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Abstracts ï  Materials on influence of gas porosity on properties and characteristics of aluminum alloy of the ɸʂ9ʯ 

brand are provided in this work. Techniques of determination of the content of hydrogen are shown, to density and po-

rosity of aluminum alloys. Results of the pilot studies of electrochemical properties of aluminum and alloys of ɸP1 and 

ɸʂ9 with a different gas content are provided. 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʧʦ ʚʣʠʷʥʠʶ 

ʛʘʟʦʚʦʡ ʧʦʨʠʩʪʦʩʪʠ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʣʶʤʠʥʠʝʚʦʛʦ  ʩʧʣʘʚʘ ʤʘʨʢʠ ɸʂ9ʯ. ʇʦʢʘʟʘʥʳ ʤʝʪʦ-

ʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ, ʧʣʦʪʥʦʩʪʠ ʠ 

ʧʦʨʠʩʪʦʩʪʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʵʣʝʢʪʨʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʣʶʤʠʥʠʷ ʠ ɸʂ9ʯ ʩ ʨʘʟʣʠʯʥʳʤ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʝʤ.  

ɺʦʜʦʨʦʜ ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʛʘʟʦʚ, 

ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ 

ʤʝʪʘʣʣʘʭ. ɻʣʘʚʥʳʡ ʠʩʪʦʯʥʠʢ ʚʦʜʦʨʦʜʘ, ʧʦʧʘʜʘʶʱʝʛʦ 

ʚ ʤʝʪʘʣʣʳ ʧʨʠ ʧʣʘʚʢʝ, ʚʣʘʛʘ. ɺʣʘʛʘ ʧʦʷʚʣʷʝʪʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʩʛʦʨʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ 

ʥʝʬʪʠ, ʦʥʘ ʘʜʩʦʨʙʠʨʦʚʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʧʣʘʚʢʝ, ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʰʣʘʢʘʭ, ʬʣʶʩʘʭ, ʚ ʩʚʝʞʝʡ ʬʫʪʝʨʦʚʢʝ ʧʝʯʝʡ ʠ ʢʦʚʰʝʡ. 

ɺʣʘʛʘ ʪʘʢʞʝ ʘʜʩʦʨʙʠʨʦʚʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʚʠʣʴʥʦ-ʣʠʪʝʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʇʨʠ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʩ ʚʣʘʛʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʣʣʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ. ɺʦʜʦʨʦʜ ʥʘʭʦʜʠʪʩʷ ʚ 

ʘʪʦʤʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʵʪʦʤʫ ʣʝʛʢʦ ʧʝʨʝʭʦʜʠʪ ʚ 

ʨʘʩʪʚʦʨ. ʇʦʩʢʦʣʴʢʫ ʧʦ ʭʦʜʫ ʧʣʘʚʢʠ ʚʩʷ ʠʣʠ ʧʦʯʪʠ ʚʩʷ 

ʚʣʘʛʘ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, 

ʠʩʧʘʨʷʝʪʩʷ, ʪʦ ʚ ʢʦʥʮʝ ʧʣʘʚʢʠ ʨʘʩʧʣʘʚ ʦʢʘʟʳʚʘʝʪʩʷ ʚ 

ʧʝʨʝʩʳʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʪʤʦʩʬʝʨʝ 

ʚʦʟʜʫʭʘ.  

 ʉʧʦʩʦʙʩʪʚʫʷ ʨʘʟʚʠʪʠʶ ʧʦʨʠʩʪʦʩʪʠ, ʚʦʜʦʨʦʜ 

ʫʤʝʥʴʰʘʝʪ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʘʣʶʤʠʥʠʝʚʳʭ ʦʪʣʠʚʦʢ. ʇʦ 

ʜʘʥʥʳʤ [1], ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚʦʜʦʨʦʜʘ ʙʦʣʝʝ 0,2 ʩʤ
3
 

/100ʛ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʦʪʣʠʚʦʢ ʨʝʟʢʦ ʫʭʫʜʰʘʝʪʩʷ. ʊʘʢ, 

ʝʩʣʠ ʧʨʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʠ ʘʣʶʤʠʥʠʝʚʦʡ ʦʪʣʠʚʢʠ 0,1 

ʩʤ
3
/100ʛ ʢʦʵʬʬʠʮʠʝʥʪ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʨʘʚʝʥ 1, ʪʦ ʧʨʠ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʠ 0,6 ʩʤ
3
/100ʛ ʦʥ ʙʫʜʝʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ 

0. ɺʣʠʷʥʠʝ ʚʦʜʦʨʦʜʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʘʣʶʤʠʥʠʷ ʩʚʷʟʘʥʦ ʪʘʢʞʝ ʩ ʧʦʨʠʩʪʦʩʪʴʶ, ʢʦʪʦʨʘʷ 

ʫʤʝʥʴʰʘʝʪ ñʞʠʚʦʝò ʩʝʯʝʥʠʝ ʦʪʣʠʚʢʠ. ɺʦʜʦʨʦʜ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʣʠʪʝʡʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʶʤʠʥʠʷ. ʊʘʢ, ʣʠʥʝʡʥʘʷ ʫʩʘʜʢʘ 

ʘʣʶʤʠʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʥʝʤ ʚʦʜʦʨʦʜʘ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʳʜʝʣʷʶʱʠʡʩʷ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦʜʦʨʦʜ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʝʥʩʠʨʫʝʪ 

ʚʳʟʚʘʥʥʳʝ ʫʩʘʜʢʦʡ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʤʝʪʘʣʣʘ, ʘ 

ʧʦʚʳʰʝʥʠʝ ʛʝʟʦʩʦʜʝʨʞʘʥʠʷ ʨʘʩʧʣʘʚʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʛʦʨʷʯʝʣʦʤʢʦʩʪʠ ʘʣʶʤʠʥʠʷ [2]. 

ɾʠʜʢʦʪʝʢʫʯʝʩʪʴ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʧʣʘʚʦʚ 

ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ  ʩ 0,1; 0,2 ʠ 1,0 

ʜʦ 0,5; 1,6 ʠ 3,0 ʩʤ
3
/100ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʥʠʞʘʝʪʩʷ ʩ 

255-265 ʜʦ 240-250 ʤʤ. ʅʘʣʠʯʠʝ ʧʦʨ ʚ ʣʠʪʦʤ 

ʘʣʶʤʠʥʠʠ ʫʩʠʣʠʚʘʝʪ ʝʛʦ ʩʪʨʫʢʪʫʨʥʫʶ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦ 

ʜʘʥʥʳʤ [3,4], ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʙʨʦʩ ʂʇʀ ʘʣʶʤʠʥʠʷ ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ 

ʟʥʘʯʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʘʣʶʤʠʥʠʷ ʚ 

ʤʦʨʩʢʦʡ ʚʦʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ʊʦʢʦʦʪʜʘʯʘ 

ʩʧʣʘʚʦʚ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʦʪ 0,18 ʜʦ 

0,8 ʩʤ
3
/100ʛ ʩʥʠʞʘʝʪʩʷ ʩ 2400       ʜʦ 2100 (ɸĿʯ)/ʢʛ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʢʦʦʪʜʘʯʠ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʪʦʯʝʯʥʦ-ʷʟʚʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʨʘʩʪʚʦʨʝʥʠʷ ʘʣʶʤʠʥʠʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʚʦʜʦʨʦʜʘ 0,5-0,8 ʩʤ
3
 /100ʛ. 

ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ [4], ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʦʨʦʜʘ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʧʣʘʚʘʭ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʂʇʀ ʩʧʣʘʚʦʚ ʦʪ 85 ʜʦ 55%. 

ʇʨʠʯʝʤ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʚʦʜʦʨʦʜʘ 

ʟʥʘʯʝʥʠʷ ʂʇʀ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ. ʉʦʜʝʨʞʘʥʠʝ 

ʚʦʜʦʨʦʜʘ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʩʧʣʘʚʦʚ. ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʘʣʶʤʠʥʠʝʚʳʭ 

ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʧʣʘʚʦʚ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʠʤʝʝʪ 

ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ. ʆʜʥʘʢʦ 

ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ          
ʇʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʢ 

ʛʘʟʦʚʦʡ ʧʦʨʠʩʪʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʛʘʟʘ, 

ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʈʘʩʪʚʦʨʝʥʥʳʡ 

ʚʦʜʦʨʦʜ, ʚʳʜʝʣʷʷʩʴ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʦʚ, 

ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʚʦʡ ʧʦʨʠʩʪʦʩʪʠ ʚ ʦʪʣʠʚʢʘʭ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ ʨʘʩʧʣʘʚʝ 

ʛʘʟʦʚʘʷ ʧʦʨʠʩʪʦʩʪʴ ʦʪʣʠʚʦʢ ʚʦʟʨʘʩʪʘʝʪ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʆʙʦʛʘʱʝʥʠʝ 

ʩʧʣʘʚʘ ʚʦʜʦʨʦʜʦʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʣʘʞʥʦʡ ʘʩʙʝʩʪʦʚʦʡ 

ʢʨʦʰʢʦʡ. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʘʣʶʤʠʥʠʝʚʳʭ 

ʨʘʩʧʣʘʚʘʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʷʶʪ 

ʤʝʪʦʜʦʤ ɼʘʨʜʝʣʣʘðɻʫʜʯʝʥʢʦ (ʧʦ ʚʳʜʝʣʝʥʠʶ ʧʝʨʚʦʛʦ 

ʧʫʟʳʨʴʢʘ ʛʘʟʘ) ʠʣʠ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 

ʪʚʝʨʜʦʛʦ ʦʙʨʘʟʮʘ. ʇʦʨʠʩʪʦʩʪʴ ʦʪʣʠʚʦʢ ʦʮʝʥʠʚʘʶʪ 

ʦʙʳʯʥʦ ʧʦ ʧʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ ɺʀɸʄ.  

ɼʣʷ  ʦʧʨʝʜʝʣʝʥʠʝ ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʠ ʨʘʩʧʣʘʚʘ 

ɸʂ9ʯ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ  ʠʩʧʳʪʘʥʠʷ ʥʘ ʘʧʧʘʨʘʪʝ 

òɻʘʟʦʤʝʨ LGTò. ɺʘʢʫʫʤ-ʧʨʦʙʳ ʟʘʣʠʚʘʣʠ ʚ ʛʨʘʬʠʪʦ-

ʰʘʤʦʪʥʳʡ ʪʠʛʝʣʴ ʝʤʢʦʩʪʴʶ 200ʛ. ʊʝʤʧʝʨʘʪʫʨʘ ʪʠʛʣʷ 

ʩʦʩʪʘʚʣʷʣʘ 600Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʣʠʚʢʠ ʩʧʣʘʚʘ 

ʩʦʩʪʘʚʣʷʣʘ 720 Ñ 5Áʉ.  

ʉʪʝʧʝʥʴ ʧʦʨʠʩʪʦʩʪʠ ʤʘʢʨʦʰʣʠʬʦʚ ʚ ʙʘʣʣʘʭ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʨʘʚʥʝʥʠʝʤ ʠʭ ʩ ʵʪʘʣʦʥʘʤʠ ʰʢʘʣʳ. 

ɻʘʟʦʚʘʷ ʧʦʨʠʩʪʦʩʪʴ ʪʝʤʧʣʝʪʦʚ ʯʫʰʝʢ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘ ʪʨʝʭ ʢʚʘʜʨʘʪʘʭ ʧʣʦʱʘʜʴʶ 1 ʩʤ
2
 ʢʘʞʜʳʡ.  

ʂʦʣʠʯʝʩʪʚʦ ʧʦʨ ʠ ʨʘʟʤʝʨ ʧʦʨ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʪʨʝʭ ʠʟʤʝʨʝʥʠʡ. ʇʨʠ ʥʘʣʠʯʠʠ 

ʦʪʢʣʦʥʝʥʠʡ ʧʦ ʩʨʝʜʥʝʤʫ ʢʦʣʠʯʝʩʪʚʫ, ʨʘʟʤʝʨʫ ʠʣʠ 

ʧʨʦʮʝʥʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʧʦʨ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦʨʠʩʪʦʩʪʠ ʦʪʥʦʩʷʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ 

ʙʘʣʣʫ ʧʦʨʠʩʪʦʩʪʠ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʨʘʬʠʥʠʨʦʚʘʥʠʷ, ʦʪʣʠʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʠʟ 

ʥʝʨʘʬʠʥʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʘ ʠ ʨʘʬʠʥʠʨʦʚʘʥʥʦʛʦ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʧʣʘʚʘ ʤʝʪʦʜʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʟʚʝʰʠʚʘʥʠʷ. ʆʙʨʘʟʮʳ ʚʟʚʝʩʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʠ ʦʧʨʝʜʝʣʠʣʠ ʬʘʢʪʠʯʝʩʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʩʧʣʘʚʘ ʧʦ ʬʦʨʤʫʣʝ (1):  
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 (1)   

ʛʜʝ mʚ, mʞ - ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ ʞʠʜʢʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

gʞ ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʛ/ʩʤ
3
. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʛʘʟʦʚʦʡ 

ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʥʘ 

ʩʚʦʡʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʩʧʣʘʚʘ 

ɸʂ9ʯ. ʅʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʩʧʣʘʚʘ, 

ʞʠʜʢʦʪʝʢʫʯʝʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʠ ʦʩʥʦʚʥʳʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʪʦʢʦʦʪʜʘʯʘ, 

ʨʘʙʦʯʠʡ ʠ ʩʪʘʮʠʦʥʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣʳ ʠ ʪʘʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʣʘʚʘ.  

ɼʣʷ ʢʘʞʜʦʛʦ ʩʧʣʘʚʘ ʩʫʱʝʩʪʚʫʶʪ ʧʨʝʜʝʣʴʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ, ʥʠʞʝ ʢʦʪʦʨʳʭ ʚ ʦʪʣʠʚʢʘʭ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʦʚʳʝ ʧʦʨʳ ʥʝ 

ʦʙʨʘʟʫʶʪʩʷ. ʊʘʢ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʚʳʭ ʧʦʨ ʚ ʦʪʣʠʚʢʘʭ ʠʟ ʩʧʣʘʚʘ 

ʘʣʶʤʠʥʠʷ ʩ 9 % Si ʧʨʠ ʣʠʪʴʝ ʚ ʧʝʩʯʘʥʳʝ ʬʦʨʤʳ, 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʨʘʩʧʣʘʚʝ 

ʥʝ ʧʨʝʚʳʰʘʣʦ 0,15 ʩʤ
3
/100 ʛ. 
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Abstracts ï In work materials on influence of the non-metal are presented including on properties and descriptions of 

aluminum alloy Ak9ch is easily soiled. The method of determination of the non-metal including is presented in pre-

production models. The features of melting and casting of aluminum alloys are shown. The results of researches are 

shown on the change of electrochemical properties of aluminum and alloys of ɸP1 and ɸʂ9. 

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʣʶʤʠʥʠʷ ʩ ʢʠʩʣʦʨʦʜʦʤ 

ʦʙʨʘʟʫʶʪʩʷ ʪʨʠ ʩʦʝʜʠʥʝʥʠʷ: ʩʫʙʦʢʩʠʜʳ ʘʣʶʤʠʥʠʷ Al2 

O, AlO ʠ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ Al2O3. ʇʨʠ ʦʙʳʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ Al-O ʦʙʨʘʟʫʝʪʩʷ 

ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ (Al2O3), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʦʯʥʳʤ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ [1]. 

ʀʩʪʦʯʥʠʢʦʤ ʧʦʧʘʜʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʩʧʣʘʚ 

ʩʣʫʞʠʪ ʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʣʶʤʠʥʠʷ ʩ 

ʚʦʟʜʫʭʦʤ ʠ ʚʣʘʛʦʡ ʧʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ. ʐʠʭʪʘ, ʬʣʶʩʳ, 

ʧʣʘʚʠʣʴʥʦ-ʨʘʟʣʠʚʦʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʪʘʢʞʝ ʠʟʤʝʥʷʪʴ 

ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʦʚ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʧʣʘʚʘʭ ʚ 

ʚʠʜʝ ʜʠʩʧʝʨʩʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠ ʧʣʝʥ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ 

ʜʠʩʧʝʨʩʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠʤʝʝʪ ʨʘʟʤʝʨ 0,03ð0,5 ʤʢʤ. 

ʆʥʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ 

ʦʙʲʝʤʝ ʨʘʩʧʣʘʚʘ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʪʦʣʱʠʥʘ 

ʦʢʩʠʜʥʳʭ ʧʣʝʥ 0,1ð1 ʤʢʤ, ʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ð ʦʪ 

ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʣʣʠʤʝʪʨʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʚ ʦʙʲʝʤʝ ʨʘʩʧʣʘʚʘ 

ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʇʨʠ ʚʳʩʪʘʠʚʘʥʠʠ ʨʘʩʧʣʘʚʦʚ 

ʢʨʫʧʥʳʝ ʚʢʣʶʯʝʥʠʷ ʤʦʛʫʪ ʚʩʧʣʳʚʘʪʴ ʠʣʠ ʦʩʘʞʜʘʪʴʩʷ. 

ʆʜʥʘʢʦ ʚʚʠʜʫ ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʦʩʪʠ ʧʣʝʥ ʠ 

ʤʘʣʦʛʦ ʦʪʣʠʯʠʷ ʠʭ ʧʣʦʪʥʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʣʘʚʦʚ 

ʚʩʧʣʳʚʘʥʠʝ (ʦʩʘʞʜʝʥʠʝ) ʠʜʝʪ ʤʝʜʣʝʥʥʦ, ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʧʣʝʥ ʦʩʪʘʝʪʩʷ ʚ ʨʘʩʧʣʘʚʝ ʠ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ 

ʬʦʨʤʳ ʫʚʣʝʢʘʝʪʩʷ ʚ ʦʪʣʠʚʢʫ. ʇʦ ʜʘʥʥʳʤ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʜʝʨʞʘʥʠʝ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʥʝʨʘʬʠʥʠʨʦʚʘʥʥʳʭ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʳʝ ʜʦʣʠ 

ʧʨʦʮʝʥʪʘ, ʘ ʦʢʩʠʜʥʳʭ ʧʣʝʥ 1ð1,5 ʤʤ
2
/ʩʤ

2
 ʧʣʦʱʘʜʠ 

ʠʟʣʦʤʘ. 

ʅʘʠʙʦʣʝʝ ʚʨʝʜʥʳʤʠ ʠʟ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʚʢʣʶʯʝʥʠʡ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʝ ʦʢʩʠʜʥʳʝ ʧʣʝʥʳ ʠ 

ʰʣʘʢʦʚʳʝ ʚʢʣʶʯʝʥʠʷ. ʆʥʠ ʨʝʟʢʦ ʦʩʣʘʙʣʷʶʪ 

ʩʝʯʝʥʠʷ ʦʪʣʠʚʦʢ, ʩʥʠʞʘʶʪ ʧʣʘʩʪʠʯʝʩʢʠʝ, 

ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʫʩʪʘʣʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʭ, ʷʚʣʷʶʪʩʷ 

ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʦʯʘʛʦʚ ʫʩʠʣʝʥʥʦʡ ʢʦʨʨʦʟʠʠ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʝʱʠʥ ʠʟ-ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ. ʅʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʚ ʦʪʣʠʚʢʘʭ ʫʩʘʜʦʯʥʳʭ 

ʨʳʭʣʦʪ ʠ ʧʦʨʠʩʪʦʩʪʠ. ʊʘʢʠʝ ʦʪʣʠʚʢʠ ʥʝ 

ʚʳʜʝʨʞʠʚʘʶʪ ʦʙʳʯʥʦ ʠʩʧʳʪʘʥʠʡ ʥʘ ʛʠʜʨʦ- ʠʣʠ 

ʧʥʝʚʤʦʧʣʦʪʥʦʩʪʴ ð ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʝʥ, 

ʨʳʭʣʦʪ ʠ ʤʠʢʨʦʧʦʨ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʝʯʴ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʘʢʠʝ ʚʢʣʶʯʝʥʠʷ ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʦʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴʶ [~(12ð 20)- 10
3
 ʄʇʘ 

], ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ 

ʦʪʣʠʚʦʢ ʨʝʟʘʥʠʝʤ ʠ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ 

ʠʟʥʦʩʫ ʠ ʧʦʣʦʤʢʘʤ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʆʢʩʠʜʥʳʝ ʧʣʝʥʳ ʩʥʠʞʘʶʪ ʞʠʜʢʦʪʝʢʫʯʝʩʪʴ ʨʘʩ-

ʧʣʘʚʦʚ ʠ ʫʭʫʜʰʘʶʪ ʟʘʧʦʣʥʝʥʠʝ ʪʦʥʢʠʭ 

ʧʦʣʦʩʪʝʡ ʣʠʪʝʡʥʳʭ ʬʦʨʤ, ʚʳʟʳʚʘʷ ʙʨʘʢ ʧʦ 

ʥʝʜʦʣʠʚʘʤ. 

ʅʝ ʤʝʥʝʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʶʪ 

ʧʣʝʥʳ ʠ ʰʣʘʢʦʚʳʝ ʚʢʣʶʯʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʩʣʠʪʢʦʚ ʠ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ. ʉʥʠʞʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʧʣʘʚʦʚ, ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʨʫʰʝʥʠʶ 

ʩʣʠʪʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ʨʘʩʩʣʦʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʚ ʣʠʩʪʘʭ ʠ 

ʧʦʣʦʩʘʭ ʧʨʠ ʧʨʦʢʘʪʢʝ, ʧʦʷʚʣʝʥʠʶ ʚ ʠʟʣʦʤʘʭ 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʠʣʠ ʰʪʘʤʧʦʚʘʥʥʳʭ ʟʘʛʦʪʦʚʦʢ 

ʧʣʦʱʘʜʦʢ ʨʘʟʣʠʯʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʠ ʦʢʨʘʩʢʠ ʚ 

ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʢʩʠʜʥʳʭ ʧʣʝʥ. ʆʢʩʠʜʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʥʘʨʷʜʫ ʩ ʚʦʜʦʨʦʜʦʤ ʩʣʫʞʘʪ ʦʜʥʦʡ ʠʟ 

ʧʨʠʯʠʥ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʨʘʩʩʣʦʝʥʠʡ 

ʚ ʚʠʜʝ ʥʝʩʧʣʦʰʥʦʩʪʝʡ (ʰʪʨʠʭʦʚ) ʥʝʙʦʣʴʰʦʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʰʪʘʤʧʦʚʢʘʭ ʥʘ 

ʛʨʘʥʠʮʝ ʟʦʥ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠ 

ʛʦʨʷʯʝʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʂʨʫʧʥʳʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʨʠʯʠʥʦʡ ʙʨʘʢʘ ʧʦ ʥʠʟʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʠʟʜʝʣʠʷʭ 

ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʜʝʬʦʨʤʘʮʠʠ 

(ʧʨʦʬʠʣʠ, ʧʣʠʪʳ, ʰʪʘʤʧʦʚʢʠ) ʠ ʫʤʝʥʴʰʘʶʪ ʚʳʭʦʜ 

ʛʦʜʥʦʛʦ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʠ ʨʘʟʨʳʚʦʚ ʧʦ 

ʢʨʦʤʢʝ ʣʠʩʪʦʚ ʠ ʣʝʥʪ. 

ʅʘʣʠʯʠʝ ʢʨʫʧʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠ ʧʣʝʥ ʦʧʨʝʜʝʣʷʶʪ 

ʧʦ ʧʨʦʙʝ ɼʦʙʘʪʢʠʥʘðɿʠʥʦʚʴʝʚʘ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʟ 
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ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʧʣʘʚʘ ʦʪʣʠʚʘʶʪ (ʠʣʠ ʚʳʨʝʟʘʶʪ ʠʟ 

ʩʣʠʪʢʘ) ʟʘʛʦʪʦʚʢʫ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ ʠ ʜʣʠʥʦʡ 100 ʤʤ. 

ɿʘʛʦʪʦʚʢʫ ʚ ʥʘʛʨʝʪʦʤ ʩʦʩʪʦʷʥʠʠ ʦʩʘʞʠʚʘʶʪ ʧʦ ʜʣʠʥʝ 

ʚ çʛʘʣʝʪʫè ʪʦʣʱʠʥʦʡ 30 ʤʤ (ʧʷʪʠʢʨʘʪʥʘʷ ʦʩʘʜʢʘ). 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʦ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʘʜʢʠ, çʛʘʣʝʪʫè ʥʘʜʨʝʟʘʶʪ ʠ ʣʦʤʘʶʪ. 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʠ ʧʣʦʱʘʜʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʠʟʣʦʤʝ ʩʫʜʷʪ ʦ ʯʠʩʪʦʪʝ ʨʘʩʧʣʘʚʘ. 

ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʩʯʠʪʘʝʪʩʷ ʪʘʢʦʡ ʨʘʩʧʣʘʚ, 

ʧʣʦɦʘʜʴ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʦʪʦʨʦʤ ʧʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,05 ʤʤ
2
 ʥʘ 

ʢʚʘʜʨʘʪʥʳʡ ʩʘʥʪʠʤʝʪʨ ʧʣʦʱʘʜʠ ʠʟʣʦʤʘ 

ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ ʦʢʘʟʳʚʘʶʪ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ. ʆʥʠ ʧʦʚʳʰʘʶʪ 

ʚʷʟʢʦʩʪʴ ʨʘʩʧʣʘʚʦʚ, ʩʥʠʞʘʶʪ ʞʠʜʢʦʪʝʢʫʯʝʩʪʴ ʠʭ 

ʠ ʫʤʝʥʴʰʘʶʪ ʦʙʲʝʤ ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠʥʳ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʨʘʟʚʠʪʠʶ ʫʩʘʜʦʯʥʦʡ ʨʳʭʣʦʪʳ. ʕʪʠ 

ʚʢʣʶʯʝʥʠʷ ʟʘʜʝʨʞʠʚʘʶʪ ʜʠʬʬʫʟʠʦʥʥʦʝ ʚʳʜʝʣʝʥʠʝ 

ʚʦʜʦʨʦʜʘ ʠʟ ʨʘʩʧʣʘʚʘ. ʆʙʣʘʜʘʷ ʨʘʟʚʠʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʫʟʳʨʴʢʦʚʦʤʫ 

ʚʳʜʝʣʝʥʠʶ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʊʦʥʢʦ-

ʜʠʩʧʝʨʩʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʦʙʨʘʟʫʷ ʢʦʤʧʣʝʢʩʳ ʩ 

ʚʦʜʦʨʦʜʦʤ, ʧʦʚʳʰʘʶʪ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʢʝ ʝʛʦ ʚ 

ʘʣʶʤʠʥʠʝʚʳʭ ʨʘʩʧʣʘʚʘʭ, ʫʩʫʛʫʙʣʷʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʚʦʡ ʧʦʨʠʩʪʦʩʪʠ ʠ ʛʘʟʦʚʳʭ 

ʨʘʢʦʚʠʥ ʚ ʦʪʣʠʚʢʘʭ, ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʛʘʟʦʚʳʭ ʧʫʟʳʨʝʡ ʧʨʠ ʦʪʞʠʛʝ ʣʠʩʪʦʚ ʠ ʣʝʥʪ ʚ 

ʘʪʤʦʩʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʡ ʧʘʨʳ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʵʪʠ ʚʢʣʶʯʝʥʠʷ ʧʦʚʳʰʘʶʪ ʠʟʥʦʩ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʗʚʣʷʷʩʴ ʛʦʪʦʚʳʤʠ ʮʝʥʪʨʘʤʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʚʢʣʶʯʝʥʠʷ ʚʳʟʳʚʘʶʪ ʠʟʤʝʣʴʯʝʥʠʝ ʤʘʢʨʦʟʝʨʥʘ 

ʦʪʣʠʚʦʢ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ.  

ʆʢʩʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ 

ʞʠʜʢʦʪʝʢʫʯʝʩʪʴ ʘʣʶʤʠʥʠʷ ʠ ʫʭʫʜʰʘʶʪ 

ʟʘʧʦʣʥʷʝʤʦʩʪʴ ʣʠʪʝʡʥʳʭ ʬʦʨʤ. ʇʦ ʜʘʥʥʳʤ [2] 

ʞʠʜʢʦʪʝʢʫʯʝʩʪʴ ʘʣʶʤʠʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ 

ʩʧʠʨʘʣʴʥʦʡ ʧʨʦʙʝ, ʫʤʝʥʴʰʘʣʘʩʴ ʩ 265 ʜʦ 210 ʤʤ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ Al2O3 ʩ 0,03 ʜʦ 0,06% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʝʤʧʝʨʘʪʫʨʘ ʣʠʪʴʷ 700ʉ̄). 

ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʘʣʶʤʠʥʠʠ ʚʟʚʝʰʝʥʥʳʭ 

ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʤʫ 

ʧʦʚʳʰʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʠ ʨʝʟʢʦʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʟʝʨʥʘ 

ʣʠʪʦʛʦ ʤʝʪʘʣʣʘ. ʆʢʩʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʣʶʤʠʥʠʷ. ʊʘʢ, 

ʫʜʣʠʥʝʥʠʝ ʦʙʨʘʟʮʦʚ ʘʣʶʤʠʥʠʷ ʫʤʝʥʴʰʠʣʦʩʴ ʩ 30,6 ʜʦ 3,0 

%, ʘ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʩ 70 ʜʦ 21 ʄʇʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ Al2O3 ʩ 0,036 ʜʦ 0,114 % [2].  

ɺʳʧʦʣʥʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʥʘ 

ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʩʧʣʘʚ ɸʂ9ʯ, ʘ 

ʪʘʢʞʝ ʥʘ ʚʳʷʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʵʪʠʭ ʧʨʠʤʝʩʝʡ ʥʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ. 

ʊʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʚʢʣʶʯʝʥʠʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, 

ʠʟʤʝʥʷʷ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ ʨʘʩʧʣʘʚʘ, ʘ ʪʘʢʞʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʩʥʠʞʘʶʪ ʢʦʨʨʦʟʠʦʥʥʳʝ ʠ ʧʨʦʪʝʢʪʦʨʥʳʝ 

ʩʚʦʡʩʪʚʘ ʘʣʶʤʠʥʠʷ. ʌʘʢʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʠʩʣʦʨʦʜʘ ʚ ʘʣʶʤʠʥʠʠ ʩʳʨʮʝ, ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʢʩʠʜ 

ʘʣʶʤʠʥʠʷ, ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,02 ʜʦ 0,07%. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʢʠʩʣʦʨʦʜ ʚ ʚʠʜʝ ʚʟʚʝʰʝʥʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʠ, ʩʣʝʜʫʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ 0,02%. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʥʳʭ 

ʘʣʶʤʠʥʠʝʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʶʤʠʥʠʠ. ɺʘʞʥʦʝ ʤʝʩʪʦ 

ʧʨʠ ʵʪʦʤ ʥʘʜʦ ʦʪʚʦʜʠʪʴ ʦʧʝʨʘʮʠʠ ʨʘʬʠʥʠʨʦʚʘʥʠʷ 

ʨʘʩʧʣʘʚʦʚ. 
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ʋʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ʀɿɻʆʊʆɺʃɽʅʀʗ ʎʀʅʂʆɺʓʍ ɼɽʊɸʃɽʁ ʅɸ 

ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ ɹʈɸʂɸ ʆɸʆ çɿɸɺʆɼ çɸɺʊʆʇʈʀɹʆʈè 
 

ɺ.ʄ. ɽʨʤʘʢʦʚ (ʩʪʫʜʝʥʪ)
1
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Keywords ï zink alloys, gas saturation, defect. 

 

Abstracts ï Zink and aluminum, copper and magnesium alloys have a spread using. The main defect of producing of 

zinc alloys is gas saturation. It is using the following measures for removal such a defect: improvement of total and 

local ventilation of form, increase of length of filling and pressing, reduction of quantity of  lubrificant. 

 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʆɸʆ çɿʘʚʦʜʝ 

çɸʚʪʦʧʨʠʙʦʨè ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʜʣʷ 

ʘʚʪʦʢʦʤʧʦʥʝʥʪʦʚ  ʥʘʰʣʠ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʮʠʥʢʘ ʩ 

ʘʣʶʤʠʥʠʝʤ, ʤʝʜʴʶ ʠ ʤʘʛʥʠʝʤ (ʎɸʄ). ʕʪʠ ʩʧʣʘʚʳ 

ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʞʠʜʢʦʪʝʢʫʯʝʩʪʴ ʠ ʧʨʠ ʣʠʪʴʝ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʪʦʥʢʦʩʪʝʥʥʳʝ (ʜʦ 0,5 

ʤʤ) ʦʪʣʠʚʢʠ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥʠ ʭʦʨʦʰʦ ʧʦʣʠʨʫʶʪʩʷ ʠ 

ʣʝʛʢʦ ʚʦʩʧʨʠʥʠʤʘʶʪ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ. ʆʩʥʦʚʥʳʤ 

ʜʝʬʝʢʪʦʤ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʮʠʥʢʦʚʳʭ ʦʪʣʠʚʦʢ 

ʷʚʣʷʝʪʩʷ ʛʘʟʦʚʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʚ ʤʝʪʘʣʣ ʛʘʟʦʚ ʠʟ ʢʘʤʝʨʳ ʧʨʝʩʩʦʚʘʥʠʷ, 

ʢʨʦʤʝ ʪʦʛʦ ʠʟ ʣʠʪʥʠʢʦʚʳʭ ʢʘʥʘʣʦʚ ʠ ʧʦʣʦʩʪʠ ʬʦʨʤʳ, 

ʘ ʪʘʢʞʝ ʧʨʠ ʦʙʠʣʴʥʦʡ ʠʣʠ ʯʨʝʟʤʝʨʥʦ ʛʘʟʦʪʚʦʨʥʦʡ 

ʩʤʘʟʢʝ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʜʝʬʝʢʪʘ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʨʳ: ʫʣʫʯʰʝʥʠʝ ʦʙʱʝʡ ʠ 

ʤʝʩʪʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʬʦʨʤʳ, ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘʧʦʣʥʝʥʠʷ ʠ ʧʦʜʧʨʝʩʩʦʚʢʠ, 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʤʘʟʢʠ. 

     

 

 

 ʅʘ ʆɸʆ çɿʘʚʦʜ çɸʚʪʦʧʨʠʙʦʨè ʧʨʠʤʝʥʷʶʪʩʷ 

ʪʘʢʠʝ ʩʧʣʘʚʳ ʢʘʢ ʎɸʄ4-1, ʎɸ4, ɸʂ12. ɹʦʣʴʰʠʡ 

ʧʨʦʮʝʥʪ ʮʠʥʢʦʚʳʭ ʦʪʣʠʚʦʢ ʧʦʣʫʯʘʶʪ ʠʟ ʩʧʣʘʚʘ ʎɸ4. 

ʀʟ ʥʝʛʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʜʝʪʘʣʝʡ: 

ʰʪʫʮʝʨʘ, ʤʫʬʪʳ, ʢʦʨʧʫʩʘ ʨʝʜʫʢʪʦʨʦʚ, ʦʩʥʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʮʠʥʢʦʚʳʭ ʩʧʣʘʚʦʚ 

ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ ˉ1. 

     ʌʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʮʠʥʢʦʚʳʭ ʩʧʣʘʚʦʚ ʩʣʝʜʫʶʱʠʝ: ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ  20-

38 ʢʛ/ʤʤ
2
, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 0,5-2%, 

ʪʚʝʨʜʦʩʪʴ ʧʦ ɹʨʠʥʝʣʣʶ 65-110. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 

ʮʠʥʢʦʚʳʭ ʩʧʣʘʚʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʙʦʣʴʰʫʶ 

ʧʣʦʪʥʦʩʪʴ(7ʛ/ʩʤ
3
), ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʪʘʨʝʥʠʶ ʠ ʢʦʨʨʦʟʠʠ. 

ʇʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ. ɼʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʩʢʣʦʥʥʦʩʪʠ ʢ ʢʦʨʨʦʟʠʠ ʚ ʮʠʥʢʦʚʳʭ 

ʩʧʣʘʚʘʭ ʜʦʧʫʩʢʘʝʪʩʷ ʩʪʨʦʛʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʷ 

ʤʘʛʥʠʷ (ʦʙʳʯʥʦ ʥʝ ʙʦʣʝʝ 0,1%). ɹʦʣʝʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʚʳʟʳʚʘʝʪ ʛʦʨʷʯʝʣʦʤʢʦʩʪʴ 

ʦʪʣʠʚʦʢ. 

 

 

 

 

ʊʘʙʣʠʮʘ 1.   ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʮʠʥʢʦʚʳʭ ʩʧʣʘʚʦʚ ʜʣʷ ʣʠʪʴʷ ʧʦʜ  ʜʘʚʣʝʥʠʝʤ 

ʉʧʣʘʚ

 r

ʃʝʛʠʨʫʶʱʠʝʵʣʝʤʝʥʪʳ,   % ʇʨʠʤʝʩʠ,%,  ʥʝ ʙʦʣʝʝ 

ɸ1 ʉu Mg ʈb Fe Sn Cd Si 

ʎɸʄ4-

1ʆ 

0,9ð

4,8 

0,75ð1,25 0,03-0,06 0,00

4 

0,0

5 

0,002 0,004 0,015 

ʎɸ4ʄ

1 

3,5ð

4,3 

0,75ð1,25 0,02ð0.06 0,01 0.0

5 

0,002 0,005 0,015 

ʎɸ4 3,5ð

4,5 

- <0,1 0,02 0,1 0.005 0,015 0,03 

ʇʨʠʤʝʯʘʥʠʝ.    Zn ð ʦʩʪʘʣʴʥʦʝ. 
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ʊʘʙʣʠʮʝ 2. ʆʩʥʦʚʥʳʝ ʜʝʬʝʢʪʳ ʠ ʤʝʪʦʜʳ ʙʦʨʴʙʳ ʩ ʥʠʤʠ. 

ɺʠʜ ʙʨʘʢʘ ʇʨʠʯʠʥʳ ʙʨʘʢʘ ʄʝʨʳ ʫʩʪʨʘʥʝʥʠʷ ʙʨʘʢʘ 

1 2 3 

ʊʨʝʱʠʥʳ ʚ 

ʦʪʣʠʚʢʘʭ ʠʟ ʮʠʥʢʦʚʳʭ 

ʩʧʣʘʚʦʚ 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʚ 

ʩʧʣʘʚʝ, 

ʇʝʨʝʢʦʩʳ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪʣʠʚʢʠ ʠʟ 

ʬʦʨʤʳ, 

ʉʣʠʰʢʦʤ ʙʳʩʪʨʦʝ ʫʜʘʣʝʥʠʝ ʦʪʣʠʚʢʠ ʠʟ 

ʬʦʨʤʳ 

ɿʘʤʝʥʠʪʴ ʩʧʣʘʚ ʥʦʚʳʤ 

ʆʪʨʝʛʫʣʠʨʦʚʘʪʴ ʭʦʜ ʧʣʠʪʳ 

ʚʳʪʘʣʢʠʚʘʪʝʣʝʡ, 

ʋʚʝʣʠʯʠʪʴ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ 

ʦʪʣʠʚʢʠ ʚ ʬʦʨʤʝ. 

ʋʟʦʨʯʘʪʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʪʣʠʚʢʠ(ʤʦʨʦʟ.) 

ʅʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʠʚʢʠ, 

ʍʦʣʦʜʥʘʷ ʬʦʨʤʘ 

ʉʣʠʰʢʦʤ ʪʦʥʢʦʝ ʩʝʯʝʥʠʝ ʚʧʫʩʢʘ. 

ʇʦʚʳʩʠʪʴ t ʟʘʣʠʚʢʠ 

 

ʇʦʜʦʛʨʝʪʴ ʬʦʨʤʫ, 

ʋʚʝʣʠʯʠʪʴ ʩʝʯʝʥʠʝ ʚʧʫʩʢʘ 

ʅʝʩʣʠʪʠʥʳ, 

ʥʝʯʝʪʢʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʦʩʪʨʳʭ ʢʦʥʪʫʨʦʚ 

ʦʪʣʠʚʢʠ 

ʄʘʣʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʤʝʪʘʣʣ, ʩʣʠʰʢʦʤ 

ʙʦʣʴʰʦʝ ʩʝʯʝʥʠʝ ʧʠʪʘʪʝʣʷ ʠ ʤʘʣʘʷ ʩʢʦʨʦʩʪʴ 

ʟʘʧʦʣʥʝʥʠʷ, ʭʦʣʦʜʥʘʷ ʬʦʨʤʘ ʠʣʠ ʤʝʪʘʣʣ, 

ʥʝʧʨʘʚʠʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʠʪʘʪʝʣʷ. 

ʇʦʚʳʩʠʪʴ ʜʘʚʣʝʥʠʝ ʚ ʩʝʪʠ, 

ʫʤʝʥʴʰʠʪʴ ʩʝʯʝʥʠʝ ʚʧʫʩʢʘ ʠ 

ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʧʨʝʩʩʦʚʘʥʠʷ, 

ʧʦʚʳʩʠʪʴ t, ʧʦʜʚʝʩʪʠ ʧʠʪʘʥʠʝ ʪʘʢ, 

ʯʪʦʙʳ ʥʝ ʙʳʣʦ ʨʘʟʜʨʦʙʣʝʥʥʦʩʪʠ 

ʩʪʨʫʠ. 

ɺʦʟʜʫʰʥʘʷ 

ʧʦʨʠʩʪʦʩʪʴ ʚʦ ʚʩʝʭ 

ʩʝʯʝʥʠʷʭ ʦʪʣʠʚʢʠ 

ɹʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʤʝʪʘʣʣʘ, 

ʥʝʧʨʘʚʠʣʴʥʘʷ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʚʝʥʪʠʣʷʮʠʷ 

ʬʦʨʤʳ, ʥʝʧʨʘʚʠʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʧʠʪʘʪʝʣʷ. 

ʋʤʝʥʴʰʠʪʴ ʩʢʦʨʦʩʪʴ 

ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʫʚʝʣʠʯʠʪʴ ʩʝʯʝʥʠʝ 

ʚʧʫʩʢʘ, ʠʩʧʨʘʚʠʪʴ 

ʚʝʥʪʠʣʷʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, 

ʥʘʧʨʘʚʠʪʴ ʤʝʪʘʣʣ ʪʘʢ, ʯʪʦʙʳ 

ʚʦʟʜʫʭ ʧʦʩʪʝʧʝʥʥʦ ʚʳʪʝʩʥʷʣʩʷ ʠʟ 

ʬʦʨʤʳ 

ʋʩʘʜʦʯʥʘʷ 

ʧʦʨʠʩʪʦʩʪʴ ʠ ʨʘʢʦʚʠʥʳ 

ʚ ʫʪʦʣʱʝʥʠʷʭ 

ʇʣʦʭʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʪʣʠʚʢʠ, 

ʦʪʩʫʪʩʪʚʠʝ ʧʠʪʘʥʠʷ ʫʪʦʣʱʝʥʥʦʛʦ ʤʝʩʪʘ 

ʦʪʣʠʚʢʠ 

ʆʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚ 

ʦʪʣʠʚʢʝ, ʧʦʜʚʝʩʪʠ ʧʠʪʘʪʝʣʴ ʢ 

ʫʪʦʣʱʝʥʥʦʤʫ ʤʝʩʪʫ ʠʣʠ 

ʧʨʠʤʝʥʠʪʴ ʘʨʤʠʨʦʚʘʥʠʝ ʵʪʦʛʦ 

ʤʝʩʪʘ ʚʢʣʘʜʳʰʝʤ ʠʟ ʪʦʛʦ  ʞʝ 

ʩʧʣʘʚʘ.  

ɺʢʣʶʯʝʥʠʝ ʰʣʘʢʦʚ 

ʠ ʦʢʠʩʣʦʚ. 

ʅʘʣʠʯʠʝ ʚ ʩʧʣʘʚʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʢʠʩʣʦʚ, ʟʘʤʝʰʠʚʘʥʠʝ ʦʢʠʩʣʦʚ ʠ ʰʣʘʢʘ ʧʨʠ 

ʥʝʘʢʢʫʨʘʥʦʤ ʯʝʨʧʘʥʠʠ ʤʝʪʘʣʣʘ ʨʘʟʣʠʚʦʯʥʦʡ 

ʣʦʞʢʦʡ 

ɼʦʙʘʚʠʪʴ ʬʣʶʩ ʜʣʷ 

ʨʘʩʢʠʩʣʝʥʠʷ, ʘʢʢʫʨʘʪʥʦ ʯʝʨʧʘʪʴ 

ʩʧʣʘʚ 

ʇʷʪʥʠʩʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʣʠʚʦʢ 

ʀʟʙʳʪʦʢ ʩʤʘʟʢʠ, ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʛʨʘʬʠʪʘ ʚ ʩʤʘʟʢʝ 

ʋʤʝʥʴʰʠʪʴ ʩʤʘʟʢʫ, ʧʦʩʣʝ 

ʩʤʘʟʢʠ ʦʙʜʫʪʴ ʬʦʨʤʫ ʩʞʘʪʳʤ 

ʚʦʟʜʫʭʦʤ, ʩʤʝʥʠʪʴ ʩʤʘʟʢʫ 

 

ɻʘʟʦʚʳʝ ʨʘʢʦʚʠʥʳ 

ʇʦʧʘʜʘʥʠʝ ʚ ʤʝʪʘʣʣ ʛʘʟʦʚ ʠʟ ʢʘʤʝʨʳ 

ʧʨʝʩʩʦʚʘʥʠʷ, ʣʠʪʥʠʢʦʚʳʭ ʢʘʥʘʣʦʚ ʠ ʧʦʣʦʩʪʠ 

ʬʦʨʤʳ, ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʚʝʥʪʠʣʷʮʠʠ 

ʬʦʨʤʳ, 

ʥʘʣʠʯʠʝ ʫʪʦʣʱʝʥʠʡ ʚ ʦʪʣʠʚʢʝ, 

ʦʙʠʣʴʥʘʷ ʠʣʠ ʯʨʝʟʤʝʨʥʦ ʛʘʟʦʪʚʦʨʥʘʷ 

ʩʤʘʟʢʘ 

ʋʣʫʯʰʠʪʴ ʦʙʱʫʶ ʠ ʤʝʩʪʥʫʶ 

ʚʝʥʪʠʣʷʮʠʶ ʬʦʨʤʳ, ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʠ 

ʧʦʜʧʨʝʩʩʦʚʢʠ, 

ʠʟʤʝʥʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ 

ʦʪʣʠʚʢʠ, ʩʜʝʣʘʚ ʝʸ ʨʘʚʥʦʩʪʝʥʥʦʡ, 

ʋʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʤʘʟʢʠ, 

ʟʘʤʝʥʠʪʴ ʩʤʘʟʢʫ 
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ʇʈʀʄɽʈ ʈɸɿʈɸɹʆʊʂʀ ʊɽʍʅʆʃʆɻʀʀ ʇʆʃʋʏɽʅʀʗ ʆʊʃʀɺʆʂ ʀɿ ʄɸɻʅʀʊʅʓʍ 

ʉʇʃɸɺʆɺ ʉ ʈɸɺʅʆʆʉʅʆʁ ʉʊʈʋʂʊʋʈʆʁ 

 
ʂʘʤʥʝʚ ʀ.ʉ. (ʩʪʫʜʝʥʪ)

 1
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʣʦʱʠʮʠʥʘ ʖ.ɺ. (ʢ.ʪ.ʥ., ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ)
 2
 

 
1
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2
ʄʝʭʘʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ    ʃʇ ʠ ʂʄ, E-mail: liya.solo@mail.ru 

 

Keywords ï Magnit, crystallization and solidification, microporosite, shrink sink. 

  

Abstracts ï The theme of the report is very relevant, since the acquisition of high-quality metal products is one of the 

most important problems, the solution of which contributes to the creation of modern technology. High quality metal 

products generated through the achievement of a given chemical composition of the alloy, as well as through the 

creation of the necessary micro- and macrostructure.  

In the production of forgings there are various casting defects (shrinkage and pores, cracks, dendritic heterogeneity, 

etc.) in connection with the yield of usable reduced, and the cost of finished products increases.  

 

ʐʝʩʪʥʘʜʮʘʪʠʧʦʣʶʩʥʳʡ ʤʘʛʥʠʪ ʩ ʷʚʥʦ 

ʚʳʨʘʞʝʥʥʳʤʠ ʧʦʣʶʩʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʚʦʟʙʫʞʜʝʥʠʷ. ʕʪʦʪ ʤʘʛʥʠʪ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʩʧʣʘʚʘ 

ʖʅɼʂ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʳʤ (23-

24%ʉʦ, 13-14% Ni, 8-9% Al, 3-5% ʉu, ʦʩʪʘʣʴʥʦʝ Fe). 

ʆʩʥʦʚʫ ʵʪʦʛʦ ʩʧʣʘʚʘ  ʩʦʩʪʘʚʣʷʶʪ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ Fe, 

Al ʠ Ni, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʪʨʦʡʥʫʶ ʜʠʘʛʨʘʤʤʫ 

ʩʦʩʪʦʷʥʠʷ Fe-Al -Ni. ʇʦʩʪʨʦʝʥʠʝ ʵʪʦʡ ʜʠʘʛʨʘʤʤʳ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʝʞʠʤʦʚ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʡ 

ʨʘʩʧʘʜ. ʆʜʥʘʢʦ ʧʨʦʩʣʝʜʠʪʴ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʩʧʣʘʚʦʚ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʝʩʴʤʘ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ 

ʥʘ ʦʩʥʦʚʝ Fe-Al -Ni ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʠ 

ʚʣʠʷʥʠʶ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ [1].  

ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʯʝʪʚʝʨʥʦʡ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷ Fe-ʉʦ-Al-Ni  ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʨʘʩʩʤʦʪʨʝʪʴ ʩ ʧʦʤʦʱʴʶ ʪʨʦʡʥʦʡ 

ʜʠʘʛʨʘʤʤʳ Fe-Al -Ni.  ʊʘʢ ʢʘʢ ʚ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ 

ʚʦʟʥʠʢʘʶʪ ʚʳʩʦʢʠʝ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʝ ʧʦʣʷ, ʪʦ 

ʚʝʣʠʯʠʥʘ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʯʝʨʪʝʞʘ 

ʜʦʣʞʥʘ ʙʳʪʴ  ʅʩɺ >46 ʢɸ/ʤ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʚ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʚʚʦʜʷʪ ʜʦ 1,5 % ʪʠʪʘʥʘ. 

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʣʠʪʝʡʥʳʭ ʜʝʬʝʢʪʦʚ ï ʫʩʘʜʦʯʥʳʭ ʧʦʨ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʘʜʦʯʥʦʡ 

ʧʦʨʠʩʪʦʩʪʠ ʚ ʦʪʣʠʚʢʘʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʝʨʝʭʦʜʥʦʡ 

ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠʯʝʤ ʯʝʤ ʙʦʣʴʰʝ ʠʥʪʝʨʚʘʣ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʝʤ ʙʦʣʴʰʝ ʧʝʨʝʭʦʜʥʘʷ ʜʚʫʭʬʘʟʥʘʷ 

ʦʙʣʘʩʪʴ [2].  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʤʝʥʠʪʴ ʪʠʪʘʥ ʢʦʤʧʦʥʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʧʦʚʳʰʘʝʪ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ, ʥʦ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ 

ʠʥʪʝʨʚʘʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʵʪʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʥʠʦʙʠʡ. ʀʩʢʣʶʯʝʥʠʝ ʠʟ 

ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʖʅɼʂ ʪʠʪʘʥʘ  ʠ ʟʘʤʝʥʘ ʝʛʦ ʥʠʦʙʠʝʤ, ʘ 

ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʛʦʜʥʳʭ ʦʪʣʠʚʦʢ.  

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʘʜʦʯʥʳʭ ʨʘʢʦʚʠʥ, ʪʨʝʱʠʥ, 

ʦʢʩʠʜʥʳʭ ʧʣʝʥ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʫʶʱʘʷ 

ʣʠʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ, ʘ ʪʘʢʞʝ ʥʝʨʘʮʠʦʥʘʣʴʥʦ ʟʘʜʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʟʘʣʠʚʢʠ ʠ  ʬʦʨʤʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʙʦʨ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʞʠʤʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʣʠʚʢʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʨʤʳ ʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʣʠʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʣʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʟʘʣʠʚʢʠ ʬʦʨʤʳ 

ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʦʪʣʠʚʢʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʳ LVMFlow.  

ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ, 

ʯʪʦʙʳ ʧʦ ʦʢʦʥʯʘʥʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʥʷʣʠ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ: 

 -ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʠʚʢʠ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 1600-

1650Áʉ,  

- ʪʝʤʧʝʨʘʪʫʨʘ ʬʦʨʤʘ - 800-850Áʉ. 

ɺʳʙʨʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ 

ʦʭʣʘʞʜʝʥʠʷ ʚʦ ʚʩʝʭ ʯʘʩʪʷʭ ʦʪʣʠʚʢʠ  35 ʛʨʘʜ/ʤʠʥ.  

ʇʦʜʚʦʜ ʤʝʪʘʣʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʙʦʢʫ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʚ ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ ʟʘʤʝʥʠʪʴ 

ʪʠʪʘʥ ʥʠʦʙʠʝʤ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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Abstracts ï This paper is devoted to the study of the thermal state of technological equipment for the continuous 

extrusion of aluminumtion. The problem is solved by finite element method. A model calculation in the software 

package ANSYS Workbench. 

 

ʇʨʦʮʝʩʩ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩʦ ʩʚʘʨʢʦʡ 

ʤʝʪʘʣʣʘ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ (ʩʧʦʩʦʙ ʂʦʥʬʦʨʤ) 

ʦʪʥʦʩʠʪʩʷ ʢ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʘʤ 

ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʧʦʣʳʭ ʧʨʦʬʠʣʝʡ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ, ʢʘʙʝʣʴʥʦʡ, 

ʭʦʣʦʜʠʣʴʥʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʢʪʠʚʥʳʭ 

ʩʠʣ ʪʨʝʥʠʷ, ʩʧʦʩʦʙ ʂʦʥʬʦʨʤ ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʫʶ 

ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʛʠʙʢʦʩʪʴ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʡ ʩʤʝʥʳ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ 

ʧʨʝʩʩʦʚʘʥʠʷ, ʥʝ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ 

ʟʘʛʦʪʦʚʢʠ. 

ʅʝʧʨʝʨʳʚʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʥʘ ʫʩʪʘʥʦʚʢʝ ʂʦʥʬʦʨʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʪʦʯʥʦʩʪʴ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʙʝʟ 

ʜʘʣʴʥʝʡʰʝʡ ʠʭ ʦʙʨʘʙʦʪʢʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ ʙʣʘʛʦʜʘʨʷ 

ʦʪʩʫʪʩʪʚʠʶ ʧʨʝʩʩ-ʦʩʪʘʪʢʘ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʠ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʧʦʩʦʙʘ ʂʦʥʬʦʨʤ 

ʩʜʝʨʞʠʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʮʝʩʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʤʘʣʦʡ 

ʠʟʫʯʝʥʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʘ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʦʯʘʛʝ 

ʜʝʬʦʨʤʘʮʠʠ, ʦʪʩʫʪʩʪʚʠʝʤ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʩʠʣʦʚʳʤ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʫʩʣʦʚʠʷʤ ʧʨʝʩʩʦʚʘʥʠʷ, ʥʠʟʢʦʡ ʩʪʦʡʢʦʩʪʴʶ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ. 

ʅʘ ʨʠʩ. 1. ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ:  

1 - ʢʦʣʝʩʦ; 2 - ʧʨʠʞʠʤʥʦʡ ʨʦʣʠʢ; 3 - ʯʝʤʙʝʨ;  

4 -ʟʘʛʦʪʦʚʢʘ; 5 - ʛʦʪʦʚʘʷ ʧʨʦʜʫʢʮʠʷ; 6 -ʫʧʦʨ. 

ɿʘʛʦʪʦʚʢʘ 4 ʧʦʜʘʝʪʩʷ ʚ ʨʫʯʝʡ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ 

ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ 1 ʠ ʟʘʧʨʝʩʩʦʚʳʚʘʝʪʩʷ ʚ ʥʝʛʦ 

ʧʨʠʞʠʤʥʳʤ ʨʦʣʠʢʦʤ 2. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʨʝʥʠʷ 

ʟʘʛʦʪʦʚʢʘ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʚʤʝʩʪʝ ʩ ʨʘʙʦʯʠʤ 

ʢʦʣʝʩʦʤ 1 ʜʦ ʫʧʦʨʘ 6. ɼʦʡʜʷ ʜʦ ʫʧʦʨʘ 6 ʟʘʛʦʪʦʚʢʘ 4 

ʨʘʩʧʨʝʩʩʦʚʳʚʘʝʪʩʷ ʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʦʛʨʝʚʘʝʪʩʷ, 

ʧʨʦʭʦʜʷ ʚ ʯʝʤʙʝʨ 3. ʀʟ ʯʝʤʙʝʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ʚʳʭʦʜʠʪ ʯʝʨʝʟ 

ʦʪʚʝʨʩʪʠʝ ʪʨʝʙʫʝʤʦʛʦ ʩʝʯʝʥʠʷ ʚ ʚʠʜʝ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ 5. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ 

ʦʩʥʘʩʪʢʠ ʠʩʧʳʪʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʠ 

ʩʠʣʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ 

ʚʳʭʦʜʫ ʠʭ ʠʟ ʩʪʨʦʷ, ʫʜʦʨʦʞʘʷ ʧʨʦʮʝʩʩ.  

ʇʦʚʳʰʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ 

ʦʩʥʘʩʪʢʠ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʫʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʫʩʢʦʨʝʥʠʶ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʧʨʦʮʝʩʩʘ.  

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʣʝʤʝʥʪʦʤ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ, ʣʠʤʠʪʠʨʫʶʱʠʤ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʢʦʣʝʩʦ. ɼʣʷ ʥʝʛʦ 

ʭʘʨʘʢʪʝʨʝʥ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʝʱʠʥ ʚ ʟʦʥʝ ʢʘʥʘʣʦʚ ʧʦʜ ʦʭʣʘʞʜʝʥʠʝ ʠ ʦʩʥʦʚʘʥʠʷ 
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ʰʣʠʮʝʚ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ 

ʢʦʣʝʩʘ ʠ ʬʦʪʦʛʨʘʬʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʝʱʠʥ, 

ʧʦʷʚʠʚʰʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 
ʈʠʩ. 2. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʢʦʣʝʩʦ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

 

ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪ [1-2] ʫʧʨʘʚʣʝʥʠʝ ʚʝʣʠʯʠʥʦʡ ʠ 

ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʦʩʥʘʩʪʢʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ 

ʜʘʚʣʝʥʠʝʤ ʚʦʟʤʦʞʥʦ ʧʦʩʨʝʜʩʪʚʘʤ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. ɺʳʙʦʨ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʦʙʝʩʧʝʯʠʪʴ ʪʝʧʣʦʚʦʝ ʧʦʣʝ ʥʝ ʚʳʟʳʚʘʶʱʝʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʩʥʘʩʪʢʠ ʦʧʘʩʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ 

ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʘ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʣʝʩʘ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʭʝʤʘʤʠ 

ʦʭʣʘʞʜʝʥʠʷ ʠ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ, ʦʪʚʝʯʘʶʱʝʛʦ 

ʫʩʣʦʚʠʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʠʤʝʥʴʰʠʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʝʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

ï ʨʘʟʨʘʙʦʪʢʘ ʠ ʯʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʠʢʠ 

ʘʥʘʣʠʟʘ ʪʝʨʤʦʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʣʝʩʘ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ; 

ï ʧʨʦʚʝʜʝʥʠʝ ʦʮʝʥʢʠ ʚʣʠʷʥʠ ̫ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʜʠʘʤʝʪʨʘ ʢʘʥʘʣʦʚ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʪʝʧʣʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʢʦʣʝʩʘ; 

ï ʧʦʣʫʯʝʥʠʝ ʦʮʝʥʦʢ ʚʣʠʷʥʠʷ ʫʩʠʣʠʷ ʟʘʧʨʝʩʩʦʚʢʠ ʥʘ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʣʝʩʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʪʝʨʤʦʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʠʢʠ 

ʧʦʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ 

ʨʘʙʦʪʝ [3]. 

ʄʝʪʦʜʠʢʘ ʩʚʦʜʠʪʩʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʵʪʘʧʥʦ. 

Iʵʪʘʧ. ʇʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʨʘʩʯʝʪʦʚ. 

II ʵʪʘʧ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʢʦʣʝʩʘ ʧʨʠ ʚʳʭʦʜʝ ʥʘ ʨʘʙʦʯʠʡ 

ʨʝʞʠʤ. 

III ʵʪʘʧ. ʈʘʩʯʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʦʚ ʥʘ 

I  ʵʪʘʧʝ ʩʦʩʪʦʷʣʘ ʚ ʩʦʟʜʘʥʠʠ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ (3D-

ʤʦʜʝʣʴ) ʠ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʢʦʣʝʩʘ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʠ ʮʠʢʣʘ ʝʛʦ 

ʥʘʛʨʫʞʝʥʠʷ, ʟʘʜʘʥʠʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʥʘʟʥʘʯʝʥʠʠ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʧʣʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʢʦʣʝʩʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʩʣʦʚʠʷ II 

ʠ III ʨʦʜʘ. 

ʇʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ q, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʣʝʩʘ ʦʧʠʩʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʚʳʨʘʞʝʥʠʷ: 

nzyxTq µµ-= /),,(l  (1) 

ʛʜʝ n ï ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʦʯʢʝ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ x,y ʠ z; lï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 
ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʠ; q  ï ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ. 

ʋʩʣʦʚʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ 

ʠʤʝʣʦ ʚʠʜ: 
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),,(
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ʛʜʝ TÐ- ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; Ŭ - 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʝʩʘ, ɺʪ/ʤ
2
Ŀʂ. 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 
ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʠ ʧʦ ʯʝʨʪʝʞʫ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ Pro/Engineer WildFire4. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ 

ʢʦʣʝʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ANSYS 

Workbench. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʟʢʦʡ ʨʘʩʯʝʪʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩʛʫʱʝʥʠʝ ʩʝʪʢʠ ʜʣʷ ʟʦʥ 

ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ - ʦʪʚʝʨʩʪʠʡ ʠ ʰʣʠʮʝʚ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ  ʢʦʣʝʩʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 10-ʫʟʣʦʚʦʡ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ ʚ ʚʠʜʝ ʪʝʪʨʘʵʜʨʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʡ 

ʤʦʜʝʣʠ ʢʦʣʝʩʘ. 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʢʦʣʝʩʘ ʠ ʠʭ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʩʧʨʘʚʦʯʥʳʤ ʜʘʥʥʳʤ. 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʢʦʣʝʩʦ ʠʩʧʳʪʳʚʘʝʪ 

ʧʝʨʝʤʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʛʨʫʟʢʠ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʨʘʩʯʝʪʘʭ ʥʝʦʙʭʦʜʠʤʦ ʮʠʢʣʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʮʠʢʣʘ 

ʥʘʛʨʫʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʵʢʚʠʚʘʣʝʥʪʝʥ ʫʩʣʦʚʠʷʤ ʝʛʦ 

ʨʘʙʦʪʳ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʛʨʝʚ ʢʦʣʝʩʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠʜʫʱʝʛʦ ʦʪ 

ʯʝʤʙʝʨʘ ʥʘʛʨʝʪʦʛʦ ʜʦ 450Áʉ. ʊʘʢ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ 

ʯʝʤʙʝʨʘ, ʦʙʨʘʱʝʥʥʘʷ ʢ ʢʦʣʝʩʫ, ʩʦʩʪʘʚʣʷʝʪ 1/6 ʯʘʩʪʴ 

ʧʣʦʱʘʜʠ ʧʦʩʣʝʜʥʝʛʦ, ʧʨʠ ʨʘʩʯʝʪʘʭ ʧʨʠʥʷʪʘ 

ʩʭʝʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʚʣʦʞʝʥʠʡ, 
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ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʜʝʣʝʥʠʠ ʢʦʣʝʩʘ ʥʘ 6 ʯʘʩʪʝʡ. ʅʘ 

ʢʘʞʜʫʶ ʠʟ ʯʘʩʪʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʟʜʝʡʩʪʚʫʝʪ 

ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʢʣ - 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 1 ʦʙʦʨʦʪ ʢʦʣʝʩʘ ʩʦʩʪʦʠʪ ʠʟ 

ʵʪʘʧʘ çʥʘʛʨʝʚè ʨʝʘʣʠʟʫʝʤʦʛʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʯʝʤʙʝʨʘ ʠ ʟʘʥʠʤʘʶʱʝʛʦ 1/6 ʚʨʝʤʝʥʠ ʦʙʦʨʦʪʘ ʠ ʵʪʘʧʘ 

çʦʭʣʘʞʜʝʥʠʝè ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠ 

ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʟʘʥʠʤʘʶʱʝʛʦ 5/6 ʚʨʝʤʝʥʠ 

ʦʙʦʨʦʪʘ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʮʠʢʣʘ ʥʘʛʨʝʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʝʩʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩ. 3. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʮʠʢʣʘ ʥʘʛʨʝʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʝʩʘ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʨʘʞʝʥʠʝ [4]: 
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ʛʜʝ f - ʧʣʦʱʘʜʴ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤ
2
; ʊ - 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʂ; l - 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤ. 

ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʚʝʢʪʠʚʥʦʡ 

ʪʝʧʣʦʦʪʜʘʯʠ Ŭ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʣʝʩʘ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʚʦʜʦʡ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ 

ʚʳʨʘʞʝʥʠʶ [5]: 

2,0

8,0)(

D
A
wg

a= ,   (4) 

ʛʜʝ g ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʚʦʜʳ; w ï ʩʢʦʨʦʩʪʴ 

ʠʩʪʝʯʝʥʠʷ ʚʦʜʳ; D ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ; ɸ ï ʢʦʤʧʣʝʢʩ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ 

ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʣʦ ʧʝʨʝʡʪʠ ʢ ʨʝʰʝʥʠʶ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ɿʘʜʘʯʝʡ II ʵʪʘʧʘ ʷʚʣʷʣʦʩʴ ʚʳʯʠʩʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʣʝʩʘ ʟʘ ʮʠʢʣ ʥʘʛʨʫʞʝʥʠʷ. ɼʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʩʠʩʪʝʤʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʬʦʨʤʝ 

[]{} []{}{} 0=++ Fʊʂ
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ʉ
dt

d
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ʛʜʝ [C] ï ʤʘʪʨʠʮʘ ʪʝʧʣʦʝʤʢʦʩʪʠ; [K ] ï ʤʘʪʨʠʮʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ; {F} ï ʚʝʢʪʦʨ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʣʝʩʘ ʥʘ III  ʵʪʘʧʝ 

ʫʯʠʪʳʚʘʣʠ ʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʛʨʫʟʦʢ ʠ 

ʫʩʠʣʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʟʘʧʨʝʩʩʦʚʢʠ 

ʟʘʛʦʪʦʚʢʠ ʚ ʨʫʯʝʡ ʢʦʣʝʩʘ. 

ɺr ʯʠʩʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʟʣʘʭ ʩʝʪʦʯʥʦʡ 

ʦʙʣʘʩʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ ʫʧʨʫʛʦʡ ʤʦʜʝʣʠ 

ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʰʘʝʪʩʷ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʚʠʜ 

[]{}{}=UK , (6) 

ʛʜʝ [K ] ï ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ; {U} ï ʚʝʢʪʦʨ 

ʢʦʤʧʦʥʝʥʪʦʚ ʫʟʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ; {ɋ} ï ʚʝʢʪʦʨ 

ʥʘʛʨʫʟʢʠ. 

ʇʦ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʚʳʧʦʣʥʝʥʳ 

ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʣʝʩʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʂʦʥʬʦʨʤ-350. ʂʦʣʝʩʦ ʠʟʛʦʪʦʚʣʝʥʦ ʠʟ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʰʪʘʤʧʦʚʦʡ ʩʪʘʣʠ H13 (ʘʥʘʣʦʛ 

ʩʪʘʣʠ 4ʍ5ʄʌʉɸ). ʄʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ ï 

350 ʤʤ, ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ï 275 ʤʤ.  

ʈʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʚʘʨʠʘʥʪʦʚ 

ʠʩʧʦʣʥʝʥʠʷ ʢʦʣʝʩʘ ʩ ʯʝʪʳʨʴʤʷ ʠ ʚʦʩʴʤʴʶ ʢʘʥʘʣʘʤʠ 

ʦʭʣʘʞʜʝʥʠʷ ʜʠʘʤʝʪʨʦʤ ʰʝʩʪʴ ʠ ʚʦʩʝʤʴ ʤʠʣʣʠʤʝʪʨʦʚ.  

ʂʦʥʝʯʥʦʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʢʦʣʝʩʘ ʩʦʩʪʦʷʣʘ ʠʟ 

129199 ʫʟʣʦʚ ʠ 76759 ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʘʪʴ ʝʝ ʛʝʦʤʝʪʨʠʶ ʠ ʧʦʣʫʯʠʪʴ 

ʥʠʟʢʫʶ ʨʘʩʯʝʪʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʣʝʩʘ ʧʨʠ 

ʚʳʭʦʜʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʨʝʞʠʤ ʧʨʦʚʦʜʠʣʠ ʜʣʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʯʝʪʳʨʴʤʷ ʢʘʥʘʣʘʤʠ ʦʭʣʘʞʜʝʥʠʷ 

ʜʠʘʤʝʪʨʦʤ 6 ʤʤ ʩʨʝʜʩʪʚʘʤʠ ʪʝʨʤʦʤʝʪʨʠʨʦʚʘʥʠʷ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʂʦʥʬʦʨʤ-350.  

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ. 

 
ʈʠʩ. 4. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ ʠʭ ʭʦʨʦʰʝʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʛʦʚʦʨʠʪʴ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʧʨʠʥʷʪʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʧʨʘʚʦʤʝʨʥʦʩʪʠ 

ʚʳʙʨʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʦʚ ʠ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ. 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʧʝʨʝʡʪʠ ʢ 

ʨʘʩʯʝʪʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʬʦʨʤʳ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʢʘʥʘʣʦʚ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʪʝʧʣʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʢʦʣʝʩʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʳ ʨʘʩʯʝʪʥʳʝ ʢʘʨʪʠʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʣʝʩʝ ʧʨʠ ʚʳʭʦʜʝ ʥʘ 

ʨʘʙʦʯʠʡ ʨʝʞʠʤ. 

 
ʘ) 

 
ʙ) 

 
ʚ) 

 
ʛ) 

ʈʠʩ. 5. ʈʘʩʯʝʪʥʘʷ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ: ʘ) ʢʦʣʝʩʦ ʩ 4 ʦʪʚʝʨʩʪʠʷʤʠ Ï6ʤʤ; ʙ) 

ʢʦʣʝʩʦ ʩ 4 ʦʪʚʝʨʩʪʠʷʤʠ Ï8ʤʤ; ʚ) ʢʦʣʝʩʦ ʩ 8 

ʦʪʚʝʨʩʪʠʷʤʠ Ï 6ʤʤ; ʛ) ʢʦʣʝʩʦ ʩ 8 ʦʪʚʝʨʩʪʠʷʤʠ Ï8ʤʤ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ 

ʦʪʚʝʨʩʪʠʡ ʩ 6 ʜʦ 8 ʤʤ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʝʚʘ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 12Áʉ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 5% , ʥʦ ʥʝ 

ʫʣʫʯʰʘʝʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʝʡ 

ʪʝʤʧʝʨʘʪʫʨ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʦʪʚʝʨʩʪʠʡ ʩ 4 ʜʦ 8 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 29Á, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 

12-13%, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʧʣʘʚʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʪʝʧʣʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʦʣʝʩʘ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʨʝʩʩʦʚʘʥʠʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʧʨʠ ʨʘʩʯʝʪʝ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʳ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʢʦʣʝʩʝ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʩʠʣʠʡ ʟʘʧʨʝʩʩʦʚʢʠ ʟʘʛʦʪʦʚʢʠ ʚ ʨʫʯʝʡ. 

ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʧʨʫʛʦʡ ʤʦʜʝʣʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 

ʫʩʠʣʠʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʟʘʧʨʝʩʩʦʚʢʠ ʟʘʛʦʪʦʚʢʠ.  

ʈʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʟʘʧʨʝʩʩʦʚʢʝ ʟʘʛʦʪʦʚʢʠ ʚ ʨʫʯʝʡ, ʚ ʢʦʣʝʩʝ ʚʦʟʥʠʢʘʶʪ 

ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ 140 ʄʇʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʡ ʧʦʜ ʦʭʣʘʞʜʝʥʠʝ 

ʚʝʜʝʪ ʢ ʦʩʣʘʙʣʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʩʝʯʝʥʠʷ ʢʦʣʝʩʘ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʦʪ 6 ʜʦ 8 ʤʤ ʧʨʠʚʦʜʠʪ 

ʧʦʚʳʰʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʣʘ 

ʦʭʣʘʞʜʝʥʠʷ ʥʘ 30%. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩ 8 

ʦʪʚʝʨʩʪʠʷʤʠ ʜʠʘʤʝʪʨʦʤ 8 ʤʤ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʧʦʟʠʮʠʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʪʦʨʳ ʧʨʦʚʦʜʷʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʮʠʢʣʠʯʝʩʢʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʢʦʣʝʩ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. 
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ʉʝʢʮʠʷ çɸʥʘʣʠʟ ʠ ʩʠʥʪʝʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤè 

  

ɺʃʀʗʅʀɽ ɻʀʈʆʉʂʆʇʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʅɸ ʂʈʀʊʀʏɽʉʂʋʖ ʉʂʆʈʆʉʊʔ 

ɺʈɸʑɽʅʀʗ ɺɸʃɸ ʉ ʕʂʉʎɽʅʊʈʀʏʅʆ ɿɸʂʈɽʇʃɽʅʅʓʄ ɼʀʉʂʆʄ 

 
ʇ.ɸ. ʉʤʠʨʥʦʚ (ʩʪʫʜʝʥʪ)

1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ʇ. ʐʝʚʯʝʥʢʦ (ʢ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ)
2 

 
1
ʌʘʢʫʣʴʪʝʪ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʘʬʝʜʨʘ ɸʊ, ʛʨ. ɸʩ-107, E-mail: psmirnov@vlsu.ru 

2
 ʌʘʢʫʣʴʪʝʪ ʤʝʭʘʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ, ʢʘʬʝʜʨʘ ʊʇʄ, E-mail: ashevchenko@vlsu.ru 

 
Keywords - cylinder, the shaft, the elastic deformation, gyroscopic moment, centrifugal force,moving the unit.  

 

Abstracts ς The report considered the influence of gyroscopic torque on the shaft vibration. We find the displacement 

drive under the influence of centrifugal forces. Showing results bring electromotive centrifugal force to the center of the 

disk. Analyze theactions of the principal moments of inertia forces on the elastic displacement of the shaft. Control is 

derived for determining the deflection of the shaft axis and therotation angle of the shaft section. 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʘʣ, ʥʘ ʢʦʪʦʨʳʡ ʩ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʝ 

ʥʘʩʘʞʝʥ ʜʠʩʢ ʤʘʩʩʦʡ m. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ 

ʚʝʩʘ ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʷʚʣʝʥʠʝ ʚ ʥʘʠʙʦʣʝʝ ʯʠʩʪʦʤ ʚʠʜʝ, 

ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʩʴ, ʧʨʦʭʦʜʷʱʷʷ ʯʝʨʝʟ ʮʝʥʪʨʳ 

ʧʦʜʰʠʧʥʠʢʦʚ, ʚʝʨʪʠʢʘʣʴʥʘ (ʨʠʩ 1.1). 
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ʈʠʩ. 1.1 

 ɺʘʣ ʚʨʘʱʘʝʪʩʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʩ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʨʠʯʝʤ ʝʛʦ ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ,‫ 

ʦʜʠʥʘʢʦʚʘ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ; ʜʠʩʢ ʨʘʩʧʦʣʦʞʝʥ 

ʧʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʚʘʣ ʙʫʜʝʪ 

ʠʟʛʠʙʘʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʜʠʩʢʘ, 

ʧʨʠʯʝʤ ʚʦʟʤʦʞʝʥ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʠʟʦʛʥʫʪʘʷ ʦʩʴ ʚʘʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʠʟʤʝʥʥʫʶ ʚʦ ʚʨʝʤʝʥʠ ʞʝʩʪʢʫʶ ʢʨʠʚʫʶ, 

ʚʨʘʱʘʶʱʫʶʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ,ʚʦʢʨʫʛ ʦʩʠ ‫ 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨʳ ʧʦʜʰʠʧʥʠʢʦʚ. ɽʩʣʠ 

ʦʙʦʟʥʘʯʠʪʴ ʫʧʨʫʛʠʡ ʧʨʦʛʠʙ ʚʘʣʘ ʚ ʩʨʝʜʥʝʤ ʩʝʯʝʥʠʠ 

ʯʝʨʝʟ r, ʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʦʢʘʞʝʪʩʷ 

ʨʘʚʥʳʤ (ʝ+r) ʠ, ʩʣʝʜʦʚʘʪʝʣʴ-ʥʦ, ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ 

ʦʧʨʝʜʝʣʠʪʩʷ ʚʳʨʘʞʝʥʠʝʤ m‫ ( e+ r ) .   ʇʨʦʛʠʙ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢʞʝ ʚ ʚʠʜʝ ʯʘʩʪʥʦʛʦ ʦʪ ʜʝʣʝʥʠʷ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʛʠʙʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʚʘʣʘ ʩ:   

ὶ
άὩ ὶ

ὧ
 

ʆʪʩʶʜʘ ʥʘʭʦʜʠʤ, ʯʪʦ ʧʨʦʛʠʙ ʚʘʣʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʥʘʯʘʣʴʥʦʤʫ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʠ 

ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ: 

 

 

ὶ                                (1) 

ʀʟ ʬʦʨʤʫʣʳ (1) ʩʣʝʜʫʝʪ ʚʘʞʥʳʡ ʚʳʚʦʜ: ʝʩʣʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ὧ άʪʦ ʟʥʘʤʝʥʘʪʝʣʴ ,‫ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʬʦʨʤʫʣʳ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʠ ʧʨʦʛʠʙ 

ʬʦʨʤʘʣʴʥʦ ʩʪʘʥʦʚʠʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠʤ. 

ʕʪʦ ʢʨʠʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʚʧʦʣʥʝ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

‫ʢʨ
ὧ
άϳ ;                             (2) 

ʢʦʪʦʨʦʝ, ʢʘʢ ʚʠʜʥʦ, ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʳ. ʊʘʢʫʶ ʩʢʦʨʦʩʪʴ ʥʘʟʳʚʘʶʪ ʢʨʠʪʠʯʝʩʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ. ʆʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʩʦʙʩʪʚʝʥʥʦʡ 

ʯʘʩʪʦʪʦʡ ʨ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝʚʨʘʱʘʶʱʝʡʩʷ 

ʩʠʩʪʝʤʳ ʚʘʣ - ʜʠʩʢ ʠ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʞʝʩʪʯʝ ʚʘʣ ʠ 

ʣʝʛʯʝ ʜʠʩʢ. 

ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (2) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʚʘʣʘ 

ʢʨ
 ρ .                                 

ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ὶὩϳ ʦʪ ʦʪʥʦʰʝʥʠʷ / ʢʨ = 

/p ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.1, ʙ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ 

ʚʨʘʱʝʥʠʠ ʧʨʦʛʠʙʳ r ʤʘʣʳ ʠ ʚʦʟʨʘʩʪʘʶʪ ʩ ʨʦʩʪʦʤ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ; ʧʨʠ ʵʪʦʤ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʜʠʩʢʘ S 

ʨʘʩʧʦʣʦʞʝʥ ʜʘʣʴʰʝ ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʆ, ʯʝʤ ʮʝʥʪʨ 

ʩʝʯʝʥʠʷ ʚʘʣʘ W (ʨʠʩ. 1.2, ʘ) .  ɽʩʣʠ / ʢʨ = 1, ʪʦ 

ʧʨʦʛʠʙ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ (ʢʨʠʪʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ). 
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ʘ)

ʙ)

.

.

. .

. .

W S

S W

O

O

 
ʈʠʩ. 1.2 

ɺ ʟʘʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʦʛʜʘ > ʢʨ, ʧʨʦʛʠʙʳ 

ʚʥʦʚʴ ʦʢʘʟʳʚʘʶʪʩʷ ʢʦʥʝʯʥʳʤʠ, ʥʦ ʠʤʝʶʪ ʟʥʘʢ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʥʘʯʘʣʴʥʦʤʫ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʫ. ʅʘ 

ʨʠʩ. 1.2, ʙ ʧʦʢʘʟʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʵʪʦʤʫ ʩʣʫʯʘʶ 

ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ S, ʆ ʠ W. ʇʨʠ 

ʙʳʩʪʨʦʤ ʚʨʘʱʝʥʠʠ, ʢʦʛʜʘ > ʢʨ, ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʜʠʩʢʘ 

S ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ ʚʨʘʱʝʥʠʷ ʆ, ʯʝʤ ʮʝʥʪʨ 

ʚʘʣʘ W. ʏʝʤ ʙʦʣʴʰʝ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʪʝʤ ʙʣʠʞʝ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʜʠʩʢʘ S ʢ ʮʝʥʪʨʫ 

ʚʨʘʱʝʥʠʷ ʆ; ʧʨʠ  ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʜʠʩʢʘ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ ʚʝʩʴʤʘ ʙʦʣʴʰʠʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ 

ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʮʝʥʪʨʠʨʦʚʘʥʠʝ ʜʠʩʢʘ. ʇʦʵʪʦʤʫ, 

ʜʝʣʘʷ ʚʘʣ ʚʝʩʴʤʘ ʛʠʙʢʠʤ (ʪ. ʝ. ʜʦʙʠʚʘʷʩʴ ʤʘʣʳʭ 

ʟʥʘʯʝʥʠʡ ʢʨ), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʫʶ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ; ʵʪʠʤ ʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʚʘʣʦʚ ʙʳʩʪʨʦʭʦʜʥʳʭ ʪʫʨʙʠʥ, ʚ ʢʦʪʦʨʳʭ ʛʠʙʢʠʝ ʚʘʣʳ 

ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʮʠʦʥʘʣʴʥʝʝ ʞʝʩʪʢʠʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʮʠʣʠʥʜʨʘ, ʥʘʩʘʞʝʥʥʦʛʦ ʥʘ 

ʥʝʚʝʩʦʤʳʡ ʚʘʣ, ʚʨʘʱʘʶʱʝʛʦʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ  

(ʨʠʩ. 2.1).  

 
ʈʠʩ.2.1 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʧʨʫʛʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʚʘʣʘ ʦʩʴ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ  

ʩʦʩʪʘʚʣʷʝʪ  ʩ ʥʝʧʦʜʚʠʞʥʳʤʠ ʢʦʦʨʜʠʥʘʪʥʳʤʠ 

ʧʣʦʩʢʦʩʪʷʤʠ  ʠ  ʤʘʣʳʝ ʫʛʣʳ  ʠ . ʄʦʤʝʥʪʳ 

ʠʥʝʨʮʠʠ ʮʠʣʠʥʜʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ 

ʦʩʝʡ  ʦʙʦʟʥʘʯʠʤ: . 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʦʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʮʠʣʠʥʜʨ ʩʦ ʩʪʦʨʦʥʳ ʚʘʣʘ, ʧʨʠʤʝʥʠʤ ʪʝʦʨʝʤʫ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʤʦʤʝʥʪʘ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʨʘʚʥʘ ʤʦʤʝʥʪʫ ʚʥʝʰʥʠʭ ʩʠʣ. 

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ  ʨʘʚʥʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ 

ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʡ ʦʩʠ . 

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʷʟʘʥʥʦʡ ʩ 

ʮʠʣʠʥʜʨʦʤ ʦʩʠ  ʨʘʚʥʘ , ʠ ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ 

ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ . 

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ  ʨʘʚʥʘ 

 ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ .  

ʄʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʧʦʜʚʠʞʥʳʭ ʦʩʝʡ  ʠ  ʥʘʡʜʝʤ, ʩʧʨʦʝʢʪʠʨʦʚʘʚ ʥʘ ʵʪʠ 

ʦʩʠ ʤʦʤʝʥʪ ,r  ʠ : 

 
. 

ʄʦʤʝʥʪʳ ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʮʠʣʠʥʜʨʫ ʩʠʣ 

ʦʪʥʦʩʠʪʝʣʴʥʦ  ʦʩʝʡ  ʠ  ʥʘʡʜʝʤ ʧʦ ʪʘʢʠʤ ʬʦʨʤʫʣʘʤ: 

; 

. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʦʯʥʦ ʪʘʢʠʝ ʞʝ, ʥʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʝ ʤʦʤʝʥʪʳ ʧʝʨʝʜʘʶʪʩʷ 

ʩ ʮʠʣʠʥʜʨʘ ʥʘ ʚʘʣ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʚʘʣ ʚʦʟʜʝʡʩʪʚʫʶʪ 

ʩʠʣʳ ʠʥʝʨʮʠʠ ʮʠʣʠʥʜʨʘ  ʠ , ʛʜʝ   ʠ  - 

ʧʨʦʝʢʮʠʠ ʧʦʣʥʦʛʦ ʩʤʝʱʝʥʠʷ ʜʠʩʢʘ ʥʘ ʦʩʠ  ʠ  (ʨʠʩ. 

2.2, ʘ). 

ʆʙʦʟʥʘʯʠʤ: - ʩʤʝʱʝʥʠʝ ʜʠʩʢʘ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʝʜʠʥʠʯʥʦʡ ʩʠʣʳ; - ʧʦʚʦʨʦʪ ʦʪ ʜʝʡʩʪʚʠʷ ʪʦʡ ʞʝ 

ʩʠʣʳ; - ʧʦʚʦʨʦʪ ʦʪ ʜʝʡʩʪʚʠʷ ʝʜʠʥʠʯʥʦʛʦ ʤʦʤʝʥʪʘ 

(ʨʠʩ. 2.2, ʙ). ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʦʙʦʟʥʘʯʝʥʠʷ, ʤʦʞʥʦ 

ʚʳʨʘʟʠʪʴ ʩʤʝʱʝʥʠʷ ʜʠʩʢʘ  ʠ  ʯʝʨʝʟ ʜʝʡʩʪʚʫʶʱʠʝ 

ʩʠʣʳ: 

; 

; 

; 

. 

             
ʘ)      
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ʙ) 

 

ʈʠʩ. 2.2 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ  ʥʘʣʠʯʠʠ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʤʦʤʝʥʪʦʚ ʢʦʣʝʙʘʥʠʷ ʚ ʧʣʦʩʢʦʩʪʷʭ  ʠ  ʩʚʷʟʘʥʳ ʠ 

ʧʣʦʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚʘʣʘ ʥʝ ʚʦʟʤʦʞʥʳ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʥʷʪʴ ʩʫʱʥʦʩʪʴ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 

ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʢʨʠʪʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʨʘʩʩʤʦʪʨʠʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʟʘʜʘʯʫ ʚ ʨʘʚʥʦʤʝʨʥʦʤ 

ʚʨʘʱʝʥʠʠ ʪʦʥʢʦʛʦ ʜʠʩʢʘ ʚʦʢʨʫʛ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʡ 

ʦʩʠ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʜʠʩʢʘ ʠ 

ʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʝʛʦ ʧʣʦʩʢʦʩʪʠ (ʨʠʩ. 2.3). 

 

 
 

ʈʠʩ. 2.3 

 

ʋʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ɤ, 

ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʦʩʠ ʚʨʘʱʝʥʠʷ ʩ ʧʣʦʩʢʦʩʪʴʶ ʜʠʩʢʘ 

ʯʝʨʝʟ O ʠ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʜʠʩʢʘ ʯʝʨʝʟ S. ʉʚʷʞʝʤ ʩ 

ʜʠʩʢʦʤ ʧʦʜʚʠʞʥʫʶ ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʠʩʪʝʤʫ yz, 

ʧʣʦʩʢʦʩʪʴ ʢʦʪʦʨʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ, 

ʧʨʠʯʝʤ ʥʘʯʘʣʦ ʩʠʩʪʝʤʳ ʩʦʚʤʝʩʪʠʤ ʩ ʪʦʯʢʦʡ S. ʆʩʴ y 

ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʜʠʩʢʘ; ʦʩʴ z ʩʦʩʪʘʚʣʷʝʪ ʩ ʧʨʷʤʦʡ 

OS ʥʝʢʦʪʦʨʳʡ ʟʘʜʘʥʥʳʡ ʫʛʦʣ Ŭ. ʅʘ ʨʠʩ.2.4 

ʠʟʦʙʨʘʞʝʥʘ ʧʨʦʝʢʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʧʣʦʩʢʦʩʪʴ yz, ʧʨʠʯʝʤ ʙʫʢʚʦʡ r ʦʙʦʟʥʘʯʝʥʦ ʨʘʩʩʪʦʷʥʠʝ 

ʦʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʜʠʩʢʘ ʜʦ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʘ ʙʫʢʚʦʡ ɟ 

ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʜʠʩʢʘ ʜʦ ʪʦʡ ʞʝ 

ʦʩʠ. ʕʪʘ ʪʦʯʢʘ ʦʧʠʩʳʚʘʝʪ ʢʨʫʛʦʚʫʶ ʪʨʘʝʢʪʦʨʠʶ 

ʨʘʜʠʫʩʘ ɟ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦʤʫ ʵʣʝʤʝʥʪʘʨʥʘʷ 

ʤʘʩʩʘ dm ʨʘʟʚʠʚʘʝʪ ʮʝʥʪʨʦʙʝʞʥʫʶ ʩʠʣʫ ɤĮɟdm, 

ʜʝʡʩʪʚʫʶʱʫʶ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

yz. ʉʦʩʪʘʚʣʷʶʱʠʝ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʩʝʡ y ʠ z ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ɤĮɟdm 

ʠ ɤĮ(z+r)dm.  

 
 

ʈʠʩ.2.4 

ʉʫʤʤʠʨʫʷ ʵʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʥʘʡʜʝʤ ʧʨʦʝʢʮʠʠ 

ʛʣʘʚʥʦʛʦ ʚʝʢʪʦʨʘ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʥʘ ʦʩʠ y ʠ z: 

ñ ==
)(

2 0
m

y ydmP w
; 

ñ =+=
)(

22 )(
m

z rmdmrzP ww . 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʛʣʘʚʥʳʭ ʤʦʤʝʥʪʦʚ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ y ʠ z ʥʫʞʥʦ 

ʫʯʝʩʪʴ, ʯʪʦ  ʪʦʯʢʘ ʧʨʠʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ z tgŬ 

ʦʪ ʧʣʦʩʢʦʩʪʠ yz (ʨʠʩ.2.3). ʆʙʦʟʥʘʯʠʚ ʯʝʨʝʟ yI ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʜʠʩʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ y, ʧʦʣʫʯʠʤ: 

awaw tgIdmztgrzM y

m

y
2

)(

2 )( =+=ñ
 

ñ ==
)(

2 0
m

z dmyztgM aw  

ʀʤʝʷ ʚʚʠʜʫ, ʯʪʦ ʚ ʥʘʰʝʡ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝ ʫʛʦʣ Ŭ 

ʤʘʣ, ʙʫʜʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʘʣʝʝ ʩʣʝʜʫʶʱʠʤʠ 

ʦʢʦʥʯʘʪʝʣʴʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ: 

rmPz
2w= ;  

aw2
yy IM = . 

ʅʘ ʨʠʩ. 2.5 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʠʷ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʢ ʮʝʥʪʨʫ ʜʠʩʢʘ. 

 
ʈʠʩ.2.5 

 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʤʦʤʝʥʪ 
yM  

ʢʘʢ ʙʳ ʩʪʨʝʤʠʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʧʣʦʩʢʦʩʪʴ ʜʠʩʢʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʂʦʥʝʯʥʦ, ʧʦʩʢʦʣʴʢʫ 
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ʦʩʴ ʩʠʩʪʝʤʳ ʩʯʠʪʘʣʘʩʴ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʡ, ʵʪʦ 

çʩʪʨʝʤʣʝʥʠʝè ʦʩʪʘʥʝʪʩʷ ʥʝʦʩʫʱʝʩʪʚʣʝʥʥʳʤ, ʥʦ ʚ 

ʨʝʘʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʩʴ ʜʝʬʦʨʤʠʨʫʝʪʩʷ, ʤʦʤʝʥʪ 

yM  ʦʢʘʞʝʪ ʚʣʠʷʥʠʝ ʥʘ ʫʧʨʫʛʠʝ ʧʝʨʝʤʝʱʝʥʠʷ. 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝ. 

ʆʙʳʯʥʦ ʧʝʨʝʢʦʩ ʜʠʩʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʥʳʤ, ʘ 

ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʠʟʛʠʙʘ ʚʘʣʘ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ 

ʜʠʩʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʪʦʨʦʥʝ ʦʪ ʩʝʨʝʜʠʥʳ ʧʨʦʣʝʪʘ 

(ʨʠʩ.2.6, ʘ). ʅʘʯʘʣʴʥʳʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʙʫʜʝʤ ʩʯʠʪʘʪʴ 

ʦʪʩʫʪʩʪʚʫʶʱʠʤ, ʠ ʦʧʨʝʜʝʣʠʤ, ʧʨʠ ʢʘʢʦʡ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚʦʟʤʦʞʥʦ ʩʦʩʪʦʷʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠʟʛʠʙʘ 

ʚʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʝʛʦ ʠʟʦʛʥʫʪʘʷ ʦʩʴ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʦʩʠ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨʳ ʧʦʜʰʠʧʥʠʢʦʚ, ʧʨʠʯʝʤ 

ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠʟʦʛʥʫʪʦʡ ʦʩʠ ʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

(ʩʣʫʯʘʡ ʧʨʷʤʦʡ ʩʠʥʭʨʦʥʥʦʡ ʧʨʝʮʝʩʩʠʠ). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʠʟʦʛʥʫʪʳʡ ʚʘʣ ʩ ʜʠʩʢʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʘʢ ʙʳ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʚʨʘʱʘʶʱʝʝʩʷ ʚʦʢʨʫʛ ʦʩʠ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨʳ ʧʦʜʰʠʧʥʠʢʦʚ. 

 
ʈʠʩ.2.6 

ʇʫʩʪʴ r ï ʧʨʦʛʠʙ ʦʩʠ ʚʘʣʘ  ʚ ʩʝʯʝʥʠʠ, ʩ ʢʦʪʦʨʳʤ 

ʩʚʷʟʘʥ ʜʠʩʢ; Ŭ ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʵʪʦʛʦ ʩʝʯʝʥʠʷ ʚ 

ʧʣʦʩʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʚʨʘʱʘʶʱʫʶʩʷ ʦʩʴ ʚʘʣʘ. 

ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʠʩ.2.3, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʫʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʩʦ ʩʪʦʨʦʥʳ ʜʠʩʢʘ 

ʥʘ ʚʘʣ ʜʝʡʩʪʚʫʶʪ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ rm ʢʨ

2w  ʠ ʤʦʤʝʥʪ 

aw2
ʢʨyI . ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʝʜʠʥʠʯʥʳʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ 

(ʨʠʩ.2.6, ʙ,ʚ): 
rrd  - ʧʨʦʛʠʙ ʚʘʣʘ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʜʠʩʢʘ ʦʪ ʝʜʠʥʠʯʥʦʡ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ; 
adr

 - 

ʧʨʦʛʠʙ ʚʘʣʘ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʠʩʢʘ ʦʪ 

ʝʜʠʥʠʯʥʦʛʦ  ʤʦʤʝʥʪʘ, ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʦʤʝʥʪʘ; 
rad  - ʫʛʦʣ  

ʧʦʚʦʨʦʪʘ   ʧʣʦʩʢʦʩʪʠ  ʜʠʩʢʘ   ʦʪ    ʝʜʠʥʠʯʥʦʡ     

ʮʝʥʪʨʦʙʝʞʥʦʡ   ʩʠʣʳ (
aa dd rr =

); 
aad  - ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ ʜʠʩʢʘ ʦʪ ʝʜʠʥʠʯʥʦʛʦ ʤʦʤʝʥʪʘ. 

ʇʨʠ ʧʦʤʦʱʠ ʝʜʠʥʠʯʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʧʦʣʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ r ʠ Ŭ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ: 

aadwdw rʢʨyrrʢʨ Irmr 22 -= ; 

aaa adwdwa 22
ʢʨyrʢʨ Irm -= , 

ʠʣʠ 

îí

î
ì
ë

=++-

=+-

0)1(

0)1(
22

22

aaa

a

dwadw

adwdw

ʢʨyrʢʨ

rʢʨyrrʢʨ

Irm

Imr  

ʇʦʣʫʯʝʥʥʳʝ ʜʚʘ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷ 

ʦʜʥʦʨʦʜʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ (ʧʨʦʛʠʙʘ r ʠ 

ʫʛʣʘ Ŭ).  

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʉʝʢʮʠʷ çʀʥʞʝʥʝʨʥʘʷ ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘè 
 

ʆɹ ɸʂʊʋɸʃʔʅʆʉʊʀ ʉʀʉʊɽʄʓ  ʄʅʆɻʆʂʈʀʊɽʂʀɸʃʔʅʆʁ  ʆʎɽʅʂʀ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ WEB-ʉɸʁʊʆɺ ʆʈɻɸʅʆɺ ʄɽʉʊʅʆɻʆ ʉɸʄʆʋʇʈɸɺʃɽʅʀʗ 
 

ɽ. ʉ. ʄʘʨʠʥʠʥʘ (ʤʘʛʠʩʪʨʘʥʪ)
 1
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɻ. ɽ. ʄʦʥʘʭʦʚʘ (ʢ.ʪ.ʥ., ʜʦʮʝʥʪ)
 2 
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Abstracts ï The study addressed the issues about the need of creation and maintaining official websites of 

municipalities, the problems of these websites and possible ways ofsolving them. The conclusion was made that there is 

a need in systematic monitoring of websites of municipalities; methods, tools and web analytics tool for monitoring 

websites were analyzed. It was concluded a lack of technical tools for expert in the valuation of the websites, from 

which the conclusion was made that there is a needin creationthe multi-criteria system, which will help the specialist to 

assess websites of the municipalities. The projectable system includes dozens of criteria, distributed bygroups, and 

should helpthe specialist to expertize websites of municipalities and to form a brief and detailed reports with means to 

edit and make expert comments on the further development of the web resource. In future the designed system may 

become a major tool for the specialist on the monitoring of the official websites of the municipalities. 

 

ɼʦʢʣʘʜ ʦʩʚʝʱʘʝʪ ʚʦʧʨʦʩʳ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚʝʙ-ʩʘʡʪʦʚ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ 

ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ (ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ) ʩʨʝʜʩʪʚʘʤʠ ʚʝʙ-

ʘʥʘʣʠʪʠʢʠ ʠ ʘʩʧʝʢʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʚʝʙ-ʩʘʡʪʦʚ 

ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ.  

ʂʦʥʮʝʧʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʨʘʟʚʠʪʠʝ ʩʧʦʩʦʙʦʚ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʩʧʝʢʪʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʚʩʝʦʙʱʝʛʦ 

ʨʦʩʪʘ ʯʠʩʣʘ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ, ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʜʝʤʦʢʨʘʪʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʚʘʞʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʷʚʣʷʶʪʩʷ ʚʝʙ-ʩʘʡʪʳ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ 

ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʪ.ʢ. ʠʤʝʥʥʦ ʵʪʠ ʨʝʩʫʨʩʳ ʦʪʚʝʯʘʶʪ ʟʘ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʝ ʫʜʦʙʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʤʠʜʞʘ ʫʯʨʝʞʜʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʬʦʨʤ ʠ ʤʝʪʦʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʨʘʞʜʘʥ ʩ ʫʯʨʝʞʜʝʥʠʝʤ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʘʡʪʘ ʥʘ 

ʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʨʝʞʜʝʥʠʷ, ʥʘ 

ʧʨʦʜʚʠʞʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʤʠʜʞʘ 

ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ, ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʬʠʮʠʘʣʴʥʦʛʦ ʚʝʙ-ʩʘʡʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ. ʇʨʦʠʩʭʦʜʠʪ ʵʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʟ-ʟʘ ʩʠʣʴʥʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʶʜʞʝʪʘ, 

ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ, ʧʨʘʚʦʚʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʩʦʮʠʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʠ ʪ.ʜ.), ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʩʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ ʦʬʠʮʠʘʣʴʥʦʛʦ ʚʝʙ-

ʩʘʡʪʘ ʷʚʣʷʶʪʩʷ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ.  

ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʦʬʠʮʠʘʣʴʥʳʭ ʩʘʡʪʦʚ ʦʨʛʘʥʦʚ 

ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʩʫʪʩʪʚʠʝ ʩʘʡʪʘ, ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʬʝʜʝʨʘʣʴʥʦʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ, ʦʪʩʫʪʩʪʚʠʝ 

ʜʦʣʞʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʘ ʩʦʟʜʘʥʠʝ ʠ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʩʘʡʪʘ, ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʥʦʨʤʘʤ ʫʜʦʙʩʪʚʘ ʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʝʙ-ʩʘʡʪʘ. [2] 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙʣʝʤ 

ʥʝʦʙʭʦʜʠʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ 

ʦʬʠʮʠʘʣʴʥʳʭ ʩʘʡʪʦʚ ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ: ʥʝʧʨʝʨʳʚʥʳʡ 

ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʳ ʢʘʢ ʜʣʷ ʦʮʝʥʢʠ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʙ-ʨʝʩʫʨʩʦʚ, ʪʘʢ ʠ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʚʠʪʠʷ 

ʨʝʩʫʨʩʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ.  ɸʢʪʫʘʣʴʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʚʦʜʠʤʳʭ 

ʢʦʥʢʫʨʩʦʚ ʩʨʝʜʠ ʦʬʠʮʠʘʣʴʥʳʭ ʚʝʙ-ʩʘʡʪʦʚ ʦʨʛʘʥʦʚ 

ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ.  

ʄʦʥʠʪʦʨʠʥʛ ʚʝʙ-ʨʝʩʫʨʩʘ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʢʦʤʧʝʪʝʥʪʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʜʠʘʛʥʦʩʪʠʨʫʶʱʠʤʠ 

ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ, ʠʥʦʛʜʘ ʩ 

ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʄʦʥʠʪʦʨʠʥʛ ʣʶʙʦʛʦ ʚʝʙ-ʨʝʩʫʨʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʚʝʙ-ʘʥʘʣʠʪʠʢʠ. 

ɺʝʙ-ʘʥʘʣʠʪʠʢʘ ï ʵʪʦ ʠʟʤʝʨʝʥʠʝ, ʩʙʦʨ, ʘʥʘʣʠʟ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʦʩʝʪʠʪʝʣʷʭ ʚʝʙ-ʩʘʡʪʘ ʩ ʮʝʣʴʶ ʝʛʦ ʦʧʪʠʤʠʟʘʮʠʠ. [3]  

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʚʝʙ-ʘʥʘʣʠʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠ ʦʮʝʥʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʘʡʪʘ, ʚʳʷʚʣʝʥʠʠ 
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ʧʨʦʙʣʝʤʥʳʭ ʤʝʩʪ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, 

ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʨʝʰʝʥʠʡ, 

ʬʦʨʤʫʣʠʨʦʚʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʨʝʩʫʨʩʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ. 

ʄʝʪʦʜʳ ʚʝʙ-ʘʥʘʣʠʪʠʢʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ:  

1. ɸʥʘʣʠʟ ʧʦʩʝʱʘʝʤʦʩʪʠ ʩʘʡʪʘ (ʩʪʘʪʠʩʪʠʢʘ, 

ʪʝʥʜʝʥʮʠʠ, ʘʙʩʦʣʶʪʥʳʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ);  

2. ɸʥʘʣʠʟ ʶʟʘʙʠʣʠʪʠ ï ʦʮʝʥʢʘ ʫʜʦʙʩʪʚʘ 

ʧʦʣʴʟʦʚʘʥʠʷ ʩʘʡʪʦʤ (ʘʥʘʣʠʟ ʧʣʦʪʥʦʩʪʠ ʱʝʣʯʢʦʚ, 

ʢʦʥʚʝʨʩʠʦʥʥʳʭ ʧʫʪʝʡ);  

3. ɸʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʧʦʩʝʪʠʪʝʣʝʡ (ʩʝʛʤʝʥʪʘʮʠʷ 

ʠ ʘʥʘʣʠʟ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ);  

4. ɹʝʥʯʤʘʨʢʠʥʛ (ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ, 

ʧʦʥʠʤʘʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʠʤʝʶʱʠʭʩʷ ʧʨʠʤʝʨʦʚ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʘ ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ);  

5. ʕʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ (ʧʨʦʮʝʜʫʨʘ ʧʦʣʫʯʝʥʠʷ 

ʦʮʝʥʢʠ ʧʨʦʙʣʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʥʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʡ ʤʝʪʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ, ʨʘʥʞʠʨʦʚʘʥʠʷ). 

ɺ ʨʘʤʢʘʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ ʚʝʙ-

ʘʥʘʣʠʪʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʡ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʚʳʷʚʠʪʴ 

ʪʝ ʠʣʠ ʠʥʳʝ ʜʘʥʥʳʝ ʦ ʧʦʩʝʱʝʥʠʠ ʠʣʠ ʧʦʚʝʜʝʥʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  

ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚʝʙ-

ʘʥʘʣʠʪʠʢʠ ʷʚʣʷʶʪʩʷ: 

1. ʀʥʩʪʨʫʤʝʥʪʳ ʩʙʦʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ (ʩʯʝʪʯʠʢʠ, ʣʦʛ-ʘʥʘʣʠʟʘʪʦʨʳ); 

2. ʀʥʩʪʨʫʤʝʥʪʳ ʘʥʘʣʠʟʘ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 
ʩʘʡʪʘ; 

3. ʀʥʩʪʨʫʤʝʥʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʚʝʙ-

ʨʝʩʫʨʩʘ; 

4. ʀʥʩʪʨʫʤʝʥʪʳ çʢʘʨʪʳ ʢʣʠʢʦʚè ʠ çʢʘʨʪʳ 

ʩʩʳʣʦʢè; 

5. ɺʝʙ-ʚʠʟʦʨʳ; 

6. ʂʦʤʧʣʝʢʩʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ (ʗʥʜʝʢʩ.ʤʝʪʨʠʢʘ, 

Google Analytics). 

ɼʘʞʝ ʩʣʦʞʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, 

ʜʘʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʘʪʠʩʪʠʢʝ ʠ ʧʦʚʝʜʝʥʠʠ 

ʧʦʩʝʪʠʪʝʣʝʡ ʥʘ ʩʘʡʪʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʧʦʤʦʛʘʶʪ ʧʨʠ 

ʛʣʫʙʦʢʦʡ ʵʢʩʧʝʨʪʠʟʝ ʩʘʡʪʘ. ɼʝʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʚʝʙ-

ʩʘʡʪʘ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʚʝʙ-ʘʥʘʣʠʪʠʢʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʨʫʯʥʫʶ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʥʞʠʨʦʚʘʥʠʠ 

ʩʘʡʪʦʚ ʚ ʧʦʠʩʢʦʚʫʶ ʚʳʜʘʯʫ ʗʥʜʝʢʩʘ ʫʯʠʪʳʚʘʝʪʩʷ 

ʵʢʩʧʝʨʪʥʦʝ ʤʥʝʥʠʝ ʘʩʩʝʩʦʨʘ (ʦʮʝʥʱʠʢʘ ʩʘʡʪʘ), 

ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʫʜʦʙʩʪʚʦ ʧʦʣʴʟʦʚʘʥʠʷ ʠ ʜʠʟʘʡʥ ʩʘʡʪʘ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʦʙʲʝʢʪʠʚʥʘʷ ʧʨʦʙʣʝʤʘ 

ʦʪʩʫʪʩʪʚʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ 

ʵʢʩʧʝʨʪʘ, ʦʮʝʥʠʚʘʶʱʝʛʦ ʩʘʡʪ ʧʦ ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ 

ʢʨʠʪʝʨʠʝʚ.  

ɺ ʨʘʤʢʘʭ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʦʙʣʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʦʮʝʥʢʠ ʚʝʙ-ʩʘʡʪʦʚ ʦʯʝʚʠʜʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʝʜʠʥʦʡ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ 

ʦʬʠʮʠʘʣʴʥʳʭ ʩʘʡʪʦʚ ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ, ʧʦʤʦʛʘʶʱʝʡ 

ʩʧʝʮʠʘʣʠʩʪʫ ʧʨʦʚʝʩʪʠ ʦʙʰʠʨʥʫʶ ʵʢʩʧʝʨʪʠʟʫ ʚʝʙ-

ʩʘʡʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʥʝʩʝʥʠʝʤ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʩʫʨʩʘ.   

ʆʩʥʦʚʥʳʝ ʮʝʣʠ ʤʦʥʠʪʦʨʠʥʛʘ ʚʝʙ-ʩʘʡʪʦʚ 

ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ (ʩ ʫʯʝʪʦʤ ʚʳʥʝʩʝʥʠʷ ʦʮʝʥʢʠ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ) ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʇʦʚʳʰʝʥʠʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʚʝʙ-ʩʘʡʪʦʚ, 

ʦʩʚʝʱʘʶʱʠʭ ʨʘʙʦʪʫ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ 

ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ; 

- ʆʙʝʩʧʝʯʝʥʠʝ ʦʪʢʨʳʪʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ; 

- ʇʦʚʳʰʝʥʠʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʛʨʘʞʜʘʥ ʚ 

ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʭ ʩʦʮʠʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ, 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ; 

- ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʬʦʨʤ ʠ ʤʝʪʦʜʦʚ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʦʨʛʘʥʦʚ ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ ʩ 

ʥʘʩʝʣʝʥʠʝʤ; 

- ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʟʠʪʠʚʥʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʤʥʝʥʠʷ ʠ ʫʢʨʝʧʣʝʥʠʝ ʜʦʚʝʨʠʷ ʢ ʦʨʛʘʥʫ ʤʝʩʪʥʦʛʦ 

ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ; 

- ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ 
(ʝʜʠʥʩʪʚʦ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ 

ʠ ʚʝʙ-ʨʝʩʫʨʩʦʚ ʣʦʢʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ). 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʦʮʝʥʢʠ ʚʝʙ-ʩʘʡʪʦʚ ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ:  

- ʆʧʪʠʤʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ; 

- ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʚʝʙ-ʩʘʡʪʘ; 

- ʏʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʚʝʙ-ʩʘʡʪʘ (ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ  ʵʢʩʧʝʨʪʦʤ ʚʨʫʯʥʫʶ, 

ʫʤʝʥʴʰʝʥʠʝ ʜʫʙʣʠʨʫʶʱʠʭ ʦʧʝʨʘʮʠʡ); 

- ɼʦʩʪʠʞʝʥʠʝ ʥʦʚʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʚʝʙ-ʩʘʡʪʦʚ 

ʩ ʧʦʤʦʱʴʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʭʦʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: ʘʥʘʣʠʟ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʘʥʘʣʠʟ ʶʟʘʙʠʣʠʪʠ 

ʠʥʪʝʨʬʝʡʩʘ, ʜʠʟʘʡʥ ʩʘʡʪʘ, ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʩʪʴ ʩʘʡʪʘ, 

ʘʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ 

ʛʨʫʧʧʳ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʧʦʜʨʦʙʥʝʝ (ʢʫʨʩʠʚʦʤ 

ʚʳʜʝʣʝʥʳ ʥʝʦʙʷʟʘʪʝʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ):  

1. ɸʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ï 

ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ ʩʘʡʪʘ: 

- ʉʦʦʪʚʝʪʩʪʚʠʝ ʌʝʜʝʨʘʣʴʥʦʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ (ʚ 
ʦʩʥʦʚʥʦʤ, 8-ʌɿ ʦʪ 9.02.2009) ʠ ʤʝʩʪʥʳʤ ʟʘʢʦʥʘʤ [1]: 

Á ʂʦʥʪʘʢʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʪʝʣʝʬʦʥʳ, 

ʧʦʯʪʦʚʳʡ ʘʜʨʝʩ, ʵʣʝʢʪʨʦʥʥʳʝ ʘʜʨʝʩʘ, ʙʘʥʢʦʚʩʢʠʝ 

ʨʝʢʚʠʟʠʪʳ, ʢʦʥʪʘʢʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪʜʝʣʦʚ ʠ 

ʨʫʢʦʚʦʜʠʪʝʣʝʡ, ʢʦʥʪʘʢʪʳ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʩʘʡʪʘ); 

Á ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ 

ʜʘʥʥʳʝ, ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʥʦʤʦʯʠʷʭ, ʩʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ 

ʫʯʨʝʞʜʝʥʠʷ, ʩʚʝʜʝʥʠʷ ʦ ʨʫʢʦʚʦʜʠʪʝʣʷʭ); 
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Á ʀʥʬʦʨʤʘʮʠʷ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʨʘʚʦʚʘʷ ʙʘʟʘ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʨʝʛʣʘʤʝʥʪʳ, 

ʨʝʛʫʣʠʨʫʶʱʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ, 

ʩʚʝʜʝʥʠʷ ʦ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʚʠʟʠʪʘʭ, ʪʝʢʩʪʳ ʨʝʯʝʡ); 

Á ʈʘʙʦʪʘ ʩ ʛʨʘʞʜʘʥʘʤʠ (ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʬʦʨʤʳ 

ʦʙʨʘʱʝʥʠʡ ʛʨʘʞʜʘʥ); 

Á ʆʪʯʝʪʥʳʝ ʜʘʥʥʳʝ ʫʯʨʝʞʜʝʥʠʷ 

(ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʙ ʫʯʨʝʞʜʝʥʠʠ, ʩʚʝʜʝʥʠʷ ʦ 

ʙʶʜʞʝʪʝ, ʩʧʠʩʘʥʠʷ, ʣʴʛʦʪʳ, ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʠ ʪ.ʜ.). 

- ʅʦʚʦʩʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ (ʥʦʚʦʩʪʥʘʷ ʣʝʥʪʘ, ʥʦʚʦʩʪʥʘʷ 

ʨʘʩʩʳʣʢʘ); 

- ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʩʘʡʪʝ; 

- ʃʘʢʦʥʠʯʥʦʩʪʴ (ʦʪʩʫʪʩʪʚʠʝ ʣʠʰʥʝʡ ʠʥʬʦʨʤʘʮʠʠ, 
ʥʝʥʫʞʥʳʭ ʙʣʦʢʦʚ (ʧʨʦʛʥʦʟʦʚ ʧʦʛʦʜʳ, ʯʘʩʦʚ, 

ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ ʢʘʣʝʥʜʘʨʝʡ ʠ ʪ.ʜ.); 

- ɺʢʣʶʯʸʥʥʦʩʪʴ ʚ ʢʦʥʪʝʢʩʪ (ʠʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ 
ʪʝʤʘʪʠʯʝʩʢʠ ʙʣʠʟʢʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʨʘʟʚʠʪʘʷ ʩʠʩʪʝʤʘ 

ʩʩʳʣʦʢ, ʙʘʥʥʝʨʳ); 

- ɻʨʘʤʦʪʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ 

(ʦʪʩʫʪʩʪʚʠʝ ʦʨʬʦʛʨʘʬʠʯʝʩʢʠʭ, ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ, 

ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ, ʧʫʥʢʪʫʘʮʠʦʥʥʳʭ ʠ ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ 

ʦʰʠʙʦʢ); 

- ʅʘʣʠʯʠʝ ʤʝʜʠʘʢʦʥʪʝʥʪʘ (ʬʦʪʦʛʘʣʝʨʝʷ, ʘʥʠʤʘʮʠʷ, 
ʚʠʜʝʦʤʘʪʝʨʠʘʣ), ʝʛʦ ʢʘʯʝʩʪʚʦ (ʦʧʪʠʤʠʟʘʮʠʷ 

ʤʝʜʠʘʢʦʥʪʝʥʪʘ, ʧʨʦʩʤʦʪʨ ʙʝʟ ʫʩʪʘʥʦʚʢʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʇʆ); 

- ʅʘʣʠʯʠʝ ʠʥʬʦʛʨʘʬʠʢʠ (ʩʭʝʤʳ, ʜʠʘʛʨʘʤʤʳ, 

ʪʘʙʣʠʮʳ). 

 

2. ʖʟʘʙʠʣʠʪʠ ʠʥʪʝʨʬʝʡʩʘ ï ʦʮʝʥʢʘ ʫʜʦʙʩʪʚʘ 

ʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʤ: 

- ʂʘʨʪʘ ʩʘʡʪʘ; 

- ʇʦʠʩʢ (ʫʜʦʙʩʪʚʦ ʧʦʣʴʟʦʚʘʥʠʷ ʧʦʠʩʢʦʤ, 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ, ʧʦʠʩʢ ʧʦ ʢʘʪʝʛʦʨʠʷʤ); 

- ɺʝʨʩʠʷ ʜʣʷ ʧʝʯʘʪʠ; 

- ɺʝʨʩʠʷ ʜʣʷ ʩʣʘʙʦʚʠʜʷʱʠʭ; 

- ɺʝʨʩʠʷ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

- ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ (ʙʣʠʟʦʩʪʴ ʠʥʪʝʨʬʝʡʩʥʳʭ 

ʨʝʰʝʥʠʡ ʢ ʦʙʱʝʧʨʠʥʷʪʳʤ ʧʨʘʚʠʣʘʤ); 

- ʅʘʚʠʛʘʮʠʷ: 

Á ʅʘʣʠʯʠʝ ʩʢʚʦʟʥʦʛʦ ʤʝʥʶ 

(ʧʨʠʩʫʪʩʪʚʫʶʱʝʝ ʥʘ ʢʘʞʜʦʡ ʩʪʨʘʥʠʮʝ ʩʘʡʪʘ); 

Á ʉʤʳʩʣʦʚʘʷ ʪʦʧʦʛʨʘʬʠʷ (ʷʩʥʦʩʪʴ 

ʢʦʥʮʝʧʮʠʠ ʨʘʟʤʝʱʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʦʧʨʘʚʜʘʥʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʠ 

ʛʨʫʧʧʠʨʦʚʦʢ ʵʣʝʤʝʥʪʦʚ); 

Á ʕʣʝʤʝʥʪʳ ʥʘʚʠʛʘʮʠʠ ʜʦʣʞʥʳ ʚʳʛʣʷʜʝʪʴ 

ʢʣʠʢʘʙʝʣʴʥʦ (ʦʬʦʨʤʣʝʥʠʝ ʢʥʦʧʦʢ, ʧʦʜʯʝʨʢʠʚʘʥʠʝ 

ʩʩʳʣʦʢ); 

Á ʉʩʳʣʢʘ ʥʘ ʛʣʘʚʥʫʶ ʩʪʨʘʥʠʮʫ ʩ ʣʶʙʦʡ 

ʚʥʫʪʨʝʥʥʝʡ (ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʣʦʛʦʪʠʧʘ ʩʘʡʪʘ); 

Á çʍʣʝʙʥʳʝ ʢʨʦʰʢʠè; 

Á ʀʥʜʠʢʘʪʦʨʳ, ʦʨʠʝʥʪʠʨʫʶʱʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʥʘ ʩʘʡʪʝ (ʚʳʜʝʣʝʥʠʝ 

ʘʢʪʠʚʥʳʭ ʧʫʥʢʪʦʚ ʤʝʥʶ, ʘʢʪʠʚʥʳʭ ʩʩʳʣʦʢ, 

ʨʝʘʛʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʥʘ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ); 

Á çʇʨʘʚʠʣʦ ʪʨʸʭ ʢʣʠʢʦʚè (ʣʶʙʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʫʧʥʘ ʚ ʪʨʠ ʢʣʠʢʘ ʩ 

ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʳ); 

Á çʇʨʘʚʠʣʦ 7Ñ2è (ʣʶʙʦʡ ʩʧʠʩʦʢ ʥʘʚʠʛʘʮʠʠ 

ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʤʘʢʩʠʤʫʤ 7-9 ʧʫʥʢʪʦʚ ʤʝʥʶ 

ʧʦʜʨʷʜ); 

- ʊʠʧʦʛʨʘʬʠʢʘ (ʯʠʪʘʙʝʣʴʥʦʩʪʴ ʪʝʢʩʪʘ, 

ʢʦʥʪʨʘʩʪʥʦʩʪʴ); 

- ɺʳʜʝʣʝʥʠʝ ʟʘʛʦʣʦʚʢʦʚ ʠ ʧʦʜʟʘʛʦʣʦʚʢʦʚ (H1, H2 ʠ 

ʪ.ʜ.); 

- ʇʨʘʚʠʣʦ çʧʝʨʚʦʛʦ ʵʢʨʘʥʘè (ʜʦʩʪʫʧʥʦʩʪʴ ʚʘʞʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʙʝʟ ʧʨʦʢʨʫʪʢʠ ʩʢʨʦʣʣʘ). 

3. ɼʠʟʘʡʥ ʩʘʡʪʘ ï ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʩʘʡʪʘ: 

- ʀʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ (ʥʘʟʚʘʥʠʝ, 

ʛʝʨʙ/ʣʦʛʦʪʠʧ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʠʤʚʦʣʠʢʘ, ʢʦʧʠʨʘʡʪ); 

- ʆʧʨʘʚʜʘʥʥʦʩʪʴ ʠ ʫʤʝʩʪʥʦʩʪʴ ʜʠʟʘʡʥʝʨʩʢʠʭ 

ʨʝʰʝʥʠʡ; 

- ʃʘʢʦʥʠʯʥʦʩʪʴ (ʦʪʩʫʪʩʪʚʠʝ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ, 

ʣʠʰʥʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʣʠʯʠʝ çʚʦʟʜʫʭʘè); 

- ʊʠʧʦʛʨʘʬʠʢʘ (ʰʨʠʬʪʦʚʦʝ ʨʝʰʝʥʠʝ, ʚʝʙ-

ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʘʨʥʠʪʫʨʳ ʰʨʠʬʪʘ, ʢʦʨʨʝʢʪʥʦʩʪʴ 

ʦʪʦʙʨʘʞʝʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʛʘʨʥʠʪʫʨ); 

- ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʜʠʟʘʡʥʘ (ʚʧʠʩʳʚʘʥʠʝ ʥʦʚʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʩʘʡʪʘ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʜʠʟʘʡʥʘ); 

- ɻʠʙʢʦʩʪʴ ʜʠʟʘʡʥʘ (ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 
ʨʘʩʰʠʨʝʥʠʷʭ ʠ ʧʨʦʧʦʨʮʠʷʭ ʵʢʨʘʥʦʚ); 

- ʂʘʯʝʩʪʚʦ ʛʨʘʬʠʢʠ, ʠʣʣʶʩʪʨʘʮʠʡ, ʠʢʦʥʦʢ, ʚʝʙ-

ʵʣʝʤʝʥʪʦʚ (ʦʧʪʠʤʠʟʘʮʠʷ ʜʣʷ ʚʝʙ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʧʦʪʝʨʴ ʢʘʯʝʩʪʚʘ); 

- ʉʨʝʜʩʪʚʘ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʠ: 

Á ʉʦʤʘʩʰʪʘʙʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ; 

Á ʉʦʙʣʶʜʝʥʠʝ ʧʨʦʧʦʨʮʠʡ; 

Á ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʫʣʴʥʦʡ ʩʝʪʢʠ; 

Á ʎʚʝʪʦʚʘʷ ʧʘʣʠʪʨʘ (ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʣʠʪʨʳ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩʘʡʪʘ, ʫʯʸʪ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʮʚʝʪʘ, ʩʦʯʝʪʘʥʠʝ 

ʮʚʝʪʦʚʦʛʦ ʨʝʰʝʥʠʷ); 

Á ʉʠʤʤʝʪʨʠʷ (ʠʣʠ ʛʘʨʤʦʥʠʯʥʘʷ ʘʩʠʤʤʝʪʨʠʷ) 

ʚʝʙ-ʵʣʝʤʝʥʪʦʚ; 

Á ʂʦʥʪʨʘʩʪ ʠ ʥʶʘʥʩ (ʦʙʝʩʧʝʯʝʥʠʝ ʷʩʥʦʡ 

ʚʠʟʫʘʣʴʥʦʡ ʠʝʨʘʨʭʠʠ); 

Á ʉʚʝʪʦʪʝʥʴ, ʪʝʢʩʪʫʨʘ, ʨʝʣʴʝʬ (ʚʳʜʝʣʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ); 

Á ʉʪʠʣʝʚʦʝ ʝʜʠʥʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʩʪʨʘʥʠʮ 

ʩʘʡʪʘ; 

4. ʂʦʤʤʫʥʠʢʘʪʠʚʥʦʩʪʴ ʩʘʡʪʘ ï ʦʮʝʥʢʘ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ: 

- ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʥʪʘʢʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ʫʯʨʝʞʜʝʥʠʷ (ʵʣʝʢʪʨʦʥʥʳʝ ʘʜʨʝʩʘ, ʧʨʠʚʷʟʢʘ ʢ Skype, 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʢʘʨʪʳ ʧʨʦʝʟʜʘ, ʩʚʷʟʴ ʩ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʩʘʡʪʘ); 
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- ʈʘʟʜʝʣ çɺʦʧʨʦʩ/ʦʪʚʝʪè, çʏʘʩʪʦ ʟʘʜʘʚʘʝʤʳʝ 

ʚʦʧʨʦʩʳè; 

- ʈʘʟʜʝʣ ʦʙʨʘʱʝʥʠʡ ʛʨʘʞʜʘʥ çʀʥʪʝʨʥʝʪ-

ʧʨʠʝʤʥʘʷè ʠʣʠ çʌʦʨʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠè; 

- ʋʩʣʫʛʠ ʦʥʣʘʡʥ (ʨʝʘʣʠʟʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ); 

- ʀʥʪʝʛʨʘʮʠʷ ʩ ʩʦʮʠʘʣʴʥʳʤʠ ʩʝʪʷʤʠ; 

- ʂʦʥʩʫʣʴʪʘʥʪ ʦʥ-ʣʘʡʥ; 

- ɻʦʣʦʩʦʚʘʥʠʷ, ʦʧʨʦʩʳ; 

- ɸʚʪʦʨʠʟʘʮʠʷ ʥʘ ʩʘʡʪʝ,  ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ. 

- ʇʨʦʬʠʣʠʨʦʚʘʥʠʝ (ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʮʝʥʘʨʠʝʚ ʜʣʷ ʨʘʟʥʳʭ ʢʘʪʝʛʦʨʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ); 

5. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʦʮʝʥʢʘ 

ʪʝʭʥʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʚʝʙ-ʨʝʩʫʨʩʘ: 

- ʆʮʝʥʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʘʡʪʦʤ 

(ʥʘʜʝʞʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ); 

- ɼʦʤʝʥ (ʫʨʦʚʝʥʴ ʜʦʤʝʥʘ, ʣʸʛʢʦʩʪʴ ʟʘʧʦʤʠʥʘʥʠʷ, 
ʙʣʘʛʦʟʚʫʯʥʦʩʪʴ); 

- ʍʦʩʪʠʥʛ (ʩʪʘʙʠʣʴʥʦʩʪʴ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʝʨʩʠʡ 

ʇʆ); 

- ʂʨʦʩʩʙʨʘʫʟʝʨʥʦʩʪʴ (Internet Explorer 6.0 ʠ ʚʳʰʝ, 

Google Chrome, Mozilla Firefox 1.0 ʠ ʚʳʰʝ, Opera 7.0 ʠ 

ʚʳʰʝ); 

- ʈʘʩʰʠʨʷʝʤʦʩʪʴ, ʘʜʘʧʪʠʚʥʦʩʪʴ (ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ); 

- ɻʠʙʢʦʩʪʴ (ʘʜʝʢʚʘʪʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʚʝʨʩʪʢʠ ʧʨʠ 
ʨʘʟʥʳʭ ʨʘʟʨʝʰʝʥʠʷ ʠ ʧʨʦʧʦʨʮʠʷʭ ʤʦʥʠʪʦʨʦʚ, 

ʦʪʩʫʪʩʪʚʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʦʩʳ ʧʨʦʢʨʫʪʢʠ ʧʨʠ 

ʰʠʨʠʥʝ ʦʪ 1024px); 

- ɺʨʝʤʷ ʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ, ʝʛʦ ʦʧʨʘʚʜʘʥʥʦʩʪʴ; 

- ʂʦʨʨʝʢʪʥʦʩʪʴ ʨʘʙʦʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʘʡʪʘ (ʧʦʠʩʢʘ, ʬʦʨʤʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ 

ʪ.ʜ., ʦʪʩʫʪʩʪʚʠʝ ʤʸʨʪʚʳʭ ʩʩʳʣʦʢ); 

- ʆʙʨʘʙʦʪʢʘ ʦʰʠʙʦʢ; 

- ʂʦʣʠʯʝʩʪʚʦ ʧʦʩʝʱʝʥʠʡ ʫʥʠʢʘʣʴʥʳʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ; 

- ʀʥʜʝʢʩ ʮʠʪʠʨʦʚʘʥʠʷ ʩʘʡʪʘ; 

- ɹʝʟʦʧʘʩʥʦʩʪʴ (ʚʦʟʤʦʞʥʦʩʪʴ ʙʣʦʢʠʨʦʚʢʠ, 

ʫʥʠʯʪʦʞʝʥʠʷ, ʤʦʜʠʬʠʢʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ). 

 ʄʝʪʦʜʠʢʘ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʚʝʙ-ʩʘʡʪʦʚ 

ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʀʥʪʝʨʥʝʪ-

ʢʦʥʢʫʨʩʦʚ ʚʦ ʤʥʦʛʠʤ ʩʭʦʞʘ ʩ ʨʘʥʞʠʨʦʚʘʥʠʝʤ ʩʘʡʪʦʚ 

ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʦʡ (ʚʳʩʪʨʘʠʚʘʥʠʝʤ ʧʦʠʩʢʦʚʦʡ 

ʩʠʩʪʝʤʦʡ ʩʘʡʪʦʚ ʧʦ ʠʭ ʥʘʠʙʦʣʴʰʝʤʫ ʩʦʦʪʚʝʪʩʪʚʠʶ 

ʢʦʥʢʨʝʪʥʦʤʫ ʟʘʧʨʦʩʫ). 

ʄʝʪʦʜ ʥʘʢʦʧʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʙʘʣʣʘ ï ʤʝʪʦʜʠʢʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʩʘʡʪʦʚ, ʢʦʛʜʘ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʢʨʠʪʝʨʠʷʤ ʦʮʝʥʢʠ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʙʘʣʣʳ, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʩʫʤʤ 

ʙʘʣʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʥʛ ʩʘʡʪʘ. 

ʃʦʛʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʠʪʴ ʤʝʪʦʜʠʢʫ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʮʝʥʢʠ ʚʝʙ-ʩʘʡʪʦʚ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʡ 

ʪʘʙʣʠʮʳ: 

 

ʊʘʙʣʠʮʘ 1 ï ʇʨʠʥʮʠʧ ʤʝʪʦʜʠʢʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʮʝʥʢʠ ʚʝʙ-ʩʘʡʪʦʚ 

ʂʨʠʪ

ʝʨʠʠ 

ʆʬʠʮʠʘʣʴʥʳʝ ʩʘʡʪʳ 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ɺʝʩ 

ʢʨʠʪʝ

ʨʠʷ ɺʝʙ-

ʩʘʡʪ1 

ɺʝʙ-

ʩʘʡʪ2 

... ɺʝʙ-

ʩʘʡʪm 

C1 ʜʘʥʥʳʝ ʜʘʥʥʳʝ ... ʜʘʥʥʳʝ ʂ1 

C2 ʜʘʥʥʳʝ ʜʘʥʥʳʝ ... ʜʘʥʥʳʝ ʂ2 

é é é ... é é 

Cn ʜʘʥʥʳʝ ʜʘʥʥʳʝ ... ʜʘʥʥʳʝ ʂn 

 

ʈʝʡʪʠʥʛ

ʦʚʘʷ 

ʦʮʝʥʢʘ 

(Rj) R1 R2 ... Rm 

 

ʈʝʟʫʣʴʪʘ

ʪ (ʤʝʩʪʦ) 

ˉ1 ˉ2 ... ˉm 

 

ɻʜʝ C1, C2, é, Cn ï ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ; 

ɼʘʥʥʳʝ ï ʦʮʝʥʢʠ ʧʦ ʢʨʠʪʝʨʠʷʤ, ʟʘʧʦʣʥʷʝʤʳʝ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʪʠʟʳ; 

ʈʝʡʪʠʥʛʦʚʘʷ ʦʮʝʥʢʘ (Rj) ʦʧʨʝʜʝʣʷʝʪ ʩʫʤʤʘʨʥʳʡ 

ʙʘʣ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʥʛʘ ʩʘʡʪʘ, ʫʧʨʦʱʝʥʥʘʷ 

ʬʦʨʤʫʣʘ (1) ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʙʘʣʣʦʚ: 

                                         

Rj = Sn = ʂ1S1 + ʂ2S2 + ... + ʂnSʢ    (1) 

ɻʜʝ S1, S2, S3 ... Sʢ - ʟʥʘʯʠʤʦʩʪʴ ʦʪʜʝʣʴʥʦʛʦ 

ʢʨʠʪʝʨʠʠ; 

Sn - ʩʫʤʤʘʨʥʳʡ ʙʘʣʣ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʥʛ ʩʘʡʪʘ ʚ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ ʩʧʠʩʢʝ.  

ʂ1, ʂ2, é, ʂn ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʥʘʟʥʘʯʘʝʤʳʝ ʵʢʩʧʝʨʪʦʤ. ʅʘʧʨʠʤʝʨ, 

ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʨʠʪʝʨʠʝʚ ʛʨʫʧʧʳ ʦʮʝʥʢʠ 

ʫʜʦʙʩʪʚʘ ʧʦʣʴʟʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1 ï ɸʜʤʠʥʠʩʪʨʘʪʦʨʩʢʘʷ ʧʘʥʝʣʴ ʩʠʩʪʝʤʳ: 

ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʫʜʦʙʩʪʚʘ 

ʧʦʣʴʟʦʚʘʥʠʷ 

ʕʢʩʧʝʨʪ ʧʨʠ ʨʘʙʦʪʝ ʚ ʩʠʩʪʝʤʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʟʘʧʦʣʥʷʝʪ ʜʘʥʥʳʝ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʢʨʠʪʝʨʠʝʚ (ʨʠʩʫʥʢʠ 

2 ʠ 3), ʧʦʩʣʝ ʯʝʛʦ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪ ʢʨʘʪʢʠʡ ʦʪʯʝʪ ʩ 

ʫʢʘʟʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʚʝʙ-ʨʝʩʫʨʩʘ. 
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ʈʠʩʫʥʦʢ 2 ï ɼʠʟʘʡʥ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʦʮʝʥʢʠ 

 

 
ʈʠʩʫʥʦʢ 3 ï ʌʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ 

 

ʕʢʩʧʝʨʪ ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʴ ʦʪʯʝʪ ʩʚʦʠʤ 

ʟʘʢʣʶʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʚʝʙ-ʩʘʡʪʘ, ʘ ʪʘʢʞʝ ʧʨʦʩʤʦʪʨʝʪʴ ʜʝʪʘʣʴʥʳʡ ʦʪʯʝʪ 

ʦʮʝʥʢʠ ʧʦ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ (ʨʠʩʫʥʦʢ 4). 

  

 
ʈʠʩʫʥʦʢ 4 ï ɺʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʠ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʪʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʚ 

ʜʝʪʘʣʴʥʦʤ ʦʪʯʝʪʝ 

 

ʉʠʩʪʝʤʘ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪ ɹʩʧʝʮʠʘʣʠʩʪʫ ʧʨʦʚʦʜʠʪʴ 

ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʫʶ ʵʢʩʧʝʨʪʠʟʫ ʚʝʙ-ʩʘʡʪʘ 

ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ, ʬʦʨʤʠʨʦʚʘʪʴ ʢʨʘʪʢʠʡ ʠ ʜʝʪʘʣʴʥʳʡ 

ʦʪʯʝʪ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʚʥʝʩʝʥʠʷ 

ʢʦʤʤʝʥʪʘʨʠʝʚ ʵʢʩʧʝʨʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʚʝʙ-ʨʝʩʫʨʩʘ (ʨʠʩʫʥʦʢ 5)..  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʬʠʮʠʘʣʴʥʳʭ ʚʝʙ-ʩʘʡʪʦʚ ʦʨʛʘʥʦʚ 

ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʙʣʝʤʳ ʵʪʠʭ ʚʝʙ-

ʨʝʩʫʨʩʦʚ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʝʙ-ʩʘʡʪʦʚ 

ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʚʝʙ-ʘʥʘʣʠʪʠʢʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʘʡʪʦʚ, ʠʟ ʯʝʛʦ ʙʳʣ 

ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ, 

ʧʦʤʦʛʘʶʱʝʡ ʵʢʩʧʝʨʪʫ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʧʦ 

ʰʠʨʦʢʦʤʫ ʥʘʙʦʨʫ ʢʨʠʪʝʨʠʝʚ. ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ 

ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢʨʠʪʝʨʠʝʚ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʛʨʫʧʧʘʤ, ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʝʪ 

ʩʪʘʪʴ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʧʝʮʠʘʣʠʩʪʘ, 

ʧʨʦʚʦʜʷʱʝʛʦ ʵʢʩʧʝʨʪʠʟʫ ʦʬʠʮʠʘʣʴʥʳʭ ʚʝʙ-ʩʘʡʪʦʚ 

ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ.  

 
        

ʈʠʩʫʥʦʢ 5 ï ɼʝʪʘʣʴʥʳʡ ʠ ʢʦʤʧʘʢʪʥʳʡ ʦʪʯʝʪʳ  

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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Abstracts ï A comparative analysis of two popular graphics systems COMPAS-3D and AutoCAD. Analysis was 

performed on the example project, which consisted of interior and exterior of the building model. We analyzed the 

possibility of an interface, the principles of creating models, and features a realistic representation of three-dimensional 

models. 
 

ʊʨʝʭʤʝʨʥʳʝ ʉɸʇʈ ʧʨʦʠʟʚʝʣʠ ʨʝʚʦʣʶʮʠʶ ʚ 

ʨʘʙʦʪʝ ʠʥʞʝʥʝʨʦʚ. ʉʝʡʯʘʩ ʠʤʝʝʪʩʷ ʥʝʤʘʣʦ 

ʪʨʝʭʤʝʨʥʳʭ ʉɸʇʈ. ʀ ʭʦʪʷ ʚʩʝʤ ʠʤ ʧʨʠʩʫʱʠ 

ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ 3D-ʪʝʭʥʦʣʦʛʠʠ, ʦʥʠ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʫ, ʩʧʦʩʦʙʘʤ ʚʥʝʜʨʝʥʠʷ, 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʠ, ʢʦʥʝʯʥʦ, 

ʩʪʦʠʤʦʩʪʠ. 

3D-ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʠʟʜʝʣʠʝ ʜʦ 

ʩʦʟʜʘʥʠʷ ʯʝʨʪʝʞʝʡ ʠʣʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ. ʆʩʥʦʚʥʳʤ 

ʜʦʢʫʤʝʥʪʦʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʦʙʲʝʤʥʘʷ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ. ɺ ʦʙʲʝʤʥʦʩʪʠ ʠ ʩʦʩʪʦʠʪ ʦʜʥʦ 

ʠʟ ʛʣʘʚʥʳʭ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚ. ɻʦʚʦʨʷʪ, ʯʪʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʦʠʪ ʪʳʩʷʯʠ ʩʣʦʚ, ʪʦ 3D-ʤʦʜʝʣʴ ʩʪʦʠʪ 

ʪʳʩʷʯʠ ʯʝʨʪʝʞʝʡ.  ʅʝʩʣʫʯʘʡʥʦ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠʟʜʝʣʠʷ 

ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚ ʜʣʠʥʥʦʤ ʩʧʠʩʢʝ 

ʧʨʝʠʤʫʱʝʩʪʚ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʝʜʴ 

ʧʣʦʩʢʠʡ ʯʝʨʪʝʞ ʩʪʘʪʠʯʝʥ, ʘ ʤʦʜʝʣʴ ʤʦʞʥʦ 

ʧʦʚʦʨʘʯʠʚʘʪʴ ʠ ʠʟʫʯʘʪʴ ʩ ʣʶʙʦʡ ʪʦʯʢʠ, ʤʝʥʷʷ 

ʤʘʩʰʪʘʙ ʧʨʦʩʤʦʪʨʘ ʧʦ ʩʚʦʝʤʫ ʫʩʤʦʪʨʝʥʠʶ. ʇʨʠ ʵʪʦʤ 

ʥʝʩʣʦʞʥʦ ʟʘʤʝʪʠʪʴ ʦʰʠʙʢʠ ʠ ʥʝʩʪʳʢʦʚʢʠ ʚ ʧʨʦʝʢʪʝ ʠ 

ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʩʭʦʜʥʦʤʫ 

ʟʘʤʳʩʣʫ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʠʪʴ ʧʨʦʚʝʨʢʫ ʙʫʜʫʱʝʛʦ 

ʠʟʜʝʣʠʷ ʥʘ ʩʦʙʠʨʘʝʤʦʩʪʴ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʨʝʭʤʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʘʪʁ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʝʝ ʠ ʚ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ 

ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʝʢʪ, ʥʘʡʪʠ ʦʰʠʙʢʠ ʝʱʝ ʜʦ ʥʘʯʘʣʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʚʝʜʴ ʠʩʧʨʘʚʣʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʥʝʜʦʯʝʪʦʚ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʦʙʭʦʜʠʪʩʷ ʚ ʩʦʪʥʠ ʨʘʟ ʜʝʰʝʚʣʝ, ʯʝʤ ʥʘ ʵʪʘʧʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ[3]. 

3D-ʪʝʭʥʦʣʦʛʠʷ ʧʦʤʦʛʘʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ 

ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʄʦʜʝʣʠ ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʚ 

ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ ʠʟʜʝʣʠʡ: ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʠʙʨʘʮʠʠ, ʫʧʨʘʚʣʷʝʤʦʩʪʴ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ 

ʠ ʪ. ʜ. ʇʦ 3D-ʤʦʜʝʣʷʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʯʠʩʣʷʶʪʩʷ 

ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʙʲʝʤ ʠ 

ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʢ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʨʝʭʤʝʨʥʳʤ ʤʝʪʦʜʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʛʨʦʤʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʜʚʫʤʝʨʥʳʤʠ. ɸʥʘʣʠʟ 

ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʢʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʨʘʙʦʪʘʪʴ 

ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʝʶʱʠʭʩʷ ʬʫʥʢʮʠʡ ʠ ʮʝʥ, ʚʩʝ 

ʉɸʇʈ ʤʦʛʫʪ ʙʳʪʴ ʫʩʣʦʚʥʦ ʧʦʜʝʣʝʥʳ ʥʘ çʚʝʩʦʚʳʝ 

ʢʘʪʝʛʦʨʠʠè.  

ʉɸʇʈ  ʣʝʛʢʠʡ ʚʝʩ. ʕʪʠ ʉɸʇʈ ʩʣʫʞʘʪ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʯʪʠ ʚʩʝʭ ʨʘʙʦʪ ʩ ʜʚʫʤʝʨʥʳʤʠ 

ʯʝʨʪʝʞʘʤʠ ʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʧʦ 

ʪʨʝʭʤʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ 

ʩʠʩʪʝʤ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦʨʷʜʢʘ 80% ʚʩʝʭ ʨʘʙʦʪ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ.  ʆʙʣʘʩʪʴ ʠʭ ʨʘʙʦʪʳ - ʩʦʟʜʘʥʠʝ 

ʯʝʨʪʝʞʝʡ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ. ʍʘʨʘʢʪʝʨʥʳʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʪʘʢʠʭ ʉɸʇʈ - AutoCAD, T-FlexCAD 

2D. 

       ʉɸʇʈ ʩʨʝʜʥʠʡ ʚʝʩ. ʇʦ ʩʚʦʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ 

ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʦʭʚʘʪʳʚʘʶʪ ʉɸʇʈ çʣʝʛʢʦʛʦ ʚʝʩʘè 

ʧʣʶʩ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʩʦ ʩʙʦʨʢʘʤʠ, ʠ ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʧʘʨʘʤʝʪʨʘʤ ʦʥʠ ʫʞʝ ʥʝ ʫʩʪʫʧʘʶʪ ʪʷʞʝʣʳʤ 

ʉɸʇʈ. ɸ ʚ ʫʜʦʙʩʪʚʝ ʨʘʙʦʪʳ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʷʪ. 

ʆʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠʥʪʝʛʨʘʮʠʠ 

ʩ CAM ʧʨʦʛʨʘʤʤʘʤʠ. ʕʪʦ ʥʝ ʧʨʦʩʪʦ ʧʨʦʛʨʘʤʤʳ, ʘ 

ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚ ʯʘʩʪʥʦʩʪʠ Autodesk 

Mechanical Desktop, T-Flex, Solid Works.  

         ʉɸʇʈ ʪʷʞʝʣʳʡ ʚʝʩ. ʕʪʠ ʩʠʩʪʝʤʳ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʭ ʟʘʜʘʯ 

- ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, 

ʦʧʪʠʤʠʟʠʨʫʶʱʠʭ ʨʘʩʯʝʪʦʚ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʨʘʩʯʝʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʠ 

ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʪ.ʜ. ʆʙʳʯʥʦ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʚʭʦʜʷʪ 

ʛʨʘʬʠʯʝʩʢʠʝ ʤʦʜʫʣʠ, ʤʦʜʫʣʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʩʯʝʪʦʚ, ʧʦʩʪʧʨʦʮʝʩʩʦʨʳ ʜʣʷ ʩʪʘʥʢʦʚ ʩ ʏʇʋ. 
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ʇʨʠʤʝʨʘʤʠ çʪʷʞʝʣʳʭè ʉɸʇʈ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʘʢʠʝ 

ʧʨʦʜʫʢʪʳ, ʢʘʢ  Pro/ENGINEER, CATIA [3].  

       ʉʨʝʜʠ ʉɸʇʈ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ, ʥʘʨʷʜʫ ʩ 

ʧʨʦʜʫʢʪʘʤʠ ʟʘʨʫʙʝʞʥʳʭ ʬʠʨʤ, ʥʝʧʣʦʭʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʩʠʩʪʝʤʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʘʙʦʪʯʠʢʘ ʂʦʤʧʘʩ (ʢʦʤʧʘʥʠʷ ɸʩʢʦʥ). 

          ʂʆʄʇɸʉ-3D ð ʩʠʩʪʝʤʘ ʪʨʸʭʤʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʪʘʚʰʘʷ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʪʳʩʷʯ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʙʣʘʛʦʜʘʨʷ ʫʜʘʯʥʦʤʫ ʩʦʯʝʪʘʥʠʶ 

ʧʨʦʩʪʦʪʳ ʦʩʚʦʝʥʠʷ ʠ ʣʝʛʢʦʩʪʠ ʨʘʙʦʪʳ ʩ ʤʦʱʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  ʉʠʩʪʝʤʘ ʂʆʄʇɸʉ-

3D ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʠ 

ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʦʨʠʛʠʥʘʣʴʥʳʝ, 

ʪʘʢ ʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ 

ʧʦʣʫʯʘʪʴ ʤʦʜʝʣʠ ʪʠʧʦʚʳʭ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʦʜʥʘʞʜʳ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ [1]. ʂʣʶʯʝʚʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʂʆʄʇɸʉ-3D ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʷʜʨʘ ʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ɸʉʂʆʅ.  

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʂʆʄʇɸʉ-3D ð 

ʩʦʙʩʪʚʝʥʥʦ ʩʠʩʪʝʤʘ ʪʨʸʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂʆʄʇɸʉ-ɻʨʘʬʠʢ, ʤʦʜʫʣʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʧʝʮʠʬʠʢʘʮʠʡ ʠ ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ. 

ɺʩʝ ʦʥʠ ʣʝʛʢʠ ʚ ʦʩʚʦʝʥʠʠ, ʠʤʝʶʪ ʨʫʩʩʢʦʷʟʳʯʥʳʝ 

ʠʥʪʝʨʬʝʡʩ,  ʩʧʨʘʚʦʯʥʫʶ ʩʠʩʪʝʤʫ ʠ  ʙʠʙʣʠʦʪʝʢʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʜʝʣʠʡ. 

ʉʠʩʪʝʤʘ AutoCAD, ʩʦʟʜʘʥʥʘʷ ʬʠʨʤʦʡ Autodesk, 

ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

(ʉɸʇʈ) ʚ ʤʠʨʝ. ʆʥʘ ʥʘʠʙʦʣʝʝ ʛʠʙʢʘʷ ʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ 

ʇʂ, ʩʧʦʩʦʙʥʘʷ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʚ ʩʘʤʳʭ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

[2].  ʉ ʧʦʤʦʱʴʶ AutoCAD ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʠʜʳ ʯʝʨʪʝʞʥʳʭ ʨʘʙʦʪ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʜʚʫʭʤʝʨʥʳʝ 

ʯʝʨʪʝʞʠ ʠ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ. ʉʠʩʪʝʤʘ AutoCAD 

ʚʢʣʶʯʘʶʪ ʩʨʝʜʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʜʦʩʪʫʧʘ ʢ ʚʥʝʰʥʠʤ ʙʘʟʘʤ ʜʘʥʥʳʭ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʩʨʝʜʩʪʚʘ ʥʘʥʝʩʝʥʠʷ ʨʘʟʤʝʨʦʚ ʥʘ ʯʝʨʪʝʞʠ, ʨʘʙʦʪʳ ʩ 

ʬʘʡʣʘʤʠ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤʘʪʦʚ ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ.  

      ʐʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ AutoCAD 

ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʩʦʟʜʘʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʉʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ  

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ  ʫ ʥʘʩ ʠ ʟʘ ʨʫʙʝʞʦʤ ʠ ʧʦʩʪʦʷʥʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ. ɼʘʞʝ ʪʝ, ʢʪʦ ʟʥʘʢʦʤ ʩ ʩʠʩʪʝʤʦʡ 

AutoCAD, ʥʝ ʤʥʦʛʠʝ ʦʩʦʟʥʘʶʪ, ʯʪʦ AutoCAD ʥʝ 

ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ. ʇʨʝʞʜʝ  ʚʩʝʛʦ, 

AutoCAD - ʩʨʝʜʩʪʚʦ ʩʦʟʜʘʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʘ AutoLisp ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ AutoCAD, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚ 

ʵʪʦʡ ʩʨʝʜʝ ʥʦʚʳʝ ʢʦʤʘʥʜʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʥʶ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʦʩʪʫʧ ʢ 

ʛʨʘʬʠʯʝʩʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʝʝ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ AutoLisp (ʚ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤ 

ʚʠʜʝ Visual LISP) ʚʩʪʨʦʝʥ ʚ ʩʠʩʪʝʤʫ AutoCAD ʠ ʠʤʝʝʪ 

ʨʷʜ ʩʨʝʜʩʪʚ  ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤ.  

 
ʈʠʩʫʥʦʢ 1- ʇʨʦʝʢʪ ʢʦʪʪʝʜʞʘ ʚ ʂʆʄʇɸʉ-3D 

ɺ  ʙʘʟʦʚʳʡ  ʢʦʤʧʣʝʢʪ  ʧʨʦʜʫʢʪʘ   AutoCAD  

ʚʢʣʶʯʝʥʳ  ʪʨʠ  ʧʨʦʛʨʘʤʤʳ  ʥʘ AutoLISP, ʢʦʪʦʨʳʝ  

ʧʦʤʦʛʘʶʪ  ʩʢʦʤʧʦʥʦʚʘʪʴ  ʚ  ʧʨʦʩʪʨʘʥʩʪʚʝ ʣʠʩʪʘ 

ʯʝʨʪʝʞ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ - SOLVIEW,  SOLDRAW,  

SOLPROF. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʩʠʩʪʝʤʘʤʠ 

ʂʆʄʇɸʉ-3D ʠ AutoCAD  ð ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʡ 

ʩ ʮʝʣʴʶ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʧʝʨʠʦʜʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʢʦʨʝʡʰʝʛʦ ʠʭ ʟʘʧʫʩʢʘ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ.  

ʇʦʧʨʦʙʫʝʤ ʩʨʘʚʥʠʪʴ ʵʪʠ ʜʚʝ ʧʨʦʛʨʘʤʤʳ ʥʘ 

ʧʨʠʤʝʨʝ ʥʘʰʠʭ ʧʨʦʝʢʪʦʚ ï ʜʚʫʭʵʪʘʞʥʦʛʦ ʢʦʪʪʝʜʞʘ, 

ʩʦʟʜʘʥʥʦʛʦ ʨʘʥʝʝ ʚ AutoCAD, ʧʦʟʜʥʝʝ ʚ ʂʆʄʇɸʉ-

3D. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʝʢʪʳ ʩʦʩʪʦʷʪ ʠʟ ʠʥʪʝʨʴʝʨʘ, 

ʵʢʩ- 

ʪʝʨʴʝʨʘ ʠ ʤʦʜʝʣʠ ʩʘʤʦʛʦ ʟʜʘʥʠʷ.  ʄʦʜʝʣʴ ʟʜʘʥʠʷ 

ʩʦʩʪʦʠʪ ʠʟ ʬʫʥʜʘʤʝʥʪʘ, ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʵʪʘʞʝʡ, 

ʢʨʳʰʠ, ʜʚʝʨʥʳʭ ʠ ʦʢʦʥʥʳʭ ʙʣʦʢʦʚ, ʜʚʝʨʝʡ ʠ ʦʢʦʥ, 

ʣʝʩʪʥʠʮ ʠ ʪ.ʧ.  ʀʥʪʝʨʴʝʨ ʩʦʩʪʦʠʪ ʠʟ ʤʝʙʝʣʠ ʠ ʙʳʪʦʚʦʡ 

ʪʝʭʥʠʢʠ: ʰʢʘʬʳ, ʩʪʦʣʳ, ʜʠʚʘʥʳ, ʢʨʦʚʘʪʠ, ʩʪʫʣʴʷ, 

ʢʦʤʧʴʶʪʝʨ,  ʧʣʠʪʘ ʛʘʟʦʚʘʷ, ʭʦʣʦʜʠʣʴʥʠʢ, ʨʘʢʦʚʠʥʘ, 

ʚʘʥʥʘ,  ʫʥʠʪʘʟ, ʩʤʝʩʠʪʝʣʠ ʠ ʪ.ʧ. ɺʝʩʴ ʧʨʦʝʢʪ  

ʥʘʩʯʠʪʳʚʘʝʪ ʦʢʦʣʦ 87 ʦʨʠʛʠʥʘʣʴʥʳʡ ʜʝʪʘʣʝʡ ʠ  40 

ʩʪʘʥʜʘʨʪʥʳʭ. ʀʩʭʦʜʷ ʠʟ ʦʧʳʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʢʫʨʩʦʚʳʭ ʧʨʦʝʢʪʦʚ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʢʘʢ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ 

ʨʘʙʦʪʳ ʚ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ.  

ʅʘʯʥʝʤ ʩ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʂʘʞʜʘʷ 

ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʤʝʝʪ ʩʚʦʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ. ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʤ 

ʨʘʟʣʠʯʠʝʤ ʤʝʞʜʫ ʂʆʄʇɸʉ-3D ʠ AutoCAD  ʷʚʣʷʶʪʩʷ 

ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ 3D ʦʙʲʝʢʪʦʚ. ɺ  ʂʆʄʇɸʉ-3D  

ʚʩʝ ʦʩʥʦʚʘʥʦ ʥʘ  ʨʘʙʦʪʝ ʩ ʵʩʢʠʟʘʤʠ ï ʜʚʫʤʝʨʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʣʦʩʢʦʩʪʷʭ ʠ ʦʙʣʘʜʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 
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ʵʩʢʠʟʘʤ. ʅʘ ʦʩʥʦʚʝ ʵʩʢʠʟʦʚ ʩʦʟʜʘʶʪʩʷ ʪʚʝʨʜʦʪʝʣʴʥʳʝ 

ʦʙʲʝʢʪʳ ʧʫʪʝʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ. ʅʘʧʨʠʤʝʨ, 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʝʩʫʱʠʭ ʩʪʝʥ ʜʦʤʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʩʢʠʟ, 

ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʳʜʘʚʣʠʚʘʣʩʷ ʥʘ ʟʘʜʘʥʥʫʶ 

ʚʳʩʦʪʫ, ʘ ʧʦʟʜʥʝʝ ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʦʢʦʥʥʳʝ ʠ ʜʚʝʨʥʳʝ 

ʧʨʦʝʤʳ (ʨʠʩʫʥʦʢ 1).  

ʊʦʧʦʣʦʛʠʷ ʦʧʝʨʘʮʠʡ ʭʨʘʥʠʪʩʷ ʚ ʜʝʨʝʚʝ 

ʧʦʩʪʨʦʝʥʠʡ. ɺ  ʜʝʨʝʚʝ ʧʦʩʪʨʦʝʥʠʡ  ʤʦʞʥʦ 

ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʦʧʝʨʘʮʠʠ ʠ  

ʠʟʤʝʥʠʪʴ ʟʘʜʘʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʵʩʢʠʟʦʚ. ʊʘʢʘʷ 

ʩʠʩʪʝʤʘ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʪʝʣ ʠʤʝʝʪ ʩʚʦʠ 

ʜʦʩʪʦʠʥʩʪʚʘ.  

ɺ AutoCAD   ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ ʢʘʢ 

ʙʠʙʣʠʦʪʝʢʘ ʪʚʝʨʜʳʭ ʪʝʣ, ʛʜʝ ʩ ʧʦʤʦʱʴʶ ʥʝʝ ʤʳ 

ʤʦʞʝʤ ʩʦʟʜʘʪʴ ʪʨʝʭʤʝʨʥʳʝ ʧʨʠʤʠʪʠʚʳ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠʭ. ʅʘʧʨʠʤʝʨ, ʜʚʝʨʴ ʰʢʘʬʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ   

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ ʩ ʚʳʧʦʣʥʝʥʥʳʤʠ ʬʘʩʢʘʤʠ.     

      ɺ ʂʆʄʇɸʉ-3D ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʚʘʪʴ ʩʙʦʨʦʯʥʳʝ ʦʙʲʝʢʪʳ, ʠʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ 

ʩʦʧʨʷʞʝʥʠʡ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ 

ʦʙʲʝʢʪʳ ʩ ʟʘʜʘʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʨʘʩʧʦʣʘʛʘʪʴ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʠʩʧʦʣʴʟʫʷ ʵʪʫ ʩʠʩʪʝʤʫ  

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʚʷʟʝʡ (ʩʦʧʨʷʞʝʥʠʡ). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʡ ʚ ʂʆʄʇɸʉ-3D ʤʦʞʥʦ ʚʝʩʪʠ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: "ʩʥʠʟʫ ʚʚʝʨʭ" (ʠʩʧʦʣʴʟʫʷ 

ʛʦʪʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ), "ʩʚʝʨʭʫ ʚʥʠʟ" (ʧʨʦʝʢʪʠʨʫʷ 

ʢʦʤʧʦʥʝʥʪʳ ʚ ʢʦʥʪʝʢʩʪʝ ʢʦʥʩʪʨʫʢʮʠʠ), ʦʧʠʨʘʷʩʴ ʥʘ 

ʢʦʤʧʦʥʦʚʦʯʥʳʡ ʵʩʢʠʟ (ʥʘʧʨʠʤʝʨ, ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ 

ʩʭʝʤʫ) ʣʠʙʦ ʩʤʝʰʘʥʥʳʤ ʩʧʦʩʦʙʦʤ. ʊʘʢʘʷ ʠʜʝʦʣʦʛʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʣʝʛʢʦ ʤʦʜʠʬʠʮʠʨʫʝʤʳʭ 

ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ.  ʉʙʦʨʢʘ ʤʦʜʝʣʠ ʢʦʪʪʝʜʞʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʤʝʰʘʥʥʳʤ ʩʧʦʩʦʙʦʤ. ʉʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ 

ʤʦʱʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʣʷ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʘʤʠ, 

ʚʢʣʶʯʘʶʱʠʤʠ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʧʦʜʩʙʦʨʦʢ, ʜʝʪʘʣʝʡ ʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʜʝʣʠʡ. ʆʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʩʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʝʭʤʝʨʥʦʛʦ ʪʚʝʨʜʦʪʝʣʴ- 

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʪʘʚʰʠʝ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ 

ʉɸʇʈ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ. 

ɺ AutoCAD ʩʙʦʨʦʯʥʦʡ ʩʠʩʪʝʤʳ ʥʝʪ, ʦʙʲʝʢʪʳ 

ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʦʪʜʝʣʴʥʦ ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ 

ʦʙʱʠʡ ʬʘʡʣ (ʥʘʧʨʠʤʝʨ, ʢʘʞʜʳʡ ʧʨʝʜʤʝʪ ʠʥʪʝʨʴʝʨʘ 

ʙʳʣ ʩʜʝʣʘʥ ʦʪʜʝʣʴʥʦ ʠ ʙʳʣ ʧʦʤʝʱʝʥ ʚ ʬʘʡʣ ʩ ʜʦʤʦʤ). 

ɺʩʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʧʝʨʝʤʝʱʝʥʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ.   

 
ʈʠʩʫʥʦʢ 2- ʇʨʦʝʢʪ ʢʦʪʪʝʜʞʘ ʚ AutoCAD 

ʉʠʩʪʝʤʘ AutoCAD ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʘʣʠʩʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ 

(ʨʠʩʫʥʦʢ 2). ɹʦʣʝʝ ʠʥʪʝʨʝʩʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʦʣʫʯʝʥʠʷ ʨʝʘʣʠʩʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʪʨʝʭʤʝʨʥʳʭ 

ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʪʦʥʠʨʦʚʘʥʠʷ.  

ʊʦʥʠʨʦʚʘʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʤʠʤʦ ʦʙʳʯʥʦʛʦ 

ʫʜʘʣʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ, ʣʫʯʠ ʢʦʪʦʨʦʛʦ 

ʥʘʧʨʘʚʣʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʵʢʨʘʥʫ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ 

ʜʨʫʛʠʝ ð ʪʦʯʝʯʥʳʝ ʠ ʧʨʦʞʝʢʪʦʨʳ. ʇʦʚʝʨʭʥʦʩʪʷʤ 

ʦʙʲʝʢʪʦʚ ʤʦʞʥʦ ʥʘʟʥʘʯʘʪʴ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ.   

       ʂʆʄʇɸʉ-3D  ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʤʦʜʝʣʠ 

ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʪʦʣʴʢʦ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʮʚʝʪ, ʙʣʝʩʢ, ʜʠʬʬʫʟʠʷ, ʟʝʨʢʘʣʴʥʦʩʪʴ, 

ʧʨʦʟʨʘʯʥʦʩʪʴ, ʠʟʣʫʯʝʥʠʝ).  ʇʘʨʘʤʝʪʨʳ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ,  ʟʘʜʘʶʪʩʷ ʚ ʦʢʥʝ 

ʧʨʦʩʤʦʪʨʘ, ʛʜʝ  ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʬʝʨʘ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ; ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʴʥʦ 

ʦʮʝʥʠʪʴ ʚʥʝʩʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʝʦʪʜʝʣʠʤʳ ʦʪ ʩʧʦʩʦʙʦʚ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ɺʳʨʘʟʠʪʝʣʴʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʟʘʤʳʩʣʘ ï ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ 

ʟʘʜʘʯ ʨʘʙʦʪʳ ʠʥʞʝʥʝʨʘ, ʜʠʟʘʡʥʝʨʘ, ʘʨʭʠʪʝʢʪʦʨʘ. 

AutoCAD ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 

ʩʘʤʳʝ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ɺʩʝ ʜʝʡʩʪʚʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʯʝʪʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ï ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʨʘʙʦʪʫ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ 

ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʠ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ:  

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʚʠʛʘʮʠʠ ʚ 3D-ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʥʘʩʪʨʦʡʢʘ ʠ ʟʘʧʠʩʴ ʠʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʣʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʚʠʜʘ;  

- ʥʘʩʪʨʦʡʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʠʜʘ (ʥʘʩʪʨʦʡʢʠ 

ʢʘʤʝʨʳ);  

- ʩʦʟʜʘʥʠʝ ʠ ʥʘʩʪʨʦʡʢʘ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʡ ʦʩʚʝʱʝʥʥʦʩʪʠ "ʩʮʝʥʳ" 

ʚʠʟʫʘʣʠʟʘʮʠʠ;  

- ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʙʥʦʛʦ ʪʦʥʠʨʦʚʘʥʠʷ (Render), 

ʧʨʦʚʝʨʢʘ ʦʙʱʠʭ ʥʘʩʪʨʦʝʢ ʚʠʜʘ ʠ ʦʩʚʝʱʝʥʠʷ;  

- ʩʦʟʜʘʥʠʝ ʠ ʥʘʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ-ʪʝʢʩʪʫʨ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ Autodesk 3ds Max;  

- ʪʦʥʢʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʥʘʩʪʨʦʝʢ ʪʦʥʠʨʦʚʘʥʠʷ, 

ʥʘʩʪʨʦʡʢʘ ʨʝʞʠʤʘ Radiosity;  

- ʚʳʧʦʣʥʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʪʦʥʠʨʦʚʘʥʠʷ 

ʠʣʠ ʩʦʟʜʘʥʠʝ ʚʠʜʝʦʨʦʣʠʢʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʂʆʄʇɸʉ-3D  ʠ  

AutoCAD, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʘʙʦʪʘ ʚ ʵʪʠʭ 

ʧʨʦʛʨʘʤʤʘʭ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʜʠʥʘʢʦʚʳʭ ʦʧʝʨʘʮʠʷʭ, 

ʪʘʢʠʭ ʢʘʢ ʧʨʦʩʪʦʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʳʜʘʚʣʠʚʘʥʠʝ, 

ʚʨʘʱʝʥʠʝ, ʚʳʨʝʟʘʥʠʝ, ʘ ʪʘʢ ʞʝ ʙʫʣʝʚʳʭ ʦʧʝʨʘʮʠʷʭ.  

ʅʘʧʨʠʤʝʨ, ʧʣʠʪʘ ʛʘʟʦʚʘʷ ʚ ʂʆʄʇɸʉ-3D  ʙʳʣʘ 

ʩʜʝʣʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʝʨʘʮʠʠ ʚʳʜʘʚʣʠʚʘʥʠʷ, 
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ʈʠʩʫʥʦʢ 3 ï ʇʣʠʪʘ ʛʘʟʦʚʘʷ ʚ ʂʆʄʇɸʉ-3D 

 
 

ʈʠʩʫʥʦʢ 4 - ʌʨʘʛʤʝʥʪ ʧʣʠʪʳ  ʚ  ʂʆʄʇɸʉ-3D 

 

ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʩʦʟʜʘʚʘʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʚʳʨʝʟʘʥʠʷ. 

ʈʝʰʝʪʢʘ ʥʘʜ ʧʣʠʪʦʡ ʚʳʧʦʣʥʝʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ 

ʚʳʜʘʚʣʠʚʘʥʠʝʤ. ʆʪʚʝʨʩʪʠʷ ʚ ʛʘʟʦʚʳʭ ʛʦʨʝʣʢʘʭ 

ʧʦʣʫʯʝʥʳ ʚʳʨʝʟʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩʠʚʘ 

(ʨʠʩʫʥʦʢ 3).  

ʇʣʠʪʘ ʛʘʟʦʚʘʷ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ AutoCAD ʩʦʩʪʦʠʪ ʠʟ 

ʢʦʨʧʫʩʘ, ʨʫʯʝʢ ʨʝʛʫʣʷʪʦʨʘ, ʪʘʡʤʝʨʘ, ʨʝʰʝʪʢʠ,  ʜʚʝʨʮ  r

ʜʫʭʦʚʢʠ, ʛʦʨʝʣʦʢ, ʚʝʨʭʥʝʡ ʢʨʳʰʢʠ, ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ.  

ɻʘʟʦʚʳʝ ʛʦʨʝʣʢʠ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʧʫʪʝʤ 

ʚʨʘʱʝʥʠʷ, ʘ ʦʪʚʝʨʩʪʠʷ ʚ ʥʠʭ ʧʫʪʝʤ ʚʳʯʠʪʘʥʠʷ 

(subtract) ʠʟ ʮʠʣʠʥʜʨʦʚ ʤʘʩʩʠʚʘ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ 

(ʨʠʩʫʥʦʢ 4).  

ɺʝʨʭʥʠʡ ʙʣʦʢ ʙʳʣ ʩʦʟʜʘʥ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʧʨʠʤʠʪʠʚʘ Box, ʩ ʧʨʠʤʝʥʝʥʥʳʤ (fillet). ɸʥʘʣʦʛʠʯʥʦ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʨʧʫʩ, ʜʚʝʨʮʘ. ʈʫʯʢʠ ʠ ʪʘʡʤʝʨ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚʨʘʱʝʥʠʝʤ, ʠ ʦʙʲʝʜʠʥʝʥʠʝʤ ʩ ʤʘʩʩʠʚʦʤ 

ʮʠʣʠʥʜʨʦʚ (ʜʣʷ ʪʘʡʤʝʨʘ). ʇʨʠ ʩʦʟʜʘʥʠʠ ʨʝʰʝʪʢʠ 

ʧʨʠʤʝʥʷʣʦʩʴ ʚʳʜʘʚʣʠʚʘʥʠʝ ʧʦ ʩʧʣʘʡʥʫ ʠ 

ʤʥʦʛʦʢʨʘʪʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ  ʠ  ʦʙʲʝʜʠʥʝʥʠʝ (ʨʠʩʫʥʦʢ 

5). ʈʘʙʦʪʘ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʵʪʘʧʘ: 

ʜʦʙʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ  ʠ ʧʨʠʚʷʟʢʘ ʤʘʪʝʨʠʘʣʦʚ ʢ 

ʦʙʲʝʢʪʘʤ (ʨʠʩʫʥʦʢ 6).  ʆʪʢʨʳʚ ʬʘʡʣ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ 

ʧʣʠʪʳ, ʘʢʪʠʚʠʟʠʨʫʝʤ ʢʦʤʘʥʜʫ Materials Library 

ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ Render ʠ ʚr ʙʠʨʘʝʤ ʥʫʞʥʳʝ ʥʘʤ 

ʤʘʪʝʨʠʘʣʳ. 

 

 
       ʈʠʩʫʥʦʢ 6 ï ʇʨʠʩʚʦʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ AutoCAD 

 

     ʀʪʘʢ,  AutoCAD ï ʧʨʦʛʨʘʤʤʘ ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʤ 

ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʦʧʮʠʷʤʠ.  ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʭʦʨʦʰʦ 

ʧʦʜʦʡʜʸʪ ʜʣʷ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʧʨʦʝʢʪʥʳʭ ʠʥʩʪʠʪʫʪʘʭ, 

ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʝʢʪʳ ʜʣʷ ʞʠʣʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʜʦʤʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

AutoCAD ʥʝ ʧʨʦʩʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʯʝʨʯʝʥʠʷ ï ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʝʤʫ 

ʪʚʦʨʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ 

ʜʚʫʤʝʨʥʦʡ ʛʨʘʬʠʢʦʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʚʠʨʪʫʘʣʴʥʦʤ 

ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʂʆʄʇɸʉ-3D  ï ʵʪʘ ʧʨʦʛʨʘʤʤʘ ʦʯʝʥʴ ʧʨʦʩʪʘ ʚ 

ʫʧʨʘʚʣʝʥʠʠ,  ʦʯʝʥʴ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ, 

ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʙʠʙʣʠʦʪʝʢʠ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʩʦʟʜʘʚʘʪʴ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʥʘ ʠʟʜʝʣʠʷ. ʆʯʝʥʴ 

ʫʜʦʙʥʳʡ ʚʳʚʦʜ ʥʘ ʧʝʯʘʪʴ ʣʶʙʳʭ ʬʦʨʤʘʪʦʚ. ʋʜʦʙʩʪʚʦ 

ʚ ʚʳʙʦʨʝ ʤʘʩʰʪʘʙʘ.  ɺ  ʂʆʄʇɸʉ 3D ʤʦʞʥʦ ʣʝʛʢʦ 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʯʝʨʪʝʞʠ ʩ ʧʨʦʛʨʘʤʤʳ  AutoCAD. 

ʂʆʄʇɸʉ - ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ ʜʦʩʪʘʪʦʯʥʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ. AutoCAD - ʣʠʰʴ ʧʣʘʪʬʦʨʤʘ. 

ʂʆʄʇɸʉ ʧʦʟʚʦʣʷʝʪ ʦʬʦʨʤʣʷʪʴ ʠ ʩʦʟʜʘʚʘʪʴ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʧʦ ɽʉʂɼ, ʠʤʝʝʪ 

ʙʘʟʳ ʩʪʘʥʜʘʨʪʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠ ʪ.ʜ. ʂʆʄʇɸʉ  

ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ, ʢʘʢ ʧʨʦʛʨʘʤʤʘ ʪʨʸʭʤʝʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  ʋ AutoCAD ʙʦʣʝʝ ʨʘʟʚʠʪʳʝ 

ʩʨʝʜʩʪʚʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʠ ʯʝʨʯʝʥʠʷ.   

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

 

[1] ʇʦʪʝʤʢʠʥ ɸ. ʊʚʝʨʜʦʪʝʣʴʥʦʝ   ʤʦʜʝʣʠʨʦʚʘʥʠʝ  
ʚ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ-3D. ʉʇʙ.: ɹʍɺ - ʇʝʪʝʨʙʫʨʛ, 

2004.-512ʩ.   

[2] ʌʠʥʢʝʣʴʰʪʝʡʥ ʕʣʣʝʥ. AutoCAD 2002. ɹʠʙʣʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ  ʀʟʜʘʪʝʣʴʩʪʚʦ: ɺʠʣʴʷʤʝ ɻʦʜ: 2003 

ʉʪʨʘʥʠʮ: 1072 ISBN: 5-8459-0321-1.  

[3] http://rucadcam.ru/index/kakuju_sapr_vybrat/0-6  

ʈʠʩʫʥʦʢ 5 ï ʇʣʠʪʘ ʛʘʟʦʚʘʷ ʚ AutoCAD 

 



50 

 

ʉʝʢʮʠʷ  çʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʣʠʪʝʡʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷè 
 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɻɸɿʆɺ ʅɸ ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʀ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɸʃʖʄʀʅʀɽɺʓʍ ʇʈʆʊɽʂʊʆʈʅʓʍ ʉʇʃɸɺʆɺ 
 

ɸ.ɺ. ʂʠʨʝʝʚ (ʘʩʧʠʨʘʥʪ) 1 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɸ. ʂʝʯʠʥ (ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʢʘʬʝʜʨʦʡ) 2 
 

1
ʄʝʭʘʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ ʃʇ ʠ ʂʄ, E-mail: ariant-tp@mail.ru  
2
ʄʝʭʘʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ ʃʇ ʠ ʂʄ, E-mail: kechin:@vlsu.ru 

 

Keywords ï anodic alloy, electrochemical properties, gas porosity, density, gas content.  

 

Abstracts ς Materials on influence of gas porosity on stabilization properties and characteristics of protectors aluminum 

alloy brand are provided in this work. Techniques of determination of the content of hydrogen are shown, to density and 

porosity of aluminum alloys. Results of the pilot studies of electrochemical properties of aluminum and alloys of ɸP1, 

AP3, AP4 with a different gas content are provided. 

 

ʇʨʦʪʝʢʪʦʨʥʘʷ ʟʘʱʠʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʥʘʜʝʞʥʳʭ, ʜʦʩʪʫʧʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʙʦʨʴʙʳ 

ʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʝʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʝʢʪʦʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ 

ʘʣʶʤʠʥʠʷ, ʤʘʛʥʠʷ ʠ ʮʠʥʢʘ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ 

ʧʦʣʫʯʠʣʠ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ [1]. ʆʜʥʘʢʦ, ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʠʪʳʭ ʧʨʦʪʝʢʪʦʨʦʚ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʪʝʢʪʦʨʥʳʭ 

ʩʧʣʘʚʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʦʩʥʦʚʥʳʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʪʝʢʪʦʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [2]. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʚʳʟʳʚʘʶʱʠʭ ʥʝʩʪʘʙʠʣʴʥʳʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, 

ʷʚʣʷʝʪʩʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ 

ʣʠʪʳʭ ʧʨʦʪʝʢʪʦʨʘʭ. 

ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ [3, 4] ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ 

ʥʝʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʭ ʧʨʠʤʝʩʝʡ ʥʘ ʩʪʝʧʝʥʴ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʧʨʦʪʝʢʪʦʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʛʘʟʦʚ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʣʠʪʳʭ ʧʨʦʪʝʢʪʦʨʦʚ, ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʚʦʡ ʧʦʨʠʩʪʦʩʪʠ ʚ ʣʠʪʦʤ 

ʤʝʪʘʣʣʝ, ʥʦ ʠ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʠʟ-ʟʘ ʧʦʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʟ 

ʚ ʣʠʪʦʤ ʤʘʪʝʨʠʘʣʝ.  

ɺ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʘʣʶʤʠʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ 

ʨʘʩʪʚʦʨʷʝʪ ʚʦʜʦʨʦʜ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ ʚʦʜʦʨʦʜʘ ʚ 

ʞʠʜʢʦʤ ʘʣʶʤʠʥʠʠ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚʦʜʦʨʦʜʘ ʚ 

ʘʣʶʤʠʥʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʞʠʜʢʦʛʦ ʚ ʪʚʝʨʜʦʝ 

ʩʦʩʪʦʷʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 0,69 ʜʦ 0,036 ʩʤĮ/100ʛ [2], 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʣʠʪʦʤ ʤʝʪʘʣʣʝ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ 

ʛʘʟʦʚʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʪʝʢʪʦʨʦʚ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʠʢʘ ʠ 

ʥʝʢʦʪʦʨʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʶ ʛʘʟʦʚ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʣʶʤʠʥʠʷ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʧʣʘʚʦʚ. 

ʉʧʣʘʚ ʛʦʪʦʚʠʣʠ ʚ ʧʝʯʠ ʉʐʆʃ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ɻʆʉʊ 26251-84 ʤʘʪʝʨʠʘʣʘʤʠ. 

ʆʙʨʘʟʮʳ ʜʣʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʦʮʝʥʢʠ 

ʙʘʣʣʘ ʧʦʨʠʩʪʦʩʪʠ ʧʦʣʫʯʘʣʠ ʣʠʪʴʝʤ ʚ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 

ʬʦʨʤʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʪʴʷ 740Áʉ. ʆʮʝʥʢʫ ʛʘʟʦʚʦʡ 

ʧʦʨʠʩʪʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʠʪʝʣʴʥʳʤ ʘʥʘʣʠʟʦʤ 

ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠ ʧʦ ʧʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ ɺʀɸʄ 

[5].  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʩʫʪʦʢ ʧʨʠ ʘʥʦʜʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʪʦʢʦʤ 3 ʤɸ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʥʘ 

ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ [6].  

ɼʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʝʩʦʚʦʡ ʤʝʪʦʜ. ʆʙʨʘʟʮʳ 

ʚʟʚʝʰʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʩʦʚ ʜʦ ʠ ʧʦʩʣʝ 

ʠʩʧʳʪʘʥʠʡ, ʘ ʟʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦʪʝʨʶ ʤʘʩʩʳ. 

ʈʘʩʯʝʪ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʬʦʨʤʫʣʘʤ. 

ʇʦ ʨʝʟʫʣʪɹʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʫʚʝʣʠʯʝʥʠʝ  ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ 

(ʂʤ), ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʂʇʀ) ʠ ʪʦʢʦʦʪʜʘʯʠ (Qʬ) ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. 

ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʚʦʟʨʘʩʪʘʝʪ ʩ 1,70 ʜʦ 1,88 ʛ/ʤĮ Ŀ 

ʩʫʪʢʠ ʜʣʷ ʩʧʣʘʚʘ ɸʇ1 (ʈʠʩ. 1 ʘ); ʩ 1,72 ʜʦ 1,84 ʛ/ʤĮ 

Ŀʩʫʪʢʠ ʜʣʷ ʩʧʣʘʚʘ ɸʇ4 (ʈʠʩ. 1 ʙ). ʆʙʨʘʟʮʳ 

ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʵʪʠʭ ʞʝ ʩʧʣʘʚʦʚ, ʥʦ ʩ ʜʦʙʘʚʢʘʤʠ 

0,25% Ti ʧʦʢʘʟʘʣʠ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʢʦʨʨʦʟʠʠ: 1,58 ï 1,76 ʛ/ʤĮ Ŀ ʩʫʪʢʠ ʠ 1,64 ï 1,87 /ʤĮ Ŀ 
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ʩʫʪʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ 

ʦʙʨʘʟʮʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʩʢʨʳʪʠʷ ʧʦʨ ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʛʝʪʝʨʦʛʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ.  

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʥʘʯʘʣʴʥʳʭ 

ʠ ʢʦʥʝʯʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʨʘʙʦʯʠʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʦʙʨʘʟʮʦʚ (ȹű =  űʥʘʯ ï űʢʦʥ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʘʣʣʘ 

ʧʦʨʠʩʪʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʦʨʠʩʪʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʨʘʙʦʯʝʛʦ ʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʩʩʣʝʜʫʝʤʳʭ ʚ 

ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ. ɼʦʙʘʚʢʠ ʪʠʪʘʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ 

ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʧʣʘʚʦʚ. 

 
 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʦʙʨʘʟʦʚ ʠʟ ʩʧʣʘʚʦʚ ɸʇ1 ʠ ɸʇ1+0,25%Ti (ʘ); ɸʇ4 ʠ ɸʇ4 + 0,25%Ti (ʙ) 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʙʘʣʣʘ ʧʦʨʠʩʪʦʩʪʠ. 

ʘ)                                                                             ʙ) 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠ ʨʘʙʦʯʝʛʦ ʧʦʪʝʥʮʠʘʣʦʚ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ ɸʇ1 ʠ ɸʇ1+0.25%Ti 

(ʘ); ɸʇ4 ʠ ɸʇ4+0.25%Ti (ʙ) ʩ ʨʘʟʣʠʯʥʳʤ ʙʘʣʣʦʤ ʧʦʨʠʩʪʦʩʪʠ. 

 

ʆʮʝʥʢʘ ʟʥʘʯʝʥʠʡ ʂʇʀ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʙʘʣʣʦʤ ʧʦʨʠʩʪʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʨʦʢ ʩʣʫʞʙʳ 

ʧʨʦʪʝʢʪʦʨʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʨʘʙʦʪ [2, 4] ʦ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʨʠʩ. 3) ʠ ʪʦʢʦʦʪʜʘʯʠ (ʨʠʩ. 4) ʣʠʪʳʭ 

ʧʨʦʪʝʢʪʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ. ʊʘʢ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʦʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ ʂʇʀ ʠʟ ʩʧʣʘʚʘ ɸʇ1 ʠʟʤʝʥʷʣʦʩʴ 

ʩ 78,3% ʜʦ 70,8%; ʘ ʩʧʣʘʚʘ ɸʇ4 ʩ 82,3% ʜʦ 68,9%. 

ɼʦʙʘʚʢʠ ʪʠʪʘʥʘ ʚ ʢʦʣʠʯʝʩʪʚʘʭ 0,25% ʧʨʠʚʦʜʷʪ ʢ 

ʥʝʙʦʣʴʰʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʂʇʀ ʩʧʣʘʚʦʚ, ʚ ʦʙʨʘʟʮʘʭ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝʤ.  

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʧʣʘʚʦʚ ɸʇ1 ʠ 

ɸʇ1+0,25%Ti (ʘ); ɸʇ4 ʠ ɸʇ4+0,25%Ti (ʙ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ.
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʘʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʷ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʧʣʘʚʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʥʠʞʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʘʣʶʤʠʥʠʝʚʳʭ ʨʘʩʧʣʘʚʘʭ. 

ɼʦʙʘʚʢʠ ʪʠʪʘʥʘ ʢ ʘʣʶʤʠʥʠʝʚʳʤ ʧʨʦʪʝʢʪʦʨʥʳʤ 

ʩʧʣʘʚʘʤ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ 

ʧʦʚʳʰʝʥʥʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʠʟʠʨʫʶʪ 

ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

 
ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʪʦʢʦʦʪʜʘʯʠ ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʧʣʘʚʦʚ ɸʇ1 ʠ  ɸʇ1+0,25%Ti (ʘ); ɸʇ4 ʠ ɸʇ4+0,25%Ti (ʙ) ʦʪ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ. 

 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʚʘʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʝʜʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ  ʚ ʩʧʣʘʚʘʭ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʪʣʠʚʦʢ [7].  

ʇʦʩʢʦʣʴʢʫ ʚ ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʧʣʘʚʘʭ ɸʇ1-ɸʇ5 

ʦʩʥʦʚʥʳʤʠ ʣʝʛʠʨʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ 

ʮʠʥʢ ʠ ʤʘʛʥʠʡ (ʦʪ 1 ʜʦ 10%), ʪʦ, ʚ ʦʩʥʦʚʥʦʤ, 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʠʥʪʝʨʚʘʣ ʙʝʟʦʧʘʩʥʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ. ɼʣʷ ʩʧʣʘʚʘ 

ʤʘʨʢʠ ɸʇ5 ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʚʘʣʫ 

ʟʥʘʯʝʥʠʡ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʦʪ 0,21 ʜʦ 0,34 ʩʤʽ/100ʛ ʙʝʟ 

ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʮʠʥʢʘ, ʪʘʢ ʢʘʢ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʦʜʦʨʦʜʘ 

ʚ ʪʚʝʨʜʳʭ ʘʣʶʤʠʥʠʠ ʠ ʮʠʥʢʝ ʚʝʣʠʯʠʥʳ ʙʣʠʟʢʠʝ. 

ʉʦʧʦʩʪʘʚʠʤʳʡ ʘʥʘʣʠʟ ʚʝʨʭʥʠʭ ʧʨʝʜʝʣʦʚ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʧʣʘʚʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚʦʜʦʨʦʜʘ ʚ ʩʧʣʘʚʘʭ ʚ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʨʭʥʠʡ 

ʧʨʝʜʝʣ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʜʣʷ ʚʩʝʭ ʩʧʣʘʚʦʚ ʚʳʰʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. 

ʆʯʝʚʠʜʥʦ, ʜʣʷ ʢʘʞʜʦʡ ʤʘʨʢʠ ʧʨʦʪʝʢʪʦʨʥʦʛʦ 

ʩʧʣʘʚʘ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʜʦʨʦʜʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʨʠʩʪʦʩʪʴ ʦʪʣʠʚʦʢ ʙʫʜʝʪ 

ʥʘʠʤʝʥʴʰʝʡ. ʕʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ 

ʚ ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʧʣʘʚʘʭ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ 

ʥʠʞʥʝʤʫ ʧʨʝʜʝʣʫ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʢʘʞʜʦʤʫ ʩʦʩʪʘʚʫ ʩʧʣʘʚʘ. 
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Keywords ï equilibrium chart of a condition, system, alloys. 

 

Abstracts ï In this work specified a type of the equilibrium chart of a condition of Au system - Ag - Cu with use of a 

rule of phases of Gibbs. Showed that the double eutectic line should begin from a minimum point in Au system - Cu 

and will end in Ag system - with Cu in a point double eutectic. 

 

ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Au ï Ag ï Cu ʧʨʠʤʝʥʷʶʪ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʪʘʢʪʦʚ, 

ʧʨʦʚʦʜʥʠʢʦʚ, ʨʝʟʠʩʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʶʚʝʣʠʨʥʳʭ 

ʠʟʜʝʣʠʡ. ʕʪʠ ʩʧʣʘʚʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʣʝʛʠʨʫʶʪ Zn, Ni, 

Pd ʠ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʦʜʥʘʢʦ ʛʣʘʚʥʳʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʝʜʦʧʨʝʜʝʣʝʥʳ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝʤ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʩʠʩʪʝʤʘ Au ï Ag ï Cu ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʩʠʩʪʝʤ Au ï Ag ʠ Au ï Cu ʩ ʥʝʧʨʝʨʳʚʥʳʤʠ 

ʞʠʜʢʠʤʠ ʠ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʩ ʥʘʣʠʯʠʝʤ 

ʤʠʥʠʤʫʤʘ ʚ ʩʠʩʪʝʤʝ Au ï Cu, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ Ag ï 

Cu ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

 ɺ ʩʫʱʝʩʪʚʫʶʱʝʤ ʚʘʨʠʘʥʪʝ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Au ï Ag ï Cu ʜʚʦʡʥʘʷ 

ʵʚʪʝʢʪʠʯʝʩʢʘʷ ʣʠʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʦʪ ʩʦʩʪʘʚʘ 41 % Au ï  

39 % Ag ï 20 % Cu ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ Ag ï Cu  

ʩʦʩʪʘʚʘ Ag ï 28 % Cu. ʇʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʚʦʡʥʦʡ 

ʵʚʪʝʢʪʠʢʠ ʦʙʨʘʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʜʚʫʭ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ 
Aga  ʠ . ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩ, 

ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ 

ʜʚʫʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʜʝʣʠʡ. 

 ʠ - ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. ʅʘʣʠʯʠʝ ʨʘʚʥʦʚʝʩʥʦʡ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷ ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʣʠʷʪʴ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʟʘ ʩʯʝʪ 

ʧʨʠʙʣʠʞʝʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʷ ʦʪ ʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʪʝʤ ʩʘʤʳʤ ʜʦʩʪʠʛʘʪʴ ʪʨʝʙʫʝʤʳʭ ʩʚʦʡʩʪʚ ʚ ʠʟʜʝʣʠʷʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʪʦʯʥʠʣʠ ʚʠʜ ʨʘʚʥʦʚʝʩʥʦʡ 

ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Au ï Ag ï Cu ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʚʠʣʘ ʬʘʟ ɻʠʙʙʩʘ. ʇʦʢʘʟʘʣʠ, ʯʪʦ 

ʜʚʦʡʥʘʷ ʵʚʪʝʢʪʠʯʝʩʢʘʷ ʣʠʥʠʷ ʜʦʣʞʥʘ ʥʘʯʠʥʘʪʴʩʷ ʦʪ 

ʪʦʯʢʠ ʤʠʥʠʤʫʤʘ ʚ ʩʠʩʪʝʤʝ  Au ï Cu ʠ ʟʘʢʦʥʯʠʪʩʷ ʚ 

ʩʠʩʪʝʤʝ  Ag ï Cu  ʚ ʪʦʯʢʝ ʜʚʦʡʥʦʡ ʵʚʪʝʢʪʠʢʠ.
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ʉʝʢʮʠʷ çɸʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚè 

 

ʄɽʊʆɼ ʇʈʆɺɽɼɽʅʀʗ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ, ʆʇʈɽɼɽʃʗʖʑʀʁ 

ʉʊɽʇɽʅʔ ɺʃʀʗʅʀʗ ʃɽɻʀʈʋʖʑʀʍ ʀ ʄʆɼʀʌʀʎʀʈʋʖʑʀʍ ʕʃɽʄɽʅʊʆɺ ʅɸ 

ʉɺʆʁʉʊɺɸ ʉʇʃɸɺɸ 
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Keywords ï aluminum alloys, neural networks, mathematical models, the mutual influence. 

 

Abstracts ï in this work, a draft allows you to get the dependence of the mechanical properties of the alloy on its 

composition. The use of neural networks for statistical analysis the result of the experiments reduces many resources 

spent. The resulting mathematical models make it possible to optimize it for the required parameters. Using the new 

experimental data and modern systems of information processing can move towards a multi-functional system capable 

of developing formulations and manufacturing technology of alloys with the desired combination of properties. 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʟʣʘʛʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʦʚʦʤ 

ʧʨʦʝʢʪʝ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ,  ʥʘ 

ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ,  

ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʞʘʪʦʤʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʟʚʦʣʠʣʦ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʟʜʘʥʠʷ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʦʡ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʦʩʪʘʚʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʧʣʘʚʦʚ ʩ ʪʨʝʙʫʝʤʳʤ ʩʦʯʝʪʘʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ, 

ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʚʳʪʝʩʥʷʷ ʯʝʨʥʳʝ ʤʝʪʘʣʣʳ. ʉʝʡʯʘʩ 

ʘʣʶʤʠʥʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʠʱʝʚʦʡ, 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ, ʘʚʠʘʮʠʦʥʥʦʡ, ʘʚʪʦʤʦʙʠʣʴʥʦʡ, 

ʢʦʩʤʠʯʝʩʢʦʡ, ʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ. ʊʘʢʦʡ 

ʫʩʧʝʭ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠʤʝʥʷʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʦʙʨʘʙʦʪʢʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʨʘʟʚʠʚʘʝʪʩʷ ʠ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 

ɺ ʨʘʙʦʪʝ [1] ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ ʧʨʝʜʣʦʞʝʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʨʝʩʩʦʚʢʫ 

ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʜʦ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʇʦʣʫʯʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʣʠʚʢʠ ʠʤʝʶʪ 

ʠʟʤʝʣʴʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʫʶ ʭʦʨʦʰʦ ʚʠʜʥʦ 

ʙʣʘʛʦʜʘʨʷ ʧʨʦʚʝʜʝʥʥʳʤ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩ.1. ʉʧʣʘʚʳ, 

ʧʦʣʫʯʘʝʤʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʜʦʙʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʠʤʝʶʪ ʠʟʤʝʥʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ 

ʠʟʫʯʝʥʠʷ.  

 

 

 

  

 

ʈʠʩ. 1 ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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   ɼʣʷ ʪʦʛʦ ʯʪʦ ʙʳ ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ 

ʣʝʛʠʨʫʶʱʠʭ ʠ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʥʘ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʨʷʜ ʦʧʳʪʦʚ ʧʨʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ.  ʊʘʢ  ʢʘʢ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʠʟʚʝʩʪʥʘ, ʪʦ ʝʩʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʦʜʥʦʬʘʢʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʳʷʚʷʪ ʟʥʘʯʠʤʦʩʪʴ ʢʘʞʜʦʛʦ. 

ʊʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʩʧʣʘʚʘʭ 

ʦʙʨʘʟʫʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʠ ʚʣʠʷʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʤʧʣʝʢʩʥʦ, 

ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʭʚʘʪʳʚʘʪʴ ʚʩʶ ʦʙʣʘʩʪʴ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʯʠʩʣʦ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ.  

ʊʦ ʙʳ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʠ ʧʦʩʪʨʦʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ ʩ ʥʝʙʦʣʴʰʠʤʠ 0,2é0,3% 

ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʜʘʝʪ 

ʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʜʘʥʥʳʭ 

ʠʥʪʝʨʚʘʣʘʭ ʙʫʜʫʪ ʜʦʩʪʘʪʦʯʥʦ ʣʠʥʝʡʥʳʤʠ ʠ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʦ ʦʧʳʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ.  

ʇʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʘʢ ʞʝ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʫʩʣʦʚʠʝʤ, ʪʘʢ ʢʘʢ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʧʳʪʦʚ ʠ ʦʪʦʡʪʠ ʦʪ 

ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [2]. 

ɼʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ 

ʟʥʘʯʠʤʦʩʪʠ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʨʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ 

ʧʦʜʭʦʜʝ, ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʨʩʝʧʪʨʦʥʦʚ. ʆʙʱʠʡ ʚʘʨʠʘʥʪ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʧʦʜʦʙʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.  

 

 ʈʠʩ. 2 ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʠʤʝʥʷʝʤʘʷ ʧʨʠ ʘʥʘʣʠʟʝ. 

 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʧʝʨʝʙʠʨʘʶʪʩʷ ʚʘʨʠʘʥʪʳ 

ʧʝʨʩʝʧʪʨʦʥʦʚ, ʠ ʧʦʜʙʠʨʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʦʙʫʯʝʥʠʷ [3]. ʇʦʜʦʙʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ ʪʘʢ ʞʝ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʇʨʦʚʝʨʠʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘʰʝʡ ʪʝʦʨʠʠ ʥʘ 

ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʆʩʥʦʚʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʚʳʙʨʘʥ ʚʳʩʦʢʦʧʨʦʯʥʳʡ 

ʜʝʬʦʨʤʠʨʫʝʤʳʡ ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ ɺ96ʎ. ɺ ʢʘʞʜʦʤ 

ʦʧʳʪʝ ʤʝʥʷʝʪʩʷ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʪʦʣʴʢʦ ʦʜʥʠʤ 

ʵʣʝʤʝʥʪʦʤ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʩʦʩʪʘʚʣʷʝʤ ʪʘʙʣʠʮʫ 1 

ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  
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ʊʘʙʣʠʮʘ 1 

 

ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʠ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

 

ˉ ʦʧʳʪʘ Fe Si Mn Ti Cu Zr Mg Zn Y 

1 0,4 0,3 0,1 0,003 2,3 0,1 2,6 8 12,97 

2 0,6 0,3 0,1 0,003 2,3 0,1 2,6 8 13,37 

3 0,4 0,4 0,1 0,003 2,3 0,1 2,6 8 13,67 

4 0,4 0,3 0,2 0,003 2,3 0,1 2,6 8 12,95 

5 0,4 0,3 0,1 0,005 2,3 0,1 2,6 8 12,98 

6 0,4 0,3 0,1 0,003 2,8 0,1 2,6 8 9,472 

7 0,4 0,3 0,1 0,003 2,3 0,2 2,6 8 13,07 

8 0,4 0,3 0,1 0,003 2,3 0,1 3,3 8 13,53 

9 0,4 0,3 0,1 0,003 2,3 0,1 2,6 9 15,97 

10 0,8 0,3 0,1 0,003 2,3 0,1 2,6 8 13,77 

11 0,4 0,5 0,1 0,003 2,3 0,1 2,6 8 14,37 

12 0,4 0,3 0,3 0,003 2,3 0,1 2,6 8 12,93 

13 0,4 0,3 0,1 0,007 2,3 0,1 2,6 8 12,99 

14 0,4 0,3 0,1 0,003 3,3 0,1 2,6 8 5,972 

15 0,4 0,3 0,1 0,003 2,3 0,3 2,6 8 13,17 

16 0,4 0,3 0,1 0,003 2,3 0,1 4 8 14,09 

17 0,4 0,3 0,1 0,003 2,3 0,1 2,6 10 18,97 

 

ʇʘʨʘʤʝʪʨʦʤ Y ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʣʠʥʝʡʥʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʩ 

8 ʥʝʟʘʚʠʩʠʤʳʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʩʪʘʣ ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʝʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʇʝʨʝʙʦʨ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ,  

ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʠ ʬʫʥʢʮʠʡ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦʟʚʦʣʠʣʦ ʧʦʩʪʨʦʠʪʴ ʥʝʡʨʦʩʝʪʝʚʫʶ 

ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʙʫʯʘʣʘʩʴ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ 

(ʨʠʩ.3).

 
ʈʠʩ. 3 ʆʙʫʯʝʥʠʝ  ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ 

 

 

ʂʘʢ ʚʠʜʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʝʨʩʝʧʪʨʦʥ ʦʜʥʠʤ ʩʢʨʳʪʳʤ ʩʣʦʝʤ, ʚ 

ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ 24 ʥʝʡʨʦʥʘ, ʘ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ 

ʣʠʥʝʡʥʳʝ.  

ʇʨʠ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʧʘʢʝʪʝ MATLAB  ʤʦʞʥʦ ʚʠʜʝʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ 

ʤʦʜʝʣʠʨʫʝʤʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʨʠʩ. 4). 
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ʈʠʩ. 4 ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

 

ɻʜʝ Train ï ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʧʦ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ; Validatio ï ʢʨʠʚʘʷ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; Test ï ʪʝʩʪʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚʳʙʨʘʥʥʳʝ ʩʠʩʪʝʤʦʡ ʜʦ ʥʘʯʘʣʘ ʦʙʫʯʝʥʠʷ; Best ï ʥʘʠʣʫʯʰʝʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠ ʦʙʫʯʝʥʠʠ. 

 

ɼʣʷ ʥʘʠʣʫʯʰʝʛʦ ʫʨʦʚʥʷ ʦʙʫʯʝʥʠʷ ʪʨʝʙʫʝʪʩʷ  7 

ʵʧʦʭ, ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʚʠʜʝʪʴ ʜʘʣʴʰʝ, ʯʪʦ ʧʨʠ 

ʧʨʘʚʠʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ ʩʠʩʪʝʤʳ ʦʙʫʯʝʥʠʷ ʪʦʯʥʦʩʪʴ 

ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʝʱʸ ʙʦʣʴʰʝ, ʥʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʵʪʦʛʦ ʥʝ ʪʨʝʙʫʝʪʩʷ.  

ʇʨʠʤʝʥʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 5 ʦʪʦʙʨʘʞʘʝʪ ʩʪʝʧʝʥʴ 

ʦʙʫʯʘʝʤʦʩʪʠ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʧʘʨʘʤʝʪʨʦʚ.  

 
 

ʈʠʩ. 5 ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 
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ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʩʝ ʵʣʝʤʝʥʪʳ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʧʨʷʤʳʭ, ʯʪʦ ʛʦʚʦʨʠʪ ʤʘʣʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʜʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʊʘʢ ʢʘʢ ʠʟʥʘʯʘʣʴʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʳʣʘ 

ʟʘʜʘʥʘ ʣʠʥʝʡʥʦ, ʪʦ ʤʳ ʤʦʞʝʤ ʯʠʩʣʝʥʥʦ ʦʮʝʥʠʪʴ 

ʩʪʝʧʝʥʴ ʧʦʛʨʝʰʥʦʩʪʠ, ʜʣʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʤ 

ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʚʳʙʦʨʢʫ ʠ ʧʦʣʫʯʠʤ ʧʘʨʘʤʝʪʨ Y ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʟʘʢʦʥʫ. ʇʨʦʤʦʜʝʣʠʨʫʝʤ ʨʘʙʦʪʫ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʩʦʩʪʘʚʠʤ ʠʟ ʚʩʝʛʦ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʪʘʙʣʠʮʫ 2. 

 

ʊʘʙʣʠʮʘ 1 

ʅʘʛʣʷʜʥʦʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʯʠʩʣʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ˉ ʦʧʳʪʘ Fe Si Mn Ti Cu Zr Mg Zn Y 

1 0,4 0,3 0,1 0,003 2,3 0,1 2,6 8 12,97 

2 0,6 0,3 0,1 0,003 2,3 0,1 2,6 8 13,37 

3 0,4 0,4 0,1 0,003 2,3 0,1 2,6 8 13,67 

4 0,4 0,3 0,2 0,003 2,3 0,1 2,6 8 12,95 

5 0,4 0,3 0,1 0,005 2,3 0,1 2,6 8 12,98 

6 0,4 0,3 0,1 0,003 2,8 0,1 2,6 8 9,472 

7 0,4 0,3 0,1 0,003 2,3 0,2 2,6 8 13,07 

8 0,4 0,3 0,1 0,003 2,3 0,1 3,3 8 13,53 

9 0,4 0,3 0,1 0,003 2,3 0,1 2,6 9 15,97 

10 0,8 0,3 0,1 0,003 2,3 0,1 2,6 8 13,77 

11 0,4 0,5 0,1 0,003 2,3 0,1 2,6 8 14,37 

12 0,4 0,3 0,3 0,003 2,3 0,1 2,6 8 12,93 

13 0,4 0,3 0,1 0,007 2,3 0,1 2,6 8 12,99 

14 0,4 0,3 0,1 0,003 3,3 0,1 2,6 8 5,972 

15 0,4 0,3 0,1 0,003 2,3 0,3 2,6 8 13,17 

16 0,4 0,3 0,1 0,003 2,3 0,1 4 8 14,09 

17 0,4 0,3 0,1 0,003 2,3 0,1 2,6 10 18,97 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ 

ʧʦʣʫʯʘʝʤʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʧʣʘʚʘ, ʠ ʠʭ 

ʩʦʯʝʪʘʥʠʡ, ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʥʠʢʥʫʪʴ ʚ ʩʫʪʴ ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʠʟ 

ʵʣʝʤʝʥʪʦʚ. 

ʇʦʩʪʨʦʝʥʠʝ ʨʷʜʘ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʠ ʠʭ ʦʙʲʝʜʠʥʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, ʠ 

ʧʨʠʙʣʠʞʘʝʪ ʢ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʨʝʙʫʝʤʦʛʦ ʩʦʯʝʪʘʥʠʷ ʩʚʦʡʩʪʚ. 
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Abstracts ï In this paper, the modeling of the indentation of a rigid spherical indenter in the material under study. The 

results obtained with the finite - element model are compared with the solution of the classical Hertz problem. The 

similarity of the results makes it possible to further analyze the distribution of stresses for a problem with the coating. 

 

ʂʦʥʪʘʢʪʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʣʫʯʘʝʚ ʩʠʣʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʥʦ 

ʚʦʟʥʠʢʘʝʪ ʚ ʧʨʦʮʝʩʩʝ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ 

ʩʦʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ. ʏʘʱʝ 

ʚʩʝʛʦ ʚ ʟʦʥʝ ʩʠʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʪʝʣ ʚʦʟʥʠʢʘʝʪ ʤʝʩʪʥʘʷ 

ʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʫʧʨʫʛʦʡ ʢʦʥʪʘʢʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʣʦʚʠʷ ʪʨʝʥʠʷ 

ʠ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʪ.ʜ. 

ʋʧʨʦʯʥʝʥʠʝ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 

ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʚʦʜʷʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʦʩʦʙʦʚ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʭʨʦʤʠʨʦʚʘʥʠʷ, ʥʘʥʝʩʝʥʠʷ ʥʘʧʣʘʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʘʟʦʪʠʨʦʚʘʥʠʷ ʚ ʧʣʘʟʤʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ, ʣʘʟʝʨʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ. ʆʜʥʘʢʦ ʫʢʘʟʘʥʥʳʝ ʩʧʦʩʦʙʳ ʣʠʰʴ 

ʧʦʚʳʰʘʶʪ ʪʚʝʨʜʦʩʪʴ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ ʚʘʢʫʫʤʥʳʭ ʠʦʥʥʦ-

ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʪʘʢʠʭ 

ʧʦʢʨʳʪʠʡ ʷʚʣʷʶʪʩʷ çʤʥʦʛʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷè.  

ʆʜʥʘʢʦ ʩʪʨʦʛʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʢʦʥʪʘʢʪʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʥʘʣʠʯʠʝ ʧʦʢʨʳʪʠʡ, ʘʥʘʣʦʛʠʯʥʳʝ ʪʝʤ, 

ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʧʨʫʛʦʤʫ ʢʦʥʪʘʢʪʫ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʪʝʨʤʠʥʦʤ çʟʘʜʘʯʘ ɻʝʨʮʘè, ʝʱʝ ʥʝ 

ʩʦʟʜʘʥʘ.  

ʕʪʠʤ ʚ ʯʘʩʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʦʢ ʚʣʠʷʥʠʷ 

ʧʦʢʨʳʪʠʡ ʥʘ ʢʦʥʪʘʢʪʥʳʝ ʜʝʬʦʨʤʘʮʠʠ. 

ʊʘʢʠʭ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘ 

ʤʠʢʨʦʨʘʟʨʫʰʝʥʠʶ - ʠʟʥʘʰʠʚʘʥʠʶ (ʧʦʚʳʰʝʥʠʝ 

ʩʪʦʡʢʦʩʪʠ) ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʚʘʢʫʫʤʥʳʭ ʠʦʥʥʦ-

ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ ʪʘʢʠʭ 

ʧʦʢʨʳʪʠʡ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʠ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʠʢ 

ʨʘʩʯʝʪʘ ʢʦʥʪʘʢʪʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʜʝʪʘʣʝʡ ʩ 

ʧʦʢʨʳʪʠʷʤʠ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʢʨʳʪʠʷ 

ʧʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʢʨʳʪʠʷ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠ ʧʦʵʪʘʧʥʦ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʨʘʩʯʝʪʥʘʷ 

ʤʦʜʝʣʴ ʠ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʝʝ ʘʜʝʢʚʘʪʥʦʩʪʠ. 

ʇʨʦʚʝʨʢʫ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ 

ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʩ ʜʘʥʥʳʤʠ 

ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʟʘʜʘʯʘ ɻʝʨʮʘ).  

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʦʪʥʦʰʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ɻʝʨʮʘ ʜʣʷ ʩʣʫʯʘʷ ʚʥʝʜʨʝʥʠʷ ʩʬʝʨʳ ʚ 

ʫʧʨʫʛʦʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʠʟ ʨʘʙʦʪʳ 
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ʏʠʩʣʝʥʥʫʶ ʤʦʜʝʣʴ ʨʘʟʨʘʙʘʪʳʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ANSYS. 

ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 2D-ʤʦʜʝʣʴ ʧʘʨʳ çʧʦʜʣʦʞʢʘ 

- ʠʥʜʝʥʪʦʨè. ɼʣʠʥʘ ʠ ʰʠʨʠʥʘ ʧʦʜʣʦʞʢʠ ʧʨʠʥʷʪʳ 

ʨʘʚʥʳʤʠ 0,1 ʤʤ, ʨʘʜʠʫʩ ʞʝʩʪʢʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʠʥʜʝʥʪʦʨʘ ʪʘʢʞʝ ʨʘʚʝʥ 0,1 ʤʤ. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢ ʚʳʯʠʩʣʝʥʠʶ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʚʘʣʠʩʴ ʚ 

ʧʝʨʝʤʝʱʝʥʠʷʭ: 

;0)( =MU y 2SʄÍ
 

;0)( =MUx 1SMÍ
 

;0002.0)( ʤʤMUx -=
1WÍM  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʦʩʢʠʡ ʚʦʩʴʤʠ ʫʟʣʦʚʦʡ ʵʣʝʤʝʥʪ 

PLANE 182. ʇʨʦʚʦʜʠʣʠ ʩʛʫʱʝʥʠʝ ʩʝʪʢʠ ʚ ʟʦʥʝ 

ʢʦʥʪʘʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʥʠʟʢʫʶ ʨʘʩʯʝʪʥʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ. ʂʘʨʪʠʥʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.  

 
ʈʠʩ. 2. ʉʝʪʢʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʛʫʱʝʥʠʝʤ ʚ 

ʟʦʥʝ ʢʦʥʪʘʢʪʘ 

 

ʄʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʘ ʩʦʩʪʘʚʠʣ 0,0002 

ʤʤ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʣʦʞʢʠ ʠ ʠʥʜʝʥʪʦʨʘ ʧʨʠʥʠʤʘʣʠ 

ʟʥʘʯʝʥʠʷ ɽʧʦʜʣ = 200 ɻʇʘ ʠ v = 0.3, Eʠʥʜ = 1200 ɻʇʘ ʠ  v 

= 0.1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠ.̫  

 
ʈʠʩ.3. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ 

 

ʀʟ ʨʠʩ. 3. ʚʠʜʥʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ 

ʧʝʨʝʡʪʠ ʢ ʨʝʘʣʠʟʘʮʠʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʦʡ 

ʮʝʣʴʶ, ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʨʳʪʠʡ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ çʧʦʢʨʳʪʠʝ-

ʧʦʜʣʦʞʢʘè. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 
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ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

(ʧʣʘʥʠʨʦʚʘʥʠʝ 2
2
). ɺ ʢʘʯʝʩʪʚʝ ʚʘʨʴʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ 

ʧʨʠʥʠʤʘʣʠ ʪʦʣʱʠʥʫ ʧʦʢʨʳʪʠʷ (t) ʠ ʦʪʥʦʰʝʥʠʝ 

ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʧʦʢʨʳʪʠʷ ʠ ʧʦʜʣʦʞʢʠ (
ʧʦʜʧʦʢɽɽ / ). 

ʀʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʠ: ʜʣʷ t ʦʪ 1 ʜʦ 10 

ʤʢʤ, ʜʣʷ 
ʧʦʜʧʦʢɽɽ / ʦʪ 1 ʜʦ 3.  

ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʣʘ 4 ʦʧʳʪʘ. ɼʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʆʮʝʥʢʫ 

ʟʥʘʯʠʤʦʩʪʠ ʯʣʝʥʦʚ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ.  

 
ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩ. 4. ʂʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʥʘʧʨʷʞʝʥʠʡ: ʘ) ůx; ʙ) ůy; ʚ) Űxy. 

ʌʫʥʢʮʠʝʡ ʦʪʢʣʠʢʘ ʷʚʣʷʣʠʩʴ ʧʨʠʚʝʜʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʧʦʢʨʳʪʠʝ ï ʧʦʜʣʦʞʢʘè.  

ʂʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʧʨʠ ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʷ 1 ʤʢʤ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4. 

ʀʟ ʨʠʩ. 4 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʪʘʢʪʝ, ʚ 

ʠʥʜʝʥʪʠʨʫʝʤʦʤ ʤʘʪʝʨʠʘʣʝ, ʦʙʨʘʟʫʶʪʩʷ ʩʞʠʤʘʶʱʠʝ 

ʥʘʧʨʷʞʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 

ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʠʥʜʝʥʪʦʨʘ ʠ ʧʦʢʨʳʪʠʷ. 

ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʚʝʣʠʯʠʥʳ 

ʥʘʧʨʷʞʝʥʠʡ ʫʤʝʥʴʰʘʶʪʩʷ, ʜʦʩʪʠʛʘʷ ʥʫʣʝʚʳʭ 

ʟʥʘʯʝʥʠʡ. 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʷ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʠ ʦʪʥʦʰʝʥʠʷ 

ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʩʠʩʪʝʤʳ çʧʦʜʣʦʞʢʘ-ʧʦʢʨʳʪʠʝè ʥʘ 

ʚʝʣʠʯʠʥʫ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʚ ʪ. ɸ (ʩʤ ʨʠʩ. 1).  

ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʦʪʨʘʞʘʶʱʠʝ ʚʣʠʷʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʝʣʠʯʠʥʫ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ 

ʚ ʤʘʪʝʨʠʘʣʝ ʧʦʢʨʳʪʠʷ. ʇʨʠʯʝʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʡ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ 0,6 ʜʦ 0,3. ɼʣʷ ʧʦʢʨʳʪʠʡ ʩ ʪʦʣʱʠʥʦʡ 

ʜʦ 2 ʤʢʤ ʨʘʟʥʦʩʪʴ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0,6 

ʜʦ 0,5. ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʜʦ 4 ʤʢʤ ʚʝʜʝʪ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 14%, ʘ 

ʜʦ 6 ʤʢʤ ʥʘ 27%.  

 
ʈʠʩ. 5. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ çʧʦʢʨʳʪʠʝ - ʧʦʜʣʦʞʢʘè ʚ 

ʪʦʯʢʝ ɸ. 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʫʩʠʣʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʥʦʩʪʠ 

ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʩʠʩʪʝʤʳ çʧʦʢʨʳʪʠʝ-ʧʦʜʣʦʞʢʘè 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʷ 10 ʤʢʤ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ 

ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʦʪ 1 ʜʦ 3 ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 20%. 

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʦʣʱʠʥʳ 

ʧʦʢʨʳʪʠʷ ʠ ʦʪʥʦʰʝʥʠʷ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʩʠʩʪʝʤʳ 

çʧʦʜʣʦʞʢʘ-ʧʦʢʨʳʪʠʝè ʥʘ ʚʝʣʠʯʠʥʫ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ. 

ʅʘ ʨʠʩ. 6 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʦʪʨʘʞʘʶʱʠʝ ʚʣʠʷʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʝʣʠʯʠʥʫ 
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ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩ 

ʜʘʥʥʳʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʥʘ ʨʠʩ. 5 ʧʦʢʘʟʘʣ ʠʭ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʩʭʦʞʝʩʪʴ. 

 
ʈʠʩ. 6. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ çʧʦʢʨʳʪʠʝ - ʧʦʜʣʦʞʢʘè ʚ 

ʪʦʯʢʝ ɸ. 

 

ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʧʦʢʨʳʪʠʷʭ ʩ 

ʪʦʣʱʠʥʦʡ ʜʦ 2 ʤʢʤ, ʧʨʠʯʝʤ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʩ 

ʪʘʢʠʤʠ ʪʦʣʱʠʥʘʤʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ -0,244 ʜʦ -0,207. 

ʇʦʩʣʝʜʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʚʝʜʝʪ ʢ 

ʩʥʠʞʝʥʠʶ ʚʝʣʠʯʠʥ ʥʘʧʨʷʞʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʯʠʩʣʝʥʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʤʦʜʝʣʴ 

ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʜʝʥʪʦʨ-ʧʦʢʨʳʪʠʝ. 

2. ʇʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʯʠʩʣʝʥʥʦʡ 

ʤʦʜʝʣʠ. ʋʩʪʘʥʦʚʣʝʥʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʩ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ.  

3. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʨʳʪʠʷ ʥʘ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ 

ʚʝʣʠʯʠʥ ʥʘʧʨʷʞʝʥʠʡ. ɺʣʠʷʥʠʝ ʨʘʟʥʦʩʪʠ ʤʦʜʫʣʝʡ 

ʫʧʨʫʛʦʩʪʠ ʧʦʢʨʳʪʠʷ ʠ ʧʦʜʣʦʞʢʠ ʙʦʣʝʝ ʷʨʢʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʧʝʨʝʡʪʠ ʢ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʪʦʨʳ ʧʨʦʚʦʜʷʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʨʠʚʦʡ ʥʘʛʨʫʞʝʥʠʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʥʘʧʨʷʞʝʥʠʷ-

ʜʝʬʦʨʤʘʮʠʠè ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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Keywords ï Magnit, crystallization and solidification, microporosite, shrink sink.  

 

Abstracts ï The theme of the report is very relevant, since the acquisition of high-quality metal products is one of the 

most important problems, the solution of which contributes to the creation of modern technology. High quality metal 

products generated through the achievement of a given chemical composition of the alloy, as well as through the 

creation of the necessary micro- and macrostructure.  

 

ʐʝʩʪʥʘʜʮʘʪʠʧʦʣʶʩʥʳʡ ʤʘʛʥʠʪ ʩ ʷʚʥʦ 

ʚʳʨʘʞʝʥʥʳʤʠ ʧʦʣʶʩʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʚʦʟʙʫʞʜʝʥʠʷ.  

ʕʪʦʪ ʤʘʛʥʠʪ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʩʧʣʘʚʘ ʖʅɼʂ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʳʤ (23-24%ʉʦ, 13-

14% Ni, 8-9% Al, 3-5% ʉu, ʦʩʪʘʣʴʥʦʝ Fe). ʆʩʥʦʚʫ 

ʵʪʦʛʦ ʩʧʣʘʚʘ  ʩʦʩʪʘʚʣʷʶʪ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ Fe, Al ʠ Ni, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʪʨʦʡʥʫʶ ʜʠʘʛʨʘʤʤʫ ʩʦʩʪʦʷʥʠʷ Fe-

Al -Ni. ʇʦʩʪʨʦʝʥʠʝ ʵʪʦʡ ʜʠʘʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʝʞʠʤʦʚ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʡ ʨʘʩʧʘʜ. 

ʆʜʥʘʢʦ ʧʨʦʩʣʝʜʠʪʴ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʩʧʣʘʚʦʚ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʝʩʴʤʘ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʛʥʠʪʥʳʭ ʩʧʣʘʚʦʚ 

ʥʘ ʦʩʥʦʚʝ Fe-Al -Ni ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʠ 

ʚʣʠʷʥʠʶ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ [1].  

ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʯʝʪʚʝʨʥʦʡ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷ Fe-ʉʦ-Al-Ni  ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʨʘʩʩʤʦʪʨʝʪʴ ʩ ʧʦʤʦʱʴʶ ʪʨʦʡʥʦʡ 

ʜʠʘʛʨʘʤʤʳ Fe-Al-Ni.   

ʊʘʢ ʢʘʢ ʚ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ ʚʦʟʥʠʢʘʶʪ ʚʳʩʦʢʠʝ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʝ ʧʦʣʷ, ʪʦ ʚʝʣʠʯʠʥʘ ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣʳ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʯʝʨʪʝʞʘ ʜʦʣʞʥʘ ʙʳʪʴ  ʅʩɺ >46 

ʢɸ/ʤ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʚ ʩʦʩʪʘʚ ʩʧʣʘʚʘ 

ʚʚʦʜʷʪ ʜʦ 1,5 % ʪʠʪʘʥʘ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʠʪʝʡʥʳʭ ʜʝʬʝʢʪʦʚ ï 

ʫʩʘʜʦʯʥʳʭ ʧʦʨ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʘʜʦʯʥʦʡ 

ʧʦʨʠʩʪʦʩʪʠ ʚ ʦʪʣʠʚʢʘʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʝʨʝʭʦʜʥʦʡ 

ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠʯʝʤ ʯʝʤ ʙʦʣʴʰʝ ʠʥʪʝʨʚʘʣ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʝʤ ʙʦʣʴʰʝ ʧʝʨʝʭʦʜʥʘʷ ʜʚʫʭʬʘʟʥʘʷ 

ʦʙʣʘʩʪʴ [2].  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʤʝʥʠʪʴ ʪʠʪʘʥ ʢʦʤʧʦʥʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʧʦʚʳʰʘʝʪ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ, ʥʦ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ 

ʠʥʪʝʨʚʘʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʵʪʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʥʠʦʙʠʡ. ʀʩʢʣʶʯʝʥʠʝ ʠʟ 

ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʖʅɼʂ ʪʠʪʘʥʘ  ʠ ʟʘʤʝʥʘ ʝʛʦ ʥʠʦʙʠʝʤ, ʘ 

ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʛʦʜʥʳʭ ʦʪʣʠʚʦʢ.  

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʘʜʦʯʥʳʭ ʨʘʢʦʚʠʥ, ʪʨʝʱʠʥ, 

ʦʢʩʠʜʥʳʭ ʧʣʝʥ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʫʶʱʘʷ 

ʣʠʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ, ʘ ʪʘʢʞʝ ʥʝʨʘʮʠʦʥʘʣʴʥʦ ʟʘʜʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʟʘʣʠʚʢʠ ʠ  ʬʦʨʤʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʙʦʨ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʞʠʤʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʣʠʚʢʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʨʤʳ ʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʣʠʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʣʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʟʘʣʠʚʢʠ ʬʦʨʤʳ 

ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʦʪʣʠʚʢʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʳ LVMFlow.  

ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ, 

ʯʪʦʙʳ ʧʦ ʦʢʦʥʯʘʥʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʥʷʣʠ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ: 

 -ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʣʠʚʢʠ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 1600-

1650Áʉ,  

- ʪʝʤʧʝʨʘʪʫʨʘ ʬʦʨʤʘ - 800-850Áʉ. 

ɺʳʙʨʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ 

ʦʭʣʘʞʜʝʥʠʷ ʚʦ ʚʩʝʭ ʯʘʩʪʷʭ ʦʪʣʠʚʢʠ  35 ʛʨʘʜ/ʤʠʥ.  

ʇʦʜʚʦʜ ʤʝʪʘʣʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʙʦʢʫ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʚ ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ ʟʘʤʝʥʠʪʴ 

ʪʠʪʘʥ ʥʠʦʙʠʝʤ. 
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ʉʀɻʅɸʃɸ 

 
ɼ.ɺ. ɸʥʛʝʣʦʚʠʯ (ʤʘʛʠʩʪʨʘʥʪ)

 1
. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʀ.ɸ. ʂʦʣʦʤʠʝʮ (ʢ.ʪ.ʥ., ʜʦʮʝʥʪ)
  2 

 
1
 ʌʘʢʫʣʴʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʂʘʬʝʜʨʘ ɺʊ, ʛʨʫʧʧʘ ʊʂʄ-110,  

2
 ʌʘʢʫʣʴʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʂʘʬʝʜʨʘ ɺʊ 

 

Keywords - speech coding, wavelet, wavelet - packet decomposition, threshold processing, order statistics. 

 

Abstracts - In this work a short description of methods and algorithms of speech compression is given. The process of 

speech coding by using wavelet transform is considered. Quality and quantitative data of implemented codec are given. 

 

ʇʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʧʦ ʩʝʪʷʤ ʩʚʷʟʠ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʚʠʪ 

ʟʘʜʘʯʫ ʝʸ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʠ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʪʨʘʬʠʢʘ ʷʚʣʷʝʪʩʷ 

ʘʫʜʠʦʠʥʬʦʨʤʘʮʠʷ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʯʝʚʘʷ 

ʠʥʬʦʨʤʘʮʠʷ. 

ʀʟʚʝʩʪʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʪʦʜʳ ʩʞʘʪʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʰʠʨʦʢʠʭ ʢʣʘʩʩʘ: 

ʂʦʜʝʢʠ ʬʦʨʤʳ ʩʠʛʥʘʣʘ. ʂ ʜʘʥʥʦʤʫ ʢʣʘʩʩʫ 

ʦʪʥʦʩʷʪʩʷ ʢʦʜʝʢʠ ʀʂʄ, ɼʀʂʄ, ɸɼʀʂʄ. ʂʦʜʝʢʠ 

ʵʪʦʛʦ ʢʣʘʩʩʘ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʤʦʜʝʣʠ ʨʝʯʝʦʙʨʘʟʦʚʘʥʠʷ [2]. 

ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʵʪʠ ʢʦʜʝʢʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝ 

ʪʦʣʴʢʦ ʢ ʨʝʯʝʚʳʤ ʩʠʛʥʘʣʘʤ, ʘ ʠ ʢ ʩʠʛʥʘʣʘʤ ʜʨʫʛʦʡ 

ʧʨʠʨʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʫʜʠʦ ʩʠʛʥʘʣʘʤ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 

ʧʨʦʩʪʳʭ ʚ ʧʣʘʥʝ ʨʝʘʣʠʟʘʮʠʠ, ʢʘʢ ʧʨʦʛʨʘʤʤʥʦʡ, ʪʘʢ ʠ 

ʘʧʧʘʨʘʪʥʦʡ, ʩʫʱʝʩʪʚʫʶʪ ʟʘʢʦʥʯʝʥʥʳʝ ʘʧʧʘʨʘʪʥʳʝ 

ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʢʦʜʠʨʦʚʘʥʠʝ ʬʦʨʤʳ ʩʠʛʥʘʣʘ. ʆʙʨʘʪʥʦʡ 

ʩʪʦʨʦʥʦʡ ʧʦʜʦʙʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʧʦʪʦʢʘ. ɼʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ʜʦʩʪʠʞʠʤʳʭ ʢʦʜʝʢʘʤʠ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 16 ʜʦ 64 ʢʙʠʪ/ʩ.  

ʂʦʜʝʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ (ʚʦʢʦʜʝʨʳ). ɺ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʢʦʜʝʢʘʤ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʦʩʥʦʚʥʦʡ 

ʠʜʝʝʡ ʚʦʢʦʜʝʨʥʳʭ ʩʠʩʪʝʤ ʩʞʘʪʠʷ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ, ʧʨʠʩʫʱʠʭ ʪʦʣʴʢʦ 

ʨʝʯʝʚʳʤ ʩʠʛʥʘʣʘʤ, ʦʩʦʙʝʥʥʦʩʪʝʡ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʩʞʘʪʠʷ ʨʝʯʝʚʦʡ ʩʠʛʥʘʣ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʢʘʜʨʳ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʨʝʯʝʚʦʡ ʩʠʛʥʘʣ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ, ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ 

ʧʨʦʮʝʩʩʦʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʘʜʨʘ 

ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʠʥʪʝʨʚʘʣʘ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ 

ʨʝʯʠ. ʆʙʳʯʥʦ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 160 ʤʩ. ʀʟ 

ʧʦʣʫʯʝʥʥʳʭ ʢʘʜʨʦʚ, ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʚʳʜʝʣʷʝʪʩʷ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʯʘʩʪʦʪʘ 

ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠ,̫ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʨʝʯʝʚʦʡ 

ʪʨʘʢʪ, ʠ ʜʨʫʛʠʝ [2]. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʦʥʠ ʢʦʜʠʨʫʶʪʩʷ ʠ 

ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʝ ʢʦʜʝʢʠ 

ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʦʪ 1,2 ʜʦ 

4,8 ʢʙʠʪ/ʩ. ɽʩʪʝʩʪʚʝʥʥʦʡ ʧʣʘʪʦʡ ʟʘ ʤʠʥʠʤʠʟʘʮʠʶ 

ʚʳʭʦʜʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ, 

ʥʝʝʩʪʝʩʪʚʝʥʥʘʷ ʨʝʯʴ ʥʘ ʚʳʭʦʜʝ ʜʝʢʦʜʝʨʘ. ʆʜʥʘʢʦ ʜʘʞʝ 

ʧʨʠ ʥʠʟʢʦʤ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʨʝʯʠ, ʧʦʜʦʙʥʳʝ 

ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʩʠʩʪʝʤʘʭ ʩʧʝʮʠʘʣʴʥʦʡ, ʚʦʝʥʥʦʡ ʩʚʷʟʠ.  

ɻʠʙʨʠʜʥʳʝ ʢʦʜʝʢʠ (ʢʦʜʝʢʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ABS). ʂʦʜʝʢʠ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʠʩʪʦʨʠʯʝʩʢʠ ʧʦʷʚʠʣʠʩʴ 

ʩʘʤʳʤʠ ʧʦʩʣʝʜʥʠʤʠ. ʆʥʠ ʧʳʪʘʶʪʩʷ ʩʦʯʝʪʘʪʴ ʚ ʩʝʙʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʨʝʯʝʦʙʨʘʟʦʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʠ 

ʩʦʭʨʘʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʨʝʯʠ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʦʞʥʳʝ ʤʦʜʝʣʠ ʩʠʛʥʘʣʦʚ ʚʦʟʙʫʞʜʝʥʠʷ 

ʨʝʯʝʦʙʨʘʟʫʶʱʠʭ ʬʠʣʴʪʨʦʚ, ʝʩʣʠ ʜʣʷ ʚʦʢʦʜʝʨʦʚ ʵʪʦ 

ʙʳʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ, ʩʣʝʜʫʶʱʠʭ ʩ 

ʯʘʩʪʦʪʦʡ ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ, ʪʦ ʚ ʢʦʜʝʢʘʭ ABS ʵʪʦ ʤʦʛʫʪ 

ʙʳʪʴ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʠʤʧʫʣʴʩʦʚ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʪʝʨʘʪʠʚʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʧʨʠʙʣʠʞʝʥʠʷ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʢ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤʫ ʚʳʭʦʜʥʦʤʫ ʩʠʛʥʘʣʫ [1]. 

ʂʘʢ ʞʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ, 

ʠʣʠ ʘʜʘʧʪʠʚʥʦ ʦʙʥʦʚʣʷʶʱʠʭʩʷ ʩʣʦʚʘʨʝʡ 

ʚʦʟʙʫʞʜʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʧʨʠʙʣʠʞʝʥʠʷ ʠʩʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʢʘʥʘʣ ʧʝʨʝʜʘʶʪʩʷ ʪʦʣʴʢʦ ʥʦʤʝʨʘ ʠʟ ʩʣʦʚʘʨʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʠ 

ʚʳʭʦʜʥʦʛʦ ʧʦʪʦʢʘ. ʂʦʜʝʢʠ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ 

ʩʘʤʳʤʠ ʩʣʦʞʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ, ʠ 

ʨʝʘʣʠʟʘʮʠʷ ʠʭ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʮʠʬʨʦʚʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ (DSP). ɼʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ʜʦʩʪʠʞʠʤʳʭ ʧʨʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʭʝʤ ABS ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2 ʜʦ 8 

ʢʙʠʪ/ʩ. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʝʨʝʢʨʳʚʘʝʪ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ 

ʚʦʢʦʜʝʨʦʚ, ʦʜʥʘʢʦ ʜʣʷ ʩʭʝʤ ABS ʢʘʯʝʩʪʚʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʨʝʯʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ.  

 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʨʝʯʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʚʳʭʦʜʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ 

ʨʝʯʝʚʳʭ ʢʦʜʝʢʦʚ. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʚ ʩʠʩʪʝʤʘʭ ʢʦʜʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ʘʣʛʦʨʠʪʤʳ 

ʥʘ ʦʩʥʦʚʝ ʚʝʡʚʣʝʪ- ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʆʥʠ ʣʝʛʣʠ ʚ 

ʦʩʥʦʚʫ ʩʪʘʥʜʘʨʪʘ ʩʞʘʪʠʷ ʠʟʦʙʨʘʞʝʥʠʡ JPEG. ʆʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʩʞʘʪʠʷ 

ʨʝʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʥʝ ʦʪʨʘʞʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʇʦʵʪʦʤʫ 

ʧʨʠʤʝʥʝʥʠʝ ʚʝʡʚʣʝʪ- ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʩʞʘʪʠʷ 

ʨʝʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ.  

ʆʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʝʛʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʢ ʨʝʯʝʚʳʤ ʩʠʛʥʘʣʘʤ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʩʠʛʥʘʣʘ [3]. ʂʘʜʨʳ, ʥʘ 

ʢʦʪʦʨʳʝ ʨʘʟʙʠʚʘʝʪʩʷ ʠʩʭʦʜʥʳʡ ʨʝʯʝʚʦʡ ʩʠʛʥʘʣ, ʥʠʢʘʢ 

ʥʝ ʧʨʠʚʷʟʳʚʘʶʪʩʷ ʢ ʠʥʪʝʨʚʘʣʘʤ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʨʝʯʠ, 

ʚ ʦʪʣʠʯʠʠ ʦʪ ʚʦʢʦʜʝʨʦʚ ʠ ABS-ʢʦʜʝʢʦʚ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʌʫʨʴʝ- ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʚʳʧʦʣʥʝʥʠʝ ʚʝʡʚʣʝʪ - 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʩʫʪʠ ʩʚʦʜʠʪʩʷ ʢ ʬʠʣʴʪʨʘʮʠʠ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ [3] ʠ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ 

ʚʳʧʦʣʥʝʥʦ ʩ ʥʠʟʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʨʝʩʫʨʩʦʚ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʥʝʟʘʚʠʩʠʤʦʩʪʴ 

ʚʝʡʚʣʝʪ - ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʝʜʣʘʛʘʝʤʳʝ ʘʣʛʦʨʠʪʤʳ 

ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʩʠʛʥʘʣʘʤ ʣʶʙʦʡ ʧʨʠʨʦʜʳ, 

ʚʦʧʨʦʩ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʣʠʰʴ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʜʝʢʠ ʥʘ ʦʩʥʦʚʝ 

ʚʝʡʚʣʝʪ - ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʚʤʝʱʘʝʪ ʚ ʩʝʙʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʢʦʜʝʨʦʚ ʬʦʨʤʳ ʩʠʛʥʘʣʦʚ ʧʨʠ ʵʪʦʤ 

ʫʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʯʝʚʳʭ ʩʠʛʥʘʣʦʚ. 

ɺ ʦʩʥʦʚʫ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʣʦʞʝʥʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʚʝʡʚʣʝʪ - ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʟʳʚʘʝʤʘʷ 

ʧʦʣʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʄʘʣʣʘ ʠʣʠ ʘʣʛʦʨʠʪʤʦʤ 

ʂʦʡʬʤʘʥʘ ï ɺʠʢʝʨʭʘʫʟʝʨʘ. ʉʫʪʴ ʘʣʛʦʨʠʪʤʘ ʩʚʦʜʠʪʩʷ ʢ 

ʧʦʩʪʨʦʝʥʠʶ ʜʝʨʝʚʘ ʚʝʡʚʣʝʪ- ʨʘʟʣʦʞʝʥʠʷ, ʚ ʢʘʞʜʦʤ 

ʫʟʣʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʦʙʨʘʙʦʪʘʥʥrʡ ʥʘ 

ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ ʩʠʛʥʘʣ, ʧʨʠ ʵʪʦʤ ʨʘʟʣʦʞʝʥʠʝ ʫʟʣʘ 

ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʤʝʪʨʠʢʘ  

 

 

ʈʠʩ. 2. ʆʧʪʠʤʘʣʴʥʦʝ ʚʝʡʚʣʝʪ ʨʘʟʣʦʞʝʥʠʝ 

ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʝʛʦ ʨʘʟʣʦʞʝʥʠʠ ʥʘ 

ʩʦʩʪʘʚʣʷʶʱʠʝ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʫʟʝʣ ʩʯʠʪʘʝʪʩʷ 

ʥʝʨʘʟʣʦʞʠʤʳʤ [3]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʪʨʠʢʠ ʚʳʙʨʘʥʘ ʵʥʪʨʦʧʠʷ ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ: 

ä-=
i

ii ssE )log( 22 .                         (1) 

ʀʟ ʥʝʨʘʟʣʦʞʠʤʳʭ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ,  

ʷʚʣʷʶʪʩʷ ʣʠʩʪʴʷʤʠ ʜʝʨʝʚʘ ʨʘʟʣʦʞʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ. ʊ.ʢ. ʜʝʨʝʚʦ ʩʪʨʦʠʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ 

ʫʤʝʥʴʰʝʥʠʷ ʵʥʪʨʦʧʠʠ, ʚʳʭʦʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʩʯʝʪʦʚ ʤʘʣʦʛʦ 

ʫʨʦʚʥʷ (ʨʠʩ. 3).  

 

 

ʘ) 

 

ʙ) 

ʈʠʩ 3. ʘ) ʠʩʭʦʜʥʳʡ ʨʝʯʝʚʦʡ ʩʠʛʥʘʣ, ʙ) 

ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʡʚʣʝʪ ʨʘʟʣʦʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʨʝʯʝʚʦʛʦ 

ʩʠʛʥʘʣʘ. 

 

ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʄʘʣʣʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʘ ʩʞʘʪʠʷ ʨʝʯʠ, ʘ ʠʤʝʥʥʦ, 

ʫʜʘʣʝʥʠʝ ʦʪʩʯʝʪʦʚ ʤʘʣʦʛʦ ʫʨʦʚʥʷ ʪʝʤ ʠʣʠ ʠʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ 

ʩʞʘʪʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʘ ʤʝʪʦʜʘ 

ʦʙʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʝʡʚʣʝʪ -ʧʘʢʝʪʥʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʦʣʫʯʝʥʥʳʝ ʢʦʜʝʢʠ. 

ɺʘʨʠʘʥʪʳ ʦʙʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʝʡʚʣʝʪ - 

ʨʘʟʣʦʞʝʥʠʷ: 

1) ʇʦʨʦʛʦʚʘʷ ʦʙʨʘʙʦʪʢʘ. ɿʘʜʘʝʤ ʟʥʘʯʝʥʠʝ ʧʦʨʦʛʘ th 

ʚʩʝ ʦʪʩʯʝʪʳ ʚʳʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ th, 

ʟʘʤʝʥʷʶʪʩʷ ʥʫʣʝʚʳʤʠ ʦʪʩʯʝʪʘʤʠ.  
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2) ʆʙʨʘʙʦʪʢʘ ʥʘ ʦʩʥʦʚʝ ʧʦʨʷʜʢʦʚʳʭ ʩʪʘʪʠʩʪʠʢ. 

ɿʘʜʘʝʤ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨʷʜʢʦʚʳʭ ʩʪʘʪʠʩʪʠʢ, 

ʥʘʭʦʜʠʤ ʟʥʘʯʝʥʠʷ ʩʪʘʪʠʩʪʠʢ,  ʦʩʪʘʣʴʥʳʝ ʦʪʩʯʝʪʳ 

ʟʘʤʝʥʷʝʤ ʥʘ ʥʫʣʝʚʳʝ.  

ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʵʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ 

ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʦʞʝʥʠʷ, ʥʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʦʥʠ. 

ʅʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ, 

ʥʘʧʠʩʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʚʳʧʦʣʥʝʥ ʨʷʜ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʜʝʢʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ: ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ/ʰʫʤ, ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʘʪʠʷ ʜʘʥʥʳʭ. ʌʦʨʤʫʣʳ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: 
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ʛʜʝ yy Ĕ, - ʠʩʭʦʜʥʳʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʩʠʛʥʘʣʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ Y  ʠ YĔ- ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʦʛʦ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʦʚ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʞʘʪʠʷ 

ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʦʛʦ 

ʬʘʡʣʘ, ʢ ʨʘʟʤʝʨʫ ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʜʠʨʦʚʘʥʠʷ.  

ʋʩʨʝʜʥʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʜʣʷ ʧʝʨʚʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨʷʜʢʦʚʳʭ ʩʪʘʪʠʩʪʠʢ ʜʣʷ 

ʚʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ 

ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʤʝʪʦʜʘ ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʦʠʩʢʝ 

ʧʦʨʷʜʢʦʚʳʭ ʩʪʘʪʠʩʪʠʢ. ʄʝʪʦʜ ʧʦʨʷʜʢʦʚʳʭ ʩʪʘʪʠʩʪʠʢ 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ 

ʧʦʨʷʜʢʘ 45 ï 75 ʜɹ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ.   

 

 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, 

ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʦʪ ʚʝʣʠʯʠʥʳ 

ʧʦʨʦʛʘ. 

 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ, 

ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʨʷʜʢʦʚʳʭ ʩʪʘʪʠʩʪʠʢ. 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʦʪ ʚʝʣʠʯʠʥʳ 

ʧʦʨʦʛʘ 

ʆʙʨʘʪʥʦʡ ʩʪʦʨʦʥʦʡ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ 

ʧʦʨʷʜʢʦʚʳʭ ʩʪʘʪʠʩʪʠʢ ʷʚʣʷʝʪʩʷ  ʤʝʥʴʰʘʷ ʩʪʝʧʝʥʴ 

ʩʞʘʪʠʷ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʦʛʦʚʳʤ ʤʝʪʦʜʦʤ. ʉʪʝʧʝʥʴ ʩʞʘʪʠʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʨʷʜʢʦʚʳʭ ʩʪʘʪʠʩʪʠʢ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

20 ʜʦ 40 ʨʘʟ ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʨʝʯʠ.  
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ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʦʪ ʚʝʣʠʯʠʥʳ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʨʷʜʢʦʚʳʭ ʩʪʘʪʠʩʪʠʢ. 

 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʚ ʩʠʩʪʝʤʘʭ ʩʧʝʮʠʘʣʴʥʦʡ ʩʚʷʟʠ, ʛʜʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʯʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

 ʋʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩ- ʩʤʦʪʨʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʚʝʩʪʠʩʴ ʚ 

ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ:  

1) ʬʠʣʴʪʨʘʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ; 

2) ʧʨʠʤʝʥʝʥʠʝ ʦʢʦʥ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʘʜʨʦʚ ʨʝʯʠ; 

3) ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʨʠʢ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʦʜʝʣʷʭ 

ʚʦʩʧʨʠʷʪʠʷ ʨʝʯʠ; 

4) ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

ʨʝʯʠ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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2
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Keywords ï noise-immune coding; bit error rate; noncoherent reception. 

  

Abstracts ï We study the characteristics of the noise immunity of communication systems in the transmission of blocks 

of characters in length two or three bits. The data blocks are also used, for example, the Viterbi algorithm that 

implements a rigid scheme of decoding convolutional codes with rate 1/2 and 1/3. 

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʩʚʷʟʠ 

ʚ̫ʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʙʠʪ. ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ 

ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚʠʜʘ ʤʦʜʫʣʷʮʠʠ, 

ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʩʪʨʫʢʪʫʨʳ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʙʣʦʢʦʚ ʩʠʤʚʦʣʦʚ ʜʣʠʥʦʡ ʜʚʘ ʠ ʪʨʠ ʙʠʪʘ. ʊʘʢʠʝ ʙʣʦʢʠ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʘʣʛʦʨʠʪʤʝ 

ɺʠʪʝʨʙʠ, ʨʝʘʣʠʟʫʶʱʝʤ ʞʝʩʪʢʫʶ ʩʭʝʤʫ 

ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʩʚʝʨʪʦʯʥʳʭ ʢʦʜʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ 1/2 ʠ 

1/3. 

ɺʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʜʣʷ ʙʠʥʘʨʥʳʭ ʩʭʝʤ 

ʤʦʜʫʣʷʮʠʠ 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʜʣʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʭʝʤ ʤʦʜʫʣʷʮʠʠ. ʇʨʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʰʠʙʢʠ 10
-4
  ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʣʫʯʰʝʡ (ʢʦʛʝʨʝʥʪʥʦʡ 

ʌʄ) ʠ ʭʫʜʰʝʡ (ʥʝʢʦʛʝʨʝʥʪʥʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʏʄ) ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʭʝʤ ʨʘʚʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 4ʜɹ [1]. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ï ʵʪʦ ʥʝʙʦʣʴʰʘʷ ʮʝʥʘ ʟʘ ʧʨʦʩʪʦʪʫ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʫʚʝʣʠʯʠʚʘʶʱʫʶʩʷ 

ʦʪ ʢʦʛʝʨʝʥʪʥʦʡ ʩʭʝʤʳ ʌʄ ʜʦ ʥʝʢʦʛʝʨʝʥʪʥʦʡ ʏʄ; 

ʭʦʪʷ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʠʤʝʥʝʥʠʷʭ ʮʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʜʘʞʝ 
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ʚʳʠʛʨʳʰ ʚ 1ʜɹ. ʇʦʤʠʤʦ ʩʣʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ 

ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʳʙʦʨ ʤʦʜʫʣʷʮʠʠ; 

ʥʘʧʨʠʤʝʨ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ (ʚ ʢʘʥʘʣʘʭ ʩʦ 

ʩʣʫʯʘʡʥʳʤ ʟʘʪʫʭʘʥʠʝʤ) ʞʝʣʘʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʥʝʢʦʛʝʨʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʩʢʦʣʴʢʫ ʠʥʦʛʜʘ 

ʢʦʛʝʨʝʥʪʥʳʝ ʦʧʦʨʥʳʝ ʩʠʛʥʘʣʳ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ.  

ʆʙʱʝʧʨʠʥʷʪʳʤ ʚ ʩʠʩʪʝʤʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʵʥʝʨʛʠʝʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ. 

ʇʨʠ ʵʪʦʤ ʥʝʢʦʛʝʨʝʥʪʥʳʡ ʧʨʠʝʤ ʏʄ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʯʘʱʝ ʠʟ-ʟʘ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʳ ʨʝʘʣʠʟʘʮʠʠ. 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʩʭʝʤ 

ʥʝʢʦʛʝʨʝʥʪʥʦʡ ʠ ʢʦʛʝʨʝʥʪʥʦʡ ʏʄ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʠ ʨʘʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʷʭ ʦʰʠʙʢʠ  (ʈʚ )   

ʥʝʢʦʛʝʨʝʥʪʥʘʷ ʏʄ ʪʨʝʙʫʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 1 ʜɹ 

ʙʦʣʴʰʝʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʙʠʪ (Eb/N0), ʯʝʤ 

ʢʦʛʝʨʝʥʪʥʘʷ ʏʄ (ʜʣʷ ʈʚ < 10
-4
). ʇʨʠ ʵʪʦʤ 

ʥʝʢʦʛʝʨʝʥʪʥʳʡ ʧʨʠʝʤʥʠʢ ʣʝʛʯʝ ʨʝʘʣʠʟʫʝʪʩʷ, 

ʧʦʩʢʦʣʴʢʫ ʥʝ ʪʨʝʙʫʝʪʩʷ ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʦʛʝʨʝʥʪʥʳʝ 

ʦʧʦʨʥʳʝ ʩʠʛʥʘʣʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʧʨʠʝʤʥʠʢʠ ʏʄ ʠʩʧʦʣʴʟʫʶʪ ʥʝʢʦʛʝʨʝʥʪʥʦʝ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ.  

 

ʊʘʙʣʠʮʘ 1. 

ʄʦʜʫʣʷʮʠʷ/ ʩʭʝʤʘ 

ʧʨʠʝʤʘ 

ɺʝʨʦʷʪʥʦʩʪʴ 

ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ 

ʌʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ/ 

ʢʦʛʝʨʝʥʪʥʦʝ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ - ʌʄ   

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʷ / 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʢʦʛʝʨʝʥʪʥʦʝ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ - ɼʌʄ 

 

ʆʨʪʦʛʦʥʘʣʴʥʘʷ 

ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ/ 

ʢʦʛʝʨʝʥʪʥʦʝ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ï 

ʢʦʛʝʨʝʥʪʥʘʷ  ʏʄ 

 

ʆʨʪʦʛʦʥʘʣʴʥʘʷ 

ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ /  

ʥʝʢʦʛʝʨʝʥʪʥʦʝ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ - 

ʥʝʢʦʛʝʨʝʥʪʥʘʷ ʏʄ 

 

 

 

ʉʨʘʚʥʝʥʠʝ ʧʨʠʝʤʘ çʚ ʮʝʣʦʤè  ʩ  çʧʦʩʠʤʚʦʣʴʥʳʤè 

ʧʨʠʝʤʦʤ ʜʣʷ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʠʝʤʘ  

 

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

P1 ð ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʧʦʵʣʝʤʝʥʪʥʦʤ 

ʧʨʠʝʤʝ ʢʦʜʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ ʧʨʠʥʷʪʘ ʩ ʦʰʠʙʢʦʡ 

(ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʤʦʞʥʦ ʣʠ ʵʪʫ ʦʰʠʙʢʫ ʠʩʧʨʘʚʠʪʴ 

ʠʣʠ ʭʦʪʷ ʙʳ ʦʙʥʘʨʫʞʠʪʴ); 

ʈ2 ð ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ ʧʨʠʥʷʪʘ 

ʦʰʠʙʦʯʥʦ ʧʨʠ ʧʨʠʝʤʝ çʚ ʮʝʣʦʤè 

ʉʫʱʝʩʪʚʫʝʪ ʪʝʦʨʝʤʘ [2]: 

ʧʨʠ ʣʶʙʦʤ ʢʦʜʝ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ, ʯʪʦ 

ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʩʠʛʥʘʣʘ 

ʤʦʜʫʣʷʮʠʠ ʙʦʣʴʰ,ʝ ʯʝʤ ʜʣʷ ʝʛʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ P1ÓP2 , ʧʨʠʯʝʤ ʦʥʦ 

ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʚʝʥʩʪʚʦ ʪʦʣʴʢʦ ʧʨʠ ʢʦʜʝ ʙʝʟ 

ʠʟʙʳʪʦʯʥʦʩʪʠ. 

ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ ʩʭʝʤʫ 

ʧʨʠʝʤʘ ʙʣʦʢʘ ʩʠʤʚʦʣʦʚ ʧʨʠ ʫʣʫʯʰʝʥʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʩʠʤʚʦʣʴʥʳʤ 

ʧʨʠʝʤʦʤ. 

ʎʝʣʴ ï ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʝʤʘ çʚ ʮʝʣʦʤè ʜʣʷ ʙʣʦʢʘ 

ʩʠʤʚʦʣʦʚ ʜʣʠʥʦʡ 2 ʠ 3 ʙʠʪʘ.  

ʆʜʥʘ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʟʘʜʘʯʠ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʙʣʦʢʘ ʙʠʪ ʫʢʨʫʧʥʝʥʥʳʤ 

ʘʣʬʘʚʠʪʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ ʠʭ ʩʠʛʥʘʣʘʤʠ 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʤʦʜʫʣʷʮʠʠ (m-ʘʨʥʦʡ ʤʦʜʫʣʷʮʠʠ) 

[3]. 

 
ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʥʘ ʙʠʪ ʦʪ 

ʦʪʥʦʰʝʥʠʷ Eʙ/N0 (ʥʝʢʦʛʝʨʝʥʪʥʳʡ ʧʨʠʝʤ) 

 

ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ m 

ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʰʠʙʢʠ ʦʪʥʦʰʝʥʠʝ Eʙ/N0 ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ 

ʪʘʢʞʝ ʩʪʨʝʤʠʪʩʷ ʢ ʧʨʝʜʝʣʫ ʐʝʥʥʦʥʘ. ʇʦʪʝʨʠ Eʙ/N0 

ʧʨʠ ʥʝʢʦʛʝʨʝʥʪʥʦʤ ʧʨʠʝʤʝ çʚ ʮʝʣʦʤè ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʛʝʨʝʥʪʥʳʤ ʩ ʨʦʩʪʦʤ m ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ 

ʤʘʣʳʤʠ. 

ɼʣʷ ʟʥʘʯʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʧʦʨʷʜʢʘ 10
-5
 ʠ 

m= 1 6 , 3 2 ʧʦʪʝʨʠ ʧʨʠ ʥʝʢʦʛʝʨʝʥʪʥʦʤ ʧʨʠʝʤʝ 

ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 0,2 ʜɹ. ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ Eʙ/N0, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʷʤ PʦʰʙÒ 10
-2
-10

-3
, ʧʦʪʝʨʠ 

ʧʨʠ ʥʝʢʦʛʝʨʝʥʪʥʦʤ ʧʨʠʝʤʝ ʚʦʟʨʘʩʪʘʶʪ. 

ʇʨʠ ʧʝʨʝʜʘʯʝ ʙʣʦʢʦʚ ʜʣʠʥʦʡ ʜʚʘ ʙʠʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʏʄ4, ʜʣʷ ʙʣʦʢʘ ʜʣʠʥʦʡ ʪʨʠ ʙʠʪʘ ʏʄ8. 

ʅʝʜʦʩʪʘʪʦʢ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ï ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʦʩʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʡ ʏʄ. 

ʈʘʩʩʤʦʪʨʠ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ʩʠʩʪʝʤʳ  ï ʚʤʝʩʪʦ 

ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʏʄ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 
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ʢʦʜʠʨʦʚʘʥʠʝ ʙʣʦʢʘ ʙʠʪ ʥʘʙʦʨʦʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ 

ʬʫʥʢʮʠʠ ʋʦʣʰʘ (ʨʠʩ.2). 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʧʨʠ ʥʝʢʦʛʝʨʝʥʪʥʦʡ 

ʏʄ: 

)
2

exp(
2

1 2h
pʙ -=

,  

ʛʜʝ h ï ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʙʠʪ. 

 

 
ʈʠʩ. 2 ʌʫʥʢʮʠʠ ʋʦʣʰʘ. 

 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʧʨʠʝʤʘ ʙʣʦʢʘ ʠʟ ʜʚʫʭ ʙʠʪ: 

ʙʙʙʣ ppp 22

2 +-=  

ɺʝʨʦʷʪʥʦʩʪʴ ʙʣʦʢʦʚʦʡ ʦʰʠʙʢʠ ʜʣʷ ʧʨʠʝʤʘ çʚ 

ʮʝʣʦʤè: 

2

ʙ22 )2(p' ==- ʙʣʮʚ pp  

  

ʊʘʙʣʠʮʘ 1 

ʆʉʐ ʥʘ ʙʠʪ h 1,00E+00 2,00E+00 3,00E+00 

ʆʉʐ ʥʘ ʙʠʪ , 

ʜʙ 
hʜʙ 

0,00E+00 3,01E+00 4,77E+00 

ɺʝʨʦʷʪʥʦʩʪʴ 

ɹʠʪʦʚʦʡ 

ʦʰʠʙʢʠ  

Pʙ 

3,03E-01 6,77E-02 5,55E-03 

ɺʝʨʦʷʪʥʦʩʪʴ 

ɹʣʦʢʦʚʦʡ 

ʦʰʠʙʢʠ (n=3)   

P ʙʣ3 

6,62E-01 1,90E-01 1,66E-02 

ɺʝʨʦʷʪʥʦʩʪʴ 

ɹʣʦʢʦʚʦʡ 

ʦʰʠʙʢʠ (n=3) 

ʧʨʠʝʤ ʚ 

ʮʝʣʦʤ   

 Pô ʙʣ 3 

1,12E-01 1,24E-03 6,85E-07 

ɺʝʨʦʷʪʥʦʩʪʴ 

ɹʣʦʢʦʚʦʡ 

ʦʰʠʙʢʠ (n=2)   

P ʙʣ 2 

5,15E-01 1,31E-01 1,11E-02 

ɺʝʨʦʷʪʥʦʩʪʴ 

ɹʣʦʢʦʚʦʡ 

ʦʰʠʙʢʠ (n=3) 

ʧʨʠʝʤ ʚ 

ʮʝʣʦʤ  Pʚ-ʮ2 

 Pô ʙʣ 2 

3,03E-01 6,77E-02 5,55E-03 

        ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

h 4,00E+00 5,00E+00 6,00E+00 7,00E+00 

hʜʙ 6,02E+00 6,99E+00 7,78E+00 8,45E+00 

Pʙ 1,68E-04 1,86E-06 7,61E-09 1,14E-11 

P ʙʣ3 5,03E-04 5,59E-06 2,28E-08 3,43E-11 

  Pô ʙʣ 3 1,89E-11 2,59E-17 1,77E-24 6,00E-33 

P ʙʣ 2 3,35E-04 3,73E-06 1,52E-08 2,29E-11 

  Pô ʙʣ 2 1,68E-04 1,86E-06 7,61E-09 1,14E-11 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

h 8,00E+00 9,00E+00 1,00E+01 1,10E+01 

hʜʙ 9,03E+00 9,54E+00 1,00E+01 1,04E+01 

Pʙ 6,33E-15 1,29E-18 9,64E-23 2,66E-27 

P ʙʣ3 1,90E-14 0,00E+00 0,00E+00 0,00E+00 

  Pô ʙʣ 3 1,02E-42 8,55E-54 3,59E-66 7,49E-80 

P ʙʣ 2 1,27E-14 2,58E-18 1,93E-22 5,31E-27 

  Pô ʙʣ 2 6,33E-15 1,29E-18 9,64E-23 2,66E-27 

 

 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʧʨʠ ʧʨʠʝʤʝ ʙʣʦʢʘ ʠʟ 3-ʭ ʙʠʪ, 

ʛʜʝ Pʙ ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʦʜʥʦʛʦ ʙʠʪʘ. 

3

3 )1(1 ʙʙʣ ʨp --= . 

ɺʝʨʦʷʪʥʦʩʪʴ ʜʣʷ ʧʨʠʝʤʘ çʚ ʮʝʣʦʤè  

32

ʙʣ33 4)
2

3
exp(-

2

1
p' ʙʮʚ php ===-

 

 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦ - ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩʫʥʦʢ 3 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠʝʤ çʚ ʮʝʣʦʤè ʙʣʦʢʘ ʩʠʤʚʦʣʦʚ 

ʠʤʝʝʪ ʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʩʠʤʚʦʣʴʥʳʤ ʧʨʠʝʤʦʤ, ʚʳʠʛʨʳʰ ʜʣʷ ʙʣʦʢʘ ʜʣʠʥʦʡ 

3 ʙʠʪʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 3 ʜɹ, ʜʣʷ ʙʣʦʢʘ 2 ʙʠʪʘ -  

ʧʦʨʷʜʢʘ 1,5 ʜɹ ʜʣʷ ʢʘʥʘʣʴʥʦʡ ʦʰʠʙʢʠ 10
-4
. 

ɺʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ
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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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Abstracts ï The synthesis of the quasioptimal GMSK-signals receiver, including coherent demodulator, phase and clock 

synchronization schemes has been considered. The noise immunity for the FPGA implementation receiver has been 

researched. The receiver was realized using principles of the software define radio and purpose for a narrowband 

mobile communication equipment with 6.25 kHz channel spacing. 

 

ʇʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʘʙʦʥʝʥʪʦʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʠʩʪʝʤ ʩʫʭʦʧʫʪʥʦʡ ʧʦʜʚʠʞʥʦʡ ʨʘʜʠʦʩʚʷʟʠ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʋʂɺ ʜʠʘʧʘʟʦʥʝ (ʥʘʧʨʠʤʝʨ, 148-174 

ʄɻʮ), ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʨʘʜʠʦʢʘʥʘʣʫ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ [1].  ɺ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʘʧʧʘʨʘʪʫʨʝ, ʢʘʢ ʧʨʘʚʠʣʦ,  ʟʘʣʦʞʝʥ ʰʘʛ ʢʘʥʘʣʴʥʦʡ 

ʯʘʩʪʦʪʥʦʡ ʩʝʪʢʠ    25 ʠʣʠ 12,5 ʢɻʮ, ʢʦʪʦʨʳʡ 

ʦʨʠʝʥʪʠʨʦʚʘʥ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʧʦʣʦʩʫ ʯʘʩʪʦʪ, 

ʪʨʝʙʫʝʤʫʶ ʜʣʷ ʧʝʨʝʜʘʯʠ ʏʊ (FSK) ï ʩʠʛʥʘʣʘ c 

ʠʥʜʝʢʩʦʤ ʤʦʜʫʣʷʮʠʠ ʙʦʣʴʰʝ 1 ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʢʦʛʝʨʝʥʪʥʦʡ ʜʝʤʦʜʫʣʷʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʘʟʦʚʦʡ 

ʤʦʜʫʣʷʮʠʝʡ ʠ ʧʨʝʜʬʠʣʴʪʨʘʮʠʝʡ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ  

ʩʫʟʠʪʴ ʩʧʝʢʪʨ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʦʜʥʘʢʦ ʧʨʠ 

ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʨʘʜʠʦʧʝʨʝʜʘʶʱʠʭ ʠ ʨʘʜʠʦʧʨʠʝʤʥʳʭ ʪʨʘʢʪʦʚ, 

ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʩʨʦʢ ʨʘʙʦʪʳ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ  

ʚ ʧʦʨʪʘʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʝʨʠ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʨʘʜʠʦʢʘʥʘʣʝ. 

ʋʤʝʥʴʰʝʥʠʝ ʰʘʛʘ ʩʝʪʢʠ ʯʘʩʪʦʪ ʧʨʠʚʦʜʠʪ ʢ 

ʵʢʦʥʦʤʠʠ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʘ, ʪʘʢ ʧʝʨʝʭʦʜ ʢ ʰʘʛʫ 6.25 

ʢɻʮ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʘʛʦʤ 25 ʢɻʮ, ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʤʝʩʪʠʪʴ ʚ ʪʦʡ ʞʝ ʦʪʚʝʜʝʥʥʦʡ ʧʦʣʦʩʝ ʚ 4 ʨʘʟʘ 

ʙʦʣʴʰʝ ʘʙʦʥʝʥʪʦʚ ʧʨʠ ʪʦʤ ʞʝ ʢʘʯʝʩʪʚʝ ʩʚʷʟʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʰʘʛʝ 3.125 ʢɻʮ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʟʤʦʞʥʳʭ ʘʙʦʥʝʥʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʚ 8 ʨʘʟ. ɸʧʧʘʨʘʪʫʨʘ 

ʩ ʰʘʛʦʤ ʩʝʪʢʠ ʯʘʩʪʦʪ 6.25ʢɻʮ, 3.125 ʢɻʮ ʦʙʣʘʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʨʘʜʠʦʢʘʥʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʘʛʦʤ 25 ʢɻʮ. 

ʇʦʪʝʥʮʠʘʣ ʨʘʜʠʦʢʘʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʜʘʣʴʥʦʩʪʴ ʩʚʷʟʠ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʥʘʣʠʯʠʠ ʟʘʧʘʩʘ ʥʘ ʟʘʤʠʨʘʥʠʷ ʚ ʢʘʥʘʣʝ ʚ ʧʨʝʜʝʣʘʭ 

ʜʘʣʴʥʦʩʪʠ ʩʚʷʟʠ ʠʣʠ ʦ ʙʦʣʴʰʝʡ ʥʘʜʝʞʥʦʩʪʠ ʩʚʷʟʠ 

ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ. 

ʇʦʵʪʦʤʫ ʮʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ  

ʧʦʨʪʘʪʠʚʥʦʡ ʨʘʜʠʦʩʪʘʥʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʨʝʘʣʠʟʘʮʠʶ  ʰʘʛʘ  ʯʘʩʪʦʪʥʦʡ ʩʝʪʢʠ 6,25 ʠ 3,125 ʢɻʮ 

ʥʘ ʦʩʥʦʚʝ ʚʳʧʫʩʢʘʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ.   

ɼʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ  GMSK-ʤʦʜʫʣʷʮʠʶ ʩ 

ʧʘʨʘʤʝʪʨʦʤ BT ʥʝ ʙʦʣʝʝ 0,4, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʣʘʜʘʝʪ 

ʩʣʝʜʫʶʱʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ: 

ï ɺʳʩʦʢʦʡ  ʩʧʝʢʪʨʘʣʴʥʦʡ  ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ,  ʯʪʦ  

ʧʦʟʚʦʣʷʝʪ,  ʚ  ʯʘʩʪʥʦʩʪʠ,  ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ 

ʨʘʜʠʦʩʚʷʟʠ ʩ ʰʘʛʦʤ ʩʝʪʢʠ ʯʘʩʪʦʪ 6.25 ʢɻʮ ʠ 

3..125 ʢɻʮ. 
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ï  ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ  ʧʨʠʝʤʘ,  ʙʣʠʟʢʦʡ  ʢ  

ʧʦʪʝʥʮʠʘʣʴʥʦʡ  ʟʘ  ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʧʨʠʝʤʘ. 

ï  ʇʦʩʪʦʷʥʩʪʚʦʤ  ʦʛʠʙʘʶʱʝʡ  ʩʠʛʥʘʣʘ,  ʯʪʦ  

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʫʩʠʣʠʪʝʣʷʭ  ʤʦʱʥʦʩʪʠ  

ʨʘʜʠʦʩʪʘʥʮʠʡ ʢʣʘʩʩ ʉ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʠʤ ʢ.ʧ.ʜ. 

ʕʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʜʣʷ ʩʠʩʪʝʤ ʦʧʝʨʘʪʠʚʥʦʡ 

ʨʘʜʠʦʩʚʷʟʠ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʨʪʘʪʠʚʥʳʝ 

ʨʘʜʠʦʩʪʘʥʮʠʠ,  ʪʘʢ ʢʘʢ  ʵʢʦʥʦʤʠʪʩʷ  ʨʝʩʫʨʩ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʠʣʠ ʫʤʝʥʴʰʘʶʪʩʷ ʛʘʙʘʨʠʪʳ 

ʘʧʧʘʨʘʪʫʨʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʰʘʛʝ ʩʝʪʢʠ 

ʯʘʩʪʦʪ 6,25 ʢɻʮ ʢʘʯʝʩʪʚʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʨʝʯʝʚʦʛʦ 

ʩʠʛʥʘʣʘ ʚʦʟʤʦʞʥʘ ʧʨʠ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ 4 

ʢʙʠʪ/ʩ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʜʝʤʦʜʫʣʷʮʠʷ GMSK-

ʩʠʛʥʘʣʘ, ʢʘʢ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʠʛʥʘʣʘ  ʤʦʜʫʣʷʮʠʠ ʩ 

ʥʝʧʨʝʨʳʚʥʦʡ ʬʘʟʦʡ (ʉʈʄ), ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ɺʠʪʝʨʙʠ. ɺʳʠʛʨʳʰ ʚ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʲʝʤʘ ʘʣʬʘʚʠʪʘ, ʪ.ʝ ʟʘʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. 

ɻʣʘʚʥʘʷ ʮʝʥʘ, ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʧʣʘʪʠʪʴ ʟʘ ʵʪʦʪ 

ʚʳʠʛʨʳʰ ʢʘʯʝʩʪʚʘ,ï ʵʪʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʪʫʱʘʷ 

ʩʣʦʞʥʦʩʪʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʜʝʢʦʜʝʨʘ ɺʠʪʝʨʙʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʰʠʙʢʠ (ʈʦ )h ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ (Eb/N0) ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ Bʊb, ʛʜʝ B ï ʧʦʣʦʩʘ ʛʘʫʩʩʦʚʩʢʦʛʦ 

ʧʨʝʜʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʬʠʣʴʪʨʘ ʧʦ ʫʨʦʚʥʶ ʤʠʥʫʩ 3 ʜɹ. 

  
ʈʠʩʫʥʦʢ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʥʠʢʘ GMSK-ʩʠʛʥʘʣʘ 

 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʛʝʨʝʥʪʥʦʤʫ 

ʧʨʠʝʤʫ FSK-ʩʠʛʥʘʣʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

Bʊb = 0,5 ʠ ʙʦʣʝʝ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ Bʊb ʚʦʟʨʘʩʪʘʶʪ 

ʤʝʞʩʠʤʚʦʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʘʜʝʥʠʶ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʨʝʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʩʦʚʨʝʤʝʥʥʳʝ ʚʦʢʦʜʝʨʳ ʩʦʭʨʘʥʷʶʪ 

ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʨʝʯʠ ʜʦ ʟʥʘʯʝʥʠʡ ʈʦ  h= 0,1. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʜʘʞʝ ʜʣʷ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ Bʊb = 0,2, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘ ʧʨʘʢʪʠʢʝ, ʧʦʪʝʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ FSK 

ʥʝʟʘʤʝʪʥʳ, ʦʜʥʘʢʦ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʈʦ  h= 10
-5
 ʧʦʪʝʨʠ 

ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 1 ʜɹ.  

ʉʠʛʥʘʣʳ GMSK ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴʩʷ ʥʘ 

ʜʚʫʭʢʘʥʘʣʴʥʳʡ MSK-ʧʨʠʝʤʥʠʢ. ʂʚʘʟʠʦʧʪʠʤʘʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʜʝʤʦʜʫʣʷʪʦʨʘ MSK-ʩʠʛʥʘʣʘ ʙʳʣʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [2], ʪʘʤ ʞʝ ʨʘʩʩʤʦʪʨʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʧʨʠʝʤʥʠʢʘ ʧʨʠ ʫʩʣʦʚʠʠ ʬʣʫʢʪʫʠʨʫʶʱʝʡ 

ʬʘʟʳ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʪʦʯʥʦ ʠʟʚʝʩʪʥʦʡ 

ʟʘʜʝʨʞʢʝ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʦʪ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ Bʊb. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʠ MSK-ʧʦʜʦʙʥʦʛʦ ʧʨʠʝʤʥʠʢʦʚ GMSK-

ʨʘʜʠʦʩʠʛʥʘʣʘ. ʉʨʘʚʥʝʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʠʛʨʳʰ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʝʤʥʠʢʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ Bʊb < 0,2. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ, ʛʜʝ Bʊb = 0,4, MSK- ʧʦʜʦʙʥʳʡ 

ʧʨʠʝʤʥʠʢ ʧʨʘʢʪʠʯʝʩʢʠ ʦʧʪʠʤʘʣʝʥ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ MSK-ʧʦʜʦʙʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ 

GMSK-ʩʠʛʥʘʣʘ. 

 
ʈʠʩʫʥʦʢ 2  ï  ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ  

MSK-ʧʦʜʦʙʥʦʛʦ ʧʨʠʝʤʥʠʢʘ GMSK-ʩʠʛʥʘʣʘ 

 

ɿʘʜʘʯʝʡ ʦʧʪʠʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʝʝ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʢʨʠʪʝʨʠʶ 

ʦʪʩʣʝʞʠʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʟʘʜʘʯʘ ʩʠʩʪʝʤʳ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ï 

ʦʪʩʣʝʞʠʚʘʥʠʝ ʬʘʟʳ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ űʩ(t), ʩʠʩʪʝʤʳ 

ʯʘʩʪʦʪʥʦʡ  ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ï ʯʘʩʪʦʪʳ ɤc(t), ʩʠʩʪʝʤʳ 

ʪʘʢʪʦʚʦʡ  

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʠ MSK-ʧʦʜʦʙʥʦʛʦ ʧʨʠʝʤʥʠʢʘ GMSK-

ʨʘʜʠʦʩʠʛʥʘʣʦʚ 

ɺʝʨʦʷʪ-

ʥʦʩʪʴ 

ʦʰʠʙʢʠ 

ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ, ʜɹ 

Bʊb = 0,5 Bʊb = 0,3 Bʊb = 0,25 Bʊb = 0,2 

msk-

ʧʦʜ. 
ʦʧʪ. 

msk-

ʧʦʜ. 
ʦʧʪ. 

msk-
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ʦʧʪ. 

msk-
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ʦʧʪ. 
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10-4 8,8 8,8 9,2 9,0 9,7 9,1 10,9 9,5 

10-5 9,9 9,9 10,4 10,2 10,9 10,2 12,3 10,7 

 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ï ʩʠʤʚʦʣʦʚ Űʩ(t). ʆʪʩʣʝʞʠʚʘʝʤʳʡ 

ʧʘʨʘʤʝʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʪʦʨʫʶ ʩʣʫʯʘʡʥʫʶ 

ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʠ. 

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ ï ʢʨʠʪʝʨʠʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤ ʦʧʪʠʤʘʣʴʥʳʤ 

ʩʯʠʪʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʧʦʣʫʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʨʘʚʜʦʧʦʜʦʙʥʦʡ ʦʮʝʥʢʠ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʵʪʦʪ ʢʨʠʪʝʨʠʡ 

ʵʢʚʠʚʘʣʝʥʪʝʥ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ ʜʠʩʧʝʨʩʠʠ ʦʰʠʙʢʠ 

ʩʣʝʞʝʥʠʷ, ʪ. ʝ. ʥʘʠʙʦʣʝʝ ʧʨʘʚʜʦʧʦʜʦʙʥʘʷ ʦʮʝʥʢʘ 

ʦʙʣʘʜʘʝʪ ʤʠʥʠʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʦʧʦʣʦʩʥʳʤʠ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ ʥʘ ʠʭ 

ʚʳʭʦʜʝ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʜʠʦʩʪʘʥʮʠʷʭ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʘʢʝʪʥʘʷ ʠʜʝʦʣʦʛʠʷ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʳʭ 

ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʩʝʘʥʩʘ ʩʚʷʟʠ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʘʤʙʫʣʫ, ʩʦʜʝʨʞʘʱʫʶ 

ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʫʶ ʮʝʥʪʨʘʣʴʥʫʶ ʠ ʯʝʪʚʝʨʪʴ-ʪʘʢʪʦʚʫʶ 

ʯʘʩʪʦʪʫ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʣʦʢ ʥʘʯʘʣʴʥʦʡ ʦʮʝʥʢʠ ʯʘʩʪʦʪʳ ʠ ʬʘʟʳ 

ʥʝʩʫʱʝʡ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʛʨʝʙʝʥʯʘʪʦʛʦ ʬʠʣʴʪʨʘ ʠ 

ʙʣʦʢʘ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ.  

ɺ ʢʘʯʝʩʪʚʝ ʛʨʝʙʝʥʯʘʪʦʛʦ ʬʠʣʴʪʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʦ-ʚʢʣʶʯʝʥʥʳʭ ʢʦʨʨʝʣʷʪʦʨʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ. ʂʦʣʠʯʝʩʪʚʦ 

ʢʦʨʨʝʣʷʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʩʫ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ. ʏʝʨʝʟ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʦʮʝʥʢʠ, ʢʦʥʝʯʥʳʝ 

ʦʪʩʯʝʪʳ ʩʠʛʥʘʣʦʚ ʩ ʚʳʭʦʜʦʚ ʢʦʨʨʝʣʷʪʦʨʦʚ ʧʦʩʪʫʧʘʶʪ 

ʚ ʙʣʦʢ  ʥʘʯʘʣʴʥʦʡ ʦʮʝʥʢʠ ʯʘʩʪʦʪʳ ʠ ʬʘʟʳ ʥʝʩʫʱʝʡ, 

ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪ ʘʤʧʣʠʪʫʜʳ ʢʦʤʧʣʝʢʩʥʳʭ 

ʦʛʠʙʘʶʱʠʭ. ɿʘʪʝʤ ʧʦ ʤʘʞʦʨʠʪʘʨʥʦʤʫ ʧʨʠʥʮʠʧʫ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ. ʇʦʣʫʯʝʥʥʳʡ 

ʤʘʢʩʠʤʫʤ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ, ʠ 

ʝʩʣʠ ʧʦʨʦʛ ʧʨʝʚʳʰʝʥ, ʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʟʘ ʩʠʛʥʘʣʘ 

ʥʘ ʚʳʭʦʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʠʣʴʪʨʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʚʘʜʨʘʪʫʨʥʳʭ ʦʪʩʯʝʪʦʚ.  ɿʥʘʯʝʥʠʝ ʬʘʟʳ  ʦʧʨʝʜʝʣʷʝʪʩʷ 

c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʙʣʠʮʳ ʘʨʢʪʘʥʛʝʥʩʦʚ. ʇʦ ʜʘʥʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ ʢʦʨʨʝʢʪʥʦʝ ʠʟʤʝʨʝʥʠʝ ʬʘʟʳ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʛʫʩʪʦʡ ʩʝʪʢʝ ʯʘʩʪʦʪ ʚ ʙʣʦʢʝ 

ʦʮʝʥʢʠ ʯʘʩʪʦʪʳ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʧʦʜʦʙʥʦʛʦ 

ʙʣʦʢʘ ʧʦʪʨʝʙʫʝʪ ʦʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʥʳʭ 

ʟʘʪʨʘʪ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʫʩʣʦʞʥʝʥʠʷ ʙʣʦʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʬʘʟʳ ʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʧʦʣʦʩʥʳʤʠ ʩʣʝʜʷʱʠʤʠ ʧʝʪʣʷʤʠ ʜʣʷ 

ʠʭ ʢʦʨʨʝʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʜʝʤʦʜʫʣʷʮʠʠ.  

ʇʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʣʦʢʘ ʙʫʜʝʪ ʚ ʮʝʣʦʤ 

ʧʦʭʦʞ ʥʘ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʡ. ɺʥʘʯʘʣʝ ʩʠʛʥʘʣ  

ʧʝʨʝʤʥʦʞʘʝʪʩʷ ʩ ʪʘʙʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʠʥʫʩʘ ʠ 

ʢʦʩʠʥʫʩʘ, ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ  

ʯʘʩʪʦʪʳ ʠ ʬʘʟʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʯʘʣʴʥʳʝ 

ʧʨʠʙʣʠʞʝʥʠʷ ʠʟ ʙʣʦʢʘ ʦʮʝʥʢʠ ʯʘʩʪʦʪʳ ʠ ʬʘʟʳ 

ʥʝʩʫʱʝʡ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʬʠʣʴʪʨʘʮʠʷ ʩʠʛʥʘʣʘ. 

ʉʪʨʫʢʪʫʨʘ ʬʠʣʴʪʨʘ ʘʥʘʣʦʛʠʯʥʘ ʚʳʰʝʦʧʠʩʘʥʥʦʡ, 

ʦʪʣʠʯʘʝʪʩʷ ʪʦʣʴʢʦ ʨʘʟʤʝʨ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ. ɼʘʣʝʝ 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ. 

ʇʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʥʘʯʘʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʪʘʢʪʦʚʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʘʜʝʨʞʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʚʘʜʨʘʪʫʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʩʠʛʥʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʳʭ ʩʠʛʥʘʣʦʚ ʢʚʘʜʨʘʪʫʨʥʳʭ 

ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʙʣʠʮʳ ʩʠʥʫʩʘ ʠ 

ʢʦʩʠʥʫʩʘ ʜʣʷ ʯʘʩʪʦʪʳ ʩʣʝʜʦʚʘʥʠʷ ʤʦʜʫʣʠʨʫʶʱʠʭ 

ʙʠʪʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʠʛʥʘʣʦʚ  

ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʬʘʟʳ űŰ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ  ʥʘʯʘʣʴʥʫʶ ʟʘʜʝʨʞʢʫ ʩʠʛʥʘʣʘ. 

ɼʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʤʝʜʣʝʥʥʳʭ ʫʭʦʜʦʚ ʯʘʩʪʦʪʳ 

ʧʨʠ ʧʨʠʝʤʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʠʪ ʚ ʤʦʜʝʣʠ  ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ 2-ʭ ʩʪʫʧʝʥʯʘʪʘʷ ʩʣʝʜʷʱʘʷ ʩʭʝʤʘ ʬʘʟʦʚʦʡ 

ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ 1-ʛʦ ʧʦʨʷʜʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʩʚʝʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʢ ʥʫʣʶ ʦʩʪʘʪʦʯʥʳʡ ʫʭʦʜ ʧʦ 

ʯʘʩʪʦʪʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʣʝʜʷʱʘʷ ʧʝʪʣʷ 

ʪʘʢʪʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʫʩʪʦʡʯʠʚʫʶ 

ʨʘʙʦʪʫ ʧʨʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʧʦʨʥʳʭ 

ʢʚʘʨʮʝʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ (ʧʦʨʷʜʢʘ 10 ppm), ʘ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʢʦʨʦʪʢʠʭ ʧʘʢʝʪʦʚ ï ʤʦʞʝʪ ʚʦʚʩʝ 

ʦʪʩʫʪʩʪʚʦʚʘʪʴ. 

ʄʦʜʝʣʠ ʙʣʦʢʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ  ʬʘʟʳ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʦʧʠʩʘʥʳ ʚ [3, 4]. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʝʜʷʱʠʭ ʧʝʪʝʣʴ ʬʘʟʦʚʦʡ ʠ ʪʘʢʪʦʚʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥʦ ʚ [4]. ʅʘ ʨʠʩʫʥʢʝ 3 

ʧʨʠʚʝʜʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʜʝʤʦʜʫʣʷʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʝʤʦʜʫʣʷʪʦʨʘ 

 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ  ʜʝʤʦʜʫʣʷʪʦʨʘ 

ʧʨʠ ʧʘʨʘʤʝʪʨʝ GMSK ʩʠʛʥʘʣʘ BT=0,4. ɺ ʢʘʯʝʩʪʚʝ 

ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʧʦʜʩʠʩʪʝʤʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉɸʇʈ 

Advanced Design System (ADS).  




