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ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ çʊʝʦʨʠʷ. ʇʨʘʢʪʠʢʘ. ʀʥʥʦʚʘʮʠʠè ʦʩʚʝʱʘʝʪ 

ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʠʢʠ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʵʥʝʨʛʝʪʠʢʝ ʠ ʥʝʬʪʝʭʠʤʠʠ. ɾʫʨʥʘʣ ʧʫʙʣʠʢʫʝʪ ʦʙʟʦʨʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʪʘʪʴʠ 

ʠ ʢʨʘʪʢʠʝ ʩʦʦʙʱʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ, 

ʥʘʫʯʥʳʝ ʦʙʟʦʨʳ, ʘ ʪʘʢʞʝ ʩʪʘʪʴʠ ʧʨʦʙʣʝʤʥʦʛʦ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ.  
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1 ʊɽʄʇ ʀʅʅʆɺɸʎʀʆʅʅʆʁ ɼʀʅɸʄʀʂʀ ʀʅʌʆʈʄɸʎʀʆʅʅʆ-

ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʆʅʅʆʁ ʉʌɽʈʓ (ʄʠʥʘʢʦʚ ɺ.ʌ., ɺʦʨʦʙʴʝʚ ɺ.ʇ., ʃʦʙʘʥʦʚ ʆ.ʉ.) 4 
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ʋɼʂ 519.876.2 + 681.5 

ʊɽʄʇ ʀʅʅʆɺɸʎʀʆʅʅʆʁ ɼʀʅɸʄʀʂʀ ʀʅʌʆʈʄɸʎʀʆʅʅʆ-

ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʆʅʅʆʁ ʉʌɽʈʓ 

ʄʠʥʘʢʦʚ ɺ.ʌ., ɺʦʨʦʙʴʝʚ ɺ.ʇ., ʃʦʙʘʥʦʚ ʆ.ʉ. 

 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦïʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʬʝʨʳ. ʄʦʜʝʣʴ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʚʠʜʘ ʚʘʣʠʜʠʨʦʚʘʥʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʪʜʝʣʴʥʳʤ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʧʨʦʜʫʢʪʘʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʢʣʘʩʪʝʨʘʤ 

ʠʥʥʦʚʘʮʠʡ. ʄʦʜʝʣʴ ʧʦʢʘʟʘʪʝʣʴʥʦʛʦ ʚʠʜʘ ʭʦʨʦʰʦ ʚʘʣʠʜʠʨʫʝʪʩʷ ʜʣʷ ʢʦʥʚʝʨʛʝʥʮʠʠ ʠʥʥʦʚʘʮʠʡ, ʠ 

ʦʪʨʘʞʘʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʀʊʂ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ 

ʧʦʨʦʞʜʘʝʤʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʝʡ ʦʙʦʠʭ ʚʠʜʦʚ. ɺʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦïʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʬʝʨʳ 

ʩʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʦʧʝʨʝʞʝʥʠʠ ʪʝʤʧʦʚ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʪʝʤʧ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ, ʝʜʠʥʦʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʮʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ, ʤʦʜʝʣʴ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠ. 

 

RATE OF INNOVATIVE D YNAMICS OF THE INFOR MATION AND 

TELECOMMUNICATION SP HERE 

Minakov V.F., Vorobyov V.P., Lobanov O.S. 

Indices of innovative dynamics of information telecommunication systems and technologies are 

considered. Mathematical models of dynamics of innovative production of the information and 

telecommunication sphere are developed. The model of a diffusion type of a validate also provides the 

accuracy of calculations, sufficient for practice, in relation to separate innovative products and the 

functional clusters of innovations. The model of a demonstrative look is well validated for convergence of 

innovations, and reflects penetration of ITK systems and technologies into traditional technologies and 

also business processes of digital economy of information society generated by information 

telecommunication systems and technologies. Parameters of models of both types are identified. Results 
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of simulation are visualized. On the basis of the comparative analysis of parameters of innovative 

dynamics of the information and telecommunication sphere the conclusion is drawn on advancing of rates 

of commercialization in this sphere in comparison with traditional technical systems and technologies. 

Keywords: innovative activities, rate of innovative dynamics, common information space, digital 

economy, model, information telecommunication systems and technologies. 

 

ɺʚʝʜʝʥʠʝ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʪʨʠʜʮʘʪʠ ʣʝʪ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ (ʀʊʂ) ʩʠʩʪʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣʠ ʥʘ ʨʳʥʦʢ ʫʩʣʫʛ ʦʪʨʘʩʣʠ ʩʚʷʟʠ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ [15, ʩ. 4326]. ʐʠʨʦʢʫʶ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʶ ʧʦʣʫʯʠʣʠ ʩʦʪʦʚʳʝ ʪʝʣʝʬʦʥʳ 

(ʧʝʨʚʦʥʘʯʘʣʴʥʦ ï ʘʥʘʣʦʛʦʚʳʝ, ʘ ʚ ʧʦʩʣʝʜʫʶʱʝʤ - ʮʠʬʨʦʚʳʝ). ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʈʦʩʩʠʠ 

ʯʠʩʣʦ ʘʙʦʥʝʥʪʦʚ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʧʨʝʚʳʰʘʝʪ ʥʘʩʝʣʝʥʠʝ ʩʪʨʘʥʳ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʣʶʜʝʡ ʷʚʣʷʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʫʩʣʫʛʘʤʠ ʩʦʪʦʚʳʭ ʥʝʩʢʦʣʴʢʠʭ ʦʧʝʨʘʪʦʨʦʚ, ʣʠʙʦ ʠʤʝʶʪ ʙʦʣʝʝ 

ʦʜʥʦʡ SIMïʢʘʨʪʳ ʦʜʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ɸʥʘʣʦʛʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʠʩʪʝʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʙʘʥʢʦʚ, ʦʩʦʙʝʥʥʦ ï ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʠ ʙʘʥʢʦʚʩʢʠʭ ʢʘʨʪ, 

ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʘʥʢʦʤʘʪʦʚ ʠ ʪʝʨʤʠʥʘʣʦʚ. ʕʤʠʩʩʠʷ ʙʘʥʢʦʚʩʢʠʭ ʢʘʨʪ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʧʨʝʚʦʩʭʦʜʠʪ ʥʘʩʝʣʝʥʠʝ ʩʪʨʘʥʳ. ʇʝʨʤʘʥʝʥʪʥʦ ʨʘʩʪʝʪ ʯʠʩʣʦ ʙʝʟʥʘʣʠʯʥʳʭ ʪʨʘʥʟʘʢʮʠʡ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʯʝʨʝʟ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʨʝʜʩʪʚ ʩʚʷʟʠ. ʀʭ ʜʦʣʷ ʚ 

ʩʪʨʫʢʪʫʨʝ ʧʣʘʪʝʞʝʡ ʠ ʧʝʨʝʚʦʜʦʚ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʧʨʝʚʟʦʰʣʘ ʜʦʣʶ ʥʘʣʠʯʥʳʭ ʨʘʩʯʝʪʦʚ.  

ʅʘ ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʜʠʥʘʤʠʢʫ ʀʊʂ ʩʬʝʨʳ ʧʦʚʣʠʷʣʠ ʵʚʦʣʶʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠʪʠʷ 

ʧʦʢʦʣʝʥʠʡ (ʛʝʥʝʨʘʮʠʡ) ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ [1], ʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʝʤʝʡʩʪʚ ʩʪʘʥʜʘʨʪʦʚ ʩʦʪʦʚʦʡ ʩʚʷʟʠ (ʦʪ ʘʥʘʣʦʛʦʚʳʭ ɸʄʈS ʜʦ ʮʠʬʨʦʚʳʭ 4G, 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʦʢʦʣʦʚ ʠ ʩʨʝʜʩʪʚ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʠʩʪʝʤ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ). 

ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʙʘʟʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʩʦʧʨʷʞʝʥʥʳʤʠ ʠʥʥʦʚʘʮʠʷʤʠ [14]. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʩʤʘʨʪ ʠʥʥʦʚʘʮʠʠ, ʥʘʯʠʥʘʷ ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ 2007 ʛʦʜʫ Apple iPhone. ɿʘ ʜʝʩʷʪʠʣʝʪʠʝ ʤʥʦʞʝʩʪʚʦʤ ʢʦʤʧʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʦʙʩʪʚʝʥʥʳʝ ʣʠʥʝʡʢʠ ʩʤʘʨʪʬʦʥʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʨʳʥʦʢ ʩʤʘʨʪ ʠʥʥʦʚʘʮʠʡ ʚ ʀʂʊ ʩʬʝʨʝ ʩʪʘʣ ʦʜʥʠʤ 

ʩʘʤʳʭ ʜʠʥʘʤʠʯʥʳʭ ʠ ʢʦʥʢʫʨʝʥʪʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʞʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʦʙʠʣʴʥʳʭ ʩʨʝʜʩʪʚ ʩʚʷʟʠ 

ʧʨʠʟʥʘʥʥʦʛʦ ʣʠʜʝʨʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʦʪʦʚʳʭ ʪʝʣʝʬʦʥʦʚ Nokia, ʟʘʥʠʤʘʚʰʝʛʦ ʩ 2000 ʧʦ 2011 ʛʦʜʳ 

ʧʝʨʚʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦ ʧʨʦʜʘʞʘʤ ʩʦʪʦʚʳʭ ʪʝʣʝʬʦʥʦʚ, ʙʳʣʦ ʧʨʠʦʙʨʝʪʝʥʦ ʢʦʤʧʘʥʠʝʡ Microsoft . ʀ 

ʜʘʞʝ ʙʨʝʥʜ Nokia ʟʘʤʝʱʝʥ ʙʨʝʥʜʦʤ Microsoft Lumia.   

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ 

ʧʦʠʩʢʘ ʤʘʨʰʨʫʪʦʚ ʧʝʨʝʤʝʱʝʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʭ ʩʦʟʜʘʥʠʷ ʦʪʢʨʳʣʘ ʨʝʚʦʣʶʮʠʦʥʥʘʷ ʠʥʥʦʚʘʮʠʷ - 

ʟʘʧʫʩʢ ʧʝʨʚʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ ʚ 1957 ʛʦʜʫ. ɽʛʦ ʨʘʜʠʦʩʠʛʥʘʣʳ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʥʘ 
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ɿʝʤʣʶ, ʦʪʢʨʳʣʠ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, ʪʝʣʝʚʠʜʝʥʠʷ, ʨʘʜʠʦʪʨʘʥʩʣʷʮʠʡ, 

ʪʝʣʝʬʦʥʠʠ, ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʀʥʪʝʨʥʝʪʘ ʠ ʜʨʫʛʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ, ʥʘʚʠʛʘʮʠʠ ʩʠʩʪʝʤ GPS, 

ɻʃʆʅɸʉʉ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʝʨʚʠʩʦʚ [3].  

1. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʦʤʤʝʨʮʠʘʣʠʟʦʚʘʥʥʳʭ ʠʥʥʦʚʘʮʠʡ ʚ ʩʬʝʨʝ ʀʊʂ. 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʥʥʳʭ ʦ ʨʝʘʣʴʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʀʊʂ ʩʬʝʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʜʠʥʘʤʠʢʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʦʪʨʘʩʣʠ ʩʚʷʟʠ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ï ʨʠʩ. 1. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫʢʘʟʘʥʥʘʷ ʦʪʨʘʩʣʴ ʦʩʥʦʚʥʦʡ ʜʦʭʦʜ ʧʦʣʫʯʘʝʪ, ʧʨʝʜʦʩʪʘʚʣʷʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʜʦʤʠʥʠʨʫʶʱʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʚʳʪʝʩʥʠʚ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 90-ʭ ʛʦʜʦʚ 20 ʚʝʢʘ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. 

 

ʈʠʩʫʥʦʢ 1. ɺʨʝʤʝʥʥʦʡ ʨʷʜ ʜʘʥʥʳʭ ʜʦʭʦʜʘ ʦʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʩʚʷʟʠ ʈʌ 

ʍʘʨʘʢʪʝʨ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʜʦʭʦʜʘ ʠʤʝʝʪ ʬʦʨʤʫ 

ʣʦʛʠʩʪʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʚʝʨʠʬʠʮʠʨʦʚʘʥʘ, ʘ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʚʘʣʠʜʠʨʦʚʘʥʘ, 

ʜʠʬʬʫʟʠʦʥʥʘʷ ʤʦʜʝʣʴ ɹʘʩʩʘ, ʦʧʠʩʳʚʘʝʤʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ: 

dtVVVrpdV
m
Ö-ÖÖ+= )/1()( .                            (1) 
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ʧʨʦʜʫʢʪʘ; 
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Vm ï ʧʦʪʝʥʮʠʘʣʴʥʳʡ (ʧʨʝʜʝʣʴʥʳʡ) ʦʙʲʝʤ ʜʦʭʦʜʘ ʦʪ ʠʥʥʦʚʘʮʠʠ (ʫʨʦʚʝʥʴ ʥʘʩʳʱʝʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʩʨʝʜʳ çʧʦʜʨʘʞʘʪʝʣʝʡè); 

p ï ʪʝʤʧ ʠʥʥʦʚʘʮʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʘʯʘʣʴʥʳʤ ʠʥʪʝʨʝʩʦʤ ʠ ʦʞʠʜʘʥʠʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡï

ʠʥʥʦʚʘʪʦʨʦʚ. 

r ï ʪʝʤʧ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʥʦʚʘʮʠʡ ʚ ʩʨʝʜʝ çʧʦʜʨʘʞʘʪʝʣʝʡè, ʪʦ 

ʝʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʦʧʳʪ ʠʥʥʦʚʘʪʦʨʦʚ. 

ʈʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (1) ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʚʠʜʘ: 
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Ö= ,      (2) 

ʛʜʝ e ï ʢʦʥʩʪʘʥʪʘ (2,718281828). 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʬʝʨʝ ʀʊʂ ʩʠʩʪʝʤ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʬʘʢʪʦʤ ʢʫʧʣʝʡ-ʧʨʦʜʘʞʝʡ ʧʨʦʜʫʢʪʦʚ [10], ʦʙʲʝʤʳ ʢʦʪʦʨʳʭ 

ʦʪʨʘʞʘʶʪʩʷ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ (2). ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ [7], ʧʦʨʦʞʜʘʷ ʥʦʚʳʝ ʠʥʥʦʚʘʮʠʠ. ʊʘʢ, ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ 

ʧʦʜʩʠʩʪʝʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ. ʉʝʨʚʠʩʳ ʀʥʪʝʨʥʝʪ 

ʩʪʘʥʦʚʷʪʩʷ ʘʛʨʝʛʘʪʦʨʘʤʠ ʩʠʩʪʝʤ ʧʣʘʪʝʞʝʡ (ʗʥʜʝʢʩ-ʜʝʥʴʛʠ, Web Money ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ), 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ (ʗʥʜʝʢʩ- ʪʘʢʩʠ, Uber, Gett ʠ ʪ.ʜ), ʟʘʢʘʟʘ ʪʦʚʘʨʦʚ ʠ ʧʨ. ʇʦ ʩʫʪʠ ï ʵʪʦ 

ʢʦʥʚʝʨʛʝʥʪʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦʨʦʞʜʘʶʱʠʝ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ [8]. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʤʝʝʪ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘʫʯʥʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [5, ʩ. 118]: ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʝ ʙʘʟʳ ʜʘʥʥʳʭ, 

ʵʣʝʢʪʨʦʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʠ ʪ. ʧ. ɹʝʟ ʪʘʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʥʝʚʦʟʤʦʞʥʘ ʜʠʥʘʤʠʢʘ ʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʤʧʳ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ [4, ʩ. 55]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʴ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ ʥʘʟʚʘʥʥʳʤʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ [11].  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʠʥʘʤʠʢʫ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʀʊʂ ʩʬʝʨʳ 

ʦʧʠʩʳʚʘʪʴ ʧʦʢʘʟʘʪʝʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘ ʥʝʠʟʤʝʥʥʦʩʪʴ ʧʨʦʤʝʞʫʪʢʦʚ 

ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʳʭ ʦʙʲʝʤʳ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʡ ʠʤʝʶʪ ʥʝʠʟʤʝʥʥʫʶ ʢʨʘʪʥʦʩʪʴ ʨʦʩʪʘ, 

ʥʘʧʨʠʤʝʨ, ʝå2,7218281828). ɺ ʵʪʦʤ ʩʣʫʯʘʝʪ ʤʦʜʝʣʴ ʢʦʥʚʝʨʛʝʥʪʥʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ [9] 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 
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ʄʦʜʝʣʴ ʩ ʢʨʘʪʥʦʩʪʴʶ çʝè ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʧʨʦʮʝʩʩʘʭ ʫʜʦʙʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʘʪʥʦʩʪʴ, ʨʘʚʥʫʶ ʜʚʫʤ. ʊʦʛʜʘ 

ʧʦʣʫʯʘʝʤ ʧʦʢʘʟʘʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʚʠʜʘ: 
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ʛʜʝ Ti ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʘʷ ʠʥʪʝʨʚʘʣʫ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʜʚʦʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʣʶʙʦʡ 

ʧʘʨʝ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʤʘʪʝʤʘʪʠʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ.  

ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʝʣʝʡ (3): p=0,0012, r =0,383, Vm=1708,69, to 

=1991. ɺʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʦʭʦʜʘ ʦʪʨʘʩʣʠ ʩʚʷʟʠ. ɽʛʦ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʭʦʜʘ ʦʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʩʚʷʟʠ ʈʌ 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʥʘ ʨʠʩ. 2 ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʤʘʨʢʝʨʘʤʠ. 
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ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʜʣʷ ʤʦʜʝʣʝʡ (4 ʠ 5): 

).(24

,18

,4

ʀʊʂʙʘʟʳʵʣʝʤʝʥʪʥʦʡʟʘʢʦʥʘʄʫʨʘʜʣʷʤʝʩʷʮʘT

ʪʠʦʜʠʪʝʣʴʥʦʩʴʥʦʡʧʨʦʠʟʚʚʳʯʠʩʣʠʪʝʣʜʣʷʤʝʩʷʮʝʚT

ʢʘʚʠʜʝʦʪʨʘʬʠʜʣʷʤʝʩʷʮʘT
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=

=

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 3. 

 

ʈʠʩʫʥʦʢ 3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʀʥʪʝʨʥʝʪʘ (ʚ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʦʡ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ) 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʥʘ ʪʦʤ ʞʝ ʛʨʘʬʠʢʝ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [12, ʩ. 47, 13, ʩ. 49] (ʥʘʧʨʠʤʝʨ, ʤʦʱʥʦʩʪʠ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ), ʧʦʢʘʟʳʚʘʶʱʘʷ, ʯʪʦ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʀʊʂ ʩʬʝʨʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʜʠʥʘʤʠʯʥʝʝ ʠ ʥʦʩʷʪ ʦʧʝʨʝʞʘʶʱʠʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʟʚʠʪʠʷ ʀʊʂ ʩʬʝʨʳ [2]. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʪʘʢʦʝ 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʬʘʡʣʦʚʳʭ ʭʨʘʥʠʣʠʱ ʠ ʧʨʠʩʫʱʠʝ ʠʤ ʥʝʜʦʩʪʘʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʠʭ ʫʩʪʨʘʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ʦʩʥʦʚʝ NAS-

ʘʨʭʠʪʝʢʪʫʨʳ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʦʚʘʥʥʦʝ ʠ ʦʪʣʘʞʝʥʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, 

ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʝʝ ʨʝʰʝʥʠʝ ʪʠʧʦʚʦʛʦ ʥʘʙʦʨʘ ʟʘʜʘʯ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʩʝʪʝʚʦʝ ʬʘʡʣʦʚʦʝ ʭʨʘʥʠʣʠʱʝ, ʘʨʭʠʪʝʢʪʫʨʘ ʩʝʪʝʚʦʛʦ 

ʬʘʡʣʦʚʦʛʦ ʭʨʘʥʠʣʠʱʘ, ʩʪʨʫʢʪʫʨʘ ʩʝʨʚʝʨʘ ʩʝʪʝʚʦʛʦ ʬʘʡʣʦʚʦʛʦ ʭʨʘʥʠʣʠʱʘ. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʙʲʝʤ ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʝʪ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʧʨʦʛʨʘʤʤʳ ʠʟ ʢʘʪʝʛʦʨʠʠ ʬʘʡʣʦʚʳʭ 

ʭʨʘʥʠʣʠʱ [3]. ʆʥʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʩʝʡʯʘʩ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʚʩʝʤʝʩʪʥʦ: ʥʘʯʠʥʘʷ ʦʪ ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʩʤʘʨʪʬʦʥʘʭ ʠ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʘʭ ʠ ʟʘʢʘʥʯʠʚʘʷ ʤʘʩʰʪʘʙʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʭʚʘʪʳʚʘʶʱʠʤʠ 

ʦʛʨʦʤʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʨʘʙʦʪʘʶʱʠʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʤʠʣʣʠʦʥʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʢʩʧʣʫʘʪʘʮʠʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩ ʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʦʣʣʝʢʪʠʚʥʳʡ ʜʦʩʪʫʧ ʢ ʦʙʱʠʤ ʜʘʥʥʳʤ, ʥʘʧʨʠʤʝʨ, ʚ ʢʨʫʧʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

mailto:esaulov.o.k@gmail.com
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ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝʤ ʩʫʱʝʩʪʚʫʶʱʠʤ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʬʘʡʣʦʚʳʤ ʭʨʘʥʠʣʠʱʘʤ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʧʨʠʩʫʱʠ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ: 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʩʣʦʞʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ. ʇʦʧʫʣʷʨʥʳʝ ʧʨʦʝʢʪʳ 

çDropboxè, çGoogle Driveè, çOneDriveè ʠ ʜʨʫʛʠʝ ʷʚʣʷʶʪʩʷ ʧʨʦʧʨʠʝʪʘʨʥʳʤ ʇʆ ʩ ʚʳʪʝʢʘʶʱʠʤʠ ʠʟ 

ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘʤʠ ï ʧʨʦʙʣʝʤʳ ʩ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴʶ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʫʩʪʨʘʥʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ WEB-ʪʝʭʥʦʣʦʛʠʡ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʧʫʪʝʤ 

ʨʘʟʨʘʙʦʪʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʩʝʪʝʚʦʛʦ ʬʘʡʣʦʚʦʛʦ ʭʨʘʥʠʣʠʱʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʨʝʰʝʥʠʷ ʪʠʧʦʚʦʛʦ ʥʘʙʦʨʘ ʟʘʜʘʯʘ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ɺʦʟʤʦʞʥʦʩʪʠ ʭʨʘʥʠʣʠʱʘ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʧʪʠʤʘʣʴʥʳ ʠ ʥʝ ʠʟʙʳʪʦʯʥʳ. ɺʦʧʨʦʩ ʩʪʦʠʤʦʩʪʠ ʨʝʰʘʝʪʩʷ ʩʚʦʙʦʜʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠʪʦʛʦʚʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʚʝʨʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɸʥʘʣʠʟ ʠ ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʘʪʴʠ, ʦʩʚʝʱʘʶʱʠʝ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ 

[2, 5], ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʬʘʡʣʦʚʳʭ 

ʭʨʘʥʠʣʠʱ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʂ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʘʨʭʠʪʝʢʪʫʨʘʤ ʬʘʡʣʦʚʳʭ ʭʨʘʥʠʣʠʱ ʦʪʥʦʩʷʪʩʷ DAS, 

SAN, NAS [6]. 

DAS (ʘʥʛʣ. Direct-attached storage ï ʩʠʩʪʝʤʘ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʩ ʧʨʷʤʳʤ ʧʦʜʢʣʶʯʝʥʠʝʤ) ï 

ʘʨʭʠʪʝʢʪʫʨʘ ʬʘʡʣʦʚʦʛʦ ʭʨʘʥʠʣʠʱʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʟʘʧʦʤʠʥʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ 

ʩʝʨʚʝʨʫ ʥʘʧʨʷʤʫʶ, ʙʝʟ ʧʦʤʦʱʠ ʩʝʪʠ. ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʥʘʢʦʧʠʪʝʣʷʤʠ ʠ 

ʩʝʨʚʝʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʘʜʘʧʪʝʨʘ ʢʦʥʪʨʦʣʣʝʨʘ ʰʠʥʳ. 

SAN (ʘʥʛʣ. Storage Area Network ï ʩʝʪʴ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ) ï ʘʨʭʠʪʝʢʪʫʨʘ ʬʘʡʣʦʚʦʛʦ 

ʭʨʘʥʠʣʠʱʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʜʢʣʶʯʝʥʠʝ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʥʝ ʥʘʧʨʷʤʫʶ, ʘ ʧʦ ʩʝʪʠ, 

ʠʩʧʦʣʴʟʫʷ ʩʝʪʝʚʳʝ ʧʨʦʪʦʢʦʣʳ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʩʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ï ʚʠʨʪʫʘʣʴʥʳʭ 

ʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 

NAS (ʘʥʛʣ. Network Attached Storage ï ʩʝʪʝʚʘʷ ʩʠʩʪʝʤʘ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ) ï ʘʨʭʠʪʝʢʪʫʨʘ 

ʬʘʡʣʦʚʦʛʦ ʭʨʘʥʠʣʠʱʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʧʦʜʢʣʶʯʝʥʠʝ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘʧʨʷʤʫʶ ʢ 

ʢʦʤʧʴʶʪʝʨʫ, ʧʦʜʢʣʶʯʝʥʥʦʤʫ ʢ ʩʝʪʠ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʝʤʫ ʨʘʙʦʪʫ ʧʦ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤ 

ʧʨʦʪʦʢʦʣʘʤ. ʂʘʞʜʳʡ ʧʦʜʢʣʶʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʤʧʴʶʪʝʨ ʷʚʣʷʝʪʩʷ ʬʘʡʣʦʚʳʤ ʩʝʨʚʝʨʦʤ 

(NAS-ʤʦʜʫʣʝʤ, ʢʘʢ ʧʨʠʥʷʪʦ ʝʛʦ ʥʘʟʳʚʘʪʴ ʚ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ). ʉʠʩʪʝʤʘ ʦʙʲʝʜʠʥʷʝʪ ʪʘʢʠʝ 

ʤʦʜʫʣʠ, ʬʦʨʤʠʨʫʷ ʠʭ ʚ ʝʜʠʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 
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çʊɽʆʈʀʗ. ʇʈɸʂʊʀʂɸ. ʀʅʅʆɺɸʎʀʀè 
ʉɽʅʊʗɹʈʔ 2017 

ɸɺʊʆʄɸʊʀʂɸ. ɺʓʏʀʉʃʀʊɽʃʔʅɸʗ ʊɽʍʅʀʂɸ 
 

 
14 

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʘʨʭʠʪʝʢʪʫʨ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. DAS ʷʚʣʷʝʪʩʷ ʫʩʪʘʨʝʚʰʝʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ ʩ ʤʘʩʩʦʡ ʥʝʜʦʩʪʘʪʢʦʚ ʥʝʩʝʪʝʚʳʭ ʩʠʩʪʝʤ, ʧʦʵʪʦʤʫ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʦʥʝʯʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ. SAN ʚʚʠʜʫ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʠʩʪʝʤʳ ʥʘ ʚʠʨʪʫʘʣʴʥʳʝ ʜʠʩʢʠ 

ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʛʠʙʢʦʡ, ʯʝʤ NAS. ʅʘʧʨʠʤʝʨ, ʨʝʘʣʠʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʝ ʪʦʣʴʢʦ ʩ ʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ, ʥʦ ʠ ʩ ʦʙʱʠʤʠ ʜʘʥʥʳʤʠ ʧʨʠ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʝ 

ʜʦʚʦʣʴʥʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʘ ʘʚʪʦʙʘʣʘʥʩʠʨʦʚʢʘ ʟʘʛʨʫʟʢʠ ʨʝʩʫʨʩʦʚ, ʷʚʣʷʶʱʘʷʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʬʘʡʣʦʚʳʭ ʭʨʘʥʠʣʠʱ, ʪʘʢʞʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ ʠ ʢʨʘʡʥʝ ʥʝʵʬʬʝʢʪʠʚʥʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, NAS ʘʨʭʠʪʝʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʬʘʡʣʦʚʳʭ ʭʨʘʥʠʣʠʱ. 

ʂ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʩʪʠʣʷʤ ʧʨʠʣʦʞʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʢʣʠʝʥʪ / ʩʝʨʚʝʨ, 

ʢʦʤʧʦʥʝʥʪʥʘʷ, ʰʠʥʘ ʩʦʦʙʱʝʥʠʡ, ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ, ʩʝʨʚʠʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ, 

ʤʥʦʛʦʩʣʦʡʥʘʷ, N-ʫʨʦʚʥʝʚʘʷ [4]. ʀʪʦʛʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʦʙʳʯʥʦ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢʘʢʠʤ-

ʪʦ ʦʜʥʠʤ ʩʪʠʣʝʤ, ʘ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʠ ʤʦʜʠʬʠʢʘʮʠʝʡ ʥʝʩʢʦʣʴʢʠʭ.  

ʂʣʘʩʩʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ 2-ʫʨʦʚʥʝʚʘʷ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ, 

ʦʜʥʘʢʦ ʪʘʢʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʩʝʨʴʝʟʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʪʝʩʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʜʘʥʥʳʭ ʠ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʩʝʨʚʝʨʝ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚʳʩʪʫʧʘʝʪ ʤʥʦʛʦʩʣʦʡʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, 

ʛʨʫʧʧʠʨʫʶʱʘʷ ʩʭʦʞʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʚ ʨʘʟʥʳʭ ʩʣʦʷʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ 

ʠ ʧʨʦʩʪʦʪʫ ʢʘʢ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢ ʠ ʤʦʜʠʬʠʢʘʮʠʠ. ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʚʩʝ ʞʝ ʦʩʪʘʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʩʠʩʪʝʤʳ. ɼʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʫʩʪʨʘʥʝʥʳ ʚ 

N-ʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ, ʷʚʣʷʶʱʝʡʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ 2-ʫʨʦʚʥʝʚʦʡ ʩʭʝʤʳ ʢʣʠʝʥʪ / ʩʝʨʚʝʨ. 

ʀʪʦʛʦʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ 3-ʫʨʦʚʥʝʚʫʶ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʫʨʦʚʥʝʡ ʦʪʦʙʨʘʞʝʥʠʷ (ʢʣʠʝʥʪ), ʣʦʛʠʢʠ (ʚʝʙ-ʩʝʨʚʝʨ) ʠ ʜʘʥʥʳʭ (ʩʝʨʚʝʨ ɹɼ ʠ NAS-ʤʦʜʫʣʠ). ʋʨʦʚʝʥʴ 

ʣʦʛʠʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʪʨʝʭ ʩʣʦʷʭ: ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ), ʩʣʦʡ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ (ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʙʨʘʙʦʪʢʦʡ 

ʠ ʚʳʧʦʣʥʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʘʧʨʦʩʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʙʠʟʥʝʩ-ʧʨʘʚʠʣʘʤʠ) ʠ ʩʣʦʡ ʜʦʩʪʫʧʘ ʢ 

ʜʘʥʥʳʤ (ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʟʘʧʨʦʩʘʤʠ ʢ ɹɼ ʠ NAS-ʤʦʜʫʣʷʤ). ʂʘʞʜʳʡ ʩʣʦʡ ʙʳʣ 

ʚʳʜʝʣʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʦʣʷʤʠ ʠʟʚʝʩʪʥʦʛʦ ʰʘʙʣʦʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ MVC (model ï ʤʦʜʝʣʴ, view 

ï ʧʨʝʜʩʪʘʚʣʝʥʠʝ, controller ï ʢʦʥʪʨʦʣʣʝʨ) [1], ʪʘʢ ʢʘʢ ʜʘʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʣʦʛʠʢʠ ʚʝʙ-ʩʝʨʚʝʨʘ ʣʫʯʰʝ 

ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʋʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʬʘʡʣʦʚʳʭ ʭʨʘʥʠʣʠʱ, ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʡ 

ʩʧʠʩʦʢ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʨʘʙʦʪʢʝ: 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʝʰʝʥʠʷ ʪʠʧʦʚʦʛʦ ʥʘʙʦʨʘ ʟʘʜʘʯ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ; 

- ʦʨʛʘʥʠʟʘʮʠʷ ʭʨʘʥʠʣʠʱʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ NAS ʘʨʭʠʪʝʢʪʫʨʦʡ; 
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- ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ 3-ʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʴʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʰʘʙʣʦʥʘ MVC ʥʘ ʫʨʦʚʥʝ ʚʝʙ-ʩʝʨʚʝʨʘ; 

- ʘʚʪʦʙʘʣʘʥʩʠʨʦʚʢʘ ʟʘʛʨʫʟʢʠ ʤʝʞʜʫ NAS-ʤʦʜʫʣʷʤʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ; 

- ʧʦʜʜʝʨʞʢʘ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʢʘʢ ʩ ʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ, ʪʘʢ ʠ ʩ 

ʦʙʱʠʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʛʠʙʢʘʷ ʩʠʩʪʝʤʘ ʨʦʣʝʡ ʠ ʟʘʜʘʥʠʷ ʧʨʘʚ ʜʦʩʪʫʧʘ; 

- ʜʚʘ ʪʠʧʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ï ʦʜʥʦʦʢʦʥʥʳʡ ʜʠʩʧʝʪʯʝʨ ʬʘʡʣʦʚ ʠ ʦʢʥʦ 

ʜʚʫʭʧʘʥʝʣʴʥʦʛʦ ʬʘʡʣʦʚʦʛʦ ʤʝʥʝʜʞʝʨʘ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ 

ʅʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʭʨʘʥʠʣʠʱʘ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ. ʆʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʩʪʨʫʢʪʫʨʝ ʚʝʙ-ʩʝʨʚʝʨʘ ʢʘʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʩʠʩʪʝʤʳ. ʀʪʦʛʦʚʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʂʘʞʜʳʡ ʠʟ ʩʣʦʝʚ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʉʣʦʡ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʩʦʜʝʨʞʠʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʠʣʦʞʝʥʠʷ ʜʘʥʥʳʤʠ. ʇʦʤʠʤʦ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʫʧʘ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʭʨʘʥʠʣʠʱʘʤ ʵʪʦʪ ʩʣʦʡ ʪʘʢʞʝ 

ʩʦʜʝʨʞʠʪ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʣʦʛʠʢʫ ʧʨʠʣʦʞʝʥʠʷ, ʩʚʷʟʘʥʥʫʶ ʩ çʥʠʟʢʦʫʨʦʚʥʝʚʳʤʠè ʦʧʝʨʘʮʠʷʤʠ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ɺʳʰʝʩʪʦʷʱʠʝ ʩʣʦʠ ʥʝ ʦʙʣʘʜʘʶʪ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʪʦʤ, ʢʘʢ ʨʝʘʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʛʨʫʟʢʘ/ʠʟʚʣʝʯʝʥʠʝ/ʤʦʜʠʬʠʢʘʮʠʷ ʜʘʥʥʳʭ, ʭʨʘʥʠʤʳʭ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠʣʠ ʭʨʘʥʠʣʠʱʘʤʠ. ʆʥʠ ʣʠʰʴ 

ʜʝʣʝʛʠʨʫʶʪ ʜʘʥʥʦʤʫ ʩʣʦʶ ʟʘʧʨʦʩʳ ʠ ʧʦʣʫʯʘʶʪ ʚ ʦʪʚʝʪ ʨʝʟʫʣʴʪʘʪ ʠʭ ʚʳʧʦʣʥʝʥʠʷ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʝʡ ʛʠʙʢʦʩʪʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʫʧʨʦʱʝʥʠʷ ʝʝ ʜʘʣʴʥʝʡʰʝʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ, ʩʣʦʡ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʘ ʫʨʦʚʥʷ: 

ʫʨʦʚʝʥʴ ʧʨʠʣʦʞʝʥʠʷ ʠ ʫʨʦʚʝʥʴ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ. 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚʩʷ ʦʩʥʦʚʥʘʷ ʣʦʛʠʢʘ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ. ɿʜʝʩʴ ʦʧʨʝʜʝʣʝʥʳ 

çʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝè ʦʧʝʨʘʮʠʠ ʨʘʙʦʪʳ ʩ ʬʘʡʣʘʤʠ ʠ ʧʘʧʢʘʤʠ, ʘ ʪʘʢʞʝ ʦʧʝʨʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʫʯʝʪʥʳʤʠ ʟʘʧʠʩʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʟʘʧʨʘʰʠʚʘʝʪ ʫ ʩʣʦʷ ʜʦʩʪʫʧʘ ʢ 

ʜʘʥʥʳʤ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ɹɼ ʠʣʠ ʭʨʘʥʠʣʠʱ. ʉʘʤ ʞʝ ʫʨʦʚʝʥʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʚʦʡ 

ʬʫʥʢʮʠʦʥʘʣ ʚʳʰʝʩʪʦʷʱʝʤʫ ʩʣʦʶ ʧʨʠʣʦʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʩʪʴ ʪʦʣʴʢʦ ʥʘ 

ʙʠʟʥʝʩ-ʬʫʥʢʮʠʷʭ ʠ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʝ ʦʪ ʢʦʥʪʨʦʣʷ ʚʚʦʜʘ, çʥʠʟʢʦʫʨʦʚʥʝʚʦʡè ʨʘʙʦʪʳ ʩ ʬʘʡʣʘʤʠ ʠ 

ʧʨʦʯʠʭ ʟʘʜʘʯ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʣʦʛʠʢʫ. 
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HTTP
˴͙͔ͤͭ͡

1

˴͙͔ͤͭ͡
2

˴͙͔ͤͭ͡
N

FTP, SMB

͙͙̆ͪ͊ͤ͡΅͔ 
1

͙͙̆ͪ͊ͤ͡΅͔ 
2

͙͙̆ͪ͊ͤ͡΅͔ 
M

ˣ˨

TCP

1 ͯ ͍͔ͪͦͤΈ

˻͔͙͔ͭͦ͋ͪ͊͗ͤ (͙͔ͤͭ͟͡)

3 ͯ ͍͔ͪͦͤΈ

˨͊ͤͤ·͔ (NAS-͙ͣͦ͒ͯ͡ 
͙ ˣ˨)

2 ͯ ͍͔ͪͦͤΈ

˶͎͙ͦ͊͟ (͍͔͋-͔͍͔ͫͪͪ)

˽͙͔͙͔ͪͦ͗ͤ͡

ˤ͔͋-
͔͍͔ͫͪͪ

˸͔͙ͦ͒͡
(˿͚ͦ͡ ͒ͦͫͭͯͨ͊ 
͟ ͒͊ͤͤ·ͣ)

˸͔͙ͦ͒͡ ͫͯ΅͔͚ͤͦͫͭ ˣ˨

˴͔ͦͤͭͫͭͤ͊͟Ύ ͔ͣͦ͒͡Έ ˣ˨

˸͔͙ͦ͒͡ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡

˸͔ͦ͒͡Έ ˣ˨

˴͔ͦͤͭͫͭͤ͊͟Ύ ͔ͣͦ͒͡Έ 
ͻ͙͙ͪ͊ͤ͡΅

˸͔ͦ͒͡Έ ͻ͙͙ͪ͊ͤ͡΅

˴͔ͦͤͭͪͦͪ͡͡· 
͙͔͋ͤͫ͘-͎͙͙ͦ͟͡
(˿͚ͦ͡ ͙͔͋ͤͫ͘-
͎͙͙ͦ͟͡)

˴͔ͦͤͭͪͦͪ͡͡ ͍ͦͫͤͦͤ·ͻ 
ͺͯͤ͟ͼ͙͚ ͻ͔͙ͪ͊ͤͤΎ 

͒͊ͤͤ·ͻ

˴͔ͦͤͭͪͦͪ͡͡ ͺͯͤ͟ͼ͙͚ 
ͪ͊͋ͦͭ· ͫ 

ͨͦ͡Έ͍͔ͦ͊ͭ͘͡Ύ͙ͣ

˴͔ͦͤͭͪͦͪ͡͡· 
͙͔͙ͨͪͦ͗ͤ͡Ύ

(˿͚ͦ͡ 
͙͔͙ͨͪͦ͗ͤ͡Ύ)

˽͔͍͔͙ͪ͒ͫͭ͊ͤ͡Ύ
(˿͚ͦ͡ 

͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡)

ˣ͍͔͊ͦͦ͘ 
͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡

˽͔͍͔͙͔ͪ͒ͫͭ͊ͤ͡ 
͎͍͚͊ͤͦ͡ 
͙ͫͭͪ͊ͤͼ·

˽͔͍͔͙͔ͪ͒ͫͭ͊ͤ͡ 
͙ͫͭͪ͊ͤͼ· 
͍͔͙ͯͨͪ͊ͤ͡Ύ

͙̉͊ͫͭ;ͤ·͔ 
͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ 
͎͍͚͊ͤͦ͡ 
͙ͫͭͪ͊ͤͼ·

͙̉͊ͫͭ;ͤ·͔ 
͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ 
͙ͫͭͪ͊ͤͼ· 
͍͔͙ͯͨͪ͊ͤ͡Ύ

˾͔ͫͯͪͫ· 
͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡

ˣ͍͊ͦ͘·͚ 
͔ͦͤͭͪͦͪ͟͡͡

˴͔ͦͤͭͪͦͪ͡͡ 
͎͍͚͊ͤͦ͡ 
͙ͫͭͪ͊ͤͼ·

˴͔ͦͤͭͪͦͪ͡͡ 
͙ͫͭͪ͊ͤͼ· 
͍͔͙ͯͨͪ͊ͤ͡Ύ

˴͔ͦͤͭͪͦͪ͡͡ 
͙ͫͭͪ͊ͤͼ· 
͍͙͊ͭͦͪ͊͘ͼ͙͙

˽͔͍͔͙͔ͪ͒ͫͭ͊ͤ͡ 
͙ͫͭͪ͊ͤͼ· 
͍͙͊ͭͦͪ͊͘ͼ͙͙
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ʋʨʦʚʝʥʴ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʟʘʧʨʦʩʦʚ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺ ʝʛʦ ʟʘʜʘʯʠ ʪʘʢʞʝ ʚʭʦʜʠʪ ʚʳʟʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʬʫʥʢʮʠʡ ʜʨʫʛʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʟʘʜʘʥʥʦʡ ʘʣʛʦʨʠʪʤʦʤ. ɺ ʭʦʜʝ ʩʚʦʝʡ ʨʘʙʦʪʳ 

ʢʦʤʧʦʥʝʥʪʳ ʧʝʨʝʘʜʨʝʩʫʶʪ ʚʳʧʦʣʥʝʥʠʝ ʯʘʩʪʠ ʦʧʝʨʘʮʠʡ ʩʣʦʶ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʶʪ 

ʪʨʝʙʫʝʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʣʦʷ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʜʝʡʩʪʚʠʡ 

ʫʨʦʚʝʥʴ ʬʦʨʤʠʨʫʝʪ ʠʪʦʛʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʝʨʝʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʇʦʩʣʝʜʥʠʡ, ʚʝʨʭʥʠʡ, ʩʣʦʡ ʩʦʜʝʨʞʠʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ html-ʬʘʡʣʘʤʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʬʦʨʤʘʪʘ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʥʝʩʪʠ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʣʦʛʠʢʫ ʚ ʧʨʦʮʝʩʩ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʦʡ ʩʦʜʝʨʞʠʪ ʠ ʜʨʫʛʠʝ ʨʝʩʫʨʩʳ: ʢʘʩʢʘʜʥʳʝ 

ʪʘʙʣʠʮʳ ʩʪʠʣʝʡ (css-ʬʘʡʣʳ), ʩʢʨʠʧʪʳ (js-ʬʘʡʣʳ), ʰʨʠʬʪʳ. ɺʩʝ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʥʘʛʣʷʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

ɸʚʪʦʙʘʣʘʥʩʠʨʦʚʢʘ ʟʘʛʨʫʟʢʠ ʨʝʩʫʨʩʦʚ 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʘʚʪʦʙʘʣʘʥʩʠʨʦʚʢʘ ʟʘʛʨʫʟʢʠ ʨʝʩʫʨʩʦʚ 

ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʢʨʝʪʥʳʡ NAS-

ʤʦʜʫʣʴ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʧʦʜʢʣʶʯʝʥʥʳʭ NAS-ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʭʨʘʥʠʪʴ ʟʘʛʨʫʞʘʝʤʳʡ ʚ 

ʩʠʩʪʝʤʫ ʬʘʡʣ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʙʘʣʘʥʩʠʨʦʚʢʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ ʢʨʠʪʝʨʠʝʚ: ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ, ʩ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʟʘʛʨʫʟʢʠ, ʩ ʫʯʝʪʦʤ ʦʙʲʝʤʘ ʭʨʘʥʠʣʠʱ, ʩ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʬʘʡʣʦʚ 

ʭʨʘʥʠʣʠʱ, ʠ ʪʘʢ ʜʘʣʝʝ. ʊʘʢʞʝ ʙʳʣʘ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ 

ʘʚʪʦʙʘʣʘʥʩʠʨʦʚʢʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʢʨʠʪʝʨʠʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʦʙʩʪʚʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʘʮʠʠ 

ʙʘʣʘʥʩʠʨʦʚʢʠ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʧʠʩʦʢ NAS-ʤʦʜʫʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʧʨʠʦʨʠʪʝʪʦʤ ʜʣʷ ʟʘʛʨʫʟʢʠ ʬʘʡʣʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʩʪʨʘʪʝʛʠʶ ʘʚʪʦʙʘʣʘʥʩʠʨʦʚʢʠ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʢʨʠʪʝʨʠʠ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʟʘʛʨʫʟʢʠ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʠʝ ʧʨʦʮʝʥʪʥʦʡ ʟʘʛʨʫʟʢʠ NAS-ʤʦʜʫʣʝʡ 

ʩʠʩʪʝʤʳ. ɹʘʣʘʥʩʠʨʦʚʢʘ ʚ ʜʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ ʦʮʝʥʢʠ ʦʙʲʝʤʘ ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ ʚ 

ʦʪʥʦʰʝʥʠʠ ʢ ʦʙʱʝʤʫ ʦʙʲʝʤʫ ʭʨʘʥʠʣʠʱʘ; ʯʝʤ ʚʳʰʝ ʜʘʥʥʳʡ ʧʨʦʮʝʥʪ ï ʪʝʤ ʚʳʰʝ ʧʨʠʦʨʠʪʝʪ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʭʨʘʥʠʣʠʱʘ. ʊʘʢ ʢʘʢ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʪʘʚʣʷʪʴ ʦʜʠʥ ʠʟ NAS-

ʤʦʜʫʣʝʡ ʤʝʥʝʝ ʟʘʧʦʣʥʝʥʥʳʤ, ʯʝʤ ʦʩʪʘʣʴʥʳʝ, ʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʪʨʘʪʝʛʠʷ ʠʤʝʝʪ ʜʚʝ ʚʘʨʠʘʮʠʠ. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ. ɺʥʘʯʘʣʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʩʧʠʩʦʢ 

ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʭʨʘʥʠʣʠʱ ʩʠʩʪʝʤʳ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʧʠʩʦʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʦʙʲʝʢʪʦʚ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʦʨʠʪʝʪʦʚ ʭʨʘʥʠʣʠʱ. ɼʘʣʝʝ ʜʣʷ ʢʘʞʜʦʛʦ 

ʭʨʘʥʠʣʠʱʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʣʥʳʡ ʦʙʲʝʤ, ʟʘʥʷʪʳʡ ʦʙʲʝʤ, ʧʦʩʣʝ ʯʝʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʙʦʜʥʦʝ ʤʝʩʪʦ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ɿʘʪʝʤ ʩʧʠʩʦʢ ʭʨʘʥʠʣʠʱ ʩʦʨʪʠʨʫʝʪʩʷ 
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ʧʦ ʫʙʳʚʘʥʠʶ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ çʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤè. ɼʘʣʝʝ, ʝʩʣʠ ʚʳʙʨʘʥʘ ʚʘʨʠʘʮʠʷ ʩʪʨʘʪʝʛʠʠ ʩ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʭʨʘʥʠʣʠʱʘ, ʦʙʲʝʢʪ ʩ ʥʘʠʚʳʩʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʢʦʧʠʨʫʝʪʩʷ ʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ 

ʷʯʝʡʢʫ, ʫʜʘʣʷʝʪʩʷ ʠʟ ʩʧʠʩʢʘ ʭʨʘʥʠʣʠʱ, ʠ ʜʦʙʘʚʣʷʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʩʧʠʩʦʢ ʥʘ ʧʦʩʣʝʜʥʶʶ ʧʦʟʠʮʠʶ. 

ɿʘʪʝʤ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ ʚʘʨʠʘʮʠʠ, ʬʦʨʤʠʨʫʝʪʩʷ ʠʪʦʛʦʚʳʡ ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʭʨʘʥʠʣʠʱ, ʢʦʪʦʨʳʡ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʘ çɸʚʪʦʙʘʣʘʥʩʠʨʦʚʢʘ ʩ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʟʘʛʨʫʟʢʠè ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɸʚʪʦʙʘʣʘʥʩʠʨʦʚʢʘ ʩ 
ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʟʘʛʨʫʟʢʠ

ʅʘʯʘʣʦ

storage_list := ʉʧʠʩʦʢ ʦʙʲʝʢʪʦʚ 
ʚʩʝʭ ʭʨʘʥʠʣʠʱ

i := 0

ʎʠʢʣ 1
i = ʨʘʟʤʝʨ storage_list

i := i + 1

list := ʉʧʠʩʦʢ ʦʙʲʝʢʪʦʚ 
(ʀɼ,

ʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤ)
 ʚʩʝʭ ʭʨʘʥʠʣʠʱ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 
ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʧʨʠʦʨʠʪʝʪʦʤ

ʎʠʢʣ 1

ɺʝʨʥʫʪʴ id_list

ɸʚʪʦʙʘʣʘʥʩʠʨʦʚʢʘ ʩ 
ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʟʘʛʨʫʟʢʠ

ʂʦʥʝʮ

load_size := ʇʦʣʫʯʠʪʴ ʟʘʥʷʪʳʡ 
ʦʙʲʝʤ ʭʨʘʥʠʣʠʱʘ 
(storage_list[i].id)

full_size := ʇʦʣʫʯʠʪʴ ʚʝʩʴ ʦʙʲʝʤ 
ʭʨʘʥʠʣʠʱʘ (storage_list[i].id)

list[number].id := storage_list[i].id;
list[number].free_size := 

(full_size ï load_size) / full_size

ʆʪʩʦʨʪʠʨʦʚʘʪʴ list ʧʦ ʫʙʳʚʘʥʠʶ 
ʧʦ ʘʪʨʠʙʫʪʫ list.free_size

ʉʦʟʜʘʪʴ ʠʪʦʛʦʚʳʡ ʩʧʠʩʦʢ id_list 
ʨʘʟʤʝʨʘ list

i := 0

ʎʠʢʣ 2
i = ʨʘʟʤʝʨ list

i := i + 1

ʎʠʢʣ 2

id_list[i] = list[i].id

param = 0?

ɼʘ

ʅʝʪ

param param ï ʧʦ ʟʥʘʯʝʥʠʶ

tmp := list[0]

ʋʜʘʣʠʪʴ list[0]

ɼʦʙʘʚʠʪʴ ʚ list ʦʙʲʝʢʪ tmp

 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʘ çɸʚʪʦʙʘʣʘʥʩʠʨʦʚʢʘ ʩ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʟʘʛʨʫʟʢʠè 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʘʧʨʦʙʘʮʠʷ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʜʚʘ ʵʪʘʧʘ: ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʪʝʩʪʦʚ (ʤʦʜʫʣʴʥʦʝ ʠ ʠʥʪʝʛʨʘʮʠʦʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ) ʠ ʧʫʪʝʤ 

ʘʧʨʦʙʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ.  
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ʄʦʜʫʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʬʨʝʡʤʚʦʨʢʘ MS Test, ʢʦʪʦʨʳʡ 

ʚʭʦʜʠʪ ʚ ʙʘʟʦʚʫʶ ʧʦʩʪʘʚʢʫ MS Visual Studio. ɺʳʧʦʣʥʝʥʠʝ ʢʘʞʜʦʛʦ ʪʝʩʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʦʪʤʝʯʝʥʥʳʤ ʘʪʨʠʙʫʪʦʤ TestMethod ʤʝʪʦʜʦʤ, ʨʘʟʜʝʣʷʣʦʩʴ ʥʘ ʪʨʠ ʩʪʘʜʠʠ: ʧʦʜʛʦʪʦʚʢʘ ʢʦʥʪʝʢʩʪʘ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʠʝ ʚʝʨʠʬʠʮʠʨʫʝʤʦʛʦ ʜʝʡʩʪʚʠʷ, ʠ ʧʨʦʚʝʨʢʘ ʨʝʟʫʣʴʪʘʪʘ 

ʜʝʡʩʪʚʠʷ ʥʘ ʩʦʚʧʘʜʝʥʠʝ ʩ ʦʞʠʜʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦ ʠʪʦʛʘʤ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʣʩʷ ʫʩʧʝʭ 

ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ.  

ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʚʳʙʦʨ ʤʝʞʜʫ 

ʠʤʠʪʘʮʠʝʡ ʦʢʨʫʞʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʥʘ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ʍʦʪʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʬʨʝʡʤʚʦʨʢʠ 

ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, Moq) ʠ ʧʦʟʚʦʣʷʶʪ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʠʤʠʪʠʨʦʚʘʪʴ 

ʦʢʨʫʞʝʥʠʝ, ʚ ʩʣʫʯʘʝ ʠʤʝʶʱʝʡʩʷ ʟʘʜʘʯʠ ʪʘʢʘʷ ʠʤʠʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʵʬʬʝʢʪʠʚʥʦʡ, ʪʘʢ ʢʘʢ 

ʪʝʩʪʠʨʫʝʤʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩʦʜʝʨʞʠʪ ʤʘʩʩʫ ʤʝʪʦʜʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, 

ʭʨʘʥʠʣʠʱʘʤʠ ʜʘʥʥʳʭ ʠ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʧʨʦʚʝʜʝʥʠʠ 

ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ çʚʨʫʯʥʫʶè, ʥʝ ʧʨʠʤʝʥʷʷ ʩʧʝʮʠʘʣʴʥʳʭ ʬʨʝʡʤʚʦʨʢʦʚ ʠ ʠʩʧʦʣʴʟʫʷ 

ʜʣʷ ʪʝʩʪʦʚ ʨʝʘʣʴʥʳʝ (ʪʝʩʪʦʚʳʝ) ʙʘʟʳ, ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ ʠ ʚʝʙ-ʩʝʨʚʝʨ. ʆʨʛʘʥʠʟʘʮʠʷ 

ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʦʜʫʣʴʥʳʤ. ɺʳʧʦʣʥʝʥʠʝ ʢʘʞʜʦʛʦ 

ʪʝʩʪʘ ʩʚʦʜʠʪʩʷ ʢ ʪʝʤ ʞʝ ʪʨʝʤ ʩʪʘʜʠʷʤ ʧʦʜʛʦʪʦʚʢʠ, ʚʳʧʦʣʥʝʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʘ. 

ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʪʝʩʪ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʤʝʪʦʜ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ, 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʨʝʘʣʴʥʳʤ ʚʝʙ-ʩʝʨʚʝʨʦʤ ʢʘʢ ʦʙʳʯʥʳʡ ʟʘʧʨʦʩ. 

ʄʦʜʫʣʴʥʦʝ ʠ ʠʥʪʝʛʨʘʮʠʦʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ. ʇʦ 

ʟʘʚʝʨʰʝʥʠʶ ʵʪʘʧʦʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʘʧʨʦʙʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʵʪʦʛʦ ʩʠʩʪʝʤʘ ʙʳʣʘ ʨʘʟʚʝʨʥʫʪʘ ʚ ʪʝʩʪʦʚʦʤ ʨʝʞʠʤʝ ʥʘ ʚʳʜʝʣʝʥʥʦʤ 

ʩʝʨʚʝʨʝ. ʕʪʘʧ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʦʩʪʦʷʣ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ: 

- ʫʩʪʘʥʦʚʢʘ .NET Framework 4.5; 

- ʫʩʪʘʥʦʚʢʘ ʠ ʥʘʩʪʨʦʡʢʘ ʚʝʙ-ʩʝʨʚʝʨʘ IIS 8.5; 

- ʧʦʜʢʣʶʯʝʥʠʝ ʤʦʜʫʣʷ ASP.NET ʢ ʚʝʙ-ʩʝʨʚʝʨʫ IIS; 

- ʫʩʪʘʥʦʚʢʘ ʉʋɹɼ PostgreSQL 9.6; 

- ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷ ʚ ʉʋɹɼ PostgreSQL; 

- ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʚʝʙ-ʩʝʨʚʝʨʝ IIS. 

ɺ ʭʦʜʝ ʘʧʨʦʙʘʮʠʠ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʙʱʘʷ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʣʘ ʦʪʩʫʪʩʪʚʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʚ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʠʪʦʛʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʩʝʪʝʚʦʝ ʬʘʡʣʦʚʦʝ ʭʨʘʥʠʣʠʱʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʨʛʘʥʠʟʘʮʠʶ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ 
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ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʨʝʰʝʥʠʝ ʪʠʧʦʚʦʛʦ ʥʘʙʦʨʘ ʟʘʜʘʯ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʬʘʡʣʦʚʳʭ ʭʨʘʥʠʣʠʱ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʨʘʩʰʠʨʝʥʠʝʤ ʩʧʠʩʢʦʚ 

ʩʪʨʘʪʝʛʠʡ ʘʚʪʦʙʘʣʘʥʩʠʨʦʚʢʠ ʟʘʛʨʫʟʢʠ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʧʨʦʪʦʢʦʣʦʚ ʨʘʙʦʪʳ ʩ ʭʨʘʥʠʣʠʱʘʤʠ. 
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ɺʚʝʜʝʥʠʝ 

ɹʫʜʫʯʠ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʨʝʩʫʨʩʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʬʝʨʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʸ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ɺ ʥʘʰʫ ʵʧʦʭʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʯʨʝʟʚʳʯʘʡʥʦ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʨʳʥʦʢ ʥʝʤʘʪʝʨʠʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʘʚʦʚʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʦʙʤʝʥʘ, ʧʨʦʜʘʞʠ ʠ ʧʨʦʯʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʜʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠ ʪʚʦʨʯʝʩʢʦʡ ʨʘʙʦʪʳ ʠ ʩʪʘʣʘ ʧʨʠʯʠʥʦʡ ʩʦʟʜʘʥʠʷ ʠʥʩʪʠʪʫʪʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ʋʯʠʪʳʚʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʬʝʨʝ, 

ʥʝʩʦʤʥʝʥʥʦ, ʚʩʪʘʸʪ ʚʦʧʨʦʩ ʦ ʧʨʘʚʦʚʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌʝʜʝʨʘʣʴʥʳʤ ʧʣʘʥʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʧʦ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ (ʈʦʩʧʘʪʝʥʪ) ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ ʩʫʙʲʝʢʪʦʚ ʦʬʠʮʠʘʣʴʥʦʛʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʫʯʝʪʘ. ʈʦʩʧʘʪʝʥʪ ʫʧʦʣʥʦʤʦʯʝʥ ʝʞʝʛʦʜʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʬʝʜʝʨʘʣʴʥʦʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʠʟʦʙʨʝʪʝʥʠʡ, ʧʦʣʝʟʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʙʘʟ ʜʘʥʥʳʭ, ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ, 
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ʪʦʧʦʣʦʛʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ), ʚ ʪʦʤ ʯʠʩʣʝ ʩʙʦʨ, ʦʙʨʘʙʦʪʢʫ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʝʝ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ [1]. 

ʋʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ ʦʪʢʨʳʪʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʧʨʦʚʝʜʸʤ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʘ ʪʘʢʞʝ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠʤʝʶʱʠʭʩʷ 

ʜʘʥʥʳʭ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʝʜʠʥʳʤ ʧʦʥʷʪʠʝʤ 

Data Mining. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ, ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ:  

¶ DataMining ï ʵʪʦ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ 

ʜʘʥʥʳʭ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʜʦ ʵʪʦʛʦ ʩʪʨʫʢʪʫʨ, ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʚ 

ʙʠʟʥʝʩʝ [2]; 

¶ DataMining ï ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʦʙʥʘʨʫʞʝʥʠʝ çʤʘʰʠʥʦʡè (ʘʣʛʦʨʠʪʤʘʤʠ, ʩʨʝʜʩʪʚʘʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ) ʚ ʩʳʨʳʭ ʜʘʥʥʳʭ ʩʢʨʳʪʳʭ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ, 

ʥʝʪʨʠʚʠʘʣʴʥʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳ, ʜʦʩʪʫʧʥʳ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʯʝʣʦʚʝʢʦʤ [3]; 

¶ Data Mining - ʵʪʦ ʧʨʦʮʝʩʩ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʩʳʨʳʭ ʜʘʥʥʳʭ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ, 

ʥʝʪʨʠʚʠʘʣʴʥʳʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʟʥʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [4]. 

ɼʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʥʦ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘʤʠ ʧʨʦʙʣʝʤʳ ʙʦʣʝʝ ʧʨʠʤʝʥʠʤ ʙʫʜʝʪ ʠʤʝʥʥʦ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ. ʂʣʘʩʪʝʨʥʳʡ 

ʘʥʘʣʠʟ (ʘʥʛʣ. cluster analysis) ð ʤʥʦʛʦʤʝʨʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʦʮʝʜʫʨʘ, ʚʳʧʦʣʥʷʶʱʘʷ ʩʙʦʨ 

ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʙʦʨʢʝ ʦʙʲʝʢʪʦʚ, ʠ ʟʘʪʝʤ ʫʧʦʨʷʜʦʯʠʚʘʶʱʘʷ ʦʙʲʝʢʪʳ ʚ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʝ ʛʨʫʧʧʳ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʨʘʟʙʠʚʘʪʴ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʥʘ ʛʨʫʧʧʳ ʧʦ ʩʚʦʡʩʪʚʘʤ (ʧʨʦʚʦʜʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ), ʥʝ 

ʠʤʝʷ ʠʩʭʦʜʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʪʨʫʢʪʫʨʝ ʵʪʠʭ ʛʨʫʧʧ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʨʘʙʦʪ 

ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʝ ʢʘʢ Statistica, Cognos, iRule, Data Clarity Suite, 

Oracle Data Mining ʠ ʪ.ʧ. ʅʦ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʨʘʟʚʠʪʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʨʦʜʫʢʪ Rapid Miner, ʢʦʪʦʨʳʡ ʠ ʙʳʣ ʚʟʷʣ ʟʘ ʦʩʥʦʚʫ ʨʘʙʦʪʳ. 

ʀʩʭʦʜʥʘʷ ʚʳʙʦʨʢʘ ʜʘʥʥʳʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʘ ʩʘʡʪʝ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʩʪʘʪʠʩʪʠʢʠ (http://www.gks.ru/) ʟʘ 2016 ʛʦʜ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʧʦ 

ʨʝʛʠʦʥʘʤ ʜʘʥʥʳʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ[5]: 

- ʀʟʦʙʨʝʪʝʥʠʷ - ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ ʣʶʙʦʡ ʦʙʣʘʩʪʠ, ʦʪʥʦʩʷʱʝʝʩʷ ʢ ʧʨʦʜʫʢʪʫ ʠʣʠ 

ʩʧʦʩʦʙʫ; 

http://www.spi2.ru/products/dcs/index.php
http://www.gks.ru/
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-ʇʦʣʝʟʥʳʝ ʤʦʜʝʣʠ - ʧʦʣʝʟʥʳʝ ʤʦʜʝʣʠ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʤʘʣʳʤʠ ʠʟʦʙʨʝʪʝʥʠʷʤʠ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʠʟʦʙʨʝʪʝʥʠʷ ʢ ʧʦʣʝʟʥʦʡ ʤʦʜʝʣʠ ʥʝ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʠʟʦʙʨʝʪʘʪʝʣʴʩʢʦʛʦ ʫʨʦʚʥʷ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʣʝʟʥʦʡ ʤʦʜʝʣʴʶ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʟʥʘʥʦ ʣʶʙʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʜʘʞʝ ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʦʝ 

ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʘ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʠʛʜʝ ʥʝ ʦʧʠʩʘʥʥʦʝ ʠ ʥʝ ʧʨʠʤʝʥʷʶʱʝʝʩʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʪʦ ʝʩʪʴ 

ʦʙʣʘʜʘʶʱʝʝ ʤʠʨʦʚʦʡ ʥʦʚʠʟʥʦʡ. 

-ʇʨʦʤʳʰʣʝʥʥʳʝ ʦʙʨʘʟʮʳ - ʭʫʜʦʞʝʩʪʚʝʥʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʨʝʰʝʥʠʝ ʠʟʜʝʣʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʣʠ ʢʫʩʪʘʨʥʦ-ʨʝʤʝʩʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʝʛʦ ʚʥʝʰʥʠʡ ʚʠʜ 

-ɹʘʟʳ ʜʘʥʥʳʭ - ʦʙʲʝʢʪʠʚʥʘʷ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ, 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʵʪʠ ʜʘʥʥʳʝ ʤʦʛʣʠ ʙʳʪʴ ʥʘʡʜʝʥʳ ʠ ʦʙʨʘʙʦʪʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʕɺʄ. 

-ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ - ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʦʙʲʝʢʪʠʚʥʦʡ ʬʦʨʤʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʠ 

ʢʦʤʘʥʜ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʕɺʄ ʠ ʜʨʫʛʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʮʝʣʷʭ 

ʧʦʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʚʢʣʶʯʘʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ, ʠ ʧʦʨʦʞʜʘʝʤʳʝ ʝʶ ʘʫʜʠʦʚʠʟʫʘʣʴʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ. 

-ʊʦʧʦʣʦʛʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ - ʵʪʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʥʘ ʤʘʪʝʨʠʘʣʴʥʦʤ ʥʦʩʠʪʝʣʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʤʠʢʨʦʩʭʝʤʳ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ [6]. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ.  

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ:  

Á ʛʝʥʝʨʘʮʠʷ ʥʦʚʳʭ ʘʪʨʠʙʫʪʦʚ, 

Á ʟʘʤʝʥʘ ʧʨʦʧʫʱʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʚʳʙʦʨʢʝ, 

Á ʥʦʨʤʘʣʠʟʘʮʠʷ ʟʥʘʯʝʥʠʡ ʚ ʚʳʙʦʨʢʝ, 

Á ʧʨʦʚʝʜʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, 

Á ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ, 

Á ʚʠʟʫʘʣʠʟʘʮʠʷ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ, 

Á ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɻʝʥʝʨʘʮʠʷ ʥʦʚʳʭ ʘʪʨʠʙʫʪʦʚ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʘʪʨʠʙʫʪʦʚ ʚ Rapid Miner ʧʨʝʜʫʩʤʦʪʨʝʥ ʦʧʝʨʘʪʦʨ Generate Attributes. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʚʝʜʸʤ ʥʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ: ɺʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʙʲʝʢʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ʏʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʫʶ ʧʝʨʝʤʝʥʥʫʶ ʚʚʝʜʝʤ ʚ ʩʪʨʦʢʫ function expressions 

ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ: [ɹʘʟʳ ʜʘʥʥʳʭ]+[ʀʟʦʙʨʝʪʝʥʠʷ]+[ʇʦʣʝʟʥʳʝ ʤʦʜʝʣʠ]+[ʇʨʦʛʨʘʤʤʳ ʜʣʷ 

ʕɺʄ]+[ʇʨʦʤʳʰʣʝʥʥʳʝ ʦʙʨʘʟʮʳ]+[ʊʦʧʦʣʦʛʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ 
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ʧʦʣʫʯʠʤ ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʢʘʞʜʦʤʫ ʨʝʛʠʦʥʫ. ɼʘʣʝʝ, ʯʪʦʙʳ ʣʠʰʥʠʝ 

ʟʥʘʯʝʥʠʷ ʥʝ ʧʦʤʝʰʘʣʠ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ, ʚʳʙʝʨʝʤ ʪʦʣʴʢʦ ʥʫʞʥʳʝ ʘʪʨʠʙʫʪʳ ʧʨʠ ʧʦʤʦʱʠ ʦʧʝʨʘʪʦʨʘ 

Select Attributes.  

ɿʘʤʝʥʘ ʧʨʦʧʫʱʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʥʘʤʠ ʚʳʙʦʨʢʘ ʠʤʝʝʪ ʧʨʦʧʫʱʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʨʘʚʠʪʴ ʚʩʝ ʧʨʦʧʫʱʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʦʜʠʥ ʠʟ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ Rapid 

Miner ʚʘʨʠʘʥʪʦʚ. ʅʝʦʙʭʦʜʠʤʦʝ ʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʦʧʝʨʘʪʦʨʘ Replace Missing 

Values ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʘʤʝʥʫ ʥʘ ʤʠʥʠʤʫʤ, ʤʘʢʩʠʤʫʤ, ʩʨʝʜʥʝʝ, ʥʦʣʴ ʠʣʠ ʚʚʝʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ ʟʘʤʝʥʠʤ ʚʩʝ ʧʨʦʧʫʱʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʥʫʣʠ (ʨʠʩ 1).  

 

ʈʠʩʫʥʦʢ 1. ʈʝʟʫʣʴʪʘʪ ʟʘʤʝʥʳ ʧʨʦʧʫʱʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʅʦʨʤʘʣʠʟʘʮʠʷ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʜʦʣʞʥʘ ʙʳʪʴ ʥʦʨʤʘʣʠʟʘʮʠʷ ʟʥʘʯʝʥʠʡ. ʏʪʦʙʳ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ 

ʜʘʚʘʣʠ ʦʜʠʥʘʢʦʚʳʡ ʚʢʣʘʜ ʧʨʠ ʨʘʩʯʝʪʝ çʨʘʩʩʪʦʷʥʠʷè, ʥʦʨʤʘʣʠʟʫʝʤ ʠʭ, ʪ.ʝ. ʧʨʠʚʝʜʸʤ ʢ ʥʝʢʦʪʦʨʦʤʫ 

ʜʠʘʧʘʟʦʥʫ. ɺ ʘʨʩʝʥʘʣʝ Rapid Miner ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʨʦʚʝʜʝʥʠʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʘʢʠʝ 

ʢʘʢ: z-ʥʦʨʤʘʣʠʟʘʮʠʷ, ʩʪʘʥʜʘʨʪʥʘʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ, ʤʝʞʢʚʘʨʪʠʣʴʥʘʷ ʠ ʤʠʥʠʤʘʢʩʥʘʷ 

ʥʦʨʤʘʣʠʟʘʮʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʙʝʨʝʤ ʩʪʘʥʜʘʨʪʥʫʶ ʥʦʨʤʘʣʠʟʘʮʠʶ ʩ ʜʠʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʠʡ ʦʪ 0 

ʜʦ 1. ʇʦʩʣʝ ʯʝʛʦ, ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ, 

ʫʩʪʘʥʦʚʠʤ ʦʧʝʨʘʪʦʨ Multiply, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʨʘʙʦʪʘʪʴ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʳʭʦʜʘʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ.  

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ 

ɺ Rapid Miner (ʢʘʢ ʠ ʚ ʦʙʱʝʡ ʪʝʦʨʠʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ) ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʙʠʝʥʠʷ ʥʘ ʢʣʘʩʪʝʨʳ, ʪʘʢʠʝ ʢʘʢ k-means, k-medoids, DBSCAN, EM, SVC, Random 

Clustering, Agglomerative Clustering ʠ ʪ.ʜ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʠʟ ʥʠʭ. ɼʣʷ ʥʘʯʘʣʘ 

ʧʨʦʚʝʜʸʤ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʧʨʠ ʧʦʤʦʱʠ ʦʧʝʨʘʪʦʨʘ Agglomerative Clustering. ɼʣʷ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʪʝʨʦʚ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʜʝʥʜʦʛʨʘʤʤʦʡ (ʨʠʩ.2). 

ʅʝʚʦʦʨʫʞʝʥʥʳʤ ʚʟʛʣʷʜʦʤ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʩʢʘʯʦʢ ʧʨʦʠʩʭʦʜʠʪ ʥʘ n-2 ʰʘʛʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʧʪʠʤʘʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʢʦʣʦ 5 ʢʣʘʩʪʝʨʦʚ.  

 

ʈʠʩʫʥʦʢ 2. ɼʝʥʜʦʛʨʘʤʤʘ 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʧʨʦʚʝʜʝʤ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʤʝʪʦʜʦʤ k-ʩʨʝʜʥʠʭ. ɼʣʷ ʵʪʦʛʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʧʨʦʜʫʢʪʝ Rapid Miner ʩʫʱʝʩʪʚʫʝʪ ʦʧʝʨʘʪʦʨ k-means. ʄʝʪʦʜʠʢʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʧʫʣʷʨʥʦʡ ʠ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʥʘ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢ ʮʝʥʪʨʫ 

ʢʘʢʦʛʦ ʢʣʘʩʪʝʨʘ ʙʦʣʴʰʝ ʪʷʛʦʪʝʝʪ ʦʙʲʝʢʪ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤ ɽʚʢʣʠʜʦʚʦ 

ʨʘʩʩʪʦʷʥʠʝ. ʊʘʢ ʞʝ ʟʘʜʘʜʠʤ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ 5 (ʯʪʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʧʦʩʦʙʝ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ). ɿʘʧʫʩʪʠʚ ʧʨʦʮʝʩʩ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʨʠʭʦʜʠʤ ʢ ʩʣʝʜʫʶʱʠʤ ʨʝʟʫʣʴʪʘʪʘʤ: 

ʂʣʘʩʪʝʨ 1: ʛ.ʄʦʩʢʚʘ, 

ʂʣʘʩʪʝʨ 2: ʈʝʩʧʫʙʣʠʢʘ ʂʘʨʝʣʠʷ, ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ, ʊʶʤʝʥʩʢʘʷ ʦʙʣʘʩʪʴ, ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ 

ʂʣʘʩʪʝʨ 3: ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʗʨʦʩʣʘʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ.ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʪʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʇʝʨʤʩʢʘʷ ʦʙʣʘʩʪʴ, ʉʚʝʨʜʣʦʚʩʢʘʷ ʦʙʣʘʩʪʴ. 

ʂʣʘʩʪʝʨ 4: ʂʫʨʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʷʟʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʋʜʤʫʨʪʩʢʘʷ ʨʝʩʧʫʙʣʠʢʘ, ʅʠʞʝʛʦʨʦʜʩʢʘʷ 

ʦʙʣʘʩʪʴ, ʇʝʥʟʝʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ, ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ, ʆʤʩʢʘʷ ʦʙʣʘʩʪʴ. 

ʂʣʘʩʪʝʨ 5: ʚʩʝ ʦʩʪʘʚʰʠʝʩʷ. 

ʈʘʩʩʤʦʪʨʝʚ ʚʠʟʫʘʣʠʟʘʮʠʶ, ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʚ ʢʘʢʦʤ ʢʣʘʩʪʝʨʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʢʠʭ ʦʙʲʝʢʪʦʚ ʚʳʰʝ ʠʣʠ ʥʠʞʝ (ʨʠʩ.3). ʅʘʧʨʠʤʝʨ, ʨʝʛʠʦʥʳ ʢʣʘʩʪʝʨʘ 1 ʙʦʣʴʰʝ ʚʩʝʛʦ 

ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʘʟ ʜʘʥʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 5 ʢʣʘʩʪʝʨ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʦ ʧʦʚʦʜʫ ʚʪʦʨʦʛʦ ʢʣʘʩʪʝʨʘ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʨʝʛʠʦʥʳ, ʚʭʦʜʷʱʠʝ ʚ ʝʛʦ ʩʦʩʪʘʚ, ʜʦʩʪʘʪʦʯʥʦ ʩʜʝʨʞʘʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ.  
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ʈʠʩʫʥʦʢ 3. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦ ʢʣʘʩʪʝʨʘʤ 

ɼʘʣʝʝ ʧʨʦʚʝʨʠʤ ʢʘʯʝʩʪʚʦ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʠʟʤʝʨʝʥʠʷ ʠʥʜʝʢʩʘ Davies Bouldin, 

ʢʦʪʦʨʳʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʣʘʩʪʝʨʦʚ ʠ ʢʦʣʠʯʝʩʪʚʝ 

ʢʣʘʩʪʝʨʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʢʦʤʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠʤʝʥʠʤ ʦʧʝʨʘʪʦʨ Cluster Distance Performance ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ Davies Bouldin = 0.765. ɿʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ʚʳʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʦ. ʊʘʢ ʞʝ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 

ʩʨʝʜʥʝʝ ʤʝʞʢʣʘʩʪʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʠʤ ʠ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʳʤ (ʨʠʩ.4). 

 

ʈʠʩʫʥʦʢ 4. ʉʨʝʜʥʝʝ ʤʝʞʢʣʘʩʪʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʇʦʩʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʢʣʘʩʪʝʨʘʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʛʠʦʥʦʚ, ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʘʪʨʠʙʫʪʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʠʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ɺ Rapid 

Miner ʦʥ ʨʝʘʣʠʟʦʚʘʥ ʯʝʨʝʟ ʦʧʝʨʘʪʦʨ Correlation Matrix. ʇʦʣʫʯʠʤ ʤʘʪʨʠʮʝ ʢʦʨʨʝʣʷʮʠʠ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʨʠʩ.5): 
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ʈʠʩʫʥʦʢ 5. ʄʘʪʨʠʮʘ ʢʦʨʨʝʣʷʮʠʠ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʩʚʷʟʴ 

ʧʨʦʠʩʭʦʜʠʪ ʤʝʞʜʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʝʟʥʳʭ ʤʦʜʝʣʝʡ ʠ ʠʟʦʙʨʝʪʝʥʠʡ (0,928), ʯʪʦ ʚʧʦʣʥʝ 

ʦʙʦʩʥʦʚʘʥʦ ʩʧʝʮʠʬʠʢʦʡ ʧʨʠʤʝʥʝʥʠʷ. ɸʥʘʣʦʛʠʯʥʳʝ ʚʳʚʦʜʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʠ ʧʦ ʧʦʚʦʜʫ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʝʞʜʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ ʠ ʪʦʧʦʣʦʛʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ 

(0,917). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʞʜʫ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʩʚʷʟʴ ʦʯʝʥʴ ʤʘʣʘ 

(0,412), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʨʘʟʣʠʯʠʷʭ ʚ ʩʬʝʨʘʭ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʲʝʢʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ Rapid Miner. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ 5 ʛʨʫʧʧ ʨʝʛʠʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɼʦʩʪʘʪʦʯʥʦ ʥʝʦʞʠʜʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʪʦ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ, ʊʶʤʝʥʩʢʦʡ 

ʦʙʣʘʩʪʠ, ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ ʠ ʈʝʩʧʫʙʣʠʢʝ ʂʘʨʝʣʠʷ ʦʯʝʥʴ ʚʳʩʦʢʠʝ (ʜʦʤʠʥʠʨʫʶʱʠʝ ʥʘʜ ʦʩʪʘʣʴʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ) ʧʦʢʘʟʘʪʝʣʠ ʧʨʠʤʝʥʝʥʠʷ ʙʘʟ ʜʘʥʥʳʭ, ʢʘʢ ʦʙʲʝʢʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ɺ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʂʫʨʩʢʘʷ, ʈʷʟʘʥʩʢʘʷ, ʅʠʞʝʛʦʨʦʜʩʢʘʷ, ʇʝʥʟʝʥʩʢʘʷ, ʉʘʤʘʨʩʢʘʷ, ʆʤʩʢʘʷ ʦʙʣʘʩʪʠ, 

ʋʜʤʫʨʪʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ ʠ ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ ʙʦʣʴʰʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʨʘʟʮʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʊʘʢ ʞʝ ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʦʙʲʝʢʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʝ 

ʚʩʝʛʦ ʩʚʷʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʝʟʥʳʭ ʤʦʜʝʣʝʡ ʠ ʠʟʦʙʨʝʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʕɺʄ ʠ ʪʦʧʦʣʦʛʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʣʦʛʠʯʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʜʠʥʦʡ 

ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ.  
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ʋɼʂ 004.942 

ʆ ɼʀʅɸʄʀʏɽʉʂʀʍ ʄʆɼɽʃʗʍ ʊʀʇɸ ʌɽʈʍʖʃʔʉʊɸ, ʆʇʀʉʓɺɸɽʄʓʍ 

ʃʀʅɽʁʅʓʄʀ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʄʀ ʋʈɸɺʅɽʅʀʗʄʀ ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ 

ʄʠʭʝʝʚ ɸ.ɺ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʃʕʊʀè, 

 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʧʠʩʳʚʘʝʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʚ ʢʦʪʦʨʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʰʝʥʠʡ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʬʫʥʢʮʠʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ, ʟʘʤʝʥʝʥʘ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʬʫʥʢʮʠʠ ʤʦʜʝʣʠ 

ʌʝʨʭʶʣʴʩʪʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ, ʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʩʣʫʯʘʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

 

ON DYNAMIC MODELS OF  THE VERHULST TYPE D ESCRIBED BY THE SECOND ORDER 

LINEAR DIFFERENTIAL EQUATIONS 

Mikheev A.V. 

In this paper we consider the calculation of a dynamical system described by a second-order 

differential equation in which a fundamental system of solutions consisting of functions of exponential 

type is replaced by bounded functions of the Verhulst model. The time dependence of the forces acting on 

the dynamical system is analyzed, and the obtained dependence is compared with the exponential case. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Differential equations, dynamical systems, numerical simulation 

 
ɺʚʝʜʝʥʠʝ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʪʘʢʠʭ ʢʘʢ ʨʦʩʪ 

ʬʠʥʘʥʩʦʚʳʭ ʥʘʢʦʧʣʝʥʠʡ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʢʦʣʦʥʠʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʠ ʪ.ʜ. ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ 

)(ty¡  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʘʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ )(ty . ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʧʦʣʫʯʘʝʤ ʣʠʥʝʡʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (ʃɼʋ) ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ )()( tymty Ö=¡  c ʨʝʰʝʥʠʝʤ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ 
mtCety =)( . ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʦ ʚʦʟʨʘʩʪʘʶʱʠʤ ʧʨʠ 0>m , 

0>C .  ʆʜʥʘʢʦ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʚʦʟʨʘʩʪʘʥʠʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʜʘʥʥʘʷ ʤʦʜʝʣʴ 

ʧʨʠʤʝʥʠʤʘ ʢ ʦʧʠʩʘʥʠʶ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʦʣʴʢʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʳʭʦʜʘ ʠʟ ʧʦʣʦʞʝʥʠʷ ʙʝʣʴʛʠʡʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ʇʴʝʨʦʤ ʌʝʨʭʶʣʴʩʪʦʤ ʚ ʨʘʙʦʪʝ [1] ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ, ʙʣʠʟʢʘʷ ʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʧʨʠ 0­t , ʚʚʦʜʷʱʘʷ çʧʦʨʦʛ ʥʘʩʳʱʝʥʠʷè  - 
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ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʘʩʠʤʧʪʦʪʫ ky=  ʧʨʠ +¤­t . ʌʫʥʢʮʠʷ (1) ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2): 
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1)()(' , 0)0( yy =    (2) 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʧʠʩʳʚʘʝʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʚ ʢʦʪʦʨʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʰʝʥʠʡ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʬʫʥʢʮʠʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ, ʟʘʤʝʥʝʥʘ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʬʫʥʢʮʠʠ ʤʦʜʝʣʠ 

ʌʝʨʭʶʣʴʩʪʘ, ʧʦʣʫʯʠʪʴ ʷʚʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʠʩʪʝʤʫ, ʠ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠ ʛʨʘʬʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʩʣʫʯʘʝʤ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠ 

ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ Mathcad 15 ([2]). 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʤʦʜʝʣʴʶ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʙʫʜʝʤ 

ʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʪ ʝʝ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʩʠʣ:  çʩʠʣʳ ʪʷʛʦʪʝʥʠʷè )(1 tsyF -=  ʠ çʩʠʣʳ ʩʦʭʨʘʥʝʥʠʷè )(2 tyrF ¡-= . ʀʩʧʦʣʴʟʫʷ 

ʘʥʘʣʦʛ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ 21 FFma +=  ʠ ʧʦʣʘʛʘʷ 1=m , ʧʦʣʫʯʘʝʤ ʃɼʋ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ c ʜʚʫʤʷ 

ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (3), ʦʧʠʩʳʚʘʶʱʝʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ: 

0)()()( =+¡+¡¡ tsytyrty , ay =)0( , by =¡)0(    (3) 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪʳ sr,  ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ. ʀʟ ʦʙʱʝʡ ʪʝʦʨʠʠ ʃɼʋ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [3] ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 042 >- sr  ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʰʝʥʠʡ (ʌʉʈ) 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʬʫʥʢʮʠʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ  { }tt
ee 21 ,
ll

 , ʛʜʝ 21,ll  - ʢʦʨʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ. ɼʘʣʝʝ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ 210 ll<< .  

ʊʦʛʜʘ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ  

tt
eCeCty 21

21)(
ll

+=    (4) 

ʇʦʜʩʪʘʚʣʷʷ (4) ʚ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (3), ʧʦʣʫʯʘʝʤ: 
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ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ ʤʦʜʝʣʴʶ ʌʝʨʭʶʣʴʩʪʘ. ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ, ʦʧʠʩʳʚʘʝʤʫʶ ʃɼʋ 2-ʛʦ ʧʦʨʷʜʢʘ 

0)()()()()( =+¡+¡¡ tYtStYtRtY    (6) 

ʌʉʈ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʚʠʜ ʬʫʥʢʮʠʡ ʌʝʨʭʶʣʴʩʪʘ (1) ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ 21,ll , 1>k  ʠ 10=y . 
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ʆʪʤʝʪʠʤ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʬʫʥʢʮʠʡ )(tYi  (i=1, 2): 

1. ʂʘʢ ʠ ʜʣʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʌʉʈ, 1)0( =iY  

2. ktYi ¢¢ )(0  

3. ktYi
t

=
+¤­

)(lim  (ʪ.ʝ. kY=  - ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʘʩʠʤʧʪʦʪʘ ʛʨʘʬʠʢʦʚ ʢʘʞʜʦʡ ʠʟ ʬʫʥʢʮʠʡ). 

4. )(tYi  - ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʘʷ ʬʫʥʢʮʠʠ. 
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6. ɽʩʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ aY ~)0( = , bY
~

)0( =¡ , ʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 21, CC  ʚ 

ʨʝʰʝʥʠʠ (7) ʥʘʭʦʜʷʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (5) ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʩʪʘʥʦʚʢʠ  aa ~= , 
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ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʠʣʳ 21, FF  ʜʦʣʞʥʳ ʦʢʘʟʳʚʘʪʴ ʥʘ ʩʠʩʪʝʤʫ ʚʦʟʜʝʡʩʪʚʠʝ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ  )(),( tStR . ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʧʨʝʜʝʣʠʪʝʣʷ ɺʨʦʥʩʢʦʛʦ [4] ʩʣʝʜʫʝʪ, ʯʪʦ 
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ɺʳʯʠʩʣʠʤ ʧʝʨʚʫʶ ʠ ʚʪʦʨʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʡ ʠʟ ʌʉʈ: 
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ʇʦʜʩʪʘʚʣʷʷ ʬʫʥʢʮʠʠ (10) ʚ (8), (9), ʥʘʭʦʜʠʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ )(),( tStR , 

ʢʦʪʦʨʳʝ ʚ ʩʠʣʫ ʠʭ ʛʨʦʤʦʟʜʢʦʩʪʠ ʟʜʝʩʴ ʦʧʫʩʢʘʶʪʩʷ.  

ʇʨʠ ʧʦʤʦʱʠ ʧʦʨʷʜʢʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʣʘʛʘʝʤʳʭ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ 1>k , 210 ll<<  

ʩʧʨʘʚʝʜʣʠʚʳ ʫʪʚʝʨʞʜʝʥʠʷ: 

1)(lim l=
+¤­

tR
t

,  0)(lim =
+¤­

tS
t

     (11) 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʷʤʳʝ 1l=R , 0=S  ʷʚʣʷʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʘʩʠʤʧʪʦʪʘʤʠ ʛʨʘʬʠʢʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʡ. ʏʪʦʙʳ ʥʘʡʪʠ ʫʨʘʚʥʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʘʩʠʤʧʪʦʪʳ ʛʨʘʬʠʢʦʚ ʦʙʝʠʭ 

ʬʫʥʢʮʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ (12): 

))(1( 1221
12 llll ll

--=- kee
tt

   (12) 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ 

çʊɽʆʈʀʗ. ʇʈɸʂʊʀʂɸ. ʀʅʅʆɺɸʎʀʀè 
ʉɽʅʊʗɹʈʔ 2017 

ʄɸʊɽʄɸʊʀʂɸ 
 

 
32 

ʇʨʠʤʝʥʷʷ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ 

t
eu 1l= , 12 ll p= ,  

1

2

l

l
a -= , ( )1)1( +-= ab k , 

ʧʦʣʫʯʘʝʤ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ  

 

ʨʝʰʘʝʤʦʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ (ʥʘʧʨʠʤʝʨ, ʩʤ. [5]). 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʪʝʩʪʦʚʳʡ ʧʨʠʤʝʨ ʟʘʜʘʯʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: 2/3,1,100,2,3 ====-= baksr . ʊʦʛʜʘ ʠʟ (1) ï (7) ʩʣʝʜʫʝʪ, ʯʪʦ 
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ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʪʣʠʯʠʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʤʦʜʝʣʠ ʦʪ ʤʦʜʝʣʠ 

ʌʝʨʭʶʣʴʩʪʘ ʩ ʪʝʤʠ ʞʝ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʥʘ ʨʠʩʫʥʢʘʭ 1, 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʝʡ )(ty , )(tY  ʜʣʷ 8.20 <<t , ʥʘ ʨʠʩʫʥʢʝ 3, 4 ï ʵʪʠ ʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ 80 <<t . 

          

                  ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ y(t), 8.20 <<t         ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ Y(t), 8.20 <<t  

          

                    ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ y(t), 80 <<t                  ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ Y(t), 80 <<t  

0=++ bauup



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ 

çʊɽʆʈʀʗ. ʇʈɸʂʊʀʂɸ. ʀʅʅʆɺɸʎʀʀè 
ʉɽʅʊʗɹʈʔ 2017 

ʄɸʊɽʄɸʊʀʂɸ 
 

 
33 

ɿʘʚʠʩʠʤʦʩʪʠ )(),( tStR  ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʡ (8) ï (10). ʀʟ (11) ʩʣʝʜʫʝʪ, ʯʪʦ ʛʨʘʬʠʢ 

ʬʫʥʢʮʠʠ )(tR  ʠʤʝʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʘʩʠʤʧʪʦʪʫ 1=R , ʘ )(tS  ï ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʘʩʠʤʧʪʦʪʫ 0=S . 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (12), ʦʧʨʝʜʝʣʷʝʤ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʘʷ ʘʩʠʤʧʪʦʪʘ ʦʙʦʠʭ ʛʨʘʬʠʢʦʚ ʠʤʝʝʪ ʫʨʘʚʥʝʥʠʝ 

)398.2()11ln( º=t . ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ )(),( tStR  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

          

              ʈʠʩʫʥʦʢ 5. ɿʘʚʠʩʠʤʦʩʪʴ R(t), 100 <<t                ʈʠʩʫʥʦʢ 6. ɿʘʚʠʩʠʤʦʩʪʴ S(t), 100 <<t  

ɺʳʚʦʜʳ. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʜʠʥʘʤʠʢʫ ʪʠʧʘ ʌʝʨʭʶʣʴʩʪʘ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʠʩʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩʠʣʳ ʪʷʛʦʪʝʥʠʷ ʠ ʩʠʣʳ ʩʦʭʨʘʥʝʥʠʷ (ʟʘʤʝʥʦʡ ʧʦʩʪʦʷʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʠʤʳʝ ʦʪ ʚʨʝʤʝʥʠ).  ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʥʘʣʠʯʠʝ ʙʝʩʢʦʥʝʯʥʳʭ 

ʦʜʥʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʝʣʦʚ ʧʨʠ ʦʜʥʦʤ ʠʟ ʟʥʘʯʝʥʠʡ 0>=ott , ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʨʝʘʣʴʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ɼʘʥʥʦʛʦ ʟʘʪʨʫʜʥʝʥʠʷ ʚʦʟʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʚʚʝʜʝʥʠʷ ʢʦʥʝʯʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 
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ANALYSIS OF EFFECTIVENESS OF NANOSILICA IN TECHNOLOGY OF GEOPOLYMER 

MATERIALS  

Volodin V.M., Eroshkina N.A., Korovkin M.O., Chamurliev M.Yu.  

The results on investigation of the effectiveness of nanosilica additives in technology of 

geopolymer materials were considered. It was established that additive of nanosilica improves the 

physico-mechanical properties and durability of geopolymer binders and concretes. 

Keywords: nanosilica, geopolymer, structure, strength, density, porosity. 

 

ɻʝʦʧʦʣʠʤʝʨʳ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʘʟʚʠʪʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʷʞʫʱʠʭ ʜʣʷ ʙʝʪʦʥʦʚ 

ʦʙʱʝʩʪʨʦʠʪʝʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [4, 15]. ʕʪʠ ʚʷʞʫʱʠʝ ʱʝʣʦʯʥʦʡ ʘʢʪʠʚʘʮʠʠ ʧʦʣʫʯʘʶʪ ʥʘ ʦʩʥʦʚʝ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʰʣʘʢʦʚ, ʟʦʣ, ʥʝʢʦʪʦʨʳʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʜʨ. ɻʝʦʧʦʣʠʤʝʨʥʳʝ ʚʷʞʫʱʠʝ ʥʝ ʫʩʪʫʧʘʶʪ ʧʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ [4, 15]. ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʵʪʠʭ ʚʷʞʫʱʠʭ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʠʭ ʧʦ ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤ ʪʝʭʥʦʣʦʛʠʷʤ [15].  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʚʷʞʫʱʠʭ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʳʨʴʝʚʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʨʝʘʢʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʦʡ 

ʩʪʝʢʣʦʚʠʜʥʦʡ ʬʘʟʦʡ ʠ ʥʠʟʢʦʡ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʴʶ [4]. ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʛʝʦʧʦʣʠʤʝʨʦʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʠʤʝʶʱʠʭ ʥʝʦʜʥʦʨʦʜʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʳʨʴʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʝʢʣʦʚʠʜʥʦʡ ʬʘʟʳ, ʪʨʝʙʫʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʚʦʡʩʪʚ ʛʝʦʧʦʣʠʤʝʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʚʝʨʜʝʥʠʷ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʩʯʠʪʘʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʛʝʦʧʦʣʠʤʝʨʦʚ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʠʭ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ, ʤʦʨʦʟʥʦʡ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʠ ʩʥʠʞʝʥʠʷ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ 

çʊɽʆʈʀʗ. ʇʈɸʂʊʀʂɸ. ʀʅʅʆɺɸʎʀʀè 
ʉɽʅʊʗɹʈʔ 2017 

ʆɹʑʀɽ ʀ ʂʆʄʇʃɽʂʉʅʓɽ ʇʈʆɹʃɽʄʓ ɽʉʊɽʉʊɺɽʅʅʓʍ ʀ ʊʆʏʅʓʍ ʅɸʋʂ 
 

 
35 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʠʤ ʠʟ ʜʦʩʪʠʞʝʥʠʡ, ʢʦʪʦʨʳʤ ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʛʝʦʧʦʣʠʤʝʨʦʚ, ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʙʝʪʦʥʘ ʥʘʥʦʜʦʙʘʚʦʢ ʥʘ 

ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ, ʪʠʪʘʥʘ ʠ ʢʨʝʤʥʠʷ [2, 6, 8, 13, 14]. ʕʪʠ ʜʦʙʘʚʢʠ ʫʧʣʦʪʥʷʶʪ ʩʪʨʫʢʪʫʨʫ 

ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʣʘʛʠ ʠ ʢʦʨʨʦʟʠʦʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʙʝʪʦʥ.  

ʇʦ ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ [6, 8, 9] ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʩʦʦʙʨʘʞʝʥʠʷʤ, ʩʪʝʧʝʥʠ ʦʩʚʦʝʥʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʥʘʥʦʢʨʝʤʥʝʟʝʤ. 

ʆʪʜʝʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ [2, 14], ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʢʨʝʤʥʝʟʝʤʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʧʫʮʮʦʣʘʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʦʚʳʰʘʶʪ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʴ ʩʤʝʩʠ ʠ ʧʨʦʯʥʦʩʪʴ ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ 

ʚʷʞʫʱʝʛʦ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʜʦʙʘʚʦʢ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʱʝʣʦʯʝ-ʩʠʣʠʢʘʪʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʠ ʟʘ 

ʩʯʝʪ ʵʪʦʛʦ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ [2, 11].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʚ 

ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʦ ʜʘʥʥʳʤ 

ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ʩʤ. ʪʘʙʣʠʮʫ).  

ɺʣʠʷʥʠʝ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʥʘ ʩʚʦʡʩʪʚʘ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʚʷʞʫʱʠʭ 

ɸʚʪʦʨ ʆʩʥʦʚʘ 

ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ 

ʚʷʞʫʱʝʛʦ 

ɼʦʟʠʨʦʚʢʘ 

ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ 

ɸʢʪʠʚʘʪʦʨ  

ʢ ʚʷʞʫʱʝʤʫ 

ʉʚʦʡʩʪʚʘ 

Gao K. ʜʨ. [6] ʄʝʪʘʢʘʦʣʠʥ 1, 2 ʠ 3% 

(ʦʧʪʠʤʘʣʴʥʦ -1 %) 

ʊ/ɾ =0,97-

1,19, 

SiO2/ Na2O 

=1,5  

ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩ 43,7 ʜʦ 

68,4 ʄʇʘ. 

ʉʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʩʭʚʘʪʳʚʘʥʠʷ 

ʚ 1,2-1,6 ʨʘʟ. 

ʉʥʠʞʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʚ 1,5-2 

ʨʘʟʘ 

Ridha S. ʠ 

Yerikania U. 

[13] 

ɿʦʣʘ ʫʥʦʩ (70 %) ʠ 

ʤʠʢʨʦʢʨʝʤʥʝʟʝʤ 

(30%) 

1 ʠ 3 % (ʦʧʪʠʤʘʣʴʥʦ 

1%) 

8M NaOH / 

Na2SiO3=0,4 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʩʞʘʪʠʠ ʧʨʠ t=70ÁC ʩ 12,3 ʜʦ 26,7 

ʄʇʘ, ʧʨʠ t=120ÁC ʩ 10,3 ʜʦ 31,3 

ʄʇʘ 

Gao K. ʠ ʜʨ.[7] ʄʝʪʘʢʘʦʣʠʥ ʩ 

ʜʦʙʘʚʢʦʡ 10-40% 

ʦʪʭʦʜʦʚ ʩʪʝʢʣʘ 

0, 1, 2 ʠ 3% SiO2/ Na2O -

1,5, 

ʊ/ɾ=0,82 

ʋʤʝʥʴʰʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʥʘ 1,5-

5,5 %. 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʠʟʛʠʙʝ ʚ 1,25 ʨʘʟʘ. 

ʇʦʚʳʰʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʡ 

ʧʣʦʪʥʦʩʪʠ  

Nazari A. ʠ 

Riahi S. [9, 10] 

ɿʦʣʘ-ʫʥʦʩ ʠ ʟʦʣʘ 

ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ 

3 % 0,4,  

ʞʠʜʢʦʝ 

ʩʪʝʢʣʦ 

+NaOH 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʩʞʘʪʠʠ 

Khater 

H.M.M.[8] 

ʎʝʤʝʥʪʥʘʷ ʧʳʣʴ 

(ʎʇ) ʠ ʦʪʭʦʜʳ 

ʙʝʪʦʥʥʦʛʦ ʣʦʤʘ. 

ʎʇ=10, 20, 30, 40 

ʠ 50 % 

0, 1, 3, 5, 7, 8 % ɺʦʜʦ/ɺʷʞʫʱʝ

ʝ=0,3-0,4. 

NaOH ï 2 %. 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʩʞʘʪʠʠ ʦʪ 22 ʜʦ 53 ʄʇʘ.  

ʅʘʥʦʢʨʝʤʥʝʟʝʤ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ 

ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ 

ʛʝʦʧʦʣʠʤʝʨʠʟʘʮʠʠ  

Ridha S. ʠ ʜʨ. 

[12] 

ɿʦʣʘ ʫʥʦʩ (70 %) ʠ 

ʤʠʢʨʦʢʨʝʤʥʝʟʝʤ 

(30%) 

1, 3 ʠ 5 % 

(ʦʧʪʠʤʘʣʴʥʦ 1 %) 

ɾʠʜʢʦʝ 

ʩʪʝʢʣʦ + 

NaOH 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩ 10,3 ʜʦ 

32,1 ʄʇʘ; 

ʉʥʠʞʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ 
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Deb P.S. ʠ ʜʨ. 

[5] 

ɿʦʣʘ-ʫʥʦʩ ʩ 15 % 

ʰʣʘʢʘ ʠʣʠ ʩ 10 % 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ 

1, 2 ʠ 3 % 

(ʦʧʪʠʤʘʣʴʥʦ 2 %) 

2,5, 

Na2SiO3/8 ʄ 

NaOH=2 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʦʪ 29 ʜʦ 

60ʄʇʘ ʠ 

ʢʠʩʣʦʪʦʩʪʦʡʢʦʩʪʠ  
 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʦʟʠʨʦʚʢʠ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʠ ʦʪʥʦʰʝʥʠʷ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʢ 

ʞʠʜʢʦʡ ʬʘʟʝ (ʊ/ɾ) ʚ ʛʝʦʧʦʣʠʤʝʨʥʦʤ ʚʷʞʫʱʝʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʢʘʦʣʠʥʘ ʧʦʢʘʟʘʣʠ [6], ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʢʠ ʩʚʳʰʝ 1 % ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʊ/ɾ ʙʦʣʝʝ 1,03 ʧʦʨʠʩʪʦʩʪʴ 

ʧʦʚʳʰʘʝʪʩʷ ʠ ʩʥʠʞʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʨʝʘʢʮʠʡ ʠ ʦʩʪʘʚʰʝʛʦʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʯʘʩʪʠʮ ʤʝʪʘʢʘʦʣʠʥʘ ʥʝ ʚʩʪʫʧʠʚʰʠʭ ʚ ʨʝʘʢʮʠʶ. ɼʦʙʘʚʢʘ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢʠ 

ʩʭʚʘʪʳʚʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʵʬʬʝʢʪʦʤ ʯʘʩʪʠʮ ʠ ʚʳʩʦʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʠʨʦʚʢʝ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ 1 % ʠ ʩʦʦʪʥʦʰʝʥʠʠ ʊ/ɾ 

1,03 ʚ ʛʝʦʧʦʣʠʤʝʨʥʳʡ ʤʘʪʨʠʮʝ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʩʦʦʙʱʘʶʱʠʭʩʷ ʢʨʫʧʥʳʭ ʧʦʨ ʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʟʦʧʦʨ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʦʙʱʝʡ ʧʦʨʠʩʪʦʩʪʠ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʛʝʦʧʦʣʠʤʝʨʦʚ. ʇʦ ʤʝʨʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʡ ʛʝʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʤʘʢʨʦʧʦʨʳ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʤʝʟʦʧʦʨʳ ʩ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʛʝʣʷ ʠ ʟʘʧʦʣʥʝʥʠʷ ʙʦʣʴʰʠʭ ʧʦʨ 

ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ.  

ɿʘʤʝʱʝʥʠʝ ʯʘʩʪʠ ʤʝʪʘʢʘʦʣʠʥʘ ʜʦʙʘʚʢʦʡ ʦʪʭʦʜʦʚ ʩʪʝʢʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 

10 ʜʦ 40 % ʧʦʚʳʰʘʝʪ ʧʦʨʠʩʪʦʩʪʴ ʛʝʦʧʦʣʠʤʝʨʦʚ ʠ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʩ 12 ʜʦ 6,5 ʄʇʘ [7]. 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʪʚʝʨʜʝʥʠʷ ʠ ʟʘʧʦʣʥʝʥʠʝ ʧʦʨ ʧʨʦʜʫʢʪʘʤʠ ʛʠʜʨʘʪʘʮʠʠ ʩʥʠʞʘʝʪ 

ʧʦʨʠʩʪʦʩʪʴ ʥʘ 1,5-5,5 %. ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʪʘʢʠʭ ʛʝʦʧʦʣʠʤʝʨʦʚ ʜʦʙʘʚʢʠ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʚ 

ʜʦʟʠʨʦʚʢʝ ʦʪ 1 ʜʦ 3 % ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ ʚʷʞʫʱʝʛʦ 

ʜʦ 8-15 ʄʇʘ ʠ ʫʤʝʥʴʰʠʪʴ ʧʦʨʠʩʪʦʩʪʴ ʜʦ 40-41 %. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [7] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʩʦʩʪʘʚʝ ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ ʚʷʞʫʱʝʛʦ 10 % ʦʪʭʦʜʦʚ ʩʪʝʢʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʧʪʠʤʘʣʴʥʘʷ ʜʦʟʠʨʦʚʢʘ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ 1 %. ʇʨʠ ʪʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ ʛʝʣʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʡ ʠ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ.  

ɼʣʷ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʚʷʞʫʱʠʭ ʥʘ ʦʩʥʦʚʝ ʟʦʣʳ-ʫʥʦʩʘ ʠ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ [13], ʪʚʝʨʜʝʶʱʠʭ 

ʧʨʠ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ, ʪʘʢʞʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʜʦʟʠʨʦʚʢʘ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ 1 %. 

ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʚʝʨʜʝʥʠʷ ʩ 70 ʜʦ 120 Áʉ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʣʦ ʧʨʦʯʥʦʩʪʴ ʪʘʢʠʭ 

ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʚʷʞʫʱʠʭ. 

ɸʚʪʦʨʘʤʠ [9, 10] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 3 % ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʠʣʠ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ ʚʷʞʫʱʝʛʦ ʥʘ ʦʩʥʦʚʝ ʟʦʣʳ-

ʫʥʦʩʘ ʠ ʟʦʣʳ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʜʨʫʛʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [1] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʯʥʦʩʪʴ ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ ʚʷʞʫʱʝʛʦ ʦʪʤʝʯʘʝʪʩʷ ʧʨʠ ʜʦʟʠʨʦʚʢʝ 6 % ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʥʘ ʩʚʦʡʩʪʚʘ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʚʷʞʫʱʠʭ ʥʘ ʦʩʥʦʚʝ 

ʮʝʤʝʥʪʥʦʡ ʧʳʣʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʱʝʣʦʯʝʡ ʠ ʜʠʩʧʝʨʩʥʳʭ ʦʪʭʦʜʦʚ ʣʦʤʘ ʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʢʘʟʘʣʠ [8], ʯʪʦ ʵʪʘ ʜʦʙʘʚʢʘ ʚ ʜʦʟʠʨʦʚʢʝ ʜʦ 3 % ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ ʛʝʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʚʷʞʫʱʝʛʦ. 

ʋʚʝʣʠʯʝʥʠʝ ʜʦʟʠʨʦʚʢʠ ʜʦʙʘʚʢʠ ʩʚʳʰʝ 3 % ʧʨʠʚʦʜʠʪ ʢ ʘʛʣʦʤʝʨʘʮʠʠ ʯʘʩʪʠʮ ʠ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʴ 

ʚʷʞʫʱʝʛʦ. ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʛʝʦʧʦʣʠʤʝʨʦʚ ʮʝʤʝʥʪʥʦʡ ʧʳʣʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʱʝʣʦʯʝʡ ʠ ʩʚʦʙʦʜʥʦʡ ʠʟʚʝʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʱʝʣʦʯʥʦʛʦ ʘʢʪʠʚʘʪʦʨʘ NaOH ʜʦ 2 %. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʜʦʙʘʚʢʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʩʦʩʪʘʚʝ ʚʷʞʫʱʝʛʦ ʜʦ 40 % 

ʮʝʤʝʥʪʥʦʡ ʧʳʣʠ. ʇʦʚʳʰʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʚʷʞʫʱʝʛʦ ʮʝʤʝʥʪʥʦʡ ʧʳʣʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚ ʛʝʦʧʦʣʠʤʝʨʥʦʤ ʤʘʪʝʨʠʘʣʝ ʩʚʦʙʦʜʥʦʡ ʱʝʣʦʯʠ, ʢʦʪʦʨʘʷ ʚ ʧʨʦʮʝʩʩʝ ʢʘʨʙʦʥʠʟʘʮʠʠ ʚʳʜʝʣʷʝʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʚʠʜʝ ʚʳʩʦʣʦʚ. 

ɺʚʝʜʝʥʠʝ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ [12] ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ ʚʷʞʫʱʝʛʦ ʠʟ-ʟʘ ʩʦʙʩʪʚʝʥʥʦʡ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʜʦʙʘʚʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʦʣʦʡ 

ʫʥʦʩ ʠ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʦʤ (ʩʤ. ʪʘʙʣʠʮʫ). ɼʦʙʘʚʢʘ ʥʘʥʦʢʦʤʧʦʥʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʛʝʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʟʦʣʳ-ʫʥʦʩʘ ʠ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʘ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʨʪʣʘʥʜʠʪʘ ʚ ʛʠʜʨʦʩʠʣʠʢʘʪʳ ʢʘʣʴʮʠʷ (C-S-H) ʠ ʪʦʙʝʨʤʦʨʠʪ ʧʨʠ 

ʘʚʪʦʢʣʘʚʥʦʡ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʯʥʦʩʪʴ ʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʙʘʚʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʧʦʣʥʝʥʠʶ ʧʫʩʪʦʪ 

ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʤʘʪʨʠʮʳ ʩ ʤʝʣʢʠʤʠ ʧʦʨʘʤʠ.  

ʇʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʩʤʝʰʘʥʥʳʭ 

ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʚʷʞʫʱʠʭ ʥʘ ʦʩʥʦʚʝ ʟʦʣʳ-ʫʥʦʩʘ ʠ ʜʦʙʘʚʢʠ ʜʦʤʝʥʥʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʰʣʘʢʘ ʠʣʠ 

ʜʦʙʘʚʢʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ [5]. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʜʚʠʞʥʦʩʪʴ ʨʘʩʪʚʦʨʥʦʡ ʩʤʝʩʠ ʩʥʠʞʘʝʪʩʷ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ. ʄʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʛʝʦʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʦʙʣʘʜʘʶʪ ʧʨʠ ʜʦʟʠʨʦʚʢʝ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ 2 %. ɺʳʜʝʨʞʢʘ ʦʙʨʘʟʮʦʚ ʚ ʪʝʯʝʥʠʝ 90 ʩʫʪ ʚ 3 %-ʥʦʤ 

ʨʘʩʪʚʦʨʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢʠʩʣʦʪʦʩʪʦʡʢʦʩʪʴ ʛʝʦʧʦʣʠʤʝʨʦʚ ʧʦ ʧʦʪʝʨʝ ʤʘʩʩʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʚʝʜʝʥʠʷ ʜʦʙʘʚʢʠ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʩʥʠʞʘʝʪʩʷ ʩ 5,41 ʜʦ ʩ 1,9 %. ɸʚʪʦʨʳ [5] ʦʪʤʝʯʘʶʪ, 

ʯʪʦ ʫʛʣʳ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʮʦʚ ʙʝʟ ʥʘʥʦʜʦʙʘʚʢʠ ʠʤʝʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʝʦʧʦʣʠʤʝʨʘʤʠ ʩ ʜʦʙʘʚʢʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʪʝʨʷ ʧʨʦʯʥʦʩʪʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʛʝʦʧʦʣʠʤʝʨʦʚ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 30 ʜʦ 41 %, ʘ ʩ ʜʦʙʘʚʢʦʡ ï ʥʝ ʧʨʝʚʳʰʘʣʘ 9-11 % ʯʝʨʝʟ 90 ʩʫʪʦʢ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʢʠʩʣʦʪʦʩʪʦʡʢʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʠʩʣʦʪʦʩʪʦʡʢʦʩʪʴ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 2 % ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ. ʀʩʩʣʝʜʦʚʘʥʠʝʤ [5] ʫʩʪʘʥʦʚʣʝʥ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʚ 

ʧʦʚʳʰʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʳʨʴʷ, ʫʣʫʯʰʝʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʛʝʦʧʦʣʠʤʝʨʦʚ ʟʘ ʩʯʝʪ 
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ʫʧʣʦʪʥʝʥʠʷ, ʩʥʠʞʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʛʝʦʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʯʥʦʩʪʴ ʠ ʢʠʩʣʦʪʦʩʪʦʡʢʦʩʪʴ ʛʝʦʧʦʣʠʤʝʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʜʝʬʦʨʤʘʪʠʚʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ 

ʙʝʪʦʥʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ, ʥʘʨʷʜʫ ʩ ʬʠʙʨʦʚʳʤ ʠ ʪʝʢʩʪʠʣʴʥʳʤ ʘʨʤʠʨʦʚʘʥʠʝʤ, 

ʠʩʩʣʝʜʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʨʘʙʦʪʝ [3] 

ʦʮʝʥʠʚʘʣʘʩʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʚʫʭ ʩʧʦʩʦʙʦʚ ʚʚʝʜʝʥʠʷ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʚ ʩʦʩʪʘʚ ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ 

ʙʝʪʦʥʘ ï ʚʚʝʜʝʥʠʝ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʚ ʨʘʩʪʚʦʨ ʘʢʪʠʚʘʪʦʨʘ ʪʚʝʨʜʝʥʠʷ, ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ 

ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʩ ʟʦʣʦʡ ʫʥʦʩ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʘʤʦʨʬʥʦʡ ʬʘʟʳ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʥʘ ʵʪʦ ʚʣʠʷʝʪ ʦʪʥʦʰʝʥʠʝ Si/Al ʚ ʩʦʩʪʘʚʝ ʩʳʨʴʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʦʧʦʣʠʤʝʨʥʳʡ 

ʙʝʪʦʥ, ʚ ʢʦʪʦʨʳʡ ʥʘʥʦʜʦʙʘʚʢʘ ʚʚʦʜʠʣʘʩʴ ʧʨʠ ʩʫʭʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʚʝʜʝʥʠʝʤ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʚ ʘʢʪʠʚʘʪʦʨ [3]. 

ɺʚʝʜʝʥʠʝ ʥʘʥʦʜʦʙʘʚʢʠ ʚ ʙʝʪʦʥ ʧʨʠ ʩʫʭʦʤ ʩʧʦʩʦʙʝ ʚ ʜʦʟʠʨʦʚʢʝ 1,0 % ʫʤʝʥʴʰʘʝʪ ʧʦʨʠʩʪʦʩʪʴ ʥʘ 27 

%, ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʥʘ 35 %, ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʦʪʥʦʩʪʴ ʥʘ 15 %, ʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ï ʥʘ 27% ʠ 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ï ʥʘ 28,8 %. ʇʦʚʳʰʝʥʠʝ ʜʦʟʠʨʦʚʢʠ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʜʦ 2 % ʠʣʠ ʚʚʝʜʝʥʠʝ ʝʛʦ ʚ 

ʨʘʩʪʚʦʨ ʘʢʪʠʚʘʪʦʨʘ ʩʥʠʞʘʣʦ ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ ʛʝʣʷ ʠ ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʤʝʞʜʫ ʘʨʤʠʨʫʶʱʠʤ ʚʦʣʦʢʥʦʤ ʠ 

ʤʘʪʨʠʮʝʡ, ʘ ʪʘʢʞʝ ʫʜʘʨʥʫʶ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ. 

ɺʳʚʦʜʳ ʠ ʟʘʢʣʶʯʝʥʠʷ 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʛʝʦʧʦʣʠʤʝʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʳʨʴʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ: 

- ʥʘʥʦʢʨʝʤʥʝʟʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʝʦʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ: ʧʣʦʪʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʠ ʠʟʛʠʙ, ʫʜʘʨʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, 

ʩʥʠʞʘʝʪ ʧʦʨʠʩʪʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ; 

- ʚʳʷʚʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʜʦʟʠʨʦʚʢʘ ʜʦʙʘʚʢʠ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ 

ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ ʚʷʞʫʱʝʛʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʙʳʯʥʳʭ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʚʷʞʫʱʠʭ ʦʧʪʠʤʘʣʴʥʘʷ 

ʜʦʟʠʨʦʚʢʘ ʥʘʥʦʜʦʙʘʚʢʠ ʩʦʩʪʘʚʣʷʝʪ 1 %, ʘ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ï ʜʦʩʪʠʛʘʝʪ 2-3 %; 

- ʚʚʝʜʝʥʠʝ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʧʣʦʪʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ, ʠ ʧʨʠ ʵʪʦʤ ʤʘʢʨʦʧʦʨʳ 

ʧʝʨʝʭʦʜʷʪ ʚ ʤʝʟʦʧʦʨʳ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ;  
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- ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʝʛʦ ʩ ʩʫʭʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 
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The article presents the model of the business process to establish a contract for the production 

enterprise of nuclear engineering. To build the models, we used the unified modeling language UML and 

the software tool Enterprise Architect. Modeling this kind of processes helps the enterprise to produce the 

automation and reengineering of business processes throughout the production.  
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʞʜʘʷ ʫʚʘʞʘʶʱʘʷ ʩʝʙʷ ʬʠʨʤʘ ʟʘʥʠʤʘʝʪʩʷ ʘʥʘʣʠʟʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʜʘʣʴʥʝʡʰʠʤ ʨʝʠʥʞʠʥʠʨʠʥʛʦʤ ʩʚʦʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʆʪʨʘʩʣʴ ʘʪʦʤʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʥʝ 

ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ʇʨʠ ʥʘʣʠʯʠʠ ʥʘʛʣʷʜʥʦʡ ʤʦʜʝʣʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʦʧʳʪʘʪʴʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ 

ʠʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ. ʆʪʣʠʯʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ 

ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ Enterprise Architect, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʷʟʳʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ UML ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ [1],[2]. 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʜʦʛʦʚʦʨʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʜʝʣʠʷ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʤʘʢʨʦʰʘʛʠ. ɺ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʠʤʝʝʪʩʷ 4 ʦʩʥʦʚʥʳʭ ʰʘʛʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʛʦʚʦʨʘ (ʨʠʩ.1): 

¶ ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ ʜʦʛʦʚʦʨʘ 

¶ ʖʨʠʜʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʜʦʛʦʚʦʨʘ 

¶ ʇʦʜʧʠʩʘʥʠʝ ʜʦʛʦʚʦʨʘ 

¶ ʇʝʨʝʜʘʯʘ ʜʦʛʦʚʦʨʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ɼʘʣʝʝ ʥʘ ʨʠʩʫʥʢʘʭ 2-5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʝʣʠ, ʜʝʪʘʣʠʟʠʨʫʶʱʠʝ ʢʘʞʜʳʡ ʤʘʢʨʦʰʘʛ, ʘ ʚ 

ʪʘʙʣʠʮʘʭ 1-4 ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ʈʠʩʫʥʦʢ 2. ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ ʜʦʛʦʚʦʨʘ 
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ʆʪʚʝʪʩʪʚʝʥʥʳʡ 

ʟʘ ʶʨʠʜʠʯʝʩʢʫʶ 

ʧʦʤʦʱʴ 

ɼʦʛʦʚʦʨ 

[ʧʦʜʪʚʝʨʞʜʝʥʥʳʡ] 

ɼʦʛʦʚʦʨ[ʧʝʨʝʜʘʥʥ

ʳʡ] 

ʐʘʛˉ 2.2.6. 

2
.2

.6
. 

ʂʦʥʝʮ ʇʝʨʝʭʦʜ ʢ ʰʘʛʫ ˉ 2.3.1. 
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ʊʘʙʣʠʮʘ 3. ʆʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʜʧʠʩʘʥʠʝ ʜʦʛʦʚʦʨʘ 

ˉ ɼʝʡʩʪʚʠʝ ʋʯʘʩʪʥʠʢ 

ɼʦʢʫʤʝʥʪ/ʦʙʲʝʢʪ ʋʩʣʦʚʠʝ: 

ʩʣʝʜʫʶʱʠʡ 

ʰʘʛ 
ɺʭʦʜʥʦʡ ɺʳʭʦʜʥʦʡ 

ʇʨʝʜʫʩʣʦʚʠʝ: ʦʪʩʫʪʩʪʚʫʝʪ 

2
.3

.1
. 

ʇʦʣʫʯʝʥʠʝ 

ʜʦʛʦʚʦʨʘ 

ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʧʨʝʜʧʨʠʷʪʠʷ 

ɼʦʛʦʚʦʨ 

[ʧʝʨʝʜʘʥʥʳʡ] 

ɼʦʛʦʚʦʨ 

[ʧʦʣʫʯʝʥʥʳʡ] 

ʐʘʛ ˉ2.3.2. 

2
.3

.2
. 

ʇʦʜʧʠʩʘʥʠʝ 

ʜʦʛʦʚʦʨʘ ʚ 2-ʭ 

ʵʢʟʝʤʧʣʷʨʘʭ 

ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʧʨʝʜʧʨʠʷʪʠʷ 

ɼʦʛʦʚʦʨ 

[ʧʦʣʫʯʝʥʥʳʡ] 

ɼʦʛʦʚʦʨ 

[ʧʦʜʧʠʩʘʥʥʳʡ ʚ 2ʭ 

ʵʢʟʝʤʧʣʷʨʘʭ] 

ʐʘʛ ˉ2.3.3. 

2
.3

.3
. 

ʇʝʨʝʜʘʯʘ 

ʜʦʛʦʚʦʨʘ ʚ 

ʢʦʤʧʘʥʠʶ-

ʟʘʢʘʟʯʠʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʧʨʝʜʧʨʠʷʪʠʷ 

ɼʦʛʦʚʦʨ 

[ʧʦʜʧʠʩʘʥʥʳʡ ʚ 2ʭ 

ʵʢʟʝʤʧʣʷʨʘʭ] 

ɼʦʛʦʚʦʨ 

[ʧʝʨʝʜʘʥʥʳʡ] 

ʐʘʛ ˉ2.3.4. 

2
.3

.4
. 

ʇʦʣʫʯʝʥʠʝ 

ʢʦʤʧʘʥʠʝʡ-

ʟʘʢʘʟʯʠʢʦʤ 

ʇʨʝʜʩʪʘʚʠʪʝʣʴ 

ʩʪʦʨʦʥʥʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ 

ɼʦʛʦʚʦʨ 

[ʧʝʨʝʜʘʥʥʳʡ] 

ɼʦʛʦʚʦʨ 

[ʧʦʣʫʯʝʥʥʳʡ] 

ʐʘʛ ˉ2.3.5. 

2
.3

.5
. 

ʇʦʜʧʠʩʘʥʠʝ 

ʜʦʛʦʚʦʨʘ 

ʢʦʤʧʘʥʠʝʡ-

ʟʘʢʘʟʯʠʢʦʤ 

ʇʨʝʜʩʪʘʚʠʪʝʣʴ 

ʩʪʦʨʦʥʥʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ 

ɼʦʛʦʚʦʨ 

[ʧʦʣʫʯʝʥʥʳʡ] 

ɼʦʛʦʚʦʨ 

[ʧʦʜʧʠʩʘʥʥʳʡ] 

ʐʘʛ ˉ2.3.6. 

2
.3

.6
. 

ɺʦʟʚʨʘʪ 

ʵʢʟʝʤʧʣʷʨʘ 

ʜʦʛʦʚʦʨʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʝ 

ʇʨʝʜʩʪʘʚʠʪʝʣʴ 

ʩʪʦʨʦʥʥʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ 

ɼʦʛʦʚʦʨ 

[ʧʦʜʧʠʩʘʥʥʳʡ] 

ɼʦʛʦʚʦʨ 

[ʧʦʜʧʠʩʘʥʥʳʡ 2ʤʷ 

ʩʪʦʨʦʥʘʤʠ] 

ʐʘʛ ˉ2.3.7. 

2
.3

.7
. 

ʆʧʦʚʝʱʝʥʠʝ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳ

ʭ ʩʪʦʨʦʥ ʦ 

ʧʦʜʧʠʩʘʥʠʠ 

ʜʦʛʦʚʦʨʘ 

ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʧʨʝʜʧʨʠʷʪʠʷ 

ɼʦʛʦʚʦʨ 

[ʧʦʜʧʠʩʘʥʥʳʡ 2ʤʷ 

ʩʪʦʨʦʥʘʤʠ] 

ʆʧʦʚʝʱʝʥʠʝ ʟ.ʣ. ʐʘʛ ˉ2.3.8. 

2
.3

.8
. 

ʂʦʥʝʮ ʇʝʨʝʭʦʜ ʢ ʰʘʛʫ ˉ 2.4.1. 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ 

çʊɽʆʈʀʗ. ʇʈɸʂʊʀʂɸ. ʀʅʅʆɺɸʎʀʀè 
ʉɽʅʊʗɹʈʔ 2017 

ʆʈɻɸʅʀɿɸʎʀʗ ʀ ʋʇʈɸɺʃɽʅʀɽ 
 

 
48 

 

ʈʠʩʫʥʦʢ 5. ʇʝʨʝʜʘʯʘ ʜʦʛʦʚʦʨʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 
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ʊʘʙʣʠʮʘ 4. ʆʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʘ ʜʦʛʦʚʦʨʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ˉ ɼʝʡʩʪʚʠʝ ʋʯʘʩʪʥʠʢ 

ɼʦʢʫʤʝʥʪ/ʦʙʲʝʢʪ ʋʩʣʦʚʠʝ: 

ʩʣʝʜʫʶʱʠʡ 

ʰʘʛ 
ɺʭʦʜʥʦʡ ɺʳʭʦʜʥʦʡ 

ʇʨʝʜʫʩʣʦʚʠʝ: ʦʪʩʫʪʩʪʚʫʝʪ 

2
.4

.1
. 

ʇʦʣʫʯʝʥʠʝ ʚʩʝʡ 

ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠʟʜʝʣʠʡ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ 

ʟʘ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʇʝʨʝʯʝʥʴ 

ʥʝʦʙʭʦʜʠʤʳʭ 

ʠʟʜʝʣʠʡ 

[ʧʝʨʝʜʘʥʥʳʡ] 

ʇʝʨʝʯʝʥʴ 

ʥʝʦʙʭʦʜʠʤʳʭ 

ʠʟʜʝʣʠʡ 

[ʧʦʣʫʯʝʥʥʳʡ] 

ʐʘʛ ˉ2.4.2. 

ʆʪʯʸʪ ʦ ʥʘʣʠʯʠʠ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʥʘ 

ʩʢʣʘʜʝ ʠ 

ʚʦʟʤʦʞʥʳʭ ʩʨʦʢʘʭ 

ʧʦʩʪʘʚʢʠ 

[ʧʝʨʝʜʘʥʥʳʡ] 

ʆʪʯʸʪ ʦ ʥʘʣʠʯʠʠ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ 

ʥʘ ʩʢʣʘʜʝ ʠ 

ʚʦʟʤʦʞʥʳʭ 

ʩʨʦʢʘʭ ʧʦʩʪʘʚʢʠ 

[ʧʦʣʫʯʝʥʥʳʡ] 

2
.4

.2
. 

ʉʦʩʪʘʚʣʝʥʠʝ 

ʧʣʘʥʘ ʨʘʙʦʪ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʠʟʜʝʣʠʡ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ 

ʟʘ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʇʝʨʝʯʝʥʴ 

ʥʝʦʙʭʦʜʠʤʳʭ 

ʠʟʜʝʣʠʡ 

[ʧʦʣʫʯʝʥʥʳʡ] 

ʇʣʘʥ ʨʘʙʦʪ 

[ʩʦʩʪʘʚʣʝʥʥʳʡ] 

ʐʘʛ ˉ2.4.3. 

ʆʪʯʸʪ ʦ ʥʘʣʠʯʠʠ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʥʘ 

ʩʢʣʘʜʝ ʠ 

ʚʦʟʤʦʞʥʳʭ ʩʨʦʢʘʭ 

ʧʦʩʪʘʚʢʠ 

[ʧʦʣʫʯʝʥʥʳʡ] 

2
.4

.3
. 

ʇʝʨʝʜʘʯʘ ʧʣʘʥʘ 

ʨʘʙʦʪ 

ʦʪʚʝʪʩʪʚʝʥʥʦʤʫ 

ʟʘ ʮʝʭʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ 

ʟʘ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʇʣʘʥ ʨʘʙʦʪ 

[ʩʦʩʪʘʚʣʝʥʥʳʡ] 

ʇʣʘʥ ʨʘʙʦʪ 

[ʧʝʨʝʜʘʥʥʳʡ] 

ʐʘʛ ˉ2.4.4. 

2
.4

.4
. 

ʇʦʣʫʯʝʥʠʝ ʧʣʘʥʘ 

ʨʘʙʦʪ 

ʦʪʚʝʪʩʪʚʝʥʥʳʤ 

ʟʘ ʮʝʭʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ 

ʟʘ ʮʝʭʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʇʣʘʥ ʨʘʙʦʪ 

[ʧʝʨʝʜʘʥʥʳʡ] 

ʇʣʘʥ ʨʘʙʦʪ 

[ʧʦʣʫʯʝʥʥʳʡ] 

ʐʘʛ ˉ2.4.5. 

2
.4

.5
. 

ʉʦʟʜʘʥʠʝ ʥʘʨʷʜʘ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʠʟʜʝʣʠʡ  

ʆʪʚʝʪʩʪʚʝʥʥʳʡ 

ʟʘ ʮʝʭʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʇʣʘʥ ʨʘʙʦʪ 

[ʧʦʣʫʯʝʥʥʳʡ] 

ʅʘʨʷʜ 

[ʩʬʦʨʤʠʨʦʚʘʥʥʳ

ʡ] 

ʐʘʛ ˉ2.4.6. 

2
.4

.6
 

ʈʘʟʜʘʯʘ ʥʘʨʷʜʦʚ 

ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʨʘʙʦʪ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ

ʤʫ ʧʝʨʩʦʥʘʣʫ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ 

ʟʘ ʮʝʭʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʅʘʨʷʜ 

[ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ] 

ʅʘʨʷʜ 

[ʨʘʟʜʘʥʥʳʡ] 

ʐʘʛ ˉ2.4.7. 

2
.4

.7
. 

ʂʦʥʝʮ ʧʨʦʮʝʩʩʘ     

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ʜʣʷ ʨʝʠʥʞʠʥʠʨʠʥʛʘ, ʜʣʷ ʩʦʟʜʘʥʠʷ 
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ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʘʮʠʠ. ɿʘ ʩʯʝʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʥʘʯʘʣʘ ʠ ʜʦ ʢʦʥʮʘ ʣʶʙʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʜʦʛʦʚʦʨʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʜʝʣʠʡ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ [3],[4],[5]. 
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ʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʦʧʝʨʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ AVIST, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʦʧʝʨʘʪʠʚʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʜʦʙʳʯʝ ʥʝʬʪʠ ʠ ʛʘʟʘ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʩʪʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʢʪʠʚʘ, ʨʘʩʯʝʪʦʚ ʧʦʪʝʥʮʠʘʣʘ ʧʣʘʩʪʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʣʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʞʝʥʝʨʥʳʭ ʠ 

ʧʨʦʤʳʩʣʦʚʳʭ ʩʠʩʪʝʤ. 
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INNOVATIVE METHODS OF OPTIMIZATION OF OIL AND GAS PRODUCTION ON THE 

BASIS OF THE INTEGRATED PLANNING  

Nagimzyanova A.S., Guryeva M.A. 

In the article An approach to the management of the enterprises of oil and gas industry based on 

integrated operations with domestic integration AVIST platform for forecasting, and comprehensive 

support for the adoption of operational industrial solutions in the oil and gas-based tools integrated 

modeling asset calculations reservoir capacity and technological facilities, an integrated operational plan 

using data existing commercial and engineering systems. 

Keywords: domestic AVIST integration platform, integrated operations, integrated model of the 

deposit, integrated simulation, integrated planning, intellectual field, decision support. 

 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ ʷʚʣʷʝʪʩʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ʊʨʝʥʜʦʤ ʧʦʩʣʝʜʥʠʭ 15 ʣʝʪ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ. ɺʝʜʫʱʠʝ 

ʤʠʨʦʚʳʝ ʫʯʘʩʪʥʠʢʠ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʨʝʘʣʠʟʫʶʪ ʧʨʦʛʨʘʤʤʳ ʧʦ ʚʥʝʜʨʝʥʠʶ 
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çʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʦʧʝʨʘʮʠʡè ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʘʚʪʦʨʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʜʠʥ ʠʟ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʦʧʝʨʘʮʠʡ ð ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ, ʚʢʣʶʯʘʷ: 

½ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʮʝʩʩʘ çʀʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝè; 

½ ʢʣʶʯʝʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʨʝʰʝʥʠʷ çʀʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝè; 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʚ ʩʪʘʪʴʝ ʨʝʰʝʥʠʝ çʀʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝè (AVIST.PlanningÉ) 

ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ AVISTÉ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʩʦʙʳʪʠʷʤʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʩʪʚ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʢʪʠʚʘ, ʧʦʪʝʥʮʠʘʣʦʚ ʧʣʘʩʪʘ, ʩʢʚʘʞʠʥ ʠ ʥʘʟʝʤʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ ʫʯʘʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʣʫʞʙ ʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʰʠʨʦʢʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʤʝʨʦʧʨʠʷʪʠʡ ð ʥʘʯʠʥʘʷ ʦʪ ʙʫʨʝʥʠʷ, ʢʘʧʠʪʘʣʴʥʦʛʦ ʠ 

ʪʝʢʫʱʝʛʦ ʨʝʤʦʥʪʘ ʩʢʚʘʞʠʥ ʠ ʥʘʟʝʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʤʳʩʣʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʧʦʩʪʘʚʢʘʤʠ ʄʊʆ, ʣʦʛʠʩʪʠʢʦʡ, ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʧʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʭʨʘʥʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʨʘʟʥʦʡ (ʚ ʤʝʥʴʰʝʡ ʠʣʠ ʙʦʣʴʰʝʡ) ʩʪʝʧʝʥʠ 

ʚʣʠʷʶʪ ʥʘ ʢʦʥʝʯʥʳʡ ʦʙʲʝʤ ʜʦʙʳʯʠ ʠ ʧʦʜʛʦʪʦʚʢʠ ʪʦʚʘʨʥʦʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. ɿʘʜʘʯʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ð ʦʙʝʩʧʝʯʠʪʴ ʪʘʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʪʝʢʫʱʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʘ, ʯʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʨʘʙʦʪʳ, 

ʦʙʝʩʧʝʯʠʚ ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʪʨʘʩʣʠ ʩʣʦʞʠʣʘʩʴ ʫʩʪʦʷʚʰʘʷʩʷ ʧʨʘʢʪʠʢʘ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʣʶʯʝʚʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ [4]: 

½ ʧʣʘʥʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʤʝʩʷʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥ ʠ 

ʥʘʟʝʤʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ð ʪʘʢʦʡ ʧʦʜʭʦʜ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ 

ʙʝʟʦʩʪʘʥʦʚʦʯʥʫʶ ʨʘʙʦʪʫ ʩʢʚʘʞʠʥ ʠ ʚʳʧʦʣʥʝʥʠʝ ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ (ɻʊʄ) ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʧʘʜʘʶʱʝʡ ʜʦʙʳʯʠ, ʦʩʪʘʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʧʨʠʚʷʟʢʝ ʢ ʧʣʘʥʦʚʳʤ ʠʣʠ 

ʚʥʝʧʣʘʥʦʚʳʤ ʦʩʪʘʥʦʚʘʤ ʩʢʚʘʞʠʥ, ʣʠʙʦ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʩʣʫʯʘʝ ʢʨʘʡʥʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ; 

½ ʦʪʩʫʪʩʪʚʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʧʠʩʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʢʦʥʝʯʥʦʛʦ ʦʙʲʝʤʘ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ; 

½ ʩʣʘʙʘʷ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʣʫʞʙ ʚ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʣʘʥʘ ʚ ʭʦʜʝ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʥʷʝʤʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʘ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʣʘʥʦʤ ʚ ʭʦʜʝ ʝʛʦ 
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ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʣʶʯʝʚʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ: 

½ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʦʜʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʘ ʥʘ ʦʩʥʦʚʝ ʚʩʝʭ ʧʣʘʥʠʨʫʝʤʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʷʤʫʶ ʣʠʙʦ ʢʦʩʚʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʠʪʦʛʦʚʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ; 

½ ʘʥʘʣʠʟ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʩʚʦʜʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʦʚʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ 

ʥʘʠʣʫʯʰʝʤ ʚʘʨʠʘʥʪʝ ʥʘʢʦʧʣʝʥʥʦʡ ʤʝʩʷʯʥʦʡ (ʩʫʪʦʯʥʦʡ) ʜʦʙʳʯʠ ʠ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ ʧʣʘʥʦʚʳʭ 

ʠ ʚʥʝʧʣʘʥʦʚʳʭ ʥʝʜʦʙʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʪʘʥʦʚʢʘʤʠ ʩʢʚʘʞʠʥ ʠ ʥʘʟʝʤʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ; 

½ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥ ʠ ʥʘʟʝʤʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʠʣʫʯʰʝʛʦ ʚʘʨʠʘʥʪʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʘ; 

½ ʘʢʪʠʚʥʦʝ ʚʦʚʣʝʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʣʫʞʙ ʚ ʤʦʥʠʪʦʨʠʥʛ ʠ 

ʦʧʪʠʤʠʟʘʮʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʘ ʚ ʭʦʜʝ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ [1]. 

ɼʘʣʝʝ ʚ ʩʪʘʪʴʝ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ 

ʧʣʘʥʦʤ ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ çʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝè, ʘ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʧʣʘʥʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʙʙʨʝʚʠʘʪʫʨʘ çʀʇè. 

ʇʨʦʮʝʩʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʪʠʚʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ 

ʧʣʘʥʠʨʦʚʘʥʠʝʤ (ʨʠʩ. 1). ʀʇ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ (ɻʇʇ), 

ʯʝʨʝʟ ɻʇʇ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩʦ ʩʨʝʜʥʝʩʨʦʯʥʳʤ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ 

ʧʣʘʥʠʨʦʚʘʥʠʝʤ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʤʝʩʷʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʷʪʴ ʩ ʤʝʩʷʯʥʳʤ ʣʠʙʦ ʜʚʫʭʤʝʩʷʯʥʳʤ ʧʨʦʛʥʦʟʥʳʤ 

ʠʥʪʝʨʚʘʣʦʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ çʚʠʜʝʪʴè ʙʦʣʴʰʠʡ ʧʣʘʥʦʚʳʡ ʛʦʨʠʟʦʥʪ ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ 

ʵʬʬʝʢʪʠʚʥʝʝ ʧʣʘʥʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʨʘʩʧʠʩʘʥʠʝ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʤʝʪʴ 

ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʡ ʧʨʦʛʥʦʟ ʧʦ ʦʙʲʝʤʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʦʮʝʩʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʦʙʱʝʤ ʚʠʜʝ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʵʪʘʧʦʚ: 

1. ʩʙʦʨ ʠ ʢʦʥʩʦʣʠʜʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʣʘʥʦʚ; 

2. ʧʦʜʛʦʪʦʚʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʀʇ; 

3. ʩʦʛʣʘʩʦʚʘʥʠʝ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʀʇ; 

4. ʤʦʥʠʪʦʨʠʥʛ ʚʳʧʦʣʥʝʥʠʷ ʠ ʫʪʦʯʥʝʥʠʝ ʀʇ. 

ʇʨʦʮʝʩʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʙʦʨʘ ʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʤʝʩʷʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʣʘʥʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʣʫʞʙ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʦʚ ʦʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚʦʚʣʝʯʴ ʚ ʧʨʦʮʝʩʩ ʢʘʢ ʤʠʥʠʤʫʤ ʚʩʝ ʩʣʫʞʙʳ, ʧʣʘʥʠʨʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, 
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ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʱʠʝ ʥʘ ʦʙʲʝʤ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʠʤʝʥʥʦ ʩʣʫʞʙʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ 

ʧʣʘʥʠʨʦʚʘʥʠʝ: 

½ ʊʂʈʉ; 

½ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʣʘʩʪʘ, ʩʦʩʪʦʷʥʠʷ ʩʢʚʘʞʠʥ; 

½ ʙʫʨʝʥʠʷ ʠ ʚʚʦʜʘ ʥʦʚʳʭ ʩʢʚʘʞʠʥ; 

½ ʜʠʘʛʥʦʩʪʠʢʠ, ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʦʚ ʥʘʟʝʤʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ; 

½ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʥʦʩʠʪʝʣʷʤʠ ʠ ʜʨ. 

 

ʈʠʩʫʥʦʢ 1. ʋʨʦʚʥʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ [3] 

ʄʝʩʷʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʣʘʥʳ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʠ ʫʯʠʪʳʚʘʶʪ ʚʳʧʦʣʥʝʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʘ ʧʨʝʜʳʜʫʱʝʛʦ ʧʣʘʥʦʚʦʛʦ ʧʝʨʠʦʜʘ. 

ʉʦʙʨʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʘʥʳ ʢʦʥʩʦʣʠʜʠʨʫʶʪʩʷ ʚ ʦʙʱʝʝ ʨʘʩʧʠʩʘʥʠʝ. 

ʇʦʜʛʦʪʦʚʢʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ 

ʨʘʩʧʠʩʘʥʠʷ. ɺ ʧʦʜʛʦʪʦʚʢʫ ʀʇ ʚʭʦʜʷʪ: 

½ ʘʥʘʣʠʟ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʣʘʥʠʨʫʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠʟ ʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʣʘʥʦʚ; 

½ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ: ʙʨʠʛʘʜ ʊʂʈʉ, ʜʨʫʛʠʭ ʧʦʜʨʷʜʯʠʢʦʚ, ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ; 

½ ʦʮʝʥʢʘ ʧʨʦʛʥʦʟʥʦʛʦ ʦʙʲʝʤʘ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ; 

½ ʦʮʝʥʢʘ ʧʨʦʛʥʦʟʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥ ʠ ʥʘʟʝʤʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʦʚʦʜʠʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ (ʨʠʩ. 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2. ʇʨʠʤʝʨ ʤʘʪʨʠʮʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ, ʩʦʙʳʪʠʡ ʠ ʨʘʙʦʪ [2] 

ʄʘʪʨʠʮʘ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʫʯʠʪʳʚʘʝʪ: 

½ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩʦʙʳʪʠʡ, ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʨʘʙʦʪ; 

½ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʨʘʙʦʪ ʩ ʫʯʝʪʦʤ ʬʠʟʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʲʝʢʪʦʚ (ʥʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʲʝʟʜʘ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʨʝʘʣʴʥʳʭ 

ʨʘʟʤʝʨʦʚ ʢʫʩʪʦʚʳʭ ʧʣʦʱʘʜʦʢ ʠ ʪ.ʧ.). 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʤʝʝʪ ʩʤʳʩʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʤʘʪʨʠʮʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʇʝʨʝʯʝʥʴ ʤʝʨʦʧʨʠʷʪʠʡ, ʩʦʙʳʪʠʡ ʠ ʨʘʙʦʪ ʜʣʷ ʨʘʟʥʳʭ 

ʢʦʤʧʘʥʠʡ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʘʚʪʦʨʳ ʨʝʢʦʤʝʥʜʫʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʦʪʨʘʩʣʝʚʳʭ ʨʝʛʣʘʤʝʥʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ (ʈɼ). 

ʆʧʪʠʤʠʟʘʮʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʘ ð ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʚ ʧʨʦʮʝʩʩʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʀʇ ï ʧʦʜʛʦʪʦʚʢʘ ʚʘʨʠʘʥʪʘ ʀʇ, ʥʘʠʣʫʯʰʠʤ 

ʦʙʨʘʟʦʤ ʦʪʚʝʯʘʶʱʝʛʦ ʪʝʢʫʱʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʮʝʣʷʤ ʥʘ ʧʣʘʥʦʚʳʡ ʧʝʨʠʦʜ (ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ). ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʀʇ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ: 

½ ʦʙʷʟʘʪʝʣʴʥʳʡ ʦʙʲʝʤ ʤʝʨʦʧʨʠʷʪʠʡ, ʨʘʙʦʪ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ, 

ʦʙʫʩʪʨʦʡʩʪʚʘ, ʨʝʛʣʘʤʝʥʪʘʤʠ, ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʠ ʪ.ʧ.); 

½ ʧʣʘʥʦʚʳʡ ʦʙʲʝʤ ʤʝʩʷʯʥʦʡ ʜʦʙʳʯʠ (ʞʠʜʢʦʩʪʠ, ʥʝʬʪʠ, ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʪʠʣʠʟʘʮʠʠ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ); 
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½ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ (ʙʨʠʛʘʜ ʊʂʈʉ, ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʩʝʨʚʠʩʥʳʭ ʧʦʜʨʷʜʯʠʢʦʚ, 

ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ ð ʬʣʦʪʦʚ ɻʈʇ ʠ ʪ.ʧ.); 

½ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ (ʦʙʲʝʤʳ ʇʇɼ, ʦʙʲʝʤʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪ.ʧ.); 

½ ɻ ʢʦʥʦʤʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ (ʤʝʩʷʯʥʳʡ CAPEX/OPEX, ʨʘʩʮʝʥʢʠ ʙʨʠʛʘʜʦ-ʯʘʩʦʚ 

ʢʦʥʢʨʝʪʥʳʭ ʨʝʩʫʨʩʦʚ); 

½ ʨʠʩʢʠ (ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʨʝʩʫʨʩʦʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, 

ʣʦʛʠʩʪʠʯʝʩʢʠʝ, ʩʝʟʦʥʥʳʝ ʨʠʩʢʠ, ʨʠʩʢʠ ʧʦʩʪʘʚʦʢ ʠ ʪ.ʧ.) [2]. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʮʝʣʝʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ 

ʜʦʙʳʯʠ ʧʨʠ ʪʝʢʫʱʠʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʠ ʩʦʢʨʘʱʝʥʠʝ ʧʣʘʥʦʚʳʭ ʠ ʥʝʧʣʘʥʦʚʳʭ ʥʝʜʦʙʦʨʦʚ. ɺʤʝʩʪʝ ʩ 

ʵʪʠʤ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʀʇ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʣʘʥʦʚʦʛʦ ʧʝʨʠʦʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʫʥʠʢʘʣʴʥʦʡ ʠ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʧʣʘʥʦʚʳʭ ʧʝʨʠʦʜʦʚ. ɺʳʙʦʨ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʤʦʞʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʝʢʫʱʠʤ ʩʦʩʪʦʷʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʘʢʪʠʚʘ, ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʝʡ, ʚʥʫʪʨʠʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʮʝʣʷʤʠ ʠ ʪ.ʧ. ʈʝʘʣʠʟʘʮʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ, 

ʥʘʯʠʥʘʷ ʦʪ ʧʨʦʩʪʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʩʦʚʤʝʱʝʥʠʶ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʦʪʜʝʣʴʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʦʙʲʝʢʪʝ (ʥʘʧʨʠʤʝʨ, ʩʢʚʘʞʠʥʝ), ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʛʨʫʧʧʝ ʦʙʲʝʢʪʦʚ ʜʦ ʩʣʦʞʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʥʘʩʪʨʦʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. ʆʧʪʠʤʠʟʘʮʠʷ 

ʀʇ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʨʘʩʧʠʩʘʥʠʷ ʨʘʙʦʪ ʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʣʘʥʦʚʦʛʦ ʧʝʨʠʦʜʘ, ʘ ʪʘʢʞʝ 

ʢʦʤʧʣʝʢʩʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʩ ʧʦʜʙʦʨʦʤ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʀʇ ʥʝʦʙʭʦʜʠʤʦ, ʧʦʤʠʤʦ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, 

ʠʤʝʪʴ ʧʦʪʝʥʮʠʘʣʳ ʧʣʘʩʪʘ, ʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥ, ʩʠʩʪʝʤʳ ʩʙʦʨʘ, ʩʠʩʪʝʤʳ 

ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʈʘʩʯʝʪ ʫʢʘʟʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ: 

½ ʫʧʨʦʱʝʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʜʣʷ ʢʣʶʯʝʚʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ï ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ ʩʫʱʥʦʩʪʝʡ 

çʩʢʚʘʞʠʥʘ-ʧʣʘʩʪè, ʨʘʩʩʯʠʪʘʥʥʳʭ ʤʝʪʦʜʦʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ ʢʨʠʚʳʭ 

ʚʳʪʝʩʥʝʥʠʷ; 

½ ʩʣʦʞʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʜʣʷ ʢʣʶʯʝʚʳʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ï ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ ʩʫʱʥʦʩʪʝʡ 

çʩʢʚʘʞʠʥʘ-ʧʣʘʩʪè, ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʙʘʟʝ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʠʤʫʣʷʪʦʨʦʚ (Eclipse/Schlumberger, tNavigator/RFD, Tempest/Roxar), ʜʣʷ ʩʠʩʪʝʤʳ ʩʙʦʨʘ 

(PipeSim/Schlumberger); 

½ ʩʣʦʞʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ð ʜʣʷ ʧʦʪʝʥʮʠʘʣʦʚ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʠʩʪʝʤʳ (ʧʣʘʩʪ, ʩʢʚʘʞʠʥʘ, ʩʠʩʪʝʤʘ ʩʙʦʨʘ, ʩʠʩʪʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ) ʥʘ ʙʘʟʝ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʤʫʣʷʪʦʨʦʚ (GAP/Petex, AVOCET/Schlumberger, METTE/Roxar). 
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ʇʦ ʦʧʳʪʫ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ, ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʥʦʮʝʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ, ʚ ʩʣʫʯʘʝ ʝʝ ʦʪʩʫʪʩʪʚʠʷ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ 

ʧʦʪʝʥʮʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʢʪʠʚʦʚ ʠ 

ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ. 

ʉʦʛʣʘʩʦʚʘʥʠʝ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʀʇ ð ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʵʪʘʧ ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. ʅʘ ʵʪʘʧʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʫʯʘʩʪʚʫʶʪ ʚʩʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʣʫʞʙʳ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ 

ʧʨʦʮʝʩʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʄʦʥʠʪʦʨʠʥʛ ʠ ʫʪʦʯʥʝʥʠʝ ʀʇ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʥʠʪʦʨʠʥʛʘ ʀʇ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟ çʧʣʘʥ-

ʬʘʢʪ-ʧʨʦʛʥʦʟè (ʨʠʩ. 3). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ 

ʨʘʙʦʪ, ʠʭ ʩʨʦʢʦʚ ʣʠʙʦ ʨʝʩʫʨʩʦʚ (ʠʩʧʦʣʥʠʪʝʣʝʡ, ʤʘʪʝʨʠʘʣʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ), ʩʧʝʮʠʘʣʠʩʪʳ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʣʫʞʙ ʬʦʨʤʠʨʫʶʪ ʟʘʧʨʦʩ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʩʧʦʣʥʷʝʤʦʡ ʚʝʨʩʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʧʣʘʥʘ, ʢʦʪʦʨʳʡ ʩʦʛʣʘʩʦʚʳʚʘʝʪʩʷ ʠ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʧʨʦʛʥʦʟʝ ʣʠʙʦ ʦʪʢʣʦʥʷʝʪʩʷ 

ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ. 

 

ʈʠʩʫʥʦʢ 3. ʄʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʚʳʧʦʣʥʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʘ: ʘ ï ʧʦʩʫʪʦʯʥʳʡ ʧʣʘʥ-

ʬʘʢʪ-ʧʨʦʛʥʦʟ; ʙ ï ʥʘʢʦʧʣʝʥʥʳʡ ʧʣʘʥ-ʬʘʢʪ-ʧʨʦʛʥʦʟ [5] 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʧʨʦʮʝʩʩʘ çʀʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝè ʚ 

ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʤ ʘʢʪʠʚʝ ʥʝ ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ 
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(ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ). ʇʦ ʦʧʳʪʫ ʘʚʪʦʨʦʚ, ʪʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʦʙʷʟʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʨʠʩ. 4). 

ʈʝʰʝʥʠʝ ʪʘʢʞʝ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʣʦʢʘʮʠʡ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʩʫʨʩʦʚ ʠ 

ʜʨ., ʩʨʝʜʩʪʚʘ ʠʥʪʝʛʨʘʮʠʠ (API) ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʨʝʰʝʥʠʷ MES, Real-Time Data 

ʠ ʪ. ʧ.). ɺʦʧʨʦʩ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʝʰʝʥʠʷʤ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ. 

 

ʈʠʩʫʥʦʢ 4. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʨʝʰʝʥʠʷ  

çʀʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝè [5] 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʟʥʘʯʝʥʠʝ ʠ ʢʣʶʯʝʚʳʝ ʟʘʜʘʯʠ ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 4. ʢʦʤʧʦʥʝʥʪ ʨʝʰʝʥʠʷ 

çʀʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝè. 

ɹʘʟʦʚʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʦʥʝʥʪʘ çʋʧʨʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʝʤ ʨʘʙʦʪè. ʂʣʶʯʝʚʘʷ ʟʘʜʘʯʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʨʘʩʧʠʩʘʥʠʝʤ ʚ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ð ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʘʩʯʝʪʘ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʬʠʣʝʤ ʠʪʦʛʦʚʦʡ ʜʦʙʳʯʠ ʞʠʜʢʦʩʪʠ, ʥʝʬʪʠ (ʩʫʪʦʯʥʦʡ, ʥʘʢʦʧʣʝʥʥʦʡ) ʧʨʠ ʪʝʢʫʱʝʤ 

ʨʘʩʧʠʩʘʥʠʠ ʨʘʙʦʪ ʠ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʧʣʘʥʦʚʳʡ ʧʝʨʠʦʜ. ʀʟʤʝʥʷʷ ʩʦʩʪʘʚ, ʜʘʪʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʨʘʙʦʪ ʠ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʨʘʩʧʠʩʘʥʠʠ ʧʣʘʥʦʚʦʛʦ ʧʝʨʠʦʜʘ, ʢʦʤʧʦʥʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʚʠʜʝʪʴ ʠʪʦʛʦʚʳʡ 

ʧʨʦʬʠʣʴ ʜʦʙʳʯʠ. ʈʘʩʯʝʪ ʠʪʦʛʦʚʦʛʦ ʧʨʦʬʠʣʷ ʜʦʙʳʯʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʤʦʜʝʣʠ ʣʠʙʦ ð ʧʨʠ ʝʝ ʦʪʩʫʪʩʪʚʠʠ ð ʧʦ ʫʧʨʦʱʝʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʧʝʨʠʦʜʦʚ ʠ ʦʞʠʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ ʦʪ ʧʣʘʥʦʚʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʂʦʤʧʦʥʝʥʪʘ çʋʧʨʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʝʤ ʨʘʙʦʪè ʨʝʰʘʝʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

½ ʩʙʦʨ, ʢʦʥʩʦʣʠʜʘʮʠʷ ʧʣʘʥʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʣʫʞʙ ʚ ʝʜʠʥʳʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʣʘʥ ʠ 

ʝʛʦ ʚʠʟʫʘʣʠʟʘʮʠʷ; 
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½ ʟʘʛʨʫʟʢʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʬʘʢʪʠʯʝʩʢʠ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ; 

½ ʘʥʘʣʠʟ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʣʘʥʦʚʳʭ, ʬʘʢʪʠʯʝʩʢʠʭ ʠ ʧʨʦʛʥʦʟʥʳʭ ʨʘʙʦʪ ʠ ʤʝʨʦʧʨʠʷʪʠʡ; 

½ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʘʩʯʝʪʘ ʧʣʘʥʦʚʦʛʦ, ʧʨʦʛʥʦʟʥʦʛʦ ʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʝʡ ʜʦʙʳʯʠ ʠ 

ʥʝʜʦʙʦʨʦʚ ʥʝʬʪʠ ʠʣʠ ʛʘʟʘ; 

½ ʫʧʨʘʚʣʝʥʠʝ (ʜʦʙʘʚʣʝʥʠʝ, ʫʜʘʣʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ) ʧʨʦʩʪʦʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʨʘʙʦʪʘʤʠ ʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʚ ʨʘʩʧʠʩʘʥʠʠ; 

½ ʘʥʘʣʠʟ ʠ ʨʘʟʨʝʰʝʥʠʝ ʢʦʥʬʣʠʢʪʦʚ ʩʦʚʤʝʱʝʥʠʷ ʨʘʙʦʪ ʠ ʤʝʨʦʧʨʠʷʪʠʡ (ʨʘʙʦʪʳ ʥʝ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ, ʠʟ-ʟʘ ʪʦʧʦʣʦʛʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ, ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪ.ʧ.) ʠ ʜʨ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʳ çʋʧʨʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʝʤ ʨʘʙʦʪè ʧʦʟʚʦʣʷʝʪ: 

½ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʢʦʥʩʦʣʠʜʘʮʠʶ ʧʣʘʥʦʚʳʭ ʠ ʬʘʢʪʠʯʝʩʢʠ ʚʳʧʦʣʥʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ 

ʨʘʙʦʪ; 

½ ʥʘʛʣʷʜʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʣʘʥ, ʚʳʷʚʣʷʪʴ ʠ ʨʘʟʨʝʰʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʥʬʣʠʢʪʳ ʚ ʧʣʘʥʦʚʦʤ ʨʘʩʧʠʩʘʥʠʠ; 

½ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʨʘʩʯʝʪ ʧʨʦʛʥʦʟʥʦʛʦ ʫʨʦʚʥʷ ʜʦʙʳʯʠ ʠ ʧʨʦʛʥʦʟʥʳʭ ʥʝʜʦʙʦʨʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʠʩʘʥʠʝʤ; 

½ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ ʨʘʩʧʠʩʘʥʠʷ; 

½ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʫʱʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʚ ʨʘʩʧʠʩʘʥʠʠ. 

ʂʦʤʧʦʥʝʥʪʘ çʋʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ ʠ ʤʘʪʝʨʠʘʣʘʤʠè ʜʦʧʦʣʥʷʝʪ ʬʫʥʢʮʠʦʥʘʣ ʢʦʤʧʦʥʝʥʪʳ 

çʋʧʨʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʝʤ ʨʘʙʦʪè. ʂʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʨʝʩʫʨʩʘʤʠ ʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʧʣʘʥʠʨʫʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʨʘʩʧʠʩʘʥʠʠ ʨʘʙʦʪ. 

 çʋʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ ʠ ʤʘʪʝʨʠʘʣʘʤʠè ʨʝʰʘʝʪ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʟʘʜʘʯʠ: 

½ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʯʝʪ ʬʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ (ʙʨʠʛʘʜ, ʠʩʧʦʣʥʠʪʝʣʝʡ) ʠ 

ʤʘʪʝʨʠʘʣʦʚ (ʢʣʶʯʝʚʳʭ, ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ); 

½ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʣʘʥʠʨʫʝʤʳʭ ʠ ʬʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʧʣʘʥʦʚʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʨʘʟʨʝʟʝ ʦʙʲʝʢʪʦʚ; 

½ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʣʘʥʦʚʳʭ ʠ ʬʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ ʚ ʨʘʟʨʝʟʝ ʠʩʧʦʣʥʠʪʝʣʝʡ (ʚ 

ʚʠʜʝ çɻʨʘʬʠʢ ʜʚʠʞʝʥʠʷ ʙʨʠʛʘʜè); 

½ ʘʥʘʣʠʟ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʝʩʫʨʩʦʚ (ʙʨʠʛʘʜ, ʠʩʧʦʣʥʠʪʝʣʝʡ), ʥʘ ʦʩʥʦʚʝ 

ʠʥʜʝʢʩʘ ʨʠʩʢʘ ʧʨʠʚʣʝʯʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʩʫʨʩʘ; ʠʥʜʝʢʩ ʨʠʩʢʘ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʩʫʨʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʥʳʭ ʦʙʲʝʤʦʚ ʨʘʙʦʪ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ; 

½ ʫʯʝʪ, ʢʦʥʪʨʦʣʴ ʠ ʘʥʘʣʠʟ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʚ 

ʧʣʘʥʦʚʦʤ ʧʝʨʠʦʜʝ ʚ ʨʘʟʨʝʟʝ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʧʨʠʯʠʥ ʧʨʦʩʪʦʝʚ ʠ ʦʙʲʝʢʪʦʚ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʳ çʋʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ ʠ ʤʘʪʝʨʠʘʣʘʤʠè ʧʦʟʚʦʣʷʝʪ: 

½ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʢʦʥʩʦʣʠʜʘʮʠʶ ʜʘʥʥʳʭ ʦ ʧʣʘʥʦʚʳʭ ʠ ʬʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʨʝʩʫʨʩʘʭ ʠ ʤʘʪʝʨʠʘʣʘʭ; 

½ ʥʘʛʣʷʜʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʛʨʘʬʠʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʠʚʷʟʢʝ ʢ 

ʨʘʩʧʠʩʘʥʠʶ ʨʘʙʦʪ; 

½ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʢʦʥʩʦʣʠʜʘʮʠʶ ʠ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʲʝʤʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ; 

½ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʚʳʷʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʝʨʠʦʜʦʚ ʨʠʩʢʘ ʧʨʠʚʣʝʯʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ; 

½ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʫʱʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ, 

ʛʨʘʬʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘʣʠʯʠʝ ʝʜʠʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ, ʨʘʙʦʪ, ʠʩʧʦʣʥʠʪʝʣʝʡ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʨʘʩʧʠʩʘʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʨʝʰʝʥʠʷ. 

ʂʦʤʧʦʥʝʥʪʘ çʆʧʪʠʤʠʟʘʮʠʷ ʨʘʩʧʠʩʘʥʠʷ ʨʘʙʦʪ, ʨʝʩʫʨʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚè ʨʝʰʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

½ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʨʦʬʠʣʷ ʜʦʙʳʯʠ, 

ʩʦʢʨʘʱʝʥʠʝ ʥʝʜʦʙʦʨʦʚ ʠ ʪ.ʧ.) ʚ ʨʝʞʠʤʝ çʨʫʯʥʦʛʦè ʫʧʨʘʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʚ 

ʨʘʩʧʠʩʘʥʠʠ, ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʠʩʭʦʜʥʦʛʦ ʩʫʪʦʯʥʦʛʦ ʠ ʥʘʢʦʧʣʝʥʥʦʛʦ ʧʨʦʬʠʣʷ 

ʜʦʙʳʯʠ ʠ ʥʝʜʦʙʦʨʦʚ; 

½ ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʩʧʠʩʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ; ʚ 

ʨʝʰʝʥʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʮʝʣʝʚʳʭ 

ʬʫʥʢʮʠʡ (ʤʠʥʠʤʠʟʘʮʠʷ ʥʝʜʦʙʦʨʦʚ ʚ ʧʣʘʥʦʚʦʤ ʧʝʨʠʦʜʝ, ʤʘʢʩʠʤʠʟʘʮʠʷ ʜʦʙʳʯʠ ʚ ʧʣʘʥʦʚʦʤ 

ʧʝʨʠʦʜʝ, ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʨʦʬʠʣʷ ʜʦʙʳʯʠ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʦʚʢʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʠ ʪ.ʧ.); 

½ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʠ ʩʢʚʘʞʠʥ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʬʦʥʪʘʥʥʦʤ ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʳ çʆʧʪʠʤʠʟʘʮʠʷ ʨʘʩʧʠʩʘʥʠʷ, ʨʘʙʦʪ, ʨʝʩʫʨʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚè 

ʧʦʟʚʦʣʷʝʪ: 

½ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʩʫʙʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʜʘʥʥʳʤʠ ʮʝʣʝʚʳʤʠ ʬʫʥʢʮʠʷʤʠ; 

½ ʚʳʙʨʘʪʴ ʥʘʠʣʫʯʰʠʡ ʚʘʨʠʘʥʪ ʨʘʩʧʠʩʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ 

(ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʨʝʰʝʥʠʠ) ʠ ʥʝʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ (ʥʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʨʝʰʝʥʠʠ, 

ʠʟʚʝʩʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʫ ʧʦ ʧʣʘʥʠʨʦʚʘʥʠʶ). 
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ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʮʝʩʩʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʨʷʜʦʢ 

ʜʝʡʩʪʚʠʡ (ʨʝʛʣʘʤʝʥʪ) ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ, ʩʦʛʣʘʩʦʚʘʥʠʠ ʠ ʫʪʚʝʨʞʜʝʥʠʠ ʧʣʘʥʘ, ʘ ʪʘʢʞʝ ʧʦʨʷʜʦʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʠ ʫʪʦʯʥʝʥʠʠ ʧʣʘʥʘ ʚ ʭʦʜʝ ʝʛʦ ʠʩʧʦʣʥʝʥʠʷ. ʉ ʫʯʝʪʦʤ ʦʧʠʩʘʥʥʦʛʦ 

ʚʳʰʝ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʘ, ʘ ʠʤʝʥʥʦ ʘʢʪʠʚʥʦʛʦ 

ʚʦʚʣʝʯʝʥʠʷ ʚʩʝʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʣʫʞʙ ʚ ʧʨʦʮʝʩʩ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʝʥʠʝʤ 

ʧʣʘʥʘ ʥʘ ʦʩʥʦʚʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʘ, ʥʘʣʠʯʠʝ ʜʦʩʪʫʧʥʦʛʦ ʠ ʧʦʥʷʪʥʦʛʦ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ 

ʧʨʦʮʝʩʩʘ ʨʝʛʣʘʤʝʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʝʛʣʘʤʝʥʪʥʳʭ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʰʠʨʦʢʦʜʦʩʪʫʧʥʦʡ ʠ ʧʨʦʩʪʦʡ 

ʩʨʝʜʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʥʳʭ, ʚʳʧʦʣʥʷʝʤʳʭ ʠ ʪʝʢʫʱʠʭ ʰʘʛʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʜʝʨʞʢʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʧʣʘʥʦʤ ʥʘ ʦʩʥʦʚʝ ʨʝʛʣʘʤʝʥʪʘ ʚ ʨʝʰʝʥʠʝ ʚʢʣʶʯʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ 

çʇʦʜʜʝʨʞʢʘ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷè. 

ʂʦʤʧʦʥʝʥʪʘ çʇʦʜʜʝʨʞʢʘ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷè ʦʙʝʩʧʝʯʠʚʘʝʪ: 

½ ʥʘʩʪʨʦʡʢʫ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʝʛʣʘʤʝʥʪʘ, 

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʦʙʷʟʘʪʝʣʴʥʳʝ ʰʘʛʠ ʠ ʠʩʧʦʣʥʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʥʠʨʦʚʘʥʠʷ; 

½ ʥʘʩʪʨʦʡʢʫ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʥʝʨʝʛʣʘʤʝʥʪʥʳʭ ʩʦʙʳʪʠʡ (ʩʠʪʫʘʮʠʦʥʥʳʭ ʩʦʚʝʱʘʥʠʡ), 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʣʫʞʙ; 

½ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʪ ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʜʣʦʞʝʥʠʡ ʜʦ ʢʦʥʪʨʦʣʷ 

ʠʩʧʦʣʥʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʘ; 

½ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʚʩʝʭ ʜʝʡʩʪʚʠʡ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ, ʩʦʛʣʘʩʦʚʘʥʠʶ ʧʣʘʥʘ, ʫʪʦʯʥʝʥʠʶ 

ʠʩʧʦʣʥʷʝʤʦʛʦ ʧʣʘʥʘ; 

½ ʘʨʭʠʚʘʮʠʶ ʚʩʝʭ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ ʚʝʨʩʠʡ ʧʣʘʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʘʚʠʛʘʮʠʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʳ çʇʦʜʜʝʨʞʢʘ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷè 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ: 

½ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ, ʢʦʦʨʜʠʥʘʮʠʶ ʠ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʮʝʜʫʨ ʧʨʦʮʝʩʩʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ; 

½ ʩʦʢʨʘʱʝʥʠʷ ʦʰʠʙʦʢ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʡ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ 

ʧʨʦʮʝʩʩʘ; 

½ ɻ ʬʬʝʢʪʠʚʥʦʛʦ ʠ ʦʜʥʦʟʥʘʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʭʦʜʝ ʠʩʧʦʣʥʝʥʠʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʘ; 

½ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʳʪʘ (ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʩʦ ʚʩʝʤʠ ʢʣʶʯʝʚʳʤʠ ʩʦʙʳʪʠʷʤʠ 

ʬʠʢʩʠʨʫʝʪʩʷ), ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʠ ʠʟʚʣʝʯʴ ʫʨʦʢʠ. 
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ʂʦʤʧʦʥʝʥʪʘ çʋʧʨʘʚʣʝʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠè ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ 

ʢʦʤʧʦʥʝʥʪʝ çʇʦʜʜʝʨʞʢʘ ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷè. çʋʧʨʘʚʣʝʥʠʝ 

ʢʦʤʤʫʥʠʢʘʮʠʷʤʠè ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʢʦʥʮʝʧʮʠʠ çʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʦʧʝʨʘʮʠʠè ʢʘʢ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ 

ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (Collaboration environment).  

ʂʦʤʧʦʥʝʥʪʘ çʋʧʨʘʚʣʝʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠè ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ çʙʝʩʰʦʚʥʳʭè 

ʧʦʜʢʣʶʯʝʥʠʡ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʣʘʥʦʚʳʭ (ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʨʝʛʣʘʤʝʥʪʦʤ) ʠ ʚʥʝʧʣʘʥʦʚʳʭ 

(ʩʠʪʫʘʮʠʦʥʥʳʭ) ʤʝʨʦʧʨʠʷʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʮʝʩʩʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʂʦʤʧʦʥʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪ ʨʘʙʦʪʘʶʱʠʝ ʚ ʢʦʤʧʘʥʠʠ ʩʠʩʪʝʤʳ ʚʠʜʝʦ-ʢʦʥʬʝʨʝʥʮ-ʩʚʷʟʠ (ɺʂʉ), 

ʪʝʣʝʬʦʥʠʠ, IP-ʤʝʩʩʝʥʜʞʝʨʳ (ʥʘʧʨʠʤʝʨ, Lync, Skype). ʂʨʦʤʝ ʵʪʦʛʦ, ʢʦʤʧʦʥʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪ 

ʚʩʪʨʦʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʠʩʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ (scheduler), ʠʥʪʝʛʨʠʨʫʝʤʳʡ ʩ 

ʧʣʘʥʠʨʦʚʱʠʢʘʤʠ (ʥʘʧʨʠʤʝʨ, ʢʘʣʝʥʜʘʨʴ MS Outlook). ʂʦʤʧʦʥʝʥʪʘ çʋʧʨʘʚʣʝʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠè 

ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʬʫʥʢʮʠʠ ʬʠʢʩʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʩʦʚʝʱʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʳ çʋʧʨʘʚʣʝʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠè ʧʦʟʚʦʣʷʝʪ: 

½ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʥʘʩʪʨʦʡʢʫ ʢʦʤʤʫʥʠʢʘʮʠʡ; 

½ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

[1]. 

ɺʳʚʦʜʳ 

ʈʝʰʝʥʠʝ çʀʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝè ð ʚʘʞʥʳʡ ʢʦʤʧʦʥʝʥʪ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʙʳʯʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʦʧʝʨʘʮʠʷʭ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʚʥʝʜʨʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, 

ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʣʦʛʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʘʢʪʠʚʘ. ʇʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʚʥʝʜʨʝʥʠʠ ʨʝʰʝʥʠʷ çʀʥʪʝʛʨʠʨʦʚʘʥʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝè ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ: 

1) ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʵʬʬʝʢʪʳ: 

½ ʩʦʢʨʘʱʝʥʠʝ ʥʝʜʦʙʦʨʦʚ ʟʘ ʩʯʝʪ ʩʦʚʤʝʱʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥ ʠ ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 3%; 

½ ʩʦʢʨʘʱʝʥʠʝ ʧʫʩʢʦʚ-ʦʩʪʘʥʦʚʦʚ ʩʢʚʘʞʠʥ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 20%; 

½ ʫʚʝʣʠʯʝʥʠʝ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

½ ʩʦʢʨʘʱʝʥʠʝ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʜʨʷʜʯʠʢʦʚ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ; 

½ ʩʦʢʨʘʱʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

2) ʋʧʨʘʚʣʝʥʯʝʩʢʠʝ ʵʬʬʝʢʪʳ: 

½ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ; 

½ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ; 
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½ ʧʦʚʳʰʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʧʣʘʥʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ; 

½ ʧʦʚʳʰʝʥʠʝ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʣʫʞʙ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʀʇ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɺʦʣʢʦʚ ʉ.ɺ., ʀ.ʀ. ʂʘʨʘʥʜʘʰʦʚʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ ʥʘ ʦʩʥʦʚʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ // ʅʝʬʪʴ. ɻʘʟ. ʅʦʚʘʮʠʠ. ï 2016. - ˉ8 (191). ï ʉ. 14-23. 

2.  ɻʘʚʨʠʣʦʚ ʂ.ʉ., ʉʝʨʛʝʝʚ ɺ.ʃ. ɸʜʘʧʪʠʚʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ ʚ ʩʠʩʪʝʤʝ çʧʣʘʩʪïʩʢʚʘʞʠʥʘè ʤʝʪʦʜʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝ ʣʝʡ // ʀʟʚʝʩʪʠʷ 

ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2012. ï ʊ. 321. ï ˉ 5. ï ʉ. 72ï75.  

3. ɾʫʨʘʚʩʢʠʡ ɺ.ɺ., ʉʝʨʛʝʝʚ ɺ.ʃ. ʆʮʝʥʢʘ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʛʘʟʦʚʳʭ ʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ // ʀʟʚʝʩʪʠʷ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2013. ï ʊ. 322. ï ˉ 1. ï ʉ. 116ï118. 

4. ʂʘʪʨʝʥʢʦ ʄ.ʕ., ʉʦʟʘʝʚʘ ɼ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʬʠʥʘʥʩʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʢʦʨʧʦʨʘʮʠʷʭ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʚ ʈʦʩʩʠʠ /ʄ.ʕ.ʂʘʪʨʝʥʢʦ, ɼ.ɸ.ʉʦʟʘʝʚʘ // Universum: ʕʢʦʥʦʤʠʢʘ ʠ ʶʨʠʩʧʨʫʜʝʥʮʠʷ: 

ʵʣʝʢʪʨʦʥ. ʥʘʫʯʥ. ʞʫʨʥ. ï 2016. ï ˉ 5 ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ ï URL: 

http://7universum.com/ru/economy/archive/item/3109 (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 02.05.2017). 

5. ʈʝʰʝʥʠʝ AVIST ʜʣʷ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: 

http://itps.com/services/avist (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.06.2017).  

 

 

http://itps.com/services/avist


ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ 

çʊɽʆʈʀʗ. ʇʈɸʂʊʀʂɸ. ʀʅʅʆɺɸʎʀʀè 
ʉɽʅʊʗɹʈʔ 2017 

ʆʈɻɸʅʀɿɸʎʀʗ ʀ ʋʇʈɸɺʃɽʅʀɽ 
 

 
64 

ʋɼʂ 622.243.2 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɿɸʈʋɹɽɾʅʆɻʆ ʆʇʓʊɸ ʇʈʀʄɽʅɽʅʀʗ ʀʅʅʆɺɸʎʀʆʅʅʓʍ 

ʊɽʍʅʆʃʆɻʀʁ ɺ ʆɹʃɸʉʊʀ ʅɽʌʊɽɻɸɿʆɺʆɻʆ ɹʀɿʅɽʉɸ 

ʅʘʛʠʤʟʷʥʦʚʘ ɸ.ʉ., ɻʫʨʴʝʚʘ ʄ.ɸ. 
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USE OF FOREIGN EXPERIENCE OF USE OF INNOVATIVE TECHNOLOGIES IN THE 

FIELD OF OIL AND GAS BUSINESS 

Nagimzyanova A.S., Guryeva M.A 

In article the main advantages got at introduction of a complex of engineering technology 

solutions on the Coastal field are considered. The main made decisions and the used technologies thanks 

to which the plan program was succeeded to provide fail-safety and successful performance are stated. 

Subjects of optimization of processes of directional drilling, selection of drill bit scale, a part of boring 

solutions are touched. 

Keywords: innovations in drilling, efficiency of construction of wells, technical decisions, 

advanced technologies. 

 

ɺʚʝʜʝʥʠʝ 

ɹʝʨʝʛʦʚʦʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ - ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʫʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ 

ʗʤʘʣʦ-ʅʝʥʝʮʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 1982 ʛʦʜʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 32 ʛʘʟʦʚʳʭ, ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ, 

ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʠ ʥʝʬʪʷʥʳʭ ʟʘʣʝʞʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʟʘʧʘʩʘʤʠ. 

ɹʝʨʝʛʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʪʝʢʪʦʛʝʥʝʟʦʤ. ɺ 1998 ʛʦʜʫ ʆɸʆ 

çʉʠʙʥʝʬʪʝʛʘʟè ʧʨʠʦʙʨʝʣʦ ʣʠʮʝʥʟʠʶ ʥʘ ʧʨʘʚʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʨʘʤʠ ɹʝʨʝʛʦʚʦʛʦ ʫʯʘʩʪʢʘ ʠ 

ʧʦʜʧʠʩʘʣʦ ʣʠʮʝʥʟʠʦʥʥʦʝ ʩʦʛʣʘʰʝʥʠʝ. 
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ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʩʚʦʝʥʠʷ ɹʝʨʝʛʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʦ ʦʙʫʩʪʨʦʡʩʪʚʦ 

ʩʝʥʦʤʘʥʩʢʦʡ ʛʘʟʦʚʦʡ ʟʘʣʝʞʠ. ɺ 2003 ʛʦʜʫ ʢʦʤʧʘʥʠʷ ʟʘʢʦʥʯʠʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ 

ʦʙʲʝʢʪʦʚ ʦʙʫʩʪʨʦʡʩʪʚʘ: ʜʦʨʦʛʠ, ʋʂʇɻ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 40 ʤʣʥ.ʤ3 ʛʘʟʘ ʚ ʩʫʪʢʠ, ʧʨʦʣʦʞʝʥ 

ʛʘʟʦʧʨʦʚʦʜ-ʧʦʜʢʣʶʯʝʥʠʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 32,8 ʢʤ, ʩʦʝʜʠʥʠʚʰʠʡ ʧʨʦʤʳʩʝʣ ʩ ʤʘʛʠʩʪʨʘʣʴʥʳʤ 

ʛʘʟʦʧʨʦʚʦʜʦʤ çɿʘʧʦʣʷʨʥʦʝ ï ʋʨʝʥʛʦʡè ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʛʘʟʦʩʥʘʙʞʝʥʠʷ ʆɸʆ çɻʘʟʧʨʦʤè, 

ʧʨʦʙʫʨʝʥʦ 47 ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ, ʧʦʩʪʨʦʝʥʳ ʚʥʫʪʨʠʧʨʦʤʳʩʣʦʚʳʝ ʩʝʪʠ, ʚʚʝʜʝʥʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʛʘʟʦʪʫʨʙʠʥʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 15 

ʤʝʛʘʚʘʪʪ, ʵʥʝʨʛʦʩʝʪʠ, ʩʢʣʘʜʩʢʠʝ ʧʦʤʝʱʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʮʝʭ, ʨʝʤʦʥʪʥʳʝ ʤʘʩʪʝʨʩʢʠʝ, ʚʘʭʪʦʚʳʡ 

ʞʠʣʦʡ ʢʦʤʧʣʝʢʩ [9]. 

ɹʣʘʛʦʜʘʨʷ ʜʝʪʘʣʴʥʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ, ʩʣʘʞʝʥʥʦʡ ʨʘʙʦʪʝ ʫʯʘʩʪʥʠʢʦʚ ʠ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, 

ʫʞʝ ʥʘ ʵʪʘʧʝ ʙʫʨʝʥʠʷ ʧʝʨʚʳʭ ʩʢʚʘʞʠʥ ʫʜʘʣʦʩʴ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʘʚʘʨʠʡʥʦʩʪʴ ʠ ʫʩʧʝʰʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʧʣʘʥ-ʧʨʦʛʨʘʤʤʳ. ʉʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ʦʧʝʨʘʪʦʨʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʙʫʨʦʚʦʛʦ 

ʧʦʜʨʷʜʯʠʢʘ ʠ ʥʝʬʪʝʩʝʨʚʠʩʥʦʡ ʢʦʤʧʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʞʝʥʝʨʥʘʷ ʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʧʦʣʥʳʡ 

ʢʦʤʧʣʝʢʩ ʨʝʰʝʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʙʝʟʘʚʘʨʠʡʥʳʡ ʧʨʦʮʝʩʩ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ. ʉ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʜʘʣʦʩʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʙʫʨʝʥʠʷ, ʧʦʜʦʙʨʘʪʴ ʜʦʣʦʪʥʫʶ ʛʘʤʤʫ, ʙʫʨʦʚʳʝ ʨʘʩʪʚʦʨʳ, ʘ 

ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʛʝʦʥʘʚʠʛʘʮʠʶ. 

ʇʫʪʝʤ ʧʨʠʤʝʥʝʥʠʝ ʨʦʪʦʨʥʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤ (ʈʋʉ), ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʦʩʥʦʚʝ (ʈʋʆ), ʘ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʧʦʩʪʦʷʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʡ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ 

ʩʢʚʘʞʠʥ, ʫʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʚʝʩʴ ʮʠʢʣ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʙʦʨʦʚ ɻʀʉ ʚ ʢʦʤʧʦʥʦʚʢʝ ʥʠʟʘ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʧʦʟʚʦʣʠʣʦ ʦʪʢʘʟʘʪʴʩʷ 

ʦʪ ʨʷʜʘ ʢʘʨʦʪʘʞʝʡ ʥʘ ʢʘʙʝʣʝ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʛʝʦʥʘʚʠʛʘʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʨʪʠʨʦʚʘʥʠʝʤ ʛʨʘʥʠʮ ʧʣʘʩʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠ ʙʫʨʝʥʠʠ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʧʣʘʩʪʝ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʥʪʘʢʪ 

ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʩ ʨʝʟʝʨʚʫʘʨʦʤ. 

ɻʝʦʤʝʭʘʥʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʪʨʘʝʢʪʦʨʠʡ ʩʢʚʘʞʠʥ, ʧʦʜʙʦʨ ʨʝʞʠʤʦʚ ʙʫʨʝʥʠʷ ʠ 

ʩʧʫʩʢʦʧʦʜʲʸʤʥʳʭ ʦʧʝʨʘʮʠʡ (ʉʇʆ) ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʙʫʨʝʥʠʷ ʙʦʣʝʝ ʫʧʨʘʚʣʷʝʤʳʤ ʠ 

ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʚʦʟʤʦʞʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʠ ʘʚʘʨʠʡ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʫʩʢʦʨʝʥʠʶ ʮʠʢʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ: ʧʦʤʠʤʦ 

ʩʪʨʝʤʣʝʥʠʷ ʫʚʝʣʠʯʠʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʜʢʠ (ʄʉʇ), ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ ʨʘʙʦʪʘ ʧʦ 

ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʙʝʟʤʝʪʨʘʞʥʳʭ ʨʘʙʦʪ, ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʉʇʆ, ʠʩʢʣʶʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʨʦʩʪʦʷʤʠ, ʘʚʘʨʠʷʤʠ ʠ 

ʟʘʤʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʧʘʨʘʣʣʝʣʴʥʳʤʠ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʙʫʨʝʥʠʝ ʢʘʞʜʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ ʦʜʠʥ ʨʝʡʩ. 
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ɺ ʧʣʘʥʘʭ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʥʚʝʨʪʥʦ-ʵʤʫʣʴʩʠʦʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʨʦʜʘ ʵʤʫʣʴʩʠʠ ʜʣʷ ʮʝʣʝʡ ʟʘʢʘʥʯʠʚʘʥʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʝʨʚʠʯʥʦʝ ʚʩʢʨʳʪʠʝ ʠ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʦʚʳʭ 

ʩʢʚʘʞʠʥ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ 

ʧʝʨʝʩʝʯʝʥʠʡ, ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʝʨʚʠʩʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʧʨʠʚʷʟʢʠ [2], 

ʚʢʣʶʯʘʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʪʦʯʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʤʦʜʝʣʝʡ, ʩʦʚʤʝʱʝʥʥʳʭ ʩ ʠʟʤʝʨʝʥʠʷʤʠ 

ʚʘʨʠʘʮʠʡ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ. 

ɿʘʜʘʯʘ ˉ1. ʄʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ: ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʧʘʜʝʥʠʝʤ ʩʪʦʠʤʦʩʪʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʢʦʤʧʘʥʠʠ-

ʦʧʝʨʘʪʦʨʳ ʩʪʨʝʤʷʪʩʷ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʢʚʘʞʠʥ. ʊʘʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʞʠʟʥʝʥʥʦ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʦʚ, ʧʦʜʜʝʨʞʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. 

ɺ ʢʦʥʮʝ 2015 ʛʦʜʘ ʧʝʨʝʜ ʙʫʨʦʚʳʤʠ ʠ ʩʝʨʚʠʩʥʳʤʠ ʧʦʜʨʷʜʯʠʢʘʤʠ ʥʘ ɹʝʨʝʛʦʚʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʫʩʢʦʨʠʪʴ ʮʠʢʣ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʙʫʨʝʥʠʠ. 

ɿʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ ʫʩʢʦʨʝʥʠʠ ʙʳʣʘ ʚʟʘʠʤʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʫʩʢʦʨʝʥʠʠ ʦʧʝʨʘʪʦʨ 

ʙʳʩʪʨʝʝ ʧʦʧʦʣʥʷʝʪ ʬʦʥʜ ʩʢʚʘʞʠʥ ʠ ʚʳʭʦʜʠʪ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʦʱʥʦʩʪʠ, ʘ ʩʝʨʚʠʩʥʳʝ ʢʦʤʧʘʥʠʠ 

ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʙʫʨʝʥʥʳʭ ʩʢʚʘʞʠʥ ʫʚʝʣʠʯʠʚʘʶʪ ʧʨʠʙʳʣʴ ʟʘ ʧʝʨʠʦʜ. 

ʇʨʠ ʙʫʨʝʥʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ ʨʦʪʦʨʥʦ-ʫʧʨʘʚʣʷʝʤʳʝ ʩʠʩʪʝʤʳ 

ʠ ʨʘʩʰʠʨʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 

ʢʘʨʪʦʛʨʘʬʦʤ ʛʨʘʥʠʮ ʧʣʘʩʪʘ. 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʙʫʨʝʥʠʷ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʢʫʱʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʜʦʣʦʪ, ʨʝʞʠʤʦʚ ʙʫʨʝʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʂʅɹʂ. ɹʣʘʛʦʜʘʨʷ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ ʧʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʶ, ʦʪʯʝʪʘʤ ʩʝʨʚʠʩʥʳʭ ʢʦʤʧʘʥʠʡ, ʥʘʣʠʯʠʶ ʢʘʨʦʪʘʞʝʡ ʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʜʘʪʯʠʢʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʚʳʨʘʙʦʪʘʥʘ ʦʩʥʦʚʥʘʷ ʩʪʨʘʪʝʛʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ. 

ʋʚʝʣʠʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʜʢʠ (ʄʉʇ) 

ʇʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʦ ʨʝʰʝʥʦ ʥʘʯʘʪʴ ʩ ʫʚʝʣʠʯʝʥʠʷ ʄʉʇ, ʘ ʠʤʝʥʥʦ ʩ ʧʝʨʝʩʤʦʪʨʘ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʜʦʣʦʪʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʚʦʡ ʛʘʤʤʳ ʜʦʣʦʪ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʦʪʘʞʥʳʭ ʜʘʥʥʳʭ ʨʘʥʝʝ ʧʨʦʙʫʨʝʥʥʳʭ ʩʢʚʘʞʠʥ, 

ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʣʦ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʜʠʟʘʡʥ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ 
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ɹʫʨʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʩʢʚʘʞʠʥʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʠʟ 20 ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ. ʇʦ ʠʪʦʛʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʧʨʦʜʫʢʪʠʚʥʳʝ 

ʧʣʘʩʪʳ ʩʦ ʩʭʦʞʝʡ ʣʠʪʦʣʦʛʠʝʡ ʠ ʧʨʦʯʥʦʩʪʴʶ ʧʦʨʦʜ, ʠ ʜʣʷ ʢʘʞʜʦʡ ʧʣʘʥʠʨʫʝʤʦʡ ʩʢʚʘʞʠʥʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʚʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʦʜʦʙʨʘʪʴ ʜʦʣʦʪʦ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʨʝʞʫʱʝʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʢʦʣʠʯʝʩʪʚʦʤ ʣʦʧʘʩʪʝʡ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʝʨʭʥʝʡ ʛʨʫʧʧʳ ʧʣʘʩʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʦʣʦʪʘ ʩ ʙʦʣʴʰʠʤʠ ʨʝʟʮʘʤʠ ʠ 

ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʦʧʘʩʪʝʡ, ʯʝʤ ʜʣʷ ʥʠʞʥʠʭ ʠʥʪʝʨʚʘʣʦʚ. ʇʦ ʤʝʨʝ ʫʛʣʫʙʣʝʥʠʷ ʚ ʙʦʣʝʝ 

ʧʨʦʯʥʳʝ ʧʦʨʦʜʳ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʄʉʇ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʂʅɹʂ ʚʳʙʠʨʘʣʠʩʴ ʤʝʥʝʝ 

ʘʛʨʝʩʩʠʚʥʳʝ ʜʦʣʦʪʘ. ʊʘʢʞʝ ʚ ʧʦʨʦʜʘʭ, ʩʢʣʦʥʥʳʭ ʢ ʧʦʚʳʰʝʥʥʦʡ ʢʘʚʝʨʥʦʟʥʦʩʪʠ, ʙʳʣ ʦʛʨʘʥʠʯʝʥ 

ʜʠʘʧʘʟʦʥ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʠʟ-ʟʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʧʝʨʝʜ ʙʫʨʝʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʯʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʝʜʳʜʫʱʠʭ ʩʝʢʮʠʡ ʠ ʧʨʦʛʥʦʟʳ 

ʩʣʫʞʙʳ ʛʝʦʥʘʚʠʛʘʮʠʠ. ʆʙʥʦʚʣʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʦʮʝʥʠʚʘʶʱʘʷ ʢʦʣʠʯʝʩʪʚʦ 

ʪʚʝʨʜʳʭ ʧʨʦʧʣʘʩʪʢʦʚ ʠ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʩʣʘʠʚʘʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʚʳʙʦʨʘ ʜʦʣʦʪʘ ʠʟ ʫʞʝ 

ʠʤʝʶʱʠʭʩʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʩʢʚʘʞʠʥʘʭ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʙʘʣʘʥʩ ʤʝʞʜʫ ʥʝʦʙʭʦʜʠʤʦʡ 

ʘʛʨʝʩʩʠʚʥʦʩʪʴʶ, ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ ʜʦʣʦʪ ʧʨʠ ʙʫʨʝʥʠʠ ʩ ʈʋʉ ʠ ɺɿɼ, ʘ ʪʘʢʞʝ 

ʩʥʠʞʝʥ ʫʨʦʚʝʥʴ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʙʫʨʝʥʠʠ. 

ʅʘ ʧʨʦʝʢʪʝ ʦʙʰʠʨʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʚʠʥʪʦʚʳʝ ʟʘʙʦʡʥʳʝ ʜʚʠʛʘʪʝʣʠ (ɺɿɼ) ʩ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʤʠ ʩʝʢʮʠʷʤʠ, ʙʣʘʛʦʜʘʨʷ ʫʣʫʯʰʝʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʪʦʨʳʭ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʤʝʥʪʦʝʤʢʠʭ PDC-ʜʦʣʦʪ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ. ɼʨʫʛʠʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ɺɿɼ, 

ʷʚʣʷʝʪʩʷ ʠʭ ʧʦʚʳʰʝʥʥʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʙʫʨʦʚʦʛʦ 

ʨʘʩʪʚʦʨʘ ʥʘ ʥʝʬʪʷʥʦʡ ʦʩʥʦʚʝ ʥʘ ʵʣʘʩʪʦʤʝʨ ʩʪʘʪʦʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʫʜʝʰʝʚʣʝʥʠʶ ʣʦʛʠʩʪʠʢʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʢ ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʫʩʣʫʛ. ʄʝʞʨʝʤʦʥʪʥʳʡ 

ʧʝʨʠʦʜ ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʧʦʚʳʩʠʪʴ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ñʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʥʘʪʷʛʘò ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ 

ʩʪʘʪʦʨʦʤ. ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ɺɿɼ ʩ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʩʝʢʮʠʝʡ ʚ ʨʘʤʢʘʭ ɹʝʨʝʛʦʚʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʧʦʣʥʦʮʝʥʥʳʭ ʨʝʡʩʦʚ 

(5000 ʤ) ʠʣʠ ʙʦʣʝʝ 300 ʯʘʩʦʚ ʮʠʨʢʫʣʷʮʠʠ, ʯʪʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʣʠʤʠʪʳ ʦʙʳʯʥʦʛʦ ɺɿɼ. 

ɹʣʘʛʦʜʘʨʷ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ, ʩʝʛʦʜʥʷ ʩʨʝʜʥʷʷ ʄʉʇ ʫʣʫʯʰʠʣʘʩʴ ʦʪ 12 ʜʦ 50 % ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʦʜʦʤ 2013-2015 ʛʛ. 

ʀʩʭʦʜʷ ʠʟ ʜʘʣʴʥʝʡʰʝʡ ʦʮʝʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʜʥʦʡ ʠʟ ʦʧʝʨʘʮʠʡ, ʚʨʝʤʷ ʥʘ ʢʦʪʦʨʫʶ ʚʦʟʤʦʞʥʦ ʣʝʛʢʦ ʩʦʢʨʘʪʠʪʴ, ʷʚʣʷʝʪʩʷ ʧʨʦʤʳʚʢʘ ʤʝʞʜʫ 

ʥʘʨʘʱʠʚʘʥʠʷʤʠ ʧʨʠ ʙʫʨʝʥʠʠ [3]. 
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https://ru.wikipedia.org/w/index.php?title=%D0%9F%D0%BE%D0%BB%D0%B8%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D0%BE%D0%B4%D1%85%D0%BE%D0%B4&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%A3%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D0%BE%D0%B4%D1%85%D0%BE%D0%B4&action=edit&redlink=1























