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ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʦʩʪʠ ʰʣʘʢʘ ʥʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʤʘʨʛʘʥʮʘ ʠ ʭʨʦʤʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʥʩʪʨʫʢʮʠʦʥʥʫʶ ʩʪʘʣʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʠʭ 

ʜʦʙʘʚʦʢ ʨʫʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʭʨʦʤ ʠ ʤʘʨʛʘʥʝʮ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʨʦʜʥʦʣʝʛʠʨʦʚʘʥʥʘʷ ʩʪʘʣʴ, ʧʨʦʢʘʪʥʘʷ ʦʢʘʣʠʥʘ, ʭʨʦʤ, ʤʘʨʛʘʥʝʮ, 

ʦʩʥʦʚʥʦʩʪʴ ʰʣʘʢʘ. 

Abstract:  There is discussed the possibility of using the quality alloyed steel from the 

mixture of mill cider and concentrated chromium and manganese using coke as a hard reducing 

agent. There are showed the results of slag basicity influence upon the level of manganese and 

chromium extraction. This proposed method allows to get the structural steel  using ore materials as 

manganese and chromium as addition elements. 

Keywords: natural alloy steel, mill cinder, chromium, manganese, slag basicity. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ  ʧʦʪʝʥʮʠʘʣ ʤʥʦʛʠʭ ʩʪʨʘʥ ʟʘʚʠʩʠʪ ʦʪ 

ʟʘʧʘʩʦʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʩʪʨʦ 

ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʙʳʚʘʝʤʦʛʦ ʩʳʨʴʷ, ʧʝʨʝʭʦʜ ʥʘ 

ʤʘʣʦʪʦʥʥʘʞʥʦʝ, ʙʝʟʦʪʭʦʜʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʚʪʦʨʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʇʨʠ ʥʘʙʣʶʜʘʶʱʝʤʩʷ ʨʦʩʪʝ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʧʦ ʦʮʝʥʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʪʦʣʴʢʦ 10 % ʠʟʚʣʝʢʘʝʤʦʛʦ ʠʟ ʥʝʜʨ ʩʳʨʴʷ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʦʪʦʚʫʶ ʧʨʦʜʫʢʮʠʶ, ʘ 90% ʩʪʘʥʦʚʷʪʩʷ ʦʪʭʦʜʘʤʠ ʦʩʥʦʚʥʦʛʦ 



ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʯʝʨʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʪʭʦʜʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ            

 ̄ ʉʪʘʜʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ɺʠʜ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ 

1 
ɼʦʙʳʯʘ ʠ ʦʙʦʛʘʱʝʥʠʝ ʩʳʨʴʝʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ʇʳʣʴ, ʧʦʨʦʜʘ ʫʛʣʝʦʙʦʛʘʱʝʥʠʷ, ʦʪʭʦʜʳ 

ʬʣʦʪʘʮʠʠ, ʭʚʦʩʪʳ 

2 ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʩʳʨʴʷ ʇʳʣʴ 

3 ɸʛʣʦʜʦʤʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʐʣʘʢ, ʰʣʘʤ, ʩʢʨʘʧ, ʧʳʣʴ 

4 ʉʪʘʣʝʧʣʘʚʠʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʐʣʘʢ, ʰʣʘʤ, ʧʳʣʴ, ʦʪʩʝʚ ʠʟʚʝʩʪʠ 

5 ʇʨʦʢʘʪʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʆʙʨʝʟʴ, ʦʢʘʣʠʥʘ, ʩʚʘʨʦʯʥʳʡ ʰʣʘʢ 

6 ɺʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʇʳʣʴ, ʣʦʤ ʦʛʥʝʫʧʦʨʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʧʝʩʦʢ 

 

ʇʦʯʪʠ ʚʩʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʩʳʨʴʝʤ ʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʀʭ 

ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʚʳʰʘʝʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʫ, ʵʢʦʥʦʤʠʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. 

ʈʘʟʫʤʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʟʘʧʘʩʦʚ ʠ ʩʚʝʜʝʥʠʝ ʦʙʲʝʤʘ ʦʪʭʦʜʦʚ ʢ 

ʤʠʥʠʤʫʤʫ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʂʘʟʘʭʩʪʘʥʘ ʜʦʩʪʠʛʣʦ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʦʯʢʠ. ʆʪʭʦʜʳ ʧʨʝʜʧʨʠʷʪʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʩʢʣʘʜʠʨʫʶʪʩʷ ʠ ʥʝ ʪʦʣʴʢʦ ʥʝ ʫʪʠʣʠʟʠʨʫʶʪʩʷ, ʥʦ ʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʛʜʝ 

ʵʪʦ ʧʨʦʤʳʰʣʝʥʥʦ ʧʨʠʤʝʥʠʤʦ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʟʘʥʠʤʘʶʪʩʷ ʚʩʝ ʙʦʣʴʰʠʝ 

ʟʝʤʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʧʦʜ ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʦʪʭʦʜʦʚ, ʧʨʠʯʝʤ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ 

ʦʪʭʦʜʳ ʨʘʟʥʦʩʷʪʩʷ ʚʝʪʨʦʤ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ɸʆ çɸʨʩʝʣʦʨʄʠʪʪʘʣʊʝʤʠʨʪʘʫè 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʢʘʞʜʫʶ ʪʦʥʥʫ ʛʦʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʦʙʨʘʟʫʝʪʩʷ ʧʦʯʪʠ 2 ʪʦʥʥʳ 

ʦʪʭʦʜʦʚ. ɺ ʦʪʚʘʣʘʭ ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʭ ʥʘʢʦʧʣʝʥʦ ʙʦʣʝʝ 130 ʤʣʥ. ʪʦʥʥ ʰʣʘʢʦʚ, 

ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʫʛʣʝʡ, ʟʦʣʳ, ʰʣʘʤʦʚ ʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʪʦʧʣʠʚʘ. ɽʞʝʛʦʜʥʦ ʚ ʥʳʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ 

ʫʪʠʣʠʟʘʮʠʠ ʢ ʥʠʤ ʜʦʙʘʚʣʷʝʪʩʷ ʧʦʯʪʠ 5 ʤʣʥ. ʪʦʥʥ (ʙʦʣʝʝ 1 ʪʦʥʥʳ ʥʘ ʪʦʥʥʫ 



ʛʦʪʦʚʦʛʦ ʧʨʦʢʘʪʘ). 

ʉʘʤʳʤ ʮʝʥʥʳʤ ʦʪʭʦʜʦʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʢʘʪʥʘʷ ʦʢʘʣʠʥʘ. ʆʙʲʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʘʣʠʥʳ ʥʝ ʚʝʣʠʢ, ʦʢʦʣʦ 3 % ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ. ɺʳʩʦʢʦʝ ʚ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ, ʜʦʩʪʠʛʘʶʱʝʝ 75 %, 

ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʰʣʘʢʦʦʙʨʘʟʫʶʱʠʭ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʝ ʢʘʢ ʦʙʦʨʦʪʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʢʘʪʥʦʡ ʦʢʘʣʠʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʘ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʡ ʰʠʭʪʳ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ 

ʦʢʦʣʦ 30% ʧʦʣʫʯʘʝʤʦʛʦ ʘʛʣʦʤʝʨʘʪʘ ʠʜʝʪ ʚ ʚʦʟʚʨʘʪ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ  ʧʨʠʨʦʜʥʦʣʝʛʠʨʦʚʘʥʥʦʡ ʭʨʦʤʦʤ ʠ ʤʘʨʛʘʥʮʝʤ ʩʪʘʣʠ. 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʥʘʟʳʚʘʶʪ ʩʪʘʣʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ 

ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʛʣʘʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ 

ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ. ʕʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʩʦʩʪʘʚ ʩʪʘʣʝʡ, ʪʝʭʥʦʣʦʛʠʶ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ ʩʦʜʝʨʞʘʪ 

ʦʙʳʯʥʦ ʥʝ ʙʦʣʝʝ 2% ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 0,2-0,25% ʉ. ʅʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʫʛʣʝʨʦʜʘ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʪʘʣʷʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʙʦʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʦʥʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʭʦʨʦʰʝʡ ʩʚʘʨʠʚʘʝʤʦʩʪʴʶ. 

ʃʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ ʧʦʣʫʯʘʶʪ  ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʵʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ ʧʝʯʘʭ. ɼʣʷ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʤʥʦʛʠʭ ʤʘʨʦʢ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʚʳʧʣʘʚʢʠ ʦʩʪʘʶʪʩʷ ʤʝʪʦʜʳ ʵʣʝʢʪʨʦʧʣʘʚʢʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʘ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʨʘʬʠʥʠʨʦʚʘʥʠʷ. ʃʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ ʤʥʦʛʠʭ ʤʘʨʦʢ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʚ ʤʘʨʪʝʥʦʚʩʢʠʭ ʧʝʯʘʭ.  

ʋʩʧʝʭʠ ʚ ʨʘʩʰʠʨʝʥʠʠ ʩʦʨʪʘʤʝʥʪʘ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʣʝʡ, 

ʚʳʧʣʘʚʣʷʝʤʳʭ ʚ ʢʠʩʣʦʨʦʜʥʳʭ ʢʦʥʚʝʨʪʦʨʘʭ, ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʨʘʙʦʪʢʦʡ ʠ 



ʙʳʩʪʨʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʥʝʧʝʯʥʳʭ ʤʝʪʦʜʦʚ ʨʘʬʠʥʠʨʦʚʘʥʠʷ 

ʩʪʘʣʠ (ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠʥʝʨʪʥʳʤʠ ʛʘʟʘʤʠ, ʧʦʨʦʰʢʘʤʠ ʠ ʰʣʘʢʘʤʠ ʚ 

ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʦʤ ʢʦʚʰʝ), ʧʨʠʤʝʥʝʥʠʝʤ ʜʣʷ ʨʘʩʢʠʩʣʝʥʠʷ ʠ ʣʝʛʠʨʦʚʘʥʠʷ 

ʥʘʛʨʝʪʳʭ, ʞʠʜʢʠʭ ʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʛʣʫʙʦʢʦʡ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʞʠʜʢʦʛʦ ʯʫʛʫʥʘ, ʧʦʚʳʰʝʥʠʝʤ 

ʢʘʯʝʩʪʚʘ ʩʳʨʴʷ (ʠʟʚʝʩʪʠ, ʬʣʶʩʦʚ, ʦʭʣʘʜʠʪʝʣʝʡ) ʠ ʯʠʩʪʦʪʳ ʢʠʩʣʦʨʦʜʘ, 

ʧʨʦʛʨʝʩʩʦʤ ʚ ʢʦʥʪʨʦʣʝ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʠʩʣʦʨʦʜʥʦ-ʢʦʥʚʝʨʪʦʨʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʙʳʯʥʦ ʤʘʨʛʘʥʝʮ ʠ ʭʨʦʤ ʚʚʦʜʷʪʩʷ ʚ ʩʪʘʣʴ ʬʝʨʨʦʩʧʣʘʚʘʤʠ. ʉʪʝʧʝʥʴ 

ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʧʨʠ ʚʳʧʣʘʚʢʝ ʬʝʨʨʦʩʧʣʘʚʦʚ ʩʦʩʪʘʚʣʷʝʪ 40-90%. ʆʙʱʠʝ 

ʧʦʪʝʨʠ, ʥʘʧʨʠʤʝʨ, ʤʘʨʛʘʥʮʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʦʛʘʱʝʥʠʷ ʠ ʚʳʧʣʘʚʢʠ ʤʘʨʛʘʥʮʝʚʳʭ 

ʩʧʣʘʚʦʚ ʜʦʩʪʠʛʘʶʪ 57-67%; ʢʨʘʪʥʦʩʪʴ ʰʣʘʢʘ- 3,2-3,3. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʠʨʫʶʱʠʭ ʪʝʨʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʛʣʝʨʦʜʠʩʪʦʡ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ 

ʩʪʘʣʠ ʪʝʭʥʦʣʦʛʠʠ ʩ ʣʝʛʠʨʦʚʘʥʠʝʤ ʤʘʨʛʘʥʮʝʤ ʠ ʭʨʦʤʦʤ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʫʜʥʳʭ ʠ ʣʝʛʢʦʧʣʘʚʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (çʧʨʷʤʦʝè ʣʝʛʠʨʦʚʘʥʠʝ). ʇʨʠ ʭʦʨʦʰʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʷʤʦʛʦ ʠʣʠ ʧʨʠʨʦʜʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʩʪʘʣʠ ʧʦʣʝʟʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ (ʥʘʧʨʠʤʝʨ, 

ʤʘʨʛʘʥʮʘ ʚ 2-  

ʆʢʩʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʚʠʜʝ ʣʝʛʢʦʧʣʘʚʢʠʭ 

ʦʢʩʠʜʥʳʭ ʩʤʝʩʝʡ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʣʠʢʚʠʜʫʩ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʡ ʩʪʘʣʠ, 

ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ ʚʳʩʦʢʠʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʧʣʘʚʣʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʣʝʛʠʨʫʶʱʝʛʦ ʤʝʪʘʣʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʰʣʘʢʘ, ʦʙʣʘʜʘʶʱʝʛʦ 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʧʨʠʨʦʜʥʦʣʝʛʠʨʦʚʘʥʥʦʡ ʭʨʦʤʦʤ ʠ ʤʘʨʛʘʥʮʝʤ ʩʪʘʣʠ ʠʟ ʧʨʦʢʘʪʥʦʡ ʦʢʘʣʠʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ï ʫʛʣʝʨʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʭʨʦʤʩʦʜʝʨʞʘʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʨʦʤʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʉr2ʆ3=47,9%, ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ï ʤʘʨʛʘʥʮʝʚʳʡ 



ʢʦʥʮʝʥʪʨʘʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ MnO2=39,50%.  

ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʧʨʦʜʫʢʪʘ ʚʢʣʶʯʘʣ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʀʟ ʩʤʝʩʠ ʧʨʦʢʘʪʥʦʡ ʦʢʘʣʠʥʳ, ʤʘʨʛʘʥʮʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʭʨʦʤʦʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ, ʢʦʢʩʘ ʠ ʠʟʚʝʩʪʥʷʢʘ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʦʢʘʪʳʰʠ ʬʨʘʢʮʠʠ 5-8 ʤʤ. 

2. ʉʳʨʳʝ ʦʢʘʪʳʰʠ ʧʦʜʚʝʨʛʘʣʠ ʦʙʞʠʛʫ ʚ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1100 0ʉ, ʧʦʩʣʝ ʯʝʛʦ ʦʭʣʘʞʜʘʣʠ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

3. ʆʙʦʞʞʝʥʥʳʝ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʦʢʘʪʳʰʠ ʧʦʤʝʱʘʣʠ ʚ ʦʛʥʝʫʧʦʨʥʳʡ 

ʩʪʘʢʘʥ ʠ ʧʣʘʚʠʣʠ ʚ ʧʝʯʠ ʊʘʤʤʘʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1650 0ʉ ʧʦʜ ʟʘʱʠʪʥʦʡ 

ʘʪʤʦʩʬʝʨʦʡ ʘʨʛʦʥʘ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʦʩʥʦʚʘʥʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʠʬʠʮʠʨʫʝʤʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʰʠʭʪʳ ʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʩ 

ʫʯʝʪʦʤ ʧʨʦʪʝʢʘʥʠʷ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʢʘʢ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉʆ2, ʪʘʢ ʠ ʉʆ 

 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʩʝʭ ʦʢʩʠʜʦʚ ʰʠʭʪʳ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1100 0ʉ, ʥʝʦʙʭʦʜʠʤʦ 0,1388 ʢʛ ʫʛʣʝʨʦʜʘ ʥʘ 1 ʢʛ ʰʠʭʪʳ. ʕʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ ʧʦʜʘʝʪʩʷ ʚ ʚʠʜʝ ʢʦʢʩʦʚʦʡ ʤʝʣʦʯʠ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʥʠʝ 

ʫʛʣʝʨʦʜʘ 85% ʠ ʞʝʣʝʟʘ ʚ ʚʠʜʝ ʦʢʩʠʜʦʚ 2,9%. ʅʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʞʝʣʝʟʘ ʨʘʩʭʦʜʫʝʪʩʷ ʯʘʩʪʴ ʫʛʣʝʨʦʜʘ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʫʛʣʝʨʦʜʘ ʚ ʢʦʢʩʦʚʦʡ ʤʝʣʦʯʠ ʫʤʝʥʴʰʠʪʩʷ ʜʦ ʫʨʦʚʥʷ ʉʵʬ = 84,65%. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʩʭʦʜ ʢʦʢʩʦʚʦʡ ʤʝʣʦʯʠ-ʨʝʘʛʝʥʪʘ ʩʦʩʪʘʚʠʣ 0,1639 ʢʛ/ʢʛ ʰʠʭʪʳ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʢʦʤʧʦʥʦʚʢʝ ʰʠʭʪʳ ʚʘʨʴʠʨʦʚʘʣʠ 

ʩʦʜʝʨʞʘʥʠʝ ʠʟʚʝʩʪʥʷʢʘ ʩ ʫʯʝʪʦʤ ʥʘʚʝʜʝʥʠʷ ʰʣʘʢʘ  ʦʩʥʦʚʥʦʩʪʴʶ 1,4; 1,6; 1,8; 

2,0; 2,2. 

ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʨʦʢʘʪʥʦʡ ʦʢʘʣʠʥʳ, 

ʤʘʨʛʘʥʮʝʚʦʛʦ ʠ ʭʨʦʤʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʢʦʢʩʘ ʠ ʠʟʚʝʩʪʥʷʢʘ ʪʱʘʪʝʣʴʥʦ 

ʩʤʝʰʠʚʘʣʠ ʚ ʟʘʜʘʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʰʠʭʪʳ ʠʟʛʦʪʘʚʣʠʚʘʣʠ 

ʦʢʘʪʳʰʠ.  

ʇʨʦʮʝʩʩ ʦʙʞʠʛʘ ʦʢʘʪʳʰʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʧʝʯʠ ʚ ʧʝʯʠ ʉʋʆʃ ï 045. ɺ 



ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʬʠʢʩʠʨʦʚʘʣʠ ʥʘ ʛʘʟʦʚʦʤ ʩʯʝʪʯʠʢʝ ʪʠʧʘ ɻʉɹ-400 ʦʙʲʝʤ 

ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʛʘʟʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʠ ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ʉʆ ʠ ʉʆ2 ʚ 

ʦʪʭʦʜʷʱʝʤ ʛʘʟʝ. ʆʧʳʪʳ ʧʨʦʜʦʣʞʘʣʠ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʛʘʟʘ. 

ʆʭʣʘʞʜʝʥʠʝ ʦʢʘʪʳʰʝʡ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʦʢʠʩʣʝʥʠʷ ʧʨʦʜʫʢʪʘ. 

ʇʦʩʣʝ ʦʙʞʠʛʘ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʦʢʘʪʳʰʠ ʧʦʤʝʱʘʣʠ ʚ ʦʛʥʝʫʧʦʨʥʳʡ 

ʩʪʘʢʘʥ ʠ ʧʣʘʚʠʣʠ ʚ ʧʝʯʠ ʊʘʤʤʘʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1650 0ʉ ʧʦʜ ʟʘʱʠʪʥʦʡ 

ʘʪʤʦʩʬʝʨʦʡ ʘʨʛʦʥʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʤʘʨʛʘʥʮʘ ʠ ʭʨʦʤʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʦʩʥʦʚʥʦʩʪʠ ʰʣʘʢʘ ʙʦʣʝʝ 2 (ʨʠʩʫʥʦʢ 1).   
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ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ  

ʤʝʪʘʣʣʦʚ ʦʪ ʦʩʥʦʚʥʦʩʪʠ ʰʣʘʢʘ 

 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʥʩʪʨʫʢʮʠʦʥʥʫʶ ʩʪʘʣʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʨʫʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʭʨʦʤ ʠ ʤʘʨʛʘʥʝʮ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʧʨʦʢʘʪʥʘʷ ʦʢʘʣʠʥʘ, ʥʦ ʠ ʜʨʫʛʠʝ ʦʪʭʦʜʳ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʝʢʦʥʜʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɼʦʩʪʦʠʥʩʪʚʦʤ 

ʥʘʩʪʦʷʱʝʛʦ ʩʧʦʩʦʙʘ ʩʪʦʠʪ ʧʦʜʯʝʨʢʥʫʪʴ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʨʛʘʥʮʘ 

ʠ ʭʨʦʤʘ. 

 



ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʊʦʣʩʪʦʛʫʟʦʚ ʅ.ɺ., ʅʦʭʨʠʥʘ ʆ.ʀ., ʇʨʦʰʫʥʠʥ ʀ.ɽ., ɻʫʤʝʥʥʳʡ ɺ.ʌ. 

ʇʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʨʷʤʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʩʪʘʣʠ ʤʘʨʛʘʥʮʝʤ //ʀʟʚʝʩʪʠʷ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʏʝʨʥʘʷ ʤʝʪʣʣʫʨʛʠʷ. ï 1997. - ˉ10. ï ʉ. 25-27.  

2. ɹʦʙʢʦʚʘ ʆ.ʉ., ɹʘʨʩʝʛʷʥ ɺ.ɺ., ʂʘʙʣʫʢʦʚʩʢʠʡ ɸ.ʌ.ʠ ʜʨ. //ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʝʩʫʣʴʬʫʨʘʮʠʠ ʠ ʧʨʷʤʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ 

ʭʨʦʤʦʤ ʵʣʝʢʪʨʦʩʪʘʣʠ. ï ʉʪʘʣʴ. ï 1994. - ˉ1. ï ʉ. 20-22. 

3. ʊʣʝʫʛʘʙʫʣʦʚ ʉ.ʄ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʩʧʣʘʚʦʚ 

ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. - ɸʣʤʘʪʳ: ʠʟʜʘʥʠʝ ʈʀʂ ʧʦ ʫʯʝʙʥʦʡ ʠ 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ, 2001. - 332 ʩ. 

 

 

ʋɼʂ 331.07 

ʇʝʪʨʦʚʘ ɸ. ɺ. ʇʣʘʢʘʪʳ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʥʝʦʙʭʦʜʠʤʳ ʥʘ 
ʢʘʞʜʦʤ, ʫʚʘʞʘʶʱʝʤ ʩʝʙʷ, ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ 

ʦʨʠʝʥʪʠʨʫʶʪ ʨʘʙʦʯʠʭ ʥʘ ʙʝʟʦʧʘʩʥʳʡ ʪʨʫʜ ʠ 
ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʚʦʟʤʦʞʥʳʝ ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ 

Posters OSH needed every self-respecting, production, because they orient the 

workers on safety and prevent possible accidents 

ʇʝʪʨʦʚʘ ɸ.ɺ., 

ʊʦʤʩʢʠʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ 

Petrova A.V. 

Tomsk Architectural University, Tomsk 

 
ɸʥʥʦʪʘʮʠʷ: ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʨʘʙʦʯʝʛʦ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʙʣʘʛʦʜʘʨʷ ʧʨʘʚʠʣʴʥʦʤʫ ʧʦʜʭʦʜʫ ʨʫʢʦʚʦʜʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʧʣʘʢʘʪʘʤ ʧʦ 

ʦʭʨʘʥʝ ʪʨʫʜʘ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʧʨʦ ʚʠʜʳ ʧʣʘʢʘʪʦʚ, ʚ ʯʸʤ ʟʘʢʣʶʯʘʝʪʩʷ ʠʭ ʩʤʳʩʣ, ʘ ʪʘʢ 

ʞʝ, ʢʘʢ ʟʘ ʩʯʝʪ ʥʠʭ ʫʜʘʸʪʩʷ ʠʟʙʝʞʘʪʴ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʢʘʪ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ, ʚʠʜʳ ʧʣʘʢʘʪʦʚ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʦʬʦʨʤʣʝʥʠʶ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʣʘʢʘʪʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

Abstract:  The purpose of this article is to preserve the life and health of workers at work 

through proper management approach and effective occupational safety posters. The article tells 

about the kinds of posters, what is their meaning, as well as due to them possible to avoid accidents. 

Keywords: poster OSH kinds of posters, on registration of recommendations, advice on 

the use of posters in the workplace. 

 



ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʙʦʯʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʫʯʘʶʪ ʪʨʘʚʤʳ. ʀ ʙʝʟ ʪʨʘʚʤ ʥʝ 

ʦʙʦʡʪʠʩʴ, ʧʦʢʘ ʩʫʱʝʩʪʚʫʶʪ ʥʝ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ ʥʘʣʘʜʯʠʢʠ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʘʞʜʳʡ ʛʦʜ ʧʨʦʠʩʭʦʜʷʪ 

ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ. ʊʨʘʚʤʠʨʫʶʪʩʷ ʦʢʦʣʦ 40 ʪʳʩʷʯ ʨʘʙʦʯʠʭ ʠ ʙʦʣʝʝ 2 ʪʳʩʷʯ 

ʧʦʛʠʙʘʶʪ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ - ʵʪʦ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʫʶ ʥʫʞʥʦ 

ʨʝʰʘʪʴ.  ʉʫʱʝʩʪʚʫʶʪ ʧʨʘʚʠʣʘ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʘʜʦ ʟʥʘʪʴ 

ʚʩʝʤ ʨʘʙʦʪʘʶʱʠʤ. ʅʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʣʶʜʠ ʥʝ ʚʩʝʛʜʘ ʩʣʝʜʫʶʪ ʧʨʘʚʠʣʴʥʳʤ 

ʧʫʪʸʤ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʥʘʧʨʘʚʣʷʪʴ, ʧʦʜʪʘʣʢʠʚʘʪʴ ʠ ʤʦʪʠʚʠʨʦʚʘʪʴ ʨʘʙʦʪʥʠʢʦʚ 

ʩʦʙʣʶʜʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʊʘʢ ʤʦʞʥʦ ʧʦʥʠʟʠʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʨʘʚʤʘʪʠʟʤ ʠ ʩʦʟʜʘʪʴ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ. ʅʫʞʥʦ 

ʚʳʟʚʘʪʴ ʠʥʪʝʨʝʩ ʨʘʙʦʪʥʠʢʘ ʢ ʚʳʧʦʣʥʝʥʠʶ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʠ 

ʦʢʨʫʞʠʪʴ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʏʪʦʙʳ ʯʝʣʦʚʝʢ ʘʥʘʣʠʟʠʨʦʚʘʣ, ʯʪʦ 

ʥʫʞʥʦ ʜʝʣʘʪʴ, ʘ ʯʝʛʦ ʜʝʣʘʪʴ ʥʝʣʴʟʷ, ʠ ʚʩʝʛʜʘ ʙʳʣ ʚʥʠʤʘʪʝʣʴʥʳʤ ʢ ʩʝʙʝ, ʢ ʩʚʦʝʤʫ 

ʟʜʦʨʦʚʴʶ, ʨʘʙʦʯʝʤʫ ʤʝʩʪʫ, ʪʝʭʥʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ ʠ ʦʙʦʨʫʜʦʚʘʥʠʶ. 

ɼʦʥʦʩʠʪʴ ʜʦ ʣʶʜʝʡ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʥʦ ʩʘʤʳʤ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʯʠʪʘʝʪʩʷ ʧʣʘʢʘʪ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ. ʇʨʦʩʪʦʡ ʧʣʘʢʘʪ ʧʦ ʦʭʨʘʥʝ 

ʪʨʫʜʘ ʚʦʩʧʠʪʳʚʘʝʪ ʨʘʙʦʪʥʠʢʘ ʠ  ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʠʜʝʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʣʘʢʘʪ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʷʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ. ʇʣʘʢʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʫʯʝʙʥʳʝ. ʊʘʢʠʝ ʧʣʘʢʘʪʳ  ʦʙʫʯʘʶʪ 

ʨʘʙʦʪʥʠʢʘ ʦʭʨʘʥʝ ʪʨʫʜʘ. ʇʨʝʜʦʩʪʘʚʣʷʶʪ ʝʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʦʟʥʘʢʦʤʠʪʩʷ ʩ 

ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʩʚʦʡ 

ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ. ʇʣʘʢʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʥʩʪʨʫʢʪʠʚʥʳʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦʙ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʥʦʨʤʘʭ ʠ ʧʨʘʚʠʣʘʭ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ 

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. ʉʫʱʝʩʪʚʫʶʪ ʘʛʠʪʘʮʠʦʥʥʦ-ʧʨʦʧʘʛʘʥʜʠʩʪʩʢʠʝ ʧʣʘʢʘʪʳ. ʆʥʠ 

ʧʨʠʚʷʟʳʚʘʶʪ ʚʥʠʤʘʥʠʝ ʨʘʙʦʪʥʠʢʦʚ ʢ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʝ. ʀ ʝʩʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʣʘʢʘʪʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʨʘʟʣʠʯʥʳʝ ʥʦʨʤʘʪʠʚʳ ʠ 

ʩʚʝʜʝʥʴʷ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ. 

ʇʣʘʢʘʪ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʳʝ ʦʧʘʩʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ  



ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʧʘʛʫʙʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠ ʫʩʠʣʠʚʘʝʪ ʤʦʪʠʚʘʮʠʶ ʢ ʙʝʟʦʧʘʩʥʦʤʫ 

ʪʨʫʜʫ. ʕʪʦ ʧʨʦʩʪʦʡ ʠ ʜʝʰʝʚʳʡ ʩʧʦʩʦʙ ʤʦʪʠʚʘʮʠʠ. ʂʦʨʦʪʢʠʡ ʩʶʞʝʪ, 

ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʧʣʘʢʘʪʝ, ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʠ ʚʳʟʳʚʘʝʪ ʫ 

ʯʝʣʦʚʝʢʘ ʯʫʚʩʪʚʦ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʩʚʦʸ ʟʜʦʨʦʚʴʝ.  ʇʣʘʢʘʪ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. ʆʥ ʠʤʝʝʪ 

ʚʠʜ ʩʣʝʜʫʶʱʠʡ ʨʠʩ. 1. 

 

ʈʠʩ. 1. ʇʣʘʢʘʪ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʇʣʘʢʘʪ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʥʘ ʛʣʷʥʮʝʚʦʡ ʙʫʤʘʛʝ ʩ ʧʨʠʝʤʣʝʤʳʤ ʙʣʝʩʢʦʤ, 

ʯʪʦʙʳ ʥʝ ʙʳʣʦ ʙʣʠʢʦʚ ʚʦ ʚʨʝʤʷ ʯʪʝʥʠʷ. ʀʭ ʨʝʢʦʤʝʥʜʫʶʪ ʜʝʣʘʪʴ ʥʝ ʙʦʣʴʰʝ 

ʬʦʨʤʘʪʘ ɸ0. ʇʣʘʢʘʪʳ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʷʚʣʷʶʪʩʷ ʧʣʦʭʦ ʯʠʪʘʝʤʳʤʠ. ʅʘ ʧʣʘʢʘʪʝ 

ʨʘʩʧʦʣʘʛʘʶʪ 1-2 ʧʨʘʚʠʣʘ ʧʦ ʦʜʥʦʡ ʪʝʤʘʪʠʢʝ. ʇʣʘʢʘʪ ʜʦʣʞʝʥ ʙʳʪʴ 

ʨʝʘʣʠʩʪʠʯʥʳʤ ʠ ʧʦʥʷʪʥʳʤ. ʌʦʥ ʞʝʣʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʝʪʣʳʡ. ʊʝʢʩʪ 

ʜʦʣʞʝʥ ʙʳʪʴ ʢʨʫʧʥʳʤ, ʧʦʥʷʪʥʳʤ, ʨʘʟʙʦʨʯʠʚʳʤ ʠ ʨʘʩʧʦʣʦʞʝʥ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʢʩʪʘ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴʰʝ, ʠ ʟʘʥʠʤʘʪʴ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʦʪ 

ʦʩʥʦʚʥʦʛʦ ʩʶʞʝʪʘ ʧʣʘʢʘʪʘ. ʅʝ ʥʫʞʥʦ ʨʠʩʦʚʘʪʴ ʘʙʩʪʨʘʢʮʠʡ. ʏʝʪʢʠʝ ʢʦʥʪʫʨʳ 

ʨʠʩʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚʥʦʩʷʪ ʙʦʣʴʰʫʶ ʷʩʥʦʩʪʴ, ʣʫʯʰʝ ʧʦʥʠʤʘʶʪʩʷ ʨʘʟʫʤʦʤ ʠ 

ʣʝʛʯʝ ʫʩʚʘʠʚʘʶʪʩʷ ʛʣʘʟʦʤ. ʅʘʨʠʩʦʚʘʥʥʳʝ ʣʶʜʠ ʥʘ ʧʣʘʢʘʪʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦ 

ʚʩʝʤʠ ʢʦʥʝʯʥʦʩʪʷʤʠ. ʊʘʢʞʝ ʦʛʨʦʤʥʳʡ ʫʩʧʝʭ ʧʣʘʢʘʪʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ. ʆʥ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʙʠʥʝʪʘʭ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʪʝʥʜʘʭ, ʥʦ ʠ ʥʘ ʦʧʘʩʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʄʦʞʥʦ ʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʣʘʢʘʪʦʚ ʧʦ 

ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʢʘʞʜʦʤ ʮʝʭʫ, ʚ ʦʧʘʩʥʳʭ ʟʦʥʘʭ, ʦʢʦʣʦ ʨʘʙʦʯʝʛʦ 



ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʧʨʠʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʧʣʘʢʘʪʦʚ. ʇʣʘʢʘʪʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʠ ʫ ʫʯʘʩʪʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʨʘʙʦʪ. ʇʣʘʢʘʪʳ ʜʦʣʞʥʳ 

ʩʦʜʝʨʞʘʪʴ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʧʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ 

ʧʦʤʦʱʠ. ʋʯʠʪʴ ʥʦʚʳʭ, ʥʝ ʟʥʘʢʦʤʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʨʘʙʦʯʠʭ ʥʘʚʳʢʘʤ ʧʦ 

ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʝ. ʇʣʘʢʘʪʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ. ʆʥʠ 

ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʨʘʙʦʪʥʠʢʦʚ. ʇʣʘʢʘʪʳ, ʧʨʠʟʳʚʘʶʱʠʝ ʢ 

ʭʦʨʦʰʝʤʫ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʪʨʫʜʫ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʣʫʯʰʝʥʠʝ ʤʦʪʠʚʘʮʠʠ ʢ 

ʧʣʦʜʦʪʚʦʨʥʦʤʫ ʪʨʫʜʫ. ʊʘʢʠʝ ʧʣʘʢʘʪʳ ʜʦʣʞʥʳ ʚʠʩʝʪʴ ʚ ʟʦʥʝ ʦʪʜʳʭʘ ʠ ʢʘʙʠʥʝʪʝ 

ʨʫʢʦʚʦʜʠʪʝʣʷ. ʇʣʘʢʘʪʳ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʨʘʙʦʪʥʠʢʘ. 

ʇʦʜʚʝʜʸʤ ʠʪʦʛʠ. ʇʣʘʢʘʪ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʜʦʣʞʝʥ ʤʦʪʠʚʠʨʦʚʘʪʴ 

ʨʘʙʦʪʥʠʢʘ ʢ ʙʝʟʦʧʘʩʥʦʤʫ ʪʨʫʜʫ. ʇʦ ʩʫʪʠ ʩʚʦʝʡ ʧʣʘʢʘʪ ʷʚʣʷʝʪʩʷ ʨʝʢʣʘʤʦʡ 

ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʨʦʧʘʛʘʥʜʦʡ 

ʧʨʦʬʠʣʘʢʪʠʢʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʫʞʜʘʝʪʩʷ ʚ ʧʣʘʢʘʪʘʭ ʧʦ 

ʦʭʨʘʥʝ ʪʨʫʜʘ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ.  
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ɸʥʥʦʪʘʮʠʷ: ɹʳʣ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʞʠʜʢʦʛʦ ʩʣʦʷ ʢ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʤʫ ʧʦʪʦʢʫ, ʫʧʨʦʱʘʶʱʝʤʫ ʚʳʯʠʩʣʝʥʠʝ ʧʩʝʚʜʦʦʞʠʜʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʧʨʝʨʳʚʥʘʷ ʨʘʟʣʠʚʢʘ ʩʪʘʣʠ, ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʧʦʪʦʢ, ʄʅʃɿ. 

Abstract: A variant of analysis of liquid layer stability to unstationary flow simplifying the 

calculation of pseudo expected systems parameters was suggested. 

Keywords: continuous casting of steel, of unstationary flow, CCM. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʯʠʩʣʘ ʯʘʩʪʠʮ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʤʝʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʚ ʦʜʥʦʨʦʜʥʦʤ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʪʦʢʝ ʩʫʩʧʝʥʟʠʡ ʧʨʠʚʦʜʠʪ 

ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʚʦʣʥ ʧʦʩʪʦʷʥʥʦʡ 

ʘʤʧʣʠʪʫʜʳ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʠ ʥʘʣʠʯʠʠ ʠʥʝʨʮʠʠ ʯʘʩʪʠʮ ʠ ʥʝʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ 

ʨʦʩʪ ʵʪʦʡ ʘʤʧʣʠʪʫʜʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʪʦʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʤʘʣʳʤ ʚʦʟʤʫʱʝʥʠʷʤ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʨʘʙʦʪʘʭ [6,3] ʫʪʚʝʨʞʜʘʝʪʩʷ ʯʪʦ ʚ 

ʦʜʥʦʨʦʜʥʳʭ ʧʩʝʚʜʦʦʞʠʞʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, 



ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʜʢʦʡ ʬʘʟʳ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʥʝʠʟʙʝʞʥʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʋʢʘʟʘʥʥʦʝ ʧʦʣʥʦʩʪʴʶ ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʝʭʬʘʟʥʳʤ ʩʠʩʪʝʤʘʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʠʩʪʝʤʘʭ ʩ ʢʨʫʧʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʠʤʫʣʠʨʫʝʪ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʨʘʟʨʳʚʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩ ʯʝʤ 

ʩʚʷʟʘʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʷʚʣʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʛʘʟʦʚʳʭ ʧʦʣʦʩʪʝʡ ʧʨʠ 

ʧʩʝʚʜʦʦʞʠʞʝʥʠʠ [4,5]. 

ɺ ʩʫʩʧʝʥʟʠʷʭ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʚ ʢʘʧʝʣʴʥʳʭ ʞʠʜʢʦʩʪʷʭ ʵʪʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ 

ʥʝ ʚʦʟʥʠʢʘʝʪ ʚʦʦʙʱʝ, ʣʠʙʦ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʩʣʘʙʦ ʣʠʥʝʡʥʳʭ ʚʦʣʥ, 

ʧʦʩʪʝʧʝʥʥʦ ʠʟʤʝʥʷʶʱʠʭ ʩʚʦʶ ʧʨʠʨʦʜʫ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʥʘʜ ʢʨʠʪʠʯʥʦʩʪʴʶ [3]. 

ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʚʷʟʳʚʘʶʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʚʦʟʤʫʱʝʥʠʡ ʩ ʜʝʡʩʪʚʠʝʤ ʚ ʧʦʪʦʢʝ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʝʝ ʦʙʲʝʤʥʦʤʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ. ʅʘʜʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʨʘʟʚʠʪʠʝ 

ʪʝʦʨʠʠ ʚ ʵʪʦʤ ʚʦʧʨʦʩʝ ʩʜʝʨʞʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʜʝʞʥʳʭ ʜʘʥʥʳʭ ʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʲʝʤʥʳʭ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʩʧʝʥʟʠʠ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʬʘʟ. ʇʦʧʳʪʢʠ ʚʚʝʩʪʠ ʫʢʘʟʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʥʘ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʤʝʶʪ ʯʠʩʪʦ ʧʦʟʥʘʚʘʪʝʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʳ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʠʤʝʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʢ ʩʘʤʦʛʦ ʬʘʢʪʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʫʩʪʦʡʯʠʚʳʭ ʩʦʩʪʦʷʥʠʡ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʠ ʭʘʨʘʢʪʝʨʘ ʤʘʩʰʪʘʙʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʣʠʥʫ ʚʦʣʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʧʨʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʙʦʪʘ [2], ʚ ʢʦʪʦʨʦʡ 

ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʩʚʦʡʩʪʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʩʫʩʧʝʥʟʠʡ ʩʦ ʩʣʫʯʘʡʥʦ 

ʧʫʣʴʩʠʨʫʶʱʠʤʠ ʯʘʩʪʠʮʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʩʣʫʯʘʡʥʳʭ ʧʫʣʴʩʘʮʠʡ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʯʘʩʪʠʮ ʧʦʜʦʙʥʦ ʪʦʤʫ ʢʘʢ 

ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʛʘʟʘʭ. 

ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʦʪʦʢ ʩʠʩʪʝʤʳ ʯʘʩʪʠʮ ʫʧʨʘʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤʠ 



ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʭʨʘʥʝʥʠʷ: 

ʤʘʩʩʳ; 

    (1) 

ʠʤʧʫʣʴʩʘ; 

   (2) 

ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ; 

, (3) 

ʛʜʝ   ð ʢʦʥʮʝʥʪʨʘʮʠʷ,  ð ʚʨʝʤʷ,  ð ʨʘʜʠʫʩ-ʚʝʢʪʦʨ,  ð ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ, 

 ð ʪʝʥʟʦʨ ʩʘʤʦʜʠʬʬʫʟʠʠ,  ð ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ,  ð ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ,  

ð ʯʠʩʣʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ,  ð ʦʜʥʦʯʘʩʪʠʯʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ,  ð 

ʪʝʤʧʝʨʘʪʫʨʘ.  ð ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ, ð ʧʦʪʦʢ ʯʘʩʪʠʮ (ʞʠʜʢʦʩʪʠ),  ʠ  ð 

ʢʦʵʬʬʠʮʠʝʥʪʳ, *)  ð ʚʝʣʠʯʠʥʳ ʚ ʩʦʩʪʦʷʥʠʠ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ ʯʘʩʪʠʮ. 

ɼʦʧʦʣʥʷʷ ʠʭ ʫʨʘʚʥʝʥʠʝʤ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʞʠʜʢʦʡ ʬʘʟʳ ʠ ʧʨʝʥʝʙʨʝʛʘʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤʠ ʜʦʙʘʚʢʘʤʠ ʢ ʧʦʣʥʳʤ ʧʦʪʦʢʘʤ ʬʘʟ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ 

ʧʫʣʴʩʘʮʠʷʤʠ, ʘ ʪʘʢʞʝ ʧʝʨʝʥʦʩʦʤ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʜʠʩʩʠʧʘʮʠʝʡ 

ʵʥʝʨʛʠʠ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʯʘʩʪʠʮ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʠʩʭʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʋʨʘʚʥʝʥʠʝ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʥʝʧʨʝʨʳʚʥʦʡ ʬʘʟʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʥʦʚʫʶ ʥʝʠʟʚʝʩʪʥʫʶ ʧʝʨʝʤʝʥʥʫʶ (ʜʘʚʣʝʥʠʝ ʚ ʞʠʜʢʦʩʪʠ), ʢʦʪʦʨʘʷ ʥʝ 

ʧʦʷʚʣʷʝʪʩʷ ʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ, ʚ ʪʘʢʦʤ ʘʥʘʣʠʟʝ ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ. 

ʆʪʩʶʜʘ ʠʤʝʝʤ: 

   (4) 

 

 

 



 

u=V-W, 

        (5) 

ɿʜʝʩʴ  ð ʩʨʝʜʥʠʝ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʯʘʩʪʠʮ, ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ  ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʡ ʧʫʣʴʩʘʮʠʡ  ʩʠʩʪʝʤʳ 

ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (6). 

 

 

 

ʛʜʝ ʛʨʘʜʫʩʦʤ ʦʙʦʟʥʘʯʝʥʳ ʚʝʣʠʯʠʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʨʝʞʝʥʥʦʤʫ ʛʘʟʫ: 

 

ʛʜʝ  ð ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ,  ð ʤʘʩʩʘ ʯʘʩʪʠʮʳ,  ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ, ð ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ʯʘʩʪʦʪʘ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʯʘʩʪʠʮ, ʭ ï ʬʘʢʪʦʨ ʕʥʩʢʦʛʦ,  ð ʪʝʤʧʝʨʘʪʫʨʘ. 

ʉʨʝʜʥʷʷ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʩʤʝʩʠ ʩ 

ʞʠʜʢʦʩʪʴʶ ʚʢʣʶʯʘʝʪ ʚ  ʩʝʙʷ ʩʠʣʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʷʞʝʩʪʠ ʩ 

ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ ʧʣʘʚʫʯʝʩʪʠ, ʩʠʣʫ ʧʣʘʚʫʯʝʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʫʩʢʦʨʝʥʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʯʘʩʪʠʮ, ʠʥʝʨʮʠʦʥʥʫʶ ʩʠʣʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʵʬʬʝʢʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ 

ʤʘʩʩʳ ʠ ʩʠʣʫ ʌʘʢʩʝʥʘ. ʕʪʠ ʩʠʣʳ ʚʳʨʘʞʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʪʝʦʨʠʝʡ ʩʫʩʧʝʥʟʠʡ ʚ ʬʦʨʤʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [2]. 

ʉʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʤʝʞʬʘʟʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʵʬʬʝʢʪʦʤ 

ɹʘʩʩʝ, ʜʣʷ ʧʨʦʩʪʦʪʳ ʚ (4) ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʵʪʘ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʣʠʙʦ ʩ ʚʷʟʢʦʡ, ʣʠʙʦ ʩ ʠʥʝʨʮʠʦʥʥʦʡ ʩʠʣʘʤʠ. 

ʉʦʩʪʘʚʣʷʶʱʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʵʬʬʝʢʪʘʤʠ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʤʘʩʩʳ ʠ ʌʘʢʩʝʥʘ, ʚ 

ʚʠʜʫ ʠʭ ʤʘʣʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ ʩʠʣʘʤʠ, ʤʦʛʫʪ ʥʝ 



ʫʯʠʪʳʚʘʪʴʩʷ ʜʣʷ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ. ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʥʝ 

ʩʦʙʣʶʜʘʝʪʩʷ ʜʣʷ ʚʟʚʝʩʝʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʣʢʠʭ ʯʘʩʪʠʮ, ʛʜʝ ʚʣʠʷʥʠʝ 

ʠʥʝʨʮʠʦʥʥʦʡ ʩʠʣʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʵʬʬʝʢʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʤʘʩʩʳ ʩʫʱʝʩʪʚʝʥʥʦ. 

ʋʜʦʙʥʦ ʫʨʘʚʥʝʥʠʝ ʩʦʭʨʘʥʝʥʠʷ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ (6) 

ʚʳʧʠʩʘʪʴ ʯʝʨʝʟ ʚʝʣʠʯʠʥʫ . 

                                                               (8) 

 

ʈʝʦʣʦʛʠʯʝʩʢʦʝ ʟʘʤʳʢʘʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (4), (5) ʠ (8) ʧʨʝʜʩʪʘʚʠʤ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ (4.41) ʠʟ [1] ʠ (7). 

 

,     (9) 

 

ʛʜʝ  ð ʠʟʦʪʨʦʧʥʦʝ ʜʘʚʣʝʥʠʝ ʧʩʝʚʜʦʛʘʟʘ ʯʘʩʪʠʮ,  ð ʝʜʠʥʳʡ ʪʝʥʟʦʨ,  ð 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʚʩʝʚʜʦʛʘʟʘ,  ð ʪʝʥʟʦʨ ʩʢʦʨʦʩʪʝʡ 

ʜʝʬʦʨʤʘʮʠʠ,  ʧʦʩʪʨʦʝʥʥʳʡ  ʧʦ  ʩʨʝʜʥʝʤʫ  ʧʦʣʶ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ . 

ʊʦʛʜʘ 

 

ʌʫʥʢʮʠʶ , ʦʧʠʩʳʚʘʶʱʫʶ ʩʪʝʨʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ, 

ʤʦʞʥʦ ʢʘʢ ʠ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ, ʚʦ-ʧʝʨʚʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʚʝʨʩʠʠ ʂʘʨʥʘʭʵʥʘ-ʉʪʘʨʣʠʥʛʘ, ʜʣʷ ʩʠʩʪʝʤʳ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʦʪ 

ʩʦʩʪʦʷʥʠʷ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʩʣʝʜʫʶʱʫʶ ʠ ʪʝʦʨʠʠ ʕʥʩʢʦʛʦ 

ʜʣʷ ʧʣʦʪʥʳʭ ʛʘʟʦʚ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʠ ʜʦʩʪʦʠʥʩʪʚʘ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪʤʝʯʝʥʳ ʚʳʰʝ, ʠ ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʚʳʯʠʩʣʝʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʘ ʚʘʨʠʘʥʪʘ. 

ɺ ʧʦʣʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʜʝʨʞʠʪ ʚʩʝ 



ʫʨʘʚʥʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ (4), (5) ʠ (8), ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ  ʚʳʩʪʫʧʘʝʪ ʢʘʢ 

ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ. 

ɿʜʝʩʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʧʨʠʙʣʠʞʝʥʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ, ʢʦʛʜʘ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ, ʦʜʥʦʨʦʜʥʳ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ ð ʪʘʢʘʷ 

ʠʜʝʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʫʧʨʦʱʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ 

ʚʦʟʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʢʦʥʚʝʢʪʠʚʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (8) ʠ 

ʨʘʙʦʪʦʡ ʧʨʦʪʠʚ ʩʠʣ ʜʘʚʣʝʥʠʷ ʚʩʝʚʜʦʛʘʟʘ ʯʘʩʪʠʮ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʪʦʯʥʠʢʦʚʳʤʠ 

ʯʣʝʥʘʤʠ, ʪʦ ʠʤʝʝʤ , ʯʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʨʘʚʝʥʩʪʚʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʫʣʴʩʘʮʠʡ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʠʟʚʝʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʦʢʘʣʴʥʦ ʦʜʥʦʨʦʜʥʳʤ ʩʦʩʪʦʷʥʠʷʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʘʥʘʣʠʟʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʙʫʜʝʪ ʠʤʝʪʴ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ð ʤʘʩʩʳ ʠ ʠʤʧʫʣʴʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʨʷʜʦʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ 

ʚʳʯʠʩʣʝʥʠʷ. 

ʋʩʣʦʚʠʷ ʥʝʡʪʨʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʡʜʝʤ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʝʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʫʣʴʩʘʮʠʡ ʯʘʩʪʠʮ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʡ 

ʬʘʟʳ. 

ɺʦ-ʧʝʨʚʳʭ, ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (8). 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʬʠʢʪʠʚʥʦʛʦ 

ʦʜʥʦʨʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʩʨʝʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʣʦʢʘʣʴʥʳʤʠ 

ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

ɺʦ-ʚʪʦʨʳʭ, ʜʣʷ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʢʘʣʴʥʦ 

ʦʜʥʦʨʦʜʥʳʤ ʩʦʩʪʦʷʥʠʷʤ, ʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ ʩʨʝʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʚʠʞʝʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪ.ʝ. ʚ ʧʨʝʞʥʠʭ 

ʦʙʦʟʥʘʯʝʥʠʷʭ ʧʨʠʥʷʪʴ 

      (11) 

ʊʝʤʧʝʨʘʪʫʨʘ  ʣʦʢʘʣʴʥʦ ʦʜʥʦʨʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ: 



  (12) 

ʛʜʝ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

 

 

 

 ð ʧʦʨʦʟʥʦʩʪʴ,  ð ʙʝʟʨʘʟʤʝʨʥʘʷ ʢʦʦʨʜʠʥʘʪʘ,  ð ʤʥʠʤʦʝ ʯʠʩʣʦ,  ð 

ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ, 

 

 

ɺ-ʪʨʝʪʴʠʭ, ʜʣʷ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʪʦʢʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

, ʛʜʝ ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʫʣʴʩʘʮʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʠ 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʯʘʩʪʠʮ 

ð ʠʭ ʦʙʲʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ  

       (13) 

ʅʝʚʦʟʤʫʱʝʥʥʳʡ ʦʜʥʦʨʦʜʥʳʡ ʧʦʪʦʢ ʦʧʠʩʳʚʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʧʨʝʜʝʣʷʝʤʳʤ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʢʦʪʦʨʦʝ ʩʚʷʟʳʚʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ  ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ  ʤʝʞʬʘʟʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ. 

ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʟʘʢʣʶʯʝʥʳ ʚ ʠʥʪʝʨʚʘʣʝ . 

    (14) 

ɽʩʣʠ ʠʤʝʪʴ ʚ ʚʠʜʫ ʦʜʥʦʨʦʜʥʳʡ ʧʩʝʚʜʦʦʞʠʞʝʥʥʳʡ ʩʣʦʡ, ʛʨʘʥʠʮʳ ʵʪʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʭʦʜʫ ʯʘʩʪʠʮ ʚ ʥʝʧʦʜʚʠʞʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ 

 ʠ ʚʳʥʦʩʫ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʧʨʠ  ʅʠʞʥʠʡ ʥʫʣʝʚʦʡ ʠʥʜʝʢʩ 

ʦʪʤʝʯʘʝʪ ʜʘʣʝʝ ʚʝʣʠʯʠʥʳ, ʦʪʥʦʩʠʤʳʝ ʢ ʵʪʦʤʫ ʥʝʚʦʟʤʫʱʝʥʥʦʤʫ ʦʜʥʦʨʦʜʥʦʤʫ 



ʩʦʩʪʦʷʥʠʶ. 

ʀʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʫʶ ʩʦ ʩʨʝʜʥʠʤ ʜʚʠʞʝʥʠʝʤ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʡ ʬʘʟʳ, ʠʟ ʫʨʘʚʥʝʥʠʡ ʩʪʨʫʠ, ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ ʩʚʦʜʠʪʩʷ ʢ 

ʫʨʘʚʥʝʥʠʶ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʜʦʧʦʣʥʝʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ 

ʞʠʜʢʦʩʪʠ 

     (15) 

ʇʦʣʫʯʘʝʤ 

    (16) 

ʊʦʛʜʘ ʜʣʷ  ʠ  ʤʦʞʥʦ ʚʳʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʨʘʞʝʥʠʷ 

  (17) 

    (18) 

   (19) 

  (20) 

 

 

ʛʜʝ  ð ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, . 
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ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʬʘʩʘʜʥʦʡ ʦʪʜʝʣʢʠ ʧʘʥʝʣʴʥʳʭ ʜʦʤʦʚ. 

ʇʨʠʚʝʜʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʦʛʦ ʚʠʜʘ ʟʘʚʦʜʩʢʦʡ ʥʘʨʫʞʥʦʡ 

ʦʪʜʝʣʢʠ ï ʜʝʢʦʨʘʪʠʚʥʳʭ ʢʦʚʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʨʘʤʦʨʥʦʡ ʢʨʦʰʢʠ, ʚʷʞʫʱʝʛʦ ʠ ʦʩʥʦʚʳ ʚ ʚʠʜʝ ʛʝʦʪʝʢʩʪʠʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʢʦʨʘʪʠʚʥʳʝ ʢʦʚʨʳ, ʬʘʩʘʜʥʘʷ ʦʪʜʝʣʢʘ, ʧʘʥʝʣʴʥʳʡ ʜʦʤ, 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʤʨʘʤʦʨʥʘʷ ʢʨʦʰʢʘ. 

Abstract:  The basic problems of the front trim panel houses . Offers on the organization of 

production of a new type of outdoor decoration factory - decorative carpets , which are multi-layer 

coating with the use of marble chips , the binder and the foundations of the geotextile. 
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marble chips. 

 

ʀʥʜʫʩʪʨʠʘʣʴʥʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ ï ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʜʣʷ  

ʙʳʩʪʨʦʛʦ ʨʝʰʝʥʠʷ ʚʘʞʥʝʡʰʠʭ ʞʠʣʠʱʥʳʭ ʧʨʦʙʣʝʤ ʠ ʚʦʧʨʦʩʦʚ ʛʨʘʞʜʘʥ . ʊʦʣʴʢʦ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʦʠʪʴ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ, ʚ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʙʳʩʪʨʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʘʥʝʣʴʥʳʝ ʜʦʤʘ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʦʪʚʝʯʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ) ʧʨʦʯʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʵʢʦʣʦʛʠʯʥʦʩʪʠ. ʅʦ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʵʩʪʝʪʠʯʥʦʩʪʠ ʠ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʦʙʣʠʢʘ 

ʬʘʩʘʜʘ. 

ʇʨʠʤʝʨ ʧʘʥʝʣʴʥʦʛʦ ʜʦʤʘ ʩʦʚʝʪʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʧʨʠʤʝʨ ʥʘʠʙʦʣʝʝ 



ʚʩʪʨʝʯʘʶʱʝʡʩʷ ʦʪʜʝʣʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʘʥʝʣʴʥʳʭ ʜʦʤʦʚ ʧʦʢʘʟʘʥ ʥʠʞʝ ʥʘ 

ʨʠʩʫʥʢʝ 3. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʪʥʦʩʠʪʩʷ ʨʘʟʨʫʰʝʥʠʝ 

ʦʪʜʝʣʢʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʢʨʘʩʢʝ ʧʦʚʝʨʭʥʦʩʪʠ), ʘ ʪʘʢʞʝ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʮʚʝʪʦʚʦʡ ʨʷʜ ʦʙʣʠʮʦʚʢʠ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʪʜʝʣʢʝ ʢʝʨʘʤʠʯʝʩʢʠʤʠ 

ʧʣʠʪʢʘʤʠ) (ʈʠʩ. 2). ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʪʨʝʙʫʶʱʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʬʘʩʘʜʘ. (ʈʠʩ. 1)[1]. 

 

ʈʠʩʫʥʦʢ 1. ʈʘʟʨʫʰʝʥʠʝ ʬʘʩʘʜʘ ʧʘʥʝʣʴʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ (97 ʩʝʨʠʷ) 

 

ʈʠʩʫʥʦʢ 2. ɼʦʤ ʩʝʨʠʠ ʇɿ, ʦʢʨʘʰʝʥ ʢʨʘʩʢʦʡ 

 

 
ʈʠʩʫʥʦʢ 3. ʇʘʥʝʣʴʥʳʝ ʜʦʤʘ ʩʦʚʝʪʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʧʨʠʤʝʨ ʥʘʠʙʦʣʝʝ 

ʚʩʪʨʝʯʘʶʱʝʡʩʷ ʦʪʜʝʣʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʘʥʝʣʴʥʳʭ ʜʦʤʦʚ 



 

ʅʘʨʫʞʥʘʷ ʬʘʢʪʫʨʘ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ 

ʜʝʢʦʨʘʪʠʚʥʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʧʨʠ ʤʘʣʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 

ʟʘʪʨʘʪʘʭ ʨʫʯʥʦʛʦ ʪʨʫʜʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ,  ʚ ʎʅʀʀʕʇ ʞʠʣʠʱʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʪʝʭʥʦʣʦʛʠʡ ʜʝʢʦʨʘʪʠʚʥʳʭ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʙʝʪʦʥʦʚ, ʚʳʧʦʣʥʷʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʚʠʜʦʚ ʥʘʨʫʞʥʦʡ ʦʪʜʝʣʢʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʝʢʦʨʘʪʠʚʥʳʝ ʢʦʚʨʦʚʳʝ ʧʦʢʨʳʪʠʷ ï ʢʦʚʨʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʨʦʰʢʠ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʠʤʝʨʥʦʛʦ ʚʷʞʫʱʝʛʦ ʠ 

ʦʩʥʦʚʳ ʚ ʚʠʜʝ ʛʝʦʪʝʢʩʪʠʣʷ (ʜʘʣʝʝ ï ʜʝʢʦʨʘʪʠʚʥʳʝ ʢʦʚʨʳ ʩ ʢʨʦʰʢʦʡ), ʘ ʪʘʢʞʝ 

ʧʦʣʠʤʝʨʮʝʤʝʥʪʥʳʝ ʢʦʚʨʳ ʥʘ ʦʩʥʦʚʝ ʩʝʪʦʢ (ʜʘʣʝʝ ï ʇʎ ʢʦʚʨʳ) [1]. 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ ʩʳʨʴʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʥʷ. ɺʩʝ 

ʨʝʩʫʨʩʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʛʦʨʥʳʤ ʩʦʦʨʫʞʝʥʠʷʤ ï ʋʨʘʣ, ɸʣʪʘʝ-ʉʘʷʥʩʢʘʷ ʩʢʣʘʜʯʘʪʘʷ 

ʦʙʣʘʩʪʴ, ɽʥʠʩʝʡʩʢʠʡ ʢʨʷʞ, ʉʝʚʝʨʥʳʡ ʂʘʚʢʘʟ ʠ ʜʨ., ʘ ʪʘʢʞʝ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʝʜʛʦʨʠʡ. ʆʩʥʦʚʥʳʝ ʨʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʋʨʘʣʴʩʢʦʤ, 

ʉʠʙʠʨʩʢʦʤ ʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʘʭ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʂʝʤʝʨʦʚʩʢʦʡ, ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʷʭ, ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ ʠ ʈʝʩʧʫʙʣʠʢʝ ʍʘʢʘʩʠʷ 

[2].  

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʦʙʨʘʙʦʪʢʠ 

ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʥʷ. ɺ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ ʠ ɽʚʨʦʧʳ, ʢʦʪʦʨʳʤ ʥʝ ʦʜʥʦ ʩʪʦʣʝʪʠʝ, ʜʣʷ 

ʦʪʜʝʣʢʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠʤʝʥʷʶʪ ʦʙʣʠʮʦʚʦʯʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʦʙʨʘʙʦʪʢʠ ʢʘʤʥʷ. ʆʥʠ ʧʨʠʜʘʶʪ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʦʙʣʠʢ ʤʥʦʛʠʤ ʟʜʘʥʠʷʤ. ɹʣʘʛʦʜʘʨʷ 

ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʮʚʝʪʦʚʦʡ ʛʘʤʤʝ ʠ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʵʪʠ ʠʟʜʝʣʠʷ ʩʦʟʜʘʶʪ 

ʵʩʪʝʪʠʯʝʩʢʫʶ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ ʦʙʲʝʢʪʦʚ. ɸʨʭʠʪʝʢʪʫʨʥʘʷ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ 

ʧʦʚʳʰʘʝʪʩʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʨʘʟʥʦʡ 

ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ [3]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 



ʩʧʦʩʦʙʦʚ ʥʘʥʝʩʝʥʠʷ ʜʦʣʛʦʚʝʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʚʧʠʩʳʚʘʶʱʠʭʩʷ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʪʝʭʥʦʣʦʛʠʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʘʥʝʣʝʡ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʮʠʢʣʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ,  ʪ. ʝ. ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʛʦʪʦʚʠʪʴ 

ʛʦʪʦʚʫʶ ʧʘʥʝʣʴ ʩ ʩʦʚʨʝʤʝʥʥʦʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʪʜʝʣʢʦʡ, ʟʘʪʨʘʯʠʚʘʷ ʧʨʠ ʵʪʦʤ 

ʤʠʥʠʤʫʤ ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʦʟʘʪʨʘʪ. 

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʩʦʟʜʘʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʟʘʚʦʜʩʢʦʡ ʦʪʜʝʣʢʠ 

ʚʥʝʩʣʠ ɻʨʘʥʠʢ ʖ.ɻ., ɽʨʰʦʚ ʉ.ʂ., ɾʘʜʘʥʦʚʩʢʠʡ ɹ.ɺ., ʅʘʛʨʫʟʦʚʘ ʃ.ʇ., 

ʉʘʤʦʡʣʦʚʠʯ ɺ.ɺ., ʉʢʫʨʘʪʝʥʢʦ ɽ.ʅ., ʍʘʣʠʣʦʚ ʈ.ʈ., ʎʫʨʘʥʦʚ ʃ.ʄ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʆɸʆ çʅʀʎ çʉʪʨʦʠʪʝʣʴʩʪʚʦè, ʆɸʆ 

çʎʝʥʪʨʘʣʴʥʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠ ʧʨʦʝʢʪʥʦʤ ʠʥʩʪʠʪʫʪʝ ʞʠʣʳʭ ʠ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ (ʎʅʀʀʕʇ ʞʠʣʠʱʘ)è ʙʳʣʠ ʦʩʚʦʝʥʳ ʠ ʚʥʝʜʨʝʥʳ ʚ 

ʰʠʨʦʢʫʶ ʧʨʘʢʪʠʢʫ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʦʚʘʥʠʷ ʧʘʥʝʣʝʡ ʥʘʨʫʞʥʳʭ 

ʩʪʝʥ ʩ ʬʘʩʘʜʥʦʡ ʦʪʜʝʣʢʦʡ [1]. 

ɼʝʢʦʨʘʪʠʚʥʳʝ ʢʦʚʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʝʭʩʣʦʡʥʦʝ ʧʦʢʨʳʪʠʝ ʜʣʷ 

ʢʨʝʧʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠ ʜʚʫʭʩʣʦʡʥʦʝ ʧʦʢʨʳʪʠʝ ï ʜʣʷ 

ʧʨʠʢʣʝʠʚʘʥʠʷ ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ. ʊʨʝʭʩʣʦʡʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ 

ʠʟ ʦʩʥʦʚʳ ʚ ʚʠʜʝ ʛʝʦʪʝʢʩʪʠʣʷ ʩʦ ʱʝʣʦʯʝʩʪʦʡʢʠʤʠ ʚʦʣʦʢʥʘʤʠ ʧʣʦʪʥʦʩʪʴʶ 150-

300 ʛ/ʤ2, ʫʧʣʦʪʥʷʶʱʝʛʦ ʩʣʦʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʧʝʩʦʢ ʬʨʘʢʮʠʠ 0,14-0,63 ʤʤ, 

ʤʨʘʤʦʨʥʫʶ ʤʫʢʫ ʬʨʘʢʮʠʠ 0-0,14 ʤʤ, ʚʷʞʫʱʝʝ ʚ ʚʠʜʝ ʘʢʨʠʣʦʚʦʛʦ ʧʦʣʠʤʝʨʘ, ʘ 

ʪʘʢʞʝ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʩʣʦʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʢʘʤʝʥʥʫʶ ʢʨʦʰʢʫ ʨʘʟʤʝʨʦʤ ʜʦ 3,0 ʤʤ 

ʠ ʚʷʞʫʱʝʝ ʚ ʚʠʜʝ ʘʢʨʠʣʦʚʦʛʦ ʧʦʣʠʤʝʨʘ. ɼʚʫʭʩʣʦʡʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ 

ʦʩʥʦʚʳ ʠ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʩʣʦʷ [1]. 

ɺ ʩʚʷʟʠ ʩ ʫʩʧʝʰʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʪʘʥʦʚʠʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ ʧʨʠʚʷʟʢʠ ʜʘʥʥʳʭ ʩʦʩʪʘʚʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʆɸʆ 

çʎʅʀʀʕʇ ʞʠʣʠʱʘè, ʢ ʤʝʩʪʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʤʘʪʝʨʠʘʣʘʤ ʈʍ.  ʊʝʨʨʠʪʦʨʠʷ 

ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ ʠʤʝʝʪ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ ʤʨʘʤʦʨʘ, ʥʘ ʝʝ ʪʝʨʨʠʪʦʨʠʠ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʢʦʤʧʘʥʠʷ çʄʈɸʄʆʈ ʀɿ ʉɸʗʅè, ʦʢʘʟʳʚʘʶʱʘʷ ʫʩʣʫʛʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ. ɹʣʘʛʦʜʘʨʷ ʟʘʣʝʞʘʤ ʤʨʘʤʦʨʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, 

ʚʦʧʨʦʩ ʦ ʟʘʪʨʘʪʘʭ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʩʥʠʤʘʝʪʩʷ. ɼʦʙʳʚʘʶʪ ʉʘʷʥʩʢʠʡ ʤʨʘʤʦʨ 



ʚ ʂʠʙʠʢ-ʂʦʨʜʦʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, (ʩʳʨʴʝʚʘʷ ʙʘʟʘ çʉʘʷʥʤʨʘʤʦʨʘè), ʢʦʪʦʨʳʡ 

ʩʣʘʚʠʪʩʷ, ʢʘʢ ʢʘʯʝʩʪʚʦʤ ʢʘʤʥʷ, ʪʘʢ ʠ ʧʦʠʩʪʠʥʝ ʦʛʨʦʤʥʳʤʠ ʟʘʧʘʩʘʤʠ ʵʪʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʨʝʩʫʨʩʘ (ʈʠʩ. 4,5). ʈʘʩʧʦʣʦʞʝʥʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ʧʨʝʜʛʦʨʴʷʭ ʉʘʷʥ 

(ʚʝʨʭʦʚʴʝ ʨʝʢʠ ɽʥʠʩʝʡ), ʚ 30 ʢʤ ʦʪ ʛ. ʉʘʷʥʦʛʦʨʩʢʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ʍʘʢʘʩʠʷ. 

ʉʘʷʥʩʢʠʡ ʤʨʘʤʦʨ, ʧʦ ʩʚʦʝʡ ʮʚʝʪʦʚʦʡ ʛʘʤʤʝ, ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 

ʜʚʘʜʮʘʪʴ ʨʘʩʮʚʝʪʦʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʫ ʥʝʛʦ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʪʘʣʦʞʥʳʝ ʠʤʝʥʘ, 

ʧʨʠʩʫʱʠʝ, ʢ ʧʨʠʤʝʨʫ, ʠʪʘʣʴʷʥʩʢʦʤʫ ʤʨʘʤʦʨʫ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʳ ʠʤʝʝʤ 

ʤʥʦʞʝʩʪʚʦ ʧʣʶʩʦʚ ʦʪʜʝʣʢʠ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʤʨʘʤʦʨʥʦʡ ʢʨʦʰʢʦʡ: 

- ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ; 

- ʥʝ ʚʳʮʚʝʪʘʝʪ ʥʘ ʩʦʣʥʮʝ; 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʥʝ ʙʦʠʪʩʷ ʞʘʨʳ, ʭʦʣʦʜʘ ʠ 

ʚʦʜʳ); 

- ʥʘʥʦʩʠʪʩʷ ʥʘ ʣʶʙʫʶ ʧʦʚʝʨʭʥʦʩʪʴ: ʛʠʧʩʦʢʘʨʪʦʥ, ʙʝʪʦʥ, ʰʪʫʢʘʪʫʨʢʘ, 

ʮʝʤʝʥʪ ʠ ʪ.ʜ.; 

- ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ; 

- ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ; 

- ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 

 

ʈʠʩʫʥʦʢ 4. ʂʠʙʠʢ-ʂʦʨʜʦʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 



 

 

 ʈʠʩʫʥʦʢ 5. ɻʦʨʳ ʤʨʘʤʦʨʥʦʡ ʢʨʦʰʢʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʪʠʣʠʟʘʮʠʷ 

ʦʪʭʦʜʦʚ ʢʘʤʥʝʜʦʙʳʯʠ ʠ ʢʘʤʥʝʥʘʢʦʧʣʝʥʠʷ ʥʘ ʙʘʟʝ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʤʥʝʜʦʙʳʚʘʶʱʠʭ ʠ ʢʘʤʥʝʦʙʨʘʙʘʪʳʚʘʶʰʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʪʦʨʠʯʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ï 

ʤʨʘʤʦʨʥʦʡ ʢʨʦʰʢʠ  ʠ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʚ ʢʘʤʝʥʥʳʭ ʦʙʣʠʮʦʚʦʯʥʳʭ ʠʟʜʝʣʠʷʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʪʜʝʣʢʠ ʟʜʘʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ 

ʤʝʩʪʥʫʶ ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ, ʦʪʜʝʣʢʘ ʬʘʩʘʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʡ, ʚʳʧʦʣʥʷʝʤʘʷ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʠʭ 

ʩʪʦʠʤʦʩʪʴ, ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ, ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʦʪʜʝʣʦʯʥʳʭ ʩʣʦʸʚ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʤʝʭʘʥʠʟʘʮʠʠ ʥʘʥʝʩʝʥʠʷ 

ʠ ʢʨʝʧʣʝʥʠʷ ʦʪʜʝʣʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʚʳʰʝʥʠʷ ʠʭ ʩʪʦʡʢʦʩʪʠ [4]. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʤʘʩʩʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ  ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʧʦ ʠʭ ʧʝʨʝʚʦʟʢʝ, ʫʤʝʥʴʰʠʪʴ ʤʦʱʥʦʩʪʴ ʤʦʥʪʘʞʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʫʢʨʫʧʥʠʪʴ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʩʥʠʟʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ  ʢʦʥʩʪʨʫʢʮʠʡ 

ʩʦʩʪʘʚʣʷʝʪ ʮʝʥʘ ʩʦʙʩʪʚʝʥʥʦ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ,  ʢʦʪʦʨʘʷ  ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʨʠʤʝʨʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʭ ʤʘʩʩʝ. ʉʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʤʦʥʪʘʞʘ 

ʢʦʥʩʪʨʫʢʮʠʡ ʛʨʫʙʦ ʪʦʞʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʠʭ ʤʘʩʩʝ. ʇʦʵʪʦʤʫ 

ʦʧʪʠʤʘʣʴʥʘʷ, ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ï ʵʪʦ ʧʦʯʪʠ ʚʩʝʛʜʘ ʢʦʥʩʪʨʫʢʮʠʷ, ʛʘʙʘʨʠʪʳ ʠ 

ʤʘʩʩʘ ʢʦʪʦʨʦʡ ʙʣʠʟʢʘ ʢ ʥʘʠʤʝʥʴʰʝʡ ʚʦʟʤʦʞʥʦʡ ʧʨʠ ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʘʤʦʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ï ʵʪʦ ʫʤʝʥʴʰʝʥʠʝ ʟʘʪʨʘʪ ʤʘʪʝʨʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʨʭʥʘʜʝʞʥʦʩʪʴ, ʘʥʘʣʠʟ, ʧʨʠʯʠʥʳ, ʦʰʠʙʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

Abstract:  the problem of improving the efficiency of construction is of great importance to 

reduce the number and mass of building structures, by reducing the cross-sectional size. The 

decrease of these indicators allows to reduce the cost of transportation, reduce the power installation 

and of vehicles, to integrate building construction and ultimately reduce the complexity and cost of 



construction. It is obvious that most of the cost of building structures is the price of the actual 

materials necessary for their production, which in turn is approximately proportional to their mass. 

The cost of manufacturing and installation too roughly can be considered proportional to their mass. 

Therefore, the best, most economical design is almost always design, dimensions and weight, which 

is close to the lowest possible given the level of development of science and technology. Hence, the 

most effective means of reducing the cost of building structures is to reduce the material cost. 

Keywords: highly reliable, analysis of the causes of design errors. 

 

ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ ʚ ʈʦʩʩʠʡʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝ ʩʪʨʦʠʪʴ ʟʜʘʥʠʷ ʠ 

ʩʦʦʨʫʞʝʥʠʷ ʥʘ ʚʝʢʘ. ɺ ʮʘʨʩʢʦʡ ʈʦʩʩʠʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʦʯʝʥʴ ʙʦʷʣʠʩʴ 

ʨʘʟʛʥʝʚʘʪʴ ɻʦʩʫʜʘʨʷ ʠ ʧʦʵʪʦʤʫ ʟʘʢʣʘʜʳʚʘʣʠ ʚ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʧʨʝʚʳʰʘʶʱʫʶ ʪʨʝʙʫʝʤʫʶ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɺ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ 

ʧʨʠ ʧʨʘʚʣʝʥʠʠ ʀ. ɺ. ʉʪʘʣʠʥʘ ʠʥʞʝʥʝʨʘʤ ʞʠʪʴ ʩʪʘʣʦ ʝʱʝ ʩʪʨʘʰʥʝʝ, ʠ ʵʪʦʪ ʩʪʨʘʭ 

ʥʘʯʘʣʠ ʧʨʠʚʠʚʘʪʴ ʤʥʦʛʠʤ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʢʦʣʝʥʠʷʤ ʠʥʞʝʥʝʨʦʚ. ʉ 1955 ʛ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʤʠʪʝʪ ʉʦʚʝʪʘ ʄʠʥʠʩʪʨʦʚ ʉʉʉʈ ʧʦ ʜʝʣʘʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʥʘʯʘʣ ʫʪʚʝʨʞʜʘʪʴ ʩʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ, ʘ ʪʘʢ ʞʝ ʜʨʫʛʠʝ ʥʦʨʤʘʪʠʚʥʳʝ 

ʜʦʢʫʤʝʥʪʳ. ɺ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ  ʙʳʣʠ ʚʚʝʜʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʜʝʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʘʚʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ 

ʩʚʝʨʭʥʘʜʝʞʥʦʩʪʴ. ʅʦʨʤʳ ʠ ʧʨʘʚʠʣʘ ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦʨʘʙʘʪʳʚʘʣʠʩʴ, 

ʘʢʪʫʘʣʠʟʠʨʦʚʘʣʠʩʴ, ʥʦ ʩʚʝʨʭʥʘʜʝʞʥʦʩʪʴ ʩʦʭʨʘʥʷʣʘʩʴ. ʀ ʚ ʧʨʘʚʜʫ, ʟʜʘʥʠʷ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʵʪʠʤ ʥʦʨʤʘʤ, ʩʪʦʷʪ ʠ ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʘ ʟʥʘʯʠʪ, ʥʦʨʤʳ 

ʨʘʙʦʪʘʶʪ. ʊʘʢ ʟʘʯʝʤ ʞʝ ʠʭ ʤʝʥʷʪʴ? ɺ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʤʘʣʦ ʢʪʦ ʟʘʜʫʤʳʚʘʣʩʷ 

ʦʙ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʝ, ʚʝʜʴ ʚʩʝ ʠʥʚʝʩʪʠʮʠʠ ʠ ʜʦʭʦʜʳ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʧʨʠʥʘʜʣʝʞʘʣʠ ʛʦʩʫʜʘʨʩʪʚʫ. ʅʦ ʚʩʝ ʠʟʤʝʥʠʣʦʩʴ ʚ ʥʘʯʘʣʝ 90-ʭ. ɺ ʫʩʣʦʚʠʷʭ 

ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʜʫʤʳʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʦ 

ʥʘʜʝʞʥʦʩʪʠ, ʥʦ ʠ ʦʙ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʝʢʪʦʚ. 

ɸʥʘʣʠʟ ʧʨʠʯʠʥ: ʅʘʜʝʞʥʦʩʪʴ ʠ ʚʳʛʦʜʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ. ʕʪʠ ʜʚʘ ʬʘʢʪʦʨʘ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʥʘ ʨʘʟʥʳʝ ʯʘʰʠ ʚʝʩʦʚ, ʠ ʜʦʙʠʚʰʠʩʴ 

ʨʘʚʥʦʚʝʩʠʷ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʧʨʦʜʫʢʪ. ɺ ɽʚʨʦʧʝ ʜʘʚʥʦ ʫʞʝ 

ʧʨʠʙʣʠʟʠʣʠʩʴ ʢ çʟʦʣʦʪʦʡ ʩʝʨʝʜʠʥʝè, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʈʦʩʩʠʠ ʜʦ ʩʠʭ ʧʦʨ ʯʘʰʘ ʩ 

ʥʘʜʝʞʥʦʩʪʴʶ ʧʝʨʝʚʝʰʠʚʘʝʪ ʯʘʰʫ ʚʳʛʦʜʳ, ʠ ʥʘ ʵʪʦ ʝʩʪʴ ʨʷʜ ʧʨʠʯʠʥ: 

1) ʢʘʯʝʩʪʚʦ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ; 



2) ʦh ʠʙʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

3) ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

4) ʥʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʩʪʴ ʢʘʜʨʦʚ; 

5) ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ çʢʦʵʬʬʠʮʠʝʥʪ ʩʧʦʢʦʡʥʦʛʦ ʩʥʘè; 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʨʠʯʠʥ: 

1. ʂʘʯʝʩʪʚʦ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ, 

ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʧʦʣʫʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʘʚʝ ʠ ʩʚʦʡʩʪʚʘʭ ʛʨʫʥʪʦʚ, 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠ ʧʨʦʮʝʩʩʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʣʦʚʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʳʙʠʨʘʝʪ ʪʠʧ ʦʩʥʦʚʘʥʠʷ ʠ ʬʫʥʜʘʤʝʥʪʘ, 

ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʨʘʟʤʝʨʘʭ ʩʪʨʦʝʥʠʷ, ʬʦʨʤʳ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʣʫʯʰʝʥʠʷ 

ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ ʠ ʪ.ʜ. ʅʝʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ 

ʵʪʠ ʨʝʰʝʥʠʷ, ʥʝʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʝʥʥʳʝ ʠʟʳʩʢʘʥʠʷ ʚ ʧʣʘʥʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ, ʢʘʢ ʥʘ ʩʪʘʜʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʘʢ ʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ. ɼʝʰʝʚʳʝ 

ʠ ʚʳʧʦʣʥʝʥʥʳʝ çʬʦʨʤʘʣʴʥʦè ʠʟʳʩʢʘʥʠʷ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʟʘʚʝʜʦʤʦ ʥʝʚʝʨʥʳʝ 

ʨʝʰʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʘʭ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʯʪʦ ʙʝʟ ʩʦʤʥʝʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʦʩʪʘʣʴʥʳʭ 

ʩʪʘʜʠʷʭ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɻʝʦʣʦʛʠ-ʠʟʳʩʢʘʪʝʣʠ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ-

ʛʝʦʪʝʭʥʠʢʠ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʘʥʥʳʭ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ (ʀɻʀ). ʂʦʤʧʝʥʩʠʨʫʷ ʥʝʜʦʩʪʘʪʦʢ 

ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢ ʞʝ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʧʦʷʚʣʷʝʪʩʷ 

ʥʝʦʙʦʩʥʦʚʘʥʥʳʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʢ 

çʤʦʨʘʣʴʥʦʤʫ ʠʟʥʦʩʫè ʟʜʘʥʠʷ. 

ʅʝʢʦʪʦʨʳʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚʤʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ 

ʧʦʣʝʚʳʭ, ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʦʪʯʝʪʘʭ 

ʯʘʩʪʦ ʧʨʠʚʦʜʠʣʠ ʠ ʧʨʦʜʦʣʞʘʶʪ ʧʨʠʚʦʜʠʪʴ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚ, 

ʧʦʯʝʨʧʥʫʪʳʝ ʠʟ ʩʧʨʘʚʦʯʥʠʢʦʚ, ʉʅʠʇʦʚ, ʚʝʜʦʤʩʪʚʝʥʥʳʭ ʥʦʨʤ (ɺʉʅ). ʕʪʠ 

ʜʘʥʥʳʝ ʝʩʪʝʩʪʚʝʥʥʦ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʘʣʴʥʳʭ 

ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 



ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʠ 

ʬʫʥʜʘʤʝʥʪʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤʠ, ʪʘʢ ʢʘʢ ʪʘʙʣʠʮʳ 

ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ, ʧʨʠʚʦʜʠʤʳʝ ʚ ʪʘʙʣʠʮʘʭ 

ʉʅʠʇʦʚ, ʷʚʣʷʶʪʩʷ ʩʧʨʘʚʦʯʥʳʤʠ ʠ ʥʝ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʨʝʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʛʨʫʥʪʦʚ ʜʘʥʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʧʣʦʱʘʜʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʞʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ 

ʧʦʣʫʯʝʥʥʳʝ  ʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʨʦʟʥʝʥʥʦʩʪʴʶ (ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʠʟʤʝʨʝʥʠʷ), ʥʝʠʟʙʝʞʥʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ, ʨʘʟʙʨʦʩʦʤ ʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʦʜʥʦʟʥʘʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʂ ʵʪʦʤʫ ʜʦʙʘʚʣʷʝʪʩʷ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ: ʩʫʙʲʝʢʪʠʚʠʟʤ ʦʮʝʥʦʢ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩʫʙʲʝʢʪʠʚʥʘʷ 

ʨʫʯʥʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʥʠʮ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʨʫʯʥʫʶ).  ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʩ ʧʦʤʦʱʴʶ 

ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʬʦʨʤʫʣ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʨʘʩʯʝʪʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʉʘʤʘʷ ʠʟʚʝʩʪʥʘʷ ʠ ʨʝʛʫʣʷʨʥʦ ʩʦʚʝʨʰʘʝʤʘʷ ʦʰʠʙʢʘ ð ʵʪʦ ʟʘʥʠʞʝʥʠʝ ʩ 

ʮʝʣʴʶ ʤʥʠʤʦʡ ʵʢʦʥʦʤʠʠ ʦʙʲʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʥʠʞʝ ʤʠʥʠʤʘʣʴʥʦ 

ʜʦʩʪʘʪʦʯʥʦʛʦ. ʀ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʨʠ ʵʪʦʤ ʚ ʦʪʯʝʪʘʭ ʤʝʥʷʶʪʩʷ ʚ ʭʫʜʰʫʶ ʩʪʦʨʦʥʫ 

ʧʘʨʘʤʝʪʨʳ ʛʨʫʥʪʦʚ, ʚʳʜʘʶʪʩʷ ʠʟʣʠʰʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʫʢʨʝʧʣʝʥʠʶ, ʯʪʦ, 

ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʜʦʨʦʞʘʥʠʶ ʩʘʤʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

2. ʆʰʠʙʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʩʨʝʜʩʪʚʘ ʵʢʦʥʦʤʠʠ ʤʘʪʝʨʠʘʣʦʚ ï ʠʩʢʫʩʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

ɻʨʘʤʦʪʥʦ ʚʳʧʦʣʥʝʥʥʳʡ ʧʨʦʝʢʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʥʘʜʝʞʥʦʩʪʴ ʟʜʘʥʠʷ 

ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ ʠʤʝʝʪ ʥʝʦʧʨʘʚʜʘʥʥʦ ʟʘʣʦʞʝʥʥʦʡ ʩʚʝʨʭʥʘʜʝʞʥʦʩʪʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʟʥʘʯʠʪ, ʥʝ ʧʨʠʚʝʜʝʪ ʢ ʥʝʥʫʞʥʳʤ ʬʠʥʘʥʩʦʚʳʤ 

ʟʘʪʨʘʪʘʤ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʧʨʦʝʢʪʦʚ 

ʟʜʘʥʠʡ,  ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʝʨʝʩʤʦʪʨʝʥʳ ʚ ʧʝʨʠʦʜ ʠʭ ʚʦʟʚʝʜʝʥʠʷ ʩ ʮʝʣʴʶ 

ʩʦʢʨʘʱʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʩʨʦʢʦʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 



ʇʨʠʤʝʨ 1. ʆʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʤʝʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʦʪʝʭʥʠʢʦʚ 

ʚ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʳʣʘ ʨʘʙʦʪʘ ʧʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʧʨʦʚʦʞʜʝʥʠʶ 

ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʬʫʥʜʘʤʝʥʪʦʚ ʇʝʨʠʥʘʪʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʚ ɸʙʘʢʘʥʝ. ʈʘʙʦʪʘ 

ʥʘʯʘʣʘʩʴ ʩ ʟʘʢʘʟʘ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʛʨʫʥʪʦʚ ʩʚʘʷʤʠ (ʘʚʛʫʩʪ ï ʩʝʥʪʷʙʨʴ 2014ʛ) . 

 ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʭ ʨʘʙʦʪ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʤʘʪʝʨʠʘʣʳ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʠ ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ 

ʤʦʩʢʦʚʩʢʠʭ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʛʘʣʝʯʥʠʢʦʚʳʝ ʛʨʫʥʪʳ ʟʘʣʦʞʠʣʠ 

ʧʦʛʨʫʞʝʥʠʝ ʧʷʪʠʤʝʪʨʦʚʳʭ ʩʚʘʡ ʩʝʯʝʥʠʝʤ 350 ʭ 350ʤʤ.  

ʄʦʩʢʚʠʯʠ ʥʝ ʨʘʩʩʤʦʪʨʝʣʠ ʦʧʳʪ ʤʝʩʪʥʳʭ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʠ ʩʪʨʦʠʪʝʣʝʡ 

ʠ ʧʨʠʤʝʥʠʣʠ ʩʚʘʠ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʄʦʩʢʚʝ ʠ ʤʦʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʇʨʝʜʣʦʞʝʥʠʝ ʤʝʩʪʥʳʭ ʛʝʦʪʝʭʥʠʢʦʚ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʝʢʪʘ 

ʥʘʪʦʣʢʥʫʣʦʩʴ ʥʘ ʧʨʝʧʷʪʩʪʚʠʝ: çʧʨʦʝʢʪ, ʢʦʪʦʨʳʡ ʧʨʦʰʸʣ ʵʢʩʧʝʨʪʠʟʫ, ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʜʚʝʨʞʝʥ ʧʝʨʝʨʘʙʦʪʢʝ ʙʝʟ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʚʪʦʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʘ ʚʨʝʤʝʥʠ 

ʥʘ ʥʝʸ ʥʝʪ -ʥʝʦʙʭʦʜʠʤʦ ʦʩʚʘʠʚʘʪʴ ʙʶʜʞʝʪʥʳʝ ʜʝʥʴʛʠè. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʚ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʝʢʪʥʳʤʠ 

ʨʝʰʝʥʠʷʤʠ.  

ʊʘʢ ʥʘ ʛʣʘʚʥʦʤ ʢʦʨʧʫʩʝ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʧʨʦʝʢʪʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʥʘʛʨʫʟʢʘ 

ʥʘ ʩʚʘʶ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ700ʢʅ, ʘ ʜʣʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʟʜʘʥʠʡ (1-2 ʵʪʘʞʘ) 

ï 600ʢʅ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʣʘʜʘʣʠ ʧʦʜ 

ʧʷʪʥʦʤ ʛʣʘʚʥʦʛʦ ʢʦʨʧʫʩʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʟʘʜʘʥʠʝʤ ʧʨʦʝʢʪʥʦʛʦ ʠʥʩʪʠʪʫʪʘ 

(ʪʘʙʣʠʮʘ 1), ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʘʠ ʧʨʝʚʳʰʘʝʪ 2000 ʢʅ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ 2.5 

ʨʘʟʘ ʙʦʣʴʰʝ ʧʨʦʝʢʪʥʦʡ ʥʘʛʨʫʟʢʠ ʠʣʠ, ʯʪʦ ʙʦʣʝʝ ʧʦʥʷʪʥʦ ï ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʛʨʫʞʘʝʤʳʭ ʩʚʘʡ ʚ 2,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʠʭ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ. ʆʙʱʝʝ ʯʠʩʣʦ 

ʩʚʘʡ ʥʘ ʧʣʦʱʘʜʢʝ 1350, ʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʬʘʢʪʠʯʝʩʢʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʠʭ ʥʝʦʙʭʦʜʠʤʦ 500ʰʪ.  



ʆʜʠʥ ʠʟ ʧʫʪʝʡ  ʦʧʪʠʤʠʟʘʮʠʠ ï ʩʥʠʞʝʥʠʝ ʩʝʯʝʥʠʷ ʩʚʘʡ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ. 

ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʥʝʝ ʠʩʧʳʪʘʥʠʡ ʚ ʍʘʢʘʩʠʠ 

ʷʚʣʷʶʪʩʷ ʩʚʘʠ ʩʝʯʝʥʠʝʤ 250ʭ250ʤʤ.  

ʇʨʦʚʝʜʝʥʠʝ ʢʦʥʢʫʨʩʥʳʭ ʪʦʨʛʦʚ ʥʘ ʵʪʦʤ ʦʙʲʝʢʪʝ ʟʘʚʝʨʰʠʣʦʩʴ ʢ ʢʦʥʮʫ 

ʦʢʪʷʙʨʷ. ɺ ʩʚʷʟʠ ʩ ʙʣʠʟʢʠʤ ʫʨʦʚʥʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʩʚʘʝʙʦʡʥʳʭ ʘʛʨʝʛʘʪʦʚ ʚ ʢʦʪʣʦʚʘʥʝ ʛʝʥʧʦʜʨʷʜʯʠʢʫ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʩʪʦʷʥʥʦ 

ʧʦʜʚʦʟʠʪʴ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʠʢʦʚʫʶ ʩʤʝʩʴ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʦʩʥʦʚʘʥʠʷ ʜʣʷ 

ʚʨʝʤʝʥʥʳʭ ʜʦʨʦʛ. ʇʦʵʪʦʤʫ ʩ ʥʘʩʪʫʧʣʝʥʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʵʪʘ 

ʧʨʦʙʣʝʤʘ ʥʘʯʘʣʘ ʩʥʠʞʘʪʴʩʷ. ʆʜʥʘʢʦ ʛʝʦʪʝʭʥʠʢʠ ʧʨʦʩʯʠʪʘʣʠ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʤʦʨʦʟʥʳʤ ʧʫʯʝʥʠʝʤ ʛʨʫʥʪʦʚ ʠ ʧʨʝʜʩʢʘʟʘʣʠ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʥʷʪʠʷ ʜʥʝʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʜʦʩʪʠʛʥʫʪʴ 300ʤʤ. ʇʨʦʝʢʪʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʫʩʪʨʦʡʩʪʚʦ ʧʦʜ ʨʦʩʪʚʝʨʢʦʤ ʣʠʰʴ ʧʝʩʯʘʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ʅʘ ʦʩʥʦʚʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʧʦʨʦʚ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʘʚʪʦʨʩʢʦʛʦ 

ʥʘʜʟʦʨʘ ʫʜʘʣʦʩʴ ʫʙʝʜʠʪʴ ʟʘʢʘʟʯʠʢʘ ʧʨʠʥʷʪʴ ʧʨʘʚʠʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ 

ʧʨʦʪʠʚ ʧʫʯʠʥʥʦʛʦ ʟʘʟʦʨʘ ʠʟ ʣʠʩʪʦʚ ʧʝʥʦʧʣʘʩʪʘ ʪʦʣʱʠʥʦʡ 100 ʤʤ. 

ʊʘʢʞʝ ʛʝʥʧʦʜʨʷʜʯʠʢ ʧʦ ʧʨʝʜʣʦʞʝʥʠʶ ʛʝʦʪʝʭʥʠʢʦʚ ʚʸʣ ʝʞʝʜʥʝʚʥʳʡ 

ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʦʩʪʦʷʥʠʝʤ ʩʚʘʡ ʠ ʧʨʦʤʝʨʟʘʶʱʝʛʦ 

ʚʩʧʫʯʠʚʘʶʱʝʛʦʩʷ ʛʨʫʥʪʘ. ʅʘ ʚʩʝʡ ʧʣʦʱʘʜʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʜʝʬʦʨʤʘʮʠʠ ʤʦʨʦʟʥʦʛʦ ʧʫʯʝʥʠʷ ʜʦ 280 ʤʤ. ɼʣʷ ʧʦʩʘʜʢʠ ʨʦʩʪʚʝʨʢʘ ʥʘ ʥʫʞʥʫʶ 

ʦʪʤʝʪʢʫ ʥʘ ʛʣʘʚʥʦʤ ʢʦʨʧʫʩʝ ʧʨʠʰʣʦʩʴ ʚʳʜʘʣʙʣʠʚʘʪʴ ʤʝʨʟʣʳʡ ʚʩʧʫʯʠʚʰʠʡʩʷ 

ʛʨʫʥʪ ʥʘ ʚʝʣʠʯʠʥʫ ʦʪ 100 ʜʦ 300 ʤʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʥʝʜʦʙʦʨʘ ʠ 

ʚʨʝʤʝʥʠ ʧʨʦʤʝʨʟʘʥʠʷ. ʊʘʢ ʜʣʷ ʨʦʩʪʚʝʨʢʦʚ, ʙʝʪʦʥʠʨʫʝʤʳʭ ʚ ʢʦʥʮʝ ʥʦʷʙʨʷ, 

ʚʳʙʦʨʢʘ ʚʩʧʫʯʝʥʥʦʛʦ ʛʨʫʥʪʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 100ʤʤ, ʘ ʚ ʬʝʚʨʘʣʝ ï 

ʤʘʨʪʝ ï ʜʦ 300ʤʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦʷʚʠʣʘʩʴ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚʦ ʚʚʝʜʝʥʠʠ ʪʝʨʤʠʥʘ çʧʝʨʝʙʦʨè. ɽʩʣʠ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ 

ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʦʩʥʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʜʥʦ ʢʦʪʣʦʚʘʥʘ ʠʣʠ ʪʨʘʥʰʝʠ ʥʝ 

ʦʙʥʘʞʘʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʥʝʜʦʙʦʨʘ (100 ï 400) ʤʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ 

ʟʝʤʣʝʨʦʡʥʦʡ ʪʝʭʥʠʢʠ, ʪʦ ʜʣʷ ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʚ ʧʫʯʠʥʠʩʪʳʭ ʛʨʫʥʪʘʭ 

ʢʦʪʣʦʚʘʥ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʢʘʧʳʚʘʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʜʥʷʪʠʷ ʛʨʫʥʪʘ ʦʪ 



ʜʝʬʦʨʤʘʮʠʡ ʤʦʨʦʟʥʦʛʦ ʧʫʯʝʥʠʷ, ʯʪʦʙʳ ʥʝ ʧʨʠʰʣʦʩʴ ʚʨʫʯʥʫʶ, ʢʘʢ ʧʨʦʠʟʦʰʣʦ 

ʥʘ ʵʪʦʤ ʦʙʲʝʢʪʝ ï ʛʣʘʚʥʦʤ ʢʦʨʧʫʩʝ ʧʝʨʠʥʘʪʘʣʴʥʦʛʦ ʮʝʥʪʨʘ, ʚʳʜʘʣʙʣʠʚʘʪʴ 

ʤʝʨʟʣʳʡ ʛʨʫʥʪ ʜʣʷ ʚʳʭʦʜʘ ʥʘ ʥʫʞʥʫʶ ʦʪʤʝʪʢʫ. ʆʜʥʘʢʦ ʯʝʤ ʙʣʠʞʝ ʢ ʛʨʫʥʪʦʚʳʤ 

ʚʦʜʘʤ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʛʨʫʥʪ, ʪʝʤ ʩʣʦʞʥʝʝ ʥʘ ʥʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʙʦʪʳ: ʪʝʭʥʠʢʘ 

ʪʦʥʝʪ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʢʘʢʘʷ ʠʟ çʙʝʜè ʪʷʞʝʣʝʝ ï ʚʳʙʦʨʢʘ (ʚʳʜʘʣʙʣʠʚʘʥʠʝ) 

ʤʸʨʟʣʦʛʦ ʚʩʧʫʯʝʥʥʦʛʦ ʛʨʫʥʪʘ ʜʣʷ ʚʳʭʦʜʘ ʥʘ ʧʨʦʝʢʪʥʫʶ ʦʪʤʝʪʢʫ ʥʠʟʘ ʨʦʩʪʚʝʨʢʘ 

ʠʣʠ ʧʨʠʚʦʟʢʘ ʛʘʣʝʯʥʠʢʦʚʦʛʦ ʛʨʫʥʪʘ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʚʨʝʤʝʥʥʳʭ ʜʦʨʦʛ ï 

ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʧʨʦʩʪʦ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʧʨʦʝʢʪʘ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝʦʙʭʦʜʠʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʪʠ 

ʚʨʝʤʝʥʥʳʭ ʜʦʨʦʛ ʠ ʪʝʤ ʙʦʣʝʝ ï ʟʥʘʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʤʦʨʦʟʥʦʛʦ ʧʫʯʝʥʠʷ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ï ʚʝʣʠʯʠʥʳ ʧʝʨʝʢʦʧʘ ʢʦʪʣʦʚʘʥʘ.  

ʉʣʝʜʫʶʱʘʷ ʛʝʦʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʩ ʢʦʪʦʨʦʡ ʥʝ ʤʦʛ ʩʧʨʘʚʠʪʴʩʷ 

ʘʚʪʦʨʩʢʠʡ ʥʘʜʟʦʨ ʠ ʛʝʥʧʦʜʨʷʜʯʠʢ ï ʢʘʢ ʙʳʪʴ ʩ ʧʫʩʪʦʪʦʡ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʦʩʣʝ 

ʦʪʪʘʠʚʘʥʠʷ ʛʨʫʥʪʘ, ʚʩʧʫʯʝʥʥʦʛʦ ʜʦ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʳ. ʋ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʠ ʩʪʨʦʠʪʝʣʝʡ ʟʘʨʦʜʠʣʦʩʴ ʩʦʤʥʝʥʠʝ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʣʠʪʳ, ʦʧʠʨʘʶʱʝʡʩʷ ʪʦʣʴʢʦ ʥʘ ʩʚʘʠ; ʛʝʥʧʦʜʨʷʜʯʠʢ ʚʳʩʢʘʟʘʣ ʧʨʝʜʣʦʞʝʥʠʝ ʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʫʩʠʣʝʥʠʷ ʘʨʤʠʨʦʚʘʥʠʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʚʦʩʧʨʠʷʪʠʷ ʯʘʩʪʠ 

ʥʘʛʨʫʟʢʠ (15-20) %, ʢʦʪʦʨʫʶ ʜʦʣʞʝʥ ʙʨʘʪʴ ʥʘ ʩʝʙʷ ʛʨʫʥʪ. ɼʨʫʛʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʜʘʯʠ ʥʘʛʨʫʟʢʠ ʥʘ ʛʨʫʥʪ ʨʝʰʘʣʦʩʴ ʧʫʪʸʤ ʟʘʧʦʣʥʝʥʠʷ 

ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʱʝʣʠ ʤʝʞʜʫ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʦʡ ʠ ʛʨʫʥʪʦʤ 

ʠʥʲʝʢʮʠʦʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ. ʈʝʰʝʥʠʝ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʣʠʪʳ ʩʦ ʩʚʘʡʥʳʤʠ 

ʢʫʩʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʢʘʟʘʣʦ ʥʘʜʝʞʥʦʝ ʚʦʩʧʨʠʷʪʠʝ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʩʚʘʷʤʠ, ʧʣʠʪʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʜʝʞʥʦ ʚʦʩʧʨʠʥʠʤʘʝʪ 

ʥʘʛʨʫʟʢʠ ʦʪ ʨʝʘʢʮʠʠ ʩʚʘʡ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʫʩʠʣʠʡ ʛʨʫʥʪʦʤ ʥʝ 

ʪʨʝʙʫʝʪʩʷ, ʪʘʢʞʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʫʩʠʣʝʥʠʷ ʘʨʤʠʨʦʚʘʥʠʷ ʧʣʠʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʸʥʥʳʝ ʨʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʧʣʠʪʦʡ ʠ ʛʨʫʥʪʦʤ, ʘ ʪʘʢʞʝ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʠʣʝʥʠʷ ʘʨʤʠʨʦʚʘʥʠʷ ʩʘʤʦʡ ʧʣʠʪʳ.  
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ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʘ 

ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʤʦʩʪʦʚ ʤʘʣʳʭ ʧʨʦʣʝʪʦʚ (Lʤ<25 ʤ) ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙ ʤʝʪʦʜʦʤ 

ʫʧʨʫʛʠʭ ʦʧʦʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʦʪ ʯʠʩʣʘ ʫʯʠʪʳʚʘʝʤʳʭ ʪʨʫʙ-ʙʘʣʦʢ ʚ ʩʦʩʪʘʚʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʪʨʫʙ-ʙʘʣʦʢ ʚ ʩʦʩʪʘʚʝ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʂʇʋ ʤʝʪʦʜʦʤ ʫʧʨʫʛʠʭ ʦʧʦʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ, ʤʘʣʳʝ ʧʨʦʣʝʪʳ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʪʨʫʙʳ, ʤʝʪʦʜ 

ʫʧʨʫʛʠʭ ʦʧʦʨ. 

Abstract:  This article discusses the approximate calculation of bridge spans the small 

spans (Lm <25 m) of metal pipes by resilient mounts. As a result of the calculations was revealed 

the dependence of the accuracy and reliability of calculation of the number of tubes, beams 

accounted as part of the cross-section of the span. To increase the accuracy and reliability of the 

calculations must take into account the greatest possible number of pipes, beams as part of the 

superstructure in the calculation of the CPU by elastic supports. 

Keywords: superstructures, small bays, metal pipes, the method of elastic supports. 

 

ʄʥʦʶ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʰʝʩʪʴ ʚʘʨʠʘʥʪʦʚ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʤʦʩʪʦʚ 

ʠʟ ʪʨʫʙ ʜʣʷ ʤʘʣʳʭ ʤʦʩʪʦʚ ʜʣʠʥʦʡ 9, 12, 15, 18, 21, 24 ʤ.  ʄʥʦʶ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʨʘʩʯʝʪ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʠʟ ʪʨʫʙ ʤʝʪʦʜʦʤ ʫʧʨʫʛʠʭ ʦʧʦʨ. 



 ʄʝʪʦʜ ʫʧʨʫʛʠʭ ʦʧʦʨ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʨʘʩʯʸʪʝ çh ʠʨʦʢʠʭè ʤʦʩʪʦʚ, 

ʢʦʛʜʘ ʰʠʨʠʥʘ ʧʨʦʣʸʪʘ ʙʦʣʴʰʝ ʧʦʣʦʚʠʥʳ ʝʛʦ ʜʣʠʥʳ. ɹʘʣʢʘʤʠ ʷʚʣʷʝʪʩʷ ʧʣʠʪʘ 

ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʘ ʫʧʨʫʛʠʤʠ ʦʧʦʨʘʤʠ ï ʩʘʤʠ ʛʣʘʚʥʳʝ ʙʘʣʢʠ ʜʣʷ ʢʦʪʦʨʳʭ 

ʩʪʨʦʷʪʩʷ ʣʠʥʠʠ ʚʣʠʷʥʠʷ ʦʧʦʨʥʳʭ ʜʘʚʣʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʞʸʩʪʢʦʩʪʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ, ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

                                                                                                     (1)                                                                 

ʛʜʝ: d ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʣʘʚʥʳʤʠ ʙʘʣʢʘʤʠ, (ʤ) 

Lʨ ï ʨʘʩʯʸʪʥʘʷ ʜʣʠʥʘ ʧʨʦʣʸʪʥʦʛʦ ʩʪʨʦʝʥʠʷ, (ʤ) 

Iʛʙ ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʛʣʘʚʥʦʡ ʙʘʣʢʠ, (ʤ
4) 

Iʧʣ ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʣʠʪʳ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, (ʤ
4) 

ɼʘʣʝʝ ʣʠʥʠʠ ʚʣʠʷʥʠʷ ʜʘʚʣʝʥʠʡ ʥʘ ʙʘʣʢʠ ʩʪʨʦʷʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʪʘʙʣʠʮ ʩʦʩʪʘʚʣʝʥʥʳʭ ɺ.ʉ. ʆʩʠʧʦʚʳʤ [1, ʩ.  84]. ʊʘʢ ʞʝ ʪʘʢʠʝ ʪʘʙʣʠʮʳ ʝʩʪʴ ʚ 

ʫʯʝʙʥʠʢʘʭ ɺ.ɸ. ʈʦʩʩʠʡʩʢʦʛʦ [3, ʩ. 108] ʠ ʅ. ʀ. ʇʦʣʠʚʘʥʦʚʘ [2, ʩ. 56]. ʆʧʠʩʘʥʠʝ 

ʤʝʪʦʜʘ ʫʧʨʫʛʠʭ ʦʧʦʨ ʜʘʥʦ ʚ ʢʥʠʛʝ ʃ. ɺ. ʉʝʤʝʥʮʘ [4, ʩ. 96]. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ɸʚʪʦʜʦʨʦʞʥʳʡ ʤʦʩʪ ʥʘ ʜʦʨʦʛʝ IV ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʘʪʝʛʦʨʠʠ ʧʨʦʣʸʪʦʤ 9 ʤ ʠʤʝʝʪ ʛʘʙʘʨʠʪ ɻ-8,52 ʤ ʙʝʟ ʪʨʦʪʫʘʨʦʚ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʥʘʛʨʫʟʢʠ ʅʂ ʚʜʦʣʴ ʤʦʩʪʘ 

ʉʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥʥʦʝ ʧʨʦʣʸʪʥʦʝ ʩʪʨʦʝʥʠʝ ʦʙʨʘʟʦʚʘʥʦ ʠʟ 10 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙ ʜʠʘʤʝʪʨʦʤ D = 820ʤʤ ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 10 ʤʤ, 



ʦʙʲʝʜʠʥʸʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʫʨʦʚʥʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩ 

ʧʦʤʦʱʴʶ ʩʧʘʨʝʥʥʳʭ ʚ ʩʚʘʨʥʦʡ ʜʚʫʪʘʚʨ ʧʨʦʢʘʪʥʳʭ ʰʚʝʣʣʝʨʦʚ ˉ22. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʪʨʫʙʳ ʦʙʲʝʜʠʥʝʥʳ ʩʚʝʨʭʫ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʫʧʦʨʘʤʠ ʠʟ ʫʛʦʣʢʦʚ 

125ʭ125ʭ8ʤʤ. ʉʚʝʨʭʫ ʥʘʜ ʪʨʫʙʘʤʠ ʫʩʪʨʦʝʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʧʣʠʪʘ ʩ 

ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʦʡ hmin = 205ʤʤ. ʉʚʝʨʭʫ ʥʘʜ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʦʡ 

ʫʩʪʨʦʝʥʦ ʮʝʤʝʥʪʦʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʪʦʣʱʠʥʦʡ h = 150ʤʤ. ʄʝʪʘʣʣʠʯʝʩʢʠʝ 

ʪʨʫʙʳ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʠʟ ʩʪʘʣʠ ʉʪ3ʩʧ, ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʧʣʠʪʘ ʠʟ ʙʝʪʦʥʘ ʤʘʨʢʠ 

B30. ɹʘʣʢʠ ʧʨʦʣʸʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʦʧʠʨʘʶʪʩʷ ʥʘ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʦʧʦʨʥʳʝ ʯʘʩʪʠ, 

ʦʩʠ ʦʧʠʨʘʥʠʷ ʦʪʩʪʦʷʪ ʦʪ ʪʦʨʮʦʚ ʙʘʣʦʢ ʥʘ 0,3 ʤ. ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʧʨʦʣʸʪʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ï ʦʜʥʦʧʨʦʣʸʪʥʘʷ ʙʘʣʢʘ ʩ ʨʘʩʯʸʪʥʳʤ ʧʨʦʣʸʪʦʤ  = 9 ï 2 Ā 0,3 = 8,4 ʤ. 

ʉʙʦʨ ʧʦʩʪʦʷʥʥʳʭ ʥʘʛʨʫʟʦʢ. ʇʦʩʪʦʷʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʨʦʣʸʪʥʦʝ ʩʪʨʦʝʥʠʝ 

ʩʦʩʪʦʠʪ ʠʟ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙ, ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʳ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʫʧʦʨʘʤʠ, ʙʘʨʴʝʨʥʳʭ ʦʛʨʘʞʜʝʥʠʡ ʩʦʚʤʝʱʸʥʥʳʭ ʩ ʧʝʨʠʣʘʤʠ ʠ 

ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ.  

ʊʘʢ ʢʘʢ ʢʨʘʡʥʠʝ ʙʘʣʢʠ ʚ ʦʪʣʠʯʠʠ ʦʪ ʩʨʝʜʥʠʭ ʥʘʛʨʫʞʝʥʳ ʪʦʣʴʢʦ 

ʧʦʣʦʚʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʚʝʩʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʫʧʦʨʦʚ, ʘʨʤʘʪʫʨʳ ʩʝʪʦʢ 

ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʙʝʪʦʥʘ ʧʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʩʨʝʜʥʶʶ ʙʘʣʢʫ, ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʤ, ʯʪʦ ʚʝʩ ʙʘʨʴʝʨʥʳʭ ʦʛʨʘʞʜʝʥʠʡ ʩʦʚʤʝʱʸʥʥʳʭ ʩ 

ʧʝʨʠʣʘʤʠ ʧʨʠʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʥʘ ʢʨʘʡʥʠʝ ʙʘʣʢʠ, ʪʦ ʩʙʦʨ ʧʦʩʪʦʷʥʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ 

ʙʘʣʢʠ ʧʨʦʣʸʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ ʨʘʟʜʝʣʴʥʦ ʜʣʷ ʢʨʘʡʥʠʭ ʙʘʣʦʢ ʠ 

ʜʣʷ ʩʨʝʜʥʠʭ. 

ʇʨʠ ʨʘʩʯʸʪʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʝʜʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʷʤ I ʛʨʫʧʧʳ ʦʪ 

ʨʘʩʯʸʪʥʳʭ ʥʘʛʨʫʟʦʢ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʨʘʟʣʠʯʥʳʭ 

ʩʣʦʸʚ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʠ ʵʣʝʤʝʥʪʦʚ ʧʨʦʣʸʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʫʯʠʪʳʚʘʝʪʩʷ ʩ 

ʨʘʟʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʘʜʸʞʥʦʩʪʠ   ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪʩʷ ʧʦ ʪʘʙʣʠʮʝ 6.4 

ʉʇ35 çʄʦʩʪʳ ʠ ʪʨʫʙʳè. ʇʦʵʪʦʤʫ ʚʳʯʠʩʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʩʪʦʷʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʦʪ ʚʝʩʘ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʣʸʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʝʜʸʪʩʷ 

ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʇʦ ʬʦʨʤʫʣʝ  ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʚʝʩʘ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʣʸʪʥʦʛʦ 



ʩʪʨʦʝʥʠʷ ʜʣʷ ʢʨʘʡʥʝʡ ʠ ʩʨʝʜʥʝʡ ʙʘʣʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʩʪʦʷʥʥʳʭ ʥʘʛʨʫʟʦʢ, (ʪ/ʤ) 

ʅʘʟʚʘʥʠʝ 

ˉ ʚʘʨʠʘʥʪʘ 

1 

(Lʤ=9ʤ) 

2 

(Lʤ=12ʤ) 

3 

(Lʤ=15ʤ) 

4 

(Lʤ=18ʤ) 

5 

(Lʤ=21ʤ) 

6 

(Lʤ=24ʤ) 

ʇʦʛʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ 

ʢʨʘʡʥʶʶ ʙʘʣʢʫ qʢʙ 
0,71 0,61 0,65 0,61 0,72 0,61 

ʇʦʛʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ 

ʩʨʝʜʥʶʶ ʙʘʣʢʫ qʙ 
1,03 0,82 0,90 0,82 1,04 0,83 

ʇʦʛʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ 

ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʥʘ 

ʢʨʘʡʥʶʶ ʙʘʣʢʫ qʜʦʢʙ 

0,14 0,14 0,14 0,12 0,14 0,14 

ʇʦʛʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ 

ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʥʘ 

ʩʨʝʜʥʶʶ ʙʘʣʢʫ qʜʦʙ 

0,27 0,27 0,27 0,23 0,27 0,27 

 

ʀʟ ʪʘʙʣʠʮʳ 1 ʜʣʷ ʥʘʰʝʛʦ ʧʨʦʣʸʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʙʝʨʸʤ ʩʣʝʜʫʶʱʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ: 

qʢʙ = 0,71 ʪ/ʤ ï ʧʦʩʪʦʷʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʢʨʘʡʥʶʶ ʙʘʣʢʫ 

qʙ = 1,03 ʪ/ʤ ï ʧʦʩʪʦʷʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʩʨʝʜʥʶʶ ʙʘʣʢʫ 

qʜʦʢʙ = 0,14 ʪ/ʤ - ʧʦʩʪʦʷʥʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʥʘ ʢʨʘʡʥʶʶ 

ʙʘʣʢʫ 

qʜʦʙ = 0,27 ʪ/ʤ ï ʧʦʩʪʦʷʥʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʥʘ ʩʨʝʜʥʶʶ 

ʙʘʣʢʫ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʥʘʜʸʞʥʦʩʪʠ ʜʣʷ ʧʦʩʪʦʷʥʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠʥʠʤʘʝʤ 

ʩʣʝʜʫʶʱʠʝ: 

ɔfʧ = 1,1 ï ʜʣʷ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʣʸʪʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ɔfʜʦ = 1,5 ï ʜʣʷ ʚʝʩʘ ʧʦʢʨʳʪʠʷ ʝʟʜʦʚʦʛʦ ʧʦʣʦʪʥʘ 

ɼʘʣʝʝ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ ʚʳʯʠʩʣʠʤ ʥʦʨʤʘʪʠʚʥʳʝ ʠ ʨʘʩʯʸʪʥʳʝ 

ʧʦʩʪʦʷʥʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪʜʝʣʴʥʦ ʥʘ ʢʨʘʡʥʶʶ ʠ ʩʨʝʜʥʠʝ ʙʘʣʢʠ ʪʘʙʣʠʮʘ 2 ʠ 

ʪʘʙʣʠʮʘ 3. 



ʊʘʙʣʠʮʘ 2 

ʇʦʩʪʦʷʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʢʨʘʡʥʶʶ ʙʘʣʢʫ ˉ1 

ɺʠʜ ʥʘʛʨʫʟʢʠ ʅʦʨʤʘʪʠʚʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ qn, ʪ/ʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʜʸʞʥʦʩʪʠ ɔf 

ʈʘʩʯʝʪʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ qr, ʪ/ʤ 

ʆʩʥʦʚʥʳʝ ʦʙʳʯʥʳʝ 

ʵʣʝ-ʤʝʥʪʳ ʤʦʩʪʘ qʢʙ 
0,71 1,1 0,78 

ɺʝʩ ʜʦʨʦʞʥʦʡ 

ʦʜʝʞʜʳ qʜʦʢʙ 
0,14 1,5 0,21 

ʀʪʦʛʦ: 0,85  0,99 

 

ʊʘʙʣʠʮʘ 3 

ʇʦʩʪʦʷʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʩʨʝʜʥʶʶ ʙʘʣʢʫ ˉ2 

ɺʠʜ ʥʘʛʨʫʟʢʠ 
ʅʦʨʤʘʪʠʚʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ qn, ʪ/ʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʜʸʞʥʦʩʪʠ ɔf 

ʈʘʩʯʝʪʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ qr, ʪ/ʤ 

ʆʩʥʦʚʥʳʝ ʦʙʳʯʥʳʝ 

ʵʣʝʤʝʥʪʳ ʤʦʩʪʘ qʙ 
1,03 1,1 1,13 

ɺʝʩ ʜʦʨʦʞʥʦʡ 

ʦʜʝʞʜʳ qʜʦʙ 
0,27 1,5 0,41 

ʀʪʦʛʦ: 1,30  1,54 

 

ʉʙʦʨ ʚʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ. ɺʨʝʤʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʨʦʣʸʪʥʦʝ ʩʪʨʦʝʥʠʝ 

ʧʨʠʥʠʤʘʝʪʩʷ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ɸ14 ʠ ʦʪ ʪʷʞʸʣʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʝʜʠʥʠʮ ʅʂ102 ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʉʇ35 çʄʦʩʪʳ ʠ ʪʨʫʙʳè ʠ ɻʆʉʊ ʈ 52748 

çʅʦʨʤʘʪʠʚʥʳʝ ʥʘʛʨʫʟʢʠ, ʨʘʩʯʸʪʥʳʝ ʩʭʝʤʳ ʥʘʛʨʫʞʝʥʠʷ ʠ ʛʘʙʘʨʠʪʳ 

ʧʨʠʙʣʠʞʝʥʠʷè. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʙʘʣʢʘʤʠ ʧʨʦʣʸʪʥʦʛʦ 

ʩʪʨʦʝʥʠʷ. ɺʳʯʠʩʣʝʥʠʝ ʂʇʋ. ʏʠʩʣʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʂʇʋ ʧʦʢʘʟʳʚʘʝʪ ʯʠʩʣʦ ʥʘʛʨʫʟʦʯʥʳʭ ʧʦʣʦʩ ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʯʠʪʳʚʘʝʤʫʶ 

ʙʘʣʢʫ. 

ʄʝʪʦʜ ʫʧʨʫʛʠʭ ʦʧʦʨ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʙʘʣʢʘʤʠ (ʦʧʦʨʘʤʠ) d = 0,97ʤ, 

ʚʳʣʝʪ ʢʦʥʩʦʣʝʡ dk = 0,41ʤ. ʈʘʩʯʸʪʥʳʡ ʧʨʦʣʸʪ ʙʘʣʢʠ Lʨ = 8,4 ʤ. ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʧʣʠʪʳ ʧʨʦʣʸʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʰʠʨʠʥʦʡ 1 ʤ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʜʣʷ ʙʝʪʦʥʥʦʛʦ 

ʩʝʯʝʥʠʷ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʩʪʝʨʞʥʝʚʦʡ ʘʨʤʘʪʫʨʦʡ ʠ ʧʨʦʢʘʪʥʳʤʠ ʧʨʦʬʠʣʷʤʠ. 

ɾʸʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʯʝʥʠʡ ʧʨʠʚʦʜʠʣʠʩʴ ʢ ʩʚʦʡʩʪʚʘʤ ʩʪʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠʚʝʜʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʦʢʘʟʘʥʳ ʚ 

ʪʘʙʣʠʮʝ 4. 



ʊʘʙʣʠʮʘ 4 

ʄʦʤʝʥʪʳ ʠʥʝʨʮʠʠ çʫʩʣʦʚʥʳʭè ʧʦʧʝʨʝʯʥʳʭ ʙʘʣʦʢ ʧʣʠʪʳ 

ˉ 

ʚʘʨʠʘʥʪʘ 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʣʠʪʳ 

Iʧʣ, ʤ
4 

ʆʙʱʘʷ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ 

Hʦʙ,ɦ (ʤʤ) 

ʂʦʦʨʜʠʥʘʪʘ ʥʝʡʪʨʘʣʴʥʦʡ 

ʦʩʠ Yʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʞʥʝʡ ʛʨʘʥʠ, (ʤʤ) 

1 0,003789 729,5 443,755 

2 0,002587 638 377,76 

3 0,002951 669,5 399,625 

4 0,001632 921,5 761,712 

5 0,003789 729,5 443,755 

6 0,002587 638 377,76 

 

 ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʙʘʣʢʠ ʚʳʯʠʩʣʷʝʤ ʢʘʢ ʜʣʷ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ D = 820 ʤʤ ʩ 

ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ s = 10 ʤʤ ʦʙʲʝʜʠʥʸʥʥʦʡ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʦʡ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʩ ʧʦʤʦʱʴʶ ʛʠʙʢʠʭ ʦʧʦʨʦʚ. ɾʸʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʯʝʥʠʡ 

ʧʨʠʚʦʜʠʣʠʩʴ ʢ ʩʚʦʡʩʪʚʘʤ ʩʪʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠʚʝʜʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 5 

ʄʦʤʝʥʪʳ ʠʥʝʨʮʠʠ çʫʩʣʦʚʥʳʭè ʛʣʘʚʥʳʭ ʙʘʣʦʢ 

ˉ 

ʚʘʨʠʘʥʪʘ 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʛʣʘʚʥʦʡ 

ʙʘʣʢʠ Iʛʙ, ʤ
4 

ʆʙʱʘʷ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ 

Hʦʙ,ɦ (ʤʤ) 

ʂʦʦʨʜʠʥʘʪʘ ʥʝʡʪʨʘʣʴʥʦʡ 

ʦʩʠ Yʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʞʥʝʡ ʛʨʘʥʠ, (ʤʤ) 

1 0,013060443 1240,5 1058,788 

2 0,006064153 940 799,227 

3 0,006597788 970 824,719 

4 0,00746447 1030 862,428 

5 0,013060443 1240,5 1058,788 

6 0,006064153 940 799,227 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʞʸʩʪʢʦʩʪʠ Ŭ ʙʫʜʝʪ ʨʘʚʝʥ: 

 

 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʚʦʩʴʤʠʧʨʦʣʸʪʥʦʡ ʙʘʣʢʠ ʩ ʢʦʥʩʦʣʷʤʠ ʠʟ 

ʢʥʠʛʠ ʆʩʠʧʦʚʘ ɺ. ʉ.  [1, ʩ 100]. ʆʙʱʠʡ ʟʥʘʤʝʥʘʪʝʣʴ D ʙʫʜʝʪ ʨʘʚʝʥ: 

 



 

ʆʨʜʠʥʘʪʳ ʣʠʥʠʠ ʚʣʠʷʥʠʷ ʜʣʷ ʢʨʘʡʥʝʡ ʛʣʘʚʥʦʡ ʙʘʣʢʠ ˉ1 ʙʫʜʫʪ ʨʘʚʥʳ: 

 

 

ɸʥʘʣʦʛʠʯʥʦ ʚʳʯʠʩʣʷʝʤ ʦʩʪʘʣʴʥʳʝ ʦʨʜʠʥʘʪʳ: 

; R02 = 0,204; R03 = 0,104; R04 = 0,035; R05 = ï 0,010;                     

R06 = ï0,037; R07 = ï 0,054; R08 = ï 0,068. 

ʄʥʦʞʠʪʝʣʴ ʜʣʷ ʦʨʜʠʥʘʪʳ ʢʦʥʩʦʣʠ ʛʣʘʚʥʦʡ ʙʘʣʢʠ ˉ1 ʙʫʜʝʪ ʨʘʚʝʥ: 

 

 

ʆʨʜʠʥʘʪʘ ʢʦʥʩʦʣʠ ʛʣʘʚʥʦʡ ʙʘʣʢʠ ʙʫʜʝʪ ʨʘʚʥʘ: 

 

ʆʨʜʠʥʘʪʳ ʣʠʥʠʠ ʚʣʠʷʥʠʷ ʜʣʷ ʛʣʘʚʥʦʡ ʙʘʣʢʠ ˉ2 ʙʫʜʫʪ ʨʘʚʥʳ: 

 

 

ɸʥʘʣʦʛʠʯʥʦ ʚʳʯʠʩʣʷʝʤ ʦʩʪʘʣʴʥʳʝ ʦʨʜʠʥʘʪʳ: 

R11 = 0,278; R12 = 0,209; R13 = 0,141; R14 = 0,036; R16 = 0,00; R17 = ï 0,028; 

R18 = ï 0,054 

ʄʥʦʞʠʪʝʣʴ ʜʣʷ ʦʨʜʠʥʘʪʳ ʢʦʥʩʦʣʠ ʛʣʘʚʥʦʡ ʙʘʣʢʠ ˉ2 ʙʫʜʝʪ ʨʘʚʝʥ: 

 

 

ʆʨʜʠʥʘʪʘ ʢʦʥʩʦʣʠ ʛʣʘʚʥʦʡ ʙʘʣʢʠ ʙʫʜʝʪ ʨʘʚʥʘ: 

 

ʉʭʝʤʳ ʟʘʛʨʫʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʵʧʶʨ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. 



 
ʈʠʩʫʥʦʢ 2. ʃʠʥʠʠ ʚʣʠʷʥʠʷ ʂʇʋ ʤʝʪʦʜʘ ʫʧʨʫʛʠʭ ʦʧʦʨ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʤʝʪʦʜʘ ʫʧʨʫʛʠʭ ʦʧʦʨ 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:                                                    

 

ʃʠʥʠʠ ʚʣʠʷʥʠʷ ʂʇʋ ʤʝʪʦʜʘ ʫʧʨʫʛʠʭ ʦʧʦʨ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʧʝʨʝʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʪ ʜʚʫʭ ʧʦʣʦʩ ʥʘʛʨʫʟʢʠ ɸ14 ʥʘ 

ʢʨʘʶ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ (1 ʩʣʫʯʘʡ) ʙʫʜʫʪ ʨʘʚʥʳ: 

ɼʣʷ ʙʘʣʢʠ ɹ1: ʂʇʋʘʢ1ʙ1 = 0,135 

ɼʣʷ ʙʘʣʢʠ ɹ2: ʂʇʋʘʢ1ʙ2 = 0,172 












































































































