ʈʠʩʫʥʦʢ 9 - ʇʨʦʝʢʮʠʠ ʠʟʦʣʠʥʠʡ ʛʣʫʙʠʥʳ ʦʧʣʘʚʣʝʥʥʦʡ ʟʦʥʳ ʥʘ ʧʣʦʩʢʦʩʪʴ (xʮ=0,73, ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ 15 ʤʤ/ʩ) 

 

ɿʦʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʚʩʝʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʚ 

ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ. ɹʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ɿʊɺ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʦʥʦʡ ʧʣʘʚʣʝʥʠʷ ʠ ʥʘʣʠʯʠʝ ɿʊɺ ʚʦ 

ʚʩʝʭ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʘʭ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ ʵʥʝʨʛʦʚʢʣʘʜʦʤ, 

ʪʨʝʙʫʶʱʠʤʩʷ ʜʣʷ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʦʱʫʪʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʰʠʨʠʥʫ ɿʊɺ 

ʦʢʘʟʳʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʫʤʝʥʴʰʘʶʱʠʡ ʰʠʨʠʥʫ ɿʊɺ, ʯʪʦ, ʢʘʢ ʫʢʘʟʘʥʦ 

ʚʳʰʝ, ʩʚʷʟʘʥʦ ʩ ʧʣʘʟʤʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ 3, 

ʦʪʨʘʞʘʶʱʠʝ ʦʪʜʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʨʠʩʪʦʩʪʠ, 

ʧʨʦʷʚʣʷʶʪ ʘʥʘʣʦʛʠʯʥʦʝ ʩ ʟʦʥʦʡ ʧʣʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʰʠʨʠʥʫ ɿʊɺ. 

ʊʨʦʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʨʠʩʪʦʩʪʠ 

ʫʤʝʥʴʰʘʶʪ ʰʠʨʠʥʫ ɿʊɺ (ʫʨʘʚʥʝʥʠʝ 3). 

ʇʦʨʠʩʪʦʩʪʴ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʪʝʧʣʦʪʳ ʚ ʤʘʪʝʨʠʘʣʝ, ʧʨʦʷʚʣʷʷ ʠʟʦʣʠʨʫʶʱʝʝ ʜʣʷ 

ʪʝʧʣʦʪʳ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʝʡʩʪʚʠʝ ʚ ʪʚʝʨʜʦʡ 

ʬʘʟʝ. 

ʅʝʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʰʠʨʠʥʳ ɿʊɺ 

ʠʤʝʝʪ ʧʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʨʠʩʪʦʩʪʠ, ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ 

ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ 

ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ɿʊɺ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ 

ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʪʳ. ʊʘʢʞʝ, ʢʘʢ ʠ 

ʫʢʘʟʘʥʦ ʚʳʰʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʘʨʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, 

ʦʯʝʚʠʜʥʦ, ʧʨʦʷʚʣʷʝʪ ʧʦʨʠʩʪʦʩʪʴ. ʅʘ ʨʠʩʫʥʢʝ 10 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʰʠʨʠʥʳ ɿʊɺ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ - ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ. 

ʅʘ ʛʣʫʙʠʥʫ ɿʊɺ ʪʘʢ ʞʝ ʚʣʠʷʶʪ ʚʩʝ 

ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʘʪʨʠʮʝ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʫʨʘʚʥʝʥʠʝ 4). ʅʘʠʙʦʣʴʰʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʛʣʫʙʠʥʫ ɿʊɺ, ʢʘʢ ʠ ʥʘ ʛʣʫʙʠʥʫ ʟʦʥʳ 

ʦʧʣʘʚʣʝʥʠʷ, ʦʢʘʟʳʚʘʝʪ ʧʦʨʠʩʪʦʩʪʴ, ʫʚʝʣʠʯʠʚʘʷ 

ʛʣʫʙʠʥʫ ɿʊɺ. ʇʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʫʤʝʥʴʰʘʝʪ 

ʛʣʫʙʠʥʫ ɿʊɺ. ʇʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʧʦ 

ʤʦʜʫʣʶ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʘʨʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʣʘʟʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, 
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ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʢʘʟʳʚʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʣʫʙʠʥʫ ɿʊɺ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʛʣʫʙʠʥʳ ʦʧʣʘʚʣʝʥʥʦʡ ʟʦʥʳ, ʛʜʝ ʵʪʦʪ 

ʬʘʢʪʦʨ ʦʢʘʟʳʚʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʤ. 

ʅʘ ʨʠʩʫʥʢʝ 11 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʛʣʫʙʠʥʳ 

ɿʊɺ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ - 

ʧʦʨʠʩʪʦʩʪʴ.  

 

 
ʈʠʩʫʥʦʢ 10 - ʇʨʦʝʢʮʠʠ ʠʟʦʣʠʥʠʡ ʰʠʨʠʥʳ ɿʊɺ ʥʘ ʧʣʦʩʢʦʩʪʴ (xʮ=0,73, ʇ=30%) 

 

 
ʈʠʩʫʥʦʢ 11 - ʇʨʦʝʢʮʠʠ ʠʟʦʣʠʥʠʡ ʰʠʨʠʥʳ ɿʊɺ ʥʘ ʧʣʦʩʢʦʩʪʴ (xʮ=0,73, ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 15 ʤʤ/ʩ) 
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ɺʳʚʦʜʳ:  
1. ɼʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥʳ ʦʧʣʘʚʣʝʥʠʷ ʠ ɿʊɺ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʧʦʨʠʩʪʳʭ 

ʩʧʝʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʞʝʣʝʟʘ. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʙʦʪʢʠ ʥʝʣʠʥʝʡʥʦ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʨʘʟʤʝʨʳ ʦʧʣʘʚʣʝʥʥʦʡ ʟʦʥʳ ʠ 

ʰʠʨʠʥʫ ɿʊɺ. 

3. ʆʪʜʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠ 

ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ 

ʧʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʣʷ ʢʦʤʧʘʢʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ 

ʧʨʷʤʦʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ, ʘ ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨʳ ʟʦʥʳ ʦʧʣʘʚʣʝʥʠʷ 

ʠ ɿʊɺ. 

4. ʇʦʨʠʩʪʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʟʤʝʨʳ ʟʦʥʳ 

ʧʣʘʚʣʝʥʠʷ ʠ ɿʊɺ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʝʝ ʚʣʠʷʥʠʝʤ ʥʘ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʨʠʩʪʦʩʪʴ ʩʥʠʞʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʝʧʣʦʪʳ ʚ ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʦʪ ʪʦʯʝʯʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ. 

5. ʇʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

ʵʥʝʨʛʠʠ, ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨʳ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ ʠ 

ɿʊɺ, ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʵʪʦ ʧʘʨʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪ ʥʘ ʰʠʨʠʥʫ ɿʊɺ. ʊʘʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʣʘʟʤʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

6. ʇʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʢʘʟʳʚʘʝʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʣʠʰʴ ʜʣʷ ʰʠʨʠʥʳ ɿʊɺ, 

ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʫʚʝʣʠʯʠʚʘʷ ʝʝ. 

7. ʊʨʦʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʨʠʩʪʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʟʤʝʨʳ ʟʦʥʳ ʦʧʣʘʚʣʝʥʠʷ ʠ 

ʫʤʝʥʴʰʘʝʪ ʰʠʨʠʥʫ ɿʊɺ. ʅʘ ʫʢʘʟʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʪʨʦʡʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ. 

ʀʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʧʘʨʘʤʝʪʨʳ ʦʪʢʣʠʢʘ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ 

ʚʣʠʷʥʠʝʤ ʧʦʨʠʩʪʦʩʪʠ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʞʠʜʢʦʡ ʬʘʟʳ ʚ ʩʠʩʪʝʤʝ. 
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