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Summary ïThe imitating model of functioning of the harvest unit of the municipal harvester. 

Characteristics of working process of a harvest brush are investigated is developed. Measures of influence 

of parameters of a brush and its operating conditions on characteristics of working process are defined. 
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ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʚ ʢʦʤ-

ʤʫʥʘʣʴʥʦʤ ʭʦʟʷʡʩʪʚʝ ʥʘʨʷʜʫ ʩ ʧʦʚʳʰʝ-

ʥʠʝʤ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʦ-

ʚʳʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʘʰʠʥ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʘ-

ʤʦʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʩʪʦʡʢʦʩʪʠ ʠ ʜʦʣ-

ʛʦʚʝʯʥʦʩʪʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʘʰʠʥʳ. 

ʊʘʢ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʤʤʫʥʘʣʴʥʦʡ ʫʙʦ-

ʨʦʯʥʦʡ ʪʝʭʥʠʢʝ, ʥʝʧʨʝʨʳʚʥʦ ʘʢʪʫʘʣʴʥʦ 

ʧʦʚʳʰʝʥʠʝ  ʢʘʯʝʩʪʚʘ ʫʙʦʨʢʠ ʠ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʧʦʜʤʝʪʘʣʴʥʳʭ 

ʱʝʪʦʢ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʨʦʢʘ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʱʸʪʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦ-

ʩʪʴʶ ʠʭ ʠʟʥʘʰʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʘʢ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʱʝʪʢʠ ʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝ-

ʨʠʘʣʘ ʝʝ ʚʦʨʩʘ (ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʪʝʧʣʦʬʠ-

ʟʠʯʝʩʢʠʤʠ ʠ ʜʨ.), ʪʘʢ ʠ ʫʩʣʦʚʠʷʤʠ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʭʘʨʘʢʪʝʨʦʤ ʩʠʣʦʚʦʛʦ ʠ 

ʩʢʦʨʦʩʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʯʠʱʘʝ-

ʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʬʘʢʪʦʨʘʤʠ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ ʠ ʜʨ.[1]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦ-

ʯʝʛʦ ʧʨʦʮʝʩʩʘ ʢʦʤʤʫʥʘʣʴʥʦʡ ʫʙʦʨʦʯʥʦʡ 

ʤʘʰʠʥʳ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʠʟ ʧʝ-

ʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʴʶ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʘ 

ʱʝʪʦʯʥʦʛʦ ʚʦʨʩʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʱʝʪʦʢ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ 

ʨʝʞʠʤʦʚ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʩʥʠʞʝʥʠʝʤ ʨʝʩʫʨʩʘ ʧʦʜ-



ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʢʦʤʤʫʥʘʣʴʥʦʡ ʫʙʦʨʦʯʥʦʡ ʪʝʭʥʠʢʠ 
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ʤʝʪʘʣʴʥʳʭ ʱʝʪʦʢ (ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʤʦʛʦ 

ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʨʝʞʠʤʘʤʠ).  

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ï ʨʝʩʫʨʩʘ ʱʝʪʦʢ ʩʚʷʟʘʥʦ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʥʘʣʠʟʘ ʨʘʙʦʯʝʛʦ ʧʨʦ-

ʮʝʩʩʘ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʧʘʨʘ-

ʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʚʳʙʦʨʫ ʠ ʦʙʦʩʥʦʚʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʱʝʪʦʢ ʠ ʩʘʤʦʛʦ 

ʱʝʪʦʯʥʦʛʦ ʚʦʨʩʘ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʱʝʪʦʢ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʜʠʩʢʦ-

ʚʳʭ, ʣʦʪʢʦʚʳʭ, ʧʫʯʢʦʚʳʭ, ʙʠ-ʣʘʡʥ, ʣʝʥ-

ʪʦʯʥʳʭ) ʠ ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʦʚ (ʦʪ 350 

ʜʦ 915 ʤʤ), ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʨʝ-

ʰʝʥʳ ʚʦʧʨʦʩʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ 

ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ: 

-ʫʧʨʫʛʦʩʪʴ ʚʦʨʩʘ, ʝʛʦ ʪʦʣʱʠʥʘ, 

ʜʣʠʥʘ, ʛʫʩʪʦʪʘ ʱʝʪʢʠ; 

-ʰʠʨʠʥʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʱʝʪʢʠ ʩ 

ʜʦʨʦʞʥʳʤ ʧʦʢʨʳʪʠʝʤ; 

-ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʤʤʫʥʘʣʴʥʦʡ 

ʤʘʰʠʥʳ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘ-

ʱʝʥʠʷ ʱʝʪʢʠ; 

-ʫʩʠʣʠʝ ʧʨʠʞʘʪʠʷ ʠ ʯʘʩʪʦʪʘ ʚʨʘ-

ʱʝʥʠʷ ʱʝʪʢʠ ʠ ʜʨ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʪʨʝʙʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ: 

- ʩʠʣʦʚʦʛʦ ʠ ʩʢʦʨʦʩʪʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʱʝʪʦʯʥʦʛʦ ʚʦʨʩʘ ʩ ʜʦʨʦʞʥʳʤ 

ʧʦʢʨʳʪʠʝʤ ʥʘ ʝʝ ʠʟʥʘʰʠʚʘʥʠʝ ʠ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʱʝ-

ʪʦʢ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʱʝ-

ʪʦʯʥʦʛʦ ʚʦʨʩʘ ʥʘ ʝʛʦ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʜʦʨʦʞʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠ ʝʛʦ ʟʘʛʨʷʟʥʝʥʠ-

ʝʤ[2];  

- ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʥʘ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʴ ʱʝʪʦʯʥʦʛʦ ʚʦʨʩʘ ʠ ʜʨ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʘʤʳʤ ʦʧ-

ʪʠʤʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʘʥʘʣʠʟʘ ʨʘʙʦʯʠʭ 

ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʕɺʄ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʥʝ ʪʦʣʴʢʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʩʩʣʝʜʫʝʤʳʝ 

ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʦ ʠ ʚʳʷʚʣʷʪʴ 

ʠʭ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʩ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʚʦʢʫʧʥʦ-

ʩʪʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʘʰʠʥʳ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʤʠʪʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʦʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʪʴ ʨʝʩʫʨʩ ʠ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʦʜʤʝʪʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʝʱʝ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʢʦʤʤʫʥʘʣʴʥʦʡ ʤʘʰʠʥʳ, ʧʨʠʯʝʤ, 

ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʝʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠ-

ʤʝʥʝʥʠʷ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠʤʝʪʦʜʠʢʠ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʧʦʣʦʞʝ-

ʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷ-

ʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʘ-

ʰʠʥ,r ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʨʠʪʝʨʠʝʚ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩ-

ʩʘ ʠ ʧʨʦʮʝʩʩʘ ʠʟʥʘʰʠʚʘʥʠʷ ʱʝʪʦʯʥʦʛʦ 

ʚʦʨʩʘ, ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʡ ʦ ʧʨʦʮʝʩʩʘʭ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʩʠʣʦ-

ʚʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠ-

ʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʘʙʨʘʟʠʚʥʳʤʠ ʧʦ-

ʚʝʨʭʥʦʩʪʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʚʳʩʦʢʦʩʢʦʨʦ-

ʩʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [3].  

ʋʢʨʫʧʥʝʥʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʠʤʠʪʘ-

ʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩ.1ʠ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʥʘ ʕɺʄ ʚ ʚʠʜʝ ʧʘ-

ʢʝʪʘ ʧʨʦʛʨʘʤʤʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʤʝʪʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩ ʫʯʝʪʦʤ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚʩʣʝʜʩʪ-

ʚʠʝ ʠʟʥʦʩʘ ʱʝʪʢʠ.ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʤʠ-

ʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʰʠʨʠʥʦʡ ʧʷʪ-

ʥʘ ʢʦʥʪʘʢʪʘ ʠ ʨʘʜʠʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ 

ʱʝʪʢʠ  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʬʦʨʤʫʣʦʡ 

[3] 

22 2Rl , ʠʣʠ 

22 250 lRR , ,                      (1) 

ʘ ʜʝʬʦʨʤʘʮʠʷ i-ʪʦʡ ʚʦʨʩʠʥʳ i  ʚ ʧʨʦʮʝʩ-

ʩʝ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʦʨʦʞʥʳʤ ʧʦʢʨʳ-

ʪʠʝʤ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʫʛʣʘ 

ʧʝʨʝʢʨʳʪʠʷ
)(R

l
arctg

2
2  , ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ  

2
21

2
21 )()( yyxxi .          (2) 

ʛʜʝ: ;sin i

i

R
ctg

R
x

2

2

1
1

      (3)
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;tan)( iRx2 ;cos iRy1

Ry2 ; iï ʫʛʦʣ ʚʦʨʩʠʥʳ ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʥʦʨʤʘʣʠ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ. 

 
ʊʘʙʣʠʮʘ 1 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʤʠʪʘʮʠʦʥ-

ʥʦʡ ʤʦʜʝʣʠ (ʇʇʇ SWEEP) 

ˉ 

ʧ/

ʧ 

ʆʙʦ

ʟʥ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʀʩʩʣʝʜʫʝ-

ʤʳʝ ʟʥʘ-

ʯʝʥʠʷ 

1.  D ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʱʝʪ-

ʢʠ, ʤʤ 

350 ï 915  

2.  d ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ 

ʱʝʪʢʠ, ʤʤ 

78 ï 280  

3.  n ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 

ʱʝʪʢʠ, ʦʙ\ʤʠʥ 

270 õ 300  

4.   ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ  

0,2 ï 0,6 

5.   ɼʠʘʤʝʪʨ ʚʦʨʩʘ, ʤʤ 1,5 ï 4,0 

6.   ʏʘʩʪʦʩʪʴ ʚʦʨʩʘ, ʤ
-2
 5000 ï 

10000  

7.  vʘʚʪ ʉʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ, 

ʢʤ/ʯʘʩ  

6,0 ï 20,0  

8.  ɽ ʂʦʵʬʬʠʮʠʝʥʪ ʵʣʘʩʪʠʯʥʦ-

ʩʪʠ ʤʘʪʝʨʠʘʣʘ ʣʝʩʢʠ, ʄʧʘ 

1200 ï 

1400  

9.   ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝ-

ʨʠʘʣʘ ʣʝʩʢʠ, ʄʇʘ 

34 ï 40  

10.  l ʐʠʨʠʥʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ, 

ʤʤ 

50 ï 300  

11.  I  ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘ-

ʥʠʷ, ʤ
3
/ ɼʞ ͻ 10

11
 

0,5 ï 1,5  

12.  Tʧʣ ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʣʝʩʢʠ, ʂ 

320 ï 470  

13.  T0 ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ, ʂ 

250 ï 300 

14.  ʉʨ ʊʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʣʝʩʢʠ, ʢɼʞ/(ʢʛ ʂ) 

1,2 ï 1,3  

15.  ʉʨ2 ʊʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ (ʟʘ-

ʛʨʷʟʥʝʥʠʷ), ʢɼʞ/(ʢʛ ʂ) 

1,0 ï 1,6  

16.   ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘ-

ʪʝʨʠʘʣʘ ʣʝʩʢʠ, ɺʪ/(ʤ ʂ) 

0,18 ï 

0,19  

17.  1 ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘ-

ʪʝʨʠʘʣʘ ʜʦʨʦʞʥʦʛʦ ʧʦ-

ʢʨʳʪʠʷ, ɺʪ/(ʤ ʂ) 

0,18 ï 2,4  

18.   ʇʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʣʝʩʢʠ,ʢʛ/ʤ
3
 

900 ï 950  

19.  2 ʇʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ-

ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ 

(ʟʘʛʨʷʟʥʝʥʠʷ),ʢʛ/ʤ
3
 

200 ï 

1800 

20.  k ʂʦʵʬʬʠʮʠʝʥʪ ʦʨʛʘʥʠʟʘ-0,1 ï 0,5 

ʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 

21.  ʉr ɸɻ ʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ (ʜʣʷ ʯʘʩʪʠʮ 

ʟʘʛʨʷʟʥʝʥʠʡ) 

0,45 ï 

1,05 

22.   ʂʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ ʣʝʩʢʠ, ʧʘĀʩ 

10
2
 . ï2 

10
3
 

 

ʅʦʨʤʘʣʴʥʘʷ ʢʦʥʪʘʢʪʥʘʷ ʩʠʣʘ, ʚʦʟ-

ʥʠʢʘʶʱʘʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʨʩʠʥʳ 

ʱʝʪʢʠ ʩ ʜʦʨʦʞʥʳʤ ʧʦʢʨʳʪʠʝʤ (ʨʠʩ. 2 ʘ) 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʝʣʠʯʠʥʦʡ ʝʝ ʜʝʬʦʨ-

ʤʘʮʠʠ ʠ ʫʩʣʦʚʠʷʤʠ ʪʨʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʤ ʪʨʝʥʠʷ ) 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦ-

ʜʝʣʠ 

 

2
ʪʨ1 f

P
N i

i , ʛʜʝ 

)(cos iixii LMP ,      (4) 

ʛʜʝ: i  ï ʫʛʦʣ ʠʟʛʠʙʘ ʚʦʨʩʠʥʳ ʚ ʪʦʯʢʝ 

ʇʘʨʘʤʝʪʨʳ ʱʝʪʢʠ; ʧʘʨʘ-

ʤʝʪʨʳ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳ-

ʪʠʷ ʠ ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦ-
ʥʠʨʦʚʘʥʠʷ 

ʅ 

ɼʝʬʦʨʤʘʮʠʠ ʚʦʨʩʘ, 

ʢʦʥʪʘʢʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʂʦʥʪʘʢʪʥʳʝ ʩʠʣʳ (ʜʝ-
ʬʦʨʤʘʮʠʦʥʥʘʷ, ʠʥʝʨʮʠ-

ʦʥʥʘʷ, ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʘʷ) 
ʋʩʣʦʚʠʷ ʪʨʝʥʠʷ ʠ ʠʟʥʘ-

ʰʠʚʘʥʠʷ 

ʅʘʛʨʝʚ ʢʦʥʪʘʢʪʥʳʭ ʪʝʣ  

ʉʥʠʞʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ 

ʇʣʘʚʣʝʥʠʝ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ 

ʆʙʣʷʮʠʷ ʤʘʪʝ-

ʨʠʘʣʘ 

ʉʢʦʨʦʩʪʴ ʧʨʦ-
ʧʣʘʚʣʝʥʠʷ 

ɼʦʩʪʠʛʥʫʪ 
ʨʝʩʫʨʩ 

ʇʝʯʘʪʴ ʨʝʟʫʣʴ-

ʪʘʪʦʚ 
ʀʟʤʝʥʝʥʠʝ 

ʜʠʘʤʝʪʨʘ ʱʝʪ-

ʢʠ 

ʥʝʪ 

ʥʝʪ 
ʜʘ 

ʜʘ 

ʢʦʥʝʮ 
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cos
;  ; d, h, Lï ʨʘʟʤʝʨʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ ʚʦʨʩʠʥ .r L=D ï d. 

ʉʠʣʘ ʠʥʝʨʮʠʠ, ʩʢʣʘʜʳʚʘʶʱʘʷʩʷ 

ʩ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʦʡ (ʨʠʩ.2 ʙ) ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ [3] 

)(
332

2
ʚ

ʠ
56

dD
d

N ,     (5) 

ʛʜʝ  ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʱʝʪʢʠ, ʩ
-1

. 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ ʚʦʟʜʫʰ-

ʥʦʛʦ ʧʦʪʦʢʘ ʦʪ ʚʨʘʱʘʶʱʝʡʩʷ ʱʝʪʢʠ aP  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʚʦʟʜʫʰʥʦʛʦ ʧʦ-

ʪʦʢʘ au  [3]:  

r
a

a Cr
u

P 2
ʚ

2
,              (6) 

ʛʜʝ: ʚ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ; rC  ï

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ (0,45 ï 

1,05);  ï ʩʢʦʨʦʩʪʴ ʦʙʜʫʚʘ ʯʘʩʪʠʮʳ ʥʘ-

ʙʝʛʘʶʱʠʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ 

ʘʚʪvRkua ; k  ʢʦʵʬʬʠʮʠʝʥʪ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ( k <1).  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʠʣ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʣʝʩʢʠ ʱʝʪʦʯʥʦʛʦ ʚʦʨʩʘ ʩ ʜʦ-

ʨʦʞʥʳʤ ʧʦʢʨʳʪʠʝʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2 

ï 4. ʀʟ ʨʘʩʯʝʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʠʣʳ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʟʘʚʠʩʷʪ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʱʝʪʢʠ ʠ ʜʠʘʤʝʪʨʘ ʣʝʩʢʠ. 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʠʤʠʪʘʮʠʦʥ-

ʥʦʡ ʤʦʜʝʣʠ ʧʦʜʤʝʪʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦ-

ʩʪʘʚʣʷʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʳʩʦʢʦ-

ʩʢʦʨʦʩʪʥʦʛʦ ʪʨʝʥʠʷ ʧʨʠ ʜʠʩʢʨʝʪʥʦʤ (ʠʤ-

ʧʫʣʴʩʥʦʤ) ʢʦʥʪʘʢʪʥʦʤ ʩʠʣʦʚʦʤ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʱʝʪʦʯʥʦʛʦ ʚʦʨʩʘ ʩ ʜʦʨʦʞʥʳʤ 

ʧʦʢʨʳʪʠʝʤ. ʄʘʪʝʤʘʪʠʯʝʩʢʘ ̫ʤʦʜʝʣʴ ʪʨʝ-

ʥʠʷ ʩʪʨʦʠʪʩʷ ʥʘ ʙʘʟʝ ʨʝʰʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ 

ʪʝʧʣʦʚʦʡ ʟʘʜʘʯʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʦ ʨʝʰʝʥʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʜʥʦʤʝʨ-

ʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʠʟʥʘʰʠʚʘʝʤʳʡ 

ʩʢʦʣʴʟʷʱʠʡ ʵʣʝʤʝʥʪ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʛʨʘ-

ʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʪʴʝʛʦ ʨʦʜʘ. 
 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʥʦʨʤʘʣʴʥʦʡ 

ʢʦʥʪʘʢʪʥʦʡ ʩʠʣʳ Ni ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʱʝʪʢʠ ʧʨʠ ʰʠʨʠʥʘʭ ʢʦʥʪʘʢʪʘ Hʢ: 1 ï Hʢ =70 

ʤʤ; 2 ï Hʢ =100 ʤʤ; 3 ï Hʢ =150 ʤʤ; 4 ï Hʢ 

=200 ʤʤ; ʘ) ï ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ; ʙ) ï ʫʧʨʫʛʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʦʥʪʘʢʪʥʦʡ ʩʠʣʳ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʥʦʨ-

ʤʘʣʴʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʩʠʣʳ Ni ʦʪ ʜʠʘʤʝʪ-

ʨʘ ʣʝʩʢʠ ʧʨʠ ʰʠʨʠʥʘʭ ʢʦʥʪʘʢʪʘ Hʢ: 1 ï Hʢ 

=70 ʤʤ; 2 ï Hʢ =150 ʤʤ; 3 ï Hʢ =300 ʤʤ. 

 




