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ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 

ɺ ʩʪʘʪʴʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦ-

ʩʪʝʡ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʟʘʜʘʯʝ ʙʘʣʘʥʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʣʘʥʩʠʨʦʚʢʘ ʤʦʱʥʦʩʪʝʡ, ʚʨʝʤʝʥʥʦʡ ʨʷʜ, ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʝ 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ 
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ɺʚʝʜʝʥʠʝ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʢʨʫʧʥʦʤ 

ʧʨʝʜʧʨʠʷʪʠʠ ʪʨʝʙʫʝʪ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ. ʎʝʣʴ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ, ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʠ ʣʶʜʩʢʠʭ ʨʝʩʫʨʩʦʚ [ʗʨʫʰʢʠʥʘ, 2017]. ɼʦʩʪʠʞʝʥʠʝ ʮʝʣʠ ʪʨʝʙʫʝʪ ʨʝ-

ʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

¶ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ, ʦʪʨʘʞʘʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦ-
ʮʝʩʩʦʚ; 

¶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ. 

ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ.  

1. ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʧʨʝʜʧʨʠʷʪʠʷ 

ɺʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʚʠʘʮʠʦʥʥʦʛʦ ʟʘ-

ʚʦʜʘ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʤʦʱʥʦʩʪʠ. ʀʟʚʝʩʪʥʳʡ ʧʦʜʭʦʜ ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʱʝʡ 

ʤʝʪʦʜʦʣʦʛʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʠʤʝʥʷʝʤʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, 

ʥʘʢʦʧʣʝʥʥʳʝ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ 

ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʨʝʘʣʴʥʳʤʠ ʧʦʢʘʟʘ-

ʪʝʣʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʦʙʨʘʥʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ [ʗʨʫʰʢʠʥʘ 

ʠ ʜʨ., 2017], ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʣʝʜʫʶʱʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ: 

¶ ʜʣʠʪʝʣʴʥʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʠʟʚʣʝʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʦʵʬ-
ʬʠʮʠʝʥʪʦʚ ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ; 

¶ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ ʨʘʩʯʝʪʦʚ ʚ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠ-
ʦʜʳ, ʢʦʪʦʨʳʝ ʤʝʥʴʰʝ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʯʝʤ ʛʦʨʠʟʦʥʪʘ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ; 

¶ ʤʝʪʦʜʦʣʦʛʠʷ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʘʜʘʧʪʘʮʠʶ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʦʠʟ-

ʚʦʜʩʪʚʫ. 

ʈʝʟʶʤʠʨʫʷ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʨʝʜʥʝʥʠʝ ʚ ʨʘʩʯʝʪʘʭ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ. ɸʥʘʣʠʟʠʨʫʷ ʵʪʠ ʤʝʪʦʜʳ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʢʘʟʘ-

ʪʝʣʠ ʦʪʨʘʞʘʶʪ ʘʛʨʝʛʠʨʦʚʘʥʥʫʶ ʠ ʫʩʨʝʜʥʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʠʩʭʦʜʷ ʠʟ 

ʩʧʝʮʠʬʠʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʝʜʩʪʘʚʠʤʳ ʜʠʩʢʨʝʪʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ (ɺʈ). 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʪʝʨʚʘʣ ʜʠʩ-

ʢʨʝʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʝʩʷʮʝʤ ï ʤʠʥʠʤʘʣʴʥʳʤ ʛʦʨʠʟʦʥʪʦʤ ʧʨʦʛʥʦʟʘ ʠ ʚʨʝ-

ʤʝʥʝʤ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʥʜʠʢʘʪʦʨʳ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. 
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ʄʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ: 

¶ ʬʦʥʜ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʩʦʪʨʫʜʥʠʢʦʚ; 

¶ ʚʨʝʤʷ ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ; 

¶ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʦʱʘʜʝʡ; 

¶ ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɼʣʷ ʚʩʝʭ ʪʠʧʦʚ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘ-

ʟʘʪʝʣʝʡ, ʜʣʷ ʢʦʪʨʳʭ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ [Perfilieva, 2013]. ʇʨʠ ʵʪʦ ʚʘʞʥʦ ʥʘʡʪʠ ʩʣʝʜʫʶ-

ʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ: ʩʝʟʦʥʥʦʩʪʴ, ʣʦʢʘʣʴʥʳʝ ʠ ʛʣʦʙʘʣʴ-

ʥʳʝ ʪʝʥʜʝʥʮʠʠ [Pedrycz, 2013]. 

2. F-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

F-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʘʜʘʥʠʝ ʥʝʯʝʪʢʦʛʦ ʨʘʟʙʠʝʥʠʷ ʫʥʠʚʝʨ-

ʩʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ [Perfilieva, 2006], ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʚʳʙʠʨʘʝʪʩʷ ʢʦ-

ʥʝʯʥʳʡ ʠʥʪʝʨʚʘʣ [a, b]. ɿʘʬʠʢʩʠʨʫʝʤ n (n > 2) ʫʟʣʦʚ x1, é, xn ʥʘ [a, b] ʠ 

ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 
1 ... nx x , ʧʨʠʯʝʤ a = x1, b = xn. 

ʇʦʜ ʥʝʯʝʪʢʠʤ ʨʘʟʙʠʝʥʠʝʤ [a, b] ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ n ʬʫʥʢ-

ʮʠʡ A1, é, An: [a, b] Ÿ [0, 1], ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʩʣʝʜʫʶʱʠʤ ʩʚʦʡʩʪʚʘʤ: 

1) Ak : [a, b] Ÿ[0, 1], Ak(xk) = 1; 

2) 
1 1( ) 0,ʝʩʣʠ ( , )k k kA x x x x- += Î , ʛʜʝ ʜʣʷ ʝʜʠʥʦʦʙʨʘʟʠʷ ʦʙʦʟʥʘʯʝʥʠʷ ʤʳ 

ʧʦʣʦʞʠʤ x0 = a, xn+1 = b; 

3) Ak(x) ʥʝʧʨʝʨʳʚʥʘ; 

4) Ak(x), k = 2, ..., n ʩʪʨʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʥʘ [xkï1, xk] ʠ ʩʪʨʦʛʦ ʫʙʳʚʘʝʪ ʥʘ 

[xk, xk+1]; 

5) 1kA (x)=ä  ʜʣʷ ʚʩʝʭ x wÍ . 

ʌʫʥʢʮʠʠ A1, é, An ʥʘʟʳʚʘʶʪʩʷ ʙʘʟʠʩʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ɹʘʟʠʩʥʳʝ ʬʫʥʢ-

ʮʠʠ A1, é, An ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʘʢʞʝ ʬʫʥʢʮʠʷʤʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʝʯʝʪʢʠʭ 

ʧʦʜʤʥʦʞʝʩʪʚ A1, é, An (ʦʙʦʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ ʠ ʤʥʦʞʝʩʪʚ ʫʥʠʬʠʮʠʨʦ-

ʚʘʥʳ). ʆʪʤʝʪʠʤ, ʯʪʦ ʬʦʨʤʘ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʫʪʦʯʥʝʥʘ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦ ʠ ʩʦʛʣʘʩʦʚʘʥʘ ʩ ʪʘʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʤʦʜʝʣʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʛʣʘʜʢʦʩʪʴ. 

ʉʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʯʝʪʢʦʝ ʨʘʟʙʠʝʥʠʝ ʦʪʨʝʟʢʘ 
1[ , ]nx x

, ʧʦʣʫʯʝʥʥʦʝ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʬʫʥʢʮʠʡ: 
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ʛʜʝ k = 1, é, nï1 ʠ hk = xk+1 ï xk. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʬʫʥʢʮʠʷ f ʠʤʝʝʪ ʩʚʦʝʡ ʦʙʣʘʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦ-

ʞʝʩʪʚʦ
1{ ,..., } [ , ]lP p p a b= Ë , ʛʜʝ l > n. ʄʥʦʞʝʩʪʚʦ P ʩʯʠʪʘʝʪʩʷ ʧʣʦʪʥʳʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʯʝʪʢʦʛʦ ʨʘʟʙʠʝʥʠʷ 
1,..., nA A , ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ: 

( )( ) ( ) 0k jk j A p" " >. 

ʇʫʩʪʴ ( ) , 1,..., ; 1,...,k j kjA p a k n j l= = = , ʪʦʛʜʘ ʤʘʪʨʠʮʘ n l kjA a³ =  ʥʘʟʳʚʘ-

ʝʪʩʷ ʤʘʪʨʠʮʝʡ ʥʝʯʝʪʢʦʛʦ ʨʘʟʙʠʝʥʠʷ ʜʣʷ P, ʜʣʷ ʢʦʪʦʨʦʡ ʩʧʨʘʚʝʜʣʠʚʳ ʩʚʦʡ-

ʩʪʚʘ:  

¶ ( )( ) [0,1];kjk j a" " Í  

¶ 
1

( ) 1.
n

kjk
j a

=
" =ä  

F-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʢʪʦʨʘ f, ʦʧʨʝʜʝʣʷʝʤʳʤ ʤʘʪʨʠʮʝʡ ʥʝʯʝʪʢʦʛʦ ʨʘʟʙʠ-

ʝʥʠʷ A, ʥʘʟʦʚʝʤ ʚʝʢʪʦʨ [ ]nF f , ʛʜʝ 1[ ] ( ... )n nF f F F=  ʠ 
1

1

.

l

ij jj

i l

iji

a f
F

a

=

=

=
ä

ä
 

ʂʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ [ ]nF f  ʥʘʟʦʚʝʤ ʢʦʤʧʦʥʝʥʪʘʤʠ F-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʙʦʟʥʘʯʠʤ 
1

, 1,...,
l

i ijj
a a i n

=
= =ä ; ʪʦʛʜʘ 1 1( ,..., ) *T

n na F a F A f= . ʂʦʤʧʦ-

ʥʝʥʪʳ F-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ, ʟʘʜʘʶʱʝʡ 

ʢʨʠʪʝʨʠʡ ʚʟʚʝʰʝʥʥʦʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. 

ʇʫʩʪʴ [ ]nF f  ʝʩʪʴ F-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʫʥʢʮʠʠ f, ʦʧʨʝʜʝʣʷʝʤʦʝ n l kjA a³ = . 

ʆʙʨʘʪʥʳʤ F-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ [ ]nF f ʥʘʟʦʚʝʤ ʚʝʢʪʦʨ ,F nf , ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ 

ʬʦʨʤʫʣʝ 
, [ ]*T

F n nf F f A= . ʄʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʝʩʣʠ n ʚʦʟʨʘʩʪʘʝʪ, ʪʦʛʜʘ 

, ( )F n jf p  ʩʭʦʜʠʪʩʷ ( ), 1,...,jf p j N= . 
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3. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ɺʈ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʠʭ ʪʝʥʜʝʥʮʠʡ 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʠ ʥʝʯʝʪʢʠʭ ʪʝʥʜʝʥʮʠʡ ʩʦʩʪʦʷ-

ʥʠʷ ʧʨʦʝʢʪʘ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʜʘʥʥʦʤ ʧʨʦʜʫʢʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʅʕʊ [Kacprzyk, 2009], ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʚʝʨʢʫ ʥʝʩʢʦʣʴʢʠʭ ʛʠ-

ʧʦʪʝʟ [ʗʨʫʰʢʠʥʘ, 2016]. 

ɻʠʧʦʪʝʟʘ ʩʦʭʨʘʥʝʥʠʷ/ʩʤʝʥʳ ʪʝʥʜʝʥʮʠʠ. ʊʝʥʜʝʥʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘ 

ʧʨʝʜʳʜʫʱʠʡ ʧʝʨʠʦʜ. ʇʨʦʛʥʦʟʠʨʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:

t+1 t p = +t t t, ʛʜʝ 
t+1t  ï ʧʨʦʛʥʦʟ ʥʘ ʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ; 

tt ï ʨʝʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t; 
pt ï ʟʥʘʯʝʥʠʝ ʪʝʥʜʝʥʮʠʠ ʟʘ ʧʨʝʜʳʜʫʱʠʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ɻʠʧʦʪʝʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ/ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʥʜʝʥʮʠʠ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ: t+1 t p= +Gt t t, ʛʜʝ p Gt ï ʟʥʘʯʝʥʠʝ ʜʦ-

ʤʠʥʠʨʫʶʱʝʡ ʥʝʯʝʪʢʦʡ ʪʝʥʜʝʥʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʝʥʜʝʥʮʠʠ ʟʘ 

ʧʨʝʜʳʜʫʱʠʡ ʚʳʙʨʘʥʥʳʡ ʧʝʨʠʦʜ ʚʳʙʠʨʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʢʣʘʩʪʝʨ ʪʝʥ-

ʜʝʥʮʠʠ ʠ ʜʝʣʘʝʪʩʷ ʧʨʦʛʥʦʟ ʧʦ ʧʨʠʚʝʜʸʥʥʦʡ ʚʳʰʝ ʬʦʨʤʫʣʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʭʦʞʜʝʥʠʡ ʪʝʥʜʝʥʮʠʡ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʦʧʪʠʤʠʩʪʠʯʥʳʡ ʧʨʦʛʥʦʟ, ʪʦ ʝʩʪʴ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʩʨʝʜʥʝʝ ʟʥʘ-

ʯʝʥʠʝ ʪʝʥʜʝʥʮʠʡ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ ʥʘ ʦʩʥʦʚʝ ʅʕʊ. ɸʣʛʦʨʠʪʤ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ ʥʘ ʧʝʨʠʦʜ ʥʘ ʦʩʥʦʚʝ ʪʝʥʜʝʥʮʠʡ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʕʢʩʧʝʨʪ ʟʘʜʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʥʜʝʥʮʠʡ ʟʘ ʧʨʝʜʳʜʫʱʠʡ ʧʝ-

ʨʠʦʜ, ʥʘʧʨʠʤʝʨ, ʟʘ ʧʦʣʛʦʜʘ ï ʥʘʙʦʨ ʪʝʥʜʝʥʮʠʡ ɸ. ʃʠʙʦ ʦʥ ʟʘʜʘʝʪ ʰʘʙʣʦʥ 

ʥʘʙʦʨʘ ʪʝʥʜʝʥʮʠʡ, ʟʥʘʷ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ, ʩʣʝʜʫʶʱʫʶ ʟʘ 

ʵʪʠʤ ʥʘʙʦʨʦʤ
n-m n-1t{ ,é, , }

nt tt t t. ɼʘʣʝʝ ʠʜʝʪ ʧʦʠʩʢ ʥʘʙʦʨʘ ɸ ʪʝʥʜʝʥʮʠʠ ʚʦ 

ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʨʝʜʳʜʫʱʠʭ ʧʝʨʠʦʜʘʭ. 
n-l-k' n-1-(k-1)'t{ ' ,é, ' , ' }

n lt tt t t
-
. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʥʘʭʦʞʜʝʥʠʷ ʪʘʢʦʛʦ ʥʘʙʦʨʘ ɺ ʫʯʠʪʳʚʘʝʪʩʷ, ʢʘʢʘʷ ʪʝʥʜʝʥʮʠʷ C ʩʪʦʠʪ ʧʦ-

ʩʣʝ ʵʪʦʛʦ ʥʘʡʜʝʥʥʦʛʦ ʥʘʙʦʨʘ ɺ. ʉʪʨʦʠʪʩʷ ʧʨʦʛʥʦʟ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʪʝʥʜʝʥ-

ʮʠʝʡ C 
n-l 1t+1 t t = + 't t t
+

. 

ɽʩʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʪʘʢʦʡ ʥʘʙʦʨʘ B, ʢʦʪʦʨʳʡ ʩʦʚʧʘʜʘʣ ʙʳ ʩ ʥʘʙʦʨʦʤ ɸ, ʪʦ 

ʧʦʠʩʢ ʥʘʙʦʨʘ ʧʦʚʪʦʨʷʝʪʩʷ, ʥʦ ʫʞʝ ʠʱʝʪʩʷ ʥʝ ʧʦʣʥʦʝ ʝʛʦ ʩʦʚʧʘʜʝʥʠʝ, ʘ ʩ ʫʯʝ-

ʪʦʤ ʦʪʢʣʦʥʝʥʠʷ ʚ ʦʜʥʫ ʪʝʥʜʝʥʮʠʶ. ʊʘʢ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫ-

ʜʝʪ ʥʘʡʜʝʥ ʧʦʜʭʦʜʷʱʠʡ ʥʘʙʦʨ ʪʝʥʜʝʥʮʠʡ ɺ.  

ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʡ ʛʠʧʦʪʝʟʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʪʩʷ ʵʥʪʨʦʧʠʡʥʳʡ 

ɺʈ [ʗʨʫʰʢʠʥʘ ʠ ʜʨ., 2017]. 
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4. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ɺʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʪʨʦʧʠʠ 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʬʘʟʦʚʦʡ 

ʧʣʦʩʢʦʩʪʠ ʥʝʯʝʪʢʦʡ ʪʝʥʜʝʥʮʠʠ. ʄʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʥʝʯʝʪʢʦʡ ʪʝʥ-

ʜʝʥʮʠʠ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʢʘʞʜʦʡ ʥʝʯʝʪʢʦʡ ʪʝʥʜʝʥʮʠʠ ʟʘʜʘ-

ʝʪʩʷ ʚʝʩ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦ ʥʝʯʝʪʢʦʡ ʪʝʥʜʝʥʮʠʠ, ʢʘʞ-

ʜʦʡ ʪʝʥʜʝʥʮʠʠ ʟʘʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʚʝʩ. ʉʢʦʨʦʩʪʴ ʧʨʠʨʘʱʝʥʠʷ 

ʪʝʥʜʝʥʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʚʝʩʦʤ ʪʝʥʜʝʥʮʠʠ ʚ ʧʨʝʜʳʜʫ-

ʱʝʡ ʪʦʯʢʝ ʠ ʚʝʩʦʤ ʪʝʥʜʝʥʮʠʠ ʚ ʪʝʢʫʱʝʡ ʪʦʯʢʝ.  

ʅʝʦʙʭʦʜʠʤʦ ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʷʟʠ ʤʝʞʜʫ ʚʝʩʦʤ ʪʝʥʜʝʥ-

ʮʠʠ ʠ ʝʝ ʩʢʦʨʦʩʪʴʶ. ɺʚʦʜʠʪʩʷ ʢʦʜʠʨʦʚʢʘ ʚʦʟʤʦʞʥʳʭ ʨʘʩʧʦʣʦʞʝʥʠʷʭ ʪʦʯʝʢ 

ʥʘ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʪʘʙʣ. 1).  
 

ʊʘʙʣ. 1. 

ʂʦʜ ɺʝʩ ʪʝʥ-

ʜʝʥʮʠʠ 

ɼʠʥʘʤʠʢʘ 

ʪʝʥʜʝʥʮʠʠ 

ʊʦʯʢʘ ʥʘ 

ʧʣʦʩʢʦʩʪʠ 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ 

0 =0 =0 
ʥʘʯʘʣʦ ʢʦʦʨ-

ʜʠʥʘʪ 

ʊʦʯʢʘ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ, ʟʥʘ-

ʯʠʪ ʩʠʩʪʝʤʘ ʚ ʩʪʘʙʠʣʴʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ 

1 >0 >0 
ʧʝʨʚʘʷ ʯʝʪ-

ʚʝʨʪʴ 

ɺ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ 

ʠʣʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʩʣʝ ʧʘʜʝ-

ʥʠʷ 

2 <0 >0 
ʚʪʦʨʘʷ ʯʝʪ-

ʚʝʨʪʴ 

ʄʝʥʴʰʝʝ ʧʘʜʝʥʠʝ ʧʦʩʣʝ ʙʦʣʴ-

ʰʦʛʦ ʧʘʜʝʥʠʷ 

3 <0 <0 
ʪʨʝʪʴʷ ʯʝʪ-

ʚʝʨʪʴ 

ɺ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝ-

ʥʠʝ ʠʣʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʩʣʝ 

ʨʦʩʪʘ 

4 >0 <0 
ʯʝʪʚʝʨʪʘʷ 

ʯʝʪʚʝʨʪʴ 

ʄʝʥʴʰʠʡ ʨʦʩʪ ʧʦʩʣʝ ʙʦʣʴ-

ʰʦʛʦ ʨʦʩʪʘ 

5 =0 >0 
ʥʘ ʦʩʠ X 

ʩʧʨʘʚʘ ʦʪ 0 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʧʦʩʣʝ ʧʘʜʝʥʠʷ 

(ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ 3 ʩʦ-

ʩʪʦʷʥʠʷ) 

6 =0 <0 
ʥʘ ʦʩʠ X 

ʩʣʝʚʘ ʦʪ 0 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʧʦʩʣʝ ʨʦʩʪʘ (ʧʦ-

ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ 1 ʩʦʩʪʦ-

ʷʥʠʷ) 

7 >0 =0 
ʥʘ ʦʩʠ Y 

ʩʚʝʨʭʫ ʦʪ 0 
ʈʦʩʪ ʧʦʩʣʝ ʨʦʩʪʘ 

8 <0 =0 
ʥʘ ʦʩʠ Y 

ʩʥʠʟʫ ʦʪ 0 
ʇʘʜʝʥʠʝ ʧʦʩʣʝ ʧʘʜʝʥʠʷ 

 

ʉʣʝʜʫʶʱʠʡ ʰʘʛ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʥʦʛʦ ʟʥʘʯʝʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʩʦ-

ʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʩʤʝʱʝʥʠʝʤ ʪʦʯʝʢ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʪʝʥʜʝʥʮʠʡ. 
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ɿʘʧʦʤʠʥʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʪʝʥʜʝʥʮʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʜʘ. ʇʦʣʫʯʘʶʪʩʷ ʧʨʘ-

ʚʠʣʘ ʠʟ ʪʘʙʣ. 2. 

ʊʘʙʣ. 2. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʈʦʩʪ ʇʘʜʝʥʠʝ 

0 ʠʣʠ 5 ʠʣʠ 6 -> 0 0 ʠʣʠ 2 ʠʣʠ 3 ʠʣʠ 4 

ʠʣʠ 5 ʠʣʠ 6 ʠʣʠ 8 -> 4 

0 ʠʣʠ 1 ʠʣʠ 2 ʠʣʠ 3 ʠʣʠ 4 

ʠʣʠ 5 ʠʣʠ 6 ʠʣʠ 7 -> 2 

1 ʠʣʠ 4 ʠʣʠ 7 -> 5 1 ʠʣʠ 4 ʠʣʠ 7 -> 7 2 ʠʣʠ 8 -> 8 

2 ʠʣʠ 3 ʠʣʠ 8 -> 6 4 -> 1 2 -> 3 
 

ʀʟ ʵʪʠʭ ʧʨʘʚʠʣ ʜʝʣʘʝʪʩʷ ʨʷʜ ʚʳʚʦʜʦʚ. 

ɺʦ-ʧʝʨʚʳʭ, ʝʩʣʠ ʪʦʯʢʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʪʦʯʢʠ ʙʫ-

ʜʝʪ ʣʝʞʘʪʴ ʚ ʮʝʥʪʨʝ ʢʦʦʨʜʠʥʘʪ (ʢʦʜ 0), ʣʠʙʦ ʥʘ ʦʩʠ X (ʢʦʜʘ 5 ʠ 6), ʪʦ ʟʥʘʯʝ-

ʥʠʝ ʥʝʯʝʪʢʦʡ ʪʝʥʜʝʥʮʠʠ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʉʪʘʙʠʣʴʥʦʩʪʠ.  

ɺʦ-ʚʪʦʨʳʭ, ʝʩʣʠ ʪʦʯʢʘ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʧʝʨʚʦʡ ʠʣʠ ʯʝʪʚʝʨʪʦʡ ʯʝʪ-

ʚʝʨʪʠ, ʠʣʠ ʣʝʞʘʪʴ ʥʘ ʦʩʠ Y ʚʳʰʝ 0, ʪʦ ʟʥʘʯʝʥʠʝ ʥʝʯʝʪʢʦʡ ʪʝʥʜʝʥʮʠʠ ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʈʦʩʪʫ. ɺʦʟʤʦʞʝʥ ʫʯʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʪʝʥ-

ʜʝʥʮʠʷ ʈʦʩʪ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 3 ʪʝʥʜʝʥʮʠʠ ʈʦʩʪʘ ʩ ʫʯʝʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ: 

ʉʣʘʙʳʡ, ʉʨʝʜʥʠʡ ʠʣʠ ʉʠʣʴʥʳʡ. 

ɺ-ʪʨʝʪʴʠʭ, ʝʩʣʠ ʪʦʯʢʘ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚʦ ʚʪʦʨʦʡ ʠʣʠ ʪʨʝʪʠʡ ʯʝʪ-

ʚʝʨʪʷʭ, ʠʣʠ ʥʘ ʦʩʠ Y ʥʠʞʝ 0, ʪʦ ʟʥʘʯʝʥʠʝ ʥʝʯʝʪʢʦʡ ʪʝʥʜʝʥʮʠʠ ʙʫʜʝʪ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʪʴ ʇʘʜʝʥʠʶ. ɺʦʟʤʦʞʝʥ ʫʯʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʪʝʥ-

ʜʝʥʮʠʷ ʇʘʜʝʥʠʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 3 ʪʝʥʜʝʥʮʠʠ ʇʘʜʝʥʠʷ ʩ ʫʯʝʪʦʤ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ: ʉʣʘʙʦʝ, ʉʨʝʜʥʝʝ ʠʣʠ ʉʠʣʴʥʦʝ.  

ʇʨʠ ʘʥʘʣʠʟʝ ɺʈ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʭʝʤʳ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʢʠ ʥʘ ʬʘʟʦʚʦʡ 

ʧʣʦʩʢʦʩʪʠ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʘ ʧʝʨʝʭʦʜʘ ʪʦʯʢʠ ʠʟ ʦʜʥʦʡ ʦʙʣʘʩʪʠ (ʧʦʤʝ-

ʯʝʥʥʦʡ ʢʦʜʦʤ) ʚ ʜʨʫʛʫʶ. ʅʘ ʦʩʥʦʚʝ ʯʘʩʪʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝ-

ʤʘʷ ʩʭʝʤʘ ʧʝʨʝʤʝʱʝʥʠʷ. ɺ ʵʪʦʡ ʩʭʝʤʝ ʢʦʜ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʨʘʚʝʥ ʢʦʜʫ ʨʘʩ-

ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʜʣʷ ʧʦʩʣʝʜʥʝʡ ʠʟʚʝʩʪʥʦʡ ʪʦʯʢʠ ɺʈ. 

ʇʦ ʟʥʘʯʝʥʠʶ ʢʦʜʘ ʜʣʷ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ ʚ ʩʭʝʤʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʦʟʤʦʞʥʳʝ 

ʪʝʥʜʝʥʮʠʠ (ʠʭ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʦʜʥʦʡ). ɼʘʣʝʝ ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʦʛʥʦʟʠʨʫʝ-

ʤʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʪʝʥʜʝʥʮʠʡ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪ-

ʥʝʩʪʠ ʧʦʣʫʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʨʘʚʥʦʚʦʟʤʦʞʥʳʭ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʷ ʠʟ ʢʦ-

ʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʚʳʙʨʘʪʴ ʦʜʥʦ. 

5. ʉʠʩʪʝʤʘ ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ: 

¶ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ; 

¶ ʚʳʷʚʣʷʝʪ ʜʝʬʠʮʠʪ ʠ ʬʦʨʤʠʨʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʙʘʣʘʥʩʠʨʦʚʢʝ, ʦʧʨʝ-
ʜʝʣʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʨʘʙʦʪ ʪʦʛʦ ʞʝ ʪʠʧʘ; 
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¶ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʦʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʙʦʨʘ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʪʥʠʢʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʆʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʧʠʩʦʢ ʧʨʦʜʫʢʪʦʚ ʠ ʦʙʲʝʤ ʨʘʙʦʪ ʜʣʷ ʠʭ 

ʩʦʟʜʘʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʧʝʨʠʦʜʘʤ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʝʢʫʱʠʭ ʧʦʢʘʟʘ-

ʪʝʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʭ ʜʠʥʘʤʠʢʝ, ʧʨʝʜʧʨʠʷʪʠʝ ʤʦʞʝʪ ʧʝ-

ʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʦʙʲʝʤ ʨʘʙʦʪʳ ʤʝʞʜʫ ʚʨʝʤʝʥʥʳʤʠ ʧʝʨʠʦʜʘʤʠ. 

ʂʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʪʠʧʘ ʨʝʩʫʨʩʦʚ: ʯʝʣʦʚʝʯʝʩʢʠʝ, ʤʘ-

ʪʝʨʠʘʣʴʥʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʘʣʘʥʩʠʨʦʚʢʠ ʪʨʝʙʫʝʪʩʷ 

ʩʦʚʝʨʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ. 

¶ ʦʧʨʝʜʝʣʠʪʴ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʙʘʣʘʥʩʠʨʦʚʢʘ 
ʤʦʱʥʦʩʪʠ. 

¶ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʚʳʯʠʩʣʠʪʴ ʪʝʢʫʱʫʶ ʤʦʱʥʦʩʪʴ ʜʣʷ ʢʘʞ-
ʜʦʛʦ ʠʟ ʪʨʝʭ ʪʠʧʦʚ ʨʝʩʫʨʩʦʚ; 

¶ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʠʪʴ ʩʚʦʙʦʜʥʳʝ ʤʦʱʥʦʩʪʠ ʜʣʷ 
ʢʘʞʜʦʛʦ ʠʟ ʪʨʝʭ ʪʠʧʦʚ ʨʝʩʫʨʩʦʚ. 

ʉʣʝʜʫʶʱʠʝ ʰʘʛʠ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʨʝʩʫʨʩʘ. ɼʣʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ 

ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʢʠ: 

ʧʝʨʝʚʦʜ ʤʝʞʜʫ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʠ ʥʘʡʤ ʥʦʚʳʭ ʨʘʙʦʪʥʠʢʦʚ. ʆʛʨʘʥʠʯʠʚʘʶ-

ʱʠʝ ʬʘʢʪʦʨʳ ʧʨʠ ʵʪʦʤ ï ʥʘʚʳʢʠ ʢʦʥʢʨʝʪʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʠ ʧʝʨʝʚʦʜʝ ʠ 

ʦʪʩʨʦʯʝʥʥʳʡ ʩʪʘʨʪ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʘ ʧʨʠ ʥʘʡʤʝ. 

ɸʣʛʦʨʠʪʤ ʙʘʣʘʥʩʠʨʦʚʢʠ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʤʠ ʰʘʛʘʤʠ: 

¶ ʝʩʣʠ ʝʩʪʴ ʩʚʦʙʦʜʥʳʝ ʯʝʣʦʚʝʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʠ ʚʦʟʤʦʞʝʥ ʧʝʨʝʚʦʜ ʨʘ-

ʙʦʯʠʭ, ʪʦ ʤʳ ʵʪʦ ʚʳʧʦʣʥʷʝʤ; 

¶ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʘʥʠʤʘʝʤ ʨʘʙʦʪʥʠʢʦʚ. 

ʕʪʠ ʰʘʛʠ ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʦʨʠʪʝʪ ʚʳʙʦʨʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʜ-

ʧʨʠʷʪʠʝʤ. 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʪʘʢʠʝ ʢʘʢ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʩʪʘʥʢʠ, ʪʨʫʜʥʦ ʧʝʨʝ-

ʜʘʚʘʪʴ ʤʝʞʜʫ ʦʪʜʝʣʘʤʠ. ʇʦʵʪʦʤʫ ʧʨʠ ʙʘʣʘʥʩʠʨʦʚʢʝ ʚ ʩʠʩʪʝʤʝ ʦʪʦʙʨʘʞʘ-

ʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ. ɽʩʣʠ 

ʩʚʦʙʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʝʪ, ʪʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʦʙʨʝʪʝ-

ʥʠʝ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦ-

ʘɦʜʝʡ. ʀʭ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʢʞʝ ʥʝʚʦʟʤʦʞʥʦ. ʇʨʝʜʧʨʠʷʪʠʝ ʤʦʞʝʪ 

ʥʘʯʘʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʦʱʘʜʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʟʘʥʠʤʘʶʱʝʛʦ ʵʪʠ ʧʣʦʱʘʜʠ. ʇʦʵʪʦʤʫ ʥʘ ʵʪʘʧʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʘʢʞʝ 

ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʟʘʛʨʫʟʢʠ ʨʘʙʦʪʘʤʠ. 
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ʊʝʢʫʱʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʩʥʦʚʘʥʘ ʥʘ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʷʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʨʝʤʝʥ-

ʥʳʝ ʨʷʜʳ ʠʥʜʠʢʘʪʦʨʦʚ ʩ ʙʦʣʝʝ ʯʘʩʪʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ. ɺ ʵʪʦʤ ʚʘʞʥʫʶ ʨʦʣʴ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʘʢʦʧʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʜʘʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʧʦʢʘʟʘʣ ʩʠʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʦʰʠʙʦʢ ʚ ʨʘʩʯʝʪʘʭ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʙʦʣʴʰʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʣʦʞʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝ-

ʰʝʥʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[ʗʨʫʰʢʠʥʘ ʠ ʜʨ. 2017] ʀʥʪʝʛʨʘʮʠʷ ʧʨʦʝʢʪʥʳʭ ʜʠʘʛʨʘʤʤ ʠ ʦʥʪʦʣʦʛʠʡ ʚ ʟʘʜʘʯʝ ʙʘʣʘʥ-

ʩʠʨʦʚʢʠ ʤʦʱʥʦʩʪʝʡ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ / ʅ.ɻ. ʗʨʫʰʢʠʥʘ, ʊ.ɺ. ɸʬʘ-

ʥʘʩʴʝʚʘ, ɺ.ʅ. ʅʝʛʦʜʘ, ʄ.ʂ. ʉʘʤʦʭʚʘʣʦʚ, ɸ.ʄ. ʅʘʤʝʩʪʥʠʢʦʚ, ɻ.ʖ. ɻʫʩʴʢʦʚ, ɸ.ɸ. 

ʈʦʤʘʥʦʚ // ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, 2017, ˉ 4. 

[ʗʨʫʰʢʠʥʘ ʠ ʜʨ., 2017] ʄʝʨʘ ʵʥʪʨʦʧʠʠ ʚ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ / 

ʅ.ɻ. ʗʨʫʰʢʠʥʘ, ʀ.ɸ. ʊʠʤʠʥʘ, ɽ.ʅ. ʕʛʦʚ // ɺ ʩʙ.: ʅʝʯʝʪʢʠʝ ʩʠʩʪʝʤʳ, ʤʷʛʢʠʝ ʚʳʯʠʩ-

ʣʝʥʠʷ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʷ (ʅʉʄɺʀʊ-2017) ʪʨʫʜʳ VII ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦʡ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, 2017. 

[ʗʨʫʰʢʠʥʘ, 2016] ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ ʥʝʯʝʪʢʠʭ ʪʝʥʜʝʥʮʠʡ ʤʝʪʨʠʢ / ʅ.ɻ. ʗʨʫʰʢʠʥʘ, ʀ.ɸ. ʊʠʤʠʥʘ // ɺ ʩʙ. ʪʨ. 

XV ʅʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʩ ʤʝʞʜʫʥʘʨʦʜ-

ʥʳʤ ʫʯʘʩʪʠʝʤ, 2016.  

[ʗʨʫʰʢʠʥʘ, 2017] ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ / ʅ.ɻ. ʗʨʫʰʢʠʥʘ, ɺ.ʅ. ʅʝʛʦʜʘ, 

ʖ.ʇ. ɽʛʦʨʦʚ, ɺ.ʉ. ʄʦʰʢʠʥ, ɺ.ɺ. ʐʠʰʢʠʥ, ɸ.ɸ. ʈʦʤʘʥʦʚ, ɽ.ʅ. ʕʛʦʚ // ɸʚʪʦʤʘ-

ʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, 2017, ˉ 4. 
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time series / J. Kacprzyk, A. Wilbik // 2009 International Fuzzy Systems Association 

World Congress and 2009 European Society for Fuzzy Logic. 2009. 
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putational Intelligence Perspective (e-book Google) / W. Pedrycz, S.M. Chen // Intel-

ligent Systems Reference Library. 2013. Vol. 47.  
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ʀʥʩʪʠʪʫʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʉʆ ʈɸʅ,  

ʅʦʚʦʩʠʙʠʨʩʢ 

ʆʧʠʩʳʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʝʛʠʦʥʘʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʚʟʨʳʚʳ. ʊʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʧʦʜʛʦʪʦʚʢʫ 

ʰʘʙʣʦʥʦʚ ʩʦʙʳʪʠʡ, ʘʣʛʦʨʠʪʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʙʦʨʦʯʥʳʭ ʩʠʛʥʘ-

ʣʦʚ, ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʪʦʢʦʚʳʭ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʡ. ʆʩʥʦʚʫ ʘʣʛʦʨʠʪʤʦʚ ʩʦʩʪʘʚʣʷʶʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʢ ʚʠʜʫ 

ʵʥʪʨʦʧʠʡʥʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʙʦʙʱʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʪʨʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʟʤʝʨʝʥʠʡ, ʫʩʨʝʜʥʷʪʴ ʠ ʩʨʘʚʥʠʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʘʥʘʣʦ-

ʛʠʯʥʳʤʠ ʤʦʜʝʣʷʤʠ. ɺ ʨʘʙʦʪʝ ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʩʪʨʦʠʪʴ ʘʣʛʦ-

ʨʠʪʤ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʷ, ʵʥʪʨʦʧʠʡʥʳʝ ʤʦʜʝʣʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʰʘʙʣʦʥʳ 

ʩʦʙʳʪʠʡ, ʤʝʨʳ ʧʦʜʦʙʠʷ 

ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩʦʙʳʪʠʡ 

ʧʨʠʨʦʜʥʦʛʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʧʦ 

ʤʘʛʥʠʪʫʜʝ ʠ ʣʦʢʘʣʠʟʘʮʠʠ. 

ɺ ʥʘʫʯʥʦʤ ʨʘʟʜʝʣʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠʟʚʝʩʪʥʦ 

ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʦʧʠʨʘʶʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʧʨʦʮʝʜʫʨ ʬʠʣʴʪʨʘʮʠʠ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʩʠʛʥʘ-

ʣʦʚ, ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʩ ʙʘʡʝʩʦʚʩʢʠʤ ʧʦʜʭʦʜʦʤ, ʘʧʧʘʨʘʪʦʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʢʣʘʩʪʝʨʥʳʤ ʘʥʘʣʠʟʦʤ. 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 18-07-00013). 
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ɼʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʚ ʨʘʙʦʪʝ [ɿʘʤʘʨʘʝʚ, 2016] ʦʭʚʘʪʠʣ ʨʘʙʦʪʳ 

ʜʦ 2011 ʛʦʜʘ ʚʢʣʶʯʠʪʝʣʴʥʦ. ʇʦ ʝʛʦ ʠʪʦʛʘʤ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʜʚʝ ʢʦʥʢʫʨʠʨʫ-

ʶʱʠʝ ʠʜʝʦʣʦʛʠʠ: ʨʘʟʨʘʙʦʪʢʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʜʣʷ 

ʧʦʧʫʣʷʨʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʠ ʫʩʠʣʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦ-

ʨʠʪʤʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʧʨʠʟʥʘʢʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. 

ɼʦʢʘʟʘʥʥʳʡ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʥʘ ʢʘʯʝʩʪʚʦ ʨʝʘʣʠʟʘʮʠʠ ʣʶʙʳʭ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʥʘʢʣʘʜʳʚʘʝʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʨʦ-

ʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʩʪʫʧʦʤ ʢ ʜʘʥʥʳʤ, ʧʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʭʦʜʦʚ ʩ ʤʘʣʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʦʙʲʝʤʫ ʠ ʢʘʯʝ-

ʩʪʚʫ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʝʟ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʦʢʘʟʘʣʠʩʴ ʚʦ-

ʧʨʦʩʳ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʪʦʢʦʚʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʠ ʪʨʫʜʦʝʤʢʦ-

ʩʪʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ. 

ɺ ʨʘʟʚʠʚʘʝʤʦʤ ʘʚʪʦʨʘʤʠ ʧʦʜʭʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʧʨʠ-

ʟʥʘʢ ʛʝʥʝʟʠʩʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ ï ʬʦʨʤʘ ʩʠʛʥʘʣʘ, ʥʦ ʧʨʠʚʝʜʝʥʥʘʷ ʢ 

ʫʜʦʙʥʦʤʫ ʜʣʷ ʤʘʥʠʧʫʣʷʮʠʡ ʠ ʩʨʘʚʥʝʥʠʷ ʚʠʜʫ ʵʥʪʨʦʧʠʡʥʦʡ ʤʦʜʝʣʠ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ ʨʘʟʨʘʙʦʪʢʫ ʰʘʙʣʦʥʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʥʘ 

ʠʤʝʶʱʝʡʩʷ ʩʝʪʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʘʜʘʧʪʘʮʠʶ ʦʪ ʩʪʘʥʮʠʠ ʢ 

ʩʪʘʥʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʩʠʛʥʘʣʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʩʪʘʚ-

ʣʷʝʪ ʧʨʠʟʥʘʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʫʜʦʙʥʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʡ ʚʨʝʤʝʥʥʦʡ ʦʙ-

ʣʘʩʪʠ, ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨ ʙʣʠʟʦʩʪʠ ʚʳʙʦʨʦʯʥʦʛʦ ʩʦ-

ʙʳʪʠʷ ʩ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʰʘʙʣʦʥʘʤʠ ʧʨʦʩʪʳʝ ʦʮʝʥʢʠ ʪʠʧʘ ʨʘʩʩʪʦʷ-

ʥʠʡ ʤʝʞʜʫ ʦʜʥʦʤʝʨʥʳʤʠ ʚʝʢʪʦʨʘʤʠ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʜʝʡ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʜʦʣʞʥʘ ʦʙʝʩʧʝ-

ʯʠʪʴ ʧʦʣʥʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳ-

ʪʠʡ ʩ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʘʢʝʪʥʦʛʦ ʠ/ʠʣʠ 

ʧʦʪʦʯʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. 

1. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʝʯʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ {xi}, i = 0 é N , ʛʜʝ N ï ʨʘʩ-

ʯʝʪʥʦʝ ʦʢʥʦ ʠʣʠ ʯʠʩʣʦ ʦʪʩʯʝʪʦʚ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢ-

ʮʠʠ ʝʛʦ ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʤʝʥʷʶʪʩʷ ʢʚʘʜʨʘʪʘʤʠ ʨʘʟʤʘʭʦʚ, ʯʪʦ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʚʝʣʠʯʠʥ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʚʳʯʠʩʣʝʥʠʡ: 

 
1; 1 ... .i i id x x i N-= -  =  

ɺʳʯʠʩʣʷʝʪʩʷ ʚʝʢʪʦʨ ʚʝʩʦʚ ʠ, ʟʘʪʝʤ, ʚʝʢʪʦʨ ʵʥʪʨʦʧʠʡ:  

 
i i ii

q d d= ä , 

 lni i iEnt q q=- . 
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ʕʥʪʨʦʧʠʡʥʘʷ ʤʦʜʝʣʴ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ Ent ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʬʦʨʤʘʣʴ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʰʝʥʥʦʥʦʚʩʢʦʡ ʵʥʪʨʦʧʠʠ ʚʳʙʦʨʢʠ [MacKay, 2003], ʝʩʣʠ 

ʧʨʠʥʷʪʴ qi ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʦʪʩʯʝʪʘ i ʧʦ ʟʥʘʯʝʥʠʶ di. 

ʕʪʘ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʜʠʪʠʚʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʜ-

ʥʦʤʫ ʩʠʛʥʘʣʫ ʠ, ʛʣʘʚʥʦʝ, ʘʜʜʠʪʠʚʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʦʚ ʚ 

ʩʠʥʭʨʦʥʥʳʭ ʦʪʩʯʝʪʘʭ. 

ʇʦ ʠʟʣʦʞʝʥʥʦʤʫ ʚʳʰʝ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʪʨʝʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʦʣʷ , ,E N Zx x x  ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʥʘʧʨʘʚʣʝ-

ʥʠʡ ʠʟʤʝʨʝʥʠʷ E, N, Z ʚʳʯʠʩʣʷʶʪʩʷ ʵʥʪʨʦʧʠʡʥʳʝ ʤʦʜʝʣʠ , ,E N ZEnt Ent Ent . 

ɺʳʯʠʩʣʷʝʪʩʷ ʤʦʜʝʣʴ ʦʙʦʙʱʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʪʨʝʤ ʢʘʥʘʣʘʤ ʠʟʤʝʨʝ-

ʥʠʡ: 

 
E N ZH Ent Ent Ent= + + . 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʚʳʯʠʩʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʩʝʡʩʤʠ-

ʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʨʘʩʯʝʪʥʦʤ ʦʢʥʝ: 

 
1

i

i jj
C H

=
=ä . 

ɿʘ ʩʯʝʪ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʪʨʠʦ ʩʠʛʥʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ 

ʩʪʦʭʘʩʪʠʢʠ ʧʨʠʚʦʜʠʪʩʷ ʢ ʦʜʥʦʤʝʨʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ S-ʦʙʨʘʟʥʦʡ ʬʦʨʤʝ ʩ 

ʦʯʝʚʠʜʥʳʤ ʧʨʝʜʝʣʦʤ ʥʘʩʳʱʝʥʠʷ (ʠʟ ʩʚʦʡʩʪʚ ʵʥʪʨʦʧʠʠ) max( ) 3lnC N= . 

ʍʘʨʘʢʪʝʨʥʳʤ ʦʪʣʠʯʠʝʤ ʚʟʨʳʚʦʚ ʦʪ ʩʦʙʳʪʠʡ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʧʝʨʝʞʘʶʱʝʛʦ ʧʘʢʝʪʘ P-ʚʦʣʥ ʩ ʫʚʝʣʠʯʝʥʥʳʤʠ ʨʘʟʤʘ-

ʭʘʤʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʣʫʯʘʝʤ ʤʦʜʝʣʴ H ʩ ʜʚʫʤʷ ʵʢʩʪʨʝʤʫʤʘ ʦʛʠʙʘʶʱʝʡ 

ʠ ʜʚʫʭ ʩʪʫʧʝʥʯʘʪʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ C. 

ʉʪʘʮʠʦʥʘʨʥʦʩʪʴ ʤʦʜʝʣʠ C ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʧʦ 

ʦʩʨʝʜʥʝʥʥʳʤ (ʩʛʣʘʞʝʥʥʳʤ) ʜʘʥʥʳʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʫʩʠʣʝʥ ʨʘʟʨʘʙʦʪʢʦʡ ʰʘʙʣʦʥʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʦʛʠʙʘʶʱʠʭ ʤʦʜʝʣʠ ʦʙʦʙʱʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ H. 

2. ʐʘʙʣʦʥʳ ʩʦʙʳʪʠʡ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʰʘʙʣʦʥʦʚ ʩʦʙʳʪʠʡ ʥʘ ʚʳʙʨʘʥʥʦʡ ʩʪʘʥʮʠʠ ʩʝʡʩʤʠʯʝ-

ʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʜʦ ʟʦʥ ʠʥʪʝ-

ʨʝʩʘ, ʦʮʝʥʠʪʴ ʚʨʝʤʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʥʘ ʩʪʘʥʮʠʠ ʠ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʝʝ ʨʘʩʯʝʪʥʦʝ ʦʢʥʦ N 

ʚ ʩʝʢʫʥʜʘʭ ʠʣʠ ʦʪʩʯʝʪʘʭ. 

ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʦʙʨʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦ ʟʘʧʠʩʘʥʥʳʝ ʠ ʜʦʩʪʦʚʝʨʥʳʝ ʩʦ-

ʙʳʪʠʷ ʧʦ ʢʣʘʩʩʘʤ ʚ ʚʠʜʝ ʬʨʘʛʤʝʥʪʦʚ ʜʣʠʥʦʡ N ʠʟ ʩʫʪʦʯʥʳʭ ʟʘʧʠʩʝʡ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʧʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚʳʰʝ ʘʣʛʦʨʠʪʤʫ ʧʦʩʪʨʦʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. ʀʟ ʥʠʭ ʥʫʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʪʨʠ ʰʘʙʣʦʥʘ: ʩʨʝʜʥʠʡ ʠ ʝʛʦ 

ʛʨʘʥʠʮʳ ʚ ʜʦʣʷʭ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ.  
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ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʰʘʙʣʦʥʳ ʨʝʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʜʣʷ ʚʟʨʳʚʦʚ 

(ñBlustéò) ʠ ʜʣʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ñEarthQuakeéò), ʧʨʠʤʝʨʳ ʢʦʪʦʨʳʭ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʦʢʦʚʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʝʩʪʴ ʬʨʘʛʤʝʥʪʘʨʥʦʝ ʧʦʧʘʜʘʥʠʝ ʩʦʙʳʪʠʷ ʚ ʨʘʩʯʝʪʥʦʝ ʦʢʥʦ. ɼʣʷ ʵʪʦʛʦ ʩ ʧʦ-

ʤʦʱʴʶ ʬʫʥʢʮʠʠ  

 2( ) ( / ) exp( / )nf t A t Tn n t Tn noise= - +   

ʩ ʧʦʜʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ , ,A T n ʩʪʨʦʠʪʩʷ ʥʘʙʦʨ ʦʜʥʦʤʦʜʘʣʴʥʳʭ ʦʛʠʙʘʶʱʠʭ 

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠʟ ʥʠʭ; ʬʫʥʢʮʠʷ noise ʠʟʦʙʨʘʞʘʝʪ ʙʝʣʳʡ 

ʰʫʤ.  

ʊʨʝʙʫʝʤʳʝ ʘʙʩʪʨʘʢʪʥʳʝ ʰʘʙʣʦʥʳ ʜʦʣʞʥʳ ʠʤʠʪʠʨʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʯʝʨʝʟ ʨʘʩʯʝʪʥʦʝ ʦʢʥʦ: 

¶ ʥʘ ʚʭʦʜʝ ñWaveFront-Iò, ñWaveFront-IIò ʠ ñWaveFront-IIIò; 

¶ ʥʘ ʚʳʭʦʜʝ ñWaveRear-Iò, ñWaveRear-IIò ʠ ñWaveRear-IIIò; 

¶ ʚ ʩʝʨʝʜʠʥʝ ʦʢʥʘ ʩʦ ʩʤʝʱʝʥʠʷʤʠ ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ ñWaveMiddleò, 

ñWaveLeftò ʠ ñWaveRightò ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
 

 
ʈʠʩ. 1. ʅʘʙʦʨ ʠʤʝʥʥʳʭ ʰʘʙʣʦʥʦʚ (ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ) 

 

ʐʘʙʣʦʥ ñWaveMiddleò ʚʤʝʩʪʝ ʩ ʰʘʙʣʦʥʘʤʠ ʚʟʨʳʚʦʚ ñBlustéò ʠ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ ñEarthQuakeéò ʬʦʨʤʠʨʫʝʪ ʧʦʜʩʠʩʪʝʤʫ, ʭʦʨʦʰʦ ʦʪʣʠʯʠʤʫʶ ʦʪ 

ʰʘʙʣʦʥʦʚ ʥʝʧʦʣʥʳʭ ʠ ʩʤʝʱʝʥʥʳʭ ʦʪ ʮʝʥʪʨʘ ʦʢʥʘ ʦʛʠʙʘʶʱʠʭ. ɽʱʝ ʥʝʦʙʭʦ-

ʜʠʤ ʘʙʩʪʨʘʢʪʥʳʡ ʰʘʙʣʦʥ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʣʠ ʙʝʣʦʛʦ ʰʫʤʘ 

ñWhiteNoiseò, ʢʦʪʦʨʳʡ ʠʟʦʙʨʘʞʘʝʪ ʩʝʡʩʤʠʯʝʩʢʠʡ ʬʦʥ. 

ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʰʘʙʣʦʥʦʚ ʧʦʨʳʚʘʝʪ ʚʝʩʴ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʨʘʩʯʝʪʥʦʤ ʦʢʥʝ. 
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3. ɼʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʠ ʘʣʛʦʨʠʪʤ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ 

ʉʦʛʣʘʩʥʦ ʘʣʛʦʨʠʪʤʫ ʚʳʯʠʩʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ, ʚʩʝ ʰʘʙ-

ʣʦʥr ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʠʤʝʶʪ ʦʙʱʠʡ ʧʨʝʜʝʣ 

ʥʘʩʳʱʝʥʠʷ. ʊʦʛʜʘ, ʧʦʣʘʛʘʷ ʰʘʙʣʦʥʳ ʧʨʠʟʥʘʢʘʤʠ, ʘ ʦʪʩʯʝʪʳ ʦʙʲʝʢʪʘʤʠ (ʥʝ-

ʟʘʚʠʩʠʤʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ), ʤʦʞʝʤ ʜʦʧʦʣʥʠʪʴ ʠʭ ʥʘʙʦʨ ʚʳʙʦʨʦʯʥʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʠ ʚʳʯʠʩʣʠʪʴ ʘʥʘʣʦʛ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ 

ʧʦ ɹʘʡʝʩʫ ʧʫʪʝʤ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚ ʦʙʲʝʢʪʘʭ: 

 , ,( ) /i k i k i iD C m s= - , 

ʛʜʝ 1, ...,i N= ; 1, ..., 1k K= +; k ï ʥʦʤʝʨʘ ʰʘʙʣʦʥʦʚ; K ï ʯʠʩʣʦ ʰʘʙʣʦʥʦʚ; 

mi ʠ si ï ʩʨʝʜʥʝʝ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʦʚ.  

ɺ ʤʘʪʨʠʮʝ D ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦʜʦʙʠʝ ʚʳʙʦʨʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ ʢʘʞʜʦʤʫ ʰʘʙʣʦʥʫ ʠʟ ʥʘʙʦʨʘ ʢʘʢ ʨʘʩʩʪʦʷʥʦʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʠʟʥʘ-

ʢʘʤʠ. ɸʧʨʠʦʨʥʳʭ ʩʫʞʜʝʥʠʡ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʪʝʭ ʠʣʠ ʠʥʳʭ ʜʠʩʪʘʥʮʠʡ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʧʦʵʪʦʤʫ ʚ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʧʨʠʛʦʜ-

ʥʳʝ ʜʣʷ ʥʦʤʠʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ [Gan et al., 2007] ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ 

ï ʠʪʦʛʦ ʚʳʙʨʘʥʦ L = 12 ʜʠʩʪʘʥʮʠʡ. 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʩʪʝʡʰʫʶ ʩʠʩʪʝʤʫ ʛʦʣʦʩʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʢʘʞʜʘʷ ʜʠʩʪʘʥʮʠʷ ʠʤʝʝʪ ʦʜʠʥ ʛʦʣʦʩ, ʢʦʪʦʨʳʡ ʦʪʜʘʝʪʩʷ ʰʘʙʣʦʥʫ ʩ ʤʠʥʠ-

ʤʘʣʴʥʦʡ ʜʠʩʪʘʥʮʠʝʡ ʜʦ ʚʳʙʦʨʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ. ʇʨʦʩʪʦʝ 

ʩʫʤʤʠʨʦʚʘʥʠʝ ʛʦʣʦʩʦʚ ʫ ʢʘʞʜʦʛʦ ʰʘʙʣʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʨʝʡʪʠʥʛ Rk, k = 1, 

é, K. ʊʦʛʜʘ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʙʣʠʞʘʡʰʝʤ ʰʘʙʣʦʥʝ ʠ ʦʮʝʥʠʪʴ ʥʘʜʝʞʥʦʩʪʴ 

ʵʪʦʛʦ ʚʳʚʦʜʘ ʤʦʞʥʦ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ. 

1. ɿʘʧʦʣʥʷʝʪʩʷ ʪʘʙʣʠʮʘ ʜʠʩʪʘʥʮʠʡ KĬL. 

2. ʆʧʨʝʜʝʣʷʝʪʩʷ ʨʝʡʪʠʥʛ ʢʘʞʜʦʛʦ ʰʘʙʣʦʥʘ Rk ï ʯʠʩʣʦ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʚʳ-

ʙʨʘʥʥʘʷ ʜʠʩʪʘʥʮʠʷ ʜʦ ʚʳʙʦʨʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʤʠʥʠ-

ʤʘʣʴʥʘ. 

3. ʆʧʨʝʜʝʣʷʝʪʩʷ ʥʦʤʝʨ ʰʘʙʣʦʥʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʝʡʪʠʥʛʦʤ ï 

max argmax( )k R=  . 

4. ɽʩʣʠ 
maxk  ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ (ʝʱʝ ʦʜʥʠ ʰʘʙʣʦʥ ʧʦʣʫʯʠʣ ʪʦ ʞʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʦʣʦʩʦʚ), ʪʦ ʚʳʙʦʨʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʦʩʪʘʝʪʩʷ ʙʝʟ ʢʣʘʩʩʘ. 

5. ɽʩʣʠ 
maxk  ʝʜʠʥʩʪʚʝʥʥʳʡ, ʪʦ ʢʣʘʩʩʦʤ ʚʳʙʦʨʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ ʧʨʠʟʥʘʝʪʩʷ ʰʘʙʣʦʥ ʩ ʥʦʤʝʨʦʤ (ʠʤʝʥʝʤ) 
maxk , ʠ ʜʘʣʝʝ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʚʳʚʦʜʘ: 

5.1. ɽʩʣʠ 
max 3/ 4k L²  (ʘʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ), ʪʦ ʚʳʚʦʜ ʜʦʩʪʦʚʝʨʥʳʡ. 

5.2. ɽʩʣʠ 
max 2 / 3k L²  (ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ), ʪʦ ʚʳʚʦʜ ʥʝ-

ʜʦʩʪʦʚʝʨʥʳʡ. 

5.3. ɽʩʣʠ 
max 1/ 2 1k L² + (ʧʨʦʩʪʦʝ ʙʦʣʴʰʠʥʩʪʚʦ), ʪʦ ʚʳʚʦʜ ʜʦʧʫʩʪʠʤʳʡ. 



 

17 

5.4. ɽʩʣʠ 
max 1/ 2 1k L< +, ʪʦ ʚʳʙʦʨʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ 

ʦʩʪʘʝʪʩʷ ʙʝʟ ʢʣʘʩʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʘʥʠʨʫʷ ʩʠʛʥʘʣʳ ʨʘʩʯʝʪʥʳʤ ʦʢʥʦʤ ʩ ʟʘʜʘʥʥʳʤ ʰʘʛʦʤ 

ʧʦ ʚʨʝʤʝʥʠ (ʯʠʩʣʫ ʦʪʩʯʝʪʦʚ) ʠ ʧʨʠʤʝʥʷʷ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʤʦʞʥʦ 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʦʷʚʣʝʥʠʝ ʦʙʦʩʦʙʣʝʥʥʦʛʦ ʩʦʙʳʪʠʷ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʝʛʦ. 

4. ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʘ ʩʝʡʩʤʦ-

ʛʨʘʤʤʳ ʜʣʠʪʝʣʴʥʦʩʪʴ 3 ʯʘʩʘ 45 ʤʠʥʫʪ ʦʜʥʦʛʦ ʠʟ ʨʘʙʦʯʠʭ ʜʥʝʡ. ʅʘʛʣʷʜʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʘ ʪʘʢʦʚʘ, ʯʪʦ ʦʩʦʙʳʭ ʢʦʤʤʝʥʪʘʨʠʝʚ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʢʨʦʤʝ ʦʜʥʦʛʦ: 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʚʟʨʳʚ, ʧʦʧʘʜʘʷ ʚ ʨʘʩʯʝʪʥʦʝ ʦʢʥʦ ʧʘʢʝʪʦʤ ʦʧʝʨʝʞʘʶʱʠʭ P-

ʚʦʣʥ ʜʦ ʧʨʠʭʦʜʘ ʦʩʥʦʚʥʦʛʦ ʧʘʢʝʪʘ S-ʚʦʣʥ ʧʦʨʦʞʜʘʝʪ ʣʦʞʥʳʝ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ñEarthQuakeéò. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʚʦʟʤʫʱʝʥʠʝ ʟʘʭʦʜʠʪ ʚ 

ʨʘʩʯʝʪʥʦʝ ʦʢʥʦ ʧʦʣʥʦʩʪʴʶ, ʦʥʦ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʧʨʘʚʠʣʴʥʦ, ʢʘʢ ʧʨʦʤʳʰ-

ʣʝʥʥʳʡ ʚʟʨʳʚ òBlustéò. ʇʦʥʠʤʘʥʠʝ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʩʪʘ-

ʜʠʠ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʨʘʟʙʦʨʘ ʧʨʦʪʦʢʦʣʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩ ʪʝʤ, ʯʪʦʙʳ ʩʬʦʨ-

ʤʫʣʠʨʦʚʘʪʴ ʚʝʨʥʦʝ ʠʪʦʛʦʚʦʝ ʟʘʢʣʶʯʝʥʠʝ. 
 

 
ʈʠʩ. 2. ʈʘʟʚʝʨʪʢʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʘ ʩʝʡʩʤʦʛʨʘʤʤʳ (ʩʪʘʥʮʠʷ BRCR, ʩʝʪʴ 

ASGSR; ʚʨʝʤʷ GMT, ʰʘʛ 1 ʩʝʢ). ʄʘʨʢʝʨʘʤʠ ʦʙʦʟʥʘʯʝʥʘ ʥʘʜʝʞʥʦʩʪʴ ʚʳʚʦʜʘ: ǒ ï 

ʜʦʩʪʦʚʝʨʥʦ; Ƹ ï ʥʝʜʦʩʪʦʚʝʨʥʦ; ǅ ï ʜʦʧʫʩʪʠʤʦ; Å ï ʙʝʟ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
 

ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ 8 ʚʟʨʳʚʦʚ, 1 ʢʨʫʧʥʦʝ ʠ 5 ʤʝʣʢʠʭ ʨʝ-

ʛʠʦʥʘʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʅʝʩʢʦʣʴʢʦ ʟʘʤʝʪʥʳʭ ʥʘ ʥʠʟʢʦʤ ʰʫʤʦʚʦʤ ʬʦʥʝ 

ʩʦʙʳʪʠʡ ʩ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʦʩʪʘʣʠʩʴ ʙʝʟ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʠ-

ʩʪʝʤʘ ʩʧʨʘʚʠʣʘʩʴ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʚʟʨʳʚʘ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʝʨʝʢʨʳʚ-

ʰʠʭʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 7500ï7700 ʩʝʢ ʟʘʜʥʠʤ ʠ ʧʝʨʝʜʥʠʤ ʬʨʦʥʪʘʤʠ. 
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ɺʘʞʥʦ, ʯʪʦ ʥʘʩʪʨʦʡʢʘ ʩʠʩʪʝʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʥʦʚʦʡ ʩʪʘʥʮʠʠ ʧʦ-

ʪʨʝʙʫʝʪ ʪʦʣʴʢʦ ʧʝʨʝʨʘʩʯʝʪʘ ʘʙʩʪʨʘʢʪʥʳʭ ʰʘʙʣʦʥʦʚ ʜʣʷ ʜʨʫʛʦʡ ʰʠʨʠʥʳ ʨʘʩ-

ʯʝʪʥʦʛʦ ʦʢʥʘ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ. ʊʘʢʞʝ ʧʦʪʨʝʙʫʝʪʩʷ 

ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʚʟʨʳʚʦʚ ʠ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʰʘʙʣʦʥʦʚ ʨʝʘʣʴʥʳʭ ʩʦʙʳʪʠʡ. 

ɺ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʘʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠʡ, ʠ ʥʝ ʪʨʝʙʫʝʪ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʦʧʝʨʘʪʦʨʘ ʥʠ ʥʘ ʩʪʘʜʠʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʝʡ-

ʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ, ʥʠ ʥʘ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʠʷ ʚʳʚʦʜʘ. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʘʣʛʦʨʠʪʤʘ ʘʚʪʦʨʳ ʦʪʥʦʩʷʪ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʳʭ 

ʬʫʥʢʮʠʡ ʠ ʦʜʥʦʧʨʦʭʦʜʥʳʭ ʠʪʝʨʘʮʠʡ (ʩʫʤʤʠʨʦʚʘʥʠʡ) ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʥʘʩʪʨʦʝʢ; ʦʪʩʫʪʩʪʚʠʝ ʚʝʪʚʣʝʥʠʡ ʠ ʨʝʢʫʨʩʠʡ ʚ ʚʳʯʠʩʣʝʥʠʷʭ. ʕʪʦ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʣʛʦʨʠʪʤʘ. ʊʘʢ ʥʘ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ Intel Core 

i7 3,2 ɻɻʮ ʩ 32 ɻʙ ʆɿʋ ʧʨʠʣʦʞʝʥʠʝ JAVA ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʤʥʦʛʦʧʦʪʦʢʦʚʦʡ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʥʝʝ 800 ʩʝʢ. ɼʣʷ ʧʨʠʤʝʨʘ ʚ ʩʫʪʦʯʥʦʡ ʩʝʡʩʤʦ-

ʟʘʧʠʩʠ ʩʦʜʝʨʞʠʪʩʷ 864 ʩʝʢ. ʊʝʤ ʩʘʤʳʤ ʛʘʨʘʥʪʠʨʦʚʘʥʘ ʧʦʪʦʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʨʝʞʠʤʝ ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ ʤʦʱʥʳʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʠ/ʠʣʠ ʤʘʩʩʦʚʦ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦ-

ʙʳʪʠʡ, ʚ ʢʦʪʦʨʦʤ ʥʦʚʠʟʥʫ ʧʦʜʭʦʜʘ ʩʦʩʪʘʚʣʷʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʢ ʵʥʪʨʦʧʠʡʥʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʙʦʙʱʘʪʴ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʚʦʣʥʦʚʳʭ ʬʦʨʤ ʧʦ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʟʤʝʨʝʥʠʡ ʠ 

ʩʨʘʚʥʠʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʤʦʜʝʣʷʤʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʦʩʪʘ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʪʦʢʦʚʳʭ ʠ ʧʘʢʝʪʥʳʭ ʚʳ-

ʯʠʩʣʝʥʠʡ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʥʘ ʥʦʚʳʝ ʩʝʡʩʤʠ-

ʯʝʩʢʠʝ ʩʪʘʥʮʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʌʠʟʠʢʘ ɿʝʤʣʠ, 2016, ˉ 3.  

[Gan et al., 2007] Gan G., Ma C., Wu J. Data clustering: theory, algorithms, and applica-

tions (ASA-SIAM series on statistics and applied probability) // Society for Industrial 

and Applied Mathematics Philadelphia, PA, USA. 2007.  
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ɺʘʥʜʝʚʨ-ʣʝ-ʅʘʥʩʠ, ʌʨʘʥʮʠʷ 

ʇʦʜʭʦʜʳ ʢ ʠʟʚʣʝʯʝʥʠʶ ʟʥʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʬʦʨʤʘʣʴʥʳʭ 

ʧʦʥʷʪʠʡ, ʧʦʟʚʦʣʷʶʪ ʚʩʝʩʪʦʨʦʥʥʝ ʠʩʩʣʝʜʦʚʘʪʴ ʠʤʝʶʱʫʶʩʷ ʠʥʬʦʨʤʘ-

ʮʠʶ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʭʦʜʘ ʩʦʟʜʘʚʘʝʤʦʡ ʨʝʰʝʪʢʠ ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ. 

ʈʝʰʝʪʢʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ. ʆʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʯʠʩʣʘ ʷʚ-

ʣʷʝʪʩʷ ʦʪʙʦʨ ʥʘ ʦʩʥʦʚʝ ʠʥʜʝʢʩʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʨʠʥʮʠʧ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʦʧʠʩʘʥʠʷ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʤ, 

ʢʘʢ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʦʪʙʦʨʘ, ʦʩʥʦʚʘʥʥʦʛʦ 

ʥʘ ʠʥʜʝʢʩʘʭ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 

ʜʣʷ ʟʘʤʢʥʫʪʳʭ, ʥʦ ʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʨʤʘʣʴʥʳʝ ʧʦʥʷʪʠʷ, ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʦʧʠʩʘ-

ʥʠʷ, ʦʪʙʦʨ ʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ 

ɺʚʝʜʝʥʠʝ 

ɸʥʘʣʠʟ ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ (ɸʌʇ) ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʠ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʧʨʠʤʝʥʝ-

ʥʠʠ ɸʌʇ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʯʠʩʣʘ ʬʦʨ-

ʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʜ- ʠʣʠ 

ʧʦʩʪʦʙʨʘʙʦʪʢʠ, ʚʳʯʠʩʣʝʥʠʝʤ ʧʨʠʙʣʠʞʝʥʥʳʭ ʧʦʥʷʪʠʡ (ʩʤ. ʦʙʟʦʨ [Kuznetsov 

et al., 2018]). ʎʝʣʴʶ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʝʙʦʣʴ-

ʰʦʛʦ ʥʘʙʦʨʘ ʠʥʪʝʨʝʩʥʳʭ, ʟʥʘʯʠʤʳʭ ʧʦʥʷʪʠʡ. ɼʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʜʦʣʞʥʦ 

ʪʘʢʞʝ ʦʙʣʘʜʘʪʴ ʤʠʥʠʤʘʣʴʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʴʶ [Buzmakov et al., 2015]. ɺ ʜʘʥ-

ʥʦʡ ʩʪʘʪʴʝ ʤʳ ʠʩʩʣʝʜʫʝʤ ʪʘʢʠʝ ʤʥʦʞʝʩʪʚʘ ʧʦʥʷʪʠʡ.  

ʅʘʨʷʜʫ ʩ ʠʥʜʝʢʩʘʤʠ ʦʮʝʥʢʠ ʧʦʥʷʪʠʡ ʤʳ ʧʨʠʤʝʥʷʝʤ ʧʨʠʥʮʠʧ ʤʠʥʠʤʘʣʴ-

ʥʦʡ ʜʣʠʥʳ ʦʧʠʩʘʥʠʷ (ʄɼʆ) [Grİnwald, 2007], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʪʴ 
ʥʝʙʦʣʴʰʦʡ ʥʘʙʦʨ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠ ʭʦʨʦʰʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʧʦʥʷʪʠʡ. 

ʆʙʝʩʧʝʯʠʚʘʷ ʩʞʘʪʠʝ ʜʘʥʥʳʭ, ʧʨʠʥʮʠʧ ʄɼʆ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʙʘʣʘʥʩ 

ʤʝʞʜʫ ʢʘʯʝʩʪʚʦʤ çʧʦʜʩʪʨʦʡʢʠè ʧʦʜ ʜʘʥʥʳʝ ʠ ʩʣʦʞʥʦʩʪʴʶ ʤʦʜʝʣʠ ʠ ʥʝ ʪʨʝ-

ʙʫʝʪ ʧʨʝʜʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ [Aggarwal et al., 2014].  

ʂʘʢ ʠ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʠ [ɸʡʚʘʟʷʥ ʠ ʜʨ., 

1989; ʊʝʨʝʭʠʥʘ, 1986; ɻʣʦʪʦʚ, 1984; ʇʦʜʠʥʦʚʩʢʠʡ, 2007], ʧʨʝʜʣʘʛʘʝʤʳʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʥʴʰʝʡ 

ʨʘʟʤʝʨʥʦʩʪʠ, ʦʜʥʘʢʦ ʦʙʣʘʜʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ. ʀʟʚʝʩʪʥʳʡ ʤʝ-

ʪʦʜ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚʩʝ ʦʙʲʝʢʪʳ ʚ ʦʜʥʦʤ, ʦʪ-

ʣʠʯʥʦʤ ʦʪ ʠʩʭʦʜʥʦʛʦ, ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦʛʜʘ ʢʘʢ ʧʨʝʜʣʘʛʘʝʤʳʡ 

ʧʦʜʭʦʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʝʪʦʜ ʦʪʙʦʨʘ ʧʨʠʟʥʘʢʦʚ ʚ ʦʪʜʝʣʴʥʳʭ 

ʛʨʫʧʧʘʭ ʦʙʲʝʢʪʦʚ, ʢʦʛʜʘ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʨʘʟʥʳʭ ʧʦʜʧʨʦ-

ʩʪʨʘʥʩʪʚʘʭ ʠʩʭʦʜʥʦʛʦ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʄʳ ʪʘʢʞʝ ʠʟʫʯʘʝʤ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʥʪʝʨʝʩʥʦʩʪʠ ʦʪ-

ʙʠʨʘʝʤʳʭ ʧʦʥʷʪʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʤʢʘʭ ʄɼʆ. ʇʨʝʜʣʘʛʘʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʜʝʢʩʳ ʢʘʢ ʘʧʨʠʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʥʪʝʨʝʩʥʦʩʪʠ ʠ 

ʧʨʠʤʝʥʷʪʴ ʄɼʆ ʜʣʷ ʫʣʫʯʰʝʥʠʷ çʢʘʯʝʩʪʚʘè ʦʪʙʠʨʘʝʤʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʥʜʝʢʩʘʤʠ ʧʦʥʷʪʠʡ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʢʘʢ ʦʪ-

ʙʦʨ ʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ (ʧʘʪʪʝʨʥʦʚ) ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʳʭ ʠʥʜʝʢʩʦʚ 

ʦʮʝʥʢʠ ʠʥʪʝʨʝʩʥʦʩʪʠ ʩ ʜʘʣʴʥʝʡʰʝʡ ʧʦʩʪʦʙʨʘʙʦʪʢʦʡ, ʪʘʢ, ʢʘʢ ʠ ʤʝʪʦʜ ʤʠʥʠ-

ʤʠʟʘʮʠʠ ʜʣʠʥʳ ʦʧʠʩʘʥʠʷ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʛʜʝ ʦʛʨʘʥʠ-

ʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʠʥʜʝʢʩʳ ʦʮʝʥʢʠ ʠʥʪʝʨʝʩʥʦʩʪʠ ʧʦʥʷʪʠʡ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʥʝ ʪʦʣʴʢʦ ʢ ʧʦʥʷʪʠʷʤ ʠ ʠʭ 

ʩʦʜʝʨʞʘʥʠʶ, ʪ.ʝ. ʟʘʤʢʥʫʪʳʤ ʤʥʦʞʝʩʪʚʘʤ ʧʨʠʟʥʘʢʦʚ, ʥʦ ʠ ʢ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʤʥʦʞʝʩʪʚʘʤ ʧʨʠʟʥʘʢʦʚ. 

1. ɸʥʘʣʠʟ ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

ɿʜʝʩʴ ʤʳ ʧʨʠʚʦʜʠʤ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʘʥʘʣʠʟʘ ʬʦʨʤʘʣʴʥʳʭ ʧʦ-

ʥʷʪʠʡ [Ganter et al., 1999]. ʇʫʩʪʴ ʟʘʜʘʥʳ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ G, ʤʥʦʞʝʩʪʚʦ 

ʧʨʠʟʥʘʢʦʚ M ʠ ʙʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ I Ṗ GĬM, ʪʦʛʜʘ ʬʦʨʤʘʣʴ-

ʥʳʤ ʢʦʥʪʝʢʩʪʦʤ ʥʘʟʳʚʘʝʪʩʷ ʪʨʦʡʢʘ (G, M, I). ʅʘ ʤʥʦʞʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠ ʤʥʦ-

ʞʝʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʟʘʜʘʥʘ ʦʧʝʨʘʮʠʷ (Ŀ)ᾳ. ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʜʤʥʦʞʝʩʪʚ A 

Ṗ G ʠ B Ṗ M ʦʥʘ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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{ | : }A m M g A gIm , { | : }B g G m B gIm . 

AӾ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ, ʦʙʱʠʭ ʜʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ 

ʤʥʦʞʝʩʪʚʘ A, BӾ ï ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʩʝʤʠ ʧʨʠʟʥʘʢʘʤʠ ʠʟ 

B. B ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʧʘʪʪʝʨʥʦʤ. ʆʧʝʨʘʪʦʨʦʤ ʟʘʤʳʢʘʥʠʷ (Ŀ)ᾳᾳ ʥʘ ʤʥʦʞʝʩʪʚʝ 

G ʥʘʟʳʚʘʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ ű: X Ÿ X, ʛʜʝ X Ṗ G. ɼʘʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʦʙʣʘ-
ʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʠʜʝʤʧʦʪʝʥʪʥʦʩʪʴ (űűX = űX), ʵʢʩʪʝʥʩʠʚ-

ʥʦʩʪʴ (X Ṗ űX) ʠ ʤʦʥʦʪʦʥʥʦʩʪʴ (ʠʟ X Ṗ Y ʩʣʝʜʫʝʪ űX Ṗ űY). 

ʌʦʨʤʘʣʴʥʳʤ ʧʦʥʷʪʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘ (A, B), ʛʜʝ A Ṗ G, B Ṗ M ʠ 

AӾ = B, BӾ = A. A ʠ B ʥʘʟʳʚʘʶʪ ʦʙʲʝʤʦʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʨʤʘʣʴʥʦʛʦ ʧʦʥʷ-

ʪʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠʤʝʨ. ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʪʘʙʣ. 1. 

ʄʥʦʞʝʩʪʚʦ ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ ʩʦʩʪʘʚʣʷʶʪ 8 ʵʣʝʤʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, ʧʦ-

ʥʷʪʠʝ ({g1, g2, g3}, { m1, m3}) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʞʠʚʦʪʥʳʤ. ɿʜʝʩʴ m1 ï 4 ʥʦʛʠ 

(ʣʘʧʳ), m2 ï ʰʝʨʩʪʴ, m3 ï ʤʝʥʷʶʪ ʨʘʟʤʝʨ, m4 ï ʫʩʪʦʡʯʠʚʳ ʢ ʭʦʣʦʜʫ, m5 ï 

ʯʝʨʥʦ-ʙʝʣʳʡ, m6 ï ʥʝ ʚʳʜʝʣʷʶʪ ʉʆ2, m7 ï ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʳʡ, m8 ï ʟʝʣʝʥʳʡ, 

m9 ï ʩʝʨʳʡ. 

ʊʘʙʣ. 1.  

ʆʙʲʝʢʪʳ 

m
1
 

m
2
 

m
3
 

m
4
 

m
5
 

m
6
 

m
7
 

m
8
 

m
9
 

g1 ʩʦʙʘʢʘ Ĭ Ĭ Ĭ   Ĭ    

g2 ʢʦʰʢʘ Ĭ Ĭ Ĭ    Ĭ   

g3 ʣʷʛʫʰʢʘ Ĭ  Ĭ     Ĭ  

g4 ʤʘʰʠʥʘ   Ĭ Ĭ     Ĭ 

 

2. ʇʨʠʥʮʠʧ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʦʧʠʩʘʥʠʷ ʚ ʟʘʜʘʯʝ  

ʦʪʙʦʨʘ ʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ (ʧʘʪʪʝʨʥʦʚ) 

ʇʨʠʥʮʠʧ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʦʧʠʩʘʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʦʪʙʦʨʘ ʧʘʪʪʝʨʥʦʚ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʣʫʯʰʠʤʠ ʧʘʪʪʝʨʥʘʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʞʘʪʠʝ ʜʘʥʥʳʭ [Luc, 2008].  

ʆʩʥʦʚʫ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʢʦʜʦʚʘʷ ʪʘʙʣʠʮʘ, ʚ ʢʦʪʦʨʫʶ ʟʘʧʠ-

ʩʘʥʳ ʥʝʢʦʪʦʨʳʝ ʧʘʪʪʝʨʥʳ ʠ ʜʣʠʥʳ ʠʭ ʢʦʜʦʚ ʚ ʙʠʪʘʭ. ʃʫʯʰʘʷ ʢʦʜʦʚʘʷ ʪʘʙ-

ʣʠʮʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʞʘʪʠʝ ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʧʘʪʪʝʨʥʦʚ, 

ʪ.ʝ. ʤʠʥʠʤʠʟʠʨʫʝʪ ʜʣʠʥʫ L(CT, D) = L(D | CT)+ L(D | CT), ʛʜʝ L(D | CT) ï 

ʜʣʠʥʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ D ʟʘʢʦʜʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʦʜʦʚʦʡ ʪʘʙʣʠʮʳ CT, 

L(CT | D) ï ʜʣʠʥʘ ʢʦʜʦʚʦʡ ʪʘʙʣʠʮʳ CT, ʚʳʯʠʩʣʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʥʘʙʦʨʘ ʜʘʥ-

ʥʳʭ D. ɼʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʥʘʙʦʨ ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʧʘʪʪʝʨʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʚʘʶʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ ʵʪʦʛʦ ʦʙʲ-
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ʝʢʪʘ. ʄʳ ʦʙʦʟʥʘʯʠʤ ʢʘʢ ( ) | { | cover( )}|u B t D B t  ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʡ ʧʘʪʪʝʨʥʘ B ʜʣʷ ʧʦʢʨʳʪʠʷ ʦʙʲʝʢʪʦʚ ʚ D, ( )
B CT

U u B  ï ʦʙʱʝʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʡ ʚʩʝʭ ʧʘʪʪʝʨʥʦʚ ʢʦʜʦʚʦʡ ʪʘʙʣʠʮʳ ʉʊ ʜʣʷ ʧʦʢʨʳʪʠʷ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ D. ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʪʘʙʣʠʮʳ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʢʦʜʠʨʦʚʘʥʠʷ ʧʘʪʪʝʨʥʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʪʠʤʘʣʴ-

ʥʦʝ ʧʨʝʬʠʢʩʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʐʝʥʥʦʥʘ, ʪ.ʝ. ( ) logPr( )l B B , ʛʜʝ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: Pr(B) = u(B)/U. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʘʪʪʝʨʥʳ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʜʣʠʥʫ. ʄʳ 

ʦʩʪʘʚʣʷʝʤ ʜʝʪʘʣʠ ʨʝʘʣʠʟʘʮʠʠ ʩʭʝʤ ʢʦʜʠʨʦʚʘʥʠʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʜʘʥʥʦʡ ʩʪʘ-

ʪʴʠ. ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʥʝ ʧʨʝʩʣʝʜʫʝʤ ʮʝʣʴ ʪʦʯʥʦʛʦ ʢʦʜʠʨʦʚʘ-

ʥʠʷ, ʜʘʣʝʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʫʧʨʦʱʝʥʥʘʷ ʚʝʨʩʠʷ L(CT, D), ʚ ʢʦʪʦʨʦʡ 

ʫʯʠʪʳʚʘʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʣʘʛʘʝʤʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ çʩʧʝʮʠʬʠʯ-

ʥʦʩʪʴè ʧʘʪʪʝʨʥʦʚ: 

cover(g)

( )
( | ) ( ) ( ) log ,

g D B B CT

u B
L D CT l B u B

U

( | ) code( ) ( ),
B CT

L CT D B l B  

ʛʜʝ code( )B  ï ʯʠʩʣʦ ʙʠʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʧʨʠʟʥʘʢʦʚ B. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʢʦʜʦʚʘʷ ʪʘʙʣʠʮʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʵʣʝʤʝʥʪʥʳʭ ʧʘʪ-

ʪʝʨʥʦʚ, ʪ.ʝ. {{m}  | m Í M}. ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʥʘʙʦʨ ʢʘʥʜʠʜʘʪʦʚ ï ʫʧʦʨʷʜʦʯʝʥ-

ʥʦʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʚʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠʝʤ ʤʥʦʞʝʩʪʚʦ ʧʘʪʪʝʨʥʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʚ ʢʦʜʦʚʫʶ ʪʘʙʣʠʮʫ. ʄʠʥʠʤʠʟʘʮʠʷ ʦʙʱʝʡ ʜʣʠʥʳ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʣʫʯʰʝʛʦ (ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʢʨʠ-

ʪʝʨʠʶ) ʧʘʪʪʝʨʥʘ, ʧʝʨʝʚʳʯʠʩʣʝʥʠʠ ʧʦʢʨʳʪʠʷ ʩ ʦʙʥʦʚʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʧʨʠ-

ʟʥʘʢʦʚ ʠ ʚʳʯʠʩʣʝʥʠʠ ʥʦʚʦʡ ʜʣʠʥʳ. ɽʩʣʠ ʵʪʘ ʜʣʠʥʘ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ 

ʧʨʝʜʳʜʫʱʝʡ, ʪʦ ʜʘʥʥʳʡ ʧʘʪʪʝʨʥ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʢʦʜʦʚʫʶ ʪʘʙʣʠʮʫ. ʇʨʦʮʝʩʩ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʩʝ ʧʘʪʪʝʨʥʳ ʠʟ ʥʘʙʦʨʘ ʢʘʥʜʠʜʘʪʦʚ ʥʝ ʙʫʜʫʪ 

ʧʨʦʩʤʦʪʨʝʥʳ. 

ʅʘʙʦʨ ʢʘʥʜʠʜʘʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥ ʠʟ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʘʪ-

ʪʝʨʥʦʚ (ʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ): ʧʨʦʠʟʚʦʣʴʥʳʭ, ʟʘʤʢʥʫʪʳʭ, ŭ-ʤʥʦʞʝʩʪʚ ʠ ʜʨ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ ʤʥʦʞʝ-

ʩʪʚʘ ʧʨʠʟʥʘʢʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʣʶʙʦʡ ʠʥʜʝʢʩ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʘʣʛʦʨʠʪʤʝ 

Krimp [Vreeken et al., 2011] ʧʘʪʪʝʨʥʳ ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ ʧʦ ʨʘʟʤʝʨʫ, ʘ ʟʘʪʝʤ 

ʧʦ ʯʘʩʪʦʪʝ ʠʭ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʧʘʪʪʝʨʥʦʚ ʧʦʜʨʘʟʫ-

ʤʝʚʘʝʪ ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ, ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝ-

ʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʵʚʨʠʩʪʠʢʠ [ɻʣʘʜʫʥ, 1977; ʈʦʡʟʝʥʟʦʥ, 2005]. 
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ʇʨʠʤʝʨ. ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʜʦʚʘʷ ʪʘʙʣʠʮʘ, ʠʩʧʦʣʴʟʫʷ ʬʦʨ-

ʤʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʪʘʙʣ. 1. ɺ ʢʘʯʝʩʪʚʝ ʢʘʥʜʠʜʘʪʦʚ ʚʳʙʝ-

ʨʝʤ ʚʩʝ ʬʦʨʤʘʣʴʥʳʝ ʧʦʥʷʪʠʷ (A, B), ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʦ ʧʣʦʱʘʜʠ, ʪ.ʝ. |A|Ĭ|B|. 

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʰʘʛʦʚʳʡ ʧʨʦʮʝʩʩ ʟʘʧʦʣʥʝʥʠʷ ʢʦʜʦʚʦʡ ʪʘʙʣʠʮʳ. 

ɿʜʝʩʴ ʏʀ ï ʯʘʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʪʪʝʨʥʘ ʠʟ ʢʦʜʦʚʦʡ ʪʘʙʣʠʮʳ. ʅʘ ʥʘʯʘʣʴ-

ʥʦʤ ʵʪʘʧʝ ʪʘʙʣʠʮʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʵʣʝʤʝʥʪʥʳʭ ʧʘʪʪʝʨʥʦʚ mi. ʅʘ ʧʝʨʚʦʤ 

ʰʘʛʝ ʜʦʙʘʚʣʷʝʪʩʷ ʧʝʨʚʳʡ ʢʘʥʜʠʜʘʪ, ʧʝʨʝʚʳʯʠʩʣʷʝʪʩʷ ʧʦʢʨʳʪʠʝ. ʇʦʩʢʦʣʴʢʫ 

ʜʣʠʥʘ L(D, CT) ʜʣʷ ʥʦʚʦʡ ʪʘʙʣʠʮʳ ʤʝʥʴʰʝ ʧʨʝʜʳʜʫʱʝʡ, ʢʘʥʜʠʜʘʪ m1m2m3 

ʚʢʣʶʯʘʝʪʩʷ ʚ ʢʦʜʦʚʫʶ ʪʘʙʣʠʮʫ. ʇʦʢʨʳʪʠʝ ʵʪʠʤ ʤʥʦʞʝʩʪʚʦʤ ʬʠʢʩʠʨʫʝʪʩʷ ʠ 

ʙʦʣʴʰʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ (ʩʤ. ʢʦʣʦʥʢʫ çɼʘʥʥʳʝ ʩ ʧʦʢʨʳʪʠʝʤè). ʇʨʦʮʝʩʩ ʟʘʚʝʨ-

ʰʘʝʪʩʷ, ʢʦʛʜʘ ʚʩʝ ʢʘʥʜʠʜʘʪʳ ʙʫʜʫʪ ʧʨʦʩʤʦʪʨʝʥʳ. 

ʊʘʙʣ. 2. 
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ʪʠʝ ʵʣʝʤʝʥʪʘʤʠ ʂʊ 
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3. ʇʨʠʥʮʠʧ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʚ ʟʘʜʘʯʝ  

ʦʪʙʦʨʘ ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ (ʟʘʤʢʥʫʪʳʭ ʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ) 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʘ ʄɼʆ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʙʦʨʦʤ ʣʫʯʰʠʭ n ʧʦʥʷʪʠʡ ʧʦ ʚʳʙʨʘʥʥʳʤ ʠʥʜʝʢʩʘʤ. ʂ ʦʩʥʦʚ-

ʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ: ʥʝ ʪʨʝʙʫʝʪʩʷ ʷʚʥʦ ʬʠʢʩʠʨʦʚʘʪʴ, 
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ʩʢʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʙʨʘʥʦ; ʦʪʦʙʨʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʩʦʜʝʨʞʠʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ (ʥʝʧʦʭʦʞʠʝ ʧʦʧʘʨʥʦ) ʧʦʥʷʪʠʷ; ʤʥʦʞʝʩʪʚʦ ʦʪʦʙʨʘʥʥʳʭ ʧʦʥʷʪʠʡ 

ʥʝʙʦʣʴʰʦʝ ʧʦ ʨʘʟʤʝʨʫ, ʧʨʠ ʵʪʦʤ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʥʝ ʨʘʩʪʝʪ ʣʠʥʝʡʥʦ ʩ ʨʦʩʪʦʤ 

ʯʠʩʣʘ ʧʦʥʷʪʠʡ ʚ ʠʩʭʦʜʥʦʤ ʤʥʦʞʝʩʪʚʝ. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʨʝʧʦʟʠʪʦʨʠʷ LUCS-KDD [Coenen, 

2003]. ɺ ʢʘʯʝʩʪʚʝ ʤʝʨ ʠʥʪʝʨʝʩʥʦʩʪʠ ʧʦʥʷʪʠʷ (A, B) ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʣʝʜʫ-

ʶʱʠʝ ʠʥʜʝʢʩʳ: ʤʦʱʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ len(B) = |B|, ʤʦʱʥʦʩʪʴ ʦʙʲʝʤʘ fr(B) = 

|A|, ʣʠʬʪlift( ) Pr( ) / Pr(b)
b B

B B , ʛʜʝ Pr(Ŀ) ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ ʤʥʦʞʝ-

ʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʦʪʜʝʣʠʤʦʩʪʴ 

sep( ) ( ) /
g A m B

A,B | A|| B | | g |+ | m | | A|| B |. ʆʪʤʝʪʠʤ, ʯʪʦ ʦʪʙʦʨ ʧʦ-

ʥʷʪʠʡ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʩʥʦʚʘʥ ʥʘ ʦʮʝʥʢʝ ʠʭ ʩʦʜʝʨʞʘʥʠʡ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʢʣʘʩʩʫ: ʦʪʙʦʨ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʢʨʳʪʠʷ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʞʘʜʥʫʶ ʩʪʨʘʪʝʛʠʶ (ʩʤ. ʘʣʛʦ-

ʨʠʪʤ Krimp [Vreeken et al., 2011]). ʇʨʠ ʵʪʦʤ ʥʘʙʦʨʳ ʢʘʥʜʠʜʘʪʦʚ ʫʧʦʨʷʜʦʯʠʚʘʣʠʩʴ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʜʝʢʩʘʤʠ: area_lf( ) len( ) fr( )B B B , 

area_ ll( ) len( ) lift( )B B B , area_ ls( ) len( ) sep( )B B B , ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʳʤ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝʤ ʧʦ ʧʘʨʘʤ ʠʥʜʝʢʩʦʚ: len( )B ʠ fr( )B , len( )B ʠ lift( )B , 

len( )B ʠ sep( )B . 

ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʦʪʦʙʨʘʣʠ ʣʫʯʰʠʝ n ʧʦʥʷʪʠʡ (ʠʩʢʣʶʯʘʷ ʪʝ ʠʟ ʥʠʭ, ʩʦʜʝʨ-

ʞʘʥʠʝ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʧʨʠʟʥʘʢʘ) ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʠʥʜʝʢʩʦʚ, ʯʠʩʣʦ 

n ʦʧʨʝʜʝʣʷʣʦʩʴ ʨʘʟʤʝʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʄɼʆ-

ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʧʨʠʥʮʠʧʘ ʄɼʆ ʚ ʦʪʙʦʨʝ ʧʦ ʟʘʜʘʥʥʳʤ ʠʥʜʝʢʩʘʤ ʠʥʪʝʨʝʩʥʦʩʪʠ. 

ɺ ʪʘʙʣ. 3 ʧʦʢʘʟʘʥʳ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʥʷʪʠʡ, ʦʪʦʙʨʘʥʥʳʭ ʧʦ ʚʳʙʨʘʥ-

ʥʳʤ ʠʥʜʝʢʩʘʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʄɼʆ-ʧʦʜʭʦʜʘ ʜʣʷ ʧʷʪʠ ʥʘʙʦʨʘʤ ʜʘʥʥʳʭ. 

ʇʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʄɼʆ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʪʴ 1,3%ï19,1% ʧʦʥʷʪʠʡ (ʚ ʩʨʝʜʥʝʤ 

6,4%). 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʦʪʙʦʨ ʧʦʥʷ-

ʪʠʡ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʠ çʪʠʧʠʯʥʳʤʠè (ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʥʘʙʦʨ ʜʘʥʥʳʭ ʚ 

ʮʝʣʦʤ, ʘ ʥʝ ʦʪʜʝʣʴʥʳʝ ʝʛʦ ʦʙʲʝʢʪʳ) ʩʦʜʝʨʞʘʥʠʷʤʠ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʜʘʥ-

ʥʦʛʦ ʬʘʢʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʤʥʦʞʝʩʪʚʘ ʄɼʆ-ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ ʤʦʱʥʦʩʪʠ 

n (ʦʙʦʟʥʘʯʘʝʤʦʛʦ ʜʘʣʝʝ SMDL) ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʤʥʦʞʝʩʪʚʦ ʧʝʨʚʳʭ n ʫʧʦʨʷ-

ʜʦʯʝʥʥʳʭ ʧʦʥʷʪʠʡ (ʦʙʦʟʥʘʯʘʝʤʦʛʦ ʜʘʣʝʝ Stop) ʧʦ ʚʳʙʨʘʥʥʳʤ ʠʥʜʝʢʩʘʤ ʠ 

ʩʨʘʚʥʠʣʠ ʠʭ ʩʦʜʝʨʞʘʥʠʷ. 
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ʊʘʙʣ. 3. 

 |G| |M| ʏʠʩʣʦ ʟʘ-

ʤʢʥʫʪʳʭ 

ʧʦʥʷʪʠʡ 

area 

len 

fr 

area 

len 

lift  

area 

len 

len 

fr 

len 

lift  

len 

sep 

breast 699 16 702 32 20 26 37 37 37 

ecoli 336 29 690 56 16 25 64 66 64 

iris 150 19 183 29 13 14 35 34 35 

led7 3 200 24 3808 118 64 98 109 109 108 

pima 768 38 2769 106 36 65 121 112 121 
 

ʇʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ: ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʧʦʥʷʪʠʡ, ʠʤʝ-

ʶʱʠʭ ʚ ʵʪʦʤ ʞʝ ʤʥʦʞʝʩʪʚʝ ʙʦʣʝʝ ʦʙʱʝʝ ʧʦʥʷʪʠʝ (ʪ.ʝ. ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ 

ʧʦʢʨʳʚʘʝʪ ʢʘʢʦʝ-ʣʠʙʦ ʜʨʫʛʦʝ ʩʦʜʝʨʞʘʥʠʝ) ʠ ʜʦʣʷ ʧʨʠʟʥʘʢʦʚ ʚ ʥʘʙʦʨʝ ʜʘʥ-

ʥʳʭ, ʧʦʢʨʳʚʘʝʤʳʭ ʤʥʦʞʝʩʪʚʘʤʠ ʩʦʜʝʨʞʘʥʠʡ ʦʪʦʙʨʘʥʥʳʭ ʧʦʥʷʪʠʡ. ʏʝʤ 

ʤʝʥʴʰʝ 1-ʡ ʧʦʢʘʟʘʪʝʣʴ, ʪʝʤ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳ ʩʦʜʝʨʞʘʥʠʷ ʦʪʦʙʨʘʥʥʳʭ 

ʧʦʥʷʪʠʡ, ʯʝʤ ʙʦʣʴʰʝ 2-ʡ ʧʦʢʘʟʘʪʝʣʴ, ʪʝʤ ʙʦʣʝʝ ʩʦʜʝʨʞʘʪʝʣʴʥʳʤʠ ʦʥʠ ʷʚʣʷ-

ʶʪʩʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 1 ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ SMDL ʚ ʩʨʝʜʥʝʤ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘ 20% ʙʦʣʴʰʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʦʜʝʨʞʘʥʠʡ (ʥʝ ʠʤʝʶ-

ʱʠʭ ʙʦʣʝʝ ʦʙʱʠʭ ʚ ʪʦʤ ʞʝ ʤʥʦʞʝʩʪʚʝ), ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʩʦʜʝʨʞʘʥʠʷ, ʦʪʦʙʨʘʥʥʳʝ ʧʦ area_ls (ʦʥʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 32% ʙʦ-

ʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʝʝ, ʯʝʤ ʚ Stop). 
 

 
ʈʠʩ. 1. ʉʨʝʜʥʷʷ ʨʘʟʥʠʮʘ ʚ ʯʠʩʣʝ ʙʦʣʝʝ ʦʙʱʠʭ ʩʦʜʝʨʞʘʥʠʡ ʧʦʥʷʪʠʡ ʤʝʞʜʫ Stop ʠ SMDL 

(ʩʣʝʚʘ) ʠ ʩʨʝʜʥʷʷ ʨʘʟʥʠʮʘ ʚ ʜʦʣʝ ʧʦʢʨʳʪʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʤʝʞʜʫ SMDL 

ʠ Stop (ʩʧʨʘʚʘ). ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ SMDL ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʝʤ Stop. ʏʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʧʨʝʠʤʫʱʝʩʪʚʘ SMDL 
 

SMDL ʧʦʢʨʳʚʘʶʪ ʚ ʩʨʝʜʥʝʤ ʥʘ 21,5% ʙʦʣʴʰʝ ʧʨʠʟʥʘʢʦʚ ʚ ʠʩʭʦʜʥʦʤ ʤʥʦ-

ʞʝʩʪʚʝ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʩ Stop ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 71,4% ʜʣʷ 

area_lf, ʯʪʦ ʦʟʥʘʯʘʝʪ ʩʣʝʜʫʶʱʝʝ: ʜʣʷ ʠʥʜʝʢʩʘ area_lf  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʄɼʆ-ʧʦʜʭʦʜʘ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ n ʧʦʥʷʪʠʡ, ʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʳʭ ʧʦʢʨʳ-

ʚʘʶʪ ʚ ʩʨʝʜʥʝʤ ʥʘ 71,4% ʙʦʣʴʰʝ ʧʨʠʟʥʘʢʦʚ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʯʝʤ ʩʦʜʝʨʞʘ-

ʥʠʷ ʣʫʯʰʠʭ n ʧʦʥʷʪʠʡ, ʚʳʙʨʘʥʥʳʭ ʧʦ ʵʪʦʡ ʞʝ ʤʝʪʨʠʢʝ. 
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ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʪʙʦʨʘ ʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ (ʩʦʜʝʨʞʘʥʠʡ ʬʦʨʤʘʣʴ-

ʥʳʭ ʧʦʥʷʪʠʡ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʝ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʦʧʠʩʘʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʪʥʳʝ ʟʥʘʥʠʷ ʦʙ ʠʥʪʝ-

ʨʝʩʥʦʩʪʠ ʦʪʙʠʨʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ (ʚʳʨʘʞʝʥʥʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʜʝʢʩʦʚ 

ʦʮʝʥʢʠ ʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʜʭʦʜ ʥʘ ʦʩ-

ʥʦʚʝ ʄɼʆ, ʥʝ ʪʨʝʙʫʷ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʝʪ ʧʦ-

ʣʫʯʠʪʴ ʥʝʙʦʣʴʰʦʡ ʥʘʙʦʨ ʤʥʦʞʝʩʪʚ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʦʙ-

ʨʘʟʥʳʤʠ ʠ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʦʧʠʩʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 
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ʄɽʊʆɼ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʉʎɽʅ ʅɸ ʆʉʅʆɺɽ  

ʅɽɼʆʆʇʈɽɼɽʃɽʅʅʓʍ ʄʆɼɽʃɽʁ1 

ɸ.ɼ. ʄʦʩʢʦʚʩʢʠʡ (moscowskyad@gmail.com)  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ  

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʮʝʥ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, 

ʨʘʙʦʪʘʶʱʠʡ ʚ ʜʚʘ ʵʪʘʧʘ. ʇʝʨʚʳʡ ʵʪʘʧ ʧʨʠ ʧʦʤʦʱʠ ʥʝʜʦʦʧʨʝʜʝʣʸʥ-

ʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʳʩʪʨʦ ʨʝʰʝʥʠʝ ʦ ʬʘʢʪʝ ʧʨʠʩʫʪ-

ʩʪʚʠʷ ʩʮʝʥʳ. ɺʪʦʨʦʡ ʵʪʘʧ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʷʝʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʠ 

ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʳʡ ʠ ʦʜʥʦʟʥʘʯʥʳʡ ʦʪʚʝʪ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤ ʚ ʩʠʩʪʝʤʘʭ, ʪʨʝʙʫʶʱʠʭ ʙʳʩʪʨʦʛʦ ʨʘʩʧʦʟʥʘʚʘ-

ʥʠʷ ʩʮʝʥ ʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʠʪʫʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʦʙʦʪʦ-

ʪʝʭʥʠʯʝʩʢʠʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʮʝʥ, ʥʝʜʦʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʜʝʣʠ 

ɺʚʝʜʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʮʝʥ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʥʝʜʦʦʧʨʝʜʝʣʝʥʥʳʭ ʤʦʜʝʣʝʡ. ɿʘʜʘʯʝʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʩʪʘʣʠ ʠʥʪʝʨʝʩʦʚʘʪʴʩʷ, ʥʘʯʠʥʘʷ ʩ ʩʝʨʝʜʠʥʳ 60-ʭ ʛʦʜʦʚ [Huffman, 1971; 

Roberts, 1965]. ʀʟʥʘʯʘʣʴʥʦ ʵʪʘ ʟʘʜʘʯʘ ʧʦʥʠʤʘʣʘʩʴ ʢʘʢ ʨʘʟʙʠʝʥʠʝ ʥʘʙʣʶʜʘʝ-

ʤʦʛʦ ʢʘʜʨʘ ʥʘ ʦʙʣʘʩʪʠ, ʨʘʟʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ: ʚʳʜʝʣʝʥʠʝ ʬʦʥʘ ʠ ʦʪʜʝʣʴ-

ʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʘʢʞʝ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝ-

ʥʠʝ ï ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʮʝʣʦʤ ʠ ʦʪʥʝʩʝʥʠʝ ʝʛʦ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ 

ʢʣʘʩʩʫ, ʥʘʧʨʠʤʝʨ, ʧʦ ʪʠʧʫ ʥʘʙʣʶʜʘʝʤʦʡ ʤʝʩʪʥʦʩʪʠ (ʛʦʨʦʜ, ʣʝʩ, ʩʝʣʴʩʢʘʷ 

ʤʝʩʪʥʦʩʪʴ) ʠʣʠ ʚʨʝʤʝʥʠ ʛʦʜʘ (ʟʠʤʥʠʡ, ʚʝʩʝʥʥʠʡ ʧʝʡʟʘʞ). ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʘ ʪʘʢʞʝ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

[Parizi et al., 2012; Zhou et al., 2014]. ʆʪʜʝʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʮʝʥʳ ʠ ʚʳʜʝʣʝʥʠʝ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. ʇʝʨ-

ʚʳʤ ʵʪʘʧʦʤ ʚ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ-ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʮʝʥʳ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. ɼʘʣʝʝ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟ-

ʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʨʘʚʥʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ ʩ ʵʪʘʣʦʥʥʦʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʩʨʘʚʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ  

ˉ 16-11-00018. 
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ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ çʢʣʘʩʩʠʯʝʩʢʠʡè ʧʦʜʭʦʜ ʠʩʯʠʩʣʝʥʠʷ ʧʨʝʜʠʢʘʪʦʚ 

[ʊʠʤʦʬʝʝʚ, 1988], ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʱʠʝ ʘʥʘʣʠʟ ʥʘ ʛʨʘʬʘʭ [Johnson et al., 

2015; ɼʫʜʘ ʠ ʜʨ., 1976], ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʜʝʩʢʨʠʧʪʦʨʦʚ 

[Cheng et al., 2018; Kwitt et al., 2012], ʘ ʪʘʢʞʝ ʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ 

[ʂʫʯʫʛʘʥʦʚ, 2018]. ʆʪʜʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʦʷʚʣʷʶʪʩʷ, ʢʦʛʜʘ 

ʨʝʯʴ ʠʜʝʪ ʦ ʩʠʩʪʝʤʘʭ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʤʦʙʠʣʴʥʳʭ ʨʦ-

ʙʦʪʘʭ. ɺʦ-ʧʝʨʚʳʭ, ʤʦʙʠʣʴʥʳʝ ʘʛʝʥʪʳ ʦʙʳʯʥʦ ʦʙʣʘʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʛʨʘ-

ʥʠʯʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʪʘʢ ʢʘʢ ʤʦʙʠʣʴʥʳʡ 

ʨʦʙʦʪ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʚʦʠ ʜʝʡ-

ʩʪʚʠʷ ʧʦʜ ʠʟʤʝʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʦ ʪʨʝʙʫʶʪʩʷ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶ-

ʱʠʝ ʙʳʩʪʨʦ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʨʝ-

ʰʝʥʠʝ çʥʘ ʚʩʷʢʠʡ ʩʣʫʯʘʡè). ɼʦʩʪʠʛʥʫʪʴ ʵʪʦʛʦ ʤʦʞʥʦ, ʧʦʣʫʯʠʚ ʦʪʚʝʪ, ʢʦʪʦ-

ʨʳʡ ʥʝ ʦʙʷʟʘʥ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʳʤ, ʥʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʫʪʦʯʥʝʥ. ʆʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʨʘʩʧʦʟʥʘ-

ʚʘʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʚʣʷʶʪʩʷ ʥʝʦʧʨʝʜʝʣʸʥʥʳʝ ʤʦʜʝʣʠ (ʜʘʣʝʝ ʅ-ʤʦʜʝʣʠ) 

[ʅʘʨʠʥʴʷʥʠ ʠ ʜʨ., 1998]. 

1. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ 

ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʥʘʙʦʨ ʨʘʩʧʦ-

ʟʥʘʥʥʳʭ ʦʙʲʝʢʪʦʚ O, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʪʦ ʠʣʠ ʠʥʦʝ 

ʦʪʥʦʰʝʥʠʝ Ri, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʵʪʘʣʦʥʥʦʡ ʩʮʝʥʳ. ʆʧʠʩʘʥʠʝ ʩʮʝʥʳ ʚ ʜʘʥ-

ʥʦʤʫ ʩʣʫʯʘʝ ʟʘʜʘʝʪʩʷ ʧʝʨʝʯʠʩʣʝʥʠʝʤ ʦʙʲʝʢʪʦʚ ʠ ʦʪʥʦʰʝʥʠʡ, ʠʭ ʩʚʷʟʳʚʘʶ-

ʱʠʭ [ʂʘʨʧʦʚ, 2011]. ʆʪ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪʩʷ ʚʳʜʝʣʠʪʴ ʠʟ ʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʪʝ 

ʦʙʲʝʢʪʳ, ʯʪʦ ʦʙʨʘʟʫʶʪ ʪʨʝʙʫʝʤʫʶ ʵʪʘʣʦʥʥʫʶ ʮʝʥʫ. ʆʙʦʙʱʝʥʥʘʷ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʘʷ ʅ-ʤʦʜʝʣʴ ʟʘʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʘʤʠ [ʅʘʨʠʥʴʷʥʠ, 2007]: 

M = (V, R, W, C),   (1) 

ʛʜʝ V ï ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, W ï ʤʥʦʞʝʩʪʚʦ ʬʫʥʢ-

ʮʠʡ ʧʨʠʩʚʘʠʚʘʥʠʷ, C ï ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ, R ï 

ʤʥʦʞʝʩʪʚʦ ʦʛʨʘʥʠʯʝʥʠʡ.  

ɺ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ ʤʥʦʞʝʩʪʚʦ V ʦʙʨʘʟʫʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʩʮʝʥʳ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʩʮʝʥʳ ʧʨʝʜʩʪʘʚʣʝʥ ʅ-ʟʥʘʯʝʥʠʝʤ. ʂʘʞʜʦʝ ʅ-ʟʥʘʯʝ-

ʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʨʘʩʧʦʟʥʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ. ʉʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʡ ʪʘʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ 

ʚʩʝʭ ʨʘʩʧʦʟʥʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ.  

ὺ  έȟέȟȣȟέ ȟὺᶰὠȟέ  ɴὕ .     (2) 

ʄʥʦʞʝʩʪʚʦ W ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢʮʠʠ ʧʨʦʚʝʨʢʠ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ 

ʦʙʲʝʢʪʘʤʠ:  

ὡ ὺȟὺ  ὺ. 
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ʌʫʥʢʮʠʷ ʠʟ Wab ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʤʝʞʜʫ ʦʙʲ-

ʝʢʪʘʤʠ Oa ʠ Ob, Wab ʠʟʤʝʥʷʝʪ ʟʥʘʯʝʥʠʝ ʅ-ʧʝʨʝʤʝʥʥʦʡ va, ʫʜʘʣʷʷ ʠʟ ʥʝʝ ʪʝ 

ʦʙʲʝʢʪʳ, ʫ ʢʦʪʦʨʳʭ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʥʠ ʩ ʦʜʥʠʤ ʦʙʲʝʢʪʦʤ ʠʟ Ob. 

ʌʫʥʢʮʠʠ ʠʟ C ʧʨʦʚʝʨʷʶʪ, ʙʳʣʘ ʣʠ ʫʩʪʨʘʥʝʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʜʘʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʫʪʦʯʥʠʣʦʩʴ ʣʠ ʟʥʘʯʝʥʠʝ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʦʜ-

ʥʦʛʦ ʠʣʠ ʜʦ ʥʫʣʷ ʦʙʲʝʢʪʦʚ. ʄʥʦʞʝʩʪʚʦ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦ-

ʩʪʦʠʪ ʠʟ ʦʛʨʘʥʠʯʝʥʠʷ, ʯʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʵʢʟʝʤʧʣʷʨ ʦʙʲʝʢʪʘ ʥʝ ʤʦʞʝʪ ʧʨʠ-

ʥʘʜʣʝʞʘʪʴ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʤʫ ʅ-ʟʥʘʯʝʥʠʶ (ʪʘʢʦʝ ʤʦʞʝʪ ʙʳʪʴ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʚ ʵʪʘʣʦʥʥʦʡ ʩʮʝʥʝ ʝʩʪʴ ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʪʠʧʫ ʦʙʲʝʢʪʳ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʧʝʨʚʘʷ ʬʫʥʢ-

ʮʠʷ ʠʟ W ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʝʨʝʤʝʥʥʳʤ ʠʟ V. ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʠʟʤʝʥʷʝʪ 

ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ, ʪʘʢ ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʠ ʠʟ W ʟʘʪʨʦʥʝʪ 

ʠʟʤʝʥʸʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. ʇʨʠʤʝʥʝʥʠʝ ʚʩʝʭ ʬʫʥʢʮʠʡ ʠʟ W ʦʙʨʘʟʫʝʪ ʦʜʠʥ 

ʮʠʢʣ ʚʳʯʠʩʣʝʥʠʡ. ʂʦʛʜʘ ʧʦʦʯʝʨʝʜʥʦ ʧʨʠʤʝʥʝʥʳ ʚʩʝ ʬʫʥʢʮʠʠ ʠʟ W, ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʥʘ ʟʘʚʝʨʰʝʥʠʝ ʧʨʦʮʝʜʫʨʳ, ʧʨʦʮʝʜʫʨʘ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʩʣʝʜʫ-

ʶʱʠʭ ʩʣʫʯʘʷʭ: 

¶ ʚʦ-ʧʝʨʚʳʭ, ʢʘʞʜʘʷ ʅ-ʧʝʨʝʤʝʥʥʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʠʤ ʦʙʲʝʢʪʦʤ; 

¶ ʚʦ-ʚʪʦʨʳʭ, ʦʜʥʘ ʠʟ ʅ-ʧʝʨʝʤʝʥʥʳʭ ʧʨʠʥʷʣʘ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ (ʥʝ 

ʦʩʪʘʣʦʩʴ ʥʠ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ); 

¶ ʚ-ʪʨʝʪʴʠʭ, ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʥʝʥʠʡ ʚ ʅ-ʧʝʨʝʤʝʥʥʳʭ ʟʘ ʧʨʦʰʝʜʰʠʡ 

ʮʠʢʣ ʨʘʚʥʦ ʥʫʣʶ. 

ɽʩʣʠ ʥʠ ʦʜʠʥ ʠʟ ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ ʥʝ ʚʳʧʦʣʥʠʣʩʷ, ʪʦ ʠʥʠʮʠʠʨʫʝʪʩʷ ʚʪʦʨʦʡ 

ʮʠʢʣ ʠ ʢ ʧʝʨʝʤʝʥʥʳʤ ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚʩʝ ʬʫʥʢʮʠʠ ʠʟ W, ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʦʜʠʥ ʠʟ ʢʨʠʪʝʨʠʝʚ ʥʝ ʩʨʘʙʦʪʘʝʪ.  

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪʩʷ ʧʦ ʧʝʨʚʦʤʫ ʢʨʠʪʝʨʠʶ, ʪʦ ʥʠʢʘʢʠʭ 

ʜʘʣʴʥʝʡʰʠʭ ʜʝʡʩʪʚʠʡ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʠ ʩʮʝʥʘ ʨʘʩʧʦʟʥʘʥʘ ʧʦʣʥʦʩʪʴʶ. ʕʪʦ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʘʣʛʦʨʠʪʤʘ. 

ɺʪʦʨʦʡ ʩʣʫʯʘʡ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʪʝʢʫʱʘʷ ʩʮʝʥʘ ʦʪʩʫʪʩʪʚʫʝʪ ʩʨʝʜʠ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʘʣʛʦʨʠʪʤʘ. 

ʊʨʝʪʠʡ ʞʝ ʩʣʫʯʘʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʢʦʛʜʘ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʥʝ ʫʜʘ-

ʣʦʩʴ ʠʟʙʝʞʘʪʴ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʦʙʳʯʥʦ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʩʣʫʯʘʷʭ, ʢʦ-

ʛʜʘ ʚʦ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʠʩʢʦʤʳʭ ʩʮʝʥ. ɼʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʜʘʥʥʫʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ, ʧʝʨʚʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʘʷ ʙʦʣʝʝ ʯʝʤ ʦʜʥʠʤ ʦʙʲʝʢʪʦʤ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ (ʧʦ-

ʦʯʝʨʝʜʥʦ ʦʩʪʘʚʣʷʝʪʩʷ ʦʜʠʥ ʦʙʲʝʢʪ ʠʟ ʚʩʝʭ). ɼʘʣʝʝ ʜʣʷ ʧʦʣʫʯʠʚʰʝʡʩʷ ʢʦʥ-

ʬʠʛʫʨʘʮʠʠ ʟʘʧʫʩʢʘʝʪʩʷ ʮʠʢʣ ʧʨʠʤʝʥʝʥʠʷ ʬʫʥʢʮʠʡ W ʩ ʪʘʢʠʤʠ ʞʝ ʢʨʠʪʝʨʠ-

ʷʤʠ ʦʩʪʘʥʦʚʢʠ. ɽʩʣʠ ʫʜʘʣʦʩʴ ʜʦʩʪʠʛʥʫʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴ-

ʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʪʦ ʦʥ ʚʳʧʠʩʳʚʘʝʪʩʷ, ʝʩʣʠ ʞʝ ʥʝʪ, ʪʦ ʦʧʠʩʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʨʝʢʫʨʩʠʚʥʦ ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʥʝʫʪʦʯʥʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʦʢʘ ʥʝ 

ʜʦʩʪʠʛʥʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɼʘʥʥʘʷ ʦʙʨʘ-

ʙʦʪʢʘ ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ ʪʨʝʙʫʝʪʩʷ 
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ʚʳʜʝʣʠʪʴ ʢʘʞʜʫʶ ʠʟ ʩʮʝʥ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʦʜʪʚʝʨʜʠʪʴ ʬʘʢʪ ʥʘʣʠ-

ʯʠʷ/ʦʪʩʫʪʩʪʚʠʷ ʜʘʥʥʦʡ ʩʮʝʥʳ ʥʘ ʪʝʢʫʱʝʤ ʢʘʜʨʝ ʤʦʞʥʦ ʥʘ ʧʨʝʜʳʜʫʱʝʤ 

ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ.  

ʀʟʣʦʞʝʥʥʳʡ ʚʳʰʝ ʤʝʪʦʜ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩ 1. 
 

 
ʈʠʩ. 1. ʋʢʨʫʧʥʝʥʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

2. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ ʩʮʝʥʳ, ʢʦʪʦʨʫʶ ʪʨʝʙʫʝʪʩʷ ʨʘʩʧʦʟʥʘʪʴ. 

ʇʫʩʪʴ ʠʥʪʝʨʝʩʫʶʱʘʷ ʩʮʝʥʘ ʩʦʜʝʨʞʠʪ ʪʨʠ ʦʙʲʝʢʪʘ R, B ʠ G, ʢʘʞʜʳʡ ʠʟ ʢʦ-

ʪʦʨʳʭ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʝʜʠʥʝʥ ʩ ʜʨʫʛʠʤʠ ʦʪʥʦʰʝʥʠʝʤ r. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ 

ʙʫʜʝʪ ʷʚʣʷʶʪʩʷ ʢʘʨʪʠʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʩʭʝʤʝ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ʆʙʲʝʢʪʳ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʧʫʥʢʪʠʨʦʤ  

ʚʳʜʝʣʝʥʘ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʫʶ ʪʨʝʙʫʝʪʩʷ ʨʘʩʧʦʟʥʘʪʴ 
 

ʉʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʤʝʪʦʜʫ ʩʦʟʜʘʶʪʩʷ ʪʨʠ ʅ-ʧʝʨʝʤʝʥʥʳʝ ʧʦ ʢʦ-

ʣʠʯʝʩʪʚʫ ʦʙʲʝʢʪʦʚ ʚ ʩʮʝʥʝ ï R, B ʠ G ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʩʪʨʦʠʪʩʷ ʪʘʙʣ. 1 ʩ 

ʠʭ ʟʥʘʯʝʥʠʷʤʠ, ʧʦ ʩʚʷʟʫʶʱʠʤ ʦʪʥʦʰʝʥʠʷʤ.  

ʊʘʙʣ. 1 

ʆʪʥʦʰʝʥʠʝ ʅ-ʧʝʨʝʤʝʥʥʘʷ ɿʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ 

r B B1, B2, B3, B4 

R R1, R2, R3, R4 

r R R1, R2, R3, R4 

G G1, G2, G3, G4 

r G G1, G2, G3, G4 

B B1, B2, B3, B4 

ʀʥʠʮʠʣʠʟʘʮʠ̫ 

ʅ-ʧʝʨʝʤʥʥr ʭ

ʇʨʠʤʝʥʝʥʠʝ 

ʬʫʥʢʮʠʡ 

ʧʨʠʩʚʘʠʚʘʥʠ̫

ʇʨʦʚʝʨʢʘ 

ʦʛʨʘʥʠʯʝʥʠʡ

ʇʨʦʚʝʨʢʘ 

ʚrʭʦʜʥr ʭ 

ʢʨʠʪʝʨʠʝʚ

ʋʩʪʨʘʥʠʝʥʠʝ 

ʥʝʦʧʨʝʜʝʣʥʥʦʩʪʠ

B1 G1

B2

R2

G2

R4

B3

G3

R3 G4

B4R1
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ɼʘʣʝʝ ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʝʜʣʦʞʝʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ, ʧʨʠʤʝʥʷʶʪʩʷ 

ʬʫʥʢʮʠʠ ʧʨʦʚʝʨʢʠ ʦʪʥʦʰʝʥʠʡ. ɺ ʧʝʨʚʦʡ ʩʪʨʦʯʢʝ ʪʘʙʣʠʮʳ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ 

B ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ ʩʦʩʪʦʷʥʠʝ ʚ ʦʪʥʦʰʝʥʠʠ r ʩ ʦʙʲʝʢʪʘʤʠ R, ʝʩʣʠ ʙʳʣʦ ʧʦʜ-

ʪʚʝʨʞʜʝʥʦ ʭʦʪʷ ʙʳ ʦʜʥʦ ʥʘʣʠʯʠʝ ʜʣʷ ʦʙʲʝʢʪʘ Bi, ʪʦ ʦʥ ʩʦʭʨʘʥʷʝʪʩʷ, ʚ ʧʨʦ-

ʪʠʚʥʦʤ ʩʣʫʯʘʝ ʫʜʘʣʷʝʪʩʷ ʠʟ ʅ-ʧʝʨʝʤʝʥʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʝʨʚʦʤ ʧʨʠ-

ʤʝʥʝʥʠʠ ʠʟ B ʙʫʜʝʪ ʫʜʘʣʝʥʦ ʟʥʘʯʝʥʠʝ B4, ʪʘʢ ʢʘʢ ʥʝ ʩʦʩʪʦʠʪ ʚ ʦʪʥʦʰʝʥʠʠ 

ʥʠ ʩ ʦʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʅ-ʧʝʨʝʤʝʥʦʡ R. ɼʘʣʝʝ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʚʝ-

ʨʷʶʪʩʷ ʵʣʝʤʝʥʪʳ R, ʛʜʝ ʙʫʜʫʪ ʫʜʘʣʝʥʦ ʟʥʘʯʝʥʠʝ R3 (ʩʤ. ʪʘʙʣ. 2). ɸʥʘʣʦʛʠʯ-

ʥʳʤ ʦʙʨʘʟʦʤ ʙʫʜʫʪ ʫʜʘʣʝʥʳ ʜʨʫʛʠʝ ʟʥʘʯʝʥʠʷ (ʞʠʨʥʳʤ ʫʢʘʟʘʥʳ ʫʜʘʣʝʥʥʳʝ 

ʦʙʲʝʢʪʳ ʥʘ ʜʘʥʥʦʤ ʰʘʛʝ). 
 

ʊʘʙʣ. 2 

ʆʪʥʦʰʝʥʠʝ ʅ-ʧʝʨʝʤʝʥʥʘʷ ɿʥʘʯʝʥʠʷ ʧʝʨʝ-

ʤʝʥʥʦʡ, ʮʠʢʣ 1 

ɿʥʘʯʝʥʠʷ ʧʝʨʝ-

ʤʝʥʥʦʡ, ʮʠʢʣ 2 

r B B1, B2, B3, B4 B1 

R R1, R2, R3, R4 R1, R2 

r R R1, R2, R4 R1 

G G1, G2, G3, G4 G1, G2 

r G G1, G3 G1 

B B1, B2, B3 B1 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 2, ʚ ʪʝʯʝʥʠʝ 1-ʛʦ ʮʠʢʣʘ ʚʳʯʠʩʣʝʥʠʷ ʥʝ ʙʳʣʦ ʜʦʩʪʠʛ-

ʥʫʪʦ ʥʠ ʦʜʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʩʪʘʥʦʚʢʠ, ʠ ʧʦʵʪʦʤʫ ʙʳʣ ʠʥʠʮʠʠʨʦʚʘʥ 2-ʡ ʮʠʢʣ 

ʚʳʯʠʩʣʝʥʠʡ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʩʪʘʥʦʚʣʝʥ ʧʦ 1-ʤʫ ʢʨʠʪʝʨʠʶ ʥʘ 4-ʤ ʰʘʛʝ ʧʨʦ-

ʚʝʨʢʠ ʦʪʥʦʰʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʘʥʥʫʶ ʩʮʝʥʫ ʦʙʨʘʟʫʶʪ 

ʪʦʣʴʢʦ ʦʙʲʝʢʪʳ R1, B1 ʠ G1. 

3. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʮʝʥ ʥʘ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʩʦʚʧʘʜʘʣʠ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʨʝʰʝʥʠʝʤ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʤʝʪʦʜʘ, ʚʢʣʶʯʘʶʱʘʷ: 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠ ʫʩʪʨʘʥʝʥʠʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ʆʮʝʥʢʘ 

ʚʳʧʦʣʥʷʣʘʩʴ ʜʣʷ ʩʮʝʥ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʦʙʲʝʢʪʦʚ ʠ ʜʣʷ ʨʘʟʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥ-

ʥʳʭ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʣʠʰʥʠʭ ʵʢʟʝʤʧʣʷʨʦʚ ʠʟ ʅ-ʟʥʘ-

ʯʝʥʠʡ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʨʝʤʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʫʩʪʨʘʥʝʥʠʷ ʥʝʦʧʨʝʜʝ-

ʣʸʥʥʦʩʪʠ (ʨʠʩ. 3).  
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʥʘ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʧʦʟʥʘʥʥʳʭ ʩʮʝʥ 

ʜʣʷ ʩʮʝʥʳ ʠʟ 3 ʦʙʲʝʢʪʦʚ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʩʨʘʚʥʠʚʘʣʩʷ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʩ ʤʝʪʦʜʦʤ ʨʘʩ-

ʧʦʟʥʘʚʘʥʠʷ ʩʮʝʥ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘ ʛʨʘʬʘʭ [ʄʦʩʢʦʚʩʢʠʡ, 2017]. ʕʢʩʧʝ-

ʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ ʤʝʪʦʜʘ ʥʘ ʛʨʘʬʘʭ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʩʢʦʨʦʩʪʠ ʧʨʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʩʮʝʥ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ (ʜʦ 4-ʭ ʦʙʲ-

ʝʢʪʦʚ). ʅʘ ʩʮʝʥʘʭ ʚ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʦʙʲʝʢʪʦʚ ʅ-ʤʦʜʝʣʠ ʦʧʝʨʝʞʘʶʪ ʤʝʪʦʜ 

ʥʘ ʛʨʘʬʘʭ (ʨʠʩ. 4 ʠ 5).  
 

 
 

ʈʠʩ. 4. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʮʝʥ ʜʣʷ 2 ʦʙʲʝʢʪʦʚ  
 

 
 

ʈʠʩ. 5. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʮʝʥ ʜʣʷ 6 ʦʙʲʝʢʪʦʚ 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʥ 

ʥʘ ʦʩʥʦʚʝ ʤʠʥʠʢʦʤʧʴʶʪʝʨʘ Raspberry Pi ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʥʦʤʥʦʛʦ ʜʘʪʯʠʢʘ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ (ʩʤ. ʨʠʩ. 6).  
 

 
 

ʈʠʩ. 6. ɸʚʪʦʥʦʤʥʳʡ ʜʘʪʯʠʢ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʨʦʙʦʪʝ DrYARP 

ʠ ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʵʪʘ-

ʧʦʚ. ʇʝʨʚʳʡ ʵʪʘʧ ʥʘ ʦʩʥʦʚʝ ʅ-ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦ ʥʘʣʠʯʠʠ ʩʮʝʥʳ ʥʘ ʢʘʜʨʝ. ɺʪʦʨʦʡ ʵʪʘʧ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʲ-

ʝʢʪʳ ʩʮʝʥʳ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʝʝ ʯʝʤ ʦʜʥʘ 

ʩʮʝʥʘ. ʈʘʟʙʠʝʥʠʝ ʥʘ ʜʚʘ ʵʪʘʧʘ (çʙʳʩʪʨʳʡè ʠ çʤʝʜʣʝʥʥʳʡè) ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʙʳʩʪʨʦʝ, ʥʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʘʙʩʦ-

ʣʶʪʥʦ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ. ʄʝʪʦʜ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙ-

ʥʦʩʪʴ ʠ ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʩʮʝʥʘʭ, ʩʦʩʪʦʷʱʠʭ 

ʠʟ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ, ʯʝʤ ʠʟʚʝʩʪʥʳʡ ʛʨʘʬʦʚʳʡ ʤʝʪʦʜ. 
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ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʪʨʝʭʤʝʨʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʣʠʮʘ ʩ 

ʧʦʤʦʱʴʶ ʩʪʝʨʝʦʧʘʨʳ. ʄʦʜʝʣʴ ʩʣʫʞʠʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʣʠʮʘ ʯʝʣʦ-

ʚʝʢʘ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʝʣʴʶ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʦ-

ʨʦʪʘ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʠ ʩʤʝʱʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʚʝʜʝʥʠʷ 3D-ʤʦʜʝʣʠ ʣʠʮʘ ʥʘ 2D-

ʠʟʦʙʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʚʤʝʱʝʥʠʝ ʠʟʦʙʨʘ-

ʞʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʘʤʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʚʳʧʦʣʥʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 3D/2D ʤʦʜʝʣʝʡ ʣʠʮ ʯʝʣʦʚʝʢʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ, ʤʦʜʝʣʝʡ ʣʠʮ, ʠʟʦʙʨʘʞʝʥʠʝ, 

ʤʝʪʦʜ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʥʘʚʝʜʝʥʠʝ 

ɺɺɽɼɽʅʀɽ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 2D-ʤʦʜʝʣʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʘʭ ʛʦʣʦʚʳ, ʝʩʪʝʩʪʚʝʥʥʦʡ ʤʠʤʠʢʠ, ʥʘʣʠʯʠʠ ʛʨʠʤʘʩ ʠ 

ʜʨʫʛʠʭ ʧʦʤʝʭ. ʇʦʵʪʦʤʫ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 3D-ʤʦʜʝʣʷʤ, ʧʦ-

ʣʫʯʝʥʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʤʝʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʧʦʣʥʦʪʫ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʛʦ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ. ʇʨʘʢ-

ʪʠʯʝʩʢʠ ʚʩʝ ʧʦʜʭʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʥʘʣʠ-

ʯʠʠ ʷʨʢʦʩʪʥʳʭ ʰʫʤʦʚ ʠ ʮʚʝʪʦʚʳʭ ʠʩʢʘʞʝʥʠʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʠ ʜʚʠʞʝʥʠʠ 

ʦʙʲʝʢʪʦʚ ʥʘ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ.  

ʆʩʥʦʚʥʦʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʚʳʜʝʣʝʥʠʝ ʢʣʶ-

ʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʫʜʘʯʥʦ 

ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʟʥʘʢʦʚ. ʄʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ ʥʘʠʙʦʣʝʝ ʦʙʱʠʡ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 2D-ʠ 3D-ʠʥʚʘʨʠʘʥʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʩʦʯʝʪʘʥʠʠ 
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ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘʤʠ. ʀʥʚʘʨʠʘʥʪ ï ʵʪʦ ʚʝʣʠʯʠʥʘ, ʦʩʪʘʶʱʘ-

ʷʩʷ ʥʝʠʟʤʝʥʥʦʡ ʧʨʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʘʬʬʠʥʥʳʭ 

ʠʣʠ ʷʨʢʦʩʪʥʳʭ [Hu, 1962].  

ʇʦʜ 3D-ʠʟʦʙʨʘʞʝʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ 

( , , )f x y z , ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʘ ʢʦʤʧʘʢʪʥʦʤ ʥʦʩʠʪʝʣʝ D R R RË ³ ³ ʠ ʠʤʝʶ-

ʱʘʷ ʢʦʥʝʯʥʳʡ ʥʝʥʫʣʝʚʦʡ ʠʥʪʝʛʨʘʣ. ʇʨʠʤʝʨʦʤ ʧʦʜʦʙʥʦʡ ʬʫʥʢʮʠʠ ʩʣʫʞʠʪ 

ʬʫʥʢʮʠʷ ʷʨʢʦʩʪʠ, ʠʟʚʝʩʪʥʘʷ ʪʘʢʞʝ ʢʘʢ ʧʦʣʫʪʦʥʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ɺ ʩʣʫʯʘʝ 

ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ( , , )f x y z  ʠʤʝʝʪ ʪʦʣʴʢʦ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʨʠ ʮʝʣʳʭ ( , , )x y z . ʎʠʬʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʠ ( , , )f x y z  ʷʨʢʦʩʪʠ ʠ ʭʨʘʥʠʪʩʷ ʚ ʢʦʤ-

ʧʴʶʪʝʨʝ ʚ ʚʠʜʝ ʪʨʝʭʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ( , , )I i j k , ʛʜʝ 0,1, ..., 1
x

i N= -, 

0,1, ..., 1
y

j N= - ʠ 0,1, ..., 1
z

j N= -. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʠʢʩʝʣʴ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 

ʜʦ 1L-. ɺʝʣʠʯʠʥʘ L  ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʜʚʦʡʢʠ (ʥʘʧʨʠʤʝʨ, 64, 

256) ʠ ʥʘʟʳʚʘʝʪʩʷ ʛʣʫʙʠʥʦʡ ʠʟʦʙʨʘʞʝʥʠʷ. 

1.ʇʦʩʪʨʦʝʥʠʝ 3D-ʤʦʜʝʣʠ ʣʠʮʘ 

ʊʨʝʭʤʝʨʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʝʨʝʦʧʘʨʳ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝ-

ʥʠʶ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ: 

,Ax b=               (1.1) 

1 1 1* 1 1 1* 1 1 1* 1 1* 1

11 14 21 24 31 34 44 41

1 1 1* 1 1 1* 1 1 1* 1 1*

12 14 22 24 32 34 44

2 2 2* 2 2 2* 2 2 2*

11 14 21 24 31 34

2 2 2* 2 2 2* 2 2 2*

12 14 22 24 32 34

, ,

T T x T T x T T x T x T
x

T T y T T y T T y T y T
A x y b

T T x T T x T T x
z

T T y T T y T T y

è ø- - - -
é ù è ø
- - - -é ù é ù

= = =
é ù é ù- - -
é ù é ùê ú
é ù- - -ê ú

1

42

2 2* 2

44 41

2 2* 2

44 42

.
T x T

T y T

è ø
é ù
é ù
é ù-
é ù
é ù-ê ú

 

ɿʜʝʩʴ k

ij
T ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ k -ʡ ʢʘʤʝʨʳ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʡ ʤʘʪʨʠʮʝʡ 4ʭ4. ʅʘʟʦʚʝʤ ʵʪʫ ʤʘʪʨʠʮʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ. ɼʣʷ ʦʮʝʥʢʠ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʚʳʯʠʩʣʷʶʪ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ. ʄʘʢʩʠʤʘʣʴ-

ʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ Ax ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʦʞʥʦ ʟʘ-

ʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʯʠʩʣʘʤʠ:  

0
max

x

Ax
Q

x¸

= , 
0

min
x

Ax
q

x¸

= , 

ʛʜʝ 
1

n

il
i

x x
=

=ä . ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

( ) /cond A Q q= . ʏʝʤ ʙʦʣʴʰʝ ( )cond A, ʪʝʤ ʙʣʠʞʝ ʤʘʪʨʠʮʘ A  ʢ ʚʳʨʦʞʜʝʥ-



 

37 

ʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʟʚʝʥʦʤ ʧʨʠ ʦʧʨʝ-

ʜʝʣʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 3D-ʠʥʬʦʨʤʘʮʠʠ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʩʯʠʪʘʝʤ, ʯʪʦ ʤʘʪʨʠʮʘ A  ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʦʙʫʩʣʦʚʣʝʥʥʦʡ. 

ʋʪʚʝʨʞʜʝʥʠʝ 1. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮʳ A  ʠ ʩʪʦʣʙʝʮ ʩʚʦʙʦʜʥʳʭ 

ʯʣʝʥʦʚ b  ʚ ʫʨʘʚʥʝʥʠʠ (1.1) ʠʟʤʝʥʠʪʴ ʥʘ ʤʘʣʳʝ ʚʝʣʠʯʠʥʳ 
1

Ae ʠ 
1

be , ʪʦ ʠ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴ-

ʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʠʟʤʝʥʠʪʩʷ ʥʘ ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ 

0 1 0 1 0 0
( ) ( ) ( )T TO A A A A A Ae e eD= = + + - . 

ʇʦʢʘʞʝʤ, ʯʪʦ ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮʳ A  ʠ ʩʪʦʣʙʝʮ ʩʚʦʙʦʜʥʳʭ 

ʯʣʝʥʦʚ b  ʠʟʤʝʥʠʪʴ ʥʘ ʤʘʣʳʝ ʚʝʣʠʯʠʥʳ, ʪʦ ʠ ʨʝʰʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦ-

ʱʴʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʠʟʤʝʥʠʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ [ʅʛʫʝʥ, 

2016a]. ɼʣʷ ʵʪʦʛʦ ʚʚʝʜʝʤ ʚʦʟʤʫʱʘʶʱʫʶ ʤʘʪʨʠʮʫ 
1

A, ʚʦʟʤʫʱʘʶʱʠʡ ʚʝʢʪʦʨ 

1
b  ʠ ʧʦʪʨʝʙʫʝʤ, ʯʪʦʙʳ ʩʠʥʛʫʣʷʨʥʳʝ ʯʠʩʣʘ (ʪʦ ʝʩʪʴ ʢʚʘʜʨʘʪʥʳʝ ʢʦʨʥʠ ʠʟ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ) ʤʘʪʨʠʮʳ 
1

A  ʙʳʣʠ ʦʛʨʘʥʠʯʝʥʳ ʩʚʝʨʭʫ ʥʝʢʦʪʦʨʦʡ ʢʦʥ-

ʩʪʘʥʪʦʡ. ʇʦʤʠʤʦ ʩʠʩʪʝʤʳ (1.1) ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʩʠʩʪʝʤʫ 

0 1 0 1
( ) ,A A x b b

e
e e+ = +

 (1.2) 

ʛʜʝ e ï ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ. ɽʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ:  
1

0 1 0 1 0 1 0 1
(( )( )) ( )( ).T T T Tx A A A A A A b b

e
e e e e-= + + + +

 
ʈʘʩʩʤʦʪʨʠʤ ʚʳʨʘʞʝʥʠʝ:  

0 1 0 1
( )( ) ,T TJ A A A Ae e= + + D

 
ʛʜʝ 

0
x x
e

D= -ï ʦʪʢʣʦʥʝʥʠʝ. ɺʝʣʠʯʠʥʫ J  ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʚʠʜʫ 

1 1 2

1 0 0 0 0 0 0 1 1 0 0 0 0
( ( ) ) ( ( ) ) ( ).T T T T TJ A E A A A A b A b A A A A b Oe e e- -= - + - +

 
ʛʜʝ E  ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ.  

ʄʘʪʨʠʮʘ 
0 0

TA A  ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʘ. ɿʥʘʯʠʪ, ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ 

e ɻ ʪʦ ʩʚʦʡʩʪʚʦ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʜʣʷ ʤʘʪʨʠʮʳ
0 1 0 1

( )( )T TA A A Ae e+ + , ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʠʤʝʝʤ: 

0 1 0 1 0 0
( ) ( ) ( ) .T TO A A A A A Ae e eD= = + + -

 
(1.3) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʣʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʨʝʦʢʘʤʝʨʳ (ʧʨʠ ʫʩʣʦ-

ʚʠʠ ʭʦʨʦʰʝʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʘʪʨʠʮʳ) ʧʨʠʚʦʜʷʪ ʢ ʤʘ-

ʣʳʤ ʠʟʤʝʥʝʥʠʷʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʜʘʯʠ ʪʨʝʭʤʝʨʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, 

ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣ. 1.  
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ʊʘʙʣ. 1.  

ʊʠʧ ʟʘʜʘʯʠ ʈʝʰʝʥʠʝ 

ʄʠʥʠʤʠʟʘʮʠʷ ʩʨʝʜ-

ʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ N  ʦʪ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʩʠʩʪʝʤʳ (1.1) 

( )
1

T Tx A A A b
-

=
 

ʄʠʥʠʤʠʟʘʮʠʷ ʩʘ-

ʤʦʛʦ ʙʦʣʴʰʦʛʦ ʦʪ-

ʢʣʦʥʝʥʠʷ 

1 1 1 1

2 2 2 2

3 3 3 3

4 4 4 4

0

0

0

0

x y z

x y z

x y z

x y z

a x a y a z b

a x a y a z b

a x a y a z b

a x a y a z b

+ + + =ë
î

+ + + =î
ì

+ + + =î
î + + + =í  

ʄʠʥʠʤʠʟʘʮʠʷ ʩʨʝʜ-

ʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ N  ʦʪ 

ʛʨʘʥʝʡ ʪʝʪʨʘʵʜʨʘ 

1 1 1 1

2 2 2 2

3 3 3 3

4 4 4 4

x y z

x y z

x y z

x y z

a x a y a z b

a x a y a z b

a x a y a z b

a x a y a z b

x

x

x

x

+ + + =ë
î

+ + + =î
ì

+ + + =î
î + + + =í  

ʄʠʥʠʤʠʟʘʮʠʷ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʦʪʢʣʦ-

ʥʝʥʠʷ Nʦʪ ʛʨʘʥʠ 

ʪʝʪʨʘʵʜʨʘ 

2

2

2 2 2 , ,

( )
min

xi yi zi i

x y z
i

xi yi zi

a x a y a z b

a a a
d

+ + +
= ­

+ +
ä

 
2

2 2 2 2

2

2 2 2 2

2

2 2 2 2

0

0,

0

xi yixi xi zi xi i

i i i i
i i i i

xi yi yi yi zi yi i

i i i i
i i i i

yi zixi zi zi zi i

i i i i
i i i i

a aa a a a b
x y z

a a a a a a b
x y z

a aa a a a b
x y z

ë
+ + + =î

D D D Dî
îî

+ + + =ì
D D D Dî

î
î + + + =

D D D Dîí

ä ä ä ä

ä ä ä ä

ä ä ä ä
 ʛʜʝ 

2 2 2 2

i xi yi zi
D =D +D +D, {1,2,3,4}iÍ . 

ʄʠʥʠʤʠʟʘʮʠʷ ʩʨʝʜ-

ʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ʦʜʥʦʡ 

ʠʟ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ 

N  

2

2 2 2

2

2 2 2

0

0

4 0

xi yixi xi xi i

i i i i
zi zi zi zi

xi yi yi yi yi i

i i i i
zi zi zi zi

yixi i

i i i
zi zi zi

a aa a a b
x y z

a a a a

a a a a a b
x y z

a a a a

aa b
x y z

a a a

ë
+ + + =î

î
îî

+ + + =ì
î
î
î + + + =
îí

ä ä ä ä

ä ä ä ä

ä ä ä
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2. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʫʧʨʘʚʣʝʥʠʝʤ 3D-ʤʦʜʝʣʷʤʠ ʣʠʮ 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʝʣʴʶ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʦʨʦʪʘ, ʤʘʩ-

ʰʪʘʙʠʨʦʚʘʥʠʷ, ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʠ ʩʤʝʱʝʥʠʷ ʚ ʦʜʥʦʨʦʜʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ:  

1 21 1
[ , ,0,1] [ , , ,1] .

R R
x y x y z R R=  

ɿʜʝʩʴ 
1

R  ï ʦʙʦʙʱʝʥʥʘʷ ʧʨʝʦʙʨʘʟʫʶʱʘʷ ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʦʚ ʤʦʜʝʣʠ ʥʘ 

ʫʛʣʳ ( , , )a b g, ʩʤʝʱʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʳ (
t

x ,
t

y ,
t

z) ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ (
x

S ,

y
S ,

z
S ). 

2
R ī  ʤʘʪʨʠʮʘ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ z=0, 

1

0

0

0

1

x y z

x y z

x y z

t t t

AS BS CS

DS ES FS
R

GS HS IS

x y z

è ø
é ù
é ù
=
é ù
é ù
é ùê ú

, 
2

1 0 0 0

0 1 0 0

0 0 0 0

0 0 0 1

R

è ø
é ù
é ù=
é ù
é ù
ê ú

, 

ʛʜʝ:  

cos( )cos( ); sin( )cos( ); sin( );A B Ca b a a b= = =-

cos( )cos( ) sin( )sin( )sin( );E a g a b g= +
 

sin( )cos( ) cos( )sin( )sin( );D a g a b g=- +

cos( )sin( ); sin( )sin( ) cos( )sin( )cos( );F Gb g a g a b g= = +
 

cos( )sin( ) sin( )sin( )cos( ); cos( )cos( )H Ia g a b g b g=- + =
. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ,
x y z

S S S S= = = ʧʦʩʣʝ ʫʤʥʦʞʝʥʠʷ ʪʦʯʢʠ [ , , ,1]x y z  ʥʘ 

ʦʙʦʙʱʝʥʥʫʶ ʧʨʝʦʙʨʘʟʫʶʱʫʶ ʤʘʪʨʠʮʫ 
1

R  ʧʦʣʫʯʠʤ ʚʝʢʪʦʨ  

1 1 1
1

R R R
x y zè ø
ê ú, 

ʛʜʝ:  

1
(cos( )( cos( ) sin( )( sin( ) cos( )) sin( )

( cos( ) sin( )) ,

R

t

x x y z

y z S x

a b b g g a

g g

= + + - ³

³ - +

1
(sin( )( cos( ) sin( )( sin( ) cos( )) cos( )

( cos( ) sin( )) ,

R

t

y x y z

y z S y

a b b g g a

g g

= + + - ³

³ - +

1
( sin( ) cos( ) sin( ) cos( )cos( ))

R t
z x y z S zb b g b g= - + + +. 

ʇʫʩʪʴ ʪʨʝʭʤʝʨʥʦʝ ʪʝʣʦ ʟʘʜʘʥʦ ʥʘʙʦʨʦʤ N ʪʦʯʝʢ c ʢʦʦʨʜʠʥʘʪʘʤʠ 

( , , )
k k k

x y z , 1, ...,k N= , ʢʦʪʦʨʳʤ ʧʨʠʧʠʩʘʥʳ ʚʝʩʘ 
k

f , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ, 

ʥʘʧʨʠʤʝʨ, ʷʨʢʦʩʪʠ. ɺʝʩʘ ʪʦʯʝʢ ʚʣʠʷʶʪ ʥʘ ʮʝʥʪʨ ʤʘʩʩ ʪʝʣʘ, ʧʦʵʪʦʤʫ ʠʭ ʠʟ-

ʤʝʥʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʦʨʜʠʥʘʨʥʦʡ ʬʦʨʤʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʮʝʥ-

ʪʨʘ ʤʘʩʩ ʠ ʠʟʤʝʥʝʥʠʶ ʦʨʠʝʥʪʘʮʠʠ ʩʘʤʦʛʦ ʪʝʣʘ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʦʯʝʥʴ ʚʘʞʥʦ 
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ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʠʪʴ ʧʨʘʚʠʣʴʥʦʝ ʟʘʜʘʥʠʝ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʦʙʲ-

ʝʢʪʘ (ʪʚʝʨʜʦʛʦ ʪʝʣʘ) ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ.   

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ 3D-ʤʦʜʝʣʠ ʣʠʮʘ ʯʝʣʦʚʝʢʘ. 

ʊʘʙʣ. 2. 

ɺʘʨʠʘʥʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ 3D-ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʮʘ  

   
 

3. ʇʦʩʪʨʦʝʥʠʝ ʣʠʥʠʡ ʧʦʣʦʞʝʥʠʷ ʜʣʷ 3D-ʤʦʜʝʣʝʡ ʣʠʮ 

ʇʫʩʪʴ ʣʠʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ çʮʝʥʪʨ ʪʷʞʝʩʪʠè ʩʠʩʪʝʤʳ ʪʦʯʝʢ 

ʦʙʲʝʢʪʘ:  

1 1 1

1 1 1

( , , ) , ,

N N N

i i i i i i
i i i

N N N

i i i
i i i

f x f y f z

x y z

f f f

= = =

= = =

å õ
æ ö
=æ ö
æ ö
ç ÷

ä ä ä

ä ä ä
, 

ʛʜʝ ( , , )x y z  ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʦʙʲʝʢʪʘ. ʃʠʥʠʷ ʧʦʣʦʞʝʥʠʷ ʦʙ-

ʨʘʟʫʝʪ ʫʛʣʳ a,b,g ʩ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ OX, OY, OZ ʠ ʝʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
x x y y z z

l m n

- - -
= = , ʛʜʝ: , ,l m n ï ʫʛʣʦʚʳʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʧʨʷʤʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ; , ,x y z ï ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʦʙʲʝʢʪʘ. 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ k-ʡ ʪʦʯʢʠ ʦʙʲʝʢʪʘ ʜʦ ʠʩʢʦʤʦʡ ʣʠʥʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨ-

ʤʫʣʝ  
2 2 2

2

2 2 2

[( ) ( ) ] [( ) ( ) ] [( ) ( ) ]
k k k k k k

k

x x m y y l y y n z z m z z l x x n
d

l m n

- - - + - - - + - - -
=

+ + . 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʟʘʧʠʩʠ ʚʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

2

1

( ) ,
N

i i
i

A x x f
=

= -ä
2

1

( ) ,
N

i i
i

B y y f
=

= -ä
2

1

( ) ,
N

i i
i

C z z f
=

= -ä

1

( )( ) ,
N

i i i
i

D x x y y f
=

= - -ä
1

( )( ) ,
N

i i i
i

E x x z z f
=

= - -ä
1

( )( ) .
N

i i i
i

F y y z z f
=

= - -ä
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ɺʝʣʠʯʠʥʳ A, ..., F ʥʘʟʦʚʝʤ ʤʦʤʝʥʪʘʤʠ ʠʥʝʨʮʠʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʣʝʜʫʝʪ ʥʘʡʪʠ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ S ʧʦ 

ʧʝʨʝʤʝʥʥʳʤ , ,l m n ʠ ʧʨʠʨʘʚʥʷʪʴ ʠʭ ʥʫʣʶ. ʇʦʩʣʝ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʡ ʧʨʠʭʦʜʠʤ ʢ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ: 
2 2 2 2 2

1

2

2 2 2 2 2

2

2

2 2 2 2 2

3

2

( )(( ) ) (( ) ( )

( ) 2 2 ln 2 ) 0

( )(( ) ) (( ) ( )

( ) 2 2 ln 2 ) 0

( )(( ) ) (( ) ( )

( ) 2

g l m n B C l Dm Cn l B C l C A m

A B n Dlm E Fmn

g l m n C A m Dl Fn m B C l C A m

A B n Dlm E Fmn

g l m n A B n El Fm n B C l C A m

A B n

= + + + - - - + + + +

+ + - - - =

= + + + - - - + + + +

+ + - - - =

= + + + - - - + + + +

+ + - 2 ln 2 ) 0Dlm E Fmn

ë
î
î
î
î
ì
î
î
î
î - - =í  

 

ʇʨʠʤʝʨʳ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʠʡ ʧʦʣʦʞʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʠʡ ʧʦʣʦʞʝʥʠʷ 

 

ʄʝʪʦʜ çʣʠʥʠʡ ʧʦʣʦʞʝʥʠʷè ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʚʳʯʠʩʣʷʪʴ ʦʪ-

ʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʚʦʨʦʪ ʜʚʫʭ ʪʝʣ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘ-

ʜʘʯʠ ʥʘʚʝʜʝʥʠʷ ʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʩʨʘʚʥʝʥʠʷ ʩ ʵʪʘʣʦʥʦʤ ʚ ʟʘʜʘʯʘʭ 

ʨʘʩʧʦʟʥʘʥʠʷ ʣʠʮ [ʅʛʫʝʥ, 2016b]. 

4. ʇʨʠʤʝʥʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ 3D-ʤʦʜʝʣʴʶ ʣʠʮʘ ʯʝʣʦʚʝʢʘ  

ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ  

ɺ ʟʘʜʘʯʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

3D-ʤʦʜʝʣʷʤʠ ʣʠʮ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʮʠʠ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʡ, ʚ ʩʤʳʩʣʝ ʥʝ-

ʢʦʪʦʨʦʛʦ ʢʨʠʪʝʨʠʷ, ʢ ʟʘʜʘʥʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ 

ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ ʧʨʠʤʝʥʝʥʳ ʠʥʚʘʨʠʘʥʪʥʳʝ ʤʦʤʝʥʪʳ. ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʥʘʚʝʜʝʥʠʷ ʨʝʰʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ 
ɼʣʷ ʵʪʦʛʦ ʧʦʣʘʛʘʝʤ ʠʟʚʝʩʪʥʳʤʠ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʧʦʣʦʞʝ-
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ʥʠʷ  [0] [0] [0]

1 2 3
( , , )p p p . ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʙʣʠʞʝʥʠʷ ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨ-

ʤʫʣʝ [ 1] [ ] [ ]k k k

i i i
p p pl+ = + D , [ ] /

[ ]
( )k

i k
p W PD =- , ʛʜʝ 

[ ]

/

[ ]

1

( )
( )

k

k

dW P
W P

dp
= , k  

( 0.1,....)k=  ï ʥʦʤʝʨ ʠʪʝʨʘʮʠʠ; [ ]k

i
pD  ï ʰʘʛ k -ʡ ʠʪʝʨʘʮʠʠ; l ï ʥʦʨʤʠʨʫʶ-

ʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ [ɻʝʥʜʨʠʥʘ, 2008]. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʳ C++. 

ʇʨʠʤʝʨ ʩʨʘʚʥʠʚʘʝʤʳʭ ʤʦʜʝʣʝʡ ʣʠʮ ʯʝʣʦʚʝʢʘ ʠ ʨʝʟʫʣʴʪʘʪ ʥʘʚʝʜʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2 ʠ 3. 
 

 
ʈʠʩ. 2. ʇʨʠʤʝʨ ʩʨʘʚʥʝʥʠʷ 3D ʤʦʜʝʣʠ ʣʠʮʘ ʠ ʟʘʜʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 
 

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʩʦʚʧʘʜʝʥʠʷ ʧʨʦʝʢʮʠʠ 3D-ʦʙʲʝʢʪʘ ʩ 2D-ʠʟʦʙʨʘʞʝʥʠʝʤ 
 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘʚʝʜʝʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʨʘʢʫʨʩʘʭ 

ʩʲʝʤʢʠ ʣʠʮ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʝʪʦʜ ʣʷʞʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʦʩʥʦʚʫ ʧʨʦ-

ʛʨʘʤʤʳ ʧʦʠʩʢʘ ʯʝʣʦʚʝʢʘ ʧʦ ʝʛʦ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʧʨʠ ʫʩʣʦ-

ʚʠʠ ʥʘʣʠʯʠʷ ʙʘʟʳ 3D-ʣʠʮ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʬʣʫʢʪʫʘʮʠʷʤ 

3D-ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʩʪʝʨʝʦʧʘʨʳ ʧʨʠ ʫʩʣʦ-

ʚʠʠ ʭʦʨʦʰʝʡ ʥʘʯʘʣʴʥʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʘʪ-

ʨʠʮʳ. ɼʘʥʳ ʧʨʠʤʝʨʳ ʚʦʟʤʦʞʥʳʭ ʧʦʩʪʘʥʦʚʦʢ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘ-

ʜʘʯ ʪʨʝʭʤʝʨʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ. 

ʇʨʠʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʠʡ ʧʦʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ. ɺ ʨʘʙʦʪʝ ʟʘʜʘʯʘ ʥʘʚʝʜʝʥʠʷ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʛʨʘʜʠʝʥʪ-

ʥʦʛʦ ʩʧʫʩʢʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʣʠʮ ʯʝʣʦʚʝʢʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[ɻʝʥʜʨʠʥʘ, 2008] ɻʝʥʜʨʠʥʘ ʀ.ʖ., ʂʘʪʘʝʚʘ ʉ.ʉ., ʈʳʞʘʢʦʚ ɸ.ʇ. ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩ-

ʢʦʝ ʧʦʩʦʙʠʝ. ɻʨʘʜʠʝʥʪʥʳʝ ʠ ʦʚʨʘʞʥʳʝ ʤʝʪʦʜʳ ʙʝʟʫʩʣʦʚʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ. ï 

ʊʦʤʩʢ, 2008. 

[ʅʛʫʝʥ, 2016ʘ] ʅʛʫʝʥ ɿʫʡ ʊʭʘʥʴ, ʌʦʤʠʥ ʄ.ɹ., ʍʘʯʫʤʦʚ ɺ.ʄ. ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʩʪʝʨʝʦʠʟʦʙʨʘʞʝʥʠʡ // ʄʘʪʝʨʠʘʣʳ 19-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝ-

ʨʝʥʮʠʠ çʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ: ʫʧʨʘʚ-

ʣʝʥʠʝ, ʚʳʯʠʩʣʝʥʠʝ, ʩʚʷʟʴ (DCCN-2016)è, 2016, ʊ. 2. 
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ʅ.ʅ. ʌʠʣʘʪʦʚʘ (nfilatova99@mail.ru) 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʊʚʝʨʴ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʚʫ-

ʤʝʨʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʠʣʣʶ-

ʩʪʨʠʨʫʶʱʠʭ ʚʘʨʴʠʨʦʚʘʥʠʝ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ. 

ʆʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʣʦʢʘʣʠʟʘʮʠʠ ʠʥʪʝʨʚʘʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʫʢʨʫʧʥʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʀʥʪʝʨʚʘʣʳ ʫʢʨʫʧʥʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʧʨʝ-

ʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʨʠ 

ʦʙʫʯʝʥʠʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʧʦ ʧʝʨʚʠʯʥʳʤ ʜʘʥʥʳʤ. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘ-

ʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ʨʝʯʝʚʳʭ ʩʠʛʥʘʣʘʭ ʠ ʕʕɻ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʛʦʨʠʪʤ, ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʦʙʫʯʘʶʱʘʷ 

ʚʳʙʦʨʢʘ, ʪʝʩʪʦʚʘʷ ʚʳʙʦʨʢʘ, ʵʤʦʮʠʠ ʯʝʣʦʚʝʢʘ, ʨʝʯʝʚʦʡ ʩʠʛʥʘʣ, ʕʕɻ, 

ʉʇʄ, ʥʝʯʝʪʢʠʝ ʧʨʠʟʥʘʢʠ 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ 

ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʩʧʦʩʦʙʘʤ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʵʪʠʭ ʩʚʝʜʝʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠ-

ʩʪʝʤʘʤʠ [Gratch et al., 2005; Marsella et al., 2010; ʀʣʠɹʥ, 2011; ʌʠʣʘ-

ʪʦʚʘ, 2017]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʝʥ ʚʦʧʨʦʩ ʨʘʟʨʘ-

ʙʦʪʢʠ ʩʨʝʜʩʪʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘʙʦʨʘʤʠ ʜʠʩ-

ʢʨʝʪʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɼʣʷ ʫʩʧʝʰʥʦʩʪʠ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʡ ʟʘʜʘʯʠ ʧʨʠʭʦʜʠʪʩʷ 

ʚʦ ʤʥʦʛʦʤ ʩʦʙʣʶʜʘʪʴ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʟʥʘʢʦʚ ʠ ʪʦʯʥʦ-

ʩʪʴʶ ʦʧʠʩʘʥʠʡ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ. ɺ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʧʦʚʳʰʘʝʪʩʷ ʧʦʢʘʟʘ-

ʪʝʣʴ ʪʦʯʥʦʩʪʠ ʧʦ ʦʪʦʙʨʘʞʘʝʤʳʤ ʩʚʦʡʩʪʚʘʤ ʦʙʲʝʢʪʦʚ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ 

                                                           
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʧʨʦʝʢʪ ʄʂ-1898.2018.9). 
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ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʨʠʟʥʘʢʦʚ. ʇʦʜʦʙʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʩʫʙʲʝʢʪʠʚʥʳʤ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤ ʦʙʲʝʢʪʦʚ ʠ ʯʨʝʟʤʝʨʥʘʷ ʜʝʪʘʣʠʟʘʮʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ 

ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʦʰʠʙʢʠ. ʕʪʠ ʟʘʤʝʯʘ-

ʥʠʷ ʦʩʦʙʝʥʥʦ ʯʘʩʪʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ. ɸʥʘʣʠʟ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʦʚ ʤʦʞʥʦ ʨʝʘʣʠʟʦ-

ʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʘʩʰʠʨʝʥʠʡ ʧʨʠʟʥʘʢʦʚ, ʥʦ ʧʦʜʦʙʥʳʝ 

ʧʨʦʮʝʜʫʨʳ ʙʫʜʫʪ ʩʚʷʟʘʥʳ ʩ ʫʪʦʯʥʝʥʠʷʤʠ ʜʝʪʘʣʝʡ ʚ ʦʧʠʩʘʥʠʷʭ ʦʙʲʝʢʪʦʚ. 

ʆʩʥʦʚʥʦʡ ʚʦʧʨʦʩ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ, ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʚ ʪʦʤ, 

ʤʥʦʞʝʩʪʚʦ ʢʘʢʠʭ ʧʨʠʟʥʘʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʜʦʙʘʚʣʷʪʴ. ʉ ʥʘʰʝʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʩʦʟʜʘʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʠʜʝʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʬʦʨ-

ʤʠʨʦʚʘʥʠʡ ʧʦ ʚʪʦʨʠʯʥʳʤ ʧʦʥʷʪʠʷʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʮʝ-

ʜʫʨʳ ʫʢʨʫʧʥʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʜʝʡʩʪʚʝʥʥʳʤ ʨʝʰʝ-

ʥʠʝʤ. ɺ ʠʪʦʛʝ, ʧʨʠ ʧʦʜʦʙʥʦʤ ʧʦʜʭʦʜʝ, ʙʫʜʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʠʥʬʦʨʤʘʪʠʚ-

ʥʳʝ ʦʧʠʩʘʥʠʷ ʧʦ ʢʣʘʩʩʘʤ ʦʙʲʝʢʪʦʚ ʩ ʥʘʠʙʦʣʝʝ ʦʙʱʠʤʠ ʧʨʠʟʥʘʢʘʤʠ [ɻʣʘ-

ʜʫʥ, 2004]. 

ʇʨʠ ʨʝʰʝʥʠʠ ʨʷʜʘ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʣʝʟʥʳʤʠ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʩ ʚʳʙʦʨʢʘʤʠ ʜʚʫʤʝʨʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. ɿʘʜʘʯʠ ʘʥʘʣʠʟʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ [Ifeachor et al., 2002; ʃʦʩʢʫʪʦʚ, 2006; 

Rangayyan, 2015]. ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ 

ʨʘʙʦʪʘʭ [ʍʘʥʝʝʚ ʠ ʜʨ., 2013; ʌʠʣʘʪʦʚʘ ʠ ʜʨ., 2014] ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʢʠ 

ʥʝʡʨʦʧʦʜʦʙʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (ʅʀʉ), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦ-

ʙʦʡ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠʜʝʡ ʨʘʩʪʫʱʠʭ ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʩʝʪʝʡ, ʘʜʘʧʪʠʨʦ-

ʚʘʥʥʳʭ ʜʣʷ ʨʘʙʦʪ ʧʦ ʥʝʯʝʪʢʠʤ ʦʧʠʩʘʥʠʷʤ ʦʙʲʝʢʪʦʚ ʠ ʜʦʧʦʣʥʝʥʥʳʭ ʩʠʩʪʝ-

ʤʦʡ ʥʝʯʝʪʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪ ʜʘʥ-

ʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʟʜʘʥʥʳʝ ʧʨʘʚʠʣʘ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ ʧʦ-

ʤʦʱʴʶ ʅʀʉ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘʣʠʟʦʚʘʪʴ ʥʘ ʜʚʫʤʝʨʥʳʭ ʛʨʘʬʠʢʘʭ ʠʥ-

ʪʝʨʚʘʣʳ ʩ ʦʜʠʥʘʢʦʚʳʤ ʭʘʨʘʢʪʝʨʦʤ ʠʟʤʝʥʝʥʠʡ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʦ-

ʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-ʥʦʚʦʤʫ ʧʦʜʦʡʪʠ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʜʚʫʤʝʨʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

1. ʆʙ̡ ʝʢʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ɼʚʫʤʝʨʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲ-

ʝʢʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʪʦʯʝʢ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʞʜʦʡ ʪʦʯʢʠ ʛʨʘʬʠʢʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠ-

ʟʥʘʢʘ, ʨʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʘ ʦʧʠʩʘʥʠʷ ʧʦ ʦʙʲʝʢʪʫ ʤʦʞʝʪ ʚʦʟʨʘʩʪʠ ʦʪ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʜʦ ʪʳʩʷʯ ʧʨʠʟʥʘʢʦʚ. ɺʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʪʘ ʧʦ ʵʪʠʤ 

ʞʝ ʛʨʘʬʠʢʘʤ ʯʘʱʝ ʚʩʝʛʦ ʩʚʦʜʠʪʩʷ ʢ ʩʦʟʜʘʥʠʶ ʦʧʠʩʘʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʝ 

ʙʦʣʝʝ 10 ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʭ ʪʦʧʦ-

ʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ [ɻʣʘʜʫʥ, 2004; Liu et al., 2010]. ʇʦʜʦʙʥʳʝ ʬʘʢʪʳ ʚ 
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ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʩʪʦʯ-

ʥʠʢʦʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʠʛʥʘʣʦʚ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʚʠʞʝʥʠʷ ʛʠʧʦʪʝʟʳ 

ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʢ ʘʧʧʘʨʘʪʫ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʠ ʜʘʥʥʳʭ ʛʨʘʬʠʢʦʚ. 

ʇʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ï ʩʧʠʩʦʢ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʨʠʟʥʘʢʦʚ. ʇʦ ʢʘʞʜʦʤʫ ʧʨʠʟʥʘʢʫ 

ʝʛʦ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʯʝʪʢʠʤ ʤʥʦʞʝʩʪʚʦʤ Supp (ʚʩʝ ʦʮʝʥʢʠ ʦʨʜʠʥʘʪ 

ʪʦʯʝʢ ʜʚʫʤʝʨʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʷʚʣʷʶʪʩʷ ʥʝʯʝʪʢʠʤʠ). ɼʣʷ ʬʘʟ-

ʟʠʬʠʢʘʮʠʠ ʧʨʠʟʥʘʢʦʚ ʩʦʟʜʘʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʰʢʘʣʳ. 

ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʧʨʠʟʥʘʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʦʯʢʠ ʦʜʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘ-

ʚʠʩʠʤʦʩʪʠ, ʪʦ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʥʝʯʝʪʢʦʡ ʰʢʘʣʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʪʠʧʥʦʝ 

ʪʝʨʤ-ʤʥʦʞʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ 3 ʪʝʨʤʘ: ñLOWò, ñMIDò, ñHIò. ʆʧʠʩʘ-

ʥʠʶ ʛʨʘʬʠʢʘ R = { r1, r2, é, r i, é, rm} , ʛʜʝ r i ï ʢʦʦʨʜʠʥʘʪʳ i-ʡ ʪʦʯʢʠ ʠ ʰʘʛ ʧʦ 

ʦʩʠ ʘʙʩʮʠʩʩ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ: 

RF = Gm
i 1= {( T1\ɛ1), (T2\ɛ2), (T3\ɛ3)} i,          (1.1) 

ʛʜʝ ɛ1, 2, 3 ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʪʝʨʤʦʚ T1, 2, 3. 

ɺʳʰʝʧʨʠʚʝʜʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʬʘʟʟʠʬʠʢʘʮʠʠ (1.1) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʣʛʦ-

ʨʠʪʤʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʨʘʬʠʢʦʚ ʩ ʧʦʤʦʱʴʶ ʅʀʉ 

[ʌʠʣʘʪʦʚʘ ʠ ʜʨ., 2014]. ɺ ʠʪʦʛʝ ʜʣʷ n ʢʣʘʩʩʦʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ (ʆɺ) ʛʝ-

ʥʝʨʠʨʫʶʪʩʷ n ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʘʚʠʣ, ʦʪʨʘʞʘʶʱʠʭ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢ-

ʪʦʚ ʆɺ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʟʜʝʣʠʪʝʣʴʥʳʤ ʤʝʪʢʘʤ. 

ʀʥʪʝʛʨʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʅʀʉ ʠ ʘʣʛʦʨʠʪʤʘ ʥʝʯʝʪʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳ-

ʚʦʜʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʜʠʪʴ ʢʘʞʜʦʤʫ ʥʦʚʦʤʫ ʦʙʲʝʢʪʫ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʡ ʢʣʘʩʩ (ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʙʲʝʢʪʘ). ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʣʦʢʘʣʠʟʫʶʪʩʷ ʫʯʘʩʪʢʠ, ʫ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʥʝʯʝʪ-

ʢʠʭ ʧʨʠʟʥʘʢʦʚ. ʕʪʦ ʬʘʢʪʠʯʝʩʢʠ ʚʝʜʝʪ ʢ ʟʘʜʘʯʝ ʩʝʛʤʝʥʪʘʮʠʠ ʜʚʫʤʝʨʥʳʭ ʛʨʘ-

ʬʠʢʦʚ ʥʘ ʫʯʘʩʪʢʠ, ʫ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʙʣʠʟʢʠʝ ʦʮʝʥʢʠ ʧʦ ʠʭ 

ʩʪʨʫʢʪʫʨʥʳʤ ʩʚʦʡʩʪʚʘʤ. ɺ ʨʘʙʦʪʝ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ-

ʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʩʝʛʤʝʥʪʘʮʠʠ ʜʚʫʤʝʨʥʳʭ ʛʨʘʬʠʢʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʫʢʨʫʧʥʝʥʥʳʭ ʧʨʠʟʥʘʢʘʭ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʳ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʨʘʩʰʠʨʷʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʅʀʉ. 

2. ɸʣʛʦʨʠʪʤ ʫʢʨʫʧʥʝʥʠʷ ʠʥʪʝʨʚʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 2-ʭ ʢʣʘʩʩʦʚ ʜʚʫʤʝʨ-

ʥʳʭ ʛʨʘʬʠʢʦʚ. ʂʘʞʜʦʤʫ ʢʣʘʩʩʫ ʜʘʝʪʩʷ ʧʦ ʥʘʙʦʨʫ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘ-

ʢʦʚ Mk (K ï ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ, k = 1, 2, é, K). ɼʣʷ ʢʘʞʜʦʛʦ ʤʥʦʞʝʩʪʚʘ Mk 

ʦʧʨʝʜʝʣʝʥʳ ʫʯʘʩʪʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ ʧʨʠʟʥʘ-

ʢʦʚ ʧʨʠʥʠʤʘʶʪ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ. ʇʦʜʦʙʥʳʝ ʫʯʘʩʪʢʠ ʤʥʦʞʝʩʪʚʘ Mk ï 

çʠʥʪʝʨʚʘʣʳ ʧʦʩʪʦʷʥʩʪʚʘè: 
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1

1

ʜʣʷ ʧʨʠ

ʠʥʪʝʨʚʘʣ :

i i

k z z

k,m m m z

P P ,   i m, z

 M     i z,   P P

   In (P , P , P )

+

+

+

ë û= =
î î

" = ¸ì ü
î î
í ý

,   (2.1) 

ʛʜʝ i ï ʥʦʤʝʨ ʧʨʠʟʥʘʢʘ, 
i

P  ï ʥʝʯʝʪʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ Pi. 

ʅʘ ʨʠʩ. 1 ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʦʧʠʩʘʥʠʝ ʬʨʘʛʤʝʥʪʘ ʜʣʷ ʛʨʘʬʠʢʘ, ʢʦʪʦʨʦʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʲʶʥʢʮʠʶ ʧʨʠʟʥʘʢʦʚ (107Ø118Ø é Ø258). 

 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʠʤʳʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ 2-ʭ ʢʣʘʩʩʦʚ 

 

ɼʣʷ ʦʙʲʝʢʪʦʚ Class 1 ʠʟ ʦʧʠʩʘʥʠʷ ʚʟʷʪʦ ʤʥʦʞʝʩʪʚʦ M1 (ʚʩʝ ʧʨʠʟʥʘʢʠ ʚ 

ʢʦʥʲʶʥʢʮʠʠ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʝ çHIè). ʆʩʦʙʝʥʥʦʩʪʠ ʬʘʟʟʠʬʠʢʘʮʠʠ ʧʦ 

ʧʨʠʟʥʘʢʘʤ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [ʍʘʥʝʝʚ ʠ ʜʨ., 2013]. ɺ Class 2 

ʘʥʘʣʦʛʠʯʥʦ ʚʳʜʝʣʝʥʦ ʤʥʦʞʝʩʪʚʦ M2 (ʚʩʝ ʧʨʠʟʥʘʢʠ ʚ ʢʦʥʲʶʥʢʮʠʠ ʧʨʠʥʠ-

ʤʘʶʪ ʟʥʘʯʝʥʠʝ çLOWè). ʄʥʦʞʝʩʪʚʘ M1 ʠ M2 ʧʝʨʝʩʝʢʘʶʪʩʷ: 

P = M1ÆM2 = 150, 161, 172, 183, 193, 204, 215, 226 (ʪ.ʝ. ʦʙʲʝʢʪʳ Class 1 

ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʝ ʚʳʜʝʣʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʘ ʜʣʷ ʦʙʲʝʢʪʦʚ Class 2 ï 

ʭʘʨʘʢʪʝʨʥʳ ʤʘʣʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ). ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʚʝʩʴ ʚʳʜʝʣʝʥʥʳʡ 

ʠʥʪʝʨʚʘʣ P (2.1) ʧʦ ʧʝʨʚʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤ ʰʢʘʣʘʤ. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʝʭʦʜʘʭ ʠʟ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʚ ʜʨʫʛʦʡ ʢʣʘʩʩ. ɺʳʜʝʣʝʥʥʘʷ ʟʘ-

ʢʦʥʦʤʝʨʥʦʩʪʴ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʝʩʴ ʫʢʘʟʘʥʥʳʡ ʠʥʪʝʨʚʘʣ 

ʧʨʠʟʥʘʢʦʚ P ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʦʛʦ ʧʨʠʟʥʘʢʘ P4-11, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʮʝʣʳʡ 

ʬʨʘʛʤʝʥʪ ʜʚʫʤʝʨʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʇʨʦʮʝʜʫʨʳ ʧʦ ʜʦʙʘʚʣʝʥʠʶ ʥʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʠʤʝʶʪ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ. ʅʘ ʚʳʜʝʣʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʧʨʠʟʥʘʢʦʚ (k" ) Ink,m 

ʥʘʭʦʜʷʪʩʷ ʧʝʨʝʩʝʯʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʢʣʘʩʩʦʚ: (1) ʬʨʘʛʤʝʥʪ ʦʧʠʩʘʥʠʷ ʜʣʷ 

Class 1: In1,0 = G11
0=i

Pi; C1 = GM
i Pi; (2) ʬʨʘʛʤʝʥʪ ʜʣʷ Class 2: In2,4 = G14

4=k

Pk; C2 = GT
k

Pk, ʛʜʝ M, T ï ʯʠʩʣʦ ʧʨʠʟʥʘʢʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ Class 1 ʠ Class 2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ((i" ) { PiÍIn1,0ƅPi = HI}, ( k" ) { PkÍIn2,4ƅPk = LOW}).  

ɺʚʦʜʠʪʩʷ ʥʦʚʳʡ ʧʨʠʟʥʘʢ (P4-11) ʦʙʱʠʡ ʜʣʷ In1,0 ʠ In2,4. ɼʣʷ ʚʩʝʛʦ ʠʥʪʝʨ-

ʚʘʣʘ ʛʝʥʝʨʠʨʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʜʠʥʪʝʨʚʘʣʳ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʢʣʘʩʩʦʚ 
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P_In1,0ÌIn1,0, P_In2,4ÌIn2,4, P_In1,0 ʠ P_In2,4, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʦʜʥʠ ʠ ʪʝ 

ʞʝ ʧʨʠʟʥʘʢʠ, ʥʦ ʥʝ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʠʥʪʝʨʚʘʣʘ 

P_In1,0 ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʧʨʠʟʥʘʢ ʥʫʞʥʦ ʧʨʠʤʝʥʠʪʴ ʦʙʲʝʜʠʥʝʥʠʝ ʧʦ ʥʝ-

ʯʝʪʢʠʤ ʤʥʦʞʝʩʪʚʘʤ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʧʦʜʦʙʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʥʘ ʧʦʜʠʥʪʝʨʚʘʣʝ 

P_In1,0 (f1, fn), ʢʦʪʦʨʳʡ ʦʧʠʩʘʥ ʧʦ ʦʜʥʦʠʤʝʥʥʳʤ ʪʝʨʤʘʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʥʦʚʦʛʦ ʧʨʠʟʥʘʢʘ P4-11 (ʨʠʩ. 2, ʘ). ɿʥʘʯʝ-

ʥʠʝʤ P4-11 ʜʣʷ ʦʙʲʝʢʪʘ l1 ʙʫʜʝʪ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʥʘ ʠʥʪʝʨʚʘʣʝ 

PPPP D¢¢ ::)123( . ʀʥʪʝʨʚʘʣ PD  ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ Supp(P), ʪ.ʝ. 

ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʜʣʷ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ P. ʉʝʨʝʜʠʥʘ ʠʥʪʝʨʚʘʣʘ PD  

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʨʰʠʥʝ P . 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʫʯʘʩʪʢʘ (f1, fn) ʜʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʆɺ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʦʥʝʯ-

ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ l1, l2, lk = L (ʨʠʩ. 2, ʙ). ʆʙʲʝʜʠʥʠʚ ʚʩʝ ʥʝ-

ʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ, ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ ʥʦʚʦʝ ʤʥʦʞʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʝ ʥʦʚʦʛʦ ʧʨʠʟʥʘʢʘ: P4-11 = l1Gl2G é Glk. 

 

  

ʘ ï ʧʨʠʤʝʨ ʦʙʲʝʜʠʥʷʝʤʳʭ ʧʨʠʟʥʘʢʦʚ 
ʙ ï ʧʨʠʤʝʨ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʧʨʠ-

ʟʥʘʢʘ 

ʈʠʩ. 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

 

ʆʩʥʦʚʘʥʠʝʤ P4-11 ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʚʘʣ [min(P), max(P)]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʧʦ ʥʦʚʦʤʫ ʧʨʠʟʥʘʢʫ ʚʩʶ ʣʠʥʛʚʠʩʪʠʯʝ-

ʩʢʫʶ ʰʢʘʣʫ: HI{ P4-11}  = HI(l1)GHI(l2)G é GHI(lk). ɺ ʠʪʦʛʝ, ʤʦʞʥʦ ʠʟʤʝ-

ʥʠʪʴ ʦʧʠʩʘʥʠʷ ʢʣʘʩʩʦʚ (m = M\P4-11, m = T\P4-11): 

1) )11-4
~

(
~

01 PiPm
i

ʉ GG== , 0,1_11-4
~

InPP = ; 

2) )11-4
~

(
~

02 PkPt
k

ʉ GG== , 4,2_11-4
~

InPP = . 

ʀʟ ʫʩʪʘʨʝʚʰʠʭ ʧʨʠʟʥʘʢʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʫʙʠʨʘʶʪʩʷ ʧʦʜʠʥʪʝʨʚʘʣʳ 

P_In1,0, P_In2,4 ʠ ʜʦʙʘʚʣʷʝʪʩʷ ʥʦʚʳʡ ʧʨʠʟʥʘʢ P4-11 (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʇʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʦʙʫʯʝʥʠʷ ʥʘ ʅʀʉ 

 

ʇʨʠ ʦʧʠʩʘʥʠʠ Class 1 (C1) ʠ Class 2 (C2) ʫʯʘʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ: 

(ʘ) 11-4
~

  )0,1_\1C(1C
~

PInP G= , 11-4
~

  )4,2_\2C(2C
~

PInP G= ; (ʙ) ʟʥʘʯʝʥʠʝ 

ʫʜʘʣʷʝʤʦʛʦ ʧʨʠʟʥʘʢʘ ʨʘʚʥʦ ʟʥʘʯʝʥʠʶ ʥʦʚʳʭ ʧʨʠʟʥʘʢʦʚ. ʇʨʠ ʥʝ ʚʳʧʦʣʥʝ-

ʥʠʠ ʫʩʣʦʚʠʷ (ʙ), ʪ.ʝ. 114
~~
-¸Ç PiP , ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʛʨʘʥʠʮʘ ʧʦʜʠʥʪʝʨʚʘʣʘ 

(ʠʟʤʝʥʷʝʪʩʷ ʯʠʩʣʦ ʧʨʠʟʥʘʢʦʚ, ʚʦʰʝʜʰʠʭ ʚ P4-11). 

3. ʊʝʩʪʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʨʝʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʕʕɻ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʚʘʨʴʠʨʦʚʘʥʠʝ ʚʘʣʝʥʪʥʦʩʪʠ 

ʵʤʦʮʠʡ ʯʝʣʦʚʝʢʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʚʳʙʦʨʢʘ ʩʠʛʥʘʣʦʚ ʚʢʣʶʯʘʝʪ ʦʙʲʝʢʪʳ 

(ʦʙʨʘʟʮʳ ʨʝʯʠ ʠ ʕʕɻ), ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʚʘʣʝʥʪʥʦʩʪʠ ʵʤʦʮʠʡ ʫ 

ʠʩʧʳʪʫʝʤʳʭ ʧʨʠ ʘʫʜʠʦʚʠʟʫʘʣʴʥʦʡ ʩʪʠʤʫʣʷʮʠʠ. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʧʦ-

ʜʦʙʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʘʭ [Filatova et al., 2015; 

Filatova et al., 2016; ʌʠʣʘʪʦʚʘ, 2017]. ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʳʙʦʨʢʠ ʧʨʠʥʷʣʠ 

ʫʯʘʩʪʠʝ 11 ʤʫʞʯʠʥ ʠ 5 ʞʝʥʱʠʥ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 18 ʜʦ 60 ʣʝʪ. ʆʙʨʘʟʮʳ ʨʝʯʠ 

(240 ʢʦʥʪʨʦʣʴʥʳʭ ʨʫʩʩʢʠʭ ʬʨʘʟ çɸ ʛʦʣʦʩ ʤʦʡ ʟʚʫʯʠʪ ʧʨʠʤʝʨʥʦ ʪʘʢè), ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 7 ʩʝʢʫʥʜ, ʩʦʭʨʘʥʝʥʳ ʚ ʬʘʡʣʘʭ ʬʦʨʤʘʪʘ *.wav ʩ ʯʘʩʪʦ-

ʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 22050 ɻʮ ʠ ʨʘʟʨʝʰʝʥʠʝʤ 16 ʙʠʪ. ʆʙʨʘʟʮʳ ʕʕɻ (240 19-

ʢʘʥʘʣʴʥʳʭ ʙʝʟʘʨʪʝʬʘʢʪʥʳʭ ʧʘʪʪʝʨʥʦʚ), ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʦ 12 ʩʝʢʫʥʜ, 

ʩʦʭʨʘʥʝʥʳ ʚ ʬʘʡʣʘʭ ʬʦʨʤʘʪʘ *.ASCII ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 250 ɻʮ. 

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʩʦʩʪʘʚʳ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ (ʆɺ) ʠ ʪʝʩʪʦʚʳʭ ʚʳ-

ʙʦʨʦʢ (ʊɺ) (Class 1 ï ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʵʤʦʮʠʠ; Class 2 ï ʥʝʡʪʨʘʣʴʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ; Class 3 ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʤʦʮʠʠ). 

ʊʘʙʣ. 1.  

ɺʳʙʦʨʢʠ 
ʂʣʘʩʩʳ ʦʙʲʝʢʪʦʚ 

Class 1 Class 2 Class 3 

ʈʝʯʝʚʳʝ 

ʩʠʛʥʘʣʳ 

ʆɺ (110) 50 29 31 

ʊɺ (130) 47 34 49 

ʕʕɻ 
ʆɺ (90) 30 30 30 

ʊɺ (150) 50 50 50 
 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʷʶʱʠʭ ʧʨʠʟʥʘʢʦʚ ʧʨʠʤʝʥʝʥʳ ʦʪʩʯʝʪʳ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ (ʉʇʄ), ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʤʝʪʦʜʫ ʋʵʣʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘ-



 

50 

ʥʠʝʤ ʦʢʦʥʥʦʛʦ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɹʇʌ) [ʍʘ-

ʥʝʝʚ ʠ ʜʨ., 2013]. ʂʘʞʜʳʡ ʦʙʲʝʢʪ ʦʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨʦʤ ʚʠʜʘ 

X = { x1, x2, é, xi, é, xi}, ʛʜʝ xi ï ʦʨʜʠʥʘʪʘ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 

fi = æfÅi; xi ï ʟʥʘʯʝʥʠʝ i-ʛʦ ʧʨʠʟʥʘʢʘ; æf ï ʰʘʛ ʧʦ ʯʘʩʪʦʪʝ; æf = fx/Fw; fx ï ʯʘ-

ʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ; Fw ï ʰʠʨʠʥʘ ʦʢʥʘ ɹʇʌ. ʀʩʧʦʣʴʟʦʚʘʥʦ ʦʢʥʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʍʝʤʤʠʥʛʘ (ʰʠʨʠʥʘ 1024 ʜʣʷ ʦʙʨʘʟʮʦʚ ʨʝʯʠ, ʰʠʨʠʥʘ 128 ï ʜʣʷ 

ʕʕɻ). ɻʨʘʥʠʮʳ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʷ ʨʝʯʠ ʩʦʩʪʘʚʣʷʶʪ 0-11 ʢɻʮ, ʜʣʷ 

ʕʕɻ ï 0-125 ɻʮ. 

ʆʧʠʩʘʥʠʝ ʜʣʷ ʦʙʲʝʢʪʘ ʠʟ ʚʳʙʦʨʢʠ (ʩʤ. ʪʘʙʣ. 1) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

X(z)ʈʉ = { x1, x2, é, xk} ,    (3.1) 

X(s)ʕʕɻ = {̓ x1, x2, é, xr} 1, { x1, x2, é, xr} 2, é, { x1, x2, é, xr} lι,   (3.2) 

ʛʜʝ X(z)ʈʉ, X(s)ʕʕɻ ï ʚʝʢʪʦʨʳ ʧʨʠʟʥʘʢʦʚ ʉʇʄ; z ï ʥʦʤʝʨ ʦʙʲʝʢʪʘ ʨʝʯʝʚʦʛʦ 

ʩʠʛʥʘʣʘ; s ï ʥʦʤʝʨ ʦʙʲʝʢʪʘ ʕʕɻ; z, s = 1, 2, é, 240; l ï ʥʦʤʝʨ ʦʪʚʝʜʝʥʠʷ 

ʕʕɻ; l = 1, 2, é, 19; k ï ʥʦʤʝʨ ʧʨʠʟʥʘʢʘ ʉʇʄ ʜʣʷ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ; 

k = 1, 2, é, 1000 (ʰʘʛ ʨʘʩʯʝʪʘ ʉʇʄ ʨʘʚʝʥ 11 ɻʮ); r ï ʥʦʤʝʨ ʧʨʠʟʥʘʢʘ ʉʇʄ 

ʜʣʷ ʕʕɻ; r = 1, 2, é, 40 (ʰʘʛ ʨʘʩʯʝʪʘ ʉʇʄ ʨʘʚʝʥ 3 ɻʮ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʉʇʄ ʩʠʛʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʅʀʉ ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʠʥʪʝʨʚʘʣʦʚ ʩ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ, ʧʦʟʚʦ-

ʣʷʶʱʠʤʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʭʦʨʦʰʠʝ ʫʨʦʚʥʠ ʦʙʦʙʱʝʥʠʷ ʠ ʫʪʦʯʥʝʥʠʷ ʦʧʠʩʘʥʠʡ 

ʦʙʲʝʢʪʦʚ ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʢʣʘʩʩʘʭ. ɼʣʷ ʨʝʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨ-

ʤʘʪʠʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʉʇʄ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʘʧʘʟʦʥʘ 1100-

5500 ɻʮ [ʌʠʣʘʪʦʚʘ, 2017]. ɼʣʷ ʦʙʨʘʟʮʦʚ ʕʕɻ ʧʦʜʦʙʥʳʝ ʧʨʠʟʥʘʢʠ ʧʦʣʫʯʘ-

ʶʪʩʷ ʠʟ 9 ʦʪʚʝʜʝʥʠʡ ʧʨʘʚʦʛʦ ʧʦʣʫʰʘʨʠʷ (O2-A2, P4-A2, C4-A2, F4-A2, Fp2-

A2, T6-A2, T4-A2, F8-A2, Cz-A2) [ʌʠʣʘʪʦʚʘ, 2017]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ 

ʦʙʲʝʢʪ ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʚʠʜʘ X(z)ʈʉ (3.1) ʦʧʠʩʳʚʘʝʪʩʷ 400 ʧʨʠʟʥʘʢʘʤʠ, ʘ 

ʦʙʲʝʢʪ ʚʠʜʘ X(s)ʕʕɻ (3.2) ï 360 ʧʨʠʟʥʘʢʘʤʠ. 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ ʬʨʘʛʤʝʥʪʳ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʉʇʄ (3.1) ʠ 

(3.2) ʜʣʷ ʦʙʲʝʢʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʙʦʨʢʠ (ʨʠʩ. 4, ʘ ï ʯʘʩʪʦʪʥʳʡ ʜʠʘ-

ʧʘʟʦʥ 2200-3850 ɻʮ, ʨʠʩ. 4, ʙ ï ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ 0-120 ɻʮ). 

ʉ ʧʦʤʦʱʴʶ ʅʀʉ ʩʦʟʜʘʥʳ ʧʨʘʚʠʣʘ, ʦʧʠʩʳʚʘʶʱʠʝ ʦʙʲʝʢʪʳ ʨʝʯʠ ʠ ʕʕɻ 

(ʩʤ. ʪʘʙʣ. 1), ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʢ ʆɺ ʠ ʊɺ ʠʣʣʶʩʪʨʠʨʫʝʪ ʪʘʙʣ. 2. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤ ʦʙʨʘʟʮʦʚ ʨʝʯʝʚʳʭ ʩʠʛ-

ʥʘʣʦʚ ʠ ʧʘʪʪʝʨʥʦʚ ʕʕɻ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 2-ʭ ʨʝʞʠʤʦʚ ʦʙʫʯʝʥʠʷ ʅʀʉ (ʨʝ-

ʞʠʤ 1 ï ʙʝʟ ʫʢʨʫʧʥʝʥʠʷ ʧʨʠʟʥʘʢʦʚ; ʨʝʞʠʤ 2 ï ʩ ʫʢʨʫʧʥʝʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ 

(ʪʘʙʣ. 2)). ʇʝʨʝʭʦʜ ʦʪ ʨʝʞʠʤʘ 1 ʢ ʨʝʞʠʤʫ 2 ʠʣʣʶʩʪʨʠʨʫʝʪ 2 ʪʝʥʜʝʥʮʠʠ: 

(1) ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʨʠʟʥʘʢʦʚ (ʤʠʥʠʤʫʤ ʥʘ 30ï35 %), ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʨʦʰʠʝ ʫʨʦʚʥʠ ʦʙʦʙʱʝʥʠʷ ʠ ʫʪʦʯʥʝʥʠʷ ʦʧʠʩʘʥʠʡ ʦʙʲʝʢʪʦʚ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʣʘʩʩʘʭ; (2) ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 
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 Class 1    Class 2    Class 3 

ʘ ï ʨʝʯʝʚʳʝ ʩʠʛʥʘʣʳ ʙ ï ʕʕɻ (ʦʪʚʝʜʝʥʠʝ F4-A2) 
ʈʠʩ. 4. ʈʘʟʙʨʦʩ ʉʇʄ (ʘʙʩʮʠʩʩʘ ï ʥʦʤʝʨ ʧʨʠʟʥʘʢʘ; ʦʨʜʠʥʘʪʘ ï ʉʇʄ, ʫʩ. ʝʜ.) 

 

ʊʘʙʣ. 2. 

ʊʦʯʥʦʩʪʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, % 

ʈʝʯʝʚʳʝ ʩʠʛʥʘʣʳ ʕʕɻ 

ʆɺ ʊɺ ʆɺ ʊɺ 

Class 1 100 86 100 81 

Class 2 100 88 100 84 

Class 3 100 93 100 91 

All  100 89 100 85 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʂʣʘʩʩʠʬʠʢʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʅʀʉ, ʜʦʧʦʣʥʝʥʥʳʡ ʘʣʛʦʨʠʪʤʦʤ ʫʢʨʫʧʥʝʥʠʷ 

ʠʥʪʝʨʚʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʧʠʩʘʥʠʷ ʥʘʠʙʦ-

ʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʠʪʦʛʝ ʩʦʢʨʘ-

ʱʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʦʧʠʩʘʥʠʡ ʢʣʘʩʩʦʚ ʠ ʫʚʝʣʠʯʠʚʘʷ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘ ʜʚʫʤʝʨʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠ-

ʩʠʤʦʩʪʷʭ ʉʇʄ (3.1) ʠ (3.2) ʜʣʷ ʨʝʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʕʕɻ, ʜʦʢʘʟʳʚʘʶʪ ʝʛʦ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʘʬʠʢʦʚ. 
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ʉʪʨʘʪʝʛʠʷ ʵʤʦʮʠʦʛʝʥʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ (ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʜʠʘʛʥʦʩʪʠʢʠ, 
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ɺʚʝʜʝʥʠʝ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʨʝʜʩʪʚ, ʬʦʨʤʘʣʠʟʫʶʱʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʵʤʦʮʠʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ (ʚʥʝʰʥʠʤʠ ʠʣʠ ʚʥʫʪʨʝʥʥʠʤʠ), ʵʤʦʮʠʦʥʘʣʴʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ ʠʩʧʳʪʫʝʤʦʛʦ ʠ ʧʨʦʛʨʝʩʩʠʝʡ ʝʛʦ ʢʦʛʥʠʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʚʷ-

ʟʘʥʘ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʦʙʱʝʩʪʚʘ ʢʘʢ ʚ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚʘʭ ʦʙʫʯʝ-

ʥʠʷ, ʪʘʢ ʠ ʚ ʩʨʝʜʩʪʚʘʭ ʧʦʜʜʝʨʞʢʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʶʜʝʡ 

ʧʨʝʢʣʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʧʦʞʠʣʳʭ ʚ ʦʙ-

ʱʝʩʪʚʝ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʙʣʝʤʘ ʢʦʛʥʠʪʠʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʝ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʜʝʤʝʥʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢ-

ʪʠʚʥʦ ʚʳʩʢʘʟʳʚʘʝʪʩʷ ʠʜʝʷ, ʯʪʦ ʝʩʣʠ ʚʦʟʨʘʩʪ ʷʚʣʷʝʪʩʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ 

ʬʘʢʪʦʨʦʤ ʩʥʠʞʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʨʝʟʝʨʚʘ [Stern, 2002; ʉʣʦʙʦ-

ʜʠʥ ʠ ʜʨ., 2012], ʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʝʛʫʣʷʨʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʘʷ ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʫʧʨʘʚʣʷʝʤʳʤʠ ʬʘʢʪʦʨʘʤʠ ʝʛʦ ʧʦʚʳʰʝʥʠʷ. ʋʯʠ-

ʪʳʚʘʷ, ʯʪʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʳʩʪʫʧʘʝʪ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ 

ʪʦʨʤʦʞʝʥʠʷ ʥʘʨʘʩʪʘʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ [Sole-

Padulles et al., 2009], ʦʙʱʝʩʪʚʫ ʥʝʦʙʭʦʜʠʤʳ ʩʨʝʜʩʪʚʘ, ʢʘʢ ʦʙʲʝʢʪʠʚʥʦʡ 

ʦʮʝʥʢʠ ʢʦʛʥʠʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʝʶ ʙʝʟ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

1. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʤʳʩʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʆʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ ʠʩʧʳʪʫʝʤʦʛʦ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠʣʠ ʠʥʩʘʡʪʥʳʭ ʟʘʜʘʥʠʡ ʧʦʢʘ ʥʝ ʧʦʟ-

ʚʦʣʷʶʪ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ, ʬʦʨʤʘʣʠʟʫʶʱʝʡ (ʦʪʦʙʨʘʞʘʶʱʝʡ) ʢʦʛʥʠʪʠʚʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʙʩʪʨʘʢʪʥʳʭ ʧʦʥʷʪʠʡ. ʈʘʟʥʦʦʙ-

ʨʘʟʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʚʳ-

ʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʤʦʟʛʘ, ʩʥʠʞʘʝʪ ʦʮʝʥʢʠ ʚʦʩʧʨʦʠʟ-

ʚʦʜʠʤʦʩʪʠ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʙʨʘʙʦʪʢʠ ʜʘʞʝ ʦʜʠ-

ʥʘʢʦʚʳʭ ʚʠʜʦʚ ʢʦʛʥʠʪʠʚʥʳʭ ʟʘʜʘʥʠʡ. ʆʜʥʘʢʦ ʨʷʜ ʬʘʢʪʦʚ ʧʦʣʫʯʠʣ ʧʦʜʪʚʝʨ-

ʞʜʝʥʠʝ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʫʩʪʘʥʦʚʣʝʥʦ: 

¶ ʫʩʠʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʜʝʣʴʪʘ- ʠ ʪʝʪʘ-ʨʠʪʤʦʚ ʚ ʩʠʛʥʘʣʘʭ ʕʕɻ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʢʦʛʥʠʪʠʚʥʳʭ ʟʘʜʘʥʠʡ ʠʣʠ ʚʦʩʧʨʠʷʪʠʠ ʵʤʦʮʠʦʛʝʥʥʳʭ ʩʪʠ-

ʤʫʣʦʚ. ʋʩʠʣʝʥʠʝ ʜʝʣʴʪʘ-ʨʠʪʤʘ ʩʚʷʟʳʚʘʶʪ ʩ ʧʨʦʮʝʩʩʘʤʠ ʢʘʪʝʛʦʨʠʟʘ-

ʮʠʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, ʘ ʪʝʪʘ-ʩʠʥʭʨʦʥʠʟʘʮʠʶ ï ʩ ʧʨʦʮʝʩʩʘʤʠ ʚʥʠ-

ʤʘʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ [Baĸar et al., 2000], ʪ.ʝ. ʩ ʧʨʦʮʝʩʩʘʤʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʫʶ ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ (ʢʦʛʥʠʪʠʚ-

ʥʫʶ) ʜʝʷʪʝʣʴʥʦʩʪʴ; 
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¶ ʠʤʝʶʪʩʷ ʧʫʙʣʠʢʘʮʠʠ (ʪʨʝʙʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ) ʦ ʪʦʤ, 
ʯʪʦ ʧʦʟʠʪʠʚʥʳʝ ʵʤʦʮʠʠ ʚʳʟʳʚʘʶʪ ʫʩʠʣʝʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʛʘʤʤʘ-ʨʠʪʤʘ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʥʠʤʘʥʠʷ 

[Baĸar et al., 2013]; 

¶ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʦʛʥʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʳʜʝʣʷʶʪ ʧʦʥʷʪʠʝ ʢʦʛʥʠ-
ʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʩʚʷʟʳʚʘʶʪ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʯʫʚʩʪʚʘ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʦʪ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʷʚʣʝʥʠʝ çʠʥʩʘʡʪʘè 

[Pappel, 1997] ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʤʠ ʵʤʦʮʠʷʤʠ, ʯʫʚʩʪʚʦʤ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʦʪ ʩʘʤʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚʳʚʦʜ, ʯʪʦ ʪʘʢ ʢʘʢ ʩʠʥ-

ʭʨʦʥʠʟʘʮʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʦʟʛʘ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʦʮʝʩʩʦʚ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʳʩʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʣʝ-

ʜʫʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʧʨʘʚʣʝʥʥʫʶ ʩʪʠʤʫʣʷʮʠʶ ʤʦʟʛʘ (ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ 

ʫʯʘʩʪʢʦʚ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʦʚ ʩʪʠʤʫʣʷʮʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ 
ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ ʣʶʜʝʡ ʩ ʧʘʪʦʣʦʛʠʷʤʠ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʷʤʦʡ ʩʪʠʤʫʣʷʮʠʠ ʩʣʘʙʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʠʛʥʘ-
ʣʘʤʠ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʘʣʴʧʘ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʩʚʝʥʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʤʦʟʛʘ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʚʥʝʰʥʠʭ ʩʪʠʤʫʣʦʚ, ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʥʩʦʨ-

ʥʳʝ ʩʠʩʪʝʤʳ ʠʩʧʳʪʫʝʤʦʛʦ. ʕʪʦʪ ʚʘʨʠʘʥʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡʩʷ ʥʘʠʙʦ-

ʣʝʝ ʙʝʟʦʧʘʩʥʳʤ, ʧʦʣʦʞʝʥ ʚ ʦʩʥʦʚʫ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʙʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ɹʊʉ), ʨʝʰʘʶʱʠʭ ʜʚʘ ʪʠʧʘ ʚʟʘʠʤʦ-

ʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ: ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʛʥʠʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ (ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʜʠʘʛʥʦʩʪʠʢʠ, ʦʙʫʯʝʥʠʷ) ʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʝʛʦ ʢʦʛʥʠʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʫʪʝʤ ʵʤʦʮʠʦʛʝʥʥʦʡ ʩʪʠʤʫʣʷʮʠʠ. ɺ 

ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʩʭʝʤʳ. 

2. ɹʠʦʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʤʳʩʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ ʢʦʛʥʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʦʣʞʝʥ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ 

ʣʶʙʦʡ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʨʝʘʢʮʠʠ (ʕʈ), ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʩʚʷ-

ʟʘʥ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ (ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʧʳʪʘ), ʪ.ʝ. 

ʬʘʢʪʠʯʝʩʢʠ ʧʦʨʦʞʜʝʥ ʤʝʭʘʥʠʟʤʦʤ çʤʘʨʢʠʨʦʚʢʠè ʩʦʙʳʪʠʡ ʧʦ ʠʪʦʛʘʤ ʧʨʦ-

ʩʪʝʡʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʭʦʨʦʰʦ/ʧʣʦʭʦ). 

ʂʦʛʥʠʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʤʳ ʤʦʞʝʤ ʦʙʲʝʢʪʠʚʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʚ ʜʠʥʘ-

ʤʠʢʝ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʕʕɻ-ʩʠʛʥʘʣʦʚ. ʅʦ ʝʩʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʢʦʛʥʠʪʠʚʥʳʤʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʕʈ ʠʣʠ ʵʪʠ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʦʢʘʣʠʟʦʚʘʪʴ 
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ʵʪʠ ʵʬʬʝʢʪʳ ʚ ʕʕɻ ʙʫʜʝʪ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ɼʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʜʠ-

ʥʘʤʠʢʠ ʕʈ ʦʪ ʢʦʛʥʠʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʘ ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʩʭʝʤʘ 

ʤʦʥʠʪʦʨʠʥʛʘ ʙʠʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʇʨʠʯʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʘ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʠʤʝʪʴ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʦʜʠʥ ʢʘʥʘʣ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ. 

ʇʨʠ ʯʠʩʪʦ ʵʤʦʮʠʦʛʝʥʥʦʡ ʩʪʠʤʫʣʷʮʠʠ, ʢʦʛʜʘ ʥʘʜʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʣʘ-

ʙʳʝ ʠʟʤʝʥʝʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʧʳʪʫʝʤʦʛʦ ʥʘ ʩʪʠʤʫʣʳ ʨʘʟʥʦʡ 

ʤʦʜʘʣʴʥʦʩʪʠ, ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʕʈ ʩʪʘʨʘʶʪʩʷ ʚʳʙʠʨʘʪʴ ʥʘʠʤʝʥʝʝ ʠʥʝʨʮʠʦʥ-

ʥʳʝ ʢʘʥʘʣʳ (ʕʕɻ-ʩʠʛʥʘʣʳ, ʨʝʯʴ). 

ʇʦʵʪʦʤʫ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʥʝʝ ɹʊʉ çEEG/Speechè [Filatova et al., 2016] 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʕʈ (ʨʘʙʦʯʠʡ ʢʘʥʘʣ) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʯʴ ʠʩʧʳʪʫʝʤʦʛʦ, ʘ 

ʕʕɻ-ʩʠʛʥʘʣʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʦʙʲʝʢʪʠʚʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠʩʧʳʪʫʝʤʦʛʦ. ɺ ʩʠʣʫ 

ʤʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʦʛʥʠʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʵʪʠʭ ʟʘʧʠʩʷʭ ʧʨʦʷʚʣʷʶʪʩʷ 

ʩʣʘʙʦ. ʇʨʠ ʩʪʠʤʫʣʷʮʠʠ ʢʦʛʥʠʪʠʚʥʳʤʠ ʩʪʠʤʫʣʘʤʠ (ʧʦʪʦʢ ʟʘʜʘʥʠʡ) ʚ ʧʘʪʪʝʨ-

ʥʘʭ ʕʕɻ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʣʠʷʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʢʦʛʥʠʪʠʚʥʳʝ ʧʨʦ-

ʮʝʩʩʳ, ʭʦʪʷ ʫ ʠʩʧʳʪʫʝʤʦʛʦ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʵʤʦʮʠʠ, ʥʦ ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʤʝʪʦʜʠʢʠ ʚʣʠʷʥʠʝ ʕʈ ʩʚʝʜʝʥʦ ʢ ʤʠʥʠʤʫʤʫ. ʊʦʛʜʘ ʵʥ-

ʮʝʬʘʣʦʛʨʘʬ-ʘʥʘʣʠʟʘʪʦʨ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʢʘʥʘʣʘ 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʛʥʠʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚʳʰʝ ʜʦʧʫʱʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʡ ʩʠʩʪʝʤʝ ɹʊʉ çEEG/Speech/EMGè, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʤʦʥʠʪʦʨʠʥʛ ʢʦʛʥʠ-

ʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ ʠʩ-

ʧʳʪʫʝʤʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʧʨʠʷʪʠʠ ʚʠʜʝʦ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʦʥʠʪʦʨʠʥʛ 

ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʧʳʪʫʝʤʦʛʦ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʤʳʰʝʯʥʳʭ ʧʦ-

ʪʝʥʮʠʘʣʦʚ ʦʪ ʣʠʮʝʚʳʭ ʤʳʰʮ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ çEEG/Speech/EMGè ʚʢʣʶʯʘʝʪ ʵʣʝʢ-

ʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬ ʕʕɻɸ-21/26 çʕʥʮʝʬʘʣʘʥ-131-03è ʠ ʢʦʤʧʴʶʪʝʨʥʳʡ 

ʥʝʡʨʦʤʠʦʛʨʘʬ çʅʝʡʨʦ-ʄɺʇ-4è. ɼʘʪʯʠʢʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʕʕɻ-ʩʠʛʥʘʣʦʚ 

ʟʘʢʨʝʧʣʷʣʠʩʴ ʥʘ ʛʦʣʦʚʝ ʠʩʧʳʪʫʝʤʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠ-

ʩʪʝʤʦʡ ʦʪʚʝʜʝʥʠʡ ç10ï20è. ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʕʕɻ-ʩʠʛʥʘʣʦʚ ï 250 ɻʮ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʵʣʝʢʪʨʦʤʠʦʛʨʘʤʤ (ʕʄɻ-ʩʠʛʥʘʣʦʚ) ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʣʝʚʦʡ ʩʪʦ-

ʨʦʥʳ ʣʠʮʘ ʠʩʧʳʪʫʝʤʦʛʦ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʘ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ 

ʤʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ [Dimberg et al., 2000]. ʇʦʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ ʙʳʣʦ ʚʳ-

ʙʨʘʥʦ ʠʩʭʦʜʷ ʠʟ ʮʝʣʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʩʚʷʟʘʥʦ ʩ ʨʘʙʦʪʦʡ ʜʚʫʭ ʤʳʰʝʯʥʳʭ 

ʛʨʫʧʧ: ñcorrugator superciliiò ʠ ñzygomaticus majorò. ɼʚʠʞʝʥʠʝ ʚʥʠʟ ʤʳʰʮʳ, 

ʩʤʦʨʱʠʚʘʶʱʝʡ ʙʨʦʚʴ (ñcorrugator superciliiò), ʦʙʳʯʥʦ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʧʨʦ-

ʷʚʣʝʥʠʝʤ ʟʣʦʩʪʠ, ʛʨʫʩʪʠ, ʦʪʚʨʘʱʝʥʠʷ, ʩʪʨʘʭʘ (ʥʝʛʘʪʠʚʥʳʝ ʵʤʦʮʠʠ). ɹʦʣʴ-

ʰʘʷ ʩʢʫʣʦʚʘʷ ʤʳʰʮʘ (ñzygomaticus majorò) ʦʪʪʷʛʠʚʘʝʪ ʫʛʦʣ ʨʪʘ ʧʨʠ ʫʣʳʙʢʝ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʧʦʟʠʪʠʚʥʳʝ ʵʤʦʮʠʠ. ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʕʄɻ-

ʩʠʛʥʘʣʦʚ ʩʦʩʪʘʚʠʣʘ 1000 ɻʮ. ɼʣʷ ʬʠʣʴʪʨʘʮʠʠ ʕʄɻ-ʩʠʛʥʘʣʘ ʧʨʠʤʝʥʷʣʩʷ ʧʦ-

ʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʡ ʬʠʣʴʪʨ ʩ ʧʘʨʘʤʝʪʨʘʤʠ fʥ = 20 ɻʮ ʠ fʚ = 500 ɻʮ. 
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ɺʳʙʦʨ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ (fʥ) ʦʙʫʩʣʦʚʣʝʥ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʧʦʤʝʭʘʤʠ (ʜʚʠ-

ʞʝʥʠʝ ʛʣʘʟ, ʜʳʭʘʥʠʝ ʠ ʪ.ʜ.). 

3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ  

ʢʦʛʥʠʪʠʚʥʦʡ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʝʡ 

ɿʘʜʘʯʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʠʭ ʨʝʰʝʥʠʠ ʙʫʜʫʪ 

ʘʢʪʠʚʠʟʠʨʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʙʣʦʢʦʚ ʟʘʜʘʥʠʡ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʘʜʘʥʠʷ ʠʟ ʪʝʩʪʘ ʂʆʊ (ʢʨʘʪʢʠʡ ʦʨʠʝʥʪʠ-

ʨʦʚʦʯʥʳʡ ʪʝʩʪ ɺ.ʅ. ɹʫʟʠʥʘ, ʕ.ʌ. ɺʘʥʜʝʨʣʠʢʘ) [ɹʝʥʜʶʢʦʚ ʠ ʜʨ., 2006], ʘ 

ʪʘʢʞʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʝʩʪʳ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʠʥʩʘʡʪʥʳʝ ʟʘʜʘʯʠ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 100 ʤʠʥ. ʀʩʧʳʪʫʝʤʳʤ 

ʧʨʝʜʣʘʛʘʣʦʩʴ ʨʝʰʠʪʴ ʟʘʜʘʥʠʷ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʚ ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚʩʝ ʦʪʚʝʪʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʝ-

ʚʝʨʥʳʝ). ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʠʩʧʳʪʫʝʤʦʤʫ ʧʨʝʜʦʩʪʘʚʣʷʣʦʩʴ n ʧʦʧʳʪʦʢ ʠʩ-

ʧʨʘʚʠʪʴ ʨʝʰʝʥʠʝ; ʝʩʣʠ ʠʩʧʳʪʫʝʤʳʡ ʦʪʢʘʟʳʚʘʣʩʷ ʦʪ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʧʳʪʦʢ, 

ʩʠʩʪʝʤʘ ʦʩʫʱʝʩʪʚʣʷʣʘ ʧʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʤʫ ʟʘʜʘʥʠʶ. 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ: 

T = {Ű1 + Ű3 + Ű2} ,    (3.1) 

ʛʜʝ t1, t2 ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʲʷʚʣʝʥʠʷ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʩʪʦʚ ʠ ʵʤʦʮʠʦ-

ʛʝʥʥʳʭ (t3) ʩʪʠʤʫʣʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʥʠʪʦʨʠʥʛʘ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʪ-

ʜʝʣʴʥʳʭ ʟʘʜʘʥʠʡ (tj, ts): 

1 3 2 3 1 2

1 1 1

,   ,   ,   , , .
n m k

j r s

j r s

t t t n kt t t t t t
= = =

= = = < ¢            (3.2) 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ (3.1) ʠ (3.2), ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ n ʟʘʜʘʥʠʡ ʟʘʚʝʨʰʘʝʪʩʷ 

ʧʝʨʚʳʡ ʵʪʘʧ ʨʘʙʦʪʳ ʩ ʪʝʩʪʘʤʠ (t1) ʠ ʦʧʝʨʘʪʦʨ ʧʝʨʝʚʦʜʠʪ ʩʠʩʪʝʤʫ ʚ ʨʝʞʠʤ 

ʧʨʝʜʲʷʚʣʝʥʠʷ ʵʤʦʮʠʦʛʝʥʥʳʭ ʩʪʠʤʫʣʦʚ (ʦʙʳʯʥʦ t3 < 20 ʤʠʥʫʪ), ʟʘʪʝʤ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʚʪʦʨʦʡ ʵʪʘʧ ʨʘʙʦʪʳ ʩ ʪʝʩʪʘʤʠ (t2).  
ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʜʥʦʨʦʜʥʳʤʠ ʧʦ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʥʠʷʤʠ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʛʦ ʪʠʧʘ ʠ ʧʨʠ n = k ʠʣʣʶʩʪʨʠʨʫʝʪ ʛʨʘʬʠʢ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʵʤʦʮʠʦʛʝʥʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʥʘ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʪʝʩʪʦʚ (ʪʝʩʪ 1 ï ʜʦ ʩʪʠʤʫʣʷʮʠʠ, ʪʝʩʪ 2 ï ʧʦʩʣʝ ʩʪʠʤʫʣʷʮʠʠ)  

 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʵʤʦʮʠʦʛʝʥʥʦʡ ʩʪʠʤʫʣʷʮʠʠ 

(ʩʨʝʜʥʠʡ ʫʯʘʩʪʦʢ) ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ, ʘ 

ʪʘʢʞʝ ʯʠʩʣʦ ʧʦʧʳʪʦʢ ʚ ʨʝʰʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʥʠʡ ʩʦʢʨʘʪʠʣʦʩʴ. ʕʪʠ ʨʝ-

ʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʚʳʰʝʥʠʠ ʢʦʛʥʠʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʧʳʪʫʝ-

ʤʦʛʦ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʩ ʪʝʩʪʘʤʠ (t2). 
ɼʣʷ ʚʳʙʦʨʘ ʢʦʨʨʝʣʷʪʦʚ ʢʦʛʥʠʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʧʳʪʫʝʤʦʛʦ ʩ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤʠ ʕʕɻ-ʩʠʛʥʘʣʦʚ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʕʕɻ, ʚʳ-

ʜʝʣʝʥʥʳʭ ʥʘ ʫʯʘʩʪʢʘʭ ʧʝʨʝʜ ʤʘʨʢʝʨʘʤʠ çʦʪʚʝʪè. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ 

ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʝʘʣʠʟʦ-

ʚʘʥʳ ʧʨʦʮʝʜʫʨʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʘʪʪʨʘʢʪʦʨʘ ʧʦ ʢʘʞʜʦʤʫ ʬʨʘʛʤʝʥʪʫ ʕʕɻ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʦʮʝʥʢʝ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʘʪʪʨʘʢʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʠʩʢʨʝʪʥʳʝ ʧʨʠʟʥʘʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʪʨʘʝʢʪʦʨʠʡ ʘʪ-

ʪʨʘʢʪʦʨʘ [ʌʠʣʘʪʦʚʘ ʠ ʜʨ., 2015; ʌʠʣʘʪʦʚʘ ʠ ʜʨ., 2017]. ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ 

ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʮʝʥʢʠ ʠʥʜʝʢʩʦʚ ʤʦʱʥʦʩʪʠ. 

ɿʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʬʨʘʛʤʝʥʪʦʚ ʕʕɻ ʥʘ ʠʥʪʝʨʚʘʣʘʭ t1 ʠ t2 ʥʝ ʚʳʷʚʣʝʥʦ. 

ɼʣʷ ʚʳʙʨʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʝʡʚʣʝʪ-ʨʘʟʣʦʞʝʥʠʝ ʚ ʩʠ-

ʩʪʝʤʝ MATLAB ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ çMATLAB 

Wavelet Toolboxè. ʌʫʥʢʮʠʠ ʵʪʦʛʦ ʧʘʢʝʪʘ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʧʨʦ-

ʚʦʜʠʪʴ ʢʦʨʨʝʢʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʛʨʘʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʬʠʣʴʪʨʦʚ 

ʧʫʪʝʤ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʩʠʛʥʘʣʘ. ʅʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥ ʦʨʪʦʛʦ-

ʥʘʣʴʥʳʡ ʚʝʡʚʣʝʪ ʄʝʡʝʨʘ ñdmeyò, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʘʤʳʡ ʰʠʨʦʢʠʡ ʯʘʩʪʦʪ-

ʥʳʡ ʩʧʝʢʪʨ ʩʨʝʜʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʚʝʡʚʣʝʪʦʚ ʩ ʢʦʤʧʘʢʪʥʳʤ ʥʦʩʠʪʝʣʝʤ. ʆʥ 

ʜʘʝʪ ʭʦʨʦʰʝʝ ʨʘʟʣʦʞʝʥʠʝ ʩʠʛʥʘʣʘ ʥʘ ʩʣʘʛʘʝʤʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝ-

ʣʝʥʥʳʤ ʧʦʣʦʩʘʤ ʯʘʩʪʦʪ. 

ʇʨʠ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʨʘʟʣʦʞʝʥʠʷ ʚʝʡʚʣʝʪ ʄʝʡʝʨʘ ʙʫʜʝʪ ʚʳʜʝʣʷʪʴ ʯʘʩʪʦʪʳ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʝ 165,85 ɻʮ, ʧʨʠ 2-ʤ ʫʨʦʚʥʝ ʨʘʟʣʦʞʝʥʠʷ ï 82,93 ɻʮ, 
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ʧʨʠ 3-ʤ ʫʨʦʚʥʷ ʨʘʟʣʦʞʝʥʠʷ ï 41,46 ɻʮ. ɺ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʜʝʪʘʣʠʟʘʮʠʠ 4-ʛʦ 

ʫʨʦʚʥʷ ʨʘʟʣʦʞʝʥʠʷ ï 20,73 ɻʮ, ʜʣʷ 5-ʛʦ ʫʨʦʚʥʷ ʨʘʟʣʦʞʝʥʠʷ ï 10,37 ɻʮ, ʜʣʷ 

6-ʛʦ ï 5,18 ɻʮ ʠ ʜʣʷ 7-ʛʦ ʫʨʦʚʥʷ ï 2,59 ɻʮ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ ʢʦʤʧʦʥʝʥʪ ʩʠʛ-

ʥʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʣʦʢʘʣʠʟʦʚʘʥʳ ʠ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʳʝ ʜʠʘʧʘʟʦʥʳ ʕʕɻ: ʜʝʣʴʪʘ-ʨʠʪʤ (0-4 ɻʮ), ʪʝʪʘ-ʨʠʪʤ (4-

8 ɻʮ), ʘʣʴʬʘ-ʨʠʪʤ (8-16 ɻʮ), ʙʝʪʘ-ʨʠʪʤ (16-31 ɻʮ). ʏʘʩʪʴ ʩʠʛʥʘʣʘ, ʩʧʝʢʪʨ ʢʦ-

ʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ ʯʘʩʪʦʪʳ ʚʳʰʝ 30 ɻʮ, ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʪʩʷ ʛʘʤʤʘ-ʜʠʘʧʘʟʦ-

ʥʦʤ. ɺ ʧʦʣʫʯʝʥʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʛʘʤʤʘ-ʜʠʘʧʘʟʦʥ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ 28 ʜʦ 50 ɻʮ, ʦʪ 57 ʜʦ 75 ɻʮ ʠ ʦʪ 75 ʜʦ 250 ɻʮ. 

ɺʝʡʚʣʝʪ-ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʜʣʷ 12 ʬʨʘʛʤʝʥʪʦʚ ʩʠʛʥʘʣʘ ʕʕɻ (ʧʦ ʪʨʠ 

ʬʨʘʛʤʝʥʪʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 4 ʩʝʢʫʥʜʳ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʟʘʜʘʥʠʡ), (ʨʠʩ. 2). 

ɸʤʧʣʠʪʫʜʘ ʛʘʤʤʘ-ʨʠʪʤʘ ʚ ʛʨʫʧʧʝ ʟʘʜʘʥʠʡ ʥʘ ʚʳʯʠʩʣʝʥʠʝ ʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʥʠʡ ʢ ʠʥʩʘʡʪʥʳʤ ʟʘʜʘʯʘʤ ʚʳʰʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʛʨʫʧʧʘʭ 

ʟʘʜʘʥʠʡ. 

 

 
 

ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʢʦʤʧʦʥʝʥʪ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʘʙʩʮʠʩʩʘ ï t, ʤʩʝʢ;  

ʦʨʜʠʥʘʪʘ ï U, ʤʢɺ) 
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