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The problem of neural networks overfitting is studied in the article. 
There is revealed the theoretical foundations of this effect occurrence 
ÁÎÄ ÈÉÇÈÌÉÇÈÔÅÄ ÔÈÅ ÎÅÇÁÔÉÖÅ ÃÏÎÓÅÑÕÅÎÃÅÓ ÏÆ ÉÔÓ ÁÒÉÓÉÎÇȢ )ÔȭÓ ÃÁÒÒÉÅÄ ÏÕÔ 
an experimental research of the overfitting effect by the example of the 
problem of modelling of individuals credit risk. To this purpose was 
built a number of logistic regressions and neural networks of percep-
tron type of different configurations, which adequacy was analysed on 
the training and test samples. The results of comparing the accuracy of 
borrowers classification on the basis of Gini criterion for both samples 
made it possible to get some new generalizations about the nature of 
the overfitting effect and recommendations for its prevention. The prac-
tical value of the study is the obtained new knowledge on how to avoid 
of the overfitting effect in scoring models that will ensure stability of 
credit risk modelling results in the banking institutions activity and will 
contribute to the sustainability of the financial system at whole. 
 
Keywords : overfitting, neural network, application scoring, adequacy 
of the model. 
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˜̏̒̓́̎̏̃̋́ ̐̑̏̂̌̆̍̉ 
 
ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʽʷʣʴʥʦʩʪʽ ʢʦʤʝʨʮʽʡʥʠʭ ʙʘʥʢʽʚ, ʷʢ ʽ ʙʫʜʴ-

ʷʢʦʾ ʧʨʠʙʫʪʢʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ, ʻ ʧʽʜʚʠʱʝʥʥʷ ʚʘʨʪʦʩʪʽ ʚʣʘʩʥʠʭ ʘʢ-
ʪʠʚʽʚ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʨʠʙʫʪʢʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʣʽʟʘʮʽʾ ʧʝʚʥʠʭ ʪʦʚʘ-
ʨʽʚ ʪʘ/ʯʠ ʧʦʩʣʫʛ. ʆʩʦʙʣʠʚʽʩʪʶ ʜʽʷʣʴʥʦʩʪʽ ʢʨʝʜʠʪʥʠʭ ʫʩʪʘʥʦʚ ʥʘ 
ʨʠʥʢʫ ʙʘʥʢʽʚʩʴʢʠʭ ʧʦʩʣʫʛ ʻ ʜʫʞʝ ʪʽʩʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʨʠʟʠʢʽʚ, 
ʱʦ ʧʨʠʡʤʘʶʪʴʩʷ ʥʠʤʠ, ʪʘ ʚʝʣʠʯʠʥʦʶ ʦʪʨʠʤʫʚʘʥʠʭ ʜʦʭʦʜʽʚ. ʅʘ-
ʧʨʠʢʣʘʜ, ʯʠʤ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʢʣʽʻʥʪʽʚ, ʱʦ ʦʙʩʣʫʛʦʚʫʻ ʙʘʥʢ, ʪʠʤ 
ʚʠʱʘ ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʚʽʜ ʢʨʝʜʠʪʥʦ-ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʦʧʝʨʘʮʽʡ, ʘʣʝ ʡ 
ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʨʝʜʠʪʥʠʡ ʨʠʟʠʢ ʪʘʢʦʞ ʟʨʦʩʪʘʻ.  
ʆʩʢʽʣʴʢʠ ʛʦʣʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʢʦʤʝʨʮʽʡʥʠʭ ʙʘʥʢʽʚ ʻ ʟʙʽʣʴ-

ʰʝʥʥʷ ʧʨʠʙʫʪʢʫ ʪʘ ʥʘʨʦʱʝʥʥʷ ʢʨʝʜʠʪʥʠʭ ʧʦʨʪʬʝʣʽʚ, ʪʦ ʟ ʧʣʠʥʦʤ 
ʯʘʩʫ ʚʽʜʧʦʚʽʜʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʢʽʣʴʢʽʩʪʴ ʧʨʦʩʪʨʦʯʝʥʠʭ ʧʦʟʠʢ. 
ʆʜʥʽ ʢʨʝʜʠʪʠ ʧʦʛʘʰʘʶʪʴʩʷ, ʽʥʰʽ ʧʨʦʣʦʥʛʫʶʪʴʩʷ, ʘ ʜʝʷʢʽ ʧʝʨʝʪʚʦ-
ʨʶʶʪʴʩʷ ʥʘ ʧʨʦʙʣʝʤʥʫ ʟʘʙʦʨʛʦʚʘʥʽʩʪʴ. ʇʨʠ ʘʢʪʠʚʘʮʽʾ ʥʝʛʘʪʠʚʥʦʛʦ 
ʝʢʦʥʦʤʽʯʥʦʛʦ çʮʠʢʣʦʥʫè (ʥʘʧʨʠʢʣʘʜ, ʢʨʠʟʘ 2008 ʨʦʢʫ) ʢʽʣʴʢʽʩʪʴ 
ʧʨʦʙʣʝʤʥʠʭ ʙʦʨʛʽʚ ʫ ʧʦʨʪʬʝʣʷʭ ʢʦʤʝʨʮʽʡʥʠʭ ʙʘʥʢʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ 
ʫ ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ, ʩʷʛʘʶʯʠ 9 % ʟʘ ʢʨʝʜʠʪʘʤʠ ʶʨʠʜʠʯʥʠʭ 
ʦʩʽʙ ʽ 20 % ʟʘ ʧʦʟʠʢʘʤʠ ʬʽʟʠʯʥʠʭ ʦʩʽʙ.  
ʂʨʝʜʠʪʥʠʡ ʨʠʟʠʢ ʻ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤ ʟ ʫʩʽʭ ʙʘʥʢʽʚʩʴʢʠʭ ʨʠ-

ʟʠʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʅʘʮʽʦʥʘʣʴʥʠʤ ʙʘʥʢʦʤ ʋʢʨʘʾʥʠ ʚ ʥʦʨʤʘʪʠʚ- 
ʥʦʤʫ ʜʦʢʫʤʝʥʪʽ [1] ʷʢ çʥʘʷʚʥʠʡ ʘʙʦ ʧʦʪʝʥʮʽʡʥʠʡ ʨʠʟʠʢ ʜʣʷ ʥʘʜ-
ʭʦʜʞʝʥʴ ʽ ʢʘʧʽʪʘʣʫ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʥʝʩʧʨʦʤʦʞʥʽʩʪʴ ʩʪʦʨʦʥʠ, 
ʱʦ ʚʟʷʣʘ ʥʘ ʩʝʙʝ ʟʦʙʦʚôʷʟʘʥʥʷ, ʚʠʢʦʥʘʪʠ ʫʤʦʚʠ ʙʫʜʴ-ʷʢʦʾ ʬʽʥʘʥ-
ʩʦʚʦʾ ʫʛʦʜʠ ʽʟ ʙʘʥʢʦʤ ʘʙʦ ʚ ʽʥʰʠʡ ʩʧʦʩʽʙ ʚʠʢʦʥʘʪʠ ʚʟʷʪʽ ʥʘ ʩʝʙʝ 
ʟʦʙʦʚôʷʟʘʥʥʷè. ʁʦʛʦ ʟʥʘʯʫʱʽʩʪʴ ʟʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʢʨʝʜʠʪʥʽ ʦʧʝ-
ʨʘʮʽʾ ʻ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʽʷʣʴʥʦʩʪʽ ʙʘʥʢʽʚ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴ-
ʩʷ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ [2]: ʷʢʱʦ ʥʘ 2013 ʨʽʢ ʯʘʩʪʢʘ ʜʦʭʦʜʽʚ ʚʽʜ 
ʢʨʝʜʠʪʫʚʘʥʥʷ ʚ ʩʫʤʽ ʟʘʛʘʣʴʥʠʭ ʜʦʭʦʜʽʚ ʧʦ ʙʘʥʢʽʚʩʴʢʽʡ ʩʠʩʪʝʤʽ 
ʩʢʣʘʜʘʣʘ 76,9 %, ʪʦ ʥʘ I ʢʚʘʨʪʘʣ 2016 ʨʦʢʫ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʢʣʘʜʘʻ 
92,5 %. ɯ ʭʦʯʘ ʯʘʩʪʢʘ ʟ ʨʦʢʫ ʚ ʨʽʢ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ, ʟʘ ʦʩʪʘʥʥʽ ʨʦ-
ʢʠ ʚʦʥʘ ʩʪʘʙʽʣʴʥʦ ʧʝʨʝʚʠʱʫʻ 2/3 ʟʘʛʘʣʴʥʦʛʦ ʜʦʭʦʜʫ ʧʦ ʙʘʥʢʽʚʩʴ-
ʢʽʡ ʩʠʩʪʝʤʽ. ɯʥʰʽ ʜʘʥʽ ʅɹʋ [3] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘʛʘʣʴʥʘ ʩʫʤʘ ʢʨʝ-
ʜʠʪʽʚ, ʥʘʜʘʥʠʭ ʶʨʠʜʠʯʥʠʤ ʽ ʬʽʟʠʯʥʠʤ ʦʩʦʙʘʤ ʚ ʮʽʣʦʤʫ, ʟʨʦʩʣʘ ʟ 
815 327 ʤʣʥ ʛʨʥ ʫ 2013 ʨʦʮʽ ʜʦ 948 599 ʤʣʥ ʛʨʥ ʩʪʘʥʦʤ ʥʘ 
01.05.2016. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʨʝʜʠʪʥʠʡ ʨʠʟʠʢ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʡʦʛʦ ʨʝ-
ʘʣʽʟʘʮʽʾ, ʤʦʞʝ ʥʝʩʪʠ ʟʘ ʩʦʙʦʶ ʥʘʡʙʽʣʴʰʽ ʟʙʠʪʢʠ ʽ ʥʘʡʙʽʣʴʰ ʥʝʛʘ-
ʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʨʠʟʠʢʘʤʠ ʙʘʥʢʽʚʩʴʢʦʾ ʜʽʷʣʴ-
ʥʦʩʪʽ (ʦʧʝʨʘʮʽʡʥʠʤʠ, ʚʘʣʶʪʥʠʤʠ, ʨʠʥʢʦʚʠʤʠ ʪʦʱʦ). 
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ʇʦʛʽʨʰʫʻ ʩʠʪʫʘʮʽʶ ʫ ʩʬʝʨʽ ʢʨʝʜʠʪʫʚʘʥʥʷ ʡ ʥʝʩʪʘʙʽʣʴʥʘ ʩʠʪʫʘ-
ʮʽʷ, ʱʦ ʩʢʣʘʣʘʩʷ ʚ ʙʘʥʢʽʚʩʴʢʦʤʫ ʩʝʢʪʦʨʽ. ɿʘʛʘʣʦʤ, ʥʘ ʧʦʪʦʯʥʠʡ 
ʤʦʤʝʥʪ ʩʪʘʥ ʙʘʥʢʽʚʩʴʢʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ 
ʢʨʠʪʠʯʥʠʡ. ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʜʝʷʢʽ ʥʝʛʘʪʠʚʥʽ ʪʝʥʜʝʥʮʽʾ, ʟʦʢʨʝʤʘ 
ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʢʠ ʧʨʦʩʪʨʦʯʝʥʦʾ ʟʘʙʦʨʛʦʚʘʥʦʩʪʽ ʫ ʟʘʛʘʣʴʥʽʡ ʩʫʤʽ 
ʢʨʝʜʠʪʽʚ ʟ 7,7 % ʫ 2014 ʨʦʮʽ ʜʦ 23,5 % ʫ I ʢʚʘʨʪʘʣʽ 2016 ʨʦʢʫ [3]. 
ʊʘʢʘ ʪʝʥʜʝʥʮʽʷ, ʚ ʧʦʻʜʥʘʥʥʽ ʟʽ ʟʨʦʩʪʘʶʯʦʶ ʢʽʣʴʢʽʩʪʶ ʥʘʜʘʥʠʭ 
ʢʨʝʜʠʪʽʚ ʽ ʯʘʩʪʢʦʶ ʜʦʭʦʜʽʚ ʚʽʜ ʥʠʭ, ʻ ʚʢʨʘʡ ʥʝʛʘʪʠʚʥʦʶ ʽ ʩʚʽʜʯʠʪʴ 
ʧʨʦ ʟʨʦʩʪʘʶʯʫ ʥʝʧʣʘʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʦʟʠʯʘʣʴʥʠʢʽʚ.  
ɿ ʤʝʪʦʶ ʥʝʜʦʧʫʱʝʥʥʷ ʟʨʦʩʪʘʥʥʷ ʧʨʦʙʣʝʤʥʦʾ ʢʨʝʜʠʪʦʨʩʴʢʦʾ 

ʟʘʙʦʨʛʦʚʘʥʦʩʪʽ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʙʣʝʤ ʫ ʩʘʤʦʾ ʢʨʝ-
ʜʠʪʥʦʾ ʫʩʪʘʥʦʚʠ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʧʨʦʚʝʜʝʥʥʽ ʧʨʦʮʝʜʫʨ ʦʮʽʥʢʠ 
ʥʘʜʽʡʥʦʩʪʽ ʧʦʟʠʯʘʣʴʥʠʢʘ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʢʨʝʜʠʪʥʦʛʦ ʮʠʢʣʫ, ʽ ʚ 
ʧʝʨʰʫ ʯʝʨʛʫ ʥʘ ʝʪʘʧʽ ʘʥʘʣʽʟʫ ʢʨʝʜʠʪʥʦʾ ʟʘʷʚʢʠ (ʘʧʣʽʢʘʮʽʡʥʠʡ 
ʩʢʦʨʠʥʛ). ʉʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʮʽʥʢʠ 
ʢʨʝʜʠʪʥʠʭ ʨʠʟʠʢʽʚ, ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫ-
ʚʘʥʥʷ ʢʣʽʻʥʪʽʚ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʦʧʝʨʘʮʽʡʥʠʭ ʧʦʩʣʫʛ 
ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠ-
ʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʢʨʝʜʠʪʥʦʶ ʜʽʷʣʴʥʽʩʪʶ ʢʦʤʝʨʮʽʡ-
ʥʦʛʦ ʙʘʥʢʫ.  
ʇʨʦʚʝʜʝʥʥʷ ʘʧʣʽʢʘʮʽʡʥʦʛʦ ʩʢʦʨʠʥʛʫ ʧʦʟʠʯʘʣʴʥʠʢʘ ʻ ʧʝʨʰʠʤ 

ʝʪʘʧʦʤ ʨʝʘʣʽʟʘʮʽʾ ʢʨʝʜʠʪʥʠʭ ʚʽʜʥʦʩʠʥ, ʘʜʞʝ ʩʣʫʛʫʻ ʦʩʥʦʚʦʶ ʜʣʷ 
ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʥʘʜʘʥʥʷ ʢʨʝʜʠʪʫ. ɸʜʝʢʚʘʪʥʘ ʜʽʘʛʥʦʩʪʠʢʘ 
ʬʽʥʘʥʩʦʚʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʧʦʟʠʯʘʣʴʥʠʢʘ ʪʘ ʧʨʦʛʥʦʟ ʤʦʞʣʠʚʠʭ ʥʘ-
ʧʨʷʤʢʽʚ ʾʾ ʟʤʽʥ ʫ ʧʦʜʘʣʴʰʦʤʫ ʜʦʟʚʦʣʷʶʪʴ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʨʠ-
ʟʠʢ ʥʝʧʦʚʝʨʥʝʥʥʷ ʢʦʰʪʽʚ ʯʝʨʝʟ ʚʠʥʠʢʥʝʥʥʷ ʩʢʣʘʜʥʦʛʦ ʬʽʥʘʥʩʦʚʦ-
ʛʦ ʩʪʘʥʦʚʠʱʘ ʧʦʟʠʯʘʣʴʥʠʢʘ ʘʙʦ ʟ ʽʥʰʠʭ ʦʙʩʪʘʚʠʥ. ʇʨʦʚʽʚʰʠ ʽʥ- 
ʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʢʠ ʢʨʝʜʠʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʽʟ ʟʘʩʪʦʩʫ-
ʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ, ʚʽʜ-
ʧʦʚʽʜʘʣʴʥʘ ʦʩʦʙʘ ʟʜʘʪʥʘ ʧʨʠʡʥʷʪʠ ʨʘʮʽʦʥʘʣʴʥʝ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʝ 
ʨʽʰʝʥʥʷ ʩʪʦʩʦʚʥʦ ʥʘʜʘʥʥʷ ʘʙʦ ʥʝʥʘʜʘʥʥʷ ʢʨʝʜʠʪʫ ʧʦʪʝʥʮʽʡʥʦʤʫ 
ʧʦʟʠʯʘʣʴʥʠʢʫ. 
ɺʠʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʥʝʚʠʢʦʥʘʥʥʷ ʢʨʝʜʠʪʥʠʭ ʟʦʙʦʚôʷʟʘʥʴ ʟʜʽʡʩ-

ʥʶʻʪʴʩʷ ʧʦ ʘʥʘʣʦʛʽʾ ʟ ʨʘʥʽʰʝ ʥʘʜʘʥʠʤʠ ʧʦʟʠʢʘʤʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ 
ʚʽʜʰʫʢʫʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʦʢʘʟʥʠʢʦʤ ʥʘʜʽʡ-
ʥʦʩʪʽ ʧʦʟʠʯʘʣʴʥʠʢʘ (ʢʣʘʩʦʤ ʥʘʜʽʡʥʠʭ ʯʠ ʥʝʥʘʜʽʡʥʠʭ ʙʦʨʞʥʠʢʽʚ) 
ʪʘ ʥʠʟʢʦʶ ʢʽʣʴʢʽʩʥʠʭ ʽ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʴʦʛʦ ʧʦʟʠʯʘʣʴʥʠ-
ʢʘ ʪʘ ʢʨʝʜʠʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ.  
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ʇʨʦʙʣʝʤʠ ʢʨʝʜʠʪʥʦʛʦ ʩʢʦʨʠʥʛʫ ʰʠʨʦʢʦ ʚʠʩʚʽʪʣʝʥʽ ʫ ʥʘʫʢʦ-
ʚʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʽ ʥʘ ʩʴʦʛʦʜʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʦʩʣʽʜʥʠʢʘʤʠ ʟ ʙʘʛʘ-
ʪʴʦʭ ʢʨʘʾʥ ʩʚʽʪʫ, ʩʝʨʝʜ ʷʢʠʭ ʚʘʨʪʦ ʟʛʘʜʘʪʠ ʧʨʘʮʽ ʚʯʝʥʠʭ 
ʈ. ɸʥʜʝʨʩʦʥʘ [4], ɺ. ɺʽʪʣʽʥʩʴʢʦʛʦ [5], ɸ. ʂʘʤʽʥʩʴʢʦʛʦ [6ð7], 
ʅ. ʉʽʜʜʽʢʽ [8], ʆ. ʉʦʨʦʢʽʥʘ [9]. ʋ ʟʘʟʥʘʯʝʥʠʭ ʧʨʘʮʷʭ ʧʨʦʧʦʥʫ-
ʻʪʴʩʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ, ʷʢ ʨʦʟʨʦʙʢʘ ʩʢʦʨʠʥʛʦʚʠʭ ʩʠʩ-
ʪʝʤ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʾʭ ʜʦ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʢʨʝʜʠʪʥʠʭ ʫʩʪʘʥʦʚ, 
ʚʠʙʽʨ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʢʨʝʜʠʪʥʦʛʦ ʨʠʟʠʢʫ, ʚʢʣʶʯʝʥʥʷ ʯʘʩʦ-
ʚʦʛʦ ʧʘʨʘʤʝʪʨʫ ʜʦ ʤʦʜʝʣʝʡ ʢʨʝʜʠʪʥʦʛʦ ʩʢʦʨʠʥʛʫ ʪʦʱʦ. 
ʆʜʥʘʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʩʢʦ-

ʨʠʥʛʦʚʠʭ ʩʠʩʪʝʤ ʻ ʜʦʩʠʪʴ ʥʝʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʜʦ- 
ʮʽʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʘʥʘʣʽʟʫ ʢʨʝʜʠʪʥʦʛʦ ʨʠʟʠʢʫ, ʚ 
ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʧʽʜˇʨʫʥʪʽ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝ-
ʨʝʞ, ʱʦ ʟʜʘʪʝʥ ʜʦ ʚʠʷʚʣʝʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʟʘʢʦʥʦ-
ʤʽʨʥʦʩʪʝʡ ʫ ʚʝʣʠʢʠʭ ʦʙôʻʤʘʭ ʽʥʬʦʨʤʘʮʽʾ, ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʠʤʠ 
ʤʝʪʦʜʘʤʠ ʧʦʙʫʜʦʚʠ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ. ʆʜʥʘʢ ʫ ʧʨʦʮʝʩʽ ʧʦ-
ʰʫʢʫ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟʘ ʨʘʭʫʥʦʢ 
ʩʢʣʘʜʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʚʦʥʠ ʚʠʷʚʣʷʶʪʴ ʩʭʠʣʴʥʽʩʪʴ 
ʜʦ ʧʨʦʷʚʫ ʝʬʝʢʪʫ ʧʝʨʝʥʘʚʯʘʥʥʷ, ʥʘʜʪʦ ʙʣʠʟʴʢʦ ʧʽʜʣʘʰʪʦʚʫʶʯʠʩʴ 
ʜʦ ʥʘʚʯʘʣʴʥʠʭ ʧʨʠʢʣʘʜʽʚ, ʟʤʝʥʰʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʟʜʘʪʥʽʩʪʴ ʜʦ 
ʫʟʘʛʘʣʴʥʝʥʥʷ. 
ʊʦʞ ʤʝʪʦʶ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʦʙʫʜʦ-

ʚʠ ʤʦʜʝʣʽ ʘʧʣʽʢʘʮʽʡʥʦʛʦ ʩʢʦʨʠʥʛʫ, ʟʜʘʪʥʦʾ ʜʦ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦ- 
ʛʦ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʢʨʝʜʠʪʥʠʭ ʽʩʪʦʨʽʷʭ ʧʦʟʠʯʘʣʴ-
ʥʠʢʽʚ ʪʘ ʾʭ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʘʥʘʣʽʟʫ ʥʦʚʠʭ ʢʨʝʜʠʪ-
ʥʠʭ ʟʘ̫ ʚ. 
ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʟʘʚ- 

ʜʘʥʥʷ: ʟʜʽʡʩʥʠʪʠ ʧʦʰʫʢ ʥʘʡʘʜʝʢʚʘʪʥʽʰʦʾ ʩʪʨʫʢʪʫʨʠ ʥʝʡʨʦʥ- 
ʥʦʾ ʤʝʨʝʞʽ ʧʝʨʩʝʧʪʨʦʥʥʦʛʦ ʪʠʧʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʮʽʥʶ-
ʚʘʥʥʷ ʢʨʝʜʠʪʥʠʭ ʨʠʟʠʢʽʚ ʧʦʟʠʯʘʣʴʥʠʢʘ, ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʷʚʣʝʥʥʷ 
ʪʘ ʫʩʫʥʝʥʥʷ ʝʬʝʢʪʫ ʧʝʨʝʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʧʨʦʚʝʩʪʠ 
ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ ʜʘ-
ʥʠʭ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ, ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ 
ʦʙʩʷʛʫ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘ ʟʜʘʪʥʽʩʪʴ ʤʦʜʝʣʝʡ ʜʦ ʫʟʘʛʘʣʴ-
ʥʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʥʘ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ, ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʣ̫-ɹ 
ʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʨʽʟʥʠʭ ʢʦʥʬʽ-
ʛʫʨʘʮʽʡ ʟ ʢʣʘʩʠʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʧʦʙʫʜʦʚʠ ʩʢʦʨʠʥʛʦʚʠʭ 
ʤʦʜʝʣʝʡ. 
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ˍ̨̎́̌̈ ̨̒̔̓̎̏̒̓ ̆̆̋̓̔̕ ̘̠̐̆̑̆̎́̃́̎̎ȟ ̗̐̑̉̎̉̐̉  
̊̏̄̏ ̠̠̃̉̃̌̆̎̎ ̓́ ̨̠̈́̐̏̂̄́̎̎ 
 
ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰʠʭ ʫʩʢʣʘʜʥʝʥʴ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʷʚʠʱʘ ʧʝʨʝʥʘʚʯʘʥʥʷ, ʘʙʦ ʥʘʜʪʦ 
ʙʣʠʟʴʢʦʛʦ ʧʽʜʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʜʦ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ. ʅʝʛʘʪʠʚʥʽ 
ʥʘʩʣʽʜʢʠ ʮʴʦʛʦ ʝʬʝʢʪʫ ʧʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʘʧʨʦʢʩʠʤʘ-
ʮʽʾ ʙʘʛʘʪʦʯʣʝʥʦʤ y = anx

n +é+ a2x
2 + a1x + a0 ʤʥʦʞʠʥʠ ʜʠʩʢʨʝʪ-

ʥʠʭ ʟʥʘʯʝʥʴ ʜʝʷʢʦʾ ʟʤʽʥʥʦʾ y. ʊʘʢ, ʷʢʱʦ ʟʘʜʘʥʦ ʷʢʠʡʩʴ ʥʘʙʽʨ ʜʘ-
ʥʠʭ, ʪʦ ʤʦʞʥʘ ʧʦʩʪʘʚʠʪʠ ʟʘ ʤʝʪʫ ʧʽʜʽʙʨʘʪʠ ʜʣʷ ʥʴʦʛʦ ʘʧʨʦʢʩʠ- 
ʤʫʶʯʫ ʬʫʥʢʮʽʶ ʽ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʦʜʝʨʞʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, 
ʧʨʠʜʘʪʥʫ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʮʠʭ ʥʘʚʯʘʣʴʥʠʭ ʧʨʠʢʣʘʜʽʚ. ʏʠʤ ʚʠʱʠʡ 
ʩʪʫʧʽʥʴ ʙʘʛʘʪʦʯʣʝʥʘ, ʱʦ ʨʝʘʣʽʟʫʻ ʘʧʨʦʢʩʠʤʫʶʯʫ ʬʫʥʢʮʽʶ, ʪʠʤ 
ʩʢʣʘʜʥʽʰʦʶ ʻ ʡʦʛʦ ʬʦʨʤʘ ʽ ʪʠʤ ʪʦʯʥʽʰʝ ʚʽʥ ʟʜʘʪʝʥ ʦʧʠʩʫʚʘʪʠ 
ʤʥʦʞʠʥʫ ʪʦʯʦʢ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʘʣʝʞʥʽʩʪʴ y ʚʽʜ x. 
ʗʢʱʦ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ a0, a1, é, an ʻ ʤʝʥʰʦʶ ʟʘ 

ʦʙʩʷʛ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʪʦ ʤʦʜʝʣʴ ʥʘʤʘʛʘʻʪʴʩʷ ʥʘʡʪʦʯʥʽʰʝ ʚʽʜ-
ʪʚʦʨʠʪʠ ʟʘʜʘʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ, ʘʣʝ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʫʪʴ 
ʜʝʷʢʽ ʨʦʟʙʽʞʥʦʩʪʽ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦʭʠʙʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʝ ʚʽʜ-
ʤʽʥʥʦʶ ʚʽʜ ʥʫʣʷ. ʋ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪ-
ʨʽʚ ʤʦʜʝʣʽ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨ-
ʢʠ, ʤʦʜʝʣʴ ʙʫʜʝ ʟʜʘʪʥʦʶ ʪʦʯʥʦ ʚʽʜʪʚʦʨʠʪʠ ʫʩʽ ʥʘʚʯʘʣʴʥʽ ʧʨʠʢ- 
ʣʘʜʠ (ʮʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʜʫ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʬʫʥʢ-
ʮʽʾ). ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʚʽʜʥʦʩʥʦ ʦʙʩʷʛʫ 
ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʦʭʠʙʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ ʨʽʚ-
ʥʦʶ ʥʫʣʝʚʽ, ʧʨʦʪʝ ʧʦʟʘ ʟʥʘʯʝʥʥʷʤʠ ʥʘʚʯʘʣʴʥʠʭ ʧʨʠʢʣʘʜʽʚ ʤʦʜʝʣʴ 
ʧʦʯʠʥʘʻ ʚʝʩʪʠ ʩʝʙʝ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦ ð ʷʢ ʥʘʩʣʽʜʦʢ ʥʝʜʦʚʠʟʥʘʯʝ-
ʥʦʩʪʽ ʤʦʜʝʣʴ ʚʦʣʦʜʽʪʠʤʝ ʥʝʩʢʽʥʯʝʥʥʦʶ ʢʽʣʴʢʽʩʪʶ ʤʦʞʣʠʚʠʭ ʢʦʤ-
ʙʽʥʘʮʽʡ ʚʣʘʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʟʘ ʷʢʠʭ ʧʦʭʠʙʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʨʽʚ-
ʥʶʚʘʪʠʤʝ ʥʫʣʶ. 
ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʮʝ ʥʘ ʧʨʠʢʣʘʜʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʙʘʛʘʪʦʯʣʝʥʦʤ 

ʜʚʦʭ ʪʦʯʦʢ ʥʘ ʧʣʦʱʠʥʽ (x, y): {(1, 3); (2, 2)}. ʊʘʢ, ʢʦʣʠ ʫ ʜʘʥʦʾ ʬʫʥʢ- 
ʮʽʾ ʣʠʰʝ ʦʜʠʥ ʧʘʨʘʤʝʪʨ (ʥʘʧʨʠʢʣʘʜ, y = a1x), ʚʦʥʘ ʤʘʪʠʤʝ ʚʠʜ 
ʧʨʷʤʦʾ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʤʽʞ ʟʘʜʘʥʠʤʠ ʜʚʦʤʘ ʪʦʯʢʘʤʠ, ʚʠʭʦʜʷʯʠ  
ʟ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ (ʷʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩ. 1 ʜʣʷ ʨʽʚʥʷʥʥʷ  
y = 1,4Ŀx). ʇʨʠ ʮʴʦʤʫ ʧʦʤʠʣʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜ-
ʢʫ ʙʫʜʝ ʩʫʪʪʻʚʦʶ. ʗʢʱʦ ʚʽʜ ʙʘʛʘʪʦʯʣʝʥʘ ʟʘʣʠʰʠʤʦ ʧʘʨʘʤʝʪʨ a0, 
ʪʦ ʘʧʨʦʢʩʠʤʫʶʯʘ ʬʫʥʢʮʽʷ ʧʨʠʡʤʝ ʚʠʛʣʷʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʨʷʤʦʾ  
y = 2,5, ʱʦ ʧʨʦʡʜʝ ʧʦʩʝʨʝʜʠʥʽ ʤʽʞ ʜʚʦʤʘ ʟʘʜʘʥʠʤʠ ʪʦʯʢʘʤʠ. 
ʗʢʱʦ ʞ ʩʢʦʨʠʩʪʘʪʠʩʴ ʫʞʝ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ, ʫʪʚʦʨʠʚʰʠ, 

ʥʘʧʨʠʢʣʘʜ, ʣʽʥʽʡʥʫ ʬʫʥʢʮʽʶ y = a1x + a0, ʪʦ ʚʦʥʘ ʟʤʦʞʝ ʪʦʯʥʦ 
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ʧʨʦʡʪʠ ʯʝʨʝʟ ʙʫʜʴ-ʷʢʽ ʜʚʽ ʜʦʚʽʣʴʥʦ ʦʙʨʘʥʽ ʪʦʯʢʠ (ʧʨʠ ʮʴʦʤʫ ʨʽ-
ʰʝʥʥʷ, ʟʘ ʷʢʦʛʦ ʘʧʨʦʢʩʠʤʘʮʽʷ ʙʫʜʝ ʪʦʯʥʦʶ, ʻ ʻʜʠʥʠʤ). ɼʣʷ ʟʘʜʘ-
ʥʠʭ ʜʚʦʭ ʪʦʯʦʢ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʨʦʟʚôʷʟʦʢ y = ï x + 4, ʱʦ ʤʦʞʥʘ 
ʙʘʯʠʪʠ ʟ ʨʠʩ. 1. 

 

 

ʈʠʩ. 1. ɸʧʨʦʢʩʠʤʘʮʽʷ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ y ʣʽʥʽʡʥʠʤʠ ʬʫʥʢʮʽ̫ ʤʠ  
ʟ ʦʜʥʠʤ ʪʘ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ 

 
ʈʠʩ. 2. ɸʧʨʦʢʩʠʤʘʮʽʷ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ y ʙʘʛʘʪʦʯʣʝʥʦʤ  

ʟ ʜʚʦʤʘ ʪʘ ʪʨʴʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ 
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ʗʢʱʦ ʜʦ ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ ʜʦʜʘʪʠ ʪʨʝʪʽʡ ʧʘʨʘʤʝʪʨ, ʫʪʚʦʨʠʚʰʠ, 
ʥʘʧʨʠʢʣʘʜ, ʧʘʨʘʙʦʣʫ y = a2x

2 + a1x + a0, ʪʦ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʫʞʝ 
ʙʫʜʝ ʙʝʟʣʽʯ, ʷʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩ. 2. ʆʜʥʝ ʟ ʪʘʢʠʭ ʨʽʰʝʥʴ ð ʥʫ-
ʣʴʦʚʝ ʟʥʘʯʝʥʥʷ ʪʨʝʪʴʦʛʦ ʧʘʨʘʤʝʪʨʘ (a2) ʧʨʠ ʨʦʟʨʘʭʦʚʘʥʠʭ ʨʘʥʽʰʝ 
ʟʥʘʯʝʥʥʷʭ ʜʚʦʭ ʧʝʨʰʠʭ ʧʘʨʘʤʝʪʨʽʚ (a1, a0): y = ï x + 4. ʄʦʞʥʘ 
ʧʨʦʚʝʩʪʠ ʬʫʥʢʮʽʶ ʪʦʯʥʦ ʯʝʨʝʟ ʜʚʽ ʚʩʪʘʥʦʚʣʝʥʽ ʪʦʯʢʠ ʟʘ ʫʤʦʚʠ  
ʨʽʚʥʦʩʪʽ ʥʫʣʶ ʧʘʨʘʤʝʪʨʘ a1: y = ï 0,333Ŀx2 + 3,333 ʘʙʦ ʧʘʨʘʤʝʪʨʘ 
a0: y = 2Ŀx2 + 5Ŀx. ʗʢʱʦ ʞ ʩʢʦʨʠʩʪʘʪʠʩʴ ʪʨʴʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦ 
ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʝʟʣʽʯ ʨʦʟʚôʷʟʢʽʚ, ʥʘʧʨʠʢʣʘʜ, ʟʦʙʨʘʞʝʥʫ ʥʘ 
ʨʠʩ. 2 ʧʘʨʘʙʦʣʫ y = 7Ŀx2 ï 22Ŀx + 18. ʇʨʠ ʮʴʦʤʫ ʚ ʮʽʡ ʬʫʥʢʮʽʾ ʤʦ-
ʞʥʘ ʟʙʽʣʴʰʠʪʠ ʪʨʝʪʽʡ ʧʘʨʘʤʝʪʨ, ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʠʚʰʠ ʟʥʘʯʝʥʥʷ 
ʧʝʨʰʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʽ ʨʽʰʝʥʥʷ ʪʘʢʦʞ ʙʫʜʝ ʪʦʯʥʠʤ. ʊʦʙʪʦ, ʩʪʘʻ 
ʤʦʞʣʠʚʠʤ ʟʜʽʡʩʥʶʚʘʪʠ ʫʟʛʦʜʞʝʥʫ ʟʤʽʥʫ ʮʽʻʾ ʘʙʦ ʽʥʰʦʾ ʧʘʨʠ ʧʘ-
ʨʘʤʝʪʨʽʚ ʙʫʜʴ-ʷʢʠʤ ʯʠʥʦʤ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʪʦʯʥʽʩʪʴ ʘʧʨʦʢ- 
ʩʠʤʘʮʽʾ ʜʚʦʭ ʟʘʜʘʥʠʭ ʪʦʯʦʢ.  
ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ ʬʫʥʢʮʽʡ ʤʠ ʪʦʯʥʦ ʦʧʠʩʫʻʤʦ ʜʚʘ 

ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʠʢʣʘʜʠ, ʘʣʝ ʥʘʚʨʷʜ ʯʠ ʦʪʨʠʤʘʥʽ ʨʽʚʥʷʥʥʷ ʤʘʶʪʴ 
ʭʦʯ ʷʢʝʩʴ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʨʝʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʭʽʜʥʦʶ x ʪʘ 
ʚʠʭʽʜʥʦʶ y ʟʤʽʥʥʠʤʠ ð ʘʜʞʝ ʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʬʫʥʢʮʽʡ ʫʞʝ ʧʨʠ 
x = 3 ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ y ʚʽʜ ʜʫʞʝ ʥʠʟʴ-
ʢʠʭ ʚʽʜôʻʤʥʠʭ ʜʦ ʥʘʜʚʝʣʠʢʠʭ ʧʦʟʠʪʠʚʥʠʭ. 
ʇʦʜʽʙʥʘ ʩʠʪʫʘʮʽʷ ʙʫʜʝ ʧʦʚʪʦʨʶʚʘʪʠʩʴ ʽ ʟ ʙʫʜʴ-ʷʢʠʤ ʽʥʰʠʤ ʦʙ-

ʩʷʛʦʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʢʽʣʴʢʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ ʘʧʨʦʢʩʠʤʫʶʯʦʾ 
ʬʫʥʢʮʽʾ. ʗʢʱʦ ʧʨʦʜʦʚʞʠʪʠ ʨʷʜ ʘʥʘʣʦʛʽʡ ʟ ʙʘʛʘʪʦʯʣʝʥʦʤ, ʪʦ ʧʨʦ-
ʜʝʤʦʥʩʪʨʫʻʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʴʦʭ ʥʘʚʯʘʣʴʥʠʭ ʧʨʠʢʣʘʜʽʚ (x, y): 
{(1, 3); (2, 2); (3, 2,5)} ʧʘʨʘʙʦʣʦʶ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ, ʱʦ ʤʘʻ ʯʦʪʠ-
ʨʠ ʧʘʨʘʤʝʪʨʠ y = a3x

3 + a2x
2 + a1x + a0. 

ʅʘ ʨʠʩ. 3 ʟʦʙʨʘʞʝʥʦ ʻʜʠʥʫ ʧʘʨʘʙʦʣʫ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ  
y =  0,75Ŀx2 ï 3,25Ŀx + 5,5, ʱʦ ʪʦʯʥʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʨʠ ʟʘʜʘʥʽ 
ʪʦʯʢʠ, ʘ ʪʘʢʦʞ ʜʚʘ ʧʨʠʢʣʘʜʠ ʧʘʨʘʙʦʣ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ  
y = 0,75Ŀx3 ï 3,75Ŀx2 + 5Ŀx + 1 ʪʘ y = ï 1,25Ŀx3 + 8,25Ŀx2 ï 17Ŀx + 13 
ʽʟ ʙʝʟʣʽʯʽ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3, ʧʦʜʘʣʴʰʠʡ ʨʦʟ-
ʚʠʪʦʢ ʫʩʽʭ ʮʠʭ ʢʨʠʚʠʭ ʤʘʣʦ ʱʦ ʤʘʻ ʩʧʽʣʴʥʦʛʦ ʟ ʜʠʥʘʤʽʢʦʶ ʚʠʭʽʜ-
ʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ, ʷʢʠʡ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 2 ʜʦ 3. ʇʨʠ 
ʮʴʦʤʫ ʤʠ ʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ ʙʝʟʣʽʯ ʨʽʰʝʥʴ ʜʣʷ ʨʽʚʥʷʥʴ ʧʦʣʽʥʦʤʽʚ 
ʚʽʜ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ ʽ ʚʠʱʝ, ʷʢʽ ʪʦʯʥʦ ʚʽʜʪʚʦʨʷʪʴ ʪʨʠ ʥʘʯʘʣʴʥʽ 
ʧʨʠʢʣʘʜʠ, ʘʣʝ ʚʞʝ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʧʨʦʛʥʦʟ ʙʫʜʝ ʢʦʣʠʚʘʪʠʩʴ 
ʚʽʜ ʤʽʥʫʩ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʜʦ ʧʣʶʩ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. 
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ʆʪʞʝ, ʘʧʨʦʢʩʠʤʫʶʯʠʤ ʬʫʥʢʮʽʷʤ ʽʟ ʙʘʛʘʪʴʤʘ ʧʘʨʘʤʝʪʨʘʤʠ 
ʚʣʘʩʪʠʚʘ ʟʜʘʪʥʽʩʪʴ ʥʘʙʫʚʘʪʠ ʥʘʜʪʦ ʟʘʧʣʫʪʘʥʦʾ ʬʦʨʤʠ, ʷʢʘ ʤʦʞʝ ʥʝ 
ʤʘʪʠ ʞʦʜʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʬʦʨʤʠ ʚʠʭʽʜʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘ-
ʣʝʞʥʦʩʪʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʽ ʤʦʜʝʣʽ ʥʘʚʨʷʜ ʯʠ ʟʤʦʞʫʪʴ ʥʘʜʘʪʠ 
ʘʜʝʢʚʘʪʥʠʡ ʧʨʦʛʥʦʟ ʱʦʜʦ ʥʦʚʠʭ ʜʘʥʠʭ, ʷʢʽ ʥʝ ʤʽʩʪʠʣʠʩʴ ʫ ʥʘʚ- 
ʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ, ʭʦʯʘ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʜʘʥʽ ʧʨʠʢʣʘʜʠ ʚʽʜʪʚʦʨʶʚʘʣʠʩʷ 
ʙʝʟ ʧʦʤʠʣʦʢ. ʆʪʞʝ, ʟʘʤʽʩʪʴ ʪʦʛʦ ʱʦʙ ʫʟʘʛʘʣʴʥʠʪʠ ʚʽʜʦʤʽ ʧʨʠʢʣʘ-
ʜʠ, ʤʦʜʝʣʴ ʟʘʧʘʤôʷʪʦʚʫʻ ʾʭ. ʎʷ ʩʠʪʫʘʮʽʷ ʽ ʜʝʤʦʥʩʪʨʫʻ ʪʝ, ʱʦ ʥʘʟʠ-
ʚʘʻʪʴʩʷ ʷʚʠʱʝʤ ʧʝʨʝʥʘʚʯʘʥʥʷ. 
ʆʩʢʽʣʴʢʠ ʨʝʘʣʴʥʽ ʜʘʥʽ, ʷʢ ʧʨʘʚʠʣʦ, ʤʽʩʪʷʪʴ ʰʫʤʦʚʫ ʢʦʤʧʦʥʝʥ-

ʪʫ, ʪʦ ʥʝ ʤʦʞʥʘ ʦʜʥʦʟʥʘʯʥʦ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪ-
ʥʽʰʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʠʚʦʶ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʪʦʯʥʦ ʯʝʨʝʟ ʟʘ-
ʜʘʥʽ ʧʦʟʠʮʽʾ. ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩ. 3, ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʦʶ 
ʨʝʘʣʴʥʠʤ ʜʘʥʠʤ ʟ ʫʩʽʭ ʧʦʙʫʜʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʻ ʨʽʚʥʷʥʥʷ ʟʚʠʯʘʡ-
ʥʦʾ ʧʨʷʤʦʾ y = ï 0,25Ŀx + 3, ʭʦʯ ʚʦʥʘ ʽ ʥʝ ʪʦʯʥʦ ʚʽʜʪʚʦʨʶʻ ʥʘʚ- 
ʯʘʣʴʥʽ ʧʨʠʢʣʘʜʠ. 

 

 

ʈʠʩ. 3. ɸʧʨʦʢʩʠʤʘʮʽʷ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ  
y ʧʦʣʽʥʦʤʘʤʠ ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʦʜʽʙʥʘ ʩʠʪʫʘʮʽʷ ʟ ʧʝʨʝʥʘʚʯʘʥʥʷʤ ʙʫʜʝ ʧʨʦʷʚ-
ʣʷʪʠʩʴ ʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ, ʥʘʣʘʰʪʫʚʘʥʥʷ 
ʷʢʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʮʝʜʫʨʠ ʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝ-
ʣʝʤ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʫ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ ʪʠʧʫ ʧʝʨʩʝʧʪʨʦʥ. ʂʦ- 
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ʨʝʢʪʥʠʤ ʩʧʦʩʦʙʦʤ ʫʥʠʢʥʝʥʥʷ ʷʚʠʱʘ ʧʝʨʝʥʘʚʯʘʥʥʷ ʻ ʬʦʨʤʫʚʘʥʥʷ 
ʤʥʦʞʠʥʠ ʥʘʚʯʘʣʴʥʠʭ ʧʨʠʢʣʘʜʽʚ, ʦʙʩʷʛ ʷʢʦʾ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ 
ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʘʙʦ ʞ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨ- 
ʩʝʧʪʨʦʥʘ (ʢʽʣʴʢʦʩʪʽ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚôʷʟʢʽʚ ʤʽʞ ʫʩʽʤʘ ʥʝʡ-
ʨʦʥʘʤʠ ʫʩʽʭ ʩʫʩʽʜʥʽʭ ʰʘʨʽʚ, ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʡ ʘʢʪʠʚʘʮʽʾ ʪʘ ʧʘ-
ʨʘʤʝʪʨʽʚ ʟʤʽʱʝʥʥʷ ʩʫʤʘʪʦʨʘ ʫʩʽʭ ʥʝʡʨʦʥʽʚ). ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ 
ʩʪʝʞʠʪʠ ʟʘ ʪʦʯʥʽʩʪʶ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʤʝʨʝʞʘ ʟ ʥʝʟʥʘʯʥʦʶ 
ʢʽʣʴʢʽʩʪʶ ʟʚôʷʟʢʽʚ ʤʦʞʝ ʚʠʷʚʠʪʠʩʴ ʥʝʜʦʩʪʘʪʥʴʦ ʛʥʫʯʢʦʶ, ʘʙʠ 
ʟʤʦʜʝʣʶʚʘʪʠ ʚʽʜʪʚʦʨʶʚʘʥʫ ʟʘʣʝʞʥʽʩʪʴ. 
ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʚʘʞ-

ʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝ ʩʪʽʣʴʢʠ ʤʽʥʽʤʽʟʘʮʽʶ ʧʦʭʠʙʢʠ ʥʘʚʯʘʥʥʷ,  
ʩʢʽʣʴʢʠ ʤʽʥʽʤʽʟʘʮʽʶ ʧʦʤʠʣʢʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʣʷ ʤʦʞʣʠʚʠʭ ʫ ʤʘʡ-
ʙʫʪʥʴʦʤʫ ʚʠʧʘʜʢʽʚ. ʉʘʤʝ ʪʘʢʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʫʜʝ ʭʘʨʘʢʪʝ-
ʨʠʟʫʚʘʪʠʩʴ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʝʨʝʜʙʘʯʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʊʦʤʫ 
ʚʘʞʣʠʚʦ ʧʽʩʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʧʝʨʝ-
ʚʽʨʷʪʠ ʾʾ ʘʜʝʢʚʘʪʥʽʩʪʴ ʥʘ ʪʝʩʪʦʚʽʡ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ 
ʧʨʦʮʝʜʫʨʠ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʙʽʨ ʥʘʡʩʪʽʡʢʽʰʦʾ ʤʦʜʝʣʽ, ʟʜʘʪʥʦʾ 
ʜʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʠʭʽʜʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. 
ɸʣʝ ʦʨʽʻʥʪʘʮʽʷ ʪʽʣʴʢʠ ʥʘ ʧʦʤʠʣʢʫ ʤʦʜʝʣʶʚʘʥʥʷ (ʥʘʚʽʪʴ ʽʟ ʚʨʘ-

ʭʫʚʘʥʥʷʤ ʧʨʠʢʣʘʜʽʚ ʽʟ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ) ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʧʠ-
ʩʘʥʠʭ ʚʠʱʝ ʧʨʦʷʚʽʚ ʝʬʝʢʪʫ ʧʝʨʝʥʘʚʯʘʥʥʷ ʪʘ ʧʽʜʣʘʰʪʫʚʘʥʥʷ ʤʦ-
ʜʝʣʽ ʷʢ ʧʽʜ ʥʘʚʯʘʣʴʥʫ, ʪʘʢ ʚʞʝ ʽ ʧʽʜ ʪʝʩʪʦʚʫ ʚʠʙʽʨʢʠ. ʊʦʤʫ ʫ 
ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʟ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ-
ʙʫʚ ʧʦʰʠʨʝʥʥʷ ʜʝʱʦ ʚʽʜʤʽʥʥʠʡ ʧʦʛʣʷʜ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙ- 
ʣʝʤʠ ʟʘʧʦʙʽʛʘʥʥʷ ʝʬʝʢʪʫ ʧʝʨʝʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ [10, 11]. 
ɿʛʽʜʥʦ ʟ ʮʠʤ ʧʽʜʭʦʜʦʤ ʬʦʨʤʫʻʪʴʩʷ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʜʦʚʽʣʴʥʦʾ 
ʩʪʨʫʢʪʫʨʠ (ʢʽʣʴʢʽʩʪʴ ʾʾ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʥʘʚʽʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʦʙ-
ʩʷʛ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ) ʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʾ ʦʧʪʠʤʽʟʘʮʽʷ ʽʟ ʟʘʩʪʦʩʫ-
ʚʘʥʥʷʤ ʦʜʥʦʛʦ ʟ ʘʣʛʦʨʠʪʤʽʚ ʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤ (ʥʘʧʨʠʢʣʘʜ, 
ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ ʘʣʛʦʨʠʪʤʫ ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʦʤʠʣʢʠ). 
ɿ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʝʬʝʢʪʫ ʧʝʨʝʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʭʘ-
ʥʽʟʤ ʢʦʥʪʨʦʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʯʘʩʪʠʥʘ ʚʽʜʦʤʠʭ ʩʧʦ-
ʩʪʝʨʝʞʝʥʴ ʨʝʟʝʨʚʫʶʪʴʩʷ ʷʢ ʢʦʥʪʨʦʣʴʥʽ ʧʨʠʢʣʘʜʠ ʽ ʥʝ ʚʠʢʦʨʠʩʪʦ-
ʚʫʶʪʴʩʷ ʷʢ ʫ ʧʨʦʮʝʩʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, 
ʪʘʢ ʽ ʧʨʠ ʧʦʩʣʽʜʫʶʯʦʤʫ ʾʾ ʪʝʩʪʫʚʘʥʥʽ. 
ʉʧʦʯʘʪʢʫ ʧʦʤʠʣʢʘ ʤʝʨʝʞʽ ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʽ ʢʦʥʪʨʦʣʴʥʽʡ ʤʥʦ- 

ʞʠʥʘʭ ʙʫʜʝ ʦʜʥʘʢʦʚʦʶ. ʗʢʱʦ ʚʦʥʠ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʪʦ, 
ʡʤʦʚʽʨʥʦ, ʨʦʟʙʠʪʪʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʮʽ ʜʚʽ ʤʥʦʞʠʥʠ ʥʝ ʟʘʙʝʟʧʝ-
ʯʠʣʦ ʾʭ ʦʜʥʦʨʽʜʥʽʩʪʴ. ʋ ʧʨʦʮʝʩʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʨʝʞʽ ʧʦʭʠʙʢʘ 
ʚʽʜʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʫʙʫʚʘʻ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʫ- 
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ʻʪʴʩʷ ʧʦʤʠʣʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʢʦʥʪʨʦʣʴʥʽʡ ʤʥʦʞʠʥʽ. ʗʢʱʦ ʞ 
ʢʦʥʪʨʦʣʴʥʘ ʧʦʭʠʙʢʘ ʧʝʨʝʩʪʘʣʘ ʫʙʫʚʘʪʠ ʘʙʦ ʧʦʯʘʣʘ ʟʨʦʩʪʘʪʠ ʟʘ 
ʧʦʜʘʣʴʰʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʢʠ ʥʘʚʯʘʥʥʷ, ʮʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ 
ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʧʦʯʘʣʘ ʟʘʥʘʜʪʦ ʙʣʠʟʴʢʦ ʩʣʽʜʫʚʘʪʠ ʚʠʭʽʜʥʠʤ ʜʘ-
ʥʠʤ ʟ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʯʝʨʝʟ ʾʾ ʧʝʨʝʥʘʚʯʘʥʥʷ. ʊʦʤʫ ʦʧʪʠʤʽʟʘ-
ʮʽʡʥʠʡ ʧʨʦʮʝʩ ʚʘʨʪʦ ʟʫʧʠʥʠʪʠ. 
ɸʣʝ ʞʦʜʥʠʭ ʛʘʨʘʥʪʽʡ ʥʝʤʘʻ, ʱʦ ʤʝʨʝʞʘ, ʧʽʜʽʛʥʘʥʘ ʧʽʜ ʥʘʚʯʘʣ-ɹ 

ʥʫ ʪʘ ʢʦʥʪʨʦʣʴʥʫ ʚʠʙʽʨʢʫ, ʥʝ ʙʫʜʝ ʚʝʩʪʠ ʩʝʙʝ ʥʘ ʥʦʚʠʭ ʧʨʠʢʣʘʜʘʭ 
ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧʘʨʘʙʦʣ ʥʘ ʨʠʩ. 3. ɸʜʞʝ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʝʥʥʠʭ ʝʢ-
ʩʧʝʨʠʤʝʥʪʽʚ ʟ ʧʝʨʝʚʽʨʢʦʶ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʥʘ ʢʦʥʪʨʦʣʴʥʽʡ 
ʚʠʙʽʨʮʽ ʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʚʦʥʘ ʧʦʯʠʥʘʻ ʚʽʜʽʛʨʘʚʘʪʠ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 
ʚʠʙʦʨʽ ʩʪʨʫʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʪʦʙʪʦ ʩʪʘʻ ʯʘʩʪʠʥʦʶ ʧʨʦʮʝʩʫ 
ʥʘʚʯʘʥʥʷ. ʊʠʤ ʩʘʤʠʤ ʾʾ ʨʦʣʴ ʷʢ ʥʝʟʘʣʝʞʥʦʛʦ ʢʨʠʪʝʨʽʶ ʘʜʝʢʚʘʪ- 
ʥʦʩʪʽ ʤʦʜʝʣʽ ʟʥʠʞʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʟʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠ-
ʤʝʥʪʽʚ ʚʠʥʠʢʘʻ ʨʠʟʠʢ ʧʝʨʝʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘʢʦʞ ʽ ʥʘ 
ʢʦʥʪʨʦʣʴʥʽʡ ʤʥʦʞʠʥʽ. ʊʦʤʫ ʜʦʜʘʪʢʦʚʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʝʩʪʦʚʘ 
ʚʠʙʽʨʢʘ, ʘʣʝ ʣʠʰʝ ʨʘʟ, ʱʦʙ ʧʝʨʝʩʚʽʜʯʠʪʠʩʴ ʫ ʩʪʽʡʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 
ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʝʬʝʢʪʫ ʧʝʨʝʥʘʚʯʘʥʥʷ ʱʝ ʡ ʥʘ ʢʦʥʪ-
ʨʦʣʴʥʽʡ ʤʥʦʞʠʥʽ.  
ʆʜʥʘʢ ʱʝ ʨʘʟ ʟʘʫʚʘʞʠʤʦ, ʱʦ ʧʦʤʠʣʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʥʝʜʦʚʠ-

ʟʥʘʯʝʥʽʡ ʩʠʩʪʝʤʽ ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʤʽʥʽʤʫʤʽ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ, 
ʧʨʠʯʦʤʫ ʮʝʡ ʤʽʥʽʤʫʤ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʟʘ ʥʝʩʢʽʥʯʝʥʥʦʾ ʢʽʣʴ-
ʢʦʩʪʽ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ. ɺ ʦʧʠʩʘʥʦʤʫ ʚʠʱʝ ʧʽ-
ʜʭʦʜʽ [10, 11] ʚʽʜʰʫʢʫʻʪʴʩʷ ʪʘʢʠʡ ʩʪʘʥ ʤʝʨʝʞʽ, ʷʢʠʡ ʪʦʯʥʦ ʚʽʜʪ-
ʚʦʨʶʻ ʚʠʭʽʜʥʫ ʩʪʘʪʠʩʪʠʢʫ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 
ʧʘʨʘʤʝʪʨʽʚ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʘʜʽʷʥʦʶ ð ʤʝʨʝʞʘ 
ʙʫʜʫ̒ ʪʴʩʷ ʛʨʦʤʽʟʜʢʘ, ʘʣʝ ʥʝʜʦʥʘʚʯʘʻʪʴʩʷ. ʊʦʙʪʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʱʦʩʴ 
ʥʘ ʟʨʘʟʦʢ ʧʦʙʫʜʦʚʠ ʧʘʨʘʙʦʣ ʥʘ ʨʠʩ. 3, ʢʦʣʠ ʜʝʷʢʽ ʧʘʨʘʤʝʪʨʠ ʤʦ-
ʜʝʣʽ ʧʨʠʨʽʚʥʶʶʪʴʩʷ ʜʦ ʥʫʣʷ (ʟ ʨʠʩʫʥʢʫ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʥʘʩʢʽʣʴʢʠ 
ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʘʢʠʭ ʬʫʥʢʮʽʡ ʜʘʣʝʢʠʡ ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥ 
ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ).  
ʆʪʞʝ, ʙʽʣʴʰ ʢʦʨʝʢʪʥʠʤ ʩʧʦʩʦʙʦʤ ʙʦʨʦʪʴʙʠ ʟ ʝʬʝʢʪʦʤ ʧʝʨʝ- 

ʥʘʚʯʘʥʥʷ ʻ ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʟ ʢʽʣʴʢʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ, ʩʫʪʪʻʚʦ ʤʝʥ-
ʰʦʶ ʟʘ ʦʙʩʷʛ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʪʘ ʾʾ ʦʧʪʠʤʽʟʘʮʽʷ ʟ ʧʦʩʣʽʜʫʶ-
ʯʦʶ ʧʝʨʝʚʽʨʢʦʶ ʘʜʝʢʚʘʪʥʦʩʪʽ ʥʘ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ. ɸʣʝ ʝʬʝʢʪ ʧʝ-
ʨʝʥʘʚʯʘʥʥʷ (ʟʘʥʘʜʪʦ ʙʣʠʟʴʢʦʛʦ ʩʣʽʜʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʠʤ ʜʘʥʠʤ ʽ 
ʥʝʟʜʘʪʥʦʩʪʽ ʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʥʦʚʠʭ 
ʧʨʠʢʣʘʜʽʚ) ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʴ ʽ ʟʘ ʫʤʦʚʠ ʥʝʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘ-
ʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ. ʊʦʞ ʚʚʘʞʘʻʤʦ ʜʦʮʽʣʴʥʠʤ ʧʨʠ ʚʠʙʦʨʽ ʥʘʡʘʜʝʢʚʘ-
ʪʥʽʰʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʚʘʪʠ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʪʝʩʪʦʚʽʡ 
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ʚʠʙʽʨʮʽ, ʢʦʞʝʥ ʨʘʟ ʟʜʽʡʩʥʶʶʯʠ ʤʘʢʩʠʤʘʣʴʥʦ ʛʣʠʙʦʢʫ ʦʧʪʠʤʽʟʘ-
ʮʽʶ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʢʨʽʤ ʫʥʠʢʥʝʥʥʷ ʝʬʝʢʪʫ ʧʝʨʝʥʘʚʯʘʥ-
ʥʷ ʱʝ ʡ ʦʙʨʘʪʠ ʥʘʡʧʨʦʩʪʽʰʫ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʽ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʪʠ-
ʤʝ ʦʜʥʦʤʫ ʟ ʙʘʟʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝ- 
ʣʶʚʘʥʥʷ, ʢʦʣʠ ʟʘ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʜʝʢʚʘʪʥʦʩʪʽ 
(ʪʦʯʥʦʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʠʢʣʘʜʽʚ ʟ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʪʘ ʧʨʦʛʥʦ-
ʟʫʚʘʥʥʷ ʥʘ ʪʝʩʪʦʚʽʡ, ʘ ʪʘʢʦʞ ʩʪʽʡʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 
ʥʘ ʨʽʟʥʠʭ ʚʠʙʽʨʢʘʭ) ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʙʨʘ-
ʪʠ ʪʫ ʤʦʜʝʣʴ, ʷʢʘ ʤʘʻ ʧʨʦʩʪʽʰʫ ʩʪʨʫʢʪʫʨʫ. 

 
ˡ̠̏̑̍̔̃́̎̎ ̍̎̏̇̉̎̉ ̨̖̖̃̅̎̉ ̖̅́̎̉  
̒̋ ̩̏̑̉̎̄̏̃̏ ̍̏̅̆̌  ̨
 
ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʘʧʣʽʢʘʮʽʡʥʦʛʦ ʩʢʦʨʠʥʛʫ ʧʦ-

ʟʠʯʘʣʴʥʠʢʽʚ-ʬʽʟʠʯʥʠʭ ʦʩʽʙ ˇʨʫʥʪʫʚʘʣʦʩʴ ʥʘ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʩʦ-
ʮʽʦ-ʜʝʤʦʛʨʘʬʽʯʥʠʭ ʽ ʬʽʥʘʥʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʠʯʘʣʴʥʠʢʽʚ ʥʘ 
ʤʦʤʝʥʪ ʦʪʨʠʤʘʥʥʷ ʢʨʝʜʠʪʫ (ʙʝʟ ʤʦʞʣʠʚʦʩʪʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʘʤʦʾ 
ʦʩʦʙʠ). ɺʩʴʦʛʦ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʙʽʣʴʰʝ 80 ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʠʯʘʣʴʥʠʢʘ ʷʢ ʫʟʷʪʠʭ ʽʟ ʡʦʛʦ ʢʨʝʜʠʪʥʦʾ ʟʘʷʚʢʠ ʪʘ 
ʦʬʽʮʽʡʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʪʘʢ ʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʽʟ ʙʘʟ 
ʙʶʨʦ ʢʨʝʜʠʪʥʠʭ ʽʩʪʦʨʽʡ, ʱʦ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ 
ʧʦʟʠʯʘʣʴʥʠʢʦʤ ʧʦʧʝʨʝʜʥʽʭ ʽ ʜʽʶʯʠʭ ʢʨʝʜʠʪʥʠʭ ʫʛʦʜ, ʟʚʝʨʥʝʥʴ ʜʦ 
ʢʨʝʜʠʪʥʦ-ʬʽʥʘʥʩʦʚʠʭ ʫʩʪʘʥʦʚ ʪʦʱʦ. ɿʘ ʢʦʞʥʠʤ ʧʦʟʠʯʘʣʴʥʠʢʦʤ 
ʚʨʘʭʦʚʫʚʘʣʘʩʴ ʫʩʷ ʚʽʜʦʤʘ ʱʦʜʦ ʥʴʦʛʦ ʢʨʝʜʠʪʥʘ ʽʩʪʦʨʽʷ ʟʘ ʤʘʢʩʠ-
ʤʘʣʴʥʦ ʪʨʠʚʘʣʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ (ʫ ʥʘʷʚʥʦʩʪʽ ʙʫʣʘ ʽʥʬʦʨʤʘʮʽʷ 
ʙʽʣʴʰ ʥʽʞ ʟʘ ʜʚʘʜʮʷʪʠʨʽʯʥʠʡ ʧʝʨʽʦʜ ʱʦʜʦ ʜʝʩʷʪʢʽʚ ʤʽʣʴʡʦʥʽʚ 
ʢʨʝʜʠʪʽʚ). 
ɿʘʫʚʘʞʠʤʦ, ʱʦ ʢʦʞʝʥ ʧʦʟʠʯʘʣʴʥʠʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʷʢ ʢʣ̔-ɹ 

ʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ (ʢʽʣʴʢʽʩʪʴ ʜʽʶʯʠʭ ʫʛʦʜ, ʚʽʜʩʦʪʦʢ ʚʽʜʤʦʚ ʙʘ-
ʥʢʽʚ ʱʦʜʦ ʟʘʧʠʪʽʚ ʫ ʥʘʜʘʥʥʽ ʢʨʝʜʠʪʫ, ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʧʦʟʠʯʘʣʴ-
ʥʠʢʘ, ʢʽʣʴʢʽʩʪʴ ʫʪʨʠʤʘʥʮʽʚ ʽ ʪ. ʜ.), ʪʘʢ ʽ ʷʢʽʩʥʠʤʠ (ʩʪʘʪʴ, ʦʩʚʽʪʘ, 
ʧʦʩʘʜʘ, ʨʝʛʽʦʥ ʧʨʦʞʠʚʘʥʥʷ ʪʦʱʦ). ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 
ʚʨʘʭʫʚʘʥʥʷ ʫ ʩʢʦʨʠʥʛʫ ʧʦʟʠʯʘʣʴʥʠʢʘ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʚʠʥʠʢʘʻ 
ʧʦʪʨʝʙʘ ʾʭ ʧʝʨʝʚʝʜʝʥʥʷ ʫ ʢʽʣʴʢʽʩʥʫ ʬʦʨʤʫ. ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʚʠ-
ʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ ʬʽʢʪʠʚ-
ʥʠʭ ʟʤʽʥʥʠʭ, ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʚʠʜʽʣʝʥʥʽ ʚ ʷʢʽʩʥʽʡ ʟʤʽʥʥʽʡ ʧʝ-
ʚʥʠʭ ʦʜʥʦʨʽʜʥʠʭ ʛʨʫʧ, ʷʢʠʤ ʥʘʜʘʶʪʴʩʷ ʥʦʤʝʨʥʽ ʧʦʟʥʘʯʝʥʥʷ: 0, 1, 
2é ʅʘʧʨʠʢʣʘʜ, ʪʘʢʠʡ ʧʦʢʘʟʥʠʢ, ʷʢ ʦʩʚʽʪʘ, ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʥʘʩʪʫʧ- 
ʥʽ ʟʥʘʯʝʥʥʷ: çʥʝʟʘʢʽʥʯʝʥʘ ʩʝʨʝʜʥʷè ð 1; çʩʝʨʝʜʥʷè ð 2; çʩʝʨʝʜ-
ʥʴʦ-ʪʝʭʥʽʯʥʘè ð 3 ʽ ʪ. ʜ.  
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ʆʜʥʘʢ ʟʘ ʪʘʢʦʛʦ ʢʦʜʫʚʘʥʥʷ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʥʝʢʦʨʝʢʪʥʝ ʚʧʦʨʜ̫- 
ʢʫʚʘʥʥʷ ʟʥʘʯʝʥʴ, ʘʜʞʝ ʘʚʪʦʤʘʪʠʯʥʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ, ʱʦ ʟʥʘʯʝʥʥʷ 
çʩʝʨʝʜʥʴʦ-ʪʝʭʥʽʯʥʘè ʻ ʛʽʨʰʠʤ ʟʘ çʚʠʱʘè, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʥʘ ʦʮʥ̔- 
ʢʘ ʦʜʥʦʟʥʘʯʥʦ ʬʽʢʩʫʻ ʧʝʨʝʚʠʱʝʥʥʷ ʦʜʥʽʻʾ ʚʝʣʠʯʠʥʠ ʥʘʜ ʽʥʰʦʶ. 
ʗʢʱʦ ʧʦʜʽʙʥʠʤ ʯʠʥʦʤ ʟʜʽʡʩʥʠʪʠ ʥʫʤʝʨʘʮʽʶ ʨʝʛʽʦʥʽʚ ʢʨʘʾʥʠ, ʪʦ 
ʪʘʢʠʡ ʧʽʜʭʽʜ ʚʟʘʛʘʣʽ ʩʪʘʻ ʙʝʟʟʤʽʩʪʦʚʥʠʤ (ʢʽʣʴʢʽʩʥʝ ʟʥʘʯʝʥʥʷ ʦʜ- 
ʥʦʛʦ ʨʝʛʽʦʥʫ ʚ ʢʽʥʮʽ ʘʣʬʘʚʽʪʫ ʤʦʞʝ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫ- 
ʚʘʪʠ ʥʦʤʝʨ ʨʝʛʽʦʥʫ ʥʘ ʧʦʯʘʪʢʫ ʩʧʠʩʢʫ, ʱʦ ʚʟʘʛʘʣʽ ʥʽʯʦʛʦ ʥʝ ʦʟʥʘ-
ʯʘʻ ʟ ʦʛʣʷʜʫ ʥʘ ʦʮʽʥʢʫ ʨʠʟʠʢʦʚʦʩʪʽ ʡʦʛʦ ʤʝʰʢʘʥʮʽʚ). ʊʦʞ ʧʦʜʽʙ-
ʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʝʨʝʚʝʜʝʥʥʷ ʷʢʽʩʥʠʭ ʟʤʽʥʥʠʭ ʫ ʯʠʩʣʘ ʤʦʞʥʘ ʚʚʘ- 
ʞʘʪʠ ʥʝʢʦʨʝʢʪʥʠʤ. ʊʦʤʫ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʩʢʦʨʠʩʪʘʪʠʩʴ ʧʦʢʘʟʥʠʢʦʤ WOE (Weight Of 
Evidence). 
ɼʣʷ ʩʦʮʽʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʟʨʘʭʫʥʦʢ WOE ʜʘʻ 

ʟʤʦʛʫ ʟʘʤʽʥʠ ʟʥʘʯʝʥʴ, ʱʦ ʻ ʢʦʜʘʤʠ ʧʽʜʛʨʫʧ ʧʝʚʥʦʛʦ ʷʢʽʩʥʦʛʦ ʧʦ-
ʢʘʟʥʠʢʘ, ʥʘ ʪʘʢʽ ʢʽʣʴʢʽʩʥʽ ʚʝʣʠʯʠʥʠ, ʱʦ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʩʪʦ-
ʩʦʚʥʦ ʢʨʝʜʠʪʥʦʾ ʧʦʚʝʜʽʥʢʠ ʧʦʟʠʯʘʣʴʥʠʢʽʚ ʫ ʢʦʞʥʽʡ ʧʽʜʛʨʫʧʽ. ʊʘʢʘ 
ʽʥʬʦʨʤʘʮʽʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʦʙʯʠʩʣʝʥʥʽ ʚʽʜʩʦʪʢʽʚ ʥʘʜʽʡʥʠʭ ʽ ʥʝʥʘ-
ʜʽʡʥʠʭ ʫʛʦʜ ʟʘ ʢʦʞʥʦʶ ʧʽʜʛʨʫʧʦʶ ʧʦʢʘʟʥʠʢʘ ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
ʘʜʝʢʚʘʪʥʦ ʚʨʘʭʫʚʘʪʠ ʚ ʤʦʜʝʣʽ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʠʯʘʣʴ- 
ʥʠʢʽʚ. 
ʊʘʢ, ʟʘ ʢʦʞʥʦʶ ʢʘʪʝʛʦʨʽʻʶ (ʧʽʜʛʨʫʧʦʶ) ʦʙʯʠʩʣʶʻʪʴʩʷ ʯʘʩʪʢʘ 

ʥʘʜʽʡʥʠʭ ʽ ʥʝʥʘʜʽʡʥʠʭ ʫʛʦʜ ʫ ʮʽʡ ʧʽʜʛʨʫʧʽ ʚʽʜʥʦʩʥʦ ʟʘʛʘʣʴʥʦʾ  
ʢʽʣʴʢʦʩʪʽ ʥʘʜʽʡʥʠʭ ʽ ʥʝʥʘʜʽʡʥʠʭ ʫʛʦʜ, ʚʽʜʧʦʚʽʜʥʦ, ʪʘ ʨʦʟʨʘʭʦʚʫ-
ʻʪʴʩʷ ʟʥʘʯʝʥʥʷ WOE ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ 1id  ʪʘ 2id  ï ʚʽʜʥʦʩʥʽ ʯʘʩʪʦʪʠ ʚʽʜʧʦʚʽʜʥʦ ʥʝʥʘʜʽʡʥʠʭ ʽ ʥʘʜʽʡʥʠʭ 
ʫʛʦʜ ʟʘ -̔ʦʶ ʧʽʜʛʨʫʧʦʶ ʢʘʪʝʛʦʨʠʟʦʚʘʥʦʾ ʟʤʽʥʥʦʾ; k ï ʢʽʣʴʢʽʩʪʴ ʧʽʜ-
ʛʨʫʧ ʟʤʽʥʥʦʾ. 
ʇʨʠʯʦʤʫ, WOE ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʣʽʪʝʨʘʪʫʨʽ [9] ʨʝʢʦʤʝʥʜʫʻʪʴ-

ʩʷ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʘʣʝ ʡ ʜʣʷ  
ʢʽʣʴʢʽʩʥʠʭ, ʧʦʧʝʨʝʜʥʴʦ ʟʜʽʡʩʥʠʚʰʠ ʨʦʟʙʠʪʪʷ ʫʩʽʻʾ ʤʥʦʞʠʥʠ ʟʥʘ-
ʯʝʥʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʥʘ ʽʥʪʝʨʚʘʣʠ. ɯ ʚʞʝ ʜʣʷ ʢʦʞʥʦʛʦ ʪʘʢʦ-
ʛʦ ʽʥʪʝʨʚʘʣʫ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʚʽʜʧʦʚʽʜʥʦʛʦ WOE. 
ʋ ʧʨʠʥʮʠʧʽ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʤʘʻ ʣʦʛʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. ɸʜʞʝ ʥʝ 

ʤʦʞʥʘ ʦʜʥʦʟʥʘʯʥʦ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ, ʩʢʘʞʽʤʦ, ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʥʷ 
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ʫ 20 ʪʠʩ. ʛʨʥ ʚʢʘʟʫʻ ʥʘ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʢʨʝʜʠʪʥʠʡ ʨʠʟʠʢ ʧʦʟʠ- 
ʯʘʣʴʥʠʢʘ ʧʦʨʽʚʥʷʥʦ ʟ ʪʠʤ, ʭʪʦ ʟʘʟʥʘʯʠʚ ʫ ʢʨʝʜʠʪʥʽʡ ʟʘʷʚʮʽ ʟʘʨ-
ʧʣʘʪʥʶ ʫ 2 ʪʠʩ. ʛʨʥ. ʇʦ-ʧʝʨʰʝ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʨʝʜʠʪʫ ʧʦʟʠʯʘʣɹ-
ʥʠʢ ʚ ʫʤʦʚʘʭ ʫʢʨʘʾʥʩʴʢʦʾ ʜʽʡʩʥʦʩʪʽ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʧʨʘʢʪʠʯʥʦ 
ʙʫʜʴ-ʷʢʫ ʜʦʚʽʜʢʫ ʧʦ ʟʘʨʦʙʽʪʥʽʡ ʧʣʘʪʽ, ʪʦʞ ʚʠʩʦʢʽ ʾʾ ʧʦʢʘʟʥʠʢʠ ʥʝ 
ʛʘʨʘʥʪʫʶʪʴ, ʱʦ ʚʦʥʘ ʻ ʜʽʡʩʥʦ ʪʘʢʦʶ. ʇʦ-ʜʨʫʛʝ, ʷʢʱʦ ʣʶʜʠʥʘ 
ʧʨʘʮʶʻ ʚ ʢʦʤʝʨʮʽʡʥʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʧʨʘʛʥʝ ʟʙʽʣʴʰʠʪʠ ʨʽʚʝʥʴ ʩʚʦ-
ʾʭ ʜʦʭʦʜʽʚ, ʯʘʩʪʦ ʦʬʽʮʽʡʥʘ ʟʘʨʧʣʘʪʥʷ ʟʘʥʠʞʫʻʪʴʩʷ, ʱʦʙ ʟʤʝʥh ʠʪʠ 
ʧʦʜʘʪʢʦʚʽ ʚʽʜʨʘʭʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʘʪʝʛʦʨʽʷ ʧʦʟʠʯʘʣʥɹʠʢʽʚ ʽʟ 
ʟʘʨʧʣʘʪʦʶ ʫ 2 ʪʠʩ. ʛʨʥ ʤʦʞʝ ʚʠʷʚʠʪʠʩʴ ʟʥʘʯʥʦ ʥʘʜʽʡʥʽʰʦʶ, ʥʽʞ 
ʧʦʟʠʯʘʣʴʥʠʢʠ ʟ ʥʘʜʚʠʩʦʢʠʤʠ ʜʦʭʦʜʘʤʠ. ɯ ʩʧʝʮʠʬʽʢʫ ʧʦʚʝʜʽʥʢʠ 
ʢʦʞʥʦʾ ʟ ʪʘʢʠʭ ʛʨʫʧ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʽʚ 
WOE. 
ʂʨʽʤ ʪʦʛʦ, ʙʣʠʟʴʢʦ ʜʚʦʭ ʪʨʝʪʠʥ ʢʨʝʜʠʪʥʠʭ ʽʩʪʦʨʽʡ, ʱʦ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʣʠʩʴ ʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʚʟʘʛʘʣʽ ʥʝ ʤʽʩʪʠʣʠ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʨʽʚ-
ʥʷ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ. ʊʦʞ, ʷʢʱʦ ʮʝʡ ʧʦʢʘʟʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ 
ʤʦʜʝʣʽ, ʱʦ ʙʫʜʫʻʪʴʩʷ ʥʘ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʪʦ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʩʪʘʪʠ-
ʩʪʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʝ ʟʤʦʞʝ ʙʫʪʠ ʟʘʣʫʯʝʥʘ ʜʦ ʥʘʚʯʘʣʴʥʦʾ ʚʠ- 
ʙʽʨʢʠ. ʂʨʽʤ ʪʦʛʦ, ʷʢʱʦ ʜʣʷ ʥʦʚʦʛʦ ʧʦʟʠʯʘʣʴʥʠʢʘ ʨʽʚʝʥʴ ʟʘʨʦʙʽʪʥʦʾ 
ʧʣʘʪʠ ʥʝ ʚʢʘʟʘʥʠʡ, ʪʦ ʪʘʢʘ ʤʦʜʝʣʴ ʪʝʞ ʥʝ ʟʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʚ 
ʦʮʽʥʶʚʘʥʥʽ ʡʦʛʦ ʢʨʝʜʠʪʥʦʛʦ ʨʠʟʠʢʫ. 
ʇʨʦʪʝ, ʧʦʢʘʟʥʠʢ WOE ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʷʢʽʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʯʠ ʽʥʪʝʨʚʘʣʽʚ ʢʽʣʴʢʽʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʪʘʢ ʽ ʜʣʷ 
ʦʢʨʝʤʦʾ ʢʘʪʝʛʦʨʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʜʘʥʠʭ. ʊʘʢʠʤ 
ʯʠʥʦʤ, WOE ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʫʥʽʚʝʨʩʘʣʴʥʦʶ, ʪʦʙʪʦ ʪʘ-
ʢʦʶ, ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʜʘʥʠʭ 
ʱʦʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʠʯʘʣʴʥʠʢʘ. 
ʊʦʞ, ʥʘ ʦʩʥʦʚʽ ʷʢʽʩʥʠʭ ʽ ʢʽʣʴʢʽʩʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʢʣʽʻʥʪʘ ʪʘ 

ʢʨʝʜʠʪʫ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʨʦʮʝʜʫʨʫ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʟ ʨʦʟʨʘʭʫʥʢʦʤ 
ʧʦʢʘʟʥʠʢʽʚ WOE (1), ʦʪʨʠʤʫʻʤʦ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʧʣʽʢʘʮʽʡ-
ʥʦʛʦ ʩʢʦʨʠʥʛʫ ʢʨʝʜʠʪʥʦʾ ʟʘʷʚʢʠ ʧʦʟʠʯʘʣʴʥʠʢʘ. 

 
˙̟̠̏̅̆̌̃́̎̎ ̋̑̆̅̉̓̎̏̄̏ ̑̉̈̉̋̔  
̨̘̝̐̏̈̉́̌̎̉̋̃-̨̘̖̈̉̎̉̕ ̨̏̒̂ 
 
ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʢʨʝʜʠʪʥʦʛʦ ʩʢʦʨʠʥʛʫ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ 

ʥʘʚʯʘʣʴʥʫ ʽ ʪʝʩʪʦʚʫ ʚʠʙʽʨʢʫ ʟʘ ʦʜʥʘʢʦʚʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʦʙʨʦʙʢʠ 
ʜʘʥʠʭ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʫ 2014 ʨʦʮʽ ʚʽʜʙʫʣʠʩʴ ʢʘʨʜʠ- 
ʥʘʣʴʥʽ ʟʤʽʥʠ ʷʢ ʫ ʧʦʣʽʪʠʯʥʦʤʫ, ʪʘʢ ʽ ʚ ʝʢʦʥʦʤʽʯʥʦʤʫ ʞʠʪʪʽ, ʪʦ  
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ʚʽʜʧʦʚʽʜʥʦ ʟʘʟʥʘʣʘ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʽ ʩʧʝʮʠʬʽʢʘ ʨʠʥʢʫ ʢʨʝʜʠʪʫʚʘʥ-
ʥʷ. ʊʘʢ, ʫ 2014 ʨʦʮʽ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʣʘʩʴ ʢʽʣʴʢʽʩʪʴ ʜʝʬʦʣʪʽʚ ʟʘ  
ʟʦʙʦʚôʷʟʘʥʥʷʤʠ, ʱʦ ʧʦʚôʷʟʘʥʦ ʷʢ ʟ ʨʽʟʢʠʤ ʧʘʜʽʥʥʷʤ ʢʫʨʩʫ ʥʘʮʽʦ-
ʥʘʣʴʥʦʾ ʚʘʣʶʪʠ, ʧʣʘʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ, ʪʘʢ ʽ ʟ ʚʝʣʠʢʦʶ  
ʢʽʣʴʢʽʩʪʶ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʩʝʣʝʥʮʽʚ ʫ ʟʚôʷʟʢʫ ʟ ʚʽʡʩʴʢʦʚʠʤʠ ʜʽʷʤʠ 
ʥʘ ʩʭʦʜʽ ʢʨʘʾʥʠ. ɸʣʝ ʚʞʝ ʫ 2015 ʨʦʮʽ ʩʠʪʫʘʮʽʷ ʫ ʧʦʣʽʪʠʯʥʦʤʫ, 
ʝʢʦʥʦʤʽʯʥʦʤʫ ʞʠʪʪʽ ʪʘ ʥʘ ʬʽʥʘʥʩʦʚʦʤʫ ʨʠʥʢʫ ʢʨʘʾʥʠ ʩʪʘʙʽʣʽʟʫʚʘ-
ʣʘʩʴ, ʟʚʽʩʥʦ, ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʯʠʩʴ ʷʢ ʚʽʜ 2014 ʨʦʢʫ, ʪʘʢ ʽ ʧʦ- 
ʧʝʨʝʜʥʽʭ ʨʦʢʽʚ. 
ʆʪʞʝ, ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ ʧʨʦʚʦ-

ʜʠʣʦʩʴ ʥʘ ʩʪʘʪʠʩʪʠʮʽ ʟʘ ʥʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʝʘʣʽʡ ï ʥʘ ʢʨʝʜʠ-
ʪʘʭ, ʚʠʜʘʥʠʭ ʧʨʦʪʷʛʦʤ 2015 ð ʧʦʯʘʪʢʫ 2016 ʨʦʢʽʚ (ʢʽʣʴʢʦʭ ʜʝ-
ʩʷʪʢʽʚ ʪʠʩʷʯ, ʟʘ ʷʢʠʤʠ ʚʞʝ ʙʫʣʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʬʘʢʪʫ ʚʠʢʦ- 
ʥʘʥʥʷ ʘʙʦ ʥʝʚʠʢʦʥʘʥʥʷ ʢʨʝʜʠʪʥʠʭ ʟʦʙʦʚôʷʟʘʥʴ). ʇʨʠʯʦʤʫ, ʱʦʙ 
ʤʦʜʝʣʴ ʥʝ ʧʽʜʣʘʰʪʫʚʘʣʘʩʴ ʧʽʜ ʢʦʥʢʨʝʪʥʠʡ ʢʣʘʩ ʧʦʟʠʯʘʣʴʥʠʢʘ, 
ʫʛʦʜʠ, ʟʘ ʷʢʠʤʠ ʟʦʙʦʚôʷʟʘʥʥʷ ʙʫʣʠ ʚʠʢʦʥʘʥʽ, ʪʘ ʷʢʽ ʚʠʷʚʠʣʠʩʴ 
ʜʝʬʦʣʪʥʠʤʠ, ʙʫʣʠ ʚʟʷʪʽ ʜʦ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚ ʦʜʥʘʢʦʚʽʡ ʢʽʣʴ-
ʢʦʩʪʽ. ʗʢʱʦ ʞ ʬʦʨʤʫʚʘʪʠ ʥʘʚʯʘʣʴʥʫ ʚʠʙʽʨʢʫ ʧʨʦʧʦʨʮʽʡʥʦ ʢʣʘ-
ʩʘʤ ʢʨʝʜʠʪʽʚ ʫ ʨʝʘʣʴʥʦʩʪʽ, ʪʦ ʤʦʜʝʣʴ ʤʦʞʝ ʥʘʣʘʰʪʫʚʘʪʠʩʴ ʥʘ-
ʚʽʪʴ ʪʘʢ, ʱʦʙ ʫʩʽ ʢʨʝʜʠʪʠ ʚʠʟʥʘʚʘʪʠ ʥʘʜʽʡʥʠʤʠ (ʦʩʢʽʣʴʢʠ ʜʝ- 
ʬʦʣʪʥʠʭ ʢʨʝʜʠʪʽʚ ʧʨʠʙʣʠʟʥʦ ʫ ʩʽʤ ʨʘʟʽʚ ʤʝʥʰʝ, ʪʦ ʧʨʠ ʦʧʪʠʤʽ-
ʟʘʮʽʾ ʤʦʜʝʣʽ ʥʠʤʠ ʤʦʞʝ ʙʫʪʠ ʟʥʝʭʪʫʚʘʥʦ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʥʝʟʥʘʯ- 
ʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʘʣʴʬʘ-ʧʦʤʠʣʢʠ ʩʫʪʪʻʚʦ ʙʽʣʴʰʝ ʧʦʯʠʥʘʻ ʟʨʦʩʪʘ-
ʪʠ ʙʝʪʘ-ʧʦʤʠʣʢʘ, ʟʥʠʞʫʶʯʠ ʟʘʛʘʣʴʥʫ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ). 
ʇʨʠ ʮʴʦʤʫ ʪʝʩʪʦʚʘ ʚʠʙʽʨʢʘ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʟ ʨʝʰʪʠ ʢʨʝʜʠʪʽʚ 
(ʷʢʽ ʥʝ ʫʚʽʡʰʣʠ ʜʦ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ) ʙʝʟ ʢʦʨʝʛʫʚʘʥʥʷ ʧʨʦʧʦʨ-
ʮʽʡ ʧʨʝʜʩʪʘʚʥʠʮʪʚʘ ʧʦʟʠʢ ʨʟ̔ʥʠʭ ʢʣʘʩʽʚ. 
ʆʩʢʽʣʴʢʠ ʽ ʥʘʚʯʘʣʴʥʘ, ʽ ʪʝʩʪʦʚʘ ʚʠʙʽʨʢʠ ʩʢʣʘʜʘʣʠʩʴ ʟ ʜʽʡʩʥʦ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʪʦ ʙʘʟʦʚʦʶ ʛʽʧʦʪʝʟʦʶ ʧʨʠ ʧʦ-
ʙʫʜʦʚʽ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ ʙʫʣʦ ʪʝ, ʱʦ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʟʥʘʯ-
ʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʝʜʠʪʫ ʡ ʧʦʟʠʯʘʣʴʥʠʢʘ ʪʘ ʚʠ-
ʷʚʣʝʥʥʷ ʩʢʣʘʜʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʧʦʢʘʟ- 
ʥʠʢʘ (ʢʣʘʩʫ ʢʨʝʜʠʪʫ, ʱʦ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ 0 ʜʣʷ ʢʨʝʜʠʪʽʚ, ʟʘ 
ʷʢʠʤʠ ʟʦʙʦʚôʷʟʘʥʥʷ ʙʫʣʠ ʚʠʢʦʥʘʥʽ, ʪʘ 1 ð ʜʣʷ ʜʝʬʦʣʪʥʠʭ) ʚʽʜ 
ʚʭʽʜʥʠʭ ʬʘʢʪʦʨʽʚ ʥʝʦʙʭʽʜʥʦ ʢʦʥʩʪʨʫʶʚʘʪʠ ʜʦʩʠʪʴ ʤʘʩʰʪʘʙʥʽ 
ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʥʫʪʨʽʰʥʽʭ 
ʧʘʨʘʤʝʪʨʽʚ. ʅʘʡʚʽʜʧʦʚʽʜʥʽʰʠʤ ʮʠʤ ʚʠʤʦʛʘʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʻ 
ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʧʝʨʩʝʧʪʨʦʥʥʦʛʦ ʪʠʧʫ, ʜʝ ʨʝʛʫʣʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 
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ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʯʠʩʣʘ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʪʘ 
ʾʭ ʥʝʡʨʦʥʽʚ. 
ʆʜʥʘʢ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʝʥʥʠʭ ʤʦʜʝʣʴʥʠʭ ʝʢʩʧʝ-

ʨʠʤʝʥʪʽʚ ʯʽʪʢʦ ʧʨʦʷʚʠʚʩʷ ʝʬʝʢʪ ʧʝʨʝʥʘʚʯʘʥʥʷ, ʢʦʣʠ ʟʽ ʟʙʽʣʴʰʝʥ-
ʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʫ ʥʝʡʨʦʥʥʽʡ ʤʝʨʝʞʽ (ʧʨʠʯʦʤʫ ʥʝʚʘʞʣʠ-
ʚʦ, ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ ʫ ʦʜʥʦʤʫ ʧʨʠʭʦ- 
ʚʘʥʦʤʫ ʰʘʨʽ ʘʙʦ ʞ ʦʜʥʦʯʘʩʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ) ʧʦ-
ʭʠʙʢʘ ʚʽʜʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʩʫʪʪʻʚʦ 
ʟʤʝʥʰʫʚʘʣʘʩʴ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʧʦʤʠʣʢʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʪʝʩʪʦʚʽʡ 
ʚʠʙʽʨʮʽ ʟʨʦʩʪʘʣʘ. 
ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʨʝʛʨʝʩʽʡ ʽ ʥʝʡʨʦʥʥʠʭ ʤʝ-

ʨʝʞ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ (ʧʝʨʩʝʧʪʨʦʥʽʚ ʟ ʦʜʥʠʤ ʧʨʠʭʦʚʘʥʠʤ ʰʘ-
ʨʦʤ ʽʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʥʝʡʨʦʥʽʚ) ʟʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ɼʞʠʥʽ ʧʦʜʘʥʦ 
ʫ ʪʘʙʣ. 1. 
ɿʘʫʚʘʞʠʤʦ, ʱʦ ʣʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ (ʷʢʘ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʫ 

ʙʘʥʢʽʚʩʴʢʽʡ ʧʨʘʢʪʠʮʽ ʩʧʦʩʦʙʦʤ ʨʝʘʣʽʟʘʮʽʾ ʩʢʦʨʠʥʛʦʚʦʾ ʤʦʜʝʣʽ) ʟʘ 
ʩʚʦʻʶ ʩʫʪʥʽʩʪʶ ʻ ʧʦʚʥʠʤ ʘʥʘʣʦʛʦʤ ʦʜʥʦʛʦ ʻʜʠʥʦʛʦ ʥʝʡʨʦʥʘ ʽʟ ʩʠʛ- 
ʤʦʾʜʥʦʶ ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ. ɸʣʝ ʥʘʚʽʪʴ ʪʘʢʘ ʧʨʦʩʪʘ ʢʦʥʩʪʨʫʢʮʽʷ 
ʤʦʜʝʣʽ ʚʠʷʚʣʷʻʪʴʩʷ ʜʫʞʝ ʝʬʝʢʪʠʚʥʦʶ ʪʘ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʝ-
ʤʦʥʩʪʨʫʻ ʚʠʱʫ ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʱʦ ʚʠʜʥʦ ʟ 
ʪʘʙʣ. 1. ʊʦʙʪʦ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʟʨʦʩʪʘʣʘ ʟʜʘʪ-
ʥʽʩʪʴ ʜʦ ʚʽʜʪʚʦʨʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ, 
ʘʣʝ ʪʘʢʠʤ ʯʠʥʦʤ ʚʽʜʙʫʚʘʣʦʩʴ ʟʚʠʯʘʡʥʝ ʧʽʜʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʽʜ 
ʮʶ ʩʪʘʪʠʩʪʠʢʫ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʟʜʘʪʥʦʩʪʽ ʜʦ ʫʟʘʛʘʣʴʥʝʥʥʷ (ʱʦ  
ʚʠʜʥʦ ʧʦ ʧʘʜʽʥʥʶ ʢʦʝʬʽʮʽʻʥʪʫ ɼʞʠʥʽ ʧʨʠ ʧʝʨʝʚʽʨʮʽ ʥʘ ʪʝʩʪʦʚʽʡ 
ʚʠʙʽʨʮʽ). 
ʆʙʩʷʛ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʝ ʟʜʽʡʩʥʶʚʘʚ ʷʢʦʛʦʩʴ ʧʦʤʽʪʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ ʧʨʠ ʾʾ ʪʝʩʪʫʚʘʥʥʽ. ʊʦʙʪʦ, ʧʦʙʫʜʦʚʘʥʽ 
ʤʦʜʝʣʽ ʝʬʝʢʪʠʚʥʦ ʚʠʷʚʣʷʣʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚ ʧʦʚʝʜʽʥʮʽ ʧʦʟʠʯʘʣʴ-
ʥʠʢʽʚ ʫʞʝ ʟʘ ʜʦʩʠʪʴ ʥʝʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ʎʽʢʘ-
ʚʠʤ ʚʠʷʚʠʚʩʷ ʬʘʢʪ ʩʫʪʪʻʚʦʛʦ ʟʥʠʞʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʚʩʽʭ ʧʦʙʫʜʦ-
ʚʘʥʠʭ ʤʦʜʝʣʝʡ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʠʡʥʷʪʦʛʦ ʚ ʧʨʘʢʪʠʮʽ ʢʦʥ- 
ʩʪʨʫʶʚʘʥʥʷ ʩʢʦʨʠʥʛʦʚʠʭ ʢʘʨʪ ʙʽʥʥʽʥʛʫ ʧʦʢʘʟʥʠʢʽʚ ʽʟ ʧʝʨʝʚʝʜʝʥ-
ʥʷʤ ʾʭ ʟʥʘʯʝʥʴ ʫ WOE. ʇʨʠʯʦʤʫ ʜʣʷ ʮʴʦʛʦ ʩʧʝʮʽʘʣʴʥʦ ʙʫʚ ʨʦʟ- 
ʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʢʘʪʝʛʦʨʠʟʘʮʽʾ, ʘʣʝ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʴʦʤʫ ʥʘ-
ʧʨʷʤʢʫ ʱʝ ʪʨʠʚʘʪʠʤʫʪʴ. 

 



 

 

ʊʘʙʣʠʮʷ 1 

ʈɽɿʋʃʔʊɸʊʀ ʆʎɯʅʖɺɸʅʅʗ ɸɼɽʂɺɸʊʅʆʉʊɯ ʃʆɻɯʉʊʀʏʅʀʍ ʈɽɻʈɽʉɯʁ 
ʊɸ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ʈɯɿʅʆɰ ʂʆʅʌɯɻʋʈɸʎɯɰ ɿɸ ʂʆɽʌɯʎɯɭʅʊʆʄ ɼɾʀʅɯ 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʇʦʯʘʪʢʦʚʽ ʇʝʨʝʚʝʜʝʥʽ ʫ WOE 

ʊʠʧ ʚʠʙʽʨʢʠ ʅʘʚʯʘʣʴʥʘ ʊʝʩʪʦʚʘ ʅʘʚʯʘʣʴʥʘ ʊʝʩʪʦʚʘ 

ʆʙʩʷʛ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ: 1000 ʟʥʘʯʝʥʴ 

ʃʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ 0,793 0,820 0,659 0,562 

2 ʥʝʡʨʦʥʠ 0,799 0,840 0,764 0,506 

3 ʥʝʡʨʦʥʽʚ 0,798 0,828 0,798 0,500 

5 ʥʝʡʨʦʥʽʚ 0,843 0,767 0,876 0,459 

10 ʥʝʡʨʦʥʽʚ 0,908 0,648 0,986 0,345 

ʆʙʩʷʛ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ: 2000 ʟʥʘʯʝʥʴ 

ʃʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ 0,740 0,830 0,620 0,594 

2 ʥʝʡʨʦʥʠ 0,775 0,873 0,667 0,573 

3 ʥʝʡʨʦʥʽʚ 0,773 0,855 0,725 0,521 

5 ʥʝʡʨʦʥʽʚ 0,761 0,680 0,760 0,549 

10 ʥʝʡʨʦʥʽʚ 0,843 0,593 0,908 0,397 

ʆʙʩʷʛ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ: 4000 ʟʥʘʯʝʥʴ 

ʃʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ 0,798 0,813 0,612 0,604 

2 ʥʝʡʨʦʥʠ 0,825 0,867 0,654 0,580 

3 ʥʝʡʨʦʥʽʚ 0,844 0,828 0,698 0,553 

5 ʥʝʡʨʦʥʽʚ 0,832 0,755 0,778 0,534 

10 ʥʝʡʨʦʥʽʚ 0,858 0,562 0,846 0,419 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 1 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʇʦʯʘʪʢʦʚʽ ʇʝʨʝʚʝʜʝʥʽ ʫ WOE 

ʊʠʧ ʚʠʙʽʨʢʠ ʅʘʚʯʘʣʴʥʘ ʊʝʩʪʦʚʘ ʅʘʚʯʘʣʴʥʘ ʊʝʩʪʦʚʘ 

ʆʙʩʷʛ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ: 6000 ʟʥʘʯʝʥʴ 

ʃʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ 0,789 0,830 0,613 0,606 

2 ʥʝʡʨʦʥʠ 0,798 0,808 0,625 0,601 

3 ʥʝʡʨʦʥʽʚ 0,794 0,606 0,678 0,579 

5 ʥʝʡʨʦʥʽʚ 0,855 0,503 0,739 0,549 

10 ʥʝʡʨʦʥʽʚ 0,873 0,476 0,818 0,472 

ʆʙʩʷʛ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ: 8000 ʟʥʘʯʝʥʴ 

ʃʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ 0,819 0,835 0,617 0,579 

2 ʥʝʡʨʦʥʠ 0,829 0,787 0,650 0,602 

3 ʥʝʡʨʦʥʽʚ 0,865 0,602 0,674 0,581 

5 ʥʝʡʨʦʥʽʚ 0,889 0,488 0,691 0,554 

10 ʥʝʡʨʦʥʽʚ 0,893 0,424 0,742 0,533 
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ʅʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʢʨʝʜʠʪʥʠʭ ʨʠʟʠʢʽʚ ʧʨʦʜʝ-
ʤʦʥʩʪʨʫʚʘʣʠ ʧʝʨʩʝʧʪʨʦʥʠ ʥʘʡʧʨʦʩʪʽʰʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ (ʟ ʜʚʦʤʘ-
ʪʨʴʦʤʘ ʥʝʡʨʦʥʘʤʠ ʥʘ ʻʜʠʥʦʤʫ ʧʨʠʭʦʚʘʥʦʤʫ ʰʘʨʽ). ʈʝʟʫʣʴʪʘʪʠ ʧʝ-
ʨʝʚʽʨʢʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ ʩʷʛʘʣʠ ʢʦʝʬʽʮʽʻʥʪʫ 
ɼʞʠʥʽ 0,87, ʱʦ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʘʜʝʢʚʘʪʥʦʩʪʽ 
ʩʢʦʨʠʥʛʦʚʦʾ ʤʦʜʝʣʽ. ʇʨʠʯʦʤʫ ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʨʽʟʥʷʣʠʩʴ ʩʪʽʡʢʽʩʪʶ 
ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʤʦʜʝʣʝʡ. 
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˝̨̏̈̋̑̉̓ ̔ ̨̒̓́̓̓ ̨̨̘̍̆̓̏̅̏̌̏̄̎ ̐̑̏̂̌̆̍̉ ̘̖̋̌́̒̉̎̉ ̍̏̅̆̌̆̊ 
̨̨̗̩̏̐̓̉̍̈́ ̠̐̏̑̓̆̌̕ ̈̔̍̏̃̉̌̉ ̙̐̏̔̋ ̖̎̏̃̉ ̨̙̠̖̌̃ ̨̙̠̃̉̑̆̎̎ 
̩̏̒̎̏̃̎̏ ̨̘̈́̅́ ̝̩̐̏̑̓̆̌̎̏̕ ̨̩̓̆̏̑ȟ ̏̚ ̘̤̐̆̑̆̅̂́́ ̖̠̈̎́̏̅̇̆̎̎ 
̝̩̏̐̓̉̍́̌̎̏ ̨̨̗̩̎̃̆̒̓̉̊̎̏ ̒̓̑̔̋̓̔̑̉ȟ ̠̋́ ̍̏̇̆ ̘̈́̂̆̈̐̆̉̓̉ 
̠̈̎̉̇̆̎̎ ̑̉̈̉̋̔ ̈́ ̨̨̃̅̐̏̃̅̎̏̄̏ ̨̋̒̏̃́̎̏̄̏̕ ̖̅̏̏̅̔ȟ ́̂̏ ̄́̑́̎Ȥ
̓̔̃́̓̉ ̨̝̙̂̌̉̊ ̨̖̅̏̅ ̐̑̉ ̨̋̒̏̃́̎̏̍̔̕ ̨̨̑̃̎ ̑̉̈̉̋̔Ȣ ˙̆̓̏̅̏̌̏- 
̨̨̘̄̎ ̑̏̈̑̏̂̋̉ ̃ ̨̏̂̌́̒̓ ̙̘̓̔̎̏̄̏ ̨̎̓̆̌̆̋̓̔ ̨ȟ ̈̏̋̑̆̍́ȟ ̠̐̏̃́  
̨̩̓̆̏̑ ̨̘̖̎̆̓̋̉ ̍̎̏̇̉̎ ̨ ̨̘̩̎̆̓̋̏ ̨̌̏̄̋̉ ̅̏̈̃̏̌̉̌̉ ̨̙̃̉̑̉̓̉ 
̐̑̏̂̌̆̍̔ ̠̏̑̍̔̃́̎̎̕ ̝̏̐̓̉̍́̌̎̏̄̏ ̨̨̗̎̃̆̒̓̉̊̎̏̄̏ ̠̐̏̑̓̆̌̕ 
̎́ ̨̎̏̃̊ ̨̎́̔̋̏̃̊ ̨̏̒̎̏̃Ȣ ˙̟̆̓̏ ̅́̎̏̄̏ ̨̠̅̏̒̌̅̇̆̎̎ ̤ ̐̏̂̔̅̏̃́ 
̨̍̏̅̆̌ ̨̨̗̩̏̐̓̉̍̈́ ̨̨̗̎̃̆̒̓̉̊̎̏̄̏ ̠̐̏̑̓̆̌̕ ̨̩̅̉̃̆̑̒̉̋̏̃́̎̏̕ 
̄̑̔̐̉ ̨̋̏̍̐́̎̊ ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̨̍̆̓̏̅̃ ̨̗̏̎̋̉ ̑̉̈̉̋̔ȟ ̨̠̋ ̂́Ȥ
̟̝̠̈̔̓̒ ̎́ ̨̘̎̆̓̋̏-̨̍̎̏̇̉̎̎̊ ̨̩̍̆̓̏̅̏̌̏̄Ȣ ˠ ̨̗̊ ̨̒̓́̓̓ ̐̏̂̔̅̏Ȥ
̃́̎̏ ̨̘̎̆̓̋-̏̍̎̏̇̉̎̎̔ ̨̆̋̏̎̏̍̋̏-̘̍́̓̆̍́̓̉̎̔ ̝̍̏̅̆̌ȟ ̠̋́  
̠̤̅̏̈̃̏̌ ̏̓̑̉̍́̓̉ ̆̆̋̓̉̃̎̔̕ ̍̆̇̔ ̨̨̗̎̃̆̒̓̉̊̎̏̄̏ ̠̐̏̑̓̆̌̕ ̨ 
̘̃̉̈̎́̉̓̉ ̨̨̃̅̐̏̃̅̎̔ ̝̏̐̓̉̍́̌̎̔ ̒̓̑̔̋̓̔̑̔ ̨̝̋́̐̓́̌̏̃̋̌́̅̆̎ 
̎́ ̨̏̒̎̏̃ ̂́̈̏̃̏̄̏ ̍̆̓̏̅̔ ̨̗̏̎̋̉ ̑̉̈̉̋̔ ̨̈ ̖̠̔̑́̔̃́̎̎̍ ̑̉̈̉̋̔ 
̨̘̩̏̐̏̑̓̔̎̒̓̉̎̏ ̨̐̏̃̆̅̎̋̉ȟ ̩̏̂̔̍̏̃̌̆̎̏ ̠̂́̇́̎̎̍ ̩̐̑̉̒̃̏̓̉ 
̅̏̅́̓̋̏̃̉̊ ̨̖̅̏̅ ɉ̨̋̃́̈̑̆̎̓̔ɊȢ ˏ̠̉̋̏̑̉̒̓́̎̎ ̩̓́̋̏ ̨̍̏̅̆̌ ̍̏̇̆ 
̅̏̈̃̏̌̉̓̉ ̨̋̆̑̃̎̉̋̔ ̨̩̅̉̃̆̑̒̉̋̏̃́̎̏̕ ̨̂̈̎̆̒-̄̑̔̐̉ ̨̐̅̃̉̉̓̉̚ 
̨̝̆̆̋̓̉̃̎̒̓̕ ̗̐̑̏̆̒̔ ̠̠̐̑̉̊̎̓̓ ̨̙̝̑̆̎ ̏̅̏̚ ̝̩̏̐̓̉̍́̌̎̏ 
̒̓̑̔̋̓̔̑̉ ̨̨̗̎̃̆̒̓̉̊ ̔ ̑̏̈̃̉̓̏̋ ̖̏̒̎̏̃̎̉ ̨̠̎́̐̑̍̃ ̨̨̠̝̅̌̎̏̒̓ 
̄̑̔̐̉ȟ ̖̟̘̃̑́̏̃̔̉ ̑̉̈̉̋̉ȟ ̐̏̃ǫ̠̃̄̈́̎ ̈ ̨̘̟̎̆̃̉̈̎́̆̎̒̓ ̨̙̈̏̃̎Ȥ
̝̎̏̄̏ ̒̆̑̆̅̏̃̉́̚Ȣ  
 
˗̨̟̘̌̏̃ ̒̌̏̃́: ̨̋̏̑̐̏̑́̓̉̃̎ ̨̨̗̩̎̃̆̒̓̉ȟ ̨̘̎̆̓̋̏-̍̎̏̇̉̎̎̉̊ 
̨́̎́̌̈ȟ ̨̘̍́̓̆̍́̓̉̎ ̍̆̓̏̅̉ȟ ̑̉̈̉̋ȟ ̨̨̗̠̏̐̓̉̍̈́ȟ ̨̎̆̐̏̃̎ ̋̏̎̓Ȥ
̑́̋̓̉ȟ ̨̅̉̃̆̑̒̉̋̏̃́̎́̕ ̨̂̈̎̆̒-̄̑̔̐́Ȣ 
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́̒̐̉̑́̎̓ ̜̋́̆̅̑̕ ̒̓̑́̓̆̄̉̉ ̠̐̑̆̅̐̑̉̓̉̊ 
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̞̘̋̏̎̏̍̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̉̍Ȣ ˏ́̅̉̍́ ː̝̆̓̍́̎́Ȼ 
̐̑̏̒̐̆̋̓ ˜̜̏̂̆̅ȟ υτȾρȟ ̄Ȣ ˗̉̆̃ȟ πσφψπȟ ˠ̋̑́̉̎́ 

i-tatjyana@yandex.ua 
 

 

˝̜̜́̒̋̑̓̆ ̃ ̝̒̓́̓̆ ̘̍̆̓̏̅̏̌̏̄̉̆̒̋̉̆ ̜̐̑̏̂̌̆̍ ̘̖̋̌́̒̒̉̆̒̋̉ 
̍̏̅̆̌̆̊ ̗̏̐̓̉̍̉̈́̉̉ ̠̐̏̑̓̆̌̕ ̐̑̉̃̆̌̉ ̋ ̐̏̉̒̋̔ ̜̖̎̏̃ ̐̔̓̆̊ 
̙̠̑̆̆̎̉ ̏̒̎̏̃̎̏̊ ̘̈́̅́̉ ̝̐̏̑̓̆̌̎̏̊̕ ̓̆̏̑̉̉ȟ ̟̐̑̆̅̐̏̌́̄́Ȥ
̆̊̚ ̏̐̑̆̅̆̌̆̎̉̆ ̝̏̐̓̉̍́̌̎̏̊ ̗̉̎̃̆̒̓̉̉̏̎̎̏̊ ̜̒̓̑̔̋̓̔̑ȟ 
̠̋̏̓̏̑́ ̍̏̇̆̓ ̘̝̏̂̆̒̐̆̉̓ ̒̎̉̇̆̎̉̆ ̑̉̒̋́ ̐̑̉ ̟̒̏̏̓̃̆̓̒̓̃̔Ȥ
̆̍̚ ̉̋̒̉̑̏̃́̎̎̏̍̕ ̖̅̏̏̅̆ ̉̌̉ ̄́̑́̎̓̉̑̔̆̓ ̝̙̂̏̌̉̊ ̖̅̏̏̅ 
̐̑̉ ̉̋̒̉̑̏̃́̎̎̏̍̕ ̔̑̏̃̎̆ ̑̉̒̋́Ȣ ˙̘̆̓̏̅̏̌̏̄̉̆̒̋̉̆ ̑́̈̑́̂̏ -̓ 
̋̉ ̃ ̏̂̌́̒̓̉ ̉̒̋̔̒̒̓̃̆̎̎̏̄̏ ̉̎̓̆̌̌̆̋̓́ ̉ȟ ̃ ̘́̒̓̎̏̒̓̉ȟ ̠̐̏̃Ȥ
̌̆̎̉̆ ̓̆̏̑̉̉ ̘̖̎̆̆̓̋̉ ̍̎̏̇̆̒̓̃ ̉ ̘̎̆̆̓̋̏̊ ̌̏̄̉̋̉ ̐̏̈̃̏̌̉̌̉ 
̙̝̑̆̉̓ ̐̑̏̂̌̆̍̔ ̠̏̑̍̉̑̏̃́̎̉̕ ̝̏̐̓̉̍́̌̎̏̄̏ ̗̉̎̃̆̒̓̉̉̏̎Ȥ
̎̏̄̏ ̠̐̏̑̓̆̌̕ ̎́ ̎̏̃̏̊ ̘̎́̔̎̏̊ ̏̒̎̏̃̆Ȣ ˣ̝̟̆̌ ̅́̎̎̏̄̏ ̉̒̒̌̆Ȥ
̠̅̏̃́̎̉ ̠̠̠̃̌̆̓̒ ̐̏̒̓̑̏̆̎̉̆ ̍̏̅̆̌̉ ̗̏̐̓̉̍̉̈́̉̉ ̗̉̎̃̆̒̓̉̉Ȥ
̏̎̎̏̄̏ ̠̐̏̑̓̆̌̕ ̗̅̉̃̆̑̒̉̉̉̑̏̃́̎̎̏̊̕ ̜̄̑̔̐̐ ̋̏̍̐́̎̉̊ ̒ 
̝̉̒̐̏̌̈̏̃́̎̉̆̍ ̍̆̓̏̅̏̃ ̗̏̆̎̋̉ ̑̉̒̋́ȟ ̟̖̠̂́̈̉̑̔̉̒̚ ̎́ ̎̆- 
̘̆̓̋̏-̍̎̏̇̆̒̓̃̆̎̎̏̊ ̍̆̓̏̅̏̌̏̄̉̉Ȣ ˏ ̞̓̏̊ ̝̒̓́̓̆ ̐̏̒̓̑̏̆̎́ 
̘̎̆̆̓̋̏-̠̍̎̏̇̆̒̓̃̆̎̎́ ̞̋̏̎̏̍̉̋̏-̘̠̍́̓̆̍́̓̉̆̒̋́ ̝̍̏̅̆̌ȟ 
̠̟̠̐̏̈̃̏̌́̚ ̘̝̐̏̌̔̉̓ ̞̟̆̋̓̉̃̎̔̕̕ ̗̄̑́̎̉̔ ̗̉̎̃̆̒̓̉̉̏̎̎̏Ȥ
̄̏ ̠̐̏̑̓̆̌̕ ̉ ̝̏̐̑̆̅̆̌̉̓ ̝̟̏̐̓̉̍́̌̎̔ ̒̓̑̔̋̓̔̑̔ ̋́̐̉̓́̌̏̃Ȥ
̌̏̇̆̎̉̊ ̐̑̉ ̝̉̒̐̏̌̈̏̃́̎̉̉ ̂́̈̏̃̏̄̏ ̍̆̓̏̅́ ̗̏̆̎̋̉ ̑̉̒̋́ ̒ 
̘̔̆̓̏̍ ̑̉̒̋́ ̘̏̐̐̏̑̓̔̎̉̒̓̉̆̒̋̏̄̏ ̠̐̏̃̆̅̆̎̉ȟ ̏̂̔̒̌̏̃̌̆̎̎̏̄̏ 
̇̆̌́̎̉̆̍ ̠̐̑̉̒̃̏̆̎̉ ̝̅̏̐̏̌̎̉̓̆̌̎̏̄̏ ̖̅̏̏̅́ ɉ̋̃́̈̉-̜̑̆̎̓ɊȢ 
˕̝̒̐̏̌̈̏̃́̎̉̆ ̐̑̆̅̒̓́̃̌̆̎̎̏̊ ̍̏̅̆̌̉ ̍̏̇̆̓ ̝̐̑̆̅̏̒̓́̃̉̓ 
̝̃̏̈̍̏̇̎̏̒̓ ̟̑̔̋̏̃̏̅̉̓̆̌ ̗̅̉̃̆̑̒̉̉̉̑̏̃́̎̎̏̊̕ ̂̉̈̎̆̒-
̜̄̑̔̐̐ ̜̝̐̏̃̒̉̓ ̞̝̆̋̓̉̃̎̏̒̓̕̕ ̗̐̑̏̆̒̒́ ̠̠̐̑̉̎̓̉ ̙̑̆̆̎̉̊ 
̐̏ ̗̏̐̓̉̍̉̈́̉̉ ̜̒̓̑̔̋̓̔̑ ̗̉̎̃̆̒̓̉̉̊ ̃ ̑́̈̃̉̓̉̆ ̜̖̏̒̎̏̃̎ 
̎́̐̑́̃̌̆̎̉̊ ̠̝̅̆̓̆̌̎̏̒̓̉ ̜̄̑̔̐̐ȟ ̠̐̑̉̎̉̍́ ̃̏ ̃̎̉̍́̎̉̆  
̑̉̒̋̉ȟ ̠̜̒̃̈́̎̎̆ ̒ ̝̟̎̆̏̐̑̆̅̆̌̆̎̎̏̒̓ ̙̃̎̆̎̆̊ ̜̒̑̆̅Ȣ 
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Methodological problems of classical portfolio optimization models 
have led to the search for new ways to solving the main problem of 
portfolio theory, which assumes the existence of optimal investment 
structure that can provide risk reduction under a fixed income, or as-
sures more income under fixed level of risk. The methodology devel-
opment of artificial intelligence and in particular, the emergence of 
fuzzy set theory and fuzzy logic are allowed to solve the problem of 
forming optimal investment portfolio on a new scientific basis. The 
aim of this study is the construction of a model of optimization the in-
vestment portfolio of the diversified group of companies with the use 
of risk assessment techniques, which are based on fuzzy-sets method-
ology. The fuzzy-set economic and mathematical model is built in this 
article which allows to obtain the efficient frontier of the investment 
portfolio and to determine the optimal structure of investments by us-
ing of the basic method of risk assessment the method that takes into 
account the risk of opportunistic behavior, due to the desire to assign 
additional income (quasi-rent) is determined in this paper. The use of 
the presented model may allow to the head of diversified business 
group to increase the effectiveness of decisionmaking about the opti-
mal investment structure in the development of the main activities of 
the group, taking into account the risks caused by the uncertainty of 
the business environment. 

 
Keywords : corporate investment, fuzzy sets analysis, mathematical 
methods, risk, optimization, incomplete contracts, diversified business 
group. 
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˜̏̒̓́̎̏̃̋́ ̐̑̏̂̌̆̍̉ 
 
ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʷʚʥʦʛʦ ʽʥʚʝʩ-

ʪʦʚʘʥʦʛʦ ʢʘʧʽʪʘʣʫ, ʷʢʠʡ ʙʠ ʟʚʦʜʠʚ ʨʠʟʠʢ ʜʦ ʤʽʥʽʤʫʤʫ, ʽ ʬʦʨʤʫ-
ʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʪʬʝʣʷ ʽʥʚʝʩʪʠʮʽʡ ʚʧʝʨʰʝ ʙʫʣʦ ʟʘʧʨʦʧʦ- 
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ʥʦʚʘʥʦ ʄʘʨʢʦʚʽʮʝʤ ɻ. [39ð41]. ʉʧʨʦʙʠ ʨʦʟʚʠʪʢʫ ʽ ʫʜʦʩʢʦʥʘʣʝʥ-
ʥ̫  ʮʽʻʾ ʤʦʜʝʣʽ ʦʙʫʤʦʚʠʣʠ ʧʦʷʚʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʨʝ-
ʟʫʣʴʪʘʪʽʚ ʫ ʩʬʝʨʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʠʟʠʢʫ ʽ ʜʦʭʽʜʥʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʜʠ- 
ʚʝʨʩʠʬʽʢʘʮʽʾ ʪʘ ʙʫʣʠ ʚʪʽʣʝʥʽ ʚ ʤʦʜʝʣʷʭ ʊʦʙʽʥʘ ɼʞ. [43], ʐʘʨʧʘ ʋ. 
[42], ʢʚʘʟʽ-ʐʘʨʧʘ [28], ʤʦʜʝʣʽ ʌʘʤʘ ʽ ʌʨʝʥʯʘ [36; 37] ʪʘ ʽʥ. ɻʦ- 
ʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʮʠʭ ʤʦʜʝʣʝʡ ʚʠʷʚʠʣʘʩʷ çéʤʝʪʦʜʦʣʦʛʽʯʥʘ ʥʝ-
ʩʧʨʦʤʦʞʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʫʧʽʥʴ ʚʦʣʘʪʠʣʴʥʦʩʪʽ (ʚ ʙʫʜʴ-
ʷʢʽʡ ʬʦʨʤʽ) ʷʢ ʤʽʨʠ ʨʠʟʠʢʫè [29, ʩ. 9]. 
ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ ʜʘʚ ʟʤʦʛʫ ʚʠʷʚʠʪʠ, 

ʱʦ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʚ ʪʝʦʨʽʾ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʣʠ 
ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʝʣʝʤʝʥʪʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʟʦʢʨʝ-
ʤʘ ʪʝʦʨʽʷ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʽ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ, ʷʢʽ ʥʘʜʘʶʪʴ ʤʦʞʣʠ-
ʚʽʩʪʴ ʧʨʠʡʤʘʪʠ ʝʬʝʢʪʠʚʥʽʰʽ ʽʥʚʝʩʪʠʮʽʡʥʽ ʨʽʰʝʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ 
ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʘ. ɺ ʜʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʜʦʩʣʽ-
ʜʞʝʥʴ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʶʪʴ ʨʦʙʦʪʠ ʅʻʜʦʩʻʢʽʥʘ ʆ. ʆ. [16ð25], ɼʽ-
ʣʽʛʝʥʩʴʢʦʛʦ ʅ. ɺ., ʉʻʚʘʩʪʴʷʥʦʚʘ ʇ. ɺ., ɼʠʤʦʚʦʾ ʃ. ɻ. [29, 7], ɸʣ-
ʪʫʥʽʥʘ ɸ. ɭ., ʉʝʤʫʭʽʥʘ ɺ. ʄ. [2], ɸʥʴʰʠʥʘ ɺ. ʄ., ɼʴʦʤʢʽʥʘ ɯ. ɺ., 
ʎʘʨʴʢʦʚʘ ɯ. ʅ., ʅʽʢʦʥʦʚʘ ɯ. ʄ. [3], ʘ ʪʘʢʦʞ ʨʦʙʦʪʠ ʚʽʪʯʠʟʥʷʥʠʭ 
ʜʦʩʣʽʜʥʠʢʽʚ ð ɿʘʡʯʝʥʢʘ ʖ., ɽʩʬʘʥʜʽʷʨʬʘʨʜ ʄ. [11], ɼʦʙʨʷʢ ɺ.ʉ., 
ʄʘʟʦʨʯʫʢ ʄ. ʉ., ɹʘʢʫʤʝʥʢʦ ʅ. ʉ. [8], ʉʤʠʨʥʦʚʘ A. ɺ. [30] ʪʘ ʽʥ. 
ʅʘʷʚʥʽʩʪʴ ʪʘʢʦʾ ʢʽʣʴʢʦʩʪʽ ˇʨʫʥʪʦʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʨʘʤʢʘʭ ʧʦʨʪ-
ʬʝʣʴʥʦʾ ʪʝʦʨʽʾ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʦʟʚʠʪʦʢ ʥʦʚʦʛʦ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʫ 
ʪʘ ʧʨʦ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
ɻʦʣʦʚʥʘ ʤʝʪʘ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʝʢʦʥʦʤʽ-

ʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʧʪʠʤʽʟʘʮʽʾ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʯʽʪʢʦ-ʤʥʦʞʠʥʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʦʮʽʥʢʠ ʨʠʟʠʢʫ. 

 
˛̨̒̎̏̃̎ ̝̑̆̈̔̌̓́̓̉ ̨̠̅̏̒̌̅̇̆̎̎ 
 
ʋ ʟʚôʷʟʢʫ ʟ ʥʦʚʽʪʥʽʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʨʦʟʚʠʪʢʫ ʧʦʨʪʬʝʣʴʥʦʾ ʪʝʦ-

ʨʽʾ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʝʨʡʦʟʥʦʾ ʢʨʠʪʠʢʠ ʟʘʟʥʘʣʠ ʢʣʘʩʠʯʥʽ ʤʦʜʝʣʽ 
ʦʧʪʠʤʽʟʘʮʽʾ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ, ʷʢʘ ʨʦʟʛʦʨʥʫʪʦ ʧʨʝʜʩʪʘʚʣʝ-
ʥʘ ʚ ʨʦʙʦʪʘʭ [3, ʩ. 9; 11, ʩ. 279; 20, ʩ. 12; 21, ʩ. 42; 29, ʩ. 9] ʪʘ ʽʥ. 
ʂʨʠʪʠʢʘ ʡʤʦʚʽʨʥʽʩʥʠʭ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʥʦʚʦʛʦ ʥʘʫʢʦʚʦ-
ʛʦ ʥʘʧʨʷʤʫ ʩʪʦʩʫʻʪʴʩʷ, ʧʝʨʝʜʫʩʽʤ, ʚʠʭʽʜʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʨʦ ʪʝ, 
ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʨʪʬʝʣʷ ʪʘ ʧʘʨʘʤʝʪʨʠ ʨʦʟʧʦʜʽʣʫ ʜʦʭʽʜʥʦʩʪʝʡ 
ʧʦʨʪʬʝʣʷ ʦʧʠʩʫʻʪʴʩʷ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ 
ʚʝʣʠʯʠʥʠ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʥʝʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝ-
ʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʜʦʭʽʜʥʦʩʪʽ 
ʚʽʜ ʾʾ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ çé ʚʽʜʩʫʪʥʽʩʪʶ 
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ʩʪʘʮʽʦʥʘʨʥʠʭ ʮʽʥʦʚʠʭ ʧʨʦʮʝʩʽʚè [16, ʩ. 151]. ʂʨʽʤ ʪʦʛʦ, ʜʦʚʦʜʠʪʴ-
ʩʷ ʥʝʜʦʨʝʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʨʦ-
ʟʨʘʭʫʥʢʽʚ ʩʪʫʧʝʥʷ ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʚ ʩʠʣʫ ʪʦʛʦ, 
ʱʦ ʚʦʥʘ ʚʽʜʦʙʨʘʞʘʻ ʣʠʰʝ ʩʪʫʧʽʥʴ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʯʘʩʦ-
ʚʠʤʠ ʨʷʜʘʤʠ ʜʦʭʽʜʥʦʩʪʝʡ ʩʢʣʘʜʦʚʠʭ ʧʦʨʪʬʝʣʷ [29, ʩ. 9; 16,  
ʩ. 151]. 
ʈʘʟʦʤ ʟ ʪʠʤ, ʟʛʽʜʥʦ ʢʣʘʩʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʨʠʟʠʢ ʧʦʨʪʬʝʣʷ ʟʥʠ-

ʞʫʚʘʪʠʤʝʪʴʩʷ, ʢʦʣʠ ʟʘʛʘʣʴʥʘ ʡʦʛʦ ʚʦʣʘʪʠʣʴʥʽʩʪʴ ʧʨʷʤʫʚʘʪʠʤʝ ʜʦ 
ʥʫʣʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʨʝʣʷʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʪʘʢʫ ʤʦʞʣʠʚʽʩʪʴ, ʷʢʱʦ 
ʤʠ ʚʽʜʙʠʨʘʻʤʦ ʜʦ ʧʦʨʪʬʝʣʷ ʘʢʪʠʚʠ ʟ ʧʨʦʪʠʣʝʞʥʦʶ ʜʠʥʘʤʽʢʦʶ 
(ʪʦʙʪʦ ʜʣʷ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʠʟʠʢʫ ʦʜʥʦʯʘʩʥʦ ʽʟ ʟʨʦʩʪʘʶʯʠʤ 
ʘʢʪʠʚʦʤ ʤʠ ʤʘʻʤʦ ʚʽʜʽʙʨʘʪʠ ʘʢʪʠʚ, ʜʦʭʽʜʥʽʩʪʴ ʷʢʦʛʦ ʚʽʜôʻʤʥʘ). 
ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʪʘʢʠʡ 
ʧʽʜʭʽʜ ʥʝʧʨʠʡʥʷʪʥʠʡ. 
ʂʨʽʤ ʪʦʛʦ, ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʟʘʚʞʜʠ ʥʦ-

ʩʠʪʴ ʮʽʣʴʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʛʦʣʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 
ʡʦʛʦ ʩʪʨʫʢʪʫʨʦʶ ʻ ʦʯʽʢʫʚʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʨʠʟʠʢ. ɺʽʜʪʘʢ, ʧʝʨʝʜ 
ʧʦʨʪʬʝʣʴʥʠʤ ʤʝʥʝʜʞʝʨʦʤ ʧʦʩʪʘʻ ʟʘʜʘʯʘ ʜʦʩʷʛʪʠ ʦʜʥʽʻʾ ʽʟ ʧʦʩʪʘʚ-
ʣʝʥʠʭ ʽʥʚʝʩʪʦʨʦʤ ʮʽʣʝʡ: ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥ-
ʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʨʽʚʥʽ ʨʠʟʠʢʫ, ʘʙʦ ʟʚʝʩʪʠ 
ʨʠʟʠʢ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʜʦ ʤʽʥʽʤʫʤʫ ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥ-
ʥʷʭ ʜʦʭʽʜʥʦʩʪʽ. ʎʝ ʟʘʚʜʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʩʪʘʚʣʝʥʠʭ ʽʥʚʝʩʪʦʨʦʤ 
ʮʽʣʝʡ. 
ɺ ʘʚʪʦʨʩʴʢʽʡ ʩʪʘʪʪʽ [12] ʤʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʚʢʣʶʯʠʪʠ ʜʦ ʦʙʣʘʩ- 

ʪʽ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʨʠʟʠʢʫ ʱʝ ʦʜʠʥ ʨʠʟʠʢʦʚʠʡ ʘʩʧʝʢʪ ʽʥʚʝʩ-
ʪʠʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʧʦʚôʷʟʘʥʠʡ ʟ ʥʘʩʪʘʥʥʷʤ ʪʘʢʦʾ ʧʦʜʽʾ, ʷʢ çʧʦʟʠ-
ʪʠʚʥʠʡè ʨʠʟʠʢ, ʪʦʙʪʦ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ 
ʧʦʨʪʬʝʣʷ ( )PR  ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

()G , ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʜʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʘʙʦ 
ʥʘ ʦʩʥʦʚʽ ʽʥʪʫʾʮʽʾ, ʜʦʩʚʽʜʫ ʪʘ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʽʥʚʝʩʪʦʨʘ ʱʦʜʦ 
ʙʘʞʘʥʦʛʦ ʨʽʚʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ. 
ɺʽʜʤʽʥʥʽʩʪʴ ʽʜʝʾ ʚʠʤʽʨʶʚʘʪʠ çʧʦʟʠʪʠʚʥʠʡè ʨʠʟʠʢ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʥʠʥʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʨʦʟʫʤʽʻ 
ʧʽʜ ʨʠʟʠʢʦʤ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ, ʘʙʦ ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʨʦ-
ʟʤʽʨ ʟʙʠʪʢʽʚ ʥʘ ʦʜʠʥʠʮʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʉʘʤʝ ʪʘʢʘ ʨʠʟʠʢʦʚʘ 
ʢʦʥʮʝʧʮʽʷ ʻ ʧʨʝʚʘʣʶʶʯʦʶ ʽ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʨʦʙʦʪʘʭ ʅʻʜʦʩʻʢʽ- 
ʥʘ ʆ. ʆ. [24, ʩ. 2; 25, ʩ. 2; 23, ʩ. 65] ʽ ɺʦʨʦʥʦʚʘ ʂ. ɯ. [18], ʊʠʱʫʢ 
ʊ. ɸ. [31, ʩ. 11], ɼʝʨʝʚôʷʥʢʦ ʇ. ʄ. [6, ʩ. 17], ʂʦʮʶʙʠ ʆ. ʉ. [13ð
15], ʉʻʚʘʩʪʴʷʥʦʚʘ ʇ. ɺ. ʽ ɼʠʤʦʚʦʾ ʃ. ɻ. [29, ʩ.9], ɿʘʙʘʨʜʘʩʪʘ ɸ. [9, 
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ʩ. 18; 10, ʩ. 17]. ʇʨʠ ʮʴʦʤʫ çʧʦʟʠʪʠʚʥʘè ʢʦʤʧʦʥʝʥʪʘ ʨʠʟʠʢʫ ʚʽʜ-
ʩʫʪʥʷ ʫ ʚʠʱʝʚʢʘʟʘʥʠʭ ʤʦʜʝʣʷʭ. 
ʑʝ ʦʜʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʚ ʨʦʙʦʪʘʭ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʥʠʢʽʚ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʠʨʦʜʞʝʥʽ 
ʚʠʧʘʜʢʠ ʟʘʜʘʯ ʦʮʽʥʢʠ ʨʠʟʠʢʫ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʨʦʙʦʪʠ ʅʻʜʦʩʻʢʽʥʘ 
ʆ. ʆ. [16, ʩ. 77; 23, ʩ. 65], ʚ ʷʢʽʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʛʘʣʴʥʠʡ ʚʠʧʘʜʦʢ, 
ʢʦʣʠ ʽ ʝʬʝʢʪ, ʽ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʧʨʦʝʢʪʫ ʻ ʥʝʯʽʪʢʠʤʠ ʯʠʩʣʘʤʠ ʜʦ-
ʚʽʣʴʥʦʛʦ ʚʠʜʫ.  
ʇʦʷʩʥʠʤʦ ʥʘʰ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ 

ʧʦʨʪʬʝʣʷ ʥʘ ʧʨʠʢʣʘʜʽ ʜʝʷʢʦʾ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʦʾ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ, 
ʷʢʘ ʧʣʘʥʫʻ ʟʜʽʡʩʥʶʚʘʪʠ ʽʥʚʝʩʪʠʮʽʾ ʚ ʨʦʟʚʠʪʦʢ ʩʚʦʾʭ ʩʪʨʘʪʝʛʽʯʥʠʭ 
ʥʘʧʨʷʤʽʚ ʜʽʷʣʴʥʦʩʪʽ (ʉʅɼ), ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʨʽʚʥʘ ʯʠʩʣʫ k. ʂʦʞ-
ʥʦʤʫ ʉʅɼ ʚʽʜʧʦʚʽʜʘʻ ʜʝʷʢʘ ʟʤʽʥʥʘ mx , ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʯʘʩʪʢʫ 

ʚʢʣʘʜʝʥʠʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʢʦʰʪʽʚ ʫ ʨʦʟʚʠʪʦʢ -m ʛʦ ʥʘʧʨʷʤʫ ʜʽʣ̫-ɹ 
ʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʟ ʢʦʞʥʠʤ ʉʅɼ ʧʦʚôʷʟʘʥʠʡ ʧʦʢʘʟʥʠʢ ʨʝʥʪʘʙʝʣʴ-
ʥʦʩʪʽ ʽʥʚʝʩʪʦʚʘʥʦʛʦ ʢʘʧʽʪʘʣʫ -m ʛʦ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʥʘʧʨʷʤʫ ʜʽʷʣʴ-
ʥʦʩʪʽ mROI , ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʚʢʣʘ-
ʜʝʥʴ ʫ ʨʦʟʚʠʪʦʢ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʧʨʷʤʫ ʜʽʷʣʴʥʦʩʪʽ ʜʠʚʝʨʩʠʬʽʢʦ- 
ʚʘʥʦʾ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ, ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʬʽʥʘʥʩʦʚʦ-
ʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚʽʜ ʦʧʝʨʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʜʦ ʦʧʝʨʘʮʽʡʥʦʛʦ ʽʥʚʝʩ-
ʪʦʚʘʥʦʛʦ ʢʘʧʽʪʘʣʫ: 

 

%100Ö=
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m
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ʜʝ mEBIT  ð ʬʽʥʘʥʩʦʚʠʡ ʨʝʟʫʣʴʪʘʪ ʚʽʜ ʦʧʝʨʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ (ʙʘ-

ʣʘʥʩʦʚʠʡ ʧʨʠʙʫʪʦʢ) -m ʛʦ ʥʘʧʨʷʤʫ ʜʽʷʣʴʥʦʩʪʽ; mOIC ð ʦʧʝʨʘ-

ʮʽʡʥʠʡ ʽʥʚʝʩʪʦʚʘʥʠʡ ʢʘʧʽʪʘʣ -m ʛʦ ʥʘʧʨʷʤʫ ʜʽʷʣʴʥʦʩʪʽ, ʨʦʟʨʘʭʦ-
ʚʘʥʠʡ ʟʛʽʜʥʦ ʟ [27].  
ɺ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʯʽʪʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʥʘʧʨʷʤʽʚ ʜʽʷʣʴʥʦʩʪʽ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ, ʨʝʥʪʘʙʝʣʴ- 
ʥʽʩʪʴ ʽʥʚʝʩʪʦʚʘʥʦʛʦ ʢʘʧʽʪʘʣʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʥʝʯʽʪʢʝ  
ʪʨʘʧʝʟʦʾʜʥʝ ʯʠʩʣʦ ʜʦʚʽʣʴʥʦʛʦ ʚʠʜʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ 

( )
maxmin

,,, mmmmm ROIROIROIROIROI = , ʜʝ ʣʽʚʘ ʪʘ ʧʨʘʚʘ ʛʨʘʥʠʮʽ ʥʠʞ- 

ʥʴʦʾ ʦʩʥʦʚʠ ʪʨʘʧʝʮʽʾ 
minmROI ʪʘ 

maxmROI  ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʤʽʥʽ- 

ʤʘʣʴʥʝ ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ROI  ʟʘ -m ʤ ʚʠʜʦʤ ʜʽʷʣʴʥʦʩʪʽ ʫ 
ʧʦʧʝʨʝʜʥʽʭ ʧʝʨʽʦʜʘʭ. ɻʨʘʥʠʮʽ ʚʝʨʭʥʴʦʾ ʦʩʥʦʚʠ ʪʨʘʧʝʮʽʾ 

m
ROI  ʪʘ 

mROI  ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ. 
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ʇʘʨʘʤʝʪʨʠ ʜʦʭʽʜʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘ-
ʥʽʡ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʜʦʙʫʪʦʢ ʯʘʩʪʢʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʽʥʚʝʩʪʠ-
ʮʽʡʥʠʭ ʢʦʰʪʽʚ (mx ) ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʢʨʝ-

ʤʠʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʘʢʪʠʚʽʚ (mROI ) -m ʛʦ ʥʘʧʨʷʤʫ ʜʽʷʣʴʥʦʩʪʽ 
ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ: 
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ʜʝ minPR  ð ʥʠʞʥʷ ʤʽʥʽʤʘʣʴʥʘ ʤʝʞʘ ʜʦʭʽʜʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ 

ʧʦʨʪʬʝʣʷ; PR ð ʚʝʨʭʥʷ ʤʽʥʽʤʘʣʴʥʘ ʤʝʞʘ ʜʦʭʽʜʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ-

ʥʦʛʦ ʧʦʨʪʬʝʣʷ; PR ð ʥʠʞʥʷ ʤʘʢʩʠʤʘʣʴʥʘ ʤʝʞʘ ʜʦʭʽʜʥʦʩʪʽ ʽʥʚʝʩ-
ʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ; maxPR  ð ʚʝʨʭʥʷ ʤʘʢʩʠʤʘʣʴʥʘ ʤʝʞʘ ʜʦʭʽʜ- 
ʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʧʘʨʘʤʝʪʨʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪ-

ʬʝʣʷ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʦʾ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ ʚ ʮʽʡ ʩʠʪʫʘʮʽʾ ʻ ʚʽʜʧʦʚʽʜ-
ʥʠʡ ʨʽʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʦʧʝʨʘʮʽʡʥʦʛʦ ʽʥʚʝʩʪʦʚʘʥʦʛʦ ʢʘʧʽʪʘʣʫ 
-m ʛʦ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʥʘʧʨʷʤʫ ʜʽʷʣʴʥʦʩʪʽ ʜʘʥʦʾ ʙʽʟʥʝʩ-ʛʨʫʧʠ, ʧʨʝʜ-
ʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʥʝʯʽʪʢʦʛʦ ʪʨʘʧʝʟʦʾʜʥʦʛʦ ʯʠʩʣʘ ʜʦʚʽʣʴʥʦʛʦ 

ʚʠʜʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ( )maxmin ,,, PRPRPRPRPR= , ʱʦ ʧʨʦʽʣʶʩʪʨʦʚʘ-
ʥʦ ʥʘ ʨʠʩ. 1. ʇʨʠ ʮʴʦʤʫ ʚ ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞ- 
ʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʧʘʨʘʤʝʪʨ, ʟʘʣʝʞʥʦ ʚʽʜ ʦʙôʻʢʪʘ 
ʦʮ̔ʥʢʠ. 
ɿʘ ʫʤʦʚ ʚʽʜʩʫʪʥʦʩʪʽ ʯʽʪʢʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪ- 
ʬʝʣʷ ʜʘʥʦʾ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ, ʮʝʡ ʧʘʨʘʤʝʪʨ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ  
ʷʢ ʥʝʯʽʪʢʝ ʪʨʠʢʫʪʥʝ ʯʠʩʣʦ ʜʦʚʽʣʴʥʦʛʦ ʚʠʜʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ 

( )maxmin ,, GGG  ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʪʥʦʛʦ ʤʝʪʦʜʫ, ʚʨʘʭʦʚʫʶʯʠ ʜʦʩʚʽʜ, 
ʧʦʽʥʬʦʨʤʦʚʘʥʽʩʪʴ ʽʥʚʝʩʪʦʨʘ, ʡʦʛʦ ʧʩʠʭʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ 
ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʨʠʟʠʢʫ. 
ɺʩʪʘʥʦʚʣʝʥʽ ʧʘʨʘʤʝʪʨʠ ʛʨʘʥʠʮʴ ʥʠʞʥʴʦʾ ʪʘ ʚʝʨʭʥʴʦʾ ʦʩʥʦʚʠ 

ʪʨʘʧʝʮʽʾ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʝʯʽʪʢʝ ʯʠʩʣʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ-
ʥʦʛʦ ʧʦʨʪʬʝʣʷ ( )PR, ʜʝ ʚʝʨʭʥʷ ʦʩʥʦʚʘ ʪʨʘʧʝʮʽʾ ʚʽʜʦʙʨʘʞʘʻ ʘʙʩʦ-
ʣʶʪʥʫ ʚʧʝʚʥʝʥʽʩʪʴ ʝʢʩʧʝʨʪʘ ʱʦʜʦ ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ 
ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʘʥʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ (ʘʙʩʦ-
ʣʶʪʥʘ ʥʘʣʝʞʥʽʩʪʴ ʥʦʩʽʷ ʜʘʥʦʤʫ ʢʣʘʩʫ); ʚʩʽ ʟʥʘʯʝʥʥʷ ʟʘ ʤʝʞʘʤʠ 
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ʥʠʞʥʴʦʾ ʦʩʥʦʚʠ ʪʨʘʧʝʮʽʾ ʚʽʜʦʙʨʘʞʘʶʪʴ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟ-
ʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʥʝ ʤʘʶʪʴ ʟʚôʷʟʢʫ ʟ ʜʘʥʠʤ ʽʥʚʝʩʪʠʮʽʡʥʠʤ 
ʧʦʨʪʬʝʣʝʤ (ʘʙʩʦʣʶʪʥʘ ʥʝʥʘʣʝʞʥʽʩʪʴ ʥʦʩʽʷ ʜʘʥʦʤʫ ʢʣʘʩʫ); ʙʽʯʥʽ 
ʨʝʙʨʘ ʪʨʘʧʝʮʽʾ ð ʟʥʠʞʝʥʥʷ (ʟʨʦʩʪʘʥʥʷ) ʚʧʝʚʥʝʥʦʩʪʽ ʝʢʩʧʝʨʪʘ ʚ 
ʦʮʽʥʮʽ ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʘʥʦʛʦ ʽʥʚʝʩʪʠ-
ʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ. ʌʫʥʢʮʽʷ ( )PRm , ʷʢʘ ʩʧʽʚʩʪʘʚ-
ʣʷʻ ʢʦʞʥʦʤʫ ʟʥʘʯʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʦʚʘʥʦʛʦ ʢʘʧʽʪʘʣʫ 
( ROI) ʯʠʩʣʦ ʟ ʽʥʪʝʨʚʘʣʫ [ ]1,0 , ʱʦ ʻ ʩʪʫʧʝʥʝʤ ʥʘʣʝʞʥʦʩʪʽ ʢʦʞʥʦʛʦ 

ʦʢʨʝʤʦʛʦ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ ( )PR  ʜʦ ʽʥʚʝʩʪʠʮʽʡ-
ʥʦʛʦ ʧʦʨʪʬʝʣʷ ʜʘʥʦʾ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ. ʏʠʤ ʙʣʠʞʯʝ ʚʝʣʠʯʠʥʘ 
( )PRm  ʜʦ ʦʜʠʥʠʮʽ, ʪʠʤ ʚʠʱʠʤ ʻ ʩʪʫʧʽʥʴ ʥʘʣʝʞʥʦʩʪʽ ʟʥʘʯʝʥʥʷ 

ROI  ʜʦ ʥʝʯʽʪʢʦʾ ʤʥʦʞʠʥʠ PR. ɯ ʥʘʚʧʘʢʠ ð ʯʠʤ ʤʝʥʰʝ ʚʝʣʠʯʠʥʘ 
( )PRm , ʪʠʤ ʥʠʞʯʝ ʩʪʫʧʽʥʴ ʥʘʣʝʞʥʦʩʪʽ ʟʥʘʯʝʥʥʷ ROI  ʜʦ ʥʝʯʽʪʢʦʾ 
ʤʥʦʞʠʥʠPR. 

 

ʈʠʩ. 1. ʅʝʯʽʪʢʽ ʧʘʨʘʤʝʪʨʠ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ  
ʜʣʷ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ 

ʇʨʠ ʮʴʦʤʫ, [ ]PRPRPR ,minÍ  ʧʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʜʘʥʠʭ (a) ʚʽʜʦʙʨʘʞʘʻ ʚʘʨʽʘʥʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʥʝʝʬʝʢʪʠʚ- 

ʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ, [ ]max, PRPRPRÍ  
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ʧʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʘʥʠʭ (a) ʚʽʜʦʙʨʘʞʘʻ ʤʘʢʩʠʤʘ-

ʣʴʥʦ ʤʦʞʣʠʚʠʡ ʨʦʟʤʽʨ ʜʦʜʘʪʢʦʚʦʾ ʜʦʭʦʜʥʦʩʪʽ ʜʘʥʦʛʦ ʽʥʚʝʩʪʠʮʽʡ-

ʥʦʛʦ ʧʦʨʪʬʝʣʷ, ʜʝ a ð ʮʝ ʩʧʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʚʦʭ ʬʫʥʢʮʽʡ ʥʘʣʝ-

ʞʥʦʩʪʽ ( )PRm  ʽ ()Gm  ʧʨʠ ʾʭʥʴʦʤʫ ʧʝʨʝʪʠʥʽ (ʜʠʚ. ʨʠʩ. 1). 

ɿ ʤʝʪʦʶ ʧʦʷʩʥʝʥʥʷ ʜʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ 
ʧʦʨʪʬʝʣʷ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʦʾ ʛʨʫʧʠ ʟʚʝʨʥʝʤʦʩʷ ʜʦ ʧʨʠʢʣʘʜʫ, ʥʘʚʝ-
ʜʝʥʦʛʦ ʫ [23, ʩ. 62], ʜʝ ʨʦʟʛʣʷʥʫʪʦ ʩʧʦʩʽʙ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʽʾ 

GPR< , ʷʢʽʡ ʚʽʜʧʦʚʽʜʘʻ ʨʠʟʠʢʦʚʘ ʩʠʪʫʘʮʽʷ ʚʪʨʘʪ ʘʙʦ ʥʝʜʦʦʪʨʠ-
ʤʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʜʦʭʦʜʫ (ʥʘ ʨʠʩ. 2 ʚʽʜʧʦʚʽʜʘʻ ʣʽʚʽʡ ʟʘʰʪʨʠ-
ʭʦʚʘʥʽʡ ʪʨʘʧʝʮʽʾ).  

 

 

ʈʠʩ. 2. ɿʦʥʘ ʢʨʘʡʥʽʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʦʯʽʢʫʚʘʥʴ 

ɼʞʝʨʝʣʦ: ʅʻʜʦʩʻʢʽʥ ʆ.ʆ. [23, ʩ. 62] ʽ ʜʦʧʦʚʥʝʥʦ ʘʚʪʦʨʦʤ 

ʅʘʰ ʧʽʜʭʽʜ, ʢʨʽʤ ʧʦʜʽʾ ʥʝʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ, ʧʝʨʝʜʙʘʯʘʻ 
ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʧʦʜʽʾ GPR> , ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʥʘʩʪʘʥʥʷ 
ʩʠʪʫʘʮʽʾ ʥʝʜʦʦʪʨʠʤʘʥʥʷ ʽʥʚʝʩʪʦʨʦʤ ʧʨʠʙʫʪʢʫ ʚʽʜ ʚʢʣʘʜʝʥʴ ʫ ʨʘʟʽ 
ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ, ʱʦ ʥʘ ʨʠʩ. 2 ʚʽʜʧʦʚʽʜʘʻ ʧʨʘʚʽʡ ʟʘ-
ʰʪʨʠʭʦʚʘʥʽʡ ʪʨʘʧʝʮʽʾ. 
ʅʘʩʪʘʥʥʷ ʦʩʪʘʥʥʴʦʾ ʧʦʜʽʾ (ʥʝʜʦʦʪʨʠʤʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʜʦ-

ʭʦʜʫ) ʩʚʽʜʯʠʪʴ ʧʨʦ çʧʦʟʠʪʠʚʥʠʡè ʨʠʟʠʢ, ʷʢʠʡ, ʟʛʽʜʥʦ ʟ ʦʩʥʦʚʥʠʤʠ 
ʧʦʩʪʫʣʘʪʘʤʠ ʥʝʦʽʥʩʪʠʪʫʮʽʡʥʦʾ ʪʝʦʨʽʾ (ɺʽʣʴʷʤʩʦʥ ʆ. ɽ. [5, 26, 32], 
ʂʦʫʟ ʈ. [33], ʂʣʝʡʥ ɹ., ʂʨʦʫʬʦʨʜ ʈ. ɼʞ., ɸʣʯʷʥ ɸ. ɸ. [38], ɼʝʤ-
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ʩʝʮʴ ɻ. [26] ʪʘ ʽʥ.), ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʦʧʦʨʪʫʥʽʟʤʫ ʧʦʚʝʜʽʥʢʠ ʫʯʘʩ- 
ʥʠʢʽʚ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʧʦʚʥʦʾ ʘʙʦ ʚʠʢʨʠ-
ʚʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʤʦʚʘ ʡʜʝ ʧʨʦ ʫʤʠʩʥʠʡ ʦʙʤʘʥ, 
ʚʠʢʨʠʚʣʝʥʥʷ ʽ ʟʘʤʦʚʯʫʚʘʥʥʷ ʽʩʪʠʥʠ ʯʠ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʟʘʧʣʫʪʫ-
ʚʘʥʥʷ ʧʘʨʪʥʝʨʽʚ [5, ʩ. 98]). ʇʦʜʽʙʥʘ ʩʠʪʫʘʮʽʷ ʤʦʞʝ ʦʙʫʤʦʚʣʶʚʘ-
ʪʠʩʴ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʩʧʝʮʠʬʽʯʥʦʩʪʽ ʘʢʪʠʚʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʪʘ-
ʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʘ, ʦʙʤʝʞʝ- 
ʥʠʡ ʨʘʮʽʦʥʘʣʽʟʤ ʧʦʚʝʜʽʥʢʠ ʪʘ ʚʠʩʦʢʘ ʯʘʩʪʦʪʘ ʪʨʘʥʩʘʢʮʽʡ [5, 
ʩ. 133], ʱʦ ʦʩʦʙʣʠʚʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʫʢʣʘʜʝʥʥʷ ʢʦʨʦʪʢʦ-
ʩʪʨʦʢʦʚʠʭ ʢʦʥʪʨʘʢʪʽʚ. 
ʅʝ ʤʘʶʯʠ ʯʽʪʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʚʽʜʧʦʚʽʜʥʫ 

ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ, ʩʪʫʧʽʥʴ ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʤʦʞʥʘ 
ʚʠʟʥʘʯʠʪʠ ʷʢ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʪʨʘʧʣʷʥʥʷ ʪʦʯʢʠ (GPR, ) ʚ ʟʦʥʫ ʥʝʝ-
ʬʝʢʪʠʚʥʠʭ ʽʥʚʝʩʪʠʮʽʡ [23, ʩ. 63] ʥʘ ʨʠʩ. 2.  
ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʚʝʩʪʠ ʬʫʥʢʮʽʶ ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪ-

ʬʝʣʷ, ʥʝʦʙʭʽʜʥʦ ʚʠʨʘʟʠʪʠ ʧʘʨʘʤʝʪʨʠ PR ʽ G  ʯʝʨʝʟ ʟʘʜʘʥʠʡ ʨʽ-
ʚʝʥʴ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʘʥʠʭ a (ʩʧʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʚʦʭ ʬʫʥʢʮʽʡ ʥʘ-
ʣʝʞʥʦʩʪʽ ( )PRm  ʽ ()Gm ).  
ɿʥʘʡʪʠ ʢʦʥʢʨʝʪʥʝ ʟʥʘʯʝʥʥʷ Ŭ ʥʘʡʧʨʦʩʪʽʰʝ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚ-

ʥʷʥʥʷ ʧʨʷʤʦʾ () bxaxf +Ö= , ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ( )PRm  ʽ ()Gm , ʷʢʽ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʬʫʥʢ-

ʮʽʷʤʠ ʥʘʣʝʞʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʘʨʛʫʤʝʥʪʽʚ ʮʠʭ ʬʫʥʢʮʽʡ ð PR  
ʽ G  ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʤʥʦʞʠʥ, ʷʢʠʤʠ ʻ ʥʝʯʽʪʢʽ ʧʘʨʘʤʝʪʨʠ ʝʬʝʢ-

ʪʠʚʥʦʩʪʽ ( )maxmin ,,, PRPRPRPR  ʪʘ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

( )maxmin ,, GGG  ʜʘʥʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ. 

ɿʥʘʡʰʦʚʰʠ ʢʦʝʬʽʮʽʻʥʪʠ 
min

1

PRPR
a

-
=  ʽ 

min

min

PRPR

PR
b

-
=  ʽʟ ʟʘ-

ʛʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʷʤʦʾ ʰʣʷʭʦʤ ʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʣʽʥʽʡʥʦʾ 
ʬʫʥʢʮʽʾ, ʷʢʦʶ ʥʘ ʨʠʩ. 1 ʻ ʣʽʚʝ ʨʝʙʨʦ ʪʨʘʧʝʮʽʾ ï ʥʝʯʽʪʢʦʛʦ ʧʘʨʘʤʝʪ-
ʨʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ, ʟʘʜʘʥʦʛʦ ʫ ʚʠʛʣʷʜʽ 

( )maxmin ,,, PRPRPRPR , ʤʦʞʝʤʦ ʚʠʨʘʟʠʪʠ ʚʽʜʧʦʚʽʜʥʫ ʯʘʩʪʠʥʫ ʩʢʣʘ-

ʜʝʥʦʾ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ( )PRm : 

( )
min

min
1

min

1
1

PRPR

PR
PR

PRPR
PR

-
-Ö

-
=a , (3) 

 
ʘʙʦ 
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( ) minmin1 PRPRPRPR +-a= .  (4) 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʘʻʤʦ 212 ,, GGPR : 
 

( )PRPRPRPR -a-= maxmax2 ,  (5) 

( ) minmin1 GGGG +-a= ,  (6) 

( )GGGG -a-= maxmax2 .  (7) 
 
ɺʠʚʝʜʝʥʥʷ ʬʫʥʢʮʽʡ çʥʝʛʘʪʠʚʥʦʛʦè ( )-PR  ʽ çʧʦʟʠʪʠʚʥʦʛʦè 

( )+PR  ʨʠʟʠʢʫ ʚ [12] ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ ʘʥʘʣʽʪʠʯʥʦʾ ʦʮʽʥʢʠ 

ʧʨʦʝʢʮʽʡ ʧʘʨʘʤʝʪʨʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʪʘ 
ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʧʨʷʤʫ G = PR ʥʘ ʨʠʩ. 2, ʢʦʞʥʘ 
ʪʦʯʢʘ ʷʢʦʾ ʚʽʜʦʙʨʘʞʘʻ ʨʽʚʥʽʩʪʴ ʜʚʦʭ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʟʘ-
ʢʨʽʧʣʝʥʠʭ ʟʘ ʦʩʷʤʠ ʘʙʩʮʠʩ (ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʙʦ ʜʦʭʽʜʥʽʩʪʴ ʽʥʚʝʩʪʠ-
ʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ) ʽ ʦʨʜʠʥʘʪ (ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩ-
ʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ). ʇʨʷʤʦʢʫʪʥʠʢ, ʦʙʤʝʞʝʥʠʡ ʟʚʝʨʭʫ ʽ ʟʥʠʟʫ 
ʧʨʷʤʠʤʠ 1GG=  ʽ 2GG=  (ʚʽʜʧʦʚʽʜʥʦ ʥʠʞʥʷ ʽ ʚʝʨʭʥʷ ʤʝʞʘ ʛʨʘʥʠʯ- 
ʥʦʾ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ), ʘ ʪʘʢʦʞ ʩʧʨʘʚʘ 
ʽ ʟʣʽʚʘ ʧʨʷʤʠʤʠ 1PRPR=  ʽ 2PRPR=  (ʚʽʜʧʦʚʽʜʥʦ ʥʠʞʥʷ ʽ ʚʝʨʭʥʷ 
ʤʝʞʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ), ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 
ʟʘʛʘʣʴʥʝ ʧʦʣʝ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʷʢʝ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ:  

 

( )( )( )1212,, GGPRPRGPRf --=a . (8) 

 
ɿʘʫʚʘʞʠʤʦ, ʱʦ ʫ ʬʦʨʤʫʣʽ (8) ʧʦʢʘʟʥʠʢʠ PR1 ʪʘ PR2 ʻ ʟʘʣʝʞ-

ʥʠʤʠ ʚʽʜ ʨʽʚʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʘʥʠʭ a. 
ʋ ʜʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝ ʷʢ ʥʝʧʦʚ- 

ʥʦʪʘ ʯʠ ʥʝʪʦʯʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ [6, 
ʩ. 397], ʘ ʷʢ ʤʥʦʞʠʥʘ ʨʽʚʥʦʤʦʞʣʠʚʠʭ ʧʦʜʽʡ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 
ʨʝʟʫʣʴʪʘʪ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ [27, ʩ. 62]. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 
ʡʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʝʷʢʦʛʦ ʨʽʚʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦ-
ʛʦ ʧʦʨʪʬʝʣʷ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʴ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʥʘ ʨʠʩ. 2, 
ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʮʴʦʤʫ ʨʽʚʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʜʦ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ 
ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʠʭ ʧʦʨʪʬʝʣʽʚ (8). ʊʦʙʪʦ, ʨʦʟʤʽʨ ʥʝʛʘʪʠʚʥʦʛʦ ʽ 
ʧʦʟʠʪʠʚʥʦʛʦ ʨʠʟʠʢʫ ʧʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ Ŭ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʛʝ-
ʦʤʝʪʨʠʯʥʫ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʪʨʘʧʣʷʥʥʷ ʪʦʯʢʠ ( )GPR,  ʚ ʟʦʥʫ ʥʝʝʬʝʢ-
ʪʠʚʥʠʭ ʽʥʚʝʩʪʠʮʽʡ: 
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()
( )( )

,

112 PRPRGG

PR

--
=aj

-

 (9) 

()
( )( )

.
212 PRPRGG

PR

--
=ag

+

 (10) 

 
ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʦ ʚʠʧʘʜʦʢ 2211 GPRPRG <<< , ʜʣʷ ʷʢʦʛʦ ʧʣʦ- 

ʱʘ ʟʘʰʪʨʠʭʦʚʘʥʦʾ ʧʣʦʩʢʦʾ ʬʽʛʫʨʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʦʥʫ ʥʝʝʬʝʢʪʠʚ- 
ʥʠʭ ʽʥʚʝʩʪʠʮʽʡ, ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ ʪʨʘʧʝʮʽʾ ʟ ʦʩʥʦʚʘʤʠ (12 PRG - ) ʽ 

( PRG -2 ) ʽ ʚʠʩʦʪʦʶ (1PRPR- ). ɺʦʜʥʦʯʘʩ ʧʣʦʱʘ ʟʘʰʪʨʠʭʦʚʘʥʦʾ 

ʧʣʦʩʢʦʾ ʬʽʛʫʨʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʦʥʫ ʦʯʽʢʫʚʘʥʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ 
ʧʨʠʙʫʪʢʫ, ʨʽʚʥʘ ʧʣʦʱʽ ʪʨʘʧʝʮʽʾ ʟ ʦʩʥʦʚʘʤʠ (1GPR- ) ʽ (12 GPR - ) ʽ 

ʚʠʩʦʪʦʶ ( PRPR -2 ). ɼʣʷ ʚʩʽʭ ʽʥʰʠʭ ʤʦʞʣʠʚʠʭ ʚʠʧʘʜʢʽʚ ʙʫʜʫ-
ʶʪʴʩʷ ʽʥʰʽ ʛʨʘʬʽʢʠ ʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʣʦʱʽ ʚʽʜʧʦʚʽʜʥʠʭ ʬʽʛʫʨ. 
ɺʟʘʻʤʥʝ ʨʦʟʤʽʱʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ G ʽ PR ʜʘʻ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʥʘ-

ʩʪʫʧʥʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʮʽʥʦʢ çʥʝʛʘʪʠʚʥʦʛʦè ʨʠʟʠʢʫ (ʪʘʙʣ. 1) ʪʘ 
çʧʦʟʠʪʠʚʥʦʛʦè ʨʠʟʠʢʫ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʷ 1 
ʆʎɯʅʂɸ çʅɽɻɸʊʀɺʅʆɻʆè ʈʀɿʀʂʋ 

ɯʥʪʝʨ-
ʚʘʣ 
(n) 

ɺʽʜʭʠʣʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ  
ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʚʠʱʫʻ ʧʨʠʙʫʪʢʦʚʽʩʪʴ  

ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ( )-PR  
ʈʦʟʤʽʱʝʥʥʷ 

 
ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 12 PRG ¢  

1 0  

 ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 2211 PRGPRG ¢<<  

2 
( )( )( )1212

2
PRPR

PRGPRG
-

-+-
 PRG >2  

3 
( )

2

2

12 PRG -
 PRG ¢2  

 ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 2211 PRGGPR ¢<¢  

4 ( )( )( )
2

2

1
112

GPR
PRPRGG

-
---  ( )( )PRGPRG >< 21 1  
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 1 

ɯʥʪʝʨ-
ʚʘʣ 
(n) 

ɺʜ̔ʭʠʣʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ  
ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʚʠʱʫʻ ʧʨʠʙʫʪʢʦʚʽʩʪʴ  

ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ( )-PR  
ʈʦʟʤʽʱʝʥʥʷ 

5 
( )( )

( )12
1112

2
GG

PRGPRG
-

-+-
 PRG ¢2  

6 ( )( )112 PRPRGG --  PRG >1  

 ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 2211 GPRPRG ¢<¢  

7 
( )( )( )1212

2
PRPR

PRGPRG
-

-+-
  

 ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 2211 GPRGPR ¢¢¢  

8 ( )( )( )
2

2

1
112

GPR
PRPRGG

-
---  PRG <1  

9 ( )( )112 PRPRGG --  PRG >1  

 ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 12 GPR ¢  

10 ( )( )112 PRPRGG --   

 
ɼʞʝʨʝʣʦ: ʚʣʘʩʥʽ ʨʦʟʨʦʙʢʠ ʘʚʪʦʨʘ 

ʊʘʙʣʠʮʷ 2 
ʆʎɯʅʂɸ çʇʆɿʀʊʀɺʅʆɻʆè ʈʀɿʀʂʋ 

ɯʥʪʝʨ-

ʚʘʣ (n) 

ɺʽʜʭʠʣʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʧʨʠʙʫʪʢʦʚʽʩʪʴ  

ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ( )+PR   

ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʈʦʟʤʽʱʝʥʥʷ 

 ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 12 PRG ¢  

1 ( )( )122 GGPRPR --   

 ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 2211 PRGPRG ¢<<  
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 2 

ɯʥʪʝʨ-

ʚʘʣ (n) 

ɺʽʜʭʠʣʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʧʨʠʙʫʪʢʦʚʽʩʪʴ  

ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ( )+PR   

ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʈʦʟʤʽʱʝʥʥʷ 

2 ( )( )122 GGPRPR --  PRG ¢2  

3 ( )( )
( )

2

2

2
122

PRG
GGPRPR

-
---  PRG >2  

 ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 2211 PRGGPR ¢<¢  

4 ( )( )122 GGPRPR --  PRG ¢2  

5 ( )( )
( )

2

2

2
122

PRG
GGPRPR

-
---  ( )( )PRGPRG >¢ 21 1  

6 
( )( )

( )12
2212

2
GG

GPRGPR
-

-+-
 PRG >1  

 ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 2211 GPRPRG ¢<¢  

7 
( )( )

( )PRPR
GPRGPR

-
-+-

2
121

2
  

 ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 2211 GPRGPR ¢¢¢  

8 
( )( )

( )PRPR
GPRGPR
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ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʚʝʩʪʠ ʬʫʥʢʮʽʶ ʦʯʽʢʫʚʘʥʥʷ ʨʠʟʠʢʫ ʽʥʚʝʩʪʠ-
ʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ, ʥʝʦʙʭʽʜʥʦ ʚʠʨʘʟʠʪʠ ʧʘʨʘʤʝʪʨʠ PR ʽ G  ʯʝʨʝʟ 

ʩʝʨʝʜʥʴʦʽʥʪʝʨʚʘʣʴʥʝ ()a  ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ( )PRm  ʽ 

()Gm , ʜʝ Ŭ ð ʮʝ ʩʧʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʚʦʭ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ( )PRm  

ʽ ()Gm  ʧʨʠ ʾʭʥʴʦʤʫ ʧʝʨʝʪʠʥʽ, ʘ a ð ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘ-
ʯʝʥʥʷ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʟʥʘʯʝʥʴ Ŭ. 

ʅʘ ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 
min

1

PRPR
a

-
=  ʽ 

min

min

PRPR

PR
b

-
=  ʟʘ ʘʥʘ-

ʣʦʛʽʻʶ ʽʟ (3)ð(7) ʤʦʞʝʤʦ ʟʥʘʡʪʠ ʥʝʯʽʪʢʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 
ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ 
ʧʦʨʪʬʝʣʷ: 

 

( )
min

min
1

min

1
1

PRPR

PR
PR

PRPR
PR

-
-Ö

-
=a , (11) 

 

ʘʙʦ 

 

( ) minmin1 PRPRPRPR +-a= . (12) 

 
ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʘʻʤʦ 212 ,, GGPR : 

 

( )PRPRPRPR -a-= maxmax2 ,  (13) 

( ) minmin1 GGGG +-a= ,  (14) 

( )GGGG -a-= maxmax2 . (15) 

 
ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʦʯʽʢʫʚʘʥʥʷ ʨʠʟʠʢʫ ʤʦʞʥʘ ʨʦʟʨʘʭʫ-

ʚʘʪʠ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʬʫʥʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩ- 
ʪʽ (ʜʦʭʽʜʥʦʩʪʽ) ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʚʽʜ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʝʬʝʢ- 
ʪʠʚʥʦʩʪʽ ʜʦ ʬʫʥʢʮʽʾ ʟʘʛʘʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ (8): 

 

()
( )( )1212 PRPRGG

PR

--
=aj

-

, (16) 

()
( )( )1212 PRPRGG

PR

--
=ag

+

. (17) 



˙̟̠̏̅̆̌̃́̎̎ ̝̏̐̓̉̍́̌̎̏̄̏ ̨̨̗̎̃̆̒̓̉̊̎̏̄̏ ̠̐̏̑̓̆̌̕ȣ  ˟Ȣ ˏȢ ˗̠̘́̒̎̔̋ 

 

 39 

ɸʙʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʥʘʙʣʠʞʝʥʠʤ ʩʧʦʩʦʙʦʤ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʽʥʚʝʩ- 
ʪʠʮʽʡʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ ʦʜʠʥʠʮʶ: 

 

()
( )12

1

PRPR

PRG

-

-
=aj , (18) 

()
( )( )1212

2

PRPRGG

GPR

--

-
=ag , (19) 

 
ʜʝ G  ï ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʽʥʪʝʨʧʨʝʪʦʚʘʥʘ ʫ ʯʽʪʢʽʡ 
ʬʦʨʤʽ. 
ɿʘʛʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʨʠʟʠʢʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʮʽʥʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ 

ʟʚʘʞʫʚʘʥʥʷ ʥʝʛʘʪʠʚʥʦʾ ʪʘ ʧʦʟʠʪʠʚʥʦʾ ʢʦʤʧʦʥʝʥʪ ʨʠʟʠʢʫ ʽʥʚʝʩʪʠ-
ʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʽʥʚʝʩʪʠʮʽʡʥʽ ʦʯʽʢʫʚʘʥʥʷ: 
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ʜʝ 
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 (21) 
ʘ ʪʘʢʦʞ 
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ʜʝ n ð ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ, ʥʘ ʷʢʠʭ ʽʩʥʫʻ ʬʫʥʢʮʽʷ ʨʠʟʠʢʫ. 
ɺʽʜʤʽʪʠʤʦ, ʱʦ ʧʨʠ ʟʘʜʘʥʠʭ ʥʝʯʽʪʢʠʭ ʯʠʩʣʘʭ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʦʨʪʬʝʣʷ ( )maxmin ,,, PRPRPRPR  ʽ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

( )maxmin ,, GGG  ʬʫʥʢʮʽʾ ()aj  ʪʘ ()ag  ʥʝ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ 
ʥʘ ʚʩʽʭ ʽʥʪʝʨʚʘʣʘʭ ʽ ʜʝʷʢʽ ʩʢʣʘʜʦʚʽ ʽʥʪʝʛʨʘʣʫ ʙʫʜʫʪʴ ʨʽʚʥʠʤʠ ʥʫʣʶ. 
ʗʢʽ ʩʘʤʝ ï ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʥʝʯʽʪʢʠʭ ʯʠʩʝʣ. 
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˜̏̒̓́̎̏̃̋́ ̨̘̈́̅́ 
 
ʎʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʧʪʠʤʽ-

ʟʘʮʽʾ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʻ ʩʫʢʫʧʥʘ ʜʦʭʽʜʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡʥʦ-
ʛʦ ʢʘʧʽʪʘʣʫ ( )PR  ʨʽʟʥʠʭ ʩʪʨʘʪʝʛʽʯʥʠʭ ʥʘʧʨʷʤʽʚ ʜʽʷʣʴʥʦʩʪʽ ʜʠʚʝʨ-
ʩʠʬʽʢʦʚʘʥʦʾ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ: 
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  (23)  

 
ʈʽʰʝʥʥʷʤ ʮʽʻʾ ʟʘʜʘʯʽ ʚʚʘʞʘʪʠʤʝʤʦ ʟʥʘʡʜʝʥʠʡ ʦʧʪʠʤʘʣʴʥʠʡ 

ʚʝʢʪʦʨ { }kxxxx ,...,, 21= , ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʪʠʤʝ ʚʠʱʝʚʢʘʟʘʥʠʤ ʚʠ-
ʤʦʛʘʤ. 
ʄʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʻ 

ʥʝʯʽʪʢʦʶ ʟʘʜʘʯʝʶ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʫ ʤʦʞʥʘ ʚʠʨʽ-
ʰʠʪʠ ʤʝʪʦʜʦʤ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ. ɿ ʤʝʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʟʘʚ- 
ʜʘʥʥʷ ʙʫʣʦ ʤʦʜʠʬʽʢʦʚʘʥʦ ʬʫʥʢʮʽʶ, ʷʢʘ ʛʝʥʝʨʫʻ ʫʩʽ ʤʦʞʣʠʚʽ ʨʦʟ-
ʤʽʱʝʥʥʷ ʟ ʧʦʚʪʦʨʝʥʥʷʤ ʽʟ b ʝʣʝʤʝʥʪʽʚ ʧʦ p ʝʣʝʤʝʥʪʽʚ, ʜʝ b ð  
ʢʽʣʴʢʽʩʪʴ ʫʥʽʢʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʥʝ ʧʦʚʪʦʨʶʶʪʴʩʷ), 
ʟ ʷʢʠʭ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʨʦʟʤʽʱʝʥʥʷ, ʪʘ p ð ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʫ 
ʨʦʟʤʽʱʝʥʥʽ. ʋʥʽʢʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʭʽʜʥʦʛʦ ʨʷʜʢʘ ʬʫʥʢʮʽʾ ʻ 
ʯʠʩʣʘ ʚʽʜ 0 ʜʦ 1 ʟ ʢʨʦʢʦʤ 0,0001. ʇʨʠ ʮʴʦʤʫ, ʢʦʞʥʝ ʟʛʝʥʝʨʦʚʘʥʝ 
ʨʦʟʤʽʱʝʥʥʷ, ʩʫʤʘ ʝʣʝʤʝʥʪʽʚ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʚʽʜʧʦʚʽʜʘʻ 
ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʚʘʨʽʘʥʪʫ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʚʢʣʘʜʝʥʴ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ. 
ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʚʦʜʠʣʘʩʷ ʥʘ ʦʩʥʦʚʽ ʤʘʢʩʠʤʽʟʘʮʽʾ ʣʽʚʦʾ ʤʝʞʽ 

ʜʦʭʽʜʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʤʽʥʽʤʽʟʘʮʽʾ 
ʡʦʛʦ ʨʠʟʠʢʫ. 
ʇʨʘʢʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʦʧʨʠ-

ʣʶʜʥʝʥʦʾ ʬʽʥʘʥʩʦʚʦʾ ʟʚʽʪʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʇʨɸʊ çɺʆ çʉʪʘʣʴ-
ʢʘʥʘʪ-ʉʽʣʫʨè, ʷʢʝ ʫ ʛʨʫʜʥʽ 2010 ʨʦʢʫ ʫʪʚʦʨʠʣʦʩʷ ʚʥʘʩʣʽʜʦʢ ʦʙôʻʜ- 
ʥʘʥʥʷ ʜʚʦʭ ʟʘʚʦʜʽʚ çʉʪʘʣʴʢʘʥʘʪè (ʤ. ʆʜʝʩʘ) ʽ çʉʽʣʫʨè (ʤ. ʍʘʨ- 
ʮʠʟʴʢ, ɼʦʥʝʮʴʢʘ ʦʙʣʘʩʪʴ). ʋ ʞʦʚʪʥʽ 2013 ʨʦʢʫ ʚ ʟʚôʷʟʢʫ ʟ ʨʦʟʰʠ-
ʨʝʥʥʷʤ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʇʨɸʊ çɺʆ çʉʪʘʣʴʢʘʥʘʪ-ʉʽʣʫʨè 
ʩʪʚʦʨʠʣʦ ʜʚʘ ʬʽʣʽʘʣʘ ð çʆʜʝʩʣʽʬʪè ʽ çɼʥʽʧʨʦʣʽʬʪè ʰʣʷʭʦʤ ʧʨʠ- 
ʻʜʥʘʥʥʷ ʦʜʥʦʡʤʝʥʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʇɸʊ çʆʜʝʩʣʽʬʪè ʽ ʇɸʊ 
çɼʥʽʧʨʦʣʽʬʪè. ʏʝʨʝʟ ʮʽ ʟʤʽʥʠ ʇʨɸʊ çɺʆ çʉʪʘʣʴʢʘʥʘʪ-ʉʽʣʫʨè 
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ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ (ʜʘʣʽ ð ʛʨʫʧʘ 
ʢʦʤʧʘʥʽʡ çɼʦʥʝʮʴʢʩʪʘʣʴè), ʱʦ ʨʦʟʚʠʚʘʻ ʪʘʢʽ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ  
ʜʽʷʣʴʥʦʩʪʽ, ʷʢ ʨʝʤʦʥʪ ʽ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʰʠʥ ʽ ʫʩʪʘʪ-
ʢʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʨʦʙʥʠʮʪʚʦ ʚʠʨʦ-
ʙʽʚ ʽʟ ʜʨʦʪʫ, ʣʘʥʮʶʛʽʚ ʽ ʧʨʫʞʠʥ. 

 
ʊʨʴʦʭʢʦʤʧʦʥʝʥʪʥʠʡ ʽʥʚʝʩʪʠʮʽʡʥʠʡ ʧʦʨʪʬʝʣʴ 
ɺ ʨʘʤʢʘʭ ʩʪʨʘʪʝʛʽʾ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʛʨʫʧʘ ʢʦʤʧʘʥʽʡ çɼʦʥʝʮʴʢ- 

ʩʪʘʣʴè ʚʠʟʥʘʯʠʣʘ ʧʨʽʦʨʠʪʝʪʥʦʶ ʮʽʣʣʶ ʬʦʨʤʫʚʘʥʥʷ ʩʚʦʛʦ ʽʥʚʝʩ-
ʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʤʘʢʩʠʤʽʟʘʮʽʶ ʟʨʦʩʪʘʥʥʷ ʢʘʧʽʪʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ 
ʙʽʟʥʝʩʫ ʽ ʟʙʽʣʴʰʝʥʥʷ ʜʦʭʦʜʫ. ʇʨʠ ʮʴʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʠʡʥʷʪʥʠʡ 
ʩʪʫʧʽʥʴ ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʥʝ ʙʽʣʴʰʝ 7,84 %. ɺʩʴʦ-
ʛʦ ʟʘʧʣʘʥʦʚʘʥʦ ʽʥʚʝʩʪʫʚʘʪʠ 2 727 396 ʪʠʩ. ʛʨʥ ʫ ʨʦʟʚʠʪʦʢ ʩʚʦʾʭ 
ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʛʘʣʴʥʽʡ ʩʫʤʽ ʥʝʨʦʟ- 
ʧʦʜʽʣʝʥʦʛʦ ʧʨʠʙʫʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʛʨʫʧʠ.  
ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʙʩʷʛ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʚʝʩʪʠ-

ʮʽʡʥʦʛʦ ʢʘʧʽʪʘʣʫ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ çɼʦʥʝʮʴʢʩʪʘʣʴè ʚ ʨʦʟʨʽʟʽ ʦʩʥʦʚ- 
ʥʠʭ ʥʘʧʨʷʤʽʚ ʜʽʷʣʴʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 3.  

ʊʘʙʣʠʮʷ 3 
ʆɹʉʗɻ ʊɸ ɽʌɽʂʊʀɺʅɯʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ ɯʅɺɽʉʊʆɺɸʅʆɻʆ ʂɸʇɯʊɸʃʋ 

ɺ ʈʆɿʈɯɿɯ ʆʉʅʆɺʅʀʍ ʅɸʇʈʗʄɯɺ ɼɯʗʃʔʅʆʉʊɯ ɻʈʋʇʀ ʂʆʄʇɸʅɯʁ  
çɼʆʅɽʎʔʂʉʊɸʃʔè 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 3 
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ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʪʘʙʣ. 3, ʩʪʨʫʢʪʫʨʘ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ 

ʛʨʫʧʠ çɼʦʥʝʮʴʢʩʪʘʣʴè ʫ 2013 ʨʦʮʽ ʙʫʣʘ ʥʘʩʪʫʧʥʦʶ: 0,9805 (ʤʝʪʘ-
ʣʫʨʛʽʡʥʠʡ ʥʘʧʨʷʤ), 0,0090 (ʤʘʰʠʥʦʙʫʜʽʚʝʣʴʥʠʡ ʥʘʧʨʷʤ) ʽ 0,0105 
(ʭʘʨʯʦʚʠʡ ʥʘʧʨʷʤ). ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ ʽʥʚʝʩʪʠʮʽʡ ʙʫʣʘ ʤʘʡʞʝ ʥʝ-
ʟʤʽʥʥʦʶ ʧʨʦʪʷʛʦʤ 2005ð2013 ʨʦʢʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʮʽ 
ʧʨʦʧʦʨʮʽʾ ʻ ʪʠʧʦʚʠʤʠ ʜʣʷ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤ- 
ʧʘʥʽʡ.  
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ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʚʝʩʪʦʚʘʥʦʛʦ ʢʘʧʽʪʘʣʫ 
(ʪʘʙʣ. 3) ʜʘʻ ʧʽʜʩʪʘʚʠ ʦʧʠʩʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʥʘ-
ʧʨʷʤʫ ʜʽʷʣʴʥʦʩʪʽ ʥʝʯʽʪʢʠʤ ʯʠʩʣʦʤ ʪʨʘʧʝʟʦʾʜʥʦʛʦ ʚʠʜʫ ʟ ʧʘʨʘʤʝʪ-
ʨʘʤʠ ( )11,46;64,21;99,15;07,4- , ʜʝ ʣʽʚʘ ʪʘ ʧʨʘʚʘ ʛʨʘʥʠʮʽ ʥʠʞʥʴʦʾ 
ʦʩʥʦʚʠ ʪʨʘʧʝʮʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʤʽʥʽʤʘʣʴʥʝ ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘ-
ʯʝʥʥʷ mROI  ʟʘ ʪ-ʤ ʚʠʜʦʤ ʜʽʷʣʴʥʦʩʪʽ ʫ ʧʦʧʝʨʝʜʥʽʭ ʧʝʨʽʦʜʘʭ, ʘ 
ʛʨʘʥʠʮʽ ʚʝʨʭʥʴʦʾ ʦʩʥʦʚʠ ʪʨʘʧʝʮʽʾ ï15,99 ʪʘ 21,64 ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ 
ʦʩʥʦʚʽ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ. ɿʘ ʘʥʘʣʦʛʽʻʶ ʦʪʨʠʤʘʻʤʦ ʪʨʘʧʝʟʦʾʜʥʝ 
ʥʝʯʽʪʢʝ ʯʠʩʣʦ, ʱʦ ʦʧʠʩʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥʦʙʫʜʽʚʝʣʴʥʦʛʦ ʥʘ-
ʧʨʷʤʫ ( )59,56;87,21;17,16;58,4-  ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʭʘʨʯʦʚʦʛʦ ʥʘʧʨʷʤʫ 

( )37,16;23,3;38,2;52,9- . ɻʨʘʥʠʯʥʘ ʤʝʞʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʜʘʥʘ ʝʢʩʧʝʨʪ- 
ʥʠʤ ʰʣʷʭʦʤ ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʪʘ ʧʦʽʥʬʦʨʤʦʚʘʥʦʩʪʽ ʽʥʚʝʩʪʦʨʘ 
ʱʦʜʦ ʢʣʶʯʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʽ ʻ ʥʝʯʽʪʢʠʤ 
ʯʠʩʣʦʤ ʪʨʠʢʫʪʥʦʛʦ ʚʠʜʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ( )0,30;0,18;0,16 . 
ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʫʻʤʦ ʟʘʛʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ ʥʝ-
ʯʽʪʢʠʤ ʯʠʩʣʦʤ ʪʨʘʧʝʟʦʾʜʥʦʛʦ ʚʠʜʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ 
( )89,45;45,21;85,15;13,4- , ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

%.89,4501,037,1601,059,5698,011,46

%;45,2101,023,301,087,2198,064,21

%;85,1501,038,201,017,1698,099,15

%;13,401,052,901,058,498,007,4

max

min

=Ö+Ö+Ö=

=Ö+Ö+Ö=

=Ö+Ö+Ö=

-=Ö-Ö-Ö-=

PR

PR

PR

PR

 

 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ, 

ʷʢʘ ʦʧʠʩʫʻ ʩʫʢʫʧʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡʥʦʛʦ ʽʥʚʝʩʪʦʚʘʥʦʛʦ ʢʘ-
ʧʽʪʘʣʫ ( )PR  ʪʠʧʦʚʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ çɼʦʥʝʮʴʢʩʪʘʣʴè, 
ʧʨʠʡʤʝ ʚʠʛʣʷʜ:  
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ʌʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʜʣʷ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ()G  
ʚʠʛʣʷʜʘʪʠʤʝ ʪʘʢ: 
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0,30

;0,181

;0,180,16
0,2

0,16

;0,160

Gʧʨʠ

Gʧʨʠ
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ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʥʝʯʽʪʢʠʭ ʯʠʩʝʣ ʩʫʢʫʧʥʦʾ ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ ʦʧʝʨʘʮʽʡʥʦʛʦ ʽʥʚʝʩʪʦʚʘʥʦʛʦ ʢʘʧʽʪʘʣʫ ( )PR  ʪʘ ʛʨʘʥʠʯʥʦʾ 

ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ()G  ʪʠʧʦʚʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ çɼʦ-
ʥʝʮʴʢʩʪʘʣʴè ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩ. 3. ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʨʠʢʣʘʜʫ ʜʣʷ ʪʠʧʦʚʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ 

ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ çɼʦʥʝʮʴʢʩʪʘʣʴè 

ɼʣʷ ʜʘʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʝʯʽʪʢʠʭ ʯʠʩʝʣ ( )PR  ʽ ()G  ʬʫʥʢʮʽʷ 

()ag  ʽʩʥʫʻ ʥʘ ʦʜʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ð ( )( )PRGPRG >< 21 1  ʫ ʤʝʞʘʭ 
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ʚʠʧʘʜʢʫ 2211 PRGGPR ¢<¢  ʧʨʠ [ ]0;0aÍa . ʇʝʨʰ ʥʽʞ ʟʘʩʪʦʩʫʚʘʪʠ 
ʚʽʜʧʦʚʽʜʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʪʫʧʝʥʷ ʨʠʟʠʢʫ, ʥʝʦʙʭʽʜʥʦ 
ʚʠʟʥʘʯʠʪʠ 0a. ʇʨʠʨʽʚʥʷʚʰʠ ʬʫʥʢʮʽʾ PRm  ʪʘ Gm  ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ 
ʽʥʪʝʨʚʘʣʘʭ, ʦʪʨʠʤʘʻʤʦ ʪʘʢʠʡ ʨʝʟʫʣʴʪʘʪ: 

 
0,10 =a  ʧʨʠ 0,18==GPR  %. 

 
ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ PRm  

ʪʘ Gm  ʤʘʶʪʴ ʦʜʥʫ ʩʧʽʣʴʥʫ ʪʦʯʢʫ, ʘ ʦʪʞʝ, ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ ʚʠʱʝʟʘ-

ʟʥʘʯʝʥʠʭ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʽʩʥʫʻ ʥʘ ʽʥʪʝʨʚʘʣʽ [ ]1;0 . ʎʝ ʜʘʻ ʧʽʜ-

ʩʪʘʚʠ ʨʦʟʨʘʭʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ 
ʝʬʝʢʪʠʚʥʦʩʪʽ ʰʣʷʭʦʤ ʧʽʜʩʪʘʥʦʚʢʠ ʩʝʨʝʜʥʴʦʽʥʪʝʨʚʘʣʴʥʦʛʦ ʟʥʘ-
ʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ PRm  ʘʙʦ Gm  ʫ ʬʦʨʤʫʣʠ (24)ð(25) ʽ 
ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ, ʱʦ ʟʚʝʜʝʥʽ ʜʦ ʪʘʙʣ. 4. 

ʊʘʙʣʠʮʷ 4 
ɺʀʍɯɼʅɯ ɼɸʅɯ ɼʃʗ ʆɹʏʀʉʃɽʅʔ ɯʅɺɽʉʊʀʎɯʁʅʀʍ ʆʏɯʂʋɺɸʅʔ ʈʀɿʀʂʋ 

ʊʀʇʆɺʆɻʆ ɯʅɺɽʉʊʀʎɯʁʅʆɻʆ ʇʆʈʊʌɽʃʗ ɻʈʋʇʀ ʂʆʄʇɸʅɯʁ 
çɼʆʅɽʎʔʂʉʊɸʃʔè  

a 
Ía  PR1 PR2 G1 G2 

5,0  [ ]1;0  5,86 33,67 17,00 24,00 

 
ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʚʘʞʝʥʠʡ ʥʝ-

ʛʘʪʠʚʥʠʡ ʨʠʟʠʢ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʦʛʦ ʛʨʫ-
ʧʠ ʢʦʤʧʘʥʽʡ çɼʦʥʝʮʴʢʩʪʘʣʴè. ɿʦʢʨʝʤʘ, ʤʦʞʝʤʦ ʨʦʟʨʘʭʫʚʘʪʠ ʽʥʚʝʩ- 
ʪʠʮʽʡʥʽ ʦʯʽʢʫʚʘʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʨʠʟʠʢʫ ʧʦʨʪʬʝʣʷ: 
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( )12
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ʈʦʟʨʘʭʫʻʤʦ ʨʦʟʤʽʨ çʥʝʛʘʪʠʚʥʦʛʦè ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ 

ʧʦʨʪʬʝʣʷ ʇʨɸʊ çɺʆ çʉʪʘʣʴʢʘʥʘʪ-ʉʽʣʫʨè: 
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ʆʪʞʝ, ʨʠʟʠʢ ʜʘʥʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ 

çɼʦʥʝʮʴʢʩʪʘʣʴè ʩʢʣʘʜʘʻ 34,40 %.  
ɿʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʨʠʟʠʢʽʚ, ʨʦʟʨʦʙʣʝʥʦʶ ʅʝʜʦʩʻʢʽʥʠʤ ʆ. ʆ. 

ʫ [23, ʩ. 59; 25, ʩ. 4] ʘʙʦ ɸʙʜʫʣʘʻʚʦʶ ɿ.ɯ. ʚ [1, ʩ. 86], ʦʩʢʽʣʴʢʠ ʩʪʫ-
ʧʽʥʴ ʨʠʟʠʢʫ ʪʠʧʦʚʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ 
ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ çɼʦʥʝʮʴʢʩʪʘʣʴè ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʠʡ ʨʽʚʝʥʴ 
20 %, ʪʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʞʠʪʠ ʟʘʭʦʜʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʥʠ-
ʞʝʥʥʷ ʩʪʫʧʝʥʷ ʨʠʟʠʢʫ ʜʦ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ. ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ 
ʟʘʭʦʜʽʚ ʥʘ ʮʴʦʤʫ ʰʣʷʭʫ ʤʦʞʝ ʙʫʪʠ ʦʧʪʠʤʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʽʥʚʝʩ-
ʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ, ʷʢʘ ʤʦʛʣʘ ʙʠ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ 
ʡʦʛʦ ʜʦʭʽʜʥʦʩʪʽ ʧʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʨʠʟʠʢʫ. 
ʋ ʪʘʙʣ. 5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʽʥʚʝʩʪʠʮʽʡ ʚ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʜʽʷʣʴʥʦʩʪʽ ʛʨʫʧʠ çɼʦ- 
ʥʝʮʴʢʩʪʘʣʴè, ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ, ʘ ʪʘ-
ʢʦʞ ʚʽʜʧʦʚʽʜʥʠʡ ʩʪʫʧʽʥʴ ʨʠʟʠʢʫ, ʷʢʠʡ ʻ ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʽʥʚʝʩʪʦʨʘ.  

 
ʊʘʙʣʠʮʷ 5 

ʈɽɿʋʃʔʊɸʊʀ ʆʇʊʀʄɯɿɸʎɯɰ ɯʅɺɽʉʊʀʎɯʁʅʆɻʆ ʇʆʈʊʌɽʃʗ ɻʈʋʇʀ 
çɼʆʅɽʎʔʂʉʊɸʃʔè 

x1 x2 x3 minPR  PR PR maxPR  minRisk  spRisk  
totRisk  

0,0014 0,0031 0,9955 ï9,50 2,45 3,31 16,54 0,00 0,01 0,01 

0,4553 0,0410 0,5037 ï6,84 9,15 12,37 31,56 0,38 2,24 2,62 

0,5150 0,0600 0,4250 ï6,42 10,22 13,83 34,10 0,55 4,68 5,23 

0,5379 0,0916 0,3705 ï6,14 10,97 14,84 36,05 0,71 7,13 7,84 

0,6931 0,0015 0,3054 ï5,74 11,84 16,02 37,04 0,95 9,50 10,45 

0,7305 0,0035 0,2660 ï5,52 12,37 16,74 38,24 1,17 11,89 13,06 

0,5315 0,2077 0,2608 ï5,60 12,48 16,89 40,53 1,17 14,50 15,67 

0,8127 0,0054 0,1819 ï5,06 13,52 18,29 40,76 0,00 18,28 18,28 

0,8383 0,0085 0,1532 ï4,91 13,91 18,82 41,64 0,00 20,89 20,89 
 
ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 5, ʫ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʽʥʚʝʩʪʠʮʽʡ ʫ ʤʝ-

ʪʘʣʫʨʛʽʡʥʠʡ ʥʘʧʨʷʤ ʜʽʷʣʴʥʦʩʪʽ ʩʪʫʧʽʥʴ ʨʠʟʠʢʫ ʧʦʨʪʬʝʣʷ ʟʨʦʩʪʘʻ, ʨʘ- 
ʟʦʤ ʽʟ ʷʢʠʤ ʟʨʦʩʪʘʻ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʨʪʬʝʣʷ. ɻʨʘʬʽʯʥʝ ʚʽʜʦʙʨʘ-
ʞʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʠʟʠʢ/ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪ-
ʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ çɼʦʥʝʮʴʢʩʪʘʣʴè ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ. 4. ɽʬʝʢʪʠʚʥʘ ʤʝʞʘ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ  
çɼʦʥʝʮʴʢʩʪʘʣʴè ʟʛʽʜʥʦ ʟ ʘʚʪʦʨʩʴʢʦʶ ʤʦʜʝʣʣʶ 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʬʝʢʪʠʚʥʫ ʤʝʞʫ ʜʣʷ ʜʘʥʦʛʦ ʽʥʚʝʩʪʠ-

ʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ çɼʦʥʝʮʴʢʩʪʘʣʴè ʜʣʷ ʧʨʠʡʥʷʪʥʦʛʦ ʩʪʫʧʝ-

ʥʷ ʨʠʟʠʢʫ (ʢʦʣʠ ʨʠʟʠʢ ʤʝʥʰʠʡ ʟʘ 20 %). ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴ-

ʥʠʡ ʨʠʟʠʢ ʜʘʥʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ çɼʦʥʝʮʴʢ- 

ʩʪʘʣʴè ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʙʣʠʟʴʢʦ 72,65 %. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪ-

ʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ çɼʦʥʝʮʴʢʩʪʘʣʴè ʻ 0,5379 (ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʥʘ- 

ʧʨʷʤ), 0,0916 (ʤʘʰʠʥʦʙʫʜʽʚʝʣʴʥʠʡ ʥʘʧʨʷʤ), 0,3705 (ʭʘʨʯʦʚʠʡ ʥʘ-

ʧʨʷʤ). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʽʥʚʝʩʪʠʮʽʾ ʚ ʨʦʟʚʠʪʦʢ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ 

ʜʽʷʣʴʥʦʩʪʽ ʜʣʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʨʠʟʠʢʫ (7,84 %) ʩʣʽʜ ʨʦʟʧʦʜʽʣʠʪʠ ʥʘ- 

ʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʫ ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʥʘʧʨʷʤ ʜʽʷʣʴʥʦʩʪʽ ð 1 467 066 

ʪʠʩ. ʛʨʥ, ʫ ʤʘʰʠʥʦʙʫʜʽʚʝʣʴʥʠʡ ð 249830 ʪʠʩ. ʛʨʥ, ʪʘ ʚ ʭʘʨʯʦʚʠʡ ð 

1 010 500 ʪʠʩ. ʛʨʥ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ 

ʙʫʜʝ ʦʧʠʩʫʚʘʪʠʩʷ ʥʝʯʽʪʢʠʤ ʯʠʩʣʦʤ ʪʨʘʧʝʟʦʾʜʥʦʛʦ ʚʠʜʫ ʟ ʧʘʨʘʤʝ-

ʪʨʘʤʠ ( )05,36;84,14;97,10;14,6- . ɻʨʘʥʠʯʥʘ ʤʝʞʘ ʜʦʭʽʜʥʦʩʪʽ ʟʘʣʠ-

ʰʘʻʪʴʩʷ ʪʠʤ ʞʝ ʥʝʯʽʪʢʠʤ ʯʠʩʣʦʤ ʪʨʠʢʫʪʥʦʛʦ ʚʠʜʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ 

( )0,30;0,18;0,16 . 
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.05,3637,037,1609,059,5654,011,46

;84,1437,023,309,087,2154,064,21

;97,1037,038,209,017,1654,099,15

;14,637,052,909,058,454,007,4

max

min

=Ö+Ö+Ö=

=Ö+Ö+Ö=

=Ö+Ö+Ö=

-=Ö-Ö-Ö-=

PR

PR

PR

PR

 

 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ, 

ʷʢʘ ʦʧʠʩʫʻ ʩʫʢʫʧʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡʥʦʛʦ ʽʥʚʝʩʪʦʚʘʥʦʛʦ ʢʘ-
ʧʽʪʘʣʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ çɼʦʥʝʮʴʢʩʪʘʣʴè, 
ʧʨʠʡʤʝ ʚʠʛʣʷʜ:  
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î
î
î
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î
î
î
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+

-¢

=m

.05,360

;05,3684,14
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05,36

;84,1497,101

;97,1014,6
11,17

14,6

;14,60

PRʧʨʠ

PRʧʨʠ
PR

PRʧʨʠ

PRʧʨʠ
PR

PRʧʨʠ

PR  (26) 

 
ʌʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʛʣʷʜʘ-

ʪʠʤʝ ʪʘʢ: 
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î
î
î

í

î
î
î
î

ì
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=
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.0,300

;0,300,18
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0,30

;0,181
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0,2
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Gʧʨʠ

Gʧʨʠ
G

Gʧʨʠ

Gʧʨʠ
G

Gʧʨʠ

G  (27) 

 
ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʥʝʯʽʪʢʠʭ ʯʠʩʝʣ ʩʫʢʫʧʥʦʾ ʝʬʝʢʪʠʚ-

ʥʦʩʪʽ ʦʧʝʨʘʮʽʡʥʦʛʦ ʽʥʚʝʩʪʦʚʘʥʦʛʦ ʢʘʧʽʪʘʣʫ ( )PR  ʪʘ ʛʨʘʥʠʯʥʦʾ 

ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ()G  ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ 
çɼʦʥʝʮʴʢʩʪʘʣʴè ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 5. 
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ʈʠʩ. 5. ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʨʠʢʣʘʜʫ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ 
ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ çɼʦʥʝʮʴʢʩʪʘʣʴè 

ɼʣʷ ʜʘʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʝʯʽʪʢʠʭ ʯʠʩʝʣ PR ʽ G  ʬʫʥʢʮʽʷ 

()aji  ʽʩʥʫʻ ʥʘ ʜʚʦʭ ʽʥʪʝʨʚʘʣʘʭ ð PRG >1  ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 

2211 PRGGPR ¢<¢  ʧʨʠ [ ]0;0aÍa  ʪʘ ʥʘ PRG >1  ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 

2211 GPRGPR ¢¢¢  ʧʨʠ [ ]10;aaÍa . ʌʫʥʢʮʽʷ ()ag  ʽʩʥʫʻ ʪʘʢʦʞ ʥʘ 

ʜʚʦʭ ʽʥʪʝʨʚʘʣʘʭ ð PRG >1  ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 2211 PRGGPR ¢<¢  

ʧʨʠ [ ]0;0aÍa  ʪʘ ʥʘ PRG >1  ʫ ʤʝʞʘʭ ʚʠʧʘʜʢʫ 2211 GPRGPR ¢¢¢  

ʧʨʠ [ ]10;aaÍa . 
ʇʝʨʰ ʥʽʞ ʟʘʩʪʦʩʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʩʪʫʧʝʥʷ ʨʠʟʠʢʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 0a  ʪʘ 1a. ʇʨʠʨʽʚʥʷʚʰʠ 

ʬʫʥʢʮʽʾ PRm  ʪʘ Gm  ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʪʝʨʚʘʣʘʭ, ʦʪʨʠʤʘʻʤʦ ʪʘʢʠʡ 
ʨʝʟʫʣʴʪʘʪ: 

 
6568,00 =a  ʧʨʠ 12,22==GPR  %; 

8638,01=a  ʧʨʠ 73,17==GPR  %. 
 
ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ  

ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ PRm  ʪʘ Gm  ʤʘʶʪʴ ʜʚʽ ʩʧʽʣʴʥʽ ʪʦʯʢʠ, ʷʢʽ ʨʦʟ- 
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ʙʠʚʘʶʪʴ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ ʮʠʭ ʬʫʥʢʮʽʡ ʥʘ ʪʨʠ ʽʥʪʝʨʚʘʣʠ: 
[ ]( ]( ]1;8638,08638,0;6568,06568,0;0 ÇÇ , ʱʦ ʜʘʻ ʟʤʦʛʫ ʨʦʟʨʘʭʫʚʘʪʠ 
ʧʘʨʘʤʝʪʨʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʰʣʷʭʦʤ 
ʧʽʜʩʪʘʥʦʚʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʩʝʨʝʜʥʴʦʽʥʪʝʨʚʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ 
ʥʘʣʝʞʥʦʩʪʽ PRm  ʘʙʦ Gm  ʫ ʬʦʨʤʫʣʠ (26)ð(27) ʽ ʦʪʨʠʤʘʪʠ ʪʘʢʽ ʟʥʘ-
ʯʝʥʥʷ (ʪʘʙʣ. 6). 

 
ʊʘʙʣʠʮʷ 6 

ɺʀʍɯɼʅɯ ɼɸʅɯ ɼʃʗ ʆɹʏʀʉʃɽʅʔ ɯʅɺɽʉʊʀʎɯʁʅʀʍ ʆʏɯʂʋɺɸʅʔ ʈʀɿʀʂʋ 
ʆʇʊʀʄɸʃʔʅʆɻʆ ɯʅɺɽʉʊʀʎɯʁʅʆɻʆ ʇʆʈʊʌɽʃʗ ɻʈʋʇʀ ʂʆʄʇɸʅɯʁ 

çɼʆʅɽʎʔʂʉʊɸʃʔè 

a Ía  PR1 PR2 G1 G2 

0,3284 [ ]6568,0;0  ï0,52 29,08 16,66 26,06 

0,7603 ( ]8638,0;6568,0  6,87 19,92 17,52 20,88 

 
ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʚ ʪʘʙʣ. 6 ʜʘʥʠʭ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʽʥʚʝʩ- 

ʪʠʮʽʡʥʽ ʦʯʽʢʫʚʘʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ 
ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ çɼʦʥʝʮʴʢʩʪʘʣʴè. ʈʦʟʨʘʭʫʻʤʦ ʽʥʚʝʩʪʠʮʽʡʥʽ ʦʯʽʢʫ-
ʚʘʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʨʠʟʠʢʫ ʧʦʨʪʬʝʣʷ ʥʘ ʽʥʪʝʨʚʘʣʽ [ ]6568,0;0Ía : 

 

()
( )( )1212

6
1

PRPRGG --
=aj ; 

( )
( )( )

0036,0
52,008,2966,1606,26

13284,06 =
+-

=j . 

 
ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʦʯʽʢʫʚʘʥʴ ʥʝ-

ʛʘʪʠʚʥʦʛʦ ʨʠʟʠʢʫ ʧʦʨʪʬʝʣʷ ʥʘ ʽʥʪʝʨʚʘʣʽ ( ]8638,0;6568,0Ía : 
 

()
( )( )1212

9
1

PRPRGG --
=aj ; 

( )
( )( )

0228,0
88,692,1952,1788,20

17603,09 =
--

=j . 

 
ʈʦʟʨʘʭʫʻʤʦ ʨʦʟʤʽʨ çʥʝʛʘʪʠʚʥʦʛʦè ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪ- 

ʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ çɼʦʥʝʮʴʢʩʪʘʣʴè ʥʘ ʽʥʪʝʨʚʘʣʽ [ ]6568,0;0Ía : 
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()
( )( )

6568,01
6568,0

0 112

6568,0

0
6 =aµö

ö

÷

õ

æ
æ

ç

å

--
=aµaj ññ

PRPRGG
. 

 
ʈʦʟʨʘʭʫʻʤʦ ʨʦʟʤʽʨ ʥʝʛʘʪʠʚʥʦʛʦ ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪ-

ʬʝʣʷ ʥʘ ʽʥʪʝʨʚʘʣʽ ]8638,0;6568,0(Ía : 
 

()
( )( )

2070,01
8638,0

6568,0 112

8638,0

6568,0
9 =aµö

ö

÷

õ

æ
æ

ç

å

--
=aµaj ññ

PRPRGG
. 

 
ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʟʥʘʡʜʝʤʦ ʟʚʘʞʝʥʠʡ çʥʝʛʘʪʠʚ-

ʥʠʡè ʨʠʟʠʢ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ çɼʦʥʝʮʴʢ- 
ʩʪʘʣʴè ʥʘ ʽʥʪʝʨʚʘʣʽ [ ] ]8638,0;6568,0(6568,0;0 ÇÍa : 

 

() () () ()

.0071,02070,00228,06568,00036,0

8638,0

6568,0
99

6568,0

0
66min

=Ö+Ö=

=ajÖaj+ajÖaj= ññRisk
 

 
ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʝʤʦ ʦʙʯʠʩʣʠʪʠ ʽʥʚʝʩʪʠʮʽʡʥʽ ʦʯʽʢʫʚʘʥʥʷ çʧʦ-

ʟʠʪʠʚʥʦʛʦè ʨʠʟʠʢʫ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ çɼʦʥʝʮʴʢʩʪʘʣʴè. 
ɿʦʢʨʝʤʘ, ʽʥʚʝʩʪʠʮʽʡʥʽ ʦʯʽʢʫʚʘʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʨʠʟʠʢʫ ʥʘ ʽʥʪʝʨʚʘ-
ʣʽ [ ]6568,0;0Ía  ʨʦʟʨʘʭʫʻʤʦ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

() ( )( )

( )12

2212
6

2 PRPR

GPRGPR

-

-+-
=ag ; 

( )
( )( )

( )
2610,0

52,008,292

06,2608,2966,1608,29
3284,0 =

+

-+-
=g . 

 
ʈʦʟʨʘʭʫʻʤʦ ʽʥʚʝʩʪʠʮʽʡʥʽ ʦʯʽʢʫʚʘʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʨʠʟʠʢʫ ʧʦʨʪ- 

ʬʝʣʷ ʥʘ ʽʥʪʝʨʚʘʣʽ ( ]8638,0;6568,0Ía : 
 

() ( )

( )( )
;

2 1212

2

12
9

PRPRGG

GPR

--

-
=ag  

( )
( )

( )( )
0659,0

87,692,1952,1788,202

52,1792,19
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2

9 =
--

-
=g . 
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ʆʙʯʠʩʣʠʤʦ ʨʦʟʤʽʨ çʧʦʟʠʪʠʚʥʦʛʦè ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪ- 
ʬʝʣʷ ʥʘ ʽʥʪʝʨʚʘʣʽ [ ]6568,0;0Ía : 

 

()
( )( )
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212
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÷
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-+-
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ʆʙʯʠʩʣʠʤʦ ʨʦʟʤʽʨ çʧʦʟʠʪʠʚʥʦʛʦè ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪ- 

ʬʝʣʷ ʥʘ ʽʥʪʝʨʚʘʣʽ ( ]8638,0;6568,0Ía : 
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ɿʚʘʞʝʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʨʠʟʠʢ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʥʘ ʽʥʪʝ-

ʨʚʘʣʽ [ ] ]8638,0;6568,0(6568,0;0 ÇÍa  ʟʥʘʡʜʝʤʦ ʪʘʢʠʤ ʯʠʥʦʤ: 
 

() () () ()

.0713,00203,00659,02681,02610,0

8638,0

6568,0
99

6568,0

0
66max

=Ö+Ö=

=aµagÖag+aµagÖag= ññRisk
 

 
ʊʦʜʽ ʟʘʛʘʣʴʥʠʡ ʨʠʟʠʢ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʷʢ ʧʨʦʩʪʫ ʩʫʤʫ ʟʚʘʞʝʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʽ ʧʦʟʠʪʠʚʥʦʛʦ ʨʠʟʠʢʫ: 
 

0784,00713,00071,0maxmin =+=+= RiskRiskRisktot . 

 
ʆʪʞʝ, ʟʘʛʘʣʴʥʠʡ ʨʠʟʠʢ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘ-

ʥʽʡ çɼʦʥʝʮʴʢʩʪʘʣʴè, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʮʽʣʴʦʚʠʭ ʦʨʽʻʥ-
ʪʠʨʽʚ, ʩʢʣʘʜʘʻ 7,84 %. 
ɺʠʩʥʦʚʢʠ. ʏʘʩʪʦ ʽʥʚʝʩʪʦʨʫ ʜʦʚʦʜʠʪʴʩʷ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʥʝʧʦʚʥʠʭ ʘʙʦ ʥʝ ʟʦʚʩʽʤ ʜʦʩʪʦʚʽʨʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʽʥʚʝʩʪʠ-
ʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʜʦʭʽʜʥʦʩʪʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʽ 
ʟʘʢʽʥʯʫʶʯʠ ʦʙʩʷʛʘʤʠ ʪʘ ʪʨʠʚʘʣʽʩʪʶ ʩʘʤʠʭ ʽʥʚʝʩʪʠʮʽʡ. ʗʢ ʧʨʘʚʠ-
ʣʦ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝ ʩʪʽʣʴʢʠ 
ʨʝʘʣʴʥʽ ʜʘʥʽ, ʟʘʟʥʘʯʝʥʽ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʛʦʚʦʨʘʭ, ʩʢʽʣʴʢʠ ʦʯʽʢʫʚʘ-
ʥʽ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦ-
ʝʢʪʫ ʘʙʦ ʝʢʩʧʝʨʪʥʠʤ ʰʣʷʭʦʤ. ʊʘʢʘ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʚʠʭʽʜʥʠʭ ʜʘ-
ʥʠʭ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʧʝʨʰ ʟʘ 
ʚʩʝ ʧʦʚôʷʟʘʥʘ ʟ ʪʨʠʚʘʣʠʤ ʯʘʩʦʚʠʤ ʛʦʨʠʟʦʥʪʦʤ ʨʝʘʣʽʟʘʮʽʾ ʽʥʚʝʩʪʠ- 
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ʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʪʘ ʤʥʦʞʠʥʥʽʩʪʶ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʢʽʥʮʝʚʠʡ 
ʨʝʟʫʣʴʪʘʪ. 
ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʦʮʽʥʢʠ ʨʠʟʠʢʫ, 

ʱʦ ʟʜʘʪʥʠʡ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʚʠʩʪʫʧʘʻ ʘʧʘʨʘʪ ʥʝʯʽʪ-
ʢʠʭ ʤʥʦʞʠʥ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʚ ʮʽʡ ʩʪʘʪʪʽ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʝʢʦʥʦ-
ʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ 
ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ. ʆʩʦʙʣʠʚʽʩʪʶ ʘʚʪʦʨʩʴʢʦʾ ʤʦʜʝʣʽ ʻ ʚʨʘʭʫʚʘʥʥʷ ʧʦ-
ʟʠʪʠʚʥʦʛʦ ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘʥʽʡ, ʷʢʠʡ 
ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʫ ʨʘʟʽ ʧʝʨʝʚʠʱʝʥʥʷ ʡʦʛʦ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʥʘʜ ʛʨʘ-
ʥʠʯʥʦʶ ʫʤʦʚʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʇʨʠʯʦʤʫ ʟʘʛʘʣʴʥʘ ʦʮʽʥʢʘ ʨʠʟʠʢʫ 
ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʚʘʞʫʚʘʥʥʷ ʥʝʛʘʪʠʚʥʦʾ ʪʘ ʧʦʟʠʪʠʚʥʦʾ 
ʢʦʤʧʦʥʝʥʪ ʨʠʟʠʢʫ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʽʥʚʝʩ-
ʪʠʮʽʡʥʽ ʦʯʽʢʫʚʘʥʥʷ.  
ʈʦʟʨʦʙʣʝʥʘ ʫ ʮʽʡ ʩʪʘʪʪʽ ʤʦʜʝʣʴ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʦʧʪʠʤʽ-

ʟʘʮʽʾ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ ʛʨʫʧʠ ʢʦʤʧʘ-
ʥʽʡ çɼʦʥʝʮʴʢʩʪʘʣʴè. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʚ ʮʽʡ ʩʪʘʪʪʽ ʤʦ-
ʜʝʣʽ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʽʚʥʠʢʫ ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʦʾ ʛʨʫʧʠ ʢʦʤ- 
ʧʘʥʽʡ ʧʨʠʡʤʘʪʠ ʝʬʝʢʪʠʚʥʽʰʽ ʽʥʚʝʩʪʠʮʽʡʥʽ ʨʽʰʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʘ. 
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The article is devoted to developing methodological approach of cate-
gorizing the input variables of economic and mathematical models of 
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basis of mathematical tools was chosen neural network of type of mul-
tilayer perceptron. The object of study is the process of categorizing 
explanatory variables of scoring models. The subject of study is a set 
of methods of categorizing and approaches to evaluate their impact on 
ÔÈÅ ÅÆÆÉÃÉÅÎÃÙ ÏÆ ÔÈÅ ÍÏÄÅÌ ÏÆ ÅÓÔÉÍÁÔÉÏÎ ÏÆ ÐÒÏÂÁÂÉÌÉÔÙ ÏÆ ÂÏÒÒÏ×ÅÒȭÓ 
default under the contract. As a result of experimental studies within 
the confines of the proposed methodological approach it was decided 
to optimize the input variables partitioning into categories by maxim-
izing the Gini coefficient as a measure of the adequacy of scoring mod-
els. A conclusion that a drop in the information value does not always 
act as an indicator of the deterioration of the classifier was obtained. 
In this article it has been expanded a list of recommendations for bin-
ning that may be used to build more accurate models of evaluating the 
creditworthiness of borrowers of commercial banks. 
 
Keywords : weight of evidence (WOE), information value (IV), binning, 
scoring model, neural network. 
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˜̏̒̓́̎̏̃̋́ ̐̑̏̂̌̆̍̉ 
 
ʇʨʦʚʝʜʝʥʥʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʢʨʝʜʠʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʢʣʽʻʥʪʽʚ ʙʘʥʢʽʚʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʷʢ ʜʣʷ ʚʪ̔- 
ʯʠʟʥʷʥʠʭ, ʪʘʢ ʽ ʟʘʢʦʨʜʦʥʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʩʪʨʫʢʪʫʨ. ʊʘʢʘ ʧʦʪʨʝʙʘ 
ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʘʢʪʠʚʥʠʤ ʧʦʰʫʢʦʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʽʜʚʠʱʝʥ-
ʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ 
ʩʧʦʩʪʝʨʝʞʝʥʴ ʱʦʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʟʠʯʘʣʴʥʠʢʘ ʧʨʦʛʥʦʟʫʶʪʴ 
ʽʤʦʚʽʨʥʽʩʪʴ ʡʦʛʦ ʜʝʬʦʣʪʫ ʟʘ ʟʦʙʦʚôʷʟʘʥʥʷʤʠ. 
ʇʨʦʙʣʝʤʥʦʶ ʜʽʣʷʥʢʦʶ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʦʮʽʥʢʠ ʢʨʝʜʠʪʦʩʧʨʦ-

ʤʦʞʥʦʩʪʽ ʧʦʟʠʯʘʣʴʥʠʢʘ ʻ ʧʨʦʮʝʜʫʨʘ ʧʦʜʽʣʫ ʜʽʘʧʘʟʦʥʫ ʢʦʞʥʦʾ  
ʢʽʣʴʢʽʩʥʦʾ ʧʦʷʩʥʶʶʯʦʾ ʟʤʽʥʥʦʾ ʥʘ ʢʘʪʝʛʦʨʽʾ ʟʘ ʧʨʦʷʚʦʤ ʚʧʣʠʚʫ ʥʘ 
ʥʘʜʽʡʥʽʩʪʴ ʫʛʦʜ. ʎʷ ʧʨʦʮʝʜʫʨʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʨʦʙʘʩʪʥʽʩʪʴ 
ʤʦʜʝʣʽ (ʾʾ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʠʢʠʜʽʚ ʽ ʧʦʭʠʙʦʢ ʫ ʜʘʥʠʭ) ʪʘ ʦʜʥʦʯʘʩʥʦ ʾʾ 
ʘʜʝʢʚʘʪʥʽʩʪʴ, ʘʜʞʝ ʦʙôʻʜʥʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ ʫ ʢʘ-
ʪʝʛʦʨʽʾ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʯʠ-
ʩʣʦʚʠʭ ʟʥʘʯʝʥʴ (ʚʠʧʘʜʢʦʚʽʩʪʴ, ʥʝʪʦʯʥʘ ʨʦʟʤʽʨʥʽʩʪʴ, ʧʨʦʧʫʱʝʥʽ 
ʜʘʥʽ), ʟʘʤʽʥʶʶʯʠ ʾʭ ʦʮʽʥʢʘʤʠ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʢʘʪʝʛʦʨʽʾ ʥʘ 
ʚʠʭʽʜʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʇʨʦʮʝʩ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ (ʘʙʦ 
ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʟʤʽʥʥʠʭ ʫ ʢʘʪʝʛʦʨʽʾ) ʫ ʩʢʦʨʠʥʛʫ ʱʝ ʥʘ-
ʟʠʚʘʻʪʴʩʷ ʙʽʥʥʽʥʛʦʤ (ʘʥʛʣ. binning) [1].  
ɿʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʢʦʨʠʥʛʫ ʣʦʛʽʩʪʠʯʥʠʭ ʨʝʛʨʝʩʽʡ ʘʙʦ ʽʥʰʠʭ ʥʝ-

ʣʽʥʽʡʥʠʭ ʤʦʜʝʣʝʡ ʫʩʢʣʘʜʥʶʻ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʙʽʥʥʽʥʛʫ ʥʘ ʘʜʝʢʚʘʪ-
ʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʟʠʯʘʣʴʥʠʢʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣ-ɹ 
ʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴ- 
ʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʘ ʜʽʘʧʘʟʦʥʽʚ ʢʦʞʥʦʾ ʟ ʢʘʪʝʛʦʨʽʡ ʢʽʣʴʢʽʩʥʠʭ ʚʭʽʜʥʠʭ 
ʟʤʽʥʥʠʭ. 

 
ˍ̨̎́̌̈ ̨̖̏̒̓́̎̎ ̅̇̆̑̆̌ ̨ ̨̨̗̐̔̂̌̋́̊ 
 
ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʧʨʘʚʠʣʦʤ ʫ ʣʽʪʝʨʘʪʫʨʽ ʻ ʪʝ, ʱʦ ʢʦʞʥʘ ʢʘ-

ʪʝʛʦʨʽʷ ʤʘʻ ʦʙôʻʜʥʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʟ ʦʜʥʘʢʦʚʠʤʠ ʚʣʘʩ-
ʪʠʚʦʩʪʷʤʠ ʚʽʜʥʦʩʥʦ ʾʭ ʚʧʣʠʚʫ ʥʘ ʢʨʝʜʠʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʢʣʽʻʥʪʘ. 
ɼʘʥʦʤʫ ʧʠʪʘʥʥʶ ʙʫʣʘ ʧʨʠʩʚʷʯʝʥʘ ʥʠʟʢʘ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʢʦʨʜʦʥ-
ʥʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʢʦʨʦʪʢʠʡ ʘʥʘʣʽʟ ʷʢʠʭ ʧʦʜʘʻʪʴʩʷ ʥʠʞʯʝ. 
ʋ ʩʪʘʪʪʽ ɸ. ʉ. ʉʦʨʦʢʽʥʘ [1] ʦʧʠʩʘʥʦ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʩʢʦʨʠʥ-

ʛʦʚʦʾ ʤʦʜʝʣʽ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʦʜʽʣʫ ʜʘʥʠʭ ʥʘ ʪʝʩʪʦʚʫ ʪʘ ʥʘʚʯʘʣʴʥʫ 
ʚʠʙʽʨʢʠ, ʪʘ ʟʘʢʽʥʯʫʶʯʠ ʦʮʽʥʢʦʶ ʧʘʨʘʤʝʪʨʽʚ ʣʦʛʽʩʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ. 
ʊʘʢʦʞ ʜʝʪʘʣʴʥʦ ʦʧʠʩʫʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʙʽʥʥʽʥʛʫ ʢʽʣʴʢʽʩʥʠʭ ʟʤʽʥ-
ʥʠʭ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʥʘʯʫʱʦʩʪʽ ʟʤʽʥʥʦʾ ʪʘ 
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ʧʦʢʘʟʥʠʢʘ ʚʘʛʦʤʦʩʪʽ ʦʟʥʘʢʠ.  ʇʽʜ ʯʘʩ ʧʦʜʽʣʫ ʟʤʽʥʥʠʭ ʥʘ ʢʘʪʝʛʦʨʽʾ 
ɸ. ʉ. ʉʦʨʦʢʽʥ ʢʝʨʫʻʪʴʩʷ:  
¶ ʤʘʢʩʠʤʽʟʘʮʽʻʶ ʧʦʢʘʟʥʠʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʥʘʯʫʱʦʩʪʽ ʷʢ ʢʨʠ-

ʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʙʽʥʥʽʥʛʫ; 
¶ ʦʙôʻʜʥʘʥʥʷ ʢʘʪʝʛʦʨʽʡ ʟ ʙʣʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ ʚʘʛʦʤʦʩʪʽ ʦʟʥʘ-

ʢʠ ʜʣʷ ʧʦʩʠʣʝʥʥʷ ʪʝʥʜʝʥʮʽʾ ʾʭ ʟʨʦʩʪʘʥʥʷ ʘʙʦ ʩʧʘʜʘʥʥʷ; 
¶ ʦʙʤʝʞʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʪʝʛʦʨʽʡ ʜʦ 50; 
¶ ʧʦʪʨʝʙʦʶ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʫʪʪʻʚʦʾ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʨʽʟʥʠʭ ʛʨʫ-

ʧʘʭ ʯʘʩʪʦʢ ʥʝʥʘʜʽʡʥʠʭ ʧʦʟʠʯʘʣʴʥʠʢʽʚ ʪʘ WOE; 
¶ ʥʝʦʙʭʽʜʥʽʩʪʶ ʨʦʟʙʠʪʪʷ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʢʘʪʝʛʦʨʽʾ, ʷʢʽ 

ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʟʨʦʩʪʘʶʯʠʡ ʘʙʦ ʩʧʘʜʘʶʯʠʡ ʪʨʝʥʜ WOE ʧʨʠ ʧʝ-
ʨʝʭʦʜʽ ʚʽʜ ʦʜʥʽʻʾ ʢʘʪʝʛʦʨʽʾ ʜʦ ʽʥʰʦʾ.  
ɼʦʮʽʣʴʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʪʪʻʚʦʾ ʨʽʟʥʠʮʽ WOE ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʚʽʜ ʦʜʥʽʻʾ ʢʘʪʝʛʦʨʽʾ ʜʦ ʽʥʰʦʾ ʪʘʢʦʞ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʫ ʜʞʝʨʝʣʽ [2], 
ʜʝ ɼʞ. ʍʝʨʤʘʥʦʤ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʨʠ ʩʧʦʩʦʙʠ ʙʽʥʥʽʥʛʫ:  
¶ ʬʦʨʤʫʚʘʥʥʷ ʤʝʞ ʢʘʪʝʛʦʨʽʡ ʷʢ ʚʽʜʨʽʟʢʽʚ ʟ ʦʜʥʘʢʦʚʦʶ ʜʦʚʞʠ-

ʥʦʶ ʥʘ ʜʽʘʧʘʟʦʥʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ;  
¶ ʧʦʜʽʣ ʥʘ ʢʘʪʝʛʦʨʽʾ ʟ ʦʜʥʘʢʦʚʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʠʢʣʘʜʽʚ; 
¶ ʧʦʩʠʣʝʥʥʷ ʨʽʟʥʠʮʽ ʟʥʘʯʝʥʴ WOE ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʢʘʪʝʛʦʨʽʷʤʠ.  
ʂʦʤʧʘʥʽʷ FICO [3] ʟʘʫʚʘʞʫʻ, ʱʦ ʚʩʪʘʥʦʚʠʪʠ ʚʠʯʝʨʧʥʫ ʧʨʦʮʝ-

ʜʫʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʽʥʥʽʥʛʫ ʥʝʤʦʞʣʠʚʦ, ʘʜʞʝ ʮʝ ʻ ʧʠʪʘʥʥʷʤ 
çʤʠʩʪʝʮʪʚʘ ʪʘ ʥʘʫʢʠè, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʘʜʘʻ ʨʷʜ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ 
ʧʨʦʚʝʜʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʤʽʥʥʦʾ ʥʘ ʢʘʪʝʛʦʨʽʾ: 
¶ ʢʦʞʥʘ ʢʘʪʝʛʦʨʽʷ ʤʘʻ ʚʤʽʱʫʚʘʪʠ ʜʦʩʪʘʪʥʴʦ ʟʥʘʯʝʥʴ, ʘʙʠ ʧʦ-

ʛʘʩʠʪʠ ʚʧʣʠʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʰʫʤʫ ʚ ʚʠʙʽʨʮʽ; 
¶ ʢʦʞʥʘ ʢʘʪʝʛʦʨʽʷ ʤʘʻ ʚʤʽʱʫʚʘʪʠ ʣʠʰʝ ʟʥʘʯʝʥʥʷ, ʩʧʽʣʴʥʽ ʟʘ 

ʤʽʨʦʶ ʚʧʣʠʚʫ ʥʘ ʨʝʟʫʣʴʪʫʶʯʫ ʟʤʽʥʥʫ; 
¶ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʥʘʯʫʱʦʩʪʽ ʟʤʽʥʥʦʾ ʥʝ-

ʩʫʪʴ ʤʽʥʽʤʘʣʴʥʝ ʩʤʠʩʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʤʘʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘ-
ʪʠʩʷ ʣʠʰʝ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ. 
ʋ ʨʦʙʦʪʽ [4] ʅ. ʉʽʜʜʽʢʽ ʧʨʦʧʦʥʫʻ ʢʣʘʩʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʧʨʦʚʝʜʝʥʥʷ ʙʽʥʥʽʥʛʫ: 
¶ ʧʨʦʧʫʱʝʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʤʘʶʪʴ ʚʭʦʜʠʪʠ ʚ ʦʢʨʝʤʫ ʢʘ-

ʪʝʛʦʨʽʶ; 
¶ ʢʦʞʥʘ ʢʘʪʝʛʦʨʽʷ ʥʝ ʤʦʞʝ ʤʽʩʪʠʪʠ ʤʝʥʰe, ʥʽʞ 5 % ʚʠʙʽʨʢʠ; 
¶ ʢʽʣʴʢʽʩʪʴ ʥʘʜʽʡʥʠʭ ʯʠ ʥʝʥʘʜʽʡʥʠʭ ʫʛʦʜ ʫ ʢʘʪʝʛʦʨʽʾ ʥʝ ʤʘʶʪʴ 

ʜʦʨʽʚʥʶʚʘʪʠ 0. 
ʋ ʨʦʙʦʪʽ ʅ. ɹ. ʇʘʣʢʽʥʘ [5] ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʧʨʦʙʣʝʤʘ ʦʧʪʠ- 

ʤʘʣʴʥʦʛʦ ʢʚʘʥʪʫʚʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʙʽʥʘʨʥʠʭ ʢʣʘʩʠ-
ʬʽʢʘʪʦʨʽʚ (ʦʧʝʨʘʮʽʷ ʫʢʨʫʧʥʝʥʥʷ ʚʞʝ ʨʘʥʽʰʝ ʫʪʚʦʨʝʥʠʭ ʢʘʪʝʛʦʨʽʡ). 
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ʋ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʠʤ ʙʫʣʦ ʧʽʜʚʠʱʝʥʦ ʪʦʯ-
ʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʧʨʠ ʟʥʘʯʥʽʡ ʚʪʨʘʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʥʘʯʫʱʦʩʪʽ 
ʟʤʽʥʥʠʭ. ʊʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʦʙʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʚ ʧʝʨʝʚʽʨʮʽ ʨʦʣʽ 
ʧʦʢʘʟʥʠʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʥʘʯʫʱʦʩʪʽ ʷʢ ʢʨʠʪʝʨʽʶ ʢʣʘʩʠʬʽʢʘʮʽʾ 
ʧʦʷʩʥʶʶʯʠʭ ʟʤʽʥʥʠʭ. 
ɸ. ɺ. ʄʘʪʚʽʡʯʫʢ ʫ ʤʦʥʦʛʨʘʬʽʾ [6] ʚʠʩʚʽʪʣʠʚ ʧʨʦʮʝʩ ʢʘʪʝʛʦʨʠ-

ʟʘʮʽʾ ʰʣʷʭʦʤ ʧʝʨʝʚʝʜʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʟʤʽʥʥʠʭ ʫ ʥʝʯʽʪʢʽ ʤʥʦʞʠʥʠ. 
ʇʨʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʧʦʪʨʝʙʫʻ ʟʘ-
ʩʪʦʩʫʚʘʥʥʷ ʥʘʜʪʦ ʤʘʣʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʜʣʷ ʢʦʞʥʦʾ 
ʟʤʽʥʥʦʾ ʪʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʘʛʦʤʦʩʪʽ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ 
ʟʤʽʥʥʦʾ ʯʠ ʾʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ. 
ʇʦʧʨʠ ʪʝ, ʱʦ ʫ ʧʫʙʣʽʢʘʮʽʷʭ [1ð5] ʘʣʛʦʨʠʪʤ ʙʽʥʥʽʥʛʫ ʙʫʚ ʜʝ- 

ʪʘʣʴʥʦ ʦʧʠʩʘʥʠʡ ʽ ʧʨʦʢʦʤʝʥʪʦʚʘʥʠʡ, ʧʨʠʥʮʠʧʠ ʨʦʟʙʠʪʪʷ ʢʽʣʴ- 
ʢʽʩʥʠʭ ʟʤʽʥʥʠʭ ʥʘ ʢʘʪʝʛʦʨʽʾ ʫ ʮʠʭ ʨʦʙʦʪʘʭ ʻ ʥʘʜʪʦ ʚʽʜʤʽʥʥʠʤʠ 
ʤʽʞ ʩʦʙʦʶ. ʊʘʢ, ʨʽʟʥʷʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ: ʨʦʟʤʽʨʽʚ ʪʘ ʢʽʣʴ- 
ʢʦʩʪʽ ʢʘʪʝʛʦʨʽʡ, ʧʨʘʚʠʣ ʾʭ ʦʙôʻʜʥʘʥʥʷ, ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʧʦʢʘʟʥʠʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʥʘʯʫʱʦʩʪʽ ʪʦʱʦ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝ-
ʙʘ ʫ ʧʝʨʝʚʽʨʮʽ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʙʽʥʥʽʥʛʫ, ʾʭ ʜʦ-
ʧʦʚʥʝʥʥʽ ʪʘ ʨʦʟʚʠʪʢʫ, ʧʦʰʫʢʫ ʥʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʷʢʦʩʪʽ ʧʨʦʚʝ-
ʜʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣ ʙʽʥʥʽʥʛʫ ʪʘ ʧʝʨʝʛʣʷʜʫ 
ʨʦʣʽ ʧʦʢʘʟʥʠʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʥʘʯʫʱʦʩʪʽ ʟʤʽʥʥʠʭ. ʎʝ ʟʫʤʦʚʣʶʻ 
ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʝʪʦ-
ʜʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʧʦʷʩʥʶʶʯʠʭ ʟʤʽʥʥʠʭ ʝʢʦ-
ʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʘʥʘʣʽʟʫ ʢʨʝʜʠʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʦ-
ʟʠʯʘʣʥɹʠʢʘ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʪʦʯʥʦʩʪʽ ʪʘ ʘʜʝʢʚʘʪʥʦʩʪʽ. 

 
˙̆̓́ ̨ ̠̈́̃̅́̎̎ ̨̠̅̏̒̌̅̇̆̎̎ 
 
ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʱʦʜʦ 

ʧʨʦʚʝʜʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʢʽʣʴʢʽʩʥʠʭ ʟʤʽʥʥʠʭ ʫ ʧʨʦʮʝ-
ʩʽ ʧʦʙʫʜʦʚʠ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ.  
ɼʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚ- 

ʜʘʥʴ: ʩʬʦʨʤʫʣʶʚʘʪʠ ʛʽʧʦʪʝʟʠ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʽʣʫ ʜʽʘʧʘ-
ʟʦʥʫ ʟʥʘʯʝʥʴ ʢʽʣʴʢʽʩʥʠʭ ʟʤʽʥʥʠʭ ʥʘ ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʩʚʽʪʦʚʦ-
ʛʦ ʜʦʩʚʽʜʫ ʟ ʧʨʦʚʝʜʝʥʥʷ ʙʽʥʥʽʥʛʫ; ʘʣʛʦʨʠʪʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʧʦʜʽ-
ʣʫ ʟʥʘʯʝʥʴ ʢʽʣʴʢʽʩʥʠʭ ʟʤʽʥʥʠʭ ʥʘ ʢʘʪʝʛʦʨʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʩʫ- 
ʥʫʪʠʭ ʛʽʧʦʪʝʟ, ʘ ʪʘʢʦʞ ʧʦʙʫʜʦʚʠ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʽʟʥʠʭ 
ʚʘʨʽʘʥʪʽʚ ʙʽʥʥʽʥʛʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ; ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʝʢ-
ʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠ-
ʩʥʦʚʢʽʚ ʽ ʨʝʢʦʤʝʥʜʘʮʽʡ. 
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ˏ̉̋̌́̅ ̏̒̎̏̃̎̏̄̏ ̨̍́̓̆̑́̌̔  
ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʴ, ʧʨʦʮʝʜʫʨʘ ʙʽʥʥʽʥʛʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʧʨʦ-

ʮʝʩʽ ʨʦʟʨʦʙʢʠ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ ʽ ʨʝʘʣʽʟʫʻ ʪʨʘʥʩʬʦʨʤʘʮʽʶ 
ʚʩʴʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʟʥʘʯʝʥʴ ʧʦʷʩʥʶʶʯʦʾ ʢʽʣʴʢʽʩʥʦʾ ʟʤʽʥʥʦʾ ʜʦ 
ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʪʝʛʦʨʽʡ, ʫʟʘʛʘʣʴʥʶʶʯʠ ʚʧʣʠʚ ʚʭʽʜʥʠʭ ʜʘ-
ʥʠʭ ʥʘ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʽ. ʂʨʽʤ ʮʴʦʛʦ ʜʘʥʠʡ ʧʨʦʮʝʩ ʜʦʟʚʦʣʷʻ [2]: 

1) ʚʢʣʶʯʠʪʠ ʫ ʤʦʜʝʣʴ ʧʨʦʧʫʱʝʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ (ʦʩʢʽʣʴʢʠ 
ʯʘʩʪʦ ʫ ʙʘʟʘʭ ʜʘʥʠʭ ʢʨʝʜʠʪʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʨʽʟʥʽ ʧʦʟʠʯʘʣʴʥʠʢʠ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʪʦ ʙʝʟ ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ 
ʜʦʚʦʜʠʪʴʩʷ ʘʙʦ ʚʽʜʢʠʜʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʘʙʦ ʚʠʜʘʣʷʪʠ ʧʦʷʩʥʶ-
ʶʯʽ ʟʤʽʥʥʽ, ʱʦ ʩʫʪʪʻʚʦ ʟʚʫʞʫʻ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʤʦʜʝʣʽ); 

2) ʚʠʢʣʶʯʠʪʠ ʚʧʣʠʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʚʠʢʠʜʽʚ ʥʘ ʷʢʽʩʪʴ ʤʦʜʝʣʽ; 
3) ʧʨʠʚʝʩʪʠ ʚʩʽ ʚʭʽʜʥʽ ʟʤʽʥʥʽ ʜʦ ʦʜʥʽʻʾ ʨʦʟʤʽʨʥʦʩʪʽ. 
ʋ ʧʨʦʮʝʩʽ ʧʝʨʝʚʝʜʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʫ ʢʘʪʝ-

ʛʦʨʽʘʣʴʥʫ ʬʦʨʤʫ ʚ ʩʫʯʘʩʥʦʤʫ ʩʢʦʨʠʥʛʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʢʘʟʥʠʢ 
ʚʘʛʦʤʦʩʪʽ ʦʟʥʘʢʠ WOE (weight of evidence), ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 
ʜʣʷ ʢʦʞʥʦʾ ʢʘʪʝʛʦʨʽʾ ʦʢʨʝʤʦ:  
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ʜʝ )1(id  ʽ )2(id  ð ʚʽʜʥʦʩʥʽ ʯʘʩʪʦʪʠ ʥʝʥʘʜʽʡʥʠʭ ʽ ʥʘʜʽʡʥʠʭ ʫʛʦʜ ʫ 

ʚʠʙʽʨʮʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ i-ʡ ʢʘʪʝʛʦʨʽʾ, ki ,1= ; k ð ʯʠʩʣʦ ʢʘʪʝʛʦ-
ʨʽʡ ʟʤʽʥʥʦʾ [1, ʩ. 13]. 
ʇʦʢʘʟʥʠʢ (1) ʜʦʟʚʦʣʷʻ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʤʽʨʫ ʚʧʣʠʚʫ ʚʩʽʭ ʟʥʘ-

ʯʝʥʴ ʟʤʽʥʥʦʾ ʟ ʧʝʚʥʦʾ ʢʘʪʝʛʦʨʽʾ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʜʝʬʦʣʪʫ ʟʘ ʟʦ-
ʙʦʚôʷʟʘʥʥʷʤʠ.  
ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʚʝʣʠʯʠʥʫ ʝʬʝʢʪʫ 

ʚʽʜ ʙʽʥʥʽʥʛʫ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʽʥʘʨʥʦʾ ʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ, ʻ ʽʥ-
ʬʦʨʤʘʮʽʡʥʘ ʟʥʘʯʫʱʽʩʪʴ IV (information value) [1, ʩ. 17]:  
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ʜʝ j ð ʥʦʚʦʫʪʚʦʨʝʥʘ ʢʘʪʝʛʦʨʽʷ ʟʤʽʥʥʦʾ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʩʽʭ ʢʘ-
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ɺʠʨʘʟ (3) ʚʢʘʟʫʻ, ʱʦ ʩʫʤʘ ʧʦʢʘʟʥʠʢʘ IV ʜʣʷ ʢʽʣʴʢʦʭ ʩʫʩʽʜʥʽʭ 
ʢʘʪʝʛʦʨʽʡ ʥʝ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʥʦʚʦʾ ʢʘ-
ʪʝʛʦʨʽʾ ʧʽʩʣʷ ʦʙôʻʜʥʘʥʴ ʮʠʭ ʩʫʩʽʜʽʚ. ʅʝʨʽʚʥʽʩʪʴ (3) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 
ʪʦʛʦ, ʱʦ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʪʝʛʦʨʽʡ ʜʣʷ ʟʤʽʥʥʦʾ ʥʝ 
ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʯʝʶ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘ, ʥʘʚʧʘʢʠ, ʚʠʤʘʛʘʻ 
ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʧʝʨʝʙʦʨʫ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ. ʇʦʩʪʘʚʣʝʥʘ 
ʟʘʜʘʯʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘ-
ʪʽʚ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠ-
ʤʝʥʪʫ. 
ʆʩʢʽʣʴʢʠ ʥʝ ʚʩʽ ʣʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ ʦʜʥʦʩʪʘʡʥʽ ʱʦʜʦ ʨʦʣʽ ʽʥ-

ʬʦʨʤʘʮʽʡʥʦʾ ʟʥʘʯʫʱʦʩʪʽ ʷʢ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʢʘʪʝʛʦʨʠʟʘʮʽʾ 
ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʮʽʣʴʥʦ ʧʨʦʚʝʩʪʠ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩ- 
ʪʽ ʙʽʥʥʽʥʛʫ ʦʜʥʦʯʘʩʥʦ ʥʘ ʦʩʥʦʚʽ ʚʠʨʘʟʫ (2) ʪʘ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ 
ʤʦʜʝʣʽ ʚ ʮʽʣʦʤʫ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʦʜʝʣʽ, ʦʜ-
ʥʘʢ, ʚʨʘʭʦʚʫʶʯʠ ʙʽʥʘʨʥʫ ʬʦʨʤʫ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ, ʟʘʩʪʦʩʫʻʤʦ ʟʘ-
ʛʘʣʴʥʦʚʞʠʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʘʜʝʢʚʘʪʥʦʩʪʽ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ ð 
ʢʦʝʬʽʮʽʻʥʪ ɼʞʠʥʽ, ʟʘ ʷʢʠʤ ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʤʦʞʝʤʦ ʦʮʽʥʠʪʠ ʝʬʝʢ- 
ʪʠʚʥʽʩʪʴ ʙʽʥʥʽʥʛʫ. 
ɿʥʘʯʝʥʥʷ ɼʞʠʥʽ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʝ ʷʢ ʧʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ 

ROC (Receiver Operating Characteristic) ʥʘ ʧʣʦʱʠʥʽ ʟ ʘʙʩʮʠʩʦʶ 
ç1 ð Specificityè ʪʘ ʦʨʜʠʥʘʪʦʶ çSensitivityè, ʷʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 
ʨʠʩ. 1. 
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ʜʝ TP ð ʽʩʪʠʥʥʦ ʧʦʟʠʪʠʚʥʽ ʚʠʧʘʜʢʠ, ʊN ð ʽʩʪʠʥʥʦ ʥʝʛʘʪʠʚʥʽ ʚʠ-
ʧʘʜʢʠ, FN ð ʧʦʤʠʣʢʘ ʧʝʨʰʦʛʦ ʨʦʜʫ, FP ð ʧʦʤʠʣʢʘ ʜʨʫʛʦʛʦ ʨʦ-
ʜʫ [4, ʩ. 49]. 
ʑʦ ʻ ʧʦʟʠʪʠʚʥʠʤ ʚʠʧʘʜʢʦʤ, ʘ ʱʦ ʥʝʛʘʪʠʚʥʠʤ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʚʜʘʥʥʷ. ʂʦʣʠ ʤʠ ʧʨʦʛʥʦʟʫʻʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʜʝ- 
ʬʦʣʪʫ ʧʦʟʠʯʘʣʴʥʠʢʘ, ʪʦ ʧʦʟʠʪʠʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝ ʢʣʘʩ çʇʦ-
ʟʠʯʘʣʴʥʠʢ ʥʝʥʘʜʽʡʥʠʡè, ʥʝʛʘʪʠʚʥʠʤ ð çʇʦʟʠʯʘʣʴʥʠʢ ʥʘʜʽʡ-
ʥʠʡè. ʗʢʙʠ ʤʠ ʚʠʟʥʘʯʘʣʠ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʧʦʟʠʯʘʣʴʥʠʢ ʥʘ-
ʜʽʡʥʠʡ, ʪʦ ʧʦʟʠʪʠʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʚ ʙʠ ʢʣʘʩ çʇʦʟʠʯʘʣʴʥʠʢ 
ʥʘʜʽʡʥʠʡè, ʽ ʪ. ʜ.  
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ʈʠʩ. 1. ʊʠʧʦʚʠʡ ʚʠʛʣʷʜ ROC-ʢʨʠʚʦʾ ʟʘʣʝʞʥʦ ʚʽʜ ʯʫʪʣʠʚʦʩʪʽ  
ʪʘ ʩʧʝʮʠʬʽʯʥʦʩʪʽ 

ʂʦʝʬʽʮʽʻʥʪ ɼʞʠʥʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 
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ʜʝ N ð ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʜʣʷ ʧʦʙʫʜʦʚʠ ROC-ʢʨʠʚʦʾ ʟ ʢʨʦʢʦʤ ʜʠʩ-
ʢʨʝʪʠʟʘʮʽʾ N/1=D  (ʫ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʧʨʠʡʥʷʪʦ, ʱʦ 

20=N ). 
ɿʘ Gini = 0 ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ, ʘ 

ʧʨʠ Gini = 1 ʢʣʘʩʠʬʽʢʘʪʦʨ ʧʨʘʮʶʻ ʽʜʝʘʣʴʥʦ (ʽʩʥʫʻ ʪʘʢʠʡ ʧʦʨʽʛ ʚʽ-
ʜʩʽʢʘʥʥʷ, ʟʘ ʷʢʦʛʦ ʚʩʽ ʧʦʟʠʯʘʣʴʥʠʢʠ ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʩʢʦʨʠʥʛʦʚʦʾ 
ʤʦʜʝʣʽ, ʚʠʱʠʤ ʟʘ ʮʝʡ ʧʦʨʽʛ, ʻ ʥʘʩʧʨʘʚʜʽ ʜʝʬʦʣʪʥʠʤʠ, ʘ ʚʩʽ ʧʦʟʠ-
ʯʘʣʴʥʠʢʠ, ʜʣʷ ʷʢʠʭ ʨʦʟʨʘʭʦʚʘʥʠʡ ʤʦʜʝʣʣʶ ʨʝʡʪʠʥʛ ʤʝʥʰʝ ʧʦʨʦ-
ʛʫ, ʻ ʥʘʜʽʡʥʠʤʠ). ɿʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʻ ʟʨʫʯʥʠʤʠ ʜʣʷ 
ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʤʽʞ ʩʦʙʦʶ: ʱʦ ʚʠʱʝ ʟʥʘʯʝʥʥʷ Gini 
ʜʣʷ ʤʦʜʝʣʽ, ʪʦ ʪʦʯʥʽʰʦʶ ʚʦʥʘ ʻ [3, ʩ. 43]. ʂʦʨʠʩʪʫʶʯʠʩʴ ʜʘʥʦʶ 
ʦʩʦʙʣʠʚʽʩʪʶ, ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦ-
ʜʝʣʝʡ ʧʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʮʽʷʭ ʙʽʥʥʽʥʛʫ ʙʫʜʫʪʴ ʧʦʨʽʚʥʷʥʽ ʰʣʷʭʦʤ ʨʦ-
ʟʨʘʭʫʥʢʫ ʜʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ.  
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ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʙʽʥʥʽʥʛʫ ʥʘ ʷʢʽʩʪʴ ʢʣʘʩʠʬʽʢʘʪʦʨʘ 
ʜʦʮʽʣʴʥʦ ʩʬʦʨʤʫʚʘʪʠ ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʘʪʝʛʦʨʠʟʘʮʽʾ 
ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ, ʟʤʽʩʪ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʨʝʘʣʽ-
ʟʘʮʽʾ ʪʘʢʠʭ ʝʪʘʧʽʚ: 
1) ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘʟʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ, ʬʦʨʤʫʚʘʥ-

ʥʷ ʥʘʚʯʘʣʴʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʦʢ;  
2) ʨʦʟʙʠʪʪʷ ʟʥʘʯʝʥʴ ʧʦʷʩʥʶʶʯʠʭ ʟʤʽʥʥʠʭ ʥʘ ʢʘʪʝʛʦʨʽʾ ʟ ʦʜʥʘ-

ʢʦʚʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʠʢʣʘʜʽʚ; 
3) ʧʨʦʚʝʜʝʥʥʷ ʦʙôʻʜʥʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʢʘʪʝʛʦʨʽʡ 

ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ; 
4) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʢʦʞʥʦʾ ʢʘʪʝʛʦʨʽʾ ʟʘ ʚʩʽʭ ʚʘʨʽʘʥʪʽʚ ʙʽʥʥʽʥʛʫ 

ʧʦʢʘʟʥʠʢʽʚ WOE ʪʘ IV; 
5) ʧʦʙʫʜʦʚʘ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʜʣʷ 

ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ; 
6) ʦʮʽʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʠʭ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ ʥʘ 

ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ ʟʘ ʢʨʠʪʝʨʽʻʤ ɼʞʠʥʽ; 
7) ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ ʧʨʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʙʽʥʥʽʥʛʫ; 
8) ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʢʘʪʝʛʦʨʠʟʘʮʽʾ 

ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʧʦʙʫʜʦʚʠ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ. 
ʋ ʜʞʝʨʝʣʘʭ [1] ʪʘ [5] ʩʢʦʨʠʥʛʦʚʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʦʛʽʩ-

ʪʠʯʥʦʶ ʨʝʛʨʝʩʽʻʶ, ʦʩʢʽʣʴʢʠ ʮʝ ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʫ ʩʢʦʨʠʥʛʫ ʤʘ-
ʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʙʘʛʘʪʴʦʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʘʭ. 
ʆʜʥʘʢ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʝʨʝʚʘʛʘ ʙʫʣʘ ʥʘʜʘʥʘ  ʙʘʛʘʪʦʰʘʨʦʚʦʤʫ ʧʝʨ-
ʩʝʧʪʨʦʥʫ ʈʦʟʝʥʙʣʘʪʪʘ. ɼʘʥʠʡ ʚʠʙʽʨ ʟʫʤʦʚʣʝʥʠʡ ʚʠʩʥʦʚʢʘʤʠ ʜʦʩ-
ʣʽʜʞʝʥʴ ʫ ʨʦʙʦʪʘʭ [6 ð 8] ʧʨʦ ʧʝʨʝʚʘʛʫ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝ-
ʨʝʞ ʪʠʧʫ ʧʝʨʩʝʧʪʨʦʥ ʧʨʠ ʧʦʙʫʜʦʚʽ ʙʽʥʘʨʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ 
ʤʦʜʝʣʝʡ, ʱʦ ʧʦʤʽʪʥʦ ʧʝʨʝʚʘʞʘʣʠ ʟʘ ʪʦʯʥʽʩʪʶ ʽʥʰʽ ʘʥʘʣʦʛʠ, ʟʦʢ-
ʨʝʤʘ, ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʣʦʛʽʩʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ. 
ɺʽʜʧʦʚʽʜʥʦ, ʧôʷʪʠʡ ʝʪʘʧ ʚʠʨʽʰʝʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʧʦ-

ʙʫʜʦʚʠ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʝʨʩʝʧʪʨʦʥʫ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʥʝʡʨʦʥʥʫ 
ʤʝʨʝʞʫ ʟ ʧʨʷʤʠʤʠ ʟʚôʷʟʢʘʤʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʰʘʨʽʚ: 
ʚʭʽʜʥʦʛʦ, ʧʨʠʭʦʚʘʥʠʭ (ʦʜʥʦʛʦ ʘʙʦ ʢʽʣʴʢʦʭ) ʪʘ ʚʠʭʽʜʥʦʛʦ. ʂʦʞʝʥ 
ʰʘʨ ʤʽʩʪʠʪʴ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ, ʘ ʤʽʞʝʣʝʤʝʥʪʥʽ ʟʚôʷʟʢʠ 
ʤʦʞʣʠʚʽ ʤʽʞ ʥʝʡʨʦʥʘʤʠ ʩʫʩʽʜʥʽʭ ʰʘʨʽʚ. ʇʨʠʤʽʨʦʤ, ʫ ʧʝʨʩʝʧʪʨʦʥʽ 
ʟ ʦʜʥʠʤ ʧʨʠʭʦʚʘʥʠʤ ʰʘʨʦʤ ʥʝʡʨʦʥ ʚʭʽʜʥʦʛʦ ʰʘʨʫ ʤʘʻ ʟʚôʷʟʢʠ 
ʣʠʰʝ ʟ ʥʝʡʨʦʥʘʤʠ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ, ʘ ʙʫʜʴ-ʷʢʠʡ ʥʝʡʨʦʥ ʧʨʠʭʦ-
ʚʘʥʦʛʦ ʰʘʨʫ ʤʘʻ ʦʜʥʦʯʘʩʥʦ ʟʚôʷʟʢʠ ʷʢ ʽ ʟ ʥʝʡʨʦʥʘʤʠ ʚʭʦʜʫ, ʪʘʢ ʽ ʟ 
ʥʝʡʨʦʥʘʤʠ ʚʠʭʦʜʫ.   
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ʇʨʠʥʮʠʧ ʜʽʾ ʢʦʞʥʦʛʦ ʥʝʡʨʦʥʫ ʪʘʢʦʾ ʤʝʨʝʞʽ ʙʫʚ ʟʘʧʦʟʠʯʝʥʠʡ 
ʥʝʡʨʦʘʥʘʪʦʤʦʤ ʄʘʢ-ʂʘʣʣʦʢʦʤ ʽ ʤʘʪʝʤʘʪʠʢʦʤ ʇʽʪʪʩʦʤ ʟ ʧʨʠʥʮʠ-
ʧʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʡʦʛʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʦʛʘ. ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ 
ʤʝʨʝʞʽ, ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʧʨʠʨʦʜʥʠʤʠ ʥʝʨʚʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʩʢʣʘ-
ʜʘʶʪʴʩʷ ʟ ʥʝʡʨʦʥʽʚ, ʷʢʽ ʧʦʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʤʽʞʥʝʡʨʦʥʥʠʤʠ 
ʟʚôʷʟʢʘʤʠ. ʄʽʞʥʝʡʨʦʥʥʠʡ ʟʚôʷʟʦʢ, ʷʢʠʡ ʻ ʘʥʘʣʦʛʦʤ ʩʠʥʘʧʩʽʚ ʫ 
ʧʨʠʨʦʜʥʠʭ ʥʝʡʨʦʥʘʭ, ʟʜʽʡʩʥʶʻ ʜʦʙʫʪʦʢ ʩʠʛʥʘʣʫ, ʱʦ ʡʜʝ ʜʦ ʥʝʡ-
ʨʦʥʘ, ʥʘ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʠʣʫ ʟʚôʷʟʢʫ. 
ʉʪʨʫʢʪʫʨʥʦ ʰʪʫʯʥʠʡ ʥʝʡʨʦʥ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʫʤʘʪʦʨʘ ʪʘ ʬʫʥʢʮʽ-

ʦʥʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʉʫʤʘʪʦʨ ʟʜʽʡʩʥʶʻ ʜʦʜʘʚʘʥʥʷ ʟʚʘʞʝʥʠʭ 
ʩʠʛʥʘʣʽʚ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʧʦ ʤʽʞʥʝʡʨʦʥʥʠʭ ʟʚôʷʟʢʘʭ ʚʽʜ ʽʥʰʠʭ ʥʝʡʨʦ-
ʥʽʚ, ʘʙʦ ʟʦʚʥʽʰʥʽʭ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ. ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ 
ʟʜʽʡʩʥʶʻ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʚʠʭʦʜʫ ʩʫʤʘʪʦʨʘ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʶ 
ʬʫʥʢʮʽʻʶ ʟʘʜʘʥʦʛʦ ʚʠʜʫ [6, c. 44]. ɯʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʘʢʪʠ-
ʚʘʮʽʾ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʝʨʩʝʧʪʨʦʥʫ ʚ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʢʦʨʠʩʪʘʻ-
ʤʦʩʴ ʣʦʛʽʩʪʠʯʥʦʶ ʩʠʛʤʦʾʜʥʦʶ ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ: 
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ʜʝ ()sy  ð ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ; s ð ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʩʫʤʘʪʦʨʘ 
ʥʝʡʨʦʥʘ; r ð ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʥʝʥʥʷ-ʨʦʟʪʷʛʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʚʟʜʦʚʞ 
ʦʩʽ ʘʙʩʮʠʩ. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʝʥ ʥʝʡʨʦʥ ʤʝʨʝʞʽ ʧʝʨʝʪʚʦʨʶʻ ʩʠʛʥʘʣ, ʷʢʠʡ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʦʜʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʥʫʪʨʽʰʥʽʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. ɸ 
ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʰʘʨʽʚ ʪʘʢʠʭ ʥʝʡʨʦʥʽʚ, 
ʤʦʞʝ ʚʽʜʪʚʦʨʠʪʠ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʙʫʜʴ-ʷʢʫ ʥʝʧʝʨʝʨʚʥʫ ʬʫʥʢ-
ʮʽʶ ʟ ʙʘʛʘʪʴʤʘ ʟʤʽʥʥʠʤʠ, ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʫ ʧʨʠʭʦʚʘʥʦʤʫ 
ʰʘʨʽ ʻ ʜʦʩʪʘʪʥʴʦʶ [6, ʩ. 53].  
ʇʨʦʮʝʜʫʨʘ ʧʦʙʫʜʦʚʠ ʧʝʨʩʝʧʪʨʦʥʫ, ʷʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʩʥʦʚʠ 

ʩʢʦʨʠʥʛʦʚʦʾ ʤʦʜʝʣʽ, ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ. ʇʝʨʰʠʡ 
ʰʘʨ ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʪʘʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴ-
ʢʦʩʪʽ ʧʦʷʩʥʶʶʯʠʭ ʟʤʽʥʥʠʭ ʤʦʜʝʣʽ. ʉʠʛʥʘʣʠ ʟ ʚʭʽʜʥʦʛʦ ʰʘʨʫ ʥʘʜ-
ʭʦʜʷʪʴ ʜʦ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ ʽ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʚʠ-
ʭʽʜʥʦʛʦ. ɿʛʽʜʥʦ ʨʝʢʦʤʝʥʜʘʮʽʡ [6] ʪʘ [7], ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʫ 
ʧʨʠʭʦʚʘʥʦʤʫ ʰʘʨʽ ʤʘʻ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʝʤʧʽʨʠʯʥʦ ʟ ʤʝʪʦʶ ʫʥʠ-
ʢʥʝʥʥʷ ʷʚʠʱʘ çʧʝʨʝʥʘʚʯʘʥʥʷè ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʆʩʢʽʣʴʢʠ ʟʘʚ- 
ʜʘʥʥʷʤ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʥʝ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʘʡʘʜʝʢʚʘʪʥʽʰʦʾ 
ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʙʽʥʥʽ-
ʥʛʫ, ʪʦ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʨʽʰʝʥʦ ʙʫʣʦ ʦʙʤʝʞʠʪʠʩʴ 
ʧʦʙʫʜʦʚʦʶ ʧʝʨʩʝʧʪʨʦʥʫ ʥʘʡʧʨʦʩʪʽʰʦʾ ʩʪʨʫʢʪʫʨʠ ð ʜʦ ʻʜʠʥʦʛʦ 
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ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ 2 ʥʝʡʨʦʥʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝ-
ʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʥʝʡʨʦʥʽ ʚʠʭʽʜʥʦʛʦ ʰʘʨʫ ʦʪʨʠʤʫʻʪʴʩʷ ʯʠʩʣʦ 
ʚ ʽʥʪʝʨʚʘʣʽ [ ]1,0 , ʱʦ ʚʢʘʟʫʻ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʜʝʬʦʣʪʫ ʟʘ ʢʨʝʜʠʪʦʤ, 
ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʷʢʦʛʦ ʪʘ ʡʦʛʦ ʧʦʟʠʯʘʣʴʥʠʢʘ ʙʫʣʦ ʧʦʜʘʥʦ ʥʘ 
ʚʭʦʜʠ ʥʝʡʨʦʤʝʨʝʞʽ. ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʩʝʧʪʨʦʥʫ ʟʜʽʡ-
ʩʥʶʻʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʦ-
ʤʠʣʢʠ. 
ʆʩʢʽʣʴʢʠ ʤʝʪʦʜ ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʦʤʠʣʢʠ ʧʦʣʷʛʘʻ ʫ ʟʥʘ- 

ʭʦʜʞʝʥʥʽ ʥʘʡʙʣʠʞʯʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ ʥʘ ʛʽʧʝʨʧʣʦʱʠʥʽ 
ʧʦʤʠʣʦʢ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʦʜʥʘʢʦʚʠʭ ʥʘʚʯʘʣʴ- 
ʥʠʭ ʚʠʙʽʨʦʢ ʜʘʥʠʭ ʙʫʜʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ ʧʝʨʩʝʧʪ-
ʨʦʥʫ, ʘʜʞʝ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ ʥʘ ʛʽʧʝʨʧʣʦʱʠʥʽ ʧʦʤʠʣʦʢ ʻ ʙʝʟ-
ʣʽʯ. ʊʦʤʫ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ 
ʚʠʨʽʰʝʥʦ ʜʣʷ ʢʦʞʥʦʾ ʥʝʡʨʦʤʝʨʝʞʽ ʪʘ ʦʙʨʘʥʦʾ ʧʨʦʮʝʜʫʨʠ ʢʘʪʝʛʦ-
ʨʠʟʘʮʽʾ ʧʨʦʮʝʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʚʪʦʨʶʚʘʪʠ ʜʝʩʷʪʴ ʨʘʟʽʚ (ʪʘʢ ʚʜʘ-
ʻʪʴʩʷ ʚʽʜʽʙʨʘʪʠ ʤʦʜʝʣʴ ʟ ʥʘʡʤʝʥʰʦʶ ʧʦʭʠʙʢʦʶ). 
ɯʥʬʦʨʤʘʮʽʡʥʦʶ ʙʘʟʦʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʩʣʫʛʫʚʘʣʘ ʚʠʙʽʨʢʘ ʟ 

7807 ʢʨʝʜʠʪʥʠʭ ʫʛʦʜ. ɿ ʥʠʭ 2033 ʟʘʧʠʩʽʚ ʫʚʽʡʰʣʠ ʜʦ ʥʘʚʯʘʣʴʥʦʾ 
ʚʠʙʽʨʢʠ, ʘ ʜʦ ʪʝʩʪʦʚʦʾ ð 5774, ʷʢʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʮʽʥʢʠ 
ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ ʥʘ ʜʘʥʠʭ, ʥʘ ʷʢʠʭ ʤʦʜʝʣʴ ʥʝ ʥʘʚʯʘʣʘʩʴ. ɿʘ-
ʧʠʩʠ ʧʨʦ ʢʦʞʥʫ ʢʨʝʜʠʪʥʫ ʫʛʦʜʫ ʤʽʩʪʷʪʴ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ-
ʟʠʯʘʣʴʥʠʢʘ ʥʘ ʤʦʤʝʥʪ ʾʾ ʫʢʣʘʜʘʥʥʷ, ʷʢ ʡʦʛʦ ʩʪʘʪʴ ʽ ʚʽʢ, ʧʦʩʘʜʘ, 
ʩʽʤʝʡʥʠʡ ʩʪʘʥ, ʦʩʚʽʪʘ, ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ, ʢʽʣʴʢʽʩʪʴ ʚʽʜʢʨʠʪʠʭ ʫʛʦʜ, 
ʟʘʛʘʣʴʥʘ ʩʫʤʘ, ʥʘ ʷʢʫ ʫʢʣʘʜʝʥʦ ʧʦʧʝʨʝʜʥʽ ʢʨʝʜʠʪʥʽ ʫʛʦʜʠ, ʟʘʛʘʣʴ-
ʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʧʝʨʝʜʥʽʭ ʫʛʦʜ ʪʦʱʦ. ʈʝʟʫʣʴʪʫʶʯʘ ʙʽʥʘʨʥʘ ʟʤʽʥʥʘ 
ʟʘ ʢʦʞʥʦʶ ʫʛʦʜʦʶ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ 1 ʟʘ ʫʤʦʚʠ ʥʘʩʪʘʥʥʷ ʜʝʬʦʣʪʫ 
ʟʘ ʢʨʝʜʠʪʥʠʤ ʟʦʙʦʚôʷʟʘʥʥʷʤ ʪʘ 0, ʷʢʱʦ ʢʨʝʜʠʪ ʙʫʚ ʟʘʢʨʠʪʠʡ ʟʛʽʜ-
ʥʦ ʫʤʦʚ ʜʦʛʦʚʦʨʫ. 
ʇʨʦʮʝʜʫʨʘ ʙʽʥʥʽʥʛʫ ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʤʦʜʝʣʽ 

ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ, ʘ ʧʦʪʽʤ ʤʝʞʽ ʢʦʞʥʦʾ ʢʘʪʝʛʦʨʽʾ ʚʠʢʦʨʠʩʪʦ-
ʚʫʶʪʴʩʷ ʜʣʷ ʟʘʤʽʥʠ ʧʦʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ ʷʢ ʫ ʥʘʚʯʘʣʴʥʽʡ, 
ʪʘʢ ʽ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʾʤ iWOE. ʇʨʦʮʝʜʫʨʘ ʧʦʜʽʣʫ 
ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ ʥʘ k ʢʘʪʝʛʦʨʽʡ ʤʦʞʝ ʧʨʦʭʦʜʠʪʠ ʪʘʢʠʤ 
ʯʠʥʦʤ: ʢʦʞʥʘ ʢʘʪʝʛʦʨʽʷ, ʟʘ ʚʠʥʷʪʢʦʤ ʧʝʨʰʦʾ ʪʘ ʦʩʪʘʥʥʴʦʾ, ʚʤʽʱʫʻ 

ʚʩʽ ʝʣʝʤʝʥʪʠ ʟʤʽʥʥʦʾ ʫ ʤʝʞʘʭ ( ]DÖD-DÖ ii xx ,  ʜʣʷ 1,2 -= ki  ʟ ʢʨʦʢʦʤ 

k/1=D , ʜʝ DÖix  ð ʮʝ i-ʠʡ ʢʚʘʥʪʠʣʴ ʘʙʦ ʢʚʘʥʪʠʣʴ ʨʽʚʥʷ iĿȹ (ʧʨʠ 

100/1=D  ʢʚʘʥʪʠʣʴ ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʮʝʥʪʠʣʝʤ, ʧʨʠ 10/1=D  ð ʜʝ-
ʮʠʣʝʤ, 4/1=D  ð ʢʚʘʨʪʠʣʝʤ, 2/1=D  ð ʤʝʜʽʘʥʦʶ). ʇʨʠ 1=i  ʢʘ-
ʪʝʛʦʨʽʷ ʤʘʻ ʤʝʞʽ( ]D-¤x, , ʘ ʧʨʠ ki =  ʢʘʪʝʛʦʨʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʤʝ-
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ʞʘʭ ( )( )+¤DÖ- ,1kx . ɼʘʥʠʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ k ʢʘʪʝʛʦʨʽʡ ʟ 

ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ʫ ʢʦʞʥʽʡ, ʟʘʣʝʞʥʦ ʚʽʜ 
ʪʠʧʫ ʚʠʙʽʨʢʠ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʪʫʪ ʜʽʡʩʥʽ ʛʨʘʥʠʮʽ ʘʥʘʣʽʟʦʚʘʥʦʾ ʚʠ-
ʙʽʨʢʠ ʟʤʽʥʝʥʽ ʥʘ ÑÐ ʥʝ ʩʪʽʣʴʢʠ ʜʣʷ ʨʦʟʙʠʪʪʷ ʧʦʚʥʦʾ ʤʥʦʞʠʥʠ ʾʾ 
ʝʣʝʤʝʥʪʽʚ ʥʘ ʢʘʪʝʛʦʨʽʾ, ʩʢʽʣʴʢʠ ʜʣʷ ʧʦʩʣʽʜʫʶʯʦʛʦ ʧʝʨʝʚʝʜʝʥʥʷ 
ʟʥʘʯʝʥʴ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ ʫ ʢʘʪʝʛʦʨʽʾ (ʘʜʞʝ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʭʦʜʠʪʠ 
ʟʘ ʤʝʞʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ). ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʷʢʱʦ ʚ ʙʘʟʽ ʜʘ-
ʥʠʭ ʫ ʛʨʫʧʠ ʧʦʟʠʯʘʣʴʥʠʢʽʚ ʧʨʦʧʫʱʝʥʽ ʟʥʘʯʝʥʥʷ ʘʥʘʣʽʟʦʚʘʥʦʾ 
ʟʤʽʥʥʦʾ, ʪʦ ʧʽʜ ʥʠʭ ʩʪʚʦʨʶʻʪʴʩʷ ʦʢʨʝʤʘ 1+k  ʢʘʪʝʛʦʨʽʷ. 
ɼʣʷ ʥʘʦʯʥʦʛʦ ʧʨʠʢʣʘʜʫ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʚʠʢʦʥʘʻʤʦ ʦʧʠʩʘʥʫ ʚʠ-

ʱʝ ʧʨʦʮʝʜʫʨʫ ʜʣʷ k = 10 ʥʘ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ ʧʦʷʩʥʶʶʯʦʾ ʟʤʽʥ-
ʥʦʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʛʘʣʴʥʽʡ ʩʫʤʽ ʧʦʧʝʨʝʜʥʽʭ ʢʨʝʜʠʪʥʠʭ ʫʛʦʜ ʧʦ-
ʟʠʯʘʣʴʥʠʢʘ. ʇʽʩʣʷ ʦʙôʻʜʥʘʥʥʷ ʧʨʦʧʫʱʝʥʠʭ ʟʥʘʯʝʥʴ ʚ ʦʢʨʝʤʫ 
ʢʘʪʝʛʦʨʽʶ NULL ʪʘ ʦʪʨʠʤʘʥʥʷ ʤʝʞ 10 ʢʘʪʝʛʦʨʽʡ ʜʣʷ ʟʘʧʠʩʽʚ, ʱʦ 
ʟʘʣʠʰʠʣʠʩʴ, ʧʨʦʚʦʜʠʪʴʩʷ ʧʽʜʨʘʭʫʥʦʢ ʩʫʤʠ ʟʥʘʯʝʥʴ ʨʝʟʫʣʴʪʫʶʯʦʾ 
ʙʽʥʘʨʥʦʾ ʟʤʽʥʥʦʾ ʜʣʷ ʧʨʠʢʣʘʜʽʚ ʽʟ ʢʦʞʥʦʾ ʢʘʪʝʛʦʨʽʾ. ɺʽʜʥʦʰʝʥʥʷ 
ʢʽʣʴʢʦʩʪʽ ʜʝʬʦʣʪʥʠʭ ʢʨʝʜʠʪʽʚ ʫ i-ʽʡ ʢʘʪʝʛʦʨʽʾ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩ- 
ʪʽ ʜʝʬʦʣʪʽʚ ʫ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦʶ ʯʘʩʪʦʪʦʶ 
ʥʝʥʘʜʽʡʥʠʭ ʫʛʦʜ ()1

i
d  ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ (1). ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ 

ʟʥʘʭʦʜʠʪʴʩʷ ʯʘʩʪʢʘ ʥʘʜʽʡʥʠʭ ʫʛʦʜ ()2
i

d , 1,1 += ki , ʷʢ ʚʽʜʥʦ- 

ʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʛʘʰʝʥʠʭ ʢʨʝʜʠʪʽʚ ʫ i-ʽʡ ʢʘʪʝʛʦʨʽʾ ʜʦ ʟʘʛʘʣʴʥʦʾ 
ʢʽʣʴʢʦʩʪʽ ʢʨʝʜʠʪʽʚ ʫ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ, ʟʘ ʷʢʠʤʠ ʧʦʟʠʯʘʣʴʥʠʢʘ-
ʤʠ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʦʙʦʚôʷʟʘʥʥʷ. ʆʜʥʘʢ ʽʩʥʫʶʪʴ ʪʘʢʽ ʚʠʧʘʜʢʠ 
(ʦʩʦʙʣʠʚʦ ʟʘ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ k), ʢʦʣʠ ()1

i
d  ʘʙʦ ()2

i
d  i-ʾ ʢʘʪʝʛʦʨʽʾ 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʜʦʮʽʣʴʥʦ ʦʙôʻʜʥʘʪʠ ʜʘʥʫ ʢʘʪʝ-
ʛʦʨʽʶ ʟ ʦʜʥʦʶ ʽʟ ʩʫʩʽʜʥʽʭ. 
ɿʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (1) ʧʽʜʨʘʭʦʚʫʻʪʴʩʷ k + 1 ʦʢʨʝʤʠʭ ʟʥʘʯʝʥʴ 

iWOE , 1,1 += ki , ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʤʽʥʘ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ 

ʚʽʜʧʦʚʽʜʥʠʤʠ iWOE. ʆʢʨʽʤ ʮʴʦʛʦ ʜʣʷ ʛʨʫʧ 1,1 += ki  ʨʦʟʨʘʭʦʚʫ-
ʻʪʴʩʷ ʦʢʨʝʤʠʡ ʧʦʢʘʟʥʠʢ IVi ʷʢ ʜʦʜʘʥʦʢ ʚʠʨʘʟʫ (2). ʆʪʨʠʤʘʥʠʡ ʨʝ-
ʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʧʦʢʘʟʥʠʢʘ ʧʦʜʘʥʦ ʫ ʪʘʙʣ. 1. 
ɿʘʟʥʘʯʠʤʦ, ʱʦ ʷʢʱʦ ʢʘʪʝʛʦʨʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʣʠʟʴʢʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ WOE, ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʥʠʭ ʨʦʟʧʦʜʽʣ ʜʝʬʦʣʪ-
ʥʠʭ ʽ ʧʦʛʘʰʝʥʠʭ ʢʨʝʜʠʪʽʚ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʡ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʞʦʜ- 
ʥʘ ʟ ʮʠʭ ʢʘʪʝʛʦʨʽʡ ʦʢʨʝʤʦ ʥʝ ʥʝʩʝ ʜʦʜʘʪʢʦʚʦʛʦ ʩʤʠʩʣʦʚʦʛʦ ʥʘʚʘʥ-
ʪʘʞʝʥʥʷ ʟ ʦʛʣʷʜʫ ʥʘ ʢʣʘʩʠʬʽʢʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʤʦʜʝʣʽ. ʊʦʤʫ ʜʦ- 
ʮʽʣʴʥʠʤ ʻ ʦʙôʻʜʥʘʥʥʷ ʪʘʢʠʭ ʢʘʪʝʛʦʨʽʡ ʟ ʤʝʪʦʶ ʧʦʩʠʣʝʥʥʷ ʨʽʟʥʠʮʽ 
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ʟʥʘʯʝʥʴ ʚʘʛʦʤʦʩʪʽ ʦʟʥʘʢʠ (1) ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʢʘʪʝʛʦʨʽʷʤʠ. ɺʘʨʪʦ 
ʟʘʫʚʘʞʠʪʠ, ʱʦ 11 ʢʘʪʝʛʦʨʽʷ ʥʝ ʻ ʩʫʩʽʜʥʴʦʶ ʜʦ ʞʦʜʥʦʾ ʽʥʰʦʾ. ʊʦʤʫ 
ʜʘʣʽ ʥʝ ʙʝʨʝʤʦ ʾʾ ʜʦ ʫʚʘʛʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʜʫʨʠ ʦʙôʻʜ- 
ʥʘʥʥʷ ʩʫʩʽʜʥʽʭ ʢʘʪʝʛʦʨʽʡ.  

ʊʘʙʣʠʮʷ 1 
ʇʆʂɸɿʅʀʂʀ WOE ʊɸ IV  ʅɸ ʆʉʅʆɺɯ ʂɺɸʅʊʀʃɯɺ 

ʂ
ʘ
ʪʝʛ
ʦ
ʨ
ʽ
ʷ
 
ˉ

 

ʇ
ʨ
ʘ
ʚ
ʘ
 
ʤ
ʝ
ʞ
ʘ
 

ʢ
ʘ
ʪ
ʝ
ʛ

ʦ
ʨ
ʽ
ʾ
,

 
ʛ
ʨ
ʥ
.

 

ʂ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ
 

 
ʟ
ʥʘʯ
ʝ
ʥ
ʴ
 

 
ʫ
 
ʢ
ʘ
ʪ
ʝ
ʛ

ʦ
ʨ
ʽ
ʾ

 

ʂ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ
 

 
ʥ
ʘʜ
ʽ
ʡ
ʥ
ʠ
ʭ

 

ʂ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ
 

 
ʥ
ʝ
ʥ
ʘ
ʜ
ʽ

ʡ
ʥ
ʠ
ʭ 

d
(1
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) 

W
O

E i
 

IV
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1 2667,9 148 53 95 0,057 0,086 ï0,417 0,012 

2 5106,7 147 62 85 0,067 0,077 ï0,149 0,002 

3 8348,1 146 54 92 0,058 0,084 ï0,366 0,009 

4 12 521,2 149 62 87 0,067 0,079 ï0,172 0,002 

5 18 072,0 147 69 78 0,074 0,071 0,044 0,001 

6 26 768,8 148 75 73 0,080 0,066 0,194 0,003 

7 38 554,0 149 86 63 0,092 0,057 0,478 0,017 

8 56 422,8 147 96 51 0,103 0,046 0,799 0,045 

9 95 929,0 147 107 40 0,115 0,036 1,151 0,090 

10 1 303 000,0 147 115 32 0,123 0,029 1,446 0,136 

11 NULL 558 153 405 0,164 0,368 ï0,807 0,164 

ʉʫʤʘ 

 

2033 932 1101 1 1 

 

0,481 
 
ɿʚʽʚʰʠ ʟʥʘʯʝʥʥʷ iWOE , 10,1=i , ʟ ʪʘʙʣ. 1 ʥʘ ʨʠʩ. 2, ʤʦʞʥʘ ʧʦ-

ʤʽʪʠʪʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʦʤʝʨʫ ʢʘʪʝʛʦʨʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩ-
ʪʘʥʥʷ ʟʥʘʯʝʥʥʷ ʚʘʛʦʤʦʩʪʽ ʦʟʥʘʢʠ.  
ʋ ʣʽʪʝʨʘʪʫʨʽ [1, 2] ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʮʝʜʫʨʠ ʦʙôʻʜʥʘʥʥʷ ʩʫʩʽʜʥʽʭ ʢʘʪʝʛʦʨʽʡ ʟ ʙʣʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷ-
ʤʠ WOE ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʠʣʝʥʥʷ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʘʛʦʤʦʩʪʽ 
ʦʟʥʘʢʠ (1) ʚʽʜ ʥʦʤʝʨʘ ʢʘʪʝʛʦʨʽʾ i. ɿ ʨʠʩ. 2 ʧʦʤʽʪʥʦ, ʱʦ ʧʝʨʰʽ 5 ʢʘ-
ʪʝʛʦʨʽʡ ʤʘʶʪʴ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʨʘʞʝʥʫ ʪʝʥʜʝʥʮʽʶ. ɿʘ ʜʦʧʦʤʦʛʦʶ 
ʦʙôʻʜʥʘʥʥʷ ʧʝʨʰʠʭ ʪʨʴʦʭ, ʘ ʪʘʢʦʞ 4 ʽ 5 ʢʘʪʝʛʦʨʽʡ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ 
ʙʽʥʥʽʥʛ ʟʤʽʥʥʦʾ ʟ k = 7. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʘʧʨʦʢ-
ʩʠʤʫʶʯʦʾ ʧʨʷʤʦʾ ʟʙʽʣʴʰʝʥʦ ʟ 0,916 ʜʣʷ 10 ʢʘʪʝʛʦʨʽʡ ʟ ʪʘʙʣ. 1 ʜʦ 
0,996 ʜʣʷ ʦʙôʻʜʥʘʥʠʭ 7 ʢʘʪʝʛʦʨʽʡ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʩʠʣʝʥʥʷ ʣʽ-
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ʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ WOE ʚʽʜ ʥʦʤʝʨʘ ʢʘʪʝʛʦʨʽʾ i. ʈʝʟʫʣʴʪʘʪ ʦʙôʻʜ- 
ʥʘʥʥʷ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.  

 

 

ʈʠʩ. 2. ɿʥʘʯʝʥʥʷ iWOE , 10,1=i  

 

ʈʠʩ. 3. ɿʥʘʯʝʥʥʷ iWOE , 7,1=i , ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙôʻʜʥʘʥʥʷ ʢʘʪʝʛʦʨʽʡ  
ʟ ʙʣʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʘʛʦʤʦʩʪʽ ʦʟʥʘʢʠ 

ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ ʟʘ ʨʽʟʥʠʭ ʚʘʨʽ-
ʘʥʪʽʚ ʙʽʥʥʽʥʛʫ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʧʽʩʣʷ ʦʙôʻʜʥʘʥʥʷ ʢʘʪʝʛʦʨʽʡ) ʤʦʞʥʘ 
ʧʦʙʘʯʠʪʠ ʚ ʪʘʙʣ. 2, ʜʝ ʫʢʨʫʧʥʝʥʥʷ ʢʘʪʝʛʦʨʽʡ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʧʦ- 
ʢʘʟʥʠʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʥʘʯʫʱʦʩʪʽ ʧʨʠʚʝʣʦ ʜʦ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽ-
ʻʥʪʘ ɼʞʠʥʽ (6). 




