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Abstract. In the given paper we consider the estimation of the convergence rate of a linear algorithm for solv-

ing linear stationary difference problem. This task corresponds to a linear scheme of stationary equations of free con-

vection. 

Keywords: free convection, linear algorithm, linear scheme, stationary equation. 

 

To numerical study of differential problems of thermal convection, described by equations (3)-(6) sufficient 

number of works is devoted [5]. Computational algorithms which allow us to study convective flow of an 

incompressible fluid are developed. However, the mathematical basis for the applicability of used algorithms in practice 

is absent. 

In the works [2], [1] iterative schemes are considered based on an approximation of the convective summands 

Samarskyi formula [4] and [3]. The issues of stability and numerical implementation are investigated. 

Estimate of convergence rate 

Theorem 1. An iterative algorithm. 
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Proof: 
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Multiplying the last inequality is by an arbitrary positive number a and added to the relation 
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We rewrite, substituting the values 
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Further, denoting 
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Applying this inequality successively we get the inequality 
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as 10 <<q , follows, that the value 
nF  tends to zero at a geometric rate with a denominator strictly less than one. 

Whence it follows the convergence to zero 
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nT  at a geometric rate. The theorem is proved. 
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ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 02.08.16. 

 

 

ʆɹ ʆʎɽʅʂɽ ʉʂʆʈʆʉʊʀ ʉʍʆɼʀʄʆʉʊʀ ʆɼʅʆɻʆ ʃʀʅɽʁʅʆɻʆ ɸʃɻʆʈʀʊʄɸ 
 

ʇ.ɹ. ɹʝʡʩʝʙʘʡ1, ʃ.ʂ. ɼʶʩʝʤʙʘʝʚʘ2 

1 ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ,  
2 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ 

ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʉ. ʉʝʡʬʫʣʣʠʥʘ (ɸʩʪʘʥʘ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʩʭʦʜʠʤʦʩʪʠ ʣʠʥʝʡʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢ ʨʝ-

ʰʝʥʠʶ ʣʠʥʝʡʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʟʘʜʘʯʠ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʡ ʩʭʝʤʝ ʩʪʘʮʠʦʥʘʨ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʦʙʦʜʥʘʷ ʢʦʥʚʝʢʮʠʷ, ʣʠʥʝʡʥʳʡ ʘʣʛʦʨʠʪʤ, ʣʠʥʝʡʥʘʷ ʩʭʝʤʘ, ʩʪʘʮʠʦʥʘʨʥʦʝ ʫʨʘʚʥʝʥʠʝ. 
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ʋɼʂ 51-7 

 

ʇʈʀʄɽʅɽʅʀɽ ʇɸʂɽʊɸ MATHCAD  ʇʈʀ ʈɸɿʃʆɾɽʅʀʀ ʌʋʅʂʎʀʁ ɺ ʈʗɼʓ ʌʋʈʔɽ 
 

 ʀ.ɺ. ɽʨʰʦʚʘ1, ʊ.ɸ. ʄʠʥʝʝʚʘ2 

1 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʢʠ,  
2 ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ ʤʘʪʝʤʘʪʠʢʠ 

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʨʘʟʣʦʞʝʥʠʝ ʬʫʥʢʮʠʡ ʚ ʨʷʜ ʌʫʨʴʝ ʧʨʠ ʧʦʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ MathCAD. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʨʘʟʣʦʞʝʥʠʷ ʬʫʥʢʮʠʡ ʠ ʦʧʨʝʜʝʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʵʪʘʧʦʚ ʭʦʜʘ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʩʨʝʜʩʪʚʘʤʠ MathCAD. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ MathCAD, ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʨʷʜ, ʨʷʜ ʌʫʨʴʝ. 

 

ɺʘʞʥʳʤ ʫʨʦʚʥʝʤ ʦʚʣʘʜʝʥʠʷ ʤʝʪʦʜʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʥʘʧʠʩʘ-

ʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʥʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  

ʉʦʟʜʘʚʘʷ ʧʦʜʦʙʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ çʩ ʥʫʣʷè, ʨʘʙʦʪʘʷ ʩ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʧʨʦʛʨʘʤʤʳ, ʩʪʫʜʝʥʪ 

ʛʣʫʙʞʝ ʧʦʥʠʤʘʝʪ ʢʦʥʢʨʝʪʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʤʝʪʦʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʨʘʙʦʪʘʪʴ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʧʘʢʝʪʘʤʠ, ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʤʧʴʶʪʝʨ-

ʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. ʂ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʧʘʢʝʪ MathCAD. ʇʘʢʝʪ MathCAD ʠʤʝʝʪ ʤʦʱʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʷʪʴ ʩʠʤʚʦʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ [1, ʩ. 3]. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪ.ʝ. ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʦʧʨʝʜʝʣʸʥʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʦʚʪʦʨʷʶʪʩʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʨʘʟʣʘʛʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʵʪʠ ʧʨʦ-

ʮʝʩʩʳ, ʥʝ ʚ ʩʪʝʧʝʥʥʦʡ ʨʷʜ, ʘ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʨʷʜ. 

ʆʧʨʝʜʝʣʝʥʠʝ. ʊʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʨʷʜʦʤ ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʷʜ ʚʠʜʘ  
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ʛʜʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʯʠʩʣʘ ( )0, , 1, 2,...n na a b n=  ʥʘʟʳʚʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʷʜʘ [2, ʩ. 480]. 

ʇʫʩʪʴ ʬʫʥʢʮʠʷ ()f x  ï ʠʥʪʝʛʨʠʨʫʝʤʘʷ ʠ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩ ʧʝʨʠʦʜʦʤ 2p. 

ʆʧʨʝʜʝʣʝʥʠʝ. ʂʦʵʬʬʠʮʠʝʥʪʘʤʠ ʌʫʨʴʝ ʬʫʥʢʮʠʠ ()f x  ʥʘʟʳʚʘʶʪʩʷ ʯʠʩʣʘ 
0 1 2, , ,..., ,...,na a a a  

1 2, , ..., ,...nb b b , ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 
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ʆʧʨʝʜʝʣʝʥʠʝ. ʈʷʜʦʤ ʌʫʨʴʝ ʬʫʥʢʮʠʠ ()f x  ʥʘʟʳʚʘʝʪʩʷ ʨʷʜ (1), ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʦʛʦ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ (2) ï (3). 

ʈʷʜ ʌʫʨʴʝ ʠʥʪʝʛʨʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ ()xf  ʤʦʞʝʪ ʣʠʙʦ ʨʘʩʭʦʜʠʪʴʩʷ, ʣʠʙʦ ʩʭʦʜʠʪʴʩʷ, ʧʨʠʯʸʤ ʢʘʢ ʢ 

ʬʫʥʢʮʠʠ ()xf , ʪʘʢ ʠ ʢ ʬʫʥʢʮʠʠ, ʦʪʣʠʯʥʦʡ ʦʪ ʥʝʸ. ʋʩʣʦʚʠʷ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ ʌʫʨʴʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʤʝʮ-

ʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ɼʠʨʠʭʣʝ (ʪʝʦʨʝʤʘ ɼʠʨʠʭʝ). 

ʈʷʜ ʌʫʨʴʝ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʨʘʟʣʘʛʘʷ ʠʭ ʥʘ ʢʦʤʧʦʥʝʥʪʳ. ʉʤʝʱʝʥʠʷ, ʩʢʦʨʦʩʪʴ 

ʠ ʫʩʢʦʨʝʥʠʝ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ, ʧʝʨʝʤʝʥʥʳʝ ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ï ʵʪʦ 

ʪʠʧʠʯʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʘʭ.  

ʇʨʠʚʝʜʸʤ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʘʢʝʪʘ MathCAD ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʬʫʥʢʮʠʡ ʚ ʨʷʜʳ 

ʌʫʨʴʝ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʨʷʜ ʌʫʨʴʝ ʜʣʷ ʬʫʥʢʮʠʠ ʧʨʠ ʧʦʤʦʱʠ MathCAD, ʥʝʦʙʭʦʜʠʤʦ: 

1. ɿʘʜʘʪʴ ʬʫʥʢʮʠʶ ()xf . 

                                                           
É ɽʨʰʦʚʘ ʀ.ɺ., ʄʠʥʝʝʚʘ ʊ.ɸ. / Ershova I.V., Mineeva T.A., 2016 
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2. ɺʳʯʠʩʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʷʜʘ ʌʫʨʴʝ. 

3. ɿʘʧʠʩʘʪʴ ʨʷʜ ʚ ʦʙʱʝʤ ʚʠʜʝ. 

4. ʇʦʩʪʨʦʠʪʴ ʥʘ ʦʜʥʦʤ ʨʠʩʫʥʢʝ ʛʨʘʬʠʢ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ()xf  ʠ ʛʨʘʬʠʢʠ ʨʷʜʘ ʌʫʨʴʝ, ʫʜʝʨʞʠʚʘʷ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʢʦʝ-ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʯʣʝʥʦʚ ʨʷʜʘ. 

ʇʨʠʤʝʨ 1. ʈʘʟʣʦʞʠʪʴ ʚ ʨʷʜ ʌʫʨʴʝ ʬʫʥʢʮʠʶ () xexf = . 

ʈʝʰʝʥʠʝ. ʌʫʥʢʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʥʠ ʯʸʪʥʦʡ, ʥʠ ʥʝʯʸʪʥʦʡ, ʧʦʵʪʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʷʜʘ ʌʫʨʴʝ ʚʳʯʠʩʣʷʝʤ 

ʧʦ ʬʦʨʤʫʣʘʤ (2) ï (3). 
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ʈʠʩ. 1. 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ɼʠʨʠʭʣʝ, ʪʘʢ ʢʘʢ ʬʫʥʢʮʠʷ () xexf =  ʥʝʧʨʝʨʳʚʥʘ ʥʘ ʦʪʨʝʟʢʝ 

[ ],-p p ʠ ʧʨʠ ʵʪʦʤ ʤʦʥʦʪʦʥʥʘ (ʩʪʨʦʛʦ ʚʦʟʨʘʩʪʘʝʪ), ʪʦ ʨʷʜ ʌʫʨʴʝ ʬʫʥʢʮʠʠ ()xf  ʩʭʦʜʠʪʩʷ ʜʣʷ ʣʶʙʳʭ x  ʠʟ 

[ ],-p p ʠ ʝʛʦ ʩʫʤʤʘ ʨʘʚʥʘ ()xf  ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ x  ʠʟ ʠʥʪʝʨʚʘʣʘ ( ),-p p. 



ISSN 2311-2158. The Way of Science. 2016. ˉ 8 (30). 

 

 

14 

 

ʇʨʠʤʝʨ 2. ʈʘʟʣʦʞʠʪʴ ʚ ʨʷʜ ʌʫʨʴʝ ʬʫʥʢʮʠʶ () 4xxf = . 

ʈʝʰʝʥʠʝ. ʌʫʥʢʮʠʷ ʯʸʪʥʘʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʢʣʘʜʳʚʘʝʤ ʚ ʨʷʜ ʌʫʨʴʝ ʧʦ ʢʦʩʠʥʫʩʘʤ, ʪ.ʝ. 0nb = . 
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ʈʠʩ. 2. 

 

ʈʠʩʫʥʦʢ 2 ʚʥʦʚʴ ʠʣʣʶʩʪʨʠʨʫʝʪ ʪʝʦʨʝʤʫ ɼʠʨʠʭʣʝ: ʪʘʢ ʢʘʢ ʬʫʥʢʮʠʷ () 4f x x=  ʥʝʧʨʝʨʳʚʥʘ ʠ ʧʨʠ ʵʪʦʤ 

ʠʤʝʝʪ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʵʢʩʪʨʝʤʫʤʦʚ ʥʘ [ ],-p p (ʠʤʝʝʪ ʦʜʥʫ ʪʦʯʢʫ ʤʠʥʠʤʫʤʘ), ʪʦ ʨʷʜ ʌʫʨʴʝ ʬʫʥʢʮʠʠ ()xf  ʩʭʦ-

ʜʠʪʩʷ ʜʣʷ ʣʶʙʳʭ x  ʠʟ [ ],-p p ʠ ʝʛʦ ʩʫʤʤʘ ʨʘʚʥʘ ()xf  ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ x  ʠʟ ʠʥʪʝʨʚʘʣʘ ( ),-p p. 

ɽʱʸ ʨʘʟ ʧʦʜʯʝʨʢʥʸʤ, ʯʪʦ ʨʷʜʳ ʌʫʨʴʝ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʀʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʫʥʢʮʠʡ (ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʵʪʦʤ ʠʟʚʝʩʪʥʳ) ʪʨʠʛʦʥʦʤʝʪʨʠʯʝ-

ʩʢʠʤʠ ʨʷʜʘʤʠ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ. ʈʘʟʣʦʞʝʥʠʝ ʚ ʨʷʜʳ ʌʫʨʴʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʸʪʘʭ. 
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Abstract. The article considers expansion of functions in Fourier series using MathCAD software tools. The 

examples of function expansion are presented and sequence for solution of the stated problem reflected by means of 

MathCAD is determined. 

Keywords: MathCAD software, trigonometric series, Fourier series. 



ISSN 2311-2158. The Way of Science. 2016. ˉ 8 (30). 

 

 

16 

 

UDC 621.3.089:539.1.074 

 

THE USE OF BALL MODERATORS FOR NEUTRON SPECTROMETRY  
 

 S.G. Fedorov, Jr. Researcher 

FSUE ñAll-Russian Scientific Research Institute of Physical-Technical and Radiotechnical Measurementsò 

(Mendeleyevo), Russia 

 

Abstract. A spectrometer with ball moderators of polyethylene was designed at FSUE "VNIIFTRI". As a detec-

tor of slow neutrons there were used a LiI scintillator with natural lithium and a spherical proportional counter with a 

diameter of 5 cm filled with 10BF3 gas. Using two different detectors can reduce systematic measurement error. Re-

sponse from the detectors which are placed in the ball moderators, is performed by using a specially designed device. 

Measurement and processing of measurements are carried out automatically using a developed program named çbollè. 

Restoration of the neutron spectrum is carried out using a developed program named çspectrè. Energy dependence of 

the sensitivity of the detectors placed in the moderators, which is needed for neutron spectrum restoration, is calculated 

using the Monte Carlo method. 

Keywords: neutron spectrometer, Bonner sphere. 

 

The principle of operation of the spectrometer with moderators made of polyethylene is based on moderation 

of neutrons of different energies with following registration of the moderated neutrons by detectors, which have iso-

topes with a large cross section of interaction with slow neutrons in their composition. 

As such materials in the detectors, which are typically scintillation or gas, there are used either 6Li, which cross 

section of interaction with thermal neutrons is 940 barns, or 10B, which cross section of interaction with thermal neu-

trons is 3843 barns. It is expected that as the neutron energy E increases, the cross section of interaction decreases as 

1/E. 

In order to reduce the sensitivity anisotropy of the detector in the moderator, the moderator is chosen in a form 

of sphere [1]. 

The products of a reaction of decelerated neutrons, which energy is typically less than 0.4 eV, are detected by a 

scintillation detector with a photomultiplier or a gas meter operating in the proportional mode. 

Pulses from the photomultiplier or the proportional counter are recorded by an amplitude analyzer. Schematic 

diagram of pulse recording system used in FSUE ñVNIIFTRIò is shown in Figure 1. 

 

 
 

Fig. 1. Schematic diagram of the measuring device 

 

Reading the information from the detector, its entry into the PC and processing of the measurement results is 

carried out using a program named çbollè. Instrumental spectra obtained for different neutron sources, detectors, and 

sizes of the balls are shown in Figure 2 ï Figure 4.  

The number of interactions between slow neutrons and the detector is taken proportional to the area which is 

formed by the instrument spectrum curve and the line connecting certain points of the instrument spectrum, as shown in 

Figure 2 ï Figure 4. Thus, the pulses from gamma ray and fast neutrons are subtracted from the instrument spectrum. 

The result is normalized per unit of time. 

 

                                                           
É Fedorov S.G. / ʌʝʜʦʨʦʚ ʉ.ɻ., 2016 
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Fig. 2. The spectrum of impulses from the interaction of neutrons passed to the center of moderator  

with a diameter of 30 cm  with a LiI scintillator, which size is 8 mm diameter, 8 mm height; for the PuBe source 

 

 
 

Fig. 3. The spectrum of impulses from the interaction of neutrons passed to the center of moderator  

with a diameter of 30 cm  with a LiI scintillator, which size is 8 mm diameter, 8 mm height; for the 252Cf source 

 

 
 

Fig. 4. The spectrum of impulses from the interaction of neutrons passed to the center of moderator  

with a diameter of 30 cm,  with a proportional counter with a diameter of 50.8 mm from the PuBe source 

 

Fig. 2 shows that the contribution of the accompanying gamma radiation with energy of 4.4 MeV for the PuBe 

source, which was obtained using LiI scintillator of 8x8 mm, depends on the size of the ball moderator. 

Using a gas proportional counter makes it possible to reduce the influence of gamma-radiation when using 

balls of different sizes. Furthermore, the use of a gas proportional counter together with a detector with a LiI crystal 

reduces systematic error or type B uncertainty. 

Restoring a neutron spectrum  basing on the results which were obtained from the instrumental spectra 

with the ball moderators of different diameters, is carried out by solving a system of integral equations 
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where Ri is the number of interactions of slow neutrons, which was obtained with each ith ball per unit of time; 

wi is an energy dependence of sensitivity with each ball. 

Energy dependence of sensitivity with the balls of different sizes, calculated by the Monte Carlo method, is 

shown in Figure 5. 

 

 
 

Fig. 5. Energy dependence of sensitivity of different balls 

 

Solving the system of equations (1) when using the ball moderators and the LiI scintillator [3] or a proportional 

counter filled with BF3 gas, is carried out by the method of maximum likelihood [2] in çspectrè program. 

Solving the system of integral equations (1) Fi(E) over the energy intervals æi(E) in çspectrè program is car-

ried out in iterative process as 

 

            (2) 

 

where  

Normalization of the restored neutron spectrum is performed by comparing the value of kerma which was 

measured by the meter with a set of ionization chambers and the kerma which was calculated from the reconstructed 

spectrum. 

The coefficient which is equal to the ratio of these values is involved in the program çspectrè. 

As it is shown in Figure 5, the curves of energy dependence of the sensitivity for some balls at neutron energies 

greater than 8 MeV become close to coplanar, resulting in an increase in error when restoring the neutron spectrum. 

Therefore, the moderators of large diameters or the detectors with substantial sensitivity to high-energy neutrons should 

be used in the spectrometer. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʐɸʈʆɺʓʍ ɿɸʄɽɼʃʀʊɽʃɽʁ ɼʃʗ ʉʇɽʂʊʈʆʄɽʊʈʀʀ ʅɽʁʊʈʆʅʆɺ 
 

ʉ.ɻ. ʌʝʜʦʨʦʚ, ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʥʠʪʘʨʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡè (ʄʝʥʜʝʣʝʝʚʦ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʌɻʋʇ çʌʅʀʀʌʊʈʀè ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʰʘʨʦʚʳʤʠ ʟʘʤʝʜʣʠʪʝʣʷʤʠ ʠʟ ʧʦʣʠ-

ʵʪʠʣʝʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ ʟʘʤʝʜʣʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʮʠʥʪʠʣʣʷʪʦʨ LiI  ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʣʠʪʠʝʤ ʠ ʩʬʝʨʠʯʝʩʢʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʩʯʝʪʯʠʢ ʜʠʘʤʝʪʨʦʤ 5 ʩʤ, ʥʘʧʦʣʥʝʥʥʳʡ ʛʘʟʦʤ 10BF3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʚʫʭ ʨʘʟʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. ʆʪʢʣʠʢ ʩ ʜʝ-

ʪʝʢʪʦʨʦʚ, ʧʦʤʝʱʝʥʥʳʭ ʚ ʰʘʨʦʚʳʝ ʟʘʤʝʜʣʠʪʝʣʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ʀʟʤʝʨʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʦʜʷʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦ ʨʘʟ-

ʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ çbollè. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʦʚ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ 

çspectrè. ʅʝʦʙʭʦʜʠʤʳʝ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʩʪʠ ʜʝʪʝʢʪʦʨʦʚ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʟʘʤʝʜʣʠʪʝʣʠ, ʨʘʩʩʯʠʪʘʥʳ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʥʝʡʪʨʦʥʦ, ʩʬʝʨʳ ɹʦʥʥʝʨʘ. 
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ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 
 

ʋɼʂ 621.331.621.611 
 

ʈɽɸʃʀɿɸʎʀʗ ɺ ʉʈɽɼɽ MATLAB/SIMULINK ʀʄʀʊɸʎʀʆʅʅʆʁ ʄʆɼɽʃʀ ʉʀʉʊɽʄʓ 

ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ ʉ ɸɺʊʆʊʈɸʅʉʌʆʈʄɸʊʆʈʅʆʁ ʊʗɻʆɺʆʁ ʉɽʊʔʖ 2ʍ25 ʢɺ  

ʅɸ ɼɺʋʍʇʋʊʅʆʄ ʋʏɸʉʊʂɽ ʕʃɽʂʊʈʀʌʀʎʀʈʆɺɸʅʅʆʁ ɾɽʃɽɿʅʆʁ ɼʆʈʆɻʀ 
 

 ɺ.ɺ. ɸʥʜʨʝʝʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ ʠʤʧʝʨʘʪʦʨʘ ʅʠʢʦʣʘʷ II, ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʤʠʪʘʮʠʦʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚ ʩʨʝʜʝ MatLab/Simulink ʧʨʦʮʝʩʩʘ ʨʘ-

ʙʦʪʳ ʩʠʩʪʝʤʳ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 2ʭ25ʢɺ ʥʘ ʜʚʫʭʧʫʪʥʦʤ ʫʯʘʩʪʢʝ ʵʣʝʢʪʨʠʬʠʮʠ-

ʨʦʚʘʥʥʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʷʛʦʚʦʡ ʩʝʪʠ 2ʭ25ʢɺ ʜʚʫʭʧʫʪʥʦʛʦ 

ʫʯʘʩʪʢʘ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʚʟʘʠʤʥʦ ʠʥʜʫʢʪʠʚʥʳʤʠ ʩʚʷʟʷʤʠ ʢʦʥʪʫʨʦʚ ʧʨʦʚʦʜʦʚ ʢʘʢ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʧʫʪʠ, ʪʘʢ 

ʠ ʤʝʞʜʫ ʧʨʦʚʦʜʘʤʠ ʜʚʫʭ ʧʫʪʝʡ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʫʥʢʪʦʚ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ (ʇʇʉ), ʨʘʟʤʝʱʘʝʤʳʭ ʚ ʤʝʩʪʘʭ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʫʥʢʪʦʚ. ɺ ʩʪʘʪʴʝ ʜʘ-

ʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʧʦʩʪʨʦʠʪʴ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ çʦʙʳʯʥʦʡè ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ 1ʭ25ʢɺ, ʠʩʧʦʣʴʟʫʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʟʜʝʩʴ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ 2ʭ25ʢɺ. ʇʦʢʘʟʘʥʳ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ ʜʣʷ ʩʠʩʪʝʤʳ 2ʭ25ʢɺ: ʩ ʢʘʩʢʘʜʥʳʤ ʚʢʣʶʯʝʥʠʝʤ 

ʜʚʫʭ ʪʨʸʭʬʘʟʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ; ʩ ʦʜʥʦʬʘʟʥʳʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʩ ʨʘʩʱʝʧʣʸʥʥʦʡ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪ-

ʢʦʡ; ʩ ʧʦʚʳʰʘʶʱʠʤʠ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʥʘ ʬʠʜʝʨʘʭ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ, ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, MatLab/Simulink, ʘʚʪʦʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨ, ʪʷʛʦʚʘʷ ʩʝʪʴ, ʧʫʥʢʪʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 
 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʦʜʥʦʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ ʩʠʩʪʝʤʳ ʪʷʛʦʚʦʛʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 2ʭ25ʢɺ ʚ ʩʠʩʪʝʤʝ MatLab/Simulink, ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚ [1], ʥʘ ʜʚʫʭʧʫʪʥʦʤ ʫʯʘʩʪʢʝ ʧʦʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʸʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʣʠʯʠʝʤ ʚʟʘʠʤʥʳʭ ʠʥʜʫʢʪʠʚʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʪʷʛʦʚʳʤʠ ʩʝʪʷʤʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʫʪʝʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʫʥʢʪʦʚ, ʩʦʚʤʝʱʸʥʥʳʭ ʩ 

ʧʫʥʢʪʘʤʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ. 

ʅʘʣʠʯʠʝ ʚʟʘʠʤʥʳʭ ʠʥʜʫʢʪʠʚʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʷʛʦʚʳʤʠ ʩʝʪʷʤʠ ʧʫʪʝʡ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʫ-

ʨʦʚ ʧʨʦʚʦʜʦʚ ʪʷʛʦʚʦʡ ʩʝʪʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʠ ʚʟʘʠʤʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ɺ ʧʨʦʝʢʪʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠ ʨʘʩʯʸʪʝ ʩʠʩʪʝʤ 2ʭ25ʢɺ ʥʘ ʜʚʫʭʧʫʪʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʷʪʴ 

ʢʦʥʪʫʨʦʚ, ʠʤʝʶʱʠʭ ʚʟʘʠʤʥʳʝ ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʷʟʠ: 

1. ʢʦʥʪʫʨ çʧʠʪʘʶʱʠʡ ʧʨʦʚʦʜ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ï ʟʝʤʣʷè ʧʝʨʚʦʛʦ ʧʫʪʠ (); 

2. ʢʦʥʪʫʨ çʵʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʥʪʘʢʪʥʳʡ ʧʨʦʚʦʜ ï ʟʝʤʣʷè ʧʝʨʚʦʛʦ ʧʫʪʠ (); 

3. ʢʦʥʪʫʨ çʵʢʚʠʚʘʣʝʥʪʥʳʡ ʨʝʣʴʩ ï ʟʝʤʣʷè ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʫʪʠ (); 

4. ʢʦʥʪʫʨ çʵʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʥʪʘʢʪʥʳʡ ʧʨʦʚʦʜ ï ʟʝʤʣʷè ʚʪʦʨʦʛʦ ʧʫʪʠ (); 

5. ʢʦʥʪʫʨ çʧʠʪʘʶʱʠʡ ʧʨʦʚʦʜ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷï ʟʝʤʣʷè ʚʪʦʨʦʛʦ ʧʫʪʠ (); 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʤʘʪʨʠʮʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʷʛʦʚʦʡ ʩʝʪʠ 2ʭ25ʢɺ ʜʣʷ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪ-

ʢʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
 

 
 

ʅʘ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʵʪʦʡ ʤʘʪʨʠʮʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʝʯʠʩ-

ʣʝʥʥʳʭ ʚʳʰʝ ʢʦʥʪʫʨʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʤʘʪʨʠʮʝ, ʠ ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ ʪʷʛʦʚʦʡ ʩʝʪʠ ʚ Matlab/Simulink. 

ʅʘ ʥʝʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʵʪʦʡ ʤʘʪʨʠʮʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʟʘʠʤʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝ-

ʨʝʯʠʩʣʝʥʥʳʭ ʢʦʥʪʫʨʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʚʦʜʦʚ ʪʷʛʦʚʦʡ ʩʝʪʠ ʠ ʫʢʘʟʘʥʳ ʪʠʧʦʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʧʨʦʚʦʜʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʸʪʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʤʘʪʨʠʮʫ . 

ʇʨʠʤʝʨ ʨʘʩʯʸʪʘ ʩʦʙʩʪʚʝʥʥʳʭ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʦʚʦʜʦʚ ʢʦʥʪʘʢʪʥʦʡ  

                                                           
É ɸʥʜʨʝʝʚ ɺ.ɺ. / Andreev V.V., 2016 
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ʩʝʪʠ ʠ ʧʠʪʘʶʱʠʭ ʧʨʦʚʦʜʦʚ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʠʩʪʝʤʳ 2ʭ25ʢɺ ʜʣʷ ʦʜʥʦʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠʚʝʜʸʥ ʚ [2], 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ. 

ɼʣʷ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ ʨʘʩʯʸʪʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ 

ʨʝʣʴʩʘ ʠ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʨʘʩʯʸʪʘ ʚʟʘʠʤʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʢʦʥʪʘʢʪʥʳʭ ʧʨʦʚʦʜʦʚ ʠ ʧʠʪʘʶʱʠʭ 

ʧʨʦʚʦʜʦʚ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ [4]. 
 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʚʦʜʦʚ ʪʷʛʦʚʦʡ ʩʝʪʠ 2ʭ25 ʢɺ ʥʘ ʦʧʦʨʘʭ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ 

ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ ʩ ʫʯʸʪʦʤ ʵʢʚʠʚʘʣʝʥʪʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʦʚ ʢʦʥʪʘʢʪʥʳʭ ʩʝʪʝʡ ʠ ʨʝʣʴʩʦʚʳʭ ʮʝʧʝʡ ʦʙʦʠʭ ʧʫʪʝʡ. 

ʇʇ1, ʇʇ2 ï ʧʠʪʘʶʱʠʝ ʧʨʦʚʦʜʘ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʧʫʪʠ; ʕʂ1, ʕʂ2 ï ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʢʦʥʪʘʢʪʥʳʝ ʧʨʦʚʦʜʘ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʫʪʝʡ; ʕʈ2 ï ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʨʝʣʴʩ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ 
 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʨʝʣʴʩʘ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ. 
 

 
 

 
 

 
 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʤʝʞʜʫ ʧʠʪʘʶʱʠʤ ʧʨʦʚʦʜʦʤ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʨʝʣʴʩʦʤ. 
 

 
 

 
 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʤʝʞʜʫ ʢʦʥʪʘʢʪʥʳʡ ʧʨʦʚʦʜʦʤ ʠ ʧʠʪʘʶʱʠʤ ʧʨʦʚʦʜʦʤ ʦʜ-

ʥʦʛʦ ʧʫʪʠ. 
 

 
 

 
 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʤʝʞʜʫ ʢʦʥʪʘʢʪʥʳʤ ʧʨʦʚʦʜʦʤ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʨʝʣʴʩʦʤ. 
 

 
 

 
 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ ʤʝʞʜʫ ʧʨʦʚʦʜʘʤʠ ʨʘʟʥʳʭ ʧʫʪʝʡ: 

a) ʤʝʞʜʫ ʢʦʥʪʘʢʪʥʳʤʠ ʧʨʦʚʦʜʘʤʠ 
 

 
 

b) ʤʝʞʜʫ ʧʠʪʘʶʱʠʤʠ ʧʨʦʚʦʜʘʤʠ 
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c) ʤʝʞʜʫ ʢʦʥʪʘʢʪʥʳʤ ʧʨʦʚʦʜʦʤ ʦʜʥʦʛʦ ʧʫʪʠ ʠ ʧʠʪʘʶʱʠʤ ʧʨʦʚʦʜʦʤ ʜʨʫʛʦʛʦ ʧʫʪʠ 
 

 
 

ʄʘʪʨʠʮʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʷʛʦʚʦʡ ʩʝʪʠ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʠʤʝʨʘ ʠʤʝʝʪ ʚʠʜ 
 

 
 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʸʥ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink ʤʦʜʝʣʠ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʷʛʦʚʦʡ 

ʩʝʪʠ 2ʭ25ʢɺ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʵʣʝʤʝʥʪʘ ʪʷʛʦʚʦʡ 

ʩʝʪʠ 2ʭ25ʢɺ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʫʩʣʦʚʥʳʡ ʧʝʨʝʛʦʥ [4] ï ʨʘʩʩʪʦʷʥʠʝ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʧʦʝʟʜ ʥʘ ʢʘʞʜʦʤ ʧʫʪʠ. ʇʨʠ ʪʨʸʭʮʚʝʪʥʦʡ ʩʠʩʪʝʤʝ ʘʚʪʦʙʣʦʢʠʨʦʚʢʠ ʵʪʦ 

ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʦ ʪʨʸʤ ʙʣʦʢ-ʫʯʘʩʪʢʘʤ. 

ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʪʷʛʦʚʦʡ ʩʝʪʠ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʪʨʠ ʯʘʩʪʠ. ʈʘʟʤʝʨʳ ʵʪʠʭ ʯʘʩʪʝʡ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʟʥʘ-

ʯʝʥʠʷ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʢʪʨʦʧʦʝʟʜʦʚ ʧʦ ʧʫʪʷʤ ʚ ʜʘʥʥʦʡ ʤʛʥʦʚʝʥʥʦʡ ʩʭʝʤʝ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʧʦʝʟʜʦʚ ʥʘ ʜʘʥʥʦʤ ʫʩʣʦʚʥʦʤ ʧʝʨʝʛʦʥʝ, ʵʣʝʤʝʥʪ ʪʷʛʦʚʦʡ ʩʝʪʠ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʨʘʚʥʳʝ ʯʘ-

ʩʪʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʵʣʝʢʪʨʦʧʦʝʟʜʦʚ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʥʝʨʘʚʥʳʝ ʯʘʩʪʠ. ʕʪʦ ʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʫʯʸʪʘ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʤʝʞʜʫ ʧʨʦʚʦʜʘʤʠ ʧʫʪʝʡ. 

ɹʣʦʢʠ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʪʷʛʦʚʦʡ ʩʝʪʠ 2ʭ25ʢɺ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ ʩʚʝʨʭʫ 

ʚʥʠʟ ʚ ʧʦʨʷʜʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʧʦʣʦʞʝʥʠʶ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʦʚʦʜʦʚ ʪʷʛʦʚʦʡ ʩʝʪʠ ʚ ʤʘʪʨʠ-

ʮʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ : 

1. ʙʣʦʢʠ ʧʦʜʩʠʩʪʝʤ ʧʠʪʘʶʱʠʭ ʧʨʦʚʦʜʦʚ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʚʦʛʦ ʧʫʪʠ; 

2. ʙʣʦʢʠ ʧʦʜʩʠʩʪʝʤ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʧʨʦʚʦʜʦʚ ʧʝʨʚʦʛʦ ʧʫʪʠ; 

3. ʙʣʦʢʠ ʧʦʜʩʠʩʪʝʤ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʨʝʣʴʩʘ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ; 

4. ʙʣʦʢʠ ʧʦʜʩʠʩʪʝʤ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʧʨʦʚʦʜʦʚ ʚʪʦʨʦʛʦ ʧʫʪʠ; 

5. ʙʣʦʢʠ ʧʦʜʩʠʩʪʝʤ ʧʠʪʘʶʱʠʭ ʧʨʦʚʦʜʦʚ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʪʦʨʦʛʦ ʧʫʪʠ. 
 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʤʦʜʝʣʠ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʪʷʛʦʚʦʡ ʩʝʪʠ ʩʠʩʪʝʤʳ 2ʭ25ʢɺ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʜʥʦʤʫ 

ʫʩʣʦʚʥʦʤʫ ʧʝʨʝʛʦʥʫ. ZF1x, ZF2x ï ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʠʪʘʶʱʠʭ ʬʠʜʝʨʦʚ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʝʨʚʦʤ ʠ 

ʚʪʦʨʦʤ ʧʫʪʠ; ZK1x, ZK2x ï ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʧʨʦʚʦʜʦʚ ʥʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʧʫʪʠ; ZRx 

ï ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʨʝʣʴʩʘ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ; ATP1x, ATP2x ï ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʧʫʥʢʪʳ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʫʪʠ; ET1x, ET2x ï çʩʢʦʣʴʟʷʱʠʝ ʢʦʥʪʘʢʪʳè ʥʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʧʫʪʠ, ʧʦʜʩʚʝʪʢʘ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʥʷʪʦʩʪʠ ʧʝʨʝʛʦʥʘ ʵʣʝʢʪʨʦʧʦʝʟʜʦʤ, ʧʦʜʩʚʝʪʢʘ ʟʝʣʸʥʳʤ ʮʚʝʪʦʤ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʝʨʝʛʦʥ ʩʚʦʙʦʜʝʥ 
 

ʇʦʤʠʤʦ ʙʣʦʢʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʳ ʪʷʛʦʚʦʡ ʩʝʪʠ, ʚ ʩʭʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ çʩʢʦʣʴʟʷʱʠʝ ʢʦʥʪʘʢʪʳè, 

ʢ ʢʦʪʦʨʳʤ ʧʦʜʢʣʶʯʘʶʪʩʷ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʧʦʝʟʜʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʥʪʘʢʪʘʤʠ ʧʨʦʮʝʩʩ ʠʤʠʪʘʮʠʠ 

ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʚ ʩʠʩʪʝʤʝ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 2ʭ25ʢɺ. 
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ʅʘ ʨʠʩʫʥʢʝ 2 ʵʣʝʤʝʥʪʳ ʪʷʛʦʚʦʡ ʩʝʪʠ ï ʢʦʥʪʘʢʪʥʳʝ ʧʨʦʚʦʜʘ, ʧʨʦʚʦʜʘ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʨʝʣʴ-

ʩʦʚʳʝ ʮʝʧʠ ʚʳʛʣʷʜʷʪ ʥʝʟʘʚʠʩʠʤʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʚʟʘʠʤʥʳʝ ʠʥʜʫʢʪʠʚʥʳʝ ʩʚʷ-

ʟʠ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʥʜʘʨʪʥʳʭ ʙʣʦʢʦʚ Simulink Goto ʠ From, ʧʦʟʚʦʣʷʶʱʠʭ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʷʟʠ 

ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʙʝʟ ʠʟʦʙʨʘʞʝʥʠʷ ʩʠʛʥʘʣʴʥʳʭ ʣʠʥʠʡ. 

ɺʩʝ ʧʦʜʩʠʩʪʝʤʳ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʧʨʦʚʦʜʘ ʪʷʛʦʚʦʡ ʩʝʪʠ (ʢʨʦʤʝ ʨʝʣʴʩʦʚʦʡ ʮʝʧʠ), ʵʪʦ ʚʩʝʛʦ ʣʠʰʴ ʰʘʙʣʦ-

ʥʳ (ʟʘʛʦʪʦʚʢʠ) (ʨʠʩʫʥʦʢ 3) ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʙʣʦʢʦʚ Simulink [6]. ʕʪʠ ʙʣʦʢʠ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʷʛʦʚʦʡ ʩʝʪʠ. 

ʀʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʷʛʦʚʦʡ ʩʝʪʠ (ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʚʟʘʠʤʥʳʭ) ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʜʩʠʩʪʝ-

ʤʝ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʨʝʣʴʩ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ (ʨʠʩʫʥʦʢ 4). 
 

 
 

ʈʠʩ. 3. ʇʦʜʩʠʩʪʝʤʘ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʘ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ 2ʭ25ʢɺ 
 

ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ, ʦʧʠʩʘʥʥʳʡ ʚ [1]. ɺʥʝʰʥʠʤ ʩʠʛʥʘʣʦʤ (A1L) ʷʚʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘ ʵʣʝʢʪʨʦʧʦ-

ʝʟʜʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʧʦ-

ʝʟʜʘ ʚ ʧʨʦʮʝʩʩʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 2ʭ25ʢɺ. 

ɺ ʫʩʠʣʠʪʝʣʴʥʦʤ ʙʣʦʢʝ Simulink Gain ʩʦʜʝʨʞʠʪʩʷ ʦʙʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʫʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʡ ʪʷʛʦʚʦʡ ʩʝʪʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʤʥʦʞʘʶʪʩʷ ʧʦʵʣʝʤʝʥʪʥʦ ʥʘ ʩʠʛʥʘʣ ʦʙ-

ʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʢʦʦʨʜʠʥʘʪʝ ʵʣʝʢʪʨʦʧʦʝʟʜʘ. 

ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʵʪʘ ʤʘʪʨʠʮʘ (), ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʣʠʥʝ ʚ 1 ʢʤ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʩʨʝʜʝ Matlab/Simulink, ʜʚʫʭ-

ʧʫʪʥʦʛʦ 80-ʪʠ ʢʠʣʦʤʝʪʨʦʚʦʛʦ ʫʯʘʩʪʢʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦ ʩʠʩʪʝʤʝ 2ʭ25ʢɺ, ʩ ʧʫʥʢʪʘʤʠ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʫʥʢʪʦʚ. 

ɹʣʦʢʠ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʤʦʜʝʣʠ, ʤʦʛʫʪ ʠʤʝʪʴ ʩʘʤʫʶ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʟʘʚʠʩʷʱʫʶ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʩʭʝʤ ʩʦʝʜʠʥʝʥʠʷ ʪʷʛʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 2ʭ25ʢɺ, ʠ 

ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤʠ ʩʠʤʤʝʪʨʠʨʫʶʱʠʤʠ ʵʬʬʝʢʪʘʤʠ. ʂ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʩʭʝʤʘʤ ʦʪʥʦʩʷʪʩʷ: 

1. ʩʭʝʤʘ ʩ ʦʜʥʦʬʘʟʥʳʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʩ ʨʘʩʱʝʧʣʸʥʥʦʡ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʦʡ, ʧʦʜʩʠʩʪʝʤʘ ʠ ʩʪʨʫʢ-
ʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6; 

2. ʩʭʝʤʘ ʩ ʢʘʩʢʘʜʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʪʨʸʭʬʘʟʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ [5], ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʝ 1ʭ25ʢɺ, 

ʧʦʜʩʠʩʪʝʤʘ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7; 

3. ʦʙʳʯʥʘʷ ʩʭʝʤʘ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 1ʭ25ʢɺ, ʜʦʧʦʣʥʝʥʥʘʷ ʥʘ ʬʠʜʝʨʘʭ ʦʜʥʦʬʘʟʥʳ-
ʤʠ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ, ʧʦʚʳʰʘʶʱʠʤʠ ʥʘʧʨʷʞʝʥʠʝ ʜʦ 55ʢɺ ʤʝʞʜʫ ʧʠʪʘʶʱʠʤ ʠ ʢʦʥʪʘʢʪʥʳʤ ʧʨʦʚʦʜʦʤ. 

ʇʦʜʩʠʩʪʝʤʘ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 8. 
 

 
 

ʈʠʩ. 4. ʇʦʜʩʠʩʪʝʤʘ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʧʝʨʝʤʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʦʚʦʜʦʚ ʪʷʛʦʚʦʡ ʩʝʪʠ ʩʠʩʪʝʤʳ 2ʭ25ʢɺ. ɺ ʫʩʠʣʠʪʝʣʴʥʦʤ ʙʣʦʢʝ Gain  

ʭʨʘʥʠʪʩʷ ʦʙʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʫʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʷʛʦʚʦʡ ʩʝʪʠ ʧʨʠ ʜʣʠʥʝ ʚ 1 ʢʤ 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʫʥʢʪʦʚ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ, ʩʦʚʤʝʱʸʥʥʳʭ ʩ ʘʚʪʦʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʥʳʤʠ ʧʫʥʢʪʘʤʠ 

ʇʫʥʢʪʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ (ʇʇʉ), ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʧʝʨʫ ʤʦʩʢʦʚʩʢʠʭ ʜʦʮʝʥʪʦʚ ʂʨʝ-

ʩʪʴʷʥʦʚʘ ʄ.ɽ. ʠ ʌʨʘʡʬʝʣʴʜʘ ɸ.ɺ. [3], ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʘʢʪʠʢʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʢ ʦʙʳʯʥʳʭ ʩʠʩʪʝʤ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ 3ʢɺ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 1ʭ25ʢɺ, ʪʘʢ ʠ ʪʨʸʭʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʳ ʙʣʦʢʠ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʧʫʥʢʪʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ: ʇʇʉ1, 

ʇʇʉ2 ʠ ʇʇʉ3. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʞʠʤʥʳʭ ʚʦʧʨʦʩʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʪʘʥʦ-

ʚʠʚʰʠʤʠʩʷ ʧʨʦʮʝʩʩʘʤʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʇʇʉ ʩʚʦʜʠʪʩʷ ʣʠʰʴ ʢ ʩʦʟʜʘʥʠʶ ʧʨʦʩʪʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʢʣʶʯʝʥʠʷ ʠ ʦʪʢʣʶʯʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ. ɺ ʩʠʩʪʝʤʝ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 2ʭ25ʢɺ ʧʘʨʘʣ-

ʣʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʚʳʧʦʣʥʷʶʪ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʫʥʢʪʦʚ. 

ʇʇʉ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ ʠ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʦʙʣʝʛʯʠʪʴ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʟʘʱʠʪ, ʟʘ ʩʯʸʪ ʚʳʨʘʚʥʠʚʘʷ ʬʠʜʝʨʥʳʭ ʪʦ-

ʢʦʚ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʦʪ ʚʪʦʨʦʛʦ ʩʚʦʡʩʪʚʘ ʇʇʉ ʧʦʣʫʯʘʝʪʩʷ, ʝʩʣʠ 

ʜʚʠʞʝʥʠʝ ʥʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʦʨʛʘʥʠʟʫʝʪʩʷ ʪʷʞʝʣʦʚʝʩʥʳʤʠ ʠʣʠ ʩʜʚʦʝʥʥʳʤʠ ʵʣʝʢʪʨʦʧʦʝʟʜʘʤʠ. 
 

 
 

ʈʠʩ. 5. ʇʨʠʤʝʨ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 80-ʪʠ ʢʠʣʦʤʝʪʨʦʚʦʛʦ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, 

ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦ ʩʠʩʪʝʤʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 2ʭ25ʢɺ ʩ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʪʷʛʦʚʦʡ ʩʝʪʴʶ 

ʠ ʧʫʥʢʪʘʤʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʫʪʝʡ (ʇʇʉ), ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʤʝʩʪʘʭ ʨʘʟʤʝʱʝʥʠʷ ʇʇʉ. 

ʅʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ 
 

 
 

ʈʠʩ. 6. ʇʦʜʩʠʩʪʝʤʘ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ 

ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 2ʭ25ʢɺ ʩ ʦʜʥʦʬʘʟʥʳʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʩ ʨʘʩʱʝʧʣʸʥʥʦʡ 

ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʦʡ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʙʣʦʢʘ ʧʘʢʝʪʘ SimPowerSystem ï Linear Transformer 
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ʈʠʩ. 7. ʇʦʜʩʠʩʪʝʤʘ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 2ʭ25ʢɺ 

ʩ ʢʘʩʢʘʜʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʜʚʫʭ ʪʨʸʭʬʘʟʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ çʟʚʝʟʜʘ-ʪʨʝʫʛʦʣʴʥʠʢè (ʦʜʥʦʛʦ ʩ ʛʨʫʧʧʦʡ-11 ʠ ʜʨʫʛʦʛʦ 

ʩ ʛʨʫʧʧʦʡ-1[5]), ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʙʣʦʢʘ ʧʘʢʝʪʘ SimPowerSystem ï Three-Phase Transformer (Two Windings) 

 

 
 

ʈʠʩ. 8. ʇʦʜʩʠʩʪʝʤʳ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʳ ʤʦʜʝʣʠ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 2ʭ25ʢɺ ʩ ʪʨʸʭʬʘʟʥʳʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ çʟʚʝʟʜʘ-ʪʨʝʫʛʦʣʴʥʠʢè (ʩ ʛʨʫʧʧʦʡ-11) ʠ ʦʜʥʦʬʘʟʥʳʤ 

ʧʦʚʳʰʘʶʱʠʤ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʥʘ ʬʠʜʝʨʝ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʙʣʦʢʦʚ ʧʘʢʝʪʘ 

SimPowerSystem ï Three-Phase Transformer (Two Windings) ʠ Linear Transformer ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʅʘ ʨʠʩʫʥʢʝ 9 ʧʦʢʘʟʘʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʪʦʢʦʧʨʠʸʤʥʠʢʘʭ ʜʚʫʭ ʵʣʝʢʪʨʦʧʦʝʟʜʦʚ, ʦʩʫ-

ʱʝʩʪʚʣʷʶʱʠʭ ʩʠʥʭʨʦʥʥʦʝ ʚʦ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʝ ʧʦ ʧʝʨʚʦʤʫ ʧʫʪʠ (ʪʷʞʝʣʦʚʝʩʥʳʡ ʧʦʝʟʜ) ʠ ʚʪʦʨʦʤʫ ʧʫʪʠ (ʧʦʝʟʜ 

ʨʘʩʯʸʪʥʦʡ ʤʘʩʩʳ), ʠ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʸʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ: 

1. ʧʨʠ çʦʙʳʯʥʦʡè ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ï 1ʭ25ʢɺ. ʕʪʫ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʠʩʪʝʤʳ 2ʭ25ʢɺ ʠ ʙʦʣʝʝ ʧʨʦʩʪʦʡ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʕʪʫ ʤʦʜʝʣʴ 

ʤʦʞʥʦ ʣʝʛʣʦ ʧʦʣʫʯʠʪʴ ʠʟ ʤʦʜʝʣʠ 2ʭ25ʢɺ ʫʜʘʣʝʥʠʝʤ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʫʥʢʪʦʚ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʦʚ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʧʠʪʘʶʱʠʤʠ ʧʨʦʚʦʜʘʤʠ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʤʘʪʨʠʮʘ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʷʛʦʚʦʡ ʩʝʪʠ 

ʜʦʣʞʥʘ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ ʜʦ ʨʘʟʤʝʨʘ 3ʭ3; 

2. ʧʨʠ ʩʠʩʪʝʤʝ 2ʭ25ʢɺ ʠ ʨʘʟʜʝʣʴʥʦʡ ʩʭʝʤʝ ʧʠʪʘʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ (ʚʩʝ ʇʇʉ ʚʳʢʣʶʯʝʥʳ); 

3. ʧʨʠ ʩʠʩʪʝʤʝ 2ʭ25ʢɺ ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʭʝʤʝ ʧʠʪʘʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ (ʚʩʝ ʇʇʉ ʚʢʣʶʯʝʥʳ); 

ʆʩʮʠʣʣʦʛʨʘʤʤʳ, ʩʦʚʤʝʱʸʥʥʳʝ ʥʘ ʦʜʥʦʤ ʨʠʩʫʥʢʝ ʜʣʷ ʪʨʸʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʪ ʚʠʟʫʘʣʴʥʦ ʦʮʝ-

ʥʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʩʭʝʤ ʧʠʪʘʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʥʘ ʨʝʞʠʤ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʪʷʛʦʚʦʡ ʩʝʪʠ. 
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ʈʠʩ. 9. ʇʨʠʤʝʨ ʨʘʩʯʸʪʘ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʪʦʢʦʧʨʠʸʤʥʠʢʝ ʵʣʝʢʪʨʦʧʦʝʟʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʠʪʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ ʩʠʩʪʝʤ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 1ʭ25ʢɺ ʠ 2ʭ25ʢɺ. ɼʣʷ ʩʠʩʪʝʤʳ 2ʭ25ʢɺ ʧʨʠʚʝʜʝʥʦ 

ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʘʩʯʸʪʘ ï ʜʣʷ ʨʘʟʜʝʣʴʥʦʡ ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʭʝʤʳ ʧʠʪʘʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʩʯʸʪʘ 

ʥʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʜʚʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ, ʜʣʷ ʪʷʞʝʣʦʚʝʩʥʦʛʦ ʧʦʝʟʜʘ ʥʘ ʧʝʨʚʦʤ ʧʫʪʠ ʠ ʧʦʝʟʜʘ ʨʘʩʯʸʪʥʦʡ ʤʘʩʩʳ 

ʥʘ ʚʪʦʨʦʤ ʧʫʪʠ. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʪʷʞʝʣʦʚʝʩʥʦʛʦ ʧʦʝʟʜʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʠʞʝ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ, 

ʦʩʮʠʣʣʦʛʨʘʤʤ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʧʦʝʟʜʦʚ ʨʘʩʯʸʪʥʦʡ ʤʘʩʩʳ 
 

ʉʘʤʳʝ ʥʠʟʢʠʝ ʫʨʦʚʥʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʦʢʦʧʨʠʸʤʥʠʢʘʭ ʵʣʝʢʪʨʦʧʦʝʟʜʦʚ ʥʘʙʣʶʜʘʶʪʩʷ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ, ʚ 

ʩʠʩʪʝʤʝ 1ʭ25ʢɺ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʠʩʪʝʤʝ 2ʭ25ʢɺ, ʧʨʠ ʵʪʦʤ, ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʨʘʟʜʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʢ ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʧʠʪʘʥʠʶ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʪʦʢʦʧʨʠʸʤʥʠʢʝ 

ʪʷʞʝʣʦʚʝʩʥʦʛʦ ʧʦʝʟʜʘ çʧʦʜʪʷʛʠʚʘʝʪʩʷè ʢ ʥʘʧʨʷʞʝʥʠʶ ʥʘ ʪʦʢʦʧʨʠʸʤʥʠʢʝ ʧʦʝʟʜʘ ʨʘʩʯʸʪʥʦʡ ʤʘʩʩʳ ʠ ʩʫʤʤʘʨʥʳʡ 

ʵʬʬʝʢʪ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 2,5ʢɺ. 
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THE IMPLEMENTATION OF SIMULATION MODEL OF POWER SUPPLY S YSTEM  

WITH 2X25 kV AUTOTRANSFORMER ELECTRIC TRACTION NETWORK  

AT DOUBLE -TRACK ELECTRIFIED RAILWAY LINE IN MATLAB/SIMULINK  
 

V.V. Andreev, Candidate of Technical Sciences, Associate Professor 

Moscow State University of Railway Engineering, Russia 
 

Abstract. The article is devoted to simulation modeling of work of 2ʭ25 kV traction energy system of alternat-

ing current at double-track electrified railway line in MatLab/Simulink. The article suggests the way of modeling 2ʭ25 

kV electric traction network for double-track section with multiple mutual inductance coupling of conductor path within 

one track and between two tracks. The article considers modeling of points for parallel connections of contact system, 

located in places of autotransformer pointsô installation. The author gives recommendations on easy construction of 

simulation model for ñnormalò 1ʭ25 kV power supply system, using the considered simulation model for 2ʭ25 kV sys-

tem. The opportunities of modeling various schemes of tracking substations for 2ʭ25 kV system are presented: with cas-

cade connection of two three-phase transformers; with single-phase transformers and split secondary winding; with 

step-up autotransformers at feeders of tracking substation. 

Keywords: power supply, railways, modeling, MatLab/Simulink, autotransformer, electric traction network, 

parallel connection points. 
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ɺɽɹ-ʉɽʈɺʀʉ ʇʈʆɺɽʈʂʀ ʃʀʏʅʓʍ ʇɽʈʉʆʅɸʃʔʅʓʍ 

ɼɸʅʅʓʍ ɺ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄɽ ɺʋɿɸ * 
 

 ʆ.ɺ. ɻʦʥʯʘʨʝʥʢʦ1, ʄ.ɺ. ɻʝʤʙʫʭ2 
1 ʘʩʧʠʨʘʥʪ, 2 ʩʪʫʜʝʥʪ-ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʖʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè (ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʦʧʠʩʳʚʘʝʪ ʚʝʙ-ʩʝʨʚʠʩ ʧʨʦʚʝʨʢʠ ʣʠʯʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʚʫʟʘ. ɼʘʥʥʳʡ ʚʝʙ-ʩʝʨʚʠʩ ʧʦʟʚʦʣʷʝʪ ʩʦʪʨʫʜʥʠʢʘʤ ʚʫʟʘ ʧʨʦʚʝʨʠʪʴ ʣʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʭʨʘʥʷ-

ʱʫʶʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʠ, ʝʩʣʠ ʠʥʬʦʨʤʘʮʠʷ ʥʝʢʦʨʨʝʢʪʥʘʷ, ʪʦ ʫʚʝʜʦʤʠʪʴ ʦʙ ʵʪʦʤ ʦʪʜʝʣ ʢʘʜʨʦʚ. ɺ ʩʪʘʪʴʝ ʠʤʝ-

ʝʪʩʷ ʦʧʠʩʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʷ ʝʝ ʚ ʖʛʦʨ-

ʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʙ-ʩʝʨʚʠʩ, ERP çɻʘʣʘʢʪʠʢʘè, ʉʋɹɼ çOracleè. 

 

ɻʣʘʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʦʪʜʝʣʘ ʢʘʜʨʦʚ ʩʯʠʪʘʶʪʩʷ ʧʦʜʙʦʨ ʧʝʨʩʦʥʘʣʘ ʠ ʧʦʩʪʦʷʥʥʘʷ ʨʘʙʦʪʘ ʩ ʢʦʣʣʝʢʪʠʚʦʤ. 

ʉʝʛʦʜʥʷ ʚʘʞʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʨʘʙʦʪʘ ʦʪʜʝʣʘ ʢʘʜʨʦʚ ʧʦ ʧʨʝʜʧʨʠʷʪʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨ ʠ ʛʨʘ-

ʤʦʪʥʳʭ ʰʘʛʦʚ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʩʧʦʩʦʙʥʦʩʪʝʡ ʧʝʨʩʦʥʘʣʘ [2]. 

ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʪʨʫʜʥʠʢʘʭ, ʢʦʪʦʨʘʷ ʭʨʘʥʠʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʩʦ ʚʨʝ-

ʤʝʥʝʤ ʠʟʤʝʥʷʝʪʩʷ, ʠ ʦʪʜʝʣ ʢʘʜʨʦʚ ʥʝ ʚʩʝʛʜʘ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʦʣʫʯʘʝʪ ʩʚʝʜʝʥʠʷ ʦʙ ʠʟʤʝʥʝʥʠʷʭ. 

ʆʙʲʝʢʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʦʪʜʝʣʘ ʢʘʜʨʦʚ, ʘ ʠʤʝʥʥʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʘ ʣʠʯ-

ʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʩʦʪʨʫʜʥʠʢʝ, ʧʦʣʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʧʨʘʚʢʠ ʟʘʷʚʦʢ ʚ ʦʪʜʝʣ ʢʘʜʨʦʚ. ʇʨʝʜʤʝʪ ï 

ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʩʝʨʚʠʩʘ ʧʨʦʚʝʨʢʠ ʣʠʯʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʚʫʟʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʵʪʦʪ ʩʝʨʚʠʩ ʧʦʟʚʦʣʷʝʪ ʩʦʪʨʫʜʥʠʢʘʤ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʧʨʦʚʝʨʷʪʴ 

ʩʚʦʠ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʭʨʘʥʷʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʩʦʛʣʘʩʥʦ ʫʧʨʘʚʣʝʥʯʝʩʢʦʤʫ ʮʠʢʣʫ [1]: 

¶ ʘʚʪʦʨʠʟʘʮʠʷ ʚ ʩʠʩʪʝʤʝ; 

¶ ʧʨʦʩʤʦʪʨ ʣʠʯʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʦʪʨʫʜʥʠʢʦʤ; 

¶ ʧʦʜʘʯʘ ʟʘʷʚʢʠ ʚ ʦʪʜʝʣ ʢʘʜʨʦʚ ʦʙ ʠʟʤʝʥʝʥʠʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ; 

¶ ʧʨʦʩʤʦʪʨ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʦʜʘʥʥʳʤʠ ʟʘʷʚʢʘʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʪʜʝʣʘ ʢʘʜʨʦʚ; 

¶ ʥʘʟʥʘʯʝʥʠʝ ʨʦʣʝʡ; 

¶ ʠʥʪʝʛʨʘʮʠʷ ʩ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ [3]. 

ʇʦʜ ʣʠʯʥʳʤʠ ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʥʠʤʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʜʘʥʥʳʭ: 

¶ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʩʦʪʨʫʜʥʠʢʝ; 

¶ ʩʚʝʜʝʥʠʷ ʩ ʤʝʩʪʘ ʨʘʙʦʪʳ; 

¶ ʩʚʝʜʝʥʠʷ ʦ ʚʦʠʥʩʢʦʤ ʫʯʝʪʝ; 

¶ ʜʘʥʥʳʝ ʦ ʨʦʜʩʪʚʝʥʥʠʢʘʭ; 

¶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ; 

¶ ʩʚʝʜʝʥʠʷ ʦ ʚʦʠʥʩʢʦʤ ʫʯʝʪʝ; 

¶ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ. 

ʊʘʢ ʢʘʢ ʨʘʙʦʪʘ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʠ ʦʙʨʘʙʦʪʢʝ ʥʝʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʵʪʘʧʳ ʨʘʙʦʪ ʧʦ ʧʦ-

ʣʫʯʝʥʠʶ ʪʝʢʫʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʝʙʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʞʠʟʥʝʥʥʦʤʫ ʮʠʢʣʫ. ɺʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʘʙʦʪʳ ʩ 

ʥʠʤʠ: 

¶ ʧʦʣʫʯʝʥʠʝ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʝʙʝ; 

¶ ʧʦʜʘʯʘ ʟʘʷʚʦʢ ʚ ʦʪʜʝʣ ʢʘʜʨʦʚ. 

ɺ ʖɻʋ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚʝʙ-ʩʝʨʚʠʩ ʧʨʦʚʝʨʢʠ ʣʠʯʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʄʝʭʘʥʠʟʤ ʝʛʦ ʨʘʙʦʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

                                                           
É ɻʦʥʯʘʨʝʥʢʦ ʆ.ɺ., ɻʝʤʙʫʭ ʄ.ɺ. / Goncharenko O.V., Gembukh M.V., 2016 
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ʈʠʩʫʥʦʢ 1. ʄʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʚʝʙ-ʩʝʨʚʠʩʘ ʧʨʦʚʝʨʢʠ ʣʠʯʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ 

 

ɽʩʣʠ ʚʩʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʨʥʦ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʘʞʠʤʘʝʪ ʥʘ ʢʥʦʧʢʫ çʇʦʜʪʚʝʨʜʠʪʴ ʜʘʥʥʳʝè. ɼʝʡ-

ʩʪʚʠʝ ʤʦʞʥʦ ʦʪʤʝʥʠʪʴ, ʩʥʦʚʘ ʥʘʞʘʚ ʥʘ ʢʥʦʧʢʫ. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ ʠʣʠ ʥʝʪʦʯʥʦʩʪʝʡ ʩʦʪʨʫʜʥʠʢ ʧʝ-

ʨʝʭʦʜʠʪ ʚ ʨʘʟʜʝʣ çɿʘʷʚʢʘ ʥʘ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡè, ʦʧʠʩʳʚʘʝʪ ʧʨʦʙʣʝʤʫ ʠ ʧʨʠʢʣʘʜʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʦ-

ʢʫʤʝʥʪʳ. ʇʦʩʣʝ ʦʪʧʨʘʚʢʠ ʟʘʷʚʢʘ ʧʦʧʘʜʘʝʪ ʚ ʦʪʜʝʣ ʢʘʜʨʦʚ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʜʥʝʡ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʙ-ʬʦʨʤʘ ʟʘʷʚʢʠ ʚ ʦʪʜʝʣ ʢʘʜʨʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʌʦʨʤʘ ʟʘʷʚʢʠ ʚ ʦʪʜʝʣ ʢʘʜʨʦʚ 
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ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʝʨʚʠʩ ʙʳʣ ʚʥʝʜʨʝʥ ʚ ʖʛʦʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. ɺ ʨʘʤʢʘʭ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʩʝʨʚʠʩʘ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʜʦʙʘʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʚ ʩʠʩʪʝʤʫ. 

 

* ɼʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʝ 

ʧʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʧʦʜ ˉ 2016614471 ʦʪ 27.06.2016. 
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Abstract. This article describes the web service for the validation of personally identifiable information in the 
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gives the details on the application domain, design and implementation of the system, as well as its introduction in the 
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ɺʆɿʄʆɾʅʆʉʊʔ ʇʈʀʄɽʅɽʅʀʗ ʅʆɺʓʍ ʊʀʇʆɺ ɼɽʊɽʂʊʆʈʆɺ 

ʇʈʀ ʇʈʆɺɽɼɽʅʀʀ ʍɸʈɸʂʊɽʈʀɿɸʎʀʀ ʈɸɼʀʆɸʂʊʀɺʅʓʍ ʆʊʍʆɼʆɺ 

 
 ʊ.ʉ. ʄʘʫʨʠʯʝʚʘ1, ʉ.ʅ. ɼʦʣʛʦʙʦʨʦʜʦʚʘ2, ɸ.ɸ. ɻʦʨʙʘʯʝʚ3 

1 ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ, 
2 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 3 ʨʫʢʦʚʦʜʠʪʝʣʴ ʛʨʫʧʧʳ ʦʪʜʝʣʘ ʷʜʝʨʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

1, 2 ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʠ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʩʨʝʜʳ, ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 3 ɸʆ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ çʉʝʚʤʘʰè (ʉʝʚʝʨʦʜʚʠʥʩʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ 

ʦʙʨʘʱʝʥʠʠ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ, ʥʦ ʠ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪ-

ʭʦʜʦʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʧʦ ʩʪʝʧʝʥʠ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʛʘʤʤʘ-

ʩʧʝʢʪʨʦʤʝʪʨʘʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʪʠʧʳ ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʞʘʪʦʛʦ ʢʩʝʥʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʳ, ʜʝʪʝʢʪʦʨʳ ʠʦʥʠ-

ʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ. 

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʠʩʢʘ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʙʠʦʩʬʝʨʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ 

ʷʚʣʷʶʪʩʷ ʦʙʨʘʟʫʶʱʠʝʩʷ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ (ʈɸʆ), ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʢ ʩʝʙʝ ʦʩʦʙʦʛʦ ʦʙʨʘʱʝʥʠʷ. ʆʪʣʠʯʠ-

ʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʧʨʝʜʧʨʠʷʪʠʡ ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʩʫʜʦʨʝʤʦʥʪʘ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʷʜʝʨʥʦ-ʪʦʧʣʠʚʥʦʛʦ 

ʮʠʢʣʘ, ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʧʝʨʚʠʯʥʳʭ ʬʦʨʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʙʦʣʴʰʠʝ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʩʠʩʪʝʤʳ ʦʙʨʘʱʝʥʠʷ ʩ ʥʠʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ, ʠ ʦʜʥʠʤ ʠʟ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʈɸʆ. 

ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ï ʵʪʦ ʩʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʈɸʆ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʚʳʜʝʣʠʪʴ ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʥʠʟʢʦ-, ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ ʠ ʟʘ 

ʩʯʝʪ ʵʪʦʛʦ ʩʦʢʨʘʪʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʤʝʥʴʰʝʛʦ ʦʙʲʝʤʘ ʦʪʭʦʜʦʚ, ʪʨʝʙʫʶʱʠʭ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ, ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʦʩʦʙʳʭ ʤʝʨ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʝ ʜʦʣʞʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ 

ʦʧʝʨʘʪʠʚʥʦʝ ʠ ʜʦʩʪʦʚʝʨʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ ʫʯʝʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʭʦʜʦʚ, ʢʘʢ ʨʘʜʠʦʥʫʢʣʠʜʥʳʡ ʩʦʩʪʘʚ, 

ʩʫʤʤʘʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ, ʤʘʩʩʘ ʈɸʆ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈɸʆ ʪʠʧʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʢʩʧʨʝʩʩʥʳʝ 

ʤʝʪʦʜʳ [3], ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʥʝʨʘʟʨʫʰʘʶʱʠʝ ʠʟʤʝʨʝʥʠʷ, ʪ. ʝ. ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʥʝ ʠʟʤʝʥʷʶʪ ʩʦʩʪʦʷ-

ʥʠʝ, ʬʦʨʤʫ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʭʦʜʦʚ, ʥʝ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ 

ʭʨʘʥʝʥʠʷ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪ ʛʘʤʤʘ-

ʩʧʝʢʪʨʦʤʝʪʨʳ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʝʪʝʢʪʦʨʦʚ (ʊʘʙʣʠʮʘ 1). 
 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʜʝʪʝʢʪʦʨʦʚ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ 
ˉ ʧ/ʧ ʊʠʧʳ ʜʝʪʝʢʪʦʨʦʚ ʄʘʪʝʨʠʘʣ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʜʝʪʝʢʪʦʨʘ 

1 ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ɻʝʨʤʘʥʠʡ, ʢʨʝʤʥʠʡ, ʪʝʣʣʫʨʠʜ ʢʘʜʤʠʷ 

2 ɻʘʟʦʥʘʧʦʣʥʝʥʥʳʝ ʂʩʝʥʦʥ, ʢʨʠʧʪʦʥ, ʘʨʛʦʥ 

3 ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʀʦʜʠʜ ʥʘʪʨʠʷ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʪʘʣʣʠʝʤ (Tl), ʠʦʜʠʜ ʮʝʟʠʷ (Tl), ʘʥʪʨʘʮʝʥ, 

ʩʪʠʣʴʙʝʥ, ʧʣʘʩʪʤʘʩʩʘ, ʞʠʜʢʦʩʪʴ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʜʝʪʝʢʪʦʨʳ 
 

ɼʝʪʝʢʪʦʨ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠʦʥʠ-

ʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʨʫʛʠʝ ʚʠʜʳ ʵʥʝʨʛʠʠ, ʫʜʦʙʥʳʝ ʜʣʷ ʠʥʜʠʢʘʮʠʠ, ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʠʟʤʝʨʝʥʠʷ. 

ɼʝʪʝʢʪʦʨʳ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ 

ʩ ʚʝʱʝʩʪʚʦʤ, ʥʦ ʠ ʨʷʜʦʤ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʨʘʟʨʝʰʝʥʠʝ [1]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʪʠʧʘʤʠ ʜʝʪʝʢʪʦʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʈɸʆ, ʷʚʣʷʶʪʩʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ (ʥʘ ʦʩʥʦʚʝ ʠʦʜʠʜʘ ʥʘʪʨʠʷ) ʠ ʧʦʣʫʧʨʦʚʦʜʥʠ-

ʢʦʚʳʝ ʛʝʨʤʘʥʠʝʚʳʝ, ʦʜʥʘʢʦ ʠ ʪʝ, ʠ ʜʨʫʛʠʝ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʊʘʢ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʠʡ ʠʦʜʠʜ ʥʘʪʨʠʷ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʫʩʪʘʥʦʚʢʠ ʩ ʜʘʥʥʳʤ ʪʠʧʦʤ 

ʜʝʪʝʢʪʦʨʦʚ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʧʦʚʳʰʝʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʛʝʨʤʘʥʠʝʚʳʝ ʜʝʪʝʢʪʦʨʳ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʚʥʝʰʥʠʤ ʰʫʤʘʤ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʚʠʙʨʘʮʠʠ, ʢʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʭʣʘʞʜʝ-

ʥʠʷ, ʯʪʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʩ ʜʘʥʥʳʤ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝʤ. ɺʳʷʚʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʜʝʪʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʫʞʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ  
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ISSN 2311-2158. The Way of Science. 2016. ˉ 8 (30). 

 

 

31 

 

ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʈɸʆ, ʩʦʟʜʘʣʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʞʝ ʭʦʨʦʰʦ ʩʝʙʷ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ, ʥʦ ʥʘ ʦʩʥʦʚʝ ʜʝʪʝʢʪʦʨʦʚ ʠʟ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʅʀʗʋ ʄʀʌʀ ʛ. ʄʦʩʢʚʘ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʥʘ ʦʩʥʦʚʝ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ [2]. ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʩʫʜʦ-

ʨʝʤʦʥʪʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʠʧʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʈɸʆ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʩʝʥʦʥʦʚʳʝ ʛʘʤʤʘ-ʜʝʪʝʢʪʦʨʳ, 

ʢʦʪʦʨʳʝ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʠʙ-

ʨʘʮʠʠ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʡ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

(10ï200 Áʉ), ʥʝ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ, ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʧʨʠ 

ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʩʪʦʠʤʦʩʪʴ, ʘ ʪʘʢʞʝ ʥʝ ʪʨʝʙʫʶʪ ʩʣʦʞʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʤʝʥʴʰʝ ʜʨʫʛʠʭ ʘʢʪʠʚʠʨʫʶʪʩʷ ʥʝʡʪʨʦʥʘʤʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʩʫʜʦ-

ʨʝʤʦʥʪʘ ɸʇʃ, ʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʨʝʩʫʨʩʦʤ ʨʘʙʦʪʳ (ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʈɸʆ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʚ ʩʪʘʥʜʘʨʪ-

ʥʦʡ 200-ʣʠʪʨʦʚʦʡ ʙʦʯʢʝ, ʢʩʝʥʦʥʦʚʳʤ ʜʝʪʝʢʪʦʨʦʤ ʧʣʦʱʘʜʴʶ 384 ʩʤ2 ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʥʘ ʦʜʥʫ ʙʦʯʢʫ ʦʢʦʣʦ 

7 ʩʝʢʫʥʜ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʫʞʝ ʥʘʢʦʧʣʝʥʥʳʭ ʠʣʠ ʚʥʦʚʴ ʦʙʨʘ-

ʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʩʫʜʦʨʝʤʦʥʪʘ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʈɸʆ ʫʩʪʘʥʦ-

ʚʦʢ ʥʘ ʦʩʥʦʚʝ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʩʞʘʪʦʤ ʢʩʝʥʦʥʝ ʩʦʟʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫ-

ʯʠʪʴ ʦʙʲʝʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʪʭʦʜʦʚ, ʧʦʟʚʦʣʠʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʠʩʪʝʤʫ 

ʦʙʨʘʱʝʥʠʷ ʩ ʈɸʆ ʥʝ ʪʦʣʴʢʦ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʠ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ. 
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Abstract. Cost improvement is no less of a pressing issue in radioactive waste management than radiation 

safety assurance. It can be contributed to by the development of a system for integrated control of physical and radia-

tion parameters of radioactive waste. When conducting radioactive waste characterization to divide waste by the de-

gree of activity using gamma-ray spectrometers, it is suggested to apply modern types of detectors based on compressed 

xenon. 

Keywords: radioactive waste characterization, gamma-ray spectrometers, ionising radiation detectors. 
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ʇʋʊʔ ʅɸʋʂʀ ʊɽʆʈʀʀ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓʍ 

ʄɽʍɸʅʀɿʄʆɺ ʂɸɿɸʅʉʂʀʍ ʋʏɽʅʓʍ 
 

 ɸ.ɻ. ʄʫʜʨʦʚ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʩ ʚʨʘʱʘʪʝʣʴ-

ʥʳʤʠ ʰʘʨʥʠʨʘʤʠ. ʕʪʠ ʤʝʭʘʥʠʟʤʳ ʩʫʱʝʩʪʚʦʚʘʣʠ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʪ.ʢ. ʠʤʝʣʠ ʠʟʙʳʪʦʯʥʳʝ ʩʚʷʟʠ ʠ ʥʝ 

ʤʦʛʣʠ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʳ ʦʙʳʯʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʟʚʝʥʴʝʚ. ʄʝʭʘʥʠʟʤʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʠʟʛʦ-

ʪʦʚʠʪʴ ʤʦʜʝʣʴ, ʪʝʤ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʙʨʘʟʮʳ, ʫʯʝʥʳʝ ʥʝ ʤʦʛʣʠ. ʇʨʦʙʣʝʤʫ ʨʝʰʠʣʠ ʢʘʟʘʥʩʢʠʝ ʫʯʝʥʳʝ ʚʦ 

ʛʣʘʚʝ ʩ ɹ.ɺ. ʐʠʪʠʢʦʚʳʤ ʠ ʇ.ɻ. ʄʫʜʨʦʚʳʤ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʣʠ ʥʦʚʦʝ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʦ ʙʦʣʝʝ ʩʪʘ ʥʦʚʳʭ, ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʤʝʭʘʥʠʟʤʦʚ, ʥʘ 

ʠʭ ʙʘʟʝ ʩʦʟʜʘʥʦ 105 ʫʩʪʨʦʡʩʪʚ ʥʘ ʫʨʦʚʥʝ ʠʟʦʙʨʝʪʝʥʠʡ, ʚʥʝʜʨʝʥʦ ʦʢʦʣʦ 50 ʫʩʪʨʦʡʩʪʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʄʠʨʦʚʦʡ 

ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʧʨʠʦʨʠʪʝʪ ʧʦ ʜʘʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʧʨʠʥʘʜʣʝʞʠʪ ʢʘʟʘʥʩʢʠʤ ʫʯʝʥʳʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʘʨʥʠʨʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʦʩʠ, ʩʤʝʩʠʪʝʣʠ, ʩʢʨʝʱʝʥʥʳʝ. 

 

ʄʝʭʘʥʠʟʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʭʥʠʢʝ, ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʣʦʩʢʠʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ, ʧʦʩʣʝʜʥʠʝ ʠʤʝʶʪ ʚ 

ʩʦʩʪʘʚʝ ʚʨʘʱʘʪʝʣʴʥʳʝ, ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ, ʰʘʨʦʚʳʝ, ʰʘʨʦʚʳʝ ʩ ʧʘʣʴʮʝʤ ʰʘʨʥʠʨʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ 

ʤʝʭʘʥʠʟʤʳ ʙʝʟ ʟʘʪʨʫʜʥʝʥʠʡ. ʅʦ ʦʥʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʨʝʩʫʨʩ ʠ ʩʠʣʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ. ɹʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴ-

ʥʳ ʤʝʭʘʥʠʟʤʳ ʪʦʣʴʢʦ ʩ ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʰʘʨʥʠʨʘʤʠ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ ʠʣʠ ʩʢʦʣʴʞʝʥʠʷ. ʅʦ 

ʚ ʨʘʟʚʠʪʠʠ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ʠʤʝʣʠʩʴ ʥʝʨʘʟʨʝʰʠʤʳʝ ʧʨʦʙʣʝʤʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚ ʪʝʭʥʠʢʝ. ɹʳʣ ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʩʝʤʠʟʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʜʦ ʩʠʭ ʧʦʨ ʚ ʪʝʭʥʠʢʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ɹʦʣʝʝ 

ʠʟʚʝʩʪʝʥ ʩʬʝʨʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʂʘʨʜʘʥʘ-ɻʫʢʘ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʭʥʠʢʝ. ɼʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ 

ʠʟʚʝʩʪʥʳ ʥʝ ʙʳʣʠ. 

ʊʦʣʴʢʦ ʚ 1903 ʛ. ʘʥʛʣʠʡʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ɹʝʥʥʝʪʪʦʤ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʤʘʪʝʨʠʘʣ ʦ ʯʝʪʳʨʝʭʟʚʝʥʥʦʤ ʤʝ-

ʭʘʥʠʟʤʝ ʩʦ ʩʢʨʝʱʝʥʥʳʤʠ ʦʩʷʤʠ ʰʘʨʥʠʨʦʚ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʫʶ ʤʦʜʝʣʴ ʢʦʪʦʨʦʛʦ ʦʥ ʥʝ ʤʦʛ ʠʟʛʦʪʦʚʠʪʴ. ʀʥʪʝʨʝʩ ʢ 

ʤʝʭʘʥʠʟʤʫ ʧʨʦʷʚʣʷʣʠ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ, ʥʦ ʥʠʢʪʦ ʠʟ ʥʠʭ ʥʝ ʤʦʛ ʠʟʛʦʪʦʚʠʪʴ ʭʦʪʷ ʙʳ 

ʤʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʯʝʥʳʭ ʜʣʠʥʳ ʩʤʝʞʥʳʭ 

ʟʚʝʥʴʝʚ ʧʝʨʝʩʝʢʘʣʠʩʴ ʚ ʦʜʥʦʡ ʪʦʯʢʝ, ʘ ʚ ʤʦʜʝʣʷʭ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʰʘʨʥʠʨʦʚ, ʜʣʠʥʘ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʟʚʝʥʘ ʥʝ ʨʘʚʥʷ-

ʣʘʩʴ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʜʣʠʥʝ ʠ ʟʚʝʥʴʷ ʥʝ ʧʨʦʚʦʨʘʯʠʚʘʣʠʩʴ, ʤʝʭʘʥʠʟʤ ʥʝ ʙʳʣ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ. 

ʈʘʟʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʜʘʣʦʩʴ ʧʨʦʬʝʩʩʦʨʫ ɹ.ɺ. ʐʠʪʠʢʦʚʫ [5] ʠ ʝʛʦ ʫʯʝʥʠʢʫ ʇ.ɻ. ʄʫʜʨʦʚʫ 

[3, 4], ʢʦʪʦʨʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʨʘʩʢʨʳʣʠ ʥʦʚʦʝ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʪʦʣʴʢʦ ʩ 

ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʰʘʨʥʠʨʘʤʠ. ʕʪʠ ʫʯʝʥʳʝ ʟʘʩʣʫʞʠʚʘʶʪ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʚʥʠʤʘʥʠʷ ʠ ʧʘʤʷʪʠ ʩʦ ʩʪʦʨʦʥʳ ʥʳʥʝʰʥʠʭ 

ʫʯʝʥʳʭ ʠ ʧʨʘʢʪʠʢʦʚ. 

 

 
 

ɹ.ɺ. ʐʠʪʠʢʦʚ 
 

ɹʦʨʠʩ ɺʣʘʜʠʤʠʨʦʚʠʯ (1905-1982 ʛʛ.) ʨʦʜʠʣʩʷ ʚ ʩʝʣʝ ɺʝʨʭʥʷʷ ʃʶʙʦʚʰʘ ʆʨʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʩʝʤʴʝ ʞʝ-

ʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʤʘʩʪʝʨʘ. ɺ 1926 ʛ. ʧʦʩʪʫʧʠʣ ʠ ʚ 1930 ʛ. ʦʢʦʥʯʠʣ ʄʦʩʢʦʚʩʢʠʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʠʥʞʝʥʝʨʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ʄʕʄʀʀʊ), ʧʦʩʣʝ ʨʘʙʦʪʘʣ ʘʩʩʠʩʪʝʥʪʦʤ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘ-

ʥʠʢʠ, ʘ ʩ 1938 ʛ. ʟʘʚʝʜʫʶʱʠʤ ʢʘʬʝʜʨʦʡ ʊʄʄ ʵʪʦʛʦ ʠʥʩʪʠʪʫʪʘ. ɺ 1941 ʛ. ʜʦʙʨʦʚʦʣʴʥʦ ʫʰʝʣ ʚ ʥʘʨʦʜʥʦʝ ʦʧʦʣʯʝ-

ʥʠʝ, ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʙʦʷʭ ʚ ʢʘʯʝʩʪʚʝ ʥʘʚʦʜʯʠʢʘ ʠ ʢʦʤʘʥʜʠʨʘ ʘʨʪʨʘʩʯʝʪʘ. ʇʦʩʣʝ ʜʚʫʭ ʨʘʥʝʥʠʡ ʥʘʭʦʜʠʣʩʷ ʛʦʜ 

ʥʘ ʠʟʣʝʯʝʥʠʠ ʚ ʛʦʩʧʠʪʘʣʝ ʛ ʂʘʟʘʥʠ, ʛʜʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʧʦʜʘʚʘʣ ʚ ʘʚʠʘʮʠʦʥʥʦʤ ʠ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʠʥʩʪʠʪʫʪʘʭ. ɿʘʪʝʤ ʩʥʦʚʘ ʬʨʦʥʪ ʠ ʦʢʦʥʯʘʥʠʝ ʚʦʡʥʳ ʚ ɹʝʨʣʠʥʝ. ʀʤʝʝʪ ʬʨʦʥʪʦʚʳʝ ʥʘʛʨʘʜʳ: ʪʨʠ ʦʨʜʝʥʘ ʠ ʜʝʚʷʪʴ 

ʤʝʜʘʣʝʡ. 

                                                           
É ʄʫʜʨʦʚ ɸ.ɻ. / Mudrov A.G., 2016 
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ʇʦʩʣʝ ʚʦʡʥʳ ʟʘʚʝʜʦʚʘʣ ʢʘʬʝʜʨʦʡ ʊʄʄ ʄʕʄʀʀʊʘ, ʘ ʩ 1951 ʛ. ʨʘʙʦʪʘʝʪ ʚ ʂʘʟʘʥʠ, ʩʥʘʯʘʣʘ ʚ ʭʠʤʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ, ʘ ʟʘʪʝʤ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʠʥʩʪʠʪʫʪʝ. 

ɹ.ɺ. ʐʠʪʠʢʦʚ ï ʘʚʪʦʨ ʙʦʣʝʝ 60 ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʠ ʠʟʦʙʨʝʪʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʫʯʝʙʥʠʢʘ ʧʦ 

ʪʝʦʨʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ ʚ 10 ʚʳʧʫʩʢʘʭ ʦʙʱʠʤ ʦʙʲʝʤʦʤ 42,55 ʧ.ʣ. ʋʯʝʙʥʠʢ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚ ʪʝʭʥʠʯʝ-

ʩʢʦʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ, ʘʛʨʘʨʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʂʘʟʘʥʠ. ɽʛʦ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ çɼʠʥʘʤʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ 

ʨʦʪʦʨʦʚè ʧʝʨʝʚʝʜʝʥʘ ʥʘ ʢʠʪʘʡʩʢʠʡ, ʚʝʥʛʝʨʩʢʠʡ ʠ ʥʝʤʝʮʢʠʡ ʷʟʳʢʠ. ʆʥ ʠʤʝʣ çʟʦʣʦʪʳʝ ʨʫʢʠè, ʠʤ ʩʢʦʥʩʪʨʫʠʨʦʚʘ-

ʥʳ ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʠʙʦʨʳ ʠ ʫʩʪʘʥʦʚʢʠ, ʠʟʚʝʩʪʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ ʧʨʠʙʦʨʳ ʠ ʫʩʪʘʥʦʚʢʠ ʐʠʪʠʢʦʚʘ: ʧʨʠ-

ʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ (ɼʨʦʟʜʦʚ ʌ.ɼ. ɼʝʪʘʣʠ ʧʨʠʙʦʨʦʚ. ʄ.: ʆʙʦʨʦʥʛʠʟ, 

1949, ʩ.552-553); ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ (ɹʝʟʚʝʩʝʣʴʥʳʡ ɽ.ʉ. ʉʙʦʨʥʠʢ ʟʘʜʘʯ ʠ 

ʟʘʜʘʥʠʡ ʧʦ ʪʝʦʨʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ. ʍʘʨʴʢʦʚ: ʀʟʜ-ʚʦ ʍʘʨʴʢʦʚʩʢʦʛʦ ʫʥ-ʪʘ, 1958. ʉ. 144); ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʬʫʥʜʘʤʝʥʪʘ ʦʜʥʦʮʠʣʠʥʜʨʦʚʦʡ ʤʘʰʠʥʳ (ɸʨʪʦʙʦʣʝʚʩʢʠʡ ʉ.ʀ. ʋʯʝʙʥʘʷ ʣʘʙʦʨʘʪʦ-

ʨʠʷ ʧʦ ʪʝʦʨʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ. ʉʦʚʝʪʩʢʘʷ ʥʘʫʢʘ, ʄ.: 1952. ʉ. 47); ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʩʪʘʥʦʢ ʫʯʝʙʥʦʛʦ ʪʠ-

ʧʘ (ɸʨʪʦʙʦʣʝʚʩʢʠʡ ʉ.ʀ. ʋʯʝʙʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʧʦ ʪʝʦʨʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ. ʉʦʚʝʪʩʢʘʷ ʥʘʫʢʘ, ʄ.: 1952. ʉ.57, 

ʨʠʩ.39); ʧʨʠʙʦʨ ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ʠʥʪʝʛʨʘʬ) (ʜʦʣʦʞʝʥʦ ʚ ʢʦʤʠʩʩʠʠ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ɸʢʘʜʝ-

ʤʠʠ ʥʘʫʢ ʉʉʉʈ 10 ʤʘʷ 1938 ʛ., ʧʨʦʪʦʢʦʣ ˉ5); ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʚʨʘʱʘʶʱʠʭʩʷ ʪʝʣ 

(ɹʘʨʘʥʦʚ ɻ.ɻ. ʂʫʨʩ ʪʝʦʨʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1967. ʉ.483-484). 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʦʛʨʦʤʥʘʷ, ʤʠʨʦʚʘʷ, ʟʘʩʣʫʛʘ ɹ.ɺ. ʐʠʪʠʢʦʚʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʤʦʜʝʣʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩ ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʰʘʨʥʠʨʘʤʠ. 

ʆʥ ̫ʚʣʷʣʩʷ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʦʠʩʢʘʪʝʣʝʡ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʫʯʥʳʤ ʪʝʤʘʤ, ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜ-

ʩʪʚʦʤ ʟʘʱʠʪʠʣʠʩʴ 14 ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ ʠ ʜʚʘ ʜʦʢʪʦʨʘ ʥʘʫʢ: 

- ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤ (ʇ.ɻ. ʄʫʜʨʦʚ); 

- ʧʦ ʟʫʙʯʘʪʳʤ ʧʝʨʝʜʘʯʘʤ, ʦʪʢʨʳʣ ʥʦʚʳʡ ʪʠʧ ʟʘʮʝʧʣʝʥʠʷ (ʄʘʪʚʝʝʚ ɻ.ɸ., ɹʘʷʟʠʪʦʚ ʅ.ɸ., ʄʘʨʢʠʥ ʖ.ʉ., 

ʂʦʨʦʚʠʥ ʖ.ɺ., ʐʠʪʠʢʦʚ ɸ.ɹ., ʉʘʯʢʦʚ ɸ.ɺ.); 

- ʧʦ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʶ ʜʚʠʛʘʪʝʣʝʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʦʪʦʨʦʚ (ʌʘʪʢʫʣʣʠʥ ʐ.ɸ., ʗʭʠʥ ʄ.ɸ., ʄʘʢʘʨʦʚ 

ɺ.ɸ., ɽʬʨʝʤʦʚ ʅ.ɼ.); 

- ʧʦ ʦʙʱʝʪʝʭʥʠʯʝʩʢʠʤ (ʃʘʧʠʥ ɺ.ʇ., ɿʠʥʯʝʥʢʦ ʄ.ʃ.); 

- ʧʦ ʠʤʧʫʣʴʩʥʦ-ʬʨʠʢʮʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤ (ʂʘʧʦʪʠʥ ɹ.ɺ.). 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʜʦʣʞʠʣ ʫʯʝʥʠʢ ʐʠʪʠʢʦʚʘ ɹ.ɺ. 

ʧʨʦʬʝʩʩʦʨ ʇ.ɻ. ʄʫʜʨʦʚ (1936-1997 ʛʛ.). 
 

 
 

ʇ.ɻ. ʄʫʜʨʦʚ 

 

ʇʝʪʨ ɻʨʠʛʦʨʴʝʚʠʯ ʨʦʜʠʣʩʷ ʚ ʩ. ʊʝʥʴʩʶʧʠʥʦ ʉʘʩʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʨʝʜ-

ʥʝʡ ʰʢʦʣʳ ʚ 1953 ʛ. ʧʦʩʪʫʧʠʣ ʚ ʃʝʥʠʥʛʨʘʜʩʢʫʶ ʣʝʩʦʪʝʭʥʠʯʝʩʢʫʶ ʘʢʘʜʝʤʠʶ, ʢʦʪʦʨʫʶ ʦʢʦʥʯʠʣ ʚ 1958 ʛ. ɺ 1963 ʛ. 

ʧʦʩʪʫʧʠʣ ʠ ʚ 1966 ʛ. ʦʢʦʥʯʠʣ ʦʯʥʫʶ ʘʩʧʠʨʘʥʪʫʨʫ ʧʨʠ ʂʘʟʘʥʩʢʦʤ ʉʍʀ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʊʝʦʨʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘ-

ʰʠʥè. ɺ 1979 ʛ. ʟʘʱʠʪʠʣ ʚ ʀʥʩʪʠʪʫʪʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʜʦʢʪʦʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ ʧʦ ʜʘʥʥʳʤ 

ʤʝʭʘʥʠʟʤʘʤ. ʉ 1981 ʧʦ 1997 ʛ. ʨʘʙʦʪʘʣ ʟʘʚʝʜʫʶʱʠʤ ʢʘʬʝʜʨʦʡ ʪʝʦʨʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ ʂʉʍʀ. 

ʇʝʪʨ ɻʨʠʛʦʨʴʝʚʠʯ ʟʘʣʦʞʠʣ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʚ ʥʘʫʢʫ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʩ ʚʨʘ-

ʱʘʪʝʣʴʥʳʤʠ ʰʘʨʥʠʨʘʤʠ, ʠʤ ʦʧʫʙʣʠʢʦʚʘʥʦ ʩʚʳʰʝ 150 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʠʟʜʘʥʘ ʤʦʥʦʛʨʘʬʠʷ [5], ʩʦʟʜʘʥʦ ʜʝʩʷʪʢʠ 

ʥʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, 103 ʢʦʪʦʨʳʭ ʟʘʱʠʱʝʥʳ ʘʚʪʦʨʩʢʠʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ. 

ʀʤ ʨʘʟʨʘʙʦʪʘʥʳ ʤʥʦʛʠʝ ʥʦʚʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʧʨʦʚʝʜʝʥʦ 

ʠʭ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ: 

- ʨʘʟʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʟʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ; 

- ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʟʤʦʚ ʚʩʝʭ ʛʨʫʧʧ, ʧʨʝʜ-

ʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʤʥʦʛʦʟʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʤʝʭʘʥʠʟʤʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

- ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʨʘʯʠʚʘʝʤʦʩʪʠ ʟʚʝʥʴʝʚ ʚ ʧʷʪʠ, ʰʝʩʪʠ, ʩʝʤʠʟʚʝʥʥʳʭ ʠ ʩʣʦʞʥʳʭ 

ʤʝʭʘʥʠʟʤʘʭ; 
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- ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ-

ʛʦ ʠ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚ; 

- ʧʨʝʜʣʦʞʝʥʳ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʚ ʭʠʤʠʯʝʩʢʦʤ, ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ, ʦʙʱʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ, ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʙʦʯʠʝ 

ʯʝʨʪʝʞʠ ʫʩʪʨʦʡʩʪʚ ʠ ʚʥʝʜʨʝʥʦ ʦʢʦʣʦ 50 ʫʩʪʨʦʡʩʪʚ ʚ ʪʝʭʥʠʢʝ; 

- ʥʘ ʙʘʟʝ ʤʝʭʘʥʠʟʤʘ ɹʝʥʥʝʪʪʘ ʩʦʟʜʘʥʦ 35 ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, 34 ʠʟ ʢʦʪʦʨʳʭ ʟʘʱʠʱʝʥʳ ʘʚʪʦʨʩʢʠʤʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ.  

ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʜʘʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʟʘʱʠʱʝʥʦ 3 ʜʦʢʪʦʨʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʠ (ɸ.ɻ. ʄʫʜʨʦʚ,  

ʐ.ʈ. ɻʘʣʠʫʣʣʠʥ, ʄ.ɻ. ʗʨʫʣʣʠʥ) ʠ 8 ʢʘʥʜʠʜʘʪʩʢʠʭ (ɸ.ɻ. ʄʫʜʨʦʚ, ɸ.ʇ. ɾʘʨʢʦʚʩʢʠʡ, ɸ.ʇ. ʄʫʜʨʦʚ, ʄ.ɻ. ʗʨʫʣʣʠʥ, 

ʐ.ʈ. ɻʘʣʠʫʣʣʠʥ, ʉ.ʄ. ʗʭʠʥ, ɹ.ʂ. ʍʫʩʥʫʪʜʠʥʦʚ, ʀ.ʄ. ʂʠʷʤʦʚ), ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʝʝ 100 ʩʪʘʪʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʠʟ-

ʜʘʥʠʷʭ, 4 ʤʦʥʦʛʨʘʬʠʠ.  

ʏʪʦʙʳ ʫ ʯʠʪʘʪʝʣʝʡ ʙʳʣʦ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʧʨʠʚʦʜʠʤ ʨʠʩʫʥʢʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʜʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʝʭʥʠʢʝ, ʥʘ ʧʨʠʤʝʨʝ 

ʤʝʭʘʥʠʟʤʘ ɹʝʥʥʝʪʪʘ. ʇʦʜʨʦʙʥʝʝ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʚʥʝʜʨʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ï [1, 2]. 
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