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  SECTION 3. Nanotechnology. Physics 

 

«NONLINTAR» MODEL OF TRIBOSYSTEMS EVOLUTION 

 

Abstract: A theoretical approach is presented to describe the parameters which characterize the friction 

interaction of solid bodies as well as the processes of selforganization at friction. Based on this approach, 

interconnections are established between mechanical and molecular-atomistic models of friction processes. A 

supposition is suggested about creation of a unified model of friction. 
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«НЕЛИНЕЙНАЯ» МОДЕЛЬ ЭВОЛЮЦИИ ТРИБОСИСТЕМ 

 

ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʩʪʘʚʣʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʬʨʠʢʮʠʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʚʝʨʜʳʭ ʪʝʣ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠ ʪʨʝʥʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʫʩʪʘʥʦʚʣʝʥʳ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʘʪʦʤʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʷʤʠ ʧʨʦʮʝʩʩʦʚ ʪʨʝʥʠʷ. ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ 

ʤʦʜʝʣʠ ʪʨʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʠʪʦʥ, ʪʨʠʙʦʥ, ʪʨʠʙʦʩʠʩʪʝʤʘ, ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ14-29-00116), ʦʨʛʘʥʠʟʘʮʠʷ ʌɻɹʆʋ ɺʇʆ çʈʦʩʪʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷè, ʫʯʘʩʪʥʠʢ ʧʨʦʝʢʪʘ 

ɼʦʣʛʦʧʦʣʦʚ ʂ.ʅ. 

 

 
1. Введение 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʢ ʨʦʩʪʫ ʥʘʜʝʞʥʦʩʪʠ 

ʤʘʰʠʥ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʠ 

ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʬʨʠʢʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʦʚ ʫʟʣʦʚ ʪʨʝʥʠʷ 

ʧʨʠʚʦʜʷʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʙʘʟʳ ʟʥʘʥʠʡ ʦ ʤʝʪʦʜʘʭ 

ʨʘʩʯʝʪʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ 

ʢʨʠʪʝʨʠʷ ʠʭ ʪʨʠʙʦʩʪʦʡʢʦʩʪʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ, ʚ ʩʠʣʫ ʨʘʟʚʠʪʠʷ ʘʧʧʘʨʘʪʘ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʝʱʝʩʪʚ, ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʩʪʘʝʪ ʪʨʝʙʦʚʘʥʠʝ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʫʧʨʦʱʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ 

ʵʥʝʨʛʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠʟʳʩʢʘʥʠʡ. 

ʆʙʣʝʛʯʝʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʨʘʩʯʝʪʥʳʭ ʟʘʜʘʯ 

ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʦʜʭʦʜʘ ʢ 

ʪʨʝʥʠʶ ʢʘʢ ʢ ʦʙʤʝʥʫ ʢʚʘʟʠʯʘʩʪʠʮʘʤʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʝ ʬʨʠʢʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚ ʧʣʦʩʢʦʩʪʠ ʢʦʪʦʨʦʛʦ ʠ 

ʧʨʦʪʝʢʘʝʪ ʵʚʦʣʶʮʠʷ ʪʨʠʙʦʩʠʩʪʝʤʳ. 

  

2. Движение солитонов 

ʈʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʠʢʨʦʤʝʭʘʥʠʟʤʘʭ 

ʪʨʝʥʠʷ ʠ ʠʟʥʘʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʬʠʟʠʯʝʩʢʠʭ 

ʪʝʦʨʠʡ ʜʣʷ ʠʭ ʦʧʠʩʘʥʠʷ [1,2]. ɺ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ ʠʟʚʝʩʪʥʳʡ ʨʦʩʩʠʡʩʢʠʡ ʩʧʝʮʠʘʣʠʩʪ ʧʦ 

ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʪʨʠʙʦʩʠʩʪʝʤ 

ɸ.ɸ. ʇʦʣʷʢʦʚ ʧʠʩʘʣ: çɺ ʨʝʟʫʣʴʪʘʪʝ 
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ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʡ ʦʙʣʘʩʪʠ ʬʠʟʠʯʝʩʢʦʡ 

ʢʠʥʝʪʠʢʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʮʝʥʫ 

ʚʳʭʦʜʠʪ ʥʦʚʳʡ ʬʘʢʪʦʨ ï ʢʚʘʥʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ. 

ɺʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʫʯʝʪʘ 

ʢʚʘʥʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ, ʚʩʝʛʦ ʥʘʙʦʨʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʨʤʦʚ ʯʘʩʪʠʮ ʠ ʝʛʦ ʚʨʝʤʝʥʥʦʡ 

ʵʚʦʣʶʮʠʠè [3]. 

ʉʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʧʦʥʷʪʠʷ çʫʟʝʣ ʪʨʝʥʠʷè, 

çʪʨʠʙʦʩʦʧʨʷʞʝʥʠʝè ʠ çʪʨʠʙʦʩʠʩʪʝʤʘè [4]. ɼʚʘ 

ʧʝʨʚʳʭ ʷʚʣʷʶʪ ʩʦʙʦʡ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

[5]. ʊʨʠʙʦʩʠʩʪʝʤʘ çʚʦʟʥʠʢʘʝʪè ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʪʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ. ʋʢʨʘʠʥʩʢʠʡ ʪʨʠʙʦʣʦʛ ʃ.ʀ. 

ɹʝʨʰʘʜʩʢʠʡ ʧʠʩʘʣ, ʯʪʦ ç...ʦʧʨʝʜʝʣʝʥʠʝ 

ʪʨʠʙʦʩʠʩʪʝʤʳ...ʦʪʥʦʩʠʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʢ 

ʪʝʨʤʠʥʦʣʦʛʠʠ, ʩʢʦʣʴʢʦ ʷʚʣʷʝʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʩʪʨʦʛʦʡ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʜʘʯ. ɽʩʪʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʠʙʦʩʠʩʪʝʤʳ 

ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʙʲʝʢʪ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʜʝʛʨʘʜʘʮʠʷ 

ʵʥʝʨʛʠʠ ʤʘʢʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ(ʧʨʦʠʟʚʦʜʠʪʩʷ ʵʥʪʨʦʧʠʷ), ʪ.ʝ. ʚʢʣʶʯʘʝʪ 

ʪʨʠʙʦʚʦʟʙʫʞʜʘʝʤʳʝ ʦʙʲʝʤʳ ʤʘʪʝʨʠʘʣʦʚ, 

ʛʨʘʥʠʮʫ, ʦʪʢʨʳʪʫʶ ʜʣʷ ʧʦʪʦʢʦʚ ʘʢʪʠʚʠʨʫʝʤʳʭ 

ʪʨʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʟʚʫʢʘ, ʚʝʱʝʩʪʚʘ ʠ ʪ.ʧ., ʠ 

ʩʚʷʟʠ ʩʦ ʩʨʝʜʦʡ (ʜʠʥʘʤʠʯʝʩʢʫʶ, ʪʝʤʧʝʨʘʪʫʨʥʫʶ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʠ ʪ.ʧ.) [6]. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʪʨʠʙʦʩʠʩʪʝʤʝ ʦʢʘʟʳʚʘʶʪʩʷ ʪʝʩʥʳʤ ʦʙʨʘʟʦʤ 

ʩʚʷʟʘʥʥʳʤ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʧʦʥʷʪʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʪʨʠʙʦʣʦʛʠʠ çʪʨʝʪʴʝ ʪʝʣʦè [7]. 

ɻʝʥʝʟʠʩ ʪʨʠʙʦʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ 

ʪʨʝʤ ʵʪʘʧʘʤ, ʚʢʣʶʯʘʶʱʠʤ ʨʦʞʜʝʥʠʝ ʪʨʝʪʴʝʛʦ 

ʪʝʣʘ, ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʷʭ ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʷ ʚ ʬʦʨʤʝ ʧʦʷʚʣʝʥʠʷ 

çʪʨʝʪʴʝʛʦ ʪʝʣʘè, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʝʜʠʥʫʶ 

ʬʠʟʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʧʦʟʚʦʣʷʝʪ ʦʪʦʞʜʝʩʪʚʠʪʴ 

ʧʦʥʷʪʠʝ çʪʨʝʪʴʝ ʪʝʣʦè ʠ çʪʨʠʙʦʩʠʩʪʝʤʘè, ʢʘʢ 

ʧʨʦʜʫʢʪ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʪʜʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʷ. ʂʦʥʮʝʧʮʠʷ ʪʨʝʪʴʝʛʦ ʪʝʣʘ ʚ 

ʪʨʠʙʦʣʦʛʠʠ ʠʤʝʝʪ ʨʷʜ ʩʭʦʜʥʳʭ ʤʦʤʝʥʪʦʚ ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʢʚʘʟʠʯʘʩʪʠʮʘʭ ï ʧʦʥʷʪʠʷ, 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʢʚʘʥʪʦʚʳʭ ʪʝʦʨʠʷʭ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚʘ [8]. 

ɺ ʤʦʜʝʣʠ ʢʚʘʟʠʯʘʩʪʠʮ ʧʨʦʮʝʩʩʳ ʙʣʠʟʢʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʟʘʤʝʥʷʣʠʩʴ ʨʘʩʩʤʦʪʨʝʥʠʝʤ 

ʦʜʥʦʡ ʢʚʘʟʠʯʘʩʪʠʮʳ, ʥʘʧʨʠʤʝʨ, ʬʦʥʦʥʘ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʢʨʠʩʪʘʣʣʝ. ɺ 

ʢʦʥʮʝʧʮʠʠ çʪʨʝʪʴʝʛʦ ʪʝʣʘè ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʨʠʨʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʟʘʤʝʥʷʝʪʩʷ ʦʜʥʠʤ ʤʝʟʦʨʘʟʤʝʨʥʳʤ ʬʠʟʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʦʤ. çʊʨʝʪʴʝ ʪʝʣʦè, ʧʦʜʦʙʥʦ ʚʠʨʪʫʘʣʴʥʳʤ 

ʯʘʩʪʠʮʘʤ, ʦʧʦʩʨʝʜʦʚʘʥʦ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʦʜʥʘʢʦ ʝʩʣʠ 

ʚʠʨʪʫʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ï çʥʝʚʠʜʠʤʘʷ ʨʝʘʣʴʥʦʩʪʴè, 

ʪʦ ʪʨʝʪʴʝ ʪʝʣʦ ï ʵʪʦ ʨʝʘʣʴʥʘʷ ʘʙʩʪʨʘʢʮʠʷ, 

ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʨʦʷʚʣʷʶʱʘʷ ʩʝʙʷ ʚ ʚʠʜʝ 

ʩʤʘʟʦʯʥʳʭ ʧʣʝʥʦʢ, ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʪʫʧʝʥʝʢ, 

ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʠ ʪ.ʧ. 

ʊʨʝʪʴʝ ʪʝʣʦ ïʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʚʠʨʪʫʘʣʴʥʦʝ 

ʢʚʘʟʠʬʠʟʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʦʪʨʘʞʘʶʱʝʝ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʮʝʩʩ ʪʨʝʥʠʷ ʢʘʢ 

çʫʜʠʚʠʪʝʣʴʥʳʡ, ʥʝ ʠʤʝʶʱʠʡ ʘʥʘʣʦʛʘ ʧʨʠʨʦʜʥʳʡ 

ʬʝʥʦʤʝʥè [9]. 

ʆʪʦʞʜʝʩʪʚʣʝʥʠʝ ʧʦʥʷʪʠʡ ʪʨʠʙʦʩʠʩʪʝʤʳ ʠ 

ʪʨʝʪʴʝʛʦ ʪʝʣʘ ʠʤʝʝʪ ʨʷʜ ʚʘʞʥʳʭ ʩʣʝʜʩʪʚʠʡ: 

-ʚʦ-ʧʝʨʚʳʭ, ʩʚʦʡʩʪʚʘ ʪʨʠʙʦʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʦ ʢʦʪʦʨʳʭ ʧʠʩʘʣ 

ʃ.ʀ. ɹʝʨʰʘʜʩʢʠʡ; 

-ʚʦ-ʚʪʦʨʳʭ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʫʩʪʴ 

ʦʧʦʩʨʝʜʦʚʘʥʦ, ʥʦ ʚ ʪʨʠʙʦʩʠʩʪʝʤʝ ʟʘʤʝʪʥʦ 

ʚʣʠʷʥʠʝ ʢʚʘʥʪʦʚʳʭ ʢʦʨʨʝʣʷʮʠʡ [8,10], ʯʪʦ ʜʝʣʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʠʚʣʝʯʝʥʠʝ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʧʧʘʨʘʪʘ ʠ 

ʧʦʥʷʪʠʡ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ; 

-ʚ-ʪʨʝʪʴʠʭ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʚʘʥʪʦʚʦ-

ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʵʚʦʣʶʮʠʠ 

ʪʨʠʙʦʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʢʘʢ ʧʨʦʷʚʣʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʨʝʜʫʢʮʠʠ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ 

ʠ ʜʝʢʦʛʝʨʝʥʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʘʨʘʜʦʢʩʳ ʪʨʠʙʦʣʦʛʠʠ [10-14] 

(ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʠʥʮʠʧʫ 

ʆʢʢʘʤʘ [15]). 

ʅʝʠʩʩʣʝʜʦʚʘʥʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʷʚʣʷʝʪʩʷ ʧʦʩʪʜʝʢʦʛʝʨʝʥʪʥʳʡ ʧʝʨʠʦʜ ʵʚʦʣʶʮʠʠ 

ʪʨʠʙʦʩʠʩʪʝʤʳ. ʉʣʝʜʫʷ ʦʧʨʝʜʝʣʝʥʠʶ 

ʪʨʠʙʦʩʠʩʪʝʤʳ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʚʳʰʝ, ʝʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʫʩʣʦʚʣʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʥʫʪʨʠ 

ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʷ. ʕʪʠ ʧʦʪʦʢʠ 

ʦʧʠʩʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʧʝʨʝʥʦʩʘ, 

ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʛʦ ʚ ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʠ ʷʚʣʷʶʪʩʷ 

ʚʦʟʤʫʱʝʥʠʷ, ʥʘʨʫʰʘʶʱʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʨʘʚʥʦʚʝʩʠʝ ʚ ʫʟʣʝ ʪʨʝʥʠʷ [16]. ɼʣʷ 

ʬʦʨʤʘʣʠʩʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 

ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ [17, 18]. 

ʉʦʛʣʘʩʥʦ ʦʩʥʦʚʥʳʤ ʧʦʣʦʞʝʥʠʝʤ 

ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʜʦʙʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʚʠʞʝʥʠʝ 

ʦʩʦʙʳʭ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʦʣʫʯʠʚʰʠʭ 

ʥʘʟʚʘʥʠʝ çʩʦʣʠʪʦʥʳè. ɺʚʝʜʝʥʠʝ ʧʦʥʷʪʠʷ 

çʩʦʣʠʪʦʥè ʷʚʠʣʦʩʴ ʚʘʞʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʦʣʝʚʦʤ ʩʪʨʦʝʥʠʠ ʤʘʪʝʨʠʠ, 

ʚʦʩʭʦʜʷʱʝʤ ʢ ʨʘʙʦʪʘʤ ɸ. ʕʡʥʰʪʝʡʥʘ, ʄ. ɹʦʨʥʘ, 

ɻ. ʄʠ ʠ ʜʨ. [19]. ɺ ʯʘʩʪʥʦʩʪʠ, ɸ. ʕʡʥʰʪʝʡʥ 

ʩʯʠʪʘʣ, ʯʪʦ ʚʩʝ ʥʘʙʣʶʜʘʝʤʳʝ ʯʘʩʪʠʮʳ ʜʦʣʞʥʳ 

ʦʧʠʩʳʚʘʪʴʩʷ ʢʘʢ ʨʝʰʝʥʠʝ ʧʦʣʝʚʦʡ ʤʦʜʝʣʠ ʝʜʠʥʦʡ 



Impact Factor: 

ISRA (India)       =  1.344 

ISI  (Dubai, UAE) = 0.829 

GIF  (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.156  

ESJI (KZ)          = 4.102 

SJIF (Morocco) = 5.667 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI  (India)  = 4.260 
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ʪʝʦʨʠʠ ʧʦʣʷ, ʥʘʜ ʢʦʪʦʨʦʡ ʦʥ ʨʘʙʦʪʘʣ ʚʩʶ ʞʠʟʥʴ. 

ʆʥ ʨʘʩʩʤʘʪʨʠʚʘʣ ʥʝʣʠʥʝʡʥʳʝ ʧʦʣʝʚʳʝ ʤʦʜʝʣʠ ʚ 

ʨʘʤʢʘʭ ʧʨʠʥʮʠʧʘ ʦʙʱʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, 

ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʧʨʦʙʣʝʤʫ ʦʙʲʝʜʠʥʝʥʠʷ ʪʝʦʨʠʠ 

ʛʨʘʚʠʪʘʮʠʠ ʠ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ. ɻ. ʄʠ ʠ 

ʨʘʟʚʠʚʰʠʡ ʝʛʦ ʠʜʝʠ ʄ. ɹʦʨʥ ʨʘʩʩʤʘʪʨʠʚʘʣʠ 

ʤʘʪʝʨʠʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʢʘʢ ʧʦʣʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʦʣʠʪʦʥ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ, 

ʠʤʝʝʪ ʢʘʢ ʙʳ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʛʦ ʯʘʩʪʠ: 

ʩʪʘʪʠʯʝʩʢʫʶ ï ʯʘʩʪʠʮʝʧʦʜʦʙʥʫʶ ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ïʧʝʨʠʦʜʠʯʝʩʢʫʶ ʚʦ ʚʨʝʤʝʥʠ ʯʘʩʪʴ, ʠʤʝʶʱʫ  ʁʚʠʜ 

ʩʪʦʷʯʝʡ ʚʦʣʥʳ. ʇʦʜʦʙʥʘʷ ʧʦʣʝʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ, 

ʧʝʨʝʭʦʜʷʱʘʷ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʚ ʜʚʠʞʝʥʠʝ, 

ʬʦʨʤʘʣʴʥʦ ʦʟʥʘʯʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʥʘʜ 

ʫʨʘʚʥʝʥʠʷʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʩʦʣʠʪʦʥ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ. ʇʨʠ ʵʪʦʤ ʩʪʦʷʯʘʷ ʚʦʣʥʘ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʙʝʛʫʱʫʶ [19]. 

ɺ ʨʘʙʦʪʝ [18] ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ç... ʨʘʟʚʠʪʠʝ 

ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʠʚʝʣʦ ʢ ʦʪʢʨʳʪʠʶ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʯʘʩʪʠʮʝʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ ï

ʩʦʣʠʪʦʥʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʣʦʨʝʥʮ-ʠʥʚʘʨʠʘʥʪʥʳʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʠ ʠʤʝʶʱʠʭ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ 

ʩʢʦʨʦʩʪʝʡ 0Ò.èʘʢʫʚʟ ʴʪʩʦʨʦʢʩ ï s‮ ʝʜʛ ,s‮Ò‮ 

ɼʚʠʞʝʥʠʝ ʩʦʣʠʪʦʥʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʵʬʬʝʢʪʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʟʚʫʢʘ, 

ʘʥʘʣʦʛʠʯʥʳʤ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʵʬʬʝʢʪʘʤ 

ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʉʨʝʜʠ ʵʪʠʭ 

ʵʬʬʝʢʪʦʚ ï ʣʦʨʝʥʮʦʚʦ ʩʦʢʨʘʱʝʥʠʝ ʰʠʨʠʥʳ 

ʜʚʠʞʫʱʠʭʩʷ ʩʦʣʠʪʦʥʦʚ, ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʧʦʣʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʣʦʨʝʥʮʦʚʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʩʦʣʠʪʦʥʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʪ.ʧ. 

ʈʘʙʦʪʳ ʬʠʟʠʢʦʚ-ʪʝʦʨʝʪʠʢʦʚ ɻ.ʌ. ɻʣʠʥʩʢʦʛʦ, ɽ. 

ʇʣʝʙʘʥʩʢʦʛʦ ʠ ʄ. ʅʦʚʝʣʣʦ ʫʙʝʜʠʪʝʣʴʥʦ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩʦʣʠʪʦʥʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʤʝʪʨʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ(ʛʝʥʝʨʠʨʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʠʤʘʥʦʚʦʡ ʤʝʪʨʠʢʠ),ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʠʩʢʨʠʚʣʝʥʠʷʤ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ 

ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʷʭ, ʯʪʦ 

ʩʙʣʠʞʘʝʪ ʵʬʬʝʢʪʳ ʥʝʣʠʥʝʡʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ 

ʩ ʦʙʱʝʡ ʪʝʦʨʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ [20,21]. 

ɺʝʣʠʯʠʥʘ ʠʩʢʘʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ, ʚ ʥʝʤ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʦʡ. 

ʅʘʣʠʯʠʝ ʫ ʩʦʣʠʪʦʥʘ ʯʘʩʪʠʮʝʧʦʜʦʙʥʦʡ ʠ 

ʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʜʝʣʘʝʪ ʝʛʦ ʦʙʲʝʢʪʦʤ 

ʜʝʙʨʦʡʣʝʚʩʢʦʡ ʢʚʘʥʪʦʚʦʡ ʧʨʠʨʦʜʳ, ʧʦʩʢʦʣʴʢʫ 

ʠʤʝʥʥʦ ʚ ʩʦʣʠʪʦʥʘʭ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʠʣʩʷ 

ʬʝʥʦʤʝʥ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʜʫʘʣʠʟʤʘ, 

ʣʝʛʰʝʛʦ ʚ ʦʩʥʦʚʫ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʤʘʪʝʨʠʠ. 

ʇʦʵʪʦʤʫ ʧʦʜʦʙʥʦ ʢʚʘʥʪʦʚʳʤ ʯʘʩʪʠʮʘʤ ʩʦʣʠʪʦʥʳ 

ʦʙʣʘʜʘʶʪ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʢʘʢ ʩʧʠʥ, ʠ 

ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʚʘʥʪʦʚʳʭ 

ʢʦʨʨʝʣʷʮʠʡ [8,19]. ʇʨʠʤʝʥʝʥʠʝ ʟʘʢʦʥʦʚ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʢ ʦʧʠʩʘʥʠʶ ʩʦʣʠʪʦʥʦʚ 

ʩʪʦʣʢʥʫʣʦʩʴ ʩʦ ʩʣʦʞʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʢʦʥʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʵʪʠʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʠʮʳ ʚ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʦʣʥʦʚʳʤʠ 

ʬʫʥʢʮʠʷʤʠ, ʢʚʘʜʨʘʪ ʤʦʜʫʣʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪ 

ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʯʘʩʪʠʮ r ʚ 

ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʘʩʪʠʮʳ ʢʘʢ ʪʦʯʝʯʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʉʦʣʠʪʦʥ ʞʝ ʠʤʝʝʪ ʢʦʥʝʯʥʳʝ ʨʘʟʤʝʨʳ. ʇʦʜʦʙʥʳʝ 

ʢʦʥʝʯʥʦʤʝʨʥʳʝ ʢʚʘʥʪʦʚʳʝ ʦʙʲʝʢʪʳ, ʥʝʩʫʱʠʝ ʥʘ 

ʩʝʙʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʢʨʫʧʥʳʤʠ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʬʠʟʠʢʘʤʠ-

ʪʝʦʨʝʪʠʢʘʤʠ ɼʞ. ʋʠʣʝʨʦʤ ʠ ʏ. ʄʠʟʥʝʨʦʤ [22]. 

ʆʥʠ ʧʨʝʜʣʦʞʠʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʜʦʙʥʳʝ 

ʯʘʩʪʠʮʳ ʢʘʢ ʦʙʣʘʩʪʠ ʩ ʠʟʤʝʥʝʥʥʦʡ ʪʦʧʦʣʦʛʠʝʡ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʙʣʘʜʘʶʱʝʡ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʢʨʠʚʠʟʥʦʡ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʆʊʆ ʦʟʥʘʯʘʝʪ 

ʥʘʣʠʯʠʝ ʚ ʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʏʘʩʪʠʮʳ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʋʠʣʝʨʘ-ʄʠʟʥʝʨʘ 

ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʦʤ ʠʟʤʝʥʝʥʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʬʦʨʤʝ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʯʝʪʳʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ-

ʚʨʝʤʝʥʠ. 

 

3. От солитона к трибону – путь к 

созданию единой теории трения  

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʦʧʠʩʳʚʘʶʱʠʡ 

ʬʠʟʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʦʣʠʪʦʥʦʚ, ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ ʜʫʘʣʴʥʦʡ ʢʚʘʥʪʦʚʦʡ ʧʨʠʨʦʜʝ, 

ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʪʝʦʨʠʠ 

ʩʦʣʠʪʦʥʦʚ ʠʤʝʶʪ ʚʠʜ ʚʦʣʥʦʚʳʭ ʫʨʘʚʥʝʥʠʡ 

ɻʦʨʜʦʥʘ ʠʣʠ ʫʨʘʚʥʝʥʠ ̫ʐʨʝʜʠʥʛʝʨʘ [8, 16, 17]. ɺ 

ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ, 

ʬʦʨʤʠʨʫʝʤʳʝ ʚʥʫʪʨʠ ʪʨʠʙʦʩʠʩʪʝʤʳ, ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʚʠʞʝʥʠʝ çʩʦʣʠʪʦʥʦʚ ʍʠʛʛʩʘè 

ʚ ʥʝʢʦʪʦʨʦʤ ʩʢʘʣʷʨʥʦʤ ʧʦʣʝ, ʦʧʠʩʳʚʘʝʤʦʤ 

ʧʦʣʝʚʦʡ ʬʫʥʢʮʠʝʡ ū ʠ ʧʦʪʝʥʮʠʘʣʦʤ V(ū) 

(ʧʦʜʯʠʥʷʶʱʝʝʩʷ ʚʦʣʥʦʚʦʤʫ ʫʨʘʚʥʝʥʠʶ ʚʠʜʘ 

ʩʠʥʫʩ-ɻʦʨʜʦʥʘ) [18,23]. 

ʇʣʦʪʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʪʘʢʦʛʦ ʩʦʣʠʪʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ὴ ūɳ ū, ʛʜʝ ɳïʦʧʝʨʘʪʦʨ 

ʇʫʘʩʩʦʥʘ. ɺ ʤʦʜʝʣʠ ʍʠʛʛʩʘ ʜʚʠʞʝʥʠʝ ʚ 

ʩʢʘʣʷʨʥʦʤ ʧʦʣʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʦʜʥʦʤʝʨʥʦʝū ūὸȠὼȟ ʪ.ʝ. ʦʧʠʩʳʚʘʝʤʦʝ 

ʫʨʘʚʥʝʥʠʝʤ [23]: 

 
ū ū

ά ‰ ‗‰ ,             (1) 

 

ʛʜʝ m ʠ ɚ ï ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

 

ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʩʦʣʠʪʦʥ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʥʝʢʦʪʦʨʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ u ʧʦ ʪʨʘʝʢʪʦʨʠʠ x = x0 

+ ut, ʪʦ ʧʦʣʝʚʫʶ ʬʫʥʢʮʠʶ ūὸȠὼ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ f(xïut), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ: 

 

Ὢͼ Ὢ Ὢȟ                               (2) 

‎ , 



Impact Factor: 

ISRA (India)       =  1.344 

ISI  (Dubai, UAE) = 0.829 

GIF  (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.156  

ESJI (KZ)          = 4.102 

SJIF (Morocco) = 5.667 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI  (India)  = 4.260 
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ʛʜʝ u ï ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʦʣʠʪʦʥʘ ʢ ʩʢʦʨʦʩʪʠ 

ʟʚʫʢʘ. 

 

ʂʦʵʬʬʠʮʠʝʥʪ ɔ ʚ ʫʨʘʚʥʝʥʠʠ (2) 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʣʦʨʝʥʮ-ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʩʦʣʠʪʦʥʦʚ ʍʠʛʛʩʘ, 

ʧʨʠʤʝʨʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ, ʥʘʧʨʠʤʝʨ, 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ. ʊʦ, ʯʪʦ ʜʚʠʞʝʥʠʝ 

ʙʳʩʪʨʳʭ ʜʠʩʣʦʢʘʮʠʡ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʉʊʆ), 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʩʝʨʝʜʠʥʝ 20 ʚʝʢʘ 

ʶʞʥʦʘʤʝʨʠʢʘʥʩʢʠʤ ʬʠʟʠʢʦʤ ɼʞ. ʂʫʣʴʤʘʥ-

ɺʠʣʩɹʜʦʨʬ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʣʘ, ʯʪʦ ʣʦʨʝʥʮ-

ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʘʣʴʥʳʤ ʩʦʚʧʘʜʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʠ ʬʦʨʤʫʣ 

ʉʊʆ, ʘ ʦʪʨʘʞʘʝʪ ʬʘʢʪ ʜʝʡʩʪʚʠʷ ʟʘʢʦʥʦʚ 

ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʬʠʟʠʢʠ [24]. ʈʘʟʚʠʪʠʝ 

ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʜʪʚʝʨʜʠʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʂʫʣʴʤʘʥ-ɺʠʣʴʩʜʦʨʬ ʠ 

ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʟʘʨʦʞʜʝʥʠʝ ʦʜʥʦʡ ʠʟ ʦʙʣʘʩʪʝʡ 

ʪʨʠʙʦʬʠʟʠʢʠ ï ʪʨʠʙʦʨʝʣʷʪʠʚʠʟʤʘ [8, 25]. ʆʩʦʙʦʝ 

ʚʣʠʷʥʠʝ ʪʨʠʙʦʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ 

ʦʢʘʟʳʚʘʶʪ ʥʘ ʪʨʠʙʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʵʥʝʨʛʠʠ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʚʨʝʤʝʥʠ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʦʪ ʩʢʦʨʦʩʪʠ ʠʭ 

ʜʚʠʞʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ ɔ ʠʟ ʫʨʘʚʥʝʥʠʷ (2). ʊʦ, ʯʪʦ ʪʘʢʠʝ 

ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʠ ʪʨʠʙʦʩʠʩʪʝʤ 

ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʶʪʩʷ, ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʝʨʠʝʡ 

ʦʧʳʪʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ 

ɻ. ɸʡʚʩʘ [26], ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʧʦʤʦʱʠ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʘʤʝʜʣʝʥʠʝ ʪʝʯʝʥʠʷ ʚʨʝʤʝʥʠ, 

ʧʨʝʜʩʢʘʟʘʥʥʦʝ ʉʊʆ. ʕʬʬʝʢʪʳ, ʘʥʘʣʦʛʠʯʥʳʝ 

ʦʙʥʘʨʫʞʝʥʥʳʤ ɸʡʚʩʦʤ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʯʝʨʝʟ 

ʬʨʠʢʮʠʦʥʥʳʡ ʢʦʥʪʘʢʪ [20, 27]. ɺʢʣʘʜ ʩʦ ʩʪʦʨʦʥʳ 

ʩʠʣ ʪʨʝʥʠʷ ʚʦ ʚʨʝʤʝʥʥʦʡ ʩʜʚʠʛ ʩʦʩʪʘʚʣʷʝʪ 2 

ʤʠʢʨʦʩʝʢʫʥʜʳ ʟʘ 1 ʩʝʢʫʥʜʫ. ʇʦʜʦʙʥʳʝ 

ʚʨʝʤʝʥʥʳʝ ʦʪʨʝʟʢʠ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ 

ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʢʣʘʜ 

ʪʨʠʙʦʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ʪʝʯʝʥʠʝ 

ʪʨʠʙʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

çʆʜʥʦʤʝʨʥʳʡè ʚʠʜ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (1) 

ʦʙʣʝʛʯʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʵʚʦʣʶʮʠʠ ʪʨʠʙʦʩʠʩʪʝʤʳ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʦʜʥʦʤʝʨʥʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ ʩʦʣʠʪʦʥʦʚ ʍʠʛʛʩʘ 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ: 

 

ɋ1ȟɛ
ʢ

,            (3) 

 

ʛʜʝ S ï ʵʥʪʨʦʧʠʷ, t ï ʚʨʝʤʷ, ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, Q ï 

ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ɛʢ ï ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ɋ ï 

ʦʙʦʙʱʝʥʥʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ. 

ʆʙʦʙʱʝʥʥʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ ʪʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ: 

 

ɋ ʊᾀ,              (4) 

 

ʛʜʝ ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʨʝʜʳ, ʊ 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ, z ï ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ 

ʩʨʝʜʳ. 

 ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʊ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ 

ʧʘʨʘʤʝʪʨ r ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʨʠʙʦʩʠʩʪʝʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʟʘʢʦʥʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʅʴʶʪʦʥʘ, ʪʦ ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

 

Ὕ , 

 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʠʟʤʝʥʝʥʠʶ ʚʳʨʘʞʝʥʠʷ (4): 

 

ɋ
ʪʨ

ʈʪʨ,              (5) 

 

ʛʜʝ fʪʨ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, N ï ʥʦʨʤʘʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ,  ᵻ ï ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ, Fʪʨ ï ʩʠʣʘ 

ʪʨʝʥʠʷ, Pʪʨ ï ʤʦʱʥʦʩʪʴ, ʨʘʟʚʠʚʘʝʤʘʷ ʩʠʣʘʤʠ 

ʪʨʝʥʠʷ. 

ɺʳʨʘʞʝʥʠʝ (5) ʜʣʷ ʬʫʥʢʮʠʠ ɋ ʜʝʣʘʝʪ 

ʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʩʭʦʞʝʡ ʩ ʜʠʩʩʠʧʘʪʠʚʥʦʡ 

ʬʫʥʢʮʠʝʡ. ʕʪʘ ʩʚʷʟʴ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʟʘʧʠʩʠ 

ʚʳʨʘʞʝʥʠʷ (3) ʯʝʨʝʟ ʤʦʱʥʦʩʪʴ ʪʨʝʥʠʷ: 

 
ʈʪʨ

ʊ
.                              (6) 

 

ʆʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʪʨʝʥʠʷ ʢ ʪʝʤʧʝʨʘʪʫʨʝ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ ʢʘʢ çʧʨʠʚʝʜʝʥʥʫʶ ʤʦʱʥʦʩʪʴ 

ʪʨʝʥʠʷè. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʵʥʪʨʦʧʠʠ ʪʨʠʙʦʩʠʩʪʝʤʳ ʦʢʘʟʳʚʘʝʪʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʵʪʦʡ ʚʝʣʠʯʠʥʝ. ʇʦʣʫʯʝʥʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴ ʁ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʠʙʦʩʠʩʪʝʤʳ ʠ ʤʦʱʥʦʩʪʴ 

ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʚʦʟʤʦʞʥʦ, ʦʪʢʨʳʚʘʪʁ 

ʧʫʪʴ ʢ ʥʦʚʳʤ ʩʧʦʩʦʙʘʤ ʪʨʠʙʦʤʦʥʠʪʦʨʠʥʛʘ, ʚ 

ʢʦʪʦʨʳʭ ʥʘ ʩʤʝʥʫ ʩʠʣʦʚʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʜʫʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ.  

ɸʥʘʣʠʟ ʚʳʨʘʞʝʥʠʷ (6), ʩʚʷʟʳʚʘʶʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʵʥʪʨʦʧʠʠ ʪʨʠʙʦʩʠʩʪʝʤʳ ʩ 

ʧʨʠʚʝʜʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʪʨʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʝ 

ʫʤʝʥʴʰʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. 

ʉʣʝʜʩʪʚʠʝʤ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩʣʫʞʠʪ 

ʫʣʫʯʰʝʥʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʟʣʘ 

ʪʨʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʙʣʘʛʦʜʘʨʷ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʩʤʘʟʳʚʘʶʱʠʭ ʧʣʝʥʦʢ, ʵʢʨʘʥʠʨʫʶʱʠʭ ʪʝʧʣʦʚʳʝ 

ʧʦʪʦʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ. 



Impact Factor: 

ISRA (India)       =  1.344 

ISI  (Dubai, UAE) = 0.829 

GIF  (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.156  

ESJI (KZ)          = 4.102 

SJIF (Morocco) = 5.667 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI  (India)  = 4.260 
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ʋʧʨʦʱʝʥʠʝ ʚʳʨʘʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʢʠʥʝʪʠʢʫ ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʪʨʠʙʦʩʠʩʪʝʤʳ ʠ ʝʸ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦ ʚʠʜʘ (5) ʠ (6), ʦʪʢʨʳʚʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʨʘʟʚʠʪʠʠ 

ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʬʨʠʢʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ, ʚʳʩʢʘʟʘʥʥʘʷ ʃ.ʀ. 

ɹʝʨʰʘʜʩʢʠʤ [20] ʠ ʧʦʣʫʯʠʚʰʘʷ ʨʘʟʚʠʪʠʝ ʚ 

ʨʘʙʦʪʘʭ [8, 30]. 

ɻʠʧʦʪʝʟʘ ʩʪʨʦʠʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʢ 

ʦʧʠʩʘʥʠʶ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʙʤʝʥʥʳʭ ʩʠʣʘʭ, ʚʚʝʜʝʥʥʳʭ ʚ 

ʢʚʘʥʪʦʚʫʶ ʬʠʟʠʢʫ ʥʦʙʝʣʝʚʩʢʠʤ ʣʘʫʨʝʘʪʦʤ ʈ. 

ʌʝʡʥʤʘʥʦʤ [31]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʛʠʧʦʪʝʟʦʡ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʠʣʫ ʪʨʝʥʠʷ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʦʙʤʝʥʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʷ ʢʚʘʟʠʯʘʩʪʠʮʘʤʠ çʪʨʠʙʦʥʘʤʠè, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʦʙʦʡ ʢʚʘʥʪʳ ʪʨʝʥʠʷ [20]. 

ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʪʨʠʙʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʢʦʥʪʘʢʪʝ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʪʨʫʱʠʭʩʷ ʪʝʣ, ʘ 

ʧʦʩʢʦʣʴʢʫ ʩʠʣʳ ʪʨʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʩʨʘʟʫ 

ʥʘ ʦʙʝ ʧʦʚʝʨʭʥʦʩʪʠ ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʪʦ 

ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʟʘ ʝʜʠʥʠʯʥʳʡ ʘʢʪ 

ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ 

ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʨʦʞʜʘʝʪʩʷ ʜʚʘ ʦʜʠʥʘʢʦʚʳʭ 

ʪʨʠʙʦʥʘ ï ʧʦ ʦʜʥʦʤʫ ʥʘ ʢʘʞʜʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʣʫʯʠʣʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʚ ʨʘʙʦʪʝ [8]. ɺ ʨʘʤʢʘʭ ʨʘʟʚʠʚʘʝʤʳʭ ʢʦʥʮʝʧʮʠʡ 

ʪʨʠʙʦʥ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

çʵʣʝʤʝʥʪʘʨʥʳʡ ʩʦʣʠʪʦʥè. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʬʨʠʢʮʠʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʠ, ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ ʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʜʝʣʴʥʳʤ 

ʪʨʠʙʦʥʘʤ, ʯʠʩʣʦ ʠ ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ 

ʨʘʙʦʪʘʭ [8, 30], ʧʦʜʜʘʪʁʩʷ ʦʮʝʥʢʘʤ. 

ɺ ʨʘʙʦʪʘʭ [8, 30] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʠʨʫʝʤʳʭ ʩʠʣʘʤʠ ʪʨʝʥʠʷ 

ʪʨʠʙʦʥʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʣʠʯʠʥʝ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʬʘʢʪʠʯʝʩʢʦʡ ʧʣʦʱʘʜʠ 

ʢʦʥʪʘʢʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʬʨʠʢʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʛʣʘʞʠʚʘʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʯʠʩʣʘ ʪʨʠʙʦʥʦʚ, ʧʦʨʦʞʜʘʝʤʳʭ 

ʪʨʝʥʠʝʤ. ʉʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʪʨʠʙʦʥʦʚ, ʯʠʩʣʦʤ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʤʦʱʥʦʩʪʠ ʪʨʝʥʠʷ (6), 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʘʚʝʨʰʝʥʠʝ ʧʨʠʨʘʙʦʪʢʠ ʠ ʧʝʨʝʭʦʜʘ 

ʫʟʣʘ ʪʨʝʥʠʷ ʢ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʨʝʞʠʤʫ 

ʠʟʥʘʰʠʚʘʥʠʷ [31] ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʨʠʨʦʩʪʘ ʵʥʪʨʦʧʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤʠ 

ʧʨʠʥʮʠʧʘʤʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʦʟʥʘʯʘʝʪ ʩʪʨʫʢʪʫʨʥʦʝ ʫʩʣʦʞʥʝʥʠʝ ʪʨʠʙʦʩʠʩʪʝʤʳ 

ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʝʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʧʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ɸ.ɸ. ʇʦʣʷʢʦʚʘ [3,16]. 

 

Заключение 

ʇʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʣʝʤʝʥʪʘʭ 

ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʢʚʘʥʪʦʚʦ-ʦʙʤʝʥʥʦʡ 

ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʝʪ ʩ ʝʜʠʥʳʭ ʧʦʟʠʮʠʡ ʦʧʠʩʳʚʘʪʴ 

ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʣ 

ʪʨʝʥʠʷ ʠ ʫʩʣʦʞʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʨʠʙʦʩʠʩʪʝʤʳ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʟʘʢʦʥʘʤʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʧʨʠʥʮʠʧʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ, ʩʪʨʫʢʪʫʨʳ, ʩʚʦʡʩʪʚ 

ʪʨʠʙʦʩʠʩʪʝʤʳ, ʦʙʣʝʛʯʠʚ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʨʠʙʦʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʡ 

ʧʦʜʭʦʜ, ʷʚʣʷʷʩʴ ʨʘʟʚʠʪʠʝʤ çʘʪʦʤʘʨʥʦ-

ʤʦʣʝʢʫʣʷʨʥʳʭè ʤʦʜʝʣʝʡ ʪʨʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʙʣʠʞʝ 

ʧʦʜʦʡʪʠ ʢ ʩʦʟʜʘʥʠʶ ʝʜʠʥʦʡ ʪʨʠʙʦʣʦʛʠʯʝʩʢʦʡ 

ʜʦʢʪʨʠʥʳ. 
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