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ʀʅʊɽʃʃɽʂʊʋɸʃʀɿɸʎʀʗ ʇʆɼɼɽʈɾʂʀ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ ɺ ʉʀʉʊɽʄɽ 
ʄʆʅʀʊʆʈʀʅɻɸ ʉʆʉʊɸɺɸ ɸʊʄʆʉʌɽʈʅʆɻʆ ɺʆɿɼʋʍɸ  

 
ʀ.ɻ. ʂʘʟʴʤʠʥʘ, ʂ.ʖ. ɻʫʩʝʚ, ʇ.ʉ. ʂʫʧʨʠʝʥʢʦ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʩʠʩʪʝʤʝ 

ʩʦʮʠʘʣʴʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ɺ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʤʝʪʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʜʣ  ̫ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʫʧʧ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʥʦʛʦ ʦʧʨʦʩʘ ʩ ʮʝʣʴʶ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 
ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʫʣʫʯʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ.  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ (ʩ ʫʯʝʪʦʤ 
ʦʞʠʜʘʝʤʦʛʦ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 
ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ,  ʨʝʘʣʠʟʫʝʤʦʛʦ ʟʘ ʤʠʥʠʤʘʣʴʥʳʝ ʩʨʦʢʠ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʧʧ 
ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ.  

ɿʘʜʘʯʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʧʦʠʩʢʝ ʘʣʴʪʝʨʥʘʪʠʚ, ʪ.ʝ. ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ 
ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ. ɻʨʫʧʧʳ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʘʙʦʨʦʤ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʨʦʨʘʥʞʠʨʦʚʘʥʥʳʭ 
ʧʦ ʩʪʝʧʝʥʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʳʙʠʨʘʝʤʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʪʦʯʢʘʭ (ʚʳʩʦʢʠʡ, 
ʩʨʝʜʥʠʡ, ʥʠʟʢʠʡ ʫʨʦʚʥʠ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠ  ̫ʨʝʰʝʥʠʡ ʚ 
ʟʘʜʘʯʝ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʙʣʘʩʪʠ 
ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ 
 
                        ɺʚʝʜʝʥʠʝ
 ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ 

ʧʝʨʝʜ ʦʙʱʝʩʪʚʦʤ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ, 
ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 
ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ 
ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 
ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ, 
ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ 
ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 
ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ 
ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʟʘʱʠʪʳ 
ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʪʘʥʦʚʠʪʩʷ 
ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 
ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʀʉʇʇʈ) ʧʨʠ 
ʫʧʨʘʚʣʝʥʠʠ ʢʘʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ 
ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ [1]. 

ɿʘʜʘʯʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 
ʢʘʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʙʳʪʴ 
ʩʚʝʜʝʥʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 
ʘʣʴʪʝʨʥʘʪʠʚ (ʫʧʨʘʚʣʷʶʱʠʭ ʨʝʰʝʥʠʡ) ʧʨʠ 
ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ i-ʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʩʠʪʫʘʮʠʠ ʥʘ j-ʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʫʩʪʴ ʠʤʝʝʪʩʷ 
                                                
ʂʘʟʴʤʠʥʘ ʀʥʥʘ ɻʝʨʤʘʥʦʚʥʘ ï ɺʋʅʎ ɺɺʉ çɺɺɸ ʠʤ. ʧʨʦʬ. 
ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè, ʧʨʝʧʦʜʘʚʘʪʝʣʴ,  
e-mail: innmix@yandex.ru 
ɻʫʩʝʚ ʂʦʥʩʪʘʥʪʠʥ ʖʨʴʝʚʠʯ ï ɺɻʊʋ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, e-mail: gussev_konstantin@mail.ru 
ʂʫʧʨʠʝʥʢʦ ʇʘʚʝʣ ʉʝʨʛʝʝʚʠʯ ï ɺɻʊʋ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 
ʧʨʦʬʝʩʩʦʨ, e-mail: togochs@mail.ru 
 
 

ʥʝʢʦʪʦʨʳʡ ʥʘʙʦʨ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ 
ʤʝʨʦʧʨʠʷʪʠʡ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʙʠʨʘʝʪʩʷ ʦʜʥʦ 
ʤʝʨʦʧʨʠʷʪʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ 
ʢʘʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʮʝʣʴʶ 
ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ.  

ɸʣʛʦʨʠʪʤʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʙʫʜʝʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʝʤ Q ­ max. 
ɺʩʝ ʬʘʢʪʦʨʳ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʜʦʩʪʠʞʝʥʠʝ 
ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʨʘʟʜʝʣʠʤ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 
ʟʘʜʘʥʥʳʝ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʬʘʢʪʦʨʳ (ʫʩʣʦʚʠʷ 
ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ), ʢʦʪʦʨʳʝ ʜʣʷ ʢʨʘʪʢʦʩʪʠ 
ʦʙʦʟʥʘʯʠʤ a; ʟʘʚʠʩʷʱʠʝ ʦʪ ʣʠʮʘ, 
ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʷ (ʃʇʈ) ʵʣʝʤʝʥʪʳ 
ʨʝʰʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝ ʚ ʩʚʦʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ 
ʤʥʦʞʝʩʪʚʘ ʨʝʰʝʥʠʡ ʍ; ʥʝʠʟʚʝʩʪʥʳʝ ʬʘʢʪʦʨʳ, 
ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʦʟʥʘʯʠʤ x. 
ʇʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ Q ʟʘʚʠʩʠʪ ʦʪ ʚʩʝʭ 
ʪʨʝʭ ʛʨʫʧʧ ʬʘʢʪʦʨʦʚ: Q = Q (a, X, x). ɺ ʵʪʦʤ 
ʩʣʫʯʘʝ ʟʘʜʘʯʫ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: ʧʨʠ 
ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ a, ʩ ʫʯʝʪʦʤ ʥʝʠʟʚʝʩʪʥʳʭ 
ʬʘʢʪʦʨʦʚ x, ʥʘʡʪʠ ʪʘʢʦʝ ʨʝʰʝʥʠʝ x Í ʍ, 
ʢʦʪʦʨʦʝ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ Q. 

ʂʦʣʠʯʝʩʪʚʦ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, 
ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ 
ʦʪ ʚʳʙʨʦʩʦʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʧʝʨʝʜʚʠʞʥʳʭ 



 

8 
 

ʠʩʪʦʯʥʠʢʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ. ɼʣʷ 
ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 
ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚ 
ʤʝʞʜʫ ʩʦʙʦʡ. ʅʘʙʦʨ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 
ʘʣʴʪʝʨʥʘʪʠʚ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʫʶʱʠʤ: ʦʙʱʘʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ 
ʵʬʬʝʢʪ, ʩʦʮʠʘʣʴʥʳʡ ʵʬʬʝʢʪ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ 
ʵʬʬʝʢʪ ʠ ʜʨ.  

ɺ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʥʦʡ 
ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʛʨʫʧʧ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʠʭ 
ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 
ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 
ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʡʩʷ ʫ ʥʠʭ 
ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʢ ʧʨʠʚʣʝʢʘʝʤʳʤ ʜʣʷ 
ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ  ʩʧʝʮʠʘʣʠʩʪʘʤ 
ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: ʜʘʥʥʦʝ 
ʣʠʮʦ ʜʦʣʞʥʦ ʚʣʘʜʝʪʴ ʤʝʪʦʜʘʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 
ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ 
ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ 
ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʚʝʣʠʯʠʥʘ ʜʦʣʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠ 
ʦʧʨʝʜʝʣʝʥʠʠ ʛʨʫʧʧ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 
ʠ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʜʝʪ 
ʟʘʚʠʩʝʪʴ ʦʪ ʦʧʳʪʘ ʠ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʦʚ-
ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʦʪʜʝʣʴʥʳʭ 
ʩʣʫʯʘʷʭ ʥʦʩʠʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʢʘʢ 
ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʪʨʫʜʥʦ ʫʯʠʪʳʚʘʝʤʳʭ 
ʬʘʢʪʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʤʦʞʥʦ 
ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʫʯʘʡʥʳʭ 
ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ɓ-
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʝʪʦʜʘʤʠ 
ʩʝʪʝʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ (ʉʇʋ) [2]. 
ʇʨʠʤʝʥʝʥʠʝ ɓ-ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʜʣʷ ʦʩʥʦʚʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ï ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 
(ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ) ʠ 
ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ [3]. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʶʪʩʷ ʵʢʩʧʝʨʪʥʳʝ 
ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ Qmin, ʤʘʢʩʠʤʘʣʴʥʦ 
ʚʦʟʤʦʞʥʦʡ Qmax ʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ Qʥ.ʚ.. ʇʦ 
ʵʪʠʤ ʚʝʣʠʯʠʥʘʤ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ, ʧʨʠʥʷʪʳʭ 
ʚ ʩʠʩʪʝʤʝ ʉʇʋ, ʦʮʝʥʠʚʘʝʪʩʷ ʦʞʠʜʘʝʤʦʝ 
ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ Qʦʞ (ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 
ʦʞʠʜʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ʠ ʜʠʩʧʝʨʩʠʷ ů2: 

min ʥ.ʚ. max
ʦʞ

Q + 4Q +Q
Q = ;

6
  (1) 

 2

2
max mins =

Q - Q
.

6
å õ
æ ö
ç ÷

 (2) 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʮʝʥʢʠ ʧʦ ʤʝʪʦʜʫ 
ʉʇʋ ʥʝʨʝʜʢʦ ʜʘʶʪ ʟʘʥʠʞʝʥʥʳʝ ʚʝʣʠʯʠʥʳ 
ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ [1]. ɺ ʩʚʷʟʠ 
ʩ ʵʪʠʤ ʦʙʨʘʙʦʪʢʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, 
ʧʦʣʫʯʘʝʤʳʭ ʦʪ ʵʢʩʧʝʨʪʦʚ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʝʩʪʠ 
ʧʦ ʬʦʨʤʫʣʘʤ: 

min ʥ.ʚ. max
ʦʞ

Q + 2Q +Q
Q = ;

4
              (3) 

 
2

2 max minQ - Q
ů = .

4
å õ
æ ö
ç ÷

 (4) 

 
ʏʪʦʙʳ ʥʘʢʦʧʠʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʩʧʝʮʠʘʣʴʥʳʝ ʬʦʨʤʳ, ʚ ʢʦʪʦʨʳʝ ʚʥʦʩʷʪʩʷ 
ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʮʝʥʢʠ ʵʢʩʧʝʨʪʦʚ (ʪʘʙʣ. 1). 

 ʊʘʙʣʠʮʘ 1 

ʄʝʨʦʧʨʠʷʪʠʝ 
ʆʮʝʥʢʘ ʈʘʩʯʝʪʥʳʝ 

ʚʝʣʠʯʠʥʳ 

minQ  ² .©.Q  maxQ  ´ ÞQ
 

2ů  

1 min1Q  ² .©.1Q  max1Q  ´ Þ 1Q
 

1
2ů  

2 min2Q  ² .©.2Q  max2Q  ´ Þ 2Q
 

2
2ů

 

n minnQ  ² .©.nQ  maxnQ  ´ Þ nQ
 

2
nů

 
 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʥʦʛʦ ʦʧʨʦʩʘ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʘʣʛʦʨʠʪʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ 
ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠ  ̫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 
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ʐʘʛ 1. ʈʘʩʯʝʪ ʚʝʣʠʯʠʥ i
ʦʞ ijQ ,ů , ʛʜʝ i ï 

ʥʦʤʝʨ ʤʝʨʦʧʨʠʷʪʠʷ, ʚʭʦʜʷʱʝʛʦ ʚ ʛʨʫʧʧʳ 
ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ; i = 1, 2, ..., n, ʛʜʝ n ï 
ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; j ï 
ʫʩʣʦʚʥʳʡ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʵʢʩʧʝʨʪʘ, j = 1, 
2, ..., m, ʛʜʝ m ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʚʣʝʯʝʥʥʳʭ ʢ 
ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʝʨʪʦʚ. 

ʐʘʛ 2. ʉʦʩʪʘʚʣʝʥʠʝ ʠ ʟʘʧʦʣʥʝʥʠʝ ʜʘʥʥʳʤʠ 
ʩʚʦʜʥʦʡ ʬʦʨʤʳ ʦʞʠʜʘʝʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 
ʄʝʨʦ-

ʧʨʠʷʪʠʝ 
ʕʢʩʧʝʨʪ 

1 2 é j ... m 
1 11

ʦʞQ  12
ʦʞQ  é 1j

ʦʞQ  é 1m
ʦʞQ  

2 21
ʦʞQ  22

ʦʞQ  é 2j
ʦʞQ  é 2m

ʦʞQ  
n n1

ʦʞQ  n2
ʦʞQ  é nj

ʦʞQ  é nm
ʦʞQ  

 
ʐʘʛ 3. ʉʦʩʪʘʚʣʝʥʠʝ ʩʚʦʜʥʦʡ ʤʘʪʨʠʮʳ 

ʜʠʩʧʝʨʩʠʡ ʦʪʢʣʦʥʝʥʠʡ ʦʮʝʥʦʢ (ʪʘʙʣ. 3). 
ʊʘʙʣʠʮʘ 3 

ʄʝʨʦ-
ʧʨʠʷʪʠʝ 

ʕʢʩʧʝʨʪ 
1 2 é j ... m 

1 
11ů  12ů  ... 

1jů  ... 
1mů  

2 
21ů  22ů  ... 

2jů  ... 
2mů  

n 
n1ů  n2ů  ... 

njů  ... 
nmů  

ʐʘʛ 4. ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʨʝʜʥʝʥʥʦʛʦ ʤʥʝʥʠʷ 
ʵʢʩʧʝʨʪʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ. ʆʮʝʥʢʘ 
ʫʩʨʝʜʥʝʥʥʦʛʦ ʦʞʠʜʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʥʘʭʦʞʜʝʥʠʷ 
ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ 
ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʪʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 
i
ʦʞ

m
ij

ij ʦʞ
j=1

Q = K Qä ,  (5) 

ʛʜʝ i
ʦʞQ ï ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ 

i-ʛʦ ʤʝʨʦʧʨʠʷʪʠʷ, ijK ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ j-
ʛʦ ʵʢʩʧʝʨʪʘ. 

ɺʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ j-ʛʦ ʵʢʩʧʝʨʪʘ ʧʨʠ 
ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ i-ʛʦ ʤʝʨʦʧʨʠʷʪʠʷ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 

 

 ij

2
0i
2
ij

K
ů=
ů

. (6) 

ɺ ʬʦʨʤʫʣʝ (6) 2
0iů ï ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ, 

ʚʳʙʠʨʘʝʤʘʷ ʠʟ ʫʩʣʦʚʠʷ: 
 

 
m

ij
j=1

K = 1ä . (7) 

 
ʀʟ (6) ʠ (7) ʧʦʣʫʯʘʝʤ: 
 

 
1

1
2
0i m

2
j=1 ij

ů

ů

=

ä
.  (8) 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʩʧʝʨʩʠʷ ʫʩʨʝʜʥʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʷ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

 
1

1
2 2
i 0i m

2
j=1 ij

ů = ů

ů

=

ä
. (9) 

 
ʐʘʛ 5. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʨʘʟʣʠʯʘʪʴ ʵʢʩʧʝʨʪʦʚ  ʧʦ ʩʪʝʧʝʥʠ 
ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʩʪʠ ʠʭ ʤʥʝʥʠʡ, ʪ.ʝ. 
ʤʥʝʥʠʷʤ ʦʜʥʠʭ ʵʢʩʧʝʨʪʦʚ ʧʨʠʜʘʝʪʩʷ ʙʦʣʴʰʠʡ 
ʚʝʩ, ʯʝʤ ʤʥʝʥʠʷʤ ʜʨʫʛʠʭ, ʧʨʦʚʦʜʠʪʩʷ 
ʧʨʦʮʝʜʫʨʘ ʨʘʥʞʠʨʦʚʘʥʠʷ. ʂʘʞʜʦʤʫ ʵʢʩʧʝʨʪʫ 
ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʨʘʥʛ ʟʥʘʯʠʤʦʩʪʠ ʦʪ 1 (ʥʘʠʙʦʣʝʝ 
ʚʣʠʷʪʝʣʴʥʳʡ ʵʢʩʧʝʨʪ)  ʜʦ m (ʥʘʠʤʝʥʝʝ 
ʚʣʠʷʪʝʣʴʥʳʡ ʵʢʩʧʝʨʪ).  

ʄʥʝʥʠʝ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʪʘ ʧʨʠʥʠʤʘʝʪʩʷ 
ʧʨʠ ʨʘʩʯʝʪʘʭ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ 
j

1
r

, ʛʜʝ jr ï ʨʘʥʛ j-ʛʦ 

ʵʢʩʧʝʨʪʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʩʨʝʜʥʝʥʥʦʝ 
ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʷ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

 i
ʦʞ

m
' ij
j i ʦʞ

j=1
Q = K Qä                   (10) 

 
ɺ ʬʦʨʤʫʣʝ (10) '

j iK ï ʚʝʩʦʚʦʡ 
ʢʦʵʬʬʠʮʠʝʥʪ j-ʛʦ ʵʢʩʧʝʨʪʘ ʧʨʠ ʦʮʝʥʢʝ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ i-ʛʦ ʤʝʨʦʧʨʠʷʪʠʷ, 
ʫʯʠʪʳʚʘʶʱʠʡ ʩʪʝʧʝʥʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ 
ʟʥʘʯʠʤʦʩʪʠ ʤʥʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʵʢʩʧʝʨʪʘ, 
ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 
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ʆʮʝʥʢʘ ʜʠʩʧʝʨʩʠʡ ʧʨʠ ʨʘʥʞʠʨʦʚʘʥʠʠ 

ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ: 
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ʐʘʛ 6. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ i

ʦʞQ  ʠ 
i
ʦʞQ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 
ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 
ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʩʠʩʪʝʤʝ ʩʦʮʠʘʣʴʥʦ-
ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ɿʥʘʯʝʥʠʷ '2

iů ʠ 
'2
0iů ʧʦʟʚʦʣʷʶʪ ʜʘʪʴ ʦʮʝʥʢʫ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

(ʦʪʢʣʦʥʝʥʠʡ) ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʠʣʠ ʤʝʨʦʧʨʠʷʪʠʡ. 

 ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 
ʩʭʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ 
ʫʧʨʘʚʣʝʥʠʠ ʢʘʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ.  

 

 
 
ʈʠʩ. 2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠ  ̫

ʨʝʰʝʥʠʡ  
 
ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ (ʩ ʫʯʝʪʦʤ 
ʦʞʠʜʘʝʤʦʛʦ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʤʠʥʠʤʠʟʘʮʠʠ 
ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʠ 
ʨʝʘʣʠʟʫʝʤʦʛʦ ʟʘ ʤʠʥʠʤʘʣʴʥʳʝ ʩʨʦʢʠ) 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʧʧ 
ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 
ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ 
ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ.  

ɻʨʫʧʧʳ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ ʤʝʨʦʧʨʠʷʪʠʡ, 
ʧʨʦʨʘʥʞʠʨʦʚʘʥʥʳʭ ʧʦ ʩʪʝʧʝʥʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 
ʚʳʙʠʨʘʝʤʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ 
ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʪʦʯʢʘʭ 
(ʚʳʩʦʢʠʡ, ʩʨʝʜʥʠʡ, ʥʠʟʢʠʡ ʫʨʦʚʥʠ) [4]. 
ʂʨʘʪʢʦʩʨʦʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʨʦʚʥʝʡ 
ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʨʘʩʯʝʪ ʨʠʩʢʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ 
ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʥʝʯʝʪʢʦʛʦ ʧʦʠʩʢʘ [5]. 

ɿʘʢʣʶʯʝʥʠʝ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 
ʢʘʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʧʦʠʩʢʝ ʘʣʴʪʝʨʥʘʪʠʚ, ʪ.ʝ. ʫʧʨʘʚʣʷʶʱʠʭ 
ʚʦʟʜʝʡʩʪʚʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʥʠʞʝʥʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 
ʘʪʤʦʩʬʝʨʝ. 
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The article considers the problem of decision-making on air quality management in the public health monitoring system. 

In the absence of complete information it is proposed to use the method of direct assessment to determine the groups of control 
actions and their relative effectiveness. Presenting the results of the processing algorithm of the expert survey for the purpose 
of management decision-making in the field of environmental improvement. 

Based on the efficiency values using the method of direct evaluation (taking into account the expected decrease in the 
concentration of contaminants, minimize the amount of resources required to perform specific activities and implemented for 
the shortest possible time) carried out the formation of groups of control actions and make recommendations on air quality 
management. 

The objective evaluation of the effectiveness of measures for air quality management is to find alternatives, ie, control 
actions, providing reduction in the concentration of pollutants in the atmosphere. Groups of control actions submitted to a set 
of measures, ranked according to effectiveness, and selected depending on the level of contamination in monitoring points 
(high, medium, low). 

The use of new information technologies and the creation of an algorithm for decision support in the problem of air 
quality management will allow to achieve a qualitatively new results in the field of environmental security in large cities 
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ʈɸɿʈɸɹʆʊʂɸ ʄʆɼʋʃʗ ʇɸʈɸʄɽʊʈʀʏɽʉʂʆɻʆ ʇʆʉʊʈʆɽʅʀʗ ʄʆɼɽʃɽʁ  

ʅɸ ɹɸɿɽ AUTOCAD 
 

ɺ.ʌ. ɹʘʨʘʙʘʥʦʚ, ʅ.ʀ. ɻʨʝʙʝʥʥʠʢʦʚʘ, ɸ.ʄ. ʅʫʞʥʳʡ, ɺ.ɺ. ʉʘʬʨʦʥʦʚ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʫʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ AutoCAD 2015. ɺ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʢʠ ʣʝʞʠʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʘʥʘʣʠʟʝ DXF-ʬʘʡʣʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʜʝʢʦʤʧʦʟʠʮʠʶ ʩʣʦʞʥʦʡ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʤʦʜʝʣʠ.  

ʄʦʜʫʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʙʘʟʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ AutoCAD ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʦʚ. ʆʩʥʦʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ. ʉʦʟʜʘʥʠʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʠ ʧʦʤʦʱʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʚ AutoCAD 2015 ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ. 

ʇʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ 

AutoCAD ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʤʦʜʫʣʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʄʦʜʫʣʴ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʛʦʪʦʚʳʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʜʦʙʩʪʚʘ ʠʭ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʫʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘ 

ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ ʠ ʠʟʙʝʞʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ 

ʦʰʠʙʦʢ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠʥʮʠʧ ʤʦʜʫʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦ ʤʝʨʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʰʠʨʷʪʴ ʝʝ ʬʫʥʢʮʠʦʥʘʣ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ ʤʦʜʫʣʝʡ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ, ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ, ʘʣʛʦʨʠʪʤ, AutoCAD 

 

ɺʚʝʜʝʥʠʝ 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʉɸʇʈ ʦʙʣʘʜʘʶʪ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʢʘʢ ʜʚʫʤʝʨʥʦʛʦ, ʪʘʢ ʠ ʪʨʝʭʤʝʨʥʦʛʦ. ɺ AutoCAD 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʚʘʪʴ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʦʜʝʣʠ. ʇʨʠ 

ʵʪʦʤ ʘʢʪʫʘʣʴʥʦʡ ʦʩʪʘʝʪʩʷ ʟʘʜʘʯʘ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ. 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

1ʇʦ ʵʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ, ʜʦ 

ʚʦʩʴʤʠʜʝʩʷʪʠ ʧʨʦʮʝʥʪʦʚ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ, ʚʥʦʚʴ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠʟʜʝʣʠʡ, ʥʝ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʣʠʰʴ ʠʟʤʝʥʝʥʠʝ ʠʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʄʥʦʞʝʩʪʚʦ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʉɸʇʈ ʧʦʟʚʦʣʷʶʪ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʝʢʪʠʨʫʝʤʦʝ ʠʟʜʝʣʠʝ ʠ 

ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʫʞʝ ʩ ʥʦʚʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ ʠʤʝʝʪʩʷ ʪʘʢʞʝ ʨʷʜ ʩʠʩʪʝʤ 

                                           

ɹʘʨʘʙʘʥʦʚ ɺʣʘʜʠʤʠʨ ʌʝʜʦʨʦʚʠʯ - ɺɻʊʋ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, e-mail: bvf@list.ru 

ɻʨʝʙʝʥʥʠʢʦʚʘ ʅʘʪʘʣʠʷ ʀʚʘʥʦʚʥʘ ï ɺɻʊʋ, ʢʘʥʜ. ʪʝʭʥ. 

ʥʘʫʢ, ʜʦʮʝʥʪ, e-mail: g-naty@yandex.ru 

ʅʫʞʥʳʡ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ ï ɺɻʊʋ, ʢʘʥʜ. ʪʝʭʥ. 

ʥʘʫʢ, ʜʦʮʝʥʪ, e-mail: nam14@mail.ru 

ʉʘʬʨʦʥʦʚ ɺʠʪʘʣʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ɺɻʊʋ, ʢʘʥʜ. ʪʝʭʥ. 

ʥʘʫʢ, ʜʦʮʝʥʪ, e-mail: vitolik@bk.ru 

(AutoCAD, ProgeCAD ʠ ʪ.ʜ.), ʥʝ ʦʙʣʘʜʘʶʱʠʭ 

ʧʦʣʥʦʮʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ. ʈʘʟʨʘʙʦʪʢʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʥʘ 

ʙʘʟʝ AutoCAD ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʤʦʜʝʣʝʡ ʜʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʠʧʦʚ 

3D-ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ 

ʉɸʇʈ, ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʟʜʘʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʦ ʥʝʡ ʧʦʣʥʳʡ 

ʥʘʙʦʨ ʛʨʘʬʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʝʨʝʜʘʥʳ ʚ ʣʶʙʫʶ ʨʘʩʯʝʪʥʫʶ ʧʨʦʛʨʘʤʤʫ ʜʣʷ 

ʘʥʘʣʠʟʘ ʧʨʦʯʥʦʩʪʥʳʭ ʠʣʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ 

ʜʝʪʘʣʠ. 

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ AutoCAD, 

ʥʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ 2006, ʩʨʝʜʩʪʚʘ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʙʣʦʢʘʤʠ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʙʣʦʢʠ ð ʵʪʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ 

ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʤʠʪʠʚʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʝʨʘʮʠʡ ʩʦ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʪʨʝʫʛʦʣʴʥʳʤʠ "ʨʫʯʢʘʤʠ". 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʚʘʪʴ 

ʢʦʤʧʘʢʪʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ 

ʛʨʘʬʠʯʝʩʢʠʤʠ ʙʣʦʢʘʤʠ, ʥʦ ʠ ʥʘʩʪʨʘʠʚʘʪʴ ʠʭ 

çʧʦ ʤʝʩʪʫè. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʚ ʜʠʥʘʤʠʯʝʩʢʠʝ ʙʣʦʢʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ 

ʦʩʥʦʚʝ ʜʚʫʤʝʨʥʳʭ ʙʣʦʢʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʫʞʘʝʪ ʧʝʨʝʯʝʥʴ ʚʳʧʦʣʥʷʝʤʳʭ ʟʘʜʘʯ ʠ 
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ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʨʸʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

2. ʄʦʜʫʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʙʘʟʝ AutoCad 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʱʠʢʫ ʦʯʝʥʴ ʯʘʩʪʦ 

ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʤʦʜʝʣʷʤʠ, ʠʤʝʶʱʠʤʠ 

ʦʜʠʥʘʢʦʚʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʥʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʨʦʧʦʨʮʠʷʤʠ ʠ ʨʘʟʤʝʨʘʤʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʟʘʜʘʯʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʤʦʜʫʣʴ ʛʝʥʝʨʘʮʠʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ 

ʩʦʩʪʘʚʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ [1], ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʥʘ ʨʠʩ. 1.  

ʄʦʜʫʣʴ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʥʘʠʙʦʣʝʝ ʪʝʩʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʙʣʦʢʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʨʘʙʦʪʫ ʩ ʛʨʘʬʠʯʝʩʢʠʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ɻɹɼ), 

ʪʘʢ ʢʘʢ ʧʦʯʪʠ ʚʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ [2]. 

ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʜʫʣʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 
 

ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʫʣʷ: 

 ʠʟʚʣʝʯʝʥʠʝ ʠʟ ɻɹɼ ʢʘʯʝʩʪʚʝʥʥʦʡ 

(ʨʘʟʤʝʨʳ, ʤʘʪʝʨʠʘʣ) ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

(ʧʝʨʝʯʝʥʴ ʜʝʪʘʣʝʡ) ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʨʸʭʤʝʨʥʦʡ 

ʤʦʜʝʣʠ; 

 ʠʟʚʣʝʯʝʥʠʝ ʠʟ ɻɹɼ ʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ 

ʨʘʩʪʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ; 

 ʧʦʩʪʨʦʝʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʪʘʙʣʠʯʥʘʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ); 

 ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʦʧʦʨʮʠʡ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦ 3 

ʦʩʷʤ (ʬʫʥʢʮʠʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ); 

 ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʦʣʫʯʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ 

ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

(ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ); 

 ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʚ ʨʝʞʠʤʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʧʨʦʩʤʦʪʨʘ; 

 ʵʢʩʧʦʨʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ 

ʩʠʩʪʝʤʫ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

AutoCAD; 

AutoCADɻʣʘʚʥʳʡ ʤʦʜʫʣʴ 

ʚʳʟʦʚʘ ʧʦʜʩʠʩʪʝʤ

ʉʋɹɼ

ɻʨʘʬʠʯʝʩʢʠʝ ʙʘʟʳ ʜʘʥʥʳʭ

ʉʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʘʤʠ 

ʛʨʘʬʠʯʝʩʢʠʭ 

ʙʠʙʣʠʦʪʝʢ

ʄʦʜʫʣʴ ʚʝʨʠʬʠʢʘʮʠʠ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ

ʂʦʤʧʣʝʢʩʥʳʡ ʢʦʥʪʨʦʣʴ 

ʠʟʦʙʨʘʞʝʥʠʡ

ʂʦʤʧʣʝʢʩʥʘʷ ʢʦʨʨʝʢʮʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ

ʄʝʥʝʜʞʝʨ 

ʧʨʦʝʢʪʦʚ

ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ 

ʪʨʝʭʤʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ

ʇʦʣʴʟʦʚʘʪʝʣʴ

ʀʥʪʝʨʘʢʪʠʚʥʘʷ 

ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ 

ʟʥʘʥʠʡ



14 

 

 ʘʥʘʣʠʟ ʯʝʨʪʝʞʘ, ʚ ʢʦʪʦʨʳʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʢʩʧʦʨʪ ʤʦʜʝʣʠ (ʪʠʧʳ ʩʣʦʸʚ, 

ʪʠʧʳ ʣʠʥʠʡ, ʪʦʣʱʠʥʘ ʣʠʥʠʡ ʠ ʪ.ʜ.); 

 ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʫ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʢʘʢ: 

ʩʣʦʡ, ʪʠʧ ʠ ʪʦʣʱʠʥʘ ʣʠʥʠʡ ʠ ʪ.ʜ.; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʥʦʚʦʤ ʩʣʦʝ ʩ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʩʦʟʜʘʥʠʝʤ ʵʪʦʛʦ ʩʣʦʷ. 

ʇʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʠʟ ɻɹɼ, ʨʘʙʦʪʘ ʩ ʥʝʡ ʤʦʞʝʪ ʚʝʩʪʠʩʴ ʚ ʦʜʥʦʤ ʠʟ 

ʨʝʞʠʤʦʚ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʘ ʨʠʩ. 2.  

 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ

ʈʝʞʠʤ çʂʘʢ ʝʩʪʴè

ʈʝʞʠʤ çʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝè

ʈʝʞʠʤʳ  çʇʘʨʘʤʝʪʨʠʟʘʮʠʷè

ʈʝʞʠʤ çʊʘʙʣʠʯʥʘ  ̫

ʧʘʨʘʤʝʪʨʠʟʘʮʠʷè

ʈʝʞʠʤ çɻʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʷè

 
ʈʠʩ. 2.  ɺʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʄʦʜʝʣʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟ ʢʘʢʠʭ-

ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʞʠʤʝ çʂʘʢ ʝʩʪʴè, ʪʦ ʝʩʪʴ, 

ʧʦʩʣʝ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʦʥʘ 

ʥʘʧʨʷʤʫʶ ʵʢʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʦʪʢʨʳʪʳʡ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ AutoCAD ʯʝʨʪʝʞ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʳ ʩ ʥʝʡ. 

ʈʝʞʠʤ çʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝè 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʝʥʘ ʠʣʠ ʫʤʝʥʴʰʝʥʘ ʧʦ 

ʦʜʥʦʡ, ʥʝʩʢʦʣʴʢʠʤ ʠʣʠ ʚʩʝʤ ʢʦʦʨʜʠʥʘʪʥʳʤ 

ʦʩʷʤ (X, Y, Z). ɼʘʥʥʳʡ ʨʝʞʠʤ ʧʦʟʚʦʣʷʝʪ 

ʠʟʤʝʥʠʪʴ ʪʦʣʴʢʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 

ʤʦʜʝʣʠ ʚ ʮʝʣʦʤ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʦʧʦʨʮʠʠ 

ʩʦʭʨʘʥʷʶʪʩʷ. 

ʈʝʞʠʤ çʇʘʨʘʤʝʪʨʠʟʘʮʠʷè ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʨʝʞʠʤʦʤ ʤʦʜʫʣʷ. ʀʤʝʥʥʦ ʧʨʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ. 

ʕʪʦʪ ʨʝʞʠʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʢ 

ʪʘʙʣʠʯʥʦʡ, ʪʘʢ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ.  

ɺʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʨʝʞʠʤʘ 

çʇʘʨʘʤʝʪʨʠʟʘʮʠʷè ʦʪ ʨʝʞʠʤʘ 

çʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝè ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ, ʧʨʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʠʟʤʝʥʷʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʨʦʧʦʨʮʠʠ ʚʩʝʡ ʜʝʪʘʣʠ ʮʝʣʠʢʦʤ, ʠ ʦʥʘ ʣʠʙʦ 

ʫʤʝʥʴʰʘʝʪʩʷ/ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʦʜʠʥʘʢʦʚʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦ ʪʨʸʤ ʦʩʷʤ), ʣʠʙʦ 

ʨʘʩʪʷʛʠʚʘʝʪʩʷ (ʨʘʟʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ). 

ʇʨʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʪʘʢʞʝ ʩʦʭʨʘʥʷʝʪʩʷ 

ʦʙʱʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ, ʥʦ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʯʘʩʪʠʯʥʦʡ ʝʸ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠʣʠ 

ʯʠʩʣʘ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʚ ʢʦʥʝʯʥʦʤ ʠʟʜʝʣʠʠ, 

ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʠʭ ʚʳʨʦʞʜʝʥʠʷ ʠʣʠ ʟʘʤʝʥʳ 

ʥʘ ʜʨʫʛʠʝ ʘʥʘʣʦʛʠʯʥʳʝ. 

ʈʝʞʠʤʳ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʚ ʤʦʜʫʣʝ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [3]. 

ʊʘʙʣʠʯʥʳʡ ʪʠʧ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ï ʵʪʦ ʙʘʟʦʚʳʡ 

ʪʠʧ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʣʶʙʦʡ ʩʠʩʪʝʤʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. ʄʦʜʝʣʴ ʩʦʟʜʘʸʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʪʘʙʣʠʮʳ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ. ɿʘʪʝʤ ʵʪʠ ʜʘʥʥʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʧʨʦʚʝʨʢʝ ʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ ʧʦʣʥʦʪʫ. ɽʩʣʠ 

ʜʘʥʥʳʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʝʜʲʷʚʣʷʝʤʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʚʪʦʨʥʳʡ 

ʟʘʧʨʦʩ ʢ ʙʘʟʝ ʜʘʥʥʳʭ. ɽʩʣʠ ʧʨʦʚʝʨʢʘ ʧʨʦʰʣʘ 

ʫʩʧʝʰʥʦ, ʪʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʚʳʙʦʨ: ʣʠʙʦ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʫʶ 

ʤʦʜʝʣʴ ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʝʸ ʚ ʛʨʘʬʠʯʝʩʢʠʡ 

ʨʝʜʘʢʪʦʨ AutoCAD, ʣʠʙʦ ʚ ʨʝʞʠʤʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʫʚʠʜʝʪʴ 

ʧʦʣʫʯʠʚʰʫʶʩʷ ʤʦʜʝʣʴ, ʦʮʝʥʠʪʴ ʝʸ, ʘ ʟʘʪʝʤ 

ʨʝʰʠʪʴ ʩʪʦʠʪ ʣʠ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ, ʠʣʠ ʥʝʪ. 

ɺʪʦʨʦʡ ʪʠʧ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʛʠʙʢʠʤ ʠ ʤʦʱʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʨʝʘʣʠʟʘʮʠʠ ʪʨʝʙʫʝʤʳʭ ʟʘʜʘʯ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʩʣʦʞʥʝʡ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʛʨʘʤʤʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ. ʅʦ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʪʠʧ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ 

ʪʘʙʣʠʯʥʦʤʫ (ʢʘʢ ʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʪʠʧ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ), ʪʘʢ ʢʘʢ ʣʶʙʘʷ ʤʦʜʝʣʴ 

ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ ʧʦ ʨʷʜʫ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʘ ʵʪʦʪ ʨʷʜ ʠ ʝʩʪʴ ʪʘʙʣʠʮʘ ʧʘʨʘʤʝʪʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʤʦʜʝʣʴ. ʂ ʧʨʦʚʝʨʢʝ ʥʘ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ ʧʦʣʥʦʪʫ ʜʦʙʘʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʧʨʦʧʦʨʮʠʡ, ʜʘʙʳ 

ʠʟʙʝʞʘʪʴ ʧʦʣʫʯʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʝʢʦʨʨʝʢʪʥʳʭ ʤʦʜʝʣʝʡ. 

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʝʭ ʧʨʦʚʝʨʦʢ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʪʘʙʣʠʯʥʦʡ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʝʡ, ʣʠʙʦ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʫʶ ʤʦʜʝʣʴ ʚ AutoCAD ʠ ʫʞʝ 

ʩʨʝʜʩʪʚʘʤʠ ʵʪʦʛʦ ʨʝʜʘʢʪʦʨʘ ʧʨʦʜʦʣʞʠʪʴ 

ʨʘʙʦʪʫ, ʣʠʙʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʤʦʜʝʣʠ. ʉʭʝʤʘ 

ʦʧʠʩʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. 

3. ʆʙʦʩʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʨʝʜʩʪʚ 

ɼʣʷ ʦʮʝʥʢʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʩʨʝʜʩʪʚ 
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ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ 

AutoCAD ʠ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʦʜʫʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʚ ʩʠʩʪʝʤʝ 

AutoCAD ʧʦʟʠʮʠʦʥʠʨʫʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʙʣʦʢʠ. ʕʪʦ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʦʟʜʘʥʠʝ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʦʚ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ AutoCAD ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʕʪʦʪ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʦʣʴʢʦ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʦʜʝʣʠ, ʧʦʣʫʯʘʝʤʳʝ 

ʚʳʪʷʛʠʚʘʥʠʝʤ ʠʣʠ ʚʳʜʘʚʣʠʚʘʥʠʝʤ ʢʦʥʪʫʨʘ, 

ʦʬʦʨʤʣʝʥʥʦʛʦ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʛʦ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʙʣʦʢʘ [4]. 
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ʈʠʩ. 3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʩʨʝʜʩʪʚ AutoCAD ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʥʘʙʦʨʘ ʜʝʡʩʪʚʠʡ: 

- ʩʦʟʜʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʚʫʤʝʨʥʦʛʦ 

ʙʣʦʢʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʢʦʥʪʫʨ ʜʝʪʘʣʠ; ʧʨʠ ʵʪʦʤ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ, 

ʪʘʢ ʠ ʪʘʙʣʠʯʥʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ; 

- ʚʳʧʦʣʥʠʪʴ ʚʳʪʷʛʠʚʘʥʠʝ ʠʣʠ 

ʚʳʜʘʚʣʠʚʘʥʠʝ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʟʘʜʘʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʠʤ ʙʣʦʢʦʤ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʤʳʢʘʥʠʝʤ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʫʨʦʚ. 

ʇʨʠ ʵʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʙʣʦʢʘ ʚ 

ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʦʙʲʝʢʪ ʧʨʠʚʦʜʠʪ ʢ ʫʪʨʘʪʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʟʘʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʦʮʝʜʫʨʘ ʩʦʟʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʥʘ 

ʙʘʟʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʦʜʫʣʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʠʩʢʘ 

ʯʝʨʪʝʞʘ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ 

ʭʨʘʥʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙʦ ʚʩʝʭ ʯʝʨʪʝʞʘʭ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺ 

ʙʘʟʝ ʜʘʥʥʳʭ ʨʝʘʣʠʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʧʦʠʩʢʘ 

ʯʝʨʪʝʞʘ ʧʦ ʢʦʥʬʠʛʫʨʠʨʫʝʤʦʤʫ ʥʘʙʦʨʫ 
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ʢʨʠʪʝʨʠʝʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ.  

ʇʦʩʣʝ ʧʦʠʩʢʘ ʠ ʚʳʙʦʨʘ ʥʫʞʥʦʡ ʤʦʜʝʣʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʝ ʦʪʢʨʳʪʠʝ ʚ AutoCAD. ɿʘʪʝʤ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʨʝʞʠʤʦʚ 

ʦʙʨʘʙʦʪʢʠ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 2. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʨʝʞʠʤʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʩʪʨʦʡʢʘ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ 

ʤʦʜʝʣʠ, ʥʘʯʠʥʘʷ ʦʪ ʠʟʤʝʥʝʥʠʷ ʤʘʩʰʪʘʙʘ ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʦʪʜʝʣʴʥʳʭ 

ʜʝʪʘʣʝʡ ʤʦʜʝʣʠ. 

 

 
 

ʈʠʩ. 4. ʉʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʥʘ ʙʘʟʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 
 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʢʥʦ çʇʦʩʪʨʦʝʥʠʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡè, ʧʦʟʚʦʣʷʶʱʝʝ 

ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʣʠʙʦ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ 

ʛʝʥʝʨʘʮʠʝʡ (ʨʠʩ. 5). 

 

 
 

ʈʠʩ. 5.  ʆʢʥʦ çʇʦʩʪʨʦʝʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡè 
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ʇʦʣʝ çʅʘʠʤʝʥʦʚʘʥʠʝ ʤʦʜʝʣʠè 

ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘʟʚʘʥʠʷ 

ʪʝʢʫʱʝʡ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʠʟ 

ʙʘʟʳ ʜʘʥʥʳʭ.  

ʂʦʦʨʜʠʥʘʪʳ ʤʦʜʝʣʠ ʦʪʨʘʞʘʶʪʩʷ ʚ ʙʣʦʢʝ 

çʊʦʯʢʘ ʚʩʪʘʚʢʠè ʠ ʟʘʜʘʶʪʩʷ ʚʨʫʯʥʫʶ, ʧʨʠ 

ʧʦʤʦʱʠ ʚʚʦʜʘ ʟʥʘʯʝʥʠʡ ʚ ʧʦʣʷ X,Y ʠ Z, ʠʣʠ 

ʫʢʘʟʳʚʘʶʪʩʷ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʥʘ 

ʯʝʨʪʝʞʝ. ɹʣʦʢʠʨʦʚʢʘ ʩ ʢʥʦʧʢʠ çʋʢʘʟʘʪʴ ʥʘ 

ʯʝʨʪʝʞʝè ʩʥʠʤʘʝʪʩʷ ʧʦʩʣʝ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʜʫʣʷ 

ʢ ʨʝʜʘʢʪʦʨʫ AutoCAD. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʢʘ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʥʝ ʦʩʫʱʝʩʪʚʠʣ ʚʳʙʦʨ ʤʦʜʝʣʠ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʬʦʨʤʝ ʙʫʜʫʪ ʥʝ 

ʜʦʩʪʫʧʥʳ. 

ɺ ʙʣʦʢʝ çʈʝʞʠʤʳè ʚʳʙʠʨʘʝʪʩʷ ʪʠʧ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ɸʢʪʠʚʘʮʠʷ ʨʝʞʠʤʘ çʇʘʨʘʤʝʪʨʠʟʘʮʠʷè ʧʨʠʚʝʜʸʪ 

ʢ ʧʦʷʚʣʝʥʠʶ ʙʣʦʢʘ ʩ ʨʝʞʠʤʘʤʠ çʊʘʙʣʠʯʥʘʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʷè ʠ çɻʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʷè, ʘ ʚʳʙʦʨ ʨʝʞʠʤʘ 

çʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴè, ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʙʣʦʢʘ çʄʘʩʰʪʘʙ ʧʦ ʦʩʷʤè (ʨʠʩ. 6).  

ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʟʜʘʚʘʝʤʦʡ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ DXF-ʬʘʡʣʘ ʤʦʜʝʣʠ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʘʨʳ 

ʢʦʜʦʚ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ [5]. ʂʦʜʳ 

ʦʧʨʝʜʝʣʷʶʪ ʪʠʧʳ ʟʥʘʯʝʥʠʡ, ʩʣʝʜʫʶʱʠʭ ʟʘ 

ʥʠʤʠ. ʇʘʨʳ ʢʦʜʦʚ ʠ ʟʥʘʯʝʥʠʡ ʦʙʨʘʟʫʶʪ ʩʝʢʮʠʠ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʪʜʝʣʴʥʳʭ ʟʘʧʠʩʝʡ. ʉʨʝʜʠ ʵʪʠʭ 

ʟʘʧʠʩʝʡ ʩʦʜʝʨʞʘʪʩʷ ʩʚʝʜʝʥʠʷ ʠ ʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʝʸ 

ʧʨʠʤʠʪʠʚʘʤʠ. ʕʪʠ ʜʘʥʥʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʝʢʮʠʠ 

ENTITIES, ʩʦʜʝʨʞʘʱʝʡ ʚʩʝ ʛʨʘʬʠʯʝʩʢʠʝ 

ʦʙʲʝʢʪʳ ʚ ʯʝʨʪʝʞʝ.  

 
 

ʈʠʩ. 6.  ɺʳʙʦʨ ʨʝʞʠʤʘ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ 

 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʨʠʤʠʪʠʚʘʭ, ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʯʝʨʪʝʞʘ, ʠ 

ʩʦʜʝʨʞʘʱʘʷ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚʩʪʘʚʢʠ 

ʧʨʠʤʠʪʠʚʦʚ ʠ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 

(ʜʣʠʥʘ, ʰʠʨʠʥʘ, ʚʳʩʦʪʘ ʠ ʪ.ʜ.), ʟʘʥʦʩʠʪʩʷ ʚ 

ʪʘʙʣʠʮʫ çɸʥʘʣʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠè (ʨʠʩ. 

7). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ. 

 

 
 

ʈʠʩ. 7.  ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
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ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʚʩʝʭ ʜʘʥʥʳʭ ʦ 

ʧʨʠʤʠʪʠʚʘʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʩʚʝʜʝʥʠʷ 

ʠʭ ʚ ʪʘʙʣʠʮʫ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʧʦʩʪʘʚʠʪʴ ʠʭ ʩ 

ʨʝʘʣʴʥʳʤʠ ʜʝʪʘʣʷʤʠ. ʅʘʠʤʝʥʦʚʘʥʠʝ ʜʝʪʘʣʠ 

ʟʘʥʦʩʠʪʩʷ ʚ ʧʨʘʚʫʶ ʢʦʣʦʥʢʫ ʥʘʧʨʦʪʠʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʠʤʠʪʠʚʘ. ʏʪʦʙʳ 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʵʪʠ ʩʚʷʟʠ, ʩʣʝʜʫʝʪ ʥʘʞʘʪʴ 

ʢʥʦʧʢʫ çʀʥʠʮʠʘʣʠʟʘʮʠʷ ʧʨʠʤʠʪʠʚʦʚè. 

ʇʦʣʫʯʠʚʰʫʶʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʚ 

ʚʠʜʝ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ 

ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʢʥʝ çʇʘʨʘʤʝʪʨʳè, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩ. 8. 

 

 
ʈʠʩ. 8. ʆʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

 

ɿʘʢʣʶʯʝʥʠʝ 
ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʦʜʫʣʷ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ AutoCAD ʚ 

ʯʘʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɻʠʙʢʠʝ ʠ ʤʦʱʥʳʝ ʩʨʝʜʩʪʚʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʦʜʫʣʝ, 

ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʜʦʧʦʣʥʠʪʴ ʬʫʥʢʮʠʦʥʘʣ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʣʦʢʦʚ AutoCAD. 
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In the article the question of development of the module parametric build solid models for the graphic editor AutoCAD 

2015. In the basis of development is a universal algorithm of transforming geometric models in a parametric, based on analysis 

of the. DXF files. The proposed approach enables the decomposition of complex solid models and generate a parametric 

description of the individual graphics primitives included in the model.  

The module is designed to extend the capabilities of parametric solid modeling, implemented in the graphic editor 

AutoCAD dynamic blocks. The main disadvantage of this tool is to support only surface models. Create parametric solid 

models using dynamic blocks in AutoCAD 2015 is not provided. 

The program is executed using the application programming interface of the graphic editor AutoCAD and is 

implemented as a module of a universal automated information system. The module allows you to parameterize the finished 

solid models to make them easier to reuse. The application generated using the module of parametric models makes it possible 

to carry out analysis of various constructive schemes and to avoid fundamental design errors. The design of the system is 

maximally implemented the principle of modularity, which allows, as necessary, to expand its functionality without significant 

adjustments of previously created modules 

 

Key words: solid model, parameterization, algorithm, AutoCAD 
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ʅɽʁʈʆ-ʅɽʏɽʊʂʆɽ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʇʈʆʏʅʆʉʊʀ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʀɿɼɽʃʀʁ 

 
ʉ.ɸ. ʊʢʘʣʠʯ, ʆ.ʖ. ʊʘʨʘʪʳʥʦʚ  

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʢ ʵʣʝʤʝʥʪʘ ʩʠʩʪʝ-

ʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʞʝʣʝʟʦʙʝ-
ʪʦʥʥʳʭ ʠʟʜʝʣʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʮʠʢʣ ʕ. ɼʝʤʠʥʛʘ ʩ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʩʦʩʪʦʷʥʠʷ P&P-D-C-A. ʇʨʠʤʝʥʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʯʝʪʢʠʭ 
ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʦʙʨʘʪʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʦʰʠʙʢʠ ʘʨʭʠʪʝʢʪʫʨʳ ʚʠʜʘ ANFIS ʠ TSK. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, 
ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʙʨʘʥʳ ʤʦʜʫʣʴ ʢʨʫʧʥʦʩʪʠ ʧʝʩʢʘ, ʢʦʣʠʯʝʩʪʚʦ ʟʸ-
ʨʝʥ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʠʛʦʣʴʯʘʪʦʡ ʬʦʨʤʳ ʚ ʱʝʙʥʝ, ʦʙʲʝʤʥʳʡ ʚʝʩ ʮʝʤʝʥʪʘ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. ɺ ʢʘʯʝ-
ʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʨʘʟʨʫʰʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʪʨʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʬʦʨʤʠʨʦʚʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʚ ʩʨʝʜʝ MS Access ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʫʯʝʪʥʳʭ ʞʫʨʥʘʣʦʚ 
ʣʘʙʦʨʘʪʦʨʠʠ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʝʜʧʨʠʷʪʠʷ. ʉʬʦʨʤʠʨʦʚʘʥʳ ʜʚʝ ʛʨʫʧʧʳ ʢʦʨʪʝʞʝʡ: ʜʣʷ ʪʨʝʥʠʨʦʚʢʠ ʥʝʯʝʪʢʦʡ ʥʝʡʨʦʥ-
ʥʦʡ ʩʝʪʠ ʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʡ ʩʝʪʠ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʢʘʟʘʣʘ ʩʚʦʶ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ. ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʦʰʠʙʢʠ ʩʦʩʪʘʚʠʣʘ 9.6 ʢʛ/ʩʤ2 ʠʣʠ 2% 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ 
 

ɺʚʝʜʝʥʠʝ 
1ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝ-
ʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ 
ʫʩʣʫʛʠ. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢ-
ʮʠʠ ʨʘʩʮʝʥʠʚʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʢ ʨʝʰʘʶʱʝʝ 
ʫʩʣʦʚʠʝ ʝʸ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ  ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ 
ʚʥʝʰʥʝʤ ʨʳʥʢʘʭ.  

ʂʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʚʘʞ-
ʥʝʡʰʠʭ ʢʨʠʪʝʨʠʝʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ 
ʚ ʫʩʣʦʚʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʩʳʱʝʥʥʦʛʦ ʨʳʥʢʘ ʠ ʧʨʝ-
ʦʙʣʘʜʘʶʱʝʡ ʥʝʮʝʥʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ. ʇʦʚʳʰʝʥʠʝ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʦʧʨʝʜʝ-
ʣʷʝʪ ʪʝʤʧʳ ʥʘʫʯʥʦ ï ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ ʨʦʩʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʝʣʦʤ, ʦʢʘʟʳʚʘʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʵʢʦʥʦ-
ʤʠʢʠ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʦʚʘ-
ʨʦʚ ʠ ʞʠʟʥʝʥʥʳʡ ʫʨʦʚʝʥʴ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ. 

ʈʦʩʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘ-
ʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦ-
ʣʝʝ ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʧʨʦ-
ʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ. ɺ ʫʩʣʦʚʠʷʭ ʧʨʝʦʙʣʘ-
ʜʘʶʱʝʡ ʥʝʮʝʥʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʥʘʩʳʱʝʥʥʦʛʦ 
ʨʳʥʢʘ ʠʤʝʥʥʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʩʣʫʞʠʪ 
ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʭʘ. 

ʇʨʝʜʧʨʠʷʪʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝ-
ʯʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ 
ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʦʚʘʨʘ [1]. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʢʘʢ ʵʣʝʤʝʥʪ ʩʠʩʪʝʤʳ 
ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 

ʇʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʦ-
ʧʦʣʘʛʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʩʪʘʥʜʘʨʪʝ 
ʄʉ ʀʉʆ 9001:2008. ʇʦʜ ʧʨʦʮʝʩʩʦʤ ʧʦʥʠʤʘʝʪʩʷ 
                                                
 
1ʊʢʘʣʠʯ ʉʝʨʛʝʡ ɸʥʜʨʝʝʚʠʯ - ɺɻʊʋ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
ʜʦʮʝʥʪ, ʪʝʣ. 8(473) 243-77-20, e-mail: sergeytkalich@mail.ru 
ʊʘʨʘʪʳʥʦʚ ʆʣʝʛ ʖʨʴʝʚʠʯ - ɺɻʊʋ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  
ʜʦʮʝʥʪ, ʪʝʣ. 8(473) 243-77-20, e-mail: otaratynov@mail.ru 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʜʝʷʪʝʣʴ-
ʥʦʩʪʠ, ʧʨʝʦʙʨʘʟʫʶʱʝʡ ʚʭʦʜʷʱʠʝ ʵʣʝʤʝʥʪʳ ʚ ʚʳʭʦ-
ʜʷʱʠʝ. ʆʜʥʦʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ñʧʨʠʥʮʠʧʘ 
ʧʦʩʪʦʷʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷò ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʮʠʢʣ ʕ. 
ɼʝʤʠʥʛʘ Plan-Do-Check-Act (P-D-C-A), ʧʨʝʜʩʪʘʚ-
ʣʝʥʥʳʡ ʥʘ ʨʠʩ. 1. 

 
 
 
 
 
 
 
 
 
 

ʈʠʩ. 1. ʂʣʘʩʩʠʯʝʩʢʠʡ ʮʠʢʣ ʕ. ɼʝʤʠʥʛʘ P-D-C-A 
 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʮʠʢʣ P-D-C-A ʚ ʪʝʯʝʥʠʝ ʨʷʜʘ ʣʝʪ 
ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʥʮʠʧʘ ñʧʦ-
ʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷò, ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝ-
ʤʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʧʨʘʢʪʠʢʫʶʱʠʤʠ ʧʨʦʮʝʩʩʥʳʡ 
ʧʦʜʭʦʜ (ʨʠʩ. 2.). 

 
 
 
 
 
 
 
 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ 
 

ʅʘ ʵʪʘʧʝ ñʇʣʘʥʠʨʦʚʘʥʠʝò ʚ ʨʘʤʢʘʭ ʮʠʢʣʘ P-D-
C-A ʧʣʘʥʠʨʫʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʮʝʣʴʶ 
ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪ-
ʨʦʚ ʧʨʦʮʝʩʩʘ ʢ ʦʧʪʠʤʘʣʴʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʢʪʦʨ ʫʧʨʘʚʣʷ-
ʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʍ ʥʘ ʧʨʦʮʝʩʩ, ʨʝʟʫʣʴʪʘʪʦʤ 

ʇʣʘʥʠʨʦʚʘʥʠʝ 

ɼʝʡʩʪʚʠʝ 

ʂʦʥʪʨʦʣʴ 

ʂʦʨʨʝʢʮʠʷ 

ʇʨʦʮʝʩʩ 
ɺʭʦʜʳ 

ʋʧʨʘʚʣʷʶʱʠʝ 
ʚʦʟʜʝʡʩʪʚʠʷ 

ʈʝʩʫʨʩʳ 

ɺʳʭʦʜʳ 
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ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʥʘ ʚʳʭʦʜʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʫ-
ʝʪʩʷ ʚʝʢʪʦʨ ʬʘʢʪʠʯʝʩʢʠʭ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
Yʬʘʢʪ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʚʝʢʪʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘ-
ʤʝʪʨʦʚ Yʦʧʪ. ʅʘ ʵʪʘʧʝ ñʢʦʥʪʨʦʣʴò ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 
ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ,  ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʩʭʦʞʜʝʥʠʝ ʬʘʢʪʠ-
ʯʝʩʢʠʭ ʚʳʭʦʜʦʚ ʧʨʦʮʝʩʩʘ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ: 

ɽ= Yʦʧʪ - Yʬʘʢʪ               (1) 
ʆʯʝʚʠʜʥʦ, ʩʤʳʩʣ ʮʠʢʣʘ P-D-C-A ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʤʠʥʠʤʠʟʘʮʠʠ ʚʝʢʪʦʨʘ ɽ. ʊʝʦʨʝʪʠʯʝʩʢʠ, ʧʨʠ ʚʳʧʦʣ-
ʥʝʥʠʠ ʙʝʩʢʦʥʝʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ ʮʠʢʣʘ P-
D-C-A   ɽ Ÿ 0. 

ɺ ʫʩʣʦʚʠʷʭ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ 
ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘ-
ʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ ʮʠʢʣʘ 
P-D-C-A, ʯʪʦ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 
ʚʳʚʦʜʘ ʚʳʭʦʜʦʚ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘ-
ʪʝʣʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʣʫʯʠʚ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝ-
ʩʪʚʘ. 

ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʮʠʢʣʘ ʕ. ɼʝ-
ʤʠʥʛʘ, ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠ-
ʢʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʟʘʨʘʥʝʝ ʦʮʝʥʠʪʴ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʩʪʘʜʠʠ ʧʣʘʥʠʨʦʚʘ-
ʥʠʷ [2]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘ-
ʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʮʠʢʣ ï 
P&P-D-C-A (ʨʠʩ. 3). 

 
 
 
 
 
 
 
 
 
 

 
 

ʈʠʩ. 3. ʎʠʢʣ ʕ. ɼʝʤʠʥʛʘ ʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ  
ʩʦʩʪʦʷʥʠʷ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ 

 
ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʡʨʦʩʝʪʝ-
ʚʳʝ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [3], ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ 
ʩʠʩʪʝʤʳ [4], ʘ ʪʘʢʞʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ [5], 
ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʤʠʥʠ-
ʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʠʩʢʘ [6].  

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 
ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʸ ʙʦʣʴʰʝ ʦʪʭʦ-
ʜʠʪ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 
ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʝ-
ʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʯʝʪʢʠʤʠ ʣʠʥʛʚʠʩʪʠʯʝ-
ʩʢʠʤʠ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-
ʥʠʡ [7, 8]. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 
ʥʝʯʝʪʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩ ʦʙʨʘʪʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝ-
ʥʠʝʤ ʦʰʠʙʢʠ. ʇʨʠ ʵʪʦʤ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʬʦʨʤʠ-
ʨʫʶʪʩʷ ʦʙʫʯʘʶʱʠʝ ʚʳʙʦʨʢʠ ʠʟ ʚʝʢʪʦʨʦʚ X,Yʬʘʢʪ. 
ɼʘʣʝʝ, ʧʦʩʣʝ ʢʦʨʨʝʢʪʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 
ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʳʭʦʜʥʳʝ 
ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ  
ʥʝʡʨʦ-ʥʝʯʝʪʢʠʭ ʩʝʪʝʡ 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʯʸʪʢʦʡ ʥʝʡʨʦʩʝʪʠ 
ʚʠʜʘ ANFIS ʠ TSK. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʩʝʪʠ ʷʚʣʷ-
ʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʘʧʧʨʦʢʩʠʤʘʪʦʨʘʤʠ. ʉʝʪʠ 
ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʦʣʫʯʠʣʠ ʩʚʦʝ ʥʘʟʚʘʥʠʝ ʚ ʩʠʣʫ ʪʦʛʦ, 
ʯʪʦ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʥʦʛʦ 
ʩʠʛʥʘʣʘ ʦʪ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ X=[x1, x2, ..., xN, ]T ʚ 
ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʳʨʘʞʝʥʠʷ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʠʟ 
ʥʝʯʝʪʢʠʭ ʩʠʩʪʝʤ (ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟ ʩʠʩʪʝʤ ʄʘʤʜʘʥʠ-
ɿʘʜʝ ʠ ʊʘʢʘʛʠ-ʉʫʛʝʥʦ-ʂʘʥʛʘ). ʊʝʦʨʝʪʠʯʝʩʢʠ ʜʦʢʘʟʘ-
ʥʦ, ʯʪʦ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ 
ʪʦʯʥʦʩʪʴʶ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʣʶʙʫʶ ʥʝʧʨʝʨʳʚʥʫʶ 
ʥʝʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ ʩʫʤʤʦʡ 
ʬʫʥʢʮʠʡ (ʥʘʟʳʚʘʝʤʳʭ ʥʝʯʝʪʢʠʤʠ) ʦʜʥʦʡ ʧʝʨʝʤʝʥ-
ʥʦʡ [9]. 

ɺ ʩʝʪʠ ʊʘʢʘʛʠ-ʉʫʛʝʥʦ-ʂʘʥʛʘ (ʩʦʢʨʘʱʝʥʥʦ, 
TSK) ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʚʳʨʘʞʝʥʠʷ  

 

ώ ὢ В
В          (2) 

ʛʜʝ Ù Ø Ð В Ð Ø  - i-ʳʡ ʧʦʣʠʥʦʤʠ-
ʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, 

wi ï ʚʝʩʘ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 
ɺʝʩʘ wi ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʩʣʝ-

ʜʫʶʱʝʡ ʬʦʨʤʫʣʝ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʮʠʦʥʘʣʴʥʦʡ 
ʬʦʨʤʳ ʬʫʥʢʮʠʠ ɻʘʫʩʩʘ)  

ύ Б ʈ ὼ Б ᶻ    (3) 

ʇʨʠʚʝʜʝʥʥʳʤ ʚʳʨʘʞʝʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʷ-
ʪʠʩʣʦʡʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʪʦ-
ʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.  

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 
ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʜʦ-
ʩʪʫʧʥʦʩʪʴ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥ-
ʪʨʦʣʷ ʥʘ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ. 
ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʤʥʦʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 
ʩʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʠ ʭʨʘʥʷʪʩʷ ʥʘ ʙʫ-
ʤʘʞʥʳʭ ʥʦʩʠʪʝʣʷʭ - ʞʫʨʥʘʣʘʭ ʫʯʝʪʘ. ʕʪʦ ʩʥʠʞʘʝʪ 
ʩʢʦʨʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠ-
ʨʦʚʘʪʴ ʠʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʕɺʄ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 
ʦʮʠʬʨʦʚʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʧʦʚʝ-
ʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ 
ʧʦʩʪʨʦʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ, ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʣʘ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʢʦʧ-
ʣʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦ-
ʟʠʨʦʚʘʥʠʷ [10].  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
ʫʯʝʪʥʳʝ ʞʫʨʥʘʣʳ ʣʘʙʦʨʘʪʦʨʠʠ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ 
ʃʠʩʢʠʥʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ çʉʧʝʮʞʝʣʝʟʦʙʝʪʦʥè. ɹʳ-
ʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʠʬʨʦʚʢʘ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ ʩ ʷʥʚʘ-

ʇʣʘʥʠʨʦʚʘʥʠʝ 

ɼʝʡʩʪʚʠʝ 

ʂʦʥʪʨʦʣʴ 

ʂʦʨʨʝʢʮʠʷ 

ʇʨʦʛʥʦʟ 
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ʨʷ 2013 ʛʦʜʘ ʧʦ ʘʧʨʝʣʴ ʚʢʣʶʯʠʪʝʣʴʥʦ. ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5-8. 
ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʯʥʦʩʪʴ 

ʙʝʪʦʥʘ 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʙʝʪʦʥ ʩʦʩʪʦʠʪ ʠʟ ʮʝʤʝʥʪʘ, ʚʦʜʳ ʠ 

ʥʘʧʦʣʥʠʪʝʣʷ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʣʠʷʝʪ ʥʘ 
ʨʝʟʫʣʴʪʘʪ. ʂʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʢʘʞʜʦʛʦ ʢʦʤʧʦ-
ʥʝʥʪʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʩʪʚʦʨʘ ʩ 
ʥʝʦʙʭʦʜʠʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ 
ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ. 

1. ʅʘʧʦʣʥʠʪʝʣʴ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʯʥʦʛʦ ʙʝʪʦ-
ʥʘ ʥʫʞʥʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢʦʡ ʤʘʪʝʨʠʘʣ ʥʘʧʦʣʥʠʪʝʣʷ, 
ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʧʫʩʪʦʪ ʤʝʞʜʫ ʟʝʨʥʦʤ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴ ʧʝʩʦʢ ʦʜʥʦʡ ʬʨʘʢʮʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʧʫʩʪʦʪ ʚ 
ʥʘʧʦʣʥʠʪʝʣʝ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʜʦ 40%, ʘ ʝʩʣʠ ʧʨʠʤʝ 
ʧʨʠʤʝʥʷʪʴ ʧʝʩʦʢ ʨʘʟʥʳʭ ʬʨʘʢʮʠʡ (ʠ ʢʨʫʧʥʦʟʝʨʥʠ-
ʩʪʳʡ, ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʚ ʦʜʥʦʤ ʨʘʩʪʚʦʨʝ), ʤʦʞʥʦ 
ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʙʝʪʦʥʘ. ɽʩʣʠ ʞʝ 
ʟʝʨʥʠʩʪʦʩʪʴ ʥʘʧʦʣʥʠʪʝʣʷ ʥʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʧʨʠ-
ʤʝʥʷʪʴ ʣʶʙʦʡ (ʥʘʧʨʠʤʝʨ, ʧʝʩʦʢ ʩ ʧʨʠʤʝʩʷʤʠ ʥʝʧʦ-
ʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʢʘʨʴʝʨʘ), ʧʦʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠ-
ʯʝʩʪʚʦ ʮʝʤʝʥʪʘ, ʧʨʠʯʝʤ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦ-
ʩʪʠ ʤʦʞʥʦ ʙʫʜʝʪ ʥʝ ʚʩʝʛʜʘ. 

 
 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʯʝʪʢʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ TSK 
 

 
 

ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʝʩʢʘ 
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ʈʠʩ. 6. ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʮʝʤʝʥʪʘ 
 

 
 

ʈʠʩ. 7. ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʱʝʙʥʷ 
 

 
 

ʈʠʩ. 8. ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ
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2. ɺʦʜʘ. ɼʣʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʙʝʪʦʥʘ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʯʠʩʪʘʷ ʚʦʜʘ ʙʝʟ ʧʨʠʤʝʩʝʡ. ʉʦʣʠ, 
ʩʫʣʴʬʘʪʳ, ʞʠʨʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘ-
ʱʠʝʩʷ ʚ ʚʦʜʝ, ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ ʦʪʚʝʨʞʜʝʥʠʷ ʙʝʪʦ-
ʥʘ ʠ ʩʥʠʞʘʶʪ ʦʙʱʫʶ ʧʨʦʯʥʦʩʪʴ ʛʦʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. 
ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 
ʨʘʩʪʚʦʨʘ ʨʝʯʥʫʶ, ʛʨʫʥʪʦʚʫʶ, ʪʦʨʬʷʥʫʶ ʠʣʠ ʧʨʦ-
ʤʳʰʣʝʥʥʫʶ ʚʦʜʫ ʥʫʞʥʦ ʟʘʤʝʥʠʪʴ ʧʠʪʴʝʚʦʡ. ʀ ʫʞ 
ʪʝʤ ʙʦʣʝʝ ʥʝ ʩʪʦʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʨʩʢʫʶ ʚʦʜʫ. 

3. ʎʝʤʝʥʪ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʷʚʣʷ-
ʶʱʠʡʩʷ ʚʷʞʫʱʠʤ ʟʚʝʥʦʤ. ʏʝʤ ʤʝʣʴʯʝ ʧʦʤʦʣ ʢʣʠʥ-
ʢʝʨʘ, ʪʝʤ ʚʳʰʝ ʤʘʨʢʘ ʙʝʪʦʥʘ, ʘ ʟʥʘʯʠʪ ï ʝʛʦ ʢʣʝʷʱʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ. ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝ-
ʩʪʚʦ ʙʝʪʦʥʘ ʦʢʘʟʳʚʘʝʪ ʩʚʦʡʩʪʚʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. 

4. ʂʨʫʧʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ. ʉʚʦʡʩʪʚʘ ʥʘʧʦʣʥʠʪʝ-
ʣʷ ʚʣʠʷʶʪ ʥʘ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʯʠʥʘʝʪʩʷ 
ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʧʨʠ ʩʞʘʪʠʠ ʚ ʪʦʡ ʞʝ ʩʪʝʧʝʥʠ, 
ʢʘʢ ʠ ʥʘ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ, ʪʘʢ ʯʪʦ ʦʪ-
ʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʚʝʣʠʯʠʥʘʤʠ ʥʝ ʟʘʚʠʩʠʪ 
ʦʪ ʩʚʦʡʩʪʚ ʥʘʧʦʣʥʠʪʝʣʷ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʳʩʦʢʦ-
ʧʨʦʯʥʦʛʦ ʙʝʪʦʥʘ, ʩʚʦʡʩʪʚʘ ʥʘʧʦʣʥʠʪʝʣʷ, ʦʩʦʙʝʥʥʦ 
ʩʪʨʫʢʪʫʨʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʧʨʝʜʝʣ 
ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʧʨʝ-
ʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠʣʠ ʪʨʝʱʠʥʦʦʙʨʘʟʫ-
ʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʩʞʘʪʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ 
ʣʘʙʦʨʘʪʦʨʠʠ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʃʠʩʢʠʥʩʢʦʛʦ ʟʘʚʦʜʘ 
çʉʧʝʮʞʝʣʝʟʦʙʝʪʦʥè, ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦ-

ʩʪʠ ʙʝʪʦʥʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

- ʤʦʜʫʣʴ ʢʨʫʧʥʦʩʪʠ ʧʝʩʢʘ; 
- ʢʦʣʠʯʝʩʪʚʦ ʟʸʨʝʥ ʧʣʘʩʪʠʥʯʘʪʦʡ (ʣʝʱʘʜʥʦʡ) ʠ 

ʠʛʦʣʴʯʘʪʦʡ ʬʦʨʤʳ ʚ ʱʝʙʥʝ; 
- ʦʙʲʝʤʥʳʡ ʚʝʩ ʮʝʤʝʥʪʘ ʚ ʫʧʣʦʪʥʝʥʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ, ʦʪʨʘʞʘʶʱʠʡ ʢʨʫʧʥʦʩʪʴ ʧʦʤʦʣʘ; 
- ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʥʘ ʩʞʘ-
ʪʠʝ. 
ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʨʘʟʨʫʰʘʶʱʝʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ 
ʥʝʡʨʦ-ʥʝʯʝʪʢʠʭ ʩʝʪʝʡ 

ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʦ ʧʘʨʘʤʝʪʨʘʭ 
ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʙʨʘʥʥʳʭ ʟʘ 4 ʤʝʩʷʮʘ, ʘ ʪʘʢ 
ʞʝ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʟʘ ʵʪʦʪ ʞʝ 
ʧʝʨʠʦʜ, ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʚ ʩʨʝʜʝ MS 
Access. ɺʳʰʝʫʢʘʟʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 
ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʩʚʷʟʳʚʘʶʱʠʭ 
ʧʘʨʘʤʝʪʨʳ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʦʯʥʦʩʪʴ ʦʙ-
ʨʘʟʮʦʚ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʥʠʭ. ɹʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 
ʜʚʝ ʛʨʫʧʧʳ ʢʦʨʪʝʞʝʡ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʠʩʧʦʣʴʟʦʚʘ-
ʣʘʩʴ ʜʣʷ ʪʨʝʥʠʨʦʚʢʠ ʥʝʯʝʪʢʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʨʝ-
ʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 9). ɺʪʦʨʘʷ ʛʨʫʧʧʘ 
ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʘʪʨʝʥʠʨʦʚʘʥʥʦʡ ʩʝʪʠ 
ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ (ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 
10) [11]. 

 

 
 

ʈʠʩ. 9. ʈʝʟʫʣʴʪʘʪʳ ʪʨʝʥʠʨʦʚʢʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
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ʈʠʩ. 10. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
 

 

 
 

ʈʠʩ. 11. ɻʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ 
 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʥʝʯʝʪʢʦʡ ʥʝʡʨʦʥ-
ʥʦʡ ʩʝʪʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ, 
ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ 
ʧʨʦʜʫʢʮʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 
ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʜʦʩʪʫʧ ʢ ʨʝʩʫʨʩʘʤ 
ʩʝʪʠ (ʨʠʩ. 11). 

ʀʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʥʦ-
ʟʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝ-
ʣʠʨʦʚʘʥʠʠ, ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʭʦʜ ʧʨʦʮʝʩʩʘ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ ʝʱʝ ʥʘ ʩʪʘ-
ʜʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʠ ʧʦʣʫʯʘʪʴ ʠʟ-
ʜʝʣʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʯʥʦʩʪʠ. 

ɺʳʚʦʜʳ 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʠ ʚʭʦʜʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʧʦʩʪʨʦʝʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, 
ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʜʘʥʥʳʝ ʢʦʥʪʨʦʣʷ ʠʩʭʦʜʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ: ʧʝʩʢʘ, ʱʝʙʥʷ ʠ ʮʝ-
ʤʝʥʪʘ. 

ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʢʘʯʝʩʪʚʦ 
ɾɹʀ, ʚʳʙʨʘʥʘ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʣʠʷʶʱʠʭ 
ʥʘ ʧʨʦʯʥʦʩʪʴ, ʚʳʙʨʘʥʳ ʤʦʜʫʣʴ ʢʨʫʧʥʦʩʪʠ ʧʝʩʢʘ, 
ʢʦʣʠʯʝʩʪʚʦ ʟʸʨʝʥ ʧʣʘʩʪʠʥʯʘʪʦʡ (ʣʝʱʘʜʥʦʡ) ʠ 
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ʠʛʦʣʴʯʘʪʦʡ ʬʦʨʤʳ ʚ ʱʝʙʥʝ, ʦʙʲʝʤʥʳʡ ʚʝʩ ʮʝʤʝʥʪʘ, 
ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ.  

ɼʘʥʥʳʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʨʦʯʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʫ-
ʶʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʨʘʟʨʫʰʘʶʱʝʡ ʥʘʛʨʫʟʢʠ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʥʘ ʦʩ-
ʥʦʚʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʘʧʧʘʨʘʪʝ 
ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʢʘʟʘʣʘ ʩʚʦʶ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ. ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ 
ʦʰʠʙʢʠ ʩʦʩʪʘʚʠʣʘ 9.6 ʢʛ/ʩʤ2 ʠʣʠ 2%. 
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The article considers the possibility of applying modern forecasting techniques as an element of a quality management 

system. The object of research is a quality control system for the production of reinforced concrete products. To solve the 
problem, it was suggested to use the modernized E. Deming cycle with the prediction of the P & P-D-C-A state. The 
mathematical toolkit of artificial fuzzy neural networks with backward propagation of architectural errors of the form ANFIS 
and TSK is applied. The analysis of the factors influencing the strength of concrete is carried out. As input characteristics, the 
sand size modulus was chosen, the number of plaque and needle-shaped grains in the rubble, the bulk density of cement, the 
ultimate strength of the cement stone. As output parameter arithmetic mean value of the destroying influence by results of three 
experiments is used. The electronic database in the environment of MS Access on the basis of these registration logs of 
laboratory of incoming inspection of the enterprise is created. Two groups of tuples are created: for a training of an indistinct 
neural network and for check of the trained network on adequacy. The mathematical model showed the efficiency when testing. 
The average error value was 9.6 kg/ʩm2 or 2% 
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ʕʥʝʨʛʝʪʠʢʘ 
ʋɼʂ 658.5.011 
 

ʄʆɼɽʃʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʂɸʏɽʉʊɺɸ ʇʈʆɼʋʂʎʀʀ 
ʇʆʊɽʅʎʀɸʃʔʅʆ ʆʇɸʉʅʆɻʆ ʇʈʆʎɽʉʉɸ  

ɺʋʃʂɸʅʀɿɸʎʀʀ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ʐʀʅ 
 

ɸ.ɸ. ʄʠʪʨʦʭʠʥ, ʂ.ʖ. ɻʫʩʝʚ, ɺ.ʃ. ɹʫʨʢʦʚʩʢʠʡ 
 

ʂʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʶʙʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ  ʚʳʧʫʩʢʘʝʤʦʡ  ʧʨʦʜʫʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ 
ʫʩʣʦʚʠʷʭ ʨʳʥʢʘ, ʨʦʩʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʦʥʦʤʠʶ ʚʩʝʭ ʚʠʜʦʚ ʨʝʩʫʨʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʡ ʧʨʦʮʝʩʩ ʚʫʣʢʘʥʠʟʘʮʠʠ 
ʚ ʨʘʤʢʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ. 

ɺ ʩʪʘʪʴʝ ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʘʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʫʣʢʘʥʠʟʘʮʠʠ ʰʠʥ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ, 
ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ  ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʚʠʜʝ ʩʧʦʩʦʙʘ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ  ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ 
ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ. 

 ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʮʝʩʩʫ ʚʫʣʢʘʥʠʟʘʮʠʠ 
ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ  ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʟʜʝʨʞʝʢ 

  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʥʦʟ, ʦʧʘʩʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚʫʣʢʘʥʠʟʘʮʠʷ 

 
ɺʚʝʜʝʥʠʝ 

 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, 
ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 
ʩʣʦʞʥʦ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ, ʩʫʱʝʩʪʚʝʥʥʦ 
ʧʦʚʳʰʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
ʧʨʦʠʟʚʦʜʩʪʚ. ʂ ʪʘʢʠʤ ʧʨʦʠʟʚʦʜʩʪʚʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ 
ʦʪʥʦʩʠʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ, ʚ 
ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʥʘʠʙʦʣʝʝ ʦʧʨʝʜʝʣʷʶʱʠʤ ʷʚʣʷʝʪʩʷ 
ʧʨʦʮʝʩʩ ʚʫʣʢʘʥʠʟʘʮʠʠ. м 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 
ʧʨʦʮʝʩʩʘʭ ʚʫʣʢʘʥʠʟʘʮʠʠ ʚʩʝ ʯʘʱʝ ʥʘʭʦʜʷʪ 
ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ, 
ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ ʚʩʝ ʪʘʢʞʝ 
ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, 
ʚʳʭʦʜʷʱʠʤʠ ʟʘ ʨʘʤʢʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ. 

ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 
ʠʩʪʦʯʥʠʢʦʚ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚ 
ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ 
ʚʫʣʢʘʥʠʟʘʮʠʠ ʰʠʥ, ʚʳʩʦʢʘʷ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ 
ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ 
ʫʩʣʦʞʥʷʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ.  

ʉʧʝʮʠʬʠʢʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ 
ʫʧʨʘʚʣʝʥʠʷ, ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 
                                                             
ʄʠʪʨʦʭʠʥ ɸʣʝʢʩʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ɺɻʊʋ, ʘʩʧʠʨʘʥʪ, 
e-mail: len4ikmitrohin@ya.ru 
ɻʫʩʝʚ ʂʦʥʩʪʘʥʪʠʥ ʖʨʴʝʚʠʯ ï ɺɻʊʋ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,                       
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, e-mail: gussev_konstantin 
@mail.ru  
ɹʫʨʢʦʚʩʢʠʡ ɺʠʢʪʦʨ ʃʝʦʥʠʜʦʚʠʯ ï ɺɻʊʋ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 
ʧʨʦʬʝʩʩʦʨ, e-mail: bvl@vorstu.ru 

ʥʘ ʢʘʯʝʩʪʚʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 
ʧʨʦʙʣʝʤʘʪʠʢʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ 
ʧʨʦʜʫʢʮʠʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ ʵʪʘʧ 
ʚʫʣʢʘʥʠʟʘʮʠʠ ʩʳʨʦʡ ʰʠʥʳ. ʇʦʜ ʚʫʣʢʘʥʠʟʘʮʠʝʡ 
ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ 
ʧʣʘʩʪʠʯʥʳʡ ʢʘʫʯʫʢ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʚʝʨʜʳʡ 
ʤʘʪʝʨʠʘʣ, ʦʙʣʘʜʘʶʱʠʡ ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 
ʨʝʟʠʥʳ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʤʠ ʢʘʢ ʵʣʘʩʪʠʯʥʦʩʪʴ. 

ʇʨʦʮʝʩʩ ʚʫʣʢʘʥʠʟʘʮʠʠ - ʵʪʦ ʧʨʦʮʝʩʩ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʟʘʢʣʶʯʝʥʥʘʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʦʨʤʳ 
ʨʝʟʠʥʦʚʘʷ ʩʤʝʩʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 
ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʪʨʝʙʫʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 
ʚʫʣʢʘʥʠʟʘʮʠʠ ʩʦʟʜʘʝʪʩʷ ʧʫʪʝʤ ʧʦʜʘʯʠ ʧʘʨʘ, ʛʘʟʘ 
ʠʣʠ ʛʦʨʷʯʝʡ ʚʦʜʳ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. ɼʘʥʥʳʡ 
ʵʪʘʧ ʚʳʙʨʘʥ ʧʦʪʦʤʫ ʯʪʦ, ʠʤʝʥʥʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 
ʩʳʨʦʡ ʰʠʥʝ ʧʨʠʜʘʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ ʨʘʟʤʝʨ ʠ 
ʢʦʥʝʯʥʘʷ ʬʦʨʤʘ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ, ʧʨʠʛʦʜʥʦʛʦ ʢ 
ʵʢʩʧʣʫʘʪʘʮʠʠ.  ɺʫʣʢʘʥʠʟʘʮʠʷ ʩʳʨʦʡ ʰʠʥʳ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʣʴʥʳʭ ʧʨʝʩʩ-
ʬʦʨʤʘʭ, ʵʪʠ ʣʠʪʳʝ ʧʨʝʩʩ-ʬʦʨʤʳ ʠʤʝʶʪ ʧʦʣʦʩʪʠ, 
ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ ʧʘʨʘ ʜʣʷ ʥʘʛʨʝʚʘ ʙʝʟ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʠʟʜʝʣʠʝʤ ʠ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʥʫʪʨʝʥʥʶʶ ʮʠʨʢʫʣʷʮʠʶ ʧʘʨʘ, 
ʛʦʨʷʯʝʡ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ.  

ʇʨʦʮʝʩʩʫ ʚʫʣʢʘʥʠʟʘʮʠʠ  ʩʚʦʡʩʪʚʝʥʥʳ ʫʟʢʠʝ 
ʛʨʘʥʠʮʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʝʨʚʫʶ 
ʦʯʝʨʝʜʴ ʪʨʝʙʦʚʘʥʠʷʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʜʝʥʠʷ 
ʧʨʦʮʝʩʩʘ ʠ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, 
ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʵʢʦʥʦʤʠʠ 
ʨʝʩʫʨʩʦʚ ʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ, ʩʪʨʦʛʠʤ ʢʦʥʪʨʦʣʝʤ 
ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʝʣʴʶ ʥʝʜʦʧʫʱʝʥʠʷ ʠʭ ʚʳʭʦʜʘ ʟʘ 
ʧʨʝʜʝʣʳ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ 
ʧʦʞʘʨʦʦʧʘʩʥʳʝ ʠ ʚʟʨʳʚʦʦʧʘʩʥʳʝ ʩʦʩʪʦʷʥʠʷ. ɺ 
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ʩʚʷʟʠ ʩʦ ʩʪʨʦʛʦʡ ʚʟʘʠʤʦʩʚʷʟʴʶ ʧʘʨʘʤʝʪʨʦʚ 
ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʩʚʝʥʥʳʭ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 
ʬʘʢʪʦʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ 
ʧʨʦʮʝʩʩʘ, ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʝʛʫʣʠʨʫʶʱʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʙʫʝʪ ʚʢʣʶʯʝʥʠʝ ʚ ʢʦʥʪʫʨ 
ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʛʥʦʟ 
ʜʠʥʘʤʠʢʠ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʢ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ 
ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 
ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, 
ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 
ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 
ʚʫʣʢʘʥʠʟʘʮʠʠ, ʦʪʩʫʪʩʪʚʫʶʪ ʫʩʪʨʦʡʩʪʚʘ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ 
ʥʝʰʪʘʪʥʦʡ ʦʩʪʘʥʦʚʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 
ʧʨʦʩʪʦʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ 
ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ 
ʰʠʥ, ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ 
ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪ, ʢʦʪʦʨʳʡ 
ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʠ ʘʣʛʦʨʠʪʤʘʤʠ 
ʫʧʨʘʚʣʝʥʠʷ. ʉʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʳʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ, ʥʝʪʦʯʥʳʝ 
ʧʦʥʷʪʠʷ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʥʘʣʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ 
ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

 
ʉʪʨʫʢʪʫʨʘ ʦʙʲʝʢʪʘ 

 
ʀʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʠ ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ 
ʜʘʥʥʳʝ ʦʙ ʠʟʚʝʩʪʥʳʭ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ 
ʚʝʣʠʯʠʥʘʭ, ʪ.ʝ. ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠʠʭ 
ʠʟʤʝʥʝʥʠʶ ʚʦ ʚʨʝʤʝʥʠ, ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ, ʠ ʮʝʣʝʡ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ 
ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ 
ʚʝʣʠʯʠʥ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʚ ʨʝʘʣʴʥʦʡ 
ʩʠʩʪʝʤʝ. ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʣʝʜʫʶʱʠʝ 
ʚʝʣʠʯʠʥʳ: 

ʚʭʦʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ: 
 

ὼ ᶰ ὢȟ Ὥ ρȟ ὲ                              (1) 
 
ʚʳʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ: 
 

ώ ᶰ ὣȟ Ὦ ρȟ ὲ                               (2) 
 
ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ: 
 

ὺ ᶰ ὠȟ Ὧ ρȟ ά                            (3) 
 
ʚʥʫʪʨʝʥʥʠʝ ʚʦʟʤʫʱʝʥʠʷ: 
 

Ὤ ᶰ Ὄȟ ᾀ ρȟ ά                            (4) 
 
ʊʦʛʜʘ, ʩʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ:  
 

ώᴆ(t) Ὂ ὢᴆȟ ὺᴆȟ Ὤᴆȟ ὸ                          (5) 
 
ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʚʝʣʠʯʠʥʘʭ 

ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʚ ʨʝʘʣʴʥʦʤ ʦʙʲʝʢʪʝ, 
ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʢʘʟʳʚʘʶʱʠʝ 
ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʩʘʤʦʤ 
ʦʙʲʝʢʪʝ, ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ  
(ʨʠʩ. 1) 

 

 
 

ʈʠʩ. 1. ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʲʝʢʪʘ 
ʫʧʨʘʚʣʝʥʠʷ  

 
ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ 
ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʫʧʨʘʚʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ, 
ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

 
ʕʪʘʧʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

 
ʇʝʨʚʳʡ ʵʪʘʧ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ ʟʘʛʨʫʟʢʘ 

ʩʳʨʦʡ ʰʠʥʳ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʫʟʢʘ ʩʳʨʦʡ 
ʰʠʥʳ ʚ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʫʶ ʢʘʤʝʨʫ. ɿʘʛʨʫʟʢʘ ʩʳʨʦʡ 
ʰʠʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʟʘʛʨʫʟʯʠʢʘ. ɿʘʛʨʫʟʯʠʢ ʧʨʠ 
ʧʦʤʦʱʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʮʠʣʠʥʜʨʘ ʧʦ 
ʩʧʝʮʠʘʣʴʥʳʤ ʥʘʧʨʘʚʣʷʶʱʠʤ ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʩʪʦʡʢʫ 
ʜʣʷ ʟʘʛʦʪʦʚʢʠ, ʧʨʠ ʵʪʦʤ ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘ 
ʢʦʨʧʫʩʝ ʟʘʛʨʫʟʯʠʢʘ ʩʯʠʪʳʚʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 
ʰʪʨʠʭ ʢʦʜ ʩʳʨʦʡ ʰʠʥʳ. ʂʘʢ ʪʦʣʴʢʦ ʟʘʛʨʫʟʯʠʢ 
ʜʦʩʪʠʛ ʧʦʟʠʮʠʠ ʟʘʭʚʘʪʘ,  ʧʨʦʠʟʚʦʜʠʪ ʨʘʟʞʘʪʠʝ 
ʩʧʝʮʠʘʣʴʥʳʭ ʣʦʧʘʪʦʢ, ʪ.ʝ. ʟʘʭʚʘʪ ʰʠʥʳ, ʟʘʪʝʤ 
ʟʘʛʨʫʟʯʠʢ ʚʤʝʩʪʝ ʩ ʩʳʨʦʡ ʰʠʥʦʡ ʧʦʜʥʠʤʘʝʪʩʷ ʚ 
ʚʝʨʭʥʝʝ ʧʦʣʦʞʝʥʠʝ. ʇʨʝʞʜʝ ʯʝʤ ʟʘʛʨʫʟʠʪʴ ʩʳʨʫʶ 
ʰʠʥʫ ʚ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʫʶ ʢʘʤʝʨʫ, ʧʨʦʠʩʭʦʜʠʪ 
ʧʦʜʥʷʪʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʦʪʢʨʳʪʠʝ 
ʢʣʘʧʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʘʢʫʫʤʘ ʚʥʫʪʨʠ ʨʝʟʠʥʦʚʦʡ 
ʜʠʘʬʨʘʛʤʳ ʥʘ ʢʦʪʦʨʫʶ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʳʨʘʷ 
ʰʠʥʘ, ʢʦʛʜʘ ʮʝʥʪʨʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʜʦʩʪʠʛ 
ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʚ ʜʠʘʬʨʘʛʤʝ ʥʝʪ ʜʘʚʣʝʥʠʷ 
ʟʘʛʨʫʟʯʠʢ ʟʘʚʦʜʠʪ ʰʠʥʫ ʚ ʢʘʤʝʨʫ ʠ ʦʧʫʩʢʘʝʪ ʝʝ ʥʘ 
ʜʠʘʬʨʘʛʤʫ, ʢʘʢ ʪʦʣʴʢʦ ʟʘʛʨʫʟʯʠʢ ʫʩʪʘʥʦʚʠʣ ʰʠʥʫ 
ʥʘ ʜʠʘʬʨʘʛʤʫ ʥʘʯʠʥʘʝʪʩʷ ʚʪʦʨʦʡ ʵʪʘʧ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ ʧʦʜʘʯʘ 
ʬʦʨʤʦʚʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ 
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ʚʫʣʢʘʥʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʘʯʘ ʜʘʚʣʝʥʠʷ, 
ʜʘʚʣʝʥʠʷ ʬʦʨʤʦʚʢʠ ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʩʳʨʦʡ ʰʠʥʳ, ʘ ʪʘʢʞʝ 
ʧʨʝʧʷʪʩʪʚʫʝʪ ʟʘʤʠʥʘʥʠʶ ʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 
ʟʘʢʨʳʪʠʠ ʧʨʝʩʩ ʬʦʨʤʳ ʚʫʣʢʘʥʠʟʘʪʦʨʘ.  

ʇʨʦʮʝʩʩ ʧʦʜʘʯʠ ʬʦʨʤʦʚʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ  
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʝ ʩʪʘʜʠʠ (ʥʘ ʥʝʢʦʪʦʨʳʭ 
ʤʦʜʝʣʷʭ ʪʨʠ ʩʪʘʜʠʠ). ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʜʘʚʣʝʥʠʝ 
ʬʦʨʤʦʚʢʠ ʩʦʩʪʘʚʣʷʝʪ 0.200 ʙʘʨ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ 
ʜʦʩʪʠʛʥʫʪʦ ʜʘʚʣʝʥʠʝ ʬʦʨʤʦʚʢʠ ʧʦʜʘʝʪʩʷ ʚʪʦʨʘʷ 
ʩʪʘʜʠʷ ʬʦʨʤʦʚʢʠ ʧʨʠ ʢʦʪʦʨʦʡ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 
0.400 ʙʘʨ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʜʦʩʪʠʛʥʫʪʦ ʜʘʚʣʝʥʠʝ 
ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʟʘʛʨʫʟʯʠʢ ʦʪʧʫʩʢʘʝʪ ʰʠʥʫ ʠ ʚʳʭʦʜʠʪ 
ʠʟ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʠ ʥʘʯʠʥʘʝʪʩʷ ʪʨʝʪʠʡ 
ʵʪʘʧ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ.  

ʊʨʝʪʠʡ ʵʪʘʧ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ ʟʘʢʨʳʪʠʝ 
ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʦʡ ʢʘʤʝʨʳ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚ ʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʷʪʩʷ 
ʤʘʥʝʚʨʦʚʳʝ ʮʠʣʠʥʜʨʳ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪ 
ʟʘʢʨʳʪʠʝ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʦʡ ʢʘʤʝʨʳ, ʪ.ʝ. ʦʧʫʩʢʘʥʠʝ 
ʩʝʛʤʝʥʪʥʦʡ ʯʘʩʪʠ ʧʨʝʩʩ ʬʦʨʤʳ. 

ʇʨʠ  ʟʘʢʨʳʪʠʠ ʧʨʝʩʩ ʬʦʨʤʳ ʚʫʣʢʘʥʠʟʘʪʦʨʘ 
ʟʘʜʘʶʪʩʷ ʪʨʠ ʧʘʫʟʳ ʥʘ ʟʘʢʨʳʪʠʷ ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 
ʙʳʪʴ ʚʳʜʝʨʞʘʥʳ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʳʨʘʷ ʰʠʥʘ 
ʨʘʚʥʦʤʝʨʥʦ ʟʘʧʦʣʥʠʣʘ ʧʦʣʦʩʪʠ ʧʨʝʩʩ ʬʦʨʤʳ. 

ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ 
ʧʦʜʘʯʘ ʧʘʨʘʤʝʪʨʦʚ (ʧʘʨ, ʘʟʦʪ). ʂʘʢ ʪʦʣʴʢʦ 
ʩʨʘʙʦʪʘʣʠ ʟʘʤʢʠ ʟʘʢʨʳʪʠʷ ʧʨʝʩʩʘ, ʥʘʯʠʥʘʝʪʩʷ 
ʦʪʩʯʝʪ ʚʨʝʤʝʥʠ ʚʫʣʢʘʥʠʟʘʮʠʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʘʯʘ 
ʛʨʝʶʱʝʛʦ ʧʘʨʘ ʜʘʚʣʝʥʠʝʤ 14 ʙʘʨ. ʇʦʩʣʝ 
ʚʫʣʢʘʥʠʟʘʮʠʠ ʛʨʝʶʱʠʤ ʧʘʨʦʤ ʧʦʜʘʝʪʩʷ ʘʟʦʪ  
ʜʘʚʣʝʥʠʝʤ 24 ʙʘʨʘ ʠ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ 
ʦʩʪʘʚʰʝʝʩʷ ʚʨʝʤʷ ʚʫʣʢʘʥʠʟʘʮʠʠ.  

ʇʷʪʳʡ ʵʪʘʧ ʦʪʢʨʳʪʠʝ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʦʡ 
ʢʘʤʝʨʳ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 
ʚʨʝʤʝʥʠ ʚʫʣʢʘʥʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʨʳʪʠʝ 
ʧʨʝʩʩʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʩʝ ʪʝʭ ʞʝ ʤʘʥʝʚʨʦʚʳʭ 
ʮʠʣʠʥʜʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʥʷʪʠʝ ʩʝʛʤʝʥʪʥʦʡ ʯʘʩʪʠ 
ʬʦʨʤʳ ʚ ʚʝʨʭʥʝʝ ʧʦʣʦʞʝʥʠʝ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʝʝ 
ʧʦʩʣʝʜʫʶʱʘʷ ʬʠʢʩʘʮʠʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʟʘʤʢʘʤʠ. 

ʐʝʩʪʦʡ ʵʪʘʧ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ 
ʨʘʟʛʨʫʟʢʘ ʚʫʣʢʘʥʠʟʠʨʦʚʘʥʥʦʡ ʰʠʥʳ. 
ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ 
ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʟʛʨʫʟʢʠ ʚʫʣʢʘʥʠʟʠʨʦʚʘʥʥʦʡ 
ʰʠʥʳ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʥʷʪʠʝ 
ʮʝʥʪʨʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʦʪʢʨʳʪʠʝ ʢʣʘʧʘʥʘ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʚʘʢʫʫʤʘ ʚʥʫʪʨʠ ʜʠʘʬʨʘʛʤʳ, ʢʘʢ ʪʦʣʴʢʦ 
ʚʘʢʫʫʤ ʩʦʟʜʘʥ, ʧʦʜʥʠʤʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ 
ʦʪʙʦʡʥʳʡ ʮʠʣʠʥʜʨ, ʢʦʪʦʨʳʡ ʦʩʚʦʙʦʞʜʘʝʪ ʰʠʥʳ ʦʪ 
ʥʠʞʥʝʡ ʧʣʠʪʳ ʧʨʝʩʩ ʬʦʨʤʳ. 

ʂʘʢ ʪʦʣʴʢʦ ʦʪʙʦʡʥʳʡ ʮʠʣʠʥʜʨ ʦʩʚʦʙʦʜʠʣ 
ʰʠʥʫ ʦʪ ʥʠʞʥʝʡ ʧʣʠʪʳ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ 
ʨʘʟʛʨʫʟʢʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʟʘʛʨʫʟʯʠʢ, ʟʘʭʦʜʠʪ 
ʚ ʚʫʣʢʘʥʠʟʘʪʦʨ ʠ ʧʨʠ ʧʦʤʦʱʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 
ʮʠʣʠʥʜʨʘ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʥʘʧʨʘʚʣʷʶʱʠʤ 
ʦʧʫʩʢʘʝʪʩʷ ʜʣʷ ʟʘʭʚʘʪʘ ʰʠʥʳ. ʂʘʢ ʪʦʣʴʢʦ 
ʨʘʟʛʨʫʟʯʠʢ ʜʦʩʪʠʛʘʝʪ, ʧʦʟʠʮʠʠ ʟʘʭʚʘʪʘ ʧʨʦʠʩʭʦʜʠʪ 
ʨʘʟʞʘʪʠʝ ʣʦʧʘʪʦʢ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʟʘʛʨʫʟʯʠʢ ʫʜʘʣʷʝʪ 
ʰʠʥʫ ʠʟ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʠ ʦʪʧʨʘʚʣʷʝʪ ʝʝ 
ʥʘ ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʥʚʝʡʝʨ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ, ʦʪʢʫʜʘ 
ʦʥʘ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʩʦʨʪʠʨʦʚʢʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
ʧʨʦʮʝʩʩ ʚʫʣʢʘʥʠʟʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ ʤʦʞʥʦ 
ʧʨʝʜʩʪʘʚʠʪʴ   (ʨʠʩ. 2): 

 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ 
 

ʇʨʦʮʝʩʩ ʚʫʣʢʘʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 
ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ʰʠʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʵʪʦʤʫ 
ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤ ʤʘʢʩʠʤʘʣʴʥʦ ʞʝʩʪʢʠʡ 
ʢʦʥʪʨʦʣʴ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʡ, ʢʘʢ ʥʘʧʨʷʤʫʶ, 
ʪʘʢ ʠ ʢʦʩʚʝʥʥʦ, ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ 
ʙʫʜʫʱʝʡ ʧʨʦʜʫʢʮʠʠ.  ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʫʣʢʘʥʠʟʘʮʠʠ, 
ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 
ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʝʝ 
ʚʫʣʢʘʥʠʟʘʮʠʠ. ɻʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢ ʵʪʠʤ ʧʘʨʘʤʝʪʨʘʤ 
ʦʪʥʦʩʷʪʩʷ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ʇʦʵʪʦʤʫ 
ʨʘʩʩʤʦʪʨʠʤ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʤʧʝʨʘʪʫʨʳ 
ʠ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʦʧʫʩʢʠ ʜʣʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʘ, 
ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʚʫʣʢʘʥʠʟʘʮʠʠ. 
ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ 
ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʩʩ ʬʦʨʤʳ, ʪʘʢ ʦʧʪʠʤʘʣʴʥʘʷ 
ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʠʪ ʩʦʩʪʘʚʣʷʝʪ 178 ʛʨʘʜʫʩʦʚ, ʜʦʧʫʩʢ 
Ñ 2 ʛʨʘʜʫʩʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʫʩʦʚ 174 ʛʨʘʜʫʩʘ, 
ʜʦʧʫʩʢ Ñ2 ʛʨʘʜʫʩʘ. 

ɺʥʫʪʨʝʥʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʜʠʘʬʨʘʛʤʝ 
ʩʦʟʜʘʝʪʩʷ ʧʘʨʦʤ ʠ ʘʟʦʪʦʤ ʧʦʜ ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ. 
ɽʩʣʠ ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʠ ʛʘʟʘ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ 
ʟʥʘʯʝʥʠʡ, ʪʦ ʠ ʚʥʫʪʨʝʥʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʬʨʘʛʤʳ 
ʦʧʪʠʤʘʣʴʥʘ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ. 
ʊʘʢ ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ 



31 

 

ʩʦʩʪʘʚʣʷʝʪ 14 ʙʘʨ ʜʦʧʫʩʢ ʜʣʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ Ñ 
0.8 ʙʘʨ, ʘ ʜʘʚʣʝʥʠʝ ʘʟʦʪ 24 ʙʘʨ ʜʦʧʫʩʢ Ñ 1.0 ʙʘʨ. ʊʘʢ 
ʞʝ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ, ʵʪʦ ʜʘʚʣʝʥʠʝ 
ʬʦʨʤʦʚʢʠ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 0.200 ʙʘʨ ʜʦʧʫʩʢ Ñ 0.1 
ʙʘʨ, ʚʪʦʨʘʷ ʩʪʘʜʠʷ 0.400 ʙʘʨ ʜʦʧʫʩʢ Ñ 0.1 ʙʘʨ. ʇʨʠ 
ʩʦʙʣʶʜʝʥʠʠ ʚʩʝʭ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ʚʫʣʢʘʥʠʟʠʨʦʚʘʥʥʳʝ ʰʠʥʳ ʠʤʝʶʪ ʢʘʯʝʩʪʚʝʥʥʳʝ 
ʧʦʢʘʟʘʪʝʣʠ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ. 

 
ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 
ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ 
ʧʨʦʜʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʠ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 
ʧʦʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ 
ʨʘʟʣʠʯʥʦʤ ʦʙʲʝʤʝ ʧʦʜʘʚʘʝʤʦʛʦ ʧʘʨʘ ʚʩʝ ʟʥʘʯʝʥʠʷ 
ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʚʫʣʢʘʥʠʟʘʮʠʠ 
ʙʫʜʫʪ ʤʝʥʷʪʴʩʷ, ʧʦʵʪʦʤʫ ʙʫʜʝʤ ʦʧʠʩʳʚʘʪʴ ʢʘʞʜʳʡ 
ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʚ ʪʝʨʤʠʥʘʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 
ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʳ. 

ɼʣʷ ʧʘʨʘʤʝʪʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ çʪʝʤʧʝʨʘʪʫʨʘ 
ʧʣʠʪ ʧʨʝʩʩ ʬʦʨʤʳè ʧʦʩʪʨʦʠʤ ʬʫʥʢʮʠʠ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʇʫʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ 
ʦʪʢʣʦʥʝʥʠʝ ʨʘʚʥʦ DTmax= Ñ2. ʈʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʘʷ 
ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʠʪ ʧʨʝʩʩ ʬʦʨʤʳ Tn= 174. 

<çʊʝʤʧʝʨʘʪʫʨʘ ʧʣʠʪ ʧʨʝʩʩ ʬʦʨʤʳè, Tt, Xt>, 
ʛʜʝ 

T1= {çʥʘʤʥʦʛʦ ʤʝʥʴʰʝè, çʤʝʥʴʰʝè, çʥʝʤʥʦʛʦ 
ʤʝʥʴʰʝè, çʚ ʥʦʨʤʝè, çʥʝʤʥʦʛʦ ʙʦʣʴʰʝè, çʙʦʣʴʰʝè, 
çʥʘʤʥʦʛʦ ʙʦʣʴʰʝè}, 

X1= { Tn-DTmax, Tn-0,75DTmax, Tn-0,5DTmax, 0, 
Tn+0,5DTmax, Tn+0,75DTmax, Tn+DTmax }. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʪʝʨʤʦʚ 
ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ çʊʝʤʧʝʨʘʪʫʨʘ ʧʣʠʪ 
ʧʨʝʩʩ ʬʦʨʤʳè ʦʧʨʝʜʝʣʠʤ ʬʫʥʢʮʠʠ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʤʘʤ ʜʘʥʥʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 
ʧʝʨʝʤʝʥʥʦʡ. ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʷ 
ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʤʫ çʥʘʤʥʦʛʦ 
ʤʝʥʴʰʝè, ʘ  ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʷ 
ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʤ ʚ ʪʘʙʣʠʮʫ. 

ɿʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʤʫ 
çʥʘʤʥʦʛʦ ʤʝʥʴʰʝè 

 
ɿʥʘʯʝʥʠʝ ʉʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ 
Tn-DTmax 1,000 

Tn-0,75DTmax 0,576 
Tn-0,5DTmax 0,353 

0 0,175 
Tn+0,5DTmax 0,106 

Tn+0,75DTmax 0,085 
Tn+DTmax 0,069 

 
ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ çʪʝʤʧʝʨʘʪʫʨʘ ʧʣʠʪ 
ʧʨʝʩʩ ʬʦʨʤʳè ʪʝʨʤʫ çʥʘʤʥʦʛʦ ʤʝʥʴʰʝè ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
(ʨʠʩ. 3) 
 

 
 

ʈʠʩ. 3. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʠ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʤʫ çʥʘʤʥʦʛʦ ʤʝʥʴʰʝè 

 
ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʠʤ ʬʫʥʢʮʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʩʪʘʣʴʥʳʭ ʪʝʨʤʦʚ ʧʘʨʘʤʝʪʨʘ 
çʪʝʤʧʝʨʘʪʫʨʘ ʧʣʠʪ ʧʨʝʩʩ ʬʦʨʤʳè.  

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʬʫʥʢʮʠʠ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʤʘʤ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 
ʧʝʨʝʤʝʥʥʦʡ çʪʝʤʧʝʨʘʪʫʨʘ ʧʣʠʪ ʧʨʝʩʩ ʬʦʨʤʳè 
ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʡ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʤʘʤ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 

ʧʝʨʝʤʝʥʥʦʡ çʪʝʤʧʝʨʘʪʫʨʘ ʧʣʠʪ ʧʨʝʩʩ ʬʦʨʤʳè 
 
ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʬʫʥʢʮʠʷʤʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʪʝʨʤʦʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ çʪʝʤʧʝʨʘʪʫʨʘ 
ʧʣʠʪ ʧʨʝʩʩ ʬʦʨʤʳè ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʫʥʢʮʠʠ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ 
ʚʫʣʢʘʥʠʟʘʮʠʠ ʚʣʠʷʶʱʠʭ ʥʝ ʪʦʣʴʢʦ ʥʘ ʢʘʯʝʩʪʚʦ 
ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʦ ʠ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 
ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ.  

 
ɿʘʢʣʶʯʝʥʠʝ 

 
ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʛʦ ʧʨʦʮʝʩʩʘ  ʚʫʣʢʘʥʠʟʘʮʠʠ 
ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʦʙʨʘʟʦʚʳʚʘʶʪ ʦʩʥʦʚʫ 
ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʜʠʥʘʤʠʢʠ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʪʦʚʦʡ 
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ʧʨʦʜʫʢʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʛʦ ʧʨʦʮʝʩʩʘ 
ʚʫʣʢʘʥʠʟʘʮʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ  ʧʦʟʚʦʣʷʪ ʥʝ ʪʦʣʴʢʦ 
ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʘʪʴ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 
ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʠʩʪʝʤʥʳʡ 
ʘʥʘʣʠʟ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ  ʠ ʫʧʨʘʚʣʝʥʠʷ 
ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚʫʣʢʘʥʠʟʘʮʠʠ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʯʪʦ, 
ʠʩʩʣʝʜʦʚʘʚ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ  ʧʦʪʝʥʮʠʘʣʴʥʦ 
ʦʧʘʩʥʳʡ ʧʨʦʮʝʩʩ ʚʫʣʢʘʥʠʟʘʮʠʠ ʰʠʥʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʘ ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ 
ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ 
ʤʦʜʝʣʷʤʠ ʠ ʘʣʛʦʨʠʪʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ.  
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The quality of the products is one of the most important criteria of efficiency of any enterprise. That the quality 
and safety of products determines the degree of survival of the enterprise in the conditions of market, growth of production 
efficiency and economy of all resources used in the enterprise. Increasing the technical level and product quality determines 
the pace of technological progress, and increasing the efficiency of production in General, has a significant impact on 
intensification of the economy, the competitiveness of goods. 

In this article, as the investigated object is considered potentially dangerous, the curing process for tire 
production. 

The paper presents the technological process of vulcanization of the tire, and analyzed the parameters that affect 
the quality and safety of products. As a way to improve the quality and safety of products offered to develop a machine to 
predict the quality of products which allows you to get most appropriate results compared to traditional mathematical 
models and control algorithms. 

Due to the necessity of use of the device in relation to the curing process to predict the quality and safety of future 
products and reduce economic costs 

Key words: forecast, dangerous production, curing 
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ɺ.ɸ. ʄʝʜʚʝʜʝʚ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠ ʪʘʢʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʝʡ ʤʠʢʨʦ-
ʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʤ ñPUMA-560ò. ʇʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʦʧʨʝ-
ʜʝʣʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʚʦʜʦʚ ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʳ ʘʣ-
ʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʨʦʙʦʪʘ ʚ ʩʠʩʪʝʤʝ MATLAB. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʘʥʠʧʫʣʷʪʦʨʘ ñPUMA-560òʩ ʧʨʠʚʦʜʘʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʈʘʟʨʘʙʦʪʘʥ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʰʝʩʪʠ ʤʦʜʫʣʝʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 
PIC-ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʮʠʬʨʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʷʤʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʩʦ-
ʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʧʦʜʯʠʥʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʫʧʨʘʚʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʦ ʠʥʪʝʨʬʝʡʩʫ RS-
485, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʜʠʩʢʨʝʪʥʳʭ ʠ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ. ʆʙʝʩʧʝʯʝʥʳ ʩʪʘʙʠʣʠʟʘʮʠ  ̫ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʘʞʜʦʛʦ 
ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ, ʘ ʪʘʢʞʝ ʦʪʨʘʙʦʪʢʘ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥ ʪʘʢʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠ  ̫ ʥʘ ʦʩʥʦʚʝ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʉʬʦʨʤʠʨʦʚʘʥʳ 
ʩʠʛʥʘʣʳ ʟʘʜʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ, ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʦ ʤʝʪʦʜʫ ʢʫʙʠʯʝʩʢʠʭ ʩʧʣʘʡʥʦʚ. ʈʘʟ-
ʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʤ ʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʙʦʪʘ 
ʚ ʨʝʞʠʤʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʦʨʦʩʪʝʡ ʢʦʦʨʜʠʥʘʪ ʠ ʚ ʨʝʞʠʤʝ ʦʪʨʘʙʦʪʢʠ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʙʦʪ, ʤʘʥʠʧʫʣʷʪʦʨ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʠʩʧʦʣʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʦʙʦʪʘ, ʪʘʢʪʠʯʝʩʢʠʡ ʫʨʦ-

ʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ  
 

1ɺʚʝʜʝʥʠʝ 
ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘʤʠ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʫʩʪʨʦʡʩʪʚʦ ñʉʬʝʨʘ-36ò), ʨʘʟʨʘʙʦ-
ʪʘʥʥʳʝ ʚ 80-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʩʦʜʝʨʞʘʣʠ 
ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʩʭʝʤ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ 
ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ ʠ ʧʦʵʪʦʤʫ ʠʤʝʣʠ ʙʦʣʴʰʠʝ 
ʛʘʙʘʨʠʪʳ, ʪʨʝʙʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʜʝ-
ʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʧʨʦʬʠʣʘʢʪʠʢʫ ʠ ʨʝʤʦʥʪ, ʧʦ-
ʪʨʝʙʣʷʣʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟ-
ʚʦʣʷʶʪ ʨʝʰʠʪʴ ʚʩʝ ʵʪʠ ʧʨʦʙʣʝʤʳ. 

ʉʦʟʜʘʥʠʝ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʘ-
ʥʠʧʫʣʷʪʦʨʦʤ ñPUMA-560ò ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪ-
ʢʦʡ ʝʛʦ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦ-
ʛʨʘʤʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʦʙʦʪʘ, ʠʥʪʝʨ-
ʧʦʣʷʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷ-
ʶʱʠʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠ ʧʘʨʘʣ-
ʣʝʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʤʘʥʠʧʫʣʷʪʦ-
ʨʘ, ʘ ʪʘʢʞʝ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʠʩʧʦʣʥʠ-
ʪʝʣʴʥʦʛʦ ʠ ʪʘʢʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʝʡ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠ-
ʢʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ñPUMA-560ò ʢʘʢ ʦʙʲʝʢʪʘ 
ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʝʛʦ ʧʦʣʥʦʡ ʜʠʥʘ-
ʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʩʠʣ ʠʥʝʨʮʠʠ, ʚʟʘʠ-
ʤʦʚʣʠʷʥʠʷ ʟʚʝʥʴʝʚ, ʘ ʪʘʢʞʝ ʩʠʣ ʪʷʞʝʩʪʠ. 

ʄʘʥʠʧʫʣʷʪʦʨ ʩʦʜʝʨʞʠʪ ʰʝʩʪʴ ʟʚʝʥʴʝʚ, 
ʩʚʷʟʘʥʥʳʭ ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʩʦʯʣʝʥʝʥʠʷʤʠ. ɿʚʝ-
ʥʴʷ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʠʤ ʪʚʝʨʜʳʤʠ ʪʝʣʘ-
ʤʠ, ʦʧʠʩʳʚʘʝʤʳʤʠ ʤʥʦʞʝʩʪʚʘʤʠ ʢʠʥʝʤʘʪʠʯʝ-
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ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ Ki ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
Di  [1]. ʀʥʜʝʢʩ  i ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʟʚʝʥʘ ʚ 
ʮʝʧʠ, ʩʯʠʪʘʷ ʦʪ ʦʧʦʨʳ ʢ ʩʭʚʘʪʫ. 

ʄʥʦʞʝʩʪʚʘ Ki ʠ Di ʦʧʨʝʜʝʣʠʤ ʚ ʩʦʦʪʚʝʪ-
ʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-ʕʡʣʝʨʘ ʢʘʢ  

),~,(   ),~,~,~,~( 1,1 iiiiiiiiii JmDrreeK == ++    (1) 
ʛʜʝ ie~ ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʦʩʠ i-ʛʦ ʩʦʯʣʝʥʝʥʠʷ; 

1
~

+ie ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʦʩʠ i+1-ʛʦ ʩʦʯʣʝ-
ʥʝʥʠʷ; 

iir~ ï ʚʝʢʪʦʨ, ʧʨʦʚʝʜʝʥʥʳʡ ʦʪ ʮʝʥʪʨʘ i-ʛʦ ʩʦ-
ʯʣʝʥʝʥʠʷ ʢ ʮʝʥʪʨʫ ʤʘʩʩ i-ʛʦ ʟʚʝʥʘ; 

1,
~

+iir  ï ʚʝʢʪʦʨ, ʧʨʦʚʝʜʝʥʥʳʡ ʦʪ ʮʝʥʪʨʘ i+1-
ʛʦ ʩʦʯʣʝʥʝʥʠʷ ʢ ʮʝʥʪʨʫ ʤʘʩʩ i-ʛʦ ʟʚʝʥʘ; 

im  ï ʤʘʩʩʘ  i-ʛʦ ʟʚʝʥʘ; 

),,(~
321 iiii JJJJ =  ï ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ 

ʨʘʟʤʝʨʘ 3³3, ʩʦʜʝʨʞʘʱʘʷ ʛʣʘʚʥʳʝ ʤʦʤʝʥʪʳ 
ʠʥʝʨʮʠʠ i-ʛʦ ʟʚʝʥʘ.  

ɺʝʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʕʪʦ ʜʝʢʘʨʪʦʚʘ 
ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ,  ʩʚʷʟʘʥʥʘʷ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ 
ʟʚʝʥʘ ʠ ʠʤʝʶʱʘʷ ʦʩʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʚʜʦʣʴ 
ʝʛʦ ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ. ɽʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ 
ʵʪʠʭ ʦʩʝʡ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ xi, yi, zi. 

ɹʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʜʠʥʘʤʠʢʫ ʧʝʨʚʳʭ ʪʨʝʭ 
ʩʪʝʧʝʥʝʡ ʧʦʜʚʠʞʥʦʩʪʠ, ʠʤʝʶʱʠʭ ʥʘʠʙʦʣʴʰʠʝ 
ʛʘʙʘʨʠʪʳ ʠ ʚʝʩ. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʤʘʥʠʧʫʣʷʪʦʨʘ 
ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʦʨʪʘʤʠ ʣʦ-
ʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʟʚʝʥʴʝʚ ʦʧʨʝ-
ʜʝʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ q1,é, qn 
ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʦ ʤʝ-
ʪʦʜʫ ʅʴʶʪʦʥʘ-ʕʡʣʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ [2] 
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 ),,(),(),( ʪ dqCqdqBqqdqAP ++= """"    (2) 

ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʤʘʥʠʧʫʣʷʪʦʨʘ PUMA-560 

ʛʜʝ  P ï ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʨʘʟʤʝʨʘ  n  ʦʙʦʙʱʝʥʥʳʭ 
ʩʠʣ; 

A(q ,d) ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʘ n³n ʠʥʝʨʮʠʠ ʩʠ-
ʩʪʝʤʳ; 

=q ʪ
1 ] ... [ n, q,q ï ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʨʘʟʤʝʨʘ n 

ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ; 
d ï ʚʝʢʪʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʝʭʘʥʠʟʤʘ (ʜʣʠʥʳ 
ʟʚʝʥʴʝʚ, ʤʘʩʩʳ, ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʠ ʪ.ʜ.); 

=q"" ʪ
1 ] ... [ nq, ,q """" ï ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʨʘʟʤʝʨʘ n 

ʫʩʢʦʨʝʥʠʡ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ; 
=ʪq" ] ... [ 1 nq, ,q ""  ï ʚʝʢʪʦʨ-ʩʪʨʦʢʘ ʨʘʟʤʝʨʘ n 

ʩʢʦʨʦʩʪʝʡ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ; 
B(q ,d) ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʘ n³n³n, ʫʯʠʪʳ-

ʚʘʶʱʘʷ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʟʚʝʥʴʝʚ; 
=q" ʪ

1 ] ... [ nq, ,q "" ï ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʨʘʟʤʝʨʘ n 
ʩʢʦʨʦʩʪʝʡ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ; 

C(q ,d)ï ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʩʠʣ ʪʷʞʝʩʪʠ. 
ɼʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʠʚʦʜʘ ʧʦʩʪʦʷʥʥʦ-

ʛʦ ʪʦʢʘ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʟʚʝʥʘ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ 
ʥʦʤʝʨʦʤ i  ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʚʠʜʝ [3]: 

,)()()( ʥiiiiiiiiii MfUbyDy qqq ++="     (3) 

ʛʜʝ ii yy ", ï ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ i-ʛʦ ʧʨʠʚʦʜʘ ʠ ʝʛʦ 
ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ; 

D i(q i )  ï ʤʘʪʨʠʮʘ ʧʦʜʩʠʩʪʝʤʳ; 
b i(q i )  ï ʚʝʢʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶ-

ʱʝʛʦ ʩʠʛʥʘʣʘ; 
U i   ï ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʧʨʠʚʦʜ  i-ʡ 

ʢʦʦʨʜʠʥʘʪʳ; 
 f i(q i )  ï ʚʝʢʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ; 
Mʥ i   ï ʥʘʛʨʫʟʢʘ ʥʘ ʚʘʣʫ i-ʛʦ ʜʚʠʛʘʪʝʣʷ. 
ʉʦʚʦʢʫʧʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʤʝʭʘ-

ʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʨʦʙʦʪʘ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝ-
ʣʝʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʚʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʦʣʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʤʘʥʠʧʫ-
ʣʷʪʦʨʘ ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʤʘʥʠʧʫʣʷʪʦʨʘ 
ñPUMA-560 ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʠʩʪʝʤʝ MATLAB ʩ 
ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ [4] ʚ ʩʦʦʪʚʝʪ-
ʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

1. ɺʚʦʜʠʣʠʩʴ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝ-
ʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʥʠʧʫʣʷʪʦʨʘ: ʢʦʣʠʯʝʩʪʚʦ ʩʪʝ-
ʧʝʥʝʡ ʧʦʜʚʠʞʥʦʩʪʠ n, ʪʠʧʳ ʩʦʯʣʝʥʝʥʠʡ iɝ , ʦʨ-
ʪʳ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ xi, yi, zi, ʝʜʠ-
ʥʠʯʥʳʝ ʚʝʢʪʦʨʳ ie~  ʦʩʝʡ ʩʦʯʣʝʥʝʥʠʡ, ʨʘʜʠʫʩ-
ʚʝʢʪʦʨʳ iir~ , 1

~
+ii,r , ʤʘʩʩʳ im  ʠ ʜʠʘʛʦʥʘʣʴʥʳʝ 

ʤʘʪʨʠʮʳ iJ~  ʠʥʝʨʮʠʠ ʟʚʝʥʴʝʚ. 
2. ɺʚʦʜʠʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ: 

ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ iJ  ʷʢʦʨʝʡ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʵʬ-
ʬʠʮʠʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʧʦ ʤʦʤʝʥʪʫ km i  
ʠ ʧʨʦʪʠʚʦ-ʕɼʉ ke i , ʠʥʜʫʢʪʠʚʥʦʩʪʠ L i  ʠ ʘʢʪʠʚ-
ʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  R i   ʷʢʦʨʥʳʭ ʮʝʧʝʡ.  

3. ɺʚʦʜʠʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʪʨʝʙʫʝʤʦʡ ʪʨʘʝʢ-
ʪʦʨʠʠ: ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʧʦʜʚʠʞʥʦʩʪʠ n, 
ʯʠʩʣʦ ʦʧʦʨʥʳʭ ʪʦʯʝʢ m , ʟʥʘʯʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ 
ʢʦʦʨʜʠʥʘʪ qʟʘʜ i  ʚ ʦʧʦʨʥʳʭ ʪʦʯʢʘʭ, ʤʘʢʩʠʤʘʣʴʥʦ-
ʜʦʧʫʩʪʠʤʳʝ ʩʢʦʨʦʩʪʠ ʢʦʦʨʜʠʥʘʪ iqmax" , ʥʘʯʘʣʴ-
ʥʳʝ ʟʥʘʯʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʠʭ ʩʢʦ-
ʨʦʩʪʝʡ  qi(0), iq" (0). 

4. ʌʦʨʤʠʨʦʚʘʣʠʩʴ ʚʝʢʪʦʨʳ ʟʘʜʘʥʥʳʭ ʟʥʘ-
ʯʝʥʠʡ ʧʝʨʝʤʝʱʝʥʠʡ qʟʘʜ i (t), ʩʢʦʨʦʩʪʝʡ iqʟʘʜ" (t)  
ʠ ʫʩʢʦʨʝʥʠʡ iqʟʘʜ"" (t) ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. 

5. ʈʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʤʘʪʨʠʮ 
ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ (2) ʠʩʭʦʜʷ ʠʟ ʚʝʢʪʦʨʦʚ ʪʝ-
ʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ q ʠ 
ʩʢʦʨʦʩʪʝʡ q" . ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʠʩʴ ʚʟʘʠʤʦ-
ʚʣʠʷʥʠʝ ʟʚʝʥʴʝʚ [ʤʘʪʨʠʮʘ B(q,d)], ʛʨʘʚʠʪʘʮʠ-
ʦʥʥʳʝ ʩʠʣʳ [ʚʝʢʪʦʨ C(q,d)], ʠʟʤʝʥʝʥʠʝ ʤʦʤʝʥ-
ʪʦʚ ʠʥʝʨʮʠʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʨʦʙʦʪʘ [ʚ ʤʘʪʨʠʮʝ 
A(q, d )]. 

6. ʆʧʨʝʜʝʣʷʣʠʩʴ ʚʝʢʪʦʨ Pʟʘʜ ʪʨʝʙʫʝʤʳʭ 
ʟʥʘʯʝʥʠʡ ʦʙʦʙʱʝʥʥʳʭ ʩʠʣ ʚ ʩʦʯʣʝʥʝʥʠʷʭ ʤʘ-
ʥʠʧʫʣʷʪʦʨʘ, ʘ ʪʘʢʞʝ ʚʝʢʪʦʨʳ ʫʧʨʘʚʣʷʶʱʠʭ ʪʦ-
ʢʦʚ  I  ʠ ʥʘʧʨʷʞʝʥʠʡ U. 

ʀʩʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦ-
ʝʥ ʥʘ ʦʩʥʦʚʝ ʰʝʩʪʠ ʤʦʜʫʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʢʦʦʨ-
ʜʠʥʘʪʘʤʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʚ ʩʚʦʝʤ 
ʩʦʩʪʘʚʝ PIC-ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʠ ʰʠʨʦʪʥʦ-
ʠʤʧʫʣʴʩʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʦʙʝʩʧʝʯʠʚʘʷ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʮʠʬʨʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘ-
ʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʳ ʚʳ-
ʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʩʨʘʚʥʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, 
ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 
ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʤʧʫʣʴʩʥʦʛʦ ʜʘʪʯʠʢʘ 
ʩʢʦʨʦʩʪʠ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʧʦ-
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ʣʦʞʝʥʠʷ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʟʠʮʠʦʥ-
ʥʦʝ ʠ ʢʦʥʪʫʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʘʥʠʧʫʣʷʪʦʨʦʤ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʠʢʨʦʧʨʦ-
ʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʤ 
ñPUMA-560ò: ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʷʤʠ ʢʦʦʨʜʠ-
ʥʘʪ ʧʦ ʠʥʪʝʨʬʝʡʩʫ RS-485 ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʜʠʩ-
ʢʨʝʪʥʳʭ ʠ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ; ʩʪʘʙʠʣʠʟʘʮʠʷ 
ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʘʞʜʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʟʘ-
ʜʘʥʥʦʤ ʫʨʦʚʥʝ; ʦʪʨʘʙʦʪʢʘ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 
ʜʚʠʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʦʚ 
ʧʦʣʦʞʝʥʠʷ; ʧʨʦʛʨʘʤʤʥʘʷ ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ 
ʇʀɼ- ʨʝʛʫʣʷʪʦʨʦʚ ʧʦ ʠʥʪʝʨʬʝʡʩʫ RS-485. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʮʝʥʠʚʘ-
ʣʦʩʴ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʫʣʝʡ 
ʫʧʨʘʚʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʬʫʥʢ-
ʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ. 

ɺ ʨʝʞʠʤʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ ʥʘʠʣʫʯ-
ʰʠʝ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷ-
ʟʠ ʧʦ ʩʠʛʥʘʣʘʤ ʠʤʧʫʣʴʩʥʦʛʦ ʜʘʪʯʠʢʘ. ʇʨʠ ʚʨʘ-
ʱʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʚʝʨʪʠʢʘʣʴ-
ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʦʚ, ʦʙʫ-
ʩʣʦʚʣʝʥʥʳʭ ʩʠʣʘʤʠ ʛʨʘʚʠʪʘʮʠʠ, ʦʪ ʤʘʢʩʠʤʘʣʴ-
ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦ ʥʫʣʷ ʜʦʩʪʠʛʘʣʘʩʴ ʩʪʘʙʠʣʠʟʘ-
ʮʠʷ ʠʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʪʨʝʙʫʝʤʳʭ ʫʨʦʚʥʷʭ ʧʨʠ 
ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʩʪʨʦʡʢʘʭ ʇʀɼ - ʨʝʛʫʣʷʪʦʨʦʚ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʚ ʨʝʞʠʤʝ ʦʪʨʘʙʦʪʢʠ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 
ʉʠʛʥʘʣʳ ʟʘʜʘʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʤʘ-
ʥʠʧʫʣʷʪʦʨʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦ-
ʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʥʪʝʨʧʦʣʷʮʠʠ [5]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʨʘʝʢʪʦ-
ʨʠʠ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʜʠʥʥʘʜʮʘʪʠ 
ʫʯʘʩʪʢʦʚ, ʬʦʨʤʠʨʦʚʘʣʩʷ ʤʘʩʩʠʚ ʟʘʜʘʥʥʳʭ ʟʥʘ-
ʯʝʥʠʡ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ q ʟʘʜ i  ʚ ʦʧʦʨʥʳʭ 
ʪʦʯʢʘʭ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʟʘʜʘʥʠʷ ʧʝʨʝ-
ʤʝʱʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʤʝʞʜʫ ʦʧʦʨʥʳʤʠ ʪʦʯʢʘʤʠ 
ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʤʝʪʦʜʫ ʢʫʙʠʯʝʩʢʠʭ ʩʧʣʘʡ-
ʥʦʚ [6], [7] ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤ-
ʤʳ ʠʥʪʝʨʧʦʣʷʮʠʠ.  

ʂʘʞʜʳʡ ʫʯʘʩʪʦʢ ʪʨʘʝʢʪʦʨʠʠ ʨʘʟʙʠʚʘʣʩʷ ʥʘ 
m ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʦʧʦʨʥʳʤʠ 
ʪʦʯʢʘʤʠ. ʊʨʘʝʢʪʦʨʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ ʬʦʨʤʠʨʦ-
ʚʘʣʘʩʴ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

1. ʋʩʣʦʚʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʧʨʠʙʣʠʞʝʥʠʷ 
ʢʫʙʠʯʝʩʢʦʛʦ ʩʧʣʘʡʥʘ (ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ ʧʝʨʝʤʝ-
ʱʝʥʠʷ) ʚ ʦʧʦʨʥʳʭ ʪʦʯʢʘʭ:  
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,3,0,013,

3,1,3,

msqtPqtP
mstPtP

sissiii

ssissi

===

-== +   (4) 

ʛʜʝ  i  ï ʥʦʤʝʨ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʤʘʥʠ-
ʧʫʣʷʪʦʨʘ; 

s ï ʥʦʤʝʨ ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 
ʤʝʞʜʫ ʦʧʦʨʥʳʤʠ ʪʦʯʢʘʤʠ. 

2. ʋʩʣʦʚʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʝʨʚʦʡ ʧʨʦʠʟ-
ʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʢʫʙʠʯʝʩʢʦʛʦ ʩʧʣʘʡʥʘ 
(ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ ʩʢʦʨʦʩʪʠ) ʚ ʦʧʦʨʥʳʭ ʪʦʯʢʘʭ: 

,1,...,2,1                ),()( 3,1,3, -== + mstPtP ssissi
""  (5) 

3. ʋʩʣʦʚʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʚʪʦʨʦʡ ʧʨʦʠʟ-
ʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʢʫʙʠʯʝʩʢʦʛʦ ʩʧʣʘʡʥʘ 
(ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ ʫʩʢʦʨʝʥʠʷ) ʚ ʦʧʦʨʥʳʭ ʪʦʯʢʘʭ: 

,1,...,2,1                ),()( 3,1,3, -== + mstPtP ssissi
""""   (6) 

ʂʨʦʤʝ ʪʦʛʦ, ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʚʳʧʦʣʥʝʥʠʝ 
ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʚ 
ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ: 

0)()( 3,013, == mmii tPtP "" ,                (7) 

.0)()( 3,013, == mmii tPtP """"                (8) 

ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ (7) ʠ 
(8) ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ ʢʫ-
ʙʠʯʝʩʢʠʭ ʩʧʣʘʡʥʦʚ: ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʪʨʘʝʢʪʦ-
ʨʠʶ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʦʧʨʝʜʝʣʷʝʤʳʭ 
ʧʘʨʘʤʝʪʨʦʚ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʨʝ-
ʰʘʣʘʩʴ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (7), ʘ ʚʦʟʥʠ-
ʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʥʝʥʫʣʝʚʳʝ ʫʩʢʦʨʝʥʠʷ ʫʩʪʨʘ-
ʥʷʣʠʩʴ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʘ ʧʝʨʚʦʤ ʠ ʧʦʩʣʝʜ-
ʥʝʤ ʠʥʪʝʨʚʘʣʘʭ ʧʦʣʠʥʦʤʦʚ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ. 

ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʨʘʝʢʪʦ-
ʨʠʠ ʚʳʜʘʯʘ ʟʘʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʠʩʧʦʣʥʠ-
ʪʝʣʴʥʳʝ ʧʨʠʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʨʝʞʠʤʝ ʨʝ-
ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʘ ʨʠʩ. 2 ʠ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝ-
ʥʳ ʩʠʛʥʘʣʳ ʟʘʜʘʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ (ʢʨʠʚʳʝ 1) ʠ 
ʬʘʢʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʱʝʥʠʷ (ʢʨʠʚʳʝ 2) ʩʪʝʧʝʥʝʡ 
ʧʦʜʚʠʞʥʦʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʜʚʠʛʘʶʱʠʭʩʷ ʚ 
ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 
 

 

 

ʈʠʩ. 2. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʟʘʜʘʥʥʳʭ ʠ ʬʘʢ-
ʪʠʯʝʩʢʠʭ  ʧʝʨʝʤʝʱʝʥʠʡ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʧʦ-

ʜʚʠʞʥʦʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ 
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ʈʠʩ. 3. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʟʘʜʘʥʥʳʭ ʠ ʬʘʢ-
ʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʷʪʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞ-

ʥʦʩʪʠ ʤʘʥʠʧʫʣʷʪʦʨʘ 
 
 

ɿʘʢʣʶʯʝʥʠʝ 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ-ʕʡʣʝʨʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʫʨʘʚʥʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʫʧʨʘʚʣʷʶʱʠʝ ʤʦʤʝʥ-
ʪʳ ʚ ʩʦʯʣʝʥʝʥʠʷʭ ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ, ʜʠʥʘʤʠ-
ʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʚʝʥʴʝʚ ʠ ʧʝʨʝʤʝʥʥʳʤʠ 
ʩʦʩʪʦʷʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʪʨʘʙʦʪ-
ʢʠ ʟʘʜʘʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʨʦʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡ-
ʩʪʚʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 
ʫʩʢʦʨʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʟʚʝʥʴʝʚ ʠ ʚʟʘʠʤʦʚʣʠʷ-

ʥʠʝʤ ʢʦʦʨʜʠʥʘʪ, ʘ ʪʘʢʞʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʠ 
ʤʦʤʝʥʪʦʚ. 
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In article questions of development and research of executive and tactical levels of a microprocessor control system by 
manipulator "PUMA-560" are observed. The calculated scheme of the manipulator is developed. The mathematical description 
of the manipulator and executive drives as object of control is determined. The algorithm and the program of simulation of ex-
ecutive system of the robot in system MATLAB are developed. Simulation of dynamic regimes of manipulator "PUMA-560" 
with direct-current drives is lead. 

The executive level of a control system is developed on the basis of six modules executed on the basis of PIC-micro-
controllers and providing immediate digital control by motors of the manipulator according to a principle of subordinated regu-
lating. Control by coordinates is carried out on interface RS-485, and also with the help of discrete and analogue signals is 
stipulated. The speed hold of twirl of each actuating motor at the given level, and also improvement of a set trajectory of the 
tool with use of signals of position sensor is provided.  

The tactical level of a control system is developed on the basis of a personal computer. Signals of the job of a positions, 
speeds and accelerations of coordinates of the manipulator on the method of cubic splines are generated. Algorithms and pro-
grams of interpolation of a path and formation of control signals are developed at consecutive and parallel moving of coordi-
nates of the manipulator. Experimental researches of the robot in a regime of stabilization of speeds of coordinates and in a re-
gime of improvement of a set trajectory of the tool are lead 
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ʉʀʉʊɽʄɸ ʅɽʁʈʆʋʇʈɸɺʃɽʅʀʗ ʅɸ ʆʉʅʆɺɽ 3D-ʉɽʊʀ ɺ ʋʉʃʆɺʀʗʍ 
ʈʆɹʆʊʆʊɽʍʅʀʏɽʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ ʉʇɽʎʀɸʃʔʅʆɻʆ ʅɸɿʅɸʏɽʅʀʗ 

ɺ.ɾ. ɹʦʯʘʨʦʚ, ɺ.ʃ. ɹʫʨʢʦʚʩʢʠʡ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʜʣʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ  
ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥ ʈʊʂ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʥʘ ɸʕʉ. 
ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʩʝʨʴʝʟʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʡ 
ʢʦʤʧʣʝʢʩ. ʇʦʜ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʜʚʘ ʪʠʧʘ ʬʘʢʪʦʨʦʚ: ʧʨʠʨʦʜʥʳʝ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, 
ʨʘʟʨʝʞʝʥʥʦʩʪʴ ʚʦʟʜʫʭʘ ʪ.ʜ.) ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ (ʠʦʥʠʟʠʨʫʶʱʘʷ ʨʘʜʠʘʮʠʷ, ʤʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ, ʨʘʟʣʠʯʥʳʝ 
ʧʝʨʝʛʨʫʟʢʠ). ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʩʠʩʪʝʤʳ ʈʊʂ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʛʠʙʢʦʩʪʴʶ ʠ ʙʳʪʴ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ. ʆʧʠʩʘʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʩʥʦʚʥʳʭ ʧʦʜʩʠʩʪʝʤ ʈʊʂ. ʀʟ-ʟʘ ʩʫʨʦʚʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʈʊʂ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʙʦʣʴʰʦʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʟʘ ʦʩʥʦʚʫ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ 
ʨʘʤʢʘʭ ʩʪʘʪʴʠ ʚʟʷʪ ʧʨʠʥʮʠʧ ʛʠʙʨʠʜʥʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʪʠʧʠʯʥʘʷ ʩʭʝʤʘ ʥʘ ʦʩʥʦʚʝ 
ʵʪʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʝʨʝʨʘʙʦʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʣʠʷʤʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʦʧʠʩʘʥʘ ʧʦ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʩʣʦʷʤ 3D ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʆʧʠʩʘʥʥʳʡ ʚ ʨʘʤʢʘʭ ʩʪʘʪʴʠ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ 
ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʩʝʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʘ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʦʙʳʯʥʦʛʦè ʢʦʥʪʨʦʣʣʝʨʘ ʚ ʧʘʨʝ ʩ ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 
ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʈʊʂ ʚ ʮʝʣʦʤ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʝ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ,  ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʦʧʪʠʤʠʟʘʮʠʷ

ɺʚʝʜʝʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʘʜʝʢʚʘʪʥʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ 
ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʤ 
ʧʨʦʤʳʰʣʝʥʥʳʤ ʦʙʲʝʢʪʦʤ ð ʪʨʫʜʦʝʤʢʘʷ ʠ 
ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʟʘʜʘʯʘ, ʪʨʝʙʫʶʱʘʷ ʫʯʝʪʘ 
ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ 
ʬʘʢʪʦʨʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. 
ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʩʫʱʝʩʪʚʠʪʴ 
ʧʨʦʛʥʦʟ  ʜʠʥʘʤʠʢʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʥʝʰʥʠʭ 
ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʙʲʝʢʪ 
ʫʧʨʘʚʣʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 
ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ 
ʫʧʨʘʚʣʝʥʠʷ  ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 
ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ.1 

ʈʊʂ ʢʘʢ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 
ʫʧʨʘʚʣʝʥʠʷ ʈʊʂ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ ʠ 
ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʥʘ ɸʕʉ. ʆʩʥʦʚʥʳʤʠ 
ʥʝʛʘʪʠʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ 
ʠʦʥʠʟʠʨʫʶʱʠʝ ʠʟʣʫʯʝʥʠʝ (ʜʦ 1 ʟʠʚʝʨʪʘ/ʯʘʩ) ʠ 
ʚʦʟʤʦʞʥʳʝ ʢʨʘʡʥʝ ʩʫʨʦʚʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 
ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʈʊʂ (ʚʣʘʞʥʦʩʪʴ ʜʦ 75%, 
ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -30 ʜʦ 45 
ʛʨʘʜʫʩʦʚ). ʊʝʭʥʠʯʝʩʢʠ ʈʊʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʙʣʦʢʦʚ. ɹʣʦʢ 
ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʝʣʦʡ ʈʊʂ: ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʝʣʦʡ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 13 ʜʠʩʢʨʝʪʥʳʭ ʠ 2 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

                                                             
ɹʦʯʘʨʦʚ ɺʣʘʜʠʤʠʨ ɾʘʥʦʚʠʯ ï ɿɸʆ ʄɻʂ çʀʥʪʝʭʨʦʩè, 
ʠʥʞʝʥʝʨ-ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢ, ʙʘʢʘʣʘʚʨ, e-mail: 
dr.bocharoff@yandex.ru 
ɹʫʨʢʦʚʩʢʠʡ ɺʠʢʪʦʨ ʃʝʦʥʠʜʦʚʠʯ ï ɺɻʊʋ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 
ʧʨʦʬʝʩʩʦʨ, e-mail: bvl@vorstu.ru 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ ð ʨʝʛʫʣʷʪʦʨʦʚ ʨʘʩʭʦʜʘ 
ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʚʠʞʝʥʠʝ ʩʪʨʝʣʳ 
ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʟʘʜʘʥʥʦʡ 
ʩʢʦʨʦʩʪʴʶ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ 
ʜʠʩʢʨʝʪʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʠ ð 
ʵʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ, ʦʪʧʠʨʘʶʱʠʝ ʠ 
ʟʘʧʠʨʘʶʱʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʢʣʘʧʘʥʳ ʤʝʞʜʫ 
ʜʚʫʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʣʠʥʠʷʤʠ. ʋʧʨʘʚʣʝʥʠʝ 
ʜʠʩʢʨʝʪʥʳʤʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ 
ʨʘʩʧʨʝʜʝʣʠʪʝʣʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʧʦʜʘʯʠ ʧʠʪʘʥʠʷ ʥʘ ʦʜʠʥ ʠʟ ʨʘʟʲʝʤʦʚ. ʇʦʜʘʯʘ 
ʧʠʪʘʥʠʷ ʥʘ ʦʙʘ ʨʘʟʲʝʤʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 
çʟʘʣʠʧʘʥʠʶè ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʢʣʘʧʘʥʘ. ɼʣʷ 
ʫʧʨʘʚʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘʤʠ ʨʘʩʭʦʜʘ ʧʨʠʤʝʥʷʝʪʩʷ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ 
ʫʧʨʘʚʣʝʥʠʷ, ʛʝʥʝʨʠʨʫʶʱʠʡ ʧʦ ʟʘʜʘʥʥʳʤ 
ʧʨʦʛʨʘʤʤʥʳʤ ʫʩʣʦʚʠʷʤ ʐʀʄ. ʕʣʝʢʪʨʦʥʥʳʡ 
ʙʣʦʢ EDM-M 3112 ð ʮʠʬʨʦʚʦʡ ʫʩʠʣʠʪʝʣʴ ʙʝʟ 
ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʝʪ ʥʘ 
ʨʝʛʫʣʷʪʦʨʳ ʨʘʩʭʦʜʘ ʪʦʢ, ʧʨʷʤʦ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʦʧʦʨʥʦʤʫ ʩʠʛʥʘʣʫ. ɹʣʦʢ 
ʫʧʨʘʚʣʝʥʠʷ, ʢʘʢ ʠ ʨʝʛʫʣʷʪʦʨʳ ʨʘʩʭʦʜʘ, 
ʧʦʣʫʯʘʶʪ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʦʪ ʦʪʜʝʣʴʥʦʡ 
ʵʥʝʨʛʦʩʝʪʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʨʘʙʦʯʠʤ 
ʥʘʧʨʷʞʝʥʠʝʤ. ʂʘʞʜʳʡ ʜʠʩʢʨʝʪʥʳʡ 
ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʦʪʚʝʯʘʝʪ ʟʘ 
ʩʚʦʝ ʜʚʠʞʝʥʠʝ ʩʪʨʝʣʳ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʝʙʫʝʪ 
ʚʢʣʶʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʨʝʛʫʣʷʪʦʨʦʚ ʨʘʩʭʦʜʘ. 
ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʩʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 
ʜʚʘ ʙʣʦʢʘ: 4 ʩʝʢʮʠʦʥʥʳʡ ʠ 6 ʩʝʢʮʠʦʥʥʳʡ ʙʣʦʢ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 
ʩʦʙʣʶʜʝʥʠʷ ʊɹ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʈʊʂ ʛʣʘʚʥʳʡ 
ʮʠʣʠʥʜʨ ʩʪʨʝʣʳ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʝʝ ʧʦʜʲʝʤ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʥʘʱʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ 
ʜʘʚʣʝʥʠʷ ʇʈ-ɼ ð ʚʳʧʦʣʥʷʶʱʠʤ ʬʫʥʢʮʠʠ 
ʠʟʤʝʨʠʪʝʣʷ ʜʘʚʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 40 
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ʄʧʘ. ʕʪʦʪ ʜʘʪʯʠʢ ʧʦʟʚʦʣʷʝʪ ʚʳʷʩʥʠʪʴ, ʥʝ 
ʧʨʝʚʳʰʝʥʘ ʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ 
ʩʪʨʝʣʳ. ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʭʦʜʦʚʦʡ ʯʘʩʪʴʶ, 
ʩʦʚʤʝʱʝʥʥʳʡ ʩ ʛʣʘʚʥʳʤʠ ʥʘʩʦʩʘʤʠ ʠ 
ʜʚʠʛʘʪʝʣʝʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʚ 
ʛʠʜʨʦʩʝʪʠ ʚʩʝʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 
ʚʳʧʦʣʥʷʪʴ ʛʦʨʠʟʦʥʪʠʨʦʚʘʥʠʝ ʚʩʝʛʦ 
ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʘʢ ʚ ʨʫʯʥʦʤ, 
ʪʘʢ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ, ʘ ʪʘʢʞʝ 
ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʚʠʞʝʥʠʝ ʥʘ ʛʫʩʝʥʠʯʥʦʤ ʭʦʜʫ. 
ɺʝʩʴ ʙʣʦʢ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ 
ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʄʦʜʫʣʴ 
ʦʩʥʘʱʝʥ 16 ʜʠʩʢʨʝʪʥʳʤʠ ʠ 2 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ 
ʨʘʩʧʨʝʜʝʣʠʪʝʣʷʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʩʪʝʤʳ 
ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʝʣʦʡ ð ʧʦʜʘʯʘ ʫʧʨʘʚʣʷʶʱʝʛʦ 
ʩʠʛʥʘʣʘ ʐʀʄ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ 
EDM-M. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 
ʛʦʨʠʟʦʥʪʠʨʦʚʘʥʠʷ (ɸʉɻ) - ʵʣʝʢʪʨʦʥʥʘʷ 
ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 
ʚʳʨʘʚʥʠʚʘʥʠʷ ʠʥʞʝʥʝʨʥʦʡ ʧʣʘʪʬʦʨʤʳ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘ. ɹʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ 
ɸʉɻ ʚ ʈʊʂ ʫʧʨʘʚʣʝʥʠʷ ʘʫʪʨʠʛʝʨʘʤʠ 
ʧʣʘʪʬʦʨʤʳ ʢʘʢ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ, ʦʧʨʝʜʝʣʷʷ 
ʭʦʜ ʢʘʞʜʦʡ ʠʟ ʦʧʦʨ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʚ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 
ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʚʳʩʦʪʫ ʚʳʜʚʠʞʝʥʠʷ 
ʦʧʦʨ. ʉʠʩʪʝʤʘ ʛʦʨʠʟʦʥʪʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʫʩʝʥʠʯʥʦʛʦ ʭʦʜʘ ʚʩʝʡ 
ʤʘʰʠʥʳ, ʜʣʷ ʯʝʛʦ ʚʳʜʝʣʝʥʳ 2 ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 
ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ. 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

 ɺʦʟʴʤʝʤ ʟʘ ʦʩʥʦʚʫ ʘʨʭʠʪʝʢʪʫʨʳ 
ʙʝʜʫʶʱʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʈʊʂ ʛʠʙʨʠʜʥʦʝ 
ʧʘʨʘʣʣʝʣʴʥʦʝ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʝ. ʄʝʪʦʜʳ ʵʪʦʡ 
ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʘʨʘʣʣʝʣʴʥʦʝ 
ʫʧʨʘʚʣʝʥʠʝ, ʢʘʢ ʦʪ ʦʙʳʯʥʦʛʦ, ʪʘʢ ʠ ʦʪ 
ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʠ ʝʝ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 
çʥʝʠʟʚʝʩʪʥʳʭè ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ 
ʅʘ ʩʭʝʤʝ ʧʨʠʚʝʜʝʥʘ ʪʠʧʠʯʥʘʷ 

ʛʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ. ʋʯʠʪʳʚʘʷ 

ʩʧʝʮʠʬʠʢʫ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ 
ʤʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, 
ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʨʷʜ ʠʟʤʝʥʝʥʠʡ: ʈʊʂ 
ʦʩʥʘʱʝʥ ʨʷʜʦʤ ʜʘʪʯʠʢʦʚ (ʘʢʩʝʣʝʨʦʤʝʪʨʳ, 
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʜʘʚʣʝʥʠʷ, ʜʘʪʯʠʢʠ 
ʪʝʤʧʝʨʘʪʫʨʳ, ʫʨʦʚʥʷ ʠ ʪ.ʜ.), ʧʨʘʚʠʣʴʥʘʷ 
ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʪʦʨʳʭ ʚ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʚʳʭʦʜʥʳʝ 
ʩʠʛʥʘʣʳ ʦʪ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ 
ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʜʣʷ çʦʙʳʯʥʦʛʦè ʢʦʥʪʨʦʣʣʝʨʘ ʥʝ 
ʧʦʪʨʝʙʫʝʪʩʷ ð ʝʝ ʦʙʨʘʙʦʪʢʦʡ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴʩʷ 
ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨ. 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

çʆʙʳʯʥʳʡè ʢʦʥʪʨʦʣʣʝʨ ð ʚ ʜʘʥʥʦʤ 
ʩʣʫʯʘʝ STM32F103C8T, ʧʦʣʫʯʘʝʪ ʢʦʤʘʥʜʳ ʠ 
ʥʘʧʨʘʚʣʷʝʪ ʠʭ ʢ ʩʫʤʤʘʪʦʨʫ, ʥʘ ʢʦʪʦʨʦʤ 
ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʜʘʥʥʳʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ 
ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʨʘʙʦʪʘʥʥʳʝ 
ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʦʤ, ʩʢʣʘʜʳʚʘʶʪʩʷ ʠ 
ʧʝʨʝʜʘʶʪʩʷ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ ʥʘ ʦʙʲʝʢʪ 
ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʝʪʩʷ 
ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʦʩʥʦʚʥʦʡ 
ʢʦʥʪʨʦʣʣʝʨ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ 
ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʮʝʣʦʤ. 

ʅʝʡʨʦʢʦʥʪʨʦʣʣʝʨ 

ɻʣʘʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 
ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ð ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨ. 
ɸʧʧʘʨʘʪʥʦ ð ʵʪʦ ʘʥʘʣʦʛʠʯʥʳʡ çʦʙʳʯʥʦʤʫè 
ʢʦʥʪʨʦʣʣʝʨʫ, STM32F103C8T. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 
ʣʦʛʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʪʨʝʭʤʝʨʥʫʶ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ. 
ʂʘʞʜʳʡ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʣʦʝʚ ʦʪʚʝʯʘʝʪ ʟʘ 
ʩʚʦʡ ʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʣʠ ʜʘʪʯʠʢ. ʇʨʠ ʵʪʦʤ 
ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʣʦʠ ʦʙʲʝʜʠʥʝʥʳ ʦʜʥʠʤ 
ʚʳʭʦʜʥʳʤ ʥʝʡʨʦʥʦʤ, ʬʦʨʤʠʨʫʶʱʠʡ ʦʙʱʠʡ 
ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ, ʠ ʛʨʫʧʧʦʡ ʚʭʦʜʥʳʭ 
ʥʝʡʨʦʥʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʣʦʠ 
ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʘ (ʣʶʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 
ʩʣʦʡ ʤʦʞʥʦ ʨʘʩʮʝʥʠʚʘʪʴ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ 
ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ). 

1. ʉʣʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʥʠʡ 
ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ: ʛʫʩʝʥʠʯʥʘʷ ʧʣʘʪʬʦʨʤʘ ʈʊʂ 
ʦʩʥʘʱʝʥʘ ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʟʘ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʤʳ. ɼʘʥʥʳʝ ʦʪ 
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ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ, 
ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ ʚ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʠ 

ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 
ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʝʢʪʦʨʘ. 

 
ʈʠʩ. 3. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʣʦʷ ʫʧʨʘʚʣʝʥʠʷ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ 

 
2. ʉʣʦʡ ʨʘʙʦʪʳ ʩ ʜʘʪʯʠʢʘʤʠ ʜʘʚʣʝʥʠʷ: 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʵʪʦʛʦ ʩʣʦʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ 
ʠʟʤʝʨʝʥʠʷ ʩ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʠ ʧʝʨʝʜʘʝʪ 

ʜʘʥʥʳʝ ʦ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʫʧʨʘʚʣʷʶʱʝʛʦ 
ʚʝʢʪʦʨʘ. 

 
ʈʠʩ. 4. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʣʦʷ ʦʙʨʘʙʦʪʢʠ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ 

3. ʉʣʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʥʠʡ ʩ 
ʜʠʩʢʨʝʪʥʳʭ ʜʘʪʯʠʢʦʚ: ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʵʪʦʛʦ 
ʩʣʦʷ, ʠʩʧʦʣʴʟʫʷ ʧʦʢʘʟʘʥʠʷ ʩ ʜʠʩʢʨʝʪʥʳʭ 

ʜʘʪʯʠʢʦʚ (ʜʘʪʯʠʢ ʫʨʦʚʥʷ ʤʘʩʣʘ ʠ ʜʚʘ ʜʘʪʯʠʢʘ 
ʪʝʤʧʝʨʘʪʫʨʳ) ʚʥʦʩʠʪ ʧʦʧʨʘʚʢʠ ʚ ʚʝʢʪʦʨ 
ʫʧʨʘʚʣʝʥʠʷ.

 

 

ʈʠʩ. 5. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʣʦʷ ʨʘʙʦʪʳ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʜʘʪʯʠʢʘʤʠ 

4. ʉʣʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ: ʜʘʥʥʳʡ ʩʣʦʡ 
ʦʙʨʘʙʘʪʳʚʘʝʪ ʚʭʦʜʥʳʝ ʢʦʤʘʥʜʳ ʦʧʝʨʘʪʦʨʘ ʠ 

ʥʘʢʣʘʜʳʚʘʝʪ ʥʘ ʥʠʭ ʜʘʥʥʳʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ 
ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ.
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ʈʠʩ. 6. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʨʘʙʦʪʢʠ ʢʦʤʘʥʜ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

5. ɺʳʭʦʜʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʩʣʦʡ: 
ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʵʪʦʛʦ ʩʣʦʷ ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ ʦʪ 
ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʣʦʝʚ, 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʠʭ ʠ ʩʦʟʜʘʝʪ ʫʧʨʘʚʣʷʶʱʠʡ 
ʚʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʩʫʤʤʘʪʦʨ. 

 

ʈʠʩ. 7. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ 

 

ʈʠʩ. 8. ʆʙʦʙʱʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʘ 
 

 



43 
 

ɺʳʚʦʜʳ 

ʆʙʦʙʱʝʥʥʫʶ  ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ  
ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 
ʪʨʝʭʤʝʨʥʦʤ ʚʠʜʝ ʩ ʥʘʣʦʞʝʥʠʝʤ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʣʦʝʚ  ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 
ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 
ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʷ ʈʊʂ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ  
ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʡ  
ʩʠʩʪʝʤʳ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʦʙʳʯʥʦʛʦè 
ʢʦʥʪʨʦʣʣʝʨʘ ʚ ʧʘʨʝ ʩ ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʦʤ 
ʧʦʚʳʩʠʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 
ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ.  ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʝ 
ʧʨʝʠʤʫʱʝʩʪʚʘ  ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʘ ʟʘʢʣʶʯʘʶʪʩʷ 
ʚ ʩʣʝʜʫʶʱʝʤ: 

 

ʈʠʩ. 9. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ 
ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʘ 

 
 

1. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝ 
ʟʘʜʘʥʥʳʭ ʘʧʨʠʦʨʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ: ʙʣʘʛʦʜʘʨʷ 
ʦʙʫʯʝʥʠʶ ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʦʟʚʦʣʷʝʪ 
ʦʙʝʩʧʝʯʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʈʊʂ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ 
çʦʙʳʯʥʳʡè ʢʦʥʪʨʦʣʣʝʨ ʥʝ ʩʧʦʩʦʙʝʥ 
ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ. 

2. ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʚʭʦʜʥʳʤ 
ʩʠʛʥʘʣʘʤ: ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨ ʩʧʦʩʦʙʝʥ 
ʦʙʝʩʧʝʯʠʪʴ ʠʟ ʩʠʣʴʥʦ ʟʘʰʫʤʣʝʥʥʳʭ ʚʭʦʜʥʳʭ 
ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ 
ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʙʝʟ ʩʙʦʝʚ.  

3. ɺʳʩʦʢʘʷ ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʨʝʟʢʠʤ 
ʚʥʝʰʥʠʤ ʠʟʤʝʥʝʥʠʷʤ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ 
ʦʩʥʦʚʝ ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

4. ɺʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ 
ʫʧʨʘʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 
ʠʥʬʦʨʤʘʮʠʠ. 

5. ʇʦʚʳʰʝʥʥʘʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 
ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʣʘʛʦʜʘʨʷ 
ʨʘʩʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʠʥʮʠʧʫ ʫʩʪʨʦʡʩʪʚʘ 
ʥʝʡʨʦʢʦʥʪʨʦʣʣʝʨ. 
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The article is devoted to the development of a control system for a robotic complex for complex environmental 

conditions. As the object of management, the RTK was considered for repair work at the nuclear power plant. The technical 
design of the main subsystems of the RTK is described. Due to the harsh specific working conditions, RTK must have great 
reliability, therefore, the principle of hybrid parallel neural control is taken as the basis of the control system architecture 
within the framework of the article. A typical scheme based on this architecture is considered and processed in accordance 
with the realities of the control object. 3D neural network of the neurocontroller was developed and described by spatial 
layers. The approach to the development of control systems described in the framework of the article makes it possible to 
achieve significant optimization and stability of the entire operation of the system, and the use of an "ordinary" controller 
paired with a neural controller increases the reliability and fault tolerance of the control system and the RTK as a whole 
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ʊɽʄʇɽʈɸʊʋʈɸ ɺʉʇʓʐʂʀ ʀ ʕʅɽʈɻʀʗ ɻɽʃʔʄɻʆʃʔʎɸ ɼʃʗ ɺɽʑɽʉʊɺ  
ɻʆʄʆʃʆɻʀʏɽʉʂʀʍ ʈʗɼʆɺ ʅ-ɸʃʂʀʃʇʈʆʇɸʅʆɸʊʆɺ 

ʀ ʅ-ɸʃʂʀʃɹʋʊɸʅʆɸʊʆɺ 
 

ɸ.ʄ. ʏʫʡʢʦʚ, ʖ.ʂ. ʉʫʥʮʦʚ, ʖ.ʅ. ʉʦʨʦʢʠʥʘ,  
ɺ.ʀ. ʃʫʢʴʷʥʝʥʢʦ, ɸ.ʅ. ʐʫʪʢʠʥ 

 
ʂʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʚʳʩʠʣʦ 40 ʤʠʣʣʠʦʥʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʘʞʜʳʡ ʛʦʜ ʥʘ 300 ʪʳʩʷʯ. ɼʣʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʭʨʘʥʝʥʠ  ̫ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʚʝʱʝʩʪʚ ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʦ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠ ʧʦʢʘʟʘʪʝʣʷʭ ʧʦʞʘʨʦʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ ʚʝʱʝʩʪʚ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʣʫʯʘʶʪ, ʠʩʩʣʝʜʫʷ ʬʘʟʦ-
ʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʞʠʜʢʦʩʪʴ-ʧʘʨ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʠʡ ʞʠʜʢʦʩʪʴ-ʧʘʨ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠ-
ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ, ʠʩʭʦʜʷ ʠʟ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘ-
ʯʝʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʵʙʫʣʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ ʠʟʤʝʨʝʥʦ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʜʝ-
ʩʷʪʠ ʚʝʱʝʩʪʚ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʦʚ ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ ʠ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʘ ʠʜʝʘʣʴʥʦ-
ʛʦ ʛʘʟʘ (ʚʟʷʪʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ) ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ, ʵʥʪʨʦʧʠʠ ʠ ʵʥʝʨʛʠʠ 
ɻʝʣʴʤʛʦʣʴʮʘ ʚʝʱʝʩʪʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʘʜʜʠʪʠʚʥʦ ʟʘʚʠʩʷʪ ʦʪ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ 
ʚʝʱʝʩʪʚ ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʘʭ. ɸʥʘʣʠʟʦʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦʙʥʘʨʫʞʝʥʘ ʪʘʢʞʝ ʘʜʜʠʪʠʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝ-
ʨʘʪʫʨ ʚʩʧʳʰʢʠ ʦʪ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʚʝʱʝʩʪʚ ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʘʭ. ʉ ʫʯʝʪʦʤ ʦʙʱʝʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ 
ʩʚʦʡʩʪʚ ʚʳʷʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ɻʝʣʴʤʛʦʣʴʮʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʩʧʳʰʢʠ ʚʝʱʝʩʪʚ ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷ-
ʜʘʭ. ʇʨʠʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʩʧʳʰʢʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʝ-
ʱʝʩʪʚ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʝʡ ʪʦʯʥʦʩʪʴʶ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ, ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʷ ɻʝʣʴʤʛʦʣʴʮʘ, ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷ-
ʥʠʷ 

 
ɺʚʝʜʝʥʠʝ 

 ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦ-
ʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ 
ʚʝʱʝʩʪʚ ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʦ ʧʦʢʘʟʘʪʝʣʷʭ ʧʦʞʘʨʦ-
ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ ʚʝʱʝʩʪʚ. ʂ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʧʦ-
ʢʘʟʘʪʝʣʝʡ ʦʪʥʦʩʷʪʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʠ ʚʦʩ-
ʧʣʘʤʝʥʝʥʠʷ ʦʛʥʝʦʧʘʩʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʞ-
ʥʦ ʨʘʩʩʯʠʪʘʪʴ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʘʟʦʚʳʭ ʨʘʚ-
ʥʦʚʝʩʠʡ ʞʠʜʢʦʩʪʴ-ʧʘʨ, ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 
ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ (ʈ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (T) 
ʢʠʧʝʥʠʷ ʞʠʜʢʦʩʪʠ [1]. ɼʘʥʥʳʝ ʦ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝ-
ʩʠʷʭ ʥʝʦʙʭʦʜʠʤʳ ʪʘʢʞʝ ʜʣʷ ʨʘʩʯʸʪʦʚ ʪʝʨʤʦʜʠʥʘʤʠ-
ʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʚʝʱʝʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʘʧʨʘʚ-
ʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʧʨʦʮʝʩʩʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ 
ʨʘʚʥʦʚʝʩʠʡ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳ-
ʤʠ ʪʨʫʜʥʦʩʪʷʤʠ [2].  

1ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ 
ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʚʳʩʠʣʦ 40 ʤʠʣʣʠʦʥʦʚ ʠ ʫʚʝʣʠʯʠʚʘ-
ʝʪʩʷ ʢʘʞʜʳʡ ʛʦʜ ʥʘ 300 ʪʳʩʷʯ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘ-
ʙʦʪʢʘ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 
                                                
1ʏʫʡʢʦʚ ɸʣʝʢʩʘʥʜʨ ʄʠʪʨʦʬʘʥʦʚʠʯ ï ɺʀ ɻʇʉ ʄʏʉ ʈʦʩ-
ʩʠʠ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʥʘʯʘʣʴʥʠʢ ʢʘʬʝʜʨʳ,  
ʪʝʣ. 8-920-226-73-87 
ʉʫʥʮʦʚ ʖʨʠʡ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ï ɺʀ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ,  
ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʪʝʣ. 8-950-761-89-67, e-mail: 
jsyntsov@mail.ru 
ʉʦʨʦʢʠʥʘ ʖʣʠʷ ʅʠʢʦʣʘʝʚʥʘ ï ɺʀ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ, 
ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʪʝʣ. 8-906-585-80-01 
ʃʫʢʴʷʥʝʥʢʦ ɺʣʘʜʠʤʠʨ ʀʣʴʠʯ ï ɺɻʊʋ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
ʜʦʮʝʥʪ, ʪʝʣ. 8-920-438-09-01, e-mail: lukyanen-
ko1@yandex.ru 
ʐʫʪʢʠʥ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ - ɺʀ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ, 
ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʚʨʠʦ ʥʘʯʘʣʴʥʠʢʘ ʠʥʩʪʠʪʫʪʘ, e-mail: 
vigps@mail.ru 
 

ʩʚʦʡʩʪʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ ʚʝʱʝʩʪʚ ʥʘ 
ʠʭ ʦʩʥʦʚʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʩʚʷʟʘʥʦ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ 
ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʘʤʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʝʱʝʩʪʚ ʚ 
ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʘʭ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚ ʚʳ-
ʟʳʚʘʶʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ. 
ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʪʝʦʨʠʠ ʞʠʜʢʦʛʦ ʩʦ-
ʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳ ʠ ʩʣʠʰʢʦʤ 
ʩʣʦʞʥʳ. ʋʪʚʝʨʞʜʝʥʠʷ ʦ çʪʝʭʥʠʯʝʩʢʦʤè ʭʘʨʘʢʪʝʨʝ 
ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʪʨʫʜʥʦʩʪʝʡ ʚʝʨʦʷʪʥʦ ʩʣʠʰʢʦʤ ʦʧ-
ʪʠʤʠʩʪʠʯʥʳ. ʆʙʦʙʱʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥ-
ʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʞʠʜʢʠʭ ʚʝʱʝʩʪʚʘʭ ʥʝʦʙʭʦʜʠʤʦ 
ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʠʜʝʡ ʚ ʨʘʟʚʠʪʠʠ ʪʝʦʨʠʠ 
ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 
ʩʚʦʡʩʪʚ ʞʠʜʢʠʭ ʚʝʱʝʩʪʚ ʩ ʠʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, 
ʥʘʧʨʠʤʝʨ ï ʠʜʝʘʣʴʥʳʤ ʛʘʟʦʤ, ʜʘʝʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʦʩ-
ʥʦʚʫ ʜʣʷ ʪʘʢʠʭ ʦʙʦʙʱʝʥʠʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʘʣʴʥʝʡ-
ʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʞʠʜʢʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʪʨʝʙʫʝʪ ʷʚʥʦʛʦ ʫʯʝʪʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥ-
ʮʝʧʮʠʡ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʈʘʥʝʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʚʟʘʠʤʦ-
ʩʚʷʟʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʠ ʵʥʝʨʛʠʠ ɻʝʣʴʤʛʦʣʴʮʘ 
ʩ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ ʚʝʱʝʩʪʚ ʜʣʷ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷ-
ʜʦʚ: ʥ-ʘʣʢʠʣʵʪʘʥʦʘʪʦʚ, ʥ-ʩʧʠʨʪʦʚ ʠ ʢʝʪʦʥʦʚ,  
ʥ-ʘʣʢʠʣʘʤʠʥʦʚ [3]. ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 
ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʦʜʦʙʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦ-
ʩʪʝʡ ʜʣʷ ʚʝʱʝʩʪʚ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʦʚ ʥ-
ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ ʠ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ 

ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ʥ-



46 
 

ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ (ʤʝʪʠʣʧʨʦʧʘʥʦʘʪ, ʵʪʠʣʧʨʦʧʘʥʦʘʪ, 
ʥ-ʙʫʪʠʣʧʨʦʧʘʥʦʘʪ, ʥ-ʧʝʥʪʠʣʧʨʦʧʘʥʦʘʪ) ʠ ʥ-
ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ (ʤʝʪʠʣʙʫʪʘʥʦʘʪ, ʵʪʠʣʙʫʪʘʥʦʘʪ, ʥ-
ʙʫʪʠʣʙʫʪʘʥʦʘʪ, ʥ-ʧʝʥʪʠʣʙʫʪʘʥʦʘʪ). ʂʦʥʩʪʘʥʪʳ ʦʯʠ-
ʱʝʥʥʳʭ ʚʝʱʝʩʪʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʚʧʘʜʘʣʠ ʩ 
ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [4]. ʊʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ 
ʨʘʩʪʚʦʨʦʚ (T) ʠʟʤʝʨʷʣʠʩʴ ʵʙʫʣʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦ-
ʜʦʤ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ (ʨ) ʧʣʘʪʠʥʦʚʳʤ 
ʪʝʨʤʦʤʝʪʨʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 0,05 K. 
ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʨʘʩʪʚʦʨʦʚ (ʈ) ʠʟʤʝʨʷ-
ʣʦʩʴ ʨʪʫʪʥʳʤ ʤʘʥʦʤʝʪʨʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʝ-
ʪʦʤʝʪʨʘ ɺ-630, ʩ ʪʦʯʥʦʩʪʴʶ Ñ 6,66 ʇʘ. ʇʦʩʪʦʷʥʩʪʚʦ 
ʜʘʚʣʝʥʠʷ ʚ ʵʙʫʣʠʦʤʝʪʨʘʭ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʠʟʦʜʨʦʤ-
ʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ 
ʩ ʪʦʯʥʦʩʪʴʶ Ñ 6,66 ʇʘ. ʇʣʦʪʥʦʩʪʴ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʠ 
ʠʭ ʨʘʩʪʚʦʨʦʚ ʠʟʤʝʨʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʠʢʥʦʤʝʪʨʦʚ 
ʆʩʪʚʘʣʴʜʘ ʦʙʲʝʤʦʤ 50, 100 ʩʤ3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 
298,15; 318,15; 338,15 ʂ ʧʦ ʤʝʪʦʜʠʢʝ [5]. ɼʝʪʘʣʴʥʦʝ 
ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʤʝʪʦʜʠʢ 
ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʦ ʚ [6]. ɿʥʘʯʝʥʠʷ ʪʝʨʤʦʜʠʥʘ-
ʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʵʥʝʨʛʠʡ ɻʠʙʙʩʘ, ʵʥʪʘʣʴʧʠʠ ʠ 
ʵʥʪʨʦʧʠʠ) ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ ʠ ʥ-ʣʢʠʣʙʫʪʘʥʦʘʪʦʚ, 
ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʃʴʶʠʩʘ, ʥʝ 
ʫʜʘʣʦʩʴ ʩʚʷʟʘʪʴ ʫʨʘʚʥʝʥʠʝʤ ʩ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ 
(ʩʪʨʫʢʪʫʨʦʡ) ʚʝʱʝʩʪʚ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʨʘʩʯʝʪʘ 
ʧʦ ʤʝʪʦʜʫ ʃʴʶʠʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʘʝ-
ʤʳʝ ʟʥʘʯʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʦʢʘʟʳ-
ʚʘʶʪʩʷ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤʫ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ (ʄʄɺ) ʚ ʞʠʜʢʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 
ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʨʘʚʥʦʚʝ-
ʩʠʠ ʩ ʧʘʨʦʤ, ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ (æG):  
æG = Gʧʘʨ ï Gʞʠʜ = 0. ʉʦʟʜʘʝʪʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ 
ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ çʥʝ ʯʫʚʩʪʚʫʝʪè ʄʄɺ ʚ ʞʠʜʢʦʩʪʠ. 
ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʨʘʩʯʸʪʦʚ ʚʢʣʘʜʦʚ 
ʄʄɺ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʜʝʘʣʴʥʳʡ ʛʘʟ, ʚʟʷʪʳʡ ʧʨʠ ʪʝʤ-
ʧʝʨʘʪʫʨʝ (ʊ), ʦʙʲʸʤʝ (V) ʠ ʩʦʩʪʘʚʝ (X) ʨʝʘʣʴʥʦʡ 
ʞʠʜʢʦʩʪʠ ʠ ʧʦʜʯʠʥʷʶʱʝʛʦʩʷ ʪʦʡ ʞʝ ʩʪʘʪʠʩʪʠʢʝ [6]. 

ʆʜʥʘʢʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʘʷ 
ʩʠʩʪʝʤʘ ʙʝʟ ʄʄɺ ï ʠʜʝʘʣʴʥʳʡ ʛʘʟ. ʅʝʦʙʭʦʜʠʤʦ 
ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʩʦʩʪʦʷʥʠʝ. ʀʜʝʘʣʴʥʳʡ ʛʘʟ 
ʠʤʝʝʪ ʜʚʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʧʦʵʪʦʤʫ ʚʚʝʜʝʤ ʜʚʘ 
ʦʛʨʘʥʠʯʝʥʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ 
ʨʘʙʦʪʫ ʧʨʦʪʠʚ ʣʶʙʳʭ ʩʠʣ, ʢʨʦʤʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʩʣʦʚʠʶ V = const. ɼʘ-
ʣʝʝ ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ: 1) ʘʜʠʘʙʘʪʠʯʝʩʢʠʡ ʚʘ-
ʨʠʘʥʪ (S = const); 2) ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ (ʊ = 
const) ï ʢʦʛʜʘ ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ ʤʝʥʷʝʪʩʷ ʟʘ ʩʯʝʪ 
ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʦ ʥʝ ʪʝʤʧʝʨʘ-
ʪʫʨʳ. ʕʪʠ ʩʦʦʙʨʘʞʝʥʠʷ ʦʙʲʷʩʥʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʠ ʫʩʣʦʚʠʠ V, T = const. ɺ 
ʩʣʫʯʘʝ ʧʝʨʝʭʦʜʘ ʤʦʣʷ ʚʝʱʝʩʪʚʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʠʜʝ-
ʘʣʴʥʦʛʦ ʛʘʟʘ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ (ʩ ʤʝʞʤʦʣʝʢʫʣʷʨ-
ʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ) ʧʦʣʫʯʠʣʠ [7]: 

PVRT
PV
RTRTF +-= lnĔ ;                (1) 

VP
RTRTHU lnĔ -= ;                   (2) 

VP
RTRTHS lnĔ -= ,                     (3) 

ʛʜʝ FĔ  - ʵʥʝʨʛʠʷ ɻʝʣʴʤʛʦʣʴʮʘ; R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘ-
ʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʂ; ʈ, V ï ʜʘʚʣʝ-

ʥʠʝ ʧʘʨʘ ʠ ʤʦʣʴʥʳʡ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ; UĔ  - ʚʥʫʪʨʝʥ-
ʥʷʷ ʵʥʝʨʛʠʷ; H ï ʤʦʣʴʥʘʷ ʵʥʪʘʣʴʧʠʷ ʠʩʧʘʨʝʥʠʷ ʞʠʜ-
ʢʦʩʪʠ; SĔ  - ʵʥʪʨʦʧʠʷ. ɿʥʘʯʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʠʩʧʘʨʝʥʠʷ 
H ʚ ʫʨʘʚʥʝʥʠʷʭ (2) ʠ (3) ʜʣʷ ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ ʠ  
ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʫʨʘʚʥʝʥʠʶ 
ʂʣʘʫʟʠʫʩʘ-ʂʣʘʡʧʝʨʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʚʠʩʠʤʦ-
ʩʪʠ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ  
ʚʝʱʝʩʪʚ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 
ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ [4, 6 ï 9] ʧʦ ʫʨʘʚʥʝʥʠʷʤ (1) ï (3) ʨʘʩʩʯʠʪʘʥʳ 
ʟʥʘʯʝʥʠʷ FĔ , UĔ  ʠ SĔ  ʞʠʜʢʠʭ ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ ʠ  
ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ 
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ FĔ ,UĔ ʠ SĔ  ʩʣʦʞʥʳʭ ʵʬʠ-
ʨʦʚ ʘʜʜʠʪʠʚʥʦ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʚ ʛʦ-
ʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʫʨʘʚʥʝ-
ʥʠʷʤʠ ʚʠʜʘ (ʊ = 353 ʂ): 
ʜʣʷ ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ: 

141661,195Ĕ += MF ;              (4) 
3,126415,136Ĕ += MU ;                (5) 

293174858Ĕ += M,ST ;                (6) 
ʜʣʷ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ: 

13077,134Ĕ += MF ;                      (7) 

16040+0,7561Ĕ MU = ;               (8) 

1472088,40Ĕ += MST ,                    (9) 

ʛʜʝ M ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ; FĔ , ST Ĕ  ʠ UĔ  ð ʚ 
ɼʞ/ʤʦʣʴ. ʋʨʘʚʥʝʥʠʷ (4 ï 9) ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʢʘʟʳ-
ʚʘʪʴ ʟʥʘʯʝʥʠʷ STUF Ĕ,Ĕ,Ĕ  ʜʣʷ ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʭ ʯʣʝ-
ʥʦʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʥ-
ʛʝʧʪʠʣʧʨʦʧʘʥʦʘʪʘ ʧʦʣʫʯʠʣʠ:  

ʨʘʩʯUĔ  = 47 777 ɼʞ/ʤʦʣʴ, ʦʧʳʪUĔ  = 47 709 ɼʞ/ʤʦʣʴ; 

ʨʘʩʯ
ĔF  = 24 719 ɼʞ/ʤʦʣʴ, ʦʧʳʪFĔ  = 24 681 ɼʞ/ʤʦʣʴ; 

ʨʘʩʯ
ĔSʊ  = 23051 ɼʞ/ʤʦʣʴ, ʦʧʳʪ

ĔSʊ  = 22 887 ɼʞ/ʤʦʣʴ. 
ɸʜʜʠʪʠʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʦʪ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ ʚ 
ʛʦʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʜʦʙʠʝʤ 
ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʞʠʜʢʠʭ ʚʝʱʝʩʪʚ [10]. ʂʦʵʬ-
ʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʷʭ (4) ï (9) ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʝʪʦ-
ʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦ-
ʛʨʘʤʤʳ CurveExpert 1.3. ʋʨʘʚʥʝʥʠʷ (4) ï(9) ʦʧʠʩʳ-
ʚʘʶʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʠʜʢʠʭ ʥ-
ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ ʠ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ ʩ ʪʦʯʥʦʩʪʴʶ 
° 50 ɼʞ/ʤʦʣʴ.  

ʇʦʩʢʦʣʴʢʫ FĔ  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʄʄɺ ʚ ʞʠʜʢʦʩʪʠ 
ʠ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʠʤʝʶʱʠʤʩʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʮʝʣʝ-
ʩʦʦʙʨʘʟʥʳʤ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʵʪʦʡ ʬʫʥʢʮʠʠ ʩ ʤʦʣʴ-
ʥʳʤ ʦʙʲʝʤʦʤ (V) ʠ ʜʘʚʣʝʥʠʝʤ (P) ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ 
ʞʠʜʢʠʭ ʚʝʱʝʩʪʚ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʦʚ. ʂʦʨʨʝʣʷʮʠ-
ʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ lnP, V 
ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʪ ʦʪ ʟʥʘʯʝʥʠʡ FĔ ʚʝʱʝʩʪʚʘ ʚ ʛʦʤʦʣʦ-
ʛʠʯʝʩʢʠʭ ʨʷʜʘʭ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʫʨʘʚʥʝʥʠʷʤʠ 
ʚʠʜʘ: 
ʜʣʷ ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ (ʊ = 353 ʂ): 
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679,16Ĕ108928,3ln 4 +Ö-= - FP ;           (10) 

369,14Ĕ101429,9 3 -Ö= - FV ;                (11) 
ʜʣʷ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ (ʊ = 353 ʂ): 

878,16Ĕ100090,4ln 4 -Ö-= - FP ;              (12) 

9012,1Ĕ104730,9 9 -Ö= - FV .                (13) 
ʋʨʘʚʥʝʥʠʷ (10) ï (13) ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʟʥʘ-
ʯʝʥʠʷ ʈ ʠ V ʜʣʷ ʜʨʫʛʠʭ ʯʣʝʥʦʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷ-
ʜʘ. ʊʘʢ, ʜʣʷ ʥ-ʛʝʧʪʠʣʧʨʦʧʘʥʦʘʪʘ ʧʨʠ ʊ = 353,15 ʂ: 
ʈʨʘʩʯ = 1177,11 ʇʘ, ʈʦʧʳʪ =1144,60 ʇʘ;  
Vʨʘʩʯ = 211,2 ʩʤ3/ʤʦʣʴ, Vʦʧʳʪ =210,97 ʩʤ3/ʤʦʣʴ.  
ɺʦʟʨʘʩʪʘʥʠʝ ʚʝʣʠʯʠʥʳ FĔ  ʄʄɺ ʟʘʪʨʫʜʥʷʝʪ ʧʝʨʝʭʦʜ 
ʤʦʣʝʢʫʣ ʚʝʱʝʩʪʚ ʚ ʧʘʨʦʚʫʶ ʬʘʟʫ ʠ ʫʤʝʥʴʰʘʝʪ (ʧʦ 
ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ) ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥ-
ʥʦʛʦ ʧʘʨʘ ʞʠʜʢʦʩʪʠ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ, ʧʨʠʥʷʪʘʷ ʟʘ ʦʩʥʦʚʫ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʞʠʜʢʦʩʪʝʡ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʧʦʞʘʨʦ-
ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦ-
ʢʘʟʘʪʝʣʝʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ. ɸʥʘʣʠʟʦʤ ʣʠʪʝʨʘ-
ʪʫʨʥʳʭ ʜʘʥʥʳʭ [11] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 
ʚʩʧʳʰʢʠ ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ ʠ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ 
ʘʜʜʠʪʠʚʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʷʨʥʦʡ ʤʘʩ-
ʩʳ (ʯʠʩʣʘ ʛʨʫʧʧ ïCH2ï ʚ ʤʦʣʝʢʫʣʝ) ʚʝʱʝʩʪʚʘ ʚ ʛʦ-
ʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ (ʨʠʩ. 1) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚ-
ʥʝʥʠʷʤʠ: 
ʜʣʷ ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ: 

95,1800124,1ʚʩʧ += Mʊ ;                   (14) 
ʜʣʷ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ: 

99,1899439,0ʚʩʧ += Mʊ ,                   (15) 
ʛʜʝ ʊʚʩʧ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ, ʂ. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʦʪ ʤʦ-

ʣʷʨʥʦʡ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ:  
1 ï ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ; 2 ï ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ. 

 
ʉ ʫʯʝʪʦʤ ʘʜʜʠʪʠʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʫʨʘʚʥʝʥʠʷ (4) ï (9)) ʠ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ (ʩʤ. ʨʠʩ. 1) ʦʪ ʤʦʣʷʨʥʦʡ ʤʘʩ-
ʩʳ ʚʝʱʝʩʪʚʘ ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʘʭ ʧʨʝʜʩʪʘʚʣʷ-
ʣʦʩʴ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʵʥʝʨ-
ʛʠʠ ɻʝʣʴʤʛʦʣʴʮʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʩʧʳʰʢʠ ʚʝʱʝʩʪʚʘ 
ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʟʥʘʯʝʥʠʷ 
ʵʥʝʨʛʠʠ ɻʝʣʴʤʛʦʣʴʮʘ FĔ  ʙʳʣʠ ʧʝʨʝʩʯʠʪʘʥʳ ʜʣʷ 
ʪʝʤʧʝʨʘʪʫʨ ʚʩʧʳʰʢʠ ʚʝʱʝʩʪʚ ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷ-
ʜʫ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʥʝʨʛʠʷ ɻʝʣʴʤʛʦʣʴʮʘ ʧʨʠ ʪʝʤʧʝ-
ʨʘʪʫʨʝ ʚʩʧʳʰʢʠ ʚʝʱʝʩʪʚ ʪʘʢʞʝ ʘʜʜʠʪʠʚʥʦ ʚʦʟʨʘʩʪʘ-
ʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ (ʯʠʩʣʘ 
ʛʨʫʧʧ ïCH2ï ʚ ʤʦʣʝʢʫʣʝ) ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ ʥ-
ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ ʠ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ (ʨʠʩ. 2).  

ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ɻʝʣʴʤʛʦʣʴʮʘ (ɼʞ/ʤʦʣʴ) 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʩʧʳʰʢʠ ʦʪ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ 
ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 
ʜʣʷ ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ: 

9921,0;10269251,86Ĕ 2
ʚʩʧ =+= RMF ;         (16) 

ʜʣʷ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ: 
9955,0;5,9795748,88Ĕ 2

ʚʩʧ =+= RMF          (17) 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ɻʝʣʴʤʛʦʣʴʮʘ, ʨʘʩʩʯʠ-

ʪʘʥʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʩʧʳʰʢʠ, ʦʪ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʚ  
ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʘʭ: 1 ï ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ;  
2 ï ʥ-ʘʣʢʠʙʫʪʘʥʦʘʪʦʚ. 

 
ʉ ʫʯʝʪʦʤ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʠ ʚ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝ-

ʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ (ʩʤ. ʨʠʩ. 1) ʠ ʵʥʝʨʛʠʠ 
ɻʝʣʴʤʛʦʣʴʮʘ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
ʚʩʧʳʰʢʠ (ʩʤ. ʨʠʩ. 2), ʦʪ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʚʝʱʝʩʪʚ ʚ 
ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʘʭ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʮʝʣʝʩʦʦʙʨʘʟ-
ʥʳʤ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ (ʨʠʩ. 3). 
 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ɻʝʣʴʤʛʦʣʴʮʘ ʦʪ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʘʭ:  
1 ï ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ, 2 ï ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ 

 
ʂʦʨʨʝʣʷʮʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ TableCurve 3D v4.0 ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ 
ʜʣʷ FĔ (ɼʞ/ʤʦʣʴ): 
ʜʣʷ ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ: 

9,4943514,84Ĕ
ʚʩʧ-= TF                   (18) 

ʜʣʷ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ: 
3,8075049,94Ĕ

ʚʩʧ-= TF                   (19) 
ʋʨʘʚʥʝʥʠʷ (18) ʠ (19) ʧʦʟʚʦʣʷʶʪ ʩ ʥʝʦʙʭʦʜʠ-

ʤʦʡ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʝʡ ʪʦʯʥʦʩʪʴʶ ʨʘʩʩʯʠʪʳʚʘʪʴ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʊʚʩʧ ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ ʠ  
ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʜʠʥʘ-
ʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʶʙʳʭ ʜʚʫʭ ʚʝʱʝʩʪʚ ʛʦʤʦʣʦʛʠʯʝ-
ʩʢʦʛʦ ʨʷʜʘ ʠ ʥʘʦʙʦʨʦʪ. ʊʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʟʘʚʠ-
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ʩʠʪ ʪʦʣʴʢʦ ʦʪ ʪʦʯʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 
ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʚʝʱʝʩʪʚ. ʈʘʥʝʝ ʧʦʜʦʙʥʳʝ ʟʘʢʦʥʦʤʝʨ-
ʥʦʩʪʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʜʣʷ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʛʦʤʦʣʦʛʠ-
ʯʝʩʢʠʭ ʨʷʜʦʚ, ʢʘʢ ʥ-ʘʣʢʠʣʵʪʘʥʦʘʪʳ, ʥ-ʩʧʠʨʪʳ, ʢʝʪʦ-
ʥʳ ʠ ʥ-ʘʣʢʠʣʘʤʠʥʳ [3]. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʫʩʪʘ-
ʥʦʚʣʝʥʥʳʝ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 
ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʚʝʱʝʩʪʚʘʤ ʜʨʫʛʠʭ ʛʦʤʦʣʦ-
ʛʠʯʝʩʢʠʭ ʨʷʜʦʚ.  

 
ɿʘʢʣʶʯʝʥʠʝ 

1. ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ɻʝʣʴʤʛʦʣʴʮʘ FĔ , ʚʥʫʪʨʝʥ-
ʥʝʡ ʵʥʝʨʛʠʠ UĔ  ʠ ʵʥʪʨʦʧʠʠ SĔ  ʘʜʜʠʪʠʚʥʦ ʟʘʚʠʩʷʪ ʦʪ 
ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʚʝʱʝʩʪʚ (ʯʠʩʣʘ ʛʨʫʧʧ ïCH2ï ʚ ʤʦ-
ʣʝʢʫʣʝ) ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʨʷʜʘʭ  
ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ ʠ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ ʠ ʦʧʠʩʘʥʳ 
ʫʨʘʚʥʝʥʠʷʤʠ (4) ï (9) ʩ ʪʦʯʥʦʩʪʴʶ ° 30 ɼʞ/ʤʦʣʴ. 

2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʝ ʚ ʞʠʜʢʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ ʧʦ ʟʥʘʯʝ-
ʥʠʷʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ 
ʧʦ ʩʪʘʥʜʘʨʪʫ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʚʟʷʪʦʛʦ ʧʨʠ ʪʝʭ ʞʝ 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʦʙʲʝʤʝ, ʯʪʦ ʠ ʠʩʧʳʪʫʝʤʘʷ ʞʠʜʢʦʩʪʴ. 

3. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ  
ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ ʠ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ ʘʜʜʠʪʠʚʥʦ 
ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ (ʯʠʩʣʘ 
ʛʨʫʧʧ ïCH2ï ʚ ʤʦʣʝʢʫʣʝ) ʚʝʱʝʩʪʚʘ ʚ ʛʦʤʦʣʦʛʠʯʝ-
ʩʢʦʤ ʨʷʜʫ (ʫʨʘʚʥʝʥʠʷ (14), (15)). 

4. ɸʜʜʠʪʠʚʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘ-
ʪʫʨʳ ʚʩʧʳʰʢʠ ʩʚʷʟʘʥʦ ʩ ʘʜʜʠʪʠʚʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 
ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ɻʝʣʴʤʛʦʣʴʮʘ ʚ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ 
ʨʷʜʘʭ ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ ʠ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ 
(ʫʨʘʚʥʝʥʠʷ (18), (19)). 

5. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩ ʪʦʯ-
ʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 
ʚʩʧʳʰʢʠ ʥ-ʘʣʢʠʣʧʨʦʧʘʥʦʘʪʦʚ ʠ ʥ-ʘʣʢʠʣʙʫʪʘʥʦʘʪʦʚ, 
ʦʧʠʨʘʷʩʴ ʥʘ ʩʚʦʡʩʪʚʘ ʜʚʫʭ ʚʝʱʝʩʪʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ 
ʨʷʜʘ.  
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The number of organic compounds exceeded 40 million and increases each year by 300 thousand. To ensure the 
fire safety and technological calculations of processes of production, for storage and transportation materials needed data 
rates fire and explosion hazard substances. Therefore, development of a method of forecasting   fire danger indicators and 
thermodynamic properties of substances, based on the minimum amount of experimental data, is an important task. In this 
article at various temperatures were measured vapor pressure and density of the liquids in the homologous series of n-alkyl 
propanoates and n-alkyl butanoates. Based on experimental data and using the standard of ideal gas (taken at the tempera-
ture and volume of liquid) calculated the values internal energy, entropy, and Helmholtz energy. The analysis determined 
that values of thermodynamic functions are linearly dependent on the molecular weight of the substance in the homologous 
series. Analysis of published data established as a linear dependence of the flash point of substances of molecular weight 
substances in the homologous series. Considering the tendency of change these properties is established that the flash point 
of substances linearly dependent on the value of the energy of Helmholtz of substances homologous series. The corre-
sponding equations were obtained 

Key words: flash point; internal energy; entropy; Helmholtz energy; equation of state 
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ʋɼʂ 628.5 
 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʂʆʅʎɽʅʊʈɸʎʀʁ ɺʈɽɼʅʓʍ ɺɽʑɽʉʊɺ  
ɺ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʇʆʄɽʑɽʅʀʗʍ ʇʈɽɼʇʈʀʗʊʀʁ  

ʊʆʇʃʀɺʅʆ-ʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ 
 

ʄ.ʅ. ɾʝʨʣʳʢʠʥʘ, ʉ.ɸ. ʗʨʝʤʝʥʢʦ, ɸ.ɸ. ʄʝʨʱʠʝʚ, ʅ.ɸ. ɼʨʘʧʘʣʶʢ 
 

ɸʚʘʨʠʡʥʦʩʪʴ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ 
ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʘʩʰʪʘʙʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʛʠʙʝʣʠ ʣʶ-
ʜʝʡ. ʅʘʠʙʦʣʝʝ ʘʚʘʨʠʡʥʦ-ʦʧʘʩʥʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ ʭʠʤʠʯʝʩʢʦʡ, 
ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʩʣʫʯʘʝʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʩ ʚʳʙʨʦʩʦʤ ʚ ʘʪʤʦʩʬʝʨʫ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʤʝʨ, ʚʳʚʦʜʷʱʠʭ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʨʘʙʦʯʝʡ ʟʦʥʳ ʧʦʤʝʱʝʥʠʷ ʠ ʥʘ 
ʛʨʘʥʠʮʝ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ ʥʘ ʫʨʦʚʝʥʴ ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ɸʚʘʨʠʡʥʳʡ ʚʳʙʨʦʩ ʚʨʝʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʚʥʝʟʘʧʥʳʤ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʘʨʠʡʥʦʛʦ ʚʳ-
ʙʨʦʩʘ ʥʘ ʭʠʤʠʯʝʩʢʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʥʦʩʠʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʭʝʤʥʳʝ ʨʝʰʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʘʚʘʨʠʡʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʫʜʘʣʝʥʠʠ ʚʦʟʜʫʭʘ ʠʟ ʟʦʥ 
ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʛʜʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚʟʨʳʚʦʦʧʘʩʥʳʝ ʩʤʝʩʠ. ʅʝ ʠʩʩʣʝʜʦʚʘʥʳ ʩʭʝ-
ʤʳ ʘʚʘʨʠʡʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ ʯʘʩʪʠʯʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʪʦʢʦʤ ʚʦʟʜʫʭʘ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʥʘʯʠʪʝʣʴ-
ʥʦʡ ʤʝʨʝ ʧʦʟʚʦʣʠʣʦ ʙʳ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʵʥʝʨʛʠʶ ʠ ʧʨʠʦʙʨʝʪʝʥʠʝ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚʦ 
ʚʩʝʤ ʦʙʲʝʤʝ ʧʦʤʝʱʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʘʚʘʨʠʡʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʩ ʟʘʜʘʥʥʳʤ ʚʦʟʜʫʭʦʦʙʤʝʥʦʤ. ɺʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ 10 % ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʧʦ ʛʘʟʦʚʦʟ-
ʜʫʰʥʳʤ ʩʤʝʩʷʤ ʠ ʩʦʙʣʶʜʝʥʠʷ ʨʘʚʝʥʩʪʚʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʨʝʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʠ ʚ ʫʭʦʜʷʱʝʤ ʚʦʟʜʫʭʝ. 
ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʚʘʨʠʡʥʦʡ ʚʝʥʪʠʣʷʮʠʠ, ʠʩʢʣʶʯʘʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʩʪʦʡʥʳʭ ʟʦʥ ʠ 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʦʨʤʠʨʫʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʧʦ ʛʘʟʦʚʦʟʜʫʰʥʳʤ ʩʤʝʩʷʤ ʚ 
ʧʦʤʝʱʝʥʠʠ 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʮʝʥʪʨʘʮʠʷ, ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʘʩʪʦʡʥʘʷ ʟʦʥʘ, ʛʘʟʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ 
 
ɺ ʚʝʥʪʠʣʠʨʫʝʤʦʤ ʧʦʤʝʱʝʥʠʠ ʧʦʣʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ ʥʝʦʜʥʦʨʦʜʥʦ. ʇʨʠ ʨʘʩʯʝʪʝ ʘʚʘʨʠʡʥʦʡ ʚʝʥʪʠʣʷ-
ʮʠʠ, ʢʨʦʤʝ ʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʢ 
ʧʘʨʘʤʝʪʨʘʤ ʫʜʘʣʷʝʤʦʛʦ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 
ʩʦʦʪʥʦʰʝʥʠʝ 1ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʧʦʤʝ-
ʱʝʥʠʷ ʠ ʚ ʫʜʘʣʷʝʤʦʤ ʚʦʟʜʫʭʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 
ʯʪʦ ʘʚʘʨʠʡʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝ-
ʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʭʘ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʨʘʩʯʝʪʝ 
ʘʚʘʨʠʡʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʫʯʪʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢ-
ʥʦʚʝʥʠʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʦʤʝʱʝʥʠʷ ʠʤʧʫʣʴʩʘ ʚʦʩ-
ʧʣʘʤʝʥʝʥʠʷ. ɸʚʘʨʠʡʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ 
ʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʞʘʨʦʚ ʠ ʚʟʨʳʚʦʚ [6]. 

ʇʦʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʧʦʤʝʱʝʥʠʷ 
ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʟʙʳʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 
ʧʦ ʦʙʲʝʤʫ ʠ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʝʝ ʟʥʘʯʝ-
ʥʠʷ [5]. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʠʟʙʳʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦ 
ʦʙʲʝʤʫ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ [1]: 

 

                                                
1ɾʝʨʣʳʢʠʥʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï ɺɻʊʋ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
ʜʦʮʝʥʪ, ʪʝʣ. 8(473)271-28-92, e-mail: zherlykina@yandex.ru 
ʗʨʝʤʝʥʢʦ ʉʝʨʛʝʡ ɸʥʘʪʦʣʴʝʚʠʯ ï ɺɻʊʋ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
ʜʦʮʝʥʪ, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡ-
ʩʪʚʘ, ʪʝʣ. 8(473)271-28-92, e-mail: jaremenko83@mail.ru 
ʄʝʨʱʠʝʚ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ɺɻʊʋ, ʘʩʧʠʨʘʥʪ, 
ʪʝʣ. 8(473)271-28-92, e-mail: sasha__1990@mail.ru 
ɼʨʘʧʘʣʶʢ ʅʘʪʘʣʴʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ɺɻʊʋ, ʢʘʥʜ. ʪʝʭʥ. 
ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʤʘʛʠʩʪʨʘʪʫʨʳ,  
ʪʝʣ. 8(473)271-28-92, e-mail: u00076@vgasu.vrn.ru 
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ʛʜʝ qʚʚ - ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʙʲʝʤʝ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ, ʤʛ/ʤ3; qʧʨ - ʢʦʥʮʝʥ-
ʪʨʘʮʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʠʪʦʯʥʦʤ ʚʦʟʜʫʭʝ, 
ʤʛ/ʤ3; qʫʭ - ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʫʭʦ-
ʜʷʱʝʤ ʚʦʟʜʫʭʝ, ʤʛ/ʤ3;  V ï ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-
ʛʦ ʧʦʤʝʱʝʥʠʷ, ʤ3. 
ʇʦ [1, 2] qʧʨ ʨʘʚʥʘ 0,3 Ĭ qʨʟ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʟʙʳʪʦʯ-
ʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦ ʦʙʲʝʤʫ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫ-
ʣʘʤ: 
ʝʩʣʠ qʨʟ<qʅʂʇ: 
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ʛʜʝ qʅʂʇ - ʥʠʞʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʝʜʝʣ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʧʦ ʛʘʟʦʚʦʟʜʫʰʥʳʤ ʩʤʝʩʷʤ, 
ʤʛ/ʤ3; qʨʟ - ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ, ʤʛ/ʤ3. 
ʝʩʣʠ qʨʟ>qʅʂʇ: 
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ɺ [1] ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʨʘʚʥʦʤʝʨ-
ʥʦʩʪʴ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʘʩʧʦʣʦʞʝ-
ʥʠʠ ʠʩʪʦʯʥʠʢʦʚ, ʨʘʟʤʝʨʘʭ ʧʦʤʝʱʝʥʠʷ ʠ ʩʭʝʤʝ ʚʝʥ-
ʪʠʣʷʮʠʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʪʦʣʴʢʦ ʦʪ ʩʪʝʧʝʥʠ ʪʫʨʙʫʣʠ-
ʟʘʮʠʠ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ. ʉʪʝʧʝʥʴ ʪʫʨʙʫʣʠʟʘʮʠʠ 
ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʢʨʠʪʝʨʠʝʤ 
ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʘ. ɼʣʷ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʨʝʜ-
ʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʙʲʝʤʝ ʧʦʤʝʱʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ ʢʨʠ-
ʪʝʨʠʡ ʂʘʨʤʘʥʘ, KŮ, ʧʦ [1]. ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ: 

 

( )eʂfqV =D .                             (4) 
 

ʏʝʤ ʙʦʣʴʰʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʩʨʝʜʳ (ʯʝʤ ʙʦʣʴʰʝ 
KŮ), ʪʝʤ ʦʜʥʦʨʦʜʥʝʝ ʧʦʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʙʲʝʤʝ 
ʧʦʤʝʱʝʥʠʷ ʠ ʚʝʣʠʯʠʥʘ VqD  ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʝʜʠʥʠ-
ʮʝ. ʅʘʧʨʦʪʠʚ, ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʢʨʠʪʝʨʠʷ KŮ, 
ʢʦʛʜʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʠ ʚʳʟʳʚʘʝʤʦʝ ʝʝ ʧʝʨʝʤʝʰʠʚʘ-
ʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʘʷ ʥʝʨʘʚʥʦ-
ʤʝʨʥʦʩʪʴ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ VqD  ʤʦʞʝʪ ʠʤʝʪʴ 
ʟʥʘʯʝʥʠʷ  ʤʥʦʛʦ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ. 

ʇʨʠ ʘʚʘʨʠʡʥʦʤ ʚʳʙʨʦʩʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʥʘ 
ʧʨʦʮʝʩʩ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘʢʣʘʜʳʚʘ-
ʝʪʩʷ ʨʘʩʩʣʦʝʥʠʝ ʩʨʝʜʳ ʧʦ ʧʣʦʪʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʟʘ-
ʪʨʫʜʥʷʝʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ. ʕʥʝʨʛʠʷ 
ʧʫʣʴʩʘʮʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʨʘʙʦʪʫ ʧʨʦ-
ʪʠʚ ʩʠʣ ʪʷʞʝʩʪʠ: ʧʦʜʲʝʤ ʚʚʝʨʭ ʤʘʩʩ ʚʦʟʜʫʭʘ ʩ ʙʦʣʴ-
ʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʦʧʫʩʢʘʥʠʝ ʩ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ 
ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʣʦʪʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʂʨʠʪʝʨʠʡ KŮ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [1]: 
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ʛʜʝ Ůʧʩ - ʵʥʝʨʛʠʷ ʧʨʠʪʦʯʥʦʡ ʩʪʨʫʠ, ʦʪʥʝʩʝʥʥʘʷ ʢ 
ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʚʦʟʜʫʭʘ ʧʦʤʝʱʝʥʠʷ ʠ ʢ ʝʜʠʥʠʮʝ 
ʚʨʝʤʝʥʠ; Ůʪʩ ï ʢʦʣʠʯʝʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 
ʟʘʪʫʭʘʶʱʝʡ ʚ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʚʦʟʜʫʭʘ ʚ ʝʜʠʥʠʮʫ 
ʚʨʝʤʝʥʠ: 
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ʛʜʝ ʂʈʘ ï ʢʨʘʪʥʦʩʪʴ ʧʨʠ ʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʝ ʚʝʥʪʠʣʷ-
ʮʠʠ, 1/ʯ; a - ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʩʢʦʨʦʩʪ-
ʥʦʝ ʜʘʚʣʝʥʠʝ; ɡ ï ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ 
ʧʨʠ ʨʘʙʦʪʝ ʘʚʘʨʠʡʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. 
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ʛʜʝ Q  ï ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 
ʧʦʤʝʱʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘ-
ʯʝʥʠʷ ʧʦʤʝʱʝʥʠʷ ʧʦ [1]; ʉ7 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʧʨʠʥʠ-
ʤʘʝʤʳʡ ʧʦ [1];  ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʢʛ/ʤ3; z ï 
ʜʣʠʥʘ ʚʩʘʩʳʚʘʶʱʝʛʦ ʦʪʚʝʨʩʪʠʷ, ʤ. 

ʇʨʠ ʘʚʘʨʠʡʥʦʤ ʚʳʙʨʦʩʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʝ ʠʟʙʳʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʚʠʩʠʪ ʦʪ 
ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʘʚʘʨʠʡʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. ʉ ʫʚʝʣʠʯʝ-
ʥʠʝʤ ʝʛʦ ʢʨʘʪʥʦʩʪʠ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʚʝʣʠʯʠʥʘʭ 
ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʚ ʧʦʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʳʨʘʚʥʠʚʘʝʪʩʷ 
ʠ VqD  ʩʪʨʝʤʠʪʩʷ ʢ ʝʜʠʥʠʮʝ.  

ʀʩʩʣʝʜʦʚʘʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘ-
ʮʠʡ ʧʨʠ ʨʘʙʦʪʝ ʘʚʘʨʠʡʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʩ ʟʘʜʘʥʥʳʤ 
ʚʦʟʜʫʭʦʦʙʤʝʥʦʤ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʬʦʨʤʫʣʘʤ: 
ʝʩʣʠ qʨʟ<qʅʂʇ: 
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ʛʜʝ tIII ï ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʘʚʘʨʠʡʥʦʡ ʚʝʥ-
ʪʠʣʷʮʠʠ ʙʫʜʫʪ ʩʥʠʞʝʥʳ ʜʦ qʨʟ, ʩ.  
ʝʩʣʠ qʨʟ>qʅʂʇ: 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʧʨʠ ʂʈʘ=20 1/ʯ ʧʨʝʜ-
ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.  
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ʈʠʩ. 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʟʙʳʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʦʙʲʝʤʫ ʧʦʤʝʱʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʘʚʘ-

ʨʠʡʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʧʨʠ qʨʟ<qʅʂʇ 
 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʟʘʜʘʥʥʦʤ ʚʦʟʜʫʭʦʦʙʤʝʥʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʦʤʝʱʝʥʠʠ ʟʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʚʘ-
ʨʠʡʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ 
ʜʦʣʞʥʳ ʙʳʪʴ ʩʥʠʞʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʟʥʘʯʝʥʠʝ ʠʟʙʳ-

ʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʭʦʜʠʣʦʩʴ ʚ ʦʙʣʘʩʪʠ, ʚ ʧʨʝ-
ʜʝʣʘʭ ʢʦʪʦʨʦʡ ʠʩʢʣʶʯʝʥʳ ʚʟʨʳʚʦʦʧʘʩʥʳʝ ʩʠʪʫʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʡ 
ʠʟʙʳʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʦʙʲʝʤʫ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʟʙʳʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʦʙʲʝʤʫ ʧʦʤʝʱʝʥʠʷ ʦʪ ʢʨʘʪʥʦʩʪʠ 

ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʘʚʘʨʠʡʥʦʡ ʚʝʥʪʠʣʷʮʠʠ 
 
ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʨʠʪʝʨʠʷ KŮ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʪʢʣʦʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʝ ʟʥʘ-
ʯʝʥʠʷ ʧʦ ʦʙʲʝʤʫ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʩʢʣʶʯʝʥʦ ʦʙʨʘʟʦʚʘ-
ʥʠʝ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʩʤʝʩʝʡ, ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ 
ʫʤʝʥʴʰʝʥʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʤ ʙʦʣʴʰʝ ʧʨʝʚʳʰʝʥʠʝ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʚʘʨʠʡʥʦʤ ʚʳʙʨʦʩʝ 
ʥʘʜ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʤ ʟʥʘʯʝʥʠʝʤ ʚ ʨʘʙʦʯʝʡ 
ʟʦʥʝ, ʪʝʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʣʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-
ʛʦ ʧʦʤʝʱʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʢʨʘʪʥʦʩʪʴ ʚʦʟʜʫ-
ʭʦʦʙʤʝʥʘ ʘʚʘʨʠʡʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʘʚʘʨʠʡʥʦʡ ʚʝʥ-
ʪʠʣʷʮʠʠ, ʠʩʢʣʶʯʘʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʩʪʦʡʥʳʭ ʟʦʥ 
ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʦʨʤʠʨʫʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥ-
ʥʳʝ ʧʨʝʜʝʣʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʧʦ ʛʘʟʦʚʦʟ-
ʜʫʰʥʳʤ ʩʤʝʩʷʤ ʚ ʧʦʤʝʱʝʥʠʠ [8], ʟʘʢʣʶʯʘʶʪʩʷ ʚ 
ʩʣʝʜʫʶʱʝʤ: 
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