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Physical and mathematical sciences 

Физико-математические науки 
 

 

УДК 519.237.8 

 

КОМПАРИРОВАНИЕ МЕТОДОВ КЛАССИФИКАЦИИ 

В ЗАДАЧАХ МЕДИЦИНСКОГО ДИАГНОСТИРОВАНИЯ 
 

 М.Э. Артиков1, Ф.О. Абдуллаев2, О.К. Хужаев3, Т.А. Худайберганов4 
1, 2 ʤʘʛʠʩʪʨʘʥʪ, 3 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 4 ʘʩʩʠʩʪʝʥʪ-ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʋʨʛʝʥʯʝʩʢʠʡ ʬʠʣʠʘʣ ʊʘʰʢʝʥʪʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʡ ʨʝʰʝʥʠʡ ʥʘ 

ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʚʢʣʶʯʝʥʥʳʭ ʚ ʙʠʙʣʠʦʪʝʢʫ Scikit-Learn. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʤʘʰʠʥʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ, k-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, ʘʣʛʦ-

ʨʠʪʤ çʩʣʫʯʘʡʥʳʡ ʣʝʩè, Scikit-Learn. 

 

Введение 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ (ʀɸɼ, Data Mining) ï ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʚ ʘʥʘʣʠʟʘ ʠ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʨʴʝʟʥʳʡ ʧʨʦʝʢʪ, ʥʝ ʧʦʣʴʟʫʶʱʠʡʩʷ ʪʝʤʠ ʚʦʟ-

ʤʦʞʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʝʪ ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ. ɺ ʨʷʜ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʳ ʀɸɼ, 

ʦʪʥʦʩʷʪʩʷ Google, Amazon, ʨʷʜ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʚʢʣʶʯʘʷ Facebook ʠ ʜʨ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ-

ʥʷʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʘʩʢʨʳʪʠʷ ʭʘʨʘʢʪʝʨʦʚ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʜʝʡʩʪʚʠʡ ʠ ʚʳʷʚʣʝʥʠʷ ʦʙʱʠʭ ʛʨʫʧʧ. ʀʥʬʦʨʤʘʮʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʧʦʤʦʛʘʝʪ ʚ ʨʘʙʦʪʝ 

ʥʝ ʪʦʣʴʢʦ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʥʦ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʬʝʨʘʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ, ʩʪʨʘʭʦʚʘʥʠʷ, ʙʘʥʢʦʚ-

ʩʢʦʛʦ ʜʝʣʘ ʠ ʜʨ. 

ʀʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʤʝʜʠʮʠʥʩʢʠʭ ʜʠʘʛʥʦʟʦʚ. ʆʥʠ ʧʦʩʪʨʦʝʥʳ ʛʣʘʚ-

ʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʦʯʝʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʠʤʧʪʦʤʦʚ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʉ ʧʦ-

ʤʦʱʴʶ ʪʘʢʠʭ ʧʨʘʚʠʣ ʫʟʥʘʶʪ ʥʝ ʪʦʣʴʢʦ ʯʝʤ ʙʦʣʝʥ ʧʘʮʠʝʥʪ, ʥʦ ʠ ʢʘʢ ʥʫʞʥʦ ʝʛʦ ʣʝʯʠʪʴ. ʇʨʘʚʠʣʘ ʧʦʤʦʛʘʶʪ ʚʳʙʠ-

ʨʘʪʴ ʩʨʝʜʩʪʚʘ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʧʨʝʜʝʣʷʪʴ ʧʦʢʘʟʘʥʠʷ ï ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ 

ʣʝʯʝʙʥʳʭ ʧʨʦʮʝʜʫʨʘʭ, ʩʦʟʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʣʝʯʝʥʠʷ, ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠʩʭʦʜʳ ʥʘʟʥʘʯʝʥʥʦʛʦ 

ʢʫʨʩʘ ʣʝʯʝʥʠʷ ʠ ʪ.ʧ. ʊʝʭʥʦʣʦʛʠʠ ʀɸɼ ʧʦʟʚʦʣʷʶʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ ʰʘʙʣʦʥʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʦʩʥʦʚʫ ʫʢʘʟʘʥʥʳʭ ʧʨʘʚʠʣ [10]. 

ɺ ʀɸɼ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʳʡ ʚʳʙʦʨ ʤʝʪʦʜʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ. ɼʘʣʝʝ ʚ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʢʘʨʜʠʦʣʦʛʠʯʝʩʢʦʡ ʢʣʠʥʠʢʠ. ɼʘʥʥʳʝ ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ 

ʘʜʤʠʥʠʩʪʨʘʮʠʝʡ ʍʦʨʝʟʤʩʢʦʛʦ ʬʠʣʠʘʣʘ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ çʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʂʘʨʜʠʦʣʦʛʠʯʝʩʢʦʛʦ ʎʝʥʪʨʘè 

[1]. ɼʘʥʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʧʦ ʘʜʨʝʩʫ [2].  

Постановка задачи 

ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʘʥʘʣʠʟʦʚ ʧʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʜʠʘʛʥʦʟʘ ʧʘʮʠʝʥʪʘ. 

Основная часть 

ʀʟ ʦʛʨʦʤʥʦʛʦ ʚʳʙʦʨʘ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʚ ʀɸɼ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʚʳʙʨʘʥʦ 

ʙʠʙʣʠʦʪʝʢʘ Scikit-Learn [3], ʠʥʪʝʛʨʠʨʫʝʤʘʷ ʚ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ Python. ɺ ʩʦʩʪʘʚ ʵʪʦʡ ʙʠʙʣʠʦʪʝʢʠ ʚʭʦʜʠʪ ʛʦʪʦʚʳʝ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɼʘʥʥʳʡ ʜʠʩʪʨʠʙʫʪʠʚ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʩʦʦʙʱʝʩʪʚʘ ʦʪʢʨʳʪʳʭ ʠʩʭʦʜʥʳʭ ʢʦʜʦʚ (Open 

source) ʠ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ Python, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʦʚʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʩ ʀɸɼ ʜʘʞʝ ʥʘʯʠʥʘʶ-

ʱʠʤ ʫʯʝʥʳʤ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 5 ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʘʥʥʳʭ. 

ʅʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ, ʪʘʢ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ, ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʤ ʤʝʪʦʜʦʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʜʥʦʤʝʨʥʳʝ ʧʣʦʪʥʦʩʪʠ. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʘʠʚʥʦʛʦ ʙʘʡ-

ʝʩʦʚʩʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ï ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʠʟʢʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʦʙʫʯʝʥʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ɺ ʪʝʭ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʠʟʥʘʢʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳ, ʥʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʦʧʪʠʤʘʣʝʥ.  

                                                           
É ɸʨʪʠʢʦʚ ʄ.ʕ., ɸʙʜʫʣʣʘʝʚ ʌ.ʆ., ʍʫʞʘʝʚ ʆ.ʂ., ʍʫʜʘʡʙʝʨʛʘʥʦʚ ʊ.ɸ. / Artikov M.E., Abdullaev F.O., Huzhaev O.K., 
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ʆʩʥʦʚʥʦʡ ʝʛʦ ʥʝʜʦʩʪʘʪʦʢ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ. 

ʏʘʱʝ ʚʩʝʛʦ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʙʦ ʢʘʢ ʧʨʠʤʠʪʠʚʥʳʡ ʵʪʘʣʦʥ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʘʣʛʦʨʠʪʤʦʚ, ʣʠʙʦ ʢʘʢ 

ʵʣʝʤʝʥʪʘʨʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ ʚ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʷʭ [8]. 

ɼʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ï ʩʨʝʜʩʪʚʦ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʝʝʩʷ ʚ ʩʪʘʪʠʩʪʠʢʝ ʠ ʘʥʘʣʠ-

ʟʝ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʝʡ. ʉʨʝʜʠ ʧʨʦʯʠʭ ʤʝʪʦʜʦʚ ʀɸɼ, ʤʝʪʦʜ ʜʝʨʝʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ 

ʜʦʩʪʦʠʥʩʪʚ: ʧʨʦʩʪ ʚ ʧʦʥʠʤʘʥʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʤʦʜʝʣʴ ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ, 

ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʤʝʪʦʜʦʤ.  

ʅʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ: 

1. ʇʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ NP-ʧʦʣʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʘʩʧʝʢʪʦʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʜʘʞʝ ʜʣʷ ʧʨʦʩʪʳʭ ʟʘʜʘʯ [9, 11].  

2. ʀʟʫʯʘʶʱʠʝ ʤʝʪʦʜ ʜʝʨʝʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʩʣʠʰʢʦʤ ʩʣʦʞʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ 
ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʝʦʙʫʯʝʥʠʝʤ [12].  

3. ɼʣʷ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʩ ʙʦʣʴʰʠʤ ʥʘʙʦʨʦʤ ʫʨʦʚʥʝʡ (ʟʘʢʨʳʪʠʡ), 
ʙʦʣʴʰʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʝʩ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʪʝʤ ʘʪʨʠʙʫʪʘʤ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʨʦʚʥʝʡ [7]. 

K-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ï ʵʪʦ ʤʝʪʨʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʠʚʘʥʠʠ ʩʭʦʜʩʪʚʘ 

ʦʙʲʝʢʪʦʚ. ʂʣʘʩʩʠʬʠʮʠʨʫʝʤʳʡ ʦʙʲʝʢʪ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʤʫ ʢʣʘʩʩʫ, ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʘʪ ʙʣʠʞʘʡʰʠʝ ʢ ʥʝʤʫ ʦʙʲʝʢʪʳ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ [5]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʶ, ʧʨʦʚʝʜʝʥʥʫʶ ʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, ʣʝʛʢʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʧʫʪʸʤ ʧʨʝʜʲʷʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘ-

ʪʝʣʶ ʥʝʩʢʦʣʴʢʠʭ ʙʣʠʞʘʡʰʠʭ ʦʙʲʝʢʪʦʚ. ʇʦʠʩʢ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʨʘʚʥʝʥʠʝ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʦʛʦ ʦʙʲ-

ʝʢʪʘ ʩʦ ʚʩʝʤʠ ʦʙʲʝʢʪʘʤʠ ʚʳʙʦʨʢʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʣʠʥʝʡʥʦʛʦ ʧʦ ʜʣʠʥʝ ʚʳʙʦʨʢʠ ʯʠʩʣʘ ʦʧʝʨʘʮʠʡ [4]. 

ʄʘʰʠʥʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ï ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʣʦʛʠʡ ʦʙʫʯʝʥʠʷ ʧʦ ʧʨʝʮʝʜʝʥ-

ʪʘʤ, ʧʨʝʜʣʦʞʝʥʥʦʡ ɺ.ʅ. ɺʘʧʥʠʢʦʤ ʠ ʠʟʚʝʩʪʥʦʡ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ SVM (Support Vector 

Machine). ʕʪʦ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʡ ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʘʶʱʠʭ ʬʫʥʢʮʠʡ. ʄʝʪʦʜ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʢʚʘʜʨʘ-

ʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʚʳʧʫʢʣʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʚʩʝʛʜʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ. ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʛʦ 

ʧʦʜʭʦʜʘ ʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʚʳʙʦʨʫ ʷʜʨʘ ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ ʥʝʨʘʟʜʝʣʠʤʦʩʪʠ ʢʣʘʩʩʦʚ. 

Random forest (ʩʣʫʯʘʡʥʳʡ ʣʝʩ) ï ʘʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʩʘʤʙʣʷ 

ʨʝʰʘʶʱʠʭ ʜʝʨʝʚʴʝʚ. ɸʣʛʦʨʠʪʤ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʜʚʝ ʦʩʥʦʚʥʳʝ ʠʜʝʠ: ʤʝʪʦʜ ʙʵʛʛʠʥʛʘ ɹʨʝʡʤʘʥʘ ʠ ʤʝʪʦʜ ʩʣʫʯʘʡʥʳʭ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ. ɸʣʛʦʨʠʪʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʨʝʛʨʝʩʩʠʠ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ.  

ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʤʦʜʝʣʝʡ, ʩʨʘʚʥʠʤʦʝ ʩ SVM ʠ ʙʫʩʪʠʥʛʦʤ, ʠ ʣʫʯʰʝʝ, ʯʝʤ ʫ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

[6]. ɸʣʛʦʨʠʪʤ ʩʢʣʦʥʝʥ ʢ ʧʝʨʝʦʙʫʯʝʥʠʶ ʥʘ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯʘʭ, ʦʩʦʙʝʥʥʦ ʥʘ ʟʘʰʫʤʣʝʥʥʳʭ ʟʘʜʘʯʘʭ [13]. 
 

ʊʘʙʣʠʮʘ 1 

Предварительный анализ качеств методов классификации 

ʄʝʪʦʜʳ 

ʃʝʛʢʦʩʪʴ 

ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʠ 

ʇʨʦʩʪʦʪʘ 

ʨʝʘʣʠʟʘʮʠʠ 

ʅʠʟʢʠʝ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʳʝ ʟʘ-

ʪʨʘʪʳ 

ʉʢʦʨʦʩʪʴ ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʠ 

ʅʘʜʝʞʥʦʩʪʴ 

ʠ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʢ ʰʫ-

ʤʘʤ 

ʃʝʛʢʦʩʪʴ ʧʨʠ 

ʨʘʩʰʠʨʝʥʠʠ 

ʘʣʛʦʨʠʪʤʘ 

ʅʘʠʚʥʳʡ ɹʘʡʝʩ ʚʳʩʦʢʘʷ ʚʳʩʦʢʘʷ ɼʘ ʚʳʩʦʢʘʷ ʥʠʟʢʘʷ ʥʠʟʢʘʷ 

ɼʝʨʝʚʦ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ 
ʅʠʟʢʘʷ ʚʳʩʦʢʘʷ ʅʝʪ 

ʟʘʚʠʩʠʪ ʦʪ 

ʦʙʲʝʤʘ ʜʘʥʥʳʭ 
ʥʠʟʢʘʷ ʥʠʟʢʘʷ 

K-ʙʣʠʞʘʡʰʠʭ ʩʦ-

ʩʝʜʝʡ 
ʅʠʟʢʘʷ ʩʨʝʜʥʷʷ ʅʝʪ 

ʟʘʚʠʩʠʪ ʦʪ 

ʦʙʲʝʤʘ ʜʘʥʥʳʭ 
ʩʨʝʜʥʝʝ ʚʳʩʦʢʘʷ 

ʄʘʰʠʥʘ ʦʧʦʨʥʳʭ 

ʚʝʢʪʦʨʦʚ 
ʚʳʩʦʢʘʷ ʥʠʟʢʘʷ ɼʘ ʚʳʩʦʢʘʷ ʚʳʩʦʢʘʷ ʚʳʩʦʢʘʷ 

ʉʣʫʯʘʡʥʳʡ ʣʝʩ ʉʨʝʜʥʷʷ ʩʨʝʜʥʷʷ ʅʝʪ ʚʳʩʦʢʘʷ ʥʠʟʢʘʷ ʥʠʟʢʘʷ 
 

ʀʟ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ ʩʣʦʞʥʦ ʦʮʝʥʠʪʴ ʠʭ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʣʝʟʥʦʩʪʴ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʧʨʠ ʨʝʰʝʥʠʠ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ. ɹʘʟʘ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʘʨʜʠʦʣʦʛʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ, ʩʦʜʝʨ-

ʞʠʪ ʜʘʥʥʳʝ ʧʦ 1933 ʧʘʮʠʝʥʪʘʤ ʠ ʚʢʣʶʯʘʝʪ ʜʘʥʥʳʝ ʘʥʘʣʠʟʦʚ ʵʭʦ-ʢʘʨʜʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ 10 ʧʨʠʟʥʘʢʦʚ: 
 

ʊʘʙʣʠʮʘ 2 

Описание признаков объектов, представленных для сравнения методов классификации 

№ Название Сокращение Норма 

1 ɼʠʘʤʝʪʨ ʘʦʨʪʳ ɸʆ 30-40 ʤʤ 

2 ʃʝʚʦʝ ʧʨʝʜʩʝʨʜʠʝ ʃʇ <40 ʤʤ 

3 ʈʘʟʤʝʨ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʂɼʈ 35-55 ʤʤ 

4 ʈʘʟʤʝʨ ʃɾ ʚʦ ʚʨʝʤʷ ʩʦʢʨʘʱʝʥʠʷ ʂʉʈ 23-40 ʤʤ 

5 ʆʙʲʝʤ ʃɾ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʂɼʆ <150 ʤʣ 

6 ʆʙʲʝʤ ʃɾ ʚ ʩʦʩʪʦʷʥʠʠ ʩʦʢʨʘʱʝʥʠʷ ʂʉʆ <70 ʤʣ 

7 ʌʨʘʢʮʠʷ ʚʳʙʨʦʩʘ ʌɺ >59 % 

8 ʄʝʞʞʝʣʫʜʦʯʢʦʚʘʷ ʧʝʨʝʛʦʨʦʜʢʘ ʄɾʇ 7-11 ʤʤ 

9 ɿʘʜʥʷʷ ʩʪʝʥʢʘ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ɿʉʃɾ 7-11 ʤʤ 

10 ʇʨʘʚʳʡ ʞʝʣʫʜʦʯʝʢ ʇɾ 7-23 ʤʤ 
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ɺ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʜʠʘʛʥʦʟʳ ʧʘʮʠʝʥʪʦʚ ʙʳʣʠ ʫʧʨʦʱʝʥʳ ʜʦ 7 ʦʩʥʦʚʥʳʭ ʟʘ-

ʙʦʣʝʚʘʥʠʡ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʧʘʮʠʝʥʪʦʚ, ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʜʠʘʛʥʦʟʘ, ʠʤʝʣʠ ʧʦʙʦʯʥʳʝ ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʟʘ-

ʙʦʣʝʚʘʥʠʷ.  

ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʤʝʪʦʜʘʤ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʙʫʯʘʝʤʳʭ ʠ ʪʝʩʪʠʨʫʝʤʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ 

ʤʝʪʦʜʦʚ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʰʫʤʘʤ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 4 ʚʘʨʠʘʮʠʠ ʧʦʜʘʯʠ ʜʘʥʥʳʭ. ʆʙʲʝʤ ʪʝʩʪʠʨʫʝʤʳʭ ʜʘʥʥʳʭ 

ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 1 % ʜʦ 15 % ʠʟ 1933 ʦʙʲʝʢʪʦʚ, ʦʪʙʠʨʘʝʤʳʭ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. 

 

ʊʘʙʣʠʮʘ 3 

Результаты тестирования методов классификации при различных объемах тестовых данных. 

Методы 
1 % (19) 5 %(96) 10 %(193) 15 %(289) 

+ - + - + - + - 

ʅʘʠʚʥʳʡ ɹʘʡʝʩ 26,31 73,69 32,29 67,71 29,01 70,99 32,52 67,48 

ɼʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 73,68 26,32 46,87 53,13 43,00 57,00 48,09 51,91 

K-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ 47,36 52,64 36,45 63,55 43,52 56,48 44,98 55,02 

ʄʘʰʠʥʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ 52,47 47,53 46,87 53,13 48,18 51,82 50,51 49,49 

ʉʣʫʯʘʡʥʳʡ ʣʝʩ 63,15 36,85 47,91 52,09 43,52 56,48 50,17 49,83 

 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʤʝʪʦʜ çʅʘʠʚʥʳʡ ɹʘʡʝʩè ʜʘʝʪ ʥʘʠʭʫʜʰʠʡ ʨʝʟʫʣʴʪʘʪ. ʆʜʥʘʢʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʦ-

ʮʝʥʪ ʩʪʘʥʦʚʠʪʴʩʷ ʙʦʣʴʰʝ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʪʝʩʪʠʨʫʝʤʳʭ ʜʘʥʥʳʭ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʤʝʪʦʜʳ 

çɼʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡè ʠ çʉʣʫʯʘʡʥʳʡ ʣʝʩè, ʢʦʪʦʨʳʝ ʜʘʣʠ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ 

ʪʝʩʪʠʨʫʝʤʳʭ ʜʘʥʥʳʭ (ɻʠʩʪʦʛʨʘʤʤʘ 1). ʅʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʘʤ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚʝʩʴʤʘ ʥʝʩʪʘʙʠʣʴʥʦ, ʚ ʦʪʣʠ-

ʯʠʝ ʦʪ ʤʝʪʦʜʘ çʄʘʰʠʥʳ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚè. ʕʪʦʪ ʤʝʪʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʦ ʠ ʚʝʩʴʤʘ 

ʩʨʝʜʥʠʡ ʨʝʟʫʣʴʪʘʪ. ʄʝʪʦʜ çK-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡè ʧʦʢʘʟʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʦ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʡ ʧʨʦʮʝʥʪ ʦʩʪʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʤʝʥʝʝ 50 %. 

 

 
 

ɻʠʩʪʦʛʨʘʤʤʘ 1. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʦʮʝʥʪ ʩʦʚʧʘʜʝʥʠʡ ʧʨʠ ʦʙʲʝʤʝ ʜʘʥʥʳʭ ʚ 1 % 

 

 
 

ɻʠʩʪʦʛʨʘʤʤʘ 2. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʦʮʝʥʪ ʩʦʚʧʘʜʝʥʠʡ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ SVM 

 

Заключение 

ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 5 ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ 2 ʠʟ ʥʠʭ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʣʦʭʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʤʝʪʦʜ çɼʝʨʝʚʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡè ʧʦʢʘʟʳʚʘʝʪ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ 

ʥʘʠʤʝʥʴʰʝʤ ʦʙʲʝʤʝ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʚʦʟʤʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠʤʝʷ ʫʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ ʦʙʫʯʝʥʥʫʶ ʤʦʜʝʣʴ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʜʘʥʥʳʭ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʤʝʪʦʜ çʄʘʰʠʥʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚè ʧʦʢʘʟʳʚʘʝʪ ʜʦʚʦʣʴʥʦ ʩʨʝʜʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʦʜʥʘʢʦ 

ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʰʫʤʘʤ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʦʚ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ. ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, 
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ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ. ʊʘʢʞʝ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʣʝʛʢʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʠʣʠ ʧʝʨʝʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ, ʯʪʦ ʧʨʠ ʧʨʘʚʠʣʴ-

ʥʦʤ ʧʦʜʭʦʜʝ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʚʳʭʦʜʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 
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РАЗРАБОТКА СИСТЕМЫ ОНЛАЙН БРОНИРОВАНИЯ ГОСТИНИЦ 

УЗБЕКИСТАНА НА ОСНОВЕ ТЕХНОЛОГИЙ ПРОГРАММНОГО ИНЖИНИРИНГА 
 

 Б. Бобожанов1, М.Э. Артиков2, Ф.О. Абдуллаев3, О.К. Хужаев4 

1, 2, 3 ʤʘʛʠʩʪʨʘʥʪ, 4 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ  

ʋʨʛʝʥʯʝʩʢʠʡ ʬʠʣʠʘʣ ʊʘʰʢʝʥʪʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʨʦʥʠʨʦʚʘ-

ʥʠʷ ʛʦʩʪʠʥʠʮ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʦʢ ʇʆ ʚ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

Scala+PlayFramework. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʩʪʠʥʠʮʳ, ʙʨʦʥʠʨʦʚʘʥʠʝ, ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʞʠʥʠʨʠʥʛ, ʩʠʩʪʝʤʘ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ, ʠʥ-

ʬʦʨʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʪʝʭʥʦʣʦʛʠʠ, ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

 

Введение 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʚʥʝʜʨʝʥʠʝ ʚ ʨʘʟʣʠʯ-

ʥʳʝ ʩʬʝʨʳ ʧʦʣʫʯʘʶʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʩʬʝʨʳ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʛʦʩʫʜʘʨʩʪʚʘ 

ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʳʩʪʨʳʡ ʨʦʩʪ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʚ ʋʟʙʝʢʠʩʪʘʥʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘ-

ʥʠʷ ʫʜʦʙʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʥʫʞʜ ʠʥʦʩʪʨʘʥʥʳʭ ʠ ʤʝʩʪʥʳʭ ʪʫʨʠʩʪʦʚ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫ-

ʝʪ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ ʧʨʠʤʝʥʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʜʦʙʩʪʚ, ʚ ʵʪʦʡ 

ʩʬʝʨʝ. 

ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʩʬʝʨʝ ʩʝʨʚʠʩʘ ʫʜʝʣʷʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʣʘʥʘʭ ʨʫʢʦʚʦʜʩʪʚʘ ʩʪʨʘʥʳ ʧʦ ʨʘʟ-

ʚʠʪʠʶ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʅʘʧʨʦʪʠʚ, ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ, ʧʦ ʦʮʝʥʢʘʤ ɺʩʝʤʠʨʥʦʛʦ ʙʘʥʢʘ, ʩʝʨʚʠʩʥʳʡ ʩʝʢ-

ʪʦʨ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 70 % ʤʠʨʦʚʦʛʦ ɺɺʇ [6]. ʉ ʵʪʠʤ ʩʚʷʟʘʥʘ ʠ ʚʳʩʦʢʘʷ ʟʘʥʷʪʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ ʩʬʝʨʝ ʫʩʣʫʛ. 

ʅʘʧʨʠʤʝʨ, ʚ ʉʐɸ ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 79 % ʟʘʥʷʪʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ï 76 %, ʚʦ ʌʨʘʥ-

ʮʠʠ ï 74 % [4]. 

ʇʨʦʮʝʩʩ ʙʨʦʥʠʨʦʚʘʥʠʷ ʠʣʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʛʦʩʪʠʥʠʮ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʚʩʝʤ ʤʠʨʝ. 

ʂʨʫʧʥʳʝ ʛʦʩʪʠʥʠʮʳ ʜʘʚʥʦ ʧʨʘʢʪʠʢʫʶʪ ʙʨʦʥʠʨʦʚʘʥʠʝ ʥʦʤʝʨʦʚ, ʦʧʣʘʪʫ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʥʪʝʨʥʝʪʘ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʩʧʠʩʢʘ ʩʚʦʙʦʜʥʳʭ ʥʦʤʝʨʦʚ, ʧʦʣʫʯʘʶʪ ʧʦʜʨʦʙʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦ ʛʦʩʪʠʥʠʮʝ, ʩʧʠʩʦʢ ʙʦʥʫʩʥʳʭ ʫʩʣʫʛ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʜʘʥʥʦʡ ʛʦʩʪʠʥʠʮʝʡ, ʤʦʛʫʪ ʚʳʙʨʘʪʴ ʧʦʥʨʘ-

ʚʠʚʰʫʶʩʷ ʢʦʤʥʘʪʫ ʠʣʠ ʘʧʘʨʪʘʤʝʥʪʳ ʠ ʨʘʩʩʯʠʪʘʪʴ ʩʪʦʠʤʦʩʪʴ ʧʨʦʞʠʚʘʥʠʷ, ʩʠʜʷ ʫ ʩʝʙʷ ʜʦʤʘ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʚ ʛʦʩʪʠʥʠʮʘʭ ʋʟʙʝʢʠʩʪʘʥʘ ʧʦʚʳʩʠʪ ʠʭ ʧʨʝʩʪʠʞʥʦʩʪʴ ʠ ʧʨʠʚʣʝʢʫʪ ʥʦʚʫʶ ʘʫʜʠʪʦʨʠʶ ʪʫʨʠʩʪʦʚ. 

Постановка задачи 

ʊʨʝʙʫʝʪʩʷ ʚʳʙʨʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʦʢʘʟʘʥʠʷ ʪʫʨʠʩʪʠʯʝʩʢʠʭ 

ʫʩʣʫʛ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʠʥʩʪʨʫʤʝʥʪʘʨʠʠ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʠ ʰʘʙʣʦʥʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʦʥʣʘʡʥ ʩʝʨʚʠʩʦʚ. ʇʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

1. ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʥʣʘʡʥ ʦʧʣʘʪʳ; 

2. ʣʝʛʢʦʩʪʴ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʩʠʩʪʝʤʳ; 

3. ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

4. ʥʘʜʝʞʥʦʩʪʴ; 

5. ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʰʠʨʦʢʦʡ ʦʪʯʝʪʥʦʩʪʠ ʠ ʘʥʘʣʠʟʘ; 

Реализация 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʧʦʜʦʙʥʦʛʦ ʤʘʩʰʪʘʙʘ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʰʠʨʦʢʠʡ ʚʳʙʦʨ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʤʥʦʞʝʩʪʚʦ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Scala ʠ ʩʪʨʫʢʪʫ-

ʨʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ PlayFramework. 

Scala ï ʤʫʣʴʪʠʧʘʨʘʜʠʛʤʘʣʴʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʢʨʘʪʢʠʤ, ʠ ʪʠʧʦʙʝʟʦʧʘʩ-

ʥʳʤ ʜʣʷ ʧʨʦʩʪʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʦʯʝʪʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [1]. ɿʘ ʦʩʥʦʚʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʷʟʳʢʘ ʙʳʣʠ 

ʚʟʷʪʳ 2 ʠʜʝʠ: 

1. ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʇʆ ʜʦʣʞʝʥ ʙʳʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ. 

2. ʄʘʩʰʪʘʙʠʨʫʝʤʘʷ ʧʦʜʜʝʨʞʢʘ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʊʘʢ ʞʝ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʟʳʢʘ Scala ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʇʆ PlayFramework, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

PlayFramework ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʧʨʦʩʪʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʘʟʦʡ ʜʘʥʥʳʭ ï Hibernate 
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ʠ ʧʨʝʜʣʘʛʘʝʪ ʨʘʙʦʪʫ ʩ ʪʘʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʢʘʢ: OpenID, MemCache ʠ WebService [3]. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ ʢʣʠʝʥʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ, ʠ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʦʩ-

ʥʦʚʝ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʦʛʨʦʤʥʳʤ ʫʧʫʱʝʥʠʝʤ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦ-

ʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʘ ï ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʘ, ʚ ʢʦʪʦʨʦʡ 

ʬʫʥʢʮʠʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚʳʥʝʩʝʥʘ ʥʘ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʦʪʜʝʣʴʥʳʭ ʩʝʨʚʝʨʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ 

ʬʫʥʢʮʠʠ ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʝʨʚʝʨʦʚ ʠ ʢʣʠʝʥʪʦʚ [1]. 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪ ʚʨʝʤʷ ʥʘ ʨʝʘʣʠʟʘʮʠʶ 

ʧʨʦʝʢʪʘ, ʨʘʩʰʠʨʝʥʠʶ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʤʦʜʫʣʝʡ. 

ʄʥʦʛʦʤʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʩʠ-

ʩʪʝʤʳ, ʥʝ ʧʝʨʝʜʝʣʳʚʘʷ ʠ ʥʝ ʧʝʨʝʨʘʙʘʪʳʚʘʷ ʫʞʝ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʤʦʜʫʣʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʤʦʜʫʣʴ ʩʠʩʪʝ-

ʤʳ ʤʘʥʠʧʫʣʠʨʫʝʪ ʪʝʤʠ ʜʘʥʥʳʤʠ, ʢ ʢʦʪʦʨʳʤ ʠʤʝʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʜʘʥʥʳʝ ʩʪʦʨʦʥʥʠʭ 

ʤʦʜʫʣʝʡ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʘʚ ʜʦʩʪʫʧʘ (Access Control List) [2]. ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʩʧʦʩʦʙ ʨʝʘʣʠʟʘʮʠʠ ʦʙʝʩʧʝʯʠʪ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ. 

ʂʨʘʪʢʦ ʦʧʠʰʝʤ ʨʘʙʦʪʫ ʦʩʥʦʚʥʳʭ ʤʦʜʫʣʝʡ: 

1. ɻʦʩʪʠʥʠʮʳ ï ʜʘʥʥʳʡ ʤʦʜʫʣʴ ʨʘʙʦʪʘʝʪ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʛʦʩʪʠʥʠʮ, ʚʳʜʘʯʠ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʧʠʩʢʘ ʩʚʦʙʦʜʥʳʭ ʥʦʤʝʨʦʤ, ʧʨʦʚʦʜʠʤʳʭ ʘʢʮʠʷʭ ʠ ʪ.ʜ. 

2. ʇʦʣʴʟʦʚʘʪʝʣʴ ï ʤʦʜʫʣʴ ʨʘʙʦʪʳ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩʠʩʪʝʤʳ, ʦʙʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ, ʭʨʘʥʝʥʠʝ ʣʠʯʥʳʭ 

ʜʘʥʥʳʭ. 

3. ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ ï ʨʘʙʦʪʦʡ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʩ ʛʦʩʪʠʥʠʮʘʤʠ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤʠ ʠʤʠ ʫʩʣʫʛʘʤʠ. 

4. ʉʪʘʪʠʩʪʠʢʘ ï ʵʪʦʪ ʤʦʜʫʣʴ ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʜʝʥʠʝ ʦʪʯʝʪʥʦʩʪʠ, ʛʝʥʝʨʘʮʠʶ ʧʦʜʨʦʙʥʦʡ ʦʪʯʝʪʥʦʩʪʠ, ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʛʦʩʪʠʥʠʮ ʥʘ ʙʣʠʞʘʡʰʠʡ ʪʫʨʠʩʪʠʯʝʩʢʠʡ ʩʝʟʦʥ. 

5. ʇʦʠʩʢ ï ʧʦʠʩʢʦʚʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʦ ʦʢʘʟʘʥʠʶ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʫʩʣʫʛ. 

 

 
 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, çʩʝʨʚʝʨ-ʩʠʩʪʝʤʘè ʷʚʣʷʝʪʩʷ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʦʙʲʝʜʠʥʷʶʱʝʡ ʚ 

ʩʝʙʝ ʚʩʝ ʤʦʜʫʣʠ ʩʠʩʪʝʤʳ, ʧʨʠ ʵʪʦʤ ʤʦʜʫʣʠ ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ ʠ ʫʧʨʘʚʣʷʶʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʣʠ ʥʘʧʨʷʤʫʶ 

ʯʝʨʝʟ ʛʣʘʚʥʳʡ ʤʦʜʫʣʴ. ʊʘʢ ʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʣʠʟʦʚʳʚʘʝʤʳʝ ʤʦʜʫʣʠ ʜʦʣʞʥʳ ʪʘʢ ʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʥʝ ʥʘʨʫʰʘʷ ʠ ʥʝ ʚʣʠʷʷ ʥʘ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ ʤʦʜʫʣʷ, ʩ ʢʦʪʦʨʳʤ ʚʝʜʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʅʘʧʨʠʤʝʨ, ʤʦʜʫʣʴ çɻʦʩʪʠʥʠʮʘè ʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩʦ çʉʪʘʪʠʩʪʠʢʦʡè, ʥʦ ʧʨʠ ʵʪʦʤ ʨʘʩʯʝʪ ʦʪʯʝʪʥʦʩʪʠ, ʠʣʠ ʛʝʥʝ-

ʨʘʮʠʷ ʘʥʘʣʠʟʘ ʛʦʩʪʠʥʠʮ ʥʝ ʜʦʣʞʥʘ ʚʣʠʷʪʴ ʥʘ ʨʘʙʦʪʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʤʦʜʫʣʝ çɻʦʩʪʠʥʠʮè. 

Заключение 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʣʘʛʘʶʪ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʨʘʟʣʠʯʥʳʭ ʠʥ-

ʩʪʨʫʤʝʥʪʘʨʠʝʚ ʨʘʟʨʘʙʦʪʢʠ ʢʨʫʧʥʳʭ ʦʪʨʘʩʣʝʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ. ɺʳʜʝʣʷʝʪʩʷ ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Scala ʠ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʇʆ PlayFramework, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠ-

ʨʫʝʤʳʝ ʧʨʠʣʦʞʝʥʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʠʪ: 

1. ʉʬʦʨʤʠʨʦʚʘʪʴ ʝʜʠʥʫʶ, ʩʠʥʭʨʦʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ; 

2. ʇʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʢʘʟʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʫʩʣʫʛ ʚ ʩʬʝʨʝ ʪʫʨʠʟʤʘ; 

3. ʇʨʠʚʣʝʢʘʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʦʩʪʨʘʥʥʳʭ ʪʫʨʠʩʪʦʚ; 

4. ʇʦʚʳʩʠʪ ʢʘʯʝʩʪʚʦ ʫʩʣʫʛ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ; 

5. ʉʦʢʨʘʪʠʪ ʨʘʩʭʦʜʳ ʥʘ ʧʦʙʦʯʥʳʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ; 

6. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʦʪʯʝʪʥʦʩʪʠ ʠ ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʩʪʠʥʠʮ; 

7. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʩʝʟʦʥʘʭ. 
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Abstract. In this article, the principles of Uzbekistan hotel booking software development on the basis of pro-

ject engineering are considered. As a result of software development systems analysis, the development of system with 

the usage of Scala+PlayFramework technology is offered in this article. 
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Abstract. This article proposes the method, algorithm and software to detect the objects represented by the set 

of different types of characters belong to which one of the pre-defined learning samples on the base of algorithms cal-

culating grades. 

Keywords: data mining, symbol detection, information character set, information capacity criteria, classifica-

tion, training selection. 

 

1. Introduction 
Symbol detection is one of the main issues of data mining. A number of well-known scientists carried out their 

research to solve this problem [1-5]. 

Indeed, selection of methods and algorithms to solve these problems is closely connected with characters rep-

resenting target objects and characteristics.  

For instance, if the character set consists of {0,1}, then the methods and algorithms recommended in [1, 2, 3, 4] 

are perfect fit to solve this problem. If characters are real numbers, then method and algorithm recommended by the 

authors [2, 4], and if the characters are of different types, then the method and algorithm recommended by the authors 

[1, 3] should be applied to solve the problem. 

This article suggests the modification of methods and algorithms recommended by the authors [2, 3, 4, 5], and 

it proposes the method, algorithm and software to solve the main problem of symbol detection using the set of different 

types of characters.  

2. Problem statement 

Letôs suppose a learning sample is given , and this learning sample is divided into disjoint subsets 

 The object of the learning sample is given on Euclidean space with N dimensional character set 

. Let us assume that subset  includes  number of  objects, and each object is repre-

sented as  in the N dimensional character set. 

It is required to create the method, algorithm and software to determine that unidentified objects of the control 

sample, the main issue of symbol detection, belong to which of the learning samples. 

3. The decisive rule based on algorithms calculating grades 
In this paragraph the decisive algorithm to determine unidentified characters of different types that is to say 

control objects to which one of the given Xéé..classes belongs is proposed. 

As a rule, the control object  is defined in N-dimensional character set and it is required 

to find to which class, that is to say, to which learning sample it belongs. The decisive rule algorithm to detect the con-

trol object is given below: 

1. The control object  is compared with every of learning samples 

 at the intersection of characters. 

The comparison process is carried out in two different ways. It depends on the representation of the character: 

if a character is presented in a logical form, then the voting process is carried out by simple comparison. If the charac-

ters are equal it is considered as voted, otherwise not voted; if the characters are presented by numbers, then the voting 

process is determined by finding the minimum of the total sum of average modular distinction of corresponding charac-

ters of the control object and learning samples. 

2. According to the number of accumulated votes, which learning sample objects vote for the control object 

more, the control object is considered to belong to this learning sample. 

This decisive rule of determining the control object has been tested for three classes of objects given by ñFlex-

ible examinationò method. 

4. The experimental test work – “Flexible Examination” method 
This method is considered as one of widely used methods to solve the issues of symbol detection, its imple-

mentation algorithm is as follows: 

1. The learning sample is formed at the intersection of characters based on limited, random numbers within 

the given limit. 
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2. The control object is excluded from the learning sample, afterwards the learning process is carried out on 

the base of above-mentioned decisive rule algorithm and it is determined to which learning sample the control object 

belongs. 

3. The program also determines the level of significance of the character set.  

4. This process is determined using complete selection method, and the selective number of characters L var-

ies from 1 to N, and on the base of above mentioned decisive rule according to the jurisdiction percent. The maximum L 

with the most jurisdiction percent is considered optimal. 

5. Conclusion 

1. Algorithm to form the learning sample of different character types in symbol detection has been proposed; 

2. Decisive rule has been built based upon grade calculation and using the learning sample represented by dif-

ferent character types; 

3. The algorithm of informative character set selection has been worked out using the combination of com-

plete selection and decisive rule methods. 
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ОБ АЛГОРИТМЕ И МЕТОДЕ ОБУЧАЮЩЕЙСЯ ВЫБОРКИ, 

ОСНОВАННЫХ В АЛГОРИТМАХ, ВЫЧИСЛЕНИЕ ОЦЕНОК 
 

М.М. Камилов1, О.К. Юсупов2, Т.А. Юсупов3 

1 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 2, 3 ʤʘʛʠʩʪʨʘʥʪ 
1 ʊʘʰʢʝʥʪʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ʊʝʭʥʦʣʦʛʠʡ 

2, 3 ʋʨʛʝʥʯʝʩʢʠʡ ʬʠʣʠʘʣ ʊʘʰʢʝʥʪʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ʊʝʭʥʦʣʦʛʠʡ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʠ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʦʮʝʥʦʢ ʧʨʠʥʘʜʣʝʞ-

ʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʨʘʟʥʦʪʠʧʥʳʭ ʦʙʲʝʢʪʦʚ ʢ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʲʝʢʪʘʤ ʦʙʫʯʘʶʱʝʡʩʷ ʚʳʙʦʨʢʠ, ʘ ʪʘʢʞʝ 

ʨʝʘʣʠʟʘʮʠʷ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʥʘʙʦʨ 

ʧʨʠʟʥʘʢʦʚ, ʢʨʠʪʝʨʠʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ.  
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LANDWEBER ITERATION METHOD FOR SOLVING OPERATOR EQUATIONS L(U ̅ )=F ̅ 
 

 I.B. Nurakhmetov, Candidate for a Masterôs Degree of Mechanics and Mathematics Department 

Kazakh National University (Almaty), Kazakhstan 
 

Abstract. The article is devoted to one of the modern ways of research in the theory of ill-posed problems ï 

inverse problems for hyperbolic equations. The solution of inverse problems was suggested by Landweber. The aim of 

this work is development of mathematical models and their efficient numerical methods for solving inverse problems of 

fundamental research. The research problem is to develop a mathematical model for solving inverse problems of 

Landweber method hyperbolic type; development of a numerical algorithm for solving nonlinear operator equations 

based on ENO; software implementation of numerical methods for solving these equations; explore and analyze the 

graphs produced during the study. The urgency of solving inverse problems for hyperbolic type equations by 

Landweber is caused by their decision ï without the use of computer technology it is almost impossible and the only 

means for the study of complex unsteady nonlinear hyperbolic equations. The article deals with the coefficient and 

boundary inverse problems for hyperbolic equations by Landweber. Most of the complexity of solving such problems 

caused them non-linearity and incorrect, and the complexity manifested itself most often in the instability error in the 

input data required the development of special regularizing methods and computational algorithms. Developed in the 

course of research numerical algorithm and software complex calculations can be effectively used for qualitative and 

quantitative analysis in the design of various configurations of aircraft to create a controlled effort; with projections of 

real firing installations; for the prediction of environmental pollution. 

Keywords: problem, Landweber, parameter, approximate, scheme, integrodifferential equations. 
 

Introduction 

The inverse problem can be viewed as the problem of solving nonlinear operator equations 
 

                                                                                          A(q)=f                                                                                      (1) 
 

where the operator A maps the parameter q additional information on the solution of the direct problem: 
 

 
 

The study of the domain, the domain of values and properties of the operator A is self-interest. 

It is required to find q ï the inverse problem, namely to solve the equation (1) and find 
 

                                                                                                                                                                        (2) 

 

Another approach to solving inverse problems based on the use of methods of optimal control theory. Requires 

management to determine q, minimizes the function 
 

                                                                                                                                                         (3) 
 

For the approximate solution of the minimization problem 
 

 
 

methods can be applied using a functional gradient J(q): the steepest descent method, the gradient projection method, 

the conditional gradient method, conjugate gradient method, etc. 

Gradient methods is to construct a sequence {} by the rule 
 

                                                                                                                                    (4) 
 

where  ~ some given initial approximation,  ~ positive parameter and  ~ functional gradient. There are 

different ways of selecting the values of  in the method (4). 

The general scheme of Landweber method  

We consider Landweber method of iterations  
 

                                                                                                                                 (5) 
 

                                                           
É Nurakhmetov I.B. / ʅʫʨʘʭʤʝʪʦʚ ʀ.ɹ., 2015 
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where  ï some positive parameter (initial approximation  is assumed to be given). 

Note that if you enter the objective functional J(q), then Landweber method of iterations can be seen as an 

optimization method with fixed parameter  descent. In fact, it is easy to show that 
 

 
 

If the condition 
 

                                                                                  (6) 
 

in a ball containing the initial approximation q and the exact solution , and  - a positive number, the 

Landweber (5) iteration converge to the exact solution,  

Landweber iteration method of determining the coefficients of the equation  

Consider the problem of determining the two-dimensional factor in the equation of oscillations. The inverse 

problem is formulated as a system of integrodifferential equations. Based on the projection method of the inverse 

problem it is reduced to a finite system of integral equations of investigated Landweber iteration method. The 

convergence of the method and the rate of convergence are shown. 

We consider the inverse problem of finding functions  
 

                                                                                                (7) 
 

; 
 

 
 

 
 

 
 

The inverse problem (7) reduces to solving a system of integrodifferential equations: 
 

 
 

 
 

where . In the system of integrodifferential equations (8), (9) it is required to find the function 

 and  from the known h(x,y,t), , . 

Suppose that ,  (for arbitrary data  and  study is similar). 

Suppose that  is the Fourier series in the variable y functions u and . 

From (8), (9), we obtain a finite system of equations for the Fourier coefficients 
 

 
 

 
 

where  and . 

Consider Landweber iteration method for solving N ï approximations system of equations (10), (11): 
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where . The system (12), (13) can be rewritten in the form 

 

 
 

All of the following results can be obtained for two-dimensional equations of acoustics. 

#include <iostream> 

#include <cstdio> 

#include <cstdlib> 

#include <math.h> 

#include <conio.h> 

using namespace std; 

main() 

{  

FILE *fl;  

 fl=fopen("out.dat","w"); 

 fprintf(fl,"TITLE = ' inverse problem'\n"); 

 fprintf(fl,"VARIABLES = 'Q', 'Y'\n");  

int N=10,i,j,k,n=0; 

double h,max,temp,e=1e-6,Jq, Je=1e-3, alfa=1e-3; 

h=1.0/double(N); 

double **u=new double *[N+1], *q=new double [N+1], *f=new double [N+1], **ksi=new double *[N+1]; 

for(i=0; i<=N; i++) 

{  

 u[i]=new double [N+1]; 

 ksi[i]=new double [N+1]; 

}  

for(i=0; i<=N; i++) 

 for(j=0; j<=N; j++) 

 {  

 u[i][j]=0;  

 ksi[i][j]=0;  

 }  

for(j=0; j<=N; j++) 

{  

q[j]=0; 

f[j]=M_PI*sin(M_PI*j*h);  

}  

for(;;) 

{  

 n++;  

k=0; 

do 

 {  

 k++; 

 for(j=0; j<=N; j++) 

 {  

 u[0][j]=u[1][j];  

 u[N][j]=q[j];  

 }  

 for(i=1; i<N; i++) 

 {  

 u[i][0]=0; 

 u[i][N]=0;  

 }  

 max=0; 

 for(i=1; i<N; i++) 

 for(j=1; j<N; j++) 
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 {  

 temp=u[i][j]; 

 u[i][j]=(u[i][j+1]+u[i][j -1]+u[i+1][j]+u[i -1][j])/4;  

 if(fabs(temp-u[i][j])>=max) 

 max=fabs(temp-u[i][j]);  

 }  

 } while(max>e);  

 Jq=(h/2.0)*(pow(u[0][0]-f[0],2)+pow(u[0][N]-f[N],2)); 

 for(j=1; j<N; j++) 

 Jq+=pow(u[0][j]-f[j],2)*h;  

 

 printf("J(q)=%lf\n", Jq); 

 if(Jq<Je) 

 break; 

 else 

 {  

 k=0; 

do 

 {  

 k++; 

 for(j=0; j<=N; j++) 

 {  

 ksi[0][j]=ksi[1][j] -2*h*(u[0][j] -f[j]);  

 ksi[N][j]=0;  

 }  

 for(i=1; i<N; i++) 

 {  

 ksi[i][0]=0; 

 ksi[i][N]=0;  

 }  

 max=0; 

 for(i=1; i<N; i++) 

 for(j=1; j<N; j++) 

 {  

 temp=ksi[i][j]; 

 ksi[i][j]=(ksi[i][j+1]+ksi[i][j -1]+ksi[i+1][j]+ksi[i -1][j])/4;  

 if(fabs(temp-ksi[i][j])>=max) 

 max=fabs(temp-ksi[i][j]);  

 }  

 } while(max>e);  

  

 for(j=0; j<=N; j++) 

 q[j] -=alfa*(-ksi[N-1][j]/h);  

  

 if(n==1) 

 {  

 fprintf(fl,"ZONE J=%d\n",N+1); 

 for(j=0; j<=N; j++) 

 fprintf(fl,"%lf %lf \n",j*h,q[j]);  

 }  

 /*if(n%100==0) 

 {  

 fprintf(fl,"ZONE J=%d\n",N+1); 

 for(j=0; j<=N; j++) 

 fprintf(fl,"%lf %lf \n",j*h,q[j]);  

 }*/  

 if(n==194303) 

 {  

 fprintf(fl,"ZONE J=%d\n",N+1); 

 for(j=0; j<=N; j++) 

 fprintf(fl,"%lf %lf \n",j*h,q[j]);  
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 }  

 

 }  

}  

fprintf(fl,"ZONE J=%d\n",N+1); 

 for(j=0; j<=N; j++) 

 fprintf(fl,"%lf %lf \n",j*h,cosh(M_PI)*sin(M_PI*j*h));  

 fclose(fl); 

printf("n=%d\n", n); 

FILE *flu;  

 flu=fopen("outu.dat","w"); 

 fprintf(flu,"TITLE = 'Inverse'\n"); 

 fprintf(flu,"VARIABLES = 'X', 'Y', 'U', 'KSI', 'EX'\n"); 

 fprintf(flu,"ZONE I=%d J=%d\n",N+1,N+1); 

 for(i=0; i<=N; i++) 

 for(j=0; j<=N; j++) 

 fprintf(flu,"%lf %lf %lf %lf %lf \n",i*h,j*h, u[i][j], ksi[i][j], sinh(M_PI*i*h)*sin(M_PI*h*j));  

 fclose(flu); 

for(i=0; i<=N; i++) 

{  

delete [] u[i]; 

delete [] ksi[i]; 

}  

 delete [] q; 

 delete [] f; 

getch(); 

 return 0; 

}  

 

 
 

Figure 1.  ï accurate solutions and  ï initial approximation 

 

 
 

Figure 2. Schedule of additional information  



ISSN 2308-4804. Science and world. 2015. № 5 (21). Vol. I. 

 

 

24 

 

 
 

Figure 3.  ï accurate solutions and  ï initial approximation for n = 5000 ï the number of iterations 
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ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ 

ʦʙʨʘʪʥʳʝ ʟʘʜʘʯʠ ʜʣʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʃʘʥʜʚʝʙʝʨʘ. ɹʦʣʴʰʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʝʰʝʥʠʷ ʪʘʢʠʭ 

ʟʘʜʘʯ ʚʳʟʚʘʣʠ ʠʭ ʥʝʣʠʥʝʡʥʦʩʪʴ ʠ ʥʝʢʦʨʨʝʢʪʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʧʨʦʷʚʠʣʘʩʴ ʯʘʱʝ ʚʩʝʛʦ ʚ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʛʫʣʷʨʠʟʠʨʫʶʱʠʭ 

ʤʝʪʦʜʦʚ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ 

ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʩʯʝʪʘ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ ʫʩʠʣʠʡ; ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʘʣʴʥʳʭ ʪʦʧʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ; ʜʣʷ 

ʧʨʦʛʥʦʟʘ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʝʟʦ-ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʩʰʪʘʙʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʙʣʝʤʘ, ʃʘʥʜʚʝʙʝʨ, ʧʘʨʘʤʝʪʨ, ʧʨʠʙʣʠʞʝʥʠʝ, ʩʭʝʤʘ, ʠʥʪʝʛʨʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ. 
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КОНЦЕПТУАЛЬНЫЕ ОСНОВЫ УПРАВЛЕНИЯ КАЧЕСТВОМ  

ПЕДАГОГИЧЕСКОГО ОБРАЗОВАНИЯ В ВЫСШЕЙ ШКОЛЕ 
 

 Е.К. Сарбасов1, С.И. Тулепова2, З.Е. Шагатаева3 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʤʘʛʠʩʪʨ ʧʝʜʘʛʦʛʠʢʠ, 3 ʤʘʛʠʩʪʨ ʦʙʨʘʟʦʚʘʥʠʷ 

ɾʝʪʳʩʫʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ɾʘʥʩʫʛʫʨʦʚʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʫʧʨʘʚʣʝ-

ʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʳʝ, ʢʚʘʣʠʤʝʪʨʠ-

ʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʠʥʮʠʧʦʚ, ʧʫʪʝʡ ʠ ʩʨʝʜʩʪʚ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʮʝʧʮʠʷ, ʩʠʥʝʨʛʝʪʠʢʘ, ʢʚʘʣʠʤʝʪʨʠʷ, ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ, ʩʪʨʫʢʪʫʨʘ, ʫʧʨʘʚʣʝʥʠʝ, 

ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʩʫʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʥʷʪʠʝ çʢʦʥʮʝʧʮʠʷè ʧʨʦʯʥʦ ʫʢʦʨʝʥʠʣʦʩʴ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʥʘʫʢʝ. ʏʪʦʙʳ ʧʦʥʷʪʴ 

ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʩʣʦʚʘ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠʩʪʦʨʠʶ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʝʝ ʛʣʫʙʠʥʥʳʡ ʩʤʳʩʣ. ʇʦʥʷʪʠʝ ʢʦʥ-

ʮʝʧʮʠʷ, ʢʦʪʦʨʦʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ, ʧʨʦʠʟʦʰʣʦ ʦʪ ʣʘʪʠʥʩʢʦʛʦ ʩʣʦʚʘ çconceptioè. ʊʝʨʤʠʥ ʢʦʥʮʝʧʮʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʜʚʫʭ ʟʥʘʯʝʥʠʷʭ. ʇʝʨʚʦʝ ï ʚʝʜʫʱʘʷ ʠʜʝʷ, ʦʩʥʦʚʥʘʷ ʤʳʩʣʴ, ʚʪʦʨʦʝ ʫʧʦʤʠʥʘʝʪʩʷ ʢʘʢ ʩʠʥʦʥʠʤ 

ʧʦʥʷʪʠʡ: ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ, ʧʨʠʥʮʠʧʳ, ʬʘʢʪʦʨʳ, ʫʩʣʦʚʠʷ, ʤʝʭʘʥʠʟʤʳ 

ʚ ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢʘʭ [3]. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʙʫʜʝʤ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʚʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʥʷʪʠʷ çʢʦʥ-

ʮʝʧʮʠʷè. 

ʄʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦʥʷʪʠʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʚ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʩʣʦʚʘʨʷʭ: 

1. ʩʠʩʪʝʤʘ ʚʟʛʣʷʜʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ ʚ ʦʙʱʝʩʪʚʝ ʠ ʧʨʠʨʦʜʝ [1]; 

2. ʦʩʥʦʚʥʘʷ ʠʜʝʷ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʘʪʝʛʠʶ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʣʘʥʦʚ, ʧʨʦʝʢʪʦʚ, ʧʨʦʛʨʘʤʤ, ʨʝʬʦʨʤ; 

3. ʧʨʠʥʮʠʧʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʪʨʘʪʝʛʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [4]; 

4. ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʚʣʝʥʠʷ, ʝʛʦ ʟʥʘʯʝʥʠʷ, ʩʪʨʫʢʪʫʨʳ ʠ ʝʛʦ ʧʨʠʥʮʠʧʦʚ [2]; 

5. ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʠ, ʩʪʨʫʢʪʫʨʳ, ʜʚʠʞʫʱʠʭ ʩʠʣ, ʤʝʪʦʜʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ [2]. 

ʈʘʩʩʤʦʪʨʝʚ ʟʥʘʯʝʥʠʝ ʵʪʠʭ ʧʦʥʷʪʠʡ, ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʥʮʝʧʮʠʠ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʦʛʦ ʧʦʥʷʪʠʷ, ʮʝʣʴ, ʧʨʘʚʦʚʳʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ; ʦʙʱʠʝ ʧʨʘʚʠʣʘ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʪʝ-

ʛʦʨʠʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ; ʧʨʦʮʝʩʩʳ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʧʨʠʥʮʠʧʳ ʨʘʟʚʠʪʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ; ʦʥʘ ʥʘʭʦʜʠʪ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʷʭ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʜʘʛʦʛʦʚ; ʚ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʷʭ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ, ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʦʥʮʝʧʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʝʜʘ-

ʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʳʩʰʝʡ ʰʢʦʣʝ ʩ ʧʦʟʠʮʠʠ ʩʠʩʪʝʤʥʦʛʦ, ʩʠʥʝʨʛʝʛʠʯʝʩʢʦʛʦ, ʢʚʘʣʠʤʝʪʨʠʯʝʩʢʦʛʦ, ʢʦʤʧʝ-

ʪʝʥʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʦʚ, ʝʝ ʮʝʣʠ, ʩʦʜʝʨʞʘʥʠʷ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʤʝʪʦʜʦʚ, ʫʩʣʦʚʠʡ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʢʘʢ ʜʠʥʘʤʠ-

ʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʪʦʜʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʥʠʡ. ʉʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʫ ʢʦʥ-

ʮʝʧʮʠʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ï ʵʪʦ ʩʦʮʠʘʣʴʥʳʡ ʟʘʢʘʟ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʙʱʝʩʪʚʘ, ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦ-

ʨʳʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʣʠʯʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʝʜʘʛʦʛʘ, ʙʫʜʫʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ.  

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʥʮʝʧʮʠʠ ʩʣʦʞʥʘ. ʉʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦ ʤʥʦʛʠʭ ʘʩʧʝʢʪʘʭ, ʩ ʨʘʟʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. 

ʋʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʤʠ ʩ ʧʦʟʠʮʠʠ ʩʠʩʪʝʤʥʦʛʦ, ʩʠʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʠ ʢʚʘʣʠʤʝʪʨʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ɺʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ï ʝʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ɺ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ ʢʘʢ ʩʠʩʪʝʤʳ ʣʝʞʠʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ. ʆʩʥʦ-

ʚʦʡ ʢʦʥʮʝʧʮʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʮʝʣʴ ʢʘʢ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ. 

ʎʝʣʴ ʢʦʥʮʝʧʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ ʧʝ-

ʜʘʛʦʛʦʚ ʚ ʚʳʩʰʝʡ ʰʢʦʣʝ, ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʠ ʤʝʪʦʜʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʧʝʜʘʛʦʛʦʤ ʠ 

ʩʪʫʜʝʥʪʘʤʠ. 

ʀʟ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʮʝʣʠ ʢʦʥʮʝʧʮʠʠ ʠʩʭʦʜʷʪ ʦʪʜʝʣʴʥʳʝ ʟʘʜʘʯʠ; ʵʪʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʫʧʨʘʚʣʝʥʠʝʤ ʢʘʯʝ-

ʩʪʚʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʦʜʭʦʜʦʚ ʩʠʥʝʨʛʝʪʠʢʠ, ʩʠʩʪʝʤʥʦʩʪʠ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʢʚʘʣʠʤʝʪʨʠʠ; ʩʪʫʜʝʥʪ ʠʟ 

ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʢʘʪʝʛʦʨʠʶ ʩʫʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ; ʥʘ ʫʨʦʚʥʝ ʩʦʜʝʨʞʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ; ʥʘ ʫʨʦʚʥʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩʫʙʲʝʢʪʦʚ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘ ʜʠʘʛʥʦʩʪʠʢʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʘʚʣʝʥʠʝ ʠʟʤʝʨʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʘʞʥʘʷ ʯʘʩʪʴ ʤʝʪʦʜʘ ʦʙʱʝʛʦ ʢʦʥʪʨʦʣʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʘʚ-

ʣʝʥʥʘʷ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʝʨʝʭʦʜ ʥʘ ʫʨʦʚʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠ-

ʪʝʨʠʝʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʤʘʩʪʝʨʩʪʚʘ, ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʣʶʙʘʷ 

ʩʦʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ, ʣʦʛʠʯʝʩʢʠ ʧʦʢʘʟʘʪʝʣʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʥ-
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ʮʝʧʮʠʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʮʝʣʦʩʪʥʦʩʪʴ ʩʠʩʪʝʤʳ [5]. ɼʠʥʘʤʠʢʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʥʮʝʧʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʦʙʱʝʩʪʚʘ, ʝʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴʶ ʥʘ ʨʝʟʫʣʴ-

ʪʘʪ. ʉʦʜʝʨʞʘʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ ʢʦʥʮʝʧʮʠʠ ʩʦʩʪʘʚʣʷʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʧʨʠʥʮʠʧʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʝʜʘ-

ʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʳʩʰʝʡ ʰʢʦʣʝ. 

ɺ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚʘʞʥʳʝ, ʦʙʲʝʢʪʠʚʥʳʝ, ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʩʚʷʟʠ ʤʝʞʜʫ ʷʚʣʝʥʠʷʤʠ. ɺ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʥʘʫʢʝ ʩʫʱʝʩʪʚʫʶʪ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʨʠ-

ʩʫʱʠʝ ʪʦʣʴʢʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʥʘʫʢʝ, ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʘʩʘʶʱʠʝʩʷ ʢʦʥʢʨʝʪʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ, 

ʠʩʩʣʝʜʫʝʤʳʝ ʷʚʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʫʨʦʚʥʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʉʫʱʝ-

ʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʩʥʦʚʫ ʢʘʯʝʩʪʚʘ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ: ʢʘʢ ʠ ʚʩʷʢʘʷ ʩʦʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ï ʦʪʢʨʳʪʦʝ ʷʚʣʝʥʠʝ, ʥʘ ʥʝʛʦ ʪʘʢʞʝ ʠʤʝ-

ʝʪ ʚʣʠʷʥʠʝ ʚʥʝʰʥʷʷ ʩʨʝʜʘ; ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʘʤʦʨʝʛʫʣʷʮʠʠ; ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʝ-

ʩʪʚʝʥʥʳʤʠ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʦʙʱʝʩʪʚʘ ʢ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʤ ʫʯʨʝʞʜʝʥʠʠ; ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʮʠʘʣʴʥʳʤ ʟʘʢʘʟʦʤ ʦʙʱʝʩʪʚʘ, 

ɿʘʢʦʥʦʤ ʦʙʨʘʟʦʚʘʥʠʷ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʧʨʦʩʦʤ; ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ï ʜʚʫʩʪʦʨʦʥʥʠʡ ʧʨʦʮʝʩʩ ʦʙʫʯʘʶʱʝʛʦ 

ʠ ʦʙʫʯʘʝʤʳʭ, ʪʚʦʨʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʙʫʯʘʝʤʦʛʦ ï ʨʝʟʫʣʴʪʘʪ ʧʨʦʜʫʤʘʥʥʦʡ ʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝ-

ʜʘʛʦʛʘ; ʩʦʩʪʦʠʪ ʠʟ ʠʝʨʘʨʭʠʠ ʠ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺ ʥʘʰʝʡ ʩʪʘʪʴʝ ʤʳ ʚʳʜʝʣʠʤ ʥʝʩʢʦʣʴ-

ʢʦ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʘʩʘʝʤʳʭ ʧʨʝʜʤʝʪʘ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʪʦ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ 

ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʦʚ, ʨʘʟʚʠʪʠʝ ʦʜʥʦʛʦ ʵʪʘʧʘ ʟʘʚʠʩʠʪ ʦʪ ʜʨʫʛʦʛʦ ʵʪʘʧʘ; ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʜʘʛʦʛʘ ʠ ʫʯʝʙʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʪʫʜʝʥʪʘ; ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ 

ʧʝʜʘʛʦʛʦʤ ʠ ʩʪʫʜʝʥʪʘʤʠ; ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʪʨʦʠʪʩʷ ʥʘ ʩʦʦʪʥʦʰʝʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʩʪʠ-

ʤʫʣʦʚ (ʤʦʪʠʚʦʚ) ʠ ʚʥʝʰʥʠʭ ʩʪʠʤʫʣʦʚ (ʦʙʱʝʩʪʚʝʥʥʳʭ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ, ʤʦʨʘʣʴʥʳʭ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʜʨ.)  

ʅʘ ʦʩʥʦʚʝ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ ʧʨʦ-

ʮʝʩʩʦʤ ʚ ʚʳʩʰʝʡ ʰʢʦʣʝ: 

1. ʢʘʢ ʠ ʣʶʙʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦ-
ʮʝʩʩ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ; 

2. ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ; 

3. ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʠʪʝ-

ʨʠʝʚ ʢʘʯʝʩʪʚʘ ʦʮʝʥʠʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ; 

4. ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 
ʢʦʤʧʝʪʝʥʮʠʡ ʙʫʜʫʱʝʛʦ ʧʝʜʘʛʦʛʘ ʚ ʩʦʜʝʨʞʘʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʙʲʝʢʪʠʚʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʠʭ ʫʩʚʦʝʥʠʷ; 

5. ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʞʥʦ ʩʯʠʪʘʪʴʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ ʯʘʩʪʴʶ ʢʦʥʪʨʦʣʷ ʫʩʚʦʝʥʠʷ ʟʥʘ-
ʥʠʡ ʩʪʫʜʝʥʪʘʤʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; 

6. ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʳʩʰʝʡ ʰʢʦʣʝ ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʡ ʮʝʣʠ ʠ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʚʫʟ, ʬʘʢʫʣʴʪʝʪ, ʦʪʜʝʣʳ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʠ ʩʪʫʜʝʥʪʳ). 

ʅʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʳ ʚʳʜʝʣʠʣʠ ʧʨʠʥʮʠʧʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʝʜʘʛʦʛʠʯʝ-

ʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ: 

1. ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʫʧʨʘʚʣʝʥʠʷ: ʝʜʠʥʩʪʚʦ ʦʙʱʝʛʦ ʠ ʯʘʩʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʡ, ʝʜʠʥʩʪʚʦ ʮʝʣʠ, ʦʙʷʟʘʥʥʦ-

ʩʪʝʡ, ʧʦʣʥʦʤʦʯʠʡ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. (ʌ. ʊʝʡʣʦʨ, ɸ. ʌʘʡʦʣ, ʄ.ʇ. ʌʦʣʣʝʪ ʠ ʪ.ʜ.); 

2. ʧʨʠʥʮʠʧʳ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ: ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʩʦʮʠʘʣʴʥʘʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ, ʢʦʣʣʝʢʪʠʚ-
ʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʚʷʟʠ ʠ ʜʨ. (ʖ.ɸ. ʂʦʥʘʨʞʝʚʩʢʠʡ); 

3. ʧʨʠʥʮʠʧʳ ʬʨʦʥʪʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ (Total Quality Management): ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʥʘ 
ʧʦʪʨʝʙʠʪʝʣʷ, ʨʫʢʦʚʦʜʩʪʚʦ, ʥʝʧʨʝʨʳʚʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ, ʧʨʠʚʣʝʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʥʘ ʦʩ-

ʥʦʚʝ ʬʘʢʪʦʚ; 

4. ʧʨʠʥʮʠʧʳ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʝʤ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ: ʩʘʤʦʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ, ʩʘʤʦʨʝʘʣʠʟʘʮʠʷ, ʜʝʤʦʢʨʘʪʠʷ, ʝʝ ʦʪʢʨʳʪʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦ-ʣʠʯʥʦʩʪʥʦʝ ʨʘʟʚʠʪʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛ ʫʯʝʙ-

ʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʩʪʫʜʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʫʨʩʘ ʦʙʫʯʝʥʠʷ; 

5. ʧʨʠʥʮʠʧʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʜʭʦʜʘ: ʮʝʣʦʩʪʥʦʩʪʴ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʫʧʨʘʚʣʷʝʤʦʩʪʴ, ʠʝʨʘʨʭʠʷ, 
ʩʨʘʚʥʝʥʠʝ, ʧʦʩʪʦʷʥʩʪʚʦ; 

6. ʧʨʠʥʮʠʧʳ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ: ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴ, ʙʠʬʫʨʢʘʮʠʷ, ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ 

ʩʚʷʟʠ, ʧʦʜʯʠʥʷʝʤʦʩʪʴ; 

7. ʧʨʠʥʮʠʧʳ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ: ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 
ʠ ʮʝʣʠ ʦʙʫʯʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʚʳʙʦʨʦʤ ʩʦʜʝʨʞʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʦ ʥʘʣʠʯʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, 

ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʫʜʝʥʪʘʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʝʰʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʜʘʯʠ ʚ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠ-

ʦʥʘʣʴʥʦʡ ʩʬʝʨʝ; 

8. ʂʚʘʣʠʤʝʪʨʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ:  

1) ʧʨʠʥʮʠʧ ʠʟʤʝʨʝʥʠʷ ʠ ʦʮʝʥʠʚʘʥʠʷ ʦʙʱʠʭ ʠ ʯʘʩʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

2) ʧʨʠʥʮʠʧ ʩʨʘʚʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʲʝʢʪʘ ʠ ʦʙʨʘʟʮʘ; 

3) ʧʨʠʥʮʠʧ ʚʦʟʤʦʞʥʦʩʪʠ ʩʨʘʚʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʨʘʟʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʷʤʠ; 
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4) ʧʨʠʥʮʠʧ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʦʮʝʥʢʠ. 

ɺ ʥʘʰʝʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʝʜʘʛʦ-

ʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʠʣʠ ʧʨʠʥʮʠʧʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʩʪʠ, ʩʠʥʝʨʛʝʪʠʢʠ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, ʢʚʘʣʠ-

ʤʝʪʨʠʠ, ʧʫʪʠ ʠ ʩʨʝʜʩʪʚʘ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ɺ ʠʪʦʛʝ ʤʳ ʧʨʠʰʣʠ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʢʦʥʮʝʧʮʠʷ, 

ʚʳʩʪʨʦʝʥʥʘʷ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʠ ʧʨʠʥʮʠʧʘʭ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʚʳʩʰʝʡ ʰʢʦʣʝ. 
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Abstract. In this article, the author considers the consistency of the main ways of pedagogic education quality 
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БИОЛОГИЧЕСКАЯ АКТИВНОСТЬ ФЛАВОНОИДОВ 
 

 О.И. Турсыматова1, М.М. Дильмаханова2 

1 ʤʘʛʠʩʪʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 2 ʤʘʛʠʩʪʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂʦʨʢʳʪ ɸʪʘ, ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʬʣʘʚʦʥʦʠʜʦʚ. ɸʚʪʦʨʳ ʟʥʘʢʦʤʷʪ ʩ ʠʩʪʦ-

ʨʠʝʡ ʦʧʠʩʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ ʈ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʧʦʜʨʦʙʥʦ 

ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʪʨʝʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʬʣʘʚʦʥʦʠʜʦʚ ʚ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤʘʭ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʬʣʘʚʦʥʦʠ-

ʜʘʤʠ. ɺ ʢʦʥʮʝ ʩʪʘʪʴʠ ʘʚʪʦʨʳ ʧʨʠʭʦʜʷʪ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʨʷʜʘ ʬʣʘʚʦʥʦʠʜʦʚ ʷʚʣʷʶʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʝʨʝʭʚʘʪʯʠʢʘʤʠ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʣʘʚʦʥʦʠʜʳ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ, ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʩʚʦ-

ʙʦʜʥʳʝ ʠʦʥʳ, ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ, ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʝ ʜʝʡʩʪʚʠʝ, ʨʝʘʢʮʠʠ. 
 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʣʘʚʦʥʦʠʜʳ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤʠ ʘʥʪʠʘʣʣʝʨʛʠʯʝʩʢʠʤʠ, ʘʥʪʠʢʘʥʮʝʨʦʛʝʥʥʳʤʠ, 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʬʣʘʚʦʥʦʠʜʦʚ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʠʰʝʥʝʡ, ʥʘ ʢʦʪʦʨʳʝ ʦʥʠ ʤʦʛʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʚ ʦʨʛʘʥʠʟʤʝ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʘʤʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʠʛʤʝʥʪʦʚ, ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ ʨʝʜʦʢʩ-ʩʚʦʡʩʪʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʘʞʜʳʡ ʢʦʥʢʨʝʪʥʳʡ ʬʣʘʚʦʥʦʠʜ ʩʧʦʩʦʙʝʥ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʤʥʦʞʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʣʝʪʢʠ ʠ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ. 

ʈ-ʚʠʪʘʤʠʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʣʘʚʦʥʦʠʜʦʚ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʢʘʢ ʈ-ʚʠʪʘʤʠʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ɺ ʩʝ-

ʨʝʜʠʥʝ 30-ʭ ʛʦʜʦʚ ʚʳʜʘʶʱʠʡʩʷ ʙʠʦʭʠʤʠʢ ʉʝʥʪ-ɼʴʝʨʜʴʠ ʠ ʝʛʦ ʩʦʪʨʫʜʥʠʢʠ ʚʧʝʨʚʳʝ ʦʧʠʩʘʣʠ ʚʠʪʘʤʠʥʳ ʛʨʫʧʧʳ ʈ 

ʠ ʫʩʪʘʥʦʚʠʣʠ ʠʭ ʧʦʣʠʬʝʥʦʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ [1, 2]. ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʈ-ʚʠʪʘʤʠʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ Beiler and Martin ʚ 1947 ʛʦʜʫ. ʇʦʢʘʟʘʚ, ʯʪʦ ʚʠʪʘʤʠʥ ʈ ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʝʪ ʛʠʘ-

ʣʫʨʦʥʠʜʘʟʫ, ʬʝʨʤʝʥʪ, ʢʦʪʦʨʳʡ ʢʘʪʘʣʠʟʠʨʫʝʪ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʷ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘ-

ʱʝʡʩʷ ʚ ʩʪʝʥʢʘʭ ʢʘʧʠʣʣʷʨʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʨʘʟʨʳʭʣʝʥʠʶ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʦʥʠ ʧʨʝʜʧʦʣʦʞʠʣʠ, 

ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʩʦʩʫʜʠʩʪʦʡ ʠ ʪʢʘʥʝʚʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʪʘʤʠʥʘ ʈ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʘʥʪʠʛʠʘ-

ʣʫʨʦʥʠʜʘʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʅʝʩʢʦʣʴʢʦ ʧʦʟʜʥʝʝ ʧʦʷʚʠʣʘʩʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʛʠʧʦʪʝʟʘ ʈ-ʚʠʪʘʤʠʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʣʘʚʦʥʦʠʜʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʣʦʚʫʰʢʘʤʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʠ 

ʘʟʦʪʘ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʯʠʪʘʝʪ, ʯʪʦ ʧʨʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʈ-ʚʠʪʘʤʠʥʥʳʡ ʵʬʬʝʢʪ ʚʥʦʩʠʪ ʥʝ ʢʦʩʚʝʥʥʦʝ, ʘ ʧʨʷʤʦʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ ʜʝʡʩʪʚʠʝ, 

ʟʘʱʠʱʘʶʱʝʝ ʩʪʨʫʢʪʫʨʳ ʢʘʧʠʣʣʷʨʥʦʡ ʩʪʝʥʢʠ ʦʪ ʧʦʚʨʝʞʜʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʙʠʦʨʘʜʠʢʘʣʦʚ. ʆʙʱʝʧʨʠʟʥʘʥʥʳʤʠ 

ʩʯʠʪʘʶʪʩʷ ʪʨʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʬʣʘʚʦʥʦʠʜʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ:  

1. ʨʝʘʢʮʠʠ ʩ ʙʠʦʨʘʜʠʢʘʣʘʤʠ (ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʝ ʜʝʡʩʪʚʠʝ); 

2. ʩʚʷʟʳʚʘʥʠʝ ʤʝʪʘʣʣʦʚ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ; 

3. ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʦʦʢʩʠʜʘʥʪʥʳʭ ʬʝʨʤʝʥʪʦʚ. 

Влияние ионов металлов на биологическую активность природных флавоноидов 

ʌʣʘʚʦʥʦʠʜʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʝʥʦʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ (ʪʦʢʦʬʝʨʦʣʦʚ), ʢʨʦʤʝ ʧʨʷʤʦʛʦ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦ-

ʛʦ ʜʝʡʩʪʚʠʷ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ (ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ), ʦʙʨʘʟʫʷ 

ʩʪʘʙʠʣʴʥʳʝ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʢʦʤʧʣʝʢʩʦʚ ʬʣʘʚʦʥʦʠʜʦʚ ʩ ʠʦʥʘʤʠ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʭʝʣʘʪʠʨʫʶʱʠʤ ʩʚʦʡʩʪʚʘʤ, ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʧʠʱʝʡ ʚ ʦʨʛʘʥʠʟʤ ʬʣʘʚʦʥʦʠʜʳ ʩʧʦʩʦʙʥʳ ʚʣʠʷʪʴ 

ʥʘ ʠʦʥʥʳʡ (ʤʝʪʘʣʣʦʚ) ʙʘʣʘʥʩ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʘʪʫʩ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʚʝʨʮʝʪʠʥʘ ʠ ʢʝʤʧʬʝ-

ʨʦʣʘ ʩ ʠʦʥʘʤʠ ʤʝʜʠ ʠ ʜʨʫʛʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʢʠʩʣʝʥʠʝʤ ʬʣʘʚʦʥʦʠʜʦʚ, ʪʦʛʜʘ ʢʘʢ ʨʫʪʠʥ 

ʠ ʣʶʪʝʦʣʠʥ ʚ ʩʦʩʪʘʚʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʢʠʩʣʝʥʠʶ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʫ ʚʩʝʭ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ ʠʟʤʝʥʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʙʠʦʣʦʛʠ-

ʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩʳ ʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʜʠʛʠʜʨʦʢʚʝʨʮʝʪʠʥʦʤ, ʨʫʪʠʥʦʤ, ʣʶʪʝʦʣʠ-

ʥʦʤ ʠ ʵʧʠʢʘʪʝʭʠʥʦʤ ʦʢʘʟʘʣʠʩʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʘ ʢʦʤʧʣʝʢʩʳ ʵʧʠʛʘʣʣʦʢʘʪʝʭʠʥ-ʛʘʣʣʘʪʘ ʩ ʠʦʥʘʤʠ ʜʚʫʭ- ʠ 

ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ï ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʘʥʪʠʨʘʜʠʢʘʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ, ʯʝʤ ʠʩʭʦʜʥʳʝ ʣʠʛʘʥʜʳ. ʆʙ ʵʪʦʤ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʬʣʘʚʦʥʦʠʜʘʤʠ ʠ ʠʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘʤʠ 

ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʇʅʊʍ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʤ ʢʠʩʣʦʨʦʜʘ, ʛʝʥʝʨʠʨʫʝʤʳʤ ʚ ʨʠʙʦʬʣʘʚʠʥ-ʩʦʜʝʨʞʘʱʝʡ ʬʦʪʦʩʠ-

ʩʪʝʤʝ (ʪʘʙʣʠʮʘ 1). 
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ʊʘʙʣʠʮʘ 1 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (I50) ʥʝʢʦʪʦʨʳʤʠ ʬʣʘʚʦʥʦʠʜʘʤʠ ʠ ʠʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘʤʠ ʨʝʘʢʮʠʠ 

ʩʫʧʝʨʦʢʩʠʜ-ʟʘʚʠʩʠʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʇʅʊʍ ʚ ʨʠʙʦʬʣʘʚʠʥ-ʩʦʜʝʨʞʘʱʝʡ ʬʦʪʦʩʠʩʪʝʤʝ 

 
 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʣʦʚʫʰʢʘʤʠ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘʤ ʢʠʩʣʦʨʦʜʘ ʷʚʣʷʶʪʩʷ ʤʝʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʬʣʘʚʦʥʦʠ-

ʜʦʚ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʚʦʙʦʜʥʳʝ ʠʦʥʳ ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʤʝʜʠ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʫʶʪ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʝ ʇʅʊʍ ʚ ʜʠʬʦʨʤʘʟʘʥ ʚ ʨʠʙʦʬʣʘʚʠʥ-ʩʦʜʝʨʞʘʱʝʡ ʬʦʪʦ-ʩʠʩʪʝʤʝ (I50 =0,22 ʤʢʄ). ɺʳʩʦʢʘʷ ʘʥʪʠʨʘʜʠʢʘʣʴʥʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ ʠʦʥʦʚ ʤʝʜʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʫ ʢʠʩʣʦʨʦʜʘ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʘ [3], ʥʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʠʦʥʳ ʤʝʜʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʘʣʴʙʫʤʠʥʦʤ, ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ, ʨʘʟʣʠʯʥʳʤʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳ-

ʤʠ ʭʝʣʘʪʦʨʘʤʠ ʠ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʭʦʜʷʪʩʷ. ʅʝʣʴʟʷ ʠʩʢʣʶʯʠʪʴ, ʯʪʦ ʚʳʩʦʢʘʷ ʘʥʪʠʨʘʜʠʢʘʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʤʝʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʣʘʚʦʥʦʠʜʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʫ ʢʠʩʣʦʨʦ-

ʜʘ, ʦʙʫʩʣʦʚʣʝʥʘ ʯʘʩʪʠʯʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʠʦʥʦʚ ʤʝʜʠ ʠʟ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʩʨʝʜʝ ʧʫʣʘ ʩʚʦʙʦʜʥʳʭ 

ʠʦʥʦʚ Cu2+. ʉʦʚʝʨʰʝʥʥʦ ʜʨʫʛʘʷ ʩʠʪʫʘʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʬʣʘʚʦʥʦʠʜʦʚ ʩ ʠʦʥʘʤʠ ʜʚʫʭ- ʠ ʪʨʝʭʚʘ-

ʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ. ʇʦʩʢʦʣʴʢʫ ʩʚʦʙʦʜʥʳʝ ʠʦʥʳ Fe2+ ʠ Fe3+ ʥʝ ʦʙʣʘʜʘʶʪ ʟʘʤʝʪʥʦʡ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʥʝ 

ʚʣʠʷʶʪ ʥʘ ʩʫʧʝʨʦʢʩʠʜ-ʟʘʚʠʩʠʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʇʅʊʍ ʚ ʨʠʙʦʬʣʘʚʠʥ-ʩʦʜʝʨʞʘʱʝʡ ʬʦʪʦʩʠʩʪʝʤʝ ʜʘʞʝ ʚ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ 10 ʤʢʄ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʳʩʦʢʘʷ ʘʥʪʠʨʘʜʠʢʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠʩʫʱʘ ʠʤʝʥʥʦ ʞʝʣʝʟʦʢʦʤʧʣʝʢʩʘʤ ʬʣʘ-

ʚʦʥʦʠʜʦʚ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʦʢʠʩʣʝʥʠʝʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʤ ʢʠʩʣʦʨʦʜʘ 

ʩʚʦʙʦʜʥʳʭ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʤʦʣʝʢʫʣ ʜʘʥʥʳʭ ʬʣʘʚʦʥʦʠʜʦʚ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣ-

ʣʦʢʦʤʧʣʝʢʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʩʚʦʙʦʜʥʳʭ ʣʠʛʘʥʜʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʨʫʪʠʥʘ ʠ 

ʣʶʪʝʦʣʠʥʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʫ ʠʦʥʦʚ ʉu2+. ʇʨʠ ʠʥʢʫʙʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʨʫʪʠʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʢʚʠʤʦʣʷʨʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ ʤʝʜʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʠʩʣʷʣʩʷ. ʇʨʠ ʵʪʦʤ ʨʫʪʠʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʢʚʠʤʦʣʷʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ 

ʤʝʜʠ ʧʝʨʝʭʚʘʪʳʚʘʣ ɸʌʂ ʚ 18 ʨʘʟ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʩʚʦʙʦʜʥʳʡ ʨʫʪʠʥ. ʉʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʨʫʪʠʥʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʠʦʥʘʤʠ Fe2+, ʙʳʣʘ ʚ 1,8, ʘ ʠʦʥʘʤʠ Fe3+ï ʚ 1,7 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʫʪʠʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʷʟʳʚʘʥʠʷ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ (II) ʫʚʝʣʠʯʠʚʘ-

ʣʘʩʴ ʚ 3,3, ʘ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ (III) ï ʚ 3,6 ʨʘʟʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʣʶʪʝʦʣʠʥʘ ʠ ʝʛʦ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ. ɺ ʩʣʫʯʘʝ ʵʧʠʢʘʪʝʭʠʥʘ ʥʘʠʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʙʳʣʘ ʫ ʝʛʦ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʥʘʤʠ ʞʝʣʝʟʘ ʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ ʙʳʣʘ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʵʧʠʢʘʪʝʭʠʥʘ ʩ ʠʦʥʘʤʠ ʤʝʜʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʨʷʜʘ ʬʣʘʚʦʥʦʠʜʦʚ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʝʨʝ-

ʭʚʘʪʯʠʢʘʤʠ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ʢʠʩʣʦʨʦʜʘ, ʯʝʤ ʠʩʭʦʜʥʳʝ ʢʦʤʧʣʝʢʩʦʥʳ. ʇʨʠ ʵʪʦʤ ʣʠʛʘʥʜʳ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʦʢʠʩʣʷ-

ʶʪʩʷ ʆ2̇ Å ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʩʚʦʙʦʜʥʳʝ ʣʠʛʘʥʜʳ. 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʬʣʘʚʦʥʦʠʜʦʚ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʨʦʚʠ 

ʠ ʪʢʘʥʷʭ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʞʜʫ ʜʚʫʤʷ ʤʝʭʘʥʠʟʤʘʤʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ ʜʝʡʩʪʚʠʝ ʬʣʘʚʦʥʦʠʜʦʚ ï 

ʘʥʪʠʨʘʜʠʢʘʣʴʥʳʤʠ ʠ ʭʝʣʘʪʠʨʫʶʱʠʤ ï ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ. 
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ФИЗИКО-ХИМИЧЕСКИЕ СВОЙСТВА ФЛАВОНОИДОВ 

 
 О.И. Турсыматова1, М.М. Дильмаханова2 

1, 2 ʤʘʛʠʩʪʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂʦʨʢʳʪ ɸʪʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʫ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʜʣʷ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ ʬʣʘʚʦʥʦʠʜʦʚ. ʇʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʩʨʘʚʥʠʪʴ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʢʚʝʨʮʝʪʠʥʘ ʠ 

ʜʨʫʛʠʭ ʬʣʘʚʦʥʦʠʜʦʚ, ʙʣʠʟʢʠʭ ʝʤʫ ʧʦ ʩʪʨʫʢʪʫʨʝ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʫʶʪ-

ʩʷ. ɸʚʪʦʨ ʧʦʜʯʝʨʢʠʚʘʝʪ ʨʦʣʴ ʠʟʤʝʥʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʨʘʰʝʥʥʳʭ ʬʣʘʚʦʥʦʠʜʦʚ ʚ ʞʠʚʦʡ ʧʨʠ-

ʨʦʜʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʣʘʚʦʥʦʠʜʳ, ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ, ʦʢʠʩʣʝʥʠʝ ʬʣʘʚʦʥʦʚ, ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʠʦʥʳ 

ʤʝʪʘʣʣʦʚ, ʢʚʝʨʮʝʪʠʥ, ʧʦʣʠʬʝʥʦʣʴʥʘʷ ʧʨʠʨʦʜʘ, ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʦʙʣʘʩʪʴ. 

 

ʍʘʨʘʢʪʝʨʥʳʡ ʞʝʣʪʳʡ ʮʚʝʪ, ʧʨʠʩʫʱʠʡ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʬʣʘʚʦʥʦʠʜʦʚ, ʦʙʫʩʣʦʚʣʝʥ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʭ 

ʤʦʣʝʢʫʣ ʧʦʛʣʦʱʘʪʴ ʩʚʝʪ ʚ ʦʙʣʘʩʪʠ 320-420 ʥʤ (ʧʦʣʦʩʘ 1). ʅʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦ-

ʩʳ 1 ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʥʦʩʪʠ ʢʦʣʴʮʘ ʉ. ʊʠʧʠʯʥʘʷ ʧʦʣʦʩʘ 1 ʩ ʤʘʢʩʠʤʫʤʦʤ (ɚ
max
) ʚ ʦʙʣʘʩʪʠ 360-385 

ʥʤ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʬʣʘʚʦʥʦʠʜʦʚ, ʠʤʝʶʱʠʭ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʚ ʧʦʣʦʞʝʥʠʠ ʉ2-ʉ3 (ʬʣʘʚʦʥʳ ʠ 

ʬʣʘʚʦʥʦʣʳ ʠ ʠʭ ʛʣʠʢʦʟʠʜʳ). 

ɼʠʛʠʜʨʦʬʣʘʚʦʥʳ, ʜʠʛʠʜʨʦʬʣʘʚʦʥʦʣʳ ʠ ʢʘʪʝʭʠʥʳ ʙʝʩʮʚʝʪʥʳ. ʅʦ ʝʩʣʠ ʫ ʜʠʛʠʜʨʦʬʣʘʚʦʥʦʚ ʠ ʜʠʛʠʜʨʦ-

ʬʣʘʚʦʥʦʣʦʚ ʦʪʩʫʪʩʪʚʠʝ ʦʢʨʘʩʢʠ ʦʙʫʩʣʦʚʣʝʥʦ ʩʤʝʱʝʥʠʝʤ ʧʦʣʦʩʳ 1 ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʫʶ ʦʙʣʘʩʪʴ, ʩ ɚ
max 
ʦʪ 310 ʜʦ 

330 ʥʤ, ʪʦ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʢʘʪʝʭʠʥʦʚ ʧʦʣʦʩʘ 1 ʦʪʩʫʪʩʪʚʫʝʪ. ʂʨʘʩʥʦ-ʩʠʥʠʝ ʘʥʪʦʮʠʘʥʠʜʠʥʳ ʠ ʘʥʪʦʮʠʘʥʳ 

ʧʦʛʣʦʱʘʶʪ ʩʚʝʪ ʚ ʙʦʣʝʝ ʜʘʣʴʥʝʡ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ, ɚ
max 
ʦʪ 490 ʜʦ 540 ʥʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʩʧʝʢ-

ʪʨʦʬʦʪʦʤʝʨʠʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ ʬʣʘʚʦʥʦʠʜʦʚ. 

ʅʘ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩʳ 1 ʫ ʬʣʘʚʦʥʦʚ ʠ ʬʣʘʚʦʥʦʣʦʚ ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ ʛʠʜʨʦʢʩʠʣʴ-

ʥʦʡ ʛʨʫʧʧʳ ʧʨʠ ʉ3, ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʦʣʦʞʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʢʦʣʴʮʝ ɺ. ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʨʠ ʩʨʘʚʥʝ-

ʥʠʠ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʢʚʝʨʮʝʪʠʥʘ ʠ ʙʣʠʟʢʠʭ ʝʤʫ ʧʦ ʩʪʨʫʢʪʫʨʝ ʬʣʘʚʦʥʦʠʜʦʚ: ʣʶʪʝʦʣʠʥʘ, ʤʦʨʠʥʘ ʠ ʢʝʤʧʬʝ-

ʨʦʣʘ. ʋ ʢʚʝʨʮʝʪʠʥʘ (ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʠ ʉ3, ʉ5, ʉ7, ʉ3', ʉ4') ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ (ɚ
max

) 

ʧʦʣʦʩʳ 1 ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʨʠ 375 ʥʤ. ʋ ʤʦʨʠʥʘ (ʛʠʜʨʦʢʩʠʣʳ ʚ ʢʦʣʴʮʝ ɺ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ ʉ2', ʉ3') ʧʦʣʦʩʘ 

1 ʩʤʝʱʝʥʘ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ɚ
max 
å 392 ʥʤ. ʋ ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʢʚʝʨʮʝʪʠʥʘ ʦʪʩʫʪʩʪʚʠʝʤ ʦʜʥʦʡ ʛʠʜ-

ʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʢʝʤʧʬʝʨʦʣʘ (ʧʨʠ ʉ3') ʠ ʣʶʪʝʦʣʠʥʘ (ʧʨʠ ʉ3), ʥʘʧʨʦʪʠʚ, ʧʦʣʦʩʘ 1 ʩʤʝʱʝʥʘ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦ-

ʚʫʶ ʦʙʣʘʩʪʴ, ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʫ ʢʝʤʧʬʝʨʦʣʘ å 371 ʥʤ, ʘ ʫ ʣʶʪʝʦʣʠʥʘ å 365 ʥʤ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦʝ ʩʤʝʱʝ-

ʥʠʝ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʧʦʣʦʩʳ 1 ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʢʨʠʟʠʥʘ (ɚ
max 
å 329 ʥʤ), ʤʦʣʝʢʫʣʘ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ 

ʪʦʣʴʢʦ ʜʚʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʧʨʠ ʉ-5 ʠ ʉ-7.  

ʂʨʦʤʝ ʧʦʣʦʩʳ 1, ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʬʣʘʚʦʥʦʚ ʠ ʬʣʘʚʦʥʦʣʦʚ ʚʳʜʝʣʷʶʪ ʧʦʣʦʩʫ 2. ʇʦʣʦʩʘ 2 ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ 240-285 ʥʤ. ʅʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ 

ʉ-3, ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʦʣʦʞʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʢʦʣʴʮʝ ɺ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ 

ʧʦʣʦʩʳ 2. ɼʣʷ ʣʶʪʝʦʣʠʥʘ, ʤʦʨʠʥʘ, ʢʝʤʧʬʝʨʦʣʘ, ʢʚʝʨʮʝʪʠʥʘ ʠ ʝʛʦ 3-ʛʣʠʢʦʟʠʜʘ ʨʫʪʠʥʘ ɚ
max 
å 268 ʥʤ. ʆʜʥʘʢʦ ʫ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ɚ
max 

(ɸ
max

).  

ɺ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʜʠʛʠʜʨʦʬʣʘʚʦʥʦʣʦʚ ʧʦʣʦʩʘ 2 ʥʝʩʢʦʣʴʢʦ ʩʤʝʱʝʥʘ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʘ 

ʧʦʩʢʦʣʴʢʫ ʧʦʣʦʩʘ 1 ʫ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʜʚʠʛʦʤ, ʪʦ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʦʣʦʩʘ 2 ʫ ʜʠʛʠʜʨʦʬʣʘʚʦʥʦʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʫ ʪʘʢʩʠʬʦʣʠʥʘ (ʜʠʛʠʜʨʦʢʚʝʨʮʝʪʠʥʘ), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʣʝʯʦ ʥʘ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʧʦʣʦʩʝ 1. ʋ ʵʧʠʢʘʪʝʭʠʥʘ ʦʙʣʘʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʦʩʳ 2 ʪʘʢʞʝ ʩʜʚʠʥʫʪʘ ʚ ʜʣʠʥʥʦ-

ʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʠ ʥʘʭʦʜʠʪʩʷ ʧʨʠ 260-300 ʥʤ, ɚ
max 
å 278 ʥʤ, ʘ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʬʣʘ-

ʚʦʥʦʚ ʠ ʬʣʘʚʦʥʦʥʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʧʦʛʣʦʱʝʥʠʝ ʬʣʘʚʦʥʦʠʜʘʤʠ ʋʌ ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʣʦʩʳ 2 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʢʦʣʴʮʘ ɸ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʷʜʨʘ [1]. ʇʦ-ʚʠʜʠʤʦʤʫ, ʢʦʣʴʮʦ ɸ, ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ, ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʣʦʩʳ 2, ʥʦ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʝʝ 

ʧʦʣʦʞʝʥʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫ ʬʣʘʚʦʥʦʣʘ ʢʚʝʨʮʝʪʠʥʘ, ʜʠʛʠʜʨʦʬʣʘʚʦʥʦʣʘ ʪʘʢʩʠʬʦʣʠʥʘ ʠ ʵʧʠʢʘʪʝʭʠʥʘ, ʤʦʣʝʢʫ-

ʣʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʢʦʣʴʮʘ ɸ ʠ ɹ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʥʦʩʪʠ ʢʦʣʴʮʘ ʉ, ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʬʣʘʚʦʥʦʠʜʘʤʠ ʋʌ-ʠʟʣʫʯʝʥʠʷ.  

ʌʣʘʚʦʥʦʠʜʳ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʦʣʠʬʝʥʦʣʴʥʦʡ ʧʨʠʨʦʜʝ, ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦ-ʜʦʥʦʨʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ, ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʠʬʝʥʦʣʦʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʣʴʥʦ ʦʢʠʩʣʝʥʥʳʝ ʧʨʦ-

ʜʫʢʪʳ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʥʠʟʢʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (ɽ
7
). 
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ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʬʣʘʚʦʥʦʠʜʦʚ ɽ
7 
ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 0,25-0,75. 

ʆʢʠʩʣʝʥʠʝ ʬʣʘʚʦʥʦʠʜʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʠʭ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʫ ʬʣʘʚʦʥʦʚ ʠ ʬʣʘʚʦʥʦʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʮʚʝʪʘʥʠʝ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʦʣʦʩ 1 ʠ 

2, ʧʨʠ ʵʪʦʤ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʬʣʘʚʦʥʦʣʦʚ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʤʘʢʩʠʤʫʤ ʧʨʠ 325 ʥʤ (ʧʦʣʦʩʘ 3), ʢʦʪʦʨʳʡ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʦʢʠʩʣʝʥʠʠ ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʠʩʯʝʟʘʝʪ.  

ʂʨʦʤʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʦʣʦʩ 1 ʠ 2, ʦʢʠʩʣʝʥʠʝ ʬʣʘʚʦʥʦʚ ʠ ʬʣʘʚʦʥʦʥʦʚ ʩʦʧʨʦʚʦʞʜʘ-

ʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (500-600 ʥʤ), ʦʜʥʘʢʦ ʚʝʣʠʯʠʥʳ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ, ʯʝʤ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʋʌ ʠ ʞʝʣʪʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʬʣʘʚʦʥʦʠʜʦʚ ʧʝʨʚʠʯ-

ʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʘʥʪʦʚ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʢʩʠʣʴʥʳʝ, (ʢʘʪʝʭʦʣʴʥʳʝ) ʛʨʫʧʧʳ ʢʦʣʴʮʘ ɺ [2, 3]. ʇʨʠ 

ʦʢʠʩʣʝʥʠʠ ʵʪʠʭ ʛʨʫʧʧ ʦʙʨʘʟʫʶʪʩʷ ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʩʝʤʠʭʠʥʦʥʦʚʳʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʳ ʠ ʜʘʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʨʪʦʭʠʥʦʥʳ [2, 3]. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʢʘʪʝʭʦʣʴʥʦʡ ʛʨʫʧʧʳ ʢʦʣʴʮʘ ɺ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝ ʚ ʢʨʘʩ-

ʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (500-600 ʥʤ) ʫ ʬʣʘʚʦʥʦʚ ʠ ʬʣʘʚʦʥʦʣʦʚ ʠ ʚ ʋʌ-ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʫ ʢʘʪʝʭʠʥʦʚ ʠ ʜʠʛʠʜʨʦʬʣʘʚʦ-

ʥʦʣʦʚ [2]. 

ʇʦʤʠʤʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʠ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ, ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʬʣʘʚʦʥʦʠʜʦʚ ʩʚʷʟʳʚʘʪʴ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʦʙʨʘʟʫʷ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʭʝʣʘʪʠʨʫʶʱʠʤ ʩʚʦʡ-

ʩʪʚʘʤ, ʧʦʣʠʬʝʥʦʣʳ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʩʦʨʙʮʠʶ ʤʝʪʘʣʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʠʪʘʥʠʷ ʫ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʠ ʚʦʟʜʝʡ-

ʩʪʚʦʚʘʪʴ ʥʘ ʙʘʣʘʥʩ ʤʝʪʘʣʣʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʢʣʝʪʦʯʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʘʪʫʩ [4]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʢʨʘʰʝʥʥʳʭ ʬʣʘʚʦʥʦʠʜʦʚ, ʠ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ, ʦʙʫʩʣʘʚʣʠʚʘʷ ʥʘʣʠʯʠʝ 

ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʦʢʨʘʩʢʠ ʫ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ.  

ʌʣʘʚʦʥʳ, ʬʣʘʚʦʥʦʣʳ ʠ ʠʭ ʛʣʠʢʦʟʠʜʳ (ʢʚʝʨʮʝʪʠʥ, ʨʫʪʠʥ, ʢʝʤʧʬʝʨʦʣ) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ Fe2+, Fe3+, 

Cu2+, Zn2+, ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ï ʩ Mn2+ [4], ʠ ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʧʦʛʣʦ-

ʱʝʥʠʷ ʧʦʣʦʩʳ 1, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʙʘʪʦʭʨʦʤʥʳʡ ʵʬʬʝʢʪ. ʊʦ, ʯʪʦ ʠʤʝʥʥʦ ʧʨʦʮʝʩʩ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʙʫ-

ʩʣʘʚʣʠʚʘʝʪ ʙʘʪʦʭʨʦʤʥʳʡ ʵʬʬʝʢʪ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʩʠʣʴʥʳʭ ʭʝʣʘʪʦʨʦʚ ʚʳʪʝʩʥʷʪʴ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʣʠʛʘʥʜʳ ʠʟ ʠʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʝʪʦʜ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʭʝʣʘʪʦʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʬʣʘʚʦʥʦʣʦʚ. ʅʘʧʨʠʤʝʨ, ʢʚʝʨʮʝʪʠʥ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʫʪʠʥʘ, ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝ ʚʳʪʝʩʥʷʝʪʩʷ ʠʟ ʢʦʤʧʣʝʢʩʘ ʩ Fe3+ ʜʚʫʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ ʕɼʊɸ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʢʚʝʨʮʝʪʠʥ ʢ 

ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤ ʭʝʣʘʪʦʨʘʤ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʩʨʝʜʠ ʬʣʘʚʦʥʦʠʜʦʚ. 
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ГАРМОНИЧЕСКИЕ КОЛЕБАНИЯ ИЗОТРОПНЫХ 

ПЛАСТИН С УЧЕТОМ ВЛИЯНИЯ ТЕМПЕРАТУРЫ 
 

 А.Т. Ургенишбеков1, О.И. Турсыматова2 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʤʘʛʠʩʪʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂʦʨʢʳʪ ɸʪʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʧʨʠʢʣʘʜʥʦʡ ʠʥʪʝʨʝʩ. 

ʊʘʢʠʤʠ ʧʨʦʩʪʝʡʰʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʣʦʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ. ɺ 

ʟʘʜʘʯʘʭ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʣʘʩʪʠʥ ʩ ʫʯʝ-

ʪʦʤ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʢʦʣʝʙʘʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʦʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦʟ-

ʥʠʢʘʝʪ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʟʘʜʘʯ ʢʦʣʝʙʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʨʘʝʚʳʤʠ ʟʘʜʘʯʘʤʠ: ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʫʨʘʚʥʝ-

ʥʠʷʤʠ ʢʦʣʝʙʘʥʠʷ, ʨʘʟʣʠʯʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʢʨʘʷʭ ʧʣʦʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʨʤʦʥʠʯʝʩʢbt ʢʦʣʝʙʘʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, ʧʦʧʝʨʝʯʥʳʝ ʚʦʣʥʳ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ 

 

ʈʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʧʨʠʢʣʘʜʥʦʡ ʠʥʪʝʨʝʩ. ʊʘʢʠʤʠ ʧʨʦʩʪʝʡ-

ʰʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʣʦʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ.  

ɺ ʟʘʜʘʯʘʭ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʣʘ-

ʩʪʠʥ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʢʦʣʝʙʘʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʦʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦʟʥʠʢʘʝʪ ʰʠʨʦʢʠʡ 

ʢʣʘʩʩ ʟʘʜʘʯ ʢʦʣʝʙʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʨʘʝʚʳʤʠ ʟʘʜʘʯʘʤʠ: ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʢʦʣʝʙʘʥʠʷ, 

ʨʘʟʣʠʯʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʢʨʘʷʭ ʧʣʦʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ɹʦʣʝʝ ʩʣʦʞʥʳʤ ʢʦʣʝʙʘʥʠʝʤ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʘʩʪʠʥ ʷʚʣʷʝʪʩʷ ʢʦʣʝʙʘʥʠʝ, ʢʦʛʜʘ ʜʚʘ ʠʟ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳʭ ʢʨʘʝʚ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳ, ʘ ʜʚʘ ʜʨʫʛʠʭ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʟʘʢʨʝʧʣʝʥʠʷ ʠʣʠ ʩʚʦʙʦʜʥʳ ʦʪ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʜʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʩʤʦʪʨʠʤ ʧʣʘʩʪʠʥʢʫ ʠʟ ʦʜʥʦʨʦʜʥʦʛʦ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɹʫ-

ʜʝʤ ʩʯʠʪʘʪʴ ʤʘʪʝʨʠʘʣ ʧʣʘʩʪʠʥʢʠ ʫʧʨʫʛʠʤ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʢʨʘʷ 1  ,0 lxx ==  ʠ 0=y  ʰʘʨʥʠʨʥʦ ʟʘ-

ʢʨʝʧʣʝʥʳ, ʘ ʢʨʘʡ 2ly=  ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥ. 

ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [1]. 
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ʛʜʝ n ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʢʠ, h ï ʧʦʣʫʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʢʠ, b ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʚ ʤʘʪʝʨʠʘʣʝ ʧʣʘʩʪʠʥʢʠ, 0a  ï ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʢʠ, 
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ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʚʟʷʪʴ ʧʝʨʚʳʭ ʪʨʠ ʠ ʙʦʣʴʰʝ ʩʣʘʛʘʝʤʳʭ ʚ ʚʳʨʘʞʝʥʠʠ (13) ʠ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ 

ʯʘʩʪʦʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʝʤʫ ʯʘʩʪʦʪʫ x. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʝ ʯʘʩʪʦʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʩʚʦʜʠʪʴ ʢ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʠ ʠʩʩʣʝʜʦʚʘʪʴ 

ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʦʩʢʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɿʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʟʘʢʨʝʧʣʝʥʠʠ ʧʣʘʩʪʠʥʢʠ ʧʦ ʢʦʥʪʫʨʫ ʠʣʠ, ʢʦʛʜʘ ʤʘʪʝʨʠʘʣ 

ʧʣʘʩʪʠʥʢʠ ʚʷʟʢʦʫʧʨʫʛʠʡ. 
 

СПИСОК ЛИТЕРАТУРЫ 
1. ɼʞʘʥʤʫʣʜʘʝʚ, ɹ. ɼ. ʇʦʩʪʨʦʝʥʠʝ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʪʝʨʤʦʚʷʟʢʦʫʧʨʫʛʠʭ ʧʣʘʩʪʠʥ / ɹ. ɼ. ɼʞʘʥʤʫʣʜʘʝʚ, 

ɸ. ʊ. ʋʨʛʝʥʠʰʙʝʢʦʚ // ʇʨʦʤʳʰʣʝʥʥʦʝ ʠ ʛʨʘʞʜʘʥʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. - 2004. - ˉ4. 

2. ʃʳʢʦʚ, ɸ. ɺ. ʊʝʦʨʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ / ɸ. ɺ. ʃʳʢʦʚ. - ʄ., 1967. 

3. ʄʠʭʘʡʣʦʚ, ʄ. ɼ. ʆ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ / ʄ. ɼ. ʄʠʭʘʡʣʦʚ // ʀʌɾ. ï 1969. - ʊ. 16. ï ˉ 4. 

4. ʌʠʣʠʧʧʦʚ, ʀ. ɻ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʢʦʣʝʙʘʥʠʡ ʫʧʨʫʛʠʭ ʠ ʚʷʟʢʦʫʧʨʫʛʠʭ ʧʣʘʩʪʠʥ ʠ ʩʪʝʨʞʥʝʡ / ʀ. ɻ. ʌʠʣʠʧ-

ʧʦʚ, ɺ. ɻ. ʏʝʙʘʥ. ï ʂʠʰʠʥʝʚ : ʐʪʠʠʥʮʘ, 1988. - 188 ʩ. 

 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 13.04.15. 
 

 

ISOTROPIC PLATE HARMONIC VIBRATIONS 

TAKING INTO ACCOUNT THE TEMPERATURE 
 

A.T. Urgenishbekov1, O.I. Tursymatova2 

1 Candidate of Technical Sciences, Associate Professor, 2 Master of Education, Senior Professor 

Kyzylorda State University named after Korkyt Ata, Kazakhstan 

 

Abstract. The construction vibration theory development is of interest in applications. Such simplest construc-

tions are plane structures of plates of finite thickness. The study of plate dynamic behavior in terms of temperature is 

one of the most important objectives. While solving applied problems of rectangular plate elements vibration a wide 

range of vibration problems occurs, which relies to various boundary value problems: approximate vibration equation, 

various boundary conditions on the edges of plane element and initial data. 

Keywords: harmonic vibrations, Poisson ratio, transverse waves, linear expansion factor, temperature. 
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СВОБОДНЫЕ КОЛЕБАНИЯ ТЕРМОВЯЗКОУПРУГИХ ПЛАСТИН  
 

 А.Т. Ургенишбеков1, О.И. Турсыматова2 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʤʘʛʠʩʪʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂʦʨʢʳʪ ɸʪʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʣʘʩʪʠʥʳ ʢʘʢ ʧʣʦʩʢʠʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʳʜʚʠʛʘʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦ-

ʚʝʜʝʥʠʷ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʨʝʜ ʩ ʫʯʝʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʘʥʠʟʦʪʨʦʧʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʧʦʧʝʨʝʯʥʳʝ ʚʦʣʥʳ. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʦʡ ʧʣʘʩʪʠʥʢʠ, ʧʨʦʷʚʣʷʶʱʝʡ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ 

ʧʨʠ ʥʝʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʚʥʝʰʥʠʝ ʫʩʠʣʠʷ ʨʘʚʥʳ ʥʫʣʶ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʣʘʩʪʠʥʢʫ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ, ʠʤʝʶʱʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʚ 

ʧʣʘʥʝ 
21 0  ,0 lylx ¢¢¢¢ . 

ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [1]. 
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ʠ ʥʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʯʝʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʫʧʨʫʛʦʡ ʧʣʘʩʪʠʥʢʠ ʩ ʫʯʝʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʥʝʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʝ ʘʥʘʣʦʛʠʯʥʳʭ ʘʤʧʣʠʪʫʜ ʙʝʟ ʫʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʟʘʪʫ-

ʭʘʝʪ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ.  

 

 
 

ʈʠʩ. 1 

 

ʇʨʠ ʜʨʫʛʠʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʪʨʫʜʥʦ ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩʯʝʪʳ. 
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THERMOVISCOELASTIC PLATES NATURAL VIBRATIONS 
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Abstract. Nowadays plates as plain construction element are widely used in various fields of engineering and 

construction. The creation of new construction technologies, usage of new materials raises requirements for the re-

search of deformable medium dynamic behavior in terms of temperature and anisotropy. 

Keywords: Poison's ratio, linear expansion factor, oscillation amplitude, temperature, cross-waves. 
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Технические науки 
 

 

УДК 621.398 
 

РЕАЛИЗАЦИЯ ЦИФРОВОГО ФИЛЬТРА ЧЕБЫШЕВА ВТОРОГО РОДА НА ПЛИС 
 

 С.В. Азябин1, И.О. Пашинский2 
1, 2 ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʀʋ4 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ, ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʏʝʙʳʰʝ-

ʚʘ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʙʝʩʢʦʥʝʯʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ MATLAB FDATool. ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʬʠʣʴʪʨ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʙʘʟʝ ʇʃʀʉ Xilinx Spartan 

3E. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʘʥʘʣʦʛʦʚʳʤʠ ʩʠʛʥʘʣʘʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ɸʎʇ ʠ ʎɸʇ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʎʆʉ, ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ, ʨʝʢʫʨʩʠʚʥʳʡ ʬʠʣʴʪʨ, ɹʀʍ-ʬʠʣʴʪʨ, ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ, ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʇʃʀʉ, ɸʎʇ, ʎɸʇ. 
 

Введение 

ʆʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ï ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ. ʀʩʪʦʨʠʯʝʩʢʠ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʦʛʦʚʳʭ ʩʨʝʜʩʪʚ. ʆʜʥʘʢʦ ʩ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʦʡ ʩʭʝʤʦʪʝʭʥʠʢʠ ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ 

(ʎʆʉ) ʩʪʘʣʘ ʟʘʥʠʤʘʪʴ ʚʝʜʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ: ʧʨʦʩʪʦʪʝ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʘʣʛʦʨʠʪʤʦʚ ʤʝʞʜʫ ʩʨʝʜʘʤʠ ʨʝʘʣʠʟʘʮʠʠ, ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʧʘʨʘʤʝʪʨʘʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʪ.ʜ. [3]. 

ʌʠʣʴʪʨʘʮʠʷ ï ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʎʆʉ. ʇʦ ʚʠʜʫ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʬʨʦʚʳʝ ʬʠʣʴʪʨʳ (ʎʌ) 

ʨʘʟʜʝʣʷʶʪ ʥʘ ʎʌ ʩ ʢʦʥʝʯʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (ʂʀʍ-ʬʠʣʴʪʨʳ) ʠ ʎʌ ʩ ʙʝʩʢʦʥʝʯʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʦʡ (ɹʀʍ-ʬʠʣʴʪʨʳ). ɹʀʍ-ʬʠʣʴʪʨʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʪ.ʢ. ʷʚʣʷʷʩʴ ʨʝʢʫʨʩʠʚʥʳʤʠ, ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʤ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹʀʍ-ʬʠʣʴʪʨʳ ʠʤʝʶʪ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʫʶ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʫʶ ʩʣʦʞʥʦʩʪʴ, ʯʝʤ ʂʀʍ-ʬʠʣʴʪʨʳ [5]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʎʌ ʥʘ ʙʘʟʝ ʇʃʀʉ. ɹʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦ-

ʩʪʷʤ ʩʚʦʝʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʇʃʀʉ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʛʥʫʪʴ ʥʘʠʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʨʝʘʣʠʟʘʮʠʠ ʎʌ. ʊʘʢ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʎʌ ʥʘ ʙʘʟʝ ʎʇʆʉ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʘ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʨʷʜʢʘ 5 ʤʠʣʣʠʦʥʦʚ ʦʪʩʯʝʪʦʚ ʚ ʩʝʢʫʥʜʫ (MSpS, Million samples per second). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ɹʀʉ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 30-35 MSpS. ʇʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʇʃʀʉ ʜʦʩʪʠʛʘʶʪʩʷ ʚʝʣʠʯʠʥʳ ʙʦʣʝʝ 100 MSpS [4]. 

Предпосылки 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʟʘʤʢʥʫʪʳʤʠ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ) ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ, ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʠ, ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʷ-

ʶɦ ʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʠʩʪʝʤʫ [6]. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʪʯʠʢʠ, ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝ-

ʣʠʯʠʥʳ ʚ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ. ɼʘʥʥʳʡ ʩʠʛʥʘʣ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʤʘʣʦʤʦʱʥʳʤ ʠ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʩʠ-

ʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʦʛʦʚʦʛʦ ʤʦʜʫʣʷ. ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʩ ʩʠʛʥʘʣʦʤ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ, ʝʩʣʠ ʧʨʦʚʦʜʠʪʴ 

ʮʠʬʨʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ɸʎʇ ʠ ʧʨʦʠʟʚʝʩʪʠ ʬʠʣʴʪʨʘʮʠʶ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʰʫʤʦʚ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ. ɼʣʷ ʦʩʫʱʝʩʪʚ-

ʣʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʜʘʥ-

ʥʳʝ ʚ ʘʥʘʣʦʛʦʚʫʶ ʬʦʨʤʫ, ʯʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʎɸʇ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʟʘʤʢʥʫʪʳʤʠ ʉɸʋ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʘʪʯʠʢʦʚ, 

ʤʦʜʫʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʩʠʣʝʥʠʷ, ɸʎʇ, ʙʣʦʢʘ ʎʆʉ ʠ ʎɸʇ. ʇʝʨʚʳʝ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʩʪʘʪʴʝ [1]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʙʣʦʢʦʚ ɸʎʇ, ʎʆʉ ʠ ʎɸʇ. 

Постановка задачи 

ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʝ Starter Kit ʇʃʀʉ Spartan 3E ʎʌ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ ʦʙʨʘʙʦʪʢʠ ʚ ʘʥʘʣʦʛʦʚʫʶ ʬʦʨʤʫ. 

ɸʎʇ: LTC 1407A ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, 14-ʙʠʪʥʳʡ, 2ʭ ʢʘʥʘʣʴʥʳʡ, 1,5 ʤʣʥ. ʚʳʙʦʨʦʢ ʚ ʩʝʢʫʥʜʫ 

ʥʘ 1 ʢʘʥʘʣ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ: ʦʪ -1.25ɺ ʜʦ 1.25ɺ. 

ʎɸʇ: LTC 2624 ï 12-ʨʘʟʨʷʜʥʳʡ, ʯʝʪʳʨʝʭʢʘʥʘʣʴʥʳʡ, ʩ ʧʦʣʥʳʤ ʨʘʟʤʘʭʦʤ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʚʨʝʤʷ 

ʫʩʪʘʥʦʚʢʠ = 7 ʤʢʩ, ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ: 3.3ɺ ʜʣʷ 1 ʠ 2 ʢʘʥʘʣʦʚ, 2,5ɺ ʜʣʷ 3 ʠ 4 ʢʘʥʘʣʦʚ. 

                                                           
É ɸʟʷʙʠʥ ʉ.ɺ., ʇʘʰʠʥʩʢʠʡ ʀ.ʆ. / Azyabin S.V., Pashinskiy I.O., 2015 
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ʇʘʨʘʤʝʪʨʳ ʎʌ:  

1. ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ Fs = 110 ʢɻʮ; 

2. ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʯʘʩʪʦʪʳ ʟʘʜʝʨʞʘʥʠʷ Fstop1 = 1 ʢɻʮ; 

3. ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʯʘʩʪʦʪʳ ʧʨʦʧʫʩʢʘʥʠʷ Fpass1 = 3 ʢɻʮ; 

4. ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʯʘʩʪʦʪʳ ʧʨʦʧʫʩʢʘʥʠʷ Fpass2 = 9 ʢɻʮ 

5. ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʯʘʩʪʦʪʳ ʟʘʜʝʨʞʘʥʠʷ Fstop2 = 11 ʢɻʮ; 

6. ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ Astop = 70 ʜɹ; 

7. ʤʠʥʠʤʘʣʴʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʚ ʧʦʣʦʩʝ ʧʦʜʘʚʣʝʥʠʷ Apass = 1 ʜɹ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʦʛʦʡ ɸʏʍ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ, ʠ ʢʨʫʪʠʟʥʳ ɸʏʍ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʦʣʦʩʳ ʧʨʦʧʫʩ-

ʢʘʥʠʷ ʢ ʧʦʣʦʩʝ ʧʦʜʘʚʣʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʎʌ ʚʳʙʨʘʥ ɹʀʍ-ʬʠʣʴʪʨ ʏʝʙʳʰʝʚʘ ʚʪʦʨʦʛʦ ʨʦʜʘ. ɽʛʦ ɸʏʍ ʠʤʝʝʪ ʙʦʣʝʝ 

ʢʨʫʪʦʡ ʩʧʘʜ, ʯʝʤ ʫ ʬʠʣʴʪʨʦʚ ɹʝʩʩʝʣʷ ʠ ɹʘʪʪʝʨʚʦʨʪʘ, ʠ ʤʝʥʴʰʠʝ ʧʫʣʴʩʘʮʠʠ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ, ʯʝʤ ʫ ʵʣʣʠʧʪʠ-

ʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ ʠʣʠ ʬʠʣʴʪʨʘ ʏʝʙʳʰʝʚʘ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʇʫʣʴʩʘʮʠʠ ʚ ʧʦʣʦʩʝ ʧʦʜʘʚʣʝʥʠʷ ʥʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ, ʪ.ʢ. 

ʦʥʠ ʙʫʜʫʪ ʧʦʜʘʚʣʝʥʳ. 

Проектирование ЦФ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʎʌ ʚʳʧʦʣʥʝʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ MATLAB GUI FDATool (Filter Design and 

Analysis Toolbox ï ʩʨʝʜʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʬʠʣʴʪʨʦʚ). ʀʥʪʝʨʬʝʡʩ ʧʘʢʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
 

ʈʠʩʫʥʦʢ 1. ʀʥʪʝʨʬʝʡʩ ʧʘʢʝʪʘ FDATool 
 

ɺ ʛʣʘʚʥʦʤ ʦʢʥʝ (ʨʠʩʫʥʦʢ 1) ʟʘʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʬʠʣʴʪʨʘ ï ʪʠʧ ʬʠʣʴʪʨʘ (ɹʀʍ-ʬʠʣʴʪʨ 

ʏʝʙʳʰʝʚʘ 2 ʨʦʜʘ), ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʧʦʜʘʚʣʝʥʠʷ, ʚʝʣʠʯʠʥʘ ʧʦʜʘʚʣʝʥʠʷ. ɼʘʣʝʝ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ (ʇʇ) ʛʝ-

ʥʝʨʠʨʫʝʪ ʬʠʣʴʪʨ ʩʦʛʣʘʩʥʦ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʵʬʬʝʢʪʳ ʢʚʘʥʪʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʷʚʣʷʶʪʩʷ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʨʝʛʠʩʪʨʦʚ ʇʃʀʉ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʚʳʯʠʩʣʝʥʠʡ. ʕʪʠ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʚʳʚʝʩʪʠ ʬʠʣʴʪʨ ʠʟ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ.  

 

 
 

ʈʠʩʫʥʦʢ 2. ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʎʌ 
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ʀʩʧʦʣʴʟʫʝʤʳʡ ʇʇ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʬʠʣʴʪʨ ʠ ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ ʝʛʦ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʢʚʘʥʪʦʚʘʥʠʷ. ʇʇ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʜʣʠʥʫ ʨʝʛʠʩʪʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʠʣʴʪʨʘ. ʋʩʪʘʥʦʚʠʤ ʝʝ ʨʘʚʥʦʡ 18 ʙʠʪ, ʪʘʢ ʢʘʢ ʇʃʀʉ Spartan 3E 

ʩʦʜʝʨʞʠʪ 18-ʨʘʟʨʷʜʥʳʝ ʘʧʧʘʨʘʪʥʳʝ ʫʤʥʦʞʠʪʝʣʠ. ʀʩʭʦʜʷ ʠʟ ʨʘʟʨʷʜʥʦʩʪʠ ɸʎʇ ʠ ʎɸʇ, ʦʧʨʝʜʝʣʠʤ ʜʣʠʥʫ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʨʘʚʥʦʡ 14 ʙʠʪ, ʜʣʠʥʫ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ = 12 ʙʠʪ. ɺ ʢʘʯʝʩʪʚʝ ʪʠʧʘ ʘʨʠʬʤʝʪʠʢʠ ʬʠʣʴʪʨʘ ʚʳʙʠʨʘʝʤ ʘʨʠʬʤʝʪʠ-

ʢʫ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ. ɸʌʏʍ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʢʚʘʥʪʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 3. ɸʌʏʍ ʬʠʣʴʪʨʘ 
 

ʅʘ ʨʠʩʫʥʢʘʭ 4, 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʢʚʘʥʪʦʚʘʥʠʷ ʠʤʧʫʣʴʩʥʘʷ ʠ ʧʝʨʝʭʦʜʥʘʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ. 
 

 
 

 
 

ʈʠʩʫʥʢʠ 4, 5. ʀʤʧʫʣʴʩʥʘʷ ʠ ʧʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʣʴʪʨʘ 
 

ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʶʩʘ ʠ ʥʫʣʠ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʬʠʣʴʪʨʘ. ɺʩʝ ʦʥʠ ʟʘʢʣʶʯʝʥʳ ʚ ʦʢʨʫʞ-

ʥʦʩʪʴ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ. ɿʥʘʯʠʪ, ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʅʘʡʢʚʠʩʪʘ-ʄʠʭʘʡʣʦʚʘ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ 

ʎʌ ʫʩʪʦʡʯʠʚ. 

 
 

ʈʠʩʫʥʦʢ 6. ʇʦʣʶʩʘ ʠ ʥʫʣʠ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʬʠʣʴʪʨʘ 
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Реализация ЦФ на ПЛИС Xilinx Spartan 3E 

ʇʇ FDATool ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʬʘʡʣ ʩ HDL-ʦʧʠʩʘʥʠʝʤ ʎʌ ʜʣʷ ʝʛʦ ʜʘʣʴʥʝʡʰʝʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʇʃʀʉ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ HDL-ʦʧʠʩʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʷʟʳʢ ʦʧʠʩʘʥʠʷ, ʪʠʧ ʠʩʧʦʣʴʟʫʝʤʳʭ ʫʤʥʦʞʠʪʝʣʝʡ, ʪʠʧ ʘʨʭʠʪʝʢ-

ʪʫʨʳ (ʨʠʩʫʥʦʢ 7). 
 

 
 

ʈʠʩʫʥʦʢ 7. ʂʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ HDL-ʦʧʠʩʘʥʠʷ 

 

ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʨʘʮʠʠ ʙʳʣ ʧʦʣʫʯʝʥ Verilog-ʤʦʜʫʣʴ filter.v, ʦʧʠʩʳʚʘʶʱʠʡ ʩʧʨʦʝʢʪʠʨʦʚʘʥ-

ʥʳʡ ʎʌ.  

ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʩ Verilog-ʦʧʠʩʘʥʠʝʤ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Xilinx  ISE Design Suite 14.7. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ɸʎʇ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʝʛʦ, ʚʳʙʨʘʚ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʧʨʝʜʫʩʠʣʠʪʝʣʷ.  

ʉʚʷʟʴ ʇʃʀʉ ʩ ɸʎʇ ʠ ʎɸʇ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʥʪʝʨʬʝʡʩʫ SPI. ɼʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ Verilog-ʤʦʜʫʣʴ spi.v.  

ɺʝʩʴ ʬʫʥʢʮʠʦʥʘʣ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʪ.ʝ. ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ɸʎʇ ʧʦʩʣʝ ʩʠʛʥʘʣʘ ʩʙʨʦ-

ʩʘ, ʧʨʠʝʤ ʦʮʠʬʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ɸʎʇ, ʝʛʦ ʬʠʣʴʪʨʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʎʌ, ʧʝʨʝʜʘʯʘ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʎɸʇ, ʨʝʘʣʠʟʦʚʘʥ ʚ ʤʦʜʫʣʝ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ main.v. 

ʇʦʩʣʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʘ ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʬʘʡʣʘ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʇʃʀʉ.  

Исследование характеристик ЦФ 

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʦʢʘʟʘʥ ʚʥʝʰʥʠʡ ʚʠʜ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ.  

 

 
 

ʈʠʩʫʥʦʢ 8. ɺʥʝʰʥʠʡ ʚʠʜ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ 

 

ʉʦʩʪʘʚ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ: ʦʪʣʘʜʦʯʥʘʷ ʧʣʘʪʘ Spartan 3E Starter Kit, ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ [2], ʮʠʬʨʦʚʦʡ 

ʟʘʧʦʤʠʥʘʶʱʠʡ ʦʩʮʠʣʣʦʛʨʘʬ. 

ʄʝʪʦʜʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ: ʥʘ ʘʥʘʣʦʛʦʚʳʡ ʚʭʦʜ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʳ (ʚʭʦʜ ɸʎʇ) ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʧʦʜʘʝʪʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ. ɺ ʜʘʥʥʦʡ ʪʦʯʢʝ ʩʠʛʥʘʣ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʘʥʘʣʦʤ 1 ʦʩʮʠʣʣʦʛʨʘʬʘ. ʆʙʨʘʙʦʪʘʥʥʳʡ 

ʮʠʬʨʦʚʳʤ ʬʠʣʴʪʨʦʤ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʎɸʇ, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʘʥʘʣʦʤ 2 ʦʩʮʠʣʣʦʛʨʘʬʘ. 

ʈʠʩʫʥʦʢ 9 ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʘʙʦʪʫ ʎʌ: ʥʘ ʚʭʦʜ ʎʌ ʧʦʜʘʥ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ ʩ ʯʘʩʪʦʪʦʡ 10ʢɻʮ (ʨʘʟʤʘʭ 

ʩʠʛʥʘʣʘ 1,96ɺ), ʥʘ ʚʳʭʦʜʝ ʎʌ ʨʘʟʤʘʭ ʩʠʛʥʘʣʘ ʨʘʚʝʥ 1,96ʤɺ (ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ = ï 20ʜɹ). 
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ʈʠʩʫʥʦʢ 9. ʀʣʣʶʩʪʨʘʮʠʷ ʨʘʙʦʪʳ ʎʌ 
 

ʅʘ ʨʠʩʫʥʢʝ 10 ʧʨʝʜʩʪʘʚʣʝʥʘ ɸʏʍ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʎʌ.  

ʇʦʣʫʯʝʥʥʘʷ ɸʏʍ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʣʫʯʝʥʥʦʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
 

 
 

ʈʠʩʫʥʦʢ 10. ɸʏʍ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʎʌ 
 

Заключение 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ MATLAB  FDATool ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʮʠʬʨʦʚʦʡ ʧʦʣʦ-

ʩʦʚʦʡ ʬʠʣʴʪʨ ʏʝʙʳʰʝʚʘ ʚʪʦʨʦʛʦ ʨʦʜʘ ʩ ʙʝʩʢʦʥʝʯʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʧʨʦʚʝʜʝʥʦ ʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʧʨʦʚʝʨʢʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʢʚʘʥʪʦʚʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

Verilog-ʦʧʠʩʘʥʠʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ. 

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Xilinx  ISE Design Suit 14.7 ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ Verilog-ʦʧʠʩʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʛʦ ʧʨʠʝʤ ʜʘʥʥʳʭ ʩ ɸʎʇ, ʠʭ ʦʙʨʘʙʦʪʢʫ ʎʌ ʠ ʧʝʨʝʜʘʯʫ ʥʘ ʎɸʇ. ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʙʘʟʝ 

ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʳ Spartan 3E Starter Kit. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 
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ПРОГРАММНОЕ ОБЕСПЕЧЕНИЕ ПОСЛЕДОВАТЕЛЬНОЙ  

ИДЕНТИФИКАЦИИ НЕСТАЦИОНАРНЫХ ВРЕМЕННЫХ РЯДОВ 
 

 О.К. Альсова1, А.А. Щербаченко2 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʤʘʛʠʩʪʨʘʥʪ 2-ʛʦ ʢʫʨʩʘ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʆʧʠʩʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʚʝʨʦʷʪʥʦʩʪʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʩʠʥʛʫʣʷʨʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ, ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʳʡ, ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʳʡ 

ʘʥʘʣʠʟʳ). ɸʣʛʦʨʠʪʤ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʤʦʜʫʣʷ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʠʚʘʨʠʘʥʪʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

VarForecasts. ʄʦʜʫʣʴ ʪʝʩʪʠʨʦʚʘʣʩʷ ʥʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ ʧʨʠʪʦʢʘ ʚʦʜʳ ʢ ʩʪʚʦʨʫ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ɻʕʉ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʨʠʪʦʢʘ, ʠʤʝʶʱʘʷ ʚʳʩʦ-

ʢʫʶ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ, ʧʨʠʛʦʜʥʘʷ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠʪʦʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʢʣʠʝʥʪ-

ʩʝʨʚʝʨʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, SSA, ARIMA, ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ.  

 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ (ɺʈ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘ ʠʟ 

ʪʘʢʠʭ ʟʘʜʘʯ ï ʫʧʨʘʚʣʝʥʠʝ ʫʨʦʚʥʝʤ ʚʦʜʳ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ (ʅɺʍ) ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ɺʈ ʧʨʠʪʦʢʘ ʚʦʜʳ ʢ ʩʪʚʦʨʫ ɻʕʉ ʥʘ ʨʘʟʣʠʯʥʳʝ ʢʘʣʝʥʜʘʨʥʳʝ ʧʝʨʠʦʜʳ [2]. ɺʈ ʧʨʠʪʦʢʘ ʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝ-

ʩʪʘʮʠʦʥʘʨʥʦʩʪʴʶ ʠ ʠʤʝʶʪ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʪʘʢʠʭ ɺʈ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʛʥʘʣʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʩʦʩʪʦʷʪʝʣʴʥʦʡ, ʘ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʩʠʥʛʫʣʷʨʥʳʡ ʩʧʝʢʪʨʘʣʴ-

ʥʳʡ ʘʥʘʣʠʟ/SSA, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʜʨ.) ʦʛʨʘʥʠʯʝʥʳ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʥʝʣʠʥʝʡʥʳʭ ʢʦʤʧʦʥʝʥʪ ɺʈ ʠ ʥʝ ʫʯʠʪʳʚʘ-

ʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʣʠʥʝʡʥʦʡ ʧʨʠʨʦʜʳ. ʉʦʟʜʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʫʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ɺʈ, ʦʩ-

ʥʦʚʘʥʥʳʡ ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ ʩʠʥʛʫʣʷʨʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ, ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʛʦ/ARIMA ʠ ʢʦʨ-

ʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩcʠʦʥʥʦʛʦ ʘʥʘʣʠʟʦʚ. ɺ ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʘʜʜʠʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʜʝʥʪʠʬʠʢʘʮʠ-

ʦʥʥʦʡ ʤʦʜʝʣʠ ɺʈ, ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ, ʣʠʙʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʚʝʜʦʯ-

ʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʧʦʵʪʘʧʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ɺʈ ʥʘ ʦʪʜʝʣʴʥʳʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʠʭ ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ. ʅʘ ʦʯʝʨʝʜʥʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ ʚʳʜʝʣʷʶʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ɺʈ: ʪʨʝʥʜʦʚʳʝ, ʩʝʟʦʥʥʳʝ, ʮʠʢʣʠʯʝʩʢʠʝ ʠ ʠʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʟʥʘ-

ʯʠʤʳʡ ʚʢʣʘʜ ʚ ʧʦʚʝʜʝʥʠʝ ʨʷʜʘ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʰʘʛʘ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟ ʦʩʪʘʪʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚʳʯʠʪʘʥʠʝʤ 

ʚʳʜʝʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠʟ ʠʩʭʦʜʥʦʛʦ ʨʷʜʘ, ʧʨʦʚʝʨʷʶʪʩʷ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ [2]. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ ɺʈ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ʩʝʪʝʚʦʡ 

ʚʝʨʩʠʠ ʩʠʩʪʝʤʳ VarForecasts. ʉʠʩʪʝʤʘ VarForecasts ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʘ-

ʮʠʦʥʘʨʥʳʭ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ɺʈ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦ-

ʨʠʪʤʦʚ. ʇʝʨʚʘʷ ʚʝʨʩʠʷ ʩʠʩʪʝʤʳ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʣʦʢʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʠ ʚʢʣʶʯʘʣʘ SSɸ-ʤʦʜʫʣʴ [1]. 

ʉʝʪʝʚʘʷ ʚʝʨʩʠʷ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʢ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʙʘʟʝ ʩʪʝʢʘ ʪʝʭʥʦʣʦʛʠʡ 

Java EE, ʭʨʘʥʝʥʠʝ ʠ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʦʨʛʘʥʠʟʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʉʋɹɼ PostgeSQL, ʚ ʢʘʯʝʩʪʚʝ ʢʣʠʝʥʪʘ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʚʝʙ-ʙʨʘʫʟʝʨ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʫʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʨʝʩʫʨʩʘʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʩʠʩʪʝʤʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʨʝʰʠʪʴ ʧʨʦʙʣʝ-

ʤʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʙʥʦʚʣʝʥʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ï 

ʫʤʝʥʴʰʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʤʧʴʶʪʝʨ ʢʣʠʝʥʪʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʫʘʣʴʥʳʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ɺʈ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠ ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʫ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ API. 

ʄʦʜʫʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʰʘʛʦʚʦ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦ (ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʘʣʦʛʘ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ) ʧʨʦʚʦʜʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʢʦʤʧʦʥʝʥʪ ɺʈ. ɺʩʝ ʥʘʩʪʨʦʡʢʠ ʤʦʜʫʣʷ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ çʧʦ ʫʤʦʣʯʘ-

ʥʠʶè, ʠ ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʠʢʘʢʦʡ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʅʘ ʥʝʢʦʪʦʨʳʭ 

ʵʪʘʧʘʭ ʘʣʛʦʨʠʪʤʘ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ: 

1. ʚ ʤʝʪʦʜʝ SSA ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʛʨʫʧʧʠʨʦʚʢʘ ʩʠʥʛʫʣʷʨʥʳʭ ʚʝʢʪʦʨʦʚ ʢʦʤʧʦʥʝʥʪ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
ʪʨʝʥʜʫ ʠ ʩʝʟʦʥʥʦʩʪʠ), ʢʦʪʦʨʘʷ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

2. ʚ ʤʝʪʦʜʝ ARIMA ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʚʳʙʦʨ ʧʦʨʷʜʢʘ (p, d, q) ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʝʚ AIC ʠ BIC 
(ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʨʠʪʝʨʠʡ ɸʢʘʡʢʝ ʠ ʙʘʝʡʩʦʚʩʢʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʨʠʪʝʨʠʡ). 

ʂʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʤʦʜʝʣʠ ɺʈ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ ʠ ʚʢʣʶʯʘʝʪ: ʘʚʪʦʢʦʨʨʝ-

ʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʧʨʦʚʝʨʢʫ ʛʠʧʦʪʝʟʳ ʦ ʥʦʨʤʘʣʴʥʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʢʦʚ (ʢʨʠ-

                                                           
É ɸʣʴʩʦʚʘ ʆ.ʂ., ʑʝʨʙʘʯʝʥʢʦ ɸ.ɸ. / Alsova O.K., Shcherbachenko A.A., 2015 
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ʪʝʨʠʡ ʇʠʨʩʦʥʘ), ʢʦʥʪʨʦʣʴ ʥʘʜ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ R2. ɽʩʣʠ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠ ʧʦʩʣʝ ʚʳʜʝʣʝ-

ʥʠʷ ʦʯʝʨʝʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʝʨʥʫʪʴʩʷ ʥʘ ʧʨʝʜʳʜʫʱʠʡ 

ʰʘʛ ʠ ʧʦʚʪʦʨʠʪʴ ʝʛʦ ʩ ʥʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ɺʈ ʩʯʠʪʘʝʪʩʷ ʟʘʚʝʨʰʝʥʥʳʤ, ʝʩʣʠ ʤʦ-

ʜʝʣʴʥʳʝ ʦʩʪʘʪʢʠ e(t) ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʦʮʝʩʩʦʤ çʙʝʣʦʛʦ ʰʫʤʘè. 

ɺ ʤʦʜʫʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝ-

ʩʢʦʣʴʢʠʭ ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ɺʈ. ʆʮʝʥʠʚʘʷ ʩʪʝʧʝʥʴ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ, 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʦ ʚʢʣʶʯʝʥʠʠ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʠʩʭʦʜʥʦʛʦ ɺʈ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʜʨʫʛʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ɺʈ. ʇʨʠ ʘʥʘʣʠʟʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʟʥʝʩʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʨʝʢʠ ʠ ʫʯʝʩʪʴ ʧʨʠ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʠʟ ʥʠʭ.  

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ɺʈ ʩʨʝʜʥʝʩʫʪʦʯʥʦʛʦ ʨʘʩʭʦ-

ʜʘ ʚʦʜʳ ʚ ʅɺʍ ʟʘ ʧʝʨʠʦʜ ʩ 1985 ʧʦ 2012 ʛʛ. ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ɺʈ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠʩʭʦʜʥʳʤ 

ʜʘʥʥʳʤ (R2~0.993) ʠ ʧʨʠʛʦʜʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʛʥʦʟʘ ʥʘ ʧʝʨʠʦʜ ʜʦ 10-ʪʠ ʜʥʝʡ (ʩʨʝʜʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 10 %). ʄʦʜʝʣʴ ʠʤʝʝʪ ʯʝʪʢʫʶ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʢʦʤʧʦʥʝʥʪ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʚʦ ʚʨʝʤʝʥʠ. 

ʆʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ɺʈ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʘʣʛʦʨʠʪʤ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʡ ʤʦʜʝʣʠ ʜʣʷ ʦʯʝʨʝʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʷʜʘ. ʅʘʠʣʫʯʰʘʷ ʤʦʜʝʣʴ ʚʳʙʠʨʘ-

ʝʪʩʷ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʙʘʟʦʚʦʛʦ ʥʘʙʦʨʘ ʤʦʜʝʣʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʢʨʠʪʝʨʠʝʤ ʩʝʣʝʢʮʠʠ. ʇʦʜʦʙʥʘʷ ʩʪʨʫʢ-

ʪʫʨʥʘʷ ʘʜʘʧʪʘʮʠʷ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʤʦʜʝʣʝʡ ʜʣʷ ʫʯʝʪʘ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ɺʈ. 
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Abstract. This paper describes the features of the software implementation of an algorithm for time series 

model identification. The algorithm that based on different probabilistic and statistical methods (singular spectrum 

analysis, ARIMA, correlation and regression analysis) has been implemented as a plugin for the client-server version of 

the forecasting system VarForecasts. This plugin was tested using time series of water inflows to the Novosibirsk Hy-

droelectric Power Station site. A comprehensive model of the described inflow time series was built by using the devel-

oped plugin. The model is adequate to the empirical data and can be used for daily inflow forecasting. 
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ПОСТРОЕНИЕ ЛИНЕЙНОЙ ТЕОРИИ ДИНАМИЧЕСКОГО 

ПОВЕДЕНИЯ СТРОИТЕЛЬНЫХ КОНСТРУКЦИИ В ВИДЕ ПЛАСТИН,  

НАХОДЯЩИХСЯ ПОД ПОВЕРХНОСТЬЮ ДЕФОРМИРУЕМОЙ СРЕДЫ 
 

 Б.Д. Джанмулдаев1, К.Т. Аленов2 
1 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 2 ʜʦʢʪʦʨʘʥʪ 

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂʦʨʢʳʪ ɸʪʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʢʦʣʝʙʘ-

ʥʠʷ ʚʷʟʢʦʫʧʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ. ʅʘ ʦʩʥʦʚʝ ʪʦʯʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʧʦʣʫʯʝʥʳ ʦʙʱʠʝ 

ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʷ, ʚ ʚʠʜʝ ʩʠʩʪʝʤ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʷʟʢʦʫʧʨʫʛʦʩʪʴ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠ ʃʘʧʣʘʩʘ, ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ. 

 

ʇʣʘʩʪʠʥʳ ʢʘʢ ʧʣʦʩʢʠʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʪʦʥʢʦʩʪʝʥʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʧʨʠʩʫʱʠ 

ʣʝʛʢʦʩʪʴ, ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʬʦʨʤ ʠ ʠʭ ʚʳʩʦʢʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʭʦʨʦʰʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʥʘʨʷʜʫ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚʷʟʢʦʫʧʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʩʪʨʦʛʦʛʦ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʚʫʤʝʨʥʳʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʜʘʣʝʢʘ ʦʪ ʩʚʦʝʛʦ ʧʦʣ-

ʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ, ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʝʱʝ ʥʝ ʜʘʶʪ ʧʦʣʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ 

ʚʦʧʨʦʩʦʚ, ʚʳʜʚʠʛʘʝʤʳʭ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʦʡ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʪ ʜʘʞʝ ʝʜʠʥʩʪʚʘ ʚʟʛʣʷʜʦʚ ʥʘ ʪʦ, ʢʘʢʠʝ ʧʨʠʥʮʠ-

ʧʳ (ʛʠʧʦʪʝʟʳ) ʜʦʣʞʥʳ ʣʝʯʴ ʚ ʦʩʥʦʚʫ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘ-

ʥʠʷ ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʩʯʝʪʘʭ. 

1. ʂʦʣʝʙʘʥʠʝ ʧʣʦʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʳ ʙʝʟ ʫʯʝʪʘ 
ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʢʦʣʝʙʘʥʠʷ ʧʣʘʩʪʠʥʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ, ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 
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ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

 

                                                   ),,,()2()2( tʫʭFz=s  ),,()2()( tʫʭFjz

j

ij =s  ),( ʫxj =                                   (1.2) 

 

ʅʘ ʛʨʘʥʠʮʝ ʢʦʥʪʘʢʪʘ ʚʝʨʭʥʠʡ ʩʣʦʡ ï ʧʣʘʩʪʠʥʢʘ z= h1  

 

                                               ;)2()1(

zzzz ss =  ,0)1( =jzs  ,0
)2(
=jzs  w(1)= w(2) (j=ʭ, ʫ)                                              (1.3) 

 

ʅʘ ʛʨʘʥʠʮʝ ʧʣʘʩʪʠʥʢʘ ï ʦʩʥʦʚʘʥʠʝ z=-h1 

 

                                                               ),,,()3(
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)3()1( tʫʭF zzzzz +=ss
 

;01 =jzs                                                      (1.4) 
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)3()1()3()3( tʫʭFwwtʫʭFjzij +==+s  (j=ʭ, ʫ) 
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ʛʜʝ ʬʫʥʢʮʠʠ );,,()3(

3 tʫʭF z
 );,,()3( tʫʭF jz

 ),,()3(

0 tʫʭF  ʦʧʠʩʳʚʘʶʪ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʤʝʱʝʥʠʷ ʚ ʧʘʜʘʶʱʝʡ ʚʦʣʥʝ 

ʩʥʠʟʫ, ʪ.ʝ. ʩʦ ʩʪʦʨʦʥʳ ʦʩʥʦʚʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ʠʣʠ ʚʟʨʳʚʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʷ ʟʘʪʫʭʘʥʠʷ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʪ.ʝ. ʧʨʠ -¤­z  
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1 === yyy                                                             (1.5) 

 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʥʫʣʝʚʳʝ 
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ɺ ʥʘʯʘʣʝ ʥʘʡʜʝʤ ʦʙʱʠʝ ʨʝʰʝʥʠʷ (1.1), ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʣʝʙʘʥʠʷ ʧʣʘʩʪʠʥ ʪʨʝʭʤʝʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʤʝʥʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ, 

ʪ.ʝ. ʜʚʫʤʝʨʥʦʡ, ʜʣʷ ʪʦʯʝʢ ʩʨʝʜʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʢʠ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʥʝʰʥʠʝ ʫʩʠʣʠʷ, 

ʚʳʟʳʚʘʶʱʠʝ ʝʝ ʢʦʣʝʙʘʥʠʷ. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʩʚʦʜʷʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʚʥʝʰʥʠʝ ʫʩʠʣʠʷ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʩʦʢʦʯʘ-

ʩʪʦʪʥʳʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʢʦʤʳʭ ʚʝʣʠʯʠʥ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʤʝʱʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʪʦʯʝʢ ʧʣʦʩʢʦʩʪʠ z=0. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ ʟʘʜʘʯʫ ʙʫʜʝʤ ʨʝʰʘʪʴ, ʧʨʠʤʝʥʷʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʍ ʠ Y ʠ 

ʃʘʧʣʘʩʘ ʧʦ t. 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʠ ʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ  
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ʇʨʠ ʵʪʦʤ ʚ ʩʠʣʫ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʬʫʥʢʮʠʠ ʚʥʝʰʥʠʭ ʫʩʠʣʠʡ, ʬʫʥʢʮʠʡ 
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ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳ ʚʥʝ ʦʙʣʘʩʪʠ 0kk ¢ , 0qq ¢ , ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʚʳʨʘʞʝʥʠʷ (1.7) ʧʦʜ ʟʥʘ-

ʢʦʤ ʠʥʪʝʛʨʘʣʘ. ʇʦʜʩʪʘʚʣʷʷ (1.7) ʚ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (2.2.1) ʩ ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (1.5); (1.6), ʜʣʷ 
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ʆʙʱʠʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (1.8) ʩʪʨʦʷʪʩʷ ʦʙʳʯʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʠʤʝʶʪ ʚʠʜ 
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ʜʣʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʠ ʧʣʘʩʪʠʥʢʠ, ʛʜʝ ;01=z  ;12 hz =  ʘ ʜʣʷ ʥʠʞʥʝʛʦ ʦʩʥʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʟʘʪʫʭʘʥʠʷ (1.5) 
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ʀʤʝʷ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ (1.9) ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʪʦʯʝʢ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʠ ʧʣʘʩʪʠʥʢʠ, ʧʦʣʫ-

ʯʠʤ ʚʳʨʘʞʝʥʠʷ 
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ʧʨʠ ʵʪʦʤ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʚ ʚʠʜʝ ʩʭʦʜʷʱʠʭʩʷ ʩʪʝʧʝʥʥʳʭ ʨʷʜʦʚ ʧʦ ʘʨʛʫʤʝʥʪʘʤ. ʆʙʱʠʝ 

ʨʝʰʝʥʠʷ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ (1.11) ʫʜʦʙʥʝʝ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʜʨʫʛʠʝ ʥʝʠʟʚʝʩʪʥʳʝ, ʠʤʝʶʱʠʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ.  

ʇʦʵʪʦʤʫ, ʚʤʝʩʪʦ ʧʦʩʪʦʷʥʥʳʭ 
)( j
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W ʷʚʣʷʶʪʩʷ ʢʘʩʘʪʝʣʴʥʳʤʠ ʠ ʥʦʨʤʘʣʴʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤʠ ʩʤʝʱʝʥʠʷʤʠ ʪʦʯʝʢ ʧʣʦʩʢʦʩʪʠ 

ʢʦʥʪʘʢʪʘ z = h1 ʠ ʪʦʯʝʢ ʩʨʝʜʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʢʠ, ʘ 
)(
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j
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j
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j
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ʠʟʚʦʜʥʳʭ ʧʦ z ʧʦʧʝʨʝʯʥʦʛʦ ʩʤʝʱʝʥʠʷ ʠʣʠ ʚʝʣʠʯʠʥʳ ʪʠʧʘ ʜʝʬʦʨʤʘʮʠʠ ʛʜʝ, (
)(

0

j
W  ï ʜʝʬʦʨʤʘʮʠʠ 

)0(

zze  ʧʨʠ z = 0). 

ʇʝʨʝʭʦʜʷ ʦʪ ʧʦʩʪʦʷʥʥʳʭ 
)(

1

jA  
)( j
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ʇʨʠ ʵʪʦʤ ʦʧʝʨʘʪʦʨʳ 
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jl  ʦʧʠʩʳʚʘʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʦʩʢʠʭ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ 

ʚ ʧʣʦʩʢʦʩʪʷʭ jz  = ʩonst, a 
)( j

U , 
)( jV , 

)(

1

j
W  ʷʚʣʷʶʪʩʷ ʢʘʩʘʪʝʣʴʥʳʤʠ ʠ ʥʦʨʤʘʣʴʥʳʤʠ ʦʙʨʘʱʝʥʥʳʤʠ ʩʤʝʱʝʥʠ-

ʷʤʠ ʪʦʯʝʢ ʧʣʦʩʢʦʩʪʠ ʢʦʥʪʘʢʪʘ 
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ʱʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ zʧʦʧʝʨʝʯʥʦʛʦ ʩʤʝʱʝʥʠʷ ʠʣʠ ʚʝʣʠʯʠʥʳ ʪʠʧʘ ʜʝʬʦʨʤʘʮʠʠ (
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W ï ʜʝʬʦʨ-

ʤʘʮʠʠ ʧʨʠ z = 0). ɿʥʘʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʤʝʱʝʥʠʡ ,)( jʠ  
)( j

v , 

)( j
w

 ʯʝʨʝʟ ʧʨʦʠʟʚʦʣʴʥʳʝ ʬʫʥʢʮʠʠ 
)( j

U , 
)( jV , 

)(

1

j
W , 

)(

1

j
U , 

)(

1

j
V , 

)( j
W ʥʘʭʦʜʠʤ ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ. 
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ɺʳʨʘʞʝʥʠʷ (1.15) ʧʦʣʫʯʝʥʳ ʣʠʰʴ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (1.1) ʧʨʠ ʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʠ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʨʝʰʝʥʠʷʤʠ ʟʘʜʘʯ. 
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)( jW  ʠ ʧʘʨʘʤʝʪʨʦʚ ʥʠʞʥʝʛʦ ʧʦʣʫʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʠʤʝʝʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (1.2), (1.3) ʠ (1.4). 

ʉʨʝʜʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʠʟʚʝʩʪʥʳʭ ʦʩʥʦʚʥʳʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʨʠʤʝʤ ʩʤʝʱʝʥʠʷ 
)( jU ,

)( jV , 

jW1 , ʠ ʜʝʬʦʨʤʘʮʠʠ ʩʤʝʱʝʥʠʡ 
)(
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j
U , 
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j
V , 

)( jW  ʪʦʯʝʢ ʩʨʝʜʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʢʠ (z = 0). 

2. ɺʳʚʦʜ ʦʙʱʠʭ ʫʨʘʚʥʝʥʠʡ ʢʦʣʝʙʘʥʠʷ ʧʣʘʩʪʠʥʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʉʨʝʜʠ ʥʝʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʡ 
)( jU ,

)( jV , 
jW1 , 

)(

1

j
U , 
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1

j
V , 

)( jW  ʥʝ ʚʩʝ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ. ɿʘ-

ʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʠʤʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ (z = )1h . ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ 

(1.15) ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʧʦʜʩʪʘʚʣʷʷ ʠʭ ʚ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (1.2) ï (1.4), ʥʘʭʦʜʠʤ ʵʪʠ ʟʘʚʠʩʠ-

ʤʦʩʪʠ  
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CREATION OF LINEAR THEORY OF DYNAMIC BEHAVIOR OF CONSTRUCTIONS 

IN THE PLATE FORM UNDER THE SURFACE OF THE DEFORMABLE ENVIRONMENT 
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Kyzylorda State University named after Korkyt Ata, Kazakhstan 

 

Abstract. The article deals with the mathematical approach to the creation of linear theory of dynamic behav-

ior of constructions in the plate form. Basing on the precise boundary value problem setting, the general dynamic be-

havior equations are established as integro-differential equation systems. 

Keywords: viscous elasticity, Fourier and Laplace integral transformations, integro-differential functionals. 
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УДК 621.926.55 
 

ИССЛЕДОВАНИЕ ЭФФЕКТИВНОСТИ ИЗМЕЛЬЧЕНИЯ 

МАТЕРИАЛОВ В ВИБРАЦИОННОЙ МЕЛЬНИЦЕ 
 

 М.К. Ибатов1, К.А. Ногаев2, К. Закария3 
1 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 2 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 3 ʤʘʛʠʩʪʨʘʥʪ 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʀʥʜʫʩʪʨʠʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ (ʊʝʤʠʨʪʘʫ), ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʤʝʣʴʥʠʮʘʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʪʨʦʡʠʥʜʫʩʪʨʠʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʣʴʥʠʮʘ, ʠʟʤʝʣʴʯʝʥʠʝ, ʪʦʥʢʦʩʪʴ ʧʦʤʦʣʘ. 
 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ 

(ʪʦʥʢʦʛʦ ʧʦʤʦʣʘ) ʠ ʘʢʪʠʚʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʟʤʝʣʴʯʠʪʝʣʴʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʠʙʨʘʮʠʦʥ-

ʥʘʷ ʤʝʣʴʥʠʮʘ, ʢʦʪʦʨʘʷ ʫʩʪʫʧʘʝʪ ʧʦ ʠʟʤʝʣʴʯʘʶʱʠʤ ʩʧʦʩʦʙʥʦʩʪʷʤ ʪʦʣʴʢʦ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ. ʆʜʥʘʢʦ ʚʠʙʨʘ-

ʮʠʦʥʥʘʷ ʤʝʣʴʥʠʮʘ ʧʨʝʚʦʩʭʦʜʠʪ ʧʣʘʥʝʪʘʨʥʫʶ ʧʦ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʢʘʢ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, 

ʧʨʦʩʪʦʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʘʩʪʨʦʡʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʟʤʝʣʴʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʥʦʛʦ-

ʢʨʘʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʫʜʘʨʥʳʭ ʫʩʠʣʠʡ, ʨʘʩʰʘʪʳʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʯʘʩʪʠʮʳ, ʧʨʠʯʸʤ 

ʯʘʩʪʦʪʘ ʚʦʟʜʝʡʩʪʚʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ çʩʘʤʦʟʘʞʠʚʣʝʥʠʷè ʦʙʨʘʟʫʶʱʠʭʩʷ ʪʨʝ-

ʱʠʥ. ʕʪʦʪ ʧʨʠʥʮʠʧ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʤʝʣʴʥʠʮʘʭ. ʏʘʩʪʦʪʘ ʫʜʘʨʦʚ ʰʘʨʦʚ ʚ ʥʠʭ ʥʘ 1 

ʤ3 ʦʙʲʸʤʘ ʚ 5000 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮʘʭ [2, 3]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʤʦʣʘ ʚ ʚʠʙʨʦʤʝʣʴʥʠʮʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ, ʯʘʩʪʦʪʦʡ ʠ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʡ ʧʦʤʦʣʴʥʦʡ ʢʘʤʝʨʳ, ʨʘʟʤʝʨʘʤʠ ʠ ʪʚʝʨʜʦʩʪʴʶ ʰʘʨʦʚ, ʦʙʲʝʤʦʤ ʧʦ-

ʤʦʣʴʥʦʡ ʢʘʤʝʨʳ, ʩʪʝʧʝʥʴʶ ʟʘʧʦʣʥʝʥʠʷ ʝʸ ʤʝʣʶʱʠʤʠ ʪʝʣʘʤʠ ʠ ʠʟʤʝʣʴʯʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʩʧʦʩʦʙʦʤ ʫʜʘʣʝʥʠʷ 

ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʧʦʤʦʣʴʥʦʡ ʢʘʤʝʨʳ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʢʦʡ ʜʚʠʞʝʥʠʷ ʚ ʥʝʡ ʰʘʨʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʝʸ ʜʝʡʩʪʚʫʶʱʘʷ ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ 1), ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʠ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝè ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  
 

 
 

ʈʠʩʫʥʦʢ 1. ɼʝʡʩʪʚʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʤʦʜʝʣʴ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʳ 

 

ʄʦʜʝʣʴ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʳ ʩʦʩʪʦʠʪ ʠʟ ʧʨʠʚʦʜʘ, ʨʘʟʤʦʣʴʥʦʛʦ ʩʪʘʢʘʥʘ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʦʛʦ ʤʝ-

ʣʶʱʠʤʠ ʪʝʣʘʤʠ, ʩʦʦʩʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʝʧʦʜʚʠʞʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ ʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʨʦʪʦʨʘ ʩ 

ʜʝʙʘʣʘʥʩʦʤ. ʈʘʟʤʦʣʴʥʳʡ ʩʪʘʢʘʥ ʚʩʪʘʚʣʝʥ ʚʦ ʚʨʘʱʘʶʱʠʡʩʷ ʨʦʪʦʨ ʵʢʩʮʝʥʪʨʠʯʥʦ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʧʨʠʚʦʜʠʪʩʷ ʚ ʢʨʫ-

ʛʦʚʳʝ ʢʦʣʝʙʘʥʠʷ. ʕʪʠ ʢʦʣʝʙʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʫʜʘʨʝʥʠʝ ʤʝʣʶʱʠʭ ʪʝʣ ʩʦ ʩʪʝʥʢʘʤʠ ʠ ʨʘʟʤʘʣʳʚʘʝʤʳʤ ʤʘʪʝ-

ʨʠʘʣʦʤ, ʪʝʤ ʩʘʤʳʤ ʠʟʤʝʣʴʯʘʶʪ ʠʭ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʪʨʠ ʚʠʜʘ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʚ ʩʪʨʦʡʠʥʜʫʩʪʨʠʠ: ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʜʦʤʝʥʥʳʡ ʰʣʘʢ ɸʆ çɸʨʩʝʣʦʨʄʠʪʪʘʣ ʊʝʤʠʨʪʘʫè (ʛ. ʊʝʤʠʨʪʘʫ, ʂʘʟʘʭ-

ʩʪʘʥ), ʱʝʙʝʥʴ (ɸʤʘʥʩʢʠʡ ʢʘʨʴʝʨ, ʂʘʟʘʭʩʪʘʥ) ʠ ʠʟʚʝʩʪʥʷʢ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ çɸʩʪʘʭʦʚʩʢʦʝè, ʂʘʟʘʭʩʪʘʥ). ʂʨʫʧ-

ʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʢʫʩʢʦʚ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʣʘ 5-10 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʣʶʱʠʭ ʪʝʣ ʚʳʙʨʘʥʳ ʰʘʨʳ ʜʠʘʤʝʪʨʦʤ 12 

ʤʤ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ 0,5 ʦʙʲʝʤʘ ʨʘʟʤʦʣʴʥʦʛʦ ʩʪʘʢʘʥʘ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʠʟ-

ʚʦʜʠʣʠ ʩʫʭʦʡ ʠ ʤʦʢʨʳʡ ʧʦʤʦʣ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʠʥʘʤʠʢʘ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʜʦ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪ.ʝ. ʢʦʛʜʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʧʨʝ-

                                                           
É ʀʙʘʪʦʚ ʄ.ʂ., ʅʦʛʘʝʚ ʂ. ɸ., ɿʘʢʘʨʠʷ ʂ. / Ibatov M.K., Nogaev K.A., Zakariya K., 2015 
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ʜʝʣʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ (ʨʘʟʤʦʣʴʥʳʡ ʩʪʘʢʘʥ) ʤʝʣʴʥʠʮʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2, ʛʜʝ ʧʦʢʘʟʘʥʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ, ʜʦʩʪʠʛʘʝʤʳʝ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʠ ʩʫʭʦʤ ʠ ʤʦʢʨʦʤ ʧʦʤʦʣʝ. ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜ-

ʥʦ, ʯʪʦ ʧʨʠ ʤʦʢʨʦʤ ʧʦʤʦʣʝ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʯʝʤ ʧʨʠ ʩʫʭʦʤ. ʇʨʠʯʝʤ, 

ʪʦʥʢʦʩʪʴ ʧʦʤʦʣʘ ʙʦʣʝʝ ʧʨʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʘ ʚʳʰʝ, ʯʝʤ ʫ ʦʩʪʘʣʴʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʥʢʦʩʪʴ ʧʦʤʦʣʘ, ʜʦʩʪʠʛʘʝʤʘʷ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʘ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʤʝʣʴʥʠʮʝ, ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʝʛʦ ʚʦʟʤʦʞʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʙʝʩʢʣʠʥ-

ʢʝʨʥʦʛʦ ʮʝʤʝʥʪʘè [1]. 

 

ʘ)  

ʙ)  
 

ʈʠʩʫʥʦʢ 2. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ, ʜʦʩʪʠʛʘʝʤʘʷ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ 

 ʘ ï ʩʫʭʦʡ ʧʦʤʦʣ; ʙ ï ʤʦʢʨʳʡ ʧʦʤʦʣ 
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УДК 662.741 

 

К ИССЛЕДОВАНИЮ ДОЛГОВЕЧНОСТИ ЭЛЕМЕНТОВ 

МЕХАНИЗМА ПЕРЕДВИЖЕНИЯ КОКСОВЫТАЛКИВАТЕЛЯ 
 

 В.И. Илькун1, Р.Р. Мукаев2, К.А. Ногаев3 
1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʤʘʛʠʩʪʨʘʥʪ, 3 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʝʡ ʢʘʬʝʜʨʦʡ 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʀʥʜʫʩʪʨʠʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ (ʊʝʤʠʨʪʘʫ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʦ ʫʩʣʦʚʠʝ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʢʦʢʩʦʚʳʪʘʣʢʠʚʘʪʝʣʷ. ɺʳʷʚʣʝʥʳ 

ʵʣʝʤʝʥʪʳ ʤʝʭʘʥʠʟʤʘ ʩ ʥʠʟʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʧʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʢʩʦʚʳʪʘʣʢʠʚʘʪʝʣʴ, ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʚʠʞʝʥʠʷ, ʦʪʢʘʟ. 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʜʘʯʝʡ ʢʦʢʩʘ ʠʟ ʧʝʯʝʡ, ʩʲʝʤʦʤ ʠ ʫʩʪʘʥʦʚʢʦʡ 

ʜʚʝʨʝʡ, ʢʦʢʩʦʚʳʭ ʙʘʪʘʨʝʡ, ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʰʠʭʪʳ ʠ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʢʦʢ-

ʩʦʚʳʪʘʣʢʠʚʘʪʝʣʴ, ʧʝʨʝʜʚʠʛʘʶʱʠʡʩʷ ʚʜʦʣʴ ʬʨʦʥʪʘ ʢʦʢʩʦʚʳʭ ʧʝʯʝʡ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʚʠʞʝʥʠʷ [1, 3]. 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʪʷʞʝʣʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʢʦʢʩʦʭʠʤʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠ ʧʦʚʪʦʨʥʦ-

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʚʦʟʥʠ-

ʢʘʶʱʠʭ ʧʨʠ ʧʫʩʢʘʭ ʠ ʪʦʨʤʦʞʝʥʠʷʭ, ʩʥʠʞʘʶʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʠ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʠʭ ʦʪʢʘʟʘ. 

ʇʦ ʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [2], ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ ʦʪʢʘʟʦʚ ʤʝʭʘ-

ʥʠʟʤʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʢʦʢʩʦʚʳʪʘʣʢʠʚʘʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 6,2 % ʦʪ ʦʙʱʝʡ ʯʘʩʪʦʪʳ ʦʪʢʘʟʦʚ ʚʩʝʭ ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʫʩʪʨʦʡʩʪʚ ʵʪʦʛʦ ʘʛʨʝʛʘʪʘ. ʇʦʣʦʤʢʠ ʚ ʤʝʭʘʥʠʟʤʝ ʧʝʨʝʜʚʠʞʝʥʠʷ ʢʦʢʩʦʚʳʪʘʣʢʠʚʘʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʩʙʦʷʤ ʚ ʨʘʙʦʪʝ 

ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ ʚ ʦʙʱʝʡ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʮʝʧʦʯʢʝ. 

ɺ ʢʦʢʩʦʚʦʤ ʮʝʭʝ ɸʆ çɸʨʩʝʣʦʨʄʠʪʪʘʣ ʊʝʤʠʨʪʘʫè (ʛ. ʊʝʤʠʨʪʘʫ, ʂʘʟʘʭʩʪʘʥ) ʫʩʪʘʥʦʚʣʝʥʳ 9 ʢʦʢʩʦʚʳʪʘʣ-

ʢʠʚʘʪʝʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʘ ʪʠʧʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʚʠʞʝʥʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 1, ʘ ʧʦʢʘʟʘʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʚʠʞʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʘʷ ʥʘ ʪʨʝʭ ʢʦʢʩʦ-

ʚʳʪʘʣʢʠʚʘʪʝʣʷʭ. ʇʨʠʚʦʜ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 1, ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʩʚʦʙʦʜ-

ʥʦʤ ʢʦʥʮʝ ʚʘʣʘ ʪʦʨʤʦʟʦʤ 2, ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʜʫʢʪʦʨʘ 3, ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʛʦ ʚʘʣʘ 4, ʩʦʝʜʠʥʝʥʥʦʛʦ ʧʨʠ ʧʦʤʦʱʠ 

ʟʫʙʯʘʪʳʭ ʤʫʬʪ 5 ʩ ʪʠʭʦʭʦʜʥʳʤ ʚʘʣʦʤ ʨʝʜʫʢʪʦʨʘ 3 ʠ ʚʘʣʦʤ ʰʝʩʪʝʨʥʠ 6 ʦʪʢʨʳʪʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʟʫʙʯʘʪʦʡ ʧʝ-

ʨʝʜʘʯʠ. ʐʝʩʪʝʨʥʷ 6 ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʮʝʧʣʝʥʠʠ ʩ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʦʤ 7, ʞʝʩʪʢʦ ʧʦʩʘʞʝʥʥʳʤ ʥʘ ʦʜʥʦʤ ʚʘʣʫ ʩ ʭʦʜʦ-

ʚʳʤ ʢʦʣʝʩʦʤ 8 ʢʦʢʩʦʚʳʪʘʣʢʠʚʘʪʝʣʷ.  

ɺ ʦʩʪʘʣʴʥʳʭ ʢʦʢʩʦʚʳʪʘʣʢʠʚʘʪʝʣʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʜʚʠʞʝʥʠʷ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʨʠʚʦ-

ʜʦʤ ʥʘ ʢʘʞʜʦʝ ʭʦʜʦʚʦʝ ʢʦʣʝʩʦ (ʧʦ ʩʠʩʪʝʤʝ çʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʘʣè), ʛʜʝ ʢʘʞʜʳʡ ʧʨʠʚʦʜ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʷ 1, ʤʫʬʪʳ ï ʪʦʨʤʦʟʘ 2 ʠ ʨʝʜʫʢʪʦʨʘ 3 (ʨʠʩʫʥʦʢ 1, ʙ). 

ɸʥʘʣʠʟ ʘʢʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʢʦʢʩʦʚʳʪʘʣʢʠʚʘʪʝʣʝʡ ʟʘ 8 ʤʝʩʷʮʝʚ 2013 

ʛʦʜʘ (ʪʘʙʣʠʮʘ 1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʛʦ ʚʘʣʘ ʚ ʧʝʨʚʦʤ ʪʠʧʝ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʜʚʠʞʝʥʠʷ (ʨʠ-

ʩʫʥʦʢ 1, ʘ) ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʥʘʜʝʞʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʛʫ-

ʣʷʨʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 9 ʨʘʟ ʧʨʦʚʦʜʠʣʩʷ ʨʝʤʦʥʪ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʛʦ ʚʘʣʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʟʥʦʩʦʤ 

ʧʘʣʴʮʝʚ, ʙʦʣʪʦʚ ʠ ʧʦʜʰʠʧʥʠʢʦʚ. ʆʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʘ 25 ʯʘʩʦʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʜʚʠʞʝʥʠʷ ʚʪʦʨʦʛʦ ʪʠʧʘ (ʨʠʩʫʥʦʢ 

1, ʙ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʠʭ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʚʘ-

ʣʦʚ, ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʤʫʬʪ, ʢʦʤʧʦʥʦʚʢʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʭʦʜʦʚʦʤ ʢʦʣʝ-

ʩʝ, ʢʦʤʧʘʢʪʥʦʩʪʴ ʧʨʠʚʦʜʘ. 

 

ʘ)  

                                                           
É ʀʣʴʢʫʥ ɺ.ʀ., ʄʫʢʘʝʚ ʈ.ʈ., ʅʦʛʘʝʚ ʂ.ɸ. / Ilkun V.I., Mukaev R.R., Nogaev K.A., 2015 
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ʙ)  

 
ʈʠʩʫʥʦʢ 1. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʜʚʠʞʝʥʠʷ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʟʢʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʚʘʣʘ ʭʦʜʦʚʦʛʦ ʨʝʜʫʢ-

ʪʦʨʘ, ʟʘʤʝʥʘ ʢʦʪʦʨʦʛʦ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʪʨʠ ʨʘʟʘ.  

ʇʨʠʯʠʥʘʤʠ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʚʘʣʦʚ ʩʪʘʣʠ ʪʨʝʱʠʥʳ ʠ ʠʟʣʦʤʳ, ʠʟʥʦʩ ʰʝʝʢ, ʠʟʥʦʩ ʰʧʦʥʦʯʥʳʭ ʢʘʥʘʚʦʢ. 

ʊʨʝʱʠʥʳ ʠ ʠʟʣʦʤʳ ʚʘʣʘ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʘʣ ʥʘʛʨʫʟʦʢ, ʧʨʝʚʳʰʘʶʱʠʭ ʨʘʩʯʝʪʥʳʝ. ʍʘʨʘʢ-

ʪʝʨʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʰʝʝʢ ʷʚʣʷʶʪʩʷ ʠʭ ʠʟʥʦʩ, ʧʦʷʚʣʝʥʠʝ ʨʠʩʦʢ ʠ ʟʘʜʠʨʦʚ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦʡ ʩʤʘʟʢʠ ʠʣʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʩʣʘ, ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʪʚʝʨʜʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʨʠʤʝʩʷʤʠ.  

ʋʢʘʟʘʥʥʳʝ ʜʝʬʝʢʪʳ ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʚʘʣʘ ʪʨʝʙʫʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʤʘ-

ʪʝʨʠʘʣʘ. ʊʘʢʞʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʘʚʠʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʤʦʥʪʦʚ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʜʚʠʞʝʥʠʷ.  

 

ʊʘʙʣʠʮʘ 1 

Данные по ремонтам механизма передвижения коксовыталкивателей за 2013 год. 

ˉ ʧ/ʧ ʋʟʝʣ ʤʝʭʘʥʠʟʤʘ ɼʘʪʘ ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʯ ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʧʝʨʘʮʠʠ 

1 ʍʦʜʦʚʦʡ ʨʝʜʫʢʪʦʨ 07.03.2013 8 ɿʘʤʝʥʘ ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʚʘʣʘ 

2 ʍʦʜʦʚʦʡ ʨʝʜʫʢʪʦʨ 12.04.2013 8 ɿʘʤʝʥʘ ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʚʘʣʘ 

3 ʍʦʜʦʚʦʡ ʨʝʜʫʢʪʦʨ 16.08.2013 8 ɿʘʤʝʥʘ ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʚʘʣʘ 

4 ʊʨʘʥʩʤʠʩʩʠʦʥʥʳʡ ʚʘʣ 08.02.2013 2 ɿʘʤʝʥʘ ʧʘʣʴʮʝʚ 

5 ʊʨʘʥʩʤʠʩʩʠʦʥʥʳʡ ʚʘʣ 10.05.2013 3 ɿʘʤʝʥʘ ʙʦʣʪʦʚ 

6 ʊʨʘʥʩʤʠʩʩʠʦʥʥʳʡ ʚʘʣ 01.08.2013 4 ɿʘʤʝʥʘ ʨʝʜʫʢʪʦʨʘ 

7 ʊʨʘʥʩʤʠʩʩʠʦʥʥʳʡ ʚʘʣ 01.03.2013 2 ɿʘʤʝʥʘ ʧʘʣʴʮʝʚ 

8 ʊʨʘʥʩʤʠʩʩʠʦʥʥʳʡ ʚʘʣ 03.06.2013 3 ɿʘʤʝʥʘ ʙʦʣʪʦʚ 

9 ʊʨʘʥʩʤʠʩʩʠʦʥʥʳʡ ʚʘʣ 28.06.2013 2 ɿʘʤʝʥʘ ʧʦʜʰʠʧʥʠʢʦʚ 

10 ʊʨʘʥʩʤʠʩʩʠʦʥʥʳʡ ʚʘʣ 22.02.2013 3 ɿʘʤʝʥʘ ʙʦʣʪʦʚ 

12 ʊʨʘʥʩʤʠʩʩʠʦʥʥʳʡ ʚʘʣ 12.04.2013 4 ɿʘʤʝʥʘ ʨʝʜʫʢʪʦʨʘ 

13 ʊʨʘʥʩʤʠʩʩʠʦʥʥʳʡ ʚʘʣ 19.07.2013 2 ɿʘʤʝʥʘ ʧʘʣʴʮʝʚ 
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THE SELECTION OF EFFECTIVE PROJECTS 

 FOR DEVELOPMENT OF AUTOMOBILE TRANSPORT 
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Abstract. The priorities of formation of innovative projects of the automobile transport system are determined 

in the article. 

Keywords: innovation, automobile transport, investment portfolio, projects, investment, discount. 

 

Due to the fact that the innovation process involves a number of participants and organizations concerned, sci-

entific research and development are realized in inconstant conditions. Unexpected technical and technological prob-

lems can appear in any situations and it can result in delay or total stop of a project. In addition, consumersô needs and 

demands can change. That is why the actuality of a project must be reconsidered. The choice of a project is connected 

with the search of counter solutions. 

The portfolio of scientific, technical and experimental design works can consist of various projects. However, 

each project requires allotting limited resources taking into consideration its peculiarities. 

The number (n) of projects in a portfolio comes out from the following correlation: 

n = budget of scientific, technical and experimental design works / average expenses of a project. 

While considering opportunity of introducing a project in a portfolio, the quality of management and conse-

quences of redistributing project expenses must be taken into consideration. 

Let us estimate two portfolios. Each of them consists of two projects. (Table 1) Both portfolios are considered 

as small ones. 
 

Table 1 

Estimation of the efficiency of the portfolios 

Projects 

Portfolio A Portfolio B 

Expenses, 

monetary unit 

(Ex.) 

Income, mone-

tary unit (In.) 
Profitability 2/1 

Expense, 

monetary unit 

(Ex.) 

Income, mone-

tary unit (In.) 

Profitability 

5/4 

1 2 3 4 5 6 

1 22 000 41 800 1,9 34 000 59 500 1,75 

2 18 000 32 400 1,8 30 000 57 000 1,9 

General 

portfolio 
40 000 72 400 1,86 64 000 116 500 1,82 

 

The first project of portfolio A is for 8,6 % (1,9/1,75=1,086) more profitable than the first one of portfolio B, 

but the second project of portfolio B is more profitable (1,8/1,9=0,947), i.e. the second project of portfolio A is less 

profitable for 9,5 %. 

The portfolios are generally estimated according to the indicators of their average profitability. Profitability of 

portfolios A and B is indicated as RA and RB. 

In accordance with profitability the superiority coefficient ( ä
ä
=

dR
dR

ʂ
āʟʟʟI

āAIɸI

ʧ *

*

) in this example is equal to 1,22. It is 

equal to the average superiority coefficient, because according to the estimation of expenses the shares of both portfoli-

os are almost equal and there is no superiority (KP=1). 

If a manager considers the projects of portfolio A, taking into consideration profitability of portfolio A for 0,04 

points, additional profit of portfolio A will be [(+0,04)*40000]=1600 monetary units. 

 

Table 2  

Calculation of the priority coefficient 

Projects 
Portfolio A Portfolio B 

RB1xdЗА1 
RAI  dɿɸI RAI  x dɿɸI RBI dɿBI RBI x dɿBI 

1 1,9 0,55 1,045 1,75 0,53 0,927 0,962 

2 1,8 0,45 0,81 1,90 0,47 0,823 0,855 

Cost of a port-

folio 
86,1=RA  1,00 86,1=RA  

86,1=RA  1,00 86,1=RA  1,82 

 

Comparison of the presented projects is realized taking into consideration the following aspects: 

                                                           
É Kamildjanov B.I. / ʂʘʤʠʣʞʘʥʦʚ ɹ.ʀ., 2015 
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1. Implemented volume of work using new methods (technology, devices etc.); 

2. quality indicators of innovations; 

3. time factor; 

4. extent of cost and tariff, terms of paying wages. 

Prolongation of innovationsô live cycle results in economic inequality of expenses and incomes done at differ-

ent time. This problem may be solved if the method of estimation the cost or discount is used. In other words, expenses 

and results at some period of time are introduced. 

The practical net cost of a project is estimated by discount. 

The selection mechanism of a project can be studied on this example. 

The initial amount of the capital invested to the project is 480 million sums. The profit is 160 million sums a 

year during 3 years. The percentage rate is 10 %. 

The discount coefficients of this example are as follows: 

For the first year ï 
909,0

1

)1,01(
1
=

+

; 

For the second year ï 
826,0

1

)1,01(
2
=

+

; 

For the third year ï 
751,0

1

)1,01(
3
=

+

; 

Consequently, during 3 years of project realization the net practical cost is equal to (160*0,909) + (160*0,826) 

+ (160*0,751) = 398 million sums. 

In order to make a decision about investing capital to the project, the difference between the initial amount of 

the net practical cost and investments must be defined. 

The project under consideration is not profitable, because the profit is less than the initial investment: (398ï

480) = -82 mln. sums 

It should be emphasized that in order to simplify discount process and selection of a project, there is the stand-

ard table of multipliers. Some part of the discount multipliers table is given below (Table 3). 

If inflation takes place, there will be a difference between nominal and practical percentage rate. 

 

Table 3 

Years 1% 10% 15% 20% 25% 30% 35% 40% 

1 0,990 0,909 0,870 0,833 0,800 0,769 0,741 0,714 

2 0,980 0,826 0,756 0,694 0,640 0,592 0,549 0,510 

3 0,971 0,751 0,658 0,579 0,512 0,455 0,406 0,364 

4 0,961 0,683 0,552 0,482 0,410 0,350 0,301 0,260 

5 0,951 0,621 0,497 0,402 0,328 0,269 0,223 0,186 

6 0,942 0,564 0,432 0,335 0,262 0,207 0,165 0,133 

7 0,933 0,513 0,376 0,279 0,210 0,159 0,122 0,095 

8 0,923 0,467 0,327 0,233 0,168 0,123 0,091 0,068 

9 0,914 0,424 0,284 0,194 0,134 0,094 0,067 0,048 

10 0,905 0,386 0,247 0,162 0,107 0,073 0,050 0,035 

13 0,879 0,290 0,163 0,093 0,055 0,033 0,020 0,013 

 

For example, the nominal annual rate is 9 %, expected inflation rate is 5 % a year, consequently the practical 

rate is equal to 4 %. 

Using the method of presented expenses, let us choose the most effective variant of the new projects according 

to the following formula: 
 

C+EHK 
 

Herein: C ï annual expenses of production; 

K ï Investments; 

EH ï Coefficient of economic efficiency equal to 0,1 

Variant 1 ï (13600*700) + 0,1*22500 = 11770 mln. sums 

Variant 2 ï (14700*1100) + 27600 = 18930 mln. sums 

Variant 3 ï (13700*2500) + 0,1*19700 = 36220 mln. sums 

Conclusion: the most efficient variant of the presented projects variant 1, i.e. the least spend expenses. 
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Table 4 

Data for choosing innovative technologies 

Indicators Variants 

 1 2 3 

Investments, (mln.sums) 22500 27600 19700 

Production expenses (thousand sums) per a product 13600 14700 13700 

Annual volume of production (thousand pieces) 700 1100 2500 

 

Special attention is paid to the planned results reference and the scientific potential of operators. 

The results must be presented in a form of expert examination. 

Completing the project works formalized with the time of completion (intermediate, annual stage etc.)  

The projects presented for the selection are studied by the multistage independent expert examination. The de-

cision on the amount of financing is made according to the results of the expert examination. 
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ВЫБОР ЭФФЕКТИВНЫХ ПРОЕКТОВ РАЗВИТИЯ АВТОМОБИЛЬНОГО ТРАНСПОРТА 
 

Б.И. Камилжанов, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʬʘʢʫʣʴʪʝʪʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʊʘʰʢʝʥʪʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʠʥʩʪʠʪʫʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʦʨʠʪʝʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢ-

ʪʦʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʥʦʚʘʮʠʠ, ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʦʨʪʬʝʣʴ, ʧʨʦʝʢʪʳ, ʠʥʚʝ-

ʩʪʠʮʠʠ, ʣʴʛʦʪʘ. 
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УДК 004.896 

 

РАЗРАБОТКА ЭЛЕМЕНТОВ ИНТЕЛЛЕКТУАЛЬНОЙ 

СИСТЕМЫ УПРАВЛЕНИЯ ТРАНСПОРТНОГО СРЕДСТВА 
 

 Е.В. Корягин, ʩʦʠʩʢʘʪʝʣʴ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʊʝʭʥʦʣʦʛʠʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ɹʘʣʪʠʡʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʂʘʥʪʘ (ʂʘʣʠʥʠʥʛʨʘʜ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʘʨʢʦʚʢʠ. ʆʧʠʩʘʥʳ ʦʩʥʦʚ-

ʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠ-

ʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʨʘʙʦʪʘʥʘ ʜʦ ʧʦʣʥʦʮʝʥʥʦʛʦ ʘʚʪʦʧʠʣʦʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʘʣʛʦʨʠʪʤ ʠʟʚʣʝʯʝʥʠʷ ʧʨʘʚʠʣ ʠʟ ʜʘʥʥʳʭ, ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣ-

ʛʦʨʠʪʤ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʧʘʨʢʦʚʢʘ, ʚʠʨʪʫʘʣʴʥʘʷ ʩʨʝʜʘ, Matlab, Microsoft Robotics Developer Studio. 

 

1. Введение 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʤʦʙʠʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʣʦ ʦʯʝʥʴ ʘʢʪʫ-

ʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʚʦʞʜʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʛʘʙʘʨʠʪʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

(ʧʦʛʨʫʟʯʠʢʠ, ʙʫʢʩʠʨʳ, ʧʨʠʯʘʣʠʚʘʥʠʝ ʩʫʜʦʚ) ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʠ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʦʚ 

ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʰʠʙʦʢ ʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, ʚʳʟʚʘʥʥʳʭ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʦʧʠʩʳʚʘʝʤʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʧʠʣʦʪʠʨʦʚʘʥʠʷ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʜʘʪʯʠʢʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳ ʣʝʛʢʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʝʝ ʥʘ ʣʶʙʳʝ ʪʨʘʥʩʧʦʨʪ-

ʥʳʝ ʩʨʝʜʩʪʚʘ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ï ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʡ ʢʦʥʪʨʦʣʣʝʨ, ʦʩʫ-

ʱʝʩʪʚʣʷʶʱʠʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʣʘʟʝʨʥʳʝ ʜʘʣʴʥʦʤʝʨʳ, ʢʘʤʝʨʘ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ 

ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʧʦʤʦʱʥʠʢʘ (ʜʘʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ ʫʧʨʘʚʣʝʥʠʶ, ʥʘ ʵʢʨʘʥʝ ʣʠʙʦ ʛʦʣʦʩʦʤ), ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣ-

ʥʦʮʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʜʣʷ ʵʪʦʛʦ ʦʙʲʝʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥ ʫʩʪʨʦʡʩʪʚʘʤʠ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ). 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʤʦʙʠʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʩʠʩʪʝʤ ʥʝʯʝʪʢʦʛʦ ʚʳ-

ʚʦʜʘ (ʉʅɺ), ʙʘʟʳ ʧʨʘʚʠʣ ʢʦʪʦʨʳʭ ʩʦʟʜʘʶʪʩʷ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʠʟʚʣʝʯʝʥʠʷ ʫʤʝʥʠʡ ʯʝʣʦʚʝʢʘ-ʚʦʜʠʪʝʣʷ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʥʘ ʨʳʥʢʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɼʘʥʥʳʡ ʩʝʛʤʝʥʪ ʨʳʥʢʘ ʩʝʡʯʘʩ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʠ ʨʘʟʣʠʯʥʳʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ. ʂ ʪʦʤʫ ʞʝ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʪʩʫʪʩʪʚʫʝʪ 

ʧʦʣʥʦʮʝʥʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʘʥʘʣʦʛ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʉʨʝʜʠ ʚʦʟʤʦʞʥʳʭ ʟʘʢʘʟʯʠʢʦʚ ï ʧʨʝʜʧʨʠʷʪʠʷ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʪʨʘʥʩʧʦʨʪ. ʅʝ-

ʦʙʭʦʜʠʤʳʤʠ ʜʘʪʯʠʢʘʤʠ ʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʤʦʞʥʦ ʦʩʥʘʩʪʠʪʴ ʧʦʛʨʫʟʯʠʢʠ ʠ ʙʫʢʩʠʨʳ.  

2. Технология извлечения правил из данных 

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ [2] ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʯʴ ʠʟ ʧʨʦʪʦʢʦʣʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘʙʦʨ ʧʨʘʚʠʣ, ʦʧʠʩʳ-

ʚʘʶʱʠʭ ʧʨʦʮʝʩʩ ʧʨʠ ʧʨʠʥʷʪʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʕʪʦ ʢʘʢ ʙʳ ʦʙʨʘʪʥʳʡ ʥʝ-

ʯʸʪʢʦʤʫ ʚʳʚʦʜʫ ʧʨʦʮʝʩʩ. 

ɼʦʧʫʩʪʠʤ ʜʣʷ ʧʨʦʩʪʦʪʳ, ʯʪʦ ʤʳ ʩʦʟʜʘʝʤ ʙʘʟʫ ʧʨʘʚʠʣ ʜʣʷ ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʳ ʩ ʜʚʫʤʷ ʚʭʦʜʘʤʠ ʠ ʦʜʥʠʤ 

ʚʳʭʦʜʦʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʳ ʦʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ: 

 

(a1(i), a2(i), c(i)), i = 1, 2, é 

 

ʛʜʝ a1(i), a2(i) ï ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ x ʠ y, ʘ c(i) ï ʦʞʠʜʘʝʤʦʝ, ʵʪʘʣʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʡ ʧʝʨʝ-

ʤʝʥʥʦʡ z. 

ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʜʣʷ ʤʦʜʫʣʷ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦʙʳ ʦʥ ʧʨʠ ʧʦ-

ʣʫʯʝʥʠʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʛʝʥʝʨʠʨʦʚʘʣ ʢʦʨʨʝʢʪʥʳʝ (ʠʤʝʶʱʠʝ ʥʘʠʤʝʥʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ) ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ. 

ʄʝʪʦʜ ʣʝʛʢʦ ʦʙʦʙʱʘʝʪʩʷ ʥʘ ʣʶʙʦʝ ʯʠʩʣʦ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ.  

Шаг 1. ʈʘʟʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʙʣʘʩʪʠ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʠʟʚʝʩʪʥʳ ʤʠ-

ʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʇʦ ʥʠʤ ʦʧʨʝʜʝʣʠʤ ʦʪʨʝʟʢʠ, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʜʦ-

ʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ x ʪʘʢʦʡ ʦʪʨʝʟʦʢ ʦʙʦʟʥʘʯʠʤ [x1, x2]. 

ɽʩʣʠ ʟʥʘʯʝʥʠʷ x1 ʠ x2 ʥʝʠʟʚʝʩʪʥʳ, ʪʦ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʫʯʘʶʱʠʤʠ ʜʘʥʥʳʤʠ ʠ ʚʳʙʨʘʪʴ ʠʟ ʥʠʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ: 

 

x1 = min(a1(i)), x2 = max(a1(i)), I = 1, 2, é 
 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ y ʦʧʨʝʜʝʣʠʤ ʦʪʨʝʟʦʢ [y1, y2], ʘ ʜʣʷ ʵʪʘʣʦʥʥʦʡ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥ-

ʥʦʡ z ï ʦʪʨʝʟʦʢ [z1, z2]. 

                                                           
É  ʂʦʨʷʛʠʥ ɽ.ɺ. / Koryagin E.V., 2015 
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ʂʘʞʜʳʡ ʦʪʨʝʟʦʢ ʨʘʟʜʝʣʠʤ ʥʘ (2N + 1) ʦʙʣʘʩʪʝʡ, ʧʨʠʯʝʤ ʟʥʘʯʝʥʠʝ N ʜʣʷ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ ʧʦʜʙʠʨʘʝʪ-

ʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʘ ʦʪʨʝʟʢʠ ʤʦʛʫʪ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʫʶ ʠʣʠ ʨʘʟʣʠʯʥʫʶ ʜʣʠʥʫ. 

ʆʪʜʝʣʴʥʳʝ ʦʙʣʘʩʪʠ ʦʙʦʟʥʘʯʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

MN ï ʤʘʣʳʡ N, é, M1 ï ʤʘʣʳʡ 1, 

S ï ʩʨʝʜʥʠʡ, 

D1 ï ʙʦʣʴʰʦʡ 1, é, DN ï ʙʦʣʴʰʦʡ N. 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʦʧʨʝʜʝʣʠʤ ʦʜʥʫ ʬʫʥʢʮʠʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʪʘʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ, ʛʜʝ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ x ʨʘʟʙʠʪʘ ʥʘ 

ʧʷʪʴ ʧʦʜʦʙʣʘʩʪʝʡ (N = 2), ʧʝʨʝʤʝʥʥʦʡ y ï ʥʘ ʩʝʤʴ ʧʦʜʦʙʣʘʩʪʝʡ (N = 3), ʘ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʥʦʡ ʧʝʨʝ-

ʤʝʥʥʦʡ z ï ʩʥʦʚʘ ʥʘ ʧʷʪʴ ʧʦʜʦʙʣʘʩʪʝʡ (N = 2). 

 

 
 

ʈʠʩ. 1. ʈʘʟʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʥʘ ʦʙʣʘʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

 

ʂʘʞʜʘʷ ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʤʝʝʪ ʪʨʝʫʛʦʣʴʥʫʶ ʬʦʨʤʫ: ʦʜʥʘ ʠʟ ʚʝʨʰʠʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʝ 

ʦʙʣʘʩʪʠ, ʠ ʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ, ʨʘʚʥʦʝ 1. ɼʚʝ ʜʨʫʛʠʝ ʚʝʨʰʠʥʳ ʣʝʞʘʪ ʚ ʮʝʥʪʨʘʭ ʩʦʩʝʜʥʠʭ ʦʙʣʘ-

ʩʪʝʡ ʩ ʥʫʣʝʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚʳʙʨʘʥʦ ʜʣʷ ʧʨʠʤʝʨʘ. ʄʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʤʥʦʛʦ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʨʘʟ-

ʜʝʣʝʥʠʷ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʦʙʣʘʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʠʝ ʬʦʨʤʳ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

Шаг 2. ʇʦʩʪʨʦʝʥʠʝ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʥʘ ʦʩʥʦʚʝ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ. ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʤ ʩʪʝʧʝʥʠ ʧʨʠ-

ʥʘʜʣʝʞʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ a1(i), a2(i) ʠ c(i) ʢ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ, ʚʳʜʝʣʝʥʥʦʡ ʥʘ ʰʘʛʝ 1. ʕʪʠ ʩʪʝʧʝʥʠ ʚʳʨʘ-

ʞʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʜʘʥ-

ʥʳʭ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʣʫʯʘʷ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ. 1, ʩʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʘʥʥʦʛʦ a1(1) ʢ ʦʙʣʘʩʪʠ D1 ʩʦʩʪʘʚ-

ʣʷʝʪ 0,8, ʢ ʦʙʣʘʩʪʠ D2 ï 0,2, ʘ ʢ ʦʩʪʘʣʴʥʳʤ ʦʙʣʘʩʪʷʤ ï 0. 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʜʘʥʥʦʛʦ a2(2) ʩʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʙʣʘʩʪʠ S ʩʦʩʪʘʚʣʷʝʪ 1, ʘ ʢ ʦʩʪʘʣʴʥʳʤ ʦʙʣʘ-

ʩʪʷʤ ï 0. 

ʊʝʧʝʨʴ ʩʦʧʦʩʪʘʚʠʤ ʦʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ a1(i), a2(i) ʠ c(i) ʦʙʣʘʩʪʷʤ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ a1(1) ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ D1, ʘ a2(2) ï ʚ ʦʙʣʘʩʪʠ S. 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʟʘʧʠʰʝʤ ʦʜʥʦ ʧʨʘʚʠʣʦ. 

ʇʨʘʚʠʣʦ 1 (a1(1), a2(1), c(1)): ʝʩʣʠ a1 ʝʩʪʴ D1 ʠ a2 ʝʩʪʴ M1, ʪʦ c ʝʩʪʴ S. 

ʇʨʘʚʠʣʦ 2 (a1(2), a2(2), c(2)): ʝʩʣʠ a1 ʝʩʪʴ S ʠ a2 ʝʩʪʴ S, ʪʦ c ʝʩʪʴ D1. 

Шаг 3. ʇʨʠʧʠʩʳʚʘʥʠʝ ʢʘʞʜʦʤʫ ʧʨʘʚʠʣʫ ʩʪʝʧʝʥʠ ʠʩʪʠʥʥʦʩʪʠ. ʆʙʳʯʥʦ ʚ ʥʘʣʠʯʠʠ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʧʘʨ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ, ʧʦ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʦʜʥʦ ʧʨʘʚʠʣʦ, ʧʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʚʳʩʦʢʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʧʨʘʚʠʣ ʦʢʘʞʫʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʘʚʠʣʘʤ ʩ ʦʜʠ-

ʥʘʢʦʚʳʤ ʫʩʣʦʚʠʝʤ, ʥʦ ʩ ʨʘʟʥʳʤʠ ʩʣʝʜʩʪʚʠʷʤʠ. 

ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʧʠʩʳʚʘʥʠʠ ʢʘʞʜʦʤʫ ʧʨʘʚʠʣʫ ʩʪʝʧʝʥʠ ʠʩʪʠʥ-

ʥʦʩʪʠ ʩ ʚʳʙʦʨʦʤ ʠʟ ʧʨʦʪʠʚʦʨʝʯʘʱʠʭ ʜʨʫʛ ʜʨʫʛʫ ʧʨʘʚʠʣ ʪʦʛʦ, ʫ ʢʦʪʦʨʦʛʦ ʵʪʘ ʩʪʝʧʝʥʴ ʦʢʘʞʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʧʨʘʚʠʣ, ʥʦ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʠʭ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ. 

ɼʣʷ ʧʨʘʚʠʣ ʚʠʜʘ 

ʇʨʘʚʠʣʦ: ʝʩʣʠ a1 ʝʩʪʴ A1 ʠ a2 ʝʩʪʴ A2, ʪʦ c ʝʩʪʴ ʉ 

ʩʪʝʧʝʥʴ ʠʩʪʠʥʥʦʩʪʠ, ʦʙʦʟʥʘʯʘʝʤʘʷ ʢʘʢ SP(ʇʨʘʚʠʣʦ), ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  

SP(ʇʨʘʚʠʣʦ) = 
).()()( caa BAA mÖmÖm 21 21  

ʇʨʘʚʠʣʘ ʠʟ ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ ʠʤʝʶʪ ʩʪʝʧʝʥʠ ʠʩʪʠʥʥʦʩʪʠ: 

SP(ʇʨʘʚʠʣʦ 1) = 
)()()( caa SMD mÖmÖm 21 11  = 0,8Ö0,6Ö0,9 = 0,432; 
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SP(ʇʨʘʚʠʣʦ 2) = )()()(
121 caa DSS mmm ÖÖ  = 0,7Ö1,0Ö0,7 = 0,49. 

Шаг 4. ʉʦʟʜʘʥʠʝ ʙʘʟʳ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ. ʉʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʳ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠ-

ʩʫʥʢʝ 2. ʕʪʘ ʙʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʘʙʣʠʮʝʡ, ʢʦʪʦʨʘʷ ʟʘʧʦʣʥʷʝʪʩʷ ʥʝʯʝʪʢʠʤʠ ʧʨʘʚʠʣʘʤʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʝʩʣʠ ʧʨʘʚʠʣʦ ʠʤʝʝʪ ʚʠʜ: 

ʇʨʘʚʠʣʦ 1 (a1(1), a2(1), c(1)): ʝʩʣʠ a1 ʝʩʪʴ D1 ʠ a2 ʝʩʪʴ M1, ʪʦ c ʝʩʪʴ S, 

ʪʦ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʩʪʨʦʢʠ D1 (ʪʝʨʤ ʧʝʨʝʤʝʥʥʦʡ a1) ʠ ʩʪʦʣʙʮʘ M1 (ʪʝʨʤ ʧʝʨʝʤʝʥʥʦʡ a2) ʚʧʠʩʳʚʘʝʤ ʠʤʷ 

ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠʟ ʩʣʝʜʩʪʚʠʷ, ʪ. ʝ. S (ʪʝʨʤ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ c). ɽʩʣʠ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʝʯʝʪʢʠʭ 

ʧʨʘʚʠʣ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʫʩʣʦʚʠʝʤ, ʪʦ ʚʳʙʠʨʘʝʪʩʷ ʧʨʘʚʠʣʦ ʩ ʥʘʠʚʳʩʰʝʡ ʩʪʝʧʝʥʴʶ ʠʩʪʠʥʥʦʩʪʠ. 

 

 
 

ʈʠʩ. 2. ʌʦʨʤʘ ʙʘʟʳ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ 

 

Шаг 5. ɼʝʬʘʟʠʬʠʢʘʮʠʷ. ɿʘʜʘʝʤ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʜʝʬʘʟʠʬʠʢʘʮʠʠ (ʧʨʠʚʝʜʝʥʠʝ ʢ ʯʝʪʢʦʩʪʠ [1]). 

3. Используемая система нечеткого вывода 

ʈʘʥʝʝ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʨʝʘʣʴʥʦʤ ʘʚʪʦʤʦʙʠʣʝ ʙʳʣʠ ʩʦʙʨʘʥʳ ʜʘʥʥʳʝ ʦʙ ʫʛʣʝ ʧʦʚʦʨʦʪʘ ʨʫʣʷ ʠ 

ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʧʨʝʧʷʪʩʪʚʠʡ (ʨʠʩ. 3, 4). ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʩʦʟʜʘʪʴ ʥʘʯʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʥʝʯʝʪʢʦʛʦ 

ʚʳʚʦʜʘ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʩʧʦʩʦʙʦʤ ʠʟʚʣʝʯʝʥʠʷ ʧʨʘʚʠʣ ʠʟ ʜʘʥʥʳʭ. 

 

  
 

ʈʠʩ. 3. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʩʙʦʨʫ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʧʘʨʢʪʨʦʥʠʢʘ 
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ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʧʨʦʪʦʢʦʣʘ ʜʘʥʥʳʭ ï ʚʨʝʤʝʥʠ, ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʫʣʷ ʠ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʧʦʤʝʭʠ ʦʪ ʢʘʞʜʦʛʦ ʠʟ 8 ʜʘʪʯʠʢʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʘʨʢʦʚʢʝ ʚʦʜʠʪʝʣʝʤ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʨʘʚʠʣ ʠ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ ʥʘ ʘʚʪʦʤʦʙʠʣʝ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩ. 5. ʉʭʝʤʘ ʘʚʪʦʤʦʙʠʣʷ ʩ ʋɿ ʜʘʪʯʠʢʘʤʠ 

 

ʅʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʠʟʚʣʝʯʝʥʠʷ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʠʟ ʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʙʦʪʝ ʧʘʢʝʪʘ 

Fuzzy Logic Toolbox ʠʟ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Matlab ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ.  

ʆʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪ 2 ʚʘʞʥʳʭ ʜʝʡʩʪʚʠʷ: 

1. ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʟʜʘʝʪ ʩʠʩʪʝʤʫ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ; 

2. ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ ʩʦʟʜʘʝʪ ʙʘʟʫ ʧʨʘʚʠʣ ʜʣʷ ʫʞʝ ʩʦʟʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ; 

ʇʨʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ: 

1. ʙʘʟʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʠ ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʘ; 

2. ʦʩʥʦʚʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʝʯʝʪʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʩʠʩʪʝ-

ʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʣʦʛʠʢʠ ʨʘʙʦʪʳ ʤʦʜʝʣʠ, ʠʤʠʪʠʨʫʶʱʝʡ ʨʘʙʦʪʫ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ.  
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ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ, ʥʘʩʪʨʦʡʢʫ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʧʦʣʫʯʝʥʠʝ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʩʨʝʜʳ Matlab, ʘ ʠʤʠʪʘʮʠʶ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ ʚ ʧʦ-

ʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ï ʚ ʜʨʫʛʦʡ, ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ, Microsoft 

Robotics Developer Studio (ʜʘʣʝʝ ï MRDS [6]). 

ʇʨʘʚʠʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʠʤ ʩʪʝʧʝʥʠ ʠʩʪʠʥʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʚʠʣ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʱʝʥʠʷ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦ-

ʩʪʠ ʢʘʞʜʦʡ ʠʟ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʧʨʦʛʨʘʤʤʦʡ ʠʟʚʣʝʯʝʥʠʷ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ ʠʟ ʜʘʥʥʳʭ ʢʘʞʜʳʡ ʨʘʟ ʧʦʣʫʯʘʣʘʩʴ ʜʨʫʛʘʷ ʙʘʟʘ ʧʨʘʚʠʣ, ʢʦʪʦʨʘʷ, ʦʯʝ-

ʚʠʜʥʦ, ʙʫʜʝʪ ʜʘʚʘʪʴ ʜʨʫʛʦʝ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʜʙʦʨ ʥʘʠʣʫʯʰʝʛʦ ʨʘʟʤʝʱʝʥʠʷ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʠ ʵʪʘ ʟʘʜʘʯʘ ʪʨʝʙʦʚʘʣʘ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

 
 

ʈʠʩ. 6. ɹʘʟʘ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ, ʦʪʢʨʳʪʘʷ ʚ ʨʝʜʘʢʪʦʨʝ ʧʨʘʚʠʣ Fuzzy Toolbox 

 

ɺ ʩʨʝʜʝ MRDS, ʠʩʧʦʣʴʟʫʷ ʚʦʟʤʦʞʥʦʩʪʠ Simulation Environment, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚʠʨʪʫʘʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʦʙʫʯʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ ʙʳʣʠ ʩʦʟʜʘʥʳ 4 ʤʦʜʝʣʠ 

ʘʚʪʦʤʦʙʠʣʝʡ ʨʘʟʥʳʭ ʛʘʙʘʨʠʪʦʚ ʩ ʨʘʟʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʜʘʪʯʠʢʦʚ ʧʦ ʧʝʨʠʤʝʪʨʫ. ʇʨʦʛʨʘʤʤʘ ʙʳʣʘ ʜʦʥʘʩʪʨʦʝʥʘ 

ʥʘ ʧʦʣʫʯʝʥʠʝ, ʦʙʨʘʙʦʪʢʫ ʠ ʚʳʚʦʜ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ, ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʘʚʪʦʤʦʙʠʣʷʤʠ ʩ 

ʧʦʤʦʱʴʶ ʠʛʨʦʚʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ (ʨʠʩʫʥʦʢ 7). 

 

  
 

ʈʠʩ. 7. ʉʪʝʥʜ ʜʣʷ ʚʠʨʪʫʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ 

 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʩʪʝʥʜʘ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʡ ʠ ʦʧʝʨʘʪʠʚʥʳʡ ʩʙʦʨ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ, ʘ 

ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʠʭ ʧʦʣʦʞʝʥʠʝʤ, ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

4. Доработка и оптимизация системы управления 

ʈʘʙʦʪʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʉʅɺ ʙʳʣʘ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ. ʆʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʫʛʣʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʤʝʩʪʘʤʠ ʥʘ 50 ʛʨʘʜʫʩʦʚ ʨʘʩʭʦʜʠʣʦʩʴ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 8). 
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ʈʠʩ. 8. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʚʳʚʦʜʦʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʅʉ 

 

ʂ ʪʦʤʫ ʞʝ ʩʠʩʪʝʤʘ ʠʤʝʣʘ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʙʘʟʝ ʧʨʘʚʠʣ ʠ ʥʫʞʜʘʣʘʩʴ ʢʘʢ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ 

ʧʨʘʚʠʣ, ʪʘʢ ʠ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ.  

ɼʣʷ ʥʘʯʘʣʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʟʘʝʟʜʦʚ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʦʛʦ ʥʘʙʦʨʘ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʦʚ (ʨʠʩʫʥʦʢ 9). 

 

 
 

ʈʠʩ. 9. ʉʙʦʨ ʜʘʥʥʳʭ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʨʫʛʦʡ ʩʝʨʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩ ʤʦʜʝʣʷʤʠ ʘʚʪʦ ʨʘʟʣʠʯʥʳʭ ʛʘʙʘʨʠʪʦʚ ʠ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦ ʨʘʟʤʝʨʫ ʧʘʨʢʦʚʦʯʥʳʭ ʥʠʰʘʭ, ʙʳʣʘ ʩʦʙʨʘʥʘ ʝʱʝ ʦʜʥʘ ʩʝʨʠʷ ʜʘʥʥʳʭ. 

ɹʳʣʦ ʨʝʰʝʥʦ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʥʝʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ (ɻɸ) ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʵʪʦʛʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ modeFrontier ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩʭʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (ʨʠʩʫʥʦʢ 10). 
 

 
 

ʈʠʩ. 10. ʉʭʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʚ modeFrontier 
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ʈʘʩʯʝʪʥʳʡ ʤʦʜʫʣʴ ʉʅɺ, ʦʧʠʩʘʥʥʳʡ ʩʨʝʜʩʪʚʘʤʠ MATLAB Fuzzy Logic ʙʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʠ ʢʦʥʚʝʨ-

ʪʠʨʦʚʘʥ ʚ ʠʩʧʦʣʥʷʝʤʳʡ exe-ʬʘʡʣ. ʅʘ ʚʭʦʜ ʵʪʦʤʫ exe-ʬʘʡʣʫ ʧʦʜʘʚʘʣʩʷ ʥʘʙʦʨ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ modeFrontier ʦʥ ʟʘʧʫʩʢʘʝʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʩʢʨʠʧʪʘ, ʥʘʧʠʩʘʥʥʦʛʦ ʥʘ VBScript. 

ʎʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʨʘʥʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʫʣʷ ʠ ʫʛʣʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʉʅɺ. 

ʇʦʩʣʝ ʨʘʙʦʪʳ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʫʯʥʳʭ ʥʘʩʪʨʦʝʢ ʩʠʩʪʝʤʘ ʙʳʣʘ ʨʘʟʙʠʪʘ 

ʥʘ ʪʨʠ ʦʪʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. ʊʨʠ ʉʅɺ ʨʝʘʣʠʟʫʶʪ ʪʨʠ ʚʘʨʠʘʥʪʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʘʨʢʦʚʢʠ, ʠʟʦʙ-

ʨʘʞʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʨʠʩʫʥʢʝ 11 ï ʩʪʘʥʜʘʨʪʥʳʡ (ʧʣʘʚʥʳʡ ʧʦʚʦʨʦʪ ʨʫʣʷ ʚʧʨʘʚʦ, ʟʘʪʝʤ ʚʣʝʚʦ ʚ ʧʨʦʮʝʩʩʝ 

ʧʘʨʢʦʚʢʠ ʘʚʪʦʤʦʙʠʣʷ), 2 ï ʩ ʫʯʘʩʪʢʦʤ ʧʨʷʤʦʛʦ ʭʦʜʘ ʘʚʪʦʤʦʙʠʣʷ (ʥʘ ʨʠʩʫʥʢʝ ʦʪʤʝʯʝʥ ʨʦʟʦʚʳʤ ʮʚʝʪʦʤ; ʨʫʣʴ 

ʚʧʨʘʚʦ, ʧʨʷʤʦ, ʚʣʝʚʦ ʚ ʜʚʠʞʝʥʠʠ), ʠ 3 ï ʪʦʪ ʞʝ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ, ʪʦʣʴʢʦ ʙʦʢʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʝʧʦʜʚʠʞ-

ʥʳʤʠ ʠ ʧʘʨʢʫʝʤʳʤ ʘʚʪʦʤʦʙʠʣʝʤ ʙʦʣʴʰʝ. 

 

 
 

ʈʠʩ. 11. ʊʨʠ ʚʘʨʠʘʥʪʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʘʨʢʦʚʢʠ 

 

ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʠʟʤʝʨʷʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ 1-ʛʦ ʚʘʨʠʘʥʪʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 12. 

 

 
 

ʈʠʩ. 12. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʦʚ ʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʫʣʷ ʚʦ ʚʨʝʤʷ ʧʣʘʚʥʦʡ ʧʘʨʢʦʚʢʠ 

 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʵʪʠʭ ʉʅɺ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʩʨʝʜʘ ʩʠʤʫʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʩʨʝʜʩʪʚʘ Artificial Robotics [4]. AR ʵʪʦ ʥʘʙʦʨ ʨʘʩʰʠʨʝʥʠʡ ʜʣʷ Microsoft Robotics Developer Studio ʠ Google 

Sketchup [5] ï ʙʝʩʧʣʘʪʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 3d-ʤʦʜʝʣʝʡ. AR ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʣʷʪʴ ʢ ʤʦʜʝʣʷʤ Sketchup 

ʩʫʱʥʦʩʪʠ ʠʟ MRDS (ʜʘʪʯʠʢʠ, ʜʚʠʛʘʪʝʣʠ) ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʠʭ ʚ ʩʨʝʜʫ ʩʠʤʫʣʷʮʠʠ MRDS. 

ʂ ʪʦʤʫ ʞʝ Sketchup ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ ʠʟ ʦʙʣʘʯʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʨʫʛʠʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʨʝʜʘ ʩʦ ʚʩʝʤʠ ʦʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ ʘʚʪʦʤʦʙʠʣʝʡ (ʭʵʪʯʙʝʢ, ʩʝʜʘʥ, 

ʤʠʥʠʚʵʥ, ʢʨʦʩʩʦʚʝʨ, ʚʥʝʜʦʨʦʞʥʠʢ) (ʨʠʩʫʥʦʢ 13). 
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ʈʠʩ. 13. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʨʝʜʘ ʩʠʤʫʣʷʮʠʠ ʩ ʨʝʘʣʴʥʳʤʠ ʘʚʪʦʤʦʙʠʣʷʤʠ 

 

ʀʩʧʦʣʴʟʫʷ ʩʨʝʜʩʪʚʘ ʙʠʙʣʠʦʪʝʢʠ AForge.NET [3], ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚ Matlab ʩʠʩʪʝʤʳ ʥʝ-

ʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʷʟʳʢʝ C# ʚ MRDS ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʪʯʠʢʦʚ ʠ ʨʘʩʯʝʪʘ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʫʣʷ. 

ʊʝʩʪʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʝʨʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʠʩʪʝʤʘ ʘʜʝʢʚʘʪʥʦ ʚʝʜʝʪ ʩʝʙʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʩ ʤʦʜʝʣʷʤʠ ʨʝʘʣʴʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʍʦʪʷ ʠ ʙʳʚʘʶʪ ʥʝʢʦʪʦʨʳʝ ʩʙʦʠ, ʚʳʟʚʘʥʥʳʝ ʰʫʤʦʤ ʠ ʩʢʘʯʢʘʤʠ ʚ ʧʦ-

ʢʘʟʘʥʠʷʭ ʜʘʪʯʠʢʦʚ. ʋʩʪʨʘʥʝʥʠʝ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʙʫʜʫʱʠʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʘ. 

 

5. Использование микроконтроллера 

ʇʣʘʪʫ TMS320DM6437 ʦʪ Texas Instruments (ʨʠʩʫʥʦʢ 14) ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩ-

ʥʦʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ. ʏʠʧ ʥʘ ʵʪʦʡ ʧʣʘʪʝ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯ-

ʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʦʙʲʝʤʦʤ ʧʘʤʷʪʠ, ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ ʜʣʷ ʨʘʙʦʪʳ ʉʅɺ. ʏʪʦʙʳ ʚ 

ʵʪʦʤ ʫʙʝʜʠʪʴʩʷ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʦʜʫʣʴ ʚ ʩʨʝʜʝ Simulink (ʨʠʩʫʥʦʢ 15) ʩ ʙʣʦʢʦʤ Fuzzy Controller, ʢʦʪʦʨʳʡ ʩʦ-

ʜʝʨʞʘʣ fis-ʬʘʡʣ ʩʦ ʚʪʦʨʦʡ ʠʟ ʪʨʝʭ ʉʅɺ (ʨʠʩʫʥʦʢ 11), ʪʘʢ ʢʘʢ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʙʳʣʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʘ-

ʚʠʣ (36 ʰʪʫʢ).  

 
 

ʈʠʩ. 14. ʇʣʘʪʘ TMS320DM6437 

 

 
 

ʈʠʩ. 15. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʩʪʦʚʘʷ ʤʦʜʝʣʴ ʚ Simulink 
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ʅʘ ʚʭʦʜ ʢʦʥʪʨʦʣʣʝʨʫ ʧʦʜʘʚʘʣʠʩʴ 8 ʩʣʫʯʘʡʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʯʠʩʝʣ, ʚʳʭʦʜ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 

ʧʝʨʝʜʘʚʘʣʩʷ ʥʘ LED-ʚʳʭʦʜ ʢʦʥʪʨʦʣʣʝʨʘ. ɺʤʝʩʪʝ ʩ ʧʣʘʪʦʡ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʦʩʪʘʚʣʷʶʪ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʦʜʫʢʪ Code 

Composer Studio [7] ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ Texas Instruments. ʉ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʙʳʣʠ ʩʢʘʯʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʚ MATLAB, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʷʤʦ ʠʟ MATLAB ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʦʜ ʥʘ ʉ++ ʚ Code Composer Studio ʠ ʟʘʧʠʩʳʚʘʪʴ ʝʛʦ ʥʘ ʧʣʘʪʫ. 

ɹʦʣʴʰʘʷ ʉʅɺ ʩ 8 ʚʭʦʜʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, 36 ʧʨʘʚʠʣʘʤʠ ʠ 1 ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʙʝʟ ʧʨʦʙʣʝʤ ʟʘʧʠʩʘʣʘʩʴ ʥʘ 

ʫʩʪʨʦʡʩʪʚʦ, ʯʪʦ ʝʱʝ ʙʦʣʝʝ ʫʙʝʜʠʣʦ ʚ ʪʦʤ, ʯʪʦ ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝ-

ʤʳ. 

6. Заключение. 

ɹʳʣʘ ʧʦʩʪʨʦʝʥʘ ʥʘʯʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʝʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ. ɺ ʩʨʝʜʝ MRDS ʙʳʣ ʩʦʟʜʘʥ ʚʠʨʪʫʘʣʴʥʳʡ ʧʦʣʠʛʦʥ ʜʣʷ ʪʝʩʪʦʚʳʭ ʠʩʧʳʪʘʥʠʡ, 

ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʛʦʨʦʜʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʠ ʥʘʙʦʨ ʤʦʜʝʣʝʡ ʘʚʪʦʤʦʙʠʣʝʡ. ʇʨʦʛʨʘʤʤʘ ʙʳʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʩ 

ʢʦʥʪʨʦʣʣʝʨʦʤ-ʨʫʣʝʤ ʜʣʷ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʉ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʥʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʦʣʠʛʦʥʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʧʘʨʢʦʚʦʢ, ʩʦʙʨʘʥʳ ʜʘʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ (ʢʘʢ ʚʨʫʯʥʫʶ, ʪʘʢ ʠ ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʘʣʛʦʨʠʪʤʦʤ). 

ɼʦʨʘʙʦʪʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ ʩ ʨʝʘʣʴʥʳʤʠ ʘʚ-

ʪʦʤʦʙʠʣʷʤʠ ʨʘʟʣʠʯʥʳʭ ʛʘʙʘʨʠʪʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʧʫʪʠ. ʉʠʩʪʝʤʘ ʨʝʰʘʝʪ 

ʟʘʜʘʯʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʘʨʢʦʚʢʠ, ʭʦʪʷ ʧʦʢʘ ʯʪʦ ʝʱʝ ʥʝ ʩʣʠʰʢʦʤ ʫʩʪʦʡʯʠʚʘ ʢ ʰʫʤʫ, ʠ ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ 

ʥʝʩʪʘʙʠʣʴʥʦ. 

ɺʦ ʚʨʝʤʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪ ʥʘʜ ʧʨʦʝʢʪʦʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʉʅɺ ʢ ʰʫʤʫ, ʦʙʲʝʜʠ-

ʥʠʪʴ ʪʨʠ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʚ ʦʜʠʥ ʢʦʤʧʣʝʢʩ ʩ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʦʡ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, ʨʘʟʨʘʙʦʪʘʪʴ 

ʧʨʦʪʦʪʠʧ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʘʩʩʠʩʪʝʥʪʘ ʧʘʨʢʦʚʢʠ, ʧʝʨʝʡʪʠ ʢ ʥʘʪʫʨʥʳʤ ʠʩʧʳʪʘʥʠʷʤ ʥʘ ʨʝʘʣʴʥʦʤ 

ʘʚʪʦʤʦʙʠʣʝ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ TI TMS320. ʇʘʨʢʦʚʢʘ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʦʜʥʠʤ ʠʟ ʘʩ-

ʧʝʢʪʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʠ-

ʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʘʢʠʭ ʟʘʜʘʯ, ʢʘʢ ʚʳʧʘʨʢʦʚʢʘ, ʦʙʛʦʥ, ʧʦʚʦʨʦʪ, ʧʝʨʝʩʪʨʦʝʥʠʝ.  
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МЕТОДИКИ ОЦЕНКИ ХАРАКТЕРИСТИК 

ТРЕЩИНОСТОЙКОСТИ КЛЕЕВЫХ СОЕДИНЕНИЙ 
 

 С.И. Корягин1, С.В. Буйлов2, Н.Л. Великанов3, О.В. Шарков4 

1 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʠʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ, 2 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  
3 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ, 4 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʣʪʠʡʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʂʘʥʪʘ (ʂʘʣʠʥʠʥʛʨʘʜ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 

ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʢʣʝʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʩʚʷʟʫʶʱʠʝ çɺɸʂ-ɸè, 

çʉʧʨʫʪ ʇʣʶʩè, çʉʧʨʫʪ-5ʄè. ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʣʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʩʧʳʪʘʥʠʡ ʠ ʫʩʪʘʥʦ-

ʚʠʪʴ, ʯʪʦ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʪʨʝʱʠʥʳ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʪʦʨʤʦʞʝʥʠʶ ʪʨʝʱʠʥ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ ʩ ʫʯʝʪʦʤ ʚʠʜʘ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʢʦʤʧʦʟʠʮʠʷ, ʢʣʝʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʫʜʝʣʴʥʘʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ, ʦʙʨʘʟʝʮ. 
 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʚʦʜʷʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ (ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ) ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʥʘʛʨʫʞʝʥʠʷ. 

ʇʨʠʯʝʤ ʤʥʦʛʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʝʩʦʧʦʩʪʘʚʠʤʳ, ʘ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝʜʦʩʪʦʚʝʨʥʳ ʠʟ-ʟʘ ʥʝʢʦʨ-

ʨʝʢʪʥʦʩʪʠ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʧʦʣʫʯʘʪʴ ʜʦʩʪʦ-

ʚʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1, 3 ,4]. 

ɺʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʢʣʝʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʦʛʨʘʥʠʯʝʥʳ ʥʝ ʩʪʦʣʴʢʦ ʩʚʦʡʩʪʚʘ-

ʤʠ ʩʦʙʩʪʚʝʥʥʦ ʢʣʝʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʩʢʦʣʴʢʦ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʙʝʞʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʩʦʝʜʠʥʝʥʠʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. ʈʘʟʣʠʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩʪʠ ʢʣʝʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʩʦʝʜʠʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ-

ʚʦʜʠʪ ʢ ʥʝʦʜʥʦʨʦʜʥʦʤʫ ʥʘʧʨʷʞʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ (ʰʚʝ). ʇʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʙʝʞʥʳ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʜʝʬʝʢʪʳ: ʧʫʩʪʦʪʳ, ʚʢʣʶʯʝʥʠʷ, ʦʙʣʘʩʪʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʠʣʠ ʩʣʘʙʦʡ ʘʜʛʝʟʠʦʥʥʦʡ ʩʚʷʟʴʶ. ʅʝʨʘʚʥʦʤʝʨʥʦ ʧʦ 

ʢʣʝʝʚʦʤʫ ʩʣʦʶ ʨʘʟʫʧʨʦʯʥʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʣʝʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʥʦʦʙ-

ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʦʪʨʳʚ ʠ ʦʪʩʣʘʠʚʘʥʠʝ. ʀʩʧʳʪʘʥʠʝ ʥʘ ʩʜʚʠʛ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʚʥʘʭʣʝʩʪʢʫ (ɻʆʉʊ 14759-69) ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʠʩʧʳʪʘʥʠʝʤ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʧʳʪʘʥʠʡ ʥʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦʟʥʘʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʦʯʥʦʩʪʠ ʢʣʝʝ-

ʚʳʭ ʢʦʤʧʦʟʠʮʠʡ. ʊʘʢ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʦʪʨʳʚ ʠ ʩʜʚʠʛ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ 

ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʞʝʩʪʢʦʩʪʝʡ ʢʣʝʝʚʦʛʦ ʩʣʦʷ ʠ ʩʦʝʜʠʥʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʨʝʟʫʣʴʪʘʪ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʪʩʣʘʠʚʘʥʠʝ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ ʘʜʜʠʪʠʚʥʳʤʠ ʠ ʠʟ ʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʨʘʙʦʪʫ, ʟʘʪʨʘʯʠʚʘʝʤʫʶ ʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʙʢʦʡ ʜʝʪʘʣʠ, ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʝʦʙʣʘʜʘʶʱʝʡ. 

ʇʦʪʝʨʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʨʦʩʪʦʤ ʜʝʬʝʢʪʦʚ ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ, ʧʦʵʪʦʤʫ 

ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩʪʠ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪ ʤʝʭʘʥʠʢʠ ʨʘʟ-

ʨʫʰʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʦʙʱʝʧʨʠʥʷʪʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʱʠʥʦʩʪʦʡʢʦ-

ʩʪʠ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʢʦʥʮʝʧʮʠʠ ʢʚʘʟʠʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʀʟʚʝʩʪʝʥ ʜʚʦʡʥʦʡ ʢʦʥʩʦʣʴʥʳʡ 

ʦʙʨʘʟʝʮ, ʙʘʣʢʠ ʢʦʪʦʨʦʛʦ ʩʫʞʝʥʳ ʧʦʜ ʫʛʣʦʤ 7,04Á. ʇʨʠ ʪʘʢʦʡ ʬʦʨʤʝ ʦʙʨʘʟʮʘ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʨʦʜʚʠʞʝʥʠʷ 

ʪʨʝʱʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʙʝʟ ʟʘʤʝʨʘ ʜʣʠʥʳ ʪʨʝʱʠʥʳ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʝʝ ʚʝʨʰʠʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʝ-

ʜʝʣʘʭ ʥʝʢʦʪʦʨʦʛʦ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ, ʧʨʠʯʝʤ ʜʣʠʥʘ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʘ. ʉ ʫʯʝʪʦʤ ʯʘʩʪʦ ʚʝʩʴʤʘ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʙʨʦʩʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩʪʠ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʯʝʚʠʜʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪ-

ʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʟʘʪʦʨʤʦʞʝʥʥʦʡ ʪʨʝʱʠʥʦʡ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʙʨʘʟʮʘ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʠʥʦʡ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ. ʉʫʞʝʥʳʡ ʜʚʦʡʥʦʡ ʢʦʥʩʦʣʴʥʳʡ ʦʙʨʘʟʝʮ ʦʙʣʘʜʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʴʶ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʪʦʨʤʦʞʝʥʠʝ ʪʨʝʱʠʥʳ. 

ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʷ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʟʘʢʣʶ-

ʯʘʶʱʘʷʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ ʠʟʛʠʙʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʢ ʢʦʥʩʦʣʷʤ ʜʚʫʭʢʦʥʩʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ, ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʤʝʥʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʠ ʜʣʠʥʳ ʨʘʩʪʫʱʝʡ ʚ ʧʣʦʩʢʦʩʪʠ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʨʝʱʠʥʳ, ʦʧʨʝʜʝʣʝʥʠʠ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʨʘʟʨʫ-

ʰʝʥʠʷ, ʢʦʪʦʨʦʡ ʩʫʜʷʪ ʦ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ. ʅʘʛʨʫʞʝʥʠʝ ʠʟʛʠʙʦʤ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʠʣʦʞʝʥʠʝʤ ʥʦʨʤʘʣʴʥʳʭ ʫʩʠ-

ʣʠʡ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʢʦʥʩʦʣʷʤ, ʜʦ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ [1, 5]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʝʝ ʥʝʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʧʨʠ-

ʣʦʞʝʥʠʠ ʠʟʛʠʙʘʶʱʠʭ ʫʩʠʣʠʡ ʠʤʝʝʪ ʤʝʩʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʦʪ ʜʣʠʥʳ ʪʨʝʱʠʥʳ. ɼʣʷ ʫʩʪʨʘ-

ʥʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʪʦ ʝʩʪʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʷ ʢʣʝʝʚʦ-
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ʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʜʚʦʡʥʦʡ ʢʦʥʩʦʣʴʥʳʡ 

ʦʙʨʘʟʝʮ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ ʥʘʛʨʫʞʘʶʪ ʠʟʛʠʙʥʳʤʠ ʤʦʤʝʥʪʘʤʠ, ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʤʦʤʝʥʪʦʚ, ʚʳʟʳʚʘʶ-

ʱʠʭ ʨʘʟʨʫʰʝʥʠʝ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʟʘʪʝʤ ʚʳʯʠʩʣʷʶʪ ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʠʶ ʨʘʟʨʫʰʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

                                                                                    ,                                                                               (1) 

 

ʛʜʝ ʄ ï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ; b ï ʰʠʨʠʥʘ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ; ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʦʣʴʥʳʭ 

ʙʘʣʦʢ; J ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ ʢʦʥʩʦʣʴʥʳʭ ʙʘʣʦʢ. 

ʆ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʩʫʜʷʪ ʧʦ ʚʝʣʠʯʠʥʝ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ. ʄʝʪʦʜʠʢʘ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɼʚʦʡʥʦʡ ʢʦʥʩʦʣʴʥʳʡ ʦʙʨʘʟʝʮ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʜʣʠʥʝ ʩʝʯʝʥʠʝʤ ʥʘʛʨʫʞʘʶʪ ʠʟʛʠʙʥʳʤʠ ʤʦʤʝʥʪʘʤʠ, ʧʨʠ ʵʪʦʤ 

ʦʙʨʘʟʝʮ ʥʘʢʘʧʣʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ, ʨʘʚʥʫʶ  ʠʣʠ 

 

                                                         ,                                                        (2) 

 

ʛʜʝ  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʘ;  ï ʧʦʜʘʪʣʠʚʦʩʪʴ;  ï ʜʣʠʥʘ 

ʪʨʝʱʠʥʳ; ,  ï ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʙʘʣʦʢ;  ï ʜʣʠʥʘ ʦʙʨʘʟʮʘ; ,  ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʦʧʝʨʝʯʥʳʭ 

ʩʝʯʝʥʠʡ ʙʘʣʦʢ;,  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʘʪʣʠʚʦʩʪʠ ʟʘʜʝʣʢʠ ʢʦʥʩʦʣʴʥʳʭ ʙʘʣʦʢ;  ï ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ 

ʝʜʠʥʠʮʳ ʜʣʠʥʳ ʩʢʣʝʝʥʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʉ ʫʯʝʪʦʤ ʠʟʚʝʩʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠʤʝʝʤ: 
   

                                                                                     .                                                                                   (3) 

 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ: 
 

                                                                        .                                                                    (4) 

 

ɿʘʚʠʩʠʤʦʩʪʴ (3) ʧʦʣʫʯʝʥʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʚʝʣʠʯʠʥ  ʠ . ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʮʘ. 

ʈʘʩʩʯʠʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ï ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʙʘʣʦʢ 2,1ẗ105 ʄʇʘ (ʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ); 7ẗ104 ʄʇʘ (ʘʣʶʤʠ-

ʥʠʝʚʳʝ ʩʧʣʘʚʳ); 2,9ẗ103 ʄʇʘ (ʦʨʛʩʪʝʢʣʦ); ʚʳʩʦʪʳ ʙʘʣʦʢ ï 2, 4, 6, 8, 10, 12 ʤʤ; ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʢʣʝʷ ï 340 ʄʇʘ 

(çʉʧʨʫʪ-5ʄè) ʠ 2300 ʄʇʘ (ɼ-2); ʪʦʣʱʠʥʳ ʢʣʝʝʚʦʛʦ ʰʚʘ ï 0,1; 0,25 ʠ 0,5 ʤʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʥʝʢʦʪʦʨʳʤ ʚʘʨʠ-

ʘʥʪʘʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʮʝʣʦʤ ʞʝ ʚ ʨʘʤʢʘʭ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʚʘʨʠʘʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʠʥʘ ʫʯʘʩʪʢʘ 

ʦʙʨʘʟʮʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʟʛʠʙʫ ʦʪʜʝʣʴʥʳʭ 

ʙʘʣʦʢ, ʢ ʥʘʧʨʷʞʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠʟʛʠʙʘ ʥʝʨʘʟʨʫʰʝʥʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʯʝʪʳʨʝʭ ʚʳʩʦʪ ʢʦʥʩʦʣʴʥʦʡ 

ʙʘʣʢʠ. ʇʦʜʘʪʣʠʚʦʩʪʴ ʟʘʜʝʣʢʠ ʢʦʥʩʦʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʘʡʦʥʝ ʚʝʨʰʠʥʳ ʪʨʝ-

ʱʠʥʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ ʯʘʩʪʴ ʦʙʨʘʟʮʘ ʜʣʠʥʦʡ ʙʦʣʝʝ ʯʝʪʳʨʝʭ ʚʳʩʦʪ ʙʘʣʢʠ ʥʝ ʨʘʟʨʫʰʝʥʘ, ʪʦ 

ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʝ ʠʟʤʝʥʠʪʩʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʧʦʩʪʦʷʥʩʪʚʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʘʪʣʠʚʦʩʪʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1, ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʝʪʘʣʣʝ ï ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ, ʘ ʚ ʢʣʝʝ-

ʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ï ʧʫʥʢʪʠʨʥʘʷ ï ʧʘʜʘʶʪ ʜʦ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʭ ʚʝʣʠʯʠʥ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʯʝʪʳʨʝʭ ʪʦʣʱʠʥ ʢʦʥ-

ʩʦʣʠ. ʊʘʢʠʝ ʞʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʘʩʯʝʪʘʭ ʜʨʫʛʠʭ ʦʙʨʘʟʮʦʚ. 
 

 
 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʜʣʠʥʝ ʦʙʨʘʟʮʘ: 1, 2 ï ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʣʝʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ ʤʝʪʘʣʣʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʧʦʜʘʪʣʠʚʦʩʪʠ ʟʘʜʝʣʢʠ ʢʦʥʩʦʣʠ ʥʝ ʤʝʥʷʝʪʩʷ, 

ʝʩʣʠ ʜʣʠʥʘ ʥʝʨʘʟʨʫʰʝʥʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʥʝ ʤʝʥʝʝ ʯʝʪʳʨʝʭ ʪʦʣʱʠʥ ʢʦʥʩʦʣʠ. 

 

 
 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʜʘʪʣʠʚʦʩʪʠ ʦʙʨʘʟʮʘ ʦʪ ʜʣʠʥʳ ʪʨʝʱʠʥʳ: 

1, 2 ï ʠʟʚʝʩʪʥʘʷ ʠ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʟʚʝʩʪʥʦʡ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢ ʧʨʦʠʟʚʝʜʝʥʳ ʟʘʤʝʨʳ ʧʦʜʘʪʣʠʚʦʩʪʝʡ ʜʚʦʡʥʦʛʦ ʢʦʥ-

ʩʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʜʣʠʥʝ ʩʝʯʝʥʠʝʤ, ʠʩʧʳʪʳʚʘʝʤʳʤ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ. ʆʙʨʘʟʝʮ ʩʦʩʪʦʷʣ ʠʟ 

ʜʚʫʭ ʘʣʶʤʠʥʠʝʚʳʭ ʙʘʣʦʢ ʪʦʣʱʠʥʦʡ 4 ʤʤ, ʩʢʣʝʝʥʥʳʭ ʢʣʝʝʤ ɼ-2, ʪʦʣʱʠʥʘ ʢʣʝʝʚʦʛʦ ʩʣʦʷ 0,25 ʤʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʠʟʚʝʩʪʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʩʫʞʝʥʥʦʛʦ ʜʚʦʡʥʦʛʦ ʢʦʥʩʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʂʨʫʞʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ, ʘ ʢʨʝ-

ʩʪʠʢʘʤʠ ï ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ. ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʚʳʜʝʣʝʥ ʫʯʘʩʪʦʢ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʜʘʪʣʠʚʦʩʪʴ ʦʙʨʘʟʮʘ, ʠʩʧʳʪʳ-

ʚʘʝʤʦʛʦ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʣʠʥʝ ʪʨʝʱʠʥʳ. ɸʥʘʣʦʛʠʯʥʳʡ ʫʯʘʩʪʦʢ ʜʣʷ 

ʦʙʨʘʟʮʘ, ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʧʦʢʘʟʘʥ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ (ʨʠʩʫ-

ʥʦʢ 2), ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʚ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ ʩʦʙʣʶʜʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʦʡ ʪʨʝʪʠ ʜʣʠʥʳ ʨʘʙʦʯʝʛʦ 

ʫʯʘʩʪʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ï ʧʦʯʪʠ ʧʦ ʚʩʝʡ ʜʣʠʥʝ. ʋʯʘʩʪʦʢ ʜʣʠʥʳ ʦʪ 0 ʜʦ 4 ʤʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʪʨʝʱʠʥʳ ʨʘʩʢʣʠʥʠʚʘʥʠʝʤ ʦʙʨʘʟʮʘ ʠ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ï ʧʘʨʳ ʩʠʣ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʦʡ ʩʦʩʪʦʷʪ ʚ ʙʦʣʴʰʝʡ 

ʪʦʯʥʦʩʪʠ, ʧʨʦʩʪʦʡ ʬʦʨʤʝ ʦʙʨʘʟʮʘ ʠ ʙʦʣʴʰʝʡ ʜʣʠʥʝ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʠʪʴ ʥʝʩʢʦʣʴʢʦ ʠʩʢʦ-

ʤ ʭr ʟʥʘʯʝʥʠʡ ʥʘ ʦʜʥʦʤ ʦʙʨʘʟʮʝ. 

ʅʘ ʨʠʩʫʥʢʝ 3. ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʜʚʦʡʥʦʛʦ ʢʦʥʩʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʨʘʟʨʘʙʦʪʘʥʥʫʶ 

ʤʝʪʦʜʠʢʫ. ʆʙʨʘʟʝʮ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʙʘʣʦʢ 1 ʠ 2 ʧʦʩʪʦʷʥʥʦʛʦ ʧʦ ʜʣʠʥʝ ʩʝʯʝʥʠʷ, ʩʦʝʜʠʥʝʥʥʳʭ ʢʣʝʝʚʦʡ ʢʦʤʧʦ-

ʟʠʮʠʝʡ 3, ʥʘʛʨʫʞʘʝʪʩʷ ʯʝʨʝʟ ʛʠʙʢʠʝ ʥʠʪʠ 4 ʠ 5 ʦʪ ʙʣʦʢʦʚ 6 ʠ 7. ʇʨʠ ʵʪʦʤ ʚ ʛʠʙʢʠʭ ʥʠʪʷʭ ʚʦʟʥʠʢʘʶʪ ʦʜʠʥʘʢʦʚʳʝ 

ʧʦ ʚʝʣʠʯʠʥʝ ʫʩʠʣʠʷ, ʩʦʟʜʘʶʱʠʝ ʠʟʛʠʙʥʳʝ ʤʦʤʝʥʪʳ ʥʘ ʢʦʥʩʦʣʴʥʳʭ ʯʘʩʪʷʭ ʙʘʣʦʢ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʥʘʛʨʫʞʝ-

ʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʝʝ ʠʩʧʳʪʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘ-

ʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʤʦʥʦʣʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

 
 

ʈʠʩ. 3. ʆʙʨʘʟʝʮ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʥʘʛʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ ʩ ʙʘʣʢʘʤʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫ-

ʯʝʥʠʝ ʪʨʝʱʠʥʳ ʪʨʝʙʫʝʤʦʛʦ ʪʠʧʘ, ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ. 
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ʆʩʫʱʝʩʪʚʣʷʣʦʩʴ ʵʪʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʘʧʨʷʞʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʚʫʤ 

ʚʘʨʠʘʥʪʘʤ ʥʘʛʨʫʞʝʥʠʷ ï ʧʦʦʯʝʨʝʜʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʢʦʥʩʦʣʝʡ ʝʜʠʥʠʯʥʳʤ ʠʟʛʠʙʥʳʤ ʤʦʤʝʥʪʦʤ. ʆʧʨʝʜʝʣʷʣʠʩʴ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʣʠʷʥʠʷ ʝʜʠʥʠʯʥʳʭ ʤʦʤʝʥʪʦʚ ʥʘ ʚʝʣʠʯʠʥʳ ʥʦʨʤʘʣʴʥʳʭ ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʨʦʜʦʣ-

ʞʝʥʠʠ ʨʘʟʨʝʟʘ ʚ ʢʣʝʝʚʦʤ ʰʚʝ ,  
 

; ; 
 

(5) 

; ; 

ʛʜʝ ï ʝʜʠʥʠʯʥʳʡ ʤʦʤʝʥʪ. 

ʀʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʥʦʨʤʘʣʴʥʳʭ ʠʣʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʦʙʨʘʟʮʘ ʜʚʫʤʷ 

ʥʝʨʘʚʥʳʤʠ ʠʟʛʠʙʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥ ʵʪʠʭ ʤʦʤʝʥʪʦʚ: 
 

                                                                            ; .                                                              (6) 
 

ʅʘʛʨʫʞʝʥʠʝ ʦʙʨʘʟʮʘ ʩʠʩʪʝʤʦʡ ʤʦʤʝʥʪʦʚ  ʠ  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʫʤʤʦʡ ʜʚʫʭ ʩʠʩʪʝʤ ʠʟʛʠʙ-

ʥʳʭ ʤʦʤʝʥʪʦʚ:  ʠ , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʱʠʥʝ ʥʦʨʤʘʣʴʥʦʛʦ ʦʪʨʳʚʘ, ʘ ʪʘʢʞʝ  ʠ , ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʪʨʝʱʠʥʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ. ɺʝʣʠʯʠʥʳ  ʠ  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: 
 

; 
 

(7) 

. 
 

ɽʩʣʠ ʦʙʨʘʟʝʮ ʩʦʩʪʦʠʪ ʠʟ ʙʘʣʦʢ ʦʜʠʥʘʢʦʚʳʭ ʨʘʟʤʝʨʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʦ 

, ʘ ʪʨʝʱʠʥʳ ʥʦʨʤʘʣʴʥʦʛʦ ʦʪʨʳʚʘ ʠʣʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʜʚʠʛʘ ʧʦʣʫʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʩʠʤʤʝʪ-

ʨʠʯʥʦʤ ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʤ ʠʟʛʠʙʝ ʢʦʥʩʦʣʴʥʳʭ ʙʘʣʦʢ, ʪʦ ʝʩʪʴ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʨʘʚʥʳʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚ-

ʣʝʥʥʳʤʠ ʠʣʠ ʨʘʚʥʳʤʠ ʦʜʠʥʘʢʦʚʦ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʠʟʛʠʙʥʳʤʠ ʤʦʤʝʥʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʜ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ k ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʪʨʝʙʫʝʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ  

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, 

ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʜʚʝ ʙʘʣʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʩʢʣʝʠʚʘʥʠʝʤ ʠʭ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʧʦʩʣʝ ʦʪʚʝʨ-

ʞʜʝʥʠʷ ʩʦʟʜʘʶʪ ʚ ʢʣʝʝʚʦʤ ʰʚʝ ʪʨʝʱʠʥʫ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪ ʙʘʣʢʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʬʦʨʤʝ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ, ʘ 

ʧʝʨʝʜ ʩʢʣʝʠʚʘʥʠʝʤ ʙʘʣʢʠ ʚʳʧʨʷʤʣʷʶʪ. 

ʇʨʠ ʩʢʣʝʡʢʝ ʦʙʨʘʟʮʘ ʚ ʢʦʥʩʦʣʴʥʳʭ ʙʘʣʢʘʭ ʚʦʟʥʠʢʘʶʪ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʳʭ ʚ ʢʣʝʝʚʦʤ 

ʰʚʝ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʚʦʟʥʠʢʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʩʥʠ-

ʞʘʪʴ ʧʨʦʯʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʥʠʤʘʶʪ ʤʝʨʳ ʜʣʷ ʠʭ ʩʥʠʞʝʥʠʷ. ɺ ʧʨʝʜʣʘ-

ʛʘʝʤʦʤ ʩʧʦʩʦʙʝ ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʦʙʨʘʟʮʘ ʩʦʟʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʣʝʜʩʪʚʠʝʤ 

ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʦʣʴ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʨʠʥʮʠʧ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʩʧʦʣʴʟʫʶʪ ʟʘʛʦʪʦʚʢʠ ʚ ʚʠʜʝ ʙʘʣʦʢ, ʙʘʣʢʠ ʠʟʛʠʙʘ-

ʶʪ, ʧʨʠʯʝʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʡ ʥʝ ʧʨʝʚʳʩʠʣʠ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʅʘʥʦʩʷʪ ʢʣʝʝʚʫʶ ʢʦʤ-

ʧʦʟʠʮʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʣʦʢ. ɹʘʣʢʠ ʩʦʝʜʠʥʷʶʪ ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʜʦ ʦʪʚʝʨʞʜʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ. ʋʜʘʣʷʶʪ ʫʩʪʨʦʡʩʪʚʘ, 

ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʩʦʟʜʘʝʪʩʷ ʠʟʛʠʙ ʙʘʣʦʢ, ʠ ʦʙʨʘʟʫʶʪ ʚ ʢʣʝʝʚʦʤ ʰʚʝ ʩ ʦʙʦʠʭ ʢʦʥʮʦʚ ʦʙʨʘʟʮʘ ʪʨʝʱʠʥʳ. 
 

 
 

ʈʠʩ. 4. ʉʭʝʤʘ ʚʳʧʨʷʤʣʝʥʠʷ ʙʘʣʢʠ 
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ɹʘʣʢʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʠʟ ʩʪʘʣʠ ʉʪ. 3 ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʇʨʦʠʟʚʦʜʠʣʘʩʴ ʛʠʙʢʘ ʙʘ-

ʣʦʢ ʥʘ ʪʨʝʭʚʘʣʢʦʚʦʤ ʛʠʙʦʯʥʦʤ ʩʪʘʥʢʝ, ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʣʝ ʛʠʙʢʠ ʫʩʪʨʘʥʷʣʠʩʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ. ʇʦ-

ʩʣʝ ʵʪʠʭ ʦʧʝʨʘʮʠʡ ʙʘʣʢʠ ʠʤʝʣʠ ʬʦʨʤʫ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ʢʨʦʥʰʪʝʡʥʦʚ 2 ʠ ʪʷʛ 3 ʙʘʣʢʠ I ʚʳʧʨʷʤʣʷ-

ʣʠʩʴ (ʨʠʩʫʥʦʢ 4), ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʩʠʣʘʩʴ ʢʣʝʝʚʘʷ ʢʦʤʧʦʟʠʮʠʷ 4, ʠ ʙʘʣʢʠ ʩʦʝʜʠʥʷʣʠʩʴ. ʇʦʩʣʝ ʧʦʣʠʤʝʨʠ-

ʟʘʮʠʠ ʢʣʝʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʢʨʦʥʰʪʝʡʥʳ ʠ ʪʷʛʠ ʫʜʘʣʷʣʠʩʴ ʠ ʨʘʩʢʣʠʥʠʚʘʥʠʝʤ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʦʙʨʘʟʮʘ ʩʦʟʜʘʚʘʣʠʩʴ 

ʪʨʝʱʠʥʳ (ʨʠʩʫʥʦʢ 5). 
 

 
 

ʈʠʩ. 5. ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ: 1 ï ʢʦʥʩʦʣʴʥʳʝ ʙʘʣʢʠ; 

2 ï ʢʣʝʝʚʦʡ ʩʣʦʡ; ʬʦʨʤʘ ʥʝʩʢʣʝʝʥʳʭ ʢʦʥʩʦʣʴʥʳʭ ʙʘʣʦʢ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) 
 

ʀʩʧʳʪʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʨʘʟʮʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʚ 

ʢʣʝʝʚʦʤ ʰʚʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʢʦʨʦʩʪʠ ʚʝʣʠʯʠʥʳ ʩʠʣʳ ʧʨʦʜʚʠʞʝʥʠʷ ʪʨʝʱʠʥʳ (). 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʪʘʢʦʛʦ ʦʙʨʘʟʮʘ. ʉʢʣʝʝʥʥʳʡ ʦʙʨʘʟʝʮ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʝʡ ʧʦʪʝʥʮʠʘʣʴ-

ʥʦʡ ʵʥʝʨʛʠʝʡ: 
 

                                                                     ,                                                    (8) 

 

ʛʜʝ R, R/k ï ʨʘʜʠʫʩʳ ʢʨʠʚʠʟʥʳ ʥʝʩʢʣʝʝʥʥʳʭ ʙʘʣʦʢ.  

ɿʘʚʠʩʠʤʦʩʪʴ (8) ʧʦʣʫʯʝʥʘ ʩ ʫʯʝʪʦʤ ʠʟʚʝʩʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ: 
 

                                                                           ; EJ;                                        (9) 

 

ʉʠʣʘ ʧʨʦʜʚʠʞʝʥʠʷ ʪʨʝʱʠʥʳ ʨʘʚʥʘ: 
 

                                                                                      ,                                                                           (10) 

 

ʛʜʝ b ï ʰʠʨʠʥʘ ʢʣʝʝʚʦʛʦ ʰʚʘ. 

ʆʪʩʶʜʘ ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʠʣʳ ʧʨʦʜʚʠʞʝʥʠʷ ʪʨʝʱʠʥʳ: 
 

                                                                    .                                                 (11) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʨʘʟʮʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʦʛʥʫʪʳʭ ʙʘʣʦʢ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʥʘʛʨʫʞʝʥʠʝ ʢʣʝʝʚʦʛʦ ʰʚʘ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʙʝʟ ʧʨʠʤʝʥʝ-

ʥʠʷ ʥʘʛʨʫʞʘʶʱʠʭ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʧʨʦʜʚʠʞʝʥʠʷ ʪʨʝʱʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʠʚʠʟʥʘʤʠ ʠʟʦʛʥʫ-

ʪʳʭ ʙʘʣʦʢ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʠʟʛʠʙ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʦʙʨʘʟʮʘ ʧʦ ʬʦʨʤʘʤ ʜʫʛ 

ʦʢʨʫʞʥʦʩʪʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʜʠʫʩʘʤʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦ ʚʝʣʠʯʠʥʳ ʩʠʣʳ ʧʨʦʜʚʠ-

ʞʝʥʠʷ ʪʨʝʱʠʥʳ ʚ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ʜʣʠʥʳ ʦʙʨʘʟʮʘ. ʋʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʩʣʝʜʫ-

ʶʱʠʭ ʠʩʧʳʪʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ ʠʭ ʪʨʫʜʦʝʤʢʦʩʪʴ. ʆʙʨʘʟʝʮ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʧʨʝʜʣʘʛʘʝʤʳʤ ʩʧʦʩʦʙʦʤ, ʦʩʦʙʝʥʥʦ ʫʜʦʙʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʚ ʫʩʣʦ-

ʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʠ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ 

ʝʛʦ ʠʩʧʳʪʘʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʛʨʫʞʝʥʠʷ. 

ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʜʚʦʡʥʳʭ ʢʦʥʩʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (ʨʠʩʫʥʦʢ 3) ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. ʆʙʨʘʟʝʮ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʷʣʩʷ ʠ ʥʘʛʨʫʞʘʣʩʷ 

ʧʘʨʘʤʠ ʩʠʣ ʯʝʨʝʟ ʨʳʯʘʛʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʠʣʴʬʦʥʳ ʠ ʛʠʜʨʦʮʠʣʠʥʜʨ. ʉʦʦʪʥʦ-

ʰʝʥʠʝ ʠ ʟʥʘʢ ʠʟʛʠʙʥʳʭ ʤʦʤʝʥʪʦʚ ʠʟʤʝʥʷʣʠ ʧʝʨʝʤʝʱʝʥʠʝʤ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ɺʝʣʠʯʠʥʘ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʠ ʠʟʛʠ-

ʙʥʳʝ ʤʦʤʝʥʪʳ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ (ʪʝʥʟʦʜʘʪʯʠʢʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʠʧʘ 2ʇʂɹ-10-100Ĭɺ), 

ʧʦʢʘʟʘʥʠʷ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ ʛʨʘʬʦʧʦʩʪʨʦʠʪʝʣʝʤ ʅ306. 
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ʈʠʩ. 6. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʜʚʦʡʥʳʭ ʢʦʥʩʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ 
 

ʅʘʛʨʫʞʝʥʠʝ ʦʙʨʘʟʮʘ ʚʳʧʦʣʥʷʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʳʯʘʛʦʚ ʥʘʛʨʫʞʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʨʘʚʥʦʡ 0,16 . ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʠʣʠ ʜʠʘʛʨʘʤʤʳ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʤʦʤʝʥʪ-ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʜʣʷ ʢʣʝʝ-

ʚʳʭ ʢʦʤʧʦʟʠʮʠʡ çɺɸʂ-ɸè, çʉʧʨʫʪ ʇʣʶʩè ʠ çʉʧʨʫʪ-5ʄè (ʨʠʩʫʥʦʢ 7). ʍʘʨʘʢʪʝʨ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʜʣʷ ʢʣʝʝʚʦʡ, ʢʦʤʧʦ-

ʟʠʮʠʠ çʉʧʨʫʪ-5ʄè ï ʫʩʪʦʡʯʠʚʳʡ, ʜʣʷ ʢʣʝʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ çʉʧʨʫʪ ʇʣʶʩè ʠ çɺɸʂ-ɸè ï ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ. ʇʨʠ ʩʢʘʯ-

ʢʦʦʙʨʘʟʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʪʨʝʱʠʥʳ ʥʘʙʣʶʜʘʣʦʩʴ ʩʣʝʜʫʶʱʝʝ: ʚʩʢʦʨʝ ʧʦʩʣʝ ʩʪʘʨʪʘ ʪʨʝʱʠʥʘ ʜʦʩʪʠʛʘʣʘ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʠ ʟʘʪʝʤ ʥʝʧʨʝʨʳʚʥʦ ʟʘʤʝʜʣʷʣʘʩʴ ʚʧʣʦʪʴ ʜʦ ʦʩʪʘʥʦʚʢʠ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʧʨʝʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʪʨʝʱʠʥʳ 

ʥʘʜ ʩʢʦʨʦʩʪʴʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʠ ʩʪʨʘʛʠʚʘʥʠʠ ʪʨʝʱʠʥʳ ʥʝʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ ʫ ʝʝ ʚʝʨ-

ʰʠʥʳ, ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘʛʨʫʞʝʥʠʝ ʥʘʯʠʥʘʣʠ ʫʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʠʩʭʦʜʥʦʡ ʪʨʝʱʠʥʳ, ʫʩʧʝʚʘʶʪ ʨʘʟʚʠʪʴʩʷ ʚ 

ʪʦʡ ʞʝ ʤʝʨʝ, ʢʘʢʘʷ ʚʦʟʤʦʞʥʘ ʜʣʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʛʨʫʞʝʥʠʷ. ʏʘʩʪʠ ʜʠʘʛʨʘʤʤ, ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʨʝʱʠʥʳ, ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʦʤ, ʧʦʩʢʦʣʴʢʫ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠʩʧʦʣʴʟʦʚʘʥ-

ʥʦʡ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ʇʨʠ ʠʩʧʳʪʘ-

ʥʠʷʭ ʥʘʙʣʶʜʘʣʦʩʴ, ʯʪʦ ʪʨʝʱʠʥʘ ʧʨʦʭʦʜʠʣʘ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ, ʦʪʩʣʝʞʠʚʘʷ ʨʝʣʴʝʬ ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘ-

ʣʘ (ʩʪʝʢʣʦʪʢʘʥʠ), ʪʦ ʝʩʪʴ ʥʘ ʝʝ ʪʨʘʝʢʪʦʨʠʶ ʚʣʠʷʝʪ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʝʜʠʥʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝ-

ʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʪʨʝʱʠʥʳ. ʇʨʠʯʝʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʩʪʘʚʝ ʢʣʝʝʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʦʯʝʚʠʜʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʱʠʥʦʩʪʦʡ-

ʢʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʤʠʥʠʤʘʣʴʥʘ, ʥʝʩʢʦʣʴʢʦ ʦʪʢʣʦʥʷʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʣʦʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴʶ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʫ ʞʝ ʩʪʦʨʦʥʫ ʦʪʢʣʦʥʷʝʪʩʷ ʠ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʳ, ʪʦ ʝʩʪʴ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʚ ʩʣʫʯʘʝ ʤʦʥʦʪʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʪʨʝʱʠʥʦ-

ʩʪʦʡʢʦʩʪʠ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʜʚʠʞʫʱʘʷ ʪʨʝʱʠʥʘ ʚʳʡʜʝʪ ʥʘ ʪʨʘʝʢʪʦʨʠʶ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʪʨʘʝʢʪʦʨʠʠ ʪʨʝ-

ʱʠʥʳ ʥʦʨʤʘʣʴʥʦʛʦ ʦʪʨʳʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ ʦʪʢʣʦʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʫʨʦʚʝʥʴ ʪʨʝ-

ʱʠʥʦʩʪʦʡʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜʦʤ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʨʝʘʣʴʥʳʭ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʨʦʧʨʠʷ-

ʪʠʡ ʧʦ ʪʦʨʤʦʞʝʥʠʶ ʪʨʝʱʠʥ ʜʦʣʞʥʳ ʦʮʝʥʠʚʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʚʠʜʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʥʝʩʪʘʙʠʣʴʥʦʤ ʨʘʟʚʠʪʠʠ ʪʨʝʱʠʥʳ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʣʝʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʇʝʨʚʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʨʠ ʢʦʪʦʨʦʡ ʪʨʝʱʠʥʘ ʜʝʣʘʝʪ ʨʝʟʢʠʡ ʩʢʘʯʦʢ, ʘ ʚʪʦʨʦʝ ï , 

ʧʨʠ ʢʦʪʦʨʦʡ ʪʨʝʱʠʥʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʚʝʣʠʯʠʥʝ ʥʘʠʙʦʣʴʰʝʛʦ 

ʠʟʛʠʙʥʦʛʦ ʤʦʤʝʥʪʘ, ʘ ï ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʚʝʣʠʯʠʥʝ ʠʟʛʠʙʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʦʩʪʘʥʦʚʢʝ ʪʨʝʱʠʥʳ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚʝʣʠʯʠʥ ʠ ʜʣʷ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʢʣʝʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ çɺɸʂ-ɸè, 

çʉʧʨʫʪ ʇʣʶʩè ʠ çʉʧʨʫʪ-5ʄè. ɸʨʤʠʨʫʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʣʘʩʴ ʩʪʝʢʣʦʪʢʘʥʴ ʤʘʨʢʠ ʊ-II -ɻɺʉ-9. 
 

ʊʘʙʣʠʮʘ 1 

Результаты испытаний 
ʂʣʝʝʚʘʷ ʢʦʤʧʦʟʠʮʠʷ , ɼʞ/ʤ2 ʉʥʠʞʝʥʠʝ , % , ɼʞ/ʤ2 ʉʥʠʞʝʥʠʝ , % 

ɺɸʂ-ɸ 573 - 512 - 

ʉʧʨʫʪ ʇʣʶʩ 465 18,9 414 19,9 

ʉʧʨʫʪ-5ʄ 274 52,2 238 53,5 
 

 
 

ʈʠʩ. 7. ɼʠʘʛʨʘʤʤʳ ʤʦʤʝʥʪ-ʫʛʦʣ ʧʦʚʦʨʦʪʘ 
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ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʪʨʝʱʠʥʦʩʪʦʡʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʢʦʥʩʦʣʴʥʦʛʦ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʦʛʦ ʦʙʨʘʟʮʘ 
 

 
 

ʈʠʩ. 9 ʟʘʚʠʩʠʤʦʩʪʴ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʦʪʪʦʣʱʠʥʳ ɸʇʇ 
 

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʧʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ ʢʣʝʝʚʦʡ ʢʦʤʧʦʟʠ-

ʮʠʠ çɺɸʂ-ɸè. ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʜʚʦʡʥʦʛʦ ʢʦʥʩʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ, ʘ 

ʥʘ ʨʠʩʫʥʢʝ 10 ï ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʨʘʟʨʫʰʝʥʠʷ ʦʪ ʪʦʣʱʠʥʳ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ (ɸʇʇ) ʥʘ ʦʩ-

ʥʦʚʝ ʵʪʦʡ ʢʦʤʧʦʟʠʮʠʠ. ʀʟ ʨʠʩʫʥʢʘ 8 ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʠ  ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʟʤʝʥʝʥʠʶ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʘ, ʘ ʠʟ ʨʠʩʫʥʢʘ 9 ʩʣʝʜʫʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʨʘʟʨʫʰʝʥʠʷ ʧʦʯʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʧʦ-

ʢʨʳʪʠʷ, ʪʦ ʝʩʪʴ ʢʣʝʝʚʘʷ ʢʦʤʧʦʟʠʮʠʷ çɺɸʂ-ɸè ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʫʱʝ-

ʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʢʣʝʝʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
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Abstract. Nowadays the characteristics of adhesive bond crack resistance are as yet little understood, there-

fore the development of new experimental characteristics detection methods is a current issue. VAK-A, Sprut Plus, 

Sprut-5M were used as adhesive compositions. Suggested methods allow increase in test accuracy and defined that ad-

hesive bond crack resistance depends on the crack type. The authors prove that the crack retardation has to be evaluat-

ed in terms of stress state at the top of the crack. 
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ОБЕСПЕЧЕНИЕ БЕЗОПАСНОСТИ ЭЛЕКТРОННОЙ 

КОММЕРЦИИ В ИНФОРМАЦИОННО-КОММУНИКАЦИОННЫХ СЕТЯХ 
 

 У.Р. Кубаев1, М.С. Якубов2, С.С. Бекназарова3 

1, 3 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 2 ʧʨʦʬʝʩʩʦʨ 
1 ʉʘʤʘʨʢʘʥʜʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, 

2, 3 ʊʘʰʢʝʥʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʚʷʟʠ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʩʝʤʠʨ-

ʥʘʷ ʩʝʪʴ ʀʥʪʝʨʥʝʪ ʦʭʚʘʪʠʣʘ ʚʩʝ ʦʪʨʘʩʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʉʨʝʜʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʩʴʤʘ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ. ʆʛʨʦʤʥʳʤʠ ʪʝʤʧʘʤʠ ʨʘʟʚʠʚʘʝʪʩʷ 

ʩʝʢʪʦʨ ʙʠʟʥʝʩʘ ʀʥʪʝʨʥʝʪ-ʪʦʨʛʦʚʣʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ ʧʦʩʨʝʜʩʪʚʦʤ ʀʥʪʝʨʥʝʪʘ. ʕʪʦʪ ʩʝʢʪʦʨ ʙʠʟʥʝʩ-ʫʩʣʫʛ 

ʩʚʷʟʘʥ ʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʫʩʣʫʛ ʠʣʠ ʧʨʦʜʫʢʮʠʠ ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ. ʆʩʥʦʚʥʦʡ ʪʠʧ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ï ʵʣʝʢ-

ʪʨʦʥʥʳʡ ʤʘʛʘʟʠʥ ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʪʦʨʛʦʚʣʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ- ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ. 

 

ʂʘʢ ʧʨʘʚʠʣʦ, ʩʠʩʪʝʤʘ çʵʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʘʨʘʢʪʝʨʥʳʡ ʧʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ. ɺ ʥʝʡ ʥʝʩʢʦʣʴʢʦ ʢʣʠʝʥʪʦʚ ʨʘʙʦʪʘʶʪ ʩ ʦʜʥʠʤ 

ʩʝʨʚʝʨʦʤ, ʨʝʞʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʝʨʚʝʨʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʨʚʝʨʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʘʛʘʟʠʥʘ ʫʛʨʦʞʘʶʪ ʚʩʝ ʚʥʫʪ-

ʨʝʥʥʠʝ ʠ ʫʜʘʣʝʥʥʳʝ ʘʪʘʢʠ, ʧʨʠʩʫʱʠʝ ʣʶʙʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʦʪʢʨʳʪʳʤ ʩʝʪʷʤ. 

ʇʦʵʪʦʤʫ ʙʝʟʦʧʘʩʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʚʦʧʨʦʩʦʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʤʤʝʨʮʠʠ. ʆʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʥʘ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʀʥʪʝʨʥʝʪ-ʧʣʘʪʝʞʝʡ, ʷʚʣʷʝʪʩʷ ʧʩʠʭʦ-

ʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʩʦʟʥʘʥʠʝʤ ʫʛʨʦʟʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʤʦʰʝʥʥʠʯʝʩʪʚʘ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʀʥʪʝʨʥʝʪ ʢʘʢ ʙʝʟʦʧʘʩʥʫʶ ʩʨʝʜʫ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʲʝʢʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʝʧʝʥʠ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʀʥʪʝʨʥʝʪʝ. ʆʧʨʦʩʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʝʝ ʚʩʝʛʦ ʣʶʜʠ ʙʦʷʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʫʛʨʦʟʳ ʧʦʣʫʯʝʥʠʷ 

ʢʝʤ-ʣʠʙʦ ʠʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʨʘʙʦʪʝ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ. ʇʦ ʜʘʥʥʳʤ ʧʣʘʪʝʞʥʦʡ ʩʠʩʪʝʤʳ VISA ʦʢʦʣʦ 23 % 

ʪʨʘʥʟʘʢʮʠʡ ʩ ʙʘʥʢʦʚʩʢʠʤʠ ʢʘʨʪʘʤʠ ʪʘʢ ʠ ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʠʟ-ʟʘ ʙʦʷʟʥʠ ʢʣʠʝʥʪʘ ʚʚʝʩʪʠ ʟʘʧʨʘʰʠʚʘʝʤʫʶ ʵʣʝʢʪʨʦʥ-

ʥʳʤ ʤʘʛʘʟʠʥʦʤ ʧʝʨʩʦʥʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʣʠʝʥʪʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʫʶʪ 

ʀʥʪʝʨʥʝʪ ʚ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʝʩʫʶʱʝʡ ʠʭ ʠʥʬʦʨʤʘʮʠʠ [2]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʘʪʘʢʠ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʦʥʥʳʭ ʢʠʙʝʨʚʟʣʦʤ-

ʱʠʢʦʚ ʷʚʣʷʶʪʩʷ ʶʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ. ʌʠʟʠʯʝʩʢʠʝ ʣʠʮʘ ʤʦʰʝʥʥʠʢʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʥʪʝʨʝʩʫʶʪ, ʪʘʢ ʢʘʢ ʠʭ 

ʦʩʪʘʪʢʠ ʧʦ ʩʯʝʪʘʤ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ. ʂ ʪʦʤʫ ʞʝ ʚʝʨʦʷʪʥʦʩʪʴ ʚʟʣʦʤʘ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ ʧʦʚʳʰʘʝʪʩʷ ʧʦ ʧʨʠ-

ʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʙʫʭʛʘʣʪʝʨʠʷ ʚ ʨʘʙʦʯʠʝ ʜʥʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʘʢʪʠʚʥʘ. 

ʂʘʞʜʳʡ ʤʝʩʷʮ ʚ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʘʭ ʬʠʢʩʠʨʫʶʪʩʷ ʜʝʩʷʪʢʠ ʧʦʜʦʙʥʳʭ ʠʥʮʠʜʝʥʪʦʚ. ʇʦ ʦʙʲʝʤʫ 

ʥʘʥʝʩʝʥʥʦʛʦ ʫʱʝʨʙʘ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ï ʚ ʨʝʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʙʦʣʴʰʠʥʩʪʚʦ ʭʠʱʝʥʠʡ ʧʦ 

ʩʠʩʪʝʤʘʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʙʘʥʢʦʚʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʡʦʥʝ 250 ʪʳʩʷʯ ʩʫʤʦʚ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ 

ʩʣʫʯʘʠ ʠ ʩ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʦʥʦʚ ʩʫʤʦʚ.  ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʭʠʱʝʥʠʝ ʜʝʥʝʛ ʦʨʛʘʥʠʟʫʝʪʩʷ ʩ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʞʝ ʥʝ ʠʟʚʣʝʢʘʝʤʳʭ ʩʝʢʨʝʪʥʳʭ ʢʣʶʯʝʡ ʧʨʠ ʦʥʣʘʡʥʦʚʳʭ ʘʪʘʢʘʭ, ʢʦʛʜʘ 

USB-ʪʦʢʝʥ ʫʩʪʘʥʦʚʣʝʥ ʚ ʨʘʙʦʯʝʤ ʢʦʤʧʴʶʪʝʨʝ [1]. ʊʦʢʝʥ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʥʠʘʪʶʨʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʩʥʘʙʞʝʥʥʦʝ ʢʣʘʚʠʘʪʫʨʦʡ ʠ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʠʥʜʠʢʘʪʦʨʦʤ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʟʘʱʠ-

ʪʠʪʴ ʢʣʶʯ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢʘʢ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ, ʧʦʩʢʦʣʴʢʫ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʤ ʤʦʞʝʪ 

ʪʦʣʴʢʦ ʯʝʣʦʚʝʢ, ʟʥʘʶʱʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ PIN-ʢʦʜ, ʪʘʢ ʠ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ɼʘʞʝ ʝʩʣʠ ʪʦʢʝʥ ʙʫʜʝʪ ʫʢʨʘ-

ʜʝʥ ʠ ʨʘʟʦʙʨʘʥ ʥʘ ʜʝʪʘʣʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ, ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʭʨʘʥʷʱʝʡʩʷ ʥʘ ʥʝʤ ʠʥʬʦʨʤʘʮʠʠ ʥʝʚʦʟʤʦʞʥʦ. 

ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʨʦʙʣʝʤ ʚʦʟʥʠʢʘʝʪ, ʝʩʣʠ ʙʫʭʛʘʣʪʝʨʩʢʠʡ ʢʦʤʧʴʶʪʝʨ ʥʝ ʪʦʣʴʢʦ ʧʦʩʪʦʷʥʥʦ ʦʩʥʘʱʝʥ 

ʦʜʥʘʞʜʳ ʫʩʪʘʥʦʚʣʝʥʥʳʤ USB-ʪʦʢʝʥʦʤ, ʥʦ ʠ ʩʠʩʪʝʤʥʳʡ ʙʣʦʢ ʥʝ ʚʳʢʣʶʯʘʝʪʩʷ ʥʘ ʥʦʯʴ, ʘ ʪʦʣʴʢʦ ʧʝʨʝʚʦʜʠʪʩʷ ʚ 

çʩʧʷʱʠʡè ʨʝʞʠʤ, ʦʩʪʘʚʘʷʩʴ ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʢʘʥʘʣʫ ʜʦʩʪʫʧʘ ʚ ʩʝʪʴ ʀʥʪʝʨʥʝʪ. 

ʇʝʨʚʳʝ ʤʘʩʩʦʚʳʝ ʠʥʮʠʜʝʥʪʳ ʘʪʘʢ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʙʘʥʢʦʚʩʢʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʩʪʘʣʠ ʧʨʦʷʚʣʷʪʴʩʷ ʩ ʥʘʯʘʣʘ 2010 ʛ. ʇʨʦʥʠʢʘʶʱʠʝ ʥʘ ʢʦʤʧʴʶʪʝʨ ʚʠʨʫʩʳ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥ-

ʮʠʦʥʥʦʛʦ ʙʘʥʢʦʚʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʩʣʝ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʢʣʠʝʥʪʩʢʦʤʫ ʧʨʦ-

ʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʠ ʩʯʠʪʳʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʦʙʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘʯʠʥʘʶʪ ʩʦʟʜʘ-

ʚʘʪʴ ʩʚʦʠ ʧʣʘʪʝʞʥʳʝ ʧʦʨʫʯʝʥʠʷ ʜʣʷ ʦʪʧʨʘʚʣʝʥʠʷ ʚ ʙʘʥʢ. ʆʙʳʯʥʦ ʵʪʦ ʪʨʦʷʥʩʢʠʝ ʚʠʨʫʩʳ ʩ ʬʫʥʢʮʠʝʡ ʫʜʘʣʝʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʢʦʥʩʦʣʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʙʘʥʢʦʚʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʘ ʢʦʤʧʴʶʪʝʨ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʥʘʯʘʣʘ ʧʨʦʥʠʢʘʝʪ 

ʟʘʛʨʫʟʯʠʢ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ çʫʢʦʨʝʥʝʥʠʷè ʥʘ ʢʦʤʧʴʶʪʝʨʝ-ʞʝʨʪʚʝ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʘʥʠʠ-ʨʘʟʨʘʙʦʪʯʠʢʘ ʢʣʠ-

ʝʥʪʩʢʦʛʦ ʤʦʜʫʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʙʘʥʢʦʚʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʛʨʫʞʘʝʪ ʥʘ ʤʘʰʠʥʫ ʜʦʧʦʣʥʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ 

ʠʤʝʥʥʦ ʩ ʵʪʦʡ ʚʝʨʩʠʝʡ ʩʠʩʪʝʤʳ. ʇʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝ ʚʳʭʦʜʷʪ ʚ ʩʝʪʴ ʀʥʪʝʨʥʝʪ, ʘʥʪʠʚʠʨʫʩʳ ʯʘʩʪʦ ʠʭ ʥʝ ʦʪʩʣʝʞʠ-

ʚʘʶʪ. ɽʱʸ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʚʘʪ ʢʦʤʘʥʜ ʥʘ ʟʘʧʨʦʩ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜ-
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ʧʠʩʠ (ʕʎʇ) ʩ USB-ʧʦʨʪʦʚ ʢʦʤʧʴʶʪʝʨʘ ʩ ʭʦʩʪʘ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʯʝʨʝʟ ʢʦʤʧʴʶʪʝʨ ʢʣʠʝʥʪʘ ʩʨʘʟʫ ʜʦ ʙʘʥʢʦʚʩʢʦʛʦ 

ʩʝʨʚʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʘ ʨʘʙʦʪʳ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʙʘʥʢʦʚʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʢʣʠʝʥʪ ʬʘʢʪʠʯʝ-

ʩʢʠ ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʡ ʢʦʤʧʴʶʪʝʨ ʚʤʝʩʪʝ ʩ ʤʦʰʝʥʥʠʢʦʤ, ʢʦʪʦʨʳʡ ʚ ʫʜʘʣʝʥʥʦʤ ʨʝʞʠʤʝ ʩʚʦʙʦʜʥʦ ʨʘʙʦʪʘʝʪ ʩ ʝʛʦ 

ʩʠʩʪʝʤʦʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʧʝʨʘʪʦʨ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʤʦʞʝʪ ʥʝ ʫʩʣʝʜʠʪʴ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʥʳʭ 

ʧʣʘʪʝʞʝʡ, ʢʦʪʦʨʳʝ ʬʦʨʤʘʣʴʥʦ ʧʦʜʧʠʩʘʥʳ ʝʛʦ ʕʎʇ ʠ ʫʭʦʜʷʪ ʚ ʙʘʥʢ ʚ ʯʠʩʣʝ ʧʨʦʯʠʭ. ʅʦ ʜʣʷ ʟʘʱʠʪʳ ʢʣʠʝʥʪʦʚ ʦʪ 

ʥʦʚʳʭ ʚʠʨʫʩʥʳʭ ʫʛʨʦʟ ʙʘʥʢ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʩʚʦʶ ʩʠʩʪʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʭʦʜʠʪ ʥʘʩʪʨʦʡʢʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦ ʢʘʞʜʦʤʫ ʶʨʠʜʠʯʝʩʢʦʤʫ ʣʠʮʫ ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʯʘʩʪʥʦʤʫ ʧʨʝʜʧʨʠʥʠ-

ʤʘʪʝʣʶ ʧʦʨʦʛʦʚʦʡ ʩʫʤʤʳ ʜʣʷ ʧʣʘʪʝʞʥʦʛʦ ʧʦʨʫʯʝʥʠʷ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʵʪʦʡ ʩʫʤʤʳ ʢ ʩʪʘʥʜʘʨʪʥʦʡ ʕʎʇ ʧʦʪʨʝ-

ʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʦ ʘʚʪʦʨʠʟʦʚʘʥʥʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʆʊʈ-ʪʦʢʝʥʦʚ, ʦʜʥʦ-

ʨʘʟʦʚʳʭ ʧʘʨʦʣʝʡ ʯʝʨʝʟ SMS-ʩʦʦʙʱʝʥʠʝ ʠʣʠ ʛʦʣʦʩʦʤ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʥʦʤʝʨʫ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ, ʧʨʠ ʪʦʤ 

ʧʦʜʦʙʥʳʡ ʨʘʟʛʦʚʦʨ ʜʦʣʞʝʥ ʟʘʧʠʩʳʚʘʪʴʩʷ [4]. ɺ ʧʨʘʢʪʠʢʝ ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʨʠʩʢʦʚ ʤʦʰʝʥʥʠ-

ʯʝʩʪʚʘ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʜʝʥʴʛʘʤʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ: ʨʠʩʢ ʜʫʙʣʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʢʦʰʝʣʴʢʘ ʠʣʠ ʞʝʩʪʢʦʛʦ ʜʠʩʢʘ ʢʦʤʧʴʶʪʝʨʘ); ʨʠʩʢ ʠʟʤʝʥʝʥʠʷ ʠʣʠ ʜʫʙʣʠʨʦʚʘʥʠʷ ʩʚʝʜʝʥʠʡ ʠʣʠ ʧʨʦʛʨʘʤʤ; ʨʠʩʢ 

ʠʟʤʝʥʝʥʠʷ ʩʦʦʙʱʝʥʠʡ; ʨʠʩʢ ʢʨʘʞʠ; ʨʠʩʢ ʦʪʢʘʟʘ ʦʧʝʨʘʮʠʡ. 

ʆʙʳʯʥʦ ʨʠʩʢ ʜʫʙʣʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʨʦʷʪʥʦʩʪʴ ʫʙʳʪʢʦʚ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʩʦʟʜʘʥʠʷ ʤʦʰʝʥʥʠʢʦʤ ʥʦʚʦʛʦ ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʣ ʙʳ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʰʝʣʴʢʠ ʟʘ ʥʘʩʪʦʷʱʠʝ. 

ʇʨʠ ʵʪʦʤ ʜʝʣʘʝʪʩʷ ʢʦʧʠʷ ʩ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʰʝʣʴʢʘ, ʚʢʣʶʯʘʷ ʝʛʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʢʣʶʯʠ, ʦʩʪʘʪʢʠ ʧʦ ʩʯʝʪʫ ʠ 

ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʩʚʝʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʦʰʝʥʥʠʢʠ ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʰʝʣʝʢ, ʢʦʪʦʨʳʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʣ ʙʳ ʢʘʢ ʥʘʩʪʦʷʱʠʡ, ʥʦ ʩʦʜʝʨʞʘʣ ʙʳ ʦʩʪʘʪʢʠ ʩʨʝʜʩʪʚ, ʩʦʟʜʘʥʥʳʝ ʤʦʰʝʥʥʠʯʝʩʢʠʤ ʧʫʪʝʤ. ɼʨʫ-

ʛʠʤ ʨʠʩʢʦʤ ʤʦʰʝʥʥʠʯʝʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʨʠʩʢ ʠʟʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʠʤʦʡ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʢʦʰʝʣʴʢʝ. ɽʩʣʠ 

ʦʩʪʘʪʢʠ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, ʟʘʧʠʩʘʥʥʳʝ ʥʘ ʢʘʨʪʝ, ʙʳʣʠ ʫʚʝʣʠʯʝʥʳ ʤʦʰʝʥʥʠʯʝʩʢʠʤ ʧʫʪʝʤ ʙʝʟ ʚʠʜʠʤʳʭ ʥʘʨʫʰʝ-

ʥʠʡ (ʧʦʣʦʤʦʢ) ʩʘʤʦʡ ʢʘʨʪʳ, ʪʦ ʜʝʨʞʘʪʝʣʴ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʩ ʵʪʦʡ ʢʘʨʪʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʪʝʨʤʠʥʘʣʫ 

ʢʘʟʘʪʴʩʷ ʥʘʩʪʦʷʱʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʚʥʫʪʨʝʥʥʠʝ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʰʝʣʴʢʘ, ʥʘʧʨʠʤʝʨ, 

ʧʨʦʮʝʜʫʨʳ ʦʪʯʝʪʥʦʩʪʠ, ʪʘʢ ʯʪʦʙʳ ʢʘʣʴʢʫʣʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝ ʪʘʢ, ʢʘʢ ʧʦʣʦʞʝʥʦ. ʀʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʠʣʠ 

ʬʫʥʢʮʠʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʰʝʣʴʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʙʣʘʛʦʜʘʨʷ ʩʣʘʙʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʣʠʙʦ ʧʫʪʝʤ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʘʤ ʯʠʧ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʰʝʣʴʢʘ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʨʠʩʢ ʠʟʤʝʥʝʥʠʷ ʩʦʦʙʱʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʨʦʷʪʥʦʩʪʴ ʫʙʳʪʢʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ 

ʠʣʠ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ, ʧʦʚʪʦʨʘ ʠʣʠ ʟʘʤʝʥʳ ʩʦʦʙʱʝʥʠʡ. ʉʦʦʙʱʝʥʠʷ ʤʝʞʜʫ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʭʚʘʯʝʥʳ ʤʦʰʝʥʥʠʢʘʤʠ ʚ ʤʦʤʝʥʪ ʠʭ ʧʝʨʝʜʘʯʠ ʧʦ ʪʝʣʝʢʦʤʤʫʥʠʢʘ-

ʮʠʦʥʥʳʤ ʣʠʥʠʷʤ, ʢʦʤʧʴʶʪʝʨʥʳʤ ʩʝʪʷʤ ʠʣʠ ʧʨʠ ʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʀʥʦʛʜʘ ʨʠʩʢ ʢʨʘʞʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʫʙʳʪʢʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʨʦʚʩʪʚʘ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʥʝʟʘʢʦʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʪʘʪʢʦʚ ʩʨʝʜʩʪʚ, ʟʘʧʠʩʘʥʥʳʭ ʥʘ ʥʝʤ. ɼʘʥʥʳʝ, ʭʨʘʥʷʱʠʝʩʷ ʥʘ 

ʪʝʭʥʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʧʦʭʠʱʝʥʳ ʧʫʪʝʤ ʥʝʟʘʢʦʥʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ. ʄʦʰʝʥʥʠʢ ʤʦʞʝʪ ʧʝʨʝ-

ʭʚʘʪʠʪʴ ʩʦʦʙʱʝʥʠʷ ʤʝʞʜʫ ʟʘʢʦʥʥʳʤ ʚʣʘʜʝʣʴʮʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ ʠ ʠʭ ʵʤʠʪʝʥʪʦʤ, ʘ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝ-

ʨʝʭʚʘʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʦʧʝʨʘʮʠʡ. ʊʘʢʘʷ ʢʨʘʞʘ ʙʫʜʝʪ ʦʙʥʘʨʫʞʝʥʘ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, 

ʢʘʢ ʵʤʠʪʝʥʪ ʧʦʣʫʯʠʪ ʥʘʩʪʦʷʱʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʜʝʥʝʞʥʳʝ ʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʤʝʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʩ ʥʝʟʘʢʦʥʥʳʤʠ ʜʝʥʴʛʘʤʠ. ʂ ʪʦʤʫ ʚʨʝʤʝʥʠ ʤʦʰʝʥʥʠʢ ʫʞʝ ʧʦʣʫʯʠʪ ʬʠʥʘʥʩʦʚʫʶ ʚʳʛʦʜʫ. 

ʄʦʰʝʥʥʠʯʝʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʩʦʚʝʨʰʝʥʦ ʪʘʢʞʝ ʧʫʪʝʤ ʦʪʢʘʟʘ ʦʪ ʦʧʝʨʘʮʠʡ, ʩʜʝʣʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʜʝʥʝʛ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʦʧʝʨʘʮʠʷʭ, ʩʦʚʝʨʰʘʝʤʳʭ ʧʨʠ ʧʦʤʦʱʠ ʪʝʣʝʬʦʥʘ ʠʣʠ ʢʦʤʧʴʶ-

ʪʝʨʥʳʭ ʩʝʪʝʡ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʷʚʠʪʴ, ʯʪʦ ʥʝ ʨʘʟʨʝʰʘʣ ʧʨʦʚʦʜʠʪʴ ʦʧʝʨʘʮʠʶ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ ʪʦʨʛʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠʣʠ ʵʤʠʪʝʥʪʘ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ. ʄʝʨʳ, ʧʨʝʜʧʨʠʥʠ-

ʤʘʝʤʳʝ ʫʯʘʩʪʥʠʢʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʜʦʩʪʘʪʦʯ-

ʥʦ ʤʥʦʛʦʦʙʨʘʟʥʳ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʦʙʫʯʝʥʠʝ ʜʝʨʞʘʪʝʣʝʡ ʙʘʥʢʦʚʩʢʠʭ ʢʘʨʪ ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʚʳʢʘʤ ʜʣʷ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʟʥʘʢʦʤʳʤʠ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘʤʠ, ʠʟʫʯʝʥʠʝ ʧʦʨʷʜʢʘ ʜʦ-

ʩʪʘʚʢʠ ʪʦʚʘʨʦʚ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ, ʧʨʦʚʝʨʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʥʝʪ-ʢʦʤʤʝʨʩʘʥʪʦʤ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʦʤ ʩʧʠʩʢʝ ʤʝʨ, 

ʧʨʝʜʧʨʠʥʠʤʘʝʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʤʥʦʛʦʝ ʟʘʚʠʩʠʪ ʦʪ ʩʘʤʦʛʦ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷ. ʏʘʩʪʦ ʧʨʠʯʠʥʦʡ ʤʦʰʝʥʥʠʯʝʩʢʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʯʝʪʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʀʥʪʝʨʥʝʪ-ʙʘʥʢʠʥʛʘ ʷʚʣʷʝʪʩʷ ʥʝʚʥʠʤʘ-

ʪʝʣʴʥʦʩʪʴ ʠ ʥʝʦʩʪʦʨʦʞʥʦʩʪʴ ʩʘʤʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʚʦʟʤʦʞʥʳʭ ʧʨʦʙʣʝʤ, ʚʣʘʜʝʣʴʮʫ 

ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʥʝʦʙʭʦʜʠʤʦ ʙʝʨʝʯʴ ʜʘʥʥʳʝ ʜʦʩʪʫʧʘ ʢ ʥʝʡ. ʅʝʦʙʭʦʜʠʤʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴ ʧʘʨʦʣʠ ʜʣʷ ʜʦ-

ʩʪʫʧʘ ʚ ʩʠʩʪʝʤʫ ʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʀʥʪʝʨʥʝʪ-ʙʘʥʢʠʥʛ ʥʘ ʥʝʧʨʦʚʝʨʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʣʝʜʫʝʪ 

ʩʦʙʣʶʜʘʪʴ ʦʩʪʦʨʦʞʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʚ ʀʥʪʝʨʥʝʪʝ. ʄʦʰʝʥʥʠʢʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʝʤʳ çʩʦʮʠʘʣʴʥʦʡ ʠʥʞʝ-

ʥʝʨʠʠè ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʘʫʪʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ς ʣʦʛʠʥ, ʧʘʨʦʣʴ ʢʣʠʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʩʪʘʨʳʡ ʤʝ-
ʪʦʜ ï çʬʠʰʠʥʛʦʚʳʝè ʧʠʩʴʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʮʠʨʫʶʪ ʧʦʣʫʯʘʪʝʣʝʡ ʦʪʧʨʘʚʠʪʴ ʩʚʦʠ ʘʫʪʝʥʪʠ-

ʬʠʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤ ʠʣʠ ʧʨʝʜʣʘʛʘʶʪ ʧʨʦʡʪʠ ʧʦ ʩʩʳʣʢʝ ʥʘ ʤʦʰʝʥʥʠʯʝʩʢʠʡ ʩʘʡʪ [4]. 

ʂʨʦʤʝ ʪʘʢʠʭ ʧʨʦʩʪʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʦʪ ʤʦʰʝʥʥʠʯʝʩʪʚʘ, ʢʘʢ ʚʦʩʧʠʪʘʥʠʝ ʜʝʨʞʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ. ɹʘʥʢʠ ʩʪʘʨʘʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʠ ʤʝʭʘʥʠʟʤʳ, ʧʨʠʟʚʘʥʥʳʝ ʢʘʢ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʪʘʢ ʠ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʥʣʘʡʥ ʙʘʥʢʠʥʛʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷ-

ʝʪʩʷ ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤʠ ʙʘʥʢʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤʠ ʫʩʣʫʛʫ ʀʥ-

ʪʝʨʥʝʪ-ʙʘʥʢʠʥʛʘ, ʧʨʠʤʝʥʷʝʪʩʷ SSL (SecureSockedLayer) ς ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʦʪ ʢʦʤʧʴʶʪʝʨʘ 
ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʠʩʪʝʤʫ ʙʘʥʢʘ ʠ ʦʙʨʘʪʥʦ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʠ ʩʪʘʚʰʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʙʷʟʘʪʝʣʴʥʳʤ ʚ ʀʥ-
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ʪʝʨʥʝʪ-ʪʦʨʛʦʚʣʝ ʧʨʦʪʦʢʦʣ SSL ʧʦʟʚʦʣʷʝʪ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʪʦʨʛʦʚʣʠ ʩʧʦʢʦʡʥʦ ʧʝʨʝʜʘʚʘʪʴ ʩʘʤʫʶ ʨʘʟʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ. ʇʨʠ ʧʦʧʳʪʢʝ ʧʝʨʝʭʚʘʪʘ ʜʘʥʥʳʭ ʦʥʠ ʙʫʜʫʪ ʟʘʢʨʳʪʳ ʰʠʬʨʦʤ, ʚʟʣʦʤʘʪʴ ʢʦʪʦʨʳʡ ʟʘ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ 

ʘʜʝʢʚʘʪʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʥʝʚʦʟʤʦʞʥʦ. ʇʨʦʪʦʢʦʣ SSL ʥʘʜʝʞʥʦ ʟʘʱʠʱʘʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʧʝʨʝʜʘʚʘʝʤʫʶ 

ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ, ʥʦ ʚʩʝ ʞʝ ʦʥ ʥʝ ʤʦʞʝʪ ʫʙʝʨʝʯʴ ʯʘʩʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʭʨʘʥʠʤʫʶ ʥʘ ʩʝʨʚʝʨʝ ʧʨʦʜʘʚʮʘ, ς ʥʘʧʨʠ-
ʤʝʨ, ʥʦʤʝʨʘ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪ. ʂʦʛʜʘ ʧʨʦʜʘʚʝʮ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ ʢʨʝʜʠʪʥʦʡ ʢʘʨʪʳ ʚʤʝʩʪʝ ʩ ʟʘʷʚʢʦʡ ʥʘ ʧʦʢʫʧʢʫ, 

ʠʥʬʦʨʤʘʮʠʷ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʩʝʨʚʝʨʝ, ʧʦʢʘ ʟʘʷʚʢʘ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʘ. ɽʩʣʠ ʩʝʨʚʝʨ ʥʝ ʟʘ-

ʱʠʱʝʥ ʠ ʜʘʥʥʳʝ ʥʝ ʟʘʰʠʬʨʦʚʘʥʳ, ʪʦ ʚʦʟʤʦʞʝʥ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʯʘʩʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʘʣʴ-

ʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʝ ʚ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʮʝʣʷʭ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʪʦʢʦʣʘ ʰʠʬʨʦʚʘʥʠʷ ʧʝ-

ʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʫʯʘʩʪʥʠʢʠ ʠʥʪʝʨʥʝʪ-ʢʦʤʤʝʨʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʩʧʦʩʦʙʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʝʨʞʘʪʝʣʷ ʢʘʨ-

ʪʳ, ʢʘʢ ʧʨʦʚʝʨʢʘ ʉVV2/ʉVK2-ʢʦʜʦʚ (ʉʄ2-ʢʦʜ ʜʣʷ ʢʘʨʪ ʧʣʘʪʝʞʥʦʡ ʩʠʩʪʝʤʳ Visa ʠ CVK2 ς ʜʣʷ MasterCard). ʂ 
ʩʧʦʩʦʙʘʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʦʠʪ ʜʦʙʘʚʠʪʴ ʧʨʦʚʝʨʢʫ ʘʜʨʝʩʘ AVS (AddressVerificationService). ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʛʦ ʨʳʥʢʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʤʝʨʮʠʠ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʩ ʥʝʡ 

ʧʨʠʭʦʜʠʣʦʩʴ ʩʪʘʣʢʠʚʘʪʴʩʷ ʠ ʜʝʨʞʘʪʝʣʷʤ ʢʘʨʪ ʨʦʩʩʠʡʩʢʠʭ ʙʘʥʢʦʚ, ʧʳʪʘʚʰʠʤʩʷ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʨʪʘʤʠ ʜʣʷ 

ʦʧʣʘʪʳ ʪʦʚʘʨʦʚ ʩ ʜʦʩʪʘʚʢʦʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʐɸ. ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ɼʦʣʷ ʀʥʪʝʨʥʝʪ-ʪʦʨʛʦʚʣʠ ʥʝʫʢʣʦʥʥʦ ʨʘʩ-

ʪʝʪ ʠʟ ʛʦʜʘ ʚ ʛʦʜ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʙʦʨʦʪʳ ʦʪ ʧʨʦʜʘʞʠ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʚ ʩʝʪʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʩʪʝʪ ʠ ʢʦʣʠ-

ʯʝʩʪʚʦ ʤʦʰʝʥʥʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʥʦ ʤʘʣʦ ʢʪʦ ʭʦʯʝʪ ʦʪʢʘʟʳʚʘʪʴʩʷ ʦʪ ʧʦʣʫʯʘʝʤʳʭ ʚʳʛʦʜ, ʧʦʵʪʦʤʫ ʚʩʝʭ ʫʯʘʩʪʥʠ-

ʢʦʚ ʧʨʦʮʝʩʩʘ ʚʩʝ ʙʦʣʴʰʝ ʚʦʣʥʫʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʣʘʪʝʞʝʡ ʠ ʨʘʩʯʝʪʦʚ. 

ɽʱʸ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʠʥʪʝʨʥʝʪ-ʙʘʥʢʠʥʛʘ ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʘʟʦʚʳʝ ʧʘʨʦʣʠ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʙʘʥʢʦ-

ʤʘʪʝ. ʇʨʠ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʟʘʱʠʪʳ, ʢʨʦʤʝ ʦʙʳʯʥʦʛʦ ʣʦʛʠʥʘ ʠ ʧʘʨʦʣʷ, ʜʣʷ ʚʭʦʜʘ ʚ ʩʠʩʪʝʤʫ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʧʝ-

ʨʘʮʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʚʚʝʩʪʠ ʦʜʥʦʨʘʟʦʚʳʡ ʧʘʨʦʣʴ, ʩʧʠʩʦʢ ʢʦʪʦʨʳʭ ʦʥ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʚ ʙʘʥʢʦʤʘʪʝ ʩʚʦʝʛʦ 

ʙʘʥʢʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ς ʯʪʦʙʳ ʩʦʚʝʨʰʘʪʴ ʦʧʝʨʘʮʠʠ ʧʦ ʢʘʨ-
ʪʦʯʥʦʤʫ ʩʯʝʪʫ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ-ʙʘʥʢʠʥʛ, ʣʠʮʦ ʜʦʣʞʥʦ ʢʘʢ ʤʠʥʠʤʫʤ ʠʤʝʪʴ ʚ ʥʘʣʠʯʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʫ ʢʘʨ-

ʪʫ, ʘ ʪʘʢʞʝ ʟʥʘʪʴ ʇʀʅ-ʢʦʜ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʧʠʩʦʢ ʧʘʨʦʣʝʡ ʚ ʙʘʥʢʦʤʘʪʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʨʷʜ 

ʥʝʜʦʩʪʘʪʢʦʚ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʧʠʩʦʢ ʧʘʨʦʣʝʡ, ʨʘʩʧʝʯʘʪʘʥʥʳʡ ʚ ʚʠʜʝ ʯʝʢʘ 

ʠʟ ʙʘʥʢʦʤʘʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʭʨʘʥʠʪʴ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʙʫʜʫʱʠʭ ʦʧʝʨʘʮʠʡ. ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʨʠ ʝʛʦ ʧʦʪʝʨʝ 

ʧʦʷʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʪʴ ʥʦʚʳʡ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʦʜʥʦʨʘʟʦʚʳʝ SMS-ʧʘʨʦʣʠςɻ ʪʦ ʩʠʩʪʝʤʘ, ʧʨʠ 
ʢʦʪʦʨʦʡ ʢʘʞʜʘʷ ʦʧʝʨʘʮʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʥʣʘʡʥ-ʙʘʥʢʠʥʛʘ, ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʜʪʚʝʨʞʜʝʥʘ ʦʜʥʦʨʘ-

ʟʦʚʳʤ ʧʘʨʦʣʝʤ, ʢʦʪʦʨʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚ SMS-ʩʦʦʙʱʝʥʠʠ ʥʘ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ. ʇʨʠ ʵʪʦʤ ʤʦʙʠʣʴ-

ʥʳʡ ʥʦʤʝʨ ʜʦʣʞʝʥ ʙʳʪʴ çʧʨʠʚʷʟʘʥè ʢ ʥʦʤʝʨʫ ʩʯʝʪʘ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ς ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʘ ʧʨʦʮʝʜʫʨʘ ʧʦʜʪʚʝʨ-

ʞʜʝʥʠʷ ʦʧʝʨʘʮʠʠ ʟʘʥʠʤʘʝʪ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ. ɺʦ-ʚʪʦʨʳʭ, ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʟʦʧʘʩʠʪʴ ʫʯʝʪʥʫʶ ʟʘʧʠʩʴ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ ς ʜʘʞʝ ʝʩʣʠ ʤʦʰʝʥʥʠʢʘʤ ʩʪʘʥʝʪ ʠʟʚʝʩʪʝʥ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ ʜʣʷ ʚʭʦʜʘ ʚ ʩʠʩʪʝ-
ʤʫ, ʦʥʠ ʥʝ ʧʦʣʫʯʘʪ ʜʦʩʪʫʧ ʢ ʜʝʥʴʛʘʤ, ʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʟʥʘʝʪ ʦ ʧʦʧʳʪʢʝ ʧʨʦʚʝʩʪʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʫʶ ʦʧʝʨʘ-

ʮʠʶ ʠʟ SMS-ʩʦʦʙʱʝʥʠʷ [4]. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʢʨʠʧʪʦʛʨʘʬʠʷ 

ʠʣʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʰʠʬʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʢʣʶʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ, ʚ ʤʝʪʦʜʘʭ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ς ʩʠʩʪʝʤʘʭ ʩ ʦʪʢʨʳʪʳʤ ʢʣʶ-
ʯʦʤ, ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʚʘ ʢʣʶʯʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠʟ ʜʨʫʛʦʛʦ. ʆʜʠʥ ʢʣʶʯ ς ʦʪʢʨʳʪʳʡ, 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʧʨʘʚʠʪʝʣʝʤ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʜʨʫʛʠʤ ς ʟʘʢʨʳʪʳʤ, ʧʦʣʫʯʘʪʝʣʴ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪ 
ʧʦʣʫʯʝʥʥʳʡ ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ. ʕʣʝʢʪʨʦʥʥʘʷ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ ς ʤʝʭʘʥʠʟʤ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʙʩʣʫ-

ʞʠʚʘʥʠʠ ʙʘʥʢʘʤʠ ʢʦʤʧʘʥʠʡ, ʥʦ ʠʥʦʛʜʘ ʝʛʦ ʧʨʝʜʣʘʛʘʶʪ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʣʠʝʥʪʘʤ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʅʝʜʦʩʪʘʪʦʢ ʞʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʘʷ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʫʷʟʚʠʤʘ ʜʣʷ ʤʦʰʝʥʥʠʢʦʚ. ɿʣʦʫʤʳʰ-

ʣʝʥʥʠʢʠ ʤʦʛʫʪ ʜʦʙʨʘʪʴʩʷ ʜʦ ʢʣʶʯʘ ʦʪ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ, ʟʘʨʘʟʠʚ ʢʦʤʧʴʶʪʝʨ ʚʨʝʜʦʥʦʩʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩ-

ʧʝʯʝʥʠʝʤ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʥʝʰʥʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʅʝʢʦʪʦʨʳʝ ʙʘʥʢʠ ʧʨʝʜ-

ʣʘʛʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʦʥʣʘʡʥ ʙʘʥʢʠʥʛʘ ʧʨʠʦʙʨʝʩʪʠ ʠʣʠ ʚʟʷʪʴ ʚ ʘʨʝʥʜʫ ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ς ʛʝʥʝʨʘʪʦʨ 
ʦʜʥʦʨʘʟʦʚʳʭ ʧʘʨʦʣʝʡ. ɻʝʥʝʨʘʪʦʨ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʢʦʤʧʴʶʪʝʨʫ ʯʝʨʝʟ USB-ʧʦʨʪ ʠ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɼʨʫʛʠʝ ʫʯʨʝʞʜʝʥʠʷ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʥʝʰʥʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ, ʢʦʪʦʨʳʡ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʨʠ ʧʝʨʚʦʤ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʩʠʩʪʝʤʝ ʀʥʪʝʨʥʝʪ-ʙʘʥʢʠʥʛʘ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʘ ʚʥʝʰʥʠʡ ʥʦʩʠʪʝʣʴ ʠ 

ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʝʨʘʮʠʡ ʚ ʩʠʩʪʝʤʝ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʫʧʨʦʱʝʥʥʦʡ ʚʝʨʩʠʝʡ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ. ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʨ, ʙʘʥʢʠ ʟʘʯʘʩʪʫʶ ʧʨʠʤʝʥʷʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʥʝʪ-ʙʘʥʢʠʥʛʦʤ: ʦʛʨʘʥʠʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʯʥʦʛʦ ʩʝʨʪʠʬʠ-

ʢʘʪʘ ς ʩʠʩʪʝʤʘ ʥʝʢʦʪʦʨʳʭ ʙʘʥʢʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ ʠʣʠ ʵʣʝʢʪʨʦʥʥʳʡ ʩʝʨʪʠʬʠʢʘʪ 

ʪʦʣʴʢʦ ʥʘ ʪʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʥʘ ʢʦʪʦʨʦʤ ʦʥ ʙʳʣ ʩʛʝʥʝʨʠʨʦʚʘʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʣʘʪʝʞʠ ʯʝʨʝʟ ʀʥ-

ʪʝʨʥʝʪ-ʙʘʥʢʠʥʛ ʤʦʞʥʦ ʪʦʣʴʢʦ ʩʦ ʩʚʦʝʛʦ ʣʠʯʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʧʨʠ ʪʦʤ, ʯʪʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʳʧʠʩʢʠ ʧʦ ʩʯʝʪʫ 

ʤʦʞʥʦ ʠ ʥʘ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚʘʭ; ʚʠʨʪʫʘʣʴʥʘʷ ʢʣʘʚʠʘʪʫʨʘ ς ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʰʝʥʥʠʢʠ ʥʝ ʤʦʛʣʠ 
ʩʯʠʪʳʚʘʪʴ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʚʚʦʜʝ ʠʭ ʩ ʦʙʳʯʥʦʡ ʢʣʘʚʠʘʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʚʠʨʫʩʦʚ; 

ʦʛʨʘʥʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʝʩʩʠʠ ς ʚ ʩʣʫʯʘʝ ʥʝʘʢʪʠʚʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩʝʩʩʠʷ ʚ ʩʠʩʪʝʤʝ ʀʥʪʝʨʥʝʪ-ʙʘʥʢʠʥʛʘ 
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ʯʝʨʝʟ ʦʧʨʝʜʝʣʸʥʥʦʝ ʚʨʝʤʷ ʙʫʜʝʪ ʟʘʢʨʳʪʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʣʷ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʨʘʙʦʪʳ ʧʦʪʨʝʙʫʝʪʩʷ ʟʘʥʦʚʦ ʧʨʦʡʪʠ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ; ʠʩʪʦʨʠʷ ʧʦʜʢʣʶʯʝʥʠʡ ς ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʬʫʥʢʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʀʥʪʝʨʥʝʪ-ʙʘʥʢʠʥʛʘ ʫʟʥʘʝʪ, 

ʝʩʣʠ ʢʪʦ-ʪʦ ʢʨʦʤʝ ʥʝʛʦ ʧʦʜʢʣʶʯʘʣʩʷ ʢ ʩʠʩʪʝʤʝ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʦʪʩʣʝʜʠʪʴ ʚʩʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʦʧʝʨʘʮʠʠ. 

ʅʦ ʚʩʝ ʞʝ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʧʦʤʦ-

ʱʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ. ʇʦ ʤʥʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʱʠʪʘ ʢʦʨʧʦ-

ʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ: ʥʘ 30 % ς ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; 
ʥʘ 40 % ς ʦʪ ʧʨʦʚʦʜʠʤʳʭ ʚ ʫʯʨʝʞʜʝʥʠʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʥʘ 30 % ς ʦʪ ʤʦʨʘʣʴʥʦ-ʥʨʘʚʩʪʚʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʙʱʝʩʪʚʘ ʠ ʦʙʱʝʢʫʣʴʪʫʨʥʦʛʦ ʫʨʦʚʥʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʢʨʝʜʠʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʥʝ ʠʤʝ-

ʶʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʝʢʦʪʦʨʳʝ ʙʘʥʢʠ ʘʜʤʠʥʠʩʪʨʠʨʫʶʪ ʟʘʜʘʯʠ ʬʠʣʠʘʣʦʚ ʩ ʫʜʘ-

ʣʝʥʥʳʭ ʠ ʛʦʣʦʚʥʳʭ ʦʬʠʩʦʚ. ʅʦ ʵʪʠ ʤʝʨʦʧʨʠʷʪʠʷ ʥʦʩʷʪ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʵʪʦʤʫ ʟʘʜʘʯʠ ʧʦ ʦʙʝʩʧʝʯʝ-

ʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʰʘʶʪʩʷ. ʆʩʦʙʝʥʥʦ ʥʝ ʟʘʱʠʱʝʥʳ ʬʠʣʠʘʣʳ, ʛʜʝ ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʥʝ ʥʘʩʪʨʦʝ-

ʥʳ, ʚʥʫʪʨʝʥʥʠʝ ʩʝʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʝʜʠʥʝʥʳ ʩ ʚʥʝʰʥʠʤʠ, ʥʝʧʨʘʚʠʣʴʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʤʝʞʩʝʪʝʚʳʝ ʵʢʨʘʥʳ ʠ 

ʩʨʝʜʩʪʚʘ ɸʈʄ-ʢʣʠʝʥʪʘ ɹʘʥʢʘ ʋʟʙʝʢʠʩʪʘʥʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʥʣʘʡʥʦʚʳʭ ʫʩʣʫʛ 

ʩʚʷʟʘʥʳ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ς ʢʦʤʧʣʝʢʪʘ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ, ʧʨʷʤʦ ʨʝʛʫʣʠʨʫʶʱʠʭ ʧʨʘʚʘ 
ʠ ʦʙʷʟʘʥʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ ʦʙʦʨʦʪʘ ʦʥʣʘʡʥʦʚʳʭ ʬʠʥʘʥʩʦʚʳʭ ʫʩʣʫʛ, ʛʘʨʘʥʪʠʡ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʨʘʩʧʦʨʷʞʝʥʠʡ, 

ʦʪʜʘʥʥʳʭ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ, ʪʦʣʢʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʦʧʝʨʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʠ 

ʥʘʜʟʦʨʥʳʤʠ ʚʝʜʦʤʩʪʚʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʰʠʬʨʦʚʘʣʴʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ʧʝʨʝ-

ʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ ʥʝ ʧʨʠʙʘʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʙʘʥʢʦʚʩʢʠʤ ʢʣʠʝʥʪʘʤ. ʉʝʛʦʜʥʷ 

ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʥʣʘʡʥʦʚʳʭ ʙʘʥʢʦʚʩʢʠʭ ʦʧʝʨʘʮʠʡ ʢʘʞʜʳʡ ʙʘʥʢ ʨʝʰʘʝʪ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʧʫ-

ʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. ʆʜʥʘʢʦ ʙʘʥʢʘʤ ʧʦʪʨʝʙʫʝʪʩʷ ʥʝʤʘʣʦ ʚʨʝʤʝʥʠ ʠ ʫʩʠʣʠʡ, 

ʧʨʝʞʜʝ ʯʝʤ ʦʥʠ ʩʤʦʛʫʪ ʟʘʨʫʯʠʪʴʩʷ ʜʦʚʝʨʠʝʤ ʪʘʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʫ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʢʣʠʝʥʪʦʚ. 
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Abstract. Because of the intensive development of information-communication technologies, the worldwide 

network ñInternetò covers all activity fields of human. Among exponentially developing directions the very important 

role is played by systems of electronic commerce. The Internet trade business sector provided by Internet is very fast 

developed. This sector of business services is connected with providing of services or production to the final customer. 

The main data type of systems ï online shop ï automated system of electronic trading on the Internet. 

Keywords: safety, electronic commerce, information communication networks. 
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БЕСЦЕМЕНТНЫЕ ПЕНОГАЗОБЕТОННЫЕ МАТЕРИАЛЫ 
 

 О.А. Мирюк, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʈʫʜʥʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʳ ʙʝʩʮʝʤʝʥʪʥʳʝ ʷʯʝʠʩʪʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʧʦʨʠʟʦʚʘʥʥʳʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʤ ʩʧʦ-

ʩʦʙʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʥʦʢʦʥʮʝʥʪʨʘʪʘ ʠ ʛʘʟʦʦʙʨʘʟʦʚʘʪʝʣʷ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘ-

ʱʝʥʠʷ ʚ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʠ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʧʝʥʦʤʘʩʩʘʭ ʧʨʠ ʚʚʝʜʝʥʠʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʦʦʙʨʘ-

ʟʦʚʘʪʝʣʷ. ʆʙʦʩʥʦʚʘʥ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʚʩʧʝʥʠʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʷ-

ʞʫʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʥʦʛʘʟʦʙʝʪʦʥʦʚ, ʚ ʢʦʪʦʨʦʡ ʚʝʨʦʷʪʥʳ 

ʨʘʟʨʳʚʳ. ʇʨʝʜʣʦʞʝʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʝʤ, ʩʥʠʞʘʶʱʠʡ ʜʝʬʝʢʪʳ ʷʯʝʝʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʜʢʦʝ ʩʪʝʢʣʦ, ʤʘʛʥʝʟʠʘʣʴʥʘʷ ʢʦʤʧʦʟʠʮʠʷ, ʢʦʤʧʣʝʢʩʥʘʷ ʧʦʨʠʟʘʮʠʷ, ʧʝʨʝʢʠʩʴ ʚʦʜʦ-

ʨʦʜʘ. 

 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʷʯʝʠʩʪʳʭ ʙʝʪʦʥʦʚ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʩʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʟʠ-

ʮʠʡ, ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʪʚʝʨʜʝʥʠʷ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʛʠʜʨʘʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝ-

ʯʠʪʴ ʚʳʩʦʢʦʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʝʚʳʰʘʶʱʫʶ ʧʦ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʳʝ ʘʥʘʣʦʛʠ [1]. 

ʇʝʨʩʧʝʢʪʠʚʥʳ ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʠ ʱʝʣʦʯʝʩʠʣʠʢʘʪʥʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʢʦʪʦʨʳʝ ʟʘʪʚʦʨʷʶʪ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦ-

ʨʘʤʠ ʩʦʣʝʡ ʠ ʱʝʣʦʯʝʡ, ʘʢʪʠʚʠʟʠʨʫʶʱʠʤʠ ʪʚʝʨʜʝʥʠʝ ʧʦʨʦʰʢʦʚʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ.  

ʇʦʨʠʟʘʮʠʷ ï ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʪʘʜʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʷʯʝʠʩʪʳʭ ʙʝʪʦʥʦʚ, ʢʦʪʦʨʘʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʩʧʦʩʦʙʦʚ: ʭʠʤʠʯʝʩʢʠʤ, ʤʝʭʘʥʠʯʝʩʢʠʤ, ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʤ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ï ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʚ ʬʦʨʤʦʚʦʯʥʦʡ ʤʘʩʩʝ ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

ʄʝʭʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ï ʚʦʚʣʝʯʝʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠʣʠ ʩʫʩʧʝʥʟʠʠ ʧʨʠ 

ʵʥʝʨʛʠʯʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʤʘʩʩʳ.  

ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʵʪʘʧʘ: ʚʥʘʯʘʣʝ ʬʦʨʤʦʚʦʯʥʘʷ ʩʤʝʩʴ ʧʦʨʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʚʚʝʜʝʥʠʷ ʧʝʥʳ; ʟʘʪʝʤ ʚ ʧʦʨʠʟʦʚʘʥʥʦʡ ʤʘʩʩʝ ʩʦʟʜʘʶʪʩʷ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʷʯʝʡʢʠ ʩ ʫʯʘʩʪʠʝʤ ʛʘʟʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʣʠ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʷʯʝʠʩʪʦʡ ʧʦʨʠʩʪʦʩʪʠ.  

ʄʥʦʛʦʦʙʨʘʟʠʝ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʠʩʭʦʜʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʟʘʜʘʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʙʝʪʦʥʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʨʠʟʘʮʠʠ ʙʝʩʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʱʝʣʦʯʝʩʠʣʠʢʘʪʥʳʝ ʠ ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʪʝʭ-

ʥʦʛʝʥʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʪʚʦʨʠʪʝʣʷ ʱʝʣʦʯʝʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʞʠʜʢʦʝ ʩʪʝʢʣʦ. 

ʄʘʛʥʝʟʠʘʣʴʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʟʘʪʚʦʨʷʣʠ ʨʘʩʪʨʦʚʦʤ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ. ʇʣʦʪʥʦʩʪʴ ʟʘʪʚʦʨʠʪʝʣʝʡ 1250 ʢʛ/ʤ3. 

ɼʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʨʠʟʘʮʠʠ ʤʘʩʩ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʷ: ʧʨʦʪʝʠʥʦʚʳʡ ʧʝʥʦʢʦʥʮʝʥʪʨʘʪ çʋʥʠʧʦʨè, ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʝ çFairyè ʠ  

çZelle ï 1è. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʡ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʨʠ-

ʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʦʙʨʘʟʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʊʨʘʜʠʮʠʦʥʥʳʡ ʛʘʟʦʦʙʨʘʟʦʚʘʪʝʣʴ ʷʯʝʠʩʪʳʭ ʙʝʪʦʥʦʚ ï ʘʣʁʤʠ-

ʥʠʝʚʘʷ ʧʫʜʨʘ ʩʧʦʩʦʙʝʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʛʨʘʪʴ ʨʦʣʴ ʚʦʜʦʫʧʨʦʯʥʷʶʱʝʛʦ ʦʪʚʝʨʜʠʪʝʣʷ, ʪʘʢ ʢʘʢ ʧʨʦʜʫʢʪʳ ʝʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʩ ʞʠʜʢʠʤ ʩʪʝʢʣʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʫʶʪ ʱʝʣʦʯʥʦ-ʩʠʣʠʢʘʪʥʫʶ ʤʘʪʨʠʮʫ, ʧʦʚʳʰʘʷ ʝʝ ʚʦʜʦ-

ʩʪʦʡʢʦʩʪʴ. ʆʜʥʘʢʦ ʧʦʚʳʰʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʠʥʝʪʠʢʠ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʦʪ ʩʦʩʪʦʷʥʠʷ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʠ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʧʦʨʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʜʦʨʦʛʦʚʠʟʥʘ ʧʦʨʦʰʢʘ ʦʙʫʩʣʦʚʠʣʠ ʧʦʠʩʢ ʜʨʫʛʦʛʦ ʛʘʟʦʦʙʨʘʟʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʦʨʦʦʙʨʘʟʦʚʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ 

H2O2 (ʪʝʭʥʠʯʝʩʢʠʡ ʧʝʨʛʠʜʨʦʣʴ, ʢʦʥʮʝʥʪʨʘʮʠʷ 37 %). ɻʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʫʯʘʩʪʠʝʤ H2O2 ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʥʘʯʝʥʠʷ 

pH ʩʨʝʜʳ, ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʧʦʨʠʟʘʪʦʨʘ ʚʳʜʝʣʷʝʪʩʷ ʥʝʪʦʢʩʠʯʥʳʡ ʠ ʥʝʛʦʨʶʯʠʡ ʢʠʩʣʦʨʦʜ. ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ 1 ʢʛ 

ʧʝʨʛʠʜʨʦʣʷ ʚʳʜʝʣʷʝʪʩʷ 0,144 ʢʛ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʦʢʦʣʦ 133 ʣ. ʇʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʛʠʜʨʦʣʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ 

ʧʨʦʪʝʢʘʝʪ ʠʥʪʝʥʩʠʚʥʦ; ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 ï 40 ÁC ʨʘʟʣʦʞʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʯʝʨʝʟ 10 ï 30 ʩ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʯʝʨʝʟ  

2 ï 5 ʤʠʥ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʛʠʜʨʦʣʷ ʧʦʚʳʰʘʝʪʩʷ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʙʝʩʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʝʥʦʤʘʩʩ ʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʧʨʠʦʙʨʝʪʘʝʪ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ (ʨʠʩʫʥʢʠ 1 ʠ 2). 

ɺʚʝʜʝʥʠʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚ ʢʦʤʧʦʟʠʮʠʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʚʠʜʘ ʧʦʨʦʦʙʨʘʟʦʚʘʪʝʣʷ. ʀʟʚʝʩʪʥʦ [2], ʯʪʦ ʭʘʨʘʢ-

ʪʝʨ ʧʦʨʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ pH ʩʫʩʧʝʥʟʠʠ, ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝ-

ʣʷ ʧʨʠ ʚʝʜʝʥʠʠ ʚ ʞʠʜʢʦʝ ʩʪʝʢʣʦ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ. 
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ʊʘʙʣʠʮʘ 1 

Влияние состава на pH жидкостекольной суспензии 
ʉʦʩʪʘʚ ʞʠʜʢʦʩʪʝʢʦʣʴʥʦʡ ʩʫʩʧʝʥʟʠʠ, % 

pH 

ɾʠʜʢʦʝ ʩʪʝʢʣʦ 

 
Na2SiF6 

Fairy 

 

Zelle 

 

H2O2 

 

NaOH 

 
1250 ʢʛ/ʤ3 1400 ʢʛ/ʤ3 

100 ï ï ï ï ï ï 10,71 

ï 100 ï ï ï ï ï 10,54 

100 ï 3 ï ï ï ï 10,68 

100 ï ï 2 ï ï ï 10,64 

100 ï ï 3 ï ï ï 10,72 

100 ï ï 4 ï ï ï 10,75 

100 ï ï ï 2 ï ï 10,55 

100 ï ï ï 3 ï ï 10,63 

100 ï ï ï 4 ï ï 10,67 

50 ï ï ï ï 50 ï 11,72 

100 ï ï ï ï ï 1 10,64 

100 ï ï ï ï ï 2 10,66 

100 ï ï ï ï ï 3 10,68 

 

 
 

ʈʠʩ. 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʞʠʜʢʦʩʪʝʢʦʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ 

 

ɾʠʜʢʦʝ ʩʪʝʢʣʦ ï ʠʩʪʠʥʥʳʡ ʨʘʩʪʚʦʨ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ 

ʢʘʪʠʦʥʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʧʦʣʠʤʝʨʥʳʝ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʝ ʘʥʠʦʥʳ ʥʝʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ.  
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ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ 
 

ʅʘʣʠʯʠʝ ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʚʷʟʢʦʩʪʴ ʵʪʠʭ ʨʘʩʪʚʦʨʦʚ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜ-

ʥʳʭ ʩʚʷʟʝʡ, ʘ ʧʨʠ ʦʪʚʝʨʜʝʥʠʠ ï ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚ ʠʪʦʛʝ ʛʝʣʷ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ.  

ʇʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ ʟʘʚʠʩʠʪ ʦʪ ʨʅ ʨʘʩʪʚʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ 

ʦʙʨʘʟʫʝʪʩʷ ʛʠʜʨʦʩʠʣʠʢʘʪ ʥʘʪʨʠʷ, ʩʨʝʜʘ ʩʪʘʥʦʚʠʪʩʷ ʩʠʣʴʥʦʱʝʣʦʯʥʦʡ (ʨʅ ʙʦʣʝʝ10) ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʝ ʧʨʦʠʩʭʦ-

ʜʠʪ: 
 

                                                                 Na2SiO3 + ʅ2O ź NaʅSiO3 + 2NaOH,                                                           (1) 
 

                                                      2Na+ + SiO3
2ï + ʅ2O ź Na+ + ʅSiO3

ï + 2Na+ + 2OHï,                                             (2) 
 

                                                                       SiO3
2ï + ʅ2O ź ʅSiO3

ï + OHï .                                                                (3) 
 

ʇʨʠ ʨʅ ʥʠʞʝ 6 ʚ ʚʦʜʝ ʞʠʜʢʦʝ ʩʪʝʢʣʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʛʠʜʨʦʣʠʟʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʪʦʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ: 
 

                                                                   Na2SiO3 + 3ʅ2O = 2NaOH + Si(OH)4,                                                           (4) 
   

                                                            2Na+ + SiO3
2ï + 3ʅ2O = 2Na+ + 2OHï + Si(OH)4 ,                                               (5) 

 

                                                                      SiO3
2ï + 3ʅ2O = 2OHï + Si(OH)4.                                                              (6) 

 

ʇʨʠ ʨʅ, ʨʘʚʥʦʤ 5 ï 6, ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʠʯʥʳ ʧʨʦʮʝʩʩʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʪʚʝʨʜʝʥʠʷ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ.  

ʀʟʤʝʥʝʥʠʝ pH ʩʨʝʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʥʠʞʝʥʠʝ ʱʝʣʦʯ-

ʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʛʠʜʨʦʣʠʟʘ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ ʚ ʩʪʦʨʦʥʫ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʡ ʬʦʨ-

ʤʳ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʜʝʣʷʝʪʩʷ ʛʝʣʴ ʢʨʝʤʥʝʚʦʡ ʢʠʩʣʦʪʳ. ʉʥʠʞʝʥʠʝ pH ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʢʨʝʤʥʝʬʪʦ-

ʨʠʜʘ ʥʘʪʨʠʷ, ʚʦʟʜʝʡʩʪʚʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʚʚʝʜʝʥʠʝʤ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ SiO2, Al2O3, Fe2O3. ʊʚʝʨʜʳʝ ʦʢ-

ʩʠʜʳ ʠʟʤʝʥʷʶʪ pH ʣʦʢʘʣʴʥʦ ʥʘ ʢʦʥʪʘʢʪʝ çʨʘʩʪʚʦʨ ï ʟʝʨʥʦè, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʆʪʚʝʨʜʝʥʠʝ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ ʷʚʣʷʝʪʩʷ ʢʦʣʣʦʠʜʥʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʠ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʤʦʜʫʣʷ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ, ʚʣʠʷʶʱʝʛʦ ʥʘ ʤʦʥʦʣʠʪʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʡ, ʩʪʦʡʢʦʩʪʴ ʢ ʚʦʟʜʝʡ-

ʩʪʚʠʶ ʚʦʜʳ ʠ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ. 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʝʥʳ ʚ ʨʘʩʪʚʦʨʘʭ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʠʦʥʥʳʝ ʠʣʠ ʥʝʠʦʥʦ-

ʛʝʥʥʳʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ ʘʣʢʠʣʩʫʣʴʬʦʥʘʪʦʚ ʠ ʘʣʢʠʣʙʝʥʟʦʩʫʣʴʬʦʢʠʩʣʦʪ. ʇʨʝʜʩʪʘʚʠ-

ʪʝʣʷʤʠ ʪʘʢʠʭ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʥʪʝʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ко-

торые эффективны в области рН 7 ï 10,5. При добавлении раствора щелочи рН возрастает и превышает 

12, что снижает пенообразование и устойчивость пен. 
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ʄʘʛʥʝʟʠʘʣʴʥʳʝ ʚʷʞʫʱʠʝ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ MgCl2, ʧʦʚʳʰʘʶʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ MgO ʚ 

ʚʦʜʝ:  
 

                                                                              MgO + H2O = Mg (OH)2.                                                                    (7) 

 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʢʩʠʜ ʤʘʛʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʭʣʦʨʠʜʦʤ ʤʘʛʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝ-

ʨʘʩʪʚʦʨʠʤʦʛʦ ʛʠʜʨʦʢʩʠʭʣʦʨʠʜʘ ʤʘʛʥʠʷ: 
 

                                                                3MgO + MgCl2.6ʅ2ʆ = 3MgO.MgCl2.6H2O.                                                    (8) 

 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʷʯʝʠʩʪʳʭ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʜʣʷ ʧʨʦʮʝʩʩʘ ʧʝʥʦʦʙ-

ʨʘʟʦʚʘʥʠʷ ʜʦʙʘʚʣʷʶʪʩʷ ʇɸɺ. ɺʳʙʦʨ ʇɸɺ ʟʘʚʠʩʠʪ ʦʪ ʨʝʘʢʮʠʠ ʩʨʝʜʳ ʨʘʩʪʚʦʨʘ. ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜ ʤʘʛ-

ʥʠʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʛʠʜʨʦʣʠʟʫ: 
 

                                                                 MgCl2 + H2O ź Mg(OH)Cl + HCl,                                                                 (9) 
 

                                                        Mg2+ + 2Clï + H2O ź Mg(OH)+ + Clï + H+ + Clï,                                                 (10) 
  

                                                                      Mg2+ + H2O ź Mg(OH)+ + H+.                                                                 (11) 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʨʝʘʢʮʠʷ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʩʣʘʙʦ ʢʠʩʣʦʡ, ʨʅ ʩʨʝʜʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 6,75 ʜʦ 5,30 

ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ MgCl2 1,5 ï 3,5 ʤʦʣʴ/ʣ. ʇʨʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ 1200 ʢʛ / ʤ3 

ʨʅ ʨʘʚʥʦ 5,6. 

ɼʣʷ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʠ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʠ ʵʬʬʝʢʪʠʚʥʳ ʇɸɺ ʢʘʪʠʦʥʥʦʛʦ ʠʣʠ ʘʤʬʦʪʝʨʥʦʛʦ 

ʪʠʧʘ, ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʳ ʚ ʩʣʘʙʦʡ ʢʠʩʣʦʡ ʩʨʝʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʇɸɺ ʠʩʧʦʣʴʟʫʶʪ ʧʝʥʦʢʦʥʮʝʪʨʘʪʳ, ʩʦʜʝʨ-

ʞʘʱʠʭ ʦʣʠʛʦʧʝʧʪʠʜʳ ʠ ʛʠʜʨʦʣʠʟʘʪʳ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʟʫʶʪ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʧʝʥʫ ʧʨʠ ʨʅ 6 ï 8. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʜʣʷ ʧʦʨʠʟʘʮʠʠ ʢʦʤʧʦʟʠʮʠʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʦʙʣʘʩʪʠ ʨʅ 5 ï 9. 

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʨʘʩʪʚʦʨʝ ʩʦʣʝʡ ʤʘʛʥʠʷ ʠ ʢʘʣʴʮʠʷ ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʘ ʥʘʣʠʯʠʝ 

ʠʦʥʦʚ ʞʝʣʝʟʘ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ. 

ʆʧʨʝʜʝʣʝʥʳ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʝʢʠʩʠ ʚ ʩʦʩʪʘʚʝ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ 

ʦʪ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ, ʚʷʟʢʦʩʪʠ ʤʘʩʩʳ, ʪʝʤʧʦʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʠʜʘ ʧʝʥʦʢʦʥʮʝʥʪʨʘʪʘ.  

ɺʚʝʜʝʥʠʝ 1,25 ï 1,75 % ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ ʷʯʝʠʩʪʦʛʦ ʢʦʤʧʦʟʠʪʘ 

ʚ ʩʨʝʜʥʝʤ ʩ 650 ï 700 ʜʦ 300 ï 450 ʢʛ / ʤ3. ʇʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ, ʩʥʠʞʘʷ ʧʣʦʪʥʦʩʪʴ ʧʝʥʦʙʝʪʦʥʘ, ʟʘʯʘʩʪʫʶ ʥʘʨʫʰʘ-

ʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʷʯʝʝʢ, ʨʘʟʨʳʚʘʷ ʧʦʨʳ ʠ ʬʦʨʤʠʨʫʷ ʦʪʢʨʳʪʫʶ ʧʦʨʠʩʪʦʩʪʴ (ʨʠʩʫʥʦʢ 2). ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʦʜʦʛʨʝʚ ʟʘʪʚʦʨʠʪʝʣʷ ʠ ʜʦʙʘʚʣʝʥʠʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʚ ʦʙʱʫʶ ʤʘʩʩʫ ʬʦʨʤʠʨʫʝʪ ʤʝʣ-

ʢʫʶ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʧʦʨʠʩʪʦʩʪʴ.  

ɺʳʚʦʜʳ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʩʮʝʤʝʥʪʥʳʭ ʚʷʞʫʱʠʭ ʨʘʩʰʠʨʷʝʪ ʨʝ-

ʘʣʠʟʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʚʩʧʫʯʠʚʘʥʠʷ ʬʦʨʤʦʚʦʯʥʳʭ ʤʘʩʩ, ʯʪʦ ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʧʨʠʝʤʳ ʧʦʨʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʨʠʟʘʮʠʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʩʦʚʤʝʱʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʝʥʦʦʙʨʘʟʦ-

ʚʘʥʠʷ ʠ ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʦʦʙʨʘʟʦʚʘʪʝʣʷ. 
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CEMENT-FREE FOAMED AND AERATED CONCRETE MATERIALS 
 

O.A. Miryuk, Doctor of Technical Sciences, Professor 

Rudny Industrial Institute, Kazakhstan 
 

Abstract. This article considers the cement-free cellular materials, aerated by mechanochemical way using 

foam concentrate and gas-forming agent. The authors give the characteristics to physicochemical transformations in 

sodium silicate and magnesian foam materials that occur while using hydrogen peroxide as a gas-forming agent. Com-

positional analysis of surface acting agents for foaming materials with various binding agents is considered. The article 

also defines the peculiarities of foamed and aerated concrete cellular structure, which can have fissures. The techno-

logical method reducing the defects of cells. 

Keywords: liquid silica, magnesian material, complex foaming, hydrogen peroxide. 
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УДК 621.01 

 

ОПРЕДЕЛЕНИЕ МОЩНОСТИ УПРАВЛЯЮЩЕГО ДВИГАТЕЛЯ  

МЕХАНИЗМА УПРАВЛЕНИЯ КЛИНОРЕМЕННОГО ВАРИАТОРА 
 

 М.Б. Набиев, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɹʫʭʘʨʩʢʠʡ ʀʥʞʝʥʝʨʥʦ-ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪ, ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺʳʙʦʨ ʤʦʱʥʦʩʪʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʨʘʟʚʠʚʘʝʤʦʛʦ ʠʤ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʷʚ-

ʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʣʠʥʦʨʝʤʝʥʥʳʭ ʚʘʨʠʘʪʦʨʦʚ. ɺʦʧʨʦʩʳ ʨʘʩʯʝʪʘ 

ʢʣʠʥʦʨʝʤʝʥʥʳʭ ʚʘʨʠʘʪʦʨʦʚ ʠʟʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ. ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʚʳ-

ʙʦʨʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʫʩʠʣʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʣʝʤʝʥʪʳ ʤʝʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝʥʠʷ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʳʙʦʨ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʢʣʠʥʦʨʝʤʝʥʥʦʛʦ ʚʘʨʠʘʪʦʨʘ ʧʫʪʝʤ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ, ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʧʦʜʚʠʞʥʳʡ ʜʠʩʢ, ʧʨʫʞʠʥʘ, ʫʧʨʘʚ-

ʣʷʶʱʠʡ ʜʚʠʛʘʪʝʣʴ, ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʧʦʜʚʠʞʥʳʡ ʜʠʩʢ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ (ʨʠ-

ʩʫʥʦʢ 1). 

 

 
 

ʈʠʩ. 1 

 

ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ ʨʘʙʦʪʳ ʚʘʨʠʘʪʦʨʘ, ʢʦʛʜʘ ʫʧʨʘʚʣʝʥʠʝ ʚʳ-

ʟʳʚʘʝʪ ʨʘʟʛʦʥ ʚʝʜʦʤʦʡ ʯʘʩʪʠ ʘʛʨʝʛʘʪʘ, ʠ ʢʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ. ɺ ʧʝʨʚʦʤ ʩʣʫ-

ʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʫʚʝʣʠʯʝʥʠʝ. 

ɼʣʷ ʩʣʫʯʘʷ ʨʘʟʛʦʥʘ, ʢʦʛʜʘ ʜʠʩʢʠ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ ʩʙʣʠʞʘʶʪʩʷ, ʧʦʣʫʯʘʝʤ 
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ʛʜʝ Tc ï ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ ʄʈ ʤʦʤʝʥʪ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʮʝʧʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ, 

1

2

2

2

1

2
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ʨ
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÷
õæ

ç
å

ö
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õ
æ
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å ; m1 ʠ m2 ï ʤʘʩʩʳ ʧʦʜʚʠʞʥʳʭ ʜʠʩʢʦʚ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ ʰʢʠʚʦʚ; ʍ1 ï ʦʩʝʚʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʜʠʩʢʘ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ; Uʈ ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʨʝʜʫʢʪʦʨʘ ʈ; ʇ1 ʠ ʇ ï ʬʫʥʢ-

ʮʠʠ ʧʦʣʦʞʝʥʠʷ ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ; Z=ʇ1. ɺ ʨʘʙʦʪʝ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

21
/aa=Z , ʛʜʝ 

1
a ʠ 

2
a  ʫʛʣʳ ʦʙʭʚʘʪʘ ʨʝʤʥʝʤ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ ʰʢʠʚʦʚ. ʊʦʛʜʘ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝ-

ʥʠʝ ʚʘʨʠʘʪʦʨʘ 1,1 == ZU . ɽʩʣʠ ;1,1
max

<>= ZUU  .1,1
min

><= ZUU  

ʂʦʛʜʘ ʫʧʨʘʚʣʝʥʠʝ ʧʦʜʚʠʞʥʳʤʠ ʜʠʩʢʘʤʠ ʚʝʜʫʱʝʛʦ ʰʢʠʚʘ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʝ-

ʜʦʤʦʛʦ ʚʘʣʘ ʚʘʨʠʘʪʦʨʘ, ʚ ʫʧʨʘʚʣʝʥʠʠ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʥʠʞʥʠʝ ʟʥʘʢʠ, ʯʪʦ ʜʘʝʪ 

 

                                                           
É ʅʘʙʠʝʚ ʄ.ɹ. / Nabiev M.B., 2015 
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ɺ ʚʳʨʘʞʝʥʠʷʭ (1), (2) F2y ʷʚʣʷʝʪʩʷ ʫʧʨʫʛʦʡ ʩʠʣʦʡ ʧʨʫʞʠʥʳ. ʇʨʫʞʠʥʘ ʧʦʜʙʠʨʘʝʪʩʷ [5] ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ 

 

                                                                              
22

QF
y
² .                                                                      (3) 

 

ʉʠʣʳ ʪʨʝʥʠʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʦʜʚʠʞʥʳʭ ʜʠʩʢʦʚ F1
T ʠ F2

T ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ [3] ʨʘʩʧʦʨʥʳʤ ʫʩʠʣʠʷʤ 

 

                                                                     
1111

QCfFT = ; 
2222

QCfFT =  ,                                                               (4) 

 

ʛʜʝ 
21

, ff  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʦʜʚʠʞʥʳʭ ʜʠʩʢʦʚ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ 

ʰʢʠʚʦʚ; ʉ1, ʉ2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ [4, 5]; Q1 ʀ Q2 ï ʨʘʩʧʦʨʥʳʝ ʫʩʠʣʠʷ ʨʝʤʥʷ. ʋʩʠʣʠʝ Q1 > Q2 

ʠ ʧʨʠ ʵʪʦʤ [2, 5] ( )
21

7,1...5,1 QQ º . ʂʦʛʜʘ 
max

UU =  [4, 5]. 
max22max11

; QQQQ ==  ʧʨʠ 
min

UU= , 

min22min11
; QQQQ ==  

ʉ ʫʯʝʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ (1) ʠ (2) ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 

 

                                                                                          ʊ1ʈ>T1ɿ .                                                                                   (5) 

 

ʋʩʣʦʚʠʝ (5) ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʜʙʦʨ ʜʚʠʛʘʪʝʣʷ ʧʦ ʚʨʘʱʘʶʱʝʤʫ ʤʦʤʝʥʪʫ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦ-

ʜʠʪʴ ʜʣʷ ʨʝʞʠʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʘʨʠʘʪʦʨʦʤ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʛʦʥ ʚʝʜʦʤʦʡ ʯʘʩʪʠ ʘʛʨʝʛʘʪʘ. ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ 

ʫʩʢʦʨʝʥʠʝ 
1
ʍ## ʨʘʚʥʦ ʧʨʝʜʝʣʴʥʦʤʫ 

ʇ
ʍ

1
##  ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʬʫʥʢʮʠʷ 

1
ʇ¡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʤʘʣʳʭ ʧʨʝʜʝʣʘʭ, ʠʟ ʚʳ-

ʨʘʞʝʥʠʷ (1) ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 
max1max1

)(
pʨ

TUʊ = , ʠ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ʇʦʵʪʦʤʫ 

ʫʧʨʘʚʣʷʶʱʠʡ ʜʚʠʛʘʪʝʣʴ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʧʫʩʢʦʚʳʤ ʤʦʤʝʥʪʦʤ ʊʇ , ʢʦʪʦʨʳʡ 

 

                                                                                  
max1pʇ

ʊT ² .                                                                                 (6) 

 

ʇʝʨʝʡʜʝʤ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʱʥʦʩʪʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ. ɽʩʣʠ ʦʙʝ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ (1) ʫʤʥʦʞʠʪʴ 

ʥʘ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ ɤʋ ʚʘʣʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ, ʪʦ ʧʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʟ-

ʚʦʣʷʶʱʫʶ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʤʦʱʥʦʩʪʴ 
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ʛʜʝ 
yccypp

TNTN ww == ;
11

. ʋʧʨʘʚʣʝʥʠʝ ʚʘʨʠʘʪʦʨʦʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝ-

ʥʠʷ ʚʘʨʠʘʪʦʨʘ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ UH ʜʦ ʢʦʥʝʯʥʦʛʦ UK . Oʪʨʘʙʦʪʢʘ ʫʧʨʘʚʣʷʶʱʠʤ ʜʚʠʛʘʪʝʣʝʤ ʟʘʜʘʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ȹU ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ȹU = U H - U K ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʝʛʦ ʨʘʙʦ-

ʪʳ. ɺʦʟʤʦʞʥʳ ʜʚʘ ʩʣʫʯʘʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ɺ ʧʝʨʚʦʤ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ȹU ʜʚʠʛʘʪʝʣʴ ʚʥʘʯʘʣʝ 

ʨʘʟʛʦʥʷʝʪʩʷ ʜʦ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ɤmax < ɤ ʫ , a ʟʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʨʤʦʞʝʥʠʝ ʜʦ ʦʩʪʘʥʦʚʢʠ. ʇʨʠ ʵʪʦʤ ʟʘ 

ʚʨʝʤʷ ʨʘʟʛʦʥʘ t ʨ ʠ ʪʦʨʤʦʞʝʥʠʷ tʊ (ʨʠʩʫʥʦʢ 2) ʧʦʜʚʠʞʥʳʡ ʜʠʩʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʛʦʥʷʝʪʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ( )max1max
wXʍ ## = , ʘ ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʛʦ ʪʦʨʤʦʞʝʥʠʝ ʜʦ ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʦʷʥʠʷ . ɿʘ ʚʨʝʤʷ tp 

ʧʦʜʚʠʞʥʳʡ ʜʠʩʢ ʧʝʨʝʤʝʩʪʠʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ()pʨ
tʍʍ

11
=D , ʘ ʟʘ ʚʨʝʤʷ ʪʦʨʤʦʞʝʥʠʷ tT - ʥʘ ()Tʊ

tʍʍ
11

=D . 

ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ȹU ʜʠʩʢ ʧʝʨʝʤʝʩʪʠʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ 
ʊʨ
ʍʍʍ

111
D+D=D  
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ʈʠʩ. 2                                                                         ʈʠʩ. 3 

 

 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʜʚʠʛʘʪʝʣʴ ʨʘʟʛʦʥʷʝʪʩʷ ʜʦ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ ɤʫ, ʜʘʣʝʝ ʧʦʜʚʠʞʥʳʡ ʜʠʩʢ ʜʚʠ-

ʞʝʪʩʷ ʩ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʢʦʨʦʩʪʴʶ ( )ʫʫ
ʍʍ w

1
##=  (ʨʠʩʫʥʦʢ 3) ʠ ʟʘ ʚʨʝʤʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ tʫ ʧʝʨʝʤʝʱʘ-

ʝʪʩʷ ʥʘ ()ʫʫ
tʍʍ

11
=D , a ʜʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʨʤʦʞʝʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ ȹU ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝ-

ʨʝʤʝʱʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʜʠʩʢʘ 
ʊʫʨ
ʍʍʍʍ

1111
D+D+D=D . ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʟʥʘʯʝʥʠʷ ( )pp
XQQ 111
D= ; ( )pp

XQQ 122
D= ; ( )pyyp

XFF 122
D= ; ( )ʨʨ

ʍʇʇ 111
D¡=¡ ; ( )ʨʨ

ʍʍ 111
D=#### . 

ʆʜʥʘʢʦ, ʵʪʠ ʟʥʘʯʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳ ʠ ʠʭ ʥʘʭʦʜʠʤ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. ʆʧʨʝʜʝʣʷʷ 

ʟʥʘʯʝʥʠʝ ʊʇ, ʠʟ ʫʩʣʦʚʠʷ (6) ʟʘʜʘʚʰʠʩʴ ʚʝʣʠʯʠʥʦʡ wy, ʚʳʙʠʨʘʝʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʠ ʝʛʦ ʤʦʱʥʦʩʪʴ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʦʧʨʝʜʝʣʷʝʤ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʤʦʤʝʥʪ ʊ ʠ ʥʘʭʦʜʠʤ ʨʝʰʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʝʰʝʥʠʡ ʚʳʯʠʩʣʷʝʤ 

ʨ
ʍ

1
D , ʘ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʠ 

ʨʨyppp
ʍʇQQQ

11221
,,,, ##¡ . ʅʘʣʠʯʠʝ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ wy ʚʳʨʘʞʝʥʠʷ (7) ʧʦʟʚʦʣʷ-

ʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ, ʧʦ ʚʝʣʠʯʠʥʝ ʢʦʪʦʨʦʡ Ny ʚʳʙʠʨʘʝʤ ʤʦʱʥʦʩʪʴ Ng ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʚʠʛʘʪʝʣʷ. ʇʨʠ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʨʘʩʭʦʞʜʝʥʠʷʭ Ny ʠ Ng ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʠ ʧʦʚʪʦʨʷʝʤ ʨʘʩʯʝʪʳ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ȹʍ1ʨ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʟʥʘʯʝʥʠʝʤ ʚʝʣʠʯʠʥ 
ʨʨyppp
ʍʇFQQ

11221
,,,, ##¡ , ʘ ʜʘʣʝʝ ʠ Ny. ʊʘʢ ʢʘʢ 

( ) max1max1 pʨ
TUʊ = , ʪʦ ʠ ʤʦʱʥʦʩʪʴ Ny=Nymax ʧʨʠ ʥʘʯʘʣʝ ʨʘʟʛʦʥʘ ʠʟ ʩʦʩʪʦʷʥʠʷ UH = Umax.  
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V-BELT VARIABLE-SPEED DEVICE CONTROL  

DEVICE CONTROL ENGINE CAPACITY DETECTION 
 

M.B. Nabiev, Candidate of Technical Sciences, Senior Professor 

Bukhara Engineering Technological Institute, Republic of Uzbekistan 

 

Abstract. The selection of control engine capacity and its running torque is an important task while studying 

control mechanism of v-belt variable-speed devices. The issues of v-belt variable-speed devices have been studied com-

prehensively, while the study of selection issues of control engine and power affecting the controlling mechanism parts 

is not complete. The research objective is the detection of characteristics and the selection of v-belt variable-speed de-

vice electric motor by stepwise approximation. 

Keywords: controlling mechanism, gearing ratio, movable plate, spring, control engine, running torque. 
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NEW PROJECTS OF JOINT-STOCK COMPANY RZD IN THE SOUTH DIRECTION OF RUSSIA 
 

 I.N. Pankratov1, A.A. Sukhov2 
1, 2 Student 

1, 2 Moscow State University of Railway Engineering, Russia 

 

Abstract. This article is devoted to the recent projects of joint-stock company RZD in the South direction of 

Russia. We will propone on the reconstruction of the existing lines as well as on the building of completely new lines for 

high-speed traffic, which is undoubtedly one of the most perspective directions of passenger transportation. The article 

deals with both advantages and disadvantages of these projects. 

Keywords: RZD, South direction, high-speed lines, development. 

 

The theme of our article is the construction and development of railways in the South of our country. And our 

objectives are:  

1) to inform about new projects of joint-stock company RZD. 

2) to analyse line construction and further development. 

Many countries around the world use high-speed railways to transport passengers as quickly as possible across 

the country. Development of new railway line in Russia became the most important aim of RZD. New lines must allow 

not only the quickest delivery of passengers and cargo but their safety too, and fulfillment of these requisitions is neces-

sary in the quickly changing world. 

The head of joint-stock company ñRZDò Vladimir Yakunin said in the interview to ñRossiyskaia gazetaò that a 

new railway line to the south of the country leaving out Ukraineôs territory was to be constructed in Russia. 

New part of railroad is to replace the existing one with a length of 26 km passing through the territory of 

Ukraine. Vladimir Yakunin also noticed that the length of this line would be significantly bigger because of terrainôs 

relief and other reasons (about 60 km). Using of double-decker cars on the south direction will allow to compensate 

charges of passenger transportation and the cost of seats in compartment cars will be reduced by 30 percent. 

Nowadays trains from the center of our country to its south direction have to cross Ukraineôs territory in areas 

of Voronezh and Rostov regions. 

According to the Minister of Transport Maxim Sokolov the construction of line leaving out Ukraine was 

planned earlier as long as repeated crossing of border of another state by trains going on the territory of our country to 

the south caused inconveniences. However, constantly escalating conflict in southeast Ukraine sped up discussion and 

consecutive decision to construct a new line. The project under discussion is a new railway Prokhorovka ï Zhuravka ï 

Chertkovo ï Bataisk. 

 

 
 

Map 1. A planned line via Zhuravka (ɾʫʨʘʚʢʘ) and Chertkovo (ʏʝʨʪʢʦʚʦ) 

 

There is no doubt that the building of new line is essential. First of all, it is worth noting, that the priority goal 

of ñRZDò is safe transportation of passengers and cargo and the construction of a new route as far as possible from the 
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centre of conflict will help to increase safety. Secondly, construction of another road will allow to increase trans' speed 

and quality of service. 

It is planned to invest into the project 7 billion rubles from budget in 2015, 18.5 billion rubles in 2016 and 31.1 

billion rubles in 2017. The total cost of the project is 56.6 billion rubles. 

Furthermore, there is a project of construction of a high-speed line Moscow-Adler with potential extension to 

Crimea, but this project is rather a distant prospect - we are talking about the upcoming 15 years. Now JSC RZD has a 

more topical problem of finding funds to construct a high-speed line Moscow-Kazan. 

Advantages of building HSL Moscow-Adler are rather obvious. First of all, these are speed and comfort. It is 

assumed that the speed of the trains will be around 300-350 kph what will enable trains to cover 1500 km distance for 

less than 5 hours. High-speed trains arrive at the stations, which are situated, as a rule, in the center of the cities, while 

airplanes, which are the main competitor to high-speed trains, land at the airports located far away from the cities. 

Secondly, this is a high traffic capacity. High-speed trains carry ten millions passengers every year on the aver-

age. For instance, traffic capacity at the line Moscow-Saint-Petersburg is planned as 10-14 million passengers a year. 10 

million passengers is a one third of the tourist flow in the Russian south. 

Thirdly, it is a low cost because the ticket for a high-speed train is cheaper than the ticket for plane. Consider-

ing the expenses for the trip from the city to the airport and back this sum gets even lower. 

But there is a significant number of disadvantages as well. Such as necessity of modernization of outworn in-

frastructure for high-speed trains, lack of production of trains and equipment for high-speed lines, low logistic prepara-

tion and traffic management, ecological problems associated with noise pollution. Burning issue is the organization of 

high-speed train traffic. There are no separate lines for them in Russia. High-speed trains are supposed to use the exist-

ing upgraded lines. That is why high-speed trains have to be included in the general schedule and run in pairs to make 

the services rational. 

But there are other projects on the future plan of the joint-stock company. 

The first one is creating a new concept of passengerôs transportation to Crimea involving the passengers cross-

ing the strait remaining in the rolling-stock, as Maxim Sokolov said. 

The first vice president Vadim Morozov said about another one. He said that RZD was asking to bring closer 

the assignment of funds from the budget to the project of restoration the part of the railroad ñMaxim Gorôkiy ï Ko-

telônikovo ï Tihoretskaya ï Krymskayaò leaving out Krasnodar, to complete main part of the construction by 2018. It 

had been planned to finance this project from 2014 to 2020. 

Development and upgrade of southern network of our country may largely contribute to the increased efficien-

cy of transport system of our country in general and improve competitiveness of railways compared to other kinds of 

transport. Constructing new high-speed lines or modernizing the existing ones requires considerable expenses but the 

main aim is to give passengers an opportunity to get from one point to another as fast as possible. 
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НОВЫЕ ПРОЕКТЫ ОАО «РЖД» НА ЮЖНОМ НАПРАВЛЕНИИ РОССИИ 
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1, 2 ʩʪʫʜʝʥʪ 

1, 2 ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ (ʄʀʀʊ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʥʦʚʳʤ ʧʨʦʝʢʪʘʤ ʆɸʆ çʈɾɼè ʥʘ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʈʦʩʩʠʠ. ɸʚʪʦʨʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʝʨʝʫʩʪʨʦʡʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʣʠʥʠʡ ʜʣʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʚ ʧʝʨʝʚʦʟʢʝ ʧʘʩʩʘʞʠʨʦʚ. ʉʪʘʪʴʷ ʟʘʪʨʘʛʠʚʘʝʪ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʠ ʵʪʠʭ ʧʨʦʝʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: çʈɾɼè, ʶʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʤʘʛʠʩʪʨʘʣʠ, ʨʘʟʚʠʪʠʝ. 
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АНАЛИЗ ИНСТРУМЕНТОВ ОЦЕНКИ ЭНЕРГОСБЕРЕГАЮЩИХ МЕРОПРИЯТИЙ  

ДЛЯ РАЗРАБОТКИ ПЛАНА УПРАВЛЕНИЯ ЭНЕРГОЭФФЕКТИВНОСТЬЮ СУДНА 
 

 М.Н. Покусаев1, А.В. Трифонов2, А.А. Хмельницкая3 

1 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʕʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè,  
2 ʘʩʧʠʨʘʥʪ, ʣʘʙʦʨʘʥʪ ʢʘʬʝʜʨʳ çʕʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè, 3 ʘʩʧʠʨʘʥʪ, ʟʘʚʝʜʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʢʘʬʝʜʨʳ çʕʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʧʣʘʥʘ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ ʩʫʜʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʦʚʳʰʘʶʱʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ RETScreen ʠ Eco8. ʆʥʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʚʝʥʪʠʣʷʪʦʨʘ 

ʦʭʣʘʞʜʝʥʠʷ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʣʝʜʦʢʦʣʘ çʂʘʧʠʪʘʥ ʏʝʯʢʠʥè. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʨʘʩʯʸʪʘ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʨʝʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʤʝʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥɻʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʀʄʆ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ, ʠʥʩʪʨʫʤʝʥʪʳ ʦʮʝʥʢʠ ʧʦ-

ʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʥʘ, ʧʣʘʥ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʫʜʥʘ. 

 

Введение 
1 ʷʥʚʘʨʷ 2013 ʛʦʜʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʨʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ (IMO, International Maritime Organization) 

ʙʳʣʠ ʚʚʝʜʝʥʳ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʚ. ʊʨʝʙʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ 

ʚʩʝ ʩʫʜʘ ʚʘʣʦʚʦʡ ʚʤʝʩʪʠʤʦʩʪʴʶ ʙʦʣʝʝ 400 ʪʦʥʥ. ʆʥʠ ʦʙʷʟʘʥʳ ʠʤʝʪʴ ʥʘ ʙʦʨʪʫ ʫʪʚʝʨʞʜʸʥʥʳʡ ʇʣʘʥ ʫʧʨʘʚʣʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʫʜʥʘ (ʇʋʕʉ) [6]. 

ɺʥʝʜʨʝʥʠʝ ʇʋʕʉ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʘ ʩʯʸʪ ʙʦʣʝʝ ʨʘʮʠʦ-

ʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʥʘ ʩʫʜʘʭ. ʈʝʟʦʣʶʮʠʷ ʄɽʈʉ.213(63) ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʧʣʘʥ ʙʳʣ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʜʣʷ ʢʘʞʜʦʛʦ ʩʫʜʥʘ.  

Постановка задачи. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʩʪʘʚʠʪʴ ʇʋʕʉ, ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ ʚ ʥʝʛʦ ʤʝʨʦʧʨʠʷʪʠʷ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ 

ʫʣʫʯʰʠʪ ʩʦʩʪʦʷʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʩʫʜʥʝ. ʏʪʦʙʳ ʩʦʩʪʘʚʣʷʝʤʳʡ ʧʣʘʥ ʙʳʣ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʦʙʲʝʢʪʠʚ-

ʥʳʤ ʠ ʦʩʫʱʝʩʪʚʠʤʳʤ ʥʝʦʙʭʦʜʠʤʘ ʥʝʢʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʵʪʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʇʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʩʧʝ-

ʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ ʙʳ ʙʳʩʪʨʦ ʠ ʧʨʦʩʪʦ ʦʮʝʥʠʪʴ ʧʦʣʴʟʫ ʦʪ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ [7]. ʅʦ, ʠʟʫʯʠʚ ʨʳʥʦʢ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʤʳ ʧʦʜʦʙʨʘʣʠ ʪʝ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʚ ʵʪʠʭ ʮʝʣʷʭ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʟʥʘʢʦʤʠʚʰʠʩʴ ʩ ʥʠʤʠ, ʤʳ ʨʝʰʠʣʠ ʧʨʠʤʝʥʠʪʴ ʠʭ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʇʋʕʉ 

ʜʣʷ ʩʫʜʥʘ çʂʘʧʠʪʘʥ ʏʝʯʢʠʥè. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ ʧʨʠʚʝʜʝʥʳ ʚ ʈʝʛʠʩʪʨʦʚʦʡ ʢʥʠʛʝ ʩʫʜʦʚ [5]. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ: RETScreen ʠ Eco 8 ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʇʋʕʉ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Eco8 ʨʘʟʨʘʙʦʪʘʥʦ ʬʠʨʤʦʡ Schneider Electric ʩ ʮʝʣʴʶ ʙʳʩʪʨʦʡ ʦʮʝʥʢʠ ʵʢʦʥʦ-

ʤʠʠ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ (ʇʏ) Altivar ʜʣʷ 

ʥʘʩʦʩʥʳʭ ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʘʛʨʝʛʘʪʦʚ [8]. 

Eco8 ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ ʨʳʥʢʘ, ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʦʤʤʝʨʯʝʩʢʦʝ ʠ 

ʞʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ. 

ʂʘʞʜʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʮʠʢʣʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, Eco 8 ʨʝʢʦʤʝʥʜʫʝʪ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʫʶ ʤʦʜʝʣʴ ʇʏ Altivar [9].  

ɺʳʧʦʣʥʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [2] ʘʥʘʣʠʟ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʘʚʣʷ-

ʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ, ʷʚʣʷʶʪʩʷ ʪʨʝʭʬʘʟʥʳʤʠ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʡ ʨʦ-

ʪʦʨʥʦʡ ʦʙʤʦʪʢʦʡ. ʇʦʵʪʦʤʫ ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʦʚʦʜʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʫʩʪʘʥʦʚʢʦʡ ʇʏ. 

RETScreen ï ʵʪʦ ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʠʣʦʞʝʥʠʠ Excel ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʝʢʪʦʚ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʪʦʡ ʵʥʝʨʛʠʠ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʙʳʩʪʨʦ ʠ ʥʝʜʦʨʦʛʦ ʧʨʦʚʝʩʪʠ ʪʝʭʥʠʯʝʩʢʫʶ ʠ ʬʠʥʘʥʩʦʚʫʶ 

ʦʮʝʥʢʫ ʧʨʦʝʢʪʦʚ ʧʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨ-

ʛʠʠ, ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [4]. 

çʂʘʧʠʪʘʥ ʏʝʯʢʠʥè ï ʵʪʦ ʜʠʟʝʣʴ-ʵʣʝʢʪʨʦʭʦʜ ʩ ʛʨʝʙʥʳʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ (ɻʕɼ) ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ 

ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʝʡ ʜʚʦʡʥʦʛʦ ʨʦʜʘ ʪʦʢʘ. ʉʫʱʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʫʩʪʘʥʦʚʢʦʡ ʇʏ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ ʪʨʸʭʬʘʟʥʳʤʠ ʘʩʠʥʭʨʦʥʥʳʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ. ʆʥ 

ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʠʟʤʝʥʷʷ ʯʘʩʪʦʪʫ ʧʠʪʘ-

ʶʱʝʛʦ ʪʦʢʘ. 

                                                           
É ʇʦʢʫʩʘʝʚ ʄ.ʅ., ʊʨʠʬʦʥʦʚ ɸ.ɺ., ʍʤʝʣʴʥʠʮʢʘʷ ɸ.ɸ. / Pokusaev M.N., Trifonov A.V., Hmelnitskaya A.A., 2015 
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ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟ ʘʥʘʣʠʟʘ ʙʘʣʘʥʩʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʣʝʜʦʢʦʣʘ [1] ʚʳʙʨʘʥʦ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʸʤʢʦʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ, ʨʘʙʦʪʘʶʱʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʚ ʧʝʨʝʤʝʥʥʦʤ ʨʝʞʠʤʝ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ: ʚʝʥʪʠʣʷʪʦʨ ʚʦʟ-

ʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ɻʕɼ ʤʦʱʥʦʩʪʴʶ 11 ʢɺʪ, c ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 3000 ʦʙ/ʤʠʥ.  
 

ʊʘʙʣʠʮʘ 1 

Вспомогательные механизмы ГЭУ, непрерывная работа 
ʇʦʪʨʝʙʠʪʝʣʴ ʂʦʣʠʯʝ-

ʩʪʚʦ, ʰʪ. 

ʄʦʱʥʦʩʪʴ 

ʦʜʥʦʛʦ ʧʦʪʨʝ-

ʙʠʪʝʣʷ, ʢɺʪ 

ʄʦʱʥʦʩʪʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠ-

ʤʘʭ, ʢɺʪ 

ʅʘ ʷʢʦʨʝ ʅʘ ʯʠʩʪʦʡ 

ʚʦʜʝ 

ɺ 

ʧʦʨʪʫ 

ʇʦʜʢʘʯʠʚʘʶʱʠʝ ʥʘʩʦʩʳ ʪʦʧʣʠʚʘ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 4 1,0 1,0 1,0 - 

ʅʘʩʦʩ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʩʤ. ʤʘʩʣʘ ʫʧʦʨʥʦʛʦ ʧʦʜ-

ʰʠʧʥʠʢʘ 

2 1,0 1,2 1,2 - 

ʄʘʩʣʷʥʳʡ ʥʘʩʦʩ ʫʧʦʨʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʛʨʝʙʥʦʛʦ ʚʘʣʘ 6 0,7 1,0 1,0 - 

ʅʘʩʦʩ ʧʨʦʢʘʯʢʠ ʜʝʡʜʚʫʜʥʳʭ ʪʨʫʙ 2 4 4 4 - 

ɺʝʥʪʠʣʷʪʦʨ ʛʣʘʚʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 3 5,6 16,8 16,8 - 

ɺʝʥʪʠʣʷʪʦʨ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 6 11 66 66 - 

ɺʝʥʪʠʣʷʪʦʨ ʘʧʧʘʨʘʪʥʦʡ (ʪʠʨʠʩʪʦʨʥʳʝ ʰʢʘʬʳ) 3 7,5 15 15 - 

ʉʪʦʷʥʦʯʥʳʡ ʦʙʦʛʨʝʚ ʛʣʘʚʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 3 0,5 - - 1,5 

ʉʪʦʷʥʦʯʥʳʡ ʦʙʦʛʨʝʚ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 3 0,5 - - 1,5 

ɺʝʥʪʠʣʷʪʦʨ ʧʨʦʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝ-

ʣ ̫

3 4,1 12,3 12,3 - 

 117,3 117,3 3,0 
 

ʅʘ ʚʝʥʪʠʣʷʪʦʨʝ ʦʭʣʘʞʜʝʥʠʷ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʩʪʦʠʪ ʨʝʛʫʣʠʨʦ-

ʚʦʯʥʘʷ ʟʘʩʣʦʥʢʘ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝʵʢʦʥʦʤʠʯʝʥ. ɺʠʜʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷ ʫʢʘʟʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʠʪʴ ʇʏ, ʪʦʛʜʘ ʨʝʛʫʣʠʨʦʚʦʯʥʘʷ ʟʘʩʣʦʥʢʘ ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʦ ʦʪʢʨʳʪʦʡ, 

ʘ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ 

ʥʘʛʨʝʚʘ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʧʦʚʳʩʠʪ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩʫʜʥʘ ʥʘ ʜʦʣʝʚʳʭ ʨʝʞʠʤʘʭ, ʪʘʢ ʢʘʢ ʥʘ 

ʜʦʣʝʚʳʭ ʨʝʞʠʤʘʭ ʛʨʝʙʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʥʘʛʨʝʚʘʶʪʩʷ ʩʣʘʙʝʝ ʠ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ. 

ʇʏ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʝʛʦ ʫʩʪʘʥʦʚʢʠ.  

ɺ Eco8 ʚʳʧʦʣʥʝʥ ʧʦʜʙʦʨ ʇʏ Altivar, ʧʨʦʠʟʚʦʜʠʤʳʡ Schneider Electric (ʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʘʥʥʦʡ ʬʠʨʤʳ ʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤ ʢʘʪʘʣʦʛʦʤ ʝʸ ʦʙʦʨʫʜʦʚʘʥʠʷ). ʇʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʜʠʟʝʣʷ ʪʠʧʘ çɺʷʨʪʩʠʣʷ-ɺʘʘʩʘ 12V22ɺè 
 

 
 

ʎʝʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʜʝʢʘʙʨʴ 2013 ʛʦʜʘ. ʇʨʠ ʩʨʝʜʥʝʡ ʮʝʥʝ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ (ʃ-0,05-62) 32140 ʨʫʙʣʝʡ ʟʘ ʪʦʥʥʫ ʠ ʂʇɼ ʛʝʥʝʨʘʪʦʨʘ 95 % ʮʝʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʪ 7,17 ʨʫʙʣʝʡ ʟʘ 

1 ʢɺʪ*ʯ. ʎʝʥʘ ʧʝʨʝʚʝʜʝʥʘ ʜʣʷ ʧʨʦʛʨʘʤʤʳ ʚ ʝʚʨʦ. 
 

                                                                                                                                              (1) 

 

 
 

ʈʠʩʫʥʦʢ 1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʸʪʘ ʚ Eco8 
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ʊʘʙʣʠʮʘ 2 

Экономия электрической энергии – результат расчёта 
 ɹʝʟ ʇʏ ʉ ʇʏ  

ʇʦʪʨʝʙʣʝʥʠʝ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ 29037 19997 ʢɺʪ*ʯ 

ʇʦʪʨʝʙʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ 17230 0 ʢɺɸʨ*ʯ 

ʆʢʫʧʘʝʤʦʩʪʴ: 7 ʤʝʩ.  

 

Eco8 ʚʳʯʠʩʣʠʣʘ ʨʘʟʥʠʮʫ ʚ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ ʩ ʧʨʠʚʦʜʦʤ ʠ ʙʝʟ ʥʝʛʦ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʡ ʧʝʨʠʦʜ ʦʢʫ-

ʧʘʝʤʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ. ʇʨʦʛʨʘʤʤʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʢʫʧʘʝʤʦʩʪʴ ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʩʦʩʪʘʚʠʪ 0,6 ʛʦʜʘ. 

ɼʘʣʝʝ ʘʥʘʣʦʛʠʯʥʳʡ ʨʘʩʯʸʪ ʚʳʧʦʣʥʝʥ ʚ RETscreen. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʩʯʸʪʘ. ɼʣʷ ʪʦʛʦ ʞʝ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʇʏ Optidrive ʩʝʨʠʠ E2 (ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʜʦʙʨʘʥʥʦʤʫ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Eco8). ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʸʪʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʇʘʨʘʤʝʪʨʳ ʚʝʥʪʠʣʷʪʦʨʦʚ ɻʕɼ ʜʣʷ ʨʘʩʯʸʪʘ ʚ RETScreen 

 

 
 

ʈʠʩʫʥʦʢ 3. ɻʨʘʬʠʢ ʩʦʚʦʢʫʧʥʦʛʦ ʧʦʪʦʢʘ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ï ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʸʪʘ 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʸʪ ʚ ʧʨʦʛʨʘʤʤʝ RETScreen ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʘ ʫʢʘʟʘʥʥʳʡ ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʴ ʇʏ ʚʨʘʱʝʥʠʷ, ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʠʪ 0,6 ʛʦʜʘ. 

Результаты 
ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Eco8 ʨʘʟʨʘʙʦʪʘʥʦ ʬʠʨʤʦʡ Schneider Electric ʩ ʮʝʣʴʶ ʙʳʩʪʨʦʡ ʦʮʝʥʢʠ ʵʢʦʥʦ-
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ʤʠʠ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʏ Altivar [3]. 

ɺ Eco8 ʚʳʧʦʣʥʝʥ ʧʦʜʙʦʨ ʇʏ Altivar, ʧʨʦʠʟʚʦʜʠʤʳʡ Schneider Electric. Eco8 ʚʳʯʠʩʣʠʣʘ ʨʘʟʥʠʮʫ ʚ ʵʥʝʨ-

ʛʦʧʦʪʨʝʙʣʝʥʠʠ ʩ ʧʨʠʚʦʜʦʤ ʠ ʙʝʟ ʥʝʛʦ ʠ ʚʦʟʤʦʞʥʳʡ ʧʝʨʠʦʜ ʦʢʫʧʘʝʤʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ. ʇʨʦʛʨʘʤʤʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʦʢʫʧʘʝʤʦʩʪʴ ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʩʦʩʪʘʚʠʪ 0,6 ʛʦʜʘ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʨʘʩʯʸʪ ʚʳʧʦʣʥʝʥ ʚ RETscreen. ɼʣʷ ʪʦʛʦ ʞʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʫʩʪʘʥʘʚʣʠʚʘ-

ʝʤ ʇʏ Optidrive ʩʝʨʠʠ E2 (ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʜʦʙʨʘʥʥʦʤʫ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Eco8). 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʸʪ ʚ ʧʨʦʛʨʘʤʤʝ RETScreen ʧʦʢʘʟʘʣ, ʯʪʦ, ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʘ ʫʢʘʟʘʥʥʳʡ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʴ ʇʏ ʚʨʘʱʝʥʠʷ, ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʠʪ 0,6 ʛʦʜʘ. 

Выводы (ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ, ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ 

ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ). 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠʥʩʪʨʫʤʝʥʪʳ ʘʥʘʣʠʟʘ ʧʨʦʝʢʪʦʚ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʚ: 

RETScreen ʠ Eco8. ʉ ʠʭ ʧʦʤʦʱʴʶ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʇʏ ʜʣʷ ʚʝʥʪʠʣʷʪʦʨʘ 

ʦʭʣʘʞʜʝʥʠʷ ɻʕɼ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1. ʇʨʠʤʝʥʝʥʠʝ ʥʘ ʚʝʥʪʠʣʷʪʦʨʝ ʦʭʣʘʞʜʝʥʠʷ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʦʢʨʘ-

ʪʠʪ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 30 % ʠ ʦʢʫʧʠʪʩʷ ʟʘ 10 ʤʝʩʷʮʝʚ.  

2. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠ ʰʠʨʦʢʦ ʨʘʙʦʪʘʝʪ RETScreen.  

3. ʈʝʢʦʤʝʥʜʫʝʤ ʩʫʜʦʚʣʘʜʝʣʴʮʘʤ ʠ ʪʝʤ, ʢʪʦ ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʇʋʕʉ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤ-

ʥʳʝ ʧʨʦʜʫʢʪʳ RETScreen ʠ Eco8. ʆʥʠ ʧʦʟʚʦʣʷʪ ʦʮʝʥʠʪʴ ʘʜʝʢʚʘʪʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʘ ʩʫʜʥʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦ-

ʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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Abstract. The article deals with an issue of ship energy efficiency management plan development. RETScreen 

and Eco8 are considered as preliminary assessment tools, raising the energy efficiency. They were used for frequency 

changer profitability examination for induction motor with propulsion motor cooling blower short-circuited rotor of 
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УСТРОЙСТВО ДЛЯ РОТОРНОГО ПНЕВМОМЕХАНИЧЕСКОГО ПРЯДЕНИЯ 
 

 Б.Е. Серикбаев1, В.М. Джанпаизова2, Г.Ш. Аширбекова3, Т. Тогатаев4, М.Ж. Калдыкулов5 
1, 4 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

3 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ,5 ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 
ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʫʵʟʦʚʘ, (ʐʳʤʢʝʥʪ), ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʷʜʝʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʷʞʠ ʥʘ 

ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʷʜʠʣʴʥʳʭ ʤʘʰʠʥʘʭ. ɿʘʜʘʯʘ ï ʧʦʣʫʯʝʥʠʝ ʧʨʷʞʠ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʰʠʨʦʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʧʦ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʨʦʪʦʨʥʦʛʦ 

ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʷʜʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʤ ʜʠʩʢʨʝʪʠʟʠʨʫʶʱʠʡ ʙʘʨʘʙʘʥʯʠʢ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ ʢʘʥʘʣ ʠ 

ʧʨʷʜʠʣʴʥʫʶ ʢʘʤʝʨʫ, ʧʨʷʜʠʣʴʥʘʷ ʢʘʤʝʨʘ ʩʥʘʙʞʝʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʠʣʠ ʧʣʘʩʪʤʘʩʩʦʚʳʤʠ ʰʘʨʠʢʘʤʠ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʘʪʷʞʝʥʠʷ ʧʨʷʞʠ ʚ ʟʦʥʝ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʆʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʰʘʨʠʢʦʚ ʢ ʚʥʫʪʨʝʥʥʝʤʫ 

ʜʠʘʤʝʪʨʫ ʢʘʤʝʨʳ ʩʦʩʪʘʚʣʷʝʪ 1:10ï1:15. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʷʞʫ 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʷʞʘ, ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦʝ ʧʨʷʜʝʥʠʝ, ʨʦʪʦʨ, ʜʠʩʢʨʝʪʠʟʠʨʫʶʱʠʡ ʙʘʨʘʙʘʥʯʠʢ, 

ʧʨʷʜʠʣʴʥʘʷ ʢʘʤʝʨʘ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʙʝʟʚʝʨʝʪʝʥʥʳʝ ʩʧʦʩʦʙʳ ʧʨʷʜʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʨʦʪʦʨʥʦʛʦ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʷʜʝʥʠʷ. 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʦʪʦʨʥʦʛʦ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʷʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʜʠʣʴʥʫʶ ʢʘʤʝʨʫ, ʚ 

ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʩʝʧʘʨʘʪʦʨ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ ʢʘʥʘʣ. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʚʦʣʦʢʦʥ ʢ ʧʨʷʜʝʥʠʶ ʩʣʫʞʠʪ 

ʜʠʩʢʨʝʪʠʟʠʨʫʶʱʠʡ ʙʘʨʘʙʘʥʯʠʢ. ʆʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʤʝʭʘʥʠʟʤʘ ʢʨʫʯʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʷʞʠ ʷʚʣʷʝʪʩʷ 

ʧʨʷʜʠʣʴʥʘʷ ʢʘʤʝʨʘ. 

ʈʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʷʞʠ ʧʨʠʤʝʨʥʦ ʥʘ 20 % ʥʠʞʝ, ʯʝʤ ʫ ʢʦʣʴʮʝʚʦʡ, ʦʜʥʘʢʦ ʝʝ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʳʰʝ. 

ʇʨʠʯʠʥʦʡ ʤʝʥʴʰʝʡ ʧʨʦʯʥʦʩʪʠ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʷʞʠ ʷʚʣʷʝʪʩʷ ʩʘʤ ʩʧʦʩʦʙ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʚʦʣʦʢʥʘ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʢ ʨʦʪʦʨʫ ʚ ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ ʪʝʨʷʶʪ ʩʚʦʶ ʧʘʨʘʣʣʝʣʠʟʘʮʠʶ ʠ 

ʨʘʩʧʨʷʤʣʝʥʥʦʩʪʴ ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʠ ʚʥʫʪʨʝʥʥʝʡ ʫʧʨʫʛʦʩʪʠ, ʢ ʪʦʤʫ ʞʝ ʚ 

ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʧʦ ʧʠʪʘʶʱʝʤʫ ʢʘʥʘʣʫ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ ʩʦ ʩʪʦʨʦʥʳ ʚʦʟʜʫʰʥʦʛʦ ʧʦ-

ʪʦʢʘ ʚʦʣʦʢʥʘ ʥʝʠʟʙʝʞʥʦ ʧʦʚʦʨʘʯʠʚʘʶʪʩʷ ʙʦʣʴʰʠʤ ʩʝʯʝʥʠʝʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ, ʪ.ʝ. ʥʘ 900. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʟʦʨʠʝʥʪʘʮʠʠ ʚʦʣʦʢʦʥ ʚʜʦʣʴ ʦʩʠ ʧʨʦʜʫʢʪʘ. ɺ ʠʪʦʛʝ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʷʞʘ ʧʦʣʫʯʘʝʪʩʷ 

ʙʦʣʝʝ ʦʙʲʝʤʥʘʷ ʠ ʧʫʰʠʩʪʘʷ ʟʘ ʩʯʝʪ ʚʳʩʪʫʧʘʶʱʠʭ ʢʦʥʮʦʚ ʚʦʣʦʢʦʥ, ʠʭ ʙʦʣʴʰʝʡ ʠʟʚʠʪʦʩʪʠ ʠ ʤʝʥʴʰʠʤ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʤ ʧʘʨʘʣʣʝʣʠʟʘʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʨʫʯʝʥʠʝ ʩʪʝʨʞʥʝʚʦʡ ʯʘʩʪʠ ʧʨʷʞʠ ʚ ʟʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʤʝʥʴʰʝʤ ʥʘʪʷʞʝ-

ʥʠʠ, ʯʝʤ ʥʘ ʢʦʣʴʮʝʚʦʡ ʧʨʷʜʠʣʴʥʦʡ ʤʘʰʠʥʝ. ʕʪʠʤ ʪʘʢʞʝ ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʷʞʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʪʥʦʩʪʴʶ ʢʦʣʴʮʝʚʦʡ ʧʨʷʞʠ. 

ʀʤʝʶʪʩʷ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʨʘʙʦʪʳ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʘʰʠʥ. ʅʘʧʨʠʤʝʨ, ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʨʦʪʦʨʥʦʛʦ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʷʜʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʝ ʧʨʠʚʦʜʥʦʡ ʧʨʷʜʠʣʴʥʳʡ ʨʦʪʦʨ ʩ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤʠ 

ʦʪʚʝʨʩʪʠʷʤʠ, ʥʝʧʦʜʚʠʞʥʫʶ ʧʨʷʞʝʚʳʚʦʜʥʫʶ ʪʨʫʙʢʫ (ɸʚʪʦʨʩʢʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʉʉʉʈ ˉ 1803482, ʢʣ. D 01 H 

4/08, 1993. ɹʶʣ. ˉ 11) [1]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʨʦʛʦʡ ʮʝʥʪʨʦʚʢʠ 

ʩʪʝʨʞʥʷ ʜʣʷ ʦʙʚʠʚʘʥʠʷ ʧʨʷʞʝʡ. ɽʱʝ ʦʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʚʠʚʘʥʠʷ ʧʨʷʞʠ ʥʘ ʩʪʝʨʞʝʥʴ 

ʧʨʠ ʩʤʝʥʝ ʧʘʢʦʚʦʢ, ʯʪʦ ʪʨʝʙʫʝʪ ʦʩʪʘʥʦʚʢʠ ʫʩʪʨʦʡʩʪʚʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʷʞʠ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʦʪʦʨʥʦʛʦ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʷʜʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʝ ʜʠʩʢʨʝʪʠʟʠʨʫʶʱʠʡ ʙʘʨʘʙʘʥʯʠʢ, 

ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ ʢʘʥʘʣ ʠ ʧʨʷʜʠʣʴʥʫʶ ʢʘʤʝʨʫ, ʚʥʫʪʨʠ ʧʨʷʜʠʣʴʥʦʡ ʢʘʤʝʨʳ ʠʤʝʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠʣʠ 

ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʰʘʨʠʢʠ. 

ʕʪʦ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʧʨʷʞʠ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦ ʣʠʥʝʡʥʦʡ 

ʧʣʦʪʥʦʩʪʠ. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʰʘʨʠʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʦʢʨʫʞʥʦʩʪʠ ʞʝʣʦʙʘ ʧʨʷʜʠʣʴʥʦʡ ʢʘʤʝʨʳ. 

ɺʦʣʦʢʥʘ, ʩʭʦʜʷʱʠʝ ʩ ʞʝʣʦʙʘ, ʩ ʥʝʙʦʣʴʰʠʤ ʫʩʠʣʠʝʤ ʧʨʠʞʠʤʘʶʪʩʷ ʰʘʨʠʢʘʤʠ ʢ ʞʝʣʦʙʫ. ʕʪʦ ʫʩʠʣʠʚʘʝʪ 

ʥʘʪʷʞʝʥʠʝ ʚ ʟʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʷʞʠ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʧʨʷʞʠ. 

ʅʘ (ʨʠʩ. 1) ʬʠʛ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʨʝʟ ʫʩʪʘʥʦʚʢʠ, ʥʘ ʬʠʛ. 2 ï ʨʘʟʨʝʟ ɸ-ɸ. 

                                                           
É ʉʝʨʠʢʙʘʝʚ ɹ.ɽ., ɼʞʘʥʧʘʠʟʦʚʘ ɺ.ʄ., ɸʰʠʨʙʝʢʦʚʘ ɻ.ʐ., ʊʦʛʘʪʘʝʚ ʊ., ʂʘʣʜʳʢʫʣʦʚ ʄ.ɾ. / Serikbaev B.E., Janpaizova V.M., 

Ashirbekova G.Sh., Togataev ʊ., Kaldykulov ʄ.Zh., 2015 
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ʈʠʩʫʥʦʢ 1. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʦʪʦʨʥʦʛʦ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʷʜʝʥʠʷ 

  

ʋʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʜʠʩʢʨʝʪʠʟʠʨʫʶʱʠʡ ʙʘʨʘʙʘʥʯʠʢ (ʥʝ ʧʦʢʘʟʘʥ), ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ ʢʘʥʘʣ 1, 

ʧʨʷʜʠʣʴʥʫʶ ʢʘʤʝʨʫ 2, ʩʝʧʘʨʘʪʦʨ 5 ʩ ʚʳʚʦʜʥʦʡ ʪʨʫʙʢʦʡ 6. 

ɺʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʤʝʨʳ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʢʨʫʛʦʚʦʛʦ ʞʝʣʦʙʘ 3. ɺ ʩʪʝʥʢʘʭ ʢʘʤʝʨʳ ʧʨʦʜʝʣʘʥʳ 

ʨʘʜʠʘʣʴʥʳʝ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʦʪʚʝʨʩʪʠʷ 4. ɺʥʫʪʨʠ ʢʘʤʝʨʳ 2 ʧʦ ʞʝʣʦʙʫ 3 ʨʘʩʧʦʣʦʞʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠʣʠ 

ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʰʘʨʠʢʠ 8. ʆʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʰʘʨʠʢʦʚ ʢ ʚʥʫʪʨʝʥʥʝʤʫ ʜʠʘʤʝʪʨʫ ʢʘʤʝʨʳ 1:10ï1:15. ʂʦʣʠʯʝʩʪʚʦ 

ʰʘʨʠʢʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʧʦ ʞʝʣʦʙʫ 3, ʰʘʨʠʢʠ 8 ʟʘʤʳʢʘʣʠ ʢʨʫ [3]. 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɺʦʟʜʫʭ, ʜʚʠʞʫʱʠʡʩʷ ʧʦ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʤʫ ʢʘʥʘʣʫ, ʩʥʠʤʘʝʪ ʩ ʜʠʩʢʨʝʪʠʟʠʨʫʶʱʝʛʦ ʙʘʨʘʙʘʥʯʠʢʘ 

ʚʦʣʦʢʥʘ ʠ ʚ ʚʠʜʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʧʦʪʦʢʘ ʥʝʩʝʪ ʠʭ ʥʘ ʩʙʦʨʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʷʜʠʣʴʥʦʡ ʢʘʤʝʨʳ 2. 

ʊʘʢ ʢʘʢ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ ʢʘʥʘʣ 1 ʠʤʝʝʪ ʬʦʨʤʫ ʢʦʥʬʫʟʦʨʘ, ʪʦ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʩʢʦʨʦʩʪʴ ʚʦʣʦʢʦʥ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʥʝʤ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʨʘʩʧʨʷʤʣʝʥʥʦʩʪʠ ʠ ʦʨʠʝʥʪʘ-

ʮʠʠ ʚʦʣʦʢʦʥ ʚʜʦʣʴ ʦʩʠ ʢʘʥʘʣʘ. ɼʚʠʞʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʤ ʢʘʥʘʣʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʟʨʝʞʝʥʠʝʤ ʚ 

ʢʘʤʝʨʝ. ʈʘʟʨʝʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʦ ʚʝʥʪʠʣʷʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʥʝ ʢʘʤʝʨʳ, ʠʣʠ ʩʘʤʠʤʠ ʢʘ-

ʤʝʨʘʤʠ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚ ʩʪʝʥʢʘʭ ʢʘʤʝʨʳ ʜʝʣʘʶʪ ʨʘʜʠʘʣʴʥʳʝ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʦʪʚʝʨʩʪʠʷ 4, ʠ ʧʨʠ ʚʨʘʱʝ-

ʥʠʠ ʦʥʘ ʨʘʙʦʪʘʝʪ ʢʘʢ ʚʝʥʪʠʣʷʪʦʨ. 

ɺʦʣʦʢʥʘ ʠʟ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʛʦ ʢʘʥʘʣʘ 1 ʚ ʧʨʷʜʠʣʴʥʫʶ ʢʘʤʝʨʫ ʧʦʩʪʫʧʘʶʪ ʩ ʧʦʤʦʱʴʶ ʩʝʧʘʨʘʪʦʨʘ 5, 

ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʦʣʦʢʦʥ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʷʞʠ. ʇʦʩʪʫʧʘʶʱʠʝ 

ʚ ʧʨʷʜʠʣʴʥʫʶ ʢʘʤʝʨʫ ʚʦʣʦʢʥʘ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʟʘ ʧʨʷʜʝʥʠʝ ʢʦʥʮʳ ʩʙʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 2 (ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʠʯʝ-

ʩʢʦʡ ʩʪʝʥʢʦʡ ʢʘʤʝʨʳ) ʠ ʩʪʨʫʝʡ ʚʦʟʜʫʭʘ ʠ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʦʡ ʧʨʠʞʠʤʘʶʪʩʷ ʢ ʩʙʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʦʟʜʫʭ ʠʟ 

ʢʘʤʝʨʳ ʫʜʘʣʷʝʪʩʷ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ 4. ʇʦ ʩʙʦʨʥʦʡ ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ ʩʤʝʱʘʶʪʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʜʠʘʤʝʪʨ ʠ ʫʢʣʘʜʳʚʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʣʦʷʤʠ ʚ ʞʝʣʦʙʝ ʢʘʤʝʨʳ 3, ʦʙʨʘʟʫʷ ʚʦʣʦʢʥʠʩʪʫʶ ʣʝʥʪʦʯʢʫ. 

ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʣʝʥʪʦʯʢʘ ʚʳʚʦʜʠʪʩʷ ʠʟ ʧʨʷʜʠʣʴʥʦʡ ʢʘʤʝʨʳ ʯʝʨʝʟ ʢʘʥʘʣ ʚʳʚʦʜʥʦʡ ʪʨʫʙʢʠ 6 ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ ʦʪʪʷʞʢʠ, ʤʝʥʴʰʝʡ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʞʝʣʦʙʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʜʠʩʢʨʝʪʥʳʭ ʩʣʦʝʚ, ʯʠʩʣʦ ʢʦʪʦ-

ʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʵʪʠʭ ʩʢʦʨʦʩʪʝʡ. ʇʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʩʣʦʞʝʥʠʠ ʩʣʦʝʚ ʧʨʦʠʩʭʦʜʠʪ ʚʳʨʘʚʥʠʚʘʥʠʝ ʚʦ-

ʣʦʢʥʠʩʪʦʡ ʣʝʥʪʦʯʢʠ. ʕʬʬʝʢʪ ʚʳʨʘʚʥʠʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʩʯʠʪʘʥ ʢʘʢ ʢʦʨʝʥʴ ʢʚʘʜʨʘʪʥʳʡ ʠʟ ʯʠʩʣʘ ʩʣʦʞʝʥʠʡ. 

ʇʨʠ ʚʳʨʘʙʦʪʢʝ ʧʨʷʞʠ ʩʨʝʜʥʝʡ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʩʪʫʧʘʶʱʝʛʦ ʩʣʦʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 15-20 

ʨʘʟ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʷʞʠ ʚ ʢʘʤʝʨʫ ʚʚʦʜʠʪʩʷ ʟʘʧʨʘʚʦʯʥʳʡ ʢʦʥʝʮ ʧʨʷʞʠ 7, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ 6 
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ʟʘʩʘʩʳʚʘʝʪʩʷ ʚ ʢʘʤʝʨʫ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʝʶʱʝʛʦʩʷ ʚ ʥʝʡ ʨʘʟʨʝʞʝʥʠʷ. ʎʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ ʦʪʙʨʘʩʳʚʘʶʪ ʥʠʪʴ ʢ 

ʞʝʣʦʙʫ 3 ʥʘ ʚʦʣʦʢʥʠʩʪʫʶ ʣʝʥʪʦʯʢʫ, ʠ ʥʠʪʴ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʥʝʡ. ɽʩʣʠ ʥʠʪʴ ʙʫʜʝʪ ʚʳʚʦʜʠʪʴʩʷ ʠʟ ʧʨʷʜʠʣʴʥʦʡ ʢʘ-

ʤʝʨʳ ʚʳʧʫʩʢʥʦʡ ʦʪʪʷʞʥʦʡ ʧʘʨʦʡ, ʪʦ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʚʦʣʦʢʥʠʩʪʘʷ ʣʝʥʪʦʯʢʘ ʙʫʜʝʪ ʪʘʢʞʝ ʚʳʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʦʪ-

ʚʝʨʩʪʠʝ 6 ʚʳʚʦʜʥʦʡ ʪʨʫʙʢʠ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʣʠʯʠʝ ʚʥʫʪʨʠ ʧʨʷʜʠʣʴʥʦʡ ʢʘʤʝʨʳ 2 ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʣʠ 

ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʰʘʨʠʢʦʚ. ʆʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʰʘʨʠʢʦʚ ʢ ʚʥʫʪʨʝʥʥʝʤʫ ʜʠʘʤʝʪʨʫ ʢʘʤʝʨʳ 1:10ï1:15. ʂʦʣʠʯʝʩʪʚʦ 

ʰʘʨʠʢʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʧʦ ʞʝʣʦʙʫ 3, ʰʘʨʠʢʠ 8 ʟʘʤʳʢʘʣʠ ʢʨʫʛ.  

ʇʨʠ ʚʨʘʱʝʥʠʠ ʢʘʤʝʨʳ ʰʘʨʠʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʨʘʩʧʦʣʦʛʘʶʪʩʷ ʧʦ ʚʥʫʪʨʝʥʥʝʡ 

ʦʢʨʫʞʥʦʩʪʠ ʢʘʤʝʨʳ. ɺʦʣʦʢʥʘ, ʩʭʦʜʷʱʠʝʩʷ ʩ ʞʝʣʦʙʘ ʢʘʤʝʨʳ, ʩ ʥʝʙʦʣʴʰʠʤ ʫʩʠʣʠʝʤ ʧʨʠʞʠʤʘʶʪʩʷ ʰʘʨʠʢʘʤʠ ʢ 

ʞʝʣʦʙʫ. ʕʪʦ ʫʩʠʣʠʚʘʝʪ ʥʘʪʷʞʝʥʠʝ ʠ ʢʨʫʪʢʫ ʚʦʣʦʢʦʥ ʚ ʟʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʷʞʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʘʝʪʩʷ 

ʧʨʦʯʥʦʩʪʴ ʧʨʷʞʠ ʠ ʨʘʩʰʠʨʷʝʪʩʷ ʝʝ ʘʩʩʦʨʪʠʤʝʥʪ [2]. 

ʂʦʥʢʨʝʪʥʳʡ ʧʨʠʤʝʨ ʚʳʧʦʣʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʦʪʦʨʥʦʛʦ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʷʜʝʥʠʷ: 

ʜʣʠʥʘ ʨʦʪʦʨʘ (ʧʦ ʦʙʨʘʟʫʶʱʝʡ ) ï 40 ʤʤ;  

ʜʠʘʤʝʪʨ ʨʦʪʦʨʘ ( ʚʥʫʪʨʝʥʥʠʡ ) ï 60 ʤʤ; 

ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʨʦʪʦʨʘ ð 14000-15000 ʚ ʤʠʥ; 

ʜʠʘʤʝʪʨ ʰʘʨʠʢʦʚ ï 5 ï 6 ʤʤ;  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʷʞʫ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʰʠʨʦʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʧʦ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ. 
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Abstract. In this paper we propose a device for rotor spinning. The proposed device refers to the textile indus-

try, in particular to the production of yarn on rotor spinning machines. The task ï obtaining a yarn of high strength and 

a wide range of linear density. This problem is solved in that the device for rotor spinning rotor containing the sam-

pling roller conveying channel and spinning the camera, spinning camera is equipped with a metal or plastic balls that 

are used for the tension yarn in the zone of its formation. The ratio diameter of the balls to the inner diameter of the 

chamber is 1:10-1:15. Usage of this device allows obtaining yarn with high strength and wide range of linear density. 

Keywords: yarn, rotor spinning, rotor, opening roller, spinning camera. 
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ИНФРАЗВУКОВАЯ ДЕФЕКТОСКОПИЯ ТРУБОПРОВОДОВ 
 

 К.В. Супрунчик, ʙʘʢʘʣʘʚʨ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʦʧʘʩʥʳʭ ʜʝʬʝʢʪʦʚ 

ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ, ʪʨʝʙʦʚʘ-

ʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʥʠʤ, ʠ ʠʭ ʥʝʜʦʩʪʘʪʢʠ. ʈʘʩʩʤʦʪʨʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʚʥʫʪʨʠʪʨʫʙʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ï ʠʥʬʨʘ-

ʟʚʫʢʦʚʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ. ʋʢʘʟʘʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʵʪʦʛʦ ʤʝʪʦʜʘ, ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥ ʘʣʛʦ-

ʨʠʪʤ ʚʳʷʚʣʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʝʢʪʦʚ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʬʝʢʪʦʩʢʦʧʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʠʥʬʨʘʟʚʫʢʦʚʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ, ʦʧʝʨʘʪʠʚʥʳʡ ʤʦʥʠ-

ʪʦʨʠʥʛ, ʦʯʠʩʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

 

Введение 

ɸʚʘʨʠʠ ʥʘ ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʘʭ ʥʘʥʦʩʷʪ ʦʛʨʦʤʥʳʡ ʫʨʦʥ ʵʢʦʣʦʛʠʠ. ʅʝʬʪʴ ʧʦʧʘʜʘʝʪ ʚ ʨʝʢʠ ʠ ʜʨʫʛʠʝ 

ʚʦʜʦʝʤʳ, ʧʨʦʨʳʚʳ ʥʘ ʛʘʟʦʧʨʦʚʦʜʘʭ ʧʨʠʚʦʜʷʪ ʢ ʧʦʞʘʨʘʤ. ɺ 2011 ʛʦʜʫ ʚ ʈʦʩʩʠʠ ʧʨʦʠʟʦʰʣʦ ʙʦʣʝʝ 14 ʪʳʩ. ʘʚʘ-

ʨʠʡʥʳʭ ʧʦʨʳʚʦʚ ʥʝʬʪʝʧʨʦʚʦʜʦʚ. ʄʏʉ ʦʪʤʝʯʘʝʪ ʰʝʩʪʠʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʨʫʧʥʳʭ ʘʚʘʨʠʡ ʥʘ ʤʘ-

ʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʚ ʈʦʩʩʠʠ ʟʘ 2012 ʛʦʜ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʜʳʜʫʱʝʛʦ ʛʦʜʘ [2]. ʉ ʢʘʞ-

ʜʳʤ ʛʦʜʦʤ ʢʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ ʥʘ ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʘʭ ʨʘʩʪʝʪ. ʅʘ ʫʩʪʨʘʥʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ ʥʘ ʥʝʬʪʝ- ʠ 

ʛʘʟʦʧʨʦʚʦʜʘʭ ʫʭʦʜʷʪ ʪʨʠʣʣʠʦʥʳ ʨʫʙʣʝʡ [3]. 

ʂ ʘʚʘʨʠʷʤ ʥʘ ʥʝʬʪʝʧʨʦʚʦʜʘʭ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʚʦʜʷʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʚʨʝʟʢʠ, ʠʟʥʦʩ ʠ ʢʦʨʨʦʟʠʷ ʤʝ-

ʪʘʣʣʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ, ʘ ʩʘʤʘ 

ʧʨʦʮʝʜʫʨʘ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʝʡ, ʧʦʵʪʦʤʫ ʧʨʦʚʦʜʠʪʩʷ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʥʝ ʯʘʱʝ ʦʜ-

ʥʦʛʦ ʨʘʟʘ ʚ ʧʷʪʴ ʣʝʪ. 

ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ. 

Особенности дефектоскопии трубопроводов 

ɺʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʦʚ ʤʝʪʦʜʦʤ ʥʝʨʘʟ-

ʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ð ʢʦʥʪʨʦʣʴ ʥʘʜʝʞʥʦʩʪʠ ʠ ʦʩʥʦʚʥʳʭ ʨʘʙʦʯʠʭ ʩʚʦʡʩʪʚ ʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ/ʫʟʣʦʚ, ʥʝ ʪʨʝʙʫʶʱʠʡ ʚʳʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʠʟ ʨʘʙʦʪʳ ʣʠʙʦ ʝʛʦ ʜʝ-

ʤʦʥʪʘʞʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʠʰʣʦʩʴ ʙʳ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʢʘʯʢʠ ʩʳʨʴʷ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ, ʯʪʦ ʧʨʠ-

ʚʝʣʦ ʙʳ ʢ ʙʦʣʴʰʠʤ ʫʙʳʪʢʘʤ. 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʦʚ ʤʝ-

ʪʦʜʦʤ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʪʨʫʙʦʧʨʦʚʦʜʳ ʧʨʦʣʝʛʘʶʪ 

ʧʦʜ ʟʝʤʣʝʡ. 

Существующие методы внутритрубной дефектоскопии трубопровода 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʘ ʚʥʫʪʨʠʪʨʫʙ-

ʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ: ʤʘʛʥʠʪʥʳʡ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ. 

ʄʘʛʥʠʪʥʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ 

ʄʘʛʥʠʪʥʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ʚʙʣʠʟʠ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʦʝ ʬʠʢʩʠʨʫʝʪʩʷ ʜʘʪʯʠʢʘʤʠ. 

ʄʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʜʝʬʝʢʪʦʩʢʦʧʘ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠ ʛʠʙʢʠʭ ʧʨʦʚʦʣʦʯʥʳʭ ʱʝʪʦʢ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʤʘʛʥʠ-

ʯʠʚʘʥʠʷ, ʧʨʦʜʦʣʴʥʦʛʦ ʠʣʠ ʧʦʧʝʨʝʯʥʦʛʦ, ʜʝʬʝʢʪʦʩʢʦʧ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ 

ʜʝʬʝʢʪʦʚ ʚ ʩʪʝʥʢʝ ʪʨʫʙʳ.  

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʜʝʬʝʢʪʦʚ ʠ ʩʪʝʥʦʢ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʤʧʫʣʴʩʘ.  

ɼʝʬʝʢʪʦʩʢʦʧ ʩʦʜʝʨʞʠʪ ʜʘʪʯʠʢʠ ʜʚʫʭ ʪʠʧʦʚ: ʧʦʩʳʣʘʶʱʠʝ ʠ ʧʨʠʥʠʤʘʶʱʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʠʤʧʫʣʴʩʳ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʝʬʝʢʪʦʩʢʦʧʘ ʩʦʩʪʦʠʪ ʚ ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʟʦʥʜʠʨʫʶʱʠʤ ʠʤ-

ʧʫʣʴʩʦʤ ʠ ʠʤʧʫʣʴʩʘʤʠ, ʦʪʨʘʞʝʥʥʳʤʠ ʦʪ ʪʨʝʱʠʥ, ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ.  

ʀʟ-ʟʘ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʝʬʝʢʪʦʩʢʦʧʦʚ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ, ʧʝʨʝʢʘʯʠʚʘʶʱʠʤʠ ʧʨʦʜʫʢʪ ʚ ʞʠʜʢʦʡ ʬʘʟʝ (ʥʝʬʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʚʦʜʘ). 

ʅʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ, ʢʦʪʦʨʳʝ 

ʜʘʶʪ ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʆʜʥʘʢʦ, ʧʨʠ ʚʩʝʡ ʤʘʩʩʝ ʜʦʩʪʦʠʥʩʪʚ ʪʘʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʝʝ ʧʨʦʚʝʜʝʥʠʝ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʤʘʛʠʩʪʨʘ-

ʣʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, ʘ ʪʦ ʠ ʚʦʚʩʝ ʥʝʚʦʟʤʦʞʥʦ:  
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1. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘ ʦʜʠʥ ʧʨʦʛʦʥ ʩʥʘʨʷʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʩʦʩʪʘʚʥʳʝ (ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ) ʚʥʫʪʨʠʪʨʫʙʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ ʩʝʢʮʠʡ ʩ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʊʘʢʠʝ ʩʥʘʨʷʜʳ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʫ, ʠ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʪʘʥʜʘʨʪ-

ʥʳʭ ʢʘʤʝʨ ʧʫʩʢʘ ʠ ʧʨʠʝʤʘ. ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʢʘʤʝʨ, ʥʦ ʠʭ ʤʦʥʪʘʞ ʠ ʜʝʤʦʥ-

ʪʘʞ ï ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʠʡ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʚʳʧʦʣʥʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʛʥʝʚʳʭ ʨʘʙʦʪ. 

2. ʅʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ ʤʘʛʠʩʪʨʘʣʠ ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʤʘʛʥʠʪʥʳʤʠ ʩʥʘʨʷʜʘʤʠ, ʪʘʢ ʢʘʢ ʩʦ-
ʜʝʨʞʘʪ ʙʦʣʴʰʠʝ ʚʤʷʪʠʥʳ, ʧʦʜʢʣʘʜʥʳʝ ʢʦʣʴʮʘ ʠ ʜʨʫʛʠʝ ʧʨʝʧʷʪʩʪʚʠʷ, ʤʝʰʘʶʱʠʝ ʧʨʦʭʦʜʫ ʩʥʘʨʷʜʘ ʠ ʧʣʦʪʥʦʤʫ 

ʧʨʠʣʝʛʘʥʠʶ ʝʛʦ ʜʘʪʯʠʢʦʚ ʢ ʩʪʝʥʢʝ ʪʨʫʙʳ. ɿʘʪʨʫʜʥʝʥʘ ʤʘʛʥʠʪʥʘʷ ʚʥʫʪʨʠʪʨʫʙʥʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ ʧʦʜʚʦʜʥʳʭ ʧʝ-

ʨʝʭʦʜʦʚ, ʪʘʢ ʢʘʢ ʤʝʪʦʜ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʵʢʨʘʥʠʨʦʚʘʥʠʶ, ʩʦʟʜʘʚʘʝʤʦʤʫ ʯʫʛʫʥʥʳʤʠ ʢʦʣʴʮʝʚʳʤʠ ʙʘʣʣʘʩʪ-

ʥʳʤʠ ʧʨʠʛʨʫʟʘʤʠ, ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ʉʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʟʦʥ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʟʘʙʘʣʣʘʩʪʠʨʦʚʘʥ-

ʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 40 % ʚʩʝʡ ʧʣʦʱʘʜʠ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

3. ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʩʥʘʨʷʜʳ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, ʠʤʝʶʱʠʤʠ ʘʢʫʩʪʠʯʝʩʢʠʡ ʟʘʟʦʨ ʤʝʞʜʫ ʜʘʪʯʠʢʦʤ ʠ 
ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʨʫʙʳ, ʧʦʟʚʦʣʷʶʪ ʦʙʩʣʝʜʦʚʘʪʴ ʪʨʫʙʦʧʨʦʚʦʜʳ ʩ ʧʦʜʢʣʘʜʥʳʤʠ ʢʦʣʴʮʘʤʠ ʠ ʥʝʙʦʣʴʰʠ-

ʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ. ʆʥʠ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʵʢʨʘʥʠʨʦʚʘʥʠʶ. ʅʦ ʪʘʢʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʥʘʨʷʜʳ ʜʦʣʞʥʳ ʧʨʦ-

ʧʫʩʢʘʪʴʩʷ ʚ ʞʠʜʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʯʪʦ ʪʨʝʙʫʝʪ ʟʘʧʦʣʥʝʥʠʷ ʠʥʩʧʝʢʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʛʘʟʦʧʨʦʚʦʜʘ ʚʦʜʦʡ 

ʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʱʘʝʤʦʡ ʚʦʜʥʦʡ ʧʨʦʙʢʠ. ɺʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʚʦʜʳ ʦʪ ʚʦʟʤʦʞʥʦʛʦ ʝʝ ʟʘʛʨʷʟʥʝʥʠʷ ʛʘʟʦʚʳʤ ʢʦʥʜʝʥʩʘʪʦʤ, ʘ ʪʘʢʞʝ ʦʯʠʩʪʢʠ ʩʘʤʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʦʪ ʦʩʪʘʪ-

ʢʦʚ ʚʦʜʳ. 

4. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʦʯʝʥʴ ʟʘʪʨʘʪʥʳ ʠ ʪʨʝʙʫʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʪʨʫ-

ʙʳ: ʠʟʤʝʨʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʩʪʨʝʚʘʥʠʷ ʠ ʧʦʣʦʤʢʠ ʜʝʬʝʢʪʦʩʢʦʧʘ, 

ʘ ʪʘʢʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʦʪʣʦʞʝʥʠʡ.  

Инфразвуковой метод внутритрубной дефектоскопии трубопровода 
ʈʘʟʨʘʙʦʪʢʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʜʝʬʝʢʪʦʩʢʦʧʠʠ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʣʶʙʳʭ ʩʨʝʜʘʭ, ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʥʝʬʪʝʛʘʟʦʚʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, 

ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʜʫʨʫ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʯʘʱʝ, ʘ ʟʥʘʯʠʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʦʧʘʩʥʳʝ 

ʜʝʬʝʢʪʳ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʌʠʨʤʦʡ ʆʆʆ ʅʇʌ çʊʆʈʀè [1] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠʥʬʨʘʟʚʫʢʦʚʦʡ ʤʝʪʦʜ ʚʥʫʪʨʠʪʨʫʙʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʬʝʢʪʦʩʢʦʧʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʯʘʩʪʦʪʦʡ 1-

2 ʨʘʟʘ ʚ ʤʝʩʷʮ (ʧʨʠ ʨʝʛʣʘʤʝʥʪʥʦʤ ʧʨʦʧʫʩʢʝ ʦʯʠʩʪʥʳʭ ʫʩʪʨʦʡʩʪʚ). 

ʀʥʬʨʘʟʚʫʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʘʪʯʠʢ, ʧʨʠʢʨʝʧʣʷʝʤʳʡ ʢ ʩʪʘʥʜʘʨʪʥʦʤʫ ʦʯʠʩʪʥʦʤʫ 

ʫʩʪʨʦʡʩʪʚʫ, ʨʝʛʫʣʷʨʥʦ ʟʘʧʫʩʢʘʝʤʦʤʫ ʚ ʪʨʫʙʦʧʨʦʚʦʜ ʜʣʷ ʦʯʠʩʪʢʠ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʧʘʨʘʬʠʥʦʚ ʠ 

ʜʨʫʛʠʭ ʦʪʣʦʞʝʥʠʡ. ʀʥʬʨʘʟʚʫʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧ ʥʝ ʠʟʣʫʯʘʝʪ ʩʠʛʥʘʣʦʚ, ʘ ʪʦʣʴʢʦ ʟʘʧʠʩʳʚʘʝʪ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʬʝʢʪʦʩʢʦ-

ʧʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʜʨʫʛʠʭ ʤʝʪʦʜʘʭ ʚʥʫʪʨʠʪʨʫʙʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʀʥʬʨʘʟʚʫʢʦʚʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ ʥʝ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʥʝ ʧʨʠ-

ʚʷʟʘʥʘ ʢ ʪʠʧʫ ʧʝʨʝʢʘʯʠʚʘʝʤʦʛʦ ʩʳʨʴʷ ʠ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʣʶʙʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. 

ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 

Сравнение методов внутритрубной дефектоскопии трубопроводов 
ˉ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʄʘʛʥʠʪʥʘʷ ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʀʥʬʨʘʟʚʫʢʦʚʘʷ 

1 
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ (ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ) 

ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢ-

ʮʠʷ 
ʋʣʴʪʨʘʟʚʫʢ ʀʥʬʨʘʟʚʫʢ 

2 ʈʝʞʠʤ ʨʘʙʦʪʳ ɸʢʪʠʚʥʳʡ ɸʢʪʠʚʥʳʡ ʇʘʩʩʠʚʥʳʡ 

3 
ʉʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʧʦ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʥʘ 100 ʢʤ. 

ʤʣʥ.ʨ 
~10 ~10 ~1 

4 ʀʩʧʦʣʴʟʫʝʤʳʡ ʩʥʘʨʷʜ ʉʦʙʩʪʚʝʥʥʳʡ ʉʦʙʩʪʚʝʥʥʳʡ ʆʯʠʩʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

5 ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʊʨʝʙʫʝʪʩʷ ʊʨʝʙʫʝʪʩ ̫ ʅʝ ʪʨʝʙʫʝʪʩʷ 

6 ɸʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʜʫʢʪʘ ʧʝʨʝʢʘʯʢʠ ɾʠʜʢʦʩʪʴ, ʛʘʟ ɾʠʜʢʦʩʪʴ ɾʠʜʢʦʩʪʴ, ʛʘʟ 

7 ʀʩʩʣʝʜʫʝʤʳʝ ʫʯʘʩʪʢʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 
ʅʘʟʝʤʥʳʝ, ʧʦʜ-

ʟʝʤʥʳʝ 

ʅʘʟʝʤʥʳʝ, ʧʦʜʟʝʤ-

ʥʳʝ, ʧʦʜʚʦʜʥʳʝ 

ʅʘʟʝʤʥʳʝ, ʧʦʜʟʝʤ-

ʥʳʝ, ʧʦʜʚʦʜʥʳʝ 

8 
ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʜʝʬʝʢ-

ʪʦʩʢʦʧʠʠ 
5 ʣʝʪ 5 ʣʝʪ 1 ʤʝʩʷʮ 

 

Алгоритм инфразвуковой дефектоскопии 

ʆʯʠʩʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʚʠʞʝʪʩʷ ʩ ʪʦʢʦʤ ʧʨʦʜʫʢʪʘ ʧʝʨʝʢʘʯʢʠ ʙʣʘʛʦʜʘʨʷ ʚʥʫʪʨʠʪʨʫʙʥʦʤʫ ʜʘʚʣʝʥʠʶ. ɼʝ-

ʬʝʢʪʦʩʢʦʧ ʟʘʧʠʩʳʚʘʝʪ ʩʠʛʥʘʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʯʠʩʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʪʘʢ ʞʝ 

ʰʫʤ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʧʠʩʘʥʥʳʡ ʩʠʛʥʘʣ ʩʦʩʪʦʠʪ ʠʟ: 

1. ʀʟʚʝʩʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ï ʩʪʳʢʦʚ ʪʨʫʙ, ʟʘʜʚʠʞʝʢ, ʪʨʦʡʥʠʢʦʚ ʠ ʜʨ. 

2. ʅʝʠʟʚʝʩʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ï ʚʤʷʪʠʥ, ʪʨʝʱʠʥ ʠ ʜʨ. 

3. ʐʫʤʘ ï ʦʪ ʨʘʙʦʪʘʶʱʝʡ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ, ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʦʪ-

ʨʘʞʝʥʥʳʭ ʚʩʧʣʝʩʢʦʚ. 

ʇʨʠʤʝʨ ʩʠʛʥʘʣʘ, ʟʘʧʠʩʘʥʥʦʛʦ ʠʥʬʨʘʟʚʫʢʦʚʳʤ ʜʝʬʝʢʪʦʩʢʦʧʦʤ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1. ʇʨʠʤʝʨ ʩʠʛʥʘʣʘ, ʟʘʧʠʩʘʥʥʦʛʦ ʠʥʬʨʘʟʚʫʢʦʚʳʤ ʜʝʬʝʢʪʦʩʢʦʧʦʤ 
 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ (ʥʝʠʟʚʝʩʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ) ʤʝʪʦʜʦʤ ʠʥʬʨʘʟʚʫʢʦʚʦʡ ʜʝʬʝʢʪʦ-

ʩʢʦʧʠʠ, ʥʝʦʙʭʦʜʠʤʦ: 

1. ʧʦʜʘʚʠʪʴ ʰʫʤ; 

2. ʚʳʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

3. ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʠʟ ʚʳʜʝʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʪʥʦʩʷʪʩʷ ʢ ʠʟʚʝʩʪʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʪʨʫʙʦʧʨʦʚʦʜʘ, 
ʘ ʢʘʢʠʝ ʢ ʥʝʠʟʚʝʩʪʥʳʤ; 

4. ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʥʘ ʪʨʫʙʝ ʥʝʠʟʚʝʩʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʪ.ʝ. ʜʝʬʝʢʪʦʚ. 

ʇʦʜʘʚʣʝʥʠʝ ʰʫʤʘ 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʰʫʤ ʣʝʞʠʪ ʚ ʥʠʟʢʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ, ʪ.ʢ. ʠʩʪʦʯʥʠʢʠ ʰʫʤʘ (ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ, ʜʦ-

ʨʦʛʠ ʠ ʪ.ʧ.) ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʦʯʠʩʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʠʥʬʨʘʟʚʫʢʦʚʳʤ ʜʘʪʯʠʢʦʤ, ʘ ʚʳʩʦ-

ʢʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ ʟʘʪʫʭʘʝʪ ʙʳʩʪʨʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ. ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ 

ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʠʟ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʫʜʘʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. 

ʆʩʪʘʚʰʘʷʩʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʛʥʘʣʫ, ʧʨʠʰʝʜʰʝʤʫ ʠʟ ʥʝʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ ʚʦʢʨʫʛ ʜʝʬʝʢʪʦʩʢʦʧʘ. 

ɼʣʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʯʠʩʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʟʘʧʫʩʢʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ, ʧʦʵʪʦʤʫ 

ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ çʩʣʫʯʘʡʥʦʛʦè ʰʫʤʘ ʧʦʤʠʤʦ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʛʦʥʦʚ 

ʜʝʬʝʢʪʦʩʢʦʧʘ ʧʦ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʫʯʘʩʪʢʫ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʦʛʦ ʩʨʘʚʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʜʘ-

ʣʝʥʠʝ ʥʝʧʦʚʪʦʨʷʶʱʠʭʩʷ ʚʩʧʣʝʩʢʦʚ ï ʚʩʧʣʝʩʢʦʚ, ʠʤʝʶʱʠʭ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʉʠʛʥʘʣ ʧʦʩʣʝ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 
 

ʈʠʩ. 2. ʉʠʛʥʘʣ ʧʦʩʣʝ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʘ 
 

ɺʳʜʝʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ, ʢʘʢʠʝ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʢ ʠʟʚʝʩʪʥʳʤ 

ʀʟ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʘʤʧʣʠʪʫʜʥʳʤ ʤʝʪʦʜʦʤ ʚʳʜʝʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ (ʨʠʩʫʥʦʢ 3). 
 

 
 

ʈʠʩ. 3. ʉʠʛʥʘʣ ʧʦʩʣʝ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʘ ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ, ʢʘʢʠʝ ʠʟ ʚʳʜʝʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʪʥʦʩʷʪʩʷ ʢ ʠʟʚʝʩʪʥʳʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ 

ʘʣʛʦʨʠʪʤ. 

1. ʀʟ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚʳʜʝʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ çʭʘʨʘʢʪʝʨʥʳʝè ʦʩʦʙʝʥʥʦʩʪʠ ï ʠʤʝʶʱʠʝ 

ʥʘʠʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ. 

2. ʉʪʨʦʠʪʩʷ çʰʘʙʣʦʥ ʦʩʦʙʝʥʥʦʩʪʠè ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʫʯʘʩʪʢʦʚ ʩʠʛʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʳʜʝ-

ʣʝʥʥʳʤ çʭʘʨʘʢʪʝʨʥʳʤè ʦʩʦʙʝʥʥʦʩʪʷʤ (ʨʠʩʫʥʦʢ 4). ʏʠʩʣʦ ʠʟʚʝʩʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʥʦʛʦ ʙʦʣʴʰʝ ʯʠʩʣʘ ʥʝʠʟ-

ʚʝʩʪʥʳʭ (ʠʟʚʝʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʢʘʢ ʤʠʥʠʤʫʤ ʢʘʞʜʳʝ ~11 ʤʝʪʨʦʚ ï ʩʪʳʢʠ ʩʝʛʤʝʥʪʦʚ ʪʨʫʙ), ʧʦ-

ʵʪʦʤʫ çʰʘʙʣʦʥ ʦʩʦʙʝʥʥʦʩʪʠè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʠʜʝʘʣʴʥʫʶè ʠʟʚʝʩʪʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ: 
 

, 

 

ʛʜʝ sh ï ʤʘʩʩʠʚ ʟʥʘʯʝʥʠʡ çʰʘʙʣʦʥʘ ʦʩʦʙʝʥʥʦʩʪʠè,  ï ʤʘʩʩʠʚ ʟʥʘʯʝʥʠʡ ʫʯʘʩʪʢʘ ʩʠʛʥʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ k-ʡ 

çʭʘʨʘʢʪʝʨʥʦʡè ʦʩʦʙʝʥʥʦʩʪʠ, s ï ʢʦʣ-ʚʦ ʚʳʜʝʣʝʥʥʳʭ çʭʘʨʘʢʪʝʨʥʳʭè ʦʩʦʙʝʥʥʦʩʪʝʡ, n ï ʨʘʟʤʝʨʥʦʩʪʴ ʤʘʩʩʠʚʘ 

ʰʘʙʣʦʥʘ ʠ ʤʘʩʩʠʚʦʚ çʭʘʨʘʢʪʝʨʥʳʭè ʦʩʦʙʝʥʥʦʩʪʝʡ. 

 

 
 

ʈʠʩ. 4. ʇʨʠʤʝʨ çʰʘʙʣʦʥʘ ʦʩʦʙʝʥʥʦʩʪʠè 
 

3. ʂʦʨʨʝʣʷʮʠʷ çʰʘʙʣʦʥʘ ʦʩʦʙʝʥʥʦʩʪʠè ʩ ʩʠʛʥʘʣʦʤ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʫʯʘʩʪʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟ-
ʚʝʩʪʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ (ʨʠʩʫʥʦʢ 5, ʨʠʩʫʥʦʢ 6). 
 

 
 

ʈʠʩ. 5. ʉʠʛʥʘʣ ʧʦʩʣʝ ʢʦʨʨʝʣʷʮʠʠ ʩ çʰʘʙʣʦʥʦʤ ʦʩʦʙʝʥʥʦʩʪʠè ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 
 

 
 

ʈʠʩ. 6. ʉʠʛʥʘʣ ʧʦʩʣʝ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʘ ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 
 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 
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ʆʩʦʙʝʥʥʦʩʪʠ, ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʠʟʚʝʩʪʥʳʤ, ʷʚʣʷʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʣʠ 

ʜʝʬʝʢʪʘʤʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʩʝʛʤʝʥʪʘ ʪʨʫʙʳ. ɼʣʠʥʘ ʦʜʥʦʛʦ 

ʩʝʛʤʝʥʪʘ ~ 11 ʤʝʪʨʦʚ. ɼʣʷ ʵʪʦʛʦ ʢ ʩʠʛʥʘʣʫ ʧʨʠʚʷʟʳʚʘʝʪʩʷ ʨʘʩʢʣʘʜʢʘ ʪʨʫʙ. ʈʘʩʢʣʘʜʢʘ ʪʨʫʙ ï ʧʝʨʝʯʝʥʴ ʠʟʚʝʩʪʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ.  

ʇʨʠʚʷʟʢʘ ʨʘʩʢʣʘʜʢʠ ʪʨʫʙ ʢ ʩʠʛʥʘʣʫ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʝʛʤʝʥʪʳ ʪʨʫʙ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʜʝ-

ʬʝʢʪʳ ʪʨʫʙʦʧʨʦʚʦʜʘ (ʨʠʩʫʥʦʢ 7). ɸʤʧʣʠʪʫʜʘ ʫʯʘʩʪʢʘ ʩʠʛʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʠʟʚʝʩʪʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʧʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʵʪʦʛʦ ʜʝʬʝʢʪʘ. 
 

 
 

ʈʠʩ. 7. ʉʠʛʥʘʣ ʩ ʧʨʠʚʷʟʘʥʥʦʡ ʨʘʩʢʣʘʜʢʦʡ ʪʨʫʙ ʠ ʚʳʜʝʣʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ 
 

Заключение 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷ-

ʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʦ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʧʨʠʤʝʥʝʥʠʠ. ʉʘʤʘ ʞʝ ʧʨʦʮʝʜʫʨʘ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʡ, ʪ.ʢ. ʜʝʬʝʢʪʦʩʢʦʧʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʝ ʛʨʦʤʦʟʜʢʠʝ ʩʠʩʪʝʤʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʮʝʜʫʨʘ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʚʦʜʠʪʩʷ ʥʝ ʯʘʱʝ ʦʜʥʦ-

ʛʦ ʨʘʟʘ ʚ ʧʷʪʴ ʣʝʪ ʠ ʟʘʪʨʫʜʥʝʥʘ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʘʧʨʠʤʝʨ, ʥʘ ʚʦʜʥʳʭ ʧʝʨʝʭʦʜʘʭ, ʘʚʘʨʠʠ 

ʥʘ ʢʦʪʦʨʳʭ ʥʘʥʦʩʷʪ ʥʘʠʙʦʣʴʰʠʡ ʚʨʝʜ ʵʢʦʣʦʛʠʠ. ʀʟ-ʟʘ ʨʝʜʢʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʦʧʘʩʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ 

ʥʘ ʥʠʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʨʘʟʚʫʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʜʫʨʫ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʦʮʝʜʫʨʦʡ ʦʯʠʩʪʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʯʘʩʪʦʪʦʡ 1-2 ʨʘʟʘ ʚ ʤʝʩʷʮ, ʘ ʟʥʘʯʠʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚ-

ʣʷʪʴ ʠ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʦʧʘʩʥʳʝ ʜʝʬʝʢʪʳ, ʯʪʦ ʩʥʠʟʠʪ ʢʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ ʥʘ ʥʘ ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʘʭ. 

ʇʨʠ ʵʪʦʤ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʪʨʫʙʳ, ʘ ʩʘʤʘ ʩʪʦʠʤʦʩʪʴ ʠʥʬʨʘʟʚʫʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʥʘ 

ʧʦʨʷʜʦʢ ʥʠʞʝ ʩʪʦʠʤʦʩʪʠ ʜʝʬʝʢʪʦʩʢʦʧʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʜʨʫʛʠʭ ʤʝʪʦʜʘʭ ʚʥʫʪʨʠʪʨʫʙʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 
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Abstract. This article considers the issue of expeditious monitoring of pipeline wall dangerous defects. The 

methods of  intrapipe monitoring, their requirements and disadvantages are analyzed. A new method of intrapipe moni-

toring, infrasonic defectoscopy is considered. The author points out the advantages of this method and its operating 

principle, and de-scribes the algorithm of pipeline wall defects detection and localization. 
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УДК 677.02 

 

СОВРЕМЕННЫЕ ТКАНИ, ВЫРАБОТАННЫЕ 

ИЗ АЛЬТЕРНАТИВНОЙ И СМЕСОВОЙ ПРЯЖИ 
 

 Б.П. Торебаев1, В.М. Джанпаизова2, Ш.К. Бейсенбаева3, С.М. Исраилова4 
1, 3, 4 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 2 ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

1, 2, 3 ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʫʵʟʦʚʘ (ʐʳʤʢʝʥʪ), ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, 
4 ʊʘʰʢʝʥʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʪʝʢʩʪʠʣʴʥʦʡ ʠ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ: ʦʩʦʙʝʥʥʦʩʪʠ ʣʴʥʷʥʳʭ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʦʣʦʢʦʥ; ʢʨʘʪʢʘʷ ʠʩʪʦʨʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʢʘʥʝʡ ʠʟ ʣʫʙʷʥʳʭ ʚʦʣʦʢʦʥ; ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʠ ʚʦʣʦʢʦʥ ʵʢʟʦʪʠʯʝʩʢʠʭ ʨʘʩʪʝ-

ʥʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʥʠʢʘʣʴʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʢʘʥʝʡ; ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʘʤʙʫʢʦʚʦʡ 

ʦʜʝʞʜʳ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʮʝʥʥʦʩʪʠ ʣʴʥʷʥʦʛʦ ʚʦʣʦʢʥʘ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠ-

ʪʠʠ ʪʝʢʩʪʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʢʦʪʦʥʠʟʘʮʠʠ ʣʴʥʷʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʚʦʣʦʢʦʥ ʜʣʷ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʨʦʣʴ ʣʫʙʷʥʳʭ ʚʦʣʦʢʦʥ ʚ ʩʤʝʩʠ ʩ ʜʨʫʛʠʤʠ ʚʦʣʦʢʥʘʤʠ ʚ ʨʘʩʰʠ-

ʨʝʥʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʘʩʩʦʨʪʠʤʝʥʪʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʢʘʥʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʦʣʦʢʥʘ, ʧʘʨʯʘ, ʪʦʨʢʘ, ʢʦʪʦʥʠʟʘʮʠʷ, ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, ʣʠʦʮʝʣʣ, 

ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʘʨʛʦʥʘʚʪʳ. 

 

ʃʫʙʷʥʳʤʠ ʥʘʟʳʚʘʶʪ ʚʦʣʦʢʥʘ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʩʪʝʙʣʷʭ (ʣʝʥ, ʨʘʧʩ, ʧʝʥʴʢʘ, ʛʝʥʝʢʝʥ ʠ ʜʨ.). ʇʦʨʪʫʛʘʣʴʩʢʠʝ 

ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʠ ʰʝʩʪʥʘʜʮʘʪʦʛʦ-ʩʝʤʥʘʜʮʘʪʦʛʦ ʚʝʢʦʚ, ʩʦʦʙʱʘʶʪ, ʯʪʦ ʥʘʨʦʜ ʙʘʢʦʥʛʦ, ʞʠʚʰʠʡ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ 

ʂʦʥʛʦ, ʧʨʦʠʟʚʦʜʠʣ ʪʢʘʥʠ ʪʠʧʘ ʧʘʨʯʠ, ʧʘʥʙʘʨʭʘʪʘ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʦʚʘʣʠʩʴ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʫ ʝʚʨʦʧʝʡʮʝʚ. ʆʜʥʘ-

ʢʦ ʚʩʝ ʵʪʠ ʪʢʘʥʠ ʚʳʜʝʣʳʚʘʣʠʩʴ ʠʟ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʡ, ʩʦʚʝʨʰʝʥʥʦ ʜʘʣʝʢʠʭ ʦʪ ʭʣʦʧʯʘʪʥʠʢʘ ï ʣʫʙʘ ʜʝʨʝʚʴʝʚ 

ʠ ʚʦʣʦʢʦʥ ʪʨʘʚ ʩʘʚʘʥʥʳ. ɺ ɸʬʨʠʢʝ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʘʣʶʪ ʙʳʣʘ ʪʢʘʥʴ ʠʟ ʚʦʣʦʢʦʥ ʣʠʩʪʴʝʚ 

ʧʘʣʴʤʳ çʨʘʬʠʷè, ʠʤʝʶʱʘʷ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʘʥʜʘʨʪʥʫʶ ʰʠʨʠʥʫ. ʅʠʛʝʨʠʡʮʳ ʥʘʟʳʚʘʶʪ ʵʪʫ ʪʢʘʥʴ çʪʘʙʘʥʛʘè. ʕʪʠ 

ʚʦʣʦʢʥʘ ʦʙʨʘʙʘʪʳʚʘʣʠ ʢʘʢ ʢʦʥʦʧʣʶ ʠ ʪʢʘʣʠ ʥʝʙʦʣʴʰʠʤʠ ʢʫʩʢʘʤʠ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʘʥʢʘʭ. çʃʫʦʙʫʤʘè ʚʦʣʦʢ-

ʥʦ ʩ 5000 ʣʝʪʥʝʡ ʠʩʪʦʨʠʝʡ, ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʩʝʡʯʘʩ ʝʛʦ ʥʘʯʠʥʘʶʪ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʝʢʩʪʠʣʴʥʦʤ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ (ʧʦʢʘ ʚ ʂʠʪʘʝ). ʕʪʦ ʨʘʩʪʝʥʠʝ ʧʨʦʠʟʨʘʩʪʘʝʪ ʚ ʣʝʩʘʭ ʂʠʪʘʷ. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʣʫʦʙʫʤʳ: ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, 

ʚʦʟʜʫʭʦ- ʠ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʱʠʱʘʪʴ ʦʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʢʨʦ-

ʚʦʦʙʨʘʱʝʥʠʝ. ʊʢʘʥʴ ʠʟ ʥʝʝ ʭʦʨʦʰʦ ʦʢʨʘʰʠʚʘʝʪʩʷ ʠ ʤʘʣʦʫʩʘʜʦʯʥʘ. ɹʘʤʙʫʢ ʧʨʦʠʟʨʘʩʪʘʝʪ ʚ ʪʨʦʧʠʢʘʭ ʠ ʩʫʙʪʨʦʧʠ-

ʢʘʭ ʧʦʚʩʝʤʝʩʪʥʦ, ʦʙʨʘʟʫʷ ʮʝʣʳʝ ʟʘʨʦʩʣʠ ʠʣʠ ʣʝʩʘ. ʆʥ ʬʦʨʤʘʣʴʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʜʝʨʝʚʦʤ. ɹʘʤʙʫʢ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝ-

ʤʝʡʩʪʚʫ ʟʣʘʢʦʚʳʭ. ʉʦʛʣʘʩʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʩʦʦʙʱʝʥʠʷʤ, ʙʘʤʙʫʢ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʘʥʪʠʤʠʢʨʦʙ-

ʥʳʤ ʠ ʧʨʦʪʠʚʦʢʣʝʱʝʚʳʤ ʩʚʦʡʩʪʚʘʤ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʝʧʨʠʷʪʥʳʭ ʟʘʧʘʭʦʚ. ʉʧʝʮʠʘʣʠʩʪʳ ʄʝʣʴ-

ʙʫʨʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɸʚʩʪʨʘʣʠʷ) ʨʘʟʨʘʙʦʪʘʣʠ ʪʢʘʥʴ ʥʘ ʦʩʥʦʚʝ ʙʘʤʙʫʢʘ, ʢʦʪʦʨʘʷ 

ʙʣʦʢʠʨʫʝʪ ʩʦʣʥʝʯʥʳʝ ʣʫʯʠ. ʉʝʡʯʘʩ ʚ ʵʪʦʡ ʩʪʨʘʥʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʘʤʙʫʢʦʚʦʡ ʦʜʝʞ-

ʜʳ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʣʘʥʠʨʫʝʪʩʷ, ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ. ɻʦʚʦʨʷ ʦ ʪʢʘʥʷʭ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ ʭʦʟʷʡʩʪʚʝ ʙʳʚʰʠʭ ʢʦʯʝʚʳʭ ʥʘʨʦʜʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʝʱʝ ʦʜʥʦʤ ʚʠʜʝ ʪʢʘʥʝʡ 

ʧʨʦʰʣʦʛʦ, ʥʳʥʝ ʩʦʚʝʨʰʝʥʥʦ ʟʘʙʳʪʦʤ ï ʪʦʨʢʘ. ʕʪʘ ʪʢʘʥʴ ʚʳʨʘʙʘʪʳʚʘʣʘʩʴ ʠʟ ʚʦʣʦʢʥʘ ʜʠʢʦʨʘʩʪʫʱʝʛʦ ʨʘʩʪʝʥʠʷ ï 

ʢʝʥʜʳʨʴ. ʇʦ ʫʧʦʤʠʥʘʥʠʶ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, çʧʦ ʢʨʘʩʦʪʝ ʠ ʙʣʝʩʢʫ ʤʘʣʦ ʯʝʤ ʫʩʪʫʧʘʶʱʝʤʫ ʰʝʣʢʫè [3]. 

ɹʣʘʛʦʜʘʨʷ ʛʠʙʢʦʩʪʠ, ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʭʦʨʦʰʠʤ ʩʦʨʙʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʤ ʠʟ ʧʝʨʝ-

ʯʠʩʣʝʥʥʳʭ ʚʦʣʦʢʦʥ ʷʚʣʷʝʪʩʷ ʣʴʥʷʥʦʝ ʚʦʣʦʢʥʦ. ʈʦʜʠʥʦʡ ʣʴʥʘ ʩʯʠʪʘʝʪʩʷ ɽʛʠʧʝʪ. ʄʘʩʪʝʨʩʪʚʦ ʝʛʠʧʝʪʩʢʠʭ ʪʢʘʯʝʡ 

ʜʦʩʪʠʛʣʦ ʚʳʩʦʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ. ʆ ʚʥʝʰʥʝʤ ʚʠʜʝ ʠ ʩʚʦʡʩʪʚʘʭ ʜʨʝʚʥʝʝʛʠʧʝʪʩʢʦʛʦ ʣʴʥʘ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦʙʨʘʟʮʳ 

ʪʢʘʥʠ, ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʜʦ ʥʘʰʠʭ ʜʥʝʡ. ʇʦ ʪʦʥʢʦʩʪʠ ʝʛʠʧʝʪʩʢʠʡ ʣʝʥ ʥʝ ʫʩʪʫʧʘʣ ʥʘʪʫʨʘʣʴʥʦʤʫ ʰʝʣʢʫ. ʉʫʱʝʩʪʚʫʝʪ 

ʚʝʨʩʠʷ, ʯʪʦ ʮʝʣʴ ʧʦʭʦʜʘ ʘʨʛʦʥʘʚʪʦʚ ʟʘ çʟʦʣʦʪʳʤ ʨʫʥʦʤè ï ʨʘʩʢʨʳʪʴ ʩʝʢʨʝʪʳ ʩʦʟʜʘʥʠʷ ʪʦʥʯʘʡʰʝʡ ʧʨʷʞʠ ʠʟ ʣʴʥʘ, 

ʮʝʥʠʚʰʝʡʩʷ ʥʘ ʚʝʩ ʟʦʣʦʪʘ. ʃʝʥ ʟʥʘʣʠ ʥʝ ʪʦʣʴʢʦ ʝʛʠʧʝʪʩʢʠʝ ʞʨʝʮʳ, ʥʦ ʠ ʘʥʪʠʯʥʳʝ ʛʝʨʦʠ. ɺ ʘʥʪʠʯʥʦʝ ʚʨʝʤʷ ʩʨʝʜʠ 

ʨʠʤʩʢʠʭ ʪʢʘʥʝʡ ʦʩʦʙʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠʤʝʣʠ ʙʝʣʳʝ ʠ ʨʘʟʥʦʮʚʝʪʥʳʝ ʣʴʥʷʥʳʝ ʪʢʘʥʠ ʠʟ ɽʛʠʧʪʘ. 

ʃʝʥ ï ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʧʨʦʜʫʢʪ, ʪʢʘʥʠ ʠʟ ʵʪʦʛʦ ʚʦʣʦʢʥʘ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ, 

ʥʦ ʠ ʙʦʣʴʰʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʩʪʷʞʠʤʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, 

ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʙʘʢʪʝʨʠʮʠʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʭʣʦʧʢʘ, ʣʝʥ ʷʚʣʷʝʪʩʷ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʤ ʮʝʣʣʶʣʦʩʦʜʝʨʞʘʱʠʤ ʩʪʝʙʝʣʴʥʳʤ ʨʘʩʪʝʥʠʝʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʦʥ ʤʦʞʝʪ ʧʦʣʥʦʮʝʥʥʦ ʟʘʤʝʥʠʪʴ ʭʣʦʧʦʢ, ʪʘʢ 

ʢʘʢ ʦʙʣʘʜʘʝʪ ʧʨʝʢʨʘʩʥʦʡ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ: ʙʳʩʪʨʦ ʚʧʠʪʳʚʘʝʪ ʚʣʘʛʫ ʠ ʪʘʢ ʞʝ ʙʳʩʪʨʦ ʠʩʧʘʨʷʝʪ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʧʨʠʣʝʛʘʶʱʘʷ ʢ ʪʝʣʫ ʣʴʥʷʥʘʷ ʦʜʝʞʜʘ ʩʦʟʜʘʝʪ ʦʱʫʱʝʥʠʝ ʯʫʪʴ ʚʣʘʞʥʦʡ ʧʨʦʭʣʘʜʳ. ɼʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʣʝ-

ʪʦʤ ʣʴʥʷʥʘʷ ʪʢʘʥʴ ʦʙʝʨʝʛʘʝʪ ʦʪ ʠʟʣʠʰʥʝʡ ʨʘʜʠʘʮʠʠ.  

ʇʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʣʴʥʫ ʥʝ ʪʦʣʴʢʦ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʥʦ ʠ ʚ ʩʤʝʩʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʴʥʷʥʘʷ ʪʢʘʥʴ ʣʝʛʢʦ 

ʤʥʝʪʩʷ, ʦʙʨʘʟʫʷ ʤʥʦʞʝʩʪʚʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʢʣʘʜʦʢ, ʘ ʧʨʠʦʙʨʝʪʘʷ ʦʜʝʞʜʫ ʠʟ ʤʘʪʝʨʠʘʣʘ çʣʝʥ ʩ ʣʘʚʩʘʥʦʤè, ʤʦʞʥʦ 

ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ, ʯʪʦ ʩʢʣʘʜʢʘ ʩʪʘʥʝʪ ʜʝʨʞʘʪʴʩʷ ʠʤʝʥʥʦ ʪʘʤ, ʛʜʝ ʥʘʤʝʯʝʥʘ ʤʦʜʝʣʴʝʨʦʤ. ʕʪʠ ʪʢʘʥʠ ʛʠʛʠʝʥʠʯʥʳ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʝʪʥʠʭ ʦʜʝʞʜ. 
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ʀʜʝʷ ʩʦʯʝʪʘʥʠʷ ʨʘʟʥʳʭ ʚʦʣʦʢʦʥ ʚ ʦʜʝʞʜʝ ʨʦʜʠʣʘʩʴ ʝʱʝ ʚ ʜʨʝʚʥʦʩʪʠ. ʆʩʪʘʪʢʠ ʤʘʪʝʨʠʡ ʜʨʝʚʥʠʭ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʝʨʝʜʢʦ ʚ ʦʜʥʦʡ ʪʢʘʥʠ ʩʦʝʜʠʥʠʣʠʩʴ ʰʝʨʩʪʷʥʳʝ, ʣʴʥʷʥʳʝ ʠʣʠ ʰʝʣʢʦʚʳʝ ʠ ʜʨʫʛʠʝ ʥʠʪʠ. ʀ 

ʩʝʛʦʜʥʷ ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʪʝʢʩʪʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʢʦʪʦʥʠʟʘʮʠʷ ʣʴʥʷʥʦʛʦ 

ʚʦʣʦʢʥʘ, ʪ.ʝ. ʧʦʣʫʯʝʥʠʝ ʭʣʦʧʢʦʧʦʜʦʙʥʦʛʦ ʣʴʥʷʥʦʛʦ ʚʦʣʦʢʥʘ çʢʦʪʦʥʠʥʘè (cotton ï ʭʣʦʧʦʢ, ʘʥʛʣ.), ʢʦʪʦʨʦʝ ʧʦ 

ʜʣʠʥʝ ʠ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʭʣʦʧʢʫ, ʪ.ʝ. ʚʦʣʦʢʥʦ ʧʨʠʦʙʨʝʪʘʝʪ çʧʨʷʜʠʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴè ʠ 

ʤʦʞʝʪ ʩʤʝʰʠʚʘʪʴʩʷ ʩ ʜʨʫʛʠʤʠ ʚʦʣʦʢʥʘʤʠ. ʃʴʥʷʥʳʝ ʪʢʘʥʠ ʜʣʷ ʜʝʪʩʢʦʡ ʦʜʝʞʜʳ ï ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ ʭʣʦʧʢʦʣʴʥʷʥʳʝ 

ʪʢʘʥʠ ʥʝʙʦʣʴʰʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʩ ʧʝʯʘʪʥʳʤ ʨʠʩʫʥʢʦʤ ʜʝʪʩʢʦʡ ʪʝʤʘʪʠʢʠ [1].  

ʊʢʘʥʠ, ʚʳʨʘʙʦʪʘʥʥʳʝ ʠʟ ʩʤʝʩʦʚʦʡ ʧʨʷʞʠ, ʩʦʜʝʨʞʘʱʝʡ ʣʴʥʷʥʦʝ ʚʦʣʦʢʥʦ, ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʝʥʴ-

ʰʝʡ ʩʤʠʥʘʝʤʦʩʪʴʶ, ʥʦ ʠ ʭʦʨʦʰʝʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʙʦʣʴʰʦʡ ʨʘʩʪʷʞʠʤʦʩʪʴʶ ʧʦ ʦʩʥʦʚʝ, ʯʝʤ ʯʠʩʪʦʣʴʥʷʥʳʝ ʪʢʘʥʠ 

[2]. ʇʦʣʫʣʴʥʷʥʳʝ ʪʢʘʥʠ ʠʤʝʶʪ ʤʘʪʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʥʘʪʫʨʘʣʴʥʦʤʫ ʙʣʝʩʢʫ ʣʴʥʷʥʳʭ ʚʦʣʦʢʦʥ 

ʦʪʣʠʯʘʶʪʩʷ ʢʨʘʩʠʚʳʤ ʚʥʝʰʥʠʤ ʚʠʜʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʪʢʘʥʠ ʜʘʞʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʴʥʷʥʦʛʦ 

ʚʦʣʦʢʥʘ (ʜʦ 10 %) ʠʩʢʣʶʯʘʝʪ ʝʝ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʴ. ʅʘʢʦʥʝʮ, ʧʝʨʝʨʘʙʦʪʢʘ ʣʴʥʘ ʚ ʩʤʝʩʷʭ ʩ ʜʨʫʛʠʤʠ ʚʦʣʦʢʥʘʤʠ 

ʤʦʞʝʪ ʯʘʩʪʠʯʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʥʝʭʚʘʪʢʠ ʣʴʥʘ ʜʣʷ ʣʴʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʃʠʦʮʝʣʣ (Lyocell, Tencel) ï ʷʚʣʷʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʮʝʣʣʶʣʦʟʥʳʤ ʚʦʣʦʢʥʦʤ, ʨʦʜʩʪʚʝʥʥʠʢʦʤ ʚʠʩʢʦʟʳ, 

ʥʦ ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʦʛʦ ʩʳʨʴʷ ï ʜʨʝʚʝʩʠʥʳ ʵʚʢʘʣʠʧʪʘ. ɺʦʣʦʢʥʦ ʤʷʛʢʦʝ, ʣʝʛʢʦʝ, ʪʝʧʣʦʝ. ʃʠʦʮʝʣʣ 

ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʠʛʠʝʥʫ, ʦʛʨʘʥʠʯʠʚʘʷ ʨʦʩʪ ʯʠʩʣʘ ʢʦʣʦʥʠʠ ʙʘʢʪʝʨʠʡ. ʊʘʢʞʝ ʩʧʦʩʦʙʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧ-

ʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʪʦʥʯʘʡʰʠʝ ʚʦʣʦʢʦʥʥʳʝ ʢʘ-

ʥʘʣʳ ʙʳʩʪʨʦ ʚʙʠʨʘʶʪ ʠʟʙʳʪʦʯʥʫʶ ʚʣʘʛʫ ʠ ʣʝʛʢʦ ʦʪʚʦʜʷʪ ʦʪ ʪʝʣʘ, ʧʨʠʯʝʤ ʚ ʯʝʪʳʨʝ-ʧʷʪʴ ʨʘʟ ʣʫʯʰʝ ʭʣʦʧʢʘ [2].  

ʊʢʘʥʴ ʠʟ ʥʘʪʫʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʙʘʤʙʫʢʦʚʳʭ ʚʦʣʦʢʦʥ ʦʪʣʠʯʥʦ ʧʦʛʣʦʱʘʝʪ ʚʣʘʛʫ. ʆʜʥʘ 

ʟʘʨʫʙʝʞʥʘʷ ʢʦʤʧʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪ ʙʘʤʙʫʢʦʚʫʶ ʩʤʝʩʴ ʜʣʷ ʚʷʟʘʥʳʭ ʬʫʪʙʦʣʦʢ ʠ ʜʨʫʛʠʭ ʪʝʢʩʪʠʣʴʥʳʭ ʠʟʜʝʣʠʡ. ʆʜ-

ʥʘʢʦ ʫ ʥʠʭ ʝʩʪʴ ʠ ʥʝʜʦʩʪʘʪʢʠ: ʪʢʘʥʴ ʥʘ ʦʩʥʦʚʝ ʢʫʢʫʨʫʟʥʦʛʦ ʚʦʣʦʢʥʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ Ingeo ʥʝʣʴʟʷ ʛʣʘʜʠʪʴ, ʜʨʫʛʠʝ, 

ʪʘʢʠʝ ʢʘʢ ʙʘʤʙʫʢʦʚʘʷ ʪʢʘʥʴ, ʙʳʩʪʨʦ ʠʩʪʠʨʘʶʪʩʷ ʠ ʤʦʛʫʪ ʨʘʩʪʷʥʫʪʴʩʷ, ʘ ʦʜʝʞʜʘ, ʩʰʠʪʘʷ ʠʟ ʙʘʥʘʥʦʚʳʭ ʚʦʣʦʢʦʥ, 

ʚʳʟʳʚʘʝʪ ʟʫʜ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʘʢʠʝ ʩʣʦʞʥʦʩʪʠ, ʵʪʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʪʢʘʥʠ ʧʨʦʙʠʚʘʶʪ ʩʝʙʝ ʧʫʪʴ. 

ɺʓɺʆɼʓ 

ʉʪʨʝʤʣʝʥʠʝ ʢ ʢʦʤʬʦʨʪʫ ʚʳʜʚʠʛʘʝʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʥʘʪʫʨʘʣʴʥʳʝ ʪʢʘʥʠ. ʅʦ ʦʟʘʙʦʯʝʥʥʦʩʪʴ ʦʭʨʘʥʦʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʚʳʩʦʢʠʝ ʮʝʥʳ ʥʘ ʧʦʜʦʙʥʦʝ ʩʳʨʴʝ ʥʘʮʝʣʠʚʘʶʪ ʥʘ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʳʭ ʚʦʣʦʢʦʥ. ʇʦʵʪʦʤʫ ʥʝʩʣʫʯʘʡʥʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʣʠʜʝʨʩʪʚʦ ʩʦʭʨʘʥʷʶʪ ʚʦʣʦʢʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʧʨʠʨʦʜ-

ʥʦʛʦ ʩʳʨʴʷ ʠ ʩʤʝʩʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ çʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴè ʩʚʦʡʩʪʚʘ ʙʫʜʫʱʝʡ ʪʢʘʥʠ. 

ɼʘʞʝ ʥʝʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʚʠʩʢʦʟʳ ʤʝʥʷʝʪ ʤʘʪʝʨʠʘʣ ï ʜʝʣʘʝʪ ʙʦʣʝʝ ʰʝʣʢʦʚʠʩʪʳʤ, ʛʠʛʨʦʩʢʦʧʠʯʥʳʤ, ʤʝʥʝʝ ʩʤʠ-

ʥʘʝʤʳʤ ʠ ʪ.ʜ. ʃʫʙʷʥʳʝ ʚʦʣʦʢʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʧʝʨʝʨʘʙʦʪʢʦʡ ʚ ʩʤʝʩʷʭ ʩ ʜʨʫʛʠʤʠ ʚʦʣʦʢʥʘʤʠ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʰʠʨʠʪʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʩʦʚʨʝʤʝʥʥʳʭ ʪʢʘʥʝʡ. 
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Abstract. The article presents the following things: distinctive feature of linen and alternative fibers, brief 

history of fabrics produced from bast fiber, usage of historical and exotic plants fibers in order to develope unique 

modern fabrics, elaboration of technology for production clothers from bamboo. In the article the authors mark out the 

value of linen fiber, the present day direction in the textile industry development ï cottonizing of linen fiber and 

widespread using of alternative fibers for environment protection, and the role of bast fibers combined with other fibers 

in expanding and perfecting the range of modern fabrics. 
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НЕЧЕТКО–ДЕТЕРМИНИРОВАННЫЕ МАТЕМАТИЧЕСКИЕ МОДЕЛИ 

ПРОЦЕССОВ ВОССТАНОВЛЕНИЯ ЗАПАСОВ И КАЧЕСТВА ПОДЗЕМНЫХ ВОД 
 

 Р.Н. Усманов1, К.К. Сеитназаров2 
1 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳè, 

2 ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʢʘʬʝʜʨʳ çʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳè 

ʊʘʰʢʝʥʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʝʯʝʪʢʦ-ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘ-

ʧʘʩʦʚ ʠ ʢʘʯʝʩʪʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʩʣʦʡʥʦʛʦ ʠ ʜʚʫʭʩʣʦʡʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʦʜʦʥʦʩʥʳʭ ʧʣʘʩʪʦʚ. ʀʩʩʣʝ-

ʜʦʚʘʥʳ ʚʦʧʨʦʩʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʝʩʥʝʥʠʷ ʘʥʦʤʘʣʠʠ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ 

ʫʩʣʦʚʠʷʭ ʦʜʥʦʩʣʦʡʥʦʛʦ ʠ ʜʚʫʭʩʣʦʡʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʦʡ ʥʝʯʝʪʢʦï

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʩʚʷʟʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʛʨʫʥʪʦʚʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʟʘʙʦʨʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʧʝʨʝʥʦʩ ʩʦʣʝʡ, ʥʝʯʝʪʢʦ-ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʠʣʴʪʨʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʨʘʩʧʨʝʩʥʝʥʠʷ, ʛʝʦʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʚʳʩʦʢʦʤʠʥʝʨʘ-

ʣʠʟʦʚʘʥʥʳʝ ʧʦʜʟʝʤʥʳʝ ʚʦʜ. 

 

ʈʘʟʚʝʜʘʥʥʳʝ ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʟʘʧʘʩʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠʨʝʯʥʳʝ ʠ ʧʨʠʢʘʥʘʣʴʥʳʝ ʣʠʥʟʳ 

ʧʨʝʩʥʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦïʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʷ ʜʣʷ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥʘ. 

ʅʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ ɸʤʫʜʘʨʴʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʦʩʧʦʣʥʝʥʠʷ 

(ʀɺ) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʝʙʠʪ ʧʦ 1000ï2500 ʣ / ʩ. ɹʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʠʢʘʥʘʣʴʥʳʝ 

ʣʠʥʟʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʜʚʫʭʩʣʦʡʥʦʤʫ ʧʣʘʩʪʫ. ɼʣʷ ʪʘʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʯʘʩʪʴ ʣʠʥʟ 

ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʢʨʦʚʥʦʡ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʦʡ ʪʦʣʱʠ ʧʦʨʦʜ, ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠ-

ʟʦʥʪʘ ʠ ʦʪʩʫʪʩʪʚʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʦʩʧʦʣʥʝʥʠʷ ʧʨʠʟʥʘʥʘ ʥʝʧʨʠʛʦʜʥʦʡ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ [2]. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʚʝʜʘʥʥʳʝ ʫʯʘʩʪʢʠ ɸʣʣʠʢʫʣʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʦʪʥʦʩʷʪʩʷ ʢ ʪʘʢʦʤʫ ʪʠʧʫ. ɿʘʧʘʩʳ ʧʨʝʩʥʳʭ ʚʦʜ ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʝʩʯʘʥʠʢʘʤ ʧʣʠʦʮʝʥʘ, ʘ ʨʫʩʣʦʚʳʝ 

ʦʪʣʦʞʝʥʠʷ ʩʦʜʝʨʞʘʪ ʩʣʘʙʦʩʦʣʦʥʦʚʘʪʳʝ ʚʦʜʳ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʷʝʪʩʷ ʩʭʝʤʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʦʧʨʝʩʥʝʥʠʝ ʚʝʨʭʥʝʡ ʪʦʣʱʠ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʟʘʧʘʩʦʚ ʥʠʞʥʝʡ 

ʪʦʣʱʠ (ʈʠʩ.1). ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ: 

¶ ʋʚʝʣʠʯʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʧʘʩʳ ʦʩʥʦʚʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ; 

¶ ʆʙʝʩʧʝʯʠʪʴ ʦʭʨʘʥʫ ʧʨʝʩʥʳʭ ʚʦʜ ʥʘʧʦʨʥʦʛʦ ʧʣʘʩʪʘ ʦʪ ʠʩʪʦʱʝʥʠʷ; 

¶ ʆʙʝʩʧʝʯʠʪʴ ʦʭʨʘʥʫ ʧʨʝʩʥʳʭ ʚʦʜ ʥʘʧʦʨʥʦʛʦ ʧʣʘʩʪʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ; 

¶ ʇʦʜʜʝʨʞʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʦʪʢʘʯʠʚʘʝʤʳʭ ʚʦʜ ʚ ʧʨʝʜʝʣʘʭ ʇɼʂ. 
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ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʦʜʦʟʘʙʦʨʘ ʩ ʀʌ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʚ ʫʩʣʦʚʠʷʭ ʜʚʫʭʩʣʦʡʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ [2] 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ ʚʦʜʦʟʘʙʦʨʘʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

(ɺʇɺ) ʜʣʷ ʦʜʥʦʩʣʦʡʥʳʭ ʠ ʜʚʫʭʩʣʦʡʥʳʭ ʧʣʘʩʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʠʞʝ.  

1) Нечетко–детерминированные математические модели восстановления запасов и качества во-

дозаборов ВПВ в условиях однослойного строения водоносных пластов. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʧʘʩʦʚ ʠ ʢʘʯʝʩʪʚʘ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ɺʇɺ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʠʝ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɺʝʩʴʤʘ ʚʘʞʥʦʡ ʚ ʵʪʦʡ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʨʘʩʧʨʝʩʥʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚʳʩʦʢʦ-

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʙʘʩʩʝʡʥʦʚʠ ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʦ ʩʭʝʤʘʤ: 

ʘ) ʧʣʘʩʪïʧʦʣʦʩʘ; 

ʙ) ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʳʡ ʧʣʘʩʪ; 

ʚ) ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʧʣʘʩʪ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʩʧʨʝʩʥʝʥʠʷ ʚʢʣʶʯʘʝʪ ʢʦʤʙʠʥʘʮʠʠ ʩʭʝʤ ʘ, ʙ, ʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʩʠ-

ʪʫʘʮʠʡ.  

ʀʩʭʦʜʷ ʠʟ ʩʫʱʥʦʩʪʠ ʟʘʜʘʯ ʨʘʩʧʨʝʩʥʝʥʠʷ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʜʣʷ ʫʩʣʦʚʠʡ ʦʜʥʦʩʣʦʡ-

ʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʖʞʥʦʛʦ ʇʨʠʘʨʘʣʴʷ, ʧʨʦʮʝʩʩ ʨʘʩʧʨʝʩʥʝʥʠʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʝʜʠ-

ʥʦʡ ʥʝʯʝʪʢʦ-ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʩʚʷʟʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʛʨʫʥʪʦʚʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʬʠʣʴ-

ʪʨʘʮʠʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ [3, 5]: 
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ʅʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʠʩʪʝʤ (1)ï(4) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʨʦʜʥʦʡ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙ-

ʩʪʘʥʦʚʢʦʡ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ɿʜʝʩʴ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ:( )tyxh ,,
~

ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝʯʝʪʢʠʝ ʫʨʦʚʥʠ ʛʨʫʥʪʦʚʳʭ; 
*z ï 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʣʦʞʘ ʧʦʢʨʦʚʥʦʛʦ ʩʣʦʷ; mKT ~~~
= ï ʥʝʯʝʪʢʘʷ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ;

1

~
K ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʬʠʣʴʪʨʘʮʠʠ ʠ m~ʤʦʱʥʦʩʪʴ ʥʠʞʥʝʛʦ ʧʣʘʩʪʘ; 
b

K
~
ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ʧʦʢʨʦʚʥʦʛʦ ʩʣʦʷ E  ï ʤʦʜʫʣʴ ʧʠ-

ʪʘʥʠʷ ɻɺ; ( )yxK ,
~

 ï ʥʝʯʝʪʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ; 

( ) ( )tzxNtzxC ,,
~

,,,
~

1
 ï ʥʝʯʝʪʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʚ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ; 

( ) ( ) ( ) ( )zxNyxCyxyxh ,
~

,,
~

,,~,,
~

01010 g  ï ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ; 
21

,nn ï ʘʢʪʠʚʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʛʨʫʥʪʦʚ l ï ʜʣʠʥʘ 

ʨʘʩʯʝʪʥʦʛʦ ʧʣʘʩʪʘ; 1m  ï ʤʦʱʥʦʩʪʠ ʧʦʢʨʦʚʥʦʛʦ ʥʠʞʥʝʛʦ ʩʣʦʷ; 
yxyx DDVV

~
,

~
,

~
,

~
 ï ʥʝʯʝʪʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴ-

ʪʨʘʮʠʠ ʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ ʩʦʣʝʡ ʟʦʥʘʭ ʧʦ x, y; 
**

NC ,1
 ï ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʚ ʞʠʜʢʦʡ ʠ 

ʪʚʝʨʜʦʡ ʬʘʟʘʭ; 
***
gg,  ï ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʜʠʬʬʫʟʠʦʥʥʫʶ ʠ ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʜʠʠ ʢʠʥʝʪʠʢʠ ʤʘʩʩʦ-

ʦʙʤʝʥʘ; 
0
g ï ʢʦʥʩʪʘʥʪʘ ʠʟʦʪʝʨʤʳ. ʇʘʨʘʤʝʪʨʳ **

NC ,
1

,
***
gg, ,

0
g ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʫʨʘʚʥʝʥʠʡ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ 

(6) ʠʣʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ɻɺ ï ʨʘʩ-

ʪʚʦʨʝʥʠʝ ʩʦʣʝʡ, ʩʦʣʝʦʙʤʝʥ ʤʝʞʜʫ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟʘʤʠ ʩʠʩʪʝʤʳ çʧʦʨʦʚʳʝ ʨʘʩʪʚʦʨʳ ï ʧʦʯʚʦʛʨʫʥʪʳè, ʠʦʥ-

ʥʳʡ ʦʙʤʝʥ ʠ ʪ.ʜ. 

2) Нечетко-детерминированные математические модели восстановления ВПВ в условиях двух-

слойного строения водоносных пластов. ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ (ʛʝʦʬʠʣʴʪʨʘʮʠʦʥʥʳʭ, ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ) ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʧʨʝʩʥʝʥʠʷ 

ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇɺ ʖʞʥʦʛʦ ʇʨʠʘʨʘʣʴʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʩʣʦʞʥʳʤʠ ʛʝʦ-

ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʛʝʦʤʠʛʨʘʮʠʦʥʥʳʤʠ (ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʦʙʣʘʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʚ ʧʣʘʥʝ ʧʦ ʤʦʱʥʦʩʪʠ ʚ ʬʠʣʴʪʨʘʮʠ-

ʦʥʥʦʤ ʦʪʥʦʰʝʥʠʠ, ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ, ʤʝʞʩʣʦʡʥʳʡ ʩʦʣʝʦʙʤʝʥ, ʧʨʦʷʚʣʷʶ-

ʱʠʡʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʨʘʟʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʜʨ.) ʫʩʣʦʚʠʷʤʠ [2]. 

ɼʣʷ ʦʧʨʝʩʥʝʥʠʷ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʦʪʣʦ-

ʞʝʥʠʷ ʩʪʨʦʷʪʩʷ ʧʠʪʘʶʱʠʝ ʢʦʥʪʫʨʳ (ʙʣʦʢʠ ʤʘʛʘʟʠʥʠʨʦʚʘʥʠʷ ʇɺ (ʈʠʩ.1). 

ɺʦʜʦʟʘʙʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʧʘʨʝʥʥʳʭ ʩʢʚʘʞʠʥ, ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʩʦʣʦʥʦʚʘ-

ʪʘʷ ʚʦʜʘ, ʦʪʢʘʯʠʚʘʝʤʘʷ ʩʢʚʘʞʠʥʘʤʠ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ, ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʜʨʝʥʳ ʠ ʦʪʚʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ʣʠʥʟʳ. ʇʦ 

ʤʝʨʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʩʢʚʘʞʠʥʫ ʧʨʝʩʥʘʷ ʚʦʜʘ ʧʦʜʘʝʪʩʷ ʚ ʚʦʜʦʧʨʦʚʦʜ. 

ɺʦʜʘ ʠʟ ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʙʫʜʝʪ ʧʦʜʘʚʘʪʴʩʷ ʚ ʚʦʜʦʧʨʦʚʦʜʥʫʶ ʩʠʩʪʝʤʫ. ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ ʨʘʙʦʪʘʶʪ ʩʢʚʘʞʠ-

ʥʳ ʥʠʞʥʝʛʦ ʷʨʫʩʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʠʚʦʜʷʪ ʢ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʇɺ ʦʙʦʠʭ ʛʦʨʠʟʦʥʪʦʚ. ʇʨʠ 

ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʟʘʱʠʪʝ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʳʩʦ-

ʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʩʦ ʩʪʦʨʦʥʳ ʛʨʘʥʠʮ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪʝʨʨʠʪʦʨʠʶ ʪʘʢʠʭ ɺʇɺ ʚ ʛʝʦʬʠʣʴʪʨʘʮʠ-

ʦʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʢʘʢ ʜʚʫʭʩʣʦʡʥʫʶ ʧʦ ʚʝʨʪʠʢʘʣʠ ʩʨʝʜʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠ-

ʟʦʥʪʦʚ (ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ), ʨʘʟʜʝʣʝʥʥʳʭ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʤ ʩʣʦʝʤ. 

ʊʦʛʜʘ ʜʚʠʞʝʥʠʝ ʇɺ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ [1]: 
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ʛʜʝ h(x, t), ʅ(ʭ, t)ïʫʨʦʚʥʠ ʛʨʫʥʪʦʚʳʭ  ʠ ʥʘʧʦʨʥʳʭ ʚʦʜ; m ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʦʪʜʘʯʠ ʠʣʠ ʥʝʜʦʩʪʘʪʢʘ ʥʘʩʳʱʝ-

ʥʠʷ; m* ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʡ ʚʦʜʦʦʪʜʘʯʠ; kB, k, km ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘʮʠʠ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʧʣʘʩʪʦʚ, 

ʘ ʪʘʢʞʝ ʨʘʟʜʝʣʷʶʱʝʛʦ ʩʣʦʷ; ʪ ï ʤʦʱʥʦʩʪʴ ʨʘʟʜʝʣʷʶʱʝʛʦ ʩʣʦʷ. ʉʠʩʪʝʤʘ (10) ʨʝʰʘʝʪʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʥʘʯʘʣʴ-

ʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ:  
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ʛʜʝ h0(x), H0(x) ï ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʛʨʫʥʪʦʚʳʭ ʠ ʥʘʧʦʨʥʳʭ ʚʦʜ; Q1(t) ʠ Q2(0 ï ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ; Lx ï 

ʜʣʠʥʘ ʦʙʣʘʩʪʠ ʬʠʣʴʪʨʘʮʠʠ. 

ʇʨʠʥʷʪʳʝ ʫʩʣʦʚʠʷ ʬʠʣʴʪʨʘʮʠʠ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʘ ʩʦʣʝʡ 

ʪʘʢ: 
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ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 
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ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 
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ʅʘ ʢʘʥʘʣʘʭ 
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ʅʘ ʩʢʚʘʞʠʥʘʭ ʩʪʘʚʠʪʩʷ ʫʩʣʦʚʠʝ:  

 

   

 

ʛʜʝ ʩ1(ʭ, z, t), C2{x, z, t) ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ ʛʨʫʥʪʦʚʦʛʦ ʠ ʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ; Vʭ, Vz, Vxô, V'z ï 

ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ; Dx, Dz, Dxô, Dzô ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʚʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ ʩʦʣʝʡ; c1Q(x, z), ʉ2ʦ(ʭ, ʞ) ï 

ʥʘʯʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʝʡ ʚ ʛʨʫʥʪʦʚʦʤ ʠ ʥʘʧʦʨʥʦʤ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʘʭ; ʩʧ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜ ʚ ʢʘʥʘ-

ʣʝ, ʧʦʜʘʚʘʝʤʳʭ ʜʣʷ ʦʧʨʝʩʥʝʥʠʷ (ʦʯʠʩʪʢʠ); Lzïʜʣʠʥʘ ʦʙʣʘʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʚʝʨʪʠʢʘʣʠ; ʧɹ n2 ï ʘʢʪʠʚʥʘʷ ʧʦʨʠ-

ʩʪʦʩʪʴ ʛʨʫʥʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʦʥʘʭ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ï ʚʟʘʠʤʦʩʚʷʟʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʝʞʠ-

ʤʦʚ ʛʨʫʥʪʦʚʦʛʦ ʠ ʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ï ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʚʝʢʪʦʨʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ 

ʤʝʪʦʜʘ [1, 3]. 
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʛʣʘʚʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ï ʚʦ-

ʜʦʩʥʘʙʞʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʚʦʜʦʡ ʚ ʨʝʛʠʦʥʘʭ ʩ ʥʝʙʣʘʛʦʧʦʣʫʯʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ. ʇʨʠ 

ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʦʙʲʝʤ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʜʦʨʦʛʠʝ ʠ ʤʘʪʝʨʠʘʣʦʸʤʢʠʝ ʦʧʳʪʥʳʝ ʨʘʙʦʪʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʜʘʚʘ-

ʝʤʦʡ ʧʦʪʨʝʙʠʪʝʣʶ ʧʠʪʴʝʚʦʡ ʚʦʜʳ.  

Выводы  

1. ʇʨʝʜʣʦʞʝʥʳ ʥʝʯʝʪʢʦ-ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ɺʇɺ ʜʣʷ ʫʩʣʦʚʠʡ ʦʜʥʦʩʣʦʡʥʦʛʦ ʠ ʜʚʫʭʩʣʦʡʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ. 

2. ʇʨʝʜʣʦʞʝʥʳ ʥʝʯʝʪʢʦ-ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʛʠʧʦʪʝʟʝ ʄʷʪʠʝ-

ʚʘïɻʠʨʠʥʩʢʦʛʦ ʠ ʜʚʫʭʤʝʨʥʦʩʪʠ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʩʦʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠ ʢʚʘʟʠʜʚʫʭʤʝʨʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʪʦʢʦʚ 

ʧʦʟʝʤʥʳʭ ʚʦʜ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʣʘʩʪʘʭ. ʆʙʦʩʥʦʚʘʥʳ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʘʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ɺʇɺ ʚ ʫʩʣʦʚʠʷʭ ʜʚʫʭʩʣʦʡʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ. 

3. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
ɺʇɺ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʩʪʴʶ ʫʯʝʪʘ ʚ ʥʝʯʝʪʢʦïʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʪʠʧʘ, ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʦʟʘʙʦʨʥʳʭ ʠ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʠʭ ʚʟʘ-

ʠʤʦʩʚʷʟʠ. 
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Abstract. The vague determined mathematical models of quality and groundwater recharge in the conditions of 

one-layer and two-layer water-bearing beds structure is offered. Issues of process modeling of anomaly highly mineral-

ized underground water freshening in the conditions of one-layer and two-layer structure of the water-bearing horizon 

on the basis of the uniform vague determined mathematical model of the hydrodynamic and hydro-chemical modes cor-

relation of the soil water-bearing horizon are investigated. 
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НЕЧЕТКО-МНОЖЕСТВЕННЫЙ ПОДХОД К ВОПРОСУ ВЫРАБОТКИ 

УПРАВЛЯЮЩИХ РЕШЕНИЙ ПО СОСТОЯНИЯМ ГИДРОГЕОЛОГИЧЕСКИХ ОБЪЕКТОВ 
 

 Р.Н. Усманов1, Р.И. Отениязов2 
1 ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳè, 2 ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ çʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳè 

ʊʘʰʢʝʥʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʦʜʟʝʤʥʘʷ ʛʠʜʨʦʩʬʝʨʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʢʦʣʦʛʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʭ 

ʫʩʣʦʚʠʡ ʢʨʫʧʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʡ ʧʦʜʚʝʨʞʝʥʳ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʚʣʠʷʥʠʶ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʟ-

ʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʨʠʥʠʤʘʝʤʳʭ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦ-

ʧʨʦʩʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʙʘʟʝ ʠʥʪʝʛʨʘʮʠʠ ʥʝʯʝʪʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʠʥʬʦʨʤʘʮʠʷ, ʦʙʣʘʩʪʴ ʬʠʣʴʪʨʘʮʠʠ, ʩʠʪʫʘʮʠʦʥʥʦʡ ʘʥʘ-

ʣʠʟ, ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ, ʥʝʯʝʪʢʠʝ ʩʠʪʫʘʮʠʠ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ. 

 

ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ (ɻɻʆ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʦʙʲʝʢʪʳ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʥʘʨʫʰʝʥʥʳʤ ʨʝʞʠʤʦʤ ʧʦʜʟʝʤʥʦʡ ʛʠʜʨʦʩʬʝʨʳ. ʀʟ-ʟʘ ʥʝ-

ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʚ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʝ ʨʝʞʠʤʥʳʤʠ ʩʪʘʥʮʠʷʤʠ, ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʧʦʜ ʜʘʥʥʳʤʠ ʚ ʧʨʘʢʪʠʢʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʥʠʤʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʠʥʬʦʨʤʘʮʠʷ ʯʠʩ-

ʣʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ɻɻʆ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʬʦʨ-

ʤʝ, ʪ.ʝ. ʚ ʚʠʜʝ ʚʝʨʙʘʣʴʥʳʭ ʦʮʝʥʦʢ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻɻʆ, ʦʧʠʩʘʥʠʷ ʣʠʪʦʣʦʛʠʠ ʧʣʘʩʪʦʚ. ʊʘʢʘʷ ʠʥ-

ʬʦʨʤʘʮʠʷ ʚ ʧʨʦʮʝʜʫʨʘʭ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʩʚʝʥʥʦ, ʩʣʘʙʦ ʠʣʠ ʚʦʚʩʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʇʨʦʙʣʝ-

ʤʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ, ʘ ʥʝ ʢʦʩʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʠʥʷ-

ʪʠʷ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ, ʩʣʘʙʦ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ [1, 3]. 

ʉʦʩʪʦʷʥʠʷ ɻɻʆ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʧʨʠʟʥʘʢʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʠʥʷʪʴ 

ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥ ʟʘʣʝʛʘʥʠʷ ɻɺ, ʩʪʝʧʝʥʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ɻɺ ʠ ʬʘʢʪʦʨ ʚʨʝʤʝʥʠ. ʇʫʪʝʤ ʵʢʩʧʝʨʪʥʦʛʦ ʦʧʨʦʩʘ ʵʪʦʪ 

ʩʧʠʩʦʢ ʤʦʞʥʦ ʨʘʩʰʠʨʠʪʴ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ, ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʴ 

ʪʝʨʨʠʪʦʨʠʠ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʫʨʦʚʥʝʡ ʛʨʫʥʪʦʚʳʭ ʠ ʥʘʧʦʨʥʳʭ ʚʦʜ ʠ ʪ.ʜ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ ʥʘ ʢʨʫʧʥʳʭ ɻɻʆ ʠʤʝʶʪ ʙʦʣʝʝ ʦʙʱʝʝ 

ʟʥʘʯʝʥʠʷ, ʪ.ʝ. ʵʪʠ ʧʨʦʛʥʦʟʳ ʜʦʣʞʥʳ ʪʨʘʢʪʦʚʘʪʴʩʷ ʩ ʧʦʟʠʮʠʡ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʧʨʦʙʣʝʤ: ʤʝʣʠʦʨʘʪʠʚʥʦʡ, ʦʭʨʘʥʥʦʡ, 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ [1]. 

ɼʣʷ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʨʝʰʝʥʠʡ ʧʦ ʩʦʩʪʦʷʥʠʷʤ ɻɻʆ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʠʪʫ-

ʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʘʥʘʣʠʟʝ ʤʥʦʞʝʩʪʚ ʚʦʟʤʦʞʥʳʭ )( ɺS , 
ʪʠʧʦʚʳʭ )( TS  ʠ ʵʪʘʣʦʥʥʳʭ

 )( ʕS  ʩʠʪʫ-

ʘʮʠʡ. ʇʨʠ ʵʪʦʤ, ʥʝʯʝʪʢʘʷ ʩʠʪʫʘʮʠʷ ʦʧʨʝʜʝʣʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʪʠʧʘ [2]: 

 

                                                                                >D< ijCRU
~

,,
~

                                                                               (1) 

 
TmchU ),~,~,

~
(

~
DDD=D , 

TMCHR ),,(= , 

 
T

i CCCC )
~

,
~

,
~

(
~

)3()2()1()( = , 

ʛʜʝ U
~
D  - ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʫʯʠʪʳʚʘʝʤʳʭ ʧʨʠʟʥʘʢʦʚ; R  - ʫʥʠʚʝʨʩʫʤʳ ʧʦ ʧʨʠʟʥʘʢʦʤ; 

)(

~
iC  - ʬʫʥʢʮʠʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʡ ʧʨʠʟʥʘʢʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʪʘʢ; 

 

                                             { }><><><><><= i

i

i

i

i

i

i

i

i

ii TTTTTC 54321)( /,/,/,/,/
~

hdgba                           (2) 

 

ʛʜʝ 
i

jT , 5,13,2,1 === ij  - ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʪʝʨʤʳ i -ʧʨʠʟʥʘʢʘ, ʩʫʪʴ ʵʣʝʤʝʥʪʳ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ 

{ }ʙʚʩʩʥʩʤ ,,,, .  

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʡ ʤʝʪʦʜʠʢʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʙʣʘʩʪʴ ʬʠʣʴʪʨʘʮʠʠ D ʟʘʤʝʥʷʝʪʩʷ ʩʝ-

ʪʦʯʥʳʡ ʦʙʣʘʩʪʴʶ:  

 

                                                           
É ʋʩʤʘʥʦʚ ʈ.ʅ., ʆʪʝʥʠʷʟʦʚ ʈ.ʀ. / Usmanov R.N., Oteniyazov R.I., 2015 
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{ }mjnijhYihxW jih ,1;,1,, =====  

ɼʘʣʝʝ, ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ ʩʝʪʦʯʥʦʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ  

 

                                                                          ðDDDà= ijijij Mch ,,Pij ,                                                                      (3) 

 

ʛʜʝ ijhD  < ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥ ʟʘʣʝʛʘʥʠʷ ʋɻɺ> ʚ ʪʦʯʢʝ ;, ji  ijcD   < ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ɻɺ > ʚ 

ʪʦʯʢʝ ;, ji  ijMD  <ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ ʠ ʛʨʫʥʪʦʚ ʟʦʥʳ ʘʵʨʘʮʠʠ > ʚ ʪʦʯʢʝ ;, ji  

ɺ ʪʘʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ, ijP  ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʚʦʟʤʦʞʥʳʭ ʩʠʪʫʘʮʠʡ,  ijijij Mch DDD ,,  - ʧʨʠʟʥʘʢʘ-

ʤʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ ijijij MPcPhP D=D=D= 321 ,, .  ʇʫʩʪʴ )(
11

T

jiS , )(
22

ʕ

jiS  - ʤʥʦʞʝʩʪʚʘ ʪʠʧʦʚʳʭ ʠ 

ʵʪʘʣʦʥʥʳʭ ʩʠʪʫʘʮʠʡ. ʇʨʠ ʵʪʦʤ, card )( ijS  << card )(
11 jiS  << card )(

22 jiS  

ʇʝʨʝʤʝʥʥʳʝ 
321 ,, PPP  ʧʨʠʥʠʤʘʝʤ ʟʘ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʠ ʚʚʝʜʝʤ ʝʜʠʥʦʝ ʤʥʦʞʝʩʪʚʘ ʪʝʨʤʦʚ ʜʣʷ ʃʇ 

321 ,, PPP   

ʘ) ʤ - <ʤʘʣʦʝ>, ʥʩ - <ʥʠʞʝ ʩʨʝʜʥʝʝ>, ʩ - <ʩʨʝʜʥʝʝ>, ʚʩ - < ʚʳʰʝ ʩʨʝʜʥʝʝ >, ʙ - <ʙʦʣʴʰʦʝ> 

ɼʘʣʝʝ ʧʝʨʝʭʦʜʠʤ ʢ ʥʝʯʝʪʢʠʤ ʦʮʝʥʢʘʤ ʩʦʩʪʦʷʥʠʡ ɻɻʆ 

 

{ }321 ,, SSSS= , 

 

ʛʜʝ 1S  - <ʤʝʣʠʦʨʘʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ɻɻʆ>, 2S  - <ʚʦʜʦʦʭʨʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ɻɻʆ>, 
3S  - <ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦ-

ʷʥʠʝ ɻɻʆ >,  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʌʇ ʩʦʩʪʦʷʥʠʡ ɻɻʆ: )( 1Sm , )( 2Sm , )( 3Sm . ɼʘʣʝʝ ʚʳʯʠʩʣʷʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʌʇ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʞʠʨʫʶʪʩʷ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʢʦʥʢʨʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ɻɻʆ. ï 

ʇʦʩʣʝ ʥʝʯʝʪʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ɻɻʆ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʧʨʦʮʝʜʫʨʝ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ. 

ʇʨʠʥʠʤʘʝʤʳʝ ʨʝʰʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ɻɻʆ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʠʷʤʠ ʧʨʦʬʠʣʘʢʪʠʯʝ-

ʩʢʦʛʦ, ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ, ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʛʦ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʇʨʠ ʵʪʦʤ, ʧʨʠʥʠʤʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʝ:  

UA  ï <ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ>; 

DA ï <ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʠʟ ʚʦʟʤʦʞʥʳʭ>; 

ʇʈ

U
A ï <ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʇʈ)>; 

ʇ

U
A ï <ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʇ)>; 

ɺʉ

U
A ï <ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʘ (ɺʉ)>; 

ʃ

U
A  ï <ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʃ)>. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ 

                                                               
ʃɺʉʇʇʈ

UUD UUUU
AAAAAAA ÇÇÇ=Ë ,                                                     (4) 

 

ʄʥʦʞʝʩʪʚʘ  ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ),( ijaA=  ʛʜʝ 3,2,1=i  ï ʥʦʤʝʨʘ ʩʦʩʪʦʷʥʠʡ, 

4,3,2,1=j ï ʥʦʤʝʨʘ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ, ʚʳʙʠʨʘʝʤʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʥʦʞʝʩʪʚʦʤ { }ʃɺʉʇʇʈ ,,, .  

ʕʣʝʤʝʥʪ Aaij Í  ʦʙʦʟʥʘʯʘʝʪ ʚʳʙʦʨ j -ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ i -ʩʦʩʪʦʷʥʠʶ, ʥʘʧʨʠʤʝʨ 
23a ï ʚʳʙʦʨ 

ʨʝʰʝʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʦʜʦʦʭʨʘʥʥʦʡ ʩʠʪʫʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʥʘʜʝʞʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʨʠ-

ʥʠʤʘʝʤʦʛʦ ʨʝʰʝʥʠʷ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚ ʚʦʟʤʦʞʥʳʭ, ʜʦʧʫʩʪʠʤʳʭ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʘʣʴʪʝʨʥʘʪʠʚ ),,( DU AA  ʘ ʪʘʢʞʝ 

ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ (ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ, ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ, ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʛʦ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʭʘ-

ʨʘʢʪʝʨʘ) ʠʤʝʝʪ ʚʝʩʴʤʘ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʝʨʙʘʣʴʥʳʭ ʦʮʝʥʦʢ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɻɻʆ. ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʢʨʠʪʝʨʠʝʚ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫ-

ʱʝʩʪʚʠʪʴ ʥʘ ʤʥʦʛʦ-ʵʢʩʧʝʨʪʥʦʡ ʦʩʥʦʚʝ, ʧʫʪʝʤ ʧʨʠʚʣʝʯʝʥʠʷ ʚʝʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ (ʵʢʩʧʝʨʪʦʚ), ʠʤʝʶʱʠʭ ʜʦʩʪʘ-
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ʪʦʯʥʳʡ ʦʧʳʪ ʨʘʙʦʪʳ ʠʩʩʣʝʜʫʝʤʦʡ ɻɻʆ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʳ ï ʣʠʮʦ, ʧʨʠʥʠʤʘʶʱʝʝ ʨʝʰʝʥʠʷ 

(ʃʇʈ), ʬʦʨʤʠʨʫʝʪ ʛʨʫʧʧʫ ʵʢʩʧʝʨʪʦʚ, ʪ.ʝ. ʣʠʮ, ʢʦʤʧʝʪʝʥʪʥʳʭ ʚ ʚʦʧʨʦʩʘʭ ʧʨʠʥʷʪʠʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝ-

ʥʠʡ, ʜʘʣʝʝ ʠʟ ʥʠʭ ʬʦʨʤʠʨʫʝʪ ʛʨʫʧʧʫ ʵʢʩʧʝʨʪʦʚ ʩ ʫʩʪʦʡʯʠʚʳʤ ʤʥʝʥʠʝʤ (ɻʋʄ) ʧʦ ʨʝʟʫʣʴʪʘʪʦʤ ʦʧʨʦʩʘ ʠʭ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʧʨʦʩʘ. ɺʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ),,,( ɺʉ
U

ʃʇ
U

ʇʈ
U AAAA

U
 ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʉʣʝʜʫʷ [2] ʫʧʨʘʚʣʷʶʱʠʝ ʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʪʘʢ: çʋʚʝʣʠʯʠʪʴè, çʋʤʝʥʴʰʠʪʴè ʠ çʅʝ ʠʟʤʝʥʠʪʴè. 

ʆʙʦʟʥʘʯʠʤ ʵʪʠ ʨʝʰʝʥʠʷ ʃʇ < çʋʚʝʣʠʯʠʪʴè, XTI ,  >, < çʋʤʝʥʴʰʠʪʴè, XTD ,  >, < çʅʝ ʠʟʤʝʥʠʪʴè, XTZ ,  >, ʛʜʝ 

ZDI TTT ,,  ï ʪʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʃʇ < çʋʚʝʣʠʯʠʪʴè, çʋʤʝʥʴʰʠʪʴè, çʅʝ ʠʟʤʝʥʠʪʴè >. 

ɺ ʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

>< XTI j
Ij ,,  ï ʜʣʷ ʃʇ çʋʚʝʣʠʯʠʪʴè; 

>< XTD j
Dj ,,  ï ʜʣʷ ʃʇ çʋʚʝʣʠʯʠʪʴè; 

>< XTZ j
Zj ,,  ï ʜʣʷ ʃʇ çʅʝ ʠʟʤʝʥʠʪʴè; 

ʃʇ jjj ZDI ,, ʠʤʝʶʪ ʪʝʨʤïʤʥʦʞʝʩʪʚʘ {çʥʝʤʥʦʛʦè, çʩʠʣʴʥʦè}, {çʥʝʤʥʦʛʦè, çʩʠʣʴʥʦè}, {çʥʝ ʠʟʤʝ-

ʥʠʪʴè}. 

ʇʫʩʪʴ h=30ʤ; hD  º ʦʪ (0,30,4)h; 

321 ,, DDD  ï ʫʥʠʚʝʨʩʫʤʳ ʜʣʷ ʃʇ 321

~
,

~
,

~
PPP : 

=1D {0,5, 1, 2, 3, 5, 7}; 

=2D {1, 2, 3, 5, 10, 12, 15, 20}; 

=3D {0.5,1, 2, 3, 5, 10, 12,15, 20};  

ʇʫʩʪʴ ʧʨʠʟʥʘʢ PpK Í  ɻɻʆ ʠʤʝʝʪ ʪʝʨʤ-ʤʥʦʞʝʩʪʚʦ {ʤ, ʥʩ, ʩ, ʚʩ, ʙ}. ʊʝʨʤ-ʤʥʦʞʝʩʪʚʘ ʃʇ jjj ZDI ,,  

ʧʨʠʚʝʜʝʥʳ ʚʳʰʝ. ʉʦʛʣʘʩʥʦ [2], ʦʧʠʩʳʚʘʶʱʠʝ ʩʠʣʫ ʚʦʟʜʝʡʩʪʚʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʨʝʰʝʥʠʡ ʠʟ ʪʝʨʤ-ʤʥʦʞʝʩʪʚ ʃʇ 

jjj ZDI ,,  ʧʨʠʚʝʜʝʥʳ ʥʘ ʥʠʞʝ.  

 
 

   ʤ ʥʩ ʩ ʚʩ ʙ 

  ʤ 0.2 1 0.3 0.2 0.1 

j

IM
1
 

= ʥʩ 0 0.3 0.7 0.3 0.2 

  ʩ 0 0 0.3 0.7 0.3 

  ʚʩ 0 0 0 0.4 0.9 

  ʙ 0 0 0 0 1 

   ʤ ʥʩ ʩ ʚʩ ʙ 

  ʤ 0 0.7 0.9 0.8 0.3 

j

IM
2

 
= ʥʩ 0 0.6 0.8 0.7 0.6 

  ʩ 0 0 0.7 0.9 0.7 

  ʚʩ 0 0 0 0.8 1 

  ʙ 0 0 0 0 1 
 

 
   ʤ ʥʩ ʩ ʚʩ ʙ 

  ʤ 1 0 0 0 0 

j

DM
1

 
= ʥʩ 1 0.3 0 0 0 

  ʩ 0.4 1 0.3 0 0 

  ʚʩ 0.3 0.7 1 0 0 

  ʙ 0.6 0.6 0.8 1 0.2 
 

 
   ʤ ʥʩ ʩ ʚʩ ʙ 

  ʤ 1 0 0 0 0 

j

DM
2
 

= ʥʩ 1 0 0 0 0 

  ʩ 0.9 1 0 0 0 

  ʚʩ 0.7 0.8 0.9 0 0 

  ʙ 0.3 0.4 0.6 0.8 0 
 

 
   ʤ ʥʩ ʩ ʚʩ ʙ 

  ʤ 1 0.3 0.1 0 0 

j

ZM  
= ʥʩ 0.2 1 0.2 0 0 

  ʩ 0.3 0.5 1 0.3 0 

  ʚʩ 0.2 0.3 0.6 1 0.2 

  ʙ 0 0.1 0.3 0.5 1 
 

 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʧʨʠʟʥʘʢ Pp j Í  ɻɻʆ ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ ʥʝʯʝʪʢʦʝ ʟʥʘʯʝʥʠʝ: 

 

{ }><><><><><= ʙʚʩʩʥʩʤp j /1,0,/2,0,/3,0,/5,0,/7,0~ )0(
 

 

ʇʫʩʪʴ ʧʨʠʥʠʤʘʝʪʩʷ ʥʝʯʝʪʢʦʝ ʨʝʰʝʥʠʝ çʋʚʝʣʠʯʠʪʴè, ʩʦ ʟʥʘʯʝʥʠʝʤ çʥʝʤʥʦʛʦè. ʂʘʢʠʤ ʙʫʜʝʪ ʥʝʯʝʪʢʦʝ 
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ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ 
)0(~

jp  ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʘʥʜʳ çʋʚʝʣʠʯʠʪʴè ʩʦ ʟʥʘʯʝʥʠʝʤ çʥʝʤʥʦʛʦè. 

 

))max(min( 0)1( j

Ijj MPP o=  

 

ʀʤʝʝʤ 

 

{ }><><><><><= ʙʚʩʩʥʩʤPj /1,0,/2,0,/3,0,/5,0,/7,0)1(
 

 

ʇʦʣʫʯʝʥʥʘʷ ʚʳʭʦʜʥʘʷ ʥʝʯʝʪʢʘʷ ʩʠʪʫʘʮʠʷ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩʦ ʚʩʝʤʠ ʪʠʧʦʚʳʤʠ ʩʠʪʫʘʮʠʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʝʨʳ ʩʪʝʧʝʥʠ ʙʣʠʟʦʩʪʠ ʥʝʯʝʪʢʠʭ ʩʠʪʫʘʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʥʷʪʠʷ ʥʝʯʝʪʢʦʛʦ ʚʢʣʶʯʝʥʠʷ, ʥʝʯʝʪʢʦʛʦ ʨʘʚʝʥʩʪʚʘ, 

ʥʝʯʝʪʢʦʡ ʦʙʱʥʦʩʪʴ ʩʠʪʫʘʮʠʡ, ʚʳʯʠʩʣʷʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʫʣ [2]: 

 

);
~

,
~

1max(
~~

BABA -=­  

 

));
~

,
~

1(max()),
~

,
~

1min((max(
~~

BABABA --=ª  

 

))()(()
~

,
~

( xxBA BA

Xx

mmn ­=L
Í

 

 

ʛʜʝ )(),(,
~

,
~

xxBA BA mm  ï ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ ʠ ʠʭ ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ.  

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʪʝʨʝʩʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʩʣʫʯʘʡ: 

,)1()0(

jj

j PPR =o ʛʜʝ 
)0(

jP  ʠ 
)1(

jP  ï ʠʟʚʝʩʪʥʳ:  

 

{ }><><><><><= ʙʚʩʩʥʩʤPj /1,0,/2,0,/3,0,/5,0,/7,0)0(
 

 

{ }><><><><><= ʙʚʩʩʥʩʤPj /5,0,/5,0,/7,0,/7,0,/2,0)1(
 

 

ʊʨʝʙʫʝʪʩʷ ʨʘʟʣʦʞʠʪʴ ʥʝʠʟʚʝʩʪʥʦʝ ʫʧʨʘʚʣʷʶʱʠʝ ʨʝʰʝʥʠʝ 
jR  ʯʝʨʝʟ ʃʇ jjj ZDI ,, , ʪ.ʝ. ʦʧʨʝʜʝʣʠʪʴ: 

 

                                                    
j

Z

j

ZR

j

D

j

DR

j

I

j

IR

j RRRRRRR jjj L+L+L= )()()( mmm                                         (5) 

 

ʀʤʝʝʤ: 

 

),()( j

I

jj

IR
RRRj gm = , 

 

),()( j

D

jj

DR
RRRj gm = , 

 

),()( j

Z

jj

ZR
RRRj gm = , 

 

ʉʧʝʨʚʘ ʦʧʨʝʜʝʣʠʤ 

 

ù
ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é
é

ê

è

=³=

1,01,01,01,01,0

2,02,02,02,02,0

3,03,03,03,02,0

5,05,05,05,02,0

5,05,07,07,02,0

)1()0(

jj

j PPR  

 

3,0)(
1
=j

IR
Rjm , 5,0)(

2
=j

IR
Rjm , 3,0)(

1
=j

DR
Rjm , 3,0)(

2
=j

DR
Rjm , 3,0)( =j

ZR
Rjm  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ 
)0(

jP ʢ ʟʥʘʯʝʥʠʶ 
)1(

jP ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʥʝʯʝʪʢʦʝ 

ʫʧʨʘʚʣʷʶʱʠʝ ʨʝʰʝʥʠʝ:  

 

{ }./3,0,/3,0,/3,0,/5,0,/3,0
2121

><><><><><= j

Z

j

D

j

D

j

I

j

I

j RRRRRP  

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʩʪʨʦʠʤ ʦʙʲʝʜʠʥʝʥʠʝ ʤʘʪʨʠʮ ʠʩʭʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩ ʫʯʝ-

ʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʝ: 

 
j

Z

j

D

j

D

j

I

j

I

j RRRRRM Ö+Ö+Ö+Ö+Ö= 3,03,03,05,03,0
2121

 

 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ: 

 

ù
ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é
é

ê

è

=

5,03,03,03,03,0

5,05,03,03,03,0

5,05,05,03,03,0

5,05,05,05,03,0

3,05,02,03,03,0

jM
, 

 

ʉʪʝʧʝʥʴ ʥʝʯʝʪʢʦʛʦ ʨʘʚʝʥʩʪʚʦ ʠʩʭʦʜʥʦʛʦ 
jR  ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʦʪʥʦʰʝʥʠʡ ʨʘʚʥʘ 0,6, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩʦ ʩʪʝʧʝʥʴʶ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʘʜʘʥʠʷ ʥʝʯʝʪʢʠʭ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢ 1P . 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠʥʠʤʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʢʦʥʢʨʝ-

ʪʠʟʘʮʠʠ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʦʡ ï ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʪʝʧʝʥʠ ʠʭ ʜʦʣʝʚʦʛʦ ʫʯʘʩʪʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ ʨʝʰʝʥʠʷ.  
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SET-INDISTINCT APPROACH TO MANAGERIAL DECISIONS 

DEVELOPMENT ISSUE ON CONDITION OF HYDROGEOLOGICAL OBJECTS 
 

R.N. Usmanov1, R.I. Oteniyazov2 
1 Professor of Computer Systems Department, 2 Assistant of Computer Systems Department 

Tashkent University of Information Technology, Uzbekistan 

 

Abstract. The underground hydrosphere plays an important role in eco-meliorative conditions formation in the 

large territories. Now the majority of these territories are subject to the intensive influence of technogenic factors. In 

such conditions, the main problems are the questions connected to the low reliability of the basic data accepted for de-

cision-making. In this regard the questions of decision-making based on the integration of indistinct and multiple ap-

proach are considered. 

Keywords: hydrogeological object, information, filtering area, situation-dependent analysis, indistinct sets, in-

distinct situations, linguistic estimates. 
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Chemical sciences 

Химические науки 
 

 

УДК 662.61+537.533.9  
 

ПЛАВКА БАЗАЛЬТА В РЕАКТОРЕ С ОБЪЕМНЫМ 

ЭЛЕКТРОМАГНИТНЫМ ПЕРЕМЕШИВАНИЕМ РАСПЛАВА 
 

 С.Х. Акназаров1, В.Г. Лукьященко2, Н.Ю. Головченко3, В.Е. Мессерле4, О.Ю. Головченко5 

2 ʈɻʇ çʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʛʦʨʝʥʠʷè (ɸʣʤʘʪʳ), 
1, 3, 5 ʂʘʟʘʭʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸʣʴ-ʌʘʨʘʙʠ, (ɸʣʤʘʪʳ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʝʨʝʜ ʩʪʨʦʠʪʝʣʴʥʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤʠ ʩʪʦʠʪ ʘʢʪʫ-

ʘʣʴʥʘʷ ʟʘʜʘʯʘ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʧʦʪʝʨʴ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ ʠ ʪʝʧʣʦʧʨʦʚʦʜʦʚ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʪʝʢʣʦ- ʠ ʤʠʥʝʨʘʣʦʚʘʪʥʳʝ ʠʟʜʝʣʠʷ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʚ ʦʙʱʝʤʠʨʦʚʦʤ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʚʳʩʠʣʘ 65 %. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʚ ʪʨʝʭʬʘʟʥʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʨʝʘʢʪʦʨʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʚʢʘ ʙʘʟʘʣʴʪʘ, ʪʝʧʣʦʧʦʪʝʨʠ, ʪʝʧʣʦʧʨʦʚʦʜʳ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʨʝʘʢʪʦʨ, ʪʝʧʣʦ-

ʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 
 

ʄʠʥʝʨʘʣʦʚʘʪʥʘʷ ʧʨʦʜʫʢʮʠʷ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʦʪʣʠʯʥʘʷ ʪʝʧʣʦ- ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥ-

ʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʢ ʱʝʣʦʯʥʳʤ ʠ ʢʠʩʣʦʪʥʳʤ ʩʨʝʜʘʤ, ʢ ʚʳʩʦʢʠʤ ʠ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʚʠʙʨʦʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʠ ʤʘʣʳʡ ʚʝʩ. ɸʥʘʣʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʢʘʯʝ-

ʩʪʚʝʥʥʫʶ, ʜʦʣʛʦʚʝʯʥʫʶ ʤʠʥʝʨʘʣʴʥʫʶ ʚʘʪʫ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʥʘ ʦʩʥʦʚʝ ʧʦʨʦʜ ʛʘʙʙʨʦ-ʙʘʟʘʣʴʪʦʚʦʛʦ ʪʠʧʘ. ʕʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʪʝʧʣʠʪʝʣʝʡ, ʧʦʚʳʩʠʪʴ ʠʭ ʪʝʨʤʦ- ʠ ʚʦʜʦʩʪʦʡʢʦʩʪʴ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 10 ʩʤ ʙʘʟʘʣʴʪʦ-

ʚʦʡ ʚʘʪʳ ʧʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʚʥʦʮʝʥʥʳ ʩʪʝʥʢʝ ʠʟ ʩʠʣʠʢʘʪʥʦʛʦ ʢʠʨʧʠʯʘ ʪʦʣʱʠʥʦʡ 1,7 ʤ. ʊʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ 

ʠʟʜʝʣʠʷ ʠʟ ʧʦʣʠʤʝʨʦʚ ʠʣʠ ʙʫʤʘʛʠ ʧʨʠ ʧʦʞʘʨʝ ʩʛʦʨʘʶʪ ʟʘ 5 ʤʠʥʫʪ. ʋʪʝʧʣʠʪʝʣʠ ʠʟ ʩʪʝʢʣʦʚʘʪʳ ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʝʡ, ʢʘʢ ʬʠʨʤʳ ISOVER ʠ URSA ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650 0ʉ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʟʘ 7 ʤʠʥʫʪ 

ʧʨʠ ʦʙʳʯʥʦʤ ʧʦʞʘʨʝ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ, ʨʘʩʧʣʘʚʣʷʶʪʩʷ ʠ ʩʧʝʢʘʶʪʩʷ ʚ ʩʪʝʢʣʷʥʥʳʡ ʰʘʨ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʠʥʝʨʘʣʴʥʘʷ 

ʚʘʪʘ ʥʘ ʙʘʟʘʣʴʪʦʚʦʡ ʦʩʥʦʚʝ ʥʝ ʨʘʩʧʣʘʚʣʷʝʪʩʷ ʠ ʥʝ ʪʝʨʷʝʪ ʬʦʨʤʳ ʜʘʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 0ʉ. ɿʘ ʥʝʡ ʩʣʝʜʫʶʪ 

ʧʨʝʜʤʝʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʙʘʟʘʣʴʪʦʚʦʡ ʚʘʪʳ, ʘ ʠʤʝʥʥʦ ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʧʣʦʠʟʦʣʷʮʠ-

ʦʥʥʳʭ ʤʘʪʦʚ, ʧʘʥʝʣʝʡ ʠ ʙʣʦʢʦʚ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ (ʨʦʚʠʥʛ), ʧʦ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʧʨʝʚʦʩʭʦʜʷʱʝʝ ʩʪʘʣʴʥʫʶ ʧʨʦʚʦʣʦʢʫ ʦʜʠʥʘʢʦʚʦʛʦ ʩʝʯʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʙʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʨʦʚʠʥʛʘ ʧʨʦʠʟʚʦʜʷʪ ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢʦʚʳʝ ʪʨʫʙʳ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʦʨʤʦʟʥʳʝ ʢʦʣʦʜʢʠ, 

ʤʝʙʝʣʴ, ʩʧʦʨʪʠʥʚʝʥʪʘʨʴ, ʩʪʦʡʢʠ ʧʨʠʙʦʨʥʳʭ ʧʘʥʝʣʝʡ, ʙʨʦʥʝʞʠʣʝʪʳ, ʧʨʦʪʠʚʦʧʦʞʘʨʥʫʶ ʦʜʝʞʜʫ, ʩʪʨʦʠʪʝʣʴʥʫʶ ʘʨʤʘ-

ʪʫʨʫ, ʢʨʝʧʝʞʥʳʝ ʠʟʜʝʣʠʷ ʠ ʜʨ. 

ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʡ ï ʧʦʣʫʯʝʥʠʷ ʢʘʤʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ ʥʝʛʦ ʚʦʣʦʢʦʥ. ɺ ʦʩʥʦʚʥʦʤ ʬʠʨʤʳ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʣʘʚʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 

ʛʨʦʤʦʟʜʢʠʝ ʫʛʦʣʴʥʳʝ ʚʘʛʨʘʥʦʯʥʳʝ ʠʣʠ ʤʘʟʫʪʥʳʝ ʠ ʛʘʟʦʚʳʝ ʧʝʯʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ ʫʞʝʩʪʦʯʝʥʠʝʤ ʪʨʝʙʦʚʘ-

ʥʠʡ ʧʦ ʵʢʦʣʦʛʠʠ ʠ ʩ ʪʝʤ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʠʜʳ ʠʩʢʦʧʘʝʤʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʜʝʬʠ-

ʮʠʪʥʳʤʠ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ, ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʦʚ ʧʨʠʚʣʝʢʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʝʯʠ. ɺ ʬʠʥʘʥ-

ʩʦʚʳʝ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʙʦʪʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʯʠ, ʚʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɼʦʩʪʘʪʦʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʜʚʫʭ ʧʝʯʝʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʪʦʣʴʢʦ ʜʣʷ ʧʝʨʠʦʜʘ 10-12 ʣʝʪ. ɺ ʦʮʝʥʢʫ ʥʝʦʙʭʦʜʠʤʦ 

ʚʢʣʶʯʠʪʴ ʥʘʯʘʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʧʨʦʮʝʥʪʥʫʶ ʩʪʘʚʢʫ ʥʘ ʢʘʧʠʪʘʣ, ʤʘʪʝʨʠʘʣʴʥʳʝ ʠ ʪʨʫʜʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʨʝʤʦʥʪ, ʚʨʝʤʷ ʧʨʦʩʪʦʷ, ʧʦʪʝʨʠ ʧʨʦʜʫʢʮʠʠ ʚʦ ʚʨʝʤʷ ʧʨʦʩʪʦʷ, ʩʪʦʠʤʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʨʘʙʦʯʠʡ ʠ ʥʝʨʘʙʦʯʠʡ 

ʧʝʨʠʦʜʳ, ʨʘʩʭʦʜʳ ʥʘ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʩʪʦʠʤʦʩʪʴ ʧʘʨʪʠʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [1], ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʝʯʠ 

ʜʣʷ ʧʣʘʚʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʪʝʢʣʘ ʧʨʠ ʩʫʪʦʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʥʝʝ 25 ʪʦʥʥ ʦʢʘʟʳʚʘʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ 

ʚʳʛʦʜʥʳʤʠ. ɽʩʣʠ ʫʯʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʦʙʳʯʥʦʡ ʧʝʯʴʶ, ʪʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʯʠ ʚʦʟʨʘʩʪʘʶʪ. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʪʨʘ-

ʜʠʮʠʦʥʥʳʝ ʵʣʝʢʪʨʦʧʝʯʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʦʤʦʟʜʢʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʬʫʪʝʨʦʚʘʥʥʳʝ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʢʝʨʘʤʠʢʦʡ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʤʠ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʝʯʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ (ɺʏ) ʥʘʛʨʝʚʘ ʩ ʭʦʣʦʜʥʳʤ, ʥʝ ʬʫʪʝʨʦʚʘʥʥʳʤ ʪʠʛʣʝʤ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʬʠʨʤʘʤʠ ʌɻʋʇ çɸʣʪʘʡè (ʛ. ɹʠʡʩʢ) ʠ çʈʦʩʴè (ʛ. ɹʘʨʥʘʫʣ). ʕʪʦ ʢʦʤʧʘʢʪʥʳʝ ʧʝʯʠ ʜʣʷ ʧʣʘʚʢʠ ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʘʟʘʣʴʪʘ. ʀʭ ʦʪʣʠʯʘʝʪ ʚʳʩʦʢʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʥʠ ʢʦʤʧʘʢʪʥʳ ʠ ʜʠʥʘʤʠʯʥʳ. ɼʣʷ ʚʳʭʦʜʘ ʥʘ ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʪʨʝʙʫʝʪʩʷ ʦʪ 0,5 ʜʦ 1 ʯʘʩʘ. ʅʦ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʤʦʱʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (ʠʩʪʦʯʥʠʢʦʚ ʩʠʣʦʚʦʛʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ) ɺʏ-ʧʝʯʠ ʦʛʨʘʥʠʯʝʥʳ ʧʦ ʧʨʦʠʟʚʦʜʠ-
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ʪʝʣʴʥʦʩʪʠ. ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʥʝʪ ʧʝʯʝʡ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ 100 ʢʛ/ʯʘʩ, ʧʨʠ ʵʪʦʤ ʠʭ ʂʇɼ ï ʥʠʟʢʠʡ ʠ 

ʟʘʪʨʘʪʳ ʥʘ ʧʣʘʚʣʝʥʠʝ ʙʘʟʘʣʴʪʘ ʧʨʝʚʳʰʘʶʪ 2,5 ʢɺʪ*ʯ/ʢʛ. 

ʋʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʣʠʰʝʥ ʪʨʝʭʬʘʟʥʳʡ ʨʝʘʢʪʦʨ ʩ ʦʙʲʝʤʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʨʘʩ-

ʧʣʘʚʘ ʜʣʷ ʧʣʘʚʢʠ ʙʘʟʘʣʴʪʘ ʠ ʜʨʫʛʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʪʨʝʤʷ ʩʠʣʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥ-

ʢʝ 1. ʂʦʨʧʫʩ ʨʝʘʢʪʦʨʘ ʩʝʢʮʠʦʥʠʨʦʚʘʥ ʠ ʚʳʧʦʣʥʝʥ ʠʟ ʣʠʩʪʦʚʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ d = 2 ʤʤ. ʉʝʢʮʠʠ ï ʚʦʜʦʦʭʣʘʞʜʘ-

ʝʤʳʝ. ʈʦʣʴ ʬʫʪʝʨʦʚʢʠ ʚʳʧʦʣʥʷʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʣʦʡ ʛʘʨʥʠʩʘʞʘ, ʧʦʣʫʯʘʝʤʳʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʠʟ ʩʣʦʷ 

ʨʘʩʧʣʘʚʘ, ʧʨʠʣʝʛʘʶʱʝʛʦ ʢ ʭʦʣʦʜʥʳʤ ʩʪʝʥʢʘʤ. ʂʘʤʝʨʫ ʨʝʘʢʪʦʨʘ ʩ ʜʠʘʤʝʪʨʦʤ ʚʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʠ ʚʳʩʦʪʦʡ ʧʦ 

600 ʤʤ ʦʭʚʘʪʳʚʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʩ ʪʨʝʤʷ ʧʦʣʶʩʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʦʙʤʦʪʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʢʣʶʯʝʥ-

ʥʳʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʩʠʣʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʪʦʢʦʚ ʧʦ ʦʙʤʦʪʢʘʤ ʩʦʟʜʘʝʪʩʷ ʧʦʧʝʨʝʯʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʘ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʶʩʘʤʠ 

3-ʭ ʬʘʟʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. ʉʚʝʨʭʫ ʢʘʤʝʨʘ ʦʛʨʘʥʠʯʝʥʘ ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʡ ʢʨʳʰʢʦʡ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ 

ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ ʵʣʝʢʪʨʦʜʦʚ ʠ ʧʦʜʘʯʠ ʙʘʟʘʣʴʪʘ, ʘ ʪʘʢʞʝ ʧʘʪʨʫʙʦʢ ʚʳʚʦʜʘ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ. ʉʥʠʟʫ ʢʘʤʝʨʘ ʦʛʨʘʥʠʯʝʥʘ 

ʦʭʣʘʞʜʘʝʤʳʤ ʜʥʦʤ, ʬʫʪʝʨʦʚʘʥʥʳʤ ʠʟʥʫʪʨʠ ʛʨʘʬʠʪʦʤ ʠʣʠ ʜʨʫʛʠʤ ʦʛʥʝʫʧʦʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʃʝʪʢʠ ʚʳʧʫʩʢʘ ʨʘʩʧʣʘ-

ʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʟʘʧʫʩʢʘ ʨʝʘʢʪʦʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʜʥʝ ʢʘʤʝʨʳ ʠʣʠ ʩʙʦʢʫ ʥʘ ʦʜʥʦʡ ʠʟ ʝʝ ʩʝʢ-

ʮʠʡ. ʅʘʛʨʝʚ ʩʳʨʴʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʦʢʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʞʜʫ ʩʠʣʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʯʝʨʝʟ ʨʘʩʧʣʘʚ. ɺ ʨʝʟʫʣʴʪʘ-

ʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʪʦʢʦʚ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ 3-ʭ ʬʘʟʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʚʦʟʥʠʢʘʶʪ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʙʣʘʩʪʠ ʨʘʩʧʣʘʚʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʨʘʩʧʣʘʚʘ, ʜʦʩʪʠʛʘʝʪʩʷ ʝʛʦ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʡ ʥʘʛʨʝʚ ʠ ʛʦʤʦʛʝʥʠʟʘʮʠʷ. ʇʦʜʘʯʘ ʩʳʨʴʷ ʩ 

ʬʨʘʢʮʠʝʡ ʨʘʟʤʝʨʦʤ ʜʦ 5 ʤʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʟʘʪʦʨʦʤ ʯʝʨʝʟ ʪʨʠ ʧʘʪʨʫʙʢʘ ʚʚʦʜʘ. 

 

 
 

ʈʠʩ. 1. ʊʨʝʭʬʘʟʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʨʝʘʢʪʦʨ ʩ ʧʦʛʨʫʞʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ: 1 ï ʧʣʘʚʠʣʴʥʘʷ ʢʘʤʝʨʘ; 

2 ï ʢʨʳʰʢʘ ʨʝʘʢʪʦʨʘ; 3 ï ʧʘʪʨʫʙʦʢ ʚʚʦʜʘ ʙʘʟʘʣʴʪʦʚʦʡ ʢʨʦʰʢʠ; 5 ï ʛʨʘʬʠʪʦʚʳʝ ʵʣʝʢʪʨʦʜʳ; 6 ï ʜʥʦ ʨʝʘʢʪʦʨʘ; 

7 ï ʦʛʥʝʫʧʦʨʥʘʷ ʬʫʪʝʨʦʚʢʘ ʜʥʘ ʨʝʘʢʪʦʨʘ; 8 ï ʣʝʪʢʘ ʚʳʧʫʩʢʘ ʩʪʨʫʠ ʨʘʩʧʣʘʚʘ; 9 ï ʩʝʢʮʠʠ ʢʘʤʝʨʳ ʨʝʘʢʪʦʨʘ; 

10 ï ʪʨʝʭʬʘʟʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪ; 11 ï ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 

 

ʄʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ʟʘʜʘʝʪʩʷ ʪʠʨʠʩʪʦʨʥʳʤ ʘʛʨʝʛʘʪʦʤ, ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ ʩ ʠʟʦʣʠʨʦʚʘʥʥʦʡ 

ʥʝʡʪʨʘʣʴʶ ʠ ʥʘʧʨʷʞʝʥʠʝʤ 0,4-0,6 ʢɺ. ʈʝʘʢʮʠʦʥʥʘʷ ʢʘʤʝʨʘ ʚ ʨʘʟʨʝʟʝ ʠʤʝʝʪ ʰʝʩʪʠʫʛʦʣʴʥʫʶ ʬʦʨʤʫ. ʕʪʘ ʬʦʨʤʘ ʚʳʙʨʘ-

ʥʘ ʜʣʷ ʫʩʠʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʫʪʝʤ ʩʙʣʠʞʝʥʠʷ ʧʦʣʶʩʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʧʦʚʳʰʝʥʠʶ ʨʘʙʦʯʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʥʠʞʝʥʠʶ ʚʝʣʠʯʠʥʳ ʨʘʙʦʯʝ-

ʛʦ ʪʦʢʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ. 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʚʢʣʶʯʘʷ ɸʣʤʘʪʠʥʩʢʫʶ ʦʙʣʘʩʪʴ, ʠʤʝʝʪ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ ʙʘʟʘʣʴʪʦʚʳʭ ʧʦʨʦʜ, ʧʨʠʛʦʜ-

ʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʦʣʦʢʥʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʨʫʠ ʨʘʩʧʣʘʚʘ, ʠʟ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʙʘʟʘʣʴʪʦʚʦʝ ʚʦ-

ʣʦʢʥʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʠ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʵʪʦʛʦ ʚʦʣʦʢʥʘ ʚ ʦʩʥʦʚʥʦʤ ʠʟʤʝ-

ʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1800-1900ʂ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʝʘʢʪʦʨʝ ʧʨʠ ʧʣʘʚ-

ʣʝʥʠʠ ʙʘʟʘʣʴʪʦʚ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠʭ ʧʣʘʚʣʝʥʠʷ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʢʪʶʙʠʥʩʢʦʡ ʦʙ-

ʣʘʩʪʠ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʨʭʘʨʣʳ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

çTERRAè ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 400-2600ʂ ʠ ʜʘʚʣʝʥʠʠ 1 ʘʪʤ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʙʘʟʘʣʴʪʦʚ. ɺ ʨʘʩʯʝʪʘʭ ʫʯʠʪʳʚʘʣʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʠʟʥʦʩ ʛʨʘʬʠʪʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘ-

ʣʦʩʴ ʯʘʩʪʠʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʙʘʟʘʣʴʪʘʭ ʜʦʩʪʠʛʘʝʪ 11-13,5 %.  
 

ʊʘʙʣʠʮʘ 1 

Химический состав горных пород 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ 
ʉʦʜʝʨʞʘʥʠʝ, ʤʘʩʩ. % 

ʄʢ 
SiO2 Al 2O3 Fe2O3 TiO2 MgO CaO Na2O K2O MnO P2O5 

ɸʨʭʘʨʣʳ 51.14 16.44 10.96 1.87 4.07 10.4 2.84 1.46 0.15 0.67 5.4 

ɸʢʪʶʙʠʥʩʢʦʝ 47.29 12.93 13.56 1.25 7.91 13.98 2.95 0.13 - - 3.2 
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ʄʢ ï ʤʦʜʫʣʴ ʢʠʩʣʦʪʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʩʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʦʚ ʧʨʦʮʝʩʩʘ ʧʣʘʚʢʠ ʙʘʟʘʣʴʪʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʩ ʪʨʝʭʬʘʟʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʨʝʘʢʪʦʨʦʤ ʧʦʣʫʯʝʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ: 

1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ï 170 ʢɺʪ (Jʩʨ.ʬ=295 ɸ; Uʩʣ.ʣ = 333 ɺ);  

2. ʈʘʩʭʦʜ ʙʘʟʘʣʴʪʘ ʯʝʨʝʟ ʨʝʘʢʪʦʨ ï 192 ʢʛ / ʯ; 

3. ʋʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʢʠʣʦʛʨʘʤʤ ʨʘʩʧʣʘʚʘ ï 0,9 ʢɺʪ*ʯ / ʢʛ; 

4. ʊʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʨʝʘʢʪʦʨʘ ï 79,6 ʢɺʪ; ʊʝʨʤʠʯʝʩʢʠʡ ʂʇɼ ʨʝʘʢʪʦʨʘ ï 53 %; 

5. ʀʟʥʦʩ ʛʨʘʬʠʪʦʚʦʛʦ ʩʠʣʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ï 1,4 ʛ / ʤʠʥ; 

6. ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʫʶ ʛʦʣʦʚʢʫ ʨʘʟʜʫʚʘ ʚʦʣʦʢʥʘ ï 18 ʤ3 / ʤʠʥ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʵʣʝʢʪʨʦʧʣʘʚʢʫ ʜʚʫʭ ʨʘʟʣʠʯ-

ʥʳʭ ʧʦʨʦʜ ʙʘʟʘʣʴʪʘ.  
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ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʧʨʦʮʝʩʩ ʧʣʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʙʘʟʘʣʴʪʦʚ: 

1 ï ɸʢʪʶʙʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ; 2 - ɸʨʭʘʨʣʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, 

3 ï ʙʘʟʘʣʴʪ ɸʨʭʘʨʣʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 6% ʫʛʣʝʨʦʜʘ 

 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʜʣʷ ʧʣʘʚʣʝʥʠʷ ʦʙʝʠʭ ʧʦʨʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ 

(ʢʨʠʚʳʝ 1 ʠ 2) ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1800ʂ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʜʣʷ ʥʠʭ ʩʦʩʪʘʚʣʷʶʪ 0,46 ʢɺʪ*ʯ/ʢʛ. ʀʟ ʨʠʩʫʥʢʘ 

ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 1800ʂ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʜʣʷ ɸʢʪʶʙʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

(ʢʨʠʚʘʷ 1) ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɸʨʭʘʨʣʠʥʩʢʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ (ʢʨʠʚʘʷ 2). ʕʪʦ ʩʚʷʟʘʥʦ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʘʥʥʳʭ ʧʦʨʦʜ. ʅʘ ʨʠʩʫʥʢʝ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʣʘʚʣʝʥʠʷ ʙʘʟʘʣʴʪʘ ʩ ʧʦʜʱʠʭʪʦʚʢʦʡ ʫʛʣʷ (ʢʨʠʚʘʷ 3). ɺʠʜʥʦ, 

ʯʪʦ ʧʦʜʱʠʭʪʦʚʢʘ ʫʛʣʷ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠ 1800ʂ ʫʞʝ 0,71 

ʢɺʪ*ʯ/ʢʛ. 
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Abstract. Nowadays there is a current problem of heat loss decrease of buildings, constructions and heat lines 

in construction and energy sphere. Due to this fact, glass wool and mineral-cotton items use became a frequent prac-

tice; its share overreached 65% in global production and consumption level of lagging materials. In this article, a pro-

cess of making basalt fiber in three-phase electromagnetic reactor. 
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ISSN 2308-4804. Science and world. 2015. № 5 (21). Vol. I. 

 

 

117 

 

УДК 66.022 5; 622.7 
 

ОТРАБОТКА ПАРАМЕТРОВ МЕХАНОХИМИЧЕСКОГО 

ВСКРЫТИЯ СУЛЬФИДНЫХ РУД В КИСЛЫХ РАСТВОРАХ 
 

 Н.Ю. Головченко1, О.Ю. Головченко2, С.Х. Акназаров3, О.С. Байракова4 

1 PhD, 2 ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 3 ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,4 ʚʝʜʫʱʠʡ ʠʥʞʝʥʝʨ 

ʂʘʟʘʭʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸʣʴ-ʌʘʨʘʙʠ (ɸʣʤʘʪʳ), ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʚʩʢʨʳʪʠʷ ʫʧʦʨʥʳʭ ʨʫʜ ʤʝʪʦʜʦʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʪʝʧʝʥʴ ʩʚʷʟʳʚʘʥʠʷ ʤʳʰʴʷʢʘ ʠ ʧʦʣʥʦʪʫ ʫʜʘʣʝʥʠʷ ʩʝʨʳ ʧʨʠ ʧʨʦʮʝʩʩʝ ʘʢ-

ʪʠʚʘʮʠʠ ʘʨʩʝʥʦʧʠʨʠʪʘ-1, ʘʨʩʝʥʦʧʠʨʠʪʘ-2 ʠ ʬʝʨʨʦʟʦʣʦʪʦʡ ʨʫʜʳ. ʄʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠ-

ʝʤ ʤʝʣʶʱʠʭ ʪʝʣ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʚ ʨʘʟʣʠʯʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʐ:ʊ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʤʝʭʘʥʦʘʢʪʠ-

ʚʘʮʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ʨʘʩʪʚʦʨʘʭ ʩʦʣʷʥʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ (ʚʨʝʤʝʥʠ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʣʶʱʠʭ ʪʝʣ ʠ ʤʠʥʝʨʘʣʘ ʠ ʞʠʜʢʦʩʪʠ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʩʝʥʦʧʠʨʠʪ, ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʷ, ʢʠʩʣʘʷ ʩʨʝʜʘ, ʩʫʣʴʬʠʜʥʘʷ ʨʫʜʘ, ʫʜʘʣʝʥʠʝ ʩʝʨʳ. 
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʩʢʨʳʪʠʷ ʫʧʦʨʥʳʭ ʨʫʜ ʙʝʟʦʙʞʠʛʦʚʳʤ ʩʧʦʩʦʙʦʤ ʤʝʪʦʜʦʤ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ, ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʧʦʣʥʦʪʫ ʫʜʘʣʝʥʠʷ ʩʝʨʳ ʠ 

ʩʪʝʧʝʥʴ ʩʚʷʟʳʚʘʥʠʷ ʤʳʰʴʷʢʘ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʘʨʩʝʥʦʧʠʨʠʪʘ ʠ ʚʩʢʨʳʪʠʠ ʬʝʨʨʦʟʦʣʦʪʦʡ ʨʫʜʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʠʩʣʦʡ ʩʨʝʜʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʘʨʩʝʥʦʧʠʨʠʪʘ ʠ ʬʝʨʨʦʟʦʣʦʪʦʡ ʨʫʜʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʪʚʦʨʳ ʩʦʣʷʥʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʦʙʘʚʢʠ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ ʢ ʠʟʤʝʣʴʯʝʥʥʳʤ 

ʤʠʥʝʨʘʣʘʤ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʢʦʨʦʩʪʴ, ʥʦ ʠ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [1]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʩʢʨʳʪʠʶ ʫʧʦʨʥʳʭ ʤʠʥʝ-

ʨʘʣʦʚ, ʧʨʦʚʦʜʠʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʠʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʘʢʪʠʚʘʮʠʠ ʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪ ʚ ʜʚʫʭ-

ʙʘʨʘʙʘʥʥʦʡ ʮʝʥʪʨʦʙʝʞʥʦʡ ʤʝʣʴʥʠʮʝ çʇʫʣʴʚʝʨʠʟʝʪʪʝ 5è, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʦʧʦʨʥʦʛʦ ʜʠʩʢʘ ï 380 ʦʙ. / ʤʠʥ.). 

ʇʨʦʚʝʜʝʥʘ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʤʠʥʝʨʘʣʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʝʞʠʤʘʭ (10, 20, 30 ʤʠʥ.) ʚ ʨʘʩʪʚʦʨʝ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,5 %-1,0 % ʠ ʨʘʟʣʠʯʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʣʶʱʠʭ ʪʝʣ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʠʥʝ-

ʨʘʣʘ ï 4:1 ʠ 6:1 ʠ ʩʦʦʪʥʦʰʝʥʠʠ ʞʠʜʢʦʩʪʴ: ʪʚʝʨʜʦʝ ï 2:1(ʊʘʙʣʠʮʘ 1). 

ʄʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʤʠʥʝʨʘʣʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʣʶʱʠʭ ʪʝʣ ʦʜʥʦʛʦ ʨʘʟʤʝʨʘ (25ʤʤ) ʠ ʩ 

ʥʘʙʦʨʦʤ ʰʘʨʦʚ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ (ʦʪ 2,0 ʜʦ 25ʤʤ) ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʐ:ʊ. 

ʇʦʣʫʯʝʥʥʫʶ ʧʫʣʴʧʫ ʧʦʩʣʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʦʩʚʝʪʣʷʣʠ ʤʝʪʦʜʦʤ ʦʪʩʪʘʠʚʘʥʠʷ. ɼʝʢʘʥʪʠʨʦʚʘʥʥʳʡ ʨʘʩ-

ʪʚʦʨ ʧʦʩʣʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʘʨʩʝʥʦʧʠʨʠʪʘ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʤʳʰʴʷʢʘ ʠ ʩʫʣʴʬʘʪ-ʠʦʥʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʳʰʴʷʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 0,2 ï 0,09 ʛ / ʣ, ʯʪʦ ʥʠʞʝ ʧʨʝʜʝʣʴʥʦ ʜʦ-

ʧʫʩʪʠʤʦʡ ʥʦʨʤʳ. 
 

ʊʘʙʣʠʮʘ 1 

Условия мехноактивации упорного сырья в растворе азотной кислоты Ж:Т= 2:1 
ʄʠʥʝʨʘʣ ʂʦʥʮʝʥʪʨʘʮʠʷ HNO3, % ʉʦʦʪʥʦʰʝʥʠʝ ʐ:ʊ ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʢʝʢʝ 

ɸʨʩʝʥʦʧʠʨʠʪ-1 0,5 4:1 10 3,24 

ɸʨʩʝʥʦʧʠʨʠʪ-1 0,5 4:1 20 2,877 

ɸʨʩʝʥʦʧʠʨʠʪ-1 0,5 4:1 30 2,288 

ɸʨʩʝʥʦʧʠʨʠʪ-1 0,5 6:1 10 2,021 

ɸʨʩʝʥʦʧʠʨʠʪ-1 0,5 6:1 20 1,669 

ɸʨʩʝʥʦʧʠʨʠʪ-1 0,5 6:1 30 1,003 

ɸʨʩʝʥʦʧʠʨʠʪ-1 1 4:1 10 3,89 

ɸʨʩʝʥʦʧʠʨʠʪ-1 1 4:1 20 2,126 

ɸʨʩʝʥʦʧʠʨʠʪ-1 1 4:1 30 1,874 

ɸʨʩʝʥʦʧʠʨʠʪ-1 1 6:1 10 1,738 

ɸʨʩʝʥʦʧʠʨʠʪ-1 1 6:1 20 1,667 

ɸʨʩʝʥʦʧʠʨʠʪ-1 1 6:1 30 0,141 

ɸʨʩʝʥʦʧʠʨʠʪ-2 0,5 4:1 10 7,55 

ɸʨʩʝʥʦʧʠʨʠʪ-2 0,5 4:1 20 6,226 

ɸʨʩʝʥʦʧʠʨʠʪ-2 0,5 4:1 30 5,619 

ɸʨʩʝʥʦʧʠʨʠʪ-2 0,5 6:1 10 7,415 

ɸʨʩʝʥʦʧʠʨʠʪ-2 0,5 6:1 20 6,028 

ɸʨʩʝʥʦʧʠʨʠʪ-2 0,5 6:1 30 5,419 

ɸʨʩʝʥʦʧʠʨʠʪ-2 1 4:1 10 5,612 

ɸʨʩʝʥʦʧʠʨʠʪ-2 1 4:1 20 5,357 

ɸʨʩʝʥʦʧʠʨʠʪ-2 1 4:1 30 4,865 

                                                           
É ɻʦʣʦʚʯʝʥʢʦ ʅ.ʖ., ɻʦʣʦʚʯʝʥʢʦ ʆ.ʖ., ɸʢʥʘʟʘʨʦʚ ʉ.ʍ., ɹʘʡʨʘʢʦʚʘ ʆ.ʉ. / Golovchenko N.Yu., Golovchenko O.Yu.,  

Aknazarov S.Kh., Bayrakova O.S., 2015 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 1 
ʄʠʥʝʨʘʣ ʂʦʥʮʝʥʪʨʘʮʠʷ HNO3, % ʉʦʦʪʥʦʰʝʥʠʝ ʐ:ʊ ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʢʝʢʝ 

ɸʨʩʝʥʦʧʠʨʠʪ-2 1 6:1 10 5,251 

ɸʨʩʝʥʦʧʠʨʠʪ-2 1 6:1 20 5,108 

ɸʨʩʝʥʦʧʠʨʠʪ-2 1 6:1 30 4,255 

ʌʝʨʨʦʟʦʣʦʪʘʷ ʨʫʜʘ 0,5 4:1 10 0,659 

ʌʝʨʨʦʟʦʣʦʪʘʷ ʨʫʜʘ 0,5 4:1 20 0,540 

ʌʝʨʨʦʟʦʣʦʪʘʷ ʨʫʜʘ 0,5 4:1 30 - 

ʌʝʨʨʦʟʦʣʦʪʘʷ ʨʫʜʘ 0,5 6:1 10 0,570 

ʌʝʨʨʦʟʦʣʦʪʘʷ ʨʫʜʘ 0,5 6:1 20 - 

ʌʝʨʨʦʟʦʣʦʪʘʷ ʨʫʜʘ 0,5 6:1 30 0,208 

ʌʝʨʨʦʟʦʣʦʪʘʷ ʨʫʜʘ 1 4:1 10 0,621 

ʌʝʨʨʦʟʦʣʦʪʘʷ ʨʫʜʘ 1 4:1 20 - 

ʌʝʨʨʦʟʦʣʦʪʘʷ ʨʫʜʘ 1 4:1 30 - 

ʌʝʨʨʦʟʦʣʦʪʘʷ ʨʫʜʘ 1 6:1 10 0,253 

ʌʝʨʨʦʟʦʣʦʪʘʷ ʨʫʜʘ 1 6:1 20 - 

ʌʝʨʨʦʟʦʣʦʪʘʷ ʨʫʜʘ 1 6:1 30 0,192 
 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʘʪ-ʠʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,028ï0,17 ʛ / ʣ. ʕʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʝʩʪʨʫʢʮʠʠ 

ʩʫʣʴʬʠʜʦʚ ʠ ʧʝʨʝʭʦʜ ʠʭ ʚ ʨʘʩʪʚʦʨʠʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠ ʩʚʷʟʳʚʘʥʠʶ ʤʳʰʴʷʢʘ ʚ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

ʇʨʦʚʝʜʝʥʘ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ʨʘʩʪʚʦʨʘʭ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,5 % 

ʠ 1,0 % ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ (ʚʨʝʤʝʥʠ, ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʣʶʱʠʭ ʪʝʣ ʠ ʤʠʥʝʨʘʣʘ ʠ ʞʠʜʢʦʩʪʠ). ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝ-

ʜʝʥʳ ʫʩʣʦʚʠʷ ʘʢʪʠʚʘʮʠʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʢʝʢʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ.  
 

ʊʘʙʣʠʮʘ 2 

Условия активации упорного сырья в растворе соляной кислоты 
ʄʠʥʝʨʘʣ  ʂʦʥʮʝʥʪʨʘʮʠʷ HCl, % ʉʦʦʪʥʦʰʝʥʠʝ ʐ:ʊ ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ  ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʢʝʢʝ  

ɸʨʩʝʥʦʧʠʨʠʪ-1 

 

0,5 4:1 10 5,388 

0,5 4:1 20 4,724 

0,5 4:1 30 4,15 

0,5 6:1 10 3,731 

0,5 6:1 20 2,933 

0,5 6:1 30 - 

1 4:1 10 4,12 

1 4:1 20 3,87 

1 4:1 30 3,29 

1 6:1 10 3,71 

1 6:1 20 2,81 

1 6:1 30 2,337 

ɸʨʩʝʥʦʧʠʨʠʪ-2 

 

0,5 4:1 10 7,056 

0,5 4:1 20 7,021 

0,5 4:1 30 6,12 

0,5 6:1 10 6,29 

0,5 6:1 20 5,97 

0,5 6:1 30 5,06 

1 4:1 10 6,38 

1 4:1 20 5,94 

1 4:1 30 5,81 

1 6:1 10 5,618 

1 6:1 20 5,146 

1 6:1 30 5,01 

ʌʝʨʨʦʟʦʣʦʪʘʷ ʨʫʜʘ  

  

0,5 4:1 10 0,8 

0,5 4:1 20 0,687 

0,5 4:1 30 0,65 

0,5 6:1 10 0,78 

0,5 6:1 20 0,69 

0,5 6:1 30 0,64 

1 4:1 10 0,523 

1 4:1 20 0,371 

1 4:1 30 0,302 

1 6:1 10 0,219 

1 6:1 20 0,187 

1 6:1 30 0,00 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʉɸ ʩʪʝʧʝʥʴ ʧʝʨʝʭʦʜʘ ʩʝʨʳ ʚ ʨʘʩʪʚʦʨ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʪʝʭ ʞʝ ʨʝ-

ʞʠʤʘʭ, ʯʪʦ ʠ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ, ʥʠʞʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʰʘʨʦʚ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠ ʘʢʪʠʚʘʮʠʠ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʚʨʝʤʝʥʥʳʭ ʨʝʞʠʤʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʩʫʣʴʬʠʜʦʚ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʚʨʝ-

ʤʝʥʠ ʦʙʨʘʙʦʪʢʠ. 

ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʝʣʴʥʠʮʳ ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʝʚʨʘʱʝʥʠʷ 

ʩʫʣʴʬʠʜʦʚ. ɸʨʩʝʥʦʧʠʨʠʪ-1 ʧʘʨʘʣʣʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʩʷ ʥʘ ʪʨʝʭʙʘʨʘʙʘʥʥʦʡ ʧʣʘʥʝʪʘʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʦʡ ʤʝʣʴʥʠʮʝ 

(ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʣʘʪʬʦʨʤʳ 700 ʦʙ. / ʤʠʥ., ʥʘ ʨʘʟʤʦʣʴʥʳʭ ʮʠʣʠʥʜʨʘʭ 1200 ʦʙ. / ʤʠʥ.). 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʘʨʩʝʥʦʧʠʨʠʪʘ-1 ʧʨʠ ʪʝʭ ʞʝ ʚʨʝʤʝʥʥʳʭ ʨʝʞʠʤʘʭ ʥʘʛʨʫʞʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ çʞʠʜʢʦʩʪʴ 

ʠ ʪʚʝʨʜʦʝè ï ʦʜʠʥʘʢʦʚʳʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʇʄʎ ʘʢʪʠʚʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʫʞʝ ʧʦʩʣʝ 10 ʤʠʥʫʪ ʦʙʨʘʙʦʪʢʠ, ʘ ʥʘ çʇʫʣʴ-

ʚʝʨʠʟʝʪʪʝ 5è ʧʦʩʣʝ 30 ʤʠʥʫʪ. 

ʇʨʦʤʳʪʳʝ ʠ ʧʨʦʩʫʰʝʥʥʳʝ ʢʝʢʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʤʝʪʦʜʦʤ ʈʌɸ. 

ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʦʚʳʝ ʬʘʟʳ ʚ ʚʠʜʝ ʧʠʨʨʦʪʠʥʘ, 

ʪʨʠʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʠ ʘʨʩʝʥʘʪʘ ʞʝʣʝʟʘ. 
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ʈʠʩʫʥʦʢ 1. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ 

 

ʇʦʩʣʝ 20 ʤʠʥʫʪ ʦʙʨʘʙʦʪʢʠ ʬʝʨʨʦʟʦʣʦʪʦʡ ʨʫʜʳ, ʢʝʢ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ FeO(OH), CaMg(CO3)2, ʠ SiO2. 

ʆʩʪʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʰʣʠ ʚ ʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʚʳʤʳʣʠʩʴ ʠʟ ʢʝʢʘ (ʨʠʩʫʥʦʢ 1). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʈʌɸ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʤʝʭʘʥʠʟʤʝ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʚ ʢʠʩʣʦʡ 

ʩʨʝʜʝ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ: 

 

                                                                  2FeS2 + 4H2O + 7,5O2 = Fe2O3 + 4H2SO4                                                     (1) 

 

                                                              2FeAsS+ 6,5O2 + 3H2O = 2FeSO4 + 2H3AsO4                                                  (2) 

 

                                                               2FeSO4 + 0,5O2 + H2SO4 = Fe2(SO4)3 + H2O                                                   (3) 
 

                                                               H3AsO4 + FeSO4 = FeAsO4 + H2SO4                                                               (4) 

 

ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ (ʦʙʨʘʙʦʪʢʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ) ï ʧʨʦʜʫʢʪʘʤʠ ʜʝʩʪʨʫʢʮʠʠ ʧʠʨʠʪʘ ʙʫʜʫʪ 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʩʝʨʘ ʠ ʠʦʥʳ ʞʝʣʝʟʘ (Fe2+ ʠ Fe3+) ʚ ʨʘʩʪʚʦʨʝ: 

 

                                                                     FeS2 + HNO3 = S2 + Fe3+ + NO2 + HOH                                                    (5) 
 

                                                                    FeS2 + HNO3 = S2 + Fe2+ + NO2 + HOH                                                     (6) 

 

ʉ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ ʩʝʨʳ ʜʦ ʩʫʣʴʬʘʪ ʠʦʥʦʚ.  

ʅʘʣʠʯʠʝ ʚ ʤʠʥʝʨʘʣʘʭ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʠ ʤʳʰʴʷʢʦʚʠʩʪʦʡ ʢʠʩʣʦʪʳ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʛʦ ʘʨʩʝʥʘʪʘ ʢʘʣʴʮʠʷ: 
 

                                                                     2H3AsO4 + 3CaO = Ca3(AsO4)2 + 3H2O                                                    (7) 
 

ʈʘʟʣʦʞʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʬʝʨʨʠʪʥʦʡ ʨʫʜʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦ-

ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ, ʚʳʤʳʚʘʶʱʠʭʩʷ ʠʟ ʢʝʢʘ. 
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ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʦʢʠʩʣʷʝʪʩʷ ʧʦ ʪʦʡ ʞʝ ʩʭʝʤʝ, ʠ ʚ ʢʝʢʝ ʦʩʪʘʶʪʩʷ ʦʢ-

ʩʠʜ ʞʝʣʝʟʘ, ʛʝʪʠʪ ʠ ʦʢʩʠʜ ʢʨʝʤʥʠʷ. 

ʆʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʙʦʪʢʠ ʚʩʢʨʳʪʠʷ ʫʧʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʠ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ 

ʚʳʙʨʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʈʉɸ, ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʩʪʘʪʢʘ ʩʝʨʳ ʚ ʢʝʢʘʭ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʧʨʠ ʚʩʢʨʳʪʠʠ ʫʧʦʨʥʦʛʦ ʩʳʨʴʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʜʦʙʘʚʢʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. 

ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʘʢʪʠʚʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ: 

¶ ɼʣʷ ʘʨʩʝʥʦʧʠʨʠʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ HNO3 0,5-1 %, ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 30 ʤʠʥʫʪ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʣʶʱʠʭ 

ʪʝʣ ʠ ʤʠʥʝʨʘʣʘ 6:1, ʩʦʦʪʥʦʰʝʥʠʝ ɾ:ʊ= 2:1. 

¶ ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʬʝʨʨʦʟʦʣʦʪʦʡ ʨʫʜʳ: ʚʨʝʤʷ 30 ʤʠʥ, ʢʦʥʮʝʥʪʨʘʮʠʷ HNO3 0,5 %, ʩʦ-

ʦʪʥʦʰʝʥʠʝ ʤʝʣʶʱʠʭ ʪʝʣ ʠ ʤʠʥʝʨʘʣʘ 4:1, ʢʦʥʮʝʥʪʨʘʮʠʷ HNO3 1%, ʐ:ʊ=4:1, ʚʨʝʤʷ 20 ʤʠʥʫʪ. 

¶ ɼʣʷ ʘʨʩʝʥʦʧʠʨʠʪʘ-2 ʠʩʩʣʝʜʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝ ʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʵʬʬʝʢʪʘ, ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʵʬʬʝʢʪʘ. 
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MECHANOCHEMICAL OPENING IN ACID SOLUTIONS 
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Abstract. Parameters of opening of refractory ore are determined by method of mechanic-chemical activation. 

The factors influencing on the level of binding of arsenium and a completeness of sulfur deleting in case of activation 

process of arsenopyrite-1, arsenopyrite-2 and ferro gold ore are considered. Mechanical activation was carried out 

using the grinding medium of the different sizes and in different ratio of L:S. Experiments on mechanical activation of 

mineral raw materials in solutions of hydrochloric and nitric acids of different concentration and different conditions of 

experiment (time, a ratio of the grinding bodies and a mineral and liquid) are made. 

Keywords: arsenopyrite, mechanical activation, sour environment, sulphide ore, deleting sulfur. 
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МИКРОВОЛНОВАЯ АКТИВАЦИЯ РЕАКЦИИ 

ПРИСОЕДИНЕНИЯ ГЕКСЕНА-1 К УКСУСНОЙ КИСЛОТЕ 
 
 Е.А. Омаров1, Н.И. Акылбеков2, Н.Т. Мендыбаева3, Г.М. Максутова4, Р.А. Нарманова5, Н.О. Аппазов6 

1 ʠʥʞʝʥʝʨ, 2 ʚʝʜʫʱʠʡ ʩʧʝʮʠʘʣʠʩʪ, 3, 4 ʫʯʠʪʝʣʴ ʭʠʤʠʠ, 5 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ, 6 ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʣʘʙʦʨʘʪʦʨʠʠ 
1, 2, 5, 6 ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂʦʨʢʳʪ ɸʪʘ, 

3, 4 ʅʘʟʘʨʙʘʝʚ ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʰʢʦʣʘ ʭʠʤʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (ʂʳʟʳʣʦʨʜʘ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʠʥʪʝʟ 1-ʤʝʪʠʣʧʝʥʪʠʣʘʮʝʪʘʪʘ ʨʝʘʢʮʠʝʡ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʝʢʩʝʥʘ-

1 ʢ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʅʘʡʜʝʥʳ ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ: ʤʦʱʥʦʩʪʴ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʅʘʡʜʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʛʝʢʩʝʥ-1:ʫʢʩʫʩʥʘʷ ʢʠʩ-

ʣʦʪʘ 1:1, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 4,0 ʤʠʥ, ʩʦʦʪʥʦʰʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ 

3,5 %, ʤʦʱʥʦʩʪʴ ʦʙʣʫʯʝʥʠʷ 600 ɺʪ. ɺʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 37,37 %. ʇʦʣʫ-

ʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦ-ʤʘʩʩ ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 1-ʤʝʪʠʣʧʝʥʪʠʣʘʮʝʪʘʪ, ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʘʢʪʠʚʘʮʠʷ, ʭʨʦʤʘʪʦ-ʤʘʩʩ ʩʧʝʢʪʨʦʤʝʪʨʠʷ, 

ʛʝʢʩʝʥ-1, ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ. 

 

ʄʠʢʨʦʚʦʣʥʦʚʘʷ ʘʢʪʠʚʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʭʠʤʠʯʝʩʢʦʤ 

ʩʠʥʪʝʟʝ. ʍʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʣʫʯʝʥʠʡ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʧʨʠ ʫʯʘʩʪʠʠ 

ʪʚʝʨʜʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʠ ʞʠʜʢʦʩʪʝʡ. ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʦʙʣʫʯʝʥʠʝ ʥʘʭʦʜʠʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʦʛʦ ʥʘʛʨʝʚʘ ʘʢʪʠʚʘʮʠʷ ʨʝʘʢʮʠʡ ʣʫʯʘʤʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘ-

ʩʪʦʪ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ ʟʘ ʩʯʝʪ ʭʦʨʦʰʝʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʦʙʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [5, 10]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʘʢʪʠʚʘʮʠʷ ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʝʢʩʝʥʘ-1 ʢ ʫʢʩʫʩ-

ʥʦʡ ʢʠʩʣʦʪʝ. ʈʝʘʢʮʠʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʣʢʝʥʦʚ ʢ ʢʘʨʙʦʥʦʚʳʤ ʢʠʩʣʦʪʘʤ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʦʡ, ʦʥʘ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʪʝʯʝʥʠʠ 2 ʯ, ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʧʦʣʫʯʘʶʪ ʩ ʚʳʭʦʜʘʤʠ 25-71 % [7]. ʉʣʦʞʥʳʝ ʵʬʠʨʳ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʦʙʣʘʜʘʶʪ ʧʨʠʷʪʥʳʤ ʵʬʠʨʥʦ-ʬʨʫʢʪʦʚʳʤ ʟʘʧʘʭʦʤ, ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʵʬʠʨʥʳʭ ʤʘʩʝʣ 

ʜʫʰʠʩʪʳʭ ʨʘʩʪʝʥʠʡ, ʥʘʭʦʜʷʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʘʨʬʶʤʝʨʥʦ-ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʫʰʠʩʪʳʭ ʚʝʱʝʩʪʚ, ʦʪʜʫʰʝʢ ʜʣʷ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʠ ʤʳʣʘ, ʧʠʱʝʚʳʭ ʘʨʦʤʘʪʠʟʘʪʦʨʦʚ ʠ ʧʠ-

ʱʝʚʳʭ ʢʦʥʩʝʨʚʘʥʪʦʚ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʠʟʜʝʣʠʡ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ [9]. ʇʨʦ-

ʜʫʢʪ ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʝʢʩʝʥʘ-1 ʢ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ 1-ʤʝʪʠʣʧʝʥʪʠʣʘʮʝʪʘʪ ʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠʯʥʳʤ ʥʘʪʫ-

ʨʘʣʴʥʦʤʫ ʧʠʱʝʚʳʤ ʘʨʦʤʘʪʠʟʘʪʦʨʦʤ [6]. 

ʅʘʤʠ ʨʘʥʝʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʘ ʨʝʘʢʮʠʶ ʵʪʝʨʠʬʠʢʘʮʠʠ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ ʥʠʟʰʠʤʠ ʩʧʠʨʪʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʤʠʢʨʦʚʦʣ-

ʥʘʤʠ ʧʦʟʚʦʣʷʝʪ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ [1-4, 8]. 

ʉʠʥʪʝʟ 1-ʤʝʪʠʣʧʝʥʪʠʣʘʮʝʪʘʪʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʨʝʘʢʮʠʝʡ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʝʢʩʝʥʘ-1 ʢ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʦʙʣʫʯʝʥʠʠ ʥʘ ʙʳʪʦʚʦʡ ʉɺʏ-ʧʝʯʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʝʜʷʥʫʶ ʫʢʩʫʩʥʫʶ ʢʠʩ-

ʣʦʪʫ ʠ ʛʝʢʩʝʥ-1 ʬʠʨʤʳ SIGMA-ALDRICH. 

 

CH3CH2CH2CH2CH=CH2 + CH3COOH
H2SO4, hv

CH3COOCHCH2CH2CH2CH3

CH3  
 

ʅʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʦʧʳʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʪ.ʝ. 

ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʤʦʱʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ 

ʦʙʱʝʡ ʤʘʩʩʳ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʩʦʦʪʥʦʰʝʥʠʡ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʅʘʡʜʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʛʝʢ-

ʩʝʥ-1:ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ï 1:1, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 4 ʤʠʥ, ʩʦʦʪʥʦʰʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʨʝʘʛʠʨʫʶ-

ʱʠʭ ʚʝʱʝʩʪʚ 3,5 %, ʤʦʱʥʦʩʪʴ ʦʙʣʫʯʝʥʠʷ 600 ɺʪ, ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 37, 37 

% (ʊʘʙʣʠʮʘ). 
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ʊʘʙʣʠʮʘ 

Нахождение оптимальных условий проведения процесса 
ˉ ʄʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʠʨʫʶ-

ʱʠʭ ʚʝʱʝʩʪʚ 

ʄʦʱʥʦʩʪʴ 

ʦʙʣʫʯʝʥʠʷ, ɺʪ 

ʇʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ, ʤʠʥ 

ʂʘʪʘʣʠʟʘʪʦʨ, % ʦʪ 

ʦʙʱ. ʤʘʩʩʳ ʨʝʘʛʠʨʫ-

ʶʱʠʭ ʚʝʱʝʩʪʚ 

ɺʳʭʦʜ ʧʨʦ-

ʜʫʢʪʘ, % 

ʋʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ɻʝʢʩʝʥ-1  

1 1 1 180 4 - 0 

2 1 1 180 4 1 4,19 

3 1 1 300 4 1 8,26 

4 1 1 450 4 1 5,87 

5 1 1 600 4 1 16,18 

6 1 1 900 4 1 0 

7 1 1 600 3 1 0 

8 1 1 600 5 1 5,94 

9 1 1 600 6 1 3,62 

10 1 1 600 4 0,5 0 

11 1 1 600 4 1,5 20,76 

12 1 1 600 4 2 22,35 

13 1 1 600 4 2,5 29,53 

14 1 1 600 4 3 29,60 

15 1 1 600 4 3,5 37,37 

16 1 1 600 4 4 36,45 

17 1 0,9 600 4 3,5 26,87 

18 1 1,1 600 4 3,5 33,07 

 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʨʦʜʫʢʪ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʭʨʦʤʘʪʦ-ʤʘʩʩ ʩʧʝʢʪʨʦʤʝʪʨʘ Agilent 

7890A/5975C (ʉʐɸ). 

ʋʩʣʦʚʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʷ: ʛʘʟʦʚʳʡ ʭʨʦʤʘʪʦʛʨʘʬ 7890ɸ ʩ ʤʘʩʩ-ʩʝʣʝʢʪʠʚʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 5975ʉ 

ʬʠʨʤʳ Agilent; ʧʦʜʚʠʞʥʘʷ ʬʘʟʘ (ʛʘʟ ʥʦʩʠʪʝʣʴ) ï ʛʝʣʠʡ; ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ 2300ʉ, ʩʙʨʦʩ ʧʦʪʦʢʘ (Split) 

500:1; ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʩʪʘʪʘ ʢʦʣʦʥʢʠ, ʥʘʯʘʣʦ 400ʉ (1 ʤʠʥ), ʧʦʜʲʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 100ʉ ʚ ʤʠʥʫʪʫ, ʢʦʥʝʮ 2150ʉ, 

ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʫʜʝʨʞʠʚʘʝʪʩʷ 1 ʤʠʥ, ʦʙʱʝʝ ʚʨʝʤʷ ʘʥʘʣʠʟʘ 19,5 ʤʠʥ; ʨʝʞʠʤ ʠʦʥʠʟʘʮʠʠ ʤʘʩʩ-ʜʝʪʝʢʪʦʨʘ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʜʘʨʘ. ʂʘʧʠʣʣʷʨʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ HP-FFAP, ʜʣʠʥʘ ʢʦʣʦʥʢʠ 30 ʤ, ʚʥʫʪ-

ʨʝʥʥʠʡ ʜʠʘʤʝʪʨ 0,25 ʤʤ, ʥʝʧʦʜʚʠʞʥʘʷ ʬʘʟʘ ï ʥʠʪʨʦʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʦʣʠʵʪʠʣʝʥʛʣʠ-

ʢʦʣʝʤ. ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʨʝʤʷ ʫʜʝʨʞʘʥʠʷ 1-ʤʝʪʠʣʧʝʥʪʠʣʘʮʝʪʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 5,44 ʤʠʥ. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʚʳʭʦʜʘ 1-ʤʝʪʠʣʧʝʥʪʠʣʘʮʝʪʘʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ 1-ʤʝʪʠʣʧʝʥʪʠʣʘʮʝʪʘʪʘ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʘʢʪʠʚʘʮʠʝʡ 

 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʝʣʝʢʪʠʚʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (ʠʦʥʠʟʘʮʠʷ ʧʨʦʙʳ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʜʘʨʘ), ʤʘʩʩ-ʩʧʝʢʪʨ 1-ʤʝʪʠʣʧʝʥʪʠʣʘʮʝʪʘʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʙʠʙʣʠʦʪʝʯ-

ʥʦʡ ʙʘʟʳ NIST08, ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʦʣʝʢʫʣʷʨʥʳʡ ʠʦʥ ʠ ʤʘʩʩ ʬʨʘʛʤʝʥʪʳ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 

(ʨʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2. ʄʘʩʩ-ʩʧʝʢʪʨ 1-ʤʝʪʠʣʧʝʥʪʠʣʘʮʝʪʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʦʙʣʫʯʝʥʠʝʤ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 1-ʤʝʪʠʣʧʝʥʪʠʣʘʮʝʪʘʪ ʨʝʘʢʮʠʝʡ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʝʢʩʝʥʘ-1 ʢ ʫʢ-

ʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (3,5% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ 

ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ). ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 37,37%. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ ʩ ʤʘʩʩ-

ʩʝʣʝʢʪʠʚʥʳʤ ʜʝʪʝʢʪʦʨʦʤ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʥʘʤʠ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 1-ʤʝʪʠʣʧʝʥʪʠʣʘʮʝʪʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪ-

ʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ 30 ʨʘʟ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʬʠʣʷ çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘè ʂʳʟʳ-

ʣʦʨʜʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʂʦʨʢʳʪ ɸʪʘ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʳʟʳʣʦʨʜʘ). 
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COMBINATION REACTION MICROWAVE ENABLING OF HEXENE-1 AND VINEGAR ACID 
 

E.A. Omarov1, N.I. Akylbekov2, N.T. Mendybaeva3, G.M. Maksutova4, R.A. Narmanova5, N.O. Appazov6  
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1, 2, 5, 6 Kyzylorda State University named after Korkyt ata, 

3, 4 Nazarbayev Intellectual School of Chemistry and Biology (Kyzylorda), Kazakhstan 
 

Abstract. In this article the synthesis of a 1-methyl pentyl acetate by addition reaction of hexene-1 to acetic ac-

id in the conditions of microwave radiation by the presence of sulfuric acid is offered. Optimum conditions of carrying 

out process are found: microwave irradiation rate, process duration, catalytic agent ratio from the mass of the reacting 

substances, proportion of the reacting substances. It was found that by carrying out process the following conditions 

are optimum: the mole ratio hexene-1: acetic acid n ï 1:1, duration ï 4,0 min., proportion of catalytic agent from the 

mass of the reacting substances ï 3,5 %, power of radiation ï 600 W. The yield of target product under these conditions 

makes 37,37 %. The received product is identified by means of gas chromatography mass-spectrometry. 

Keywords: 1-methyl pentyl acetate, microwave activation, chromatography mass-spectrometry, hexene-1, ace-

tic acid.  
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УДК 544 

 

МЕХАНИЗМ ЭЛЕКТРОФОРЕТИЧЕСКОЙ ПОДВИЖНОСТИ 

МИКРО- И МАКРОВКЛЮЧЕНИЙ В ЖИДКИХ СИСТЕМАХ 
 

 Б.Т. Утелбаев1, М.М. Мырзаханов2, Э.Н. Сулейменов3 
1 ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʭʠʤʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ,  

2 ʤʘʛʠʩʪʨ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 
3 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʣʘʙʦʨʘʪʦʨʠʠ çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠè 

ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɸʣʤʘʪʳ), ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤʘʭ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʚʦʟʤʦʞʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʜʚʠʞʝʥʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʜʥʦʡ ʩʦʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʩʪʚʦʨʘ ʜʨʫʛʦʡ ʩʦʣʠ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʜʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʬʦʨʝʟ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʧʨʦʚʦʜʷʱʠʝ ʨʘʩʪʚʦʨʳ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʥʮʠʧʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʣʠʪʦʚ 

[ʥʘʧʨʠʤʝʨ, 9, 15, 16, 18], ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʣʠʪʳ ʠʤʝʶʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʥʘ ʢʘʪʠʦʥʳ ʠ ʘʥʠʦʥʳ ʚ ʥʠʭ ʥʝ ʠʤʝʝʪ ʤʝʩʪʘ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣʦ ʦʧʫʙʣʠ-

ʢʦʚʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʛʜʝ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʵʪʫ 

ʪʦʯʢʫ ʟʨʝʥʠʷ [2, 12-14, 20]. ɸʚʪʦʨʳ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʝʤʠʣʠʩʴ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʨʝʘʣʴʥʳʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [12, 13, 20] ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʞʠʜʢʦʩʪʠ 

ʠʤʝʶʪ ʜʘʣʴʥʠʡ ʧʦʨʷʜʦʢ, ʢʦʪʦʨʳʡ ʚ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʘʥʩʘʤʙʣʷʤʠ ʩʛʫʩʪʢʦʚ ʤʦʣʝʢʫʣ ʠʣʠ ʢʣʘ-

ʩʪʝʨʦʚ. ʂʣʘʩʪʝʨʳ ʠʤʝʶʪ ʩʚʦʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʘʪʷʞʝʥʠʷ, ʧʦʪʝʥʮʠʘʣʳ ʠ 

ʜʘʞʝ ʵʥʝʨʛʠʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [20]. ɸʚʪʦʨʳ [3] ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʪʝʧʣʦʚʦʝ ʧʦʣʝ ʧʦʩʪʦʷʥʥʦ ʨʘʟʨʫʰʘʝʪ ʩʛʫʩʪʢʠ 

ʤʦʣʝʢʫʣ, ʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʛʫʩʪʢʦʚ ʷʚʣʷʶʪʩʷ ʢʦʛʝʟʠʦʥʥʦ-ʢʦʦʧʝʨʘʮʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ. ʅʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʩʪʨʫʢʪʫʨʘ ʵʣʝʢ-

ʪʨʦʣʠʪʦʚ ʠʟʤʝʥʷʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤ [14]. 

ɸʚʪʦʨʳ [3] ʚ ʨʷʜʝ ʩʚʦʠʭ ʨʘʙʦʪ ʧʨʝʜʣʘʛʘʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʞʠʜʢʦʩʪʠ ʠ ʠʭ ʩʤʝʩʠ ʢʘʢ 

ʥʘʥʦʵʤʫʣʴʩʠʠ, ʘ ʢʣʘʩʪʝʨʳ ʩʦʣʝʡ ʚ ʨʘʩʪʚʦʨʘʭ ʢʘʢ ʥʘʥʦʩʫʩʧʝʥʟʠʠ ʟʘʨʦʜʳʰʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʠʩʭʦʜʠʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʩʛʫʩʪʢʠ ʤʘʩʩ ʚʳʜʝʣʠʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ ʠ ʧʦʣʠʤʝʨʦʚ [19]. ɼʣʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʪʦ ʩʜʝ-

ʣʘʪʴ ʧʦʢʘ ʥʝ ʫʜʘʸʪʩʷ, ʭʦʪʷ ʠʤʝʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ɸʚʪʦʨʳ 

[3] ʩʯʠʪʘʶʪ, ʯʪʦ ʨʘʟʫʤʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ çʚ ʨʘʩʪʚʦʨʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ ʪʘʢʞʝ ʙʫʜʫʪ 

ʠʤʝʪʴ ʤʝʩʪʦ ʧʨʦʮʝʩʩʳ ʢʣʘʩʪʝʨʦʦʙʨʘʟʦʚʘʥʠʷ. ɼʣʷ ʥʦʚʦʛʦ ʵʪʘʧʘ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʵʪʦ ʧʦʥʠʤʘʥʠʝ ʙʫʜʝʪ ʠʛʨʘʪʴ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʢʫʨʝʥʪʥʳʭ ʩʝʛ-

ʤʝʥʪʦʚ ʨʳʥʢʘ ʚ 21 ʚʝʢʝè. ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʧʝʥʪʘʦʢʩʠʜʘ ʚʘʥʘʜʠʷ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʧʦʟʚʦ-

ʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʠʭ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. ɹʳʣ ʧʦʩʪʘʚʣʝʥ 

ʧʨʷʤʦʡ ʠ ʥʘʛʣʷʜʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʨʘʩʪʚʦʨʦʚ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ 

ʨʘʩʪʚʦʨʝʥʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʦʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʘʷ ʜʠʩʩʦʮʠʘ-

ʮʠʷ [5], ʠ ʨʘʩʪʚʦʨ ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ [7]. ɺ ʩʚʷʟʠ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ ʚʳʚʦʜʘʤʠ ʦ ʩʪʨʦʝʥʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ ʦ ʜʚʠʞʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʦʚ ʢ ʢʘʪʦʜʫ ʠʣʠ ʘʥʦʜʫ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʦ ʜʚʠʞʝʥʠʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʩʨʝʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʯʘʩʪʠʮ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʞʠʜʢʦʩʪʠ, ʚʦʩʭʦʜʷʪ ʢ ʨʘʙʦʪʘʤ ɻ. ɻʝʣʴʤʛʦʣʴʮʘ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʥʝʧʨʦʚʦʜʷʱʠʝ 

ʯʘʩʪʠʮʳ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ. ɺʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʧʦʣʝʡ ʥʘ 

ʜʚʠʞʝʥʠʝ ʢʚʘʟʠʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʚʷʟʘʥʳ ʩ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʢʪʦʨʫ ʥʦʨʤʘʣʠ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʷ [2].  

ʆʜʥʘʢʦ çʢʣʘʩʩʠʯʝʩʢʠʡè ʤʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʢʚʘʟʠʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʥʝ ʷʚ-

ʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʦʜʚʠʞʥʦʩʪʴ 

ʧʨʦʚʦʜʷʱʝʛʦ ʦʙʲʝʢʪʘ, ʠʤʤʝʨʩʠʨʦʚʘʥʥʦʛʦ ʚ ʩʨʝʜʫ ʩ ʦʪʣʠʯʘʶʱʝʡʩʷ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʦʢʘʟʳʚʘʝʪʩʷ ʘʥʦʤʘʣʴʥʦ ʚʳ-

ʩʦʢʦʡ [11]. ɸʥʘʣʦʛʠʯʥʳʝ ʷʚʣʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʜʣʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʢʘʧʝʣʴ ʰʪʝʡʥʘ, 

ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʰʣʘʢʦʚʳʡ ʨʘʩʧʣʘʚ [8]. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʷʚʣʝʥʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʜʝʣʘʝʪ 

ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʚ ʞʠʜʢʦʩʪʠ ʘʢʪʫʘʣʴʥʳʤ 

ʥʝ ʪʦʣʴʢʦ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ, ʥʦ ʠ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ. 

ʇʨʦʚʝʜʝʤ ʚʥʘʯʘʣʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʪʨʘʢʪʦʚʢʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʡ ʦ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʧʨʦʚʦʜʷʱʠʭ ʯʘʩʪʠʮ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʨʝʜʝ ʩ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʦʪʣʠʯ-
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ʥʦʡ ʦʪ ʠʭ ʩʦʙʩʪʚʝʥʥʦʡ. ʂʣʘʩʩʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ [2] ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʧʨʦ-

ʚʦʜʷʱʠʝ ʢʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ ʚʩʣʝʜʩʪʚʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʬʘʢʪʦʨʦʚ ʦʙʨʘʟʫʝʪʩʷ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ (ʧʨʠʯʠʥʦʡ ʝʛʦ ʧʦʷʚʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʘʜ-

ʩʦʨʙʮʠʷ ʦʜʥʦʛʦ ʠʟ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʚʝʱʝʩʪʚʦʤ ʯʘʩʪʠʮʳ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮʳ ʧʨʠʦʙʨʝ-

ʪʘʝʪ ʥʝʥʫʣʝʚʦʡ ʟʘʨʷʜ. ʉʠʩʪʝʤʘ ʚ ʮʝʣʦʤ, ʙʝʟʫʩʣʦʚʥʦ, ʦʩʪʘʝʪʩʷ ʢʚʘʟʠʥʝʡʪʨʘʣʴʥʦʡ, ʦʜʥʘʢʦ, ʩʣʦʠ ʞʠʜʢʦʩʪʠ, ʥʘʭʦ-

ʜʷʱʠʝʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝʩʫʪ ʥʝʥʫʣʝʚʦʡ ʟʘʨʷʜ. 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ɻ. ɻʝʣʴʤʛʦʣʴʮʘ ʪʘʢʫʶ ʯʘʩʪʠʮʫ ʚʦ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʤ ʧʦʣʝ. ɿʜʝʩʴ ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ (ʢʘʢ ʥʦʩʠʪʝʣʷ ʟʘʨʷʜʘ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʠʮʳ. ɺ 

ʣʠʪʝʨʘʪʫʨʝ [2] ʦʧʠʩʘʥʳ ʜʚʘ ʧʘʨʥʳʭ ʵʬʬʝʢʪʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ. ɽʩʣʠ çʯʘʩʪʠʮʳè (ʥʘʧʨʠʤʝʨ, 

ʧʝʩʯʘʥʳʡ ʩʣʦʡ) ʷʚʣʷʶʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤʠ, ʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʵʣʝʢʪʨʦʦʩʤʦʩ ï ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʨʦʪʝʢʘʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʩʣʫʯʘʝ ʥʝʧʦʜʚʠʞʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʩʦʧʨʷʞʝʥʥʦʝ ʷʚʣʝʥʠʝ ï ʵʣʝʢʪʨʦʬʦʨʝʟ (ʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ). 

ʆʜʥʘʢʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʢʦʣʣʦʠʜʦʚ [2], ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʯʘʩʪʠʮ, ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʧʦʣʥʳʤʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʚʦʜʷʱʠʭ 

ʦʙʲʝʢʪʦʚ (ʥʘʧʨʠʤʝʨ, ʯʘʩʪʠʮ ʰʪʝʡʥʘ [8] ʠʣʠ ʜʠʩʧʝʨʩʠʠ ʛʠʜʨʦʛʝʣʷ [1]), ʘ ʪʘʢʞʝ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʧʦ-

ʩʦʙʥʳʭ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʛʝʥʝʨʘʮʠʠ ʧʦʪʦʢʦʚ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ [4].  

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʝʜʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʦʪ 

ʩʧʣʦʰʥʦʡ ʤʝʤʙʨʘʥʳ ʢ ʦʪʜʝʣʴʥʦʡ ʯʘʩʪʠʮʝ. ʇʫʩʪʴ ʤʝʤʙʨʘʥʘ ʨʘʟʜʝʣʷʝʪ ʜʚʝ ʩʨʝʜʳ ʩ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷʤʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʜʘʥʥʘʷ ʤʝʤʙʨʘʥʘ ʙʫʜʝʪ ʠʩʧʳʪʳ-

ʚʘʪʴ ʦʩʤʦʪʠʯʝʩʢʦʡ ʜʘʚʣʝʥʠʝ, ʧʨʠʙʣʠʞʝʥʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʨʘʟʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪ ʧʦ ʦʙʝ ʝʝ 

ʩʪʦʨʦʥʳ. ʕʪʦ ʞʝ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʪʦʣʢʦʚʘʥʦ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʜʠʬʬʫʟʠʦʥʥʦʡ ʪʝʦʨʠʠ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʝʡ 

[1]. ʄʦʞʥʦ, ʦʜʥʘʢʦ, ʨʘʩʩʤʦʪʨʝʪʴ ʠ çʩʦʧʨʷʞʝʥʥʳʡè ʚʘʨʠʘʥʪ, ʤʳʩʣʝʥʥʦ ʧʨʝʜʧʦʣʦʞʠʚ, ʯʪʦ ʤʝʤʙʨʘʥʘ ʷʚʣʷʝʪʩʷ 

ʧʦʜʚʠʞʥʦʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʥʘ ʧʨʠʦʙʨʝʪʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʜʚʠʛʘʪʴʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʭ ʞʝ ʩʘ-

ʤʳʭ ʩʠʣ, ʯʪʦ ʚʳʟʳʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʘʥʥʳʡ ʤʳʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʨʠʩʫʥʦʢ 1. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʟʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʬʘʟʳ, ʧʦʣʥʦʩʪʴʶ ʨʘʟʛʨʘʥʠʯʝʥʥʳʝ ʧʦʣʫʧʨʦ-

ʥʠʮʘʝʤʦʡ ʤʝʤʙʨʘʥʦʡ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʀʣʣʶʩʪʨʘʮʠʷ ʢ ʤʳʩʣʝʥʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ, 

ʜʦʢʘʟʳʚʘʶʱʝʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʝʤʙʨʘʥʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ ʦʩʤʦʪʠʯʝʩʢʠʭ ʩʠʣ 

 

çʆʩʤʦʪʠʯʝʩʢʘʷè ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʬʦʨʤʘʣʴʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʝ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʠʢʘʢʦʛʦ ʠʥ-

ʪʝʨʝʩʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪ ʨʘʩʪʚʦʨʘ ʩ ʚʝʱʝʩʪʚʦʤ ʤʝʤʙʨʘʥʳ. ʕʪʦ, 

ʨʘʟʫʤʝʝʪʩʷ, ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʧʦʤʷʥʫʪʳʡ ʤʝʭʘʥʠʟʤ ʥʝʣʴʟʷ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʛʠʜʨʦʛʝʣʷʤ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʠʬʬʫʟʠʦʥʥʦʡ ʪʝʦʨʠʝʡ ʠʭ ʥʘʙʫʭʘʥʠʷ [1]. ʆʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʚʣʝʥʠʝ 

ʥʘʙʫʭʘʥʠʷ ʢʘʞʜʦʛʦ, ʣʦʢʘʣʴʥʦ ʤʘʣʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʟʥʦʩʪʠ ʩʫʤʤʘʨʥʳʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ ʧʦʜʚʠʞʥʳʭ ʠʦʥʦʚ ʤʝʞʜʫ ʪʦʯʢʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʥʦʡ (ʧʦ ʪʨʫʙʢʝ ʪʦʢʘ) ʪʦʯʢʝ ʚ 

ʪʦʣʱʝ ʨʘʩʪʚʦʨʘ. ɼʣʷ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʝʦʨʝʤʘ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʚ [6]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʢ ʪʦʣʴʢʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢ çʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡè ʪʦʯ-

ʢʝ ʟʨʝʥʠʷ, ʪʦ ʫʞʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʚʘʞʥʳʤ, ʨʘʟʛʨʘʥʠʯʠʚʘʝʪ ʣʠ ʤʝʤʙʨʘʥʘ ʜʚʝ ʦʪʜʝʣʴʥʳʝ ʬʘʟʳ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʷʪ ʜʝʙʘʝʚʩʢʫʶ ʜʣʠʥʫ, ʪʦ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜ-

ʥʳʤ, ʯʪʦ ʥʘ ʥʝʛʦ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʜʘʚʣʝʥʠʝ ʣʶʙʦʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʣʝ, ʝʩʣʠ ʪʦʣʴʢʦ ʦʥʦ ʚ ʩʦʩʪʦʷʥʠʠ ʩʦ-

ʟʜʘʪʴ ʟʘʤʝʪʥʫʶ ʨʘʟʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦ ʨʘʟʣʠʯʥʳʝ ʩʪʦʨʦʥʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʇʨʦʜʦʣʞʘʷ ʤʳʩʣʝʥ-

ʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʢʦʪʦʨʳʡ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩʫʥʦʢ 1, ʤʦʞʥʦ çʫʤʝʥʴʰʠʪʴè ʨʘʟʤʝʨʳ ʤʝʤʙʨʘʥʳ. ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʚ 

ʜʝʡʩʪʚʠʝ ʚʩʪʫʧʘʶʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʚʦʚʩʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʤʝʤʙʨʘʥʘ ʨʘʟʛʨʘʥʠʯʠʚʘʣʘ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʝ ʩʨʝʜʳ (ʨʠʩ. 2). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çʣʦʢʘʣʴʥʳʡ ʦʩʤʦʩè, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʧʦ ʦʜʠʥʘʢʦʚʦʤʫ ʤʝʭʘʥʠʟʤʫ ʠ ʚ ʩʣʫʯʘʝ ʤʝʤʙʨʘ-

ʥʳ, ʨʝʘʣʴʥʦ ʨʘʟʛʨʘʥʠʯʠʚʘʶʱʝʡ ʜʚʝ ʩʨʝʜʳ ʠ ʚ ʩʣʫʯʘʝ ʯʘʩʪʠʮʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʦʛʦ ʞʝ ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʝʥ ʧʨʠʚʝ-

ʩʪʠ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʤʧʦʥʝʥʪʝ ʜʠʬʬʫʟʠʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ ʩʧʨʘʚʝʜʣʠ-
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ʚʳ ʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʨʘʩʯʝʪ 

ʧʦʜʚʠʞʥʦʩʪʠ ʯʘʩʪʠʮʳ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʝʜʣʘʛʘʝʤʳʤ ʤʝʭʘʥʠʟʤʦʤ.  

 

 
 

ʈʠʩʫʥʦʢ 2. ʀʣʣʶʩʪʨʘʮʠʷ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʠʬʬʫʟʠʦʬʦʨʝʪʠʯʝʩʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʘʟʤʝʨʘʭ ʤʝʤʙʨʘʥʳ, ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʚʦʟʤʦʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʛʨʘʜʠʝʥʪʥʳʭ ʧʦʪʦʢʦʚ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ 

 

ɹʫʜʝʤ, ʩʣʝʜʫʷ [1, 17], ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʜʥʦʤʝʨʥʫʶ ʤʦʜʝʣʴ, ʩʯʠʪʘʷ, ʯʪʦ ʙʝʩʢʦʥʝʯʥʦ-ʧʣʦʩʢʠʡ ʟʘʨʷʞʝʥʥʳʡ 

ʦʩʪʦʚ ʯʘʩʪʠʮʳ (ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʠʜʨʦʛʝʣʷʤ ï ʩʝʪʢʠ) ʥʘʭʦʜʠʪʩʷ ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʦʚ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ. ʕʪʦ ʟʘʚʝʜʦʤʦ ʛʘʨʘʥʪʠʨʫʝʪ ʠʩʢʣʶʯʝʥʠʝ ʚʩʝʭ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʧʦʣʷ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ 

[2]. ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʪʘʢʦʡ ʦʙʨʘʟʝʮ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʆʥ ʧʨʠʦʙʨʝʪʘʝʪ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʜʚʠʛʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ ʷʚʣʷʝʪʩʷ ʣʠ ʦʥ ʥʘ ʘʥʘʣʦʛʦʤ ʵʣʝʢʪʨʦʜʠʘʣʠʟʥʦʡ ʤʝʤʙʨʘʥʳ ʠʣʠ ʥʝʪ.  

ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʘʮʠʦʥʘʨʥʳʡ ʟʘʨʷʜ [1, 17], ʢʦʛʜʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪʩʷ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ ʪʦʣʴʢʦ одного ʪʠʧʘ. ʕʪʦʪ ʟʘʨʷʜ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʝʥʠʷ ʪʦʢʘ. ʂʦʛʜʘ ʝʛʦ 

ʨʘʟʤʝʨʳ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶʪ ʜʝʙʘʝʚʩʢʫʶ ʜʣʠʥʫ, ʚʥʫʪʨʠ ʦʙʨʘʟʮʘ ʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

ʢʚʘʟʠʥʝʡʪʨʘʣʴʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

 

                                                                     j int= Eint nint = jext = Eext next.                                                                (1) 

 

ɿʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚʥʝ ʠ ʚʥʫʪʨʠ ʦʙʨʘʟʮʘ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʟʥʘʯʝʥʠ-

ʷʤʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʘ ʟʘʪʝʤ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ ʥʘ ʦʙʢʣʘʜʢʘʭ ʢʦʥʜʝʥʩʘʪʦʨʘ.  

ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʟʘʨʷʜʳ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʟʥʘʢʦʚ, ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʧʨʠ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʝʪʢʝ ʥʝ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʟʘʨʷʜʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʇʦʢʘ-

ʞʝʤ ʵʪʦ. ʋʩʣʦʚʠʝ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʜʣʷ ʟʘʨʷʜʦʚ ʦʙʦʠʭ ʟʥʘʢʦʚ ʠʤʝʝʪ ʚʠʜ: 

 

                                                                  j+
int= Eint n+

int = j+ext = Eext n+
ext;                                                             (2) 

 

                                                                    j -
int= Eint n-

int = j-ext = Eext n-
ext.                                                        (3) 

 

ɺ ʩʠʣʫ ʫʩʣʦʚʠʷ ʢʚʘʟʠʥʝʡʪʨʘʣʴʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʜʚʠʞʥʳʭ ʟʘʨʷʜʦʚ ʠ ʚʥʝ ʠ ʚʥʫʪʨʠ ʦʙʨʘʟʮʘ ʩʚʷʟʘʥʳ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʢʘʢ: 
 

                                                             n+
ext= n-

ext;  n+
int = n-

int +N0,                                                                     (4) 

 

ʛʜʝ N0 - ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʠʟʦʚʘʥʥʳʭ ʛʨʫʧʧ ʦʩʪʦʚʘ. ʇʦʜʩʪʘʚʠʚ ʩʦʦʪʥʦʰʝʥʠʷ (4) ʚ (2)-(3) ʠ ʧʦʜʝʣʠʚ ʧʦʣʫʯʝʥʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʧʦʣʫʯʠʤ, ʯʪʦ ʧʨʠ ʣʶʙʳʭ ʥʝʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʣʝʡ ʚ ʩʠʩʪʝʤʝ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ 

 

                                                                                 (n-
int +N0)/ n-

int = 1.                                                                            (5) 

 

ʀʥʘʯʝ, ʫʨʘʚʥʝʥʠʷ (2-4) ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʪʦʣʴʢʦ ʢʦʛʜʘ ʦʩʪʦʚ ʥʝʟʘʨʷʞʝʥ N0= 0. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʜ-

ʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ ʦʩʪʦʚʘ ʚʥʫʪʨʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʠʚʦʨʝʯʠʶ. 

ɼʣʷ ʥʝʧʦʜʚʠʞʥʦʛʦ ʦʙʲʝʢʪʘ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʚʥʫʪʨʝʥʥʝʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʟʘʨʷʜʦʚ ʦʩʪʦʚʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ [4, 17]. ɼʣʷ ʞʝʩʪʢʦʛʦ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʪʠʚʦʨʝʯʠʝ, ʚʳʪʝ-

ʢʘʶʱʝʝ ʠʟ ʫʨʘʚʥʝʥʠʡ (2-4) ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʜʚʠʞʫʱʠʡʩʷ ʦʙʲʝʢʪ. ɿʘʧʠʩʳʚʘʷ ʫʨʘʚʥʝʥʠʷ (2) ʠ (3) 

ʜʣʷ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʨʘʟʮʘ, ʠʤʝʝʤ: 

 

                                                      I+
int= (b+Eint ï v) n+

int = I+
ext = (b+Eext ï v) n+

ext;                                           (6) 

1˿ 2˿ 
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                                                        I-
int= (b-Eint + v) n-

int = I-ext = (b-Eext + v) n-
ext.                                                (7) 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʢʚʘʟʠʥʝʡʪʨʘʣʴʥʦʩʪʠ (4), ʠʤʝʝʪ ʥʝ-

ʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. ʇʦʜʩʪʘʚʠʤ (4) ʚ (6) ʠ (7). ʊʦʛʜʘ 

 

                                               I+
int= (b+Eint ï v) (n-

int +N0)= I+
ext = (b+Eext ï v) n-

ext                                                                   (8) 
 

                                                     I-
int= (b-Eint + v) n-

int = I-ext = (b-Eext + v) n-
ext.                                               (9) 

 

ʈʝʰʘʷ ʵʪʫ ʩʠʩʪʝʤʫ ʦʪʥʦʩʠʪʝʣʴʥʦ v, ʧʦʩʣʝ ʥʝʩʣʦʞʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʤ  
 

                                                     v = b- b+Eint N0 /[(b+- b-) (n-
ext ï n-

int) + b- N0]                                            (10) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʢʘʢ ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ, ʠʤʝʶʱʘʷ ʪʦʪ ʞʝ 

ʟʥʘʢ ʟʘʨʷʜʘ, ʯʪʦ ʠ ʦʩʪʦʚ. ɺʘʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʚʠʞʥʦʩʪʴ ʦʙʲʝʢʪʘ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʨʠʨʦʜʳ, ʦʧʨʝʜʝʣʷʝ-

ʤʘʷ ʧʨʝʜʣʘʛʘʝʤʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʦʡʥʳʭ ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ. 

ʇʦʩʣʝʜʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʨʘʚʥʦʚʝʩʥʳʤ, ʪʘʢ ʠ ʥʝʨʘʚʥʦʚʝʩʥʳʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʝʘʣʠʟʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʥʝ ʠʩʢʣʶʯʘʝʪ ʜʝʡʩʪʚʠʷ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʩʪʦʚ ʜʚʠʞʫʱʝʡʩʷ ʯʘʩʪʠʮʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʧʦʣʝ ʤʦʞʝʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠ ʪʦʛʜʘ ʬʦʨʤʫʣʘ (10) ʙʫʜʝʪ ʜʘʚʘʪʴ ʟʘʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʘʨʛʫʤʝʥʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʥʦʛʦʦʙʨʘʟʠʝ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦ-

ʷʚʣʝʥʠʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝ-

ʤʘʭ. ʅʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʙʝʟʫʩʣʦʚʥʦ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʠ ʪʨʠʙʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ 

ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʙʲʝʢʪʦʚ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʅʦ ʛʣʘʚʥʦʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʚ ʚʝʣʠʯʠʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʢʘʟʳʚʘʝʪ ʩʘʤʦʝ 

ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʜʨʫʛʫʶ ʪʨʘʢʪʦʚʢʫ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʅʝʨʥʩʪʘ, ʩʭʝʤʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʫʞʝ ʙʦʣʝʝ 100 ʣʝʪ ʢʦʯʫʶʪ ʠʟ ʦʜʥʦʛʦ ʫʯʝʙʥʠʢʘ ʚ 

ʜʨʫʛʦʡ ʚ ʢʘʯʝʩʪʚʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʵʣʝʢʪʨʦʣʠʪʦʚ [10]. ɺ ʨʘʟʣʠʯ-

ʥʳʭ ʫʯʝʙʥʠʢʘʭ ʧʨʠʚʦʜʠʪʩʷ ʦʜʥʦ ʠ ʪʦ ʞʝ ʧʦʷʩʥʝʥʠʝ ʜʚʠʞʝʥʠʶ ʦʢʨʘʰʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢ ʦʜʥʦʤʫ ʠʟ ʵʣʝʢʪʨʦʜʦʚ, 

ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪʩʷ ʥʠʞʝ (ʩʭʝʤʘ ʦʧʳʪʘ ʅʝʨʥʩʪʘ ʚʟʷʪʘ ʠʟ [10]).  
 

 

 
 

ʅʝʨʥʩʪ ʨʘʩʩʫʞʜʘʣ ʪʘʢ. ʈʘʩʪʚʦʨ KNO3 ʙʝʩʮʚʝʪʝʥ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʪʠʦʥʳ ʠ ʘʥʠʦʥʳ ʨʘʩʪʚʦʨ ʥʝ ʦʢʨʘʰʠ-

ʚʘʁʪ. ʈʘʩʪʚʦʨ KMnO4 ʠʤʝʝʪ ʨʦʟʦʚʳʡ ʮʚʝʪ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʯʠʥʘ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʷʚʣʷʶʪʩʷ ʘʥʠʦʥʳ MnO4, 

ʧʦʩʢʦʣʴʢʫ K+ ʚ ʦʢʨʘʩʢʝ ʨʘʩʪʚʦʨʘ ʥʝ ʫʯʘʩʪʚʫʶ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʨʦʟʦʚʘʷ ʦʢʨʘʩʢʘ ʩʤʝʱʘʝʪ-

ʩʷ ʚ ʩʪʦʨʦʥʫ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʅʝʨʥʩʪ ʧʦʩʯʠʪʘʣ, ʯʪʦ ʜʚʠʞʫʪʩʷ ʘʥʠʦʥʳ. ʆʜʥʘʢʦ, ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʤʦʣʝʢʫʣʳ KMnO4 ʥʝ ʜʠʩʩʦʮʠʠʨʦʚʘʥʳ, ʪʦ ʩʣʝʜʫʝʪ ʚʳʚʦʜ: ʢ ʵʣʝʢʪʨʦʜʫ ʜʚʠʞʝʪʩʷ ʚʝʩʴ ʨʘʩʪʚʦʨ KMnO4. ɼʨʫ-

ʛʠʤʠ ʩʣʦʚʘʤʠ, ʵʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʥʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʷʤʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ 

ʤʦʣʝʢʫʣ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʚʦʜʝ. Очевидно, что Нернст допустил логическую ошибку, 

которую повторяют уже на протяжении более ста лет. ɸ ʜʚʠʞʝʥʠʝ ʦʢʨʘʰʝʥʥʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ ʣʝʛʢʦ ʧʦʷʩ-

ʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʨʘʟʥʠʮʝʡ ʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʟʣʠʯ-

ʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʆʯʝʚʠʜʥʦ, ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʢʦʤ-

ʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʘ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʠʩʪʝʤʝ. 
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*ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʜʦʢʪʦʨʫ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʢʘʥʜʠʜʘʪʫ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ʉʫʣʝʡʤʝʥʦʚʫ ʀ.ʕ. ʟʘ ʧʦʤʦʱʴ 

ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʠ ʘʥʘʣʠʟʝ ʤʝʭʘʥʠʟʤʘ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. 
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Abstract. In this article the mechanism of electrophoresis mobility in chemical systems is analyzed. It was 

found that the organization of water solution movement of one salt concerning solution of other salt because of differ-

ence in electric conductance of these solutions is possible. 
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МУСТАФА АТАТЮРК И МОДЕРНИЗАЦИЯ ТУРЦИИ 1920-30-Х ГОДОВ 
 

 А.Н. Варакса, ʢʘʥʜʠʜʘʪ ʧʦʣʠʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʝʪʨʦʟʘʚʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʊʫʨʮʠʠ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʬʘʢʪʦʨʳ ʠ ʫʩʣʦʚʠʷ ʪʫʨʝʮʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʝʝ ʠʜʝʦʣʦʛʠʷ ʠ ʠʥʩʪʠʪʫʪʳ, ʨʦʣʴ ʄʫʩʪʘʬʳ ɸʪʘʪʶʨʢʘ ï ʧʝʨʚʦʛʦ 

ʧʨʝʟʠʜʝʥʪʘ ʊʫʨʝʮʢʦʡ ʨʝʩʧʫʙʣʠʢʠ ʚ ʝʝ ʨʝʘʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʩʤʘʥʩʢʘʷ ʠʤʧʝʨʠʷ, ʊʫʨʝʮʢʘʷ ʨʝʩʧʫʙʣʠʢʘ, ʄʫʩʪʘʬʘ ɸʪʘʪʶʨʢ, ʨʝʬʦʨʤʳ 1920-30-ʭ 

ʛʦʜʦʚ ʚ ʊʫʨʮʠʠ, ʤʦʜʝʨʥʠʟʘʮʠʷ, ʵʪʘʪʠʟʤ. 

 

ʊʝʨʤʠʥ çʤʦʜʝʨʥʠʟʘʮʠʷè, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʦʪ ʜʦʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʦʙʱʝʩʪʚʘ ʢ ʠʥʜʫ-

ʩʪʨʠʘʣʴʥʦʤʫ ʠʣʠ ʩʦʚʨʝʤʝʥʥʦʤʫ ʦʙʱʝʩʪʚʫ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʫʪʚʝʨʜʠʣʩʷ ʧʨʠʤʝʨʥʦ ʩ ʩʝʨʝʜʠʥʳ 1960-ʭ ʛʦʜʦʚ, 

ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ʘʤʝʨʠʢʘʥʩʢʠʭ ʠ ʝʚʨʦʧʝʡʩʢʠʭ ʫʯʝʥʳʭ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ɿʘʧʘʜʘ, ʧʦ 

ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ, ʧʨʦʭʦʜʠʣʘ ʝʩʪʝʩʪʚʝʥʥʳʤ çʦʨʛʘʥʠʯʝʩʢʠʤè ʧʫʪʝʤ çʩʥʠʟʫè, ʪʦ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʩʪʨʘʥʳ 

ʧʨʘʢʪʠʢʦʚʘʣʠ çʜʦʛʦʥʷʶʱʫʶè ʤʦʜʝʨʥʠʟʘʮʠʶ ʧʫʪʝʤ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʧʝʨʝʜʦʚʦʛʦ ʦʧʳʪʘ ʙʦʣʝʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʧʨʠ 

ʚʝʜʫʱʝʡ ʨʦʣʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʪ.ʥ. ʤʦʜʝʨʥʠʟʘʮʠʷ çʩʚʝʨʭʫè. ʋʩʧʝʰʥʳʡ ʦʧʳʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʗʧʦʥʠʠ, ʖʞʥʦʡ ʂʦʨʝʠ, 

ʉʠʥʛʘʧʫʨʘ ʠ ʜʨʫʛʠʭ ʘʟʠʘʪʩʢʠʭ ʩʪʨʘʥ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʯʝʤ 

ʵʪʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʨʘʥʴʰʝ, ʥʝ ʫʢʣʘʜʳʚʘʶʱʠʤʩʷ ʚ ʧʨʠʚʳʯʥʳʝ ʤʦʜʝʣʠ ʠ ʩʭʝʤʳ.  

ʀʥʪʝʨʝʩʥʳʡ ʦʧʳʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʘʝʪ ʥʘʤ ʊʫʨʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʆʩʤʘʥʩʢʦʡ ʠʤʧʝʨʠʠ ʦʜʥʦʡ ʠʟ 

ʧʝʨʚʳʭ ʩʪʨʘʥ ʥʘ ʤʫʩʫʣʴʤʘʥʩʢʦʤ ɺʦʩʪʦʢʝ ʧʨʠʩʪʫʧʠʣʘ ʢ ʨʝʬʦʨʤʘʤ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʆʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʩʝʭ ʧʦʧʳʪʦʢ ʪʫʨʝʮʢʠʭ ʨʝʬʦʨʤ ʙʳʣ ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. ʆʩʤʘʥʩʢʦʡ 

ʠʤʧʝʨʠʠ ʩ ʤʦʤʝʥʪʘ ʝʝ ʚʳʭʦʜʘ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʘʨʝʥʫ ʚ ʢʦʥʮʝ XV ʚʝʢʘ ʧʨʠʰʣʦʩʴ ʚʝʩʪʠ ʥʝʧʨʝʨʳʚʥʫʶ ʙʦʨʴʙʫ 

ʩ ʩʠʣʴʥʳʤʠ ʚ ʚʦʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʦʪʠʚʥʠʢʘʤʠ. ʆʙʦʟʥʘʯʠʚʰʝʝʩʷ ʩ ʢʦʥʮʘ XVII ʚʝʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʠ ʚʦʝʥ-

ʥʦʝ ʦʪʩʪʘʚʘʥʠʝ ʆʩʤʘʥʩʢʦʡ ʠʤʧʝʨʠʠ ʦʪ ʩʪʨʘʥ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ, ʘ ʧʦʟʜʥʝʝ ʠ ʈʦʩʩʠʠ, ʧʦʩʪʘʚʠʣʦ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʬʦʨʤ [5]. 

ʅʝʫʜʘʯʠ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ ʧʦʧʳʪʦʢ ʧʨʦʚʝʩʪʠ ʨʝʬʦʨʤʳ ʚ ʆʩʤʘʥʩʢʦʡ ʠʤʧʝʨʠʠ ʢʦʨʝʥʠʣʠʩʴ ʚ ʛʦʩʧʦʜʩʪʚʝ 

ʨʝʣʠʛʠʠ ʚ ʧʦʣʠʪʠʯʝʩʢʦʡ ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʪʫʨʝʮʢʦʛʦ ʦʙʱʝʩʪʚʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʛʦʣʦʚʥʦʡ ʥʝʛʨʘʤʦʪʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ, ʢʦʨʨʫʤʧʠʨʦʚʘʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʨʘʚʷʱʝʛʦ ʢʣʘʩʩʘ ʠ ʯʠʥʦʚʥʠʯʝʩʪʚʘ, ʥʝʧʦʥʠʤʘʥʠʠ ʨʝʬʦʨʤ 

ʥʘʩʝʣʝʥʠʝʤ ʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʜʜʝʨʞʢʠ ʚ ʠʭ ʧʨʦʚʝʜʝʥʠʠ ʩʦ ʩʪʦʨʦʥʳ ʦʙʱʝʩʪʚʘ, ʨʘʟʜʠʨʘʝʤʦʛʦ ʥʘʮʠʦʥʘʣʴʥʳʤʠ, ʨʝ-

ʣʠʛʠʦʟʥʳʤʠ ʠ ʠʥʳʤʠ ʧʨʦʪʠʚʦʨʝʯʠʷʤʠ ʠ ʢʦʥʬʣʠʢʪʘʤʠ. ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʙʣʝʤ ʪʨʝʙʦʚʘʣʦ ʩʠʩʪʝʤʥʦ-

ʛʦ ʧʦʜʭʦʜʘ, ʯʝʪʢʦʛʦ ʨʝʘʣʠʩʪʠʯʥʦʛʦ ʧʣʘʥʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ, ʥʘʢʦʥʝʮ, ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʩʤʦʛ ʙʳ ʚʦʟʛʣʘ-

ʚʠʪʴ ʜʚʠʞʝʥʠʝ ʟʘ ʨʝʬʦʨʤʳ. 

ʅʦʚʳʡ ʰʘʥʩ ʜʣʷ ʨʝʬʦʨʤ ʧʦʷʚʠʣʩʷ ʧʦʩʣʝ ʧʦʨʘʞʝʥʠʷ ʊʫʨʮʠʠ ʚ ʇʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʝ ʠ ʨʘʩʧʘʜʘ ʆʩʤʘʥ-

ʩʢʦʡ ʠʤʧʝʨʠʠ. ʇʦ ʉʝʚʨʩʢʦʤʫ ʤʠʨʥʦʤʫ ʜʦʛʦʚʦʨʫ ʩʦ ʩʪʨʘʥʘʤʠ ɸʥʪʘʥʪʳ ʊʫʨʮʠʷ ʣʠʰʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʩʚʦ-

ʠʭ ʪʝʨʨʠʪʦʨʠʡ ʟʘ ʧʨʝʜʝʣʘʤʠ ʄʘʣʦʡ ɸʟʠʠ ʠ ʜʦʣʞʥʘ ʙʳʣʘ ʚʳʧʣʘʪʠʪʴ ʧʦʙʝʜʠʪʝʣʷʤ ʙʦʣʴʰʠʝ ʨʝʧʘʨʘʮʠʠ, ʯʪʦ ʦʢʦʥ-

ʯʘʪʝʣʴʥʦ ʙʳ ʧʦʜʦʨʚʘʣʦ ʝʝ ʩʫʚʝʨʝʥʠʪʝʪ ʠ ʧʦʩʪʘʚʠʣʦ ʙʳ ʩʪʨʘʥʫ ʚ ʧʦʣʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ɿʘʧʘʜʘ ʥʘ ʜʝʩʷʪʠʣʝʪʠʷ. 

ʅʘʮʠʦʥʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʚʦʟʥʠʢʰʝʝ ʥʘ ʚʦʩʪʦʢʝ ʊʫʨʮʠʠ, ʚ ɸʥʘʪʦʣʠʠ, ʚʦ ʛʣʘʚʝ ʢʦʪʦʨʦʛʦ ʩʪʘʣ ʛʝʥʝʨʘʣ ʄʫʩʪʘʬʘ 

ʂʝʤʘʣʴ, ʩʤʦʛʣʦ ʦʩʚʦʙʦʜʠʪʴ ʪʫʨʝʮʢʫʶ ʪʝʨʨʠʪʦʨʠʶ ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ ʚʦʡʩʢ. ʆʜʝʨʞʘʥʥʘʷ ʠʤ ʧʦʙʝʜʘ ʩʪʘʣʘ ʤʦʱʥʳʤ 

ʤʦʙʠʣʠʟʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʙʦʨʴʙʳ ʟʘ ʥʦʚʫʶ, ʩʠʣʴʥʫʶ ʠ ʧʨʦʮʚʝʪʘʶʱʫʶ ʊʫʨʮʠʶ.  

ʄʫʩʪʘʬʘ ʂʝʤʘʣʴ, ʩʪʘʚʰʠʡ ʠʜʝʦʣʦʛʦʤ ʠ ʧʨʦʚʦʜʥʠʢʦʤ ʪʫʨʝʮʢʠʭ ʨʝʬʦʨʤ, ʙʳʣ ʥʘʮʠʦʥʘʣʠʩʪʦʤ ʠ ʧʨʘʛʤʘ-

ʪʠʢʦʤ ʚ ʦʜʥʦʤ ʣʠʮʝ, ʫʤʝʚʰʠʤ, ʢʦʛʜʘ ʵʪʦ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ, ʪʚʝʨʜʦ ʠ ʥʘʩʪʦʡʯʠʚʦ ʦʪʩʪʘʠʚʘʪʴ ʩʚʦʶ ʣʠʥʠʶ, ʯʪʦ ʥʝ 

ʨʘʟ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚ ʧʦʣʝʤʠʢʝ ʩʦ ʩʚʦʠʤʠ ʧʦʣʠʪʠʯʝʩʢʠʤʠ ʦʧʧʦʥʝʥʪʘʤʠ. ɺ ʩʚʦʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʳʩʪʫʧʣʝʥʠ-

ʷʭ ʪʫʨʝʮʢʠʡ ʧʨʝʟʠʜʝʥʪ ʧʦʩʪʦʷʥʥʦ ʛʦʚʦʨʠʣ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʥʝʠʟʤʝʥʥʦ ʧʦʜʯʝʨʢʠʚʘʷ ʛʣʘʚʥʦʝ, ʯʪʦ ʨʝʬʦʨʤʳ 

ʜʦʣʞʥʳ ʩʣʫʞʠʪʴ ʠʥʪʝʨʝʩʘʤ ʚʩʝʛʦ ʪʫʨʝʮʢʦʛʦ ʥʘʨʦʜʘ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʪʫʨʝʮʢʠʡ ʣʠʜʝʨ ʚʠʜʝʣ ʟʘʣʦʛ ʫʩʧʝʭʘ ʨʝʬʦʨʤ 

[1]. 

ʈʝʬʦʨʤʳ 1920-30-ʭ ʛʦʜʦʚ ʦʭʚʘʪʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ ʪʫʨʝʮʢʦʛʦ ʦʙʱʝʩʪʚʘ: ʦʪ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʘʪʫʩʘ ʨʝʩʧʫʙʣʠʢʠ ʠ ʫʧʨʘʟʜʥʝʥʠʷ ʭʘʣʠʬʘʪʘ ʜʦ ʦʪʜʝʣʝʥʠʷ ʮʝʨʢʚʠ ʦʪ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʧʝʨʝʚʦʜʘ ʩʪʦʣʠʮʳ ʩʪʨʘʥʳ ʠʟ 

ʉʪʘʤʙʫʣʘ ʚ ɸʥʢʘʨʫ. ʇʨʠʥʷʪʠʝ ʥʦʚʦʡ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʢʦʥʩʪʠʪʫʮʠʠ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʢʦʜʝʢʩʘ, ʨʝʬʦʨʤʘ ʪʫʨʝʮʢʦ-

ʛʦ ʘʣʬʘʚʠʪʘ, ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʞʝʥʱʠʥʳ ʚ ʦʙʱʝʩʪʚʝ, ʧʨʠʥʷʪʠʝ ʤʝʨ ʧʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʨʘʟʚʠʪʠʷ ʥʘʮʠʦ-
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ʥʘʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʫʣʴʪʫʨʳ, ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʢʘʨʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʦʙʱʝʩʪʚʝʥʥʫʶ ʠ 

ʧʦʣʠʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʚ ʊʫʨʮʠʠ, ʧʨʠʜʘʚ ʝʡ ʥʝʦʙʭʦʜʠʤʳʡ ʜʠʥʘʤʠʟʤ.  

ɺʘʞʥʝʡʰʠʤ ʜʦʩʪʠʞʝʥʠʝʤ ʂʝʤʘʣʷ ɸʪʘʪʶʨʢʘ ʠ ʝʛʦ ʩʪʦʨʦʥʥʠʢʦʚ ʚ ʧʨʘʚʠʪʝʣʴʩʪʚʝ ʠ ʧʘʨʣʘʤʝʥʪʝ ʩʪʘʣʦ 

ʧʨʠʥʷʪʠʝ ʂʦʥʩʪʠʪʫʮʠʠ 1924 ʛ., ʫʩʪʘʥʦʚʠʚʰʝʡ ʚ ʊʫʨʮʠʠ ʨʝʩʧʫʙʣʠʢʘʥʩʢʫʶ ʬʦʨʤʫ ʧʨʘʚʣʝʥʠʷ, ʧʨʦʚʦʟʛʣʘʩʠʚʰʝʡ 

ʩʫʚʝʨʝʥʠʪʝʪ ʥʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʧʨʠʥʮʠʧʘ ʥʦʚʦʡ ʪʫʨʝʮʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ. ɺ ʥʦʚʦʡ ʢʦʥʩʪʠʪʫʮʠʠ 

ʚʧʝʨʚʳʝ ʚ ʠʩʪʦʨʠʠ ʊʫʨʮʠʠ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠʥʮʠʧ ʨʘʟʜʝʣʝʥʠʷ ʚʣʘʩʪʝʡ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʣʥʦʤʦʯʠʷ ʧʦʣʫʯʠʣ 

ʩʦʟʜʘʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʣʘʤʝʥʪ (ʤʝʜʞʣʠʩ), ʧʦʷʚʠʣʘʩʴ ʥʝʟʘʚʠʩʠʤʘʷ ʩʫʜʝʙʥʘʷ ʩʠʩʪʝʤʘ. ʂʦʥʩʪʠʪʫʮʠʷ ʜʝʢʣʘ-

ʨʠʨʦʚʘʣʘ ʛʨʘʞʜʘʥʩʢʠʝ ʠ ʧʦʣʠʪʠʯʝʩʢʠʝ ʧʨʘʚʘ ʛʨʘʞʜʘʥ [2]. 

ʇʨʠʥʷʪʠʝ ʢʦʥʩʪʠʪʫʮʠʠ ʩʪʘʣʦ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚʧʝʨʝʜ ʥʘ ʧʫʪʠ ʧʦʩʪʨʦʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʚ 

ʊʫʨʮʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʂʦʥʩʪʠʪʫʮʠʷ 1924 ʛ. ʙʳʣʘ ʪʠʧʠʯʥʦ ʙʫʨʞʫʘʟʥʦʡ 

ʢʦʥʩʪʠʪʫʮʠʝʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʪʜʝʣʴʥʳʝ ʘʚʪʦʨʳ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʦʪʣʠʯʥʦʛʦ ʤʥʝʥʠʷ. ʊʘʢ, ʧʦ ʤʥʝʥʠʶ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʅ.ɻ. ʂʠʨʝʝʚʘ, ʪʫʨʝʮʢʫʶ ʂʦʥʩʪʠʪʫʮʠʶ (1924) ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʙʫʨʞʫʘʟʥʦʡ ʩʯʠʪʘʪʴ ʥʝʣʴ-

ʟʷ, ʦʥʘ ʟʘʢʨʝʧʠʣʘ ʣʠʰʴ ʩʪʨʘʪʝʛʠʶ ʨʘʟʚʠʪʠʷ çʧʝʨʝʭʦʜʥʦʛʦ ʦʙʱʝʩʪʚʘè, ʝʝ ʚʳʨʘʟʠʪʝʣʝʤ ʙʳʣʘ ʥʝ çʛʦʪʦʚʘʷè ʥʘʮʠʦ-

ʥʘʣʴʥʘʷ ʙʫʨʞʫʘʟʠʷ, ʘ çʧʝʨʝʭʦʜʥʳʝ ʧʨʘʚʷʱʠʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʯʠʥʦʚʥʠʢʘʤʠ, ʦʬʠʮʝʨʘʤʠ, ʪʦʨʛʦʚ-

ʮʘʤʠ, ʢʦʪʦʨʳʝ ʝʱʝ ʪʦʣʴʢʦ ʬʦʨʤʠʨʦʚʘʣʠ ʙʫʨʞʫʘʟʥʳʡ ʢʣʘʩʩ ʩ ʠʜʝʦʣʦʛʠʝʡ ʝʚʨʦʧʝʠʟʘʮʠʠè [4]. 

ʀʜʝʦʣʦʛʠʯʝʩʢʠʤ ʬʫʥʜʘʤʝʥʪʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʩʪʘʣ çʢʝʤʘʣʠʟʤè, ʦʩʥʦʚʥʳʤʠ ʧʨʠʥ-

ʮʠʧʘʤʠ ʢʦʪʦʨʦʛʦ ʩʪʘʣʠ: çʨʝʩʧʫʙʣʠʢʘʥʠʟʤè, çʥʘʮʠʦʥʘʣʠʟʤè, çʵʪʘʪʠʟʤè, çʣʘʠʮʠʟʤè (ʩʚʝʪʩʢʠʡ ʭʘʨʘʢʪʝʨ ʛʦʩʫʜʘʨ-

ʩʪʚʘ), çʥʘʨʦʜʥʦʩʪʴè, çʨʝʚʦʣʶʮʠʦʥʥʦʩʪʴè. ʇʦ ʤʥʝʥʠʶ ʈ. ʀʟʤʘʡʣʦʚʘ, ʠʟ ʰʝʩʪʠ ʥʘʟʚʘʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʪʦʣʴʢʦ 

çʣʘʠʮʠʟʤè, çʥʘʨʦʜʥʦʩʪʴè, çʵʪʘʪʠʟʤè ʠ çʥʘʮʠʦʥʘʣʠʟʤè ʩʪʘʣʠ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚ ʧʦʣʠʪʠʢʝ çʢʝʤʘʣʠʟʤʘè, ʦʩʪʘʣʴ-

ʥʳʝ ï çʨʝʩʧʫʙʣʠʢʘʥʠʟʤè ʠ çʨʝʚʦʣʶʮʠʦʥʥʦʩʪʴè ʥʝ ʠʛʨʘʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʦʣʠ ʚ ʧʦʣʠʪʠʢʝ, ʘ çʩʢʦʨʝʝ, ʙʳʣʠ 

ʥʝʢʦʡ ʦʙʦʣʦʯʢʦʡ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʦʥʠʤʘʥʠʷ ʥʘʨʦʜʥʳʤʠ ʤʘʩʩʘʤʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʧʨʠʥʮʠʧʦʚè, ʟʘʣʦʞʝʥʥʳʭ ʚ 

ʠʜʝʦʣʦʛʠʠ ʪʫʨʝʮʢʠʭ ʨʝʬʦʨʤ ʄʫʩʪʘʬʦʡ ʂʝʤʘʣʝʤ [3]. 

ʀʜʝʠ ʪʫʨʝʮʢʦʛʦ ʥʘʮʠʦʥʘʣʠʟʤʘ ʚʧʦʣʥʝ ʚʧʠʩʳʚʘʣʠʩʴ ʚ ʢʦʥʮʝʧʮʠʶ ʥʘʨʦʜʥʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ, ʢʦʪʦʨʘʷ 

ʧʨʠʰʣʘ ʚ ʊʫʨʮʠʶ ʩ ɿʘʧʘʜʘ ʚʤʝʩʪʝ ʩ ʠʜʝʷʤʠ ʣʠʙʝʨʘʣʠʟʤʘ, ʩ ʢʦʪʦʨʳʤʠ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʥʦʚʦʛʦ ʪʫ-

ʨʝʮʢʦʛʦ ʧʨʘʚʷʱʝʛʦ ʢʣʘʩʩʘ ʙʳʣʠ ʭʦʨʦʰʦ ʟʥʘʢʦʤʳ. ɺ ʧʦʣʠʪʠʯʝʩʢʦʤ ʤʠʨʦʚʦʟʟʨʝʥʠʠ ʄʫʩʪʘʬʳ ʂʝʤʘʣʷ ʧʦʥʷʪʠʝ 

çʥʘʮʠʷè ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʀʤʝʥʥʦ ʯʝʨʝʟ ʵʪʦ ʧʦʥʷʪʠʝ ʦʥ ʨʘʩʢʨʳʚʘʝʪ ʭʘʨʘʢʪʝʨ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʨʝʚʦʣʶʮʠʠ. ʅʘʮʠʷ, ʚ ʝʛʦ ʧʦʥʠʤʘʥʠʠ, ï ʵʪʦ ʥʝ ʥʝʢʘʷ ʶʨʠʜʠʯʝʩʢʘʷ ʘʙʩʪʨʘʢʮʠʷ, ʥʦ ʥʘʨʦʜ, ʚʟʷʪʳʡ ʚʦ ʚʩʝʡ ʩʚʦʝʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ, ʙʝʟ ʢʣʘʩʩʦʚʳʭ ʨʘʟʜʝʣʝʥʠʡ ʠ ʠʥʳʭ ʨʘʟʣʠʯʠʡ ï ʵʪʦ çʥʘʨʦʜ-ʚʦʠʥè ʠ çʥʘʨʦʜ-ʩʪʨʦʠʪʝʣʴè, ʯʝʨʝʟ ʚʦʣʶ 

ʠ ʠʥʪʝʣʣʝʢʪ ʢʦʪʦʨʦʛʦ ʨʦʞʜʘʝʪʩʷ ʥʦʚʘʷ ʊʫʨʮʠʷ. ʂʘʢ ʦʪʤʝʯʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ɸ.ʌ. ʄʠʣʣʝʨ, çʧʦʥʠʤʘʥʠʝ ʂʝʤʘʣʝʤ 

ʧʨʠʥʮʠʧʘ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ ʠ ʥʦʚʫʶ ʪʨʘʢʪʦʚʢʫ ʪʫʨʝʮʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʠʜʝʠé ɺ 

ʧʦʥʠʤʘʥʠʠ ʂʝʤʘʣʷ ʪʶʨʢʠʟʤ ï ʵʪʦ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ ʪʫʨʝʮʢʠʡ ʥʘʮʠʦʥʘʣʠʟʤ ʚ ʛʨʘʥʠʮʘʭ ʊʫʨʮʠʠ, ʥʦ ʠʤʝʥʥʦ ʯʠʩʪʦ 

ʪʫʨʝʮʢʠʡ, ʦʪʣʠʯʥʳʡ ʦʪ ʦʩʤʘʥʩʢʦʛʦ ʠʣʠ ʠʩʣʘʤʩʢʦʛʦè [1]. 

ɻʦʩʫʜʘʨʩʪʚʦ ʚ ʊʫʨʮʠʠ, ʢʘʢ ʠ ʚʝʟʜʝ ʥʘ ɺʦʩʪʦʢʝ, ʪʨʘʜʠʮʠʦʥʥʦ ʠʛʨʘʣʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ 

ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ, ʵʪʘ ʪʨʘʜʠʮʠʷ ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʠ ʚ ʥʦʚʦʡ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʊʫʨʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʛʦʩʫʜʘʨʩʪʚʫ ʚ 

ʊʫʨʮʠʠ ʚ ʢʨʘʪʯʘʡʰʠʡ ʧʝʨʠʦʜ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ, ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʦʜʳ ʠ ʬʘʙʨʠʢʠ, ʧʨʦʣʦʞʝʥʘ ʩʝʪʴ ʥʦʚʳʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʩʦʟʜʘʥʘ ʥʘʮʠʦʥʘʣʴʥʘʷ ʙʘʥʢʦʚʩʢʘʷ 

ʩʠʩʪʝʤʘ, ʘ ʧʨʦʛʨʘʤʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʠ ʧʦʤʦʛʣʠ ʨʘʟʚʠʪʠʶ ʚʩʝʛʦ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʚ ʩʣʦʞʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʝʨʚʳʭ ʣʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʩʧʫʙʣʠʢʠ. ɻʦʩʫʜʘʨʩʪʚʦ ʚʳ-

ʥʫʞʜʝʥʦ ʙʳʣʦ ʚʟʷʪʴ ʥʘ ʩʝʙʷ ʵʪʫ ʨʦʣʴ, ʧʦʩʢʦʣʴʢʫ ʙʝʟ ʧʦʤʦʱʠ ʠ ʧʦʜʜʝʨʞʢʠ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ ʥʝʚʦʟʤʦʞʥʦ 

ʙʳʣʦ ʚ ʦʙʦʟʨʠʤʳʝ ʩʨʦʢʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʪʨʘʥʫ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʜʦʣʞʝʥʠʝ ʨʝʬʦʨʤ ʚ ʩʪʨʘʥʝ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴ ɸ.ɻ. ʋʰʘʢʦʚ ʦʪʤʝʯʘʝʪ: çʇʦ-ʥʘʩʪʦʷʱʝʤʫ ʪʫʨʝʮʢʘʷ ʙʫʨʞʫʘʟʠʷ ʚʩʪʘʣʘ ʥʘ ʥʦʛʠ ʪʦʣʴʢʦ ʚʦ 

ʚʨʝʤʷ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʂʝʤʘʣʴ ʥʝ ʜʦʞʠʣ ʜʦ ʪʦʛʦ ʧʝʯʘʣʴʥʦʛʦ ʜʣʷ ʥʝʛʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ 

ʦʥ ʥʝʠʟʙʝʞʥʦ ʧʨʝʚʨʘʪʠʣʩʷ ʙʳ ʚ ʧʨʝʛʨʘʜʫ, ʩʪʦʷʚʰʫʶ ʥʘ ʧʫʪʠ ʦʢʨʝʧʰʝʡ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʚʦʣʝʠʟʲʷʚʣʝʥʠʷ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʫʨʞʫʘʟʠʠ. ʅʦ ʧʦʢʘ ʦʥʘ ʧʨʦʜʦʣʞʘʣʘ ʥʫʞʜʘʪʴʩʷ ʚ ʥʝʤ, ʢʘʢ ʚ ʩʚʦʝʡ ʝʜʠʥʩʪʚʝʥʥʦʡ ʦʧʦʨʝ ʠ ʟʘʱʠʪ-

ʥʠʢʝ, ʝʤʫ ʥʝʯʝʛʦ ʙʳʣʦ ʦʧʘʩʘʪʴʩʷ. ʀ ʯʪʦʙʳ ʪʘʤ ʥʠ ʛʦʚʦʨʠʣʠ, ʜʠʢʪʘʪʫʨʘ ʂʝʤʘʣʷ ʷʚʣʷʣʘʩʴ ʩʘʤʦʡ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʠʩʪʦʨʠʯʝʩʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʵʪʘʧʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʫʨʝʮʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʩʦ ʚʩʝʤʠ 

ʚʳʪʝʢʘʶʱʠʤʠ ʦʪʩʶʜʘ ʧʦʩʣʝʜʩʪʚʠʷʤʠè. [6] 

ʄʫʩʪʘʬʘ ɸʪʘʪʶʨʢ, ʦʩʥʦʚʘʪʝʣʴ ʠ ʧʝʨʚʳʡ ʧʨʝʟʠʜʝʥʪ ʊʫʨʝʮʢʦʡ ʨʝʩʧʫʙʣʠʢʠ, ʩʳʛʨʘʣ ʚʳʜʘʶʱʫʶʩʷ ʨʦʣʴ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʨʝʬʦʨʤ, ʦʪʢʨʳʚʰʠʭ ʜʦʨʦʛʫ ʜʣʷ ʛʣʫʙʦʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʊʫʨʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʘʚʪʦʨʠʪʝʪʫ, 

ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʤʳʰʣʝʥʠʶ ʠ ʧʦʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʥʦʩʪʷʤ ʦʥ ʩʫʤʝʣ ʥʘʡʪʠ ʙʘʣʘʥʩ ʠʥʪʝʨʝʩʦʚ ʚ ʪʫʨʝʮʢʦʤ ʦʙʱʝ-

ʩʪʚʝ, ʥʝ ʜʦʧʫʩʪʠʚ ʝʛʦ ʨʘʩʢʦʣʘ, ʦʙʲʝʜʠʥʠʣ ʪʫʨʝʮʢʫʶ ʥʘʮʠʶ ʚ ʙʦʨʴʙʝ ʟʘ ʧʦʩʪʨʦʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʊʫʨʮʠʠ. ʊʫʨʝʮ-

ʢʠʡ ʦʧʳʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚʤʝʩʪʠʣ ʚ ʩʝʙʷ ʤʫʜʨʦʩʪʴ ɺʦʩʪʦʢʘ ʠ ʧʨʘʛʤʘʪʠʟʤ ɿʘʧʘʜʘ, ʩʦʟʜʘʥʥʦʝ ʂʝʤʘʣʝʤ ɸʪʘʪʶʨʢʦʤ 

ʛʦʩʫʜʘʨʩʪʚʦ ʩʦʭʨʘʥʠʣʦ ʠʩʪʦʨʠʯʝʩʢʫʶ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʚ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ, ʫʩʪʨʝʤʠʚʰʠʩʴ ʚ ʙʫʜʫʱʝʝ, ï ʠʤʝʥʥʦ ʚ 

ʵʪʦʤ ʟʘʢʣʶʯʝʥʦ ʛʣʘʚʥʦʝ ʥʝʧʨʝʭʦʜʷʱʝʝ ʟʥʘʯʝʥʠʝ ʢʝʤʘʣʠʩʪʩʢʠʭ ʨʝʬʦʨʤ 1920-30-ʭ ʛʦʜʦʚ. 
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МЕТОД РЕШЕНИЯ ЗАДАЧ УСТОЙЧИВОСТИ, 

ОСНОВАННЫХ НА СВОЙСТВАХ ЭКВИВАЛЕНТНЫХ СИСТЕМ 
 

 Н.Г. Агаев, ʧʨʦʬʝʩʩʦʨ 

ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ɸʨʭʠʪʝʢʪʫʨʥʦ-ʉʪʨʦʠʪʝʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ (ɹʘʢʫ), ɸʟʝʨʙʘʡʜʞʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʥʢʦʩʪʝʥ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʧʣʘʩʪʠʥ, ʦʙʦʣʦʯʝʢ ʠ ʪ.ʧ.), ʢʦʪʦʨʳʡ ʠʩʭʦʜʠʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʟʘʤʝʥʷʝʪʩʷ ʵʢʚʠ-

ʚʘʣʝʥʪʥʦʡ ʝʡ ʩʠʩʪʝʤʦʡ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʠʭ ʫʜʝʣʴʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ɺʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʩʪʠ ʚ ʩʤʳʩʣʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ; ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʦʙʱʝʥʥʳʡ ʚʘʨʠʘʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ ʠ ʩʦʩʪʘʚʣʷʝʪʩʷ ʪʝʦ-

ʨʝʤʘ ʦ ʨʘʚʝʥʩʪʚʝ ʨʘʙʦʪ ʚʥʝʰʥʠʭ ʩʠʣ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʥʝʨʛʠʡ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ (ʪʝʦʨʝʤʘ). ʉ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʪʝʦʨʝʤʳ ʨʝʰʝʥʳ ʟʘʜʘʯʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʦʩʢʦʡ ʬʦʨʤʳ ʠʟʛʠʙʘ ʜʣʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʙʘʣʦʢ, ʧʦʣʫʯʝʥʳ ʫʜʦ-

ʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʪʨʝʙʫʝʪ ʛʨʦʤʦʟʜʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʪʦʡʯʠʚʦʩʪʴ, ʚʘʨʠʘʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ, ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʪʝʦʨʝʤʘ, ʪʦʥʢʦ-

ʩʪʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʨʠʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ, ʬʫʥʢʮʠʦʥʘʣ. 

 

Введение. ʊʝʦʨʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʫʯʠʣʘ ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʚ ʟʥʘ-

ʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʘʭ ʥʘʛʨʫʟʦʢ ʩ 

ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚ, ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʭʘʨʘʢʪʝʨʘ ʧʨʠʣʦʞʝʥʠʷ ʠ ʚʠʜʘ ʥʘʛʨʫʟʦʢ ʠ ʜʨ. ʧʨʠ-

ʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ. 

ʊʘʢ ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʣʠ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʦ ʢ ʠʭ ʨʝʰʝʥʠʶ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʧʨʠʙʣʠʞʝʥʥʳʝ 

ʤʝʪʦʜʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʚʘʨʠʘʮʠʦʥʥʳʝ. 

ʀʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʘʨʠʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʧʨʠ ʵʪʦʤ ʫʜʘʝʪʩʷ ʫʧʨʦʩʪʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʠ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʠʪʴ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʠ. 

ʊʘʢ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʃʘʛʨʘʥʞʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʫʧʨʦʱʝʥʥʳʡ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʡ ʚʠʜ ʫʨʘʚʥʝʥʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʭʦʜʷ ʠʟ ʪʝʦʨʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʨʦʙʣʝʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʈ. ʂʫʨʘʥʪʦʤ ʠ ɼ. 

ɻʠʣʴʙʝʨʪʦʤ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʜʨʫʛ-ʜʨʫʛʫ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠ-

ʷʤʠ ʠ ʧʦʩʪʨʦʠʪʴ ʧʦʣʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʀʟ ʧʦʣʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʢʘʢ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʬʫʥʢʮʠʦʥʘʣʳ ʩ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʯʘʩʪʥʳʝ ʚʘʨʠʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʫʜʘʝʪʩʷ ʚʳ-

ʷʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʫʩʣʦʚʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʬʫʥʢʮʠʦʥʘʣʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ. 

Понятие об эквивалентных системах.  

ɺ ʨʘʙʦʪʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʫʩʪʦʡʯʠʚʦʩʪʠ [1]. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʩʧʦʩʦʙʳ ʦʩʥʦʚʘʥʳ ʥʘ ʩʚʦʡʩʪʚʘʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʟʘʤʝʥʠʪʴ ʟʘʜʘʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ. ʇʦʥʷʪʠʝ çʵʢʚʠʚʘʣʝʥʪʥʳʝ ʩʠʩʪʝ-

ʤʳè (ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʝ. ʆʙʱʝʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʤʝʭʘʥʠʢʠ: ʤʝʪʦʜ ʩʠʣ, ʤʝʪʦʜ ʧʝʨʝʤʝʱʝʥʠʡ, ʩʤʝʰʘʥʥʳʡ ʤʝʪʦʜ ï ʦʩʥʦʚʘʥʳ ʥʘ ʩʚʦʡʩʪʚʘʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʧʦʥʷʪʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ: ʜʚʝ ʩʠʩʪʝʤʳ ʩʠʣ, ʧʨʦʠʟʚʦʜʷʱʠʝ ʦʜʥʫ 

ʠ ʪʫ ʞʝ ʚʠʨʪʫʘʣʴʥʫʶ ʨʘʙʦʪʫ, ʜʠʥʘʤʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳ. 

ɺ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʘʭ ʪʘʢʞʝ ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʧʦʥʷʪʠʝ çʵʢʚʠʚʘʣʝʥʪʥʳʝ ʩʠʩʪʝʤʳè. ʇʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʃʝʞʘʥʜʨʘ ʠ ʌʨʠʜʨʠʭʩʘ, ʪʝʦʨʠʷ ʂʫʨʘʥʪʘ-ɻʠʣʙʝʨʪʘ, ʚʘʨʠʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ ʃʘʛʨʘʥʞʘ ʠ ʂʘʩʪʠʣʴʷʥʦ 

ʠ ʜʨ. ʠʩʭʦʜʷʪ ʠʟ ʩʚʦʡʩʪʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ. ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺʟʘʠʤʦʩʚʷʟʴ ʬʫʥʢʮʠʦʥʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʨʠʥ-

ʮʠʧʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʚʦʡʩʪʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʧʨʠ ʵʪʦʤ ʠʩʭʦʜʷʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʦʙʱʝʛʦ ʨʝ-

ʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʠ ʤʝʪʦʜʘ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

                                                           
É ɸʛʘʝʚ ʅ.ɻ. / Agaev N.G., 2015 
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ʤʦʜʝʣʠ ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩʦʚʧʘʜʘʶʪ. 

ɼʣʷ ʜʚʫʭ ʩʠʩʪʝʤ ʩʠʣ ʃʘʛʨʘʥʞ ʚʚʝʣ ʧʦʥʷʪʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʠʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʘ ʚʠʨʪʫʘʣʴʥʳʭ ʩʢʦʨʦ-

ʩʪʝʡ. 

ɼʚʝ ʩʠʩʪʝʤʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʚ ʩʤʳʩʣʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʣʷ ʥʠʭ ʩʣʝʜʫʶ-

ʱʠʭ ʫʩʣʦʚʠʡ: 

1. ʆʜʥʘ ʩʠʩʪʝʤʘ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʜʨʫʛʦʡ ʚʚʝʜʝʥʠʝʤ ʠʣʠ ʫʩʪʨʘʥʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʩʚʷʟʝʡ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠʣʠ 
ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʪʘʢ, ʯʪʦʙʳ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʭʨʘʥʷʣʦʩʴ. 

2. ʆʩʥʦʚʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʵʪʠʭ ʩʠʩʪʝʤ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʜʦʧʫʩʪʠ-

ʤʳʭ ʧʨʝʜʝʣʘʭ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʙʘʣʦʢ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ 7/1/ ¢hb , h7²?  ʠ ʪ.ʧ.) 

3. ʂʚʘʜʨʘʪ ʨʘʟʥʦʩʪʠ ʥʦʨʤ ʬʫʥʢʮʠʡ 
iu  , ju  ʦʧʠʩʳʚʘʶʱʠʭ ʟʘʢʨʠʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʵʪʠʭ ʩʠʩʪʝʤ ʜʦʣʞʝʥ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʤ. 

4. ʌʫʥʢʮʠʠ 
iu  , ju  ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʦʤ ʧʦʣʥʦʪʳ ʠ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʳʤʠ ʚ ʟʘʜʘʥʥʦʤ ʧʨʦʤʝ-

ʞʫʪʢʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʦʥʷʪʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, 

ʫʧʨʦʱʘʶʱʠʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

Использование свойств эквивалентных систем при решении задач устойчивости. Теорема и 

обобщенный вариационный принцип. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʠʩʭʦʜʷ ʠʟ ʪʝʦʨʠʠ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ ʠ ʧʨʦʙʣʝʤʳ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʯʠʩʝʣ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʢʨʠʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠ-

ʩʪʝʤ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʘ ʵʥʝʨʛʠʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ ʧʨʠʥʮʠʧ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʥʝ ʥʘʨʫʰʘʝʪʩʷ. 

ʀʪʘʢ, ʝʩʣʠ ʚ ʚʳʨʘʞʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʵʥʝʨʛʠʠ ʠʩʪʠʥʥʳʝ ʚʝʢʪʦʨʳ 
is
C

, 
iu
C

 ʟʘʤʝʥʠʪʴ ʥʘ ʚʦʟʤʦʞʥʳʝ 

sdss
CCC

+= ij , uuu ij

CCC
d+= , ʫʩʣʦʚʠʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʘ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʝʥʦ ʧʨʠ ʣʶʙʳʭ 

sd
C

 , u
C
d  . 

ʋʩʣʦʚʠʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʘ / 2 /: 
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0)()()())((
S

jssj

S

s dsAudsuuA sdsd
CCCCC

,                                                 (1) 

 

ʛʜʝ A  ï ʤʘʪʨʠʮʘ ʦʧʝʨʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ; 
sA  ï ʤʘʪʨʠʮʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ; D  ï ʤʘʪʨʠʮʘ ʫʧʨʫʛʦ-

ʩʪʠ; r
C

 ï ʟʘʜʘʥʥʳʡ ʚʝʢʪʦʨ ʦʙʲʝʤʥʳʭ ʩʠʣ; sg
C

 ï ʟʘʜʘʥʥʳʡ ʚʝʢʪʦʨ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ ʥʘ 1S  ; sU
C

 ï ʟʘʜʘʥʥʳʡ 

ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ 2S  ; ( ' ) ʠ ( )-1 ʦʙʦʟʥʘʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʧʝʨʘʮʠʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʱʝʥʠʷ 

ʤʘʪʨʠʮ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ (1), ʚʝʢʪʦʨʳ ju
C

, js
C

 ʪʘʢʞʝ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʷʤ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʢʪʦʨʳ ju
C

, 
jd
C

 ʠ 
iu
C

, id
C

 ʜʦʩʪʘʚʣʷʶʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘʤ ʵʢʚʠʚʘ-

ʣʝʥʪʥʳʭ ʩʠʩʪʝʤ ʠ ʧʦʵʪʦʤʫ ʜʦʣʞʥʳ ʙʳʪʴ ʙʣʠʟʢʠʤʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ. 

ʏʪʦʙʳ ʥʝʩʢʦʣʴʢʦ ʦʙʦʙʱʠʪʴ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʦʙʨʘʪʠʤʩʷ ʢ ʪʝʦʨʝʤʝ ʃʘʛʨʘʥʞʘ ʦ ʧʨʠʟʥʘʢʝ ʨʘʚʥʦʚʝʩʠʷ, 

ʩʪʨʦʛʦ ʜʦʢʘʟʘʥʥʦʡ ʃʝʞʝʥ-ɼʠʨʠʭʣʝ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʝʤʝ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʩʠʣʦʚʘʷ ʬʫʥʢʮʠʷ ʚʩʝʭ ʩʠʣ 

U-p  ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ. ʇʨʠʟʥʘʢʦʤ ʙʝʟʨʘʟʣʠʯʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʷʚʣʷʝʪʩʷ [2]. 

 

                                                                                           0=-pU                                                                               (2) 

 

ʆʛʨʘʥʠʯʠʚʘʷʩʴ ʤʘʣʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ, ʤʦʞʥʦ ʚ ʨʘʟʣʦʞʝʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ p ʠ ʩʠʣʦʚʦʡ 

ʬʫʥʢʮʠʠ U  ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʦʪʙʨʦʩʠʪʴ ʤʘʣʳʝ ʚʳʰʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʪ.ʝ. ʧʨʠʥʠʤʘʪʴ: 
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ɺʳʨʘʞʝʥʠʷ (3) ʥʘʟʳʚʘʶʪʩʷ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʬʦʨʤʘʤʠ ʦʪ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 
iq , ʚ ʢʦʪʦʨʳʭ ʨʘʜʠ 

ʫʧʨʦʱʝʥʠʷ ʥʝ ʫʯʪʝʥʳ ʥʝʢʦʪʦʨʳʝ ʯʣʝʥʳ (ʩʤ. ʥʘʧʨ. /3/). ʊʘʢ ʢʘʢ jiij BB = , jiij AA =  ʪʦ U  ʠ p ʷʚʣʷʶʪʩʷ ʩʠʤ-

ʤʝʪʨʠʯʥʳʤʠ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʬʦʨʤʘʤʠ. 

ʉ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ä=
k

kiki Xqq , ʢʚʘʜʨʘʪʠʯʥʳʝ ʬʦʨʤʳ U  ʠ p ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ: 

 
22

22

2

11 ... nn XXXU lll +++=  ; 22

2

2

1 ... nXXX +++=p  

 

ʠʣʠ ʚ ʢʨʘʪʢʦʡ ʬʦʨʤʝ 

 

                                                                           ),( uBuU l= ; ),( uAu=p                                                               (4) 

 

ʛʜʝ A , B  ï ʣʠʥʝʡʥʳʝ ʦʧʝʨʘʪʦʨʳ; u  ï ʦʙʦʙʱʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ; l ï ʢʨʠʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ; 

),( uAu , ),( uBu  ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ɺʥʦʩʷ ʟʥʘʯʝʥʠʷ U , p (4) ʚ (2) ʧʦʣʫʯʠʤ: 

 

                                                                                 0),(),( =- uBuuAu l                                                                  (5) 

 

ʌʫʥʢʮʠʷ, ʜʦʩʪʘʚʣʷʶʱʘʷ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʦʥʘʣʫ (3), ʝʩʪʴ ʪʘʢʞʝ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝ-

ʥʠʷ: 

 

                                                                                          0=- BuAu l                                                                       (6) 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ A  ʠ B  ʠʤʝʁʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʚʠʜ. 

ɽʩʣʠ 1l ʠ 1u  ï ʩʦʙʩʪʚʝʥʥʦʝ ʯʠʩʣʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʩʦʙʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ ʦʧʝʨʘʪʦʨʦʚ A  ʠ B , 

ʪʦ ʠʟ (5) ʠʤʝʝʤ: 

 

                                                                           
),(

),(

),(

),(
min

11

11
1

uBu

uAu

uBu

uAu
==l                                                                (7) 

 

ʀʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʦʨʪʦʛʦʥʘʣʴʥʳ / 5 / ʠ ʠʭ ʤʦʞʥʦ ʥʦʨ-

ʤʠʨʦʚʘʪʴ, ʪ.ʝ. 

 

                                                                      [ ] 0, =mn uu , nm¸ , [ ]1, =mn uu , nm=                                            (8) 

 

ʧʦʣʫʯʠʤ ʠʟ (7):),min(1 uAu=l , ʧʨʠ ʫʩʣʦʚʠʠ 1),( =uBu . 

ʀʟ (8) ʚʠʜʥʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʚʥʝʰʥʠʭ ʩʠʣ ʠ ʩʦʭʨʘʥʷʝʪ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘ-

ʯʝʥʠʝ, ʝʩʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʤʝʥʷʝʪʩʷ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʣʘʩʪʠʥʢʠ, ʞʝʩʪʢʦ ʟʘʜʝʣʘʥʥʦʡ ʧʦ ʢʦʥʪʫʨʫ ( ,0/ =Lw  0/ =
µ

µ
L

v

w
) ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝ-

ʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ: 
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ʧʨʠ ʫʩʣʦʚʠʠ 
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ʛʜʝ Aw // , Bw //  ï ʥʦʨʤʳ ʧʦ ʵʥʝʨʛʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ (10) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ constDh =/  ʠ ʦʜʠʥʘʢʦʚʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʠ ʫʩʣʦʚʠʷʭ ʟʘʛʨʫʞʝʥʠʷ ʜʣʷ ʜʚʫʭ ʧʣʘʩʪʠʥʦʢ ʨʘʙʦʪʘ ʚʥʝʰʥʠʭ ʩʠʣ ʥʝ ʤʝʥʷʝʪʩʷ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʦʪʥʦʰʝʥʠʷʤʠ 

),/(),( jjii uAuuAu  ʠ ji ll/  ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ. 

ʇʫʩʪʴ ʫ ji uu ,  ʝʩʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʨʘʚʥʝʥʠʷʤ, ʩʦʩʪʘʚʣʝʥʥʳʤ ʜʣʷ ʵʢʚʠʚʘ-

ʣʝʥʪʥʳʭ ʩʠʩʪʝʤ: 

 

                                                                                   
iii uAu l= ; jjj uAu l=                                                          (11) 

 

il, jl ï ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ. 

ʉʦʩʪʘʚʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʨʘʟʥʦʩʪʴ ʜʣʷ 
iu , ju : 

 

                                                                ),(),(),(),( jjjiiijjii uuuuuAuuAu ll -=-                                       (12) 

 

ʌʫʥʢʮʠʠ 
iu , ju  ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʧʨʦʛʠʙʘ ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʠ ʦʪʚʝʯʘʶʪ ʠʩʪʠʥʥʦʤʫ ʜʝ-

ʬʦʨʤʠʨʦʚʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʙʣʠʟʦʩʪʠ ʬʫʥʢʮʠʠ 
iu , ju  ʩʨʘʚʥʠʤ ʠʭ ʥʦʨʤʳ: 

 

                                                             
2

ji uu -=d ; ),(
2

iii uuu = ; ),(
2

jjj uuu =                                     (13) 

 

ʇʫʩʪʴ 
iu  ʠ ju  ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ ä
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=
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k

kkj fu
1

b . 

ʄʠʥʠʤʫʤ d ʧʦʣʫʯʠʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 0/ =µµ kad  ʠʣʠ 0/ =µµ kbd  . ʀʟ (13), ʫʯʠʪʳʚʘʷ ʦʨʪʦʛʦʥʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ / 4 /, ʠʤʝʝʤ: 
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d ,  

 

ʦʪʢʫʜʘ ʚʳʚʦʜʠʪʩʷ ),( kjk u ja = . 

ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʘʝʤ ),( kik fu=b . 

ʀʪʘʢ, ʧʨʠ ),( kjk u ja =  ʠʣʠ ),( kik fu=b  ʜʣʷ d ʧʦʣʫʯʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʀʟ (13) ʠʤʝʝʤ: 

 

                                                                 ä ä
= =

--+=-=
n

k

n

k

kkkkkiji fuuu
1 1

2222

)( ajabd                                 (14) 

 

ʄʠʥʠʤʫʤ ʚʳʨʘʞʝʥʠʷ (14) ʧʦʣʫʯʠʪʩʷ ʪʘʢʞʝ ʧʨʠ kkkk f jab = ; ʵʪʦ ʨʘʚʝʥʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ 

ʪʘʢʞʝ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ ää
==

=
n

k

kk

n

k

kk f
11

bja  ʠʣʠ ää
==

=
n

k

k

n

k

k

1

2

1

2 ba . ʉ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʡ ),( kjk u ja =  ʠ 

),( kik fu=b , ʠʟ ʧʦʩʣʝʜʥʝʛʦ ʚʳʨʘʞʝʥʠʷ ʧʦʣʫʯʘʝʤ 

 

                                                                                       ),(),( jjii uuuu =                                                                 (15), 

 

ʨʘʚʝʥʩʪʚʦ ʥʦʨʤ ʬʫʥʢʮʠʡ ji uu , . 

ʈʘʚʝʥʩʪʚʦ (15) ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ (14) ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʷ kkkk fbja = . 
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ɸʥʘʣʦʛʠʯʥʦ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 

 

                                                          );,(),( jjjiii uuuu Ö=Ö ll  );,(),( jjii uuAuuA Ö=Ö                                  (16) 

 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʦʨʝʤʫ: ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ ʟʥʘʯʝʥʠʷ ʨʘʙʦʪ ʚʥʝʰʥʠʭ ʩʠʣ ʠʣʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʥʝʨʛʠʡ ʨʘʚʥʳ (ʪʝʦʨʝʤʘ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʪʝʦʨʝʤʳ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʘ-

ʨʠʘʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ: 

ɽʩʣʠ ʜʣʷ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʪʠʥʥʦʝ ʠ ʜʣʷ 

ʥʝʛʦ ʬʫʥʢʮʠʦʥʘʣ ʠʤʝʝʪ ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʦ ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

ʵʢʩʪʨʝʤʫʤʘ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ, ʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʳʤ. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʦʡ ʪʝʦʨʝʤʳ ʨʝʰʝʥʳ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʦʩʢʦʡ ʬʦʨ-

ʤʳ ʠʟʛʠʙʘ ʪʦʥʢʦʩʪʝʥʥʳʭ ʙʘʣʦʢ, ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʘ ʪʘʢʞʝ ʥʘʛʨʫʞʝʥʥʳʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʟʘ-

ʜʘʯʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʞʝ ʧʣʘʩʪʠʥʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʘʶʪ ʚʧʦʣʥʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ [4]. 

Основные выводы. 
1. ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʫʜʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʥʝʨʛʠʡ ʜʣʷ 

ʥʠʭ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʭʨʘʥʷʝʪʩʷ. 

2. ʇʨʝʜʣʦʞʝʥʘ ʪʝʦʨʝʤʘ ʦ ʨʘʚʝʥʩʪʚʝ ʨʘʙʦʪ ʚʥʝʰʥʠʭ ʩʠʣ ʠʣʠ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠ-
ʩʪʝʤ. ʊʝʦʨʝʤʘ ʩʧʨʘʚʝʜʣʠʚʘ ʪʘʢʞʝ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ ʩʠʩʪʝʤʫ ʜʝʡʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʩʠʣ, ʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʘʢʨʝʧʣʝʥʠʡ ʚ ʧʨʦʣʝʪʝ. 

3. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʦʨʝʤʳ 1 ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ, ʟʘʜʝʣʘʥ-
ʥʦʡ ʧʨʦʜʦʣʴʥʳʤʠ ʢʨʘʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʥʠʤʘʝʪʩʷ ʧʣʘʩʪʠʥʢʘ, ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʘʷ ʧʦ 

ʢʦʥʪʫʨʫ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʠʟʚʝʩʪʥʳʤʠ, ʢʦʪʦʨʳʝ 

ʚʧʦʣʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

4. ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʦʨʝʤʘ ʠ ʫʪʚʝʨʞʜʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦ-
ʩʪʠ ʚ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʩʪʳʝ ʩʠʩʪʝʤʳ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʨʝʰʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʦʩʦʙʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

5. ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʤʳ ʠ ʫʪʚʝʨʞʜʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥ-
ʩʪʨʫʢʮʠʡ ʧʨʠ ʩʣʦʞʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘ-

ʤʠ ʥʘʛʨʫʟʦʢ. 
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Abstract. The aim of this study is solution approach development of thin-wall structure stability problems 

(plates, coverings etc.), which is based on the change of the given system for the equivalent one through the comparison 

of their specific potential energy. The notion of equivalence is introduced in the context of system stability, generalized 

variation principle is formed and theorem on the equality of external force energy or equivalent systems potential ener-

gy (theorem). Using the theorem the problems of bending flatness stability for shallow beams are solved, the satisfying 

results are obtained. The use of classic approach for these problems solution requires cumbersome arithmetic. 

Keywords: stability, variation principle, equivalent systems, theorem, thin-wall structures, critical parameter, 

composed function. 



ISSN 2308-4804. Science and world. 2015. № 5 (21). Vol. I. 

 

 

138 

 

УДК 379.85 

 

РОЛЬ РЕЛЬЕФА В ОРГАНИЗАЦИИ ТУРИЗМА В АЗЕРБАЙДЖАНЕ 
 

 Г.Р. Агакишиева, ʢʘʥʜʠʜʘʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʦʪʜʝʣʘ çʕʢʦʥʦʤʠʯʝʩʢʘʷ ʠ ʧʦʣʠʪʠʯʝʩʢʘʷ ʛʝʦʛʨʘʬʠʷè 

ʀʥʩʪʠʪʫʪ ɻʝʦʛʨʘʬʠʠ ʠʤ. ʘʢʘʜ. ɻ.ɸ. ɸʣʠʝʚʘ ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ɸʟʝʨʙʘʡʜʞʘʥʘ (ɹʘʢʫ), ɸʟʝʨʙʘʡʜʞʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʨʝʣʴʝʬʘ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʨʘʟʚʠʪʠʠ 

ʪʫʨʠʟʤʘ ʠ ʝʛʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʟʥʘʯʠʤʦʩʪʴ ʨʝʣʴʝʬʘ ʢʘʢ ʬʘʢʪʦʨʘ ʫʩʣʦʚʠʡ ʠ ʨʝ-

ʩʫʨʩʦʚ ʚ ʨʘʟʚʠʪʠʠ ʪʫʨʠʟʤʘ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʠʟʫʯʝʥʘ ʨʦʣʴ ʢʘʞʜʦʡ ʬʦʨʤʳ ʨʝʣʴʝʬʘ. ɹʳʣʠ ʦʮʝʥʝʥʳ ʬʦʨʤʳ ʨʝʣʴʝ-

ʬʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʫʨʠʟʤʘ, ʟʥʘʯʠʤʦʩʪʴ ʨʝʣʴʝʬʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ, ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʪʫʨʠ-

ʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʚ ʟʥʘʯʝʥʠʠ 

ʨʝʣʴʝʬʘ ʚ ʦʩʥʦʚʥʳʭ ʮʝʥʪʨʘʭ ʪʫʨʠʟʤʘ ɸʟʝʨʙʘʡʜʞʘʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʨʤʳ ʨʝʣʴʝʬʘ, ʚʠʜʳ ʪʫʨʠʟʤʘ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʪʫʨʠʩʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʨʝʣʴʝʬʘ.  

 

ʈʝʣʴʝʬ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʫʨʠʟʤʘ, ʘ ʪʘʢʞʝ ʦʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʪʫʨʠʩʪʩʢʦʡ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ. ɺʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʨʝʣʴʝʬʘ ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʘʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳ-

ʩʦʪʘ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʩʯʣʝʥʝʥʥʦʩʪʴ ʨʝʣʴʝʬʘ. ʅʝʨʦʚʥʦʩʪʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʟʳʚʘʶʪʩʷ ʨʝʣʴʝʬʦʤ. 

ʌʦʨʤʳ ʨʝʣʴʝʬʘ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʭʦʣʤʳ, ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʛʦʨʳ, ʥʘʛʦ-

ʨʴʷ, ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ï ʦʚʨʘʛʠ, ʢʦʪʣʦʚʠʥʳ, ʚʧʘʜʠʥʳ. ʆʩʥʦʚʥʳʤʠ ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ ʷʚʣʷʶʪʩʷ ʛʦʨʳ ʠ ʨʘʚʥʠʥʳ.  

ʈʝʣʴʝʬ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʫʨʠʟʤʫ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʢʘʢ ʫʩʣʦʚʠʝ, ʠ ʢʘʢ ʨʝʩʫʨʩ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚʳʜʝʣʷʶʪʩʷ ʪʘʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʢʘʢ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʘʛʨʫʟʢʘʤ, ʨʘʟʥʦʦʙʨʘʟʠʝ, ʫʥʠʢʘʣʴʥʦʩʪʴ, ʢʦʤʬʦʨʪʥʦʩʪʴ, ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʘʷ 

ʮʝʥʥʦʩʪʴ. 

ʇʦʚʝʨʭʥʦʩʪʴ (ʨʝʣʴʝʬ) ʪʫʨʠʩʪʩʢʦʛʦ ʨʘʡʦʥʘ ʠʣʠ ʨʝʛʠʦʥʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ, ʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʠʚʣʝʯʝʥʠʷ ʪʫʨʠʩʪʦʚ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʛʠʦʥ ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʦʮʝʥʠʚʘʪʴ ʝʛʦ ʩ ʜʚʫʭ ʩʪʦʨʦʥ: ʧʦ ʥʘʣʠʯʠʶ ʪʨʫʜʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʢʣʘʜʢʦʡ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠʣʠ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʳʭ ʜʦʨʦʛ ʠ ʩʦʟʜʘʥʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʮʝʣʦʤ; ʧʦ ʦʢʫʧʘʝʤʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚ ʩʚʷʟʠ ʩ ʧʨʠʚʣʝ-

ʢʘʪʝʣʴʥʦʩʪʴʶ ʨʝʛʠʦʥʘ ʜʣʷ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʦʚ [4].  

ʆʪ ʨʝʣʴʝʬʘ ʟʘʚʠʩʠʪ ʚʳʙʦʨ ʪʫʨʠʩʪʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɻʦʨʥʳʝ ʩʢʣʦʥʳ ʩ ʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʤʦʨʬʦ-

ʤʝʪʨʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʘʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ, ʫʢʣʦʥ, ʜʣʠʥʘ ʠ ʜʨʫʛʠʝ, ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʷʚʣʷʶʪʩʷ 

ʨʝʩʫʨʩʦʤ ʛʦʨʥʦʣʳʞʥʦʛʦ ʪʫʨʠʟʤʘ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʛʦʨʥʦʣʳʞʥʳʭ ʪʨʘʩʩ ʠ 

ʚʩʝʭ ʛʦʨʥʦʣʳʞʥʳʭ ʢʫʨʦʨʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʪʫʨʠʩʪʦʚ. ʅʘʰʠ ʛʦʨʥʦʣʳʞʥʳʝ ʢʫʨʦʨʪʳ ï ʐʘʭʜʘʛ, ʊʬʘʥʜʘʛ, 

ʜʣʠʥʥʳʤʠ ʩʢʣʦʥʘʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʠ ʦʧʳʪʥʳʭ ʛʦʨʥʦʣʳʞʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʝʤʝʡʥʦʛʦ ʦʪʜʳʭʘ. 

ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ, ʪʘʢʠʝ ʢʘʢ ʰʠʨʠʥʘ ʧʣʷʞʘ, ʩʪʨʦʝʥʠʝ 

ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʧʣʷʞʘ, ʫʢʨʫʧʥʝʥʥʦʩʪʴ ʩʣʘʛʘʶʱʠʭ ʧʣʷʞ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʚʣʠʷʶʪ ʥʘ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʢʫ-

ʧʘʣʴʥʦ-ʧʣʷʞʥʦʡ ʨʝʢʨʝʘʮʠʠ. ɸʧʰʝʨʦʥʩʢʦʝ ʤʝʣʢʦʝ ʧʝʩʯʘʥʦʝ ʧʦʙʝʨʝʞʴʝ ʠ ʃʝʥʢʦʨʘʥʩʢʦʝ ʘʙʨʘʟʠʦʥʥʦʝ ʧʦʙʝʨʝʞʴʝ 

ʂʘʩʧʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʟʦʥʘ ʵʩʪʝʪʠʢʦ-ʩʦʟʝʨʮʘʪʝʣʴʥʦʛʦ ʦʪʜʳʭʘ. ɿʥʘʯʝʥʠʝ ʙʝʨʝʛʦʚʦʛʦ ʨʝʣʴʝʬʘ ʢʘʢ ʚʘʞʥʝʡʰʝʛʦ 

ʪʫʨʠʩʪʩʢʦʛʦ ʨʝʩʫʨʩʘ ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʝ ʧʣʷʞʝʡ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʩʪʨʘʥʳ. ʂ ʟʘʧʘʜʫ ʦʪ ʃʝʥʢʦʨʘʥʩʢʦʛʦ ʧʦʙʝʨʝ-

ʞʴʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʨʘʩʧʦʣʦʞʝʥʳ ʩʨʝʜʥʝʚʳʩʦʪʥʳʝ ʭʨʝʙʪʳ ʊʘʣʳʰʘ. 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʬʦʨʤ ʨʝʣʴʝʬʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʦʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʘʢ ʫʥʠʢʘʣʴʥʦʩʪʴ, ʨʘʟʥʦʦʙʨʘ-

ʟʠʝ, ʣʘʥʜʰʘʬʪʥʘʷ ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʠ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʘʷ ʮʝʥʥʦʩʪʴ. ʏʘʩʪʦ ʪʫʨʠʩʪʦʚ ʧʨʠʚʣʝʢʘʶʪ ʦʙʳʯʥʳʝ ʬʦʨ-

ʤʳ ʨʝʣʴʝʬʘ, ʥʝ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ ʩʘʤʠʭ ʪʫʨʠʩʪʦʚ. ʅʘʧʨʠʤʝʨ, ʪʫʨʠʩʪʦʚ 

ʨʘʟʥʳʭ ʩʪʨʘʥ ʠ ʨʝʛʠʦʥʦʚ ʤʠʨʘ ʧʨʠʚʣʝʢʘʝʪ ʚʳʩʦʢʦʛʦʨʥʳʡ, ʩʨʝʜʥʝʛʦʨʥʳʡ, ʥʠʟʢʦʛʦʨʥʳʡ ʠ ʥʠʟʤʝʥʥʳʡ ʨʝʣʴʝʬ 

ɸʟʝʨʙʘʡʜʞʘʥʘ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʬʦʨʤ ʨʝʣʴʝʬʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʘʭ: ʩʘʤʘ ʬʦʨʤʘ (ʢʦʤʧʣʝʢʩ 

ʬʦʨʤ), ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʦʩʝʜʥʠʤʠ ʬʦʨʤʘʤʠ, ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʠ 

ʦʙʲʝʢʪʘʤʠ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʫʩʠʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ (ʛʦʨʦʜ-

ʩʢʠʝ ʟʘʩʪʨʦʡʢʠ ʠ ʧʨ.). 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʝʢʨʝʘʮʠʦʥ-

ʥʳʡ ʩʠʩʪʝʤʳ. ʂ ʨʝʢʨʝʘʮʠʦʥʥʦ-ʣʝʯʝʙʥʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʪʨʠ ʧʦʜʪʠʧʘ: ʢʣʠʤʘʪʠʯʝʩʢʠʡ, ʛʨʷʟʝʚʳʡ ʠ ʙʘʣʴʥʝʦʣʦ-

ʛʠʯʝʩʢʠʡ. ɼʣʷ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʪʠʧʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚʠʜʳ ʨʝʢʨʝʘʮʠʦʥʥʳʡ ʩʠʩʪʝʤʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʨʝʜʥʝ-

ʛʦʨʥʦʡ ʠ ʚʳʩʦʢʦʛʦʨʥʦʡ ʟʦʥʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʚʳʩʦʪʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥʘ ʚʣʘʞʥʦʩʪʴ, ʧʦʚʳʰʝʥʘ 

ʠʦʥʠʟʘʮʠʷ ʚʦʟʜʫʭʘ ʠ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ, ʠ ʵʪʦ ʙʣʘʛʦʪʚʦʨʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʳ ʠ ʬʫʥʢʮʠʠ ʦʨʛʘʥʠʟʤʘ. 

ɼʣʷ ʜʚʫʭ ï ʛʨʷʟʝʚʦʛʦ ʠ ʙʘʣʴʥʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʪʠʧʦʚ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ (ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ ʠ ʛʨʷʟʝʡ, ʠʭ ʟʘʧʘʩʳ, ʜʝʙʠʪ ʠʩʪʦʯʥʠʢʦʚ). 

ɺ ʨʝʩʧʫʙʣʠʢʝ ʠʤʝʶʪʩʷ ʙʦʣʝʝ 1500 ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, 4 ʣʝʯʝʙʥʳʭ ʛʨʷʟʝʚʳʭ ʚʫʣ-

ʢʘʥʘ ʠ ʅʘʬʪʘʣʘʥʩʢʘʷ ʣʝʯʝʙʥʘʷ ʥʝʬʪʴ. ʄʠʥʝʨʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʄʘʣʦʤ ʂʘʚʢʘʟʝ ʠ ʅʘʭʠʯʝʚʘʥʝ, ʘ 
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ʪʝʨʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʚ ʃʝʥʢʦʨʘʥʠ, ɹʦʣʴʰʦʤ ʂʘʚʢʘʟʝ ʠ ɸʧʰʝʨʦʥʝ. ʃʝʯʝʙʥʳʝ ʛʨʷʟʝʚʳʝ ʚʫʣʢʘʥʳ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʳ ʚʙʣʠʟʠ ʦʟʝʨ ɹʝʶʢ ʐʦʨ ʠ ʄʘʩʘʟʳʨ ʥʘ ɸʧʰʝʨʦʥʝ. ɺʦ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

ʦʢʦʣʦ 8-10 ʛʨʷʟʝʚʳʭ ʚʫʣʢʘʥʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʣʝʯʝʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɺ ɸʟʝʨʙʘʡʜʞʘʥʝ ʠʤʝʝʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ï ʂʳʟʳʣʯʘ ʚ ɻʝʜʘʙʝʢʩʢʦʤ ʨʘʡʦʥʝ (ʪʝʤʧʝʨʘʪʫʨʘ 7-12 
0ʉ, ʩʫʪʦʯʥʳʡ ʜʝʙʠʪ 20 ʪʳʩ. ʣʠʪʨ), ʄʠʥʢʝʥʜ (ʪʝʤʧʝʨʘʪʫʨʘ 25-29 0ʉ, ʩʫʪʦʯʥʳʡ ʜʝʙʠʪ 1,5 ʤʣʥ. ʣʠʪʨ) ʠ ɸʭʤʝʜʣʠ 

(ʪʝʤʧʝʨʘʪʫʨʘ 8,8-19 0ʉ, ʩʫʪʦʯʥʳʡ ʜʝʙʠʪ 0,6 ʤʣʥ. ʣʠʪʨ) ʚ ʃʘʯʠʥʩʢʦʤ ʨʘʡʦʥʝ, ʀʩʪʠʩʫ (ʪʝʤʧʝʨʘʪʫʨʘ 21-61 0ʉ, ʩʫ-

ʪʦʯʥʳʡ ʜʝʙʠʪ 1 ʤʣʥ. ʣʠʪʨ) ʚ ʂʝʣʙʝʜʞʝʨʩʢʦʤ ʨʘʡʦʥʝ, ʚ ʃʝʥʢʦʨʘʥʩʢʦʤ (ʪʝʤʧʝʨʘʪʫʨʘ 41-46 0ʉ, ʩʫʪʦʯʥʳʡ ʜʝʙʠʪ 

900 ʪʳʩ. ʣʠʪʨ) ʠ ɸʩʪʘʨʠʥʩʢʦʤ (ʪʝʤʧʝʨʘʪʫʨʘ 50 0ʉ, ʩʫʪʦʯʥʳʡ ʜʝʙʠʪ 2 ʤʣʥ. ʣʠʪʨ) ʨʘʡʦʥʘʭ [3]. 

ʂ ʨʝʢʨʝʘʮʠʦʥʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʜʚʘ ʧʦʜʪʠʧʘ: ʢʫʧʘʣʴʥʦ-ʧʣʷʞʥʳʡ ʠ ʧʨʦʛʫʣʦʯʥʦ-

ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʡ. ʂʫʧʘʣʴʥʦ-ʧʣʷʞʥʳʡ ʧʦʜʪʠʧ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʚʩʝʛʦ 

ʧʦʙʝʨʝʞʴʷ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʪʫʨʠʩʪʩʢʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ, ʷʚʣʷʶʪʩʷ 

ʙʠʦʛʝʥʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ. ɼʣʷ ʧʨʦʛʫʣʦʯʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʛʦ ʧʦʜʪʠʧʘ ʭʘʨʘʢʪʝʨʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʝʦʤʦʨʬʦ-

ʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ï ʦʪ ʥʠʟʤʝʥʥʳʭ ʨʘʚʥʠʥ ʜʦ ʚʳʩʦʢʦʛʦʨʠʡ. ʂ ʨʝʣʴʝʬʫ ʵʪʦʛʦ ʧʦʜʪʠʧʘ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʤʘʨʰʨʫʪ: ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʘʙʩʦʣʶʪʥʘʷ ʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʘʷ ʚʳʩʦʪʘ, ʫʢʣʦʥ ʩʢʣʦʥʦʚ ʠ ʪ. ʜ.), ʚʠʜ ʠ ʘʢʪʠʚʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʧʝʡʟʘʞʥʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ (ʥʘʣʠʯʠʝ ʧʨʠʨʦʜʥʳʭ ʧʘʤʷʪʥʠ-

ʢʦʚ). 

ʂ ʨʝʢʨʝʘʮʠʦʥʥʦ-ʩʧʦʨʪʠʚʥʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʯʝʪʳʨʝ ʧʦʜʪʠʧʘ: ʛʦʨʥʦʣʳʞʥʳʡ, ʜʘʡʚʠʥʛ, ʩʧʣʘʚʳ ʧʦ ʨʝ-

ʢʘʤ, ʨʳʙʦʣʦʚʥʦ-ʦʭʦʪʥʠʯʠʡ. ɺ ʛʦʨʥʦʣʳʞʥʦʤ ʪʫʨʠʟʤʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʩ 

ʥʠʤʠ ʩʚʷʟʘʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʫʨʠʩʪʦʚ. ɺ ʜʘʡʚʠʥʛʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʜʚʦʜʥʦʛʦ ʨʝʣʴʝʬʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʚʦʜʥʳʡ ʨʝʣʴʝʬ ʧʨʠʚʣʝʢʘʝʪ ʪʫʨʠʩʪʦʚ ʚ 

ʨʘʡʦʥ ʧʦʛʨʫʞʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɺ ʩʧʣʘʚʘʭ ʧʦ ʨʝʢʘʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʣʘʚʩʨʝʜʩʪʚʘ. 

ɿʜʝʩʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʛʦʨʥʳʤ ʨʝʢʘʤ ʠ ʠʭ ʦʩʦʙʝʥʥʦʩʪʷʤ (ʩʢʦʨʦʩʪʴ, ʚʦʜʥʦʩʪʴ ʠ. ʪ.ʜ.). ʍʦʪʷ ʨʳʙʦʣʦʚʥʦ-

ʦʭʦʪʥʠʯʠʡ ʧʦʜʪʠʧ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʨʝʣʴʝʬʘ, ʥʦ ʠ ʟʜʝʩʴ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʤʦʨʬʦʣʦʛʠ-

ʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʪʝʨʨʠʪʦʨʠʠ ʚʣʠʷʶʪ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʪʫʨʠʩʪʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʈʝʢʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ (ʦʪ ʉʘʤʫʨʯʘʡ ʜʦ ɺʝʣʴʚʝʣʠʯʘʡ) ʠ ʖʞʥʦʛʦ ʩʢʣʦʥʘ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ (ʊʫʨʠʘʥ-

ʯʘʡ ʠ ʝʝ ʧʨʠʪʦʢʠ) ʠʤʝʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʧʣʘʚʦʚ ʧʦ ʨʝʢʘʤ ʠ ʨʳʙʦʣʦʚʥʦ-ʦʭʦʪʥʠʯʝʩʢʦʛʦ 

ʪʫʨʠʟʤʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʜʝʩʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʝʢʘʤ ʂʫʩʘʨʯʘʡ, ʂʫʜʠʘʣʯʘʡ (ʉʝʚʝʨʦ-

ɺʦʩʪʦʯʥʦʡ ʩʢʣʦʥ) ʠ ɼʝʤʠʨʘʧʘʨʘʥʯʘʡ, ɹʫʤʯʘʡ, ʊʠʢʘʥʣʳʯʘʡ (ʖʞʥʳʡ ʩʢʣʦʥ), ʢʦʪʦʨʳʝ ʧʦʣʥʦʚʦʜʥʳʤʠ ʙʳʚʘʶʪ ʚ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ.  

ʆʮʝʥʢʘ ʨʝʣʴʝʬʘ ʜʣʷ ʮʝʣʝʡ ʪʫʨʠʟʤʘ ʦʯʝʥʴ ʩʣʦʞʥʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʘ ʦʙʱʘʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ ʨʝʣʴʝʬʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʠ ʢʨʫʧʥʳʝ ʦʨʦʛʨʘ-

ʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ï ʛʦʨʳ, ʥʠʟʤʝʥʥʦʩʪʠ, ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʠ ʪ. ʜ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʯʪʦ, ʩ ʛʦʨʥʳʭ ʩʠʩʪʝʤ ʥʘʯʠʥʘ-

ʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ (ʦʨʦʛʨʘʬʠʯʝʩʢʦʡ) ʩʪʨʫʢʪʫʨʳ ʩʪʨʘʥʳ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʧʥʳʭ 

ʠ ʟʥʘʯʠʤʳʭ ʜʣʷ ʪʫʨʠʟʤʘ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʥʘʟʚʘʥʠʝ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, 

ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʩʦʩʪʘʚ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʩʨʝʜʥʷʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʦʩʥʦʚʥʳʭ 

ʛʦʨʥʳʭ ʚʝʨʰʠʥ ʠ ʜʨ. ɼʘʣʝʝ ʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʚʥʠʥ: ʥʘʟʚʘʥʠʝ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʩʝʡʩʤʠʯʥʦʩʪʴ, ʭʘʨʘʢʪʝʨ 

ʩʣʘʛʘʶʱʠʭ ʨʘʚʥʠʥʫ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʩʨʝʜʥʷʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ, ʥʘʟʚʘʥʠʝ ʠ ʚʳʩʦʪʘ ʩʘʤʦʡ 

ʚʳʩʦʢʦʡ ʪʦʯʢʠ ʠ ʜʨ.  

ʅʘ ʩʝʚʝʨʝ ʨʝʩʧʫʙʣʠʢʠ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʢʨʫʧʥʝʡʰʠʝ ʭʨʝʙʪʳ ʛʦʨʥʦʡ ʩʠʩʪʝʤʳ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ ʩ ʚʝʨʰʠ-

ʥʘʤʠ ɹʘʟʘʨ-ɼʶʟʠ (4466 ʤ.) ʠ ʐʘʭʜʘʛ (4243 ʤ.), ʧʦʢʨʳʪʳʤʠ ʚʝʯʥʳʤʠ ʩʥʝʛʘʤʠ ʠ ʣʝʜʥʠʢʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ 

ʧʦʙʝʨʝʞʴʝ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ ʦʧʫʩʢʘʝʪʩʷ ʜʦ -28 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ [1]. 

ʉʪʘʥʦʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ɸʟʝʨʙʘʡʜʞʘʥʘ ʩʚʷʟʘʥʦ ʩ ʵʥʜʦʛʝʥʥʳʤʠ ʠ ʵʢʟʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ɺʩʝ ʢʨʫʧʥʳʝ ʛʦʨʥʳʝ ʭʨʝʙʪʳ ʠ ʤʝʞʛʦʨʥʳʝ ʢʦʪʣʦʚʠʥʳ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɸʟʝʨʙʘʡ-

ʜʞʘʥʘ ʚʳʜʝʣʷʶʪʩʷ ʥʠʞʝʫʢʘʟʘʥʥʳʝ ʦʨʦʛʨʘʬʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ: ʇʨʠʢʘʩʧʠʡʩʢʠʝ ʨʘʚʥʠʥʳ (ʉʘʤʫʨ-ɼʠʚʠʯʠʥʩʢʘʷ ʠ 

ʂʫʩʘʨʩʢʘʷ), ʭʨʝʙʪʳ ɹʦʣʴʰʦʛʦ (ʊʠʥʦʚ-ʈʦʩʩʦ, ɻʫʪʦʥ, ɸʭʚʘʡ, ʂʘʨʘʢʘʡʘ, ɹʘʟʘʨ-ɼʶʟʠ, ʉʘʡʣʘʭʘʥ, ʄʝʣʢʝʤʫʜ, ʈʘʛʜʘʥ, 

ʐʘʭʜʘʛ, ʊʬʘʥʜʘʛ, ɹʘʙʘʜʘʛ, ɼʠʙʨʘʨ) ʠ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ (ʐʘʭʜʘʛ ʠ ʄʨʦʚʜʘʛ), ʂʫʨʠʥʩʢʘʷ ʚʧʘʜʠʥʘ (ɻʘʥʳʭ-

ɸʚʪʦʨʘʥʩʢʘʷ ʜʦʣʠʥʘ, ɼʞʝʡʨʘʥʯʝʣʴ-ɸʜʞʠʥʦʫʨʩʢʘʷ ʥʠʟʢʦʛʦʨʴʷ, ɻʷʥʜʞʘ-ʂʘʟʘʭʩʢʘʷ ʠ ʂʘʨʘʙʘʭʩʢʘʷ ʨʘʚʥʠʥʳ, ʂʫ-

ʨʘ-ɸʨʘʢʩʠʥʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ), ʇʨʠʘʨʘʢʩʠʥʩʢʠʝ ʭʨʝʙʪʳ ʠ ʉʨʝʜʥʝʘʨʘʢʩʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ, ʊʘʣʳʰʩʢʠʝ ʛʦʨʳ.  

ɹʦʢʦʚʦʡ ʭʨʝʙʝʪ ʩ ʚʝʨʰʠʥʦʡ ʐʘʭʜʘʛ (4243 ʤ.) ʪʷʥʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ɻʣʘʚʥʦʤʫ ɺʦʜʦʨʘʟʜʝʣʴʥʦʤʫ ʭʨʝʙʪʫ 

ʠ ʧʨʝʨʳʚʘʝʪʩʷ ʜʦʣʠʥʘʤʠ (ʂʫʩʘʨʯʘʡ, ʂʫʜʠʘʣʯʘʡ, ʂʘʨʘʯʘʡ, ɺʝʣʴʚʝʣʠʯʘʡ, ɻʠʣʴʛʠʣʴʯʘʡ ʠ ʜʨ.). ʂ ʩʝʚʝʨʫ ʦʪ ɹʦʢʦʚʦ-

ʛʦ ʭʨʝʙʪʘ ʨʘʩʧʦʣʦʞʝʥʘ ʂʫʩʘʨʩʢʘʷ ʨʘʚʥʠʥʘ, ʘ ʥʘ ʧʦʙʝʨʝʞʴʝ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ï ʉʘʤʫʨ-ɼʠʚʠʯʠʥʩʢʘʷ ʨʘʚʥʠʥʘ. 

ɹʦʣʴʰʦʡ ʂʘʚʢʘʟ ʚ ʧʨʝʜʝʣʘʭ ɿʘʢʘʚʢʘʟʩʢʠʭ ʨʝʩʧʫʙʣʠʢ ʦʙʨʘʟʫʝʪ ʮʝʣʫʶ ʩʠʩʪʝʤʫ ʦʪʨʦʛʦʚ. ʅʦ ʶʞʥʳʝ ʩʢʣʦʥʳ ɹʦʣʴ-

ʰʦʛʦ ʂʘʚʢʘʟʘ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʢʨʫʧʥʳʭ ʦʪʨʦʛʦʚ ʥʝ ʦʙʨʘʟʫʶʪ. ʂ ɸʣʘʟʘʥʴ-ɸʛʨʠʯʘʡʩʢʦʡ ʨʘʚʥʠʥʝ ʭʨʝʙʝʪ ʦʧʫʩʢʘʝʪ-

ʩʷ ʢʨʫʪʦ, ʪʦʣʴʢʦ ʢ ʚʦʩʪʦʢʫ ʦʪ ʨ. ɻʝʦʢʯʘʡ ʚʦʟʥʠʢʘʝʪ ʩʨʝʜʥʝʛʦʨʥʳʡ ʅʠʘʣʜʘʛʩʢʠʡ ʭʨʝʙʝʪ, ʧʨʦʩʪʠʨʘʶʱʠʡʩʷ ʜʦ ʚʝʨ-

ʭʦʚʴʝʚ ʨ. ɸʭʩʫ. ʂ ʚʦʩʪʦʢʫ ʦʪ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ɸʣʘʟʘʥʠ ʜʦ ɻʠʨʜʠʤʘʥʯʘʷ ʨʘʩʧʦʣʦʞʝʥʳ ʥʠʟʢʠʝ ʭʨʝʙʪʳ ʠ ʢʦʪʣʦ-

ʚʠʥʘ ɸʜʞʠʥʦʫʨʩʢʦʛʦ ʥʠʟʢʦʛʦʨʴʷ.  

ʆʪ ʄʠʥʛʝʯʘʫʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʜʦ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʙʰʠʨʥʘʷ ʥʠʟʤʝʥʥʘʷ ʯʘʩʪʴ ʂʫ-

ʨʠʥʩʢʦʡ ʚʧʘʜʠʥʳ. ʆʥʘ ʥʘʟʳʚʘʝʪʩʷ ʂʫʨʘ-ɸʨʘʢʩʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʴʶ ʠ ʜʝʣʠʪʩʷ ʥʘ ʨʷʜ ʙʦʣʝʝ ʤʝʣʢʠʭ ʨʘʚʥʠʥ. 

ʉʘʤʦʡ ʟʘʧʘʜʥʦʡ ʷʚʣʷʝʪʩʷ ɻʷʥʜʞʘ-ʂʘʟʘʭʩʢʘʷ ʨʘʚʥʠʥʘ. ʇʨʦʜʦʣʞʝʥʠʝʤ ʵʪʦʡ ʨʘʚʥʠʥʳ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʷʚʣʷʶʪʩʷ 

ʂʘʨʘʙʘʭʩʢʘʷ ʠ ʄʠʣʴʩʢʘʷ ʨʘʚʥʠʥʳ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʄʠʣʴʩʢʦʡ ʨʘʚʥʠʥʳ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʫʨʦʚʥʷ ʤʦʨʷ. ʉʝʚʝʨ-
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ʥʝʝ ʨ. ʂʫʨʳ ʧʨʦʩʪʠʨʘʝʪʩʷ ʐʠʨʚʘʥʩʢʘʷ ʨʘʚʥʠʥʘ. ʅʘʠʙʦʣʝʝ ʥʠʟʢʠʤʠ ʨʘʚʥʠʥʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʂʫʨʘ-ɸʨʘʢʩʠʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʉʘʣʴʷʥʩʢʘʷ ʠ ʖʛʦ-ɺʦʩʪʦʯʥʘʷ ʐʠʨʚʘʥʴ. ɺ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʂʫʨʘ-ɸʨʘʢʩʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦ-

ʩʪʠ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʠʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ï ʢʦʥʫʩʳ ʛʨʷʟʝʚʳʭ ʚʫʣʢʘʥʦʚ, ʛʨʷʜʳ, ʩʪʘʨʠʮʳ, ʢʦʙʳ, ʙʣʶʜʮʘ (ʯʘʣʳ) ʠ 

ʜʨ. ɺ ʤʝʣʢʦʚʦʜʴʝ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʨʘʩʧʦʣʦʞʝʥʳ ʦʩʪʨʦʚʘ ɸʧʰʝʨʦʥʩʢʦʛʦ ʠ ɹʘʢʠʥʩʢʦʛʦ ʘʨʭʠʧʝʣʘʛʦʚ. ʉʨʝʜʠ 

ʦʩʪʨʦʚʦʚ ʩʘʤʳʡ ʢʨʫʧʥʳʡ ʇʠʨʘʣʣʘʭʠ.  

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʧʣʝʢʩ ʭʨʝʙʪʦʚ (ʐʘʭʜʘʛ ʠ ʄʨʦʚʜʘʛ), ʦʙʱʝʡ ʧʨʦ-

ʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 310 ʢʤ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘ ʚʦʩʪʦʢʝ ʄʨʦʚʜʘʛʩʢʠʤ ʭʨʝʙʪʦʤ. ʆʩʥʦʚʥʳʤ ʩʨʝʜʠ ʥʠʭ ʷʚʣʷʝʪʩʷ 

ʚʦʜʦʨʘʟʜʝʣ ʤʝʞʜʫ ʙʘʩʩʝʡʥʘʤʠ ʨ. ʂʫʨʳ ʠ ʨ. ɸʨʘʢʩ, ʠ ʚʳʩʦʯʘʡʰʝʡ ʚʝʨʰʠʥʦʡ ʚʩʝʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ɻʷʤʳʰ 

(3724 ʤ.). ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʂʘʨʘʙʘʭʩʢʠʤ ʭʨʝʙʪʦʤ ʩ ʚʳʩʦʯʘʡʰʝʡ ʚʝʨʰʠʥʦʡ ɹʝʶʢ-

ʂʠʨʩ (2725 ʤ.). ʂʘʨʘʙʘʭʩʢʠʡ ʭʨʝʙʝʪ ʠʤʝʝʪ ʘʩʩʠʤʝʪʨʠʯʥʦʝ ʩʪʨʦʝʥʠʝ: ʢ ʟʘʧʘʜʫ ʦʥ ʦʧʫʩʢʘʝʪʩʷ ʢʨʫʪʦ, ʩʢʣʦʥʳ ʨʝʟʢʦ 

ʨʘʩʯʣʝʥʝʥʳ ʵʨʦʟʠʦʥʥʳʤʠ ʜʦʣʠʥʘʤʠ, ʚʦʩʪʦʯʥʳʝ ʞʝ ʩʢʣʦʥʳ ʙʦʣʝʝ ʧʦʣʦʛʠ, ʟʘʜʝʨʥʦʚʘʥʳ ʠ ʣʝʩʠʩʪʳ. 

ʖʞʥʝʝ ɺʦʩʪʦʯʥʦ-ʂʘʨʘʙʘʭʩʢʦʛʦ ʥʘʛʦʨʴʷ ʜʦ ʉʨʝʜʥʝʘʨʘʢʩʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʨʦʩʪʠʨʘʶʪʩʷ ʇʨʠʘʨʘʢʩʠʥ-

ʩʢʠʝ ʭʨʝʙʪʳ. ɺ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʷʚʣʷʶʪʩʷ ɿʘʥʛʝʟʫʨʩʢʠʡ ʠ ɼʘʨʘʣʘʛʝʟʩʢʠʡ ʭʨʝʙʪʳ. ɿʘʥ-

ʛʝʟʫʨʩʢʠʡ ʭʨʝʙʝʪ ʥʘʯʠʥʘʝʪʩʷ ʦʪ ɺʦʨʦʪʘʥʩʢʦʛʦ (ʂʦʯʙʝʢʩʢʦʛʦ) ʧʝʨʝʚʘʣʘ ʥʘ ʩʝʚʝʨʝ ʠ ʧʨʦʩʪʠʨʘʝʪʩʷ ʜʦ ʉʨʝʜʥʝʘʨʘʢ-

ʩʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʥʘ ʶʛʝ. ʆʪ ɿʘʥʛʝʟʫʨʩʢʦʛʦ ʭʨʝʙʪʘ, ʥʘʠʚʳʩʰʘʷ ʚʝʨʰʠʥʘ ʂʘʧʳʪʜʞʠʢ (3904 ʤ.), ʥʘ ʚʦʩʪʦʢ ʦʪ-

ʭʦʜʷʪ ɹʘʨʛʫʰʘʪʩʢʠʝ ʛʦʨʳ. 

ʊʘʣʳʰʩʢʠʡ ʭʨʝʙʝʪ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʦʪʨʝʟʦʢ ʕʣʴʙʫʨʩʩʢʦʡ ʩʠʩʪʝʤʳ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʷʚʣʷʝʪʩʷ ʧʦʛʨʘʥʠʯʥʳʡ ɸʣʘʰʝʨ-ɹʫʨʦʚʘʨʩʢʠʡ ʭʨʝʙʝʪ 

ʩ ʚʝʨʰʠʥʘʤʠ ʂʝʤʶʨʢʝʡ (2477 ʤ.), ʄʘʨʘʶʨʪ ʠ ʜʨ. ʇʘʨʘʣʣʝʣʴʥʦ ʛʣʘʚʥʦʤʫ ʚʦʜʦʨʘʟʜʝʣʫ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʭʨʝʙʪʳ 

ʇʝʰʪʘʩʘʨ ʠ ɹʫʨʦʚʘʨ. ʇʦ ʧʦʙʝʨʝʞʴʶ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʧʨʦʩʪʠʨʘʝʪʩʷ ʫʟʢʘʷ ʃʝʥʢʦʨʘʥʩʢʘʷ ʥʠʟ-

ʤʝʥʥʦʩʪʴ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʯʘʩʪʠʯʥʦ ʥʠʞʝ ʫʨʦʚʥʷ ʤʦʨʷ. 

ɼʣʷ ʪʫʨʠʩʪʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʣʴʝʬ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʧʨʠʨʦʜʥʳʡ ʢʦʤʧʦʥʝʥʪ ʠ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʣʘʥʜ-

ʰʘʬʪʘ. ʈʝʣʴʝʬ ʚʳʩʪʫʧʘʝʪ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʨʘʟʚʠʪʠʷ ʪʫʨʠʟʤʘ: ʣʝʯʝʙʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʤ ʠ ʩʧʦʨʪʠʚʥʦʤ (ʢʫ-

ʧʘʣʴʥʦ-ʧʣʷʞʥʳʡ ʦʪʜʳʭ, ʘʣʴʧʠʥʠʟʤ, ʛʦʨʥʦʣʳʞʥʳʡ ʪʫʨʠʟʤ). ʃʝʯʝʙʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʡ ʯʘʱʝ ʚʩʝʛʦ ʨʘʟʤʝʱʘʝʪʩʷ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʜʦ ʚʳʩʦʪʳ 1000 ʤ. ʅʦ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʚʳʩʦʢʦʛʦʨʥʳʝ ʢʫʨʦʨʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʚʳʩʦʪʝ 

ʙʦʣʝʝ 2000 ʠ ʜʘʞʝ 3000 ʤ. ɼʣʷ ʣʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʠʩʪʳʡ ʚʦʟʜʫʭ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩ-

ʣʦʨʦʜʘ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʆʮʝʥʢʘ ʨʝʣʴʝʬʘ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʥʘʧʨʘʚʣʝʥʠʡ ʪʫʨʠʟʤʘ (ʧʝʰʝʭʦʜʥʳʡ ʠ ʛʦʨʥʳʡ, ʛʦʨ-

ʥʦʣʳʞʥʳʡ ʪʫʨʠʟʤ, ʘʣʴʧʠʥʠʟʤ, ʩʧʝʣʝʦʪʫʨʠʟʤ). ʇʝʰʝʭʦʜʥʳʡ ʪʫʨʠʟʤ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʨʘʚʥʠʥʥʦʡ ʠ ʛʦʨʥʦʡ ʤʝʩʪ-

ʥʦʩʪʠ ʩʪʨʘʥʳ. ɿʜʝʩʴ ʩʣʦʞʥʦʩʪʴ ʤʘʨʰʨʫʪʘ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʤʝʩʪʥʦʩʪʠ, ʢʨʫʪʠʟʥʳ ʩʢʣʦʥʦʚ, ʥʘʣʠʯʠʷ ʧʨʝʧʷʪ-

ʩʪʚʠʡ ʥʘ ʪʨʘʩʩʝ. ʇʝʰʝʭʦʜʥʳʡ ʪʫʨʠʟʤ ʤʦʞʥʦ ʨʘʟʚʠʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʡ ʨʘʚʥʠʥʥʦʡ, ʧʨʝʜʛʦʨʥʦʡ ʠ ʛʦʨʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʦʩʦʙʝʥʥʦ ʥʘ ʭʨʝʙʪʘʭ ɹʦʣʴʰʦʛʦ ʠ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ. 

ɻʦʨʥʳʡ ʪʫʨʠʟʤ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʨʘʡʦʥʘʭ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʚʳʩʦʪ ʦʪ 1000 ʜʦ 3500-4000 ʤ. ɿʜʝʩʴ ʨʘʟʣʠʯʘʶʪ 

ʥʠʟʢʦʛʦʨʥʳʝ, ʩʨʝʜʥʝʛʦʨʥʳʝ ʠ ʚʳʩʦʢʦʛʦʨʥʳʝ ʤʘʨʰʨʫʪʳ ʛʦʨʥʦʛʦ ʪʫʨʠʟʤʘ. ʉʢʘʣʴʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʦʩʣʦʞʥʷʶʪ 

ʤʘʨʰʨʫʪʳ ʛʦʨʥʦʛʦ ʪʫʨʠʟʤʘ. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʢʘʣʦʣʘʟʘʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʂʦʙʳʩʪʘʥʝ, ʘ ʣʝʜʦʣʘʟʘʥʠʝ 

ʨʘʟʚʠʪʦ ʥʘ ʚʦʜʦʧʘʜʘʭ ʚʙʣʠʟʠ ʩʝʣʘ ʃʘʟʘ ʂʫʩʘʨʩʢʦʛʦ ʨʘʡʦʥʘ. ɺʦʟʜʫʰʥʘʷ ʠ ʕʢʩʪʨʝʤʘʣʴʥʦ-ʩʧʦʨʪʠʚʥʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʟʝʨʙʘʡʜʞʘʥʘ ʦʨʛʘʥʠʟʫʝʪ ʤʘʨʰʨʫʪʳ ʧʦ ʧʝʰʝʭʦʜʥʦʤʫ ʠ ʛʦʨʥʦʤʫ, ʛʦʨʥʦʣʳʞʥʦʤʫ ʪʫʨʠʟʤʫ, ʘʣʴʧʠʥʠʟʤʫ, ʩʧʝʣʝʦ-

ʪʫʨʠʟʤʫ, ʘ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʜʦʩʪʘʚʣʷʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʥʘʨʷʞʝʥʠʷ. ʅʘʨʷʜʫ ʩ ʘʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʴʶ ʧʦ ʩʢʘʣʦʣʘʟʘʥʠʶ ʠ ʣʝʜʦʣʘʟʘʥʠʶ, ʧʨʠ ʌʝʜʝʨʘʮʠʠ ʝʩʪʴ ʰʢʦʣʘ ɻʦʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ʆʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʩʧʝʣʝʦʪʫʨʠʟʤʘ ʷʚʣʷʶʪʩʷ ʧʝʱʝʨʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʘʨʩʪʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʇʝʱʝʨʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʠ ʨʘʟʤʝʨʘʭ, ʩʦʩʪʦʷʪ ʠʟ ʠʟʚʝʩʪʥʷʢʦʚʳʭ, ʜʦʣʦʤʠʪʦʚʳʭ ʠ 

ʛʠʧʩʦʚʳʭ ʧʦʨʦʜ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʢʫʨʩʠʦʥʥʦʛʦ ʦʙʲʝʢʪʘ. ʀʟʚʝʩʪʥʳʤʠ ʢʨʫʧʥʳʤʠ ʠ ʠʥ-

ʪʝʨʝʩʥʳʤʠ ʜʣʷ ʪʫʨʠʩʪʦʚ, ʚ ʧʨʝʜʝʣʘʭ ʩʪʨʘʥʳ, ʷʚʣʷʶʪʩʷ ʧʝʱʝʨʳ çɸʟʳʭè (ʜʣʠʥʘ 600 ʤ., ʰʠʨʠʥʘ 25 ʤ., ʚʳʩʦʪʘ 15 

ʤ., ʪʝʤʧʝʨʘʪʫʨʘ 15,1 0ʉ, ʚʣʘʞʥʦʩʪʴ 100 %), çʐʫʰʘè (ʜʣʠʥʘ 40 ʤ., ʰʠʨʠʥʘ 5 ʤ., ʚʳʩʦʪʘ 2 ʤ., ʪʝʤʧʝʨʘʪʫʨʘ 15,0 0ʉ, 

ʚʣʘʞʥʦʩʪʴ 93 %) ʠ çɼʘʤʜʞʳʣʳè (ʜʣʠʥʘ 27 ʤ., ʰʠʨʠʥʘ 17 ʤ., ʚʳʩʦʪʘ 4 ʤ., ʪʝʤʧʝʨʘʪʫʨʘ 21,3 0ʉ, ʚʣʘʞʥʦʩʪʴ 76 %). 

ʉ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʥʘʨʷʞʝʥʠʷ ʤʦʞʥʦ ʧʦʩʝʪʠʪʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʧʝʱʝʨʳ.  

ɺ ʨʝʩʧʫʙʣʠʢʝ ʥʘʭʦʜʷʪʩʷ ʠ ʤʘʣʳʝ ʧʝʱʝʨʳ çʂʘʨʘ ʠʥʝʢè ʚ ɼʘʰʢʝʩʘʥʩʢʦʤ ʨʘʡʦʥʝ, çɿʫʚʘʥʜʯʘʡè ʚ ʃʝʨʠʢ-

ʩʢʦʤ ʨʘʡʦʥʝ, çɸʣʘʨè ʚ ʗʨʜʳʤʣʠʥʩʢʦʤ ʨʘʡʦʥʝ, çɼʘʰʢʘʣʘè ɹʘʙʝʢʩʢʦʤ ʨʘʡʦʥʝ ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʈ, çʍʦʯʘʟè ʃʘ-

ʯʠʥʩʢʦʤ ʨʘʡʦʥʝ, çʂʝʰʠʢʯʠʜʘʛè ʚ ɸʛʩʪʘʬʠʥʩʢʦʤ ʨʘʡʦʥʝ. ʇʝʱʝʨʳ çɸʟʳʭè ʠ çʐʫʰʘè ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʦʢʢʫʧʠʨʦʚʘʥʥʦʡ ʟʦʥʝ ʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʫʨʠʩʪʩʢʠʭ ʮʝʣʷʭ. ɺʭʦʜ ʚ ʧʝʱʝʨʫ çɼʘʤʜʞʳʣʳè, ʠʟ-ʟʘ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʚ ʧʨʠʛʨʘʥʠʯʥʦʤ ʨʘʡʦʥʝ, ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʩʢʘʣʝ, ʠ ʧʦʧʘʩʪʴ ʚʥʫʪʨʴ ʤʦʞʥʦ ʥʘ ʚʝʨʪʦʣʝʪʝ.  

ɺ ʨʘʟʚʠʪʠʠ ʛʦʨʥʦʣʳʞʥʦʛʦ ʪʫʨʠʟʤʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʦʟʜʘʥʠʠ ʛʦʨʥʦʣʳʞʥʳʭ ʪʨʘʩʩ, ʨʝʣʴʝʬ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʈʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʤ ʬʘʢʪʦʨʘʤ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴʶ ʠ ʫʜʦʙʩʪʚʦʤ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʣʳʞʥʦʛʦ ʦʪʜʳʭʘ. ʂ ʦʩʥʦʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʛʦʨʥʦʣʳʞʥʳʭ ʪʨʘʩʩ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: 

ʠʭ ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʰʠʨʠʥʫ, ʢʨʫʪʠʟʥʫ, ʣʘʚʠʥʦʦʧʘʩʥʦʩʪʴ, ʧʨʝʧʷʪʩʪʚʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʫʜʘʣʝʥ-

ʥʦʩʪʴ ʛʦʨʥʦʣʳʞʥʦʡ ʙʘʟʳ ʠ ʜʨ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʨʘʩʩ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʛʦʨʥʦ-

ʣʳʞʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʨʝʰʘʶʱʠʤʠ ʧʨʠ ʚʳʙʦʨʝ ʤʝʩʪʘ ʧʦʜ ʛʦʨʥʦ-

ʣʳʞʥʳʡ ʢʫʨʦʨʪ. ɻʦʨʥʦʣʳʞʥʳʝ ʪʨʘʩʩʳ ʙʳʚʘʶʪ ʜʣʠʥʥʳʤʠ, ʢʦʨʦʪʢʠʤʠ, ʪʨʫʜʥʳʤʠ ʠ ʣʝʛʢʠʤʠ. ɺ ʦʙʦʠʭ ʛʦʨʥʦ-

ʣʳʞʥʳʭ ʢʫʨʦʨʪʘʭ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʪʘʢʠʭ ʢʘʢ ʐʘʭʜʘʛ (1300-2300 ʤ.) ʠ ʊʬʘʥʜʘʛ (950-1920 ʤ.) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ 

ʚʠʜʳ ʪʨʘʩʩ: ʫʯʝʙʥʳʝ, ʪʫʨʠʩʪʩʢʠʝ ʠ ʩʧʦʨʪʠʚʥʳʝ. ɻʦʨʥʦʣʳʞʥʳʡ ʢʫʨʦʨʪ ʐʘʭʜʘʛ ʤʦʞʝʪ ʧʨʠʥʷʪʴ ʜʦ 10 ʪʳʩ., ʘ 

ʊʬʘʥʜʘʛ ʜʦ 3 ʪʳʩ. ʪʫʨʠʩʪʦʚ ʚ ʜʝʥʴ. 
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ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ (ʦʨʦʛʨʘʬʠʯʝʩʢʘʷ) ʩʪʨʫʢʪʫʨʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʨʘʥʳ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʪʫʨʠʩʪʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʮʝʣʦʤ. ɸʟʝʨʙʘʡʜʞʘʥ, ʢʘʢ ʛʦʨʥʘʷ ʩʪʨʘʥʘ, ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʚʳʠʛʨʳʚʘʝʪ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʪʨʘʥʘʤʠ, ʥʝ ʦʙʣʘʜʘʶʱʠʤ ʪʘʢʠʤ ʨʝʣʴʝʬʦʤ. ʅʦ ʩ ʩʦʟʜʘʥʠʝʤ ʪʫʨʠʩʪʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚʦ 

ʚʩʝʭ ʨʝʛʠʦʥʘʭ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʥʘʰʫ ʩʪʨʘʥʫ ʠ ʧʨʠʚʣʝʯʴ ʤʥʦʛʦ ʪʫʨʠʩʪʦʚ ʠʟ ʨʘʟ-

ʥʳʭ ʩʪʨʘʥ ʤʠʨʘ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʣʴʝʬʘ, ʤʦʞʥʦ ʨʘʟʚʠʚʘʪʴ ʨʘʟʥʳʝ ʬʦʨʤʳ ʪʫʨʠʟʤʘ, ʪʘʢʠʝ ʢʘʢ 

ʣʝʯʝʙʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʡ, ʧʝʰʝʭʦʜʥʳʡ ʠ ʛʦʨʥʳʡ, ʛʦʨʥʦʣʳʞʥʳʡ ʪʫʨʠʟʤ, ʘʣʴʧʠʥʠʟʤ, ʩʧʝʣʝʦʪʫʨʠʟʤ. 
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Abstract. Relief and its peculiarities favorable for development of tourism are studied in the article. Im-

portance of relief as an important condition and also a resource in the process of tourism activities organization in 
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УДК 627.81 
 

ВЕТРОВОЕ ВОЛНЕНИЕ И ТЕЧЕНИЯ В ВОДОХРАНИЛИЩЕ ХАМРИН (ИРАК) 
 

 Б.Х. Ал Нуаири, ʘʩʩʠʩʪʝʥʪ, ʘʩʧʠʨʘʥʪ 

ʋʥʠʚʝʨʩʠʪʝʪ ɼʠʘʣʘ, ʀʨʘʢ 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ.ʀ. ɻʝʨʮʝʥʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʍʘʤʨʠʥ ʦʙʫʩʣʦʚʣʝʥʳ ʝʛʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʤʘʣʦʡ ʛʣʫʙʠʥʦʡ, ʧʦʣʦʞʝʥʠʝʤ ʥʘ ʜʥʝ ʜʦʣʠʥʳ. ɺʦʜʦʭʨʘʥʠʣʠʱʝ ʦʪʣʠʯʘ-

ʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʷ ʚʦʜʦʝʤʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʠ ʚ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʝ ʠ ʩʣʘʙʳʤ ʚʝʪʨʦ-

ʚʳʤ ʚʦʣʥʝʥʠʝʤ (ʜʦ 1,0 ʤ, ʨʝʞʝ 1,5 ʤ), ʘ, ʟʥʘʯʠʪ, ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʨʘʟʚʠʪʠʷ ʙʝʨʝʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʈʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʝʦʜʥʦʨʦʜʥʦ. ʅʘʠʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘ-

ʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ï 1,0ï2,0 ʩʤ / ʩ. ɺ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʤʝʣʢʦʚʦʜʥʦʡ 

ʯʘʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 0,5 ʩʤ / ʩ ʜʦ 1,0 ʩʤ / ʩ. ɺ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʧʨʠʧʣʦʪʠʥʥʦʡ 

ʯʘʩʪʠ ʩʨʝʜʥʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 1,0 ʩʤ / ʩ. ɺ ʧʨʠʧʣʦʪʠʥʥʦʡ ʯʘʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʪʝʯʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʳ ʢ ʧʣʦʪʠʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘʙʣʶʜʘʶʪʩʷ ʪʝʯʝʥʠʷ ʚ ʨʘʟʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʪʨʦʚʦʝ ʚʦʣʥʝʥʠʝ, ʪʝʯʝʥʠʷ, ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʍʘʤʨʠʥ, ʀʨʘʢ. 

 

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʚ 120 ʢʤ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ɹʘʛʜʘʜʘ ʤʝʞʜʫ 3355ô ʠ 3430ô ʩ.ʰ., 

4444ô ʠ 45 15ô ʚ.ʜ. (ʨʠʩʫʥʦʢ 1), ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 487 ʢʚ. ʢʤ (ʪʘʙʣʠʮʘ 1). 

ɺʦʜʦʭʨʘʥʠʣʠʱʝ ʍʘʤʨʠʥ ʦʪʥʦʩʠʪʩʷ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ ʦʟʝʨʥʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦʨʳʭ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ. 

ɺʝʪʨʦʚʳʝ ʚʦʣʥʳ ð ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚʦʜʳ, ʚʳʟʳʚʘʝʤʳʝ ʵʥʝʨʛʠʝʡ ʚʝʪʨʘ ʧʨʠ ʝʛʦ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʝʪʨʦʚʦʛʦ ʚʦʣʥʝʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʝʪʨʘ [6, ʩ. 217]. 
 

 
 

ʈʠʩ. 1. ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 
 

ʊʘʙʣʠʮʘ 1 

Основные характеристики водохранилища Хамрин 
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ɺʦʣʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʝʪʨʘ ï ʵʪʦ ʪʘʢʦʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʩ ʢʦʪʦʨʳʤ ʯʝʣʦʚʝʢ ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʠ ʧʝʨʚʦʤ ʞʝ ʟʥʘʢʦʤʩʪʚʝ ʩ ʣʶʙʳʤ ʚʦʜʦʝʤʦʤ [2, ʩ. 143]. ɺʝʪʨʦʚʦʝ ʚʦʣʥʝʥʠʝ ʚ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʟʝʨʦʚʠʜʥʳʭ ʨʘʩʰʠʨʝʥʠʷʭ. ʆʪʣʠʯʠʪʝʣʴ-

ʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚ ʨʘʟʚʠʪʠʠ ʚʦʣʥ ʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʛʣʫʙʠʥʳ ʠ ʯʘʩʪʳʝ ʧʝʨʝʭʦʜʳ ʦʪ ʩʠʩʪʝ-

ʤr  ʚʦʣʥ ʛʣʫʙʦʢʦʡ ʚʦʜʳ ʢ ʩʠʩʪʝʤʝ ʚʦʣʥ ʤʝʣʢʦʡ ʚʦʜʳ ʠ ʥʘʦʙʦʨʦʪ. ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʭʦʨʦʰʦ ʟʘʤʝʪʥʦ ʧʨʠ ʧʝʨʝ-

ʭʦʜʝ ʦʪ ʥʠʞʥʝʡ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʟʦʥʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʢ ʚʝʨʭʥʠʤ ʤʝʣʢʦʚʦʜʥʳʤ. ɺʦʣʥʳ ʧʨʠ ʵʪʦʤ ʧʝʨʝʭʦʜʝ ʩʪʘʥʦ-

ʚʷʪʩʷ ʙʦʣʝʝ ʢʨʫʪʳʤʠ. ɺʪʦʨʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʚʦʣʥ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʦʜʦʭʨʘ-

ʥʠʣʠʱʘ ʠ ʠʟʨʝʟʘʥʥʦʩʪʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ [3, ʩ. 403]. 

ʈʘʟʚʠʪʠʝ ʚʝʪʨʦʚʦʛʦ ʚʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ, ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʚʝʪʨʘ ʥʘ ʚʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʅʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʜʥʠʱʝ ʛʣʫʙʦʢʦʡ ʜʦ-

ʣʠʥʳ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʝ ʛʣʫʙʠʥʳ ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʩʠʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ. 

ʊʘʢ ʢʘʢ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʚʝʪʨʦʤ ʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʝ ʧʨʦʚʦʜʠʪʩʷ, ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʝʣʘʪʴ 

ʚʳʚʦʜʳ ʦ ʝʛʦ ʩʠʣʝ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ ʍʘʥʘʢʠʥ ʟʘ ʧʝʨʠʦʜ 1971-2012 ʛʛ. 

ɺ ʛʦʜʫ ʧʨʝʦʙʣʘʜʘʶʪ ʚʝʪʨʳ ʟʘʧʘʜʥʳʭ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʠ ʩʝʚʝʨʥʳʭ ʨʫʤʙʦʚ ï 68,4 %, ʥʘ ʜʦʣʶ ʶʛʦ-

ʟʘʧʘʜʥʳʭ, ʶʞʥʳʭ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʳʭ ʧʨʠʭʦʜʠʪʩʷ 21,2 % (ʨʠʩʫʥʦʢ 2). ɺʝʪʝʨ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ ʚʩʝʛʜʘ ʥʘʙʣʶʜʘʶʪʩʷ 

ʟʘʧʘʜʥʳʡ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ, ʚ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ï ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ.  

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʩʦʩʪʘʚʣʷʝʪ 1,9 ʤ/ʩ ʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʉ ʷʥʚʘʨʷ ʧʦ ʠʶʣʴ 

ʩʢʦʨʦʩʪʴ ʥʝʤʥʦʛʦ ʚʳʰʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ (ʦʢʦʣʦ 2,0 ʤ/ʩ ʜʦ 2,4 ʤ/ʩ ʚ ʘʧʨʝʣʝ), ʩ ʠʶʣʷ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ, ʠ ʚ 

ʜʝʢʘʙʨʝ ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 1,5 ʤ/ʩ (ʨʠʩʫʥʦʢ 3 ɹ). 

ʆʪ ʛʦʜʘ ʢ ʛʦʜʫ (ʨʠʩʫʥʦʢ 3 ɸ) ʢʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ. ɺ ʧʝʨʠʦʜ 1975-91 ʛʛ. ʧʨʝ-

ʦʙʣʘʜʘʣʠ ʚʝʪʨʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 1,0-3,5 ʤ/ʩ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʩʥʠʟʠʣʘʩʴ ʜʦ 0,5-1,0 ʤ/ʩ. 
 

 
 

ʈʠʩ. 2. ʈʦʟʘ ʚʝʪʨʦʚ 
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ʈʠʩ. 3. ʄʝʞʛʦʜʦʚʦʡ (ɸ), ɺʥʫʪʨʠʛʦʜʦʚʦʡ (ɹ) ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ (ʤ / ʩ) ʥʘ ʧʝʨʠʦʜ 1981 ï 2012 ʛʛ. 

 

ʉʢʦʨʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʪʨʘ ʥʘ ʚʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ 

ʨʘʟʚʠʪʠʝ ʚʝʪʨʦʚʦʛʦ ʚʦʣʥʝʥʠʷ. ʅʘ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʍʘʤʨʠʥ ʥʘʙʣʶʜʘʶʪʩʷ ʚʦʣʥʳ ʩ ʜʣʠʥʦʡ ʨʘʟʛʦʥʘ 5-15 ʢʤ, ʧʝʨʠ-

ʦʜʦʤ ʦʢʦʣʦ 3 ʩ, ʚʳʩʦʪʦʡ 0,5-1,0 ʤ. ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʘ ʂʫʡʙʳʰʝʚʩʢʦʤ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʝ, ʥʦ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 6-10 ʤ / ʩ. ɺʦʣʥʳ ʚʳʩʦʪʦʡ ʜʦ 1,0 ʤ ʧʦʷʚʣʷʶʪʩʷ ʟʜʝʩʴ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʦʢʦʣʦ 20 ʤ/ʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʠʥʘ ʨʘʟʛʦʥʘ ʜʦ 26-55 ʢʤ ʠ ʧʝʨʠʦʜ ï ʜʦ 4 ʩ [4, ʩ. 220]. 

ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʚʦʣʥ ʨʘʟʥʦʡ ʚʳʩʦʪʳ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 8. ɺ ʬʝʚʨʘʣʝ-ʘʧʨʝʣʝ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʚʝʪʨʳ, ʚʦʟʥʠʢʘʶʪ ʚʦʣʥʳ ʚʳʩʦʪʦʡ 1,0-1,5 ʤ, ʥʦ ʠʭ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʚʩʝʛʦ 18 %. ʆʯʝʥʴ ʨʝʜʢʦ  

(2 %) ʙʳʚʘʝʪ ʰʪʦʨʤʦʚʦʝ ʚʦʣʥʝʥʠʝ ʩ ʚʳʩʦʪʦʡ ʚʦʣʥ ʙʦʣʝʝ 1,5 ʤ. ɹʦʣʴʰʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʚ ʵʪʠ ʤʝʩʷʮʳ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʚʦʣʥ ʚʳʩʦʪʦʡ 0,5-1,0 ʤ (46 %). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʚʣʘʞʥʳʡ ʩʝʟʦʥ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʚʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʚʦʣʥʝʥʠʝ. 

ʃʝʪʥʠʝ ʚʝʪʨʳ ʚʦʩʪʦʯʥʳʭ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʳʭ ʨʫʤʙʦʚ ʯʘʩʪʦ ʙʳʚʘʶʪ ʙʦʣʝʝ ʩʠʣʴʥʳʤʠ (ʜʦ 4 ʤ / ʩ), ʧʦʵʪʦʤʫ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʚʦʣʥ ʚʳʩʦʪʦʡ 0,5-1,0 ʤ ʚ ʤʘʝ-ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ-ʦʢʪʷʙʨʝ ʦʩʪʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ (24-28 %) ʠ 

ʜʘʞʝ ʧʨʝʚʳʰʘʝʪ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʪʘʢʠʭ ʚʦʣʥ ʚ ʥʦʷʙʨʝ-ʷʥʚʘʨʝ (20 %). ɺʦ ʚʩʝ ʩʝʟʦʥʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʣʥʝʥʠʝ ʩ ʚʳ-

ʩʦʪʦʡ ʚʦʣʥ ʤʝʥʝʝ 0,5 ʤ/ʩ, ʠ ʧʨʠ ʤʘʣʦʡ ʚʦʜʝ ʠʭ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 65-75 %, ʪʦʣʴʢʦ ʟʠʤʦʡ ʦʥʘ ʩʥʠʞʘʝʪʩʷ 

ʜʦ 34 %.  

ɺʝʪʨʦʚʦʝ ʚʦʣʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʙʝʨʝʛʦʚ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʩʫʤʤʦʡ ʵʥʝʨʛʠʠ ʚʦʣʥʝʥʠʷ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʉʣʝʜʩʪʚʠʝʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ, ʥʦ 

ʧʦʩʪʦʷʥʥʦʛʦ ʚʦʣʥʝʥʠʷ ʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʍʘʤʨʠʥ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʝ ʝʛʦ ʙʝʨʝʛʦʚ. 

ʈʦʣʴ ʪʝʯʝʥʠʡ ʚ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʢʘʢ ʠ ʜʨʫʛʠʭ ʚʦʜʦʝʤʦʚ, ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʘ. 

ʆʥʠ ʧʝʨʝʥʦʩʷʪ ʚʦʜʥʳʝ ʤʘʩʩʳ ʚ ʚʦʜʦʝʤʝ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʚʦʜ ʠ ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʦʚ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʜʥʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚʦʜʦʝʤʘ, 

ʦʧʨʝʜʝʣʷʶʪ ʠ ʥʘʧʨʘʚʣʷʶʪ ʧʨʦʮʝʩʩʳ ʠʣʦʥʘʢʦʧʣʝʥʠʷ, ʜʚʠʞʝʥʠʷ ʥʘʥʦʩʦʚ ʠ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʨʝʛʦʚ [1, ʩ. 134]. 

 

ʊʘʙʣʠʮʘ 2 

Повторяемость высоты волн в водохранилище Хамрин 

 

ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʤʝʞʛʦʜʦʚʳʤʠ ʠ ʩʝʟʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʪʦʢʘ [5, ʩ. 267]. ʀʩʢʫʩʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʙʲʝʤʘ ʚʦʜʥʦʡ ʤʘʩʩʳ, 

ʬʦʨʤʘ ʠ ʤʦʨʬʦʤʝʪʨʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʪʝʯʝʥʠʡ ʚ ʥʠʭ, ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʷʚʣʷ-

ʶʪʩʷ ʩʪʦʢʦʚʳʝ. ʉʪʦʢʦʚʳʝ ʪʝʯʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʣʦʥʘ ʫʨʦʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ, ʚʳʟʚʘʥʥʦ-

ʛʦ ʠʟʙʳʪʢʦʤ ʚʦʜʳ, ʧʨʠʥʦʩʠʤʦʡ ʧʨʠʪʦʢʘʤʠ, ʠʣʠ ʥʝʜʦʩʪʘʪʢʦʤ ʝʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʯʘʩʪʠ ʚʦʜʦʝʤʘ, ʠ ʥʘʧʨʘʚʣʝʥʦ ʚ 

ʩʪʦʨʦʥʫ ʧʣʦʪʠʥʳ. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʢʦʚ ʚʦʜʦʝʤʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʚʝʨʭʥʠʭ ʟʦʥ 

ʚʦʜʦʭʨʘʥʠʣʠʱ. ʉʢʦʨʦʩʪʴ ʩʪʦʢʦʚʳʭ ʪʝʯʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʩʪʫʧʘʶʱʝʛʦ ʧʨʠʪʦʢʘ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠ-

ʱʝ ʠ ʝʛʦ ʧʨʦʪʦʯʥʦʩʪʠ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʩʪʦʢʦʚʳʝ ʪʝʯʝʥʠʷ ʧʦʣʫʯʘʶʪ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʟʦʥʝ. 

ɺ ʢʦʥʮʝ ʤʘʷ ʧʨʠ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʪʦʯʥʦʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʚʳʟʳʚʘʝʤʦʡ ʧʨʦʧʫʩʢʦʤ ʯʝʨʝʟ ʛʠʜʨʦʫʟʝʣ 

ʧʦʣʦʚʦʜʥʳʭ ʚʦʜ, ʩʢʦʨʦʩʪʠ ʩʪʦʢʦʚʳʭ ʪʝʯʝʥʠʡ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳ. ʕʪʠ ʪʝʯʝʥʠʷ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʜʦ ʜʥʘ, ʧʨʠʯʝʤ ʤʘʢʩʠʤʫʤ ʩʢʦʨʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʨʭʥʠʡ ʩʣʦʡ ʚʦʜʳ, ʘ ʤʠʥʠʤʫʤ - ʥʘ ʧʨʠʜʦʥʥʳʝ ʩʣʦʠ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʍʘʤʨʠʥ ʥʝʦʜʥʦʨʦʜʥʦ (ʨʠʩʫʥʦʢ 4). 

ʅʘʠʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ï 1,0ï2,0 ʩʤ / ʩ. ɺ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 0,5 ʩʤ / ʩ ʜʦ 1,0 ʩʤ / ʩ. 

 

ɺʳʩʦʪʘ ʚʦʣʥ, ʤ ʅʦʷʙʨʴ-ʷʥʚʘʨʴ, % ʌʝʚʨʘʣʴ-ʘʧʨʝʣʴ, % ʄʘʡ-ʠʶʣʴ, % ɸʚʛʫʩʪ-ʦʢʪʷʙʨʴ, % 

Ò 0,5 

0,5 ï 1,0 

1,0 ï 1,5 
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ʈʠʩ. 4. ʉʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ 

 

ɺ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʧʨʠʧʣʦʪʠʥʥʦʡ ʯʘʩʪʠ ʩʨʝʜʥʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 1,0 ʩʤ / ʩ. ɺ ʧʨʠʧʣʦʪʠʥʥʦʡ 

ʯʘʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʪʝʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʢ ʧʣʦʪʠʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʪʝʯʝʥʠʷ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 
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WIND WAVES AND STREAMS IN HAMRIN RESERVOIR (IRAQ) 
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Herzen State Pedagogical University of Russia (St. Petersburg), Russia 

 

Abstract. The peculiarities of hydrodynamic processes in Hamrin reservoir are caused by its relatively small 

size and depth, its disposition on the valley bottom. The reservoir is notable for significant fluctuations of water level 

during the year and in long-term dynamics and weak wind waves (up to 1.0 m, rarely 1.5 m), and consequently small 

intensity of beach processes. Spreading of stream surface speeds in reservoir is incoherent. The fastest speeds take 

place in the central bathymetrical part of the reservoir ï 1.0-2.0 cm / s. In the upper and lower shallow part of the res-

ervoir the stream speeds vary from 0.5 cm / s to 1.0 cm / s. In bathymetrical barrage part of reservoir, the medium 

stream speeds are 1.0 cm/s. In barrage part of reservoir, the streams are directed to the dam, while the streams in vari-

ous directions take place in the other part of reservoir. 

Keywords: wind waves, streams, Hamrin reservoir, Iraq. 
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